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Aesapuu mpybonpoeo0oe a61a10mess 0OHUM U3 HAuboIee PacnPOCMPAHEHHBIX U ONACHBIX 61008 MEXHO-
2enHvix kamacmpod). OOHum u3 Hauboiee NePCReKMUEHBIX CNOCOB08 8biaGIeHI Oeqhekmoe mpybonpoeo-
0086 26711 MCs NPUMEHEHIe 3Meen000OHBIX MOOUIBHBIX POOOMOE, 0OIAOAIOWUX NOGLIUEHHOT NPOXOOUMO-
cmoio. YemanoeneHo, Ymo 02panudeHHOCHb NPUMEHEHUS CYUeCmEYIOUjUX 3Meeno000HbIX pOOOMOE C8A3aHA
C UX HU3KOI 3Hep2o3exmuenocmuio. 1Ipednodcena HOBAL KOHCMPYKYUS MOOUTIBLHBIX 3MEEN0000HBIX PO-
60mMo6, OMAUYAIOWAACT NOBBIUEHHOT 2PY30N00BEMHOCMBIO U IHEP2O3Ghekmusnocmvio. Koncmpyryus
eKIIOYACM 8 Ce0sl MeXAHUYECKUE Y3Tbl, 8 KOMOPBIX OemAl KOPNYca 0OHOBPEMEHHO AGNAIOMCI YACMbIO pe-
OyKmopa, u pacnpedeneHHy0 CucmemMy YupagieHus u IHep2oobecneyeHus.

Knarwuesoie cnosa: 3nmeeno0obuwili pobom, MamemMamuyeckds MoOeib OBUNCEHI, PACNPEOeIeHHA Cll-
cmeMd YnpaeieHus, Oamyux, Hagueayus, Cucmema sHepeoobecneyeHis.

Beenenne. Apapuu TpyOOIIPOBOIOB SIBIISTIOTCS
OJHHUM H3 HaHOOJee PACcIpPOCTPAHCHHBIX U ONTACHBIX
BHAOB TCXHOTCHHBIX Katactpod. B cBa3u ¢ 3tnMm,
BBIABICHUE JACEKTOB TPYOOIPOBOJOB SBISCTCS
BXXHOH MPOOICMOH B CTPOUTEIBCTBE M HKILTHINHO-
KOMMYHAIBHOM XO03siictee. [l BBIABIACHUS TO-
JOOHBIX ACCKTOB BCE OOJBIICE IPUMCHCHHE
HaXOIT pasHoOOpasHble MOOUIbHBIC POOOTHL. 3Me-
enoM00HBIC POOOTHI SABISIOTCS OJHUM K3 HAHOONIES
MEPCOCKTUBHBIX BHAOB MOOHJIBHBIX POOOTOB A
HWHCIICKLIMA TPYOOIPOBOAOB BBHAY HATHYHS 3HAUH-
TEJIBHOT'O YHCIA CTETICHEH CBOOOABI, UTO MO3BOSICT
OCYILECTBHTH MCPEABIKCHAC C TICPEMCEIICHHEM T10-
JIC3HOTO IPy3a U BEIIIOJHCHUE MOIC3HOH (DYHKLUH B
cpee, UMCIOLICH NPETITCTBHI PA3IMIHOrO POAa U
dopmer. Coektp 3a1ad Jist KCIIOJIb30BAHUS POOOTO-
TCXHUYCCKUX YCTPOWMCTB MOJOOHOrO BUAA IS HH-
CHCKIHH TPYOOIPOBOAOB MOKET BKIIOYATH 33Ja4H,
CBSI3AHHBIC C TOUCKOM Je(CKTOB HA BHYTPEHHUX
MOBEPXHOCTSX, KOTAA OT poOoTa TPeOyeTCs OcyIe-
CTBHTb CPABHUTEIBHO OBICTPOC MNEPECMEINCHHE B
ar00yI0 Touky TpyOomposoaa. [lpu ompeaeacHHbIX
VCIIOBHSX 3MECIONO0HBIH POGOT MOXKET OBITh CITO-
cOOCH MepEeIBUTATHCS U C BHEIIHCH CTOPOHBI TPY-
6onpoBoJa, YTO ACNACT €ro OCOOCHHO HE3aMCHH-
MBIM TPH MOUCKE JS(HEKTOB.

