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Annomauus. V13ydaercst HaKoIUIEHWE TIOBPEXKICHUI B MaTepraje, COCTOSIIEM U3 YIJIEPOIHBIX BOJIOKOH, OPTaHO-
TJIACTUKOBBIX BOJIOKOH M SITOKCUIHOM CMOJIBI, TIPY MAJIOLIMKIIOBOM Harpy>keHuu. PaccMoTpeHa 3a1adya KOHCOJTbHOTO
Mn3rnba IUIACTUHBI C JKECTKUM HarpyKeHueM cBoOoaHoro Topiia. [TomxydeHsl adhdeKTUBHBIC 3HAYEHUS TIOTIEPEIHOTO
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Abstract

There are requirements for the resource strength of aircraft in the aviation industry. It is necessary at present to perform
costly and lengthy full-scale tests to meet the said requirements, virtual tests are being implemented hereupon. Just now,
techniques for the resource computation require extra studying and incapable of replacing completely the full-scale tests.

There are requirements for the resource strength of aircraft in the aviation industry. It is necessary at present to perform
costly and lengthy full-scale tests to meet the said requirements, virtual tests are being implemented hereupon. Just now,
techniques for the resource computation require extra studying and incapable of replacing completely the full-scale tests.

The presented article is studying the accumulated damages in composite materials at the low-cycle cantilever bending.
The full-scale experiment on cantilever bending of a structurally congruent flexible element is adduced. Residual
deformations were being observed on the samples after the load was removed. The hypothesis on the residual deformations
origination due to the cracks formation in the transversal layers of a composite material is being put forward. The majority
of the known works on the said subject [ 1-9] consider behavior of the simplest plates. The presented article studies a flexible
element from a composite material with complex physical and geometrical characteristics.

The object of the study is a structurally congruent flexible element from the composite material, which serves as an
overlay between the tail part of the wing and lift devices. This element is being installed in preload and deformed, tracking
the deviations of lift devices, being in constant contact with it. This allows hiding the gap between the tail section of the
wing and the lift devices, creating thereby a continuous acrodynamic contour. In the works [10-11], various designs, in
which a closed loop is implemented between the wing and the lift devices in various deflection modes, are presented.

The author solved the following tasks:

1. The cantilever bending calculation of a structurally congruent flexible element in a geometrically nonlinear
formulation by the finite element method. The finite element model employs three-dimensional (volumetric) elements.
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The monolayer of the composite package was modeled into one element by the height. The model is fixed on the end face
over all degrees of freedom. The stop was modelled in the form of a cylinder, to which a hard loading was applied in the
form of the vertical displacement. All remaining degrees of freedom of the stop member were prohibited. A contact was
applied between the structurally congruent flexible element and the stop.

2. Identification of theoretical calculations based by the full-scale experiment results.

3. Analytical calculation of the composite material package stiffness characteristics degradation. The process of micro-
defects accumulation is assumed to be mostly a corollary, which is being regulated by physical thermodynamic laws, based
on the entropy approach [12-15]. Micromechanical approach [16-19] is being used to associate the material damage with
its appropriate properties and exact description of the degradation effect. A technique for the composite material properties

degradation computing is described in [20].

The obtained results of the package stiffness characteristics degradation demonstrated a behavior similar to the full-
scale experiment. Based on the obtained results, the inference may be drawn that the hypothesis on the cracks origination
in the transversal layers of a composite material describes the material behavior.

Based on the data obtained, it can be concluded that the hypothesis of the occurrence of cracks in the transversal layers
of the composite material describes the behavior of the material quite acceptably.

Keywords: properties degradation, damage accumulation, layered composites, transversal cracking
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Beenenue

B aBMalIMOHHO MTPOMBIIIJIEHHOCTH CYIIECTBYIOT TPe-
OoBaHUsI K PECYpCHOM MPOYHOCTH JIETATeJIbHBIX arllapa-
TOB. JIJIs yIOBJIETBOPEHUST ITUX TPEOOBAHMIT IIPOBOISATCS
JIOPOTOCTOSIIIME W JUTUTEIbHbIE HaTypHbIC UCIIBITAHUS;
MPOUCXOIUT BHEAPEHUE WM BUPTYaJIbHBIX MCITBITAHWIA.
CylecTByoOllIMEe CEroAHs METOAMKU pacueTa pecypca
TPeOYIOT TOMOJHUTEIbHOIO U3yYeHUs U TTOJIHOCTHIO 3a-
MEHUTb HaTypHbIE UCTILITAHUST HE CTIOCOOHBI.

