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HcciienoBanue BJIMSHUSA (l)aKTOpOB Ha YACJIBbHOC J1aBJICHUC

IIPA BAJIKOBOM OTKUME€ KOXKHN

HI.P. Xyppamos, K.K. Typrynos
Tawkenmckutl apxumekmypHo-cmpoumenvHulil uncmumym, Tawxenm, Y36exucman

AHHOTaHI/Iﬂ. B pa60Te BBIINIOJIHCH aHAJIM3 BJIMAHHA CbaKTOpOB Ha YACJIBbHOC HOaBJICHUC IIPpU
BaJKOBOM OTXKHME KOXH. B PE3YJIbTATC SKCIICPUMCHTAJIBHBIX I/ICCJIGZ[OBaHI/If/'I OIpPECACIICHBI
Fpa(bHKI/I 3aBHCHUMOCTEN W MoJIyu€Ha MATCMATH4YCCKasts MOICJIb. BLIHBJ'IGHO, 4qTo IHapameTp
TEXHOJIOTHYCCKOI'O YACIBbHOI'0 JaBJICHHWA HAa KOXY B 30HC KOHTAKTa BO3PACTACT C YBCIIMYCHUCM
HHTCHCHUBHOCTU HAI'PY3KH, CKOPOCTU BaJIKa W HIHUPUHBI TUIOINAAKW KOHTAKTa, 4 TAK¥XKE C
YMCHBIICHHUEM paanycCa BaJIKa. HaﬁneHa aHaJUTHUYECKas 3aBUCHMOCTb OCTaTOYHOM BIaKHOCTH
KOKH OT YACJIbHOI'O AABJICHUA. yCTaHOBJ'IeHO, 4dTO € pOCTOM YACIBbHOTO AaBJICHUA OCTAaTOYHAA
BJIAJKHOCTH KOXHW YMCHBINACTCA W ACUMITOTHYCCKU HpI/I6JII/I)KaeTC$I K OHpeILGJIeHHOﬁ
BCINYHNHC.

KimoueBble cioBa: KOXKa, BaJIKOBBIH OTKHUM, YJICJIBbHOC HOaBJICHUC, HIMPHUHA IIJIOMAaAKU
KOHTAaKTa.

Jas uurupoBanusi: Xyppamos, 1. P., & Typrynos, K. K. (2022). HccnenoBanue BIUSHUS
(akTOpoB Ha yJENbHOE JaBJIEHHE MPH BAJIKOBOM OTXHME KOku. COBpeMEHHbIE MHHOBALUHY,
cucteMbl U TexHostoruu - Modern Innovations, Systems and Technologies, 2(4), 0101-0111.
https://doi.org/10.47813/2782-2818-2022-2-4-0101-0111

Study of the influence of factors on the specific pressure
during roller squeezing of the leather

Sh.R. Khurramov, K.K. Turgunov
Tashkent Institute of Architecture and Civil Engineering, Tashkent, Republic of Uzbekistan
Abstract. The effect of factors on the specific pressure in the nip of the module rolls is studied

in the article. As a result of experimental studies, the graphs of dependencies were determined
and a mathematical model was obtained. It was revealed that the parameter of the technological
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specific pressure on the hide in the contact zone increases with an increase in the intensity of
the load, the speed of rolls, the width of the contact area, and a decrease in the radius of rolls.
An analytical dependence of the residual moisture content of leather on the specific pressure
was determined. It was established that with an increase in specific pressure, the residual
moisture content of leather decreases and asymptotically approaches a certain value of the
function.

Keywords: leather, roll pressing, specific pressure, contact area width.
For citation: Khurramov Sh.R., & Turgunov K.K. (2022). Study of the influence of factors on

the specific pressure during roller squeezing of the leather. Modern Innovations, Systems and
Technologies, 2(4), 0101-0111. https://doi.org/10.47813/2782-2818-2022-2-4-0101-0111

BBEJIEHUE

Mexanunueckasi 00paboTKa HaTYpaJbHBIX KOXK XapaKTepU3yeTcs HATMIMEM OOJIBIIOTO
KOJIMYECTBA IIPOLIECCOB, BBHIMOIHIEMbIX B BAJKOBbIX MamnHaX. Cpeau HUX 0COOYIO IpyIlly
COCTaBIISIET BAJIKOBBI OTKHM KOXXEBEHHOro mnonydabpukara mociae ayOneHus (KOXH),
KOTOPBIH SIBIIACTCS BAKHBIM IS TIOCICIYIONIMX OIepanuii [BoeHus u crporanus [1,2].

[TapameTp y1e1bHOIO JaBICHUS SIBISETCS ONPEAEIAIOIUM U1 TOCTUKEHUS 3aJaHHOTO
TEXHOJIOTUIECKOTO IPPEeKTa OTKHMA KOXKH. DTOT MapaMeTp XapaKTepHU3yeTcs BEINYHMHON
JUHEHHOTO JaBlIEHUS, OTHECEHHOW K IIMpPUHE TIUIOMAJKA KOHTaKTa BalkoB. [losTomy
napaMeTpbl BaJKOBBIX MAallIMH CKa3bIBAIOTCS, MPEXKIE BCEro, Ha BEJIWYMHAX I[IUPUHBI
IUIONIA/IKM KOHTaKTa BAJIKOB, a Yepe3 HEro Ha YJENbHOM JABJIEHUU M TEXHOJIOTMYECKOM
addexkre.

[MupuHa MIOMAAKHA KOHTaKTa B 3aBUCHMOCTH MapaMeTPOB BAJKOBBIX MAIIHMH MOXKET
ObITH ompeneneHa MO0 TEOPETUYECKH C TOMOIIBI0 MaTeMaTHYeCKOro MOAETUPOBaHUS
npolecca BaJKOBOTO OTXKMMA, JHOO SKCIEPUMEHTAIBHO B pe3ysbTaTe U3Y4YeHHs BIUSHUS
OCHOBHBIX [TapAMETPOB BAJIKOBOTO OTKMMa KOKU Ha HEE.

MaremaTHuecKOMy MOJIEIMPOBAHUIO TMPOIlEcCa BAJKOBOIO OTKMMA IOCBSIIEHBI
pabotel [3-10]. B HuX Ha ocHOBe MoOJenupoBaHHUs (OPMBI KPUBBIX KOHTAKTa BaJKOB U
3aKOHOMEPHOCTH pachpeziesieHus] KOHTAKTHBIX HaIpsHDKEHUH oIpesesieHbl aHaIUTUYeCKUe
BbIPaXXEHHSI, OMMCHIBAIOIIME TUIONIA/IKY KOHTAKTa BAJIKOB U yJI€IbHOE JaBJICHUE.

Pabora [11] mocBsiIeHa O3KCIEPUMEHTAIBHOMY HCCIACIOBAHUIO W OIHMCAHHUIO
PErpecCUOHHONW MOJENU UIMPUHBI IJIOMIAAKKM KOHTakTa. OJHAKO MpU NPOEKTHPOBAHUU
OTKUMHBIX MAIIMH JUI HHKEHEPHBIX pacyeToB TpeOyroTcs Oosee MpoCThie 3aBUCUMOCTH, YeM

PErpE€CCUOHHEIC. Ucxons u3 9TOI0, B pa60Te IMoCTaBJICHAa 3ajjadya Ha OCHOBC PE3YJIbTAaTOB
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pa6OTBI [11] BBIIIOJIHUTH OIMMCAHUC HIMPHUHBI INIOIIAAKH KOHTAaKTa M YACJIbHOI'O0 HAaBJICHUA C

HOMOILBIO AIMIIUPHUECKON (PYHKIIMM OCHOBHBIX IaPaMETPOB BAJIKOBOI'O OTXKMMa KOKU.
MATEPHUAJIBI U METO/IbI

Panee ObLia SKCHICPUMCHTAJILHO UCCIICA0OBAaHa HNIMPHHA IIJIOI[AAKN KOHTAKTa BAJIKOBOI'O

OT’)KMMa KOH B 3aBUCUMOCTH OT MHTEHCUBHOCTU Harpy3ku Q , paguyca Bajika R 1 CKOpOCTH

Basika V [11]. OxHako, KaKk CBHIETEILCTBYIOT aBTOPhI paboT [1, 12], ocTarouHas BIaXHOCTh
IIPY BAJIKOBOM OT’KUME OIIPEIIEIISICTCS HE JIMHEHHBIM JaBlieHHEeM (MHTCHCUBHOCTBIO HATPY3KH),
a yIICJNbHBIM JIaBJICHUEM, KOTOPOE OMNpPEIENIIeTCs KaK OTHOIICHUE JIMHEHHOTO IaBIICHHS K
JUTMHE KPUBOW KOHTaKTa Balika. [103TOMY IS ONpENEICHUsT OCTATOYHON BIAYKHOCTH KOXKHU
HY’KHa TaK)Ke 3aBUCUMOCTD JUTMHBI KOHTAKTHOW JIMHUM BajKa (IIMPUHBI TUTOIIAIKA KOHTAKTa
BaJIKa) OT OCHOBHBIX NTAPaMETPOB BAJKOBOT'O OT)KMMa KOXKH.

B cBs3u C 93TUM TpOBENEM HCCICIOBAaHME TI0 H3YYCHUIO U pa3paboTke

3KCH€pI/IMCHTaJII)HOI71 MOZACIINU YACIIBbHOTO JaBJICHUA.

Pucynok 1. Bun sxcniepuMeHTanbHON yCTaHOBKH.

0103



CoBpemeHHble UHHOBaLUK, CUCTEMbI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

KoHCcTpyKIHs 3KCIepUMEHTAIBHON YCTAaHOBKHU (PUCYHOK 1) IMMO3BOJIIET OCYIIECTBISITh
3aMEHY BaJIKa, a TAKXKE M3MEHATh CKOPOCTH BAJIKOB M YCUJIUS UX mprkuMa. [IpeaycmMoTpeHbl
KOMIUIEKTHI BaJIKOB ¢ paguycamu 0,050, 0,105 u 0,160 M (mmocie HaMOTKK CyKHa pajyChl UX
cootBercTBeHHO paBHsumch 0,058, 0,114 u 0,170 M), HeoOXOaUMBbIE YCHIIAS MPHKAMA
OCYIIECTBIISUIUCh  MPY>KMHHO-BUHTOBOM CHUCTEMOM, CKOPOCTH BAJIKOB PETYJIUPOBAINUCH
peocTaToM, JUIMHa BAJIKOB cocTaiisuia 0,12 m.

HccnenoBanuio MmoaBeprajiuch KOKEBEHHBIC MOJIy(aOpUKaThl KPYITHOTO POraToro
CKOTa MOCIIe XPOMOBOTO nyOneHus (koxwu). s m3MepeHus MIMPUHBI TUIOMIAIKH KOHTAKTa
MOATOTOBJICHA TOHKAasi M y3Kas JIGHTa, MPONUTAHHAs LBETHBIM >KUAKUM areHToMm. Jlenta
MpUKpEeIJIeHa K JUIEBOM cTopoHe oOpasna koxwu. [Ipu mpomycke obpasua ¢ JeHTOH yepes
JKaJI0 BAJIKOB, JICHTA C)KMMAETCS M YIPYTroe MOKPhITHE (CYKHO) BEpXHEro BajKa IOTJIOIIAeT
OTJCIISAIOMINXCA OT HEE I[BETHYIO >KUIKOCTb. [IpM OTHeIeHUuU JIEHTHI OT BEPXHEro BaJiKa
Ha CyKHE  o0pa3syrTcs IBETHOM  OTNEYATOK (cilexa), MyTeM H3MEpEeHUs] KOTOpOu
OTIpeIeIAETCS ITMPHHA TUIOIIAJKH KOHTAKTA.

[Tytem mccrnenoBanuii 00JacT 30HBI KOHTaKTa Momyien [4, 11] u ¢ ydeTom ormbita
OKCIUTyaTallil BaJIKOBOTO OTXKMMa KOXH  YCTAaHOBJIEHO, YTO OCHOBHBIMU (DaKTOPaAMHU,
BIUSIOUIMMH Ha yAETbHOE NaBleHUE, SBISIOTCSA: HHTEHCUBHOCTh Harpy3ku Q; paauyc Bajika
R ; ckopocth Banka V .

Pabouas matpuma coctaBiena mo martpuie TuianoB K. Kano ans tpexdaxtopHOro
skcniepumenTa. llocne peanuzauuy pabouyell MaTpHUIbl TOJY4YEHbl 3HAYEHHS] LIMPUHBI
TUTOMIAIKK KOoHTakTa L (Tabmuma 1).

Tadauua 1. 3HaueHus: WUPHUHBI MJIOMIAIKN KOHTAKTA L.

Pabouas maTpuia [ITnprHa MIOMEAJKH KOHTAKTA, MM

Q R Vv L,

40 0,114 0,22 0,0502
65 0,170 0,34 0,0676
65 0,058 0,34 0,0326
15 0,058 0,34 0,0179
15 0,170 0,34 0,0431
65 0,170 0,10 0,0665
65 0,058 0,10 0,0321
15 0,058 0,10 0,0234
15 0,170 0,10 0,0574
65 0,114 0,34 0,0539
40 0,058 0,34 0,0295
15 0,114 0,34 0,0355
65 0,058 0,22 0,0307
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15 0,058 0,22 0,0222
15 0,170 0,22 0,0549
65 0,170 0,22 0,0637
40 0,170 0,34 0,0600
65 0,114 0,10 0,0530
40 0,058 0,10 0,0314
15 0,114 0,10 0,0467
40 0,170 0,10 0,0639

Jns anmpokcuManuu Oy/ieM MCIIONIb30BaTh METOAMKY, M3JIOKEHHYIO B pabore [12],

COTJIACHO KOTOpOH OyleM MpHHHMATH CTEICHHYIO 3aBUCIMOCTh BUA

Lo = CQ1a R1ﬁV17 ) (1)
rae
Q R \Y
leQ_sr' Rl:R_sr, Vlz\/_sr’ (2)

3necy Q. =40 kH/m, R, =0114m, V, =0,22 m/c.
Jlorapudmuposanwue (1) gaer
InL,=INC+aInQ,+BINR, +yInV,. (3)
O6o3naunB InLy =Y, INnC=7,InQ,=X,, IhR =X, u InV,=X,, npuserem
BbIpakeHHe (2) K TUHEHHOMY BUIY
Y =aX,;+ X, + X, +1. 4)
[Tapamerpsl «, [, y U 77 HaXoIUM METOAOM HAMMEHBIIMX KBaJpPaTOB, COIJIACHO

KOTOPOH, CyMMa KBaJpaTOB OTKJIOHEHUH &; SKCIEPUMEHTAIBHBIX TOYEK OT NMPSAMON JOJIKHA

21 21
ObITh HaumenbIel: F(a, f,7,n) = Zgiz = Z:(YI —(aXy + BX oy + 7X 5 +1))° — MUHEMYM.
i=1 i=1

Takum o0Opa3oMm, HEOOXOAMMO PEHIMTh CTAaHAAPTHYIO 3ajadyy — HAWTH MHHUMYM

(GyHKIIUM YyeThIpeXx epeMeHHbIX. Torna nmeem

oF & 21
%ZZZ(Yi —(aXy + BXy + 7Kg +n))(=Xy) = ZZ(axlzi + BXy Xy + 72X Xy + 11Xy — X43Y;) =0.
i1 i1

OTtKkylia uMeeM
21 , 21 21 21 21
az Xy +ﬂz XXy +7/z Xy Xy +772 Xy = Z XyYi.
i=1 i=1 i=1 i=1 i=1l

oF oF oF .
Onpenenys aHAJIOTUYHO, 3 3 U — , [I0JIy4aeM CUCTEMY ypaBHEHUN

oy 0n
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21 21 21 21 21

alezi +ﬂleiX2i +7/ZX1iX3i +772X1i :leiYi’
Y =y b1 5 i

aleiXZi +,BZX22i +7zxzixsi +77_szi :ZXZiYi’
1 o1 o P o

agxlixsi +IB;X2iX3i +7;X§i +77_21:x3i :;X?:iYi’
21 21 21 21

azl: X, + ﬂzl: X, + }/Zl: X+ 21y :levi.

ITocne IIOACTAHOBKH BCEX CYMM, UMEEM

9,582c + 0,410 + 0,526y —3,9637 = 14,549,

0,410a +4,9253 + 0,293y — 2,207 = 10,489,

0,526 +0,293/3 + 6,507y — 2,8321 = 8,446, ©)
~3,963q — 2,207 - 2,832y + 21y = —66,794.

(5)

Cuctema (6) umeert pemienue: o = 0,221, f=0,740, y =-0,09, n =-3,074. Otcrona,
umeeM C =e” =e %% = 0,046.
B mpouecchl sKcnepuMeHTansHOro ucciaemoanust momyuwnun L. =0,0457. Dro

CyMMapHas MUpUHa IUIOMIAAKKW KOHTAKTa. C YUETOM JSTOr0 U3 BbIPAKCHUA (1) MOKHO

MOJIYYUTH CICAYIOIHNE 3aBUCUMOCTHU

L, = QIR ™
WIN C YY€TOM BbIpakeHui (2)
L = 0.089Q%**'R%" 0%, (8)
OrneHuM Tenepb TOYHOCTh AlIPOKCUMALIUHU ONBITHBIX JAHHBIX MOJy4e€HHON (OopMyIIoif
[13]:
0044, y=-2 - 2044 01
Jno V2t
Kak BUAHO, TOYHOCTH ammIPOKCUMAIIMU OMBITHBIX JaHHBIX Gopmyroit (7) Gosee yem
YJIOBJIETBOPUTEIHHA.

W3BectHO [12], uTO
P- Q , 9
L ©)

roe P— YACIBbHOC NaBJICHUC.

Torna ¢ yaeTom BelpaskeHus (8), moxyanm

P — 1123Q 0.779R—0.74V 0.09 ’ (10)
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P =56603.32L*°*R~>%V °4,

(11)

Ha pucynkax 2-5 npusenens! rpadpuueckue nareprperanuu Gopmyist (10) u (11).

B pabGore [2] Obuim ompeneNieHbl aHATWTHYECKHE 3aBUCHMOCTH, OIHMCHIBAIOIIHE

OCTATOYHYIO BJIAXKXHOCTBH KOXKHU OT (baKTOpOB ABYXBAJIKOBOI'O MOJYJIA:

W = 92,58Q —0,077D 0,046\/ 0,074.

R=0058m /"

20 L
R=Ull4m/V
15 /A
R=0.]70m L —
/ 1
0.5 /] /
5 —
0 15 30 45 60 Q.kH/'m

PucyHok 2. 3aBUCUMOCTH YAETHHOTO
JIaBJICHUS OT IMHEWHOTO JaBJICHUS.

P _MPa

]

[

I
=]

R=0.114m R=0]058m

/
09
.,-‘J-"
—

06

R=0.170m

03

Pucynok 4. 3aBUCUMOCTb YACIBHOTO
JABJIEHUS OT CKOPOCTHU BaJIKOB.

(12)
P MPa
1.6 \Q=4ﬂ
12 \4
Q=}STCH-'m
04
] 0.058 0.086 0.114 0.142 R.m

Pucynok 3. 3aBUCUMOCTH YAETHHOTO
JIaBJICHUs OT pajinyca BaJlKa.

P._MPa

40 A
H=034m/= //‘
30

F=0{22m/s

20 V=0 10m/]s %/
) _/V/

0 0022 0034 0046 0058 L.m

Pucynok 5. 3aBUCHMOCTD yACIBHOTO
JlaBneHus OT IHUPHUHBI IUIOMIAIKU KOHTAKTA.

W3 paBenctra (12) npu 3Hauenusx D =0,22m u v =0,19 M/c, nmeem

W =119,05P %,

(13)

0107



CoBpemeHHble UHHOBaLUK, CUCTEMbI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

U3 pI/ICYHKaG CICOAYCT, YTO C POCTOM YJACJIBHOI'O JAaBJICHHUSA OCTAaTOYHAs BJIAXKHOCTHb
KOXH YMCHBIIACTCA M aCHMITOTHYCCKHU HpI/I6J'II/I)KaeTCH K OHpGI[GHCHHOﬁ BCIIMYHUHEC

(nanpumep, ipu 3HaveHusx R =0,22m v=0,18 m/c k Bermunne W =57%).

W%

70 \
65 \
\\

60
\'\u

wn
o

0 250 500 750 1000 P.kH/m?

PucyHok 6. 3aBUCHMOCTb OCTaTOYHOI
BIIQKHOCTH KOKH OT yJI€IBHOTO
IaBJICHUA.

PE3YJIBTATBI

1. ITomyuena sMmnupuyecKkas 3aBUCUMOCTb, ONMCHIBAIONIAs YAEIbHOE JaBJIEHUE Kak
CTETIEHHYIO (DYHKIMIO MHTEHCUBHOCTHU HArPy3KH, THAMETPa U CKOPOCTH BaJIKa.
2. HaiineHa aHanmmTH4ECKasi 3aBUCUMOCTb OCTaTOYHOM BIa)KHOCTH KOXH OT yIE€IBHOTO

JIaBJICHUS.
BbIBO/IbI

DKCrepuMEHTAIbHBIM HCCIIEI0BAHUEM YCTAaHOBIIEHO, YTO

e C YBEIMYCHHMEM HHTEHCHUBHOCTM HAarpy3Kd IIMPUHA IUIOIMIAJKKM KOHTAaKTa
YBEJIMYUBAETCS U MPUOINKAETCA K HEKOTOPOIl BETMUMHE;

e 1pu OOJBIIMX 3HAYEHUSAX HHTEHCHBHOCTUM HArpy3kKM M JHAMETPOB BAJIKOB,
3aBUCHMOCTBD IIMPHHBI IUIOIIAIKK KOHTAKTa OT CKOPOCTH BAaJIKOB XaPAKTEPHU3YETCS
JUHEHHOU (yHKINEH;

e [IpY MCHBUIMX HMHTEHCUBHOCTSX HArpy3KM C YBEIWYEHUEM CKOPOCTH BAJIKOB
MIMPUHA TUIOINAJAKM KOHTaKTa YMEHbIIAeTcs, a MNpH OOJBIIMX, HAOOOPOT,
YBEIINYUBAECTCS;

® C YBEJIIMYECHHEM MHTCHCUBHOCTH HArpy3KH, CKOPOCTH BaJKa U IIUPUHBI IUIOIIAIKH

KOHTAaKTa YACJIbHOC JaBJICHHUC YBCIINYNUBACTCH,
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° YBCIIMYCHUEC paJuyCa BaJIKa IPUBOJUT K YMCHBIICHUIO YACIIBHOTO JAaBJICHUA,
® OCTaTO4YHAad BJIAXHOCTb KOXH YMCHBINACTCA U ACUMIITOTUYCCKU HpI/I6JII/I)KaeTCSI K

ONPEAECICHHON BEJIMUYHHE.
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BJIA’KHOCTH KOZKHM
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AnHotanus. Pabora mocBslieHa K SKCIEPUMEHTAIEHOMY HCCIEIOBAaHHIO OCTATOYHOW BIIAKHOCTH
KOXXM B MpOILECCE BAJIKOBOTO OTKUMA. [loylydeHbl pErpecCHOHHBIE U AMIUPUYECKUE MOJIEIH
OCTAaTOYHOM BIIAYKHOCTH KOXKH. YCTAHOBJIEHO, YTO C YMEHBIIEHHWEM paguyca M CKOPOCTH Ballka H
yBEIMYEHHEM MHTEHCUBHOCTH Harpy3Kd YMEHbIIAeTCs OCTaTOYHas BIAXHOCTh KOXKU. BbIsBIEHO, UTO
Ny4mui 3QQPeKT MHTEHCHMBHOCTH HArpy3KH HaONIoJaeTcsi B OTXKMMHBIX MAalllMHAX C MaJCHbKHMHU
paanycamMy U CKOPOCTSIMH.

KiioueBble c€JI0Ba: BaJIKOBBIH OTKHM KOXH, OCTaTOUHAaA BJIA)KHOCTb, MHTCHCHBHOCTbL HAarpys3Ku,
AUaMCTp BajiIKka, CKOPOCTH BaJIKa.
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Experimental study of residual leather moisture

N.U. Annaev, Sh.l. Khurramov
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Abstract. The work is devoted to the experimental study of the residual moisture content of the leather
in the process of roller squeezing. Regression and empirical models of residual leather moisture have
been obtained. It has been established that with a decrease in the radius and speed of the roll, and an
increase in the intensity of the load, the residual moisture of the skin decreases. It was found that the
best effect of load intensity is observed in squeezing machines with small radii and speeds.

Key words: roller squeezing of leather, residual moisture, load intensity, roll diameter, roll speed.
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BBEJIEHUE

OcHOBHOI1 3a1aueil mpoliecca BaJIKOBOIO OT’KUMA KOXKEBEHHOT0 Moitydadpukara mocie
XpoMOBOro nyOieHust (KOXH) sABIseTca oOecneueHHe TpeOyeMoil TEeXHOIOTHMYEeCKHM
IIPOLIECCOM OCTAaTOYHOM BIIAXHOCTU. [[0ATOMY INpu BaJIKOBOM OTXKHME KOXH OIJHOU U3
OCHOBHBIX 33Jay SBJISETCA ONpEIENCHHEe aHAJUTHUYECKOW 3aBHCHUMOCTH OCTaTOYHOU
BJIKHOCTH OT OCHOBHBIX IapaMeTPOB Ipoliecca BaJIKOBOI'O OT)KHMMA, TO €CThb HEOOXOIUMO
MOJIEJIMPOBAHUE OCTATOYHOM BIIAXKHOCTH KOXKHU.

B teopun BaJKOBOro OT’KMMa KOXH HCCIEAOBAHUA 110 MOJEIMPOBAHUIO OCTaTOUYHOMN
BJIQKHOCTH OT)KMMAeMOro MaTepuaja IpOBOAATCS B Tpex HampaBieHusx. IlepBoe —
SKCHEPUMEHTAJIbHOE, CTPOUTCS HA  OCHOBE OIBITHBIX JaHHBIX C MPUMEHEHHUEM METO/0B
MaTeMaTUYeCKON CTaTUCTUKHU M IJIAHUPOBAHUS AKCIEPUMEHTA, PE3yJIbTaThl MOIYy4aroTCs B
BUJIE AMIMPUYECKUX WM PErPECCHOHHBIX 3aBUCHUMOCTEHl. BTopoe — skcnepuMeHTanbHO-
TEOPETUYECKOe,  CTPOMTCA  IyTeM  TEOpPETHYECKMX  MCCIEJOBAaHMH  HAa  OCHOBE
SKCHEPUMEHTAJIbHO IOJYYEHHBIX 3MIIMPUYECKUX 3aBHcUMoOcTeil. TpeTbe - Teopermueckoe,
CTPOUTCSI Ha OCHOBE TEOPETUYECKUX HCCIECIOBAHUI IyTEeM H3YUYEHHs] THAPABIMYECKUX
SBJICHUH, IPOUCXOSALINX B 30HE KOHTAKTa BAJIKOB C OTKUMAEMbIM MaTEPUAJIOM.

PaGoter [1-3] mHOCBSIIEHBI SKCIEPUMEHTAIBHOMY HCCICIOBAHUIO M OMHCAHUIO
PErpecCUOHHOW  MOJIEIM  OCTATOYHOM  BJIAXKHOCTH  KOXKEBEHHOro moinydabpukara c
BEPTUKAIBHON MTOAAYEH.

JlanHas paboTa MOCBsIEHa KCIEPUMEHTAIBHOMY UCCIEI0BAaHUIO M MOAEIUPOBAHUIO

OCTaTOYHOH BIA)KHOCTH KOXKH C l"OpI/I3OHTaJ'ILHOI71 rnoaaven.

METO/bI

DKcrnepuMeHTaJIbHbIE UCCIIE0BAHNS POBOIMINCH Ha CIIEIIMAIbHO CIIPOEKTUPOBAHHOM
Y M3rOTOBJICHHOM ycTaHOBKe (puc. 1).

JUis BBIMOJIHEHUS SKCIIEPUMEHTAJIBHBIX PadOT MPEAyCMOTPEH KOMIUIEKT BAJIKOB C
pa3iauYHbIMM JuamMeTpaMy. KOHCTpyKIUs yCTaHOBKM IIO3BOJISIET 3aMEHATh BAJIKH, a TaKKe
U3MEHATh CKOPOCTh BpAalllEHUsl BAJIKOB M YCHJIMS MX IPUKMMA. BBITM M3rOTOBJIEHBI BAJIKH C

muamerpamu 0,1, 0,21 wu 0,326 m. Ilocnme HaMOTKH, JIUaMeTPhl BajlKOB PaBHSIUCH

0116, 0,228 u 0,340 m. [nmmnHa BasKOB BO Bcex ciywasx cocraBimsuia 0,12 m. Cxopoctu
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BpAILICHUSI BAJIKOB PETYJUPYIOTCS C IIOMOLIBIO PEOCTATOB U HU3MEPSIOTCA TaXOMETPOM

qacoBOro Tuma. Jluama3oH W3MEHEHHsS] WHTEHCUBHOCTH Harpy3ku 15-65 xH /m.

HCO6XO[[I/IMOG JaBJICHHUEC BAJIKOB CO31aBaJIOCh COOCTBEHHBIM BECOM BCPXHCTO BaJIKa U YCUIINEM

JOIMMOJIHUTCIIbHOI'O IIPpHIKUMaA, OCYIICCTBIACMBIM C ITIOMOIIBLIO HPY)I(I/IHHO-BI/IHTOBOI;'I CHUCTCMBI.

Pucynoxk 1. Bun sxciepumeHTaaIbHON YCTaHOBKH.
Figure 1. View of the experimental setup.

Jlns ompeneneHuss OCTATOYHOW BIKHOCTH B KaXJOM OTKATOM 00pasie KOXKH
MPOBOAMIN TSTh 3aMEpPOB MPOLIEHTHOTO COJEP>KAaHUs BJIArH IO yriaM U cepeauHe odpasia.
Cpenuss apudmeTudeckas BEIMYMHA ITHX 3aMEPOB COCTABIIsLIa OCTATOYHYIO BIIAXKHOCTH
obpasma. [Ipu u3mepennn BraxHOCTH puMeHsH cymuiabHbIi mkadp CHOJI -2,5; Becs Tna
BJIP-200 ¢ Tounoctbio u3mepenus 0,01 Mr, SKCUKaTOpbI, OFOKCHI.

HccnenoBaHuio MOJBEPraauch KOXXKEBEHHbIE MONy(paOpuKaThl KPYMHOTO PpOTaToro
CKOTa Iociie XpoMoBoro ayoisienus. OOpa3ipl BbIpe3aid U3 KOKEBEHHBIX M0JTy(hadpuKkaToB

mpuHoit 0,2 m u TpebyemMoil UIMHON B 3aBUCUMOCTU OT BHUJA OIBITOB. Y KOMIUIEKTOBAIN

00pa3iipl ¢ 1eIbI0 UCKIIOYEHUS BIUSHUS TONOrpaduyecKuX pa3Inyuil B TPYIILI 0 METOY

aCI/IMMCTpH‘{CCKOﬁ 6aXpOMLI.
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B kadectBe ¢yHKimu orkiauka npunumanu W

vem» KOTOpAs IOJHOCTBIO OTBEYAECT
TpeOOBaHUSAM, IPEABSIBIIEMbIM K (DYHKIIMAM OTKIIMKA MPH TUIAHUPOBAHHUHU dKCIIEpUMEHTa [4].

Ha ocHOBEe MOHUCKOBBIX SKCIIEPUMEHTOB OBIJIO MPHHATO PpELIEHWe IPOBOIUTH
9KCHEPUMEHTAJIbHOE MCCIIEI0OBAaHUE METOAOM D-OnTHManabHOrO IUIAHUPOBAHHUS BTOPOTO
IOPsIZIKA C UCIOJIb30BaHUEM MaTpuIlbl ImanupoBanus K. Kano.

Ha ocnoBe anpuopnoii uadopmanuu W, ucciaeoBaHie NIPOBOIMIOCH C yUETOM TpeX

(akTOpoB: X, — MHTEHCHBHOCTb Harpy3ku Q, xH /m; X, — muamerp Banka D, a; X, —

cKopocTh Basika V, m/c.
BbIOpaHbl clienyromye quana3onbl U3MeHEHHs (PaKTOPOB: HHTEHCUBHOCTD HATPY3KH —

15+65 kH / m;—mmametp Banka —0,116, 0,228, 0,340 w; ckopocts Basika — 0,10+0,34 xm/c.

VYpOBHU ¥ HHTEPBAJIBI BAPbUPOBAHHS (PAaKTOPOB MPUBEICHBI B Tabmie 1.
Tabmuua 1. YpoBHU M HHTEpBaIBI BAPEUPOBaHUS (DAaKTOPOB.

Table 1. Levels and intervals of factor variation.

dactop YpoBeHb BapbUpPOBAHUS rrepan
- 0 + BapHaluu
Q, kH/m 15 40 65 25
Q, 0,375 1,000 1,625 0,625
D, m 0,116 0,228 0,340 0,112
D, 0,509 1,000 1,491 0,491
V, mlc 0,10 0,22 0,34 0,12
V, 0,454 1,000 1,546 0,546
CDYHKHI/ISI ueian aHHPOKCI/IMI/IpOBaHa IIOJIMHOMOM
k k k
y0=bO+Zbixi +Zbijxixj +Zbiixf, (1)
i=1 i,j=1 i=1

rae b,, b, b, b, —xoadduments perpeccun.

ij?
ITocae pcain3anuu pa6oqe171 MaTpulbl HOJYUYCHO CPECAHEC apI/I(I)MCTI/I‘-IeCKOe 3HA4YCHHC

W__ (tabmuma 2).

ocT
OIHOPOAHOCTh TUCTIEpCUil olleHeHa KputepueM Pumepa [4] mpu moBepHTENBEHON

BeposaTHOCTH o = 0,95
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Sriax
Fracn = g3 S2, =18485, f,=5; S, =3125 f, =4 F, =592

min

Tabnuunsle 3Hauenus kpurepus Oummepanpu f ., =5wu f . =4 pasusl F_,, =6,26

Tabn ~

[4]

Takum oOpazom, Bce mucnepcun aat W u N mpu o =0,95 MoxHO cuuTaTh

OJHOPOAHBIM, Tak Kak F < F

pacu maébn'

Tabnuua 2. Pe3yiabTaThl 3KCIEPUMEHTAIBHOTO HUCCIICIOBAHUS.

Table 2. Results of the pilot study.

— 2
Pabouas MaTpuna OcraToyHas BIAKHOCTH 82 _ WO :WO
_ ! W,
Ql Rl Vl WO WO
1,000 | 1,000 | 1,000 57,93 57,13 0,0002
1625 | 1,491 | 1546 58,64 57,89 0,0001
1,625 | 0509 | 1546 56,32 55,10 0,0005
0375 | 0509 | 1,546 60,59 61,77 0,0004
0375 | 1,491 | 1,546 62,09 64,90 0,0019
1625 | 1,491 | 0454 52,31 52,81 0,0000
1,625 | 0509 | 0,454 43,51 50,26 0,0241
0375 | 0509 | 0,454 58,47 56,35 0,0000
0375 | 1,491 | 0,454 60,24 59,20 0,0000
1,625 | 1,000 | 1546 57,18 56,83 0,0000
1,000 | 0509 | 1546 59,63 57,22 0,0000
0,375 | 1,000 | 1,546 59,80 63,72 0,0043
1,625 | 0509 | 1,000 54,13 53,32 0,0002
0375 | 0509 | 1,000 61,10 59,79 0,0000
0375 | 1,491 | 1,000 61,17 62,82 0,0007
1,625 | 1,491 | 1,000 58,43 56,03 0,0017
1,000 | 1,491 | 1546 59,38 60,12 0,0002
1,625 | 1,000 | 0,454 51,06 51,84 0,0002
1,000 | 0509 | 0,454 53,52 52,20 0,0006
0,375 | 1,000 | 0,454 59,31 58,13 0,0000
1,000 | 1,491 | 0454 57,26 54,84 0,0018
21
> 1202,07 1202,27 0,0370
1

[Tocne onpenenenus U UCKIIOUYEHUS HE3aBUCUMBIX KOA((UIIMEHTOB PErpeccuu IiaHa

K. Kano [4] mony4eHsl ypaBHEHHS:
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W . =58,03-0,718x? —1,442x2 +0,529%,X, + 1,705X,X, —3,431x, +0,776X, +2,481x,. (2)

['unore3y 00 ageKBaTHOCTH HAMICHHBIX YPaBHEHUN POBEPHIIN C TOMOIIIBIO KPUTEPHSI

®umiepa [4] npu noBepurenbHOl BepositHocTH o = 0,95

N N
82 Zn(yu_yu)z zsizfiv
Fro =5 Sa=—oprey’ ST m
pacu S ' an + T ’ y
o} N_f lesi

S2 =16577; S, =11,434; Fo.=145 f, =11 f,, =91

an

Tabnnunsle 3Hauenus kpurepus Oumepa npu f,, =90 u f =91 wu f =11

paBubl F_. =185 [4]. Takum oOpa3om, ypaBHeHue (2) MOKHO cuMTaTh MPUrOAHbIM ¢ 95% -

Taba

HOM JloBepUTENbHOM BeposTHOCTBIO (F ., <F, .5.)-

[Tocne packoaupoBanusi ypaBHEHUS (2) MOTYyYUM
W, .. =57,57-0,0011Q* —-100,4V* +0,377QD + 0,568QV —0,256Q +125D +42V . (3)

[Ipu mpoeKkTUpOBaHUM OTKUMHBIX MAlIUH JJII WHXKEHEPHBIX PacueToB TPEOYIOTCS
Oosee mpocThle 3aBUCUMOCTU. Mcxoast U3 3TOro, 3aBUCUMOCTH OCTATOYHOM BJIAKHOCTH OT
OCHOBHBIX MTapaMeTPOB OTKUMA alllIPOKCUMHUPYEM CTEHEHHON (yHKIUEH.

CornmacHo MeTOJWKe, U3JO0KEHHOW B pabore [6], OyaemM NpUHUMATh CTEHEHHYIO

3aBUCHUMOCTH BH 1A

Wo = CQla Dlﬂvly ) (4)
rac
Q D Vv
=< D=—, V,=—:1. 5
Ql Qcp 1 Dcp 1 ch ( )

Jlorapugmuposanue (4) naer
INW =InC +aInQ, + BInD, + yInV,. (6)

O6o3nauuB InW =Y, InC=p, InQ, =X,, InD, =X, u InV, = X;, npuseaem Boipaxkenue (6)

K JMHEHHOMY BHUY

Y =aX,+ X, +pX3+1. (7)
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HapaMeTpLI a, ﬂ, y U n HaxoJuM MCETOJOM HAUMCHBLIIUX KBaJapaToB, COIJIACHO

KOTOPOH, CyMMa KBaJpaTOB OTKJIOHEHWM & DSKCIEPUMEHTAIBHBIX TOUEK OT IPSIMOU JOJIKEH

OBITH

21 21
HauMeHbIIeH, To ectb F(a, fB,7,17) = Zgiz = Z(Yi —(aXy + Xy + 9K 4 +17))? — MEUHEMYM.

i=1 i=1

Torma nmeeM:
2 21 21 21 21
alei +ﬂleixzi +7leix3i +772,X1i zleiYi’
i=1 i=1 i=1 i=1 i=1

21 2 21 21 21
az X1i Xy +ﬂzx2i +7zx2ixsi +772X2i :zxziYi’
i1 i1 i-1 i-1 i-1

21 21 2 21 21 (8)
aleixm "‘ﬂzxmxsi +7/Z X3 +77_Zx3i =ZX3iYi’
ay Xy+ By Xyu+ oy Xg+ 2=,
i-1 i-1 i-1 i-1
[Tocne moaCTaHOBKH BCE CyMMBI, TIOy4aeM
9,582a +0,41083 +0,526y —3,9637 = —16,715,
0,410 +4,9256 +0,293y — 2,207 = —-8,711, )

0,526 + 0,293 + 6,507y — 2,832 = —10,999,
~39632-2,2078-2832y+ 2lp= 84,948,

Cuctema (6) umeer pemenue: a =-0,078 S=0,046, y=0,074, y=0,074 n=4,0454
Orcrofa, HaxomuM C =e” =e*%%* =57,63,
Takum oOpaszom, popmyina (4) Oyaer uMeTh BUL
W _ 58’98Q1—0,O77D10,046\/10,074. (10)

Boraucnennsie mo Gpopmysie (10) 3HaueHns octaTouHol BiaaxHocTH W, NPUBEIEHBI B

Tadimue 2.

=1/0’0370 =0,0441 un
19

OrmpenensieM cpefHee KBaapaTu4HOe OTKIIOHeHue [5] o=

o 00441

Jno e

Kak BUIHO, TOYHOCTH anMpPOKCHUMALIMU OIBITHBIX AaHHBIX (hopmyiol (7) Gonee yem

KOd(UIIMEHT Bapualuu V= =0,0096.

