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12.6 Cunycounanasl eMec TOK TI30€KTepiH ecenTey

12.1 Herisri yreimaap

AJNBIHFBI JIOPICTEp CUHYCOUJANIBI TOK IMEH KEePHEYIH dcep €Tyl Ke3iHerl
CBI3BIKTHI 3JIEKTp Ti30eKTepl KapacTolpblUlAbl. LIIbIHABIFbIHAQ Oy MIaManap YiIKeH
HEeMece Killll JAeHreiie cuHycouaanabpl emec 0osia anaapl. Cebed1 HAKThl TOK TEH
KEpHEyJiep TeHepaTopJiapbl CUTHAJIJapAbl KaTaH CUHYCOMAAIbI IMIIIIHIMEH
opmaiibiM  KamTamachi3  erneial. CoHbIMEH  Karap, Ti30ekTe  uacaabl
cunycounanabl kepHey Hemece DKK ke3i 0oica ga OCHCHI3BIKTHI CUMTaTTamMasapbl
O0ap SJIEMEHTTEpiHIH OCepiHEH TOK MmilIiHAepiHiH Oypmananysl Oomamsr (12.1
cyper).

CMHYCOMAaNAbl TOKTap MEH KepHeyep
Ke34epiHiH, naeanabifblHaH aybITKYbl

CUHYcOMaanabl emec 6eMnCbI3blK 3N1eMeHTTEPAIH, Ti3OEKTiH,
6onfaHbIHbIH cebenTepi KypambiHaa 6onybl

\
apHaWbl NiWiHAi (TIKOYpPbIWTLI, apaTapi3Aec XaHe T.6.)
TOKTap MeH KepHey/iep reHepaTopapbiHbiH, 60aybl

12.1-cyper. DT-TepiHae CUHYCOUAAIIBI €MEC TOKTAp MEH KepHEYIEP/iH maiia
6oy cebenTepi

[IpakTrkana KepHEey MEH TOKTApJbIH CUHYCOMAAIIbI eMeC OOJybIH €Ki TypJl
K©3-KapacleH Kapayra 00Japbl:

v Bipiamn  Jkarmaii - Tepic  JKaFel.  OKaNbBl  JKaFgaiga Kyl
AIEKTPOIHEPTCTUKACHIH/IAF bl CUHYCOUIAIbI eMec TOKTap KYaTTbhIH
IIBIFBIHAATYbIHA,  JJIEKTP KO3FAITKBIII OUTTIHIH MyJbCalldsyIapblHA OKeNei,
OalimanbpiC  JkeJiciHAe OereTrepAl  TYIbIpaabl, COHABIKTAH CHHYCOUIAJIbI
PEXUMIICP KAJIBITITA YCTaFaH a03alr;



v/ Exinmi skarmail - OH JKarbl: aBTOMAaTHKa JKOHE OaiaaHbIC Ti30eKTepiHe
ANEKTPTEXHUKAJIBIK KYPBUIFbUIAP/IbIH SPEKET MPUHIIMII HETI31H/Ie CUHYCOUIANIbI
eMeC TOKTap IMeH KepHeyJiep OOoJIbIN Tadblica, OJapibl KYIIEHTY MeH OaphIHILA a3
MoH/Ie OypMaaHyMEH KEeTKi3y MaKCaThl KO3/IEJITEH.

Cunycoupanasl €Mec TOKTap TMEeH KEepHEYJNeplH YaKbITKa TOYEJIUIIrl
nepuoomul, Nepuoomsled JHCYblK HcoHe nepuoomel emec 00iybl MYMKiH. OcCbl
JIOpICTEe YaKBITTHIK AMarpamMMmaiapblHia CUMMETPHUSUIBIK Kacuerrepre ue 0oiia
QJIaTBIH TIEPUOJITHI CHHYCOUJAIIBI €MeC TOKTap MEH KepHEeyJep/i KapacThIpambi3
(12.2 cyper).

