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HoBbin GUNONAPHBLIA 3NEKTPOXUPYPrUYECKUNA UHCTPYMEHTapun
Ha OCHOBe AMOKCuAAa LUPKOHUA

AHHOTALHSA

B craThe 060CHOBaH BEIOOP ONTUMHU3UPOBAHHOTO IO XUMHUYECKOMY COCTABY KOHCTPYKIIIOHHOT'O MaTepualia IS 3JIEKTPOXUPYPIHUec-
KOTO MHCTPYMEHTA Ha OCHOBE HAHOCTPYKTYPUPOBAHHOTO YACTUYHO CTaOMIM3upoBaHHOTO Auokcuaa mupkonns — HUCLp. Ontummsanus
cocTaBa MPOBEIEHA 110 KPUTEPUSIM IKCIUTYaTAlIMOHHON CTORKOCTH U (PYHKIIMOHAIBHON 3 dexTuBHOCTH. PacCMOTpEHBI pe3yIbTaThl KCCIIe-
JTOBAaHMS aJICOPOITUU OPTaHUIECCKUX MOJIEKYJT Ha TIOBEPXHOCTH MaTEpHalIa C IEIbI0 H3yYeHUs aare3uoHHbIX Xxapakrepuctuk HUCL3. Tpen-
CTaBJICHBI MOJICIIM MHHOBAITMOHHOTO MHCTPYMEHTA: U30THYThIC OUIIOJISIPHBIC 3JICKTPOXUPYPTUYECKUE HOKHHUITBI, OUITOJISIPHBIC ITMHIIETHI U
MMUHIETHI-TUCCEKTOPHI C aHTUIIPUTAPHBIM HalbIIeHHEM. [IpuBeIeHb TapaMeTphl BHICOKOYACTOTHOTO TeHepaTopa, HEOOXOAUMBIE ISl OIT-
TUMAJIbHON pabOThl MHCTPYMEHTA, U MPEACTaBIIeHa 3KCIIEPUMEHTAIbHASI MOJIENh CIEIMATM3UPOBAHHOTO TeHepaTopa I pabOThI C HOX-

HUIaMH1 U ITMHICTaMU.

DNEeKTPOXUPYPIUIECKUI WHCTPYMEHTAPUH, BKIIOYAIONINH B
ce0s1 BBICOKOYACTOTHBIE T€HEPATOPhl M UHCTPYMEHTHI JUIsl pacce-
YEHUS M KOAryJIsiiiy OMOJIOrMYECKUX TKaHeW, IPUMEHSEeTCs IIpaK-
TUYECKH IIPH BCEX XUPYPIUUECKUX BMeIIaTenbcTBax. OmHako, He-
CMOTPSI Ha IIHPOKOE PACHPOCTPAHEHNE BBICOKOUYACTOTHOM 3JIEKT-
POXUPYPIUH, CTAHAAPTHBINA AIEKTPOXUPYPIUUECKUN HHCTPYMEH-
Tapuii nMeeT QYHKIIMOHAIBHBIE U 9KCIUTyaTallMOHHBIE HETOCTATKH.
K umciy HemocTaTKOB OTHOCATCS HalunaHue OMoTkaHel U obpa-
30BaHUE Harapa Ha pabOuYuX MMOBEPXHOCTSIX, HEOCTATOYHAS OCT-
poTa pexyIiei KpOMKH, THTEHCUBHAS JIEKTPOXUMUIECKast 3PO3us,
OTCYTCTBHE OIEPEXKAIOIIEr0 FeMOCTa3a B PEXKYIIEM MHCTPYMEHTE
u ap. [1].

Hawnboee cyriecTBeHHBIMI HEAOCTATKAMH CTAHAaPTHOTO JJIEK-
TPOXUPYPTUYECKOr0 MHCTPYMEHTAPUS SBJISIOTCS HaJHUIaHue Ouo-
TKaHel Ha paboune yacTu U 0Opa3oBaHKe Harapa Ha pabo4uXx I10-
BEPXHOCTSIX HHCTPYMEHTA ITPH UX pa30TPEBE 10 TEMIIEPATYPbI CBBI-
me 100 °C. OTu gBieHUs 4Ype3BbIYAITHO HEraTUBHBI, TOCKOJbKY
MOTYT NIPUBECTU K HEKOHTPOIUPYEMOI TpaBMe ONEPUPYEMBIX TKa-
Heil U pa3pyleHno GopMHpyeMO KOaryJIsUOHHOM criaiiku. Ha-
NpUMep, IPU KOATyJISIUUA KPOBEHOCHOTO COCYyJa MPHINMAOLINE K
pabounuM MOBEPXHOCTSM MHCTPYMEHTa TKAHU €ro CTEHOK MOTYT
OBITH pa3pyIICHHI MPU MEPEMEIIEHNN HHCTPYMEHTA, YTO MOXET
NIPUBECTU K KpoBoTeueHuto. HemocraTouHnas ocTpora pexyluei
KPOMKH NMPUBOJUT K Pa3pbIBy TOHKUX CTPYKTYp OMOTKAHU U U3-
JIMITHEH TpaBMaTH3allMM, B TO BpeMs KaK BBICOKasl OCTpoTa (OcCT-
pee 0,1 MKM) IIO3BOJISIET PACCIONTh OMOTKAHU Ha MOJIEKYJISIPHOM
yYpOBHe, YTO o0ecneynBaeT IJ1aIkoe U MaJoTpaBMaTHYHOE pacce-
yenne. Hu3kas N3HOCOCTOHKOCTD TaKke MPUBOIUT K MOTEPE OCT-
POTBI pexyineil Kpomku [2].

AHanM3 HeOCTATKOB AIEKTPOXUPYPIUYECKOr0 MHCTPYMEHTA,
BBIITyCKAEMOT'O OTEUECTBEHHBIMH U 3apyOeKHBIMU ITPOU3BOIMTE-
JISIMHU, TIO3BOJISIET cOpMYyIUpOBaTh KpUutepun 3¢GeKTUBHOCTH
BBICOKOTEXHOJIOTUYHOTO 3JIEKTPOXUPYPrUYECKOr0 MHCTPYMEHTa-
pust:

*  OTCYTCTBHE aJre3uu Kk OenkaMm OHOTKaHM;
* OTCYTCTBHME Harapa Ha pabOuYuX MOBEPXHOCTSIX;

e CBepXOCTpas pexylnas KpOMKa;
e BBICOKAs U3HOCOCTOMKOCTH (BKJIIOUAsl YCTOWMYMUBOCTD K ILTA3-

MOXUMUYECKUM IPOIIECCaM);

e aIeKBATHBIN TEMOCTa3 M BBICOKOIIPOUHAS KOATYJISIIHS.

