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IIepcHeKTHBHble naaepno—

HH西opMaIIHoHHMe TeXHOJIOFHH

B．Ⅱ，IIaHqeHKO

HncrnryT“p。6ⅡeM na3epahix H HH巾opMaRHOHHBIX TexHoJIOFHH PAH

(poccHs,140700 r、maTypa MOCKOBCKOH。6ⅡacrH)

AnHOTaqHs}B HaCTO哪eM且0枷aAe 06cy)I【且a”TcR TeKz,em【HH pa嬲HTHq H KOHKpeTHble HpHMCHeHMff

na2epHblX H JIa3epHO-HH∞pMn珊IOHHb]X TeXHOJIorH．A B I]pOMhIIIJ．I／eHHOCTH H MeⅡHuHHe．

1．T#2xHOJTO['l{H(5blCTpOl"O“poToTHu“pfl8aHHR(Rapid Prototyping—RP)：

一TexH邮or“R nocJloflnoro na3epHoro CHHTeSa TpeXMepHhlX(而％eKToB H3 dpoTononrtMepOB H ee

npano，xeHHn mR CAD／RP／CAM(computer aided design／RP／computer-aided manufacturing)

TeXHOJIOFH盘B MallIMHOCTpOeHMH， aBpOKOCIMMqCCKO自 ⅡpoMMⅢ删H0cTH H Wc丌。删】阻H¨e &aaso自
TeXHOnOFHH B 6HOMeⅡHuHHcKHxⅡpHJIo玳eHHRx肿R H3FOTOBⅢCHHH OHOIIMIDIaHTOB H 6aoMoⅡeaefi no

∞Mo。pa中HqecKHM AaHHNM nanHeHToB，ⅡepeⅡaBaeMMM HO CeTflM Internet；

TeXHOJIOrHH c03ⅡaHHH 1。pexuepsmx 06+砘KToB H TyronJIaBgMx MSTepMaJIOB M盯0ⅡoM Ce--qeKTMBHOrO

na3epHoro CneKaHHa H B03MO)KHOCTh HpHMEHeHHfl耵oA TeXHOJIOrHH肌H 3aⅡaq 6HoHHmeHop“H．

2． KoHaenttaH pa3BHTHⅡCOBIpeMeHFIh[X r114TenaeKTyaJIIoHl,IX smaepnmx MeⅡHuHHcKHx CHCTeM H

p∞nH孙uHH TaKMX CHCTCM HpHMeHHTeJIbH0 K 3aⅡaqaM oprauocoxpanuofl n∞e且HⅡHHH B 0HKOⅡOFHH“

KapⅡHoxHpyp7HH

3．HOBOe HOKOⅡeHHe XMarHOCTHqeCKl4X CHCTCMⅡⅡⅡxnpyprHH H o帅nbMoJIorHH．

TexHonorMH 6blcrporo npOTOTHnHpOBaHHR

TexHonorHn 6bIc7poro rIpOTOTHnHpOBaHHa BHepBbieⅡoⅡBHⅡHcb B KoHKe 80 x FO且OB． OCHOBHOe OT_丁IMqHe EtTHX

TeXHOAOFH蠡0T Tpa且HUHOHHbIx MeTO且OB H3roToBⅡeHHH MoAenefi 3aKJltoHaeTcs B TOM， qTO MO且eⅡb c03且aeTcs

IIOC／10ffIHMM Hapal]／HBaHtieM MaTepHaaa(6e3 npexBapHTenbaoro H3roToBJIeHHH qepTe)王(e矗，TexHoⅡOFMqeCKHX KapT，

cneKHaabHofi OCHSCTKH)r10ⅡaHHblM KOMHbl0TepHoFO HpOeKTHpOBaHHH，qTo H03BO_】IHeT 3HaqHTeJrSHO COKpaTHTb

3aTpaTbI BpeMeHH H cpeKcTB Ha pa3pa60TKy H KOHCTpyHpoBaHHe HOBbIX n3Renafi，H 3a HecKomKO qaCOB HOBart

KOHCTpyKTOpCKSH HdlH且M3a曲HepcKaH H丑eff MO)KeT 6b]Tb BoiiJlOlReHa B pea卟H bI话06％eKT．

Bce CoBpeMeHHbIe CHCTeMS[65ICTpOro HpOTOTHHHpOBaHHH pa60TamT H0 cxoKeMy nOC_JlOfiHOMy npHHRany：

