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DJIeKTPHYeCTBO U MarHeTH3M: MeToandeckoe mocodne Mo BHITOITHEHMIO
TabopaTOpHEIX paboT MO Kypcy (GM3MKK ¢ MCTIONB30BaHHEM IabopaTOpHOTO
KOMIUIeKCa «ONEeKTPUUecTBO M MarHeTH3My — demsaduHck: FOYpL'Y, Ypams-
ckuit punman PHITO «Pocyunputop», 2007. — 120 c.

MeTtoangeckoe mocobue MpeaHa3HaueHO sl CTYAEHTOB IIPH CaMOCTOSITENBHOM
TIOATOTOBKE K BBHITIONIHEHMIO TabOPaTOPHBIX paboT U o6paboTKH pe3ynbTaToB M3Me-
pennit. J{aHBI ONMMCaHMS YCTAHOBOK, METOAOB M3MEpPEHHH, peKOMeHIAIINN 110 TIpe-
CTaBIEHMIO M 00paboTKe pe3yIbTaToOB (PU3MUECKOTo 3KCIepuMeHTa. BHIMAHKE CTy-
IEeHTOB oOpaliaeTcsi Ha (pHU3MIecKre OCHOBH M aHANM3 YCIIOBHH SKCIepUMeHTa, 13-
BIIEUEHNE M3 OIbITa MHYOPMAITMK O QU3MUECKUX SABIEHISIX M MX 3aKOHOMEPHOCTSIX.
[TpuBeneHEl BOTPOCH! AT KOHTPOJIS 3HAHUH IIPH MOATOTOBKE K padoTe.

Aptopsl- coctaButenu: A E.I'pumkesny, C.B. beaun, M.B.I'puiikesny,
JI.M.Kpamap, H 5. Koxkmapos, noa penakumeit A.E ['purikesmya.
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OCHOBHBLIE ITPABIJIA TEXHUKHW BE3OITACHOCTHA

. Ilepen cOopkoii 11eTH MpoBEPETE, YTOOH ce MPUOOPH HAa paboduem cTole OBLIN
BBIKITFOUEHEL

. IIpu cOopxke 1enm MCMONB3yHTE MPOBOJA ¢ WCIpaBHOW m3oiAnmeid. [lopxmouas
puOOPHI, TIPOBEPSiiTe coOMOAeHNe HOPM Harpy3ku (padouee HaANpsDKEHHE KOH-
AeHcaTopa, MaKCUMAaTbHBIN TOK A KaTyIIeK MHAYKTUBHOCTH U T.IL.).

. COOpKy »IeKTpHUecKol IIeNN BeJUTE 10 Kowmypam, HAUWHAS ¢ OCHOBHOIO (co-
AepXKallero MCTOUHHUK NMHUTaHWS), MyIbTHMETP, o0pasylomuid BCIIOMOTaTeNbHbIN
KOHTYP, IIOAKIIOUAITE B IIOCIIEHIOK OUepeab.

. Tomvko nociie nposepku yenu npenooagamenem MOKHO BKIIOUATh MICTOYHUKH ITH-
TaHWA.

. JLns mpoBefieHns MIOOBIX TIePEKIIIOYEHNH B IIeNH HEOOXOAUMO OTKIIFOYMTH MCTOU-
HUK ITUTaHUs, YTOOBl 130e3XaTh KOPOTKOIO 3aMBIKaHWS yUyacTKa IeTIH.

. B noaxmoyeHHON K MCTOYHMKY HAllpsDKEHW LeTIM He KacalTech HeW3OIHMpOBaH-
HBIX METaJIMYeCKIX KOHTaKTOB.

. OTKIrouaiiTe NMATAaHKE 110 OKOHYAHWH W3MEPEHMIA.

. Ilepen pazbopkoii 11N IpoBephTe, YTOOHI 6ce MPUOOPHl Ha pabodeM cTolie OBLIN
BBIKITFOUEHEL






14 — KHOIKM yCTaHOBKH ITOCTOSTHHOTO HAIIPSKEHNS |

15 — MHAMKATOp MOCTOSHHOTO HAIPSKEHNS Ha BEIXOJE PETyIHPYEeMOro Hc-
Tounuka «0...+15 B»

16 — crabunu3npoBaHHOE HATIPSLKEHME «+15 By, MakcHManbHO JOIyC-
THMBIN TOK 0,3 A;

17 — HyneBoi BEIXOZ (3eMIIA),

18 — crabunusnpoBaHHOE HATIPSLKEHNE «—15 By, MakcHManbHO IOy C-
THMBIN TOK 0,3 A;

19 — KkHONIKa UCXOMHON YCTAHOBKH OI0Ka M€ HEPATOPOB:
BBIXOZHOM CHTHAN MCTOYHHKA MTOCTOSIHHOTO Hanpspkennd (12) — 0 B;
BBIXO/IHOM CHTHAT Te€HepaTopa CUTHAIIOB CTeHANbHOM GOpMBI — CHHY COMaNb-
HBIH, gacToTa 500 11, amromuTyAa BeIxoaHOTO curHania (9) 0 B;

20 — BRIKITIOUATENb MMUTAHNA («CETI» )

I'enepaTop curnajioB cnenuaabHoii ¢gopmbl (I'CCD)

['enepatop (cm puc. 1) mpegHazHAueH IS TOTYUYeHUs CUTHANA JacToToi or 0,05
1o 20 k['11 paznuuHOi GOpMBI M aMITTUTYIHL [ 'eHepaTop MOXKET BHIaBaTh TPHU BUIA
CUTHANA. CHHYCOMANbHHIN (amrumryaa —15..+15 B), OumonspHele UMITyIbCH (aM-
wmtyaa —15...+15 B, mupuHa uMITyIibca paBHa TIOJTOBHHE TIEPHUOIA), YHHUTIOISPHLIE
umMiyaberl (0...+15 B, mmpuHa WMITyJIbca paBHA TIONOBHHE TEpPHOAA). Y CTAHOBKY
hbopMBI cCUTHATA OCYIIECTRISIOT KHOMKaMK 8. YacToTy BRIXOJHOTO CHTHANA (BHIXOZ 9)
PEryIHUPYIOT KHOTIKaMK 11, a aMiuiuryay — KHornkami 10. 3HaueHre 4acTOTHl CUTHATa
oTobpaxkaeTcss Ha HHAUKaTope S. JIJs Mony4eHns cTabUiIbHOTO M300PakKeHNs CUTHAIA
Ha ocITUIorpade B TeHepaTope MpeayCcMOTPEHBl UMITYIbChl CHHXPOHM3AINH (TIPSIMO-
yTOJIbHBIE, 3aIaHHOM YacTOTHI, aMIUTUTYAoM +5 B, mupnHa uMITyJibca paBHA TTOJIOBH-
He Tleproia), KOTOPBIe MOXKHO CHUMATH ¢ BHIXOZA 7.

['enepaTop MMeeT 3amUTy OT MEpPEerpy3ku M MHAMKATOPH Ieperpy3ku 1. B
cliydae cpabaThBaHWS JIIOOOr0 M3 MHAMKATOPOB IMEPErpy3Kd HEOOXOAMMO BBIKITIO-
YUTH ONOK W BHISICHUTH IIPUIMHY cpabaThIBAHUSA: TIPOBEPUTH CXEMY, YMEHBIINUTE pe-
TYIUPYEeMOe HaIPSIKEHHE.

HcTounuku noctosiHHoro Hanpsizkenus (M11TH)

VICTOUHMKH TTOCTOSTHHOTO HATIpsDKEHUS (M puc. 1) mpemHa3HaueHb IS IOy -
YeHUS cTa0WIM3UPOBAHHOTO TIOCTOsHHOTO HampstkxeHns —15 B, +15 B (Heo6xonmmo
1 paboThl MHTETpaTopa TOKa, BaKyyMHOM TaMITEl U faTunka XO0Ja), U peryiupye-
MOTO MOCTOSTHHOTO HanpspkeHud 0...+15 B, kotopoe perynupyroT KHoIKamMu 14.

W cTouHMKH MMEIOT 3aIUTY OT MepeTrpy3Ku U MHAWKATOPH Meperpy3ku 2, 3, 4.
B cnyuae cpabaTeiBaHUS THOO0TO M3 MHAUKATOPOB IMEPETPY3KH HEOOXOIUMO BHIKIIO-
YUTH OJOK W BHISICHUTH IPUIMHY cpabaThIBAHUS: TPOBEPUTH CXEMY, YMEHBIINUTD pe-
TYJIUPyeMOe HATPSIKEHHE.









[Tpn ncnonkr30BaHMK MPUOOPa HEOOXOAUMO COOIIOAATE CIEAYIONINE MPABHJIA:

1. I[lepen BpaleHHEM MEPEKITIOUATENS PEKUMOB IS BEIOOPa M3MEPSAEMON BEITUIHHEIL
OTCOEAVHHTE IIPOBOAA OT CXEMEL
2. Ecnu 3HaueHHe W3MepseMOl BeIIMUMHEI He W3BECTHO 3apaHee, YCTAHOBUTE Iepe-
KIIIOUaTeNbh PEKUMOB B NIOJIOKEHHE, COOTBETCTBYIONIEE HAMOONBIIEMY 3HAUEHHIO.
3. IloseneHne Ha fAuciuiee LUPPH «1» yKa3BBAET HA TO, UTO CIEAYeT YBEIWIUTh
IMATa30H W3MEPEHUN.
Brumarnue! Eciiy TONOXKEHNE TIEPEKNIOUATENS PEXIMOB He M3MEHSIOT B TEUCHHE
40 MUHYT, MyJIBTUMETD aBTOMATHMUECKH BBHIKIFOUaeTCs. JId IpomoikeHusa paboTsl
HeoOXOIMMO ABAKIBI HAKATH KHOTIKY 2 (cM. pHc. 3).

H3Mepeuu € HanpAaMHCceHUA

[Topcoemmuante opun mposos K Bxoay COM (cum. puc. 5), BTopoii k BXoxy VE2.
Y CTaHOBUTE TIEPEKIIOYATENb PeKIMOB (CM. prc. 4) B ronoxkenne Ve (o0macts 1) ams
M3MEPEHHS TIOCTOSHHOTO HATIPSIKEHNA NI B TIonoxkeHne V~ (obmacTs IT) ams m3me-
pPEHHNS TIEPEMEHHOTO HAMPSKEHWS ¢ YUeTOM TpedyeMoro AuanazoHa HM3MepPEeHMI.
[ToncoenHUTE MPOBOAA K TOUKAM ANEKTPUIECKON 1N, MEKAY KOTOPHIMHA M3MeEps-
eTCs HalpsKe HIE.

JIMana3oHbl  M3MEPEHWS TIEPeMEHHOTO M IOCTOSHHOTO — HAMpSKeHHs
U=0,2; 2; 20; 200, 700 B. ITorpemnocTh M3MepeHNUH cocTaBiseT 1,2 %o.

H3reperiue mora

[Toacoenunute oauH MpoBo kK Bxoay COM (cM. puc. 5), BTopoif K BXoay mA
(A) wm 10 A (g m3MepeHns OONBIMNX TOKOB). Y CTAHOBHUTE TIePEKITIOUATETh PEKI-
MOB B TIONOKEHNE Am IS M3MEPEHHA MOCTOSHHOTO Toka (cM. puc. 4, obmacTs V)
WM B TIONOXKEHHE A~ ST M3MEPEHNUs TIepeMeHHoro Toka (cm. puc. 4, obmaacts [V) ¢
yaeToM TpebyeMoro AuanazoHa u3Mepenuit. [logcoequanTte mpoBoAa K TOUKAM B K-
TPUUECKON LEMN, MEXIY KOTOPHIMHU M3MEPSAETCS TOK.

JlnanazoHel u3MepeHud nepemMenHoro Toka = 20; 200 mMA; 10 A, TOCTOSAHHOTO
Toka I = 2; 20; 200 MA; 10 A, ITorpemHOCTE M3MEPEHNN cocTaBIsgeT 2 %.

HS‘MQPQHH e conpomusiieHun

[Toacoenunute oauH mpoBoAd K Bxoay COM (eM. puc. 3), BTopoii k Bxoay V2.
YcTaHOBUTE TIEPEKIIOUaTedh PEKUMOB B MogokeHne (2 (cMm. puc. 4, obmacts VI) ¢
Y4eTOM TpeOyeMOro auana3oHa W3MepeHuid. [loficoeAnHNTE TIPOBOa K M3MEPSEMO-
My COITPOTHBIIEHHIIO.
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Padora Ne 1

NCCIEJOBAHUE 3JIEKTPOCTATHUECKOI'O I1OJIST
METOJ0M MOJE/JIITPOBAHIS

[MEJIb: mocTpoeHMe KapTHHBI CHIOBHIX JTMHHUNW U SKBHUIIOTEHI[MAILHBIX TOBEPXHO-
CTell MCCIeMyeMOTo BIEKTPOCTATHIECKOTO TIONS, ONpeieNieHne HalpsKeH-
HOCTH MCCIETY eMOM TOUKH TIOTS.

OBOPYJIOBAHHWE: reHepaTop MOCTOSHHBIX HATPSKEHUH, CIabOIIPOBOAAINAs TUIa-
CTHHA C BMEKTPOAAMHU, 30H, CTPETOUHBIM BOTLETMET).

B rRegenmne

DONeKTpUUecKril 3apsaj] cO3aeT B OKPYIKAIOIIEM MPOCTPAHCTBE TI0JIE — OCOOYIO
dopMy mMaTepun, TMOCPEACTBOM KOTOPOM OCYIMECTBISIETCS B3aUMOAEHCTBIE MEXKITY
BIEKTPUIECKUMH 3apsyiamMi. [[pocTpaHCTBO, B KOTOPOM €CTh 3IEKTPUUECKOoe TOIE,
ABISETCA OONACTHIO MPOABIEHUS SNEKTPUUECKUX CUIl. DIeKmpocmanmiiyeckoe noje B

KEl}KI[Oﬁ TOYKE XapPaKkTCPpHU3YeTCA 3HAUCHIIMH HAHPANCEHHQCIHU En nomenyuaia @,

KOTOPHBIE ABISIFOTCA CHIIOBOM M sHepreTHUeckol XapakTepuUCTHKAMK TIONS B JaHHOM
TOYKE.

DIeKTpHIecKoe IoJIeé MOKHO M300pasuTh IpadWIecKu ¢ TIOMOIIBIO CHIOBBIX
nuHnAi. Curosas munua — 3TO TUHAL, KacaTelbHas K KOTOpoH B KaxkaoH Touke cORMa-
JaeT ¢ BEKTOPOM HAIPSKEHHOCTH 3IEKTPHUIECKOro 1omd. CHIOBLIE THHUH HE TIepe-
CeKaroTCs, Tak Kak HANPAKEHHOCTD OIS B KaKA0H TOUKe UMEeT OZHO OTpeAcIeHHOE
HanpapneHne. Jma rpadgmaeckoro m3obpaKeHHs OIS MOKHO HMCITONB30BaTh JTHOO
CIJIOBHIE IMHHUH, JTHOO HKBUMNOTEHITMATBHEIE TTOBEPXHOCTH. DKEUNOMEHYUANbHOT NO-
BepXHOCHbIO HA3BIBAIOT FeOMETPHUIECKOE MECTO TOUEK OJMHAKOBOTO TOTEHITHANA.

- Ha pwmc. 1 rmoxazaHel CHIOBHIE
Q| | / (CTITOIMHEIE) W SKBHITOTEHIIMAILHEIS
(Iy HKTHpHBIE) JNHHWH 3I¢KTPOCTATHIC-

CKOTO TIONS, CO3MaHHOTO 3apsKeHHOM
TUIOCKOCTBIO M TOUEUHBIM 3apsioM. ODK-
BUIOTEHITMAbHEIE THHUH U300paKeHB B

0 CEUCHMH SKBUIOTEHITHATBHLIX TIOBEPX-
HOCTEH IUIOCKOCTBIO YEPTEka. IKBUIIO-

—\Ps TEHITMAIbHEIE TIOBEPXHOCTH TIPOBOMST C
OJIMHAaKOBHIM ImaroM A¢. Kak 1 CHIOBEIE
JTUHAM, OHM HE TIEPECEKalOTCs, Tak Kak
0, ? Kaxgoif Touke TIONST COOTBETCTBYET

TOJNBKO OJTHO 3HAUEHHE ¢,

0y EP|

Pue. 1. Kaptuna SKBUNIOTEHIMANTBHBIX 1
CUTORKIX TTIHI Ilepememiennie 3apsga BAOIbL HK-
BUIIOTEHIIAAIBHON MTOBEPXHOCTH He Tpe-
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6yer coepieHAI padboTr: 4 = -A¢@ =0, Tak kak Ag = 0. C Apyroi cTOpoHEL, pado-
Ta CUIEL I Ha 3IeMeHTapHOM IepeMeIe HAN df

2
Asz-dZ-cosa, (1)
1

OTKyJa creayeT, uto mpu I = 0 u df = O Benmunna cos a = 0.

TO 03HAYAET, UTO AEHCTBYIONMAA HA 3apSyl CHla TEPIEHANUKYIIAPHA TepeMe-
MIEHWIO BOJIb ITOBEPXHOCTH PABHOTO TOTeHIMAana. CleioBaTenbHO, CHIOBLIE TUHIAN
MepTe HAMKY ISIPHEL TI000H SKBUIOTE HIMATBLHON MOBEPXHOCTH (puc. 2).

\di E

\

\ Puc. 2. PacrionosxeHne CHIOBBIX (CTUIONTHAS)
\(p=const

U SKBUMOTEHIMANBHLIX (ITyHKTUpHAS) THHAN

CBs3b MOTEHIHANA C HaIIpAKCHHOCTEIO TIOIE B JaHHOM TOUKE BEREIPpAXKACTCA CO-
OTHOHOICHHEM

—

E=—gradp, (2)
TIe
gmdgo:d@;qtd 3+d¢)_k.. (3)
dx dy dz

I'paduenm gynxyu @(x,y,z) ecTb BEKTOP, HANPABIEHHHI B CTOPOHY MaKCH-

MAILHOTO BO3pAacTaHMs STOM (QYyHKIMH, MOAYIL KOTOPOTO DPAaBeH IIPOM3BOJHOU

(PYHKITIH ¢ IO TOMY e HAlpaBIeHMIO:

d = —_— ) 4
graag / 1 4

T7¢ 77 — eNMHNIHAS HOpMaNb K SKBUITOTE HITMANHHOH TTOBEPXHOCTH.

Taxum o6pazom, U3 BelpaxkeHu (2) u (4) ClenyeT, uToO 6eKmop HaANPAICEeHHO-
cmu AMEKTPOCTATHYECKOTO TIONS B KaKAOM TOUKE UMCIEHHO paBeH OBICTPOTE M3Me-
HEeHMS TIOTEHITHATa BIOIb CIIOBOH TMHIHT W HATIPABIIeH B CTOPOHY YOBRIBAHWS TIOTEH-
IV ENER

EF=-224. (5)

MerToORTn> M CcCCneJgJoBRAaddH4qa I o0 I 4

[Tpu KOHCTPYUPOBAHMH MHOTHX 3IIEKTPOHHBIX MPUOOPOB TpedyeTcs U3ydueHue
BIEKTPOCTATUUECKOTO TONA B TPOCTPAHCTBE, 3aKMIOUEHHOM MEKIY SIEKTPOAAMIN.

HBquTB ImoJje — 2TO 3HA4YWT OIIpe[eJINTE B Ka}KI[Oﬁ ero Touke 3HAUeHUI £ 1 Q. Teo-

pCTH[ICCKHﬁ pacueT En ¢? BO3MOMKCH JIMIIE B CIIyUaC HOHCﬁ, CO3JaBacMBIX 3IJICKTPO-
JamMH HpOCTOﬁ KOH(IZ)HI'ypElHHH. CIOXHEIE SNCKTPOCTATHYCCKHUEC TIOIA MCCIICAVEOT
SKCIICPHMCHTAIIBHO.

20



JIs W3ydeHns Mmoieil MCIONB3YIOT SKCIEPUMEHTATbHBIE METOABl MX MOJEIHPO-
BaHWsA. OIMH W3 HMX OCHOBAH HAa MPUMEHEHHWH CIaOOIPOBOASINEH TIACTHHEBI C BIIEK-
TpoAaMi. DIeKTPOCTATUIECKOe TIOJIE 3aMEHSIOT AIIEKTPUIECKUM ITOJIEM, B KOTOPOM Ha
3IEeKTPOABI TOJAIOT TaKMe e MOTEHIIHANB, KaK U B MOAeINpyeMoM rone. HecMoTps
HA JIBIKEHNE 3apsDKeHHBIX YacTWII, TUIOTHOCTH 3apsioB HA BJIEKTPOAAx IOCTOSHHA,
TaK KaK Ha MeCTO 3aps/IOB, YXOMAIINX IO cIaboMpOBOAAIIEH TUTaCTUHKE, HEIIPEPHIBHO
MOCTYTIAIOT HOBBIE. [[0ATOMY 3apsiAbl SIMEKTPOIOB CO3AAIOT B MPOCTPAHCTBE TAKOE e
3IeKTPUUECKOE T0JIe, KaK M HEeTIOABIIKHBIE 3apsiibl TOM K€ TUIOTHOCTH, & 21eKmpoovl
SIBIIIOTCS 9 KEUNOMEHYUATb HBIMU nogepxrocmamy. VIcTIoNb30BaHKe TIIACTHHBL TI03BO-
JSeT MPUMEHSITh TOKOM3MEPHUTENbHEIE ITPUOOPHL, OoJee MPOCThie M HAAEKHBIE B pado-
T€, UM BJIEKTPOCTATUIECKHE.

[Ipu nccneqoBaHUM MO HAXOA MM TOJIOKEHNE SKBUIIOTEHITHATBHBIX TIOBEPXHO-
CTel, MCTIONB3YS AN M3MEPEHNA MOTEHINAIOB TOUEK IO METOA 30HAa. DNeKTPH-
YECKHUI 30H] NIPEACTABIAECT COOOU OCTPOKOHEUHBIHN IMPOBOAHNK, KOTOPBIM ITOMEIAO]
B Ty TOUKY, [7l€ HYKHO M3MEPHUTH MOTEHINAN. B MpoBOAAIIEH cpefie TOTEHIIUAT 30H-
71a paBeH MOTEHIANY UCCIeAYyEeMOU TOUKH TTOJISL.

[TonyueHHast KapTHHA HSKBUINOTEHIMANBHBIX MTOBEPXHOCTEN HMCCIEAYEMOTO TIONA
TIO3BOJISIET MPOBECTH CHIIOBBIE JIMHUK (OPTOTOHANBHO MOBEPXHOCTSIM) M BEIUMCITUTH
3HAUEHNE HATPsKEHHOCTH E B M060# Touke 1o gopmyne (5), Kak cpefHee 3HaUEHNE
Ha y4YacTKe JIIUHBL A#:

Fr |A(0|:‘791_¢2, (6)
|An| An
“Ae ¢u U ¢p — TOTEHLMANEl COCEAHMX ASKBUIIOTCHIMAIBHBIX IIOBEPXHOCTEH, An —
KpaTJaiilliee paccTOsIHHE MeKIy HUMH (110 HOPMATIH).
B HacTogamel pabore AN M3y4YEHHA SIEKTPOCTATHUECKOIO II0JS MCIIONB3YIOT
Memoo crabonposooauett NiacmuHbl.

OnmwucaHsuHMUE Yy ¢ T a H OB K H

JIns wccnenoBaHWs BIEKTPOCTATHUECKOTO IONS COOHMPAIOT 3IEKTPUUECKYIO
IIeTIh TI0 CXeMe, MIPEACTaBIeHHOM Ha puc. 3.

Ecnu 30HA 3 MOMECTUTH B IPOM3BOIBHYIO TOUKY IUIACTHHHL 5, TO CTPEIOUHBINA
BOJIBTMETP | MOKaXKeT 3HAUEHWE MOTEHIHANA TI0JS B ATOM TOUKe, N3MEPEHHOE OTHO-
CUTENIBHO 3MIEKTpoAia 2, TIOTEHIMAl KOTOPOTrO IMPUHHUMAETCS PaBHBIM HyIO. COBO-
KYyITHOCTb TOUEK MCCIEeNYEeMOTO TIOJS ¢ TaKHUM K€ 3HAUEHHEM TMOTeHIMana odpaszyel
SKBHUIOTEHIIHATBHYIO TOBEPXHOCTb.

[l opsamokx BHINIOIHGEHUSI pabdoTH
3aoanue. IlocTpoeHre KapTHUHBI JIMHUN 3IEKTPOCTATUYECKOTO TIOTIA.

Buunmanue! JIna BoITIONHeHW paboThl HEOOXOAMMO IMPHUHECTH B J1abOPaTOPHIO
JTUCT MWLTUMETPOBOI Oymaru popmata A4 (210x297).
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Boinonrenue uzmeperiuii

1. Ha nauct smnmmumerpoBoit OymMaru HaHecHTe KOHTYPHI 3IEKTPOJOB (B HATYypallb-
HYIO BEJIMUMHY ) U KOOPJAMHATHYIO CETKY, WJISHTUUYHYIO MMEIOIIelicd Ha YCTaHOB-
Ke.

2. Colepure »IeKTPUUECKYIO CXE€MY, IOKa3aHHYIO Ha PUC. 3, MOJKIIFOYMB BXOJBI
Oroka MoJIENMpPOBaHUA MOJIEN COTTIAcHO pHUc. 4.

1 ) Puc. 3. DnexTpudueckas cxema HcclleJoBaHIAA
Q// 3IEKTPOCTATUUECKOTO TTOJIA:
1 — cTpenoYHBI BOIBTMET];
'3 2, 4 —3IeKTPObL;
2 4 3 —30HI,
5 5 — cnabonpoBoAdAlad IIacTHHA,
H% -] 6
( F § 6 — BXOJABI JUIA IOAKIIFOUeHNS OJIOKa
| 8 MOJIETTUPOBaHUA ToJel (puc. 4)j
| | 7 — 610K MOJIeTTMpOBaHuA TONeH;

8 — perynupyemblii HCTOUHUK MOCTOSHHOTO
HanpsoreHud «0...+15 By

:r----

EY" Puc. 4. Bxoae! ais moJKnoueHns Omoxa
MOJIeIMPOBaHU4 TToei:
1, 3 — BXOOEI 4719 ITOMKITFOUEeHIII
5 O 3 DPETyJHPYeMOTO HCTOYHHKA TIOCTOAHHOTO
A Hanpsoxenus «0...+15 By,
< 2 — BXOJ1 471 MOJKIIFOUCHHA 30H/a,
4, 5 — BXOABI A1 TOJKITIOUEHNA CTPETIOY-
HOT'O BOJIbTMETPA

*-0

3. Bxmounte xHOmKo# «CeThb» muTaHue OJIoKa TeHepaTOPOB HANpMKeHUd. Haxmm-
Te KHOTIKY «McxoHag yeTanoBkay (1103, 19, cm. puc. 1 Ha cTp. 6).

4. Kacasich sMeKTpoJ0B 30HJ0M, ONPEAENUTe, KaKOH 3/IeKTpo]] UMeeT HyJeBOl mo-
TEHITHATL @y .

5. Knonkamu ycraHoBkd HampaxkeHud «0...+15 By (mmo3. 14, cm. puc. 1 Ha ¢. 6), yc-
TAHOBHUTE MOTEHIMAN APYTOro 3MeKTpoJa @ (110 33aJJaHMIO MIPETOJaBaTeNd), KOHTPO-
JIAPY S €0 BOIBLTMETPOM. 3HAUEHWSA IOTEHIUAJIOB 3JIEKTPOJOB YKaXNTE Ha KapTHUHE
nong. Takxum obpazom, HaliieHH JIBe SKBUNIOTEHITMAITLHBIE TTOBEPXHOCTH.

6. BriOepure Takoif mar usMepeHud moTeHIHana 30Ha A@, 4ToOkl Ha KapTUHE To-
719 MOXHO OBINTO IIOCTPOHUTHL IO 3aJaHuI0 mpemnogaBaTensd N (5...10) skBHIIOTeH-
MUAILHBIX JIUHUH.

Ap =@/ (N+1)

7. OKomno »neKTpoja ¢ HyJIeBEIM IIOTSHIIHAIOM HalfJUTe TOUKY IIOJIA ¢ IOTEHIHAIOM

O1=@oTA@ 1 HaHecuTe €€ Ha KapTUHY Iojd. [lepemelas 30HA 110 BCeMy IOJIHO,
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OTIpeZIeNINTEe KOOPAMHATEL HE MEHEE BOCHMHI TOUEK, MMEIONIHX TOXE 3HAUEeHHE T10-
TEHI[Mala, 1 HaHeCUTe MX Ha MIWLIUMETPOBKY. /14 nepsoti u nocieduet 3Keuno-
MeHYUARbHLIX JUHUT HatiOume no 2—3 mouky 3a snexmpooami!

8. CoeguHWTE TOUKM OJIMHAKOBOTO MOTEHIMANa IUIaBHOW nruHKeld. Ha kapTuHe mons
yKaKUTe 3HAUeHKEe MTOTeHIaNa JaHHON IMHAN.

9. IlpoBenure M3MepeHUd IO IIL 7, 8 AN KaXKAOW MOBEPXHOCTHM PABHOIO IMOTEH-
mana ¢.

ObpabomKa pe3yiomanios umeperii
1. ITocTpoiire TpaduK 3aBUCUMOCTH TOTEHITHANA OT PACCTOSHUS OT 3IEKTpoaa ¢ Hy-
JIEBBIM TIOTEHITHAIOM ¢ 7).

2. Ha xapTuHe uccaeayeMOoro oS TTOKaKUTe CHITOBEIE JTMHIH.

Jist ABYX, TpeX ToueK Tons (BHIOPaHHBIX B OONMACTSIX ¢ Pa3IMIHBIM HAKIOHOM
rpacduka @(r) K OCH #) pacCuMTaiiTe 3HAUEHNE HAMPSTKEHHOCTH AIEKTpOCTaTHUe-
cKoro ToJs 1o popmyie (6).

4. B BrIBOfIE TIO paboTe caenaifTe aHaIN3 UCCIEAYyEeMOTO MO BEIICHUTE, TJ€ Paciio-

naraetcsi o6nacTh 0oJee CHIBHOTO IO M 4YeM OHa BHIAENACTCS HA KapTHHE TIONS
1 Ha rpaduke ¢r).

KoHTponbsbHBHBE BOIpPOC H

'y

. Jlaiite omnpenenenne SKBUMOTEHIMAILHOM ITOBEPXHOCTH. KaKOBEI ee cBolicTBa?

. HazoBure cBOlicTBa CHIIOBBIX JIMHUH TIOTIA.

3. OT dYero 3aBUCHUT cWla, [JEWCTBYIOWIAsA Ha 3apsi B AIIEKTPOCTATHUECKOM IIOJE
(OCID?

4. Yro xapaxrepHo Ansa ogHopogHoro OCII?

) =

5. 3anuIinre YPaBHCHHE, CBA3BIBAIONICE BEIIMIYMHEI En Q.

6. Kax HampaBneHsl BeKTOpH E, F', grad@ W ycKOpeHMS YacTHUIlLl &, ABWKYIecs

B OCII?

7. Kax poBOIAT 3KBUITOTEHIMANIBHEIE 1 CUJIOBBIE IMHUKA Ha KapTHHE HCCIIENyeMOTO
oIS ?

8. Kak ompenenstoT HanpaBleHHEe CWIOBBIX JTWHHM, WCIIONB3Ys CBOMCTBA BEKTOpa
rpafyieHTa MoTeHImana’?

9. Kaxum obpazom B paboTe HaxXoOAT HANPSIKEHHOCTh B TOUKAaX MCCIELYEMOIO
OCII?

10. Ykaxxure Ha3HAUEHHE MYJIBTUMETPA B AIEKTPUUECKON LIETIH.

durtepartTyopa

1. Hetnad A.A., SABopckuit BM. Kype duzuxku. — M.: Bricmiag mkomna, 1989. — §§
13.3,13.4, 14.1.
2. KamamaukoB C.I'. OnextpraectBo. — M.: Hayka, 1977. — §§ 8, 9, 13, 19, 20, 62.
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Padora Ne 2
OITPEJAEJIEHUE EMKOCTHU KOHJIEHCATOPA

I[MEJIb: o3HaKOMWUTHCS ¢ METOAAMH M3MEPEHHS ANIEKTPUUECKON eMKOCTH KOHZEHCATO-
paC.

OBOPYJIOBAHHE: renepaTop HaIpsLKEHWH, MYJIBTHMETPH, MUHUOIOKH «MHTe-
rpatop Tokar, «Kiouy, «KoHmeHcaTop» sTaloHHOW emKkocTH, «KoHzaeHca-
TOP» HEM3BECTHOM €MKOCTH.

B Be genmne
HamepeHne eMKOCTH KOHAEHCATOPa MOMKHO OCYIIECTBUTH Pa3IWIHBIMM METO-
namMu. B maHHOM paGoTe B OCHOBY M3MEPEHMS €MKOCTHM ITOJIOKEHO COOTHOIIEHNE

MCKAY 3apAnoM KOHACHCATOPAa Q, €ro eMKocThIO C 1 Pa3HOCTRIO IIOTCHITUAIIOB U nHa
O6KJIaIIKaX KOHACHCAaTOopa.

@=CU (D

MerToORTH> U 3 M¢E p € HH I

MeTon M3MepeHHs eMKOCTH KOHAEeHcaTopa BKIOYaeT B ceOs IpafyHupOBKy HH-
Terparopa TOKa, OIpejeieHNe HEM3BECTHON eMKOCTH ABYMs METOAAMH, KOHTPOIb
TIPaBWIBHOCTH Pe3yJbTaTa IPafyHpOBKH IyTeM M3MepeHHsa emkocTH C Oarapen 3
IBYX KOHJIEHCATOPOB M3BECTHOM € MKOCTH.

B manHoli paboTe A1 M3MepeHNA 3apsna MCIIONb3yeTcsd MHTerpaTop Toka. [Ipn
5TOM BeJIMYMHA 3apsfa, MPOIIEAINEro 4epe3 Hero, IPOINOpIHOHAlbHA IOKa3aHIIO
BonbTMeTpa U -

Q=VUim @)
Iey — IpagyyupoBOYHAs MTOCTOSHHAS MHTETPaToOpa.
Pacuetnyio popmyny Ang m3MepsieMoit eMKOCTH HalfzieM, HCTIONE3Y s paBEeHCTRA
(Hu2): C=yUpa'U (3)
OmnpezieneHne TPagyupOBOYHON MOCTOSHHON (TPaJyrpoBKY IpHOOpa) BHITION-

HSEOT Tak¥ke ¢ MOMOINEIO HGOpMyIEL (3), TPOBOAS M3MEPEHUS TSI STATOHHOTO KOHIEH-
caTopa ¢ m3BecTHOM emkocThio C, . [Ip AToM BHIpakeHNe

y=C.U. ! Ujpm (4)
TIO3BOJIAET paccqmaTL BCJII/IEII/IHy '\( (BCJII/].TII/IHBI C MHICKCOM «3» OTHOCATCIA K H3ME-
pCHI/IﬂM C 5TaAJIOHHBIM KOHI[CHC&TOpOM).

JIs1 IpoBepKM TIPaBIIBLHOCTH IPaAyUPOBKH IIpUOOpa HEOOXOAMMO C €ro Io-
MOIIIBEO ITpOBCCTI/I I/ISMepCHI/IC KaKoH-TMOO M3BECTHOM €MKOCTH. HJIFI STOTO MOIXKHO
HCTIONIBb30BAaThL €EMKOCTD, IMMONIYUYCHHYIO ITYTEM COCAMHCHIT JIBYX KOHACHCATOPOB C 5 41
C ., TIpeABapUTENIbHO M3MEPHUB HEM3BECTHYIO eMKOcTh C . CpaBHMBas M3MEPEHHOE

SHAYCHNEC €MKOCTH COCAMHEHHBIX KOHACHCATOPOB C sien © PACCUHUTAHHBIM ITI0 W3BECT-
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Il opanxox BHIINIOIHSEHMTI pabdoTH

Buvinonnenue uzmepenut

1. Cobepure 31eKTpUUECKYIO 1ETIH 110 CXeMe, IIPUBEAECHHON Ha pUc. 2, TOAKIIO-
ynB KoHzieHcaropsl C. 1 C, mapaJule/ibHO. 3HaueHNe 3TAlIOHHON €MKOCTH

C, zanuimnre B TabIuLy 1.