Ilepuoomsl cunycouoanovl emec MoK neH KepHey Oen yaxvlm OOUbIHULA
nepuooOmyvl CUHYCOUOALObl eMeC 3aHbIMEH 032epemin MoK nex KepHeyoi amanmbol3.
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Cunycoumanasl emec TokKTap maija OonatbiH DT Keneci Heri3ri KYMbIC
pPEXKUMJIEPIH KapacThIPaJIbl:

1. Erep OKK ke3i (Hemece Tok ke3i) cuHycommainbl eMec DKK-1i (Hemece
TOKTBI) Oepce »xoHe Oapnblk DT ameMeHTTepi (PE3UCTHBTI, WHAYKTHUBTI KOHE
CBIMBIMIIBITBIKTBI) CHI3BIKTHI 00JICa;

2. Erep OKK ke3i (Hemece Tok ke3i) cunycoumanabl DKK-ti (Hemece TOKTHI)
Oepce koHe Ti30eKkTiH Oip Hemece OipHele 3JeMeHTI (Pe3UCTUBTI, UHAYKTUBTI
YKOHE CBHIMBIMIIBUIBIKTBI) — OCHCBI3BIKTHI 00JICa;

3. Erep OKK ke3i (Hemece Tok ke31) cuHycounanabl emec DKK-1i (Hemece
TOKTHI) Oepce >koHe Ti30ekTiH Oip Hemece OipHemie dJeMeHTI (PE3UCTHUBTI,
WHYKTUBTI )KOHE CHIMBIMIBUIBIKTEI) — OCHMCHI3BIKTHI 00JICa,

4. Erep OKK ke31 (HeMece TOk K031) TypakThl Hemece cunycounanapl DKK-1i
(Hemece TOKTHI) Oepce xoHe TI30eKTiH Oip HeMece OlpHeIe JIeMEHTI (PEe3UCTHUBTI,
WHIYKTUBTI JKOHE  CBHIMBIMIIBUIBIKTHI) — yakpIT OOWBIHINIA TEPUOJTHI



3aHJBUIBIFBIMEH ©3repce, COHMa ochiHaail DT KyMBIC PEKUMIHIE CUHYCOUAATIbI
eMec TOKTap MEH KepHeyJsep naiiaa 6oaaabl.

12.3-cyper. 2 nmyHKTKe coiikec KeneTiH DT KyMbIC pexXuMi: SJIEKTP CXeMachl
(a), yakbITTBIK AUarpamMMachl skoHe Ti30exreri aneMeHTTiH BAC (0)

12.2 ®ypbe KaTtapbl apKbUIbl CHHYCOMJAJAbI €eMeC IaMajapabl
OeiiHesIey

Tosblk mnepuox 1MIIHAE MAKCUMyM, MHUHUMYM JKOHE OIpiHIII TEKTI
Y3ULICTEpIH ~ IIEKTEYJl MOHAEpiHE He OOoJaThiH Ke3-KedreH f(x) MepuoaTh

cuHycouaanpl eMec PyHKuusHbE Dyphe KaTapblHA KIKTEYTe O0JIaIbI.
o 27
Erep x aliHbIMalIbl I1aMa t yakbITIECH X=ot= e KaTbIHACBIMEH
Oaiinmanbicca, (T - IepHOMd), COHIa X aWHBIMAJIbI IIAMachl OOMBIHIIA (PYHKIHSHBIH

NEPUOABl 27 TEH, al t YyaKbIT OOHBIHIIA OChI (DYHKIMSHBIH IEPUOILI T TEH
0oJ1aJIbI.

f(x) = A, + A'sin(x) + A, sin(2x) + A; Sin(3x) +... (12.1)
..+ Acos(x) + A cos(x) + A7 cos(X) +..., '
MYHJaFbl A, - TYpPaKTbl Kypayllbl HEMEce HOJIIK TapMOHHKa, A - OipiHIIl
TapMOHHMKAHBIH CHHYCTBI («CHHYC» 3aHbl OOMBIHIIA ©3TePETiH) KYPayIIbICHIHBIH
aMIUTUTYAachl, A’ - OIpiHII TapMOHUKAHBIH KOCHHYCTBI («KOCHHYC» 3aHbI
OOMBIHIIIA ©3T€PETIH) KYPAYIIBICHIHBIH aMILTUTY/IACHI.
MyHpaafFb1
27
A, -1 [ £09dx; (12.2)
27
1 2z 1 27
A== j f (x)sin(x)dx,...A, == j f (x) sin(kx)dx; (12.3)
% %
1 27 1 27
A== j f (x) cos(X)dx,..A! == j f (x) cos(kx)dx. (12.4)
% %

A, xoHe A! - Oypbe KaTapblHbIH KO3((UILIMEHTI €T aTanabl.



A sin(kx) + A’ cos(kx) = A sin(kx+, ), (12.5)

OOJFaHABIKTaH, OCBIHJIA

A =T +(A. (12.6)
tol,)- ﬁf. (12.7)

A aMIIUMYOanapuiMbly — JHCOHE i, bacmankel  hazanapviHuIK

HCULIHMBIKMAPLIH  AMRJUMYOAblL JHCIHe (Pa3anvlK HCUINiKmiK cnekmpiepi, a
A orcone A K0dIpDuyueHmmepiniy HCULIHMBIRLIH — QYHKUUAHBLY HCULTIKMIK

cnekmpi den amatiovl.
Conpa (12.1) dypbe KaTapblH KeJieciieriieit Typ/e asyra 00iaipl:

f(xX)=A,+Asin(x+y,)+A,sin(2x+y,) +...

