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AHAJIMTUYECKHHN METO/I PACUETA HA ) KECTKOCTH U
MPOYHOCTDH CIIOPTUBHO-BEI'OBOM IIVIACTUKOBOM JbI)KA

A. J. HAPKEBHUY*, A. B. [IOJIXOBCKMUIA, C. B. IETHKO, C. A. TIPOXOPYKK

Benopycckuil rocynapCTBeHHBIN TEXHOIOTUUSCKUH YHUBEpCHUTeT, yi. CBepanosa, 13a, 220006, r. Munck, benapycs

K cnopmueno-6ecosbim avidicam npedwvsasnsiom Gulcokue mpebosanusi OMHOCUMENbHO JHCeCMKOCHU,
npounocmu u maccol. CospeMennas cnopmusHo-06e206as vidca npeocmasisem cobol CLONHCHYIO KOHCIMPYK-
Yuio, cocmosyyio u3 psoa QyHKyuoHareHelx croes. Croucmas cmpykmypa u UCHOIb308aHUE NOTUMEPHBIX
KOMNO3UYUOHHBIX MAMEPUATIO8 OAI0M 803MONCHOCMb YIPABAMb HCECMKOCMbIO U NPOYHOCMBIO 8 PA3TUYHBIX
YACAX ILIXHCU, UCTIOIB3YSA PASHOOOPA3HbIEe COYemanus OMOeIbHbIX QYHKYUOHATLHBIX CI0E8.

Llene pabomvr — paszpabomamsv aHARUMUYECKUL MemoO 018 pAcyema HCeCmKOCMmuU U NPOYHOCmU
CpeOHell 4acmu JbldCU U HCeCMKOCIMU nepeoHell U 3a0Hell Yacmetl IblXiCl, 8 KOMOPOM YYUMbI8AlOm He0OHO-
POOHOCHb IbIdHCU NO ee MONUUHe U OUHe, d MAK#Ce BbIA8UMb C NOMOUbIO NPEONALaeMO20 Memood GUAHUe
KOHCMPYKMUGHBIX, CIPYKIMYPHBIX PAKMOPO8 U CEOUCME MAMEPUATOE HA HCECIMKOCMb U NPOUHOCHIb JIbIJKC.

Hccnedyemvle 6 pabome avidicu cocmosim u3 creoyiouux QYHKYUOHANbHBIX CLOE8. apMUpYIOWuULl ciot,
CKOML3SAWULL CNIOU, A02E3UOHHDLIL CIOU U 3anoaHumens. IIpumensemvle cxemvl HAZPYICEHUS OISl ONPedeeHUs.
HCECMKOCTNU U HANPSANCEHUL COOMBEMCMBYIOM HOPMAMUGHBIM OJis UCHbIMAanus bidic. Mcxoonvle oannvie
01 paciema — HOpMAMuUHvle MpedOoBaHUsl, KOHCMPYKMOPCKAs OOKYMEHMAYUs HA AbIICU, Pe3YIbmanibl
UCNBIMAHULL MAMEPUANIO8 (DYHKYUOHANbHBIX Cloes. [lsi pacuema napamempos JdceCmKoCmuy Ibldic U none-
PEUHO20 cedenus U HANpANCeHULl 8 KAXCOOM Cl0e CedeHUsl UCNONb308alu Gopmynsl meopuu uzeuda. Adek-
B8AMHOCMb AHATUMUYECKO20 MemOo0d NPOBEPsAIU HA ONbIMHLIX 00paA3yax nvldc. 3HAYEHUs OMHOCUMENbHBIX
OMKIIOHEeHUU PACYeMHbIX 3HAYeHUll OMm IKCHePUMEHMATbHbIX He npegvicunu 8%. [Ipumenunu smom memoo
O/ OYeHKU BIUAHUS HEKOMOPLIX (PAKMOPO8 HA HCeCMKOCHb U NPOYHOCMb cpedHell yacmu avldcu. Tlpedno-
JHCEHHBIU AHATUMUYECKUTl Memoo0 pacuema HecmKoCmuy U NPOYHOCMU cpeoHell, nepeorell u 3aoHell yacmet
JBIJHCU MOdHCem Oblmb NpUMeHer 05l ONMUMUSAYUU UX CIPYKMYPbl, HEOOHOPOOHOU N0 MOJUUHE U NO ONIUHE
OMHOCUMENbHO 2eOMemPUlU, NPUMEHAEMbIX MAMEPUANO8 CNIOE8 U UX PACHOTIOHCEHUSL.

