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KPATKOE TEOPETUYECKOE COAEPKAHUE PABOTHBI

Heab padoThi: chopMyaupoBaTh THIIOTE3Y MCCIEAOBAHUS, ONMPEACITUTh KOHIICHTPALNIO
Y TIOJIBUKHOCTH HOCHUTENICH 3apsiia B MOJYNMPOBOJHUKAX Ha OCHOBAHUM M3MepeHui 3ddexra
XoJia.

IIpubGopbl ¥ NMPUHANIEKHOCTU: 00paszel] apceHuaa rajius, dJeKTpoMarHutr OM-1,
HMCTOYHUK MOCTOSIHHOTO TOKA, BOJILTMETP.

OnnuM u3 HamboJee yA0OHBIX METOM0B U3yUeHUsl TOTYNPOBOTHUKOB SBISETCS dDPEeKT
Xomna. OddexT cOoCcTOMT B BO3HMKHOBEHMH Ha OOKOBBIX TpaHAX OJJIEMEHTAa C TOKOM,

MOMEIICHHOTO B  MOMNEPEYHOC MArHMTHOE  I0Jie, PA3HOCTH  IMOTCHHIHANIOB  AQy,
MPONOPIMOHATLHON BEJIMYMHE TOKA | ¥ MHAYKIIMU MarHUTHOTO TOJIs B:
o RuBI .
Py = J (1)

rae d — Tommuua obpasia (puc. 1).

Benmuunna Ry Ha3pIBaeTCs MOCTOSTHHOM, WK KoddduiimenTom XoJa.
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Puc. 1

Opdexr Xomra o00ycroBIEH B3aMMOJICUCTBHEM HOCHUTENEH 3apsiia (3JIEKTPOHOB
MIPOBOJAMMOCTH W JIBIPOK) C MAarHUTHBIM IOJIEM. B MarHUTHOM TIOJIE Ha JJICKTPOH JEHCTBYyeT
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(v =J /ne — cpennss
CKOPOCTh HAMPABJICHHOTO JBUXEHHS HOCUTEJIEH B JJIEKTPUUYECKOM TOJI€; N — KOHUEHTpaIus
HOCHUTeNeH; €, (| — 3aps/ibl), IO JICUCTBUEM KOTOPOM YaCTUIIBl OTKJIOHSIOTCS B HAIlpaBJICHUH,
nepreHauKysipHoM | u B (puc. 2).

B B

maruutHas cuia F = e[B, v], Ha momoxxutensHbie 3apsiasl F = q[B, V]

TOK TOK

Puc. 2

B pesynmprare Ha OOKOBOW TpaHW IUTACTHHBI TMPOUCXOAUT HAKOILICHHE 3apsjaoB U
Apy

BO3HMKaeT nosie Xomwia Ey = . Ilpu omHOM M TOM 3K€ HampaBlieHUM Toka (puc. 2) Ha

nepeaHer rpanu (OrkKe K Ham) HAaKaIUTMBAIOTCS Pas3HbIE 0 3HAKY 3apsijbl B 3aBUCUMOCTH OT
THUITA HOCUTEJIEU.

[Tocrostnnas Xosuia paBHa Ry = 1/ne [MS/KJ'I]. R MOXHO BBIPa3UTh Y€pe3 MOJBUKHOCTh
HocuTeel 3apsga w = V/ E wim p = oRy, rie 6 — npoBoauMocTh oOpasiia (IpOBOIUMOCTh
apceHu/1a rajuiusl).
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CXEMA DKCHHEPUMEHTAJIBHOM YCTAHOBKH
Cxema omnbiTa 1o HabOm0AeHuI0 3P dekTa Xoia npuBeaeHa Ha puc. 1.

