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Annotation

This article provides a method of geometric modeling properties of asphaltic concrete, implemented in
BN-calculation, which provides greater resistance to the change in input data, compared with regression mathematical
models. The aim of the research was to create a geometric model of the process according to the physico-mechanical
properties of asphaltic concrete on the composition and quantity of its components, and its analytical description. The
proposed model represents the dependence of compressive strength on four parameters: the concentration of term polymer
Elvaloy, concentration polymer-waste production of epoxy resins on the surface of the slurry neutralization POES,
penetration and temperature.

In work propose a geometric framework developed on the basis of experimental data analyzed restructured
dissertations. Developed in the geometric scheme obtained by the method of rolling simplex not only combines four
parameters described above, but also takes into account the relationship between these parameters.
On the basis of geometric analysis schemes have been obtained according to, present in as of solving algorithm, which
represent a sequence of point equations.

The results of the work can be used to reduce the number of necessary and expensive experiments, an analytical
description of the process according to the physico-mechanical properties of the asphaltic concrete on the composition and
quantity of its components and research the properties of asphaltic concrete needed for its optimal composition.

IMocranoBka nMpodeMbl. YPOBCHb Pa3BUTHS M TEXHHYECKOTO COCTOSIHUS JIOPOXKHOW CEeTH YKpawHEI
3HAYUTEIBHO BIMSAET Ha IKOHOMHYECKOE M COIIMATIbHOE Pa3BUTHE CTPAHBI, TOCKONbKY Ha/le)KHbIE TPAHCIIOPTHBIE
CBSI3U CTIOCOOCTBYIOT TIOBBIIICHHIO 3P (PEKTUBHOCTH HCIIONB30BaHMS MPOU3BOACTBEHHBIX (JOHAOB, TPYAOBBIX U
MaTepHAIbHO-TEXHUUECKUX PECYPCOB.

AcdanpTobeTOH — Hamboyiee pacIpOCTPaHEHHBIH JOPOKHO-CTPOUTEIBHBIM MaTepHall, NIMPOKOe
TIPUMEHEHHE KOTOPOTO O00ECIIEYNBAET BBICOKHI YPOBEHb HMHIYCTPHUAIH3AINN CTPOUTEIHCTBA KOHCTPYKTHBHBIX
CJIOEB JIOPOXKHOH OJEXABl aBTOMOOWIBHBIX JOPOT M WX SKCIUTyaTallMOHHYIO HaJIe)KHOCTh. B TO ke Bpems
peabHBII CPOK CITYKOBI ac(aTbTOOCTOHHBIX MTOKPBITHIA cocTaBiseT 8-10 j1eT BMecTo BO3MOXHBIX 15-18.

ITocTostHHOE yBENMMUEHHE HHTEHCHBHOCTH JIOPOXKHOTO JIBIKCHHUS, OOJBIIIYIO YaCTh KOTOPOTO 3aHUMAIOT
Gonpmerpy3Hsle  aBTOMOOMIIM, aBTOMOOWJIBHBIE MO€3/1a M aBTOOYCHI, NPUBOIUT K CYIIECTBEHHOMY POCTY
M3HAIIMBAEMOCTH JIOPOKHOTO TMojoTHA. CBoWcTBa achanbToOETOHAa OIPEAEISIOTCS, B IIEPBYIO OYepelb,
KaueCTBOM OpPraHWYECKOTO BSDKYIIETO M TIPOIecCaMH B3aWMOAEHCTBHS Ha TOBEPXHOCTH paszzaena a3
"opraHn4eckoe BSUKYIIee - MUHEPAIbHBIA MaTepuan'.

Jnst mccnenoBaHMs CBOMCTB acgambToOCTOHA M WX ONTUMH3ALMKM B 3aBUCHMOCTH OT COCTaBa
KOMITO3MIIMOHHOTO ~ MaTepHaja, MWCIOJIB3yIOTCS MaTeMaTW4ecKHe MOJENH, IOJy4YeHHbIe, Ha OCHOBE
perpeccuoHHOrO aHanmm3a. Ho Takme MareMaTHdecKue MOJENH He BCETJa COOTBETCTBYIOT HYKHBIM KPUTEPUIM
aJIeKBaTHOCTH MOJIEJIH, @ MHOT/Ia JAl0T 3HAYNTENFHYIO IOTPEIIHOCTD TI0 CPABHEHHIO C HCXOIHBIMH JaHHBIMU.

