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ll.efl b!O HaCm051UW20 UCCJleOoeaHU51 6b!fl 0 u3y11,umb o6UJ,yl0 peaKU,UIO Op20HU3MQ HQ y2!lepoo
Hb/e HQHOCmpyKmypHble UMnf/ a Hmambl , u x ocm eOKOHOyKmU8 Hb/e ceoucmea, 803MOJICHOCmu 

3 0 Jv!eUJ,eHU51 KOCmHb/X OerpeKmOe U YCKOp eHU5l qJOpM Up08QHU5l 0UCmpaKU,UOHH020 peceHepa

ma. EblflO 8blnOJl HeHO 4 cepuu 3KCnepuMeHmoe HQ 69 JKUeOmHblX (KpOfl UKU nopOObL lUUH
lUUflflQ u e3pocJ1 b1e 6ecnopoOHbte co6aKu). Jl,aHHbte Jl a6opamopHbLX, peHm2eHoJ102u11,ecKux 
uccJ1eooeaHuu ceuoemeJ1 bcmeoeaJ1 u o moM, 11,mo u3yLJaeMble uMnJ1 aHmamb1, 06.flaoaR eb1pa
J1ceHHb1M u ocmeoKOHOy KmUeHb/M U ceoucm e a M U , He mOKCULJ,HbL U He 8bL3 b/8QIOm peaKU,UU 

ommopJKeHU5l , npu ux ucnOfl b308QHUU rpopMupyemC5l np0'1Hb/U KOCmHo -y2J1epOOHbLU 6.flOK HQ 
CmbLKe KOCmb- UMnfl aHmam. 

Kn JO Y e s hI e c 11 o s a: yrnepo.LIHhie HaHocTpyKTYPHbie 11Mrr11aHTaTbI , 3Kcnep11Me HT, 
peHTreHorpacp1rn , YpeCKOCTHbIH OCTeOCl1HTe3 no J;tm13aposy, ll, l1CTpaKUI1>1 , pereHepaT. 
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Study of the general organism response to carbonic nano-structural grafts, their osteoinductive 
properties, possibilities of bone defects substitution and acceleration of the distraction regenerate 
f ormation was pe,formed. Four series of experiments were pe,formed on 69 animals (Chinchilla 
rabbits and adult mongrel dogs). Laboratory and roentgenologic data showed that study grafts 
possessed pronounced osteoconductive properties, were not toxic and did not cause rejection 
response. Their application ensured the formation of strong osteo-carbonic block at the inte,face 
bone-implant. Distraction regenerate achieved required strength in 37 days after carbonic graft 
implantation into the bed formed in the regenerate. That enabled to discontinue external fixation 
with the apparatus. 

Key wor d s : carbonic nano-structural grafts, experiment , roentgenography, transosseous 
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BBe~eHMe. B HacT0 2w;ee BpeMH B TpaBMa T0JiorMM 

M o p Torre ,rr,MM ,D,JIH rrp0M3B 0 ,2J,C T Ba pa3 JIW-IHbIX MMITJiaH

T a T0B lllMp0K0 MCI10Jlb3YIOTCH Hep:>KaBeIOr.u;Me CTaJIM, 

Ko6aJibTXpOMOBbie CITJiaBbI, TMTaH M TMTaH0Bbie CITJia 

BbI [ 1, 2] M ,rr,pyme MCKyCCTBeHHbie Ma TepMaJibI. Oc
H0BHbIMM Tpe6oBaHMHMM , rrpe,rr,'bHBJIHeMbIMM K MaTe

pMaJiaM, MCI10Jib3yeMbIM ,D,JIH MMITJiaHTa~MM , HBJIHIOT

CH MX 6e3orraCHOCTb M Ha,rr,e:>KH0CTb. OHM ,Ll;0JI:>KHbl 6bITb 
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MHepTHbl ITO 0TH0llleHMIO K 0Kpy:>KaIOIIJ;MM TKaHHM , H e 

KaHu;eporeHHbI, MMeTb ,2J,OCTaT01-IHbIJ1 3arrac MeXaHM-

1-IeCKOM rrp01-IH0CTM, 6bITb CTOMKMMM K B03,D,eMCTBMIO 

cpaKTOpOB BHyTpeHHeM cpe,D;bl opraHM3Ma [3-5]. Ta

KMM Tpe6oBaHMHM 0TBe1-IaIOT M3,D,eJIMH M3 Me,D,MD;MHC 

Koro yrJiepo,rr,a, rrpOM3B0,2J,CTBO KOTOpbIX Ha1-IaTO B rroc 

Jie,n;Hee BpeMH. CJie,rr,yeT 0TMeTMTb, 1-IT0 yr Jiepo,n; B 

Me,D,MI.J;MHCKOM rrpaKTMKe Ha 1-IaJIM MCI10Jib30Ba Tb rrpM -
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Mep HO 80 JieT Ha3a,D;. TpJ.1,LJ;I.J;aTb-cOpOK JieT Ha3a,LJ; yr

JiepO,D;Hble J.1MIIJiaHTa Tbl nepemMJIJ.1 CBOeo6pa3HbIM 6yM 

[6 , 7], HO ITOCTeneHHO J.1HTepec K HMM rrporraJI. CBH3a

HO 3TO, BJ.1,[J;J.1MO, C TeM, l..JTO J.1MITJiaHTaTbl rrpO1i13BO,[J;J.1-

JIJi1 Ji13 rrpOMblllJJieHHOro yrJiepo,D;a, KOTOpbIM xapaKTe

pM3 yeTCH IIOBbIWeHHOM rrpOl..JHOCTbI-0 J.1 OTCYTCTBJ.1eM 

n op, He06XO,l],J.1MbIX ,[J;JIH npopacTaHMH B HJ.1X KOCTHOM 

TKa HJ.1 [8]. B KOMrraHMM «HaHoTexMe,LJ;IlJII-OC » pa3pa-

6oTaHa TeXHOJIOrMH np0ii13B0,[J;CTBa yrJiepO,D;HOro Ha

HOCTpywrypHoro MaTepMaJia, a,LJ;anTMp0BaHH0ro ITO,[!; 

Me,LJ; li1I.J;J.1HCKJ.1e u;eJIM [9]. 

,Il;JIH 6oJiee r Jiy6oKoro 113yqeHMH rrpou;eccoB, rrpo

MCX O,D;Hr.u;11x B opraHJ.13Me B OTBeT Ha MMITJiaHTaI.J;MI-0 

yr.rrepo,D;HbIX HaHocTpyKTypHbIX 11MrrJiaHTaTOB (YHJ1), 

HaMM 6bIJIJi1 rrpoBe,D;eHbI cep1111 3KCrrepMMeHTaJibHbIX 

Ji1CCJie,LJ;OBaHJi1M Ha pa3HbIX )KJi1BOTHbIX, u;eJibI-0 KOTO

pbIX 6b1JI0 M3YT!Jli1Tb 06r.u;y10 peaKu;1110 opraHM3Ma, oc 

Te0 K0H,LJ;YKTJ.1BHb1e CBOMCTBa YHJ1, B03M0JKH0CTM 3a 

Mer.u;eHMH K0CTHbIX ,LJ;etj)eKTOB Ji1 ycKopeHJ.1.H tj)opMJ.1-

poBaHJ.1.H ,[J;J.1CTpaKI.J;J.1OHHOro pereHepaTa, MOpct)OJIOrJ.1-

qec KMe J.13MeHeH11H, corrp0Bom,LJ;a10r.u;11e BBe,LJ;eH11e ,LJ;aH

HbI X Ji1MIIJiaHTa TOB. 

B HaCT0HI.I.J;eM coo6r.u;eHJ.1J.1 6y ,LJ;yT rrpe,D;CTaBJieHbl 

p e 3 yJibTaTbl KJIJ.1Hli1l..JeCKJi1X Ji1 peHTreHOJIOrJ.1qecKJ.1X 

MCCJie,D;oBaH11i1. Pa3BepHyTbie ,LJ;aHHbie KJIMHMKO-Jia6o 

p a TOpHblX J.1 Moptj)oJior11qecKJi1X Ji1CCJie,LJ;OBaHJ.1M -

TeMa cJie ,LJ;y10r.u;ero coo6r.u;eH11H. 

