==

n3B. Capart. yH-Ta. foB. cep. Cep. Prznka. 2020. T. 20, Bbir. 4

p%%J

HAYYHbINA
OTAEN

ONMTUKA U CNEKTPOCKOMNUS.
JNIASEPHAS ®U3UKA

YK 535.2:621.391

Mpeobpa3oBaHne cOOCTBEHHbIX 3HAYEHWA
3apaym 3axaposa—Lllabara
npy CTONKHOBEHUU COJINTOHOB

A. U. KoHioxoB

KoHtoxoB Angpeii MiBaHOBWY, kaHaMAAT GU3NKO-MATEMATUYECKMX HayK, JOLEHT kadeapbl KOM-
NbIOTEPHOI GU3MKK 1 MeTamaTepuanos Ha 6ase Capatockoro dunmana NP umenn B. A. Ko-
TenbHukoBa PAH, CapaToBckuii HALUMOHaNbHbIV UCCNEeA0BaTENbCKUIA FOCYAPCTBEHHbI YHUBED-
cutet umenm H. T. YepHbilwesckoro, andrereise@yandex.ru

MpencTaBneHbl peaynbTaThbl YUCNEHHOTO aHanu3a Npeobpa3oBaHsi CONMTOHHBIX UMMYNLCOB,
NOAYMHSIOLLMXCA MOAUDMLIMPOBAHHOMY HESIMHEHOMY ypasHeHuio LpeauHrepa ¢ usMeHs-
owmmmucs koadduumeHtamn. OCHOBHOE BHUMAHWE YOENseTcs Npoueccy TpaHchopmaummn
co6CTBEHHbIX 3HaueHmit 3aaun 3axapoa—LLlabara. Co6CTBEHHbIE 3HAYEHUS XapaKTEPU3YIOT
rPYNMoBYI0 CKOPOCTb CONMTOHA 1 ero aMmnnTygy. B pabote paccMOTPEHO CTONKHOBEHME [BYX
CUHODA3HBIX COMMTOHOB MepBOro mopsifka. CTONKHOBEHWE CONMMTOHOB MPUHUMAET HEynpy-
T XapakTep, ecnu K03GGULMEHTLI HENMHENHOTO YpaBHeHus LLpeanHrepa U3MEHAIOTCS B
NpoLecce pacrnpoCcTpaHeHUs 3TUX CONMTOHOB. [Mpy HeYNpyrom CTOSKHOBEHWUM COOCTBEHHbIE
3Ha4eHus n3meHsioTcs. MNokasaHo, Y4To xapaktep M3MeHeHUs KO3POULMEHTOB HENMHENHO-
ro ypaBHeHus LUpeauHrepa no3BonsieT KOHTPONMPOBATb HAOOP COOCTBEHHbIX 3HAYEHWA. B
MOLENN PaCcCMOTPEHO U3MeHeHne koadduLmeHTa npu NPoN3BOAHOI BTOPOro NopsiaKa, uto
COOTBETCTBYET PacnpoCTPaHEHUIO CONIUTOHA B OLHOMOOBOM ONMTUYECKOM BOJIOKHE C U3Me-
HAIOLLMMCS BLOJb BOJIOKHA AMaMeTpoM. B mozienu ncnonb3osancs KoapduumeHT, onucoisae-
MBIl Tnep6b0IMYecKM TaHreHCOM. B 3aBUCUMOCTM OT XapakTepa 3MeHeHUs JaHHOTO Ko3d-
duumMeHTa BO3MOXHO Npeobpa3oBaHme CTaKMBAIOLLMXCS CONUTOHOB B Gpu3ep, pasneneHue
CO/IUTOHOB MO FPYNMoBbIM CKOPOCTSM. [M0Ka3aHo, YTo Ans npeobpa3oBaHusi COOCTBEHHBIX
3HA4YEHWUN JOCTATOYHO M3MEHEeHUs K03adULMEHTOB HENMHETHOMO ypaBHeHus LpeauHrepa B
MOMEHT CTOJIKHOBEHUSI CONUTOHOB. OBCYXAAeTcs NpUMeHeHNe PacCMOTPEHHbIX 3G heKTOB
ANt MOAYNSLMU COOCTBEHHBIX 3HAYEHMIA B CONMTOHHBIX JINHUSIX CBA3M.
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BBepeHue

