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TPMliOXMMMqECKMM KOMIIOHEHT PA3BMTM51 OKMCJIMTEJihHOfO CTPECCA 
IIPM MMIIJIAHTAUMM MCKYCCTBEHHhIX CYCTABOB. 

qACTh 5. IIPOOKMCJIMTEJihHhIE CBOMCTBA M B3Al1MO,UEMCTBME 
C AHTMOKCM,UAHTAMM ~CTMU M3HOCA TMTAHOBhIX M HEMETAJIJIMqECKMX 

OPTOIIE,UMqECKMX MATEPMAJIOB 

B.F. Eyfl2mwe, B.(J). TamapuHoe, H.C. I'aep,oUteHKO 

cpfBY «U eHTpaJibHbIM Haycrno- li1CCJie,n;oBaTeJibCKli1M li1HCTli1TYT TpaBMaToJior111i1 li1 opTorre,n;li11i1 MM . H.H. Ilp11op0Ba » 

Mli1H3,n;paBa Pocc1i111 , MocKBa , P ep 

C noMOut,bfO MOOeflbHOU peaKu,uu oKucJZeHUR KYMOJZa u3y1.1eHa paouKaJZoo6pa3yfOut,aR cnoco6-
1-wcmb uCJcyccmeeHJ-t btX 11,acmuu, U3Hoca mumaHoeo20 cnJZaea BT6 u HeMemaJZJZu1.1ecKux Mame
pua;zoe. YcmaHoeJZe1-w, 11,mo 11,acmuu,bt cnJZaea uHuu,uupy10m 06pa3oeaHue paouKaJZoe, npu1.1eM 
nocJZeooeameJZbHOe noemopHoe oKucJZeHue KyMoJZa MemaJZJZu1.1ecKuMu L.facmuu,aMu npomeKaem 
C cyw,ecmeeHHO 60JlbLUeU CKOpocmbfO (jJopMupoeaHUfl, paouKafl08 . Cf acmUU,bL HeMemaflfl Ul.1eCKUX 
MamepuaJZoe (nOflU3m UJleH, KopyHooeaR KepaMUKa, y2JZepoOHbLU HaHOKOMn03Um) UHepmHbl u 
He 06JZaoa10m paouKaJZoo6pa3yfOut,ei1 cnoco6Hocmbf0, 11,mo 06ecne1.1ueaem ux npeuMyut,ecmeo e 
nJZaHe npeoynpeJ1coeHUR eo3MOJICH020 pa3eumuR y nau,ueHmoe HeJ1ceJZameflbHbtX ceo6ooHopa 
ouKaflbHbtX peaKU,UU 8 OKpy;;,cafQut,UX UMnflaHmambt mKaHRX. 

K JI IO Y e B bl e C Jl OB a : n1TaHOBblJ1 CTTJiaB , HHepTHbie MaTepmUihl , YaCTHUbI J13HOCa , CBO -

6011Hhie pa11v1 KaJl bl. 

Tribochemical Component of Oxidative Stress Development at Artificial Joints Implantation. 
Part 5. Pro-oxidative Properties and Interrelation of ntanium and Non-Metallic 

Orthopaedic Material Wear Particles with Antioxidants 

V. G. Bulgakov, V. F. Tatarinov, N. S. Gavryushenko 

C entral Institute of Traumatology and Orthopaedics named after . . Priorov, 

Moscow, Russia 

Radical-forming ability of artificial wear particles of BT6 titanium alloy and nonmetallic mate
rials was studied using modeffing reaction of cumene oxidation. It was stated that affoy particles 
initiate formation of radicals and consecutive repeated cumene oxidation by metaffic particles 
took place with significantly higher rate of radicals' formation. Particles of nonmetallic materials 
(polyethylene, corundum ceramics, carbon nanocomposite) are inert and do not possess radical-
forming ability that ensures their advantage in prevention of possible development of adverse free 
radical reactions in surrounding implant tissues. 

K ey words: titanium alloy , inert materials , wear pa11icles, free radicals. 

B Be,n;em,ie. l13BeCTHO , qTO rrp:w M3HOCe M KoppO3MM 

M e T aJIJIJ/IqecKMX KOMITOHeHTOB opTorre,ri;MqecKMX l/IMIT 

Jia HTa TOB rrpOM CXO,[J;l/IT l/IHTeHCl/IBHOe reHepMpOBaHMe 

c Bo 6o,ri;HbIX pa,ri;MKaJIOB [ 1, 2 ]. P aHee 6 b IJia orrpe,ri;ene 

Ha Bb1pameHHaH pa,ri;MKanoo6pa3yIOI.IJ;aH crroco6HocTb 

q a c TMU: M3HOCa HeKOTOpbIX opTorre,ri;MqecKMX CITJiaBOB 

M p aCCMOTpeHbl Bbl3BaHHbie MMI/I Hera Tl/IBHbie 8cpcpeK

Tbl [3]. H ecMOTpH Ha TO qTO aKTl/IBHOCTb qacTMU: M3HO

c a MO:>KHO l/IHrM6MpOBaTb rrocpe,ri;CTBOM l/ICITOJ1b3OBa 

Hl/IH aHTMOKCM,D;aHTOB, rrpe,ri;rroqTJ/ITeJibHbIM HBJIH eTCH 

rr p MMeHeHMe opTorre,ri;MqecKMX CITJiaBOB C MeHee Bbl

p a meHHOM pa,ri;MKanoo6pa3yIOI.IJ;eM crroco6HocTbIO. 

