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Beryn
Jlnia 30epexeHHs] MPOAYKTIB XapuyBaHHS BUKOPUCTOBYETHCS IIUPOKHHA acOPTHMEHT
MaKyBaJIbHUX MaTepialiiB, K1 MalOTh PI3HOMaHITHI BIACTUBOCTI. BuMoru /10 makyBaibHUX
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MarepiaiiB  BHU3HAYAIOThCA iX  (PYHKIIOHANTbHUM TpU3HAYEHHAM 1 0OYyMOBIIEHI
eKCIUTyaTallliHUMKM YWHHUKAMU. YMOBHO YMHHHMKH, IO JIIOTh HAa CUCTEMY B MpOIECI
eKCIUTyaTallii, MO’KHa PO3JUIMTH HA BHYTPILIHI 1 30BHINIHI. 30BHILIIHI YUHHUKA MOXKYTb
MaTH pi3Hy NPHUPOIY: MeXaHiyHy (CTaTH4HI 1 yJapHi HaBaHTa)XCHHs, BIOpaIlisl TOIIO);
KIiMaTH4Hy (TeMIieparypa, BOJOTICTh MOBITPs 1 iX pi3Ke KOJIMBaHHs); Oioyoriuny (aito
MiKpoOpraHi3miB). J[o BHYTpIIIHIX YMHHUKIB BiHOCSTHCS: XiMiYHA CTIMKICTh MaTepiaiy,
BHYTPIIIHIN TUCK, & TAKOK 3HOC YIAKOBKH ITiJT Ii€I0 YIIAaKOBAHHUX MPOIYKTiB [1].

HesBaxaroun Ha OYEBHIHMI MPOTPEC Yy MaKyBajbHIN ramgysi, CbOTOJIHI HEMAE TaKUX
MaKyBaJIbHUX MaTepialiB, sfki O BIAMOBiIaIM YCIM EKCIUTyaTallliHAUM BHMoOraMm. Tomy
MEPCHEKTUBHUM HAIPSIMKOM € BUKOPHCTAHHS KOMOIHOBAaHMX MaKyBaJbHUX MaTepiaiiB, y
SAKUX YEPTyIOThCA IIapH PI3HUX 3a NpHpojaol0 MartepiamiB. [lopsa 3 UM HEBIAMIHHUM
KPUTEPIEM CTBOPCHHS YIAKOBKM CHOTOAHI € 1 €KOJOTIYHICTh, IO TIOB Si3aHa 3
HATYPaJBHICTIO 1 OE3MEYHICTIO KOMIOHEHTIB. [IepCreKTUBHUM pIillIEHHSM L€l MpoOIeMH €
OCBOEHHS IHUPOKOTO CHEKTPY MPHUPOJTHHUX MOTIMEPIB 1 iX KOMITO3UTIB, SKI MalOTh 3AaTHICTh
010pO3KJIaIaTUCS Y IPUPOTHOMY CEpeIOBHII [2].

Opnnak, mpu po3poOIll MaKyBaJIbHUX MaTepiaiiB Ta BHOOPY HAWOUIBIN MiAXOSAIION
YIAKOBKH JUIsI Xap4yOBHX TMPOAYKTIB Oap'€pHi BIACTHBOCTI MAalOTh BUKIIOYHO BaXKIMBE
3HayeHHs. [laponpoHUKHICT € OJHUM 3 HaWBaKJIMBINIMX BJIACTUBOCTEM NaKyBaJIbHUX
MarepiaiiB, sKa HENpsSMO CBLAYUTH MPO 30€pEekEeHICTh Macu MPOAYKTy B Ipolieci Horo
30epiraHHsi 3a PpPaxyHOK TIOTEPEKEHHS BHUIIAPOBYBAHHS BOJIOTH 3  MPOIYKTY.
BononornuaanHs makyBaJbHOTO MaTepially — BaKJIMBUN TOKa3HUK 3 TOYKHU 30pYy HOTO
excrutyararii. [Ipu HacuueHH1 Matepiainy BOJOIO 3HIKYETHCS HOTO MILHICTb, 30UIbIITY€ThCS
HIIBHICTB 1 MOYKJIMBI py#HIBHI mpomecu [3].

