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HHOACHUTEJIBHAA 3AIIUCKA

[IpakTryeckue paboThl CTYAEHTOB MIPOBOJIUTCS C IIEIBIO:

AKCIEPUMEHTAIBHOTO TOJATBEPKICHUSI W TPOBEPKHM TEOPETUYECKUX IMOJIOKEHHH (3aKOHOB,
3aBUCUMOCTEH ).

0000111eHNs, CUCTEMAaTU3AIlUM, YIIIYOJeHHs, 3aKpPEIUICHHsI MOJIyYCHHBIX TEOPETUYECKUX 3HAHUU IO
KOHKPETHBIM T€MaM;

dopMHpOBaHUS YMEHUH NPUMEHSTH IOJyYCHHBbIC 3HAHUS Ha MPaAKTHKE, pealu3alliil eIUHCTBA
MHTEIJICKTYaJIbHOW U MIPAKTUYECKON AeATEILHOCTH;

pa3sBUTHS ~ WHTEIUICKTYyaJbHBIX ~ yMEHHH y  OyaymMX  CIEUUAIMCTOB:  AHAJUTHYECKHX,
IPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

BBIPAOOTKH IPU PEIICHUU ITOCTaBJICHHBIX 3aJad TaKuX MPO(EeCCHOHANBHO 3HAYMMBIX KayecTB, Kak
CaMOCTOATENILHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsi NHUIINATHBA;

(GopMupOBaHUS MPAKTUYECKUX YMEHHUI (YMEHUH BBINOIHATH ONpEACICHHbIC ACHCTBHS, OIEPALIUH) U
yueOHBIX YMEHHI (yMEHHUU pemath 3aqadd Mo (U3MKE), HEOOXOAUMBIX B MOCIENyIOeld y4eOHo

IEATEILHOCTH.

COI[ep)KaHI/ICM MNPaAKTUICCKUX pa60T SABJIIAIOTCA PCHICHHUC PasHOro poJia 3alddad, BbIIIOJHCHHC

BBILII/ICJ'ICHI/II\/‘I, pacucTos, qepTe>KeI7I, pa60Ta C UHCTPYKTHBHBIMU MaTCpUalaMU, CIIPABOYHUKAMHU.

Hapsny ¢ ¢gopmupoBaHueM yMeHURl M HaBBIKOB B IMpOIECCE€ MPaKTHUYECKUX paboT 00oO1aroTcs,

CUCTEMATU3UPYIOTCS, YIUIYOJNSIOTCA U KOHKPETU3HMPYIOTCS TEOPETUYECKHE 3HAHHWSA, BbIpabaThIBAeTCs

CITOCOOHOCT, M TOTOBHOCTH HCIIOJB30BaTh TCOPCTUUCCKHUEC 3HAHUSA Ha IIPAKTUKEC, Pa3BUBAOTCA

HUHTCJUICKTYAJIbHBIC YMCHU.

[To xa)xTOMy PaKTUUECKOMY 3aHSITHUIO pa3pab0TaHbl METOJUUYECKHE YKa3aHUsI 110 UX TPOBEJCHHUIO.

Kpurepun oneHKH yMeHHs peliaTh pacyeTHbIE 3aJa4Hu:

HpI/I peUICHUHU 3a1a4 YIYUTBIBAOTCA YMCHUA CTYACHTOB:

- IPUMCHATH IOHATHUSA, 3aKOHBI U TCOPUU IJIA OOBSICHEHUS SABJICHUS, O KOTOPOM HJECT PC€Yb B 3a1a4€;

- IIPpaBUJIBHO 3alycaTb YCJIOBHUEC 3a/1a4H;

- Ha OCHOBC N3BCCTHBIX 3aKOHOB U (I)OpMy.H PCIINTL 3aa4y B O6H.[€M BUC,

- IIOJIb30BATLCA CIIPAaBOYHBIMU TaGHI/II_IaMI/I (I)I/ISI/I‘-ICCKI/IX BCINYHH,

- IPOBEPUTH PA3MEPHOCTH MOJTYYEHHOTO pe3yibTaTa U IPOBECTH HEOOXOAUMBIE BHIYMCIICHUS.

Ouemca YMEHHUA peliaTh paCc4eTHbIC 3a1a4U

Ouyenka «5» (omauuno) cmasumces 6 mom cjiyuae, ecii CyOeHm:



- B JIOTHYECKOM PACCYK/ICHUHU U PEUICHUH HET OIMOO0K, 3a/jaua pellieHa palioHaIbHBIM CIIOCOOOM.
Ouenka «4» (xopowio):

- B JIOTHYECKOM pACCYKJICHHHW M B PEIICHUHM HET CYIIECTBEHHBIX OIIMOOK, HO 3ajlaya pelieHa
HEepalMOHAIBHBIM CIIOCO00M, UJIH JIOMYIIEeHO He OoJiee ABYX HECYIIECTBEHHbBIX OIIUOOK.

Ouenka «3» (yoosnremeopumesibHo):

- B JIOTUYECKOM PAaCCYXJICHHH HET CYIIECTBEHHBIX OMIHMOOK, HO JOMyCKAaeTCs CYIICCTBEHHAs OIIMOKa B

MAaTEMaTUUYCCKHUX paCuUCTax.

MNPAKTUYECKHUE 3AJAHUS 11O TEME 1.1.
IJIEKTPUYECKUE HEIIU TIOCTOAHHOI'O TOKA
IIpakTnueckas padora Nel

ITo Teme: «Pacuer 3jieKTprYecKHX Leneil MOCTOSTHHOTO TOKA»

[TpakTHueckue 3aHATUS IPOBOSATCS C LENbI0 YCIEIIHOTO OCBOEHUS CTYI€HTaMU TEOPETHUECKOIO
MaTepuaga U IPUMEHEHHs €ro Jjs pelleHus 3aJad U aHaiuM3a IMOJIY4YeHHbIX pe3yinbTaroB. Ha
IpakTHYeckux 3aHATUAX Nel moIpoOHO paccMOTpeHbl MpPUMEPHl pacyera 3JIEKTPUUYECKHX Ienel c
IIOMOULIBIO0 PA3JIMYHBIX METOJOB, IOKA3aHO, KAK HAl0 IPOBEPSTHh NPABUIBHOCTh PELIEHUS 3aJaud U
IIPOaHAIM3UPOBAaHbl BOZMOXKHbBIE PEKUMBI PA0OTHI BCEH LI U OTJIEIbHBIX €€ DJIEMEHTOB.

[TpakTueckoe 3anstue Nel Pacuer snmexkTpuueckux Leneil ¢ Mcmosib30BaHHMEM 3akoHOB Oma u
Kupxroga
Bonpocs! 1151 NOATOTOBKH K 3aHATHAM
1. CpopmynupoBats 3akoH OMa Juist ydacTKa U JJis 3aMKHYTOTO KOHTYpa.

2. HapucoBaTh CXE€MBI C TOCJEIOBATEIBHBIM M MapaUICNIbHBIM COSIWHEHHEM ITAaCCHBHBIX DJIEMEHTOB,
yKa3aTb OCHOBHBIE CBOWMCTBA 3THUX COEIMHEHHH, CXEMY CO CMEIIAHHBIM COEJUHEHHEM I1aCCHBHBIX
2JIEMEHTOB; 1aTh MOPAJOK pacyeTa ITUX CXEM.

3. HapucoBaTh CcXeMBl COEAMHEHUS ITACCUBHBIX JJIEMEHTOB 3BE3JI0M M TPEYroJbHHUKOM U OOBSICHUTH
MOPSAZIOK UX pacyeTa.

4. CcpopmynupoBath nepBblil 1 BTopoit 3akoHbl Kupxroda, 00bsICHUTh MpaBuiia 3HAKOB.

5. ChopmynupoBath ypaBHEeHHE OajaHCca MOITHOCTEH.

6. Kak cocraBisiercss cucreMa ypaBHEHHMH Ui pacyera CIOKHBIX CXEM IpH TOMOIIM YpaBHEHHM
Kupxroga?

6.1.2. Pacuer 11enu ¢ OTHUM UCTOYHUKOM MMATAHUSA
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3anmaga 1. B meru, cxema xotopoit npuBeneHa Ha puc. 1.29, 3JIC akkymynsropHoit 6arapeu E = 78 B, ee
BHyTpeHHee compoTuieHue 1o =0,5O0m. Conporusienus pesuctopoB Ri=100wm, Rz=50m,
Rz =4 Om. Beiunciauth TOKM BO BCEX BETBSIX LIETIH U HAMPSKEHHS Ha 3aKuMax OaTapeu U Ha KaxXJIOM UX
PE3UCTOPOB.

AHaiu3 u peumlenue 3axauu 1

1. O603HaueHNE TOKOB U HAMPSKEHHU Ha y4acTKax IIETH.

Pe3ucrop R3 BKitOUeH mociaenoBaTeIbHO C UCTOYHUKOM, MO3TOMY TOK | 171 HUX OyAer oOuuMm, TOKU B
pesuctopax Riu Rz o003Hauum coorBerctBeHHO [1u I2. AHamornyHo 0003HAYUM HaANpsDKEHUS Ha
y4acTKax Iemu.

2. OmnpeneneHne SKBUBAJICHTHOTO COMTPOTUBIICHHUSI LICTIN |
Ry=rg+R3+R1R2/(R1+R2)=0,5+4+5*10/(5+10)=7,8 Om

3. Tok B e UCTOYHUKA PACCUUTHIBAEM I10 3aKOHY OMa:

I=E/R,=78/7,8=10A.

4. Onpenenenue HanpsHDKEHUH HA y4acTKax LEnu:

U2=R121=3,3*10=33B; U3=R31=4*10=40B;

U=E-rl=78-05*10=73B.

5. OnpeneneHye TOKOB U MOIIIHOCTEH BCEX YYaCTKOB:
l1=U/R1=33/10=3,3A;12=U12/R2=33/5=6,6 A;

P1=R1 11=U2 11 =108,9 Bt; P2 = Rz 1> = U2 I, = 217,8 Br;

P3=Rs I = U3 1 =400 Br.

MomHOCTh MOTEPHh HAa BHYTPEHHEM CONTPOTUBIICHUH HCTOYHUKA

AP =g I> =50 Br.

Momnocts ncrounnka P = E 1= 780 Br.

JonoJHuTeIbHBIE BONPOCHI K 3a1a4e 1

1. Kak npoBepUTh NPaBUIBHOCTb PELICHUS 3aJa4n?

[IpaBUTBHOCTH BBIUMCIEHUS TOKOB MOKHO MPOBEPUTH, COCTABHUB ypaBHEHHWE HA OCHOBAHHWH IEPBOTO

3akoHa Kupxroga: I =11 + I2.



[IpaBunpHOCT,  pacueTa  MOIIHOCTEH  MPOBEPSIOT 1O  YpaBHEHHWIO  OajaHca  MOIIHOCTEH:
P=P1+ P2+ P3+ AP.

2. KakuMm OyzeT HanpspkeHUe Ha 32)KMMaxX MCTOYHMKA, TIPU OOpBIBE B IeTH pe3urcropa Rs?

3t0 Oyzaet pexuM xonoctoro xonaa ucrounuka 3C, npu koropom U = E, T.k. Tox I paBen 0 u [ ro = 0.

3. Kakum Oyzer TOK B 1IeTIH UCTOYHUKA IPU KOPOTKOM 3aMbIKaHUU HA €ro 3aKuMax?

B pexume xoporkoro 3ambikanuss U =0 ¥ TOK MCTOYHUKA OIPAHMYMBAETCS TOJIBKO €r0 BHYTPEHHUM
COIIPOTHBIIEHUEM

ls=E/ro=78/0,5=156 A.

4. Kak u3MEHATCS TOKH B CXeMe IpH yBemueHun R17?

[Ipn yBenmnuenum Ri yBennMuMBAaEeTCS CONPOTHBICHHUE IAPAUIEIBHOIO ydacTKa cxeMbl Riz, mostomy
YBEIMYUBACTCA CONPOTUBICHHE Rows, 4TO NpuBOoAUT K yMmeHblleHU0 Toka [. Ilpm ymenpmenun I
yYMEHbIIAIOTCs TajneHust HanpsokeHust | Rsu 1rou, B cOOTBETCTBMHM €O BTOpPBIM 3akOHOM Kwupxroda,
HanpsokeHre Ha pasBerBienun Ui = E - | (R3 + rg) Bo3pacraer, 4To NPUBOJAWT K YBEIMYCHHIO TOKA B
pesuctope Ro. T.k. Tok | ymenbimaercs, a Tok I2 Bo3pacraert, Tok I1 = | - |2 ymenbiiaercs.

I[JI?I YCIICHIHOTO 3aKpPCINICHUA HNPAKTHYCCKOI'O 3aHATHA CTYACHTAM Npcayiaracrcda pCellruTbhb CIIC OAHY

3a/1a4y UCIOJB3YysS QITOPUTM pEUICHUs TpeAbIAylend 3aaad. R1=2 Owm;R2=4 Owm;R3=2
OMm;R4=40Mm;R5=6 Om;R6=8 Om;R7=1 Om; R8=10 Om;E1=20 B; E2=40B.
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MNPAKTUYECKHUE 3AJJAHUA 11O TEME 1.2.
MAT'HUTHBIE HETIN
IIpakTHyeckas padora Ne2

ITo Teme: «PacyeT mpoCTENIINX MarHUTHBIX LIETIEN»

ean paboThl: U3YYUTH OCOOCHHOCTH pacyeTa MarHUTHBIX IETeH.
IMoaroroBka Kk padore: YCTpOICTBO, COAEpIKaIee CEPACUHUKHN N3 (DEPPOMArHUTHBIX MaTEpUAJIOB, YePE3

KOTOPLIC 3aMBIKACTCA Mar HUTHBIN IIOTOK, Ha3bIBACTCA Mar HUTHOH LEIbIO.



Ha pwuc.l. mokazaHna Hepa3BETBJIEHHAas MAarHUTHas I€Mb, BO BCEX CEUYCHUSAX KOTOPOW MAarHUTHBIN
oToK @ UMEeT OAMHAKOBYIO BEJIMUUHY.

Pacuer Hepa3BETBICHHON MAarHUTHOMW IIETIH B OOJBIIMHCTBE CIIY4aeB CBOJIUTCS K OMPEICICHUIO
HaMarHuuyuBaromein cuwisl [-W, kotopas TpeOyercs i TONY4YeHHs] 3aJaHHOTO MAarHUTHOTO
notoka @ unu MarHUTHOM MHAYKUMU B. Ilpu 3TOM yka3bpIBaloTCs pa3Mepbl U MaTepuall BCEX YYacTKOB
MarHuTHOM 1ETIH.

[Ipu pacuerax MarHUTHBIX LIETIEH ONMpeeIeHHe HAPSHKEHHOCTH MAarHUTHOT'O TOJIS 1O 33JJaHHOMY
3HAYEHUIO0 MarHUTHON MHAYKIIMHA PEKOMEHAYETCSl BECTH 0 KPUBBIM HAMAarHUYMBAHMUS, IPUBEICHHBIM Ha
puc.2. [Ipu nonb30BaHUU KPUBBIMU OyJIbTE€ BHUMATEIbHBI, IOCKOJIbKY JUIs onpezeneHus H npeniokeHbl
JIBE Pa3MYHBIX IIKAJIBI B 3aBUCUMOCTH OT BUAa (heppoMarHuTHOro Marepuana. Ha puc.2. myHKTHpOM
nokazano onpeneneHue H no 3aganHomy 3HadeHuto B st uyryna: nipu B=0,85 Tn BenuuunaH =~ 5700

A/Mm.

B, Tn
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Faae 2
Ilpumep: JIns1 MarHuTHOU LieNH, IPUBEACHHOMN Ha pUC. 1. 3a1aHbI pa3Mepsl LEu:
11=26 cm, 12=16 cm, I3=4 cM , 14=5 cm , uncio BuTkoB 06MoTkr W =800, MaruuTHbIH noTok 1,610° B6 u
MaTepuall CepIeYHUKa — JIUTask CTallb. B MarHUTHO 11enn uMeeTcst BO3aymiHbId 3a30p lo =0,05 cM .
Omnpenenuts: 1) cuily Toka B OOMOTKE JAJIsl CO3/IaHUS 33JaHHOIO MAarHUTHOTO MOTOKa 2) aOCOJIIOTHYIO
MarHuTHYIO IPOHUIIAEMOCTh Ha y4acTKe ¢ OOMOTKOM 3) MOTOKOCLEIIEHHE U MHIYKTUBHOCTh OOMOTKH.
Pemenue: 1. U3 yepTexna HAXOAUM CEYCHHUE CEPICUHHMKA S U [UIMHY CpeIHEH MArHUTHON JTMHUH |.p:
S=1l3- l4=4-5 cM*=20 cM* =20-10" m? ;
lp=112+122=262cm+ 162 cm= 84 cm =0,84 m
[Tpu sTOM Manoi BennuuHO# lo peHeOperaem.
2. OnpenensieM MarHuTHYO HHIYKIUIO B CEPJEUYHUKE:
B=®/S=1,6:10°/(20-10%)= 0,8 Tn.
3. I1o xpuBBIM HaMarHU4YMBaHUs (CM. puc.2.), 3Has B, HaxoauM JUIsl TUTON CTaln
Her= 680 A/M. Hanpsbxennocts Ho B 3a30pe Beramcisiem no ¢hopmyie

Ho=B/po=0,8/ (12510 = 6,4-10° A/m.



4. Cuny TOKa HaXOJIUM M3 3aKOHA MOJHOTO TOKA:

IW = Her lep + Ho lo ; 1-800 = 680-0,84 + 6,4-10° -0,05-1072,

I=1,11A

5. OnpenenseM abCOTIOTHYIO MATHUTHYIO TPOHULIAEMOCTbD:

ta = B/ Her = 0,8/680 = 0,00118 I'n/m

6. OnpenensieM MOTOKOCIEIUICHHE 0OMOTKHU:

¥ =dW =1,6:103-800 = 1,28 B6.

7. OnpenensieM HHIYKTUBHOCTb OOMOTKHU:

L=y/1=128/1,11=1,15TH

Xoa BbINOJIHeHUs1 padoThl: JJis MAarHUTHOM 1enH, IpUBEACHHON Ha puc.l, onpenenuTs: 1) cuiny Toka B
O0OMOTKE JIJIsl CO3/IaHus 33JJaHHOT'O MAarHUTHOTO TOTOKA 2) a0COMIOTHYIO MarHUTHYIO MPOHUIIAEMOCTh Ha
ydacTke ¢ 0OMOTKOM 3) MOTOKOCUEIJIEHHEe U UHIYKTUBHOCTh OOMOTKH. J[aHHBIE AJi1 CBOErO BapHaHTa

B3SITh U3 TAOIUIGI 1.

Tabmuna 1
Ne Bap. 1 I2 I3 l4 lo ()] w Marepuan
cep/IeYHUKA

CM [(cM |cM |[cM [ cMm B0 - -

1 26 15 4 4 0,01 1,410 650 Jlurtag cTauan

2 27 |14 |3 5 0,02 1,210 670 Yyryn

3 24 |12 |4 6 0,03 1,1-103 690 JluTas craib

4 25 |16 |3 4 0,04 1,1-10°3 700 Yyryn

5 20 |17 |5 6 0,05 1,510 720 JluTas crajib

6 23 |13 |6 7 0,06 1,9:10°3 740 Yyryn

7 21 16 3 6 0,07 1,3-10° 760 Jlurag cTajan

8 28 |11 |4 7 0,08 1,6:10° 780 Yyryn

9 22 18 5 7 0,09 1,8:10°3 810 Jlurag cTauan

10 24 |14 |2 8 0,015 |1-103 850 Yyryn

KoHTpoJibHBIE BONIPOCHI:
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YT0 Ha3pIBAETCI MAarHUTHOU IENBIO?
K uemy cBoauTCs pacuer HEpa3BETBIEHHON MAarHUTHON Lenu?

CdopmynupyiiTe 3aKOH MOJTHOTO TOKA.

M w0 e

Yrt0 TakO€ MarHUTHBLIN ITOTOK U MarHUTHAs I/IH,I[YKI_[I/IH?

NPAKTUYECKUE 3AIAHUA 11O TEME 1.3.
QJIEKTPOMAT'HUTHASA UHAYKLIUSA
IIpakTuyeckas padora Ne3

ITo Teme: «jieKTpOMAarHuTHAsE MHAYKIUSA. CaMOMHIYKIIMS»

Lens paboTel 1 000pyIOBaHNE
L]env — uzyuenue A6aeHUA INEKMPOMACHUMHOU UHOYKUUU.
Obopyoosanue:
Munruamnepmemp.
Macnum.
Kamywxka-momok.
Hcmounuk moka.
Peocmam.
Knrou.
Kamywxa om snekmpomacnuma.
CoedunumenvHuvle nposooa.
OmsiT 1. BeIBOIBEI
Hauynem mnpaktuueckyro paboTy co cOopa ycraHoBkH. UTOOBI coOpaTh cXeMy, KOTOPYIO MbI Oyaem
UCIONIb30BaTh B TMPaKTUYECKOW paboTe, MPUCOCTUHUM MOTOK-KATYIIKY K MUJUIMAMIIEPMETPY H
MCIOJIb3YeM MarHuT, KOTOPBIK OyJeM MpuOIMKaTh UK yAATSITH OT KaTylku. OJJHOBPEMEHHO C TUM MbI

JOJIDKHBI BCIIOMHUTB, UTO 6YI[6T MMpOUCXOJUTh, KOI'/Ia 6YI[CT IIOABJIATHCA HHHYKHHOHHBIﬁ TOK.