Lenblo naHHOI PabOTHI SIBJISIETCSI MCCIIEAOBaHUE Ha-
KOIUIEHWsI ITOBPEXXIEHMS B KOMITO3UIIMOHHBIX MaTeprajiax
(KM) npu MasolIMKI0BOM KOHCOJIbHOM U3TH0e.

3agayu KccienoBaHus:

1. IpoBeneHne HATYPHBIX UCIIBITAHUI KOHCOJIBHOTO
M3rnbda KOMIO3UIIMOHHBIX TTaHEe e TIPY MaJIOLUKIOBOM
Harpy>XeHuH, OoIpeaeieHre OCTaTOYHBIX nehopMaruii
OT JACUCTBYIOLLIE HArPY3KU.

2. OnpeaeneHue HaMpsKEHUI B MOHOCJIO€ KOMIO3U -
LIMOHHOM MaHeIu MeTOA0M KOHeuHoro aiemeHTa (KOM).

3. AHaJIMTUYECKMIT pacyeT Jerpajaauy XKeCTKOCTHBIX
XapaKTepUCTUK MaHeau uz KM.

OnHUM M3 HauboJiee YacTO BCTPEeYalOLIUXCsI MU-
KpoaedeKTOB SIBISIIOTCS TPEIIUHBI B TPAHCBEPCATBHBIX
cnosax KM. B [1-9] moapoOGHO paccMOTpeH mpolecc
X 00pa30BaHMS TIPU CTATUYECKOM M LIMKJIMYECKOM Ha-
rpyxeHuu. B 6onplunHCTBe paboT Mo JaHHOW TemaTu-
K€ paccMaTpuBaeTcsl MpocTeiilliee MoBeaeHue TIacCTUH
13 KM ¢ cMMMeTpUYHOI YKJIAKOM Y TTIOCTOSTHHOM TOJIIIIMHOM
BceueHuu. B naHHOI cTaThe MpUMEHSIETCs IIIMPOKO U3BECTHAST
METOIMKA pacyeTa Aerpanaliiy KeCTKOCTHBIX cBoricTB KM Ha
00pasLiax co CI0KHBIM Ae(hOPMUPYEMbIM COCTOSTHUEM.

B o6pasuax 3z KM mociie cHSATUST HArpy3kKu Ha-
OJIroanrch ocTaTouHble AedopMalii, U B HACTOSILEH
paboTe BBIABUTAETCSI TUITOTE3a O TOM, YTO OCTAaTOYHBIE
nedopmaliuy BO3HUKAIOT BCIICACTBHE MTOSIBJICHUSI TPEIIIMH
B TpaHCBepcalbHbIX ciiosgx KM.

OOBEKTOM UCCIICTOBAHUS SIBISIETCSI KOHCTPYKTUBHO
Moa0OHbBIN TMOKUit aeMeHT U3 KM, KOTOpBIiA CIIyKUT

HaKJaJAKol MeXay XBOCTOBOM 4acCTbhiO KpbLia U MEXaHU-
3alueil. JIaHHbI 21eMeHT yCTaHaBJIMBAETCS B IIPpeAHATSIT
u aeopmMupyercsi, OTCAeKUBasi OTKJIOHEHUST MeXaHu3a-
LIMU, HAXOJSICh C Hell B MOCTOSIHHOM KOHTaKkTe. DTO MO-
3BOJISIET CKPbITh 3a30p MEXIY XBOCTOBOI YaCThIO KpbLia
U MexaHu3aluei, TeM caMbIM CO3[1aTh HENpPEPbIBHbIMI
aspoAuMHaMUUYecKuil KoHTyp. B padortax [10—11] mpuse-
JIeHbl KOHCTPYKIIUU, B KOTOPBIX peau3yeTcsl 3aMKHYThI
KOHTYp MeXIy KpbUIOM M MeXaHu3aluell B pa3IMYHbIX
peXuMax OTKJIOHEHMUSI.