MATEPl1AJihl l1 METO)lhl 

Ilpoo6pa30M ,[J;JIH C03,LJ;aHJ.1H yrnepo,D;HOro K0MIT0-

3 Ji1 1.l;J.1OHHOro MaTep11aJia HBMJiaCb KOCTb qeJIOBeKa, 

n pe,D;cTaBJIHI-Or.u;aH co6oi1 MaTep11aJI, apM11py10r.u;ei1 oc 

HOBOM KOToporo HBJIHeTCH occeMH, a CBH3yI-Or.u;ei1 Ma T

p Mu;ei-1 - C0JIJ.1 KaJibI.J;J.1.H. bbIJia pa3pa6oTaHa Ji1HH0Ba 

I.J;J.1OHHaH TeXHOJIOrJ.1.H rroJiyl..JeHMH rrpOl..JHOro rropMCTO

ro yrJiepo,D;Horo K0Mn03MTHoro MaTepMaJia, cTpyKTyp

H O COCTOHr.u;ero J.13 a pM11py10r.u;ei1 OCHOBbl - yr Jiepo,D;

HblX BOJIOKOH J.1 CBH3yI-Or.u;ei1 MX yr Jiepo,D;HOM HaHO

CTPYKTYPHOM Ma TPMI.J;bI. B Ma TpMu;e MMeIOTCH nopb1 , 

p a3Mep KOTOpbIX COCTaBJIHeT 400-600 MKM. TaKaH 

CTPYKTypa KOMnO3li1I.J;VIOHHOrO Ma TepMa.rra MaKCMMaJib

H0 npM6JIM:>KaeT ero no OCH0BHbIM 6MOJIOrw--IeCKJi1M li1 6MO

Me XaHJi1qecKVIM xa paKTepvrCTMKaM K K0CTJi1 qeJIOBeKa. 

CBOMCTBa YHJ1 113yqaJI11 B nep110,LJ; c MI-OHH 2014 r. 
n o v1I-0Hb 2015 r. Ha pa3HbIX 3Tarrax BbIITOJIHHJIJi1 KJIJ.1-

HJi1 l..JeCKJ.1e, peHTreH0JI0r11qeCKJ.1e, reMaTOJIOrv1qecKJ.1e , 

6 MOXv1MJ.1l..JeCKJ.1e J.1CCJie,LJ;OBaHJ.1H. Bee 3KCrrep11MeHTbl 

BbIIT0JIHeHbl B C0OTBeTCTBv1Ji1 C Tpe60BaHJ.1HMJ.1 « EBpO

n e MCKOM KOHBeHI.J;Ji1J.1 no 3ar_u;11Te ITO3BOHOl..JHbIX )KJ.1-

BOTHbIX, J.1CITOJib3yeMbIX ,[J;JIH 3KCnep11MeHTaJibHblX J.1 

,D;p yr11 x Hayl..JHbIX u;eJieM » . 

Ha 6a3e BJ.1Bap11H BeTep11HapHoi-i KJIJ.1HJ.1KJ.1 rocy

,D;a pcTBeHHoro arpapHoro yH11Bepc11TeTa ceBepHoro 

3 a ypaJibH Ha 15 Jia6opaTOpHhlX Kp0JIJ.1Kax rropO,IJ,hl 

«CoBeTcKaH llI11HWJ.1JIJia » 113yqaJI11 06r.u;y10 peaKu;1110 

o p raHM3Ma Ha BBe,LJ;eHwe YHJ1. B o Bcex cJiyqaJix B 

KpbIJibHX IT0,IJ,B3,[J;OlliHbIX KOCTeM ( C 06e11x CTOpOH) 

CBepJIOM MO,LJ;eJI11poBaJIJ.1 I.J;J.1JIJ.1H,D;p11qecK11e ,LJ;etj)eKTbl 

,LJ;J.1aMeTpOM O '4 CM IlocJie 3TOro B l10JI0CTJ.1 ,LJ;etj)eKTOB 

noMer_u;aJI11 YHJ1 cooTBeTcTBYI-OI.I.J;ero ,LJ;MaMeTpa, l..JT0 
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06ecrreq11BaJIO ITJIOTHbIM K0HTaKT J.1MIIJiaHTa Ta C K0C

TblO. /!\J.1BOTHbIX BbIBO,l],J.1JIJ.1 J13 3KCrrepMMeHTa qepe3 

14, 30 J.1 60 cyT ITOCJie J.1MIIJiaHTaI.J;MJ1 J,1 Bbll10JIHeHMH 

peHTreHorpatj)Ml..JeCKOfO MCCJie,IJ,OBaHMH C J1CIIOJib3OBa

HJ.1eM ,LJ;eHTaJibHOf0 peHTreH0JI0fMl..JeCKOf0 arm a pa Ta X 
G enus DC ( «DeGot zen» ). Ou;ett11BaJIM KapTMHY 06Jia

CTJ.1 11MrrJiaHTaI.J;MM YHJ1, MCCeKaJIM K0CTHo-yrJiepo,IJ,

HbIM 6JIOK ,[J;JIH MOpct)OJIOfMl..JeCKMX MCCJie,IJ,OBaHMM. 

Ha 6a3e PHU «BTO» MM. aKa,LJ;. r.A. l1JIM3apoBa » 

rrpoBe,LJ;eHa cepMH 3KCnepMMeHT0B Ha 54 B3pOCJibIX 

6ecrropo,IJ,HbIX co6aKax o6oero rroJia (rro 9 JKMB0THbIX B 

Kam,LJ;oi-i rpyrrrre ). 

B 1-3-i-i rpyrrrrax BbII10JIHHJIJ.1 3aMer.u;ettMe ocTpbIX 

u;11pKy JIHpHbIX ,LJ;etj)eKTOB ,IJ,Matj)113a 60JibWe6epu;oBOM 

K0CTJ.1 c 11crr0Jib30BaHMeM YHM. B 1-i-i rpyrrne BeJIM

l..JvtHa ,LJ;etj)eKTa COCTaBMJia 10 MM - 9 % OT MCXO,[J;HOM 

,[J;JIJ.1Hbl cerMeHTa (a,LJ;eKBaTHO 2 CM y qeJIOBeKa); BO 2-M 

- 16-19 MM - 13% OT J.1CXO,l],HOM ,[J;JIMHbl cerMeHTa 

(a,LJ;eKBaTHO 4 CM y qeJIOBeKa) ; B 3 - M - 20-25 MM -

16% OT J.1CXO,[J;HOM ,l],JIMHbl cerMeHTa ( a,LJ;eKBa THO 6 CM y 

qeJioBeKa) . B ycJIOBMHX orrepau;MOHHOM Ha rrpaBy10 ro

JieHb )KvfBOTHOro HaKJia,IJ,bIBaJIM arrrra pa T l1JIM3a po Ba. 

q epe3 rrpO,D;OJibHbIM pa3pe3 MHrKMX TKaHeM C Me,IJ,M 

aJibHOM ITOBepxHOCTJ.1 roJieHJ.1 MO,LJ;eJI11poBaJIJ.1 u;11pKy

JIHpHbIM ,LJ;etj)eKT ,IJ,Matj)113a 60JibWe6epu;oBOM K0CTM. 

B ctj)opM11poBaHHbIM ,IJ,MacTa3 110Mer.u;aJI11 YHM , co

OTBeTCTBYI-OI.IJ;MM 110 pa3MepaM o6pa30BaHHOMY ,IJ,e 

tj)eKTY KOCTJ.1. li1Me10r.u;11ec.H Ha KOHu;ax MMIIJiaHTa Ta 

BbICTYITbl BBO,l],J.1JIJ.1 B KOCTHOMO3rOBbie KaHaJibl OT

JI0MK0B v1 ocyr.u;ecTBJIHJIJ.1 rrepBMl..JHYIO KOMrrpeCCMIO 

rryTeM c6JIMmeHMH orrop arrrra pa Ta ,IJ,0 yrropa. 3To 

o6ecrrel..JMBaJio npoqHyI-O tj)MKcau;mo MMIIJiaHTa Ta B 

,[J;J.1aCTa3e (pMC. 1, a- a). Patty ITOCJIOMHO yrnMBaJIM. 

B 4-6-i-i rpyrmax npo B O,LJ;J.1JIJ.1 3aMer.u;ett11e ,IJ,MC 

TpaKu;110HHoro pereHepa Ta YHJ1. 3T11 3KcrrepMMeHTbI 

Bbll1OJIHHJIJ.1Cb B ,[!;Ba 3Tarra. Ha rrepBOM 3Tarre TIOCJie 

Ha.TiomeHMH arrrra pa Ta li1JIM3a po Ba 11cceKaJI11 cooTBeT

CTB y10r.u;v1i1 cerMeHT KOCTJ.1, ITOCJie qero KOHI.J;bl OTJIOM

KOB c6JIJ.1JKaJIJ.1 ,[J;O ITJI0TH0ro KOHTaKTa ( p11c. 1 , 2 ), M0-

,LJ;eJivtpyH TaKMM o6pa30M yKopoqeHMe KOHel..JH0CTM. 

