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ITpeacTaBAEHDI pe3yABTAThI 000061 e H IS MHOTOAETHETO IIPAKTHIECKOTO OIIBITA U 9KCIIEPUMEHTAAbHbIE
AQHHBIE TI0 CO3AAHMIO KOCTHBIX UMIIAAHTATOB AASl PElI€HMs aKTYaAbHbBIX 3aAa4 PereHepaTUBHON Me-
AHLIFHBI OIOPHO-ABHUTATEABHOTO ammapaTa. OOCy>KAEHBI IIPEHMYIeCTBa ABTOPCKUX pa3paboTok HH-
HOBAIMOHHBIX METOAOB QH3MKO-MEXaHHYECKOTO pasaeAeHHs (Pe3Ku) KOCTH, COCTABASIONIUX OCHOBY
COBPEMEHHbIX TEXHOAOTHI M XapaKTePHU3YIOIUXCs BRICOKOH IIPOU3BOAUTEABHOCTDIO AASL YAOBAETBO-
PEHHUSI ITOCTOSIHHO BO3PACTAON[El IIOTPeOHOCTH B KOCTHO-IIAACTHYECKOM MaTepHaAe BHICOKOTO Kade-
crBa. M3ydeHa BO3MOXKHOCTb HCIIOAb30BAHMUS AABTEPHATHBHBIX HCTOYHHKOB — KCeHoMaTepHaaa (KOcTH
6bIKa, CBHHBH) BBHAY AeQHIIHT2 AOHOPCKOTO MaTepuaAa — KOCTeil YeAOBeKa — M3-32 CYIIeCTBYIONHX
OTpaHMYeHMH, IPEeILITCTBYIOIMX BO3MOXXHOCTH X IIOAYYEHHUS B AOCTATOYHOM KoamdecTse. IIpeaso-
JKEHDI U 9KCIIEPHMEHTAABHO AIIPOOUPOBAHBI TEXHOAOTHH KOHTPOAUPYEMOTO MOAYIEHH S KOCTHDIX HM-
MIAQHTATOB C Pa3AMYHBIM KOMITO3MIIHOHHBIM COCTAaBOM C y4eTOM UX (YHKIHOHAABHOTO Ha3HAYEHHS
B COOTBETCTBHH C 3aAAHHBIMH TPeOOBaHISIMH, BKAIOUAS BHIIIOAHEHHE POAM HOCHTEAS] A€KAPCTBEHHBIX
CPEACTB AASL AAPECHON AOCTABKH HX B 30HY OIlepaTHBHOrO BMemareabcTBa. Ocoboe BHUMAHHE yAe-
A€HO BOIPOCaM ObecledeHHUs BHICOKOTO KadecTBa [OBEPXHOCTH GHOMMIAAHTATOB (ONTHMAAbHAS
CTereHb ee LIepOXOBATOCTH, MOP$OPYHKIMOHAADHbIE 0COGEHHOCTH, SAeMEHTHBIH COCTaB), HPAMOit
CBSI3M 3TOM XapaKTePUCTHKH C 3)PeKTUBHOCTDIO IPHUMEHEHMs KOCTHO-NAACTMYECKOTO MaTepHaAa
B OHOMMIIAQHTOAOTHH. AKIIEHTHPOBAHO BHIMaHHUe Ha [[eAeCOOOPa3HOCTH HCIIOAb30BAHUSI B OHOHM-
IAQHTOAOTHH COBPEMEHHOTO BBICOKOTEXHOAOTHYHOTO METOAQ OOBEKTHBHOM PErHCTPAIJII — IAEMEHT-
HOTI'O QaHAAM32 AASI OOecIeueH s BHICOKOTO Ka4eCTBa, 6e30IacHOCTH NMIIAAHTATOB HA OCHOBE OMOAOTH-
YeCKHX TKaHell, IOAy4YeHMs KOMIIAGKCHOM CTPYKTYPHO-QYHKIIMOHAABHOMN XapaKTePUCTHKU C yYeTOM
cocraBa 6rorormyeckux TKaHed. OTMedeHa BOXHOCTb HAAKHON CTEPUAU3ALUKM OHOMMIIAAHTATOB,
obecrreunBaromet 6e30IIACHOCTD PEIHIIMEHTa, MEAUIJIHCKOTO MIEPCOHAAA KAMHHK M GaHKOB TKaHeH.
IIpoBepeH aHAaAU3 HANpaBAGHUH AAAbHEHIIErO Pa3BUTHA METOAOB CT€PHAU3ALIUH, MepPCIeKTHBbI HC-
[IOAB30BAHMUSI TEXHOAOTUI KOMOMHUPOBAHHON CTEPUAM3ALMH OMOUMIIAAHTATOB, II03BOASIIOLINX AO-
CTHYb CHHEpPreTH4ecKoro 3d¢exra CTePUAM3YIOIETO BO3ACHCTBUS PH3MKO-XMMHYECKHX (PaKTOPOB
PA3AHYHOI IPHPOABL — 030HOBOM 06PA6OTKY N HOHU3HPYIOIETO U3AYIeHHs. PacCMOTpEHBI BO3MOXK-
HOCTH MCIIOAb30BAHHUS YCTAHOBAEHHBIX IPEMMYINECTB YKa3aHHBIX METOAUK IIPH OAHOBPEMEHHOM
CHIDKEHHH CTEIIeHH BO3AEHCTBUSI, ITOOOYHBIX 9P PpeKTOB KAKAOTO U3 ITUX MOILJHBIX CTEPUAU3YIOLIUX
$axkTOpoB B OTAEABHOCTH. [TOKa3aHa POAb MEXAMCLUIIAUHAPHON MHTEIPALIUH, 00beANHEHHS YCUAUT
IPEACTABUTEACH CMEXHBIX 00AACTEN HAYKH B PA3BUTHU METOAOB IPOOOIOATOTOBKH, CTEPUAUSAIIIH,
00BEKTUBHOM PETrHCTPALUK CTPYKTYPHO-QYHKIIMOHAABHOTO COCTOSIHHUS KOCTHBIX HUMIIAAHTATOB AAS
pellleHHs 3aAa4 pereHepaTuBHON MeAHIIHBL
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V.V. Rozanov, LV. Matveychuk, A.P. Chernyaev