--C13eIICTBaMIf CAD C03AaeTcff rpaCn,Tecran 3[)_Moxen5面eTann，roropan 3BUHCSIBaeTC，I B STL一∞☆Ⅱ；

一3[YMoxeas pa36HSaeTcs Ha rops30HTaJIbH5Ie ceqeHHS (cJIoH) C noMoⅡ岫lo cⅡeuHaⅡbHo螽．porpaMMSl，

IIOCTaBJIgteMO[I C 060py皿oBaHHeM；

Hp0H3BO皿HTCS nocⅡe皿oBaTeⅡbHoe HOCTpOeHae CetIeHHfiⅡeTaⅡH cⅡo矗3a c皿OeM CHH3y BBepX． Ka张Ⅱbl矗
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ⅡocⅡe皿y10Ⅱ工H矗cⅡo曲“npHBapvi瑚teTca”HJIB“IpHKneHBaeTcH”K npeⅡblAymeMy且o HOⅡHOFO nOCTpOeHHa Mo且emI．

中H3HqeCKHe MD皿enH C03皿aIOTCR H3 ffIHCTOBIMX，H【HJI,KHX H HOpOmK006pa3HblX MaTepHaJIOB．,ⅡHCTOBMe

MaTepHaJlbI coe且HHHIOTCH珊t3epoM HⅡH CⅡOeM aA嘴H腿，X．tH且KH8 MaTepHajlhl oTBepM且aIoTcH丑a3epHMM nyqoM HⅡH

aneKTpHqeCKHMH 3apaxaMH’nopomK006pa3xble MaTepHaAb[CKDeIIJIHIOTC；l rlocpeAcTBOM B03Ⅱe苴cTBHH aa3epoM HJlH

Bbl60pOqHOrO HaHeCeHHa CBffaylollDtX KOMHOHeHTOB．

TexHoaorHR!iocJIO自HOrO aa3epuoro cHnTe3a TpexMepamx o厅beKTOB

Pa60TbI HO c03且aHHl0 HOBbIX KoHueⅡuH曲TexH鲫orH矗H COOTBeTCTBylOt[IeFo 060py且。髓删HⅡ删OHeI硇THBHOFO

H31X)TOB31eHHFI TpeXMepHblX 0妇KTOB cno：*xno最吐10pMbI’HCcJle且OBaHHH B 06nacrn na3epnofi巾oToxHMHH nOJIHMepOB
6M∞H HaqaTM B HaI]IeM HHCTHTyTe B聃1王ane 90一x rOAOB．OcHos．ce BHHMaHHe 6Mno y丑eneHo TexH彻orHH na3epHofi

cTepeoⅡHTorpa中HH．

B OCHOBe aa3epHo曲c1"epeoJiHTorpaqbHHⅡe撤HT npouecc岫ToHHHⅡHHp0BaHHo荫HOJIBMepH3aRHH，Ⅱp0Te髓的l【IH盏

B X醐KOfi peaKunOitno-cnoc06HOfl cpeAe OKTHBHbIXⅡeHTpOB(paAnKanoB，HOHOB，aKTHBHpOBaHHIdX KOMnJIeKCOB)，
KOTOpbIe,B3aHMoAe矗CTByH c Mo珊KyⅡaMH MOHOMepa，HnnKfinpy_oT pOCT[IOIIHMepHblX HeⅡe曲，B pe3yabTaTe qero B

06ⅡyqeHHoA 06JlaCTH 06pa3yeTcⅡ T船p且M曲 ⅡoⅡHM8p． IIpoRecc 00．qa．ⅡaeT npOCTpaHcTBeHHOI目I H cHeKTpaXbHO曲

ceJIeKTHBH0cTbiOEl_‘2]．

TexHonorMs naaepHoA czepeonHTorpadpHH peanviayeT npnHunn npRMoro巾opM006pa30∞HHa TpeXMepHblX

06雠KwB nyTeMⅡoc皿。矗Hor0 HapaIILHBaHl。lg MaTepmana，HCXOAHbIM 06MKTOM皿册na3ep．ofi cTepeonHTorpa中肌
ffB册eTCff -rpexMepaaa KOMHblOTepHaⅡ MOKeJIb， c03ⅡaHHan cpeAcTBaMn CAHP． CnpoeKTHpOBaHHhIft Ha