3anaua 3axaposa—lllabara mo3BosseT HAUTH COIUTOHHBIEC PEIICHUS
HenmaenHoro ypasHenus [peauarepa (HYLL) [1]. Ee pemmennewm siisiet-
Cs1 KaK TUCKPETHBIN HA0Op COOCTBEHHBIX 3HAYCHUI, TaK M HEMPEPHIBHBIN.
JuckpeTHbIe COOCTBCHHBIC 3HAYCHHS [TO3BOJIIIOT HAWTH aMILTUTYIY, a3y
U Hecyllyto yactoTy conutoHa. Conmuronsl HYI npeacrasnsior coboi
YIOOHBII MHCTPYMEHT ISl KOMIICHCAITH HETHHEHHOCTH B OIITHIECCKUX
auHuAX cBsa3u [2]. OgHAaKoO MPH MMITYyTbCHOM KOAMPOBAaHUU CHUTHANIOB
MIPSIMOE MCIIOIH30BAHIE COTUTOHOB 3aTPYIHEHO, IIOCKOIIBKY CHH(pa3HbIC
COJIUTOHBI UCTIBITBIBAIOT B3aUMHOE MPUTSKCHUE, 2 IPOTUBO(A3HBIC — OT-
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tankuBanue [3]. [Ipu pacpocTpaneHnn HECKOIBKUX
COJIMUTOHOB pPAacCCTOAHUE MEKAY HUMU HU3MCHSACTCA.
[Ipu 5TOM COOCTBEHHBIC 3HAYECHUS OCTAIOTCS HEU3-
MeHHBIMU. Mcniop30BaHre COOCTBEHHBIX 3HAUCHUH
TSl TA(POBOTO KOAMPOBAHKSI CUTHAIIOB B OITHYE-
CKHUX JIMHAX CBsA3HU 6])1.1'10 BIICPBBLIC MNPEAJIOKEHO B
pabote [4]. [Ipoueaypa BEIUMCICHUS COOCTBEHHBIX
3HAYECHUH MOTy4YHIia Ha3BaHUe HETMHEHHOTO MPeoo-
pazoBanust ®ypee. [TogpoOHBIH 0030p TeopeTHye-
CKUX OCHOB HeJMHEIHOTo mpeobpa3oBanus Oypse,
€ro MaTeMaTHYECKOTO armapara U MpaKTHIeCKOro
npuMeHeHus fad B [5-7]. B paborax [8, 9] o0cyx-
JTaeTCs UCIOJIb30BAHUE JUCKPETHON U HEIPEPBIBHOMN
4aCTH CIICKTpa CO6CTBCHHI>IX 3Haqu1/1171, JaHbI OIICH-
KM JJOCTHXKUMOH CIEKTpalibHOU 3PPEKTUBHOCTH
IpHu KOAUpOBaHUM curHaia. B pabortax [10-12]
paccMaTpHBaIOCh MONSIPH3AIMOHHOE YIUIOTHEHHE
curHanos. B [13] paccMOTpeHBI METOBI MOAYISIIUU
KaK JUCKPETHOM, TAK U HEPEPBIBHOM YacTeil cek-
Tpa COOCTBEHHBIX 3HAUCHUN. B cpaBHeHUN ¢ Henpe-
PBIBHBIM CIIEKTPOM IU(PPOBOE KOTUPOBAHHE CHTHAIA
IpHU TOMOIIM AUCKPETHOTO HAbOpa COOCTBEHHBIX
3HaUYeHUH Ja€T HEKOTOphble mpenmyliecTBa. Mc-
TOJIb30BAHUE HECPEPBIBHOT'O CIICKTPA HAKIIAABIBACT
OTpaHUYCHHE HA MOITHOCTh CHTHAJa M YMCHBIIIAET
CKOPOCTL NNepeaavu JaHHbBIX 3a CUCT JUCTICPCUOHHDBIX
a¢dekroB. B HacTosIIee BpeMsi JOCTUTHYT 3HAUYH-
TEJIbHBII MIPOrPECC B Pa3BUTUU METOLOB MOIYJs-
IIUA COOCTBEHHBIX 3HAYCHUH, WX JETCKTHPOBAHUSI
[5—13]. OnHako coBpeMeHHbIE YKCTIEPUMEHTAIIbHBIE
METOJIMKH 0a3UPYIOTCS Ha AIEKTPOHHON 00paboTKe
CUTHAJIOB, YTO OrpaHUYMUBACT AJIUTCJIBHOCTH HUC-
TIOJTb3yEMBIX HMITYJIFCOB Ha HAHOCEKYH/THOM YPOBHE.
CoOTBETCTBEHHO, CKOPOCTh Mepeiadyr B OJHOM Ka-
HaJIe He MOJKET ITPEBHIIATh THraduT B cekyHmy. [Tpn
MEPexXo€ K CKOPOCTAM Nepeaaiu JaHHbIX B KaHAJIE
MopsiJIKa TepadbuT/c TpeOyeTcsl UCIOIb30BaHKE -
KOCCKYHIHBIX COJIMTOHOB, IJIsI KOTOPBIX HCO6XOHI/IMO
Pa3BUTHE MPSIMBIX TIOITHOCTHIO ONTHIECKAX METOIOB
MOJYJISIIIMKA COOCTBEHHBIX 3HaueHUil. B nanHoii pa-
0oTe paccMoTpeHa TpaHchopMalus cOOCTBEHHBIX
3HayeHu 3anaun 3axapoBa—lllabara, cBsi3aHHas C
HEYIPYTHUM CTOJIKHOBCHHEM COJIUTOHOB.

ConuToH sBAsiETCS yCTOMUUBBIM 00pa30BaHUEM
10 OTHOIIEHUIO K MallbIM BO3MYyImIeHusM [2, 14].
O)Z[HaKO npu 6OJ'II>LHI/IX BO3MYIICHUAX COJUTOHBI
MOTYT H3MEHHTH HE TOJIHKO CBOO aMILTUTYY | (bazy,
HO Y IPYIIIOBYIO CKOPOCTb. MI3MeHeHNe rpynnoBou
CKOPOCTH TIPUBOIMT K pacraay MHOTOCOIUTOHHOTO
HUMITyJIbCa Ha OTACJIbHBIC q)yHHaMeHTaHI)HbIC COJINTO-
HBL. B xagecTBe BO3MYIIEHUS] MOTYT BBICTYIATh JIO-
KaJbHOE U3MeHeHue nmoteps [ 15, 16], nepuoandeckoe
BozzeiicTBue [ 17, 18], Bo3meicTBrEe quCTIiepCHOHHON

OnTrKa n CnexkTpoCKonns. NasepHas ¢prsrka

BOJIHBI, cIBUHYTOM 110 yactore [19]. CronkHOBEeHME
COJIMTOHOB BBICOKOTO TOPSIKA TAKIKE MOXKET IPH-
BOIUTH K UX pa3lelcHHUIO Ha (yHIaMEHTaIbHBIE
conutoHsl [20]. HemaBHO OmyOnIMKOBaHBI SKCIEPH-
MEHTAJIBHBIC PE3YIIBTATHI, CBSI3aHHBIC C HEYNIPYTUM
CTOJIKHOBEHHEM COJIUTOHOB B MUKpOpe3oHarope [21].
Pasnenenue Opusepa Ha PyHIaMEHTAIBHBIC COTUTO-
HBI, U3MEHEHHUE aMIUIUTY U FPYIIIOBBIX CKOPOCTEH
OTICTBHBIX COJIMTOHOB OTPAXKACTCS B M3MCHEHUHU
coOCTBeHHBIX 3Ha4ueHul [22, 23]. Takum oOpasom,
ONTHYECKHE METONBI YIPAaBICHUS COIUTOHAMHU
MOKHO UCTI0JIb30BAaTh AJIsI MOAYJIALIUNA CO6CTBCHHLIX
3HaveHuit [24]. B pabote [25] otmMedeHo, uTo 3hdexT
paszeneHusi MHOTOCOJIMTOHHOTO OpH3epa MOXKET
OBITH MCTIONIB30BAH IS IEKOAMPOBAHMS CHUTHANIA B
OIITUYCCKHUX JIMHUAX CBsA3U, pa6OTaIOH_[I/IX Ha OCHOBC
HEJIMHEWHOTo TpeoOpazoBanus Dypre.

