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1. O6mue ykaszanus

[Ipuctymnasi K BBINOJHEHUIO KYpCOBOM pPaOOTHI, CTYyACHT AOJKEH H3YUUTh
paznen «DIEKTPUUECKHE I1ENH TEePEMEHHOTO CHHYCOMIAIBLHOTO TOKa» Kypca
«Teopetnueckue  ocHOBbI  3nekTpoTexHukn»  (TO3J), opueHTupyscb  Ha
PEKOMEHIOBAaHHYIO JINTEPATypy, U Pa3o0paThCs B PEIICHUH TUIIOBBIX 337ad IO MX
pacuery.

3amanue BKio4aer B ceOs 10 BapuaHTOB  CXEM DJIEKTPUYECKHUX Leneu
MEPEMEHHOTO CHUHYCOUJAIBHOTO TOKa, MOMJIEKAIIUX pacyeTy, s KaxIoul u3
KOTOpbIXx uMeeTcss 10 BapuaHTOB 3HAYEHUM MMapaMETPOB BXOJAIIUX B €€ COCTaB
aneMeHToB.  Bapuant 3anmanus omnpenensercs B coorBerctBuu ¢ MHC (tpu
nocaeaHue mudpset).

[Ipu odopmiennn paboThl HEOOXOIUMO PYKOBOJCTBOBATHCS CIIECAYIOIIUMU
o01MMHU TpeOOBAHUSIMHU:

1. Pabora BeImosHseTCS Ha JIucTax ¢Gopmarta A4, obopmiseTcs B CISAYIOIIEM
MOPSIAKE: TUTYJIBHBIM JIUCT, UCXOJIHbIC JAaHHBIE W pPACCUUTHIBAEMasi CXeMa,
COJIep>KaHME 3aJIaHUsl, BHITTOJIHEHHBIE PacUYeThl M AUArpaMMbl, UCTIOJIb30BaHHAS
JauTepaTypa.

2. B cxeme compotuBieHHs Zy TOJDKHBI OBITH 3aMEHEHBI dJIeMeHTaMu Ry, Ly nmun
Ck B COOTBETCTBHH C YKa3aHHBIMU B 33JIaHUN 3HAYECHUSIMH UX KOMITJIEKCOB.

3. PucyHKm, TOSICHSIONMINE XOJ PacyeToB, Pa3MEIIAIOTCS MO TEKCTY 3alUCKH H
HyMEpYyIOTCA. BEKTOpHbIE AMarpamMMmbl BBITIOJIHSIOTCS HAa OTACIBHOM JIMCTE
pasMepoM, 00eCTIeUMBAIOIIMM YyIOOCTBO WX TMOCTPOCHHS U MPOBEPKH, C
yKa3aHUEM COOTBETCTBYIOIIUX MACIITA00B JIsl HAPSDKEHUM U TOKOB.

4. PemieHue ciemayeT COMPOBOXKJATh KPAaTKUMH MOsSICHEHUsAMH. Bce pacueTHbie
dbopMysbl 3amUCHIBAIOTCA CHadaja B oOmeM (OyKBEHHOM) BHUIE, a 3aTeM
MOJACTABIIAIOTCS YHUCJIEHHBIE 3HAYEHHMS COOTBETCTBYIOIIMX BeluuuH. [lpu
MEepBOM 3amucH, 1O XOAy TMOSCHUTEIHHON 3amucku, OYKB (CHMBOJIOB)
HUCXOJHBIX U PACCUUTHIBAEMBIX BEJIWYUH (BJIC, HANPSIKEHUH, TOKOB,
COMPOTUBJICHUN M T.M.), JOJDKHO OBITh YKa3aHO, KaKoW mMapameTp OHU
0003HAYaIOT U B KAKUX €AMHUIAX U3MEPEHUST UCIOJIB3YIOTCS B pacyeTax.

5. Ilpu pemieHuu cineayeT moJib30BaThCsl MEXKIyHAPOAHOU cucteMoi enunui] CU.
B mpomexyTounblx (popMmysax HaMMEHOBAHHE BEJIMUMH HE YyKasbiBaeTcs. B
OKOHYATEIbHBIX pe3yJbTaTax 00s3aTeIbHO yKa3aTh €JWHUIIBI U3MEPECHUS, B
KOTOPBIX MOJTYYEH OTBET.

6. PacdeTbl BBITIOJHSAIOTCS METOJOM KOMIUICKCHBIX BETUYHH (CHMBOJMYECKUM
MeToaoM). [lorpemHocTs pe3yapTaToB MO pe3ysibTaTtaM MPOBEPKH HE JOJIKHA
npesbimath 0,5%.

7. He pomyckaercsi BHECEHHE WCIpaBIeHUN B MPOBEpeHHYH padory. Bce
WCITPaBJICHUS U JOTIOJIHCHUS TI0 3aMEYaHUsIM MIPETNO0/1aBaTelis BHIOTHIIOTCS Ha
MOCJEAYIONINX YACTHIX JIUCTaX.




2. Coaepxxanue padoTbl

I[JISI BHGKTquCCKOﬁ 11(S28051 IICPCMCHHOI'O CHUHYCOUOAJIBHOT'O TOKa,
COOTBCTCTBYIOHICﬁ HHAUBUYAJIbBHOMY 3aJJaHHUIO, H€O6XOI[I/IMO BBIIIOJIHHUTD
CICAYIOIIHC paCuYCThI U Fpa(I)I/I‘IGCKI/Ie IMOCTPOCHUA:

1.

2.

COCTaBUT CHCTEMY YypaBHEHHH MO 3akoHamM Kwupxroda B HHTErpagbHO-
nudepeHIaaIbHOM BH/IE 111 MTHOBEHHBIX 3HAYCHHH HANPSHKEHUH M TOKOB;
BBIIMIOJIHUTh PAacyeT TOKOB B BETBIX JJIEKTPHUYECKON IIEMH METOIOM,
yKa3aHHBIM B BapHaHTC 3aJaHMs, C MPOBEPKOH MPABHILHOCTH PacuCTOB
MOCPEACTBOM OajaHca MOUTHOCTEN U OIIEHKOW X TOYHOCTH;

OINPEICIUTh PEKUMBbI PabOThl HCTOYHHKOB, MMEIOMIMXCA B 3aJaHHOMN
AIEKTPUYECKOU 1IN,

paccuuTaTh TOK B YKa3aHHOW BETBH MJIM HANPSDKECHHE XOJIOCTOTO XOJa MEXKITY
3aJJaHHBIMH y3JIaMH METOJIOM 3KBHBAJICHTHOTO reHepaTopa (MOI);

JUIs 3aaHHOTO ToKa I(t) mim Hanpspkenus U(t) mocTpouTh rpak MTHOBEHHBIX
3HAYCHUM;

paccuuTaTh IOKa3aHUS BaTTMETPa, BKIIOYCHHOIO B OJHY M3 BETBCH
SIIEKTPUUYCCKOMN IICTIH;

IOCTPOUTh BEKTOPHYIO JHArpaMMy TOKOB W HAaIlPsOKEHHHM 11 BETBH, B
KOTOPOW BKJIFOUEH BATTMETP.



3. Bapuaurtsl 3aganus

3.1. Dnexrpuueckas uens (Bapuantel 0 + 9), mojexaias pacuery, OnpeaesieTcs
110 nocieonell yugpe MHIUBUyaIbHOTO HOMeEpa ctyneHTa. Hampumep: MHC 053-
00018 — pacuernas cxema: BapuanT 8; MHC 053-00186 — pacuernast cxema: BapuaHT
6.

3.2. UucrneHHble 3HAYEHHUS I[apaMETPOB CXEMbI, a HMEHHO: JACHCTBYIOIIHE
3HAYEHHMs MCTOYHUKOB 31C E j M TOKOB J j, UX HavalbHble Qa3bl ¥, , Vi, a TAKKE
KOMILIEKCBHI CONPOTHUBIIEHUN Z j, YTIIOBOM 4aCTOTHI wj MPUBOAATCA B Tabmumax NoeNe
1+10, pacnoyioKEeHHBIX MOJ COOTBETCTBYIOIIMMH BapHAHTAMH PACUETHBIX CXEM.
BapuaHT 4YHCIEHHBIX 3HAYEHUW  MApaMETPOB  CXEMbI  OINpeAeNseTcs 1o
npeonocieoneil yugpe MHINBUAYIbHOTO HOMepa cryaeHTa. Hanpumep: MHC 053-
00018 — uwncnennsie 3Hauenust o Bapuanty 1; MHC 053-00186 — uucnenunsie
3HAYEHUS 10 BapHaHTY 8.

