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Onep:kano KOMIUIEKCHI riaporesi, siki Mo:KHAa 3acTOCyBaTH MiA 4Yac BHPOOHUIITBA
KocMeTHYHHMX BUPoOiB. Lli koMmo3uTH ofep:kaHi Ha OCHOBI KpOXMAJIIO i moJiakpuiaaminy, fAKi,
iMoBipHO, € GiocymicHUMHN Ta HeTOKCMYHMMH. OTPUMAaHO KOMIUIEKCHi rigporesii, HanoBHeHi
iionamu Ca’* ta Mg®, kamieM JIMMOHHOKHCIIHM.

Hocaimxeno kiHeTHKY HAOpsIKaHHA Ta CTiliKiCTh Ha CTHCKYBAaHHSA OTPUMMAHUX
KOMILIEKCHHMX rigporesiB. CMHTe30BaHi KOMIO3UTH MOXKYTh OYyTH BHUKOPUCTAHI IK OCHOBHM
KOCMETHYHHMX MACOK i/l 4Yac CTBOPEHHS KOCMETHYHUX 3ac00iB.

Kuarouogi cioBa: rigporesi, mosaiakpuiamina, Kpoxmaab, KOCMETHYHI 3ac00H.
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THE OBTAIN OF COMPLEX POLYACRYLAMIDE HYDROGELS
ASTHE BASE FOR COSMETICS

© Chobit M. R, Bilozir R. M., Tokarev V. S, 2017

During the execution of this work, the complex hydrogels were obtained that might be
used in the cosmetic production. These composites were obtained from starch and
polyacrylamide, they probably are biocompatible and non-toxic. Within this work, the
complex hydrogels filled by: ions Ca®* and Mg?*, potassium citr ate wer e obtained.

The swelling kinetics and compressive strength of the complex hydrogels obtained were
investigated. The synthesized composites can be used as the base of facial masks for making
cosmetics.

Key words: hydrogel, polyacrylamide, starch, cosmetics.

IMocTranoBka mpo6jemu. OCTaHHIMH POKaMH y CBITI MPOBOJATHCS THTEHCHBHI JOCHIDKEHHS 3
CHHTE3y 1 BUBYCHHS BJIACTUBOCTEH MOJIMEPHHX TiIPOTENiB Uepe3 MEepPCIEeKTUBHICTh iX 3aCTOCYBaHHS Y
0araTbox ramyssx, 30KpeMa MeIU4Hil, Ta B kocMeronorii. HoBuM TpeHIoM y I1iif ramy3i ctaiu rigporenesi
MacKu s 06nuuds. IXHBOIO rONOBHOK (YHKIIEIO € iHTEHCHBHE 3BOJOKEHHs IIKipH. Yci rizporenesi
MacKd TaKOX 3allyCKaloTh IIPOIECH JETOKCHKAIll — M030aBisifoTh BiJ IUIAKIB 1 TOKCHHIB, SKi
HAKOMUYYIOThCS Yy MIKipi. Macka oOpe MpHIIUIae 10 MWKipA 00IUIYsl, TOMY CTBOPIOE YMOBH, MOJIOHI 110
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MApHUKOBOTO eeKTy, 110 Ie Oinblie crpuse epeKTUBHINIOMY OYHIIEHHIO MKipu. Kpim Toro, ctBopenwmii
MIKPOKJIIMAT MPUCKOPIOE KPOBOOOIT 1 KOPHCHI (aKTHBHI) pEYOBUHH, MACKH MPOHUKAIOTH y TIHOOKI IIapu
HIKIPY Ta MOKPAIIyIOTh MPOLeC iX 3acBOEHHS. DI3UKO-XIMIYHI BIACTHBOCTI Ta CTIMKICTh Ha CTUCKYyBaHHS
rigporenis, oTke, 1 chepu iX MOKIUBOrO BUKOPUCTAHHS BU3HAYAIOTHCS MPUPOAOID MOJIIMEPY, CTYIICHEM
CTPYKTYpPYBaHHS, CIIiBBIJHOIICHHSM IOJIiMep : Boja. ToMy Ojiep»KaHHs Ta JIOCIHI/PKEHHs BIUIMBY PI3HHX
(akTOpiB HA XapaKTEPUCTUKHU IMOJNIMEPHHUX TIAPOTETiB € BRXKIMBHM 1 aKTyaJbHUM 3aBJaHHIM Cy4acHOI
MOJIMEpHOT XiMmii.