B nannoii paboTe pacCMOTPEHO CTOIKHOBEHUE
IBYX (pyHZaMECHTAJIBHBIX COJTHTOHOB. Vcmonb30-
BaHUEC HEYIPYTOro CTOJKHOBCHHS COJIMTOHOB JIsA
yIpaBJieHUs HA0OPOM COOCTBEHHBIX 3HAYCHUH JTaeT
HEKOTOpBIC MMPEUMYIIECTBA B CPABHCHUHU C pacra-
JIOM MHOTOCOJHMTOHHOTO Opm3epa. [Ipu Heympyrom
CTOJIKHOBCHHU COJINTOHOB, KPOME M3MCHEHHUS HX
TPYNIOBBIX CKOPOCTEM, BOBMOXKEH CIICHApHUH, CBS-
3aHHBIA C O6T)CI[I/IHCHI/ICM HCXOAHBIX UMITYJIbCOB B
WHTEHCUBHBIH UMIyibc [26-28]. B mpeapimymmx
HaluMx padoTax paccMaTpuBaIOCh B3aMMOICHCTBHE
COJINTOHOB, CBSI3aHHOE C TIEPUOANICCKUM H3MEHEHH-
€M JIMCTIEPCUH BOJIOKHA. BbL10 OKa3aHo, 4To mepuo-
JITYECKOE M3MEHEHHUE JICTIEPCHH MOYKET IIPHBOAUTD K
O6’beIlI/IHeHI/IIO COJIMTOHOB B MHTEHCUBHBIN HUMITYJIBC,
BBI3BIBATH PA3/ICICHNE MHOTOCOIUTOHHBIX UMITYJIb-
COB, UBMCHATH MHUMYIO U HeﬁCTBHTeHbHyIO qyacTu
cOOCTBEHHBIX 3HaueHNH. OHAKO MEXaHH3M TaKOTO
BO3/ICHCTBUSI TUCTICPCUH HA COJIMTOHBI OCTABAJICS HE
BbIICHEHHBIM. B [28] ObL10 c/1enano npennoiaokeHue,
4YTO U3MCHCHHC CO6CTBCHHI)IX 3HAYCHUM CBSI3aHO C
MePEHOPMHPOBKOI MOTEHIMAIa B 3agade 3axapo-
Ba—1llabata. OpHaKo Takoil MOAXOA HE yUUTHIBAET
B3aMMOJICHICTBUE COJINTOHOB C HECOJTUTOHHOU YaCThIO
nznydeHus [29], koTopoe Hen30eKHO BOZHUKAET ITPH
n3MeHeHnn koagdurmentos HYII B mporiecce pac-
MIPOCTPAHEHUS COINTOHA.

Jannas paboTa MOKa3bIBACT, YTO M3MEHEHHUE
MOBE/JICHUS COJIUTOHOB CBS3aHO, MPEXJe BCEro,
¢ m3MmeHeHueM ko3 dumnmento HYII B MmomeHT
CTOJIKHOBEHHUsI JBYX COJMTOHOB. B mepBoi yactu
paboOTHl TaHBI HEOOXOAMMBIC CBEICHHS O 3aJaue
3axaposa—lllabara. /lanee paccMoTpeHO TOBe-
JICHUE CONINTOHOB NPH M3MEHEHUHU TUCIEPCHH B
MOMCHT HUX CTOJKHOBCHU. OTILC.HI)HOC BHUMaHUEC
yIOeIeHO NWHAMHKE COOCTBCHHBIX 3HAUCHUU Kak
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mporeccy MX MOCTETICHHON TpaHCc()OpPMAaINH MO
JeiicTBueM u3MeHstomuxcs napamerpos HYIII.

1. Henuneinoe ypaBHenue LLipeaunrepa
¢ nepemMeHHbIMU Ko3pPuuueHTamm

Henunelinoe ypaBaenue lllpennnrepa c ko-
a¢hunHeHTaMu, 3aBUCAIIUMHU OT 3BOJIOIHOHHBIX
KOOPJIMHAT, BOSHUKAECT B MOJICJIH, OTUCHIBAIOIICH
pacrpocTpaHeHHue UMITYIbCOB B OJJHOMOJIOBOM OIl-
TUYECKOM BOJIOKHE, JIMAMETP KOTOPOTO M3MEHSIETCSI
B0k BosiokHa [30]. B nmpeamnonoxxennu, 4To moTepu
KOMIICHCHPYIOTCS PacTpeesieHHbIM yCuIeHueM [ 7],
U MPU MEJICHHOM HM3MEHEHUUW JuaMeTpa BOJIOKHA
pacnpocTpaHEHHE JIa3epHBIX UMITYJILCOB OIHCHIBA-
€TCsl ypaBHEHHUEM:

0 d%A
(s p %) +i P22 00 = yiarac o,
n

3meck z U t — IPOCTPAHCTBCHHAS U BPEMEHHAs KO-
OpPAMHATBI COOTBETCTBEHHO; A(z, ) — KOMIUIEKCHAs
orubaromas 3JIEKTPHYECCKOTO MOJIsT, HOPMUPOBAHHAS
TaK, 4TO HANPSKEHHOCThb JIEKTPUUECKOTO MOJIS
Ja€TCs BRIPAXKEHUEM

E(z,t) = A(z,)U(x,y,2) (cnsoseff)l/z

exp(—ia)ot +
+if_Zoo,8(z’)dZ’), rae U(x, y, z) — momepednoe

pacmpenenenne moist MOIbl, ¢ — CKOPOCTh CBETa
B BakyyMme, 7 — 3G (EeKTHBHBIH MOKa3aTelb IIpe-
JIOMJIEHHS, &, — AUDJIEKTPUUECKAsd MOCTOSHHAS,
Sef — s dexkTUBHAA MIOUIAb OCHOBHOW MOJBI
BONOKHA [3, 14], i = /—1 — MHUMas eqMHHLA, ©—
Hecylnas 9acToTa MMIynbca, f(z) — mpoaoabHas
MOCTOSTHHASL PACIIPOCTPAHECHHUSI OCHOBHON MOIBI
ONTOBOIIOKHA, f, = (Of/0w) n B, = (0*f /0w?) pac-
CUMTHIBAIOTCA HA 4acTOTe @, y = (w,/c)n,/ S off
a¢dexTuBHBIN K03 (DULIHMEHT KepPOBCKOW HEMHEH-
HOCTH, 11, — HEJIMHEWHBIN TI0KA3aTeN b PETOMICHHS
Marepuana. Beegem macmiTaOHBIE MHOXHTEIb
s(z) Tak, 94To