3.3. B 3aBUCUMOCTH OT UE€MHOCHU CYMMbL O08YX HOCIEOHUX UUPpp
WHIUBUIYAIbBHOTO HOMEpa CTYACHTAa ONPENEISIOTCI OCHOBHOM METOJ pacyera
AIEKTPUYECKON 1enu: MeToa KOHTYpHbIX TOKOB (MKT) unu y3710BBIX MOTEHIMAIOB
(MVII). Ecnu cymma uemnaa — MKT, eciiu newemnas — MYI1. Hanmpumep: MTHC Ne
053-00018 — cymma meuetnas (1+8=9), ocaoBuoit meroq MYIIT; MHC Ne 053-00186
— cymMa yetHas (8+6=14), ocnoBuoit merogq MKT.

3.4. B 3aBUCHUMOCTH OT uemHOCHU CYMMbl mMpexX HOCACOHUX UUPDp
VH/IMBUYATBEHOTO HOMEpA CTYICHTa ONpEeIeIIIeTCsl IS Kakoro mapameTpa (Toka iy(t)
win HanpspkeHus Ug(t)) HeoOXOIMMO BBITOJHUTH pacuyeT MTHOBEHHOTO 3HAYCHHUS
METOJIOM 3KBUBAJIEHTHOTO T'€HEPAToa U MOCTPOUTH ero rpaguk. Eciu cymma uemnasn
— PacCYMTHIBACTCS MTHOBEHHOE 3HaUEHUE M cTpouTcs rpaduk (), ecnn nHeuemnasn
- k(D). Hanpumep: HMHC 053-00654 — cymma HedetHas (6+5+4=15),
paccunThIBacTCs 3Ha4eHUEe U cTpoutcs rpaduk Uy(t); 3aderHas kHmkka Ne (053-
00273 — cymMma vetHast (2+7+3=12) — MrHoBeHHOE 3HaYeHHE U rpaduk i(t).

3.5. BetrBb, B KOTOPYIO JOJKEH OBITh BKJIIOUEH BATTMETP, U JJISI KOTOPOH
ClIeIyeT CTPOUTh BEKTOPHYIO auarpammy, ykasbiBaeTcss B TaOmmiax NeNe 1+10
cienyromuM oopazom: W = 3, 7, 9T0 03HaYaeT: BATTMETP BKIIIOUAETCS B OJHY M3
BETBEH, PACIOJIOKEHHYIO MEXIY y3J1amMu 3 u 7.

BekropHast auarpamMmma CTpOMTCS JUIsl TOKa 3TOM BETBU W HampsbkeHus Usg;.
Pucynku u tabmuupt  NeNe 1+10 cOOTBETCTBYHOUIMX BapUaHTOB MPHUBEACHBI B
npuioxxeHuu Ne 1.



4. MeToauvecKkue yKazaHusl

IIpy  nmpoBemeHuMM  pacy€ToB  DJIEKTPUYECKHX  LENEH  MEPEMEHHOTO
CUHYCOMJAIBHOTO TOKAa CUMBOJMYECKMM METOJOM PEKOMEHAYETCS HCIOJIb30BAThH
JNEUCTBYIOIME 3HAYEHUSI KOMIUIEKCHBIX BEJIMYMH.

B mponecce nNOATOTOBKM M NPOBEACHUS PACUYETOB JJIEKTPUUECKUX LIETEH
CUHYCOUJAIBHOIO TOKa HEOOXO0IUMO:

- Ha OCHOBE aHalu3a DJJICKTPUYECKOW LEeNM M 3aJaHds OIPEHECIUTh IOPAIOK
pelieHus 3a1auu;

- BbIOpaTh (€CIM HE yKa3aH) pallMOHAJIbHBIM METO pacuéra 3JIEKTPUUECKOH 1IeTH;

- 3amMcath B CUMBOJIMYECKON (opMmMe HEOOXOAMMBIE Al NPOBENCHUS pPacdEéToB
BEJIMYMHBI (COMPOTUBIIEHUS, IPOBOJUMOCTH, 3JC U T.IL.);

- Ha OCHOBE BBIOPAaHHOTO METOJa COCTaBUTh CUCTEMY ypaBHEHUN uid pacuéra
KOMIUIEKCOB HCKOMBIX BEJINYHH;

- IIOCJIE PEUIEHUSI CUCTEMBI YPABHEHHMM ONPENEIINTh KOMIUIEKCHI UCKOMBIX TOKOB B
BETBSX;

- NPaBWIBHOCTh PACUYETOB TOKOB OLIEHWUTH IYTEM IPOBEPKHU BBINOJIHEHUS OajlaHca
MOIIIHOCTEH;

- II0 KOMIUIEKCAM pACCUMTAHHBIX TOKOB W HAIPSIKEHUM OINPENEIAIOTCS MX
JEHCTBYIOLIME 3HAYEHHUS, & TPH HEOOXOUMOCTH U MTHOBEHHBIE.

[Ipumep 1. Pacyér anexTpuyeckon enu CHHyCOMAANBHOTO TOKa METOIOM

Y3JI0BBIX IIOTCHOHAI™ ™™

R ¢ I3 .
1 P —> 0P

Pucynok 1
Jlano:
e1(t) = 179,6-Sin(wt + 30°) B;
e,(t) = 50+/2 -Sin(wt - 90°) B;
R1=100mM; R2=1000wm; R3=1000wMm; R4=1500wm;

R5=3000mM; L=5THu; C =1 mkd; f=50TIu;




COCTaBUTL CHCTEMY YpaBHEHMH 10 3akoHam Kwupxroda B HMHTErpaibHO-
maddepentmanshoi popme. ONpeenuTh TEHCTBYIONINE 3HAYEHUS TOKOB B BETBSIX,
MOLIHOCTb HCTOUHNKA Ey, HaiiTh BrIpakenue: i, (1) =Iy_sin(@? +y, ).

2 2

4.1. Cucrema ypaBHenuii no 3akonam Kupxroga B mHTErpaJjibHo-

nugdepeHIMATBHOM BHAE AJIsI MTHOBEHHbBIX 3HAYEHUI TOKOB U HATIPSIXKEHU A

JInst coctaBiieHus ypaBHEHHH 10 3akoHaM Kupxroda mpou3BoiIbHO BhIOHpacM
YCJIOBHO - IMOJIOXHTEJIbHBIC HAMPABJICHUS TOKOB B BETBSX W HAIPABICHUS 00X07a
KOHTYPOB (CM. pUCYHOK 1).

B paccmatpuBaemoii cxeme: y3noB ( = 4, BeTBe p = 6, HE3aBUCHUMBIX
KOHTYpoB n =p — (q -1) = 6 — (4 — 1) = 3. CienoBareibHO, 10 TEPBOMY 3aKOHY
Kupxroga 1omkHo ObITh cocTaBieHo (q —1) = 3 ypaBHEHWUsI, a 0 BTOPOMY 3aKOHY
Kupxrodpa n =3 ypaBHeHwUs.

JI711 MTHOBCHHBIX 3HAYCHUI TOKOB, HAMPSHKEHUH U 3]IC CUCTEMa YPaBHEHUH 110
3akoHaM Kupxroda umeer Bu:

i1(t) + i2(t) — i5(t) = 0; (1)
i3(t) —14(t) —is(t) = O; (2)
14(t) — is(t) + 16(t) = 0; (3)
Urs(t) — uL(t) = ea(t) — ex(t); (4)
UL(t) + Ura(t) + Uc(t) + Ura(t) + Urs(t) = ex(t); ()
- Ura(t) — Uc(t) + Urs(t) = 0. (6)
C ygerom TOrO, 4TO:
(6= fuy (0t ic=cel);
uL(x):L%; uc(t):%-jic(t)dt,
(1), ..., (6) 3anuchIBalOTCS B BUJIE:
0+ [, (0t 1) =0;
(7)
d
- iy =o: (8)
d
iy +iy=0; ©

i0-R, -1 — e, (9,0 (10)



di 1
L iy om, + it R, iR =0t 1)

duc(® 1 j i,()dt+i () Rs =0. (12)

-R,-C
! dt

4.2. Pacuet TOKOB B BETBSIX JIEKTPUYECKOH LEeNH

Pacuer BeIMONHEH METOJIOM  y3JIOBBIX MOTEHIIUAJIOB, JPYTrU€ METO]IbI
paccMOTpEHHI B Kypce JeKIuil u B yueOHoit nureparype [1], [2], [3], [4].
Kowmrekce! aerictByrommx 3HaueHui 3¢ By n Ep:

* 300 ° 502 °)
E, =179,6-6J 30 : E, = J( 90 (13)
V2 N

B Beipaxkennu (13) HavaneHbie (asbl 9a¢ e, U e, yKa3aHBI B IPagycax, HO
JUTSL BBITIOJTHEHUST PACUE€TOB HEOOXOAMMO MEPEBECTU UX B PaJIUAHBI:
° 179,6 j.300 v ° 502 ]'.(_9()0).7L
Ei = e ; Erx=——-+-¢€ :

V2 V2

14)

rme A= - K09QGUIIMEHT TIepeBO/Ia IPATyCOB B paJIaHBbI.