B nocnennue roasl Hay4HO-IIPOU3BOACTBEHHOM kKoMnaHueit OO0
«HoBbIe 3HepreTHUeckre TEXHOIOTUM» (. MOCKBa) MpU y4yacTUU
Nucturyra obmeit pusuku um. A.M. IIpoxoposa PAH (MOD
PAH) u MOCKOBCKOT'0 FOCYJTapCTBEHHOT'O METUIIUHCKOTO YHUBEP-
cuteta uM. 1.M. CeueHoBa NpOBOIUIIUCH UCCIIEIOBAHNUS, HATIPAB-
JICHHBIE Ha TOUCK TEXHUYECKUX PEUICHUH IO CO3aHHIO BBICOKO-
TEXHOJIOTUYHOT0 3JIEKTPOXUPYPrHUECKOT0 MHCTPYMEHTAPUS U BbI-
COKOYACTOTHBIX [EHEPATOPOB, OTBEYAIOIINX KPUTePUsIM 3(pdexTrB-
HOCTU. BBIIO TTOKa3aHO, YTO MCHOIB30BAHME KOHCTPYKIIMOHHBIX
MAaTepHaIOB HA OCHOBE KPUCTAINTUYECKOTO HAHOCTPYKTYPUPOBAH-
HOT'0 YaCTUYIHO cTabuin3upoBaHHoro quokcua mupkonus (YCLL)
II7Ts1 paboUeit YaCTH ANMEKTPOXUPYPTUUECKOTO HHCTPYMEHTA OTKPHBI-
BaeT HOBbIE BO3MOXHOCTH JIJIs1 CO3[AHUS 3JIEKTPOXUPYPTHUUECKOTO
HMHCTPYMEHTA, 00J1a1aI0IIero BEICOKUMHU (YHKIIMOHATIBHBIMU U K-
CIUTyaTallMOHHBIMH XapakTepuctukamu [3]. CoueTaHne Takux
CBOWCTB, KaK MOBBILLIEHHAS TPOYHOCTb, BI3KOCTh pa3pyILIECHUs, U3-
HOCOCTOMKOCTbh, HU3Kasl aAre3us K COCTABIISIONINM OMOTKAHU U aH-
THIPUTapHBIE CBOMCTBA, JellaeT HaHOCTpYKTypupoBaHHbINH UCL]
MEePCIEKTUBHBIM KOHCTPYKIIMOHHBIM MATEPUATIOM KaK ISl U3rO-
TOBJICHUS PEXKYIINX JIE3BUN CBEPXOCTPOTO U U3HOCOCTOUKOTO 3JIEK-
TPOXUPYPTHUECKOTO HHCTPYMEHTA, TaK U JUISl CO3MaHUS aHTUIIPU-
TapHBIX MOKPBITUI MyTeM HaNbUIEHUs Ha paboune MOBEPXHOCTH
HHCTpyMeHTapusi ToHKUX TuieHOK YCLI. Tem He MeHee OMbIT IKCII-
JIyaTalluk TIEPBBIX 0OPaA3IIOB AIEKTPOXUPYPTHUUECKUX HOXKHUIL C
PeXKYIIMMU 3JIEMEHTaMU, U3TOTOBJICHHBIMU U3 KOMMEPUECKU J0C-
TYIHBIX TPOMBIIIIEHHBIX KpucTauioB UCL, mokasan ux HemocTa-
TOYHYIO YCTOWYUBOCTD 110 OTHOIIEHUIO K XPYIIKOMY Pa3pyIICHUIO
(BBIKPAIIIMBAHUIO) PEXKYIIUX KPOMOK MPHU UX B3aUMHOM CKOJIbXKe-
HUHU JIPYT 11O IPYTY.

Jlitst perenust 3agauu noseienns Bs3koctr YCL mo orHo1re-
HUIO K XPYNKOMY Pa3pylIeHUIO ObLTU MPOBEIEHBI UCCIIETOBAHUS
110 ONTUMHU3ALUU XUMUYECKOTO COCTABA, METOUKHU BbIpAlIUBAHUS
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kpuctauioB 1 Tepmoodpadbotrkn UCL]. Pe3ynpTaThl HccneqoBanmii
MOATBEPIVIIM BO3MOXKHOCTD MOJIyUYEHUS] KPUCTAJUIOB C 3a/IaHHbBI-
MU QUBHKO-XUMUYECKUMU cBoiicTBaMu [4]. Taxke ObUTO MCCIemo-
BAHO BJIMSHUE JITUPYIOIINX MMPUMECEH Ha TPEIMHHOCTOUKOCTh. B
pe3yiibTaTe UcciIeqoBaHMi ObUTH CUHTE3UpOBaHbI KpucTaiuibl UHCLI,
CTaOMIM3NPOBAHHBIE OKCHIOM UTTPUS C KOHIIEHTpanueH ot 2,5 1o
3,2 mon. % ¥ OKCHUAOM HeoAuMa ¢ KoHIeHTpanueit ot 0,34 mo
0,36 mo1. %, OTBeYaIoIINe ONTUMATBHBIM XapaKTepPUCTUKAM KOH-
CTPYKIIMOHHOT'O MaTepualia sl JJIEKTPOXUPYPTHIECKOTO UHCTPY-
MeHTa — HUCL3. Texandyeckue XxapakKTepUCTHKA HOBOTO KOHCT-

PYKLUHMOHHOTO MaTepuaja JJisi 3JeKTPOXUPYPTrUM MPUBEIEHBI B
maon. 1.
Tabnuya 1
SkcnnyataumoHHbIe