AHaJi3 ocTaHHIX JocaiTxKeHb i myGaikauii. [iporeni Ha OCHOBI TPUBUMIPHHUX, TOJIMEPHHUX CITOK
3HAWIUT CBOE 3aCTOCYBaHHS y Tajy3i kocMmerosorii ta memunubu [1-3]. BoHH MOXyTh CKIagaTHCh 3
OPUPOJHUX pedoBHH (Toicaxapuau) Ta CHHTCTHYHHX BHCOKOMOJNCKYJSpHHX MatepianiB. Cepen
CHUHTETUYHHX TiApo(iIbHUX TONIMEpIB YBAarol KOPHUCTYIOTHCS KOMITO3UTHI MaTepialii Ha OCHOBI
noJliakpriiaMiay. BoHM MaroTh BHCOKY MIITHICTh Ha PO3PHB Ta €IACTHYHICTh, 1[0 KOPUCHO JUIA HaTaHHS
MeIMYHOI JomoMoru. Taki TigporeneBi MOB'S3KH 3aXWINAIOTh PaHy Bil MIKpOOHOro 3a0pyaHEHHS,
MEepeIIKO/KAIOTh BTpaTaM piIMHHU, 3a0e3MeUylOTh BUTBHHM IOTIK KHCHIO Ta TPUCKOPIOIOTH IPOIIEC
3aroenHs. Kpim Toro, 3abe3neuyeTbesi aMopTH3younii epekt Ha pany [4—6]. [HKarncymoBaHHS aKTUBHUX
PCUYOBHH Yy TaKMX KOMIIO3UTHHX cucTeMax [4, 7] mokpaiiye mporec ix 3acBoeHHs. Lls BracTHBIiCTh aa€e
3MOT'Y IX BUKOPHUCTOBYBATH HE TUIbKHU IS JIKyBaJIbHO-MEIMYHUX I[UICH, ajie ¥ JJ11 KOCMETUYHHUX IIeH
MICI[EBOI'0 3aCTOCYBaHHSI.

Meta po6oTH — 0JiepKaTH KOMILJICKCHI T1Iporeni mojiiakpuiiaminy ik OCHOBH KOCMETHYHHX MAacok,
HATIOBHUTH iX HOHAaMU MIKPOCIEMEHTIB Ta IHIIMMH KOPUCHHMH PEYOBHHAMH, JOCTITUTH KIHETHKY
HaOpsikaHHA Ta JeOpMallito il 4Yac CTUCKYBaHHS TaKUX MOJTIMEPHHUX TiIPOTreliB.