Meta pobooTn
Metoro pobGotu Oyio po3poOka KOMOIHOBAaHOTO MaKyBaJIbHOIO Marepially Ha OCHOBI
NPUPOAHUX CKJIAJIOBUX Ta BHUBYEHHS HOro Oap’e€pHMX BIACTUBOCTEH, a came
NapONpPOHUKHOCTI Ta BOJIOTIOIJIMHAHHS.

MeToauka 3KCIIepUMEHTIB

BumiproBaHHs MaponpOHUKHOCTI 3pa3KiB KOMOIHOBAaHOTO MaKyBaJbHOTO MaTepiany
npoBOIWIIK TpaBiMeTpruHuM MeToaoM 3a ['OCT 25898-83 [4],cyTHICTH SKOrO MOJISTae y
BU3HAYCHHI KUIBKOCTI BOJSTHOT MapH, sKa MPOXOAUTH Yepe3 3pa3oK, MIISTXOM BUMIPIOBaHHS
MacH €MHOCTI 1 MOJAJIBIIUM PO3PAXYHKOM KOE(ILIEHTY MAPOIPOHUKHOCTI.

BumiproBaHHS BOJOMOTIMHAHHS TMOBEPXHEIO 3pa3KiB KOMOIHOBAHOTO IMaKyBaJIbHOTO
MaTepiajay MPOBOAWIN TpaBIMETpUYHUM MeToaoM. [IpoBeneHHs BUNPOOYBaHb MOJIATAE Y
HacTynHoMy. B ckiisiHy emuicth aiamerpom 10...15cM nomimiyroTh HOPOJIOH TOBUIMHOIO
2...3 cM Ta 3aJMBalOTh JIUCTHJILOBAHOIO BOJOIO J0 MOBHOTO 3MOYYBaHHS MOPOJIOHY. 3
MiArOTOBAaHUX 3pa3KiB BUPI3al0Th KOJa BiAMOBIAHOTO AlameTpy. OJHOUYACHO BUTOTOBIISIOTh
HE MEHIII TPbhOX 3pa3KiB KOKHOTO 00’ ekTa. KpaitoBi ctoponu oOpoOisitoThes napadiHoMm.
[Tonepeanbo 3BaxkKeHi 3pa3kH YKJIAJalOTh Ha MOPOJIOH JOCHIIKYBaHOIO TOBEPXHEIO BHU3,
Tak 100 BUIbHA BiJ nmapadiny moBepxHs Oyia MOBHICTIO 3MoueHa Bojoro. Uepes 1, 3, 6, 10
Ta 24 TroJWHU 3pa3Ku BHUMMAlOTh 3 BOJM, PETENbHO BUAAIAIOTH Kpamjl BOJU
(GUIBTPYBAJILHUM MANIEPOM Ta 3BAXKYIOTh.

BoponornuHanHsa po3paxoByIoTh 3a (OpMYJIIOL0:

W=SE X %5,

ne M —npupicT Baru, Kr;
S—IIoIa BOJOTIOTIMHAHHS, M2,
t—uac, ron.
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[Ipu po3paxyHKy CIi BiIKHIATH 3HAYCHHS 3 aHOMaJIbHO BUCOKUM BOJIOMIOTIIMHAHHSIM,
TakK SIK 1€ [TOB’ I3aHO 3 HAsABHICTIO Ie(EKTIB Y MOKPUTTI MaTepiany [5].

OO0’ ekTOM JOCIHIKEHHSI CIyTyBaB PO3pOOJICHUI MaKyBaJIbHUWM MaTepiall Ha OCHOBI
KapTOHY 3 HAHCCCHMM Ha HBOTO TOJIMEPHMM Ta BOCKOBUM TMOKpPHUTTAM [6]. 3pasku
rOoTyBaju B JIAOOpAaTOPHUX yMOBax Ha Kadeapi TOBapO3HABCTBA Ta €KCIEPTHU3M TOBApiB
XapKiBChKOIO JEP>KaBHOTO YHIBEPCUTETY XapuyBaHHs Ta TopriBii. KoHtposem ciyryBaB
KOMOiHOBaHMI Matepiai s acentuuHoi ynakoBku 1etra-Pack Classic Aceptitakox st
MOPIBHSHHS BUKOPHUCTOBYBAIH KApTOH 0€3 IOKPUTTS 1 KAPTOH 3 XITO3aHOBUM TOKPHUTTSIM.