TexHnYeckne xapakTepucTuku

pesynbTaThl

CepxocTpast pexyLias
Kkpomka (0,1...0,2) MKm,
BbICOKWIA KJ1aCC YMUCTOTbI
paboymx NOBEPXHOCTEN,
HU3KNN KOIDPULMEHT TPEHUS

Bbicokas TO4YHOCTb JIMHUU U
POBHbIE Kpas pa3pesa, MUHK-
MaJibHbl€ MOBpPEeXaeHNa CTPyK-
Typbl paspe3aembix TKaHewn,
o6pasoBaHie TOHKOro kocMe-
TMUYECKOro noceonepaLmoH-
Horo pybua

Buonornyeckasn
COBMECTUMOCTb KPUCTaNIOB
HYCL,3 ¢ TKaHaMUM XMBOIro
opraHuama

HecBepTbiBaEMOCTL KPOBU

Ha ne3Bun (UCKIYaeTCcs 3aKy-
nopkKa KPOBEHOCHbIX COCYA0B),
OTCYTCTBME BOCMAJSINTENbHbIX
NpoLLeccoB B 06n1acTyi Npons-
BEJEHHbIX pa3pesos,
YCKOPEHHOE 3aXMBJIEHNE

Bbicokasi UBHOCOCTOKOCTb U
XMMUYeckasi UHEPTHOCTb

kpuctannos HYCLL3 no oTHo-
LUEHWNIO K arpecCuBHbIM cpe-

YHUKanbHbI paboynii pecypc
nessuin — go 500 onepaumoH-
HbIX LUMKII0B, N1to6oi cnocob
cTepunuaaumm

nam: numde, KpoBU, OE3NH-
DEKUMNOHHBIM pacTBOpaM.
KpucTtannel YCU, sBnsitoTca
TUNNYHBIMU AN3NEKTPUKaAMU,
06napaloT BbICOKMMU aHTU-
npurapHeiMn CBOMCTBaMU,
BbICOKOW 91EKTPOXMMUNYECKON,
na1a3MoXMMNYECKON
CTOMKOCTbIO

McknioyaeT BO3MOXHOCTb J10-
KasnbHbIX NPo6oeB npu nona-
[aHuM B Nopbl NPOBOAALLEN
XNOKOCTW NpuY aKcrnayataumm n
cTepunnaaummn, 4To aenaet
BO3MOXHbIM Nt000M TUN
cTepunnsaumm

lMonHoe oTcyTCTBME
NnOpUCTOCTU

[Tomyyenune kpucrammoB HUCL[3 ocymecTBIsI0Ch METOIOM
HAIPaBJIEHHOW KPUCTAJUIM3ALUK PACIUIaBa B XOJIOIHOM KOHTEHi-
HEepe IPH UCHOJIB30BAHUH MPSMOTO BBICOKOYACTOTHOTO HArpeBa.
CHHTE3 KPUCTAIIOB MTPOBOIMIM Ha BHICOKOYACTOTHON YCTAHOBKE
«Kpucramn 403M» ¢ nuamMeTpoM XOJOAHOrO KoHTelHepa 180 MM
[4]. UccnenoBaHne BIMSIHASI CKOPOCTH BBIPAIIIMBAHUS HA PAa3MeEPHI
n xagectBo KpuctamwioB YCL] nmokasaio, 9To CKOPOCTh BBIpAIIN-
BaHus 10 MM/4 SIBJISIETCS ONTUMAJIBHON JUIS TOJIY4EHHUS KPYITHBIX
coBepeHHbIX KpuctauioB UCLL. OmnpeneneHs! Takke ONTHMANb-
HbIE TEIUTOBBIe ycoBUs nomryderus KpucramioB YCL] pazmepamn
110 20 MM B MTONEPEYHOM CEUEHUU U JITUHOU 10 40 MM, CBOOOIHBIX
OT TPELIUH U APYTUX MaKkpoaedeKTos [5].

C uenpro n3ydeHusl aare3noHHbIX xapakrepuctuk HUCL[»
OBLIIO MPOBEECHO UCCIENOBAHUE aICOPOIIMU OPraHUYECKUX MOJIe-
KYJI Ha IOBEPXHOCTH MaTepuaia. B kauecTBe TecToBOro agcopOeH-
Ta aHWOHHOTO THIIA TIPH UCCIIEOBAHNH aICOPOIMN Ha IIOBEPXHOCTH
kpucraumdeckoro HYCLL3 6bu1 BeIOpaH GOTOAMHAMUYECKHI ITpe-
nmapat PoToceHc, CIocOOHBIN TUCCOIMMPOBATH B BOZAE C 0Opa3oBa-
HHEM aHNOHHOW MOJIEKYITBI C 2JIEKTPOHHBIM 3apsiIoM, paBHbIM 4. [1pe-
napat doTtoceHc (CyTbPUPOBAHHBIN (HTATOMUAHUH ATIOMUHUSA),
pazpabotannsni B [HL PO «HUOIIUK», sBasercs nponsBo-

HBIM ()TaJIOIMaHIMHA ¥ UMEET MaKCHUMYM TIOTJIOIICHUS B KPAaCHOM
JMarna3oHe criekTpa. B paboTe maHHBIN mpenapaT MCHOJIb30BaICs
KaK MOJIEITBHBIMA, YTO CBSI3aHO C €T0 XOPOIIel H3yUeHHOCTBIO.

B kxagecTBe TecToBOro amcopOeHTa KATHOHHOTO THITA HUCTIONb-
3oBasca XonoceHc (CholgPcZn). XonoceHe sBnseTCs OTHUM U3 He-
MHOTHX ITperapaToB KATUOHHOTO TUIIA U TIEPBOHAYATILHO pa3pada-
teBasicst B THIL PO «HMUOITMK» xak mpemnapaT it aHTHOAaKTe-
PpHUATBHOTO BO3JICHCTBUS pa3IMYHOro HazHavyeHus. Ero xumuyieckas
CTPYKTypa U CHEKTp TOTJIOIMIEHHS TIPEACTaBICHbI Ha puc. 1.