KOMIlSIOTepe TpexMepHbl自l 06qSeKT BhlpaIlIHBaeTca H3凇H且Ko矗中oTonoⅡHMepH3y10Ⅱ工e诸cH KOMH03RⅡHH (dPHK)

nocⅡe皿oBaTeⅡbHbIMH TOHKHMH CJIOHMH，qbopMnpyeMMMH nom Ae矗CTBHeM JIa3epHoro H3AyqeHHH H8 nOⅡBH)I【Ho螽

ⅡJlaT00pMe,norpymaeMofi B BaHHy C垂IIK．[[]epOXOBaTOCTb IIoBepxHOCTl4 H3rOTOBJIeHHIMXⅡeTanefi 5e3 KaKO自一

删60 a6pa60TKH He IlpeBhIIliaeT 100 MKM．11卫aCTHKOBBIe Mo丑enH xopomo I量I丑M垂y10TcH HⅡ叫Hpy∞代Ⅱ．I]poqHOCTb

FOTOSMX且eraJiefi CpaBHHMa C HpOqHOCTbIO H3且eⅡH螽H3 oTBepx【且eHHMx aHOKCHKHmX cMo皿． rOTOBMe MoⅡeⅡH

BbI且epⅨmmI∞uarpeB皿o 1000"C 5e3 H3MeHeHHA@opera H paaMepoB．MaKCMMaJIbHbIe paaMepm H3FOTaBJIHBSeMbIX

06TbeKTOB COCTaBJIglIOT 250×250 X 250 MM，a TO。IHOCTb H3FOTOBJIeHHH一±0．1 MM．BhIpatKnBaIt KeTaYrH HO

qaCTHM，MOmHO C03JI_aBaTb MoⅡeJIH 60JIblIIHX pa3MepOB[3一“．

BbICOKaa KBaHTOBaff州geKTHBHOCTb巾oToHHHⅡHpo髓H}【o酋IIOIIHMepH3aKHH (noraoLueHne 0且HOrO KBaHT8
H3J】yqeHHH npHBO且HT K nOJ]HMepH3aRHH且o 10‘MOaeKyJI MOHOMepa) H， KaK c丑eXCTBHe，roPo，HeBMCOKHe

Tpe60BaHHYi咖MOIl王HOCTB衄HⅡHHpy删l工ero H3JTyqeHHH，ee 3KOJIOFHq&CKaS{HHCTOTa，B03MO}KHOCT5枷beKTHBHOrO
ⅡpoTeKaHHH npH KOMHaTHOH TeMiie。paType’a TaK)I(e npnⅡu仰Ha皿b腿H B03MOXKHOCTb IIIHpOKOrO阻pbHpoBaHHH

MexaHHqeCKHX H垂H3HKoxHMHqecKHx Clm螽CTa OTBepxK且eHHoFo MaTepna丑a HyTeM H3MeHeHHH cocTaBa Ke皿alOT

9TOT6a30abI亩 npoiIecc npHBⅡeKaTeⅡbHbIM 皿ⅡH C03且aHHH yCTaHOBOK OHep&THBHOFO 矗3roToBJIeHHRTpexMepHbIx

O乳eKTOB HO Hx KOMFIblOTepHhIM 06pa3aM．

Pa3pa60'raHuⅡe H C03&aHHbIe B I／IHCTHTyTe yCTaHOBKH Jla3epnofi CTepeosIHTOrpa巾HH JIC-120，J1C一250，JIC一

350／500(CM，pnc．1)， cIieiLHailbHoe MaTeMBTHqeCKOe o()ecHeqeHHe HOpHrHHaJlbHIole畦}0Ton彻HMepH3y王0IlIHecH

KOMIl03HILHH H03BOJIHIOT oHepaTHBHO c03ⅡaBaThKoHuenTya皿bHbIe MoAeHH C 10eⅡbIo OTpa60TKH 且H3a矗Ha H

KOMHOHOBKH；MaCTep-Mo且e丑H；OCHaCTKyK皿H pa3HmX BH且OB JIHTbH MeTaJUIOB,cnnaBoB H HJIaCTMaCC；HHC31PYMeHTbI

