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Beryn. Ilpouec nmoapiOHEeHHST — 1€ TPOIEC CTBOPEHHS HE TUTHKU HOBUX MOBEPXOHBb
TBepaoro tina. [logpiOHeHHST — 1€ CKITamHUi (I3UKO-XIMIYHHUE Tporiec 301IbIIEHHS TOTCH-
iI{HOT eHeprii peuoBHHHU, TOBEPXHEBOI €HEprii, eHeprii BHYTPIIHbOT OYAOBH 1, SIK HACIIOK,
MIJIBUIIICHHS XIMIYHOT aKTUBHOCTI [ 1]. 3MIHIOIOUH PEKUMH 1 cepely MEXaHOAKTHUBAITl1, MOYKHA
YIIPaBJIATH BIACTUBOCTSAMU MaTepiajiB, OTPUMYBATH HOB1 MaTepianu i ¢a3u, B TOMY YHUCII
HEpiBHOBaXXHI 1 amop(dH1. MexaHOaKTHBAIIIS - TPOIIEC YTBOPEHHS XIMIYHO aKTUBHOI pEYOBUHHI
[UIIXOM MEXaHIYHOTO MOApiOHEeHH. MeTol MeXaHOaKTUBAIlli BBAXKAETHCS OJHHUM 3 HAHOUIbIIT
MPOCTHX ISl OTPUMAaHHS HAHOKPUCTAJIIYHOTO CTaHy B TBEpAMX Tiyax [2, 3].

AHaJIi3 0CTaHHIX J0CTiTKeHb 1 myOrikaniii. MexaHoakTHBAIlisl B MIIMHAX € HAMOLIBII
nomupeHoto. [IpuyrHa MHOro MpocToTa MPOBEACHHS OOpPOOKH MaTepially, a TaKoX Te, M0
MJIMH € OJTHUM 3 HaWMOIIMPEHIIINX anmpaTa, B SKUX 3/[IHCHIOETHCS MEXaHIUHE BOJCHCTBIS Ha
pedyoBuHy. Pazom 3 TuM, 1 MexaHika, 1 (i3uKa MpOIECiB, IO BiIOYBAIOTHCS B TAKHX amaparax,
3aJIMIIAE€THCS TPEIMETOM YUCIIEHHUX TOCTIDKEeHb [4]. Benunka yacTuHa MUX JOCTIIKEHb TPU-
CBSIUEHA OMTHUMI3AIlii TPoIieCy MOIPIOHEHHS - TIPOIIECY, TOJIOBHUM B IKOMY € OTPUMAaHHS MaK-
CHUMaJIbHOI IOBEPXHI TBEP01 pEUOBHHHM MIPU MiHIMAIbHUX BUTpATaxX €HEPril.

[Iporec pyliHyBaHHS MaTepialliB IPH HABAHTAKEHHI PO3TJISAIA€THCS HA OCHOBI KIHETHY-
HOT TeOopii MIITHOCTI, 3TiTHO 3 SIKOIO MIIHICTh TBEPJUX TLI 3aJE€KUTh BiJ TEMIEpaTypH 1 4acy
nii cun. B mporieci mopiOHEHH1 yac Jii HaBaHTaXeHb MaJIui, 1 MpY 3BUYANHINA TeMrepartypi
JUIS TIOSICHEHHSI TAMYAcOBOT MIITHOCTI 3a1y4aroThes ysBieHHs [ puddurca [4] npo 3apoakosi
TpimuHU. 3Ha4eHHs (aKTUIHOI MIITHOCTI 3 ypaxyBaHHSM HAsBHOCTI B TLT1 JIeAKOI YeUeBHIlE-
noi0HOT «HeOe3meuHO1» TPIUHN JOBKUHOKO / CKIIajac:

P, = &2 (1)

Tl

[Ipu P > P, TpimmHa 3pocTae i TiIo pyiHyeTbes, pu P < P, TpillnHa 3MUKA€THCS 1
3HHUKAE.

Teopist 3apoKeHHs TPIIIMH B KPUCTAIaX B pE3yJbTaTi 3CyBY I'PyHTYyBaJlacsl Ha AUCIO-
KamiiHii monemni. [Iporec moapiOGHEHHS po3risaaeThes y (Pi3ulll pyiiHyBaHb, K pyHHYBaHHS
TBEPJUX TLJ MOCTITOBHOIO CEPi€I0 MEXaHIYHUX BIUIMBIB [4].