YAOBJICTBOPUTCIIbHA.
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PE3YJIbTATBI

U3 rpadsr 4 Tabmunpsl 2 cieayeT, 4YTo CyMMa OCTaTOYHBIX BIIAXKHOCTEH B mpoliecce

SKCIIEPUMEHTANIBHOTO HccienoBanus pasHa 1202,07%. Orciona, umeem W, =57,25%. C

y4eToM 3TOro u3 BeipakeHust (10) MOXKHO MOIYYIHTH CIEIYIONIHE 3aBUCIMOCTH

W, =0,97Q, *%"'D, "4, ", (11)
W =92,58Q “*%7'D ¥4y 207, (12)
Ha puc. 2- 4 npuBenens! rpaduueckue uHTEpIpeTanuu Gopmyist (12).
BbIBO/IbI

1. Pa3paboTaHbl perpecCHOHHBIE W HSMIHPUYECKHE MATEMATUYECKHE MOJCIH
OCTaTOYHOM BIAXKHOCTU KOXHU IIPU BAIIKOBOM OTKHME.
2. VI3 ananmu3a pacyeTHBIX JaHHBIX U rpaduKoB (PHCYHKH 2-4) BBISBIECHO ClIEayOIIee:
® C YBEIMYEHHEM WHTEHCUBHOCTH HArpy3KH OCTAaTOYHAs BIAXXHOCTb KOXHU
YMEHbILIAETCS;
® [IpU IPOYMX PABHBIX YCIOBHUSAX (YHKIIMIO OCTATOYHOM BJIAXXHOCTH OT pajauyca

Banka W, (R) MOXHO cunTaTth IHHEHHO-BO3pacTaIONMIEH;

e [pU MPOYUX T[OCTOSHHBIX IapaMeTrpax C YBEIMYEHHEM CKOPOCTH BaJlka
OCTaTOYHAasl BIAXKHOCTh YBEJIUYMBAECTCA W ACUMOTOTUYECKH NPUOIMKAETCs K

onpezaeneHHon Benmnunnae (Harpumep, npu Q =15 xH /m, R =0,058 m 3HaueHUME

W npubmmkaercs k 60.8% ).

W,..% ¥, ..%
. 0
M
< /
60 \ 60 7’ R ’
<\ ! | A /% O = 6OKH /¢
55 P —
22 R=(16m RZ 010 S— 32 /
R = 0,063 4 e Ll
50 o X O=40xH | x
45 45
0 15 30 45 60 Q.kH ! x 0 0.06 0.14 022 030 V.smlc
PucyHok 2. 3aBHCUMOCTbh OCTaTOYHOMN Pucynok 3. 3aBUCHMOCTh OCTaTOYHOM
BJIAXKHOCTH KOXKXEBCHHOI'O BJIAKHOCTHU KOXEBCHHOI'O Hony¢)a6pI/IKaTa

nory(adpukara OT ”HTEHCUBHOCTH
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Harpy3ku Q,kH/m, korga V =0,20u/c. oT ckopocTH Basika V,m/C, Korma
R=0,10xm.
Figure 2. Residual Figure 3. Dependence of the residual
moisture content of leather moisture content of the semi-finished
semi-finished product from intensity product on the roll speed V, x/c¢ when
load Q,kH/mwhen V =0,20m/c. R=010.
W._.%

60

—-/

t—
55 ~ il - s
et}
=2UkH M

0 =40xH | 1 Q=60xH | x

0 0.05 0.08 011 R

Pucynok 4. 3aBHCHMOCTH OCTATOYHON BIAXKHOCTH KOYKEBEHHOTO
nonydadpukara oT paauyca Basika R, m, korma V =010m/c.

Figure 4. Dependence of the residual moisture content of the leather
semi-finished product from the roll radius R, .x,when V =0,10m/c.
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KoHTakTHBIE HANIPSI’KCHUA B IBYXBAJIKOBOM MOAYJIC
OT’KUMA KO2KHU

K. 10. Anuboes, 111. U. Xyppamos

Tawkenmckuil apxumekmypHo-cmpoumenvHuli uncmumym, Tawkenm, Y36exucman

AnHoTauusi. B craTee mnpuBeAEHBl pe3yJbTaThl MOJCIMPOBAHUS KOHTAKTHBIX HAINpPsDKEHUM B
JIBYXBaJIKOBOM MOJAYJE OTKUMA KOXH. [lorydueHbl MoAenn pacpeacsicHuss KOHTAKTHBIX HANPS>KEHUN
M0 KPUBBIM KOHTaKTa BajkoB. HaliJleHbl BBIp@XEHMS YTJa, ONPEICIAIOIIME TOUYKY MAaKCHUMyMa
HOPMAaJIbHOTO HAMNPSHKEHUS M HEUTPabHOrO yrja B JABYXBaJKOBOM Moayje. BBIsSBIEHO, YTO TOYKa
MaKCHUMyMa 3II0P HOPMAJIbHBIX KOHTAaKTHBIX HaINpsSKEHW CMENIEHAa B CTOPOHY Hayajla KOHTaKTa
BAJIKOB U HE COBIAJIAE€T C HEUTPAIBHON TOUYKOM, KOTOpas B MPUBOJHOM BaJIKE€ HAXOJUTCS Ha CTOPOHE
BXOJIa CJIOSI MaTepraia B 30Hy KOHTaKTa BaJIKOB, a B CBOOOIHOM — Ha CTOPOHE BBIXO/IA.

KuaodeBble cjioBa: ABYXBaJIKOBBIN MOJYJb, OT)KUM KOXH, HOpMajbHbIE HANpsHKeHUs, KacaTelbHbIe
HaTpsKEHUs, paclipeieNieHHs KOHTaKTHBIX HaIlpshKEHUH.

Jasa uurupoBanusi: Ammboes, K. 0., & Xyppamos, III. U. (2022). KoHTakTHBIE HanpsHKCHUS B
JIBYXBaJIKOBOM MOJIyJie 0OT)KUMa KOu. COBpeMEHHbIC HHHOBAIIMH, CUCTEMbI M TeXHOJIOrHU - Modern
Innovations, Systems and Technologies, 2(4), 0122—-0130. https://doi.org/10.47813/2782-2818-2022-2-
4-0122-0130

Contact stresses in a two-roll module squeezing leather
K. Yu. Aliboev, Sh. I. Khurramov

Tashkent Institute of Architecture and Civil Engineering, Tashkent, Republic of Uzbekistan

Abstract. The article presents the results of modeling contact stresses in a two-roll module squeezing
leather. Models of distribution of contact stresses along the contact curves of rolls are obtained. An
expression for the angle is found that determines the point of maximum normal stress and neutral angle
in a two-roll module. It was revealed that the point of maximum diagrams of normal contact stresses
towards the beginning of the contact of the rolls and does not coincide with the neutral point, which in
the drive roll is located in the direction of the entry of the material layer into the contact zone of the
rolls, and in the free - in the exit side.

Key words: two-roll module, squeezing of leather, normal stresses, shear stresses, contact stress
distributions.
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BBEJAEHUE

OCHOBHBIM pabo4yuM OpPraHOM BAJKOBBIX MallMH JUISI OTXKHMMa KOXXEBEHHOIO
noiydabpukara sBiseTcs napa paboyux BaJIKOB C 3JIACTUYHBIM MOKPHITHEM (CykHOM). Ilapa
pabouux BajJKOB (BajJKOBas Iapa) M CIOW KOXEBEHHOro moiygabpukara mocie xyOneHus
(cT1oii KOXM) BMECTE CO3AaLyT JIBYXBAJIKOBBIM MOAY/Ib OTXKHMA KOXKHU.

B 1ByxBaskoBOM MoOJyJie OT)KHMa KOXHM  HaONIOaeTcs  OJIHOBPEMEHHOE
IPOMCXOXKACHUE JIBYX SIBIEHUI — KOHTaKTHOE B3aMMOAEUCTBUS M ¢uuibTpauus Biaru. B
paMKax TEOpUH BAJIKOBOTO OTKMMAa KOXKU JIaHHBIC SIBICHUS TPEOYIOT COBMECTHOTO PEIICHUS
JBYX THUIA 3a7ad, K KOTOPHIM OTHOCSATCS KOHTAKTHBIE 3aJadydl W THAPABIUYECKUE 3a/1aud
COOTBETCTBEHHO.

LlenTpanpHo¥ 3a1aueli TEOPUK KOHTAKTHOTO B3aUMOJIEHCTBUS B IBYXBAJIKOBOM MOJIYJI€
OTXKMMa KOXXHM SBISIETCS MOJICITUPOBAHHE 3aKOHOB pAClpeleNeHUus] HOPMAIBHBIX U
KacaTeJIbHBIX KOHTAKTHBIX HAIPSKEHUH.

Perienus KOHTaKTHBIX 3a/1a4 B IByXBAJIKOBOM MOJ1yJIE€ KOKHU OIPEIEIISIOTCS B IIEPBYIO
ouepenb Ae(GOpMalMOHHBIMUA CBOMCTBAMU KOKM M CBOWCTBAMM HOKPBITUS BaJIKOB, TO €CThb
poueccoM 1e(pOpMUPOBAHNS KOHTAKTUPYIOIIKX TEJ IBYXBaJIKOBOro Moy [1].

CornacHo wuccnenoBanuio [2], medopMmaiMoOHHBIE CBOWCTBA KOXH (KOXXCBEHHOTO
noiydabpukara 1mocie XxpoMoBOTo 1yOieHus1) Mpu CKaTUM U BOCCTAHOBJIEHUH JleopMaluu

OIMUCBIBAKOTCA PEOJIOT'HYCCKUMHU MOACIIAMUA KenpBuna-®oiirra.

. . de;
o; =E;g TH (1)

e 0,5, E;, 4; — nanpsokenus, peopmanus, MOIyIM yNPYTOCTH U BA3KOCTH KOXKH NPH
cokatuu (j =1) u BoccTtanoBieHnu aedopmaryn (j = 2).

Ananu3 nurepatypsl [3, 4] mokasan, uTo JeOpMaliOHHBIE CBOHMCTBAa MaTepUallOB,
TaKUX Kak WIepCTh M TEXHUYECKOE CYKHO, MCIONb3yeMble [JIsl TOKPBITUS BajKOB
JIByXBAJIKOBBIX MOJyJIEH OT)KHMa KOXH, TaK)K€ OMHCHIBAIOTCS PEOJOTMYECKHUMH MOJEISIMU

KeneBuna-doiirra
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de;
o;=Ej&; +pu;,—

)
)

dt

rie o;,¢;, B, 4, HanpsokeHusd, aedopManus, MOIYJIM YIPYTOCTH U BS3KOCTH MOKPBITHA
BaJIKOB MPU CKaTUU U BOCCTAHOBJICHUU.

METO/IbI

AHaM3 KOXEBEHHBIX BAaJKOBBIX OTKMMHBIX MAIIWH [9], MOKa3al, 4TO JIBYXBaJIKOBbIE
MOJIyJIA OT’KMMa KOXKH B OCHOBHOM UMEIOT CUMMETPUYHBIN BUJIL.

PaCCManI/IBaCM I[BYXBaJ'IKOBHﬁ MOJYJIb OT?KMMaA KOKH, B KOTOPOM BAJIKH C paanyCaMu
R wuMeroT smacTuuHOE IOKPBITHE U3 CYKHaA C TOJ'IH.IHHOﬁ H, TOJINIMHA KOXXH PaBHO 51,

pacCTOSIHUSI MEX Ty Bakamu paBHO N, 00a Bajka npuBoaHsie (puc. 1).

Q

S

- A
h )

D) p0 =

0

Pucynok 1. Cxema B3auMOJEICTBHS B IBYXBAJIKOBOM MOJyJI€ OT’)KUMA KOXKHU
Figure 1. Scheme of interaction in a two-roll module for pressing the skin

Tak Kkak paccMaTpuBaeMblii JBYXBAJIKOBBII MOIYJIb CHUMMETPUYHBIN,

Oynem
HUCCIICO0BATh KOHTAKTHOC B3aHMO}1€ﬁCTBHe KOXH C J'IIO6I)IM, Hanmpumep, ¢ HUKHUM BaJIKOM.
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KpuBas xoHTakTa HMkHero Banka (kpuBas M;M,) cocrout u3 aByx 3o MM, un
M,;M,. B 30ome M;M, mnpoucxoaur cxkaThe KOXHM U TOKpbITUS Banka, a M;M,—
BOCCTaHOBJICHHE /1e(hOpMAITHIH.

B paspabotke Mmozeneil pacnpeneneHHs KOHTAKTHBIX HANpsHKEHUH OCHOBHBIMH

(baKTopaMI/I MOZACIIN ABJAIOTCA HaIPsXKCHHUA TPCHHA BaJIKOB U (bOpMBI KpUBBIX KOHTAKTa

BAJIKOB, KOTOPLIC OIMHUCBIBAOTCA CICAYIOIUMU CUCTCMaMU ypaBHeHHﬁZ

e wmojenu (OpPMBI KPUBBIX KOHTAKTa BAJIKOB [6]

cos

rl = —R + klﬂ’l — ¢l y _gpl S 91 S 01

1+kA oS 6, 3)
R CoS @,
214k, 7 cos, 2=
2H cos 2H cos
rie Kk = abacl’l k, = Clhacliy A, A, — TIOKa3aTelb, ONPEAENAIONINN COOTHOIICHHE
2 2

ckopocTell 1eopMUPOBaHUS TOKPBHITUS BajlKa M KOXXKM IPU CXKATUUM U BOCCTAHOBICHUU
nedopmanuu;
e MOJENU HampsHKeHUH TpeHwus [1]

t, =t9(6, —y, +&)ny,

t, =19(0, -y, + & )n,, @

r F
rae y; = arctg r—' , & =arctg 6 , F —Tmpoekumy ropu3oHTaIBHOM peakiuy Bajika Ha och OX
i

Q — NPOCKIHU CUJIbI JABJICHUS TPUKUMHOTO YCTpOﬁCTBa " CUJia TSOKCCTH BaJIKa Ha OCbh Oy .
B 30He cxkaTusg HIKHErO BajIka BBIICIUM JJEMEHT IIMHOMN dll’ HaHpaBJ’IeHHHﬁ 10 JIMHHUH

n—n, mo KOTOpOﬁ IMPOUCXOOUT I[e(l)OpMaI_[I/IH KOHTAKTHUPYIOIIUX TECJI. Ha BoigeneHHbIN
9JICMCHT TIOKPBITHUA BaJIKa HeﬁCTBYIOT CO CTOPOHBI CJIOSA MaATCpUuala 3SJICMCHTAPHBIC

HopManbHast AN, U kacaTenbHas dT, CHJIBI M PEaKLUs OTCEUSHHBIX YacTeH MOKPBITUS BaJIKa.
Cocrapisromue cunsl AN, 1 dT, 1o HampaBiaeHHUI0 N—N ypaBHOBEIIMBAIOTCS CHION

o,dl, (puc. 1):

o,dl, —dN, cos0° —dT,sin0° =0
Ui

o, =N, 5)
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TI€ 0, — HANPSDKECHUE COKATUS MOKPBITHS Bajlka B HalpaBiIeHUA N—N, n, —

HOPMAJIbHBIC HAIPSKCHUSA, PACHIPCACICHHBIC 10 30HAM CKaTUs KPHUBOI'0O KOHTAKTa HHUIKHCTO
BaJiKa.

B KSDK,I[OI‘/’I TOYKE 30HBI C)KaTHUA BBIIIOJIIHACTCA YCIIOBUE
,*
n =o], (6)
rle o, — HanpsHKEHUs CKaTHs 00pabaThiBAEMOro MaTepuaa B HalpasieHud N—nN.

N3BectHO [1], uTO

. cosS 2Rsin
g =A[1-B% | A= - (7)
oS 6, 1+ 4,)o;sin g,
Orcroga umeeM
de, cos @,
— =—Aow——-190,. 8
dt A cos g0, 9% ®)

C yuerom Bolpakenuii (7) u (8) uz popmysl (2) Haxonaum

. oS @, CoS @,
o, = E |1- /1)) g, |
1= A l( cos 6, J e s 0, 94

B sTtom PaBCHCTBC O, OTPAKAaCT HAIIPSDKCHHUC CXATHUSA KOXH B YCIIOBMAX CTATHKU.

B camom ACJIC, IIPU KOHTAKTHOM BBaHMOHeﬁCTBHH O 1' OTPAXKACT HAIIPSAKCHUC CIKATHUA KOXKU B
PCAJIbHOM JUHAMHUYCCKOM IMPOHCCCC. OHO B HAYAJIC 30HBI KOHTAKTa paBHO HYJIIO, 3aTEM

YBCIIUYUBACTCA U JOCTUTACT 3HAUCHUA O Ha JIMHHUU LCHTPOB.

max

HWcxomst u3 satoro, umeeMm [2]

oS¢
n, = Bl[(El — potge,) — o 01

(E, + 1y otg 91)} ©)

o
rane B, = e .

E,(1-cose,) — watge,)

3aKOHOMEPHOCTH pacmpe/IeIeHUs] HOPMaJIbHBIX HAMPSKEHUHN 10 30HE BOCCTAHOBJICHUS

I[e(l)OpMaL[I/II/I KPHUBOTI'O KOHTAKTa HUKHCTO BaJIKa OMIPCACIIACM aHAJIOTUYIHO

oS,
n, =B,| (E, + u, ot —
2 2(( T 1,0t9p,) c0s0

2

(E, + ,uza)tggz)} (10)

re B, = O max
’ Ez(l_COS(pz)_,uza)tg¢z)l
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Jlns onpeneneHuss 3aKOHOMEPHOCTEN pacIipe/iesICHUs] KacaTeIbHbIX HANpsSKEHUH Mo
KOHTaKTHBIM JIMHUSM BaJIKOB HUCIIOJIb3yeM cuctemy (4).

Torna nmeem

Cos
t = Bl((El — i tge,) — 2 (E, + :u1a)tg‘91)jtg 6, —w, +&), (11)
cos 6,
CoS @,
t, = B,| (E; + m,0tgp,) - cosd (E, + 1,0t90,) t9(0, —w, +&). (12)
2
PE3YJIBTATDBI

Takum 00pazom, MONTy4eHbl MAaTEMAaTHYECKHE MOJCIH PACHpPENCTICHNUsS KOHTAKTHBIX
HANPSDKEHUH B IBYXBAJIKOBOM MOJTyJIe OT)KUMA KOXKH C ABYMS IIPUBOIHBIMU BaJIKAMMU:

e (9) u (10) - 3akOHOMEPHOCTH pacupeAeICHIsI HOPMAIbHBIX HAIIPSHKCHHIA,

e (11) u (12) - 3aKOHOMEPHOCTH paCIpeAeIeHNs KacaTeabHbIX HAIPSKCHHUI.

AHanu3 NoJyyeHHBIX MaTeMaTU4YeCKUX Mojenedl M ux rpadukoB (pUCYHKH 2 U 3)
MOKA3bIBAET, YTO 3aKOHOMEPHOCTH pacIpe/ieIeHHs] KOHTAKTHBIX HAPSHKEHUN 110 KOHTAKTHBIM

JIMHHUAM BaJIKOB 3aBUCAT OT KOB(bq)I/II_II/ICHTOB TPCHUA CJI104A MaTCpualia O IOBECPXHOCTb KOHTAKTA

1, MId &;Wa

Pucynok 3. I'paduku pacnpeneneHus
KacaTeJIbHbIX HAIPSKCHUI !

-20 -15 -10 -5 0 5 10 15@r1pam 1—5:0; 2—5:0.05.5; B—E:O.I.
Pucynoxk 2. I'paduku pacripeneneHus
HOPMAJIbHBIX HANPSKEHHH: Figure 3. Graphs of shear stress
=2 0. 220,03 3_% - 0.06. distribution

Figure 2. Plots of distribution of
normal stresses
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BAJIKOB,  T€OMETPUYECKUX, KHHEMAaTHYEeCKUX U  JAe()OpPMAlMOHHBIX  [apaMeTpoB
KOHTaKTUPYIOIIUX TEJ, & TAKXKE OT CHJI, IEHCTBYIOIIHUX HAa ONIOPHI BAJIKOB.

B smrope pacnpeneneHus KOHTAKTHBIX HANPsDKEHUM 10 KOHTAaKTHOW JIMHUM BaJIKa
0co0bl€ 3HauUEHUs1 UMEIOT JBE TOUKH, JIeXkalllue Ha 3TOT KpuBoil. IlepBast — Touka, B KOTOpoit
HOPMAJIbHOE HANpsIKEHUE PAaBHO MAaKCUMyMy, TO €CThb TOYKa MAaKCMMyMa HOPMAaJIbHOIO
HanpspkeHus. Bropas — Touka, B KOTOpPOH KacaTelnbHOE HANPSHKEHUE PABHO HYJIO, TO €CTh
HEUTpasbHas TOYKA.

YcranosieHo [1,6], yTo Touka MakCHMyMa HOPMAaJIbHOTO HAINPSDKCHUSI HAXOIUTCS Ha
CTOpPOHE BX0/1a KO>KU B 30HY KOHTaKTa BaJKa OJIM3KO K JIMHUH LIEHTPOB.

Ilycts TOYKa MakcMMyMa HOPMAJIbHOTO HAaNpPsDKEHUS, PACHpENecHHas MO0 KpUBOH

KOHTAKTa HMKHETO BAJIKa, OIPEAEIACTCS YIIIOM (—¢y ).

Torpa nmo YCJIOBUIO MaKCUMYyMa (I)YHKI_II/II/I HaxoauM

"o
= ) 13
e E, (13)

B neliTpanbHOM yrie (—¢,) KacaTelabHas HalPsHKEHUS paBHsAETCA HyIO [6].

U3 popmyast (12) cnenyert, uto tg(—¢y —y, (—(@5) + &) =0.

Orcroga umeemM

2(1+k, A, oS F
5:¢l( 121 gol)._. (14)
2 Q

BbIBO/IbI

Takum oOpa3om, B paboTe MOIY4YEHbI MOJIENN 3aKOHOMEPHOCTEH pacmpeeneHus
KOHTAKTHBIX HAaNpsKeHUH IO KPUBBIM KOHTakTa BaikoB. Ha ocHoBe aHamm3a rpadukoB
KOHTaKTHBIX HANpSHKCHHU, MOCTPOCHHBIM IO MOJYYCHHBIM MoJensM (pucyHkd 2 u 3),
BBISIBJICHO, YTO:
e HOpPMAJbHBIC KOHTAKTHBIC HAIIPSKCHUS U3MEHSIOTCS OT HYJIA B Hadaje U B KOHLE
30HBI KOHTAKTa BAJIKOB 10 MAKCUMYyMa B TOUYKE, JIEIKALIEH BJIIEBO OT JIMHUU LIECHTPOB
(B cTOpOHY Hayajla KOHTAaKTa BAJIKOB, a TOYKa MaKCHMyMa SIIIOp HOPMAaJbHBIX
KOHTaKTHBIX HaIIPSDKEHUM HE COBMAIAET ¢ HEUTPAIBHOU TOUKOM;

® KacareJbHbIE KOHTAKTHBIC HANIPSYKEHNSI MEHSIOT CBOM 3HAKU B HEUTPAJIBHON TOUKE,
KOTOpasi B IPUBOJAHOM BaJIK€ HaXOJUTCSA HA CTOPOHE BXO/1A CJIOA MaTepHalla B 30HY

KOHTaKTa BaJIKOB,
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F
e BenuunHa C =— OKa3blBACT 3HAYUTEILHOE BIMSIHUE HA JIIIOPY PACIPENCIICHUS

KacaTeNbHBIX HampspkeHui. Yem Oomnbiie C, TeM JieBee B MIPUBOJHOM BAJIKE OT
JUHUH IICHTPOB HAXOAWTCS HEUTpalibHas Touka. YBenudeHne C  MPHUBOIUT K

YBEJIIMYCHUIO ITOJIOKUTCIBHBIX KaCaTCIbHBIX HaHpﬂ)I(EHPII;'I.
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Projective Capital Asset Pricing Model
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Abstract. This paper is interested in exploring the capabilities and limitations of investment decision
making under uncertainty through the lens of Quantum Probabilities/formalism stand and will be
focusing on the Capital Asset Pricing Model as use case. Our main purpose is to examine the historical
and structural foundations surrounding decision making paradoxes. To ease the comprehension of the
issue to the common reader, we first outline key cornerstones of investment decision making under the
two competing conceptual frameworks, expected utility and mean-variance. We review then the
axiomatic justifications of the mean-variance and set the comparison with the Expected utility generally.
That's when the analogy with quantum probabilities arises. This comes from the fact that decision
making process seems to be more likely to be presented in terms of amplitudes. Thus, here the quantum
probabilities refer to a calculus of quantum states and not of probabilities. In the final section, we present
the capital asset pricing model to understand the appeal of the usage of Mean variance over Expected
utility in the financial theory, and how we can remediate to this approach once decisions are depicted in
terms of quantum probability amplitudes. Several extensions of the rational decision-making theory
using classical probability formulations emerged depending on the actual empirical findings, trying to
explain such paradoxes and improve the existing framework decision making theory. These simplifying
assumptions were seeking to generate the probabilistic measures assumptions without linearity or to
make State-independent probabilistic estimates as well as agents’ possessing firm assumptions in the
generalized utility theory loosened. While these trials helped to discuss the pitfalls of the classical
probabilities in some decision-making situations, it failed to give a harmonized expected utility
theoretical model. An established theory to consider is the prospect theory by Kahneman and Tversky
which encompasses the human biases and heuristic. Indeed, its attributes make this theory likely to be
extended to a general framework of the decision-making theory by using quantum probabilities as the
mathematical scope.

Keywords: Decision Making, mean—variance, expected utility, Decision Making paradoxes, Borsch’s
paradox, quantum probability, probability mixture, portfolio theory, CAPM.

For citation: Shabi, A. (2022). Projective Capital Asset Pricing Model. Modern Innovations, Systems
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INTRODUCTION

Rational decision Making modulization is based on Expected utility theory, first

introduced by Von Newman and Morgenstern axiomatizing. However, mean-variance method
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remains by far the most used model in the economic and financial literature when it comes to
represent investors preferences [1-5].

The framework presented by Markowitz on the early 50's, use standard deviation and
ex-ante mean of the anticipated financial return of an available opportunity of an investment,
to present an asset. This particularly means, that each portfolio and asset is presented only in
two dimensions which are the pairs of the coordinates (u,0). However, this approach is
considered as being inconsistent. One of the most advocates of this latter belief is Borch,
claiming that the two-dimensional indifferences curves are logically incoherent with the
representation of the investor’s rational preferences. This set the ground to what will be known
as the Borch paradox, and few works that are of a highly theoretical importance emerged as a
result, establishing first arguments toward the connection between the mean variance and the
expected utility.

Nevertheless, even if the expected utility seems to be more logically coherent with the
decision-making process, it still showing some major divergences when it comes to some real-
life human thinking use cases. In fact, several paradoxes in psychology and economics, like
Ellsberg’s and Allais’s [2] has been exposing cases where generalized utility theory fails to
converge to the human thinking. This has been a direct consequence of the probabilistic
structure of the expected utility theory. Surprisingly, due to their ability to handle this kind of
problems efficiently, Quantum probabilities starts to be widely used for the decision-making
modeling in behavioral economics, finance and cognitive psychology. This might be
considered as over the original, if ignoring that Kahneman, Tversky and other researchers were
already seeking to extend the normative Decision-Making framework to explain these
decision-making paradoxes that arises from using classic probabilities [6-9]. These
experimental investigations were mainly looking to improve probabilities in uncertain
environment. Thus, the following interrogations arose: Does human thinking follow classical
probability? if not, should we continue to adopt the classical probability as the cornerstone of
the description and the normative predictions in the decision making?

Then what other rules can be pursued to formalize the human preferences and decision-
making? And what are the consequences on the portfolio theory, especially the Capital Asset
Pricing Model (CAPM)?
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MEAN VARIANCE METHOD

Ranking probability distributions using mean and mean variance can be often
considered as the main method for decision making under uncertainty. While modern literature
has dedicated an important research area to ranking distributions via moments over a wild range
of fields, this method has been playing particularly a central role in the portfolio analysis,
especially through Markowitz' Framework. In this latter, financials assets are represented as
random variables where each of them has a probability distribution over its possible returns
[10-13]. Thus, the two moments: mean and variance are the two major instruments to rank
distributions, as mean being the average return wile variance characterizes the risk. The investor
is considered as being generally risk averse and then has a preference towards portfolios with
lower «risk” (standard deviation) ¢ but higher mean return p. Consequently, the rationale is to
select a portfolio that minimizes the variance and maximizes mean. On the other hand, when
two portfolios have same expected returns, the one with the smallest variance is picked, while
when two portfolios have the same variance, the one with the biggest expected return is chosen.
Then, the considered opportunity set basically applies to certain portfolios forming the so-called
“efficient frontier".

The efficient frontier, constructively then, is over all assets and portfolios to its
southeast, by having jointly highest o and lowest p. Then comes the indifference function
V(o,p), used as a tool to discriminate between two efficient portfolios. In fact, in order to choose
between portfolios located at the efficient frontier, the investor has to form equivalued curves.
Once the indifference function V(o,u) and efficient frontier are set, the MV-optimal investment
in risky assets is the point of tangency between V(o,1) which is owed to the decision maker and
the efficient frontier.

The appeal of using MV method due to its simplicity as a model of investment
sufficiently rich to be directly useful in applied problems, owes him a wider use in the financial
fields. But we might expect that using Mean Variance over Expected Utility,
exposes us to a loss of accuracy. The following investigation pertaining this issue owes much
to Morone, Andrea, (2008). In his study, his shows that the MV method shows a lower
performance than the expected utility model. Following Hey and Orme’s approach, when
comparing a set of data using the two methods, the experiment was a set of pair-wise choice
questions, where each pair-wise choice is composed of two lotteries: “Left Gamble” and “Right

Gamble”. Each subject must report his preference between the two lotteries. The issue of this
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experiment was to find what methods best fits subjects’ behaviors. It has been found, that
Expected utility performs 10% better than MV using AIC as a criterion to rank performances
of EU and MV functionals. Furthermore, statistical as non-statistical analysis suggests a loss of
accuracy when using MV instead of Expected utility method, showing an error of 2.5 greater
when doing this. Consequently, numerical simulations suggest a significant efficiency loss is
induced by an improper use of standard mean-variance analysis when time-horizon is uncertain.
Thus, this curious discrepancy between the financials theory and practice is called to be seased
by using the expected Utility, which fits better investor behavior over the MV method that rely

on unrealistic assumptions and especially regarding the investment horizon.
THE EXPECTED UTILITY

The expected utility manifests a greater richness when considering the variety of
stochastics environments dealing with a decision making. This paradigm entails usually more
consistent assumptions towards risk preferences and then tries to fit Von Neumann Morgenstern
utility functions properties that underlies the general expected utility framework.

In economical literature, expected utility has served on one hand, as a descriptive theory
explaining how people make decisions. On the other hand, as a predictive theory, trying to
correctly forecast people's choice while modelling to some level psychological mechanisms of
decision making.

In fact, expected utility theory deals with a decision maker choice between uncertain or
risky prospects. The chosen act/taste is the one resulting in the highest expected utility value.
The underlying rule here is comparing expected utility values: weighted sums resulting from
the addition of utility values of outcomes multiplied by their respective probabilities.

Utility theory includes two main models. The first one, is expected utility under risk,
and it is characterized by the Von Neumann Morgensten framework, evaluating risky prospects,
represented as lotteries over an arbitrary set of outcomes. Formally, let X={x1,...,xn} be a set of
outcomes and (X1,p1;...;Xn,Pn) a risky prospect, where each i,pi denotes the probability of the
outcomes xi. Then, the formula: Y "i=su(xi)pi is evaluating risky prospects, where u is a real
valued function over X representing the decision makers preferences. The second expected
utility concerns the one under uncertainty and is dealing with the evaluation of random
variables/acts, whose distributions are not included in the data and representing alternative

courses of action. Formally, an act f is evaluated, according to the model of expected utility
under uncertainty, by Zi=1* (%) 7 (x)).
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Where 7 is a probability measure on S representing the decision maker’s belief.

The origins of Expected utility theory are often interpreted in terms of the following
generalization mechanism: the maximization of expected financial values is presented as an
anterior foundational concept, being nowadays often generalized in two ways, whether by non-
probabilistic or non-additive decision theories.

However, expected utility theory makes faulty predictions about people’s decisions in
many real-life choice situations (see Kahneman & Tversky 1982); Nevertheless, this does not
settle whether people should make decisions on the basis of expected utility considerations. In
the following paragraph, we shall highlight this by Allais' paradox, which is a widely known

thought problem exposing a counter example of the expected utility hypothesis.

Allais Paradox

Let's recall the axiomatic foundations of the expected utility theory (Figure 1):

Transitivity:

If x>y and y - z, then x - z.
Completeness:
XY oryE x.

Independence:

If x>~ yand 0 <p<1,then [x,p; 2,1 p] > [y,p:z,1— p].

Continuity:

If x>~ yandy> z,
then there are numbers 0 < p<land0<g<1
such that [x,p;z,1—p] = y and y > [x,q:2z,1 — q].

Figure 1. The axiomatic foundations of the expected utility theory.

Where :

x =y denotes that x is preferred to y;
X~ ¥'indifferences between x and y.
'x 7 y" Says that x is at least as preferred as y.

Ix, piy, 1= pl'is a lottery assigning the probability p to x and 1-p to y.
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Now, let's to Allais paradox, historically this is the Allais experiment that construed the

Allais paradox:

P1 100 with the probability 1 p2 100 with a probability of 0.11
0 with a probability of 0.89

Q1 500 with a probability of 0.1 Qg2 500 with a probability of 0.90
100 with a probability of 0.89 0 with a probability of 0.10

0 with a probability of 0.01

There are four couples of solutions possible, where two respect the hypothesis of the
expected utility, that is, (p1, p2) and (g1, g2), and the rest are violating it, that is (p1, g2) and (qz,
p2). These affirmations are verified by asking the algebraic inequalities which, result from
comparisons of preference. For a couple to be compatible with the hypothesis of the expected
utility, it is necessary and sufficient that these algebraic inequalities themselves be compatible.
For example, with (p1, g2), the comparisons of preference are (p1, q1) and (g2, p2) and they result
in two inequalities that contradict each other’s.

Then (p2, q1), violates the hypothesis of expected utility, as well as (p1, g2). Whereas
(p1, q1) and (p2, g2) are compatible with it.

This reasoning assumes that individual choices are effectively the reflection of his
preferences as the before mentioned axiomatization. This hypothesis corresponds to the
ordinary semantics of preferences in economics, the so-called revealed preferences, and neither
Allais nor his successors consider it problematic, to the point that they do not even mention it.
The major problem spotted here concerns the violation of the independence axiom.

The probabilistic issue of the expected utility
For many years, the expected utility paradigm, relying on the axiomatic foundation of von
Neumann and Morgenstern, Savage, Anscombe and Aumann [10-13], has been considered in
finance and economics as being normative. However, during the last decades, it has been
severely criticized from a descriptive as well as a normative level. The examples of its
systematic violations have been rising the discussion about the obviously non normal
distributions above returns, since Fama and French [5].

In fact, violation appears in practice, where the uncertainty is represented by means of
extrinsically specific probabilities: objective probabilities. This was pointed out by several

researchers as Allais [2], Pennacchi [11] and others. They discovered that the choice made by
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the great majority of subjects violates the expected utility hypothesis in different situations.
This is since uncertainty is rather representing itself as states of nature and rarely in terms of
objective probability. This led to the concept of subjective uncertainty, suggesting that each
combination of portfolio leads to a particular return.

The other point is that decision making appears to be inconsistent with expected utility
model when forming probabilistic belief under relative information deficiencies Knight [12],
which motivates the development of non-Bayesian models over the past 40 years while mean-
variance model continues to serve as pillar to applicative situations, especially in the academic

and practical field of finance.
MEAN VARIANCE METHOD
The double Slit parallel

The double slit experiment is one of the most fundamental experiments in quantum
physics, to which probability interference is closely tied to. This experiment is usually described
as follow.

An electron detector and an electron gun producing mainly a beam of electrons, and the
detector function is counting the number of electrons hitting a given area. We have two slits of
equal width and let us call them slits A and B, that are separated by a certain distance from each

other. The experiment is about three scenarios:

1. slit A is open and slit B is open*.
2. slit A is open and slit B is closed.
3. slit A is closed and slit B is open.

The sum of probabilities of an electron arriving at the detector, when separately one slit
is closed and the other open, is not equal to the probability produced when both slits are open,
the experiment is paradoxical in terms of classical models adding exclusive events. In parallel,
each electron in the double-slit experiment behaves like a decision-maker who violates the
Independence axiom in Allais’ experiment [2, 6]. Hence, the superposition principle of quantum
mechanics tells us to add amplitudes rather than probabilities and this results in interference.

Thus, a new probability framework must be used to define a more accurate Expected

utility representation.
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PROJECTIVE EXPECTED UTILITY

The following representation owes much to Lamura [6].

Let X be the positive orthant of the unit sphere in R™ where n is the cardinality of the
set of relevant outcomes S:={s1,S2,...,5n}

Next, let (.|.) denote the usual inner product in R". An orthonormal basis is a set of unit
vectors (by,...,bn) such that (bi|b;)=0 whenever i#j. Then:

(Born’s Rule) There exists an orthonormal basis (za,...,zn) such that, for all xeX and all
Si€S, any two lotteries are indifferent whenever their risk profiles

Pxi)=(X|zi)?, i=1,...,n coincide.

(Archimedean) For all x,y,zeX with p(x)>p(y)>p(z), there exist o,€(0,1) such that

ap(x)+(1-a)p(2)>p(y)> Bp(x)+(1-B)p(2).

(Independence) For all x,y,zeX, px>py if, and only if, apx+(1—a)pz=apy+(1—a)pz

for all a€[0,1].

The previous three axioms are jointly equivalent to the existence of a symmetric matrix
U such that u(x):=x'Ux for all x€X represents >.

Archimedean and independence are jointly equivalent to the existence of a functional u
which represents the ordering and is linear in p, i.e.

u(x)=Yi=1u(si)psi(x)=Xu(si)(x|zi)?, where the second equality is by definition of p as
squared inner product with respect to the preferred basis. Then, the matrix form of it, is

u(x)=x'"P'DPx=x"Ux,

Where P is the projection matrix associated to (z1,zn), D represents the diagonal matrix
with the payoffs on the main diagonal, and U:=P'DP is symmetric. Thus, for any symmetric
matrix U there exist a diagonal matrix D and a projection matrix P such that U=P'DP(using
Spectral Decomposition theorem), and hence : x'Ux=x'P'DPx, for all x€X.

Thus, the three axioms are jointly equivalent to the existence of a symmetric matrix U

such that u(x):=x'Ux represents the preference ordering.
APPLICATION: TOWARD A NEW CAPM MODEL
The basic CAPM Model

The capital asset pricing model (CAPM) by Sharpe, Lintner and Mossin was first a

direct consequence of the restatement of the expected utility in terms Mean variance [4]. Here,
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we remind a simple derivation of the CAPM and briefly highlight what MV brought to this
model.

Let n risky assets in the market and the price of asset j is Pj(j= 1,2, . . ., n). The investor
spreads his money between risky assets and risk-free bonds. wis and wm= 1—wrrare respectively
his portfolio weights. His investment in the market (risky assets) is spread across all n risky
assets in proportion to their respective prices. rit the earned return from the risk-free asset and
rm from the market portfolio of risky assets. Then, the return on the market portfolio is rv=y}
Piri/>jPj, where rj is the return on asset j.

Suppose that ritis less than both expected returns p(rm) and p(rj), as must be the case to
attract risk averse investors. To increase the expected return of one's investment portfolio, the
first possibility is that the investor buys some more of asset j using the income earned from the
investment in the risk-free asset. The new portfolio weights are then ww in the market portfolio,
d in security j and w0 in the risk-free asset. The expected return of this portfolio is wmp(rm)
+3u(rj) + (Wr—d)rrfand its variance is wm?c?(rv) +8262(rj) + 2Wmdcov(ry, ).

The marginal increase in expected return is therefore dp(rj)—or+. Similarly, the marginal
increase in portfolio variance is 8%c%(rj) + 2wwmdcov(rj, rm),which approaches 2wmdcov(tj, r'v)
for small 8. The marginal rate of substitution, or price in terms of added risk (variance) for each
extra unit of expected return (mean), is then  p(rj)—rt/{2Wmcov(rs, rm)}.(A)

The second way for the investor to increase expected return is to sell weight 6 of the
risk-free asset and add weight & to her investment in the market portfolio. By an identical
argument to that above, the marginal rate of substitution is then p(rm)—tt/[2Wmo?(rm)].(B)

Let (A) = (B), based on the “law of no arbitrage”, thus the equation commonly known
as the mean—variance CAPM is obtained:  p(j) =rr+cov(rj, rm)/c?(rm)[p(rm)—Tii].(C)

To rewrite this equation in terms of asset prices rather than returns, let the return on
asset j be defined in terms of its initial price Pi and its period-end price or value Vjby ri=V;/Pj—1.

Hence, by definition:
u(ri) = w(Vi)lPi—1, cov(ri, rm) =cov(Vj, Vm)/PiPm and o(rm) =c(Vm)/Pm. Substituting in (C)
and rearranging reveals the CAPM as an explicit pricing model

Pi=n(V)—Bil(Vm)—Pm(L +rm)]/(1 +1ir )

(Pm=YjPj), and where Bj= cov(Vj, Vmyc*(Vm).

CAPM model from the projection viewpoint
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Given a lottery x € H defined over a n-dimensional Hilbert space and chosen a
(orthonormal) basis {{z}} = {z1,...,zn} (whose elements will be the random variables of the
problem), the projection x of x over a subspace IT cH satisfies

(x—mx) L zi Vi€ [0,n]. (1)
In the matrix representation this can formalized as
<x—z'wz>=0— Zo =d. (@)
where [Z]ij = <zijzj> , [o]i = <nxzi> , [d]i = <zix>, and the inner product of the
Hilbert space H is <x1|[x2> =E [X1x2] (E[‘] being the expected value).
The projection mix 0f X can therefore be expressed as (assuming Z to be non-singular):
=w'z=d'Zz. (3)
If p is the vector of prices associated to the vectors of the basis {{z}}, the price of the
projection x (which we assign by extension to the lottery x) is
Px=p'w=m'd=E[mTzx] = <p[x>. (4)
where we have defined the pricing vector
m:=Z"p (5)
and the vector
nw=m'z=p'Zlz. (6)

In (4) notice the difference with the definition of probability weight in [1].
Introducing, without loss of generalization, a single risk-free bond, the pricing problem
with price normalised to unity reduces to minimizing the quantity:
(0 "™ME[z] + rewe)*+ o "'mCaowm. (7)
where owm is the vector of weights of the risky assets,
C :=E[(zE[z])(z—E[z]T]. (8)
It is the variance for the random variables z; (E denoting the vector of expected values), while
or= (1-o"vp) and rr are the weight and the return for the risk-free bond, respectively.