O6paser (ToHkas miactuaka d = 5-107*M) moMeraercst B MArHUTHOM ToJIe. MarHuTHOE
TOJIE CO3/IaeT CIEeUATBLHO CO3AaHHBINA AJIEKTPOMArHuT. B 3aBUCUMOCTH OT TOKa (HAMpsHKEHUS ),
MPOITYCKaeMOro 4Yepe3 OOMOTKY AJIEKTPOMArHUTAa, HANpsHKEHHOCTh MArHUTHOTO TIOJIS
m3mensiercst B npeaenax (1,5 + 4,5)-10°A/m. ITpoBoauMocTh 06pasiia apceHn/a TaIns paBHa
o =23,510°0m "M ' HHTCHCHBHOCTb TOKa, MPOITYCKAEMOTO 4Yepe3 06pasel], M3MEHSIOT OT
0,510 1 A. PazHocTh moTeHIHAIOB A, U3MEPSIOT HU(PPOBBIM BOJIBTMETPOM C OOJBLIUM
BXOJ/IHBIM COTIPOTHBIICHUEM.

ITocrostHHas Xota paBHa

A d
R, = Py )
Iy -uy
Konuenrpanusa Hocurenen n
n= 1 3
Ry -e ’ (3)

rae e = 1,6-10 °K.
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METO/IUKA U TEXHUKA DKCIIEPUMEHTA

1.03nakomuThes ¢ npubopamu 1a0OpPaTOPHON YCTAHOBKH, M3YYUTh UX MEpPEAHHE
nanenu (puc. 3).

2.BxiiounTh MCTOYHUK TMUTAaHUA JJIEKTPOMArHWTa, YCTaHOBUTH Tok 600 MA wu
Hanpspkenne 20 B.

3.Bxirounth WMCTOYHHMK JJs TMOAaud TOKa Ha oOpaseny Xoila W YCTaHOBHUTH
HalpspkeHue Ha Hem 2 B.

4 TlpoBectu u3MepeHus AQ, NMpU HANpPsDKEHUSIX NUTaHus snekrpomarnuta 20, 50,
90 B u nmpu Tokax uepe3 obpazen ly= 0,5; 0,7; 0,9 A. Pe3synbrarsl u3mepeHuii
3aHeCTH B Ta0I. 1.

4 4 3 2
/L /[ /s /[

7 | |/
BN M (M BIl

Puc. 3

<

L
— _

B npouecce ewvinonnenus padomvr 3Hauenue mokKa uepe3 INEKMPOMAZHUM U
Hanpsacenue na oopazye Xonna ne meHams!

Ha puc. 3: 1 — Ginokx nmuTaHusi >J€KTpOMarHuTa; 2 — OJIOK MUTAHUS ISl MPOITYCKaHUS
TOKa uepe3 oOpaselr; 3 — BOJBTMETD; 4 — MOJII0Ca AJIEKTPOMAarHuTa; 5 — obpasel u3 apceHuaa
rajuius.



HALMOHAIBbHbIA UCCNEQOBATENIbCKUN
'| TOMCKUM NOJIMTEXHUYECKUN

%

OU3UKA. AJNIEKTPOOAUHAMUKA

NNABOPATOPHAS PABOTA 3-02
JOOEKT XOINA

KPATKOE TEOPETUYECKOE
COAEPXAHUE PABOTbI

CXEMA 3KCNEPUMEHTANIbHOM
YCTAHOBKH

METOAUKA U TEXHUKA SKCMEPUMEHTA

CMPABOYHbIE JAHHbIE

Taomumna 1

b, A
U,.,B 0,5 0,7 0,9
Ay, B
20
50
90

5. Tlo rpadpuxy H = f(U,,) (puc. 4) onpeacanuTh 3HaUYCHHUs HAMPSHKEHHOCTH MAarHHUTHOTO
noJtst H 1151 HarpsKEHUM UCTOYHMKA UTaHus ektpoMarnuTa 20, 50, 90 B. Jlannble 3aHecTH

B Ta0II. 2.