Kinetnuna koHIenIris MillHOCT1 TBepAuX Ti1, 3anpornonoBaHa C. 1. XKypkoBum, o0rpyH-
TyBaJjla pyHHYBaHHS SK TEPMOAMHAMIYHUN MPOLIEC 1 JO3BOJISIE POTHO3YBATH PYHHYBaHHS Ha
MIKpO 1 Makpo piBHi. PaHime pyiiHyBaHHS 3pa3ka TpU OJTHOOCHOBOMY pOST}IFYBaHHl MOYKHa
OyI10 epe0aYnTH 3 JOrapu(PMIuHOIO TOUHICTIO 3a PIBHSIHHSM, 110 OMKCYE JOBMOBIUHICTD:

T = rexp(Uy — yo /KT), @)
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Je o — MexaHiuHe HampyxXeHHs; I — Temneparypa 3pas3ka; Uy — eHepris akTuBallii npouecy
pYHHYBaHHS; 7 o — [IEPi0J MDKATOMHHX KOJIMBaHb; k — KoediieHT bonbimana; y — mapamerp,
NOB'SI3aHUM 3 BJIACTUBOCTSIMH MaTepiaiy.

Ha ocHOBI eKkCTIepUMEHTATBHOTO TOCTIPKEHHS KIHETUKYA HAKOTTUYCHHS 1 PO3BUTKY CYO-
MIKPOCKOMIIYHUX TPILIMH [ 5] METOIOM MaJIOKyTOBOT'O PEHTI'€HIBCHKOI'O PO3CiIOBaHHS Oylu 00-
YUCJICH] PO3MIpH TPIIKMH 1 iX KoHIeHTpamis. Jami mocmimkenasamu Kykcenko B.C, Ciynkepa
A.L i Tamyxa B.IIL. [6] Oy;i0 BU3HA4YEHO, 110 PO3MIpU MOYATKOBHUX MIKPOTPIIIMH 00YMOBIIEHI
CTPYKTYPOIO MaTepiairy, sika ik (opMye JTOKaIbHI TepeHaBaHTAXKEHHs, Tak 1 00OMexye X 3poc-
TaHHS Ha KOPJIOHAX T'eTepPOreHHOCTi. BcTaHOBNIEHO, 1110 KiIHETHKA HAKOMTUYEHHS MIKPOTPILIMH
BH3HAYa€ JOBTOBIUYHICTh HABAHTAKEHOTO 3pa3Ka, 1 3AJIeKHICTh MIBUIKOCTI HAKOTTMYCHHS MiK-
porpimus (C) ONUCYEThCs PIBHAHHAM TAKOTO BUIJIALY:

C = Cyexp(Uy — yo /KkT). 3)

Busnauaneny ponb B pylHYBaHHI MaTepialiB Ipa€ NepeApO3pUBHA KOHLIEHTPALs
MIKPOTPIIIUH, SKa HE 3aJICKUTDH BiJl PSKUMY HaBAHTAXEHHS, a 3aJICKHUTh TIJILKH BiJl pO3MIpPIB
YTBOPUJIMCS MIKpPOTpilHH. L5 KOHIIEHTpallis MOKe MPUIMATH BeJUKi 3HAUEHHSI [IPU IepeX o/l
BiJI pyHYBaHb Ha MIKpO pIBHI 10 pyHHYBaHb Ha MaKpoO PiBHI.