Bukiiag ocHOBHOTO Matepiainy i o6roBoperHs pesyabratiB. [lonimepusaniero akpunaminy (AA)
y BOJHOMY cepenoBulili y mpucyTHocti kpoxmamto (Kp) Oyiau oTrpumaHi mpocTOpPOBO 3IIUTI MOIIMEPHi
rimporem. Meroanka OTpHMaHHSI TIIPOTENIO TONsrae y Takomy. llepenideHi peareHTH, MOMEPETHBO
pO3YHMHEHI y BOJI, 3aBaHTAXYBAJIUCh Yy TNPOOIpKY Ui HAJAaHHS BIiANOBIAHOI (OpPMH OJepKaHOMY
komno3uty. Konnentparis iximiatopa (K,S,Og nepcynbdar kair) y peakiliiHoMy po3dnHi CTaHOBHJIA
0,5 % wmac. Peakuiiiny cymim HarpiBamu 3a Temneparypu 60 °C, iHTEHCHBHO IiepeMillyBaid 3a
JIOTIOMOT'00 MarHiTHOT Milanku. TpuBajicTs mpoiiecy noniMmepu3anii craHnoBuira 20 XB, Micis 40To 3pa3ok
OXOJIO/IXKYBABCS 10 KIMHATHOT TEMIIepaTypH Ta 00epexXHO BUIIMAaBcs 3 peakiiiHoi nocyaund. [igporeni Ha
OCHOBI aKpHJIaMiIy Ofep KyBali 3a Takoro cxemoro (puc. 1).
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Puc. 1. Cxema odeporcanns 2iopozenié Ha 0CHOBI AKPUIAMIOy

Kinernky HaOpsikaHHS 3IIMTUX TiApO(IIbHUX KOMOJIMEPIB BHU3HAYAIHM 32 TaKOK METOIUKOI.
Hapaxky cyxoro konoxiMepy 3aiuBajiy JUCTHIBOBAHOI BOAOIO 1 BATPUMYBaIX NeBHUH dac. [licis nporo
HAOPSKIMH TiIporenb BUBAaHTXYBIM Ha (QUIBTPYBAILHUI mamip Ui BUIAJICHHS HecopOOBaHOI BOIM i
MicIist IbOT0 3BaKyBai. CTyiHb HAOpsKaHHS BU3HAYAIH 32 (popMynoro

CH.= ((mHa6p-m0)/m0)-lOO % (l)
1€ Myasp — Maca HAOPSAKIIOro KOMoIiMepy; My —Maca HaBaXKKU KOMoJiMepy.
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[IpyxHi BIACTUBOCTI (3IATHICTh 10 CTUCKYBAHHS) CTPYKTYPOBAHHX TiJPOrelliB BH3HAYAIM TakK:
3pa3K¥ OTPUMAaHHUX TIAPOreiB y BUIVISAL IMIIHAPIB giamerpoM ~9 MM 1 3aBuiiku 10-12 MM momimanu
mig mpec. BumiproBanm BHCOTY 3pa3Kka 3a pi3HUX HaBaHTaXeHb. BimHOCHY aedopmallito BU3HAYaIH 3a
dhopMmyI0t0

& = ((ho-Nerue)/o)-100 % 2

ne ho — Bucota 3paska rigporento 6e3 HaBaHTaKeHHS; Ny, — BUCOTA HABAHTAKEHOTO 3pa3Ka.

Jnst BH3Ha4YeHHS HEOOXiMHOI TPHBAIOCTI MPOIENYPH BUKOPHCTAaHHS OJACPKAHUX TiIPOTENiB
6yII0 IPOBEICHO KiHETHYHI TOCITIKEHHS eKcTparyBaHHs Kationis (Cat™ ta Mg”™) y Boxme cepemosmiie.
Jis 1poro MOJIMEpHI KOMIIO3UTH, HAIOBHEHHI BIANOBIIHUMHU COJIAMH, 3aHYPIOBAJIUCh Y BOJIHE
CEpEeIOBHUIIE Ta BUTPUMYBaiMch y HboMy 1, 2 1 3 rox, BiamoBigHo. Ilicist 4oro 3pa3ok BuUHMaIM Ta
MPOCYIIyBaJd 0 IOCTIHHOI Macu y cymmibHi madi 3a temneparypu 80 °C. 3amuInkoBUN BMICT
MiHepaJIbHOI CKIIaJ0BOI OyB BH3HAYEHWH TpaBIMETPUYHUM METOJOM TPOKAIIOBAHHIM Yy My(QenbHIN medi
3a temnepaTypu 700 °C.