HapH,ri;y C 8Tl/IM p a3pa6oTaHbl I/I HaXO,D;HT CBOe rrpM

M e HeHMe HeMeTaJIJIMqecK:we opTorre,ri;w-IeCKMe Ma TepM

aJibI. B qacTHOCTM , rroKa 3aHbl BeCbMa rrpMBJieKaTeJib

Hbie CBOMCTBa KOMTI03l/ITOB Ha OCHOBe yr Jiepo,ri;a. OT

M e qaIOTCH I/IX OT JIJ/IqHaH 6MOCOBMeCTl/IMOCTb , OTCYT

CTBI/Ie B COCTaBe cnoco6HblX Bbl3Ba Tb He:>KeJia TeJib-

41 

Hble peaKLI;l/Il/I MeTaJIJIOB , BbICOKaH npoqHOCTb I/I l/I3HO

COCTOJ1KOCTb [ 4 ]. II P M l/I3fOTOBJieHMl/I 8H,D;OnpoTe3OB 

cycTaBOB MCTIOJib3YIOTCH Ma TepMaJibl Ha OCHOBe Ke 

paMl/IKM , lllMpOKO npMMeHHeTCH TaKme CBepXBblCOKO

MOJieKy JrnpHbIM noJIM8TMJieH (CBMII3). IlpM pa3pa-

6oTKe M BHe,ri;peHl/Il/I opTone,ri;MqecKl/IX MaTepMaJIOB 

Ba:>KHO onpe,ri;eJil/ITb , HapH,ri;y co CTaH,ri;apTM3MpOBaH

HbIMl/I 06I.IJ;enp:WHHTbl Ml/I xapaKTepMCTl/IKaMM , I/IX npo

OKMCJIMTeJibHbie I/I aHTl/IOKCM,D;aHTHbie CBOMCTBa. TaK, 

ycTaHOBJieHO , qTo BbipameHHOCTb pa,n;MKaJireHepMpy

IOI.IJ;eM crroco6HOCTI/I qacTMU: l/I3HOCa HBJIHeTCH O,D;HOM 

M3 npMq:wH , onpe,ri;eJIHIOI.IJ;MX MX npoBocnaJIMTeJibHOe 

,ri;e11cTBMe [ 5 ]. 
U eJibIO HaCTOBIIJ;e11 pa60TbI 6b1JI0 cpaBHMTb pa 

,n;m~aJioo6pa3yIOIIJ;YIO crroco6HocTb opTorre,n;v1-qecKo

ro CITJiaB a Ha OCHOBe TMTaHa ( CITJiaB BT6) , pB,n;a He

MeTaJIJIJ,1qecKJ1X opTorr e,n;v1qecKv1x MaTepv1aJIOB , a 

TaKme 8cpcpeKTJ1BHOCTb J1Hrv16v1pyIOIIJ;ero ,n;e11CTBJ1H 
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aHTM0KCM,ZJ;aHT0B B rrpMCYTCTBMM -Y:aCTMIJ; ,n;aHHbIX Ma

TepMaJI0B. 

MATEPl1AJI 11 METOJ(hl 

1:..J:acTJ11J;bI J13Hoca TJ1TaH0Boro crrJiaBa BT6, qacTr1-

IJ;bI yr Jiepo,n;Horo HaH0K0MIT03J1TH0ro Ma Tepr1aJia 6bIJIJ1 

IT0JiyqeHbI ITyTeM cyxoro TpeHJ1H C00TBeTCTBYIOI..IJ;J1X 

Ma Tepr1aJI0B caMr1x ITO ce6e Ha Tpr160M eTpe Optimal 

SRV KaK ITpe,n;Jio:>KeHo pattee [6]. 1:..J:acTJ11J;bI CBMII3 B 

cpopMe CTpy:>KKJ1 TOJII..IJ;J1HOJ1 0,2-0,3 MM 11 ,ZJ;JIJ1HOJ1 0,3-
0' 5 MM 6bIJIJ1 IT0JiyqeHbI J1CTI1paHMeM o6pa3u;a IT0JIJ1-

3TJ1JieHa Ha MeTaJIJIJ1qeCKOJ1 TepKe, a qacTJ11J;bI KO

PYH,[(OBOJ1 KepaMJ1KJ1 Biolox - r1cTr1pattr1eM 06pa3u;a 

Ha J1CITbITaTeJibHOJ1 Mawr1He UBMK-1464. Yrnepo,n; 

HbIM HaH0K0MIT03J1T (YHK , r13roT0B11TeJib 000 «MH

Kap » ) ITpe,n;cTaBJIHeT co6oi:1 ITr1poyrJiepo,n;HbIJ1 MaTe

pr1aJI , ITOJiyqeHHbIJ1 ITyTeM COBMeCTHOrO ITI1p0JIJ13a yr

JieB0,[(0p0,[(0B C raJioreHJ1,ZJ;a MJ1 Tyr0ITJiaBKJ1X MeTaJI

JI0J1,ZJ;0B (6op TpexxJIOpI1CTbIJ1) [7]. OITbITbI c J1CIT0Jib-

30BaHJ1eM qaCTJ11J; J13H0Ca ITP0B0,ZJ;J1JIJ1 cpa3y IT0CJie J1X 

J13fOTOBJieHJ1H. B Ka qecTBe cy6cTpa Ta 0KJ1CJieHJ1H J1C

IT0Jib30BaJIJ1 oco6o qJ1CTbIJ1 KYM OJI ( 99 '9%) cpr1pMbI 

« Acros Organics » (CIIIA). B 0ITbITax I13MepHJIJ1 CK0-

pocTb IT0rJI0I..IJ;eHMH KMCJiopo,n;a ITPM ,n;o6aBJieHJ1J1 B Ky

MOJI qacTJ11J; J13HOCa. IIo 3TJ1M ,n:aHHbIM paccqJ1TbIBaJIJ1 

CK0p0CTb J1HJ11J;I1J1p0BaHJ1H o6pa30BaHJ1H pa,n:MKaJI0B B 

ITpI1CYTCTBJ1J1 pa3JIJ1qHbIX qaCTJ11J;, qTO CJIY:>KI1JIO ou;eH

KOJ1 J1X pa,rt;J1KaJI006pa3yIOI..IJ;eM CITOC06HOCTJ1 [ 6 ] . II pI1 

r13yqeHJ1J1 BJIJ1HHJ1H aHTJ10KCJ1,n:aHTOB ITPI1MeHHJIJ1 pa 

CTBOp J10HOJia B KYMOJie, a B Ka qecTBe J1HJ11J;J1a TO pa 

0KJ1CJieHJ1H - a30- 611c-r1306yTr1poHr1Tpr1JI ( AMBH). 

