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Jna  Tpexdasznoro cunxponHoro reneparopa (CI) c¢ mapamerpamuy,

MMpCaACTaBJICHHBIMU B TalJI. 1, B COOTBCTCTBHH CO CBOUM BApUAHTOM!

. [TocTpouTh XapakTepucTUKy X0Ja0CcTOro xoa (XX).
. [TocTpouTh XapakTepucTUKy KOpoTKOro 3ambikanus (K3).
. [loctpouts TpeyronsHuk K3.

. Onpenenute MJIC peakuuu sikops (PS) npu HOMUHAIBEHOM peXUME.

O A W N =

. BpIUMCIUTh CHHXPOHHBIE PEAKTUBHBIE COMPOTUBIIECHUS MO MPOAOIBHOU
Y IIONIEPEYHOM OCH Il HEHACBILIEHHOT'O TeHEepaTopa.

6. IToctpouts auarpammy MJIC (muarpammy [loTbe) /it HOMHUHATIBLHOTO

pexumMa.

7. IToctpouts quarpammy I/1C (nnarpammy bronnens).

8. IToctpouts auarpammy MJIC m1st pa3nuyHbIX Harpy3o0K.

9. Iloctpouts U—00pa3Hyro XapakTepUCTUKY T€HepaTopa mpu ero pabore

apajuleIbHO C CEThI0 OECKOHEYHOM MOIIHOCTH IMpPH aKTUBHOM TOKE

craropa [,=0,5 n I,= 0.

Bce pacueTsl ¥ TOCTpOCHUS BHITIOIHATH B OTHOCHTEIBHBIX eIMHUIAX (0.€.).
3a OasuwcHOe 3HaueHHWE (3a EIWHUWIlY) NPUHAMAEM: HOMHHAIbHOE (a3HOe

HalpspKeHue npu xonoctoM xoae Upe = E) = I, HOMUHAIbHBIA (Da3HBIA TOK

lpy=1, HOMUHAIIBHOE TIOJHOE CONPOTUBIICHUE - Ji Ji U TOK
H H

BO30YXJieHUsl Igy = I, COOTBETCTBYIOLIMHI MO XapakTepucTuke XX HOMUHAIbHOMY
Hanpsokenuto Uye = E) = 1. Jlanee, eciyd pacyeT BBINOJHEH B MMEHOBAHHBIX
enuHunax (B, A, Om, Bt 1 1.1.), TO 3TH €AMHUILIBI IPOCTABIISIFOTCS, @ €CJIU B 0.€. —

TO OTHU CAWHUIIBI HC YKA3bIBAIOTCA.



Hcxoonvle dannvie 015 pacuema

Taobmuna 1

Ne Bapuanta | Py, MBT Uy, xB cos Qg OK3 Xoa
0 6,875 6,6 0,8 2 0,11
1 7,5 6,6 0,75 1 0,12
2 8,25 6,6 0,8 0,78 0,14
3 9,4 10,5 0,85 0,2 0,12
4 9,5 10,5 0,75 1,2 0,1
5 11 6,6 0,7 0,88 0,12
6 11,25 3,3 0,8 0,85 0,16
7 16,25 33 0,85 1,4 0,15
8 1,75 10,5 0,7 1,25 0,135
9 18,75 10,5 0,8 1,1 0,13
10 19 10,5 0,8 1,25 0,15
11 15 10,5 0,85 1,36 0,25
12 0,59 6,3 0,75 1,4 0,28
13 100 15,75 0,7 1,5 0,2
14 1,5 6,3 0,8 1,45 0,21
15 6 3,1 0,82 1,3 0,18
16 9,2 13 0,8 1,2 0,261
17 32 13,2 0,85 1 0,236
18 3 3,15 0,84 1,1 0,27
19 25 10,5 0,82 0,95 0,18
20 0,204 3,15 0,78 0,9 0,19
21 37 10 0,75 0,8 0,2
22 50 10,5 0,7 0,6 0,15
23 62 13 0,8 0,7 0,11
24 8 6,6 0,73 0,65 0,25
25 1,76 23 0,79 0,75 0,2
26 1,5 3,15 0,74 0,55 0,18
27 0,212 0,4 0,82 0,4 0,11
28 12 10,5 0,85 1,2 0,14
29 24 11 0,87 1,35 0,16
30 3,72 6,3 0,8 0,3 0,19




[TPUMEP PACYETA U ITOCTPOEHUA
XAPAKTEPUCTUK 1 JUATPAMM CUHXPOHHOI'O 'EHEPATOPA

Ucxonuble nanHble g pacuera: Py = 100 MBt; Uy = 15,75 «B;

cosp=0,707; OK3 =1,5; x,, = 0,2; cxema coeIMHEHN 0OMOTOK CTaTopa — 3Be3/1a.

