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HEIIPEPBIBHAA 1N UMITYJIbCHAA
CUHXPOHUSAIIMIA PABOTbBI TEHEPATOPOB UYA

SKcnepumeHma/leo uccae0o6amvl npoueccol He?’lpepbl@HOZZ u UMny/leHOZZ CUHXPOHUIAUUU aeyx 2eHe-
pamopoe qyd Hpea/lO)KeHHble Memoobl CUHXPORUIAUUU XAOMUYECKUX 2eHepamopoe NepCcneKmuenl
ons npumenenus 6 cpeacmeax C6A3U npu nocmpoenuu be3onachulx pa@uomexnuuec%ux cucmenm.

Knioueswie crosa: xXaoc, CUHXPOHU3AUUA, cxemda qyd

3a 1oc/eHne JecsATh JieT ObLI IPEIJIOKEH PSII
CHCTEM CBSI3H, UCTIOJIB3YIONUX MOAYJISIUIO XA0TH-
yeckoro curHasa nadopmarmonusM [1, 2]. Heob-
XOAMMbBIM yCJOBUEM (DYHKIIMOHUPOBAHUS TaKHUX
CHUCTEM SIBJISIETCSI CHHXPOHU3AIUS PabOThl XaoTHve-
CKHUX CHCTEM ITPUEMHUKA U TIEPEIaTINKa, TTOCKOJIb-
Ky OHa HeoOXOJMMAa JI/I1 BOCCTAHOBJEHUST UHPOP-
MAI[MOHHOTO CHMTHaJla Ha IIPHEMHOU cropoHe [3].
WccnepoBanus B 9T0N 061acTH ObLIM HAYAThI aBTO-
pamu [4], KoTOpble TEOpETHYECKH U IKCIIEPUMEH-
TaJIbHO TIOKa3ajii BO3MOXKHOCTb CHUHXPOHU3AIMH
JIBYX XaOTUYECKUX KoJjieGaHuii. ITOT METO/, MOJy-
YUBIINI Ha3BaHUE METO/A JEKOMIIO3UINK, 3aKJII0-
YAeTCs B CJIEAYIONIEM.

PaccMOTpPUM aBTOHOMHYIO 7-MEPHYIO [HHAMU-
YECKYIO CUCTEMY, OIKMCHIBAEMYIO yPaBHEHUEM

du
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D h(v,w"). (3)

Cucremy (1) HasbIBalOT BeAylleii, a mojcucre-
My @’ — Begomoil. Ecau nepementsbie B (3) acumi-
TOTUYECKHU TIPUOINKAIOTCSA K IEPEMEHHBIM BTOPOTO
ypaBienus u3 (2) u COXPaHAIOT CBOM 3HAYEHHUS C
usMenenureM w(t) B ABYX MOJCUCTEMAX, TOBOPST O
HAJIMYMK CUHXpOHM3alu. [Ipu HenpepbIBHOM CHH-
XPOHU3AIUN HeO6X0[MMa MOCTOSIHHAsI Tiepejada
CHHXPOHU3MPYIOIIETr0 CUTHala OT HepejaTdhKa K
PUEMHUKY, YTO SIBJISIETCS HEJJOCTATKOM METO/A.

B [5] 6bL1a npepsioskena UMIy IbCHAsE CUHXPO-
HU3allusl, IPU KOTOPOIl BPEeMEHHOH MHTEpBaJ, He-
00XOAMMDIii JIJIs1 TIepe/iadil CUTHAJIOB CHHXPOHU3A-
[IU¥, 3HAUATENTBHO YMEHbBIIAETCS 10 CPABHEHUIO C
HenpepblBHOU. IIpu MMIy/IbCHOM CHHXPOHU3ALUU
M0 CHCTEME CBS3M MEPEATOTCS CUTHAIDBI, TPE/ICTaB-
JIsIonIe coO0M 110CIe10BaTeIbHOCTD BPEMEHHDIX BbI-
60pok ¢ 1eprosoM T', KOTOPbIii COCTOUT U3 JIBYX
uHTepBaJyoB. llepBblii MHTEpBaJ, AJIUTETHHOCTHIO
Q, BrJOYaeT B ceGsi UMITYJbChl CHHXPOHUBAIINH,
BTOPOU, MPOJIOJIKUTENBbHOCTBIO T—(), MCIONb3yeT-
cs1 s Tiepeavn 3anm@poBaHHOTO coobiienus. [1o-
CKOJIbKY, Kak InpaBuyio, Q<<T, BpeMeHHbIe MOTe-
pPHU B IIakeTe HepeaBaeMoro COOOUICHUS] HEe3HAUYM-
TEJIbHBI.