ⅡⅡH IH皿bBaHoⅡJIacTHKH ⅡⅡH TOHHOFO MaIIIHHOCTpOeHHH' aBHa- H KOCMHqeCKOITI IIpOMSIKIJIeHHOCTH·

pa且HoaaeKTpOHaKH， Me且HⅡHHbl H MeAHRHHCKOH TeXHHKH' apxl4TeKTypbI H CTpOHTeJIbCTBa， oSpa30BanH且H

Ho且roTOBKH KaXpoB·

mHp0Koe BHeApeHHe B K3]HHH。IeCKyIO npaKTHKy KOMHbIOTepHo自TOMOI'pa巾MH，KOTOpaa H03BOJl目teT HoJIyqaTb

BMCOKOTOqHHie TpeXMepHbte KoMⅡb町TepHbIe MoxeHH p83ⅡHⅥHbIx 0praHOB qezlOBeKa H naaepnafl cTepeoaaxorpaqHa'
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』lC一350／500 JIC-250
J1c-120

I，Ⅱc．1 YeTaHOBKH即IH na3epHofi cT。pe0JIHT07p丑士HH

KOTOpa”pemae7 3a丑aqH oncpa'rI,IBI{OFO H3FOTOB|】】eHHfl㈣CTHKOBblX KOflHH KOMIIbIOTCpHhIX Mo且eⅡeM皿IoOoH cTe”eHH
CJloxd．HOCTH C TOXIHOCTBIo He xyxKe 0．1 MM， 14 HODTOMy Ha CeFOnHHILIHHHⅡeHb cTepe0JIHTorpa巾HⅡOga3a．『Iacb

HaH60nee BOCTpe60BaHaⅡJlH MeⅡHKHHCKHX T1pHMeHeHHh．

B HHCTHTyTe 6btaa pa3pa60TaHa I“】HueⅡuHH 且HcTaHuHoHHorc) 6HoMo且eⅡ“p0BaHwH H c03且aHa JIa3epHo-

HH巾opMauHoHHaH CHCTeMa，H03BOJInlOtlLaR BeCTH IIO CCTHM I／I_faTepHeT nepe口,a,iy 胛tHHBIX npe口,onepalH40HHOrO

KOMnb}oTepHoI'O ToMorpa巾HqecKoro 06CJle口,oBaHHfl HaILHeHTOB H3 pa3JH'lqHblX KJIHHHK B CTepeoⅡHT0rpa中HqecKH矗

UeHTp HHJIHT PAH．Ho HOJlyqeHHhlM且aHHblM B UeHTpe oHepaTHBHO(10—20 qaCOB)c03且a10TcH FIOJlHMepHbIe

KOHHH 0paFMeHTOB‘／{L,qOBeqeCKOl'O cKeAeTa—OTJIeJIhHbIX opraHoB H HpOTOTHHOB IdMIIJINHTaTOB，KOTOp“le

303BpatlLa／OTCR B KJ：／IIHIIKH(cm．cxeMy m puc．3)．

Hcnom)30髓HHe 6noMo且ene矗H0380515]eT x,apypraM CIISIAHHpOBBTb cuPHapH矗田皿yI衅矗onepa删H Bbl6pa％
a且eKBaTHbIfi HHcTpyM朗TapH曲， qTO peaKo CHRlcLaeT BpeMH onepa岫(B 3 5 pa3)， Hx TpaBMaTHqHOCTb' H
COOTBeTCTBeHHO， COKpatILaeT pea6HmiTauHOHHH矗nepnoR． K HaCTOHIReMy BpeMeHH C VlCIIO．rlb30BaHHeM皿aHHo矗

TeXHOJIOFHH BI，IIIOJ]HeHO 50aee 500 oⅡeDaⅡH螽B 15 BeAymRx KJIHHHKSX CTpaHbl(MOCKOBCKBfi 06JIacTHofi HayqH0

HccⅡe且。酗Te舳c1(H自 KnMHHqecKH荫HHCTHTyT HM． C． B． Bm丑HMMpcKoro
—
MOHHKH·HayqHo

—

gCCJIe且OBaTeJlbCKHfi HHCTHTyT He矗poxHpyprHH HM． H． H， Byp皿eHKo PAMH， MOCKOBCKHfi aayqH0_