1. [Toctpoenne xapakrepuctuku XX Ey =f(1z)

IIpn pacuerax mnapamerpoB CI' MOXHO HCXOAUTh W3 HOPMAJIBHOU
XapakTEepUCTHKN XX, MOJYYEeHHOM Kak CpeAHsss Ha OCHOBAaHUM OOJBIIOrO
KOJIMYECTBA MCIBITAHWM MallMH. OTa XapaKTEpUCTHKA, BBIpaXXEHHas B O.€.,
npejicTaBieHa B Ta0i.2. XapakTepucTuka XX, MOCTPOCHHAs IO JaHHBIM STOU
TaOJIUIBI [IpEe/ICTaBIeHa Ha pucC. 1.

Ta0muna 2

Hopmanvnasa xapaxmepucmuxa XX

I 0 025 05 10,75 | 1,0 | 1,25 | L,5 | 1,75 2 2,5

Ey 0 0,29 | 0,56 | 0,82 | 1,0 | 1,15 | 1,23 | 1,27 | 1,31 | 1,33

2. Iloctpoenue xapakrepuctuku K3 Iy =f(13)

Tak kak xapakrepuctuka K3 npsmosnHEHa, TO MOCTPOUM €€ IO ABYM
ToykaMm: 1) Touka Havasia koopauHart O; 2) Touyka M, COOTBETCTBYIOIIAS
€AMHUYHOMN BennuuHe Toka Bo30yxaeHust u OK3.

Jns noctpoenus xapakrepuctuka K3 no Benmunne OK3 npu enMHUYHOM
BEJIMUYMHE TOKa BO30YXKACHUS, HAXOJAUM Ik — TOK BO30YXIeHus,

COOTBETCTBYIOIIMI 110 XapakTepuctuke K3 HOMHMHAIIBHOMY TOKY AKOps [x= Iy

I
ok3=tw_1 L_1 _ 067 |

TaK Kak Ly Iy TO *BK — OK3 - 1.5 - YY1 Ha puc.

xapakrepuctuka K3 npencrasnena npsimont OM.
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Puc. 1. Xapaxmepucmuxu XX u K3 u mpeyeonvnux K3 cunxponnoco cenepamopa

3. [locTtpoenue tpeyroaparka K3

Ha puc. 1 Touky M nna toka Iy = Iy = I cHOocuM Ha och abcuucc —
nonydaeM Touky A. DJIC paccesiHusi, BBIpaXXEHHYIO B 0.€.. Ey=Iy x,,=1:0,2=0,2,
OTKJIaJbIBAEM HA OCH OpPJAMHAT U CHOCHM Ha XapaKTEPUCTUKY XX — IOJIy4yaeM
Touky B. U3 TOouku B omyckaeM MNEpHEeHIUKYIsp Ha OCh adCUUCC — MOJIy4YaeM

Touky C. ACBA — tpeyronbHuk K3.

4. Onpenenenre MJIC peakiinu SKopsi Ip¥ HOMUHAILHOM DEXUME

MJIC peakiuu sgxops B Maciutade TOKa BO30YKIEHHUS OIpeIessieTcs

otpe3koM [CA] Ha puc. 1.



5. BEIYMCIEHNE CUHXPOHHBIX PEAKTUBHBIX CONPOTUBIECHUN X U X,
[Iponomkasi nmepneHAUKyIsIp Ha puc. 1 OT TOYKM A 1O THEPECEeUeHUs: C

xapakrepuctukod XX — momyuum T. N. Otpe3ok [AN] coorBerctByer IO1C

'
E() = 0973 . I1o »Tou SI[C oNpcaACIsICM CHHXPOHHOC PCAKTUBHOC COIIPOTHUBIICHHUC

!
; x, =2 0P 73
Mo  MPOJIONIBHOH  ocu  d — 77 »/2 CHUHXpPOHHOE pEAKTHUBHOE
H
COIIPOTHBIIEHUE IO IIONEPEYHOM OCH MOMKHO IPHUHATH PaBHBIM x, = (0,64 x4

=0,64-0,73=0,47.