Du3nKo-xuMHUYecKkre (GOPMbI UCIIOIB30BAHUS JAHHBIX IMpera-
paTOB MPUMEHSUTUCH B IBYX BHIAX — BOJHBIC PACTBOPHI U CYCIICH-
3UHM HAHOYACTHI], HECYIIIME UCIIOIb3yEeMbIe ITperapaTsl B aacopon-
POBaHHBIX CJIOSX Ha MOBEPXHOCTH HaHOUAcTHIl. B mporiecce BbI-
MOJTHEHUsI pabOThI OBUIO YCTAHOBJICHO, YTO JIJISl TETEPOTreHU3aUN
cyabhupoBaHHOTrO (ramoruannta amoMunus (PoToceHca) HaM-
Ooree TOIXOISAIINM SIBISIETCST OKCHI anmfoMuHMs. Vcrionp3oBanne
3TOTO HOCHUTENsl 0OecreurnBaeT HauOOBIIYIO CTEIIEHb MOKPBITUS
ITOBEPXHOCTH TPU HEOOIBIIIOM BPEMEHU TOCTHXKEHHUS aICOpOIn-
OHHOTO paBHOBecHs. B 06oux ciyuasx (PoTtoceHc 1 X0I0CEHC) HA
H“30TepMax aJcopOIK MPUCYTCTBYIOT 00JIACTH HEOOPATHUMOCTH.
Bun n3otepm CBUAETENHCTBYET 00 MOHOCIONHOM XapakTepe ai-
copOIMu U 00 OTCYTCTBHH MEXMOJIEKYISIPHOTO B3aMMOICUCTBUS
Ha naHHOM Hocutene. PoToceHc U XOJIOCEHC XOPOIIO PacTBOPSI-
FOTCSl B BOJIC U MHTCHCUBHO JIFOMUHECIIUPYIOT B BOJIHBIX PAcCTBO-
pax.

HMeHHO omnupasich Ha JaHHYIO HHPOPMALUIO, B KAUeCTBE MO-
JIeTbHOTO ajmcopOeHTa ObuT BeIOpaH DoToceHc. OcHOBHAS Ues
9KCIIEPUMEHTOB 3aKJIF0YAIach B CO3JaHUN «TUIEHOYHOID CUCTEMBI,
COCTOSIIIEH U3 OPTaHUYECKUX MOJIEKYN oToCceHcuOuIu3aTopa,
aJICOPOMPOBAHHBIX HA TTOBEPXHOCTH OKCHUIHBIX MATEPUAJIOB, U, KaK
CJICJICTBUE, B YMEHBIIIEHUH KOHIIEHTpAIlUA (POTOCECHCHOMIN3aTOpa
B HAYaJIbHOM PacTBOpE.

B skcniepuMeHTaTBHBIX UCCIIEIOBAHUSIX HCIIOIB30BATIN PACTBOP
doToceHca B IUCTHIIMPOBAHHON BOJIE C KOHLIEHTpAIMen 2 MKT/cMS.
3aTeM B pacTBOp I00ABISUIA TECTOBBIE HAHOYACTHIIBI OKCUA AJTI0-
MHHHS ¢ XapakTepHbIM pazmepoMm 50...100 am. MaccoBas momis
gacTul cocrasisia 50 mr/cm?. JIj1st KOHTpOJIs aacopOouum MoJie-
kyn doToceHca Ha MOBEPXHOCTH YACTHUI[ UCCIIEOBATIU CIEKTP
JIIOMUHECLIEHITNH pacTBopa POTOCEHCA 10 U MOCIIe BHECEHUS Yac-
THUIl ¥ UX TOCIEAyIoero ocaxxaenns. Kak moxkasanmu npoBeneHHbIE
HCCIIEIOBAHMSI, B CIIEKTPE JIFOMUHECIIEHIIMM PacTBOpa IOCHe yaalie-
HUsI HAHOYACTHIL C aJCOPONPOBAHHBIM IPENapaTOM MHTECHCUBHOCTH
JIFOMHHECIICHITIH COCTaBIIsIa TpuOIM3nuTeNnbHo 4...10 % ot mcxon-
HOTO 3HAYEHUsS. DTO CBHICTEIBCTBYET O TOM, uTo Ooiee 90 % Ha-
xopsmierocst B pactBope doToceHca Mmepenuio B afcopoOupoBaH-
HOE COCTOSIHHE. B ciydyae 3aMeHBI YaCTHIl OKUCH aTIOMUHHUS HA
YACTHIIBl U3 TUOKCHIA [IUPKOHUS MPUOITU3UTETLHO TOTO XKe pas-
Mepa W aHAJOTWYHON KOHIIEHTPAIMH ITOCTe Iporecca aacopouuu
WHTEHCUBHOCTP JTIOMHHECHEHIINN PACTBOPA TIOCIIE OCAKACHHS Jac-
THUI[ IPAKTHYECKH HE U3MEHWIWIACh. DTO CBHICTEIILCTBYET O 3HAUM-
TETHHO MEHBINIEM ypoBHe amcopbimu doToceHca Ha TTOBEPXHOCTH
JUOKCUA IUPKOHUS TI0 CPABHEHHUIO C MIOBEPXHOCTHIO OKUCH AJTIO-
MUHUS. AHAJOTUYHBIC PE3yJIbTAThI OBLIN MOIYYSHBI U ISl KATUOH-
HOTO (oToceHCHOMMM3aTopa XOJIOCEHC C 3apsIOM B TUCCOIIMUPO-
BaHHOM COCTOSTHUU 7...8 TIOJIOKUTEHHBIX CIUHUII.

