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Bfll-151Hl-1E MATEPl-1A11A CTEP>KHE~ TPAHCnE.Ql-1KYfl5lPHO~ KOHCTPYKL.J.l-1l-1 

HA MEXAHl-14ECKOE nOBEAEHl-1E npl-1 CTAT~4ECKl-1X 


l-1 Ul-1Kfll-14ECKl-1X l-1CnbITAHl-151X 


A.T.H" npocp. MJO. KonnepOB, C.K. neByeHKo\ A.A. YepHblwoBa, 

H.B . .o.opocpeeBa, H.A. rop60Bell 

B HaCTOf1LL1e(;\ pa60Te VlCCIle,o,OBaHO SIlVl~HltIe MaTepv1ana CTep>KHe(;\ Yl CTPYKTYpbl Ha MeXaHltIyeCKOe noseAe­
HV1e TpaHCne,[lltlKYIlf1pHO(;\ KOHCTPYKL\VlYl npltI CTaTYlyeCKYlX Vl MaIlOL\ltIKIlOSbIX VlcnbITaHltIf1X. B KayeCTSe CpaBHltISaeMblX 
MaTepLilaIlOS 6blIlVl S3f1Tbl cnIlaB Ha OCHose TiNi (c pa3Hoi1 TepMVlyecKOi1 06pa6oTKoi1) V1 TVlTaHoBbli1 cnIlaB BT16 
npe,o,cTasIleHbl pe3ynbTaTbl, nonyyeHHble no CTaH,[lapTHO~ MeTO,[lltlKe ltICnblTaHVI~ (ASTM F 1717-96) 

This work has examined the effect of rods' material and the structure on mechanical behavior of transpedi­
cular construction during static and low-cycle fatigue tests As compared materials there were taken a TiNi ­
based alloy (with different heat treatment) and titanium alloy VT16. Presented are the results obtained according 
to standard testing technique (ASTM F 1717 - 96). 

B HacTo~w.ee BpeM~ npvt 3a60neBaHvtHX n03BOHOLIHvtKa vt CnvtHHoro M03ra WVlPOKO npvt­

MeHHIDTC~ TpaHCne,o,vtKyn~pHble KOHCTPYKllvtvt (TK) [1], KOTopble vt3roTaBnvtBafOT Vl3 Hep>Ka­

BelDw.e!71 CTanVl, TVlTaHOBblX cnnaBOB VI ,o,p. OCHOBHblM npVlHL\VlnOM TpaHcne,o,vtKyn~pHo!71 CPVlK­

caL\VlVI n03BOHOYHVlKa~Bn~eTC~ npOBe,o,eHVle yepe3 HO>KKvt ,o,yr n03BOHKOB cneL\\I1anbHblX BVlH­

TOB, KOTopble 3aTeM coe,o,VlH~IOTCH Me>KAY c060(1 MeTanm1yeCK\I1MVI CTep>KHHMVI VI COCTaBn7'l­

IDT cTa6\11n\l13V1PYfOW.YID CVlcTeMY. BHewH\I1!71 BVI,o, TpaHcne,o,VlKynHpHo(1 KOHCTPYKLJ,VIVI npe,o,cTaB­

neH Ha pVlC. 1a. 

OCHOBHblMVI Tpe60BaHVI~MVI, npe,o,b~Bn~eMbIMVI K MaTep\l1anaM ,o,n~ CTep>KHe(1 TK, 7'lBJl7'l­

IDTCH xopowa~ npOYHOCTb, BbICOKa~ KOpp03V1oHHa~ CTO!71KOCTb vt 6vtOJlOrV1yeCKa~ \I1HepTHoCTb. 

npVl npoeKTVlpOBaHVIVI VlMnnaHTaTOB TaK>Ke He06xo,o,VlMO )"-lVlTbIBaTb, YTO Mo,o,ynb ynpyrocTVI 

MeTanJlVlyeCKVlX MaTepVlanOB BO MHOro pa3 60nbwe Mo,o,yn~ ynpyrocTVI KOCTVI VI MOAyn~ yn­

pyroCT\I1 Me>Kn03BOHOYHbIX ,o,VlCKOB (xp~w.ell1). 