6. [Toctpoenne nmuarpammvel MJIC (muarpammet [1oTee)

AKTHUBHBIM CONPOTUBJICHUEM OOMOTKH CTAaTOpa, BBUIY €ro MaJoCTH,
npenedperaem. Ha puc. 2 ctpoum Takyto xe xapakTepucTuky XX, Kak Ha puc. 1.
Ha »TtoM xe pucynke coBmectuM BeKTOp Upep = 1 ¢ TOJOXHUTEIBLHBIM
HallpaBJICHWEM oOcHu opauHaT. lIpoBonuMm BeEKTOp TOKa [y MO YIIOM @y =
arcos(py) = arccos(0,707) = 45° k Bextopy nanpspkerus Uye. Ioa yriom 90° k
TOKY [y NPOBOAMM NPSMYK 4depe3 KOHEL Bekropa HamnpsokeHus Upg. 1o aTon
JUHUU OT KoHUA BekTopa Upye oTkianeiBaeM BekTop DJC paccesHus oOMOTKU
axops E,, = 0,2 — nonydaem TouKky B.

CoenuHsiss Touky B ¢ TOUukOM Hayana koopauHaT O — MOIy4YaeM BEKTOp
uHayktupyemorn B reHeparope OJIC Es. IloBopaumBas 3TOT BEKTOp MO
COBMEILIEHUSI €r0 C OChK0 OpJAMHAT — Mojy4daemM Touky B'. CHocum Touky B’ Ha
xapaktepucTuky XX B Touky B" . 13 Touku B onmyckaeM nepneHIuKyJsp Ha OCh
abciuce 10 Touku 4. Otpe3ok [OA] sBasieTcsl BEIMUUHOW TOKA BO3OYX AeHUS [3ps,
HeoOxogumMoro mis cozmanus DI C E;.

[ns yuera PS Bocnonbzyemcsa auarpammoit puc.l. Otpe3ok [CA] sBisieTcs
MJIC peakiuu sikopst B Maciitadbe Toka Bo30yxaenus Ig, = 0,48. [lnsg nomydeHus
MOJIHOTO TOKa BO3OYXACHUS [y CIIOKUM T'€OMETPUUYECKU BEKTOPHI Igs U Ip,, THIE
yron ¢’ = g + 6 = 45° + 7° = 52° (yron 6 — 310 yron Harpy3Ku — yroi ciBura

MEXIy HalpsbkeHrneM Ha 3axuMax MamuHel Uy u OJIC, uHAyKTHpyeMOll B



renepatope Ej). OnucaB nyry paguycoM OC 0 mepecedyeHus: ¢ 0Ccbio adcuuce B
Touke D, mojiyduM TOK BO30OyxaeHus Iz) = [OD]. Ilpu cOpoce Harpy3ku 3TOT TOK

B030yx)nenus cozaact IC Ey)= [DH].

E
15
14 Xapakrepuctuka XX
13¢ H' H
"""" 12 B' B" |
EO B ou | :
U
L0} Y Ho
N\ N | |
IN | |
E, N , |
N 7| |
0,7 N /
s |
N7 | |
5 N
/ | |
1 ¥y 4 | |
| |
’ Py Iy | |
0 ; C \|
B0 '
0, g
A D I
o[ I, 1 A ) 2 25
Puc. 2. JJuacpamma MJ]C (Ouazpamma Ilomve) 015 HOMUHATLHO20 pexcuma
CUHXPOHHO20 2eHepamopa
JUis HaXOXAEHHS yria Wy — yrida MEKIy TOKOM Harpy3ku Iy u

unaykrupyemon DJIC Ej, nenaeM IONOJHUTENBbHBIE MOCTpoeHus. Touky H ¢
XapakTepucTuku XX CHOCHM Ha OCb OpJAMHAaT — I[OJy4aeM TOuky FH'
ToBopaunBaem Bektop £, = [OH'] Bokpyr Toukn O nox yriom 90° k Bektopy Iz

= [OC]. Yroa mexnay DC Ey u TOKOM [ €CTh UCKOMBIN yToJI Yy = 5 6.



