A N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ \ \ \ \ \ S N\
s

I | | | | | | | | | | | | | | | | | | | | I

\

V4
I

Ve Ve Ve Ve 7 Ve 7 Ve 7 Ve 7 VZé 7 VZé 7 Ve 7 VZé 7 Ve 7 Ve
_|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_

V4
I

7 7 7 7 7 7

7
TSSO a

V3BEKUCTOH PECIYBJIIMKACH

OJIUU BA YPTA MAXCYC TABJIUM BA3UPJIUTHU

AHANXKOH MAHIMHACO3J/IMK HUHCTUTYTHU

“ABTOMATHUKA BA JIEKTPOTEXHOJIOI' U4 *
DOAKYJIDbBTETHU

«3.]IBKTP TCXHUKACH, JJICKTP MEXaHUKACH
Ba
IJICEKTP TCXHOJIOTIUAJIAP»

KA®EAPACH

OJIEKTPOTEXHUKAHUHI HABAPUU
ACOCIJIAPN»
®AHUJIAH XUCOB-TPA®UK UILJIAPUHU
BAXKAPHUIII YUYH
YCIYBUU KYPCATMAJIAP

AHIAWXKOH - 2014 itun

N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ \

V4
I

Vé Ve Ve e 7 Ve 7 Ve 7 Ve 7 Zé 7 Zé 7 Ve 7 Ve 7 Ve 7 VZé
_|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_/ _|_

V4
I

7 7 7 7 7

7
A

N
Nl
|



«TACJIUKIJIIAVUMAH»
AHJIMKOH MAIlIMHACO3JIMK HHCTUTYTH WIMHI-yCITyOuid
KEHTraluaa K}"/pI/I6 YUKWJITAH Ba
MAabKYyJIJIaHI'aH

Kenram pancu K.Opmaros
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«MAKYJUIAHI"AH»
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KEHralmjaa Myxokama KHWIMHTaH Ba
MabKyJIJIaHTaH

Kenram pancu H. Tyiiuu6oes
«_» 2014 i,

«TABCUS O5TUJIT AH»
“233” kadeapacu MaXIUCUIA MyXOKaMa KUJIMHTaH Ba
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Kadenpa mynupu b.MamamxaHoB
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1. Aunmmxon KXU nonentu |, 1.¢.H. O.N. Ucmouson
2. AHnMU «YmymTexuuka dannapu» kadeapacu aoueHTH, T.¢p.H X.CoOupon

Ty3yBunu:
b.MawmamxanoB T.().H., JOLIEHT



Cy3 0omu

Yumby ycmyOuii kypcatMa  «DJIEKTPOTEXHUKAHUHT Ha3apuil acociaapu»
danuHn ypraHa€tran «OIEKTp TEXHUKACH, DOJEKTP MEXaHMKacH Ba JJIEKTP
TEXHOJIOTUSICHY OakanaBpuaT WYHAIMIIKA Tanadajnapu yuyyH MyJDKasiaHrad. Y ¥3
yuura ysrapMac 3jekTp 3amkupiaapuau OMm Ba Kupxrod KOHyHIapuHU , KOHTYP
TOKJIapW, TYTYHJIApJard MOTEHIHAJUIAp Ba JKBUBAJICHT T'€HEPATOP YCYJUIAPUHU
Kym1ab xucobnam OyiiMua KypcaTMalapHM OJraH. XucoOmap TYFPWINTH
KyBBaTiap OalaHCH TEHIJIAMAaCMHU Ty3uO XucoOjaml Xamja MOTEHIHAI
auarpaMMa Kypull —OpKanu Tekmupwirad. Kypcatma y3rapyBuaH TOK
3aHKUPJIAPUHUA XMCOOJAIIHYA YpraHuIl y4yH XaMm €Tapiid 3aMHUH sipaTHO Oepau.
XucoO-rpaduk TONIIUPHUKIAPHUA OaKapuIlJJaH aBBaJ Hazapuil MabIyMOTJIAPHU
Mabpy3a MAaTHM Ba TETHIUIM aaaOuériapaaH VY3IamThupuO OJUII Makcajra
MYBOQUK.

