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Ha Moaef/ U aeyx aa2e3UOHHbLX KJLem0'1HbLX J/UHUU - UMMOpmafl U308aHHbLX rj}u6po6JLaCm08 
11eJ1oeeKa (<P l/, UimaMM 1608 hTER T) u ocmeocapKOMbt 11eJ1oeeKa (MG-63) in vitro e auHaMu
Ke KYfl bmueupoeaHu.R (ao 21 cym) c noMOf.1,<blO M T T-mecma u3y11eHbt 11iumocoeMecmuMocmb u 
MampuKCHbte (afl.R KJ/emoK) ceoucmea 06pa111ioe 2paHyJ1 upoeaHHbtx nopucmbtx KOMn03UlfiUOH
HbtX 6uoMamepuMoe cocmaea aJLbWHam Hampu.R - rjJocrjJambt KaJl blfiU.R u ux cocmaefl.R!Of.1,<UX, 
cuHme3upoeaHHbtX u oxapaKmepu1oeaHHbtX e JfMET PAH: 1 % aJL bWHama Hampu.R; KOMno-
1uma aJ1 b2UHam Hampu.R/ J1ceJ1amuH (80/20); KaJL blfiuurjJoccpamHou KepaMuKu (KI'A , TK<P u 
OK(f)) u KOMn03UlfiUOHHbLX Mamepuaf/ oe cocmaeoe aJL bWHam/ KFA , aJL bWHam/ TK<P, aJL bW
Ham/ OK<t>, aJ1b2UHam/ .>1ceJ1amuH/ TK<P u aJ1b2UHam/ TK<J)/ KI'A/ OK<J). OK<J) oKa3aflCH 11iumo
moKCU'1HbtM, a KOMnO3UmbL, 8 COCmae KOmOpbtX OH exoaufl, 06Jlaaafl U CJL a6blMU MampUKCHbl

MU ceoucmeaMu. ,l(JL.R aaflbHeuUiux uccJL eaoeaHuu no pa3pa6omKe mexHoJLowu npomomunupo
eaHu.R omo6paHbt 3 06pa311ia KOMn03UlfiUOHHbtX MamepuaJL oe cocmaeoe aJ1 b2UHam/ KI'A , aJL bW
Ham/ TK<J), aflb2UHam/ .>1ceJ1 amuH/ TK<J), xapaKmepu1y101.1,<uern 11iumocoeMecmuMocmb10 u Ha
J1 u11ueM Bbtpa:>1ceHHbLX uJLu yMepeHHbLX MampuKCHbLX afl.R KJLemoK ceoucme noeepxHocmu. 

K JI lO Ye Bbl e C JI OB a: MaTepHaJibl )lJI>I OCTeorrnacntKH , KOMTIO311Ul1OHHbie MaTepH:aJihI 
COCTaBa aJibnIHaT - cpoccpaTbl KaJibUl15I , H:CCJie)lOBamur in vitro , UMTOCOBMeCTHMOCTh, 
MaTpl1KCHble CBOHCTBa. 

In Vitro Evaluation of the Composite Alginate - Calcium Phosphate Materials 
for Prototyping Technologies in Bone Defects Substitution 

NS. Sergeeva, VS. Komlev, J.K. Svir idova, VA . Kirsanova, SA. Akhmedova, 
E.A. Kuvshinova, A. Yu. Fedotov, A . Yu. Teterina , SM. Barinov 

P.A. Gertsen Moscow Research Oncology Insti t ute; Pirogov Russian National R esearch 
Medical University; A. A. Baikov Institute of M etallurgy and M at erial s Science, 

Moscow, Russia. 

Porous granular composite biomaterials based on sodium alginate and calcium phosphate com
ponent: 1% sodium a lginate; sodium alginate with gelatin ( 80/20); calcium phosphate ceramics 
(CHA, TCP and OCP) and composite mater ia ls alginate/ CHA, alg inate/ TCP, alginate/ OCP, 
alginate/gelatin (80/20)/TCP and alginate/TCP/ CHA/OCP were investigated for cytotoxicity 
and matrix (for cells) properties in dynamics of cultivation (up to 21 days) . Two adhesive cell 
lines - immorta lized human fibroblasts (HF, strain 1608 hTERT) and human osteosarcoma 
(MG-63) wer e used for in vitro MTT assay. OCP material showed its cytotoxicity while all its 
composites p ossessed weak matrix properties. For further r esearch on the development of proto
typing technologies 3 samples of composite materials were selected: alginate/CHA, alginate/ TCP 
and alginate/gelatin (80/20)/ TCP that are characterized by cytocompatibity and the presence of 
either expressed or moderate matrix properties of the su,face for cells. 

Ke y word s : osteoplastic materials, alginate - calcium phosphates composite materials , 
in vitro studies, cytocompatibity, matrix properties. 

B o ccT aHOBJiem1e KOCTHOH TKaHM B o6JiaCTM ,n;ecpeK

TOB RBJIReTCR aKTyaJibHOH Me,D;MIJ;MHCKOH M cou;MaJib

H OH rrpo6JieMOH , l".!TO o6ycJIOBJieHO, c O,D;HOH CTOpOHbI , 

pacrrpocTpaHeHHOCTbIO rraTOJIOrM-c.:reCKMX COCTOJIHMH 

KO CTHOH TKaHM , B03HMKaIOw;Mx, B -c.:raCTHOCTM, B pe-

3Y JibTaTe TpaBM, orryxoJieBoro rropameHMR , ,n;ereHe

paTMBHbIX B03paCTHbIX M3MeHeHMH, rropOKOB pa3BM-
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TMR, a C ,n;pyroti - CTapeHMeM HaceJieHMR B u;eJIOM [l]. 
Tpy ,D;OBaJI M cou;MaJibHaJI pea6MJIMTaIJ;MR 8TMX Ka Te

ropMH 60JibHbIX B03MO:>KHa JIMlllb rrpM ,D;OCTM:>KeHMM 

cTpyKTypHoti 11 cpyHKIJ;MOHaJibHOH u;eJIOCTHOCTM KOCT

HOH TKaHM , l".!TO Tpe6yeT MCITOJib30BaHMR rrpM x11pyp

rM-c.:recKMX BMellla TeJibCTBax a,n;eKBa THbIX OCTeorr.rrac

TMl".!eCKMX Ma TepMaJIOB. 
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CrreKTp pa3pa6aThlBaeMhlX OCTeorrJiaCTMqecKMX 

MaTepMaJIOB C ' Ka:>K,ZJ;bIM ,ZJ;HeM paCU1MpHeTCR: HaTy

paJibHbie MaTepMaJibI ( CKeJieT KOpaJIJIOB, KOJIJiareH, 

menaTMH, XMT03aH) [2-4] M CMHTeTMqecKMe ITOJIMMe

p bI (rrOJIM8Cf>MpbI, ITOJIMJiaKTM,ZJ;bI, ITOJIMfJIMKOJIM,ZJ;bI M 

MX COITOJIMMepbI) [5], KaJibl.J;MMcpoccpaTHaH KepaMMKa 

[6] M 6MOCTeKJia [7, 8]. CpaBHMTeJibHO HOBbIM rro,n;xo

,ZJ;OM HBJIHeTCH C03,ZJ;aHMe KOMIT03MI.J;MOHHbIX MaTepMa

JIOB, B qacTHOCTM Ha OCHOBe cpoccpaTOB KaJibl.J;MH M 

6MOITOJIMMepoB. 

