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AHHOomayua. B cmameoe npednoxceH yay4uieHHoili pobom, npedHa3Ha4eHHsbIl 045 aemomamu3sayuu naaHosol unu
3KcmpeHHoU 0e3uHgeKkyuu [1] u enaxcHol y6opKU 8 3aKpPbiMbix nomeweHusax. Pobom omHocumca K pobomam Kom-
6buHuposaHHo20 murna. Leabo 0aHHOU cmameu A8a8emcAa yayduweHue yHKUUOHAAbHbIX Xapakmepucmuk pobo-
ma-0e3uHpekmopa. [aa 3mo2o npedsnoxreH MHO20(pyHKUUOHAAbHbIU pobom-0e3uHpekmop ¢ pobomom-crnymHu-
KOM, Komopbili 8bIM0HAEM 8AaMCHYI0 YOOPKY MoMew,eHUs 014 6onee kKayecmeaeHHol de3uHgekyuu. Pobom cocmoum
U3 mpex pyHKUUOHAAbHbIX Yacmeli: yHU8epcaabHol MobuabHol naamgopmel (HUMHAA Yyacms) u cobcmeeHHo Oe-
3UHeKmopa (8epxHAA 4acmsb), Komopas npu Heobxodumocmu Moxcem c80600HO Nepedsu2ambcs NePCOHANIOM Ha
4 konécax [1]. K sepxHeli yacmu poboma npukpenaeH cneyuanoHelli No0bemMHbIli MEXAHU3M, MpedHa3Ha4YeHHbIl 05
nodvema u criycka 2He30a poboma-crnymHuKa 041 enaxcHol y6opku. 3D-modenb MHO20QYyHKYUOHAAbHO20 pobo-
ma-0e3uHgeKkmopa 8bIrnosaHeHa 8 cpede NPo2pPammHO20 KomMmraekca Inventor. KuHemamuveckue pacyemel noobem-
HO20 MeXaHU3Ma 0714 HouweHUA pobomom-0e3uHpekmopom poboma-crymHuUKa 8birnosHeHbI MemoooM 3aAMKHYMbIX
B8EKMOPHbIX KOHMYpPo8. CuHMe3 Mo0beMHO20 MEeXAHU3MA 8bIM0AHEH MEMOOOM K8AOPAMUYECKO20 npubaumeHus.

Knroueevle cnoea: MHO20(YHKUUOHAAbHbIU pobom-0e3uHpekmop, naHdemus COVID-19, Y®-namnsi, KOMOUHUpPO-
8QHHbIU mun 0e3uHgeKyuu, pobom-criymHuk, nodvemHbil MexaHu3M, meduyuHcKuli pobom, KuHemamu4yeckuli
aHAU3, CUHMes3s.

BBeagenmne

boaesnersopHbple Bupychl 1 OaxTepum MOTyT
PacOpoOCTPaHATLCA U B TeYeHMe HeCKOABKMX AHeil
COXpaHsATHCA Ha IoBepxHOCTIX [2]. CaegoBaTeanHO,
IIOBEPXHOCTU U IIPeAMeThl HeoOXOAUMO CTepuAu-
30BaTh: CrepuAmusanus yoOusaer Bce (OPMBI MU-
KPOOHOI XKM3HN Ha OOBeKTe MAM IoBepXHocTu [3].
CraTucTuyeckne AaHHbIe ITOKa3bIBAIOT, UTO CAelyeT
poBOAUTEL Doaee 9P PeKTUBHbIe CTePUAN3AIIUN, TO
€CTh KOMOMHMPOBAaHHbIE METOALI CTEPUAN3ALINIL, KO-
TOpbIe BKAIOYAIOT M BAAXKHYIO YOOPKY ITOMeIeHIsI
OAHOBpeMeHHO [5].

B paborte [6] mokaszaHO, 4TO 445 OOPBHOLI C BUPY-
com COVID-19 Chanprakon u gpyrue pazpaboraan
pobor UVC. Ognaxo pabora poboTa B IIOMEIT[eHIIX
C IIPUCYTCTBUEM JeaoBeKa I OAHOBpEeMeHHasl BAaK-
Hasl yDOpKa He pacCMOTpeHa.

