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O030p MeTOI0B CErMEeHTALIMM U O0OHAPYXKEHH 00bEKTOB HA
U300pa’keHNH B PeaJibHOM BPEeMEHH ISl IPe0TBPALleHH S
apapuiHbIX cutyanuu PAC]

A.T. Tucenxuii’, JI.A. Kosanes?3, T.Il. Mancyposa®

L Cubupcruii pedepanvuuiii ynusepcumem, Kpacrospcx, Poccutickaa Pedepayus
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AnHotamusi. C pa3BUTHEM IKEIE3HOJOPOXKHOW WHAYCTpUH, WHPOpMATH3AIUKA OOIIeCTBA U
aBTOMAaTu3alli MHOTUX TCEXHOJOIMYCCKUX IMPOLECCOB, IOABIACTCA BO3MOXHOCTL CO3JaHUA
arfrmnapaTHo-IporpaMMHBIX KOMIUICKCOB aBTOMATUYCCKOI'0 YIIpaBJICHUA, TUAIr'HOCTUKU U 6e30macHoCTH
JBIDKEHHUST JJOKOMOTHBOB. OnHOW M3 Ba)KHEHMIIMX CHUCTEM JAaHHOTO KOMIUIEKCA SIBIISIETCSl CUCTEMa
o0OHapyXeHHsT 00BEKTOB Ha JKEJIE3HOJOPOKHBIX MYTAX, PAa3PBIBOB JKEJIE3HOJOPOKHOTO TOJIOTHA U €T0
noBopoToB. IlogoOHas cucrema MOXeT OBITH pa3paboTaHa B BUJAC KaMmepbl, YCTAaHOBICHHOW Ha
JIOKOMOTHBE, M CHCTEM OOpabOTKM HMHGOPMALUH, HAXOIALIIUXCS HAa OOPTY KaXAOro HOIBMKHOTO
COCTaBa, WIN B BUJIE T100aIbHOM CUCTEMBI, OCYLIECTRIISIONICH yaalleHHy0 00paboTKy nH(popmanuu ¢
HECKOJBKHMX JIOKOMOTHUBOB. He3aBucumo ot peaim3daiui CUCTEMBI CYIIECTBYCT HGOGXOI[I/IMOCTB
co3naHus 0J0ka OOHapy>KeHHsI 00bEKTOB Ha N300paXECHUSX, MPUXOAIINX ¢ Kamep. s peanuszanus
JaHHOTO 0JI0Ka He0OXO0ANMO BBIAEIIATH JKEJIE3HOIOPOKHYIO MOJIOCY HAa M300paKEHUH U AETEKTHPOBATh
OOBEKTHI B PEXKUME PpCaJIbHOI'O BPEMCHHU. JIJ'IH BBIACJICHUA II0JIOCBI MCIOJB3YIHOTCA METO/AbL
CErMCHTaIuu. B cratee MMPUBEACHBI AJITOPUTMbI HECKOJIBKUX M3 HHUX U BI)I6paH Hanboee
NPEANOYTUTEIbHBIA BapuaHT. 3aJadya 0OHapyKEeHUsI OOBbEKTOB B BHJICONOTOKE B PEKUME PEATbHOTO
BpPEMEHHM pELIAeTCs] NPU IIOMOIIM CBEPTOYHBIX HEHPOHHBIX ceTeil. B cTarhe mpuBemeHBl KpaTKue
OTHMCaHUs HECKOJBKUX CETeH, MPOaHaIN3UPOBaHbI PE3YyIbTaThl paOOThHl OMMCAHHBIX HEMPOHHBIX CETei
U BbIOpaHa ceTh, HauboJee MoAX0AAIIas AJIsl peIICHHs TIOCTABJICHHOM 3aa4uH.

KuroueBble ciioBa: xeje3Has 10pora, 0OHapyKeHHe 00bEKTOB, KOMIIBIOTEPHOE 3PCHUE, CErMEHTAIHs
n300pakeHus1, pa3padoTKa MPUIIOKEHUsI, MaTeMaTHIeCKasi MOJIe) b, aBTOMATH3AIINs TIPOIIecca.

Jns outupoBanusi: Tucenkuii, A., Kosanes, /1., & MancypoBa, T. (2022). O630p meTomoB
CerMeHTaIH U OOHAPYKEeHHsI 00BEKTOB Ha M300paKCHUH B PEalbHOM BPEMEHH IS MTPEAO0TBPAIICHHSI

aBapuiiHbIX cutyauuii PXK]1. Cospemennvie unnosayuu, cucmemor u mexnonocuu - Modern Innovations,
Systems and Technologies, 2(3), 0101-0116. https://doi.org/10.47813/2782-2818-2022-2-3-0101-0116
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Study of methods of segmentation and detection of objects in
the image in real time to prevent accidents of Russian
Railways

A.T. Tisetsky?, D.I. Kovalev?3, T.P. Mansurova3
ISiberian Federal University, Krasnoyarsk, Russian Federation
2Krasnoyarsk State Agrarian University, Krasnoyarsk, Russian Federation
3Krasnoyarsk Science and Technology City Hall, Krasnoyarsk, Russian Federation

Abstract. With the development of the railway industry, the informatization of society and the
automation of many technological processes, it becomes possible to create a complex of automatic
control, diagnostics and safety of locomotive traffic. One of the most important systems of this complex
is the system for detecting objects on the railway tracks, breaks in the railway track and its turns. Such
a system can be designed as a locomotive-mounted camera and information processing systems on board
each rolling stock, or as a global system that performs remote processing of information from several
locomotives. Regardless of the implementation of the system, there is a need to create a block for
detecting objects in images coming from cameras. To implement this block, it is necessary to select a
railway lane in the image and detect objects in real time. Segmentation methods are used to select a
band. The article presents the algorithms of several of them and chooses the most preferred option. The
task of detecting objects in a video stream in real time is solved using convolutional neural networks.
The article provides brief descriptions of several networks, analyzes the results of the described neural
networks, and selects the network that is most suitable for solving the problem.

Keywords: railroad, object detection, computer vision, image segmentation, application development,
mathematical model, process automation.

For citation: Tisetsky, A., Kovalev, D., & Mansurova, T. (2022). Study of methods of segmentation
and detection of objects in the image in real time to prevent accidents of Russian Railways. Modern
Innovations, Systems and Technologies, 2(3), 0101-0116. https://doi.org/10.47813/2782-2818-2022-2-
3-0101-0116

BBEJEHUE

Ha ceronHsmnuii 1eHb HHIYCTPUS JKEJIE3HOIOPOKHBIX IIEPEBO30K BCE €IIIE OCTAETCs
JIOBOJIbHO BaKHOW W CBSI3aHHOM €O MHOTMMH cdepamMu COBpPEMEHHOH »xu3HH. [lommumo
yno0CTBa, NPEAOCTABIAEMOrO0 3TOM HMHIYCTPHEH, HMEET MECTO OONIbIIOE KOJIUYECTBO
WHIUJCHTOB, CBA3aHHBIX ¢ HeH. OQUH U3 TaKUX — ATO aBapUNHBIE CUTyallUH, CBS3aHHBIE C
HaXO’KJCHHEM ITOCTOPOHHUX OOBEKTOB Ha IyTH JABMXKYIIErocs coctaa. Kak npasuio, Takue
WHLOWJECHTBl TPOUCXOJAT TaM, I/I€ KEJIE3HOAOPOXKHAS I10J0Ca IPOXOJAUT B MECTax,
HaxXOIAIINXCS PSAOM C IPYTUMH BO3MOKHBIMH ITOTOKaMH TPAHCIIOPTA, a TAKXKE B MECTaX, IIe
IIOJIOCY MOXET IIEpeceKaTh 4YeloBeK. 10 €CThb, CaMbl€ pacCIpOCTPAHEHHbIE MeCTa — ITO
[IEPECEUCHMS C JOPOKHBIM ITI0JIOTHOM, JKEJIE3HOJOPOKHBIE CTAHIIMU, MHBIE YACTO MTOCEIIACMBbIE

JIOABMH MapuipyThbl, HaXOIAAIIHUECS BOJM3U OT JKeJIe3HOU J0pOru. I/IHIII/IJIGHTI)I Ha
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JKEJIC3HOJOPOXKHBIX TMYTSIX HMMEIOT MHOXKECTBO HETaTHUBHBIX TOCIEACTBUN, HayWHAs OT
W3MEHEHUH pacliCaHusl ABMKEHUS TPAHCIIOPTA, 3aJIEPKEK, MPOOJIEM C IOTUCTHKOM, aBapUSIMHU
TPAHCIOPTA, 3aKAaHYMBasl PEAIbHBIMU Y€JIOBEUECKUMU KEPTBAMHU.

[IpaBuTENBCTBA U KEJIE3HOJAOPOKHBIE KOMIIAHUH IO BCEMY MHUPY YIAETSAIOT OOJBIIOE
BHMMaHHE O€30MacHOCTH Ha XKeJle3HbIX joporax. Ilo cratuctuke — 3TO TPUBOAUT K
YMEHBIIIEHUIO HHITMACHTOB, OJHAKO JI0 MTOJIHOTO WX YCTPAHEHHUS €Ile OUYEHb JIAICKO.

Honrocpounast nporpamma paszsutusi (II[1P) OAO «Poccuiickue »xene3Hbie Joporu»
pazpaboTaHa M CHHXPOHHU3UPOBAHA C TMOJIOXKEHUsAMH ['OCYJTapCTBEHHBIX MpOrpamm
Poccutickoit @enepanun. K oCHOBHBIM 3a1a4aM JaHHOM MPOTPaMMBI OTHOCSTCS: OOHOBJICHHE
napka TOJBIXKHOTO COCTaBa, B TOM YHCJIE TSITOBOTO, C YYETOM 3aKJIIOYEHHUS C €ro
MPOU3BOUTEIIIMA KOHTPAKTOB JKM3HEHHOTO IIMKJIA; PAa3BUTHE WHQPPACTPYKTYpPHI IS
oOecrieueHnsT TEPCIeKTUBHBIX OO0BEMOB IEPEBO30OK W IOBBIMICHUE TTPOU3BOACTBCHHOMN
s dexTuBHOCTH; oObOecreueHHe HEOOXOJUMOrOo YpPOBHS 0O€30MacHOCTH ABMXKCHHUS U
9KOJIOTHUECKON 0e30MacHOCTH; Mepexo]] Ha «IIH(POBYIO KETIE3HYIO Jopory». JlaHHbIE TUTaHbI
MO3BOJISIIOT 33{yMaThCsl O BO3MOXKHOCTH CO3/IaHUS CHUCTEMBbI aBTOMATHYECKOTO yIPaBJICHHUS,
JIUAarHOCTUKHU U 0€30MacHOCTU JBUKEHUS JIOKOMOTHBA [1].

Jlnst co3manms moJ0OHON CUCTEMBI HEOOXO0IMMa TOJICHCTEMa 0€30MMacHOCTH, KOTOpast
MO3BOJIUT OOHApPYKUBATh MOCTOPOHHUE OOBEKTHI HAa MYTH CIIEOBAHUS KEJIE3HOJOPOKHOTO
COCTaBa, a TAKXE Pa3pbIBBl CAMOTO KEJIE3HOJOPOXKHOTO TMOJIOTHA HE TOJBKO JJIsi OBICTPOi
OCTaHOBKM COCTaBa BO H30exaHUE aBapuii, HO TakXke UIsi OOECIEUYEHHsS OIEepPaTUBHOTO
pearupoBaHus JUIsl YCTpaHEHUsI ICTOYHUKOB aBapUUHBIX CUTYaIUH.

MO3KHO BBIIETUTH IBE OCHOBHBIX 33]]a41 MPU peann3aliy MoICUCTEMBbI 0€30aCHOCTH:

1) HEoOXOAMMO YETKO BBIACIATH IPAHHUIIBI KEIE3HOJOPOKHOTO TTOJIOTHA,
2) onpeaensaTh 00bEKThI, HAXOAIINECS Ha H300PAKCHHH.

Jnst pereHus: mepBOM 3a/layd MOIXOMAT METOABl CETMEHTAIMHM H300pakKeHHs, a
CUCTEeMbI OOHapykeHHsI 00BEKTOB Ha BUJICO B peaIbHOM BPEMEHH MO3BOJISIFOT PEIIUTH BTOPYIO
3amagy. CermeHTalusi U300paXeHHH W TOCTPOEHUE CHCTEM MOHUMAHUS H300paxKeHHl B
peaTbHOM BPEMEHU SIBJISIOTCS KIIFOUEBBIMH JIEMEHTaMH B MH()OPMATH3alMKA U aBTOMATH3AIUN
MHOTHX OTpacjie, B TOM 4YHCIe W JJIsI OTPACId JKEJIE3HOJOPOXKHBIX TMEPEBO30K. Takum
0o0pa3oM, akTyallbHOM 3a/adeil sSBISETCS aHalu3 M BBHIOOP COOTBETCTBYIOIIMX MOJENeH U
CHCTEM.

B nmanHOl pabGoTe mpoBOAMTCS 0030p HECKOJIBKHX METOJOB CETMEHTAIlUH

N300paxKeHusl, a TaK)Ke€ pacCMaTPUBAETCS HECKOJIBKO HEWPOHHBIX CceTell, pealu3yroIux
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MoJeau OOHapyKeHUsi OOBEKTOB B peaJbHOM BpeMeHH. B pe3ynbraTte aHammsza

OCYILECTBIIICTCSI BBIOOP HanboJiee MOAXOAAIINX CeTeH /Ui PEeLIeHNs IOCTaBIEHHBIX 3a/1ad.
METO/Ibl CETMEHTAIIMA U30BPAKEHUI

[Ipexne Bcero ompeneiawM, YTO CETMEHTALUs HM300paXEeHHs — 53TO Mpolecce
pasneneHus LUGPOBOro H300pakeHHs Ha HECKOJIbKO cerMeHToB. llenb cermeHTanuu
3aKJII0YAETCs B YNPOILEHUU W/UITU U3MEHEHUHU TPEICTaBlIeHUs H300pakeHus1, YTOOBI €ro ObLIOo
MpoILe U Jierue aHanu3upoBath [2]. CerMeHTalus UCTOAb3YeTCs JJISl BBIACICHUS OTACIIbHBIX

00BEKTOB Ha N300paKEHUH.
CermMeHTanusl ¢ MCNOJIL30BAHNEM KJIACTEPU3ALMHI

OpHMM U3 METOZOB CETMEHTAIlUU U300PaXKEHUS SIBIIETCS METOJ KIaCcTepu3aluu — K-
cpenHux. JlaHHBIN METOJ HMCIONB3YeTCs, YTOOBI pa3JeuTh H300paKEHNE HA ONPEICTICHHOE
KOJINYECTBO — K-KJIACTEPOB.

AJTOpUTM METOJIa K-CPETHUX:

1. CnyyaiiHpiM 00pa3oM WM MO KakuM-IHOO MpaBHIIaM BBIOpATh K-IIEHTPOB
KJIACTEPOB;

2. OueHUTh «PacCTOSTHUE)» OT KaXKIOTO MUKCEIIS 10 HEHTPOB KIJIACTEPOB U OTHECTH
KaX/IbIi TUKCEIb K ONbKaiieMy U3 KJIacTepoB;

3. Jlanee mepecunTaTh LIEHTPHI KJIACTEPOB TAKUM 00pa30M, 4TOOBI OHM OKa3aIHCh
B IICHTPE Macc KJlacTepa;

4. TloBTOPATH MYHKTHI 2 U 3, OKA Ha 3 MYHKTE LIEHTPHI KJIaCTEPOB HE OKAXYTCS B
HOBBIX IIEHTpPaX Macc.

[Tockonbky KiacTepu3anusi MPOUCXOAMT Ha HM300pakK€HUHM, TO LEHTPBI KJIACTEPOB
o0ajaloT TOKa3aTelsiMU 1IBE€Ta, PACHOJOXKEHUs [0 OCsiM, HHOrJa SPKOCTH U T..I.
CrnenoBartenbHO, B KAUECTBE «PACCTOSTHUS O€peTcsi CyMMa KBaIpaToB pa3HOCTEH mokas3aresen
neHTpa u nukcens. [IOCKONbKY IIBET, pacCTOSHHE M SPKOCTh MOTYT HMETh pPa3HyIo
pPa3sMepHOCTh, Mepe]] pacu€ToM ClieAyeT HOpMAJIN30BaTh JaHHbIE TOKa3aTeIH.

HenocratkoM maHHOTO MeTOAa SIBISETCS CHIIbHAs 3aBUCHUMOCTb OT HA4aJbHOTO
pAcCIIONIOKEHHsI IEHTPOB M MX KOJUYECTBA, BCIEICTBHE YETO CETMEHTAIUS MOYXKET MPOUTH
HEYJIaYHO WM BBIICIUTH JIUIIHUE CETMEHTHI B paMKax OJHOTO 00beKTa. Takke OTCYyTCTBYET

BO3MOXHOCTb CCIMCHTAIIMN PA3HOLBCTHBIX 00BEKTOB.
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K MMpEeMyIIeCTBaAaM MOXXHO OTHECTHU ITPOCTOTY p€aiu3alllu aJIrOpUTMa U CKOPOCTh €TI0

BBITIOJTHCHUS.
MeTtoa BblaeJIeHUS rpaHun

Metoabl BBIZCTICHHUST TPAHUI] TO3BOJIAIOT ONPENENATh I'PAaHHUIBI OOBEKTOB 3a CUET
nepenana B ApKOCTH IBeTa Ha n300paxkeHnr. OTHUM U3 TaKHX METOJIOB SIBIISIETCS OIEPaTOp
KoHHM — 3TO MHOTOCTYNEHUYATHIH AITOPUTM, NPEJIHA3HAYCHHBIM JUIS BBISBICHUS TPAHMIL
00BEKTOB.

[Ipexne Bcero ansi NTaHHOTO METOJa HEOOXOAMMO IMpeoOpa3oBaTh M300paXKEeHUs B
4EépHO-0ebIil BUI. DTO MOKHO OCYIIECTBUTH ITyTEM HCIOJIb30BAHUS PA3IUYHBIX (UIBTPOB,
takux kak YUV, HSL, HSV u np.

CrenyromuM mIaroM sIBISIETCS CrIIQ)KUBaHWE W300payKeHHs 7Sl yCTPAHEHUS IIyMOB.
JlaHHBIN TIPOIIECC BO3MOXKHO OCYIISCTBUTH IyTeM npuMmeHeHus uabtpa [aycca [3]. Yame
BCETO 3TOT MPOIIECC PEATH3YIOT 3a cueT Macku ['ayccuansl ¢ pazmepom 5 u 6 = 1.4 (pucyHoOK

1).

115
=LY 4 g | 12| 9 4

Pucynok 1. Macka ["'ayccuansl.

CJ'IG,I[yIOH_II/IM raroMm sBJIICTCS IIOUCK T'PAAUCHTOB Ha I/I306pa)l(eHI/II/I. I[aHHHﬁ miar
OYCHb YaCTO PpCAIM3YIOT IIPU IIOMOIINH OIICpaTopa CO6CJ’I}I, KOTOpBIfI OCHOBBIBACTCA Ha

NPUMEHEHUN (QUIBTPOB K H300pKEHUIO (PHUCYHOK 2).
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Pucynok 2. ®unstpsr Cobens.

[Tpu moMomm TaHHBIX (GUIBTPOB MBI HAXOIUM BEJIUYHUHY U HAIPABICHUE TPAJIUCHTA B
KaxIoM nukcene. [Ipy 5ToM HampaBlieHHE TPAIMEHTOB OKPYIJIETCS TAKUM 00pa3oM, 4TOOBI
oHo ObuTO paBHO 0°, 45°, 90°, 135°.

3areM OOBSBISIOTCS MMHUKCEIW TPAHMII, JAHHBIMH MUKCEISIMHU CTAHOBSTCS MUKCEIH C
JIOKAJIBHBIM MakcuMyMoM. OHH OTNPEIETSIOTCS B 3aBUCUMOCTH OT HAIPABJICHUS U BEITUIHHBI
rpaJMeHTa TaKKuM 00pa3oM, YTOObI B 3aJaHHOM HAIIPABICHHM TIPaJMECHTA €ro BEIUYMHA Y
JAHHOTO MUKCest Obl1a 00JIbIIE, YEM Y COCETHHX.

OCHOBHBIM HEAOCTAaTKOM JAHHOIO METOJa SIBJISIETCS €ro CHIIbHAs 3aBUCHMOCTH OT
nrymMa, Kak MpaBuiio, HEOOXOoAWMa MpaBUiIbHAs MpeaoOpadoTka HAYaIbHOTO HM300paKEHUS.

Taxske JaHHBIM METOJ MOKET OCTaBJIATh PBAHBIC Kpasi IIPU BBIIEICHUU I'PAHUIL.
NPUMEHEHUE HEHPOHHBIX CETEM JJI1 CETMEHTALIUA

Ha ceroassmHuii AeHb Jy4dylIMX pe3yJbTaTOB [0 CETMEHTAalMM H300pakeHun
JIOCTUTAIOT NPHU IOMOIIM HEUpPOHHBIX ceTed. [Ipm pemieHMM RaHHOW 3a1ayu 4ale BCEro
HCIIOJIB3YIOT IIOJIHOCBEPTOYHBIE HEHPOHHBIE CETH.

ITosHOCBEPTOUHBIE HEMPOHHBIE CETH — 3TO TaKUE CBEPTOYHBIE HEHPOHHBIE CETH, B
KOTOPBIX UCITOJIB3YIOTCS TOJIBKO CJIOM CBEPTKU. Ha BBIXO/1€ JTAHHON CETH BO3MOYKHO ITOJIyYEHUE
M300paKeHMsl, YTO MO3BOJISET JAHHbBIE CETU UCIOJB30BaTh JJIsi CETMEHTAUN U300pakeHU.

CBepTouHas HEHPOHHAs CETh — CIENMAIbHAS ADXUTEKTYPa UCKYCCTBEHHBIX HEHPOHHBIX
cereit, mpemioxxenHas SlHom Jlekynom B 1988 rony [4] m HameneHHas Ha 3¢ ¢deKTUBHOE
pacriosHaBaHue 00pa3oB. CBepTo4yHas HEMPOHHAs CETh COCTOMT U3 4Yeperyroluxcs
CBEPTOUYHBIX CIOEB M CyOaUCKpeTH3upyromux cinoéB. CTpyKTypa ceTu — OJHOHAIIPABICHHAS

(6e3 oOpaTHBIX CBs3€H), NMPUHIMIIMATLHO MHOTOCHIOWHasA. JlJis 0O0ydeHUs HCIONb3YIOTCS
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CTaHJApTHBIE METO/IbI, Yallle BCEro METOJ OOpaTHOIro pacnpocTpaHeHus omuoOku. OyHKuus
aKTUBALMK HEHPOHOB — Jt00ast, [0 BEIOOPY UCCIIE0BATENIS.

CyTb CBEPTOUHBIX CIIOEB 3aKJIIOYAETCA B IIpolecce cBepTKU. CBepTKa — 3TO Omepanus,
B XOJIe¢ KOTOPOH SIIPO CBEPTKH (MaTpuua — (HIBTP) MepeMeIIaeTcsi Mo BXOAHON MaTpuIle,
II0CJI€ YETo pe3yJIbTaT MaTPUYHOI'0 YMHOKEHHS Y4aCTKOB BXOJHOM MaTpHULbl U A1pa CBEPTKU

3alIMCBIBACTCS B HOBYIO MaTpHIly (KapTy IPU3HAKOB) (PUCYHOK 3).

MexoaHea
OaHHBIE M

=1 RS

. MomyyerHbia
! | ! } OAHHEIE
an:. = 24 23
CEEOTHM

(=]

)
B3| = e | SR | O
|- ——

a3 | w3

Pucynok 3. [Iponecc cepTku.

KonuuecTBo siiep coBmagaeT ¢ KOJIMYECTBOM KaHAJIOB BXOJHOTO n3o0paxeHus. Tak,
€CJIM Ha BXOJ] cBepTouHOMY cioto nogaércst RGB nu3zobpaxeHnue, To cBepTOUHBINA ClOi OyaeT

cozaepkath B ceoe 1 hunbTp riayounoi 3 (prucyHok 4).

Input Filter Result
L I, [

| 1 2
4|92 = [7
5| 6| 2
2|45
5| 6|5 | 4| 7|8 [ Parameters:

— Size: f=3 - « I+
o L I I #channels: n_. =3 M+
s s ls|3|8/|all Stride: s=1 * I}

B Padding: p=o0
HH X HWJC HC‘ = 6x6 X3 https://indoml.com

Pucynok 4. CBepTka TpexKaHAJIbHOTO N300paKEHHUS.

Ha xaxmom CBCPTOYHOM CJIOC MOKECT OBITh HECKOJIBKO (I)I/IJ'IBTpOB, FJIY6I/IHHa KOTOPBIX

JOJDKHa OBITh paBHa KOJHWYCCTBY BXOIAHBIX KaHAJIOB. B HUTOTC, IOCIC CBCPTOUYHOTO CJIOA
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MOJTy4yaeM MaTpHUILIbl HA HECKOJBKHUX KaHalax, KOJIMYECTBO KOTOPBIX OYyJIeT PaBHO KOJIHYECTBY
(bUIBTPOB.

[ToMuMO cJI0EB CBEPTKM B IMOJHOCBEPTOYHOW CETH TAaKKE MPUCYTCTBYIOT CJIOU
TPAHCIOHUPOBAHHOW CBEPTKU. Ha JaHHBIX CIIOSX OPOMCXOIUT MPOLECC, KOraa KaxKIbld
9JIEMEHT BXOJIHBIX JAHHBIX IEPEMHOXAeTcsi Ha (PUIBTP, B UTOre MOJIY4YaeTCs] HECKOJIbKO
MaTpHL Pa3MEpPHOCTHIO PaBHBIE SAAPY, OHU MOMEIIAIOTCSA B PE3YJIbTUPYIOIIYIO MAaTPULy TaK,

YTO MU MEPECCUCHUN 3HAYCHU I CKIIaIbIBAIOTCS (PUCYHOK 5).

Input Kernel Output
0|0 011 oJ0|1

0|1 011
=|0]0 + 213 (+|0]2 + 0|3|=|0)4]|6

213 2|3
4 (6 6|9 4 (121 9

Pucynok 5. TpancrioHnpoBaHHas CBEpTKA.

[lomMuMoO c0s CBEpTKH, B CETH Yy4acTBYET CJIOM MOJBBIOOPKHU (IyJMHIAa), KOTOPBIN
IpecTaBisieT cOO0M HEMMHEHHOE YIUIOTHEHUE KapThl IPU3HAKOB, IIPU 3TOM I'pyIINa MUKCeIen
(0ObluHO pa3Mepa 2X2) yIJIOTHSAETCA JO OJHOIO IHKCENs, IHPOXOJsd HeIHHEeHHoe

npeobpazoBanue. Hanbosee ynorpedurenbHa npu 3ToM GyHKIHS Makcumyma [ 5] (pUcyHOK 6).

Single depth slice
1 2 3
4
3
1

N = O O

6 8
1 0 3 4
2 4

W

Y

Pucynoxk 6. [Ipouecc mynunra.
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Ha cerogusmnuii AeHb OAHOM M3 JY4YIIUX CETMEHTHUPYIOUIMX HEHPOHHBIX CETEH
npusHaHa cerb U-Net. [laHHas HEHWpOHHAas CE€Tb B CBOEHW CTPYKTYype IOMHMO BCEX
MIEPEYUCIICHHBIX BBIIIE CIIOEB, YTOOBI MOMYYUTh 00JIee TOUHBIC PE3YJIbTAThI, HA KaXKIOM IIIare
MOCJIC TPAHCTIOHMPOBAHHOTO CJIOS HMCIOJIB3YEeT IMPOMYCKHBIE COCAMHECHHS, OOBCIUHSISA
BBIXOJIHbIC JaHHBIC TPAHCIIOHUPOBAHHBIX CBEPTOYHBIX CJIOEB C KapTamMu (YHKIUH u3
CBEpPTOUHBIX CJIOEB Ha TeX ke ypoBHAX. [locie kaxx10i KOHKaTeHaI[MM Mbl CHOBA MTPUMEHSEM
JIBE TOCIIEAOBATEIbHBIC PETYISIPHBIC CBEPTKH, YTOOBI MOJENIb MOTJIa HAyYUThCS COOHMpaTh

OoJiee TOUHBIHN pe3yabTat (pucyHok 7) [6].

YacTw Kapra
rosere at >l | e CETMEHTALMY
n3obpa-
eHud

L
i 1
- n
i
b oot
%H‘q : H""—‘" ‘ = cONV 3x3, ReLU
o ”; 512 ' g copy and crop
D"'l_"ij o - § max pool 2x2
¥ - t 4 up-conv 2x2
—t g = cONV 1x1

Pucynok 7. U-Net.
Bb10op meTona

[Ipoananu3upoBaB pazTUYHBIE METOIABI CETMEHTAIMH, OBbLT CAENaH BBIBOJ, YTO
Hanbosee TMOAXOMSIIUM JUIsl PELICHUS TMOCTAaBIEHHOW 3aJayd METOJIOM SIBJISIETCS METO],
OCHOBAHHBIN HAa MPUMEHEHUW HEUPOHHBIX CETEH Uil cerMeHTanuu. [10CKOJIbKY OCHOBHBIM
00BEKTOM, KOTOPBIM HEOOXOIMMO HCCIEI0BATh, SBIAETCS >KEIE3HOJOPOKHOE IOJIOTHO.

COOTBCTCTBCHHO, YTOOBI BBIACIIATD T'PpaHUIIBbI U OTIPCACIIATE pa3pbIBbI HA ITOJIOTHE, HCO6XOI[I/IMO
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IMOCTOAHHO 4Y€TKO OIIPEACIATh TI'pPpaHUIbl XCJIC3HOAOPOXKHOI'O II0JIOTHA M CICAUTH 3a
pa3pbiBaMU Ha HUX, OCTAJIbHBIC K€ 00BEKTHI Ha I/1306pa)KeHI/H/I B aHaJIM3€ HEC HYXXIAr0TCA, €CIINU
OHU HC ICPECCKAIOT KCIIC3HOJOPOKHOC ITOJIOTHO.

I[OCTI/I‘-IB AAaHHBIX PE3YJIbTATOB BO3MOKHO, UCIIOJIb30BaB IJIA O6y‘-I€HI/ISI PasMCUYCHHLIC
JaHHBIC, HA KOTOPBIX 6y,Z[YT YCTKO BBIACIICHBI I'PAaHUIBI JKeJIe3HOU J0pOoru Ha I/I306pa}KeHI/II/I, a

TaKXeE I/I306pa)KeHI/I5I, Ha KOTOPBIX KCJIC3HAA N0pOora 6y,Z[CT IEPECEKATHCA C 00BEKTOM.

HEWPOHHBIE CETH J1JIs1 OGHAPYKEHUSI OFLEKTOB HA BUJIEO B
PEXXUME PEAJIBHOI'O BPEMEHUN

CyiiecTByIOIIMEe apXUTEKTYphl CBEPTOUHBIX HEHPOHHBIX ceTeill 1 OoOHapy>KEeHUs
O00BEKTOB Ha H300paKEHUSX MOXKHO pa3[eliuTh Ha JBE KATETOPHU: OJHOJTAlHBIE |
JBYXdTamHble. J[ByXdTamHble HEHpOCETEeBbIE aITOPUTMBI OOHApy)XeHUS OOBEKTOB Ha
n300pa’keHNH BKIIIOYAIOT B ce0sl CIIEAYIOLIHE JBa dTara.

IlepBblIif aTam 3aKIr04aeTCs B IOMCKE M0103PUTEIbHBIX 30H Ha N300pakeHHH, T. €. 30H,
BO3MOYKHO COJIEpIKaIllMX MHTEPECYIOIINE HAC 00BEKTHI. JlaHHBIN 3Talm MOXKET BBIIOTHATHCS 03
UCTIOJIB30BaHUSI HEUPOHHBIX CETEH C MOMOIIbI0 MH(POPMAIUK O KOHTPACTE, MO KIFOYEBBIM
TOYKaM MWJIM nepedupas BCE BO3MOYKHBIE IIOJIOKEHUS OOBEKTa C IOMOIIBIO IPOLETyphI
CEJIEKTUBHOrO TmoucKa. OJHAKO 30HbI, IOJIYYECHHBIE BBILICTIEPEUUCICHHBIMU METOJaMH,
3a4acTyl0 UMEIOT OYEHb HU3KOE KaueCTBO B TOM CMBICIIE, YTO MHOT'O o0acTel 1nbo conepxar
CJIMIIKOM OOJIBIIIOE KOIMYECTBO (poHA, JIMOO COAEpk AT TOJBKO HEOOJBITYI0 YacTh OOBEKTa,
1100 coaeprkat 6osee ogHoro oobekra. [loaromy Gosee MpeaNOYTUTENBHO Ha TaHHOM dTare
UCIIOJIb30BaTh CBEPTOUHbBIE HEHPOHHBIE CETH, HE CO/IEpIKalllle TOJTHOCBSI3HBIX CI0€B [7].