Equation (7) gives

om=—1¢(C +yy")ly = -1 [CTy/(1 +y'Cy)]. ©)

where we have defined
y := E[z]-1rp. (10)

The pricing vector p is
n=yre[1-y'CHz—rep)/ (1 +2'C12)]. (11)
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The proportionality constant y can be found by evaluating the pricing vector for the risk-

free assets (price being normalized to unity), which gives:

<p|l>=E[u]=1/RF=yRF/(1 +y'Cy) —y=(1+y'Cy)/(re)? (12)

The pricing vector g therefore reduces to
u=(1/re)(1-y'CHz—E[2])). (13)
From equation (4) follows:
Px =(1/re) (E[x]—cov(z'Cz, X)). (14)

Concerning the reduction to the standard CAPM formula in the MV formulation see e.g.

[8]. For considerations about the conciliation between MV and EU frameworks, refer to [4].
DISCUSSION

The obtained results are the same as Luenberger. One takes the unitary ray in the Rn
Hilbert space representing the "lottery" (in his terminology, he talks of random payoffs) and
project it over the subspace spanned by the chosen basis. Since to any vector of the basis is
associated a weight contributing to the price, to any projection is associated a price, which by
extension is associated to the lottery. What one does then is to minimize the norm of the lottery
(eq.7) under the constraints of its projection, and a pricing formula can be obtained.

Pertaining to the utility function discussed earlier, in that case P identifies a change of
basis from an arbitrary one describing the interests of the "decision maker™" and the objective
one used by the "modeler”. In the latter case, the basis diagonalizes the utility matrix and
corresponds to a projection decomposed in orthonormal components.

It is necessary to recall that the decision models were initially conceived as tools to look
for logical protocols independently of the representations that the agents can give them.
Nevertheless, the analysis of the problems raised by agents’ decisions, could not be reduced to
these models which do not integrate the own agent’s representations of the information. Hence,
appeared the necessity of the reintroduction of the cognitive dimension.

In fact, agents had to be consistent in decision-making, which was translated as a
submission to the constraints of rationality. From then on, the cognitive dimension was at the

heart of the decision-making economist models, since it is precisely at the level of the very
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notion of rationality and coherence, which are necessary and crucial to any decision; that the
two domains were intertwined: cognitive sciences such as economic analysis.

However, experiments conducted by Khaneman and Tversky showed that the main
assumptions on which coherence was based on, were violated in these empirical tests, which
then was questioning not only the validity of these decision models but, the accepted identity
between coherence logic of a model of choice and the rationality of the agents whose behavior
influences this model.

This led them to propose the distinction between two types of operations: "editing" or
"framing"” and evaluation, the latter category refers to the rules of logic. Thus, the observed
discrepancies between the results obtained and the corresponding responses to the logical
protocols can be explained by the deformations induced by the representations of the agents on
their calculations. Bringing together the prospect theory and the limited rationality, the
representations of the agents then determine the domain and the possibilities of logical

calculation which are offered to them, at the same time as they set the limits.
CONCLUSION

Thus, economic agents perform their calculations based on subjective representations
made of the situation, for the information available. This analysis brings us in a very direct way
to the epistemological revision of classical science proposed by quantum physics. Quantum
mechanics transcribes an unprecedented relationship between the subject and the nature he
seeks to represent. Heisenberg tried to explain it by inviting us to understand quantum theory
not as a descriptive theory of elementary particles, but as a theory that restores the contextuality
of a phenomenon to a primordial place in its relative definition.

In our case here, we applied the projective expected utility to CPAM Model, and we
found a more accurate model entailing a richer representation.

Indeed, quantum physics seems to encompass these same operational conditions, which
are "editing” or framing and evaluation, in a larger theoretical mathematical body. The
explanation comes from the fact that, quantum physics responds structurally to the observation
of the absence of independence of phenomena regarding the order of use of contexts; and in
these terms, it is the only one to consider the conjunction of contexts that can hardly be ignored
at the microscopic scale, because it leads otherwise to physical inconsistencies.

A closer look at the structure of quantum theory reveals its power and the relevance of

its use in the cognitive sciences, and particularly in cognitive economics.
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Hu3kas ocBellieHHOCTh, COYETAI0NIasi MHOTOMAaCIITA0OHbIE
CeTH IJIy0OKOTro 00y4eHHUS U AJTOPHUTM YJIy4lIeHUS
U300pakeHust

Cs 101, JIun Bo?, Yen Cunn?

YCogpuiickuii ynueepcumem, boneapus
2O0icno-Kumaiickuii nedazozuyeckuti ynusepcumem, Kumail
3 nvusconvexuii ynusepcumem, Kumail

AHHOTaNUs. B CBSI3M ¢ OTCYTCTBHEM 3TAJIOHHBIX M300paXKECHUH IS 3a/1a4 YIyUIICHHUs MPH CIadoM
OCBEIICHUH, a TAK)KE B CBSI3H C TPOOJIEMaMU NCKAKEHHUS [IBETA, TOTEPU TEKCTYPBI, PA3MBITOCTH AeTalei
U CJIOKHOCTH IONYYECHHUS! JOCTOBEPHBIX H300pPAKEHWH B CYIISCTBYIOUIMX AITOPUTMAax B CTaThe
npejiaraeTcss MHOroMacinTabHasi B3BEIICHHAs] XapaKTEPUCTHKA MPH CIa00M OCBEINCHHH HAa OCHOBE
teopuu Retinex 1 MexaHn3Ma BHUMaHUS. AJNTOPUTM yIyUIICHUS H300paKCHUsI BBIMOTHSCT H3BICUCHUEC
MHOTOMAaCIITa0HBIX TPU3HAKOB Ha H300paKEHUSX MpH cJabd0M OCBEIICHUH C TOMOIIBI0 MOIYJIS
W3BJICUCHUS TPHU3HAKOB, OCHOBAaHHOrO Ha apxutekType Unet, reHepupyeT MHOTOMEPHYIO
MHOTOMACIITA0HYIO KapTy MPU3HAKOB M YCTAHABIMBACT MOJIYJIb MEXaHN3Ma BHUMAHUS JUTS BBIICTICHUS
WHQOPMAITUH O MPU3HAKAX Pa3HBIX MACIITa0O0B, KOTOPBIC BBITOIHBI JJIS YIIYUIIEHHOTO H300pasKEeHUsSI U
MOJMYYCHUST B3BEHICHHOTO wu300paxkeHus. Kapta 0OBEKTOB BBICOKOW pa3MEpHOCTH, MOJIYJIb
OKOHYATEJILHOM OIEHKH OTPa)KEHHs UCIIOJIBb3YeT Teoprio RetineX 1ist MOCTPOCHHUS CETEBOM MOJICITH |
TeHEepUpYET OKOHYATENFHOE YIIy4YIIEeHHOe H300paXCHHWE C IMOMOIIBI0 KapThl OOBEKTOB BBICOKOH
pasmepHocTH. Pa3paboTaHa CKBO3Hasi ceTeBas apXUTEKTypa, a Habop caMoperyisipHbBIX (QyHKIMH
MOTEPh HCIONB3YETCS Ui OTPAHUYCHUS CETEBOW MOJENIH, KOTOpas W30aBIsAETCS OT OrpaHWYCHUN
JTAJIOHHBIX M300pAXKEHUM U pealin3yeT o0ydyeHue 0e3 yunteliss. OKOHYATEIbHbIC SKCIIEPUMEHTATIbHBIC
pe3yJbTaThl IOKA3BIBAIOT, YTO allTOPUTM, B MPEIIOKEHHBIN B JAHHOW CTaThe MOJICPKUBACT BBICOKYIO
JIETATIM3ANHUI0 U TEKCTYPY W300paXKSHHUs, MOBBIIIAS KOHTPACTHOCTh M YETKOCTh M300paKeHUsI, UMEeT
xopoiue BuzyainbHbie 3h(eKTI, MoxeT 3Q()EeKTHBHO yITydIaTh H300paXeHHs TIPU CII1a00M OCBEIICHUH
Y 3HAYUTEIBHO YIIyUlIaeT BU3yallbHOE Ka4ecTBO. [10 cpaBHEHHIO C APYTHMH yCOBEPIIEHCTBOBAHHBIMHU
aJIrOpPUTMaMK HaMU YiIydiieHbl 00bekTHBHBIE Tokazarearn PSNR u SSIM.

KawueBble cioBa: riiyookoe obyuenue, Teopus Retinex, ymydienne u300pakeHHs TpU C1abom
OCBCILICHUH, U300paKECHUE B )KUBOIIHCH.
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Abstract. Aiming at the lack of reference images for low-light enhancement tasks and the problems of
color distortion, texture loss, blurred details, and difficulty in obtaining ground-truth images in existing
algorithms, this paper proposes a multi-scale weighted feature low-light based on Retinex theory and
attention mechanism. An image enhancement algorithm is proposed. The algorithm performs multi-
scale feature extraction on low-light images through the feature extraction module based on the Unet
architecture, generates a high-dimensional multi-scale feature map, and establishes an attention
mechanism module to highlight the feature information of different scales that are beneficial to the
enhanced image, and obtain a weighted image. High-dimensional feature map, the final reflection
estimation module uses Retinex theory to build a network model, and generates the final enhanced image
through the high-dimensional feature map. An end-to-end network architecture is designed and a set of
self-regular loss functions are used to constrain the network model, which gets rid of the constraints of
reference images and realizes unsupervised learning. The final experimental results show that the
algorithm in this paper maintains high image details and textures while enhancing the contrast and clarity
of the image, has good visual effects, can effectively enhance low-light images, and greatly improves
the visual quality. Compared with other enhanced algorithms, the objective indicators PSNR and SSIM
have been improved.

Keywords: deep learning, Retinex theory, improve low light picture, image inpainting.
For citation: Yu, X,, Bo, L., & Xin, C. (2022). Low light combining multiscale deep learning networks

and image enhancement algorithm. Modern Innovations, Systems and Technologies, 2(4), 0215-0232.
https://doi.org/10.47813/2782-2818-2022-2-4-0215-0232

INTRODUCTION

As the devices for acquiring images become more and more popular, there are more and
more scenes for people to acquire images, but it is very difficult to obtain images with better
visual effects in scenes with insufficient light, such as outdoors at dusk and dimly lit indoors,
the image obtained in this case is called a low-light image. Among the various factors that affect
image quality, low-light factors are common and unavoidable. Images captured under low-light
conditions will show some quality degradation, including low visibility, color deviation, and
dense noise, which affect the availability of effective information. Acquire and follow-up

machine vision tasks such as segmentation, detection, tracking, etc. Therefore, enhancing the
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low-light image can not only improve the visual effect of the image, extract more detailed
information, but also better serve the subsequent machine vision tasks.

The traditional low-light image enhancement method is to directly adjust the global
illumination characteristics of the image, such as histogram equalization, by stretching the
dynamic range of the low-light image to make low-exposure areas visible, effectively
improving the contrast of the image, but this method will be due to grayscale. Level merging
results in the loss of some details of the image and also amplifies noise buried in local areas. In
response to these problems, the subsequent improvement method adopts some constraints, such
as maintaining the average intensity of the image, noise robustness, etc. to improve the visual
quality of the overall image, so that the pixel histogram can be adaptively equalized according
to the low-light image. Histogram equalization methods based on constraint information
improve the local adaptability in the enhancement process, however, most of them cannot adjust
the visual properties of the image in local regions, resulting in overexposed or underexposed
regions.

At this stage, low-light enhancement algorithms can be roughly divided into three
solutions: methods based on Retinex models, methods based on deep learning [1-3], and
methods combining traditional models and deep learning. The Retinex model is a human visual
perception model, which assumes that the low-light image is decomposed into the product
relationship between the reflection component and the illuminance component. Earlier studies
directly removed the illumination component of low-light images and converted the remaining.
However, the results obtained by such methods are usually unnatural and easy to over-enhance
the image [4-5]. The current research tends to optimize the illuminance component or estimate
the reflection component and the illuminance component while adding a weight model. This
kind of method has the advantages of noise suppression and high-frequency detail preservation
in the presence of prior information and regularization processing. Better performance. A
weighted variational model for low-light images in the logarithmic domain, the model defines
different prior constraints at different layers, and estimates the illumination and reflection
components at the same time. The local area of the three RGB channels in the low-light image
1s maximized Filtering estimates the luminance component of the image, and iteratively
enhances the details of the image using structural priors. However, these methods generally rely
on the assumptions of real-world environments, and the ability to represent prior information is

limited, and cannot achieve satisfactory results when applied to tests in different environments.
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With the rise of deep learning, in recent years, data-driven low-light image enhancement
algorithms have strong performance and flexibility, especially when dealing with complex
scenes. A deep auto-encoder named LLNet (Low Light Net) is used for contrast enhancement
and denoising of low-light images; the multi-branch enhancement network MBLLEN-Net is
designed to extract rich multi-level features in low-light images [6-8]. Good results in terms of
noise and artifacts in light areas. Since it is difficult to obtain a good exposure map
corresponding to a low-light image in a real scene, the above methods all use a synthetic dataset
to train the model, because the unrealistic synthetic data leads to artifacts in the enhanced image.
Considering the relative lack of generalization ability of paired training data during model
training and the difficulty in capturing pairs of low-light images and normal-light images of the
same visual scene, methods to alleviate the dependence on paired data have been proposed one
after another. The generative adversarial network EnlightenGAN, which gets rid of the
dependence on paired data [9-11], effectively solves the dependence on paired datasets in the
low-light enhancement field through the self-regularized perceptual loss function and the local
discriminator. By constructing a pixel-fitted curve, using the convolutional neural network
Zero-DCE to learn the key parameters in the curve, and solving the problem of paired data
through a series of zero-reference loss functions [9], the image with good visual effect is
obtained, but this method The resulting results have chromatic aberrations and low contrast.

It is also an idea to enhance the low-light image by guiding the theoretical ideas of the
traditional model to the structural design of the network. The low-light enhancement network
RetinexNet is composed of an illumination component estimation module and a reflection
component estimation module. The input image is decomposed and the illumination
components are analyzed. enhanced. In addition, a synthetic dataset LOL (Low-Light dataset)
with varying exposure times. This method can effectively improve the brightness of the image,
but due to insufficient constraints on intermediate variables, there will be unknown artifacts and
local distortion problems in the enhanced image. An effective low-light image enhancement
network KinD uses two convolutional neural networks. The simulated external environment
acts as a constraint on the model to guide learning [13-15].

In view of the advantages and disadvantages of existing algorithms, this paper proposes
an end-to-end low-light enhancement algorithm combining Retinex theory and attention
mechanism with multi-scale weighted features. The algorithm in this paper does not use most
of the previous methods to obtain the reflection component and illumination component [11] of

the image by using the decomposition network, but uses the neural network to directly learn the
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mapping between the low-light image and the illumination component, and refers to the Retinex
theory to calculate it with the input image. Derive the reflection component as the enhanced
image output by the model. The form of the illumination component of natural images is
relatively simple and usually contains known prior information, so the network model has
strong generalization ability and can adapt to different illumination conditions. This paper also
uses the feature extraction module based on the U-Net network architecture to extract multi-
scale feature information in low-light images, and introduces the channel attention mechanism
into the low-light enhancement task to focus the extracted multi-scale features and obtain
texture information representations The feature map with strong ability highlights the
advantageous features of the subsequent calculation of the reflection component; in order to
accurately train the model without reference images, a set of self-regular loss function
constraints neural networks are designed to guide the training of the model. The algorithm in
this paper fully extracts the feature information of different scales in the low-light image, and

improves the local information loss and color distortion of the enhanced image.
MULTISCALE IMAGE AUGMENTATION DEEP LEARNING MODEL

The multi-scale low-light enhancement algorithm network framework designed in this
paper combining Retinex theory and attention mechanism is composed of three modules:
feature extraction module, attention mechanism module and reflection estimation module. First,
the low-light image S is input into the feature extraction module to obtain a multi-scale high-
dimensional feature map. Then, the fused features are focused through the attention mechanism
module to suppress the features of over-exposed areas and low-quality areas [16-18]. Finally,
through the reflection estimation module generates the inverse L of the illumination component,
multiplies the original image S and L to complete the calculation of the reflection component
R, and uses R as the enhancement result to obtain a well-exposed enhanced image, as shown in

formula (5).
Feature extraction module

First, the low-light image is extracted. The feature extraction module adopts a classic
U-Net network architecture. The network architecture diagram is shown in Figure 1.

It consists of an encoder and decoder structure with convolution, pooling, upsampling,
and concatenation operations. It has 18 convolutional layers, 4 downsampling steps and 4

upsampling steps. Each convolutional layer consists of a convolution operation with a kernel
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size of 3*3, a stride of 1, a padding of 1, and a ReLU activation function. Each downsampling
step is performed by a 2x 2 The max pooling operation is completed, reducing the size of the
feature map to half of the original size. Each upsampling step is done by a deconvolution
operation with a stride of 2, expanding the size of the feature map to twice the original size. In

addition, two cascaded convolutional layers are passed before each upsampling and

downsampling [19-22].
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Figure 1. Feature extraction network structure.

The network symmetrically cascades the downsampled feature map to the feature map
of the same resolution in the upsampling through skip connections to increase the amount of
information in the upsampling step. The biggest feature of this architecture is its U-shaped
architecture and skip connections, which extract high-level and low-level features of the image
from networks of different depths, so that the texture and edge information of the image are
better preserved, and the upper and lower layers are used. The correlation between the shallow
and low-level image features (such as contrast, detail sharpness, etc.) and the deep high-level
abstract features (such as color distribution, average brightness, etc.) are stacked by feature

splicing to achieve multi-scale extraction of image features. , and finally output a 32-channel

high-dimensional multi-scale feature map.
Attention mechanism module
Low-light images contain many texture detail features of the target scene. In order to

highlight favorable features of interest and suppress uninteresting features, the attention
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mechanism module is used to guide the network to refine redundant features, and pay more
attention to feature channels that are beneficial for generating reflection components.

The attention mechanism module performs a global average pooling operation Fgq on
the feature map generated by the feature extraction module to convert the 32-dimensional

spatial features x in the channel direction into channel descriptors z, as shown in formula (1):

1 .
Zc = qu(Xc) = Ixw ?:12]“:11)% )] (1)

Among them, x. is the input feature of the ¢ channel, z. is the feature descriptor of the
c channel, and H and W are the length and width of the channel feature map. Then, two fully
connected operations Fe, are used for the feature descriptor z. to improve the generalization
ability of the model. The ReLU activation function is used for nonlinear processing between
the two fully connected layers, and finally the weights of each dimension are output through
the Sigmoid activation function. This operation enables the network to learn the relationship
between each channel and generate the weight of each channel. The calculation method is

shown in formula (2):

S¢ = Fex(Ze, w) = G(g(zc: (*))) = G(w28(wlzc)) ()

In the formula, w 1, w 2 represent the two fully connected layers, g, § represent the
Sigmoid activation function and the ReLU activation function, and s, represents the weight of
the output c-th channel. Finally, the channel weight s. and the feature map x. output by the
feature extraction module are rescaled Fy,)e to obtain the weighted feature map x, as shown in
formula (3). The attention mechanism module makes the network model more capable of
identifying the features of each channel, so that the model can highlight the channel features

that are beneficial to the enhancement results.
X= Fscale(X: Sc) = X" S (3)
Reflection estimation module

This module builds a reflection estimation network based on a variant of the Retinex model,
using the weighted feature maps to generate the reflection component of a low-light image
through the network shown in Figure 2, taking the reflection component as an enhanced well-

exposed image.
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Retinex theory aims to decompose an image into reflection and illumination components, as

shown in formula (4):
S=R-1 4)

Among them, S represents the original image, / represents the illumination component,
which reflects the illumination intensity information, and R represents the reflection
component, which reflects the inherent properties of the object itself and is not affected by
external factors. We treat the reflection component as a well-exposed image for the purpose of

enhancing low-light images.

Feature extraction ®
and attention | -
module L
S R

Figure 2. Reflection estimation network structure.

Consider the illumination component I as an intermediate variable for calculating the

reflection component R, as shown in formula (5):
R=S-L (5)

L represents the inverse of the light component /, L =171, The advantage of this Retinex model-
based augmentation model is that it abandons the reconstruction image process in most Retinex-
based methods and avoids the loss of information in the reconstruction process.

The network model in the reflection estimation module is composed of 6 symmetrically
cascaded convolutional layers and 1 output layer. The 1st, 2nd, and 3rd convolutional layers are
cascaded corresponding to the 7th, 6th, and 5th convolutional layers. Each convolution layer
consists of 32 convolution operations with kernel size 3*3, stride 1 and ReLU activation
function, and the activation function of the last layer is replaced by the Tanh activation function.
The input of the network is the weighted feature map with 32 channels, the output layer outputs
the inverse L of the illumination component with 3 channels, and finally the reflection

component R is obtained by multiplying the input image and the inverse of the illumination
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component pixel by pixel, which is used as the network. A well-exposed enhanced image of the

final output of the model.
EXPERIMENTAL RESULTS AND ANALYSIS
Dataset and training configuration

In this paper, part I of the publicly available data set SICE provided by CAI J et al. is
selected as the training set of the model, which contains 360 sets of images with different
exposures, totaling 2002 images. Both underexposed and overexposed images are included in
the image set, and adding overexposed images to the training set is beneficial for low-light
enhancement tasks. All images in the training set were resized to 512x512 size before training.

The configuration of the training hardware platform is Inter(R) Core(TM) 19-11900kf
3.5GHz CPU and NVIDIA Geforce RTX 3070ti GPU, the operating system is Unbuntu22.04,
the programming language is python3.8, and the deep learning framework is pytorch1.12. The
parameters of the Adam optimizer are $1=0.9, $2=0.999, 0=10—8, and the learning rate size is
0.0001. The number of iterations epochs is set to 500 times [23-27], and the model is evaluated
every 50 times, and the optimal model is used as the final model. In order to verify the
effectiveness of the algorithm in this paper, the LIME dataset and part II of the SICE dataset
are selected as the test set. Part II in the SICE dataset contains 229 sets of multi-exposure
sequences and corresponding normal lighting images, which include indoor, outdoor and other
complex lighting scenes, covering most real environments. In order to compare the performance
of this algorithm with other algorithms, two traditional algorithms are selected: MSRCP
algorithm and LIME algorithm and four deep learning-based algorithms: MBLLEN-Net
algorithm, RetinexNet algorithm, KinD algorithm, Zero-DCE algorithm from both subjective
and objective. Aspects are compared with the algorithm in this paper. The enhanced images of
the above algorithms are all generated by public implementable code, and the training model

based on deep learning is provided by the original author.
Subjective evaluation

Firstly, the enhancement results are subjectively compared and analyzed from the
aspects of brightness and color, and two indoor scenes and outdoor scenes under low light

conditions in the test set are selected as test images.
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Figure 3 is the image enhancement comparison result of the indoor scene, Figure 3(a) is
the input image, Figure 3(b), Figure 3(c), Figure 3(d), Figure 3(e), Figure 3(f), 3(g) is the
enhancement result of the comparison algorithm selected in this paper, and Fig. 3(h) is the
enhancement result of the algorithm in this paper. It can be seen that for the traditional
algorithm, the entire image in Figure 3(b) has obvious color distortion, and some areas are
overexposed. 3(d) and the color card part of the red frame area in Fig. 3(g) have obvious local
color deviation, and Fig. 3(d) is relatively smooth as a whole, and the texture effect is not good ;
Figure 3(e) has obvious artifacts and color deviation, and the visual effect is poor; Figure 3(f)
has poor enhancement effect on the dark area in the green frame area. The algorithm shown in
Figure 3(h) in this paper effectively avoids color distortion in local areas while maintaining
contrast and clarity, and can effectively enhance dark areas and contain rich texture details.

Figure 4 is the image enhancement comparison result of the outdoor scene, Figure 4(a)
is the input image, Figure 4(b), Figure 4(c), Figure 4(d), Figure 4(e), Figure 4(f), 4(g) is the
enhancement result of the comparison algorithm selected in this paper, and Fig. 4(h) is the
enhancement result of the algorithm in this paper. In the traditional algorithm, it can be seen
that there is still overexposure in Figure 4(b) in the outdoor scene, and some detailed
information is lost, such as the clouds in the green frame. Figure 4(c) The visual effect is better,
and the details are the same as The color information has been significantly improved, but the
overall image brightness is low; the algorithm based on deep learning is shown in Fig. 4(d) The
whole image is too smooth, the detail information is missing and there are local dark areas[28-
31], such as the red frame area; Fig. 4(e) ), the color deviation is serious and there are a lot of
artifacts; the visual perception in Figure 4(f) and Figure 4(g) is good, but the image colors are
not natural enough; The above shortcomings are improved to a certain extent, the whole image

is rich in texture and detail information, and local areas are also effectively enhanced.
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(a) Input

(e) RetinexNet (g) Zero-DCE

Figure 4. Comparison of outdoor scene results.
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Objective comment

This paper selects Peak Signal Noise Ration (PSNR), Structural Similarity (SSIM),
Naturalness Image Quality Evaluator (NIQE) and Visual Information Fidelity (Visual
Information Fidelity, SSIM). VIF) as an objective indicator for qualitative analysis.

The peak signal-to-noise ratio (PSNR) represents the ratio between the peak power of
the enhanced image and the noise, and is used to measure the degree of distortion between the
enhanced image and the normal illumination image. Spatial Structure Similarity (SSIM) is used
to measure the similarity of two images. The larger the value, the more similar the spatial
structure features between the enhanced image and the normal illumination image. The Natural
Image Quality Evaluation Index (NIQE) represents a set of quality-aware statistical features
constructed based on spatial natural scene statistics. Visual Information Fidelity (VIF)
represents a quality evaluation index based on the fidelity of human visual information. It
mainly calculates the information distortion between the enhanced image and the normal
illumination image by establishing a visual model. Perceptually, the enhanced image quality is
better.

Table 1 shows the objective index values obtained by the algorithm in this paper and the
comparison algorithm tested on part II of the dataset SICE. It can be seen that the algorithm in
this paper has a higher objective index value than the comparison algorithm, which proves the

effectiveness of the algorithm in this paper.

Table 1. The average value of objective indexes of this algorithm and the comparison

algorithm under different test sets.

Method PSNR SSIM NIQE VIF

MSRCP 12.6995 0.4493 5.3842 0.4525
LIME 14.0784 0.5274 4.9674 0.4821
MBLLEN 15.8227 0.5670 4.8713 0.3804
RetinexNet 14.6839 0.4752 5.5244 0.3482
KinD 15.7432 0.6762 4.8869 0.4381
Zero-DCE 16.1157 0.5933 4.4762 0.4226
Ours 16.6783 0.6946 4.3814 0.4796

The computational complexity of the model
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Complexity is an important indicator that reflects the performance of an algorithm. This
section discusses the time complexity of the proposed and compared algorithms. Let m denote
the number of rows of the image, n the number of columns of the image, and N the number of
images in the source image sequence, so the complexity of the traditional algorithm is O(Nmn).
For deep learning algorithms, the parameter amount of the model will be compared[32-36]. The
smaller the parameter amount, the lighter the model and the lower the computational
complexity. As can be seen from Table 2, the amount of parameters in this paper is relatively
large. This is due to the fact that the feature extraction layer uses the Unet architecture multi-
scale feature extraction and attention mechanism module to filter features, which improves the
performance of the model, but the cost is the amount of parameters. increases, and the
computational complexity increases.

Table 2. The computational complexity of this algorithm and the comparison algorithm.

Method Complexity Parameters(M)
MSRCP O (Nmn) /

LIME O (Nmn) /

MBLLEN / 5.95
RetinexNet / 14.32

KinD / 29.6
Zero-DCE / 0.32

Ours / 16.90

Ablation experiment

In order to verify the effectiveness of the network framework in this paper in low-light
enhancement tasks, ablation analysis is carried out from two aspects: 1) to verify the
effectiveness of each loss function; 2) to verify the effectiveness of the attention mechanism
module. This section conducts qualitative analysis from the above two aspects. In order to study
the contribution of each loss function to the network model, this paper removes one of the three
loss functions when training the network, and qualitatively analyzes the impact of each loss
function on the enhancement results.

The visual comparison diagram is shown in Figure 5, the baseline is the enhanced image

generated by the model when the three loss functions are retained.
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W, DT

(a) input (b) baseline () W/0 Lexp (d) w/o Lspa (e) w/o Ly,

Figure 5. Visual comparison of each loss function by qualitative analysis.

When the exposure control loss Ley, is removed, it can be seen that the brightness
enhancement of the whole image is small, and the overall image is darker; when the spatial
consistency loss Lgp, is removed, it can be seen that the contrast of the whole image has
decreased slightly, indicating that it maintains the color of the image area before and after
enhancement. Consistency effect; when removing light smoothing loss Ly, there will be
obvious artifacts, the whole image scene will be unnatural and color distortion will appear. It
can be seen from Table 3 that abandoning any loss function will lead to the performance
degradation of the model in this paper, and the objective indicators will be reduced to varying

degrees, which proves the effectiveness of each loss function.

Table 3. The qualitative analysis of the objective average value of each loss function.

Index/Method baseline W/0 Lexp W/0 Lgpa W/0 Ly
PSNR 16.6783 10.2441 15.7642 12.9608
SSIM 0.6946 0.2941 0.6172 0.5839
NIQE 4.3814 6.0241 4.5479 4.8607
VIM 0.4796 0.3574 0.4655 0.3901

In this paper, an attention module is introduced into the network framework to focus on
the contrast between the details of the image and the overall contrast at different scales, so that
the overall image is clearer and more natural, and the bright contrast is more obvious. In order
to verify the effectiveness of the attention mechanism module, the attention module is removed
[36-38], and the rest of the settings remain unchanged, and the influence of the attention
mechanism on the enhancement results is analyzed.

The visual comparison diagram is shown in Figure 6, the baseline is the enhanced image

generated by the model when the attention module is retained.
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(a) Input (c) baseline (b) w/o attention
Figure 6. Visual comparison of attention module.

Compared with the enhanced image with the attention module removed, the details of
the enhanced image without the attention module avoid overexposure, the color does not appear
distorted, and a good contrast is maintained, and the overall light and dark contrast of the image
is stronger and more natural.

The objective index values in Table 4 also reflect that if the attention module is removed,
the performance of the model will be affected to a certain extent, which reflects the effectiveness

of the attention module for the model in this paper.

Table 4. Evaluations of attention module on average value.

Index/Method baseline w/0 attention

PSNR 16.6783 16.4501

SSIM 0.6946 0.6114

NIQE 43814 4.4765

VIM 0.4796 0.4592
CONCLUSION

This paper proposes an end-to-end multi-scale weighted feature low-light enhancement
algorithm that combines Retinex theory and attention mechanism. By introducing a feature
extraction module and an attention module, multi-scale feature information is extracted and
image features that are beneficial to enhanced images are highlighted. The Retinex theory is
integrated into the reflection estimation module, and its variant form avoids the loss of
information in the process of reconstructing the enhanced image and improves the quality of

the enhanced image. Besides, in order to train the model without reference images, this paper
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introduces a set of self-regular loss functions in terms of spatial structure, texture information,
etc. to normalize the model and better enhance the images. The comparison experiments and
ablation experiments both prove the superiority of the proposed algorithm in low-light
enhancement and the effectiveness of each module, which greatly improves the visual effect of

the image.
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Abstract. The previous studies have described the extraction of plant parenchyma by computer image
processing technology, and the purpose of this paper is to verify the effectiveness of the algorithm., this
paper implements the algorithm by using Matlab language, and designs several groups of experiments.
The experimental results show that: when denoising, using 9*9 as a template to perform median filtering
on the image has a better effect, and block binarization facilitates the extraction of axial parenchyma;
when processing mathematical morphology, using 3*3 Axial parenchyma and vessel morphology can
be successfully extracted from cross-sectional images of broad-leaved wood after dilation of the image
by cross-shaped structuring elements and erosion of images by disc-shaped structuring elements with
radii ranging from 1 to 10 When calculating the area threshold of the closed area, the area threshold is
determined by using 8 domains to mark the area of the closed area and using the area histogram, so that
the axial parenchyma can be better separated from the catheter. At present, the method has been
experimented in 10 different tree species, all of which have achieved good results. This also fully proves
the effectiveness of the artificial intelligence algorithm. The implementation of the algorithm also lays
the foundation for future research on intelligent wood recognition based on axial thin-walled tissue
morphology; it provides a shortcut to measure the content of axial thin-walled tissue in different tree
species; and it is a prelude to the development of an image-based wood recognition system for axial
thin-walled tissue.

Keywords: artificial intelligence, computer vision, mathematical morphology, parenchyma, plant,
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INTRODUCTION

The previous paper "Extraction of plant parenchyma by computer image processing
technology"” mentioned the method of using image processing and other computer vision-

related technologies for extraction of plant parenchyma [1]. This paper analyzes and verifies
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the effectiveness of the algorithm through experiments. Discuss how to separate the
morphology of axial parenchyma from a binary image containing only axial parenchyma and
ducts. After analyzing the characteristics of axial parenchyma and catheter, an extraction
algorithm based on the area histogram of the closed area was finally proposed. And it is verified
by experiments that the effect of this method is better. Finally, this article is a summary of the
axial parenchyma extraction algorithm, and at the same time analyzes the shortcomings of this
algorithm, and also points out the future research direction [2].

With the rapid development of computer vision technology and wood science and
technology, the application of computer vision technology in the field of wood science will
surely develop further.

The study of axial parenchyma will become more and more extensive, and the
corresponding characteristics of axial parenchyma will be established. The characteristic
parameter table will better analyze the relationship between axial parenchyma and tree species
[2-4].

With the deepening of research, the extraction technology of axial parenchyma is bound
to become more and more developed, so as to achieve the purpose of intelligent identification,
and a perfect software system will be established to replace manual identification of wood.

EXPERIMENTAL RESULTS AND ANALYSIS
Analysis of experimental results of image denoising processing

The median filter is filtered with a window containing an odd number of pixels, and the
shape and size of the window will have a significant effect on the filtered result [4-7]. The eftect
of median filtering can be achieved by selecting a suitable window and processing it with
equation. Generally, the size of the window is 3*3, 5*5, 7*7, 9*9, etc. What is the right size?
In this paper, we use these window sizes to median filter the images, and the processed images
and grayscale histograms are shown in figure 1 and figure 2, respectively.

From the histograms, we can analyze that there are several peaks and valleys in the
histogram after the 3*3 and 5*5 templates, which is not conducive to the determination of the
binarization threshold of the image. The peaks of the image histogram with the 9*9 template
are sharper than the peaks of the image histogram with the 7*7 template. Therefore, it can be

said that the median filtering of the image with 9*9 as the template is more effective.
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Figure 1. The demonstration diagram of median filtering in the Castanopsis megaphylla
Image: (a) Original wood microscopic images; (b) Noise image after adding salt and pepper;
(c) Image after filtering processing as a template of a 3*3 model; (d) Image after filtering
processing as a template of a 5*5 model; (e) Image after filtering processing as a template of a

7*7 model; (f) Image after filtering processing as a template of a 9*9 model.
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Figure 2. Gray histogram of median filtering in the Castanopsis megaphylla image: (a) Gray
histogram of original wood microscopic images; (b) Noise image after adding salt and pepper;
(c) Gray histogram after filtering processing as a template of a 3*3 model; (d) Gray histogram

after filtering processing as a template of a 5*5 model; (e) Gray histogram after filtering
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processing as a template of a 7*7 model; (f) Gray histogram after filtering processing as a

template of a 9*9 model.
Analysis of experimental results after the binarization process

Using equation (12) from [1], the threshold value of the grayscale image can be
calculated, and then the image is transformed into a binary image, and figure 3 and figure 4

show the effect of the binarization process.

Figure 3. The effect chart of overall binary processing and block binary processing:

(a) Image after overall binary processing; (b) Image after block binary processing.

Figure 4. The effect chart of block binary processing: (a) Threshold is equal to 139; (b)
Threshold is equal to 137; (c) Threshold is equal to 137; (d) Threshold is equal to 139.
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Figure 5. The comparison of effect:

(a) wood microscopic image; (b) The image after binary processing.

Figure 4 (a) shows the effect of global thresholding with a threshold of 137, 139, 137,
137, 136 are the thresholds for each image after binarization, and each image must be merged
into one after binarization to facilitate subsequent image processing. The merged image is
shown in figure 4 (b). A closer look at (a) and (b) in figure 3 shows that the white area in figure
4 (b) is less than that in figure 4 (a). In this paper, we also calculate the area of the white area
in figure (a) and figure (b) are 501148 and 500544 respectively (area is defined as the number
of pixels), and it is obvious that the area of the white area in figure (b) is smaller than that of
the white area in figure (a). Therefore, the binning binarization can be used to calculate the area
of the white area in figure (b). Therefore, the chunked binarization can better filter out the other
morphologies in the image, which is beneficial to retain the extraction of axial thin-walled tissue
and duct morphology [8-13].

In figure 5, it can be seen that after the binarization process, the morphology of the axial
thin-walled tissue and ducts is more evident, which facilitates the subsequent processing of the
images using mathematical morphology and the successful separation of the morphology of the

axial thin-walled tissue and ducts.
Analysis of experimental results after expansion and corrosion

After the noise reduction and image binarization, the features of axial thin-walled tissue
and ducts in the wood micrographs are more prominent. From (b) in figure 3, it can be seen that
there are some other tissue features, such as wood fibers and wood rays, in addition to the axial
thin-walled tissue and ducts on the image [14-17]. Therefore, suitable structural elements can

be selected to match the central block, and the objects in the image can be processed with
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expansion and erosion operations to achieve the extraction of axial thin-walled tissues and
ducts.
After several experiments, it was found that the structural elements shown in figure 6

were selected to expand the image (b) in figure 5. The result is shown in figure 7.

Figure 7. Result of expansion operation.

As can be seen in figure 7, after the expansion process, the features of the axial thin-
walled tissue and ducts are further enhanced, and the black-and-white effect of the image is
more obvious. The axial thin-walled tissue and duct morphology are obviously thickened, and
the following structural elements can be used to erode the image, "refine" or "shrink" the image
after the expansion process, so as to separate the axial thin-walled tissue and duct morphology.

After several experiments, it was found that it was better to select a disc-type structural
element with a radius of 8 for the corrosion operation of figure 7, and the treated result is shown

in figure 8.
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Figure 8. Result of erosion operation.

From figure 8, it can be found that there are many features on the wood cross-section,
in addition to ducts and axial thin-walled tissue, there are also wood rays and wood fibers, etc.
The corrosion operation filters out the other features, leaving only the features containing only
axial thin-walled tissue and duct morphology. In the process of corrosion operation [18-22], the

effect of different radii of the disc-type structural elements is different, the effect is shown in

figure 9.

s s
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Figure 9. The effect of processing image of using different radius’ structural element.

0239



CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

In this paper, the experiment was carried out by increasing R=1 in order, and it can be
found from the above figure that the effect is better at R=8. From figure 8, we find that the
morphology of axial thin-walled tissue and ducts have basically been extracted, and the results
are still better. In the above series of discussions, we have focused on the microscopic images
of large leaf cones [23-26], and then the distribution of axial thin-walled tissues and ducts varies
greatly among different tree species, so whether the algorithm in this paper can be applied to

different tree species will be discussed in the next section.
Experimental results and analysis of the extraction effects of different tree species

The algorithm shown in pervious paper was used to process the microscopic images of
10 wood cross-sections, and good results were obtained for all of them. good results. Figure 10
shows the cross-sectional microstructure images of the 10 wood species, as well as the
comparison of the axial thin-walled tissue and conduction.

The comparison of the cross-sectional microstructure images and axial thin-walled
tissue and conductor morphology of the 10 species is shown in figure 10. These 10 species are:
water bark, chinkapin, Japanese millet, broussonetia, tianxian fruit, sapodilla, rowan, brown

leaf tree, beech, and narrow leaf park.

(a) Hydrocotyledon.
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(d) Broussonetia.
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(f) Sapindus.

(g) Catalpa.
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(j) Narrow-leaved Park.

Figure 10. Microstructure images and results of axial parenchyma and pores Segmentation.
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Table 1. The comparison of using different shapes and sizes structural element for different

tree species.

Structural elements during expansion Structural elements during corrosion

Tree species

Shape Size Shape Radius
Water yellow skin Figure 10 3%3  Disc—shaped R=2
Quercus chinensis Figure 10 3%3  Disc—shaped R=4
Japanese corn Figure 10 3%3  Disc—shaped R=5
Broussonetia Figure 10 3%3  Disc—shaped R=4
Tian Xian Fruit Figure 10 3%3  Disc—shaped R=4
Sapindus Figure 10 3*%3  Disc—shaped R=3
Catalpa Figure 10 3%3  Disc—shaped R=3
Rough Leaf Tree Figure 10 3%3  Disc—shaped R=4
Beech Tree Figure 10 3%3  Disc—shaped R=3
Narrow—leaved Park Figure 10 3*%3  Disc—shaped R=3

The comparison of the left and right images in figure 10 shows that the morphology of
axial thin-walled tissue and ducts has been successfully separated from the original image of
wood by the present algorithm processing. It can also be found in the figure that some wood
microscopic images may be acquired with incomplete morphology of the axial thin-walled
tissue due to external factors, as in figure 10(i). Therefore, the quality of wood microscopic
images also affects the extraction effect, and good quality images will make the extraction
better, which also facilitates the analysis and understanding of the images. From table 1, we can
see that the shapes of the selected structural elements are the same for the morphological
processing of these different species [23-27], but the sizes of the selected disc-shaped structural
elements are different for the erosion operation. In short, processing different wood images, as
long as the selection of the appropriate radius of the circular structural elements, you can get
good results. After several experiments, we found that the radius of the disc-shaped structural
element is between 1 and 10 when the image is corroded with the disc-shaped structural element
for the extraction of axial thin-walled tissues and ducts. The results are better when processed
between here and there. The morphology of the axial thin-walled tissue and the ducts have been
extracted, and the next step is to successfully extract the axial thin-walled tissue by filtering out

the ducts from them. How to filter out the ducts will be discussed in the next chapter.
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Summary of this chapter

This chapter focuses on the extraction methods of axial thin-walled tissues and ducts in
wood cross-section micrographs. Firstly, it introduces the methods of digital image
segmentation and analyzes the advantages and disadvantages of commonly used digital image
methods, secondly, it proposes a morphology-based extraction method by combining the
distribution characteristics of axial thin-walled tissues and ducts in wood cross-section
microscopic images and previous research on wood identification, and finally, through
experimental analysis and verification, the algorithm is able to effectively extract the

morphology of axial thin-walled tissues and ducts in wood microscopic images.