180

B cooTBetcTBHM ¢ BbIOpaHHON Hymepainuen y3ioB (puc.l) cucrema ypaBHEHUN
JUIsL pacdyeTa KOMILUIEKCOB TOTEHIIMAJIIOB Y3JIOB B OOIIEM BHUJE MpeJCTaBlIcHA
cucremoii (15):

P1 Y11 — 92 Y12 —93 Y3 =le’

< -(01Y21+(02Y22—(03Y23=J2 , (15)

N\ '¢1Y31 '¢2Y32+§03Y33 :J3y1

rac




1
Y23 =Y3 = T
R,—i —
4~ C
J1 =E+.E—2; A;
y Rl _](DL

B pesynbrare pemienus cucteMbl (15) mosiydaeM KOMILUIEKCHI MOTEHIIMAIOB

[ )
PP,y Py

Komrutekcebl AeHCTBYIOMMX 3HAYEHUH TOKOB B BETBSIX CXEMBI, ITOCIIE BEIOOpA UX
MOJIOKUTEINIBHBIX HAIMIPABIICHHH (PUCYHOK 1), OIpenestoTCs BRIPAKEHUSIMU:

Lo S R
[ =Po=P1tEl 1, Q1792 I[s=%3"%.
Ry Ry Rs
Lo . - N
[y = Po=P1F 2. 4= %2793 . g _P2795. (16)
J-oL R —JL R5
4 oC
riae gz)O:O.

JleficTByIoIME 3HAYEHUSI TOKOB B BETBAX ompeneisitorcs u3 (16), kak Moayinu
KOMILIEKCOB COOTBETCTBYIOIIUX TOKOB.
Hanpuwmep, nelictByroniee 3HaueHue Toka |; onpenensercs: BeIpaKeHUEM:

1, = [Re(in]? +[m(inP ; a7

rne  Re(I1) - peanpnas yacth komiuiekca I1;

Im(I1) - maUMas yacte kommiekca 1.



JInst 3amucu BhIpaKEHUST MTHOBEHHOTO 3HA4YeHUs Toka, Hampumep (1),
HE00X0MMO HaWTH 3HAYEHMs aMIUIMTYJbl 3TOoro Toka I, M ero HauanbHyio Qasy

2
)
AMHJII/ITy,Z[a TOKa OIIpCACIIACTCA 4CpPE3 €TI0 I[CﬁCTBYIOHICC 3HAYCHUC:
I =1,-42.
2
HauanbHast da3a |/ 3aBUCUT OT pacHoJI0KEHUs] BEKTOPA, B ITaHHOM Cllydae BEKTOpa

Toka I2 , Ha KOMILJICKCHOU IIOCKOCTH, IIPHU 3TOM BO3MOJKHBI UYCTBIPC BapHUAHTA:

i
g . ? g
2 @ I w
F 2\ BN
78 V.
X E Za S
a +1 'a +1
0° <y. <90°; 90° <y. <180°;
) )
azarctgé>0; azarctgi<0;
a —a
v, =a; y; =180° +a;
2

3) , + NU 5 4 é\ o

-a. 2(\ r\ a
A\ a +1 L+
Ex l/ji\'? o 1
| 2 |
A b L
12 o I2
180° <y; <270°; 270° <, <360°;
2
a:arctg_—b>0; azarctg_—b<0;
—a a
_ 0 ) _ 0 _
1//i2 =180" +«; Wiz =360"+ta=«.

Tornma MraoBeHHOE 3HaYeHHE TOKa I(t) 3amuchIBaeTCs B BUIC:

b () =1y Sin(@-1+y; ). (18)
2



['paduk M3MEHEHUS] MTHOBEHHOT'O 3HaYCHHS TOKa 1»(t) MOkeT OBbITh MOCTPOCH
no ¢pyukmuu (18).

Komriekc mojHoi MOIIHOCTH HCTOYHHKA E2 OIIpCACTIACTCA BbBIPAKCHUCM:
*

gEz =By ly =P ij'QEz;
*

rae I » - KOMIITIEKC, CONPSKEHHBIN KOMILJIEKCY TOKa 12 :
PE - aKTUBHAas MOIITHOCTb UCTOYHHKA E ,,
2

Qg - PEaKTUBHASI MOIITHOCTh UCTOYHUKA E 5.

Econ PE ,

> (), ICTOYHMK paboOTacT B peKUME I'eHEepaTopa, eCliu PE < 0 — pexum
noTpeOuTENs.

4.3. PacueT TOKa B BeTBH METOJA0M KBUBAJIEHTHOI'0 reLeparTropa

Jlonyctum, B 3aaHun TpedyeTcst paccuutath Tok Ii(t) (pucynok 1). Cxema st
pacueta HanpspkeHUus Uy, UMEeT BU:

Pucynok 2

[To BTOpomMy 3akoHy Kupxroda:

ToKa 1’2 MeToaOM ABYX y3JI0B IpEACTaBICHA Ha PUCYHKE 3.

Uxx =E2-1"2-j-x;. Cxema ans pacuera



Pucynox 3
-E>. 1 -
21 = 1 1 1 )
. + . +
. E>—U'21
Ttorga, I'2 = .

[Tocne Beruncienus Toka 1’2, onpenensiercs 3nauenne Uxx , KOMIUIEKC
KOTOPOT'0O YMCJICHHO PABEH 3JIC SKBUBAJIEHTHOTO F€HEpaTOpa:

Eor = Uxx.

Cxema AJIs1 pacdeTa COIPOTUBIICHUS SKBUBAJICHTHOI'O reHEPAaTOpa UMECT BU!

a
R2 LC

Pucynox 4

Kommieke moaHoro conpoTUBIEHUS SKBUBAIICHTHOTO T€HEpPATOpa
OMPEIEIIACTCS BEIPAXKECHUEM:



Rs-(Ry—jx,.)

R, +R,; + X
Zor = ( ;
RS(R4—J-xC) .
4T Rs=]) X

Torga cxema 3KBUBaJIEHTHOI'O T€HEpaTopa Uil pacyeTa Toka 1 umeer BUA:

OGN
\
i |

X
ﬂ
6

Pucynox 5

*  Ei—Eor
OTKyZa h=——.
Ry +Z5

[To monyuyeHHOMYy KOMIUIeKCY I1 MOXHO paccuuTaTh 3HAYeHUS |lpny U Wiy 1S
3allUCH MCHOBEHHOTO 3HaveHus 11(t).

4.4. OnpenesieHne pe:xxuMoB padoThl HCTOYHHUKOB

PexxuMbl pabOThl KICTOYHUKOB CXEMBI (PUCYHOK 1) OmpeaenstoTcs o KOMILIEKCam

® X

MOJIHBIX MOITHOCTEH 3TUX UCTOYHUKOB S=E-1=P =+ jQ. Ecimu P > 0, uctounuk
paboTaet B pexxume reuepartopa, ecii P <0 - B pexume moTpeOuTes.



4.5. Pacyer nokazanuii BATTMeTpa

[Iyctp B 3amaHuM yka3aHO, YTO BaTTMETP JOJDKEH OBITh BKIIOUYEH B OJIHY W3
BeTBel Mexay y3namu 0 u 1. Mexay 3TUMH y31aMu MMEETCSl IBE BETBH, BbIOEpeM
OJTHY M3 HHX, HallpUMep, BETBb C MHAYKTUBHOCTHIO L 1 ucrounukom E; (pucyHok 6).