[Mpunmun geficTBrs MOOWIBHOTO 3MEETIOA00-
HOro poO0Ta OCHOBAH HA MOAPKAHHH ABIKCHUSIM
aven. Ilepememenue Takoro poboTa B mpocTpaH-
CTBC OCVINCCTBISICTCA 3a CYCT BOJIHOOOPA3HOrO
JBIOKCHHUSI €T0 Tela, COCTOSIIEIO M3 OTACTbHBIX
3BeHbeB. [Ipu 3TOM MpHBOA KAXKAOTO 3BCHA JOTKEH
HUMETh MOIHOCTbh, JOCTATOUHYIO TS MEPEMEIICHHUS
HECKOJBKHUX JPYTUX 3BCHBEB.

Hauano paszpadotkam 3meenono0HbIX pobOTOB
OBIJIO MOJIOKECHO AMOHCKUM Y4eHBIM Shigeo Hirose
B 70-¢ rogel. [IpennokeHHas UM KOHCTPYKIUS ObI-

Ja cobpaHa W3 TOCICAOBATCIBHO COCIUHCHHBIX
oxHOTHITHEIX MoxayneH [1, 2]. Tlpeamoceuikoit mst
paspaboTKH KOHCTPYKLHI TaKOro PoJa SBHIACH HX
MOTEHIIMANbHAA BO3MOXKHOCTh IS QJANTaIllH K
CIIOXKHOU CpeJe B TPEXMEPHOM IPOCTPAHCTBE, UTO
JeNacT UX HE3aMCHUMBIMU MPH BBHITIOTHCHUH 33124
MO0 HHCICKIMH W JHATHOCTHKH TPYyOONPOBOIOB
Pa3THIHBIX BUAOB [3—7].

Ha macToAmmii MOMEHT NIPEATIOKEHO HEMAJIO
KOHCTPYKIHH 3MECmOI00HBIX POOOTOB, COOPAHHBIX
MIPEVMYINECTBEHHO HA OCHOBE CEPBOIPHBOJOB.
Hanpumep, xorcTpykmua [8] mveer 11 oxmnako-
BBIX 3BCHBECB C ABYMS MEPICHIUKYISPHO 3aKPEII-
JICHHBIMH CCPBONPUBOJAAMH (CEPBOIABHIATCIAMH C
PEAYKTOPOM) B KOKIOM, TONOBY H XBOCT. Paanans-
HOE IIEPEMEIICHNUE 3BEHBEB JAPYT OTHOCHUTEIHHO
Jpyra OCYIIECTBIIETCA TOCPEACTBOM Iaphl CEpPBO-
MIPUBOJAOB, PaCcTOI0KEHHBIX MEPIECHIUKYIIPHO OT-
HOCHTEJIBHO APYT APYyra B KOKJIOM 3BeHE. MOMEHT
BpaIEHHS KKAOTO CEPBOIPHUBOAA COCTABISICT HE
menee 0,8 Hv. Konctpyxmus [9, 10] npeacrasiser
co0oii 1ienb u3 16 3BEHBEB, COCAMHCHHBIX ABYXCTC-
MCHHBIMH IIAPHUPAMH BPAILCHHUS, OPTOTOHAIBHBIC
OCH KOTOPBIX JIEXKaT B OJHOM IIIOCKOCTH. B xaskaom
MIApHUPE MUMEIOTCA JBA MUHHCEPBONPHBOAA, KOTO-
pric 00ECICYMBAIOT TIOBOPOTH BHJIOK BOKPYT BEP-
THKAJIBHOU U FOPU30HTAJIBHOM OCEH.

Henmoctarkom korcTpykumii [8, 9] u [10, 11],
ABILSIFOIOUXCSL HauboJee PacIpOCTPAHCHHBIMH TPU
MOCTPOCHUH 3MECNOJO0HBIX POOOTOB, ABIACTCH
HEOOXOOUMOCTh NPHUMCHEHHS BBICOKOMOMEHTHBIX
CCPBONMPHBOAOB BBHAY TOTO, YTO KPYTSLIHA MO-
MEHT OT HUX TNPHUKIAJBIBACTCSA B 30HE OCH 3BEHA, B
CBA3M C Y€M IIPH IOBOPOTE 3BEHA MM IPHUXOIHUTCA
BO3ACHUCTBOBATh HA IUICUO PHIYArOB, PABHBIX paau-
vcy 3BeHa. B cBa3u ¢ HU3KOM 3HEproaddekTuBHO-
CThIO TOJO0OHBIC POOOTHL MMEIOT HHU3KYIO TPy30-
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IMOABEMHOCTD, UTO OTPAHUIHMBACT WX BO3MOJKHOCTH
JUTS TIPAaKTHYECKOTO TpPHMEHEHHsI. B wacTHOCTH,
OHH HE MOTYT TPAHCIIOPTHPOBATh TSKETBIC MPUOO-
PBl AT HEpa3pyLIAIOLIETO KOHTPONIS TPyOOIpoBo-
noB. Kouctpykmms [15] cocrour m3 10 3BcHBEB,
KOKIO0E M3 KOTOPBIX HMEET IO JBA CEPBOIPHBOMA
JUTSL OCYIIECTBICHHS MTOBOPOTA B JBYX INTOCKOCTSX.
B ornmume ot mpempiaymux peImeHui, KpoMe pe-
IYKTOpa B CaMOM CEPBOIPHBOAC NPHCYTCTBYET
TaKKE€ BHCIIHUWU PEAYKTOP, UMEHIOIUN LETHYK H
YEPBAYHYIO NEPENadd, YTO IOBBIINACT KPYTAIIHH
MOMEHT K&KJOTO 3BE€HA U YBEIHYMBACT I'PY30IOb-
E€MHOCTb CHCTEMBI U €€ AMHAMHYECKHUE XapaKTepH-
crukn. OmgHako Takas KOHCTPYKOMA SBISACTCA JO-
CTaTOYHO CIIOJKHOMW B M3TOTOBICHHUH M JOPOTOCTO-
smei. Microns30BaHne B HEHM UEPBAYHOM Nepesadn
HAJIaracT Ha podoTa ONpPEACICHHEIC IOMOTHHUTCb-