B CB~3\11 C 3TVlM B nocne,o,Hvte ro,o,bl B Me,o,VlllvtHe CTan npvtMeH~Tbc~ HOBbl(1 MaTepVlan ­

HVlKenVl,o, TVlTaHa, KOTOPbl!71 o6na,o,aeT PH,o,OM OC06blX CBO(1CTB, TaK\I1X KaK 3cpcpeKT 3anOMVlHa­

HVI~ CPOPMbl (33c:t» VI cBepxynpyrocTb (CY) [2]. MeXaHVlyeCKOe nOBe,o,eHV1e ,o,aHHoro MaTepV1a­

Jla OyeHb nOXO>Ke Ha nOBe,o,eHVl8 KOCTHblX VI xp5HlJ,eBblX TKaH81f1 opraHVl3Ma. TaK:>t<e, OH o6Jla­

Aa8T BblCOKOIf1 KOPP03V10HH0If1 CTOIf1KOCTbfO VI 6V10JlOrVlyeCK0If1 COBMeCTV1MOCTbl{), n03TOMY ero 

MO>KHO B3~Tb 3a OCHOBY ,o,Jl~ C03AaHVI~ 6vtonOrVlY8CKVI vt M8XaHV1Y8CKVI COBM8CTVlMbiX VlM­

nnaHTaTOB. 

1 POcCLII~CKa>l Me,[1l-1LjV1HCKaf1 aKaAeMl-1>l nOCIle,[lV1nIlOMHoro 06pa30BaHV1>l, r. MOCKBa, POCCV1>1 
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8 HaCrO~ll\e~ pa60re 6blllO VlCClle,qOBaHO BllV1~HV1e MarepV1alla Crep>KHe~ Ha MeXaHV1ye­

CKoe nOBe,qeHV1e TK. V1cnblraHV1~ TK npOBoAV111V1 comaCHO craHAapry ASTM F 1717 - 96 [3]. 

OnopHble Crep>KHV1 6blllV1 Vl3rorOBlleHbi V13 AByX MarepVlaIloB: 8T16 VI TH 1. erep>KHV1 1tl3 TH 1 

nO,[lBepraIlItl repMVlyeCKot:1 06pa60rKe B BaKYYMe no pa3IlV1YHbIM pe>KII1MaM ,qn~ CPOpMVlpoBa­

HVI~ B HItlX He06xoAV1MO~ crpyKTYPbl VI xapaKTepV1CrltlK 33¢. 
5IlOKVI, VlMItlH1pYIOll\lIIe reIla n03BOHKOB, V13roraBIlVlBaIlV1 1113 nOIlVlaMV1,qa 66. 8 HV1X npeA­

BapV1TellbHo AeIlalllll oTBepcTVI~ ,[IlIIaMeTpoM 3,5 MM Ha paccTO~HV1V1 40 MM ,[Ipyr OT ,[Ipyra, B 

Koropble BKpYYV1BaIlVl BIIIHTbl TK. 5noKVI C BV1HTaMVI YCTaH8BIlIIIBaIlV1 B Cnel...\V1aIlbHble 38XBaTbi 

II1CnbIT8TeIlbHo~ M8UJVlHbi «TIRA test 2300». nocne :noro npOBO,[lVlIlVl YCTaHoBKY CTep>KHet:1 

TK (pVlC. 16). YCII111Vle 3aT~)I(KII1 Kpen~ll\II1X 3IleMeHrOB COOTBeTCTBOBaIlO pa3pyweHVlIO II1X Tex­

HOIlOrltlyeCKItlX nplllnycKOB no Cnel...\Vl8IlbHO C,[IeIlaHHbIM H8Ape38M. 

