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W3yueHbl MeXaHHYECKUE CBOMCTBA KEJTaTHHOBOMU JICHTHI U PEOJIOTHsl JKEJIaTHHOBOI MaccChl IpH
MIPOM3BOACTBE MSATKUX JKEJIATHHOBBIX KarCyll. Pe3ymbraTel CBHAETENBCTBYIOT O TOM, UTO JJIS
COXPaHEHHUsS! MPOYHOCTH U HIACTHYHOCTU OOOJIOYKH KAaICyNbl BO BPEMsI MPOM3BOJICTBEHHOTO
nporecca U XpaHeHus MoAyab FOHTa jKeIaTHHOBBIN JIEHTHI HOJDKEH HAXOMUTHCS B HHTEpBaJe
35 — 50 MIla, yuinaenue nipu paspeise — 210 — 240 %, npenen npounoctu 8§ — 9 MIla. Tak-
K€ YCTaHOBIICHO, YTO PEreHepUpPOBAaHHAs JKEJIATHHOBAsI Macca TepsieT CBOM CTPYKTypHO-Mexa-
HUYECKHE CBOICTBA, B YACTHOCTH IIPOYHOCTD U INIACTUYHOCTD, YTO MOXKET IIPUBECTU K Pa3pbl-
BY 000JIOUKH KAaICyJl BO BpeMsI XPaHEHHUS U CYIIKH.

KuroueBble cj10Ba: MATKHE KEIIATHHOBBIC KariCyJibl; MEXaHUYCCKHE CBOﬁCTBa; peosiorus.

AHanu3 pa3BUTHS TEXHOJIOTUHU KaIlCYJIMPOBaHUS TOKa-
3aJI, 9TO OIHUM H3 HamOolee PacHpOCTPaHEHHBIX CIIOCO-
00B ToMy4eHUs] MATKUX skenaTiHoBBIX Kancyn (MKK) si-
JsieTcs pOTallMOHHO-MaTpu4Hbli Metoa. Ilpeumymiectsa
JAHHOTO METO/Ia 3aKJIFOYAlOTCs B 0OJiee TOYHOM JIO3HPO-
BaHUM U OOJIBILON NPOU3BOAUTEILHOCTBIO, 10 CPABHEHHUIO
C KareJabHBIM METONIOM [ 1], a Tak»ke BO3MOKHOCTH KarcCy-
JMPOBATh BEIIECTBA Pa3IMYHON KOHCHUCTEHIHH, ITPEUMy-
MIECTBEHHO JXKUJIKKE U mactoobpasubie [2]. [Iponecc mpo-
M3BOJICTBA KAIICYJl MIPOXOIUT B HECKOJBKO CTAIHI: MOIy-
YCHHUE JKEIATHHOBBIA Macchl, (pOpMHPOBAHUE KEITaTHHO-
BBIX JICHT, 3aTeM 000JI0YEeK MPH OJHOBPEMEHHOM HAroJl-
HCHUM Kamcyls, cymka, (acoeka [3]. B mnpomecce
AKTMBHOH CYIIKH U NUIH(OBKH BO Bpammaromemcs dapabda-
He, a TaloKe IPU XPaHEHUM KarlCyslbl MCIIBITHIBAIOT MEXa-
HUYECKHE BO3AEHUCTBUS, KOTOPhIE MOT'YT IIPUBOAUTH K I10-
Tepe HopMbl, pa3pbIBy 0O0JIOUKH U BBITEKAHUIO HATIOJIHH-
Tens [4]. PU3UKO-TEXHOIOTHUSCKUE CBOMCTBA JKEIATHHO-
BOW JICHTHI SIBJIAIOTCS OJHUM M3 OCHOBHBIX NMapaMeTpoOB,
KOTOpBIN BIMSAET Ha ACTUYHOCTb, IPOYHOCTb U XPYII-
koctb MXKK. B ¢BsI3U ¢ 3TUM MpeCTaBIsET HHTEPEC U3Y-
YEeHHE MEXaHMYECKUX CBOWMCTB JKEJIaTUHOBOW JICHTHI, B
MIEPBYIO o4epeslb — Moayilb KOHTa U mpeaen mpoYyHOCTH,
a TaKKe PeoJIoruu (IMHaAMHYecKasl BA3KOCTb U HalpshKe-
HHe cupura) [5].