Ymby ycnyOuit kypcarma “DIeKTp TEXHUKACHU, HJIEKTP MEXaHUKACH Ba
DIIEKTP TEXHOJIOTUSACH OakanaBpuaT HyHaIum Tanabanapu
“OneKkTpoTEeXHUKAaHUHT Ha3apui acociapu’ (haHMHM IMyXTa Y3MallTUpuIaa €paam

oepanu.
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Tonmuupuk.
TacBupnaHran 3aHXUp y4yH:
1) Iy rs fs KapOIWIMKIAP yY4OypYarnHu KapIIMIUKIap I0JIy3ura yTKa3uo
Kupxropausr 1-yu Ba 2-4u KOHyHJIAPHHU KYJU1ad TAPMOKAArd TOKJIAp
AHWKJTAHCHH;

2) Konrtypnapaaru Tokjap ycysiu OuiaH TapMOKJIard TOKJIAp XMCOOIaHCHH;

3) XucoOIapHUHT TYFPUIMTUHY TYTYHJIApAaru NoTeHIamuiap ycyiau Ouian
TEKIIUPUIICUH.

4) g pEe3UCTUB AIEMEHTUAAH YTaéTraH lg TOK SKBHBAJICHT '€HEPATOpP YCYJIU
OWJIaH aHUKJIAHCHH.

5) BoapT™MeTp KypcaTuiiiy aHUKJIAHCHH Ba KyBBaTJIap OaJlaHCH TY3WUJICUH.

6) Tamky KOHTYp y4yH NOTEHIIMAI JUarpaMMa KypHUJICHH.
1- pacMmzaru cxema y4yH O€puIITaH :

£1=6 [B]; £,=20[B]; e3=4[B];

r02:O,8 [Om], r03:1,2 [Om], I’1:4 [Om], r2:6 [Om]
r:=4[On]; r4=4[On]; rs=3[On]; re=3[Om]

Anmxnancut: lq; | I3 14 Is; lg; .

I3

@

ry

1-pacm



1.0m Ba KupxroHUHT KOHYHJIApUHU TaIOUK ITHUII YCYIIH.
Iy I's g KapUIMUIMKIIAp yuOypyard oiay3 makiura yTkazuiano, Kupxropaunr 1-uyu
Ba 2-4M KOHYHJIAPUHU TAJOUK ATUII YCYJIU OWIaH TOKJIApHU aHUKIAWUMMU3.

A\ 4

r3

€3

l16

lo3

€2 lo2

& Cl) ; rss

2-pacm

Iy I's I'g KapUIMIMKIIAp yuOypUaruian rJiay3 makiura YTuo sHru 3amkup (2,3
pacmiiap) Xxocui Kuinamus (3-pacum).



€3
l46
I3 : : 2
lo3
€2
Iz lo2 l45
L’Q—
> —
Qﬁ I56
1
€1 ry
3-pacm.
r,-r 4.3 12
l46 = 4 6 = —=12 [Om]

r+r+r, 4+3+3 10

,-r, 4.3
r,+r,+r, 4+3+3

l45= =1,2[Om].

e 33 3=0,9[Om]

I'se= = =
r,+r,+r, 4+3+3 10

3-pacmaru 3aHXUPHU COIaallITUPAMU3
TapMOKJIApHUHT YKBUBAJICHT KAPIIWJIUTUHU aHUKIAUMHU3.
r13=r1+r56=4+0,9=4,9 [Om]

r23:r2+l‘02+l‘45:6+0,8+1,2=8[Om]
I3, =loat+ratre=1,2+4+1,2=6,4[om]



4-pacMJary 3aHXUp y4yH TEHIJIaMallap Ty3aMu3:

1-tyryn yuyH: -li-1p-13=0; 1, =-1; —I5 (1)
1-xkoHTYD yuyH: lolp,-l3r3,=€-€3 (2)
2-KOHTYp YuyH: 11r1,-13r3,=€1-€3 (3)

(1) Tenrmamanu (2) ra KyinO Ba KapIIMJIUKIAPHUHT KUHMATIAPHHA XaM
KyinO KyluaarmiapHu €3aMus.