3aTeM ocyr.u;ecTBJIHJIJ.1 y,LJ;JIJ.1HeH11e Ha Heo6xo,IJ,MMYIO 

BeJI11l..J11Hy. BeJIJ.1l..JJ.1Ha yKopoqeHMH (rro attaJior11M c 1 -

3-i1 rpyrrrraMJ.1) C0CTaBMJia 9 , 13 11 16% B 4, 5 M 6 - M 

rpyrrrre cooTBeTCTBeHHO. II pe,D;,LJ;J.1CTpaKu;110HHbIM rre

p110,LJ; rrpO,D;OJIJKaJICH 7 cyT. y ,[J;JIJ.1HeHMe Bbll10JIHHJIJ.1 B 

pem11Me 1 MM B cyTKJ.1 3a 4 11p11eMa. Ilo 0K0Hl..JaHMJ.1 

n e pvto,LJ;a ,LJ;J.1CTpaKu;1111 (BTopoi1 ~nan) B ycJIOBMHX orre 

pau;110HHOM qepe3 rrpO,D;OJibHbIM pa3pe3 MHrKJ.1X TKa 

HeM B KOCTHOM pereHepa Te tj)opM11poBaJIJ1 rrpO,D;OJibHO 

HarrpaBJieHHOe JIOJKe, B KOT0poe II0Mer.u;aJIJ.1 MMIIJiaH

Ta T. Pa Hy yrn11BaJI11. 

/!\J.1B OTHbIX BbIB0,[J;J.1JIJ.1 J.13 3KCrrep11MeHTa qepe3 30 

(1-H 11 4 -H rpyrrrrbI), 60 (2 - H 11 5 - H rpyrrrrbI ) M 180 ( 3 - H 

11 6-H rpyrrrrb1) ,IJ,Hei1. 

CnycTH 30 cyT ITOCJie J.1MIIJiaHTaI.J;MJ.1 Bbll10JIHHJIJ.1 

MaKp0CKOITJ.1l..JeCK0e J.1CCJie,LJ;OBaHJ.1e TKaHei1 B o6JiaCTJ.1 

11MrrJiaHTau;1111 11 rrpo113B0,IJ,J.1JIJ.1 3a6op MaTep11aJia ,LJ;JIH 

r11cToJior11qecK11x 11ccJie,LJ;oBaH11i1. Ou;eHMBaJI11 o6r.u;ee 

COCTOHHMe )KJ1B0THbIX, per11cTp11poBaJIJ.1 06r.u;y10 TeM

rrepaTypy TeJia, qacTOTY cep,D;el..JHbIX COKpar.u;eHMM , 
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qacToTy ,[(b1xa TeJibHbIX ,IJ;BM:>KeHMM. P eHTreHorpacpmo 

B b IITOJIHHJIM B ,[(Byx CTaH,napTHbIX rrpoeKLI;MHX ( rrpH 

MOM M 6oKOB OI1) C MCITOJib30BaHMeM peHTreHOBCKOro 

arrrrapaTa V EPX Technology Premium VET (Mcrra 

HMH). B Cbrno poTKe KpOBM ou;eHMBaJIM ,n;MHaMMKY co

,z:i;epmaH MH o6w;e ro 6eJIKa, MO'-leBMHbI, aJiaHMHaMMHO

TpaHccp e pa3 bI ( AJIAT), acrrapTaTaMMHOTpaHccpepa3bI 

(AcA T ) . C rro MOill;bIO peHTreHoBcKoro 3JieKTp OHH0-

30H ,IJ;OB o r o MMKpo aHaJIM3aTopa INCA- 200 M3y'-laJIM co

,z:i;epmaHMe M pacrrpe,neJieHMe OCTeOTpOITHbIX 3Jie M e H

TOB ( Ca , P M C ) . 

K o HTpoJieM cJiymMJia rpyrrrra M3 4 co6aK, y KOTO 

p bIX ,IJ;JIH 3aMeru;eHMH ,necpeKTa 60Jibllle6epu;oBOI1 KOC 

TM MCITOJib3OBaJIM MMITJiaHTaT Ha OCHOBe KepaMMKM. 

BbI COTa ,z:i;ecpeKTa COCTaBJIHJia 10 MM, '-ITO COOTBeT

CTBy eT 9% OT MCXO,IJ;HOM ,IJ;JIMHbI cerMeHTa. 

PE3YJlbTATbl 

II pM 3aMeru;eHMM LI;MJIMH,n;pM'-IecKMX ,z:i;ecpeKTOB 

I1O,D;B3,IJ;OlllHbIX KOCTeM y KpOJIMKOB BO Bcex CJiy'-laHX 

Ha BC ex cpoKax KOHCTa ™POBaJIM CTa6MJibHOe ITOJIO

meHMe MMITJiaHTaTOB M OTCYTCTBJ1e BOCITaJIMTeJib 

HOM peaKu;r1r1 B rrepr1r1MrrJiaHTau;r10HHOM 30He. Pa3-

0 
3 
3 

~ 

0 
3 
3 

P1,1c. 2. MaKpocKorn1qecKMii BM,n; 30HhI v1MrrJiaHTau;v1v1 YH M B 

I10,lJ;B3,lJ;OIIIHbie KOCTM KpOJIMKOB qepe3 30 (a) -M 60 (6) cyTOK 

rrocJie orrepau;MM. 
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P11c. 1. 3TarrhI co3,z:i:attv1H 

3Kcrrepv1MeHTaJibHbIX M O

,n:eJieii 

a - HaJiomeHv1e a rmapaTa 
MJiv13apoBa v1 rrp OAOJibHhlM 
pa 3 p e3 MHrKMX TKa HeM C 
MeAMaJibHOM ITO Bep xHOCT~ 
roJi eHv1 , 

6 - ccpopMHpOBaHHbIM oc
T p bl M Ae cp eK T AJ1acpv1 3a 
60Jib1I1e6epu;oBOM KOCTM, 

B - 3a Me w; eHv1e ocTp o r o 
AecpeKTa YHM (1-3-H rpy n 
rrb1) , 

2 - c6JIMJKe Hv1e KOCTHbl X 
OT JIOMKOB AO KOHTaKTa rroc
Jie v1cce'-IeHMH u;v1p KyJIHpHo
ro cerMettTa KOCTM AJIH rroc
JieAy10w;ero YAJIMHeHJ1H AO 
BOCCTaHOBJieHJ1H AJIMH hl 
cerMeHTa v1 cpopMv1p oBaH v1.H 
AJ1CTpaKLI;J1OHHOro AMaCTa 3a 
( 4- 6-H rpyrrrrbI). 

JIM'-IMH KaCaJIMCb TOJibKO Bbip ameHHOCTJ1 OCTeOMH

Terpau;MM. H a 14- e cyTKM 3KCrrepMMeHTa co CTOpO

HbI MMrrJiaHTau;MM Y H M OTMe'-laJiacb BbipameHHaH 

OCTeOMHTerpau;MH, o6pa30BaHJ1H B BM,D;e r Mrre prrJia -

3MM KOCTHOM TKaHM oTcyTCTBOBaJIM. Ha 30-e cyTK M 

BOKpyr YHM q:>MKCMpoBaJIM HOBoo6pa3oBaHMe KOCT 

HOM TKaHM B b ICOTOM ,n;o 1 MM. H a 6 0-e cyTKJ1 TOJiru;M 

Ha HOBoo6pa30BaHHOM KOCTHOM TKaHJ1 Ha ITOBepxHO

CTM J1MITJiaHTaTa ,D;OCTMraJia 1,5 M M , '-ITO , ITO HarueMy 

MHeHMIO , MJIJIIOCTpMpyeT BbipameHHbie OCTeOKOH 

,z:i;yKTMBHbie , a BO3MO:>KHO, M OCTe OMH,D;YKTJ1BHbi e 

cBoMcTBa Y H M (pMc. 2). 
PeHTreHOJIOfM'-leCKaH KapTMHa ITOJIHOCTbIO rro,z:i;

TBepm,z:i;aJia ,naHHbie MaKpOCKOITM'-leCKOro MCCJie,noBa

HMH. IlpM 3TOM pe3op6LI;MM KOCTHOM TKa H M 3acpMKCM

poBaHO He 6bIJIO, a ITJIOTHOCTb KOCTM B rr epMMMITJiaH

TaLI;MOHHOM 3OHe ITOBbilllaJiaCb C yBeJIM'-leHMeM c p oKa 

Ha6JIIo,neHMH (pMc. 3 ) . 