Taxxe B caegyomux paboTax HpUBEAEHBI pe-
3yAbTaThl MCCAEAOBAHMI KOMIIAHNI, KOTOPBIE BBIITY-
cTuAnu podoTeI-ge3nH(ekTopsr: komnanmeit Geek +
Robotics paspaboran u seirymen pobor Lavender u
Jasmin, Omron [7], Akara Robotics B Trinity College
Dublin [8], Milagrow Robotics paspaboraa Indoor
Disinfection RoboCop ¢ Y®-C gesundexumeir [9],
Youibot [10] paspabortaa u eimyctna ARIS-K2 anti-
virus robot.

Aas yayaimenns pazpabOTaHHOTO MHOTOQYHK-
LIMOHAABHOTO poboTa-agesundexropa (Espasuiickmi
nateHT Ne 040808 ot 29 uroas 2022) 1 KayeCTBEHHON
00pabOTKM HIKHUX IIOBEPXHOCTEN U OJHOBpeMeH-
HOW BAaXKHOI YOOPKHU IIOMEIT[eHMSI CIIPOeKTUPO-
BaH IIOA/bEMHBINI MeXaHI3M, KOTOPBI HOCUT poOO-
Ta-CIIyTHUKA 445 BAAXKHON yOOPKH U 3aKpeILaseTcs
K poOOTy-Ae3undeKTopy [4].
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MeToabl CCAe A0BAHMST

Leapto nccaegoBaHms sisAsieTcs: pa3paboTKa KOH-
CTPYKLMI U IIPOEKTHPOBaHIe MHOTO(QYHKIVIOHAAb-
HOTO poboTa-Ae3nH(eKTopa ¢ pOOOTOM-CIIyTHMKOM
AZS1 BAaXKHOV yoopku romerriennsa. Pobor orHocut-
¢ K poboTaM KOMOuHMposaHHOTO Tuma. V3 anaau-
TUYECKOro 0030pa CYLIeCTBYIOIINX POOOTOB-AE3MH-
(dexTopos caeayeT, UYTO MHOrOQYHKLIMOHAABHBIE
pobOTHI-ae3MHPEKTOPEl HaMHOTO 9(QPeKTUBHee, a
MCIIOAB30BaHNE OAHOBPEMEHHO BAAXKHOIT yOOpKM
IIOBBIIIIAET KA4eCTBO Ae3MH(EKIN.

B crarpe [1] Obia1 mpesaoskeH MHOTOQYHKIINO-
HaABHBINI pOOOT-Ae3MHPEKTOp, IpesHa3HAYEeHHBII
AZsI aBTOMAaTU3aINI ILAaHOBOM 1AV DKCTPEHHOM Ae-
3UHQEKIIUU B 3aKPBITHIX IIOMeIlleHsIX. Takke moay-
yen EBpasmitckuii mateHT MHOTOQYHKIIMOHAABHOTO
pobota-ae3uHdexropa. B ganHOII padoTe mpesaara-
eM VAYUIIeHHYIO KOHCTPYKIIUIO poboTa-Ae3uHdex-
TOpa, TO €CTh C POOOTOM-CITyTHIMKOM AAs1 BAaXKHOI
yOOpKH B LIeAsiX OAHOBPeMEeHHON Ae3MH(EKIUN 1
BAaXKHOTI yOOPKM ITOMeIIIeHN .