> )

Puc. 1. Oxcniepumenr 1



https://interneturok.ru/lesson/physics/9-klass/elektromagnitnye-yavleniya/laboratornaya-rabota-4-izuchenie-yavleniya-elektromagnitnoy-induktsii#mediaplayer
https://interneturok.ru/lesson/physics/9-klass/elektromagnitnye-yavleniya/laboratornaya-rabota-4-izuchenie-yavleniya-elektromagnitnoy-induktsii#mediaplayer

[Togymaiite Hag TeM, Kak OOBSICHUTH HabOt01aeMoe HaMu siBiieHue. KakuM o0pa3oM BIMSIET MarHUTHBIN
MMOTOK Ha TO, YTO Mbl BHUJUM, B YAaCTHOCTH MPOUCXOXKJICHHE OJICKTPUUYECKOro Toka. [ns sroro
HOCMOTpI/ITe Ha BCHOMOI‘aTeJIbHBIf/'I pI/ICYHOK.
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Puc. 2. JIuHUM MarHuTHOTO MOJISI TIOCTOSTHHOTO TTOJIOCOBOTO MarHuTa
OOpatuTe BHUMAaHHE, YTO JIMHUM MAarHUTHON WMHIYKIUU BBIXOJSAT U3 CEBEPHOTO MOJOCA, BXOIAT B
I0KHBIH nostoc. [Ipu 3TOM KOJIMYeCTBO 3TUX JIMHUH, UX TYCTOTa pa3jiMyHa Ha Pa3HBIX y4acTKaxX MarHUTa.
OOparute BHMMaHHUE, YTO HAIpPaBICHUE MHAYKIIMM MArHUTHOTO TIOJISI TOKE M3MEHSETCS OT TOYKH K
Touke. [1o3TOMy MOXXHO CKa3aTh, YTO M3ME€HEHHEe MATHMUTHOI0 NMOTOKA NPHUBOIAMT K TOMY, YTO B
3aMKHYTOM INPOBOJHUKE BO3HHUKAET JJIEKTPUYECKUH TOK, HO TOJHKO NPHU JBHKEHUM MATHUTA,
cJ1e10BaTe/JbHO, U3MEHseTCSl MATHUTHBIN MOTOK, NMPOHU3BIBAIOMIMI IJIOIIAAb, OIPAHMYEHHYIO
BHUTKAaMHU 3TOil KATYIIKH.
OumbIT 2. BEIBOIBI

Crnenyronmii  3Tanm  HaNIero  MCCIEAOBAaHUSA  AJIEKTPOMATHUTHOM  MHAYKIMHM  CBSI3aH  C
OnpeJIeJICHUEM HANMPABJICHUS HHAYKIMOHHOTO TOKa. O HanpaBiIeHUU UHAYKIIMOHHOTO TOKA Mbl MOYKEM
CyIUTh TI0 TOMY, B KaKyl0 CTOPOHY OTKJIOHSIETCS CTpejKa MuuMamrnepMmerpa. Bocmonb3yemcs
TyrooOpa3HbIM MAarHUTOM W YBHJIHUM, YTO TP NPUOIDKEHUM MarHuUTa CTPEKa OTKJIOHUTCS B OJIHY
cTopoHy. Ecnu Tenepp MarHuT ABUTaTh B IPYTYIO CTOPOHY, CTPEIKA OTKIOHUTCS B JAPYTYIO CTOpOHY. B
pe3yiabTaTe MPOBEIEHHOIO HKCIIEPUMEHTA MBI MOYKEM CKa3aTh, YTO OT HANPaBJICHUS JBUKEHHUS MarHUTa
3aBUCUT W HAINpPABICHWE WHIYKIIMOHHOTO TOKAa. OTMETUM M TO, YTO OT MOJIOCA MarHUTa TOXE 3aBUCUT
HarpaBJieHWe WHIYKIIMOHHOTO TOKa.
OOpaTtuTe BHUMaHHE, YTO BETMYMHA MHIYKIIMOHHOTO TOKA 3aBUCUT OT CKOPOCTHU MEpEeMEIeHUSI MarHHUTa,
a BMECTE C TEM U OT CKOPOCTH U3MEHEHHSI MAarHUTHOTO MOTOKA.
Bropas yacte Hamieit mabopaTopHoi paboOThI CBsizaHa OyAeT ¢ ApyruM dKcrepuMeHToM. [locmoTpumM Ha

CXEMY 3TOT0 3KCIEPUMEHTa U 00CYANM, YTO MBI OyJieM Terneph AenaTh.


https://interneturok.ru/lesson/physics/9-klass/elektromagnitnye-yavleniya/laboratornaya-rabota-4-izuchenie-yavleniya-elektromagnitnoy-induktsii#mediaplayer
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* MCTOYHUK TOKA

Puc. 3. Oxcnepument 2

Bo BTOpOii cxeme B MPUHIUIIE HUYEr0 HE N3MEHUIIOCh OTHOCUTEIBHO H3MEPEHHS WHAYKIITHOHHOTO
Toka. TOT e camblii MIJUTHAMITIEPMETP, MPUCOSTNHEHHBIN K MOTKY Karymku. OcTaercs Bce, Kak ObLIO B
nepBoM ciydae. Ho teneph m3MeHEHHE MarHUTHOTO TIOTOKA MBI OYIEM IMOJIy4aTh HE 3a CYET JABWKCHUS
MOCTOSTHHOTO MarHuTa, a 3a CYET U3MEHEHHSI CHJTBI TOKA BO BTOPOM KaTYIIIKE.

B mepBoii wactu OymeM ucClieoBaTh HAIUYMC HHAYKIHOHHOTO TOKA P 3aMBIKAHUU U
pa3MbIkaHuu 1end. MTak, mepBas 4acTh IKCIEPUMEHTA: MbI 3aMbIKaeM K04, OOpaTuTe BHUMAHHE, TOK
HapacTaeT B LENH, CTPEJKa OTKJIOHWJIACH B OJHY CTOPOHY, HO OoOpaTHTe BHUMAaHHE, ceddac KoY
3aMKHYT, a 3JICKTPUYECKOTO TOKa MWIIMAMIIEPMETP HE TMOKa3bIBaeT. [Ieo B TOM, Y4TO HET M3MCHEHUS
MarHUTHOTO TIOTOKA, MBI YK€ 00 3TOM roBOpwIH. ECiu Teneph K04 pa3MbIKaTh, TO MUJUIMAMIIEPMETP
MMOKAXET, YTO HAIPABICHUE TOKA U3MEHUIIOCH.

Bo BTOpOM dKCIIeprMEeHTe MBI IPOCIICIUM, KaK BO3HUKACT HHAYKIMOHHBINH TOK, KOT/1a MEHSCTCS
ANEKTPUYECKUI TOK BO BTOPOI LIEMH.

Crnenytomasi 4acTh ombITa OyJeT 3aKIOYaThCsS B TOM, YTOOBI MPOCIEIUTh, Kak OyAeT H3MEHSATHCS
WHIYKIIMOHHBIA TOK, €CJIM MCHSITh BEJIMUYMHY TOKA B IICTH 3a CYET peocTara. Bel 3HaeTe, 4TO €CIM MBI
WU3MEHSIEM JJICKTPUYECKOE COMPOTHBIICHUE B IICMH, TO, ClieAys 3akoHy Oma, y Hac OyJIeT MCHSTHCS U
JNEeKTpUYECKUN TOK. Pa3 uW3MeHsieTcsl ANeKTpUyYecKuil TOK, OyneT HM3MEHSThCS MarHuTHoe mone. B
MOMEHT TMEepPEeMEIEHUsI CKOJIB3SIIEr0 KOHTAKTa PeocTaTa U3MEHSAETCS MarHUTHOE I0Jie, YTO MPUBOAUT K

MOSBJICHUIO MHAYKIIMOHHOI'O TOKA.

INPAKTUYECKHUE 3AJAHUA 11O TEME 1.4.
SJIEKTPUYECKUE HEINIX NEPEMEHHOT'O TOKA
IIpakTHyeckas padora Ne4

ITo Teme: «Pacuer Tpex(asHbIX Leneil NPpH CoeIMHEHNHU NOTpeduTe el 3Be3/10H M TPEyroJbHUKOM)

BOHpOCLI JUIA ITIOATOTOBKH K 3aHATUAM



1.Yto Takoe cumMMmeTpuyHas TpexdaszHas cucTema HampspkeHud? YeM OoTiaumvaroTcs Apyr OT Jpyra
CHCTEMBI C TpsAMBIM M OOpaTHBIM crlenoBaHueM (4yepemoBanueM) (a3? Ilokasarp Ha BEKTOPHBIX
auarpammax.
2. Kak o60o3HavaroTCs (MapKUPYIOTCs) Havyasia U KOHIIBI (a3 Tpex(da3HbIX HCTOYHUKOB U MOTPEOUTEICH?
Kak ocymecTBUTh UX COEIMHEHUE 3BE3/101 U TPEYTOJIbHUKOM?
3. latb ompenenenue ¢GasHbIX U JTUHEWHBIX HamnpspkeHud. KakoBO COOTHOIIEHUE MEXAY JMHEHHBIMHU U
(a3HBIMU HANPSHKEHUSIMH Ha 32)KMMaXxX FeHepaTopa, COETUHEHHOTO 10 cXeMe 3Be3/1a?
4. late ompenesneHue (a3HbIX U JUHEHHBIX TOKOB. KakOBO COOTHOLIEHHE MEXAY 3TUMH TOKaMH IpH
COCMHEHUH IIPUEMHHKA 110 CXeMe 3Be3a?
5. Kakas Harpy3ka Ha3bpIBa€TCs CUMMETPUYHON?
6. Kax Bbrumciauth (pasHble TOKM TNMPHEMHHUKA, COEAMHEHHOTO 3BE3/I0H, €CIM W3BECTHBI JIMHEHHBIC
HaNpsHKEHUs UCTOYHUKA U COMPOTUBIECHUA (a3 NpueMHHUKa?
7. B Kakux ciydasx MPUMEHSETCSl YEThIPEXIIPOBOHAs cHUCTeMa aeKTpocHabxeHusa? KakoBo 3HaueHue
HEHUTpPaJILHOTO NMPOBOJA?
8. Kak BBIUMCITUTH TOK B HEUTPATBHOM IIPOBOJIE?
9. KakoBO COOTHOILIEHHE MEXJIy JMHEHHBIMU M (a3HBIMU HANpPsDKEHUSMH IpU coeAuHEeHuu (a3
VCTOYHUKA WIH IPUEMHHKA TPEYTOJBHUKOM?
10. Kak Bbrauciuth (a3Hple U JIMHEHHBIE TOKH TNPHUEMHHKA, COCAMHEHHOTO TPEYrOJbHHKOM, ECIIH
M3BECTHO JINHEHHOE HAIPSKEHNE UCTOYHUKA M COTPOTUBIIEHHE (Da3 mpueMHuKa?
11. KakoBO COOTHOIIEHHE MEXAy JIMHEWHBIMH M (a3HBIMH TOKaMM CHUMMETPUYHOIO NpPHUEMHHKa,
COEIMHEHHOTO TPEYTOJIbHUKOM?
12. Kak BBIYHCINTH AaKTHBHYIO, PEAaKTUBHYIO M TIOJIHYI0 MOIIHOCTH CHMMETPHUYHOW Tpex(hazHOM
Harpy3ku? Kak BBIYUCISIOTCS 3TH MOILTHOCTH IIPU HECUMMETPUYHON Harpyske?
13. CkonbKO BaTTMETPOB HYXHO JUIsI HM3MEPEHMs] AaKTUBHOW MOILIHOCTH Tpexda3HOW Harpy3ku B
YEeTBIPEXIIPOBOAHOBOM 1enu? Kak oHU BKIHOYarOTCA?
14. Cxonbko BaTTMETPOB HCHOJB3YIOT NpPU HM3MEPEHUU AaKTUBHOM MOIIHOCTH B TPEXIPOBOIAHBIX
Tpexdasznbix cerax? Kak onu Bkirodarorcs?
15. B xakux ciay4asx MO>XKHO M3MEPHTh MOILIHOCTh Tpexda3zHoW Harpy3ku oJHUM BaTrTMeTpoMm? Kak ero
BKJIFOUNTH?
16. Kak ¢ moMompi0 BaTTMETpa HW3MEPUTh PEAKTHBHYIO MOIIHOCTH CHMMETPHYHOU Tpex(azHOM
Harpysku?

Pacuem yeneii npu coeOunenuu uCmoYHUKOE u nompedumeneil 36e3001i
3agaua 1.
OcgerieHue 3/1aHUsl MUTAETCS OT YETHIPEXIPOBOAHON Tpex(azHON CeTH C JIMHEHHBIM HalpsKEHUEM

U = 380 B. IlepBerit atax nutaercs ot ¢gaszsl "A" u motpednser MomHOcTh 1760 BT, BTOpOii — OT da3zsr



"B" u motpebaser momHOCTh 2200 BT, Tpetnit — ot ¢aser "C", ero momHuocts 2640 Btr. CocTtaBuTh
ANEKTPUUYECKYIO CXEMY IIeTH, PAcCUMTATh TOKH, MOTpeOIsieMble Kaxaoi (a3oif, 1 TOK B HEHTpaTbHOM
MIPOBO/JIE, BEIYUCIIUTH AKTUBHYIO MOIIIHOCTH BCEil Harpy3ku. [ocTpouTh BEKTOPHYIO TUarpamMmmy.

AHaJm3 1 pelieHue 3aaaum 1

Cxewma 1ienu nokasana Ha puc. 1

Jlammbl OCBCIICHUA COCAUHAIOTCA 110 CXEME 3BC31a C HeﬁTpaHBHBIM IMPpOBOAOM.

As Ia,
By b,
o
N oIy,

Pacuer ¢a3ubix HanpsokeHuil u TokoB. [Ipu coennnenuu 3Be3noi Ujn =3 Uo, orctona Ue = Uy / 3

=380/ 3 220 B. OcBerutenbHas Harpy3ka uMmeer Ko3(@uuumeHT MoIHOCTH cos ¢ = 1, mosTomy
Po = Uos - lo 1 pa3ubie Toku OyayT paBHBIL:
la=Pa/Usp=1760/220=8 A;Is =Ps/ Up =2200/220 = 10 A; Ic = Pc / Usp = 2640/ 220 = 12 A.
[TocTpoeHne BEKTOPHOM AUarpaMMBbl U ONPEJEICHUE TOKa B HEUTPAIIBHOM ITPOBO/IE.

BekropHas auarpamma nokasasa Ha puc.2. Ee mocTpoeHne HaulMHaeM ¢ paBHOCTOPOHHETO TPEyrojJbHHUKa
JINHEMHBIX HaIPsKEHUN Uas, Usc, Uca, n CUMMETPUYHOMN 3BE3/IbI (pa3HBIX HAMPSHKEHUN Us, Us, U. [Ipu
TakOM TIOCTPOCHUM HANpsHKEHUE MEXAy JH0OBIMH TOYKAMH CXEMbl MOXXHO HaWTH Kak BEKTOp,
COEIUHSIONMI  COOTBETCTBYIOLIME  TOYKM  JMarpamMMmbl, TO3TOMY  JAMAarpaMMmy  Ha3bIBalOT
Tornorpaguyeckon.

Toku ¢a3 {a, Is, Ic cBA3aEBI KAX B cO CBOMM HampsKeHHeM; B HAlEM cIydae Mo YCIOBHIO ¢ =0, u
TOKM COBNAnAalOT Mo (ase ¢ HampsokeHusmu. Tok B HelTpamsHoM mnpoBoge In = Ia+1s+1c. TTo
nocTpoenuo (B Macurade) o Bemmunne in = 2,5 A.

Brruncnenne akTHBHOM MOIIHOCTH B LIETIH.

AKTHBHasi MOIIIHOCTb LIEMH PaBHA CyMMeE MOIIHOCTEH ee (a3:

P =Pa+Pg+ Pc=1760 + 2200 + 2640 = 6600 Br.



JdonmosiHuTEIbHBIE BONPOCHI K 3a1a4e 1

1. MoeT 11 TOK B HEUTpaJIbHOM MPOBOJIE OBITH PaBHBIM HYIIO?

Tok B HEHUTpPaJIBHOM IIPOBOJE pPAaBEH HYJIIO I[PU CHUMMETPUYHOM HArpyske, B 3TOM cCillydae Ui
HOpMaJIbHOW Pa0OTHI LENH HEHTpalbHBIA MPOBOJ HE HYXKCEH, T.e. MHUTAHHE HArpy3KH BO3MOXKHO IIO
TPEXIIPOBOJHON CXEME.

2. Kak u3MeHuTcs pexuM paboThl LEH, €ClId B OAHY U3 (pa3 BMECTO OCBELICHUS BKIIIOUUTh JABUraTeib?
Tok B 3101 (haze Oymer ompenensaThCs BKIIOUEHHON B HEE HArpy3KOW, TOKM BO OCTAJbHBIX (pa3ax He
M3MEHSTCS, U3BMEHHUTCS TOK B HEUTpAJIbHOM MIPOBO/JIE (KaK IO BEJIMYMHE TaK U 110 (asze).

3. Kakue Toxu u3MeEHSTCS, €CiIM B OJTHOM U3 (pa3 mpousoiiner oOpbIB?

Toku B ocraBmMXcs (pa3ax He M3MEHATCS, T.K. IPU HAJIUYUU HEHUTPAIBbHOIO IPOBOJA HANPSIKEHUS Ha
¢azax Bcerza paBHbI HANPSHKEHUSM HCTOYHUKA. VI3MEHUTCSI TOK B HEUTPaIbHOM MPOBOJIC.

4. Kak u3MeHUTCS peKuM paboThI LIEeMHU MPH 00pBIBE HEUTPATBLHOTO POBOAA?

[Tpu HecUMMETpUYHON Harpy3Ke MpH 0OpbIBe HEHTpanu Mex 1y Toukamu "N" cTounuka u "n" Harpy3ku
TnosBNAeTCA HanpsokeHue cMemnenus Heiitpamu Unpn, M HMCKakaeTcs 3Be3a (a3HBIX HANPSKEHHH Ha
Harpyske, T.e. Ha Kakux-TO (pa3ax Harpy3Ku HarpspkeHue OyzeT Oosbllie HOMMHAIBHOTO, @ Ha KaKUX-TO
MEHBIIIE, YTO SABJISETCS JUIsl Hee aBapUIHBIM peXUMOM. T.K. HEUTpaJIbHOIO MPOBOJA HET, CyMMa (ha3HbIX

TOKOB paBHa HYJIIO.

6.7.3. Pacuer nieneil npu coeAMHEHUN TPEYTOJIbHUKOM

3anaya 2

B tpexdasznyto cetb ¢ Un = 380 B BkiIt0OUeH COeAMHEHHBIN TPEYrOJIbHUKOM TpeX(a3HbIi aCHHXPOHHBIN
nsuratens MomHocteio P =5kBt, KIIJI aBurarens paBeH mu = 90%, Ko3(h(UIMEHT MOIIHOCTH
cos ¢u = 0,8. Onpenenutsd (a3HbIC U JTMHEHHBIC TOKH JBUTATEINS, TAPAMETPHI €T0 CXEMBI 3aMelleHus Ro,
X, MOCTPOUTH BEKTOPHYIO AvarpamMmy. BKilounTh BaTTMETpHI AJI1 U3MEPEHUS] aKTUBHON MOIIHOCTU U
HaWTH UX TIOKa3aHMUS.

AHaJIN3 U pelieHue 3a1a4u 2

Pacuetnas cxema

JIBurarenb SBISETCS aKTUBHO-MHAYKTHBHBIM MTOTPEOUTENIEM SHEPTUH, €ro cXeMa 3aMelleHHUs IpuBeeHa

Ha PUCYHKE 3



PacueT akTHBHOM MOIITHOCTH MU TOKOB, HOTpC6J'I$ICMBIX ABUIaTCICM U3 CCTH.
B nacropTe ABUIATCIIS YKA3bIBACTCA MCEXAHUYCCKasA MOIIHOCTb Ha Bally, HOTpC6JI${eMa${ AdKTHBHas
MOIIHOCTHU ABHUIaTCJIA
P=Pu/n=500/0.9=5560 Br.

Z[J'ISI CHMMeTquHOﬁ Harpysku, KaKoH SIBIAETCS JABUIaTCIIb,

P=3Uosplocos® u lo =P/ (3 Us cos ¢). Io =5560/(3 - 380 - 0,8) =6,09 A. In:”\"{§ lp = 3. 6,09 =
10,54 A.