PMc. 3. P e HTreHOJIOfW-IeCKa.H Kapnrna 30Hbl VlMITJiaHTauyrn 

YH M B rro,n:B3,n:ornHhie KocTvr KpoJivrKoB qepe3 14 (a) , 30 (6) 
vr 60 (B) cyTOK ITOCJie o rr epau;Mvr. 

3oHa J1MI1JiaHTaLI;J1J1 yKa3aHa CTpeJIKOM. 
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Y )KMBOTHbIX, KOTOpbIM BbITIOJIH.HJIM 3aMern;eHMe 

ocTporo ~MPKY JI.HpHoro ,z:i;ecpeKTa KOCTeti roJieHM YHM 

M MCITOJib3OBaJIM ero B YCJIOBM.HX ,[J;MCTpaK~MOHHOro 

0CT eOCMHTe3a (1-6-.H rpyrrrra), rraTOJIOfW-IeCKMX M3-

MeH eHMM co CTOpOHbl OCHOBHbIX CMCTeM opraHM3Ma 

BbI.HBJieHO He 6bIJIO. HM 0,[J;HO .tKMBOTHOe He rrorM6JIO. 

OTK JIOHeHMM B ITOTpe6J1eHMM KOpMa M BO,[J;bl He 3a

(pMKCMpOBaHO. 3HaqMMbIX M3MeHeHMM qacTOTbI ,[J;bI 

xaT eJibHbIX ,[J;BM.tKeHMM, qacTOTbI cep,z:i;eqHbIX COKpa

ru;e HMM M o6rn;eti TeMrrepa Typbl TeJia Ha pa3HbIX ::na

nax 8KcrrepMMeHTa no cpaBHeHMIO c ,z:i;oonepa~MOHHbI

M M 3HaqeHM.HMM He 3aperMCTpMpOBaHO. MexaHMqec

Kor o ITOBpem,z:i;eHM.H M MMrpau;MM MMITJiaHTa TOB He OT

M eqeHO. 3amMBJieHMe paHeBbIX IlOBepXHOCTeM M.Hr

KMX TKaHeM B o6JiaCTM MMITJiaHTaLI;MM rrpOMCXO,[J;MJIO 

n epBMqHbIM HaT.H.tKeHMeM. 

B paHHMM rrocneorrepa~MOHHbIM rrepMo,z:i; (qepe3 3-

7 c yT) )KMBOTHbie Ha qMHaJIM qacTMqHo Harpyma Tb 

one pMpoBaHHYIO KOHeqHOCTb, a qepe3 14 cyT rrepe

,LJ;B MraJIMCb C ITOJIHOM Harpy3KOM Ha Hee. 

3Ha qMMbIX OTKJIOHeHMM M3yqeHHbIX na6opa TOp

HbIX ITOKa3a TeJieM OTHOCMTeJibHO ,z:i;oorrepa~MOHHbIX 

3Ha qeHMM B ,[I;MHaMMKe Ha6JIIO,[I;eHM.H BbI.HBJieHO He 

6bIJIO (pMC. 4). 
Y Bcex )KMBOTHbIX 1-3-M rpyrrrr Ha peHTreHorpaM

M a x rrpoorrepMpOBaHHOM KOHeqHOCTM, BbITIOJIHeHHbIX 

Herrocpe,z:i;CTBeHHO ITOCJie orrepa TMBHOro BMerna TeJib

CTBa, ocb KOCTeti roJieHM 6brJia rrpaBMJibHa.H. KoHTYPbI 

K OHLI;OB OT JIOMKOB qeTKMe' pOBHbie. ,I(JIMHa cerMeHTa 

COOTBeTCTBOBaJia ,z:i;oorr epau;MOHHOM. Ii1HTeHCMBHOCTb 

p eHTreHOBCKOM Te HM MMITJiaHTa Ta rrpM6JIM.tKaJiaCb K 

TaK OBOM 6JIM3Jiemarn;Mx M.HrKMX TKaHeM (pMc. 5, a) . B 
4-6 -M rpyrrrrax 6bIJIO ,[J;OCTMrHYTO yKopoqeHMe KOCTeM 

o rrepMpOBaHHOM roJieHM Ha BeJIMqMHY ccpopMMpOBaH 

HOro ,z:i;ecpeKTa. B cepe,z:i;MHe ,z:i;MacpM3a orrpe,z:i;eJI.HJIMCb 

JIMHM.H OCTeOTOMMM M ITJIOTHbIM KOHTaKT rrpOKCMMaJib

HOro M ,[J;MCTaJibHOro OT JIOMKOB (pMC. 5' 6) . II PM 3aMe

ru;e HMM ~MPKY JI.HpHoro ,z:i;ecpeKTa ,z:i;MacpM3a 6oJibrne6ep

u;oBo ti KOCTM KepaMMqecKMM Ma TepMaJIOM Ha peHTre

HOrpaMMax, BbITIOJIHeHHbIX Herrocpe,z:i;CTBeHHO ITOCJie 

orr e paTMBHOro BMernaTeJibCTBa, MMITJiaHTaT 6bIJI rrpe,z:i;

CTaBJieH B BM,LJ;e TeHM BbICOKOM MHTeHCMBHOCTM C qeT

K MMM M pOBHbIMM KOHTypaMM (pMC. 5, 8). 
CrrycT.H 14 cyT QJMKca~MM B 1-3-ti rpyrrrrax Ha 

p eHTreHorpaMMax OCb KOCTeM roJieHM 6brJia TaKOM me, 
q To M cpa3y ITOCJie orrepa~MM. IIpocTpaHCTBeHHOe pac

IIOJIO.tKeHMe MMrrJiaHTa Ta He M3MeH.HJIOCb. KoHTypbr 

K OHLI;OB OTJIOMKOB 6bIJIM pOBHbie, HeqeTKMe. B 60Jib

IllMHCTBe Ha6JIIO,[I;eHMM Ha OT JIOMKaX B6JIM3J1 JIM HMM 

orr v1na 6brJia xopowo BbrpameHa rrepMOCTaJibHa.H pe

a K LI;MR r Jibr6qa TOM cTpyKTYPbI TOJIIIJ;MHOM ,z:i;o 3 MM. 

T e HM rrepMOCTaJibHbIX HaCJIOeHMM 3aXO,[J;MJIJ1 B IIOJIOCTb 

,z:i; e cpeKTa (pacrronaraJIMCb Ha ITOBepXHOCTM MMITJiaH

TaTa) co Bcex CTOpOH Ha rrpOT.H.tKeHMM OT 2 ,z:i;o 4 MM. 

P Mc. 4. Co!1,epmam1 e o6w,ero 6eJIKa (a) , Mot..i eBMHbI (6), 
A JIAT (B) 11 AcAT (2) B 7J,r1HaMr1Ke tta6mol],ettr1H. 

P a3Me p ,ll,e cp e KTa : ---c- - 9%, - - 16%. 

---· - Be pxHHH rpaHMQa HOpMbl , - - - - - HJ/1:>KHHH rpa 

HJ/I Qa HOpMbl. 
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P1,1c. 5. PeHTreHorpaMMbI KOCTeM roneHJ/1. 

a - ITOCJie 3aMel.ll;eHMH ~MPKYJIHpHoro ,n:ecpeKTa ,IJ;MacpM3a 60Jib 

we6ep~OBOM KOCTM Y HJ.1 (1 - 3 - H rpyrrrrbr): MMITJiaHTaT peHTre 

HOJiorw--recKM He KOHTpacTeH; 6 - IlOCJie pe3eK~MM y '--IaCTKa ,Il;M

acpv13a KOCTeM roJieHM, COITOCTaBJieHMH KOCTHbIX OTJIOMKOB M YKO 

po'--IeHMH KOHe'--IHOCTM Ha 9 -1 6 % OT MCXO,Il;HOM ,IJ;JIMHhl (4-6 - H 

rpyrrrrbr); 6 - ITOCJie 3aMel.ll;eHMH ~MPKYJIHpHoro ,n:ecpeKTa ,IJ;Ma 

Cf)M3a 60JibWe6ep~OBOM KOCTM KepaMM'--IeCKMM MMITJiaHTaTOM. 