EXTRACTION OF AXIAL THIN-WALLED TISSUE BASED ON AREA
HISTOGRAM OF CLOSED AREA

In this Chapter of the paper, the extraction method of axial thin-walled tissue and ducts of
wood based on mathematical morphology has been proposed, and it has been experimentally
verified that the method can successfully extract the morphology of axial thin-walled tissue and
ducts from the wood cross-section microscopic images.

The wood image has been processed by the algorithm in the previous chapter, and although
some other wood grain features have been filtered out, the morphology of the ducts has not
been filtered out. Next, as long as the morphology of the ducts is filtered out from the binary
image, then the axial thin-walled tissue can be separated independently. Therefore, in this paper,
we propose an axial thin-walled tissue extraction algorithm based on the area histogram of the
enclosed area in combination with the knowledge of wood science. Since the area of ducts is
much larger than that of axial thin-walled tissues, they can be easily distinguished by the area
feature [28-31].

In this paper, we firstly label the closed areas in the binary images containing only conduit
and axial thin-walled tissue morphology, secondly calculate the area of these already labeled
closed areas, and then draw a histogram of the area of closed areas to determine the area
threshold from which the axial thin-walled tissue is successfully separated. The whole

processing flow of the algorithm is shown in figure 11.
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Binary image containing only axial
parenchyma and vessel morphology

Y

Mark all closed areas in the binary image

A 4

Calculate the area of all enclosed areas

Draw the are histogram to determine
the area domain value

Separate the morphology of axial
parenchyma independently

Figure 11. Flow char for the extraction of axial Parenchyma.
Label all closed regions in the binary image

To obtain the area of closed regions in binary images containing only axial thin-walled
tissue and duct morphology, it is necessary to label these closed regions to facilitate the
calculation. There are two general ways to label closed regions in binary images: four-
neighborhood and eight-neighborhood. Suppose a pixel p in a binary image has the coordinates
(x,y), and each pixel has two horizontal and two vertical pixel points, then the coordinates of
the two horizontal and two vertical pixel points of pixel p with coordinates (x,y) are (x,y+1),
(x,y-1), (x+1,y), and (x-1,y), respectively. n1(p) is defined as the set of these four neighboring
pixels of p, as shown in the black shaded part in figure 12(a). N2(p) is defined as the set of these

four neighboring pixels of p in the diagonal direction, as shown in the black shaded part in
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figure 12(b). The concatenation of N1(p) and N2(p) is the set of eight neighbors of p, denoted
as N3 (p). The set of N1(p) and N2(p) is the set of eight neighbors of p, denoted as N3 (p), as
shown in the shaded part in figure 12 (c).

In this paper, we use 8-neighborhoods to label all closed regions in the binary image,
and the pixels in each different closed region are assigned to a unique integer ranging from 1 to
the total number of pixels in each different closed region are assigned to a unique integer
ranging from 1 to the total number of closed regions [32-36]. That is that is, the pixel with
marker value 1 belongs to the first closed region; the pixel with marker value 2 belongs to the
second closed region; and so on to obtain the corresponding marker matrix and the total number

of closed regions. Figure 13(a) shows the result of the labeling process in figure 13(b).

Figure 12. Four neighborhood and eight neighborhoods:
(@) Pixels P and four neighborhoods; (b) Pixels P and four diagonal neighborhoods;(c) Pixels
P and eight neighborhoods.
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Figure 13. The demonstration diagram of making the closed area

(a) Binary image; (b)The effect is obtained by using the 8 neighborhoods.
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Calculation of the area of the closed area

After the algorithm from the previous chapter of this paper, the wood microscopy image
contains only the axial thin-walled tissue and duct morphology, and the image is a binary image
at this point. After labeling all the closed areas in the binary image as in the previous section,
we can count the area of each closed area by using the pixel-counting area method. As the name
suggests, this is a relatively simple method of calculating the area by counting the number of
pixels in each enclosed area.

After extracting the axial thin-walled tissue and ducts, a binary map containing only
these two morphologies can be obtained [34-37], and the axial thin-walled tissue and duct
morphological regions in the binary image are labeled as 1, while the other parts are labeled as
0. Assume that after labeling, the number of closed regions is n, and the number of 1,2, 3 ...... n
in the labeling matrix is al, a2 and a3......an (whose initial values are all 0). By scanning the
values of the matrix one by one, al is added 1 for each value of 1, a2 is added 1 for value of 2,
a3 is added 1 for value of 3, a4 is added 1 for value of 4, and so on. The values of al, a2, a3,
a4, a5 ... an are the area of each enclosed region. The area S of the enclosed area can be
calculated from the following formula.

S= Y1
(erep (M

In Equation (1), p is the point with a pixel value of 1. The area S is the total number of

pixels in the enclosed region. This method is not only simple, but also has a small error, and is

the best estimate of the area of the original closed region.
Area histogram

A histogram is a graph that represents the distribution of data using a series of rectangles
of equal width and unequal height. The width of the rectangles indicates the interval of the data
range, and the height of the rectangles indicates the frequency of the data within a given interval.
The function of the histogram is to facilitate the analysis of the distribution pattern of a quality
characteristic; to convey information about the fluctuation of the process state; and to facilitate
people to determine where to make quality improvements [35-38].

In the binary image containing only axial thin-walled tissue and ducts, by analyzing the
respective distribution characteristics and morphological features of axial thin-walled tissue and

ducts, it was found that the area of axial thin-walled tissue to ducts varied greatly, so by
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calculating the area and drawing a histogram, and then by using the histogram, the area
threshold could be visually determined, and then they could be distinguished.

In this paper, instead of simply displaying the area of all the closed areas calculated
above directly in a histogram, all the areas are reduced to between 0 and 255, and the maximum
value of the area of these closed areas must be reduced to 255, and all are expressed as integers
(rounded off). If the maximum value of area is a, then all the area thresholds are divided by T
(T=a/255), so that all the areas can be reduced to between 0 and 255. In this paper, we use the
matlab software to analyze and process the images. After the above processing, we can directly
use the function imhist in Matlab to display the histogram, which saves the time of data
processing; secondly, the area of the closed area less than 255 will be reduced to 0, which can
increase the difference between the closed area of axial thin-walled tissue and the closed area
of the duct in the histogram. In conclusion, the axial thin-walled tissue can be better separated

from the catheter.
Determination of the area threshold of the closed area

In the binary image containing only the duct and axial thin-walled tissue morphology,
the area threshold can be intuitively obtained from the histogram because the area of the duct
is much larger than that of the axial thin-walled tissue. From the theoretical analysis, it is known
that the area of the closed area of the catheter will be biased to the right side of the coordinate
axis, and the area of the closed area of the axial thin-walled tissue will be biased to the left side
of the coordinate axis. After extensive experiments, it is also found that the number of catheters
in an image can be roughly estimated as b. Then, the area of b closed areas can be found from

right to left in the histogram, which is the area of catheters displayed on the histogram.
Separate out the axial thin-walled tissue

Once the area threshold of the closed area is obtained from the histogram, the closed
areas larger than the threshold can be removed. Therefore, the original binary image is
transformed into a labeled matrix after processing in the previous section, and then transformed
into a binary image after processing by the method shown in this section, and the morphology
of the ducts is also filtered out from the image. After a series of processing, the morphology of
the axial thin-walled tissue was successfully extracted from the wood micrographs [38-40].

Assuming that the obtained area threshold is 10, then all closed areas with area greater

than 10 are to be removed. After processing in figure 14(a), figure 14(b) is obtained.
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(a) (b)
Figure 14. The demonstration diagram of removing large closed area: (a) Label matrix; (b)

Binary image after processing.
Experimental results and analysis
Histogram of the area of the large leaf cone

For figure 8, the area histogram obtained by applying the algorithm described in this

chapter is shown in figure 15.
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Figure 15. The area histogram of Castanopsis megaphylla closed area.
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According to the area histogram, the area threshold is determined as
ST=35*T=5190.2=5190 (if p is not an integer, it can be rounded up to an integer). Since the
area of the closed area is divided by T when the histogram is drawn, the area threshold is

multiplied by T to be the original area threshold of the closed area.
Analysis of experimental results after processing of large leaf cone images

With the area threshold determined above and the processing of the algorithm in this

chapter, the result is shown in figure 16 below.

Figure 16. Original binary images and their results of axial parenchyma and pores
Segmentation: (a) the images of axial parenchyma and pores; (b) the images of axial

parenchyma.

As can be seen from the above figure, for the image of the large leaf cone, applying the
algorithm in this chapter is indeed able to filter out the ducts from the axial thin-walled tissue,
so that only the axial thin-walled tissue pattern is present in the image [41]. Whether this
algorithm can also achieve good results for other wood images will be analyzed in the next

subsection.
Analysis of experimental results of axial thin-walled tissue extraction from different tree species

Histogram of area thresholds and area thresholds for different tree species. For the binary
images containing only axial thin-walled tissue and duct morphology for the 10 different tree
species on the right side of figure 10, the area histograms of the enclosed areas obtained after

processing by this algorithm are as follows.
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Figure 17. The area histogram of the closed area in the binary images of different species of
trees: (a) Pongamia pinnata; (b) Castanopsis carlesii; (c) Castanea crenata Sieb; (d)
Broussonetia papyrifera; (e) Ficus beecheyana Hook; (f) Sapindus mukorossi Gaertn; (g)

Kalopanax septemlobus; (h) Aphananthe aspera; (i) zelkova tree; (j) jessoensis Koidz.

The closed threshold area thresholds determined from the area histograms above, are

shown in table 2.
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Table 2. The closed area threshold in the binary images of different species of trees.

Tree species name Closed area threshold
Water yellow skin 2000
Quercus chinensis 2000

Japanese corn 1000
Broussonetia 700

Tian Xian Fruit 550
Sapindus 1500
Catalpa 6000

Rough Leaf Tree 2000
Beech Tree 2500
Narrow-leaved Park 1200

Analysis of experimental results for different tree species using this algorithm to extract axial
thin-walled tissues. Based on the thresholds in table 2 and the algorithm described in this

chapter, the effect of processing the image on the right in figure 10 is shown in figure 18.
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Figure 18. The results of axial parenchyma segmentation: (a) Pongamia pinnata; (b)
Castanopsis carlesii; (c¢) Castanea crenata Sieb;(d) Broussonetia papyrifera; (e) Ficus
beecheyana Hook; (f) Sapindus mukorossi Gaertn; (g) Kalopanax septemlobus; (h)

Aphananthe aspera; (i) zelkova tree; (j) jessoensis Koidz.

After the original wood micrographs were grayed out, noise reduction, binarization,
morphological processing, labeling the area of the closed area, calculating the area of the closed
area, drawing a histogram to determine the area threshold, and filtering out the ducts, the final
result is shown in figure 18.

Comparing figure 18 with the image on the right side of figure 10, it can be seen that
the ducts have been filtered out and only the axial thin-walled tissue morphology remains. It
can be said that the axial thin-walled tissue patterns can be successfully extracted from the wood
micrographs for different species using this algorithm, which indicates that the method
described in this paper is effective. However, there are various types of axial thin-walled tissues
in broad-leaved wood [42], such as off-tube and on-tube in relation to the position of the ducts,
and the aggregation of thin-walled tissues can be divided into scattered, whorled, winged,
aggregated winged, banded, etc.

The method in this paper may have slightly different effects on the extraction of these
different combinations of thin-walled tissues, but as long as the image is eroded and the area
threshold is determined However, as long as the appropriate circular structure elements and
accurate area thresholds are selected, this difference can be reduced and a good extraction eftect

can be achieved.
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Summary of this chapter

This chapter focuses on how to extract axial thin-walled tissue from binary images
containing only axial thin-walled tissue and duct morphology. Combining the knowledge of
wood science and computer vision, this chapter explores the axial thin-walled tissue extraction
algorithm based on the area histogram of the closed region, carefully analyzes each step of the
algorithm and demonstrates it with effect pictures, and finally verifies that the algorithm is

effective through experimental data analysis.
SUMMARY AND OUTLOOK
Conclusion of this paper

Combining the knowledge of wood science and technology and computer vision
technology, this paper focuses on the morphological characteristics of axial thin-walled tissues
in microscopic cross-sectional images of wood, and explores the algorithm for extracting axial
thin-walled tissues of wood. In this paper, firstly, the image is pre-processed; secondly, suitable
structural elements are selected, and the expansion and erosion operations of mathematical
morphology are applied to extract the binary image containing only axial thin-walled tissue and
duct morphology; finally, the axial thin-walled tissue is successfully extracted by analyzing the
difference of features between duct and axial thin-walled tissue in the binary image and
applying the idea of closed area histogram. When using the algorithm proposed in this paper to
process some microscopic images, and through several experiments and analyses, we can obtain
the following conclusions.

e When noise reduction is applied to the image by median filtering, generally 3*3, 5*5,
7*7 and 9*9 windows are used for filtering, but 9*9 is the best when the purpose is
to extract thin-walled tissue in the axial direction.

e The distribution of axial thin-walled tissues is different in microscopic images of
different tree species, and the distribution of axial thin-walled tissues is also different
in different areas of microscopic images of the same tree species. Therefore, the
global threshold value cannot meet the need in image binarization, and the eftect of
binarization in blocks is better for the extraction of axial thin-walled tissues.

e When the image is expanded, the 3*3 cross-shaped structural elements selected in

this paper are more effective.
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In the image etching operation, a disc-shaped structural element is selected. Through
a large number of experimental results, it is found that the radius of structural
elements is generally distributed between 1 and 10, so that the extraction effect is the
best. The 11 species selected in this paper are: water yellow bark, chinaberry,
Japanese millet, kozo, tenebrion, sapodilla, rowan, brown leaf tree, beech, narrow
leaf park and big leaf cone. The radii of selected disc-shaped structures were: 2, 4, 5,
4,4,3,3,4,3,3,2, and 8§, respectively.

The method of closed area histogram can visualize the area difference of axial thin-
walled tissues and ducts, so as to determine their area thresholds and achieve a good

segmentation effect.

Next research directions

The core of this paper is to investigate the characteristics and extraction techniques of

axial thin-walled tissue in microscopic cross-sectional images of wood, although this paper has

explored an axial thin-walled tissue extraction algorithm, done a lot of theoretical research, and

verified the effectiveness of the algorithm through experiments. However, there are still

shortcomings [43-45], and there are many excellent and more intelligent algorithms worthy of

our study and research, therefore, the following points are the direction of our future research

work:

Improve the quality of the original wood microscopic images. In the study of axial
thin-wall extraction techniques, we can know that the quality of wood microscopic
images, can affect the effect of axial thin-wall extraction, which is detrimental to the
analysis and understanding of the images. Wood microscopic images are obtained by
making slices and observing them with a microscope, which generates a lot of noise
in the process, how to reduce this noise and obtain higher quality wood microscopic
images? The above mentioned will be further researched in the future.

Collect microscopic images of wood from different tree species. If we have
microscopic images of wood from many species with good quality, it will be easier
to study the extraction of thin-walled tissue in the axial direction.

To explore intelligent methods of selecting the size of structural elements. This paper
does not introduce an intelligent method for selecting the size of disc-shaped
structural elements. How to determine the size of this radius intelligently for each

image, which can save a lot of time and improve the efficiency, is also a problem we
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need to study in the future.

e Efficient and intelligent axial thin-walled tissue extraction algorithm. The effect of
using this method for different images will definitely be different. Therefore, how to
extract the axial thin-walled tissue quickly and effectively for the unused images is a
major direction for future research [46-48].

In summary, this paper explores the extraction algorithm of axial thin-wall by combining
the texture features of some microstructure images of wood. This paper introduces computer
vision technology to the study of axial thin-wall tissue of wood, which is rare at present, and
provides a possibility for better study of intelligent axial thin-wall tissue extraction technology

in the future, and also provides a new way for intelligent recognition of wood.
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Abstract. This study proposed an intelligent algorithm based on digital image processing and character
recognition to address the current situation in which the National Medical Products Administration
promulgated the relevant regulations on the complete prohibition of the use of mercury
sphygmomanometers in 2020 and the currently widely used electronic sphygmomanometers need to
undergo regular verification and quality testing. The intelligent algorithm made it possible to
automatically acquire the electronic sphygmomanometer indication value during quality assurance or
verification. The images of the electronic sphygmomanometer were captured using a Raspberry Pi-
connected video camera head; in the software development, automatic detection of the electronic
sphygmomanometer's indication value was achieved by running the computer vision-based OpenCV
library on the Raspberry Pi and utilizing image preprocessing techniques like scale transformation,
grayscale conversion, Gaussian smoothing and edge detection, and character segmentation. The
development of intelligent devices for the automatic verification of electronic sphygmomanometers has
a technical foundation in the research and design of the digital recognition algorithm, and it has a certain
reference value for character recognition of electronic instruments or the creation of automatic
instrument indication value recording devices.
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INTRODUCTION

Blood pressure is an important human physiological parameter that is often used in the
clinical diagnosis of various diseases. Currently, the most widely the most widely used blood
pressure measuring instruments in medical institutions are mercury sphygmomanometers and
electronic sphygmomanometers. On October 14, 2020, the State Drug Administration issued a
document stating that From January 1, 2026, China will completely ban the production of
mercury-containing thermometers and sphygmomanometers [1]. With the gradual
implementation of the mercury ban policy, the electric with the gradual implementation of the
mercury ban, electronic sphygmomanometers will be a mandatory replacement for mercury
sphygmomanometers. Electronic sphygmomanometers are simple to operate, intuitive to
measure, and have advantages such as self-service blood pressure measurement and memory
storage. However, there are literature and industry analyses show that electronic
sphygmomanometers have high errors and need to be regularly.

Thus, it is necessary to automatically detect the electronic blood pressure in a correct
manner. Therefore, it is necessary to automatically identify the measurement values of
electronic sphygmomanometers during the calibration or quality control process in order to
improve and avoid errors and omissions caused by manual recording [2-4]. The research
direction is currently focused on computer vision refers to the use of image processing, pattern
recognition, human. The computer vision refers to the use of artificial intelligence and other
technologies to replace the human eye for target recognition, tracking, measurement to replace
the human eye to recognize, track, measure, and perceive, identify, and understand the objective
world. Eventually, it is process of implementing human vision functions on a computer
platform. Currently computer vision technology has been widely used in the fields that require
manual recognition. The advantages are high accuracy, high speed, and avoidance of recording
errors caused by human errors. In this context, this study designs a computer vision-based

digital recognition algorithm for electronic blood pressure monitors [5-8].
HARDWARE PLATFORM AND SOFTWARE FOUNDATION

When choosing a hardware platform, the system's functionality of the ARM-Linux
operating system is the basis for the design. The Raspberry Pi with its ARM-Linux operating
system has been chosen for this design. This design uses the Raspberry Pi (Raspberry Pi), which

runs the ARM-Linux operating system. The driver and application are created on the Raspberry
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Pi to obtain the image of the electronic blood pressure monitor. Using Raspberry Pi, and by

designing the driver and application on the Raspberry Pi to obtain the image of the electronic

Camera Drivers

( \ LSE=Y
OMRON (Raspberry Pi)

&E High Pressure
g’f Voltage
“*Pulse

blood pressure monitor [9-11], it was possible to realize the image acquisition of the electronic

Figure 1. Schematic of the hardware platform of the Raspberry Pi-based system.
sphygmomanometer display value. The complete hardware acquisition system is shown in
figure 1.

This design chooses the Python-based OpenCV computer vision library for the software
development environment. OpenCV is a computer vision library written in Python. The digital
character recognition of the captured images is made possible by using intelligent recognition
algorithms and digital image processing technology.

Algorithm Implementation

By transforming, noise reduction, and noise reduction to reduce the useless information
in the image, remove the noise in the image noise, and highlight data features for edge detection
[11-14], feature extraction, image segmentation, and character recognition, the digital image
processing aims to reduce the useless information in the image are used. In order to perform
edge detection, feature extraction, image segmentation, and character recognition later, digital
image processing reduces the image's unnecessary information, removes image noise, and
highlights the features of the data image. Figure 2 illustrates the process of character

segmentation recognition and image processing.
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Figure 2. Image processing and character segmentation recognition flow chart.
Image pre-processing

Image preprocessing consists of scale transformation, grayscale conversion, Gaussian
smoothing sliding and edge detection. The preprocessing can reduce the computational effort
of image processing and remove the noise in the image, which reduces the complexity for the
subsequent character. The preprocessing reduces the computational effort of image processing
and removes the noise in the image [15-18], which reduces the complexity and provides more

accurate input images for subsequent character segmentation recognition.

Scale change. The Raspberry Pi acquires images with a resolution of 1,280 x 1,024 and
performs real-time image analysis processing, which is computationally intensive. In order to
reduce the Raspberry Pi is a real-time image analysis process, which is computationally
intensive [19-22]. The captured image is compressed and transformed to 640x512, and the data
processing volume is 1/100th of that before compression. The amount of data processing is 1/4
of that before compression, and the scale transformed image is shown in figure 3a.

Grayscale conversion. The Raspberry Pi's camera can capture color images, and
because each pixel is made up of three different colors — R, G, and B — each of which has
255 magnitudes, each pixel has a color variation range of more than 16 million (255255255).
The R, G, and B components are mapped between 0 and 255 using a special algorithm known
as the grayscale transform, which can significantly lessen the processor's computational load.
The component method, maximum method, average method, and weighted average method are
currently the most popular grayscale transformation techniques [23-26]. This design uses the
weighted average method to process images into grayscale, which is represented in figure 3b
by the code cv2.cvtColor(image,cv2.COLOR BGR2GRAY).
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Gaussian smoothing. In image processing, gaussian smoothing is frequently utilized for
noise reduction and the avoidance of the goal of Gaussian smoothing is to create a flat image
by using the nonlinear low-pass noise in the image signal. The goal of Gaussian smoothing is
to produce a flat [27-31], gradual image with less noise by using a Gaussian filter to remove
noise from the image signal [9]. A 55 Gaussian filter was used in this design to apply the

Gaussian smoothing. Figure 3c illustrates the filtered effect.

Edge detection. An edge is a local area of an image where the pixel set has undergone a
stepwise grayscale transformation. Grayscale values in the same region are typically more
evenly distributed than those in other regions, which are somewhat dispersed across regions
[32]. This property allows us to obtain the LCD border line of the sphygmomanometer for later
analysis. This design utilizes an edge detection operator that is Canny algorithm optimized,
which has good noise immunity and can detect edges with accuracy. Figure 3d displays the

edges that were discovered.

Figure 3. The effect of each stage after treatment: a : Scale change, b : Grayscale

conversion, c : Gaussian smoothing, d : Edge detection.

Additionally, researchers are evaluating additional models and techniques for predicting

stock values. As more data sets and more hardware become accessible, deep learning continues
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to improve. This has resulted in significant advancements in disciplines such as image

recognition [33], speech recognition, and natural language processing.
Character segmentation

The region of interest, the largest rectangular area in the figure, which is the data area
displayed on the LCD screen area, was obtained through image preprocessing. Since the
Raspberry Pi camera's shooting angle cannot be adjusted automatically Since the LCD display
Is not always a front view, we use It is for this reason that we use the four-point transform
function of the imutils library's perspective transformation to correct the image [34].

The character contours on the image above were retrieved using the imutils library's
grab contours function after using cv2.findContours to correct the character data in the LCD
area. The contours are stored in the grab contours of the imutils library to facilitate character

recognition. The effect of character segmentation is shown in figure 4.

Figure 4. The effect of character segmentation.
Segment code identification

The electronic blood pressure monitor's value is made up of a combination of seven
LCD segment codes. We designed a unique right-angle coordinate system model for the seven
segments in order to achieve precise segment recognition. A unique right-angle coordinate
system model is made for each of the seven segments in order to achieve accurate segment
recognition, and figure 5 details the important character positions. For instance, the image is
binarized by 0 and 1 and the a-segment code corresponds to the rectangular region from (0,0)

to (w,dh). Binarization of the image into 0 and 1.
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Figure 5. Liquid crystal segment code model and coordinate system description.

The number of white dots in the rectangular area can be counted to determine whether
the a-segment code is lit or not. All that is required is the number of white dots in the rectangle.
In formula (1), the criterion f(a) is provided for segment a, taking into account that the image
will produce edge effects due to the Gaussian blurring. We increase f(a) by the calibration
factor, which is 0.65. It is thought that the white point in the rectangle, which makes up more
than 65% of the segment code point, is bright. Using the method outlined above [35], we can

calibrate the segments b, ¢, d, e, f, and g one at a time.

dh
0 X1 E xj < W+1)x(dh+1)x2
j=0

fla) ={ (A = 0.65) (1)

dh
1 Zﬁolz xj=W+1)x(dh+1)x 21
j=0

Character classification

The process of character classification involves figuring out what the number that the
current character represents means. The action of the segment code recognition result is
compared with the segment code array, and when the two are identical, the character is
identified as the current character. By evaluating the criterion f, we can determine the
corresponding 0 or 1 for each segment. The character will be categorized as the number of the

current character when the two are identical. The character is then classified as the current
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number, i.e., the character classification is finished [35-38], when the segment code recognition
result and the segment code array are identical.

The segment code light-up/light-down relationship is shown in figure 6.

HHHHHOHHOHH
HHOHHOHHOHH

H
HHOHH&—\HHOOH

= = OO e e e
B B B B S B
ORP ORFRP OO0 MO
RRER B R R BO0OO00R

Figure 6. Seven segment characters and segment code encoding rules.
PRACTICAL APPLICATIONS

Using the hardware platform of the Raspberry Pi 4B (ARM Cortex-A72 quad-core 1.5
GHz, RAM: 8 GB LPDDR4), we measured the precision of the character recognition algorithm.
To finally achieve the automatic recognition of 2, we used the pre-processing method and the
recognition algorithm described in the preceding section.

The 2-bit width and 3-bit width characters were automatically recognized using the
preprocessing procedure and recognition algorithm discussed in the previous section. The
findings show that this method can be applied to determine the value of an electronic
sphygmomanometer. The findings demonstrate that the electronic sphygmomanometer's value
can be determined using this method [39-42], the positioning area is precise, and the results of
the character recognition is show that this method can be used to identify the value of the

electronic sphygmomanometer with precise area definition and character recognition.
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Figure 7. Automatic recognition of results.

CONCLUSION

For the current electronic sphygmomanometer calibration and quality inspection the
problem of manual recording of the displayed value and the inability to automate the testing
and recording is solved. This study proposes an automatic recognition algorithm based on image
processing. It is algorithm based on image processing, by systematically introducing the digital
image processing of electronic sphygmomanometer. Proposed algorithm is based on image
processing by systematically introducing the digital image processing of electronic
sphygmomanometer and performing scale transformation, grayscale conversion, Gaussian
smoothing Canny edge detection, character segmentation, segment code recognition, character
classification, and so on [43-46].

The entire design is implemented on Raspberry Pi 4B using the OpenCV library, and
finally the method is experimentally proven to be accurate in positioning and recognition. The
implementation of this technique can solve the problem of the current electronics. The
implementation of this technology can solve the current electronic blood pressure meter
inspection workload The implementation of this technology can solve the current problems of
large workload of electronic sphygmomanometer inspection, time-consuming and laborious
manual recording, and improve the efficiency of inspection or quality testing. In this case, the
intelligent image recognition algorithm is used to achieve the accuracy of the calibration or
quality inspection. At the same time, the intelligent image recognition algorithm is used to
realize the automatic reading and analysis of the calibration results, which avoids errors or
errors caused by human factors. At the same time, the intelligent image recognition algorithm
is used to achieve automatic reading and analysis of the calibration results, avoiding errors or
mistakes caused by human factors [47-49].
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In conclusion, we note that the development of intelligent devices for the automatic
calibration of electronic blood pressure meters and the character recognition of electronic
instrumentation as well as the creation of automated instrumentation display value recording

devices has been made possible by the research and design of the digital recognition algorithm.
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Pacuer ycTOMYMBOCTH MEKIYNMUILHON NPOKJIAAKYU NIPH
CKATUH
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AnHoTanus. B ctatbe mpuBeAeHB! pe3yabTaThl pacueTa yCTONYHBOCTH MEXIYNUIBHON MPOKIAIKU
MIpH CKaTUU AJ1s TUHTepHOU MamuHbl SJIII. YcTaHOBIEHO yBeIMYEHUE 3HAUEHUS YU CIIO OTYBOJH IS
cramu Ct3 (n=0.4672) B omimume ot amromuHueBoid AKSM2 (n=0.3276) Ha 42.6% W KpUTHUECKOE
cxumarotee ycwnne (st ¢r.3 — Tkp=2263.4 MIla u nna AKSM2 — Tkp=1642.3 MIla) na 37.8%.
Pe3ynbpTaThl pacyeToB YCTOMUYUBOCTH MEXIYTHIBHBIX MPOKIAN0K U3 CTau cT.3 u amomuuus AKSM2
MIOKa3aJIl BO3MOXXKHOCTb HCIOJIb30BAaHHUS CTAIbHON MEXIYNMIBHON NMPOKIAAKU NPU COOpPKE MUIBHBIX
LUIUHAPOB JIMHTEpHOM MammuHbl SJIIT.

KimoueBble ciioBa: AHaJ'II/I3, pacueT, CxKartud, JIMHTCpHasA MallnuHa, MCKAYNWIbHAA IIPOKJIAJKa,
MMHTBHBIN OUINHADP, YCTOﬁqHBOCTB, TEXHOJIOTHYCCKHI mnmpounecc.
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Calculation of the stability of the inter-saw gasket under
compression
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YInstitute of Mechanics and Seismic Stability of Structures of the Academy of Sciences of the
Republic of Uzbekistan, Tashkent, Uzbekistan
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Abstract. The article presents the results of calculating the stability of the inter-saw gasket under
compression for a 5LP linter machine. An increase in the value of the number of half-waves for steel
St3 (n=0.4672) from aluminum AK5M2 (n=0.3276) by 42.6% and the critical compressive force (for
st.3 - T4=2263.4 MPa and for AK5M?2 - T,=1642.3 MPa) by 37.8% has been found out. The results of
calculations of the stability of inter-saw gasket made of steel St. 3 and aluminum AK5M2 showed the

© . M. Myxammagues, ®@. X. Moparumos, O. X. A63oupos, JI. 0. XKamonosa, 2022 0301


https://www.oajmist.com/
https://elibrary.ru/xvyzts
https://doi.org/10.47813/2782-2818-2022-2-4-0301-0311
https://doi.org/10.47813/2782-2818-2022-2-4-0301-0311

CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

possibility of using a steel inter-saw gasket when assembling the saw cylinders of the 5LP linter
machine.
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BBEJIEHUE

JIuHTEepHBIE MAlIMHBI UCIOJB3YIOTCSA IIPU ChEME KOPOTKHMX BOJIOKOH C OITYIIEHHBIX
CEMSH XJIOIKA-ChIpLa I0CJIE €ro JHKUHUpOoBaHUA. OCHOBHOM TEXHOJIOTMYECKHH IpoLecc
JMHTEPOBAHMS, KOTOPBIH NpoTEeKaeT B pabodeid kamepe, a MMEHHO B pabodell 30HE
KOJIOCHUKOBOM PELIETKH OCYIECTBIISIETCS NUIbHBIM LIMIUHAPOM (puc.l), coctout u3 Bana 1,
MUJIBHBIX JUCKOB 6 M MEXAYIUIIBHBIX MPOKIaaoK 7 [1].

B npouecce nuHTepoBaHus 3yObsIMU MUIBHBIX JTUCKOB MUJIbHBIN HUINHAP 3aXBaThIBACT
KOPOTKHE BOJIOKHA, OTPHIBAET X OT CEMSIH M BBIHOCUT MEX]Yy KOJIOCHUKOBBIMHU IIEIEBBIMU
3a30paMy, a Jlajee BOJIOKHA IOJAI0TCs yepe3 narpyOku Ha KoHaeHcop. llpu sToM nuiabHbIN
LWIMHJP, OTPbIBasi KOPOTKHE BOJOKHA C OINYIIEHHBIX CEMSH U3 CEMEHHOI'O BajJMKa Ha JIyre
3axBaTa, BpalllaeT ero U cO37aeT yCIOBUA Ul MOCTOSHHON MoJauu CeMsiH Ha 3yObsi MUJIbHBIX
JVICKOB JIPYTUX OITYIIEHHBIX CEMSIH.

UepTex NUIBHOTO HUIMHAPA JUHTEpHON MamuHbl Mapku SJIIT npencrasnen Ha puc.l.
JluHTEepHAsT MallMHA COCTOMT M3 MWIBHOTO Baja 1, MHJIBHBIX TUCKOB 6, MEXTYHHIBHBIX
HPOKJIAI0K 7, KOTOphle COOMpArOTCs MPHU MOMOIIM YCTaHOBKHU C JIByX CTOPOH MIai0 5, 8 u
3@KUMHBIX raek 4, 9. [IunpHBI Bal COEOUHEH C BAJIOM JJIEKTPOABHUIATENs MOCPEACTBOM
mydTer 2. Ha Bamy mpodpeszepoBaHa KaHaBKa, T/I€ )KECTKO (PUKCUPYIOTCS MIBHBIEC IUCKH, YTO

OrpaHUYMBACT UX BPAIICHUC OTHOCUTCIIBHO IMUJIBHOT'O BaJia.
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Pucynoxk 1. [TuiibHbIN HMAMHAP JIMHTEPHON MamnHbl Mapku SJIIT:
1 - Ban, 2 — Ilonymydra; 3, 10 — Kopryc noamunuukos; 4, 9 — Iaiiku; 5, 8 — [aii6sr; 6 —
[InneHbIE UCKH, 7 — MEXAyNUIBHBIE IPOKIIAIKH
Figure 1. Saw cylinder of a 5LP linter machine:
1 - Shaft, 2 - Half coupling; 3, 10 - Bearing housing; 4, 9 - Nuts; 5, 8 - Washers; 6 - Saw
blades, 7 - Intersaw pads

MakcuManbHbIi Hapy>KHBIA JHaMeTp MUIbHBIX TUCKOB cocTaBisgeT 320 MM, MexIy
HUMHU YCTAHABJIMBAIOT MEXKIYNUIbHBIE MPOKIAJKM TOJIMHON 8.75 MM C HapyKHbIM
mramerpoM 160 mm. [Ipu 5TOM BHYTpeHHHE TUAMETPHI MUIBHBIX AUCKOB COCTABISIIOT 61.6 MM
wir 100 MM B 3aBUCUMOCTH OT JUaMeTpa Bajla MHJIBHOTO LIUIMHJPA, KOTOPBIH oOecrieunBaeT
JKECTKOCTb MWJI U YCTaHABIIMBAET 3alaHHOE MEX]ly ITWJIaMU TOYHOE paccrosiHue. KonnyecTBo
NWIBHBIX JIMCKOB Ha Bally MIJIBHOTO HWIMHIpa cocTasiser 141-, 160-, a konmndecTBo 3yObeB
Ha MWIBHBIX AUCKAaX 3aBUCUT OT UX HAPYKHBIX JUAMETPOB.

B kuure I'. . Mupomauuenko [1] pekomennoBan nporu6 Bana He 6onee 0,3-0,4 MM u
TopueBoe Ouenue nuia - He Bbimie 0,15 mMMm. Ilpu mpeBbleHHH UX 3HAYEHUS HMPOMCXOIUT
CMEIlIEHHE MUkl B IIEJIEBOM 3a30p€ MEXIy KOJOCHHUKAaMH, YTO MOBBIIIAET BEPOSITHOCTH
MOBPEXACHUS JIMHTA U U3HOC KOJIOCHUKOB. [103TOMY K OBICTPO M3HAIIMBAIOUIMMCS AETAIAM
NWIBHOTO IWIMHAPA JUHTEPHONH MAIIMHBI OTHOCSTCS MWIbHBIE JUCKHM U MEXIYMUIbHBIC
NPOKJIAIKU. YUUTHIBAs, YTO TOJIIMHA MWJIBHBIX IMCKOB, 00ECIeunBaeTCs M3rOTOBUTENIEM B
npeaene 0,95+0,01 MM, Tora ynpapJisieMbIM 3JIEMEHTOM TOYHON COOPKH MUIBHBIX IIMJIMHIPOB
ABIIAIOTCS MEXKJIYNWIbHBIE NPOKIAAKH, YTO OIpPEAEISAeT TEXHOJIOTMYECKHM 3a30p MEXay
MUIbHBIMU JIUCKAMH U KOJIOCHUKAMHU.

N3-3a ObICTpOro H3HAUIMBAHUS MEXAYNWIbHBbIE MPOKIAIAKUA JIMHTEPHONW MAIIUHBI

HU3roTaBJIUMBACTCA MaACCOBO (pI/IC 2) I[J'ISI MHOTOKPAaTHOTO HCIIOJIb30BaHUA MATCPHUAJIOB,
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YMEHBIICHUS] Beca M CEOCCTOMMOCTH HX OTIMBAIOT M3 aJIIOMHHHEBOIO CILIaBa C
nocienywmneii 00pabOTKOW TOPIEBBIX IOBEPXHOCTEH UWIMHAPUYCCKUX MOSICKOB C
o0ecrieyeHneM TOYHOCTH I10 TOJIIIMHE HECKOIBKO COTBIX JOJIEeH MUJUIMMETpa.

B marenre /. flkyboBa m ap. [2] mpemioskeHa MexIynuibHas MPOKIAJAKA, TE
JIOTIOJTHUTEIILHO YCTaHOBIICHO KOJIBLO M3 00JIee MPOYHOI0, YeM cama IPOKIIaIKa, MeTalia, 4To

YBCIUWYHUBACT MAacCy U ce0eCTOMMOCTD UX M3rOTOBJICHH.

PucyHok 2. MexaynuibHble TPOKJIAAKH ISl TMIBHBIX PKUHOB, THHTEPHBIX U
ounctutenbHbIX MamuH pupm CILIA, Kutast u Uanun

Figure 2. Saw spacers for saw gins, linters and cleaning machines from the US, China

and India

B pabore A. J[lxypaeBa [3] MexaynuibHble OPOKIAJIKH BBINOJHEHBI C
OKCIICHTPUTEHTOM OTHOCHUTEIBHO OCH BpalleHHs, a [0 JJIMHE MWIBHOTO IIHIMHIIPA
YCTAHOBJICHBI 110 OJTHOW BHHTOBOW JIMHHUH, YTO MPUBOJUT K HEYPOBHOBEIIEHHOCTH MUIBHOTO
WINH/pA.

A. AptykmeToBbIM [4] peKOMEHAOBAaHO, YTO TONIIMHA MPOKIAIKH JIOJKHA OBITH
aOCOJIOTHO TOYHOW IO pa3Mepy, TaKk Kak d3TO BIMAET Ha [Iar MeXIy NUJIaMH, 4TO
o0ecreynBaeT TOYHOE PACTIOIOKEHUE Ha IIEHTPE 3a30POB MEXKTY KOJOCHUKAMH.

M. M. ArzamoBbIM [5] mpemnokeHa MeXIyNWIbHAs MPOKIAAKa U3 MOIMMEPHOTO
Marepuaja co CTaJbHBIMU IITH(PTAMHU, YTO MPHUBOAUT K HEYCTOHYMBOCTU K Iepernagam
TeMIIeparyp.

I1. H Triotuaeiv u P. FO. MenamenoBeimM [6] s ympodHeHus mpeaiokeHa

MJJaCTUYECKas OCaJika MEKIYMWIbHBIX MPOKIAN0K JKUHA. [Ipr OZHOPOIHOW CTPYKType
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Mareprania MEKIYIWIBHON MNPOKIAIKH 3TOT crnocod 3(dexTHBeH, HO y4YHUTHIBas, YTO
HPOKJIAJIKa UCIIOIb3YETCSI MHOTOKPATHO, 3TO IPUBOIUT K HEOJHOPOIHOMU IIIOTHOCTH.
CylecTByIOIIME aTIOMHHUEBBIC TMPOKIAJAKH HMMEIOT HHU3KYI HaJI&KHOCTh U
JI0JITOBEYHOCTh M3-3a C)KAaTUSl B HECKOJIBKO JECATKOB KHIOHBIOTOHOB (20 kH - [1]) mpu ux
cOopke 1 nporude Baja OT TEXHOJOTUYECKON U JMHAMUYECKOW HArPy3KH, YTO MPHBOJIUT K

IJI1aCTUYCCKUM ,I[e(l)OpMaHI/IHM 1 U3HOCY IIPOKIIAAOK IO TOJIIHUHC.

