Yausepcurer ©U”TMO
Pu3MKO-TeXHUUYeCKUII MeradaKyabTeT
Pusuueckuii paxKyIbpTeT

I'pynma: K3221 K pabore momyueH:
CryneHnt: Jowennuxos Hukuma PaGora BBIIIOJIHEHA:
ITIpenomaBaTens: Ilonos Anmon Cepzeesuu OTtuer nDpMHAT:

Pa0ounit mpoOTOKOJI M OTUET IO
JadopaTropHOI padore Ne3.01

1. Ilers padoTHLI

HOCTPOCHI/IG CeueHmMn SKBUIIOTEHIMMAJIBbHBIX HOBerHOCTCﬁI 1 CMJIOBBIX

JIMHUN QJIIEKTPOCTATMMUECKOTI'O II0JI1 Ha OCHOBE 9KCIICPUMEHTAJIBHOT'O

MOICJIMPOBaHNA paCIIpECJICHIA IIOTEHIIMIATIA B CJIa6OHpOBOJIHI]_IeI71 cpene.

2. 3a11aq1/[, peuaraemMbi€ IIPpU BBINTOJTHECHIIN pa6OTI)I.

SKCHCPMMCHT&HBHO IIOCTPOUTD CEUCHUA IKBUITOTCHIMAJIBHBIX
HOBCPXHOCTGI?'I U CVJIOBBIX JIMHUI QJIIEKTPOCTATMUECKOT'O II0JIA [JIA
IINIOCKOT'O KOHIOEHCATOPA U IIOCKOCTU C OOITOJIHUTEJIBbHBIM IIPOBOOAIIIIM
KOJbILIOM.

V3meputsh pacupenesieHne IOTeHI[AIA B CJIA00IIPOBOISIIEN Cpeie U 10
OAHHBIM IIOCTPOUTH SKBUIIOTEHIMAIbHbIE JITHUIA.

ITo cBOJICTBY OPTOTOHAJIBHOCTY 3KBUMOTEHIMAJIEIT U JIVHUI
HAMIPS>KEHHOCTY IIOCTPOUTD KapTUHY CUJIOBBIX JIMHUI U yKa3aTh UX
HaIlpaBJIEHIIE.

Paccumrarh BeTMUMHbBI HANIPS>KEHHOCTH IIOJIS B IEHTPe BAaHHBI U BOIU3M
9JIEKTPOJA.

ITo maHHBIM M3MepeHNII OLIeHUTh IIOBEPXHOCTHYIO INIOTHOCTH 3apag0B Ha
9JIeKTPOJaX.

J7151 9KCIlepMMeHTa ¢ KOJIBI[OM OIIpeeIUTh 00IacTV MIHUMAIBHOM 1
MaKCUMAaJIbHON HAIpsSKEHHOCTN U oeHUTs B, M E_ .



« IToctpouts u cpaauTh rpadukn ¢(X) mus ropusontanu Y = 10 cm qs
OBYX 9KCIIEPVMIMEHTOB.

3. O0'BEeKT McClIeOBAHNA.

DJIEKTPOCTATUYECKOE T10JIE€ MEXAY NBYMS ILJIOCKUMMU 3JIEKTPOIAMMU B
OJTHOPOJIHO CJIA0OIIPOBOISIIEN CPeie U U3MEHEHIE PACIIPeIeIeHUS
MOTEHI[MAJIa TIPU YCTAHOBKE B BAHHY IIPOBOMSIIIIETO KOJIBLIA.