IKCIIepUMEHTATbHBIE Pe3YJIbTaTbl UMITYJIbCHON
CUHXPOHU3AIINN JIByX reHepaTopoB Uya ¢ moMoIibo
yskux uminyabcos (Q,/T=0,016, 1,/T=18000 Ti)
OJIHUMH H3 TEePBbIX IPe/CTaBUIN aBTOPbI [6].

Ilenpto HacTosMIeld PabOTHI SIBJSIETCST peasn3a-
s reHepaTopoB Uya Ha onepannoHHbIX YCUJINUTeE-
JISIX M 9KCTIePUMEHTAIbHbBIE UCCJIEIOBAHNS UX CUH-
XPOHHOH PaGOoThI.

Cxema Uya

Cxema Uya nipezicTaBiisieT co60ii aBTOK0JIe6aTE -
HYIO CUCTEMY C XaOTUYECKUM MTOBE/IEHUEM, KOTOPast
umeer 1,5 cremenu cBo6oabr [7, ¢. 151]. Cxema
COCTOUT U3 KATYIIKU UHAYKTUBHOCTH L, pe3ucropa
R, xongencaropoB C1 m C2 u HeamHEIHOTO 3JI€-
MeHTa N, (puc. 1, a). Maremarnueckass MoJeJb
cxembl Uya MoskeT ObITh 3arucaHa B CJELYIOIEM
BU/JIE:

dV, 1
1 Tta = E(ch - VCI) -g(Ve));
dV, 1 )
G, dtcz = E(Va -V +ip;
di
Ld—; =-V,,. (4)
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Puc. 1. Cxema rereparopa Uya (@) u KycouHo-uHeiiHas
BAX nesuneitnoro ssiemenra (6)

Bosibr-amniephas xapaxrepuctuka (BAX) we-
sHeiiHoro asemenrta g(v ) (puc. 1, 6) onuceiBa-
eTcsl KyCOYHO-JIMHENHOW (pyHKInel coryacHo [8]:

9(,) = myo, +0,5(m, —m,) x

X[|UR+B;>|_|UR_B;; |], (5)
rae md, mb—prTI/ISHa y4aCTKOB KyCO‘{HO‘]II/IHeI'/JIHOI(/}I
XapaKTePUCTHKH HEJUHEHHOTO HJ1eMenTa,
R m,=-0,76 Cm, m,=-0,41 Cw;
B, —mnapamerppr Touex mepernta KyCOuHO-Ii-
Heinoit BAX, Bp=1 B.
[Tepexo/ist K HODMUPYEMbIM BEJMYNHAM B yPaB-
nenun (4) mosyyum

B

P’

i =aly—z-f(x));

y=x-y+z

: =By, (6)
rne x =v.,/B,; y=0.,/B,; z= iL/(BpG);

f(x)sz+0,5(a—b)[| x+1|-] x—l”;
a=Rm,;; b=Rm;B=CR/L,G=1/R.

Ec/m nMeroTes 1Be NAeHTUYHbIE Xa0THYECKUE CH-
crembl ¢ mapamerpamu x(t), y(1), 2(v) u x'(1),
y'(1), 2(T) COOTBETCTBEHHO, TO YCJOBUEM MX CHH-
XPOHU3AIMK SABJAAETCS MUHUMYM PA3HOCTH MEKLY
COOTBETCTBYIOIMMHE HapaMeTPaMu:
p(0) = x(1) — x'(1);

q(1) = y(v) - y'(v);
(1) = z2(1) - z'(1),
rae 1=tG/ C,.

(7
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Puc. 2. CxemorexHuueckas peajusanusi HEJTMHEHHOTO

snementa (a) u arrpakTop remeparopa Uya (6)

Ha puc. 2 nmpusesena cxeMoTeXHUYECKas pea-
JIM3a1Ms HeJIMHEHOTO d1eMenTa N, Ha Onepanmon-
HBIX YCHJIUTEJISIX U aTTPAKTOp TeHeparopa Yya tuma
«/IBOWHOI 3aBUTOK» B CHCTEME KOOPJAMHAT X, ¥.