ITpu skcryaTauuu ruOKOro sjeMeHTa CyIeCTBYeT
psa mpodJiem:

1) nerpagauust cBoiictB KM 1pu MaJlOLMKIOBOM Harpy-
SKEHUU TTPUBOIUT K KPUTUUIECKOI IMOTepe KeCTKOCTU, THOKUI
9JIEMEHT NEePECTaET BLITIOIHSTH CBOIO LIEJIEBYIO (DYHKIINIO;

2) rUOKUi 3JIEMEHT HAXOAUTCS B TOCTOSTHHOM KOHTaK-
Te C TOABMKHBIMU 3JIEMEHTAMU MEXaHU3alUu, BCJIEACTBUE
Yero MporCXOIUT UBHOC KOHCTPYKLIMU OT TPEHMUS;

3) HMKJIHWYECKOE HArpyXeHHe MOXET MPUBECTU
K pa3pylIeHUI0 KOHCTPYKIIUU WU MOTePe XKECTKOCTHBIX
XapaKTEepUCTUK MaTepuaa;

4) octatouHble 1eopMallu OT AeHCTBUS pa3IUUHbIX
BUIOB Harpy>XeHus TMPUBOASIT K 00pa30BaHUIO 3a30pOB
MeXy KPbLJIOM U MeXaHU3allueil.

IpeameTom nccaenoBaHUs TaHHONH PAOOTHI SIBJSIETCS
JIerpagalmsl )KeCTKOCTHBIX XapaKTEPUCTUK KOHCTPYKTUBHO
Mmoao0Horo rudkoro sseMeHTa u3 KM rpu MajgolMKI0OBOM
KOHCOJIbHOM M3ruoe.

1. O0bEKT HCIBITAHUS

O6pazeu uz KM npenacraBisieT co00i MJIacTUHY
IepeMeHHOM ToMIUHBL ¢ pa3Mepamu 240 x 160 (MMm)
u ykyaakoi cioeB 0—90 rpanycoB B r100aIbHOM cucTeMe
koopauHat (CK) (puc. 1). O6paselr u3rotoBjieH U3 Mpe-
Tpera OpraHoIUIaCTUKA U YIJIeTUIACTUKA. YTIIbl YKIIAJAKK
MpeJCcTaBaeHbI B Ta0. 1.

[MOKMi1 37IEMEHT COCTOUT U3 CJIOEB OPraHOIIACTUKO-
BBIX M YIJIEPOHBIX BOJIOKOH. XapaKTepUCTUKM MaTeprasa
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30 HarnpaBienne BEIKIAIKH MaTebHaa
1 > _.,_4-.5_
y 33—1 XXX x] N |
240 i
X 85
; 5*11=5
T'no6anpras CK Ceuenne A-A
’ Croii 24 ‘ 5 1.56 55 10
’ Ciotd 1 ‘
Puc. 1. Teomerpuueckue napameTpbl (MM) M cxeMa YKJIaJ0K KOMITO3UIIMOHHOTO MaTepuasa
KOHCTPYKTHBHO MTOIOGHOTO THOKOTO 3JIEMEHTA
Tabauya 1
CxeMa yKJIaJI0K KOMIO3UIIMOHHOTO MAaTepHaJjia B THOKOM 3JieMeHTe
(*martepuan «O — OpraHomIaCTuK, ¥ — YIIEMIACTHK»)
No cost 1 2 3 4 5 6 7 8 9 10 11 12
Yron yknanku 90 90 90 90 0 90 0 90 0 90 0 90
Marepuan (0] Y Y v (0] (0] (0) (0] (0] (0) (0] (0]
No criost 13 14 15 16 17 18 19 20 21 22 23 24
Vron yknanku 90 0 90 0 90 0 90 0 90 90 90 90
Marepuan (0] (0] (0] (0] (0] (0] (0) (0] y v y (0]

MpUBEICHBI B Ta0J. 2, Tie £, — MOAYJIb YIIPYTOCTHU BIOJb
BOJIOKHA, F, — MOAyJIb YIIPYTOCTH MOMepeK BoJIOKHA, G,
— MOJIyJIb CIIBUTA, L, — KoadduuneHt [Tyaccona.