Bropoii aran 3akitouaercs B kiaccuuKaluu 30H, HallIeHHBIX Ha repBoM dtane. Ha
JAHHOM JTare i KJIACCU(HUKAIMM BCETrJa HCIOJB3YIOTCS OOBIYHBIE CBEPTOUHBIC
UCKYCCTBEHHbIC HEHPOHHBIE CETH.

OnHo3TanHble HelpoceTeBbIe aIrOPUTMbI O0HAPYKEHUS 00BEKTOB Ha M300paKEHUH HE
BKITIOYAIOT B c€0sI CTA/IMIO MTOMCKA MOIO3PUTENFHBIX 30H HAa M300pKEHHH, a cpa3y HaIlelIeHbI
Ha OOHapyXeHHe O0BeKTOB. [IperMyIecTBOM JaHHOTO BHAA AITOPHUTMOB SIBISETCS WX
IPOCTOTa U OTHOCHTEIBHO BBICOKAs CKOPOCTh paboOThI, a Cpelu HMX HEIOCTAaTKOB MOXHO
OTMETHTD 00Jiee HU3KYIO TOYHOCTh OOHAPYX EHUS 0OBEKTOB IO CPABHEHUIO C JIByXATAITHBIMU
aIrOpUTMaMH, a TAaK¥K€ MEHbBIIYI0 THOKOCTh ajiropuT™a [7].

B nanHoii pabote OynyT pacCMOTPEHBI HEKOTOPbIE MOIYJIIPHbIE HEHPOHHBIE CETH.
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CenterNet

CenterNet — HeiipoHHasi ceTh, MCHOJB3YIOMAs TOAXO0Jl, OCHOBAHHBIA Ha KITFOUEBBIX
TOYKaX, JUIs OOHApyKeHUs1 00beKTOB. OHa pacCMaTPUBAECT LICHTP MPSIMOYTOJIbHHUKA BBIICICHHUS
00beKTa, KaKk caM OOBEKT, a TAaKKe, KaK KIIOYEBYKO TOUYKY, a 3aT€M HCIIOJIB3YeT 3TOT
npeCKa3aHHbIN [EHTP JUTSl HAXO0XKICHUSI KOOPAWHAT M CMEIICHUH OrpaHUYMBaIONIETO OOBEKT
NpSIMOYTOJIbHUKA.

W3HavyanbHO Ha BXOJ MOJAETCS HM300pa)KEHHE, OHO MPOXOAUT NPeAoOpaboTKy s
BBIJICTICHHS IPU3HAKOB C TIOMOIIIBIO OJTHOM U3 4 cereld Ha BBIOOp: ResNet18, ResNet101, Deep
Layer Aggregation Networks (DLA), Stacked Hourglass Networks. ITocie cydauckperu3amum
C 3aJlaHHBIM IIaroM, MPHU TMOMOIIM CIIOEB CETH, TEHEPUPYETCS TEIUIOBas Kapra JUlsl BCeX
KJIACCOB, HA HEil 0TOOPaKCHBI KITFOUEBBIC TOUYKH BXOJHOIO M300pakeHus. Clenyronme ciou
OIIPEJICTISIFOT pa3Mephl M PACIIOIOKECHUE MPSIMOYTOJIBHBIX 00J1acTei it 0OHAPYKCHHBIX TOUCK.
N 4roObl n30ekaTh OMMUOOK IMCKPETH3AIMU TOCIE CyOIMCKPETH3AlMH, OIPEICIISIOTCS

JIOKaJIbHbIE CMEILIECHHUS 17151 TOJIyYEHHBIX TOUEK [8].
Single Shot Multibox Detector

Meton Single Shot Detector (SSD) wmcmosib3yercss JUisi ONHCAHUS ApXUTEKTYp, B
KOTOPBIX HCIOJB3yeTCcs OJHa cBepTouHas HelponHas cerhb (feedforward convolutional
network) [ HemocpeICTBEHHOI 0 IpecKa3aHMsl pacoyioKeHHs 001acTel U UX KJ1accoB, 0e3
INPUMEHEHHs BTOPOro dTama Kiaccupukauuu. B 3ToM mMeToze Ha BbIXOJ€ HEHPOHHOH ceTH
(GOpPMHPYIOTCS HECKOJBKO THICSY TPOTHO30B JUISI BO3MOXKHBIX PETHOHOB PACTIOIOKECHUS
00BEKTOB pPa3HOM (QOpMBI Ha pa3HbIX MacmTabax, 3aTeM ¢ MOMOIIBIO I0JABJICHUS
nemarxcumymos (Non-Maximum Suppression) MpPOHCXOTUT BBIOOP HECKOJIBKHX Haubolee
BEpOSATHBIX oOnactedl. Takas equHas CTPYKTypa, OJHOBPEMEHHO C YUYETOM pPa3JIMYHBIX
MacmTaboB u300pakeHus odecneunBaeT Merony SSD HamOolsiee BBICOKHE IMOKa3aTeNH IO
CKOpPOCTH M Ka4eCTBY OOHAPYKEHUsI OOBEKTOB 110 CPABHEHHIO C OCTAILHBIMU COBPEMEHHBIMU

noaxomamu [9].
RetinaNet

ApxurtekTypa cBEpTOUHOI HelpoHHOI ceTn RetinaNet cocTout u3 4 OCHOBHBIX YacTew,

KaxKaasa U3 KOTOPbIX UMCEET CBOE Ha3HAUYCHHUE:
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1) Backbone — ocxoBHas (6a30Bast) ceTh, CiIyKalas Ui U3BJICUCHHS IIPU3HAKOB
U3 TIOCTYMAaKoMIero Ha BXoA u300pakeHws. JlaHHAs dYacTh CETH SIBISETCS
BapUaTHUBHOW U B €€ OCHOBY MOTYT BXOJUTh KJIacCH(UKAIMOHHBIC HEHpoceTH,
takue kak ResNet, VGG, EfficientNet u npyrue;

2) Feature Pyramid Net (FPN) — cBépTouHas HeHpOHHasI CETh, TIOCTPOCHHAS B BUJIE
MUPaMUJIbI, CITy’Kalas isi 00beIMHEHHS JJOCTOMHCTB KapT MPU3HAKOB HIDKHUX H
BEPXHHX YPOBHEH CETH, MEPBbIC HMMEIOT BBICOKOE pa3pelicHHe, HO HH3KYHO
CEMaHTHYECKYI0, 0000MIAIONIYI0 CITIOCOOHOCTh; BTOPhIe — HA000POT;

3) Classification Subnet — mozacets, u3Biekaromas u3 FPN nndopmarmio o kiaccax
00BEKTOB, pelias 3a7a4y Kiaccu(uKauy;

4) Regression Subnet — moncers, u3Biekaromas u3 FPN wuupopmamumio o

KOOpJMHATaX 0O0BEKTOB HA U300paKeHUH, peras 3aaaqy perpeccuu [10].
YOLOvV4

Apxutektypa cBEprouHor HelpoHHOU cetn YOLOV4 cocTouT u3 3 OCHOBHBIX YacTel,
Ka)K/1ast 13 KOTOPhIX MMEET CBOE Ha3HAYCHUE!

a) Backbone, ¢ momomnipi0 KOTOPOro MOXKHO IMOBBICHTH TOYHOCTB, CIPOEKTHPOBATH
Oonee TIyOOKYH0 CBEPTOUHYIO HEHpPOHHYIO CEThb M YBEIMYUTh CIOXXHOCTh Mojenu. B
apxurektype YOLOV4 ucnonsizyerca CSPDarknet53 B kauectBe 6:10ka Backbone.

0) Neck, ocHOBHOH 11e/1bI0 JAaHHOTO OJIOKA SIBIISETCS MOOABJICHHE JTOTIOJHUTEIBHBIX
cinoe Mexnay Onokom Backbone u Omoxom Head, 4to0bl momyuuth «Oonee OoraTyro»
OPOCTPAHCTBEHHYIO U  CEeMaHTHYecKyro HHpopmanuio. B apxurektrype YOLOv4
ucnons3ytorcss PAN u SPP B kauectBe 6s10ka Neck.

B) Head peanu3zyer nporecc, Takoil xe, kak u B apxurekrype YOLOvV3 — cBepTouHas
HEHpOHHAs CeTh OmpeaenseT KoopauHaTel bounding-boxes (x, y, w, h) BMecTe ¢ oreHkoin
JIOCTOBEPHOCTH JUIsl Kjacca. Llenb cocTout B TOM, YTOOBI pa3ieauTh U300paKeHUE Ha CETKY,
COCTOSAIIYIO M3 HECKOJBKUX SIU€EK, a 3aTeM JJIS KaKAOH SYeWKM MpeacKa3aTh BEPOSATHOCTh
HaJm4usg 00beKTa ¢ moMoInbko anchor-boxes. Ha BbIxosie nommy4aeTcst BEKTOp C KOOpAWHATAMHU

bounding-boxes 1 kiaccamu BepositHocTeit [11].

CPABHEHUE Y®®EKTUBHOCTHU PABOTHI HEHPOHHBIX CETEN

Hns cpaBHeHus: 3(heKTuBHOCTH pabOTHl JaHHBIX HEHPOHHBIX CeTed OBLJIO MPUHSITO

peleHre UCnob30BaTh qaHHbie 0 mpoxoxaeHuu MS COCO Habopa JaHHBIX AJIs KaXI0H u3
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cerelt, mpoeaeHHbie HA GPU ¢ apxutektypoii Pascal: Titan X (Pascal), Titan Xp, GTX 1080
Ti, Tesla P100 GPU. B xauecTBe MeTpuK OBLIM BHIOPAHBI: CKOPOCTh paOOTHl HEUPOHHOU CETH
B KaJpax B cekyHay (fps) u AP — 310 cpennee 3nauenue st Heckoubkux loU (MuUHUMAabHOE
IoU mnst paccMOTpeHHS MOJNIOKHUTENBHOrO coBmaaeHus). AP @ [.5: .95] coorBercTByeT
cpeaqnemy AP mis IoU ot 0,5 10 0,95 ¢ pazmepom mara 0,05. st copeBHoBanust COCO AP —
910 cpeanee 3HadeHue no 10 yposusam loU mo 80 kareropusim (AP @ [. 50: .05: .95]: ot 0,5 no
0,95 ¢ pazmepom mara 0,05). 3aecy loU uzmepsietr nepekpbiTue MexAy AByMs 001acTsIMU. ITO
UCIIONB3YETCSl JJI1  ONPENCNICHUs IPOLIEHTAa MEpPEeKPbITUS NPEICKa3aHHOH 00JacThbio
HAX0XJIeHUs 00bEKTa ero peasibHOil o0acTu HaxoxaeHus. i1 HEeKOTOPhIX HAOOPOB JaHHBIX
st loU mpenonpenensiercss Hekuid mopor (Hampumep, 0,5), U 9TO HCHOIB3yeTCS IS

KJIaccU(pUKany npeackasanus. JlaHable mpecTaBlIeHbl B Ta0mie 1.

Tab6amnna 1. [Tapamerpsl pabOTbHl HEUPOHHBIX CETEH.

Meron Backbone Size FPS AP APsy AP AP APn AP,
CenterNet Hourglass-104 512x512 7.8 45.1 63.9 49.3 266 471  57.7
CenterNet DLA-34 512x512 28 416 603 451 215 439 56.0

SSD VGG-16 512x512 22 288 485 30.3 109 318 435
RetinaNet ResNet-50 - 108 371 56.9 400 201 401 480
YOLOv4  CSPDarknet- 512x512 43 43.0 649 465 243 461 552

53

Ha ocHOBe mosTy4eHHBIX JaHHBIX MOXHO CI€JIaTh BBIBOJ O TOM, YTO CaMOW OBICTpPOM U
BTOpPOW MO TOYHOCTH siBisieTcst HelipoHHas ceTb YOLOv4. CnenoBaTensHo, 3TO Haubosee
HOXOAsIIast ISl HalMX 1eneill HelipoHHas ceTb. OHAaKO He CTOMT 3a0bIBaTh 00 OJHOM €€
HEIOCTaTKe, OHa 00JalacT HauOOJBIIUM KOJMYECTBOM IIPU3HAKOB A OOYy4YeHHMs, 3TO
NPUBOJUT K HEOOXOJMMOCTH HCIOJIb30BaTh HAaOOpHl JaHHBIX OOJBIIMX pa3MEpOB IpHU
o0yuyeHHH, TIPH ATOM JaHHas MpobiieMa clierka yrnpoulaercs, €Clid UCIOIb30BaTh pa3IMyHbIe

METOAbI aYyI'MCHTAIUN JAHHBIX, TAKHEC KAaK IIOBOPOTHI, pa3MbITHC I/I306pa)KeHI/ISI, MO3auKa U ap.

3AKIIOYEHHUE

B pamkax manHO#W paOOThI OBUIM WCCIEAOBAHBI W M3YYEHBI METOIBI CETMEHTAIIUU
M300paXCHU W BBHIOpPAaH HAWIYYIIANA METOJ, COOTBETCTBYIOIIMM 3a7ade — BBIJICICHUE

)KCJ'IC3HO,Z[OpO)KHOfI IIOJIOCHI Ha I/I306pa)KCHI/II/I IMyTEM €T0 CCTMCHTUPOBAHUA. .Hy‘IH_II/IM METOAOM
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ObUIO TPU3HAHO HCIHOJIb30BAHWE HEHPOHHBIX CeTed U1 CerMEHTAllUH, IOCKOJIbKY OHHU
HO3BOJISIIOT BBIAEIATH 3apaHee 00y4eHHble 00BEKTHI Ha BCEM H300paKEeHUH.

Taxxke mpoBeneH 0030p CBEPTOUHBIX HEWPOHHBIX CETEH, MpeIHA3HAYEHHBIX JIJIs
oOHapy>KeHHUs] 00bEKTOB B BUIEO IMOTOKE B PEalbHOM BPEMEHHU. BBIIN M3y4YeHbI alTrOpUTMBI
paboThl HecKoiIbKUX M3 HHUX. Ilociae u3yuyeHMsT anropuTMoB ObUIM IPOAHATU3WPOBAHBI
pe3yibTaThl TecToB Ha Habope ganHbix MS COCO. Ha ocHOBE 3THX T€CTOB ObLIa COCTaBJICHA
Tabynua, B KOTOPOW IpUBEJEHBI pe3yIbTaThl TECTa, COOTBETCTBYoMME 3amycky Ha GPU c
apxutekTypoil Pascal mist xaxnoi HelpoHHO# cetu. M3yduB mosyueHHYyIO Tabiuily, Obuia
BbIOpaHa apXUTEKTypa CBEPTOYHON HEHpOHHOH ceTH, Kak Haubosee MOAXOsIas [yl
oOHapy keHUs1 0ObEKTOB Ha N300PaKEHUU B PEaJIbHOM BPEMEHHU.

Lenpto  ganpHEWIIMX  UCCIENOBaHUM  SBJSIETCS  MporpamMMHasl — peaau3anus
NPUBEJICHHBIX B pab0Te aTOPUTMOB JUISl PEIICHHS 33aa4i OOHApYyKEHHUsT 00BEKTOB Ha IyTH

CJICAJOBAaHUA IIOJBHXXHOT'O COCTaBaA.
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Annorauus. Ilenp gaHHOrO HWCciaenoBaHUS - JaTh 0030p COBPEMEHHOTO COCTOSHHS TEXHOJOTHH
HEHponHTEPGENCOB U COMOCTABUTH MEXAY COOOM pa3IMuHbIE COBPEMEHHBIE UX PEAIN3alliH, BBIICIUB
UX NIPEUMYIIECTBA U 0COOEHHOCTHU. B cTaThe paccMoTpeHa CyIIHOCTh TOHATHS «HEUpOoUHTEpdEcy, ero
Ha3Ha4YeHHE, aHATU3UPYIOTCS yCTPOUCTBA JUIs JJAHHOM TEXHOJOTMH M MPUHLMUIIBL, JIE)KAI[HEe B OCHOBE
uX (YHKIMOHHUPOBAHMUS, a TAKKE KIacCH(PUKALUS MO Pa3IMYHBIM Npu3HaKaMm. [IpuBeneHsl mpruMepsl
oOnacTell HEATENBbHOCTH, B KOTOPBIX JAaHHAs TEXHOJIOTUS NPHUMEHSETCS B JaHHBII MOMEHT, JIMOO
MOTEHIMAIBEHO MOXKET OBITh TpUMEHeHa B OyaymieM. Kpome Toro, mpeacTaBieHbl M POaHAIU3UPOBAHbI
HanboJiee YacTO WCIOJL3yeMbIe COBPEMEHHBIC pEIleHHs ¢ IeJbl0 BBISBICHUS HaubOoee
NEPCHEKTUBHOIO C TOUKH 3peHUsl (yHKIMOHANA U YA00CTBa MOBCEAHEBHOIO HCIIOIb30BAHMSI BApUaHTA.
YcTraHoBieHO, 4TO Hanbojee MHUPOKUM (YHKLIHMOHAIOM IPH KOM(pOPTHOM ITOBCEAHEBHOM HOILICHHUH
obmamaer Emotiv Epoc. Takxke ObLI cienaH BBIBOJ O TOM, YTO OOJACTH NMPHUMEHEHHS, B KOTOPBIX
peleHns Ha OCHOBE HEeMpOMHTEp(EHcoB Ha TaHHBIM MOMEHT MOKa3bIBAIOT HAMJIYYIIHE PE3yIbTaThl —
3TO MEAWIMHCKAs JUArHOCTHKA U JUCTAHIIMOHHOE YIPABJICHUE 3JIEKTPOHHBIMHU YCTPOWCTBAMH, O YeM
CBUJICTENILCTBYET OOJIBIIOE KOJIMYECTBO MPOEKTOB, 33JCUCTBYIOMIMX HeHpouHTepdeichl B JaHHON
00JT1acTH M OOJIBIIOE KOJTUYECTBO CTATEH, UM ITOCBSIIICHHBIX.
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Brain-computer interfaces: technology overview and modern
solutions

D.V. Lunev, S.K. Poletykin, D.O. Kudryavtsev

Federal State Budgetary Educational Institution of Higher Education "Siberian State
University of Science and Technology named after Academician M.F. Reshetnev",
Krasnoyarsk, Russia

Abstract. The purpose of this study is to provide an overview of the current state of neural interface
technology and to compare their various modern implementations with each other, highlighting their
advantages and features. The article considers the essence of the concept of "neural interface", its
purpose, disassembled the structure of this technology and the principles underlying it, as well as
classification according to various criteria. Examples of areas of activity in which this technology is
currently used or can potentially be applied in the future are given. In addition, the most commonly used
modern solutions are collected and analyzed in order to identify the most promising option in terms of
functionality and convenience of everyday use. It has been established that the Emotiv Epoc neural
interface has the widest functionality with comfortable everyday wear. It was also concluded that the
areas of application in which solutions based on neural interfaces currently show the best results are
medical diagnostics and remote control of electronic devices, as evidenced by the large number of
projects involving neural interfaces in this area and a large number of articles, dedicated to them.
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BBEJIEHUE

HeiipounTtepdeiic, Takke Ha3bIBaeMbli «HEHPOKOMIBIOTEPHBIM UHTEphercom»
(coxpamenno HKWM) nubo «unHTEepdeiicom 'Mo3r-kommbroTep» MpeacTaBiseT H3 ceds
TEXHOJIOTHIO, O00ECHEeYMBAIONIYI0 MpPsIMOE B3aUMOJAEHCTBHE MEXIy MO3IOM YelOBeKa M
AIIEKTPOHHBIM ycTpoiicTBoM, yamie DBM mbo pobotom [1]. B ocHOBe naHHOI TEXHOIOTUU
yamie JIeKUT MeToJ  3JeKkTposHiedanorpaduy, 3akIOYAIONIUMNACS B CUMTHIBAHUU
OMOAIEKTPUYECKON aKTUBHOCTHU TOJIOBHOTO MO3Tra C MOBEPXHOCTH KOKU TOJIOBBI IIPU MTOMOLIA
ANIEKTPOAOB. OTOT METOJA IO3BOJSET PErMCTPUPOBATh MajeWIINE W3MEHEHUS AaKTUBHOCTH
MO3ra ¢ TOYHOCTBIO, HENOCTYIIHOM HHBIM METOJaM HCCIENOBAHUSA, U IIOTOMY aKTHBHO

npuMeHsieTcss B MeauimHe. OaHaKo, TTOMHUMO JSTOTO, NAHHBIA METONl TaKXe TO3BOJISIET C
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ONPEEICHHON TOUHOCTBIO OTCJIEXKHUBATh MBICIUTENIBHYIO I€ATEIbHOCTh YesnoBeka. [IpuHuun
JEHCTBUS COCTOUT B CUMTHIBAHUN aKTUBHOCTHU TOJIOBHOTO MO3Ta, MPeo0pa3oBaHue MaTTePHOB
9TOM aKTHUBHOCTHU B COOTBETCTBYIOLIME UM KOMAaH/Ibl, [I03BOJISIOIINE YIIPABIATh YyCTPOWCTBAMU,
K KOTOPBIM TMONKIIOYeH HehpouHTepdeiic. Takum o0pazom, K MpUMEpY, YIPaBISIOTCS
HEHUpONpPOTE3bl - HAMEPEHHE COTHYTh PYKY, IOCTyNAroIllee OT MO3la, YJIaBINBACTCS
HelipounTepdeiicom, mpeodpazyeTcsi B COOTBETCTBYIOILYIO KOMaHY, IOCIIE Yero MepenaeTcs B
MUKpPOKOHTPOJUJIEP IPOTE3a, KOTOPBIM, MpeoOpasyss 3Ty KOMaHAy B IOCIEI0BaTEIbHOCTh
KOHKPETHBIX JACHCTBUIA, CTU0AeT UCKYCCTBEHHYIO PYKY [2].

B nanubiii MOMEHT HelipouHTepdeiCchl HIMPOKO HCHOIB3YIOTCS B AMCTAHIIMOHHOM
yOpaBIeHUN poOOTaMHU U UHOM cloxkHOM TexHukoil. [TogpobHee ux ncnonp3oBaHUE B JaHHON
oOmnactu packpsiTo B paborax [3, 4]. [lomumo 3T0ro, CymiecTByloT pelieHHsl Ha UX OCHOBE B
oOmactu MeauUuMHbL [5-8], Hampumep, Uil JIEYEHUS CHHJpoMa AepUIMTa BHUMAHHUS C
runepaktuBHocTeio (CABIY) [9]. Kpome Toro, B mocnemHee Bpemsi pacuupsieTrcss cdepa
ucnionb3oBanuss HKW B uHaycTpuu pas3BieueHUid, yalle - COBMECTHO C TEXHOJIOTHSIMHU
BUPTYaJIbHON PEAIIBHOCTH.

B pa3paborke HaxomsTcsi METOAbI OOpaTHOW CBSI3M - TEXHOJOTUH, IO3BOJIAIOIINE
peoOpa3oBLIBaTh BHEIIHUE KOMAH/IbI B AMEKTPUUYECKUI CUTHAI, TIepeIalONINiics IO HEPBHOM
CUCTEME - TaK, YK€ IMpPEACTABICH HMMIUIAHT, MO3BOJIIIOUIMI IEpelaBaTh 3JIEKTPUUYECKUE
CUTHAJIbI K MBILLIIAM HOT, TI03BOJISISL JIFO/ISIM C ITOBPEKICHHBIM CIIMHHBIM MO3TOM BHOBB XO/MTb,
YIOpaBJsisi CBOMMU JEHCTBUSAMH C TOMOUIBIO TUTAHIIETA.

BnonHe BeposATHO, YTO B JalNbHEHIIEM, C PAa3sBUTUEM OTUX TEXHOJIOTHH,
HelipouHTepdheichl MPOYHO BOMAYT B HAIly XKH3Hb, BOSMOXKHO JJa’Ke, 3aHSB B HALIEH KU3HU Ty
HUIIY, KOTOPYIO ceifuac 3aHumaroT cmapTdonsl [10].

O6mras cxema paboThl HHTEpPEiica TakoBa - SIEKTPOIbI CUUTHIBAIOT CUTHAJBI MO3Ta,
KOTOpble B JalbpHeiiieM oOpaOatsiBatoTcs MukpokoHTposiepom HKW - mpousBomutcs
OYMCTKA OT IIYMOB U apTe(haKkTOB, KOTOPbIE MOTYT OBITh BbI3BaHbI KaK BHEIIHUMH (paKTOpamH,
TaK U CaMHUM YCTPOWCTBOM, IOCJI€ YEero MPOU3BOAUTCS 00pabOTKa MOJYYEHHOIo CUrHaja B
LEeNSIX YCTAaHOBJIEHMs, KAaKOM KOMaHJIe OH COOTBETCTBYeT - JUIsl 3TOM 3aJadyd 3a4acTyro
UCIIONB3YIOT ~ MCKYCCTBEHHbIE  HEMpPOHHBIE CETH, KOTOphle O00JaJaloT  XOPOLIUMHU
CHOCOOHOCTSAMU K 00pabOTKe TaHHBIX U aJalTaluy.

O06paboTka OOBIYHO MPOBOAUTCS YK€ Ha BHEIIHEM YCTPOWMCTBE COINIACHO 3apaHee
HaIMCaHHON MporpamMme, XOTs HEKOTOPbIE - Y3KOCTIeUaIu3upOBaHHbIe, OepyT 3Ty (YHKIIUIO

Ha ce0s. Ilocne yero BbISIBICHHAs KOMaHA MOJAETCS Ha yIPaBISIEMOE YCTPOWCTBO, Iie U
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oOpabarpiBaeTcsi B COOTBETCTBUU C ero crnernudukoit. [Ipunnuner padorst HKU onmcansr ¢

omnopoii Ha padoty [10].

UHTepdeinc Mosr-Komnerotep
O6pabotka curHana
Mpea- Boigenenue | |[Knaccudura-
obpaboTka Mpuanakos | |yvA
Y ,
CHatue Nurepdeiic
CurHana MpunoxxerHus|
Mpunoxxexune

(#abop Texcra,
HeRponNpoTeINPO8
ame nTa)

Pucynoxk 1. [Tpunnun padorst HKU.
Figure 1. Principles of BCI working.

B cBs3u Cc yacThIM HUCHONIB30BaHUEM B O0paOOTKE CUTHAjIa HEHpoceTel M WHBIX
00y4aeMbIX aITOPUTMOB, a TakKXKe C TeM (PaKTOM, UYTO y PA3HBIX JIIOJIEH aKTUBHOCTh MO3Ta B
TOMW WJIM HHOU CTETICHU Pa3InYaeTCsl, UCIOIb30BAHME MOJOOHBIX YCTPOICTB 3a4acTyIo Tpedyer
JUIMTENbHBIX ~TPEHUPOBOK, MPOJOJDKUTEIBHOCTh KOTOPBIX 3aBUCUT OT  KOJIMYECTBA
BocnpuHuMaembeix HKM xomann. B mporiecce aTux TpeHUpOBOK mporpamMma HeipounHTepdeiica

YUUTCSl HanOoJIee MPaBUIIbHO UHTEPIIPETHPOBATH KOMAH bl KOHKPETHOTO MOJIh30BaTEIIs .
XOA UCCIEJOBAHUSA

Cpenu coBpeMeHHbIX HelpouHTepdelcoB, HECMOTPS Ha OTHOCUTEIILHO HeJlaBHEe
Hayauo aKTUBHOW pa®oThl B 3TON 00JacTH, YK€ UMEETCs] HEMaJblii MepedeHb TEXHUYECKHX
pELICHH, aKTUBHO 3aICCTBYIOIINX 3TY TEXHOJOTHIO.

W13 narbosiee MHOrOOOCIAIOIIMX CTOUT BhIIETUTh npoaykT komnanuu Neuralink. HKI
WHBAa3MBHOTO THIIA, HAXOJAIIMWCS Ha JaHHBII MOMEHT B CTaJMU TECTHPOBAHHA U
HEIOCTYMHBIN MIMpoKoH obmiectBeHHOCTH. [lo 3asBieHMsSM pa3pabOTYMKOB, B MEPBYIO

ouepeab )]aHHI)II\/’I MMpOAYKT 6YJIGT HUCIIOJB30BAaThCA B MCAUIIMHE, OJHAKO TaKXE ITIO3BOJIUT
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YCHITHEM MBICITH YIIPABJIATh TEXHHIECKMMH yCTPOMCTBAMH, B TIEPBYIO 049epelb, cMapThoHaMU
Y KOMITBIOTEPAMH.

Onnum n3 HanboJee MHOTOOOCIIAIONINX U IOCTYTHBIX HA TaHHBI MOMEHT BAPHAHTOB
SBISIFOTCSL TapHUTYpbl Emotiv, B uwactHocTH, cepusi EpPOC, cpeau OCHOBHBIX JIOCTOMHCTB
KOTOPO# - OOJIBIIIOE KOJMYECTBO DIJIEKTPOIOB, IO3BOJISIONINX PETHCTPHPOBATH OOJIbIIEE
KOJIMYECTBO JIAHHBIX, OTKPHITEIH SDK, 1mo3Bossiomuii co3maBath COOCTBEHHBIE PUIIOKEHHMS,
U BO3MOXXKHOCTh OecrmpoBOAHOro mnojakiatodeHus uepes Bluetooth. Bosnee moapobGHo oH

npejcTaBicH B pabore [2].

Pucynok 2. Cxema pacnonoxenus 35ekTpozoB Emotiv Epoc.

Figure 2. Electrodes location in Emotiv Epoc.

8 BIOPOTENTIAL INPUT CHANNELS
OrPENBCI - brain EEGL muscle EMGL & haert 0D
8bit Board [ .

LOCAL SD STORAGE

- maamum data rates
- improved portabiity

HIGH POWERED ANALOG
FRONT-END

o

Texas Instruments ADS12049

b

high gal
24 bt channel re

{

| wireLess communicaTion |
T O I U308 -

PROGRAMMABLE

Pucynok 3. YcrpoiictBo ogHoit u3 uiat OpenBCI mst paspadorku HKU.
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Figure 3. The device of one of the OpenBCI boards for the development of BCI.

Taxoke crout Beraenuts OpenBCI — dona, 3anumaromuiicst pa3paboTKoil OTKPHITOrO
IPOTPAaMMHOTO W ammapatHoro oOecredyeHus, OTHocsAulerocs K Helpountepdeiicam. Mx
IPOAYKLMS, CKOpee, JeTald A CaMOCTOSITeNbHOW cOopku M mporpammupoBanuss HKU,
IIO3TOMY KOHKPETHBIE XapaKTepUCTUKH BBIIEIUTh TPyAHO. Bce 3aBUCHT OT pa3paboTduka,
IIPOCKTUPYIOILETO KOHKPETHYIO TAPHUTYPY.

[TomMuMO mpeACTaBIEHHBIX U MOJOOHBIX WM PENICHWW CYIIECTBYIOT Takxke Oolee
y3KOCIEUAIN3UPOBaHHbIE YNPOILEHHbIE NpoaykTel Ha ocHoBe HKM, B ocHOBHOM - B
WHIYCTPUHU pa3BICUYCHHI. XOPOIIHM IIPUMEPOM MOXKET ABIAThCA Mindball — HacTonpHas urpa,
B KOTOPOW JIBa y4aCTHUKA TPHU MTOMOIIN HeWpouHTepdeiica, ynpaBisfolero MarHuTaMu Mot

HUI'POBBIM CTOJIOM IBITAIOTCA 3arHaThb HeOOJIBIIION MY B BOpOTa NPpOTUBHUKA.

Pucynok 4. Mindball.
Figure 4. Mindball.

PE3YJIbTATHBI

B xoxe mpoBeneHHo# BccienoBaTeNbCKON paboThl ObIa MpOaHATM3UPOBaHA OCHOBHAS

uHpOpMaLUs U XapakTepucTuku Hanbonee yHuBepcanbHbix HKU, co3naHHbIX 3a mocneanee
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Bpemsi. Boijenensl ObUid Takue mapaMeTpbl, Kak KOJMYECTBO JaTYMKOB, HAJTHMUHUE OTKPBITHIX
MHCTPYMEHTOB pa3paborurka u np. JlaHHele mpenctaBieHsl B Tabnuie 1. YacTh JaHHBIX

npeJCTaBIcHa TaKke B padore [4].