Ha nepBoM 3Tane npOBO,[lVlIlVl CT8TVlyeCKII1e II1CnbITaHVI~ npVl\C>KaTVlItl TK AO 3a,[laHHoro ne­

peMell.\eHVI~ 38XBaTOB (15 MM). TeMnepaTypa VlcnbIT8HVI~ COOTBeTCTBOBaIla HOPM8IlbHO~ 

VlIlIl1 nOMep>KII1S811aCb H8 ypoBHe +5 + +10 DC 111 +35 + +3SC'e, KOTopa~ KOHTpollVlpoBallacb 

pTYTHblM TepMoMeTpoM B6nltl31tl CTep>KHe~ TK. no pe3YllbTaTaM ItlCnbITaHVI~ onpeAeIl~11V1 >Ke­

CTKOCTb p860Tbi TK (KaK OTHoweHVle MaKCVlMaIlbHO~ HarpY3KVI K nepeMell\eHVlIO 3aXBaTOB yc­

TaHOBKVI) VI OCT8TOYHYlO AecpopMal...\VlIO (KaK pa3HOCTb nOllO>KeHVI~ 3axsaTOB YCTaHOBKVI ,[10 Ha­

rpY>KeHII1~ VI nocne pa3rpY3KVI). 

npVl CTaTVlyeCKVlX VlcnbIT8HVI~X TK co CTep>KH~MVI 1tl3 cn118Ba 8T16 H86mo,[l8eTC~ CHItl>Ke­

Hltle CKOPOCTItl POCT8 yCItl11I11~ OT ,[IecpopM8l...\1tl1tl npltl H8rpY>KeHVlVI Itl H8KOnneHItle OCT8T04HO~ 
,[IecpopMal...\VlItl (,[10 3 MM) nOClle pa3rpY3KItl (pltlc. 2). epe,[lH~~ >KeCTKOCTb TaKO~ TK COCT8Bll~eT 
38,9 H/MM Itl He 38BVlCItlT OT TeMnep8Typbl ItlCnbIT8HVI~. 

a) 6) 

PHC. 1. BHeWHYli-l (a) Yl o6l.l.\Yli-l (6) BI-1,Qbl TpaHcne,QYlKyn51pHoi-l KOHCTPYKlll-1 1-1 , 

nO,QBeprHyTo~ CTan14eCKYlM Y1 ManOl4l-1KnOBblM V1cnbITaHYl51M 

KOHCTPYKl...\VI~ co CTep>KH~MItl Vl3 cnllaBa TH1, nO,[lseprHyTblMVI npe,[lB8pltlTellbHoMY s8Ky­

YMHOMY OT>KVlry B VlHTepBalle TeMnepaTYP 700 + 800 D e VI VlMelOll\VlM TeMnep8Typbl H84a11a 

BOCCT8HOS11eHVI~ CPOPMbl (AHB) 8 + 10 DC VI KOHl...\8 (AKB) - 19 + 20De, 06118,[1aeT HeCKOllbKO 

ItlHblM MeX8HVl4eCKII1M nOBe,[leHVleM. epe,[lH51~ >KeCTKOCTb TaKo~ KOHCTPYKl...\It1V1 Hlt1>Ke, yeM y 

CTep>KHe~ Vl3 cn1l8sa 8T16 VI 3aBVlCVlT OT TeMnepaTypbl VlcnbITaHVI~: npVl +5 + +10 D e H8XO­

,[IVlTC~ B npe,[le118x 15 + 20 H/MM, 8 npVl 37 DC COCTaSn51eT 31 + 33 H/MM. nOc11e pa3rpY3KVI 

npVl HVl3KO~ TeMneparype VlcnblTaHVI~ H86mo,[l8eTC~ 3Ha4V1TeIlbHa~ OCTaT04Ha51 p,ecpopMa­

l...\1tl51 (,[108 MM), a npVl 37 DC OH8 He npeBblwaeT 1 MM. 
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PIIIC. 2. KpVlBbie 	HarpY3KVI VI pa3rpY3KVI TK co CTep)l(H5'lMVI 113 cnJlasa TH 1, 
OTO)j()j(eHHoro npVI 800 °C (1) 11 BT16 (2) ., .. 