Pacuer mapamMeTpoB cXeMbI 3aMEIIEHUS IBUTATEIIS.

Zo=Uas / lo=380/6,09=62,4 Om; Ro = Zo cos ¢ = 62,4 - 0,8 = 49,9 Om; Xo = Zo sin 9o = 62,4 - 0,6
= 37,4 Om; cos ¢o = cos ou = 0,8.

[TocTpoeHne BEKTOPHOM AMarpaMMBl.

JIuHeliHbIe HANPSHKEHUS! CTPOSATCS B BUJIE CUMMETPHUYHON 3BE3/bI, OHH K€ SBISIOTCS B JAHHOM Cliydae
(dazupiMu HanpspKkeHUsIME. Da3HbIe TOKM OTCTAIOT OT HAMPSHKEHUN HA YToll O, TUHEHHBIE TOKH CTPOSITCS
110 (ha3HbIM Ha OCHOBAaHUM YPaBHEHMIA, COCTaBIEHHBIX IO NepBoMYy 3akoHy Kupxroda:

fa = fab - Tca; Ta = Tc - Tan; Tc = Tea - Toc.

BekTopHas nuarpaMma noka3aHa Ha pUCyHKe 4

.
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CxeMa BKIIOYEHUS BaTTMCTPOB.

B TpexmpoBOAHBIX CETSAX YacTO ISl U3MEPEHUs aKTUBHOM MOIIHOCTH IPUMEHSETCS CXeMa JABYX
BAaTTMETPOB, OJMH M3 BAapHMAHTOB KOTOpPOM Noka3zaH Ha puc. 5. [lokasaHusi BaTTMETpa ONPENEIIAIOTCS
IIPOU3BCACHUCM HAIIPSXKCHUS, IIPHUIIOKCHHOI'O K €0 KaTYIIKEC HAIIPSAXKCHUA, HAa TOK B TOKOBOH KaTyHIKE U
KOCHHYC yTI'Jla MCIKOY HUMU.

P1=Uag lacos (Uag * 1a) = 380 - 10,54 - cos (¢po + 30°) = 1573 Br; P2 = Ucs Ic cos (Ucg * Ic) = 380 -
10,54 - cos (pa - 30°) = 3976 Br.
AKTUBHasg MOIIHOCTh Tpex(da3HOW I1enu paBHA ainreOpandecKol CcyMMe TIOKa3aHWi MpUOOPOB:

P =Py + P, = 1573 + 3976 = 5549 Br.

-

PWI

W

JlonoJiHuTeIbHbIE BOMPOCHI K 3a1aue 2

1. MOXHO 71 3TOT JIBUTATeNb BKIItoYaTh B ceTb ¢ Uy = 660 B?

Ecnu npu coenunennu TpeyroiabHUKoM jasurarens umeer Up =380 B, ero MoxHO MCHOib30BaTh MpU
Ucern = 660 B, coenqunuB (a3bl 3Be370M, T.K. IpU 3TOM HanpsbkeHue Ha ero ¢aszax Us = 380 B.

2. MOXHO JIM JaHHBIN JBHTaTeNb HUCIOJb30BaTh B cetd ¢ Uxn =380 B npu coennHeHnn ero oOMOTOK

3BE3/10117

MoxHO, HO HampsDKeHHS Ha ero (azax CHUKArOTCS B“E pa3 MpOTHUB HOMHHAIBHOTO, YTO CHHUXKAET
JOMYCTUMYIO MOIIHOCTh Ha Baly; NMpU HOMHHAJIBHON Harpy3ke TOKM B OOMOTKax ABUTaTedsl OyayT
00JIbIlIe HOMUHAJILHBIX.

3.Kak eme MOXHO BKIIOYHATH BaTTMETPhI JUISI HM3MEPEHUS AKTUBHOM MOIIHOCTH, IOTpeOIsIeMOoit
nBUTaTEIEM?

Ha PUCYHKC IMTOKAa3aHO CIIC IBA BaApUAHTA IMOAKIIFOUCHUA HpI/I60p0B Mo CXEMC ABYX BATTMCTPOB.



PW2 PW1

a) 0)
IIpy cumMMeTpUuYHOW Harpy3ke MOXKHO HM3MEpPUTh MOIIHOCTb OJHHUM BAaTTMETPOM, IOJKIIOYUB €ro
OOMOTKY HalpsiKeHUsI K COOTBETCTBYOLIEMY (Pa3sHOMY HANpsDKEHUIO CeTH (€ciaM AOCTYIHA HeWTpajibHas
TOYKa) WINA CO3/1aB UCKYCCTBEHHYIO TOUKY (puc. 6.32), mpu 3TOM NnpuOOp U3MEPSET MOILHOCTb OJIHOM

(a3bl, MOITHOCTH Beel menu Puenn = 3 Pw.

1 PWI
Ao : W)
By
1 fr——
| IN— —
R R
By

B mpouecce wu3MepeHMH B LENAX CHHYCOMJAIBHOTO TOKA  ONPENENSIOT  CpEelHee
(cpenHEBBIPSIMIICHHOE), JeHCTBYOIIEEe (CpelHee KBaJpaTHUYECKoe) M aMIUIMTYIHOE (MaKCHUMaJbHOE)
3HAYEHUs HanpshKeHHUs! U Toka. [1ockobKy BCe 3TH 3HAYEHMS CBSI3aHbI MEXAY cO00M Kod(uimeHTaMu
¢dopmbl k¢ = u/l/cp (umu k¢ = ///cp) u ammutyas! kJI = utlll (unu xa = 11/T"), MO’KHO U3MEPUTDH OTHO U3
HUX W paccuuTaTh JIpyrue. s usmMepeHus cpeHUX 3HAYeHUH MPUMEHSIOT JIEKTPOHHBIE U IU(POBbIE
pUOOPBHI.

/Jleiicmeyroujue 3Ha4UeHUS HANIPSOKEHUS] U TOKA B IEMSAX CUHYCOUAAIBHOTO TOKA MPOMBIIIJICHHON
Y4acTOThI U3MEPSIOT 3JIEKTPOMArHUTHBIMU, 3JIEKTPOAMHAMUYECKUMU, (PeppOAMHAMUYECKUMU, TETNIOBBIMU
U 1udpoBeIMU Tpubopamu. Tak Kak Juama3oHbl U3MEPEHUH MEPEeYHCICHHBIX MPUOOPOB OrpaHUYECHbI
3HadeHussMU npubmusurensHo 600 B u 100 A, 11 u3mepenus OONBIIMX 3HAYEHUH MPUOOPHI BKIIIOYAIOT
yepe3 HW3MepUTeNbHbIE TpaHChOpMaTOphl HaMpsDKeHUs U Toka. [lpm 3ToM  Kjacc TOYHOCTH

TpaHcpopmaTopa JOHKEH COOTBETCTBOBAThH KJIACCy TOYHOCTU MPUMEHSEMOro nmpudopa, a MaKCUMallbHOe



CONPOTUBIICHHE BTOPHYHOIN IENM NPH HW3MEPEHHH TOKA JOJDKHO OBITh HE MEHbBIIEC CONPOTHBICHHUS
npubopa. Bropuunsie nienu TpanchopMaTopoB T0JKHBI OBITH 3a3€MIICHBI.

JUst u3MepeHus HapsDKEHUS U TOKA B LETISAX N06blUeHHOU Yyacmombl (HallpuMep, B yCTaHOBKaX C
PYYHBIM MHCTPYMEHTOM) 3JIEKTPOMArHUTHBIC, JIEKTPOJIUHAMUYECKHE U (eppOoANHAMUYECKUE TTPHOOPHI
HE HCHOJB3YIOT H3-3a OOJBIIMX TNOTpPEemIHOCTEH u3MepeHui. [ 3TOro MpPHUMEHSIOT TEIUIOBBIC,
AJIEKTPOHHBIE U TU(PPOBBIC TPUOOPHI.

Mcznosennble 3HaUCHUS HATIPSHDKEHUIN M TOKOB PA3TUYHOM (POPMBI M YaCTOTHI PETUCTPUPYIOT C TIOMOIIBIO
PETHCTPUPYIOIINX PHUOOPOB MK OCHMILIOrpados.

B mpexcghaznvix cucmemax HaupsHKeHUE U TOK U3MEPSIOT TEMH e IPUOOpaMH, YTO U B OJHO(DA3HbIX.

B cummerpuuHnoii TpexdazHoi cucTeMe i U3MEPEHUs MexHcOyhazHbix HANPSIKEHUH U TOKOB MOXHO
WCTOJB30BAaTh OJWH BOJBTMETP HIIM amIepMeTrp. B HECHMMETpPUYHBIX CHCTEMax Il KOHTPOJIS

MG)KILY(baSHHX HaprDKeHI/Iﬁ INPpUMCHAKOT OAWH BOJIbTMCTP C IICPCKIIIOYATCIICM.

A
B . ]

K npuemnury
WEKMnoINenzun

= G

Puc. 1. Cxema BKJIIOYeHHS] BOJbTMETPOB /ISl H3MepeHHsl (pa3HbIX HANPSIKEHUH B TPeXNPOBOIHBIX

CUCTEMaAX

A > 3
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Puc.2. Cxema BKJ/IIOYeHMSI BOJBTMETPOB [Jisi M3MepeHHs MekAy(a3HbIX HaNpsKeHUH B
TPeXNPOBOAHBIX CHCTEMAX

Jlnst pacimMpeHus TUarna3oHOB BOJBTMETPOB NPU U3MEPEHUH (a3HbIX HANPANXCEHUl B TPEXITPOBOIHBIX
cucTeMax MPUMEHSIOT TpH TpaHchopMaTopa HANPSHKEHUS, BKIIOYEHHBIE IO CXeMe, IPUBEIEHHON Ha pHC.
8.1. OCOOEHHOCTh ATOM CXEMbI — BO3MOXHOCTh OJHOBPEMEHHOI'O KOHTPOJS KadecTBa H3O0JISALUU
CUCTEMBI, TaK KaK MPU W3MEHEHUU COMPOTUBJICHUS W3OJSAIUH OJHOM W3 JUHUHA CUCTEMBI U3MEHSIIOTCS

IIOoKa3aHHs COOTBETCTBYIOIICTO BOJIBTMETpPA.



" npueMHuK)
INEKMPOIHEPUU

Puc. 3. Cxema BKJIIOYeHHUS] aMIIePMeTPOB /U U3MepeHusl MeK1y(Pa3HbIX TOKOB B TPEXNPOBOIHBIX
cucreMax

[TpuMeHeHHe TaKol CXEMbI BO3MOXKHO BCJIEJCTBUE CBOMCTB TpeX(as3HbIX CHCTEM, TakK Kak /c = - (/a + /B)-
[ToaTomy ammepMeTp MOKHO BKJIIOUWTH B JuHMIO C 06€3 TpaHcpopmaTtopa Toka. B 3tom ciywae Tpu
amIiepMeTpa BKIIIOYAIOT Yepe3 JABa TpaHchopmaropa.

PaccMoTpeHHBIE CXeMBI M CPEIICTBA M3MEPCHHMU W KOHTPOJIA HANPSIKCHUS M TOKA COMPOBOXKIIAIOTCS
BO3HUKHOBEHUEM IOTPEITHOCTEH, OJHA M3 COCTABIIOUIMX KOTOPBIX OOYCJOBJICHAa MOTpPeOICHUEM
MOIITHOCTH  M3MEPHUTENbHBIMH mpubopamu. Tak, TNpu BKIIOYESHHH aMIIEPMETPa, HMEIOIIETro
COINIPOTHBIIEHUE /7A, B IEMb C HANPSKECHUEM U MO0 HEH MPOTEKaeT TOK, MEHBIIUH, YeM J0 BKIFOUEHUS
npubopa. Eciu Tox B uenu g0 BkiItoueHus ammnepmerpa /x - 1?7, a mocne Bxmrouenus | - 1//(A4 + /7a)

(3aech JI — compoTtuBneHue nemnu 6e3 mpudopa), To OTHOCUTENbHAS MTOTPEIIHOCTh U3MEPEHUSL:

R,/R
R e e TS —
' 14+R,/R

I-1
o =—"=.
/

X

Cuwuras, uto A& « A u BeIpa3uB CONMPOTUBIIEHUS TPUOOPOB YePE3 MOIITHOCTH, OKOHYATEITHHO UMEEM
o = (P/P)100 %,

rae Pa — momHoCTb, HOTpe6J'I$IeMa$I aMIIEPMETPOM; P — MOIIHOCTH LIENH.

AHanoruyaele Hpeo6pa30BaHI/ISI JJ1s1 IeNX ¢ BOJIBTMETPOM J1al0T

k /P
1+ R/ I

8, =—( —)=100%,

rae Py— MOUIHOCTh, OTpebsieMast BOIBTMETPOM; P—MOIIHOCTD LEMH.

Takum o0pa3oM, [ HU3MEpeHUs TOKa ClelyeT BbIOMpaThb aMIepMeTp C BO3MOXXKHO MEHbBIIUM
COIIPOTHBIIEHUEM, a JUISI U3MEPEHUS HANPSHKEHUS — BOJIBTMETP C BO3MOKHO OOJIBIIIUM COIPOTHUBIICHUEM.
B sTOM ciyyae morpemHocTu u3MepeHus 0y1yT MUHUMAaIbHBIMH.

BinsiHre MeTposIorn4ecKkux CBOMCTB BOJBTMETPOB Ha MOIPEIIHOCTh U3MEPEHUN HANPSHKEHUS OTPakKeHO

B ciemyromeM mpumepe. [[elcTBYyIomuMy Uisl CeMbCKUX AIEKTPUYECKUX CeTed HOPMaMH JTOTYCKAeTCs



CHIWKEHHE HalpsHKeHUs Ha BXoje norpedurens 1o +5% HomuHambHOro. Ecnm g m3MeHeHus
HanpspkeHus B cetd 220 11 B (¢ yyeToM CHM)KEHHS) UCNOIb30BaTh BOJIBTMETP Kiacca ToyHocTH 1,5 ¢
nuanazonoM umepenuii 0...250 B, To on moxet nokazats 220 + 14,75 B, 4Tto npeBbIIaeT HOPMUPYEMOE

cHIXeHue Ha +1,6%.

HNPAKTUYECKUE 3AIAHUA 11O TEME 2.2.
TPAHC®OPMATOPBI
IIpakTuyeckas padora NeS

ITo Teme: «3yyeHHe KOHCTPYKIMH M YCTPOHCTBA TPaHC(POPMATOPOB»

Heab:13yunts ycTpORCTBO, NPUHIMIT ASHCTBUS U TEXHUUECKUE ITapaMeTpbl TpaHchopMaTopa

3aganue

1. 3apucoBaTh CXeMbI BKIIFOUCHHS.

2. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

Teopernveckue cBeIeHUS

X0JIOCTBIM XOJJOM TpaHc(hOpMaTOpa HA3bIBAECTCS TAKOM PEXHUM ero paboThl, IPU KOTOPOM HEpBUYHAsS
00MOTKa BKJIFOUYEHA HAa HOMHHAJIbHOE HampspkeHue UH, a BTOpHYHas 0OMOTKa pa3oMKHYTa (PUCYHOK
24.1). PexxuM X0JI0CTOTO X0/1a TO3BOJISIET OMBITHBIM ITyTEM YCTaHOBHTH CIIEAYIOIINE XapaKTEePHbIE IS
TpaHchopMaTopa BEIUYUHBL: a) K03(duuueHT Tpanchopmanuu; 6) TOK XOJOCTOro XOJa; B) MOTEpU

MOIIIHOCTHU B CTaJIA.
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PI/IcyHOK 1 — Cxema COCOAMHCHU A 00MOTOK TpaHC(popMaTopa B PCIKUME XOJIOCTOI'0 X044

KopoTtkoe 3ambikaHue TpaHcpopMaropa - UCHBITATENbHBIA PEXUM, IPU KOTOPOM BTOpPHUYHAs 0OMOTKa
3aMKHYTa HAKOpPOTKO, a B IEpPBUYHYIO BKJIIOYEHO TaKOe IOHW)XEHHOE HaNpsUKEHUE, 4TOObl TOK
NEepBUYHON OOMOTKM ObUI paBeH HOMHUHAIbHOMY (pUCYHOK 24.2). DTO HampsyKeHUe, Ha3blBaeMoe
HaIpsDKEHUEM KOPOTKOTO 3aMbBIKAHUS, SIBISIETCS OJHOM M3 IOCTOSHHBIX, XapaKTEpU3YIOLIUX

Tpancpopmarop. OObIuHO OHO cocTaBiseT S... 10



Mor1HoCTb, 3aTpadeHHasi IPU KOPOTKOM 3aMbIKaHUU, MOYTH ILIETMKOM PAacXOJyeTcsi Ha HarpeBaHue

00MOTOK TpaHchopmaropa.

h Po
NATP ol W'
Nt * L/
A a
U . s
" UK;, UMQ1 W1 W2 (Aa
~ 220 B 15 B
X X
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NATP a2
Nt * L/
A a
U . s
" UK;, UMQ1 W1 W2 (Aa
~ 220 B 15 B
X X

Pucynok 2 — Cxema coefuHeHUs1 0OMOTOK TpaHc(hopMaTopa B pexkHMe KOPOTKOTO 3aMbIKaHHUS
KoHnTpoJibHBIE BOIPOCHI

1. OOBsicHUTE YCTPONUCTBO U MPHUHITUN JACUCTBUS TpaHcPopMaTopa.

2. Yro takoe ko3 uIUEHT TpaHCPOPMAIIUHN U KaK €ro ONPEIEIUTh ONBbITHBIM MyTeM?

3. IloueMy ¢ yBenMYEHHEM IEPBUYHOIO HANpPSDKEHUS MPU OMBITE X. X. YMEHbIIaeTcs Kod(pQuuueHT
MOIITHOCTH TpaHchopmaTopa?

4. IloueMy MOLIHOCTb X. X. IPUHUMAIOT 3a MarHUTHbIE MTOTEPU, @ MOIIHOCTH K. 3. - 3a JIEKTPUUYECKUE
norepu?

5. TlouemMy mpu oOmbITe K. 3. TOK B NEPBUYHOM OOMOTKE JOCTUraeT HOMHHAJIBHOTO 3HAYEHUS IpH

HAIpPs’KCHUU B HCCKOJIBKO pa3 MCHBIICM HOMHUHAJILHOI'O?

MNPAKTUYECKUE 3AJJAHUS 11O TEME 2.4.
3JEKTPOHHBIE IPUBOPHI 1 YCTPOMCTBA
IIpakTnyeckas padora Ne6

I1o Teme: «3yyeHue OUNOJIIPHOTO TPAH3UCTOPA»



Heap pa6orbl: M3yunTh npuHIUI padOThl, CXEMbl BKIIOYCHHUS, YCHUIUTEIBHBIC CBOWCTBA U
XapaKTePUCTHKH OUMOJISIPHBIX TPAH3UCTOPOB.

Bonpocs k padore:

Jlatb onpenienieHre TpaH3KUCTOpa U ero o0acTel: IMUTTEp, KOJUIEKTOp, 0aza.

Kakum 00pa3oM mpoucXoauT yCUIIEHUE CUTHAJIA B TpaH3ucTOpe?

3anucarh omnpeeseHue U BEIMUUHY K03 (DUIIMEHTa YCUIICHUS 110 TOKY.

YT0 HA3ERIBAIOT TEIJIOBLIM TOKOM?