4. MeTop 3KCIIEpUMEHTATIBHOIO MCCIEeJOBAHIIA.

MopenupoBaHue 3JIEKTPOCTATIUECKOTO IIOJIS B CIa00IIPOBOALIIIE Cpesie C
JICIIOJIb30BaHMEM ABYX INIOCKUX 3JIEKTPOAOB, IIOAKIIOYEHHBIX K T€HEPATOPY
IIepeMEHHOro Hanps>KeHN. IloTeHMan BHyTpU BaHHBI M3MEPAIOT 30HIOM,
ITOAKJIIOUEHHBIM K BOJIBTMeTpPY. Ilo Habopy TOUEUHBIX M3MepeHMIt
MOTEHIMAJIa CTPOAT SKBUIOTEHUMAIbHEIE JIMHIY, 3aT€M I10
OPTOTOHAJIBHOCTM CTPOAT CUJIOBBIE JIVTHUIA.

5. Paboumne ¢popMyIIbI M CXOXHBIE JaHHBIE.

Popmyia IlosacHeHus

E(®) = BekTop HanpsoKeHHOCTH
aJIeKTpIUecKoro mois. F - cua,
IeVICTBYIOIlad Ha
HEIOABVUKHBIN 3apAafn ¢,
IIOMeIeHHBIN B JaHHYIO TOUKY.
3apsn q - MpoOHBIIL. T - paguyc-
BEKTOp TOUKIL

p(T) = =4 [ToreHuIIA B JAHHOM TOUKE
nong. Wy - norennuanpHas
9HEPTHUs 3apsifa g,
IIOMEIIIEHHOTO B JJaHHYIO TOUKY.
A = qle; — @sy). Pa6ora ct

9JIeKTPOCTATIUECKOTO I10JI Haj
3apsaIOM ¢ IIPU ero
IepeMeIIeHIN U3 TOUKI C




IIOTEHIMAIIOM Y1 B TOUKY C
ITIOTCHIMAIIOM @5 .

E = —grad ¢ = —@cp
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CBs13b HAIIPSXKEHHOCTU U
HOoTeHIanza
9JIEKTPOCTATUUECKOT'O ITOJIA.

BekTop rpaagueHTa nnoreHnuania.
Z,Y, % - BEKapTOBBI

A

KOOPIAVHATHL. €,,€,, €, -

C€IMHINUHBIE BEKTOPA
ITOJIOKUTEIBbHDBIX HaHpaBJIeHI/II‘/'I

(OpTHI) KOOPAMHATHBIX OCEIl

Oz, Oy, 0z

CpenHsag HanpSKeHHOCTh
MEXy TOYKaMI Ha OJHON
CUJIOBOM JIMHUI C
MIOTEeHUMATIAMHI Q1 U Pqy, THE lqy -
IJIMHA YYacTKa CYJIOBOV JIVTHUN
MEXIY TOYKaMI.
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3akoH Oma B
nuddepenimanpHON PopMme, TIe
J - BEKTOp IUIOTHOCTY TOKa B
IIPOBOAALLIEIN CpeNie, O -
yAeJNbHasA 3JIeKTPOIIPOBOTHOCTD
Cpenbl.
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IIinoTHOCTD TOKA B JII000IL
IIpOBOMALLIEI cpexe
yIOBJIETBOPSIET YPaBHEHUIO
Hepa3phIBHOCTU. p - 00beMHas
IUIOTHOCTS 3apsna. s
CTALIMOHAPHOTO TOKA p =
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const, 7 = 0 u B aTOM ciyuae

—

V-7=0.
0(@ : E) —0=>V-E=0 CrnenyeT 13 OMHOPOJHOCTI O.
rot J=Vxj=0 ITosryueHo myTeM IIpMMeHeHU K

j = o & oneparnio Hax0oXaeHUs
poTOpa U YUUTHIBAS
0e3BMXpEBOI XapaKTep
IIOCTOSIHHOT'O TOKA.

[TogcraBunm j = oF B rot J=

Vxj=0
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X
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HcxonHrle maHHBIE:

MexaneKkTpoHas yCTaHOBJIEHHAd aMIUINTya HanpsbkeHus U = 14B.
Yacrora IepeMeHHOro HanpspkeHus reHepartopa f = 400 £ 50 I'o
Huanason BoasT™MeTpa 0 + 20B.