OCHOBHBIMH HEJOCTATKAMH MAaTeMaTHYECKMX MOJEIEH, TONyYeHHBIX C ITOMOIIBI0 KIACCHIECKOTO
PETPECCHOHHOTO aHaJM3a, SIBISIOTCS KOPPEISIUS MEXIy KOd((QHIMEHTaMHd W TPYAHOCTH B OLEHKE OIINOKH
pacdeTHOTO 3HAYCHMs IapaMeTpa ONTHMHU3anMu. JIpyrMM HEZOCTAaTKOM KIACCHYECKOTO PETPECCHOHHOTO
aHalu3a, B OCHOBE KOTOPOTO JIEKUT METOJ HAMMEHBIIUX KBAApaTOB, SBISAETCS HEJOCTATOYHAS YCTOMUUBOCTh K
W3MECHEHUAM BXOIHON wmHpopManuu. Boobmie, B wuneanbHOW pPErpecCHOHHON MOJENH HE3aBHCHMBIC
MEepeMEHHbIE He KOPPENUPYIOT APYT ¢ ApyroM. OHAKO CUIIbHAS B3aUMOCBSI3b IEPEMEHHBIX ABISAETCSA TOBOJIBHO
YacTBIM SIBICHHEM. ODTO NMPHUBOIUT K YBEIUUCHHIO ONMIMOOK YpaBHEHUS, YMEHBIICHHIO TOYHOCTH OLCHWBAHWS,
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cHIDKaeTcs d(PQPEKTUBHOCTh HCIIONB30BAHUS PETPecCHOHHONH Monenu. [loaTomy BEIOOp HE3aBHCHMBIX
MEPEMEHHBIX, BKIIOYAEMBIX B PEIPECCHOHHYIO MO/JIENIb, JOJKEH OBITh OYEHb THIATENLHBIM.

[IpoBenenusIit B padote [1] aHamM3, B OCHOBY KOTOPOTO JICTJIM PE3YIbTaThl AUCCEPTAMOHHBIX paboT
[2-4], cBsi3aHHBIX C ONTHUMH3ANKEH CBOWCTB ac(haabToOCTOHA, I MATEMAaTUYECKOTO MOJICIUPOBAHMS KOTOPHIX
OBLT MCTIONF30BaH PETPECCHOHHBIN aHAIM3, IOKA3al, YTO OTKIOHCHHS MTOTyYeHHBIX 3HAYCHUH TPH TIOJCTaHOBKE
B YpPaBHEHHUE PErpeccHd OT 3aJaHHBIX 3HAYCHUH KojeOiercs B mpenenax 5-57% mpu mopme 3-4%. Ilostomy
TaK{e MaTeMaTHIeCKHUE MOZICIH HEeNb3sI CAUTATh aJeKBATHBIMH.

Hcxons u3 BhIIIe CKa3aHHOTO, MOXKHO CIENIaTh BBIBOJ O HEOOXOIUMOCTH JAJIbHEHIINX UCCIIEAOBAaHUN U
pa3paboTOK HOBBIX d(D(PEKTUBHBIX CITOCOOOB MOJCTUPOBAHUSA (PUIUKO-MEXAaHHYECKUX CBOHCTB ac(hambToOETOHA
B 3aBUCHUMOCTH OT COCTaBa KOMIIO3UIIMOHHOI'O MaTepHaia.

AHaamu3 nyOaukauuid nmo rteme wucciaenoBaHusi. O CYLIECTBYIOIIMX MAaTEMaTUYECKUX MOJEISAX
(DU3MKO-MEXaHMYECKUX CBOWCTB ac(asbTOOETOHOB OBUIO CKa3aHO BbIE. B 00jacTH reomMeTpuveckoro
MOJICTTUPOBAaHUS (PH3UKO-MEXaHMYECKUX CBOWCTB ac(arbTOOCTOHOB HAa OCHOBE MAaTEMAaTHYECKOTO armapara
«bH-ucuncnenue» [5-7], yxe NpOBOAWINCH IMOJOOHBIE HCCIECIOBAaHHS paHEe, Pe3yJIbTaThl KOTOPBIX ObLIN
m3noxeHsl B [8-9]. Mcmomeiys ocobbie coiictBa BH-ncuncnenns B pabotax [1, 10] 6bu1 pa3paboTan oOmrmii
MOJX0 K TE€OMETPHYECKOMY MOJETHPOBAHUIO, B OCHOBY KOTOPOTO MOJOXEH METOJ MOJBIKHOTO CHMILIEKCA,
paccMOTpeHHBIH B padoTax [11-12].