Eal A

Kakumu conmpoTuBieHusIMH 00J1aaI0T SMUTTEPHBIN U KOJJIEKTOPHBINA EPEeX0IbI?
5. HauepTuth cxembl BKIIOUYEHUS TPAH3UCTOPOB:
a) ¢ obmeit 6azoit
0) ¢ 00IIUM SMHUTTEPOM
B) C 0OITUM KOJUIEKTOPOM
7. HauepTuTh CTaTHYECKHE XapaKTEPHCTUKU OWITOJISIPHOTO TPAH3UCTOpa P-N-P-THMA. BKIOYCHHOTO IO
cxeMme ¢ 00ImmM SMHUTTEPOM. JlaTh TOsSICHEHHE.
8. IlosicHUTB yCTPOKCTBO MIIOCKOCTHOTO T€pPMaHUEBOTO TPAH3UCTOpa P-N-P-THUIIA.
9. JlocTOMHCTBA U HEAOCTATKU OUTIOJIIPHBIX TPAH3UCTOPOB.
10. PaccMOTpeB cxeMbl BKIIIOUEHHSI TPAH3UCTOPOB, 3aNIOJHUTH Tabnuiy 1:

Taomuma 1

ITapametpsbi Cxema 0D Cxema Ob Cxema OK

K

Ku

Kp

RBx

RBI)IX

da3oBbIit CIBUT

MCKIOY U(;blx " ng

TpaH3ucTopoM  Ha3bIBaeTCS  MONYNPOBOJAHMKOBBIA  TpuOOp ¢  ABYMSA p-N-Tiepexojiamu,
MpeIHa3HAYEHHBIA JJIl YCUJIEHMS U T€HEPUPOBAHHUS AIIEKTPUYECKUX KOJeOaHUN M Mpe/CTaBIISIOIIMMA
co0o¥l TUTaCTUHY KPEMHHUS WU TePMaHUs, COCTOAIILYIO U3 Tpex obyacteit. J[Be kpaiftHHe 00iacTu Bceraa
00Ja1al0T OJUHAKOBBIM THIIOM TPOBOJUMOCTH, & CPEAHSSI — MPOTHBOIOIOKHONW MPOBOJUMOCTHIO.
TpaH3ucTophl, Yy KOTOPBIX KpaitHue oOsnactu 007alal0T 3JIEKTPOHHOM MPOBOJUMOCTHIO, & CPEIHSI —

JBIPOYHOM TMPOBOJMMOCTBIO, HA3bIBAIOTCS TpaH3UCTOpaMmu N-p-N-tuna (puc.l, a): TpaH3UCTOPHI, Yy



KOTOPBIX KpailHue o00JacTH 00JIaaloT JBIPOYHOM, a CpPEIHsISl DJIEKTPOHHOW MPOBOAMMOCTAMH —
TpaH3ucCTOpamu p-N-p-tuna (puc.l, 6). dusnueckue NpoLECChl, NPOUCXOASIINE B TPAH3UCTOpPAX JBYX
THUIOB, AHAJIOTWYHBI M PA3UYME MEXKIY HUMH 3aKJIIOYaeTcs B TOM, YTO MOJIIPHOCTH BKIIIOYEHUS
UCTOYHHUKOB IUTAHUSA WX MPOTUBONOJIOXKHBI, a TakkKe B TOM, YTO €CIU B TpaH3UCTOpe N-P-N -TUIa
IEKTPUUYECKUI TOK CO34aeTCsl B OCHOBHOM 3JIEKTPOHAMM, TO B TPaH3UCTOPE p-N-p-TUla — AbIPKaMH.
CwMmexxHble 001acTH, OTIICNIEHHBIE IPYT OT Apyra P-N-TiepexoiaMu, Ha3bIBAIOTCA AIMHUTTEpOM 3, 6a3oii b u
KOJUIeKTOpoM K.

OMUTTEp ABISETCA 00JaCThIO, UCITYCKAIOWIEH (SMUTTUPYIOLIEH) HOCUTEIH 3apsI0B 3JIEKTPOHOB B
TpaH3HucTope N-P-N -TUNa M JBIPOK B TpaH3UCTOpE p-N-p-THUIA, KOJUIEKTOp — 00JacTh, coOuparomas
HOCHUTEIIN 3apsAJ0B, O a 3 a — cpeaHsst 00JacTh, OCHOBaHHE.

B ycnoBusax paboTel TpaH3UCTOpa K JIEBOMY p-N-TIEPEXOAY NMPHUKIAIBIBACTCS HAMPSDKEHHE SMHUTTED —
6a3a U, B ipssMOM HampaBlIeHHH, a K IpaBoMy p-N-niepexoy—Hanpsbkenue 0aza—~komektop Uk — B
obpatHoM. [log nelicTBHEM 3EKTPUUECKOro MoJIst O0JIbIIas YacTh HOCUTENEH 3apsiioB U3 JIEBOM 00J1acTH
(aMuTTEpa), MpeogosieBas p-N-Mepexoi, MEepexoauT B OYEHb Y3KYIO CpelnHiol obnacth (0a3y). anee
OoJbIIasi 4YacTh HOCUTEINICH 3apsiioB MPOIOJDKACT JBHTaThCsS KO BTOPOMY IEPEXOAY M, MPUOIMKAACH K
HeMy, TONajaeT B 3JEKTPUYECKOe IMOoJe, CO3aHHOe BHEIIHUM HcTouHUKOM Uk. Iloa BiusiHHMEM 3TOro
IOJI1 HOCUTENW 3apsAOB BTATMBAIOTCA B IPaByI 00JIACTh (KOJUJIEKTOP), YBEIMUYMBAs TOK B LEMHU
Oarapen Uk .

Konnexmop

Ecnu yBennuuth HanpsbkeHue Us, TO BO3pacTaeT KOJIMYECTBO HOCHTEJEH 3apsi/ioB, Mepelemnx
U3 SMUTTEpa B 0a3y, T. €. YBEIMUYUTCS TOK SMHUTTEpPAa Ha HEKOTOPYIO BenuuuHy A/s. [Ipu s3TOoM Takxke
YBEIIMYUTCS TOK KOJUIEKTOPa Ha BeTHUuHYy A/K.

Omutrep baza Komnextop




Puc. 1. ITpunuumn pa®oTsl ¥ yCIOBHOE 0003HaUEHUE TpaH3uCcTopa: a —N-p-n, 6—p-n-p

B 0a3e He3HauuTeNbHAsA YacTh HOCUTENICH 3apsOB, MEPEIISAIINX U3 dIMUTTEPA, PEKOMOMHHUPYET
CO CBOOOJHBIMU HOCHUTEISIMH 3apSIOB IMPOTHBOIIOJIOKHON TOJSPHOCTH, YOBUIb KOTOPBIX IOIOJHSETCS
HOBBIMU HOCUTEJISIMU 3apsI0B Ma BHEIIHEW Ienu, oOpa3yrommmu Tok 0asbl ls. Takum oOpazom, TOk
KoJuiekTopa [k=[5-16 okakeTcss MEHbIIe TOKa AMHUTTEpPA, HE3HAYUTEIbHO OTJINYasICh OT IOCIEIHErO.
OtHomenne a=AIk/Al>, npu Ux=const Ha3pIBaTCAIK 03 G QU U UEHTOMYCUIECHUSINOTOKYH
00br9HO MMeeT 3HaueHue a=0,9+0,995.

Ecnu nens amutTep — 0a3a pa3oMKHYTa U TOK B HEW paBEH HYIIO

I>=0, a MexIy KOJUIEKTOpOM U 0a30il mpuiiokeHo HampspkeHue Uk, TO B IeNH KoJulekTopa Oynaer
MPOXOANUTh HEOOJBIIOW OOpaTHBIN (TEMIOBOM) TOK li, OOYCIOBIEHHBII HEOCHOBHBIMH HOCHUTEISIMHU
3aps/ioB. DTOT TOK B CWJIBHOW CTEMEHU 3aBUCUT OT TEMIEPATYphl U SBJISETCS OJHUM M3 TapaMETpOB
TpaH3HUCTOpa (MEHBIIIEE €r0 3HaYEeHNUE COOTBETCTBYET JIYUIIIUM KaueCTBaM TPaH3UCTOPA).

Tak kak JeBbI (IMHUTTEPHBIN) p-N-TIEPeX0 HAXOJUTCS MOJA MPSMBIM HaIMpsSHKEHHEM, TO OH
o0nasaeT ManblM COMpOTHBICHHEM. Ha mpaBbiii ke (KOJJIEKTOPHBIN) P-N-TIepexo]] BO3JIEHCTBYET
oOpaTHOE HaMpSHKEHWE W OH UMeEeT Oolibiiioe conpotuBieHue. [loaToMmy HanmpsiKeHUE, MPUKIIAIbIBAEMOE
K OMUTTEPY, BEChbMa MaJjo (JIeCAThIE TOJIM BOJIbTA), @ HAIMpPsDKEHUE, 1MOJJaBaeMO€ Ha KOJIJIEKTOP, MOXKET
OBITh JIOCTATOYHO OONBIIUM (10 HECKOIBKHX NECATKOB BONBT). V3MEHEHHWE TOKa B I[EMU IMUTTEPA,
BBI3BAaHHOE MaJIbIM HampsbkeHueMm U, co3/1aeT MPUMEPHO TaKOoe K€ U3MEHEHHE TOKa B LIENU KOJIJIEKTOPa,
r7e JIeHCTBYeT 3HAuuTEeNbHO Oojbliee HampsbkeHue Uy, B pe3ynbTaTe 4ero TPAaH3UCTOP OCYIECTBISET
YCUJICHUE MOIIHOCTH.

[Ipu paboTe TpaH3WCTOpa B KAueCTBE YCUIUTENS OJJICKTPUYECKUX KoNeOaHWil BXOAHOE
nepeMeHHoe HampspbkeHue Ug, (CUTHAN, MOANeXAlluid  YCHUJICHHIO) TMOJAl0T  TMOCHEAO0BATENbHO C
HMCTOYHUKOM TOCTOSTHHOTO HampspkeHus: cMmerieHus (Uey,, MEXITy SMUTTEpOM M 0a30ii, a BBIXOJHOE

HanpspkeHne Uy (YCUTIEHHBIA CUTHAJ) CHUMAETCS C Harpy304HOTo pe3uctopa Ry.
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Puc. 2. Cxemsl BKITIOUEHUS ¢ 00111eH 0a30H, OOLTUM IMUTTEPOM, OOIIIUM KOJUIEKTOPOM TPAH3UCTOPOB:
a-n-p-n, 6 -p-n-p

B03MOXHBI TP CXeMbI BKIIOUEHUS TPAH3UCTOPOB N-p-N-Tuma (puc. 2, a) u p-n-p-tumna (puc. 2, 0):
¢ obmreit 6a3oit OB, ¢ obmmuM smutrTepom OO u ¢ obuuM KosutekropoMm OK. HazBaHue cxeMbl MOKa3bl-
BaeT, KaKOW OJJICKTPOJ TPAH3UCTOpA SBISETCS OOMIMM JIJIsi BXOJHOW M BBIXOMHOW memeid. CXeMsl
BKJIFOUEHUSI TPAH3UCTOPOB OTIUYAIOTCS CBOMMH CBOMCTBAMH, HO TPHUHIUIT YCHJICHHS] KojeOaHUi
OCTaeTCsl OJJUHAKOBBIM.

B cxeme c oOmieii 60a3oii MONOKUTENbHOE MpHpAIICHUe HampsbKeHUus Ha BXxoje AU, BBI3BIBAET
yBEIUYEHUE TOKA IMUTTEPA |, YTO MPUBOJUT K YBEIMUYEHHUIO KaK TOKA KOJuIekTopa | Tak U HampsHKeHUs
BbIX0J1a AUy ipuueM AUy » AU,y .

B cxeMme ¢ Ob UCTOYHUK BXOJHOTO HAMPSHKEHUS BKIIOUEH B IIETIh OMUTTEp — 0aza, a Harpy3ka u
HCTOYHUK MUTAaHUS — B I[ENb KOJIEKTOp - 6a3a. BxoaHoe conportuBneHue cxembl ¢ Ob Mano (HECKOIbKO
OMOB WJIH JIECATKOB OMOB), TaK KaK SMUTIEPHBIN MEPEX0/i BKIIOYEH B MPSIMOM HarpaBjieHUU. BrixonHoe
COIIPOTHBIIEHUE CXEMBI, HA00OPOT, BEIMKO (COTHU KUIOOMOB), TaK KaK KOJUIEKTOPHBINA MEPEX0/ BKIIIOUEH
B oOpaTHOM HampaBieHHH. Majoe BXOAHOE COMPOTUBIEHHE cXeMbl ¢ OB sSBISETCS CYIIECTBEHHBIM €€
HEJIOCTaTKOM, OTPaHUYMBAIOLIMM MPUMEHEHHUE €€ B YCHIHUTENsIX. Uepe3 UCTOUHUK BXOJHOIO CHUTHaja B
9TOM CXeMe MPOXOIUT BECh TOK SMUTTEPA, M YCUJICHHUS 110 TOKY HE MPOUCXOIUT (KO OHUIIMEHT YCUTICHHS
1o Toky a<l). YcuneHnrue mo HampsHKEHUIO U 110 MOITHOCTH B ATOM CXEME MOXET JOCTHTAaTh HECKOJIbKHX
COTEH.

B cxeme ¢ 00mum 3mMutTepomM O UCTOYHUK BXOJIHOTO HAIPSHKEHUS BKIIOUEH B LENb SMUTTEP
— 0aza, a COMpOTUBJICHUE HATPy3KH R,,, © ICTOYHUK MUTAHUS — B IIEMb YMUTTEP — KOJUIEKTOP, TAK UTO

OMUTTEP SIBISETCS OOIIUM DJIEKTPOJOM Il BXOJHOW M BBIXOJHOM menei. BxomHoe compoTuBieHue



cxembl ¢ OO Ooublie, 4eM y cxembl ¢ OB, Tak KaK BXOJHBIM TOKOM B HEH SIBISIETCS TOK 0a3bl, KOTOPBIH
MHOT'O MEHBIIIE TOKa 3MHUTTEpAa U TOKA KOJUIEKTOpAa. DTO COMPOTUBIECHUE COCTABISET COTHU OMOB.
BrixogHOe compoTuBieHHe CXeMbl ¢ OO BEIMKO U MOXET COCTaBIATh JI0 CTa Kiii0-oMoB. KoadduimeHt
YCHUJIEHUS 10 TOKY B B 3TOH CXeMme OIpelessieTcsl Kak OTHOILIEHUE MpUpalleHusi Toka Koyekropa Al K
NpUpalieHuIo  Toka  0a3bl Al;TIpM  TOCTOSIHHOM — HAalpsOKEHWHM  Ha  KOJUIKTOpe, T. €.
B= Al | Al nipu U,=const u MoxxeT umeThb 3HaueHus 3=10+200 1 pa3nuyHbIX TPAH3UCTOPOB.

Koadduiment ycunenus no HampspkeHUto Ky s cxembl ¢ OO TOTO K€ TOpsIKa, 4TO W JUIS
cxembl ¢ Ob. Koaddunuent ycwmiienus mo momHoctd Kp=KiKu BO MHOTO pa3 OoJibllie, YeM B CXeMe
¢ Ob.

B cxeme ¢ obmmmM smutrTepom OO NMPU YCHICHUH BXOJHOTO HAIMPSHKCHUS MPOUCXOAUT IMTOBOPOT
(a3pl BBIXOJHOTO HANpsDHKEHUS HA TOJOBHHY Iepuona, T. . Ha 180°, Kak 3TO BUIAHO H3 CXCMBI:
MOJIOKUTETIbHBIE TPUPAILEHUsT BXOIHOTO HAMpsOHKEHUS BBI3BIBAIOT OTPHUIATENbHEE MPUPALICHHE
BBIXOZHOT'O U HA00OPOT.

B cxeme ¢ o6mmmM koymiektopoM OK UCTOYHUK BXOJIHOTO HAMPSKCHHS BKIIIOYACTCS B I 0a3bl,
a UCTOYHMK MUTAHUSA W CONPOTHBJICHUE HATPY3KH — B IEMb SMUTTEpPA. BXOAHBIM TOKOM SIBISIETCSI TOK
0a3bl, a BBIXOJIHBIM — TOK YMHUTTEpA.
B xonnoe conpotusienue cxembl ¢ OK BelMUKO (IECSITKU KAJIOOMOB) a BBIXOJAHOE COMPOTHUBIECHHE MAJO
(1o 1+2 xOm).

- .I;’ >f;'- ;

/I“ ' >0

Koad¢uuumenT ycunenuss no HanpskeHHIo cxembl ¢ obmuM kouiektopoM OK Ku=0,9+0,95 1 e
ONMU30K K €IUHMIe, U 3Ty CXEMy 4YacTO Ha3bIBAlOT SMUTTEPHBIM MoBTOpHUTeleM. Cxema ¢ 0oOumuM
KosiekTopoM OK Hucnonb3yercs Ui cOrjacoBaHMsl OTAEIbHBIX KAacKa/Jo0B YCUIIEHUS, ICTOYHUKA CUTHAJA
WJIA Harpy3KH C YCHITUTEIIEM.

CrarHueckHe XapaKTepUCTHKH TPAH3HCTOPAa THNA P-M-P, BKJIKYEHHOT0 MO cXeMe € OOLIUM
IMUTTEPOM:
a — BXO/IHbIE, O — BBIXO/IHBIE

XapakTepuCTUKaMH TPAH3UCTOPA HA3BIBAIOTCS 3aBUCHMOCTH MEXITY TOKaMHU W HATPSHKCHUSIMHU BO
BXOJTHOM M BBIXOJHOM 1Ierisix. [Ipu pa3HBIX cxeMax BKIFOUEHHS TPAaH3UCTOpPa BXOJIHBIE M BBIXOHBIC IIETTH
Pa3UYHbI, CIE0BATENIbHO, U XapaKTePUCTUKH MPEACTABISIOT COOOM 3aBUCMMOCTH PA3IUYHBIX BEJIMUYNH

JIUISI KXKJIOM CXE€MBI BKIIIOUCHHMS.



Tak, s cxembl ¢ oOmwM SMuATTepoM OO BXOAHOW IIE€TBIO SBISIETCS IIeNMb 0a3bl M BXOJHAA
XapaKTePUCTHKA OTPakaeT 3aBUCHMMOCTb TOKa 0a3bl OT HANPSKCHHS SMHUTTEp — 0a3a MPH MOCTOSHHOM
HAMPSHKCHUN MEX]y SMUTTEPOM H KoJutekTopom, T. €. s = f (Uss) mpu Usc=const. BeixoaHoit 1ienbro st
ITOM CXEeMbl SBJISCTCS IEMb KOJUIGKTOpAa M BBIXOJHOW XapaKTEPUCTHKOW — 3aBUCHMOCTh TOKa
KOJUIGKTOpa OT HANpPSHKCHUS OMUTTEP — KOJUIGKTOp TMpH HEM3MEHHOM TOKe 0asbl, T.
e. l«=1 (Usx) npu ls=const. Ha puc. 3, a u 0 moka3aH NPUMEPHBIH BHJ BXOIHBIX M BBIXOJHBIX
XapaKTePUCTHK TpaH3UcTOpa THMa P-N-p. [Ipy MajbiX 3HAUCHHSIX HAMPSKCHUS MEXKIY SMUTTEPOM M
0a30it U,; TOKk 0a3bl pacTeT MEIJICHHO H3-32 OOJBIIOrO COMPOTHBICHHUS p-N-TIEPEX0aa, KOTOpoe ¢
YBEJIMUYCHUEM TOKa yMeHblraeTcss. C  yBEJIMUYCHHEM KOJUICKTOpHOro HampsokeHus U, BXOJHBbIC
XapaKTEPUCTHKH CMELIAIOTCS BIPABO, T. €. ¢ yBeauueHueM U, He0OX0IUMO MOBBICUTH HampsikeHue Usgs,

JUISL TOrO YTOOBI TOK 0a3bl OCTaNICA

w . “-—*-.“A

_\ &7

HEM3MECHHBIM. BBIXOJHBIE  XapaKTEPUCTHKU  TOKa3bIBAIOT, 4YTO B paboueil oOmacT  Ha-

prI)KCHI/Ie Ual( HC3HAUYUTCIIbHO BJIMACT Ha KOHHGKTOPHBIﬁ TOK |;< , TAaK KaK B OCHOBHOM OH 3aBHCUT OT
KOJIMYECTBA JBIPOK, HHKEKTUPYEMBIX B 0a3y, T. €. OT TOKa SMUTTEPA.
Puc. 4. YcrpoiicTBa MI0CKOCTHOTO Fr€pMaHUEBOI0 TPaH3UCTOPA TUIA p-n-p:
1 — xpucramtoaepkareiab, 2 — KOJUIEKTOPHBIN mepexoi, 3 — 06aza, 4 — BbIBOA 0a3bl, 5 —BBIBOJ
AMUTTEPA, 6 — IMUTTEP, 7— IMUTTEPHBIN MEPEX0I, § — KOJUIEKTOP, 9 — BHIBOJ] KOJUIEKTOpa
VYCeTpoiCTBO MIIOCKOCTHOTO T'€PMAaHUEBOTO TPAH3UCTOpA p-n-p-TUIAa NOKa3aHo Ha puc. 4. bazoi
SIBJIICTCS TUIACTHHA 3 U3 KPUCTAITUYECKOTO TePMaHus C NIEKTPOHHOM MpoBoauMocThi0. C IBYX CTOPOH B
HJ'IaCTI/IHy BIUIABJICHBI HWHIWCBBIC BHGKTpOI[I)I, CJIY)KaHII/IC BMI/ITTepOM 5 nu KOHHGKTOPOM 8 HpI/I
IIaBJICHUU WHIOIUS MC)K}Iy KAXKIbIM U3 JOTHUX BJ'IGKTPOI[OB 158 FepMaHHCBOﬁ HJ'IaCTI/IHOI\/JI —_— 6&30171
00pa3yroTcst 00JacT ¢ ABIPOYHON MPOBOJIUMOCTBIO U CO3/IAIOTCS SMUTTEPHBIN 7 U KOJUIEKTOPHBIHN 2 p-N-
nepexonabl. KomnekTop 8 kpenutcst Ha KpucTtaiioaepkaTene 1, oT KoToporo HapyXy HPOXOJIUT BBIBOJ
koyiekTopa 9. BeIBobI OT aMuTTEpa 5 1 6a3bl 4 H30IMPOBAHBI OT KOPITyCca CTEKISTHHBIMHU TPOXOTHBIMHU
n3oJsaTopamMu. TpaH3UCTOP TTOMEIIAETCS B METALTHYECKUA KOPITYC.
TpaH3UCTOPBI MO CPABHEHUIO C 3JIEKTPOHHBIMU JIAMIIAMH HWMEIOT CIEIYIOIINE MPEUMYILECTBa:
OOJIBIIYI0 MEXaHUYECKYI0 MPOYHOCTh M JIOJITOBEYHOCTH, IMOCTOSHHYIO TOTOBHOCTH K paboTe, Maibie
l"a6apI/ITI)I 158 Maccy, HU3KO0EC HanmeeHHe IINTAHUA N BBICOKI/II71 KIIIO, KpOMe TOrO, OTCYTCTByeT LICIIb HaKaJia

", CJICOOBATCIIBHO, YIIPOIICHA CXEMaA U HET HOTpe6J'IeHI/I$I MOIOHOCTHU IJIA pa3orpeBa Karoaa.