OOroBopeHHs pe3yJbTaTiB

[lopsimok depryBaHHS MIapiB y po3poOJIEHOMY KOMOIHOBAaHOMY MaKyBaJlbHOMY
Marepiaji BH3HAYAETHhCS MOro (yHKIIOHAJIBPHUM TPU3HAYCHHSIM, a caMe YIaKyBaHHS
(pYKTOBO-OBOUYEBHX MACT 1 coyciB. Tak, 30BHIMIHIN Iap — KapTOH — 3A1MCHIOE MEXaHIYHHMA
3aXUCT BiJ 30BHIIIHBOTO BIUIUBY, a TaKOX CIYTrye OCHOBOIO MJIi HAHECCHHS JPYKY.
Cepenniit map — XiTO3aHOBA TUTIBKA — 32 PAXYHOK BUCOKHX OAKTEPUIIUIHUX BIACTHBOCTEH
[7] 3abesmeuye Oap’ep a1 MOTPAIUISHHS Ta PO3MHOXCHHS B YIAKOBI[ MATOT€HHOI
Mikpodsopu. BHyTpimHiA 1map — BOck — 3abe3nedye rigpo(oOHICT, MOBEpPXHI, IO
KOHTAaKTye 3 TpoaykToM [8]. MOHOMITHICTF KOMOIHOBAHOIO MMaKyBaJbHOTO MaTepiany
JIOCATAETHCS 32 PAXYHOK aare3ii Mix mapamu Matepiiis [9].

Y  OumbmiocTi  BUMaAKiB - MomudikoBaHi Marepianu (Y  HAmIOMY — BUIAJKY

ri1po00i30BaHI BOCKOM) 3aJIUINAIOTHCS MOPUCTUMH 1 MOXKYTh MPOITYCKATH BOJSHY Mapy i
MOBITPS, TaK K MIKPOIIOPH MIXK MaTepiajioM Ta MOKPHUTTIM 3aJTHIIAIOTHCS.
Ockibku Oap'epHi BJIACTHBOCTI MAKyBaJIbHUX MaTepiaiiB MalOTh BHUKIIOYHO BaXJIMBE
3HAUEHHS, 3a JOLJIbHE BBAXKAJIU BU3HAUYEHHS BOJOMOTJIMHAHHS 1 MPOHUKHICTH Mapu Kpi3b
pO3pO0ICHNI TaKyBaJlbHUN MaTepiall. Jns BU3HAYEHHS ONTUMAJIBHOTO CKIAdy
KOMOIHOBAaHOTO MaKyBaJbHOTO MaTepially Y JOCIIPKEHHI BUKOPUCTOBYBAJIM Marepiaiu 3
PI3HOIO KUTBKICTIO IIAPIB X1TO3aHy Ta BOCKY. Pe3ynbTaTu 10CIiKEeHb HaBEJIeHO Ha puc. 1.

Pesynbrati  MOPIBHAIBHOTO  JTOCHIDKEHHS  MAPONPOHUKHOCTI  KOMOIHOBAHOTO
MaKyBaJIbHOTO MaTepially CBI4aTh, IO 30UIBIIEHHS KUIBKOCTI IIapiB MOJIMEPHOTO

MMOKPUTTSI HA OCHOBI XiTO3aHY NPAKTUYHO
16 15,4 14.9
12 f 3

HE TMPU3BOAUTH JI0 3HAYHUX 3MiH
koe(imienTa  mapompoHUKHOCTI.  Tak,
Marepiai 3 XITO3aHOBUM HOKPUTTAM Y
OJIMH LIAp Mae MapONPOHHKHICTh 16 /M7,
TOAI SIK MaTepiaJl 3 TphOMa IIapamu
mogiMepHOro HOKpuTT — 14,9 T/MA
He3nayna pi3HMLS 32  MOKa3HUKOM
MapONPOHUKHICTh CBITYHTH po
HEJIOLJIbHICTD 30UTbLICHHS 1IapiB
MOJIIMEPHOTO XITO3aHOBOTO TIOKPUTTS Y
CKJaZl KOMOIHOBAHOTO IaKyBaJbHOTO
Marepiainy, 10 Mpu3BeaAe 10 30UTbIICHHS
BapTOCTI MaTepiamy.