TeHM MMITJiaHTaTa ITO MHTeHCMBHOCTM COOTBeTCTBO

BaJIM TeH.HM 6JIM3Jiemaw;Mx M.HfKMX TKaHevr. B rrpoeK

~MM KOCTHOMO3fOBbIX ITOJIOCTeVI OTJIOMKOB o rrpe,z::i;eJI .H

JIMCb TeHM 3H,IJ;OCTaJibHOVI peaK~MM. 

K 28-30 cyT 3KcrrepMMeHTa (pMC. 6, a) OCb KOCTe:vr 

roJieHM M rrpocTpaHCTBeHHOe pacrrOJIO:>KeHMe MMITJiaH

TaTa He M3MeH.HJIMCb. IlepMocTaJibHbie HacJioeHM.H Ha 

rroBepxHOCTM YHM rrpoT.H:>KeHHOCTbIO ,z::i;o 7 MM xopo

lllO BM3yaJIM3MpOBaJIMCb , MX CTPYKTypa CTaHOBMJiaCb 

roMoreHHOvr. 

P1,1c. 6. P eHTreHorpaMMbI KOCTeti roneHM qep e3 3 0 (a ), 
60 ( 6) J/1 119 ( 8) cyT0K IT0CJie 3aMer.u;eHJ/l.H JJ;MpKy JI.HpHoro 
,n;ecpeKTa ,n;MacpM3a 6onhrne6epu;oBoti K0CTJ/1 YHM (m11BoT
ttoe 3- 11 rpyrrrrbI) . 

11 PM a Ha TOMMqecKOM ITOCJIOVIH OM rrp e rra pMpOBaHMM 

rraTOJIOrMqecKMX M3M eHeHMM M .HrKMX TKaHeM Bbl.HB

JieHO He 6bIJIO (pMc. 7 ). MMrrJiaHTa T 6 b IJI ITOKpbIT T OH 

KMM CJIOeM TKaHM 6eJioro Ma TOBOro ~BeTa. IlaJibITa 

TOpHO orrpe,z::i;eJI.HJiaCb Tyr a.H rra TOJIOrMqecKa.H ITO,[l;BM:>K

HOCTb B o6JiaCTM KOHTaKTa MMITJiaH Ta Ta c KOCTbIO. 

1..Jepe3 60 cyT (pMC. 6, 6) rrepMOCTaJibHbie HaCJIOe 

HM.H Ha ITOBepxHOCTM OT JIOMKOB 3aMeTH O KOMITaKTM -

3MpOBaJIMCb, OTqeT JIMBO BM3yaJIM3MpOB aJIMCb M .HBJI.H 

JIMCb rrpo,r:i;OJI:>KeHMeM KOCTHbIX OTJIOMKOB. B 1-:vr M 2- :vr 

rpyrrrrax rrepMOCTaJibH b ie HarrJiaCTOBaHM.H ITOKpbIBa 

JIM B cpe,z::i;HeM 2 / 3 ,IJ;JIMHbl MMITJiaHTaTa , B 3-M rpyrrrre 

MX o6w;a.H rrpOT.H:>KeHHOCTb 6 b IJia M eHbllle , qeM B rrep 

BbIX ,n;Byx rpyrrrrax , Ha 2-3 MM. Te HM MMITJiaHTa T a 

CTaHOBMJIMCb MH TeHCMBH ee. 

CrrycT.H 90-120 cyT (pMc. 6, 6) KOHTYPbI KOH~OB 

OT JIOMKOB CTaHOBMJIMCb HepOBHbIMM , HeqeTKMMM. Ile -

P1,1c. 7. BtternHMM BJ/1,D, rrapaoccaJibHbIX MRrKMX TKaHeM Me,n;MaJibHOM rroBepxttoCTJ/1 roneHM B 06nacTJ1 pacrronomeHMR YH1i1 
(JKJ/IBOTHOe 1-M rpyrrrrbI , 30 - e cyTKJ1 3KCrrepMMeHTa). 

Puc. 8. Bb1pameHH0CTb 0CTe0J1HTerpau;J1J1 B pa3JIJ19:HbIX 30Hax J1MITJiaHTa Ta qepe3 30 cyT 3KCrrep11MeHTa. 

a - 30Ha KOHTaKTa KOCTHOM TKaHJ/1 OTJIOMKOB J1 J1MITJiaHTaTa , rrpo,n:OJibHbIM pacrrMJI , KapTa peHTre HOBCKOro 3JieKTpOHH0-30H,Il;OBOro 

Ml1KpOaHaJIM3a. YB. 20. (C - CMHMM, Ca - KpaC-HbIM , p - 3eJieHbIM) , 1- KOMITaKTHa.H ITJiaCTMHKa KOCTHOro OTJIOMKa, 2 - MMITJiaHTaT, 

3 - rrepMOCTaJibHO o6pa30BaHHaH KOCTHa.H TKaHb Ha ITOBepXHOCTJ/1 MMITJiaHTaTa ; 6 - CMHTe3 KOCTHOfO MaTpMKCa Mem,n:y MMKpOCTep

:>KHeBblMJ/1 cTpyKTypaMM , C8M. YB. 900 ; B - aKTMBHbIM ocTeo6JiacT B cpe,n:MHHOM 1.-J:aCTM MMrrJiaHTaTa. C8M. YB. 4200 ; 2 - coc y,n: 

KarrMJIJIHpttoro TMrra Mem,n:y cTepmHeBbIMM CTPYKTypaMM MMrrJiaHTaTa , C8M. YB. 550; a - cocy,n; BeH03 Horo TMrra. C8M. YB. 150. 
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PJ10CTaJibHbie CTpyKTypbI Ha ITOBepxHOCT11 11MITJiaH

TaTa B 60Jibill11HCTBe Ha6mo,r:i;eH11l1 o6oe,ll;11HHJI11Cb 

Mem,z:i;y co6ott co Bcex cTopoH , B pe3y JibTa T e qero 11H

TeH c11BHOCTb TeHeM TeCT11pyeMoro MaTep11aJia yBeJI11 -

q 11BaJiaCb. IIo,z:i;o6Hbll1 3cpcpeKT MOJKeT 6bITb CBH3aH C 

BbICOK11M11 OCTeOKOH,ll;YKT11BHbIM11 CBOl1CTBaM11 yr Jie

po,r:i;Horo HaHocTpyKTypHoro MaTep11aJia. B xo,z:i;e aHa 

TOM11qecKoro ITpeITap11poBaH11H B o6JiaCT11 KOHTaKTa 

MMITJiaHTa Ta C KOC Tb IO ITa TOJIOr11qecKaH ITO,ll;BMJKHOCTb 

He oITpe,r:i;eJIHJiacb. 

IIo ,r:i;aHHbIM 3JieKTpOHHO-M11KpOCKOIT11l.JeCKOro 11C

CJie ,zJ;OBaH11H B 1 - 3 - tt rpyITITax qepe3 30 cyT B 30He 

KOHTaKTa KOCT11 11 11MITJiaHTa Ta 11MeJia MeCTO aKT11B

HaH OCTeO11HTerpau;11H KOCTHOro MaTp11KCa B CTpyK

TYPbI 11MITJiaHT11poBaHHoro Ma Tep11aJia co cTopoHbI 

KaK ITep11ocTa·, TaK 11 K0CTHOro OT JIOMKa. Ha1160Jiee 

aKT 11BHO ITpou;ecc ocTeoreHe3a w eJI Ha ITep11ocTaJib

HOM ITOBepXHOCT11. 3To ITO,ll;TBepm,r:i;aJIOCb pacITpe,z:i;e 

JieH11eM OCTeOTpOITHbIX 3JieMeHTOB Ha ITpe,r:i;cTaBJieH

HOM KapTe peHTreHOBCKoro 3JieKTpOHHO- 3OH,ll;OBOrO 

M 11Kp oaHaJI113a B xapaKTep11cT11l.JeCKOM 113Jiy-Y:eH1111 

C a, P 11 C (p11c . 8, a). C11HTe3y KOCTHoro MaTp11Kca 

(p11c. 8, 6) ITpe,z:i;wecTBOBaJia a,z:i;re311H ocTeoreHHbIX 

KJieTOK Ha ITOBepxHOCT11 CTepmHeBbIX cTpyKTYP 11M

rIJiaH Tau;11OHHoro Ma TepMaJia B pa3JIMl.JHbIX ero CJIOHX 

(p11c. 8, 8). ITo BCeM TOJII.IJ;e 11MITJiaHTaTa 06Hapym11Ba

JIJ1Cb M11Kp ococy,r:i;h1 pa3Horo KaJI116pa (p11c. 8, 2, a). 
B 4 -6-tt rpyITITax ITO OKOHl.JaH11M ITepMo,r:i;a ,z:i;11c 