Pucynok 6

BarTmerp noimkeH OBITH BKJIIOUEH TakK, YTOOBI IOJIOKUTEIILHOE HampaBiICHUE
HanpsbkeHust Ug; coBmagano ¢ HampaBieHueMm ot kiaemMmbl Uk kinemme U, a

MOJIOKUTENIbHOE HAaIpaBJICHHE TOKAa JOJDKHO OBbITh BbIOpaHO COBMHAAAIONIUM C
HarpaBJICHUEM OT KjaeMMbl | k kiiemme .

Mo1tHoCTh, U3MepsieMasi BATTMETPOM, ONPEICTIICTCS BEIPAXKCHUEM:
Pw=U ol , Cos (1))
riae U g; — nelicTByrolee 3HaUCHUE HANPsDKeHUS Mexay y3aamu O u 1,
| , - neficTByrOIIEE 3HAUCHHE TOKA B BRIOPAHHOM BETBH,
@ = Y, - ¥ - yroa capura a3 mexay HanpsbkeHuem U o 1 Tokom | ».
Hauanbubie ¢asel y, U ¥ ONpeAessitoTCsl COOTBETCTBYIOIIUMH KOMIUIEKCAMH

Uoiu 12.



BapuanTel 3amanui

Bapuant cxembr Ne O

[Tpunoxenue 1

Pucynox 7
Tabmuia 1
0 1 2 | 3|4 5|16 |7|8]9
E3, [B] 10 6 | 42 | 12 9 11 | 35 | 20 | 15 | 39
Wes, [rpan] -15 | 20 | 45 | -60 | 54 |180| O | -25 | -90 | 275
E4, [B] 5 13 7 22 | 30 | 32 | 27 | 4 19 | 25
Wea, [Tpan] 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E5, [B] 21 | 14 | 18 9 27 | 15 8 11 3 6
Wes, [rpan] 17 | -55 | -37 | 63 |119 | -97 | 43 | 78 | -87 | 8
E7, [B] 14 | 21 5 19 7 4 12 9 7 15
Wer, [rpan] 13 | 65| 74 280 | -5 | 75 | -39 | 365 | 36 | -94
E8, [B] 4 3 10 5 13 | 21 4 19 | 24 9
Wes, [rpan] 90 | 45 | 275|135 | 45| 65 | 78 | -10 | -54 | -33
E10, [B] 7 19 | 13 | 15 | 14 6 18 5 10 | 13
Wero,[rpan] -14 | 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160
J1, [A] 4 2 7 1 12 5 3 8 6 3
Wi, [rpan] 105 |-59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25




[Tponomxenue Tadauibl 1

J4, [A] 2 8 1 4 1 9 5 3 3 7
Wi, [rpax] -80 | 73 | 18 | -51 | 354 | -81| 74 | -31 | 98 | 69
f, [T 50 | 75 | 100|150 | 50 | 75 [ 100 | 150 | 50 | 75
Z2, [Om] | -j30 | -j40 | j10 | 15 9 [-20] j12 | 25 |35 | 14
Z3, [Om] 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 6 | jl6
Z4,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25| j35 | 200 | -j15 | j20
Z5,[0Om] | j45 | 36 |-j50| 75 | j25 | -j40 | 53 | -j20 | j90 | 215
Z7, [OMm] 55 | -j30 | j20 | 30 |-j55| 90 | -j36 | j28 | j87 | -j75
Z10,[Om] | j15 | j63 | 120 | -j40 | 75 | -j30 | j9O | j71 | -j53 | -j75
Z11,[Om] | 22 | 41 |15 | j56 | -j35| j27 | 12 |-j38 | 145 | 10
Z13,[Om] | -j64 | j80 | -j61 | j15 | -j24 | 35 | 15 |21 | j13 | j25
I b | g | 05 | 0y | dyo | 0y | 03 | Mgz | by | g

Uk Uz | Ug3 | U2 | Usq | Ugp | Uz | Ugo | Usp | Uzg | Ug2
Bartmerp | 1,2 12,3(2,411,2|1,3(3,4/1,2|1,3(4,2|1,2

[Toscuenus k Tabmaure 1:
B tabnuiie ucmosib30BaHbl CIAEAYIOIHNE 0003HAYCHNUS:

13 - paCCUYMUTHIBACTCSI MITHOBCHHOC 3HAYCHHUE TOKA YCPE3 COIIPOTHUBIICHUEC

U3z - PACCUMTHIBAECTCSI MTHOBEHHOE 3HAUEHUE HAIIPSKEHUS XOJIOCTOTO X014 MEKTY
y3l1amu 3 u 2;

Bammmemp: 1,2 - BaTTMETp BKIIOYAETCS B OJHY U3 BETBEH MEXTy y3aamu 1 u 2;

Bexmopa: nomxHa ObITh IOCTPOEHA BEKTOPHAS AUarpamma JJid TOKa, TPOTEKAtOUIEro

I10 BETBU C BAaTTMCTPOM, M HAIIPAKCHUA MCKIY y3JIaMU 9TOM BETBHU.




Bapuant cxembr Ne |

2 78 E6

Z1 E9
1 4
Z3 3 Z10
Pucynox 8
Tabnuna 2
o123 4 5|6 |7]8]09
El, [B] 10 | 6 | 42 | 12 | 9 11 | 35 | 20 | 15 | 39
Wey, [rpan] -15 1 20 | 45 | 60| 54 | 180 | O | -25 | -90 | 275
E2, [B] 5 |13 | 7 | 22|30 |32 |27 | 4 |19 | 25
Weo, [rpa] 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E4, [B] 21 | 14 | 18 | 9 | 27 | 15| 8 | 11 | 3 6
Wes, [rpan] 17 | -55 | -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8
E6, [B] 14 | 21 | 5 | 19 | 7 4 112 | 9 7 | 15
Wes, [rpa] 13 | 65| 74 | 280 | -5 | 75 | -39 | 365 | 36 | -94
E9, [B] 4 3 /10| 5 |13 21| 4 |19 | 24| 9
Weo, [Tpan] -90 | 45 | 275135 | 45| 65 | 78 | -10 | -54 | -33
J2, [A] 4 7 4 5 [15 ] 8 5 3 9 7
Wi, [rpan] 5 |45 | 20 |-15 | 25| 20 | 35 |-40| 30 | 5
J3, [A] 7 2 7 1 12 | 5 3 8 6 3
Wis, [rpan] 105 -59|-28| 71 | 62 | -29 | -95| 45 | 73 | -25
J4, [A] 2 8 1 4 1 9 5 3 3 7




[Tpogomxenue TaOaUIbI 2

Wi, [rpan] -80 | 73 | 18 | 51 | 354 |-81| 74 | -31 | 98 | 69
f, [T 50 | 75 | 100|150 | 50 | 75 {100 | 150 | 50 | 75
Z1, [Om] |-j30 | -j40| j10 | 15 9 |-j20| j12 | 25 |-35| 14
Z3, [OmMm] 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 6 | j16
Z6,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25| j35 | 200 | -j15 | j20
Z8,[Om] | J45 | 36 |50 | 75 | j25 | -j40 | 53 | -j20 | j90 | 215
Z9, [OmMm] 55 | -j)30 | j20 | 30 | -j55| 90 | -j36 | j28 | j87 | -j75
Z10,[Om] | j15 | j63 | 120 | -j40 | 75 | -j30 | j9O | j71 | -j53 | -j75
Z12,[Om] | 22 | 41 |-j15| j56 | -j35 | j27 | 12 | -j38 | 145 | 10
I Iy I3 Ig ig o | I i3 Iy Ig iy
Uk Uz | U2 | U3 | Usq | Upg | Uz | Ugo | Upq | Uzg | Uge
Bartmerp | 1,2 12,312,4(1,211,3/43(1,2|1,3|3,4|4,2

[Tosscuenus k Tabmauie 2:
B tabnuiie ucnosib30BaHbl CASAYIOIINE 0003HAUCHUS:

ik - paCCYUTBIBACTCA MI'HOBCHHOC 3HAUYCHHUC TOKA YCPC3 COIIPOTUBJICHUC

Uz - PACCYUTBHIBACTCS MIHOBEHHOE 3HAYCHUE HAIIPSHKEHUS XOJI0CTOIO XO04a MEXIY
y3namu 4 u 2;

Bammmemp: 1,2 - BaTTMETp BKIIOYAETCS B OJHY U3 BETBEH MEXIy y3aamu 1 u 2;

Bexmopa: nomxHa ObITh IOCTPOEHA BEKTOPHAS AUarpamma JJid TOKa, TPOTEKAtOUIEro

I10 BETBU C BAaTTMCTPOM, M HAIIPAKCHUA MCKIY y3JIaMU 9TOM BETBH.