K Hemocrtatkam TpaH3MCTOPOB OTHOCUTCS 3aBHCUMOCTH PEKHUMa PabOThl €ro OT TEeMIEepaTypbl
OKpYKarolel cpeipl, HeOObIIas BBIXOJHAS MOIIHOCTh, YYBCTBUTEIBHOCTh K IEpETrpy3Kam, pa3zopoc
rapaMeTpoB, BCJIEACTBHE KOTOPOTO OTHAEIbHBIE TPAH3UCTOPHI OJTHOTO THUIIA 3HAYUTEIHHO OTIMYAIOTCS

JpyT OT Opyra [0 CBOUM MapaMeTpam.

NPAKTUYECKUE 3AIAHUA 11O TEME 2.5.
DJleKTpHYeCKHe U YJIEKTPOHHbIE aNlNapaThl
IIpakTnyeckas padora Ne7

IIo Teme: «3y4yeHne KOHCTPYKIUM U Pa00OThl aBTOMATHYECKHUX BbIKJIIOYATE €I

Ilenv pabomei: VI3yunTh yCTPOMCTBO aBTOMAaTUYECKUX BBIKJIFOYATEIEH.
CryaeHT nomkeH
3HAMb:
- KJ1accu(UKalMI0 aBTOMAaTHYECKUX BBIKIIOYATENEH, UX YCTPOICTBO M IPUHLIUII AEUCTBUS;
ymemn:
e ONpeAessATh OCHOBHBIE 3KCITyaTallUOHHbIE TapaMETPbl aBTOMATUYECKUX BBIKJIFOUATEIICH;
e HMETb MOHATHE O «IIPOTrPY3Ke» MPHU BBITOJHEHUH ITyCKO-HAJIAI0UHBIX paboTax;
e YMETh MOJKJIIOYaTh ABTOMAaTHUYECKHUE BBIKIIOYATENN B JJIEKTPUUECKHE CXEMBI.
Teopemuueckan wacmp
ABTOMaTHUECKUH BBIKIIOYATENb (ABTOMAT) IMpeJHA3HAUYeH pEIKUX OTKIIOYEHHH W BKIIOYEHUH
NMEKTPUYECKOTO TOKA, ABTOMAaTHYECKOIO Pa3MbIKaHUS IEKTPUUYECKON 1IENH IIPU MEPErpy3Kax, KOPOTKUX
3aMBIKAHUAX U TOHMKEHMSX HampsKeHHs. ABTOMATbHI BBITYCKAIOTCS B OJIHO-, JBYX- U TPEXMOJIIOCHOM
WCIIOJIHEHUU /TS 1IeTIe TOCTOSSHHOTO U IEPEMEHHOT'0 TOKOB. YTIpaBiieHUEe UMU PyYHOE (MECTHOE).
ABTOMaTHYECKHE BBIKIHOYATEIN XaPAKTEPU3YIOTCS CIEIYIOIIUMHY IT0Ka3aTesIMU:
1) HOMMHaNbHBIM  HampspkeHueM Upom - MAKCUMaJIbHBIM ~ HalpPsDKEHUEM  MOCTOSIHHOTO — WIIH
MIEPEMEHHOT0 TOKa, IIPeIHa3HAYEHHBIM JJI1 HOpMaJIbHON pabOTHI aBTOMATA;
2) HOMUHAJIBHBIM TOKOM aBTOMAaTa /i a - MAaKCUMAJbHBIM JUIMTENIbHBIE TOKOM TIJIABHBIX KOHTaKTOB
aBTOMATa;
3) TokoM cpabaTbiBaHHsS aBTOMATa lcpa - HAMOOIBIIUM TOKOM, NPU KOTOPOM aBTOMAT pa3pbIBacT
ANEKTPUYECKYIO 1IETIb;
4) npeneabHbIM TOKOM OTKJIFOYEHHMS /npa - HAMOOIBIIUM TOKOM (TOKOM KOPOTKOI'O 3aMbIKaHUSs), IPU
KOTOPOM MOXKET OBbITh OTKJIFOUEH aBTOMAT;
5) HOMHUHAJIBHBIM TOKOM pacUENUTeNs /u p - MAKCUMAaJIbHBIM JUIMTENbHBIM TOKOM, NPH KOTOPOM

pacrenurens He cpabaThIBaeT;



6) TOKOM YyCTaBKH pacuenuteis ly - Tokom cpabaThiBaHUSI PpacCUENHTENs, Ha KOTOPBIA OH
HACTPaUBACTCS;
7) ycTaBKOW TOKa MTHOBEHHOTO cpabaThiBaHUS SJIEKTPOMATHUTHOTO PACHEMUTENS, Ha3bIBAEMOM
OTCEYKOM.
ABTOMATHYECKHE  BBIKJIIOYATETM  OBIBAIOT C  DJEKTPOMArHUTHBIMHU,  DJEKTPOTEIUIOBBIMH U
KOMOMHHPOBAHHBIMU PACIICTTUTEISIMH.

YcTpolicTBO U cxeMa AeicTBUs aBToMaTHuecKkoro Boikiatodarens All-50 nokasans! Ha pucyHke 4.1.
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Puc. 1. ABTomaruvecknii Boikiar4areab AIl 50

Konucmpyxkyus evikniouamens AII 50. Beixntodarenb CMOHTUPOBAH B KOPITYCE U3 yapo- U JTYTOCTOMKON
IJIaCTMACCHI, JOTTYCKaIOIEeH BO3MOKHOCTb paOOThI B YCIIOBUSX YMEPEHHOI'O, XOJIOJHOTO U TPOIMUYECKOIO
kinmara. Kopryc coctouT u3 ocHoBaHus | ¥ KpBILIKH 2.

Bremnue nenu noakio4aroTcs K 3axkuMaM 3 U 18. YhpaBineHue BBIKIIIOYATENEM MPOU3BOJUTCS ABYMS
KHOIKaMH - BKJIIOYEeHHsI (CBETJIOTO 1BeTa) 15 u oTkimoueHus (KpacHoro 1seta) 17.

BuyTtpu xopmnyca pacnosiaraeTcsi KOHTaKTHasi CUCTEMA, COCTOSIIAs U3 MOABWKHOTO 11 1 HEMMOABUKHOTO 5
KOHTAKTOB C KOHTAKTHBIMH HakyagkaMu 6 u 9. KoHTakTHOE HaXkaTHe co3JaeT npy>kuHa 12.

KoHTakTHbIE  HAaKJIAQAKKM  HW3TOTOBJIEHBI M3  CIELMAIbHO MOJ00paHHOW  cepedpocojepxalieit
METAJUIOKEPAaMUYECKOl ~ KOMIIO3MIIMM, KOTOpas  O00ecreuyrMBaeT  BBICOKYIO  JYTOCTOHKOCTH U
N3HOCOCTOMKOCTh KOHTAKTOB.

HckmoueHne BO3MOKHOCTH MEXAHUYECKOTO yJEp)KaHHS KOHTAKTOB B 3aMKHYTOM COCTOSSHUU IIpH
BO3HUKHOBEHUH aBAPUIHOTO pekruMa 00ecrieurBaeT MEXaHU3M CBOOOIHOTO pacleIIeH s, COCTOSIIIUN 13
CUCTEMBI «JIOMAIOIIUXCS PHIUArOB U MPY>KHUH.

Ha xopoTkue 3ambIKaHUs pearupyeT AJIEKTPOMATHUTHBIN PacIenuTeNb, COCTOSIINN U3 OOMOTKH 13 u

sakopst 14, Ha xoTopoMm 3akperuieH WTOK 19. Ilpu aBapuiiHBIX TOKax, NMPEBOCXOIAIINX TOK YCTaBKH,



AJIEKTPOMAarHuTHasl Cuja, BTATHBAIONIAsl SKOPb B OTBEPCTHE OOMOTKH, CTAHOBHUTCS OOJbILIE YCHUIIHS
CXKaTHsl TPY>KUHBI 16, SIKOph BTATHBAETCSI B OTBEPCTUE OOMOTKM M LITOK, BO3ACUCTBYs Ha peiky 20
MeXaHu3Ma CBOOOJHOTO pacCUEIUICHHs, NPOBOPAYMBACT €€, B pe3yldbTaTe uYero BBIKIIOYATENb
cpabaTbIBaeT, BbI3bIBAsI Pa3MbIKAHUE TJIABHBIX M CBOOOIHBIX KOHTAKTOB BBIKIIOYATEIIS.

bnarogaps snextpoauHamMuueckoi netsie 4, onopHble TOYKU JIyTH, BOZHUKAIOLIEH MEXIy KOHTaKTaMH,
OBICTPO TEPEMEIIAIOTCS MO JyroracuTeldbHbIM poram 7 u 0, B pe3yibTare Ayra, momajas B Kamepy,
COCTOSIIIIYIO U3 Psi/ia CTAJIbHBIX IIJIACTHUH 8, FaCHET.

3amuTy OT TOKOB MEpPEerpy3Ku odecreynBaeT OMMETaNIMYECKUi pacuenureis 21, ¢ perynsaropom, peryar
KOTOpPOTO YCTaHOBJIEH HAa MEXaHU3Me BBIKIItouaTelns. Perynsatop mo3BossieT yMeHbIlIaTh YCTaBKY BO BCEX
nosirocax 10 70% oT ee HOMUHAIBHOI'O 3HAYEHMUSL.

Xo0 padbomui

Obopydosanue: Apromatnieckuii Boikiatodarens All 50, HaGop MHCTPYMEHTOB ISl SJIEKTPOMOHTAXKHBIX

pabor.

. 1. OHp@[{GHHTC THII aBTOMAaTa 1 3aIlIMIINTE €T0 TCXHUYCCKUEC TaHHBIC.
e 2. CHumHTE KPBIIIKY aBTOMAaTa U paCCMOTPUTC YCTpOﬁCTBO €ro OCHOBHBIX YacTeH.
e 3. Onumurte Ha3HAYCHUE U YCTpOﬁCTBO ABTOMAaTH4YCCKOI'O BBIKIIOYATCIIA.

e 4. OTBeTbTE HAa KOHTPOJIbHBIE BOIIPOCHI.
Konumponwvnwie éonpocoi

e 1. Ha3znaueHue u ycTpoiicTBO aBTOMaTH4eckoro Boikatodarens All 50.
o 2. IlepeuncauTte OCHOBHBIE XapaKTEPUCTUKHN aBTOMATOB.
e 3. Yem obecrieunBaeTcs 3amuTa oT neperpys3ku B asromarax All 507

e 4. KakuMm criocoOoM OCYHIIECTBIISIETCS paBHOMEPHOE MPUKAaTHE KOHTAKTOB?

INPAKTUYECKUE 3AJAHUSA 11O TEME 3.2.
SJIEKTPOIIPUBO/
IIpakTHyeckas padora Ne§

ITo Teme: «Mccnenosanue Harpy3ounsix auarpamm AIT»

eab padoThi:
[IpnoGpect mpakTUYECKHWE HAaBBIKM B IOJYUYEHUU OIBITHBIX JaHHBIX W TOCTPOEHUH HAarpy304HBIX
IUarpaMM SJIEKTPOJABUTATEN MPU MPOJOJDKUTEILHON NMEPEeMEHHOM HAarpy3ke U B NPUMEHEHUU AITHX

AuarpamMm 1mpu BBI60pe MOIITHOCTHU 3JICKTPOABUTATCIIA.



TeopeTnyeckasi 4acThb.

IIpu BbIOOpPE MOIIHOCTH AJIEKTPOABHUraTeNsl Ui IPUBOJA IPOU3BOJICTBEHHOIO MEXaHHM3Ma C
MPOAOJKUTEIIBHON MEPEMEHHONW HArpy3KOM MCHOJIB3YIOT METOJ JSKBHBAJEHTHBIX BEJIWYMH - TOKA,
MOMEHTa U MOUIHOCTU. DTOT METOJ] OCHOBAH Ha MPEIIOJI0KEHUH, YTO MOTEpU MpU paboTe ABUTATENS C
MIPOJOJKUTENFHOM MEePEeMEHHON Harpy3Koil paBHBI MOTEpSAM NHpU pabOTe ATOrO ANEKTPOABHUTaTENs C
MMOCTOSIHHOM, IPOIOJKUTENIbHON SKBUBAIICHTHON HArpy3KOMu.

Pe:xxuMbl pa6boThl 3J1eKTPONIPUBO/A.

IIpooonsicumenbHvill HOMUHANBHBLU PENCUM PAOOMbL INEKMPONPUBOOA.

D10 pexxuM  paboOThl  DIEKTPONPUBOJA MPU  HEU3MEHHOM  HOMUHAJIBHOW  Harpyske,
MIPOJOJIKAIOIICHCS CTOJIBKO BPEMEHH, YTO IIPEBBIMICHHE Temmneparypel T 3JIeKTpoaBHraTens Haxl
TEMIIEpaTypor OKpykarouiei cpenbl To ZOCTUraeT yCTaHOBHMBIIETOCS 3HA4eHHMs. B 3TOM pexnume
paboTaroT BEHTHIIATOPHI, HACOCHI, KOMIIPECCOPHI, ACHCTBYIOLINE HEIPEPHIBHO C HEU3MEHHOM HAarpy3KOu.

Ecnu mammna paboTaer B IpOJOIKUTEIEHOM PEXUME ¢ TPAKTHUECKH HEU3MEHHON Harpy3Koi, TO
MOLIHOCTb 3JIEKTPOABUIATEN ITOM MAIlMHBI OIPEIEIUTCS YPABHEHUEM, IIPUBOAMMBIM B CIIPABOYHUKAX
COOTBETCTBYIOIIMX MeXaHU3MOB. [lo naHHBIM pacuera BBHIOMPAIOT 3JIEKTPOABUIATENb E€IMHON cepuu
Onuxaiiiei 6oJbpIe MOUIHOCTH JUIS MPOJOJDKUTENBHOTO PEXKUMa pabOThl C YYETOM HCIOJIHEHUS U
YIJI0BOM CKOPOCTH Bajia 3JIEKTPOJBUTATENS.

Kpamxospemennwviil HOMUHATbHBILL pedHcUM pabomyvl 21eKMPOnpPUEoId.

OT0 pexuM paboThl AIIEKTPONPUBOAA, MPU KOTOPOM IMEPUOAbl HOMHUHAIBHOM Harpy3ku
YepeayroTcs ¢ MEPUOLaMU OTKIIFOUYEHMS, 38 BpeMsl KOTOPBIX 3JIE€KTPOJABUIATENb YCIIEBACT OXJIAAUTHCS 10
TEMIIEPATypPbl OKPYKAIOLLEH CPEBI.

["ocynapcTBeHHBIN CTaHIAPT MpeAyCMaTpPUBAET HOMUHAJIBHBIN KPaTKOBPEMEHHBIN PEXXUM pabOThI
3JEKTpoJBHUTaTensl mpoaospkutrenbHocTeio 10, 30, 60, 90 MuH. MOIIHOCTH SJEKTPOABUTATENS IS
IpPUBOAA MAILIMHBI, paboTaiomed B KPaTKOBPEMEHHOM pEXHME, PpacCUUTHIBACTCA METOA0M
SKBUBAJICHTHBIX BEIWYHMH (TOKAa, MOMEHTA) MO YpPaBHEHUSM, JaHHbIE IJIs KOTOPBIX NPUHUMAIOT M3
Harpy304HOM AuarpaMMbl TEXHOJIOTUYECKON MalllMHBI.

IlosmopHo-kpamkospemenHblil HOMUHATLHBIU PEHCUM pabomyl 1eKMpPOnpuU80oa

OT0 pexuM palboThl HIEKTPONPUBOAA, NPU KOTOPOM MEPUOJbl HOMHHAIBHOM Harpy3KH
YepeayloTCs IEePUOJAMM  OTKIIIOYEHHs DJJeKTpoaBurarensd. [Ipu >TOM IpeBBINIEHUE TEMIIEPaTypbl
9JIEKTPOJIBUTATENS 32 BpeMs IepruoAa HArpy3kKH HE JOCTHIaeT YCTAHOBUBIIErOCsA 3Ha4eHMs. A 3a Bpems
MIEPUO/A OTKJIIOUEHHUs AJIEKTPOJBHUIaTelb HE YCIIEBAET OXJIAAUTHCA 1O TEMIIEpaTypbl OKpYXKarollen
CpEIbl.

I1OBTOPHO-KPAaTKOBPEMEHHBIA PEXKUM  XapaKTEPU3YETCSA IPOJAOJDKUTEIBHOCTBIO  BKIIFOYECHUS
anektpoasurarens - [IB. Omnpenensitor [1B u3 Harpy3ouyHoif quarpammbl, Kak OTHOIIEHHE BPEMEHHU

HarpyskKu 3JICKTPOABHUTIAaTCIIA KO BPEMEHHU LIUKIIA



['ocymapCTBEHHBIMU CTaHIApPTaMU IPELYCMOTPEHA JINTEIBHOCTh HOMHHAIBHOIO IIOBTOPHO-
KPaTKOBPEMEHHOTO0  pexuMma paboTel  anekrpoasuratens ¢ IIB=15, 25, 40, 60% wu c
OPOAOIDKUTENbHOCTRIO IMKia 10 muH. Ecnm mmkn mpesbimaer 10 MHH, TO pexuM pabOThI
NEKTPOABUIATENs CIEAYET CUUTATD IPOJLOJIKUTEIIBHBIM.

MeToapl SKBUBAJICHTHOTO MOMEHTAa M MOIIHOCTM HE MOIYT HIPHUMEHATBCA Ul pacyeTa
AJIEKTPOABHUraTeNsl C YacThIM IIYCKOM M paboTarmoImuM B TOPMO3HBIX pexumax. [Ipu 3nauenun 1B
3JIEKTPOABUraTelsl OTIIMYHOIO OT CTaHAAPTHOIO, CIAELYET AeaTh NEPEecUeT MOIIHOCTH IEKTPOABUraTes
Ha OymXalllyl0o HOMHHaIbHYIO co craHaapTHbM IIB. Ilo naHHbIM pacyera M3 Karajora BbIOMparOT
UIEKTPOABUraTeNb €UHON cepumn Onukaiieil 6osblIed MOIIHOCTH AJs MOBTOPHO-KPATKOBPEMEHHOI'O
pexxuma, cooTBeTcTByMOIIEro I1B ¢ yueToM ncnosiHeHus ¥ yriioBOM CKOPOCTH Bajla AJIEKTPOABUIATENS.
Harpy3ounas amarpamma

Harpy3ouHnoii tuarpamMMoil Ha3biBaeTcs rpaduk, onpeaessoluii 3aBUCUMOCTh TOKA, MOLTHOCTH
WM MOMEHTA JJIEKTPOJABUIATENS OT BPEMEHHU €ro ACUCTBHS.

OmnpeneneHue MOIIHOCTH 3JIEKTPOJBUTATENsl METOJIOM 3KBHUBAJIEHTHOI'O TOKAa BO3MOYKHO B TOM
cllyyae, €CJIM Harpy3oudHas JauarpamMMa »>JIEKTPOJBUraTells IPEACTaBICHAa 3aBUCHUMOCTBIO TOKa OT
BpeMeHu. Eciii MarHMTHBIA TOTOK 3JIEKTPOJBHUraTelsi NMOCTOSHHBIA (CMHXPOHHbBIC, ACUHXPOHHBIE M
JIBUTaTeU IOCTOSHHOIO TOKa C MapajulelbHbIM BO30YXKIEHHEM), TO MOIIHOCTb 3JIEKTPOABUIATEINs
OIIPEACIUTCS METOJOM SKBHUBAJIEHTHOTO MOMEHTAa. Uepe3 SKBUBAJICHTHbIE TOK U MOMEHT ONPEAEISIOT
MOIIIHOCTh 3JIEKTpoABHUraTesis 1o ypaBHeHusM. [lo 1aHHBIM pacueTa U3 Karajgora BbIOMpaIOT
AJIEKTPOBUraTeNlb €AMHOM cepuu Orpkaiiiei OoiblIel MOIIHOCTH JUIsl KPAaTKOBPEMEHHOTO peKuMa C
MIEPUOJIOM Harpy3Ky U C y4€TOM MCIIOJIHEHMS U YTIIOBOM CKOPOCTH BaJla 3JIEKTPOJIBUraTEIs.