AHaOTrUYHBIE Pe3yJIbTATHI MOJTYYSHBI 13 TECTOBBIX IKCIIEPUMEH-
TOB I10 CHJIC OTPBIBA KATMOPOBAHHBIX MOJIOCOK JIMITKOTO CKOTYA OT
TIOBEPXHOCTH PA3IMYHBIX MATEPHAJIOB, TAKMX KaK IOJUPOBAHHAS
HEepJKaBeIoIIasi CTajb, TeIOH, OJNPOBAHHEIN Jieiikocandup, Ke-
paMHKa U3 OKWCH AJTFOMUHUS, TIOJTMPOBAHHBIA U OTOMXOKEHHBIA Ha-
HOCTPYKTypupoBaHHbI kpuctammmdeckuii HUCL3. MunnmanpHas
CHJIa OTPBIBA OKa3ajach y MOCIEIHEro MaTepraia. JTH pe3ysibTa-
TBI OOBSACHSIIOT OoJiee BBICOKHE aHTUITpUTapHble cBoiictBa HUCLp
110 CPABHEHUIO C IPYTUMH KOHCTPYKIIMOHHBIMH MaTepuaiamu. Ta-
K1M 00pa3oM, pe3yIbTaThl HCCIASTOBAHUI TAIOT OCHOBAHUE CIeIaTh
BBIBOJI O TOM, YTO HOBBIM KOHCTPYKIIMOHHBIA MaTeprall HA OCHOBE
JMUOKCUJIA IUPKOHUS 00IagaeT BAXXHEUIITUMHU XapaKTEPUCTUKAMU,
HEOOXOIVMBIMU JUISI CO3AaHMSI AaHTHIIPUTAPHOTO M3HOCOCTOMKOTO
3JIEKTPOXUPYPTIHUECKOTO WHCTPYMEHTAPHSL.

UcnonpzoBanne HYCLIp B kayecTBe KOHCTPYKIIMOHHOTO MaTe-
pHUaa pexyIux Je3BUii OUTTOIIPHBIX TTEKTPOXUPYPTHUECKUX HOXK-
HUII, & TAaK)KE €ro HaIbUICHHE Ha padoune TTOBEPXHOCTH OUTIOISIP-
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HOTO TIMHLIETA ITO3BOJIMIIO pa3paboTaTh 00pasubl IMEKTPOXUPYPIH-
YeCKMX MHCTPYMEHTOB IIPUHIMIKAIBLHO HOoBOro Tuna. K yncmy atux
HWHCTPYMEHTOB OTHOCSITCSL:

*  H30THYThIC OUMOJISIPHBIC JIEKTPOXUPYPIrUUECKHE HOXKHHIIBI

(puc. 2a);
¢ OUIIOJIIPHBIC AEKTPOXUPYPTUUECKUE TTMHIIETHI M MTMHIEThI-IHC-

CEKTOPHI ¢ aHTHNpUrapusiM HanbeieHHEIM HUCLD (puc. 26, 6).

BunonspHble HOXKHMILBI MpeHA3HAYEHB! [T PACCEUCHUS MSAT-
KHX TKaHeil ¢ QyHKIIMEH KOaryJIsSIIUH TepeceKaeMbIX MEJIKHUX U CPe/I-
HUX KPOBEHOCHBIX COCYIOB, & TaKXe ISl OMIONSIPHON KOoaryis-
LMK ¥ JUCCEKIIMM OTAENBHBIX YYaCTKOB TKaHH. B mydmmx 3apy-
GeXHBIX 00pa3lax 3EKTPOXUPYPIUISCKUX HONKHHIL B KOHCTPYK-
MU pabovnX YacTell NCTIOIb3YI0TCS OKCHIHBIE KepaMUuKi. OIHaKO
3epHHCTAsl CTPYKTYpa KepaMUKH IIPUBOIUT K OBICTPOH lerpazaa-
MU pabodelt YacTH B yCIOBHSX IJIEKTPOXUPYPTUUECKOTO BO3IEH-
cTBusl. Vcnonp3oBaHue B Ka4ecTBe KOHCTPYKIMOHHOTO MaTepua-
na paboueit yactu HoxxHuL HYCL3 noBblaeT M3HOCOCTONKOCTD
U TUIAa3MOXHUMHUYECKYIO YCTOHUMBOCTh, CBOJUT K MUHUMYMY aJre-
3MI0 K MPOJIYKTAM TEPMUYECKOHN NECTPYKIMH ONEPUPYEMBIX TKa-
Heil. OcOOEHHOCTSAMHI KOHCTPYKIUH TaHHBIX OUIOJIIPHBIX HOXKHHUIL
SIBIITIOTCS] M30THYTasl pabodasi yacTh OpaHIIei 1 peaan3anus ome-
pexaromiero remocrasa. M3oruyras mucrtanpHast pabodast 4acTh
SBJISIETCS. YPE3BBIYAHHO BaXKHBIM 3PTOHOMHYECKUM HapamMeTpoM,
TTOCKOJIBKY oOecreunBaeT yimydIIeHHbIH 0030p ydacTka paccede-
Hug [3]. dns Toro 94To6s1 paboyast 9acTh OUIOISIPHBIX HOXHUIL
Obl1a M30THYTOH, Kpuctaynueckue se3sus u3 HUCLp mHo#i
20...25 MM yCTaHABIMBAIOTCS HAa TUCTAIBHBIX KOHIIAX paboumx
yacteld HoxHHI. OcTanbHas TOBEPXHOCTh PA0OUYNX YacTel MMeeT
HanbsuteHne u3 HYCLl», uto nmpenorBpaiaeT HaJunaHue IpoayK-
TOB TEPMUYECKOTO pacmajga Oenka ImpH KOaryJslyu B Ipolecce
paccedeHrss OMOTKaHU.

OtcyterBue 3ddexTa onepexarolero reMocrasa InpHu pacceue-
HUH TKaHEH 3JIEKTPOXUPYPTrUUECCKUMHU HOKHHUIIAMH, KaK TPABUIIO,
HE TT03BOJISIET BBINONHATH OECKPOBHBIM pa3pe3, MOCKOIBbKY IpHU
paspese ¢ OJTHOBPEMEHHON KOAaryJsluel Ipolecc aleKBaTHOTO
reMocTasa 3aBepIINThCs He ycreBaeT. DdeKxT onepexeHus, odec-
MIEYNBACMBIii ClICIUATIBHON KOHCTPYKIIMEH HHCTPYMEHTA, 1aeT BO3-
MOJXKHOCTb PacceKaTh CIIOM OMOTKAaHU C yXKe 3aBepLIEHHOH Koary-
JISIITUEH, 9TO 0OYCITOBIMBAET OECKPOBHOE pacCEUeHUE MSATKHUX TKa-
Heii. [[71st poBepKU KOHCTPYKTUBHBIX PEIICHHI, 00ECIIeUnBAIOIINX
OIepexarolnuii TeMOCTa3, B paMKax IpeBapUTEeIbHBIX UCCIEN0-
BaHUI OBIIM pa3paboTaHBl U 3aPETUCTPUPOBAHBI B YCTAHOBIICH-