B- (Z) ﬁz 2
D s(z ) ()

rie ff, U ¥ — HEKOTOpbIE cpeanue 3Hadenus. OT-
METHM, YTO MPH U3MCHCHHH JMAaMETPa BOJOKHA
ko3 bUIMEHT JUCIEPCHU TPYNIIOBOM CKOpOCTH f3,
M3MEHSETCSl CHIIbHEe, YeM 3(PPEKTUBHAS TUIOIIAIb
S off OCHOBHOHM MoJbl BojiokHa [17]. [loaTomy s(2)
OTpakaeT, MPEkKIEe BCEro, M3MCHCHHUE TUCIICPCUU
BJIOJIb JUTMHBI BOJIOKHA. ByneMm cuutarh, uto ¥ /y~1.
[lepeiinem k 6e3pa3MepHBIM EPEMEHHBIM

o= (e [ podz) 7, 3)
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— 2|7
¢ =t5%|B:|2 “4)
1/2
4 5

q=At| =— > (%)
|: |
IJIE {,— BPEMEHHOM KO3()(PUIIMEHT MacIITAOUPOBAHH.
B xauecTBe #, MOXHO BEIOPATh JINTEILHOCTh HAUaIb-
Horo umityibca. C yyetom f, <0, 4To COOTBETCTBYET
aHomaneHOU nmucnepcnn, HYI (1) npuauMaeT BHT

2
e R CLNNC

Bynem paccmarpuBath 3a1aqy 3axapoBa—11lada-

Ta jyist HeBosmyernoro HYIH [1] mpu S(§)= 1. Jlus
pewenuss HYII ¢(r), momyueHHoro npu (Gukcupo-
BaHHOM (, pelaeTcs cucremMa auddepeHnnanbHbIX

ypaBHEHUIl:

v,

B_ — q(D)v; = —idv,,

v (7
2

5, 4 (v, = idvy,

rne v = {v;,v,}7 — bynknum Hocra, A — kom-
IJIEKCHOE COOCTBEHHOE 3Ha4YeHHe, «*» 0003Haya-
eT KOMIUIEKCHOE compshkeHue. I HaxoxaeHus
COOCTBEHHBIX 3HAYeHUH A mcrnoib3oBayics «layer
peeling» metox [6].

B cucreme ypasuenwii (7) pemenne HYIII ¢(7)
IpH 3alaHHOM { WTPAeT POJIb PacCEHBAIOLIETO IO-
teHnuana. CoJUTOHHAS COCTABJISIONIAS MMITYJIbCa
MOPOXK/IACT JUCKPETHBIH HAOOP KOMIUIEKCHBIX COO-
CTBEHHBIX 3HAYEHH A e B wactHOCTH, 1715 IMITYJIbCA

N T
q(t)y =r a sech (g) , 8)

e r — 6e3pasMepHbI MHOXKHUTEND, T, — Oe3pas-
MEpHBIM MacHITaOHBIH (hakTOp, ONpeAesIONInit
JUTNTEIIBHOCTh UMITYJIBCA, BCE COOCTBEHHBIC 3HAYCHUS
SIBJISTIOTCS. MHUMBIME [31]:

A =itg ' (rN — j + 1/2). )
3nech nenoe uncno j =1,2,3,... BIOUpaeTcs Tak,
910 Im (/1].) > (. Kaxxmoe pemenune /lj COOTBETCTBYET
coiuToHy. B o0mem ciyuae, moje sBisieTcs He-
JIMHEHHON CyNEepHO3UIUEl COJIMTOHOB, ITI€ UX aM-
TUTUTY/IA 3371a8TCA KaK ¢, = 2Im(/1 ), CIBUT 4aCTOTHI
AQ Re (/1 )[13]. B zumxcymencs{ CHCTEME KOOp-
z[I/IHaT (¢, r) TpYIIOBasi CKOPOCTh UMITYJIbCA PABHA

u; = 2Re(ij). (10)

TpaHcdopmauusa co6CTBEHHbIX 3HAYEHMIA

Ipu s(¢) = 1 HYL (6) onmuceIBaeT TOIBKO
yOpyrue CTONKHOBeHMs. Tak, Hampumep, ABYXCO-
JUTOHHBIN UMITYIIBC

HayyHbifi otaen
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q(0, 7) =sech(z — T) + sech (z + T) (11)
UMEeT 1Ba COOCTBCHHBIX 3HAYCHUS. B mpuOmmken-
HOW MOJICSTH TOJIyOTPAHUYCHHBIX UMIYIILCOB, MPU
T >>1[32]

1shT+1

=i — 12
A2 s =57 (12)

OTH cOOCTBEHHBIC 3HAYCHUS HE MCHSIOTCS IIPH pac-
MIPOCTPAHEHUH UMITYJIbCOB, HECMOTPSI HA UX MEPHO-
JIMYECKOE CTONKHOBeHHE. [IprOnmKeHHO, paccTosiHuE
JI0 TIEPBOTO CTOIKHOBEHUS COMUTOHOB OTHCHIBACTCS
hopmynoii [3]

{c = (m/2)12% — 2317 (13)
COOTBETCTBCHHO, IIEPUOA OCLUILISII OIS paBEH
2{c.

[Ipu agnabarudeckom m3meHeHuu s( ) mpo-
HCXOIUT JIUIIb MacIITaOMpPOBaHHE COOCTBEHHBIX
3HaueHnid. Tak, HapuUMep, U1 MHOTOCOIUTOHHOTO
umnyneca (8), (9) mapameTpbl IPUHUMAIOT 3HAYCHUE!

r=4s(), 19 =5, A =is"}(VsN —j+1/2).
JleficTBUTEIbHAS YACTh /lj HE U3MEHSIETCS M OCTAETCS
PaBHOI HYJTIO. DTO 3HAYHT, YTO IPYIIIIOBAsi CKOPOCTh
conutonoB (10) Taxxke ocraercs Hem3MeHHo. Kpo-
Me Toro, caBur (dA , /ds) cOOCTBEHHBIX 3HAUCHHMN A,
[IPY MAJIOM M3MEHEHHH s onpeaensercs 1/s%. U npu
BbIOOpe 0.9 < s < 1.1 coOcTBeHHOE 3HAUEHUE /lj He
MOXET 3HAYHUTCIIbHO U3BMCHUTLCS.