Jns  pacuéta SKBUBAJICHTHBIX BEJIMYMH MCIOJNB3YIOT Harpy3ouHble auarpammbl. Takue
IuarpamMmbl MPEACTaBISAIOT CO0OM 3aBHCUMOCTH MOTpediisseMoro Toka I, mosiesHoro moMmeHta M u

10JIE3HOM MolHOocTH P oT Bpemenu t puc. 36.
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Puc. 1 Harpy3ounas quarpamma
Pacuér 5KBUBaJICHTHBIX BEJIMYMH BEAYT 10 CIECIYIOIINM BBIPAKECHHSIM:

a) DKBUBAJICHTHOE 3HAYEHUE TOKA



IIxty+I5xt,. +IF Xty
ti+totutiy

I =

0) SKBHBAJICHTHOC 3HAYCHHUE MOMECHTA

M = Jszt1+M2><t2 AMZ Xty
tyt+ts+.tty,

B) skBUBaNIeHTHOE 3HAYEHUE MOIIIHOCTH

PIxty+PiXt,..+PFxty
ty+Htotatty

P =

rae: 11,12,In - 3HadueHus TOKOB, MOTPEOJIIEMBIX SIEKTPOJABUTATENIEM U3 CETH B COOTBETCTBYIOIIHE
nepuoasl  mepeMeHHod Harpysku t1,t2,tn; M1,M2,Mn -3HadeHus TMoOJIe3HOTO MOMEHTa Ha Baly
AJIEKTPOJIBUTATENsl B COOTBETCTBYIOIIUE MEPUOIbI IIEPEMEHHON Harpy3ku; P1,P2,Pn - 3Hauenus none3Hoi
MOIIIHOCTH 3JIEKTPOABUTATENSI B COOTBETCTBYIOLIUE MEPUO/IbI IEPEMEHHON HATPY3KHU.

[Ipu BbIOOpE MOIIHOCTH AJIEKTPOJBUTATENS HY)XHO SKBHUBAJICHTHBIC 3HAUYEHHUS BEIWYMH CPAaBHUTH C
HOMHUHAIIGHBIMH JIaHHBIMH 3JIeKTpojBurarens. Heo0Xxoammo, 4ToObl SKBUBAJICHTHAsS BEIWYMHA ObLIa
HEMHOTO MEHbIIIe JMOO0 paBHA HOMHHAILHOW. [Ipu BEIOOpPE ACHHXPOHHOTO WIH CHHXPOHHOTO
TpEX(a3zHOro IEKTPOABUTATENS 10 IKBUBAIECHTHOMY TOKY, YTOOBI H30€KaTh OMUOKHU, ClIeyeT 0OpaTHTh
BHUMaHHE Ha CXEMY COeJIMHEHHUsI 0OMOTKH CTaTopa.

Br10paHHBIif 31€KTpOABUTaTENb IPOBEPSIOT MO MEPErPy30YHON CITIOCOOHOCTH:

Mmnau6 J--1YMHom,

r7ie Muans - HauOoOIbIIIee 3HAYEHUE HArPYy30YHOTO MOMEHTA Ha Harpy3ouHoi nuarpamme, HUm; Muom -
HOMHUHAJBHBI MOMEHT BBIOpaHHOTO 3jekTpoasurarens, HYwm; ;|- meperpy3ounas crmocoOHOCTh
BBIOPAHHOTO AJICKTPOABUTATEISL.

JUis BYX IPYTHX PEKHMOB PabOThI, KPATKOBPEMEHHOTO W IMOBTOPHO-KPATKOBPEMEHHOTO, MPOIEAypa
BBIOOpA 3JICKTPOJBUTATENST TaKas )K€, KaK M B MPOJAODKUTEIFHOM PEXKHME, HO JIBUTATEIH BBIOUPAIOTCS
CHEIHMaTbHOTO HAa3HAYeHHs] M, KPOME TOro, B TMOBTOPHO-KPATKOBPEMEHHOM pEKHMME SKBHBAJICHTHBIC
MOMEHT, TOK U MOIIIHOCTh MPHUBOJATCS K OJIKalIieMy CTaHAAPTHOMY 3HAYEHHUIO MPOJOJLKUTEIBHOCTH

BruTroueHud [1Bcr:

M — Jszt1+M2xtz AMZxt, L
t1+to+atty MBcp

3agaHue Ha BbINOJIHEHH e J1a00paTOPHOIl padoThI.



1. Jlng 3amaHHBIX IpenofaBaTesieM TOKOB HAarpy3KHM CHMMWTE KPUBBIC HArpeBa M OXJIAXKICHUS MalIVHbI
MI.

2. OmpenenuTe COOTHOILICHHUS BpeMEH padOThl M May3 MpHU KOTOpBIX MammHa M2 Oyner paboraTh B
KPaTKOBPEMEHHOM PEXHUME, B IOBTOPHO-KPATKOBPEMEHHOM, B IIPOAOKUTEIBHOM.

3. PeasninzoBaTh 3a1laHHYIO IIpeIoiaBaTesieM HUKIOrpaMMy paboThl. CHATh TeMIEpaTypHYIO 3aBUCUMOCTb
Harpesa jasuratesss M2 ot BpemeHH npu paboTe 1o 3aJaHHOU IHuKiIorpaMMe. CrenaTh BBIBOJ O PEXUME
pabotbl mMammuabl M2. IIpoBepuUTh COOTBETCTBHE TOKA, MOMEHTAa M MOIIHOCTH JBUTATENs 3aJaHHON
Harpyske.

KoHTpoJibHBIE BOIPOCHI.

. Kakue cymecTByroT peskuMbl pabOThI 2JIEKTPONPUBOAA.

. OxapakTtepu3syiite NpoJOKUTEIbHBI HOMUHAIBHBIA PEXXUM PaOOThI JIEKTPOIIPUBO/IA.

. OxapakTepu3yiTe KpaTKOBPEMEHHbII HOMUHAIBHBIN PEKUM pabOThI 3JEKTPOIIPUBO/IA.

. OxapakTepu3yiTe MOBTOPHO-KPATKOBPEMEHHBIII HOMUHAIbHBII PEXXKUM pabOThI 3JEKTPOIPUBOJIA.

. Uro npexacrapnseT coOOW Harpy304yHas AuarpaMma 3JIeKTpoiBUraTesis?

. B uéM cocTouT MeTOo/1 5KBUBAICHTHBIX BETMYUH MTPH BEIOOPE MOIIHOCTH JIEKTPOABUTATENS?

. B xakom CJIydac 3TOT METOJ HCHpI/IMeHI/IM?
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. KakoBEI HexkenaTenbHbIE IOCJIICACTBHA pa60TBI QJICKTPOABUTATCIIA IIPU €TO IMIEPETPY3KE U HenorpySKe?

IMPAKTUYECKMUE 3ATAHUSA 11O TEME 3.3.
IJIEKTPUYECKOE OCBEIIEHUE U UICTOYHUKU CBETA
IIpakTnueckas padora Ne9
ITo Teme: «McciieioBaHmne JIEKTPUYECKHX U CBETOTEXHHYECKHX XaPAKTEPUCTHK HCTOYHUKOB

CBETA»

eans paGoThl: U3yueHHE YCTPOMCTBA, NMPUHIMIA JCHUCTBUS JIAMI HaKJIMBAHUS W JIIOMHHECIICHTHBIX
JIaMIT 1 CPAaBHCHUEC HUX JJICKTPUYCCKUX U CBETOTCXHUYCCKUX XAPAKTCPHUCTHUK.

1. ITopsiaoK BBINOJTHEHUS] PA0OTHI.

1.1 M3yunTh KOHCTPYKLHIO JIaMIIbl HAaKaJWBaHUS W JIIOMUHECIEHTHON JaMibl. O3HaKOMHUTbCA C
00opyaoBaHuEM Ja00PATOPHOTO CTEH/A U IJIEKTPUUECKUMU CXEMAMHU AJIS1 UCCIIEIOBAHNUS JIaMII.

1.2 TloaroroBuTh K paboTe JIIOKCMETP COTJacHO YyKa3aHWMl paszzgena 3, U3MEpPUTh PACCTOSIHHE MEXITY
JaMIioi u (OTOPIEMEHTOM.

1.3 Cobpats cxemy (puc.l) 1 moka3aTh ee Mpeno1aBaTelto.



1.4 VYcranoButh Hampsbkenne Ha jamrne 240 B. Ilpouw3BecTu wH3MepeHHE TOKa, MOIIHOCTH,
ocBenieHHOcTH. J[anHble M3MepeHuid 3aHectn B Tabnmmy 1. [InaBHO cHWXKas HampspKEHHE Ha JIaMIIE,
yepe3 Kaxapie 20 B cHumarh moka3aHus U pe3ysibTaThl 3aHECTH B TAOJIUILY.

1.5 CoGpath cxemy (puc.2) u MoKa3aTh €€ MPerno1aBaTelto.

1.6 BeimotHUTh yKa3aHue 11. 1.4 1u1st TFIOMUHECIIEHTHOH JIaMIibl (pHC.2) B TaHHBIE 3alUCaTh B TAOIHUILY 2.
[TocTpouTh COBMEUICHHBIE TPAPUKH 3aBUCUMOCTH CBETOOTAAYH OT MOILIHOCTH JUIS JIAMIIbI HAKaJTUBAHHUS

Y JIIOMUHECLIEHTHOH JIaMIIbl, aHAIOTUYHO rpaduku 3aBucumoct ceeroBoro KIT/[ ot momHOCTH.
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Puc. 1. CXeMa MCCHISOOBAHMI JIAXIl HAKANMBAHIMSI
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Puc.2. Cxema uccrredoeariust MmoOrMUNeCHyerminoOWu 11arrisy

2. TeopeTnueckue cBeeHUs
Jlamnol nakanueanus.

OCHOBHOM 4acThIO JaMIlbl HaKajduBaHUs (puc.3) sBISETCS TeNO Hakaja 3, KOTOpOE HarpeBaeTcs
Mo IeWcTBUEM dJieKTpuueckoro Toka o Temmneparypsl 2000...2800°K u ucnyckaer 371eKTpOMarHuTHOE
W3Iy4eHUE B BHUJE CBETOBOrO (BUAMMOIrO) M HWHGPAKpacHOTO (TEIUIOBOTO) MOTOKa. Teno Hakana
W3TOTABIIMBAIOT U3 BOJH(PAMOBON MPOBOJIOKH PA3TMYHON KOHCTPYKIMH U (DOPMBI (HUTH, CIHpaH,
oucnupanu). Bombdpam wumeer BbICOKYIO TemriepaTypy miaBieHus (3663°K) um mamyro CKOpocTh
ucnapeHus. J{omoTHUTeIbHBIC MPUCAJKU W3 OKHCEH KPEMHHS W aTIOMUHUS C JT0OaBIICHUEM Kalus U
HaTpust 00ecrnevynBarOT OOMNBINYI0O MEXaHMYECKYI0 MPOYHOCTh Tejla Hakala TpHU  XOPOIIeH
(hOpMOYCTOMYUBOCTH.

Jlyist To1BO/Ia TOKA K TETy HAaKaJla M IMOJJICPKaHUS €r0 B HY)KHOM TIOJIOKEHUHU CITYXaT 3JIEKTPO,IbI
6. JlOTIOMHUTENBHBIME TIOJICPKUBAIONIMME JJIEMEHTAMH SIBJIISTIOTCS JIepkarenu 4, BCTAaBICHHBIC B

YTOJIMICHUC CTCKIIIHHOI'O CTCPIKHA 5, UMCIOIICTO HAa3BAaHUC ITA0UK. BHYTpeHHI/IC JACTaJIn JIaMIIbI



M30JIUPOBaHBl OT BHEUIHEH cpennpl kKoibou 1. Buyrpu Tapenkm 9 mmeercs otkadyHas TpyOka 10 ¢
orBepctueM 14 Juis OTKauMBaHUS BO3[AyXa. BHYTPEHHIOIO MOJIOCTH KOJOBI 3aMOJHSIOT HWHEPTHBIMH
razaMu (aproH, KpUOTOH) Ui yYMEHBIICHUS OKHCICHHS W PACHbUICHUS BOJb(ppamMa INPH BBICOKOH
TeMIeparype.

Jlns mojgBoAa MUTAaHUS M KPEIUICHHS JIaMITbl B TIATPOHE CIIYXKHUT pe3b00BOW 110K0JIb 13. Jlamribl
mourHocThio 10 300 BT umeror o0bryHO mokons E27, a 500 Bt u 6onee - E40. Iluranue ot BTOpOro

IIPOBO/A MTOABOJUTCS Yepe3 KOHTAKTHYIO IJIaCTUHY 12.

/

. 1 - xonba namnsl
™ 2 - cMech ra3op
by Oy 3 - Temo HaKana
RN, 4 - xproyxu
5 - wrabux
» G - 3AeKTPOANE
L A 7 - nonaTouxa
8§ - cpeangs 9acThb 31EKTPOROB
9 - Tapesoyxa
10- orkaynas Tpybra
11- nqoxoaepOUHAT MACTHKA
12- KONTAKTHAS NAACTHHA
13- noxonn
14- oTicaunoe OTRPCTHE
15- amAsouKH
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Puc.3. YcTpoHCcITBO MaMIl HAKINHBIHHS

O06o03HaveHne TaMIT HAaKAIMBAaHUS O0IEro Ha3HaYeHUsI UMeET OYKBEHHO-ITU(PPOBYIO CUMBOJIHKY.
Hanpumep: BK 215-225-100-2 - GucniupanbpHasi, KPUINITOHOBAs, HA Uana3oH HampspkeHus 215...225 B,
MoturHocTs 100 BT, BTOpOit HOMEp pa3paboTKu.

Cpok cimyxObl JJaMI HakaJUBaHMs OOLIEro Mojb30BaHUs cocTaBisieT B cpegHeMm 1000 uvacos.B
HACTOAIIEE BpPEeMs IIMPOKO BBITyCKarOTCs Oosee 3(pPEeKTUBHBIE - TaJIOT€HHbIE - JaMIIbl HaKaJUBaHUS,
uMerotre Kooy B popme TpyOku. JlobaBka rajmoreHa, HarpuMep, Ho/1a, B KOJIOy JIaMITbl HaKaJIMBaHUS
BBI3bIBAET 3aMKHYTBII XMMUYeckuil UK. B pabodeMm pexume 4acTHUKM BoJb(ppaMa C Tela Hakaja
UCHApSIOTCS U OCENaloT Ha CTeHKax kojObl jammsbl. Ilpu temnepatype 570...1400°K y cTeHOK KOJOBI
mapel 0/1a COEAUHSIOTCS C YaCTHYKaMU BOJIb(pama, oOpasysi MOTUCTHIN Bobhpam C TeMIepaTypoun
ucrapenus 520...570°K. Ilpu Ttemmneparype 520°K wu Oomee »5TO ra3000pa3HOE COEAUHEHUE
yJACTYYMBAETCS M H3-32 TMOBBIINIEHHOW KOHIIEHTPAllMM Yy CTEeHOK Ju(¢y3upyeT B HalpaBIeHUU
packajieHHOH Boib(pamMoBoil cnupanu. BOmu3um Bonb(pamoBoil cnupanyd HoAMCTHIE  Bodb(pam
JUCCOLUUPYET HAa UCXOJHBIE COCTABHBIE 3JIEMEHTHI - BOJb(GpaM U oa. YacTuilsl BoibppaMa ocearoT Ha
TEeO0 Hakajga, a Hoa JBIKETCS B OOpaTHOM HaIpaBJIE€HWHW K CTeHKaM KoJiObl. Takum oOpazom
OCYILECTBIISICTCS pEereHepalusi HUCHapUBIIErocss Bojb(ppaMa Ha TeJNO Hakaja, YTO MPHUBOAMT K
YBEIUUEHUIO CpOKa CIIY>KObI JamIiibl. Bonbdpamo-HoHbIi UK MPENATCTBYET OCAXIECHHIO BOJIb(hpama

Ha CTEHKH KOJIOBI JIaMIIbI, COXpaHsid UX YAUCTBIMHU U IIPO3pAavYHBIMHA Ha MMPOTSXKCHUH BCET'O CPOKaA CJIy}K6I)I.



Jlocmouncmeamu raqoreHHBIX JaMIl HaKaJIUBAaHUS SIBJISIFOTCS MOBBIIIEHHBIN CPOK ciykO0bl (70 10 ThIC.
9acoB), BBICOKast cBeTOBas otnava (1o 29 nm/Bt). Hedocmamku - BRICOKasi CTOUMOCTh B HEOOXOIUMOCTh
HKCIUTyaTaIlluH TOJBKO B TOPH30HTAIIBHOM IMOJIOKEHHH.

JTromunecuyenmmusie namnul.

Jltomunecyenmuvie namnsl pabOTAIOT HA OCHOBE JIIOMHUHECLICHLIMHM - CBEUYEHMs raza B TpyOke
JaMIIbl O]l JCUCTBHEM OJJIEKTPHUYECKOTO TOKA. B OTIMYMe OT JlaMI HakKajJMBaHUS B Ta30pa3psIHBIX
HUCTOYHUKAX CBETa CBETALIMMCS TEJIOM SBISETCS Y4YacTOK MEX3JIEKTPOJHOro mnpomexyTtka. Jlo
BKJIIOUEHHUSI B CETh Ta3opaspsiiHas jamma sBiseTcs IudiieKTpukoM. [loa nedcTBuEM MNpUIIOKEHHOTO
HampsDKEHUS MPOUCXOJUT MOHU3ALMSA Ta30BOro IMPOMEXKYTKA M OH CTAaHOBUTCA IPOBOAHHKOM
AJIEKTPUUYECKOTO TOKA. [IJis 3aKMTaHusl TaKuX JaMIl HEOOXOAMMO MPUJIOKHUTH HANpsDKEHUE U3 pacueTa
500...1000 B ma 1 M mmuabl TpyOku. [lociie 3aKWUTaHWs JIAMITBI CONPOTHUBJICHHE €€ 3HAYUTEIHHO
YMEHBIIAETCs, MOATOMY palbouuii TOK HEOOXOAMMO OrpaHMuYuBaTh. [ H>TUX 1ened ciyxar
nyckoperynupyromue anmnaparsl (ITPA).

Yempoticmeo nomunecyenmuou aamnai.

Ha BHYTpeHHIOI0 TOBEPXHOCTh CTEKJITHHON TPYOKH (KOJOBI) pAaBHOMEPHO 1O BCEH UTMHE HAHECEH
TOHKUH ciioil moMuHodopa, nmpeodpa3yrImuid yIbTpapuoleTOBYI0 YacTh U3IIyUYEHUs pa3pslia B mapax
pTYyTH B BHIMMOe u3iydeHue. brarogaps moMuHOGMOpY CBETOBas OTAaua B JTIOMUHECHEHTHOW Jamrie
noxomut 10 75 mv/Bt. B kayecTBe moMuHO(Opa B TIOMUHECHIEHTHBIX JJaMIIaX MPUMEHsETCs raodocdar
KaJIbIHsI, aKTHBUPOBAHHBIA MapraHIleM M CYpPbMOW, U3MEHSSI COOTHOIIEHHE KOTOPHIX, MOKHO M3MEHSTh
L[BETHOCTb U3ITyYEHUS.

DAEeKTpOo/Ibl, KOTOPbIE HAXOJATCS Ha KOHLAX KoJObI (pHc.4), BHINMOJNHAIOTCS U3 Bonb(pama. s
YIy4IIEHUS TEPMORJIEKTPOHHOM 3MHCCHM 3JIEKTPOJAbl TOKPBHIBAIOTCS BEIIECTBOM, COCTOSIIIUM U3
KapOOHATOB Oapwsi, CTPOHIMSA W Kanblus. s BOZHUKHOBEHUS YIbTPa(UONETOBBIX JIydeil B JaMIry
n00aBiseTcsl JO3UPOBaHHOE KOJIMUYECTBO pTyTH. Ilocie 3axuranus Jammnsl pTyTh UCHApSAETCs U ra30BbIi
paspsij Tenepb UAET yxKe B mapax pTyTu. [Ipu IBM)KEHUU SJIEKTPOHBI CTAIKUBAIOTCS C aTOMaMH PTYTH H
OTIAIOT UM YacTh KMHETHYECKOW dHeprur. [Ipr 5TOM 3JIEKTPOHBI aTOMa PTYTH MEPEXOIAT Ha HEKOTOPYIO
HOBYIO opOuTy. Takas cTpykTypa BO30YXIECHHOTO aToMa HeCTaOMIIbHA. DJIEKTPOH CTPEMUTCS TIEPEUTH B
cBOe mpexxkHee nosiokeHue. Ilpu obpaTHOM ero mepexone Ha Goyiee HU3KHM HHEPreTHUYECKUN YpPOBEHBb
BBIJICNIAETCS KBAHT JIYYUCTOM OSHEPruM, MNpeoONaJalolMMH B 3TOM  HU3JIYYEHUH  SBISIOTCS
ynbTpaduoneronbie ayuu. Konba gamibl HarloJIHEHAa HHEPTHBIM Ta30M aprOHOM, KOTOPBINA CIIOCOOCTBYET
HaJ)KHOMY TOPEHHIO pa3psijia B TpyOKe, 00JIerueHn o 3a)KUTaHus JIAMITbl 1 YMEHBUICHUIO PacblICHUS
anekTponoB. JlaBinenue rasza coctasmser 400 ITa (3 mm. pr. cr). Hambonee pacnpocTpaHeHHBIMU
ABNSAIOTCS  JoMUHecueHTHble Jnammbl  JI/[-40, JIb-40, Ha3BaHue KOTOpPBIX pacmU(POBHIBAETCS

CJIeYIOIUM 00pa3oM: JIFOMUHECIIEHTHAs, JTHEBHOTO (WH 0eoro) cBeta, MontHocThio 40 BT.
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1- cmexnannan mpybra

2~ YOKOSIL € O8YMS LUMbIPbKAMU
3- Kanna pmymu

4- momunogop

5- annexkmpod

Pucynok 4 JlroMuHecuieHTHas JamMIia
ITyckoperynupyrolye annapaTsl CO CTApTEPHBIM 3aKUTAHUEM.