B pe3ynbTati craTUCTUYHUX y3arajabHeHb B Biaau ¢izuku minnocti ®THU imeni O.D.
Iopde PAH Oyna 3ampomoHoBaHa MOJENh pYHHYBaHHS T'e€TEpPOr€HHUX MartepiaiiB, 1o Oa-
3YETHCSI HA KIHETUYHIN MOJIENI MIIIHOCTI 1, SIKa CKJIATaeThes 3 1BOX crafii [7]. ['omoBHa rimo-
T€3a MOJICIII TIOJISTAE B TOMY, IO Ae(EKTH (TPIIIMHN) HAKOTIMYYIOTHCS Ha TIEPIIIIA CTaail 1 TOTIM
IPUCKOPEHO PO3BUBAIOTHCS HA APYTHi 3aKiII0uHii cTaaii. Moaens Oyia 3acHoBaHa Ha (pi3HUHO
OOTpYHTOBaHMX YMOBax IPOTHO3YBAaHHS PYyHHYBaHHs, allpoOOOBaHMX Ha PI3HUX 00'€KTax 3 BH-
KOPHUCTAHHSM aKyCTUYHOI Ta ceiicMiuHoi emicii [8]. Ha mepuriit crazii BinOyBaeThCsl HAKOMMU-
YEHHS OJIMHOYHUX CTA0UThHUX MIKPOTPIIIUH Y BCbOMY 00Cs31 TiJia, 1m0 uyepe3 GurykTyartii KoH-
LEHTpallii TPIIMH MPU3BOJUTH 10 YTBOPEHHS KOMIUIEKCIB KJIACTEPiB OIM3bKO PO3TALIOBAHUX
TPIIIWH, 3JaTHUX JIO B3AEMO/II1, 31HUTTs 1 opMyBaHHIO BOTHHINA pyiiHYBaHHs. Ha apyriii cramii
BiJOYBa€THCS JIOKAJII30BaHE PO3BUTOK BOTHMIA PYHHYBAHHS, B PE3YJIbTaTl YOro 3'ABISETHCS
MaricTpajibHa TPIIIHHA, 1 3pa30K PYHHYETHCS.

Kpim mozeni pyiinyBanHs aBTopamu [6] OyB BUBEJCHUI KOHIIEHTpALIitHUI KpUTepiil k
= r/l , ne | — po3mip TPIITUH, IO YTBOPIOIOTKCS, 7; — CEPEIHS BiICTaHb MK TpimuHaMH. ek
KpUTEpiii BU3HAYAE Mepexia Bia oaHiel cTaaii g0 Apyroi. BusHaueHo, 1m0 akTHBHE YTBOPEHHS
nmoynHaeThes pu k ~ 3.

[Tepmumu gochiKEHHAMHA, TTPUCBIUYECHUMHA MTpobeMi cyxoro (Xommca 1 IlaTuinra) i
Mokporo (/[.B. ®@ropcrenay) noapiOHeHHS cyMillel pi3HUX MiHepaliB, BCTAHOBIIEHO, IO MO-
NpiOHEHHS KBapIly 1 BaHAKY B CYMIII A€ TIPOIYKTH, XapaKTEPUCTUKH KPYITHOCTI SKHX JI0
MeBHOI MipH MOAIOHI XapaKTepUCTHKAM KPYIHOCTI , OTPUMAHUM IIPH PO3AUILHOMY MOAPi0-
HEHHI KO’)KHOT'O MiHEpaIy.

Coimu pocnimkenasamu JI.®. binenko [9, 10] 10BIB MONIOKEHHS PO HE3AIEKHE T1O-
NpiOHEHH] PI3HOMIIHUX KOMITOHEHTIB B cyMinri. [I[pydaomMy BCTaHOBJIEHO, IO XapaKTEPUCTHUKA
KPYITHOCTI KOMIIOHEHTA, OPiOHEHOT0 B CyMillli 3 1HIIUM KOMIIOHEHTOM, 3aJIMIIAETHCS TAKOIO
X, SIK 1 IpH PO3AUTHHOMY TOApiOHEHHI Horo a0 Tiel sk kpymHocTi. [Ipy moapiOHeHH1 cyminri
PI3HOMILHUX MaTepialiB KOeQilieHT BUNEPEIKYBAIBHOTO MOAPIOHEHHS, 110 TIOKA3y€e CTYIIHb
MOTIEPETHHOTO TIOMEITY TBEPIOTO KOMITOHEHTA B CXeMI MOPiOHEHHS IBOKOMITOHEHTHHUX CyMi-
1Iei, He 3aJIeKUTh BiJl KIJIbKOCTI TBEPAOi CKJIaJOBOI B CyMillli, @ BU3HAYAE€THCS TUIBKU BIACTH-
BOCTSIMH TTOJP1OHIOIOTH MaTepiaiB.