HccⅡeⅡo髓TeⅡbcKH矗oHKo册rHⅥecKH且HHCTHTyT HM． Ⅱ．A． FepI【eHa， ILcH7pamHb曲I'0CHHTaJlb MB且PcI),

ot豆eneHHe qe“阳cTH0_mHueBo盘xupypruu KeTCKOfi&}J皓HHu瑚CB，B皿8AHM“pa H且p，)B 0631aCTH uefipoxHpyprna’

qepeIlHOqe0¨OCTnO-dlltReBOfi xHpyprnn， OHKO皿OFHH， opT叩e皿Hw (CM．pnc． 4)。H”．Ho ViMelOLILHMCK B

HalueMpacnopa>KeHHH 肌Tepa珂pHbIMHcToq蛐KaM， c03且a删aⅡ B HHOIHT PAH TexHo肿rMH

_2I,HCTaFIItHOHHOVOH3FOTOBJIeHHH 6HoMoⅡeⅡe由HOTOMOFpa巾HqeCKHMⅡaHHbIM HMeeTMHpoBOil npnopHTeT-

B HacTonuLee BpeMa B 3TOil o钿aCTH B HIIOIHT PAH Be且yTcH pa60Tb[rio HeCKO肌KHM HaDpaBJleHaHM：

paapa60TKa yCTaHOBOK 60JIblHOr0 pa3Mepa(pa60qnfi 06％eMⅡD
l M3 C paapemeHHeM 100 MKM)；

中yH皿aMeHTaⅡbHbIe HccJIe且oBaHHH H pa3BgTHe TeXHOJ[OFHH中eMT0ceKyH珏Ho茹HaHOCTepeoaIHTorpa40HH C u,edleBblMH

napaMeTpaMH Menee 100 HM；HccⅡeⅡoBaHHH，paapa60TKa

TKaHeBOA i4H：．KeFlept{FI H HMFIJIaHT'dJIOFHH，c03ⅡaHHe

HaHOflOpOILIKOB且Ⅱg HpoMBIlIIJ]eHHblXⅡpHⅡ0班eHH曲·

_】Ia3epHhlX TeXHOJIOFHA 6I．ICTpOrO HpOTOTHHHpOBaHHRⅡⅡⅡ

yCTaHOBOK HO ceⅡeKTHBHoMy ．qaaepHoMy CHeKaHwl0
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Hcno月H30BaHHe cTepeonnTorpa巾HH皿nⅡflpOMMLLITleHHOCTH

p耻，2 ⅡpHMepM HcⅡoJIh∞阻nHHH cTepenxTortm垂HH B HpOMblIILTIeHHOCTH

T“日。肿阳Ⅱ。∞皿a唧i tⅣ!x瑚epH哪oI‰KToB且TyronmBKXX MaTepsaaoB MeTOXOM∞ⅡeK恤∞roⅡ∞曙p帅ro
t丑eXa疆I

OO五eKT c03且a§TcⅡ／43 aODOmK006pa3HbIX mTepH丑啪B-Ⅱ删屺THK，MeT蝴JI，He．f-JIOH H KepaMHRa．

B HaHaⅡe npol_tecca，TOHKH盏cnofi MazepHana瑚JIocHTcH耶pa60qym naaT4bopMy，Ⅱo且BH擞Hyl0 B Z-OCH．

．]'[a3epHm矗皿yq CHeKaeT cⅡo矗IIOpOIIIKOBhIX qaCTltK，中opMHpyⅡT螗p且y耵eaccy，No却pMe c00TBeTcTByIolIIy鼢

oⅡpe皿e丑eHHOMy ce'-IeHHIO MoKe丑H H oⅡpeⅡe册卫0皿姗reOMeTpHIO 且eTa丑H． nocⅡe 8TOrO qep∞cⅡ明聃nbHM由
pDnHK∞bI螽MeXaHH3M，HaHOCHTCfI HOBbIfi nopomxo蛐cⅡo曲．Hpouecc nDBTopHeTcⅡ皿o 3asepmellssl nocrpoem日．
AeTaaH(pnc．5)

CxeMa yCTaHOBKH且胍Ce／IeKTHBHOFO_『工a3epRoro CⅡeKaHHH，pa3pa60taH鼬R B HHY[HT PAH[tpeKc'caBneHa Ha
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Puc．3 CxeMa AHcTaHu叫Hor0 6“oM0Ⅱ哪Hp。Ba删Ⅱ(menee n州K硼Pa peajIH30saua)