Bapuant cxembr Ne 2

Pucynok 9

Tabmuma 3

ES, [B] | 10 | 6 | 42 | 12 ] 9 | 11 | 35 | 20 | 15 | 39

Wes, [rpan] | -19 20 | 45 | -60 | 54 | 180 | O | -25 | -90 | 275

E6, [B] | 5 | 13| 7 | 22|30 | 32|27 | 4 | 19| 25
Wee, [rpan] | 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E7,[B] | 21 |14 |18 9 [27 15| 8 |11 | 3 | 6
Wer, [rpax] | 17 | -55 | -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8
E8, [B] | 14 |21 | 5 |19 | 7 | 4 [12] 9 | 7 |15
Wes, [rpax] | 13 | 65 | 74 [ 280 | -5 | 75 | -39 | 365 | 36 | -94
E9, [B] | 4 | 3|10 5 [13 21| 4 |19 [ 24 9




[Tponomxkenue Tad. 3

Weo, [rpan] 90 | 45 | 275|135 | -45 | 65 | 78 | -10 | -54 | -33
E10, [B] 7 19 | 13 | 15 | 14 6 18 5 10 | 13
Wero,[rpan] -14 1 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160
J3, [A] 4 2 7 1 12 5 3 8 6 3
Wis, [rpan] 105 | -59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25
J4, [A] 2 8 1 4 1 9 5 3 3 7
Wi, [rpan] -80 | 73 | 18 | 51 | 354 |-81| 74 | -31 | 98 | 69
f, [I'u] 50 | 75 {100 [ 150 | 50 | 75 [ 100|150 | 50 | 75
Z6, [Om] |-j30|-j40| j10 | 15 9 [-20] j12 | 25 | -j35| 14
Z7, [OMm] 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 6 | j16
Z8,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20
Z9,[Om] | j45 | 36 |-50| 75 | j25 | -j40 | 53 | -j20 | j9O | 215
Z10,[Om] | 55 |-j30| j20 | 30 | -j55| 90 | -j36 | j28 | j87 | -j75
Z11,[Om] | j15 | j63 | 120 | -j40 | 75 | -j30| j90O | j71 | -j53 | -j75
Z12,[Om] | 22 | 41 | -j15| j56 | -j35| j27 | 12 |-j38 | 145 | 10
Z13,[Om] | -j64 | j80 |-j61 | j15 | -j24 | 35 | 15 | -j21 | j13 | j25
I ig I7 Ig Ig Ig 11 I13 12 I7 Ig
Uk Uz | Usg | Ugp | Uszg | Ugp | Ugz | Ugz | Upz | Uz | Usp
Bartmerp | 1,2 12,312,4(1,211,3/2,3(1,2|1,3|2,4|1,2

[Tosscuenus k Tabaure 3:
B tabnuiie ucnoib30BaHbl CAEAYIOIIME 0003HAUCHUS:

ik - paCcCYUTBIBACTCA MI'HOBCHHOC 3HAUYCHUC TOKA YCPC3 COIIPOTUBJICHUC

U2 - pacCUMTHIBAETCSI MTHOBEHHOE 3HAUEHUE HAIPSKEHUS XOJIOCTOTO X012 MEXKY
y3namu 1 u 2;

Bammmemp: 1,2 -BarTMeTp BKIIIOYAETCS B OJJHY U3 BETBEU MKy y3namMu 1| u 2;

Bexmopa: nomxHa ObITh IOCTPOSHA BEKTOPHAS AMarpamMma JJis TOKa, TPOTEKAIOIEro

10 BETBU C BATTMETPOM, U HAMNPSIKECHUS MEXKIY Y3JIAMU 3TOU BETBH.




Bapuant cxembr Ne 3

Pucynoxk 10
Tabnuna 4
ol 12|34 |5 |6 /|7|8]9
El, [B] 10 | 6 | 42 |12 | 9 | 11 | 35 | 20 | 15 | 39
Wer, [rpan] | 19 20 | 45 | -60 | 54 | 180 | O | -25 | -90 | 275
E4, [B] 5 |13 | 7 | 22|30 |3 |27 | 4 |19 ] 25
Wes, [rpan] | 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E5, [B] 21 | 14 | 18 | 9 | 27 |15 | 8 | 11 | 3 6
Wes, [rpan] | 17 | 95| -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8
E7, [B] 14 | 21 | 5 | 19 | 7 4 112 | 9 7 | 15
Wez, [rpan] | 13 | 65| 74 |280 | -5 | 75 | -39 | 365 | 36 | -94
E8, [B] 4 3 110 | 5 |13 |21 | 4 |19 | 24| 9




[Tponomxkenue Tadauibl 4

Wes, [Tpan] -90 | 45 | 275|135 | -45| 65 | 78 | -10 | -54 | -33

E10, [B] /119113 15|14 ) 6 |18 | 5 | 10 | 13

Weio,[rpan] -14 1 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160

2,IA] | 4 | 2 | 7 | 1 |12|5 ]| 3] 8| 6| 3

W, [rpan] 105 -59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25

J3,[A] | 7 |21 | 14 |10 | 25 | 15| 9 | 53 | 16 | 35

Wis, [rpan] 5 |45 | 25|30 |15 |-40| 8 | 5 | 23| 25

WA | 2814195 ]3]3]7

Wi, [rpan] | 25 | 45| -10 | 50 | -70 | 80 | 15 | -25 | 40 | -10

f, [['u) 50 | 75 | 100|150 | 50 | 75 | 100 | 150 | 50 | 75

Z1,[Om] | 20 | 10 | 15 |-j20| j30 | 15 | 12 | -j10| 35 | -5

Z3,[Om] | 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 | 6 | j16

Z6, [Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20

Z7,[Om] | j45 | 36 | -j50 | 75 | j25 | -j40 | 53 | -j20 | j9O | 215

79,[Om] | 55 | -j30 | j20 | 30 | -j55 | 90 | -j36 | j28 | j87 | -j75

710, [Om] | j15 | j63 | 120 | -j40 | 75 | -j30| j9O | j71 | -j53 | -j75

Z11,[Om] | 22 | 41 | -j15] j56 | -j35 | j27 | 12 | -j38 | 145 | 10

Z13,[Om] | -j64 | -j40 | j10 | 15 | 9 |-j20|j12 | 25 | 3 | 14

Ik I lg lg I7 I10 111 I3 113 I7 I

Uk Upz | Upz | Ugp | Uszg | Ugp | Uz | Ugg | Uz | U3y | Uszg

Barrverp | 1,2]12,3(12,4]1,2(1,3/3,4|1,2|1,3|42]|1,2

[Toscuenus k Ta6auie 4.
B tabnuiie ucmosib30BaHbl CAEAYIONINE 0003HAUCHUS:
l13 - pacCUMTHIBACTCS MTHOBEHHOE 3HAYCHHUE TOKA Yepe3 CONMPOTHBIICHHE  Z 13
U3, - pPaCCUMTHIBAETCS MTHOBEHHOE 3HAUCHHE HAMPSHKECHUS XOJIOCTOTO X042 MEXKITY
y351amu 3 u 2;
Bammmemp: 1,2 -BarTMeTp BKIIIOYAETCS B OJJHY U3 BETBEU MKy y3naMu | u 2;
Bexmopa: nomxHa ObITh TOCTPOSHA BEKTOPHAS IUarpamMma JJis TOKa, TPOTEKAIOIIEr0
MO0 BETBU C BATTMETPOM, M HAMPSHKEHUSI MEXKIY y371aMHU 3TOW BETBH.