McTOpMqecKM rrepBbIM ,ZJ;JIH 3aITOJIHeHMH ,n;ecpeKTOB 

KOCTHOJ1 TKaHM 6brn rrpe,n;nomeH CMHTeTMqecKMJ1 rM,n;

pOKCMarraTMT (r A; Ca
1
/ PO

4
)

6
(OH)

2
), Mano pacTBopM

MbIM B cpM3MOJIOfMqecKMX ycJIOBMHX M, BCJie,ZJ;CTBMe 

8 Toro, HaMMeHee MCITOJib3yeMbIJ1 cero,n;HH B KJIMHMKe. 

Cpe,n;M ,n;pyrnx cpoccpaTOB KaJibl.J;MH HaM60Jiblliee BHM

MaHMe rrpMBJieKaeT KepaMMKa Ha OCHOBe TPMKaJibI.J;M

eBoro cpoccpaTa (TK<P), Kap6oHaTco,n;epmarn;ero r A 
(Kr A) M OKTaKaJibI.J;MeBoro cpoccpaTa (OK<P). TaKoi1 

BbI6op o6ycJIOBJieH cne,n;yIOrn;MMM rrpMqMHaMM. TpM

KaJibl.J;MMcpoccpa THaH KepaMMKa o6na,n;aeT OTHOCMTeJib

H O BbICOKOJ1 paCTBOpMMOCTbIO B :>KM,D;KOCTHX opraHM3-

Ma M crroco6cTByeT rrpou;eccy 6MOMMHepanM3aI.J;MM 

cpopMMpyIOrn;ei1:cJI KOCTHOJ1 TKaHM. <PM3MOJIOrnqecKM 

Ba:>KHbIM HBJIHIOTCH TaK:me aHMOH- 11 Ka TMOHHbie 3a

Mern;eHMH (B qacTHOCTM, Kap6oHaT rpyrrrraMM) B CTpyK

Type cpoccpa TOB KaJibl.J;MH C cpopMMpOBaHMeM Kr A, 
ITOCKOJibKY MMHepaJibHaJI OCHOBa KOCTHOJ1 TKaHM co

,n;ep:>KMT 4-8 Mace. o/o COt . Kap6oHaTHbie rpyrrrrbI C0-

3,ZJ;aIOT pellieToqHbre MCKa:meHMH B cTpyKType arraTM

Ta, qTo 06ecrreqv1BaeT, B qacTHOCTM, 60JiblliYIO CKO

pOCTb 6v10,n;erpa,n;au;v1v1 [9]. M, HaKOHeu;, ycTaHOBJieHO, 

qTo o6pa30BaHMe CTa6MJibHOJ1 cpa3bI - 6MOJIOfMqec

Koro arra TMTa - rrpOMCXO,ZJ;MT qepe3 CTa,ZJ;MIO o6pa30-

BaHMH rrpoMe:myToqHoi1: HeycToJ1qMBOJ1 cpa3bI - OK<P 

[ 1 O], KOTOpbIJ1 BCJie,ZJ;CTBMe 8TOro MO:>KeT paccMaTpM

Ba Tb CH KaK rrepcrreKTMBHbIJ1 OCTeorrJiaCTMqecKMJ1 Ma

TepMaJI. 

C ,n;pyroi1: CTOpOHbI , BbICOKMJ1 ITOTeHu;MaJI rrpMMe

HeHMH B Me,ZJ;Ml.J;MHe MMeIOT 6MOITOJIMMepbI. B qacTHO

CTM, Ma TepMaJibI Ha OCHOBe aJibfMHa Ta - ITOJIMCaxa

p v1,n;a, KOTOpbIJ1 o6Jia,n;aeT lliMpOKMM crreKTpOM ITOJie3-

HbIX ,D;JIH qeJIOBeKa CBOJ1CTB M MO:>KeT BbIITOJIHHTb cpyH

Kl.J;MIO 8JiaCTMqHoro KapKaca [11]. 
B C03,ZJ;aHMJr1 TpexMepHbIX KOMIT03MI.J;MOHHbIX KOH

CTPYKI.J;MJ1 Ha OCHOBe ITOJIMMepoB M cpoccpa TOB KaJib

l.J;MH oco6bre Ha,n;e:>K,ZJ;bl B03JiaraIOT Ha MeTO,ZJ;bl 6bICTpo

ro rrpOTOTMITMpoBaHMH ( MJIM a,n;,n;MTMBHOro rrpOM 3BO,ZJ; 

CTBa) [12]. TpexMepHaH Mo,n;eJib Tpe6yeMoro cppar

MeHTa TKaHM rrau;MeHTa MO:>KeT 6bITb rronyqeHa , Ha

rrpMMep , Ha peHTreHOBCKOM KOMITbIOTepHOM TOMOrpa

cpe C BbICOKMM pa3pellieHMeM M 3a TeM orrepa TMBHO 

M3fOTOBJieHa ee ToqHaH KOITMH-KOHCTPYKI.J;MH M3 oc

TeOrrJiaCTMqecKMX MaTepMaJIOB 3a,n;aHHOro COCTaBa , 

rrpMro,n;HaH ,D;JIH MMITJiaHTaI.J;MM. B rrpou;ecce M3fOTOB

Jie HMH OCTeorrJiaCTMqecKoro M3,D;eJIMH ero MO:>KHO ,n;o

ITOJIHMTb orrpe,n;eJieHHbIMM ,n;eTaJIHMM, a TaKme 3a 

rrporpaMMMpOBa Tb C03,ZJ;aHMe Tpe6yeMOJ1 BHyTpeHHeM 

apXMTeKTOHMKM. Cpe,n;M Hav16onee pa3pa60TaHHbIX Ha 

cerO,ZJ;HHlliHMJ1 ,n;eHb MeTO,ZJ;OB 6bICTporo rrpoTOTMITMpO-
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BaHMH M TeXHOJIOfMJ1 a,n;,n;MTMBHOI'O rrpOM3BO,ll;CTBa , rro-

3BOJIHIOill;MX MCITOJib30Ba Tb B Ka qecTBe MCXO,ll;HbIX Ma

TepMaJIOB pa3JIMqHbie cpoccpa T bI KaJibl.J;MH M ITOJIMMe

pbI, cne,n;yeT B rrepByIO oqepe,n;b BbI,ZJ;eJIMTb TpexMep

HYIO (3D) rreqaTb [12]. 

UeJibIO HacToHrn;ei1: pa6oTbI 6brJio v13yqv1Tb in vitro 
l.J;MTOCOBMeCTMMOCTb M Ma TPMKCHbie ,ll;JIH KJieTOK CBOJ1-

CTBa cpoccpa TOB KaJibl.J;MH, aJibfMHa Ta M KOMIT03MTOB 

Ha MX OCHOBe, rrpe,n;Ha3HaqeHHbIX ,ZJ;JIH MCITOJib30Ba

HMH B TeXHOJIOfMM 3D-rreqa TM. 

MATEPJ1AJI J1 METO,Uhl 

B Ka qecTBe MCXO,ll;HbIX KOMITOHeHTOB ,D;JIH C03,n;a

HMH KOMIT03MI.J;MOHHbIX Ma TepMaJIOB MeTo,n;aMM 6bICT

poro rrpOTOTMITMpOBaHMH 6bIJIM B3HTbI aJibfMHa T Ha

TPMH M cpoccpaTbI KaJibl.J;MH : TK<P , Kr AM OK<P. Bv10 -

JIOrMqecKMJ1 :>KeJia TMH MCITOJib30BaJIM ,D;JIH CTa6MJIM3a

l.J;MM KOMIT03MI.J;MOHHOro reJIH. 

CMHTe3 rropoU1Ka TK<P v1 Kr A ocyrn;ecTBJIHJIM M3 

BO,ZJ;HbIX pacTBOpOB COJieM M MeTO,ZJ;OM MexaHOXMMM

qecKOJ1 aKTMBaI.J;MM corJiaCHO peaKI.J;MHM : 

3Ca(N0)
2
+2(NH4\ HP04+2NH40H= 

Ca/ P04) 2+6 H4 0 3+2H20 , 
Ca(OH)

2 
+(NH

4
\ HPO 

4 
+(NH

4
)HC0

3 
= 

Ca 1/ P04)(C03\ _1 (OH)1.9 

KepaMMqecKMJ1 rpaHyJIHT M3 CMHTe3MpOBaHHhlX 

Bern;ecTB rroJiyqaJIM ITO TeXHOJIOfMM HeCMelliMBaIOrn;Mx

CH :>KM,ZJ;KOCTeM [ 13] c ITOCJie,n;yIOrn;ei1: TepMv1qecKOJ1 o6-

pa60TKOJ1. 

