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Kak npaBuno, ctpoeHue KapKaca poboToB-pbl6 MMeeT 40CTaTO4YHO CepbE3HbIE OTAMYMA OT peanbHOro opraHusMa. OoHUM
U3 HWUX ABMAETCA 60MbLUAA pasHULA B KONMYECTBE CErMEHTOB Tena. Ecnu wBble pbibbl uMeloT oT 16 (pbiba-nyHa) o 400
(pbiba-pemeHb) [1], To poboTbl peaKo MMeloT bonblue 5—6 cerMeHToB. 3T0 06YCNOBAMBAETCA OTCYTCTBUEM HEOHXOAMMOCTH
XMPYPruYecKon TOYHOCTM NPU KOHCTPYMPOBaHUM ONA MMUTaLMK ABUKEHUA. BMecTe ¢ TeM Takom nofxoq NpUMBOOMT TaKKe
K PECTPMKLIMM CYLLLECTBEHHOM YacTU CTPYKTYPbI YNIPaBNAKLLEr0 KOHTYpPa B CPaBHEHUM C HEPBHOW CUCTEMOM pblb, MOCKONBbKY
KOHTPO/IMPOBaTh HEOHX0UMO CYLLLECTBEHHO MEHBLLEE YMCIIO Y3/10B-CEMMEHTOB TeNa.

Bbino NpoeMoHCTPMPOBaHO, YTO CUCTEMBI YNIPaB/IEHWA HAa OCHOBE OCLMMNIATOPOB PasfIMYHOrO TUNa cnocobHbl UMUTUPO-
BaTb paboTy LieHTpanbHbIX reHepatopoB pbib [2—4]. B obweM cnyyae LIP pei6 npeactaBnseT cobovt B3aMMoCBA3aHHbIe
1 B3aMMOTOPMO3fLLMe ApYr Apyra NOyLEHTPbI, KaX bl U3 KOTOPbIX OTBEYAET 33 MbILULbI-aHTaroHUCTLL. B TakoM cnyyae
XapaKTepUCTUKK NaTTepHa, BOCMIPOM3BOAMMOr0 FreHepaTopoM, onpeaensioTca bnarofaps B3aUMHOMY BIIUAHUIO CBA3AHHbIX
Mexay cobol nap oCLMNNATOPOB-aHTaroHUCTOB. [py 3TOM MexaHU3M B3auMOLEeNCTBMA NONYLEHTPOB ApYr Ha Apyra nog-
bupaeTca TakMM 06pa3oM, YTOObI COOTBETCTBOBATL KOHEYHLIM KENaeMbiM NapaMeTpaM NaTTepHa ABUMEHWA.

TaKoM «MCKYCCTBEHHbIN» MOAX0[ COBEPLUEHHO HE MOAXOAMUT Npu paboTe Co CnaKoBbIMW HelipoHaMu. CBA3aHO 3T0 C TeM,
YTO MexaHW3Mbl B3aMMOLOEMCTBMA Meay KNeTKaMu YETKO onpepenieHbl. KpoMe TOro, M3MeHeHWe XapaKTepUCTUK BO3-
AEeVCTBMA KNETOK APYr Ha pyra HeenaTeNbHo Npy Co3A4aHUM 6MONOrMYecKkn peneBaHTHOW Mofenun. 34ech Mbl JEMOH-
CTPUPYEM, YTO NPUMEHEHWE HEKOTOPbIX PU3MONOrMyecknx ocobeHHocTel poib npu ausanHe cTpykTypbl LUFP Ha ocHose
CNalKoBbIX HEMPOHOB CMOCOBHO PaCLLMPUTL BO3MOXKHOCTM TaKOM CUCTEMBI.

PaHee Hamu bbina NpogeMoHCTpMpOBaHa nonyueHTpoBas Mogenb LIFP Ha ocHoBe HevipoHoB WMkmKkeBmya [5], cnocob-
HaA BbINONHATL GYHKLUMM YNpaBNAIOLLEr0 KOHTYpa Af1A poboTa TyHua. HecMoTpA Ha To, YTo JaHHaA paspaboTka oTparka-
€T OCHOBHble MpUHLMMBI opraHu3aumu LIMP y pbib, BocnpousBecT Ha Helt pexkMM paboTbl reHepaTopoB, XapaKTepHbIN
LNA LYKK, 0Ka3anocb 3aTpyaHWTENbHO. CBA3AHO 3T0 C TEM, YTO aHrynMAOPMHbIA TUM IOKOMOLMIA NpeanonaraeT Hanmume
LBUKYLLENCA BOJIHBI, @ 3HAYMT OTCTaBaHMe Mo Gase B aKTMBALMM NONYLIEHTPOB.