THE ROLE OF INTERDISCIPLINARY INTEGRATION
IN THE DEVELOPMENT OF STERILIZATION METHODS FOR SOLVING
THE PROBLEMS OF REGENERATIVE MEDICINE

The results of generalization of long-term practical experience and experimental data on the creation of
bone implants for solving urgent problems of regenerative medicine of the musculoskeletal system are
presented. The advantages of the author’s development of innovative methods of physical and mechan-
ical separation (cutting) of bone, which form the basis of modern technologies and are characterized
by high productivity to meet the ever-increasing demand for high-quality bone-plastic material, are dis-
cussed. The possibility of using alternative sources — xenomaterial (bull and pig bones) due to the lack
of donor material - human bones due to existing restrictions that prevent the possibility of obtaining
them in sufficient quantities. Technologies for the controlled production of bone implants with various
compositions are proposed and experimentally tested, taking into account their functional purpose in
accordance with the specified requirements, including performing the role of a drug carrier for targeted
delivery to the surgical intervention zone. Special attention is paid to ensure high quality surface bioim-
plantation (optimal degree of roughness, morphological features, elemental composition), the direct
correlation of this characteristic with the efficacy of bone-plastic material in bioimplantology. Attention
is focused on the feasibility of using a modern high - tech method of objective registration in bioim-
plantology-element analysis to ensure high quality and safety of implants based on biological tissues,
to obtain a complex structural and functional characteristics taking into account the composition of
biological tissues. The importance of reliable sterilization of bioimplants, which ensures the safety of
the recipient, medical staff of clinics and tissue banks, is noted. The analysis of the directions of further
development of sterilization methods, the prospects of using technologies for combined sterilization
of bioimplants, which allow achieving a synergistic effect of the sterilizing effect of physical and chem-
ical factors of various nature — ozone treatment and ionizing radiation. The possibilities of using the
established advantages of these methods while simultaneously reducing the degree of exposure and side
effects of each of these powerful sterilizing factors separately are considered. The role of interdisciplinary
integration, bringing together people in related fields of science to develop methods of sample prep-
aration, sterilization, objective registration of structural-functional state of bone implants for solving
problems of regenerative medicine.