PE3YJlhTAThl 

Xa paKTepHbie KJ1HeTJ1-Y:eCKJ1e KpI1Bbie 0KJ1CJieHMH 

KYM0Jia B 0ITbITax ITO 0ITpe,n:eJieHJ1IO pa,n:r1KaJI006pa-

3YIOI..IJ;eJ1 cIToco6HocTr1 qacTr1u; J13Hoca . ITpe,n:cTaBJie 

HbI Ha pr1c. 1. Kottu;eHTpau;J1H qaCTJ11J; B O Bcex 0ITbI

Tax C0CTaBJIHJia 1 Mr / MJI. B r1,n:HO, qTo qaCTJ11J;bI TJ1-

TaH0B0ro CITJiaBa BT6 r1ttr1u;r111po BaJIJ1 Bbrpa:>KeHHoe 

0KJ1CJieHJ1e KYM0Jia. B ITPJ1Be,n:eHH0M 0ITbITe CK0p0CTb 
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Puc. 1. KvrneTv1Ka OKJ1CJiemuI KyMoJia B rrpv1cyTCTBJ1J1 qac

TMQ J13Hoca Tv1Tattosoro crrJiasa BT6 (1) , C BMJ;T3 (2), Kepa

MJ1KJ1 (3), Y H K (4). 
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IT0rJI0I..IJ;eHJ1H KMCJiopo,n:a B MX ITpI1CYTCT B J1 J1 C0CTa 

BJ1Jia 1 1,5 M M 3 / M JI·MJ1H. 1:..J:acTMIJ;bI KepaMJ1KJ1, CBMII3 

11 Y HK, HaITp0TMB , 6 bIJIJ1 MHep THbI , ITpaKTJ1-Y:eCKJ1 H e 

BbI3b IBaH IT Or JIOI..IJ; e H J1H KJ1CJiop o,n;a. 

IIo CK0p0CTJ1 IT Or JI0I..IJ;eHJ1H KJ1CJI0po,n;a B ITp r1cyT

CTBJ1J1 qacTJ11J; TJ1TaH0B 0r0 CITJiaBa 6bIJia p accqr1TaHa 

CK0p 0CTb J1H J11J;I1J1p0BaHJ1H J1MJ1 o6p a30BaHJ1H pa,n:11 -

KaJIOB. B cepr111 OITbITOB ,n;aHHaH BeJIJ1qJ1Ha COCTaBMJia 

B cpe,n:HeM 9 ' 5 ± 1 , 6 · 10-s M0Jib I JI ·c ,n:JIH TJ1TaH0B0ro 

CITJiaBa , qaCTJ11J;bI ,n:pyrr1x J1CITbITaHHbI X M aTepr1aJI0B 

ITpaKTJ1qecKJ1 He o6Jia,n:aJIJ1 r13yqaeM OJ1 aKTJ1BH0CTbIO. 

ct>yHKLI;J10HI1pOBaHJ1e opTOITe,n:r1qecKJ1X J1MITJiaHTa 

T0B C0ITp0B0:>K,[(aeTCH HeITpepbIBHbIM o6pa30BaHJ1eM 

qacTJ11J; J13HOCa J1 J1X HaKOITJieHMeM B OKpy:>KaIOI..IJ;J1X 

TKaHHX. B CBH3J1 C 3TJ1M ITpe,n:cTaBJIHIOT J1HTepec p e-

3y JibTa Tbl OITbITOB , M O,[(eJir1pyIOI..IJ;J1X CJ1Tyau;r110 ITOCTO

HHH0ro o6pa30BaHJ1H qaCTJ11J; J1 C0ITpH:>KeHHbie C 3TJ1M 

peaKLI;J1J1 Tpr160XJ1MJ1qecKoro 0KJ1CJieHJ1H. B 3 TJ1X 3KC 

ITepr1MeHTax J1CITOJib30BaJIJ1 qaCTJ11J;bI J13H OC a CITJiaBa 

BT6 ,[(JIH r1ttr1u;r111poB aHJ1H J1MJ1 IT0CJie,n:oBaTeJib Horo 

lJ:BYXKpa TH Oro 0KJ1CJieHJ1H KyM0Jia ITPI1 yBeJIJ1qe HH0J/I 

K0HLI;eHTpau;r111 qaCTJ11J; 2 Mr / MJI B peaKLI;J10HHOJ/I CMe

CJ1. IIo OKOHqaHJ1J1 ITepBoro OKJ1CJieHJ1H B3BeCb qaCTJ11J; 

B KYM0Jie u;eHTpr1cpyrr1poBaJIJ1 , J1CIT0Jib30BaHH bie qac 

TJ11J;bl y ,n:aJIHJIJ1. K 0Kr1cJieHH0MY KYM 0JIY ,n:0 6aB JIHJIJ1 

H0Bbie qaCTJ11J;bl B TOM :>Ke K0HLI;eHTpau;MJ1 J1 BH0Bb 0IT 

pe,n:eJIHJIJ1 Ha qaJibHYIO CK0p0CTb IT Or JI0I..IJ;eHJ1H KJ1CJI0 -

po,n;a ITPI1 IT0BT0pH0M 0KJ1CJieHJ1J1. H a p r1c. 2 ITpe,n:

CTaBJieHbl TJ1ITJ1qHbi e KJ1HeTJ1qecKJ1e KpI1Bbie 0KJ1CJie

HJ1H KYMOJia B 3TJ1X OITbITax. 