KoopauHatHas ceTka Ha MIJLIMMETPOBOJL OyMare miaru 1o Y
ucrois3yored: 2, 6,10, 14, 18 cm; npu KoHPUrypaumu ¢ KoJIbLOM
pPeKOMEHyeTCsI yMEHBIINTD IIIar ITOTeHIaa I Iar Y paaoM C KOJIbIOM
mo 1- 2 cm.

[lar n3MeHeHUs MOTEHLIMATA [JI IIEPBOTO IKCIepuMeHTa o = 2B
st akcriepumenTa ¢ konbioMm Ay = 1B

[orperrnoctn n3mepenns koopausHat AX = +1 mm, AY = £0.5 mm.

6. VIamepuTenbHbIe IPNOOPHI

Ne /i1 | HammenoBanme | Tun nputopa | Mcnionsayemsiii | [lorpenrsocts
OManasoH npubopa
BosbT™MeTp AB1 0-20 B +0.5%
AMniepmeTp AB1 0-5A +1.0%
Pesucrop TH1 0-10 2 +5%




7. CxeMa yCTaHOBKU (IlepeyeHb cXeM, KOTOPbI€ COCTABIISIIOT

IMpunosxenne 1).

8. PesynbpTaThl NpAMBIX M3MeEPEHIIIL.

Be3s nucka.
w1 | X3 Yilpe | Xo Y|y | X3 |V
1.89(20 |2 [3.89|6.8 |2 [5.89|11.8(2
2.5 |6 6.8 |16 12.216
2.8 |10 7.0 |10 12.5]10
2.7 114 6.9 |14 12.8| 14
2.0 |18 7.2 118 12.6 | 18
Py | Xy [Yylps | X5 V5|06 Xe | Yo
7.89116.7(2 9.89(21.3|2 (11.89|26.1|2
16.8|6 21.3|6 25.7 |6
16.5 |10 21.3(10 25.6 | 10
16.3 |14 21.1114 25.7114
16.3 |18 21.0(18 26.0 |18
C muckoM.
P1 | X |Yi P2 | Xo| Yo s | X3 | Y5 |04 [ Xy |Yy
2.4120 (2 |3.4(41(2 (4.4(|6.1 |2 [5.4]|84 |2
2.1 |4 4.0 |4 59 |4 7.8 |4
2.6 |6 4116 5.9 16 7416
2.8 |8 4.0 |8 9.9 |8 7218
3.0 110 4.2 110 5.8 110 7.2 110
2.8 112 4.2 (12 5.7 112 7.7 112
3.1 |14 4.6 (14 6.3 |14 8.2 14
2.7 116 4.5 |16 7.0 [16 — |16
2.8 |18 4.8 |18 7.5 |18 9.8 [18




9. ITocTpoeHMe 3KBUIIOTEHIIMAJIbHBIX JIMHUI.

CHauaJyia TOUKI ¢ MIJIIMMETPOBOIL OyMary ObLIN IlepeHeceHbl B

KOMIIBIOTEDP IIpM IIOMOIIIN ITPOTPaMMBI B HpI/I.T[O)KeHI/II/I.

s | X5 | Y5 |06 | Xe |Yo|Pr | Xy |Yr7|pg | Xg |V
6.4(11.2(2 |7.4|16.0(2 |8.4|19.8(2 |9.4]|22.2(2
— |4 — |4 20.3 |4 — |4
9.0 |6 — |6 21.3 |6 22.816
— |8 — |8 21.7|8 — |8
8.8 |10 — |10 21.8 |10 22.9110
— |12 — |12 21.3 |12 — |12
11.0| 14 — |14 20.7 |14 22.5 |14
— |16 — |16 19.7 |16 — |16
12.3]18 15.5 18 18.0 18 21.7|18
Po | Xo | Yo |¥10 [ X40|Yi0
10.41245(2 |11.4(26.7|2
— |4 — |4
24416 26.2 )6
— |8 — |8
24.6 (10 26.2 |10
— |12 — |12
24.2 |14 26.0 |14
— |16 — |16
23.9(18 26.1|18