TpaKu;1111 OCb KOCTeM roJieH11 BO Bcex c.rryqaJIX 6bIJia 

rrpaB11JibHaH. Mem,z:i;y ITpOKCMMaJibHbIM 11 ,ll;11CTaJibHbIM 

OTJIOMKOM OITpe,r:i;eJIHJICH ,z:i;11acTa3 , BbICOTa KOToporo B 

Ka m,r:i;OM OT,l];e JibH0M CJiyqae COOTBeTCTBOBaJia BbIC0Te 

p e3e u;11po BaHHOro yqacTKa KOCT11. B IIOJIOCTM ,z:i;11acTa-

3a 6 bIJI11 B 11,ll;Hbl TeH11 ,ll;11CTpaKLI;MOHHOro pereHepa Ta 

3 OHaJibHOro CTpoeH11H f11ITO - 11JI11 HOpMOITJiaCT11l.JeCKO

r o T11ITa. X opowo B113yaJI113MpOBaJI11Cb ITpOKC11MaJib 

Hbll1 11 ,ll; 11CTaJibHbll1 KOCTHbie OT,zJ;eJibl pereHepaTa , 

rrpe,r:i;cTaBJieHHbie TeHHM11 KOCTHblX Tpa6eKyJI, a TaK

me cpe,r:i;11HHaH 30Ha ITpocBeT JieH11H. IIep11ocTaJibHb1e 

KOM ITOHeHTb l pereHepa Ta He o6oe,ll;11HHJI11Cb Mem,z:i;y 

c o6oi1 ( p11c. 9 ' a). y JK11BOTHbIX C MeHbWei1 BeJI11l.J11HOl1 

y ,r:i;JIMHeH11H ( 4 - H rpyITITa) ,ll;11CTpaKLI;11H ITpO,ll;OJIJKaJiaCb 

10 - 12 ,zJ;HeM, B Tel.JeH11e K0TOpbIX cpopM11pyeTCH opra

H11-Y:e CK11l1 MaTp11Kc pereHepaTa. B CBH311 c 3T11M B 4-i1 

rpy ITITe KOHTYPbl KOCTHblX Tpa6eKyJI 6bIJI11 pa3Mb1Tbl , 

a BbICOTa cpe,r:i;11HHOJ1 3OHbl ITpOCBeT JieH11H peHTreHO

JIOf11l.JeCK11 6b1Jia Bbirne , qeM B 5-i111 6 - i1 rpyITITax , r,z:i;e 

rr e p110,z:i; ,ll;11CTpaKu;1111 6bIJI ITpO,ll;OJIJK11TeJibHee , CJie,r:i;o

BaTe JibHO, pereHepaT ITO OKOHl.JaH1111 ,ll;11CTpaKLI;MM co

CTOHJI 113 6oJiee 3peJIOl1 TKaHM. y co6aK 3T11X rpyITIT 

Tpa6eKy JIHpHbie TeH11 pereHepa Ta 11MeJI11 6oJiee qeT

K11e M ITJIOTHbie KOHTYPbl B cpaBHeH1111 C JK11BOTHbIM11 

4 -i1 rpyITITbI. 

IIo OKOH-Y:aH1111 y,n;JI11HeH11H B ycJIOB11HX OITepau;11-

OHHOJ1 Bbll1OJIHHJI11 -Y:aCT11-Y:HOe 3aMeI.IJ;eH11e ,ll;11CTpaK

LI;110HHOro pereHepaTa YHM. IIocJie BbIITOJIHeH11H 11M

rIJiaHTau;r1r1 Ha K0HTp0JibHblX peHTreHorpaMMax 0Cb 

c erMeHTa coxpaHHJiacb. KoHTYPbI ITpoKc11MaJibHOro 

M ,ll;11CTaJibHOrO KOCTHblX OT,l];eJIOB pereHepaTa He3Ha

l.J11TeJibHO J13MeHHJI11Cb KaK CJie,zJ;CTB11e MexaH11-Y:ec-

51 

KOro B03,[l;el1CTBJ1H Ha HOBoo6pa30BaHHbie KOCTHbie 

CTPYKTYPbI BO BpeMH oITepaTMBHOro BMernaTeJibCTBa. 

B ITpoeKu;r111 cpe,n;11HHOM qacTM pereHepaTa cJia6o BJ1-

3yaJIJ13MpoBaJI11Cb TeHM MMITJiaHTMpyeMoro MaTepM

aJia (pMC. 9, 6). 
Y JK11BOTHbIX 3TJ1X rpyITIT BO BCex cJiyqaJIX cpop

MMpOBaHMe oITopocIToco6Horo HOBoo6pa3oBaHHOro yqa -

CTKa KOCT11 ITPOMCXO,ll;MJIO qepe3 30-45 cyT, B cpe,n; 

HeM K 37 - M cyTKaM , (pMKcau;11J1. K 3TOMY cpoKy ITPM 

y,n;.rr11HeH11J1 Ha 9 / 13 / 16% OT 11CXO,ll;HOl1 ,[l;JIJ1Hbl cer

MeHTa o6oeM HOB006pa30BaHHOl1 KOCTHOM TKaHM B co

BOKYITHOCT11 c HaJIJ1-Y:11eM YHM , o6Jia,n;aIOI.IJ;MM B b ICO

KMMM ITpO-Y:HOCTHbIMM xa paKTepMCT11KaMM, 6bIJI ,n;oc
Ta ToqeH ,r:i;JIH ITpeKpaI.IJ;eH11H aITITa pa THOM cp11Kcau;r1r1. 

Ha peHTreHorpaMMax K 3TOMY cpoKy OCb KOCTei1 ro 

JieH11 6bIJia ITpaBMJibHaH. PereHepa T 6bIJI H0pMO- J1JI11 

r11ITepITJiaCT11-Y:eCKOro T11ITa 11 OITpe,r:i;eJIHJICH B B11,l];e Bbl

COKopeHTreHOKOHTpaCTHblX TeHeM roMoreHHOM CTpyK

TYPbI. 3oHa pocTa pereHepaTa JI1160 He oITpe,n;eJIHJiacb, 

JI1160 6bIJia ITpe,r:i;cTaBJieHa e,r:i;11H11-Y:HbIM11 yqacTKaM11 

ITpOCBeT JieH11H . O6pa30BbIBaJiaCb HeITpepbIBHaH KOp 

KOBaH ITJiaCT11HKa, ITOKpbIBaIOI.IJ;aH Beeb pereHepa T . IIo 

,z:i;o6HaH peHTreHOJIOr11qecKaH Ka pn1Ha CB11,l];eTeJibCTB0 -

BaJia O cpopM11poBaHJ111 OITOpHoro yqaCTKa KOCTM 11 HB 

JIHJiaCb Kp11Tep11eM ,l];JIH ITpeKpaI.IJ;eH11H aITITapaTHOM 

cp11Kcau;1111 ( p11c. 9 , e ). 
IIp11 3aMeI.IJ;eH1111 u;11pKyJIHpHoro ,z:i;ecpeKTa ,z:i;11acp11 -

3a 60JibWe6epu;oBOl1 KOCT11 KepaM11-Y:eCK11M Ma Tep11a 

JIOM Ha peHTreHorpaMMax qepe3 30 cyT 3KCITep11MeH

Ta B Tpex Ha6JIIO,zJ;eHMHX KOHCTa T11pOBaJI11 113MeHeH11e 

ITpOCTpaHCTBeHHOrO paCITOJIOJKeH11H MMITJiaHTa Ta. Ji13 

H11X B ,r:i;Byx CJiy-Y:aHx 11MeJIO MeCTO CMeI.IJ;eHMe 11M

ITJiaHTa Ta OTHOC11TeJibHO ITpO,ll;OJibHOM OC11 cerMeHTa' a 

B O,ll;HOM Ha pyw11JiaCb ero MexaHM-Y:eCKaH u;eJIOCTHOCTb. 