HOM TOpSIKe OUIONSIPHBIE IEKTPOXUPYPTrUIeCcKHe HOXXHHIIBI C
MPSIMBIMHU PEXYIIUMHU JIE3BUSIMH HAa OCHOBE JUOKCHUIA IIUPKOHMS
[2]. Anpobarust HOXHHAIL ¢ (HYHKITHEH OIlepeXxarolero reMocrasa,
npoBeieHHas B orepaiinoHHoM otaerieHud ['KB Ne 61 r. MockB#I,
MOJTBEPANIA MPABUIBHOCTh KOHCTPYKTUBHBIX pellieHui. B HacTo-
sIIIee BPeMs H3TOTOBJIEHBI 00pa3ibl N30THYTHIX OUIIONISIPHBIX HOX-
HUII, B KOTOPBIX BCE XapaKTEPUCTUKU (AHTUIIPUTAPHOCTb, TPEIINH-
HOCTOHKOCTb, YCTOMUMBOCTD K 3JIEKTPOXUMHUYECKON U IJIa3MOXHU-
MUYECKON 9PO3MHN) PEaTn3yIOTCs 3a CUET MCITONb30BAHUS KPUCTAII-
mmueckoro HUCLb.

BunonspHble MUHLIETHI TPpeAHA3HAUEHBI JIS1 KOATYJISIIIUU KPO-
BEHOCHBIX COCYIOB nuameTpoM 1o 2,0...2,5 MM u popmMupoBanus
KOAryJSIINOHHBIX CraeK OECKOHTAKTHBIM (IIOJIEBBIM) CIIOCOOOM.
CyTb 3TOTO Crocoba COCTOUT B TOM, UYTO paboyue MOBEPXHOCTU
OUIOJISIPHOTO MUHIIETA UMEIOT TOHKUH CIIO aHTUIIPUTAPHOTO U~
3JIEKTPUIECKOTO TIOKPBITHSI HA OCHOBE HAHOCTPYKTYPHUPOBAHHO-
ro KpPUCTAJUIMYECKOr0 AMOKCUIA LIUPKOHUS, KOTOPOE HEOCpeI-
CTBEHHO KOHTAKTHUPYET C TKaHAMHU. {715 TOro 4ToOBI BEICOKOYAC-
TOTHBIM TOK MPOTEKAJ] Yepe3 TOHKUMN CION OUIIEKTPUYECKOTO
MOKPBITUSI, YACTOTA IJIEKTPOMATHUTHOTO TIOJIS JOJDKHA OBITh HE
HIDKe HECKOJIBKHMX Merarepi. B wacTHocTH, MprMeHeHHNe TeHepa-
Topa ¢ paboueit gactoroit ceime 3,0 MI'1 mpu TONMIIMHE TOKPHI-
tust 10 0,010 MM MO3BOJISIET UCTIONB30BATh EMKOCTHYIO PEaKTHUB-
HYIO COCTaBIISIIONIYIO TOKA ISl TEPMHUECKOHN AEHATYpPALlUH TKa-
HeBoro Oenka. Jlpyroit Mmogudukaiueit 3Toro HHCTpyMeHTa SIB-
JISIeTCSl OUIOJISIPHBIN MUHIET-TUCCEKTOP, MpeAHA3HAYCHHBIN s
pacceueHus U AUCCEKINH MITKUX TKaHel. KOHCTpyKTHBHOI 0oco-
OEHHOCTHIO OUITOJIIPHOTO NMUHIIETA-IUCCEKTOPA SIBISIETCS TO, UTO
pabouasi 4acTh OHOW M3 TYOOK NMHUHIIETA UMEET ITUIJICKTpUYec-
KyH0 BCTaBKYy U3 KPHUCTAJUIMYECKOIO AUOKCHIA LIUPKOHUSA, KOTO-
past perlaMeHTHpYeT paboumii 3a30p U 00ecrIeunBaeT OTCYTCTBUE
KOPOTKOT0 3aMbIKauus. Pabouas moBepXHOCTh IPyroi ryoKu mo-
KpBITa CIIOEM HAHOCTPYKTYPUPOBAHHOI'O KPUCTAJUIMYECKOTO IU-
OKCHJIa LMPKOHUS, UTO OFPAHNYMBAET AKTUBHYIO COCTABIISAIOLIYIO
BBICOKOYACTOTHOTO TOKA M 00ECHeunBaeT aHTUIIPUTAPHBIE CBOM-
crBa. [IMHLIET-AUCCEKTOP MO3BOJISIET BBIIOIHATH IOCIEI0BATEIb-
HOCTbh MAHUITYJISILUM XUPYPTrUYECKOr 0 JOCTYIIA: pACCEYEHUE, TUC-
CEeKIIUsI, KOATyJIsIUs, pacClIoeHue OMOTKaHel U Jap. — B TEUCHUE
JUINTEIIBHOTO BPEMEHU U HAa 3HAUUTEJIBHOM NPOTSHKEHUU. Takum
00pa3oM, MOSBISETCS BO3MOXXHOCTh OCYIIECTBIIATH LEIBIH DS
XUPYPTUUECKUX MAHUIYJISIUN C MOMOIIBIO OJHOTO OUIIOJISIPHO-
IO UHCTPYMEHTA.
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B)

Puc. 2. O6pasLbl 3N1eKTPOXMPYPrNYECKMNX UHCTPYMEHTOB:
a) HOXHWUUBI BUNONSIPHBIE U3OrHYThIe; 6) NUHUET BUNONSPHbLIN;
B) MWHLETbI-ANCCEKTOPbLI BUnonspHbie