F(X) = A+ A sin(ke+p,), (12.8)

MyHJarel A - Dypbe KaTapblHbIH Kk - TapMOHHMKACBIHBIH AMIUIMTYyJHachl. k=1

Oonran ke3ne Dypbe KaTapblH KypaymibiChl f(X) (QYHKIUSCHIHBIH KHUUTITIHE TEH
KULTIKKE 1e 001a/Ibl )KOHE OipiHuli HEMECE Heli3el 2apMOHUKA JIETI aTalabl.

Eeep k=2n,n=123... -ocyn canoapsl 601ca, COHOA 2apMOHUKAAPObL - HCYH
ocone k=2n+1,n=012,... - mak canoap 60jca, COHOA 2aAPMOHUKAIAPObl — MAK,
oen amauowl.

12.3 Cunyconaanabl eMec maMajaapablH cHIIaTTaMajapbl

AWHBIMAJIBl CHHYCOMIANABI €MeC TOKTap MEH KepHEYJEpHAiH Heri3ri
cunaTTamasiapsbl:
1. Cunycouaaliasl eMec TOKTBHIH (HeMece KEepPHEYIIH) MAKCUMANObL MIHI -

max "

2. CuHycougaiabl eMec TOKThIH (HeEMece KEPHEYIiH) aCepaiK MaHi

| = /%lizdt. (12.9)

Erep i(t) = Zw: . Sin(kat +y, ) Ooica, conaa (12.9) MbiHa TYpi KaObLI A IbI
k=0



| .
I, =2 ke3iHjge

J2

=[Sz, (12.10)

3. Cunycounanasl emMec TOKTBIH (HeMece KEpHEYHiH) M0o0yib OolibiHuwa
opmawia MaHi

1 T
= [lilt. (12.11)
0

4. CuHyCcOUIaIIbl eMeC TOKTHIH (Hemece KEpHEYIIH) nepuod oOoliviHuwa
opmawia MaHi

1 T
I, =?£idt. (12.12)

5. Amnaumyoa xodgpguuyuenmi — cunycouoanovl emec mokmoly (Hemece
KepHeyOiH) MAaKCUMAIO0bl MOHIHIY 2CePIliK MIHIHE KAMbIHACHL

K, :'Tax (12.12)

6. @opma koIpuuyuenmi — cunycouoanovl emec MOKMuIY ICEPNIK MIHIHIY

MO0V OOUbIHWA OPMALUUA MIHIHE KAMbIHACHL
K, = (12.14)

opm

7. Bypmanany xoyppuuuenmi — Oipinwii 2apMOHUKAHBIY 2CEPIIK MIHIHIH
QUHBIMATbL UWLAMAHBIH 2CEPAIK MOHIHE KAMbIHACHL

K, =%. (12.15)

8. l'apmonuka KoIpuuyuenmi — dcozapzvl 2apMOHUKAIAPOBIY JCEPIIIK
MOHOEpIHIH OIpIHWI 2APMOHUKAHBIY dCEPIIK MIHIHE KAMbIHACHL -

2N
K, =Yz (12.16)

I,

124 Cunycoupanabl eMeC TOKTHIH MEPUOATHI KUCHIKTAPbIHBIH
CUMMeTpHS KacuerTrepi

CrannapTTsl QyHkius yiuiH Oypbe KatapeiHbIH K0P PUIIUEHTTEP] aHBIKTaMa
oneOUeTTeH HEeMece JKaJbl J>KaFjaiia >Korapbiga KepceTuireH QopMylanap



apKBUIbI €CerTeN ayra OoJjajbl. bipak cUMMETpHUsi KacHETTEpiHE W€ KHUCHIKTap
OoJIFaH JKaFjana ecern >KeHUaeTiieai, cededl oJapblH KIKTeyJIepiHeH OipHele
rapMOHHUKAJIAp/bIH CHEKTpJiepl ecenrteninOeimi. Ilepuoarsl 3aHbIHA OarbIHATHIH

cunycongajabl €MCC TOK KHCBIKTApPbI Kenecl CUMMCTpPHUA KaCI/IeTTCpiHe e Oona
aJlaJbl:

1. Ecep nepuoomul cunHycouoanovbl emec mMOK YAKbIMMbK Ouazpammaod
KUCLIK MYpinoe OellHeleHce JicoHe abcyucca oOciHe KamviCmbl CUMMempus

Kacuemmepine ue 6oica, conoa f(x)=—f(x +%) (12.4-cyper).
1 f(x)

AN

i A . o~ \ >
77 - x| 62,
e T x+Tm

12.4-cyper. CUMMETPHSITBI KUCBIKTAPAbIH YITiCI

Ocwl ke3ne gynxyuanvr Pypve Kamapvina dicikmey Ke3iHOe menoeyoe A,
mypakmol  Kypayuwbicot  oicone A (k=2n, n=123..) cyn 2apmoHuKanap
ooamanowl, azuu A=A, =A, =A, =...=0.

2. Ecep nepuoomul cumycouoanovt emec mox YaKbImmuvlK OUaACpammaoad

KUCbIK mypinOe OeliHelleHce JicoHe OpouHama oecine KamvlCmbl CUMMempus
Kacuemmepine ue 6onca, conoa f(t)=f(-t) owcone gpynxyuanovl Pypve Kamapoina

oicikmey kezinoe menoeyoe A (k=123..) cunyc Kypaywoliapbl 601matiovl, AHu

A=A =A=.=0

4 (t) T f(x)

N

o wt

12.5-cyper. CuMMeTpHsITBI KUCBIKTApABIH YATiCI

3. Erep cunycoumanapl eMec TOK YakKbITTBIK JHarpamMMmaja KHUCHIK TYPIHJE
OeifHeNIeHCe KOHE KOOpAMHATa OachlHa KATBICTHI CHMMETpPUSI KACHETTEpIHE He
6onca, connma f(t)=f(-t) xoHe Pynryuaner Pypve Kamapvina dHcikmey KeziHoe
menoeyoe A, MYpaKmol Kypaywbicbl MeH A (k=123.) Kocumyc
Kypaywwlaapul 6oamaiiovl, signu A, =A' = A)=Al=...=0.

f(t) £ (%)



b
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12.6-cyper. CUMMETpUSIIIBI KUCBIKTApAbIH YJITICI
12.5 Cunycounaanabl eMec TOK Tiz0erinaeri Kyar

OT epkiH mimiiHi 6ap MEPUOATHI TOKTHIH AKTUBTI KyaTbl NEpUoja OOMBIHINIA
opTaila KyaT apKbLUIbl aHBIKTayFa 001a Ibl:

p- L1 (u it (12.17)

=
O Sy, —

Erep i(t)zilkmsin(ka)uw,k) - TI30CEKTET1 TOK JKOHE u(t):iukmsin(ka)tﬂ//uk)
k=0

k=0
KepHey 0OoJica, COHJIa

p— %Hium sin(kat +y, )Hi I siN(kat +y/, )}dt-

0 Lk=0

OPTYpAl KUUIIKTI CHHYCOMAQIAbl (YHKUUAJIAPABIH Iepuosa OoMbIHILIA
opTailla MOH HeJIre TeH OOJIFaHBIKTaH, COHFbI TEHJACY KeJeCl TYpiH KaObU1Iaiabl

T ©
p_ %jzum% sin(kat +y,, )sin(kot+y, )dt  —
0

k=0

P:U0I0+iu“ml“m2cos((pk):iuklkcos((pk), (12.18)
k=1 k=0

MYHZa ¢, =y, —v, . Erep B, =U,I, cos(¢p, ) 6omca, orza

P=YP. (12.19)

e
k=0

Cunycouoanovl emec moKmolH, Opmaula Kyamol - Jicexke 2apMOHUKANAPObIH
opmauia KyammapviHblly KOCbIHObICbIHA Mel 001a0bl.
Ocpiran ykcac, erep Q, =U, I, sin(¢,) Ooiica, peakTUBTI KyaT YIIIH Kejeci

TEHIIKT] aJlaMbI3

Q=>.Q- (12.20)

Cunycouaanabl EeMeC TOKTBIH TOJBIK KyaThbl



S=Ul = /iufilf=\/P2+Q2+T2¢\/P2+Q2, (12.21)
k=0 k=0

MYHIAFbl T - Oypmanawy Kyamsl, o1 dpMypii pemmi 2apMOHUKALbIK MOK NeH
KepHeyOiy aceplik MOHOepIHiH KoOelimindici peminde aHbIKMAanaobwl.