II p113HaK11 OCTeoreHe3a JI1160 6bIJI11 CJia6o Bbipa.meHbl , 

JI1160 He BbIHBJIHJIMCb. IIep11ocTaJibHaH peaKu;MH Ha 

OT JIOMKax OITpe,r:i;eJIHJiaCb B o6JiaCT11 OIT11Jia , KaK ITpa 

B11JIO , C Me,r:i;11aJibHOJ1 ITOBepxHOCT11. Ee ITpOTH.tKeHHOCT b 

P 1t1c. 9. P e HTreHo rpaMMbI KOCTeti roJieHM :>KMBOTHOrO 

6 - ti rpyrrrrbI Ha pa3HbIX 3Tarrax 3KCrrepMMeHTa. 

a - OKQHqaHMe ~MCTpaKLI;MM , 6 - Herrocp e~CTBeHHO rrocJie 
MMrrJiaHTaLI;MM YH11 ; B - cpopMMpoBaHMe orropocrroco6ttor o 
yqacTKa KOCTM qepe3 30 cyT CJ)MKCaLI;MM, OKQHqaHMe rrepMo~a 
CJ)MKCaLI;MM. 
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P1t1c. 10. P eHTreHorpaMMbI KOCTeM roJieHM nocJie 3aMeu.:i;eHMH 

LI;YlPKYJIHpHoro ,r:i;ecpeKTa ,D;Macp1,13a 60JibWe6epu;oBOI1 KOCTJ,1 

KepaMW-IeCKJ!IM J,1MTIJI3HT3TOM (60 - e cyTKM 3KCnepMMe HTa). 

a - cMe1.11,ettHe HMrr.na ttTaTa , 6 - MexaHw-recKoe pa3pyweHHe 
HMrr.naHTaTa, B - coxpaHeHHe rrpocTpaHCTBeHHoro pacrro.no:>Ke
HHR HMrr.naHTaTa. 

He ITpeBbIWaJia 2 MM. Ha ITOBepxHOCTJ/I J/IMITJiaHTa Ta 

TeHM, xapaKTepM3YIOI.IJ;Me ITpou;eccbI KOCTeo6pa30Ba

HJ!IH, OTCYTCTBOBaJIJ/I. B ITpoeKLI;J/IJ/I KOCTH OM03r OBbIX 

ITOJIOCTeM OT JIOMKOB BM3Y JIJ;I3J/IpOBaJIJ/ICb Te HJ/I 3 H,[J;OC

TaJibHOrO pereHepaTa. y O,[J;HOro :>KJ/IBOTHOro ITpOcTpaH

CTBeHHOe pacITOJIO:>KeHMe J/IMITJiaHTaTa He J/I3MeHHJIOCb 

B cpaBHeHMM c ITOCJieoITepau;MoHHOM Ka pTMHoi1. B 3TOM 

CJiy--c..rae Ha ITOBepxHOCTJ;I OT JIOMKOB 6bIJIJ/I BbipameHbl 

He--c..reTKJ/Ie J;I HepOBHbie TeHM ITepMOCTaJibHOM peaKLI;J/IJ/I. 

IlepMOCTaJibHbie TeHM paCITOJiaraJIMCb Ha ITOBepxHOC

TJ/I J/IMITJiaH Ta Ta y KOHLI;OB OT JIOMKOB C ,n;Byx CTOpOH. 

B ITpoeKIJ;J/IJ/I KOCTHOMO3fOBbIX ITOJIOCTeM OT JIOMKOB 6bIJia 

HpKO BbipameHa 3H,[J;OCTaJibHaH peaKIJ;J/IH . B o Bcex Ha-

6mo,n;eHJ/IHX B 3TOT rrepMo,n; orrpe,n;eJIHJIM rra TOJIOrM--c..rec

KyIO 11O,[J;BJ/I:>KHOCTb B o6JiaCTJ/I KOHTaKTa J/IMITJiaHTa Ta C 

KOCTbIO Ha rrpOKCMMaJibHOM J;I ,[J;J/ICTaJibHOM ypoBHe. 

"9:epe3 60 cyT 3KCITepMMeHTa y )KJ!IBOTHbIX co CMe 

I.IJ;eHJ/IeM JIM60 MexaHM--c..reCKJ/IM ITOBpem,n;eHMeM Kepa

MJ/I--c..recKoro J/IMITJiaHTa B o6JiaCTJ/I ero KOHTaKTa c KOCT

HbIMJ/I OT JIOMKaMM Ha6JIIO,n;aJIJ/I ITpM3HaKJ/I OCTeOKJiac

TJ/I"C.{eCKOM pe3op6LI;J!IJ/I. Ha ITOBepXHOCTJ/I J/IMITJiaHTa Ta 

ITpM3HaKJ/I KOCTeo6pa30BaHMH OTCYTCTBOBaJIJ/I J/IJIJ/I 

6bIJIM cJia6o Bb1pameHb1. CoxpaHHJiacb ITaToJiorM--c..rec

KaH ITO,Zl;BJ/I:>KHOCTb ( pMC. 10, a, 6). y co6aKJ/I 6e3 CMe

I.IJ;eHJ/IH J/IMITJiaHTa Ta K 3TOMY cpoKy rrepMOCTaJibHbie 

HaCJIOeHJ/IH Ha OTJIOMKax J;I ITOBepxHOCTJ/I caMoro J/IM

ITJiaHTa HaXO,Zl;J/IJIJ/ICb B CTa,Zl;MJ/I KOMITaKTM3aLI;MJ/I J/I --c..rac

TJ/I"C.{HO pe,n;yu;MpOBaJIJ/ICb. 3H,n;OCTaJibHaH peaKLI;J/IH 3a

MeTHO 3aTyxaJia. IlaTOJIOrM--c..recKaH ITO,[J;BJ/I:>KHOCTb co

xpaHHJiaCb ( pMC. 10, 8). 

OECYm,UEHl1E 

UeJibIO BbIITOJIHeHHbIX HaMM 3KCITepMMeHTOB 6b1JI0 

M3y--c..rJ/ITb 061.IJ;yIO peaKLI;J/IIO opraHJ/I3Ma Ha J/IMITJiaHTa

LI;J/IIO yrJiepo,n;Horo MaTepMaJia, a TaKme ou;eHMTb BO3-

MO:>KHOCTJ/I 3aMeI.IJ;eHJ/IH LI;J/IJIJ/IH,ll;pM--c..recKJ!IX, OCTpbIX LI;Mp

KY JIHpHblX ,n;ecpeKTOB KOCTeM J/I ,[J;J/ICTpaK1I,J,10HHOro pe

reHepa Ta YHJ.1. IloKa3aHo, --c..rTo BBe,n;eHMe ,n;aHHoro MM

ITJiaHTa Ta He COITpOBO:>K,n;aeTCH pa3BJ/ITJ/IeM 061.IJ;eM pe-
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aKLI;J/IJ/I opraHJ/I3Ma :>KJ/IBOTHOrO J/I TOKCM--c..reCKJ/IM B03,n;ei1-