HenpepsiBHasi CHHXpOHH3aIUsI Xaoca

CUHXPOHU3AIUS IBYX XAOTUYECKUX CUCTEM SIB-
JISTETCST TPOOIEMATUYHON, TIOCKOJIBKY OHU 00.J1a/1aI0T
BBICOKOW UYyBCTBUTEJIBHOCTHIO K HAYAIBHBIM YCJIO-
BusiM. Jlaxke WIEHTUYHbIE XAOTUYECKUE CHCTEMBI,
CTapTYIONINE M3 OJJMHAKOBBIX HAYAJIBHBIX YCJOBUH,
IBOJIIOIUOHUPYIOT B (ha30BOM IPOCTPAHCTBE TI0 Tpa-
€KTOPUSIM, KOTOPBIE CO BPEMEHEM TEPSIIOT KOPPEJIH-
poBaHHOCTB. B [8] 6b110 MOKa3aHO, YTO CHHXPOHU-
3aIMs IBYX XaOTUYECKUX CHCTEM BO3MOXKHA, KOT/IA
UX 9BOJIONUST MPOUCXOIUT TI0 OJHOW TPAEKTOPUU
daszoBoro npocrpanctsa. Cucrema 6e3pa3MepHBIX
YPaBHEHUI B 3TOM CJIydyae UMEET CJIeIyIONUN BU/I:

&=y —x—f(x0);

y=x-y (8)
2 =Py,

gy =x-y'+2z5

2= By, 9
rae o=C, /C,.

PasHuiry Mesky CHTHAJIaMu T€HEPaToOpPOB, OIH-
cbiBaeMbIiMi cucteMamu ypastaenuii (8) u (9), ¢
yuerom (7) MOKHO 3amucaTh B MaTpUUYHON opme:

q -1 1)\(gq

I (10)
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c2 C1
VCZ Vc1

Puc. 3. Cxema cMHXpOHM3AINN TeHepaTtopoB Uya
curnanom V-

CHHXPOHHU3AIS TeHepaTopoB Mo 6e3pa3MepHoi
HepeMeHHOﬁ X COOTBeTCTByeT "X CMHXPOHU3aluun CUr-
HanoM V ;. CxeMa COeJMHEHUsT BeYIIEro I Bej1o-
MOTO TeHEPaTOPOB /LIS 9TOTO C/Iyyas NpUBeJeHa Ha
puc. 3. B kauecTBe s/eMeHTa Pa3BA3KH HCIOJIb30-
BaH Oy(epHBIl KacKaj Ha ONEpPAIHOHHOM YCHJIH-
Tese.

-1 1

COéCTBeHHI)Ie 3HavY€HUuA MaTpUIbI cu-

B0
crembr (10) paBHbI —% t ]%\/4[3 — 1. Tlockombky

cucrema (10) nuneiinas, a nokasaresu JIanyHoBa
BeJIoMOii cucteMbl Menbire HyJis (—0,5; —0,5), re-
HEpaTopbl CUTHAJIOB, OIUCHIBAEMBIX CHCTEMAMU
ypasuenuit (8) u (9), MoryT 6bITh CHHXPOHU3H-
POBaHbl. JKCHEPUMEHTANbHbBIE PE3yJIbTaThl CHH-

a)

6)

Puc. 4. BpeMeHHbBIE 3aBHCUMOCTH aMILIUTYAbl CUTHA-

108 Viyu Vi, un ux pasuoctn (@) n 3aBHCHMOCTD

Vg 01 Vo TIPU HENPEpPbIBHON CUHXPOHU3AIMU CUT-
nanom Ve, (6)

R ip R’ ™
T ’7 T
L L 1 C2 C1__ ) L/ __C2, C1/__
L . VCZ VCl f . VCZ'VC' ,
| 133 Vr| Nr + 13 V, |Nr,
L 4

Puc. 5. Cxema cunxponusaiuu resepatopos Uya
curnajgom V.,

XpoHuzanuu paGotsl reneparopos Uya npuseje-
HbI HA pHUC. 4.

3asucumoctb Vy. 0T Vo, B HCCIIElyEMOM JlHa-
a3oHe M306pasKAeTCsl MPSIMOM JIMHUEH ¢ YTJIOM Ha-
KJIOHA @ = /4, 4TO yKa3bIBaeT Ha CHHXPOHU3A-
110 PabOTBI BEAYIETO U BEJJOMOTO T€HEPATOPOB.