2. ITopsnoK npoBeAeHUs UCTIBITAHMI

OO6pas31ibl UCTIBITHIBAMCH IPYIIIaMU 110 TISITh IIT. [Tepes,
UCIIBITAHUSIMUA O00pa3Ilbl MIPOXOAMIN Hepa3pyllaronit
KOHTPOJIb Ha OTCYTCTBHME MEXaHUUYECKUX MOBPEKICHUI,
3aTeM 3aKPeIUISLIMCh B IPUCIIOCOOICHUST JUTsSl UCIIBITAH U
coriacHo puc. 2. 3akpernieHue OCylIeCTBISIJIOCh MTyTEM
coelMHEeHUs o0pa3ia ¢ rnmpoduieM MeXaHUYECKUM Kpe-
rexoM. [Tporcxonusio moatanHoe HarpyKeHK1e MPUHY/I1 -
TeJbHBIMU TiepeMelieHussMu ynopa Ay = 10, 20, 30, 35, 40,
45,50, 55 MM BIOJIb YCTAHOBOYHOI OCH, 10 HATTPABJICHUIO
K IpoduiIo, B HOPMaJbHbBIX KJIMMAaTUYECKUX YCIOBUSIX.
[Toce kaxmoro stamna Harpy>kKeHMs IIPOMCXOIMIIA PA3TPy3-
Ka, MOCJIe Yero u3MepsuIuCh OTCTaTOYHBIE TeopMaliuy B
KpaiiHelt KpoMKe oOpa3sia.

3. MeTpoJiornueckoe odecrnevyeHne NCIbITAHMIA
1. MeTpoaoruyeckoe obecrneuyeHre UCIbITAHUI CO-
otBeTcTBOBaJIO TpeboBanusm 'OCT PB 0008-006-2020.
2. UcnibiTareibHOE 000PYI0OBaHUE ATTECTOBAHO B COOT-
BercTBuu ¢ TOCT P 8.568-97, TOCT PB 0008-002-2013.
3. CpencTBa u3MepeHuti (B TOM YUCTIe UBMEPUTEJIbHBIC

CHUCTEMBI M U3MEPUTEIbHBIE TTPe00pa30BaTe/In ), MPUMEHSI -
eMBbIe TIPY TIPOM3BONICTBE, UCIIBITAHUSIX U SKCIUIyaTalliH,
BHeceHbl B DenepalibHblii MHOOPMALIMOHHBIA (DOHI 10
00CCIIeUYeHUIO eIMHCTBA U3MEPEHUI U TIOBEPEHBI B CO-
orBeTcTBUU ¢ [lopsiakoM, yTBepxineHHbIM [Ipukazom
MuHucTepCcTBa MPOMBILIUIEHHOCTH U ToproBiu Pd
ot 31 mions 2020 . Ne 2510.

IIpucnoco6nenne I UCIIBITAaHIH

|
‘YcraHoBOYHAS OCh u

'
'
'
'

'

IIpucnocobieHre s HCIBITaHIH

’ |

I'mo6amsras CK

Puc. 2. CxeMa UCTIBITaTEILHOTO CT€HIOA

Tabauya 2
Dusuyeckue XxapakTepucTuku Monoco KM
Tomununa
2 2 2
Marepuan Ey, kre/mm* | E,, kre/MM* | Gy, KTC/MM 1873 MOHOCII0S, MM
OpranHut (Tiperper) 3200 3200 300 0,12 0,12
Yraeractuk 12000 870 970 0,3 0,14
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4. MeTonnKa UCTIBITAHW OblTa pa3padoTaHa ¢ y4eTOM
I'OCT PB 15.211-2002, OCT 1 02656-2008 u mpoiiuia
METPOJIOTUYECKYIO 3KCcTepThu3y B cooTBeTcTBUM ¢ [OCT
PB 0008-003-2019.

5. MI3amepeHue napaMeTpoB IIPpU UCTHBITAHUSIX TTPOBO-
IWJIOCHh C IPUMEHEHMEM CTaHIAPTU30BAaHHBIX METOINK
(MeTonoB) uaMepeHuit unu arrectoaHubix Mo FOCT P
8.563-2009.