B Ta6JI11u;e CBe,n:eHbl ,n:aHHbie 0 ITb IT0B ITP I1 ,n:Byx

KpaTH0M 0KJ1CJieHJ1J1 KyMoJia qacTr1u;aMr1 I13Hoca. B r1,n;

H0 , qTo IT0BT0pHoe IT0CJie,n:oBaTeJibH0e 0KJ1CJieHJ1e Ky

M0Jia ITP0TeKaeT C cyI..IJ;eCTB e HH0 6 0JibWeJ/I (Ha 30%) 
CKOpOCTbIO J1HJ11J;I1J1pOBaHJ1H. 

Pattee [3] 0TMeqaJI0Cb, qTo ITPM ITpoB e ,n:e HJ1J1 opTo 

ITe,n;r1qecKr1x oITepau;r1i:1 B03HJ1KaIOT ycJI0BJ1H ,n:JIH ycr1-

JieHJ1H B ITopa:>KeHHbIX TKaHHX CB060,n:Hopa,n;J1KaJibHbI X 
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Puc. 2. Tv1rrv1qttb1e KJ1HeT11qecK11e Kpv1sb1e OKJ1CJieH11JI KYMO 

Jia B rrpv1cyTCTBJ1J1 qacTMQ J13Hoca crrJiaBa B T6. 

1 - OKMCJieHMe 6e3 qacTJ1~ (KOHTpOJib) ; 2 - KJ1HeTJ1Ka n e psoro 

OKJ1CJiem1 e KYM OJia; 3 - KvIH e TMKa TTOBTOpHoro OKJ1CJieHJ1e Ky

MOJia . 
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t13MBHeHJlle CKOpOCTJ/1 nomow,eHJ/lfl KJIICflOPO,ll,8 J/1 JIIHJIIU,JIIJIIPOB8HJ/lfl npJII ,ll,BYXKP8THOM OKJIICfleHJIIJ/1 KyMona l/8CTJIIU,8MJII Jll3HOCa 

TJIITaHOBom cnnaaa BT6 

IloKa3a TeJih 
CrrOHTaHHOe OKJ!lCJieHJ!le ____ O_K_M_c_n_eH_J11_e_1I_a_c_TJ11_ ~_ a_ M_J1_J11_3_H_o_ca _ _ _ _ 

C1wpoCTh rrorJioru;em1.H KJ1CJIOpo,ria, MM3 /MJI · MJ1H 

C KopOCTh J1HJ1I.J;J1J1pOBaHJ1.H, MOJih / JI • C 

p eaKI.V1M, qTo Tpe6yeT rrpMMeHeHJ1R 3cpcpeKTMBHbIX 

aHTMOKCM,IJ;aH TOB. B CBR3M C 3TMM rrpe,z::i;cTaBJIRJIO MH

T epec ou;eHMTb 3cpcpeKTMBHOCTb rrpMMeHeHMR ,z::i;aHHbIX 

rrpe rra pa TOB rrpM MCITOJib30BaHMM aKTMBHblX M MHepT

HbIX Ma TepMaJIOB. B MO,IJ;eJibHbIX OITbITax, xa paKTep

Hbie KMHe TMqecKMe KpMBbie nor JIO~eHMR KMCJiopo,z::i;a 

B K OTOpbIX rrpe,z::i;cTaBJieHbl Ha pMC. 3, ou;eHMBaJIM rrpo

,ll;OJimMTeJibHOCTb MHrM6Mpy10~ero 3cpcpeKTa aHTMOK

CM,IJ;aHTa Ha OKMCJieHMe KYMOJia B rrpMCYTCTBMM MHep

TH bIX M aKTMBHbIX qacTMIJ,. 

II pM rrpoBe,z::i;eHMM orrbITOB rro,z::i;,z::i;epmMBaJIM orrpe,z::i;e 

Ji e HHYIO MHTeHCMBHOCTb OKMCJieHMR KYMOJia C ITOM0-

~ 6 10 MHMLI;MaTopa AMEH (rrpRMaR 1). B Hecem1e aH

TMOKCM,r:i;aHTa MOHOJia B ycJIOBMRX OITbITOB o6ecrreqM

Ba JIO MHrM6MpOBaHMe OKMCJieHMR B cpe,z::i;HeM B Teqe

HMe 42 MMH (KpMBaR 2). IIpM BHeCeHMM B peaKLI;MOH

HbIM cocy,z::i; MHepTHbIX qacTMLI; CBMII3 (KpMBaR 3) MJIM 

K e paMMKM (KpMBaR 4) B KOHU,eHTpau;MM 2 Mr / MJI pe

a K LI;MOHHOM CMeCM rrepMO,ll; MHrM6MpoBaHMR cy~ e 

CT BeHHO He M3Me HRJICR , M COCTaBJIRJI B cpe,z::i;H eM 38 M 

41 MMH cooTBeTCTBeHHO. II pM BHeceHMM B KYM OJI B 

T OM me KOHU,eHTpau;MM qacTMLI; TMTaHOBOro CITJiaBa 

(K pMBaR 5) , ycMJIMBaIO~MX MHTeHCMBHOCTb OKMCJie 

HMR yrJieBo,z::i;opo,z::i;a , rrepMo,z::i; 11HrM6MpoBaHMR 3 Haq11-

T e JibHO yMeHblllaJICR 11 COCTaBMJI B cpe,z::i;HeM 14 MMH, 

T .e. CTaJI KOpoqe B 3 pa3a. II p11 MCITOJib3OBaHMM me 

q a cTMIJ, YHK (Kp11BaR 6) Ha6JI10,z::i;aJiocb ,IJ;JIMTeJibHoe 

J1H rM611poBaH11 e OKMCJieHMR KYMOJia, cy~eCTBeHHO 

rrpeBbIIIIaIO~ee TaKOBOe rrp11 BHeceHMM qacTJ-111, Kepa 

M J1 KJ1 MJIM CBMII3. 