Bxmounte xHonkamu «CeThy» IHTaHWE OJOKa T'€HEPaTOpPOB HANPSKEHWA W
omokxa MynbTUMETpoB. Haxkymre kHOTIKY «McxomHas yecraHoBkay (1mos. 19, cm.
puc. 1 Ha c1p. 6).

3apsaauTe KOHIEHCATOPEL, AJI 3TOTO:

a) AeMIpUPYIOMNIA KITFoU S5 yCTaHOBUTE B nonoxkeHune «COpocy;

0) mepexmouarens 2 (TyMOnep) yCTaHOBUTE B TIOTOKEHHE « Ay,

B) M3MEHSS HaNpsDKEHHE 3apsAAkd KOHAeHcaTopa KHOIKaMHM YCTAHOBKH Ha-
npsoxkeHnd «0...+15 By (1o3.14, puc. 1, ctp. 6), ycraHoBure ero He Gonee 2 B
(oTCUeT Mo MyIbTUMETPY 9).

Paspsanure 3apsxeHHBIE KOHAEHCATOP Yepe3 MHTErpaTop, A 3TOro:

a) pa3OMKHUTE AeMIPUPYIONTAN KoY 5,

0) TepeBeaUTE TIepeKTIOUaTenhb 2 B MonokeHne «By. Ecnu mpu 3ToM 3aropur-

Csl MTHAMKATOP Meperpy3Ku y MHTerpaTopa TOKa, YMEHBIINTE HalpsKeHNE 3apsifl-
K1 KOHJEHCATOPOB. 3allOMHNTE TTOKa3aHWs MyJIbTHMETPa 8 HEIOCPEICTBEHHO I10-
clle pazpsiia KOHAeHcaTopa.
5. IloBTopure IMyHKTH 3 ¥ 4 HECKONBKO pa3, MoAodpaB TaKoe HalpsKEHHE 3a-

psanxu (okazaHus MynbTumerpa 9) U

napan ?

TP KOTOPOM HANpsLKeHUE paspsiii-

ki (ToxazaHus Mynbtumerpa 8) U™ coctapmnu 8—10 B (Benuunna, mporop-

IIMOHANBHASA 3apsy KOHAEHcaTopa). 3alWIInTe 3TO HamlpsukeHue B Tabm. 1 u
nanee B Xxoze nabopaTopHoit paboTH He usmeraitme ezo..

Tabnuia 1
OTanoHHBIN Omnpenenenne eMKOCTH
No KOHZEHCAaTOp HewzpecTHbIl CoenHeHne KOHIEHCATOPOB
) C,= kD KOHACHCATOP rapaiielbHoe | TIocIeJoBaTelb-
HOE
U= B U= B Upa= B vu.= B
U win > U B Upm - B U » B
1
2
3
4
5
CpenHee
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6. He mensasa HanpspkeHue 3apsagku U BBINIONIHNATE 5 m3MepeHnil U?“, 3anmcel-

napan ?

Basl 3HAUEHHUS B TadI. 1.

7. Coemmnnure C_u C, nocredoeamenvro. Hanpsokenne U, ocmaesmie paeioim

noecn
U Brmonnaure 5 m3mepennii U 1 3aNnInnTe pe3ynbTaTsl B TadmI. 1.

napan *

8. IIpoBexwure OTHEIBHO M3MEPEHNA BeIWYMHEL U] 1715 3TaJOHHOIO KOHAEHCATOpa
C, n BenmnmuuHEl U AN KOHAEHCAaTOpa HEeM3BecTHON eMKocTH C . BennunHEL
U, u U, ocraores papubimu U, u U, . PesynpTaThl M3MepeHH 3aIliCH-
BAIOTCs B TAOI. 1.

9. Jl14 npoBepKn NpaBIIBHOCTH IPaJyHPOBKH C MIOMOINBIO MyJIbTHUMETpa M3MEpbTe
HEM3BECTHYIO eMKOCTh KoHfeHcaTopa (cM. cTp. 11), pesynprar C, =~ 3anumunTe B
TadJI. 2, TOUHOCTh M3MEPEHNS MYJIbTUMETpa &, = 5%.

10. Brikmouure kHomKaMu «CeTh» INHUTAHKHE OIIOKA Te€HEPATOPOB HAIPSLKEHWS M
610Ka MyJTbTUMETPOB.

Obpabomxa pe3yiomanos usmeperut

1. Ucnione3ys mannbie Tabn. 1, paccumraiite rpayMpOBOYHYIO MTOCTOSHHYIO ¥ ((op-

3
le-na 4) }/ = Cs Us /Uw-xm _cped -
2. ITo ¢opmyne (3) paccunTaiiTe e MKOCTH HEM3BECTHOTO KOHAEHCATOPA
X
Cx _ qum _cped
amen 7/ >
Ux
€MKOCTH IMapasllelIbHO COeIMHEHHBIX KOHAEHCATOPOB
napan
napan __ umm _cped
swcn }/ U

napan

" €MKOCTE IMOCIEAOBATEIIbHO COCMHCHHBIX KOHACHCATOPOB

nocn

nocn __ urn _cped
sen ;V :
U

nocn

Pesynbrarsl pacueToB 3alKchHBaliTE B TadI. 2.

Tabmmima 2
HemspecTHaa eMKOCTE Emxocthb coegunenms C, MxD
C,, MKkD [TapannenbpHOE [TocnepoBaTenpHOE
3KCIIEP. M3MEPEH. BKCTIED. pacueTHOE 3KCIIEP. pacueTHoOe
x x napan napan nocn napan
C3KC}1 CHRM C.?KCY] Cpac Y C3 XN Cpacq
Scwm = 50,,0“ =

3. OueHnTe OTHOCUTENBHYIO MTOIPEIIHOCTD BEIMUNHEL C !
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3., =%, + 5,

om _cped

2
+0,

LR _cped

rac 50 - OTHOCHUTEIIbHAA ITOTPECIIHOCTD 3TaJOHHON €MKOCTH (321,[[3Ha Ha MUHHOJIO-

Ke), O,
UM _cped

PEHITA MYJIIETUMETPOM HAIIPAAKCHIA

=48, =6,=12% - TouHOCTH (OTHOCUTENIbHASI TIOTPEIIHOCTD) H3Me-
om _cped

. Ucrionp3ys 3nauenns emxocreit C, u C. , 1o ¢opmynam Ans MapajielbHOro U

axen ?
TIOCIIE AOBATECIIFHOTO COCIII/IHCHI'If/'I KOHACHCAaTOPOB paccqmaﬁ're
napan __ x
C*=C +C,_ un

pack
x
nocn C3 ) Cmm
pack X
C,+C

3xen

PezynpraThl pacueToB 3alUIINATE B TAOIUILY 2.

5.

Haiigure oTHOCUTENbHOE OTKIOHEHHE HKCIIEPUMEHTATBHBIX 3HAUEHNH OT pacyeT-
HEBEIX B %0

Cnapa}z __ Y napan
6-0 — 3;0:}1(_:”@‘m pack | 1 00%
napan

nocn _ nocn

_ KN pacy . 0
o, = 100%.
pacy

[TonmyueHHBIE pe3yNbTATHL PACUETOB 3AMUIIUTE B TAOIHITY 2.

6.

7.

ConocTaBIsasd 3TH OTKJIOHEHIS ¢ OTHOCHTENBHOM ITOTPEITHOCTRIO M3MEPEHHH &, ,
clenaire 3aKIIOUEHNIE O TOUHOCTH M3MEPEHNIA.
CpaBHHTe pe3yNbTaTH M3MepeHns HensBecTHoM emkocTh (C) u C. ).

M 3xn

KOHTpOJIBHBIe B OII p O C H

. Z[af/'rre OIIpCACIICHMA BEIIMYKMH ¢MKOCTH IIPOBOAHHWKA M KOHACHCATOPA.
. OT KaK¥X BeIMUMH 3aBHUCHUT €MKOCTh IMPOBOJAHHKA 1 KOHIICHC&TOpa?
. Kak m3mMeHnTCcsa eMKOCTh KOHACHCAaTOopa IIpHU U3MEHCHWH TIPOHHUIAEMOCTH AWUSJICK-

TpUKa €, ~ WIM  pAccTOAHMS  Mexny  ofkmaakamMu d B clydae:
a) KOHZIEHCATOp OTKIIOUEH OT MCTOUHMKA ToKa, 0) 6e3 OTKIIOueHIA?

. 3aIMIInTe (l)OpMyJ'IBI AT pacueTa €eMKOCTH TIPH IMOCICAOBAaTCIIbEHOM M ITapallll€iib-

HOM COCAMHCHMAX KOHACHCATOPOB. Kakx m3meHsI€TCAd €MKOCTh B COeIMHEHMH TIO
CPaBHCHHIO C EMKOCTBIO OAHOTO KOHI[CHC&TOpa?

. CpaBHHTE TapaMeTphl (3apsifl, HANpsDKeHHME) OJHOTO KOHIeHcaTtopa M Garapen

KOH/IEHCATOPOB, COEAMHEHHBIX :
a) TIOCTIeIOBaTeNbHO, ©) MapaienbHo.

. Kakyro BennunHy m3mMepstoT MHTerpaTopom? OT 4ero 3aBUCAT NokazaHusd U Ipu-

Hopa?

. UTO TTOKa3bIBAET BEITMUMHA IPaly MPOBOUYHON OCTOAHHON ¥/
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8. Kakue BenmMYMHBI HEOOXOAMMO M3MEPUTH AJIS Ipaly UpOBKH Ipudopa?
9. Kakxne GpopMyIbl UCTIONB3YIOT A OTMpEAeIeHs TPpayUpOBOUHOMN TTOCTOSHHON ¥
€MKOCTH HEM3BECTHOI'O KOoHAeHcaTopa C M eMKOCTH COENMHEHNI KOHIEHCATOPOB

c,..uncC .7

KN pacy

Jdurepartynpa

1. Hetnad A.A., SBopckuit BM. Kype dusukn. — M.: Bricmas mkomna, 1989. — §§
16.2, 16.3.
2. Kanmamnuko C.I'. OnektpuuectBo. — M.: Hayka, 1977. — §§ 31, 32.
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PaGora Ne 3

N3YUEHUE TEMITIEPATYPHOI1 3ABUCIIMOCTHU
COIIPOTUBJIEHIIA ITPOBO/JHIKA 1 ITOJIYIIPOBO/JHIKA

[MEJIL: onpepenenne TemMIepaTypHoro kosdgduimenta conpotusiaeHud ( TKC) npopo-
HIUKa U MHUPUHBL 3alpeIeHHON 30HbI TTOITY IPOBOHIKA.

OBOPYHOBAHWE: perynupyeMblii HCTOYHWK IOCTOSHHOTO HANPKEHWUI, MWUHU-
6noku «HMccrmenoBanue TeMIepaTypHOl 3aBUCUMOCTH COIIPOTUBIEHUA IIPO-
BOJHUKA W TOYIPOBOJHIKA» U «KIFOU», My IbTUMETPHI.

B Be nenmune

[To siekTpUYecKAM CBOWCTBAM BEIECTBa paz3JeNdroT Ha TPH KIIacca: [IPOBOJ-
HUKHW, AUSIEKTPUKN W TONYIPOBOJHUKM. THUMHMUHBIMU TIPOBOJHMKAMH IBIIAIOTCA
Memannst, o6NafaloNMIe MalbIM y/elbHBIM COINPOTHBRIeHHeM — MeHee 107° Om-M.
YaenbHOEe 3MeKTPUUECKOe COIMPOTHUBIICHUE HOAYUPOBOOHUKOE o OOLIUHO JIEHKUT B
Tpeaenax 10°...10™ Omm. MaTtepransl, v KOTOPHIX BeIMYMHA £ OOINbIIe 10™
OM-M, OTHOCATCA K Ouaiekmpuxam. 11oIyIIpoRBoJHUKAMHY ABJIIOTCS PAA 3IIEMEHTOB
III-VI rpyon Tabmumbl snmemenToB .M. Mengeneena (B, Ge, Si1, As, TeuT.1.). a
Taxke OONbIToe YHCTo XuMudeckux coenuaennt (GaAs, GaP, ZnS, SiC u ap.). B 3a-
BHCUMOCTH OT BHEIHUX VCIIOBHIT (TeMIIepaTypa, JaBIeHHE) OJTHO U TO KE BEIECTBO
MOMET OTHOCUTLCS K PazHBIM KiaccaM. Hampumep, repMaHuii mpu TeMIepaType
®ugKoro asora 77 K — QMaNexTpHk, MpH KOMHATHOM TeMIepaType — IMOIYIPOBOJ-
HUK, a XUAKAH (G& — IPOBOJHUK.

Teopua jaer Gonee oOocHOBAHHYIO Kaccupukaio BemecTB. CorlacHO KBaHTO-
BOM TEOPUH 3JIEKTPOHBI B aTOME MOIYT MMETH TOJIBLKO OIPE/IEICHHBIC 3HAUEHUS YHEPIUM,
KOTOPHIE HA3LIBAIOT SHEPTETHUSCKIMI YPOBHAMU. MIMEHHO 3TH YPOBHU TP 00LEIUHEHIN
OTJIETIHHBIX aTOMOB B KPHCTAIUT 00pasyIOT paspeuieHHble dHepeenyeckie 30Hbl. TIpome-
KYTOK, Pa3ASIIIOMAN TaKHe 30HbI, HA3LIBAIOT 3anpeujerHol sonoti (puc. 1). SHepreTuye-
CKad 30Ha CUMTAETCA 3allONTHEHHOM, €T BCe YPOBHM 30HBI 3aHATHI NIEKTpoHaMu. [Ipu
ATOM COTJIACHO TpHHITUIY [Taym Ha OJHOM SHEPreTHUEeCKOM YPOBHE MOXKET HaXOUTHCA
He Oonee JIBYX SNEKTPOHOB, MMEIOINX IIPOTHROIONIOKHO HaMpaBlIeHHLIE CIIMHBL 30HA
CUMTAETCS CROOOHOM, €CIHM HE 3aHATHI BCE YPOBHH ATOM 30HEL.

W
ENEN B
AW AW AW Puc. 1. SHepreTndeckue 30HH.
T O0o3HaYeHNA SHEPTeTHUYSCKIX 30H:
' B3 ‘ B3 — BanenutHas, C3 — coboauas, AW — za-
¢ 4 npemendad. [IITpUxXoBkoW oTMeueHa 3a-
B3/ [0y NpOBOMHHK Hs/| TOMHEHHAs YacThb 30HEI (mpu TemmepaType
T=0K)
JlusneKTpuK [TposonHuk
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Ecnu BaneHTHBIE 3TIEKTPOHBI ATOMOB, OTBETCTBEHHBIE 3a AIEKTPHUUECKHE CBOM-
CTB@ BEMIECTBa, 00Pa3yIoT MOTHOCTLIO 3aMOMHEHHYIO (BATEHTHYIO) 30HY TaK, UTO I10-
CIIEAYIONIAs pa3pellieHHass 30Ha (30Ha IPOBOJMMOCTH) CBOGOAHA, TO BIEKTPOIPO-
BOJHOCTB TaKOTO BeIlecTBa PaBHA HYIIIO, W OHO SIBISAETCA AWAIEKTPUKOM. JelcTBH-
TEJILHO, MPH MPOTEKaHUH TOKA B BEIIECTBE MPONUCXOANT ABIKEHHE SIEKTPOHOB O]
NEeHCTBUEM BHEIHETO AIeKTPUUECKOTrO TIOJA, UTO MPEIONaraeT yYBeIMUeHHe HHEp-
TWH 3JIEKTPOHOB, T.€. Tepexol MX Ha Ooliee BHICOKWI HE3aHATHIM SHEPTeTHYeCKHi
ypOBEHb. JTH YPOBHHU OTCYTCTBYIOT B cllydae 3aIllOIHEHHOM BaJIeHTHOM 30HHI, 4 3Ha-
YWUT, B BEIIECTBE C TAaKOW 30HHOM CTPYKTYPOM SIEKTPOH HE MONKET YCKOPSTHCA
BHEIITHUM 3JIEKTPUUECKIM TTOJIEM.

JI114 Toro, 9TOOH TepeBECTH ANEKTPOHBI M3 BAIEHTHOM 30HHI B 30HY IIPOBOH-
MOCTH, UM CIeAYyeT COOOIIUTh SHEPIUIO, HE MEHBIIYIO, UeM IMMpHHA 3alpele HHOM
30HBL AW. YacTh AIeKTPOHOB MPUOOPETAET 3Ty HHEPIHIO IIPU OOIYUEHHUH BEIeCTBA
CBETOM WM 3a CYET TEIUIOBOTO ABMKEHMA aTOMOB. [Io3TOMY Ipyu OOBIYHBIX TeMmIle-
patypax (7 =~ 300 K) B 30HE IPOBOAMMOCTH €CTh HEKOTOPOE KONMUECTBO 3IEKTPO-
HOB. B 3aBHCHMOCTH OT MX KOHIIEHTPAI[MH BEIIECTBO MOXKET OBITh MO0 AUANEKTPH-
KOM, OO TOINYIIPOBOJHHUKOM, IPUYEM pazIMdne MEXAY STUMH KIaccaMy OIpeze-
J4eTCs 3HAUEHWSAMI IITUPHHEI 3aIlpe e HHOW 30Hb AWV 1 Temmiepatypsl 7. J1s momy-
IIPOBOAHUKOB IIPHU KOMHATHOM Temriepatype AW coctaBmser 0,02 — 2 5B, a qna nu-
3IEKTPUKOB — GonbIe 2 3B.

TemmepatypHas 3aBUCUMOCTH IIPOBOJAMMOCTH TIONYIIPOBOJHHUKOB OIIPEAEIAeTCA
3MEHEHHEM KOHIIEHTpallMi HOCHTENIEH TOKa — BJIEeKTPOHOB, IEPEIIefIINX B 30HY
IIPOBOAMMOCTH. [IpW yBeNIWYEHMM TeMIepaTyphl MX KOIMYECTBO HKCIIOHEHIMAIBHO
BO3pACTAET, MO3TOMY COIPOTHMBIEHNE R YHCTHIX MOIYIIPOBOJHWKOB YMEHBIIAETCS C
POCTOM TeMIiepaTyphl 1 110 3aKOHY

R = A-exp(AW/2kT), (1)
ne A — BenmunHa, cnado 3aBUCSIIAS OT TEMIIEPaTypEl; & =1,38-10_23 JI:x/K — mocro-
stHHasg bonbiMaHa.

[IpoBomAHWKHA UMEIOT APYTYIO 30HHYIO CTPYKTYPYy. BaleHTHBIE AIeKTPOHHI 3a-
TIONHSIOT 30HY NPHUMEPHO HAMONOBHHY (CM. pHC. 1), TIPU 3TOM BIEKTPOHBI MOTY
CBOOOTHO TEPEMEIaThCs MO/l AeHCTBHEM BHEIIIHETO AIEKTPHUECKOTO o BaneHT-
HAasl 30Ha ABIISIETCS 30HOW MPOBOAMMOCTH. B IIPOBOAHNKE KOHIIEHTPALUs CBOOOIHBIX
BIEKTPOHOB HE 3aBUCUT OT TeMIIEPaTyphl — B 3TOM OCHOBHOE OTJIMUKE IPOBOHHUKA
OT TIONYIIPOBOJHHKA W AWANEKTpHKa. J[JIs1 IPOBOAHUKOB 3aBHCHMOCTh COTPOTHBIIE-
HUA OT TeMIIepaTyphl 3HAUMTENBHO crnabee, 4eM sl AMAIIEKTPUKOB. OHA OTIpenes-
€TCSl paccesTHUEM SHEPIHH AJIEKTPOHOB MPH B3aMMOAEHCTBHNA ¢ MOHAMH KPHUCTAJLIH-
yeckol pemeTkd. C pOCTOM TeMIlepaTyphl YBEIWUMBAETCS aMIUIUTYAa KoleOaHWH
HMOHOB, UTO BeleT K CHIDKEHMIO JJIMHBEI CBOOOAHOTO Ipodera 3IeKTPOHOB IIPOBOAM-
MOCTH B MeTaine. [Ipi 3ToM al1eKTpruueckoe CONMpOTUBIEHNE R MMPOBOJHUKOB YBEIH-
YHUBAETCA TI0 TMHEHHOMY 3aKOHY

R=R,(1+a1), (2)
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T7Ie ¢ — TeMreparypa B rpagycax Llembcus;, R, — conpoTureHue npopogunka npu 0° C,
& — TeMIIepaTypHLIH KoahurueHT conporurieHnsd (TKC).

MeTo ngu kx a OImMpeaqgeneHHHn 4d
BenunuuHH TKC mpoBOJHHKAa U M HAUPUAHE
3anpenmeHdHON 30HB MONYVIOIPOBOAHHUKA

YpasHeHue (2) TemrepaTypHOH 3aBUCUMOCTH COIMPOTHUBISHUA NPOBOJHUKA B
KoOpAHHaTaxX R — t m3o00paxaercsa MpaMoil MHHHUEH, VITIOBOH K03 (hOHUITHEHT KOTOPOi
K, = Ry Tlo Bemuuube K} MOXHO onpefenmnTh 3HaueHue TKC mnccmeayeMoro mpo-
BOJIHUKA:

a=Ki/R., (3)
rje Ry — 3HaueHne R npu temieparype 0° C onpenenaioT myTeM SKCTPATIONAINN JIH-
HelHol 3apucuMocTH 1o ¢t = 0° C.

Bemmuuny yrioporo ko3¢pQUIIMEHTa SKCIEpPUMEHTAILHONH 3aBUCUMOCTH TaKKe
OTIPENEIIAIOT 0 TpaduKy WIM ¢ MOMOINBIO METOJa HAaWMEHBIINX KBaJApaToB (CM.
npunoxkeHue 1).

JI7Id IOy IIpOBOJHKWKA 3aBHCHMOCTL COIIPOTHBIIEHUS OT TeMIepaTyphbl HENH-
HelfHad, ToATOMY A4 OmpeeneHns ee MapaMeTPoB UCTIONB3YIOT QyHKITMOHALHBIE
mkalsl In R — 1/7. JelicTBuTenbHO, JoTapudMupy4 ypasHenue (1), monydaem

lnRzlnAJrA—Wl/T. 4)
2k

Ora 3aBucuMocTh InR ot 1/7 gpmgercd nuHelHOW ¢ YIVIOBBIM Koa(dUITHMEHTOM

Ky=AW/2k, 910 TIO3BOJIAET HAUTHU IMUPHUHY 3aIPEIeHHON 30HBI TOIYIIPOBOJHUKA IO
dopmye

AW =2kK;. (5)

Takum obpaszom, g ompefeneud penuundel TKC mpoBogHWKA W MIHAPUHBI

BaﬂpeﬂleHHOﬁ 30HEBI ITIOIIYIIPOBOAHHMKA AW HAOCTAaTOYHO ITOJIVUHTE SKCIICPHUMCHTAIIEHO
TeMIICPATYPHBIC 3aBHCHMOCTH HX COIIPOTHBIICHHA

O o v caHHUe Yy ¢ T a H O B K H

DOnekTprUecKas cXeMa YCTaHOBKH IOKa3aHa Ha pHC. 2, MOHTaXXHasd CXeMa — Ha
puc. 3.

Y 1 — perynupyemblii HICTOUHUK MOCTOSHHO-

N

g1 ro Hanpsskenug (0...+15 B); 2 — amexTpo-

—_ 10 HarpepaTenb, 3 — TepmoIapa, 4, 5 — uc-
T el ©
9

U Puc. 2. DnmexTpuueckad cxema:

ciemyemble  oOpasibl  NMPOBOJHUKA U
R“p RmI MIONYIPOBOAHUKA, O - brmox «Hcceneno-

: BaHUE TeMIepaTypHON 3aBUCUMOCTH CO-
IIPOTUBIEHUS IPOBOJHUKA U IOIYIIPO-
BOJIHUKAY, 7 — IepeKITtoUaTenb, 8§ — Omok «Kimowy; 9 — mmudporoii My IbTHUMETD B pe-
KUME M3MEPEHNA CONpOTUBIeHUA (pedxcum 2 2 kOm, exoovr COM, V2, 10 — nud-

6
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H3mepbTe CONpOTHBIIEHHE INIPOBOAHNKA (Rp,) M MONYNPOBOAHNKA (Ry,) TpH
KOMHATHOM TeMmIiepaType IMOAKIoUas ¢ IMOMOIIbI0 MHUHHOIOKa «Kitouy» Imo-
OUepesHO K MyIbTUMETPY IPOBOAHHUK (MTONOKEeHNE B) U TONTYyIPOBOIHUK (TI0-
noxeHne A). PeaynbsraTel m3MepeHnii Ry, Ry U Temrepatypsl { (°C) 3anumm-
T€ B TaOJIHILLY.

Tabnuna

z

t,°C Rp,OM  [RpOm |T K 77,107 K" | InRuy

W N =

f{ KOMH
25
30

70

Cpennss
TOUKa

5.

6.

Knomnkamu ycranopku Hampstxerns «0... 15 By (moz.14, puc. 1, c1p. 6) ycTa-
HOBHTE TI0 MHANKATOPY (1103.15, puc. 1, ctp. 6) 7-8 nenenuii.

ITo mepe HarpeBa oOpa3loB, M3MEPSIIATE T10 II. 4 MX COIPOTHBIEHHWE Yepe3 Ka-
xawle 5 °C go temmepatypsl 70 °C. Bee pe3ynbTaTsl W3MEPEeHNH 3aliuchiBaliTe
B TaOJIHITY.

Brikmounte kHomkamu «CeTh» NMUTaHWE OGIOKA T€HEPATOPOB HATPSIKEHUS W
6I10Ka MyJIbTUMETPOB.

Obpabomra pe3yibmanos usmeperu

a) [Jna npoeoonura (Ryp)

. ITo maHHBIM TabIUIEI MOCTPOITE TpaduK TeMmIepaTypHOR 3aBUCUMOCTH CO-

IIPOTHBIIEHHUS IIPOBOAHMKA OT TeMIepaTyphl B KoopauHaTtax R—¢. Ochb Temrle-
patyphl HeoOxoauMo Hauath ¢ 0 °C.

. ITo rpaduxy ompemenure compoTuBleHne R, mpu Temmeparype ¢ = 0°C, a

TaKXe YTIOBOM K03uImeHT mpsamoii Ky 1 ero OTHOCUTENBHYIO MTOTPEITHOCTh
Ox (cMm. TipunoxkeHne 1).

. ITo dopmyne (3) BEIUMCINTE BEIWMUMHY TEMIIEpaTypHOTO Ko3ddurmenra co-

IMPOTHUBIICHWA X UCCIIEAYCEMOI'O IIPOBOJHHKA.

O1eHUTE ee OTHOCHUTENBHYIO MOTPEIIHOCTE 1o dopmyne &, = 1,/5,3 + 0%, e

TIOTPEIIHOCTh Og BETMYMHEL R, ONIpeeNseTcs pa3dpocoM TOYEK OTHOCUTENIEHO
pOBeAeHHON MpsiMoit (cM. mpunoxkeHue 1) mubo MpUOOPHOM MOTPENTHOCTHIO
MynbTHMeTpa 1 %o.

0) /lna noaynpogoonura (Rug)

. Ilo panHBIM TaGMWIEI TIOCTpOMTEe nBa Trpaduka: OAWH B KOOPAHMHATAX

(R — t), a BTOpo# — B koopauHaTax (In R — 1/T). JIuHeHHbI# XapakTep BTOPOTro
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rpaduka MOKa3kBAET, UTO 3aBUCHMOCTEL COMPOTHBIECHNS MONYIIPOBOAHUKA O]
TEMITEPATyPHL A€ HCTBUTENBHO SKCIIOHEHIINATbHAS.

2. Ompenenute 1Mo BTopomMy rpaduky yrioBod xoshdurment mpsmoit K; 1 ero
OTHOCHUTEINBHYIO MTOTPEITHOCTE &k

3. ITo dopmyne (5) BRUKMCINUTE IMUPUHY 3alPEIIeHHON 30HBI TONYIIPOBOAHNKA
AW. Ee 3HaueHNE BHIPA3UTE B AKOYIISIX U SIIEKTPOH-BOJIBTAX.

4. YKaxuTe OTHOCUTEIBHYIO TIOTPEITHOCTh BENUUUHLL AW O = O

B BrmBOZE MO paboTe IpoBeANTE CPAaBHUTENBHBIHN aHANN3 TIOTyYeHHBIX TeMIIepa-
TYPHBIX 3aBUCHMOCTEH COMPOTHBIEHUS MPOBOAHWKA W TOMYTIPOBOAHUKA. CpaBHUTE
BenuurHH TKC mpoBogHWKA W MTUPUHBL 3aMPENeHHON 30HBI ITONYTPOBOIHUKA C Tab-
JTUIHBIMA 3HAYe HUSIMU, BHIOEpUTe HanOomee TIOAXOAIINIE BEIeCTBA.

KOHTpOJ’IBHBIe B OII p O C H

1. Or KaKuxX BeIMYWH 3aBHCUT 3IEKTPUYECKOE COIPOTHMBIIECHHUE IIPOBOJAHMKA? 3a-
MUAIIUTE 3aBUCUMOCTH R OT pa3MepoOB MPOBOAHMKA U TEMITEPATYPHI.

2. Yem obyciIoBIeHa TeMIepaTypHas 3aBUCUMOCTE R(f) sl IpOBOHUKA?

3. Yro nokazbiBaet BennunHa TKC mmpoBogHuka?

4. 3anuinnTe 3aBUCUMOCTH COTIPOTHBIIEHHS MTOIYIIPOBOAHUKA OT €0 PasMepPOB U
TeMIIepaTypPHL.

5. Kak M0kHO OOBSACHUTH CHIBHYIO 3aBUCHMOCTEL COIPOTHUBIIEHHUS TTONYIIPOBOI-
HHKa OT TeMITEPaTyPhl?

6. Uem ompenensercs 3HaueHue AW nonyrnpoBoaHuka? Kakue BeIWYMHBI 3aBU-
CAT OT ATOM XapaKTepPUCTUKHU IOy TPOBOHIKA 7

7. Kaxue nmpubophl HCTIONB3YIOTCSA I U3MEPEHNS COMMPOTHUBIEHNA W TEMITEPaTy-
ph1?

8. YkaxuTe peXUMBl M BXOABI M MOAKIIOUEHNS ITH(PPOBHIX MyJIBTUMETPOB B
nmabopaTopHOH padoTe.

9. Kak olLeHHTH AOIyCcKaeMylO IIOTPEIIHOCTh COIPOTHUBIEHUS, W3MEPSEMOTO
1IHA(POBHIM MyTETUMETPOM?

10.B xakmx KOOpAMHATAX MMEIOT JTMHEWHBIM XapaKTep TeMIlepaTypHBIE 3aBHUCH-
MOCTH COTIPOTHUBIIEHHUS: 1) IPOBOJHIKA, 2) TTOMYTIPOBOAHNKA ?

11.3anmumure ypaBHeHNE TeMITEPaTypPHOH 3aBUCUMOCTH COTIPOTHUBIEHMS: 1) mpo-
BOIHUKA, 2) MTOMYTIPOBOTHUKA (JTMHEAPU30BAHHOE ).

12. Kak ompegenstor TKC npoBogHmKa 110 YTIIOBOMY KO3hGMUIMEHTY TTPSMO¥?

13.Kaxkas dhopmyna cBA3BIBaET YIIIOBOH KO3(PPHUITMEHT SKCTIEPUMEHTANBHON TIpsi-
MOM 1 BenuunHy AW MoaympoBoJHUKA?

14.Ommmure ¢crocoGHl ONpeAeNneHUs YIIOBOro KoadduImenTa mpsamMoi mo Tpa-

buky.
Jumepamypa

1. Hernad A.A., SdBopcxuit .M. Kypc ¢muku. — M.: Bricmas mkomna, 1989. —
§§ 18.4,43.3, 43.4 (11.9).
2. KamamnmkoB C.I'. OnexrprudectBo. — M.: Hayka, 1977 — §§ 60, 151, 154.
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Padora No 4

OIIPE/IEJIEHVE ITOCTOSIHHOI BPEMEHH LIEITH,
COJIEPKAIIEIT COIMPOTUBJIEHNE 1 EMKOCTD

HEJIb: m3y4nTh 3aKOH M3MEHEHWS HAIIPSLHKEHWS TP paspsiie KOHAEHcaTopa, OIpese-
JIATH TIOCTOSHHYIO BpeMeHU RC-11eTIH 1 €€ COMIPOTHURIIeHHE K.

OBOPYJIOBAHHWE: perynupyeMblii HCTOUYHHK MOCTOSHHOTO HAIPSKEHWS, CEKyH-
IoMep, MyIbTUMETp, MUHHOIOKH «Kmou» 1 « KongeHcaTop».

BeBengenmne
ITpu 3apsuke WM paspsae KOHAEHCATOpa B
rieny (puc. 1) mpoTeKaeT M3MEHSIONTIHCS ANeKTPH-
Q yecKii ToK. EcM AToT ToK [ M3MeHsIeTcsI He CIIMII-
= KOM OBICTPO M Tak, UTO B K&KIBII MOMEHT BPEMEHH

[|1C
I

. BENWYMHA | OIMHAKOBA BO BCEX TOUKAX KOHTYPA, TO
‘71— IUT1 MTHOBEHHBIX 3HAYEHWH [ CTIPABETUBEI 3aKOHbI
| K TIOCTOAHHOTO TOKA. TaKue MeJIEHHO M3MEHAFOIITHE-
| CSl TOKW HAZBIBAKOT K6AZUCHIAU U OHAPHBLMU.
Puc. 1. Paspsan kormeHcaropa Tok B xoHTYype UIUHEL [ OyeT KBa3uCTaIo-
HAPHBIM, €CITH OH YCTAHABIIMBAETCA IPAKTUIECKH
MIHOBEHHO, T.€. eclII BpeMs ero YCTaHOBIeHNs, papHoe Jc (¢ =3-10° m/c — cxopocTs
PacIpOCTPaHeHNA BIEKTPOMATHUTHOTO TOJS), MHOTO MEHBINE, YeM 7 — XapakTepHoe
IS TAaHHOM TIETIH BpeMsl M3MEHEHHS ToKa. B ciiyuae m3MeHeHH TOK4 IO SKCIIOHEHIT-
aTbHOMY 3aKOHY BENMUIMHA 7 HA3HIBAETCS TIOCTOSHHON BpeMeHH 1IeTIH — BPeMs, 3a KOTO-
poe TOK M3MeHsieTesa B ¢ = 2,71 pasa, a B cayuae »IeKTPUUecKUX KonebaHuil yCIoBuUe
KBa3HCTAI[MOHAPHOCTHU TOKOB €CTh l/ c<<T,rne T — nepuoz xonebaHMH.

€
|
|

MeTon w®WmW3MepeHHITH

B nanno#l pabore m3mMepeHHe MOCTOSHHOW BpemeHH RC-1[ENH OCHOBAHO HA
W3YUEeHHH IIpoliecca pa3psaa KoHmeHcaTopa uepes comnporuBienue R. [Ipu »ToMm B
1lenH (CM. pHc. 1) IpoTeKaeT AIeKTPHUECKNAH TOK

=& ®

3nech J — 3apAn KOHAEHCATOPA, IPOTOPIMOHANIBHBIA HampskeHno ) Ha ero oo-
KIagKax,
Q=CU, 2
rae C — eMKOCTh KOHJIeHCaTopa.
CornacHo 3aKkoHy OMa KBa3HCTaIlMOHAPHBII TOK
{ :2. (3)
R
Wcnonbays cootnomenus (1), (2), (3), cocrapnsgem nuddepeHiManbHoe ypaHeHne,

OITMCEIBAIOMICE M3IMEHCHME HAIIPAACHMA KOHASHCATOpa C TCUSHHEM BPEMEHH t
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du U

it RC
Paznendasa B 5ToM ypaBHEHHUM TepeMeHHBIE W pellladg ero MHTeTPHUpOBAHUEM OT Ha-
YalbHOTO MoMeHTa ¢ = 0 (Hanpaxenue Up) o Tekyiiero ¢ (Hampsaoxenue U):
<du 1 ¢
—=——]|dt
5, dt RC Y

MOy YaeM 3aBUCHMOCThL HaPKEHNT KOHASHcaTOpa OT BpeMeHH (puc. 2):

t
U=Ue *, um U=U,e"", 4
rJie 7— IOCTOAHHAA BpeMeHU IellH, cojiepikalielf eMKOCTh 1 COPOTURISHIE,
=RC. (5)
JImHeapusyeM 3aBUCUMOCTE (4) My TeM JToTapupMUPOBAHIA:
anzanD—lr. (6)
T
['paduk sToit MuHEHHOM 3aBUCUMOCTH TIPEACTARIIEH Ha pUC. 2.