Lenb paboTbl — CcpaBHEHHE MEXaHHMUYECKUX CBOMCTB
JKEJIATUHOBBIX JIEHT pa3HOU TOJILIMHBI JUIs BBISIBICHUS OIl-
TUMAaJILHOTO MHTEpBajia 3Ha4eHus: mony:ist FOHra, yanune-
HUS TIPU pa3pblBe U Npejelia IPOYHOCTH, Ui IPOTrHO3U-
POBaHUs BOBMOXXHOCTH JJAJIbHEHIIIETO NCTIONb30BaHHS HKe-
JTAaTUHOBOW JIeHTH B mpomsBoacTBe MXKK, a Ttaxke
OILICHUTH 1EJIeCOO0PA3HOCTh HMCIOJIb30BAaHUS IKETaTHHO-
BOI1 JIEHTBI U3 PEreHEPUPOBAHHOM JKEIaTHHOBON MAaCCHl.
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B pabote ncnonb3oBaics MEIUITUHCKHHA KeJIaTHH Map-
ku MK, I'OCT 23058-89 (pH 5,8 + 0,4), Boma ouniiieHHas
@®C.2.2.0020.15, mmuepun wmapku [1K-94, TOCT
6824-96. Ha ux OCHOBE IOJIy4€Ha >KEJIaTHHOBas Macca
(OKM) cocraBa: xenatnna 44 %, mmnepuaa 22 %, oc-
TajpbHOoe — 110 100 % Boga o4uIlieHHAs.

KM roToBunu 1o cienyroei TexHonoruu. B 3akpbl-
TBHI peakTop, CHAOXKEHHBIN BOJSHOI pyOaIukoii, aBToMa-
TUYECKUM PETYISTOPOM TEMIIEPaTyp U SKOPHOU Mela-
KOIi, BHOCHJIM PACCUUTAHHBIA 00bEM BOJIbI OYHIICHHON 1
HarpeBanu 1o 70 — 75 °C. B Harperoil Bojie pacTBOpsUIH
mmnepuH. [Ipy BKIIOUCHHON MeIanke B peakTop J00aB-
JISUTH HEOOXOIMMOE KOJIMYECTBO KelaTHHA. PeakTop rep-
METHYHO 3aKpbhIBAIM W Tociie |5 MUH mepememmBaHus
cmech HarpeBas A0 70 — 75 °C. Kenarun pacrmassuics
npu pabdotaromeil memanke B TedeHue 0,5 4. [locne ot-
KIIFOYCHUS Memanku u oborpea JKM ocTaBsim B peak-
Tope B TeUeHHE 1,5 —2 9 ¢ MOAKIIOYEHUEM BaKyyma JUIst
yIaJIEHUs] U3 MacChl ITy3bIPbKOB Bo3yxa. OTCYTCTBHE ITy-
3BIPHKOB BO3/1yXa U pacTBOpeHus xxenaruHa B KM onenu-
BaJIM BU3YaJIbHO (IOJDKHA OBITH mpo3padHas KM, sken-
TO-KOpHuHeBoro 1Bera). Ilpurorosnennyro XXM Bblaep-
xuBanu rpu Temmeparype 50 — 60 °C B reuenue 2,5 — 3 4.

[Monyuennyto KM ucnionb30Banu At MOITyUYSHHS JKe-
naruHoBO# JieHThl (JKJI) Ha aBTOMarn4ecko JUHUH JUIS
kancynupoBanus RIWJ — 115 Soft Gelatin Encapsulator
Machine (Kuraii). OmHUMH W3 3J€MEHTOB KOHCTPYKIIHU
TaHHOH JTMHUH SBJIIFOTCS pacIipeieInTeIbHbIe OYHKEPHI C
HarpeBaTeJIbHbIMU JIEMEHTAMU U 3aTBOpaMH (3acClIOHKa-
MH). Beicora 3a3opa mis BeumBaHus KM Ha OapabaHbl
peryaupyeTcs 3aTBOpaMH U B 3aBUCUMOCTH OT 3TOTO I10-
nyqarot JKJI onpenenennoit ToiamuHbl. B mporecce dop-
mupoanus JKJI Ha oxnaxaroniem OapabaHe JyacTh €€ OT-
pe3aju ¢ MOMOLIBIO HOKHUIL Il 1ajIbHEHUIIETO N3yYeHHS
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Puc. 1. Inarpammsl pactspxerns o6pasnos u3 XKJI 7 — 5 o paspeisa.