IMocranoBka nmpodiiemu. MeToro 1aHOi poOOTH € OOTPYHTYBAaHHS 3aKOHOMIpHOCTEH
MoApiOHEHHS CyMIIIEH PI3HOMIITHUX MaTepiajliB, BAKOPUCTOBYBAHUX JJISI CTBOPCHHS KOMIIO-
3ULIHHUX MaTepialiiB i3 3aCTOCYBaHHSAM MEXaHOAKTHBALII].
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OcHoBHa yactuHa. [loapiOHEHHSM Ha3UBAE€TbCA MpoLEC pyHHYBaHHS (Iedopmy-
BaHHS) TBEPAUX TUI 1] JI€0 30BHIMIHIX CHJI (HApPUKIIAJ, MEXaHIYHUX, TEIUIOBUX 1 1H.). Pyii-
HyBaHHSA (IepOpMyBaHH) T1JI, HAIPUKIAJ TIPCHKUX MOPiM, M A1€0 30BHILIHIX MEXaHIYHHX
CUJI B110YBa€ThCS MEPEBAXKHO 110 OCJIA0JIEHUM [TEPETUHAM, TPIILIMHYBATUM 1 IHIIUM Ae(PEKTHUM
MICIISIM MICJIs Mepexoay 3a MexXy MiHocTi (mpykHocTi). IloapiGHEeHHS YMOBHO MOIIAETHCS
Ha JIpoOJIeHHS, KOJIM BUXOUTH MPOAYKT PO3MIPOM OUIbIIE 5 MM, 1 TOME - IPOYKT PO3MIpOM
MeHIle 5 MM. 3aJIe)XHO BiJ BUIY Jedopmauii Tl (XapakTepy MPUKIAACHHS 30BHIIIHIX CH)
3aCTOCOBYIOTHCSI TaKi CIIOCOOM MOJPIOHEHHS: PO3/1aBIIOBAHHS, PO3KOIIOBAHHS, 3J1aM, ynap i
ctupanHs. [lepepaxoBani ciocobu MoapiOHEHHS € CHITPHUMU SK JUIsl IPOOJICHHS, TaK 1 JUIs
MoMeJy 1 B OUIBIIOCTI BUIMAJIKIB MPUCYTHI B MO€AHAHHI, HAIPUKIAJ, PO3JABIOBAHHS 1 CTU-
paHHs, yaapy i cTupaHHs i T. 1. [11].

[TonpiOHeHHs XapaKTepU3YEThCs CTYIIEHEM NOAPIOHEHHS (IpoOIeHHs) 1, sIKa BU3HAYAETHCS
BIIHOILICHHSIM CEpeHIX PO3MIpiB Marepiaiy 10 1 miciist HoxpiOHeHHs: i=D./d.,. Benmnunna crynens
noapiOHeHHs gocsrae 1000 1 Bu3HauaeThesl (Pi3MKOMEXaHIYHUMH BIIACTUBOCTSMH 1 pO3MIPOM Mare-
piay 1 KOHCTpYKLi€r0 MamHU. Po3pi3HstoTh ApoOnenHs Bemke (dg,=100... 350 mm), cepente (dep
=40... 100 MMm) 1 ipiOHE (dep =5 ... 40 Mm). [J11s1 ApobIeHHS MaTepiaty BUKOPUCTOBYIOTHCS IPOOapKH.
Crynise qpoOnieHHs B CydacHUX JpoOapkax He nepeuiye 30.

[Tomen marepiany OyBae rpyowii (dep, = 0,1 Mm), ToHKHH (dep = 0,1...0,05 MM) 1 HaaTO-
HKUH (dep < 0,05 MM) 1 3I1HCHIOETBCS B MIIMHAX PI3HUX KOHCTPYKIIIH.

Jnist mopiOHEHHs Tijia 10 HEOOX1THOTO PO3Mipy HEOOXITHO 3aTPATUTH MEBHY KiIBKICTh
€Heprii, 10 3aJIeXKUTh Bl HOTO po3Mipy. MIITHOCTI, ()OPMHU, BOJIOTOCTi, YMOB MOAPIOHEHHS 1
1HIIKX mapameTpiB. ICHye KijbKa TeOopiil OLIHKK BUTPAT €Heprii Ha MOoApiOHEHHS MaTepiaiB.

Brnepre rinmotesa npo Te, o podoTa, sKka BUTPAYaEThCsl HA MOAPIOHEHHS MaTepiamy,
MPONOPIIiiiHa HOBOCTBOPEHOI MOBEepXHi Oyia 3anpornoHosana [1. Pirtiarepom B 1867 pori [ 12].
3B1IKM BUILIMBAE, 10 Taka poOOTa MEPEXOAUTh B BUIbHY TOBEPXHEBY €HEPIil0 B €KBIBAJICHT-
HUX KUTBKOCTSIX:

A=k,S, “4)

ne A — nutoma poboTa noaApiOHEeHHS; kp — KOE]IIIEHT, sIKU BU3HAUYa€e poOOTY, 3aTpaueHy Ha
BUPOOHMIITBO OJIMHUIII TOBEPXHI.