JocmipkeHo KiHeTHKY HaOpsiKaHHsI T1IPOreiB 3 PI3HUM CKJIaJJOM KOMIOHEeHTiB. Ha puc. 2 mokazaHo
KiHETHKY HaOpsSKaHHS Pi3HUX 3pa3KiB MOJIMEPHUX KOMIIO3UTIB, KOKECH 3 SIKUX BIAPIZHAETHCS MiX COOOIO
CKJIaJIoM Ta yMoBaMu cuHTe3y. Ha rpadiky Mokemo moOayuTH, IO TiAPOreNi 3 MEHIIMM BMICTOM
KpOXMaJI0 Ta BIANOBIJHO BUIIMM BMICTOM TONIaKpHIIAMiJy XapaKTepH3YIOTbCS OUIBIIUM CTYyMEHEM
HaOpsikaHHs. BilnmoBigHO, 3MIHIOIOYH CKIIAJ] IMOJIIMEPHOT0 KOMIIO3HUTY, MOXKHA PEryJIOBaTH CTYIiHb HOTO
HaOpsIKaHHS Ta CTIHKICTh HA CTUCKYBaHHS OACP>KAHOrO TiAPOrelto.

Hadpaxasaa noaiMepHHEX KOMIOIHTIE
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Yac nabpaxaHHs, roa.

Puc. 2. Kinemuxa Habpsaxanus 3paskie NOJIMepHUX KOMNO3UMie

[1ix yac mocCiiIpKeHb TiAPOreIeBl KOMIIO3UTH OYyJIM HAIIOBHEHI PI3HOMAaHITHUMHU KaTiOHAMHU (Ca2+ Ta
Mg™") Ta amionamu (LHTPAT) [T HATAHHS M GIOMOTi4HOT AKTHBHOCTI.

Hocmimkeno aedopmariiro mix gac CTUCKyBaHHS rigporenis, HamoBHennx CaCl,. Bymau mpoeaeni
SKCIICPUMEHTH 3 METOI0 OJICp>KaHHS TiIporelniB, HAOBHEHHX AaKTUBHUBHHMH MakpoeneMmeHTamu. [is
OO TiApOreNeBUil KOMIO3UT OyB HANOBHEHWH HoHamM Kambilito. st 3pa3KiB TiporemiB i3 CTyneHeM
nabpskanns 100 %wmac BigHOocHa medopmariis Moke ctaHoBuTH 26 % (puc. 3), B TO# yac, SIK BiAHOCHA
nedopmartis i3 cryneHem Habpsikaruas 300 % nocsirae 70 % (puc. 4). 31aTHICTh TOBEPHEHHS TiAPOreiO 10
MOYaTKOBOI (POPMU JyKE 3aJICKHUTH BiJI CTYIIEHS HAOpSKaHHSI.

312



[}
o

100% c.H. rigporesio

0o
ot

[\
o

W 40%kp,60%AA,CaCI2
m 30%kp,70%AA,CaCI2

Bignocue cruckyBanus, %
= =
o ot

il

o
I

0 416 1040 2081 3121 4161 20807 0

P.Ila

Puc. 3. Cmitikicmo na cmuckysanns ciopoeenio, Hanognerozo CaCl,
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Puc. 4. Cmitikicmo na cmuckysanns ciopoeenio, Hanognenozo CaCl,

Ha puc. 5 300pakeno 3pasku rigporemto 3i cmiBBignomenasM Kp-AA (30:70), manosueni CaCl,
(Bmict 10 %mMac), 3a crymens Habpskanus 300 %. MoxxHa T00aYUTH, MO ITIC/IS 3HAYHOIO HaBaHTAYKCHHS
JOCTIKYBaHI 3pa3kd HE PYHHYIOTHCS Ta MOXXYTh BITHOBJIIOBAaTH CBO (opmy. HaBenmeHi pe3ynbTaT
TaKOXX MIITBEP/UKYIOTh MPOBEICHI paHillle JOCIIDKEHHS MPO Te, IO 30UIBIICHHS BMICTY KpPOXMAJIO
MPU3BOAUTL JO TMOTIPIICHHS CTIHKOCTI HAa CTUCKYyBaHHS TigporeleBux Kommo3uTiB. Ha puc. 5
JIEMOHCTPYETHCS MII[HICTh KOMITO3UTIB IIiJ1 YaC HaBaHTa)KCHHS.