HaVl60nbwafl pa3HOCTb MexaHVl4eCKoro nOS€AeHVlfl TK co CTep)!{HflMVl \113 cnnasa TH1 

npVl pa3nVl4HbiX TeMnepaTypax \IICnbITaHVl~Ha6nfOAaeTCH nocne AOnonHVlTenbHo~ VlX TepMO­

06pa60TKVl npVl TeMnepaTypax 450 -+ 550~C. npVl 3TOM TeMnepaTYPbl BOCCTaHOBneHVlfl cpop­

Mbl CTep)!{He~ nOBblwafOTCfI ,0,0 15 -+ 20°C (AH B) Vl 24 + 38°C (AK
B). MVlHVlManbH8f1 cpeAHfIfI 

)!{eCTKOCTb TK (10 + 12 H/MM)Vl M8KGVlM8nbH8f1 OCTaT04Hafl AecpopM8L\Vlfl (,0,0 13 MM) Ha­

6nfOAaeTcfI y CTep>KHe~, OTO)f()l<eHHblX npVl 450°C, Vlcnb.ITaHHbIX npVl 1aoc. npVl nOBblWeHI!1Vl 

TeMnep8Typbl VlcnblTaHVlfl A03TC >KeCTKOCTb B03paCTaeT ,0,0 20 H/MM, a OCTaT04Hafl Ae­

cpopMaL\l!1f1 CHVl>K8eTCfI ,0,0 3 MM (pVlC. 3). 

P tl.---~ 

PIIIC. 3. Kpl1Bble HarpY3KVI VI pa3rpY3KI1 TK co CTep)l(H5'lMI1 113 cnJlaBa TH1, 

OTO)l()l(eHHOrO npL-l 800°C (1), 450°C (2) 11 550 °C (3) 


Ha CneAYfOIl.\eM 3T8ne pa60Tbi npOBOAl!1nVl ManOL\V1KnOBble VlcnblT8HVlfl nYTeM H8rpY>Ke­

HVlfI C>KaTVleM TK B VlHTepB8ne OT 30 ,0,0 330 H C Y8CTOTO~ 0,5+1 rl..( ,0,0 1000 l..(VlKnOB. Bo 

BpeMfI VlcnblTaHVl~ npOVl3BOAVlnVl 3anVlCb 3aBVlcVlMocH1.HarpY3Ka -nepeMell.\eHVle (pVlC. 4). no 

pe3ynbT8T8M VlcnbIT8HVI~ onpeAenflnVl Vl3MeHeHVl€ >KeCTKOCTVl pa60Tbi KOHCTPYKl..(V1V1 Vl HaKon­

neH\IIe OCT8T04HO~ AecpopM8l..(V1Vl OT 4V1cna l..(V1KnOB HarpY>KeH\IIR 

-.. 
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a) 6) 

PHC. 4. KpV1Bble HarpY3KV1 V1 pa3rpY3KV1 npV1 ManO~V1KIl08bIX V1CnbITaHV1S1X TK 

co CTep>KHS1MV1 V13 cnnaBa 8T16 (a) V1 TH1, OTO>K>t<eHHOIO IlpV1 550 c~C (6) 
LJ.V1CPPbl Ha pV1cYHKe YKa3blBalOT HOMep L\V1KJla 

VlcnblTaHvHi TK co CTep>KH~MH H3 cnnaBa 8T16 nOKa3anH, YTO C YBenH4eHHeM 4Hcna 
lJ,VlKnOB Harpy>KeHVl~ >KeCTKOCTb B03paCTaeT C 34 ,0.0 40 H/MM Vl HaKannHBaeTC~ 3Ha4HTenb­
Ha51 AecpopMau,H51 (pHC, 4a). npH 3TOM Bem14HHa OCTaTOYHO~ ,o.ecpopMau,HH nocne 100 L\HK­
nOB npeSblwaeT yposeHb AecpopMalJ,HH B nepSOM L\HKne HcnbITaHHLIt.3TO roSOpHT 0 TOM, 4TO 
cyw,eCTByeT onaCHOCTb nOTepH cTa6HnbHOCTH n03BOHOYHbiM cerMeHTOM, YKpenneHHblM TK 
CO CTep>KH51MH H3 THTaHoBoro cnnasa. 