Opnak, I'inore3a PitTiHrepa 3acTocoBHa TINBKH IpH IpiOHOMY APOOIEHHI 1 TOMOJII Ma-
TEepiajiB 3 OISy Ha HEBETUKY MOXMOKY B OLIIHIII BUTPAT eHeprii Ha moapioHeHHs. [IpakTuune
3HAYEHHS TIMOTEe3U HEBEJIHKE, TaK K BAKKO BUSHAYUTH KOC(PIIIEHT MPOMOPLIHHOCTI.

BignosinHo no 3akony Kupnuuesa - Kika, oTpumMaHoro 3 Teopii NpyXHOCTI, JUIS pyi-
HYBaHHS 11eaIbHO KPUXKOTO Tija 00ciary V moTpiOHO 3pobutu podoTy, piBHY:

A=2V=KV, (5)

ne Po — mexxa mintHOCTI; E — Moaynb FOHra; kx — KOedilieHT MPOmOpIifHOCTI.

L5 Teopis cnpaBeBa I BEIUKOTO 1 CEPEIHBOTO IPOOJICHHS, JIe SHepris BUTpaJa-
€THCSI B OCHOBHOMY Ha Jie(hopMaIiito MaTepiany.

VY 1940 p I1. Pebunnep 3amnpomnoHyBaB po3paxyHKOBY (hopmyiy, B siKiid 00'enHaHa po-
00Ta, 1110 BUTPAYa€ThCS Ha JeOopMallito 1 yTBOPEHHS! HOBUX ITOBEPXOHb:

A =KkpS + Kk V. (6)

Jana popmyna PeOunaaepa Takoxx He OTprMalia MPaKTUYHOTO 3aCTOCYBAaHHS Yepes3 Bifl-
CYTHICTh pEeKOMEH/AIi} 111010 BUOOPY 3HAUEHb KOS(IIIEHTIB TPOMOPLIIHHOCTI.

[cHyroTh 1 1HIII1 TeOpii mpolieciB pyiiHyBaHHs, Taki sk Teopis @. bonna, mo skiit podora,
BUTpayeHa Ha MOJIPiOHEHHS, IPONOpLilHA 30UIBIIEHHIO TAPAMETPa, 10 € CEPETHHOICOMETPH-
YHUM MK 00CSToM 1 moBepxHero. JIocuTh YncIeHHI CpoOu PO3BUTKY Teopii MOApiOHEHHS 3
MOBHIIIUM YpaxXyBaHHIM pPeaIbHOI CTPYKTYPH 1 Pi3WYHHUX BIACTUBOCTEH TBEPAMX TiJ, BIUTUBY
CEpeZIOBUINA, B SIKIH Iiie MOAPIOHEHHS Ha CyYaCHOMY €Talli.

161



TexniuHuii cepBic arponNpoMmcIOBOro, JIICOBOT0 Ta TPAHCIOPTHOI0 KOMILIEKCIiB
Technical service of agriculture, forestry and transport systems ~ Nel1’ 2018

[TopomrkoBi Marepiaiy, M0 HAAXOAATh Ha MEXaHOAKTIBALlIOHHYIO 0OpOOKY, SBISIOThH
co0010 CyMIIl OKPEMUX YaCTUHOK PI3HOTO pO3MIpy, PO3JIJICHUX Ha KJIacH BIAMOBIIHO JI0 I'pa-
HYJIOMETPUYHOTO CKJIaJy BUX1THOrO Marepiany. Biomo, 1110 YaCTUHKU pi3HOI BEIUYMHU O-
HOTO 1 TOTO 3K MaTepiaiy BOJOIIOTh PI3HUMH BJIIACTUBOCTSMMU: MILIHICTIO, IPYXKHICTIO, 31aTHI-
CTIO /10 noApiOHeHHs [13], TuM Oinblie pi3HUX MaTepiaiiB, sIK B HAIIOMY BUIAIKY. € pe3ylib-
TaTH, K1 MIATBEPIKYIOTh HE3AJIEKHICTh NOJAPIOHEHHS PI3HOMIIHUX KOMIIOHEHTIB B CYMIII]
[14], Toal MOXKHA MPUIYCTUTH, IO IHTPEAIEHTA CYyMIllli ISl CHHTE3yBaHHS KOMIO3HUIIIITHIX
MaTtepiaiiB 13 3actocyBanHsIM CBC-nporecy, mopiOHIOIOTHCS KOXKEH 3a CBOIMU 3aKOHAMU He-
3aJIeKHO OJIUH BiJl OJTHOTO.