4. PacueT KOHCOJIbHOrO M3ru0a KOHCTPYKTHBHO MOX00OHOTO
THOKOT0 3JIeMEHTa METOI0M KOHEYHOTO 3JieMeHTa

I1pousBeneH HeMMHENHBIM pacyeT KOHCOJIbHOTO U3-
ruba KoHeUHO-31eMeHTHOI Moaenn (KDM) KoHCTpyK-
TUBHO TTOI00HOT0 ruOKoro aneMeHra. B KOM obutn
HMCTOJb30BaHbI TPEXMEPHBIE BJIEMEHTHI (0OBEMHEIE).
MoHOCT0#1 KOMITO3UIITMOHHOTO TIaKeTa MOICIMPOBAJICS
B OJIMH 3JIeMeHT 1o BeicoTe. KOM 3akperieHa Ha Toplie
10 BCEM CTENEHSIM CBOOObI. YIIOP CMOAEIUPOBAH B BUJIE
mtrHapa (puc. 3), Ha KOTOPBI MPUKIAIbIBAIOCh XeCT-
KOe HarpyXeHHe B BUJIEC BEPTUKAIBLHOTO TEePEMEIICHUS
Ay = 55 mM. Bce ocraBumMecs cteneHu CBOOOIbI
ynopa ObUIM 3amdpelleHbl. bbll MpUMeHeH KOHTaKT
MEXIYy KOHCTPYKTUBHO MOAOOHBIM TMOKAM 3JIEMEHTOM
U YIIOPOM.

IMonydeHHbIe pe3ynabTaThl HeJIMHEHOTro pacueta KOM
OBLIM MCITOJIb30BaHbBI B AHAJIUTUICCKOM pacyueTe Aerpana-
LIMM XKECTKOCTHBIX XapakTepucTuK naketa KM.

5. Moaenb Aerpajanuy KOMIO3UIMOHHOTO MaTepuaia

[Ipenmonaraercs, 4To MpoOLIECC HAKOTUIEHUSI MUKPO-
ne(eKTOB B OCHOBHOM SIBJISIETCSI CJIEICTBHMEM, KOTOPOE
peryaupyercs ¢Gpu3MIeCKMMU TEPMOAMHAMUIECKUMU
3aKOHaMM, OCHOBAaHHBIMU Ha 3HTPOIMUIHOM MOAXOMIe
[12—15]. J1y1st CBSAI3BIBAHMST COCTOSIHUSI TIOBPEXKISHUS Ma-
Tepuaja ¢ ero COOTBETCTBYIOIIMMU CBOMCTBAMM U IS
TOYHOTO onucaHus 3 deKTa nerpaaalum UCIoab3yeTcs
MHUKpOMeXaHU4eCcKuii moaxon [16—19].

AJITOpUTM OLIEHKH yIlIepOa B KOMITO3UIIMOHHOM CTPYK-
Type OCHOBaH Ha CJICAYIOIIMNX MPEITOJOXKCHUSIX.

1. Kommo3ununoHHast cTpykTypa MoHocsios KM Ha-
XOJUTCSI B COCTOSTHUM TUIOCKOTO HATIPSKEHUS.

2. YcnoBHUe KBa3MCTaTUYECKOTO MJIM IIMKJIMYECKOTO
HarpyxeHus OyaeT NMPONOPLUOHATBHO U3MEHATHCH
COCTABJISIONIMMU HAMPSKEHUI B KOMIIO3UIIMOHHOM
JIaMUHAaTe.

3. BonokHa B KaxXaoM cJioe He IMOJBEpKEHBI
MMOBPEXACHUIO.

4. IMoBpexaeHue B MaTPUIHOM cucTeMe B (opMme

Opl‘aHOHHaCTPl]( — CBETJIO-CEphIC
SIIEMEHTHL.
Vriaemmactuk  —
DJIEMCHTEI.

Témuo-ceprie

o 1 —

Croii 24

T'no6anpnas CK

Puc. 3. KBOM ynopa 1 KOHCTPYKTUBHO MO0OHOTO TMOKOT0 3JIEMEHTA

MHUKPOTPEIINHBI OyIeT paccCMaTpUBaThCs KaK OIWH U3
OCHOBHBIX MEXaHU3MOB pocTa noBpexkaeHuit KM.