Taoauna 1. CpaBHenue HelipounTepdeicos.

Table 1. Comparison of neural interfaces.

IIpousso- Ilena Jat-
Haszpanue nurens (py6.) uwmkm  OrtcnexuBanne II0  OcobGenHoctH Bluetooth
JIBa Buma
MO3TOBBIX BOJIH
[IpennaznayeH B
(anmbda u Oeta),
MIEPBYIO OYepeb IS
COKpAIIeHUS
KOMITBIOTEPHBIX UTD.
Neural JIMLEBBIX
OCZz JloBonpHO memreB. He
Impulse MBIIIIL 1

MPOU3BOIUTCS B
Actuator  Technology 6000 3 IBIKeHus a3, Jla Her
HACTOSIIIIEEe BPEMSL.

KommaxTHeIH BapHUaHT,

yao6Hoe 10 ans

. Emotiv
Emotiv IIs16 BUIOB pa3paboTku
Insight Systems 18500 5 23T BOJIH. Ha MPUIIOKECHUH. Ha
KommakTHBINH BapHuaHT,
€CTb CIELMAJIbHBIN
[T BHIOB rpadUIecKuii maker
. Emotiv
Emotiv 90T BouH, 6 JUTS aHaIW3a 1
EPOC Systems 55000 14 METPHK. Ha 00pabOTKU JaHHBIX. Ja
Paznuunoe
KOJIMYECTBO
90I" BoJIH,
OpenBCl
Taxoke OKI u OTKpPBITHIN UCXOTHBIH
OpenBCI  Project 96500 8 DMI'8. Ja KO/I. Na
BbIBO/IbI

B PE3yabTaTe HpOBCI[CHHOﬁ pa6OTLI ObLI CcICIaH BbIBOJ, 4YTO TCXHOJIOIHUA

HCﬁpOKOMHLIOTepHOTO HHTCp(I)CfIC& HMEET 3HAYUTEIbHBIA MNOTEHIMAA I JalbHEHIIEro
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pa3BUTHUSA U IPUMEHEHHUS BO MHOTHX c(epax *KHU3HHU, a UMEHHO: B MEAUIIMHE, JUCTAHIIMOHHOM
YOpaBJI€HUU TEXHUKON M MHBIX 00JacTsaX. B 4acTHOCTH, B MEIUIIMHCKOM OTpaciau JaHHas
TEXHOJIOTHSI MOYKET MCIIOJIb30BAThCs ISl IOCTOSIHHOIO MOHUTOPHUHIA MO3TOBOW aKTUBHOCTH B
JUAarHOCTHUYECKUX LeaxX. JIMCTaHIMOHHOE e yIpaBieHue TeXHMKOM npu nomomu HKU
MOMOXET CHU3HUTh PUCK TpaBM IpH paboTe B omacHbIX cpeaax. [loMumo 3Toro, naHHas
TEXHOJIOTHSI MOKET YIIPOCTUTH B3aUMOJICHCTBHUE C JIEKTPOHHBIMH YCTPOICTBAMHU, TaK KakK Mpu
pabore ¢ momomrsio OecnpoBogroro HKM orcyrcTByeT HEoOXOAMMOCTH B (hu3HUECKOM
KOHTakTe ¢ mpudbopoM. Harnbosiee nepcrieKTUBHON peann3anieil Ha JaHHBIH MOMEHT SIBIISICTCS
Emotiv Epoc, ob6mamaromass OOJBIIMM KOJMYECTBOM KaHAJIOB, YHHBEPCAIbHOCTHIO U
OTKPBITOCTBIO JIJIs1 Pa3paboTuyuKoB. He MCKITIOYeHO Takke, YTO B JalbHEWIEM MOSIBSATCS HE
MeHee, a, BO3MOXKHO, U 0oJiee (PyHKIIMOHAIBHBIC PEIICHHUS.

B nanpHelimem miuaHUpyeTcsl COCPEOTOUNTh YCUIIUS Ha M3YYEHUH CaMoro Ipolecca
00paboTKku curHaioB Mo3ra. B uacTHocTH, mnpeanonaraeTcss OoOpaTUTh BHHMAaHHUE Ha
NpPUMEHEHUE MMl pelIeHHs] JaHHOW 3a7aud HCKYCCTBEHHBIX HEHPOHHBIX CeTel W MHBIX

AJIrOPUTMOB MAllIMHHOT'O O6y‘~I€HI/I$I.
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Abstract. Today, computers are used in every kind of human activity (from scientific research to the
service sector). This article covers the topic of software reliability increasing in connection with the
importance of maintaining reliable and fault-tolerant software operations in critically important fields
of science and technology for humans. The paper describes such methods of software reliability
improving and protecting it from the errors influence, such as the method of recovery blocks and N-
version programming approach. The constructive principle is described, and a diagram of the method of
recovery blocks is given. A comparison of the N-version programming method and the recovery blocks
method was carried out, followed by a theoretical analysis of the advantages and disadvantages of the
method of recovery blocks. The results of the experiment comparing these two approaches are presented.

Keywords: software reliability, recovery blocks method, N-version programming, multiversion
programming.
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BBEJEHUE

Ha ceropnsmHui J1eHb BBIYMCIUTEIbHBIC MAIIMHBI SBISIOTCA PaclpOCTpaHEHHON
yacThl0 Hamiero ObiTa. Bo wMHOrux cdepax HAedITENbHOCTH 4YeloBEeKa TpeOyeTcs
BBICOKOKauecTBeHHOe mnporpamMmmuHoe obOecnedenue (I[10) cucrem ymnpasnenus. Takoe I[10O
MOYKET HCIOJb30BAThCs, HAIPUMEpP, B TPAHCIOPTHOW cdepe, METUIMHE, SHEPreTHYecKOon
oTpaciu, GUHAHCOBON U OAHKOBCKOW cdepax, KOCMHUUECKOW M HayYHO-HCCIIEI0BaTEIbCKON
orpaciax [1,2,3], mpuuém cmucok cdep, rae NPUMEHSIOTCS NPOrPaMMHBIE CHCTEMBbI
yIpaBJIeHUs] HE OTpaHWYEH JIMIIb MPUBEACHHBIMU BhIIE NMyHKTaMd. OHAKO CYIIECTBYIOT
Takue chepbl YEIOBEUECKOM KHU3HEAeATEeIbHO, KaK, HalpuMep, aTOMHas SHEpreThka Wid
KOCMMYECKHE MONETHI, i Haf&KHOCTh [10 BaXkHa KpUTHUECKH, TOCKOJIBKY MOJIE3HBIN 3¢ ekt
OT ero paboTHI 32 BCE BpeMst HCIIOIB30BAaHHUS MOKET ObITh HECOM3MEPHMO Mall TI0 CPABHEHUIO
C HETaTHUBHBIMHU TOCJIEICTBHSMHU, CTAaBIIUMHU PE3YJIbTaTOM OMIMOKKM B 3TOM IPOTPaMMHOM
obecnieyeHnu. IMEHHO MOATOMY Ha CETOJHANIHUN AEHb CYIIECTBYET MHOXKECTBO MOJIXO0B U
METO/IOB Il MOBBIIICHUSI HAAEKHOCTH MPOTPAaMMHOIO OOECHeueHHs, a caMo IOBBILICHHE
HAJIC’)KHOCTH SIBJISIETCS aKTyaJIbHOM 3aa4ei.

IIpn Oe3oTka3HO paboTe ammapaTHOM 4YacTH NPUYMHOW HapyleHUs padoThl
Pa3IMYHOTO poJia MH(YOPMAIIMOHHBIX CUCTEM MOTYT CITY>KUTh KOH(IMKTBI MKy UCXOAHBIMU
JAaHHBIMM W HMX OOpabOTYMKOM, TO €CTh O0OpabOTUMK MOXKET HEKOPPEKTHO 00paboTarh
MOCTYNHBIIHE €My JaHHBIE, 0COOCHHO, €CIIM CaMH JaHHbIe ObLITH HeKOppeKTHHI [4]. TloaTomy
MIOBBIIIIEHUE HAJIS)KHOCTH 3a49acTyI0 TIPOUCXOHT IyTEM YCOBEPIIEHCTBOBAHUS TPOTPAMMHON

YacCTH, XOTA U BAJIMIHOCTHU JAHHBIX TAKKC YACIISICTCS 00JIbIIIOE BHUMAHME.
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JIro6oe nmporpaMMHOE pelieHre JOIKHO 00J1ajaTh TpeMs KITF0UEBBIMU OCOOEHHOCTAMU,
JUISL TOTO YTOOBI CUUTATHCS TOITYCTUMBIM:

J YMeTb quarHocTUpOBaTh OMMOKY 70 TOTO, KaKk OyZeT HaHECEeH HEelonpaBUMBIN
YPOBEHb OBPEKICHUH.

. YMeTh OTOPOCUTS JIOKHYIO HH(DOPMAIINIO, BOSHHUKIITYIO BIIOCIEICTBUH OITHOKH,
Y BEPHYTh CHCTEMY B ()YHKIIHOHUPYIOIIUHN PEKUM PaOOTHL.

o YMeTh TpoAoKUTh paboTy, OXuIas, 4YTO Moclenympmas pabdora Oyxaer
BBITIOJTHEHA [5].

CymiecTByeT MHOXXECTBO CIIOCOOOB MOBBIIIEHUS HAAE&KHOCTH MPOrPAMMHOTO
o0ecrevyeHns U ero 3allUThl OT BIUSHUS OIIMOOK, TTIaBHBIM 00pa3oM BCE 3TH MEXaHU3MBI
UCIONB3YIOT TOT WM HMHOW BHUJ HU3OBITOYHOCTH (BpeMeHHas, WH(OpPMAalUOHHAS WU
nporpammuasi) [6]. Cyzs 1o KoJIM4ecTBY MyOJIMKaIMi 1 aKTUBHOCTH aBTOPOB [ 7,8], Ha TaHHBIN
MOMEHT OJHUM W3 TMOMYJSPHBIX METOJOB TMOBBIMICHUS Han&kHOCTH [1O  sSBIsITOTCS
MYJIbTUBEPCHOHHOE MPOTrPAMMHUPOBAHKE, OCHOBAHHOE Ha MPOrPaMMHOI H30bITOUHOCTH [9].

Opnako wmetony OJOKOB BOCCTAaHOBIIGHUSI VYAENSAETCS, IO MHEHHIO aBTOPOB,
HE3aCITy’)KeHHO MEHbIIIE BHUMAHUS B HAYYHOH JTUTEpaType, XOTA U ero 3(h(HEeKTUBHOCTH TaKKe
ocTaércsl JOCTaTOYHO BbICOKOU. [loaToMy B aHHOMN paboTe paccMaTpUBaETCs UMEHHO METOJ
OJIOKOB BOCCTaHOBIIEHUSI Il TOBbImIeHUs Han&xkHoct [1O, a Takke CpaBHHBAIOTCS
pe3ynbTaThl €ro paboThl C KJIACCUYECKUM Juis MyJabTHBepcuoHHoro IO anmropurmom

roJ0coBaHus abCOMIOTHBIM O0bIuHCTBOM [10, 11].
OIMUCAHUE METOJA BJIOKOB BOCCTAHOBJIEHUSA

MeTton 6510K0B BoccTaHOBIIEHUS ObLI IpensioxkeH B 1974 rony JxeitmcoM XopHUHTOM
JUIS  BO3MOKHOCTH HCIIpaBJIEHUs] OHIMOOK M aBTOMATHU3MPOBAHHOIO BOCCTaHOBJICHMS
(YHKIMOHATIBHOCTH ITporpaMmsl [12].

Cyrb Merona OJOKOB BOCCTAHOBICHMS 3aKIKYaeTCsl B TOM, YTO MJIS KaXKAOTO
MPOrpaMMHOT0 KOMITOHEHTA 3aJa€TCsl TECT, MPOBEPSIIOIINI KOPPEKTHOCTh €ro paboThl Mocie
KaXJI0T0 3amycKa. B ciyyae BO3HUKHOBEHUS OIIMOKH HITH 0TKa3a OJHOT0 U3 KoMnoHeHToB [10,
M00YEpETHO 3aMyCKAIOTCS APYrHe KOMIOHEHTHI, (DYHKIIMOHAIBHO SKBUBAJICHTHBIE TAHHOMY,
TO €CTh, KaXIBbIH MOIYJb COJCPKUT HECKOJIBKO BEPCHH, OJIOKOB, BBIMOJIHSIOMIAX OJIHY
GYHKIUIO, HO peaJM30BaHHBIX MO-Pa3HOMY, KaKIbId CIEIYIOIMIMA OJIOK 3aIrycKaeTcs, eciu

npeab Ay He cupaBuiics. Takum o6paszom, otkas 10 ¢ peann3zoBaHHBIM METOJIOM OJOKOB
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BOCCTaHOBJIEHHS BO3MOXEH B CIIydasiX, €CJIU TeCT KaKoro-iubo 0yioka 1act cO0i U IpOIyCTHT
OLIMOKY WM €CIIM 3aKOHYATCs OJIOKHU C aJITOPUTMaMHU.
bonee HarysaaHO ynpomméHHas cxema paboThl GJI0KOB BOCCTAHOBJIEHUS IPEACTAaBICHA

Ha pucyHke 1.

Mamate
KOHTPOMNbHOM TOYKK

| A
Y |

[maBHas Bepcua

+ A
1
BoccTaHoBneHue
- AneTepHatuBHas v .
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AnbTepHatuBHas
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Pucynok 1. Mojens 6J0KOB BOCCTAHOBJICHUSI.
Figure 1. Recovery block model.

Kak BuHO Ha cxeme, JaHHbIE MOAAIOTCS HA BXOJI, IPOU3BOJUTCS UX 3alIOMUHAHME HA
KOHTPOJILHOM TOYKEe M Mocienyromas o0paboTKa Ha IVIABHOW BEPCHM alrOpUTMA, MEPBHIM
crocob6oM. Hayt uTorom BeIYMCIIEHUI TPOBOIUTCS TECT U, B CIIydae YCIEUTHOTO MPOXOKICHUS
TEeCTa IepelaeTcs Ha BBIXOJ, HO B CIIy4ae, €CJIU TECT He MIPOI/IeH, JaHHbIe BOCCTAHABIMBAIOTCSA
Ha KOHTPOJIBbHOM TOUYKE U MPOXOJAT 00pabOTKy Ha albTEpHATUBHOM Bepcuu anroputma. CHOBa
IPOBOJUTCS TECT U, 110 €r0 pe3yJibTaTaM, JaHHbIE JTM00 MOJA0TCs Ha BBIXO[, TM00 CHOBA YT

Ha KOHTPOJIBHYIO TOUKY.
MATEPHUAJIBI U METObI

Jliis TpoBeIeHN s SKCIIEPUMEHTa, KOTOPBIA cMOT ObI MOKa3aTh 3¢ ()eKTUBHOCTH O1X0/1a
0JI0KOB BOCCTaHOBJIEHHMs, Oblila co3aaHa 0a3za JaHHBIX, cOCTOsAlIas M3 HaOopa TabIul, KOX
CO3/aHHsI KOTOPBIX IPUBEJEH B JINCTUHTE 1.

Jluctunr 1. Ctpykrypa 6a3bl JaHHBIX 17151 SKCIIEPUMEHTA.

CREATE TABLE module (
"id" integer primary key autoincrement not null,

"name" wvarchar (255) not null,
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"round to" integer not null,

"min out val" real not null,

"max out val" real null);
CREATE TABLE version (

"id" integer primary key autoincrement not null,

"name" wvarchar (255) not null,

"reliability" real not null,

"module" integer null,

foreign key ("module") references module (id))
CREATE TABLE experiment data (

"id" integer primary key autoincrement not null,

version id integer not null,

version name varchar (255),

version reliability real not null,

version answer real not null,

correct answer real not null,

module id integer not null,

module name varchar (255),

module iteration num int not null,

experiment name varchar(31) not null,

foreign key ("version id") references version(id),

foreign key ("module id") references module (id));

Jlis mpoBeneHusl SKCIepuMeHTa OBbLTH CTEHEPHUPOBAHBI TECTOBBIE JaHHBIE, KOTOPHIE
UMUTHPOBAIH padOTy ABYX MYJIbTUBEPCHOHHBIX MOAYJICH, COCTOSAIINX U3 3 U 5 MyJIbTUBEPCHUH.
CooTHeceHne BepCUl C WX aANPUOPHBIMU HAAEKHOCTAMH (BEPOSTHOCTAMH O€30TKa3HOU

paboThl) IPUBEIEHO HUKE!

1. V1-0.99;
2. V2-0.98;
3. V3-0.87;
4. V4 -0.999;
5. V5-0.8.

B MOAYJIb, COCTOSIIUN U3 5 BCpCHﬁ, BXOIAT BCC ICPCUUCIICHHBIC BbIIIC BEPCUU, a4 B

MOJTYyJIb, COCTOSIIHI U3 3 BEPCHIl — TOJIBKO MEPBBIE 3.
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HOCKOJ’IBK}’ TEMATHUKa I[aHHofI CTaTbU HE 3aTParuBacT BOIIPOC IMOJTYUYCHHA KOPPEKTHBIX
JAaHHBIX OT MyHBTPIBepCHﬁ, TO U 3alIpoc, MMO3BOJINBIIHNA CI'CHCPpUPOBATDb TCCTOBBLIC NAHHBIC IJIA
9TOI'0 5KCIICPUMCHTA B CTATHC, HC IPUBOANUTCH.

Jlnist mpOBEpKH THIOTE3bl 0 HE Xyaumeil 3pPeKTuBHOCTH OJIOKOB BOCCTAHOBJICHUS IO
CpaBHCHHUIO C MYJIbTHUBECPCUOHHBIM IIOAXOJ0M OBLIO IIPOBECACHO 2 SKCIICpUMECHTA, B XO€
KOTOPBIX ObLIN CTCHCPUPOBAHBI NaHHBIC, BBIJIABA€MbBIC OIIMCAHHBIMU BBIIIC MOAYJISAMU. Ot
JaHHBIC UMHUTHPYIOT PEAbHYI0 pa0oTy MOMYJCH, ompenaensis, Kakod OTBET OyaeT BBIIAH
KQKJIOM MYJIbTUBEPCUEH, IIPU 3TOM OIPEACIIACTCS U BEPHBIA OTBET I KAXKIOM HUTEpaluu.
Kaxnprit u3 moayneit Obut 3amymen 1000 pa3. B urore mist Kaxaond UTEpayy ONPeAeIsuICs
BepHLII;’I OTBCT, KOTOpBIﬁ 6y,I[eT IMPUHAT 3a OTBET BCCTO MOAYJIA, C IOMOIIBIO JIBYX YKA3aHHBIX
BBIIIC ITOAXOI0B.

SQL-xon, peanm3yrImUid alrOPUTM TOJOCOBAHHUS a0OCOIIOTHBIM OOJBIIMHCTBOM B
KOHTCKCTC MyanHBepCHOHHOﬁ mapaaurmbl, W KO, peannsyrouu/lﬁ pa60Ty 0JIOKOB
BOCCTAHOBJICHUA, ITPUBCACHLI B JINCTHHI'AX 2u 3, COOTBETCTBCHHO.

JIuctunr 2. Kox anroputma rojocoBanus aOCOIOTHBIM OOJBITHHCTBOM.

-- ['onocoBanne abCOTIOTHBIM OOJIBITMHCTBOM
select *, count(module_id) over() whole_answers_count, sum(is_correct_module_answer)

over() whole_correct_answers, count(module_answers) over (PARTITION BY

experiment_name) experiment_answers_count, sum(is_correct_module_answer) over

(PARTITION BY experiment_name) experiment_correct_answers
from (select distinct module_id, module_iteration_num, experiment_name, version_answer,

correct_answer, version_answer_num, module_answers case when

CAST(max_version_answer_num as REAL) > CAST(module_answers as real) / cast(2

as real) then 1 else 0 end is_correct_module_answer

from (select *, max(version_answer_num) over (partition by experiment_name,

module_iteration_num) max_version_answer_num

from (select id, version_id, version_reliability, version_answer, correct_answer,
module_id, module_iteration_num, experiment_name, row_number()
over (PARTITION BY experiment_name, module_iteration_num,
version_answer) version_answer_num, count (version_answer) over
(partition by experiment_name, module_iteration_num)
module_answers

from experiment_data
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where experiment_name in (‘M3_11000', ‘M5 _11000")
)t
) tt
where max_version_answer_num = version_answer_num
) tit;
JInctunr 2. KOI[ AJIropuTtMa pe€ajim3aliu moaxoaa 0JIOKOB BOCCTAHOBIIEHHUS.
-- bJIoKu BOCCTaHOBJICHUS
select *, count(module id) over() whole _answers_count, sum(is_correct module_ answer)
over() whole_correct_answers
, count(version_answer) over (PARTITION BY experiment_name)
experiment_answers_count, sum(is_correct_module_answer) over (PARTITION BY
experiment_name) experiment_correct_answers
from (select * ,  min(tt.version_id) over (PARTITION BY  experiment_name,
module_iteration_num) min_correct_version_id, abs(version_answer - correct_answer)
< 0.00000001 is_correct_module_answer
from (select *,
t.version_reliability > t.test_pass_probability test_passed
from (select id, version_name, version_id, round(cast(version_reliability * 1000
as INTEGER)) version_reliability, version_answer, correct_answer,
module_id, module_iteration_num, experiment_name,
round(cast(abs(random() % 1000) as INTEGER)) test_pass_probability
from experiment_data
where experiment_name in (‘M3_11000', ‘M5 _11000"
)t
) tt
where tt.test_passed = 1
) ttt
where ttt.version_id = min_correct_version_id,;
CTouT OTMETHTH, UTO B KOJE, peatu3yionieM paboTy OJOKOB BOCCTAHOBJICHHS, IS
HMUTAUHN IPOXOKICHUA BepCHeﬁ IMPOBEPKHU MOCIIC €€ HUCIOJIHEHUS HCITOJIB3YCTCA allpuOPHOC
3HAYCHUC HaI[é)KHOCTI/I BEpCUN — TCHEPUPYCTCA CJ'Iy‘IElfIHOC YuCJIO, 3HAUYCHUC KOTOPOTO

CpaBHHUBACTCA CO 3HAYCHHUEM Hallé)KHOCTI/I BEpCUH, €CJIIM OHO HE MPEBLIINACT 3HAUCHUA
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HaJI&KHOCTH, TO TECT CYMTACTCS MIPOMICHHBIM, HHAYE, BBIXOJl MYJIbTUBEPCHH IOMEUYAETCS KaK
OIIMOOYHBIN BHE 3aBUCHMOCTH OT TOTO, BBIJajla BEPCHUS PABUIIbHBIA OTBET WU HET.
B xauectBe CYB/] muis mpoBenenust sxcnepuMeHTa Obiia BeiOpana SQLite mo npuunnHe

CBOEH JIETKOBECHOCTH, BOBMOXKHOCTHU OBICTPOTO pa3BEPTHIBAHMS U IEPEHOCUMOCTH.
PE3YJIBTATBI

B pe3synbTare npoBeiEHHOIO BhIIIE KCIIEPUMEHTA ObLIN MOIY4YEHbI JaHHbIE, KOTOPbIE
OTPaKAIOT KOJMYECTBO YCIEIIHO ONPEAEIEHHBIX BEPHBIX OTBETOB M3 OOIIEro KOJIMYECTBA
00pabOTaHHBIX TPYIIIT OTBETOB (MTEpALIMi 3aIyCKa MYJIbTUBEPCUI).

AJNTOPUTM TOJIOCOBaHUSI AOCOJIOTHBIM OOJIBIIMHCTBOM B 3KcrepuMente u3 1000
UTepauii MoyJisi, COCTOSLIETO U3 3 MYyJbTUBEPCHUM, ONPEEINI KOPPEKTHO BEPHOE pELICHHE
B 999 ciyuasix, a Juist MOJyJIsl, COCTOSIILIErO U3 5 BepCcHil Ha BEIOOPKE TOM ke pa3MEpHOCTU — B
997 ciyuasix. toro, n3 2000 06paboTaHHBIX HTEPALIUI aJITOPUTM TOJIOCOBAHUS a0COIIOTHBIM
OOJIBIIMHCTBOM BEPHO OIPEIEIII MPABUIbHBIN OTBET B 1996 cimyuasx.

[Tonxon MOBBILIEHUST HAAEKHOCTH, UCTIONB3YIOLIMHA OJOKM BOCCTAHOBIJIEHHUS MOKa3all
cebs1 caemyromuMm oOpasoM: B 996 ciywasx u3z 1000 mpu oOpaOOTKHM MAaHHBIX MOMIYJIA,
cocToAmIero u3 3 Bepcuid, ObUTH BBIAAHBI KOPPEKTHBIE PE3YIbTATHI, a IPH 00paboTKe BEIOOPKH
aHAJIOTUYHOTO 00BbEMA, MPEICTABISIONICH COOON Pe3yIbTaThl PAOOTHI MOYJIsl, COCTOSIIETO U3
5 MynbTUBEpcUi, KOPPEKTHO MPaBUIIbHBIN O0TBET ObLI ompenenéH B 997 cinyuasx. OOmum
UTOrOM paboThl JTAHHOTO aJIrOpUTMa MOXKHO CUUTATh BEPHOE OIpeNeIeHUe IMPaBUIBLHOIO

otBeTa B 1993 ciyuasx uz 2000.
OBCYXJIEHUE

W3 npoBea€HHOro SKCHepUMEHTa BHJIHO, YTO pe3yJbTaT paboThl aJropuTMa OJOKOB
BOCCTaHOBJICHHUS COINOCTaBUM C pE3YyJbTaTOM QJIrOPUTMA TOJIOCOBAaHMS aOCOJIIOTHBIM
OonbpmMHCTBOM. [Ipu 3TOM pe3yabTaT NPOXOKACHUS BEPCUEN TECTa OMPEEISIICS CIIyYaiiHbIM
o0pa3oM, a He peaJbHbIM TECTOM, YTO TAaKXKE BEPOSTHO CHHU3WJIO IOKA3aTesb KOJIWYECTBA
BEPHBIX BBIXOJI0B MOJYJIS IPH MCIIOJIB30BAaHUU OJIOKOB BOCCTAHOBJICHUSI.

Takyke CTOMT OTMETUTb, YTO IIPU HCIOJIB30BAHUU MYJIBTUBEPCHOHHOI'O IOJIX0Ja
BEPCUU 3a4aCTYH0 BBINOJHSAIOTCS MAapajuIeNIbHO, YTO MOYXKET CIIYKUTh MPUYMHON B3aHMHOTO
BIIMSTHUS UX APYT Ha ApYyTra U, COOTBETCTBEHHO, BOSHUKHOBEHHS B3aUM0O3aBUCUMBIX cOoeB [13].

HOBTOMY MOHOIIOJIbHOE€ HCIIOJJHEHHE OJHOMH BCpCUHU B OAMH MOMCHT BpPCMCHHU, KaK IIpH
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HCIOJIL30BAHUU OJIOKOB BOCCTAHOBJICHHA, B JAaHHOM KOHTCEKCTC SABJISACTCA Hauboee

IIPEIIOYTUTENBHBIM.
3AKVIIOYEHUE

Metox GJIOKOB BOCCTAHOBJICGHHUS TIO3BOJIAET 3HAYUTEILHO COKPATUTH KOJHMYECTBO
UCTIONIB3yEMBIX PECYPCOB ITPH HCIIOTHEHUH IPOTPAaMMBI IO CPAaBHEHUIO C MYJIbTHBEPCHOHHBIM
HOJXOJIOM, IIOCKOJIBKY €CJIM BCE TECThl OBUIM TNPOWAEHBI YCHEIIHO Y IIEPBOM BEpCHH,
UCTIOJIb30BaHUE ANIbTEPHATHBHBIX aJITOPUTMOB He oTpedyercs. O1HaKO B CiIydae HaXOKIACHUS
OIIMOKH BPEMEHHBIE U3/ICP)KKH MOTYT MPEBHIIIATH TAKOBBIE IPU MCIIOJIB30BAaHUU, HAIIPUMED,
METOJ1a MyJIbTHBEPCHOHHOTO IIPOrPaMMHUPOBAHUSL.

Takxke, kak yxe OBUIO OTMEUCHO BBINIE, ITOCIEIOBATEIHLHOE HCIOIHEHHE OJIOKOB
MO3BOJISIET  COKPATUTh  KOJHMYECTBO  HCHOJB3YEMBIX  BBIUYMCIUTEIBHBIX  MOIIHOCTEH,
noTpeOIsieMbIX B EAMHHUILy BpPEMEHHM, a TaKXe CHU3UTh BEPOSTHOCTb BO3HUKHOBEHHS
B3aMMO3aBUCHMBIX OMIMOOK B HCIOJHSAEMBIX BEPCUSX 3a CYET OTCYTCTBHS pas3/eCHHs] UMHU
00LINX PecypcoB.

Jlpyroii CHIIBHOW CTOPOHOW METOAa OJIOKOB BOCCTAHOBJICHHSI, B OTIIMYUE OT TOTO K€
METOa MYJIBTHBEPCHOHHOTO TPOTPAMMHUPOBAHMSA, SBIAETCS TOT (HakKT, YTO OJOKaM
BOCCTAaHOBJICHHS HE TpeOyeTcs MporpaMMHas pa3padoTka MO eIUHON crenupuKaImm,
MOCKOJIbKY TECTHI JUIsl K&KI0r0 0JIOKA MUIIYTCS MHIUBUIYalbHO, YTO 00ecreynBaeT OOJIbIIYIO
HKOHOMHUECKYI0 3QPEKTUBHOCTh JaHHOTO Mojaxoaa. Kpome Toro, 3a4actyro K airoputrMam
TOJIOCOBAaHUSI MYJBTHBEPCHOHHON CpeIbl HCIOJIHEHUS MPEIbSBISIOTCS Oojee KEeCTKHe
TpeOoBaHUs, UeM K IPUEMOYHOMY TeCTy JUIsl O10Ka BoccTaHoBieHus [10].

Teopernueckuii aHamu3 Meroja OJIOKOB BOCCTAaHOBJICHHUS, a TaKXe MPOBEAEHHBIN
HKCIEPUMEHT, IOKa3ajiM, 4YTO JaHHbIM MMOAX0J] 00JalaeT 3HAYUTEIBHBIM KOJHMYECTBOM
MPEUMYIIECTB 110 CPaBHEHHIO C APYTUMH TO1X01aMu oBbImeHus Hanéxuoctu [10. HecmoTpst
Ha TO, YTO ITyOJMKAIMA 1O TaHHOW TeMaTHUKE HA CETOTHSIIHUN JI€Hb BHIXOJUT OTHOCHUTEIHHO
MaJlo, 10 MHEHHIO aBTOPOB, JaHHBIA METOJ] UMEET XOPOILINEe NMEePCIEeKTUBBI JUIsl TalbHENIIEro

pPa3BUTHUSA U IPUMEHEHUS €T0 I PELICHUS TPAKTUYECKUX 3a1a4.
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O030p 1 cpaBHUTENBLHBII aHaan3 BPMN-cucrem ais
podoTu3annu OM3HEC-MPOLECCOB
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Annotanus. llens nanHO# cTaThu — MaTh 0030p COBPEMEHHBIX IPOTPAMM, C MOMOIIBIO KOTOPBIX
BO3MOXHO peanm3oBaTh Meronbl RPA  rtexnomormid. [IpencraBieH cpaBHUTENBHBIA —aHAU3
MPOTPaMMHOTO 00ECIeueH s, B paMKaxX KOTOPOTO MOKHO pPeaii30BaTh padoTy MO aBTOMAaTHU3ALMH U
poboTn3anmy  OW3HEC-TIPOIIECCOB MPEANpPUATHS. PacCMOTpeHBl NpeHMyIIeCTBa, HEJOCTATKH H
BO3MOYKHOCTH KOHKPETHOTO TporpaMmmuoro odecnedenust (Automation Anywhere, Blue prism, UiPath
u ELMA). Automation Anywhere mpeacraBieHo OJHHM U3 JHACPOB B JaHHOH 00JacTH, B YaCTHOCTH,
Onaromapst cBoeMy oOmmpHOMYy Mapketiuieiicy. Blue prism orimdyaercss maciirtaboM peanu3ariuu,
3asfBJICHO O ThICAYaX OOTOB, HCIOJB30BaHHBIX KoMmanusimu. UlPath — wambonee mpocroe wu
coBpemenHoe I1O, pa3paboTUuKW cjaenand aKIeHT Ha WHTYUTHBHO TIOHSTHBIA WHTEepderc u
¢ynkunonan. ELMA — poccuiickas pa3paboTka ¢ HU3KUM HOPOTOM JUIsl BXoJa B paboTy, o0iagaeT
BBICOKMM TNOTeHLHaloM. Bce mepeuncnennoe I1O sBnsiercss OTAMYHBIM BapuUaHTOM Ul paboThI B
obOnacTu poOOTH3AIlMU, HO HEOOXOAMMO YETKO MOHUMATh ITOCTABJICHHBIC IICNIM JJI TOTO, YTOOBI
orpeeNnuTh, kakoe ke [10 ydine Bcero HCNonbp30BaTh B paMKax TOT'O MITM HHOTO BHJIA IEATEITLHOCTH.