Ecnu paccmoTpeTs pacmpocTpaHeHHe COIHUTO-
HOB ITPH HAJTMIUH OBICTPOTO U3MECHEHHS JTUCIICPCHH,
TO XapaKTep UX B3aUMOJICHCTBIS Ka4eCTBEHHO MEHSI-
etcs. B kadectse s( ) ucnonbzyeM (QyHKIHUIO:

S(Q) = (50 = 5)T({ = {5) + 50 (14)
T(¢) = (1 +th({))/2, (15)

rie 0 < 7'({) < 1, napameTpsl s, S, BEIOEpEM Tak,
yTOOBI BeMWYMHA M3MeHeHus s( () He MpeBbIana
10% ot nepBoHavyansHOTO 3HaUeHus (0.9 <s < 1.1),
(s ompenensieT 06nacTs ObICTporo usmeHeHus s( {).

Ilpu T = 4 mepBoe CTOIKHOBEHHUE COJUTO-
HoB (11) mpomcxonut B miockocTu { = 42.9. Ha
puc. 1 moka3zaHO NOBEIEHUE CONUTOHOB IIPU U3-
MeHeHuH s( () B 00NacTH, COOTBETCTBYIOIICH MaK-
CUMaJIbHOW MHKOBON MHTEHCUBHOCTH (puc. 1, a).
ITpu CTOTKHOBEHUH COMUTOHOB, B IIOCKOCTH ¢ = (¢
CIIEKTp IIPHOOPETACT CTPYKTYPY C ABYMSI JIOKATHHBI-
Mu Makcumymami ripu Q = £ 0.9 (puc. 1, 0).

B paborte [16] pazaeneHre MHOTOCOIUTOHHOTO
AMITyNbca Ha (yHIaMeHTabHbIe Re(COmuTOHBI Mpu
TTOSIBJICHUH JIOKAJBHBIX MOTEPh CBSI3aHO MMEHHO C

OnTrKa n CnexkTpoCKonns. NasepHas ¢prsrka

a/a

S
1.101

1,=0.14+i0.5
A= 0.14+0.5

1.051

1.004

|

|

|
0951 — .

14'
0 (- F— |

-1 |

Puc. 1. PacnpocTpanenue conmutoHHOH mapsl (11) mpu
yBenudeHuu ko3 duuuenra s({) B 001acTH CTONKHOBEHHS
conutoHos ¢ = (¢ =42.9. B popmyne (14) s, =1,s, = 1.1.
[Inockocts { = {, 0003HAYECHA BEPTHKAIBHOM ITyHKTHPHOH
nuHMEed. a — 3aBucUMOCTh § = s({). Ha BcraBkax naHbl
COOCTBEHHBIE 3HAYEHMS A, 5 IO CTONKHOBEHHS COJMTOHOB
(J1leBast BcTaBKa) M 1OCIe C:FOJ'IKHOBGHI/M (mpaBast BCTaBKa).
6 — crextpanbHas uHTeHCHBHOCTH J({, Q) = |[F({, Q)7
HOPMMpPOBaHHAs Ha IUKOBOE 3Ha4YeHue. Q = w — w, — pas-
HOCTHas 4acToTa, F( {, ) — CIIeKTp M0JIs1. 6 — MHTCHCHBHOCTb
I({, 1) = |¢({, 7)|2, HOpMHUpOBaHHAS HA CBOE MHKOBOE 3Ha-
yenue. L[BeroBas wkana (puc. 1, 6, puc. 1, ) nokassiBaet
JIaTa30H M3MECHEHHUS] HOPMHPOBAHHOW MHTEHCHBHOCTH
Fig. 1. Propagation of the soliton pair (11) with the increase
of the coefficient s(¢) in the region of solitons collision { =
= (¢ =42.9. Parameters in Eq. (14) are s, = 1, s, = 1.1. The
vertical dashed line shows { ={. (a) Dependence s =s( (). The
insets give the eigenvalues 4, , before the collision of solitons
(left inset) and after the colfision (right inset). (b) Spectral
intensity J( {, Q) = |F({, Q)|?, normalized to the peak value.
Q =w — w, is the difference frequency, F({, Q) is the field
spectrum. (c) Intensity 1( {, 7) = |¢( {, 7)|* normalized to its
peak value. The color bar (Fig. 1, b, Fig. 1, ¢) shows the data
ranges for the normalized intensity (color online)

U3MeHeHueM crekTpa nois. B [28] ormeueHo, uro

HN3MCHCHUC AUCICPCHUNU B MOMCEHT CTOJKHOBCHU:A
COJIMTOHOB MMPUBOJUT K Hanboee CHUJIbHOMY HU3MC-
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HEHUIO COOCTBEHHBIX 3HaueHM. [Ipu yBenrueHun
kod¢pdunuenra s( {) or 3Hauenwus 1.0 go 1.1 comuro-
HBI PA3JENAIOTCA U HAYMHAIOT PaCPOCTPAHSITHCA C
Pa3HBIMH TPYIIIIOBBIMH CKOpOCTSIMH (puc. 1, 8). Jleii-
CTBHUTEIBHBIC YaCTH COOTBETCTBYIOIIUX COOCTBEH-
HBIX 3HAYCHHI CTAHOBSTCS HE HYJICBBIMU TaK, 4TO
Re(2;) = — Re(4,) (CM. BCTaBKy C YMCJIOBBIMH 3HAYE-
HUsIMU A Ha puc. 1, a). Takoe paBeHCTBO TUKTYETCS
3aKOHOM COXpaHEHHsI MOMEHTa mMmirynbea [3, 14].
HecarunponeHTHoe yMeHblieHue Koddduimenta
s( ) (puc. 2, @) npuBOAUT K GOPMHUPOBAHUIO Opr3epa.
CoOCTBEHHBIC 3HAYCHHUS SIBJISIFOTCS YUCTO MHHMBI-
MH Kak JI0 CTOJIKHOBEHHUs MMITyIbcoB (4, = i0.52,
A, =10.48), Tak u nocne (4, = 10.67, 4, = 10.34). Jlo
CTOJIKHOBEHHSI COJIMNTOHOB TIEPUO U3MEHEHUS TIOJIS
Obu1 paBeH 2{, = 85.8. [locne cTONKHOBEHUS pac-
CTOSHUE MEKIY A, U A, Ha KOMIUIEKCHOH IIOCKO-
cTu yBenuuuBaeTcs. [103TOMy, B COOTBETCTBUHU C

s a/a
1.00

0.951

0.90;

30 40 50 60

Puc. 2. CronkHoBenne conutoHoB (11) mpu ymMeHbIICHUH

koa(dduunenta s({) B obnactu { = =42.9. [lapamerpsl

B hopmyrie (14) s, =1, 5, = 1.1. OcTasnbHbIe MapaMeTpsl U
0003HauCHUSI TaKKe ke, Kak Ha puc. 1

Fig. 2. Collision of the soliton pair (11) with the decrease of

the coefficient s( ) in the region ¢ ={; =42.9. Parameters in

Eq. (14) are s, = 1,5, = 1.1. Other parameters and notations
are the same as in Fig. 1 (color online)
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dhopmynoit (13), mepuon ymeHbinaercs. bpusep,
c(hOpMHUPOBABIIUICS MOCIE CTOJKHOBEHUS COJH-
TOHOB, UMEET TEePUOA U3MEHEHUs (POPMBI, PaBHBIN
20:=94.