(-11-13) . ry-lars,=es-g5
-|1.8-|3.8-|3.6’4:16
15.(8+6.4)-1, 8=16
-|3 .14,4:164"1.8

=== =1111+41,.0556 (4)

(4) Tenrnmamanu (3)-ra KYyHO Kyiuaard TeHIJIaMa XOCHI KHJIaMU3:

l1r,+(1,111+1, 0.556) ¢ r3, =€;-€3

Karranukinapaunr kuiimatiapuau Kynno [; Tokau xucobmanmMus:

[,

\ 4

A

\_/
D T

B

N

\ 4

A\ 4

a

4-pacm

€1



1,.4,9+1,111.6,4+1, 0,556  6,4=6-4
1,(4,9+3,558)=2-7,11
1,=-0,604[A].

l;ToxHU (4).ra Kyinob l3-HU aHUKTAMU3:
-1;=1,111-0,604 ::: 0,556;

1,=-0,775 [A].

(1) -44 Tenrnamanan |, -HHA XECOOJIANT MYMKHH;
I,=-1;-13=0,604+0.775=1.379[A]

I3

v

lo3

Iy

€3

€2

Is
€1

r !

S-pacm
I4151¢  Tokmap Kyiingarnya aHUKJIaHAU:

Il koHTyp Ba 2-un xampa 4-TyryHijap y4yyH TeHrjamaiap Ty3aMmus.(Spacm)

Il koHTYp yuyH:
l4rs + lsrs+ lgrg =0 (5)
2 TYT'YH YYyH: I+ lg=14 (6)

4 TYTyH YYyH: i+ 1s=1s Ba =1l 11 (7)



(6) Ba (7) Tenrnamanapuu (1) Tenrmamara Kyino lg TOKHH aHUKIa0 OJIaMU3:

(|3 + Ig)ifﬁﬁ' Mg+ (Ie' Il)'i?:?' 5+ |6 Ig= 0
|3 r4+|6 r4+|6 r5-|1 |"5+|6 r6=0

Lt =1y, _ —0604-3+0.775-4 1288 _ 0,00
le=r, +1; +r1, 4+3+3 0

Is=1¢-1,=0,129+0,604=0,733[A]
1,=13:16=-0,775+0,129=-0,646 [A]

Jemak xucoOJyiaHraH TOKJIap Kyhluparuya:

1,=-0,604 [A]
1,=1,379 [A]
15=-0,775 [A]
1,=-0,646 [A]
|5:O,733 [A]
15=0,129 [A]

2.Kontypnapaaru Tokiap ycCyiu.

2

Iy

€3
S22
lo3
l2 Qﬁ
) & lo2
€1 S
N
I
I
6-pacm

10



Tapmokap Ba KOHTypJiapAaru TOKJIapHUHT HYHaIUIUIapUHUA Oenruinad
OYnraHaH CYHT XyCyCUN KapIIWJIUKIApPHU aHUKJIAUMU3:

r11=r+r+rgy+rs=4+6+0,8+3=13,8 [om] — 14u KOHTYPHHMHT XyCYCHI KAPIIHIUTH
I1p=Fg3tr34l4H g +r,=1,2+4+4+0,8+6=16[0m] —2un KOHTYPHHUHT XYCYCHIA

KapIIUIATH
F33=r4+rs+rg=4+3+3=10[0m] -349u KOHTYPHHUHT XyCyCHI KapIIWIATH

YMyMHM KapIIuiIuKIiIap:

r15=r21=-(r*rp2)=-(6+0,8)=-6,8 [om]

r3=rs;=rs=3 [om]
3= r32:r4:4 [0 m]

KoHTypnapaaru sexTp IpUTYBUYH KydJiap:

811:82-81:20-6:14 [B]
822:83-82:4-20:-16 [B]
£33=0 [B]

JleTepMUHAHTIIApHUA XHUCOOTaNMU3!

