MUHUCTEPCTBO NYTEN COOBHEHUSA cccE' r”} r
Mocxkosckuit opnena Jlesuna g"’ l

» 1 opAec.da Tpynoporo KpacHoro 3pamesu
HACTHTYT UHXKSHEDPOB XE&Ne3HONOPOXKHOIO TPAHCIOPTAa

N\

Kadeapa TeopeTRYSCKUX OCHOB BICKTPOTEXHUKH

YTBepxneHno
PeRaKUHOHHOHAAATNLCK UM
COBETOM HHCTUTYTAa

\

TPEX$A3ZHBIE UEITA

Mermoanueckue y a3aHUd
X BBINOJIHEHWIO TUNOBbLIX 3ajasid .
o nacuminﬁae )
*TEOPETUYECKVE OCHOBH 3NEKTPOTEXHUKH”
‘ ang crynenrtos Il xypca
SeKTPOTEXHUYCCKUX CLenUdallHOCTeHR

-

Mocrxkpa~- 190




" MeTonuueckue vKasanus COCTEBWNU  Npernofia—
BaTena MWWTa: /I.LT.Ceran, H.B.hounaparts =
epa, E.1l.Kornona

Péunensenron A-p Texn. nayk E.®, lanenxo -
(MI‘H), KaHI, TeXH, HayK C.M.quepyx (MMP&A)

COLEPXAHUWE

3

EBEOCHUS sevrvrerssvsasssssssrvencsscnsessrsesransosersssossrssvrassonss
3ananue. TpexhacHas LETE iiserssesvessorssssssrnscorsenrsosses 4
OcHOBHBIC TEOPETHUECKUE TOJIONKEHUL ..evevrerecessssasnsvesses 14
[Mpumep pacdera Henu TpexhasHOTO TOK& 1iesenracraaronenses 20

- 24

ﬂﬁTepaTypa PR AT I0Ne PRI N00NPIDAINCETIUNIAIIINIGEIBUSCIODETREY \

TPEX$A3HBIE LEIIHX -

Meronuueckue ykasanus
K BHINONHEHWIO TWIOBBIX 3ajaHuft

Pengkrop M, M, TamMmapoBckadg
Texuuueckuit pegakrop H. H. Bacunans e s a
Koppexrop MU B, Arneera
Gopmat 6Ox84 1/16
Yeu, new, 1, 1,3, Y s, i 0,7, Tupax B5002k3
Ne 714 3agas Ne i35 BeciiiaTho

PepaxrmionHo~nzsiatelinoruil oraea MM Ta
101470, ;\\ﬁcr\'aa, »\iji’i, i, Obpasnoea, 198

M1

Tloguucaso » neuars 14,080,871,
a

UIor pagud iTa



BBEH EHUWE

B enexTposHenreTuKe UCKMOYUTE/IBHO WUPOXKO TIPUMEH Fm
I0TCH Tpexbaskble HeNd BCASACTBUE HX TEXHUYSCKOI'O  COBEp—
WeHCTBa U BBICOKOH sKoHoMuUHOCTH, Cucrema TpexdasHoro
nepeMeHHOro TOKa, ua3o0peTeHHAd TaNaHTIUBLIM pyccKuM
anexTpoTexHukoM -M, O. [onuso=[loGposoneckmv 3 1889 r|,
npumMeBseTCcd B0 BCeM Mupe. [lpu moMouin 5,0#f CHCTEMBI OCY~
WecTBAAETCH 9KOHOMUYHAS Nepefada @IeKTPUHSCKON caHeprud,
cosflapel HagexHble B pabore u HPOCTHIE MO KOHCTPYKUUH SHEKT=
POABHI'aTeNH, [eHePaTOPhl W TPaHCHOPMAaTODHL.