TaOmura 2

U B

H, kA/Mm

20

50

90
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H, xA/Mm
®U3UKA. SNEKTPOOUHAMUKA 450 .
NAGOPATOPHAS PAEOTA 3-02 —~
IOOEKT XOMNA
KPATKOE TEOPETUYECKOE 350
COMEPXXAHUE PABOTHI T
CXEMA 3KCMEPUMEHTANLHOM 250
YCTAHOBKM 5
METOMVIKA 1 TEXHWKA 3KCMEPUMEHTA —~
CMPABOYHBIE JAHHBIE 150 P
20 40 60 80 U,,,B
Puc. 4

6. Ilo dopmyme (2) paccumrtaTh 3HaueHUS Ry I BceX PEKUMOB H3MEPCHHUS H
OTIpEICTIUTH €T0 cpeAHee 3HaueHue. /JJanHpie 3anectu B Ta0m. 3.

Tab6ana 3
In, A
U, B 0,5 | 0,7 | 0,9
Ry, M°/Kit

20

50

90
(RH)cp1
MKt
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7. PaccunTaTh KOHIICHTpAIMIO HOCUTENEH 3apsaa N B oOpasiie apceHuaa rauiusl.

8. ITo dopmyne p = o-Ry ompemenuTs MOJBMKHOCTH HOCHUTENICH 3apsjia B apCCHHIIC
rajums, eciau u3BecTHO, uto o = 2,35-10* OM ™ -M™*. CpaBHHTH MONydeHHOE 3HAUYCHHE [L C
TaOJIMYHBIM JJI1 TIOJBMKHOCTEH HOCHTENIeH 3apsija B PAa3IUYHBIX MaTephaliax U Cpeaax.
Crenatb BBIBOJBI.

9. Paccunrats morpemHocTh onpeneneHus Ry. CnenaTh oOue BHIBOIHI.
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®U3UKA. ANEKTPOAUHAMUKA

NTABOPATOPHAS PABOTA 3-02 Tabmuma 1

IR OcHoBHBIC pU3HIECCKHE KOHCTAHTBI

KPATKOE TEOPETUYECKOE

COMIEPXXAHME PABOTbI T paBHTAHOHHAT G =(6,6720 £ 0.1141)10 ™ Halxr?

CXEMA 3KCMEPUMEHTANBHOM OCTOSHHAS

TAHOBKM

FRIAHS MotspHas rasopas R = (8,31441 + 0,00070)-10"° ix-momb “K*

METOAMKA W TEXHUKA 3KCMEPUMEHTA
IIOCTOsAHHAA

[TocTostHHAs ABOTaapo Na = (6,022045 + 0,000031)-1023 MOJIb—1
[TocrostuHAast K =R/NA =(1,380662 + 0,000044)-10_23
Bonbumana kK
Macca oKosi m. = (9,109534 + 0,000047)-10"% kr
JJIEKTPOHA
Macca 1okost IpoToHa m, = (1,6726485 + 0,0000086)-10_27 KI'
Macca mokos m, = (1,6749543 + 0,0000086)-10 %" kr
HEWUTpPOHA
3apsiz 9IeKTpoHa e =(1,6021892 + 0,0000046)-10*° Kx
OTHOLIEHHE 3apsa e /m, = (1,7588047 + 0,0000049)-10"" Ki-kr*

QJICKTpOHA K €Io Maccce
[ocrosianas Papasest F = (9,648456 + 0,000027) Ki-mois

ek TpHYeCKas €0 =8,8510-12 d-m

IIOCTOAHHAA

MarnuTHast 0 = 471-10-7 T'u-m '

IIOCTOSAHHAA

CKOpOCTb CBETA B C =(2,997924580 + 0,000000012)-10° m-c
BaKyyMe
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Tabnua 2
PU3UKA. ANNIEKTPOOANHAMUKA
YaeabHoe CONMPOTHBJICHHE MPOBOJIHUKOB U U30JIATOPOB
NNABOPATOPHASA PABOTA 3-02
JOODEKT XONNA =
[IpoBoHMKH Y nenbHOE Temneparypssiii | M3ossiTopsl Y nenbHOE
KPATKOE TEOPETUYECKOE COMPOTHBIICHHE | KOIPPUIIUEHT COMPOTHUBIICHUE
COJOEPXAHUE PABOTDI
> (mpu 20 °C) COIIPOTHUBIICHUS p, OM-M