Ha xomIuiekcHOW TIOCKOCTH, TP U3MEHEHUN
s( (), MHIMasI 9acTh TIEPBOTO COOCTBEHHOTO 3HAUCHHUS
Im(4,) yBenn4nBaeTcs, B TO BpeMsl Kak Im(4,) yMeHb-
maercs. [Ipu ompenereHHBIX YCIOBHIX MHHMAs
4acTh COOCTBEHHOTO 3HAYEHHSI MOXKET MPUOOpeCcTH
HyIIEBYIO BenMuuny Inm(4,) = 0. Taxoii s¢pdexr 6but
onucaH B pamkax monenu HYII ¢ nepuonuueckum
u3MeHenueM aucnepeun [23]. Korna Im(4,) npuHu-
MaeT HyJIeBO€ 3HAYCHHE, YACTh N3TyYCHHS MIEPEXOTUT
B IUCIIEPCUOHHYIO BOJIHY, UMEIOIYIO0 HEITPEPBIBHBIM
CIIEKTpP JCUCTBUTEIBHBIX COOCTBECHHBIX 3HAUCHUH.
Puc. 2 noka3seiBaeT, 4TO MJIaBHOE YBEIMYEHHE JHC-
MIEPCUH MOKET MPHUBOIUTH K TEpEepacIIpeieTICHUIO
COOCTBEHHBIX 3HaYeHUN 0e3 M3MEHEHUs UX JAcH-
CTBUTEILHON YacTH, T.c. 0€3 M3MEHEHUS TPYIIIOBOH
CKOPOCTH MIMITYJIHCOB.

B pabore [28] ObLTO TOKa3aHO, 4TO TpaHCchopma-
1IUsi COOCTBEHHBIX 3HAUCHUI CBsI3aHa C U3MEHEHUEM
CIIEKTpa TIOJIS 33 CUCT HEJIMHEHHOW HHTepPEepeHIINT
CONUTOHOB, (popmupyrommx Opuzep. OnHaKo TpH
CTOJIKHOBEHUH COMUTOHOB (11) coOcTBEHHbIE 3HAUe-
HUS OY/IyT OTPENEISThCS HE TOJIBLKO CTIEKTPOM ITOJIS,
HO ¥ UHTepEpEeHIUel CONUTOHOB C JUCIIEPCHOH-
HOW BOJHOH. BeICTpoe m3MeHeHue KodpduImeHTa
s({) npuBoaAUT K (POPMHUPOBAHUIO HECOTUTOHHON
COCTAaBIISIIONIEH, pacpOCTPAHSIIONIECHCS B BUIE
HU3KOMHTEHCHBHOM JUCIIEPCUOHHOMN BOJHEI. Pac-
CMOTPHM KaK MOJIOKEHHE TI0cKocTH § = {5, COOT-
BETCTBYIOLIEH cpenHeMy 3HadeHuto s( {) (14), Bnuser
Ha COOCTBEHHBIC 3HAYCHUSI, IOJTyICHHBIC ITOCIIE CTOM-
KHOBEHHS CONIMTOHOB. Ha puc. 3 mokazaHna mmpuHa
CIIEKTpA TIOJIsI, PACCYUTAHHOTO JIJIsI HEBO3MYILICHHOTO
HVII (6) (s({) = 1).

[TockosbKy U3MeHeHne COOCTBEHHBIX 3HAYSHUI
CBSI3aHO C YIIUPEHUEM CIIEKTPa B MOMEHT CTOJIKHO-
BeHus [16, 28], OynemM OTCUMUTHIBATh PACCTOSTHUE
or miockocth { = {c =429 (13) (puc. 4, 5). Ha
puc. 4, 5 noka3zaHbl COOCTBEHHbIE 3HAYEHHS, pac-
CUNTAHHBIC TIOCJE CTONKHOBECHHUS CONUTOHOB. Ilpm
UCTIONB30BaHNH K03 punuenta s( ¢ ), BO3pacTarole-
ro ot 1 1o 1.1 (cMm. puc. 4), Ha HAYaTHLHOM y4YacTKe
(s — {c <—1.45) cobcTBEHHbIEC 3HAYCHUS U3MEHSI-
IOTCSl HE3HAYMTENbHO. Benmuunel A, u A, ocraircs
MHHUMBIMH, YTO COOTBETCTBYET MEPHOIHYECKOM
OCHMJUISIIIH TIOJISI C IEPUOIOM, OIpEIesieMbIM

hopmymoit (13).

HayyHbifi otaen
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Puc. 3. llupuna cnekrpa AL moJst ABYX UMITYIbCOB
(11), paccunrannas mist HYLI (6) ¢ mocToOSHHBIMU
ko3 punuentamu (s({) = 1), paccrosnue (13), Ha
KOTOPOM IPOMCXOAMT CTOJKHOBEHHE COJUTOHOB,
paBHO 42.9
Fig. 3. Spectrum width AQ of the field of two pulses
(11), calculated for the NSE (6) with constant co-
efficients (s({) = 1), the collision distance (13) is

(o =429
o1l S
$ 00 ;
=% (]
0.1 \
0.7+ : " : :
_0.6]
<
E 0Spooo_ o=
0.4-
031+ : : : :