,UJIH M3rOTOBJieHMH KepaMMKM Ha ocHoBe OK<P MC

rrOJib30BaJIM rpaHyJibI TK<P. Ha rrepBOM 8Tarre rpaHy

JibI TK<P rrepeBO,ZJ;MJIM B ,n;v1KaJibI.J;MMcpoccpa T ,n;v1rn,n;pa T 

(,II:K<P ,II: ) B pacTBopax COJieM opTocpoccpopHOJ1 KMCJIO

Tbl (40°C , pH 4,1-5 ,5 , 7 cyT). 3aTeM rrpoBo,n;MJIM rn,n; 

poJIM3 ,II:K<P,II: c o6pa3oBaHMeM OK<P B pacTBope au;e

TaTa HaTpMH (37°C , pH 2'. 6,5 , 7 cyT) [14]. 

,II:aJiee KepaMv1qecKv1e rpaHy JibI cpoccpa TOB KaJib

l.J;MH BBO,D;MJIM B paCTBOp ITOJIMCaxa pv1,n;a rrpM Herrpe

pbIBHOM rrepeMelliMBaHMM. PacTBOp rro,n;orpeBaJIM ,n;o 
40°C Ha BO,ZJ;HHOJ1 6aHe , a 3aTeM rrpMCbIITaJIM B Hero 

KepaMv1qecKMe rpaHy JibI. PaCTBOpbI C rpaHy JiaMM cpoc

cpa TOB KaJibl.J;MH rrepeMelliMBaJIM ,D;JIH rroJiyqeHMH paB

HOMepHbIX B3Becei1: M cpMKCMpOBaJIM 1 % paCTBOpOM 

XJIOpM,n;a KaJibl.J;MH. 3a TeM B TeqeHMe 12 q rrpOBO,ZJ;MJIM 

cy6JIMMaI.J;MOHHYIO cylliKY o6pa3I.J;OB rrpM BaKyyMe B 

pa6oqei1: KaMepe (6 · 10-5 aTM. , TeMrrepaTypa KOH,n;eH

cMpyIOrn;ei1: ITOBepxHOCTM -50°C ). 

M opcpoJiornIO rroBepxHOCTM M MMKpocTpyKTYPY 

o6pa3I.J;OB MCCJie,n;oBaJIM MeTO,ZJ;OM CKaHMpyIOrn;ei1: 8JieK

TpOHHOJ1 MMKpOCKOITMM (C3M) C ITOMOill;bIO MMKpOCKO

rra Tescan VEG A II ('9:exMH). 

,lXJIH MCCJie,n;oBaHMJ1 in vitro 6bIJia CMHTe3Mp0BaHa 

rra PTMH , HacqMTbIBaIOrn;aH 10 rpaHy JIMpoBaHHbIX o6-

pa3I.J;0B : o6pa3eu; 1 % aJibfMHaTa HaTpMH; K0MI103MT 

aJibrMHaTa HaTpM.H c meJiaTMH0M (80 / 20 ); 3 o6pa3u;a 

Kanbu;v1r1cpoccpaTHor1 KepaMMKM (Kf A , TKcI:> v1 OKcI:>) 

M 5 o6pa3I.J;OB K0MI103MI.J;M0HHbIX Ma TepMaJI0B ( aJib

fMHa T HaTpMH - KaJibl.J;MMcpoccpaTHa.H KepaMMKa ; 
Ta6JI. 1). 
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Ta6n. 1. <Pll13111KO-Xll1Mll14BCK8R xapaKTBPll1CTll1K8 MaTep111anoB, 

Cll1HTB3117p0B8HHb/X ,IJ,J7R OLl,BHK/11 Lf,ll1TOCOBMBCTll1MOCTll1 in vitro 

MaTepMaJI TMII pH 

A.rrbrlirna T 1 % II0.1n1Mep 6,2-6,3 

AJibrli1HaT/me.rraTli1H (80/20) IIo.rrli1Mep 6,6 

OK<P K epaMli1Ka 7,2 

KrA KepaMli1Ka 7,4 

TK<P KepaMli1Ka 7,3 

A.rrhrli1HaT/OK<P 7,5 Mace.% 
KoMII03li1IJ;li10HHbIM 7,1 

MaTepli1a.rr 

A.rrhrnHa T / Kr A 7, 5 Mace.% 
KoMrr03li1IJ;li10HHbI:i1 7,1 

MaTepli1a.rr 

A.rrhrli1HaT/TK<P 7,5 Mace.% 
KoMrr03li1IJ;li10HHbI:i1 7,2 

MaTepli1a.rr 

A.rrhrli1Ha T / me.rra Tli1H/TK<P KoMrr03li1IJ;li10HHhIM 7,3 
7,5 Mace.% MaTepli1a.rr 

AJibrli1HaT /TK<P /Kr A/OK<P KoMII03li1IJ;li10HHbIM 
7,2-7 ,3 (3/3/1 ,5 Mace.%) MaTepli1a.rr 

II p I1 M e Cf a H I1 e . p H ITOJIHOJ!l pOCTOBOJ!l cpe,[J;bl C rpatty.rra
MJ/I MaTep 11a.rra (1:10 rro o6'heMy). Pa3Mepbr rpatty.rr Bcex 11c 
c.rre,z:i:0Ba HHbIX MaTep11a.rroB COCTaBJI.HJII-1 500-750 MKM. 

B COOTB eTCTBJ1J1 C pa3pa6oTaHHbIM paHee a.rrropMT

M OM J1CCJie,r:i;oBaHJ1H HOBbIX 6110MaTepr1a.rroB , rrpe,ll,Ha3-

Haqe H HbIX ,[I;JIH peKOHCTPYKIJ;l1l1 KOCTHbIX ,ll,ecpeKTOB, 

Ha rr epBOM ::narre rrpoBeJIJ1 ou;eHKY MX IJ;l1TOCOBMeCTJ1-

M OCTJ1 in vitro ( c u;eJibIO J1CKJIIOqeHJ1H TOKCJ1qHbIX o6-

pa 3 IJ;OB MaTepMaJIOB) , a TaK:>Ke r13yqeHJ1e MaTpMKC

HbIX (,D;JIH KJieTOK) CBO:VICTB rrpr1 ,D;JIMTeJibHOM (,ll,O 3 He,ll,) 

COBMeCTHOM KYJibTJ1BI1pOBaHJ1J1 J1 OT6op Har160.rree 

rrepcrreKTMBHbIX o 6pa3IJ;OB. 

3KcrrepMMeH T bl in vitro BbIITOJIHeHbl Ha MO,l],eJIM 

,ll,BYX a,z::i; r e3l1OHHbIX KJieToqHbIX JIJ1HJ1M: J1MMOpTaJIJ1-

30BaHHb I X cpr16po6.rracTOB qeJIOBeKa ( <P "9:)' WTaMM 

1608 hTERT, .rr106e3H O rrp e,z::i;ocT aB.rreHHbIM rrpocp. 

E .E. Eropo BbIM ( Ii1HCTMTYT Mo.rreKy.rrHpHoi1 6r10.rrornr1 

MM. B.A. 3Hre .rrbrap,z::i;Ta PAR, MocKBa) 11 ocTeocapKo

M bI qe.rroBeKa JIMHMM MG- 63 (Ii1HCTMTYT u;r1To.rrorr111 

PAR, Poccr1i1:cKaH Ko.rr.rreKu;MH KJieToqHbIX KYJibTYP, 

CaHKT- IleTep6ypr ). 