Ilpu usyyenuu oTO# Tembl HeoBxoAuMO xopémo YHCHUTB
OCHOBHBIE CBOHCTBA TpexXpasHrix Helleil ¢ pasnudHbIMYU  CXEeMaw

' MHE COe[WHEHHS UCTOYHUKOS U NPHEMHUKOB DIIEKTPUYECKOH
omepruu.’ PaccMaTpupas CxeMbi COeAMHEHUs TpeXpasHOl — Cue
cremst “apearnofi” u “rpeyronbHukom”, clellyeT yCBOWTE  UX
OTAUYATeNbHbIE 0COGeHHOCTH, HANpUMep, CBA3b MeXAy  pas—
HBIMU M JNUHEHHBIMY Beld4YdHAMH HanpsXeHUd W TOKOB K&K IpH
cuMMeTpuuHO#t, Tak # NPH HECUMMETPHHHGCH Harpyskax..

Pacuet TpexpassHo#l nend, KaxK - aBWIO, BBLIIONHASTCH CHMes
BOJIMYECKHM METONCM Y CONPOBOXAAETCH NCCTpOeHUeM BEKw
TOPHEIX W TOHOrpadWIecKHX AWATPAMM, KOTOPbie [AIOT HaIVISL-
HOe NpeACTaBlieHHe O COOTHOWEHHWAX MeXAY HalNpEKXeHUsM. U
TOKAMU PABAWYHBIX YJACTKOB HelH, » )

ITpu pacueTe cloxubIX neneh 'rpexxpaaaoro HepPMeHHOI‘O O
Ka, KOor'la NpUeMHUKd CoeAuHceHbl “apesmoi” u  “TpeyronbHu
kom” # TOACOeNuHeHE! K OAHO#H obmed nemd, NPUMEHSOT METOH
npeobpasoBanusi CXeMbl TPeYrojibHUKA B ®KBHBAJCHTHYIO "GBea-
ny” wiu “spesnpl” B oXBUBANCHTHEM “Tpeyronbhux”, Sru
npeoBpasopanusi BHITIOMHAIOTCHS NO (GOPMYy/iaM, AHAJOr HYHBIM TEM,

" KOTOpble NPYMEHSINCH HPU pacuyeTe neNleil NOCTOSHEOrO TOKA,

Hacrosmue MeTonudeckue ykasadusf NpelHA3HAHATCA  O7g

___CTyheuToB pakynwTera “OneKTpuduranus XKelesHbix nopor®
M collepXaT HeoGXomuMble ANS BEHIIOAHEHUS QOMAWHEro ~ Safam
HUH OCHOBHBIE TROPETHYECKWe TOJIOMEeHAS ¥ DPACUETHBIS  (Opwm
MyVIbl, OpUMep pacHdeTa C TONOIpadudeCKoM AHArPaAMMON  Ham
NpsKeHn#l ¥ BEKTOPHOH AYarpaMMoOil TOKOB.
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3ANARVIE. TPEX®A3ZHAA UEMD

Conepxative paboTei

K cumvmmMetpuuso#i tpexdasHoll cucTeMe Hanp:axeHuf 10 [
XN©O4éHnl ABa NPUEMH UK& SHepruH, CoeluHeHHble “aBeano”
unu “Tpeyronmaukom” {cM. papuanThi cxeM)

1. Onpenenats TOKH, NOTpebnsemsie NpUSMHUKAMHU SJIeKT—
pHYECKOH SHepru#d Mis cuydad, Koria OOMH U3 Tp. X a3HEIX
NpUEMHUKOR SHEPruy BCHSACTBUE HOBpEXACHYUHA B RUHeHHLIX
npopoflax wid B jasax npueMHuka paforaeT B HECHMMETpPHS
HOM pexuMe, : : '

‘2. NocTpcuTe BEeKTOpHBI2 AuarpaMMbl TOKOB W ToNOrpagys
YeCKyio AuarpaMmy HanpsxeHufl,

3. Omnperenurs nokasanus npubopos, !loxasanug BaTTMeT-
pOB ¥ BOMBTMETPOB ONPEAeNHTh C IOMOWLIO ToNorpaputdeckoh
RBAarpaMMBl, ' '

. .