CXEMA 3KCMEPUMEHTAJIbHOU MOM-M o kKt
YCTAHOBKM = _ i o = T
METOZMKA 1 TEXHUKA SKCTIEPUMEHTA TOMIHIH ’ bywara n

Bonsdpam 50 4,8 [Tapadun 10
CNPABOYHbIE JAHHbIE 3

Keneso 90 6,5 Cmrona 10

3o70TO 20 4,0 Ddapdop 10"

Menb 16 4,3 [lemmax 10

Caunernn 190 4,2 D00OHUT 10

Cepebpo 15 4,1 SAnTaps 10"

Ta0muna 3

Pabora BbIX0JAa 3JICKTPOHA U3 METAJIJIOB

MeTtamn A, 5B | Metann A »B | Meramn | A, 3B
Amromuuanii | 3,74 | Kamuit 2,15 | Hukenr | 4,84

bapwuit 2.29 | KobGamer |4,25 |IInatuna | 5,29
Bucmyr 4,62 | Jlutwmii 2,39 | Cepebpo | 4,28
Boasdppam | 4,50 | Menp 4,47 | Tutan 3,92

Keneszo 4,36 | Momubnen | 4,27 | Lle3uit 1,89
30110TO 4,58 | Harpwuit 2,27 | llunk 3,74
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Tabanma 4
PU3UKA. AJIEKTPOOAUNHAMUKA
JudjieKTpHYecKHe MPOHUIIAeMOCTH
NNABOPATOPHAA PABOTA 3-02
QDDEKT XOINA T T
UDJIEKTPUK UDJIEKTPUK
KPATKOE TEOPETMYECKOE P & P &
COAEPXAHUE PABOTHI Bona 81 [HommpyTuinen 2,3
CXEMA 3KCMEPUMEHTANbHOW
YCTAHOBKM Bozayx 1,00058 Cmrona 7,5
METOOMKA N TEXHUKA SKCNEPUMEHTA Bock 7,8 Croupt 26
CMPABOYHbLIE OJAHHBIE Kepocun 2.0 CTeKIIo 6,0
[Tapadun 2,0 dapdop 6,0
IInmexcurnac 3,5 D00HUT 2,7
Tabmua 5

IoaBU:KHOCTH HOHOB B J1eKTpoauTax (M2/(B-c)

NO;— 6,4-10°°
Ag* 5,6-10°°
Cl_ 6,8-10°°

H* 3,310
' 6,7-10°°
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KITABVIATYPA

Haxartune knasvwm «Home» Ha knaemaTtype BbI3blBaET NEpexos

K TUTYJNIbHOM CTPaHULEe JOKYMEHTA.

C TUTYNbHOM CTPaHULbl MOXHO OCYLLECTBUTb Nepexon K orraBrieHuto
(B nokanbHOW Bepcuu Kypca).

HaxaTtne knasuwm «PgUp» («PageUp») unu nokasaHHbIX KnasuLL
CO CTpernkamu Ha KnaBuaType BbI3bIBaeT Nepexof K NpOCMOoTpy
npeabiayLien cTpaHULbl OTHOCUTENBHO NPOCMaTpPUBaEMon

B HACTOSILLMI MOMEHT COrNTacHO MOPSAKY UX pacrionoXeHus

B JOKYMEHTe.

HaxaTtne knasuwmn «PgDn» («PageDown») nnun nokasaHHbIX KNaBULL
CO CTperkamu Ha KnaBuaType BbI3bIBaET Nepexos K NpoCMoTpy
criepgyrolen cTpaHULbl OTHOCUTENBHO NPOCMaTpnBaemMom

B HACTOSILLIMI MOMEHT COrNacHO MOpsiAKY UX PacrionoXeHus

B JOKYMEHTE.