KiioueBble cjloBa: IbDKa CHOPTHUBHO-OETOBasi, TMOJUMEPHBIM KOMIIO3MIIMOHHBIA MaTepual, H3ru0, >KeCTKOCTb,
MIPOYHOCTh, METOJ pacyeTa, SKCIIEPUMEHT.

THE STIFFNESS AND STRENGTH CALCULATION ANALYTICAL
METHOD FOR CROSS-COUNTRY PLASTIC SKI

H. L. NARKEVICH", A. V. PALKHOUSKI, S. V. SHETSKA, S. A. PROKHORCHIK

Belarusian State Technological University, Sverdlov St., 13a, 220006, Minsk, Belarus

High demands are placed on cross-country skiing in terms of stiffness, strength and weight. The modern
cross-country ski is a complex structure consisting of a number of functional layers. The layered structure
and the use of polymer composite materials make it possible to control the stiffness and strength of skis in
different parts of it, using a different combination of individual functional layers. The purpose of the work is
to develop an analytical method for calculating the stiffness and strength of the middle part of the ski and the
stiffness of the front and back of the ski, which takes into account the heterogeneity of the ski in its thickness
and length, and also to reveal, using the proposed method, the influence of design, structural factors and ma-
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terial properties on the stiffness and strength skis. The skis studied in the work included the following
functional layers in their structure: reinforcing layer, gliding layer, adhesive layer and filler. The loading
schemes for determining the stiffness and stresses in the work were in accordance with the standard for
testing skis. Data for the calculation are regulatory requirements, design documentation for skis, test re-
sults of materials of functional layers. To calculate the parameters of the stiffness of the ski and the cross-
section and stresses in each layer of the cross-section, the formulas of the bending theory were used. The
adequacy of the model was checked with prototypes of skis. The values of the relative deviations of the
calculated values from the experimental ones did not exceed 8%. A method was used in studies to assess
the influence of some factors on the stiffness and strength of the middle part of the ski. The proposed ana-
Iytical method for calculating the stiffness and strength of the middle, front and back of the ski can be used
to optimize their structure, which is non-uniform in thickness and length relative to the geometry, used
layer materials and their location.

Keywords: cross-country ski, polymer composite material, bending, stiffness, strength, calculation method,

experiment.
Hocmynuna 6 pedaxyuro 26.04.2021
© A. H. Hapkesuu, A. B. TTonxosckui, C. B. lllersbko, C. A. IIpoxopuuxk, 2021

Jlyis mproOpeTeHHS MOTHOTO TEKCTa CTAThH, 00paIlaiTeCh B PEIAKIIHIO KypHAIIa
Full text of articles can be purchased from the editorial office

Anpec pepakuun: yi. Kuposa, 32a, 246050, r. 'omens, benapych
Tenedon/paxe: +375 (232) 34 06 36 /34 17 11

Address: Kirov St., 32a, 246050, Gomel, Belarus
Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

E-mail: polmattex@gmail.com
Web: http://mpri.org.by/izdaniya/pmt/

OOpasen nuTHPOBAHUS:

Hapxesuu A. JI., TTonxosckuit A. B., Illetsxo C. B., IIpoxopuuk C. A. AHanmuTH4YeCKUi METOJ| pacdera Ha
XKECTKOCTh U IIPOYHOCTH CIIOPTUBHO-0ETOBOM MIACTUKOBOI NbDKH // [lomMMepHbIE MaTepHalbl 1 TEXHOJIOTHH.
2021. T. 7, Ne 2. C. 72-79. http://doi.org/10.32864/polymmattech-2021-7-2-72-79

Citation sample:

Narkevich A. L., Polkhovskiy A. V., Shet'’ko S. V., Prokhorchik S. A. Analiticheskiy metod rascheta na
zhestkost' i prochnost' sportivno-begovoy plastikovoy lyzhi [The stiffness and strength calculation analytical
method for cross-country plastic ski]. Polimernye materialy i tekhnologii [Polymer Materials and Technologies],
2021, vol. 7, no. 2, pp. 72-79. http://doi.org/10.32864/polymmattech-2021-7-2-72-79

Jlutepartypa

1.

Nachbauer W., Rainer F., Schindelwig K., Kaps P. Effects of ski stiffness on ski performance // 5" Conference and Exhibition on Engineer-
ing in Sport (September 13-16, 2004): Proceedings / University of California, Davis, USA; Eds.: Hubbard M., R. D. Mehta, J. M. Pallis.
California, 2004, pp. 472-478.