MexaHndecknx cBorcts. Tommmaa XJI n3mepsinacy mexa-
HUYECKUM MHUKPOMETPOM.

ITocne Beickixanwmst XKJI mpu KOMHaTHOM TeMIieparype u
OTHOCHUTEJIBHON BlaxkHOCTH Bozayxa 20—-28 % B cy-
MWIEHOM mkady oOpasiel s ucnbiTanuil (Tam IV 1o
I'OCT 270-75) BblpyOanu U3 JIEHT IITAHIIEBBIM HOXKOM C
MOMOIIIbIO py4yHOTO TIpecca. 13 kaxmoil npencraBieHHON
JKJI nns BbISABIIEHUS IPU3HAKOB aHU30TPONUU MEXaHU4e-
CKUX CBOHCTB BbIpyOamu 6 oOpa3lOB B HANpaBICHUU €€
JUIMHHOW CTOPOHBI U 6 00pa3Ii0B — B MEPIIECHANKYIISIPHOM
HampaBiieHuu. M3mepenne tommuusl JKJI mpoBogunm
MU(PPOBHIM MUKPOMETPOM Ha YITUPEHHBIX YacTsIX oOpas-
LIOB, IPUMBIKAIOUIMX K pabodyel yacTH, B KAu€cCTBE TOJ-
IUHBI 00pas3Iia 3a7aBaly CpeHee 3HAUYCHUE TOJIIIHEI 110
9TUM 2 3aMepam.

[Honyuyennsle 00pa3ubl U3 BeICyeHHbIX JKJI HCTIBITHI-
Basu cortacHo 'OCT 11262-80 Ha pacTskeHue 1IpyU KOM-
HatHOU Temneparype (23 £ 1) °C npu nocTOsTHHON CKOpO-
cTU V nepemellenys NOABMKHONU TpaBepChl UCIIBITATENb-
HOWM MammHbl Zwick Z100/SN5SA (V'=10,0 Mmm/MuH).
Ucnonb3oBanbl gatuuk cuibl Ha 1 kH, crangapTHblil ca-
MO3aTsDKHOM IIaHTOBBIM 3aXBaT B Kaue€CTBE BEPXHETO 3a-
XBara ¥ KJIMHOBOM 3axBar ¢ pu(IIEHbIMU INIOCKHUMHU T'y0-
KaMH B Ka4eCTBE HMKHETO 3aXBaTa.

TaG6unuma 1
Pe3ynbsTarsl n3mepenust TommuHbl 2KJI

Tonmuua XKJI, mm

Obpasen
KT B MOMEHT (pOpMHUPOBAHUS Hoce
Ha OoXJIaXXKaarwlieM

GapaGaHe BBICBIXaHUA
1 0,50 £ 0,10 0,47 £ 0,02
2 0,60 + 0,06 0,56 + 0,01
3 0,70 £ 0,05 0,69 + 0,01
4 0,80 + 0,06 0,74 £ 0,02
5 U3 pereHepupoBaH- 0,50 £ 0,10 0,45+0,03

Ho#t 2KM
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Puc. 2. Mogyns IOnra XJI mocie BbICHIXaHUS C TOBEPUTETBHBIMH
HMHTEpBaJaMu (TPYNIIOBbIE CPEAHUE 3HAYCHHS Pa3/INyaroTCs 3HAuU-
Mo mipu p < 0,05).

Wsmepenne mnpomonsHOW nedopmanuu (yATUHEHHUS)
MIPOBOJIVITU 110 MEPEMEIICHUIO TTOIBUKHON TPaBepChl HC-
MBITaTeIIbHON MAIIMHBI C HCIIOIb30BAHUEM KOPPEKTHUPYE-
MO MTPUBEACHHON JJTUHBI MTApaIIeIbHON YacTH 00pasia.

Peonornueckue mapamerpsl (IMHAMUYECKAs BS3KOCTB,
HaNpsOKEHUE CIIBUTA) U3MEPSUIM C IOMOILIBIO CTPYKTYpPHO-
ro pOTalMOHHOIO BUCKo3uMeTpa “Peorect-2.1” mpu Tem-
nepatype (60 + 1) °C y perenepupoBannoit XKM u ucxon-
HOro cocraBa. 3Mepenue npoBoawiy npu 12 nocienosa-
TEJIbHO YBEIMYMBAIONIMXCA W YOBIBAIOIIHUX CKOPOCTSX,
pETUCTPUPYSI MTOKA3aTeNlb HHINKATOPHOTO MPUOOopa.