Yxkasanug K _pabore

1. Ha ronorpaduteckax puarpaMmax LQONXKHBI ObITh HOKa=
3apbi BEKTOPH! HanpsokeHu# Ha BCeX aleMeHTaXx CXeM,

2. HoMmep cxeMB! COOTBETCTBYST IOPSHKOBOMY HOMeEpY,
HOA KOTOphiM (aMuilug CTYAEHTa 3anucada B TPYNIOBOM XKyDw
Hane,

3. Yucnonble sHAYSHUH napaMeTpoB BIIGMEHTOB CXeM  lpu-
BefieHpl B Tabnuue.



Hucnosrie 3HAUOHUH [apaMeTPOB DIIEMEHTOB CXei
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OCHOBHBIE TEOPETUYECKUE TIOLOXEHUS

1. Tpexpasuaa cucrema 2,4.C.

Pasuble 5.0,c. (Wi HaUpHKeHUs) CUMMETPHYHOR Tpexdas
HOlt cucTeMbl CABHMHYTHEl Mexay cobo# mo ¢aze Ha yron 120,
B cooTBeTCTBUM C 9THM MIHOBEHHEI® GHAYEHMs pasHbIX 2:4.C..
Tpex(has3HOr'0 CHMMEeTPHYHOrO I'eHepaTopa, COeREHSHHOIO o
cxeme “spesaa’ wim YrpeyroibHuk”, papHBI

o,=E, sinwt,
E; gm(u}t-iﬂu“)
En=ﬁmgﬁwk—wﬂﬂ,

rue Em =~ aMINIUTyBa dasHo# 8.4.C3

w —'--yrnoaax yacrora, :

B cumBonuyeckoll popme HOeficTBylomue sHaYeHUs  DASHBIX
2:.4.C. CUMMETLHYHOH TpeXpasHoll CUCTeMbl MOXHO = 38HUHCATE,
coBmelad @,4.C. HeppoH daaabx C MHOMOXHUTEILHBIM - HANPAaBIIew
HUsM [OeficTBUTeNLHOR OCH: :

Ea=FEnapd -'=’-E
FEPEAEAM i
.. 1408 1120°
Eg"-?-Et’»\ g “"E_Qd .

B cuMMeTpUHHON CHCTEME@ CyMMa KOMIIIEKCOB (Bex'mpos), )
nBpaayomux cHCTeMY, paBha Hyio.

E + E + E ={
ﬂex’fc'rayfomue 3Haqeﬂm m«meﬁﬂmx HanpsKeHul CHMM & T
pUYHOI'O TP2Xpa HOTO reHepartopa, COeHEHHOTO *spasmof” s
'CUMBONHYECKO#R opMe paBHbL:
14

&1230

=fp°



1'&,5 ="-m - be ‘;‘\131]}\ @3500
o . . N . 9
Vee .31)"5-’% =\[3 Ua Q‘*QD >
e . . R
UuA =lp=Ua =\B IN 9‘}150 .

Ansa cuviMeTpuddol CUCTeMb! DUHHeHHBIX HaNpsKeHu#l Taxkxe
CrpaBelJINBO - PAEEHCTBO -

_bg\h-l' "an + UQA—'D

OTMeT#M, HTO C IOJOXKHUTENLHBEIM HanpablesueM AelcTBi-
TenbHOH GCH MOXKHO COBMeCTHTH #1000 BeKTOp JMHeNHLIX WY
pacHLIX HanpsKeHu#, LPU 9TOM BIAAMHOS PaCHOJIOXEHHe BeK-
TOpOR Ha KOMIWIGKCHOH TNJIOCKOCTH He WaMeH TCH. ‘

Haqpmep, IYCTH C HOJOXUTEIBHOE OChi0 KOMINEKCHOH

NOCKOCTH CoBMeilleH BEKTOP, HANDMKeHUd UA& ) TOrda
AQD

~4480°
UAB—U}; Utsn =Us0 4 Uc:\ =Ua08
IpU 2TOM (haSOBble H&Hpﬂ)&eﬂﬁﬂ CI’ICT&NEX 3anuuyTcd TaK.
UP%QJ Va=Upp?, To=Ta 94