5. KoHTaKTbl MEXIYy CI0SIMU OCTAIOTCS HEMOBPEX-
JICHHBIMM.

g onpeneneHus nerpajaly MOAYJIsl YIIPYTrOCTU CJIOST
B IIOIIEPEYHOM HAIMpaBJICHUM W MOMYJS CABHUIa B CJIOE
HCITOJIb30BaJICs cienytomuii anroputm [20] ¢ onpenens-
IOIIIMMM COOTHOIIICHUSIMU:

E}=E,[1-K}S,(t,0,1) ]; (1)

Gy =G, [ 1-KSe(t0,1) |, )

roe G,,, F,, — MOOylIu ynpyroctu maTtepuajaa 6e3
TIOBPEXACHUN,

S, =1-e’E"; 3)

Sy =1-e7"G", (4)

rae Sy S; — XapakTepuUCTHUKa OOIIEero MOBpeXICHUS,
onpeaeasgeMasi Kak cyMMa BCceX MUKpPoaedeKTOB, 10-
CTYIHBIX B JAHHOH TOYKeE IMpoliecca MOBPEXICHUS B pac-
cMaTpUBaeMoOM 3JIeMeHTe o0beMa. MuKkpomnapaMeTphl b
U 1 OTIPENEISTIOTCS U3 SKCIIepUMEHTa. 3HAUEHUSI Helerpa-
JIIMPOBAHHOTO MOJYJISl yIIpyrocTH u cipura E, G.

IMapameTpnl K 2, Ké 3aBUCST OT CKOPOCTU U3MEHEHUS
MOJIYJISI B CJIOSIX, MCTIBITBIBAIOIINX ITOIIePEYHbIC HATIPSI-
KEHHST MEXIY CIIOSIMU. MUKPOTPEIIMHBI TIPHA CXKATHU
HE pacTyT:

m0

e |92
Ki=K,, g ; (&)
206
. M
i Tiz " 012 +|612|
K; =K || a— t— (6)
B 263

3necw m,, m,, m., @ — MUKpOTIapameTp, ONpeaeIeHHbIA
U3 DKCIEPUMEHTA, CBSI3aHHOTO C MPOLIECCOM HAKOTUIEHUS
MOBPEXIEHUN 11 KOHKPETHBIX clloeB; Ky, Ky — Koad-
¢uMeHTsI, onpeaesemMble U3 sKcnepuMmeHTa. Hamps-
XEHUS G OTPENETISIOTCS U3 TPUOIVKEHHOTO PeLeHUsI
¢ nomoipo KOM.

6. Pe3ynbraThl MCTIBITAHMIA

B xonme HaTypHOro sKcriepuMeHTa ObLIU 3aMEPEHbI
OCTaTOYHbIe nedopmalii cBOOOAHON KPOMKU oOpasiia
rocJie KaxJaoro 3Tana HarpykKeHusl nepemMelieHueM Ay.
Ha puc. 4 npuBeneHbl OCTaTOYHBIE MEpeMElLIeHUs CBOOOI-
HOI KpOMKM 00pa3la &, (MM) OT Harpy3Kku Ay, BCJIeICTBYE
KOTOPO¥ OHU BO3HUKIIU.

PaszpyuieHrs1 KOHCTPYKTUBHO MOJO0OHOTO rMOKOTo
9JIEMEHTa He MPOU3O0ILILJIO0 BCAEACTBMUE TOTO, UTO 3aa-
IO TTepeMelleHUS YIOP BhILIE 3a TeOMETpUYECKUe
rpaHulbl odpasua. JJaHHbIA BUI KOHCTPYKTUBHO IMO-
JIOOHBIX 2JIEMEHTOB MMOKa3aj BbICOKHE 1e(DOPMaTUBHbIE
CBOJWCTBA.

Ha puc. 5 npuBeneHa 3aBUCUMOCTb AEHCTBYIOIIEH
BEPTUKAJIbHOM CUJIbl P (KIc) Ha yIop OT lepeMelleHuii Ay
(Mm) yriopa KOM u HaTypHoro skcrepumeHTa. [1pudiu-
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Epem (M) O6pazen 1 | O @ ﬁ
O6pazen2 | @
O6pazen3 | @ D
2 O6pazen4 | A
O6paszen 5 + D U ‘ %
15 ! ’ Q +
(o] *
+ &

. .Q
e B

’ l!
0 5 15 20 25 30 35 40 45 50 55

Ay (mar)

Puc. 4. Ocratounble neopMalni €y, (MM) OT ZEHCTBYIOLIMX
Harpy3ok Ay (MM)

JKeHHOE pelIeHue, MoaydyeHHoe ¢ mpuMeHeHueM MKOD,
MOKa3aJIo0 YAOBJIETBOPUTEIbHYIO CXOAUMOCTb C HATYPHBIM
sKcrepuMeHToM. [TpousseneHa Banuaauus KOM mo pe-
3yJibTaTaM HaTyPHBIX 9KCTIEPUMEHTOB.