HBIC OI'PAaHUYCHUA, CBA3AHHBIC, B YaCTHOCTU, C OT-
CYTCTBUCM O6paTI/IMOCTI/I JABUKCHUS B HCH.

OcHoBHast 4actb. [IpeamaracMerii BapHaHT
KOHCTPYKIIHH 3MECTIONO0OHOTO poOOTa U €ro CHCTE-
MbI 3HCpFOO6CCHquHI/IH IO3BOJIACT YACTHUYHO HC-
MPAaBUTh HEAOCTATKH CYLICCTBYIOIIUX KOHCTPYK-
ITUH.

OcHOBOH MEXaHHYECKON KOHCTPYKLIMH SBILA-
ercs HabOp 3BCHBEB 1, PaCIONOKCHHBIX TICPIICHIH-
KVILIPHO ApPYr OTHOcHTEensHO apyra. Kaxgoe wus
3BCHBCB MMEET Ha CE0C CCKTOP KOHHUYCCKOTO 3y0ua-
Toro kojeca (puc. 1).

CepBompuBOIbl 2 UMCIOT Ha CBOMX OCSAX KOHH-
YCCKHUC IICCTCPHH, 3ALCIULIICh KOTOPBIMHE C 3y0ua-
TBIMHM CEKTOPaMHU HA MEPICHAUKYJLIPHBIX OCH NPH-
BOJA 3BCHBAX, OHHU O6CCH€‘II/IBaIOT MOBOPOT 3BCHBCB
JPYT OTHOCHTEIIBHO JpyTa.

1 2

Puc. 1. KoHCTpyKITUS 3BEHBEB 3MeENIO00HOr0 podoTa

OoOpasoBaHHas MICCTCPHEH HA CCPBOJIBUTATEIC
U CCKTOPOM Ha 3BCHE IMOHIDKAMoLIas 3yOuaras re-
perada mo3BOMSAET CHU3UTh HNOTPEOHYIO MOIIHOCTh
MPHUBOJOB M TOBBICUTH 3HEProaddekTuBHOCTH PO-
oora. [lo cpaBHEeHHIO ¢ KOHCTPYKIHESH [8] oHA TO3-
BOJIICT CHH3UTh MAaKCHMAIBHYIO MOTPEOHYIO MOII-
HOCTH CEpBONPHUBOJOB B 2 — 3 pasa. Jleranu mepe-
Jaud SABILIIOTCS JOCTATOYHO TCXHOIOTHIHBIMH U
MOTYT OBITh H3TFOTOBIICHBI HA YHUBEPCATBHOM (pe-
3¢pHOM cTaHke ¢ UITY.

Jna peanuzanyy yOopaBICHHUs TPUBOJAMH 3BE-
HbEB po0OTa MPEITOKCHHOH KOHCTPYKLUH, CTO-
POHHHE PEIICHHS MOTYT ObITh HE BCErAa YAOOHBI-
MH, B TOM YHCIIC H3-32 HCIPHEMIICMbIX TabapUTHBIX
xapaxrepuctuk. [12-14] B nomoaHeHmE, ¢ LETBIO
VBCITUUCHHS HAJCKHOCTH CHCTCMBI, JKENIATCIBHO
HMETh MHHHMYM BO3MOJKHBIX COCTUHUTEIBHBIX
MPOBOJOB MEKAY 3BCHBSIMU H UX CCUCHHSL.