Keywords: bioimplantology, regeneration, ozone sterilization, radiation sterilization, combined steriliza-

tion, interdisciplinary integration.

Beedenue

CpeaH psipna aKTYaAbHBIX IPOOAEM COBpEMEHHOI pereHepaTHBHON MEAULIHbBI OTIOPHO-ABHU-
TaTeABHOT'O aIlIAPaTa CAEAYeT BHIAGAUTb OAHY U3 IPHOPHTETHBIX — CO3AAHME HOBBIX addeK-
TUBHbIX [IAQCTHYECKUX MaTepHaAos [ 3, 4, 19]. IIpu aToM Bo3HNKaeT HEOOXOAMMOCTb PeIIeHH
3aAa4, CBA3AHHBIX:

« cobecreveHreM IOTPEOHOCTH B KOCTHO-TIAACTHIECKOM MATEPUAAE;

* Pa3paboTKOI MMIIAAHTATOB BRICOKOTO Ka4eCTBa.
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CriennanbHblil BHITYCK

Ycnex B pelieHUH IIEPBOIT 33AQ9M MOKET OBITb 06ecredeH PH NCTIOAB30BAHHMH B IIPOLIECCe
H3TOTOBAGHUS KOCTHBIX HMIIAQHTATOB COBPEMEHHBIX TIOAXOAOB, OCHOBAHHBIX Ha IPUMeHEeHHH
BBICOKOTEXHOAOTMYHbIX METOAOB 3arOTOBKH, MEXaHU4ECKOM, XUMHUYECKOi 1 $papMoOpaboTKy
KOCTHBIX (parMeHTOB. [IpuMeHeHHe MHHOBALJMOHHBIX ABTOPCKHX Pa3paboOTOK — METOAOB
dU3NKO-MeXaHUUeCKOTO paspeAeHusl (Pe3KH) KOCTH, BKAKOYAs TMAPOAHHAMUYECKYIO HHIH-
3ut0 [ 16], COCTaBASIOMUX OCHOBY COBPEMEHHBIX TEXHOAOTHIL M XapaKTePU3YIOIUXCS BbICOKOH
TIPOM3BOAUTEABHOCTDIO, — TIO3BOASIET 06eCTIeYUTh YAOBACTBOPEHHUE OCTOSIHHO BO3PACTAIOMeH
NOTPeGHOCTH B KOCTHO-TIAACTHYECKOM MaTepUaAe BbICOKOTO KA4ecTBa.

BBuay aeduiuTa AOHOPCKOTO MaTepuaa — KOCTeit 4eA0BeKa U3-3a CYIeCTBYIONUX OTpa-
HUMEHUI, TPEISTCTBYIOMMX BO3MOXKHOCTH UX IIOAYI€HHUS B AOCTATOYHOM KOAUYECTBE, — OCY-
IECTBASIIOTCS TIOMCKH AABTePHATUBHBIX HCTOYHUKOB. [IpoBeaeHHble nccaepoBanus 8] mos-
BOAMAM YCTaHOBUTb BO3MOXXHOCTb UCTIOAb30BaHHs KCEHOMATepUaAa — KOCTel 6bIKa, CBUHbH.
DTO MOATBEPHKAAETCS PEe3yAbTATAMU CPABHUTEABHOTO KOMIAEKCHOTO CTPYKTYPHO-QYHKIIH-
OHAABHOTO aHAAM32 YKA3aHHBIX KOCTeil C TIO3UIHI 6HOMATePUAAOBEACHMS, TIO3BOAUBIIETO
BBIPA6OTAaTh PEKOMEHAALIMH 110 HCIIOAB3OBAHHIO KOCTHBIX PPArMEHTOB AASL GHOMMIIAQHTO-
AOTHH C YYETOM YCTAHOBAEHHOTO $aKTa, 4TO PHU3MKO-MEXaHUUYECKHe XAPAKTePUCTHKH SB-
ASIFOTCSL HHTETPAAbHBIM BHIPXKeHHEM MOP$OMEXaHUIECKOTO COCTOSHHS KOCTEM, yPOBHS HX
CTPYKTYPHOI1 OpPraHU3aLiH, AHCTBYIOMUX $yHKI[HOHAABHBIX HATPY30K U COCTaBa KOCTHOM
TKaHu [ 8, 9].