CTBJ/IeM Ha OKpymaIOI.IJ;J/Ie TKaHM. HawM ,n;aHHbie cor Jia -

cyIOTCH C pe3y Jib Ta Ta MM J/ICCJie,n;oBaHJ/IM Ha LI;J/ITOTOK

CJ/I"C.{HOCTb rrpM MMITJiaHTaIJ;MM YHJ.1, rrpoBe,n;eHHbIX cep

TMq:>MKaLI;MOHHbIM J/ICCJie,n;oBa TeJibCKJ/IM u;eHTpOM CaHKT

IleTep6ypra [10] . IlpM ITaTOJIOroaHaTOMJ/I--c..reCKOM J/ICCJie

,[J;OBaHJ/IJ;I HJ/I B O,[J;HOM CJiy--c..rae He OITpe,n;eJIHJIOCb TOKC J/I 

qecKoro HeKpo3a TKaHei1. HaKorrJieHHbIM HaMM 3a Bpe

MH 3KCITepMMeHTaJibHbIX J/ICCJie,n;oBaHJ/IM OITbIT, a TaK 

me ,n;aHHbie p.r1,n;a aBTOpOB CBM,n;eTeJibCTBYIOT O TOM , 

qTo yrJiepo,n;Hbie MaTepMaJibI OTBeqaIOT Tpe6oBaHMHM , 

ITpe,n;oHBJIHeMblM K J/IMITJiaHTa TaM, TaKJ/IM KaK: BbICO

KaH 6MOCOBMeCTJ/IMOCTb, ycTOM"C.{J/IBOCTb K B03,n;ei1:CTBJ/I IO 

6MOJIOrMqecKOM cpe,n;hl , OTCYTCTBJ/Ie TOKCJ/I"C.{HOCT J/I 

J;I KaHu;eporeHHOCTM, 3JieKTporrpOBO,ll;HOCTb, 6JIM3Ka H 

K TKaHHM opraHM3Ma, CTOMKOCTb K ycTaJIOCTHbl M 

J/I3MeHeHMHM, J/IH,ll;McpcpepeHTHOCTb ITpo,n;yKTOB J/I3HOCa, 

OTCYTCTBMe Koppo3MMHbIX HBJieHMM. T exHOJIOrMH ITpo 

M3Bo,n;cTBa yrJiepo,n;HbIX J/IMITJiaHTaTOB ITpe,n;ycMaTpM

BaeT B03MO:>KHOCTb noJiyqeHMH o,n;Hopo,n;Horo MaTepM

aJia C pa3JIJ!IqHblMJ/I CBOMCTBaMM , o6Jia,n;aIOI.IJ;ero yITpy 

rOCTbIO, 6JIM3KOM K Mo,n;yJIIO yITpyrocTM KOCTHOM TKa 

HM , JierKOCTbIO MO,n;eJIMpOBaHMH, HeBbICOKOM ce6ecTOJ/I 

MOCTbIO [ 11 ]. B Hawei1 pa6oTe BHe,n;peHHbie B CO3,[J;aH 

Hbie ,n;ecp e KTbl KOCTeM yr Jiepo,n;Hbie J/IMITJiaHTa Tbl B 

cpaBHMTeJibHO KOpOTKJ/Ie cpOKJ/I ITOKpbIBaJIJ/ICb ITepMOC

TaJibHblMJ/I KOCTHblMJ/I o6pa30Ba HJ/IHMJ!I, cpopMMpy.r1 

rrpoqHbIM KOCTHo - yrJiepo,n;HbIM 6JioK, o6ecITe--c..rMBaBWMM 

ycTpaHeHMe ITa TOJIOrJiiqecKOM 110,[J;BJ/I:>KHOCTJ;I. 

Pe3y Jib Ta Tbl 3JieKTpOHHO-MMKpOCKOITJ/I"C.{eCKJ/IX J/IC 

CJie,n;oBaHMM y6e,n;MTeJibHO 11OKa3aJIM, "C.{TO CTpyKTyp

HaH opraHM3aLI;MH yrJiepo,n;Horo MaTepMaJia HBJIHeTcH 

MaTpMKCOM ,[J;JIH rrpopacTaHJ/IH MMKpococy,n;oB J/I a,n;re -

3J/IJ;I OCTeoreHHbIX KJieTOK Ha ero ITOBepxHOCTJ!I, ,n;eMOH

CTPMPYH Bb1pameHHb1e ocTeoKoH,n;yKTMBHbie cBoi1cTBa. 

Pe3yJibTaThl ITpoBe,n;eHHhlX paHee Mccne,n;oBaHMM 

ITO J/ICITOJib30BaHMIO COBpeMeHHbIX KOMIT03J/ITOB ,[J;JIH 

ycTpaHeHJ/IH KOCTHbIX ,n;ecpeKTOB CBM,Zl;eTeJibCTBYIOT 0 

ITepcITeKTMBHOCTM ITPMMeHeHMH yr Jiepo,n;co,n;epmaI.IJ;MX 

MaTepMaJIOB B KOCTHO -ITJiaCTJ/I--c..r eCKOM J/I peKOHCTpyK

TJ/IBHOM XMpyprnM [12-16]. 
B ITOCJie,[J;HMe rO,Zl;bI 3aMeTHO ITOBbICJ/IJICH J/IHTepec K 

KepaMM--c..reCKJ/IM Me,Zl;J/ILI;J/IHCKJ/IM J/I3,Zl;eJIJ/IHM ,[J;JIH BHyT 

peHHero J/ICITOJib3OBaHMH, HO KepaMJ/IKa OTJIJ;I-qaeTCH 

ITOBbIWeHHOM xpyITKOCTbIO J/I BbI3bIBaeT pe3op6u;MIO 

KOCTJ/I ITPM ITPHMOM KOHTaKTe' "C.{TO orpaHJ/I"C.{J/IBaeT ccpe 

py ee ITPMMeHeHJ/IH. B Hawei1 cepMM 3KCITepMMeHTOB C 

ITPMMeHeHMeM KepaMJ/I--c..reCKJ/IX J/IMITJiaHTaTOB J/I3 4 )KJ;I 

BOTHbIX y O,[J;HOro Mbl Ha6JIIOl];aJIJ/I Ha pyweHMe u;eJiqc'l' 

HOCTJ/I J/IMITJiaHTa Ta J/I y ,n;Byx - ero CMeI.IJ;eHJ/Ie J;I3-3a 

OTCYTCTBJ/IH OCTeOMHTerpaLI;J/IJ/I Ha CThlKe KOCTb J;IM

ITJiaHTaT. y Bcex :>KJ/IBOTHbIX KepaMJ/I--c..reCKJ/IM J/IMITJiaH

TaT OCTaBaJICH J/IHTaKTHbIM, KOCTHO-KepaMM--c..reCKJ/IM 

6JIOK He cpopMMpOBaJICH M J/IMITJiaHTa T He ITOKpbIBaJICH 

KOCTHbIM q:>yT JIHpOM. 

BhIBO,Uhl 

1. Yr Jiepo,n;Hbie HaHOCTPYKTYPHbie MMITJiaHTa TbI , 

ITOJiy--c..raeMbie ITO J/IHHOBaLI;J/IOHHOM TeXHOJIOrMJ!I, OTBe

--c..raIOT Tpe6oBaHMHM, ITpe,n;oHBJIHeMbIM K Ma TepMaJiaM , 
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BB0,Zl;I1MbIM B opraHJ13M. OHJ1 6v10COBMeCTJ1MbI, He T0K

CJ1qHbI, He BbI3bIBaIOT peaKLI;J1J1 OTTOpmeHMR J1 J13Me

H eHJ1R o6w;ero C0CT0RHJ1R opraHJ13Ma. 

2. BHe,z:i;peHv1e YHM B u;v1pKy JIRpHbIM ,z:i;ecpeKT rro,z:i;

B3,IJ;OlllHOM K0CTJ1 Kp0JIJ1K0B K 30-M cyTKaM corrp0B0)K

,z:i;a e TCR cpopMv1poBaHJ1eM K0CTHo-yrJiepo,z:i;Horo 6JIOKa, 

J1MITJiaHTa T rrpv1 8TOM qacTJ1qHo ITOKpbrnaeTCR BHOBb 

o6p a30BaHHOJ1 K0CTHOJ1 TKaHbIO, J1HTJ1MH0 CBR3aHHOJ1 

C e ro IT0BepxH0CTbIO. 

3. II pv1 3aMern;eHJ1J1 ~MpKy JIRpHbIX ,z:i;ecpeKTOB 

,IJ;JIJ1HHbIX K0CTe11 K0HeqH0CTeM co6aK K 60-M cyTKaM 

Ha CTbIKe K0CTb-J1MITJiaHTa T cpopMv1pyeTCR rrpoqHoe 

K 0CTHo-yrJiepo,z:i;Hoe cpaw;ettv1e, o 1:.{eM cBv1,z:i;eTeJib

CTByeT OTCYTCTBJ1e rraTOJIOfJ11:.{eCKOJ1 I10,IJ;BJ1)KHOCTM 

B y Ka3aHHOJ1 30He. 

4. B cJiyqae y,z:i;JIJ1HeHJ1R K0HeqHQCTJ1 ,IJ;MCTpaKLI;J1-

0HHbIJ1 pereHepa T ,IJ;0CTMraeT Heo6XO,IJ;J1MOJ1 rrp01:.{H0C

T J1 qepe3 37 ,z:i;He11 rrocJie BHe,z:i;peHJ1R yrJiepo,z:i;ttoro MM

rrJiaHTaTa, qTo I103B0JIReT rrpeKpaw;aTb BHelllHIOIO 

tj;) v1Kca~v1IO arrrra pa TOM. 

5. <:PopMv1poBaHv1e IT0JIH0LI;eHHbIX K0pTMKaJibHbIX 

rrJiaCTMH0K B0Kpyr YHM rro3B0JIReT peKoMeH,z:i;oBa Tb 

,r:i;a HHbIJ1 BJ1,IJ; J1MITJiaHTaTOB K J1CI10Jib30BaHJ1IO B KJIJ1-

HJ1qecKOJ1 rrpaKTJ1Ke. 

6. He,z:i;ocTaTOK YHM - peHTreHoHeK0HTpacTH0CTb. 
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