IIepe,ll, HaqaJIOM 3KCrrepMMeHTOB CTepMJibHhle 

(y- 06.rryqeHMe 15 Kfp) o6pa3IJ;bl paCKJia,l],bIBaJIM B 96-

.rryHoqHbie rr.rraHweTbI ,z::i;.rrH KY JibTJ1Br1poBaHJ1H ( «Cos

tar», CIIIA): Ha Ka:>K,l],bIM cpoK J1HKy6au;r111 - 1 ITJiaH

weT (Ka:>K,l],aH rrpo6a - B TPMITJieTax) 11 3a.rrr1Ba.rrr1 

ITOJIHOM pocToB oi1 cpe,ll,oi1 ( IIPC): cpe,z::i;a ,UMEM (IlaH-

3 Ko, MocKBa) , 10% 3M6pMOHaJibHaH TeJIHqb,H CbIBO

pOTKa ( PAA, ABcTpMH) , r.rrIOTaMMH (0,65 Mr /M.rr), 

reHTaMMIJ;l1H (50 MKr /M.rr). IIoc.rre ycTaHOBJiemrn Hei1-

TpaJibHbIX 3Ha-Y:eHJ1M pH (1-3 cyT 3KCIT03l1IJ;l1l1 o6-

pa3IJ;OB B IIPC co cMeHoi1 cpe,ll,bI) B ITJiaThI c r1cc.rre

,ll,yeMbIMJ1 06pa3u;aMJ1 ( OITbIT) J1 6e3 HJ1X (KOHTpOJib 

- KYJibTypaJibHbIM ITJiaCTJ1K ITOJIJ1CTI1peH) BHOCJ1JIJ1 

KJieTO-Y:HYIO cycITeH3MI-O (Ky.rrbTYPY <P"ll B ITJIOTHOCTM 

20 TbIC. K.rreToK Ha .rryHKY MJIM MG-63 - 15 TbIC. 

KJieToK Ha .rryHKy) B o6oeMe 200 MK.TI IIPC 11 J1HKy

fo1poBaJIJ1 B Te-Y:ettr1e 1-21 cyT c perymipHo:vr 3aMe

Hoi1 IIPC. Bee oITepau;MM ocyrn;ecTBJIHJIM B cTepr1.rrb

HbIX ycJIOBJ1.HX B aTMOCcpepe BJia:>KHOro BO3,ll,yxa, 

CO,ll,epmarn;ero 5 % CO2, ITPM 37°C. 
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JK113Hecrroco6HocTb KJieToqHbIX JIJ1HJ1M cp-q 11 MG-63 

B ,z::i;r1HaMJ1Ke ou;eHr1Ba.rrr1 c ITOMOll;bIO MTT-TecTa, KO

TOpbn1 OCHOBaH Ha CITOC06HOCTJ1 ,l],efl1,ll,poreHa3 )KJ1-

BbIX KJieTOK BOCCTaHaBJIJ1BaTb 3-(-4,5-,D;J1MeTJ1JITJ1a-

30JIJ1JI-2)-2,5 -,ll,l1cpeHJ1JITeTpa30JIJ1M 6poMMCTbIM (MTT, 

«Sigma », CIIIA) B cpopMa3aH. Ko.rrr1qecTBO o6pa3o

BaBwerocH cpopMa3aHa xa paKTepr13yeT ITpo.rrMcpepa

TMBHYIO aKTMBHOCTb ( :>Kl13HecIToco6HocTb / KOJIM-Y:ecTBO) 

pa3JIJ1-Y:HbIX KJieTOK qeJIOBeKa J1 )KJ1BOTHbIX [ 15]. 

Ha Ka:>K,ll,OM cpoKe 3KCITepr1MeHTa paccqJ1TbIBa.rrr1 

Be.rrr1qr1Hy ITYJia :>Kl13HecIToco6Hbrx KJieToK (IIJKK) ITO 

OTHoweHMIO K KOHTpo.rr10. Ma Tepr1a.rr cqr1Ta.rrr1 HeTOK

CM-Y:HbIM B OTHOWeHJ1J1 KJieToqHOM JIJ1HJ1J1 ITPM 3Ha qe

HJ1HX IIJKK qepe3 24 q KYJibTJ1B11poBaHJ1H ~ 60%. Ma

Tepr1a.rr cqJ1TaJIJ1 IJ;l1TOCOBMeCTJ1MbIM ITPM OTCYTCTBJ1J1 

IJ;l1TOTOKCJ1qHOCTJ1 J1 HaJIJ1-Y:J1J1 Ma TPMKCHbIX CBOMCTB 

ITOBepxHOCTJ1 ( CITOC06HOCTJ1 OITbITHOro 06pa3u;a Ma Te

pr1a.rra ,z::i;.rrr1TeJibHO, He Mettee Tpex He,ll,eJib, ITO,l],,ll,ep

:>KMBa Tb KJieToqHyIO 3KCITaHCJ1IO ITO Kpai1Hei1 Mepe Ha 

ypoBHe KOHTpo.rrbHbIX 3Ha qettr1i1). Ha 3TaITax 3KCITe

pr1MeHTOB ocyrn;ecTBJIHJIJ1 Bl13yaJibHbIM KOHTpOJib 3a 

ITpou;eccaMJ1 3KCITaHCJ1J1 KJieTKaMM ITOBepXHOCTJ1 6110-

Ma Tepr1aJIOB J1 Cf)OTOa pXI1BI1pOBaHMe. 

O6pa6oTKY ITOJiy-Y:eHHbIX pe3y JlbTa TOB ITpOBO,l],J1JIJ1 

CTaH,ll,apTHbIMJ1 MeTO,l],aMM Bapr1au;r10HHOM CTaTJ1CTJ1-

KJ1 c r1crroJib30BaHMeM rraKeTa ITporpaMM Microsoft 

Excel 2000. ,UocToBepttocTb pa3.rrr1qr1i1 ou;eHr1Ba.rrr1 c 

J1CI1OJlb3OBaHMeM ITapaMeTpM-Y:eCKOro t-KpMTepMH 

CTbIO,D;eHTa; CT a TJ1CTJ1qecKJ1 3Ha -Y:J1MbIMJ1 C-Y:J1TaJIJ1 

pa3.rrr1qr1H ITPM p<0 ,05. 

PE3YJlhTAThl 

PeHTrettocpa30Bbri1: aHa.rrr13 ITOKa3a.rr, -Y:TO M3rOTOB

.rreHHbre o6pa3IJ;bl COOTBeTCTBYIOT 3a,l],aHHbIM COCTa

BaM. Mopcpo.rrorMH ITOBepxHOCTJ1 J1 MMKpOCTPYKTypa 

MCC.rre,z::i;yeMbIX o6pa3IJ;OB ITpe,ll,CTaBJieHbl Ha pr1cyHKe. 

Ha MO,l],eJIM JIJ1HJ1J1 cp-q I1OKa3aHO , qTo B KOHTpOJie 

(ITpl1 KYJibTJ1BI1pOBaHJ1J1 cpr16po6.rracTOB Ha I10JIJ1CTJ1-

peHe) ITPOMCXO,l],MT Ha pacTaHMe BeJIJ1-Y:J1Hbl OITTM-Y:eC

KOM ITJIOTHOCTJ1 paCTBOpa cpopMa3aHa ,l],O 14 cyT Ha-

6.rr10,z::i;eHJ1H C cpopMI1pOBaHMeM ITJIOTHOro MOHOCJIOH J1 

,l],a.rree - CHJ1:>KeHJ1e BeJIJ1qJ1Hbl ,l],aHHOro ITOKa3a TeJIH 

B rroc.rre,l],HIOIO He,l],eJIIO KYJibTJ1BI1pOBaHMH, qTO CBH3a

HO c TopMo:>KeHMeM pocTa KY JibTYPbI Bc.rre,ll,CTBMe ,l],e

cpr1u;r1Ta ITOBepxHOCTJ1 ,l],JIH KJieToqHoM 3KCITaHCJ1J1 

(Ta6JI. 2). 