Craprep mpezacTaBisieT cOO0H CTEKISIHHBIM OayUIOH, HANOJHEHHBI Tra3oM HEOHOM. B Oamion
BIAsHbI JIBa 3JIEKTPOAA, OJMH M3 KOTOpbIX Oumerauinueckuid. IlapamienbHo KOHTakTaM craprepa
BKJIFOYAETCS] KOHJICHCATOP JUIsl YCTPaHEHUs pauoIOMeX.

Hpoccenb-kaTymka ¢ OONBIIMM YHUCIOM BHTKOB HEOOXOAMM Ui CO3JIaHUSl HMMILyJbca
HaIpPsDKEHUS IPU 3KUTaHUM JIaMIIbl U 1711 OTPAaHUYEHUSI TOKA, IIPOTEKAIOLIET0 Yepe3 JIaMITy.

Paboma nromunecyenmmoui namnol.

IIpy mopaue HanpsbkeHMs Ha jamiy (puc.2) HadaldbHBIA TOK MOTEUYET IO CIEYIOLIeH Ienu:
KJIEMMa CETH, IPOCCENb, IEPBUYHBIN 3JIEKTPOJ JaMIIbl, CTApPTEP, BTOPOU JIEKTPOJ] JIAMIIbI, KJIEMMa CETH.
BenuunHa 3TOr0o TOKa HE3HAUMUTEIbHASI M COCTABIISIET JI0JIM aMmIiepa. JTOT TOK, IPOXOJs Yepe3 raz Mexay
ANEKTPOAMHU CTapTepa, HarpeBaeT ATOT ra30BbIM MPOMEXYTOK (T.K COMPOTUBIIEHHE 3TOTO Ta30BOT0 CJIOA
JIOBOJIBHO BEIUKO). BMecTe ¢ ra3oM HarpeBaroTCsl M 2JIEKTPOABI cTaprepa. buMmeraumueckuii aIeKTpos
IpU HarpeBaHUM M3TUOAETCSI M COEAMHSAETCS CO BTOPHIM 3JeKTpojoM. [IpM 3amMbIKaHUM KOHTaKTOB
cTapTepa TOK B LIENU PE3KO YBEIMYMBAETCS, T.K MCKIIIOUAETCSl COIPOTUBIIEHHE Ta30BOTO MPOMENKYTKA
craprepa. BennunHa 3TOro ToKa, B OCHOBHOM, OIPENENSIETCS HHAYKTUBHBIM CONTPOTHUBIEHUEM JPOCCEIIS.
Tok, KOTOpbI TeyeT Mo IenH NMpU 3aMKHYTBIX KOHTAKTaX CTapTepa Ha3bIBa€TCsS IYCKOBBIM TOKOM.
IlyckoBOl TOK pa3orpeBacT 3JIEKTPOJbI JIIOMMHECLIEHTHOW JiaMIlbl 10 Temneparypel okoio 1000°K.
Jlamna roTOBa K 3aXHUraHuio. Tak Kak 2JIEKTPUYECKOE CONPOTUBIIEHUE 3aMKHYTBIX JIEKTPOAOB CTapTeEpa
Mano, oHm oxmaxaaorcs (Q=I’R) m pa3smbikaroTcst (OMMeTAIIMYECKHi >IEKTPOJ BO3BpAlIaeTcs B
HayajpHOE MoJsiokeHue). [Ipu pa3MbIkaHUK KOHTAKTOB CTapTepa TOK B IIEMH PE3KO YMEHBIIIAeTCs, TaKoe
pe3K0oe YMEHBIIEHHWE TOKA BBI3BIBAET OBICTPOE YMEHBIIEHHE MAarHUTHOTO MOJS JPOCCENs, YTO B CBOIO
ouepeab IPUBOAUT K BO3HUKHOBeHHMIO DJC camMoMHAYKIMHU, UMITyIbC KoTopoi nocturaer 500...600 B.
DTO HampspKeHHEe, HaKIaJblBasCh Ha HaNpsHKEHUE CEeTH, MPOoOMBAET Ta30BbI MPOMEXKYTOK B Jamie, U

Ha4YMHACTCA C)J'IeKTpI/I‘—IeCKI/Iﬁ paspsaa B rasc€, a 3aréM W B IIapax pTyTH. HGBI/IHI/IMoe JJI1 rj1asa



yIbTpauoIeTOBOE U3Iy4YEHHUE, BO3HMKAIOIIEEe B peE3ylbTaTe »JTOro paspsjga, oOdydaeT cioH
JTIOMHHO(pOpA U BBI3BIBAET BUIUMOE CBEUCHHE €TO.
Cmpoodockonuueckuii ghchexm.

JIroMMHECLEHTHbIE JIaMIIbl, paboTarollMe Ha IEPEeMEHHOM TOKE, CO3/alT IYyJIbCUPYIOIUI
CBETOBOM MOTOK. DTa MyJIbCALUs CBETOBOI'O OTOKA 3HAUYUTENIHHO OOJIbIIE, YEM Yy JaMIIbl HAaKaJIMBAHUS.

OcaelnieHye ABMKYIIUXCS MPEAMETOB IMYJIbCUPYIOLIMM CBETOBBIM IIOTOKOM IPHUBOJUT K TakK
Ha3bIBAEMOMY CTpOOOCKONNYecKOMY 3((HEeKTy, KOTOPBIHA BHIPAXKAETCS B HICKAKEHHOM MPEICTABICHHH 00
UCTUHHOM COCTOSHUM JIBHXEHHsA. Tak, IpU COBMNAJEHMM YacTOThl IYJIbCALUU CBETOBOIO IIOTOKA M
CKOpPOCTH BpallleHHs IPEIMETa, BPaIllaloIIascs 4acTb KaXeTCs HEMOJIBHUKHOM, YTO MOMKET NMPHUBECTH K
TpaBMaTH3My. B JIpyrux ciydasx mpeaMeT MOXKET Ka3aThCsl IBMXKYIIUMCS B OOpaTHOM HaIpaBJICHUU.
[Ipocrefinield Mepol yMEHbBIICHUS TIIYOWHBI IYJIbCAIIMA CBETOBOTO IIOTOKA SBISETCS BKIIOUYCHHE
COCE/IHUX JIFOMUHECLEHTHBIX JIaMII B pa3Hble (a3bl Tpex(pa3HOH CUCTEMBI TOKA.

Ilpeumywecmea u nedocmamku 1IOMUHECYEHMHBIX 1AM,

ITo cpaBHEHUIO C TaMIIaMU HaKaJIMBaHUsI JIIOMUHECLEHTHBIE JIAMITbI UMEIOT CJIEAYIOLIHE!
npeumyuiecmea:

y HHMX 3HAYMTEIbHO OoJjblllas CBeTOBas oOTAada - a0 75 am/BT (y namm HakaauBaHHs 0OOILEro
nmosb30Banus - 710 20 1m/BT);

Oosiee OJIaroNPHUATHBIN CIEKTP U3ITyICHUS;

HEBBICOKAas TEMIIEPATypa MOBEPXHOCTU TPYOKH;

cpok ciyx0b1 10 10000 yacoB (y nammnbl HakanuBaHus - 10 1000 yacos).

Heoocmamkamu TIOMUHECLIIEHTHBIX JIAMIT SBJISIOTCSA:

CJIOXKHAsl KOHCTPYKITUSA (TpeOyeTCsl MyCKO-pEryIUpYIoIIas anmaparypa);

0oJbIIKE Ta0apUTHI;

YyBCTBUTEIBHOCTH K TEMIIEpaType OKpyskaromien cpeap! (mpu t°<0 3axuraHue He rapaHTHPYETCs).

3. lloaroroBka Kk padoTe JIOKCMeTpa.

Jlrokemerp 10-116 coctour w3 wu3MepuTens, KOTOPBIM MpEACTaBIseT Cco0oil  mpudop
MarHMTORIEKTPUYECKONH cHCTeMBbl, 0003HaueHHbIH Ha cxeme 1 OykBoil PL m ornenpHOro ceineHoBOro
¢dorosnementa BL. ®otosnemMeHT ¢ Hacaikod, pacHoJOXKEHHBIH B IJACTMAacCOBOM KOpIIycCe,
COEJMHACTCS C HM3MEpUTeNeM IIHYpOM IpH MOMOIIM pa3beMHOro coeauHeHus. [Ipubop mmeer nase
mkaier: 0-100 u 0-30.

IIpn HaxaToW NMpaBOM KHOIIKE ClIeAyeT Mojbp3oBarbes mkainod 0-100, a mpu HaxkaTtodl JeBou -
mkanoir 0-30. Ilokazanust mpubopa B JEJIEHUSX [0 COOTBETCTBYIOLIEH IIKane YMHOXKAeTcs Ha
KOd(QpHUIMUEHT ocnalieHus, KOTOpPBIH 3aBHCUT OT NPUMEHSEMOM HacaJlku, HMEIoUled Ha CcBoel

noBepxHoctr MapkupoBky KM, KP n KT u paBusierca coorsercrBenno 10, 100, 1000. Hanpumep, na



(dboTtosmeMenTe ycraHoBiieHa Hacaaka KP, Hakarta neBasi KHOmKa, cTpesika MmokaseiBaeT 10 meneHuil mo
mkane 0-30. M3mepsiemas ocemieHHocTh paBHa 10&100= 1000 nx.

4. CBeTOBbBIE U JIEKTPUYECKHE XAaPAKTEPUCTHKH UCTOYHHKOB CBETA.

4.1 HomuHaJbHOE HANIPSIZKEHHE - 3TO HANPSDKEHUE, HAa KOTOPOE JIaMIia paccuyuTaHa i padoThl. JIamib
HaKaJIMBaHUsl OOINEr0 Ha3HAYEHHWs BBITYCKAIOTCS Ha CIEAYIOIIHME NUAra3oHbl HampsokeHuid: 215...225;
220...235; 230...240; 235...245 B. lns yBeawueHHs] CPOKa CIYKOBI CIIEAYeT MPHOOPETAaTh JAMIIBI C C
OOJBIIMM HOMUHAIBHBIM HampspkeHWeM. JIFOMUHECIICHTHBIE JIaMITBl, B OCHOBHOM, PAacCUUTaHBl Ha
HanpspbkeHue cetu 220 B, npuyem Ha caMoii J1aMIie, B 3aBUCUMOCTH OT MOIIHOCTH, TIaJIcHUE HAPSDKCHUS
coctasiuget 102...110 B, ocranbHas 4acTh HanpsHKEHU MMaJaeT Ha APOCCeie.

4.2 DuexkTpuyecKasi MOIIHOCTb JJAMIIbl YKa3bIBa€TCSl KakK CpEIHSAS BEJIWYUHA [UJII HOMUHAJIBHOTO
3HAUYCHHUS HampsKeHUs. [IpOMBINIUIEHHOCTh BBIMYCKAeT JaMIlbl HaKaJlWBaHHS OOIIEro Ha3HAYCHUS
MOIIHOCTHIO OT 15 mo 1000 BT.1.mana3oH MOITHOCTEH JIFOMUHECIIEHTHBIX JIAMIT MEHBIIIC U COCTAaBIISCT, B
OCHOBHOM, 15...80 Br.

4.3 CBeTOBOI MOTOK XapaKTEPU3YyeT MOITHOCTh BUAMMOTO U3JIYYCHHS, OIIEHUBAEMOTO IJIa30M YE€JIOBEKa,
u3MepsieTcss B JoMeHax (iiM). CBETOBOM MOTOK MOXKHO BBIPa3UTh 4Y€Pe3 OCBEIIEHHOCTh, U3MEPEHHYIO
JIFOKCMETPOM:

® = 4EI?

riae E - ocBenmeHHoCTh, JIK;

| - paccrostHEEe MEKTY JTAMITON U (POTOITIEMEHTOM, M;

4.4 CseroBas oTJaya XapakKTepU3yeT HKOHOMUYHOCTh MCTOYHMKA CBETA U OMPEIEISAETCS OTHOLICHUEM

HU3J1y4aeMOIro CBECTOBOI'O ITOTOKA K MOIITHOCTH JIaMIIbI:

am/Bt
rae P - momHoCTh TaMibl, BT.

4.5 CseroBoii KIIJI. MHorouncieHHbIMH H3MEPEHUSIMU YCTAHOBJIIEHO COOTHOILIEHHE MEXIY
MOIITHOCTBIO M CBETOBBIM IOTOKOM - BaTTOM M JItOMEHOM: 1 BT=683 1M npu 0THOPOJHOM H3ITy4EHHH C
JUIMHOM BOJIHBL, paBHOM 555 HM. Otcrona ceeroBoit KITJI

@
 P-683

4.6 Cpox ciyx0b1. CpeHHI CPOK CITY>KOBI JIaMIIbl HaKaJIMBaHUs 00IIero Ha3HadeHus cocrasisger 1000

Ne -100%

yacoB. Ha cpok ciy>kObl 3HaUUTENBHO BIMSET KojieOaHNe HaNpsKeHUsl. 3aBUCUMOCTh UMEET BU:



U 14
T=Ty4g| —
H
rne , Ux- COOTBETCTBEHHO CPOK CIIY)KOBI M HampsOKEHHE MO MAcIOpTHBIM JaHHBIM. CpOK CITy Obl
moMUHECHEeHTHBIX JaMn cocTaBisieT 5000...10000 yacoB, mpudeM CpoK CIIy>KObI yMEHBIIACTCS KaK MpH

YBEJIMYCHNH, TaK U TP YMEHbUICHUU HAMIPAKECHUA OTHOCUTCIIBHO HOMHUHAJIBHOTO.

Taoauna 1.

Taoauna 2.

COHpOTI/IBJ'ICHI/IC JIaMIIbI OIIPEACIIACTCA 110 3aKOHY Owma:

Ry :UEL=~

I

AKTHMBHAst MOIIIHOCTB, TIOTPEOIIsIEMast U3 CETH, PACXOAYETCH B IPOCCETIE U B JIaMIIE. MOIIHOCTD JIAMITBL:
Ky, BT
PF‘.T. =1-U F1



rae: Ky -koaddunuent nckaxenunit (K, =0,6...0,7)

AKTI/IBHYIO MOIITHOCTb APOCCECIIA MOXKHO OIIPCACIIMTL KaK pPa3HOCTb IMOKa3aHui BaTTMETpa U MOLIHOCTHU

JIaMIIbI
Conepxxkanne OTUETA

1. Ha3Banue, 11e716 paboTHI.

2. CxeMbl, TaOJIHIIEI.

3. I'paduxu 3aBucumoctu H = f (P) mis mammbel HakanuBaHUS M JIOMHUHECIICHTHOW JIaMIIbl B OOIIMX
KOOP/AMHATHBIX OCSX.

4. Ananornyuso 1.3 rpaduk = f (P).

5. BEIBOJIBI.

KoHnTpoJbHbIe BOnpockl

1. C xaxoil LIeJIbI0 JTaMITbl HAKAJIMBAHUS 3aIIOHSIOTCSI MHEPTHBIM Ta3oM?

2. YeM 0OBsCHSETCA MOBBIIMIEHHBIH CPOK CIYKObl TaJIOT€HHBIX JIAMI 10 CPAaBHEHUIO C OOBIYHBIMU
JaMIIaMu HaKaJuBaHUs?

3. Kak yBenn4uTh CpOK CIy>KOBI JIaMIT HAKAITUBAHUA?

4. Haznauenue poccerst 4 ctapTepa B CXeMe 3aKUTraHusl JJIOMUHECIIEHTHOM JIaMIIbl.

5. Ot 4ero 3aBUCHUT LIBETHOCTb M3JIyYCHHsI TFOMUHECLIEHTHOM JamIibl?

6. IIpeumyriecTBa 1 HEAOCTATKU JTFOMUHECIIEHTHBIX JIaMII.

7. Tlocne 3akuraHusl JIIOMUHECUEHTHOW JIaMIIbl OTKJIOUMIM crapTtep. Jlamma Oyner paboraTh win
MOoracHeT?

8. Uro Takoe cTpobockonuueckuii 3¢(eKT U Kak yMEHbLIUTD €ro BIUsHUe?

9. Tlouemy AJIi MCKYCCTBEHHOI'O JOCBEUMBAHUS PACTCHUM NMPHUMEHSIOT JIOMHHECLIEHTHBIE JaMIlbl U

MPAKTUYCCKN HEC UCIIOJIB3YIOT JIAMIIbI HaKaJIuBaHUs?

INPAKTUYECKUE 3ATAHUSA 11O TEME 3.4.
NEPCIHEKTUBbBI PABBUTUSA DJIEKTPOTEXHUKH
IIpakTuyeckas padora Nel(

IIo Teme: «MEePCNECKTUBLI PAa3BUTHUSA IJTCKTPOTEXHUKN))

ean padoTbi: O3HAKOMHUTHCS C MEPCTIEKTUBAMU PA3BUTHS AJIEKTPOTEXHUKH B Poccun
Xoxa padorel: M3yunTh MaTepual 1o TeMe, 3anucarbh KOHCHEKT. OTBETUTh HA KOHTPOJIbHBIE BOITPOCHI.

HepCHeKTI/IBHLIC HalpaBJCHUS PA3BUTHUSA IJICKTPOTEXHUKHU



HayuHo-TexHuueckuii mporpecc TMPOUCXOAUT TMpuU Bce Oosiee MIMPOKOM TMPUMEHEHUH
3JIEKTPUYECKOM SHEpruu. B Haiie BpemMsi HET HU OJHOW OTpAcCiyd HAPOAHOTO XO3SIMCTBA, HU OJHOU
HAYYHO-HMCCIIEI0BATENbCKON pabOTHI, rie OBl OHA TaK WM WHAYE HE UCTIOIb30BaIACh.

[IpuMeHeHne 3JIEKTPOIHEPTUH CTaJI0 BO3MOXKHBIM C IOSIBJIEHUEM 3JIEKTPOTEXHUKH— HAyKU O
MPAaKTUYECKOM NPUMEHEHUM SJEKTPUYECKUX M MArHUTHBIX SIBJICHUM MPUPOABI U 3aKOHOB, HX
ONMCHIBAOLIUX.

DJIEKTPOTEXHUKA W JJICKTPOHHKA 3aHUMAIOT Ba)KHEWIIEE MECTO B JKHU3HM COBPEMEHHOIO
o0miecTBa, Tak Kak B MPOMBILIUIEHHOCTH, TPAHCIIOPTE, CEIbCKOM XO03sIICTBE, OBITY, MEIULIUHE, KYJIbType
OHHM CIOCOOCTBYIOT KapAMHAJIBHOMY HM3MEHEHHIO SKOHOMMYECKHUX U COIUAIBHBIX YCIOBUU JKU3HU
YEJI0BEKa.

CoBepIlIeHCTBOBAHUE JHEPTETUUECKOr0 OOOPYIOBAaHMS J1a€T BO3MOXKHOCTh CHIDKATh Y/CJIbHBIC
pacxoipl TOIIMBA, KallUTAJIbHbBIE 3aTPAThl HA COOPYKEHUE AIIEKTPOCTAHLIUNA U CeOECTOMMOCTD 3JIEKTPO-
SHEPTUU. OJEeKTpUYecKash IHeprusi, BbIpabaThiBacMas JIIEKTPOCTAHLMUSIMHU, HIUPOKO HCIOIb3YyeTCS B
MIPOMBIIIIJICHHOCTH, CETTHCKOM XO0351CTBE, HA TPAHCIIOPTE U JUIsl OBITOBBIX HYK/I.