OECYJKJJ,EH11E 

11crroJib30BaHHaR B HaCTOR~eM pa6oTe MO,IJ;eJibHaR 

p e a KLI;MR OKMCJieHMR KYMOJia I103BOJIMJia ou;eHMTb 

p a ,z::i; 11KaJI006pa3y10~y10 crroco6HOCTb J1CI1bITaHHbIX 

M a TepMaJIOB J1 MX B 3aMMO,IJ;eMCTBJ1e C ,z::i;o6aBJieHHbIM 

a H T J10KCM,IJ;aHTOM. qTO KacaeTCR pe3yJibTaTOB C MC

I10 Jib30BaHMeM qacTMIJ, TMTaHOBOrO CITJiaBa, TO MX pa

,z::i;r,1KaJI006pa3y10~aR crroco6HocTb MeHee Bb1pameHa , 

q e M y qacTMIJ, M3 HOCa opTorre,z::i;MqeCKMX CITJiaBOB Ha 

OCHOBe K06aJibTa M meJie3a [6]. BMeCTe C TeM OI1b1Tbl C 

ITOBTOpHbIM OKMCJieHMeM KYMOJia CBM,IJ;eTeJibCTBYIOT 0 

T OM , qTo rrpM ITOCTORHHOM J13HOCe TMTaHOBbIX CITJia

BOB rrpOMCXO,IJ;MT ycMJieHMe o6pa30BaHMR CB06o,r:i;HbIX 

pa,r:i;MKaJIOB. qaCTMLI;bI M3HOCa TMTaHOBbIX CITJiaBOB, KaK 

M ,z::i;pyrMe M eTaJIJIMqecKMe qacTMIJ,b I, crroco6HbI BbI3 -

Ba Tb pacrra,z::i; opraHMqecKMX rrepeKMcer1, yBeJIMqMBaR 

o6pa3oBaHMe CB06o,z::i;HbIX pa,z::i;MKaJIOB [8]. 113BeCTHO, qTo 

B TKaHRX, OKpymaIO~MX MCKYCCTBeHHbie cycTaBbl, 

rrpOMCXO,IJ;MT MHTeHCMCf)MKaIJ,MR CB06o,z::i;Hopa,z::i;MKaJibHbIX 

p e aKU,MM, ycMJieHMe rrepeKMCHOro OKMCJieHMR JIMITM-

(6e3 qacTM~) (n=3) rrepBoe (n=6) BTopoe (n=6) 

1,0±0,1 

(0,06±0,01). 10-8 

20,6±1,4 

(25, 1±3,5) . 10-8 

23 ,4±1,2 

(32,3±3,3). 10-3 
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P11c. 3. B m ,urnv1e pa3JIW--IHbIX qacTMU: M3Hoca Ha npo,r:i:oJimv1 -

TeJibHOCTb MHrM6v1poBaHMH OKMCJieHMH KYMOJia aHTMOKCM 

,r:i:aHTOM MOHOJIOM. 

06oHCHe HMH s TeKCTe . 

,ll;OB [ 9' 10]. B 3TMX ycJIOBMRX CJie,IJ;CTBMeM ITOCTORHHO

ro o6pa30BaHMR M HaKOITJieHMR MeTaJIJIW-IeCKMX qac

TMIJ, M3HOCa B 6MOJIOrMqecKMX TKaHRX 6y,z::i;eT TaKme 

pacrra,z::i; paHee o6pa30BaHHbIX rrepeKMCeM C ITORBJie 

HMeM CB06o,r:i;HbIX pa,z::i;MKaJIOB , J1HMIJ,MMpy10~MX HOBbie 

u;errM OKMCJieH MR . 

BbIRBJieHO, qTo qacTMIJ,bI KepaMMKM He MHMIJ,MMpy

IOT OKMCJieHMR KYMOJia M RBJIRIOTCR B 3TOM ITJiaHe He

aKTMBHbIMM, qTo corJiacyeTCR C MHeHMeM O KopyH,z::i;O 

BOM KepaMMKe KaK MHepTHOM Ma TepMaJie. TaK, rrpM 

M3yqeHMM 6MoJiorMqecKoro 3cpcpeKTa pa3JIMqHbIX qa

CTMIJ, B mMBOTHOM MO,IJ;eJIM ycTaHOBJieHO, qTo qacTMIJ,bI 

KepaMMKM HaMMeHee aKTMBHhl B pa3BMTMM pe3op6-

LI;MM KOC TM ( OCTeOJIM3a) M CTMMY JIMpOBaHMM Bb IXO,IJ;a 

rrpOBOCI1aJIJ1TeJibHbIX 11,MTOKMHOB [ 11 ]. B HaCTOR~ee 

BpeMR rrpe,z::i;JiomeHO MCITOJib30BaTb 11,MpKOHMM-aJIIOMM

HMeByIO M aJIIOMMHMM -11,MpKOHMeByIO KepaMMKY rr o 

BbIIIIeHHOM rrpoqHOCTM , OT JIMqa10~y10cR 3Ha qMTeJibHO 

60JibllleM M3HOCOCTOMKOCTb10 [ 12]. B MO,IJ;eJibHbIX OITbI 

Tax Ha CMMYJIRTOpe cycTaBOB rrpM ycJIOmHeHMM yc 

JIOBJ1J1 MCITbITaHMR 11,MKJIMqecKMMM MMKpopa3ne,[I;MHe

HMRMM TPY~MXCR qacTeM MX M3HOC 6bIJI B 5- 12 pa3 

MeHbllle , qeM TaKOB OM 06b 1qHOJ1 KopyH,IJ;OBOM KepaMM 

KM. IIo,z::i;o6Hoe cy~eCTBeHHOe y JiyqIIIeHMe M3HOCOCTOJ1-

KOCTM M 6MOJIOrMqecKaR MHepTHOCTb qacTMIJ, KepaMM 

KM JIMIIIHMM pa3 CBM,n;eTeJibCTBYIOT B rroJib3Y rrpMMe 

HeHMR ,z::i;aHHOr o Ma TepMaJia B rra pax TpeHMR J1CKYCCT

BeHHbIX cycTaBOB . 