Ilpr1 r13yqeHJ1J1 pocTa KYJibTYPbI <P1i Ha rpatty.rrr1-

poBaHHbIX o6pa3u;ax aJibfJ1Ha Ta Ha TPMH 1 % J1 KOMIT0-

3l1THOM o6pa3u;e aJibfJ1Ha Ta C me.rra TJ1HOM ycTaHOB

JieHO, -Y:TO , HeCMOTpH Ha TO, qTo BeJIJ1-Y:J1Ha OITTJ1qec

KOM ITJIOTHOCTJ1 paCTBopa cpopMa3aHa B 3TJ1X OITbIT

HbIX rpyITITax ITpaKTJ1qecKJ1 Ha Bcex cpoKax Ha6.rr10-

,l],eHJ1H 6bIJia ,l],OCTOBepHO HM:>Ke, -Y:eM B KOHTpo.rre, ITO

ITY JIHIJ;MH cpr16po6.rracTOB Ha HMX, Haqr1HaH c 3-x cyTOK 

KYJibTJ1BI1pOBaHMH, HeyKJIOHHO BO3pacTa.rra J1 ,l],OCTJ1-

ra.rra 3Ha -Y:eHMM, 6JIJ13KJ1X K KOHTpOJibHbIM Ha 21-e cyT

KJ1 (CM. Ta6JI. 2). TaKMM o6pa30M, o6pa3IJ;bl aJibrMHaTa 

1 % J1 ero KOMIT03l1Ta C me.rra TJ1HOM HeTOKCJ1-Y:Hbl B OT

HOWeHJ1J1 KYJibTYPbI cp-q J1 06.rra,l],aIOT y,ll,OBJieTBOpl1-

TeJibHbIMJ1 ,l],JIH KJieTOK Ma TPl1KCHbIMJ1 CBOMCTBaMJ1 
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MopcpOJIOfJ,1.H rroBepxHOCTM J,1 MMKpo

CTPYKTypa v1ccJie,n:yeMhrx 06pa3u;oB. 

a - aJibrJt1HaT HaTpMH 1 %, 
6 -TK<P, 
B - KI'A , 
2 - OK<P, 
a - aJibrMHaT/TK<P 7,5 Mace.%; 
e - aJibrMHaT/ Kf A 7,5 Mace.%, 
'J/C - aJibrMHaT / OK<P 7,5 Mace.%, 
3 - aJihrMHaT/ TK<P/ KfA / OK<P 
(3/ 3/ 1,5 Mace.%). 

TIOBepxHOCTM ( cnoco6HOCTbIO TIO,[J;,D;ep:arnBa Tb ,[J;JIMTeJib

HY IO npOJIMcpepau;MIO KJieTOK) , T.e. RBJIRIOTCR I.J;MTO

COBMeCTMMbIMM. 

Ou;eHKa I.J;MTOCOBMeCTMMOCTM TIRTM o6pa3LI;OB KOM

TIO3MLI;MOHHbIX Ma TepMaJIOB B CMCTeMe aJibfMHa T -

cpoccpa Tbl KaJibLI;MR B COTIOCTaBJieHMM C MX COCTaBJIR

IOI.IJ;MMM TIOKa3aJia , 1.JTO HaMMeHee y ,D;a 1.JHbIMM J,13 3TMX 

M aTepMaJIOB -oKa3aJIMCb KOMTI03MTbI c OK<P, BepoRT

HO, B CMJIY co6CTBeHHO:W I.J;MTOTOKCM"LIHOCTM TIOCJie,D;He

r o: BeJIM"LIMHa IDKK ,D;JIR OK<P cocTaBJIRJia 39 ,3 % -qe

pe3 1 cyT , 14,6 % - -qepe3 2 He,D; M 27 , 8 % - -qepe3 

3 He,[J; KY JibTMBMpOBaHMR. HecMOTpR Ha TO 1.JTO KOMTI0-

3 MT aJibrMHaTa c OK<P He npoRBJIRJI TOKCM"LIHOCTM B 

OTHOilleHMM KY JibTYPbI cpH6po6JiaCTOB Ha nepBbIX cpo

K aX Ha6JIIO,[J;eHMR, OH npo,D;eMOHCTpMpOBaJI Hey,D;OBJieT

BOpMTeJibHbie Ma TPMKCHbie CBO:WCTBa : nony JIRLI;M R cp q 

Ha ,D;aHHOM 06pa3u;e Kpa:wHe Me,D;JieHHO Ha pacTaJia ,D;O 

10 cyT KY JibTMBMpOBaHMR c TIOCJie,D;yIOI.IJ;MM BbIXO,[J;OM 

Ha TIJia TO ( CM. Ta6JI. 2 ). Bm13KMe pe3y JibTa TbI 6bIJIM 

noJiy1.JeHbI M ,B;JIR 06pa3u;a aJibrnHaT / TKcp / Kr A/ 
QKcp (CM. Ta6JI. 2). 

IlpM attaJIM3e noBe,D;eHMR cpq Ha 06pa3u;ax TK<P, 

KOMTIO3MLI;MOHHhlX MaTepMaJiax COCTaBa aJibfMHaT / 
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TK<P M aJibrnHaT / :meJiaTMtt / TK<P BbIRBJieHo oTcyT

CTBMe TOKCM"LIHOCTM J,1 HaJIM"LIMe BbipameHHbIX Ma TpMK

CHbIX CBO:WCTB TIOBepxHOCTM. TaK, Hal.JMHaR c 3-x c y 

TOK KYJibTMBMpOBaHMR M ,[J;O KOHLI;a 3KCTiepMMeHTa , 

BeJIMl.JMHa OTITM"LleCKO:W TIJIOTHOCTM pacTBopa cpopMa-

3aHa B o6pa3u;ax TKcp CTa TMCTW{eCKM 3Ha 1.JMMO npe

BbIIllaJia KOHTpOJibHbie 3Ha"LleHMR ( CM. Ta6JI. 2 ) . YKa-

3aHHbie BbIIlle KOMTIO3MLI;MOHHbie Ma TepMaJibI TaKme 

6bIJIM HeTOKCMl.JHbI , npM 3TOM Ha KOMTI03MTe aJibfJ,1 -

HaT / :meJiaTMH/ TKcp cpq npOJIMcpepMpOBaJIM ,IJ;OCTO

BepHO aKTMBHee ' 1.JeM Ha o6pa3u;e COCTaBa aJibfMHa T / 

TKcp ( CM. Ta6JI. 2 ) . 