2. Tpexdasnag narpysxa, )

2.1. CuMmMeTprdnas Harpysxa mo cxeme “spespa”. Ilpu
CUMMeTpUYHOH Harpyske CONpoTHSieHus iyde# “speadr!” papHbL
ZA“ ZB =ZQ Tlpu cumMeTpuHEON CHCTeMe «baaﬁbix HAND Sk
KeHull TeHepaTopa Ha 3aMuEMax Barpysxu dacHb'e HeNpCHUL
paBubl MM, 8 TpOTeKawue TOKH Takxe 00pasyioT CUMMETPUt~
Ay cuctemy, lloaTomy pa goT _MOQWHO BECTH A4 CAuoH
pazpi, HanpuMep, pasei A qI?\ UA Za TOKV d:nas BuC o

Ay4awTCcs yMHOMEHNHeM TOKa }’:A Ha pEjl
2.2. Hecummerpaunas Harpyska no cxeme “sseafia”. [lpu
HeCUMMeTpPHUYHON Harpyske CONDOTUBHEHUA nyde# sBesf.lLI"

Za#La#Zp pasusie RATpsENeiun ¥ IPISMANKOD SHEPIHA Gy
[yT HeOMUHAKOBb! ¥ HE DABHE HASHEIM HANDIKEHHAM T[eHepam
Topa: U-AB’$ 1531‘7‘1}1\_;3 u L @%‘fz B orcyrcreud HEH T
| PanBLHOrO IpOBOA2 MEXAY HyﬂeBbTMH toukamu renpepatopa (O]

15



d ’ .
H HADY3KY (O) BOB3HVKAST CMeUiecHHe Bei&'rpa;mwﬂﬂ s KOTO=
poe olpeReideTcs Ho ¢opMyne:

].f _ VaYa +Us Y +Un Ve
"= Ya+Ye + Ve

- ‘r P’
rhe UA s hg, U—g - (pasHble HAUPSKEeHHS IeHepaTopa,

YA» YB’ Yg =~ TPOBOAUMOCTH }as NPUEMHHKOB.

Hanpaxegus a3 NpueMHUKO

bae’ UA Unn )
Usn' =Ub Un’a )
UQ{} == U-g LT !

Torm HpHeMHHKOB

&—UAB' \(A “‘UB{}’ Ye , E -“cn Ye.

Paznble Hanpmxeﬂvg IPUEMHUKOB SHEPIHE MOXHO TaKKe
oHpefeliuTE 4epe3d UGBECTHble JVHeHHBIe HANUDSKEeHHS CHMMEeTw
pUYHOR wWiv HeCVMMe'TDK%OH CHCTEMBL: :

Ve Vs Yo —UraYe
S AR A
Vo =Une Ve 5 U ﬂ’“Uw Ve =Uea+Uaw .

B HexoTopbix cafiauax JOCTELOBATENLHO C COUPOTHBISHUSME
IPHEMHYXOB DHEPI' WY BKJIOYEHH! CONPOTUB/CSHUS MHHEHHLIX PO

* BOMOB Z.ﬁ {puc. 1, a). Craoxup uX C CONPOTHUBHAEHUsME Das
npueMiiKa, IONYHUM HEGHMMETPHUHYIO 8Be3Mly C  CONpOTHBIe—

. HESME rbas ZA-—Zﬁ-%-ZA Z&“" Zn+7i ZE’*LI&‘FZ{?

o 4 . 2
cA - ,g gy 4’ j A ‘ﬁ,_‘ ;
A Py JCR—
¢ z % Rl

E TP
Puc. 1

oy



Jas3Hple HalpsiKeHus SKBUBaNeHTHOH s&oem:z (puc, 1, 8) on
penengiorcs 1o gopmyne . {1), ecnu safaxni hasuble Aanp -
WEeHus reHepartopa uUA ,U s 1}&, Wig o popmyne (2), ecuu
3afaHbl FIUHeHHLIe HANLIKeRUus bAg ,,UBE u LDA o das—
HBIM HaNpMKEHYIM }Jﬂ,_;\g' ' ;Um‘ u Upg! onpenensworcs It
HellHble TOKH f_A , 18 a4 1. QPacupie HaUPMKEHUS NpHSMHb-
xa eHeprun