Texnorozuu NOAYHEHUS KOCIMHBIX UMNAAHMAIMO08 U obecneuenue ux kasecmea

Ha ocHOBe IOAOeHHI KOHIJENITYaAbHOM MOAEAN KOCTHOM TKaHH [8], KoTopas paccMar-
pUBaeTCs KaK MHOTOKOMIIOHEHTHAs TeTepOreHHas AaHM30TPONHAS CPeAd, HMeromast
06beMHO OPUEHTHPOBAHHYIO CHCTEMY BHYTPUKOCTHBIX MPOCTPAHCTB, MPEAAOXKEHBI U IKC-
MepUMEHTAABHO aNMpPO6MPOBAHbl TEXHOAOTUU KOHTPOAHPYEMOTO MOAYYEeHHs KOCTHBIX UM-
MAQHTATOB C Pa3AMMHBIM KOMIIO3UIIMOHHBIM COCTABOM C YY€TOM UX QYHKIMOHAABHOTO Ha-
3HaUY€HUA B COOTBETCTBHUU C 3aAAHHBIMHU TpGGOBaHI/UIMI/I [s, 6], BKAIOYasl BBIIIOAHEHHNE MU
POAM HOCHTEASI A€KAapCTBEHHBIX CPEACTB AAS aAPECHON AOCTAaBKH B 30HY ONEpPAaTHBHOTO
BMeIIaTeAbCTBA.

Bonpocam o6ecrieyenns BBICOKOTO KauecTBa OBEPXHOCTU GHOMMIIAQHTATOB (ONTHMAAD-
Hasl CTeNeHb ee MIEePOXOBATOCTH, MOPPOPYHKIIMOHAABHBIE OCOOEHHOCTH, SIAEMEHTHbIN CO-
CTaB), MPSIMOM CBSA3U 9TOM XapaKTEPUCTHKH C 3 PeKTUBHOCTBIO IPUMEHEHHUs KOCTHO-TIAA-
CTMYeCKOTO MaTepuara B GMOMMIIAQHTOAOTHH YAEASIETCS B IIOCAEAHEE AeCATHAETHEe 0coboe
suuManme [1, 2, 17]. Ilpu aTOoM MOAYEPKHMBaeTCS BaKHAas POAb M 11eAeCOO6PasHOCTD UC-
MOAB30BaHUS B GMOMMIIAQHTOAOTUH COBPEMEHHOTO BHICOKOTEXHOAOTUIHOTO METOAQ O6bek-
TUBHOI1 PETUCTPALMU — SAMEHTHOTO aHaAu3a [ 16] AAs obecriedeHns BBICOKOTO KadecTBa,
6e30MaCHOCTH MMIIAQHTATOB HA OCHOBE OMOAOTMYECKUX TKAHei, MOAYYeHHS KOMIIAEKC-
HOWl CTPYKTYPHO-QYHKIJHOHAABHON XapaKTEPUCTUKU C Y4ETOM COCTaBa OGHOAOTHYECKUX
TKaHeHN.