®dopmyaupoBanue neseii crarbu. Pa3paboraTb reoMeTpUuYEcKyl0 MOAeNb (UIUKO-MEXaHUUECKHX
CBOWMCTB ac()aabTOOCTOHOB U €€ aHAIUTHYECKOE OIHCAHHE.

OcHoBHasi yacTb. s 3QPeKTHBHOrO pelleHHs 3ajjady reoMEeTPUYEeCKOro MOJEIUPOBaHus B pabore
HCTIOJB3YETCSl HOBBIH MaTeMaTHUYECKUI ammapaT TeOMETPUYECKOTO MOICIHPOBAHUS SBICHUH M IMPOIECCOB —
BH-ucuucnenne (Toueunoe ucuucnenue bamoo6si-Haiiapma). OcHoBHOI 31eMenT BH-ucuncnenus — 31o Touka,
KOTOpasl XapaKTepU3yeTcsl psIoM TapameTpoB. KommdecTBo mapaMeTpoB, KOTOPBIE OIMPEICNSIOT TOYKY B
MPOCTPAHCTBE, 3aBHCUT OT Pa3MEPHOCTH STOTO TPOCTPAaHCTBAa. A Jr000# reomerpmyeckuii o0vexkT B BH-
WCUNCJICHUH SIBISIETCS OPTraHM30BAaHHBIM MHOXXECTBOM To4eK. Ilo3TOMy TO4YeuHBIE YypaBHEHUS, KOTOpBIE
OTIPENIeNAIOT TEOMETPHICCKHU 0O0BEKT B IIPOCTPAHCTBE, CIPABEAINBEI IS IPOCTPAHCTBA JIFOOOH pa3MEPHOCTH.
Ora ocoberHocTs BH-mcumcnennss maeT BO3MOXHOCTB MPEICTABIATH T'€OMETPHUECKHUE OOBEKTH B
MHOTOMEPHOM TIPOCTPAHCTBE HCIOJIB3YysS METOIBl 0000IICHUS M aHANOTHU. VCX0as MX 3TOT0, MOKHO CIENaTh
BBIBOJI, YTO T€OMETpUYECKasi MOJENb, IpeacTaBiIeHHas B bBH-ucuncnenun, mo cyty, SBiaseTcs OpraHu30BaHHBIM
MHOXKECTBOM TOYEK, KOTOpPHIE 3aBUCAT OT HECKOJBKHUX, CBA3aHHBIX MEXKOY COOOH, TEKYIIHX MapamMeTpoB,
BOCTIPOM3BO/IAIINX XapaKTep MPOTEKaHUS TIpoLecca.

Bocnonb3oBaBmucs METOIOM MOJABHXKHOTO cumIuiekca [11-12], moaydyumM TreoMEeTpUYEecKyl0 CXEeMy
Mozenu (puc. 1), KoTopas peACcTaBisgeT coOO0 3aBUCUMOCTD TIpeJiena MPOYHOCTU TIPU CKATHH Ry OT YEThIpEeX
mapaMeTpoB: KOHIICHTPAUU TepMoroinMepa DnmBanoil Cp,E1, KOHICHTpAUH IOIUMEPCOIEPKAIIETO OTXO0a
MIPOM3BOJICTBA 3MOKCUIHBIX CMOJ Ha TIOBEPXHOCTH miama HeWrpanusamuun C,, [TODC, nenerpamuu Ils u
Temneparypbl. Tabmuma ¢ UCXOIHBIMU JaHHBIMH JJISI IOCTPOCHUS MPEINTOKEHHON Moenn OblTa moirydeHa B [9]
Ha OCHOBE PECTPYKTYPHU3HPOBAHHBIX YKCIIEPUMEHTAIBHBIX JaHHBIX, MPEACTaBIEHHBIX B padote [2]. Kak BumHO
Ha pHC. 1, reoMeTpuUYecKas cxeMa MOJICH COCTOUT U3 HECKOJIBKUX IEMEHTOB, KOTOPBIE B3aUMOCBS3aHBI MEXKITY
c000¥ ¢ mMOMOIIBIO AYT MapaboJ BTOPOTO MOPSIIIKA, IPOXOISAIINX yepe3 Tpu Touku [13].