Bapuant cxembl Ne 4

Pucynox 11

Tabmnura 5

EI,[B] | 10 | 6 | 42 | 12 ] 9 | 11 | 35 | 20 | 15 | 39

Ve, [rpan] | ~19 20 | 45 | -60 | 54 | 180 | O | -25 | -90 | 275

E2, [B] | 5 | 13 | 7 | 22 | 30 | 32 | 27 | 4 | 19 | 25

Voo, [rpax] | 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98

E3, [B] 21 | 14 | 18 | 9 | 27 |15 | 8 | 11 | 3 6

Wes, [rpax] | 17 | -55 | -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8

E4, [B] 14 | 21 | 5 | 19 | 7 4 |12 | 9 7 | 15

Wes, [rpan] 13 | 65| 74 |280| -5 | 75 | -39 | 365 | 36 | -94

E5, [B] | 4 | 3 |10 | 5 | 13 |21 | 4 | 19 | 24 | 9




[Tponomxkenue Tabdi. 5

Wes, [rpan] 90 | 45 | 275|135 | -45 | 65 | 78 | -10 | -54 | -33
J1, [A] 4 2 7 1 12 5 3 8 6 3
Wi, [rpan] 105 |-59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25
J2, [A] 2 8 1 4 1 9 5 3 3 7
Wi, [rpan] -80 | 73 | 18 | 51 | 354 | -81 | 74 | -31 | 98 | 69
f, [I'u] 50 | 75 | 100 | 150 | 50 | 75 | 100 | 150 | 50 | 75
Z1, [Om] |-30|-j40| j10 | 15 9 [-20] j12 | 25 |35 | 14
Z2, [OMm] 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 6 | j16
Z3,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20
ZA4,[Om] | j45 | 36 |-50| 75 | j25 | -j40 | 53 |-j20 | j90 | 215
Z5, [Om] 55 | -j30 | j20 | 30 | -j55| 90 |-j36 | j28 | j87 | -j75
Z6,[Om] | jJ15 | j63 | 120 | -j40| 75 | -j30 | j90 | j71 | -j53 | -j75
Z7, [Om] 22 | 41 |-j15] j56 | -j35| j27 | 12 | -j38 | 145 | 10

I b | g | 05 | 07 | dg | 03 | 0y | dp | 07 | g
Uk Ugz | U2p | Ugp | Ugq | Upg | Ugg | Ugp | Ugp | Uzg | Ug2
Bartmerp | 1,212,421 |1,3|1,4(3,4/1,2|1,3(4,2)|1,2

[Tosicuenus k tabmnuiie 5:
B tabnuiie ucnoib30BaHbl CAEAYIONINE 0003HAUCHUS:

I3 - PaCCUMTHIBACTCA MIHOBCHHOC 3HAYCHHUEC TOKA YEPE3 CONPOTHUBIICHUEC

U4 - pACCUMTHIBAETCS MTHOBEHHOE 3HAUEHUE HAMIPSHKEHUS XOJIO0CTOTO X0a MEXKITY
y3iamu 3 u 4;

Bammmemp: 1,2 - BaTTMeTp BKJIIOYAETCS B OJIHY U3 BETBEU MEXIy y3naMu | u 2;

Bexmopa: nomxHa ObITh TOCTPOSHA BEKTOPHAS IUarpamMma JJis TOKa, TPOTEKAIOIIET0

10 BETBU C BATTMETPOM, U HANPSIKEHUS MEKY y3JIaMU 3TOW BETBU.




Bapuant cxembl Ne 5

E2 5 78 E6

()
/

Pucynok 12

Tabmura 6

E2, [B] | 10 | 6 | 42 | 12 ] 9 | 11 | 35 | 20 | 15 | 39

Weo, [rpan] | ~19 20 | 45 | -60 | 54 | 180 | O | -25 | -90 | 275

E4, [B] | 5 | 13 | 7 | 22 | 30 | 32 | 27 | 4 | 19 | 25

Ve, [rpax] | 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98

E5, [B] | 21 | 14 | 18| 9 | 27 [15] 8 |11 | 3 | 6

Wes, [rpax] | 17 | -55 | -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8

E6, [B] 14 | 21 | 5 |19 | 7 4 |12 | 9 /7 | 15

Wes, [rpan] 13 | 65| 74 | 280 | -5 | 75 | -39 | 365 | 36 | -94

E7, [B] | 4 | 3 |10 | 5 | 13 |21 | 4 | 19 | 24 | 9

Wer, [rpan] -90 | 45 | 275|135 | -45| 65 | /8 | -10 | -54 | -33

ES8, [B] 10 | 11 | 15 |1 20| 5 |14 | 18 | 4 | 14 | 25




[Tpogomkenue TabIUIBI 6

Wes, [rpan] 63 | -25|-34| 80 | 55 | -25| -39 | 35 | -30 | -50

EQ, [B] | 4 | 3 |10 | 5 | 13 |21 | 4 | 19 | 24 | 9

Weo[rpan] | 14 | 29 | 62 | 187 34 | 82 | 27 | 58 | 90 | 160

E10, [B] | 7 | 19 | 13 | 15 | 14 | 6 | 18 | 5 | 10 | 13

Wero[rpan] | -14 |15 | 62 | 10 | -35 | 282 | -20 | 48 | 40 | -60

WA | 2814195337

Wi, [rpan] | 80 | 73 | 18 | -51 | 3541 -81 | 74 | -31 | 98 | 69

f, [['u) 50 | 75 | 100|150 | 50 | 75 | 100|150 | 50 | 75

Z3, [Om] |j30|-j40| j10 | 15 | 9 |-j20|j12 | 25 |-j35| 14

Z6,[Om] | 10 | 20 | 15 | -j5 | j41 | 10 | 18 | 5 | 6 | j16

Z7,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20

Z8,[Om] | j45 | 36 | -j50 | 75 | j25 | -j40 | 53 | -j20 | j9O | 215

710, [Om] | 55 | -j30 | j20 | 30 | -j55 | 90 | -j36 | j28 | j87 | -j75

Z11, [Om] | j15 | j63 | 120 | -j40 | 75 | -j30 | j9O | j71 | -j53 | -j75

Z12,[Om] | 22 | 41 | -j15| j56 | -j35 | j27 | 12 | -j38 | 145 | 10

713, [Om] | -j64 | j80 | -j61 | j15 | -j24 | 35 | 15 | -j21 | j13 | j25

Ik I3 lg I7 I l10 111 lg P I7 I12

Uk Upz | Ups | Uyg | Uszg | Ugp | Uzg | Ugz | Uz | Uzg | Upp

Barrmerp |11,2]12,3(3,4]1,2|1,3|3,4[3,2]1,3[41|1,2

[Tosicuenus k Tabaure 6:
B tabnuiie ucnoib30BaHbl CAEAYIONINE 0003HAUCHUS:
l13 - paCCUMTHIBACTCS MTHOBEHHOE 3HAYCHHUE TOKA Yepe3 CONMpPOTHBIICHHE  Z 13
U3z - pPaCCUMTHIBAETCS MTHOBEHHOE 3HAUCHHE HAMPSHKEHUS XOJIOCTOTO X012 MEXKITY
y3J1amu 3 u 2;
Bammmemp: 1,2 - BaTTMeTp BKJIIOYAETCS B OJIHY M3 BETBEW MeX1y y3namu 1 u 2;
Bexmopa: nomxHa ObITh TOCTPOSHA BEKTOPHAS IUarpamMma JJis TOKa, TPOTEKAIOIIETo
M0 BETBU C BATTMETPOM, M HAMPSHKEHUS MEXKITY y37aMH 3TOW BETBH.