a B

Puc. 5. 3pasku ciopozenio 3i cnisgionowennsam Kp-AA4 (30:70) (nanoeneni CaCl,, nabpsixanns 300 %):
a — 00 Hasanmadicennst, 6 — ni uac nasanmasicenns P = 20,8 kHIm?2; 6 — niciia pozeanmadicenist
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3BakalouM Ha Te, IO MarHid BiIirpae BeNWKe 3HA4YCHHS y OIOJOTIYHHMX MpoIlecax OpraHizMy
JIIOJMHM, OyJIM oJepaHi TiIporejieBi KOMIIO3UTH, HalOBHEHI WoHamMu MQ. Jlns msoro Oynu oOpaHi aBa
IUIAXY HAlOBHEHHS. Y TEPIIOMY BHIAAKy y PO3YMH PEAKIIHHOTO CEpEelIOBHUINA BBOIUBCSA MarHii
xmopuctuit (MgCl,). 3a mpyrorw MeToANKOI BHKOPHCTOBYBABCS HEPO3UYMHHMK y BOMI KapOOHAT Maruiro.
Taka MeTomMKa 3aCTOCOBYBAJllach JUIsi TIOPIBHSHHS BIUIMBY KaTioHiB MQ y po3uWHi Ha TOJNiMeEpHU3aIliio.
[Momimepu3atis MpoBOMIACH 32 IHTEHCHBHOI'O TNEpeMIlllyBaHHs ojiepikaHoi cycrensii. Ha puc. 6 ta 7
HaBEJCHO Pe3yJbTaTH JOCHIDKeHb aedopMallii MmiJ Yac CTUCKyBaHHS TiIpOresiB, HAIOBHEHMX MarHii
XJIOpUJ0M. BMicT MarHiro y KoMmno3uri cTaHoBuTh 2 1 5 %, BianosigHo. CHIBBIAHOIICHHS aKpHjaMiay 10
kpoxmairo cranoBuiio 60:40 Y%mac. BimHocHe CTUCKYBaHHS TaKHX TiZPOTENiB JIy)Ke 3aJIeKUTh BiJl CTYTIEHS
HaOpsKaHHS HAIOBHEHMX TiAPOrelieBUX KOMIIO3MTIB 1 mocsrae 62 %. Takox Taki rigporeni € J0BOJI
MIIHUMH, aJDKEe BUTPUMYIOTh HaBaHTaxkeHHs 10 104,03 kI]a.
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Puc. 6. Cmitikicms Ha cmuckysanns eiopoeento, nHanognero2o MgCl, (2 % Mg)

HanoBHeHHS rigporento xnopmMaom marsito (Bmict Mg 5 %)

70 4
60 - 4:/”,
X
< 50
I
I <
3
> 40
o
= 4
[
o
o 304
5 B 100 % HabpsikaHHA
% ® 200 % HabpskaHHSA
2 20
m