Bcro reoMeTpruieckyro cxeMy MOXKHO MPEICTaBUTh KaK PACIIHPEHHOE “‘JepeBO MOJEIN, COCTOSIICE U3
B3aMMHO TOJOOHBIX 3J€MEHTOB. PaccmMoTpuM, Hampumep, JEBBIH HIKHMHA CETMEHT INOBEPXHOCTH, KOTOPBII
OTIpEeNeNSAeTCS JIEBATHI0 TOYKAMH C BEPXHUM HHICKCOM 52. DTOT CErMEHT IOBEPXHOCTH COOTBETCTBYET
TEOMETPUYECKOH MOJENH 3aBUCHUMOCTH TIpe/ieNa MPOYHOCTH MPH CXKATHH OT ABYX MapaMeTpOB: KOHIIEHTPALUU
AKTUBATOpa IOBEPXHOCTH MHHEPATbHOTO IOPONIKA M KOHICHTPAIIMA OTCEBa MOJMBHHWIXJIOPUAA, IPHU
TIOCTOSSHHOW TICHETpallMu paBHOM 52 W TemmepaType — 0°C. AmanuTiHuecKkH 510 BBIPAXKAECTCS C IOMOILBIO
TOCJIEIOBATEIIEHOCTH TOUCYHBIX YPABHECHUI:

Py = 470 (1-2u) + 44570 + 4 °u (2u - 1),
Os, = B (1-2u) + 4B u + By u (2u — 1), o
R, = G2t (1= 2u) +4C5 iu + C3u (2u - 1),

(1-2v)

Mg, = P,v (1-2v)+405,W+ Rs,v(2v—1).

Ecnm paccMOTpeTh TpH 1MOJIOOHBIX CETMEHTa MOBEPXHOCTH (HIDKHHMH PsiJ Ha PUCYHKE 1), U KOTOPBIX
Oymer mHocTosHHOM Tomeko Temmeparypa (0°C), TO IOMyYHMM CErMEHT THMIEPIIOBEPXHOCTH, KOTOpHIii
MIPEACTAaBISIET COOOH 3aBHCHMOCTH MpEAeNa TPOYHOCTH MPU CXKATHH OT TPEX IapaMeTpoB: KOHIIEHTPALUH
aKTHBATOPa MIOBEPXHOCTH MUHEPAILHOTO TIOPOIIKA, KOHIEHTPAIIMH OTCEBA ITOJUBHHIIIXIIOPUAA U ICHETPALIH.
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Puc. 1. 'eomeTpuueckas cxema Mojae/ i (hU3MKO-MeXaHUYECKHX CBOICTB

My, = P,y (1-2v)+405,W + Rsyv(2v—1),

M 30 = B3ov (1-2v) + 40,300 + Ri3v(2v-1),

M 05 = PoogV (1-2v) + 405050 + Rypgv(2v —1),
Ny = MGw(1=2w)+4M Yy iww+ Myw(2w—1).

I[aﬂee HCIOJIB30BaB TpHU HOHO6HLIX CETMCHTA TUIICPIOBEPXHOCTH B KAa4YE€CTBEC OIMOPHLIX KOHTYPOB,
MoJIydYnM MOJACJIb MpolecCa 3aBUCUMOCTHU IMPEACiia MPOYHOCTU IIPpU CIKATHUU OT ‘ICTBIpéX napamMeTpoB:
KOHIICHTPAIIUN aKTUBATOPA MOBEPXHOCTU MUHEPAJIBHOI'O IMOPOIIKA, KOHHEHTPAIUNU OTCECBA NMOJIMBUHUIXJIOPUAA,
MEHETpAalun U TEMIICPATYPHI.

Ny = MGw(1=2w)+4M g iww+ Myw(2w—1),
Nyy = M2yw(1-2w)+4M 7y iw+ M gsw(2w 1),
Nso = M3 (1=2w) +4M 5y vw + Magew(2w—1),
T = Nyt (1-2t)+ 4Nyt + Ngot (22 -1).