Karouessle cioBa: 0030p, cpaBHUTENBHBIN aHanu3, RPA, poboTtu3anus, mporpaMMHOe oOecrieueHue.
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Abstract. The purpose of this article is to give an overview of modern programs in which it is possible
to implement the methods of RPA technologies. This article provides a comparative analysis of software
within which it is possible to implement work on automation and robotization of enterprise business
processes. The advantages, disadvantages and capabilities of specific software (Automation Anywhere,
Blue prism, UiPath and ELMA) are considered. Automation Anywhere is represented by one of the
leaders in this field, in particular due to its extensive marketplace. Blue prism is notable for its scale,
claiming thousands of bots used by companies. UlPath is the most simple and modern software, the
developers have focused on an intuitive interface and functionality. ELMA is a Russian development
with a low entry threshold and has great potential. All of the above software is an excellent option for
working in the field of robotics, but you need to clearly understand your goals in order to determine
which software is best to use as part of a particular activity.
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BBEJEHHUE

B Texymmii MOMEHT BpEMEHH B JIMTEPATYpPE HMEETCA JOCTATOYHOE KOJUYECTBO
oIpeeNieHuil ¥ MOHATHIA Toro, 4uto ke Takoe RPA (Robot Process Automation). B ocaoBHOM
non RPA moapaszymeBaercss aBTOMaTu3alus MPOLECCOB JEATENBHOCTH NPEANPHUITUS MPU
MOMOIIM TNPOrpaMMHBIX po0oTOB. CaMu ompejeneHuss pa3nyaroTcs B 3aBUCHMOCTH OT
WHTEPECOB aBTOPA, a TAKKE MOTYT BKJIIOYATh B ce0s1 ocobeHHocTr TexHosoruu RPA, 6usnec-
BBITO/1bI, KOTOPBIE MOXHO JOCTUYb C TIOMOIIBIO ITON TEXHOJIOTMH U HUHCTPYMEHTOB.

OpHako, IIaBHOE W NMPUHLIMIIMAIBHOE — 3TO TO, 4TOo oTiaudaeT RPA ot Bcex apyrux
CpenCcTB aBTOMaTU3auu. J[aHHAs TEXHOJIOTHsI OCHOBAHA HA UMUTALINN JIEHCTBH YeJIOBEKA IIPH
ero paboTre ¢ pa3IMYHBIMU CHCTEMaMH, MPWJIOKEHUSIMHU WIM MCTOYHHKaMH HH(pOpMaluu.
HiMeHHO u3-3a 3TOM OCOOEHHOCTM JaHHAs TEXHOJOTHS MOAXOAMT JUIsl aBTOMAaTH3alUU
PETyJSIpHBIX M MOHOTOHHBIX 3ajlad, KOTOpbIE BBIHY)XJIEHO BBIMOJHATE OOJBIIMHCTBO
noJsib3oBareseil. Takke JaHHas TEXHOJIOTHUS HE TpeOyeT paauKaabHbIX U3MEHEHUHN B TEKYIINX
mpolueccax U J0pOrocTosIIUX 10padOTOK B AEHCTBYIOLINX CHCTEMAX.

OTH n1Beé 0COOEHHOCTH BBI3BIBAIOT OONbLIONW HHTEepec K TexHojormun RPA u stoT

HHTCPCC TOJIBKO YBCINYUBACTCH. MHOIro4YNCICHHBIE aHATUTHYECKHUE pa6OTLI BEAyHIUX

0140


https://doi.org/10.47813/2782-2818-2022-2-3-0139-0149

CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(3)
Modern Innovations, Systems and Technologies E https://www.oajmist.com

MHUPOBBIX KOHCAJITUHIOBBIX KOMIIAHUN FOBOPSIT O TOM, YTO 3TOT MUHTEPEC SABJISETCSA OJHUM U3
CTpaTeruuecKuX HalpaBiIeHUH aBTOMAaTU3alluK OU3HEC-TIPOLIECCOB BO BCEM MHUpeE.

B Poccun BHenpenue TtexHosornn RPA mnpoucxoautr B OCHOBHOM B KpPYIIHBIX
KOMITAaHUSAX, CIIOCOOHBIX AKKyMYJHpPOBaTh (PHMHAHCOBBIE PECYpChl M HANpaBIsATh HMX Ha
pa3sBUTHE KOPIOPATUBHBIX LIU(PPOBBIX TEXHOJOTHH.

Ha nanHblii MOMEHT HanpaBieHue TexHosoruu RPA akTyallbHO, OTPOMHOE KOJIMUYECTBO
aBTOPOB pabOTAIOT UMEHHO B 3TOW 00JIACTH, CTPEMSICH MTOKa3aTh, HACKOJIBKO MPOCTO U yI00HO
paboTtaTh ¢ naHHOW TexHonorued. B pamkax naHHOM paboThl OBUIM MPOAHATU3UPOBAH P
cTaTel, TeMbl KOTOPBIX 3aTparuBaiv RPA Tem uiv nHbIM criocoOoM.

Llenp naHHOM cTaThM — MPOBECTH 0030p M CPaBHUTENBHBIM aHAJIW3 MPOrPAaMMHOIO

obecnieuenus (I10), ucmonb3yemMoro st paboThl B 00JaCTH pOOOTH3AIMH OU3HEC-TIPOIIECCOB.
CPABHUTEJIbHBIN AHAJIN3
Automation Anywhere

Automation Anywhere — MupoBoii amaep B 00macTH  POOOTH3HPOBAHHOM
aBTOMaTH3alMK TporeccoB. [IpenocTaBiser moab30BaTeIsiM BO3MOKHOCTh CAMOCTOSITENTEHO
aBTOMATH3UPOBATh OM3HEC-TIPOLIECCHl C TIOMOIIBIO TPOTPAMMHBIX POOOTOB, KOTOpBIE
SABISIOTCS UPPOBBIME «paboTHUKaMW». OHU BBITOIHSIOT T€ 337]a41, KOTOPhIE MOYKHO Ha3BaTh
MOBTOPSIOUIUMUCS M PYYHBIMA. JTa aBTOMAaTU3alMs TMPUBOAUT K  TOBBIIICHUIO
IPOM3BOIUTENIFHOCTH, YIIYUIICHUIO KaueCTBa 00CTYKHUBAHUS, TAK)KE YBEININBASI TIOKA3ATENb
BOBJICUCHHOCTH coTpyaHukoB [1]. Wurepdeiic mnporpammer  Automation Anywhere
MIPEJICTaBJICH Ha PUCYHKE 1.

[IpencraBieHHass aMmepuKaHCcKas KOMIIAHUS MPEAaraeT CBOMM KIMEHTaM CETEBYIO U
obnayHyro mIaTdhopMy HHTEIJIEKTyalbHOW aBTOMAaTH3alluM, codveTaronlyio B cebe RPA,
WCKYCCTBEHHBIH WHTEJUIEKT, MallMHHOE OOy4YeHHWEe W aHanuTuKy. llmatdopma mosBomser
OBICTPO HAYaTh U B JaJbHEHIIEM PacIIUPSITh ABTOMATH3AIUIO TIPOIECCOB.

Ha nannbiii MoMeHT kommanusi umeeT oducel Oosee yem B 40 cTpaHax, ro0albHYIO
cets u3 1200 maptHepoB, 6onee 1,7 MumImona poOOTOB, KOTOPHIE MOICPKUBAIOT BO BCEX

OTpACIISAX TPOU3BOICTBA OTPOMHOE KOJUYECTBO KOMITaHUH.
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OnHako ciexyer OTMETUTh, YTO U3HaYalbHO AaHHoe 110 nmeer Ki1r0ueBoil He10CTaTOK
— ¢ nanHbM IO MoxeT paboTaTh 4enoBEK, KOTOPBIE YXKe SBISETCS MPOrpPaMMHCTOM HIIH
00Ja/1aeT CynIeCTBCHHBIMU HABBIKAMH B 3TOW 00JIACTH JIEATEIIHBHOCTH.

3aja4yn, KOTOPHIMH MOTYT YIPaBJIsATh pemenus nanuoro [10 [2]:

® OCHOBaHHbIEC HA MAIIMHHOM O0YYEHMH PEKOMEHJIAIIMH [0 KPOCC-TIPOIaKaM;

® ABTOMATHUYECKHUH 3aIlyCK PEKJIAMHBIX KaMIIAaHUH C MOBBIIEHHON 3(h(hEeKTUBHOCTHIO;

e 00HOBJEHHUE 0a3bl JaHHBIX KJIHEHTOB;

® TIOCTpOeHUE (PUHAHCOBBIX OTUETOB;

® aBTOMAaTHYECKHI 0TOOp MepcoHana;

e ympasieHue IT-uHGppacTpyKkTypoit 1 MHOTOE ApyTOe.

Opranuzanus paspaboTajia CBOW MapKeTIjielc TOTOBBIX peIIeHUil, KOTOpBIA B
HACTOsIIee BpEMs CUMTAETCsl KpyNHEHIIUM B Mupe. B 1aHHOM MapkeTiuielice MOKHO HalTh
OTJENBHBIX POOOTOB, MPOTPAMMBI M JIpyrHe pa3pabOTKH Ui aBTOMATH3AIMU ITPOIIECCOB.
B Marasune MOXHO HaiiTH 00TOB, pabOTAOIINX C CAMBIMHU TIOITYJIIPHBIMH TTPOTPAaMMaMHU.

CambIMU TONYJISIPHBIMU TOTOBBIMU PEIICHUSIMU SIBIISIIOTCS TaKHE, KaK:

e npeobpazoBanue B CSV Tabnuu, usBneyenusix u3 PDF;

® [apCHHT MH(OpPMAIMK U3 UHTEPHETA,;

® CHHXPOHHM3AIWS pa3HbIX UCTOYHUKOB ¢ BJ] SQL;

e 00pa0oTKa MOYTOBON PEKIIAMBI;
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® CpPaBHCHUC JOKYMCHTOB;

® CO3/IaHHE CBOJIHBIX TAaOJHUI] B aBTOMATUYECKOM PEKHIME;

® KOHBEpTaLus.

Nmeer cBoit RPA-as-a-Service, ¢ moMoIipio KOTOpoii MOXHO 3amyckath RPA-00TOB B

HCCKOJIBKO KJIIMKOB.

HimeeTcst BO3MOKHOCTD YITPABJICHUS AJITOPUTMAMH C JIFOOOr0 YCTPOHCTBA uepe3 Web-

Opaysep. [lanubiii Opay3ep oOnamaeT (yHKIMEH pasaeicHus MpaB, a Takke (HUHAHCOBO

AOCTYITHEC B UCII0JIb30BAHNH.

BluePrism

BluePrism — sTo 6puraHckast Koproparus 1mo pa3paboTKe IporpaMMHOr0 00ecIieYeHusl.

Komnanus nepsoit pazpabotana [10 ans koprnopatuBHOI poOOTH3MPOBAHHOM aBTOMAaTH3AIIUU

nporeccoB (RPA), koTopoe mpeaocTapiseT NporpaMMHUPYEMBIX pOOOTOB sl aBTOMATH3AINH

nportieccoB [3]. MUurepdetic BluePrism npejicrasien Ha pucyHke 2.
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Figure 2. BluePrism interface.
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I'maBHO# ocobeHHOCTBIO IO cumMTaercst BRICOKUI ypoBeHb MacmTabupyemoctu. Cama
OpraHu3alys YIOMHHAET O TOM, YTO Psii KOMIAHHUI HCHOJB3YIOT THICAYH POOOTOB, KOTOPHIE
npuHaanexat BluePrism, a takxe o ToM, 4TO 0OJIBIIOE KOJIMYSCTBO KOMITAHHH HCIOJIB3YET
COTHH POOOTOB.

Hannoe I10 nmeeT Takyto 0COOEHHOCTh, KaK KOHIICTIIHS «BCe BKIIOUeHO». KoMmanus
pelniaa He paslelsaTh OpKecTpaTopa, poboTa M cTyauto. Bmecto sToro mumeercst eauHas
munensust («udpoBoit coTpynHUK»), KOTOpas MO3BOJIIET padoTaTh ¢ poOOTAMHU B PEKUME
24\7 u kpyribii roa. Po6otaMm MOKHO MOPYYHTh JIFOOBIC 33[a4d M MPOIECCHI, KOTOPbIE OHU
Oy/IyT BBIMOJIHATH KPYTJIOCYTOUHO [4].

[Ipu sTOM ecTh CylIeCTBEHHass OrOBOPKAa O TOM, YTO €clii OM3HECY HEOOXOIMMBI
UMEHHO 2 U(POBBIX COTPYJHHKA, TO HYKHO KYIHThH JBE JUICH3UU. [Ipu 3TOM cTynmu u
OpKeCTpaTophl MAacIITaOUPYIOTCSI aBTOMATUYECKH, W JOMOJIHHUTEIHHO IUIATHUTh 33 3TO HE

notpedyercs.
UiPath

UiPath — »t1o muratpopma PRA, mpeacraBnsiomnias co0Oi HMHTEIUICKTYalIbHYIO
MHOT033/Ia49HYI0 CHCTEMY JJISl CO3[aHusi POOOTOB, ABTOMATH3UPYOLINX OU3HEC-TIPoIiecch [4].

Untepdeiic UiPath npencrasien Ha pucynke 3.
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Figure 3. UiPath interface.
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OCHOBHBIM OTJIMYHMEM SIBJIAETCS] UMUTALIUA AIEHCTBUI Y€I0BEKa PU B3aUMOIECHCTBUHM C
JPYTUMU NPHIIOKEHUSAMU.

OO6nagaer OrpoMHOW MOMYJSPHOCTBIO cpenu paspadorunkoB RPA. B ocHoBHOM
Oyarogapst TaKUM OCOOEHHOCTSIM Kak [5]:

® COBPEMCHHBIN, UHTYUTUBHBIN UHTEPEHC;

® HaJIMYKUE OIPOMHOI OMOIUOTEKU JEHCTBUN;

® BBICOKUI YPOBEHb 0€30MaCHOCTH;

®  YHHUBEPCAIHHOCTH (PYHKIMH ITOUCKA;

® BCTPOEHHBIN peKopaep Ul XpaHEHUs JAHHBIX.

JlaHHOe peleHus npeacTaBieHo B Poccuu, NpUCYTCTBYIOT pOCCUIICKHE MapTHEPHI U
UMeeTCsl CBOM y4eOHBIN Kypc (HO JIMIIb YaCTh Ha PyCCKOM s3bIKe) [6].

B nenom ITO noxoxe na Visual Studio, kotopoe siBisieTcst y100HBIM U IPUBBIYHBIM IS
OOJILITMHCTBA Pa3paOOTUYNKOB.

Pemenne UiPath, kak u mro6as RPA-cucrema, COCTOMT M3 TpeX DJIEMEHTOB — 3TO
CTYAMsI, ODKECTPATOP U POOOT.

B kauectBe nmHeiiku npoaykros UiPath Beiaessiror:

e UiPathStudio — HeoOxoauMa Jij1st pa3paboTKK yHUKaIbHBIX RPA-00TOB Ha OCHOBE
IrOPUTMOB JEHCTBUI B OM3HEC-TIpoLieccax KoMnaHuil. MIcrob3y0TCss MHTYUTUBHBIE METO/1bI
paboTbl, He TpeOyrole yrIyOJeHHBIX HAaBBIKOB IPOrPaMMMPOBAHUS, a TaKxke
MHCTpYMEHTapHii 3anuceil neiicteuii, Drag&Drop BukeTsl, pa3inyHble Ma0IOHBI;

e UiPathUnattendedrobot — npumensieTcst As1 ONTUMHU3AIMHA TPOBEACHHUS 00bEMHBIX
onepauuid. 3amyckaercsi 4yepe3 OIpelesieHHble MPOMEXKYTKH BpeMEHM M paboTaeT mo
AJITOPUTMY CaMOCTOSITENIBHO;

e UiPathOrchestrator — MHCTpYMEHT LEHTPATU30BAHHOTO YIPABJICHHUS U KOHTPOJIS
COBMECTHBIX JIEUCTBUN pOOOTOB, MOHUTOPUHIA PE3yJIbTATOB UX BBIMOJHEHMSI, aHAJIN3a JIOTOB

paboThI U yNpaBIEHUS TOCTYIIOM COTPYIHUKOB.
ELMA

SIBnsieTcst oueHb momynsipHoil B Poccun cuctemoil pobotuzaiuu, koropas o0nagaer
HU3KUM moporoM Juisi Bxozda. [lo3Boisier MoAenupoBaTh MPOLECCHl, HE UMesT KaKoro-imdo
CIEIMAJIbHOTO ONbITa WM 00pa3oBaHus. PoOoThI, pa3paboTaHHbIE B JaHHON cHCTEME, MOTYT

ONITUMHU3UPOBATh PYTUHY H PaboTy JIt00oro ypoBHs. meer unterpamuio ¢ BPMS [7].
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BosmoskHoctu 1 mpenmymiectsa ELMA [8]:

e poOoThI, pa3paboTaHHBIE B JAaHHOM CHUCTEME, MOTYT MCIIOJIb30BaTh TEXHOJIOIMIO
KOMIIBIOTEPHOI'0 3pEHus, Oyiarofapsi KOTOpOW MOXHO HAay4HUTh poOOTa OPHEHTUPOBATHCS B
mo0om uHTepderice;

e mnoxaxon nanHoro I1O mo3Bonsier paGoraTe B JM1000H cpesne, HET HEOOXOIUMOCTH
YCTAaHABJIMBATH JOIOJIHUTENbHbIE IUIArMHBI, CUCTEMA pabOTaeT BE3/1€ OJUHAKOBO;

® OuEHb IPOCTO CO3/1aBaTh YHUBEPCAIbHBIEC PELLICHUS;

e 1 paboOTHl C JOKYMEHTAaMH HUMEIOTCS TOTOBBIE JECHCTBHS, C IOMOIIBI0 KOTOPBIX
MOYKHO pa300paTh TOT WM MHOH TOKYMEHT I10 ONpE/IEICHHBIM I1a0JI0HaAM;

¢ na6aze ELMA RPA mMoxHO cTpouTh hepMbI 60TOB, KOTOPBIE OYAYT BHIITOIHATH BCIO
pyTuHHYI0 pabory B opranuzanuu. Opxectpauus (epmbl OOTOB, BBIIOJHEHHE 3a1ad IO
pacnincanuio, OecimoBHas padota ¢ BPMS — Bce 3T0 1103BOIIsIET pOOOTH3UPOBATH MPOLIECCH U
OOpOTHCSI ¢ PyTUHOM B JTI0OOBIX KOPIOPATUBHBIX MacLITadax;

e B 110001 MOMEHT J11000€ pelIeHre MOXKHO MOIU(UIIMPOBATh, HOBasl Bepcus OyleT
OINEpaTUBHO MaclITaOMpoBaHa Ha BCIO OpraHu3aluio. Takke BCeraa MOXKHO «OTKAaTUTHCS» K
npeabIAyIIel BepCuu MpH MOMOIIY apXHBa U3MEHEHHH Ipoliecca;

® UMeEeTCsl BO3MOXKHOCTh aBTOMATU3UPOBATh LIETIOYKH 3a/1ay;

e cucrema o01aaeT NOJIHBIM HAOOPOM JIEHCTBUA, TO3BOJISIOIUM POOOTY BBIINOJIHUTD
IPOM3BOJIbHBIN KOJI;

® TIPOCTOH JOCTYIN K KOHTEKCTY MPOIECCa;

® [IOAK/IIOYEHHE BHEIIHUX OMOINOTEK;

e He TpeOyeT pEeryJspHBIX IJIaTexel, BCe BEPCUU CHUCTEMBI PaclpOCTPaHSIOTCS IO
OEeCCpOYHOI JTUIICH3UH.

Ta6auna 1. CpaBHeHue nporpamm.

Table 1. Comparison of programs.

Ocobennoctu  BluePrism AutomationAnywhere Ul Path ELMA

110

[TpousBomurens  bputanckas  AMepUKaHCKas AwmepukaHnckuii  OTeuecTBEHHBIN
KOpropanusi ~ KOMITaHUs pa3paboTuuk pa3paboTyuK
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3AK/IIOYEHHUE

Taxum o6pazom, nmpoBes aHanu3 (cM. TadbauIly 1), MOKHO CIeNaTh BBIBOA O TOM, YTO
paccmotpennoe [10 nMeeT MHOTO CXOKHUX acleKTOB, €CIIM PACCMaTPUBATh €T0 C TOYKHU 3PEHUS
pabotel ¢ TexHomormer RPA u B 1menmoMm ¢ aBromarm3anuei. PazpaboTumky wim
PEIIPUHIMATEI0 HEOOX0IMMO YETKO MOHUMATh, JIJIS KaKKX 1ejei emy Heooxoaumo 10 u B
3aBHCHUMOCTH OT 3TOTO YK€ JIeNlaTh BHIOOP B CTOPOHY TOT0, KOTOPOE B HAaUOOJIbIICH CTENECHH
MOJXOUT JJIsl IPUKIIAHON 00JIaCTH TPUMEHECHHUS.

CpaBHHTENBHBIM aHAU3 TI0Ka3aj, 4TO POCCHUHCKOE NpOrpaMMHOE oOOecIeUeHHE,
MIPEACTABICHHOE cucTeMor poboTtusamuu ELMA, criocoOHO KOHKYpPHPOBATh C 3apyO0eKHBIM
IPOTPAMMHBIM O0ECIIEYCHUEM, CIIEJIOBATEIIEHO, MOXXHO CMEIO TOBOPUTH O TOM, 4YTO
poccuiickue pa3pabOTIYHUKH B TIOJTHOM MEpe YYacTBYIOT B Pa3BUTUH COBPEMEHHBIX TEXHOJIOTUI

B 00J1acT poOOTH3AIMK OU3HEC-TIPOIIECCOB.
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JAnHaMuka arperara MalmuHbI ¢ (ppe3epHbLIM MEXAHU3MOM
pa3dopInKa OYHTOB XJIONMKA

M.T. Xoxkue!, A. xxkypaes?, A.K. Amypos®

L Mynuemancruii 2ocyoapcmeennuiii ynusepcumem, I'viucman, Y3bexucman
2Tawkenmekuii UHCMUnym mexCmunbHoll u 1e2koti npomviuunenrocmu, Tawkenm,
Vsbexucman
SByxapckuil unocenepro-mexnonoeuueckuii uncmumym, Byxapa, Y3bexucman

AHHoOTanus. B cTathe paccMarpuBaeTcs BOIIPOC TMHAMHKHU arperata MalliHBI, KOTOpas BKIIOYAET B
ce0st pa30opiiuk OYHTOB XJIONKA, C YYETOM MEXaHUYECKOW XapaKTEPUCTHKH 3JICKTPHUSCKOTO
ABUTaTCIIsA, TEXHOJIOTMYCCKOI'0 COMMPOTHUBJICHUA U MOMCHTA CUJI TPCHHUS. OHpe)ICJICH 3aKOH ABMXCHUA
¢pes3sr. Ilokazana 3aBucuMOcTh Kod(h(dHIMEHTa BpamaTeTbHOIO0 MOMEHTA PE3WHOBOW BTYIIKH,
YCTaHOBJICHHOH Ha (pe3epHBIX TOJIOBKAX, OT BHOPAIMOHHOTO 3HAYCHUS YIJIOBBIX CKOPOCTEH
BpalIaroIIerocs MpuBoIHOro OapabaHa, yriioBOH CKOPOCTH IPHUBOJIHOTO POTOPA U KPYTSIIIEr0 MOMEHTA.
[To pesynpraTam aHamm3a TpadUKOB CBSI3HM OBUIM PEKOMEHIOBAHBI ONTHMAJIBHBIC 3HAUYCHHS
napaMeTpoB.

KarwueBbie cioBa: pa30opmk OYHTOB XJIONKa, (pe3a, KOJOCHUK, MAIIMHHBIA arperat, yrpyras
BTYJIKA, TEXHOJOTUYECKOE CONPOTHBICHHE, NPOYHOCTb, MOMEHT HHEpILHH, YIJIOBas CKOPOCTb,
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Abstract. The article covers the dynamics of the machine aggregate with a milling mechanism of the
cotton bundle disassembler, taking into account the mechanical characteristics of the electric drive,
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technological resistance and torque of friction forces. The law of motion of the milling machine is
defined. The dependence of the torque coefficient of the rubber bushing mounted on the milling heads
on the vibrational value of the angular velocities of the rotating drive drum, the angular velocity of the
drive rotor and torque is shown. Optimal values of the parameters according to the analysis of the
connection graphs were recommended.

Keywords: cotton bundle disassembler, milling machine, peg, machine aggregate, flexible bushing,
technological resistance, rigidity, moment of inertia, angular speed, coverage, productivity, cleaning
efficiency.

For citation: Xodjiev, M., Djuraev, A., & Ashurov, A. (2022). Dynamics of the machine aggregate with
amilling mechanism of the cotton bundle disassembler. Modern Innovations, Systems and Technologies,
2(3), 0201-0210. https://doi.org/10.47813/2782-2818-2022-2-3-0201-0210

INTRODUCTION

As we know, the main working body of the cotton bundle disassembler machine is a
peg or milling drum, which has a number of design solutions [1, 2]. Nevertheless, the separation
of the cotton pieces from the bundle was mainly done from the top down. In this case, the cotton
pieces are not well hung with pegs, the incidence of spillage is high. Therefore, a method of
separating the cotton pieces from the bottom up was recommended. In this case, the cotton
pieces are separated in one plane without spilling and passed through a tube in the air stream
[3].

The advantage of the recommended milling drum is that it is made of composite,
mounted on the milling cutter shaft by means of flexible rubber bushings. In this case, the
rotational motion of the milling drum is due to the deformation of the rubber bushing [4].
Because of these rotational movements, the milling drum intensively separates the cotton pieces
from the peg, shaking it. This means that along with the increase in productivity, the efficiency

of partial cleaning will also increase.

CALCULATION SCHEME AND MATHEMATICAL MODEL OF THE MACHINE
AGGREGATE

The milling drum receives motion through an electric drive, a transmission shaft, a
conical gear reducer. The calculation scheme is shown in Fig. 1. In the scheme, the milling
drum was considered as one whole without being divided into two. However, the rubber

bushing was taken into account.
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Figure 1. Calculation scheme of the machine aggregate.

In order to obtain the mathematical model of a cotton bundle disassembler machine

aggregate, we calculate using Lagrange's second-order equation [5,6].

4 (T _or 09 om0

dt (aq'l) aq; taa T aq; Q(q:) (1)
where T, IT are the Kinetic and potential energies of the system, @ is the dissipative function of
the relay, Q(q;) are the external forces; q; is generalized coordinate.

System kinetic and potential energies are [6,7]:
T = 1]Km¢12 + l];mp(PzZ' + l]cpz(.og
2 2 2
= %C@Pz — Uy303) 2
where @4, {,, @5 are the angular apeeds of the electric drive shaft, the gearbox output shaft and
the drum shaft and the milling headset, respectively, C is the coefficient of rotation of the rubber

bushing; U, is transmission ratio.

The dissipative function of the relay is [8]:

¢ = %b(fpz - Uzs‘.b3)2 3)
where 8 is the dissipation coefficient of rotation of the rubber bushing.

Correspondingly, we create a mathematical model representing the motion of a three-
mass machine aggregate by determining the additions of the Lagrange equation for each
generalized coordinate [8,9]:

Loy _ !

=X M, +

M
wo  2Mg 9T 20.M, Y

Jko®1 = My, — U}od)Mfocb - Mfric
Jop P2 = Mg — Clpz — Uz393) — b(¢p; — Uz303)
Jor®3 = Upz * C(@ — Uz3002) + Upzb(¢p; — Upzps) — (M1 + MOSka)ticYE) (4)
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where M,, M,, §M, are constant and variable random components of technological resistance;

M, Is driving torque interacting between the drive and reducer output shaft, Mg, is the

moment of resistance of frictional forces.

NUMERICAL SOLUTION OF THE PROBLEM AND ANALYSIS OF RESULTS

The solution of the system of differential equations (4) representing the motion of the
machine aggregate, including the milling drum drive of the cotton bundle disassembler, was
carried out using the Runge-Kutta program [5,10], considering the following initial calculated

values of parameters

Jiwo = 1,52 kgm? Jiop = 5,25 kgm?
Jor = 1,69 kgm? Uyp = 6,83 kgm?
¢, =157 571 N, = 1500 rpm ™1
Mpyie = 8,17 N M, = (20 = 25) N
M, = (2,1+25)N &M, = (0,1 +0,12) M,
C = (450 =~ 500) Nm/rad 8 =(6,2+7,5) Nms/rad

Based on the solution of the problem, the laws of motion of the working bodies of the
machine unit were determined. Fig. 2 shows the laws of variation of the angular speed of the
rotor of the electric drive rotor and the torque in it, as well as the torque on the output shaft of
the reducer.

The analysis of the obtained laws shows that the average start-up time of the machine
unit is (0.2+0.25) s, while the stopping period is (0.18+0.2) s. The difference in this is mainly
explained by the fact that the moments of resistance forces accelerate the stopping. Considering
that the technological resistance was in the process of breaking the cotton gin, it was found that
the average value of ¢, was around 153 s, the loading value was around My, = (31+35) Nm,
and the loading of Mg was around (68+75) Nm.

Figure 3 shows the laws of variation of angular speeds ¢; ¢ and torques on the shafts
M,, Myr of the drive and milling headset.

Because result of processing the obtained laws of motion and loads, graphs of the
interrelationships of machine unit parameters were constructed. In particular, Figure 4 shows
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graphs related to the technological resistance of the milling drum, the oscillation coverage of
the angular speeds of the drive rotor and the changes in the torque. When analyzing the graphs,
the angular speed oscillation coverage of the electric drive shaft when the moment of resistance
from the raw cotton obtained increases from 0.42°10 N to 3.8'10 N is 2.18'10 s to 5.2:10 s*
increases the angular speed coverage of the milling headset from 1.51:10 s to 3.6:10 s™.
Correspondingly, as the torque values on the electric drive increase from 0.04 - 10> Nm to
0.12:10? Nm, the load on the milling headset increases from 0.09°10> Nm to 0.32:10> Nmin a
nonlinear connection (Fig. 4, 4-graph). It is known that the speed of the milling cutter is much

higher than the rotational motion, which allows intensive separation of cotton from the mill.
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Figure 2. Laws describing the output to stable motion, stable motion period and stopping
processes of the machine aggregate, including the mechanism of the milling drum of the

cotton bundle disassembler.
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Figure 3. The laws of change of angular speeds and torques of the drive and milling headset.
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Figure 4. Graphs of technological resistance dependence of changes in the vibration coverage

of angular speeds and torque moments of the spinning mill drum and the drive rotor.

Fig. 5 shows the dependence of the rotational torque coefficient of the rubber bushing
mounted on the milling heads on the vibrating coverage of the angular velocities of the rotary
drive drum, the angular speed of the drive rotor, and the torque. When the average torque
coefficient of the rubber bushing on the milling drum increases from 1.0-10? Nm/rad to 6.00°102

Nm/rad, the oscillation coverage of the angular speed of the milling headset is 2.61°10 s™ to
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0.64:10 s, If it decreases in a nonlinear pattern up to 1, it can be seen that the values of A¢g,
decrease in a nonlinear pattern from 4.4'10 s to 1.58°10 s™* (Fig. 5, graph 1). It should be noted
that if the torque on the drive shaft increases from 0.052°10?> Nm to 0.18°10> Nm, the torque on
the milling headset increases from 0.12:10?> Nm to 0.33:10? Nm in a non-linear connection.