PacmamaemocTh  Kamcynm — ONpeNeNsUIA  COTJIACHO
ODC.1.4.2.0013.15 “PacniamaeMoCTh TaOJICTOK U Karcyin”
Ha npubope “Kavyaromascsi KOp3uHKa”, B KAUeCTBE CPeIbl
HCTIONB30BANIN BOITY OUMIICHHYO. AHATH3 IPOBOIIIIH 03
HCIIONTB30BAHMS IUCKOB.

[Monyuennsnii udpoBoit MaTepuan moaBeprajiy CTaTu-
CTUYECKOH 00pabOTKe C HCIOJIB30BaHHEM OTHO(AKTOPHO-
TO JUCICPCHOHHOTO aHAJIN3A.

Pesynomamut u ux obcyscoenue

Hcxonnass BiaxHocTh 00pasnoB JXKJI cocrarisia
34 -36 %, B xoHne mporecca cymku — 7 — 10 %, gto
OOBSICHSCT YMEHBIIICHUE TOJNIIMHBI 00pa3IoB MOCIE BbI-
ceixanus (tadmn. 1). CpaBHEHHE TOJIYYCHHBIX XapaKTepH-
CTHK 110 TonmuHe BeicymeHHbIX JKJI mo ux cpegHum 3Ha-
YEHUSIM TIOBEPKOW CTATHCTUYECKUX THUIIOTE3 O PABCHCTBE
CpPEHUX C JIOBEPHUTEIHHOU BeposiTHOCTHIO 0,9 mokazano
OTCYTCTBHE PA3JIMYUI XapaKTEPUCTUK 00Pa3IOB, BHIPYO-
JICHHBIX B pa3HbIX HampapieHUsX. [lo3Tromy B manmbHei-
eM 3TH 00pa3Ilbl, BHIPYOJICHHBIC B Pa3HBIX HAPABICHHU-
six u3 ogHol JKJI, Obun 00BbEIMHEHBI B €IUHYIO TPYIITY U
JUTSI He€ PaCcCUMTHIBAIIMCH BCE CTATHCTUYCCKUE OIICHKH.

JuarpamMmbl  pacTsDkeHHsT 0Opa3lloB TPUBENCHBI Ha
puc. 1. 2KJI HaxoasTCs B yIPYroM COCTOSTHHM MPH Jiehop-
Maruu 10 6 — 10 %. Msirkas »enarnHoBasi 000JI0YKa TIpU
Harpy>KeHUH BeJIeT ce0sl KaKk MaTepuai ¢ yInpyro-miacTH-
yeckumu cBoicTBamu. [Ipenen texydectu mist XKJI [ — 4
cocraBiuser 1,8 —2,3 MIla, aqna XKJI 5 — or 3,8 mo
4,3 MIla. ITocne moctrkeHust mpenena Texkydectu JKJI
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Puc. 3. Yummuenns npu paspeise JKJI mocne Beickixanus, % ¢ 10-
BEPHUTEIILHBIMU HHTEPBaJIaMH (IPYIIIOBBIE CPEIHHUE 3HAYCHUS pas-
n4aroTes 3HaunMo 1pu p < 0,05).

WCTBITHIBAET OJIM3KOE K TMHEHHOMY YIIPOYHEHHUE U Pa3py-
maercs npu aedopmanuu mopsiaka 195 —247 % nnsa XK1
1 —4wu 155 % — nns perenepupoBannoit XKJI.

3nauenus moxyns FOwra mnst XKJI 1 — 4 waxomgures B
naTepBaiie 35 — 45 Mlla, Torna kak XKJI 5, mony4yennas u3
pereHepupoBanHoi KM oOmanaer Goiiee BRICOKON JKECT-
KocThiO (cpemnme 3HaueHme momynst FOura 118 Mlla)
(puc. 2). Bonee BbICOKOE CONPOTHBIICHUE JehOpMaLIUU
JKJI 5 mpu BHENITHEM BO3JICHCTBUU MOYKHO OOBSCHUTD TEM,
910 B mporecce pereHepanuu KM mongsepraercst Bo3aei-
CTBHIO Pa3IUYHBIX (DAKTOPOB, TAKMX KaK BBEICOKAs TEMIIC-
parypa u IEeHTpUPYTUPOBaHHE, KOTOPHIE MPUBOIIST K BEI-
JeJIeHUIO U3 CTPYKTYphl KM HEKOTOPOH YacTH KUAKOCTH,
Beneactere yero JKJI cTaHOBUTCS )KECTKOM.