Y T 1 T o
1--! i /!""T Zl | nlgl = Z
UAI) AZA , Uaa ~R 2y ‘LLE.LC’ o
ofpasyioT HeCUMMETPUUHYIO CUCTaMY,
Jlmieﬁqbze Hanpgxedud Ha prewmvme pPasEbi:

Unvg = Upg —Varg

UB:!!/ = }]5/0/ -——’ijoy ;
U = Uy -1

¥ TakKme cospaloT Hecm»me'rpaqﬂyto cucTeMy.
2.3, Cummerpuyinasd Harpysxks 1o cxeme “rpeyronvhHik”llpd
CHUMMETPUYHON Harpyske H CUMMETPUYHON cucTeMe  HAPSKe—
Huil pacder QasHBIX H gmeﬁﬂhxx TOKOB BeHeTGH MO OAHOM daw
se, Tax, dasHpll TOK 1 —L}\B\{AB , TOKH TBL‘ u l LA DOIyes
HaTCA yMHOXEHUeM TOK& Jﬁ\g Ha nosopommﬁ MHOX' Telib
P2 NMunenunm Tox Ia= ‘AE,EJ ToKu lg u 1o one
PeAeLIOTCH YMHOXEHAEM Lt\ #a P A ﬁ, '
[lpu pacdere CuMMeTPHYHOH HArPYSKH C yﬁe’mm COTIPOm
rTuBlenull NudefHsbix nposo:los Z 5 {pur, 2} Heoé*{ouumo fejel=m
ofpazoBaTts “TpeyroibnHuk” conporusneﬁm B Yspesay” 110 HO~
BECTHBIM depM ynam Bria:

Ling Low (@)
Zg‘ﬁ.‘ T L + oW

§
Mpu ZA'gaZ:SQ‘;;@‘AQ aonyauM Z’A’ifz.ZfS;i\ -.; 8 D%»-g.‘,;‘éi
flocre atore npeoﬁpaaoaamm pacusT pedeTcd g Toenesnwt’
C cuMmeTpUuHOY Harpyago#, xax pacc.wm*p!manocb 3 I H Ko
Te 2.2, Onpenenus «vmeﬁﬁblu HATLKSH U 1 U_bc UQ A

EMU)KHO BEFIACIATD ’iju&hin:. TORML

R e Yaa . Toe=tneYer's ic‘a =T Yen'

L



Honyuyesnsie cUCTEMBI k-
HEHHBIX TOKOB, (QASUBIX TO=
KOB, $asHbIX HalpdxeHu# Ha
Harpyske o0pasyioT CHMMET-
pHYAbIe CUCTEMBL

oz ) 2.4, HecuMMeTpryHAs Ham
8'c! Igpy rpyaxa o cXeMe YTpeyroias
" mux”. Tlpu HECHMMeTpW-IHOﬁ
Puc, 2 A Har‘pyaxe Zan#lee FZeA,

Ho usBecTdpM NHHEHHBIM HAw

HpSOKeHUAM ofpelensioTcs TOKH Kaxao# ¢asdsl no saxony Oma.
luneftipie TOKM BBIMHCHLIOTCS 1O NpBOMY 3aKoHy Kupxe
ropa. GopMyL cocraBnsiorcs ang yaios A, B u C u,  npu
HANpaslieHHd TOKOB, YKAasaHHOM Ha puc. 2, BaMUCHIBAIOTCS TaK:

N

g = L\&“ IQA

CTBENHO [B@ HeCUMMETpUHHEIE CHCTEMEl, OOHAKO CyMMa MM~ -
HellHLIX TOKOB paBHa HYIIO,

Ilpu pacuere HeCUMMeTPUYHOR Harpysku C yqe'rom COTPOm
THE “eHud JIHHEHHABIX TIPOBOOOH Z {cM. puc. 2) Tpeyronb-_-_-‘
HUK” CcONpoTuBICHUN Heoéxo,cumo npeobpasosath B “spesay”
no u3BecTHLM dopMynaM (ans cbasx:x A oM, gopmyny (3)).
ConpoTHB/eHUS NONyueHHON Y8Besabl” ¥ CONPOTHBIACHUS JUHelw.
HBIX TIPOBOACB 05pas3yioT SKBUBAJICHTHYIO HeCHMMEeTPHUHYIO
“sBeany”. Mertonuka pacdera TOkoB “sBeadb” NpW  3aJZAHHBIX
nVHeUHBIX W $Aa3HBIX HANpSKeHUSX paccMOTpeHa B 1. Z.2.