PHc．4 ⅡpHMeHeHHn_rtaaepaofi cTepeoJmTorpa由aa B Me心KHe

pnc．6．

IIpHMeHeHne pa3ⅡHqHbIx HopoIIIKOBMX MaTepHaJIOB (B T． q． allp06HpOBaHHble 6Hope∞p6Hpy删Ⅱe

TepM0qyBCTBHTeJIBHMe ROJIHMepM H Hx KOM6HHauHH C 6HOaKTHBHblMH皿06aBKflMH
H 3H3HMaMH)皿ⅡH c03ⅡaHHH

TpexMepHblx o血eKTOB H03BOJIgeT HCHOJTb30BaTB TeXHOAOFHIO ceJIeKTHBHOrO月a3epHoro CHeKaHHH HpHMeHHTeJlBHO“

3a且aqaM 6HoHH撤eHepM H． B SeLLleM HHCTHTyTe BeXeTCH pa3pa60TKa—TeXHOJ蔓OrHH c03且aHHn 6HoaK础BHbIx MaTpHK

MeTOAOM ceJleKTHBHOFO Ⅱa3epHoro CHeKaHHⅡH3 6Hope30p6HpyeMⅡx noJH4MepOB Ha 0CHOBe nonHⅡaKTH皿oB
H

ⅡOnHⅡaKTorⅡHKoⅡHⅡoB[12 J．

BbIⅡH3FOTOBJIeHbI ffOmHMepHMe MaTpHILbl 3a且aHHo矗CTpyKTypbI H哇OOpMbI：MHKpOHOpHCTOCTB onpeKenflJlacb

CTpyKTypO．话ⅡoⅡHMepHbIx qaCTHIL H ycⅡ0BHⅡMH cHeKaHBH，MaKtX)HOpHCTOCTIo 3aⅡaBanacb TpaeKTopne彘na3epHoro

nyqa pHc．8．

T'IpenMyuLecTmiMH AaHuo矗TexH0ⅡorHH HBⅡH∞TcH yHHBepcaglhHOCTb MeTO且a' BapbapoBaHne
oOCTaBOM'

cTpyKTylX描H apxHTeKTyp。蟊ⅡoⅡyqaeMbIx MaTpHK， 13blCOKOeⅡpocTpaHcTBeHHoe pa3pemeHHe(～100 MKM)'
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pHc-5 FIpoqecc CeJIeKTI'IBHOFO,_Ia3epHoro CFIeKaI-IH FI 6HOCOBMCCTH、JibIX

fiaHOI]0∞IHKOB

PⅡc．6 CxcMa yCTaHOBKl4 Am目CeJ『eKTHBHO['O JIaaepHoro cⅡeKaHH目

B03MO)I(HOCTb “peKH3HOHHOF0 H onepaTItBHoro H3FOTOBJIeHHi[ 6HOaKTI,IBHbIX MaTptilL H tII-UIHBIq且yaJIbHbiX

HMI]J18tHTaTOB FiO丑aHHLⅢpeHTPeHoBcKOA H兄MP ToMorpa@nn且册TKaHeB0fI HH>KeHepHH t 3aMeHbI H pereHepaumI
KOCTHhIX H xpHⅡ堆BMx TKaHefi B qedIl0CTHO-．rll,{KeBO#i XHpyprHH，OpTOHe且HH H HefipoxHpyprHl4(pHc．9)．

KOHu,enu,wvl pa3BHTHF[coBpeMeHHbiX HHTe．rlJleKTya．兀bHblX．na3epHbfX

Me,B,HU,HHCKHX CHCTeM H pea．nHaau,悯TaKHX CHCTeM npI,'IMeHHTe]'IbHO K

3a,RaⅥaM Op厂aHocoxpaHHo扬Mep,HU,HHbl B OHKO／IOFHH M Kap且MOxMpyp厂纠M

CospeMe．saH TeH且eHKHfl p83BHTHH 31a3epHofi Me且HU,HHh[一C03AaHHe H HpHMeHeHHe npn xHpyprHqecKHx