IloJIO:>KJ/ITeJibHbie pe3y JibTa TbI 6bIJIJ/I rroJiy"LJeHbI 

M ,IJ;JIH Kr A M ero KOMI1O3J/ITa C aJibfJ/IHa TOM. KaK 

BJ/1,ll;HO J/13 Ta6JI. 2 , Kr A HeTOKCJ/11.JeH ,IJ;JIR KJieTOK, a 

HapacTaIOw;aH OITTJ/11.JeCKaH ITJIOTHOCTb paCTBOpa 

cpopMa3aHa B ,ll;J/IHaMMKe 8KCrrepJ1MeHTa CBJ/1,IJ;eTeJib

CTByeT O HaJIJ/11.JMJ/I yMepeHHbIX Ma TPJ/IKCHbIX (,z::i;JIH 

KYJibTYPbI c:pq ) cBo:wcTB ero rroBepxttoCTJ/1. B TO me 
BpeMH tj:)J16po6JiaCTbI 6oJiee 3cpcpeKTJ/IBHO KOJI0HJ/I -

3J/IpOBaJIJ/I ITOBepxHOCTb KOMI1O3J/ITa aJibfJ/IHa T / Kr A 
ITO cpaBHeHJ/IIO C ero C0CTaBJIHIOUJ;J/IMJ/1. TaK, ITOCJie 

rroceBa c:p-q Ha ,z::i;aHHbI:W KOMI1O3J/IT 3Ha 1.JeHJ/IH OITTJ/1 -
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Ta6n. 2 . 8 eJ1 /ll l../ /11Hbl onTlll l../eCKOM nf70THOCT/11 pacrnopa c/)opM838H8 ( M TT-TeCT) Ill nyna >K/113Hecnoco6 Hb/X ct>Lf (n>KK) B ,D,IIIH8M/11Ke 
KYJ7b T/IIBll1p088HIIIH 

CpoR 3RCrreplilMeHTa, cyTRJtl 
O6pa3eu; 

1-e 3-lil 7-e 10-e 14-e 17-e 21-e 

Ilo.1rn:cTv1peH 
0,211 ± 0,00 8 0,334±0,022 0,630±0,008 0, 759±0 ,030 1,098±0,01 4 1,00 6±0,015 0,906±0,000 

(ROHTpOJib ) 

AJihrMHa T 1 % 
0,140±0,003* 0,199±0 ,006* 0,448±0,006* 0,583±0,030* 0, 715±0,007* 0,897±0,043* 0,9 10±0,034 

66,4 59, 6 71 ,1 76,8 65 ,1 89,2 100 ,4 

AJibrMHa T / 0,143 ± 0, 005* 0,179±0,001 * 0,449±0,008* 0,523±0,031 * 0,854±0,022* 0,672±0,015* 0,822±0,036 
m.eJiaTMH 

53, 6 71 ,3 68 ,9 77 ,8 66 ,8 90 ,7 (80 /20) 67,7 

OK<P 
0,083±0,003* 0,033±0,002* 0,053±0,009* 0,048±0,006 ':' 0,160±0,003* 0, 122±0,036* 0,252±0,01 3* 

39,3 9, 9 8,4 6,3 14,6 12,1 27 ,8 

KfA 
0,133±0,000* 0,287 ±0 ,016 0,518±0,014* 0,638±0,031 0, 798±0,049* 0,801±0,014* 

63,0 85,9 80 ,2 84 ,1 72,7 79,6 

TK<P 
0,173±0 ,006* 0,4 15±0 ,005* 0,898±0,018* 0,990±0,007 * 1,245± 0,029* 1, 192±0,026 * 1,402±0 ,007* 

82,0 124,3 142,5 130,4 113,4 118,5 154,7 

AJibrMHaT / 0,144±0,001 * 0,23 1±0,007 * 0,422±0,015* 0,503±0,011 * 0,478±0,032* 0,437±0,005* 0, 520±0,01 4* 
OK<P 68,2 69 ,2 67,0 66 ,3 43 ,5 43,4 57,4 

AJihnrna T / 0,185±0,008 0,363±0 ,009 0, 792±0 ,015* 1,117±0,014* 1,227±0,031 * 1,286±0,166 1,292~0 ,049* 
KfA 87,7 108 ,7 125,7 147,2 111 ,7 127 ,8 142,6 

AJihrMHa T / 0,161 ±0,002* 0,254±0 ,00 3* 0,534±0,01 7* 0,670±0,017 0,835±0,008* 0,814±0,023* 0,804±0 ,003* 
TK<P 76,3 76 ,0 84 ,8 88 ,3 76 ,0 80 ,9 88 ,7 

AJihrnHaT/ 0,175 ± 0,004* 0,289 ±0 ,009 0,654±0,011 0,665±0,004 0,866±0,018* 0, 734±0,034* 0,962±0,033 
meJiaTMH/ 

82,9 86 ,5 103,8 87 ,6 78 ,9 73 ,0 106 ,2 TK<P 

AJibrMHaT / 0,15 1±0,002* 0,220±0 ,00 3* 0,488±0,003* 0,598±0,050 0,613±0,008* 0,627±0,026* 0 ,576 ± 0 ,016* 
TK<P/KfA/ 71,5 65,9 77 ,5 78,8 55,8 62 ,3 63,6 OK<P 

II p J/1 Mel.{ a H Ji! e. 3,n;ecb Ji! B Ta6JI. 4: B l.-!Ji!CJIJ/ITeJie - 0 ITTMt.-I eCKaH ITJI0TH0CTb ( B y e.JI. e,n; .), B 3HaMeHaTeJie - Il:>KK 
(B % 0TH0CMTeJibH0 KOHTpOJIH). * - CTaTJ.1CTJ.1t.-IeCKJ.1 3Hat.-IMMaH pa3HMU,a C K0HTp0JieM (p<0 ,05). 

T-recKoM ITJI0TH0CTM pacTBopa cpopMa 3 aHa cTa6 MJib

H0 Ha pacTaJIM B Te-Y:eHMe Bcero rr e p 110,n;a Ha6 JIIO,n;e 

HMH , a BeJIM-Y:MHa IllliK, Ha -Y:MHa.H C T p eTbMX cyTOK 

KYJibTMBMpOBaHM.H, rrpeBbilllaJia KOH T p OJibHbie 3Ha 

-Y:eHM.H ( CM. Ta6JI. 2 ). 

,UaJiee ,ZJ;JI.H Tpex o6pa3I.J;OB K0MIT03MI.J;M0 HHbIX Ma

TepMaJI0B M J.1X C0CTaBJI.HIOI.U;J.1X 6 bIJIJ.1 paCC-Y:J.1TaHbI 

BeJIM-Y:J.1HbI rrpMp0CTa rry Jia cp q B ,ZJ;J.1HaMJ.1Ke K Y JibTJ.1-

BMp0B aHJ.1.H. IloKa3aHo, -Y:T0 K J.1cxo ,n;y 2-M H e ,n;eJIJ.1 

Ta6n . 3 . Ben111l../111Hb1 np111poc rn nonynHu.111111 KneTOK ct>Lf ( a % 
OTHOCll1TeJ7bHO nepBb/X cyTOK) Ha 3Tanax KYJ7b T/IIBIIIPOB8H/llfl 

O6pa3eu; 
3Tarr RynhTlilBY1pOBaHlilR, cyTRJtl 

3- Jtl 7-e 10-e 14-e 

IloJIMCTMpeH 
58,3 198,5 259 ,7 420 ,4 

(ROHTpOJib) 

AJihrMHa T 1 % 42 ,1 165,1 245 ,0 323,1 

AJihrMHa T / 25 ,2 214,0 265,7 497,2 m.eJiaTMH (80/20) 

KfA 115,8 289 ,5 379 ,7 500 

TK<P 139,9 419 ,1 472 ,3 620,0 

AJihrMHa T /Kr A 96 ,2 328,1 503,6 563,2 

AJihrnHa T /TK<P 57,8 231,6 316,1 41 8,6 

AJihrMHa T / 
65, 1 273,7 280,0 394,9 

meJiaTMH/TK<P 
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KY JibTJ.1BJ.1pOBaHJ.1.H MJ.1HJ.1MaJibHbIM ,n;aHHbIM ITOKa3a

T e Jib 6bIJI ,ZJ;JI.H aJibI'J.1HaTa HaTpJ.1.H , C0CTaBMB 323, 1 % , 

MaKCJ.1MaJibHbIM - ,n;JIH TKcp : rrpMpocT rrorry JIH I.J; MM 

cp116po6JiaCTOB B yKa3aHHbie cp0KJ.1 C0CTaBJ.1JI 620% 

(Ta6JI. 3 ) . 