Pa6oty reHepaToOpoB MOJKHO TaKyKe CHHXPOHU-
3UpOBaTh € IIOMONIbIO curHana V ., Epnc. 3). Cun-
XPOHU3AIUST OTMUCHIBAETCSI CUCTEMON ypaBHEHUIT ¢
6e3pa3MepHBbIME [TapaMeTPaMi TeHEPATOPOB CXEMBI

i =aly —x'-f(x")); (12)

z'=-Py.

PesyibraThl nccae0BaHUST CHHXPOHU3AITH Pa-
6otbl AByX Teneparopos Uya curnanom V., npu-
Be/IeHbI Ha pHC. 6.
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Puc. 6. Bpemennble 3aBUCHMOCTH aMILJIUTY/bl CHTHa-

708 Voo u Vi uoux passoctn (@) u 3aBHCHMOCTD

Vi 0T Vo DU HENPepLIBHON CHHXPOHU3AIMH CUT-
Hasnom V., (6)
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HeycroiiunBas cHHXPOHU3AIMS 10 HapaMeTpy
Y Benyteii cucTeMbl 00bSICHIETCS CTa0bIM YPOBHEM
curnana V... Bydepubie ycummrenm B cxemax, npu-
BE/JICHHBIX Ha PUC. 3 U 5, UCIIOJIb3YIOTCA LISl O/IHO-
HAIIPABJICHHOIl CBSI3M reHepaToOpOB MeXK/y COGOIi.

I/IMHyJIBCHaﬂ CHUHXPpOHU3aI U

CxemMa MMMYJIbCHOM CHHXPOHM3AIINW TIPUBE/IeE-
Ha Ha puc. 7. l'eneparopnr Uya 7 u 2 sBasorcs
BE/IyIIUM ¥ BEJJOMBbIM COOTBETCTBEHHO.

BpemenHbie BEIGOPKU (DOPMHUPYIOTCS € TTOMOIIBIO
KJI04a Hanpspxenus K, yIpaB/sieMOro reHeparo-

a) K
A
R i
. e S(t)
Vo Ve i Crpobupyioiue
Lot v, N UMITY JTbChI

lFeneparop Uya 1

.l.iL'

poM mmIysbcoB. IlocaemoBaresbHOCTH CTPOOUPY-
IOIUX UMITYJIbcOB (HMDKHUN KaHaa) U CUHXPOUM-
myibcoB (BepxHuil KaHam) u3o06pakeHbl Ha puc. 8.
[Mockoabky mukpocxema KPS90KHS, Ha kotopoit
peanusoBaH Kaiod K, SBJseTcss HOPMaJbHO 3aM-
KHYTOi1, CTPOGHPYIOIIIIE UMITYJIbCBI TTIOJAI0TCS ¢ 06-
paTHOll CKBa)kKHOCTHIO. [Ipnm HU3KOM ypOBHE HM-
yJIbCOB YIPABJEHUS] KJIIOY HAXOAUTCS B PA3OMK-
HYTOM COCTOSIHUM, U CHHXPOUMIIYJIbCBI TIO/[AIOTCSI
Ha BXO/I BeJIOMOTo reHepatopa. IIpu nojaue Ha BXoj
KJII04a WMMITYJIbCOB BBICOKOTO HANPSIKEHHS KJIIOY

6)
- Q -
/ 1o
L B
c2 cr <
Ver Vi Fa
v ™N

4 +

lFeneparop Uya 2

Puc. 7. JkcmepuMeHTaTbHAS CXEMa UMITyJIbCHON cHXpoHH3annu (d) U CXeMaTHYecKoe M300paskeHue cTpodu-
pylomux uMiyabcos (6)
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Puc. 8. Ilocsie10BaTeIbHOCTD MOAAYM MMITYJIbCOB cHHXpoHu3auu (a) ¥ CTpOOHPYIOIMX UMITYabcoB (6)
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Puc. 9. BpeMenHbIe 3aBUCHMOCTH aMILTHTY/bI CUTHAIOB V(- U V(o M X pa3HoCcTb (@) M 3aBUCHMOCTD
V ey 0T Vo TIPH BMITyJIbCHOI cuEXponHu3almn (6)
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MEPEXOIUT B 3aKPBITOE COCTOSHUE, W 3JIEKTPUUEC-
Kag CBSI3b MEXKIy TeHepaTopaMu mpomagaeT. B ak-
CIIEPUMEHTAJIBHO PEAJN30BAHHON CXeMe CUTHAJ Te-
Hepartopa Uya / BbiOpaH B KauecTBe BeyIero. Pas-
JIMYMS MEXKJly TlapaMeTpaMy TeHepaTopOB COCTaB-
st He 6ogee 0,5%.