10

0 T T T T T T T T T T T 1
0 20000 40000 60000 80000 100000 120000

P, Na
Puc. 7. Cmitikicms na cmuckysanns eiopoeento, nHanognerno2o MgCl, (5 % Mg)
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JIyis OLIHKM TPHUBAJOCTI MPOBEACHHS MOXJIMBUX IPOIEAYP 3 BHKOPHCTAHHSM 3aIllPOIIOHOBAHHUX
MaTepiajiB 0yJI0 IPOBEIEHO JOCTIHKEHHS KIHETUKH eKCTPaKIlii KaTioHiB 3 riaporenis, HamoBHeanx MgCl,
ta CaCl,. TIlicas mpoBedeHHS EKCICPUMEHTIB MOXKEMO [MO00auuTH, [0 BXKE Y Tepuly TOJUHY
eKCTparyBaHHs, y pO3YMH BHIUISETBCS BEIWKA KUIbKICTh #HOHIB MarHiro 1 Kajbuito (puc. 8).
Crocrepiraemo, 10 BHBUIbHEHHS WOHIB KaJbIli0 BiZOYBa€ThCS MCIIO Kpalle. Bike 3a Tpu roamHu y
po3uunH nepexoauth 86 % Mg i 98 % Ca Bix 3aBaHTa)KeHOI KiJIbKOCTI. TakoK, 3 OrJIAAy Ha Il AaHi, MOKHA
3pOOMTH BUCHOBOK, III0 ONTHMalibHA TPUBAIICTh Jii 3alPOIOHOBAHOI KOCMETHYHOI MAaCK{, HAIlOBHEHOI
AKTHBHUMH MIHEpPAJIbHUMH KaTIOHAMH, MOXKE HE MepeBUIyBaTH 1 roj1, OCKUIBKY 32 IeH yac eKCTparyeTbes
OCHOBHA YaCTHHA aKTUBHUX KOMIIOHEHTIB TiJpOTreIo.

Kinetnra excTparui ionie Mg i Ca
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Puc. 8. Kinemuxa excmpazyeanms kamioHie 3 2iopozenie, HanoGHeHUX
MgC'Z ma CaCIg

Ha puc. 9, 10 noka3aHo pe3yabTaTH JOCTIKEHb CTIHKOCTI Ha CTUCKYBaHHS T'iIPOresiB, HAIOBHEHUX
MarHii kapOoHaToM. BimHOCHE CTHCKYBaHHS TaKHX TiIPOTENiB BiAPI3HAETHCSA U 3pa3KiB 3 PI3HUMH
BicoTKaMu HaOpskaHHs 1 jocsirae 49 % s rigporenis 31 crymeHeMm HaOpsikanns 100% 1 58 %
rimporemiB — 3i crynenem HaOpsikanas 200 %. Timporemi € qoBONI MIHUMH 1 BUTPHUMYIOTH 3HA4YHE
HaBanTakeHHs 10 20,8 kIla. [Tix yac HaBaHTa)KEHHS 3pa3KH, OJeprKaHi 3a II€I0 METOIUKOK T1IPOreIeBUX
KOMITO3UTHHX MaTepialiB, He pyHHYIOThCS 1 MOXKYTh BiTHOBJIIOBATH CBOIO TIOTIEPETHIO POpMY.
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Puc. 9. Cmitikicmv na cmuckysanns 2iopozeno, Hanosrnernoz2o MgCQOs (10 %)

315



ExcrparyBaHHs HOHIB MarHito y BOAHUIN PO3YHH i3 00’ €My TiJJpOreseroBoro KOMIO3UTY, HallOBHE-
Horo MgCOs;, Oyno miaTBepIKeHE YTBOPEHHsAM Oimoro ocamy coieil ¢ocdary marniro. [Ipouemypa
aHaJi3y MPOBOIMIACH 32 METOAMKOI SKICHOT peakiii JociipKyBaHoro po3unty B3aemomniero 3 NH4Cl ta
NH4OH y BommoMy po3umHi, 32 METOAMKOIO, HaBEAHOIO ¥ [8].