It is recommended that the rubber bushing average rotational coefficient of rotation be
less than (4.0+5.0) Nm/rad to ensure that the speed vibration coverage (0.6+1.6) is in the range
of 10 s,

Ap, 10 ¢t
4,5 A
\ 3
3 \\
4
Q --~_::>‘=:::
0 o >
2 4 6 C, 102 HM/de
1-Ap | =f(C) 2-0g 5 =f(C)
3-M.=f(C) 4-M,,=f(C)

Figure 5. Graphs of the dependence of the coefficient of rotation of the rubber bushing on
which the milling heads are mounted on the rotating torque, the vibration coverage of the

angular speeds of the drive rotor and the torque moments of the milling cutter.

It should be noted that by increasing the weight of the rotating mass or the moment of
inertia, it is possible to make its rotation smooth [10-12]. Fig. 6 shows graphs of the vibration
coverage of the angular speeds of the spinning mill drum and the drive rotor depending on the
change in their moment of inertia. When the moment of inertia of the cutter headset increases
from 1.2:10 m? to 5.0-10 m?, when the coverage of the rotational oscillation speed of its angular
speed is Myum= 5.0 Nm, the values of A¢; decreases from 1.52:10 s to 0.26'10 s, while
Muu=9.0 Nm, the angular speed coverage of the milling headset decreases in a nonlinear
pattern from 2.25:10 s to 0.61-10 s™. Correspondingly, the values of A¢, on the electric drive

shaft decrease in a nonlinear pattern from 4.6'10 s to 2.28°10 s (Fig. 6, graph 1, 2). However,
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an excessive moment of inertia increases the loading torque and increases the power

consumption. Therefore, the recommended values are: J,, < (2.0 + 2.5)kgm?; Jor = (24 +

3.5) kgm?.
A, 10 ¢t
45 1 \
3 \
2
1’5 ] \\
4
0o N
2 4 6 J Krm?
1,2-0p-=f(J,.) 3,4-0¢-1=f(Jg,)
1,3-M,,=5.0 Nm; 8=4.5 Nms/rad
2,4-M¢,.=9.0 Nm; 8=7.0 Nms/rad

Figure 6. Graphs of the dependence of the vibration coverage of the angular speeds of the

spinning mill drum and the drive rotor on the change in their moments of inertia.

THE RESULTS OF THE PROPOSED TEST OF THE CONSTRUCTION OF THE
DRUM WITH A MILLING CUTTER, FLEXIBLE SHOCK ABSORBER OF THE
RECOMMENDED COTTON BUNDLE DISASSEMBLER

Analysis of the comparative test results shows that when using the recommended cotton
bundle disassembler milling drum, the productivity can be increased by 1.9 t/h compared to the
existing working body. Cotton cleaning has also improved. At the same time, it was found that
for every 10 kg of raw cotton (up to 4+5) the number of pieces with up to 24% more fiber than
the existing design, i.e. improved cotton cleaning. As a result, it was found that the cleaning
efficiency of cotton increased by 5.9%. It was also noted that due to the use of a rubber shock
absorber in the proposed design, the damage to the seeds because of the soft impact was reduced

by 0.08+0.09% after the UXK unit. The efficiency of cleaning cotton after the cleaning unit
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was found to be 88.0% when using the recommended construction, and 79.5% when using the
series construction. This means that the use of the recommended working drum in the cotton

bundle disassembler machine leads to high efficiency.

Table 1. Comparative test results.

No. Name of the parameters In existing cotton In proposed cotton
bundle disassembler bundle disassembler
1. (I)/r(l)itial contamination of cotton, 3.4 34
2. Cotton moisture, % 8.5 8.5
3. Productivity, t/h 10.5 12.4
4. (I;:flmency of cotton cleaning, 79 13.8
5. Efficiency of cotton cleaning
after UXK aggregate, % 795 88.0
6.  Seed damage, % 1.4 1.32
7. Degree of shredding of cotton
(percentage of pieces of up to 85 61

5 fibrous seeds in 10 kg of raw
cotton), %

CONCLUSIONS
The efficient design of a milling drum of the cotton bundle disassembler is
recommended. Based on the theoretical research, the laws of motion and loads of the drive and
milling headset were determined, and the optimal parameters were recommended. Based on the

test results, recommendations for implementation are given.
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Abstract. The article presents the results of a comprehensive study of industrial methods for designing
plus size women's clothing for older women. Rational parameters of the basic design of a semi-adjacent
silhouette women's dress are proposed. In order to provide an objective assessment of the quality of the
developed structures, a comprehensive assessment of the quality of landing layouts was carried out.
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BBEJIEHUE

B HOBOM ThICSIUEIETHUH KEHIIIMHBI CTAPIIETO U MOKUIIOTO BO3PACTa aKTUBHO YYaCTBYIOT
BO BCEX IMpOIeccaX COMUAIBHBIX, SKOHOMUYECKHX W MEXKIMYHOCTHBIX OTHOUICHHUH B
COBpeMEHHOM o01ecTBe. MccnenoBanust COMOIOTOB M YUEHBIX-IeMOrpadoB MOKA3bIBAIOT O
BO3POCHIEH J10JIM ATOU TPYMIIbI JIIO/IeH B CTPYKTYpe HaceleHusl, MOBBIIICHUN UX aKTUBHOCTHU B
COLIMAJIbHO-9KOHOMMYECKON JKU3HU CTpaHbl. YIydllleHHE KayecTBa JXKU3HU, HUHTEHCHBHOE
pa3BUTHE MEAMIMHBL, COBEPIICHCTBOBAHME CAHHTAPHOTO HAJA30pa M HKOHOMHYECKOE
Oyaromnoy4ne crocoOCTBYIOT OBBIIIEHUIO CPEIHETO BO3pACTa IMOKUIIBIX JIFOJIEH, 4TO TpedyeT
0T 0011ecTBa TIIATEIbHEE TOIXOANUTH K BOIPOCY MX COLMAIBHON ajanTanui 1 (JOPMHPOBAHUIO
KOM(DOPTHOM COIMABHON Cpeabl >KU3HENEATENBHOCTH [UIsi WHTErpalid B COBPEMEHHOE
obmiectBo. OmpezeneHHass 4acThb 3TOM TPyNIbl HAceleHUs CeroiHs o0JaJaeT LEHHBIMU
npoeCCHOHATLHBIMI  KOMIETCHIIUSIMH, BOCTPEOOBAHHBIMU B OOIIECTBEHHBIX, HAYYHBIX,
MEIUIUHCKIX, MPOCKTHO-KOHCTPYKTOPCKUX OpPTaHM3aLUAX, IJIe HEOOXOAMMO COXpaHEHHE
U Tiepe/jaya HaKOIUIEHHOTO OIbITa, yMENIO€ HCIOJIb30BaHUE YEJIOBEUECKOro IMOTEHIHaIa
MNOXUJIBIX Jrofed. PocT wuHTEerpamuu JroJedl CcTapiiero BoO3pacTa B AIKOHOMUYECKYIO
1 OOIIECTBEHHYIO >KM3Hb PAacCMaTpPUBAETCSl KaK HEOOXOAMMOCTh U OOs3bIBaET OOILECTBO
peaTu30BBIBaTh TPAKTUKK TOBEICHHS, OPUCHTHPOBAHHBIE HA COXpPAHEHHUE H MO KaHUE
JOCTUTHYTOTO YPOBHS 0JarococTOsIHUS B MOKUIIOM Bo3pacte [1]. [l nmoxxunbIx moeit ObITh
COLIMAJIBHO 3HAYMMBIM U BOCTPEOOBAHHBIM SIBJISETCS HEOOXOAUMBIM YCIIOBHEM UX aKTUBHOTO
JoaronieTrs. MHOTHE CTpaHbl pacCMaTPUBAIOT aKTHBHOE JIOJITOJIETHE KaK IeNb COIMAaIbHO-
HYKOHOMHYECKOW MOJTUTHUKH B CIIOKUBIINXCS COIMATIBHO-IEMOTPaQUIECKIX YCIOBUSIX.

[Tpo6nema nmpoeKkTupoBaHMsI MO3UTUBHOIO MMH/DKA MOKUIIOTO YEJIOBEKa OCPEICTBOM
IPEe/UI0KEHHS KaueCTBEHHOM U yA0OHOM 0/1€X/1bl TOMOTAeT UM pa3BUBATh U YKPEIUIATh yCHeX
B MPO(eCCHOHATBHBIX U MEXITMYHOCTHBIX OTHOIICHHX [2]. C TOUKM 3peHus uccienoBarTeneit
W AHATUTHKOB DPBIHKA, JKCHIIMHBI CTapIiero Bo3pacTa (Te, KOTOpbIe MPUOIIKAIOTCS K
IpaHUIaM ITEHCHOHHOTO BO3pAcTa) U MOXKUJIbIE IPEACTABIISIOT HHTEPEC I POU3BOAUTENEH
OIeXK/bI, TaK Kak oOONaZaroT JIOCTaTOYHOM TOKYIMAaTeNbHOHW CHOCOOHOCTHIO  [3].
HeorpanwueHHbIH BBIOOp ONEKIBI TIO3BOJIIET TOTPEOUTENIO TPEIBSBISATH BBICOKHE
TpeOOBaHUS K KA4eCTBY OJIEK/IbI, COOTBETCTBHIO MOJICIIH MTapaMeTpaM €ro WHIWBUAYAITbHON

¢urypsl. OfHaKO, MPOU3BOAUTENN OJSK/Bl PEIKO YUUTHIBAIOT MOTPEOHOCTH STOM TPYIIIBI
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norpebureneii mpu (HOpMUPOBAHMM MPOMBINUICHHBIX KoJulekuuid. IlpoBeneHHble Hamu
MapKETHUHTOBbIE  HCCJIEIOBAaHUSl IMOKa3ajdl IMPAKTUYECKOE OTCYTCTBHE JaHHBIX 00
AHTPOIIOJOTUYECKUX JAHHBIX TEJIOCIIOKEHUS MOKUIBIX KeHILIUH [4]. Bhllie ckazaHHOe Takxke
OTHOCHUTCS K BHEIITHEMY BHJY U XyI0)KECTBEHHOMY 0()OPMIICHHUIO MOJIEIICH, KAY€CTBY IMOCAKH
u3enus Ha purype rnorpeourene.

MATEPHAJIBI U METO/IbI

AHanu3 pbplHKa TOBApOB JUIsl B3POCIIOTO HACEJIEHHsSI OTEYECTBEHHOI'O IPOMU3BOJICTBA
MOKa3aJl, YTO aCCOPTUMEHT MPOAYKIUHU, KaK MPaBUIIO, MPEACTABICH U3JIEIUSMU MEPBOU U
BTOPOIl OJHOTHBIX TPYHIT TUIIOPA3MEPOB. ITO OOBIYHO U3JIETHUS C 00XBATOM Ipyau ¢ 88...10
104 pa3mepsl [S] cpeaHeil TOJHOTHOM TPYIIbl; OYEHb MAJIO U3JEIUN, COPOCKTUPOBAHHBIX C
Y4ETOM OCOOEHHOCTEH TEJIOCIOKEHUS MOXKWIBIX Jojed. [l KEeHIIMH CcTapiiero Bo3pacra
0OJBIION  MOJHOTHI W HETUIIOBOIO  TEJIOCIOKEHUS  MPOM3BOAUTENM  IpeJiaratoT
YHUBEpCaJbHble KOHCTPYKIUU OJCKIbl CBOOOIHBIX CHUIYITOB, IIMPOKHE U Oe3pazMepHbIE
U3JIeNUsA, HUCHOJB3YIOT 3JE€MEHThI, MO3BOJISIOIIME M3MEHUTh pa3Mep H3JAENUs, TaKk KaK B
YCIIOBUSIX MAacCOBOIO IPOM3BOACTBA HEBO3MOXXHO HW3IOTOBUTH OJEXK]IY, IOJHOCTBIO
COOTBETCTBYIOILYI0 pa3MepaM moTpeOuTenss aAaHHOM rpynnbl. [lpu mnpoexTupoBaHuu
COpa3MEepHBIX M3CINN MOJTHBIX (POPM HICATHHOM IMOCAJKU MOXKHO JOOUTHCS, KaK MPaBUIIO,
TOJIBKO MPHU WHAUBUAYATBHOM U3TOTOBIECHUH, HO IPU ATOM CTOMMOCTh U3JIeHs OyJeT OUeHb
BBICOKOM.

Pemenuem Bompoca MOXET OBITh BBIMYCK H3JEIUN MaJbIMH TMAPTUAMH U
palMOHATIBHBIMA ACCOPTUMEHTHBIMH CEpUSMU B THOKHMX MEJIKOCEpUHHBIX MOTOKax [6,7].
OnHUM W3 KpPUTEPHEB M YCIOBUW MPOU3BOJCTBA MOJENIECH pAlMOHAIBHBIMH CEPUSIMHU -
MUHUMAJbHBIE CPOKU MOATOTOBKH KOHCTPYKTOPCKOM JOKYMEHTAIIMH U OBICTPBI MX 3aITyCK B
MPOU3BOJICTBO, UYTO HEBO3MOXXHO 0€3 TpPUMEHEHHs] OTPabOTaHHBIX THUIIOBBIX 0a30BBIX
koHcTpykuui (BK) onexnpl. BK nomkHa umeTh ujeanbHOE CTAaTUYECKOE U AMHAMHUYECKOE
COOTBETCTBHUE (YAOOCTBO B IuHAMUKe) Gurypam mnorpeduTeneil THIOBOTO TeNOCIoXeHus. B
pabote BK 11 MOXKUIIBIX KEHIIMH pa3padaThIBAIUCh Ha MPUMEPE JICUEBHIX H3ACIUN pa3HON
00BEMHO-CHITYITHOU (hOPMBI, @ UMEHHO Ha IIPUMEpE IJIaThs MOTYNPUIIETAIOIIETO CUTyITa.

[TpoextupoBanue BK miaThst BKIItOUAIO CIEAYIONIHME dTAIBI: ONpeIesieHne TpeOOBaHUA
MOKUJIBIX JKEHIIUH K W3JIEHI0; BEIOOP U OMpeesieHne UCXOIHBIX JaHHBIX JUIS MOCTPOCHUS
BK; BBIOOp METONMKH KOHCTPYHPOBAHUS; aHATTN3 METOJAUK KOHCTPYHUPOBAHUS, U3TOTOBICHUE
MaKeToB BHEITHEH (OPMBI; OIIEHKAa CTaTHYECKOr0 MW JUHAMHUYECKOTO COOTBETCTBUS

pa3paboTaHHBIX KOHCTPYKIIHA.
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[Ipu BbIOOpE UCXOMHBIX NaHHBIX JIsl TocTpoeHus BK miiedeBbIx n3ienuii Ass mosKuIiIbIx
YKEHIIUH OOJBIIIOTO pa3Mepa CTOJIKHYJIHCH € MPOOIeMON OTCYTCTBUS TUIIOBBIX U CTaHJAPTHBIX
3HaUCHUN M3MepeHuil Tena Qurypbl, Tak Kak (pUrypa MOXKWIBIX KCHIMUH OTIMYACTCS OT
TUTIOBOW ocoOeHHOCTsMH TenocnoxkeHus: [8-9].  Takas ¢urypa oOBIMHO TIONMHAs C
YBEJIMUYEHHBIM BBICTYIIOM HBOTA WJIM BBICTYIIOM SIrO/MII, OOKOBBIX MoBepxHOcTel Oeapa. K
HUM OTHOCSITCS] TAKXKe SIBHO BBIpaKEHHBbIE U3MEHEHHS B KOHTYpaxX (Uryp cO CTOPOHBI CIIMHBI,
nepeaHel 4acTh U OOKOB, OTYACTH CBS3aHHBIC C M3JIMIIHUM >KHPOOTIONKEHHEM B 00JacTu
rpyau, Tanuu U Oexep. C BO3pacTOM yMEHBINACTCS IBUTATENbHAS AKTUBHOCTH MOXHIIBIX,
YCHJIMBAETCsl METabO0IM3M, UTO MPUBOAUT K U3JIUIITHEMY OKUPEHUIO U YBEJIMYCHHUIO Pa3MEpPOB
HUKHEH 4acTH Tea, 0COOEHHO B 00s1acTu Oefiep, o CPaBHEHUIO ¢ BepXHEel B 00JaCTH Iied U
rpyau.

[IpakTiKa KOHCTPYHUpPOBaHUS OJIEXKAbI AJIs KEHILUH CTapLIero Bo3pacra Mmokasasia, yTo
CYILIECTBYIOT TUIIBI (UTYpP, HE OTPAKEHHBIE B CTaHJAPTax, a Takke (UTYPbl BHYTPU OJHOTO
pa3Mepa ¥ OJHOW MOJHOTHOM TpyNIblL, OTIMYAIOUIMECS IPYyr OT Apyra OCOOEHHOCTSIMHU
tenocinoxenuss [5]. Orcroga cnexyer, uyto A KoHcTpyupoBaHuss BK  HeoOGxomaumbl
JIOTIOTHATEIFHBIC JIaHHBIE 00 OCOOCHHOCTSIX TEIOCIOXKEHUs (QUTYp, TIABHBIM 00pa3om
napaMeTpbl BBICTyNA TPYIHBIX Kele3, XKUBOTA, JIONATOK, sroaull U T.1. CienoBaTelbHO,
HEOOXOJMMO COBEpIICHCTBOBATh METOAbl TMPOEKTUPOBAHUS OJEKIbl, OCHOBAaHHBIE Ha
pa3paboTKe W HCCIENOBAaHUU KOHCTPYKUUN OACKIBI, aJaNTHPOBAHHBIX I TOXKHIIBIX
JKEHIITUH.

PE3YJIbTATHI U OBCYXKIEHUE

B bByxapckoM HWHXEHEpHO-TEXHOJOTHYECKOM HWHCTUTYTE OBUIO  IPOBEICHO
KOMIUIEKCHOE HCCJIEeIOBAaHUE OCOOCHHOCTEH TENOCIOXKEeHUs (UTyp >KEHIIMH TMOXHIOTO
BO3pacTa OOJIBIIUX Pa3MEPOB U KOHCTPYUPOBAHUS OJCKIbI U1 HUX. bbuin peaanzoBanbl TpU
Pa3IUYHBIX METOJla KOHCTPYMPOBAHHUS JKEHCKOIO IUIaThsi MOJYNPUIIETAIONIET0 CHUITydTa!
meromuka MI'YJIT [10], meroauka Mromaep u cbi (M. Mromtep u cbin) [11] u Enunas
MeToarka KoHcTpyupoBanus onexasl LJOTILJI [12]. B HameM uccnenoBaHUU pa3MepHBIE
MPU3HAKK KEHCKOHW (Urypbsl OBLTM BBIOPaHBI B  COOTBETCTBUH C  METOIUKAMH
KOHCTPYUpPOBaHUs. Bce KOHCTPYKIIMU TOCTPOCHBI Ha pasmep 164-126-130. 3HaucHUsS
pa3MepHBIX MPU3HAKOB OMpPEAENICHbl MO pe3yJibTaTaM aHTPONOMETPUUYECKUX HCCIEAOBaHUMN
buryp MOXWUIBIX >KEHIIMH [5], a BENIWYMHBI KOHCTPYKTHBHBIX MPHOABOK Ha CBOOOJHOE
oOneraHue K MoJlyoOXBaTy TIpyAd, Taluu U Oenep BBIOUPATU C YYETOM BO3MOKHOCTH

BBITIOJIHEHHSI YEJIOBEKOM OBITOBBIX JBIKCHHWH. Jljis mapaMmerpusaiiuu 4depTeke ObLIN
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UCIIOJIB30BaHbl 15 mMmapaMeTpoB KOHCTPYKLHMHM, KOTOpPBIE MOTYT OKa3blBaTh BIIMSIHUE Ha
00BeMHO-CHITYITHYIO popmy uzaenuii. Tabmuma 1 comep XUt 3HaUEHUS TapaMeTPOB O TPEM
AHAIU3UPYEMBIM METOIMKAM KOHCTPYUPOBAHUS.
Ta6auna 1. BenrnunHa KOHCTPYKTUBHBIX OTPE3KOB Ha UepTeke 0a30BOil KOHCTPYKIMH
JKEHCKOTO TUIaThsI MMOJYTPHUIIETAIOIIETO CHITYdTa, CM, pazmep 164-126-130.
Table 1. The size of the constructive segments in the drawing of the basic design of a semi-

adjacent silhouette women's dress, cm, size 164-126-130.

Ne  KoHCTpyKTHBHBIN ITapaMeTp Meroavka KOHCTpYUPOBaHUs
MI'VAT “MMrwomnepu  EMKO HOTII
[10] coi” [11] [12]
1 [[IuprHA COMHKHA B CAMOM y3KOM 22,5 23 23
MecTe
2 [llupuHa mepema B caMOM y3KOM 29,5 31,5 27,5
MecTe
3 Iupuna mpoitMbl 15,5 14,5 14,5
4 upuna w3genus Ha ypOBHE 52 54.5 50.5
IITyOMHBI TPOUMBI
5 upuHa wW3menus 1O JTUHUH 63.5 60 59.5
TaJIN
7 [upuHa n3enus 1o JHHAN Oenep 70.5 69.5 69
9 [lupuHa maeya 13 13 13
10 JlmvHa CIIMHKH 0 TalluN 43 45 46
11  JInuHA CIMHKY A0 yPOBHS HIKHEH 26 26 25.5
TOUKHU TpoiiMel ([cm.mp)
12 PaccTossHme MexIy — KOHIIAMH 24 26 24
BBITAY€K Ha BBITYKJIOCTh IPYAU
13  IwpwHa pykaBa TOH MPOHMOH 44 44 44
(BBEpXY)
14  [lupwuHa pykaBa (BHH3Y) 30 30 30
15  JlnmHa pykaBa 54 54 54

Ilo pesynpraraM  mapaMETpPUUYECKUX  HCCIENOBAHUN  pa3IMYHBIX  METOJOB
KOHCTPYUPOBAaHUSI TMPUMEHHUTENBHO K OEKIE I JKEHIIMH IOXKUJIOro BO3pacTa OBLIN
U3TOTOBJIEHBl MAaKeThl IUIAThEB W TMPOBEACHA OlIEHKa KauecTBa MX MOCaAKUM Ha ¢urype
TUIIOBOTO TeJocaoXkeHus. OlleHKa KaueCcTBa MOCAIKU U3TrOTOBJIEHHBIX MAKETOB IIPOBEACHA 110
meroauke KoOisikoBoii [9], pazpaboranHoit B MI'VT mo nsatubaiibHOM IIKaje MmyTeM

TPEXKPATHOTO OIpOca CIEUUATUCTOB (IKCIEPTOB). B cOOTBETCTBUM C JaHHON METOIUKOMN
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oOpa3zen, UMEIOLIHI uAeanbHYI0 OCcaIKy Ha purype, oreHuBaercs 5 6amuiamu. B 3aBucumoctu

OT Ka4YeCTBa, 0asIbl MOr'yT OBITH CHIDKEHEI.

Tab6auna 2. OueHka kayecTBa KOHCTPYKIIMM MaKeTOB KEHCKOTO IJIaThs 110

metoauke MI'VT (dparmenr).

Table 2. Evaluation of the quality of designs of female dress models of the

MGUDT method (fragment).

EnunnanbIii
1oKa3areb

Wunexc dakropa
KauecTBa

MOCAJIKH
KOHCTPYKIUHU

EnvHnyHEI OKa3aTens MaKeTOB KOHCTPYKINH, OaJlIbl,
MI'YAT

OkcnepTsl, N

1 2 3 4 5 6 7 8

Koaddunment
BECOMOCTH, M;

s

OTtcyTcTBHE

HaKJIOHHBIX

CBOOOIHBIX

CKJIaZIOK Ha

CIIMHKE OT

MIPONUMBI WU

0aKOBBIX IIIBOB

X2 OTKIJIOHEHHE OT
BEPTUKAIN
OOKOBBIX IIIBOB

X3 T'opuzonTansHO
CTb TTOJIOXKEHHS
HH3a H3JETHs

X4 CBoOoxHbIE
CKJIQJIKU Ha
MOJIOYKE

X5 Hamnpsioxennsie
CKJIAZIKA Ha
MOJIOYKE

X6 OrtcyTcTBUE
TOPU30HTAIIBHEI
X CBOOO/IHBIX
CKJIQJIOK B
BEpXHEH U
cpenHei yactu
CIIMHKH

X7 OTtcyTcTBHE
W3JIUIIHETO
OTCTaBaHHS
BOPOTHHKA OT
IIeH C3aH U
cOOKy

X8 OTtcyTcTBHE
W3JUIITHETO
TIPUJIETaHUs
BOPOTHHKA
C3aM K I11ee

X9 OTBECHOCTh
TIOJIOKEHHS
pykasa

X10  Hamnpsxennsle
CKJIaJIKH Ha
CTIMHKE

Kommekce omnenka, Per

Io ¢popmyne (1)-

Io ¢popmyne (2)-

o
=
©
~
N~
N
N~
w
w
N
(6]
N

0,109 5 5 5 5 3 3 4 4

0,09 4 5 4 4 4 5 5 4

0,035 5 5 5 5 4 5 5 5

0,017 5 5 5 5 5 5 5 5

0,146 5 5 5 5 4 4 5 5

0,072 5 5 5 4 5 5 5 5

0,053 5 5 5 4 4 5 5 4

0,164 4 4 4 3 3 4 4 4

0,127 5 5 5 5 4 5 4 4

4,76 4,78 467 422 393 4,74 4,64 4,37
4,39 4,60 451 397 3,76 4,21 431 4,23
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Pacnpenenenne 0amioB mATHOAIILHON MIKAJIbl B 3aBUCUMOCTH OT CTEICHH MPOSBICHHUS
nedeKToB (UMCIOBOrO 3HAUEHHS) M0 YEThIPEM BEIYIIUM MOKa3aTessiM KauyecTBa MOCAIKU JIJIs
YKEHCKOT'O TIaThsl IPUBEICHO B Ta0nuue 2.

AHanu3 pe3yJbTaTOB SKCIEPTHOM OLIEHKM MAKETOB U IMPOMBIIIJIEHHBIX KOHCTPYKLUHN
JKEHCKOTO IUIaThsl IMO3BOJIWJI BBISIBUTH TO, YTO 3HAYUTEIBHOE YBEIMYEHUE PACTBOPA BEPXHEHN
BbITauku 1onodku B BK Ooipmux pa3smMepoB NPUBOAUT K YBEIWYCHHUIO YIJIa HaKIJIOHA
IJIEYEBOT0 CPE3a MOJIOUYKHU (K TOPU30HTANIN) U CYILIECTBEHHOMY YMEHBIIEHUIO JUIMHBI IPOUMBI.
[TosToMy ansi obecnieueHust CBOOOJIBI IBHKEHUN PYK HEOOXOJIMMO, BO-TIEPBBIX, PACIINPHUTH
npoiMy 3a cueT mepepacrpeneiaeHust oOmeil BeTHYnHbl MPUOaBKU K MOJIyo0XBaTy rpyAu
MEXJ1y OCHOBHBIMU Y4aCTKaMU KOHCTPYKIIUU, BO-BTOPBIX, YBEIMUUTh YaCTh 3TOW MPUOABKH K
HIMPUHE CIHMHKH. DKCIEPUMEHTAIbHO YCTAaHOBJIEHO, YTO JJIsi MPOEKTUPOBAHUS OOBEMHOMN
(OpMBI MTOJIOYKM C YIETOM BBICTYIIA )KHBOTA B U3JEIUAX OOJNBIIMX Pa3MEPOB IEIECO00Pa3HO
BBOJIUTh BBITAUKY Ha BBIMYKJIOCTb KUBOTA.

B nensx obecniedeHus HaJEKHOCTH M JOCTOBEPHOCTU PE3YJIHTATOB MPOBEIH OLIEHKY
CTaTUYECKOTO COOTBETCTBHSI MAKETOB MCCIIEAYEMBIX KOHCTPYKIMH TUIaThsl pazMepaM U Gpopme
¢urypsl TUOBOrO TenocnoxeHus. OlleHKa KauecTBa MAKETOB IUIAThs MPOBOJMIACH B JIBA
srana [9]: cHavama MO eIMHUYHBIM TIOKA3aTeIsiM KayecTBa, MOTOM IO KOMIUIEKCHBIM. B
KauecTBE €AMHUYHBIX IT0KAa3aTeNIe KauecTBa NCoIb30BaHbl [ 13]: X1 - OTCYyTCTBHE HAKIIOHHBIX
CBOOOJHBIX CKJIQJIOK Ha CIHMHKE OT NPOWMBI MIM OOKOBBIX LIBOB; X2 - OTKJIOHEHHE OT
BEPTHUKAIN OOKOBBIX LIBOB; X3 - TOPU30HTAIBHOCTH MOJIOKEHUS HU3a N3NNI, X4 - CBOOOHBIE
CKJIAAKM Ha IMoyo4yke; Xs - HANpsKCHHbIE CKIAJAKA Ha IOJI0YKe; X - OTCYTCTBHE
TOPU30HTAJIBHBIX CBOOOJIHBIX CKJIaJIOK B BEpXHEH U cpellHell 4acTH CHMHKH; X7 - OTCYTCTBUE
U3JIMIIHET0 OTCTaBaHUS BOPOTHHMKA OT €W C€3aAM M COOKY; Xg - OTCYTCTBHE H3JIMLIHETO
IIPUJIETaHUs BOPOTHHUKA C3a/I1 K 1Iee; X9 - OTBECHOCTD IOJIOKEHUS PyKaBa; X10 - HANPSKEHHbIE
CKJIaJIKM HA CIIMHKE.

KoMIuiekcHblli  TOKa3aTelb KadecTBa IOCAJKM MOJEIEM PacCUMTBIBAICS 10

cnenytomum dpopmynam [9]:

PCT=n1/P1P2....Pn, (1)

_ n m; n _
Per = [li=1 P, npu i=1m; =1, (2)
rae Pcr - KOMIUIEKCHAs OLGHKA Ka4ecTBa MOCAAKH MakeTa, Oamibl, Pi — OIEHKa i-ro
eIMHUYHOTO [IOKA3aTesls KadecTBa IMOCAaKH, Oaibl, N - YHCIO ToKasareieir; M —

KOB(I)(I)I/IL[I/ICHT BECOMOCTH I-TO IIoKa3aTeJis, paCCqI/ITaHHHﬁ MpONnopuruOHAJIbHBIM METOJOM.
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Ha pucynke 1 B Buae AuarpaMMbl OKa3aHbl pe3yJIbTaThl pacueTa CpeIHEro 3HaueHus
KOMIUIEKCHOTO TIOKa3aTeisi OLICHKM MAaKETOB HCCIEAYyEeMbIX KOHCTPYKIMI IUIaThs 110

Pa3IMYHbIM METOJMKAM.
4,5

HON e e e
S A A A

K2.1 K2.2 K21 K22 K2.1 K2.2
MI'YAT MioJuiiep U cbIH noToJI

1SN

w

N

BAJIJI OHEHKUA

=

Pncymce 1. CpaBHI/ITeJ'ILHaH AuarpaMma KOMIIJICKCHOM OLICHKH Ka4Y€CTBaA IIOCAaAKH
MAaKeTOB JKEHCKOT'0 IUIaThs MO 3HaYeHuio P CT.
Figure 1. Comparative diagram of a comprehensive assessment of the quality of fit
of women's dress models according to the PCT value.