3

BoiBOABI M NEPCNEKTUBLI )Ia.]'leeﬁllIHX nccneuona}mﬁ. B cratbe pa3pa60TaHa reoMeTpruiccKas
MOICITb q)HSI/IKO-MeXEIHI/I‘ICCKI/IX CBOWCTB aC(‘l)aJIBTO6eTOHa B 3aBUCHUMOCTH OT COCTaBa M KOJIHYECTBA €T0
KOMIIOHCHTOB, KaK MHOpUMEp Bo3MoO)kHOCTer BH-ucuucimenus A TCOMETPUYECKOro MOJACIIUPOBAHUA
MHOTOIIapaMETPUICCKUX SIBIICHUH | TpoueCcCOB, YTO ITO3BOJACT YMCHBIINUTH KOJIUYECTBO HCO6XOI[I/IMBIX n
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JOPOTOCTOAIIMNX JOKCIEPUMEHTOB JId aHAJIUTUYCCKOI'O ONHCAHUA W HCCIIEA0BaHUA HCO6XOI[I/IMI>IX CBOMCTB
aC(baHLTO6CTOHOB JUJIA TIOJTYYCHHUSA €T0 OIITUMAJIBHOI'O COCTaBa.

10.

11.

12.

13.

Jlutepartypa

Haiinemm A.B. Teoperndeckne OCHOBBI T€OMETPHYECKOTO MOJCTHUPOBAHUS (PU3UKO-MEXaHUUCCKHX CBOWCTB
acanbroderonoB Metonamu bH-ucuncnenus / A.B. Haitnpeimu, E.B. Kononanxwuii, A.W. Bymara / HaykoBwuii
BICHUK MeiTOMONBECHEKOTO JepKaBHOTO IIEAarorigHOr0 YHIBEPCHTETY iMeHi bormanma XMembHHUIBKOTO.
Cepisi: Matemaruka. ['eomerpis. [ndopmaruka /rom. pexn. xon. A.B. Haipamm. — Menironons: MJITY
iM. b. Xmensaunpkoro, 2014—~T.1. - C.111-117.

Xonyn B.H. [lérreGeToHbl € KOMIDIEKCHO-MOAM(DHUIMPOBAHHON MHUKpPOCTPYKTYpPOM: IHC. KaHAWAaTa
TexHH4ecKnuX Hayk: 05.23.05/ Xonyn Bragumup HukomaeBud. — MakeeBka, 1999. — 146 c.

Peibanko W.®d. MwuHepanbHBIH MOPONIOK W3 IIIaMa HEWTPaIW3allMd TPaBHIBHBIX PACTBOPOB: IIHC.
KaHIuaaTa TeXxandeckux Hayk: 05.23.05/ Peibanko MBan ®enoroBud. — MakeeBka, 1999. — 137 c.
CamoitnoBa E.D. JlopoxHble acanbToOETOHBI C KOMIUIEKCHO-MOJAU(UIIMPOBAHHOW MHKPOCTPYKTYPOH ¢
HCIIONIb30BaHUEM PEAKLIHOHHO-CIIOCOOHOTO TepMoIrIacTa JnBanoit AM: auc. KaHIUIATa TEXHUYECKUX HAYK:
05.23.05/ Camotinosa Enena Dayapaosua. — Makeeska, 2007. — 171 c.

Bbamo6a N.I'. KoHCTpyKTHBHas reoMeTpusi MHOTOOOpa3Wil B TOYEYHOM HCUWCIICHHWH: IUCCEpTanusl Ha
COMCKAaHUE Hay4yHOU cTeneHu nokTopa TexHudeckux Hayk: 05.01.01 / bamwoba MBan I'puropweBud —
Makeeska: MUCH, 1995. — 227 c.

ToyeyHOe HCYHCICHHE — MaTEMaTHYECKHH amnmapaT MapayieNbHBIX BBIUMCICHUI UId pEeHIeHHs 3a1ad
MaTeMaTHYECKOTO ¥ KOMITBIOTEPHOTO MOAEIMpOBaHUs reoMerpudeckux Qopm. [bamoba WN.I'., ITomumryk
B.U., Topsrun b.®., Mamoruna T.II.] //Marepuansl MexnyHapoqHoit Hay4HOW KOH(pEpEeHINH
«MopnemupoBanue — 2008», 14-16 mas 2008 r. MHCTHTYT TpoONEeM MOAEIHPOBAHUS B JHEPTETHKE
um. I'.E. ITyxosa HAH VYxkpawunsr, . Kues, Tom 2. — C.286-290.