Hnga ynpaeneHHs VriamMH NOBOPOTA 3BCHBCB
MPEAIAracTcs CUCTEMa YIIPaBICHHS U dHEproodec-

MCUCHHA, CXeMa KOTOPOH MpeacTaBlIcHa HA PUCYH-
Ke 2.

JUta ynpaBneHus KaXAOW Mapod CEpBOIPHUBO-
JOB MPEAYCMOTPEHA OJHA IUIaTa, 3aiada KOTOpOoU
aeigetca peammzarmsa MMM curwana, mmarens-
HOCTh UMITYJIECA KOTOPOTO HMPONOPLHOHATBHA YITY
MOBOPOTa MOTOpPA, AHAIH3 TOKOBOTO MOTPEOICHUS,
3aBUCSIIETO OT MEXaHHMUYECKOHW HArpy3KH Ha COOT-
BCTCTBYIOLIUI MOTOpP, PETUCTPALMS YITIa TIOBOPOTA
MOCPEICTBOM MATHUTHOTO 3HKOJCPA, VIPABICHHUS
CYIICPBU30POM TIUTAHUS H OOMEH JAHHBIMH C
VIpaBJIOMKUM KOHTposuiepom. PyHKkIMe#d ympas-
JSIOLIETO KOHTPOJIIEpa SBIIETCS 3aIaHUC LICICBOM
(YHKIUM U TONYYCHUEC BHCIMHUX (NP HEOOXOaH-
MOCTH) KOMaHA. Takke B CHCTEMY MOKET OBITh
BBCACH PETUCTPATOP U AHATH3ATOP BHACO U APYTHE
HCOOXOOUMBIC I HHCIIEKIHH TPYOONPOBOIOB
Jatuukd. bonee Bhicokas 3HEpro3QeKTHBHOCTS
po0oTa MO3BOJUT YCTAHABIWBATE HA HHUX OO0NCe
MAaCCHBHBIC TPUOOPHI, B TOM YHCIIE ASHEKTOCKOIIBI.
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Puc. 2. Cxema cucreMbl yIPaBICHUS 3MECTIOIOOHBIM pOGOTOM

B cBa3u ¢ TeM, YTO CEPBONPHUBOA KAKAOTO
3BCHA MOXCT MOABCPraTrbCsi HECPABHOMEPHOM
Harpy3ke, a TaKKe € LENbI0 PacHpeICcICHHS BECO-
BOH Harpy3ku BAOIb Teja podoTa CHCTEMa IHEPro-
00ECTICUCHNS TAKXKE PEATU3YETCS PACTPEACICHHOM,
HO TPU 5TOM CaMH aKKyMYJSTOPBI BCEX 3BCHBCB
COCMHEHBI MCXKIY CODOM, TOUHO TaKiKe, KaK U BBI-
XOJbI CYIEPBH30POB.

BoiBogpl. PazpaboranHasi KOHCTPYKLUS 3MEEC-
mog00HOTO podOTa AT MHCICKIUH TPYOOMPOBOAOB
OTIHMYACTCA OT CYLICCTBYIOLIMX AaHAJIOroB Oouee
BBICOKOH TOJABIKHOCTBIO U 3SHEProddhHekTuBHO-
creio. Ee mpuMeHeHHWE NO3BOMUT HCHOIB30BATH
3MECMOAOOHBIX POOOTOB AJII HMHCICKIUU TPyOo-
npoBogoB B cTpouteabctBe u JKKX, uto cHH3HT
KOJIMYCCTBO TCXHOTCHHBIX aBapUi U KaTacTpod.

*Hcenedosanue 6vINOIHEHO NPU (DUHAHCOBOT]
noooepicke PODH ¢ pamwxax epanma Ne 16-38-
00612.
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IMROVEMENT OF CONSTRUCTION OF SNAKE LIKE ROBOT FOR PIPES INSTECTION
Pipeline accidents are one of the most common and hazardous man-made disasters. One of the most promis-
ing ways to detect pipeline defects is the use of snake-like mobile robots, with increased permeability. It was
found that the limited application of existing serpentine robots is related to their low energy efficiency. A
new design of mobile robots serpentine, wherein increased carrying capacity and energy efficiency. The de-
sign includes mechanical components, in which the body parts at the same time are part of the gearbox, and
a distributed control system and energoobespecheniya. Klyuchevye words: snake-like robot, the mathemati-
cal model of the motion, distributed control systems, sensors, navigation, power supply system.

Keywords: snake-like robot, the mathematical model of the motion, distributed control systems, sensors, nav-
igation, power supply system.
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