3AK/IIOYEHHUE
Kak mokaszamu pacuersl, 3HaueHHs Pcr mo ¢opmyne (1) m (2) u cpaBHUTENbHAs
auarpaMMa  KOHCTPYKIIMM IUIaThEB 1O TPEM METOAMKAM MMEIOT BBICOKHH ypOBEHB
CTaTUCTHYECKOW coBMeCTUMOCTH (P, > 4 0anna), a mydiiee KauyecTBO MOCAIKU Ha (urype
uMena KOHCTpPYKIMs, mocTtpoeHHas 1o wmeroauke MIY/T. IloixydyenHsle 0a3oBble

KOHCTPYKI U HUCIIOJIb30BAaHbI B Ka4CCTBC napaMeTquecxoi/'I I/IH(l)OpMaI_[I/II/I JJIA

POCKTHPOBAHUS M3ACITHIA MTPH aBTOMAaTH3UPOBAHHOM IPOEKTUpoBaHUU u3aenuii B 2D u 3D

CAIIP.
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Annorauus. [lpu pa3paboTke M MOAECTMPOBAHUM HHIYKTOPOB €IWHCTBEHHBIMH NPAKTHYECKHMU
BapUaHTaMU SIBJISIOTCS IPOBOJIOYHBIC COCMHEHNS | IUIOCKUE TeoMeTpuieckue Gpopmbl. HecMoTps Ha
TO, YTO NPOBOJIOYHBIC COEIUMHEHHUS IO3BOJISIOT JOCTHYb BBICOKOIO KO3((UIMEHTa KadecTBa, HX
3HAYCHUS] WHIYKTHBHOCTH OTPAHWYEHBI M MOTYT OBITH JOBOJIBHO UYBCTBUTEIBHBI K KOJCOAHMSM.
[Tnockue crimpanbHble HHAYKTOPBI UMEIOT OTpaHUYeHHbIE 3HAYEHUSI, HO 00JIa1al0T WHIYKTHBHOCTHIO,
KOTOpasi XOPOILO ONpeesIeTCs B ITUPOKOM JHalla30He Bapualuii npouecca. PaccmoTpeHo npukiagHoe
npuMeHeHue nporpaMMbl Ansoft Maxwell mpu MogennpoBaHUM TOHKOTUIEHOYHOW MTEYaTHOW KaTYIIIKH
mis1 YKB  pagmonpueMHuKa ¢ TMEPCHEKTUBOM HCIONB30BaHMS Ha CTAllMOHAPHON HAy4YHO-
WCCIIEIOBATENBCKOM maTdopme, paclolioKeHHOW B MPUOpex)HON 30He UepHOTro MOpS B akBaTOpUU
Tl'omyGoro 3ammBa Ha paccrostaun ~ 450 m ot Oepera. PaGora B manmpHeimeM HampaBiieHa Ha
WCIIOJIb30BaHUE MPOTPaMMHOTO MPOIYKTA JUISl TOJHOTO IMKJIA MOAETHPOBAHMS MHUHUMHU3UPOBAHHOM
9JIEMEHTHOW 0a3bl MPHEMO-TIepeIaIoIIero 000PyI0BaHNSI.

KaroueBble cji0Ba: paglonprUeMHUK, yIbTPAaKOPOTKOBOJIHOBBIE BOJHBI, porpamma Ansoft Maxwell,
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Modeling a thin film printed inductance coil for a VHF radio
receiver
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Abstract. When designing and modeling inductors, the only practical options are wire connections and
flat geometric shapes, although, wire connections allow to achieve a high-quality factor, their inductance
values are limited and can be quite sensitive to variations, flat spiral inductors have limited values, but
have inductance, which is well defined in a wide range of process variations. The application of the
program Ansoft Maxwell in the simulation of a thin-film printed coil for VHF radio receiver in the
perspective of use on a stationary research platform located in the coastal zone of the Black Sea in the
Blue Bay at a distance of ~ 450 m from the shore. Work in the future is aimed at using the software
product for the full cycle of modeling the minimized element base of the receiving and transmitting
equipment.

Keywords: radio receiver, ultrashort waves, Ansoft Maxwell software, flat printed inductance coil,
integrated circuit.
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BBEJIEHUE

Bce paamodacTtoTHble Llenu UCHOIB3YIOT MHAYKTUBHOCTH (L) u emxocts (C) mud
PE30HAHCHBIX €MKOCTe TMpHu BbIOOpe uacToT. Kpome TOro, HMHIYKTMBHOCTb MOXET
UCIIOJIb30BaThCS B CXeMe JiereHepalii HCTOYHUKA JUIs 00ecriedyeHHs pe3UCTUBHOTO BXOIHOTO
UMIIEIaHCa B YCUIIUTENAX ¢ OOLIMM UCTOUHHUKOM, B KQUE€CTBE APOCCENS /ISl BBICOKHUX YacTOT U
T.4. C 7Apyrol CTOpOHBI, €MKOCTh YacTO HCHOJb3YyeTCs] B KayecTBE OJOKUPOBKH ITYTH
nocrossHHOTro Toka (DC), 11 yMeHbIIeHUs KojeOaHHi MCTOYHHUKA TUTAHUS U T.JI.

B Hacrosmee Bpems Bo3pacTallMii COPOC HAa HEJOpPOTME pPagUOYaCTOTHBIE
MHTETPAJIbHBIE CXEMBI BbI3BAJI OTPOMHBIN HHTEPEC K MACCUBHBIM KOMIIOHEHTAaM Ha KpUCTaJlJIe
[1-3]. Ceromns cymiecTByeT HECKOJIbKO BAapHAaHTOB HWHTETPAJBbHBIX pPE3UCTOPOB H
KOHJIEHCATOPOB U OOJIBIIMHCTBO U3 HUX JIETKO MOJEIUPYIOTCS. 3HAUUTENbHBIE YCUIIUS ObUIH

TAKKC HAIIPABJICHBI Ha pa3pa60TKy H MOACIUPOBAHUC HWHAYKTOPOB, CIAUHCTBCHHBIMU
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IIPAKTUYECKMMH BapUaHTAMHU KOTOPBIX SIBJISIFOTCSI NPOBOJIOYHBIE COCOUHEHUS M IUIOCKas
CIUpajbHas TeoMeTpus. XOTsd IPOBOJIOYHBIE COCIUHEHUS IO3BOJIAIOT JOCTUYb BBICOKOTO
K03 uLreHTa KayecTBa, NX 3HAUCHHUS] UHAYKTUBHOCTH OIPAaHUYECHBI U MOTYT OBITh JOBOJIEHO
qyBCTBHUTEJBHBI K KoJieOaHusiM. C Ipyroil CTOPOHBI, INIOCKHE CUPATbHBIE HHIYKTOPHI HMEIOT
OrpaHUYEHHBIEC 3HAYCHMS, HO 00JIaJal0T MHIYKTUBHOCTBIO, KOTOpasi XOPOILIO ONpeeNsIeTcs B
IIMPOKOM JMana3oHe Bapuanuii nmpouecca. Takum 00pa3oM, IIIOCKUE CIUPATIbHbIE HHAYKTOPBI
CTaJll Ba)XHBIMU 3JIEMEHTAMHU OJIOKOB KOMMYHHKAIIMOHHBIX CXEM, TaKUX KaK T'€HEpaTOpHI,
yHOpaBiseMble HANpPsHKCHUEM, MaJOUIyMSIINE YCHJIUTEIH, CMECHTENH U  (QUIBTPHI
IIPOMEXKYTOYHOM YaCTOTHI.

Peanuzanuss MHIYKTUBHOCTM B TEXHOJIOTMU HHTerpaibHbiXx cxeM (MC) o0br4HO
UCIIOJIB3YET TOT K€ IPHUHIMIL, YTO U B JUCKPETHBIX 3JIEMEHTaX CXEMBbI, T.C. UCIIOJIb30BAHUE
METAJUIMYECKUX IPOBOJOB B Ka4ECTBE BUTKOB B MHAYKTOpax. Ho B oTimumue OT CTPyKTyphl
cojeHonsa, BUTKM B MIC He MOryT OBITh YJIOXKEHBI Ipyr Ha Jpyra npsmMojuHeiHo. Bmecto
3TOr0 OHHU PAcCIONararTCs B BUJAE INIOCKMX CIUpPAJIEH, B KOTOPBIX MarHUTHAs CBSI3b MEXIY
BUTKaMU HE Takas CWIbHAas, KakK B YJOXKEHHBIX HpoBojax. Kpome Toro, crnupanabHbie
MHIYKTOPbl Ha KPUCTAUIE CTPOSATCS HAa KPEMHUEBOM IOMIOXKKE € rnorepsamu. Bcee 3t
WU3MEHEHUs CTPYKTYPBI U BIIMSHUAE OKPY>KAIOILEH Cpebl 1EIat0T MOACIUPOBAHNE CIIMPATIbHBIX
MHAYKTOPOB COBEPLICHHO OTIMWYHBIM OT MOJEIMPOBAHMS KIACCUYECKUX HHIYKTOPOB.

MopennpoBaHre KOHACHCATOPOB HA KPUCTAIIIE OTHOCUTENIBHO MPOCTO IO CPABHEHUIO
C MOJEIMpoBaHMEM HHAYKTOpoB. HO ecTh M HEKoTOpble 0COObIE BOIPOCHI, Tpedyrolue
BHUMaHUA. Hanpumep, napasuTHas eMKOCTb MEX/1y IUIAaCTHHOMH (IJIacTHHAMMU) KOHJIEHCaTopa

H 3eMJIEN TOIJI0KKH.
MATEPUAJIBI U METO/IbI

B nauane paboTh! oripeieTumMcs o CXeMON paguoNpUEMHIKA, KOTOPBIM B IEPCIEKTUBE
OyZeT  yCTaHOBJIEH Ha  CTallMOHApHOW  HAy4YHO-HCCIENOBATEIbCKOHW  ILIaTdopMme,
pacroyio’)keHHOM B mpHOpekHOH 30He YepHoro Mops B akBaTopuu ['omyOoro 3anuBa Ha
paccrosHuu ~ 450 M ot Gepera. [lockonabKy paauoBelaHnEe B JMANA30HE YJIbTPAKOPOTKUX
BosiH (YKB) Ha ceroaHsHuM J1€Hb BBINOJHAETCS HCKIIOYUTEIHHO C MOMOUIBI0 YaCTOTHO-
MonynupoBaHHbIX (UM) curnanos, mpeoOpa3oBaTh €ro B 3BYKOBYIO 4YacTOTY C IOMOIIbIO
IPSIMOTO YCUJIEHUS «IIPAKTUYECKI» HEBO3MOXKHO.

Tproku ¢ IPOCTBIMU JIETEKTOPAMU aMIUIUTYIHO-MOJIYJIUpOoBaHHOTO (AM) curnana B

npupone UM He pabotator. TpaguIMOHHBIE CXEMBI TPSIMOTO ITPE0Opa30BaHUs HA CMECUTEIIAX,
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COBMEILIEHHBIE C TeTEePOAMHOM, OTOIUIM Ha BTOPOH IUIaH, YCTYNUB CXeMaM TeTepoiuHa C
Pa3IMYHBIMU LETISIMUA CTAOMIIN3alUU U KOMIICHCALIUH.

Jlis  ompeneneHuss HEOOXOIMMOCTH wHcmonb3oBanus B YKB UM  mnpuemnHmKax
oThensHOro rerepoavHa kommnanus Philips mpoBomwia wucnbITaHus, TE TpeACTaBiIeHA
3aBUCHUMOCTh yXOJia YacTOThl Te€TepOJMHA OT H3MEHEHHS YpPOBHS BXOJHOTO CHUTHAja,
noctymnaromiero B (hazoBo-moayaupyemsiii (FM) Tpakr [2-6].

B CCCP ucnonb3oBajiach CUCTEMa C TaK Ha3blBAEMbIM IOJISPHO MOJAYJIHPOBAHHBIM
(IIM) curnanom. Dta cuctema u3BectHa eme kak ctanaapt OIRT (Organization Internationally
de Radio diffusion et de Television — Opranusaius paauo u TeieBuacHus). biaromgaps 6omee
HU3KOHM YacTtoTe noaHecyuel paznoctHoro curtana 31,25 k', cucrema YKB OIRT umeer
0oJtee y3KHii CTIEKTP KOMITJIEKCHOTO CTEPEOCUTHANA, YTO TEOPETHYECKH TTO3BOJISIET Pa3MECTUTh
B YKB-nuamnazone Oosbliiee YMCIO CTaHOMM M YJIYyYIIUTh MCIOJIb30BAaHHE MOIIHOCTH
nepenaTuvka. B JaHHOM cTaHAapTe ayIMo CHUTHAI MOIYJIUPYET MOJHECYIIYIO YaCTOTy TaKUM
00pa3om, 4To B cllydae Mepeayu CTepeoCUurnana orudaromnias mojioKUTeIbHbIX MOTyTepHuOI0B
MOJYJIMPOBaHa CHUTHAJIOM JIEBOIO CTEpEOKaHaja, a OTpUUATENbHBIX — mpaBoro. B FM
NPUEMHHUKE CYNEpPreTepoJuHHOIO THUIA C OJHOKPATHBIM MpeoOpa3oBaHHEM YaCTOTHI,
MPEJICTaBICHHOM Ha PHUCYHKE 1, IpHU TpaHCISAIUH CTEpPeoOHHUECKUX IMPOrpaMM Mocie

JaCTOTHOT'O ACTCKTOpPA CUTHAJI IIOCTYIIACT Ha CTCPCOACKOACD.

Cmecumens  Punvmp MY

Al Yacmomusus
Ll ]
@—D % 1 Benrexmop

I | YHY-{
el | L
r ka7 2

Pucynok 1. ®ynknuonansHas cxema FM npueMHuKa cynepreTepoMHHOTO TUIa ¢

OIHOKpPATHBIM Hp606pa30BaHI/IeM HYaCTOTBI.
Figure 1. Functional diagram of FM superheterodyne receiver with single frequency
conversion.
B cBa3u ¢ KOM6I/IHaL[I/IOHHBIMI/I ImoMEexaMm, CBJA3aHHBIMH C HEJIMHEWHOCTHIO
BBICOKOYAaCTOTHOI'O TPAKTA U PAAOM COIIYTCTBYIOMIUX HpOGJ‘ICM, B MUPEC IHUPOKOC MPUMCHCHHC

MOJTY4YaroT CHeIUAN3UPOBAHHBIC HHTETPAIbHBIE MUKpOCXeMbl [4, 7-10].
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PE3YJIbTATBI

JlJis mpoM3BOJCTBA PACUYE€TOB M MOJEIMPOBAHUS TOHKOIJIEHOYHOTO KOJe0aTeIbHOIO
KOHTypa ObLIa B3siTa MHTEPECHAs, HO JOBOJILHO MPOTUBOPEUMBAS CXeMa Ha 5 TpaH3HCTOpax
(pucynok 2). [Tpuemnsriii Tpakt YKB-UM nuanasona codpaH Bcero Ha AByX Tpanzuctopax VT1
n VT2 no npocroii cxeme yacrotHoro nerekropa ¢ ®AIIY. Ha tpansucrope VT2 noctpoeH
Tak Ha3biBaeMbIil reneparop Konnuua. Kontyp, cocrosimuii u3 katymku L1, konnencatopa Cl
U BHYTpPEHHEH eMKocTH TpaH3uctopa VT1, HacTpauBaeTcs Ha 4YacTOTy IPUHMMAEMOM
panuoctanuuyu. OpraHoM HACTPOWKHM NMPUEMHMKA CIYXHUT MOACTpoeuHbli koHneHcaTop Cl.
[TpuemHuk oO0JjanaeT HEBHICOKON YYyBCTBUTEIBHOCTHIO M CENEKTUBHOCTHIO, AJI IpHeMa
HECKOJIbKMX PpAJUOCTAHIIMM OH HE NPUroAeH. boiiee TOro, TOHKOIJICHOYHBIE IE€YaTHBIC
KOHTYpPBI 00JIaal0T HEBBICOKOW JHOOPOTHOCTBHIO, YTO TOXKE CKAKETCS Ha KadecTBE MpHEMa

curHana [5].

Pucynoxk 2. Ilpunnunuanshas cxema YKB paguonpuemMHuka Ha msiTi TpaH3UCTOPAX,
YaCTOTHBIN AETEKTOp C (pa30BO aBTOMOACTPOIKON YaCTOTHI.
Figure 2. Schematic diagram of VHF radio receiver on five transistors, frequency detector
with phase locked-in frequency.

Paborta naHHO# cxembl, BeCbMa COMHHUTEbHA, TOCKOJBKY B HEH OTCYTCTBYIOT Kakue-
a100 CXEeMOTEXHUYECKHE PELIeHUs 0 CTa0MIn3aK 4acToThl. O1HAKO, €CIU JI0 CUX TOp ellle
paboTaroT CXEMBbI IETEKTOPHBIX PAJMONPUEMHHUKOB Ha JUIMHHOBOJIHOBYIO U CPEJTHIOIO YaCTOTY
C MCIIOJIb30BaHMEM T'€pPMaHUEBOrO AMO/A B KauecTBe AM-1eTeKTopa, TO KU3HECIIOCOOHOCTh
JJAaHHOM CXEMBbl TOXK€ BIIOJHE pealbHa, HO NPU YCIOBUM MpUEMA CaMOW MOIIHOMN
PaaMOCTaHIINH.

ToHKOIUIEHOYHBIE —TI€YaTHBIE KAaTymIKM HMHAYKTHBHOCTH [11] B ocHOBHOM

HUCIOJIB3YIOTCA JIsI YMCHBIICHUA Ta6apI/ITOB yCTpOﬁCTB, pa60Ta101111/1x B JHalia3oHax
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METPOBBIX U IEHUMETPOBBIX BOJIH. DopMa HCTIOTHEHUSI MOXKET OBITh CIUPAJIBIO (KaK KPYTJIOi,

TaK M KBaJI[paTHOM ), a Takxke B (hopme MeaHapa (PUCYHOK 3).

D D s
d g d
s
W
a B

o

Pucynoxk 3. Ilnockue KaTylnIKy MHAYKTUBHOCTH: a — KpYTJI0i (popMbl; O — KBaapaTHOU
(dhopmbr; B — B hopme MeaHp.
Figure 3. Flat inductor coils: a - circular shape; b - square shape; ¢ - meander shape.
[Inockue mewaTHble KAaTyIIKH C KPYIVIOM ©  KBajapatHOW (oOpMoil BHTKOB

PACCUUTHIBAIOTCS TI0 OOIIECH SMIUPUIECKO hopMmyIie:
2 C2
L = 0.51gN?Dgyy C; (In (J) + Ca0 + Co00) (1)

rae - L- unnyktuBHoCTh (MKI'H); pn0 = 4m-10-7 - MarHuTHas MOCTOsIHHAS; N - YHCIIO BUTKOB;

D . D —Dbtd .

avg - cpexHui nuameTp KarTymkd (MKM) Dgyg = —» D - Hapy)HBIH 1uameTp Crupaiu
. D-d

(MKkM); d - BHYTpEeHHUI AMaMeTp coupaiu (MKM); ¢ - KO3(p(GULIUEHT 3aloJIHEHUs @ = i

Cl...C4 — nocrosHHbIE KO3(puuMEeHTh (A7 IUIocKoW KBaapaTHOM kaTymku: C1=1,27;
C2=2,07; C3=0,18; C4=0,13.

[TorpemHocTs pacuera MHAYKTUBHOCTH 1o (opmyne (1) He mpeBbimiaer 8%, eciu
IPOMEXYTOK MEXIYy IO0JIOCKaMU He Ooyiee JBOMHOW IIMPHHBI TOJOCKH. Bematomiyro
pazMOCTaHIIMIO HCTIoNb3yeM ¢ yacTtotor 100 MI'w.

[TonyyaeM pacu€THyIO0 reOMETpHIO KoJebaTeabHOro KOHTYypa ¢ KBaJapaTHOW (popmoit
BUTKOB: L (uHayktuBHOCTH) - 211 HI'H; D (HapyxHblil quamerp) - 25 mm; d (BHyTpeHHUI
muametp) - 10 mm; N (uucno ButkoB) - 3.01; s (mar HaMmoTKH) - 2.492 MM.

MopaenupoBaHue KOHTypa IpoBoUTCs B porpamme Ansoft Maxwell [12-14] (pucyHok
4).
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0 10 20 (mm)

Pucynox 4. MogeJb JI0CKOM KBapaTHOM KaTYIIKH MHAYKTUBHOCTH B mporpamme Ansoft
Maxwvell.
Figure 4. Model of a flat square inductor coil in Ansoft Maxwell.
Marepuall MOMIOKKH — CTEKIOTEKCTOIUT (IU3IEKTpHUYECKas MPOHUIIaeMOoCTh — 4.4),
MaTepuai T10pOoXKeK — Meb.

Paccuntannoe 3nauenue B nporpamme 213 Hl'H (pucyHok 5).

Matrix1.L{term1 term1) [mH]

pitch [mm] Setup1 : LastAdaptive

1 2.4000 0.000213

Pucynox 5. [IporpaMmmHbIe pacyeTsl.

Figure 5. Software calculations.
3AK/IIOYEHUE

I[Ippy  MonmenupoBaHMM  TOHKOIUIEHOYHOM  medyarHoW  karymku a1 YKB
paaMoNpMeMHHMKa C HUCIoJIb30BaHWEM mporpamMmbl Ansoft Maxwell momyuden pesyibTart,
OJU3KUI K PaCUETHOMY.

OnHnako paccuutaTh B nporpamme Ansoft Maxwell mapameTps! B AMHaMUKE HE y1a710Ch

U3-3a OIKOKH, pelIeHe KOTOPOH HAUTH TUIAaHUPYETCS B AalIbHEHIINX paboTax.
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Abstract. Shadow detection is a fundamental challenge in the field of computer vision. It requires the
network to understand the global semantics and local details of the image. All existing methods depend
on the aggregation of the features of a multi-stage pre-trained convolution neural network, but in
comparison to high-level capabilities, low-level capabilities provide less detection performance. Using
low-level features not only increases the complexity of the network but also reduces its time efficiency.
In this article, we propose a new shadow detector that only uses high-level features and explores the
complementary information between adjacent feature layers. Experiments show that the technique in
this paper can accurately detect shadows and perform well compared with the most advanced methods.
The detailed experiments performed on three public shadow detection datasets, SUB, UCF, and ISTD,
we demonstrate that the suggested method is efficient for detecting any sort of shadow image, which
provides the maximum percentage of accuracy and stability.

Keywords: partial decoder module, adjacent feature, shadow detection.
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INTRODUCTION

A shadow is an unseen entity that blocks light from a point of light. Behind a light

source, it fills the entire 3-dimensional space. Hand-crafted and deep convolution neural
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networks (CNNSs) have recently been used to achieve considerably better results than the prior
state-of-the-art for additional durable characteristics than shadow detection [1]. The image with
prior and crafted features does not make high-level semanticity successful. Initial shadow
detection approaches are mainly models focused predominantly on invariant hypotheses
regarding color chromatics or illumination and use artisanship features such as illumination
points [2] and others. The assumption model only works well with high-quality as well as well-
restrained images. For that reason, shadow regions are identified in consumer photos when
consumer photos perform so poorly on complex photos, for that reason, shadow regions are
identified in consumer photos. Later, data-driven strategies design certain manual features on
annotated data and transmit them into various classifications [3]. Although these strategies
achieve improvements in accuracy, they are usually degraded in complex cases in which
handcrafted features do not discriminate sufficiently for shadow regions to be found. Various
hand-crafted features were used to generate user image suggestions. The initial reviews focused
on edge and pixel specifics. For example, Guo et al. [4] measured illuminating features for
segmented areas and then assembled a graphic classifier using details from each area and
relationships in pairs. And classify them based on indications of texture, gradient, and intensity.
Instead of looking at individual pixel-level signals, the researchers looked at region-level
signals. Vicente et al. [5] Highly qualified shadow and shadow field classificatory and Markov
Random Field (MRF) were used to improve. performance in a parallel context. Many of the
methods mentioned above are hand-crafted, making them ineffective in complex scenes.
However, picture priors and hand-built features for the removal of high-level semantics are not
successful.

More recently, approaches based on deep convolutional neural networks have shown
promising results in a variety of visual regions, yielding an accurate map with a high
computational cost. For shadow images, CNN can pick up on global spatial settings [6]. Learn
more about spatial context and how to increase the efficiency of shadow detection, the analysis
and integration of different contexts on multiple scales into the global context on objects and
conditions of illumination in the image, and local contexts on data in the shadow type. This
leads us to explore shadowy contexts across multiple layers of CNNs, which require shallow
sections to reveal local contexts and deep layers. Due to the clear potential for the generalization
of deep CNN models, not only image-level grading tasks, but pixel-level grading tasks have
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been developed and used [7]. In terms of function, the encoder-decoder models are based on
fully convolution networks (FCNs) like semantic images, and edge detection SOD (Salient
Object Detection) have greatly improved their performance on pixels [8]. The trend towards
mainstream SOD methods, particularly in the past few years, indicates that most work is done
inside the decoder scheme. The encoder is a multilevel, deeply-trained image classification
model (i.e., ResNeXt-101) [9] Semantic information is used in low-resolution high-level
characteristics, while low-level encoding represents spatial precise awareness. Using the
combined detection of shadows, we evaluated shadow edge data and built a multi-task CNN
for shadow detection, shadow edges of a single image, and other unlabeled datasets. These
functions are built into the decoder to create an accurate performance chart. Various decoders
[10] have been developed by researchers to combine low and high-level characteristics.

In a deep aggregation approach connected with high-level functioning, low-level
attributes play a lesser role in success. When aggregating characteristics from high to low levels,
performance appears to be readily saturated. Low-level resolution features that integrate these
features with high-level device output improvements. When CNN becomes deep, the
functionalities turn from low to high-level. Deep mapping models can only recover details on
the spatial map by combining the deeper layer's features [11]. The effect of this mechanism,
however, is dependent on map accuracy. Because deeper layer fusion characteristics create a
fairly right shadow chart, this map may be used for the direct refinement of characteristics.

The methods above all rely on integrating multi-scale pre-trained neural network
functionality, although we find that the advanced characteristics are more important for the
effectiveness of shadow detection. To improve the performance and efficiency of shadow
identification, we propose a modern, lightweight end-to-end network for shadows that only
leverages profound and specialized features. Then, additional information is collected from
adjacent layer functions to enhance the efficiency of shadow detection. More specifically, the
following are the primary contributions to this paper:

e First, a new, lightweight end-to-end network for shadow detection has been developed,
which accepts shadow RGB images as input and produces shadow RGB images as
output. maps that detect shadows. It includes a cascaded partial decoder that only uses
deep advanced features to enhance time efficiency. It obtains complementary

information from adjacent layer features to boost shadow detection performance.
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e The results of the experiments on three public data sets suggest that the technique used

in this paper is more reliable and efficient.
RELATED WORK

Researchers have developed comprehensive shadow detection algorithms over the last
two decades. Early studies investigated a physical model using the variant of illumination as
well as invariant assumptions, texture, and strange derivative characteristics to differentiate
shadows from a single monochromatic image. For more specific shadow measurements in
monochromatic photos by using shadow variance and invariant indicators in a learning-based
way that is data-driven [12]. Other models of color information assumptions will only operate
well on high quality and accuracy when performing poorly on complex user images. In this
case, to meet the demands of multitask learning, we will create a new large-scale dataset that
includes picture shadow triplets such as shadow, shadow mask, and shadow-free images. ST-
CGAN outperforms various state-of-the-art techniques in terms of both detection and
extraction. The sScGAN [6] generator must be trained to incorporate the shadow mask into the
input scene image to generate an output image that is conditioned on an input image. For global
structure and context, the generator of ScCGAN features a full view of the whole image and
doesn't line an area region classifier. To learn more about the spatial environment and to
increase the efficiency of shadow detection [13]. Guo et al. measured illuminating features for
segmented sections, then build a graphic classifier using data from each region and relationships
between pairs of regions that are likely to be made of the same material, and decide whether or
not they have identical lighting circumstances. The existence of an encoding area and the
limited range of edge capabilities indicates whether the same or different luminescence in the
two regions Vicente et al. [14] region categorizer will be identical to each region's shadow
probability, which is supported by contextual indications between the neighboring regions.

The relational indications are inserted into the context as feature classifications of the
shadow and shadow region using the MRF model to improve performance by using the parallel
meaning of the region. Here we speak mostly about deep learning frameworks for detecting
shadows: Inspirational CNN approaches were created for shadow detection to obtain deep
shadow inference functions from tagged information sets, and they were motivated by the

remarkable development of deep learning in many computer vision problems. Deep learning's
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effectiveness in computer vision problems has recently increased the popularity of shadow
detection approaches [1]. Researchers first considered CNN's mainly as a strong feature
extractor and drastically improved its performance with strong, deep characteristics. Khan et
al. [15] developed a method to classify picture pixels as shadows or non-shadows through the
creation of a 7-layer CNN that extracts deep features from pixels in the image and feeds them
into the conditional random field (CRF) model to smooth shadow detection effects. Authors in
[16] Shen et al. Shadow edges were retrieved using structured CNNs, and so shadow restoration
was handled as an optimization debate. The occurrence of complete convolution networks
(FCN) later proposed end-to-end CNN models [17]. As an example, Vicente et al. [18] had
previously studied a shadow-level image and used a shadow mask-based patch to coach CNNs.
Then, using a conditional generator for the input picture, a shadow detector called scGAN
forecasts a shadow mapping. A quick, deep shadow detection grid uses the preceding map's
shadows to anticipate the shadow patch masks, then includes the results of non-linear and non-
patched dispatches for the overall shadow map prediction. Nowadays, researchers have shown
that combining multi-level features increases performance on dense time series forecasting
[19]. High-level aspects of CNN include contextual and low-level knowledge. Spatial
information is useful in improving object boundaries. This method is used in the course of
several works, specifically fragments of the relevant subjects. Integrate multi-level function
maps in numerous resolutions at identical times with semantic information and spatial data [20].
Then predict and fuse the shadow map at every resolution to make the ultimate shadow map.
[21] retrieves multi-level context-aware features and uses a two-fold gated framework to
transport messages between them.

Introduced their shadow-aware distraction module (DS) in each shadow sheet and fuse
distraction functions. As the shadow bar grows, the creation of their detection networks requires
a tremendous amount of information, and annotations at the pixel level almost have a downside
to existing methodologies. Deep models of state-of-the-art shadow detection have primarily
emphasized the degree to which global contexts are extracted. But here we introduce the utility
of shadow detection’s deeply advanced functionality. We propose a replacement, lightweight,
end-to-end shade network that uses only proven and advanced functionality to boost shadow
detection performance and effectiveness. Then additional information will come from the

adjacent functions for shadow detection.
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PROPOSED METHOD

We suggest in this paper, an additional exploration of deep aggregation for a unique

partial decoder framework.

Overview of the proposed framework’s architecture

Our proposed method consists of two parts: the Adjacent Layers Shadow Feature
Extraction Module (ALSFEM) and the Shadow Feature Redress Module (SFRM). Figure 1(a)
shows the overall architecture: The feature extraction model discards the first three low-level
features and then divides them into the attention branch and detection branch, which contain
the fourth and fifth layers with the same structure, and are connected to the partial decoder
module at the end. Figure 1(b) The current process of the shadow detection system leverages
adjacent layer shadow characteristics to fully utilize both the two levels of the global and local
contexts. Our network accepts one picture as an input and produces shadow detection as an
output. First, it employs CNN to extract features of varying resolutions. The input picture is
supplied into the backhaul at various sizes to encourage backbone capabilities. The layer of
final convolution of output for each field is used for backbone features in the network. Each
field takes an image, which is then passed to the E3, E4, and E5 features by the Partial Decoder
Module (PDM) [16], which only integrates features from a deeper layer. After initializing the
shadow map, we'll go through the proposed holistic attention map(HAM) and then an improved
HAM to refine the feature E3. The attention map efficiently eliminates the distractor in the
feature and multiplies each feature to come up with an attention map. The shallow layer feature
module identifies the deep aggregation layer feature module and accumulates shadow
contextual information for the entire image, rather than just one shadow-specific detail inside
the local area. Then, utilizing two neighboring feature modules as input for a concentrating
module and an SFEM for context feature modification, we construct SFEM to gradually
improve the features of each CNN layer. We incorporate SFEM with SFRM, which is then up-
sampled using bilinear interpolation, thick relations with dense connectivity were concatenated
from top to bottom and routed to a convolutional 1x 1 layer to fusion. Finally, we forecast the
scoring module based on the features and combine those two scores in a sustained attention
layer as well as a sigmoid activation function to obtain the final shadow detection result using

the soft binary shadow map.
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Figure 1. (a) lllustrates the network model architecture proposed in this paper, RGB
image as the new input, and output shadow detection results. (b) is the structure of the PDM

module, which aggregates deep features.
Partial Decoder Module (PDM)

Figure 1(b) shows that the Partial decoder module uses an improved Receptive Field
Block (RFB) module, adds a branch to extend the receptive field, and uses 1x1 convolution to
cut back on the quantity of calculation. Create an efficient context unit motivated by RFB. We
have added three expanded receptive fields to the first RFB, and our context module has three
branches {b,,, m = 1,2,3}. For acceleration, we utilize a 1x1 convolutional layer to reduce the
channel number to 32 in each branch. For {b,,, m > 1} we add two layers: (2m — 1) x (2m —
1) Convolutional layer (2m - 1) and 3x3 layers of conversion (2m-1) dilation. We configure
the outcomes of such divisions and use an extra 1x1 fully connected layer to minimize the
channel to 32. The original RFB was then given a brief connection. In fact, given the split
backbone network characteristics {f,°,i € [1,...,L],c € [a,d]} we derive discriminatory
features from the context module. Then, to close the gap between multi-level features, employ

multiplication operations.
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Figure 2. The structure diagram of ALSFEM and SFRM.