12.6 Cunycounaajabl eMec TOK Ti30eKTepiH ecenrey

Erep ce3pikthl OT-ne  cunycompanabl emec Tok neH kepHeyaiH (DKK)
SHEPrusl Ke3jaepi 0oJica, COHJAa MyHAal TI30€KTI JYpBIC €cenTey YIIIH KeJecl
PETTUIIKTI CaKTaFaH JKOH:

1. bapablKk cMHycOMAAIbI eMeC TOKTap MEH KepHeysepni Pypbe KarapblHa
KIKTey KakeT. TypakTsl )oHEe CHHYCOUJANIbI KYpaylIblJIapblH aHBIKTAy KepeK.

2. berrecy omiciH KonJaHa OTBHIPHIN, 9p KYpaylIbIChl YIIIH TOKTap MEH
KEpHEYJIep/Il ECENTey KEPEK.

3. bapnpik anpiaFan memiMaepai OipikTipin, Oenrici3 mamanapibl aHbIKTay
KEpEK.

OKK ne3aik MoHI CHHYCOMAANbI €eMeC 3aH OOMBIHIIA ©3repeTiH KEPHEY KO3l
6ap OT kapacTbIpaifbIK.

En Oipinmn Oeputren ¢yHkiusabel dypbe KaTapblHa >KIKTEHMI3, TYPaKThI
YKOHE CUHYC KYpaylIbUIapbliH O€Nriiemis:

e(t) =E, +E,, sin(ot+y,)+E,, sin(o,t +y,).

OKK ke3iHiH opekeTi ymr Ti3oekrten kanmranran JKK ke3nepiHiH opekeTiHe
Ccolikec Kele/l:
€ = Es;
& (t) = B sin(ayt +y1);
&,(t) = Epp sin(w,t + ).

—O—
~ ~a ~

12.7-cyper. Cunycounanasl emec KK Tiz0ekreri kepiHici

berrecy omiciH KoijaHa OTHIpHIT Ti30eKkTiH op Oemirinaeri op OKK-Hen
Oeuniek TokTapasl aHbikTaiiMbl3. CoHma K -11i TapMakTarbl MIbIHANBI TOK O6JIIIeK
TOKTAap/IbIH KOCBIHJIBICBIHA T€H 0ONaAbL: i, = Iy, +iy +i,, .



Ecenti miemry OapbichlHAa  OpTYpJl  JKUUTIKTE  HMHIYKTHUBTI  KOHE
CBHIMBIMIBUIBIKTBI KEIeprijiep Je opTypi OOJaThIHBIH ecKepreH xeH. Omap yuiiH
KeJecl OaiylaHpIC KOJTaHbUIAbI:

X, = koL =kX_,, (12.22)
_ 1 Xy 12.23
Xao=q—=="2 (12.23)

k-1 rapMOHMKA YIIIH MHIYKTHUBTI Kelepri k ece YIKeH OoJajbl, ai
CBHIUBIMIBUTBIKTEI KeAepri OipiHmm (Heri3ri) rapMOHHMKara KaparaHiga k ece Kinri
Oomanel. OchlnaH, CHHYCOHMIAIAbI eMec KepHey Ke31 0ap Ti30eKTeri WHAYKTHUBTI
KEJepriHi apTThIpy Ke31HAE€ TOK KHUCBHIFBIHBIH TMIIIIHI «CHHYCOUAA» TilliHIHE
*akplH Oosanpl. CHHycOMJANAbl €MeC KepHey Ti30eKkke Oepiice Jie, >KOFaprbl
TApMOHHUKAJBIK KYpaylIbUIapbl OOJFaHIBIKTaH, TOKTBIH CHHYCOHJIAJAbI €Mec
MIIIIHI TIKeJeH ChIMBIMIBUIBIKTBI KEAEPTIre Toye 1l 00Iabl.

bakbliay cypakrapsl

1. Cunycouanasl eMec IaMajapra aHbIKTama OepiHis.

2. @ypbe KaTapbl apKbUIBI CHHYCOHMIAJIIBI EMeC IaMaiapabl Ka3bIl OepiHi3.

3. Cunycounaanabsl eMec amaiap/IblH CUIlaTTaMajapblHa aHbIKTaMa OepiHi3.

4. Cunyconganpl eMec TOKTapblH MEPHOATHI KUCBIKTAPBIHBIH CUMMETPHUS KaCHETTEpiH
curarTar OepiHis.

5.Cunyconansl eMec TOK Ti30€eTiHeT! TONBIK KyaTThIH TeHICYiH JKa3bIHbI3.

6. Cunycouanabl eMec TOK Ti30€riH ecenTey NPUHIMIIIH TYCIHAIpin OepiHi3.