Crennduka BRICOKOYACTOTHBIX I€HEPATOPOB, 0bOeceynBaro-
KX paboTy MHCTPYMEHTAPUS C AHTHUIIPUTAPHBIM MOKPHITUEM Ha
ocHoBe HUCIIp, o0ycinoBiaeHa 0COOCHHOCTSIMU TICTIH TAIIMEHTA 1
XapakTepoMm Harpysku. KoMmos3uiuoHnHas cTpykTypa paboueit
YaCTH MHCTPYMEHTOB (METAJUT — AUBJIEKTPHK) IPUBOIUT K (OPMHU-
POBAHHIO CIEAYIOIIEH IEMH MPOXOXKIACHUS BHICOKOYACTOTHOTO
TOKA: METAJUT — AUIJIEKTPUK — OMOTKAHD — TUIJICKTPUK — METAJII,
KOTOpast MPUHLIUINAILHO OTJIINYAETCs OT LIEMH [P UCIOIb30Ba-
HUU OOBIYHOTO OuMONIsIpHOro HHCTpyMeHTa. [loaromy addexTus-
Hast paboTa HOBOI'O MHCTPYMEHTApHUs TPeOyeT MPUMEHEHUS TeHe-

pPATOPOB, YYUTHIBAIOIINX OCOOCHHOCTH HATPY304HOII IIeTH (Xapak-
Tep UMIIeAaHCca, TapaMeTPhbl COIJIACOBAHUS C HAIPY3KOI) U MMeEIo-
LIMX ONTUMH3UPOBAHHBIN AMana3oH paboueii yactotel. Mccneno-
BaHMS BBIXOJIHBIX MAapaMETPOB IeHepaTopa ajs paboTkl ¢ Ouo-
JIIPHBIMM HOXKHHUIIAMM TOKA3alld, YTO MakcuMasbHas 3QdexTus-
HOCTh PACCEUYCHHS] U KOATYISLUU C MUHUMAJIbHON MOOOUYHOM
JIECTPYKIINEi 00eCreunBaeTCs B PEKUME «TeHepaTopa Harpsike-
HUSD» TP BEJIMUMHE COTJIACOBAHUS C HArPY3KOU B TUana3oHe 65...75
Owm u nipu Hecymeit yactote renepanyu 0,44 MI't. [1pu ncnons3o-
BAaHUH EMKOCTHOH COCTAaBJISIOIIEH BEBICOKOYACTOTHOTO TOKA JUTSI pa-
60ThI ¢ OUIOISIPHBIMU MTUHLIETAMH M IMMHLIETAMU-IHCCEKTOPAMHU C
AHTHUIIPUTAPHBIM JUAIEKTPUUECKUM MOKPBITHEM ONTHUMAIIbHON
sBisteTcst pabouas yactora 6,78 MI'n. OTmedeHHbIe 0OcOOeHHOCTH
peaM30BaHbl B 9KCIIEPUMEHTAIBHBIX 00pa31ax CrieliiaIn3upoBaH-
HBIX BBICOKOYACTOTHBIX I'€HEPATOPOB, pa3pabaThIBAEMBIX B paM-
Kax paboT MO CO3aHUI0 HOBOT'O 3JIEKTPOXUPYPIrUYECKOro MHCT-
pYMeHTapus.

Ha puc. 3 moxasan ¢parMeHT onepanuy Ha >KEITyIKe, BBIITONI-
HSIEMOH C MTOMOIIBIO GUITOJISIPHBIX U30THYTHIX HOXHHI[ C PEXKYILIHU-
mu se3pusmu u3 HYCLp. Ha puc. 4 n 5 nokasansl ¢pparMeHTs
OTiepalliy Ha IIMTOBUIHOW XKeje3e: Koarynsuns 60KOBOIH BEHbI
OUITOJIIPHBIM MUHIETOM C AaHTUITPUTAPHBIM ITOKPBITHEM M TUCCEK-
1us 1oy skene3bl. Ha puc. 6 moxasaH sKCriepUMeHTaJIbHbII 00pa-
3el] CNeUaIU3MPOBAHHOTO BBICOKOYACTOTHOTO Te€HEpaTopa, Uc-
TOJIB30BABIIETOCS IIPH alpodaIii HOBOI'O MHCTPYMEHTAPHSL.

3aknovyeHue

DKCIIepUMEHTATIbHBIE 00PA3IbI OUITOISIPHOTO 3JIEKTPOXUPYP-
THYECKOI'0 MHCTPYMEHTApHsl CO CIEeHAIN3UPOBAHHBIMU BBICOKO-
YaCTOTHBIMH FEHEPATOPAMHU MPOILTH KIMHUYECKYIO allpo0Oaluio B
MOCKOBCKOM T'OCY/IapCTBEHHOM MEIUIITHCKOM YHUBEPCHUTETE HM.
N.M. CeuenoBa. Pe3yiabpTaTsl anpobanuy moKa3aiu, YTO UCIOJIb-
30BaHHE B KAUECTBE KOHCTPYKIIMOHHOT'O MaTepuaia pabouux vac-
Tei MOHOKPHCTAITHUECKOTO ONITUMHU3HPOBAHHOTO IO XUMHYECKO-
My COCTaBY HaHOCTPYKTYPHPOBAHHOI'O JAMOKCHAA HUPKOHMS —
HYCIIp — sBiisieTcst NepCrneKTHBHBIM HHHOBAI[HOHHBIM HAIpaBlie-
HUEM B CO3JIaHUH 3JIEKTPOXUPYPIHYECKOTO MHCTPYMEHTApHsI HO-
BOT'O ITIOKOJIEHUSI.

Pabomut no cozoanuto H06020 OUNONAPHOZO UHCIPYMEHMAPU
CO CReyUanU3UPOGAHHIMU 2EHEPAMOPAMU GbINOIHEHbL 6 PAMKAX 20-
cyoapcmeennozo konmpaxkma Ne 16.522.12.2022 om 11.07.2012 ..
npu gunancoeoit nodoeprcke Munucmepcmea o6pazosanus u Ha-
yku P®.