Haxatne kombuHaumm knasuww «Alt»+«F4» Ha knaBnaType Bbi3biBaeT
3aBepLUeHne paboTbl NporpaMmmMbl NPOCMOTPa LOKYMEHTA
(B NokanbHOW Bepcum Kypca).

VIAHVINYINATOP «<MblilUb»

HaxaTne neBow knaBuLWIN «MbILLIU» UK BpalleHune KOnécuka B

g HanpaeneHn «oT cebsi» BbI3bIBAET NEPEXO[ K MPOCMOTPY crieayto
e CTPaHULbl OTHOCUTENBHO NPOCMAaTPUBAEMOI B HACTOSILLMIA
MOMEHT COITIacHO MOPSAKY UX PACrONOXeHUs! B JOKYMEHTE.

HaxkaTne npaBow KnaBULLIK «MbILIN» UK BpaLLeHEe KONECcUkKa B
HanpaeneHnn «k cebe» BbI3bIBAET Nepexoq K NpoCcMOoTpy npeabiayLen
CTpaHuuUbl OTHOCUTENbHO I'IpOCManVIBaeMOIZ B HaCTOFlLIJ,I/II7I MOMEHT
COrnacHO NopsiAKY UX PacroNioXXeHNUs B JOKYMEHTE.

YNPABNEHVIE NMPOCMOTPOM OOKYMEHTA

MAHENDb YINPABJIIEHVA

HALIMOHATBHBI UCCNENOBATENBCKUIA
TOMCKMI NONUTEXHUYECKMI

TEXHOJIOrMM NPOrPAMMUPOBAHMA

1. NPOMbILLJIEHHBIX NOQX0M K
PA3PABOTKE NO
1.1. OCHOBHbIE NOHATUA

1.2. OcobeHHocTM npombliwneHHoro MO u kpusuc ero
pa3paboTku

1.3. CnoxHocTb pa3pabotku MO
1.4. XapaKktepucTUKU NporpaMMHOro npoaykTa
1.5. )KM3HEHHbIN LWKN NPOrpaMMHOro NPoAyKTa
1.6. Mpouecck! paspaboTku
1.7. Mopenu paspa6oTku
1.8. MeTogonorum paspaboTku
1.8.1. EauHas cuctema nporpaMMHOi A0KyMeHTaLmn
1.8.2. Microsoft Solutions Framework
1.8.3. OKcTpemarnbHoe nporpamMmm1poBaHue
1.8.4. Rational Unified Process
1.9. Bbi6op 1 aganTauus MeToA0NorMMU pa3paéoTku

[noccapui

— KHorka 3aBepLueHUA paboThbl.

MaHenb ynpaBneHus — COAePXnT
nepeveHb pas3fenos, a Takke KHOMKN
HaBuraumu, ynpaeneHns nporpaMmMon
npocMoTpa M Bbi3oBa PyHKLUK
nomncka no TeKCTy.

MpocmaTtpuBaeMbIi B JaHHbIN
MOMEHT pa3gen.

— ﬂocTyngle pa3genbl.

B 3aBMCMMOCTU OT TEKyLLEr
aKTMBHOrO pasderna B rnepeyHe
MOryT NPUCYTCTBOBaTL Nogpasaerni
3Toro pasgena.

KHonka nepeKknivYeHna Mexay nNofTHO3KpPaHHbIM
N OKOHHbIM peXUMOM NpocMoTpa.

KHomkn nocnepoBaTenibHOro nepexoAa k npeablayLlen
1 criegytoLlen cTpaHuLam.

— KHonka Bo3BpaTa K npeablayliemy Buay. Vicnonosyinte eé
ansa obpartHoro nepexoga v3 rinoccapusi.

— KHorka Bbl30Ba OYHKLMM MOUCKA MO TEKCTY.

— KHonka nepexofa kK cnpaBO4HOM (3TOI) cTpaHuLe.
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