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BJIMAHUE HAITPABJIEHUA OPUEHTAIIMU BOJTIOKHA B OBPA3IE
KAPTOHA HA COOTHOHIIEHHUE PACTATI' UBAIOIIUX, CKUMAIOIIUX
U CABUT OBBIX JE®OPMALUI ITPU UCITBITAHUU HA PACTSI)KEHUE

A.H. Pomanosa, 51.B. Kazakos, A.B. MajikoB
Cesepnuiii (Apxmuueckuii) ghedepanvrulii ynusepcumem, 2. Apxaneenvck, Poccus

Jlana xonuuecmeenHas OyeHKa BeNUHUHbL U HEOOHOPOOHOCMU JIOKANbHBIX Oedhopma-
yul 6 06pa3yax KapmoHa Mon-ianHep npu UCNLIMAHUU Ha pacmsadxcenue. Mcnonv3osano opu-
CUHATILHOE NPOSPAMMHOE 0becneueHue, no36osouee 8bloelums pacmsaeusarowue, CoHcuma-
owue U cogu2ogvle cocmasialowue oegpopmayuu. YcmanoeieHo U KOIUYECHmEEHHO NOO-
MBEPIHCOEHO, Umo 8 00pasye, BblPe3aHHOM Noo yerocm 45 ° cosucoevie deghopmayuu Makcu-
MAbHYL, YMO 00YCI06IEHO AHUZOMPONHOU U HEOOHOPOOHOU CIMPYKMYPOU YETI0JI03H020 60-
JIOKHUCMO20 Mamepuaia

THE INFLUENCE OF THE FIBER ORIENTATION DIRECTION
IN A CARDBOARD SAMPLE ON THE RATIO OF TENSILE,
COMPRESSIVE AND SHEAR DEFORMATIONS IN THE TENSILE TEST

A.N. Romanova, Y.V. Kazakov, A.V. Malkov
Northern (Arctic) federal university, Arkhangelsk, Russia

A quantitative estimate of the magnitude and inhomogeneity of local deformations in
samples of a cardboard top liner during a tensile test is given. Original software was used,
which allows to identify tensile, compressive and shear components of deformation. It is es-
tablished and quantitatively confirmed that in a specimen cut at an angle of 45° to MD the
shear deformations are maximal. Which is due to the anisotropic and heterogeneous structure
of the cellulosic fibrous material.

HeonHopoIHOCTh CTPYKTYpBI LEJUIIOJIO3HO-OYMaKHOTO Martepualia oly-
CJIOBJICHA XapaKTEPOM PAaCIOJIO0KEHHUSI BOJOKHUCTBHIX, B YACTHOCTH IIEJIIIOJIO3-
HBIX, ¥ JPYTUX KOMIIOHEHTOB BO BceM oObeme iucta [1,2]. Ornenka HeoJHOPOI-
HOCTU CTPYKTYphl MaTepuala MPOU3BOAUTCS BU3YaJbHO IO CTENEHU HEOJHO-
POAHOCTH €ro MPOCBETA.

[Tpucymas cTpykrype OymMard M KapToHa T'€TE€POTreHHOCTh SIBIISIETCS OC-
HOBHOW TNMPUYMHON BO3HUKHOBECHUS HEOJHOPOJHOCTEW IOJIEH JIOKAIBHBIX -
dbopmanuii pu NPHIOKEHUM HArpy3KH, a BO3HHKAIOIIME B ITOT MOMEHT Ha
KOHIIaX ME>KBOJIOKHUCTBIX CBSI3¢l NMUKOBBIC HAMPSHKEHUSI MPUBOISAT K IOCTe-

IIEHHOMY HeOoOpaTMMOMY pa3pyLIEHHIO0 CTPYKTYpPHOIO Kapkaca Marepuaia
[3.4.5].
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[enps paboThI 3aKiI0YaIach B OLEHKE BIUSHUS HAPABJICHUS OPUEHTALUN
BOJIOKOH B CTPYKTYpPE KapTOHA Ha paCMpeIeNIEHUE JOKAJIbHbBIX PACTATUBAOIIUX,
CXKUMAIOIIUX W CIABUTOBBIX JedopMarvii mpu MPUIOKEHHH PACTITUBAIOIICH
Harpy3KHu.