7. IToctpoenne nuarpammbl DJ{C (muarpammel biioHmens)

Jnst moctpoenust nuarpammbl DJ[C HY>KHO ONpEAENUTh MPOAOIBHYIO U
NONEPEYHYI0 COCTaBJISIOLIME TOKa [y MO OpPTOroHalbHbIM ocsiM d U g (ochb d
HaIpaBJi€Ha BJ0JIb OCH IIOJKOCOB IBHO BBIPAKEHHOI'O POTOPA, & OCh ¢ — MOIEPEK):

I, =1y -sin wy = 1-sin(56°)= 0,829;
I, = Iy -cos yy = I-cos(56")= 0,559.

Cocrapisitomine nonHot DJIC peakuuu sikops E, Mo NpPOAOJIbHOW U

nornepeuHou ocsim:  Ey; =1, x; = 0,829-0,73= 0,605,
E, =1, x,=0559-0,47= 0,263.

CuiioBble TMHUM MarHuTHoro moss Bo30yxaeHus (@z) u MJIC obmoTku
B30y 1eHus (F3) HanpaBieHbI BIOJb OCH d. A uHAYKTUpYyemas 3TuM nojieM DJIC
E, otcraer oT 5T0ro moms (i ot ocu d) Ha 90°, clIeqoBaTeNbHO MHIYKTHPYeMast
DJIC E) HanpasieHa 1o ocH .

[lo naiineHHbIM BenumuuHam crpouMm auarpammy OJC (puc. 3). Ilpm
OCTPOCHHUH YUHTHIBATH, 4TO BeKTOp E, omepexaer Ha 90° Bektop ToKa [y, a
BeKTOp E, — Ha 90" BekTOp TOKA 1,
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Puc. 3. Juacpamma 3/]C (Ouacpamma bnonoens) 015 HOMUHANLHO20 pedHCUMA

CUHXPOHHO20 cerepamopa
8



8. [Toctpoenue nuarpammMbl MJIC i1 pa3audHbIX HATPY3IOK

3agaeMcs pa3auMYHbBIMU peakTUBHBIMM ToKamu [, = 0; 0,5; 0,75; u 1 npu
IIOCTOSIHHOM ~ akTUBHOW coctaBisiromier [, = 0,5. [lo akTUBHOM M pPEaKTUBHOMU

COCTaBJIAIOIIKMM TOKaA OIIPCACIIACM MOJIHBIN TOK:

Iy=A17+1,) =405 +0* =0,5;
L =yI}+1, =405 +05" =0,71;
L=yI]+1, =05 +0,75* = 0,91;

L=y1+1,7 =05 +1" =112.

KoadhdummeHT MOIHOCTH ¥ COOTBETCTBYIOININE YTIIbl PABHBI:

COS P, = L = 0> =1 Harpy3ka 4ucTo aKTuBHas ¢y = 0;
I, 05 ’
cos @, = % = (;)”751 =0,704; o, = arcos (0,704) = 45",
cos @, = % = (?,’951 =055 4, = arcos (0,55) = 57°,
cos @, = §—3 = 1(352 =045 ;= arcos (0,45) = 63°.

3Has 3TH BenuuyuHbl, crpouMm juarpammy MJIC (puc. 4). [uarpamma
ctpoutrcsi B o.e. Ilpu uucro aktuBHOM Harpy3ke ([, = 0,5) monssii TOK 1)
coBMagaeT ¢ BeKTopoM Hampsikenus Uyg U paBeH [y = [, = 0,5. T.kx. I, = const, TO
KOHIIbI BEKTOPOB IIOJHOIO TOKA ONUPAOTCA Ha NOPSAMYIO, MPOXOIAIIYIO
napayenbHo ocu abcmmce vepe3 Ttouky C. Ilox yrmamu ¢, ¢, @3 TPOBOIUM
npsiMble JIJIsi OTCTAIOIIETO TOKa (BEKTOp PEe3YJbTUPYIOIIETO TOKAa OTCTAET OT
HamnpsbkeHus).  Jlis  omepexaromiero ToKa MPOU3BOJIBHO 3aJaéMmcs  JABYMs
3HauCHMSIMH YIII0B @y = —30° i @5 =—45" i npoBoaum muHuE. Ha 5THX THHMAX U3