MATEPHUAJIBI U METO/bI

Jlng ycTpaHeHHUs BBILICYKa3aHHBIX HEAOCTAaTKOB MpPEIJIOKEHa HOBas KOHCTPYKIUS
MEXIYIIIBHBIX TPOKIAA0K AJIs JIMHTEPHBIX MalIKH (puc. 3), B KOTOPOIl TUCK C OTBEPCTHEM
Mo pa3Mep Bajla W KOHIIEHTPUYECKU PACIOJIOKEHHBIM TMOSC BBINOIHEHBI W3 MPOYHOTO
JUCTOBOTO MeTallla, MPUYEM HAPYKHBIM JHUaMETp IHUCKAa B BUJAC MPSAMOOOYHON MLIUIBI, a
KOHIEHTPUYECKU PACIIONIOKEHHBIN TOSAC BBIOJHEH B BUJE KOJIbLIa C OTBEPCTHUSIMU IO
NepUMETPY AJIs COSAMHEHMs TUCKa W Koibla. [Ipu 3TOM BO BHyTpeHHEE OTBEpCTHE IUCKA
YCTaHOBJICH BTOPOH TOSIC C OTBEpCTUSIMH [7].

B cratee [8] mpuBemeHBI pe3ynbTaThl pacdyeTra IO ONPEACICHHIO PaaraibHBIX
Kosie0aHUi MeXIynIbHON nipokiaaku mkuHa 4J[11-130. YcraHoBieHa 9acToTa pajHalbHbIX
KoJe0aHUN MEXTyMUILHOW MPOKIAIKUA MUIBHOTO DKUHA KaK AJI CEPUMHOTO U3 ATFOMUHUS
AKS5M2, Ttak u npennoxkeHHOM cranbHOM U3 Cr1.3, YTO MOATBEPAMUIIO BO3MOXKHOCTH
WCIIOJIH30BAHUS MEXKTYTUILHOMN MPOKIIAJAKN U3 CTAJIH MPU COOPKE MUITBHBIX IIWIHHAPOB JHKUHA
4J111-130.

B paloueii kamepe NTUHTEPHON MalIMHBI TEXHOJOTHYECKHE HArpy3Kd OT Ipoliecca
JUHTEPOBAHUS CEMSH PACIPEACIIAIOTCS MEXAY MWIbHBIM LIMJIMHIPOM U BopomwuTeneM. [Ipu
ATOM H3-3a HArpy30K OT BpAIICHHS CEMEHHOTO BAJIMKa U TOYHOCTH YCTAHOBKH ITHJI MEXKTY
KOJIOCHUKAMU U MEXIY MUJIbHBIM IIHJIMHIPOM U BOPOIIUTEIIEM MPEIbSBIISIOTCS TOBBIIICHHBIE
TpeOOBaHUSI K MPOYHOCTU M KECTKOCTU JeTaje ATux sneMeHToB. Hamuuue BuOpanuu B
MUJIBHOM LWIMHJPE OTPULATENBHO BIIMSET HA HKCIUTyaTAllMOHHBIE XaPAKTEPUCTUKHU JIMHTEpA
[1].

[TosToMy mnis ompeneneHus: YCTOMYMBOCTH MEXKTYNHIBHBIX MPOKIAI0K JTHHTEPHOU
MaIMHbI (pUC. 3) HEOOXOAUMO ONPEACTUTH YHUCIIO MONYBOIH U KPUTHUUYECKYIO CKUMAIOIIYIO
YCHUIIMSA, KOTOPBIE BIUSAIOT HAa PabOTOCIOCOOHOCTh MWIBHOTO HUIWHApPA. OHH 3aBHUCIT OT

pasMEPOB MPOKIAAKH U OT MaT€puaja, U3 KOTOPOro OH M3roTOBJICH.
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Pucynok 4 xapakTepu3yeT yCTOHUNBOCTb MEXAYIHILHON MTPOKJIAJKU P PABHOMEPHO
CXKaTOM BJIOJIb OCH LIMJIMHIPUYECKON 000JI0UKH (B ITPEIOI0KEHUN MAJIBIX OCECUMMETPUYHBIX
HepEMELICHU).

MexynwibHYI0 IPOKJIAAKYy PacCMOTPHUM, KakK 3JIEMEHTapHYIO OaliKy, BBIJIEIECHHYIO
JBYMsI CMEXHBIMH CCUCHUSIMHU, MPOXOAAIIMMU 4Yepe3 och obosouku (puc. 4). Benencrue
HPENOI0KEHHOW 0CEBOM CUMMETPUHN J€(POPMHUPOBAHHOTO COCTOSIHUS U3TMO MEKIYUIBHON
IPOKJIAIKA IPEACTABISIET cO00il OalnKy, JeXKallylo Ha CIIOIMIHOM YIPYTOM OCHOBAHUM; VIS

110001 TaHHOH OaJNKK POJIb YIPYTroro OCHOBAHMS UTPAET OCTAJIbHAS YaCTh 000JIOUKH.
I

g
A
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——

‘\ 47 "A\ /‘

\hl_lur
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Pucynok 4. Cxema HUIHMHIPUYECKON
KpyroBOil 000J104KH.

Pucynok 3. HoBast koHCTpyKIuUs
MEXAYTTHIBHON ITPOKIIAJIKU JIMHTEPHOMN
MalI1HBbI.

Figure 4. Scheme of a cylindrical circular

Figure 3. New design of the linter saw
shell.

spacer.

OO0o03HaYMM: Z - KOOpJMHATA CEYCHUSI, U3MEpsAeMast BIOJIb OCH 000JI0YKH (TIPOKIIAIKH),

W = W(Z) - mporu® TOYEK CPEIMHHOW MOBEPXHOCTH, 1 - CKMMAOIIAs CHJa, OTHECCHHAs K

eIMHWIIE JUIMHBI KOHTypa IIONepedyHoro cedeHms mnpoknaakd, D=Eh¥(12(1-/7)) -

[WTHHAPHYECKAs )KECTKOCTh MPOKJIAAKH, N - TONMIMHA CTeHKH (MTPOKIaIKN), W - K03 duimeHTt

ITyaccona, k=Eh/R?, R - pamuyc momepedHoro cedenus CPeAUHHOM TOBEPXHOCTH TIPOKITAIKH.

[Ipu »sTux oOo3HaueHMsIX AudPepeHInaNIbHOE YypaBHEHHE MPOAOJIBHOTO  M3rubda
MEKTyTHIBHON NPOKIIAIKK 3aIIChIBACTCS B BHJIC

d'w Td°w k

dz* Ddz* D

K sromy nuddepeHnmanbHOMy ypaBHEHHIO HEOOXOIUMO NMPUCOEAUHUTH T'PaHUYHBIE

w=0. (1)

yCJI0BUS, 3aBUCAIINEC OT BHJa OIMMOPHBIX YCTpOﬁCTB Ha TOopHIax MeX(HynHHLHOﬁ IMMPOKJIaJIKH. B
ciIydae, €CJIM CHUTACM IIapHUPHOEC OITMPAHUEC TOPLEBBIX CeUYCHMUI 1 npuMeM
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2
w=0, d—\é\/:O npu z=0 u z=l. (2
dz
B stom cnyuae pemenue quddepennuanbHoro ypaBaenus (1) umeer B

W:CsinﬂTnZ. (3)

3nech N - TPOU3BOJBHOE LIEJI0€ YHUCIO, PAaBHOE YHCIY TOJIYBOJH, Ha KOTOpPbIE
nojpaszzensercs obpasyomas o000J0oukH (IPOKJIAAKU) TMpH MOTepe YCTOWYMBOCTH.

[Moacrasmss (3) B (1), mostydyum ypaBHEHUE

CEGES

U3 KOTOPOT'O CIICAYCT BBIPAKCHUC I KPUTHYCCKOTO CXKUMAKOUICTO YCHUIINA IPOKJIAAKH

T= D[”T”jz +(#jz. (5)

Kak BunmnHo, ycunmusa 7 3aBUCUT OT UWIMHAPUYECKOM KECTKOCTH D, TONIIUHBI
npoknaaku | u uwcnaa momyBonH N. IlocneaHee MOXHO HAWTH, UCXOAS U3 YCIIOBHS, YTO
MPAKTUYECKOE 3HAYCHHE MMEET HAauMEHbIIas BEIWYMHA HArpy3KH, KOTOpas MOXET OBITh

noaydena u3 popmyisi (5). [Tonaras, uto N>>l, MokHO 3amucarh ycinoBue MUHEMYMa T B BUIC

dT
—=0. 6
™ (6)
910 maer
4 2
n=I 12(1-u%)

R (7)

u BMecTo (5) monyuum

Eh

T = 8)
" ORY3(L- )
PE3YJIBTATBI

B kauectBe marepuasna Hamu npemyiokeHbl Ct3 u AKSM2, Tak Kak OHU SIBJISIIOTCSA
CTaHJApTHBIMU MaTepUaTaMu.
Amnanus rpaduka (puc. 5) mokasai, 4To I H3TOTOBJICHUS MEKIYTHILHON TIPOKITA KN

JUHTEPHOM MAIIMHBI ¢ ouHaKoBOW Maccor (M=0.11673 Kr) MEeXIynUIHLHON MPOKIATKHA U3
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cT.3 HeoOXoauMas ToJIIIKHA KoHTakTa coctaisger h=0.0015m, Tak Kak Macca MEKIYITHILHOM
npokiaaaku u3 AKSM2 cocrasiser m=0.12617 kr, a h=0.003m.

Eciii MaTepuan Mes Iy THILHOM POKIaaKy BhimoaHeH u3 ctanu Cr3, a E=2-10'! H/m?;
u=0.26; 1=0.00875 m; R=0.07925 m; h=0.0015m, Torma n=0.4672 (puc.5) u Tx=2263.4 MIla
(puc. 6).

Ecnn marepuan MexIynuibHOM MPOKIAAKH HM3roTOBJIEH u3 amomuHuss AKSM2, a
E=7-10'° H/M?%, p=0.34; 1=0.00875 m; R=0.0785 m; h=0.003m, Torna n=0.3276 (puc.5) u
Twp=1642.3 MIla (puc. 6).

0,85
= 0,75 A\
g 0,65 \
B \
g 055
o
S 045 0,4672
7 03 &
0,25 T T T T !
0 0,001 0,002 0,003 0,004 0,005
TOJ'IIIII/IHa CTCHKHU Me)K,HyHI/IHI)HOP‘I HpOKﬂa}IKI/I h, M
----- n (crams 3) n (AK5M2)

PI/ICyHOK 5. 3MeHeHns KOJIMYeCcTBa ITOJIYBOJIH B 3aBUCUMOCTU OT TOJIIWHBI CTCHKH
Me)K,HYHHHBHOﬁ IMPOKJIaZIKH.

Figure 5. Changes in the number of half-waves depending on the wall thickness of the saw
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S
§4 0 T T T T 1

0 0,001 0,002 0,003 0,004 0,005
ToJmnHA CTEHKH MEXIYTHUIBHON TPOoKIanku h, m
= = =Txkp (crans 3) Txp (AK5SM2)

PucyHok 6. I3MeHEeHHS] KPUTHUECKOTO COKMMAIOIIErO YCUIIME B 3aBUCUMOCTH OT TOJIIIUHBI
CTEHKH MEKIyTUIbHOU MPOKIAIKH.

Figure 6. Changes in the critical compressive force depending on the wall thickness of the
saw blade.
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Pacyeramu yCTaHOBIEHO, YTO C YBEJIMYEHUEM TOJIIMHBI MPOKIAAKU JIMHTEPHOU
maruael ¢ 0.0005 g0 0.005 m (puc. 5) cHikaeTcs uncino monyBoiaH (mas cr.3 — ot 0.809 o
0.255, mns AK5SM2 — or 0.802 nmo 0.253) m yBenuumuBaeTcs 3HAYCHUS KPHUTHUECKON
cxxuMaromien yewmust (s ¢t.3 — ot 754.46 MIla no 7544.65 Mlla, nns AKSM2 — ot 273.72
MIla no 2737.24 MITa).

3HayYeHUsI YUCIO TOJIYBOJH N MEXIYNWIbHOW MPOKIaAKu W3 amomMuHus AKSM2
cocrariisieT 0.3276, a u3 cranu 3 coctasiseT 0.4672, uro yBenuueHo Ha 42.6% (puc. 5). [Tpu
9TOM 3HAYEHHUS KPUTUYECKOTO CKHUMAIOMIETO ycuiue Ty MEKIYNUIHHONW MPOKIATKUA W3
amomuaus AKSM2 coctasnsier Tip=1642.3 MlIla, a u3 cranu 3 cocrasmnsier 2263.4 Mlla, uro

yBeauueHo Ha 37.8% (puc. 6).
3AK/IIOYEHUE

Takum o00pa3zom, pacyer YCTOHYMBOCTH MEXKIYNMHUIBHONH TPOKIAIKU TO3BOJIHI
YCTAaHOBUTH YyBEJIMYEHHE 3HAYeHUe uyucna nonyBonH it cramu Cr3 (n=0.4672) or
amomuaueBor AK5SM2 (n=0.3276) na 42.6%. Kpome TOro, BBISBICHA YCTOWYMBOCTH
MEXIYMIBHBIX MPOKIA0K K KPUTUYECKUM CXKMMAIOIIMM yCHIusaM (i ct.3 — Tp=2263.4
Mlla u ans AKSM2 — Tp=1642.3 MIla) na 37.8%. Pe3ynbTaThl pacuyeToB YCTOWYHMBOCTH
MEXIYIWIbHBIX MPOKIaN0K U3 cTanu cr.3 u amomuHuss AKSM2 nokazanu BO3MOXKHOCTb
UCITIOJIb30BaHUS CTAJbHOM MEXIYNUIbHOM MPOKJIAAKU HpU COOpPKE MHIBHBIX LMIMHIPOB

nuHTepHOU MamuHbl SJIIL.
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BBEJIEHUE

B mporecce BaIKoOBOro oTKMMa MOKPBIX MaTEepPHAIOB HAOJIIOIAETCS OJTHOBPEMEHHOE
MIPOMCXOXKICHHE JIBYX SIBJICHHH — KOHTAKTHOE B3aUMOJICHCTBUE M QUIBTPAIUS BIIard. JTO0, B
CBOIO Ouepe/lb, TpeOyeT COBMECTHOT'O PEIICHHUsS MPH 3TOM JIBYX THUIIOB 33]1a4 — KOHTaKTHBIX
3a/1a4 ¥ THAPABIMYECKHX 3a71ad.

B pabotax [1-4] ObulM pemieHbI OCHOBHBIC KOHTAKTHBIC 3aJ1a4M BAJIKOBOTO OTKMMa
MOKPBIX MaTE€PHAJIOB.

OCHOBHI)IMI/I FI/II[paBJII/I‘{eCKI/IMI/I 3aJa4yaMi BAJIKOBOT'O OTKHMa MOKpI)IX MaTepI/IaJIOB
SABJIAKOTCA 3a1a49Y aHAJIUTHUYCCKOI'O OITMCAHUA paCHpeILCHCHI/Iﬂ FI/IZIpaBJII/I‘IeCKOFO IOAaBJICHUS U
MaTEMaTHYECKOI'0 MOJICITMPOBAHKUSA OCTATOYHOW BJIKHOCTH OT)KMMaeMoro marepuaina. J{is
pEIIeHHUS ITUX 33]]a4 HEOOXOAMMO 3HATh 3aKOHOMEPHOCTH U3MEHEHHS CKOPOCTEH (DHUIIbTpaIiu
B 00J1aCTH OTKHMa.

AHaJ'II/IB pa60T, IIOCBAIICHHBIX HCCJICIOBAHUIO FI/II[paBJII/I‘{eCKI/IX 3a1a4 BaJIKOBOI'O
OT)KMMa MOKpBIX MarepuanoB [5-11], mokasam, 4YTo CymIECTBYIONIME 3aKOHOMEPHOCTH
U3MEHECHHS CKOpocTed (WIbTpaluu B 00JACTH OT)KMMa MOJYYCHBI C BBEICHHEM MOJEICH
BaJIKOBOT'O0 00OpYJOBaHUSI U MaT€pUAJIOB, HE OTBEYAIOIINX PeaTbHBIM (PU3UUYECKUM SBJICHHUIM
BAJIKOBOT'O OTKHUMaA MOKpI)IX MaTepI/IaJ'IOB. HOBTOMy OHH HC OTAKOT BO3MO>XKHOCTH 110 peIHeHI/IIO
3a/1a4, MO3BOJISIONIMX MOJHOCTHIO PACKPBITh THAPABIMYECKUE SBIECHUS BAJIKOBOTO OTXKHMMA

MOKPBIX MaTe€pHajioB.
MATEPHAJIBI U METO/1bI

B paGote [12] Obutm ompeneneHbl aHATUTHYECKHUE 3aBUCHMOCTH, OIHMCHIBAIOIINE
3aKOHOMEPHOCTH U3MEHEHUs1 CKOPOCTeH (MIIBTPAIIUK B 00JIACTH OTXKHUMA JIIsl CHMMETPUYHOTO
JIByXBAJIKOBOTO MOAYJIA. B 11ensx nanpHeiiero pa3BuTrs TEOPETUYECKUX MPECTaBICHUH], KaK
u B pabotax [1-4], 00BEKTOM UCCIIeJOBAHUS CITY>KUT OOOOIIEHHBII ABYXBAIKOBBIH MOAYJb, B

KOTOPOM BaJIKH PACHOJI0KEHBI OTHOCUTENFHO BEPTHKAIM C HAKJIOHOM CIpaBa MoJ yrioMm [,
UMEIOT HEpaBHbIE JHAaMETpPhl C AIACTHYHBIMU HOKphITHUAMU (D, #D,), cioil Mokporo
(oOpabaTeIBaeMOro) MaTepuaga MMEET PABHOMEPHYIO TOJIILUHY O; Y IIOAAETCS HAKIIOHOM BHU3

OTHOCHTEIILHO JINHUH IIEHTPOB T10]] yIJIOM ¥, (pHCYHOK 1).
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Pucynok 1. Cxema AByXBajIKOBOIO
MOJTYJISI.

Figure 1. Scheme of a two-roll module.

KpuBas koHTaKkTa HIKHETO Baiika (kpuBast A1Az) cocTouT u3 IByX 30H AA, 1 AA,.
B 30He A A, IPOMCXOIMT CXKAaTHUE CIIOS MOKPOTO MaTepHaja U IMOKPHITUS Bajka, a AjA,—

BOCCTAHOBJIEHHE Je(OpMallnu.

CHauasia paccCMOTPHM Ipolecc (GUIbTPAMK KUIKOCTU B 30He A A,. B 3T0il 30He

o0OpabaTrbIBaeMblil MaTepHall CAKUMAETCS, IOITOMY KHUAKOCTh NEPEXOIUT U3 HEE B MOKPHITUE
BaJIKa BJIOJIb MOJIIPHOTO yria [5].

CKOpOCTB MOKpPOTo Marepuajia B 00JIacCTH KOHTAKTa BEJIUYMHA ITOCTOSHHAS U paBHa

CKOpOCTB KUIKOCTH B 001aCcTH KOHTaKTa BeJIMYMHA NnepeMEHHass U paBHA CyMMC

NBYX cocTaBistomux [12]:
E1 Vit = €11V T Ui E1Vig,y = Uy 1)
TAE V., Viyy — @0CONIOTHAS CKOPOCTh IKHMJAKOCTH B 30He A A, BJIOJb OCH Ox u Oy,

COOTBETCTBCHHO, V,,, , V,,;, — OTHOCUTCJIBbHAA CKOPOCTH  KUAKOCTU B 30HC BJOJIb OCHU Ox
11x 11y

u O , COOTBETCTBEHHO, U,, , U — CKOpPOCTBh (PUIBbTPALIMU XUAKOCTH B 30HC BJOJIb
11x 11y
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ocu OX u Oy, COOTBETCTBEHHO; & ,— OTHOCUTENbHAs AedopMals MOKPOro MarepHuana B
3oHe AA,.
B npouecce Quubrpaimn s CKOpocTed  Vy,, MV, JIOJDKHO BBIIOJHATHCA

ypaBHEHUE Hepa3pbiBHOCTH [12]:

OV +Uis) o(uyy,)
OXy4 Oy,

=0.

Otcroga HaxoauM

og,, ou, ou
11, Zx 11y:O

m )
Xy 0%y o OYy
[epexoxum K qudhepeHIHpPOBaHUIO 10 OAHOI nepeMenHoit &, + ¥ :
v deyy .d(011+7)+ du,,, _d(911+7/)+ du,,y .d(011+7):0
" d(6,+7) dx;, d(6,+7) dx,, d(6,+7) dyy;
[Tocie mpeoOpazoBaHus OTYyIUM
Oy Oy
du,,, __ de;, ) d@,+7)  dugy, i d(6,+7) ~0. 3)
d(6;+7) " d(6,+7) dx;, d(@;+7) dxy,
d(6;+7) d(6;+7)
3aMeTuM, 4TO
U, = Uy, Ctg (0, +7) - (4)
[IpoBenem nuddepenumpoBanme
duy, du,,
= *—ctg(6,,+y) Uy ———. 5
AOnt7) QO T T T, 1) ©)
VYuurtsiBas 3T0, U3 paBeHCTBa (3) NOIyYuM
Xml dy H dyll
2 cos(f,+y)+—t—sin(6, +7) —4
@ +y) ) T dwy, 1 e i)
Lsin(gll_l_],) d(;+7) sin2(€11+7) . " d(6h; +7) dx;,
d(@;+7) d(6;,+7)

N3 pucynka 1 cnenyer, 4ro
X, =1, 8iN(6; + A1), Y, =1,C08(6,;,+7).

Orcroga Hax0auM
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dx . d , .
L= rllsln(011+7)+ rllcos(011+7/)' Y = r11005(011+7)_rllsln(911+7)-

d(6,+7) d(6,+7)
[oacTaBnss 3TH NPOM3BOAHBIE B paBeHcTBa (6) u cumras I,;sin*(6, +y)~0, mocne

HECIIOKHBIX MTPe0Opa30BaHUN HAXOTUM

1 . dullx _ Uy, _ r1,1 Cos(ell + 7) - rllSin(all + 7) ) d‘911

. B ] - . (7)
cos(éy, +y)sin(f, +y) d(6,+y) sin ? (0, +7) Iy Sin(0;, +y) + 1, c08(6, +7) d(0,+7)

YPaBHeHI/Ie KpHBOﬁ KOHTAaKTa HHXXHETO BaJIKa B 30HC CXKaTuA OJI1 pacCMaTpuBacMoro

JIBYXBAJIKOBOTO MOJYJIs UMeeT Bu [2]:

R cos(¢;; + 71)
r,=——— —2 222 (o, +7,)<0,+y<0, 8
11 1+k112'11[ K34 cos(d,, + ) (P +7) <O, +y (8)

rac

_myH,sin(ey, +9,) zglmfl(A|11)Cp—(ﬂ( )~ AL L=m)hy;
. m:513in((021—71) o Allmll(Alll)cp+(A1( my,) - An( )) ,

he =, sin(p,, —71) . (Aly)., =R, {1_ sin 2(p,, +7/1)j1
Sln(§011+(921) 2(py+74)

31ech M, —K03()(ULUEHT YIPOYHEHUs TOYEK JIACTHYHOIO MOKPBITUS HUKHErO Ballka IpH
CKaTuM, M, —K03(p(PUIMEHT yIPOUYHEHUSI TOUEK BOJIOKHUCTOTO MaTepuiIa MPU CHKATHH.

Ortkyna

) == Ry ) oSy + ) g0, +7). )
1+k, A, cose(d,+7)

Ucnonb3ys Beipaxenue (8) u (9), umeem

R kud, COS((011+71)+C053 (O, +7)
1+ky, 4, C052(911+7)

rlrlsin(ell +y)+1,C08(6;, +y)=

, . R,
I),€08(0,, + ) — 1, Sin(0,, +y) = 2 ———sin(f,, +7). (10)
k1A,

[Tocne moaCTaHOBKM 3THX BBIPAXKEHUH M HEKOTOPBIX Mpeodpa3oBanuil ypaBHeHue (7)

MMPUHHUMACT BUJ

1 Cduy oy, Ly sin(g,, +7)cos’ (6, +7) ey A

cos(@,, +y)sin(6, +y) d(6,,+y) sin ? (0, +7) " (kyyAy; COS(y; + 1) + C033(‘911 +7)) d(0,+7)

W3 pucynka 1 crienyer, uro
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r cos(¢y, +71)

. T cos(,,+7)
€= o (12)

hll
Ortkyna
dey, __ R, cos(gy; +741)sin(6;; +7) . (13)
d(6,+7) h((L+kyy4y,)c08° (6,5 +7)
[ToncraBuMm 31O BhIpaXkeHue B paBeHCTBO (11):

du,  cos(@,+y)  _ VuRicos(ey +71) sin®(@,, + y)cos(6,, +7) (14)

- u X .
d(@,+7) sin(G,+y) hi@+kidy) (K, cOS(@y + 1) +€0S° (B4 + 7))
Huddepenumansaoe ypapaenue (14) sBisercs nuHeHHBIM. Ero omHOpoIHas 4acTb

HMECT PCUHICHUC

Uy, =Cpy (61, +y)sin(O,, +7), (15)
OTKyJ1a
du,, dC,, ..
X = sin(@,, + ) +C,,cos(&,, + 7).
d(t911+;/) d(l911+}/) ( 11 7) 11 (11 7)
[MoxcraBus Ui B ypaBuenue (14), umeem

—— " U
d(@,+7) =

dCyy, _Vn R, cos(¢y, +71) ) sin® (6, + 7) cos(6;, +7) (16)
d(6,,+7) h101(1+ Kiidi)  (Kydi; COS(@y, + 7)) + cos’ (61 +7))
2
Beenem nomymienus sSin(6,+y)=6,+y , cos(6,+y)= 1—@.
[Tocne aToro pasenctso (16) npuHUMAaeT BUJ
2
dC,, =a, 2(6’11"‘7) - (17)
d(6,+7) m; — (6, +7)
rne
2V, R, cos(gy, +71) 22
= . mS=—1+k, A, cos(p,+7,)). 18
11 3% (L+ K. 4,.) 173 (1+ky345,€08(1; + 71)) (18)
WHTerpupyem paBeHctso (21)
m m,, +(6,,+7%) .
Co=a, (O, +p)+—2In2L—2L_221+C.
11 11( (0., +9) 5 My, — (O + 7)D 11

PacknazapiBass jorapudmuueckyo (QyHKUHIO B pSAJ M OrpPaHUYMBAsICh UYIEHAMH [0

. a *
TpeTbeil CTeIeHH OTHOCUTENBHO (6, + ), umeeM C,, = —1-(6,,+7)° +C/,.
11

[ToacraBum 370 BhIpakeHue B ypaBHeHue (15):
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Uy = (;1_12 0, + 7)3 + C;lJSin(ell +7).
m;,

ocne onpenenenust C,, no HauansHOMy ycnouto U, (—(¢,, +7,)) =0, umMeem

Uy, =0, (e, +71)3 +(0,, +7)3)Sin(911 +7), —(@u+7)<6,+7<0, (19)

VR, cos(e;, +7,) .
3h101(1+ k3 A1)+ KAy, €os(gy; +74))

N3 paBenctBa (6) ¢ yuerom paBenctna (19) nHaxoaum

rne b, =

Uy = —by, (0, + 71)3 +(0, + 7)3)C05(911 +7), —(@u+n)<6,+y<0, (20)

IIpy M3BECTHBIX 3HAYCHHSX CIAraéMbIX Uy, U Uy, , CKOPOCTH (PUIBTPALUK KUIKOCTH

BJIOJIb MOJIAPHOTO YTIIa ONpeensercs mo Gopmyse Uy, = /U’ + ulz1y .
Torma nmeem
Uy =0y, (1, + 71)3 +(6, + 7%, - (P +7) <6, +y<0. (21)
3nak (=) B ¢opmynax (20) m (21) o3Ha4yaer, YTO KHUJIKOCTh IEPEXOIUT W3

BOJIOKHUCTOTO MaTepHalia BHU3 B MTOKPHITHE HIXKHETO BaJIKa.
®opmyna (21) onpenensieT U3MEHEHUE CKOPOCTH (GUIIBTPALIUU KHUAKOCTH, TPOTEKIICH
13 MOKpPOI'0 MaTrepuasia B HOKPBITHUSI HUJKHETO BaJIKa B 30HE CHKATHSL.

B 30me A,A, oOpabarbiBacMblii MaTepuall, BOCCTAHABIMBas Ae(POPMAIHIO, MOXKET

BIIUTBIBATH JXKUJAKOCTb U3 IMOKPBITUA BaJIKa. B stoMm cjIydae, XUJIKOCTb, CJICBa OT HCKOTOpOﬁ

TOYKHN A4 30HBI A3A29 ABWOKCTCA U3 MOKPOro mMarcepualia B IIOKPBITHUC BaJiKa, CIIpaBa — B

oOpabatbeiBaeMblil MaTepuai. B 3aBUCMMOCTH OT KOHCTPYKLIMU BajKa OTKUMHOM MalIMHBI U

€ro MOKpBITUS, TOYKa A, MOXET COBIagaTh C JIIOOOHM TOYKOM 30HBI BOCCTAHOBJICHUS
nedopmarmu [5-7].

IIycts Touka A, ompenensercs yrimoM ¢, +y, =¢, (@, +7,), 0<g, <1. Touka A,
JIETUT 30HBI BOCCTAaHOBJIEHHS JedopmManmuy Ha JBa ydyacTka: HepBeli  AA,, 1€
0<O,+y<¢,+y, nsropoii AA,,tne ¢,+y,<0,+y<¢,+y,. BTouke A, ckopoctu
(hrtbTpanK paBHBI HYJIO, TO €CTh Uy, (@1, +7,) =0 1 Uy, (¢, +7,)=0.

Amnanornyno gopmynam (19) - (21) onpenensieM U3MEHEHUSI CKOPOCTEH (MIIbTpALUU
KHUJIKOCTH, MPOTEKIIeW M3 MOKpPOro Marepuaja B MOKPHITHS HIKHEro BajKka Ha MEpBOM

y4acTKe A3A4 30HBI BOCCTAaHOBJICHU S I[e(bOpMaI_[I/II/I.
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BBIpa)KeHI/IH HUMCIOT BU/.

U, = blz((¢14+74) (912+7)3)Sin(912+7)’ 0<O,+7<@u+7, (22)
Uoy =0, (P14 +7.)° = (0, +7)°)cOS(0, +7), 0<O,+y<g,+7,, (23)
Uppp = blz((¢14+74) (‘912"'7)3)7 0<O,+y<oy,+7, (24)

VR, cos(p,, +7,) .
3h102 (L+kypAy,) A+ kA, cos(ey, +75,))

Astopsl pabor [8, 9], cunrarot, 4To Ha BTOPOM ydacTke A, A, 30HBI BOCCTAHOBICHHS

rae b, =

nehopMaiuu ckopocTh GHIbTpay BRoiab ocu OX paBHa HymIO, TO €cTh Uy, (0, +7)=0,
rae ¢, +7, <0,+y <¢,+y,. B3TOoM ciyuae, U3 paBeHCTBa, COOTBETCTBYIOLIETO (3)

CJIC/IYET, 4TO
dy,,
du,,, __y de,  d(6,+7)
d(6,+7) " d(6,+7) dx,,
d(@,+7)

WM C YYETOM aHaJIOTUYHBIX BhipakeHui (9) u (17)
du,,, __VaR cos(gy, +75) sin (6., +7)
d(0,+7) hl@+Kiph,)  (Kiphy, COS(9y, +7,) +€0S° (O, + 7))

[TpeoOpasyem ¢ ydeToM aHaIOTUYHOTO BhIpakeHus (18)

dulZy _ (0, + 7)2
d(@,+7) 2m122_(912+7/)

(25)
Pewienue sToro ypaBHenus Oyner U, = [3 (0, + 7)° +C13J .
12

ITo ycmoBuio Uy, (@, +7,) =0 onpenensem, C;; =——2-(¢p, +7,)°.

- 3m 122
ITocne aToro nosrygaem

U,y =B, (0 + 7)) =6, +7)°), PtV SOL+7<QL,+7,. (26)
Otcroga, uMeeM

Uppp = =0y, (91 +74)° = (O, +7)°), PtV SO+ y<@,+7,. (27)
O606mmas popmyst (21), (24) u (27), nonydaem

(28)

Uy =— 11((¢11+71)3+(911+7)3) ~(p +71) <0, +y <0,
Uy = blz(((014+74)3 (912"‘7) ), 0<0,+y<@,+7,,
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e @, +7,=6(p,+7,), 0<g <L
CkopocTn (pUIBTPALMK JKMAKOCTH, NPOTEKLIEH Yepe3 KPUBYIO KOHTAKTA BEPXHETO
BaJIKa, ONpecaAciIieM aHaJIOTMYHO.

OHHU UMEIOT BUL;

Usyy :bzl(((/’21_71)3 "‘(‘921_7)3)1 ~(@)1—11) <0, —y <0, (29)
Uz :bzz((§024_74)3 _(6’22_7)3)7 0<0,,-7<¢,,— 7,
v_R, cos(@,, —7,)
rmue —y, = —7.), 0<c, <1, b, = m_2 2l /1 )
g P Vs =P r2) O 7 300, (T Koo ) L+ Ky COS(053— 7))

b.. — VR, cos(¢,, —7,)
b = .
3h§2 L+ Kyd,s,) A+ K,y A5, COS(90,, — 7))

Ha pucynkax 2 u 3 mnpuBeneHbl IpaduKd U3MEHEHHs CKOpocTed (MIbTpaLuy,
uHTepnpeTupytomue popmynst (11) u (12).

1)

[
—_
L S=]
[}
(=2

PucyHok 2. I'pauk n3MeHeHHs CKOpoCTH PrcyHOK 3. TpadiK H3MEHEHHS CKOPOCTH
¢unerpamm u, (uibTpanuK u, HUKHETO BaJKa:
1-¢=033 2-¢=067 3-¢=1. 1-c=033 2-¢=0,67; 3-¢=1.

Figure 2. Graph of the change in speed Figure 3. Graph of the change in speed
filtration u,: bottom roll filtration:

1-5=033 2-¢=067; 3-¢g=1. 1-¢=033 2-¢=067, 3-¢=1.

PE3YJIBTATBI

1. OHpCIleJ]eHLI AHAJIUTHUYCCKUC 3aBUCUMOCTHU, OIMKUCBIBAIONIUEC 3aKOHOMCPHOCTHU

M3MEHEHHUs CKOpocTel punbTpannu B 00JaCTH OTKUMA.
2. YCTaHOBJIEHO, YTO CKOPOCTh (MIBTPAIMU  JKHIKOCTH  BJOJb OCH a0CHIHCC Ha

T'paHULlaX 30HbI CX)KATHUA paBHA HYJIIO, @ BHYTPH 30HBI IPUHHUMACT OTPULATCIILHBIC 3HAUCHUA.
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3. BBI?IBJ'ICHO, 4TO CKOpPOCTH (bPIJ'IBTpaI_[I/II/I KHUIAKOCTHU BAOJIb OCH OpAUHAT U ITOJIAPHOTO
yIjla paBHBI HYJIIO B Ha4daJIC 30HbI CXAaTWA, BO3paACTAlOT 10 MAaKCHMyMa B ocoboi TOYKC,
Jexalneil Ha JTHMHUH LOCHTPOB, 4@ B 30HC BOCCTAHOBJICHUA I[e(l)OpMaI_II/II/I 3aBUCAT OT YyrJia,

OINPEACIIAIONIErO IOJ0KEHNE TOYKH, TIE )KUIKOCTh MEHAET HAIIPABIICHUE.
3AK/IIOYEHUE U BBIBO/1bI

W13 aHanu3a pacyeTHHIX JaHHBIX U IPaUKOB (PUCYHKH 2 U 3) cIenyer:

®  CKOpOCTh QMIBTPALMU KUAKOCTH BJOJb ocu OX Ha TpaHUIAX 30HBI CHKATHUS
paBHA HYJIO, @ BHYTPU 30HBI IPUHUMAET OTpULATENbHbIe 3HaueHUs. OHa UMEeT MUHUMYM B
TOUKe, oIpeensieMoii yrinom ¢ = 0,63¢, (¢, —yrona 3axBara Bajka);

®  3aKOHOMEPHOCTHU U3MEHEHUs cKopocTel (unpTpanuu Broib oceit OX,0y n yria
0 B 30HE BOCCTaHOBJIEHHS 3aBUCAT OT 4YHcIa ¢, ONPEACIAIOIIECTO MOJI0KEHUE TOUKHU, TIe
KUIKOCTh MEHseT HampasieHue. Yem Omxe ¢, K HyIIO, TeM AJIMHHEE YacTh 30HBI
BOCCTaHOBJICHUS AedOpManny, I1e KUAKOCTh MePEeMEIaeTCsl U3 MOKPBITHS Bajka OOpaTHO B
MOKpbIil Matepuan. [lo mepe yBenuueHus umucia ¢ OT HyJs 10 €JUHUIBI, NPOTSHKEHHOCTh
U3MEHEHHsI cKkopocTu (unbTpanuu  BAomb ocu  OX yeemmuuBaercs. IIpu ¢ =1, ckopocTs
¢unbTpanyn U, BHYTPH 30HBI BOCCTAHOBIEHHMS IOJOXKHUTEIbHA, MIMEET MAKCUMYM B TOUKE,

onpenensseMoit yrinom ¢ = 0,63¢, (¢, —yroun Beixona). [Ipu 3ToM oHa B Havasie U KOHIE 30HBI

BOCCTAHOBJIEHMSI JiehopMalliy paBHa HYJIIO.
CIIUCOK JIMTEPATYPbI

[1] Khurramov Sh. R. Modeling of friction stress in twin roll modules. Journal of Physics:
Conference Series. 2021; 1789: 012004.

[2] Khurramov Sh. R. On the issues modeling the roll contact curves. Journal of Physics:
Conference Series. 2021; 1889: 042036.

[3] Khurramov Sh. R., Abdukarimov A., Khalturayev F.S., Kurbanova F.Z. Modeling of
friction forces in an asymmetric two-roll module. IOP Conf. Series. 2020; 916: 012051.

[4] Khurramov Sh. R., Abdukarimov A., Khalturayev F.S., Kurbanova F.Z. Modeling of
friction stress in twin roll modules. Journal of Physics: Conference Series. 2021; 1789: 012008.

0321



CoBpemeHHble UHHOBaLUK, CUCTEMbI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

[5] KonoBamo A.b. MmurannoHHBIE MOIEIMPOBaHHE pabodero Imporecca B Mpeccax
poosibHOM (uspTpanueii. TeXHUKO-TeXHOIornYecKue mpoodaemsl cepsuca. 2012; 2(20): 40-
47.

[6] HoBukos H. E. IlpeccoBanue OymakHOTO MOOTHO. MockBa. JIecHast MPOMBIIIICHHOCTD;
1992, 242.

[7] Bezanovic D., Duin C. J., Kaasschieter E.F. Analysis of wet pressing of paper: The three
phase model, Part II: Compressible air case. Transport in Porous Media. 2007; 67: 171-187.
[8] Ky3uernos B.A., [Terpos H.A., KoproBenko B.M. ®dusnueckast MOzeIb mpoliecca OTKUMa
TKaHu. M3Bectus By30B. TexHOIOTHS TEKCTUIBHOM npoMbinuieHHocTH. 1984; 3: 102-105.

[9] MapmykoB B.E., Mapunun A.H., Koncrautunosa E.P., Tlerposa U.B., ®omun HO.T.
BnusiHue TeXHOJIOrHYeCKUX (1)aKTOp0B Ha CTelNeHb OT)KUMa BlIaru u3 Tkanu. M3sectusa BY30s.
Texnouorust TekcTribHOU npoMbiiienHoctr. 2011; 4 (333): 124-127.

[10] McDonald D.J., Kerekes R. J., Zhao R.J. Perspectives on deriving mathematical models in
pulp and paper science. J BioResources. 2020; 15: 7319-73209.

[11] Hiev O., Printsypar G., Rief S. On mathematical modeling and simulation of the pressing
section of a paper machine including dynamic capillary effects: One-dimensional model.
Transport in Porous Media. 2012; 92: 41-59.

[12] Khurramov Sh. R. Filtration rates in roller pressing of fibrous materials. AIP Conference
Proceedings. 2021; 2402: 030042.

REFERENCES

[1] Khurramov Sh. R. Modeling of friction stress in twin roll modules. Journal of Physics:
Conference Series. 2021; 1789: 012004.

[2] Khurramov Sh. R. On the issues modeling the roll contact curves. Journal of Physics:
Conference Series. 2021; 1889: 042036.

[3] Khurramov Sh. R., Abdukarimov A., Khalturayev F.S., Kurbanova F.Z. Modeling of
friction forces in an asymmetric two-roll module. IOP Conf. Series. 2020; 916: 012051.

[4] Khurramov Sh. R., Abdukarimov A., Khalturayev F.S., Kurbanova F.Z. Modeling of
friction stress in twin roll modules. Journal of Physics: Conference Series. 2021; 1789: 012008.
[5] Konovalov A.B. Imitacionnye modelirovanie rabochego processa v pressah prodol’noj
fil'traciej. Tekhniko-tekhnologicheskie problemy servisa. 2012; 2(20): 40-47.

[6] Novikov N. E. Pressovanie bumazhnogo polotno. Moskva. Lesnaya promyshlennost’; 1992.
242,

0322



CoBpemeHHble UHHOBaLUK, CUCTEMbI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

[7] Bezanovic D., Duin C. J., Kaasschieter E.F. Analysis of wet pressing of paper: The three
phase model, Part Il: Compressible air case. Transport in Porous Media. 2007; 67: 171-187.
[8] Kuznecov V.A., Petrov N.A., Kortovenko V.M. Fizicheskaya model' processa otzhima
tkani. lzvestiya vuzov. Tekhnologiya tekstil'noj promyshlennosti. 1984; 3: 102-105.

[9] Parshukov V.E., Marinin A.N., Konstantinova E.R., Petrova I.V., Fomin YU.G. Vliyanie
tekhnologicheskih faktorov na stepen’ otzhima vlagi iz tkani. lzvestiya VUZov. Tekhnologiya
tekstil'noj promyshlennosti. 2011; 4 (333): 124-127.

