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Telemedicine has gained traction, especially during the COVID-19 pandemic, ena-
bling remote patient management. By leveraging mobile cloud support and 5G connec-
tivity, this model can be applied to capsule robots, enhancing access to diagnostic and
therapeutic services, particularly in underserved regions.

Finally, expanding the therapeutic functions of capsule robots is imperative. Cur-
rently, they are primarily used for diagnostics and limited therapeutic applications, such as
biopsies and drug delivery. Integrating capabilities for endoscopic mucosal resection
(EMR) and endoscopic submucosal resection (ESD) into capsule designs could signifi-
cantly enhance their clinical utility. The potential of medical micro/nanorobots in various
therapeutic roles suggests a future where larger WCE robots serve as “warships” while mi-
cro/nanorobots act as “soldiers”, performing intricate tissue manipulation tasks, thereby
exploring previously inaccessible areas of the gastrointestinal tract.

Fig. 1 was created with BioRender.com under a Creative Commons license, with
some elements designed by brgfx — Freepik.com [1].

Wireless capsule endoscopy marks a transformative approach in gastrointestinal di-
agnostics, with ongoing advancements that promise to enhance its capabilities and integra-
tion into clinical practice. Addressing technical challenges and expanding therapeutic func-
tions will be crucial for realizing the full potential of this promising technology.
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Pe3zonancHble TpaHc(hOpPMATOPbI HAXOIAT IIUPOKOE MPUMEHEHHE B Pa3IMYHBIX OT-
pacisix HayKd M IMPOMBIIIJIEHHOCTH. B "acTHOCTH, 3T TpaHC(hOpPMaTOphl UCHOIB3YIOTCS
JUISL TATAHUSI MOIIHBIX PEHTTEHOBCKUX YCTAHOBOK M YCKOPUTENIEH YacTUIl B HAYUHBIX HC-
CIIEIOBaHUAX, SABJIAIOTCS OCHOBOM T'€HEPATOPOB BJIEKTPOHHBIX IyYKOB M HCTOYHUKOB pa-
JMOU3IYYEHUs, TPUMEHSAEMBIX B PAJIUOJIOKALMU U CUCTEMaX PaHodJIeKTPOHHON OOpHOBI.
Kpome Toro, oHu Haluim cBO€ NPUMEHEHHUE B JIa3€PHON TEXHUKE, MEIULIMHCKOW TUarHo-
CTHKE, BKJIIOYas METOABI ra30pa3psIHON BU3yalIM3allMK, U B TEXHOJOTMYECKUX MPOLECCAX
IPOU3BOJICTBA UHTEIPAJIbHBIX MUKPOCXEM.

HecMmoTpst Ha CTONB HIMPOKYIO PacpOCTPAHEHHOCTh U aKTyaJIbHOCTh, paboTa pe3o-
HAHCHBIX TPaHC(OPMATOPOB OCTAETCS] HENOCTATOUHO M3y4eHHOU. /laHHas paboTa Hampas-
JIeHa Ha yCTpaHEHHUe 3TOro npoodena myTeM pa3paboTKH TeOpeTHUeCKH 000OCHOBaHHbIX Me-
TOIOB aHajau3a IIPOLIECCOB B HArpy3ke s JBYX OCHOBHBIX THIIOB PE30HAaHCHBIX
TpaHc(OpMaTOPOB: HEMPEPHIBHOTO U MUMITYJIbCHOTO JACUCTBUS (M3BECTHBIX KaK TpaHCchop-
MmaTopsl Tecina).

Pe3onancHbie TpaHcOpMaTOpBl HENPEPHIBHOTO NeiicTBUsA. [IpuHIMI paboThl pe3o-
HAHCHBIX TPaHC(POPMATOPOB HENPEPHIBHOTO AECHCTBHS OCHOBAH HAa UCIIOJIB30BAHUM PE30-
HAHCHBIX SIBJICHUH Ul NIEpeJauy SHEPIUH OT MEPBUYHOIO KOHTypa KO BTOPUYHOMY C MU-
HUMaJIbHBIMU TOTEpsAMU. KOHCTPYKTHBHO Takoi TpaHc(hOpMaTOp BKIIOYAET JIBE MarHuT-
HO-CBSI3aHHBIE KaTyLIKU MHAYKTUBHOCTH. IIpyu npoTexkaHnn nepeMeHHOro Toka yepes mnep-
BUYHYIO OOMOTKY CO37a€TCsl IEPEMEHHOE MAarHUTHOE T0JIe, KOTOPOe MHIYLIHUPYET TOK BO
BTOpuyHON 0OMoOTKe. Kornma cucrema paboTaeT Ha pE30HAHCHOW 4YacTOTE, NMPOMCXOIUT
MakcUMaiabHO d(pPeKTUBHAS TIepeaada SHEPTUH.

Jlnis pacuera mporeccoB B TpaHchopmarope B paboTe MPUMEHSETCS KIACCHUUYECKHM
METOJI KOHTYPHBIX TOKOB, TMO3BOJISIOIIUI COCTaBUTh CUCTEMY YPAaBHEHUH I CXEMBI 3a-
MeIleHus TpanchopmaTopa.

HccnenoBaHue mokasaio, YTO PEXHMM CIIOXKHOTO Pe30HaHca SIBISETCsl HauOosee mpen-
MOYTUTENbHBIM, TaK KaK OH 00ecreuuBaeT AOCTHXKEHHE a0CONIIOTHOTO MakCMMyMa Kak BTO-
PHYHOIO TOKA, TAaK M HANPSDKEHWs HA HAarpyske. Ui 3Toro pexxnuma Moilyd4eHO OKOHYATEIIbHOE
AQHAJIMTUYECKOE BBIPAKECHUE IS JEUCTBYIOILETO 3HAUYEHNS HANPSDKEHMSL HA KOHAEHCATOPE:
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Jannas ¢opMyia MO3BOJSET IEJICHANIPABICHHO PACCUUTHIBATE M ONTHMHU3HPOBATH
napameTpsbl TpanchopmaTopa i JOCTHKEHHS TPeOyEeMBbIX BBIXOHBIX XapaKTEPUCTHK [1].