3aBUCUMOCTD cUTHANIA V 1y, OT V ) TIPH UMITY JIbC-
HOiT cuHxpoHusanun (puc. 9) BbIpaskaercs Nps-
MOIi JIMHUEN C yTJIOM HaKJOHA K ocu abciuce T/ 4,
YTO yKa3bIBAe€T HA CUHXPOHHYIO PabOTy Be/yIEro
U BeJIOMOTO TeHepaTtopoB YUya, T. e. CHHXPOHM3a-
nus remeparopos Uya Gbiaa gocrurayra (cm., Ha-
npumep, [9]).

JKCIepUMeHTATbHAS PeaJn3alus UMITY TbCHON
CUHXPOHM3ANNN JBYX XAaOTHYECKUX CHUCTEM 3a-
TPY/IHEHA B CUJIy HAJINYMS BHEITHUX TIOMEX U IIyMa
B KaHaJie, a TaKKe PacXOKJIeHHs IMapaMeTpoB CO-
OTBETCTBYIONIUX 3JIEMEHTOB KOMIIOHEHTHON 6a3bl
XaOTUYECKUX CUCTEM B IepeaaTYNKe U MPUEMHHU-
Ke, YTO MPUBOJUT K POCTY IMUPHUHBI OOJIACTU CHH-
XpoHM3anuu. B Harem cyyae nmmpuHa 06J1acTh CHH-
xponunsanuu coctabasaa Q=0,83x107% ¢ npu nepu-
oJle CJIeJIOBAHNS BPEMEHHbIX BbIGOpoK T=23x107° ¢
(O /T=0,0375).

BbiBo1b1

Taxkum OépBSOM, YCTAHOBJIEHO, YTO CYUIECTBEH-
HBIX Pa3JUyunii MeK/ly HEIPEPbIBHON CUHXPOHH3A-
el M UMITYJIbCHOI He HaGJIo/IaeTcs Mpu JI0CTa-
TOYHO KOPOTKUX TIEPHOIAX CTPOOUPYIONTIX UMITYJTh-
coB. TOYHOCTDb MMITYJIbCHON CMHXPOHHU3AINY 32aBU-
CHUT KaK OT Iepnuoga CjaeJ0BaHuA BPEMEHHDBIX BbIﬁO'
POK, TaK W OT HIWPUHbI HUMITyJbCa. OTHOH_[eHI/Ie
HIMPUHBI UMIIYyJIbCa K IEpPUOLY [JI CUHXPOHHU3A-
LAY, TIOYTH UJICHTUYHON HEIIPEPbIBHOM, Bo3pacTaer
110 M€pE€ yBEJIMYEHUA TI€EPUOJa UMITYJJIbCOB CTpOéI/I-
POBaHUA. Hpe[[JIO?KeHHbIe METO/Ibl CHHXPOHM3alln
XaoTH4ecKunx reneparopoB Uya gocrarouno adex-
TUBHbI U MOTYT HPDUMEHATbCA B CPEACTBAX CBA3U
IIpu IMOCTPOECHUH 6e301acHbIX PaAMOTEXHUYECKUX
CHCTEM.
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Y po6oTi eKcrepuMeHTaJbHO AOCIPKEHO TIpoiiecu 6e3-
IIEPEPBHOI 1 iMIIyJIBCHOI CHHXPOHi3amii ABOX reHepa-
topiB Uya. 3anmpomnoHoBaHi MeTO[M CHHXPOHi3aIil xao-
TUYHUX TEeHEPaTOpiB € IEePCIEeKTUBHUMU JJId 3aCTOCY-
BaHHsA B 3aco6ax 3B'SI3Ky 1pu 1MOOYH0Bi Ge3medHmx
PasioOTeXHIYHUX CHUCTEM.

Ykpaina, UepHiBelbkuil HallioOHaJbHUIT YHiBEPCUTET
imeni IOpisg DenproBuya.
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