We specifically set (f;£2 = f£1) for the best feature (i = L). For features {f*,i < L}

with all deeper layer characteristics {f;°*}:

Sf% = £ O [Mheis Conv (Up(FED) )i € [L, ., L1] (1)

where Up (+) is a factor 2~/ upsampling feature while Conv can be a 3x3 convolutional layer.
Finally, we use an up-sampling approach for integrating multi-level functions. We built

a provisional converter and used the convolutional layer 3x3 due to the optimized layer (1=3,
L=5) to get a feature map of [g%] size and 64 channels. Get the extracted feature map and

scale it to [H, W] using 3x3 layers and 1x1 classification algorithms. In addition, when the
aggregation of those works are want to integrate the functions of every branch the proposed
framework may want to improve the prevailing deep aggregation model. Whether or not the
mathematical formulation of the core network is increased and a decoder is introduced, the
computational complexity of the backbone network is still greatly decreased due to the
discarding of low-level operations inside the decoder. Furthermore, the proposed framework's
cascading optimization technique enhances performance, and studies demonstrate that these
two branches outperform the original model.
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Adjacent layer shadow feature extraction module

First, we will explain how the ALSFEM works in the following parts. Figure 2(a)
Refines the feature module in the adjacent layer. An adjacent layer is used as an input because
the global information of the deep layer is richer than that of the shallow layer. So, the deep
layer is used to refine the shallow layer. For instance, in Figure 1(b), E5 has richer global
information than E4. We use E5 to refine E4 and supplement E4 as global information. The
partial decoder module of the attention branch is multiplied by the corresponding elements of
the third layer and then input to the detection branch, which is understood by individuals as a
similar attention mechanism. For the sake of simplicity, the two branches of the model use the
same partial decoder module structure. The difference is that the deeper receptive field is larger,
so its global information should be more abundant. Taking them as input, we can obtain the
redundant information caused by the dereferencing of the receptive field and use the redundant
information to correct the features of the shallow layer. Such collar layer aggregation can better
refine the shallow layer features. The two branches are jointly trained, the loss function adopts
cross-entropy loss, and the total loss is the sum of the loss function output by the two branches
of the partial decoder module. A unified architecture of the full decoder can be represented by:
We built our architecture based on ResNeXt-101. It is highly renowned for producing almost
state-of-the-art results in picture classification and strong generalization characteristics, as well
as being the most often used backbone network in deep shadow detection models. We can

abstract characteristics at three levels from the input image of size HxW, which is indicated as,

H w
2i=17 9i-1

{E; i = 1,...,5} with output features map size: [ ] The decoder suggested above work

as named complete decoders, incorporating all the functionality of the shadow map in Collar
layer. Since the features of the shallow layers make a less effective contribution D; =
9g(E1, Ey, E5, Ey, E5), where g(+) refers to an aggregation of a multi-level feature. We create a
partial decoder that incorporates only the deeper layers. We designed a split communication
infrastructure to increase features by utilizing the produced shadow map. As an optimization
layer, we set Conv 3%3 and created two branches on the last two convolutional blocks.

For the additional branches, we created a Partial Digital Converter Module to
incorporate three-level characteristics specified at Ef = E;, i = 3,4,5. As a result, the partial

decoder is denoted by D, = g,(E$, EZ, ES) and creates a preliminary shadow map S;.
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Following completion of the planned Holistic Focus Module (HAM). Since the characteristics
of the top three layers incorporate a reasonably reliable shadow diagram. Attention maps to
features S, of distraction maps, which Es essentially removes. Then we have a E¢ refined
detection function for the branch by multiplying the elemental characteristics and the concerned
map: E$ = E; X S),. Therefore, the two-tier detection branch characteristics are defined as
E4,EZ. By constructing another partial decoder Dy = gq4(E$, E{, EZ) The suggested model
generates the ultimate shadow detection chart, Sq for the detection division. To make it clear,
we set g, = gq4. We train the two divisions along with the simple facts. There are no general
qualifications for both divisions. Due to S;, Sq and the associated mark i, complete total Liotal.

The formulation is as follows:
Liota1 = Lee(Siy116;) + Lo (Sq, 116;) 2
Shadow feature redress module (SFRM)

SFRM uses the output of SFEM Figure.2(b) and CNN's take features (E3, E4, E5) as
input. Because the global semantic information of features refined by SFEM is richer than E3,
E4, and E5 they're aggregated to get redundant information (area for detecting errors). To
correct redundant information, use E3, E4, and E5. SFRM takes the adjacent features as input
and outputs the corrected shadow features. First, it adds the collar layer feature and fed into a
Conv-block and so gets the mask through the attention module. The mask image presentation
is obtained by subtraction as an input layer to urge the context information and add this
redundant information from the input layer to get the corrected shadow feature. SFRM is useful
in discriminating between SFEM output and real shadows. This can be thanks to making the

network less prone to getting accurate and fast shadows from any shadow images.
ANALYSIS AND EXPERIMENTAL RESULTS

In this section, we first present data sets and assessment parameters for shadow detection
before comparing the proposed technique to existing shadow detectors and related works such

as shadow deletion, detection, and classification techniques.
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The dataset contains metrics for evaluation
Training conditions

We generate constants of a basic deep neural network by ResNeXt-101, It's quite good
for ImageNet's photo categorization task, to speed up the training process and reduce the risk
of overfitting, as some other function is given to discrete values. The entire network is
optimized for 10000 iterations and an 8-batch size using the Stochastic gradient descent (SGD)
optimizer with a momentum of 0.9 and weight decay of 5x10™*. We start with a learning rate of
5x10° and lower it using a 0.9-strength polynomial approach. To train our network on a
separate GTX 1080Ti, we scaled all labeled and unlabeled pictures to 320%320 and enrich the
base classifier with random diagonal flips.

Datasets

To assess our technique, we utilize three available datasets: ISTD [22], SBU [23], and
UCF [11]. The ISTD dataset includes 70 triples of shadow pictures, shadow-free pictures, and
shadow maps of which 540 are tested. We have their shadow maps and photographs to estimate
shadow detection for all of the evaluation metrics including pixel-by-pixel comments. SBU
dataset including 4089 training and 638 assessing photos. The UCF dataset comprises 245
pictures, 110 of which were evaluated. ISTD only has pictures with shadows, but SBU and UCF
have both self-shadowed and pictures with shadows in different situations. To demonstrate our
model's generalization potential, we trained on the SBU and UCF datasets and tested both. We
reorient the algorithm on the training sample for ISTD and then analyze the implementation of

this testing data.
Metrics for evaluation

To quantify the performance of shadow detection, we use a balanced error rate (BER):
BER=100*<1—3*(M+M>> @3)

2 Ny Np
where Np, N, Nip, and N, represent the recognition accuracy, and shadow, non-shadow, and

true negative pixels in the shadow picture, separately. A better shadow accuracy rate is indicated
by a lower BER rating.
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Method of evaluation for shadow detection

We evaluate our technique with ideal shadow detection methods such as DSDNet [25],
DC-DSPF, BDRAR [24], AD-Net [20], DSC [25], ST-CGAN, patched CNN [26], scGAN, and
stack-CNN, that use deep learning, and Unary-Pairwise that use hand-crafted features. For a

reasonable assessment, we used the author's published outcomes from the publication.
Visual contrast

As shown in the Figure, we use the shadow detection map created by our approach and
the most recent method for offering to individuals (Figure).

The figure illustrates this. (3) that our approach can be successful, we give some visual
data to qualitatively compare our methods to available methods, as shown in Figure 3. We can
see from the top three rows that our technique is more capable of discriminating between actual
shadows and non-shadows in terms of shadow appearance than alternative ways. In the last
row, for example, our method can accurately detect the shadow areas, while other dominant
methods (i.e. DSDNet, for example) appear to mist rack the shadows from barrel-shape
cylinders inside the top of the corner. Dark work-like shadows were detected inappropriately
in the second row, current ways (e.g. BDRAR). The last two rows display several challenging
cases of shadow-detection, anywhere real shadows test like a background visually (potential
false negatives). We'll be able to see that our strategy will clear the cases with continued
progress, while alternate approaches neglect actual shadow areas. For instance, in the fourth
row, all current ways except our methods, the black part at the bottom of the stairs sections as
non-shadow (false negative) under the shadow regions, whereas DSDNet, BDRAR, and DSC
will struggle to see the non-shadow region between two legs. Our method predicts them
accurately in terms of distinction. Finally, as seen in Figure. (3), we would like to discuss the
predictions of FP and FN made in our PD module. These findings will shed light on the
integration of distraction linguistics, into certain challenging situations and will enable the
identification of shadows. For example, our FP predictor estimates that the black part at the
bottom of the stairs is a false positive in the prime row, which helps to ensure that the shadow

area is correctly discriminated against by our model. In the second section, our FN predictor
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works with a high visual resemblance to the adjacent building in the shadow zone. It will make
our model simpler to fix possible ambiguities in the shadow area at intervals.

Figure 3. Compares our methods to available methods.
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Table 1. Our strategy is realistic, especially in comparison to other methods.

Dataset ISTD UCF SBU

Method BER Shadow Non- BER Shadow Non- BER Shadow Non-
Shadow Shadow Shadow

PSPNet 4.26 451 4.02 11.75 0.00 0.00 8.57 0.00 0.00

AADEF 0.00 0.00 0.00 0.00 0.00 0.00 377 424 3.33

-Net

GateNet 0.00 0.00 0.00 0.00 0.00 0.00 3.73 3.37 4.10

EGNET 185 1.75 1.95 9.20 11.28 7.12 449 523 2.50

SRM 792 13.97 1.86 1251 21.41 3.60 6.51 10.52 2.50

Amulet 0.00 0.00 0.00 15.17 0.00 0.00 15.13 0.00 0.00

Deshado 0.00 0.00 0.00 8.92 0.00 0.00 6.92 0.00 0.00

wNet

Patched- 0.00 0.00 0.00 0.00 0.00 0.00 1156 15.60 7.52

CNN

SgGAN 470 3.22 6.18 1150 7.74 15.30 9.10 8.39 9.69

Stacked- 8.60 7.69 9.23 13.0 9.00 17.10 11.0 8.84 12.76

CNN 0 0

UnaryPa 0.00 0.00 0.00 0.00 0.00 0.00 25.03 36.26 13.80

irwise

ST- 3.85 214 5.55 11.23 4,94 17.52 8.14 3.75 12.53

CGAN

DSC 342 3.85 3.00 10.54 18.08 3.00 559 9.76 1.42

AD-Net 0.00 0.00 0.00 9.25 8.37 10.14 537 4.45 6.30

BDRAR 259 0.0 4.87 7.81 9.69 5.94 3.64 340 3.89

DC- 0.00 0.00 0.00 790 6.50 9.30 490 4.70 5.10

DSPF

DSDNet 2.17 1.36 2.98 759 9.74 5.00 345 3.33 3.58

Ours 1.96 1.40 2.52 752 9.80 5.24 326 3.14 3.38

Qualitative contrast

In three data sets, Table 1, our strategy is realistic, especially in comparison to others.

The lower the shadow and non-shadow error rates, the more comprehensive and redundant the
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shadow detection map is, and the BER is their approximate amount, which determines the
performance of the shadow detection map in a neutral way.

The red annotation represents the highest result, and the blue represents the second-
highest result. In most circumstances, our technique has the lowest BER score. On ISTD
datasets, where identity is more suited, EGNet works well. Furthermore, in the UCF and SBU
data sets, our technique has the lowest BER score, indicating that our method performs better
in dealing with varied settings and shadows, not only self- shadows.

Furthermore, the solution based on custom feature identification has a higher BER score
than deep learning-based techniques, demonstrating that supervised learning photos may be
used to build stronger shadow detection features using deep learning approaches. These models
may be re-trained, trained on shadow detection samples, and utilized to identify shadows.

To further compare, we re-train and evaluate a contemporary shadow classification
model, a semantic segmentation model, and a shadow removal model on shadow detection
datasets using the researchers' codes and change the variables for optimum results.

As demonstrated in Table 1, our technique beats current models in some instances,

despite their greater spectral efficiency over some current shadow detectors.
CONCLUSION

This research describes a unique link for detecting single-image shadows. To thoroughly
investigate the domestic and global relevant information decoded in various layers of a
convolutional neural network (CNN), three strategies are tried to be introduced: partial decoder
module (PDM), neighboring layer shadow function extractor unit ALSFEM, and shadow
feature repair module SFRM (CNN). By studying the attentiveness strengths to pick an end-to-
end approach, the PDM module delivers a unique feature improvement technique for the
scenario in the additional layer. The shadow context is aggregated in one direction at multiple
levels, thus improving the shadow limits and also removing the non-shadow areas. Experiment
results demonstrate that our model can tackle tough and unclear scenarios in the field of shadow
detection positively, offering new state-of-the-art SBU, UCF, and ISTD dataset capabilities.
But even if our techniques are designed to handle the most complicated concepts, poor shadow
images with such a dark background don't fail to indicate, as shown in Figure (3) in the last

row.
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Finally, we test our network on three datasets and compare it to a variety of state-of-the-
art approaches, as well as display our network's accuracy results and BER statistics.
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AHaJu3 pad0TOCIIOCOOHOCTH JIMHTEPHON MAIIIMHBI ¢ HOBOM
KOHCTPYKIMEN MeKAYNUIbLHOH MPOKJIAAKH

. M. Myxammanues, ®@. X. Uoparumos, O. X. AG3ouposB

Hnuemumym mexanuxu u ceticmocmouxocmu coopyicenuii Akaoemuu nayk Pecnyonuku
Vsbexucman, Tawkenm, Ysoexucman

AnHoOTauus. B cTaThe mpeajoxkeHa HOBasi KOHCTPYKUUS MEXAYNUIBHON MPOKIAAKH, MO3BOJISIOMIECH
CHU3UTh Maccy NWJIBHOIO IWIMHApA JUHTEepHONM MamuHbel a0 1.5 kr. IlpuBeneHsl pe3ynbTaThl
OKCIICPUMCHTAJIBHBIX I/ICCJIG)Z[OBaHI/IP'I B NPOU3BOACTBCHHBLIX  YCIIOBUAX HOBOH KOHCTPYKIIUH
MOJCPHU3UPOBAHHON MEXTyNHUIbHON NPOKIAIKU TUHTepHON MamnHbl SJIIL. YcraHoBIEHBI OCHOBHBIE
TEXHOJIOTMYECKHE TOKa3aTenu JUHTepHOHM MamuHbl SJIII ¢ HOBOW KOHCTpyKLUMEH HPOKIAAKU MpU
JIMHTCPOBAHUHN ONYHICHHBIX CEMSAH W NHUIBbHBIX OHUCKOB. B PE3YIbTATC NPOMBINIICHHBIX HCIBITAaHUI
CTaJbHOM MPOKIAAKU JUHTEPHOU MamuHbl SJIII ycTaHOBIEHO, YTO CTANbHBIE NMPOKIAAKU OTBEYAOT
TpeOOBaHMSIM  TEXHOJIOTMYECKOro  Ipolecca JUHTepoBaHHMsA. Kpome Toro, ycTraHoBJeHa
MPOU3BOJMUTENBHOCTE TI0 cCeMeHaM xJionka 550 kr/4ac, motpebisieMasi MOIIHOCTh MAIBHOTO HUJIMHAPA
- 10.8 kBT, oxxumaemasi romoBasi SKOHOMHYECKast d3PPEKTUBHOCT IS OJHOH JIMHTEPHOW MAIIMHBI
Mapku SJIII coctaBusier 4.312 ThIC. CyM.

KuaroueBble cinoBa: aHanus, JIMHTEpPHAS MAIllMHA, MEXKIYMWIbHAS MPOKIAIKA, MIIBHBIN UIUHAD,
OTIBITHBIN 00pa3ell, MPOMBIIIIIEHHAS] UCITBITAHUS, TEXHOJIOTHYECKUH MPOIIecC.

Jas uutupoBanusi: Myxammanues, J[. M., Ub6parumos, ®. X., & A63oupos, O. X. (2022).
AHann3 paboTOCIIOCOOHOCTH TUHTEPHOM MAIMHBI C HOBOM KOHCTPYKIIMEH MEXTYMUIBHON
npokiaakd. CoBpeMeHHbIE HMHHOBAIMM, CHUCTeMbl W TexHosoruu - Modern Innovations,
Systems and Technologies, 2(3), 0401-0409. https://doi.org/10.47813/2782-2818-2022-2-3-
0401-0409

Performance analysis of a linter machine with a new inter-saw
gasket

D. M. Mukhammadiev, F. Kh. Ibragimov, O. Kh. Abzoirov

Institute of Mechanics and Seismic Stability of Structures of the Academy of Sciences of the Republic
of Uzbekistan, Tashkent, Uzbekistan

Abstract. A new design of the inter-saw gasket is proposed in the article; it makes it possible to reduce
the weight of the saw cylinder of a linter machine to 1.5 kg. The results of experimental studies (under
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production conditions) of a new design of the modernized inter-saw gasket of the 5LP linter machine
are presented. The basic technological indices of the 5LP linter machine with a new design of a gasket
for lintering furry seeds and saw blades were established. As a result of industrial tests of the steel gasket
of the 5LP linter machine, it was determined that the steel gaskets meet the requirements of the linting
process. In addition, the cotton seeds productivity is 550 kg/h, the power consumption of the saw
cylinder is 10.8 kW, and the expected annual economic efficiency for one 5LP linter machine is 4.312
thousand soums.

Keywords: analysis, linter machine, inter-saw gasket, saw cylinder, prototype, industrial testing,
technological process.

For citation: Mukhammadiev, D. M., Ibragimov, F. Kh., & Abzoirov, O. Kh. (2022). Performance
analysis of a linter machine with a new inter-saw gasket. Modern Innovations, Systems and
Technologies, 2(3), 0401-0409. https://doi.org/10.47813/2782-2818-2022-2-3-0401-0409

BBEJEHUE

OpaHOM U3 KIIOYEBBIX 33]1a4 KOMITJICKCHBIX MEPONPUITUIN 10 albHEHIIeH peann3anuu
Crpaterun pasButus HOBOro VY30ekuctana Ha 2022 — 2026 ronbl, omnpeaencHHBIX
[Tpesunentom Pecrybnmuku Y3bekucraH, sBisiercss — «Llenb 22: [Ipomomkenue peann3anun
MPOMBINIJICHHON TOJMTUKY, HANpPaBICHHOW Ha 00eCleYeHHe CTAOMIIBHOCTH HAIIMOHAIBHOMN
SKOHOMHMKH, YBEIHUYEHHUE JI0JIM MPOMBIIIJICHHOCTH B BAJIOBOM BHYTPEHHEM IMPOJYKTE U POCT
o0bemMa MPOM3BOJACTBA MPOMBIIUICHHON MNpoaykiuu B 1,4 pasza». VYBenunueHnue oObema
MPOU3BOJICTBA MPOIYKIIMUA TEKCTHJILHOW MPOMBIIUICHHOCTH TUIAHUPYETCS YBEIHYUTh B JIBA
paza[1].

B cBs3m 3TUM OCHOBHOM 3ajadeil XJIOMKOBO-TEKCTUJIBHBIX KIJIACTEPOB SIBISETCS
MOJICpHU3AIMS TEXHUKU U TEXHOJOTUU XJIOMKOOUYHUCTUTEIBHBIX MAIIUH C LEJIbI0 CHHXKEHUS
3aTpar npousBojicTBa. Mcxoas u3 aToro, pa3paboTKa U MPOSKTUPOBAHUE HOBOM KOHCTPYKITUH
JUHTEPHBIX MAIIIMH MTO3BOJISIET pelIaTh YacTh 3a/1a4, CTOSAIIUX Mepea ACCOIHAINEl XIOMKOBO-
TEKCTHJIBHBIX ~ KJIacTepoB  Y30ekuctaHa [2]: MOJEpHH3AIUS  XJIOMKOBO-TEKCTHIBHOTO
MPOU3BOJICTBA, TEXHUYECKOE  TEPEBOOPYKEHHE, BHEIPEHHE  BBICOKOA((HEKTUBHBIX
WHHOBAIIMOHHBIX TEXHOJIOTHIA.

becniepeboitnass paboTa JMHTEpHOW MAIIMHBI U TIONYYECHHE ITMHHOBOJOKHHUCTOTO
JUHTA MOXKET OBITh JJOCTUTHYTA MPU COOTIOACHUN PEKUMOB IKCIUTYaTaIlliH B CBOEBPEMEHHOM
cepBHce Aeraneil U y3inoB MamuHbl. [loaTOMy B mpoliecce TUHTEPOBAHUS JIOJDKHBI OBITh
WCITOJIH30BaHbI MAIIMHBI C BEICOKOM HA/IEKHOCTHIO X paboTHI [3, 4].

[IpakTka WCTONB30BaHUS JIMHTEPHBIX MAIIUH B TPOW3BOJICTBEHHBIX YCIOBHIX

YKa3bIBA€T Ha HCO6XO,Z[I/IMOCTL TOYHOH C60pKI/I NUJIBHOTO MUJIWMHApA, W YCTAaHOBKY
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TEXHOJOTMYECKHUX 3a30POB, PU KOTOPBIX JOCTUTAETCs Hajie)KHasi paboTa U MOoJTy4YeHHe JIMHTA
BBICOKOT'O Ka4eCTBa.

JlonyCku MpU yCTAaHOBKE NMUJ B MEXKOJOCHUKOBBIX 3a30pax JIMHTEPHON MalIMHBI B
OCHOBHOM 3aBHUCST OT TOYHOCTH 00pa0OTKH TOPIIEBBIX TOBEPXHOCTEH MPOKIAJOK U OT YCHIIHS
3aTSHKKU TWIBHOTO HUIMHApPA. CepuiiHble MPOKIAIKA UMEIOT HU3KUNA PECYPC U TOYHOCTH IO
TOJIIIMHE. OTH HEAOCTATKM BO3HUKAIOT M3-3a HU3KOM YINPYTOCTH aJOMHUHHEBOTO CILJIaBa
AKS5M2. Kpome TOr0, npu 3aT>KKE MUIBHOTO HUIUHAPA TOPLEBBIE TOBEPXHOCTH MPOKIIATOK
ne(OpMHUPYIOTCS 32 CUET IIEPOXOBATOCTEH IOCIE TOKapHOW OOpabOTKH, YTO MPUBOIUT K
CHUKEHUIO TOUYHOCTHU cOopKu. [10aTOMY BO3HMKAET HEOOXOUMOCTh YMEHBIIUTD CUITY 3aTSKKU

IMaKeTa W U IIPOKIIAA0K, YTOOBI 00€CIEYUTh TOYHOCTD C60pKI/I IMAJIbHOI'O HUJIMHApA.

MATEPHUAJIBI U METO/bI

HUcxoms wu3 BBIIICYKA3aHHBIX HCEAOCTATKOB CepI/If/'IHI)IX IPOKJIA0K, YCTAaHOBJICHA
HGO6XOI[I/IMOCTB pa3pa60TKH HOBOM KOHCTPYKIHHU MMPOKIIAAKN JJIS J'IPIHTGpHOfI MallWHBI.
B mHacrosmee BpCM:A Ha XJIOIIKO3aBOJax PGCHY6J'II/IKI/I V30ekucTan IIPUMCHAIOTCA

auHTepHbIe MatuHbl Mapok SJIIT [5] (pucynok 1).

Pucynok 1. Cxema JIMHTEpHOW MallIMHBI

mapku SJIII.
Figure 1. Scheme of a 5LP linter machine.

O0o3Hauenus: 1 - muTaOmMye BAIUKH; 2 -
1

paspaBHHBaroIi O6apaban; 3 - 10TOK; 4 -
MarHuTHOE 10JIe; 5 - KJanaH MI0THOCTH; 6
- pabouast kamepa; 7 - BOPOILUTENb; & -
rpebeHka; 9 - kogocHuKoBas peuierka; 10 -

NWIbHBIA 1uinuHap; 11 - Bo3gymHas

U xamepa; 12 - muek; 13 - neppopupoBanHas

ceTka; 14 - rpys.
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Pa6oTa IMHTEPHO# MAIINHBI C TEXHOJIOTMYECKHMU 3a30pamu B 2.470°

MM [IPAKTUYECKH
OKa3bIBAaETCsl HEBO3MOYKHOM M3-3a HETOYHOM COOPKM KOJOCHMKOBOH pEIIETKH U IHJIBHOTO
mHapa (pucyHok 2) [5].

OCHOBHBIMU HEIOCTaTKaMH AJIOMHUHUEBBIX IPOKJIAJOK SIBISIETCS HCIOJb30BAHUE
HEMPOYHOI'0 LIBETHOI'O METaJlIa, HEyCTOMUUBOro K JeGopMaLusaM MaTepuaia, U3IUIIHUN Bec
U JIOPOTOBU3HA.

JUia  ycTpaHeHHUs  BBIIIEYKA3aHHBIX HEJAOCTAaTKOB  AJIOMHHHMEBBIX IPOKIAJIOK
CYLLECTBYIOT CIEAYIOLUE PELICHUS:

L CHIDKCHHME Beca allOMHHHUECBOM MMpOKJIaAK1u 3a CYCT TOr0, 4YTO B JUCKES MCKIY
Hapy>XHbIM 1 BHYTPECHHUM AWMaMCTPaMU BBIIIOJIHCHBI CKBO3HBIC OTBECPCTHA,

o obecrieuenue KOOpAWHAMU NWJIBbHBIX JUCKOB Ha MWJIBHOM HWJIWHAPE 3a CUET TOTO,
YTO BO BHYTPEHHEE OTBEPCTUE AUCKA YCTAHOBJIEH BTOPOU MOSC C OTBEPCTUSMU;

o obOecrieyeHne IKECTKOCTH KpCIUICHUA MCOXKAYINUIBbHBIX IPOKIaA0K B ITHJIBHOM
OUJIMHAPE 3a CUCT TOr0, YTO BO BHYTpCHHCﬁ IMOBCPXHOCTU OMCKA, HA AUAMECTPAJIbHO
HpOTHBOHOHO)KHOﬁ CTOPOHE OT CBApHOro IIBa, BBIIIOJHEH BBICTYII B BHIAC
MPSIMOOOYHOM IUTHITBI ¢ BO3MOKHOCTBIO 3aX0J1a BBICTYIIA B OTBEPCTHE BTOPOT'O MOsca
1 B [1a3 BaJia MAJIBHOTO ITUIHHpa [6].

MesxaynuibHas IPOKJIaAKa COJAEPKUT AUCK 2 C BEIPE3aHHBIMU Ha HEM NPSMOTOYHBIMU
BbICTynIaMu 4, 5 110 Hapy>KHOMY U BHYTPEHHEMY JMaMETPy, a TAKKE OJIMH BHYTPEHHUM BbICTYII
C OTBEPCTUEM O] pa3Mep Baja MWJIbHOTO HMWIMHIpPA (pucyHok 3). Ha quck KOHIEHTpuyecKku
YCTaHOBJICHBI HApYXHbII 1 W BHyTpeHHHI 3 MOsica, KOTOPbBIC ONPEICISIOT TONMMUHY h
MEXIYNUIbHOM mnpoknanku. Ilo mepumerpy HapyxkHoro 1 u BHyTpeHHero 3 TMOSICOB
IIPOCBEPJICHBI OTBEPCTHS HAa BHYTPEHHEM Mosice 3 JUIs 3axoja BHYTPEHHEro BhICTyma 4, B
KOTOPBIE BCTABIISIOTCS MPSIMOOOYHBIE BBICTYIIBI JJIsi COSTUHEHUS C TUCKOM 2. J{JIsi CHIDKeHHS
Macchl IPOKJIAJKU BBIMOJIHEHBI OTBEPCTUS 110 OKPYKHOCTH Aucka 2. COOpka MEXyNUIbHBIX
IPOKJIAaI0K Ha BaJl MWJIBHOTO LIMIMHPA OCYIIECTBIISICTCS € 3aX0JI0M BhICTyMa 4 qucka 2 B ma3

BaJia MUJIbHOI'O NUJIMHAPA.
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Pucynok 2. [TunpHbiil uinHAp auHTepHOU Mamuub! SJIIT.

Figure 2. Saw cylinder of a 5LP linter machine.

Pucynoxk 3. HoBas KOHCTpYKIUS MEXKTYyTMIBHON TPOKIJIAJKN TUHTEPHON MAIlWHBI.
Figure 3. New design of the linter saw spacer.
O6o3nauenus: 1- HAPYKHBIH MOSIC; 2- MHUCK; 3- BHYTPEHHUH TOSIC; 4- MPSIMOOOYHBIE IUTUIIBI;

5- IpsAIMOOOYHBIE BBICTYIIBL.

[IpoBenenHbie pacyeTbl Ha MPOYHOCTh MEXKIYMHWJIBHOW MPOKIAJIKA HOBOM
KOHCTPYKILHH TO3BOJMIIM CHU3UTh MAacCy MWJIBHOTO LUIMHpA JIUHTEPHON MaIIUHbI 10 1.5
kr. Hamu Oputn pa3paboTaHbl paboune 4YepTeKU MEXKIYyMHIBHON MPOKIAIKH, HA OCHOBE

KOTOPBIX OBLT U3rOTOBJIEH €€ OMBITHBINA 00paserl (CM. pUCYHOK 3).
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PE3YJIBTATHBI

JUisi IPOMBILITIEHHOM IPOBEPKU ITOKA3aTeNIe HOBOM KOHCTPYKLIMM MEKIYIHIBHOU
MPOKJIATKHU €€ ONBITHBIN 00pa3el] OblI yCTaHOBJICH Ha TuHTEepHOU MamuHe SJIIT Ha Bykunckom
XJIONKOOYUCTUTENHHOM 3aBojie TalkeHTckoi obnactu.

Takum oOpa3om, pa3zpaboTaHa HOBasg KOHCTPYKLMS MEXKIYMUIBHOW IPOKIAIKH.
IIpousBeneHHbIE pAacUEThl HOBOM KOHCTPYKLMHM MEXIYIUIBHON IIPOKIALKU JIMHTEPHON
MallMHbl ~ TO3BOJMIM  OOECNEYUTh  3amac  MPOYHOCTH.  YCTAaHOBJEHBI  OCHOBHBIC
TEXHOJOTHYECKUE MTOKa3aTeu JUHTepHON MamuHbl SJIIT ¢ HOBOM KOHCTpYKIIMEH MPOKIaaKu

[PY JIMHTEPOBAHUH OIMYIICHHBIX CeMsIH (TaOuIlbl 1-3) U MUIBHBIX AMCKOB (PUCYHOK 4).

Tab6auna 1. [Tokazarenu nuaTepHoil MamuHel Mapku SJIIT.

Table 1. Indicators of a 5LP linter.

[TpousBoguTensHOCTh  [IpOM3BOAUTENBHOCTD
JUHTEPHOM MAILIMHBl  JIMHTEPHOW MAILIWHBI 1O JUHTY,

Ne Bpewms,
Hata 110 CeMEHaM, KT Kr/4ac

OTIbITa MUHYT =

Cepuii- Pexomen- N N
9 9 Cepuiinblii  PexomeHyemblit

HBII JTy MBI

1. 01.03.2022 60 501 552 17,54 19,32

2. 01.03.2022 60 502 540 17,57 18,9

3. 01.03.2022 60 498 542 17,43 18,97

4. 01.03.2022 60 499 556 17,47 19,46

5. 01.03.2022 60 500 560 17,5 19,6

Cpennee 500 550 17,5 19,25

Taﬁ.lmua 2. IToka3aTenu cuiia TOKa II0 (1)a3aM QJICKTPOABUTATCIIA ITNJIBHOT'O
HUIIMHApA J'IPIHTGpHOfI MallrHbI B aMII€pax.
Table 2. Indicators of the current intensity by phases of the electric motor of

the saw cylinder of the linter machine in amperes.