MHOroQyHKIIMOHAABHBII  pODOT-4e3MHPEKTOP
cocTonT U3 Tpex (PyHKIMOHAABHBIX dacTell — Mo-
OuapHoi mAaTGOpMBI podoTa U Ae3UHPUIIUPYIO-
et naargpopmsel. TakKke K BepXHell yacTu podoTa
C3aAU IIPUKpelAeH CrelyaAbHbI TOABEMHBI Me-
XaHU3M, IpejHasHadeHHBIN 445 IIOAbeMa, CITycKa
1 HOIIIeHNUs THe3Ja poDOTa-CITyTHMKA A4Sl BAAXKHOI
yoopkn. AJesunduuupymomas niatpopMa MMeeT
«IT» obpasHslil OpTaA, B HUKHEN 4acTy KOTOPOTO
yCTaHOBAEHBI KOA€eCa, a CBePXY CUCTeMa pacIIbLAeHILsI
2e31HQEeKIMIOHHON JKUAKOCTH U yABTpag101€TOBbIe
AaMITbl ¢ oTpaxkareasmu. 3D-Moaeab MHOTOQYHK-
LIMOHAABHOTO pODOTa-Ae3MH(EKTOpa BHIIOAHEHA B
CpeJe MpOTrpaMMHOIO KOMIILAeKca Inventor, n msro-

TOBJ€H DKCIIepMMeHTaAbHBII oOpaser (PICYHOK 1).

PazpaboTka KOHCTPpYKIIMM HOABEMHOIO Me-
XaHM3Ma AAsi HOIIEHMsI poOOTa-CIIyTHMKA AAsT
BAaKHOM YOOPKM Ha poOOT-ege3mHpeKTOpE

Aas1 HOIeHus poOOTa-CIIyTHUKA AAS BAASKHOM
yOopku Ha poOoTe-ge3uHpeKTOpe pazpaboTaH U
CIIPOEKTMPOBaH CIleNMaAbHEI ITOABEMHBIN MeXa-
HM3M. MexaHnsM nogbemMa poOOTa-CITyTHMKA IIped-
CTaBAseT COOOM YeTHIPeX3BeHHBIN IIapHMPHEINA
MeXaHU3M.

Pemmena 3agaya cuHTe3a, A4s 4ero C4mraeM 3a-
AaHHBIMI N KOHEYHOYAaA€HHBIX ITOAOXKEeHNUI TOUKA
D BA0Ab BepTUKaAbHONM HPAMOI (PUCYHOK 2a). By-
A€M CUMTaTh TaKXXe 3aJaHHBIMU ITapaMeTphl AMa/bl
ABD 3aaaBaemoii Beanautamu X, Yy, a, b, tae Xy, Y —
abCOAIOTHBIE KOOPAVMHATEHI IIapHUpPa A OTHOCUTEAD-
HO HETIOABIKHOM cucTeMbl KoopauHaTt OXYV.

3agaga cuHTe3a 3aKAlO4aeTCs B peaansallyiy
ypaBHeHUs CBs3ell:

(Xe.—X0)'+ (Yo = Y,)?—13=0, i=1,..N. (1)

l'eomerpuyecknit cMbICA ®TOTO ypaBHEHUs 3a-
KAIO4aeTcs: B omnpededeHun mapHupa C, moaoxe-
HIie KOTOPOTO B aDCOAIOTHOI cucTeMe KoopauHar C,,
1=1,...,N sBaserci paBHOyJa/JeHbIM OT Hayala CHC-
TeMbI KoopanHat OXYV.

[ToacraBass abcoaloTHBIe KOOpAMHATH X¢, Yo, B
(1) 1 BBeast 0603HAUEHMST VI HOBbIE TIepeMeHHEIe, I10-
Ay4rM ypaBHeHMe cBs3eil A;, KOTOpoe Ha3bIBaeTcs
OTKAOHeHIeM OT peaaunsalliil 3a4aHHOTO YPaBHEHILT
CBsI3ell, TOorda 3ajada CUHTe3a OyJeT 3aKAIouaThCst
B NpUOAV>KeHHOM peaamnsanuy ypasHenms (1) aas
Bcex, 1=1,...,IN 3agaHHBIX ITOA0XXEHUII TOUEK.

PucyHok 1 — 3D mogenb U 3KCNMepMMeHTanbHbI 06pasel; MHOroyHKUMOHaNbHOro poboTta-ge3nHdexropa
ANA BAAXKHOMW YBOPKM NnomeLeHus
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PucyHOK 2 — MexaHW3M nogbema 1 cnycka poboTa-cnyTHUKa

Jazsee HaxoAVM MUHMMYM QYHKITII

S(l'hxz,il's,) - Zjv:l A — nmrlg 2)
TA€ T, T3, T3 — AOKAAbHYIE Koopdunamor mouku C u om-
xkaonenue mouxu C.