BMeIIIaTeJIbCTBaX HHTeⅡⅡeKTyaJlbHbIx ．ua3epHbix Me皿wuHHcKHx CHCTeM (smart laser medical systems)． ；9To
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P．c． 7 9KcnepHMeHTa肌HBH yCTaHOBKBⅡⅡH ce__IeKTMBSOFO

pHc．8[IOamMepHbte MflTpHubi

Pm．9 Or BHp'ryBJll,HOfi MoK目rmⅡ【】HuAsBHXyanbHoro H[IJbqHTaT8
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noKpe3yMenaeT BK J=IIOqeHHe B HX COCTaB cpe)ICTB oⅡepaTHBHo订 且HaFHOCTHKH H ynpaBnennH ⅡpOILeCCaMH

xHpypllIqecKHx BMeZ[[aTOJIbCTB C C00TBeTCTByIOIIlHM SHqoopMaRHOHHbIM 06ecⅡeVeHHeM． B HaCToⅡmee apeMa，KaK

npaaHno，npa npoBeReHHH髓3epHbIx onepa¨fi B CHCTeMe。6paTHo直CBR3H“nepH审epH螽HbIMM且aTqHK&MH”H“6a30费

Ⅱ,8HHBLX”c以y)KaT apenne，cnyx，OCH3aHHe H ONblT xHpypra． HHTeⅡⅡeKTya皿Hble Jla3epHble xttpyprHqecKne
CHCTeMBI H03BOJIffIOT HaH60nee HO．】IHO pea21H30BOTIo TaxHe ffpeHMyl工IeCTBa sm3epnoro cKaⅡbneⅡⅡKgtKⅡoKanbH()cTb

B03Ⅱe螽cTBHH，BblCOKaff CKOpOCTb，HpeⅡH3HOHHOCTb，HOBblCHT5 6eaonacHocT5 21a3epHblX MeTOAOB，pa3pa60TaTb

ⅡpHHIIHnHaⅡbHo HoBMe MeTOnbI opronocoxpaHHofi xHpypraH．

1llI弛“鹏K1，a丑h鼬_皿amepsam xapyprnqecKa且ycTasoDxa c CHCTeMO盏oHOpaTHBHOFO KOHTpO丑R npouecca

酡n8砷HHg 6ao'rxaneti珏o 06B丑TUO paccemqmoMy啪yqeH啪

B paMKaX nporpaMMU pa60z 14HCTRTyTa IIO naaepaofi a6naRHa 6HoTKaHe矗6bIⅡnpeAnomeH H peaJIH30BaH

UOBbIfi MeTOJI且叫Ⅱ8poBcKo矗_!I,HarH(X：THKH npoReccoB na3epHoro HcHapeHHH 6HOTKaHe矗，OCHOBaHHhlH Ha aBTO且HHOM

ⅡeTeKTHpOBaHHH(npneM Ha peaOHaTOp aasepa)06paTuo p。cceHHHOFO珏3 30HhI a6．aaK．H H3nyqenHa．B 3TOM MeToxe

CHYlOBOe H3JlyqeHHe 0ⅡHOBpeMeHHO HBJIHeTCH H 皿HarH0cTHpy砷u工HM- Bb,ao HOKa3aHO， qTO aBT0皿HHHoe

,ⅡeTeKTH])OBaHHe 06paTHo paccenHHoro H3ⅡyqeHHH f103BOASeT paannqaTb 6HOTKaHH B npouecce aa3epnofi a6n，IRHn B

pe¨bHOM MacmTa6e BpeMeHH H HccJIeKOBaTb OC06eHHOCTH naaepnoro pa3pytaeHna poaIibFIBIX TKaHefi，KaK

He0且Hop0且HMx MHOPO KOMffOHeHTHbIX cpe且[1H6．
Ha 683e C02一Jla3epHoro xHpyprnqecKoro aunapaTa HpOH3BOⅡCTBa FYIX“KB npn60pocTpoeHHlt”(r．Tyaa)

6buua paapa60TaHa H C03且SHa 9KcHepHMeHTaAbHaH Jia3epHaa xHpyprHqecKa目yCTflHOBKa Kaacca HHTenneKTyanbHbIX

Me且HKHHCKMX CHCTeM“HMCⅡaH岬”C HH岫pMaⅡHOH肿酋CHCTeMOH onepaTflBHOfi 06pa60TKH CHrHaJIa McHapeHHH
6HOTKaHe矗(CM．pnc．10)． Cne珥HanbHaa HH00pMaKHOHHafl CHCTeMa 06pa60TKH CHrHaJIa 06paTnO paccenHHo∞

H3ⅡyqeHHS c且on月8p0BcxHM C且BHFOM qaCTOTM H03BOmHST】)acⅡ03HaBaTb THn B嘶MpyeMo酋6MOTKaHH；onpe且e姗Tb