CS_CC

Puc. 4. JleiictButensuas Re(A) u maumas Im(A) gactu coo-
CTBEHHBIX 3Ha4YCHUH A, (CTLIOMIHAS JIUHHUS) U L, (IYHKTHD)
B 3aBUCHUMOCTH OT IIOJIOXKEHUS ITOCKOCTH (. IIIocKoCTh
CTOJIKHOBEHMs COMUTOHOB (. = 42.9 (13). [TapameTpsl
s,=1,s,,=1.1. BcTaBka Ha BEpXHEM PHCYHKE CXEMaTHYECKH
MOKA3bIBAET 3aBUCUMOCTE § = s( ) (14)
Fig. 4. Real Re(1) and imaginary Im(Z) parts of the eigen-
value 4, (solid curve) and eigenvalue 4, (dashed curve) for
a different position of the plane 5. The plane of solitons
collision is { =42.9 (13). Parameters in Eq. (14) are s, = 1,
s, = 1.1. The inset in the upper Figure shows schematically
the dependence s = s({) (14) (color online)

OnTrKa n CnexkTpoCKonns. NasepHas ¢prsrka

B o6nactu |{s — {¢| < 1.45 cTonkHOBEHHE CO-
JIUTOHOB ITPUBOIUT K UX PA3AEICHHIO 110 TPYIOBBIM
ckopoctsam (11) Re(4;) = —Re(4,). Pasnenenue co-
JIMTOHOB, cOOTBEeTCTBYMOIIEE {5 — {¢ = 0, MoKa3aHo
Ha puc. 1.

Ha puc. 5 mokazaHo noBe/ieHHE COOCTBEHHBIX
3HaueHHuH 11t Kodddurrenta s( {), yOBIBAIOIIETO OT
1 10 0.9. Kak BuAHO U3 puC. 5, XapaKTep U3MEHEHHS
COOCTBCHHBIX 3HAYCHHUH KAYCCTBCHHO OTIHYACTCS
OT cirydasi, MOKa3aHHoro Ha puc. 4. Ha ygacTke
({s — {¢ < —18) cobGCTBEHHbIC 3HAYCHUS OCTa-
10TCI MHUMBIMHA. OHAKO NpH TPHONIKEHUHU (g
K 00JIaCTH CTOJKHOBCHHS CONUTOHOB {; MpPOHC-
XOJIUT WX Pa3[eNICHUue MO TPYIIOBBIM CKOPOCTSIM
Re(4,) = —Re(/,). Ilpn pasjnenenuu CONUTOHDI
MMEIOT OIMHAKOBYIO aMIutyny Im(4,) = Im(4,) =
=0.49. O6nactu napamerpoB —19<({s —{c)<-3wu
3<({s —{c ) <19, COOTBETCTBYIOIIHE Pa3IICHHUIO

0.11 @ SO\
g 0.0
&) | ‘“\\' \,a"
-0.1-
0.7+— : : : :
o/b
0.6-
=
= 0.51 -
E T ' \Viga
0.41 v/
y
031+ : : :

Puc. 5. [leiictBurensHas Re(4) u MEUMast Im(A) 9actu coo-
CTBEHHBIX 3HAYEHHH A (CIUIOIIHAS JMHKSA) U L, (ITyHKTHD)
B 3aBHCHUMOCTHU OT TNOJNOXKEHHs MIockocTH (. IlnockocTs
CTONKHOBEHUs CONUTOHOB {» = 42.9 (13). Ilapamerpsl B
bopmyie (14) s, = 1, s, = 0.9. OcTanpHble 0003HAYEHUS U
rapameTpbl TaKue Xxe, Kak Ha puc. 4
Fig. 5. Real Re(4) and imaginary /m(1) parts of the eigen-
value 4, (solid curve) and eigenvalue 4, (dashed curve) for
a different position of the plane (. The plane of solitons
collision is {; = 42.9 (13). Parameters in Eq. (14) are
so=1,5,=0.9. Other parameters and notations are the same
as in Fig. 4 (color online)
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COJIUTOHOB, XapaKTEPH3yeTCs HEKOTOPBIM CXKATH-
eMm criekrpa (cm. puc. 3). [Ipu ymupenun crekTpa
(I¢s —c| < 1.9) cobcTBenHbIE 3HAYEHUS A, 1, HMEIOT
HYJIEBYIO JICUCTBUTEILHYIO YaCTh, YTO COOTBETCTBYET
TIOJIF0, PACTIPOCTPAHSIONIEMYCSI C MEPUOANUESCKIM
M3MEHEeHueM cBoei Gopmbl (cM. puc. 2). ITosene-
HUE COJINTOHOB NP MaKCHMAaJHHOM pasIeeHuu
coOcTBeHHbIX 3HaYeHnit ({s — {¢ = 0) mokazaHo Ha
puc. 2. Puc. 4 u 5 mOKa3bIBAOT, YTO CMEHA MOJIOKE-
HH IIIOCKOCTH { = {5, COOTBETCTBYIOIIEH CpeqHeMy
3Ha4CHUIO S( (), TO3BOJSICT MONY4aTh Pa3IuIHbIC
KOMOWHAIINH Map KOMIUIEKCHBIX COOCTBEHHBIX 3Ha-
YEHHUH A, U 4,.

3aknioyeHme

B nanHoit paboTe paccMoTpeHa 3aaa4a o pac-
MPOCTPAHEHUHU COJUTOHOB TMEPBOTO MOPSAAKA B
ONTUYECKOM BOJIOKHE C M3MEHSIOLIEHCS 110 JUIMHE
BOJIOKHA Jucnepcuei. Takas 3agada MPUBOOUT K
Mozenu HenuHeiiHoro ypaBHeHus Ulpenunrepa c
u3MeHsomumMucs kodddunuenramu. [lokazano, uto
n3MeHeHue kodhduirenTa s mpu BTOPOi MpOU3BO-
nuoit 8 HY 1L mo3BonseT ynpasisiTh COOCTBEHHBIMU
3HaYEHUSIMHU B KOMIUIEKCHOH miockoctu. M3meHe-
HHUE BEJIMYMHBI § B IPOLIECCE paclpOCTPaHEHUs
COJIMTOHOB MPHUBOJUT K UX HEYNPYroMY CTOJIKHO-
BEHHUIO, KOTOPOE COMPOBOKIACTCA M3MEHEHUEM
TPYIIOBBIX CKOPOCTEH COMMTOHOB U UX aMILTUTY/I.
DOTHU U3MEHEHHUS OTPAXKAKTCSI HAa KOMIUICKCHOM
miockocTH (Re(1), Im(4)). IloBenerne coOCTBEHHBIX
3HaYeHUI 3aBUCUT OT CKOPOCTU M 3HAKa M3MEHe-
Hus napamerpoB HYII, cnexrpanpHOro cocraBa
H3ITy4YEHHUS.