Taxum obOpaszom, HccHeyd 3aBUCUMOCThL HANPMKEHMA Ha KOHJEHCATOpe OT
BpEMEHH, MOXKHO HKCIIEPUMEHTATILHO OINPEJEIUTh: MOCTOAHHYIO BpeMeHu RC-11enu,
COIIPOTHUBIIEHUE LeNH R, €cliiM M3BeCTHa eMKocThb C, éMKOCTh KOHJEHcaTopa, eclu
M3BECTHO COIIPOTUBIIEHKE R, Uepes KOTOpOoe OH pa3pakKaeTcs.

U In U

U0< T]>Tz

T,

\ —

0 ¢ 0 {

Puc. 2. 3aBucuMMOCThL HalpOKEHUA Ha KOHAEHCATOPE U €ro HAaTyPaIbHOTO
Jorapudma OT BpeMeHn

Ononucasdmde Yy €T a H O B K H

DnexTpudueckad cXeMa yCTaHOBKU [TOKazaHa Ha puUc. 3, MOHTAaXHad cxeMa — Ha
puc. 4.
""""""" 3 Puc. 3. Dnexrpuueckad cxema:
\2 1 — perynupyeMuldl HCTOUHUK IOCTOSHHOIO
: 4 Hanpsorenna (0...+15 B), 2 — ko,
1 C J 3 — muHUOTOK «KITIHOTY,
—T @) 4 — muanONIOK «KoHJEHCATOPY,
5 — mymbTumerp (pexcum Ve 20 B, 8x00ul

COM, V)
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4. OTKIIOYNTE KOHAEHCATOP OT PEeryIHpyeMOro WCTOYHHKA IIOCTOSIHHOTO HAIIps-
KEHWd, TIepeBelsl KoY B MoNokeHne «By», 1 1Mo mMepe paspsga KoOHAEHcaTopa
gyepes KakIble 5 CeKyH]I 3alIMChIBaliTe ITOKa3aHWs BOIETMETPa B TaOIHALLY.

5. IlopcoenyHuTe mapallenbHO K KoHAeHcaTropy C, BTOopoi koHmeHcaTop C, H

TIOBTOPUTE aHANIOTWUHBLIE M3MEPEHWS IS MapaelbHO-COeMUHEHHBIX KOHIEH-
catopoB C

napan *
6. BrkmounTte kHonkaMK «CeThy IMTaHMe OJI0Ka F€HEPATOPOR HAIIPIKECHIA W

OIOKa MyJIBETUMETPOB.
Tabmmia

C = wMxdD C = ... MKD

napan

Ul, B ln Ul Unapan 2 B Zn Unapan

fc

10
15
20
25
30
35
40
45
50
55

Cpennsisa Touka
(IIpunoxkenne 1.1)

Obpabomxa pe3yabmanmos usmepenu
1. PaccumraiiTe n 3anmmmre B TabIHUIy eMKOCTh KoHfieHcaTtopa C,,, To dopmy-

Jie AT apajuIeIbHOTO COeAMHEHN:
Crpan = C, +C, = ... MKD

2. Ha omnHowm mone yepTeska mocTpoiire rpaduku 3apucumocteit U= f(t) u In U=
J{t) nns xonpencaropa C,, ava apyrom U, = flt) uln U, . = f{t) nna xouze-

pacaropa C pacnonaras och HarnpspkeHusa U ¢ 1eBoil cTopoHsL, a ock In U

napan ?
— C TIPaBOM.
3. Ompenenwre 1o rpaduxam In Uy= f{t) v In U, = f{t) yrinoseie kospduimen-

Tl K, u K TUHEHHBIX 3aBUcUMOCTel (cM. mpunoxkenue 1 ¢opmyna (1)) u

1 napan
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1
TIOCTOAHHBIC BPEMEHH IEIIN 7, = —? nr =— I KaXKJ0I0 3HAUCHIMA

napan
1 Knapaﬂ
E€MKOCTH.
4. PaccumnTaiiTe cONpOTHBIEHHE BONbTMETpa R 1Mo dopmyne (5) Amd Kaxaoro

SHAaUYCHIMA €MKOCTH.

T
R=-t=  OMR,, =-—%"-  Ou
C| C

napan

5. OruenHnte OTHOCHTECIIbHYIO IIOTPEIMHOCTL M3MEPEHHBIX BEIITMYHH.

Op = 1/5;1 +6, =5, 1 O = Jﬁjm +5I§W =0,
ze O, M 6,  — NOIPEIIHOCTH YITOBEIX K03(dHimeHToB (cM. GopMyny (4) B Ipu-

TOXeHNH 1).
6. B BBIBOZIE 1O paboTe chenaiiTe aHATN3 TONYUEHHBIX SKCTIEPUMEHTATbHBIX 3a-
BHCUMOCTEH 1 OTIEHUTE TOYHOCTH METO/1a OTIPEANeHIS TTOCTOSHHON BPEMEHH.

KOHTpOJIbHBIG B OII p 0 C H

1. Kakoif Tok Ha3bIBaloT kBasucTaIrmoHapHeIM? ChopMynupyiiTe yeIoBHe KBa3U-
CTaI[MOHAPHOCTH AIIEKTPUIECKOTO TOKA.

2. Kaxne ¢pmsngeckne 3aK0HB 1 GOPMYyIH UCTIONB3YIOTCS IS TIONYUeHNs 3aBU-
CHMOCTH HaIPsKEHUA OT BPEMEHH IIPH paspse KoHgeHcaTopa?

3. I[Io xakoMy 3aKkOoHYy M3MEHSIOTCSI €O BpPEMEHeM IIpH paspsiie KOHIAeHcaTopa
CIIEYIONTNE BEIMUMHEL 1) 3apsi oOKIaAKy, 2) HATpsUKEHIE KOHIeHcaTopa, 3)
ToK B RC-1ienn?

4. Kakyro BeIMYMHY Ha3BIBAIOT IIOCTOSHHOM BpeMeHHM LIENN U UTO OHA I10Ka3bIBa-

eT?

. Kak cBs3aHa moctosgHHasa BpeMeHn RC-1IETH ¢ TTapaMeTpaMy 3TON LETn?

6. YKaxuTe pexuM paboThl MYJILTHMETpPa NP IIPOBEASHUHU W3MEPEHWI: M3Me-
pseMasi BeIMUKHA, PEXUM 1 BXOIBI AN OAKIIIOUEHNS [Iprdopa.

7. Kakoe HazHaueHNe MMeEeT NCTOUHUK IMUTaHWA B MCCIEAYyEMOM AIeKTPHUUECcKON

Lenm?

. C xakoii 11embio B padote cTposr rpaduk 3apucuMoctu In U=£1)?

9. Kakum 0o6pazomM MOKHO II0Ka3aTh, UTO OIBITHAS 3aBHMCHMOCTH SBIISIETCS HKC-
TIOHEHITMATBEHOU? \

10.Kak sKCriepuMeHTAIBHO OIPEAEISIOT ITOCTOSIHHYIO BPEMEHHN LIETH, COepKa-
mein R u C?

11.Kaknm crmocobom B 1aHHOM paboTe M3MEPSIOT COMMPOTHUBIIEHNE BOIBTMETPA?

12 Kaxne dhopMyIIEl UCTIONB3YIOT B paboTe IS ONPEeIeHIs CleAYIONNX BeIH-

YUH:

a) TIOCTOSTHHOM BpeMeHH I1eTIH,
6) COTPOTURIIEHNS MyIbTUMETpA?
13 .Kak orieHnBaroT B paboTe MOTPEIIHOCTh ONPEASIeHNS ITOCTOSHHON BpeMEHN?

N

o0
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JdurtepartTypa
1. Hetnad A.A., dBopckuit B.M. Kype dmsuxu. —M.: Bricmas mkomna, 1989. —
§§ 19.1, 27.3.
2. Kanamunkos C.I'. OnextpruectBo. —-M.: Hayka, 1975. — §§ 73, 74.

41



Padora Ne 5
OITPEJIEJIEHUE YJEJIbHOI'O COITPOTHUBJIEHIS ITPOBOJHIKA

IMEJIb: ocBouTh IpHOOPHL M METOALI M3MEPEHNS COTPOTHUBIIEHUS ITPOBOAHUKOB, OTI-
PEeAeNNTh YAEIbHOE COMPOTURIEHNE IIPOBOHHKA.

OBOPYJIOBAHHE: muHntnox « COnpoTUBIEHNE ITPOBOAHUKA», PETYIHUPYEMBIN HC-
TOUHMK ITOCTOSAHHOI'O HAIIPSLKEHWS, MYJIBTUMETPHI, Mara3iH COIPOTHBIIEHHUMN,
MHUHUOJIOKN « COIPOTHUBIIEHUEY .

B Be genmne

GJ'IGKTpH'-ICCKOG COIIPOTHUBIICHHUC XaPaKTCPU3YET HpOTPBOHCﬁCTBHC IIPOBOAHHKA
MMPOTEKaHMIO TOKA. I[JIH TIOCTOAHHOI'O TOKda COITTACHO 3aKOHY Oma

U
R=— (1)

T0 aKTHBHOE COTIPOTHBIIEHIE 3aBHCHT OT (hOPMBL 11 Pa3MePOB TIPOBOIHIKA
wodl
R=[p—.
S

I[JIH OAHOPOAHOTIO IIPOBOAHHMKA C TIOIICPEUHBIM CCUCHHEM Su IIJIPIHOﬁ l

{
R=p S
YenbHOe 3IeKTPUYECKOe CONPOTHBICHHE SBISIETCSA XapaKTepHUCTHKOW MaTe-
pHana mpoBoAHNKA. B cooTBeTCTBHH ¢ dopMynoii (2) m3mMepeHne BeIMINHLL O CBO-
IUTCS K M3MEPEHMIO COTIPOTHBIIEHNS IIPOBOAHNKA IIOCTOSIHHOMY TOKY R M reoMeTpu-

YecKHUX MapaMeTpoB TPOBOAHMKA [ 11 S.

@)

MeToags #©W3MEDPEHUHH

B pabote peannsyioT Tpu MeToAa M3MEPEHNS COMPOTURIIEHNA IIPOBOIHHKA:

1) TeXHUUECKUI METOJT — TI0 M3MEPEHHBIM 3HAUE HUAM TOKa M HATIPSTKE HIAS,

2) C UCTIONB30BAaHNEM OMMETPA,

3) ¢ IOMOIIIBIO MOCTa Y UTCTOHA.

TexHMyecKknii MeTO ] MOKHO OCYIIECTBUTH 110 cXeme puc. 1. IIpu 3ToM TouHO-
m3MepsieTcs TOK [ yepe3 COnpoTHUBIIeHHE K U cyMMapHOe HalpsKeHNe

U=UgtU=IR+IR .

3TO NO3BONSIET pacCUNTaTh HEM3BECTHOE CONPOTHUBIEHNE R, €CIM U3BECTHO COIPO-
THBJIEHHE amMIiepmMeTpa R 4:
U
R=—-R,. (3)
I

HcnonwpzoBanne OMMETPA ABIACTCA Hanbomee MMPOCTEIM METOAOM: JOCTATOYHO
MOAKIIOUHUTE U3MEPACMOC COIPOTHUBIICHHUE K BXOJaM OMMETPA.
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3@_ Puc. 1. DaexTpudeckas cXxema:
1 —  peryimMpyeMblifi  HCTOYHHK  I[TOCTOSHHOTO

l 2 y HeIpAKeHU «0...+15B»;
\D R I:I 2 — MynbTUMETD (pexcum V=20 B, exoovr COM, V2,

- 3 — mymbrumetp (pexcum A= 200 md, exoovr COM,
mA);
4 — wmuHubmox «CompoTHBIEHUE MPOBOJHHKAY C
COTIPOTUBIIEHHUEM R

B ocnoBe paboThl oMMeTpoB OOBIUHO JEKUT MPUOMIDKEHHBIN TeXHUUecKui
MEeTOJT. TITKamy Tpudopa TpayupyIoT ¢ McTiomb3oBanueM Gopmynsl (3) npu dukcu-
poBaHHOM HampsxeHuu [ GaTapen 3IeMeHTOB. DTOT METOJ| MCIOB3YIOT, KOT/a He
HY’KHa BEICOKAS TOUHOCTH M3MEPEHUH.

HauGonee TOYHLIM SBIIASTCS METOJ] M3MEPEHHU ¢ MOMOIBIO MOCTAa TIOCTOSTH-
HOTO TOKa. MI3MepUTEIbHBIE MOCTHI — 3TO BHICOKOTOUHBLIE TIPUOOPHI, MpeIHa3HAYUCH-
HBIE JITII U3MEPEHUA ANIEKTPUUESCKUX COMPOTUBIICHNH, eMKOcTel, WHAYKTUBHOCTEH 1
JPYTUX MApaMeTPOB METOJIOM YPaBHOBEIIEHHEIX MOCTOBHIX Ieneit. Ha puc. 2 npuse-
JleHa cxema IpocTreifiiiero Mocta YUTCTOHA, KOTOPHIT UCTIONb3yeTcs I U3MepeHus
BEJTMYNH COMPOTURISHUA.

7

Puc. 2. DnekTpuueckad cxema IIPOCTEHUINEro MOCTa ¥ UTCTOHA!
1 — MaraswH CONPOTHBICHHI ¢ COMpoTHBIeHUEeM Ry, 2 — MuHHOMOK «COMpOoTHRIE-
HUE TPOBOJHUKA» ¢ COMPOTHUBICHUEM R; 3 — mymbtumetp; 4 — MuHHOMOK «CoTpo-
TUBICHUE» ¢ compoTurineHneM Ry = 100 Owm; 5 — muanOnox « COmpoTHUBIEHUE» C CO-
npotupnenuem R, = 10 Om, 6 — munuO0K «COMPOTUBIEHUE ¢ CONPOTURIICHUEM R,
=470 Om; 7 — UICTOYHUK cTaOUIM3UPOBAHHOTO MOCTOIHHOTO HaNpSkeHna «+15 By
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4. IlpoBegure aHAIOTMUHBIE W3MEPEHMS YBEIMUMBas TOK Ha ~ 10 MA 1o
S50MA.

5. Brikmounte KHOTKOW «CeThb» NMHUTaHWe OIIOKA TeHEPaTOPOB HATIPSLKEHUA.

Tabnuma
[eoMeTpHUecKye MapaMeTpPEl IIPOBOAHIKA
= MM, d= M, S = zdi4= MM
TexHMUECKNI METO W3mepenne MocToBoi MeTOX
Ry=9,2 Om OMMETPOM R =100 Om, R,=10 Om
I, MA U, B R,, Om R, OmMm R,=. Om
R=...0Om
Cpenree R = Owm
COMPOTHBIIEHNE wed
R=...0Om

0) Hamepernue ommempon

6. Iomkmounte omMmeTp K MHUHUOIOKY «COIPOTHBICHHE IPOBOAHUKA» (CM
c. 15). B xauecTBe OMMETpa UCIIONB3YIOT MyJIBTHMETD: pekum L2 200 Om, BXO-
nu1 COM, VQ.

7. YcraHoBUTE TpeOyeMBbI peiKuM 1 AUATIA30H M3MEPE HUSL

8. 3anumuTe MoKazaHWs IIpudopa B TAOIUITY .

8) Hamepenue mocmonm Yumemona

9. Cobepure MOHTaXKHYIO cxXeMy (cM. puc. 4) 1o cxeme (cM. puc. 2).
10. Bkmounte kHONKOW «CeThb» NUTaHue OJIOKa TeHepaTOpoB HampstkeHnd. Ha-
KMUTE KHOTIKY «Mcxomuas ycTaHoBkay (1mo3. 19, cm. puc. 1 Ha cTp. 6).
11. YcraHoBuTe Bee ieKafbl Mara3iHa COIPOTHBIIEHNH B HYJIEBOE MONIOKEHHE.
12. IlonGepute Takoe CONPOTHUBIEHHE MarasuHa R, IpHU KOTOPOM IOKA3HUA aM-
nepmeTpa OyAyT HAXOAUTHCS BOMU3H HY IS
a) HAUHWTE C AeKaAbl ¢ HANOOIBIINM COMPOTHURIEHHEM,
6) yBeITHUbTE COMPOTUBIIEHNE IEKA bl HA OHO 3HAUEHMUE,
B) €CII TOK, TeKYyIUIWii depe3 aMIiepMeTp, YMEHBIIIWICA, HO He M3MEHWI 3HAK,
TO MPOJOIKANTE YBENTMUNBAThL COITPOTHUBIIEHNE JAEKaIbI,
) Kak TOJNBKO 3HAK TOKA M3MEHHUTCS Ha TPOTHBOIONOKHEIH, TO COMPOTHUBIIE-
HIe MarasyHa OONbIle COTPOTHBIEHNS MCCIeAYyeMOT0O IIPOBOAHMKA 1 MEPeKIIoda-

46



TeNb cleAyeT BEPHYTH B MpeAbIAyIlee MOIOKeHNe, ITocle 4eTo TepeiT K moado-
Py COMPOTHBIEHUS CIEAYIOMEH TeKa b,
I) mozadupaiiTe conpoTHBIEHHE R Ha JeKajax MarasmHa O TeX Iop, IoKa

TIOKa3aHue amIlepMeTpa He OyZeT PaBHO HyNO. 3allMIINATE IOIYyYeHHOE COIIPO-
THBIEeHNE R B TaOIuMIly.

13. Broikmounrte kHomnkKamu «CeThy IHUTaHKWe OJI0Ka TeHEepaTOpPOB HAIIPSLKEHWS U
OIIoKa MyJIbTHUMETPOB.

Obpabomra pe3yiomamos usmepenus

1. PaccunTaiite COMPOTHBIEHNE MPOBOAHUKA R MPH TEXHMIECKOM METOZe M3Me-
penns (cm dopmyna (3)):

N

>R

i

R=-Y_ ow r_ -5 - Oum R-R_-R,= Om
R N

cped cped

i
PeaynbTaThl pacueToB 3aAIMUIIUTE B TAOIHITY.
2. Brrumcnure no dopmyie (4) compoTUBIEHNE MPOBOAHNKA R, M3MEpPSIEeMOro ¢
TTOMOIIIBIO MOCTA!

R=R2E- on
R

1
PesynbTaT ¢ TOUHOCTHIO 10 TPeX 3HAUYAINX (P 3aUIINATe B TaOIHILY.
3. Paccuwnraiite yieIbHOE CONPOTHBIIEHNE TIPOBOJHUKA!

p:§:...OM-M,

HCIIOJNIB3Y A 3HAUCHHE R, IMMONIYUYCHHOC HanboIee TOUYHBIM METOAOM — MOCTOBEIM.

Omnpenennure MaTepral IMIPOBOAHNKA, CPABHUB TOMYUEHHOE 3HAUeHUE p ¢ Tab-
JTWIHBIMHA 3HAUEHUAMHU 151 IIPOBOAHUKOB. [10 Monyde HHBIM pe3ynbTaTaM clenaii-
T€ BEIBOJI, He 3a0yabTe yKa3aTh MCTOUYHUK CIIPaBOYHOMN MH(POPMAITIHL.

4. OLeHUTE TOTPEIIHOCTH O, M3MEPEHHBIX BEIINYNH!

a) B TEXHMUECKOM METOJIE 110 pazdpocy MOTYUEHHBIX 3HAUESHUM:
R_—-R._ AR
AR = (max—mm) 5, =—-100%
2 R
6) mst omMeTpa cm. cTp. 11;

B) TP MCTIONB30BAaHMHM MOCTa TOTPEITHOCTh AR coctaBnsieT 0,5 eqMHUIILI TI0-
CIIETHETO 3alMCaHHOTO pa3psifia UWCla, HAIpUMEp, A4 pe3yabTarta M3MepeHUH
R = 18,37 Om Benmunna AR = 0,005 OM u cooTBeTCTBYIOWAA €if 6, = 0,06 %.

5. B BrIBOjIE 1O pa60Te CpaBHHUTEC PE3YIIbTATHL, IIOIYUYCHHBIC Pa3IMYHBIMH METO-
JaMH PIBMCpCHHfI, 1 COIIOCTAaBbTC TOYHOCTE 5THX MCTOAOB.
KOHTpOHBHBIC B OII p 0 C H

1. Ot KaKkuxX BeTWINH 3aBHCHUT 3JIEKTPUUECKOE COTIPOTHBIIEHNE TTPOBOIHNUKA?
2. Yxaxmure hopMyIy AJs pacdeTa CONMPOTUBISHUS 110 pazMepaM MPOBOAHUKA.
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~ O

8.

0.

OT KaKMX BeIMYHH 3aBUCHUT yI€IbHOE CONPOTUBIIEHNE TIPOBOAHIKA ?

HazoBuTe MeTOIb M3MEPEHNI COTPOTHUBIEHNS IIPOBOAHUKA.

3anmmure GopMyIHL AN ONIpefeNeHNs CONIPOTHURIEHNS IPOBOAHNKA B TEXHH-
geckoM MeToze. Kakie BeTHUMHLL M3MEPSTOT B 3TOM MeToze?

Yro nexuT B ocHOBE paboTH IMPPOBOTO MyIbTHMETpa (oMMeTpa)?

YkaxuTe pexumM padoThl IUPPOBOTO MyNBTHMETPa MPH M3MEPEHHH COIpPO-
THBJIEHWSL

3anuInTe yCIOBUS PABHOBECHS [T MOCTa Y UTCTOHA.

I[To xaxoii popmymne onpenenstoT CONPOTUBIEHNE IPH H3MEPEHIH MOCTOM?

10.Kax o1ie HMBarOT MOTPEUIHOCTH M3MEPEHNI, BBIIOIHAEMBIX B padore?
11.Kakne n3 UConbp3yeMbIX B paboTe METOHOB SBILSIIOTCS Ooliee TOYHBIMHA, a Ka-

KWe — NpUOIKEHHBIMU?

Jdurtepartypa

1. Hernmad A.A., Sdeopckuit BEM. Kypc ¢msukn. — M.: Bricmas mkoma, 1989.
§19.1.
2. Kanamuukop C.I'. OnextpraectBo. -M.: Hayxka, 1977. — §§ 57-59.

48



Padora Ne 6

OITPEJEJIEHUE ¥YAEJIBHOI'O 3APAJA 9JIEKTPOHA
METOAOM MAI'HETPOHA

[MEJIb: 03HaKOMWTHCA C OJAHUM W3 METOAOB OIpEeNeHUA YAeIbHOTO 3apsaa YacTh-
1Bl ¥ OTIPEIENIUTD YIEIBHBINA 3apsyl SIIEKTPOHA.

OBOPYJIOBAHHUE: perynupyeMblii HICTOUHUK ITOCTOSIHHOT'O HATIPSKEHWS, CTaOWIIN-
3MPOBAHHbIE WCTOYHMKH TIOCTOSIHHOI'O HATPSIKEHWS, MMHHONOK «MarHe-
TPOH», MyJIbTUMETPHL.

B Be agenmne

SIBNeHNA 3IeKTPOHHON SMICCHH U pa3psijia B rase MO3BOJOT IIONy4aTh TIOTOKA
SIIEKTPOHOB M MOHOB, JBIKYIIMXCS B BaKyyMe IpakTHUecKW 0e3 COyNapeHMl. ONeK-
TpUYECKHE W MATHUTHBIE IIOJIA, BO3JEHCTBYs Ha JBIKYIIMECS 3apsLKEHHBIE YacTHIIBL
IBMEHSIOT MX CKOPOCTh M TPaeKTOpHIO. B alekTpriyecKoM IoJie HAIPSKEHHOCTH E Ha
YacTUILy, OOIaJaroIIyIO 3apsaaoM {J, eHCTBYET CHla

F.=QE. (D)
B marHuTHOM T0Ne Ha ABWKYINYIOCS 3apsSKEHHYIO YacTHUIly JeHCTBYeT cuia
Jlopennia
F.=o|VB| @)
ne v — CKOPOCTH IBMKEHNA YaCTHIIHL, B - BEKTOp MATHUTHON MHAYKITUH.
YpaBHeHHE JABMKEHWS YacTHIIBI B IIPOCTPAHCTBE, I/leé MMEIOTCS M BIeKTpHUUe-
CKO€, M MAarHWTHOE IIOJIS, COITIAaCHO BTOPOMY 3aKOHY HBIOTOHA MMeeT CIeyIOIInii
BHJ;

d; — — —
v_2F.FE) 3)
dt m

310 ypaBHeHI/Ie TIOKa3bIBACT, UTO ABILKCHIME Bapﬂ}KeHHOﬁ YAaCTHUIIEI B CHUIIOBEIX TIOJAX 3a-

0

BHCHUT OT OTHOIICHIA —, KOTOPOC HA3BIBACTCA ydenbnbm 3ap}100M I[ElHHOf/JI JacCTHITHI.
m

CreioBaTebHO, W3ydasi ABIKEHNE Pa3lINIHbIX 3apSDKEHHBIX YacTHIl B ATIEKTPHUECKOM U
MATHUTHOM IIOJISIX, MOKHO OIPEENIUTh YAEIBHBIN 3apsil YacTUIEl M TeM CaMbIM ITOJY-
YWUTh CBEAEHII O TIPHPOJIE YaCTHULL

YAenbHBIM 3apsiyy 3IMeKTPOHa MOKHO ONPEAeNHTh PazTNIHBIMA METOAaMU.
Haubonee pacrnpocTpaHeHHBIMHA W3 HUX SIBISIOTCS METOZ MAarHUTHOM (GOKyCHpOBKH
M MeTOJ] MarHETPOHA.

MerToORT"> U3 METDPpPEeHHdH

B nannoit paGote A7 onpeneneHns yASIbHOTO 3apsia SMeKTPOHA UCTIONB3YIO]
METOJl MAaTHETPOHA.

Moaenempon — 570 ABYXANEKTPOAHAS AIEKTPOHHAS Jamma (IUon), B KOTOPOi
yTIpaBieHNe TOKOM OCYIECTBISIOT BHEITHUM MarHUTHBIM IOJeM. DTO ToJe co3fa-
eTCsl CONEHOMAOM, BHYTPH KOTOPOTO pacloniokeHa amia. HakamnsaemMblil katon U
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XOIOAHLIM aHOJ| TaMIIbl UMEFOT GopMy KoaKCHATBbHBIX (COOCHBIX) IMIMHIPOR (CM.

puc. 1).
/H__J\T\E JIMHUK 5eKTPHHMECKOTO [yl £ BHYTpH MarHeTpoHa Ha-
T T TIpaBlIeHbl PaJMalbHO OT aHOZA K KaTofy, a IMOCTOSHHOE MarHHT-
pors HOe TONe B HalpaBICHO BIOMb OCH KaTofa. Takum oGpasoM,
7T -__‘7 Y MAarHHUTHOE M 3JIEKTPHYECKOE IIOJIS B3aUMHO IIepIIeHINKYIIPHEL
NELTIN HanpskeHHOCTD 1oy E MakcuMalbHa y KaTofa. B ciydae, eciu
el -!;\‘ A KaToJ NMeeT GOpMY TOHKOM HUTH, BEIHYMHA K, IPOIOPIMOHAh-
|/ Hast 1/r, OBICTPO YMEHBINAETCS ¢ POCTOM PACCTOAHHUS # OT KaTOJA.
I[TosToMy M3MEHEHHE CKOPOCTH 3IIEKTPOHOB JI0 3HAUEHNS, PABHOTO
" A v, IPOMCXOJUT, B OCHOBHOM, BOIM3H KaToOMa, a IpH JalbHelem
‘@‘ JBIDKEHHH MOXHO CUNTATh CKOPOCTD IPAKTHYECKH [IOCTOAHHOM.
' _. DIIeKTPOH, YCKOPEHHBIM Pa3sHOCTBIO IIOTEHIWANIOB U,
‘b B IpHOGPEN KMHETHYECKYIO SHEPTHIO
mv'/2=el
Puc. 1. Jlamma W UMEET CKOPOCTh

v=~2Uelm. (4)

B orcyTerBHE MarHUTHOTO MOMA 3IEKTPOHEL, SMUTHPOBAHHBIE KaTOJAOM, JBIKYT-
¢ HoJ AeHcTBIeM BAIeKTPUIECKOro II0JA E IPAMONUHENHO B paJualbHBIX HaIlpakie-
Husax. [Ipu »ToM B aHoAmHoM Ilenu IpoTeKaeT TOK, BeIMUUHA KOTOPOTo 3aBUCUT OT aHOI-
HOT'O HaIIpSKEHHUA 1 TOKa Hakasa kaTofa. [Ipu moMereHny TaMIbl B MaTHUTHOE T101e BB
Ha JIBIDKYIIHECs 3IIEKTPoHHL AelicTByer cina JlopeHia. OHa nepleHANKyIIpHa THHUAM

B, T.e. nexuT B 0HOM IIOCKOCTH ¢ BEKTOPOM CKOPOCTH BJIEKTPOHA Vv, HOPMAJIbHA €My
1 coollIaeT YacTULE IEHTPOCTPEMUTENbHOE yckopeHne. CoTacHO BTOPOMY 3aKOHY
HeroToHa
evB = mv*/R. (5)
Takum obpazom, 3MeKTPOH B MarHeTpoHe OyJieT ABUTaTbCd IO OKPYIKHOCTH,
paguyc KOTOpOr
R =mv/eB (6)
YMEHBIIAETCS C POCTOM MHAYKIMHU MarHWTHoro moijrd. Ha puc. 2 mokasaHo, KakK W3-
MEHSIOTCS TPAaeKTOPHUM JABMXKEHUS AIEKTPOHA B LUIHUHJAPHUYECKOM MATHETPOHE IIO
MEpe YBEIWUYEHWSA MAarHUTHOW WH-
JYKIHN.
CyImecTBYeT Kpumuieckoe 3Haue-
HHe MATHHUTHON HHAVKIINU B, U
B=0 B<B,, B=B,, B>B, KOTOPOM, KaK HOK};gHO Ha pHC@Q,
@ TPAeKTOPUH SIIEKTPOHOB KaCaroTCA
MIOBEPXHOCTH aHO/a, a UX PaJuyc
R=17r/2,
B> The ¥ — pajmyc aHOMa.
CoryacHO coOTHOIIEHUIM (4)
u (6) 3HaueHNE By 3aBUCUT OT CKO-
POCTH BIEKTPOHA V WU COOTBETCT-
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BYIOINETO €11 aHOAHOTO HarpAKe HIA U a-

B, == 2 (7)
v e
Crpormii pacueT 3HaUeHIA By, MPpUBENeH B MPIIOXKEHNIN 2. 1.

Ecmn Bemmunna B < B, TO Bee 3IeKTPOHEL JOCTHIAIOT aHOAA M AHONHBIN TOK
MMeeT TAKOoe JKe 3HAaueHHe, KaK UM B OTCYTCTBHE MATHUTHOT'O IO (TOPH3OHTANBHEIH
y4acTok rpaduka Ha pHc. 2). Ecin B > By, TO 3I€KTPOHEL He JIONETAIOT A0 aHoda 1
TOK Uepes IaMITy paBeH Hymo. [Ipn B = By, Tok JomXKeH pe3Ko CHILKAThCSA (ITyHKTHp-
Hasg MUHUA Ha Tpaduke puc. 2), ofHako HAOMOMAeTCcs TUIABHEI XOm KpuBOH. OTO
OOYCIIOBIEHO PSIOM MPHUMH: HEeTOUHAS KOAaKCHAIBLHOCThL KaToda M aHoZa, KpaeBEle
3(eKTHL, BEUIET 3IeKTPOHOB M3 KATOA C PA3IMUHEIMIA CKOPOCTAMHU U JIP.

OrnpenenuB KpUTHUIECKOe 3HAUYEHHE WHAYKIMH MATHUTHOIO NONS B, W Hc-

TIONB30BAB  COOTHOTIEHME (7), MOKHO PacCUMTAThH YASTBHEBIN 3aps SIEKTPOHA TIO
dhopmy e

e U
./ ®
m (B,r)
Waaykipimo B BEMUACISTOT 10 GopMyJIe IS MO KOPOTKOTO CONEHOMAA!
B = 1pIN(cos oy — cosop)/21, (9)

The fh= 47107 TH/M — MATHUTHAS TIOCTOSIHHAS, | — TOK, TeKyImii B obmoTke, N —
d YHCIIO BUTKOR CONCHOWA, [ — ANMMHA OOMOTKH, ¢4 M % — YIIIHL,
|« . > MOKAa3aHHbIe Ha pUC. 3 MPH Pa3MEIeHWH JIAMITBL B IIEHTPE CO-

JIeHOMAA,
COS o= —COS o = I/\H2 +d?,

re d — TUaMeTp CONEHOH/IA.
[TopcTaBnss sHaUeHMSI KOCHHYCOB B dopmymy (9), momy-
YaeM KPUTHYECKYIO BEMTMIMHY MAarHUTHOH WHAYKITHH;

B, = I N/INI"+d*, (10)
rzie [, — 3HAYEHMe TOKa B COJICHOMJE, COOTBETCTBYIOIEE KPHUTH-
YeCKOMY 3HAYEHIIO MATHUTHOW MHAYKINN By,

C yuerom BrIpaxkerns (10) pacuernas dopmyna (8) mmst
OIpeAeIeHIS YASILHOTO 3apsia HIIeKTPOHA IPUHIMACT CIIe YOI BIA:
e _ 8U (I +d*)

m (!’lﬂ FM@)Q

P

Puc. 3. Comenonn

(11

Jl1 onpeneneHnss KPUTHIECKOTO TOKA [, MCTIONB3YIOT SKCIIEPUMEHTATBHYIO 3a-
BUCHMOCThL aHOIHOTO TOKa OT Toka B coneHouae: I, = f{I) (puc. 4a), kotopas 1o BUAY
nogo6Ha 3aBUCUMOCTH I, = fiB): Mpu KpUTHUECKOM TOKE B CONICHOWAE HAOMIOIaeTcs
PE3KOE CHIKEHWE aHOTHOTO TOKA [,
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nuImmre B Tabnuily. [IpoBeanre aHATOTUYHBIE U3MEPEHNA YBEINUUBAsA TOK Ha
~ 2.5 MA 7o 200MA.

BrikmounTe kHomkamu «CeTb» NMHUTaHWE ONIOKA T€HEPATOPOB HATPSKEHHUS W
OII0Ka MyJIbTUMETPOB.

Obpabomra pe3yibmamos usmepenu
Hatinure msmenenve (yObUIb) aHopHoro Toka Al =1, —I, ¥ TOKa B CONEHON-

Al
ne Al =1 -1 . Beluncionre BeIHYHHY A]" . PesynpraTel 3anummnTe B TabNN-

Iy.
[TocTpoiite Ha ogHOM IHCTe (Ha OJHOM Tone Tpaduka, cM puc. 4) ABe 3aBUCH-

moctu I,=f(I) /"XI“ = f{).

Onpe)leﬂme 3HAYCHHUEC KPUTHMYCCKOTO TOKa pr B OOMOTKE cOJIeHOHAa IO TOo-

AIQ —
== /(D).

TOXKEHMIO MaKcHMyMa Ha rpadike TIPON3BOIHOM

e
ITo popmymne (11) BEUKMCIUTE BENHUMHY YAESILHOTO 3apsaa 3IeKTpoHa —.
m

CpaBHI/ITC MMONNYYCHHOC 3HAUCHHE C TaOIMIHBIM (COI‘J’IaCHO CIIPpaBOYHBIM JaH-

HEIM — = 1,7588047-10" Ki/kr) 1 oLieHHTe OTHOCHTENBHYIO IOTPEIIHOCTE
m

pe3ynbTaTa M3MepeHHH 1Mo hopmyie

(=) G

6‘: m ¥aasn m 3KCH_100%.
£
[mjmadn

B BEIBOJIC C}ICJIaﬁTe dHaIIM3 MCIIOIB30BaAHHOI'O METOAA OIIPEACICHII YACIBHOI'O
JapAfa 3JICKTPpOHA. YKaXIMTE BO3MOXKHBIC MCTOYHHMKHN CUCTEMATHYCCKUX 1 cnytlaﬁ-
HBIX TIOTPEIMTHOCT Cf’i, IIYTH NX YCTPAaHCHI NI CHUZKCHITAL

KOHTpOJ’IbHBIG B Ol p 0 C H

. SanmiuTe GOPMYIIBL AJIS CHIT FuuFa, AeHCTBYIONNX Ha 3apsKeHHYIO uac-
THUITY B 3NMEKTPUIECKOM 1 MATHUTHOM ITOJISIX.