Pe3onancHbie TpaHchopMaTOpBl UMITYJIBLCHOTO JeicTBHs (TpaHncopmaropsl Tecna).
TpanchopmaTropbl UMITyIbCHOTO THUTaHUS, WM TpaHchopmaropsl Tecna, KapAUHAIBEHO
OTIIMYAIOTCS 10 MPUHIUIY paboThl. TUMOBas cxema Takoro yCTpOMCTBa BKIIIOUAET BBICO-
KOBOJITHBIM TpaHchopMaTop, 3apsaHblii KOHTYP C AMOJOM U HAKOMUTEIHHBIM KOHJICHCA-
TOPOM, Pa3psAHUK M UMITYJIBCHBIN TpaHC(HOPMATOP C HATPY3KOM.

['aBHOM CIIOKHOCTBIO aHAJU3a TAKUX CUCTEM SBIISICTCS HAJIMYHME HEJIMHEHHBIX dJie-
MEHTOB — JHOJa U pa3psaHuKa. J{s yueTa ux cBOMCTB B paboTe ObLII IPUMEHEH METO]I Ky-
COYHO-TTMHEHHON amnmpoOKCUMAIIMK BOJIBT-aMIEPHBIX XapaKTEPUCTUK HEIMHEWHBIX DIie-
MeHTOB. PaboTa cxembl Oblna pas3mencHa Ha ABa dTama. Ha srtame 3apsga, Korga AHOJ
OTKPBIT, a Pa3psSAHHUK 3aKphIT, KoHAeHcaTop C; 3apspkaercs OT CHHYCOMTAIBHOTO HMCTOY-
HUKa NUTaHus. J{J1s OmMcaHus 3TOTO MEePEXOAHOTO MpoIecca ObLIN BBHIBEICHBI YPaBHEHUS
JUIsl TOKa W HampspKeHUs. MOMEHT, Korja HalpshKeHHUE Ha KOHACHCATOpE MAaKCHMalbHOE



Cexuus II. DaexTpoHHBIE CHCTEMbI M TEXHOJIOTHH 295

(TOK Yepe3 AMOJ MagaeT M0 HyJsA), HAXOMUTCS TrpaUuecKUM WIH YUCICHHBIM METOJOM
KaK peIIeHUEe TPAHCIEHIECHTHOTO YPAaBHECHHS.

Ha stane pa3psaa, korna pa3psiiHUK cpabaTbiBaeT, SJHEPIUs, 3allaCEHHasl B KOHJEHCa-
TOpe, TepeaeTcsl B Harpy3Ky uepe3 UMIYJIbCHBIA Tpanchopmarop. s aHanmza cocras-
JIeHa cHCcTeMa YPaBHEHUI B OMEPaTOpHON (hopMe U MOIyYeHO N300paKeHHe JIJIsl TOKa BTO-
pudHoro koHtypa. C mOMOIIBIO TeopeMbl pasznoxeHus (XaBucaiina) Obul HaiineH
OpUTHHAJ 3TOT0 TOKA, a 3aT€M IyTeM UHTETPUPOBAHUS — BBIPAXKCHHE ISl HAMIPSKEHUST HA
€MKOCTHOM Harpy3ke [2]. AHanau3 MoKa3bIBaeT, YTO MPOIIECC pa3pslia UMEET KoJjieOaTeb-
HBIM Xapaktep, a ¢dopMa MMIYJIbCA HAIPSKEHUSI CYIIECTBEHHO 3aBUCHUT OT MapaMeTpOB
LENHU CBSA3H M JOOPOTHOCTU KOHTYpOB. llomyueHHbIe aHAIUTHUYECKHUE BBIPAKEHUS MO3BO-
JSIOT MOAENUPOBaThH (OPMY BBIXOJHOTO HMMITYJIbCA M ONTUMHU3UPOBATH €€ MOJ KOHKPET-
HbIE MPAKTUYECKUE 3a]1a4H.

[IpoBeaeHHOE HCCIEAOBAaHUE JIEMOHCTPUPYET, UTO PACUET KIIOUEBBIX MapameTpoOB
PE30HAHCHBIX TPAHCPOPMATOPOB, KAK HEMPEPHIBHOTO, TAK U UMITYJILCHOTO JACHCTBHS, MO-
JKET OBITh YCIEITHO BBITTOJHEH Ha OCHOBE KJIACCUYECKUX METOA0B TEOPHUH IICTICH.

Pa3zpaboranHbie METOBI pacueTa MOTYT ObITh HEMOCPEACTBEHHO HCIIOIb30BaHbl MpHU
MPOEKTUPOBAHUU U CO3JJaHUHM COBPEMEHHBIX YCTPOWUCTB B KPUTUYECKU Ba)KHBIX 00JACTSIX,
YKa3aHHBIX BbILIE.

TakuMm 00pazom, IPEICTaBICHHBIE PE3YIbTaThl UMEIOT KOHKPETHOE MPUKIIATHOE 3HA-
YeHHUe, OTKPBIBAs MyTH JUIsl co3MaHus Oonee d(h(OEKTHBHBIX M ONTHMH3UPOBAHHBIX YCT-
POMCTB UMITYJIbCHOW SHEPTETUKHU.
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