npH HcnbITaHH51X TK co CTep>KH51MH /.13 cnnaBa TH 1, OTO>K>KeHHbIX npH 550 o e, Ha6nlOAa­
IOTC51 aHanorH4Hbie 3aKoHoMepHocTH, HO S 3Ha4HTenbHO MeHbwe~ CTeneHH. TaK HaKonneHHe 
oCTaT04Ho~ AecpopMaL\II1H npVl N>10 L\VlKnOB npOIl1Cxo,o.VlT B MeHbwe~ CTeneHVl (Pll1c. 46). npH 
3TOM >KeCTKOCTb TK Haxo,o.HTC~ S npe,o.enax 25730 H/MM. E~e MeHbwa~ CKOPOCTb HaKonne­
HH51 oCTaT04Ho~ AecpopMau,HH Ha6nlO,o.aeTC~ y TK CO CTep>KH51MVl H3 cnnasa TH 1, OTO>K>KeH­
HblMVl npH 700 0 e (pHC. 5). Y>Ke Ha 3-eM u,VlKne HarpY>KeHH~ CKOPOCTb npHpoCTa oCTaT04Ho~ 
AecpopMaL\HH 3HaYHTenbHO MeHbwe, 4eM y TK co CTep>KH51MV1 1113 cnnasa 8T16, a npH N>1 00 
npaKTH4eCKH paSHa HynlO. 

PHC. 5. V13MeHeHV1e CKOPOCTV1 npl1pOCTa OCTaTOYHO~ ,L\ecpopMa~V1V1 (dl/dN) 

OT Yl-1cna Ljl-1KJlOB HarpY)KeHl-1S1 TK co CTep>KHs:1MV1 V13 cnnaBa BT16 (1) V1 TH1, 


OTO>KeHHbIML-1 npV1 550°C (2) V1 700 cC (3) 
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BblBOAbl 

YCTaHOBneHO, YTO TK co CTep>KHflMV1 V13 HV1KenV1,o,a TV1TaHa 06na,o,aeT 60nee BblCOKVlM 

cTa6VlnVl3lt1pYfDll.\V1M ,o,eC1CTBV1eM npV1 l...\V1KJllt1yeCKOM HarpY>KeHV1V1 no cpaBHeHV1fD C TK co 

CTep>KHflMV1 V13 TV1TaHOBoro cnnaBa. npV1 3TOM >KecTKOCTb pa60Tbi TK co CTpe>KHflMV1 V13 HV1Ke­

nV1,o,a TV1T8H8 60nee COOTBeTcTByeT 6V10MexaHV1Ke n03BOH04HV1K8 V1 ,D,On>KHa 06ecne4V1BaTb 

paHee BOCCTaHOBneHV1e CPYHKl...\V1~ nOBpe>K,D,eHHoro n03BOH04HV1Ka. 

n~1TepaTypa 

1. 5epcHes B.n., t:jaBbl,D,OB EA, KOH,D,aKoB E H 
CKV1X HepBOS - Cn6, 1998 

Xl1pyprl1S1 n03BOHOYHV1Ka, cnV1HHoro M03ra V1 nepl1cpepwie­

2 Me,D,I1~II1HCKI1~ V1HCTPYM8HT 11 V1MllnaHTaTbl V13 HV1K€nll1,D,a TVlTaHa: M8TannOBe,D,eHl1e, TeXHonOrl1l11, np...,MeHe­
HV1e. fAA YlnbVlH, MID. KOJlJlEiPOB, BV1XaY.I1H, ,D.Efyces. IIMeTaJlnbl, 2002, N23. - C.105-110. 

3 ASTM Designation: F 1717 - 96 
Model 

Standart Test Methods for Spinal Implant Constracts in a Corpectomy 

YAK 669.295'245 

BnLt1.HHLt1E YCnOBLt1~ npLt1.QAHLt1.H <J)OPMbl HA CTPYKTYPY 
~ CBO~CTBA ~3.QEn~~ ~3 CnnABA TH1 

,o,.T.H., npocp. M.fO. KonnepoB, A.A. WapoHoB, C.V1. rypToBoL71, ,o,.A. naM3V1H 

V1CCJle,D,OBaHO Snl1S1HV18 Tl1na ,D,ecpopMaL\V1V1 (aKn1BHo~ ..., naCCI1BHo~), ee TeMnepaTYPbl VI nOCne,D,YKlll.je~ 