. Kakne mapamerps (CKOpOCTh v, v, yckopeHusa &, &,, &, paluyc KPUBH3HEI
TPaeKTOPHUH) M3MEHSIOTCS TTPH ABMKEHUHN 3apsike HHOM YaCTHIIHI:

a) IO/l HeKOTOPHIM YTTIOM K CHITOBOM JTMHHH 3IIEKTPOCTATHIECKOTO TTOIS,

6) mox aeiicTBueM cubl JlopeHia?

Kaxwe ypaBHeHIS HEOOXOAUMO UCTIONB30BATH AT OTIPEAeTIe HIS:

&) CKOPOCTH 3apsDKEHHOM YaCTHITHL, TPHOOPETEHHOM B AIEKTPUIECKOM TIOJE,

6) paguyca KpUBU3HEI TPAEKTOPHH 3IeKTPOHA B MATHUTHOM TI0JE?
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4. IlokaxuTe Ha PUCYHKE HallpaBleHWe cHl F'y W F,, JeHCTBYIOIINX B MarHe-
TPOHE Ha AIIEKTPOH, ABIKYIIMICS OT KaTo/ia K aHOAY.

Kax 1 moueMy m3MeHsIOTCS IPH 3TOM ABMKEHWA MOIYJIA CHIT F oy U F 5 7
6. OT 4ero 3aBUCAT BEKTOP W MOAYIL CKOPOCTH ABMKEHHS IEKTPOHA B MarHe-
TpoHe?

hd

7. TloKauTe Ha PHCYHKE HATpaBIeHIe BEKTOPOB £ i B B MATHeTpoHe.

OT uero 3aBHUCAT (HoOpMa TPAEKTOPUM SIEKTPOHA B MarHETPOHE M 3HAUCHME

KPUTHUECKOW MHAYKIH Bip?

9. Tlokaxmre Ha pucyHKe GopMy TPaeKTOPHH 3JIEKTPOHA B MATHETPOHE TP pa3iid-
HBIX 3HAYEHWUAX MATHUTHON MHAYKIWH (B < By, B = By, B> Byp).

10. YKaxuTe Ha3HAUEHNUE B AIEKTPUUECKOM IIEMH MyJIBTHMETPOB.

11.0t xaKMX BeIMUNH 3aBHACUT 3HAUeHNe aHOAHOIO ToKa [, MarHeTpoHa?

o

12.Kax 3aBHCHUT BeINUNHA aHOAHOIO TOKa [, MarHeTpOHA!
a) OT TOKa Hakana katoga [ ; 6) OT aHOLHOTO HalpsikeHus U ;

B) OT TOKa B OOMOTKE CONeHoua / ; T) OT UHclia BUTKOB coneHonna N7
13.Kakne ypaBHeHHS UCIIONB3YIOT TPHU BHIBOJE pacueTHON (GOpMYIEI IS OIpe-

e
ACIICHIA YACIIBHOTO 3apiga 3JICKTPOHa —7?
n

Ma_
D

15. Ykaxure crioco® oIpefeleHIs KpUTHIECKOTO TOKa g, 110 3THM IpadHKaM.

14. O6wsicauTe dopmy U yKaxuTe HazHaueHue rpadukoB [ ,=f(1) n

JdurtepartTyopa

1. Hetmad A A., Seopckuit M. Kype dmukn. — M.: Bricimmas mxomna, 1989, —
§§ 23.1, 23.3.
2. KamamnankoB C.I'. OnextpraectBo.— M.: Hayka, 1977. —§§ 178, 179, 182.
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Padora Ne 7
N3YUYEHHE YPEKTA XOJJIA B ITOJYITPOBOJTHITKAX

IMEJIb: o3HakoMuThCA ¢ ABIeHHEM XOIIa, ONPEIeNUTh ITOCTOSHHYIO XOMIa U KOH-
IIEHTPAIHIO AIEKTPOHHEIX HOCUTENEH B TTONYIPOBOAHHKE.

OBOPYJIOBAHHE: perynupyeMblii HCTOYHHK  IIOCTOSHHOIO — HAIIPsKEHHA
«0...15B», cTa0unn3upoBaHHEI MCTOUHHMK IIOCTOAHHOTO HANpPsKESHHS
«+15B», muanbIoK «Dddext Xommay, MyIbTHMETPEL

Brenmewnmnme
Dgppexm Xonna — nosiBIIeHNE B TIPOBOAHNKE (MIH B MMOJYIIPOBOAHMKE) ¢ TIIOT-
HOCTBHIO TOK2 / , TIOMEIeHHOM B MarHUTHOE Tone B, Hanpskenwns U B HATIpaBIeHUH,

TepII HAUKYISIPHOM BEKTOPaM | 1 B (puc. 1). Dddext orkpht B 1879 r. ameprkan-

cknM uzmkoM . ['. Xommom, KOTOPEIH SKCIIepUMEHTANBHO YCTAaHOBMIT CIEAYIONIee
BBIpakKeHUE I HATIPSKESHS:

v-r2. )

d
e R — koahpUIeHT mporoplMoHanbHOCTH (Kosdg duimenT Xomna), ero BeluiHa
M 3HAK 3aBUCAT OT XUMHUYECKOTO COCTABa IPOBOJHMKA, OT TEMIIEpaTyphl U 3apsiia
HocHuTenel Toka, I — cuia Toka B ofpasiie, B — MHAYKIMMSA MArHUTHOTO MONsS, d —

TOIIMHHA 06pa?,ua.

}7 PaccMOTpuM  3IEMEHTapHYIO
A Teoprio 3ddexra Xomna. ITyeTs Ho-
"ﬁ_f__f_ o T T Y curensmu Toka SBIAIOTCA BIEKTPO-

/ B o -

Y, B 4Ff,, . HBl (HampuMep, B MeTaax M Ipu

3 i MECHBIX TTONYIIPOBOIHUKAX #1-TUTIA).

[Ipn mpoTekannn B 0Opaslie ToOKa
TUTOTHOCTRIO j BIIEKTPOHH WMEIOT

CKOpOCTh Jpeiida v N f Eenu

TIPOBOJHUK C TOKOM TIOMEITEH B
MArHUTHOE IIOJIE, TO Ha AIEKTPOHEL
AeHcTByeT cia JlopeHia:

F.= |V B| @
BBI3BIBAIONIAA TIepepacTpesieieHe 3apsaaa B HAlpaBleHnn ocu Y (cm. puc. 1). Onek-

TPOHEL OYYT OTKIOHATHCS K O HOM M3 TpaHel, OCTaBNsd Ha IIPOTHBOIIONOKHOMN He-
CKOMITE HCUPOBAHHEIH TIONOKUTENBHEIN 3apsy. B pesynbraTe BIONL OcH I MOSABUTCA

Puc. 1. BDpdexr Xonna

aekTpudeckoe none F,, MelficTByiolee Ha ANEKTPOH ¢ cunoit F., = —ek,, koTopas
HATIPABIIeHa MPOTUBONONOKHO cuie Jlopenia. CTallMoOHApPHOMY COCTOSTHHIO COOT-

BETCTBY €T yCIIOBHE
F,=F, mm eF, =e\B, (3)
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Tak Kak B JAHHOM CIIyuae BEeKTOp CKOpocTU v | B,
W3 ypaBHeHIA (3) HAXOAWM HATPSKEHHOCTH TIOJIST XOJIa !

E,=vB (4)
1 Pa3HOCTh MOTEHITHATIOB MeXAY rparsmu 1 u 2 (Hanpsprenue Xomna):
b
U=[E,dy=1vBb, 5
0

rie b — pazmep oOpasiia BAOIEL HaMpaBIeHIS MO X oA,
BrIpasum cKopocTh 3IeKTPOHOB v Uepes CHIY TOKa ¢ TIOMOINEBIO (GOpMYII:
I=jbd, j=env, v= ! ,
enbd
7€ 7 — KOHIEHTPAIHA HIIEKTPOHOB IIPOBOAMMOCTH B 00pasIie.
Hampstxkenne Xomna cornacHo ypapHeHMO (5) ¢ yueTom GopMynsl (6) 3ammu-
IeM B BIJIE

(©)

en
Kosddrmmert Xomna (v/KTT) momyurm, cpaparB Bepakerns (1) u (7):
R= L : (8)
en

Bonee crporas Teopus, yUUTHIBAIOIIAS B3aUMOIEHCTBYE HOCUTENEH Toka (37ek-

TPOHOB) ¢ KPHUCTAIUTMIECKON PEIIETKOM, AaeT TOCTOSHHYIO XOIa:
R=—, ©)
en

rae ¥ — Xomn-pakTop, ero BeIMdrHa ¥ > 1 1 3aBUCUT OT MarHUTHOTO TIOJIS, TeMITepa-
TYpHl 1 CBOMCTB MaTepuana obpasia. J[s crabo 1erupoBaHHOTO repMaHWs PH KOM-
HATHOI Temmepartype » = 3778.

Wz dopmynel (8) cmepyeT, uTo 3Hak Kosddurmenta Xoma onpeaenseTcs 3Ha-
KOM 3apsiia HocuTesel Toka. J[JId MeTannoB M MOIYTPOBOAHHUKOB A-THIA BeTUUINHA
R<0, a ams MONyMPOBOAHUKOB ¢ IBIPOTHON MPOBOAMMOCTHIO (p-THma) R=>0.

MeToa ®W3Yy Y€ HUA
5 d bextTa Xonxnmnma

Hampstxkenne Xomna cornmacHo ¢gopmyine (1) muHeHHO 3aBUCUT OT MarHUTHOM
WHAYKIMH B 1 OT ToKa [, TIPOTEKAIOEeTro B AaTUHKe. Y CTAHOBKA ITIO3BOJISET IOJY-
yuTh 3aBucuMocti U(B) n U(]) u o yraoBoMy Ko3hPHUITHEHTY SKCTIepUMEHTAIbHOM
npsiMoit orpenenuTh koaddurment Xomna R. B ciydyae nruHeiHON 3aBUCUMOCTH BH-
na U = KB B cootBeTCTBIH ¢ hopmyoit (1) BemnmumHa yriIoBoro kosgguiineHTa

=2 (10)
d

B kauecTBe MCTOYHHKA MMOCTOSHHOTO MATHUTHOTO TIOJIST MOXKHO HCIIONB30BATh

3IeKTPOMArHUT. BenndmHa MHAYKIIMY MATHUTHOTO TIONS B B 3a30pe 3IeKTPOMarHnuTa

HEIIMHEHO 3aBMCHT OT HAMAaroHM4MBaroIIcro TokKa IaM B ero oOMOTKE. OIIHaKO Ha

57









Il opsaxox BHIINIOIHGEHMTI pabdoTH

Bumonnenue usmepeHut

3anumure B TAOIUIYy YMCIO BUTKOB 3JIeKTpoMarHuta N, MIUpHUHY 3a30pa A U
TONITHY AaTunka d (ykasaHel Ha MUHHOMOKE «DdhdexT Xommay).

Cobepure »SIEKTPUUECKYIO IIeMb IO MOHTaXHOW cXeme, MPHUBEIEHHOW Ha
puc.3.

Bxmrounre xHomnko#l «CeThy NHUTaHWe OJIOKa MeHepaTopoB HampstkeHnd. Ha-
KMUTE KHOTIKY «McxomHas yecTaHoBkay (1mo3. 19, em. puc. 1 Ha cTp. 6).

Tabnuma
[TapameTphl ycTaHOBKK: = 5 MA, N = ... BUTKOB, 2= ... MM, d = ... MM
Bennunna
Ne Ly MA U, MB U,, MB U, MB B, mTn
10
10 100

Cpennssa Touka
(IIpunoxenne 1.1)

Knomnkamu ycranopku Hampstxerus «0... 15 By (moz.14, puc. 1, cp. 6) ycTa-
HOBWTE TOK B IIETIHM 3JIEKTPOMArHUTA [,y ~ 10 MA.

W3mephTe ¢ MOMOIIBIO MyJIbTUMETpa S5 HanpstkeHue U (TIpu AaHHOM HaTpaB-
JIeHUH TOKa B OOMOTKE 3IeKTPOMATHUTA).

[TepexmouaTenem 8 U3MEHUTE HAIIPaBIeHUE TOKA ., W M3MEPLTE HATIPSDKEHNE
Us.

YBeTnuMBasi ¢ MOMOIIBIO KHOTIOK YCeTaHOBKK HanpstkeHus «0... 15 By (1mo3.14,
puc. 1, ctp. 6) Tok B 0OOMOTKE 3IeKTPOMATHUTA [, depes Kaxaple ~ 10 MA m3-
MepbTe HanpsokeHusa Uy u Uy o mm. 5, 6. Pe3ynbraTtsl M3MepeHn 3aluIlnTe B
TabIHITy.

Brikmounte kHomkamu «CeTh» MUTaHWE OGIOKA TEHEPATOPOB HATPSIKEHUS U
6IoKa MyJIbTUMETPOB.

Obpabomra pe3yIomamos usmepen il

Paccuwnralite 3HaueHNS MarHUTHOM MHAYKUWA B I KaKAOTO 3HAYEHUA 1y, MC-
nonb3ys gopmyiy (11). PesynsraTel pacueToB 3allHIInTe B TaOIHITY.
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9.

JI1s KaskIoTo 3HAUEHUS MATHUTHON MHAYKIK B 110 dopmyine (12) BHUMCTNTE
HanpspkeHue Xoma U, Pe3ynbsraThl pacyeToB 3aluilinuTe B TaOIINLLY .

ITo MoNy4YeHHBIM JaHHBIM TIOCTpOIiTe rpaduk 3apucumoctr U = f(B).
[IpoBeanTe MpsAMYIO Uepe3 CPEdHIO TOUKY W HYJEBYIO: M3BECTHO, uto U =0
mpu b = 0.

Omnpenenure yrinoBoit koahduimeHT K sKCIepuMeHTaTbLHOM PSIMOI 1 €TO OT-
HOCHTENBHYIO MTOTPEIIHOCTH O (cM. TipuinokeHue 1).

Hcronbays dopmymny (10), HaliguTe 3HaYeHUE TIOCTOSHHOM XoIma sl UCCIe-
AyeMOTO MOy ITPOBOAHHKA!

R:K?:...M/K/z
OlleHNTe OTHOCHTENBHYIO [IOTPEIIHOCTh BEIMUMHEL R: 8, = 45, + 6, .

Ha ocHoBannu BrIpaxkeHus (8) win (9) BHUMCINTE KOHIIEHTPAIMIO JBIPOK # B
HICCIIely €MOM IOy IPOBOHUKE:

v
—=_1/a
e
Haifnure noBepWTEIbHBIN MHTEpBAl BEIWUMHBEL #, NMPHUHHUMAS, UTO OTHOCH-
TeIbHAas MTOTPEIIHOCTh O, = O.

10.B BHIBOZIE OTMETHTE, Kakne 3aKOHOMepHOCTH 3ddekTa Xona UccieqoBaHb B

SR e

pa60Te " YKaKWUTC BOIMOAKHBIC IIPUMCHCHIA AaTUHKa Xomna.

KOHTpOJIbeIC B Ol p 0 C H

B uem zaxmouaercs s¢gdext Xomna?

Kakue ycrnoBusa HeoOX0oAUMEIL AJIs HAOIOAEHU SBIIeHUS XoIa?

YxkaxuTe IPUUUHY MOSBIEHUSA HATIPSKEHNU XOJIa.

Kaxk nanpasnena cuna JIopeHriia, AelicTByoIas Ha I[BI/I}KyIlII/II/ICH 3IEKTPOH?

[TokaxuTe Ha PUCYHKE HAIlpaBJIeHHE BEKTOPOB E u B o BIEKTPUIECKOTO 1
MATHUTHOTO TIOJeH B TUTACTHHKE TIONYTIPOBOAHUKA MpH HabmoaeHnn s¢dekra
Xomnna.

Mexny KakuMH TPaHAMH IUIACTHHKU TOSIBIIAETCS HAMpsokeHue Xomnma? YKa-
KWUTE MOJIOKEHNE TpaHel 1Mo OTHONIEHMIO K TOKY / 1 MATHUTHOMY TIOJNIO B.
JI1s m3MepeHns KakiX BEIMYKH UCTIONB3YIOT B JAHHOM padoTe:

a) MIJLTHaMIIepMeTp, 6) IrudpoBoit BOILTMETP?

K xaxnm rpansam gaTarka XoJuia NOAKII0YatoT IPUOOPHL:

a) MIULTHAMIIEPMET),

6) 1 poBOH BOTBTMETP?

Kaxue BenMInHLL 1 TIapaMeTPHI sIBIEHUS X0JIa N3MEHATCS, €CITH N3MEHUTD:

a) BeIMUMHY 1 HaTpapjieHne paboduero Toka JaTunKa,

6) BeNMIMHY ¥ HAIIPaBlIeHHe TOKa B OOMOTKE 3IeKTPOMATHUTA ?

10.Kaxoli pazmep IIIACTUHKH MTOIYIIPOBOJHIKA HEOOXOAMM ISl BEIUUCIEHHA T10-

CTOSTHHO Xomna?

11.Kaxnm criocobomM m3MepstoOT HaIpsKeHne XoIa?
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12. 3ammumure GopmMyIbl, KOTOPHIE UCTIONB3YIOTCA B AaHHOM paboTe i pacuera
KOHIIEHTPAIIH 3JIEKTPOHOB IIPOBOAMMOCTH B IOy IPOBOAHUKE.

JdurtepartTyopa

1. Hertnmad A A., Seopckmit .M. Kype dmukn. — M.: Bricimas mxomna, 1989, —
§§ 23.1, 23.2.
2. KanamaukoB C.I'. DnexktpuuectBo. — M.: Hayka, 1977. — § 150,
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Padora No 8

CHSITUE OCHOBHOI KPUBOI HAMATHITYITBAHHSI
PCEPPOMAI'HETHUKA

[TEJIb: mocTpoenne ocHOBHOMN KpuBOM HamarHuumBauus B(H) u rpaduka 3apmc uMo-
CTH MArHATHON TPOHWUIIAEMOCTH OT HATPSKEHHOCTH MATHHUTHOTO TIONA £4{H)
(heppoMarHeTHKa.

OBOPY HOBAHUE.: perynupyeMblli MCTOUHUK MMOCTOSHHOTO HANPKEHWA, CTaOWIH-

3UPOBAHHBIE MCTOUHWKH MOCTOAHHOTO HATPSKEHWA, MYJIBTUMETPHI, MAHNAO-
noKH «DeppoMarHeTuKy, « HTerpaTop ToKay, « COIPOTURICHAE .

BBenmgeunune

MarautHas HHAYKINA o B B deppomarHeTnke (Jxeneso, KodanbT, HUKEIb,
CTIeIMANbHEIE CIUIABEH), TIOMEIIEHHOM B MaTHUTHOE TI0Je, HeMHEMHO 3aBHCHUT OT €T0

HAIPSAKEHHOCTH H (puc. 1). Ilpniem, BenmurHa B B (eppOMarHUTHOM BeIecTBE
3aBHCHAT HE TONBKO OT 3TOTO IOJNA, HO M OT MPEAbIIYIIEr0 MATHUTHOTO COCTOSHWA
o0pas1a.

B A 1 Ecmn obpazerl rpeaBapUTelbHO ObLT pa3MarHu-
YEH, TO TIPH €r0 HAMATHUIHMBAHWH 38BUCUMOCTh B oT H
m3o0pakaeTca KpMBOW (-] W HA3BIBAETCA OCHOBHOIU

2 Kpueoti HamazHuvusanud. [IpM yMEHbIEHWH HATIPA-
/] » KEHHOCTW monsd H (cM. KpuByio [—2) M3MeHeHWe Mar-
~H 0 H

HUTHOM MHAYKIMH B B deppomMarneTnke GyaeT OTCTa-
BaTh OT M3MEHeHYA [ (MATHUTHBIH THCTEPE3HC).

3t1a 0cobeHHOCTh PeppOMATHETHKOB CBS3aHA C
HANTMJIHEM B HMX oOiacTelf crioHTaHHOM (caMoIpoms3-
Puc. 1. 3aBUCHMOCTE Mar-  BOIBbHOM) HAMATHWYEHHOCTH, HA3HBAEMBIX JOMEHAMU.
HHUTHOMN HHI[yKHHIfIE oT B pa3sMarHW4eHHOM COCTOSHWH (peppOMarHeTHKa Mar-

HaHpH}I{eHHOCTHﬁ HUTHEIE MOMEHTH] Pa3IMYHbIX JOMEHOB OPHEHTHPOBA-
HBl TaK, YTO PE3YNbTUPYIOMWI BEeKTOp HaMarHW4YeH-
A HOCTH ofpaslla paBeH Hymno. OfHa W3 BO3MOMKHBIX
— IOMEHHBIX CTPYKTYP TAKOI'O COCTOSHWS IIPHBECHA Ha
pHC. 2, TZe CTpelkaMHi II0Ka3aHBl HallpaBICHHA Ha-

l MATHHYEHHOCTH JOMEHOB.
[Tpu nomemnieHnn ¢deppoMarHeTHKa BO BHEIIHEE
S » MAarHUTHOE TI0JI€ TPAHUIIE JOMEHOB CMEINAIOTCs Tak,
7 YTO cHayald PacTyT JAOMEHBl, MATHUTHEIE MOMEHTEI
Prc. 2. JToMeHBI KOTOPHIX COCTABIIIOT ¢ BEKTOPOM H OCTPHIH YTOI,

T.€¢. JOMCHBI, TMCIOITHE HanboIee BEITOTHOS SHepre-

THUecKkoe cocTossiHue. Ha CJIGI[YIOH.[Gﬁ CTaAH C POCTOM H MPOHUCXOANT IIOBOPOT
MaIrHMTHBIX MOMCHTOE BCCX JOMCHOB B HAIIPaBJICHHWH ITOIIA.
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[Tpu 3TOM HaAMAarHUUEHHOCTHL OOpaziia J (MATHUTHBIM MOMEHT eJUHUIIL O00be-

Ma) JOCTHUTAET HACHITIEeHWS (pHc. 3), a MHAYKIINA TToNd B TPogonKaeT He3HATNTETh-

HO BO3DPAcTaTh 3@ CUET YBEIMUEHHA HATIPSKEHHOCTH F{ BHEIITHETO MAarHATHOTO TTOJIA:
B = p(H)= p(1+0)H = piogiH, (1

THE th = 47:1077 I'H/M — MATHITHAS TIOCTOSIHHAS, ¥ — MArHUTHAsI BOCTIPUAMUNBOCTD.

JloMeHHasa cTpyKTypa GeppOMATHETHKOB SBISETCA TAKKE MPUIWMHON TOTO, 4TO
BeIINMYMHA OTHOCHUTEILHON MATHUTHOM IIPOHUIIAEMOCTH £, MOXKET MEHATHCA B IITAPO-
Kxix Tpefenax (oT 1 1o 10°) i cloKHBIM o5pasoM 3aBHCHT OT HATIPSKEHHOCTH BHeII-
HEro MATHUTHOTO oS (puUC. 4).

[Tpu HarpeBanuu QeppoMarHeTHka BHIINE TeMIepaTyphl Kiopu TErioBoe JIBH-
KEHWE PaspyllaeT ero AOMEHHYIO CTPYKTYPY M BMECTE ¢ 3THUM HMCUE3alOT BCE OCO-
GeHHOCTH (GeppPOMATHUTHOTO COCTOSHHS: BEIIECTBO MEPEeXOJUT B MapaMarHUTHOE
COCTOSTHUE.

Ja Hr 4
)
0 He 0 H
Prc. 3 Puc. 4

MeTon wm3MepeHHITH

Bnepprie momHOE 5KCIepUMEHTATHHOE HCCNeAoBaHue 3apucumMocTn B(H) mpo-
BEIEHO B 1871-1872 1. npoceccopom  MOCKOBCKOTO — YHHUBEPCHTETA
AT CronerosiM. OH MOKa3al TaKke, UTO HAMPSKEHHOCTE OIS BHYTPH (e ppoMar-
HETWKA CUILHO 3aBUCHT OT (HOpMBI 06pa3iia M TONBKO B CIIyUae TOPOMAATLHOTO 06-
pasia, HAMATHUIMBAEMOTO KOJIBIIEBOM OOMOTKOW, OHA COBTIANAET C HAIPSKEHHO-
CTBEO BHEIITHETO MATrHUTHOTO TIOJIA.

B nmanmo#t paGoTe A MOMyYeHHs OCHOBHOM KpHMBOH HaMarHWUMBaHnsa B(H) nc-
MO B3YIOT MeTOM, TpeanoxeHHbd Al CroneToBeiM. OH 3aKITIOYAETCA B CIEAYIOIIEM.
Ha xombite w3 dpeppoMATHUTHOTO MaTepHana PAcTIONOKeHE IBe OOMOTKH (pHc. 5): Tep-
BUYHAs (HAMATHIIWBAIOINIAS) cOMepknT N; BUTKOB, a BTOPHUHAS (¢ YHUCTIOM BUTKOB N;)
MpeAHAZHAUCHA IS N3Mepe HIA BETMIMHB] MATHATHON MHAYKITN 5.

HampstxeHHOCTh MATHUTHOTO TIOJIS, KOTOPOE CO3AAETCS B KOJIBIEBOM CEPACUHU-
Ke TP NMPOTEKaHWU 10 TIepBUUHOI 0OMOTKe ToKa [, MOKHO paccuuTaTh 1o Ghopmyie

H:II%:KIIP (2)

rie K; = Ny/I; [ — nnuna cpenneii oceBoll TMHUN CepIeTHIKA.
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2To Mojle HAMAarHWMuMBaeT KOIbIO. MaTrHUTHBIM ITO-
TOK B c€UeHIH KOIbIAa TUIOMAALI0 S
& =BS.
IIpu ero M3MeHEeHMH BO BTOPUUHON OOMOTKE BOZHHU-
kaeT OJ{C mHay KImn:
& =—N, dd/dt,
rre dd/dt — cKopocTh M3MEHSHNA MATHUTHOTO TIOTOKA.
HUsMenenne MATrHUTHOTO TIOTOKA JTOCTHUTAETCS M3-
MEHEHNEM HampaBlIeHNa Toka I;. [Ipu sToM 3HaueHNe HANPSKEHHOCTH Tons H ocTa-
eTcs TIPeKHUM, a U3MEHSeTCs UMb HapaBlieHne TUHUM TTond. B pesyibraTte MOTOK
MATHUTHOW MHAYKITMN W3MeHIeTCs OT 3HaueHnsa +@ no —&, a pupalieHne moToka

Puc. 5

AD=-2¢ =-2B8S§. (3)
Ecnu nens BTopryHON 0OMOTKH 3aMKHYTa, TO B HEHU TIOTE@UET TOK
N, d@
=g/ R=—7F2-— (4)
R dt’

r7e R — COMPOTHUBIEHHE 1IETTM BTOPHYHOW OOMOTKH.
[Tpu npoTekaHWW MHAYKITMOHHOTO TOKA [ B ATOH 16N TIepeHOCHTCs 3apsan {J,
BENTMIHHY KOTOPOTO MOMKHO PacCUMTATh, HCIONb3y s hopmy Il (3), (4):

t -
0= j]zdr: j _N,a® r:—N2 AD = 2£BS.
0 +& R df R R
BprEl}KElH 3 3TOTO pElBeHCTBEl I/]H,E[}’KLH/]IO MArduTHOI'O TTOJIA, HOJIYLIEIGM
_ OR
5
2N S’ )

roe R, N, 1 § — BeNWUMHEL, TOCTOSHHBIE [T JAHHOM YCTaHOBKH,
3apsg ) WU3MEPSIOT MHTETPaTOPOM TOKA, MOAKIIOUEHHBIM KO BTOPHYHOH 00-
MOTKe. [Ipu 3ToM BemMumHa 3apsza, MPOIIEAIIero Uepe3 MHTETpaTop, MPOMOpITo-
HAbHA TTOKA3aHUIO BONLTMETPA #:
Q=yn, (6)
T7i€ ¥ —TIOCTOSTHHAA WHTETPATOPa; 11 — OTCUET 110 MYJIbTUMETPY .
BennunHa MOCTOAHHON ¥ XapaKTEpPU3YET UYyBCTBUTENBHOCTH HMHTETpATOpa W
paBHa 3apsiny (Q/n), KOTOPBIH BRI3HIBAECT e]MHMYHOE MTOKA3aHUE MyTBTUMETPA.
Ucnionbays BeIpakeHns (5) u (6), MOKHO 3ammcaTh pacueTHYIO GopMyIy I MH-
AOYKITMW MATHUTHOTO TIOJNIA B MCCIIEAY EMOM KONBIIEBOM CEPACYHHKE:
__mR
s K ™
m
2N.S

rme K, =

OmucaHTE Yy ¢ T a HOB K H
SJICKTPI/FICCKEIH CXCMa YCTAHOBKH IIOKA3dHA Ha PHC. 6, MOHTaXHaA — Hd PHC. 7.
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BaHMS HET HEOOXOIMMOCTH IMPOBOAUTE IMPEABAPUTCIIEHOC pasMarHUMUMBaHHUE CEPACU-
HHKA.

95 B ]

[l opsanmoKkxk BHINIOIHGEHUSI pabdoTH

Buvinonnenue uzmepenut

. Brecure B Tabnuily mapaMeTphl YCTAaHOBKH M McCIeAyeMOoro odpasia:

N; 1 N, — 4iCIIO BUTKOB NEPBUYHOM ¥ BTOPUUHOM OOMOTOK;
[ — nnuHa cpeqHeli oceBO TMHUM CepAeuHNKa,

S — Ioma b MONepeyHOTo CeYeHNs CepeuHIKa,

R — conpoTuBieHNE 11T BTOPUIHO U OOMOTKH,

y— TOCTOsIHHAsI MHTEIPaTopa.

. Cobepurte 3IeKTPUIECKYIO MEeNh IT0 MOHTaKHOW cXeMe, IPUBEAEHHON Ha puc./.
. Bkmtounte xHOTKamu «CeThb» IMHUTaHKWE OJIOKA TeHepaTOpOB HAIPSKEHUN U OI0Ka

MYyIbTUMETPOB. Haxkmure kHoTKY «McxomHas yeraHoBkay (1mo3. 19, cm. puc. 1 Ha
cTp. 6). Hemmdupyrommit Kmod 7 MHTETpaTopa TOKa YCTAHOBHTH B TOJOMKEHME
«Copocy. [lepexmouarens 4 yCTAHOBUTE B HUJiCHEe TIONOKEHNE.

. Knomnkamvm yeranoBkr HampspkeHU «0... 15 By (1mo3.14, puc. 1, ctp. 6) ycTaHOBH-

T€ B IIepBUYHON o6MoTke [, ~ 6,0 MA.

. PazomkunTe nemmdupyronmii kmod 7. [lepexmouarens 4 epeBeqnuTe B gepxree

TIOJIOKEHHE, 3aMeThTe IIPH 3TOM MaKCHMallbHOE Nokazanue U, mynsrumeTpa 10
1 3aInuinTe ero B Tabnuily. [lepeBequre ximou 7 B nonoxkeHne « COpocy.

. Pazomxuure gemrdupyrommii kimou 7. [Tepekmouatent 4 TepeBenuTe B HUdiCHee

IMMOJIOKCHHUE, 3aMCETBTC IIPH 3TOM MAKCHMAJIIBHOC TTOKa3aHHC U2 MYJIBTHUMETPA 10

1 3aIuinTe ero B Tabnuiy. IlepeBequre xkimou 7 B nonoxkeHue « COHpocy.
Tabnnna

[TapameTpsr 7 vAlU
12

YCTAHOBKH -B |U,.B |U,.B|H A/m| B, mTn| p,

Ny =100

N, =200

I= 37,7 vm

5= 25 mm’
R=25xOm
v=23,7-10°Kn/B

. YcTaHaBIMBas MOCIeAoBaTeIbHO 3HAUeHNI Toka ¢ maroM ~0,2 MA g0 14 MA, a

3aTeM ¢ maroMm ~10 MA go 100 MA, m3MeprTe 1o miL 5,6 AN KaXkgoro Toka I,
MaKcHMallbHbIe NokazaHusd U mynbsTumeTpa 10. Pesynbratel m3mepennii U, U, u
TOK [, 3aIllMcEIBaiiTe B TaOIALLY.

. Boxmounre xHOnkamm « CeThy NUTaHHe OIIOKa T€HEPATOPOB HAIIPIKCHIA U 61o-

Ka MyJIBTUMETPOB.
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Obpabomxa pe3yabmamos usmeperu
1. Paccuwnraiite cpenHee 3HaUEHNE Ucp IS KaKIOTO TOKA:

U +U
— 1 2 _
p-— ——=..B
2. Paccunralite xoHcTaHTEl K, 1 K., HeOOXOAMMEIE [JIs BHIUKUCIEHUH BennmunH H 1

B no popmynam (2) u (7), McTIONB3y S 3HAUEHNA TTApaMETPOB YCTAaHOBKY U McCCIe-
ayemoro obpasia:

Araat
R Kn-Owm
K, = =... -
2N,§ B-u
3. JI;1s1 ka:oro 3HaUeHMS TOKA paccuuraiite BenmanHel H 1 B 1o dopmymam:
H=K]I=.Aln,
B=KU,=.Tx
4. BruucnuTe MATHUTHYIO TIPOHHUIIAEMOCTD £, TI0 opmyre (1) amsd xaxaoro 3Have-
HuA

H=—=_.
4 H

Pesynbrarsl pacdeToB 3alUCcHIBANTE B TaOIHLTY.

5. Ilo pgaHHBIM TaOIUIEl MTOCTPONTE OCHOBHYIO KpHMBYIO HamarHmuuBauus B(H) u
rpaduk 3aBUCUMOCTH £4,(H).

6. B BeIBOZIE 110 padoTe oTpazute 0coOeHHOCTH (POPMBI OTIBITHBIX KPUBBIX:
a) COTIOCTaBbTe X0 KpUBOM HAMATHUUMBAHUS C TTONOKEHUEM MaKCUMyMa Ha Ipa-
ke £4(H);
6) cpaBHWTE TIONYUYEHHBIE KPUBHIE ¢ M3BECTHHIMHM TEOPETMUECKUMU M HKCIIEpPH-
MeHTaIbHBIMI 3aBUCHUMOCTSIMH.

KOHTpOJIbHBIC B OII p 0 C H

1. TTokaxxute BUI OCHOBHOM KpuBoi HamMarHnmumBanus B(H) u rpaduka 3aBUCHUMOCTHI
OTHOCHUTENBHON MarHWTHON IMPOHUITAEMOCTH OT HATPSKEHHOCTH ToNns 4 (H) ans
heppoMarHeTUKOB:
aympul <7, 6) npu 7> T, (T.— temmeparypa Kiopn).

2. Yem oTnnyaeTcs OCHOBHAS KpHBas HaMAarHWUMBaHWS GeppoMarHeTHKa OT aHaJo-
TMIHOM 3aBrucuMOcTH B(H) 111 HepasMarHuueHHoro obpasma?

3. HazoBuTe XapakTepHBIE CBOMCTBA (peppOMArHeTHKOB M OCOOEHHOCTH MX HAaMAarHH-
YMBaHWSL.

4. OnmImnTe M3MEHEHHS TOMEHHOM CTPYKTYPH heppoMarHeTHKA B MIPOIIECCe ero Ha-
MAaTHUUMBaHKA (TI0 Mepe pocTa HANPSKeHHOCTH 1ot H).

5. OT KaKKX BEIWYNH 3aBUCAT:

) HaTIPSDKEHHOCTH /. MArHUTHOTO TIONS TOPOWAA,
0) MHAYKIS B MarHATHOTO TIOJISI TOPOMAA ¢ (hepPOMATHUTHBIM CEPISUHIKOM,
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B) MarHUTHas MMPOHUIIAEMOCTh £, CEpASUHIKA Toponuzaa?

6. Kakwne dopmynsl (13 MpUBEIESHHBIX B OMMCAHWN PabOTH) MOKA3LIBAIOT 3aBUCH-
MOCTH TTapaMeTPOB MarHUTHOTO MoNsA B 1 H OT APYyTHX BETWINUH?