PasHEIe TOKH Harpys3kH, coeAuHeHHON “PpeyrobHUKoM ¥ .
onpene;ts;to’rcn no uHedsbM HANPSKEHHAM Ha “TreyroimHuke”
Vn's’ Use! u Uea’. :

BO&MO)KHO AanlsHeRwee npeo6paaoaaune nonyqeﬂﬂoﬁ OKBUr .
BanesTHolt Ya@Besms’ (oM. puc. 2) B ’I‘pey’["OJII:HHK - Conpo.
TUBNCHUAH,. Hecmﬂme'rpwmou BBGoﬂbl ZA‘Z "‘Z,A ‘“Es uﬂ +ZB,

Z Z La. CB‘TE)éTHBHPHHH " Tpeyrobl Ka” BBRIUHCAATCH MO
&13391,“1}:{!\/1 dopumynam Buia:
18
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ZaZs 2 o

Z g=2atZgt - 4 A
AR Ze . s | , |
" daspple ¥ NuHelfHBIe TOKH ;
"TpeyromeHuka®  onpenenise oq-——{’-‘c 'y A I
I0TCA TaK, KakK OIHCaHO B ..
nagane n, 2.4, Ilonyyenssie

nuHe#iHBple TOKH | “TPeyrofibm . )\
HuKa” ABNAIOTCH TOKAMHU 9Kes Af 7
BusanenTHol “sBeant’ (puc, o
3); no aTHM TOKAM  OMpew ' Puc. 3

AeNAIOTCE NOTEHNHAAB  TO= B

qex A, B u C oTrocwrennHo Toukp O 4 xax pasHOCTb HOTEH~
HHAMNOB, NUHEHHble HAIpPSUIKeHHd UA' bge uUnA nepBOHas
. denpro#l cXembl, PasHbie TOKH B TpeyFOﬂbHﬁKe ABC oupeae-
AMOTCd o 2akody Oma deped fuHeRHble RalpMKeHUs U folon
npotusnerug aa,

2.5, Ipe HeCUMMETPUYHBIE HESPY2KH, NPHCOSAUHEHHBIE (18—
pamienpHO K reHepatopy. PaccMmotpum npuHnun pacdera
HeNy, I'fie OBE HArpysKM COeduHEHbl KAK NOKasaHo Ha pHuc, 3.
Haubonee npocTc pewaercs sajaya, ecay b Harpyskax 1. u 2°
_CONPOTHBIIEHUS COeAUHeHSl frpeyromeauxom”, Cropons oTHX
'rpeyronbﬂaxoa noniapHo napaienbHbl, # o00e Harpyskit - BaMew
HSIOTCS OMHHM 9KBHBAJIGHTHBIM TPEYIO/LHUKO! . Pacuer  rtakofi
‘cXeMBr C yqe'rou conporymxehnﬁ IHHE HHBIX NPOBOJOB Gl OMH-
can B H, 2,4, a CXema NpUBedeHA Ha PuC, 2,

Ecnu conpoTuBilelusl Hal'pysoK coeluHenbl “speafioh”  uau
B oHON ~ “spesna”, a B Apyro#i -~ “rpeyronbHux”,  HeobXo-
A¥MO TpedCTaBUTh 00e HATPY3KH YTpeyrofbauKaMu”, a 3arem
OAHUM SKBHBAMICHTHBIM “Tpeyroimmruxom?, Ilocne oTorc  Npo-
nomKuTs npeobpasosanye s TOro, YTO0BI yHecCTb  COHPOT B
NeHWs JUHGWHBIX NPUBOLOB, KaX paccmaTtpubaiock B i, 2.4, ¢
Tem, uT0bBl K 3amumaM reHepaTopa i roukax A, B u C Seuta
TpucoeluEeHa OANA Bal'pyaka, CONPOTUBIEHHS KOTOROH COSllitw
HeHE! "sBesfio#” winx YTpeyronbiukom”
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MPUMEP PACHETA LEMH TPEX®AZHOIO ’IOKA;_
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1) pacuernas cxema u ee vap