Puc. 5. nccekums oonn WMTOBUOHON Xeneabl

Puc. 6. CneunanuanpoBaHHbIi reHepaTop
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N.A. PycaHoBa

UccnepoBaHue bpakTanbHOM CTPYKTYpPbl M300paXXeHMn HOITeBOro foxa

N OKOJTOHOITEBOro anutenus

AHHOTALHSA

B craTbe NPpEACTaBJICHBI PE3YJILTATBI UCCIIEAOBAHUA CI)paKTaJ'IBHOﬁ CTPYKTYPbI HSO6pa)KCHHﬁ HOI'TEBOI'O JIOXKAa U OKOJIOHOI'TEBOI'O JITU-
TEJIUS C BBISIBJICHHEM CBOMCTB CKEWJIMHIa U CaMOHO,HO6I/I$I JUJI YBEIIMYCHU S JIMAarHOCTUYECKOU I/IH(l)OpMaTI/IBHOCTI/I Ha paHHUX CTagusaXx IIpo-

SABJICHUS HeO6paTI/IMLIX IpoLeccoB 3a00JIeBaHMIA.

B Hacrosiee BpeMs ePCIEKTUBHBIMU HAIIPABJICHUSIMU Pa3BH-
THSI HEMHBA3UBHBIX METOMIOB IMATHOCTUKH 3a00JICBAHUI SIBIISIOT-
Cs1 HE TOJIBKO MTOBBIIIIEHHE UX TPEIM3MOHHOCTH M COKpAIlEHHE Bpe-
MeHHU 00CIIeI0BaHuUs, HO U pa3pabOTKa HOBBIX BU3YaJbHBIX METO-
JIOB, KOTOPBIE HE TpeOOBaIN ObI KAKUX-TMOO BHEIITHUX BO3IEHCTBUI
Ha 6osbHOrO. ITpOo6IeMbI COBPEMEHHOM (DPU3UKU CITOKHBIX CHCTEM
CBSI3aHBI C MAECHTH(UKAIIMEH U KOJUIECTBEHHBIM OMUCAHUEM HMX
(DYHKIIMOHMPOBAHUS U BCJICACTBUE 3TOI'O HOCSIT MEKIUCIIUTUITMHAD-
HbIi1 xapaktep [1]-[3].

Ipu perreHur HAYYHBIX M IPUKJIAAHBIX 33144 B UCCIICIOBAHUN
HEOOpaTUMBIX IPOIECCOB U IMHAMHUKH IPUPOIHBIX OOBEKTOB,
CTPYKTYPBI MATEPHAJIOB ¥ UX CBOUCTB B HACTOsIIIee BpeMs Bce 60-
Jiee IUPOKO UCTONb3yeTcs GppakTanbHas reomerpusi. Opakraib-
HbIE CTPYKTYPBI OOHAPYKEHBI BO MHOTHMX O0OJACTAX (DU3UKU, XU-
MUH, OGHOJIOTHH U MeaUulMHbl. OHU MO3BOJIAIOT U3yYaTh OOIIHE
TIPUHITAITBI K 3aKOHOMEPHOCTH CIIOKHOM TMHAMUKY U HEIOCTATOY-
HO PACKPBITOH (HU3NUECKON CYLTHOCTH HAOIIOAaEMBIX MPOLECCOB
B TAKHUX CIy4aiHbIX CHCTEMax, KaK IMOJUMEpPbI, IpyOble U MOpHC-
ThI€ ITOBEPXHOCTH, KOJUIOUIHBIE arperaThl, BETBSIINECS CTPYKTY-
peI aprepuii u T. A. Hanmnune camornmogoOHbBIX CBOMCTB yKa3bIBAeT
Ha TO, YTO JUHAMUKA MPOIECCOB, PE3YJIbTATOM KOTOPBIX OHU SIB-
JISFOTCS, UMEET TAKXKE CAMOIIOIO0HYIO IPUPOAY U XapaKTepH3yeT-

Csl OTIPEICTICHHBIM MPOCTPAHCTBEHHO-BPEMEHHBIM aJITOPUTMOM,
JIEUCTBYIOIINM B COOTBETCTBHHU C OOIIMMH MPUHLIUIIAMH U 3aKOHO-
MEPHOCTSIMU pa3BUTHUS 3a00JeBaHUs U (QYHKIMOHUPYIOIIUM Ha
KaXXIOM MEpapXUIeCKOM YPOBHE.

udposas 06paboTka U pacrio3HaBaHUE U300paKeHHI B Me-
JTUIIMHCKOM TEXHUKE Ha CErOHSIIHMN JIeHb SIBISIOTCS OJHUMH U3
MHTCHCUBHO Pa3BUBAEMbIX HAIIPABJICHHI Hccae0BaHui. Bombioe
BHUMaHHE yJeSeTCsl MpobieMaM TUCKPETH3aIMd U KBAHTOBAHHUS
CUTHAJIOB M300pakeHUH, TOCKOJIBKY 3TU BOIIPOCHI BaXKHBI ITPH I10-
CTPOCHUU CHCTEM ONTUKO-3JIEKTPOHHOTO MPeoOpa3oBaHUs CHUTHA-
710B. B miportecce popmupoBanms n 00paboTKH n300pakeHUi BBO-
JATCS TAKHE XapaKTePUCTUKU MCCIIeTyeMbIX IIOBEPXHOCTEH 00beK-
TOB, KAK TEOMETPHUYECKUE MPU3HAKH, XaPAKTEPUCTHKH IIBETHOCTH,
SIPKOCTHBIC MTapaMeTPbl, TEKCTYPHbIE CBOWCTBA M MPU3HAKH JBU-
xeHus. OHAKO KOTAa TEKCTYpPbl M300pakeHnit 001aialoT ouHa-
KOBBIMH IIBETOBBIMU XapaKTEPUCTUKAMU, TPYIHO PA3THUUMBIMU
BHU3YaJIbHO, B MTPOCTPAHCTBO TEKCTYPHBIX MPHU3HAKOB BKIIFOUACTCS
(bpakTasbHBII aHATHM3 (METO OPOYHOBCKOM (DYHKIIUHU, METOJT OLICH-
KM pa3mepa ¢pakrana, MeTo nupamusl) [4]. Hammaue B cTpyk-
Type UCCIIEIyeMbIX TTOBEPXHOCTE MAaCIITAOHONH MHBAPUAHTHOCTH
(ckeiiiMHTa) U cCaMOIOIO0OUsT HE3aBUCUMO OBLIIO OTKPBITO B pas-
HBIX oOmactsax. OnHa n3 HUX — u3uka Ga3oBBIX MEPEXOAOB, U3Y-
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