BapuanT cxemsbl 6

Pucynok 13
Tabnuua 7
Bapuant
NeNel 012 |3|4]5]6|7]|8]09
[Tapamerp
E2, [B] 10 | 6 | 42 | 12 | 9 11 | 35 | 20 | 15 | 39
Wes, [Tpan] -15 1 20 | 45 | -60 | 54 | 180 | O |-25 | -90 | 275
E3, [B] S |13 | 7 | 22|30 |32 |27 | 4 |19 | 25
Wes, [rpan] 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E4, [B] 21 | 14 |18 | 9 | 27 | 15| 8 | 11 | 3 6
Wes, [rpan] 17 | -55 | -37 | 63 | 119 | -97 | 43 | 718 | -87 | 8
E5, [B] 14 | 21 | 5 19 | 7 4 112 | 9 7 15
Wes, [rpan] 13 | 65| 74 |280| -5 | 75 | -39 | 365 | 36 | -94
ES8, [B] 4 3 10 | 5 13 121 | 4 |19 | 24| 9




[Tponomxenue TadauIbl 7

Wes, [rpa] 90 | 45 | 275|135 | -45 | 65 | 78 | -10 | -54 | -33
E10, [B] 7 19 | 13 | 15 | 14 6 18 5 10 | 13
Wero,[rpan] -14 1 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160
J1, [A] 4 2 7 1 12 5 3 8 6 3
Wi, [rpax] 105 |-59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25
J3, [A] 2 4 5 3 7 8 3 4 3 9
Wis, [rpan] -15 1 50 | 20 | -34 | 45 | 25 | 90 | -45 | 160 | -35
f, [I'u] 50 | 75 | 100 | 150 | 50 | 75 | 100 | 150 | 50 | 75
Z2, [Om] |-j30|-j40 | j10 | 15 9 [-20] j12 | 25 |35 | 14
Z3, [OMm] 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 6 | j16
Z5,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20
Z6,[Om] | j45 | 36 |-j50| 75 | j25 | -j40 | 53 | -j20 | j90O | 215
Z7, [Om] 55 | -j30 | j20 | 30 | -j55 | 90 |-j36 | j28 | j87 | -j75
Z9,[Om] | jJ15 | j63 | 120 | -j40| 75 | -j30 | j90 | j71 | -j53 | -j75
Z10,[OmMm] | 22 | 41 |15 j56 | -j35| j27 | 12 |-j38 | 145 | 10
Z11,[Om] | j20 | -j30 | -j15 | -j25 | 52 | -j20 | j22 | 15 | j35 | 10
Z13,[Om] | -j64 | j80 | -j61 | j15 | -j24 | 35 | 15 | -j21| j13 | j25
I I I7 Is Ig o | In i3 I13 I7 Iy
Uk Uz | Upp | Uxs | Usq | Ugg | Uz | Ugs | Usp | Uss | Ups
Bartmerp | 1,2 12,3 11,4(5,2|1,3/3,4/4,1|1,3]|43|2,3

[Toscuenus k Tadauie /-
B tabnuiie ucnosib30BaHbl CIASAYIONHNE 0003HAYCHHS:

i13 - paCCUUTBIBACTCA MI'HOBCHHOC 3HAUYCHUC TOKA UCPC3 COIIPOTUBJICHUC

U3y - paCCUMTHIBACTCS MTHOBEHHOE 3HAUEHHE HAIIPSHKEHUS XOJI0CTOTO X0a MEXKITY
y351amu 3 u 2;

Bammmemp:. 1,2 - BarTMeTp BKJIIOYACTCS B OJHY U3 BETBEH MEXIy y3mamu 1 u 2;

Bexmopa: nomxHa ObITh MOCTPOSHA BEKTOPHAS JUarpaMMma Jijisl TOKa, MPOTEKAIOIIETO

10 BETBU C BATTMETPOM, M HAIPSIKEHUS MEXIY Y3JIaMHU 3TOU BETBH.




Bapuant cxembr Ne 7

Pucynox 14

o1 ,2 /|34 ,5 |6 |7 |8]|°9

El, [B] 10 | 6 |42 |12 | 9 |11 | 35 | 20 | 15 | 39
We1, [rpan] -15 | 20 | 45 | -60 | 54 | 180 | O | -25| -90 | 275
E3, [B] S |13 | 7 |22 |30 |32 |27 | 4 |19 | 25
Wes, [rpan] 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E4, [B] 21 | 14 |18 | 9 | 27 | 15| 8 | 11 | 3 6
Wes, [rpan] 17 | -55 | -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8
E5, [B] 14 | 21 | 5 |19 | 7 4 |12 | 9 /7 | 15
Wes, [rpan] 13 | 65| 74 | 280 | -5 | 75 | -39 | 365 | 36 | -94
E6, [B] 4 3 10| 5 |13 |21 | 4 |19 |24 9
Wes, [Tpan] -90 | 45 | 275|135 | -45| 65 | /8 | -10 | -54 | -33




[Tponomxkenue Tadauibl 8

ES8, [B] /11913 15|14 | 6 |18 | 5 | 10 | 13

Wes,[rpan] -14 1 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160

E9, [B] 10 | 42 | 25 | 13 | 43 | 35| 6 |12 | 21 | 11

Weo,[rpan] 14 | -30 | -20 | -10 | -14 | 79 | -47 | 50 | -90 | 130

E10, [B] | 60 | 10 | 42 | 15| 9 | 21 |14 | 8 | 19 | 33

Weio,[rpan] -94 1170 | 69 | -38 | 340 | 180 | -30 | 45 | 60 | 10

JLIA] | 4 | 2| 7 | 11225 3] 8] 6| 3

W, [rpan] 105 | -59 | -28 | 71 | 62 | -29 | -95 | 45 | /3 | -25

20A] | 2 | 8 | 1| 4| 1] 9|53 ]|3]7

W, [rpan] -80 | /3 | 18 | -51 | 354 | -81 | 74 | -31 | 98 | 69

f, [['u] 50 | 75 | 100|150 | 50 | 75 | 100|150 | 50 | 75

Z1, [Om] |-j30 40| j10 | 15 | 9 |-j20|j12 | 25 |-j35| 14

Z2,TOm] | 10 | 20 | 15 | -j5 | j41 | 10 | 18 | 5 | 6 | j16

Z3,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20

Z5,[Om] | j45 | 36 | -j50 | 75 | j25 | -j40 | 53 | -j20 | j9O | 215

Z6,[Om] | 55 | -j30 | j20 | 30 | -j55| 90 | -j36 | j28 | j87 | j75

Z7,[Om] | j15 | j63 | 120 | -j40 | 75 | j30 | j9O | j71 | -j53 | j75

Z8,[Om] | 22 | 41 | -j15]j56 | -j35 | j27 | 12 | -j38 | 145 | 10

710, [Om] | -j64 | j8O | -j61 | j15 | -j24 | 35 | 15 | -j21 | j13 | j25

Z11, [Om] | -j30 | -j40 | j10 | 15 | 9 |-j20| j12 | 25 | -j35| 14

Z12,[Om] | 20 | 10 | 25 | -j15| j25 | 15 | 30 | j25 | 16 | -j16

713, [Om] | 120 | j20 | -j30 | j30 | -j50 | j25 | -j35 | 20 | -j15 | -j20

Ik I I I I7 l10 111 I3 113 I7 I

Uk Ups | Upz | Ugp | Usg | Usg | Ugg | Ugg | Uzp | Uz | Ugpp

Barrmerp |1 1,212,3[12,5]53|1,3/3,4[45]43[3,2|1,2

[Tosscuenus k Tabauie 8:
B taGnuiie ucnonas30BaHbl cieayronme 0003HauCHUS
I13 - pACCYMTHIBACTCS MIHOBEHHOE 3HAUCHHUE TOKA Yepe3 CONpoTuBieHne  Z i3]
U3, - pPaCCUMTHIBAETCS MTHOBEHHOE 3HAUCHHE HAMPSHKEHUS XOJIOCTOTO X042 MEXKITY
y3J1amu 3 u 2;
Bammmemp: 1,2 - BarTMeTp BKIIIOYACTCS B OJHY U3 BETBEU MEXKIy y3aamu 1 u 2,
Bexmopa: nomkHa ObITh IOCTPOCHA BEKTOPHAS AUarpamMmMa i TOKa, TPOTEKAIOIIETO
0 BETBU C BATTMETPOM, M HAINPSHKCHUS MEXKTY y371aMH 3TOW BETBH.