BTopor1 TecT-Mo,n;eJihIO ,n;JIH J.1CCJie,n;oBaHJ.1.H I.J;J.1T0 -

coBMeCTJ.1MOCTJ.1 KOMI103J.1I.J;J.10HH bIX Ma TepMaJIOB COCTa -

Ba I10JIJ.1Caxa pM,n; - cpoccpa Tb! KaJibI.J;J.1.H .HBJ.1JiaCb JIJ.1 -

HJ.1.H ocTeocapK0MbI -Y:eJioBeKa MG-63. C Jie,n;yeT 0TMe

TMTb , -Y:TO B KOHTpOJie (rrOJIMCTMpeH) 3Ta KJieTO-Y:Ha.H 

rrorryJIHI.J;J.1.H 6oJiee aKTMBH0, -Y:eM cpq HapacTaJia B Te 

-Y: e HMe 3 He,n; , 0 -Y:eM CBJ.1,IJ;eTeJib CTB0BaJIJ.1 I10Ka3a TeJIJ.1 

OITTJ.1-Y:eCKOM ITJIOTHOCTJ.1 pacTBopa cpopMa3aHa Ha 3Ta

rrax 3KcrrepMMeHTa (Ta6JI. 4). 
AHaJIJ.13 pe3y JihTa T0B KY JibTJ.1BJ.1poBaHJ.1.H M G-63 Ha 

o6pa3u;e aJibI'MHa Ta Ha TPJ.1.H 1 % I103B0JIMJI pacu;eHJ.1Tb 

ero KaK I.J;J.1TOCOBMeCTJ.1MbIJ1 , HeCM0TpH Ha TO, -Y:T0 -Y:e

pe3 cyTKJ.1 K ero ITOBepXHOCTJ.1 rrpJ.1KpenJ.1JIOCb JIJ.1Illb 

59% KJieT0K. O ,n;HaKO ,n;aJiee 0 ITTJ.1-Y:eCKaH ITJI0TH0CTb 

paCTBOpa cpopMa3aHa aKTJ.1BHO HapacTaJia, -Y:TO HBJIH 

JI0Cb IT0,ZJ;TBepm,n;eHMeM cyr.u;ecTBeHH0ro yBeJIM-Y:eHJ.1.H 

-Y:J.1CJieHH0CTM rryJia KJieT0K. 3 TOT rroKa3aTeJib, a TaK

me IllliK Ha pa3HbIX CpOKaX Ky Jlb TJ.1BMpOBaHJ.1H CBJ.1-

,n;eTeJibCTBOBaJIJ.1 0 HaJIJ.1-Y:J.1J.1 y M epeHHbI X Ma TPMKCHbIX 

CBOMCTB IT0BepxH 0CTJ.1 ,n;aH H0ro o6p a3u;a M a TepMaJia B 

0TH0illeH J.1J.1 JIMH MJ.1 MG-63 ( CM . Ta6JI. 4). 
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Ta6n. 4. Benw-1v1Hb1 onrw1ecK0111 nnoTHocrv1 pacrnopa cpopMa3aHa (MTT-recr) v1 nyna >Kvt3Hecnoco6HbJX KJ1eTOK (n>KK) nv1Hv1v1 
ocreocapKOMbl:enoaeKa MG-63 B ,D,v1H8Mv1Ke KYflbTVIBvtpoaaHvtfl 

Q6pa3e~ 
CpoK 3KCIIepv1MeHTa, cyTKvt 

- 1-e 3-M 7-e 

IloJu1cTv1peH 
0,395±0,015 0,510±0,010 0,995±0,026 ( K0HTpOJib J 

AJihmHaT 1 % 0,233±0,000* 0,364±0,016* 0,889±0,057 
59,0 71,4 89,3 

AJihrJ1HaT/ 
0,196±0,005* 0,349±0,002* 1,098±0,047 meJiaTv1H 

(80/20) 49,6 68,4 110,4 

OKcf:> 0,267±0,009* 0,226±0,014* 0,273±0,039* 
67,6 44,3 27,4 

KrA 0,317±0,012* 0,514±0,008 1,294±0,062* 
80,3 100,8 130,0 

TKcf:> 0,395±0,008 0,761±0,009* 1, 773±0,068* 
100,0 149,2 178,2 

AJihmHa Tf 0,232±0,004* 0,326±0,007* 0,600±0,043* 
OKcf:> 58,7 63,9 60,3 

AJihrv1Ha T / 0,304±0,008* 0,581±0,016* 1,562±0,059* 
KI'A 77,0 113,9 157,0 

AJihrv1Ha T / 0,232±0,011 * 0,356±0,012* 0, 765±0,045* 
TKcf:> 58,7 69,8 76,9 

AJihrv1Ha T / 0,262±0,003* 0,426±0,003* 0,861±0,018* 
meJiaTv1H/ 

TKcf:> 66,3 83,5 86,5 

AJihrv1Ha T / 0,218±0,004* 0,365±0,006* 0, 747±0,033* 
TKcf:>/KI'A/ 
OKcf:> 55,2 71,6 75,1 

Ilpv1 v1ccJie,n;oBaHMM rroBe,n;eHMR KYJibTYPbI MG-63 

Ha rpaHyJiax OK<P o6Hapy:meHo, qTo rrpv1 cpaBHMTeJib

HO BbICOKMX ITOKa3a Te.JI.RX OITTMqecKOM ITJIOTHOCTM pa -

CTB0pa cpopMa3aHa (0 ,267 ye.JI . e,n; . rrp0TMB 0,395 ye.JI. 

e ,n;. B KOHTpOJie) J1 y,n;oBJieTBOpMTeJibHOM BeJIJ1qJ1He 

I DKK qepe3 24 q KYJibTMBMpoBaHMR ,n;aJiee 3T0T Ma

Tepv1aJI rrp0RBMJI T0KCJ1qHQCTb , TaK KaK C yBeJIJtiqeHM

e M cpoKa MHKy6au;v1v1 , HeCM0TpR Ha rrepM0,D;JtiqecKyIO 

c MeHy IIPC, IIJKK HeyKJI0HH0 cHv1:maJICR. B K0Mrro-

3 MTe C aJibfMHa TOM Ha TPMR TOKCJ1qHOCTb ,D;JIR JIMHMM 

MG-63 OK<P He rrpoRBJIRJI , ,n;eM0HcTpv1pyH yMepeH

Hbre MaTpMKCHbie CBOMCTBa , paBH0 KaK J1 06pa3eu; aJib

rMHaT / TK<P / Kr A / OK<P, MaTpMKCHbie CBOMCTBa K0-

Toporo TaK:me, Bep0RTH0, orrpe,n;eJIRJIMCb C0CTaBJIR

IOw;eti Ha 0CH0Be IT0JIMCaxa pv1,n;a ( CM. Ta6JI. 4 ). 

Bbrpa:meHHbre Ma TPMKCHbre CBOMCTBa rroBepxHoc

TM B 0THoweHMM KYJibTYPbI MG-63 rrpo,n;eMoHcTpM

poBaJIM Kr A M KOMIT03MT COCTaBa aJibfMHaT / Kr A. 
TaK, Ha rpaHy Jiax Kr A qepe3 24 q KY JibTMBMpoBaHMR 

0 Ka3aJI0Cb 80,4% rryJia BbICeRHHbIX KJieT0K, a ,n;aJiee 

rrorryJIRIJ;MR MG-63 rrporpeccMBH0 HapacTaJia , o qeM 

CBM,D;eTeJibCTB0BaJI0 yBeJIJtiqeHMe OITTJtiqecKOM ITJI0T

H0CTM pacTBopa cpopMa3aHa M IIJKK Ha 3Tarrax Ha-

6.Jiro,n;eHMR. Ha KOMIT03MTe cocTaBa aJibrMHa T / Kr A 

aKTMBHaR 3KCITaHCMR ITOBepxHOCTM rrpOMCXO,D;MJia 

C 3-x cyTOK J1 ,n;o 3aBepweHMR KYJibTMBMpOBaHMR 

( CM. Ta6JI. 4). IloJiyqeHHbre ,D;JIR JIMHMM MG-63 ,n;aHHbre 

ITO,D;TBepm,n;aIOT IJ;MTOC0BMeCTMMOCTb J1 y,n;oBJieTB0pM-
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10-e 14-e 17-e 21-e 