[To pesynmsraTam uccleIOBaHUS CTPYKTYpPHO-MEXaHH-
YECKHX CBOMCTB OBUIM MOCTPOEHBI AMAarpaMMbl pazmaxa
(puc. 3, 4).

HaubGonbiiee 3HaueHWe YUIMHEHHS IIPH pa3pbIBe Jie-
MOHCTpHpYIOT obpasusr XJI 7 u 2 or 216 mo 247 %
(puc. 3). Y obpa3na 5 HauMEHbIIHE YIUIMHEHUE TIPU pas-
pHBIBE, KOTOpoe He mpeBbimaet 155 %. st o6pasios 3 u 4
VIJIMHEHHE TIPU pa3pblBe HAXOAWTCS B HHTEpPBAJe
195 —-218 %. Takum obOpa3om, 0OOJIOUKK Kamcyd U3 00-
pastos XKJI / 1 2 nomKHBI 00J1a/1aTh HAUOOJIBIIIM COTIPO-
THUBJICHHEM K MEXaHWYECKUM BO3ICHCTBUAM, a pereHEpH-
posannast JKJI xapakrepu3zyercst O0JbIIeH XpYITKOCTHIO TT0
CPaBHEHUIO C OCTAIBHBIMH 00pa3IaMHu.

Haubonbliee cpenHee 3Hau€HHE COMPOTHUBIICHUS K Jie-
(hopmanum xapakrepHo ais oopasuos u3 XKJI 4 (puc. 4) u

TaGunuma 2
Ioka3zareanr “PacnagaeMocTs” Karmcyll, HOJy4eHHBIX H3 Pa3HbIX
K

JKenatunossie kancyinst u3 XKJI PacnagaemocTs, MUH

1 12+1
2 12+1
3 13£1
4 13+1
5 15+1
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Puc. 4. Ilpenen npounoctu XJI mocne BHICHIXaHHS C TOBEPUTEIb-
HBIMH MHTepBaaMy (TPYIIIOBbIE CPEIHUE 3HAUEHHUs PA3INYAIOTCS
3HauuMo mipu p < 0,05).

cocrasisier 10,1 MIla. PerenepupoBannas JKJI Ttepser
CBOU MPOYHOCTHBIE XapaKTEPUCTHKH B IIpoLecce Iepepa-
00TKM 1 00JIafaeT HauMeHbIIel nMpodHocThio 6,1 MI]a.

[peArnonaoKUTENbEHO, YTO pa3Has TONIIKUHA 00pasloB
JKJI mo ux paGoueit 4acTu SBISETCS OJHOW U3 OCHOBHBIX
MPUYUH OOJIBIIOTO CTAaTUCTHYECKOTO pazdpoca pesyibTa-
TOB. [[pyroil BO3MOKHOI MPUYUHON CTaTUCTUUECKHUX Pa3-
JIMYUH SBISETCS HAJIMYUE ITOp BHYTPH padodeil uactu 06-
pa3LoB. YIy4lIUTh OAHOPOAHOCTH XkejaruHa B JKJI mox-
HO 32 CYET YBEJIMUYEHHS MTPOIOJHKUTEIEHOCTHA BaKyyMHPO-
Banus JKM.