IIorrepeqHoCIIIMTbIM CBMII3 co,z::i;ep:rKMT ocTaToq

Hbie CB06o,r:i;Hbie pa,n;MKaJibl , o6pa30BaBIIIMeCR rrpM o6-

pa60TKe MaTepMaJia y - M3JiyqeHMeM. ,Ua:rKe He3HaqM-



TeJibH0e c o,n;epmaHMe pa,n;MKaJI0B Her a T MBH0 BJIMR e T 

Ha M e xaHr1q e cKr1e CBOMCTBa IT0JIMMep a. IIpe,n;Jiom e HbI 

M eT0,D;bI CITeu;M aJibHOM TepMr1qecKOM o6p a60TKM IT0 ITe

p e qH0 - CW MToro CBMII3, IT03B0JIRIOrn;Me 3aM eTH0 CH M -

3MTb co,n;epmaHMe CB06o,n;HbIX pa,n;MKaJI0B 6e3 yxy,n; 

weHMR ero MexaHw-reCKMX CBOMCTB [ 13]. BamHOCTb 

CBe,n;eH MM 06 0 KMCJIMTeJibHbIX xa paKTepMCTMK a x MC

IT0Jib 3yeMhlX IT0 JIMMepoB ,D;MKTyeT Heo6xo,n;MM OCTb 

ITPMM e HRT b ,D;JIR MX o u;eHKM MeT0,D;bI , ,n;aJieKMe OT IT0-

B Ce,n;H e BHOM ITpa KTM K M K JIMHMIJ;MCT0B. B p a 6oT e [ 14] 
CTeITeHb 0KMCJieHH0CTM M co,n;e pma HMe CB06o,n;HbIX p a 

,D;MKaJI0B B IT0JIMM e pHhlX K0MIT0He HTax MCKYC CT B e H

HbIX cyc T aBOB ITpe,n;Jiom eHO M3M e pRTb C MCITOJib 30B a 

HMeM MeT0,D;0B M H cp p aKpaCH OM CITeKTp0C K 0 IT M M M 

8JieK T p OH HOro CITMHOBOr O pe30HaHca. ABTOpbI ITOJia

raIOT, qTo OITpe,n;eJieHMe 8TMX ITOKa3a TeJieM ITOM OIBeT 

KJIMHMIJ;MCTaM B BbI6ope Ka l..JeCTBeHH 0 r o IT0JIMMe pa , 

l..JT06bI M36ema Tb paHHeM p e BM3 MOHH OM 0ITepau;MM M3-

3a ycKopeHHOrO M3HOCa MMITJiaHTa TOB. 

IIo,n;BepmeHHOCTb IT0JIMMe pa CB060,n;H o p a,n;MKaJib

H bIM peaKIJ;MRM M H M3K a R M 3 H OCOCTOMKOCTb Mor yT 

6 b ITb ITpeo,n;oJieHbl B KJIIO l..J e HMeM B C0CTaB IT0JIMM e p a 

ITPM ero M3r0T0BJieH MM CT a 6 MJIM3aTopoB- a H TMOKCM 

,n;aHT0B. II PM 8T0M Heo6x o ,n;MM O ITPMHMM a T b BO BHMMa

HMe B03MOIBHbIM IJ;MTOTOKC Ml..JeCKMM 8cpcpeKT T ex KOH

u;eHTpau;MM aHTM0KCM,D;aH T0B , K 0 T 0 p b ie 06ecITe q r1 B a 

IOT 0KMCJIMTeJibHYIO CTa6MJibHOCTb IT0JIMM epa. B MC 

CJie,D;0BaHMM [ 15] H a K JieT 0 l..JHbIX KY JlbTypax r13yq e H 0 

IJ;MT0T0KCMl..JeCK0e M IT P 0TMB 0 B 0 CITaJIMTeJib H0e ,n;eM 

CTBMe pR,n;a aHTM0KCM,D;a HT0 B , K 0 T 0 pbie Mor yT 6 bIT b 

MCITOJib30BaHhl ITPM M3r OT OBJieHMM o pTOITe,D;M l..J eCKOr o 

IT0JIM8TMJieHa. O6H a p y m e H O, l..JT0 MH0 rMe a H TM0KCM 

,n;aHTbl RBJIRIOTCR T0KCMl..JHbIMM ,D;JIR KJieT0K ITP M BeCb

Ma HM3KMX (MMKp OM OJIRpHbIX ) K OHIJ;e HTpau;MRX . 

OT ,n;eJib Horo BHMMaHMR 3 acJiymr1B aeT YHK. 3 To 

KOHCOJIM,D;MpOB a HHbIM H a H OMa T e pMaJI , pa3Mepbl KpM c 

TaJIJIMT0B Typ6ocTp a THOr O y rJiepo,n;a B K0T0 p 0M B 

cpe,n;HeM C0CTaB JIRIOT 10 x 10 HM ; OH MMeIOT 0,D;H 0po,n; 

HYIO, M30Tp0ITH YIO, HaH0 Kpr1cTaJIJIM1..JecKy10 cTpyKTy

py M MH0r0Kp a THO ITpe B 0 CX0 ,D;MT ITO CB0MM CB OMCTBaM 

MaTepMaJib I a H aJI0rMqHo r o XMMMl..JeCK0ro C0CTaB a, IT0 -

Jiyq e HHbie ITO Tpa,n;MIJ;M0 HHbIM T eXH0JI0rMR M . M a TepM

aJI o6Jia,n;aeT x o p 0 WMMM Tpr160Jio rr1qecKMM M CB OMCTBa

MM M BbICOK OM M3HOCOCTOMKOCTb IO. B q acT H OCTM , ITPM 

TpeH MM YHK Ha B 0 3,n;yxe 6e3 c M a3KM B ITa p e c o cTa

Jib IO M TMTaHOBbIM CITJiaBOM BTl K08 cpcpr1u;r1 e HT Tpe 

H MR C0CTaBJIReT O, 0 8- 0, 1. B Ha q aJibHOM T 0 qKe ,D;BM -

meHMR e r o K 0 8cpcpr1u;r1eH T TpeH MR B 1,5-2 pa3 a M e Hb

we , qeM y ,n;pyrr1x yrJiep0,D;HbIX M aTepMaJI0 B . AHTM

cppMKIJ;MOHHbie CBOM CT B a YHK B 4- 6 pa3 Bbrwe, q e M 

y ,n;pyrMX yrJiepO,D;HbIX MaTep M aJIOB , T aK l..JTO e ro M3 -

HOCOCTOMKOCTb C0CTaB JIR eT (1 ,01-2 ,27 ) . 10-9 r / KM [7]. 
IIpoBe,n;eHHbie OITbITbl C MCITOJib30BaHMeM MHepTHbIX 