7. OT "yero u KakumM oOpazoM 3aBHUCHT 3apsifl (), W3MEPSIEMbII C TIOMOIIBIO WHTETpa-
Topa Toka? Kakoii Tok MmpoTekaeT B Impudope”?

8. YKaxxuTe Ha3HaUeHHe MHTErpaTopa TOKA.

9. J1714 4ero UCIob3yIoT IIepeKIoUaTeNb 4 Ipyu NpOBeAeHUN U3MEPEHWH 7

10. Kakne m3mepsiemMble BeTMIMHBL 1 Kakne (GOpMYITBl UCTIONB3YIOT A OTIpeAeTe HIs
CIIEIYIOIINX BEINUNH!
a) HaTIPSDKEHHOCTH - MAarHUTHOTO TIOJIA B CEPEUHHKE,
6) MarHUTHOM MHAYKIMK B,
B) MAarHUTHOM TIPOHUIIAEMOCTH i, MaTepHala cepAeaHuKa?

JdurtepartTypa

1. Hetnad A A., deopckuit B.M. Kype dmuku. — M.: Bricmmas mkona, 1989, —§§
243, 245.
2. KanmamamkoB C.I'. OnekrpudectBo. — M.: Hayka, 1977 — §§ 109-111, 119.
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Padora Ne 9

N3YUYEHUWE 3ABUCIIMOCTH
MATHUTHOU ITPOHUTTAEMOCTH ®EPPOMAT'HETHKA
OT HAIIPSKEHHOCTH MAT'THUTHOI'O 110JIAA

IIEJIb: mocTtpoenme rpaduka 3aBUCHMOCTH MATHHUTHOH TIPOHMIIREMOCTH (eppoMarte-
THKa OT HATIPSTAKEHHOCTH MAarHUTHOTO TIONS 44{H) 1 OCHOBHOM KpHBOM Hamar-
HuvBanus B(H).

OBOPYJIOBAHUE: munntnokn « eppomMarHeTUKy, « COMPOTHUBIEHNE», T€HEPaTOp
CUTHAJIOB CTIeIMATHHON (hOPMBI, My THTUMETPHI.

B Be ageHHnwnue

DeppoMarHeTHKNA — 3TO CHIbHBIE MATHETUKH, 00NAJaloIie OcOOBIMA MATHUT-
HBIMK cBolicTBaMmu. [lompobGHee o6 3TuX cBoMcTBax cM. BO Bemennu x padore Ne 8.
MarautHas TPOHUIAEMOCTh (eppPOMarHeTUKOB i, 3aBHUCUT OT HATPSLKeHHOCTH H
MATHATHOTO TOIsL. [0 3TOM NMpUUMHE OT BEIMUMHBL 1 3aBUCAT M T€ XapaKTePUCTUKH
KOHTYpa, KOTOPBIE CBSI3aHBl ¢ MATHWTHOW MPOHHIIAEMOCTBHIO CPEbl, HalpuMep, WH-
OyKTUBHOCTH coJleHOMaa L:

N*§
L = /’lr/'lﬂ I (1)
" €TI0 MHAYKTHUBHOEC COIIPOTHUBIICHHUE TIEPEMEHHOMY TOKY XLI
X:=al, 2)

A€ ti — MarHUTHaA ITIOCTOAHHAM, N — 9KuCcIO BUTKOB COJICHONAA, S — Iomaab more-
PEUYHOIC CEUCHMA CEPACUHNKA COIICHOWAA, I- JJIIHHA CpCI[HCﬁ OCEBOM IMHUN cepacu-
HHWKA, 0 — MUKITHYECKad 4acToTa IMEPEeMEHHOTO TOKA.

MeTonxn HMW3MEQpeHHdTH

B manno# paboTe m3MepeHHe MAarHUTHOW IPOHMIIAEMOCTH CEPACUHUKA L, OC-
HOBaHO, cornacHo ¢opmyne (1), Ha M3MepeHMsIX MHAYKTHMBHOCTH L KaTyIIKU U ee
eoMeTprdecknx napameTpoB N, [ n S. JIna onpenene s MHAYKTUBHOCTH AOCTaTOU-
HO M3MEPHUTh MHIYKTHBHOE COIPOTHBIIEHHE KaTYIIKH ITepeMEHHOMY TOKY W3BECTHOM

9acTOTH @. [[oTHOE COMpOTHUBRIEHNE KaTYIIKK MepeMEHHOMY TOKY
Z=\R'+X], (3)
TaK Kak oOBIYHO R<<X, TO BENMYNHON aKTUBHOT'O COIIPOTUBIIEHHS KaTYIIKNA K MOXK-
HO MpeHeOpeUb MO CPaBHEHMIO C WHAYKTHUBHBIM COTIPOTHBICHUEM TI€PEMEHHOMY TO-
Ky gacToThl 200 I'11.
JaxoH Oma TO3BOJAET OINPEAEINTh BEIMUWHY Z IIyTeM W3MepeHHH Toka [ 1
HanpskeHna U Ha ydacTKe LIEMH, CoAepKalieM COIEHOMA
z=-Y )
I
Pacuetnas gopmyna 1 onpeaeneHIs MATHUTHON TTPOHUITAEMOCTH, TTONYUeH-
Hasl ¢ UCTIONB30BaHueM BrIpaxkenuii (1), (3), (4), UMeeT cleayommii BU;
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: )

roe K =
@i, N
HampaxeHHOCTh MAarHUTHOTO TIOJIA, KOTOPOE CO37aeTcd B KONBLIIEBOM cep/ied-
HUKE TIPU TIPOTSKAaHWH IT0 00MOTKE TOKa [, MOKHO pacCcuHTaTh 1Mo GopmMyIie
NI
H= T (6)

Taxum 06pa?,0M, KaXXa0oMy 3HAYCHHIO TOKa 1 COOTBCTCTEYIOT OIIpCACIICHHAA
HaIIpKCHHOCTE MAaroHHTHOTO IIOJIA H, MATrHUTHaA IMPOHUIACMOCTL CCpACHHNKA L, H
HHAYKIOHA MarHHTHOT'O I10JIA B

T [MocTOAHHAA ¥ CTAHOBKH.

Oﬂpeﬂeﬂﬂﬂ BEIITHYHHBL H, Ly 1 B IIPH PAa3IMIHBEIX TOKaX, MOXHO JKCIICPHMCHTAJIEHO

YCTaHOBHTh CIIEYIOIINE 3aBUCHMOCTH:
a) B=f(H) — 3aBUCUMOCTb MarHUTHON MHAYKIHUH OT HAIPAKEHHOCTH MArHUTHOTO

nond (OCHOBHAS KpHBad HaMaTHUUKWBaHUA deppoMarHeTka);
0) p, = f(H) — 3aBUCUMOCTb MAarHUTHOM NPOHHUI@AEMOCTH CEpJEUHHKA OT Halps-

KEHHOCTH MarHUTHOT'O ITOJIA.

O nwumececaHue Yy €T a H O B K H

DnekTpruueckad cxemMa ycTaHOBKHY MoKazaHa Ha puc. 1, MOHTaXXHasd — Ha puc. 2.
6 Puc. 1. Snexrpuueckad cxema:

1 — reHepaTop CUTHAJIOB CIIeNMATLHON (hOpMEL,
Ry j 2 — mynetumetp (pescum A~ 200 mAd, 6xoowt

-
2

N, COM, 4), 3 — 6nox «ConpoTuBieHne», Ry =
100 Om;, 4 — mymeTumerp (pexcum Vo~ 2V,

exoovt COM, V{2, 5 — KOIbIeBOH cepIeTHUK C
obmotkamit Ny 1 N3, 6 — 0ok «Deppomarne-

THK»

Ha xonpreBoli cepfleuHuK S5, W3TOTOBJIEHHBINA W3 HMCCIeAyemMoro dgeppomar-
HUTHOTO MaTepuala, HaMOTaHHl ) IIPOBOIIOYHBIX BUTKOB. JTa 00OMOTKA, IO KOTOPOH
MIPOIYCKAIOT MEPEMEHHBINA TOK YacToThl 200 [, CIIYKUT AJI4 HaMarHW4YMBaHUA Mar-
HETHKA, U II0 €€ IapaMeTpaM OIPEAEIIIOT HallpAKEeHHOCTh [ HaMarHWYMBAFOLIETO
nond. ['eHepaTop CUTHAJIOB creruanbHol dopmMbl 1 TO3BONAET M3MEHATL HAIpAXKe-
e U, a cienoBaTenbHoO, U TOK [ B 0OMOTKE TOpoua. DTH BEUUNHBL U3MEPIOT CO-
OTBETCTBEHHO BOIILTMETPOM 4 1 MUJIIIMAMIIEPMETPOM 2.
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Kuonkamu ycranoBkr ypoBHS «0 - 15 B» reHepaTopa cUTHAIIOB CIIeIMAIbHOM
¢dopMBl ycTaHOBHTE B 0OMOTKe Topouaa Tok I ~5 MA. 3amummure B TaOIUIYY
MOKa3aHMA TOKA W HATIPSKEHHSL.

H3meHsaa Tok B 0OOMOTKE TOPOWA C IaromM ~5 MA 10 55 MA, W3MepbTe Ha-
MIPSsDKEHNA. 3alUIINTe B TAOIHMIYY ITOKa3aHWsl TOKA 1 HATIPSIKE HILSL.

Brikmounre kHONKamu «CeThy» NMUTaHME OIIOKa FeHepaTOpOB HAIPSKEHUH U
6I10Ka MyJIBETHMETPOB.

Obpabomra pe3yabmamos usmepenu
BrramcinTe MocTOSHHYIO YCTAaHOBKHM K B COOTBETCTBHH ¢ hopmMymoii (5):

K-——"' — 4B
o, NS

Pesynprar pacueToB 3aMuIInTe B TaOIHILY.
. JI1s KaxIoro 3HAUEHMS TOKa paccunTaite BeIwuuHbl H, 4 1 B 1o dhopmynam
(6), (5) u (7). PesyneraThl pacueToB 3alMINNATe B TAOIHITY.
[To nmamHHBIM TAOGIHUITEI TOCTPONTE OCHOBHYIO KPHMBYIO HAaMATHWUIMBAHUS
B = f(H) urpadux 3aBucumoctu 4, = f(H).
B BBIBOZIE TIO paboTe oTpasuTe 0cOGeHHOCTH (POPMEI OITBITHBIX KPUBHIX:
a) COTIOCTaBbTE XOJI KPMBOH HAMATHHUMBAHWSA C TMOJOKEHHEM MaKCHMMyMa Ha
rpadpme 4 = f(H):
6) CpaBHMUTE TONYUEHHBIE KPHUBHIE ¢ M3BECTHHIMHU TEOPETUIECKUMI 1 HKCIIEPH-
MEHTATHHBIMH 3aBUCUMOCTSIMI.

KoaTponsHBHE BOINIpPOCH
. [Tokaxxute BUA OCHOBHOM KpuBolM HamMarHwmumBauug B = f(H) u rpaduxa 3a-

BHCHMOCTH OTHOCHTEIBHOM MATHWTHOM IIPOHMIIAEMOCTH OT HAIPSIKEHHOCTH
4 = f(H) MarHUTHOTO MONA 151 (hepPOMATHETHKOB:

a) mpu T<T; 6) mpu =T, (T, — Temmiepatypa Kiopn).

Yem oTnHUaeTCs OCHOBHAS KpHBAas HAMaTHHUKMBaHKA (peppoMarHeTHka oT aHa-
JTOTHYHOM 3aBucuMOcTH B = f(H) And Hepa3zMarHmIe HHOTO o0pasia?

HazoBure xXapakTepHble cBOHCTBa (GeppoMarHeTMKOB M OCOOEHHOCTH MX Ha-
MarHWIMBaHWSL.

Onumunre N3MeHEHNS JOMEHHON CTPYKTYPH (peppoMarHeTHKa B MPOIEcce ero
HaMarHUUMBaHUA (TI0 Mepe pocTa HapsLKeHHOCTH 1ons H).

OT KaK¥uX BEIWINH 3aBHUCHT:

a) HaTIPSDKEHHOCTH H MArHUTHOTO TIOJS TOPOHA,

6) MHAYKIWS B MATHUTHOTO TIOJSI TOPOUAA ¢ (heppOMATHUTHBIM CEPASTHHKOM,

B) MarHWTHas TIPOHUIIAEMOCTD 4, CepIeUHIKa Topouaa?

Kaxwme dopmynsl (m3 3amicaHHBEIX B padorax Ne 8, 9) mokasbIBaroT 3aBUCH-
MOCTH MapaMeTPOB MATHUTHOTO oI B 1 H OT ApyryX BeNTWdnH?

Kakas 3aBHCHMMOCTH COCTaBISIET OCHOBY METO[a OIpEAeNeHHs MATHUTHOU
MIPOHUIIAEMOCTH CePAeIHIKA?
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8. Kakoif 3aK0H UCTIONB3YETCA B paboTe AJIs OTpeeNeHNs TIOJTHOTO COMPOTHUBRIIE-
HUS KaTYIIKHU B IIETIH TTepeMEeHHOTO ToKa?

9. Kaxue m3mepsgemMble BETMUNHBL BXOAST B pacueTHYIO GOPMyIy IS MATHUTHOM
MIPOHUIIAEMOCTH CEPASUHIKA?

10.Kakne skcrieprMeHTanbHbIE 3aBUCUMOCTH MOKHO TIONYUWTh, ONPENeNss 4, H
1 B 1py pa3nUIHbIX TOKax?

11.Kaxoli aneMeHT 3IeKTPUIECKON IETH CIIYKUT I M3MeHEeHWS HarpspkeHusa U?

12.Kaxue hopMynbl HCTIONB3YIOT IS ONIPEAEIEHUS CIEAYIONTNX BETMINH:
a) HATIPSDKEHHOCTH - MAarHUTHOTO TIOJNS B CEPAESUHHKE,
6) MarHUTHOM MHAYKINK B,
B) MarHUTHOM TIPOHUIIAEMOCTH £, MaTepHala cepAeuHmKa?

13.Kaxne m3mepeHHbIe BETUIHMHBI UCTIONB3YIOTCS I TTOCTPOSHHUS OCHOBHOW KpH-
BOW HaMarHWYMBaHUA!

JdurtepartTypa

1. Hernadp A. A., SABopckuit B. M. Kypc ¢usuku —M.: Bricias mkona, 1989, —
§§ 24.3, 24.5, 25.2.

2. KamamnaukoB C.I'. DnextpuuectBo. —M.: Hayxka, 1977.-§§ 93, 109-110, 119.
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Padora Ne 10

N3YUYEHUE CBOMCTB ®EPPOMATI'HETHIKA
C IIOMOIUIBIO IIETJIM I'MCTEPE3NCA

LEJIb: onpeneneHue napaMeTpoB METIM MAaTHUTHOTO THCTEPE3UCA, TIOCTPOSHUE OCHOB-
HOW KpUBOI HaMarHWUMBaHWA U rpaduka z4{H), BLIUUCIIEHUE YETIbHOM SHEp-
TU TIepeMarHuUNBaHnug geppoMarHeTuka.

OBOPYJIOBAHHUE: renepatop HampskeHuil crernuanbHOi dopwmbl, ocrmiorpad,
MyJTLTUMETp, MuHudbnoku «Peocrat», «MHuTerpatop Toka», «Deppomarte-
THKY.

B Be nenmmune

3amevanne: He00X0JUMO MPOYHTATH BBReaeHHe K padoTe N 8.
[Ipu HamMarHuuMBaHUM (QeppoOMarHeTHKa IOJIeM IIEPEMEHHOIO TOKa 3aBUCH-
MoCTb B = f(H ) umeer BUJ MeTIU ructepesuca (puc. 1). Inoma s NETIH onpee-

TIgeTca aMIUTATY 0N HANPAKeHHOCTH MarHUTHOTO TONA Hp,e [Inomans Oyaer Han-
Oompied, korfa Hp,= Hs THAe H; — HAIPpSKEHHOCTL IOJIA, TIPU KOoTopol obpazels
HaMarHW4YMBAaeTcd A0 HACHIIMEHWI. OTa IIpeJeNlbHad IIeTJId Ha puc. | mHoKazaHa
cromuo# maueH. [lpn Menbimell aMmIuTyae (Hy.x < H;) IoIydaroTes meT/In THc-
TEpEe3nca ¢ MEHbINEH oM b0, Takue YacTHBIE IIUKIIEI TIOKa3aHel Iy HKTUPHOM JIH-
HHUeHl. YBeIWUeHNE HanpSKeHHOCTH Oombmie H; (yaacTok oT H 10 H ey ) IPUBOINT K
JIMHEWHON 3aBUCUMOCTH UHAY KA 5 oT H.

Bepmiunbl mpeaenbHOM NETIN U YaCTHBIX IUKIIOB JIEXaT Ha OCHOBHOM kpuBOit
HaMarHumuuBaHug. Onpeensasa KOOPAMHATEL 3THUX BEPIINH, MOXHO MOCTPOUTEL OCHOB-
HYIO KPUBYEO HAMarHUYMBAHNA W PacCUNTaTh £4(f), xak ommcano B pabore Ne §.

[To rpaduky mpeaembHON TETIH TUCTEPE3N-
ca ONPEJENIOT CIEAYIOIIME XapaKTEPUCTUKHU

(deppoMarHeTuka:
H, n B; — mapaMeTpbl TOUKA MArHUTHOT'O HAachI-
MIEHN,

B, — 0cTaTOUHYIO MAarHUTHYIO WHIYKIIHIO,

max M H,— 3HadeHue KOSPIUTHBHOM CHILL,
W — SHEPIHIO, 3aTPAueHHYIO Ha TIepeMarHMINBAHNE
eNMHUITEI 00beMa (heppoMarHeTHKa.
[TepemarumamBanue ¢eppoMarHeTnka cB-
3aHO C 3aTpaToi »HEPTUH, KOTOopad B KOHEUHOM
Puc. 1. Tucrepesiuc cueTe MepexoJUT BO BHYTPEHHIOI. DTa SHEPTHA,
saTpaveHHasd Ha TIepeMATHWUMBAHUE €TUHUITHI

OGbeMa MaTrHETHKA,
w=4$H dB =§B-dH (1)

MOeT OBITh Haﬁ;[eHa KaK IIoInajib, orpaHHYCcHHAaA nernei TACTEpC3Hca.
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Taxum obpazom, ¢ TOMOMNIBIO TIETIIH THUCTEpesnca JJId HUccaeayeMoro obpasia
MOHO MOCTPOUTEL OCHOBHYIO KPUBYIO HamarumuuBanusa B = f(H ), rpadux 3aBucu-

MOCTH MarHUTHOH NPOHUITAEMOCTH OT HAlIPSKEHHOCTH MarHATHOTO NN i, = f(H )

U OIPEJICIUTE TMapaMeTphl deppomarueruka H,, B, H;, B; 1 yASIbHYIO 3HEPTHIO W
€ro rnepeMarHuunBaHu.

M erT on U3 MEPEH U U

[Termo TucTepesrca B JaHHOH paboTe HaOMOMAIOT Ha 3KpaHe ocIwuiorpada.
Ecnu Ha MIAcTWHBI TOPU30HTANBLHOM pasBepTKu ociiuiorpada (Bxoa X) mogaTh CHT-
HAJI, MEHAFOIUICA CO BpeMEHEM TPOMOPITHOHAILHO HAPTKEHHOCTH MarHUTHOTO TIOM
H, a Ha IDIACTHHBEI BEPTUKANBHON pasBepTku (BXoj ¥) — cuTHAI, NPOMOPIHOHAILHEI M
WHIYKIIMA MarHUTHOTO ToNd B, TO Nyd Ha 3KpaHe ocipuiorpada Oyaer onuchBaTh
METIIO TUcTepesuca B = f(H).

Hccnenyemelit oOpazer] u3 ¢dpeppoMarHUTHOTO MaTepuana B ¢dopme TOpouaa
ABIACTCA CePACUHHKOM JBYX 0OMOTOK (pHC. 2): mepBHUYHOM (HaMaTrHMYHBAIOMEH) ¢
YKCIIOM BUTKOB Ny U BTopuuHO#t (N,), MpeHasHaueHHON JUId N3MEepEeHNA BeTMINHEI
B.

Puc. 2. SnexTpuueckad cxema:

1 — remepaTop CUTHAJIOR CIIe-
ITUANTbHON GOPMEL;, 2 — MUHHUOIIOK
«PeocTaT» ¢ COMpOTUBIEHNUEM Ry}
3 — mymeTumetp (pexcum A~ 20
md, exoovr COM, mA), 4 — Topony
C TIEPBUYHOHN V] ¥ BTOPUYHON N,
obmoTkamu;, 5 — MuHIOIOK «Dep-
POMAarHeTuK»;, 6 — AeMidepHbIit
KITEOU, 7 — UHTErpaTop Toka; 8§ — MUHUOIOK « HTErpaTOp TOKaY,

Uy — HamnpskeHMe, oJjaBaemMoe Ha Bxof X ocijimiorpada, Ux = Ug ~ I~ H;
Uy — HanpsaxeHue, mojjapaemMoe Ha Bxof Y ocimmiorpada, Uy = Upgy ~ Q ~ B

Hsmepenue HANPANCEHHOCY MAZHUMHOZ0 NOA H

HanpsaxeHHocTs MarHUTHOTO Toyid H B o0paszlle NpH NpOTEeKaHWHW B HEPBUY-
HOT 0OMOTKe TOoKa [ MOXKHO paccuuTaTh 1Mo Gopmyie
IN
H=== - 2)

rae Ny — 9McI0 BUTKOB NMEPBUYHOM 0OMOTKH, [ — ANMHA cpefHeld oceBOH JTUHUM TO-
poupa.
Ha Bxon X ociumnorpada mojjatoT najieHne HalmpsSKeHUS Ha COMPOTUBISHUN
Ry (em. puc. 2), npomnopIimoHadbHOE TOKY I B TIepBUUHON 0OMoTke Topoujaa. Crneno-
BaTeNbHO, HANIPAKEHHOCTH MATHUTHOTO TON4 B o0pasile MpoNopIMoHaIbHA OTKIIO-
HEHHUIO JIyYa X 110 OCH X"
H = nx, (3)
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ne 1 — Ko3pPUITHEHT TPOTIOPITMOHATEHOCTH.
BenwmunHy # MOXKHO HaWTH, M3MEPS X [J1 W3BECTHOIO 3HaYeHud . J{isa sToro
HCTIONB3YIOT MaKcHMalbHOE CMeIlleHre iyda X, (B MM) B BeplIMHE IeTIH TUCcTepest-

Ca, KOTOPOEC COOTBETCTBYCT aMILIHUTYAC HAIIPSLKCHHOCTH H e — 10X W aMITTATY JTHOMY
SHAYCHITIO TOKA B HepBI/I'{HOﬁ 0OMOTKE

I =A2rI,

max

ne I — melicTByIOIee 3HAUEHUE TOKA, M3MEPSEMOe MYITbTHMETPOM.
[TopcTaBMB aMIUTUTYTHBIE 3HAUeHMS B (2) 1 (3) momyunm

V2IN,
n=——-.
b

max

4)

H3mepenue unOykyuu B MAcHUmMHO20 NOJIA 8 (heppomazHemuiKe

[Ipy M3MeHEHN MATHWTHOTO TIOJIS, CO3JaHHOIO MEePBHUHON OOMOTKOM, BO BTO-
pruHOH BosHMKaeT DJIC MHAYKIMM & (BeTMUYMHA €€ MPOTOPITMOHATEHA CKOPOCTH M3-
MEHEHMS MATHUTHOTO TTOTOKA) M MHAYKITHOHHBIH TOK:

:i:deCDZNzSdB (5)
"' R, R, dt R, dt’

e R, — cONpOoTHUBIIEHNE 1IN BTOPUUHON OOMOTKHM, @ = BS — MarHWTHBIA ITOTOK
Yyepe3 OJWH BUTOK TOpouza;, B — MHAYKIMS MAaTHUTHOTO TIOJNA B Topouze; N, — 9ucio
BUTKOB BTOPHUHON OOMOTKH, S — TUTOIAAh MOTIEPEUHOTO CEUeHNUS CepAeUHHKA.

B pesynbrare mpoTekaHWs WHAYKIIMOHHOTO TOKA B €M BTOPUIHON OOMOTKH
(cM. puc. 2) Ha MHTETPATOPE HAKATUTHBAETCS 3aps

t B(1t)
Q:J'Iidt:NES de:NR}SB(t). (6)
0 9 0

Hanpsxenne U, BBIIaBaeMoe ¢ HHTeTpaTopa Ha BXof ! ocumuiorpada, 6yze
MIPOMOPIIMOHATTBHO MHIYKITMU MATHUTHOTO TTOJIA:

O NS
:—:_B N 7
U, == =3B o

2

he
2

Jie ¥— rpagyupoBOYHAs [IOCTOSHHAS UHTEPATOPA.
3TO HaNpsIKEHNE TMPUBOAUT K OTKIIOHEHMIO ¥ (B MM) JTyda TI0 BEPTUKAIH:
Ky
Uy — l—, (8)

den
ne K — 1ieHa JeneHns ocu I, BemnurHa K 3aBHUCHUT OT TONOKEHHUSI PYUKH « Y CHIIe-
HHe» TOTeHIMoMeTpa yernuTenst ¥ ocipumiorpada; Iy, — ATuHa GONBIIOTO JeNeH IS
ocH Y ocrmmnorpada, M.
JInneitaele cooTHOMeHNs (7) U (8) IPUBOAST K MPOMOPITMOHANBHOCTH B(t) ~ v,
KOTOPYIO MOKHO TIPEICTABUTE B BUIE
B=my, ©)
ne m — KoahGUIMeHT, 3aBUCIINHN OT IapaMeTPOB YCTaHOBKH,
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BTOPHLIHEIH 0OMOTKA IMMpegHa3HauCcHa I U3MCPCHIA MIHOBEHHEIX 3HAUYE HUH

WHIYKIAN B MAaTHUTHOTO ToNA B cepaeuHmke. C »TOH LeNbIo Ha BXoA Y ocummno-
rpada MoJaroT HApSKEHWe ¢ MHTerpaTopa.

Pexum reHepaTopa CUTHAIOB CTelHAATbHON (POPMEL — CHHYCOMAANBHEIM CHUT-

HAI (CBETUTCS MHAUKATOP GOPMBI ).

Il opsgaaxoKx BHINIOIHSE@HMXI pPabdoTH

Bornonnenue uzmepenut

CobepHure SIEKTPUUECKYIO Ielb IO MOHTaXHOW cXeMme, MPHUBEIEHHOW Ha
puc.3.
Bxmounte xHomkamy «CeThb» THMTaHHE OIOKAa TeHEpaTOPOB HANPSTKEHUSI M
6nokxa MynsTUMeTpoB. Jemmdupyrommuii kmou 7 MHTerpaTopa ToKa YCTaHo-
BUTL B monoxkeHne «Copocy. Haxmure kHOTIKY «McxogHas ycTaHOBKay (1103
19, em. puc. 1 Ha ctp. 6).3aropurca uHaukarop 6 (mos. 19, cm. puc. 1 Ha cTp.
6) curHama cuHycoumanbHoi gopmel. YacToTa BLIXOTHOTO CHUTHANA YCTaHO-
utcs 500011 (cM Ha MHAUKATOP - T103.5, puc. 1, cTp. 6).
Bxmounte ocrnorpad 1 BHBEANTE ANEKTPOHHBIHN Ty B IIEHTP HKpaHa.
Kanubposra yemanosku

YpennuuBasg TOK [ B IEPBHUHOM OOMOTKE C IIOMOIIBIO KHONOK YCTAHOBKH
ypoBH4 Bexoza «0 — 15 By (mos. 10, cm. puc. 1 Ha cTp. 6) reHepaTopa cUTHA-
JIOB cTeIManbHoi GopMbl, MoTyunTe n300pakeHne IpeaeIbHON MeTIN THCTe-
pesmca, AN KOTOPOH pocT TOKa He MPHMBOAMT K YBEIMUSHWIO TIIOMAIH METIH.
[Tpu 5ToM, U3MEHSA CONPOTHBIIEHNUE peocTaTa B MUHHMOIOKe «PeocTar» M To-
BOpauMBas PyduKy ocIimnorpadga «YcHuieHHe Y», ycTAaHOBUTE HaMOONBITIHE
pasMepHl TIETIH, KOTOPHIe BIUCHIBAIOTCA B 3KpaH ocITinorpada.
[TonGepure 3HaUeHMe TOKA [, TIPU KOTOPOM KOOPAMHATA BEPUIMHEL TIETIH THC-
TEPe3NCa Xpya PABHA ANHHE ocH X »KpaHa. 3HAUSHWS [ M Xy, 3aMHIINATE B
Tabm. 1.

Tabnua 1

? S| R % K |1 N, m,
um | m4 |y M| kOm | Kw/B | Bloen| yue | A/(M - mn) mIn/sam

den ?

100

37.7 20002525 p3.7-10°

Buecure B Tabn. 1 nmapameTpsl YCTAHOBKHA U MCCIIENY eMOTO 06pasia:
N1 1 N, — 4iCI0 BUTKOB NEPBUUHONU W BTOPUUHOM OOMOTOK,

[ — nnuHa cpegHeil oceBOl TMHUM CepeuHNKa,

S — Iomaak MoNepevHOTo CeUeHNs CepIeuHIKa,

R, — conpoTuBieHNre 1IeTH BTOPUIHON OOMOTKH,

¥ — IpaZyHpOBOYHAs MOCTOSHHAS MHTerpaTopa (23,7-107° Kn/B;
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K — nena genenus ocu Y ocimwinorpada (e « Yeunurens Y. uncio K ykaza-
HO B eIMHUIAX B/nen — BoabsT Ha GONbINoe AeNeHne ocu ¥);
{,,, — nnyHa GONBIIOTO JeNeHns ocH ¥ ocinorpada (B MM) — m3MepsieTcs
JIAHE KO

Hzmepenue napamempos nemiii MaZHUMHO20 2ucmepesuca

7. IlepeHecuTe Ha KalbKy OCIIWILIOTpaMMy IpeAeTbHOM METIIN THCTEpesnca.

8. H3mepbTe MONOKUTENBHYIO U OTPULIATEIHHYIO KOOPAMHATHL TOUEK ITETIIH, KOTO-
PhIe COOTBETCTBYIOT BEJTMUMHAM KOSPILIUTUBHOM CUIIHL H, OCTATOYHON MHAY KIIMH
B,, HaNIpsKEHHOCTH HACHIINEHNA H; 1 MHAY KA HAacHIIeHns B; (cm. puc. 1). Pe-
3yJIBTAThL STUX U3MEPEHMI 3alUIITNATE B Tal. 2.

Tabmmia 2
Bemmunnaa KoopaunHatel, Mm 3HaUeHNe BEIMUNHEI
H, +x —x X
B r +;V ¥ Y
Bs +y ¥ Y
H, +x —x X
W S,=..mn’, w= . o/, W=wlS= .. [l

HOJzyquue OCHOBHOU KPUGOIZ HAMACHUHUBAHUA

9. Pasmaruutrsre obpazel. J[JIs 3TOro MocTeNeHHO YMEHbIas TOK [ B IEPBUUHON
0OMOTKE ¢ TTOMOIIIBIO KHOTIOK YCTaHOBKH YpoBHS Bhixoaa «0 — 15 By (1mmos. 10,
cM. puc. 1 Ha cTp. 6) reHepaTopa CUTHAIIOB CIIEIMAaNbHON (hOPMBI AOBEAMTE
ero 1o Hyns. [Ipn 3ToM momaas MeTIn THCTepe3rca COKPaTUTCS A0 Pa3MepoOB
TOUKH, YCTAHOBUTE €€ B IIEHTPE AKpaHa.

10.YBennumuBas TOK B IEPBUUHOM 0OMOTKE (¢ Marom ~ 2MA, a Ipu Tokax 60iIb-
me 10 MA ¢ marom ~ 5 MA) MTOIYUNUTE HA dKpaHe ocIuiorpadga psi 4acTHEIX
1ukiioB. [locneqHuit MK JOMAKEH COOTBETCTBOBATh HACHIIEHMIO (eppomMar-
HeTHKa. J[JIs KaxkA0To 3HAUEHHS TOKa M3MEpsIiiTe KOOPAMHATEL BEPIIUHBI TIET-
TN Xmax ¥ Ymax. PE3YIIBTATHl W3MEPEHUN 3aIIUIINATE B TabII. 3.

Tabnuma 3

Ne Xmax>» MM Vinax> MM H, Am B, MTn 1,

1

11.Beikmounte KHONKaMi «CeThb» IHUTaHWe OJIOKa TeHEepaTOpPOB HANPSIKEHUS W
OIoKa MyJIbTUMETPOB.
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Obpabomra pe3yIomamos usmeper il
[To manabIM Tabn. 1 BHUMcIUTE KOAPPUINMEHTH # U M C TIOMOIIBIO (GopMyI

(4) m (10):

n:M:A/(.MMM),
I-x_.
mzy'—Rz-KZ...MTﬂ/MM.
N,-§-1

Pezynbrarhl pacueToB 3amuIinTe B TabII. 1.
[To narHBIM Tabl. 2 paccuMTaiiTe MapamMeTpsl NeTIu rucrepesuca H,, B, H,, B,
HCCIIEAYeMOT0 MarHeTHKa, UCTIONB3Y s popmy sl (3) u (9):

H=nx=..4/m,

B=my=. uTn
Pezynbrarhl pacueToB 3aluIInTe B TabII. 2.
ITo ocIIIIoTpaMMe TIeTIIH THCTepesrica OIleHITe ee IIomas S, B MM~ (TI0
YUCITY KIETOK MIUIMMETPOBOM OyMaTH, TIOMABIINX BHYTPh TIETIN).
Omnpenenute 1o ¢opmyne (11) yaenbHyIO SHEPTHIO W NTepeMarHuu MBaHHAS
dbeppomMarHeTrka;

w=m-n-S, =..[Joec/n’
OlLleHUTe YHEPTHIO, 3aTPAUSHHYIO Ha NlepeMarHiunBaHue oopasia o0bemMoM V-
3a OIVH LIHKII KaK:
W =wlV =wiS=_. .

Pezynprars 3anummre B Ta0I.2.
[To parHBIM Tabn. 3 A4 KaKAOW Maphl 3HAUEHWH X M ¥ pacCUMTAlTe BETUIUHBI
H u B o ¢hopmynam (3) u (9) 1 BHUMCINTE MAaTHUTHYIO TTPOHUITAEMOCTD L.
W3 Buipaxkenns: B = w0, H:

uo B
CouH

rie BenmanHa 1= 47107 T'r/Mm.

PesynbraTel pacueToB 3anuImure B Tadml. 3.

[Io panHBIM Tabn. 3 TMOCTPOWTE OCHOBHYKD KPHMBYIO HaMarHWUWBaHWA
B = f(H) nrpaduk zapucumoctu = f(H).

B BrBOZE IO padoTe oTpasuTe 0co0eHHOCTH (POPMEL ONBITHBIX KPUBHIX:
COTIOCTAaBbTE XOJ OCHOBHOM KPpMBOM HaMarHWYMBAHWA C IOJIOKEHHEM MaKCH-
Myma Ha rpaduke 4, = f(H);

6) cpaBHUTE MONyYeHHbIE KPUBLIE ¢ M3BECTHBIMU TEOPETHUECKUMHI 1 HKCIIEPH-
MEHTallbHBIMH 3aBACHMOCTSIMU.

CpenaliTe 3aKJIIOUEHHE O MaTepHalle cepAeYHHKa: MarHWTOMATKMI WIM Mar-
HHUTOXKECTKWH, — CpaBHMBAs HalifiIeHHOE 3HaueHne 5, ¢ B;.
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2

9.

KoaTpoansHHBHE BOINIJPOC H
[ToxaxuTe Ha Tpadrke OCHOBHYIO KpMBYIO HaMarHmumBanwsa B = f(H) u za-
BUCUMOCTH 4, = f(H) mns eppoMarHeTHKOB:
aympu I’ < T 6) mpu 7' > T, (T, — Tevmepatypa Kiopn).
B uem oTiinume 0cHOBHOM KpMBOW HAMArHUUMBAHWA OT IIETIIN TUcTepesnca’?
HazoBute xapakTepHble cBOMCTBa (HeppOMArHETUKOB M OCOOEHHOCTH MX Ha-
MAaTHTYHMBAHWL.
Onumure M3MeHEeHUS JOMEHHON CTPYKTYPHI peppoMarHeTHKa B MPOIIecce ero
HAaMAarHMYMBAHKA (TI0 Mepe pocTa HAMPSLKeHHOCTH oM H).
OT KaKMX BEIMUNH 3aBHUCHUT:
) HATIPSKEHHOCTh { MAarHUTHOTO TIONS TOPOUA,
0) MarHuTHag UHAYKINA B Toponaa ¢ GeppoOMarHUTHEIM CEPIIEUHUKOM,
B) MarHuTHas MPOHUIIAEMOCTh 4, MaTepHala cepAeuHrKa Toponaa?