KnioueBow ocobeHHoOCTbIo Gpu3nonorum polb, KOTopas CTana BO3MOXKHBIM peLLeHUeM NpobneMmbl, ABNAETCA XapaKTep co-
€IMHEHWA MBILLEYHBIX BOMIOKH B Tefe pblbbl. OTAENbHbIA MbILLEYHBIA CErMEHT Ha3biBaeTCA MUOMEPOM, @ MX KONUYECTBO
COOTBETCTBYET YMC/Y NO3BOHKOB, @ 3HAYUT U CTIMHANbHbIX LIeHTPOB, cocTaBnswLwmx LIP. Mpy 3ToM MUOMepbl UMEIOT 3ur-
3aroobpasHyto gopMy. B pesynbtate ana crubaHua Tena B 04HOM TOUKE HEOOXOOMMO CUHEPr1YHOE B3aMMOLENCTBUE He-
CKOJIbKMX MUOMEPOB W, COOTBETCTBEHHO, cerMeHToB LIMP.

B 10 BpeMs, KaK Halla Mofenb NpeanonaraeT Ucnofb3oBaHue nuib 5 cerMeHToB LIMP ans ynpaeneHva Bcel pblbow, y Ha-
CTOALLEN LLYKM YMCNO CErMeHTOB paBHO 56—65. Mo3ToMy Mbl NpeanonoKuim, YTo AOCTUHEHUE HEOBXOAMMOW pasHULLbI
B (hase aKTMBaLMM MeK[y YacTAMU reHepaTopa BO3MOMHO NPK YBENMYEHUM KOIMYECTBA Y3/10B FeHepaTopa, 0TBeYaloLLmMX
3a paboTy 0HOr0 ABMMKMTENA.

[encrutensHo, yBeNnyeHne KoNMYecTBa nepeaToyHbIX CErMeHTOB, MPYBENIO K CO34aHWI0 MOCTOAHHOM pasHOCTM (a3 ak-
TMBaUMKM cnedylowmx apyr 3a gpyrom yacten LIP.

TeM He MeHee WCMoNb30BaHWE JOMONHATENbHBIX CErMEHTOB HE PeLIaeT 3afjady ynpasBneHua yactoton pabotel LIFP v nepe-
KMIOYEHWA Mer [y natTepHaMu. [103ToMy B JanbHEMLLEM Mbl MIAHUPYEM BKIKYMTL B MOLESb HEMPOHbI Pa3fIMyHbIX TUMOB,
onucaHHbIx anA LUI'P, a Takke [o6aBuTb 06paTHyl0 CBA3b [ANIA KOPPEKLMM PEXKMMOB ero paboTbi.

KnioueBbie cnoBa: Ll,eHTpaJ'IbeIVI reHepaTtop putMa; nnasawline pOﬁOTbI; JIOKOMOUMWH; HEVIPOHHbIe CeTu; CnanKoBble
Heﬁp0HHbIe CeTn.
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ABSTRACT

Typically, the structure of the robot fish frame significantly differs compared to the real organism. One significant difference
is in the number of body segments. While live fish can have between 16 (moon fish) to 400 belt fish [1] segments, robots
usually have only 5—6 segments since substantial precision is unnecessary when simulating movement. At the same time,
this method limits a significant portion of the control circuit's structure compared to a fish’s nervous system because it only
requires control over a smaller number of body segments.

Control systems using different oscillators can simulate the functioning of fish central generators [2-4]. Typically, each half-
center of the fish's CPGs is interconnected with and mutually inhibitory towards the others, with each being responsible for
the antagonist muscles. In this case, the generator’s pattern characteristics stem from the mutual influence of oscillator-
antagonist pairs connected to each other. The half-centers’ interaction mechanism with each other is designed to match
the movement pattern’s desired final parameters.

This “artificial” approach is unsuitable for working with spike neurons because the mechanisms of cellular interaction are
well-defined. Altering how cells interact with each other when creating a biologically relevant model is also undesired. Here
we present evidence that incorporating select physiological traits of fish into the design of a CPG structure utilizing spike
neurons can enhance the system'’s functional capacity.

Previously, we demonstrated a half-center CPG model using Izhikevich neurons [5]. This model can serve as a control
loop for a tuna robot. Although this development aligns with the fundamental principles of CPG organization in fish,
reproducing the typical generator mode of operation for pike on it proved challenging. This is due to the fact that
the anguliform type of locomotion implies the presence of a moving wave, which means a phase lag in the activation
of half-centers.

One potential solution to the problem lies in the physiology of fish, specifically the structure of their muscle fibers. Fish have
muscle segments called myomeres, which correlate with the number of vertebrae and spinal centers that create the CPG.
A distinguishing feature of these myomeres is their zigzag shape. To achieve body bending at a single point, it requires
a collaborative action between multiple myomeres and corresponding CPG segments.

While our model assumes control of the entire fish with only 5 segments of the CPG, the actual pike includes 56—65 segments.
To attain the necessary difference in activation phase between generator segments, we propose increasing the number
of generator nodes responsible for operating a single propulsion unit.

Indeed, increasing the number of transmission segments resulted in a steady divergence in activation phases among
successive segments of the CPG.

However, the incorporation of supplementary segments fails to address the challenge of managing the frequency of the
CPG’s operation and shifting between patterns. Consequently, we intend to integrate CPG neurons of diverse types outlined
in the model, along with introducing feedback to rectify its modes of operation in the future.
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