. Musxo C. B., Pg6uenko T. B., Ilerpokosen E. M., Ueprnoyc 1. A., Ilenyesa C. H. JlehopManuoHHBI aHAIN3 U OLICHKA KadyecTBa

CIIOPTHBHBIX JIBDK U3 CIOMCTBIX IOJMMEPHBIX KOMIO3UTOB // TeopeTnueckas M NMpUKIaJHAas MEXaHUKA: MEXKIyHapOIHBII Hay4HO-
TexHu4eckuil cOopHuk / benopycckuil HanuoHaNbHBII TeXHUYECKUH yHHBepcuTeT, peakoin.: FO. B. BacuneBuu (nmpex. peaxodn., I
pex.). Munck : BHTY, 2020. Bein. 35. C. 11-18.

. Craspos, B. I1. MexaHnka KOMIIO3UIIMOHHBIX MaTepuaoB. Munck : BI'TY, 2008. 260 c.
. Craspos B. I1. KoHcTpynpoBanue u pacuer M3/enuil 13 KOMIO3HI[MOHHBIX MaTEPHIIOB : yueOHOE MOCcOOHe Il CTYAEHTOB CIeHMaIbHOCTH

T.03.02.00. Y. 2: CtepxueBble KoHCTpYKIHH. MuHck : BI'TY, 1999. 106 c.

. HaynL 2. 3., 3Bsirennes B. b. ﬂpeBeCHHOBe}IeHHC C OCHOBAaMH JIECHOI'O TOBAPOBEACHUS : yqe6H0e rocoGue st CTYACHTOB CIICITHAIBHOCTH

TEXHOJIOTHS AePEeBO0OPaOATHIBAIOIINX IPOU3BOACTB, JIECOMHKEHEpHOe eno. Munck : BI'TY, 2015. 315 .

. Jleamnsbiii B. C., Yepnsiii FO. A. O6padotka nepeBa Ha ctankax. M. : Anenant, 2005. 383 c.


http://mpri.org.by/izdaniya/pmt/
mailto:polmattex@gmail.com
http://mpri.org.by/izdaniya/pmt/

74

A. H. Hapxesuy, A. B. [lonxosckuii, C. B. Illemvko, C. A. Ilpoxopyux

References

1.

2.

Nachbauer W., Rainer F., Schindelwig K., Kaps P. Effects of ski stiffness on ski performance. 5" Conference and Exhibition on Engineer-
ing in Sport : Proceedings. Eds.: Hubbard M., R. D. Mehta, J. M. Pallis. California, 2004, pp. 472-478.

Shil'ko S. V., Ryabchenko T. V., Petrokovets E. M., Chernous D. A., Tselueva S. N. Deformatsionnyy analiz i otsenka kachestva spor-
tivnykh lyzh iz sloistykh polimernykh kompozitov [Deformation analysis and quality assessment of sports skis made of laminated polymer
composites]. Teoreticheskaya i prikladnaya mekhanika : mezhdunarodnyy nauchno-tekhnicheskiy sbornik. [Theoretical and Applied Me-
chanics: International Scientific and Technical Collection]. Minsk : BNTU Publ., 2020, is. 35, pp. 11-18.

. Stavrov V. P. Mekhanika kompozitsionnykh materialov [Mechanics of Composite Materials]. Minsk : BGTU Publ., 2008. 260 p.
. Stavrov V. P. Konstruirovanie i raschet izdeliy iz kompozitsionnykh materilov. Ch. 2: Sterzhnevye konstruktsii [Design and calcula-

tion of products from composite materials. Part 2: Bar structures]. Minsk : BGTU Publ., 1999. 106 p.

. Paul' E. E., Zvyagentsev V. B. Drevesinovedenie s osnovami lesnogo tovarovedeniya [Wood science with the basics of forest commodity

science]. Minsk : BGTU Publ., 2015. 315 p.

. Levadnyy V. S., Chernyy Yu. A. Obrabotka dereva na stankakh [Wood processing on machines] Moscow : Adelant Publ., 2005.

383 p.




	АНАЛИТИЧЕСКИЙ МЕТОД РАСЧЕТА НА ЖЕСТКОСТЬ И ПРОЧНОСТЬ СПОРТИВНО-БЕГОВОЙ ПЛАСТИКОВОЙ ЛЫЖИ
	THE STIFFNESS AND STRENGTH CALCULATION ANALYTICAL METHOD FOR CROSS-COUNTRY PLASTIC SKI
	Литература
	References