[10] McDonald D.J., Kerekes R. J., Zhao R.J. Perspectives on deriving mathematical models in
pulp and paper science. J BioResources. 2020; 15: 7319-7329.

[11] Hiev O., Printsypar G., Rief S. On mathematical modeling and simulation of the pressing
section of a paper machine including dynamic capillary effects: One-dimensional model.
Transport in Porous Media. 2012; 92: 41-59.

[12] Khurramov Sh. R. Filtration rates in roller pressing of fibrous materials. AIP Conference
Proceedings. 2021; 2402: 030042.

HH®OPMAIUA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

Xyppamos lHlagkat PaxmaryiuiaeBuy, Shavkat R. Khurramov, Doctor of Technical
JIOKTOP TEXHUYECKHUX HayK, podeccop, Sciences, Professor, Tashkent Institute of
TalKkeHTCKUi apXUTEKTYPHO-CTPOUTETbHBIN Architecture and Civil Engineering, Tashkent,
MHCTHUTYT, TamkeHT, Pecriybnuka V30ekucran Republic of Uzbekistan

e-mail: shavkat-xurramov59@mail.ru e-mail: shavkat-xurramov59@mail.ru

Cmamuws nocmynuna 6 peoakyuro 06.10.2022; ooobpena nocne peyensuposanus 05.11.2022;
npunama k nyonuxayuu 07.11.2022.
The article was submitted 06.10.2022; approved after reviewing 05.10.2022; accepted for
publication 07.11.2022

0323



SRS

CospemenHbie
©  cucTeMbl M TEXHONON

2022; 2(4)
CoBpemeHHble MHHOBaLMKU, CUCTEMBI U TexHonoruu // @ @ eISSN: 2782-2818
Modern Innovations, Systems and Technologies ’

https://www.oajmist.com

YJK: 621.9.015 EDN: VMSHZA  Eigxn

DOI: https://doi.org/10.47813/2782-2818-2022-2-4-0324-0330 e

PacueTHble MOJ€JIM JAJIA OLIEHKH HATPSIKEHHO-
neGOopMHPOBAHHOIO COCTOSTHHSI B IOBEPXHOCTHOM CJI0€
AeTajieil Mpyu MOBEPXHOCTHOM ILIACTHYECKOM
ne¢popMHpoOBaHNH 00KATHIBAHHEM M BbITJIAKMBAHUEM

Baxrtuép:xon Kacumos!, Mancyp6exk Mymunos?, Axéap AGpopos’, Xymoion
Mup3akapumon!

Y Anouocancruil MawuHocmpoumenbHulil uHcmumym, Anoudicat, Y30ekucman
240 “Haxmacanoam uimuti mapxazu”’, Tawxenm, Y36exucman
3nyapa<u11 UHOICeHepHO-mexHolo2udeckutl uncmumym, byxapa, ¥36exucman

AnHoTtanusi. B pabote BbimomHeHO 000CHOBaHME BHIOOpA pacueTHOW MOJAETH ISl OLEHKU
HAIPSDKEHHOTO COCTOSIHUSI IPU OTAEJIOYHO-YIPOUHSIIOIIEH 00paboTKe, B 4aCTHOCTH, INPHU
npobeynapHoii  oOpaboTtke. IIpuBeneHbl aHAIWTUYECKHE 3aBHUCHUMOCTH JJIs  pacuera
KOMITOHEHTOB ¥ MHTEHCHUBHOCTH HAIIPSKEHUH B TOBEPXHOCTHOM CJIO€ TTOJTyOECKOHEUHOTO TeIa
HOJ IeHCTBUEM pacHpeeNICHHON Harpy3Ku M0 chepruuecKoil MOBEpXHOCTH.

KitoueBble cjoBa: IOBEPXHOCTHO-TIJIACTUYECKOE J1e(OPMUPOBAHME, COCPEJOTOUEHHAs U
pacmpenelneHHas Ccujla, HOpMalbHBbIE W KacaTelbHblE HAaNpsHKEHUs, WHTEHCUBHOCTh
HalnpsOKEHUH, 1013 KOHTAKTA.

Jas outupoBanusi: Kacumos, b., Mymunos, M., AGpopoB, A., & Mup3zakapumon, X. (2022).
PacueTHpIE MOJIENN TS OIICHKHU HANPSHKEHHO-1e(hOPMUPOBAHHOTO COCTOSHUS B TIOBEPXHOCTHOM CJIOE
JIeTaJIel MPU MOBEPXHOCTHOM IUIACTHYECKOM JIe(hOPMUPOBAHUKM OOKATHIBAHUEM U BBITJIAXKHBAHHEM.
CoBpeMeHHbIE HHHOBAIIMH, CHCTEMBI 1 TexHomoruu - Modern Innovations, Systems and Technologies,
2(4), 0324-0330. https://doi.org/10.47813/2782-2818-2022-2-4-0324-0330

Calculation models for the assessment of deflected mode in the
surface layer of parts during surface plastic deformation by
running and smoothing

Bakhtiyorjon Kasimov?, Mansurbek Muminov?, Akbar Abrorov3, Khumoyun
Mirzakarimov?!

! Andijan Machine-Building Institute, Andijan, Uzbekistan

© B. Kasimov, M. Muminov, A. Abrorov, K. Mirzakarimov, 2022 0324


https://www.oajmist.com/
https://elibrary.ru/vmshza
https://doi.org/10.47813/2782-2818-2022-2-4-0324-0330
https://doi.org/10.47813/2782-2818-2022-2-4-0324-0330

CoBpemeHHble UHHOBaLUK, CUCTEMbI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

2 JSC “Scientific Center of Cotton Industry”, Tashkent, Uzbekistan
3Bukhara Engineering-Technological Institute, Bukhara, Uzbekistan

Abstract. The choice of a calculation model for the assessment of the stress state during
finishing-hardening processing, in particular, during shot-impact processing are substantiated
in the work. Analytical dependencies for calculating the components and intensity of stresses
in the surface layer of a semi-infinite body under the action of a distributed load over a spherical
surface are presented.

Keywords: surface-plastic deformation, concentrated and distributed force, normal and shear
stresses, stress intensity, contact area.

For citation: Kasimov B., Muminov M., Abrorov A., & Mirzakarimov K. (2022). Calculation
models for the assessment of deflected mode in the surface layer of parts during surface plastic
deformation by running and smoothing. Modern Innovations, Systems and Technologies, 2(4),
0324-0330. https://doi.org/10.47813/2782-2818-2022-2-4-0324-0330

INTRODUCTION

Majority of the important parts of machines and mechanisms (parts of the working
bodies) are subject to high requirements for the quality of the treated surfaces, determined by a
set of geometric, physical, and mechanical parameters: surface roughness, strength and
hardness, residual stresses, dislocation density. The required quality of the surface layer of parts
can be achieved by finishing-hardening processing, in particular, by surface-plastic deformation
(SPD). This type of machining, being the simplest and most effective method of strain
hardening, has now proven itself reliably and is therefore widely used in mechanical
engineering.

It should be considered that the properties of the part begin to form already at the stage
of obtaining the blank (casting, forging, welding, and cutting). The correct choice of material
and the method of obtaining the blank greatly affect the dynamic strength of the material,
increasing the durability of machine parts [1]. A further increase in the durability of parts in the
manufacture is achieved by using various methods of thermal, chemical-thermal treatment,
surface-plastic deformation (SPD).

Efficient working of new equipment, characterized by good design and quality of
manufacturing, is possible only under optimal operating conditions. With unsatisfactory
maintenance, there are sometimes cases of loss of performance even of new machines at the
very beginning of operation. Therefore, operational methods are an integral part of a set of
measures to increase the reliability and durability of machines [2, 3]. The technological process
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of manufacturing, assembly and control of products should ensure the required level of quality
of the products, including operability and reliability, with the least amount of time and money
[4]. All components of the technological process - the processing method and the equipment
used, the sequence of operations, tools and processing modes, control methods determine its
output parameters and, first of all, the quality indicators of the product specified by the designer
in the technical requirements, i.e., its accuracy, quality of the machined surface, mechanical

properties and others.
METHODS

The simplest to implement and effective in creating a high-quality surface layer of parts
(favorable compressive residual stresses, low surface roughness, depth and degree of
hardening) are such methods of finishing and hardening treatment as running and diamond
burnishing. Despite the fact that running with slipping occurs when running with a ball in the
contact zone, and with diamond burnishing, only sliding occurs, there are similarities between
them regarding the nature of the deformation of the surface layer, the ratio of acting forces and
friction coefficients, as well as in the patterns of formation of a microprofile of the machined
surfaces.

The high quality of the surface layer, achieved by surface-plastic deformation, increases
the fatigue strength, contact endurance, wear resistance of parts, and thereby increases the
durability of machines and mechanisms [5].

Finishing-hardening processing of parts by rolling and smoothing is characterized by
the locality of plastic deformation of the surface layer. Because of the force impact of the
deforming body, a deformation zone is created on the contact surface, the initial shape of which
corresponds to a dimple, which causes a certain deflected mode along the thickness of the
surface layer. Subsequently, as the deforming tool is rolled or smoothed, the entire surface of
the cylindrical part is covered with a deformation zone in the form of a continuous helix due to
the longitudinal feed, the value of which determines the degree of overlap of the current
deformation centers [6, 7].

Because of the local nature of the process of interaction of bodies during surface-plastic
deformation, the deflected mode of the surface layer of the part turns out to be inhomogeneous
in thickness, i.e. there is an uneven elastic-plastic deformation with its characteristic features:
the formation of compressive residual stresses, distortion of the crystal lattice and an increase

in the density of dislocations, and an increase in hardness.
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RESULTS: CALCULATION MODEL

In order to assess the deflected mode in the surface layer of parts during rolling and
smoothing, the following calculation models of loading can be used [8, 9], which differ in the
type of load (concentrated or distributed force), the shape and law of load distribution on the
boundary of a semi-infinite body:

1. aconcentrated force P is applied on the boundary of a semi-infinite body;

2. a uniformly distributed load P is applied within the area of a circle on the
boundary of a semi-infinite body;

3. distributed load PO over the “hemisphere” (proportional to the ordinates of the
spherical surface), applied over the area of the circle on the boundary of the
semi-infinite body (Figure 1).

The last loading model most accurately reflects the mechanics of contact interaction
when a ball is pressed into a semi-infinite body, since the result of this interaction is a plastically
deformed zone in the form of a spherical surface. In the direction of penetration (along the z-
axis), shear stresses on areas parallel to the coordinate planes are equal to zero (txy= T2x= ty2=0).

Therefore, the normal stresses will be principal.

h
-
/ﬁ&g/ :
./
v/

Figure 1. Calculation scheme for the stress state created by a distributed load over the

“hemisphere” at the boundary of the semi-infinite body.

The ordinates h of a hemisphere built on this site represent the load distribution P over

the area of a circle with a radius:
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p h h a®—(x*+y?) X? +y?
p—OZg,p:po'__po\/ 22 = Po 1_7,

where, p,is the pressure in the center of the circular platform F; pis pressure corresponding

to the h ordinate of the hemisphere

The maximum load P will be:

P = [ pdF = P2 haF |
F a

where _fhdF = %7[ -a’is volume bounded by a hemisphere of a radius. Consequently,
F

_3 _P
2 r-a’®

1)

Po

Thus, when the load is distributed over the “hemisphere”, the highest pressure is 1.5
times higher than its average value.
The stress components under a load distributed over a circular contact can be determined

from the dependencies:
1

1 1 V4 a
oy =0 ==Pol+ ) =5 -5~ (L+ ) —-arctg 7]
2 7 a Z

C; =—Po

)

where z is the distance to some considered point of the surface layer; x is Poisson’s coefficient.

Due to the axial symmetry of the stress state in the case of a circular contact area, we

have ox = oy. The normal stresses ox and oy, in contrast to o, depend on the elastic properties
of the material (Poisson’s coefficient). If we take z = 0 in formulas (2), then

1+2u

;=

0; =—Pp:0x =—Pg Oy. (3)

Because o, =0,;0 =0y =0, =0,ando; =|o, —0,|, then the stress intensity is

equal to
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Given calculation model of loading is applicable for the analytical description of the
contact interaction in the shot-impact processing of machine parts for strain hardening. The
stress intensity oi calculated by formula (4) allows further determining the level of specific
stored energy Us, which is an energy criterion for the quality of the surface layer of parts after
final machining and is responsible for the residual stress state. Estimation of the stored strain
energy in the surface layer of parts after machining is based on several reasonable approaches
that consider the fundamentals of the theory of dislocations, the thermodynamics of irreversible
processes, and the energy analysis of the deformation diagram of materials.

CONCLUSION

The reviewed justification for the choice of a calculation model for assessing the stress
state during finishing and hardening processing, in particular, during shot-impact, is the most
effective processing, since finishing work and hardening properties are considered difficult in
practice. The given analytical dependences for calculating the components and intensity of
stresses in the surface layer of a semi-infinite body under the action of a distributed load over a
spherical surface are calculated to the slightest accuracy, which corresponds to the relevance of
this research.
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Abstract. This article presents production tests of circular saws after ion-plasma nitriding. Practical
implementation is made for circular saws made of U8G steel. A new method of double-sided hardening
of surfaces by ion-plasma nitriding with subsequent laser hardening of the teeth of saw blades of fiber
ginning machines has been developed. A rational method of ion-plasma nitriding and laser hardening of
the teeth of a gin's circular saw with variable parameters of the hardening regime has been theoretically
determined. The results of the production test are presented.
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hardening mode.

For citation: Abrorov A.S., Kuvoncheva M. R., Khasanova N.N., Mukhammadov M.M., & Saidov
Kh.A. (2022). Production tests of circular saws after ion-plasma nitriding and laser hardening of a 5DP-
130 ginning machine. Modern Innovations, Systems and Technologies, 2(4), 0331-0338.
https://doi.org/10.47813/2782-2818-2022-2-4-0331-0338

BBEJIEHUE

[lepepaboTka XJIOMKa-ChIpIla OCYILIECTBIAETCS HA TEXHOJOTHYECKMX MAIlMHAX U
o0opyaoBaHUHU, KOTOpOE, B 0CHOBHOM, n3rotosieHo B CIIIA, Kurae, Poccun u Y30ekucrane
[1]. BaxxabiM (akTopoM 1o 00ECHEUYCHUIO CTAOMIBLHOCTH O0BhEMa BBIPAIMBAHUS XJIOIKA-
ChIpIIa M TIOBBIMICHUS] KOHKYPEHTOCIOCOOHOCTU CBIpbS HAa MHPOBOM pBIHKE SIBIISCTCS
MOJTy4YeHHUE XJIOMKa-BOJIOKHA BBICOKOTO KauecTBa MPHU 00ecTeYeHNH BHICOKON 3(DPEeKTUBHOCTH.

B Pecnybnuke Y30ekucTaH OCyIIEeCTBISIOTCS IIUPOKOMACIITAOHbIE MEPOTIPUATHUS TIO
pa3paboTke BHICOKOI(DPEKTUBHOM TEXHUKH U TEXHOJIOTHH /IS EPBUYHOM 00pabOTKH XJIOTKa-
CBIpIIa, 00ECIIEYNBAIOIINX TMOJTYyYEHHE MPOAYKIIMU BBICOKOTO KadecTBa. B 3ToM oTHOmIEHUM
MOXHO OTMETHUTH pPa3pab0TKy TEXHUKHM M TEXHOJOTUH, O0O0ECIeUMBAIONIUX COXPAHEHHUE
KauecTBa BBIPAOATHIBAEMON  XJIOMKOBOM MPOAYKIMM HA  XJIOMKOINEPEepadaThIBIOIINX
NPEANPUITHIX, JAIONIMX BO3MOXHOCTb CHUKEHHS pacxoda ChIpbsl W DHEPruw,
COBEPIIICHCTBOBAHUE TEXHOJOTUU M TEXHUKHU XJOMKOOUYHCTHTEIHHOW MPOMBIILIEHHOCTH,
BEIyIIIMM TEXHOJOTUYECKHUM 3BEHOM KOTOPOW SIBJISIETCS TPOIecC JHKUHUPOBAHMS,
BBINIOJIHSIEMBIN Y3JI0M MWJIBHOTO LIMJIMH]IpA [2].

OcHoBHO# TIpo6IeMOil Tipy (PYHKIIMOHHUPOBAHUHM PabOYUX OPraHOB MHIJIBHOTO JKHWHA
SIBJISICTCSI HU3KUM BBIXOJ BOJIOKHA, BBICOKAs MOBPEKIECHHOCTh BOJIOKHA W CEMSH XJIOIKA,
3aTpyAHEHHOCTh OTBOJIa OTOJIEHHBIX CEMsIH U3 KaMephl, BHICOKAsl OTpeOsieMass MOIHOCTD,
HU3Kast 3P PEKTUBHOCTD U HEBO3MOKHOCTH [UKMHHUPOBAHUS XJIOMKA MOBHIIIEHHOHN BIaYKHOCTH.

[IpoBonuMble HCCNEAOBaHUS HAMpABIEHbI, KaK MpaBUJIO, Ha TEXHOJOTHUIO
JOKUHUPOBAHUS, CheMa XJIOMKO-BOJIOKHA, OUYMCTKH, BBIICIICHUS OTOJICHHBIX CeMsH u Ap. Ho B

HUX HE YYHUTHIBAJIOCH YBEIIMYEHHE CpPOKa CIy»KObl 3a CUET YNPOYHEHHUS M MOBBILICHUS
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CTOMKOCTHBIX XapaKTEPUCTUK 3HAYUMOTO DJIEMEHTA [DKUHOB — JIMCKOBOM IMUJIBI, & TAaK)KE HE
W3Y4EHO €ro BJIUSHHUE Ha IMPOIECC JHKUHUPOBAHHS, UYTO SBIICTCS BaXXHBIM (HaKTOPOM
MOBBIIICHUS SKCIUTyaTallMOHHON HajaexkHocTu MamuH [3]. Ha ocHOBe BBIIEH3II0KEHHOTO
MOBBIIIICHUE HAJICKHOCTH OCHOBHOHM JeTalnu pabodero opraHa JKWHA — MUIBHBIX JIHCKOB,
000CHOBaHHE OCHOBHBIX IApaMETPOB M PEKUMOB HX YIPOYHCHHS SBISCTCS aKTyaJTbHOU

po0sieMoil oTpaciu.
MATEPHUAJIBI U METO/IbI

[Ipou3BOACTBEHHBIE  HCIBITAHUS ~ W3HOCOCTOMKOCTM M IPOTHO3MPOBAHUE
JOJTOBEYHOCTH  MUIBHBIX  JUCKOB  DKMHOB,  YIPOYHEHHBIX  HMOHHO-TIJIA3MEHHBIM
A30TUPOBAHUEM C TOCIEAYIOIIEH Ila3epHOM 3aKalKoW, MOTYT JaTh SICHYI0 KapTUHY O
11€JIECO00PA3HOCTH  BBIOPAHHOTO METOJIa YNPOYHEHUsT W JAJbHEHMIEro BHEAPEHUS B
XJIOTIKOOYMCTHTENBHBINA cekTop Byxapckoit obmactu. OCHOBHBIM KpuTepueM 3 dekTuBHOCTH
JTaHHOU paboThI ABISETCS YBEIWYEHHE CPOKA CIIYKObI IMCKOBBIX MUJI, & TAK)KE MOBBIIICHUE
KaueCTBEHHBIX TIOKa3aTeleld BOJOKHA U CeMsH (BBIXOJ BOJIOKHA, OIYIIEHHOCTh U
MOBPEXJACHHOCTh CEMSIH) B IIPOLIECCE [UKUHUPOBAHUS [4].

B nanHoii paboTe npruBeieHa METOAMKA U PE3yJIbTaThl MPOU3BOACTBEHHBIX NCIIBITAHUN
YIPOYHEHHBIX MHJIBHBIX IMCKOB, pacueTHas MOJENIb W3HOCA 3yObeB JHKMHHBIX MU, METOJ
IPOTHO3UPOBAHUA OTHOCHUTEIBHOM JOJITOBEYHOCTH YIPOYHEHHBIX IWJIBHBIX JHUCKOB B
3aBHCUMOCTH OT YPOBHSI HHTEHCUBHOCTH U3HOCA U IIpeJiesia MPOYHOCTH MaTepuana [5].

[Iporiecc BOIOKHOOT/IENEHUSI CEMSIH OCYIIECTBISIETCSI HEMOCPEACTBEHHO C MOMOIIBIO
NWIBHBIX JIMCKOB W KOJOCHHUKOB. Pabodee cocTostHME HTHX pabOYMX OpPraHOB 3aBUCHUT OT
3aCOPEHHOCTH XJIOMKA ChIPIIA, BIAXKHOCTH, COAEP)KaHUS B COCTABE XJIONKA OPraHMYECKUX U
MHUHEpaJIbHBIX a0pa3uBHBIX JIEMEHTOB. B mociencTBue, ¢ yBeIMUEHHEM COAEP)KaHUS ITHX
DIIEMEHTOB HAYMHAETCSI BO3pACTaHHE BEJIWYMHBI N3HOCA Pa0OYMX 3yOheB MUIBHBIX JUCKOB U
pebep KOJIOCHWKOB, YTO TPUBOIUT K YMEHBIICHHIO MX CpOKa CiyXObl. Pemenuto 3Toii
npoOjaeMbl TOCBAIIEHA IMpeJCTaBIeHHAas Hay4yHas paboTa, a MMEHHO, HaHECEHHUIO
MU3HOCOCTOMKOTO MOKPBITUS C TOMOIIIBIO a30THPOBAHUS M JIA3€PHOTO 3aKATMBAHMSL.

W3BecTHO, 9TO CpPOK CIyKOBI CYIIECTBYIOIIUX KOHCTPYKIWH MWJIBHBIX [HJIHHIPOB
JDKAHHBIX TIWJI COCTABIISIET BCETO JIMIIGL 48 YacoB, 3aTeM HEOOXOIMMa 3aTOYKa 3yObeB WIIH
3aMeHa MWJI, YTO BJIeYeT MpocToil MamuHbl. [Ipoliecc BoccTaHOBIEHUS 3yObeB MU B TEUCHHE
96 yacoB MOBTOpPsIETCS JIBa pasa, MOCIE YEro 3aKaHUYMBAETCs pecypc paboThl JUCKOBBIX IHIL.

Ha BTOPOM 3Tall€ HEIMPUT'OJHBIC IMUJIbI ITOABEPrarOTCA HOBTOpHOﬁ 3aTOYKE A4 nanLHeﬁmero
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HCIIOJIB30BAHHUA UX B JIMHTCPHBIX MalllMHAX. HJ’IH MTOBBIIIIEHUST H3HOCOCTOMKOCTH B IMPOYHOCTHU
HOBerHOCTCfI pa6oqer0 opraHa KHMHOB OJHHUM H3 COBPEMCHHBIX IIEPEAOBBIX MECTOJ0B

SBIISICTCS YIPOYHEHUE pabouell KpOMKHU 3yObeB IUCKOBBIX MUJI C TIOMOIIBIO JIA3EPHOTO JTyyYa.
PE3YJIBTATBI U OBCYXIEHHUE

ITpon3BoACTBEHHBIE UCTIBITAHUS W3HOCOCTOMKOCTH JPKUHHBIX MHJI, YIPOUYHEHHBIX 10
TEXHOJIOTUM HMOHHO-TUIA3MEHHOI'0 a30TUPOBAaHUS M JIA3€PHOM 3aKalKH, IPOBOAMUIM C
UCIIOJIb30BaHUEM XJIOMKA-ChIpIia py4yHoro cbopa 3-ro copra 3-ii cenekmuu byxapa-108
BiaxkHOCThIO 12,1 % Ha nByx mkunax 5/1I1-130 naGoparopHoro Tuma B JPKUHHO-TMHTEPHOM
nexe byxapckoro xJIonkoO4MCTUTEIBHOTO 3aBoja. M3HOC M3Mepsuin 1o 3aHel MOBEPXHOCTH
Ha IATH MapKUPOBAaHHBIX U PACHOJOXKEHHBIX HOAPAN 3yObsiX € IOMOLIbI OTCYETHOI'O
Mukpockona — jnynsl bpunens MIIb-2 ¢ uenoit nenenus 0,05 MM u yBennueHueM x24 (cM.

PUCYHOK 1).

* )
\
\
44
\ \

PI/IcyHOK 1. Cocrosiue JAHUCKOBBIX ITHJI ITOCJIC 96 yacoB pa6OTBI C 3aKaJICHHBIMHA

U He 3aKaJeHHbIMU 3yObsmu (0) Ha oTAenbHbIX mxuHax 5/I1-130.

Figure 1. The condition of circular saws after 96 hours of operation with hardened (a) and
non-hardened teeth (b) on individual gins 5DP-130.

WccnenoBanus nokasanu, 4To padOTOCIOCOOHOCTH MUIIBHBIX JUCKOB C YIIPOUYHEHHBIMU
3yObsIMM 110 TEXHOJOTMM HOHHO-TUIA3MEHHOTO a30THPOBAHUS W JIa3epHOW  3aKaJIKU
3HAUUTENIBHO IPEBOCXOJUT CTOMKOCTh HEYNPOYHEHHBIX JKMHHBIX, nwil [6]. Tak, ecinu
CTOWKOCTh MWJIbHBIX JHMCKOB C YIPOYHEHHBIMU 3yObsiMM cocTaBuwia T=98 wacoB mnpu
noctuxkeHnu hs = 0,6 MM, TO CTOUKOCTh HEYIIPOUHEHHBIX JIUCKOB — BCEro b T=98 vacoB
npu hs3 = 1,2 mm.

YCTaHOBHeHO, yTro mocie 98 dacos pa6OTBI 3aKaJICHHBIC SY6BH INUJIBbHBIX AHMCKOB
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COXPaHWIIN MOJTHOCTHIO HCXOAHBIN MPOGHIIL U BEICOKYIO paboTocrocoOHOCTh pu hz = 0,6 MM.
JUKVMHHBIE AMCKOBBIE MWJIBI ¢ HE3aKaJCHHBIMHU 3YObSMHU IOKA3aJId 3HAYMTEIBHO MEHBIIYIO
pabotocnioco6HOoCTh h3 = 1,2 MM, H3-32 MOJIOMOK M MCKKEHHS 3aJJaHHOTO Mpoduis 3yOneB

BCIIEJICTBUE U3HOCA (PUCYHOK 2).

Pucynok 2. CocTosiHre JUCKOBBIX MHJI TToce 96 yacoB paboThI,
YCTaHOBJICHHBIX YepeOBaHHEM (C 3aKaJCHHBIMU U HE 3aKaJICHHBIMU

3yonsimu) Ha mxuae 5JI1-130.

Figure 2. The condition of circular saws after 96 hours of operation, installed
in alternation (with hardened and not hardened teeth) on a gin 5DP-130.

BrlisiBneHBI 0COOEHHOCTH TpOIecca U3HAIMBAHUS MTPH OJJTHOBPEMEHHOM SKCIITyaTaIus
MUAJIBHBIX TUCKOB HAa OJTHOM JDKUHE C 3aKAJICHHBIMU U HE 3aKaJIEHHBIMU 3yObsiIMU (PUCYHOK 2).
3aBojicKME TWIbHBIE JTUCKM TIOKa3alld HU3KYI0 PpaboTOCOCOOHOCTh. 3yObsi 3aBOJICKHX
MUJIBHBIX JIUCKOB HA HEKOTOPBIX YYAacTKAaX [MOJHOCTBIO Pa3pyLIWINCh W MOTEPSUIH
GYHKIIMOHATBHYIO clOcOOHOCTh [7]. 3akaneHHble 3yObs JHCKOB HMEIOT BBICOKYIO
paboTocmocoOHOCTh TpU WX MHUHUMaIbHOM wu3Hoce h3=0,2...0,6 MM, coxpaHss
reOMETPUUECKHUE TTapaMeTPHI.

B pabore mpoumsBeneHa OIeHKa WHTEHCMBHOCTH H3HOCA 3yObEB JDKWHHBIX THJI B
COOTBETCTBUU C METOJMKOM MPOTHO3UPOBAHMS HM3HALUIMBAEMBIX MEXAHMUYECKHX YCTPOWCTB
[8,9].

C y4yeToMm mpHUBEACHHBIX PE3YJIHTATOB MCCICIOBAHUN 1O M3HOCOCTOMKOCTH MHUIBHBIX

JHUCKOB COCTaBJICHA Ta6J'II/IHa COOTBETCTBUA PA3BUTHUA H3HOCA 3y61>eB o AJIUTCIBHOCTH
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OKCILTyaTalluul JKHUHHBIX IIAJ II0 SaﬂHeﬁ IMOBEPXHOCTH, IIO KOTOpOﬁ MOJXHO pacCUUTaTb

CpeHee 3HAaYCHHE MPOOJKUTEILHOCTH MPOU3BOJICTBEHHOTO IUKIIa (Tabnwuma 1).

Taoauua 1. Crenens pa3BUTUs U3HOCA 3yObEB OT JUIMTEIILHOCTH KCILTyaTalllu.

Table 1. The degree of development of tooth wear from the duration of operation.

[TuIbI ¢ yIPOYHEHHBIME 3y ObSIMU [Tusbl ¢ HEYIPOYHEHHBIMH 3yOBSIMU
N T, uac hs, Mmm T, uac hs, Mmm
1 48 0,2 48 0,28
2 72 0,4 72 0,6
3 96 0,6 96 1,2

B pe3synbraTte BBIIOJHEHHOIO aHaIM3a PEKOMEHJYEMbIX MUJIbHBIX LMJIMHAPOB CTAJIO
BO3MOYKHBIM 3HAUUTEJILHO NOBBICUTH TBEPJOCTh 3yObEB IPU COXPAHEHUH BBICOKOI TBEPIOCTH
[0 TOJIIMHE, B PE3yJIbTaTe YBEJIHYEH CpPOKa CIy>KObl MW JUKMHOB B 2-2,5 pasa, 4TO
MOJTBEPXKJIAETCSl PE3yJIbTaTaMU SKCIIEPUMEHTAJIbHBIX HCCIIEI0BaHUM, NpPOBEACHHBIMU Ha
NWIBHBIX JDKUHAX, YIPOUYHEHHBIX C IOMOIIbI0 HOHHO-IIJIa3MEHHOI'0 a30THPOBAHMS U JIa3epHON

3aKaJIKU 3yObeB MUIBHOIO LIMIMHIIPA.
BbIBO/IbI

[IpuMeHeHre BBIIENEPEYHNCICHHBIX CIIOCOOOB YIPOYHEHUS TO3BOJIMIIO 3HAYUTEIHHO
MIOBBICHTH TBEPJOCTh 3yObEB MIJIBHBIX JTUCKOB MPH COXPAHEHWH MX BBICOKOW TBEPIOCTH TIO
TOJIIIMHE, B pe3yJibTaTe ObLIO YCTaHOBJEHO, YTO CPOK CIYyXObl HMHJIBHBIX IMCKOB JKHHA
yBenmuuuics B 2,5 pa3a. YIOpOYHEHHbIE 3yObs MNWIBHBIX IWIMHAPOB COXPaHUIH
NepBOHAYAIBHBIN MPOPHIL U BBICOKYIO padoTocmocoOHOCcTh Tipu h3=0,2 MM mocie 48 vacoB
pabotel. Mcxons n3 MoydeHHBIX pe3yJIbTaTOB HCCIIEAOBAHUS MUKPOTBEPIOCTH, MPOYHOCTH
MOBEPXHOCTH MUJIBHOTO IMJIMHJAPA YBEIMUYMIACh U CPOK pabOThl MUIBHOIO LUIMHApA ¢ 48

JaCoOB YBCIUYUIICA O 96 JacoB mociie XI/IMI/IKO'TepMI/I‘{eCKOI\/’I O6pa6OTKI/I u na3epH017I 3aKaJIKu.
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Abstract. In this paper a three-dimensional model of diffusion combustion is presented in the case of
the outflow of a combustible gas mixture from a rectangular nozzle and propagating in a heated (with a
passing) air flow. For the three-dimensional case, the transformation of the multicomponent
concentration equation is described in detail using the conservative Schwab-Zeldovich function with
respect to excess concentrations, which reduces the number of diffusion equations to one for a four-
component mixture. It is assumed that on the surface of the flame front, the flows of the oxidizer and
fuel must satisfy the condition of stoichiometric equality of the consumed and formed substances at the
flame front are equal to zero. The three-dimensional system of Navier-Stokes equations is used to
describe the flow. To calculate the turbulent viscosity, an algebraic model is used that takes into account
the three-dimensionality and temperature inhomogeneity of the jet. A number of numerical results are
given as the influence of the initial value of the velocity of the combustible mixture on the flame
parameters. During diffusion combustion of a propane-butane mixture. It was found that an increase in
fuel velocity does not always lead to an increase in the maximum temperature at the flame front, with
other parameters unchanged.

Keywords: three-dimensionality, diffusive, jet, turbulence, reacting, flow, torch, front, components,
stoichiometry.

For citation: Khojiev, S., Yuldoshev, S., & Savriev, S. (2022). On the calculation of a model of a three-
dimensional turbulent diffusion plume. Modern Innovations, Systems and Technologies, 2(4), 0339-
0349. https://doi.org/10.47813/2782-2818-2022-2-4-0339-0349

INTRODUCTION

To describe the combustion process, various models are adopted based on the law of
acting masses. One of the simplest and most widespread models is diffusion combustion. The
most general analysis of the combustion of undisplaced gases was performed by Ya. B.

Zel'dovich [1] and showed that during the combustion of unmixed gases, the flame front is
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established at those points where the reactant flows approaching the front are in a stoichiometric
ratio. One of the first serious attempts to construct a theory of a turbulent diffusion plume
belongs to V.A. Shvab [2]. To simplify the calculation, V.A. Shvab proceeds from the
assumption of the similarity of the fields of velocity, concentration and temperature in the
plume [3,4].

A more detailed review of combustion studies can be found in [5] and others.

Numerous studies have dealt mainly with the combustion of unmixed gases in two-
dimensional plane and axisymmetric turbulent jets. In [5], taking into account that the
aerodynamics of the flame and its stability are largely determined by the flow structure in the
non -self-similar region - the zone of formation and stabilization of the flame, the method of
the equivalent problem of the theory of heat conduction is used to describe three-dimensional
flames. Within the framework of the method of the equivalent problem of the theory of heat
conduction for calculating the distribution of velocity, temperature and concentration, as well
as for calculating by stoichiometric ratios, the length of the flame is determined, where
expressions for engineering calculations of a turbulent diffusion flame flowing out of a
rectangular nozzle are derived. A detailed numerical study of the parameters of a flame flowing
from a nozzle of a rectangular or any complex shape is practically absent in publications, but
there are some works devoted to spatial combustion [6-8].

Taking into account the wide application of the problem of jet flow dynamics, it is of
great interest to study propagating reacting jets flowing out of a rectangular nozzle with a finite
aspect ratio.

Such tasks are used in the creation of various furnace devices, combustion chambers,
efficient fuel combustion, etc. However, it should be noted that the main experimental and few
numerical studies are devoted to the study of air outflows [9,10] as well as chemical reactions
[11-14].

PROBLEM STATEMENT

In this paper, a three-dimensional model of diffusion combustion is presented in the case
of a combustible gas mixture flowing out of a rectangular nozzle and propagating in a flooded
(with a passing) air flow (figure 1). To describe the flow, we use three-dimensional systems of
Navier-Stokes equations for multicomponent chemical reacting gas mixtures [15], which has
the form

Mixture equation for gases:
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The equation of motion along the x coordinate:

ua_u+ Ua_u+ W@_u__@_P_'_E( a_u)+g( a_u)
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The equation of motion along the y coordinate:

ov oP 40 0 ov, 20 ow, 0
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The equation of motion along the z coordinate:

ow ow ow oP 40 ow, O ow, 0O ov, 20 ov
PU—+pU—+ pW—=——+——(p —)+— (1t )+ — (s )5 (r ),
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Energy transfer equation (total enthalpy):

Uﬁ-i- Uﬁ-i- Wﬁ—ii( ﬁ)_FLQ( @)+(1_i)[i( uﬁ_u)+
P Py TP e Ty ey P e Pr.toy T oy
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Total enthalpy:
2 2 2 Ny
H:cpT+—u +02+W +> . Ch’
- _
The equation of state of the gas mixture:
Ny C
P=pITRY —
R

For the three-dimensional case, the equation for the concentration of the i-th component

has the form:

iy N P (aci>+ 1 6( 66i>+, 1
p“ax p“ay pwaz_ScTﬂay SCTOZ#OZ @i 1)
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Here x,y, z are Cartesian coordinates; u, v, ware the velocity components along the
axis, respectively x, y, z; p - density; Ci- mass concentration of i-th component; Scy - turbulent

Schmidt number; u — turbulent viscosity; w;- mass formation rate i-th component.
SOLUTION METHOD

Let us describe the method of transformation of the three-dimensional equation of the
concentration of the i -th component leading to one equation for a four-component mixture of
gases during diffusion combustion.

It is assumed that the reaction proceeds in the zone of contact between the fuel and the
oxidizer. Usually this zone, which is an infinitely thin surface, is called the flame front. On the
surface of the flame front, the flows of the oxidizer and fuel must satisfy the condition of

stoichiometric equality of the consumable and formed substances
w;v3mz + wzv;m; = 0, 2
those. the concentration of the oxidizer and fuel at the flame front are equal
(C) o= (C2) o = 0. 3)

Equation (1) for problems (models) of diffusion combustion can be reduced to a more

compact form
a9C; 6Cl aci_ 19 ( %) Li( OC)
pu dx tpv T pw 0z ScT dy " dy + Scr 0z K 0z to i |V3 ms (4)
%4l = L2 (,0) 4 10 (,06)
pu + 'DU + pw 0z Sct 0y 1 ady Sct 0z 0z to 3 |V m; (5)

Adding (4) and (5), we get

d
(Civams + C3vym;) + pw =— (C;vzmg + C3v;m; )

0 9]
pua(Civ3m3 + C3vim;) + pv— P

dy
=2 |us (Cv3m3+C3vm)]+——[u - (Civsms + Cyvmy) . (6)

Sct 0y Sct 0z

Here the condition of stoichiometric equality of the amount of consumed and formed

substances is used (2), or

0342



CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

0, OC, | 9Gi_ 1 0 0G) 10 ( 0C
pu§+ ’DUE-{- pw az_ScTay (,LL 6y)+ScTaz (‘u az) ' (7)
where,
C~i = Civ3m3 + C3viml-. (8)

Using the conservative Schwab-Zel'dovich function with respect to excess
concentrations

E_ _G-C)1 . _73%
C=Grr =13 0O

does not change the form of equation (7)

pug—i+ pvz—§+ pwg—zzii@g—;) +i%(u3—§>. (10)

The function Ctakes the value 1 in the fuel nozzle exit, and 0 in the air zone (here the
second indices indicate that this value belongs to the air-1 or bitter-2 nozzle exit). The
introduction of function (9) makes it possible to get rid of the source a term in the diffusion
equation (1) and reduces the number of diffusion equations to one for a four-component mixture
(10).

At a finite reaction rate, it is necessary to integrate the diffusion equation for each
component separately.

Using condition (3), from relation (8) we find

{(Cl) b= (Cs) oYMy | (11)

(Cz) b= (C3) UL R

Using (11), from (9) we determine the value Cat the flame front (see Fig. 1, which shows

the spatial shape of the flame), i.e. C:¢,

@1 (1-6) = 352(G) €,

vimq Vamy

or

(€)1 _ [ N (C2) zl (C: (b)’

Vim,y vyim; vom,
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from here C:q) SR (12)

vimy(Cz) 2
v2m2(C1) 1

From (8), (9) we find the distribution of the relative excess concentration of fuel,

oxidizer, inert gas reaction product using the following boundary conditions:

{ (Cl) 1= (Cl) 1V3M3, (C1) 2=0, (13)

(Cz) 1=0, (Cz) 2 = (C3) pvsms.

The condition ¢ > 5¢ corresponds to the fuel region, 0 < L(y,z) < Ly(¥,2), the

concentrations of the components are defined as

(=0,
C, = ¢ [ (Cy) , + :3m3 (C1) ] — B (Cl) 1 (14)

C3::j2j (C1)1( —C) )

a for the oxidizer zone, where the condition is fulfilled ¢ <C:¢,

[L(y,Z) > Lq)(y,Z)],

(Cz =0,
¢, = [(61) + V3m3( Cz) ]C: (15)
€3 =72 (C;) o€

Foraninertgas N 2, its distribution relative to the excess concentration and the boundary
conditions will be the same as for € , therefore

Cy—(Cq) 1 —
(C4)2—(Cy) 1

[

(16)

Co = (Ca) 1 +[(Cs) 1 — (Ca) 2] C, (17)
where expressions (17) are valid in the entire investigated area of heat and mass transfer.

Formulas (14 - 17) when calculating ¢ make it possible to unambiguously find the values of
the concentration of all components of the flow region. The reliability of determining the

concentration of the components can be checked using the identity

YN €; = 1. (N, —number of components).
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As an example, the combustion of a mixture of propane a - butane in air with different
values of the jet parameters was studied. The reaction proceeds according to the stoichiometric

equations:

{C3H8 + 50, - 3C0, + 4H,0 + kkal/gmol (18)

C4Hyy + 6,50, » 4C0, + 5H,0 + kkal/gmol
VOZ = 5,75, VC3H3+C4H10 = 1, VCOZ = 35, VHZO = 4‘,5,
moz = 32, mC3H8+C4H10 = 4‘1, mcoz = 4‘4‘, mH20 = 18, mNZ = 28,

because 0.5( C3Hg + C4H;, ), the mol is 1 mol of the combustible mixture, which we denote by

A and the unified stoichiometric equation can be represented as

A+5.750, - 8D + 2% (19)

The parameters of fuel A and the combustion product required for calculation

7C0,+9H,

D = O(heat capacity, molecular weight, thermal conductivity) are determined

according to the laws of thermodynamics.