JKBUMNOTEHUMASIbHbIE TOYKN

20
1.89 3.89 5.89 7.89 9.89 11.89
18 A ® ® ° ° ° °
16
1.89 3.89 5.89 7.89 9.89 11.89
14 1 e e ° e e e
12 A
1.89 3.89 5.89 7.89 9.89 11.89
10 1 ® ® ® ® ® ®
8 .
1.89 3.89 5.89 7.89 9.89 11.89
6 ® ® ® ® ® ®
4
5 1.89 3.89 5.89 7.89 9.89 11.89
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JKBUMNOTEHUMASIbHbIE TOYKN

20
2.4 3.4 4.4 5.4 6.4 7.4 8.4 9.4 10.4 11.4
18 1 ® ® ® ® ® ® ] ® ] ®
2.4 3.4 4.4 8.4
16 ® ® ® ®
24 34 44 5.4 8.4 94 104 114
14 1 e ° e e e L ®
24 34 4.4 5.4 8.4
12 ® ® ® ® ®
5 24 3.4 44 54 84 94 104 11.4
O 10 A e ® ® ° e o ® °
>
24 34 44 54 8.4
8 e o e e ®
24 34 44 54 84 94 104 114
6 ] ® L ° ] ] ® ] °
2.4 3.4 4.4 5.4 8.4
4 4 ® ® L ® ®
5 2.4 3.4 4.4 5.4 6.4 7.4 8.4 9.4 10.4 11.4
0 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
X (cm)

3areM g COECOVMMHIII X 3KBUIIOTCHUMAJIbHBIMU JIVTHVISAMIL.



Y (cm)

OKBUMNOTEHLMANIbHbIE NTNHUN

20
1.89 3.89 5.89 7.89 9.89 11.89
18 A ®
f
16 /
1.89 13.89 5.89 7.89 9.89 11.89
14 4 ® L
12 \
1.89 3.89 5.89 7.89 9.89 11.89
10 ~ 1L ® ¢
8 1 /
6 1.89 3.89 5.89 7.89 ‘=9'89 111.89
4
5 1.89 3.89 5.89 7.89 . 9.89 ) 11.89
O T T T T T T T T T T T
0 2 4 6 8 10 12 14 18 22 26 28

X (cm)

30



OKBUMNOTEHLMANIbHbIE NTNHUN
20

. . . . . 7.4 8.4
18 - ® e

16 -
14 -
12 4

10 A

Y (cm)

I[Toce, 1 mOOABIII CUCTEMY JIMHMI TTOJIS:

10
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Y (cm)

JOKBUMNOTEHLUMASNIbHbIE IMHUN C CUJTOBbLIMUA CTpeNKaMin

20
1.89 3.89 5.89 7.89 9.89 11.89
18 4 ®
16 A <« %4 <. <
1.89 3.89 5.89 7.89 9.89 11.89
14 1 S
12 4 < <
1.89 3.89 5.89 7.89 9.89 11.89
10 4 3 &
8 <« «~
6 1.89 3.89 5.89 7.89 ‘59'89 ) 11.89
4 4 - <~
5 1.89 3.89 5.89 7.89 =9.89 11.89
O T T T T T T T T T T T T T T




JOKBUMNOTEHLUMASNIbHbIE IMHUN C CUJTOBbLIMUA CTpeNKaMin

20
7.4 8.4 ) 104 11.4
18 | L. {
16 1 — <
9.4 | 10.4|11.4
144 ®
12 4 — &
= 8.49.4 | 10.4 11.4
S 10+ ®
>
8 - —
8.4 /9.4 104 11.4
6 m o @
4 A — <
104 | 11.4
21 e
0 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

10. PacueT BeJNMUMHBI HANIPSYKEHHOCTI.

HaprDKeHHOCTI) B IEHTPE BaHHBI M IIOBEPXHOCTHASA INIOTHOCTD 3apAaa.