Taxymm obpasoM, 3ajaua cuHTe3a CPOPMYyANPO-
BaHa B BUJe 3ajauM KBalpaTU4eCcKOTO MpubAVDKe-
Hus. IlpupaBHnBas yacTHbIe IPON3BOAHEIe IO IIepe-
MEHHBIM Z; HyAIO, TIOAYIUM CHUCTeMY 3-X AMHEIHBIX
YpaBHEHUII 4451 OIIpeAeAeHIs IIePeMeHHBIX T1, Ty, Ls.

Jazee ompejeaseM pa3Mepsl IapHUPHOTO de-
TeIpexspeHHUKa ABCD.

Ha matyn BC ueTnIpexspeHHOTO MexaHM3Ma 3a-
KpeI1AseTCsl THe340 A5 HOIIeHM:sI poOOTa-CIIyTHIKa
(pmcynok 20). B mcxoaHOM 110410KeHNN THe34a, I10A-
HATOTO BBEPX, yTOA MeXAY BePTUKaAbHOM OCbIO U
3seHom AB cocrasaser 20° (pucyHok 2a). B moaoxe-
HUM, CIIYIIIeHHOM BHM3, yTOA MeX/y BepTHKaAbHOI
ocpIo 1 3BeHOM AB cocrasaser 50°.

Brimmoaneno mccaejoBaHme KMHEMAaTUKM Y€THI-
PeX3BeHHOTO IIapHUPHOTO MeXaHu3Ma.

Aas onpegesenuss PyHKUMN IT0AOXKeHUN 3Be-
HBEB MeXaHI3Ma 3a4ady KMHeMaTIJeCcKOTO aHaAmu3a
pellaeM MeTOAOM 3aMKHYTBIX BEKTOPHBIX KOHTYPOB
(pucynoxk 3).

Toraa ¢pyHKIINMM I0A0>KEHN: 3BeHbeB 2 1 3 oIlpe-
AASIIOTCA cAeAyIomumMu GopMydaMI:

2 2 2

2

_ I—105— I, cos @,
¢2 = arccos 2[25

+ arctg ll sin§01 — lDA’ (3)

B+8 -1

@, = arccos oLs tarctgy Leos ¢y

sin §01 - lDA . (4)

Venoansyst (3) u (4), MOXKHO HOAYYUTh KOOPAU-
HaTBI IIIapPHUPOB U LIEHTPOB TsXKeCTU MeXaHM3Ma.

Jazee A5 opeAeAeHNs CKOPOCTEN ¥ YCKOPEeHMI
3B€HBEB MeXaHI3Ma COCTaBAsieM BEKTOPHOe ypaBHe-
Hue 3aMKHyTOCTH KOHTypa ABCD (pucynok 3).

In+L+0=1. (5)

IlpoexTtupys ypasHenne (5) Ha ocu Ox, Oy u
AuddepeHupys 1o 060OIIEHHON KOOpAuHaTe ¢,
roAay4aeM BBIpaskKeHIsI AAs1 OlpejeleHNs] aHa/l0ToB
YIAOBBIX CKOPOCTEN @y M W3 3B€HbEB 2 1 3, KOTOPLIe
ITO3BO/ASIOT ONpeJeAUTh AMHeNHble CKOPOCTH IITap-
HIIPOB YeThIPeX3BeHHOTO IT0ALeMHOI0 MeXaHU3Ma.

_bsin(pi—¢)) Lisin (¢, — 1)
I, sin ((02 - (03) ' l;sin ((03 - (0‘2) ’
Ha ocHoOBe 1104y4eHHBIX BRIpaskeHui paspaboTa-
Ha KOMHI)IOTepHa}I MOJeAb KMHeMaTn4YeCKOro anaamn-
3a YEThIPEX3BEHHOTO MeXaHI3Ma, MIpedHa3Ha4€HHOIo
AZsl IOABEMa U CIIycKa poDOTa-CITy THIKA.