Jlis mpoBeAeHUS SKCIIEpUMEHTa ObLI UCIOJIb30BaH KapTOH TOI-JIailHep ¢
OelbIM BEPXHHUM CJI0eM M Maccoit 125 r/m?. JIMCThI KapTOHa NpeaBAPUTEILHO
otOupanuch 1o BenuuuHe yria TSO, 6nu3koil k Hymo. Ha nuneByto mosepx-
HOCTh OTOOpaHHBIX JIUCTOB C MOMOIIBIO CTPYHHOTO MpUHTEpa ObLIa HaHECeHa
ceTka Touek (y3JIoB) ¢ pazmepaMu sueiiku 4x4 MM (yrojl HaKJIOHa CETKU K Ma-
HIMHHOMY HampasieHuro coctasisin 0, 15, 30, 45, 60, 75, 90° cOOTBETCTBEHHO
JUTSL KaXk10T0 JucTa). M3 TucToB KapToHa Obla MOJATOTOBIIEHA cepusi 00pa3IoB
(mo Tpu oOpasia B KaxaoW cepuu) B BHje Mojioc ¢ pasmepamu 200x25 Mm
(25%6 y3710B), BBIpE3aHHBIC TAPAIJIEIBHO CTOpOHAM ceTku. OOpasiipl moBepra-
JIMCh PACTSDKEHUIO HA BEPTUKAJIBbHOU paspeiBHOM MammHe UTC-101 co ckopo-
CThIO pacTsbkeHust 10 MM/MUH HENIOCPEICTBEHHO OT MOMEHTA Havaljla ee IpHJIo-
KEHUS U 70 MOMEHTa (PU3UYECKOTO pasjesieHus o0pas3lia KapTOHA Ha YacTH —
paspywenus. IIpouecc ucCHbITaHUS COMPOBOXKIAJICA OJHOBPEMEHHOW IOCE-
KyHIHOU (hoTOoduKcalmell nmpouecca pacTsyKeHUs U perucrpauueid KpUBbIX 3a-
BUCHMOCTEN «HArpy3Ka-yIiuuHeHne». GOoToCheMKa IPOU3BENCHA C Pa3peILICHU-
em 24 meranukcens (6016x4016), pexxum sRGB, 24 6ut co ckopocTsio 1 kaap B
cekynny. UcnonszoBana kamepa NIKON D600, oowektuB AF-S Micro-Nikkor
60/2.8, dokycHoe paccrosuue 60 mm, nuadparma f/8, Beiaepxkka 1/100 c, cBe-
touyBcTBUTENBHOCTH [SO 1600. IIpn Mmaremarnueckoil 00pabOTKE TaHHBIX KpH-
BBIX OIpEeNsieTCs] MOAYJIb YIPYTOCTU M CHEKTP MPOYHOCTHBIX U Jedopmaru-
OHHBIX XapaKTEPUCTUK MaTepuana [6].

JI71st IOTy4eHUs] KOJIMYECTBEHHBIX XapaKTEPUCTUK JTAHHBIX SKCIIEPUMEHTA
U BU3yaJIbHOW HMHTEPIpPETAlUU pe3yIbTaTOB HUX 0O0pabOTKM Obula IMpUMEHEHa
CIieMaIbHO pa3paboTaHHash KOMITbIOTEpHAs porpamma [7].

[Tonp3ysich BETMYMHOMN pa3pellieHUs] CHUMKA, PACCUUTBHIBAIOTCS CMEILICHHS
TOYEK B MUJUIMMETPAX U, MO OCU X (BIOJb HPOAOJIBHONW ocu oOpasua), u, 1o
ocu y (mepneHIuKyJIIpHO MPOAOJIBbHONU ocu o0pasiia), puc.l, U paccCUUTHIBAIOTCS
IPOJOJIbHBIE, € NONEPEUHBIE €y, U CABUTOBBIE Yy, JIOKAJIbHBIE AepopManuu. Jis
KQXJIOrO0 3JIEMEHTApHOIO KBaJApaTa BBIMOIHAETCS pacyeT sl 4YeTbIpeX Tpe-
YTOJBbHUKOB M BBIUUCISAETCS cpeaHee 3HaueHue. [lomydeHHble BETUYUHBI JIO-
KaJIbHBIX Je(OopMaliii UCHOJB3YIOTCS JJI PACUETOB HAINpPsKEHUU B oOpaslax.
OIHOBPEMEHHO IO KPUBBIM 3aBUCHUMOCTEN «G—&)» ONPENENIAeTCs] MOAYb YIIPY-
TOCTH, YCTaHaBJIMBaeTCs odmas aegopmariis B 00Opasiie B MOMEHT CHUMKA [6].
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Puc. 1. Onpenenenrie KOOpMHAT Y37I0B CETKH JI0 U MOCJIE€ PACTKEHUS
C UCIOJIb30BAHUE MPOTPaMMBI [6]