’L = 1278, ¢ =4 Om, 24 =
= 0 Om, F1,=6 Ow; -

2) sanuumieM B KOMIIeKCHOH (GopMe 3aiaHHble HaNpRKeHd
reHepaTopa. HanpaBuMm HO OCH :xenc'rsmerkﬂpxx qucell BeKTOp
cpasaoro Hanpﬂmex—mﬂ regeparopa ‘Lij

‘ fs- , Torna g
— &.mn i 400 . a0 . 150
o UB i{&_( iQ?QA UA = 7P i U{_‘A ’l“?g‘;

3) KOMINEKCHbIe CONPOTUBIICHUI fbas HArpysKa:

,:Agnn—zagez b &'éﬁzb\ﬁ 9&

aMeTpbi:

8 Om, 23*‘ 8 OM ff,gi==

o ‘1 -
2 po'=Z s Zo=H~} D = m@ﬁ’

4) B Toukex A, Bu C nopccenuHeRa CuMMeTpEYHAS

Hépe
rpy3Ka ne cxeme ”356‘3&& . OH efjenvuM_ ee HVﬁeﬁHble
7

: 34 TOKZA
_{onn xe dagopme) . _

Ta __, 107 I s
Ly 3R BT ?E\Q K

g =t 7 5?5@*5“ =2, 45 a&

)
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e e b ) -

i, 7o N "
e | T e .. L
~6750" g e, = e, W

(4
Ing r .‘.Zio;. B 7 XL.:?

5) paccuurasM TOKA Hé- N (2, (0")
CPY3KH, COclUHeHHOH “Tpe-
JTONMLHEKOM Y C yHeTOM CO= Puc., 5
npoTuBIeHKH JIMHEHABIX IPO~
sonos (puc. 5)

BclieaAcTBHe TOTO, 40 fpaaa AQBA pasoMKHyTa(LhuBn ),
6yHeM paccMmaTphBaTH CXeMmy “smesna” ¢ HECUMMETPUUHOR Haw
rpy3Koil.

7\ Zat Tanto= 1 +B+} 6= 10+6 = 117@35,

25“75\*26222"‘{*'54“(}6 11 ? g&
Zo=H,

-_— i .
HefiTpans speafbl ﬂ cosnapaerT c TO4YKOH Q2 .
OnpefenuTh CleAyoOILHE napaMeTphbl
a) Hanp;m(eﬁﬂe cMelienua He#Tpanu:

U;i’a UAYA + Ua‘(& 1 ‘\l{fﬂ e

——

n o, o e g
1 RS 14u7°

T
IREEY + - oo+
,6) (,baaoame HAUpPSIKEH i Ha Harpyaske:

?Jin”“Un‘ o0 =(3+ 20540 B=101 170= ={D8 g?'?w, e
Tpo=Tlly=-2B,5 03 #2057 10, 8=-0 80 4=30 8"

Veo'=Un-Un=-36, ‘i+}65+‘3” 5—3 179=-0+}5= IR, i{}%
B) TOKU }{arpyaxh.

= Uag? 192 p i:—('iﬂ)ﬁ *j‘*in‘ .
T &A 147080 oy




T - i)PBQ"' 84 Q.C;%D .
Lep™ ZB = A7 93315
: Voo 4™ 110

Loy=—gp=—— = 14,50 010 4jit3,

[Mpusepxa: TAD“ +TBD" +IQD” g D ;

Y 1Y Y LT

6) paccquTaeM TOKYW OT revepartopa:

h.\ l;\[,’ﬂ An“=3?3‘*&56“‘5 5?‘(}5 7l-==10 35
Tn=Tay+Teo'= =2, 36-§006-1, 155,54~ {1700
T T Lo B 2420, ] 1 3=4tF 04 93 )11 15

,19,5’&

onasaﬂue amMrepMerpa J_g) = 11,7 A;

7) onpeaemm AKTUBHYIO MOIIHOCTL Harp 3xn {(Br):