Kaxne dopmynsl (13 puBeaeHHBIX B paboTe) MOKA3BIBAIOT 3aBUCUMOCTD Be-
JTWYWH B 1 H OT ApyTUX BeIUUMH?

Kaxne m3mepsemble BeTHINHBL U Kakue (GOPMyIIBl HCTIONB3YIOT A ONpeaene-
HUS CIIEAYIOMNX BEITUUHH:

a)HATIPSKEHHOCTH /. MATHUTHOTO TIONS B CEPACUHNKE;

6) MarHUTHOM MHAYKIMK B,

B) MarHUTHOM TIPOHUIIAEMOCTH £, MaTepHala cepAeuHuKa?

YKaxure crocod BKIOUEHHS M Ha3HAUEHHE CIEAYIONNX HIIEMEHTOB!

a) COTIPOTHRIIEHNUS R B eI MIEPBUYHOMN OOMOTKH,

©) MHTErpaTOpa TOKa B IETTH BTOPUUHON OOMOTKH.

JI7s 9ero MCMONB3yIOT 3HAUEHWE TOKAa B NEPBUUHOM OOMOTKE, M3MEpPEHHOE
amMIiepMeTpomM?

10.HazoBure BEIIMYHWHEI, ITPOTIOPIHMOHAIBEHO KOTOPEIM M3MCHAIOTCA 3HAUYCHIA Ha-

npsckeHnit U, n U, (ra BXogax X u ¥ ociimnorpada).

11.Haiinure xapakTepHble TOUKM TMETIN THCTEpe3nca, KOOPAMHATH KOTOPHIX HC-

MOJIB3YIOT:
a) IS OTIpeIeNIeHNs TlapaMeTpoB dheppomarneTnka H,, B,, H; n B;;
©) IS TOCTPOSHMST OCHOBHOM KpMBOM HamMarumunBauus B= f(H)?

12.ITo xaxum opmynam B paboTe ONPEeNeNsIOT CIeAYIONe BeTHUNHbL:

a) OCTATOYHOM MHAYKINU B,, ©) KO3PIUTHUBHON CUIEL H,;
B) MAarHUTHOM TIPOHUIIAEMOCTH CEPACUHUKA £i,7

JdurtepartTyopa

. Hermad A A., SBopcknit BM. Kype dmukn. — M.: Bricimas mxkoma, 1989, —

§§ 24.3, 24.5.
Kanammmkos C.I'. DnexrpuaectBo. —-M.: Hayka, 1977. —§§ 109-111, 119.
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Padora Ne 11

OITPEJAEJIEHHUE TOYKH KIOPHU 1 MATHUTHOI'O MOMEHTA
MOJIEKYJIbI ®PEPPOMATI'HETHKA

[EJIb: nabmrofenue M3MEHEHUS TETIH THCTepesnca B Ipoliecce mepexona deppo-
MarHeTHKa B TNApaMarHUTHOE COCTOSAHMKE, TIOocTpoeHHe 3aBucumocTu B(7),
omnpezneneHre TemrepaTypbl KiopHd M BHUMCIEHHE MAarHUTHOIO MOMEHTa
MOJIEKYIIH (peppoMarHeTHKA.

OBOPYHOBAHWE: renepaTop cUTHAJOB CIIEIMATBLHON (OPMEL, PeryIupyeMBblii 1c-
TOYHHUK MOCTOSTHHOTO HATIPSLKEHNA, MyTbTUMETD, OcIILIOrpad, MUHUOIOKN
«Peocrar», «MHTErpaTop Tokar», «Touka Kiopm.

B Be genmne

Brumanue! Heodxoaumo npountaTh BBeneHHe K padote Ne 8, u Benenne
¢ MeTOAUKOH H3MepeHHii B padoTe Ne 10.
Touxa Kropu — 310 Temmneparypa 7, , BHIIIe KOTOPOH HaMarHWM4EHHOCTH KaX-

JOTO ZoMeHa (eppoMarHeTHKa paBHa HymO. [IprdmHa 3TOTO - pa3zopHeHTHpPYIOIIEe
TETUTIOBOE JIBMKEHHE MOJIEKYII, B pe3yibTaTe uero peppoMarHeTHK MEepexXoAuT B Ta-
pPaMarHUTHOE COCTOSTHHE.

[To mepe yMeHBIIEHNS TeMIIepaTyphl HIDke 7, HaMaTHMYEHHOCTH (heppomar-

HeTHKa J BO3pacTaeT, Tak KaKk MarHUTHbIE MOMEHTHI €10 MOJIEKYT B Mpeenax Kakiao-

O IOMEHA CTPEMATCS BEICTPOUTHCS MapallieIbHO ApYyT Apyry. [Ipu goctaTouHo HM3-

KX TeMIlepaTypaX MarHUTHbIE MOMEHTHl BCEX OMEHOB YCTaHAaBIMBAIOTCS BIONb

BHEIITHETO MATHWUTHOTO TIOJS: HACTYIIA€T MATHWUTHOE HACHIINIEHHE, IIPU KOTOPOM Ha-

MaTrHHUEHHOCTD BeIecTBa J, MakcumanbHa. Ee BennunHa (MATHUTHBI MOMEHT e11-
HUITH 00beMa 00pasila) paBHA CyMMe MATHUTHBIX MOMEHTOB MOJIEKY:

Js=np,, ey

7l #© — KOHIIEHTpAITUs MOJNeKy dheppOMArHeTUKa;, 4, — MATHUTHBIH MOMEHT OFHOM

MOJIEKYJIHL.
CTporo roBopsi, MOTHOE HACHIIEHHWE, AN KOTOPOTO CIipaBeanmBa (opmya
(1), BozmoxHO TonbKko Tpu 7' = 0 K. COOTBETCTRYIONIYIO 3TOH TeMIMepaType BeTnun-

Hy J(0) MOKHO HaliTH M3 CBSA3M MATHUTHOM WMHAYKIIMA B ¢ HAMAarHMYEHHOCTHIO Be-
mecTBa J :

—

B=p(H+7), ®
ne t4,= 47107 T'H/M — MATHHTHAS TIOCTOSHHASL.

MeTonaxn W3 MepeHHITH
CornacHo BRIpaykeHMO (2) HaMarHMIeHHOCTh Hackhimenns mpu 7=0 K

J,(0)=—-B,(0)- H(0), =—B,(0), 3)

0 0
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1
ne H (0)<<—B,(0), a uamexc «s» 03HAUAET, UTO BENMUMHEI OTHOCATCS K COCTOS-
Hy

HIIO HACHIIIEHNA (e pPOMATHETHKA.
Tax xax HanpspKeHHOCTH f BHENIHEr0 MATHHUTHOTO IO He 3aBHCHT OT TeM-
nepaTyphl, To Bemmunna H (0)= H (T). Uaayxipmo Hackmenus B, (0) MoxHO Haii-

TH 3KcTpamnonsmeil kpusoii B.(T ) B 06macTh aGCOMOTHOTO Hy IS TEMIIEPATYPHL.

Meroa onpeneneHns BeIUUMH WHAYKIMKA B 1 HANPsKEHHOCTH H MarHUTHOTO
TIOJIST ¢ TIOMOIIBIO TIETIN THCTepe3nca onucaH B pabote Ne 10. Tam monydeHsl clie-
AYIOIINE PacueTHEIe (POPMYIIHL.

HanpspxenHocTs 1o H B BEpIINHE TIETIIN THCTEPE3nca

p = N2V, @
{
ne I — gelicTByloIiee 3HaYEHNE TOKA, M3MEpseMoe aMIepMeTpom, Ny — 4HCIIO BUT-
KOB TIEpPBUYHON (HaMarHWMIMBAIOINIeH) oOMOTKY TOpouaa; [ — AMWHA cpeaHeil oceBoit
JTMHUU TOPOWZA.

Benmmunnaa mMarHuTHOM WHAYKIWHW HACBIIICHWA BS MMPOIIOPIMOHAIBEHAa KOOPAH-
HaTe y BEPIIMHEI IIETIHN TUCTCPE3HCA:

B, =my, (5)
e n — KO3(1)(1)I/IHI/ICHT, BaBI/ICHHH/If/'I OT MapaMeTPOB YCTAHOBKH,
N.SI,

Ie ¥ — IpagyHupOBOUHAs ITOCTOSIHHASA MHTErpaTopa;, R; — CONPOTHBIEHHUE 1IETIH BTO-
puuHO 06MOTKH Topousa;, K — 1ieHa AeNeHnsa ocH Y (3aBUCHUT OT TOJOKEHHSA PYUKH
«Ycunenue» ocrnorpada);, N, — YUCI0 BUTKOB BTOPUMIHOM 0OMOTKY; S — TIIOMAAb
TIONIEPEUHOTO CeUeHNs cepleuHnKa; [, — AnnHa GONBIIOro JeNeHUs OCH | OCITHILIO-

P ada.

Jlnd mocTpoeHHs 3aBHCHMOCTH WHAYKIIMHM HACHIIIEHHS B, OT TeMIepaTyphl
MarHeTHKa I M3MepsIOT KOOPANHATY B, BepIIMHEI METIH THcTepesrca TPy HaTpeBa-
M obpasia. [To Mepe pocta TeMnepatypsl OpauHaTa B, MeTIN yMeHbITaeTcs, a Ha-

IPsHKEHHOCTH oM H ocTaercs MocTosiHHOM. [Ipu sToM meTns rucrepesnca yMeHb-
MaeTcsl ¥ 10 JOCTIKEHNH TeMIepaTyphl Kiopi BEIpOKAaeTcsa B MPIMYyIO THHIO. B
SKCTIepHMEHTe TIONMydaroT 3aBHcuMocTh B, = f(T'), Bl KoTopoii MokasaH Ha pHc. 1.

Yuactok kpuBoit (/—N) TIPOBOAST IO OIMBITHEIM TOYKaM. [Ipu 3TOM OCh TeMmIIe-
paTypel Ha Tpaduke HaumHaercss B T=0 K. J{na onpenenennsa B,(0)) m3 Touxm (1)

pomomkaioT 3apucumMocts B, = f(T) mo T =0K AByMS THHHAME: TIPOBOAAT HOp-

Malb K ocu B u KacaTeJIbHYIO K KpPIBOﬁ Ha Ha4YaJIbHOM YYaCTKE. Touxkn IMepeceHC HMA
ATHX JMHHH ¢ OCBIO BS AarOT MHTEPBAaJ /_\BS, BHYTPH KOTOPOTO JICKWUT UCKOMAs BE-

JJUYMHA:
B,(0)=B,, +AB,/2
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Puc. 1. 3aBucumMocTb HHAYKIMH HACHIIMEHUAS
OT TeMITepaTypbl MarueTuka 7'

Hcnomb3y 4 HalifieHHbIE 3HAUeHUA BS(O) u H S(O), MOXHO 110 gopmyie (3)

HaMTH HAMarHWYeHHOCTD J TP HACHIIMESHUH, a 3aT€M C MTOMOINBIO cOOTHOMEHA (1)
— BeNIMYUMHY L4, MATHUTHOTO MOMEHTa OJTHON MOIEKYILI heppoMarHeTHKa.
[To rpaduky 3aBucuMocTu B, = f (T )) OIIPEIEIIAIOT TakXke TeMnepaTypy Kropu

T, nanHoro deppomarHeruka. Ecnu mocnefHAd sKcIepUMeHTaNbHas Touka (V)

OImM3Ka K OCH TeMIIEpaTyp, TO IpU HarpeBaHuu Oblila JOCTUIHYTa TemiepaTypa Kro-
pH; IIPU 3TOM TOYKa IIepeceYeHns ONBITHOH KpuBoi ¢ ockro T (rae B, = 0) faeT 3Ha-

HEeHHUC T}c' Wnaue HaXo 4T TOUKY K}OpH IIYTCM BKCTPAIIOIITHMH OTILITHOM 3aBHUCHMO-
CTH 40 3Ha4YCHHA BS =0. ):[JIFI 3TOTO, AHAJIIOTHYHC OIIMCAaHHOMY BEIIIC, IIPOAOIIKAROT

KPUBYIO U3 KOHeUHOH Touku N JIo OCH TeMIlepaTyp ABYMA IMHUAME (KacaTelbHOH K
KpUBOI ¥ HOPMANbIO K OCH), — M IO HalifleHHOMY MHTepBany AT OIleHHWBAIOT B Iep-
BOM IIpHONIKEHNH 3HaUeHNEe TemmepaTypul Kropn T, :

T, =T,+AT/2.

O o uwececawHdHHe Yy ¢ T a H OB K H

Cxema snekTpuyeckoi LenH NMpeJcTaBleHa Ha puUc. 2, MOHTaXKHasd cXeMa — Ha
puc. 3.

L@J Puc. 2. DnekTtpuyeckad — CcxeMa:
1 — reHepaTop CHTHAJIOB CHEIHAATLHOMN

dopmbr, 2 — muaNOIOK «PeocTat» ¢ co-

4

10
N, i
(D ‘ N, 5 % MpoTUBIEHUEM K, 3 — Topouj ¢ Mep-
l ; ; V4 Uy  puunOM N; m BropuaHo# N, oOMOTKaMU,
2 . _ f 4 — vmunbnok « Touka Kiopimy,

.—{i 5 ' 7 5 — pemmdepHbIH KoY, 6 — HHTETPaTop;
R, 7 — muanbHOK «MuTerpaTop Tokay (Imo-
U nokerne TymOnepa «COpocy), 8§ — niek-

TPOHATPEBATEND, 9 —peryIupyeMblii HCTOUHHUK ITOCTOAHHOTO HampskeHWUd «0...+15B»;
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Bxmounte xHonkamu «CeThy IUTaHWE OIOKa T'€HEpPaTOpPOB HANPSKEHUA W
omoka MynsTUMETpoB. Haxnymre kHOTKY «McxomHas ycraHoBkay (1mos. 19, cm.
puc. 1 Ha cTp. 6).

Bxmrounte ocimnorpad 1 BEIBEAUTE SIEKTPOHHBIHN Tyd B IIEHTP SKpaHa.

Kanubposxa yemarnosxu

YBennuuBasg TOK / B TEPBUYHON OOMOTKE KHOIKAMW YCTAHOBKM HATIPSDKEHUA
BexXOAa «0 — 15 By (mo3. 10, cm. puc. 1 Ha cTp. 6) TeHepaTOpa CUTHAIIOB CIIe-
ITHANBHON (hOPMEI, TTOMYYNTE Ha SKpaHe ocIfuiorpada m3o0pakeHne mpeeb-
HOM TeTNM THCTepeswca, ANl KOTOPOH pocT TOKa He MPUBOAUT K YBEIMISHUIO
mommany neTnu. [Ipu sToM, MoBOpauMBasg peocTaT B MUHHOIOKe «Peoctar»y u
pyuky ocipuuiorpada « Ycunenue Y», yCTaHOBHTE HANOONBIITHE Pa3MepHI TIETIIH,
KOTOPHIE BITMCHIBAIOTCS B 3KpaH OcIILIorpada.

[TonGepure 3HaueHMe TOKa  (YMEHBIIAS €T0) TAKUM, YTOOBI TOUKA HACHIIIE HHS
(H,, B,) okazanach B BepIINHE MTETIHN THCTepe3Hca.

Brecwure B Tabn. 1 mapamMeTpsl yCTaHOBKH M MCCIEAYEMOIo obpasiia:

Ni 1 N, — 4iCIIO BUTKOB NEPBUYHON ¥ BTOPUUHON OOMOTOK;

[ — nnuHa cpenHeii oceBOM TUHUHN ceplleuHNKa,

S — MIomaab NOMEePeuHOTO CEUEeHHS CepAeIHNKA,

R, — conpoTuBieHre 1€ BTOPUUHON OO MOTKH,

— IpafypOBOYHAs IIOCTOSHHA,

K — nena genenus ocu Y ocrmmnorpada (cM. « Yeunurens Yy : uucno K ykaza-
HO B eMHMIaX B/nen — BonbT Ha Gonbliioe AeneHne ocu Y),

L en — INTMHA OONBINOTO AeNeHNs ocH Y ociimnorpada;

1 - KOHIIEHTpAaITis MOIeKyn (B JaHHoM padoTe deppoMarHuTHEIN oOpazell BhI-
TIOITHeH 13 cIrtaBa Mn—Zn, ams xotoporo # = 1,4-10%° 17).

Tabnuma 1

A NS | R % K, l

den ?

MM M’ | kOm | Ki/B Bloen | g | A/ mnd) w7 | mTwsam

N, , m,

100

50,264 100| 24 |2,5 |23,7-10°® 1,4-10%

Hsmepenue By(T) uccredyemozo gheppomacremura

[Iepenecure Ha KalbKy OCIWLIOTPaMMy IIPEZEIbHON IIeTIN THCTEpe3Hca.
UsmeprTe Temmepatypy °C U 3HaUeHHUS MONOKUTENBHOM (+V) M OTpHIaTeNhb-
HOM (—y) opAMHATH BepIIMH IETNH, KOTOpPhle COOTBETCTBYIOT BEIWUMHE HH-
OYKLINN HachlIeHns B, . Pe3ynpTaTsl M3MepeHNi 3anuInTe B Tadi. 2.
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Tabmmia 2

t, °C +y, MM -y, MM

2

MM T, K B.,mTn

~

20
30

9. Knonkamm ycraHoBku Hanpsokerws «0... 15 By (mmoz. 14, cm. puc. Ha cTp. 6) pe-
TYJIAPYEMOTO MCTOUHMKA TIOCTOSTHHOTO HATPSKEHMS BBICTABUTH IO CBETOBOMY
MHAMKaTOpy (1mo3. 15, cM. puc. Ha cTp. 6) MAKCUMANBHOE HATIPSTKEHNE HA HIIEK-
TPOHATPEBATENE .

10. ITo mepe HarpeBaHms obpazia yepes kaxasle 10 °C, a HaunHas ¢ 50 °C — ge-
pe3 xaxawle 5 °C IMpoBOAWUTE M3MEPEHWA OPAMHATHL V TETIH TMCTepe3nca W
Temmepatypsl £°C cornmacHo 1. 8. M3MepeHnsa MpofoikaiiTe 10 TeX Iop, Moka
MIETJISI TUCTEPE3rca He TPEBPATUTCS B MPSMYIO JTHHHIO. Pe3ynbTaThl m3Mepe-
HHN 3anuinTe B Tadi. 2.

11.Beikmounte KHoNKaMi «CeThb» IHTaHWE ONIOKa T€HEpaTOPOB HAMPSAKEHWUSI U
OImoka MyJTbTUMETPOB.

Obpabomra pe3yibmamos usmeperut

1. TTo marHBIM TaOn. 1 BEMHUCINATE ¢ TIOMOITBIO GopMYITH (6) KohdHUITHEHT 72, 3aBH-
CSIITIMIA OT TIAPaMETPOB Y CTAHOBKH:

R,
N8I,
Pezynprarhsl pacueToB 3amuminTe B TabII. 1.
2. ITo pammeiM Tabn. 2 paccunraiite mo dpopmyne (5) 3HAUSHUS MHAYKITMN HACKI-
meHns B, A4 KaxI0l TeMIepaTypsl:

B.=my=..uTx.

K= muTn/um.

Pezynbrarhsl pacueToB 3anmumnTe B TabII. 2.
3. HWcrmonbays pe3ynbTaThl pacueToB Tabnl. 2, mocTpoire rpaduk 3aBUCUMOCTH
B, = f(T ), naumnas ock TemmepaTyp ¢ 0 K.

4. Tlo rpaduxy B, = f(T) onpemenure Temmeparypy Kiopm T, H 3HaueHHe
B.(0), (cm. puc. 1 1 onMcaHwe MeTONa M3MEPEHHi).

5. C nomombio popmymsl (3) HaAUTE HAMArHMIEHHOCTD HACHIIEHUS J;:

J.(0)=—B.(0)=. A/m,

0
a 13 BeIpaxeHus (1) — MarHUTHBIN MOMEHT MOJEKYIIBI (hePPOMATHETHUKA L4,
J
po=—==_4-u
n
6. B BEBOZE MO paboTe cAenalite aHaIm3 MOTYUYeHHBIX JaHHBIX:
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a)1mo hopme TeTIN MATHUTHOTO THUCTEPE3Hca MPH KOMHATHOM TemMIiepaType (Ha
OCITWIITIOTpaMMe) clenaiiTe 3akIioueHne O MaTepHuane cepAeuHrKa: MarHUTOMSIT-
KHH MM MarHATOXKEeCTKHIM,

6) MosICHUTE, KaK M3MEeHEeHHE HaMarHWUEHHOCTH CepAeUHHKA IO MEpe pocTa
€ro TeMITEPaTyPHI OTpakaeTcs Ha GopMe TeTIHN THCTepesnca,

B) CPaBHHUTE MATHHUTHBLIM MOMEHT MOJEKYJBl MCCIEeNyeMOTO MAarHeTHKa fi, C
BEIMUMHON CIIMHOBOTO MAarHUTHOTO MOMEHTA 3JIEKTPOHA, paBHOU MarHeToHy Bo-
pa 1= 0,927-107% A/n’,

KOHTpOJ’IBHBIG B OII p 0 C H

1. ITokaxuTe BHI OCHOBHOMN KpuBOi Hamaramumsanus B = f(H ) u rpaduka 3a-

BHCHMOCTH MarHUTHOW IPOHMUIAEMOCTH OT HalIPSKEHHOCTH MATHUTHOTO ITOJIS
4 = f(H) nns cremyromux MarHeTHKOB:
a) 1MaMarHeTHKOB, 6) mapaMarHe THKOB;
B) eppomarneTnko npu 7 < 7T 1) heppomarneTukon npu 7 > 7.
2. Kaxoii Buz uMeeT OCHOBHAS KpHBasi HAMAarHUUMBaHUS peppomMarHeTHKa?
Kax mMeHsieTcs1 IeTNs ructepesrca B = f(H ) Tpu HarpeBaHHH (eppoMarHe-

2

tika? Kakoli BIj MpHHMMAET 3aBHCHMOCcTh B = f(H ) pu TeMIepaType BhIIIe

Touku Kropu?

4. HaszoBuTe XapakTepHBIE CBOMcTBa (peppoOMarHeTHMKOB U OCOOEHHOCTH MX Ha-
MarHWYMBaHWsL

5. Onumunre M3MeHEHNS JOMEHHON CTPYKTYPHL peppoMarHeTHKa B Ipolecce ero
HaMarHWMIMBaHUA (110 Mepe pocTa HAIIPSLKeHHOCTH Tons H).

6. Onumure MexaHN3M HaMarHWIMBaHUs GeppoMarHeTHKa IIpH TeMIIepaTypax:
a) Hike Touku Kiopwu, 6) Briie Touku Kiopn.

7. OT KakyX BEJIMYNH 3aBUCHUT!
a) HalIpSKEeHHOCTH /{ MATHUTHOTO TOJISL TOPOWZA,
6) MHOYKIWA B MATHUTHOTO TOJIS TOpoHza ¢ heppOMATHUTHBIM CePAEUHIKOM,
B) MarHWTHas IIPOHHUIAEMOCTD i, CepAeUHNKa Toponaa?

8. Kaxkme m3mepsiemMble BEeTMUMHEL U KaKue (HOPMyIEl HCTIONB3YIOT IS OTIpezee-
HUS CIIEAYIOMNX BEITHUNH:
a) HaTIPSKEHHOCTH { MAarHUTHOTO TIOTIS B CePAESUHHKE,
6) MarHUTHON MHAYKIMX HachleHns B, 7

9. Ykaxure criocod BKIIOUEHHS W Ha3HAUEHNE CIEAYIONNX HIIEMEHTOB!
a) COTPOTURIIEHNS R B eI IePBUYHON 0OMOTKH,
6) MHTErpaTOpa B IIEITH BTOPUIHON OOMOTKH.
10.HazoBuTe BeITMUMHBI, ITPOMOPIIMOHATBHO KOTOPHIM M3MEHSAIOTCS 3HAUEHUS Ha-
npsckeHnit U, n U, (Ha Bxogax X u ¥ ocmuinorpada).
11.1To xaxum popmynam B paboTe ONPeAeIsIOT CIEYIONTIe BeIMUNHEL:
a) MTHAYKIMIO HAacHIIeHns B,

6) HAMarHHYEHHOCTh J, 00paslia IIpH HACKHIIEHNN,
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B) MAarHUTHBII MOMEHT £/ MOIIEKYIBl peppoMarHeTHKa?
12.C KaKoif Iebio B paGoTe cTposT rpaduk 3apucumocta B, = f(T)?

13.Kaxum o6pazom 1o rpaduky B, = f(T') onpenensior TemmepaTypy Toukn Kio-
pH eppomarueTuka?

JdurtepartTyopa

1. Hernadp A.A., dBopckuit B.M. Kype dusukn. — M.: Bricimag mxona, 1989. —
§§ 24.3-24.5.

2. Kamamnamkop C.I'. OnexrpmuectBo. — M.: Hayka, 1977. — §§ 109-111, 118,
119.
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Padora Ne 12
H3YUEHHUE 3ATYXAIOIHWX SJTEKTPHUECKHX KOJEBAHIIA

[MEJIb: nccnemopanne 3aTyXaroIMX SIEKTPUUECKMX KOJeOaHuli, M3MEPEHWE Xapak-
TEPUCTUK KoNeOaTenbHOro KOHTypa: nepuoAa konebanuit T, morapupmmde-

CKOTO HOCKpPEMCHTA 3aTyXaHIMA /1, KPHTHYECKOI'O COIIPOTHBIICHMA KOHTYPd
R

wp T
OBOPYJIOBAHHUE: reHepaTop CHTHAIIOB CHEMANTBHOM (GopmMbl, MIHHOTOKH «KoOH-
aeHcaropy, « HIyKTHBHOCTLY M «PeocTary; octmumiorpad.

B Be ageunmwne

KonebarenbHbI KOHTYDP — 3TO BleKTpUUecKas 1ems (puc. 1), copepixarias nH-
OYKTUBHOCTH L ¥ eMKOCTE C.

C I R
—I I—’W“"—I:I—— Puc. 1. KonebatenbHelil KoHTYp: C — KOHAeHcaTop, L —
K

KaTyIKa WHAYKTUBHOCTH, R — aKTHBHOE COMPOTHURIE-
< Hu1e, K — KImou

Ecnu xoHzmeHcaTop 3apAquTh U TéM caMbIM COOOIINATL €My HEeKOTOPYIO BHep-
THIO, a 3aTeM KIIouoM K 3aMKHYTH KOHTYD, TO KOHIEHCATOp HauHeT pa3psiKaThes.
Kax nokasbIBaeT OMLIT, B IENH MOSBISIETCS TepeMeHHLIH TOK. OOBICHIETCS 3TO TEM,
9TO IIPOTEeKaHHe pa3psAHOro TOKa COMpoBOkAaeTes nospneHneM DJ[C caMOMHAYK-
IIAH, KOTOpasi cHagana MpersaTcTBYeT POCTy ToKa, HO IO OKOHUAHHH Pa3psaku KOH-
AeHcaTopa Nogep:KUBaeT TOK B NIepPBOHAYATLHOM HalpaBlIeHNN. B pesynsTaTe mpo-
WCXOAMT Mepesapsaka KoHAeHcaTtopa. [lo JocTimkeHnN MakcHMalbHOTO 3apsaa ero
OOKIIaIoOK CHOBa HAUMHAETCS TIpOIece Pa3psgKH, IIPU STOM TOK B KOHTYpe MeHsSeT
CBOE€ HallpaBJIeHUE.
Ui IIpm mpoTexkaHWW TOKa SHEPTHS, COOD-
U, IIeHHas KOHTYpPY IpPH 3apsike KOHAEHcaTopa,
IpeBpamaeTcsl B TeIUIOBYIO, KOTOPasi BHIIEI-
/\ /\ eTca B pesuctope K. Ilostomy komebaHus 3a-
0 \/f\\_ 7 TyxaroT. Ha puec. 2 mokazan rpaduk m3meHe-
\/ HIS HanpsokeHUs ¥ = ¢/C Ha oOKIagkax KOH-
AeHcaTopa ¢ TeueHHeM BpeMe HHU.
3aKOoH M3MEHEHHWS HalpSTKeHWS HMeeT
Puc. 2. 3aryxaromme konedaHns CITe MY FOIIII BI:
u(t)=U e *cos(wt +a ), )
rae u(f) — MTHOBeHHOE 3HaUeHHe HamnpspkeHud, U, — ero HauanbHas aMILIUTYIA, ) —
LAKIMYECKas 4acToTa 3aTyXalolX KolebGaHuil, [ — BpeMs OT Hauana pa3psaakn;, o —

HauanbHas daza; 6 — KoahpUIHMEHT 3aTyXaHs.
R

:Z.

2)
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]_[HKJIH[IGCKEIH qacToTa ¢ 3aTYyXalolux KoJaeOaHHi OIIpeJCIIHACTCAH TIapaMeTpa-
MH ITETIH — €& MHAYKTHBHOCTEIO L, eMKOCTBIO C M aKTUBHEIM COHpOTHBJIeHHeMRZ

W=, +5°, 3)

Trac oy — coDOCTBEHHAS 1acTOTa KOHTypa

1
0y = JiC (4
ITepmon 3aTyxaronx KoiedaHni
T 27 _ 27 ’ )
w 1/LC)- 5
GONbINe, YeM TepUOJ He3aTyXaromux 1y = 2747ty 1, Kak cieayetT u3 dopmyn (2)(5),
OTIINUAeTCsA OT Hero TeM CHIbHEe, ueM Donblle BenndnHa o. [Ipu & << @y nepuon
27

konebannii 7' = —.
JLC

[To mepe ypemmueHns ko>pdMIMeHTa 3aTyXaHWA TepHon KonebaHM pacTer,
cTpeMsich K O@CKOHETHOCTH TIPH & = @y. DTO 03HAUAET, UTo KoINeOaHs B e CMeH-

IOTCS ATIEPHOINIECKIM pazpsaoM KoHaeHcaTopa (prc. 3).

LA CompoTHBIeHNE KOHTYPA, TTPH KOTOPOM
BO3HMKAET TAKOW pas3psil, HA3HIBAIOT KPWUTH-
uecknM. BemmunHa R, , COIIACHO YCIOBHIO

8 = wy u ¢ yueToM popmyn (2), (4), ompene-
TISIETCS BRIPAKEHUEM

R, =2 L/C (6)
0 ? 3aTyxaHue KoleOaHni XapakTepu3yioT
BETMIMHOU TorapudmMIUiecKoro eKpemMeHTa
Puc. 3. Aneproaudeckuii pazpsmn 3aTyXaHuA:
A=Wn(UJU.;), (7)

rne U, v Uyr — aMIDIUTY ARl HAIIPSHKEHWUSA B MOMEHTHl BPEMEHH, OTIHUAOIIKecs Ha
nepuosi. B cooTBeTCTBMM ¢ 3akoHOM Konebannii (1) nmeem
A=drl. (8)

MerToORT_ U3 METPEHHTH

Ja HaOmIoAeHUA 3aTyXaoMX KoleOaHWi HAaMpsSKEHWE ¢ ¢ OOKIIaJOK KOH-
AeHcaTtopa KomebaTenbHOro KOHTYpa MofaroT Ha BXxon I ocimmnorpada. Konnenca-
TOp MOAKIIOUEH K TeHEPAaTOpYy CUTHAJOB CIEIHANbHON (DOpMBI, HACTPOSHHOMY HAa
BBIAAYY YHUIIOISAPHBLIX UMITYIbCOB. B TeUeHNe MepBoii MONOBUHEL IEPHO/Ia HATIPSTKE-
HWE U Ha KoHAeHcaTope paBHO 3J[C ucTounnka. Yepes MONOBHUHY TepUOAa HATIPSKE-
e =0 B. B KOHTYpe HauWHAIOTCA CBOOOAHBIE 3aTyXarolmue Konedanwmd. Oc-
ALIIOTpaMMa 3THX KolleOaHWH TToKa3zaHa Ha puc. 4.
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2. Bximrouute octiiiorpad M BHBEANTE BIIEKTPOHHBIN 1yd B LIEHTP HKPaHa.
Kanubposxa yemarnosgru

3. Bxmrounre kHomkamu « CeThb» IMUTaHWE OJNOKA TeHEPaTOpPOB HalpskeHWA. Ha-
EKMUTE KHOTIKY «Mcxomnas yeTaHoBKay (1103, 19, cm. puc. 1 Ha c1p. 6). KHom-
Koit (1103. 6, cM. puc. 1 Ha cTp. 6) Ha maHenn 6JI0Ka TeHEPATOPa CIEIIHATbHON
(hopMBL BHIGpATH YHUTIOISAPHBIE UMITYJIBCH - « ] |», KHOTIKaMH yCTAaHOBKH Yac-
ToTH «0,2 — 20 x['1» (1mo3. 11, cm. puc. 1 Ha cTp. 6) yCTAaHOBHTE YaCTOTY CHI-
Hana v = 200 't (mepuox T, =0,005 ¢).

4. Ha ociiorpade MOTyuYWTe OCHIIIIOTpaMMy BWA, TTOKA3aHHOTO Ha pHuc. 4,
YCTOHABIMBAA aMIUTUTYAY HWMITYJILCOB KHOIIKAMHW PEryIWMPOBKH aMILTUTYIIbI
curHana 6yoka reHepaTopoB (1o3. 10, cM puc. 1 Ha cTp. 6). YcToMunBoe M30-
OpaxeHne kpuBoi obecreumBaeTcsl peryiIHMpoRKoi ocimmorpada pydkamu
YCTAHOBKM YaCTOTHl Pa3BEPTKH W OIIOKa CHHXPOHM3AIIMH, & HEOOXOAWMEIE
pazMepHl OCIILIOTPAMMBI MOKHO 3a7aTh ¢ IMTOMOIIBIO pyUeK « Vcuwienue X» n
«Ycunenue ¥». lIpn 3TOM, M3MEHASA YCWIEHHME IO OCH X, HOoOEHUTECH, YTOOH
OTPE30K Iy 3aHsUT BCIO CETKY AKpaHa. 3HaueHue J, 3anumure B Tabm. 1.

5. Brecwure B Tabin. 1 cieayoomme mapamMeTpel KOHTYPa:

[ — THOYKTHUBHOCTH KaTYIIIKH,
C — eMKOCTh KOHIEHCATOPA,
R~ axTMBHOE COTPOTHRICHUE KATYIIKH (M3MEPHTE C MOMOIIBIO MYIhTHUMET-

pa).

Tabma 1
C, L, RK: lg, Z, Ur, Ur_q. T RKP’
MEKD Ml H Om MM MM 7 nen. nen. KOM
Cl —...
CQZ

H3mepenue napamempos KosebamenvHo20 KOKMypa

6. Ilepenecure ocimmmorpaMmy KolneGaHWI HAmpskeHWS u(f)c SKpaHa Ha JHUCT
Oymaru. [1o KoOpANHATHON CeTKe PKpaHa WIH JIMHEHKON M3MEPhTE AJIMHY yda-
CTKOB ¢

7. Ilpopenure maMepeHnst BenwdunH [ 1 b, ammutyas U, n U.r (ams Gonee Tod-
HOI'O MX OTcUeTa MepeMelnaiTe N3MepsIeMyIo OpANHATY Ha LEHTPAIbHYIO JIH-
HHIIO PKpaHa), ONpeAeInTe THCIO MONHEX KoneSaHmil 7 Ha yaacTke /. Pesynb-
TaTHl ATUX W3MEPEHNH 3alUIINTE B TaOIuIy .

8. YBennuuBasl CONPOTHUBIIEHHE peocTara Ry, HabmogaliTe M3MeHeHNE 3aTyXaHIs
KoneOaHnil W Tepexo]l OCIMILIOTPaMMbl OT BHAZIA HA pHC. 2 K BHAY, MTOKazaH-
HOMY Ha puc. 3. MUHNMANBHOE COMPOTHURIEHNE IIETH, ITIPH KOTOPOM TTONyUeHa
oCLLIOrpaMMa BHIAA PHC. 3, €CTh Ryp,=R TR, 3alullnre 3HaUeHHEe Ry B
Tadm. 1.