Hayajga KOOpAMHAT JO0 TEepecedyeHus C NpsSMOM, MpoBeIeHHOW uepe3 Touky C,



OTKJIAJIBIBAEM BEKTOpa MOJHBIX TOKOB [, I, I3, 1, Is. 3HaueHue TOKOB I, u Is

BBIYUCJEACM I10 3aJaHHBIM YTI'JIaM:

L=—te - 92 _gs7,
cos(¢,) cos(=30")
J—— 0> o071,

cos(¢) - cos(—45°) -

0,3 (03 \

I WA

Puc. 4. Juacpamma MJ{C cunxponnozo cenepamopa 0isi pasiuiHblx Ha2py30K

Haxoaum 3nauenust DJ1C paccessHus A1 KaxA0r0 TOKA Harpy3KHu:

E,=1,-x_=05-02=0,

E, =1I-x,=071-02=014;
E,=1,-x,=091-02=0,8;
E.,=1-x,=112-02=0,2;
E,=1Ix,6=057-02=0,11;
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E.=1I-x,6=071-02=014.

Bekropa, coorBercTByromue 3tuM IJIC, OTKIanbpBaeM OT KOHIIA BEKTOpA
HanpspkeHus: Upg (TOUkM B) 1O NMPSMBIM YIJIOM K BEKTOpPaM COOTBETCTBYOIIMX
IIOJIHBIX TOKOB.

Yactuunble 3HaueHus MJIC peakuum skops B MacmTabe ToOKa
BO30YXKJeHUS HaxoauMm 1o dopmylie Ip, =1y -1 tne Iz, = 0,48 MOJy4€HO

rpadpuyeckn u3 puc. 1. B pesynprare pacuera Uis pa3iUYHBIX IOJHBIX TOKOB

YaCTUYHBIC 3HAYCHU MI[C PCaKOuN SAKOpsSA B Macmrabe Toka B036y}KI[CHI/IH

paBHBI: ]BaO = ]Ba . ]O = 0,48 . 0,5 = 0,24,
Iy =1g,-1,=0,48-0,71=0,34;

Iy, =1, -1,=0,48-0,91=0,44;

I,,=1, 1,=048-112=0,54;
I, =1, -1,=0,48-0,57 = 0,27
I =1, -1,=0,48-0,71=034.

Jlanee, KoHIbI BekTOpoB £E, moBOpaumBaeM BOKPYT TOUKH B 10

IIEPECEUEHUs] C OCBhIO OpAuHAT. TOYKH, MTOIyYEHHBIE HA OCH OPJHMHAT, CHOCUM Ha
XapakTepUCTUKy XX M M3 HUX OIlyCKaeM IEpPIEHIUKYJIAPBl 10 INEPECEUEHUs C
ocbio abcuucce. M3 3TUX MONy4eHHBIX TOUEK MOJ YIJIoM @' = ¢ + 6 oTKJ1a/bIBaeM B
Mmaciitabe Toka BO30yXxAeHHMs uacTuuHble 3HadeHuss MJIC peakuuu sKops.
3aMbIKaOMUK BEKTOP AaCT HEOOXOIUMBIM TOK BO30YKIEHUS MPH ONpeaeaEéHHON
Harpyske: 0 =@yt O0=0+ 7° = 70; Iz0=1,2;

0'=0, +0=45"+7"=52% [, =152;

0=, +0=57"+7"=64% Iy, =1,76;

05" =93 +0=063"+7"=70"  Ip;=2;

04 =y +0=-30"+7"=-23% Ip,=0,78;

ps'=ps +0=-45"+7"=-38"; Iy5=0,64.
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Ha aguarpamme MJIC (puc. 4) yrasl (@3, ¢3") u BekTtopbl (E,3, Ipus, Ip3)

MOKa3aHbl TOJIKO JJ1s1 pexkuma Ne 3.

9. [TocTpoenue U—O6D33HOI>1 XApPAaKTCPUCTHUKH T'CHCPATOpPA IIPH aKTHMBHOM

Toke cratopa l, =05 u [,=0

[Io paccuMTaHHBIM TOKaM Harpy3ku (Mm.8) M COOTBETCTBYIOIIMM TOKam
BO30Y)KJICHHSI, TIOJIYYCHHBIM B pe3yJibTare NOCTpoeHus (puc. 4), COCTaBUM
tabmuiy 3 gy noctpoenuss U—oOpasHoi xapakrtepuctuku npu [, = 0,5.
CooTBeTCTBYIOIIAs XapaKTEPUCTHUKA IOCTPOECHA HA pUC. 5.