So, from the point of view of mathematical calculation, we consider a four-component
mixture of gases in the mixing zone, consisting of oxygen O 7 - index “1”, a mixture of propane
a - butane (C3Hg + C,H4o) — "2", combustion products € 0, + 9H,0 — "3", inert gas N, —
"4". From a physical point of view, 6 components are involved in the zone of heat and mass

exchange.
NUMERICAL RESULTS

We present some numerical results, as in the line of the initial value of the speed of the
hot mixture on the parameters of the torch.

For the numerical solution describing the flows, an efficient method [12] similar to
SIMPLE [15] was used, that the corrections to the velocity are determined by the corrections
to the pressure in accordance with the approximate equations of motion, in which the
longitudinal convective terms are balanced by the pressure terms.

To calculate the turbulent viscosity, a semi-empirical formula was used that takes into
account molecular transfer, three-dimensionality, and temperature inhomogeneity of the jet in
the form [13].
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b= 20002 [(32+ (5 + (52) @

In this case, the combustion of a propane-butane mixture flowing from a square-shaped
nozzle and propagating in a concurrent oxidizer flow was calculated [4] under the condition:

I. Oxidizer zone:

T, =300 K;u; = 0; (Cy) 1 = 0,232,(C,) 1 = 0;(C3) 1 = 0; (C,) ; = 0,768.
I1. Fuel zone:

T, = 1200 K; u, = 61 m/c (18,3;30;38 m/s);

(€1) 2 =05 (C2) 2 =0,12; (C3) , = 0; (C4) , = 0,88

Prr =Scr =0,65,P; = P, =1atm.

Figure 2 shows the shape of the torch depending on the initial value of the velocity,
while other parameters of the jet and the oxidizer remained unchanged. As can be seen from
the graph, when the speed changes u, from 18.3 to 30 m/s, the linear dimensions of the torch
increase with increasingu, up to 61 m/s, they practically do not change, even at u,= 70 m/s.

Figure 3 shows the change in the concentration of the fuel and the C, reaction C;product
along the axis of the submerged diffusion flame at fuel velocities u,=18.3 m/s (- --) and 61
mis(——).

The change in the axial concentration indicates that, as one moves away from the nozzle

exit, its value decreases atu, = 18,3m/s faster than compared to u, = 61m/s.

Figurel. Spatial shape of the torch.
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1
Hg=51m,f5; ——— u::EGm,-’S;
= — - u,=183m/s, T, =1200K  u, =0
0 10 20 x;‘zb

Figure 2. Torch configuration at various initial jet velocities.

T, = 300K, T; = 1200K
C:‘ u, = 0u; = 6lm/e

- —

T = 0,1 = 18,3n/c

0 10 20 30 xf2b

Figure 3. Changes in the concentration of the fuel C,and the reaction product Csalong the

axis of the flooded diffusion flame.
CONCLUSIONS

At jet velocities of 18, 30, 38, and 61 m/s, respectively, the maximum temperature

reaches 1943, 1845, 1850, and 1909 K.
The results obtained will help in the selection of the initial jet velocity, to obtain the

required length and temperature of the flame during diffusion combustion.
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MeToanka nmoJiy4eHuss KOMIO3UIUM JJIS 3aIIIMTHOT O
0,1¢0(p00OHOT0 MOKPHITUA B MaTepPHAJIAX

T. K. Kagupos!, M. M. Yopuesa?, ®. Y. Hurmatosa', M. A. Mancyposa'
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AnHoTauusi. B cTarke mpHBEICHB OCHOBHBIE XapaKTEPUCTHKH KOMIIO3UTHBIX MAaTepHaJoB,
UCTIONIB3YEMBIX JJISl TOKPHITHS TEKCTHIIBHBIX MarepuaioB. [IpemnokeHa HoBas 3QQeKTHBHAS
KOMTIO3HUIHSA TSI TIOMyYeHUsT 01e(hOOHOTO TOKPHITHSA, BKIFOYAIOIIAs Mac.d.: monuBuHIIXIopua-100,
nmuokTridTanar 36-44, TONOTHUTETHHBIN TACTU(UKATOP CIOKHBIN 3(UP OCHOBE OJIEMHOBOM KUCIOTHI
¥ U30aMUIIOBOTO ciupTa 12-16, MuHepanbHbIi HamomHuTeNnb 28-32, crabunuzarop Na — conb monumepa
6-x110p, 2-0Kco, 3-0eH30KCa30IUIMETIIT (Mmet)akpunata 0,1-0,3, oneododbuzaTop
BUHWITHHUIAUTAApoKcuxiopcmwiad  0,1-0,5, n murmert 0,09-0,13, xortopas obecneunBaeT
MIOBBIIIICHUE KAYeCTBA CHELOIEK bl U €€ CTOMKOCTb K JICHCTBHUSAM Macel, )KUPOB U yTIIEBOI0POIOB.

KaroueBble ca0Ba: KOMIIO3UTHBIN MaTepwa, CIENOJeX/]a, CTOMKOCTh, MAcio, JKUAP, YTIEBOIOPO/I,
JuokTri(TaNaT, 3QUp, 0OJIEMHOBAsE KMCJI0Ta, CIIUPT, CTA0OUIIM3aTOp, COJIb, TUT'MEHT.

Jas unrupoBanusi: Kaaupos, T. XK., YopueBa M. M., Hurmarosa, ®@. V. & Mancyposa M. A.
(2022). Method of obtaining a composition for a protective oleophobic coating in materials.
Modern Innovations, Systems and Technologies, 2(4), 0401-0411.
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Method of obtaining a composition for a protective oleophobic
coating in materials

T. J. Kadirov?, M. M. Chorieva?, F. U. Nigmatova!, M. A. Mansurova®

Tashkent Textile and Light Industry Institute, Tashkent, Uzbekistan
2Bukhara Engineering Technological Institute, Bukhara, Uzbekistan

Abstract. The article presents the main characteristics of composite materials used for coating textile
materials. A new effective composition for obtaining an olephobic coating is proposed, including parts
by weight: polyvinyl chloride-100, dioctyl phthalate 36-44, additional plasticizer ester based on oleic
acid and isoamyl alcohol 12-16, mineral filler 28-32, stabilizer Na - polymer salt 6 -chlorine, 2-oxo, 3-
benzoxazolylmethyl (meth)acrylate 0.1-0.3, vinylethynyldihydroxychlorosilane oleophobizer 0.1-0.5,
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and pigment 0.09-0.13, which allows improving the quality of workwear resistant to action oils, fats and
hydrocarbons.

Keywords: composite material, overalls, durability, oil, fat, hydrocarbon, dioctyl phthalate, ether, oleic
acid, alcohol, stabilizer, salt, pigment.
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BBEJIEHUE

B XuMHYeCKOi TEXHOJOIWH XJIOMYATOOYMaXKHBIX MAaTEPHUATOB, B YAaCTHOCTH, IPH
MOJYYEHHH 3alIUTHOTO 0JIe0)OOHOr0 TMOKPHITUS TEKCTHILHOIO Marepualia HCIOJIb3YIOT
00paboTKy Marepuajia pacTBOPOM TOJHMBUHWIXJIOPUAOM, CIOXKHBIMH S(PUPAMH KHPHBIX
KUCIIOT, @  TaKKe  BKIIOYAIOT  MHHEPAJbHBIA  HAMOJHHUTENb,  CTAOMIM3ATOP,
BUHHUJI3THHUITUTUAPOCUXIOPCHUIIAH M MUTMEHT [1, 2].

N3Bectha [IBX xoMmo3uius, coaepkaiias moJIMBUHIIXJIOPUI U mactiudukarop [3].
OnHako, AaHHass KOMIIO3UIIHMS HEJOCTAaTOYHO YCTOWYMBA K JICHCTBUIO YIIIeBOAOPOI0B. Takxke
W3BECTHA KOMITO3UIIMS ISl TIOJMYYICHHS 3allUTHBIX MOKPBITHH METOJIOM MaKaHUS B PACTBOP
KOMIO3UIIMU WIIM HAaHECEHHsT Ha TKaHeBY0 OcHOBY. Kommosumust comepxut: IIBX,
JTMOKTHIA(TATAT, MUHEPaIbHBIAH HAMOJHUTENb, CTAOMIM3AaTOP, MOJMITHICUIOKCAHOBYIO
KHJIKOCTh U TIMTMEHT [4].

OnmHako, 3TO KOMIO3WIMS HWMEET HHU3KYH BSA3KOCTh, YTO CBHUJCTEIBCTBYET O
HEJOCTAaTOYHOM pPEardpOBaHUU HCXOAHBIX HHIPEIHEHTOB Mexay cobOoil. B mpyroit
KOMIO3UIIMU Ui TOJYYCHHS  3alIUTHOTO  TIOKPBITHS  WCIOJB3YKOT  KHCJIOTO-,
170900 TTAIKHBAOIILY IO OT/ICJIKY U TePMOCTaOMIM3aIuio [5].

CocTaB SIBIISICTCSI TEXHUKO-DKOHOMHYECKH HEBBITOJHBIM 33 CYET HECTaOMIBHOCTH.
JXKun3HecnocoOHOCTh KOMITO3UIIMK JTAHHOTO COCTaBa COCTaBiseT He Oosee 16 cyrtok. Taxxke
HEJIOCTATOK JaHHOW KOMITO3MIMU B TOM, YTO OHA MMEET BBICOKYIO CTCHCHb BS3KOCTH U HE
o0ecrieunBaeT OCTATOYHBIX 3AIIUTHBIX CBOWCTB MOBEPXHOCTH IMPH HAHECCHWH HA TKAaHb
METOZIOM MaKaHhs, a TaKkke (QUKCHPYeTCs HEyCTOMYMBOE KAYeCTBO CIEIOJEKIBI PH

MacJIOCTOHKOCTH BO BpEMs SKCILTyaTalluu.

0402


https://doi.org/10.47813/2782-2818-2022-2-4-0401-0411

CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

Bousee Toro, naHHas KOMIIO3UIMS HE COACPKUT HEOOXOUMBIX KOMIIOHEHTOB, KOTOPbIE
IPUJAIOT CTAaOUIBHOCTh TEKCTHIIBHBIM MaTepuajlaM K JAEHCTBHUIO YIJIEBOIOPOJOB, Macell U
KUPOB.

Copnepxaimuiicss B HM3BECTHOM KOMIIO3UIUM IUIACTH(HUKATOP - HapTeHAT HATPHUS
XOpPOIIO PACTBOPSETCS BO MHOTUX OPraHUMYECKUX PACTBOPUTEINISAX, YTO MPEICTaBIsAET COOOH
HAaTPUEBOE MBUIO HA(PTEHOBBIX KHUCIOT He(PTEenpoayKToB (yriaeBoJopooB). B cBs3u stum
NpUCYTCTBUE Ha)TeHATa HATPHUS B KOMITO3MIMHU JJISl TOJYYEHHUS 0Je0(OOHOr0 3alIMTHOTO
MOKPBITUS HE KENaTeIbHO, T.K. HaQTeHAT HATPUsl, HAXOSIIUICS B TEKCTHIIBHBIX MaTepuaiax,
MOJKET JIETKO BBIMBIBATbCS IIPU 3arpsA3HEHUU C COOCTBEHHBIM YIJIEBOJIOPOJIOM, U3 KOTOPOTO
ObUI HKCTPArupoBaH.

Crnenyrommm HEAOCTATKOM JAHHOM KOMITO3ULMH SIBJISIETCS TO, YTO HATpUEBask COJIb 2-
OKCoO, 3-0eH30Kca30m1 (MET) akpuiatr 00JiajacT MeHee CTAOMIU3UPYIOIUM JCHCTBUEM IS
0J1e0()0OHOM KOMIO3ULIUH, B CBSA3M C TEM, YTO HE UMEET aKTHUBHBIX KOHIIEBBIX JIEMEHTOB B
OEH30KCaIbHOM KOJIbIIE.

Eme oaHuM HeOoOCTaTKOM  YKa3aHHOM KOMIIO3ULMHU  SIBJISIETCSl  NPUCYTCTBUE
MTOJIMATUIICUIIOKCAaHOBOM KOMIIO3ULIVH. Beenenun B COCTaB KOMIIO3ULIUU
MOJMATUIICHIOKCAHOBOH  kuakocTH  (TexHumueckudd mnpoxaykr ['KIXK-94) mpusomur
HEpaBHOMEPHOCTH pacipezeneHus ruapodoOu3aTopa n3-3a BBICOKON MOJIEKYJISIPHONW Macchl,
3TO NPUBOJIUT YBEIMUYEHMIO BSI3KOCTH, UTO 3aTpyAHseT AUPPyHAUPOBaHUE KOMITO3ULIMU B

CTPYKTYpY TKaHHU.

CIIOCOB MOJYYEHUSI HOBOH D®®EKTUBHOM KOMIIO3UIIAM IS
OBECIIEYEHMUA 3AIMUTHOI'O OJIE®OBHOI'O ITIOKPBITUA

Jlna pa3paboTKH yJEHIeBIEHHOTO CHoc0o0a MOTy4YeHHs] KOMIUIEKCHOW 0Jeo(hoOHON U
TEPMOCTAOMIIM3UPYIOIMIEH  OTAENKHA C  TOBBIMICHHBIMH  (PU3MKO-MEXaHMUYECKUMHU U
XMMHUYECKHUMHU TMOKAa3aTeIsIMH, YJIYUYIIEHHUS KadecTBa CIEIOACKIbl, CTOMKOW K JEHCTBUIO
Macell, KHUPOB U YTIEBOJOPOAOB, HAMpPABICHHON U TIPOTHUB TEIUIOBOTO JddeKTa
PEKOMEHIyeTCs CIEeAYIOIIast KOMIO3UIIHS, BKIIFOYAIOIIAs MTOTMBUHIIXJIOPU, TUOKTHI(TANAT,
JIOTIOJTHUTEIBHBIN  TIACTU(GUKATOP, BHHIIITHHUIAUTUIPOKCUXIIOPCIIIAH, CTaOWInM3aTop,
MATMEHT, MUHEPAIbHBIA HAIMOJHUTENh, B KAauyeCTBE JOMOJHUTEIBHOTO TuIacTU(UKaTOpa
COJICP’KUT CIOKHBIM 2(PUp HA OCHOBE OJICMHOBOW KHUCIOTHI U H30aMUJIOBOTO CIHPTa, B

KaueCcTBe crabminzaropa — HaTPUEBYIO COJIb 6-xJ10p, 2-0Kc0-3-
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OeH30KCca30JIMIMETWII(MET)aKpuiiaTa, B KaueCTBE  MMHEPAJIbHOIO  HAMOJHUTENS  —
O0eHTOHUTOBBIH MaT. COOTHOLIEHHE KOMIIOHEHTOB (Mac, 4.) IPUBEICHO B TabmuLe 1.
Tabmuna 1. Pekomenayemast KOMIO3HIIUS.

Table 1. Recommended composition.

[TonmuBUHUIXITOPHT 100
Juoxtundranar 36-44
CrnosxHbIH 3(hUp OCHOBE OJICMHOBOM KUCIIOTHI U H30aMHUIIOBOTO

cnupra 12-16
BbeHTOHHUTOBBIN MaT 28-32

Na—coub moaumepa 6-xJop, 2-0Kco-

306eH30KCca30IIIMETIIT (MET )aKpuiiaTa 0,1-0,3
BUHII THHHIIAUT AP OKCHXIIOPCHIIAH 0,1-0,5
I[Turment 0,09-0,13

[Ipennaraemasi KOMIO3MLMS, B OTIMYME OT HM3BECTHOM, OOecleUMBAET 3alllUTHBIE
CBOICTBa TNOBEPXHOCTH TKAHW U COAEPKHUT B KAueCTBE OCHOBHOTO IJIEHKOOOpa30BaTess
MOJIMBUHUIXJIOPHI, B KauecTBe BCIIOMOTATENIbHOTO TJICHKOOOpa3oBaTes
BUHWISTHHWIIUTUPOKCUXIOPCUIAH B3aMEH MOJIMITHIICHIIOKCAHOBOM JKUAKOCTH, COACPIKUT
wiacTu(ukaTop AMOKTWIPTANIAT | JAONOJHUTENBHBIN IUTacTU(UKATOP CIOXHBIA 3dup Ha
OCHOBE OJICMHOBOM KHCJIOTHI W HM30aMHJIOBOTO CIHpTa B3aMeH HadTeHaTa HaTpus,
MUHEpaJIbHBIN HAITOJHUTET — OEHTOHUTOBBIN MaT, B KaueCTBE CTA0MIIN3aTOpa HATPUEBON CONU
nojgumepa 6-XJop, 2-okco, 3-0eH30KCa30IMIAMETII (MET)aKpuilaTa B3aMeH HaTpHUEBOi comnn
noymmMepa 2-okco, 3-0eH30KCa30IMIMETIIT (MET)aKkpuiaTa.

B npemaraemoit KoMno3uIiuy, coaepkaiieid CIOXKHBIN 3(hUp HA OCHOBE OJICMHOBOM
KHCIIOTBI M H30aMWJIOBOTO CIIMPTA, CYILIECTBEHHO COKPALIAETCS PACXOJ IOPOTrOCTOSAIIETO
JUOKTWI(TANaTa, KOTOPHI XOPOIIO CMEIIMBAeTCd C JAUOKTHI(TANIaTOM M CIOCOOCTBYET
JAy4lled IUTACTUKAMM TOJUBUHWIXJIOpHAA U TUdPy3un MUHEPaTbHOTO HAMOJHUTENS U
JIPYyTUX WHTPUAMEHTOB, YTO TAaK)KE TOBBIMAET YPPEKT CMEMIMBAHUS, KOTOPBHIH TEM CaMbIM
JTydie obecrnednBaeT MiaacTu(UKAIUIo, a 3TO BIHUAET Ha KAYeCTBO CHEIMATBLHON OJeKIbI.

JUnst mosydeHust CI0XKHOTO 3¢hupa, YyTOOBl YBEIUYHTH KOJMYECTBO OOpPA3yIOLIErocs
NPOAYKTa M CMECTUTh PaBHOBECHE peaKlUUU 3TepuHUKanuu, Oosee ITOCTYMHBIM MPOIYKT
MO3KHO Opathb B u30bITKe. [Ipy n30bITKE CIUpTa B PEaKIUI0 MOKET BCTYIUTh MPAKTUUECKHU BCSI

KHCJIOTA, HO IIpH OOJIBIIIOM KOJIHYCCTBE CIIMPTa BbBIXOA CJIOKHOI'O 3(1)Hpa YMCHBIIACTCA (CM.
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tabnuity 2). BbICOKHiI BBIXOI CI0XHOTO 3(upa Ha OCHOBE MUCTUILIMPOBAHHBIX JKHUPHBIX
KHCIIOT XJIOKOBOTO COAICTOKA M CHUBYIIHOTO Macjia Ui KOMIIO3UI[MH 3al[MTHOT'O
051e0()OOHOTO MOKPBITHS BO BTOPOM BapHaHTe cocTaBisieT 73 %o.

OCHOBHBIC TIOKa3aTEIM CIIOKHOTO 3(pHUpa Ha OCHOBE IUCTH/UIMPOBAHHBIX MKHUPHBIX
KHCJIOT XJIOKOBOTO COAMCTOKA M CHUBYIIHOTO Macjia, HEOOXOIMMbIe Ui KOMITO3UIIMU

3aIUTHOTO 0JIe)OOHOTO MOKPHITHS, MPECTABICHBI B TA0IUIIE 2.

Tabnuua 2. OcHOBHBIE TOKA3aTeNN CIOKHOTO A(Hpa Ha OCHOBE JUCTUILTUPOBAHHBIX )KUPHBIX
KHCJIOT XJIOIIKOBOT'O COAICTOKA M CUBYILITHOTO Macja Il KOMIIO3UIIUH 3aIIUTHOTO

0J1e(pOOHOTO TTOKPBITHS.

Table 2. Main indicators of ester based on distilled fatty acids of cottonseed soap and fusel oil

for a protective olephobic coating composition.

Bapuantsl
Ne HaumenoBanue nokaszaresneu
1 2 3
Maszeobpa3- | Mazeobpas- MaseoOpa3-
1 | Baemnwuii Bujg HbBIH, HE HBIH, HE HbBIH, HE
TOKCUYEH TOKCUYEH TOKCHUYEH
2 | Temnepatypa kumnenus, °C 116 117 117
3 | Temneparypa tutaBnenus, °C 14 17 16
4 | Temneparypa karuienaaenus, °C 20 21 22
5 | TInoTHOCTH T/cM® 0,876 0,878 0,880
6 | Kucimornoe unciao 24,53 22,47 20,12
7 | Wonxnoe uncio 31,6 31,9 31,8
8 | Unucno oMbUIEHHS 193 202,5 212

OcHOBHas 4acTh ATUX COCAMHCHUN HAXOAUTCS B HACBIIMICHHOM COCTOSHUM 66,25%, a
TaKXe B HEHACBIIIEHHOM cOCcTOsiHUH 33,75% [6].

[Tpu moydeHnn CUITIOKCAHOB TP PUMEHEHUH BHHUIA THHHJTUTHAPOKCUXIIOPCHUITAHA
B3aMECH TOJTUATHIICHIIOKCAHOBOM JKHIKOCTH IIPOIECC CHHTE3a MOXKET IIPOBOIUTHCS B STHIIOBOM
adupe, 6eHzone, xaopohopme uiu Tetporuapodypane [7].

TexHnomorus TOMyYeHUS BUHUIITUHUIIUTUAPOKCUXIIOPCUIIAHA BKJTFOYACT

CIICTYIOIINE CTATUU:
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e CyllKa COOTBETCTBYIOIIMX pPACTBOPUTENECH M MPUTOTOBJICHHE PACTBOPOB

pearupyronux BeecTs;
® [pOBEJCHHE peakuuu [puHbSIpa NpPU HMHTEHCUBHOM IMEPEMELINBAHUU IPU
temneparype 60-70 °C B teduenun 6,0-8,0 yacoB M 3aTeM OXJIAKICHUE MPU
SKBUMOJIEKYJIIPHOM COOTHOILIEHUH PEarupyromnx BEIIEeCTB;

® UETHIPEX-MIATUKPATHAs OTMBIBKA PEAKIMOHHONW CMECH BOJOM (Uisl yAaJeHHs
BBIJIETIMBIIETOCS] MATHUNXJIOpOpOMa;

® OTrOHKA PaCTBOPUTEIIS,

e BBIJICJICHHUE 1IEJIEBOTO MPOAYKTa BaKyyMHON MEPETOHKOM;

® TUAPOJIN3 MPOJYKTa BOJOM;

® OYHCTKA LIETIEBOr0 MPOAYKTa PEKTH(PHUKAIIUECH.

JIJ1st CyIIKM ¥ OYUCTKU MCXOJHBIX PEAreHTOB M PACTBOPHUTENICH B PEAKTOP 3arpyKaroT
HE0OXOAMMOE KOJIMYECTBO ATUIIOBOTO dupa (Wi OCH30J1a) U HArPEBAIOT ATHIIOBBIN 3Pup 10
Temnepatyps! kunenus 74+2,0 °C (uwmu 6emsoma no 78+2,0 °C). KonaeHcar HampaBIsioT B
TEIUIOOOMEHHHUK, OTKYyJa IEePETHAHHBI W OYMIICHHBIH ATHIOBBIM 3Gup (Mo OCH30.1)

HOCTyHaeT B COOPHHUK-103aTOP ISl TUCTUILIISTOB.
INPUMEP ITOJYYEHHUA KOMIIO3UIINHN

B cMmecutrenb, CcHaOXKCHHBIM MEXaHMYECKON MeInankoi, 3amuBaroT 48 wacc.d.
muokTiiihranara U 12 macc.d. CIIOKHOTO 3(upa Ha OCHOBE IUCTHIUITMPOBAHHBIX KUPHBIX
KHCJIOT XJIOMKOBOT'O COAICTOKA U CUBYITHOTO Macia. CmemuBaroT 30 MUH, 3aTEM  3aJTUBAIOT
0,1 macc. 4. BUHWIDTHHWIAUTUAPOKCUXIIOPCUTIAHA U CMEIIMBaHue MpoaospkaoT emé 45-50
MuH. B cMmech 3atem mepememmBanueM 3arpyxator 0,1 macc.d. crabunuzaropa moaumepa
HATPUEBOH COJI 6-XJI0p, 2-0KCO, -3-0eH30KCca30MIMeTHII(MeT)akpriiata, u 4yepe3 30-35 muH
BBOJAT 100 Mmacc.u. [IBX smynwscuonnoro mapku [IBXE-6250, HenpepsiBHOE BpamieHue
Memanku npogoixkatot emé 60-70 mun. 1o ucteuennn storo Bpemenu 3acoinaroT 0,09 macc.u.
TOHKOM3MEJIBUEHHOTO THUTMeHTa (M0 1BeTy) M 28 Macc.d. MUHEPaIbHOTO HATOTHUTEIs-
OCHTOHUTOBOI'O MaTa M Jajiee rnepeMenmBanne npoBoasT eme 35-40 mun. [lo roToBHOCTH
KOMITO3HIIMSI WMEET OJHOPOJHYIO CYOCTAHIIMIO, €€ BBITPY)KAIOT W 3aTe€M 3arpyxaroT B
KPacKOTepKy (WM IIApOBYI0 MENBHUILY), TIe MEepeTUparoT B TeYeHHe 6-8§ YacoB C

nocienyomueil puabTpanmen uepes ceTky ¢ pazmMepom oteepctuit H/6 100 MxMm.
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Tabnuma 3. YcioBus mpoBeaeHus Uil BapranTa 1.

Table 3. Conditions for Option 1.

Bapuanr 1. YcnoBus nposeneHus. ITo mpumepy 1
[TonmuBUHUIXITOPHT 100
Juoxtundranart 42

CoxHbIi 3(prp OCHOBE OJIEMHOBOM KHUCIOTHI U
M30aMUJIOBOTO CIIUPTA 14
BenTtoHUTOBEIN MatT 30

Na — cousb monumMepa 6-xJop,

2-0KC0, 3-0€H30KCa30IMIMETHI (MET)aKpHiiaTa 0,2
BUHWI THHHIAUTHIPOKCUXIIOPCHIIAH 0,3
[TurmenT (M0 LBETY) 0,11

Tabnuua 4. YcnoBus npoBeneHus Ui BapuaHTa 2.

Table 4. Conditions for Option 2.

Bapuant 2. YcnoBus npoBeeHusl. [To mpumepy 2
[TonuBUHUIXITOPHT 100
Juoktundranar 36

CnoxHbIN 2(prp OCHOBE OJIEMHOBON KUCIOTHI U
M30aMUJIOBOTO CIIMPTa 16
BeHTOHUTOBBIN MaT 32

Na — conp monmmmepa 6-xJop,

2-0KC0, 3-0€H30KCaA30IIIMETIUT (MET)aKkpuiaTa 0,3
BUHWI THHUIIIUTHIPOKCUXIIOPCUIIaH 0,5
[Turment (1o 1BETY) 0,13

CocTaB NOJy4EHHOW KOMITO3HMIIMU W PE3YJIbTAThl UCIBITAHUI OCHOBHBIX MOKa3aTesei

MpUBEICHBI B Ta0uIie 5.
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Ta6mmma 5. CocTaB 1 pe3ysIbTaThl UCIIBITAHUN OCHOBHBIX TIOKa3aTelel MOTydYeHHOM

KOMIIO3UIIHH.

Table 5. Composition and test results of the main indicators of the resulting composition.

Ne CocTaB KOMITIOHEHTOB U X OCHOBHBIE [TOKA3aTEIH 1 HpHMZepH 3 Amnanor
1 | TonuBHHUIXJIOPH 100 100 100 100

Juokrundranar 48 42 36 52

Hadrenar HaTpus - - - 20
2 |IInactudukarop: | CioxHbIH 3)Up OCHOBE

OJICMHOBOW KHCIIOTHI H 12 14 16 -

M30aMHJIOBOTO CITUPTA
3 MunepaibHbiii BenToHUTOBEI MaT 28 30 32 30

HAIMOIHUTEIh

Na — conp momumepa 2-okco, 3-

OEH30KCa30IUIMETHII - - - 0,5
4 |Crabunusatop (MeT)akpuara

Na — conp nonumepa 6-xJ0p,

2-0KCO, 3-0€H30KCa30IMIMETHII 0,1 0,2 0,3 -

(Mmet)akpuiara
5 [TonmaTrncunokcanopas ) ) ) 0.3

JKHJIKOCTh
Crtoxcant BUHWI THHUIIIUTHAPOKCUXIIOPC
0,1 0,3 0,5
WIaH

6 |ITurmenT (o 1BeTy) 0,09 0,11 0,13 0,11
7 |Bs3kocth KoMmo3uiuu, 11 56 61 58 56
8 |’Ku3HecnmocoOHOCTh, CYTKU 17 18 18 16
9 |TepmocTabmIbHOCTh, TOTEPsi MacChl B % mpu 250 °C 53 49 54 55

B npennoxeHHONW KOMIO3UIIMKM YMEHBIIEHHE KOJMYECTBA MCXOAHBIX KOMIIOHEHTOB
INPUBOJIUT K CHUKEHUIO BSI3KOCTH, a YBEJIMUEHUE KOJIMYECTBA HCXOJHBIX KOMIIOHEHTOB OoJiee
PEKOMEH/I0BAaHHOT'O 3HAYEHMsI MIPUBOAUT K JKECTKOCTH U K COKPAILIEHHUIO XKH3HECTIOCOOHOCTH
KOMIIO3UIINH.

[lonydyeHHble pe3ynbTaThl, MPUBEACHHbIE B Tabiuie 5, [0Ka3blBalOT, 4YTO
npeyIoKeHHas! KOMIIO3UIUS UMeeT 0oJiee BHICOKME MTOKA3aTeIH 10 CPaBHEHHUIO C U3BECTHBIM
COCTaBOM-aHAJIOTOM. B mpeayiokeHHON KOMIO3UIIMM BBICOKAsl BA3KOCTH CBHUJIETENBCTBYET O
HaWIy4llleM pearupoBaHUM UCXOIHBIX KOMIOHEHTOB ¢ [IBX, uto moaTBepxaaeT obpazoBaHue
MOJIEKYJIIpHOM Maccel [IBX 1 KOMITIO3UIIMK B LIEJIOM IO CPAaBHEHUIO C aHAJIOTOM.

B npennoskeHHOM KOMITO3UIIMK METOJOM MakaHus 00pabaThIBalOT M3JENUs U3 TKaHU
xJiomyatooymaxkHoi apt. 365 u guanenu apt.16381". Ilocne cTekaHus U3MUIIEK KOMIIO3UIIUN
W3JIENHsI HAallPaBJISIFOT HA KEJINPOBAHHUE.

XKenuposanue nmpoBoAsT B TepMolukady npu temneparype 160-180°C B Teuenue 5-7

MMHH.

0408



CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

OaHOBpEMEHHO MPeI0KEHHAs! KOMITIO3UIIUS HAHOCUTCS Ha TKaHb TOMMHOMN 0,2 MM 1
nojaBepraercs TepMmooOpadboTke mpu Temmneparype 160-180°C B teuenue 2 MuH. Pacxon
KOMIO3UIMH Ha 1M? moBepXHOCTH cocTapiseT 0,4 K.

JIaHHYIO TEXHOJIOTHIO MPHUTOTOBJICHUS M HAaHECEHUs 0JIeOPOOHON KOMITO3UIMU IS
TKAHU MOXHO OCYLIECTBUTh Ha JIOOBIX MPEANPUATHSIX TEKCTUIBHOW WM IIBEHHOMN
MPOMBIIIJIEHHOCTH, TaK KaK TEXHOJIOTHs IPUMEHEHUsI He TpeOyeT JOMOIHUTEIbHBIX 3aTpaT U
CHenuanbHOTO Oo0OopyaoBaHus. IIpoliecc HaHECEHHS MOXXHO TNPOM3BOJAMTH B OOBIYHBIX
YCIIOBUSIX METOJIOM MaKaHUs, HAHECEHHEM KakK IIyJIbBEpU3aTOpPOM, TaK M BAJIMKOM YEpe3
paxIIio.

3alUTHBIE CBOMCTBA MpeiaraéMoi KOMIIO3UIMU IO3BOJISIOT €€ UCIOJIb30BaTh IS
MOKPBITUSL pyKaBHIl, PapTyKOB, CHEIMAIBHON OJIeK I, 00ECIIeUnBasi CTOMKOCTh K JIEHCTBUIO

He(TH, Macia U Jpyrux yrieBoJOpOJIOB.
3AK/IIOYEHUE

Pa3paborana xommo3unus g MOMydeHUs: 0Je0(OOHOro MOKPBITHS, BKIHOYAOIIAS
NOJMBUHUIXJIOPH, JHOKTWI(TANAT, JOMOJHUTEIBHBIN IIacTU(UKATOP, MHUHEPAIbHBINA
HAIOJIHUTENb, CTabmim3arop, oneodoOr3aTop W MUTMEHT, OTIMYAIOMIAsCS TEeM, YTO OHa
COJIEP’)KUT B KauyecTBE JOMOJHHUTEIBHOIO IUIACTU(UKATOpa CIOXKHBIA 3(QUp HA OCHOBE
OJICMHOBOW KHCIIOTHI W H30aMUJIOBOTO CHUpPTa, B KadecTBe cradmimsaropa — Na—comib
noJmMepa 6-x50p, 2-0Kco, 3-OeH30KcazonMuiaMeTHs1 (MeT)akpuiaTa, B KauecTBe
osieopobuzaropa — BUHWIATUHWIIUTUIPOKCUXJIOPCUTIAH, TPU CIEAYIOUIEM COOTHOLIEHUU

KOMITOHEHTOB, Mac.4. (cM. Tabiuity 1).
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TepMokaTaIMTHYECKUI ra30BbIH CEHCOP HA OCHOBE
HAHOYACTHUI NAJIAANSA, CAHTE3UPYEMbIX METOI0M HCKPOBOU
a0 MU

H. C. Baacos, JI. B. Kopuiomun, E. U. KameneBa, U. A. BosikoB

Mockosckuii gpuzuxo-mexnuyeckuii uncmumym, Mncmumymckuii nepeynox, 0.9, 141701, 2.
Joneonpyounwiu, Mockosckas obnacme, Poccutickas ®edepayus

Annortauus. IlpogeMoHCTpUpOBaHa BO3MOXKHOCTh HM3TOTOBJICHHSI TEPMOKATAJIMTHUYECKUX Ta30BBIX
CCHCOPOB C KaTaJUTUYECKUM CJIOEM Ha OCHOBE HAHOYACTHUI] NAJUIAIHsl, CHUHTE3UPYEMBIX METOJOM
WCKPOBOH a0JSMM C HCIHOJNB30BAaHMEM CIUTKOB Hauiaaus uucrorod 99,96 macc.% B KkauyecTBe
HCXOJIHOTO MaTepuana. (s peanusaiiii ceHcopa HCIOIb30BaHa KOMMepuecku moctymHas MOMC
mwiaropmMa Ha OCHOBE TOHKOH MeMOpaHbl W3 CTEKJIOKepamMuKu ToimmmHor 50-60 MKM cC
MHTETPUPOBAHHBIM MHUKpOHarpeBaTeneM. CHHTE3UpOBAaHHBIE HAHOYACTHLBI B COCTABE YCTOHYMBBIX
(YHKIMOHAIBHBIX YEepHWJ C KOHLEHTpauueid mnopsaka 25 Macc.% HaHOCWIMCh Ha OOpaTHYIo
OTHOCUTENIFHO MHKpPOHATpeBaTeNsi CTOPOHY MeMOpaHbl C MOMOIIBIO  CIEIHaIH3UPOBAHHOTO
mukporortepa SonoPlot GIX Microplotter II. [TomyuenHas cTpykTypa oTXKHUTanach mpu TemMrepaType
400 °C nmns yhaieHds OPTaHMYECKOTO CBS3YIOMIETO M3 CYXOr'0 OCTaTKa HAHECCHHBIX YEpPHUJ, B
pe3yJbTaTe 4Yero Ha MOBEPXHOCTH MeMOpaHbl (OpMHpOBAjiCS OJHOPOIHBIA CION KaTalHTHYECKU
aKTHBHOIO MaTepuana TONIUHONW okono 3 MkM. CeHcop, peann3oBaHHBIM Ha OcHOBE AByX MOMC
mwiargopm (0HA — C KAaTAIUTUYECKHUM CIIOEM, BTOpas — wcxofHas (0e3 cios)), BKIFOYEHHBIX B
MOCTOBYIO CXEMY, JEMOHCTPUPYET BHICOKYIO YYBCTBUTENBHOCTH K MeTany (50 MB Ha 1% Merana) npu
MOJIHOW TOTpediseMoli MOIIHOCTH mopsaka 350 MBT, 4To cOmocTaBUMO C XapaKTePUCTHKAMH
KOMMEpYECKHX aHayoros, mpousBoaumbix Figaro USA Inc., SGX Sensortech, Zhengzhou Winsen
Electronics Technology Co.

KimoueBble cioBa: TepMOKaTaHI/ITI/I‘IeCKI/Iﬁ ra30BBIN CCHCOD, HCKpOBOﬁ pa3psand, MNajlyiaaueBbIC
HaHO4YaCTHUIIbI, Q)yHKHHOHaJILHBIe YCpHUJIA, MUKPOIUIOTTCPHAA I€YATh.

Baaronapnoctn: /lannas pabota BbIOJHEHa NpH (GUHAHCOBOM MoOIepkke MUHUCTEPCTBA HAYKH H
BIcIIero oOpaszoBaHusi Poccuiickoii @enepanuu B paMkax rocynapctsenHoro 3aganusi Ne 075-03-
2022-107 (unentudukarop mpoekra 0714-2021-0007).

Jas umrupoBanusi: Bnacos, U., Kopntommmn, J[., Kamenea, E., & Bonkos, W. (2022).
Thermocatalytic gas sensor based on palladium nanoparticles synthesized by spark ablation.
CoBpeMeHHbIE MHHOBAIMU, CUCTeMbl M TexHosoruu - Modern Innovations, Systems and
Technologies, 2(4), 0501-0519. https://doi.org/10.47813/2782-2818-2022-2-4-0501-0519
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Thermocatalytic gas sensor based on palladium nanoparticles
synthesized by spark ablation

I. S. Vlasov, D. V. Kornyushin, E. I. Kameneva, I. A. Volkov

Moscow Institute of Physics and Technology, 9 Institutskiy per., Dolgoprudny, Moscow
Region, 141701, Russian Federation

Abstract. We have demonstrated the possibility of fabricating thermocatalytic gas sensors with a
catalytic layer based on palladium nanoparticles synthesized by spark ablation using palladium ingots
with a purity of 99.96 wt. % as a feed material. The sensor was implemented using a commercially
available MEMS platform based on thin glass ceramic membrane 50-60 pum thick with an integrated
microheater. The formulated functional ink comprising synthesized nanoparticles with a concentration
of about 25 wt. % was deposited on the opposite to the microheater side of a membrane with the use of
SonoPlot GIX Microplotter 11 printing equipment. The obtained structure was annealed at a temperature
of 400 °C to remove the organic binder from the dry residue of the deposited ink. As a result, the uniform
layer of catalytically active material with a thickness of about 3 um was obtained on the membrane
surface. The sensor implemented based on two MEMS platforms (one with a catalytic layer, the second
one without a layer) placed in the Wheatstone bridge circuit demonstrates high sensitivity to methane
(50 mV per 1% of methane) at a total power consumption of about 350 mW. The achieved characteristics
are comparable with that of commercial sensors manufactured by Figaro USA Inc., SGX Sensortech,
Zhengzhou Winsen Electronics Technology Co.

Keywords: thermocatalytic gas sensor, spark discharge, palladium based nanoparticles, functional inks,
microplotter printing.
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BBEJEHUE

I'oproune rassl (HampuMep, BOJOPOJ] UM METaH) aKTUBHO MCIIOJIB3YIOTCS B KaueCTBE
WCTOYHHMKOB DHEPTUU IS TPOMBIIIICHHBIX W OBITOBBIX II€NIe, a METaH TaKKe YacTo
BCTPEYAETCS B YTOJIBHBIX MIAXTaX M B MECTAX Pa3JIOKEHHUS OPraHNYecKHuX BemecTB. [Ipu sTom
TOpIOYHNeE Ta3bl ABISIOTCS CEPbE3HBIM HCTOUHMKOM TEXHOTEHHBIX KaTacTpoQ, TaK Kak CO3at0T
OTIaCHOCTh BO3ropaHuil ¥ B3pbIBOB. [10aTOMY B HacTosiee BpeMsi 0co00e BHUMaHHE yAeTsIeTCs
CO3JIaHUIO HEIOPOTUX, UyBCTBUTEIBHBIX, CTAOMIBHBIX U (P (EKTUBHBIX XUMHUYECKUX TaTINKOB
C HHU3KAM DHEpPronoTpeOIeHueM I CBOCBPEMEHHOTO KOHTPOJS yTE€YeK M CKOIICHHH
roprounx razoB [1-2]. OmauM u3 Hambomee SPQPEKTUBHBIX CPEINCTB sl KOHTPOIS W

npeaoTBpaIICHUA BOBFOpaHI/Iﬁ " B3PBIBOB SBJSACTCA UCIOJIB30BAHUC TTOJYIIPOBOAHUKOBBIX U
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TEPMOKATATUTUYECKUX AAaTYUKOB [3-4]. [IpyHuIMD 1eHCTBUS MOTYNIPOBOJAHUKOBBIX CEHCOPOB
OCHOBAH Ha U3MEHEHUHU NPOBOJAMMOCTH IOJIyIIPOBOJHUKOBOTO CJIOS IIPH ajcopOuuu rasa [5-
7], TOr1a Kak MPUHIIMIT TEPMOKATATUTHYECKOTO CEHCOPa OCHOBAH HAa M3MEHEHUH TeMIIepaTyphbl
MHUKpOHarpeBaress Mpu OKUCICHUH TOPIOYEro rasza Ha ero nosepxHoctu [8, 9]. XapakrepHsie
YepThl  YCTPOWCTB, pabOTAlOIIMX HAa  BBIIEYKAa3aHHBIX W HHBIX  (ONTHYECKUH,
JNIEKTPOXUMHUYECKHIA) TPHHIMIAX, repedncieHsl U cpaBHenbl B [10]. KonTposp yreuek
TOPIOYUX Ta30B C HCIOJIH30BAHUEM TEPMOKATAIMTHUECKUX CEHCOPOB SBISETCS OJHUM U3
CaMbIX HaJIe)KHBIX METO/I0B KOHTPOJIS OJ1arofapsi TAKUM OCOOCHHOCTSIM JaHHBIX CEHCOPOB KakK
BBICOKAsl JIMHEWHOCTh OTKJIMKA B IIMPOKOM JHMala3oHe KOHLEHTPALMH roprodero rasza (Kak
MHHHAMYM, JI0 HIDKHETO TpejieNia B3pbIBaeMOCTH) U poiaroBeynocts [11, 12]. Kpome Toro, onun
UMCIOT HEOOJIBIIIHE Pa3MepPhl U HEBBICOKYIO CTOMMOCTH [ 13, 14].