[TonyyeHHble 3Ha4YeHUs Mpezena MPOYHOCTH, MOIYIIS
IOura u ynnmnenus npu paspeise o6pasuoB XKJI / — 4 cta-
TUCTUYECKU He3Ha4uMbl npu p < 0,05. D10 cBUAETENLCT-
ByeT 0 ToM, 4To JKJI Tonmmuoit ot 0,40 1o 0,70 MM umeet
OJJMHAKOBbIE MEXaHNUYECKUE CBOMCTBA U MOYKET UCIIONIb30-
Batbcst B nmpousBoacTBe MJXKK. Ho g ymensiienus 3a-
Tpar XXM nernecooOpa3Hel HCIONB30BaTh 0OJIee TOHKYIO
KJT — ronmuuoi 0,40 — 0,50 Mm.
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Puc. 5. T'paduk 3aBUCHMOCTH CKOPOCTH CIBHIa OT HalpSDKCHUS
casura Juis cocraBoB npu temneparype 60,0 °C, rne coctas [ —
perenepupoBannas KM, cocta 2 — ucxognas JXKM.
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Hampsoxkenne casura KM 11 KancylnvpoBaHus 3aBU-
CHT OT CKOpPOCTH cziBura (puc. 5). Hannune Bocxoasmux u
HUCXOJALINX KPHUBBIX METENIb THCTEPE3nca yKa3blBAeT Ha
TO, UTO MCCJICIYyEMBbIC COCTABBI 00JIaJal0T TUKCOTPOIIHBI-
MU cBolcTBaMu. HamryumumMu peosiorn4eckuMu CBOMCT-
Bamu oomamaet JKM HCXOIHOTO cocTaBa, MMeoIas 0ojee
MIMPOKYIO METII0 THCTEPE3HCA, B OTIAMIHE OT PEreHEPHPO-
BaHHOM KM.

Kamncymnel, nomyuennsie u3 perenepupoantoit XKJI (9),
pacnajatorcsa B Boze ipu temneparype 36 °C 3a 15 mun
(Tabmn. 2), a xarcysbl, noidy4eHHbIe u3 00pa3mnos XKJI 7 — 4,
— MeHee YeM 3a 13 MUH, 9TO B 000MX CITy4asX COOTBET-
ctByer TpeboBanusM ODC.1.4.1.0005.15 “Kancyns” mo
nokazareiro “‘Pacmamaemocts”.

[TonmyueHHble pe3yabTaTbl CBUAETEIBCTBYIOT O TOM, YTO
IUTSL COXPAHEHUs MPOYHOCTH M AIIACTUIHOCTH OOOJOUKU
KaIrlCyJibl BO BpeMs IMPOM3BOACTBEHHOI'O IIpoLecca U Xpa-
HeHust JKJI 7oJDKHBI UMETh CIIEeIYIONe MEXaHUYECKUE U
(DU3UKO-TCXHOJIOTHICCKAE  XapPAKTEPUCTUKU:  MOAYJb

IOnra 35—50 MIla; ynnunenue npu paspbiBe 210 —
240 %; npenen npounoctu 8§ —9 MIla. PerenepupoBaHn-
Has J)KM nmeeT orpaHuueHHOE MPUMEHEHHE JUTs H3TOTOB-
nennst MXKK, nmockoneky npu nepepaboTke TepsieT HeoO-
XOZIMMBIE CTPYKTYPHO-MEXaHHYEeCKHEe CBOMCTBa, TakKHe
KaK IMPOYHOCTH U IUIACTHYHOCTb.
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MECHANICAL AND TECHNOLOGICAL PROPERTIES OF GELATIN RIBBON USED

IN THE PRODUCTION OF SOFT CAPSULES

E. I. Molokhova', E. I. Ponomareva', A. A. Adamov?, and A. K. Khokhlov®

! Perm State Pharmaceutical Academy, Perm, 614000 Russia

% Institute of Continuous Medium Mechanics, Ural Branch of the Russian Academy of Sciences, Perm, 614013 Russia

* State Scientific Research Institute of Nutrition, Ministry of Energy and Industry of the Republic of Tajikistan, Dushanbe, 734002 Tajikistan

Mechanical characteristics of gelatin ribbon and the rheology of gelatin mass used in the production of soft gelatin capsules have been studied. The results in-
dicate that, in order to keep the capsule shape, strength, and elasticity during the manufacturing process and storage, the gelatin ribbon must have the Young’s
modulus in the range of 35 — 50 MPa, elongation at break within 210 — 240%, and tensile strength of 8 — 9 MPa. It has also been found out that reclaimed ge-
latin mass loses its structural-mechanical properties, particularly strength and plasticity, which can lead to rupture of the capsule shell during storage and dry-

ing.

Keywords: soft gelatine capsules; mechanical characteristics; rheology.

Xumuko-papmanesTuyeckuii xkypHaia. Tom 52, Ne7, 2018

49