qac TMU: KepaM MKM, CBMII3 r1 YHK BbIRBMJIM BaIBHbie 

CBOMCTBa yKa 3 aHHbI X Ma TepMaJIOB. Mx qacTMIJ;bI He CITO

co6Hbl MH TeHCMq)MLI;MpOBaTb o 6pa30BaHMe pa,n;MKaJI0B , 

IT0 ,n;o6H o q acTMIJ;aM M3 H o ca opToITe,n;r1qecKMX CITJiaB0B. 

3 To o 6cTORTeJibCTBO o 6ecITel..JMBaeT ITpeMMyw;ecTB0 

MHepTHbI X o pT0 ITe,D;Ml..JeCKMX Ma TepMaJI0B B ITJiaHe ITpe

,n;yITpem,n;eHMR pa3BMTMR y ITau;MeHTOB HemeJiaTeJib

HbIX CB060,n;Hopa,n;r1KaJibHbIX peaKIJ;MM B 0Kpyma10w;r1x 

MMITJiaHTa Tbl TKaHRX. Ha pR,n;y C 8TMM c.ne,n;yeT OTMe

TMTb M ,n;pyrr1e IT0JI0IBMTeJibHbie M0MeHTbI ITPMMeHe-
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H MR T a K MX Ma T e pMaJI0B. TaK, H e cpopMMpyIOTCR ycJio

BMR ,D;JIR MHTe HCMq)MKaIJ;MM pa,n;MKaJibHbIX ITpou;eccoB 

3a Cl..J e T pacITa,n;a B ITpMCYTCTBMM MHe pTHhlX qacTMQ 

y m e MMe IOrn;MX CR B 6r10Jiorr1qe cKMX TKaHHX opraHM

q e CKMX ITe p e KMC e M. Ew;e 0,D;HMM 6JiaroITpMHTHbIM M0-

M e HTOM MCITOJib30BaHMH MHepTHbIX MaTepMaJIOB RBJIR

e TCR ITOBbIWe HMe 8cpcpe KTMBHOCTM ITPMMe HeHMR aHTM

OKCM,D;aHTOB , KOT Opbie B 8 TOM CJiyqa e H e pacxo,n;yIOTCH 

H a MHrM6MpOBaHMe co6cTBe HHOM pa,n;MKaJibHOM aKTMB

HOCTM MX qacTMU: M3 HOCa. B qacTHOCTM , ITPM MCITOJib30 -

BaHMM q a cTMU: YHK ITe pr-10,n; ITo,n;aBJieHMH 0KMCJieHMH 

K Y M 0 Jia ITpe BbIWa e T ITpo,n;0JIIBMTeJibH0CTb MHrM6Mpo 

BaHMR , o6ecITe l..JMBae MyIO ,n;o6aBJieHHbIM aHTM0KCM,D;aH

T 0 M . II p r-1 1..JMHa T aKo M KMH e TMKM 0KMCJie HMH KyMoJia B 

ITpr1cyTCTBMM qacTMU: YHK Tpe 6ye T ,n;aJibHe ttwero M3y

q e HMH , 8TOT 8 cpcp e KT MOIBe T CTaTb ,D;OITOJIHMTeJibHbIM 

ITpeMM y w;e cTBOM K OMIT03 MTOB Ha OCHOBe yr Jiepo,n;a. 

T a KMM o 6pa3 0M, IT0Jiyqe HHbie pe3 y JlbTa TbI CBM,D;e

TeJibCTBYIOT O TOM , l..JTO ITPMMe H e HMe B pa3JIMqHbIX 

0 p T0ITe ,n;r1qe cKMX MMITJiaHTaT aX yrJiep0,D;HbIX , KepaMM

q e cKM X M ,n;pyrr1x MHe pTHbIX Ma TepMaJI0B ycTpaHReT 

T pM60 XMMMl..J e CKM J1 K0MIT0H e HT pa3BMTMH HemeJia 

TeJibHbIX CB060 ,n;Hopa,n;r1KaJibHbIX peaKLI;Ml1 B 0Kpyma

IOllJ;MX MMITJiaHTa TbI TKaHHX. 
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OKOHLJ11B BOeHHO-Menl1Ul1HCKOe YLJl1fll1We l1M . Wopca , ywen Max . 

Ha cppoHT. KoMaHnoBan Men11u11HcK11M B3BOLIOM , 6bifl Ha C 1983 r . BeH11aM11H 
nepenoBOH , Bb!HOCH paHeHbIX C nof!H 6oH. 3a yLJaCTl1e B M11xaHf!OBl1LJ HBf!Hf!CH npocpeccopoM Kacpenpbl TPaBMaTOf!O-
Ben l1KOH OTeLJeCTBeHHOH BOHHe OH Harpa>KLieH 3 6oeBbIMl1 rn11 , opTonen1111 11 BoeHHo-noneBoi::t x11pypr1111 MocKoBcKoro 
opneHaMl1 l1 12 MenafIHMl1 . rocynapCTBeHHOro Menl1U11HCKoro CTOMaTOf!Ofl1LJeCKOfO YHl1-