Ne  Pexxum pabotel muHTepHOM MamnHbel  CepuiiHblii  PekomeHyeMblii

1. be3 Harpy3ku u paboueii kamepsl 11 11
1-daza 10 10
2-¢aza 11 12
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3-aza
2. bes Harpy3ku u ¢ pabodeit kamepoit
1-daza
2-¢aza
3-aza
3. C narpy3skoii u paboueil kamepoun
1-daza
2-¢aza
3-aza

12
31,6
31
32
32
41,6
40
43
42

13
31,6
30
32
33
41,6
41
42
42

B xoze mNpoBeACHHBIX WCIBITAHUN TONXY4YEeHBI TeXHOJOrHueckue (tabmuma 1),

sHepretrueckne (Tabmuma 2) w pa3MepHble (Tabmuma 3) mMOKaszaTreind MeEXTyTIbHON

MPOKJIAJIKK JTMHTEepHON MamuHbl SJIII.

Tabauna 3. PazmepHbie oka3aTeny MIUJIBHOTO IUJIUHIPA.

Table 3. Dimensional indicators of the saw cylinder.

Ne  Touka 3amepa HopmatuBnbiii Cepuiiablii  PexomeHryemblit
1. PabGouas manHa, MM 1565 1564 1565

2  KonuuecTBO NUIBHBIX AUCKOB, ITYK 160 160 160

3. TonmuHa NWIBLHBIX IUCKOB, MM 0,95 0,95 0,95

4. Komn4ecTBo MPOKIAIOK, MTYK 159 159 159

5. TonmmHAa MPOKIATOK, MM 8,75 8,75 8,75

PI/IcyHOK 4. [InnbHEBIC JHUCKH IT0CJIC MCIIOJIb30BaHUS B

coope.

Figure 4. Saw blades after use as an assembly.
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O003HaUeHus: a — CO CTAJIbHBIMHU IIpOKJIaJIKaMHU, 6-c

ATFOMUHHUEBBIMH TIPOKIIAIKAMH.
3AKVIFOYEHHUE

B pe3ynbrate npoMbIIUIEHHBIX UCIIBITAHUHN CTaTbHON MPOKJIAJAKN JTUHTEPHON MalIHbI
5JIIT ycTaHOBIEHO, YTO CTajbHbIE MPOKJIAJKH OTBEYAIOT TPEOOBAHUAM TEXHOJIOTUYECKOTO
npouecca JMHTepoBaHus. Kpome TOro, ycraHoBiieHa IIPOU3BOJUTENIBHOCTh IO CEMEHaM
xyonka 550 kr/dac, motpedisiemasl MOIIHOCTh MUJIBHOTO ImimHapa - 10.8 kBT, oxunaemas
rojoBas 3KoHOMHYEcKas A(P(PEKTUBHOCTh [JII OJHOW JUHTEPHOW MamuHbl Mapku SJIIT

cocrasisieT 4.312 ThiC. cyM.
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AHHOTauusi. B cratbe mpuBeNEHBl PE3yNbTAaThl SKCIEPUMEHTAJbHOIO HCCIENOBAHUS MEXaHH3Ma
IBEMHOW MAalllMHBI JJIsl IPOTAJKUBaHUS MaTepuania ¢ PEKOMEHAYEMOW aMOPTU3UPYIOIIECH IUIaHKOM.
[enbto TpoBeAEHUSI 3KCIEPHUMEHTA SIBISAJIOCH CO3JAHUE KAayECTBEHHBIX CTPOUYEK M IOBBILIEHUE
MPOU3BOAUTEIBLHOCTH B pE3yjibTaTe MPUMEHEHUS B IIBEHMHON MAalllMHE PEKOMEHIYEMOrO0 MEXaHH3Ma
MPOTAIIKMBAHUS MaTepruana ¢ KHHEMaTHYeCKHMH TapaMu C THOKHUMH »dieMeHTamu. B pabote
OTIpeJiesICHBl U PEICHBI 33/1a4H, 00eCTIeYMBAaIOIIIe TOCTHKEHIE TTOCTaBIeHHOH nenu. [IpeacraBieHa
METOAMKA NPOBEICHUS IKCIIEPUMEHTANBHBIX HccieqoBaHuil. [lonyueHbl Harpy3Ku Ha rjaBHBII Bal, Ha
BaJbl KOPOMBICET MPOTAIKMBAIOIIETO MEXaHW3Ma, 3aKOHBI CIIBUTA COCTABHOW pEedHOW 3y0daToif
TapHUTYPBI TI0 BEPTUKAJILHBIM M TOPU30HTAIBHBIM OCSIM. Ha OCHOBaHMU BBITIOJHEHHOTO aHAIN3a ObLITH
PEKOMEHJOBaHbl ONTUMAJILHBIE 3HAUEHUS TapaMeTPOB.

KuaroueBbie ciaoBa: IlIBeliHas MaminHa, MPOTATKUBAIONINN MEXaHHM3M, DEiKa, aMOpTHU3aTOp, Ball,
KpYTSIINI MOMEHT, CIBUT, KoJieOaHue, TCH304aTUrK.
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Abstract. The article presents the results of an experimental study of the mechanism of the sewing
machine for pushing through the material with the recommended shock-absorbing bar. The purpose of
the experiment was to create high-quality stitches and increase productivity as a result of using the
recommended material pushing mechanism with kinematic pairs with flexible elements in the sewing
machine. The work defines and solves the tasks that ensure the achievement of the goal. The
methodology for conducting experimental studies is presented. The loads on the main shaft, on the
rocker shafts of the pushing mechanism, the laws of shift of the composite rack tooth set along the
vertical and horizontal axes have been obtained. Based on the performed analysis, optimal parameter
values were recommended.

Keywords: Sewing machine, push mechanism, rail, shock absorber, shaft, torque, shear, oscillation,
load cell.

For citation: Djuraev, A., Mansurova, M. A. & Tursunova, G. (2022). The results of experimental
research of the mechanism of sewing machine with the shock absorbing rack for material movement.
Modern Innovations, Systems and Technologies, 2(3), 0410-0423. https://doi.org/10.47813/2782-2818-
2022-2-3-0410-0423

BBEJEHUE

K nommBy MaTepHaioB ¢ pa3inyHbIMHI XapaKTePUCTUKAMHE Ha ICUCTBYIOIINX IIBEHHBIX
MallIiHaX TPEIBSBISIETCS Psill TPeOOBAHMM, KOTOPbIE B OCHOBHOM 3aBHCSAT OT CICIYIOIIUX
KOHCTPYKTHBHBIX TApaMETPOB U CBOMCTB Marepuaia [1-3]:

® HATSHKCHHE HUTH;

®  PEKHM IIOIINBA,;

e pa3Mepsl I1Ba;

® KOHCTPYKTHBHBIE OCOOCHHOCTH WIJIbI M YEJTHOKA, a Tak)Ke MEXaHH3MOB
HPOTATKUBAHHS MaTepHaa;

®  XapaKTEPUCTHKH MATEPUAIIOB U PSIT IPYTHX YCIOBHIA.

Cpenn yka3aHHBIX TpeOOBaHHH 0CO0O€ 3HAYECHHE MMEET MEXaHWU3M MpPOTATKUBAHUSI
MarepHaa, Tak Kak OH OIpe/IessieT KaYeCTBO CTPOUYCK, KOTOPhIE MOTYT paboTaTh CHHXPOHHO C
NPOTAJKUBAIOIIAM W TOJYKOBBIM MEXaHM3MaMH, YYaCTBYIOIIUMH B TPOTAIKUBAHUH
MartepHaa, a TAKKe MOYKET MPUBECTH K HETaTUBHBIM TOCICICTBUSIM, TAKUM KaK OOpBIB HUTH,
HPOIYCK CTPOYKH, HECOOTBETCTBUE HATSDKCHUSI HUTU M OTCYTCTBUE CMSITUSI TKaH! [3-5].

B mpemmaraeMom MexaHW3Me TpPOTAJKHBAHHWS Marephana, B OTIHYHE OT
CYIIECTBYIOIINX KOHCTPYKIIUIA, MMOBEPXHOCTh B3aMMHOTO KOHTaKTa PEHKH W Marepuaia B

nponecce NnpoTaIKUBAHUA ABJIACTCA OOJIBIIION M 00ecIeYnBaeT PaBHOMCPHOCTL IIara psaia
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ctpouek. Ilpum STOM BaXHBIM SBISETCA BBIOOpP JKECTKOCTH PE3UHOBBIX BTYJIOK B
KMHEMATHYECKUX Tapax, SBIISIONIMXCS OCHOBHBIMHM JJIeMeHTamMH. [loaToMy HeoOXoaumo
KOHTPOJIMPOBATH 3aKOH JIBUKEHUS PEMKU, HATSHKEHUE HUTH, YACTOTY BpAIIEHHUS IVIABHOTO BaJla
U Harpysky [6, 7].

B skcniepumenTe ObLT MCCIIEIOBAH Psijl MapaMeTPOB, HAIIPaBJICHHBIX Ha obOecrieueHue
KauecTBa CTPOUYEK, 1 00OCHOBAaHBI ONTHMAJIbHBIC TTapaMeTpbl. OCHOBHOM IIENIbIO TIPOBEICHUS
DKCIIEPUMEHTA  SIBJISCTCS CO3/IaHHC Ka4eCTBEHHBIX CTPOUYEK U MMOBBIIIICHHUE
MPOU3BOAUTEIBHOCTA B pE3yJIbTaTE€ NMPUMEHEHUS B IIBEHHOW MAIMHE PEKOMEHIYEMOIro
MeXaHU3Ma MMPOTAIKUBAHUS MaTepraja ¢ KHHEMaTHYECKUMHM IMapaMu ¢ THOKUMU DJIEMEHTaMH.
JIns  NOCTWIKEHUS TIOCTABJIICHHOW 1€MW B OKCIHEPUMEHTAIBHBIX HCCIACAOBAHHUAX OBLIH
ONPEAEIICHBI CIECAYIOUIUE 3aJaul: ONPEACICHUE 3aKOHOB U3MEHEHHS KPYTAILLETO0 MOMEHTA U
YIJIOBOM CKOPOCTH IJIaBHOI'O Baja M BEAYIIErO Bajla MEXaHU3Ma IMPOTAJIKUBAHUS MaTepuala
IBEMHON MalllMHbl C UCIOJB30BAHUEM IIPEJIaraéMoro MeXaHu3Mma MpPOTaTKUBAHUS
Marepuana; OIPEJECICHUE 3aKOHA HAarpy3kd BaJIOB MEXaHHW3Ma KOPOMBICENI MEXaHu3Ma
MPOTAJIKUBAHUS ~ MAaTepHaya; OINPEIACICHUE 3aKOHOB M3MEHEHMS BEPTHKAIBHBIX U
TOPU30HTAJIBHBIX MEPEMENIEHUA COCTAaBHOW PEVKH; PEKOMEHAAIMU ONTHMAIbHBIX 3HAYCHUHN
rmapamMeTpoB MEXaHM3Ma NPOTAJKUBAaHUS MaTepuajga Ha OCHOBE IIOJTHBIX (PaKTOPHBIX

JKCIIEPUMEHTAIIBHBIX UCCIIEJOBAHUMN.
METOJIAKA ITPOBEJAEHWS SKCIIEPUMEHTAJIBHBIX UCCJEIOBAHUI

CornacHo 3J€KTPOTEH30METPUYECKON CXeMbl (PUCYHOK 1) KpyTsIero MOMEHTa Ha
r1aBHoM Baimy | mBeiiHoM MammHbl «YAMATA)» ¢ yCTaHOBIEHHBIM MEXaHU3MOM
IIPOTAJIKUBAHUS MaTepualla C PEKOMEHIYEMBIMU COCTAaBHBIMM KMHEMAaTHUYECKHMH IapaMu,
OIpECIIEHbl 3aKOHbl M3MEHEHUs YacTOThl BpAIEHHs 4Yepe3 TEH30JaTYMKH 5 ¢ IOMOILBIO
JaT4YruKa Xouia 6.

CoOTBETCTBEHHO HAarpy3ku Ha Bajibl 2 U 3 MexXaHHM3Ma IPOTAJIKMBaHUS Marepuasa
U3MepsIoTes TeHzomaruyukamu 7 U 8. Taxke 3aKOHBI JBM)KEHHS COCTaBHOM peWku 4 1o
BEPTUKAJIBHONH M TOPU3OHTAJIBHON OCSIM peaau3yloTcs aaTuvkamu nepemenienus 9 u 10.
CurHan ¢ TEH30JaTYMKOB, YCTAaHOBJICHHBIX HA Bajax, Iepenaerca Ha ycuiaurens 11 mo
MOJIyMOCTOBOMY criocoOy. Mcxopsiue ¢ ycHIMTeNns CUTHalbl MepeAaroTcs Ha IupoBOil
npeoOpaszoBaresnib 12 LTR-154, a 3atem 3amnuceiBaioTcss Ha mudpoBoi ocumstorpad 14 u

pacrneyaTbIBarOTCA Ha 6yMa)KHOM HOCHUTCIIC.
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Curnainel, TpeacTaBisIONIMEe COOOM TOPHU3OHTAJIbHBIE M BEPTHKAIbHBIE CMEUICHHS
JIaTYMKa XOJU1a 6 M COCTaBHOM peiiku 4 COOTBETCTBEHHO, HAIIPSAMYIO IepearoTcs Ha UPPOBOH
AIIEKTPOHHBIN mpeodpazoBarens 12, mudpoBoit BeimpaMutens 13 u mudposoit ocuuiorpad

SBM 14 [8-11].

I
1 1 1

ﬂ‘

1 - rnaBHEIMA Bai;, 2, 3 - Bajbl
KopoMbicen; 4 - pelka; JaT4YuK
xoJ1a; S, 7, 8 - TeH30pE3UCTOPHI;
9, 10 - paTyumku U3MEpPEHHS
BEPTUKATHHBIX u
TOPU30HTANIBHBIX MEepEMEIICHUN
peiiku; 11- TeH30MeTpuuecKuit
YCUJIUTEIIb; 12 -
npeodpaszosarens LTR-154; 13 -
nudpoBoi BBEIIPAMUTENB; 14 -
uudpoBoii ocummiorpad SBM.

PucyHnok 1. DiekTpoTeH30MeTpUYECKas CXeMa IIBEHHON MaIIMHBI C PEKOMEH Ty eMbIM
MCXAaHU3MOM IIPOTAJIKUBAHUS MaTCpUalia.
Figure 1. Electrostrain diagram of a sewing machine with the recommended material

pushing mechanism.

Ha pucynke 2 moka3zaHbl 3JIE€KTPOTEH30METPUUECKHE NATUYUKHU MPOTOTHIA IIBEHHON

MAaIIUHBI () 1 001Kl cxeMaTudeckuil B MaluHsl (0).

YAMATA

a 0
Pucynok 2. Buj 21eKTpoTEH30METPHUYECKHX JTaTINKOB TIPOTOTHITA IIIBEHHOW MAITUHBI (2) U
o0IIMiT cXeMaTHYeCKUid BUJT MAIIUHEI (0).
Figure 2. View of the electrostrain sensors of the sewing machine prototype (a) and the

general schematic view of the machine (b).
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Ha pucynke 3 mokasaH BUJ yCTaHOBKHM COCTaBHOW peHKM MEXaHU3Ma IepeMelleHUs
MaTepuaia.

B Xxome sKcnepuMEHTOB B KHHEMAaTUYECKHX Mapax IMpeiaraéMoro MexXaHu3Ma
MPOTAJIKUBAHUS MaTepHraia UCIOJIb30BAIMCh Cleaytomue Mapku pe3unbl: 1318, 1874, 810-
6874PI113-46 [12, 13]. B Tabmuue 1 mpencraBieHbl (HU3HKO-MEXaHHUECKUE ITOKA3aTENIN

BbIOpaHHBIX MApOK PE3UHBI.

Pucynoxk 3. Lludpporsoii Bempsimurens LTR-154 (a) u ppruar (1maTyH) coctaBHOM peiik (0).

Figure 3. Digital rectifier LTR-154 (a) and the lever (connecting rod) of the composite rail

(b).

Taﬁ.mma 1. ®u3nKo-MexaHUJecKre IoKa3aTeIn BBIGpaHHLIX MapoOK pE3HUHBbI.

& = E = g <
jas) = o ES ¥ =
= £ » qé% é%E 2 ﬁ%g
No = ) g g8 % = S X T
g = 55 S 5E 2 253
& 5 = 228 = 238
> S S %
1 7UPII 31-46 70%2 30,9 700 715 3,55
2 1847 40*2 14,2 505 810 3,8
3 1338 7512 12,2 315 425 1,31
4 HO-68 5612 15,4 425 705 2,8

B OKCIICPUMCHTAJIBHBIX UCCIICAOBAHUAX MMPOTOTHUIIA IIBEHTHONM MAaITWHEI IIpHU BBICOKHUX
yactotax BpamieHus (5000+6000 o0/MuH) riaBHOro Baja LUKIWYECKH J1eHOpMHUPYIOTCS
PE3MHOBBIE HJIEMEHTHI B KHHEMATUYECKHUX Mapax MEeXaHW3Ma MPOTAJKUBAHHU MaTepuaia U B
amopTH3aTope COCTaBHOM peliku. B nanHOM ciydae moaxoauT pesuHa Mapku HO-68 ¢

COOTBETCTBYIOIMM KO3 DHIMEHTOM KECTKOCTH aMOpTH3aTopa, paBHeM (12+1,6) -10% H/m.
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OcumyutorpaMMbl,  OTOOpaKarONIMe 3aKOHOMEPHOCTH HW3MEHEHHS  IapaMeTpOB
PEKOMEHIyeMOT0 MeXaHu3Ma MPOTAIKUBAHHS MaTepraa IBEHHOW MalIMHBI, ObLITH TOJTYYCHBI
Ha KOMITBIOTEPE Yepe3 COOTBETCTBYIONIME ITU(PPOBBIC TpeoOpa3oBatesu U ycwiutenu [14-17].
[TomydeHHBbIE OCHUIUIOTPAMMBI ObLTH 00pabOTaHBI, MOCTPOSHBI TpadUKU MapamMeTpoB U

Onpe€acICHbl pCKOMEHAYCMBIC 3HAUCHUA.

PE3YJIBTATBI U AHAJIN3 SKCIIEPUMEHTAJIbHBIX HCCJEJTOBAHUM,
MPOBEJEHHBIX HA ITIPOTOTHIIE IIBEVMHOM MAIIIUHBI

Ha ocHoBe 3KkcriepuMeHTaIbHbIX UCCIIEI0BAHUM IO OCIIMILIOTPAMMaM, OJy4EHHBIM 110
INEKTPOTECH30METPUUECKON cXeMme, ObIM OMpEe/EesIeHbl YacTOThl BpallleHUs TJIaBHOIO Baa,
KpyTSALIMI MOMEHT, Harpy3Kd Ha BajJl KOPOMBICEJI MEXaHU3Ma NpPOTaJKUBaHUsl Marepuaa,
3aKOHbl BEPTHUKAJIBHOIO M TOPU30HTAJIBHOIO IEPEMELICHUS COCTAaBHOM pEHKH IIBEHHOMN
MamuHsl [18]. B yactHOCTH, HA prCYHKE 4 MMOKa3aHbl 3aKOHBI, IIPEICTABIISAIONINE HATPY3KH HA
[JIAaBHBIM BaJl M BaJIbl MEXaHU3Ma MPOTAIKMBAHU MaTepuaia lBelHON MauHbl. Ha pucyHke
4 a) mokaszaHbl 4acTOTa BpallleHHs TJIABHOTO Balla Ng, KPYTAUIMH MOMEHT Mg U KpyTSIIUN
MOMEHT My Ha Bally KOPOMBICIAa ME€XaHHW3Ma MPOTAJKUBAHUS MaTepHasia, T.€. YCTONYHBBIC
[UKJIBI ABMKCHUSI U OCTAaHOBKHU M.

AHanu3 OCUMJUIOrPaMM IIOKa3ajl, 4TO BpeMsl 3allycka CUCTEMBbI J0 YCTOWYMBOIO
NBIKeHUs HaxoauTcs B auamnazoHe (0,018+0,023) cekyH, a BpeMsi OCTaHOBKH B JHAla30He
(0,02+0,03) c. Oto 3HauuT, 4TO BpeMsi ocTaHOBKU cucTeMbl Ha (0,04+0,06) ¢ Oonblie, yem
BpeMsi yCTOWUMBOro JBIKeHHs. OCHOBHas TMpPUYMHA OTOTO CBSI3aHA C WHEPIMOHHOU
XapaKTePUCTHKON CHCTeMbI U TamieHueM kosiebanuit. [Ipu oOpaboTke ocruorpamMM ObLIN

MOJIYYCHBI Fpa(l)I/IKI/I IoCICAOBATCIABHOTO COCANHCHUA.

s a- IePEXO0/IHBIE TTPOIECCHI
cucteMbl  (3amyck U
OCTaHOBKA);

e
W s @l]
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PucyHnok 4. 3aKkOHOMEPHOCTH U3MEHEHUS YaCTOThI BpAILIEHUs [JIaBHOT'O Bajla IIBEHHOM
MalllHbI, KPYTAIICTO MOMCHTA U HAI'PY30K Ha BaJIbl KOPOMBICEII MEXaHU3Ma IMPOTAIKUBAHU
mMarepuaiia.

Figure 4. Patterns of change in the frequency of rotation of the main shaft of the sewing
machine, torque and loads on the rocker shafts of the material pushing mechanism.

1 t. 102

1,2 -t = f(¢g)- B CYIIECTBYIOIIEM MEXaHU3ME
3  TNpOTAJIKMBAaHHS MaTepHuaia;
27T 3,4 -t = f(¢g)- B pEKOMEHAYEMOM MEXaHU3ME
4 IIPOTANIKUBAHMS MaTEPUAIIA;

4 1, 3 - BpemMs OCTaHOBKM B YCTOWYMBOM

JIBHKECHUH;

Ps 2, 4 - BpeMs 3aIrycKa B yCTOHUYMBOE JBHKEHHE
hs =270-1073Mm.

Pucynok 5. ['paduku 3aBUCUMOCTH BPEMEHU 3aITyCKa B YCTOMUMBOE IBUKEHUE U OCTAHOBKHU
IJ1aBHOTO Bajla U MEXaHU3MOB OT YIJIOBOM CKOPOCTH IVIABHOI'O Bajia IIBEMHOW MAIlIMHBI.
Figure 5. Graphs of the dependence of the time to start in steady motion and stop the main
shaft and mechanisms from the angular velocity of the main shaft of the sewing machine.

B uacTtHOCTH, Ha pHUCyHKe 5 NpHBeneHbl rpadUKy 3aBHCUMOCTH BPEMEHH 3aIlycka B
yCTOfI‘IHBOG ABMKCHUC W BPEMCHU OCTAHOBKHU I'JIABHOI'O Bajla U MEXAaHU3MOB ABHIKCHUSA OT

YIJIOBOM CKOPOCTH IIABHOTO BaJIa.
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CornacHo aHanu3y rpaduKoB, IPU YBEIHMYEHUHU YTIOBOM CKOPOCTH TJIABHOTO Baja C
3,5:102c! go 5,5-10%c™! 1npm ucmONB30BaHMM  CYIIECTBYIOIIETO  MEXaHU3MA
NpPOTAJNKUBAHUSL MaTepuana, BpeMsl 3alycka CHUCTEMbl [0 YCTOMYMBOTO JBHXKEHUS
yBenunuuBaetcs HenuaeHo ¢ 0,0061 ¢ mo 0,0025 c, a Bpems octaHoBkH ymeHbIaetcs ¢ 0,02 ¢
no 0,031 c.

COOTBETCTBEHHO, MPU UCIOJb30BAHUU CYLIECTBYIOIIET0 MEXaHU3Ma MPOTAIKUBAHUS
MaTepuaia, Bpems 3amycKka CUCTEMBI 10 YCTOWYUBOTO JIBUYKEHUS YBEIMUHUBACTCS HETMHEHHO C
0,0042 c mo 0,0051 c, a Bpems ocranoBku ymenbInaercs ¢ 0,0149 ¢ go 0,021 ¢ Takum
00pa3oMm, Mpy UCIIOJIb30BAHUH MPEAJIAraeMOro MeXaHu3Ma MPOTANIKUBAHUSI MaTepHalia Bpems
MEPEXOIHBIX MpoIeccoB cokpamaercs mo (1,2+1,4) pa3 3a cder morTepu, OCOOECHHO B
MIEPEXOJIHBIX IMPOIECCaX, BBICOKOYACTOTHBIX KOJICOAHWHA W3-32 HAJTUYHUS B HEM PE3UHOBBIX
aMOPTHU3aTOPOB.

Ha pucynke 6 npencraBieHsl rpaduKi KPyTAIIET0 MOMEHTA U YTIIOBBIX CKOPOCTEH Ha
[JIAaBHOM BaJly IIBEHHOM MAIllMHBI, a TaKX€ HW3MEHEHHUS Harpy3Kd Ha BaJly KOpPOMBICIA
MEXaHu3Ma TMPOTAJIKMBAHHMS MaTepuajia B 3aBUCUMOCTH OT TOJIIMHBI MPOIIMBAEMOTO
MaTepuana.

[Ipy yBeJMYeHHU TOIMIMHBI CHIMBaeMbIX MaTepuanos ¢ 1,5-1073m 10 4,0 1073m
KPYTSIIUI MOMEHT Ha IJIaBHOM Bally IIBEHHON MaIlIMHBI IPU UMEIOLIEMCS POTAIKHUBAIOIIIEM
MEXaHU3ME YBEITUYMBACTCs B HeMMHEHHOM oTHOomeHuu oT 1,21 Hm no 2,42 HMm, a Harpy3ka
Ha Bai kopombicia yBennuubaercs ¢ 0,53 Hm o 0,124 HM. COOTBETCTBEHHO 3HAYEHUS (g
yMenbInarorcs ¢ 44,2 ¢! o 38,1 ¢, Harpysku Ha Bajbl IPHM HCIOJIB30BaHMM MEXaHM3Ma
MPOTAJIKMBAHUS MaTepuaia ¢ pe3MHOBBIMA aMOPTU3aTOPaMH 3HAYUTEINBHO CHUKAIOTCS.

B uactHOCTH, TIpM HW3rOTOBJIEHMHM amopTu3aTopa U3 pe3uHbl 1338 ¢ BBICOKOU
KECTKOCTHIO, 3HaUeHUsT Mg yBenmmumBarotcs ¢ 0,565 Hm g0 1, 18 HM, a nipu ucrnosib30BaHAn
pesunsl HO-68 ero 3naueHus ypenuuuBaroTcss HenuwHeitHo ¢ 0,36 HM 1o 1,34 Hwm.
COOTBETCTBEHHO, YMEHBIIIAETCS YIJIOBAsi CKOPOCTH TJIABHOTO Bana ¢ 48,2 clno42,4ct npu
UCTIOTb30BaHuU pe3nHbsl HO-68.

Takke, Harpy3ka Ha BaJl KOPOMBICIE MEXaHHW3Ma MPOTAIKUBAHMS YBEIUYUBACTCA
HemuueliHo ¢ 0,021 HM go 0,051 HM. OcHoBHasi mpuYrHA ATOTO 3aKIIOYAeTCsl B TOM, UTO
pPE3WHOBBICE aMOPTU3aTOPhl  YMEHBINAIOT KojeOaHus B  TPEIIaracMoM MeEXaHH3MeE
MpoTaNKuBaHus Matepuana. [lodTomMy Uisi CHUMXKEHUS HArpy3Kd Ha TJIABHBIM Bal W Ball

KOpOMBICIa, OJId o0ecIeyeHHsT BEICOKOM CKOPOCTH IIHTHA uenecoo6pa3H0 HUCITIOJIB30BaHHUEC
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pe3unbl HO-68 it aMOpTH3aTOpOB, MCHOJIB3YEMbIX B PECUHOM M KMHEMATHMYECKOW Mapax

MCXaHHU3Ma IIPOTAJIIKUBAHUA MaTCpUalia.

Mg, 10 H
A @6 10%,c71

6,01

0,2

X

0,1 _
4,0+
-y
0,05 1
h,,103m
ol 30 T T T T
1,0 2,0 3,0 4,0

1,2,3-Mg = f(hy); 4,5 6-¢ps =f(h,);7,8-M, = f(hy); 1,4, 7 - npu uMeroIIEMCS MEXaHU3ME
MPOTAJIKMUBAHMS MaTepuana; 2, 3, 5, 6, 7 - npu npeaiaracMoM MEXaHU3Me MTPOTANKHUBAHHUS MaTepUaa;
2, 5 - pe3una mapku 1338; 3, 6, 7 - pe3una mapku HO-68.

Pucynoxk 6. I'padguku 3aBUCHMOCTH U3MEHEHUH KPYTAILIETr0O MOMEHTA U YTIIOBBIX CKOPOCTEH
Ha I''IaBHOM Balry IIBEHHON MAaIlIUHbBI U Harpys3Ku Ha BaJl KOPpOMBICJIa MEXaHU3Ma
IMpOTaJIKMBaHWA MaTCpHraia OT TOJIIMWHBI CIIMBACMOI'O MaTCpHraJia.

Figure 6. Graphs of the dependence of changes in torque and angular speeds on the main
shaft of the sewing machine and the load on the rocker shaft of the material pushing

mechanism on the thickness of the material being sewn.

Ha pucynke 7 npeacraBieHsl 3aKOHBI KPYTSAIIEr0O MOMEHTA Ha IJIaBHOM Bally, Bajax
KOpPOMBICIIa MEXaHU3Ma MPOTAJIKUBAHUS, CMEUIEHHs peeyHoll 3y04aTroil TapHUTYpHI IO
BEPTUKAJIIBHOM U TOPU30HTAIBHOM OCAM B IIBEHHOM MAIIMHE C MpPeIaraéMbIM MEXaHU3MOM
MIPOTAIIKMBAHUS MaTepHaa.

Ha ocHoBaHuMM aHamM3a MOJIYYEHHBIX OCLHMIIJIOTPAMM MOXHO OTMETHUTh, 4YTO C
YBEIUYEHUEM KECTKOCTM PE3MHOBBIX aMOPTH3aTOPOB B IIPEAJIAra€MOM  MEXaHU3MeE

NPOTAIKUBAHKS MaTepualia YBEINYUBAIOTCS 3HA4YCHUS MOMeHTOB Mg, My , M, , HO

YMCHBIIAKOTCA 3HAYCHHUA CMCIICHHA PECK IO OCAM. CoOTBETCTBEHHO YBCIUYCHUC TOJIIHUHBI
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CIIMBACMBIX MAaTCPHAJIOB YBEIINYUBACT COIIPOTUBJICHUEC U IIPUBOJUT K YBCIIMUCHUIO 3HAYCHHI

Mg, My, My,. COOTBETCTBEHHO YBEINYMBAIOTCS U 3HAUCHHUsE X U Y B TPACKTOPHUH JIBUKCHHS

peex.
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PucyHok 7. 3aKkoHBI KpYTSAIIEro MOMEHTA Ha TJIABHOM Bally, BaJlax KOPOMBICJIA MEXaHU3Ma
MPOTAIKUBAHUS, CMEILEHUs peeuyHON 3y0uaToil rapHUTYphI 10 BEPTUKAIBHON U
FOpHSOHTaHLHOP'I OCsAM B MAallIMHE C TIpCJIaracMbIM MECXaHU3MOM IIPOTAJIKNUBAHUS MaTCpHUajia.
Figure 7. The laws of torque on the main shaft, the rocker shafts of the pushing mechanism,
the displacement of the rack gear set along the vertical and horizontal axes in the machine

with the proposed material pushing mechanism.
3AK/IIOYEHUE

Ha ocHOBe »3KCIEpUMEHTANBHBIX MCCIECIOBAHUN MOJACPHU3UPOBAHHOW IIBEWHOU
MAalIMHBI C MPEAJIOKEHHBIM MEXaHW3Ma MPOTAJIKUBAHUS MaTepuajga ¢ THOKUM 3JIEMEHTOM
OIIPENEICHbl HAarpy3KHM Ha IVIaBHBIM BaJl, BaJbl KOPOMBICE]I MEXaHHU3Ma IMPOTAJIKUBAHUS U
3aKOHBI CMELICHUS peedHoi 3yOouaToil rapHUTypbl. CieyeT OTMETUTh, YTO B MPeIaraéMoM

MCXaHMU3ME TIIPOTAJIKMBAHUA MaTCpraia, B OTIHWYUC OT CYIIECTBYIOHIUX KOHCTPYKHHﬁ,
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MMOBCPXHOCTb B3AaMMHOI'O KOHTAKTa pefIKI/I 1 MaT€pualia B IIPOLECCE MPOTAITKUBAHUS SABJIACTCA

00Jb1I0M 1 0OecrieynBaeT paBHOMEPHOCTD 11ara psifia CTpoYeK.
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