W= Ra[iAm Ro[An35 570 =444,
o= Re Lo Tl =Re 14 ol " Layrg ™) 1800,

Wy +Wy=2540.
Hposepxa

TAD" (2+22 4' l BB“ (2+2Q\,+ ‘ e 2 +3T AD’ o
=710+ B,9™ {0+ 11,5%4+3-6,76* ﬁ:gﬁg? B

HNorpemsocTs B GajlaiCe aKTUBHOM MONHOCTH  COCTaBjIgeT
oxomno 1,5%; ’ '

8) mocTtpounm BEKTOPHYO DHAI'DAMMY TOKOB.
“Ha xommnnekcHO#l MIOCKOCTY CTPOAT BEKTOPHI TOKOB
- » * . . .

CIao' o Teo, fen’ 3 Iaot, Dot uwoleo
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Lppr U o 2
ol DY
01/ | Lge 0 ) B

> 7" Puc., 6

Toxu La , Ig i !f_\_ B cooTBeTcTBHU ¢ 1 3axkoHoM Kupxe—
ropa HOKEDL ObiTe paBHBL |

i!\ T B‘+i ADY TB:IB{)'*TBD“' T icn"rhn” 3

9) nocrouM ToOmOTpapUYECKy RHAI'DAMMY HAHpSHKe Hil.

HMNoctpoenue Oyner BHENIONHATHCH M8 BTOPOH  HECHMMETw
puuHo$l Harpysku (puc, 8) ans TOro, 4rTofnl He BaTEMHATE
OHarpaMmy HalpsxeHUAMY Ha SfeMeHTaX ¥ ToKamy HepBoi
CHMMETPUIHOH Harpyaxu,

PaccunTaeM GOTeHUHANIL TOYeK AQ Agﬂ D‘ (C)
basn A, Torenumasnst touex A, B u C orHocureanno, Touxu O
(‘P =, Q) *euepaTopa paBHbS @aaabnsd HarpskeHuam; WA= 73,

‘p 73@_3 ) (-PQ = 73 93 . VX nonoxenue Ha
KOMnneKCLmﬁ IWIOCKOCTHU fIoKasaHo Ha AuarpamMe., Ha, — Ouar=
pamMe NoCTpoeHs! nuHelible TOXM BTOPOH HArpysxu I ap? o,
Tap" « Tgo':

Onpeaemm NOTEHLEHATIBI;

{ Loclyf
JLPAE.'"‘OA o2 =73- 2)9‘& }j gagugg B 2,&1‘%’55 ﬁ
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: 40030’

\PAs WAp"lA[\”?i-‘?S"'AvS? 5% p4
Qo= Qan—Tanr- Loy= — 035 + 128 = 30,80 pit?

Hanecem noreHuuanbl TOYeK Ha KOMUHGK"HYIO HHOCKOCT}: u

050’

coenunuM TOUkd A u A, A_ un A_, A_ u O BEKTOpPaMH,
u30OpaXaomwuMy Hanpshxenus Ha y4acTkax neld,
ApanioruuHpie pacueThl, KOoTopble 3[eCh He IPUBCHATCH,

ang paz B u C nosponsioT NOCTPOUTH BEKTOPBI HanpsKeani
s 3THX daa,
.. Vamepenible no nhar‘pa’vae pasﬂoc'm QAQ lﬁgﬂ-'—:bA!)_D”
Bo— L? D«::Uégo“ LI (U W=l nom«uer 6pITh papHBl  aldo=-
BLIM HANPSKeHWSM Ha Harpyske, NPUBEASHHLIM B pacueTe,
PasliocTs NOTEHLUHANOB | v~ —UD"D He [uarpaMmve  SiB-
JIgeTCH HaANpSXKeHWeM CMemeHus HedTpasid, TaKXe OlpeAciieH-
#elM B pacyete, CoBNafdeHue 3Ha4YeHWd pACHETHBIX HANPOKeHud
¥ TOIIYHeHHBIX N0 AUerpaMMe NOATBEeDKAAST NPaBWILHOCTDL 0w
JIY4eHHBIX pecynbLbTaToB
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