BakHBIM MOKa3aTeAeM KauyecTBa OMOMMIIAQHTATOB SIBASETCS HAAEXKHAS CTEPUAM3ALIASL
[16], obecneunBaromas 6€30MacHOCTb KaK PEUIIMEHTA, TaK U MEAHIIMHCKOTO MepCOHa-
Aa KAMHHK U 6aHKOB TKaHeil. Bribop MeToaa crepuansanuu (XMMudeckuil, ¢usndecKuii),
CTepHAM3YIOImEro (aKkTopa COCTABASIOT OCHOBY CTPATeIMH TIOAYYeHHsS 3¢PeKTHUBHBIX
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MMITAQHTaTOB, B KOTOPBIX COXPAaHEHbl MCXOAHBIE OCTEOMHAYKTUBHbIe CBoicTBa. IIpume-
HsleMble B HACTOsiIjee BpeMs TeXHOAOTUU HYXKAQIOTCS B UX COBEPLIEHCTBOBAHHM, IIOHCKE
HHHOBAIIMOHHBIX IIOAXOAOB K IIOBBIIIEHHMIO 9QPEeKTHUBHOCTH U 6e30IacHOCTH IIpoLiecca
crepuamsanuu [10, 11]. B aToil cBsA3M 3acAyXMBaeT BHMMaHHS METOpA, CBSI3aHHBIN C BO3-
MOXXHOCTBIO IPHMEHEHNs] B OMOMMIIAQHTOAOTMH CTE€PHAU3ALMU C HCIIOAb30BAHUEM 030-
HO-KHUCAOPOAHO# cMecu [12]. AAs 3KCIIePHMEHTaABHOM anpo6aliy METOAA CO3AQHDI CIie-
uuabHble ycrpoiictsa [13], paspaboraHbl peraameHTH MpoBepeHHUs pabor. BoiasaeHHbIe
IMpenMyIecTBa PAaCcCMaTPHBAEMOTO MeT0A2 — 9$PEeKTHBHOCTD, AOCTYIIHOCTD, TEXHOAOTHY-
HOCTb — AEAQIOT €ro IIPEAMETOM BBIOOpA IO CPABHEHHIO C IPHMEHSEMBIMH Ha IIPAKTHKE
METOAAMH.

IIpOBeACHHBI aHAAM3 HAIPABACHHUI AAABHETIIETO Pa3BUTHS METOAOB cTepuamsatuu [ 14, 16]
IIO3BOAMA OIIPEACAUTD IIePCIIeKTHBBI HCIIOAB30BAHUS CYIECTBYIONIHX TEXHOAOTHI H BBIACAUTD
B KaueCTBe IPHOPHUTETHBIX KOMOUHUPOBAHHbIE TEXHOAOTUH CTEPUAU3ALIMN OHOMMIIAAHTATOB
[7, 15, 16], KOTOpbIe IPEAIIOAATAIOT ABYXITAaIIHOE BO3AEHCTBHe. Takoil IIOAXOA ITO3BOASIET
AOCTHYD CHHEPreTHYecKoro 3d¢PexTa CTEpHUAM3YIOMEr0 BO3ACHCTBUS (PHUIMKO-XMMUYECKUX
($aKTOPOB Pa3AUYHOMN IIPUPOABI — HOHU3HUPYIOILIETO U3AYYEeHHs U 030HOBOI oOpaborku. Om-
THMAAbHbIE COYTAHHS PAaCCMATPUBAEMBIX CTEPHAMYIOIIIX PAKTOPOB, PerAaMEHTHPOBAHHbIE
B pa3pabaTbIBaeMbIX TEXHOAOTHSX, IPEAAOKEHHBIE CIIOCOOBI CHIDKEHUSI AO30BON HArpysKd
B IPOLIeCCe PAAMALIMOHHON CTEPHAM3AIMI KOCTHBIX MMIIAAQHTATOB | 18] OTKpBIBAIOT BO3ZMOXK-
HOCTH HCIIOAB30BAHHS YCTAHOBACHHBIX IIPEHMYIIECTB YKa3aHHBIX METOAUK ITPH OAHOBPeMeH-
HOM CHIDKEHHH CTEIeHH BO3AEHCTBHS, HOOOYHBIX 3P PEeKTOB KAKAOTO U3 ITUX MOIIHBIX CTEPHU-
AUBYIOMUX (paKTOPOB B OTAGABHOCTH.

BaxHO OTMETHUTD, 4TO IOOOYHbIE ACHCTBHSI CTEPHAUSYIOIUX GAKTOPOB H3y4eHbl B Pa3HOMI
cTerneHH. VIMeIOTCS CBEACHHS O AO303aBHCHUMBIX 3QPEeKTaX PaAHALIMOHHOIO BO3ACHCTBHSL
B ITMPOKOM AMAIla30He 3HAYEHHM AO3bI IOTAOLIEHHUs, BIAOTH A0 125 xI'p [20]. IIpu atom
peaknus KOCTHOM TKAHH HAa O30HOBYI0 00pabOTKY M BO3ZHHKAIOI[HE IPU ITOM CTPYKTYp-
HO-QYHKIIMOHAABHBIE M3MEHEHHs OHOMMIIAQHTATOB HA CETOAHSIIHUI AeHb IIPAKTHIECKH He
U3y4eHBL.