|

T
AN

A=3

M1 T I3
1 Ip2 I3
31 I3 [I33

€11 Mo I3

=|€22 I I3

€33 I3 I33

M1 €11 I3

o € I3

33 €33 I3g

M1 Mo €1
o1 Mo €22
31 I3 €33

138 68 3
68 16 4
3 4 10

14 68 3

=1-16 16 4

138 14 3
-6,8 -16 4
3 0 10

138 -68 14
-68 16 -16

3 4 0

= 2208-81,6-81,6-144-462,4-220,8=1217,6[om"]

= 2240-0-192-0-1088-224= 736 [B. Om?]
10

2
=-2208+168-0+144+952-0=-944 [B.Om ]

2
= 0+326.4-380,8-672+0+883 2=156,8 | B-OM’]

11



KoHnTyparu TokinapHH XHCOOIaliMuU3:

~ All 736

Jy=—= =0,604 [A]
A 1217,6

I, = ﬁ— ﬂ—_0775 [A]

2 A 12176

- A,;  156,8

Jge= —= =0,129 [A]
A 1217,6

I,=-3,,=-0604 [A]

I,=3,;- 3,,=0604+0,775=1,379 [A]
I,=3,,=0775  [A]

I,= 3,,+ 3;3=-0775+0,129 =-0,646 [A]
I;= 3+ 35;=0604+0129=0,733  [A]
[=- 35=-0129 [A]

AHUKJIaHTaH TOKJIAPHU KyBBaTJIap OaJIAaHCH OPKAIH TEKIIHPAMHU3:

MaHOanapHUHT KyBBaTH:
Poan= €l + €15+ £315=69(-0,604)+20 = 1,379 + 4 © (-0,775) = -3,624+27 58-3,1= 20,856 [p1]

I/ICTC'I)MOHLH/IHapHI/IHF KyBBaTu:
Poon= 1M1+ 12 o M2+ To2) + 120 (Toa+ F3) + 15 Ta+ 12 T54 12 6=
_oeos” @ 4+ 1,379° = (640,8)+0,775% = (1,2+4)+0,646° = 4+0,733% ©:3+0,129° == 3

— 1,459+12,931+3,123+1,669+1,612+0,05=20,844

XaTOJUKHU XUCOOIIaNMU3:

Pun ™ Pun | 100 9= 208%=_2084 10004 = 0,058 %
20,844 ’

Y=

ucm

12



by xaronuk pyxcar stunanu, 4yHku 1% xam
3. TyryHaaru noTeHuamiap yCcyiu.

B 2
M2 |
€2 4
T 4 lg 4
Fa
lo3
l'e
r
2 !
1 —— : — 3
lo2
€
&1 l rs
I5
g !
I 4
7-pacm
Xycycun yTKa3yBYaHIMKIAP:
G]_]_: 1 + 1 '|'l 1 + 1 +1: i+_+l:
s+l T+l 1 12+4 08+6 4 52 4

=0,192+0,147+0,25= 0,589 [Cm]

I 12+4

Gt 4Llplo_ 1 .1
g+l T

_ 1 1.1_ 1 1,1
Gas=
r,+r, I, I 6408

+= i +—— 0,147+0.25+0,333=0,73

1 %: 0.192+0,25+0.33= 0,775



YMyMHu# YTKa3yBUYaHIIUKIIAP:

1 1
Go1= Gypr=- =- =-0,192
21 12 Fys + 15 12+4 [CM]
G32= 623: _l: - 1 = - 0,25 [CM]
r, 4
1 1
G31= Gy3=- = - =-0,147 C
T L, 6408 [Cu]

Y TKkazyBUaHIUKIAp IETEPMUHAHTUHU XUCOOIAMU3:

G, G, G.| ]058 -0192 -0147

A= |G, G,, G, =|-0192 0775 -0,25|=0,333-0,007-0,007-0,017-0,027-0,037=
G, G,, G,| [-0147 -025 073

=0,238 [CMm’]

TyryHnapaaru Toknap Kyiugarunya aHUKJIaHAIN:

Sp=-—f & &a- 4 20 8- §76950941.15=-521 [A]
fa+1; T+ 12+4 08+6 4

S= —f =% 0769 [A

ST 1244 [A]

Fap= 22 20 5941 [A]

r,+r, 6+08

Konran nerepmMuHaHTIIapHA XUCOOTANMU3:

3, G, G| |-521 -0192 -0147

13

Au=|3,, G, G,=[0769 0775 -025=
3, G, Gyl (2941 -025 073

= - 2,948+0,141+0,028+0,335+0,108+0,326=-2,01 [Cm?.A]

14



G11

AZZ = GZl

iy

G| [0589 -521 —07147
G,|=|-0192 0,769 —0,25| = 0,331-0,191+0,083-0,017-
G, |-0147 2941 0,73

-0,73+0,433=-0,091 [Cm’A]

Gll GlZ
A33 = GZl Gzz
G31 Gsz

3, 10589 -0192 -5,2
3, =1-0192 0,775 0,769 = 1,342+0,021-0,25-0,594-
3, |-0147 -025 2941

-0,108+0,113 = 0,524 [Cm2A]

[ToreHnumamnap:
- Ay _ -201 _
=Bn=- =200 - g 445 B
277N T 0238 [B]
= ﬁ: _0’091—-0382 B
P27 "AT 0238 ’ [B]
—_— A33 —_ 0’524
= 28 = 297 =9 201 B
P57 A T 0238 [B]
I = Vigté _ pte _ —8445+6 =-0,611 [A]
r,+r,, r, 4
=Yt _Gmgite —8.445-2201+20 _, 00 [A]
CAr, har 6+0.8
I, - Py +E; _ -8.445+0.382+4 —_0781 [A]
4T, 12+4
[P0 0382201 oo
r, 4
O 220000 a0 ]
r5

15



I, = =

0=, 0-(=0382) _19714]
I 3

By xuco0aHran TokIap OJIMHTY UKKUTA YCYJ OUjIaH XUCOOJIaHTaH ToKIap OuiaH
MOC TYIIaJI, Ba JIEMaK TYFpHU XUCOOJIaHTaH.

4. DKBUBAJICHT reHEepaToOp yCyiau OuiiaH [, TOKHU aHUKJIAILL.

r3

€3

4 lg

lo3

13

lno

I

ONTUHYY PE3UCTHUB JIEMEHT (I'g) —1aH YTaéTraH TOK Ky4u Kyiunaru hpopmyia

OPKAaJIH TOIMIAIN:
I, = e (1)

by dopmynaga v,, Bar, - aHMKMac.
[y kaTTaNMKIIApHU aHUKJIAUMU3.
16



Vxx ~OJITUHYU TAPMOK Y3UWJITdaH XOJAaTUAAlru CAJIT UIJIAIl KYYJIaHUIIIN.

—O |

)

I

lo2 S

) lo2

1
I €2

Is

UXX

4
1

v

l-Jxx = U24

—_ — 7l 1
V=V, =151 15
| Ba [ TOKJIApUHU KOHTYpP TOKJIAp YCyJU OWIIaH aHUKJIAMU3.

1-41 KOHTYPHUHT XyCYCHUI KapIIWIUKIAPH :
r11= Fog+ra+ry+rgy+r,=1.2+4+4+0.8+6=16  [om]

2-4M KOHTYPHHHT XyCyCHH KapUINIHKIapH:
Mo =TIy +lp+Ig+I = 6+0,8+3+4 = 13,8 [Om]

1 Ba 2 KOHTYPJIAPHUHT YMYMUN KapIIUIUKIApH:

17



Mo =M1 =TI+ Ip= 6+0,8 = 6,8 [Om]
buprHuM KOHTYpHUHT KOHTYp DHOKnapu:
&,=¢,-& =20-4=16 [B]

&,y =¢6,—&=20-6=14 [B]

JleTepMUHAHTIIApHUA XHUCOOIANMU3:

r, 16 6,8
A= B= =220,8 -46,24 =174, 56 [om]
r, I, [68 138
r,| 16 68
A = ) —~ 220,8-95,2 =125,6 [B.OM]
£, Ty, [4 138
r 16 16
A, =l — 2241088 =1152 [B.OM]
L, &, [68 14
S11 :ﬁz 1250 =0,72 [A] [B.OZm}ZEZ[A]
A 174,56 Om Om
szzzﬁ: 115,2 0,66 [A] [B.Ozm}ziz[A]
A 17456 Om Om
I;=-3,,=-0,72 [A]
IL=-3,=-066 [A]