9. Buixmounte xHONKamu «CeTb» NMUTAHWE OJIOKA TEHEPaTOPOB HAIIPSTKEHUA W
OII0Ka MyJIbTHMETPOB.
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10. Bmecro xonmeHcaTopa C; ycTaHOBUTE KOHAeHcaTOp C; APyTroii eMKOCTH U TIOBTO-

pute 1. 3-9.

Obpabomra pe3yiomanos usmepenuti

.1lo JaHHBIM Tabn. 1 AJE KaKA 00 3HaUYCHIL €MKOCTH BBEIUHCIIHUTE PACHYCTHEIC

(p) M sKcTepUMeHTAThHEIE (3) BEMTMUMHEL TOoTapupMIUEcKOro AekpemMeHra A,
ko3 duireHTa 3aTyXaHud 4, nepuoga konebanuit 7' M KPUTUUECKOTO COIPO-
THBIEHUA KOHTypa R,,. Mcronesylite ¢popmynbl, HOMepa KOTOPEIX yKa3aHHL B
TabJI. 2, IpeHa3HauYe HHOW [TIS 3aIllCH Pe3yIbTaToB pacuera.

Tabnuma 2
2 ac’t T, mc Ry, KOM
3 p 3 p 3 p 3
N |3 ®) ®) ®) (6) (RtRp)
Ci=...
Cy=...

IIpumeuanue. OOpaTTe BHUMaHKE, UYTO SKCTIEPUMEHTANbHbBIE 3HAUeHNS K03hhuIm-
€HTa 3aTyxXaHWA OONbIlle, YeM pacueTHbIE, M3-3a CYIIECTBEHHBIX MOTEPh HSHEPrHH Ha
NepeMATHUUMBaHUE CepAeUHNKA KaTy KA.

2. B BBBOZE N0 paboTe cAenalite aHaIm3 MOIYUYeHHBIX JaHHBIX:
a) YKaKUTe XapaKTepHble M3MEHEHMS OCITWUIOTPaMMEI B TIapaMeTpoB Koebha-

HUHA IMpHu N3MEHCHHWH CMKOCTH KOHTYPA,

6) OMMINTUTE M3MEHEHMA 3aBUCHMOCTH u(f) 1O Mepe YBENWUEHHS aKTHBHOTO

COIIPOTHUBIICHMA LICIIH,

B) CPaBHHUTEC IIOIYUYCHHBIC 3KCIICPHMMCHTAIIBHBIC 3HAUYCHWA BCIIMYHMH T'n Rl(p C

pacuC€THBIMH.

KOHTpOHBHBIe B OII p 0 C H

1. TTo xaxoMy 3aKOHY M3MEHSIOTCS IIPH paspsizie KOHAEeHcaTopa B KonebaTenbHOM

KOHTYpE, colepxamem R, L, C, CIEeIYIOLIIE BEJIMYWHEL:
a) HallpsKeHNEe Ha KoHAeHcaTope, 0) 3apsia oO6KIaaoK; B) TOK B IIeTIH?

Kaxue opmynbl MOKa3HIBAIOT, KaK 3aBHUCST OT MapamMeTpoB KoiebGaTelbHOTO
KOHTYpa CIeAYIOINe XapaKTepHUCTUKNA KOIeOaHWi:

a) IMKJIMYeckas 4acToTa M IepHOJ 3aTyXaloliX KoneOaHwit,

6) xoaddUITHEHT 3aTyXaHUg KoneOaHuni,

B) KPUTHUECKOE COMPOTHBIEHNE KOHTYPA.

[Ipn n3MeHeHNK KaKMX MapaMeTpoB KOHTYpa, copepxamero R, L, C:

a) COMDKAIOTCS 3HAUEHHUS MEPHUOIOB 3aTyXaIoIINX M He3aTyXalomux Koneda-

HHI,

6) m3MeHseTca koahQUITMEHT 3aTyXaHus KoneOaHuit,
B) M3MEHSETCA KPUTHIECKOE COTIPOTHRIIEHUE KOHTYpa?
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O

Yro mpoucxoauT B KonebaTeIbHOM KOHTYPE IPH COMPOTHBIEHNUH, GONBIIIEM
KPUTHUECKOTO 3HAYEHUS, T.€. IIPH BHIIIOIHEHUH YCIIOBUA &= !

Kaxne BeTMUMHBI M3MEPSIOT TI0 OCIWLIOrpaMMe KoleOaHWil AN OIperee-
HUS:

a) TIepHoJIa 3aTyXAIOINX KonebaHui,

6) norapudMIUECKOTO AeKpeMeHTa 3aTyXaHusI KomeOaHmii?

Kaxwe BenMUMHBI UCTIONB3YIOT AJS KaTuOPOBKH ocu X ociminorpada?

Kax omnpenenstor skcrnepuMeEHTalbHOE 3HAUEHHE KPUTHUYECKOTO COIPOTHBIIE-
Hus KoHTypa? Kakoi BU MpUHUMAeT OCHIILIOTpaMmMa u(f) TpHU JOCTHKEHUN
Ryp?

Kakxoe HazHaueHHe WMEIOT CHIEAYIONINE AIEMEHTH SIEKTPUISCKO IeIH:
a) TeHepaTop HaIpSKEHWH crennanbHoM hopMel, 6) peocTaT?

Kakoli mapameTp KonedaTenbHOTO KOHTYpa M3MEHSIOT B paboTe, 4TOOH TIOIY-
YUTH allepUOANIECKAN pa3psii KoHgeHcaTopa?

10.C xakmx »IeMEHTOB BHGKIthICCKOﬁ OEIMKM MOZKHO TIIOAAaTh HAIIPSLKEHHE Ha

BXOJ ¥ ocrmmnorpada 1 HaGIIOAe HHS 3aTyXAIOINX KomeOaHuii?

11.1To xaxum popmMyamM OTIPEIEIISIOT:

a) HKCIIepUMEHTAIbHOE 3HauUeHNe Tiepuoa konedanuit 7,
6) sKcTIepIMEHTATbHOE 3HaUeHIe Koa(hUITHeHTa 3aTyXa s KoneGaHmit &,
B) pacueTHHIE (TeOpeTHUeCKHe) 3HAUeHIA BeNNUNH T, O 1 Ryp?

durtepartTypa

. Hermad A A., SABopcknit B.M. Kype dmsukn. — M.: Bricimas mxkomna, 1989, —

§28.1.
Kanamunkos C.I'. Onektpuuecto. — M.: Hayka, 1977.— §§ 207, 208, 210.
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Padora Ne 13

BBIHY KIEHHBIE QJIEKTPIYECKIE KOJTEBAHWS
B KOHTYPE, COJIEPKAIINEM MHIYKTHBHOCTH

[{EJIb: nccnenoBaTh 3aBUCHMOCTH BIEKTPHUECKOTO CONPOTHBIEHUS M MHAYKTHBHO-
CTH KOHTYpa OT 4acTOTHI IIePeMEHHOI0 TOKA.

OBOPYJIOBAHUE: mmaubnok «KaTtymka co CheMHBIM CEPASUHUKOMY», MIUHHOIOK
«ComnporuBnenuey - 470 Om, TIeHepaTOp CHIHANOB CHEIHaTbHONH (GopMEL,
MYJIETUMETPHL.

B Be ageunwne

BriHy)IeHHEIE AIeKTpHUecKre KoneOaHs IIPOMCXOAAT B KOHTYpe IO AeHCTBH-
€M IIepeMEHHOI0 HAlPsLKEeHNsL. ECIN B AIeKTPUUYECKYIO 1IEIIb, COAEPKAIIYIO KaTYIIKY C
WMHIY KTUBHOCTHIO L, BKIFOUWTH NepeMeHHyIo DJ[C
&=6&,CoSwit,
TO B LIeTIN, KpoMe &, OyaeT HaBoAauThea 3/[C caMOMHAY KNI
dl
& =—L—.
dat
Tox B Taxom KOHType KoIeONeTcs ¢ TOM e 4acTOTOH (v, UTO W IIPWIIOKEHHAS]
BJC, Ho oTcTaeT 1o daze Ha @
I =1 cos(wt—¢)
AMImuTyia Toka I, MponopiroHansHa amrmuryae SHC:

I,=%n (1)

T7ie Z — TIONHOE COTIPOTHUBIIEHNE KOHTYpa TepeMeHHOMY TOKy (MMITeaHC KOHTYpa),

Z=yR* +(al) ; 2)

R — aKkTHBHOE CONPOTHUBIIEHNE 1eNH, X ;=ml — MHIAYKTUBHOE COTIPOTHUBJIEHNKE LIeTIH; L
— MHAYKTUBHOCTE CONEHOWA, @ = 277V — IUKINIecKas 9acToTa epeMeHHOro ToKa, V
— 4acToTa ToKa.

WHAYKTUBHOCTh XapaKTepu3yeT CBOMCTBO KOHTYpa CO3[laBaTh COOCTBEHHOE
TIOTOKOCIIETUIEHHE U PAaBHA MaTHUTHOMY TOTOKY @, CIIETIIEHHOMY ¢ KOHTYPOM, IIPHU
eIMHUIHOM TOKE B HEM:

®,, = LI

WMHAYKTUBHOCTh KOHTYpa 3aBUCHT OT €ro pa3mMepoB, (OpMBI M MarHUTHOM IMPOHH-
ITA€MOCTU CPEIbl 44, OKpykaromeil KoHTyp. Hampumep, BeTWunHA WHAYKTUBHOCTH
IUTMHHOTO COJIEHOMIA

2
N°S 3)

{
TA€ f4 — MAaTHUTHAs TTOCTOSIHHAS, N — UMCIIO BUTKOB CONEHOMAA; S — IUIOMAlb ceue-
HUS cepleuHNKa CONEHOWAA;, [ — ITIMHA CpeiHel oceBo TMHNN cepAeUHIKA.

L = /’lrll’lﬂ
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I/IH,I[YKTI/IBHOCTB COJICHOMIA C (beppOMal“HI/ITHBIM CEPACUYHMKOM 3aBMCHT €IIC U
OT Toka { » IIPOTCKAIOIIETO B 0OMOTKe. DTO CIeAyeT U3 TOTO, YTO MarHWTHasA ITPOHH-
ITIacMOCTDb (beppOMal“HeTI/IKOB Ay 3aBUCHUT OT HAIIPAXKCHHOCTH H marguTHOTO TIOJIA,
KOTOpaA OIPEACIIACTCA TOKOM B COJICHOWAC!
N
H - I T

MeTonxn ®W3MeDpeHHH

B manHoli paboTre n3mMepeHne MOJIHOTO COMPOTHUBIIEHUS LIENH Z OCHOBAaHO, CO-
~ TacHo 3akoHy Oma (1), Ha M3MepeHUsIX JeHCTBYIONNX 3HAUSHUH TTepeMeHHOr0 TOKa
I v Hanpstxenns U

z=Y )

1
CornmacHO BEIpaKeHMIO (2) B CIydae Mallol BeNTMYMHBl aKTMBHOTO COTIPOTHBIIEHMS
(kax TpaBWiIo, R<<Z) IONHOE COMPOTHBICHUE COJIEHOWIA COBMAJNAeT C HMHIYKTHB-

HEBIM:

Z=owL. (5)
3TO MO3BOINSIET OTPEASTUTE MHAYKTUBHOCTD 110 hopMyIIe
21U ©
w 2zv i

M3MepSIS COTTPOTHRIICHINE KATYIITKH MIEPEMEHHOMY TOKY M3BECTHOM YACTOTHI V.
Hanpsixenne, msMepeHHoe Ha OOMOTKe COJNEHOHMIQ, B COOTBETCTBUM C BBIpa-
KeHnsMu (4) 1 (5) 3aBUCUT OT YaCTOTH TIEPEMEHHOTO TOKA:
U=IZ=1al. (7
3apucumocts U = f(w), monyuenHas mpu (UKCUPOBAHHOM 3HAUEHWH TOKa I, TI0
¢dopMe COBMazaeT ¢ 3aBUCHMOCTHIO Z = f(®) W SIBISeTCS NUHEHHOM, €ClNW MHIYK-

THUBHOCTH COJIeHOMAa L MOCTOsSIHHA (He 3aBHUCHUT OT YacTOTHl). B TakoM ciyuae Benu-
YiHYy L ONpeneNsoT SKCIePUMEHTANBHO IO YIIOBOMY KO3(hPUIMEHTY NpsSMOi
U= f(w), pasaomy K = IL. CornacHo dopmyie (3) 3TO COOTBETCTBYET MOCTOSHHO-

My 3HAUEHWIO MATHUTHOM TPOHUIIAEMOCTH £, UTO XapaKTepHO AN HedheppoMaTrHUT-
HBIX CpeZ.

Jlns coneHomza ¢ GheppOMATHUTHRIM CePASUHMKOM, Kak OBLIO OTMeUeHO, WH-
OYKTUBHOCTH 3aBUCHUT OT CHJIBI TOKa, MPOTEKAIOIIEro 1o oOMoTKe. By »Toi 3aBUCH-
MOCTH MOXHO YCTAHOBHTH 3KCIIEPUMEHTATLHO, OIPEAesis HHAYKTUBHOE COMPOTHUB-
JIeHWE COJNIEHOMAA IPH PA3TINIHBIX TOKAX.

Taxum obpazom, U3mMepsis HaNpsHKeHNEe Ha 0OMOTKE CONEeHOWAA MPHU MPOTEKa-
HUH TIEpeMEHHOTO TOKa pasTuuHON 9acTOTH (TpH GUKCUPOBAHHON BeNTHUNHE MeHcT-
BYIOIIETO 3HAUeHWS /), MOKHO SKCTIEPUMEHTANIBHO OTPENETUTh MHAYKTUBHOCTH CO-
JIeHOWAA U €€ YACTOTHYIO 3aBUCHMOCTE.
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1.

Buvinonnenue uzmepentil
C IOMOIIBIO MYJNETHMETPa M3MEPHTE CONPOTHBIEHNE R, KaTyIUKW W 3alliilid-
Te ero B Ta0I. 1.

2. Cobepure SIEKTPUUECKYIO IIETb II0 MOHTA:KHOW CXeMe, TMPUWBEIACHHOW Ha
pHrc.2, TIOAKIIOUMB KaTyIKy £ 0e3 cep/ieuHuKa.

3. Bxmounre xHomKamu «CeTb» NMHMTaHWE OJIOKAa TEHEPATOPOB HANPKEHWA W
Omoka MynbpTHMeTpoB. Haxymre kHOTIKY «MexomHas yeTaHoBka» (1103. 19, oum.
puc. 1 Ha cTp. 6). 3aropurcsa HHAUKATOP (1103. 6, cM. puc. 1 Ha c¢Tp. 6) CUTHaIa
CUHY COMAANbHOM HOpPMEL.

Tabnwma 1
Karymka R,=... Owm
0e3 cep/IeYHNKA ¢ heppOMATHUTHRIM CEPASTHIUKOM
I=.. MA I=.. MA
v, U, Z, L, v, U, Z, L,
kl'11 B Om Ml H I'm B OmMm Ml 'H

0.75 50

1.0 60

1.25 70

1.5 80

1.75 20

2.0 100

2.25 110

2.5 120

2.75 130

3.0 140

3.25 150

3.50 160

3.75

4.0

4. Knomkamu ycTaHOBKH 9acTOTE «0.2 — 20 xI'm» (mmos. 11, cm. puc. 1 Ha cTp. 6)

YCTAHOBHTE MAaKCHMANbHOE 3HAUueHKe 4acToThl 4 K['11 C MOMOIIBIO KHOTIOK yC-
TAaHOBKH ypoBHS BEIXoAa «0 - 15 By» (moz. 10, cm. puc. 1 Ha cTp. 6) yCTaHOBHUTE
3HAUEHME TOKa B IIeNH B Ipeaenax oT 2 g0 7 MA. Ilpm stom dukcmpoBaHHOM
3HAUEHWH TOKa, M3MEeHAA YacTOTy TOKA V B COOTBETCTBHH ¢ 3afaHmeM (Tadim. 1),
M3MEPSIATE W 3aliChIBaliTe B TAONUIT | 714 KaxKAOTO 3HAYEHWSA V HAIPSKEHHE
U Ha KaTyIIKe.

Buumanue. 11o Mepe M3MeHeHWA 9acTOTH CHEAYET MOMAEPKMBATH 3aaHHbIH TOK 7,
PEryIHpPYS €ro BEMUIMHY KHOITKAMH YCTAHOBKH yPOBHS Bhxoza «0 - 15 By.

5.

BriknmrounTe O6I0K reHepaTopoB HANPSKEHHA W OIOK MyJIbTHMETPOB. Y CTaHO-
BUTE B KaTYIIIKY CEPACUHNK U TIEPEBEAUTE MYJILTAMETP 3 B peocum Vo~ 20B.

101



Bxirounte 610K reHepaTOpOB HaNPsKEeHNUs U OJI0K MyJIbTHMETpoB. [IpoBeaure
m3MepeHus, onucanueie B 1. 4. Tok I mogOupaiite (cm. 1. 4) pu vactote 160
['u. PesynbTaThl W3MepeHNH 3allUIINATe B TaOIUILy 1.

6. Brikmounte 610K FeHepaToOpOB HAMPSKEHN U OJIOK MyJIBTUMETPOB.

Obpabomra pe3yibmamos usmepenu

1. Berumcnure A KaTyIIKWM MHAYKTHUBHOCTH 0€3 CepAeUHMKAa C CEPACUHHKOM
TIOJTHOE COTIPOTHRIIEHHE TIepeMeHHOMY TOKY Z 1o dhopmyiie (4)

Z= v =..0nm
1
1 MHIYKTUBHOCTH 110 opmyiie (6)
1 U
=——=_TI%u.
2zv 1

Pezynprarhl pacueToB 3anmumnTe B TabII. 1.
CpaBHuBas R, 1 Z, ydegurech B CIIpaBeIMBOCTH NpUONIKeHNI R, <</ a4 pa-

Gounx popmy (5), (6), (7). Bemomxaure 370 1715 006X KaTyIIeK.
2. Tloctpotite rpaduky 3aBucuMocTed Z = f(w)ang o6enx KaTyIIek.

3. B BBBOZE 11O pabore:
a) CpaBHHUTE 3aBHCHMOCTH ITOJTHOTO COIPOTHMBIEHNS Z OT YacTOTHL JIBYX coOJle-
HOMJIOB: ¢ (peppOMArHUTHBIM CepAEUHIKOM 1 6e3 Hero,
b) oTMeTETe 0COOEHHOCTH 3aBUCMMOCTH MHAYKTHBHOCTH OT YacTOTHl IS ABYX
COJIEHOMJIOB.

3apanue 2. Mccienopanne 3aBUCUMOCTH WHAYKTUBHOCTH COJICHOMA OT TOKA.

Bumonnenue uzmepenuti

1. Jlns muccnenoBaHus KaTyIIKKA O6e3 cepleuHNKa MCTIONB3YEeTCs Ta Ke BIeK-
TpUUecKas I1eTlb, 9TO M B 3afaHuu 1. J[114 nccejoBaHus KaTyIIKH ¢ cep-
JE€UHUKOM HCIIONB3YETCs ANIeKTpUUecKas Lemnb 6e3 JOMOIHUTETFHOTO Pe-
3MCTOPA, MOHTa)KHAS CXeMa PHUC. 3.

2. Ilopxmounte kaTymky L 6e3 cepaedHnka. Bxmounte kHomkamu «CeThby MH-
TaHUs OJIOKa Te€HepaTOpOB HAIpsKEeHWSI W ONoKa MyIbTHMeTpoB. Haxkmmre
KHOTIKY «Mcxomnas yctaHoBkay (1o3. 19, em. puc. 1 Ha c1p. 6). KHOomkamm ye-
TaHOBKM 9acTOThl «0.2 — 20 k['1» (1mo3. 11, cm. puc. 1 Ha cTp. 6) ycTaHOBUTE
yacToTy Toka 1...3 xI'11.

3. Wamenss cuny Toka / KHOIKAMM YCTaHOBKHM ypoBHS BhIxoa «0 - 15 By (o1 1
MA 10 20 MA ¢ marom ~1 MA), 3ammmuTe B Tabx. 2 s KaxkI0ro TOKa Ha-
npsokeHre U Ha KaTyIke.

4. Brixmounte OJI0K NeHepaTOpOB HATIPSDKEHMS M OJIOK MyJIbTUMETPOB. YCTa-
HOBHUTE (heppOMATHUTHEIN cepAeuHHK B KaTymky L. Cobepure MOHTaKHYIO
cxemy puc. 3. Bxmrounte KHOTKamMu « CeTb» MUTaHWs OJI0Ka TeHEPaTOpPOB
HATIPSDKEHUA M OII0Ka MyJIBTUMETPOB M HakMHTe KHONKY «cxonHasa ye-
TaHOBKa». KHOIKaMu ycTaHOBKM 4acTOTH «0.2 — 20 x['» ycTraHOBHUTE
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L

9.

. Kaxasa 5J[C BI3bIBaET BEIHY K AEHHbIE KOIEOaHW?
. Kaxne B5JIC gelicTByIOT B KonebaTeNbHOM KOHTYpE IPH BBIHYKIEHHBIX KOJIe-

OaHmax? 3anuiuure Boipaxkenue 11 3J[C caMOMHAY KLU

. Yto XapaKTepUu3yeT M OT KaKMX BCIIMYKH 3aBUCUT MHAYKTHUBHOCTH 1ernm?
. OT KaKmx nmapaMeTpOB 3aBHUCUT IIOJTHOE COIIPOTHUBIICHHUE KOHTYPa IIEPEMCHHO-

My TOKy?

. UeM OOBSACHSIETCA 3aBHCHUMOCTD HHAYKTHUBHOCTHU COJICHOWJA C (beppOMal"HHT—

HBIM CEPACYHHUKOM OT YaCTOTEI TOKa?

. Ha gem ocHOBaHO H3MEPEHHE ITIOTTHOIO COIIPOTHUBIICHMA LETTH Z B JaHHOM Ppa-

tote?
Kaxoit xapakrep nmeeT 3aBUCUMOCTh U ), onydeHHas Mmpu GUKCUPOBAHHOM
3HAUEHUM TOKa [ B cIlydae coleHonAa 6e3 cepaeuHnKa?’

10. Kakoii mpubop ucrons3yeTcesd B paboTe B KauecTBE NCTOUHHKA TIepeEMEH-
HOTO TOKa?

11. C kakoii 11en1b10 B paboTe ONpeAeNstoT aKTMBHOE R 1 TTOJTHOE COTIPOTHB-
JeHUe 7, KaTyIIKHA WHAYKTUBHOCTH?

12. Kaknm o6pazom oNpeelstoT B JaHHOW paboTe HHAYKTUBHOCTh KaTyIIl-

KM ¢ CepAeUHUKOM U Oe3 Hero? 3amummure padoune GopMy L.

L.

2.

JdurtepartTypa

Hernad A.A., Sopckuit B.M. Kypc ¢pmsuxn. —-M.: Briciag mkona, 1989. — §§
25.2,28.3.
Kanamunkos C.I'. OnektpruectBo. — M.: Hayka, 1977. — §§ 219-220.
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Padora Ne 14

NCCIEJOBAHUE SABJIEHWUA PESOHAHCA
B VIEKTPHYECKHWX IEISAX

[MEJIb: sKcriepuMeHTanbHOE TIONYUYEHWE PE30HAHCHOM KPWBOM, M3MEPEHWE WHAYK-
THBHOCTH W EMKOCTH PE30HAHCHBIM METOIOM.

OBOPYHOBAHHME: reHepaTop CHUTHAIOR clelanbHOM dopmbl, muHHOI0KH «Ka-
Tymkar», « KonneHcatop» u « COPOTHRIEHHEY, MYIBTUMET].

B Bre agenmwne

Pezonancom Ha3BIBAIOT SBIEHHME BO3PACTAHMA AMITTUTYIB yCTAHOBMBIIMXCS
BBHIHY#IEHHBIX KoJeGaHuN TpH OIpefeNeHHON YacToTeé BHEIHEro BO3AeHCTBUS,
ONM3KOHM K COOCTBEHHOM 4aCTOTE CUCTEMEI. JIIEKTPUUECKHE PE30HAHCH HaOIIONAar0T-
csl B konebaTenbHOM KOHTYpe — IIeTIH, COCTOSAIMIeH M3 KaTYIIKH WHAYKTUBHOCTH L ¢
aKTUBHBIM COTIPOTHBIeHHEM R 1 koHzaeHcaTopa emkocT C. s mofaepxaHusa He3a-
TyXaromux konebaHuit B KOHTYP BBOAST MCTOYHHUK TEPEMEHHOTO HAMPSKEeHNS
U=Uycosiuf. PaccmoTpuM ABa BHAA Pe30HAHCOB B 2IEKTPHUECKMX LIEILIX: Pe30HAHC
HaIIPsDKEHUN U PE30HAHC TOKOB.

SBneHMEe pe30HaHca HAIPSLKEHWH MPOMCXOAMT B LIEMH M3 ITOCIENOBaTeIbHO
COEJIMHEHHBIX KaTYIIKN MHAYKTUBHOCTH M eMKOCTH (pHc. 1).

I R C JamuceiBasg AN KOHTYpa BTOpPOE IIpaBH-
— ] I I 10 Kupxroda
, IR+U0:—L£+U?” cos ik,
/‘\U at
\’_“"/ rae IR — MajieHre HAIpsKeHMS Ha aKTUBHOM CO-
Puc. 1. IlocnemopaTtenbHoe TpOTHBICHNH, Uc— HATIpSKEHHE Ha KOHJICHCa-

coefunenne L, R, € TOpE; — L% — BJIC caMOMHAYKIMH B KOHTYDE;

U,cosdt — BHENTHee HATPSAKEHIe, TonmydaeM AnddepeHIMaTbHOS YPaBHeHNE BEIHY K-
MEHHBIX KomebaHitii Toka B 16T

d’l Rdl 1
+ +
d  Ldt LC
Ero pemeHneM IIpyu yCTaHOBUBILEMCA PEKUME ABIAETCA 3aKOH KONEOaHWN:
I{t)=1 cos(wt+@+7m/2). (1)
AMITIATYIa BEIHY XIEHHBIX KONeOaHWi ToKa [, B 3TOM YpPaBHEHUH 3aBUCHUT OT
IIapaMeTPOB KOHTYPA W MUKINUIECKOW 9acTOTHl BHEIIHETO HATIPSTKEHUS @ |
U U U
Im — = 2 - 2 = 5 = - > (2)
JR +(eL-1aCY ~NR'+X’ Z

rae Um — aMILUIHNIYAd BHCIMHET'O HallPsLECHIT, Z, — TIOTTHOE COIIPOTHBRIICHIC TICPEME HHOMY

[ =-oU sinat.

TOKY (MMTIeIaHC TIeTT), X — peaKTHBHOE COMPOTHRIEHIE KOHTYPA,
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1
X=X -X.. X, =al, XC:E

Kax mokxaseBaeT ypaBHeHHE (2), MOXKHO MOAOOPAThH TAKYIO YACTOTY, UTOORI
1
ol = pt [Ipn 3TOM TIONHOE COMPOTHBRICHUE MENN OYIeT MUHUMAIBHBIM. Zpin =R, a

AMIUTUTY /1A TOKA B KOHTYPE — MAKCUMATBHON. Takoe sBIeHNe HA3RIBAIOT PE3OHAHCOM
HATIPSKEHUIM: TIOCKONBKY HANPSLKEHMA Ha WHAYKTMBHOCTH M €MKOCTH OJMHAKOBHI
(U, =U,) n xonebmoTcs B NpoTHBodase, TO X CyMMa paBHaA HYyINIO, a TafeHUe Ha-

TIPSR CHITA UR MaKCHUMAaIIbHO W PAaBHO BHEITHEMY HAIIPIACHHWIO Um

A 3aBucumoct I = f(w)Imns pasnumausx R

m

(TpathMKN pe3OHAHCHBIX KPHBLIX) MPHBEASHH Ha
puc. 2. CormacHo ycloBHIO pesoHaHca (X;=X()
3HAYEHWE PE30HAHCHON UacTOTHl COBMAAaeT ¢
coOCTBEHHOH 4acTOTON KOHTYpa @,

1
mpe:f = F - mﬂ ' (3)

y

), ¢  IlIupuHa pe3oHAHCHON KPHUBOI 3aBUCHUT OT H00-
Puc. 2. Pe3oHancHbIE KPUBBIE POTHOCTH KoIefaTeIbHOIO KOHTYpa:
0-Z = L/C
A R

rne A — morapugmMUIecKuii TekpeMeHT 3aTyXaHus.
Yem MeHBINE BeMWUMHA K, TEM pe3ue MPOSBISETCS PE30HAHC: YiKe PE30HAHC-
HBIH TTHK.

L Pezonanc Tokop HAOMIOmaeTCd B IENHM, CO-
7YYL w
- CTOSINENH W3 MapallelbHO BKIIOUEHHBIX €MKOCTH M
{ ] C - HHAYKTUBHOCTH (puc. 3). Ecim akTHBHOE COIPOTHB-
P T -~ I I JI€HWe KOHTYpa K paBHO HYIIO, TO MPHU PE30HAHCHOM
[ 1
@U UacToOTe M, = m B COOTBETCTBUUM C YCIOBHEM
Puc. 3. PesoHaHc TOKOB X, =X, n3akoHoM OMa NMeeM:
U U
IL _= —: IC’ = — 5
X X

T.€. TOKM B MApalenbHBIX BETBIX OAMHAKOBH (7= ), HO MX KoNneGaHus MPOUCXOAST
B npotuBodaze. [Ipr 3ToM B KOHTYpe IUPKYIUPYET 3HAUNTENbHEIN TOK, 4 B MOJIBO-
AAMUX MPOBOAAX TOK [ CHUMKAETCA 0 HyIS. DTO SBJIeHWE HA3BIBAIOT PE30HAHCOM TO-
Ka.

MeTon mW3MepeHHdTH

Hamenss TacTOTY BHCIIHCTO HAIIPAXCHIA, ITOAABAacMOI0O Ha KonebaTenbHBIH
KOHTYP, H H3MEPAA TIPH 2TOM TOK WIH IIPOIIOPHHOHAIBHOC TOKY IMaJCHHC HAaTIpLHEC-
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HHS Ha aKTHBHOM COIIPOTHBIEHHH U ., MOXHO IIOCTPOHTBH PE30HAHCHYIO KPHBYIO
U,= flw).

B cnyuae mocieoBaTEIbHOTO COEAWHEHUA €MKOCTH U MHAYKTUBHOCTHU IIPHU
PE30HAHCHON YacTOoTe HAOMOAAIOTCAd MaKCUMYMBI HATIPSKEHUS Ha COITPOTURISHUH R
U, ¥ ToKa, a HallpsbkeHue Ha ydacTke LC MuHmManbHO. CliefoBaTelbHO, [0 II0JI0-
’KEHUIO MaKCUMyMa pe3oHaHcHOH kpuBoll U, = f(w) MOXHO olpelelnuTh 3HaueHUe

pesoHaHcHOH yactorsl. Popmyrna (3) n03BONAET IO HalieHHOl JacToTe @, OIpe-

JIENIUTh WHIYKTUBHOCThL KONeOaTenbHOTO KOHTYpa L, €CIIM M3BECTHO 3HAUEHUE €MKO-
et Cy:
1

T Cul,

077 pezl
3aMEHHUB KOHJACHCATOpP C M3BECTHOM €MKOCTBIO Ha KOHJACHCATOp C HEeU3BECTHOH
eMKOoCcTBbIO C, B KOHTYpe ¢ TOH e HMHAYKTUBHOCTBIO L W M3MEPHUB PE30HAHCHYIO

L 4

YacTOTy @,,,, MOXHO OIPEJIEIUTL EMKOCTh KoHeHcaTopa C 1o dpopmyie
2
ol
_ pezll
CX - Cn |- (5)
w

pes

[Ipu mapannenbHOM COEAMHEHMHM KOHJEHCATOopa M KaTYIIKH MHIYKTHUBHOCTH
pPEe30HAHC B IeNH MOXKHO OOHAPYXHUTL 10 MUHHUMAaILHOMY HAIPDKEHHIO Ha COIMPO-
THBIIEHHH R B I[eH KOHTYpa WIH 10 MaKCHMalbHOMY HaIpsKeHIo Ha ydacTke LC.
PesonancHad gacToTa Tak»e cOBIAZaeT ¢ coOCTBEHHOHN YacToToM konedaTeNnbHOTO
KOHTYpa @,

O o uwecaidgme Yy ¢ T a H O B K H

CxeMeBl 3JIeKTpUYECKUX LeNel AJd Ucclle0BaHuA PE30HAHCOB IIPUBE/CHEL Ha
puc. 4, MOHTaXXHada cXeMa — Ha pUc 5.

Puc. 4. Snextpuueckasa cxema:

1 — TeHepaTop CWUTHAIOB  CIEIUATBEHON  (OpPMEL;
2 — mymetumerp (pexcum Vo~ 20 B, exooer COM, VD),
3 - wvuHEONOK  «COMpOTHBIEHWE»  COMPOTHUBICHHUEM

R=470 Om; 4 — muanbmok «KaTymka» ¢ MHIYKTHUBHOCTLIO

L, .5 — vunubnok «Kongencatop» emkocthio C unu C,
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BaHHHIHN B cxemMe MyJIBTUMETD (peowcum Vo 20 B, exoovr COM, V() c rHe3na-
vt « BEIX.T'EH.» (1103.9, cm. puc. 1 Ha cTp. 6) M KHOTIKAMH YCTAaHOBKHM YPOBHS
BEIxoAa «0 — 15 By (mos. 10, cM. puc. 1 Ha ¢Tp. 6) ycTaHOBUTE HATIPSKEHNE HA
BBEIXOAE reHepaTopa 1-2 B.

YBenuuuBas 4acTOTy V BBIXOJHOTO CHIHAa MeHepaTopa, HAWTH MAaKcHMAlb-

HO€ HalpsDKeHKME HA aKTHBHOM CONPOTHBIEHWH U/, M COOTBETCTBYIOIIYIO €My
qacTOTy V,,, . lIpomomiast yBennauBaTh 4acToTy V, yCTAHOBHUTE HATIPSAKCHUE,

IIPHUMEPHO B 3-4 pa3a MCHEIIEC MAaKCHMAIEHOIO. OTMeTBTE COOTBCTCTBYIOIIYED
qacToTy v,

Pazgenure uacToTHBIN nHTepBaN (v, — v, —V;) Ha 15 3HAYeHUN U AT KaxA0H
YacTOTHL V H3MephTe COOTBeTCTBYIONee HalpsikeHne U .. Bpamm oT peso-

HAHCA M3MEPEHHS MOKHO TPOM3BOAWTE ¢ OONBITUM WHTEPBATIOM TI0 YACTOTE.
Bonuzu pesoHanca B obmacT KPyTOro MOAbeMa M Clafa KpUBOH WMHTEpPBAT
CIeqlyeT YMEHBIINTh. Pe3yIbTaThl M3MEPEHNIA 3aITUIITe B TaOIUITY .

Tabmuia
[TocnenopatensHoe coennHeHne L, nC [TapannensHOE COEAMHEH
R=4700m, L,=. MH LuC
C= ... MKD, C,= 7 C= MKD,
V.= 7 K Ve~ ¢ KT L, = Ml 'H
Ne v. ' Un B v I Uz B vl Uz B
1
15

Briknmrounte kHOmkamu «CeThb» NMHATaHWE OIIOKA TEHEPATOPOB HANPSKEHHUA W
OlIoKa MyJIBTHMETPOB. JaMeHHUTe KoHiaeHcaTop C B KomedaTelbHOM KOHTYpE
Ha C, W TIOBTOPHTE M3MEPEHMA IO MIL. 2, 3, 4 A4 MOIYUYEeHHUA ellle OJHOU pe3o-
HAaHCHOW KPHBOM.

[Topxmounre MyIbTHMETP MapallielbHo yuacTKy nenun L.C .. WM3menas gac-
TOTY T'eHepaTropa B TOM e MHTepBaie, MPOHaOIofanTe, 410 BOMU3H Vv, , LT

KOTOpOﬁ UR MaKCHUMAIIBHO, 3HAYCHITA HATIPAKEHITA ULC MHMHHUMAaIIBEHO.