Bonpoce: unmezpayuu npu peweHuy AKmyaivHvix 3a0a4 mpancnAGHmMoA0Z UL

PermreHre pacCMOTpPEeHHbIX aKTyaAbHBIX 334249 HEBO3MOXKHO 0€3 MEKAMCIUIIAMHAPHON HH-
Terparuy, 00beANHEeHNS YCUAUN IIPEACTABUTEAEN CMEXHbBIX 00AaCTell HayK — OHMOo(pU3UKY,
0HO02AeMEeHTOAOTHH, MOP(OAOTUH, PAAUAIIMOHHOM MEAUITMHDI U PSIAQ APYTUX B PA3BUTUH Me-
TOAOB IIPOOOMOATOTOBKY, CTEPHAM3ALIUL, O0BEKTUBHON PErHCTPALIMU CTPYKTYPHO-QYHKIIH-
OHAABHOI'O COCTOSIHMS, COCTaBa KOCTHBIX UMIIAAHTATOB AASI PellleHHs 3aAa4 PereHepaTHBHON
MeAuuHsI [4, 17]. TpuMepoM IIPakTHYeCKOi PeaAM3aLiuK STOTO YCAOBHS U IOATBEPXKAEHH-
eM TIAOAOTBOPHOTO COTPYAHMYECTBA MOXKET CAYXKHTb AeSTeAbHOCTh coBMecTHon (OIBHY
BUAAP — MI'Y) Hay4HO-HCCAEAOBATEABCKOI AAa6OPaTOPHK 6MOMEAUIIMHCKUX TeXHOAOTHIA,
cospanHoi B 2013 r. Ha 6a3e HayuHO-HCCAEAOBATEABCKOTO U YI€OHO-METOANYECKOTO LIeHTpa
6uomepuruackux Texuosoruit QI'BHY BUAAP, npu HermocpeaCTBEHHOM YYaCTUH yUeHBIX
9TOrO IIeHTPa, CHIelMaAuCTOB pusndeckoro ¢pakyasrera MI'Y um. M.B. AomonocOBa, a Tak-
xe Qusuxo-rexaudeckoro uHCTUTyTa CeBepo-Bocrounoro ¢eaepasbHOro yHmBepcureTa
um. M.K. Ammocosa [17].
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3axarouenue

IIpeacTaBAeHHDBIE AQHHBIE CBUAETEABCTBYIOT O TOM, UTO COBPEMEHHBIE BBI3OBBI IIOCACAHHX
AECATHACTHI OTPA3HAMCDH U HA ITPAKTHYECKOM MepniuHe. VIX nposBAeHUe BBIPXKAeTCs B HEAO-
CTaTOYHOM 00BeMe 9 (PeKTUBHOTO IAACTHIECKOTO MaTepHaAd, HHHOBALIMOHHBIX TeXHOAOTHIT
€ro IMOAYYeHHS AAS LjeAell GHOMMIIAQHTOAOTHH. [TOMCK ONTUMAABHBIX PelLIeHH, TOAyIeH e
HOBBIX CBEAGHHIT B PAMKaX PaCCMATPHBAEMOIT IIPOOAEMbI II03BOASIT BHECTH AOCTOMHBIN BKAAA
B CO3AQHIE HAyYHO OOOCHOBAHHOM 0Ga3bl AAS OLIEHKH PEAABHOIO COCTOSIHHS M O0CYXKACHHUS
HAIIPaBAGHUH AAAbHEHIIEero MHHOBAIJMOHHOTO PA3BHTHUS MEXAMCIMIAMHAPHBIX HCCAEAOBA-
HHI, PaCIIUPeHUs IPEACTABAGHUH O BAMSHHMU Ha OPTaHU3M YeAOBEKa PA3AMYHBIX 9K30T€HHBIX
$aKTOPOB PUHKO-XMMHIECKOH MPUPOADI, BKAIOUAS SIACKTPOMATHUTHbIE TIOASI Pa3AMYHbIX Ya-
CTOTHBIX AMANIA30HOB U HHTEHCUBHOCTEH.
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