Ta0muna 3

Hannvie ons nocmpoenuss U-ob6pasnoii xapakmepucmuxu oas I, = 0,5

[TopsaKOBBI 5 4 0 1 2 3
HOMEp peKHMa
I, A 0,71 0,57 0,5 0,71 0,91 1,12
Iz A 0,64 0,78 1,2 1,52 1,76 2
1
05+
1B
0 1 2

Puc. 5. U-obpa3znvie xapakmepucmuku CUHXPOHHO20 2eHepamopa
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IToctpoerne U—00Opa3HON XapakTEpUCTUKU reHeparopa npu 1, = ()

MOILHOCTb SIBISIETCSL YHCTO PeakTUBHOI (cosg = 0, ¢ = 90°) mosromy
PEAaKTUBHBIE TOKM HATPy3KH [, U COOTBETCTBYIOIINE TOKH BO3OYKICHUA L5y, Ip1, I,
Ips, Ip4, Ips OTKIampIBaroTCs 1Mo ocu abciuce (puc. 6). Ilpm orcraromeMm Toke
Harpy3ku (Iz;, Ipy, Ip3) cCOOTBeTCTByIOIIME cocTaBiswomme (lps U I,)
CKJIaJIbIBAIOTCA, a MNpu omepexaromeM ([py, Ips) — cocraBisitomue Igs u  Ip,
BhlunTarorcs. DJ[C paccesinus E,, Mpu OTCTAIONIEM TOKE OTKJIaJAbIBACTCS BBEPX OT
TOYKH B, a IpU ONEPEKAIOIIEM — BHU3.

Jns noctpoenuss guarpammbl MJIC npu [,=0 peakTUBHBIE TOKU IS
OTCTAIOIIMX TOKOB Harpy3ku mnpumem te xe: [, = 0; 0,5, 0,75, a s
onepexaromux: [, = 0,5 u 0,75. Tax xax I, = 0, TO IOJHBIE TOKHA PaBHBI

peaktuBHbIM. Haxoaum 3nauenus DJ]C paccestHus 1S KaXJI0TO TOKA HArpy3KH:
1,=0; E,=1,-x,=0-02=0;
=05 E =1-x,=05-02=0,1
=075 E_,=1,-x_=0,75-0,2=0,15;
L=1I; E . ,=1-x,=1-02=0,2
1,=0,5; E,=1,-x,=05-02=0,
=0,75; E_.=1,-x_=0,75-0,2=0,15.
Yactuunbie 3Hauenuss MJIC peakuuu sikopst B Macmitabe TOka BO3OYXKACHUS IS
TEX K€ TOKOB HAarpy3KH paBHBI: Ip0=14,-1,=0,48-0=0;
Iy, =1, -1,=0,48-0,5=0,24;
I,,=1, -1,=0,48-0,75=0,36;
I, =1, -1,=0,48-1=0,48;
lp,=1, -1,=0,48-0,5=0,24;
Iy =1, -1,=0,48-0,75=0,36.
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Puc. 6. [luacpamma MJIC cunxponnoeo eenepamopa npu 1,=0
IIo TOKam Harpy3kmg #Hu COOTBCTCTBYIOIIMM TOKaM B036Y)KI[€HI/I5I,

MOJIYYEHHBIM B pe3yJibTare mnocTpoeHust (puc. 6), cocraBuM Ttabnuiy 4 s

MOCTPOEHMUS

U—oOpasnoit  xapaktepuctuku 1pu [,=0. CooTBeTcTByIOMmIAs

XapaKTEepUCTHKA TAK)Ke TOCTPOEHA Ha PHUC. 5.

Tabmauma 4

annvie onsa nocmpoenus U—obpasnoii xapakmepucmuxu 015 1,=0

[TopsaKOBbI 5 4 0 1 2 3
HOMEp PEKHMa
LA 0,75 0,5 0 0,5 0,75 1
Iz, A 0,4 0,6 1,0 1,4 1,6 1,9
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