18



v =I,-r,—1'-r,=-072-4+0,66-3=-2,88+198=-0,9 [B]
2 Ba 4 kucmuiapra HuCOaTaH KUPHII KapIIMIUTH I, HU XucoOnaiimus. byHnna ¢, ¢,
Ba &, JIAPHU 3aHXKUPJIAH OJIMO TalUIaliMu3 (.......pacM)

la =

Iz

lo2

r3 lo3 ]
1

Ras

R,

RR'I
R12

R R12

19



rs Ras

Rnoc 1

R3 Ri2

by cxemanapna: R,=r,=6+0.8=6.8 [om]
Ri=r3+roz=4+1.2=5.2 [Om]

Rye= R, I, _608-3 204 _1.478[om]
R,+r.+r, 68+3+4 138
R,+r.+r, 62+3+4 138
r+r. 4.3 12 _0.87

Rsi=R, +r,+1, 62+3+4 138

RHOCl:r4+ R25:4+1478:5478 [O M]

RHOC2=R3+R12=5-2+1-971:7-171 [OM]

RiociRiocs ~ 5478-7171 39,283
Ruoci + Rioes 5,478+7,171 12,649

Riap= 3,106

2 Rnap R51

3aHKUPHUHT KHUPHUIL KapIIWIATH
r,=Rpap+Rs;=3.106+0,87=3,976 [om]

9 _ —09 09
r,+r, 3976+3  6.976

=—0.129[A]

Rs

Rnoc 2

[OM]

Rs1

20



AHuknaHrad lg Tok Oollka ycysn OWJlaH TOMWJITaH TOKJIap OWJIaH MOC
TYIAAW, IIYHUHT Y9yH YHUHT TYFPU XUCOOJAHTaHIUTUTa TYMOH HYK.

5) BosnbTMeTp KYypCaTUIIIMHU aHUKJIAIIL.

BoabTMETpHUHT KYpCaTUIIMHU aHUKJIall yayH 0 HyKTacuHU epra yiaao
YHUHT ITOTEHITUATUHU

¢ =0 neb xucobmaiumms. (.......pacMm)Iap

TapMokaaru TOKJIapHU KOHTYP TOKJIAp YCylIu OWJIaH aHUKJIAHTAH TOKJIApPHU
KaOyn Kuiaub onamu3. JIeKMH TOKJIApHUHT MaH(Ul WIIOpaTWJIapUHU CcXeMaja
HYHATUIIUTApUHY Y3rap TUPUII YU OMIad MycOaT KUiauo oJlaMu3.

2

€3

lo3

Iy

1,=0.604 [A]
= 1.379 [A]

1,=0.775 [A]

Iz

I1

13

Is

1,=0.646 [A]
ls=0.733 [A]

le= 0.129 [A]

21



@ =@, +1;r,=0+0.775-1.2 = 0.93[B]
©, =@, +&, =0.93+4.00 =4.93[B]

»; =@, —1,r, =0-1.379-6 = -8.274[ B]
BoJbTMETp KIIPCATKUYH: I, = @, ¢, =4.93+8.274 =13.204[B]

6. Tamky KOHTYp Y4yH NOTEHIMAJT quarpamma Kypuii.
=0,93[B
@, =4.93[B]

YYuHYM HyKTaHUHT IOTCHIUAIIN:
@, =@, +1,r;, =4.93+0.775- 4 = 8.03[B]

@, =, +1,r, =8.03+0.129-3=8.417[B]
0, =@, — 1,1, =8.417-0.604- 4 = 6.001[B]
9o = 5 — &, =6.001—6 = O[B]

Tamku KOHTYp Y4yH KypWIraH MOTEHIHAN JUarpaMma .... pacMja
TaCBUPJIAHTaH.

Tamky KOHTYp Oyirua yMyMuil KapIIuiukiap HUFUHIACH:

RE:r03+r3+r6+r1:1.2+4+3+4:12.2[0m]
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Pacm. Tamiky KOHTYp y4yH KypHWIrad NOTEHIMAI AuarpaMmma.

On

v
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