C 0HOU CTOPOHBI, UBMEHEHNUE COOCTBEHHBIX
3HaYeHUH 1 B COJMTOHHBIX JIMHUAX CBS3U SBISACT-
Cs HEeXelaTeJbHbIM 3P (HEKTOM, TOCKOIbKY MpH
nepegade nHpOpMAIH HEYIPYToe CTOIKHOBEHUE
COJINTOHOB OyIeT NPUBOAUTH K HEYyYUTHIBAEMOM
MOJYJSALMHU U, CIEA0BATEIbHO, K MOTepe JaHHBIX.
C apyroii CTOpOHBI, 3aBUCUMOCTh COOCTBEHHBIX
3HAYEHUH OT MmapamMeTpoB CTAIKUBAIOIIMXCSA CO-
JIUTOHOB M OT XapakTepa M3MEHCHHUs JTUCTIEPCUU
MO3BOJIUT PEaTU30BaTh MOJYJSLHUI0 METOAAMU
BOJIOKOHHOW ONTUKHU. B Hacrosmee Bpems Mony-
JAUUS COOCTBEHHBIX 3HAYEHUM OCYIIECTBISAETCS
IpU MOMOIIU 3IEKTPOHHBIX ycTpoiicTs [6, 7].
[MosToMy mepenavya MHPOPMAIIUKA OTpaHHYEHA
HaHOCEKYHJIHBIMH MMNyibcamu. [lpu mepexone k
MMUKOCEKYHIHBIM UMITYJIbcaM TpeOyeTcs pa3BUTHE
MOJIHOCTBIO ONTHYECKUX METOJOB MOAYJSILHHU.
OObeMHEHNE COJTUTOHOB, pa3jeieHue MHOTOCO-
JUTOHHOTO OpH3epa BO3MOXKHO IPH CHEIHUATbHBIX
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YCIIOBUSX, TAKUX KaK CKaYKooOpa3zHoe M3MEHECHHE
napameTpoB [16], pesonancuass moxymsiiust [23].
IToxazaHo, 4TO 11 MpeoOpa30BaHUs COOCTBEHHBIX
3HaueHnd 3amadn 3axaposa—lllabara mocraTtodHo
IUTaBHOTO U3MEHEHHS K03(p(UITHEHTOB HETMHEHHO-
ro ypasuenus llpenunrepa B MOMEHT HEYyNIPyTOTo
CTOJKHOBEHHUSI CONMTOHOB. Ilo-BuanMomy, Takoe
MOBE/ICHHE MHOT'OCOIUTOHHBIX UMITYJIbCOB SIBJISET-
sl yHUBepcaJIbHBIM. [IpeacTaBneHHbIC pe3ynbTaThl
OyayT IOJIE3HBIMU NPU PA3BUTUU METOJIOB yIpaB-
JIEHUS ONTUYCCKUMH COJTUTOHAMHU M COTUTOHHBIMHU
COCTOSIHUSIMU KOoHAeHcaTa bo3e—DiiHIITEeHHA.
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Background and Objectives: The Zakharov—Shabat spectral
problem allows to find soliton solutions of the nonlinear Schrod-
inger equation. Solving the Zakharov—Shabat problem gives both a
discrete set of eigenvalues /1]- and a continuous one. Each discrete
eigenvalue corresponds to an individual soliton with the real part
Fie(/lj) providing the soliton velocity and the imaginary part Im(,lj)
determining the soliton amplitude. Solitons can be used in optical
communication lines to compensate both non-linearity and dis-
persion. However, a direct use of solitons in return-to-zero signal
encoding is inhibited. The interaction between solitions leads to
the loss of transmitted data. The problem of soliton interaction can
be solved using eigenvalues. The latter do not change when the
solitons obey the nonlinear Schrodinger equation. Eigenvalue com-
munication was realized recently using electronic signal processing.
To increase the transmission speed the all-optical method for con-
trolling eigenvalues should be developed. The presented research
is useful to develop optical methods for the transformation of the
eigenvalues. The purpose of the current paper is twofold. First, we
intend to clarify the issue of whether the dispersion perturbation
can not only split a bound soliton state but join solitons into a short
oscillating period breather. The second goal of the paper is to de-
scribe the complicated dynamics and mutual interaction of complex
eigenvalues of the Zakharov—Shabat spectral problem. Materials
and Methods: Pulse propagation in single-mode optical fibers
with a variable core diameter can be described using the nonlinear
Schrodinger equation (NLSE) which coefficients depends on the
evolution coordinate. The NLSE with the variable dispersion coef-
ficient was considered. The dispersion coefficient was described
using a hyperbolic tangent function. The NLSE and the Zakharov—
Shabat spectral problem were solved using the split-step method
and the layer-peeling method, respectively. Results: The results
of numerical analysis of the modification of soliton pulses under the
effect of variable dispersion coefficient are presented. The main
attention is paid to the process of transformation of eigenvalues of
the Zakharov—Shabat problem. Collision of two in-phase solitons,
which are characterized by two complex eigenvalues is considered.
When the coefficients of the nonlinear Schrodinger equation change,
the collision of the solitons becomes inelastic. The inelastic collision
is characterized by the change of the eigenvalues. It is shown that
the variation of the coefficients of the NLSE allows to control both
real and imaginary parts of the eigenvalues. Two scenarios for the
change of the eigenvalues were identified. The first scenario is
characterized by preserving the zero real part of the eigenvalues.
The second one is characterized by the equality of their imaginary
parts. The transformation of eigenvalues is most effective at the
distance where the field spectrum possesses a two-lobe shape.
Variation of the NLSE coefficient can introduce splitting or joining
of colliding soliton pulses. Conclusion: The presented results show
that the eigenvalues can be changed only with a small variation of
the NLSE coefficients. On the one hand, a change in the eigenvalues
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under the effect of inelastic soliton collision is an undesirable ef-
fect since the inelastic collision of solitons will lead to unaccounted
modulation in soliton optical communication links. On the other
hand, the dependence of the eigenvalues on the parameters of the
colliding solitons allows to modulate the eigenvalues using all-fiber
optical devices. Currently, the modulation of the eigenvalues is
organized using electronic devices. Therefore, the transmission of
information is limited to nanosecond pulses. For picosecond pulse
communication, the development of all-optical modulation methods
is required. The presented results will be useful in the development
of methods for controlling optical solitons and soliton states of the
Bose—Einstein condensate.

Keywords: soliton, inelastic collision, eigenvalues, Zakharov—
Shabat problem.
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