[Tocne maTemaTnueckoit 0OpabOTKU KOOPAMHAT U CMELICHUH Y3JI0B CETKU
JI0 U MOCJE PACTSKEHUsI ObUIM MOJYYEHbI AHarpaMMbl paclpeaesieHusl JIOKalb-
HBIX JepopManuii U HaOpsDKEHU B oOpas3le Mpu pacTsyKEHUHU, pUc. 2, M03BO-
JSIIOLIME BU3YaJIbHO OLIEHUTh PaclpeiesIeHue JIOKAIbHBIX AedopManuil B 00-
pasle KapToHa.
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Puc. 2. I'paduku pacnpenencHust JOKaIbHBIX MPOIOJIbHBIX, TONEPEYHBIX U CABUTOBBIX
nedopmanuii (a,6,8) 1 HaNIPsHKCHUI(2,0,¢) Ha puMepe oopasma «0°»

e

KonnyecTBeHnHas OILICHKa O6Hap}’)KeHHI>IX HGOI[HOPO,Z[HOCTGI‘/JI IMpOU3BOAU-
JIACb II0 THUCTOrpaMMaM pacCIpCACICHHA JIOKAaJIbHbIX Haﬂpﬂ)KeHI/Iﬁ )41 ;:[e(bopMa-
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i (puc. 3) U MyTeM CTAaTUCTUYECKOW OOpaOOTKU IMOJYYEHHBIX JAHHBIX C
ONpEIEICHUEM CPEAHUX M CTaHAAPTHBIX OTKIOHEHUH Gy. 3a XapaKTEPUCTHUKY
HEOJHOPOJIHOCTH JIOKAJbHBIX HaIpshKeHUH M Jedopmanuil ObLIO MPUHATO
CpelHee KBaJpATUYECKOE OTKIOHEHHE.

TlEopMalii NEORONEHEIE [Fedopuauun nonepesnsie. Dedopwauin casira
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Puc. 3. T'ucrorpammsl pacripeeneHus JOKaIbHBIX MPOIOIBHBIX, TOTIEPEYHBIX U C/IBU-
roBeix Aedopmanuii (a,0,6) n HanpsHKeHUM(2,0,e) B oOpasie «0°»

B ocHOBy mpumeHsieMON METOIUKHM pacueTa MOJIOKEH METOJ] KOHEYHBIX
anemenToB (MKD) /ist TpeyroiabHbIX U30MapaMeTpUUeCcKuX 3aeMeHToB [7]. s
OTIpeICIICHUST PACTSHKCHUS, CKATHS U CMEIIEHUS KaXKIOTO dJIEMEHTa COCTaBJIs-
foriero ooy aedopmaruio ObUIO HCIOJIB30BAHO CIEAYIOIIEE COOTHOIICHUE
(ypaBHeHus 1,2):

¢ |=BxU (1)

rae B — marpuna rpaauenToB; U — BEKTOp CMEIIEHUS y3J10B CETKU

_xl —xl"_
N
Eu| [2=» 0 »-» 0 y-y 0 b )
X, —x (2)
e, =| O X=X, 0 X, =X 0 X, =X |% .
' =y
Yay X=Xy W=V X=X Vi=N NL=X N—0 : Z
X3 =Xy
_yz_yg_
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rae x.,vi, i =1, 2, 3 — koopauHatel 1, 2 U 3 y370B TPEYroJbHOIO 3JIEMEHTA, U3-
MepsieMble 110 (X;,);) ¥ Tociie pacTspKeHus (x”, yf ).

Ha puc. 4 noka3zaHo BIUSIHUE TPEUMYIIIECTBEHHOTO yIJIa OPUEHTAIUU BO-
JIOKOH, M3MEHSEMOE 3a CUeT BBIPE3KH O0pa3loB IMOJ pa3HbIMU YIJIaMHU K Ma-
IIMHHOMY HAIpaBJIEHUIO, HAa Cpe/lHee 3HAaUeHHEe JAedopMaliii U UX CTaHIapTHOE
OTKJIOHEHHUE JIsl KOHEYHBIX 3JIEMEHTOB B 00paslie KapTOHA TOM-JailHEp mpu
pactspkeHuu a0 1,5 MM.