\ HanosHeHHs rigporento MarHivi kap6oHaTtom (Bmict Mg 5%) \
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Puc. 10. Cmitixicms na cmuckysamHsi 2iopozeio,
nanosneno2o MgCO;s (5 %)

Byio mpoBemeHO MOCHIIPKEHHS KIHETMKM HaOpsKaHHsS Ta AOCHIIDKeHHs nedopMallii mija vac
CTHCKYBaHHS TiJJpOTeNiB, HAMTOBHEHUX KalliEM JTUMOHHOKUCIUM. KpiM KaTioHIB, aKTHBHY OIiOJIOTiYHY Jit0
MOXYTh TAaKO)XK MaTH aHIOHW, 30KpeMa OpTraHIYHHMX CHOJYyK. 3 IMi€l0 MeTor Oyino 3amporoHOBAaHO
HAllOBHEHHS TiIPOreiar0 aHIOHAMHM LUTPUHOBOI KUCIOTH. lle Oyino moOB's3aHO 3 iX MPHUCYTHICTIO Yy
IUTpycoBUX (ppykTax, siKi BiOMi CBOEIO O10JOTIYHOIO Ai€l0 HA MoBepxHIO mKipu. Ha puc. 11 mokazano
JOCTIDKeHHs aedopMallii mix yac CTUCKYBaHHS TiIpOreiiB, HAalIOBHEHUX KaJl€EM JIMMOHHOKUCIHUM. SIK i
OYIKyBaJOCh, i3 30UIbIICHHSAM CTYNEHsS HaOpsSKaHHS TiIporelli CTalTh eNacTHYHIMMMHU. [licis
HaBaHTaxeHHs rigporenis a0 20,8 k[1a, BOHH JIerko MOBEPTAIOTHCS 10 CBOET TOYATKOBOT (hOpMHU.
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Puc. 11. Cmitixicms na cmucky8anms 2iopo2eio, Han08HEeH020 KAEM JUMOHHOKUCIUM
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Ha puc. 12 noka3aHo KIHETHKY HaOpsAKaHHS TiAPOreNII0, HAMOBHEHOI'O Kaji€M JIMMOHHOKHCIIHM.
Bwicrt iioro y kommiosuti cranosuth 10 %. [ToBHe HaOpsiKaHHS TiApOoreNnto Bij0yBaeThes npotsrom 48 rox.

KiHeTuka HabpsikaHHS rigporento HanoBHEHOro
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Yac HabpsikaHHs, rog,
Puc. 12. Kinemuka nabpsikanms 2iopoeeno, Han08HeH020 KAeM TUMOHHOKUCUM

BucnoBku. OTxe, B pe3y/bTaTi MPOBEACHHUX JOCIIIKCHb OyJI0 OTpUMaHO 0arato KOMILJICKCHHX
TiIporeneBux MarepiayliB Ha OCHOBI NMPHPOJHOTO TONIMEPY — KPOXMAJIO 1 CHHTETUYHOTO TOJIIMEpy —
MOJiaKpUiIaMilly, HAlOBHEHUX pI3HUMH MIHEpaJbHHAMH 1 OpraHiYHUMH, 30KpeMa MPUPOJAHUMH,
pedoBrHamMu. [IpogeMOHCTPOBAaHO IXHIO 3/1aTHICTH 0 HAOPSIKAaHHS Y BOJHOMY CEPEIOBHII 3 YTBOPEHHIM
BHCOKOGIIACTUYHHX TeNiB, 3aTHHUX JI0 MPYKHOI (000poTHOT) nedopmartii mix 4ac HaBaHTAKECHHsI, 8 TAKOX
BUBUIHHEHHS IHKOPIIOPOBAHUX y HUX MOKUBHHUX MIHEpPaJIbHUX Ta OPTaHIYHUX pedoBHH. Taka MOBemiHKa
PO3pOOIIEHHX KOMILJICKCHHUX TiIPOTelieBUX MaTepiaiiB poOUTh iX MEPCIEKTUBHUMHE ISl 3aCTOCYBAHHS y
MEINYHUX Ta KOCMETHYHHUX 3ac00ax, 30KpeMa, JUisl oJiep>KaHHs KOCMETHYHUX MacoK.
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