3 METO0 HIATBEPKEHHS T1IOTE3U PO He3aleKHE MOAPIOHEHH] YacTOK pI3HUX Mare-
piaiiB 1 ¢ppakmiil KpynHoCTI 0ys0 311HCHEHO eKClIepUMEHTaIbHE MOIPIOHEHHS OKCUIIB allto-
MIHIIO 1 3aJi3a rpa"ynomerpuyHoro ckiany 40-70 Mxm 1 63-100 mxm BianosinHo. Ilogpi0-
HEHHsI 3/11IHCHIOBAJIOCS HA KYJIbOBOMY MIIMHI TpoTsAroM 2, 6, 10 xB.

Ha puc. 1 npencraBneHa kiHeTnka okpemoro noapioHenns okcuais Al,Oz Ta Fe;Os.
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Puc. 1 - Kineruka noapionenns oxcuais ALO; (40-70 mxm) (2) Ta Fe,O3 (40-70 mxm) (1)

3 puc. 1 BUgHO, M0 XapakTep KIHETUKU NOAPIOHEHHS OKCHUIIB AIFOMIHIIO 1 3alli3a O/IHa-
KOBHI. AHaJTi3 KIHETHKY MOPiOHEHHS 3/IIICHIOBABCS 32 BETMYHHOIO 3THINKIB (V) HA KOHTPO-
JpHOMY cHTI po3mipoM 0,04 MM.

Jlnist 3icTaBieHHsI KIHETUKHA OKPEMOTo MOAPIOHEHHs (hpaKIliif 3 iX MOApPIOHEHHSM B CY-
MIIII pO3paxoBYBANIUCS CEPETHBO3BAXKEHI 3AMHUILIKHA 00paHuX (pakiiiii B cymili, TOOTO

YICM Mar — Y1R11 + YZRIZ s (7)
ne R} — 3aJMIIOK j (hpakiii Ha 1 CUTI; Yj — BUX1A j ppakuii B rpaHyIOMETPUIHOMY CKJIaJl BUXI-
ITHOTO MPOJYKTY.

Taxum urHOM, BUPOOIISIIOCS MOJICTIOBAaHHS NPOIIECY CHUIBHOTO MOApPiOHEHs (PpaKiiit
PI3HOT KPYITHOCTI.
Ha puc. 2 mokaszana kiHetuka mojapiOHeHHs cymimn wmarepianiB (50% AlOs Tta

50%Fe203) (1) 1 3MonmenboBaHoi cymitii (2), 009rCIeHo 3a pe3ybTaTaMu MOAPiOHEHHS OKpe-
mux (pakiii (7).
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Puc. 2 — Kineruka noapionenns cymimi marepianis (50% Al Oz Ta 50%Fe,03) (1) i 3MmoaeaboBanoi cymimi (2).

OpHakoBU# XapakTep 1 JOCUTH OJIM3bKE X PO3TallyBaHHS KIHETUYHUX KPUBUX IiJTBE-

PIDKYE TIMOTE3y MPO HE3aJEKHICTh MOAPIOHCHHS YaCTUHOK PI3HUX MaTepiaiiB 1 ppakilii Kpy-
ITHOCTI MPH X CHUJIbHOMY MOJIpiOHEHH] B CyMilIi.

BucnoBku. Ha ocHOBI pe3ysbTaTiB €KCIIEPUMEHTAIBHUX JOCIIKEHbh BCTAHOBJICHO,

110 KiHETHKa HE3aJIeKHOTO MOIPpiOHEHHS KOMIIOHEHTIB CyMillli OKCHIIB JIFOMIHIIO 1 3aj1i3a pi-
3HOTO TPAHYJIOMETPUYHOTO CKJIay MAa€ OJHAKOBHH XapakTep.

Kineruka noapiOHenHs cymimi wmartepianiB (50% ALO; ta 50% FexOs) moGpe

Y3TO/KYETHCS 3 KIHETHKOIO MOAPIOHEHHS 3MOICIbOBAHOI CyMiIITi, BIMOBIIHO BUpasy (7), 1o
JI03BOJISIE MOJIEITIOBATH MPOLIEC CIIJIBHOTO MOAPIOHEHHAPI3HUX MaTepialiB.

10.

11.
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