Jlyist npuBOIa B IBM)KCHHWE CTAHKOB, MAIIIMH M PAa3IMYHBIX MEXaHU3MOB Ha 3aBojax, Gadpukax, u
Ha JpYrux TPOU3BOACTBAX B HACTOSIIEE BpeMsl MPEUMYIIECTBEHHO TMOJIb3YIOTCS YIOOHBIMH H
SKOHOMUYHBIMH 3JIEKTPUYECKUMHU JIBUTATEIISIMH.

B anextpruueckux nevyax miaBAT METaJUI, IOJIYYarOT CTalb U Pa3JIMYHbIE CIUIABBI.

DIEeKTPUYECTBO MIUPOKO MPUMEHSETCS TIPU MOJYUYSHUH ATIOMUHHUS, PA3TMYHBIX XUMHUYECKUX MTPOIYKTOB
M MHOTHX JIPYTHX BEIIECTB. DJIEKTPUUYECKasi CBapKa U pe3ka METAJIOB MMEIOT Ype3BhIUAiiHO OObIIoe
pacrpoCcTpaHEHHUE.

TonbKO C pa3BUTHEM IEKTPOTEXHUKH MOSIBUIACH BO3MOKHOCTh TPUMEHSTH B IIPOMBIIIJIEHHOCTH
HOBBIE€ TEXHOJOTMYECKHUE MPOLIECCHI, OCYIIECTBIISITH IUPOKYIO ABTOMATH3ALIMIO POU3BOCTBA, CO3AaBaTh
HOBBI€ BBICOKOIIPOU3BOIUTEIIbHBIE MAILIUHBI.

DNEKTPUUECTBO MPHUBOIUT B JIBIDKEHHUE JJIEKTPONOE3/a, TpamMBau U TPOJUICHOYCHI, TTOJHUMAET
TSDKECTU, TIOMOTAET HAXOJIUTh PY/IbI, YTOJib U He()Th B HEIpax 3eMJIH.

BHenpenue anekTpuuecKkoil YHEPTUHM B CEIbCKOE XO3SMCTBO IMO3BOJSET MAKCUMAJIBHO MEXAHU3HPOBATH
OOJIBIIMHCTBO CAMBIX TPYIOEMKHUX DPAOOT, PE3KO COKPATUTh CPOKH HMX BBHIMOJHEHHS M 3HAYUTEIHHO
YBEJIMUUTH BBINYCK CEIbCKOXO3AMCTBEHHON MPOIYKIIHH.

DneKTpuUuecKasi JHEPTus MTUPOKO MPUMEHSIETCS U B IOMAITHEM OBITY.
bnarogapsi »7n€KTpUYECTBY CTAId BO3MOYKHBI MHOTHE 3aMEUaTelIbHbIE OTKPBITHS HAILIETO BpPEMEHHW.
Pannocssa3p n paguonokanusi, TPOHUKHOBEHUE B HEApa aToMa M pa3pyLIEHHE €r0 — BCE 3TO MPOU3-
BOJUTCSL TP TMOMOIIU AJIEKTPUYECTBA. DJIEKTPUUECTBO MO3BOJISIET HAaM CIbIIIATh 32 MHOTHE THICAYU
KUJIOMETPOB, JAE€T BO3MOKHOCTh BHUJIETh B MOJIHOM TEMHOTE M HAa 3HAYUTEIIBHOM PACCTOSIHUH, OTKPHIBAET

rJ1a3y paboTy BHYTPEHHUX OPraHOB YEJIOBEUECKOIO TeJa U JIEUYUT O0JIE3HHU.



K ocHOBHBIM HampaBiIeHUSIM Pa3BUTH COBPEMEHHOMN 3JIEKTPOTEXHUKU OTHOCSTCS:

e pa3paboTKa M BBITYCK 3JEKTPOTEXHUYECKUX YCTPOMCTB M DJIEKTPOMAIIUH C HCIIOJIh30BAaHUEM
COBPEMEHHOTO MUKPOIIPOLIECCOPHOTO YIPABJICHUS;

e TOBBIIICHUE OKCIUTYaTAlMOHHOM HAJEKHOCTH, YHU(PHUKAIMH U YIYUYIICHHE SHEPreTHYECKHX
[OKa3aTeJIe JIEKTPOTEXHUYECKHUX ANapaToB;

e pacmupeHue 00JaCTH MPUMEHEHUS AICKTPOTEXHUUCCKUX allapaToB M AJIEKTPUUCCKUX MAITUH

e Da3BUTHE HAyYHO-HCCIIEIOBATEIBCKHUX padOT IO CO3JaHHWI0 MaTEeMaTUYECKHX MOJelIeH u
TCXHOJIOTHYCCKUX HpOLIeCCOB, MAaIllIMHHBIX CpeI[CTB HpOGKTHpOBaHI/IH BHCKTpOTeXHI/I‘-IeCKI/IX
N30SI,

e TMOATOTOBKAa WH)XEHEPHO-TEXHUYECKMX U HAYYHBIX KaJIpOB, CIOCOOHBIX IPOEKTHPOBATh,
CO37aBaTh U DHKCIUIYyaTUPOBATh COBPEMEHHBIE ABTOMATHU3WPOBAHHBIM  3JEKTPONPHUBOA U

QJICKTPOTCXHUYCCKHUE allllapaThl.

Pemenue >tux u psasaa Apyrux HpO6JICM IMO3BOJIUT CYHIECCTBECHHO YIYYIINUTb TCXHUKO-DKOHOMHUYCCKUC
XApaKTCPUCTUKHU JJICKTPOTCXHUYCCKUX allllapaToOB H CO31aTb TCM CaMbIM 633y I JalbHEHUIIEro

TEXHUYCCKOT'O IMporpecca nMpOMbIIIJICHHOT'O ITPOU3BOACTBA.

Hcropust 1 OCHOBHBIE ATalbl Pa3BUTHS JJIEKTPOTEXHUKU U 3JIEKTPOHUKHU
Ecnu yray6nsreest B ucroputo, To xkutens [peBnerr ['peruun daneca MuneTckoro MOXHO CUYHTATh
MIEPBOINPOXO/ILIEM AIEKTPOTEXHUKHU B TOM €€ 3HAaUEHHUH, KOTOPOE MPUBBIKIIN CETO/IHS TPAKTOBATh.
Nmenno danec nepBbIM 3aMETUII, YTO STHTaph, HATEPTHIN 1IEPCThIO, CIOCOOEH HEHAJ0IT0 IPUTATUBATH K
cebe Merammuueckue wuszaenus. Ckopee BCero, TOrAa OH HE MOHSUI, YTO CO3Jal MEpBbI B MHpe
MUHUJIEKTPOMArHUT.
[Tocnenyronue ynoMuHaHusi 00 3JEKTpUYECTBE UM OOOpPYHOBAaHUU i €ro BBIPAOOTKHM OTHOCSTCS K
Hayany 17 Beka, korma Oblla co3/laHa AJIEKTpUUYECKash MalluHa-MarHuT. Yke B 1729 romy Obuio
COBEpIICHA [IepBas Mepeayda MIEKTPUIECTBA HA PACCTOSIHUE.
B pazeumuu 3nekmpomexnuxu 6bl0enarom wiecms Imanos.

e OTKphITHE AeKkTpocTatuku (10 1800 1.);
3akaaKa GyHaaMeHTa dJIEKTPOTEXHUKH, ee HaydHbIX ocHOB (1800-1830 rr.);
nosiByieHue anekTporexHuku (1830-1870 rr.);
CTaHOBJICHHUE JJIEKTPOTEXHUKH, KaK CAMOCTOATENbHONW 0TpacTH TeXHUKH (1870-1890 rr.);

e pasButHe MekTpudukanuu B mupe (¢ 1891 r.);
[Tocnenneil TeHneHUueNd B pa3BUTHM DJIEKTPOTEXHUK SIBIISETCS aKTHBHOE BHEApPEHHE POOOTOTEXHUKH.

HMmenHO 3TO HaIlpaBJICHUC CHUTACTCA HanOoee MNEPCICKTUBHLIM.



VY4eHble UNIAaHUPYIOT 3aMEHUTH POOOTaMu paboTy MOKAPHBIX, MEAUKOB, BOGHHBIX B CIIOKHBIX CUTYaIlHIX
HE TOJIBKO I10MOTasi, HO U COXPaHss YEJIOBEKY JKU3Hb.

Passurtue anexrporexHuku B Poccun

CrapToM pa3BUTHS SJEKTPOTEXHUKH B Poccuu, HECOMHEHHO, MOKHO Ha3BaTh paboTel Puxmana u
JloMoHOCOBA, KOTOPBIE U3y4YaJId TaK HAa3bIBAEMOE aTMOC(EPHOE IJIEKTPUUECTBO.

[lepBblii 3HAUUTEIBHBIM HPOPHIB IO INPUMEHEHUIO 3JIEKTPUYECTBA, MPUHAMICKUT AJEKCaHAPY
Jlopgpiruny, kotopsiii B 1873 romy, McCmonb3ysl JamIbl HakalWBaHUs, ocBeTHN ynuiy B IletepOypre.
[Tocne mnpuszHaHus uAeH HepeHTaOenbHOW, JIoABITMH mpoxal CBOM NATEHT CTaBIICH 3HAMEHHUTOMN
komnanuu General Electric.

C 1899 roga, cuna 3JEKTpUYECTBA MPUMEHSUIACh M JUISl MCIIOJNB30BAHUS B IENSIX TMepeaadn
nHpOpManY, KOHEYHO, 3TO OBUIH HE TeNe(POHBI U KOMITBIOTEPHI, a TPOCTON NMEPEAATYHK C TPUEMHHUKOM.
Takum oOpasom, u3BecTHbIM ydeHblii [lomoB, BmepBble CMOT MOAJEPKUBATH CBS3b C KOPAOIsIMH Ha
pacctosaHuu 14 kM.

Hcnonws3zoBanue paauo cTajio BO3MOXKHBIM Osaromaps anektpuuectBy. llocme wero B 1901 romy
pa3paboTKa NpuHsUIIAa TPAKIAHCKUNA BU, M PAJNO0 CTAJIO IPUMEHSATHCS IS Iepeaayll HOBOCTEH.

B pamkax cneunansHoi nporpammsl mnana ['ODJIPO, npennonarasiuiero sneKTpuuKaiuo Beei
CTpPaHbl, JJIEKTPUUECTBO CTAJI0 MOBCEMECTHO UCIOIb30BaThesa B Poccun ¢ 1920 roaa.

[Tocnenneit TeHAEHIMEW B pa3BUTHM DJICKTPOTEXHUKH SBISIETCS AKTHUBHOE BHEJIPEHUE
poOoToTexHukH. IMEHHO 3TO HallpaBJIeHUE CUUTAETCsl HauOoJiee NePCIEKTUBHBIM.

VY4yeHble MIaHUPYIOT 3aMEHUTH POOOTaMU paboTy MOXKApPHBIX, MEIUKOB, BOEHHBIX B CJIOXKHBIX
CUTyalUsIX HE TOJBKO IIOMOTasl, HO U COXPAHsIsl YENOBEKY JKU3Hb.

VYyeHble, BHECIINE BKJIa/ B Pa3BUTHE AJIEKTPOTEXHUKU
[TomuMmo BbIIIIE NTEpEUnCIEHHBIX, POCCHS MOKET MOXBAaCTaThCs M IPYTUMH YUEHBIMHU, KOTOPbIE BHECIIU HE
MEHBUIMH BKJIaJ B Pa3BUTHE U CTAHOBJICHUE DJIEKTPOTEXHUKH HE TOJIBKO Ha POJIMHE, HO U JAJEKO 3a ee
IIpeeIaMH.

Muxaun MarseeBuu bopeckoB Obl1 ogHMM U3 oOcHoBareneil BoeHHO-3IEeKTPOTEXHUUECKOMH
uikosibl B [lerepOypre, npu 3TOM NpakKTUYECKU BCE €ro pabOThl KMEIN BOEHHOE HallpaBJICHHE.

Banentun IlerpoBuu BonornuH — oauH U3 CHoABMKHUKOB IlomoBa, KOTOpBIM ist ymoOcTBa
UCTOJIb30BAHUS TIEPEHOCHBIX Pajio, MPEASIOKUI UCIOIb30BaTh CIEUUAIBHO pPa3padOTaHHYIO JTUHAMO-
MalIvHy.

Amnaronuii [laBnoBuy Enepun — 3acity’KeHHBIN SHEPreTHK, KOTOPbIHA MPUMEHSIT CBOM 3HAHUS JJIS
pasBUTHS W HapalMBaHus MoIIHOcTel snekrpoctanuuid mo Bceit CCCP. Heckonbko u3o0peTeHuit
YUYEHOT'0 JI0 CUX TOp MPUMEHSIOTCS M0 BCEMY MUPY JUIsl JOOBIYM M ONTUMAJBbHOM Nepeaayn SHepruu Ha
paccTosiHus.

Pa3Burne JICKTPOTCXHUKHU B COBPEMECHHOM MHpE



B coBpemeHHOM MEpe BecoOMOE 3HAUCHHWE OTBOJAWUTCS WHTETPALUU DJICKTPUYECKOW DHEPTHH.
NwmeeTcs B BUAY €€ HETIOCPECTBEHHOE TTI00aTbHOE BHEPEHUE B PA3IMYHBIC CETMEHTHI U OBIT.
CTOUT OTMETHUTH, UTO HA CETOTHSIIHUN IeHb HE CYIIECTBYET HU OJHON MHAYCTPHUH, T1Ie Obl OHA B KAKOM-
1100 BHJIE HE UCIIONIB30BANIACh. [IpH 3TOM C KaXKIbIM JIHEM €€ IKCILTyaTallysl 3HAYUTEIbHO PaCIIupsIeTCs.
Pa3BuTHe 37EKTPOTEXHUKH MMEET CBOW JTallbl. [laHHBIE STambl OTIIMYAIOTCS MEXIYy COOOH Mo
JTUHAMUKE BHEAPEHUSI.
CaM TepMUH «3IIEKTPOTEXHUKA» MPEJICTaBIsET CO00 HAyKOEMKOe M TEXHHUYECKOe MoHsITHE. DTO cdepa,
KOTOpast JJIsl MPaKTHYECKUX 3a/1a4 UCTIONIb3YeT Pa3InYHbIC SBJICHUA. SIBICHUS OBIBAIOT JICKTPUYCCKUMHU
u MarHuTHBIMU. OOOOIIaroIIee ONpeelieHue CTaHeT 0oJiee MOHITHBIM, €CII PACCMOTPETh BCe 00JIacTH,
TJIe TPUMEHSIFOTCS 3TH SIBJICHUSL.
dnekmpomexHuka HeoOX00UMA HEnOCPeOCHEEHHO OlA:
e H3MEHEHHUS MapaMeTPOB SHEPTUH B MIPHUPO/IE (001aCTh SIHEPTETHKH );
e TOJIYYCHHS U TPAHCIUPOBAHUS JICKTPOMArHUTHBIX BOJIH HIIU TAaHHBIX (MH(QOpMAIIMOHHAS);
(U3HYECKOTO N3MEHEHUS BEIIECTBA (TEXHOIOTHYECKAs).
N3 Bcero cermMeHTa 3TOM OOJACTH B TOCIEIHEE BpPEMS BBIACIWINCH IMPOMBIIUICHHBIC 3JCKTPOHHBIC
PUOOPHI.
Bmecme ¢ neit u mpu nanpaenenus, KOmopvlMu s61A0MCA:
® UHPOPMAIMOHHOE,
® DHEPreTUYECKOE;

® TCXHOJOIMYCCKOC.

Onu 13 rofa B ro NpuoOpeTaroT Bce OOJIBIIYIO POJIb B YCOBEPILICHCTBOBAHUH CEIMEHTA.
[leproaun3anus Kak pa3BUTHE IIEKTPOTEXHUKU

Oma ompacnv ycnoéno npeocmagnena 6 smanamu. Cmoum paccmompems pazeumue
INEKMPOmMexXHuKu 0o.1ee noOpooOHo:

1. CraHoBieHHME CErMEHTa MEKTPOCTATUKU. DTOT 3Tam npoxaosnkancs 10 1800 roga. Croa MOXKHO
OTHECTHU IepBbIe HAONIO/EHUS BBILIICYKAa3aHHBIX sBJIeHHUM. Takke B 3TOT mepuoj co37aBalliCh
MepBbIE AIEKTPOCTATUYECKUE MAILIMHBI U TPUOOPBI, UCCIEI0BATIOCH aTMOC(EPHOE ANEKTPUUYECTBO,
paspabarbIBasIUCh TepBble Teopuu B oOnactu. Ha nmanHom stame Obul mpuHAT 3akoH Kynona.
CToUT OTMETUTH TAKXKE M HAYaJIO 3apOXKICHUS 2JIEKTPOMEAUIINHBIL.

2. Cragusi MpOEKTUPOBAHMS HAYYHBIX OCHOB, 3akianku (¢yHnamenta. Jlanueni stam mmics ¢ 1800
no 1830 roma. B 310 Bpemsi Obul cO3llaH «BOJIBTOB CTOJIO», KOTOPBIM ObUT MpeacTaBiIeH
AJIEKTPOXMMUYECKUM TreHepaTtopoM. Takke pa3zpaborana Garapest B.B. Ilerposa. C ee momorsio
ObUIO OCYIIIECTBJICHO MOJIyYE€HUE DJEKTPUUECKON Ty U MHOXECTBO JPYIHX OTKPHITHHA. CaMbIM

BAKHBIM Ha JIAaHHOMW CTaJUU SBIISICTCS OTKPBITHE OCHOBHBIX 3aKOHOB. KoHkpeTHO — Ammiepa, Oma,



buo-Casapa. Takxe ObUT cO31aH TIPOOOPA3 ANEKTPOJBUTATENS U YCTAHOBJICHBI OCHOBHBIC CBSI3H
MEX/y BBILICYKA3aHHBIMU SIBJICHUSMH.

3. Dran 3apoxzaenus c¢ 1830 mo 1870 roma. B nmanublii mepuox Obulo c(HOPMUPOBAHO TOHSTHE
BO3HHUKHOBEHHUS JIEKTPUUYECKOT0 TOKa B 3aMKHYTOM KoHType M. dapazneem. Takxe Gpopmupyercs
3akoH Jlenna u Kupxroda. BaxkHo oTMeTHUTH elle W CO3[JaHUE MEPBBIX HCTOYHUKOB CBETA,
MOSIBJICHHE  PAa3MYHBIX NpuOOpoB. B 1maHHBIA TEpHOJ  MPOUCXOMUT  3apOXKICHUE
AJIEKTPOM3MEPUTENBHOM TeXHUKH. Ho ee mpakTuueckast sKkcIutyaTanus Obljia HEBO3MOXKHOHN M3-3a
OTCYTCTBHSI IEHCTBEHHOTO U SKOHOMUYHOT'O FeHepaTopa.

4. Dran CTaHOBJICHUS AJIEKTPOTEXHUKHU KaK CaMOCTOSATENbHOro cermenta. OH nponpomkancs ¢ 1870
no 1890 roma. B maHHOe Bpemsi ObUI CO3[aH TEPBBIA AJICKTPOMAIIMHHBIA TE€HEPATOp C
camMoB030yxaeHreM. Ero erme cranu mo3:xe Ha3bIBaTh AMHAMOMAIIUHOW. Ha sToM aTame pasButue
ANEKTPOTEXHUKU MIPUXOAUT K TOMY, YTO OTPACIIb HAYMHAET CTAHOBUTHCSI CAMOCTOSTEIILHOM.

5. ITlepwonx cTaHOBJICHUS W BHEIPEHHUS DHEPrUU B X03sKWcTBO M ObIT (¢ 1891 roma). B aTto Bpems
paspabarbiBaeTcsi cucTeMa Tpex(asHoro THIA, a Takke GOPMHUPYETCS KOMIUICKCHBIA METOM IS
aHanu3a npoueccoB. Ero mnpemnoxun Y.II. Ilreitnmen. Takke CTpeMHTENBHO pa3BUBACTCA
anekTpudukanus. HauyuHAlOT CTpOUThCS TabapUTHBIE CTAaHIMU U pa3pabaThIBaTbCsl HOBBIE
KOHCTPYKIUHU MAaIlIKH.

6. Ilepuox 3apoXxIeHUS W CTAHOBJICHUS AIEKTPOHUKH. OH BKIIOYaeT mepByro yerBepTh 20 Beka. B
9TO BpeMs MOSBISETCS TEXHHKa NMPeoOpa3oBaTENbHOIO TUIA MO MPUYMHE POCTa MOTPEOHOCTH B
MIOCTOSIHHOM TOKE. A, CJI€0BATENbHO, BOZHUKAET MUKPOIJIEKTPOHUKA.

D10 Bce OOYCIOBWIJIO 3aMETHBIM Mporpecc Bcero cerMeHta. K ToMmy ke pa3BUTHE DIIEKTPOTEXHUKHU

MPUBEIIO K 00pa30BaHHUIO HOBOM HAYKH — HH(DOPMATHKH.

KOHTpOJ’ILHHG BOIIPOCHI:
1. HGPGIII/ICJII/ITG MEPCICKTUBHLIC HAIIPABJICHUS SHCPICTUKH.
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