TepMoo6pa6oTKVI Ha npOL\ecc npl1,D,aHVl51 CPOPMbl VI xapaKTepV1CTV1KVI 3cj:)(peKTa 3aIlOMI1HaHV1S1 CPOPMbl V13,D,eJlV1S1M 
Vl3 CnJlaBa Ha OCHOBe HV1KenV1,D,a TV1TaHa. Onpe,D,eneHbl OnTV1ManbHble cxeMbl TeXHonorV111 npV1,D,aHV1S1 CPOPMbl Me­
AVlL\V1HCKV1M V13,D,eJlI1S1M pa3Jll1YHoro Ha3HayeHV151. 

There have been investigated the Influence of the type of deformation (active and passive), its temperature 
and further heat-treatment on the process of shape formation and specifications of the effect of shape memoriz­
ing for products from titanium niccolide based alloy Determined were optimal schemes of the technology of 
shape formation for medical products of different designation. 

BBeAeHll'le 

8 HaCTOflUJ,ee BpeMfI MaTeplt1anbl, 06na,o,afoUJ,V1e 3cpcpeKToM 3anOMV1HaHV1f1 CPOPMbl (33¢) 

V1 cBepxynpyrocTbfD (CY), Haxo,o,flT Bce 60nee wV1poKoe npV1MeHeHV1e B MawV1HoCTpOeHV1lt1, 

npV160pocTpOeHV1lt1, Me,o,V1lJ,V1He V1 ,o,pyrV1x oTpacnflX Hapo,o,Horo X03f1~CTBa. 8 OCHOBHOM 3TO 

cnnaBbl Ha OCHOBe HV1KenV1,D,a Tlt1TaHa, KOTopble 06na,o,afDT BbICOKV1M KOMnneKCOM cpyHKlJ,V10­

HanbHblX, MexaHV14eCKV1X cBOL71CTB V1 OTnlt1I..jHO~ KOpp03lt10HHO~ CTO~KOCTblO. 
lI1HTeHClt1BHble V1CCne,D,OBaHI1f1, npoBe,o,eHHble B POCCV1V1 [1, 2] V1 3a py6e>KOM [3], n03Bom1­

nV1 YCTaHoBV1Tb MHOrlt1e 3aKOHoMepHoCTV1 Bnlt1f1HV1f1 COCTaBa 3Tlt1X cnnaBOB, TepMlt1l..jeCKO~ 06­

pa60TKlt1, ,D,ecpopMal...\V1!-1 Ha ero xapaKTepV1CTlt1Klt1 33¢. O,D,HaKO nonHOCTbl() YCTaHoBVlTb ponb 

Ka)l{,lJ.oro 3Tana lt13rOTOBneHlt1f1 V13,o,en!-1~. B CPOpMlt1pOBaHV1V1 lt1X CTpyKTYPbl V1 CBOLIICTB ,D,O Clt1X 

nop He y,o,anOCb. 3TO CBfl3aHO C TeM, 4TO Bbl60p onn1ManbHbiX MeTo,o,OB VI pe>KVlMOB 06pa­

60TKlt1 Ha KOHKpeTHOM 3Tane 3aBVlCVlT OT ycnoBV1~ CPOpMV1pOBaHVlfI CTPYKTYpbl Ha npe,o,bl,D,y­

ll.\VlX CTa,D,lt1f1XV1 Tpe6yeMoro ypOBHS1 xapaKTepVlCTlt1K 33¢ roTOBOro lt13,D,em1fl. Oc06eHHO OT­

seTCTBeHHbIMlt1 3TanaMlt1 CTaHOBflTCfI onepal...\lt1lt1 npVl,o,aHV1f1 CPOPMbl lt1 OKOHl..jaTenbHO~ 06pa­

60TKVl 1t13,D,em1~, KOTopble ,D,On>KHbl 06eCneYV1Tb Tpe6yeMbie reOMeTpV11() V1 CPYHKL4V10HanbHble 

xapaKTepVlCTV1KV1' 8 ,o,aHHo~pa60Te npe,D,npVlHflTa nonblTKa It1CCneAOBaHVlfI. Bnlt1S1HvtR XV1MW-le.,.. 
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