12



Ilo popmyue (E,,) = ‘Pll?f?

9JIEKTPOIUTUUECKOI BAHHBI MEXOYy JIMHUAMU ¢ ¢ = 5.89 n ¢ = 7.89:

BeJIMYNIHA HAIIPIKEHHOCTU B EHTPE

IIpny = 10 cm: p; = 5.89B mpu x = 12.5 c™; 5 = 7.89B pu x =
16.5 cm.
O — Y4 7.89 —5.89

E)~ - —50.0 B
(Eu) s (165 — 125) x 10-3 /™

B OKPECTHOCTN OOHOT'O I3 JIEKTPOIOB

AHaJIOTUYHO B OKPECTHOCTHU ITPABOI'0 JIEKTPOAA MEKAY JIMHUAMMU C © =

9.89 1 ¢ = 11.89

Cmotpum Touku npu y = 10 cm: p = 9.89B pu = = 21.3 cm; ¢ = 11.89B
npu r = 25.6 cm.

11.89 — 9.89
(256 — 213) x 103

(E,) ~ = 46.5 B/m

[ToBepxHOCTHAS IUIOTHOCTH
[TpaBsriit anekTpon Haxoputcs pu X = 30 cM ¢ moteHIUanom ¢ = 14B.
bmipkaiimas nsMepeHHas Touka: ¢ = 11.89B ipn x = 25.6 cm
ITo HOpMaIM K 3JIEKTPOAY:
Ap=14—-11.89 = 2.11B
Al,, = (300 — 256) x 1072 =44 x 103m

, e—1
o = — o
3

Bosemém € = 79. Torma MHOXUTEID

e—1 79 —1 78
e = — /X U. 4]. 2.
8 9 9 0.98734177

CnemoBaTenbHO
o’ ~ —0.987342¢0

Ecnn YUUTBHIBATH MAKCIMAJIbHOE€ 3HAUECHUIE € = 81:

13



g ~ 0987654321 = o ~ —0.9876540.

12. Haxoxxpeane E . n E_ . .
Mexnay ¢ = 8.4 u ¢ = 9.4 cripaBa oT KoJIbIIA.

Az =11 cm = 0.011m

1.0

E,.. =91 B/m, (22.4,10)

Mexny ¢ =641 p =84 1Ilytb ~ 6 cm = 0.06m

2.0
E=——=3338B
0.06 33.3 B/m

E_.. =33 B/m, (15,9)

Toukn B ;,, u B

max"*

14
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Y (cm)

20

OKBUMNOTEHLMANIbHbIE NTNHUN

18 -

16 -

14 4

12 A

10 A

7.4

8.4
e

30



13. ITocTrpoenue rpadpuxa ¢ = p(x), y = 10 cm.

3aBucumocTb ¢ = @¢(X) npn Y = 10 cm

121 —o— pointsl.txt (Y=10)
points2.txt (Y=10)

10 A

¢ (B)

X (cm)

14. BeiBOJ.

B xXonme pa6OTbI IKCIIEPUMEHTAJIBHO ITOCTPOE€HbI SKBUIIOTEHIIMIAJIbHBIE

JIVMTHUY U CUJIOBBIE JIMHUY IIOJIA I ABYX KOHGUTypauuit — 6e3 KOJIbla U C
KOJIBITOM.

B 1ieHTpe BaHHBI HANIPSKEHHOCTH coctaBuiaa £, ~ 50 B/m, y mpasoro
anextpona — E, ~ 46.5 B/m.

[st cucremsl ¢ KonbloM Haiinens: B .~ 91 B/mu E_; ~ 33 B/wm.

IToBepxHOCTHAA MIJIOTHOCTh HAaBEAEHHOIO 3apAfa OIpeaeaeTcd KaKk o’ =
e—1

o~ —0.9870 npu € = 79, uro Noka3bIBaeT IMOUTU IIOJITHOE
9KpaHUPOBaHUeE I10JII BOJOIA.

16
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