Ha puc. 6 npeacraBieHa 3aBUCUMOCTbD JACCTBYOIINX
HanpspKeHUH 6, (Krc/MM?) B MOHOCJIOSIX TTaKeTa BIOJIb X
KOMITOHEHThI TiobanbHoit CK oT Harpy3ku, 3agaHHOM
B Bue nepeMelnieHuid Ay (MM). B ¢Bs3M ¢ MPUHSATBIMU
TMOMYILIEHUSIMU O TOM, UTO JAerpajgaliusi He MOXKET ITPOUC-
XOJIUTh BO BpeMsI CXKMMalOIlel Harpy3Ku, paccMaTpuBa-
JINCh CJIOU, TTOABEPKEHHbIE pacTsixkeHuto. [TonydyeHHbIe
HaMpsSKEHUST UCMOIb30BaJUCh IJIs1 onpeneaeHus a¢h-
(DEKTUBHOrO MOAYJA YNPYrocTu E,, aHaJIUTUYECKUMU
METOJIaMHU.

Ha ocHoBaHuY MoTy4eHHBIX JaHHBIX ObLUT MPOU3BEACH
pacuet 3¢p(GEKTUBHOTO MOAYJS YIIPYTrOCTU Ejd’ rnakera
OT JIEMCTBYIOIIMX HAIPY30K MO HAMPaBACHUIO X KOOPIU-
HaThl rnobanbHoit CK. Ha puc. 7 npuBeneHo cpaBHeHUE
3aBUCUMOCTU 3(P(HEKTUBHOTO MOIYS YIPyroctu E j"’,
MOJYYEHHOT0 aHAIMTUYECKMM PacueToOM U HaliICHHOTO 13
HATypHOTO 3KCIEPUMEHTA OT JIEUCTBYIOLIEN HATPY3KU Ay:

EY=E, /E,, (7)

rne E, — MOAYJb YIIPYTOCTH C YYETOM JIerpaJalliiu;
E, — Momyib YIIpyrocTu ujeajbHOro MaTepuasia 6e3 Ka-
KUX-JIMOO neeKTOB.

BoiBobI

B nanHoit pabote nposeneHa Banugauust KOM c Ha-
TYpPHBIM 3KcriepuMeHToM. [losydyeHo pacnpeneneHue
HanpspKeHUi o ToamuHe naketa KM.

IMonyueHuble HanpskeHUss B KBM ObUIM UCIOJIb-
30BaHbI VI TEOPETUUYECKOrO pacuera Aerpamaluu
JKECTKOCTHBIX XapaKTepUCTUK T'MOKOro djeMeHTa. bbliu
HaleHbl 3aBUCUMOCTH JeTpafalluid MOAYJISl yIIPYTOCTHU B
MOMEePEeYHOM HAIPAaBJICHUU OT NEUCTBYIOIIUX HArpy3o0K.
ITpousseneHa naeHTUGUKALINS TEOPETUYECKUX PACUETOB
0 pe3yJbTaTaM HaTYpPHbBIX SKCIIEPUMEHTOB.

CpaBHeHue 2(hGEKTUBHBIX MOAYJIEH yIPYrocTu TEO-
PETUUYECKOrO pacuyeTa U HaTyPHbBIX UCIBITAHUI MOKa3aIu
XOpOUIYI0 CXONUMOCTh AuarpamMm. Ha ocHoBaHUU Oy~
YEHHBIX JAHHBIX MOXHO CAeJaTh BBIBO/, UTO TMITOTE3a

O IMOABJICHUU TPpaHCBEPCAJTbHBIX TPCIIMH B CJI0OAX KOMIIO-
SUIITMOHHOTO MaT€puajia XOpOIlIO ONMMCHIBACT IMOBECACHUC
KM.
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-
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Lo
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dy
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