CoBpeMeHHbBIE HCCIIEJOBAHUSI TEPMOKATATUTUYECKUX CEHCOPOB COCPENOTOYEHBI Ha
YMEHBIIIEHUH pa3MepoB natuukoB [15, 16], cHmxeHun ux sHepromorpednenus [17] u
HOBBIIIEHUH CTaOMJIBHOCTU MCIIOJIb3YEMbIX KaTaJlu3aTOpPOB Ui OOECledyeHus: CTaOMJIbHOU
YyBCTBUTEILHOCTH B IoJrocpounoi nepcrektuse [18]. B wactHocTH, ucnonszoBanue MOMC
U Pa3IMYHBIX TEXHOJOTHHA OCAXICHHS KaTAIMTHYECKOTO MaTepHaja MOMOTJIO 3HAYUTEIHLHO
YMEHBIIUTH dSHepronorpednenue matuukoB [14, 19, 20]. OpgHako CTOUT OTMETHTbH, YTO
CTaHJApTHBbIE METOJbl OCAXKACHUS KaTAIUTHUYECKUX CIIOEB JUIsI TEPMOKATATUTHUECKUX
JAaTYUKOB, BKJIIOYAIOIIME, HANpUMep, LEHTpUPYrUpoBaHHEe U TpadapeTHyro IeyaTb,
OTPaHWYMBAIOT  BO3MOXXHOCTH 110 MHHHATIOPU3AalMM  JAaTYMKOB W yYMEHBIICHUIO
DHEPronoTpedsieHNs, a TaKKEe BOCIPOM3BOJUMOCTh XapaKTEPHCTHK ycTpoiictB [21-26].
[Toromy Ui OCak[eHHs UYyBCTBUTENBHBIX CJIOEB Ipe/laraeTcs MCIOIb30BaTh pPasziIMUHbIC
METO/Ibl, BKJIFOYAIOIME MeYaTHbIe TEXHOJIOTHH, Oy/Ib TO TEXHOJOIMM CTPYWHOM medaTH, Win
MHKpOILIOTTEepHON mneuatn [27-29]. Mcnosnb3oBaHWe aJJUTUBHBIX TEXHOJIOTHH IO3BOJISIET
3HAYUTEIHHO YMEHBIIUTH Pa3Mephl CIOEB, YBEIWYUTH BOCIPOM3BOJANMOCTh XapaKTEPHCTUK
JATYUKOB M CHU3UTH 3aTpaTbl Ha MPOM3BOJICTBO M, KaK CIEACTBUE, CTOMMOCTb T'OTOBBIX
CEHCOPOB.

Hanowactumpl mamnaaus 1mogoO0HO HAHOYACTHIIAM IUIATHHBI TIPEICTABISIOT COOOH
XOpOILIO U3BECTHBIN 1 3(PPEKTUBHBIN KaTAITUTUUECKUI MaTepual, UCIIOJIb3YEMbIH B pa3IMUHBIX
ceHcopax ans aHanm3a roproumx ra3oB [30, 31]. Iupoko HCHONB3YIOTCS pa3uYHBIC
XMMHUYECKHE METOJAbl CHHTE3a MajulaJMeBbIX HaHodacTHll. Hampumep, ogHuM u3 Haubolee
Pa3BUTHIX METOJOB XMMHUYECKOTO CHHTE3a SIBISIETCS TIOJHOJBHBIA MPOIECC, TO3BOJISFOIITHA

MOJTy4aTh YaCTHIIbI (MTaJIa M, IUIATHHBIL, 30JI0Ta, cepedpa U Mp.) 3alaHHOT0 pazmepa 1 HOpMbI
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B jauanazoHe pasmepoB MeHee 10 HM [32-34]. Taxke wu3BecTeH crmoco0 CHHTe3a
MOHO/IMCIICPCHBIX YaCTHI] MAJUTAIHS B PE3y/IbTaTe TEPMUUYCCKOTO PA3IOKEeHUs KoMIuiekca Pd-
[TAB, B KOTOpOM pa3Mep YacTHI] PETyIUPYETCs MPHU MOMOIIY BapHallMK CTA0MITH3UPYIOLIETO
NOBEpPXHOCTHO-akTUBHOrO  BemectBa [35]. Kpome Toro, ectb cmoco0d CHHTE3a
MOHOJIMUCIICPCHBIX HAHOYACTHII MaUIaJNs MOCPEJACTBOM BOCCTAHOBJICHUS alleTHIIAIICTOHATA
naJuTagusl Py MMOMOIIM OJICHJIAaMHHA M KOMIUIEKca OOpaH-TPUOYTHIIAMHHA, YTO TO3BOJISET
MOJYYUTh KAaTAJIUTHYCCKH aKTHBHBIC YCTOHYMBBIC HaHodacTuiel [36]. Taxke momumo
OTIMICAHHBIX BBIIIE XUMHYECKUX METOJIOB CHHTE3a, UCIIONB3YIOTCS M MHBIC TEXHOJIOTUU CHHTE3a
HAHOYACTHII, HAIIPUMEpP, TEXHOJIOTUsSI UCKPOBOW aOJsIIMu, MPUMEHseMas B JTaHHOH paboTe.
TexHoJOTHsI UCKPOBOTO a0NSIMU TMpeaiaracT 3KOHOMHUYHBI U MaciiTaOupyemblid crocod
noslydeHuss HaHodyacTwi. OHa TO3BOJIICT TOJyYaTh MOPOIIKH W3 JIFOOBIX HCXOIHBIX
MaTEePUAJIOB C YOBJICTBOPUTEIHHBIM yICIHHBIM JJIEKTPUICCKUM conpoTHRICHHEM (MeHee 0,2
Omecm) [37] u xapakTepusyeTcs PsJIOM IMPEUMYIIECTB, a MMEHHO: XMMHUYECKas YHCTOTa
MOJTy4aeMbIX TOPOIIKOB, OTCYTCTBUE XMMHUYECKHX OTXOJOB, BO3MOXXHOCTH HCIOJIb30BAHUS
THOOBIX TIPOBOJHUKOB (YHCTHIC METAJUIBI, CIUIABBI WM JISTHPOBAHHBIC TOJIYIPOBOJHUKH) B
KaueCTBE HWCXOJHBIX MAaTEpHaJOB, a TakKe IMPOCTOTA YIPABICHHUS pPa3MEPHBIMHU
xapaktepucTukamMu dactull. C MOMEHTa TMOSBICHHUS TEXHOJOTUH WCKPOBON a0y,
npemnoxenHoin  [muar-Otrom  [38], ObulO pa3pabOTaHO MHOMKECTBO KOHCTPYKIIHI
razopaspsaHbix reHeparopoB. lllects nu3aiiHOB, paspaboranHbix k 2012 1., ObLIH
paccMoTpeHbl B pabore Mromutepa u Ap. [39]. TexHomorus MCKpOBOW aOJSIUU YCIEIIHO
NPUMEHSUTACh TS MOJydeHHsI pa3anuHbIX HaHomarepuaioB [40], B ToM 4wuciie HAHOYACTHUIL
namwtagus [41, 42]. JlaHHas TeXHOJIO0THs ObLIa MCIIOIb30BaHa HAMHU JIJIS CHHTE3a HAHOYACTHII
OKCHJIa 0JIOBA, UCIIOJIb30BAaHHBIX B KAUECTBE Ta304yBCTBUTEIBHOTO MaTtepuaia [43], KOTOphIii
MPOJICMOHCTPHPOBA TOHIKEHHYIO UYBCTBUTCIIBHOCTH K TIapaM BOJBI H3-32 HH3KOTO
COJIePKaHUsI TOBEPXHOCTHBIX THIPOKCHIBLHBIX TPYIIIL.

Lenp maHHON pPabOTHI COCTOSIA B HCCIEIOBAaHMM BO3MOXKHOCTH W3TOTOBJICHUS
TEPMOKATATUTHUYECKHUX Ta30BbIX CEHCOPOB ¢ McHoiab30BaHueM MOMC mnatgopMbl Ha OCHOBE
TOHKOW MEMOpPAHbI 3 CTEKJIIOKEPAMHKH C HHTETPUPOBAHHBIM MHUKPOHATPEBATEIIEM B KAUECTBE
0a30BOM KOHCTPYKIIMH WM TAJLIAJAMECBBIX HAHOYACTHI], CHHTE3UPYEMBIX METOJOM HCKPOBOM

8.6J1$II_[I/II/I, B KaQUYCCTBC KaTAJIN3aTOpa pCaKIMU OKUCIICHUS IT'OPHOYUX T'a30B.

0504



CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

MATEPHUAJIBI U METO/bI
CHuHTe3 NAJIAHEBBIX HAHOYACTHII

[TannangueBble HAHOYACTHUIIBI OBUIM TOJYYEHBI C HCIOJIB30BAHUEM TIa30pa3psiAHOTO
reHepaTopa COOCTBEHHOW pa3pabOTKH, COCTOSIIET0 M3 MCTOYHUKA BBICOKOTO HAIPSHKCHHS,
HaKOIUTENsl SHEPruM (KOHJACHCATOpa) M KaMephl (MOApOOHO JaHHBIM TeHepaTop ONUCaH B
pabore [44]). Ucnons3yemas Kamepa CIHPOCKTHPOBaHAa TaKMM OOpPa3OM, YTO BBIBEICHHE
CHHTE3UPYEMBIX adpO30JIbHBIX YACTUIl U3 Pa3pSAHOTO MPOMEXKYTKA MEXKAY ABYyMS
AJIEKTPOJIaMU OCYIIECTBIISIETCA MOCPEICTBOM IMOAAUYM ra3a-HOCUTENSI Yepe3 OJIMH U3 MOJBIX
3JIEKTpo/IoB. B nmanHO# pabore o0a aiekTpona ObUIM W3TOTOBJICHBI W3 CIIMTKOB IaJlIaHs
yrctoTor 99,96 macc.% B BHE MOJBIX HUWIMHIPOB C BHYTPEHHUM JAMAMETPOM OKOJIO 4 MM.
N3roToBieHHbIE AIEKTPOJbI KOAKCHATBHO (PUKCHPOBAIMCH B MEIHBIX Jepkarensix. B
MPOIIECCe CHHTE3a 3a30p MEXKIY DJIEKTPOJaMHu TOJJACPKUBAICA TOCTOSHHBIM 34 CYET
MOCTETICHHOTO M3MEHEHUS TOJIOKEHHS OJHOT0 M3 HUX IO Mepe abJIAIuu MaTepraia 000ux
3JIEKTPOAOB B Pe3yJbTaTe HCKPOBOTO pa3psiia. DTO JOCTUTAIOCH TOCPEACTBOM MOAJIEPKaHUS
MaKCUMaJIbHOTO TMaJICHUs HampsDKEHUST Ha paspsaHoOM MpoMexyTke mnopsaka 1,5 kB.
3anaceHHass B KOHJIGHCATOPE DSJEKTPUYECKas DHEPrusi, KOTopas 3aTeM TIepelaercs B
ANEKTPUYECKYIO II€Mb, BKIIIOYAIOIIYIO Ppa3psIHbIA TPOMEXKYTOK, 3a BpeMs OJUHOYHOTO
UMITYJIbCA KCKPOBOTO pa3psijia, MOXKeT ObITh orieHeHa Ha ypoBHE 40 M/[x. CuHTe3 mpoBOAUIICS
C UCTIOJB30BaHUEM B KaueCTBE Ta3a-HOCUTENs BO3ayXa, mporienmero yepe3 HEPA dunbtp.
Bo3gyx Obul BBIOpaH B KayecTBE Ta3a-HOCHTENS U3-3a HEOOXOIUMOCTH TOTYYEHUS
HAHOYACTHII, coAiepKanux a3y oKcuaa mayiaausi, KoTopas, Kak ObUJIO yCTAaHOBJICHO, UMEET
ropazqo 0Ooiiee BBICOKOE CPOACTBO K TMOJSPHBIM PACTBOPUTENSM, HCIOJIB3YEMbIM IS
MPUTOTOBIICHUS YEPHHUII, TIO CPABHEHUIO C METAIITUYECKUM TaJlIa/IueM.

B mpormecce cuHTe3a 4epe3 OMWMH W3 AJIEKTPOJOB TMOMABAICS OYHUIICHHBIA BO3IYX,
pacxom  KoTtoporo coctaBiusin 3,5  w/mMuH. s oOecredeHUss  MaKCHUMAaJIbHOU
MPOU3BOIUTENILHOCTH CHHTe3a Ha ypoBHe 100 wMr/du yacrota cienoBaHUS HMITYJIBCOB
cocraBnsiia 630 T'm. Mcnonmb3oBaHue Oojiee BBICOKMX YacTOT MPHUBOJWIO K TOMY, 4YTO
CoJIepKaHue 3aTBEP/ICBIINX Karelb nauiaaus nuamerpom 10-50 mxm npessimano 20 macc.%
OT 00111e# Macchl COOpaHHOTO Mopoika. B mporecce HCkpoBoro paspsijia oOpa3oBaHHE Karelb
MeTalljla TMPOUCXOTUT BCIEACTBHE PACIBUICHUS Ta30M-HOCHTENEM KpaeBbIX YYacTKOB
AJIEKTPOIOB, HAXOMSAIIMXCS B PacIIaBJICHHOM COCTOSHHH, KaK 3TO MpeIiokeHo B [45, 46].

MoHO crenath OIEHKY Macchl Marepualia, oOpa3ylollerocs 3a UMIYJbC, IIyTEM JEJICHUS
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MPOU3BOJUTENILHOCTH CUHTE3a HA YaCTOTY CJIEJOBaHUS UMITYJIbCOB, YTO JAeT OKOJIO 44 Hr 3a
uMIynbc. TakuM 00pa3oM, 3JIEKTpUYECKash SHEPrus, pacxoiyemass Ha EIUHHUILy MaccChl
CHUHTE3UPYEMOI0 MaTepuaia, MOKET ObITh OLICHEHA KaK OTHOIIECHUE 3IEKTPUUECKON IHEPTHH,
3amacaeMoif B KOHJEHCATOpe, K Macce MaTepHaa, IojyJaeMoro 3a ofuH uMmyisc: 9-10° JIx/r

i 0,25 (kBT 4)/T.
IIpuroroB/jieHHe YePHUIT

Konnounnele depHuna  (IMCIEPCHMU)  COCTOSAT W3 YACTHUIl  ONPEJCICHHOU
(YHKIMOHATIBHOCTH, PACIPEACICHHBIX B JHCIIEPCUOHHON cpene, MpeAcTaBisiomel co0oil
pacTBOpUTENb C pacTBOpPEHHBIMU JToOaBkamu. [lamnanueBble yepHWIa pa3pabaTbIBAIUCh B
COOTBETCTBUHM CO CleAyloUMMU OpuHiunamu. HauOonee BaKHBI NPUHIUI COCTOMT B
HEOOXOIMMOCTH 00€CIeYeHUs] BBICOKOH CMayMBaeMOCTH TBEpAOH (a3bl AUCTEPCHOHHOU
cpenoii. Eciin moBepXHOCTHOE HATSHKEHUE MEXKIy IMCIIEPCUOHHOM Cpeor M TBEpIou ¢a3oi
HIDKE KPUTHUYECKOTO 3HAu€HMsI, BOSHUKAET MPOLECC CaMOIIPOU3BOJIIBHOIO JAUCIIEPTUPOBAHUS
(menTu3anuu) ¢ 06pa3zoBaHUEM TEPMOJUHAMHYECKH YCTOMUMBON (IMOGUIBHOMN) KOO THOM
CHCTEMBbI, XapaKTePU3YIOLICHCsI PABHOBECHBIM PACIHpE/ICICHUEM YacTull 1o pasmepam [47].
Bropoii npuHUMI 3aKiIIOYaeTCsl B HEOOXOAMMOCTH HCIIOJIb30BAHMS PAaCTBOPUTEINEH,
obnamaromux ymepeHHoud temmeparypor kuneHus (ot 100 go 200 °C) u HuU3KOU
TOKCHUYHOCTBIO, YTO BaYKHO C TOYKHM 3peHUs nmpuMeHeHus uyepHui [48]. Takxke xenaresnbHo,
4yTOOBI BSI3KOCTh YEPHWJI HaXoawiack B auanazoHe oT 1 go 25 mllasc, a X MOBEPXHOCTHOE
HaTspDKeHue B nuamnazone oT 30 1o 50 MH/M, uTo obGecnieunBaeT BO3MOKHOCTh UX IPUMEHEHUS
B TEXHOJIOTHSIX CTPYHHOHU U adspo3onbHo niedatn [48-50]. [Ipu pa3paboTke GyHKINOHATBHBIX
YepHUJ HE0OXOAUMO YUUTHIBATh U TOT (DAKT, YTO OHH JOJKHBI 00J1a/1aTh JOCTATOUYHO BBICOKOH
KOJJIOWZAHOM  CTaOMIBHOCTBIO i OOecreueHus IMpHeMJIeMOl  BOCIIPOU3BOAMMOCTH
napameTpoB (OPMHUPYEMBIX CTPYKTYp (KaTaJTUTHYECKUX CJIOEB B CIIydae JaHHOUW PabOThI).

OyHKIMOHANbHbIE YepHUia g (GOPMUPOBAHUSA KATAIUTUYECKUX CIIOEB METOJIOM
MHUKpPOIUIOTTEPHON MNedaTH ObUIM NMPHUTOTOBJIEHB HA OCHOBE HAHOYACTHII, CHHTE3UPYEMBbIX
METOZIOM HCKpPOBOTO pa3psla U3 CIUTKOB NaJUIagusi, C HCIOJIb30BaHUEM OWHApHOTO
pacTBOPUTEIIS, COCTOSIIETO U3 BOJIbI M STWJICHITIUKOJS. B X0/1€ 3KcneprMeHTOB KOHIEHTpaLus
noiuMepa W IJIAcTU(HUKATOpa, BXOASIIMX B  COCTaB  JAMCIIEPCHOHHOM  cpenibl,
ONTUMHU3UPOBAINCH TaKUM OOpa3oM, 4TOObI OOECIEYUTh XOpOoIlee KaueCTBO HCXOTHOU
KOMITIO3UTHON IUIEHKH (CyXOro ocTaTka uepHW1), (GOpMHpPYyeMOH TIocie UCIapeHus

pacTBOpUTEIIA, C OJIHOI\/'I CTOPOHBI, © TOCTHUYb BBICOKOM ILIOTHOCTH YIOaKOBKH HAHOYACTHIL B
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TepMOOOpaObOTaHHOM TMOKPHITUU (0€3 CBA3YIOIIEr0), C Apyrod crtopoHsl. [Iporemaypa
MPUTOTOBJICHUSI YEPHUJI BKJIIIOYAeT B ceOsl yIbTPa3BYKOBYIO 00pabOTKy, KOTOpasi yCKOpsieT
MPOILIECC OTACIECHUS HAHOYACTHUI[ OT TTOPOIIKOBOTO MaTepHalia, COCTOSIIETO U3 HUX. Y IeTbHAast
yJIBTPa3BYKOBasi MOIIHOCTh, IIepe/iaBaeMasi YepHUJIaM B TIpoIiecce 00pabOTKH, OIECHUBACTCS B
3 Br/em®. Bpewmst 06paboTku coctapisier 1 4. Mcronp30BaHre CHCTEMBI BOJSTHOT'O OXJIaXKICHHS
MO3BOJIET MOJJICPKUBATH TEMIIEpaTypy YEpHUI B Ipoliecce YIbTPa3ByKOBOW 00pabOTKU He
Beimie 30 °C. Ilocnme ynbpTpa3ByKkoBOW 0OpaOOTKHM KpYMHBIE YacTHIBI MHKPOHHBIX U
cyOMUKpPOHHBIX pa3MepoB (He 6osiee 20 macc.% oT 00111eit MacChl MOPOIIIKA), MPEACTABIISIONINE
co0oi1 3aTBepieBIINE KAl paciljlaBa MaTepuaia 3JeKTPOJIOB, OTIACNIAIOTCS OT HAHOYACTHUIL

MMOCPCACTBOM CCAUMCHTALIMU B I'PABUTAIIMOHHOM II0JIC.
MHKpOlIJIOTTepHaﬂ ne4yaTb

B nanHoll paboTe B KadyecTBE OCHOBBI JJIsi Ta30BOTO CEHCOpa HCIOJIb30BAJIaCh
Kommepuecku jgoctynHas MOMC miar¢popma Ha OCHOBE MEMOpaHbl M3 CTEKIOKEPaMUKU
tonmuHon  50-60 MKM ¢ MHTErpUpOBaHHBIM MHKpoHarpeBateieM. {dopMupoBaHue
KaTaJIUTHUYECKOTO CJIOS Ha MeMOpaHe OCYIIECTBISETCS METOJOM MMKPOIUIOTTEPHOH IeyaTy,
KOTOpBIM  00€CIEYMBAET BBICOKYIO BOCIPOM3BOJMMOCTb JO3UPOBAaHUS Karaiau3aTopa
(ko3¢ GUIMEHT BapHUalil MacChl HAHECEHHOTO KaTalW3aTopa, MPUXOAALICHCS Ha CeIUHHILY
wiomaan MemOpaHbl, B cepuu o0pasnoB He mnpesbimaer 10%), 4To, B CBOIO oOuepensb,
oOecrieunBaeT HHU3KUH pa3dpoc paboYMX XapaKTEPUCTUK H3TOTABIUBAEMbIX YCTPOMCTB.
Hanecenne dYepHMI  OCYLIECTBISIETCS C  KCIOJb30BAaHHUEM  CIIELMAIU3UPOBAHHOTO
mukporiorrepa  SonoPlot  GIX  Microplotter 1I, mo3Bossitoiero  mpouU3BOAUTH
KOHTPOJIMPYEMOE HAHECEHUE JMUCIIEPCUM U PacTBOPOB Ha MOJIOKKY B KOHTAKTHOM PEKUME.
Jlo3upoBaHue 4YEpHUII OCYIIECTBISIETCS TOCPEACTBOM HX MCTEUEHHS W3 3a0CTPEHHOIO
CTEKJISTHHOTO KaWIIsipa (JUCIeHcepa), HaXoIAIerocsl Ha MajioM PacCTOSIHUU OT TOBEPXHOCTH
noanoxkku. Ilpu 3ToM 3a30p MeEXJIy KOHYMKOM JHCIIEHCEpAa W TOJJIOKKON 3amojiHeH
HAaHOCHMBIMH YEPHUIIAMHU.

[losnydyeHHblE NaIagUEBble YEPHWIA 3arpykKajJuCh B KaNWUIAPHBIA JHCIEHCED
mukpomiorrepa SonoPlot GIX Microplotter II ¢ BHyTpeHHHM JAMAaMETPOM BBIXOJIHOTO
orBepctus 100 mxMm. [l oOpa3zoBaHMsi KOHTAKTa YEPHUII C TOBEPXHOCTHIO MEMOpPAHbl KOHUHMK
JCTIEHCepa TMOABOAMIICS K oOpa3lly Ha pacCcTOsHHE S5 MKM, IIOCi€ Yero Ha
NIbE30IEKTPUUECKHH ATIEMEHT, CBSI3aHHBIN C TUCIIEHCEPOM, [TO1ABAJICS YIIPABIISIFOIIIMM CUTHAT

ammumutyaoi 10 B. Cpa3y nocie oOpazoBaHusl KOHTaKTa aMIUTUTY/a YIPaBJISIOLUIETO CUTHATIA
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CHUKAJlaCh /10 HYJIEBOTO 3HAYEHMsI M MPOHU3BOAMUIIOCH HAaHECEHUE YEPHHJI HA MOBEPXHOCTh
MeMOpanbl MOMC miatdopMbl ¢ MPOTHUBOIOJIOKHOW OTHOCHUTEIBPHO MHKPOHArPEBATEIS
CTOPOHBI  TOCPEACTBOM  TNEPEMEIICHUs  JIMCIIEHCepa MO  3aJlaHHOM  TPaeKTOpHH,
MPEICTABIISIFOIICH COO0M MEaH P, B KOTOPOM PACCTOSTHHE MEKY ABYMS JITTHHHBIMU OTPE3KaMU
(mmanoit 1400 mxm) coctaBiseT 300 Mkm. CKOpPOCTh MepeMENIeHUs UCTICHCEPa MIPH TIeYaTH
Mmeanpa coctapisuia 200 Mkm/c, mpu 3ToM HaHocwiiock 10 ciio€s yepHun ¢ nepepbiom B 20
CEeKYHJT MEXIy CJOSMH JJIS CHIDKCHUS COJEP’KaHUSI OCTATOYHOI'O PACTBOPUTEINS B
dopmupyeMoM TOKpHITUH. Jlajee C WeNnblo YIaleHHs OPraHHYeCKOTO CBS3YIOIIETO H3
c(hOpMHUPOBAHHOTO MOKPBITHS OCYIIECTBIUIach TepMO0OpaboTka 0bpasia npu TemmepaType

400 °C B Teue”ue 2 4acos.
TecTupoBaHue CEHCOPOB

PaboTocnocoOHOCTE  M3TOTOBIEHHBIX ~ CEHCOPOB  MCCIEAOBANACH  MOCPEICTBOM
U3MEPEeHUH UX OTKJIIMKOB HAa METaH B CMECH C CYXUM BO3JYXOM C MCII0JIb30BAHHEM MOCTOBOM
cXeMbl YWUTCTOHa (aHaJOrMyHas cxeMa ucrnoib3oBaHa B [11]), comepxameir ase MOMC
1aT(hOpMBbI C MUKPOHATPEBATEISIMH: OJTHA — CO CJIOEM KaTaJIUTUYECKH aKTUBHOT'O MaTepHaa,
BTOpas — ucxojHas (6e3 cios). [Ipu 3TOM 111 MUHUMU3ALKUU U3MEPSIEMOIO HAIPSDKEHUS B
OTCYTCTBHE METaHa NpHU 3aJaHHOM HanpspkeHun mnutanus (5,8 B) wucnonbs3oBaiuch
MHUKpOHarpeBarenyu ¢ OJU3KUMHU CONPOTHBIEHUSIMU (pasziuuue CONpPOTHBIEHUI He Ooiee
15%).

O06e BKJIIOYEHHBIX B MOCTOBYIO cxemMy MOMC miatgopmbl MOMEMIATUCH B Ta30BYIO
A4eiiKy, B KOTOPYIO MOCTyNajl JUOO YUCTBIA CyXOH BO31yX, MO0 CMeCh METaHa C YUCTHIM
CYXHM BO3JIyXOM, COCTaB KOTOPOH PEryJIMpOBAJICS MPU MOMOIIM KOMMEPYECKOH YCTaHOBKU
MUKPOT'A3-®-14 (AO «UHuTepa», Poccusi). B mporecce u3MepeHHH MOTOK BO3AyXa U
MOJIy4aeMbIX METAaHOBO3AYIIHbIX cMecei cocTtaBisul okoio 200 mi/muH. ['a30BbIi ceHCOp
MCCIIEIOBAJICS TIPH CIenyromuX KoHueHTpanmsx merana: 200 ppm, 1 000 ppm, 2 000 ppm,
5000 ppm, 10 000 ppm. IIpu 3TOM MOIIHOCTb, OTpebsieMas AByMsl MUKPOHArpeBaTesIMH,
cocraBiisiia nopsiika 350 MBT, 4TO COOTBETCTBOBAJIO TeMIepaType MHUKpOHarpeBaresiei Ha

yposhe 480-500 °C.
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PE3YJIbTATHI
CTpyKTypa CHHTEe3HPYEMOro MaTepuaJia

CTpykTypa  CHHTE3UPYEMOTO  Marepuajlia  HCCIEJAOBATUCh  C  IOMOIIBIO
POCBEUUBAIOIIETO 3JIeKTpoHHOro MuKpockona ([IOM) JEOL JEM-2100 (Smonwus) wu
pacTpoBoro 3jekTpoHHoro mukpockomna (POM) JEOL JSM-7001F (SImonwmsi). Ha pucynke 1
npecTaBieHbl xapakTepHble [[9M-n300paykeHus HAHOYACTHUIl M COOTBETCTBYIOLIAs KapTHHA
AIIEKTPOHHON TU(PAKINK, a Ha PUCYHKE 2 mpenctaBieHo POM-u3o0pakeHne mMatepuana u
COOTBETCTBYIOIIUI CIEKTP XapaKTePUCTUUECKOTrO PeHTTeHOBCcKoro usnyuenus (EDX criektp).
3 mosy4eHHbIX JaHHBIX MOKHO CJIENIaTh BBIBOJI O TOM, YTO MaTepuail COCTOUT U3 EPBUYHBIX
HAHOYACTHI] OKPYTJION Gopmoii co cpennuM pazmepom 10—15 Hm, yacTh U3 KOTOPBIX 00pazyeT
arperatel. Cineayer oTMETUTh, 4TO B EDX-criekTpe JTWHUM, OTHOCSIIUECS K MEIU U ITUHKY,

00yCIJIOBJIEHBI TE€M, 4YTO MNPEAMETHBIN CTOJIMK, HA KOTOPOM pacloJiarajics HCCIeTyeMbli

MaTepHrall, U3roTOBJICH U3 JIATYHHU.

Pucynok 1. IITDM-n3o00pakenust naaiaaneBblx HaHouacTull. Ha BcTaBke npuBesieHa
COOTBETCTBYIOIIAS KapTHUHA EKTPOHHON AU(paKIUH.
Figure 1. TEM images of palladium based nanoparticles. The inset shows the

corresponding electron diffraction pattern.
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Pucynok 2. a) POM-u3o00paxenue u 6) EDX cnexTp namiagueBsix HaHOYACTHIL.

Figure 2. a) SEM image and b) EDX spectrum of palladium based nanoparticles.
XapaKTepl/ICTI/IKI/I YEPHUJ HA OCHOBC NAJVIAAUEBBIX HAHOYACTHUIL

Ha pucynke 3 mpencraBieHbl pacupefefeHHss KOJUIOWIAHBIX YacTHIl MO pa3Mepam,
coJiepKaliuxcs B JAByX oOpaslax NajulaJMeBbIX YEPHMII: MEPBOE paclpelieiieHue (3eneHas
KpHUBasl) XapaKTepH3yeT HMCXOJHbIE YEpPHHUIIA, a BTOpOe (KpacHas KpuBas) - BEpXHHUH CION
YepHUJI uepe3 MATh JAHEW XpaHeHUs B CTaHAApTHOU mpoOupke DnmneHaopda odbemMom 2 M,
3a(pUKCHUpPOBAaHHOW B BEPTHKAJIBLHOM IOJIOKEHWH. PazHuIa B CpeAHMX pa3Mepax dacTHII,
XapaKTepU3yIOUIMX JaHHble oOpa3lpl, KOTOpas SBISETCS MEpoll CelMMEHTAalMOHHON
YCTOWYMBOCTHU YEPHHUII, cOcTaBIsAeT okoo 20%. JlanpHelmue HaOmoqeHus B TeueHue 15 nuei
HE BBISIBUJIM U3MEHEHUU B CPETHEM pa3Mepe KOJIJIOMIHBIX YACTHUIl B BEPXHEM CIIO€ YEPHUI B
npeaenax MNOTPEIIHOCTH  HM3MEPEHUH.  YCTAHOBJIIEHO, 4YTO  JIEFKOrO0  BCTPSXUBAHUSA
"BbIIepKAHHBIX" YepHWII (T.€. XpPaHUBIIUXCS B TE€UEHUE HECKOJbKUX JHEW 0e3 JABM)KEHUS) B
TE€YEHHE [ECSATKOB CEKyHJ JOCTaTOYHO MJis MPHUBEACHHUS HUX B HCXOJHOE COCTOSHUE.
[ToBepXHOCTHOE HATSHKEHHE TOMOT€HU3UPOBAHHBIX MAUIAIUEBBIX YEPHUII, U3MEPEHHOE MPHU
temneparype 25 °C cocraBuser 41,7 mH/Mm, Bsskocte uepHun 12,5wmlla-c (25 °C), a

coJiepaHue nmajuiaaus nopsijaka 25 mace.%.

0510



CoBpemeHHble MUHHOBaLMK, CUCTEMBI U TexHonorum // 2022; 2(4)
Modern Innovations, Systems and Technologies B https://www.oajmist.com

25 - .\. \

N
o
1

Jons vyactuy, %
|_\
(6)]
1
|

[N
o
1

5 ] 2 \. .\
IVSARN
N
10 i " ' ' 5'0 ' 100

Pasmep 4actumu, Hm

Pucynox 3. Pactipenenenust KOJUIOMIHBIX YaCTHIL TIO pa3MepaM, TOTyYeHHBIC
MCTOAOM JUHAMHYCCKOI'O paCCCiAHUA CBCTA: 3CJICHAA KpUBas - HCXOAHBIC IMAJIJIaINCBbIC
YepHUJa; KpacHasi KpuBas - BEpXHUU CIIOM YEpHUIT Yepe3 MSITh JHEW XpaHEHUS.
Figure 3. Size distributions of colloidal particles obtained by dynamic light scattering:
green curve - initial palladium ink; red curve - top layer of the ink after five days of storage.

CTpyKTypa KAaTAJUTHYECKOI0 CJI05

Ha pucynke 4 mnpeacTtaBieHO XapakTepHOE M300pakeHHEe KaTaJIUTHYECKOro CIof,
chopmupoBanHoro Ha MemOpane MOMC matdopmel, nocie orxura mpu 400 °C. Y3kumu
JKEJITBIMH CTPEJIKaMU 0003HaUY€H KaTAIUTUYECKUI CII0M, a MIMPOKUMU KPACHBIMH CTPEIKaMU —
y4acTOK MeMOpaHbl Oe3 kartamuthyeckoro cios. Ha pucynke 5 mnpexacraBieHsl POM-
n300pa’keHHsI TOPLEBON U JIMLEBOM MOBEPXHOCTH MEMOpPaHbI ¢ KaTaIUTHYEeCKUM cioeM. Ha
M300paKEHUH TOPIIEBOM MTOBEPXHOCTH KATATUTHUYECKUH CIIOM Takke 0003HAUEH y3KOM KEJITON
CTpPEJIKOil, a pacnojoKeHHasi 0]l HUM MeMOpaHa — IIMPOKOW KpacHOM crpenkoi. TommuHa

MOJTyYEHHOTO KAaTATUTHIECKOTO CJIOST COCTABIISAET 3—3,5 MKM.
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Pucynok 4. M300paxeHns KaTaTUTHUECKOTO 1051, C(hOPMUPOBAHHOTO Ha MeMOpaHe.
N3006paskeHus morydeHs! Ipy TOMOIIH a) ONTHYECKOTO MUKPOCKOTIIA, 0) pacTpoBOTO
SJICKTPOHHOI'0O MUKPOCKOIIA.
Figure 4. Images of the catalytic layer fabricated on the membrane. The images were

obtained by using a) optical microscope, b) scanning electron microscope.
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Pucynox 5. POM-n3006paxeHuss MeMOpaHbl C KaTaJUTUYECKUM CIIOEM: a) TOpLeBast

IIOBCPXHOCTD, 6) JiMgeBast HOBECPXHOCTD.
Figure 5. SEM images of a membrane with a catalytic layer: a) end surface, b) front
surface.
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Pe3yibTaThl TECTUPOBAHMS CEHCOPOB

Ha  pucynke 6  mpexacraBieHa — XxapakTepHas  3aBHCHUMOCTh  OTKJIMKa
TEPMOKATATUTUYECKOTO CEHCOpa HAa METaH B CMECH C CYXUM BO3JlyXOM IpPH MOIIHOCTH,
noTpeOasieMoll IByMsi MHKpOHarpeBareisiMu, coctabisomiet 351 MBT (npu nHanpsokeHUn
nutanus 5,8 B). OTKIIMK ceHcopa onpeaensercs Kak pa3HOCTh ABYX 3HAUCHUM HAIPsOIKEHUS,
U3MEPSIEMOT0 MEXAYy COOTBETCTBYIOIIMMHU TOYKAMU MOCTOBOM CXEMbI MpU 33JaHHOM
HalpsSOKEHUW THTaHUS HAa HEW: B MPUCYTCTBUU UCCIEAYEMOTO aHAJIUTa 3aJaHHOMN
KOHIIEHTpAlluu U 0e3 Hero (T.e. B YHCTOM BO3MyXe). DKCIEPUMEHTAIBHBIC TaHHBIE XOPOIIO
ANIpOKCUMUPYIOTCS JIMHEWHOH 3aBHUCHUMOCTBIO, XapakTEpHOM [UIsi Ta30BBIX CEHCOPOB
TepMoKaTanuTudeckoro tuna [11, 12]; mpu 3TOM 4yBCTBHTENBbHOCTH cocTaBisier 50 MB Ha

10 000 ppm (1%) meraHa.
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PI/ICYHOK 6 3aBUCHUMOCTDH OTKJIMKA CCHCOpPA OT KOHOCHTpAlUX METaHa IMpru MOIITHOCTHU
351 mBrT.

Figure 6. Dependence of the sensor response on the methane concentration at a power

of 351 mW.
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3AK/IIOYEHHUE

[IponemMoHcTprpOBaHa BO3MOKHOCTh M3TOTOBJIEHUSI TEPMOKATAIMTUYECKUX Ta30BbIX
CEHCOPOB C KaTaJUTHUYECKHM CJIIOEM Ha OCHOBE HAHOYACTHIl NaJIaJus, CUHTE3UPYEMBIX
METOJ/IOM MCKPOBOM abJIAIMK C UCIIOJIb30BAHUEM CIUTKOB Mayuiaaust yuctoron 99,96 mace. %
B KauyecTBe UCXOAHOro marepuaia. CeHcop pean30BaH Ha OCHOBE KOMMEPUYECKH JOCTYITHON
MBMC nnaT¢opmbl, BKIIIOYAIONIEH TOHKYI0 MEMOpaHy 13 CTEKJIOKEpaMUKH ToimHo#i 50—60
MKM C WHTETPHPOBAHHBIM MHKpPOHArpeBaTelieM, Ha KOTOPOH METOAOM MHKPOILIOTTEPHOU
nevyatu (opmupyercs CJIOW KaTaJUTHUYEeCKH aKTHUBHOIO MarepHajia C HCHOJIb30BaHUEM
(GYHKIIMOHATIBHBIX YEPHWJ Ha OCHOBE CHHTE3WPOBAHHBIX HaHOYACTUI. M3roTroBieHHbIE
TEPMOKATATUTHUYECKUE CEHCOPHI IEMOHCTPUPYIOT BBICOKYIO YYBCTBUTEIBHOCTh K MeTaHy (50
MB Ha 1% wmerana) npu mnonHoW mnorpebasemoil MomHocTH nopsaka 350 mBT, uto
COITOCTaBUMO C XapaKTePHCTUKaMU KOMMEpPYECKHX aHaJoroB, mpou3BoauMbix Figaro USA
Inc., SGX Sensortech, Zhengzhou Winsen Electronics Technology Co. Bsicokas
YyBCTBUTEIHHOCTh K METaHy [OCTUTaeTcsi 3a CYeT Malloro pa3Mepa U BBICOKOM
KaTaJIUTHUYECKON aKTUBHOCTH NaJIJIaIME€BbIX HAHOUYACTHII, a TaKXKe Oi1aroapsi UCIOIb30BaHUIO
B KOHCTpYKIMH ceHcopoB MOMC muatdopmMbl Ha OCHOBE TOHKOM MeMOpaHbI U3
CTEKJIOKEPaMUKHU. [TpeumyiecTBOM MPEI0KEHHOTO crocoba dbopMupoBanus
KaTaJUTHUYECKOTO CJOs SIBISETCS DSKOHOMHS JOPOTOCTOSIIEr0 Karaiau3aTopa, KoTopas
oOecrieunBaeTcs aJpeCHbIM HaHECEHHEM (PYHKIMOHAJIBbHBIX YEpHUI Ha MeMOpaHy, U
MUHHMH3ALUS PUCKA €€ TMOBPEXKICHHs, YTO TOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh JaHHBIX
ceHcopoB. TakuM 00pazoM, MpeI0KEHHOE TEXHUYECKOE peIlIeHUEe SBISETCS ePCIIEKTUBHBIM
JUIS. U3TOTOBJICHUS T'a30BBIX CEHCOPOB TEPMOKATATUTHUYECKOTO THIA, KOTOPhIE MOTYT OBITH

UCIIOJIb30BAHBI JIJISl MOHUTOPUHTA YTEYEK B3PHIBOOIIACHBIX T'a30B.
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