Jo KOMOIHOBaHUX MaKyBaJIbHUX
Marepianis, 3aCTOCOBYBAHUX VTSI
KOHTAKTy 3 BUCOKOBOJIOTHIMH XapYOBUMH
MNPOJYKTaMHU, TAKUMHU SIK PPYKTOBO-
OBOYEBl MACTU 1 COYCH, NIpeX SBISIOTHCS MPUHLMIOBO 1HIII BUMOTU Yy TOPIBHSHHI 3
NaKyBaJIbHAMH MaTepiajaMu JUIsl CYXUX XapuOBUX MPOYKTiB.

TaponpPOHHKHTICTh, /M2

3paskn
Puc. 1.[TaponpoHUKHICTh KAPTOHY-OCHOBH 3
MOKPUTTAM: 1 —0THOIIApOBE XITO3aHOBOIO
ITIBKOIO; 2 —IBOIIAPOBE X1TO3aHOBOO
IUTIBKOIO; 3 —TpHUIIAPOBE XITO3aHOBOIO
TUTIBKOIO; 4 —OTHOIIIAPOBE BOCKOM; 5 —
JIBOIIIAPOBE BOCKOM; 6 —TpHIIIApOBE BOCKOM;
[ —CUHTETUYHHUM KOMOTHOBaHUM
NaKyBaJIbHUN MaTepial
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Ha taki mnakyBasibHI MaTepiaqu [JIIOTh MIJBUIIEHA BOJIOTICT Ta arpecuBHE
cepenoBulle. SIK HACII0K, BHYTPIIITHE MOKPUTTS KOMOIHOBAHOTO MAKyBaJIHHOTO MaTepialy
MMOBUHHO MaTH BUCOKY BOJIOCTIMKICTH, TOOTO MiHIMajbHE BOJOIOMIMHAHHA. BpaxoByrouun
T€, 110 XITO3aHOBE MOKPUTTS € T1IPOPUILHUM, Yy JOCTIIKEHHAX BUKOPUCTOBYBAJIU JIUILE
MaKyBaJIbHI MaTepiajiy 3 Pi3HOIO KUTBKICTIO
riipooOHNX  BOCKOBUX  IIapiB 1
MOPiBHIOBAIIU 3 CUHTETUYHHM
KOMOIHOBaHUM MaKyBaJIbHUM
MarepiaioM. Pe3ynbTraTé IOCHITKEHB
HaBEJICHO Ha puC. 2. _

SIK BUHO 3 PEJCTABIICHUX JaHUX, |
KUIBKICTh TIIapiB BOCKOBOTO TOKPUTTS |
00EpHEHOIPOTIOPIIITHO BIIUBAE SK Ha _
MOKa3HUK IMAapOTPOHUKHOCTI, Tak 1 Ha :
BOJIOTIOTJIMHAHHS. Po3pobnenuii
KOMOIHOBaHUM MaKyBaJIbHUI MaTepian 3
OJITHUM IIIapPOM BOCKOBOTO MOKPUTTSI Ma€
BOJIOTIOTJIMHAHHA Maibke y 6 pasiB
Oulbllle, HDK Marepial 3 TpboMma
mapamu. [Ipu iboMy pu HaHEeCEHHi
TPHOX MIapiB BOCKOBOTO TMOKPHUTTS BAAETHCS 3HU3UTU BOAOIOIIMHAHHS JI0 MOKA3HUKA
CHHTETHYHOTO KOMGIHOBAHOTO IIAKYBAILHOTO MaTepiany, a came 3 0,5910 0,1 kr/m*ron’>