Bapuant cxembr Ne 8

Pucynox 15
Tabnuua 9
o123 |4 |56 |7]8]°9
El, [B] 10 | 6 |42 |12 | 9 |11 | 35 | 20 | 15 | 39
Wer, [rpan] -15 1 20 | 45 | -60 | 54 | 180 | O |-25 | -90 | 275
E2, [B] 5 |13 | 7 |22 |30 |3 |27 | 4 |19 | 25
Wea, [rpan] 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E4, [B] 21 | 14 |18 | 9 | 27 | 15| 8 | 11 | 3 6
Wes, [rpa] 17 | -55 | -37 | 63 | 119 | -97 | 43 | 78 | -87 | 8
E5, [B] 14 |1 21 | 5 | 19 | 7 4 |12 | 9 /7 | 15
Wes, [rpa] 13 | 65| 74 280 | -5 | 75 | -39 | 365 | 36 | -94
E7, [B] 4 3 10| 5 |13 |21 | 4 |19 |24 9
Wer, [rpan] -90 | 45 | 275|135 | -45| 65 | 78 | -10 | -54 | -33




[Tponomxkenue Tadauib 9

ES8, [B] 14 110 | 8 |11 | 5 |13 | 8 |16 | 4 | 12

Wes,[rpan] 140 | -20 | -32 | 38 | -35 | 60 | -25 | 58 | -67 | 190

E10, [B] /7 119113 15|14 | 6 |18 | 5 | 10 | 13

Weio,[rpan] -14 1 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160

J2, [A] 4 2 / 1 112 ] 5 3 8 6 3

W, [rpan] 105 -59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25

J3,[A] | 2 | 4 | 5| 3| 7|83 4] 3]09

Wis, [pan] -15 1 50 | 20 | -84 | 45 | 25 | 90 | -45 | 160 | -35

MIA | 281419 5]3]3]7

Wi, [rpan] -80 | 73 | 18 | -51 | 354 | -81 | 74 | -31 | 98 | 69

f, [['u] 50 | 75 | 100 | 150 | 50 | 75 | 100 | 150 | 50 | 75

Z1, [Om] | -j30 40| j10 | 15 | 9 |-j20|j12 | 25 |-j35 | 14

Z3,[Om] | 10 | 20 | 15 | 5 | j41 | 10 | 18 | 45 | 6 | j16

Z7,[Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20

Z9,[Om] | j45 | 36 | -j50 | 75 | j25 | -j40 | 53 | -j20 | j9O | 215

710, [Om] | j15 | j63 | 120 | j40 | 75 | j30| j90O | j71 | -j53 | -j75
Z11,[Om] | 22 | 41 | -j15| j56 | -j35 | j27 | 12 | -j38 | 145 | 10

Z13, [Om] | -j64 | j8O | -j61 | j15 | -j24 | 35 | 15 | -j21]| j13 | j25

Ik I I3 l10 I7 111 113 I3 113 I7 lg

Uk Upg | Upr | Ugs | Usgg | Uszg | Uz | Ugp | Usgs | Uy | Ugg

Barrmerp |1,212,4(5,4/13,5(1,3|3,414,2]1,3[4,3|5,3

[Tosicuenus k tabiauie 9:
B tabnuiie ucnoib30BaHbl CAEAYIONIME 0003HAUCHUS:
l13 - pacCUMTHIBACTCS MTHOBEHHOE 3HAYCHHUE TOKA Yepe3 CONMPOTHBIICHHE  Z 13
U3s - pPaCCUMTHIBAETCS MTHOBEHHOE 3HAUCHHE HAMPSHKEHUS XOJIOCTOTO X042 MEXKITY
y3namu 3 u 4;
Bammmemp: 1,2 - BarTMeTp BKIIIOYAETCS B OJJHY U3 BETBEU MKy y3namMu | u 2;
Bexmopa: nomxHa ObITh TOCTPOSHA BEKTOPHAS IUarpamMma JJis TOKa, TPOTEKAIOIIEr0
M0 BETBU C BATTMETPOM, M HAMPSHKEHUS MEXKITY y371aMH 3TOW BETBH.



Bapuant cxembr Ne 9

Pucynoxk 16

0 1 2 3 4 5 6 7 8 9
El, [B] 21 | 14 | 18 | 9 | 27 | 15| 8 | 11 | 3 6
Wey, [rpan] | 17 | 55| -37 | 63 | 119 | 97 | 43 | 78 | -87 | 8
E3, [B] 10 | 6 [ 42 |12 | 9 | 11 | 35 | 20 | 15 | 39
Wes, [rpan] | 15| 20 | 45 | -60 | 54 1180 | O | -25|-90 | 275
E4, [B] 5 |13 | 7 | 22|30 |3 |27 | 4 |19 25
Wes, [rpan] | 22 | -18 | 55 | 78 | -95 | 110 | -35 | 178 | 340 | -98
E6, [B] 12 | 26 | 14 | 20 | 35 | 5 | 10 | 15 | 8 4
Wee, [rpan] | -27 | 55 | 37 | -63 | -19 | 90 | -40 | -60 | 350 | -45
E7, [B] 14 | 21 | 5 | 19 | 7 4 112 | 9 7 | 15
Wer, [rpan] | 13 | 65| 74 | 280 | 5 | 75 | -39 | 365 | 36 | -94
E8, [B] 4 3 110 | 5 (13|21 | 4 [19 ]| 24| 9




[Tponomxenue Tadauibl 10

Wes, [rpa] 90 | 45 | 275|135 | -45| 65 | 78 | -10 | -54 | -33
E9, [B] 21 | 14 | 18 9 27 | 15 8 11 3 6
Weo, [Tpan] 17 | -55 | -37 | 63 | 119 | 97| 43 | 718 | -87 | 8
E10, [B] 7 19 | 13 | 15 | 14 6 18 5 10 | 13
Weo,[rpa] -14 1 29 | 62 | -18 | 34 | 82 | 27 | -58 | 90 | 160
J2, [A] 4 2 7 1 12 5 3 8 6 3
W, [rpan] 105 | -59 | -28 | 71 | 62 | -29 | -95 | 45 | 73 | -25
J4, [A] 2 8 1 4 1 9 5 3 3 7
Wi, [rpan] -80 | 73 | 18 | 51 | 354 |-81| 74 | -31 | 98 | 69
f, [I'u] 50 | 75 | 100|150 | 50 | 75 | 100 | 150 | 50 | 75
Z1, [Om] | 30 | j40 | -j10| 35 |-j10| j25 | 32 | j20 | 30 | j50
Z3, [Om] [-j30| 40 | 15 |-j25| 20 | 20 | -j22 | 15 | j45 | 38
Z4, [Om] |-j30 | -j40| j10 | 15 9 |-j20| j12 | 25 |-35| 14
Z5 [Om] | 10 | 20 | 15 | -j5 | j41 | 10 | 18 | -5 6 | j16
Z6, [Om] | 150 | -j20 | j30 | -j30 | j50 | -j25 | j35 | 200 | -j15 | j20
Z8, [Om] | j45 | 36 |-j50| 75 | j25 | -j40| 53 | -j20 | j9O | 215
Z10, [Om] | 55 | -j30| j20 | 30 | -j55| 90 | -j36 | j28 | j87 | -j75
Z11,[Om] | j15 | j63 | 120 | -j40 | 75 | -j30 | j9O | j71 | -j53 | -j75
Z12,[Om] | 22 | 41 |-j15| j56 | -j35 | j27 | 12 | -j38 | 145 | 10
Z13,[Om] | -j64 | j80 | -j61 | j15 | -j24 | 35 | 15 |-j21 | j13 | j25
I Iy Ig Is i3 o | In I3 I13 Ig Ig
Uk Upg | Uy | Ug3 | Ugg | Upg | Uz | Upz | Ugp | U3z | Ugp
Bartmerp | 1,212,3(2,411,2]1,3(3,411,2|1,3|3,1|1,2

ITosscuenus k tadmaure 10:
B tabnuiie ncnosib30BaHbl CASAYIOIINE 0003HAUCHNS:

i13 - paCCUUTBIBACTCA MI'HOBCHHOC 3HAUYCHUC TOKA UCPC3 COIIPOTUBJICHUC

U3y - pACCUMTHIBAETCS MTHOBEHHOE 3HAUEHUE HAMIPSHKEHUS XOJI0CTOTO X0Aa MEXKITY
y3J1amu 3 u 2;

Bammmemp: 1,2 - BaTTMETp BKJIIOYACTCS B OJHY U3 BETBEH MEXy y3jiamMu 1 u 2;

Bexmopa: nomxHa ObITh IOCTPOEHA BEKTOPHAS AUarpamma JJid TOKa, TPOTEKaOUIEro

I10 BETBU C BAaTTMCTPOM, M HAIPSAKCHUA MCKIY y3JIIaMU 9TOM BETBHU.




[Tpunoxxenue 2

BekTopHas quarpamma Jijisi BETBU ¢ TOKOM | , (pucyHok 1)
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Maciura0:
0 HANPSHKEHUIO = lem = 20B
10 TOKY — 2¢cm = 0.01 A

BrinonaeHa mpoBepka BBITIOJIHEHUS BTOPOTO 3akoHa Kupxroda:

Uio—UL =E2