Uy = (6)

PesyabTaThl MaTeMaTHM4eCKOIO MOAEAMpPO-
BaHMsI VI pa3paOOTKM KOHCTPYKLMM poOoTa Aast
Ae3nH@eKIn

IIpeacrasaena 3D-mogean pobora-ae3nmHQeKTo-
pa B cpeje IIporpaMMHOIo Komiraekca Inventor (pu-
cynok 4) [1].

Taxcke peniena 3adada CyMHTE3a U II0AYyY€HbI m
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a) o06wmii BUA, 6) HUXKHAA YacTb poboTa ANA KUAKOW Ae3uHEeKLUH, B) BepXHAA YacTb poboTa,
npepHasHaueHHaa ana YO aesnHdekunn u ana pabotbl B peXKUme peumpKynatopa

PucyHok 4 — 3D-mogenb poboTa-ae3nHdekTopa

pasMephl  YeTBIPEX3BeHHOTO IIAPHMPHOTO —MeXa-
HU3Ma, ITpedHa3HavYeHHOTO A4 MogbeMa U CITycKa
poboTa-CIIyTHHUKA.

[TpoBesen KuHeMaTMYeCKUIl aHAaAU3  YeThI-
PEeX3BEHHOTO MIaPHMPHOTO MeXaHM3Ma M MOAyYeHbl
TPaeKTOPUS ABUXKEHM:I, CKOPOCTh 11 YCKOpPeHMe I1a-
tyHa BC, r4e 3akperiasiercsi rHe340 4451 PoOOTa-CITyT-
Hyka. Kunemarnyeckuil anaans 1oarsepskaaeT pa-
0OTOCITOCOOHOCTh TTOAYYEHHOTO YeTHIPEX3BeHHOTO
IIApHUPHOTO MeXaHM3Ma AAs TMogbheMa M CITycKa
poOoTa-cryTHMKA.

BriBOABI

PaspaboranHbii  MHOTOQYHKIIMOHAABHEIN — PO-
60T-4e3MHPEKTOp B 3aBUCUMOCTH OT HOTpeOHOCTel
B Ae3MHQEeKITNN ITOMeIeHNs MOXKeT MCIO0Ab30BaTh
HECKOABKO PeXKIMOB Ae3MH(PEeKINNI 110 OTAeABHOCTU
mau B 2106011 KomOnHanun [1, 4]. Takke poboT-crryT-

466 JEHTS poboTta-aesundexropa obecriednBaeT OAHO-

BPeMeHHYIO BAaXXKHYIO yOOpky mnomemienns. Aas
HOIIIeHMsI pODOTa-CIIyTHUKA pOOOT-ae3UH(eKTOp
OCHaIlleH MeXaHM3MOM I104beMa U CITyCKa C THe340M
AAs1 poboTa-criyTHUKA. PaspaboTaHbl KOHCTPYKLIVSA
n ITK/ MHOroQyHKIIMOHaABHOTO poDOTa-Ae3nHpeK-
TOpa, KOTOphIll OydeT paboTaTh B TpeX peKMUMax:
yAbTPaUOATOBOIO M3AYJeHNUs, Ae3UHQEeKIIUN C
pacipLaeHneM  00e33apaskuBaoIeil SKUAKOCTH I
¢uabrparnun Bozayxa (pemupKyaAsiium). Brrmmoanen
CHHTE3 YeTHIPeX3BeHHOTO IapHUPHOIO MeXaHU3Ma
AAs TIOAbeMa U CIycKa poOOTa-CITyTHUKA U [T0Ayde-
HBI pasMephl Mexanusma. IIposegeno noanoe uccae-
AOBaHNe KMHeMaTHKI YeThIPeX3BeHHOTO IIIapHUPHO-
ro mexanmnsma. PaspaboTana KOMIIBIOTepHAast MOAeAD
KIHEeMAaTUYeCKOIO aHaAM3a YeTLIPeX3BeHHOIO MeXa-
HIU3Ma, IPeAHa3Ha4eHHOIo AAs II04bheMa U CITycKa
poboTa-crIyTHHUKA.