1,345±0,021 1,629±0,010 1,843±0,049 2,675±0,037 

1,007±0,010* 1,015±0,022* 1,159±0,000* 1,606±0,000* 
74,9 62,3 62,9 60,0 

1,105±0,047* 1,264±0,031 * 1,198±0,063* 1,694±0,000* 
82,2 77,6 65,0 63,3 

0, 160±0,025* 0,126±0,017* 0 ,378±0,000* 
11,9 7,7 20,5 

1,691±0,013* 1,811 ±0,023* 2,241 ±0,046* 3,084±0,130* 
125,7 111,2 121 ,6 115 ,3 

1,965±0,033* 2,260±0,095* 2,653±0,168* 2,868±0,167 
146,1 138,7 144,0 107 ,2 

0, 798±0,026* 1,037±0,016* 1,093±0,007* 1,626±0,068* 
59,3 78,0 59,3 60,8 

1,805±0,056* 1,818±0,049* 1,858±0,060 2, 725±0 , 110 
134,2 111,6 100 ,8 101 ,9 

0,944±0,016* 1,248±0,019* 1,349±0,079* 1,918±0 ,120* 
70,2 76,6 73 ,2 71 ,7 

1,021 ±0,030* 1,339±0,057* 1,630±0,077 2,320~0 ,037* 
75,9 82,2 88 ,4 86 ,7 

0,863±0 ,054* 0,835±0,034* 1,161±0,083* 1,454±0,142* 
64,2 51 ,3 63 ,0 54,4 

TeJibHbie Ma TPMKCHbie CBOMCTBa KaK KOMIT03MTa B u;e

JI0M, TaK J1 ero C0CTaBJIRIOUJ;MX. 

IIorryJIRIJ;MR MG-63 aKTMBHO rrpv1KperrJIRJiaCb K 

rpaHyJiaM TK<P M rrpoJiv1cpepv1poBaJia: qepe3 cyT K M 

ITOCJie rroceBa Ha ITOBepXH0CTM ,n;aHHOfO Ma TPMKCa 6bIJI 

BbIRBJieH rrpaKTMqecKM Beeb rryJI KJieTOK , a K 1 7 -M 

cyTKaM rrorryJIRIJ;MR KJieTOK 3HaqJ1MO rrpeBbIWa Jia 

K0HTP0JibHbie 3HaqeHMR ( CM. Ta6JI. 4 ). 

KoMrr03MIJ;MOHHbrti Ma Tepv1aJI cocTaBa aJibfMHa T / 

TK<P, HecMoTpR Ha HeBbICOKMe 3Ha qeHMR IIJKK B 1-e 

cyTKM 3KCrrepMMeHTa , ,n;aJiee rrpORBMJI ce6R KaK IJ;MTO

COBMeCTMMbIM C y,n;oBJieTBOpMTeJibHbIMM MaTpMKCHbl

MM CBOMCTBaMM , KOT0pbie 06ecrreqv1BaJIMCb, BepoRT

H0, B 3Ha qv1TeJibHOM Mepe HaJiv1qv1eM TK<P B ero c o 

cTaBe. TaK, OITTJtiqecKaR ITJIOTHOCTb paCTBOpa cpopMa-

3aHa ,D;JIR 3T0fO o6pa3u;a yBeJIJ1qJ1BaJiaCb Ha rrpoTR

meHMM BCero rrepv10,n;a KYJibTMBMpOBaHMR , a BeJIJ1qJ1-

Ha IIJKK Ha Bcex 3Tarrax ocTaBaJiaCb cTa6MJibHO BbI

coKoti ( CM. Ta6JI. 4) . 

IlpM KYJibTMBMpoBaHMM KJieTOK MG-63 Ha rpaHy

Jiax o6pa3u;a COCTaBa aJibfMHa T / me JI a TMH ITOCJie rro

ceBa K ITOBepxHOCTM rrpMKperrMJIOCb JIMillb 49 ,6 % KJie

TOqHoro rryJia, O,D;HaKO ITOTOM OHM HaqaJIM aKTMBHO 

rrpoJiv1cpepv1poBaTb , B pe3yJibTaTe qero BeJiv1qv1Ha orr

TMqecKoti: ITJIOTHOCTM paCTBOpa cpopMa3aHa M IIJKK 
Ha 7-e cyTKM 3KCrrepMMeHTa ,n;ame HeCKOJibK0 rrpeBbl

CMJia KOHTpOJibHbie 3Ha qeHMR. ,UaJiee CKOpOCTb rrpo

JIMcpepau;MM HeCKOJibKO CHJ13MJiaCb. Ha 06pa3u;e co-
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cTaBa aJibrMH aT / meJianrn/TK<P nonymn.1;r1R MG- 63 
n p o rpe ccMBHO HapacTaJia B T eqeHMe Bcero n e puo~a 

Ha6JIIo~ e H MR co cpaB HMT eJibHO BbICOKMMM 3Ha qeHMR

M M IDKK (cM. Ta6JI. 4). IloJiyq e HHbie pe3yJibTaTbI rro-

3 B OJIMJIM c ~ eJia Tb 3aKJIIOqeH Me O lJ,MTOCOBMeCTMMOCTM 

M HaJIMq MM y ~ OBJieT BOpMTeJibHbIX CBOMCTB TIOBepxHO

CTM KOMI1O3 MU,MOHHOro M a TepMaJia COCTaBa aJibfMHa T / 

meJiaTMH / TK<P M aJibrMHaT / TK<P. 

,I(MHaMMK a npu pocTa n y Jia K JieTOK MG- 63 OK a3a

JiaCb CX O~H OM C TaKO B OM ~JIR <P1-I: n y JI KJie T OK 

MG-63, n puKpe rrMBillMXCR K n o BepxHOCTM p a3HbIX Ma

TepuaJIOB , 6 bIJI pa3HbI M ( CM . Ta6JI. 4), O,[l;H aKO ,z::i;aJi e e 

IllJia aKT MBHaR rrpOJIM cpe paU,MR KJieTOK , rrpuq eM CKO

pOCTb rrpup o cTa rrony JIRU,MM B O B cex OTib ITHbIX rpyn

rrax rrp e B OCXO~MJia KOH T p OJib ( Ta6JI. 5 ). 
TaKMM o6pa30M, H a OCH OB a H MM aHaJIM3a n o JiyqeH

HbIX ,z::i;aHHbIX no ou,eH Ke T OKCMq HOCTM, HaJIMqMJI Ma T

pMKCHbIX ( ,r:i;JIR KJieTOK) CB OMCTB ITOBepxHOCTM M pac

qeTa BeJIMqMHb I npupoc Ta rronyJIRU,MM ~ B Y X KJieToq

HbIX JIMH MM ~ JI R ~aJibHeMII1eJ1 pa60TbI OTo6paHbI aJib

rMHa T 1%, K OMTIO3MT aJibrMH a T / m e JiaTMH (80 / 20 ), 
Kr A , TK<P M K OMI1O3MTb l aJib rMHaT / Kr A , aJibrMHaT / 

TK<P M a JibrMHaT / meJiaTMH/ TK<P K aK HeT o KcuqHbie , 

C y~OBJieTBOp MTeJibHbIMM MaTpMK CHbIMM CBOMCTBaMM 

ITOBepxHOCTM. 

Pa6oma BbtnOJl f-lef-la npu qJUf-lQf-lCOBOU noaaepJICKe 
MuHucmepcmea o6pa3oBaHuR u HayKu P(J) 

(Co2JlaweHue M 14.604.21.0132). 
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