B 1953 r. c orn11LJ11eM OKOHLJl1fl PH3aHCKl1H Men11u11Hc- sepc11TeTa . 
Kl1H l1HCTl1TYT 11 no 1956 r. pa6oTan rnaBHbIM BpaLJoM 11 OnbITHbIH Kfll1Hl1Ul1CT, yYeHbIH 11 l1CKYCHbIH x11pypr, Bna-
x11pyproM nYTHTl1HCKOH paHOHHOH 60flbHl1Ubl PH3aHCKOH neIOWl1H COBpeMeHHb!Ml1 MeTon11KaMl1 onepaTl1BHOro l1 KOH-
o6naCTl1. noCTyn11B B 1956 r. B Kfll1Hl1LJeCKYIO opn11HaTypy cepBaTl1BHOro fleLJeHl1H TpaBMaTOf!Oro-opTonen11LJeCKl1X 6onb-
UJ.1TO , BeH11aM11H M11xai::tnoB11LJ yLJ11f!CH 11 pa6ornn B TpaB- HbIX , B .M . fl11puMaH nponon>KaeT KoHcynbT11poBaTb cneu11a-
MaTonor11LJecKoM OTneneHl1l1 non pyKOBOnCTBOM BblLlaIOwe- fll1CTOB TpaBMaTOf!OfOB-OpTonenoB 113 pa3f!l14Hb!X neLJe6HbIX 
roCH TpaBMaTonora Hawero cToneT11H A .B. KannaHa , rne yt.Ipe>KLieH1111. 
OCBal1Bafl Bee nepenOBbie MeTOnl1Kl1 onepaTl1BHOrO l1 KOH- Do HenaBHero BpeMeHl1 , l1CnOflb3YH 6oraTbIH Kfll1Hl1LJec-
cepBaTl1BHOro neLJeH11H. nocne oKOHLJaHl1H opn11HaTypb1 OH Kl1H 11 HaYLJHbIH onbIT, B .M. fl11puMaH LJI-nan Kypc neKu1111 no 
n an nepBbIM acn11paHTOM UvlTO y A .B . KannaHa 11 Hat.Jan TpaBMaTonorn11 11 opTonen1111 , np0Bon11n npaKT11LJecK11e 3a-
113yLJaTb , a BnocnencTBl1l1 ycneWH0 pa3Bv!BaTb, onHO 113 Cf!O>K- HHTl1H C BpaLJaMl1 cpaKyflbTeTa nocnen11nf!OMHOro o6pa30Ba-
HblX HanpaBf!eHl1H cneu11af!bHOCTl1 - repl1aTpl14eCKYIO TpaB- Hl1H. Kfll1Hl1LJeCKl1Ml1 opn11HaTopaMl1 , acn11paHTaM11 , BpaLJa-
MaTonornIO - HayKy O n11arHOCTI1Ke l1 oco6eHHOCTHX neLJeHl1H Ml1-l1HTepHaMl1 . n on ero PYKOBOnCTBOM 3aw11weHbl 9 KaHLil1-
TpaBM y fll1U no>Kl1f!Oro 11 CTapLJeCKOro B03pacrn. no 3TOH naTCKl1X l1 1 noKTOpcKaH n11ccepTaw111 . 
TeMe l1M 3aw11weHbI KaHn11naTcKaH (1962 r.) 11 noKTOpCKaH TBopLJeCKaH 11 TpynoBaH aKTl1BHOCTb BeH11aM11Ha M11xa11-
(1 9 72 r.) n11ccepTau1111 , nonyLJeHbl aBTOpCKl1e CBI1LleTeflbCTBa f!OBl1LJa nponon>KaeT yn11Bf!HTb fIIOneA , 3HaIOWl1X ero 11 pa6o-
Ha 113o6peTeHl1H , Han11caHa MOHOrpacpl1H «npenonepau110H- TaBWl1X C Hl1M. vi ceronHH Mb! BJ.1Lll1M ero B WKOflax , paccKa-
HaH nonroTOBKa 11 nocneonepaUl10HHOe fleLJeHl1e 60flbHbIX 3b!BaIOWl1M yLJeHl1KaM O THfOTax cppOHTOBOH >Kl13Hl1 , nenH-
no>Kl1f!Oro l1 CTapLJeCKOro B03paCTa C nepenoMaMl1 KOCTeH», Wl1MCH BOCnOMl1HaHl1HMl1 0 >Kl13Hl1 Menl1KOB B ronbI Befll1KOH 
pa3pa6oTaHbl l1 ony6nl1KOBaHbl MeTon11LJeCKl1e peKOMeHLia- OTeLJeCTBeHHOH BOHHbl. 
u1111 nnH BpaLJei::t-TpaBMaTonoros . 90-neTH1111 10611ne11 npocpeccopa B .M . fl11puMaHa - 3TO 

3a 27 neT pa6oTbI B UJ.1TO 11M. H.H. np11op0Ba, npa3nH11K ero MHOroLJ11cneHHb1x yt.IeH11KoB. 3TO npa3nH11K 
B eH11aM11H MvrxaAnoBHLJ npowen see CTyneHH Kf!HHHLJecKo- Bcex Tex , K0MY BeH11aM11H M11xa11nosv14 nonap11n caMoe rnas-
ro l1 HayLJHoro CTaHOBf!eHHH Bb!COKOKf!aCCHOro x11pypra l1 Hoe, LJTO eCTb y LJefIOBeKa, - 3nop0Bbe , a 3HaLJl1T, 11 >Kl13Hb. 

KoJ1J1eKmue Karpeopbt mpaeMamoflowu, opmoneouu u BflX M fMCY UM. H.A.EeooKuMoea, 
11,HTO uM. H.H. llpuopoea, peOKOJ1J1e2u51, J1cypHMa <<BecmHuK mpaeMamofl ozuu u opmoneouu UM. H.H. flpuopoea>> 

om eceu oywu 1103opa8J1J110m J06UJ1J1pa u J1ceJ1 a10m 006po20 30opo8bfl, c11acmbJ1 , 6J1a2onoJ1y11uJ1 
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