HeaocraTkoM Takoii KOHCTPYKIMM MOXKET OBITh
CAOXKHOCTDh U3TOTOBAEHNUS OTA@ABHBIX eTalell.
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AHOamna. Makanada »ocnapaaHFaH Hemece xcedesn 0e3uHpekyuameH kamap beamenepdi binrandel masapmyosi
asmomMammaHObIpyFa apHanFaH xemindipinzeH pobom yceiHblaraH [1]. Pobom apanac munmezi pobommapra xa-
madel. MaKanaHbiH Makcamesl pobom-0e3uH@eKkmopnapobiH, PyHKYUOHAAObIK cCUNamMmamasndpsbiH xakcapmy 60oabin
mabbinadsl. On ywiH KengyHKYUoHaAn0bl pobom-0e3uHgpekmop bip me3einde pobom-cepikneH bliaraadsl masapma
OmbIpbIN canansl 0e3uHGeKyuanayosl icke aceipadsl. Pobom yw @yHKUUoHan0bl b6esikmeH mypadsl: ambeban mo-
b6unbdi nnamegopma (memeHai 6enizi) #aHe 0e3uHpekmopOdbiH 63i (xoraprul beniei), Kaxem b6osaraH Hardalioa Kbi3-
memkepnep 4 0eHzeneai bap woraprel besnieiH epkiH anvin xcype anadsl [1]. CoHOali-aK, po60MMbIH HOFAPFLI HAFbIHA
bI1FAN06I MA3aAAY YWiH pobom cnymHuziH Kemepyae ¥aHe mycipyae apHAAFaH apHaliel Kemepy mexaHu3mi 6ekimin-
2eH. KengyHkyuoHan0el pobom-0e3uHghekmopOobi 3D-modeni Inventor 6ardapnamasnsik KeweHiHoe opblHOAAFAH. Po-
6om-0e3uHgpekmopmeH pobom-cepikmi anbin Hypyz2e ApHANFAH Kemepy MexaHU3MIHIH KUHeMamuKasnbiK ecenmepi
mylibIkmanFaH 8eKMopbIK KOHMypaap adicimeH #acanadsl. Kemepy MexaHU3MiHiH CUHMe3i Keadpammelk #Cyblkmay
adicimeH #cacanaodel.

Kinm ce3dep: Ken hyHKLUOHA0bI Oe3UuHpeKyuansik pobom, COVID-19 naHdemuscesl, yabmpaguoaem wamoapsl, Oe-
3UHGEeKYUAHbIH apanac mypi, pobom-cepik, bekiminzeH MexaHu3m, MeOUYUHAbIK po6om, KUHEMAMUKAbIK manaoay,
cUHMes.
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Abstract. The article proposes an improved robot designed to automate scheduled or emergency disinfection [1] and wet
cleaning in enclosed spaces. The robot belongs to the combined type robots. The purpose of this article is to improve the
functional characteristics of disinfection robots. For this purpose, a multifunctional robot-disinfector with a satellite robot
is proposed, which performs wet cleaning of the premises for better disinfection. The robot consists of three functional
parts: a universal mobile platform (lower part) and the disinfector itself (upper part), which, if necessary, can be freely
moved by personnel on 4 wheels [1]. A special lifting mechanism is attached to the top of the robot, designed to raise and
lower the robot satellite for wet cleaning. The 3D model of a multifunctional robot-disinfector is made in the environment
of the Inventor software package. Kinematic calculations of the lifting mechanism for carrying the robot-satellite by the
robot-disinfector are made by the method of closed vector contours. The synthesis of the lifting mechanism is carried out
by the method of quadratic approximation.

Keywords: multifunctional disinfection robot, COVID-19 pandemic, UV lamps, combined type of disinfection, satellite
robot, lifting mechanism, medical robot, kinematic analysis, synthesis.
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