0,010 - 1 0,010

)§ 1
3

O
5 3
8 0,008 &
) =
g 2 =
x o @
i =1 g
T T
3 0,006 £
g T 4
© —
: x 2
c B 3
g €3
s 0,0049 3
5 °
s £ 0
5 o o
(] =
® =c g
g 0,002 @
3 E:
8 3
(&)

0,000 ' : : ' : 0,000
0 15 30 45 60 75 90
Yron k MD
Puc. 4. Bnusinue HanpaBiieHUs BbIpE3KH 00pasiia Ha cpeiHue 3HaueHus aedopManuii
(1,2,3) u ctangapTHOE OTKJIOHEHHE IeopMaliiii KOHEUHBIX dnemMeHToB (1', 2', 3 ") mpu
pacTspkenuu 10 1,5 mM: 1 — nedopmannu pactskeHus; 2 — neopmaruu cxatus; 3 —
nedopmaiuu cBura

Jlanubie puc. 4 MO3BOJISAIOT 3aKJIIOUUTh, YTO, YTO MPHU MOCTOSTHHOW BEJIH-
yuHe oOmien aedopmaiy odpasia, Py YBEJIMUYCHUH yIJIa TPEUMYIIIECTBEHHOM
OpUEHTAllUd BOJIOKOH B 00paslle, JOKaJlbHbIE paCTATMBAIONIME AePOpMaLMU
BO3pacTaroT (KpuBas 1); cxxuMaromye — yMeHbIIaTCs (KpuBas 2); CABUTOBBIE —
UMEIOT MaKCUMAaJIbHBIM Tipeaent npu 45° k MD (kpuBast 3); HabOmromaeTcss pocT
CpeIHEeH BEJIMYMHBI CABUTOBBIX Je(OpMalInii IPU YBEIUYCHUH YTJIa BBIPE3KU OT
0 10 45°, 1 CHIDKEHHUE PTOUM BEJIMYMHBI MPU YBEJIUUYECHUH yIJIa BBIPE3KH OT 45 110
90°. Tlpu 5TOM HEOAHOPOIHOCTH JIOKAIBHBIX JedopMalvii, olleHHBaeMas IO
CpeHEMY KBaJpaTUYECKOMY OTKJIOHEHHUIO, U3MEHSIETCS] HE3HAUUTENIbHO. PacTs-
ruBaronme aedopMaluu JTOMUHUPYIOT, MOCKOJIbKY BO3HUKAIOT BIOJb JIMHUU
pPaCTSKEHUS.
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[Ipeobnananue nedopmanuii casura B oOpasiiax, BRIPE3aHHbBIX MO YTIJIOM
45° x MD, moarBepkaaercss TeM (aKTOM, YTO JIMHHUS pa3pylieHus obpasia
MPOXOIUT TaKXKe MOJT YoM 45° K IpoI0JIbHOM ocH o0pasiia.

Takum oOpazom, B pe3yibTaTe MPOBEACHHBIX HCCIEIOBAHUM, MOJTYYCHBI
HOBbIE KOJIMYECTBEHHbIC JAaHHBIE O MepepacnpeeiCHUU COCTABISIOMMNX 00IIei
nedopManuu nMpu M3MEHEHHWM YyIJia BbIpe3ku oOpasua. Ha mpumepe TapHOro
KapToOHa TOM-JIalHEp [I0Ka3aHO, YTO B HEOAHOPOJHOM TMojie nedopmaiui,
BKJIFOYAIOIINX PACTSATHBAIONINE BIIOJb JIMHUM HATPYXKEHUS, CKUMAIOIINE TOTe-
pEK JIMHUU Harpy»eHUs U CIIBUTOBBIC, MPHU yTJie BBIPE3KH oOpasia 45° mpeold-
JaJat0T CABUTOBBIE JepOopMallid, 4TO OOYCIOBIEHO aHW30TPOITHOW M HEOJIHO-
POJIHOM CTPYKTYPOH LIEJUTIOJIO3HOTO BOJIOKHUCTOTO MaTepuaia.
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