Brikmounte xHomkaMu «CeThb» NMHATaHKME OJIOKA TEHEPATOPOB HAMPSAKCHHS U
Onoka MyJTbTUMETPOB.

Cobepure 3IeKTPHIESCKYIO IIeIb (¢M. pHc. 40), COCTOAIMYIO M3 IOCIeA0Ba-
TEIHbHO COEMMHEHHBIX KoHAeHcaTopa C (ee 3HaUYeHHe BHECHTE B TaOIWIy) M
HEM3BECTHOM WMHAYKTUBHOCTH L, . BHIIOTHWTE 1. 2 W IIPOBEANTE M3MEPEHNE
U, B TOM K¢ YacTOTHOM JIHara3oHe, UTo M IPH MOCIeIoBaTeILHOM COeIIHe-

HUW. Pe3ynbTaThl M3MEpeHUH 3alUIINTe B TaOIHILY .
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9.

Brikmounte kHomkamu «CeThb» NMUTaHHE OJIOKA TeHEepaTOPOB HATPSIKEHWS U
6rmoka MyJIbTHMETPOB.

Obpabomia pe3ysbmamos usmepenu

1. ITo mamHBIM TabIUITE TIOCTPONTE Ha OAHOM Tpadguke 3 PE30HAHCHBIX KPHUBHIX

U, = f(v). OTMeThTe 3HaUSHNS PE30HAHCHBIX YAaCTOT KOHTYPa IO MONI0KE HIFO
MaKCHMyMa M MIHHMyMa KpuBeIX U, = f(V).

2. Ilo BennunHe pe3OHaHCHOﬁ JacTOTHI Vpeg AT KOHTypa C M3BECTHOHN €MKOCTBIO

C naligure 1o popmyne (4) HHAIYKTUBHOCTE KaTyIIKN L, :

1
I =
o Ca)jeg

ITo BTOpOI YacToTe vy, , hopmyna (5) pacunraiire eMkocTs C,

= . .mlu.

mpeg

C,=C = .. MKD .

m)@e:

PesynbraTsl BHIUMCIIEHWH 3aMUIITUTE B TAOIUITY.

3B BEIBOAE IIO pa60Te IIPOBCANTE aHAIIN3 IMOIIYYCHHBIX AaHHBIX!

a) ONMIINTE M3MeHeHMA 3aBucuMocTH U, = f(V) Npu M3MEHEeHHMH €MKOCTH

KonebaTeIbHOIO KOHTYPA,

6) cpaBHMTE 9acTOTHI, COOTBETCTBYIONINE MaKCHMYMy PE30HAHCHOM KpHBOM

U, = f(v) npu nocnemoBaTelbHOM COEIMHEHWH KOHJEHCATOPa W MHIYKTHBHO-
CTH ¥ MUHMMYMY KpuBoit U, = f(v) mpu napannenbHOM NOAKIIOUEHUN KOHIEH-
caTopa ¥ MHIYKTHBHOCTH.

BN =

O

KOHTpOJIbeIC B Ol p 0 C H

3anmITITe 3aKOH M3MEHEHS TOKA B 1IEMH TP BBIHY JKAESHHBIX KOTeOaHMsAX.

Yem ompeAeNsroTes: 4acToTa U aMIUTATY/Ia BHIHY K ASHHBIX KomeOaHmii?

Kakas 5J1C BBI3BIBAET BHIHY KISHHBIE KOIeOaHNUA?

Kaxue BJ[C meiicTBYIOT B KonebaTeIbHOM KOHTYpE MPH BHIHYKIESHHBIX KOJe-
Oanmnax?

[Ipn kaxoM yCIIOBUH HAOIIONAETCS PE30OHAHC B KoleOaTeIbHOM KOHTYPE?
KaxoBa BenmunHa MOTHOTO CONPOTHBIEHWS KOHTYpa M TOKa B HEM B cllydae
pe3oHaHca HanpskeHnH (TTocne10BaTeILHOTO pe3oHaHca)?

Uto xapakTepHO A BeIMYMH Toka [ u HampstkeHnd Ur., Uy Ipu pe3oHaHce
HaIpsDKEHUN B KonebaTeIbHOM KOHTYpe?

Tem 00OBsICHSIETCS, UTO

a) TIPH pe30HAHCe HAMPSUKEHNH TOK B KOHTYPe MAaKCUMATHHBIM,

6) Ipu pe3oHaHce TOKOB B TOABOASIINX K KonebaTenbHOMY KOHTYPY IIPOBOJAX

TeueT HeOOIBIIION TOK?

0.

OT KaK¥X BEIMYWH 3aBUCUT BHICOTa pe3oHaHcHoro muka I = f(0) 7

10.Kaxkyro popmy nmeroT pesoHaHcHbe KpuBble U, = f(v)u U,, = f(v):

a) TIPH pe30HaHCce HAMpsKEHNH, ©) MU pe30HaHCe TOKOB?

110



11.K xakomy ydacTKy KoneOaTelIbHOIO KOHTYpa HYKHO IOAKIIOUWTH MYJIIBTH-
METp IS TIONYUeHHS PE30HAHCHOM KpMBOM ¢ MakCUMyMOM (WM C MUHUMY-
MOM) B CIIyJasiX:

a) TTOCJIEOBATEILHOTO COeIMHEHNS HNeMeHTOB L 1 C;
6) mapamienbHoro coeannenusa L u C7?

12. Kaxum o6pa3zom B JaHHOM KoIebaTeIbHOM KOHTYPE MOKHO M3MEHAT:

a) YacTOTY BBIHYKISHHBIX KoneOaHwit, 0) pe30HaHCHYIO YacTOTy KOHTypa?
13.Kaxne mapameTpsl KoneOaHWii B KOHTYPE M3MEHATCS, €ClIM U3MEHUTh 4acTOTy
KoneOaHnii reHeparopa?

14.Kaxum myTem B paboTe AOOMBAIOTCA TMONYUEHUSA pe30HaHCOB? UTO CIYyIKWUT
IIPU3HAKOM JOCTHKEHNA pe30HaHca?

15.C xakoif niensto B pabote ctpost rpaduk U, = f(v)? Kak onpeaenstoT no HUM

PE30HAHCHYIO YacTOTY KOHTypa?
16.Kakue onbITHBIE AaHHBIE UCTIONB3YIOT AJIS ONIPENENIEHIS BETUUNH:
a) MHAYKTUBHOCTH KOHTYpa L; 6) emkocTu koHTypa C,?

durtepartTypa

1. Hernadp A A., SABopcxuit BM. Kypce dmsukn.— M.: Bricmasa mikona, 1989.—
§ 28.3.
2. KanamnmkoB C.I'. OnexrpruectBo.— M.: Hayka, 1977.— §§ 220-222, 225.
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IIpnnoskenue 1

I'PAPUYECKOE ITPEJCTABIEHUE 1 ObPABOTKA
PE3YJIBTATOB U3MEPEHII

1.1. IlocTpoeHue rpadpuxkoB

Hasnauenne rpaduka — HaIISIHO TPEACTABUTH PE3YIIBTATHI OIBITA TIPH H3yUe-
HUW 3aBUCHMOCTH OIHOM BETMUMHEL OT ApyToit. ['pad ik Mo3BONseT YBUAETH OCOOEHHO-
CTH MCCIeMyeMOM 3aBUCHMOCTH, BBRISBUTH €€ XapakTep (Harpumep, THHelHas, KBaapa-
TUYHASA WIN SKCTIOHEHIMALHAS) W OMPENeNUTh €€ IMapamMeTphl. Bce 3To CTaHOBUTCS
JOCTYITHBIM TPY TPaMOTHOM TIPUMEHEHIH TpadIuecKoro MeToza, a JIJIs 3TOro HeoOXo-
VMO CIIEIOBATh OMpeeIeHHBIM MpaBMiIaM MOCTPOSHNS TPapMKOB M UCTIONH30BATh Me-
TOIBI X 0OpaboTKH.

1. Brifop xoopanHaTHBIX ocelf. I'padhik BHITIOTHSOT HA JIMCTE MIWLTUMETPOBOMH
Oymaru pazmepom ~150x150 MM, ¥ KOOpAMHATHEIE OCH OEPYT IMPUMEPHO PaBHOM JJIH-
HBEL ['OpM3OHTaNnbHAsE OCh OTBOAWTCS apIyMeHTy, T.€. BeIMUMHE, 3HAUEHHE KOTOpPOM
3a7aeT caM HKCIEPUMEHTATOp, & BepTUKANbHAA och — PyHKIMKN. B KoHIle Kaxaoit ocn
YKa3bIBAIOT CUMBOJI BEIMUMHEL, TE€CATHUHBIN MHOXKNATENb W eUHHUITY BeIWIMHHBL. [Ipn
5TOM MHOKHUTENb 10* 103BOIsIET OMyCTHTh HYJIN TPH HAHECEHWH IIKAIEL, HATIPHMED,
micath 1, 2, 3 ... BMecto 0,001; 0,002 n T.1.

2. Bribop uHTepBanoB. MHTepBanbl 4ucel Ha KaXIOW OCH BHIOMPAIOT He3a6l-
cumo opye om opyaa, IpudeM TaKAMH, YTOOBI KpUBas 3aHsa Bee 1oNe ueprexa. s
ATOTO IPaHUILI MHTEPBATIOB OepyT OIM3KNMHU K HANMEHbBIIEMY 1 HAUOONBIIEMY Cpe-
IV M3MEPEHHBIX 3HaueHni. [loguepkHeM, 4TO Haualno oTcueTa 4acTO HAUMHAIOT He C
HyJ1s. HyneByio TOUKy MOMeITaloT Ha rpaduK TUIIL B TOM clIydae, eclii OHa OIn3Ka
K 3KCIIEpUMEHTAIBHO MCCIENOBAHHOM OOIacTH MM HEOOXOAMMAa HKCTPAIIONAIII Ha
HYJIEBOE 3HAUEHMUE.

3. Beibop macmtaboB u mkansl. Macmrad 1omkeH ObITh TIPOCTHIM U YIOOHBIM
I HaHeCeHMs ToueK Ha rpaduk. 3a eANHMIY MaciiTada MPUHUMAIOT OTPE30K OCH,
KpaTHBIA 5, 10, 50 mnu 100 MM, 4TO MO3BONSAET JIETKO OTCUMTHIBATH AONIH OTPE3KA.
Taxomy oTpe3Ky cOOTHOCAT «KpyTaoe» uucio (1, 2, 5) enuHuIl n3MepsieMON BeTTHIH-
HBL. JleneHusa MIKalbl HA KaKOOW OCH MOAOHPAIOT HE3aBHCHMO, B COOTBETCTBHH C
MacITabom, MpUYeM HaAIINCH JEeIeHNI HAHOCAT BIOMb Beeil ocu. UTOOH IIKama Jer-
KO UMTANlach, JOCTATOYHO yKa3aTh Ha OCH 3—5 YHCelL.

4. Hanecenne touek. OTBITHBIE AaHHBIE HAHOCSAT Ha Tolie rpaduka B BHUAE
YETKUX 3HAYKOB, He NOONUCHIEAL UX YUCAeHHbIe 3HAYeHUA! OHU IIPUBOAATCA B TabIu-
1ie. PazHble 3HAUKK (CBETJIBIE M TEMHBIE KPYKKH, TPEYTOIBHUKHU U ApP.) UCTIONB3YIO
1151 0O03HAYEHWS JaHHBIX, OTHOCAIIMXCS K Pa3INIHbIM Y CIIOBHSAM.

5. IlpoBeneHne »KCMEPUMEHTANIBHONM KpWBOW. KpHBYIO TIpOBOASAT TOHKOM
niasuotl Henpepolgnotli MTMHUER (TAKOBEL OOBIUYHO (PM3MUECKHE 3aBUCUMOCTH), UTOOH
TOUKH HaXO[WINCh PaBHOMEPHO IO 00€ CTOPOHLI KPUBOM KaK MOXKHO ONIKe K HEH.
Ecnu Buz 3aBMCMMOCTH M3BECTEH 3apaHee, TO IPOBOIAT ATy TEOPETHUECKYIO KpH-
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ByIO. B cnyuae nuUHeHHON 3aBUCHMMOCTH IPAMYIO IIPOBOIAT Uepe3 CPEeAHIOK TOUKY,

KOOPJAMHATHI KOTOPOM:

M M

x| 2w

i=l i=1

y _-
N . N
A A
rae N — obmee umcno Touek Ha rpaduke.
6. 3aronoBok rpaduka. ['paduk cOMpPOBOKIAIOT HA’BaHWEM 3aBUCHMOCTH, B

KOTOPOM IMOACHSIOT CHMBOJEL IIEPEMEHHEBIX, YKa3aHHEIE B KOHIE oceil. Kpome Toro, B

TIOATINCH K IpadHKy pasbiCcHMOT 0003HAUEHNUS ONBITHLIX TOUEK M KPMBEIX, €CIH HX
HECKOIBKO. 3aroJOBOK TIPUHATO PaCIoNaraTh BEIIe rpadwka, THO0 Mo/ TpadHKOM.

X =

1.2. I'pacdpuuecknii aHAIM3 ONBITHBIX JAHHLIX

1.2.1. CpaBHeHHe ¢ TeopHel. @YHKIMOHAJIbHbBIE 1K AJIbI
JI7st MpoBEPKY TeOpeTHUeCKO 3aBUCHMOCTH Ha TPpaUK HAHOCST OMBITHBIE TOUKH

(HepenKo ¢ yKa3aHHeM HX TIOTPEITHOCTH B BUAe 1-Ay), a TEOPeTHUECKYIO KPHBYIO TIpO-
BOIAT Ue€pe3 TOUKH, paccUMTaHHbIe IO ypaBHeHMO. Ecny Teopis faeT TAIIb BHJL 3aBH-
CHMOCTH, @ TapaMeTphl €€ HeM3BECTHBI U WX HAAJIEKUT OIpPEeIeNuTh I3 OIBITa, TO SKC-
TIePIMEHTAIBHYIO 3aBHCHMOCTE CTAPAFOTCs NMPHBECTH K IMHEHHOMY BHAY (Tak Kak Iia-
paMeTphl TIpsiMoi HaliTi mipotrie). C 3TOH IO TIPH TTOCTPOSHNH TpaduKa Mo OcsiM OT-
KIaAbIBaIOT HEe caMy M3MepeHHbIe BEIMUMHEL, a Takie (PYHKIIMHA STHX BEIWIHH, KOTO-
pble TIO3BOIISIOT JUHEAPU306aMb 3A6UCUMOCHb. PaccMOTpIM IIpUMep.

OMBIT TOKA3BBAET, UTO ANEKTPHUECKOE CONPOTHBIEHHE INMONYIIPOBOJHIKA CHH-
KaeTCsl ¢ POCTOM TeMIlepaTyphl HelnnHelHo. UToOw BHOpATh KOOPAMHATHL, B KOTOPBIX
3aBUCHMOCTh JIMHeapmsyeTcs, obpatumcs K Teopuu. CorllacHO KBaHTOBOW Teopuw
TBEPZAOTO Tella CONPOTHURIEHHE HCTHHHOTO MONYIIPOBOHIKA MEHAETCS ¢ TeMIIepaTypoi

AW
o 3aKkoHy R = Aexp T ) Jlorapudpmupys 3T0 ypaBHEHHe, MOTyJacM 2aBHCHMOCTD

AW
InR=InA+ T KOTOPas TpeicTaBUTCA Ha Tpadgwke B Buze mpsmoit y = b + K, ecrmu

obozHaunTh ¥ = In R, x = 1/T. Onpenenss napamMeTphl 3Toi npsivoit b = =Ind 1 K= AW/2k,
MOYKHO HAWTH XapaKTePUCTUKH TOIYTIPOBOIHUKA 4 1 AW

1.2.2. Onpeae/ieHHne NapaMe TPOB JIMHEHHOH 3aBHCHMOCTH

Paccvotpum fBa Hanbomee pacpocTpaHeHHBIX METOA
— TIPUONKEHHBIN METO OTIpeIeNIeHIS MAapaMeTPOB MPSMOM, KOT/ia MCTIONB3YIOT OT-
pe3KH, OTCUNTAHHEIE TIO TKale Ha OCsX Tpaduka;
— METOJI HauMeHbIMMX KBaaparoB (MHK).

Il pm &1 uw K €6 HHBHHA MeTO]J

IlycTh m3MepeHHbBIe BENHMYHHEL X M J CBA3aHEl THHEHHOM 3aBMCHMOCTBIO BHIA
vy = Kx + b 11 HyKHO OTIpefieTnTh ee mapameTpsl K n b.
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J1J151 5TOTO OTILITHEIE TOUKHA HAHOCAT Ha IPahUK U MPOBOIAT IPAMYIO IHHUIO, PY-
KOBOJICTBYSICH TIPaBWIAMH IMOCTpoeHns Ipaduka. Ha KOHIAX NTHHUHM BEIOHPAIOT JABE
TIPOM3BONIBHEIE TOUKH ¢ W 6, YHOOHEIE

y A I pacueta. J{J1s CHIDKEHHS TOTPEITHO-
CTH OTCUeTa T10 TpadUKy U YIIPOIIEHUS
78 pacuera yrioporo koxdduimenra K

yAOOHO TOUKY a@ B34ATh HA OJHONH M3
ocelf, a TOUKy & — TaK, YTOOBl OTPE3OK
(X5 — X, ) BBIpaxancs IeIbIM THCIOM.

CpenHee 3HaUeHHE YTIIOBOTO KO-
s duimenTa K BEIUNACIIOT KaK OTHO-
IMeHNe, OTpEAeNsIoNee HAKIOH TIps-
MOH:

E: Y TV, (1)

xﬁ B xa

[Tapamerp b nmMHEHHON 3aBHCH-
MOCTH HAXOMST TI0 TpaduKy Kak OpIu-
HATY TOYKH TepeceueHiis Mpsamoit ¢ ockio y. BenmunHy b MoxkHO HAWTH 1 1O ypaBHe-
HUTO TIPAMOH, TIOACTABIISAA KOOPAMHATHL cpefHeit Touky rpaduka:

b=y—Kx. 2)

CrnyugaliHble TIOTPEITHOCTH MapaMeTPOB OMNPEeIsSIOTCS pazdpocoM OTBITHBIX
TOUEK OTHOCHUTENBHO IPOBEASHHOU IpsAmoi. Mg mpocTeHineld OleHKW 3THX II0-
TPEIHOCTeH OCTATOUHO HANTH Ha rpadpyike BenMInHy A, — OTKIOHEHHE OT MPsMOi

Omnpenenerme mapameTpoB K 1 b

TWMHWKA Hanbollee YIAIeHHON ToukW M (¥, — ¥, ) — WHTEPBAl, HA KOTOPOM CIENaHEbI
M3MepeHus (THa ocH ¥). AGCOMOTHAS CydaiiHast OTPENTHOCTD MapamMeTpa b:
A=A (3)
Jlns yrinoBoro koadduimenTa mpsmoii K cHavana BEUKUCISIOT OTHOCHTENBHYIO
TOTPETITHOCTh

A
_ y . 0
5K—( ) 100% (4)
Yu =N _
Dopmyna (4) mpuBIeKaeT TeM, UTO HPH pacdeTe OTHOUICHWS BEIMYHH OJHOTO pPoAa
MOKHO B3SITh MX B IOOBIX €IMHUIRAX (BCEro yIo0Hee — B MIJITHMETpax KAkl IO OCH
v). HamommanM, 9TO B BeTHMUIMHE TIOTPEITHOCTEH MMeeT 3HAUeHWe, Kak IIPaBHIIO, OHA
dpa, a TTOTOMY JIOCTaTOYHAsI TOUHOCTL OTcUeTa OTpeska (y,, — ¥, ) — «KpyIJioe UHc-

710y, Harpumep, 20, 100 wwm 120 v
3aTeM HaxoAAT abCONIOTHYIO TTOTPENTHOCTD CPEIHETO 3HAUEHHS BETMIUHE K

K5,
5
£ 100% > )

KOTOpas IO2BOJAET 3aINCaTh JOBEPHUTEILHBIN WMHTEPBAN AJISI HCKOMOTO IapaMeTpa
K:
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K=K-A,. (6)

)_-[OBCpI/ITeJIBHaH BEPOATHOCTD P B ommicaHHOM METOJE OLICHKHN HOl"pCH_IHOCTCf/JI

(HO MaKCHMAIIbHOMY OTKIIOHCHHIO AK) 3aBHCHUT OT YMCIIa OIBITHERIX Touek N — ueM
OoIbIIe M T€M BEIIIC HAACKHOCTE PE3YIIbTaTaA.

P=1-(1/2)"". (7

MCTOII Ha nwMmeEeHDBP II U X K B a anpaT OB

MHK mo3BoiseT HalTH MapaMeTphl « HAWIYUIIei» pacdeTHOW KpHUBOM, TaKOH,
YTOORI €€ PacXOKAEHHE C Pe3yIbTaTaMU OIBITa OBLIIO MUHUMANTBHBIM. OTMETHM, UTO
METOJ He AaeT Buaa 3aBucuMocT y(x). [locnennuit BriOHupaeTcs Tudo U3 TeopeTnde-
CKHX TIPe[CTaBIeHNH, TNO0 IO JaHHBIM 3KcriepuMeHTa. [losToMy mepes MCTIonb30-
BaHneM MHK HyxHO yOequThCSs, UTO OMBITHBIE JaHHBIE JeHCTBUTEIHLHO COOTBETCT-
BYIOT IIpEATIoNaraeMoil 3aBUCHMOCTH. J[JIS 3TOTO Mpexkie BCero HeoOXOAMMO TIO-
CTPOUTH TpaduK IO Pe3yILTATaM OIIBITA.

MeTon ocHOBaH Ha TOM, UTO KpHUTEPHEM « HAMTYUIINX» ITapaMeTPOB MCKOMOI 3a-
BHUCHMOCTH SIBIIIETCS MUHMMAITEHOCTh CYMMBI S KBaJPaToB OTKIOHEHHMH OTIHITHBIX TOUEK

Y, OT pacueTHOI KpHUBOI, T.€. MHHIMYM BETHIHHEL
2

N
$=3b,- 15,0000
ne f(x,a,a,, .. a,)— 3HaueHne HCKOMOI! (QyHKITH B i-1f Touke. YCIOBHSI MIHIMYMa
IpH BapbUpOBaHMH 3HAYEHHMI IapaMeTpOB &, — PAaBEHCTBO HYIIO COOTBETCTBYIONINX
NpOMBOAHEIX: 0S/0a, =0 (uHmekc i = 1, 2,..., m) — AalOT m ypaBHEHMI A OTHICKA-
HHS 7 HEM3BECTHHIX MAPAMETPOB ¢, PACUETHOH 3aBUCHMOCTH f{x).

MHK maubonee mpocT 1Isl TUHEHHOMN 3aBucuMocTH y = Kx + b, KoTopas co-
Aep:KUT IBa HeM3BECTHHIX IHapamerpa: K 1 b. B »Tom cimyuae cymMma HaWMEHBIINX
KBaJpPaTOB OTKIOHEHWI

S = jzz:[yj —(Kx +b)]2

JOCTHUTaeTCs TIPH BBITTONHEHNH yenoBuit 0S /0K =0 u 0S/0b =0, 13 KOTOPHIX TIOMY-
YEHBI AT NCKOMBIX MMapaMeTPOB CIEAYIOININE YPaBHEHWS:

2wy —(Ex Xy IN.
e SE)-Cx ) /N (8)

b:%—K% wn b=y Kx, ©)

7€ CyMMBI BHIUHCIISIEOT 110 BCeM OTIBRITHRIM TouKaM (N craraeMbIx).
YpaBHeHue (9) Moka3pIBaET, YTO pacueTHas MpsiMasi MPOXOAUT Uepes CIeqyIo-

MKe IBe TOUKK: HauanbHyIo (x=0; y=b) u cpeamoo (x,y ) . IIpu 3ToM pacronoxe-
HHE OIBITHBEIX TOYEK 10 OTHOIIEHMIO K TPSIMOI TaKOBO, UTO OTKIOHEHMS OTHENbHEIX
ToueK A, «BHIPAaBHUBAIOTCS»: MMEHHO B 3TOM CIlydae CyMMa S MUHMMAaNbHa. Ecim
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Ha rpa(bHKe C¢CTh OJHAa TOYKA C OOIBIITNM OTKIOHEHHEM OT ]TpﬂMOﬁ, TO AJIA BBITIOIHE-
HHWA YCIIOBUA Smm aTa TOUKA «KIIOATAHET» K cebe PacCue€THYIO IIPAMYIO.

Jlna pacuera cpemnero kBaapatuieckoro oTknoHeHHs (CKO) MCKOMBIX Tapa-
MeTpoB (cydalinoi morpemroct) MHK naeT cnemyronie BhIpakeHNs:

O'K[A]: _—y_z o, = ;O'K[A],
¥ - (x)

Z(yx —KJCI. _b)2 . ;_ sz
N(N-2) ~ N
Pacuets mo MHK o6vrHO mpoBoasar Ha OBM, HUConb3ys cTaHAapTHEIE TIPO-
> aMmbl. B maGopaTtopun ynoGeH IporpaMMHUpPyeMBIH MUKPOKAIbKYJISATOP, a TaKXke

OOBIYHBIA MUKPOKAIBKYIISITOP C sSTUEMKONU MaMATH [J151 BEIYUCIIEHUS CYMM.

e Sy:

lpumep npumenenus MHK

[Ipu ncronb30BaHUM METOA BHITONHSIOT CIeAYIONINE OTEPAITUH.
1. V3 Teopyn WK ONBITHBIX JJAHHBIX BBISICHSIOT BHI 3aBUCUMOCTH. Eclli oHa TMHeHAas
(HampuMep, M3BECTHO YpaBHEHIE TeMITepaTyPHOM 3aBUCUMOCTH COTTPOTHBIEHMS Me-
TaJUIOB R(t): R, + R at) wnu xe u3 rpadguka BIIHO, YTO ONBITHBIE TOUKH PacIiona-

raroTes OIM3KO K HEKOTOPOH MpsMOl, TO MOKHO TIPUMEHSTE I pacuera ee Iapa-
MeTpoB dhopmyH (8), (9). Ecmu skcrieprMeHTaNbHAS 3aBUCHMOCTh HETTMHEHHAs, TO
CTaparoTCs Mpeodpa3oBaTh ee B TMHEHHYIO (CM. PYHKYUOHATb Hble UIKATbL).

2. Jlnst pacueroB mapameTpoB K u b 1o dopmynam (8), (9) npeaBapuTeIbHO BRIYHC-
TSFOT HEOOXOAUMBIE CYMMBI TTO BCEM OTIHITHBRIM TOUKaM, & 3aTeM yiKe PacCUMThI-
BAlOT CaMU BETUIHMHEL.

3. Harocar Ha none rpaduka HauanbHyto (x=0; y=b) 1 cpeaHioo (X, ¥ ) TOUKH U MPOBO-
IST Yepe3 3TH TOUKU PACUeTHYIO TPSIMYyIO, YTOOH YOSIUTHCS, UTO OTKIOHEHHS O
Hee OTBITHHIX TOUeK AeHCTBUTETEHO MUHIUMATBHEL

4. Ucrtonb3ys HalileHHbIE 3HAUEHMS TapamMeTpoB K ¥ b, BEIUNCIISIOT clydaifHbIe T10-
rperntHocTH CKO 5THX BETWUHH 110 TIPUBEIEHHBIM BHIIIE (hOpMyTaM. 3aITHichIBao]
ypaBHEHHE HKCTIEPHUMEHTATbHOM MpsiMoi 1 10 HalfIeHHBIM IapaMeTpaM paccuu-
THIBAIOT HEOOXOMNMbIE (hM3MUEcKNe BENMINHBL. Tak, B IpHUMepe ¢ 3aBUCHMOCTHIO
R(?) maxomar TemmeparypHbiii kosdduiment conpormenenns (« =K/R)), rme
BenmmunHa R =b.
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Ipunoskenue 2

CIIPABOYHbBIE JAHHbLIE

2.1. Beiroa pacdyeTHOH popMyJIbI AJIA ONIpeesIeHUA e/nt
MEeTO0J0M MarHe TpOHa

Permmm zagauy Ne 3.394 (Mponos U.E. 3agaun o obmieit ¢puzuke.— M.: Hayxa,
1979.— C. 156), ycrmoBHe KOTOPOii cleayioniee.

MarseTpoH — 3TO TIpUOOP, COCTOANTNNA W3 HUTH HAKAlla PAJUyCOM @ W KOAKCH-
ATBHOTO IIIMHAPHIECKOTO aHOAa PauycoM b, KOTOPBIE HAXOAATCS B OXHOPOIHOM
MArHWUTHOM I10JI€, MapallleIbHOM HUTH. MeXIy HUTBIO W aHOAOM IPHIIOKEHA YCKO-
pArOIas pazHOCTh NMoTeHIHanoB V. HalTwh 3HaueHne WHAYKIMA MarHUTHOTO ITOJIA,
ITPY KOTOPOM SIEKTPOHBL, BEUIETAONINAE C HYJIEBOH HAYAIBHOW CKOPOCTHIO M3 HWTH,
OyIyT MOCTHIaTh aHOMA.

Ha pucyHKe TOKa3aHBl CHIIHL, JeH-
CTBYIOIIIWE HA 3JIEKTPOH, ABMKYITUICS CO
CKOPOCTHIO V B IPOWZBOILHOM TOUKE Tpa-
EKTOPHH.

Cuna JlopeHila coofmmaer 3iek-
TPOHY HOpMAIlBHOE YCKOPEHHE
v'/R=evB/m, B pe3yibTare Uero OH
IBIDKETCA TIO KPWBOIWHEMHOW TpaeKkTo-
PHUM ¢ paZuycoM KPHMBW3HHEI R = miv/eB.
ITo mepe nBMKEHWA SIEKTPOHA OT KATOAA
K aHOAY B 3IEKTPUIECKOM TI0JIE CKOPOCTh
€T0 PAacCTET, YTO BEAET K YBEIMUEHMIO R,
T.€. TPAEKTOPUS YACTHIBI HE SBIAETCS
OKPYKHOCTBIO.

MarneTpoH Hurepecyroliee  Hac  3HAUEHHE

MATHUTHOM WHAYKIIMU B, TIpHU KOTOPOM

TPaeKTOpHA 3ANEKTPOHA KAcaeTcs MOBEPXHOCTH aHOMA, OMpeaensseTr cuny JlopeHIa,
BXOASIIYIO B YPaBHEHNE AWHAMWKW JBUAKEHWSA UACTHIIBL. 3aIUIIEM 3TO YPaBHEHWE
JJISL BPAIEHUS 3IIEKTPOHA BOKPYT ocu O MarHeTpoHa (OTHOCUTENBLHO 3TON OCH MO-

MEHT CWIH Fsr paBeH HymO). M3MeHeHe MOMEHTA UMITYJIECa SIIEKTPOHA
d(mv r): Madt
7
WIN
mrdy +my dr = F, cosqrdt, (1)
rne Fy,=evB=eBy /sing; v, — COCTAaBISIONMAs CKOPOCTH, MEPIEHAUKYIAPHAS Pa-
OHAIBHOHR v, .

B ypapnennu (1) cogep:xarca 4 nepeMeHHEIE (Vy, #, @, £), TIPHUEM JJIs IEPBBIX
IBYX OUEBMIHBI TPAHWYHEIE YCIOBHA (CM. PHUCYHOK): TIPH M3MEHEHHH PacCTOSHHA
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5IIEKTPOHA OT OCH ¥ OT @ A0 b CcOCTaBIIAIOMAS €TI0 CKOPOCTH V, U3MEHAETCS OT HyIA
no v (Momyns ckopocTn). [losTomy mpeobpasyem ypaBHeHHe (1), OCTABIAA B HEM Tie-
peMeHHBIE # 1 v, [lociie ToAcTaHOBKY 3HaUeHNUA F,; B IPaByIO 4acTh yPaBHEHHA TI0-
TYIIM

mrdv, +my dr=eBv_ rdt/ g, (1a)
~ e tg @ Halinem w3 puc. 1. CMecTHB pafiuyc ¥ Ha YTOI d¢, TTONYYUM ABa TPEYTONbHHU-

Ka (3aITPUXOBAHEL), U3 KOTOPHIX CIEeAYeT COOTHOIIEHNE
rd, = drige. (2)

YroObl MCKIIOUNTH M3 YPaBHEHHH NepeMeHHBIE VIOl ¢ U BpeMs f, 3aluilieM
bopMyITy A YIIOBOM CKOPOCTH, CBSI3BIBAIOIIEH STH BETHUHHEI:

de/dt=v,/r. (3)
C yuerom BeIpaskennii (2) u (3) ypaBHEHIE TMHAMUKH TIPUBOAUTCS K BUAY
mrdv, +my dr = (e/m)Brdr . (4)

3To ypaBHeHHE B MMOMHLIX AuddepeHIanax mpyu HaYalbHEIX YCIOBSIX 7y = d,
Vo= 0 UMeeT CIeyIoIee peleHIe:
(e/m)Br'/2—v r=(e/m)Ba’/2. (5)
JIJIst TOUKM KacaHWs TIOBEPXHOCTH aHOMA PACCTOSHNE OT OCH ¥ = b M CKOPOCThH BIeK-
TPOHA Vv, = v (CM. PUCYHOK), a 3HaUeHHe CKOPOCTH OTpEeNIeTCsl pa3HOCTHIO MOTEH-
IIMANIOB B 3NeKTpHUdecKoM mone: mv*/2=el/. [TofcTaHOBKA STHX 3HAYEHMI! B ypaBHe-
Hue (5) maeT cueAyIomuii OTBET:
Bxp = b22_b2‘\’ 2Um/ e . (6)
—a
DONeKTPOHBL, BRIIETEBIINE W3 KaToAa ¢ HYJEBOM HaualbHOM CKOPOCTHIO, OYAYT AOC-
TUTaTh NTOBEPXHOCTH aHOMA NPH B<<B,,,
B ciydyae ToHKONM HWTH, MPUHUMAS, UYTO a<<b, U3 ypaBHEHHUS (6) MoIydaem

opmyy

B :§J2Um/e, (7

s

C KOTOpOif coBMasaer pacueTHas popmyna, HaliieHHas B madopaTopHoii padote Ne 6
B IIPUOIMKEHUN TIOCTOSHHOM CKOPOCTH 3IEKTPOHA v, IIPHOOPETEHHOIM BOIM3U HUTH
KaToJa.

2.2. OcHoBHbI¢ pU3HUECKHE NTOCTOSHHbIE

CKOpOCTH CBETa B BaKyyMe c=3-10° m/c

Ynucno ABorazipo N, = 6,02-10% momp ™
[Tocrosmnas BonpiiMaHa k=138-10"% /K
OneMeHTapHBIN 3apsif e=160-10" Kn
Macca snexTpoHa my=0,911-107% xr

Y nenbHEIH 3apsi AIeKTPOoHa el m,=176-10" Kw/xr
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ITocTostuas IInanka
Marneton bopa

ATOMHAaS e JMHNUIIA MACCEH
DneKTprdecKas MoCTOSHHAA

MaruuTHas IOoCTOsIHHAs
OIEeKTPOH BOJIBT

h=6,6310 Iicc

g = 0,927 -107% JIx/Tn
1aem =166-10% xr
g, = 0,885-107" ®/m

1 =47107=1.2610°Trw/m
15B = 1,610 i

2.3. Yae/ibHble CONPOTHBJICHHSA H TeMIlePATYPHbIe
K03¢PpULIHEHTHI CONPOTHBJICHUA

Y IenbpHOe CONpPOTHUBIIEHNS TemmepaTypHBINA
DneMeHT p, HOM-M ko3 puIe HT
(rpu 20 °C) a, 107 K™’
ANOMIHNHA 253 4.5
Bonbdpam 55,0 5,1
Menp 17.1 473
CBuHeIl 190,0 472
Cepebpo 15,0 4,1
Huxpowm 1100,0 0,2

2.4. IToctosinHana XoJJ1a H IIMPHHA 3aMpellle HHOH 30HbI

[ITypwrHa 3arpeIeHHoM [Tocrosannasa Xomnna,
S 30HEL AW, 5B (pu 20 °C) 107 a2 /Ko (1pm 20 °C)
Marunii 0,69 -0,9
AMOMIHNHA 1,32 -0,379
['epmannii 0,63 +10°
OnoBo 1,55 —0,048
Tennyp 0,35 +0,24
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