BucHoBku

HanecenHst BOCKOBOTO 1Iapy Ha MOBEPXHIO KOMOIHOBAHOTO TMaKyBaJIbHOTO MaTepiamy
COPUYMHAE TO3UTUBHUM e(EeKT Ha MOKa3HMK MaponpoHUKHOCTI. JIjisi BCiX 3pa3kiB
NMaKyBaJIbHOTO MaTepialy 3 BOCKOBUM TMOKPHTTSAM MPOCTEKYETHCS  3MEHIICHHS
MapONMPOHUKHOCTI Ha 76% MmopiBHSAHO 31 3pa3kamMu 0e€3 BOCKOBOTO TMOKPHUTTS. [lokazHuMk
MapOMPOHUKHOCTI JIJIsl 3pa3KiB Martepiany 3 2...3 mapaMu BOCKY 3MEHIIY€eThes y 8 pasiB Ta
MaKCUMaJIbHO  HAONMKAETBCA JO CEpeAHIX TMOKA3HUKIB  MapOMPOHUKHOCTI IS
CUHTETHYHOTO KOMOIHOBAaHOTO TMaKyBaJLHOTO MaTepiany. HaHeceHHS Ha KapTOH-OCHOBY
BOCKOBOT'O IMOKPHUTTS, IPU3BOAUTH 0 3HAUHOI T11podobizaliii Horo moBEpxHi, a BiIMOBITHO
— 1 J0 3pOoCTaHHS WOro BOJOTOMIIHOCTI. TakWM 4YHHOM, Ha TMAPONPOHHKHICTH 1
BOJIOTIOTJIMHAHHSA MMOKPHUTTS BIUIMBAE HE CTUIBKHU CKJI IAPiB, CKIIBKH iX KUTBKICTb.

AHHA, KI/MAT07q"?

Bononormiug

0,27
0.1 0.08
2 4

2

3pasku
Puc. 2. Bogomornuaanus KOMOIHOBAHOTO
MaKyBaJILHOTO MaTepialy 3 MOKPUTTIM: 1 —
OJTHOIIIAPOBE BOCKOM; 2 —IBOIIIAPOBE BOCKOM; 3
— TPUILIAPOBE BOCKOM; 4 —CHUHTETUYHUN
KOMOIHOBaHUH MaKyBaJIbHUN MaTepial

Cnucok jgiteparypu. 1. TexHudeckrue CBONCTBa MOJUMEPHBIX MaTepuanos. CrpaBounuk [Tekcrt] / B.
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KIHETHUKA I TEPMOJWHAMIKA PEAKIIII AMIJTYBAHHS
KYKYPY34HOI OJIII JIETAHOJTAMIHOM

JlocIipKeHO peakIliio aMiyBaHHs KyKypya3sHoi ouii JieTaHonamiHOM npu Temieparypax 433 — 47X
1 MompHHX BigHOmIeHHsX peareHTiBl @1, 1:2, 1:3.3HalifeH0 KIHETHYHI Ta TEPMOJMHAMIYHI
napaMeTpu peakiiii. 3anpornoHOBaHO KIHETHMYHY MOZeNb peakiiii. OmiHeHO MOXHOKY pO3paxyHKIB 3a
JTAHOIO KIHETHYHOIO MoJieiuto. [1.: 1. bibmiorp.: 6 Ha3B.

KarouoBi ciaoBa: MOHOAUWITTINEPUHH, TIANWITIINEPUHNA, TPUAIWITIIIEPUHN, KIHETHKA,
TepMOJAMHAMIKa, KIHETUIHA MOJICTIb.

Mowo-i giammirminepuan (MATL, JIAT) ne ckiaani edipy DINEPUHY 1 PI3HUX KUPHUX
KHUCJIOT. BOHM € HalOUIbII MOMIUPEHUMH XapYOBUMHU €MYJIbraTOpaMHU SIK 3 TOUKH 30py iX
MOMYJIIPHOCTI, TaK 1 3a oOcsraMu BUKOpPUCTaHHS. [[pOMHUCIOBO BUPOOISAIOTECS TPH THUIH
CTaHJAPTHUX MOHO-1 JIAWITTIIEPUHIB: 3 BMICTOM o-MoHoammiriiiepuHis 40 — 46 Ymac.,
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