Haiineim B.M. Anre6pa BH-ucuucnenus / Haiinsiin B.M., Bamo6a W.I'., Bepemiara B.M. // Ilpuknaana
reoMeTpis Ta imKeHepHa rpadika. MikBimomunii HaykoBo-TexHiuHMHA 30ipHHK. Bum. 90. — K.: KHYFBA,
2012. - C.210-215.

Bymara A.l. T'eomeTpraae MonemoBaHHs (i3UKO-MEXaHIYHUX BIACTHBOCTEN nportebeTony / Bymara A.lL //
ByniBHUIITBO Ta TeXHOTeHHa Oesreka. 30ipHUK HAyKOBUX mpallb. Bum. 48. JlomoBiai gecaroi MiHApOIHOT
KPUMCBKOI ~ HAyKOBO-NIPAaKTHYHOI  KoH(epeHUii «['eoMeTpuyHEe Ta KOMIT'IOTEPHE MOJETIOBAHHS:
eHepro3oepexxeHHs1, exooris, nu3aita» — Cimdeponons: HAIIKC, 2013. — C.24-28.

Bymara A.l. TeoMeTpu4Ha MOIENb 3aNEKHOCTI (Pi3MKO-MEXaHIYHHUX BIACTUBOCTEH achaiabToOCTOHY Bif
yoTupbox napameTpiB y BH-uncnenni / bymara A.l. // Cy4acni npoGiieMu MojienfoBaHHS: 30. HayK. Tpamb /
MAITY im. b.XwmempHHUBKOTO; TON. pen. koi. A.B. Haiimum. — Menitonons: Bumaaunrso MIITY
iM. b. Xmensaunpkoro, 2014. — Bum. 3. — C.28-33.

Teoperndeckre OCHOBBI KOHCTPYHPOBAHHUS TEOMETPHUYECKUX 00BEKTOB MHOTOMEPHOTO IpocTpaHcTsa B bH-
ncuncnennu / [Hatiapimn A.B., Kononankwuii E.B., Bymara A.U., YUepnsimesa O.A.] // COOpHUK NOKIAI0B
XVII FO0uneiiHON MexIyHapoTHONH HAaydHO-TIPAaKTHIECKOW KoH(pepeHnnn «HaydHble UTOTH: TOCTHKECHUS,
MIPOEKTHI, TUIOTE3b». Brimmyck 18. — Munepansabie Bogsr, 2013. — C. 151-154.

Merto1 TOABMKHOTO CHMIUIEKCA IIPU KOHCTPYHUPOBAHHH 2-TIOBEPXHOCTEH MHOTOMEPHOTO MPOCTpaHCTBa /
[bamo6a W.I'., JaBeimenxo M.II., Kowomankwmit E.B. u npyrme] // MonemoBanHa Ta iH(popMamiiHi
TexHouorii / 30ipHuK HaykoBux mpanbk. Cren. Bum. Matepiann MiXHApOIHOT HAyKOBOI KOH(EpeHIIil
«MopemoBanus — 2010», 12 -14 tpasus 2010 p. T.1 — K.: TactutyT npoGirieM MOAeTIOBaHHS B €HEPTETHIII
im. T'.€. ITyxoBa HAH VYxkpainu. — C.310-318.

Hassinerko W.II. KoHcTpynpoBaHue ITOBEpXHOCTEH IPOCTPAHCTBEHHBIX (OPM METOAOM ITOJBHYKHOTO
cumiuiekca: [Juc. ... kana. Texd. Hayk: 05.01.01. JaBsigenko UBan [letpoBuy. — MakeeBka, 2012. — 186 c.
Bymara A.l. ToukoBe piBHSHHS AyTH mapabonu apyroro mopsaaky/ bymara A.l.// Martepunansr IX Kpbmvckoit
MEKAYHApPOIHOH  HAayYHO-TIPAKTHYECKOH  KoH(pepeHmun  «['eoMeTpuyeckoe W KOMITBIOTEPHOE
MOJICIIMPOBAaHUE: JHEProcOepeeHne, OSKOJOTHs, au3aH», 24 ceHTsIOps - 28 cenrsops 2012r.,
r. Cumdepormnons. MixBioMunii HAyKOBO-TeXHIYHUH 30ipHHK. [IpHuKkiagHa TeoMeTpist Ta iHkeHepHa Tpadika
(cnensunyck). Bur.90. — K.: KHYBA, 2012. — C. 49-52.

570