MOMeHT nepexoAa H3$1yqeHHa K ApyroMy；yi'ipaBJIjITb IIpoReccaMH pacceqeHHR，Ⅱep∞pauHH HYIH BbIHapHBaHHfl

6HOTKaHe曲B pe卸haoM MaciuTa6e BpeMeHH(npeKpalKaTb,npepbIBaTb HJIH npo且021xiaTb npoReccⅡpH_ⅢocTH)KeHHR

3aⅡaHHbIX yCaOBHfi)；rn6KO MeHRT5 pe)=KnM aHa_】1H3a—yntmBneHaa npoKeccaMH／la3epHhIX xHpyprHqeCKnX

BMeIIIaTeJIbCTB B COOTBeTCTBHH C HXOC06eHHOCTHMH(CM．pnc．1 1)．

pHc．10 JIa3epnaH xHpyprHqecKas yCTSHOBKa

Ha Haqa月to 2005 r．681．U／4 nlooBe／leHbl ycnemHble HCIIbITaHH${CHCTeMhl B rHU aaaepaofl MeⅡMuMHbl，000

 万方数据万方数据



V01．15 No．2，3 B-只．P-．awze肛o：n。pcIIeKTH衄Me珊a印H0_HH巾叩Ma邺HHHe TeXHOJlOFHH 13

,B,onnepoec嘲e cnek--rpbI nony'．1eHHble nD¨na3epHo自

nepqbopaL岬6¨aTKaHed(15 KBT／CM2)

口

^8

崩
D

P_Kj 11口』arwocTHKa THm 6HOTXaHefi

qaCTOTa叫1由

“HBA-MeaM”耶H xHpyprHqeCKOco neqem,m且06pOKaqecTBeHlibZX onyxonefi H HOB006pa30BaHHfi Ha KoFKe(60aee

20 onepaRHfi)H FHHeKOJIOFHH(60nee 10 onepaRHfi)，

B MOCKOBCKOM HayqHo-Hcc月e皿。即TeⅢbcKoM OHKOJlorHqeCKOM HHCTMTyTe HM．II．A．repueHa 3aKOHMOH KHKH

K豇HHHqeCKHX HCHbITaHHH Ha>KHBOTHbIX． OCHOBHaHⅡenb 3THX pa60T—pa3pado'rxa．na3epabLx Me且HqHHcKHx

TeXHO皿OFHR IIpeKH3HOHHOrO H opraHocoxpaHHoro y且aneHHH 3JIOKaqeCTBeHHhIX onyxonefi．Ha cer0KHHIIIHH自I皿eHb

TaM npoBeAeHo ycnelnHO yme Oonee 30 onepeⅡHff Ha HaKHeHTaX．

KJIHHHqeCKHe HCHMTaHHR HOKa3aJIH，qTO“HMC JIaHIIeT”且aeT B03MO)_KHOCTb Ko肿p0ⅡHpo瑚Tb HO皿HOTy

y且B$1eHHH 110pa>KeHHMX TKaHefi npn MHHHMaⅡbl{o矗CTeHeHH noBpe嫩皿eHHH 3且OpOBhTX B peaJIbHOM MaCRITa6e

BDeMeHH(cM．DHc．12)．

1I耵"互甄Ty丑皿雎置aX‘黯∞硼aI cHcT嘲a且姐髓p且HoⅫpyp麒H

B nepHo且c 1995 IIO 2004 rr．B HalHeM HHCTHTyTe 6u,rm pa3pa60TaHa H BHe且peHa
B KⅡHHHqecKyl0 HpaKTHKy

Ⅱa鬻pHaⅡMeKH驵HHCKaH HHTenⅡe耵ya皿bHa“yCTaHOBKa“Ilep如gop”(CM．pHC．13)．YCTaHOBKa HpeKHa3HaqeHa

且删 neqeHl¨[ HI聃MHqecK0矗 60ne3HH cepⅡua HO Hoaefimefi MeT0且HKe_TpaHcMHol(ap且蚰皿bHo直 na3epHoi?l

pe聃cKy册pH∞uHH(TMJIP)．

TMJIP—HOBaH npoueRypa xnpypraqecKoroⅡe聪删Ⅱpaaee Heonepa6eJtbitbix 6叩bHNx C THxKeJIbIMH

rlopaAKeHHHMH KOpOHapHMX alrrepnfl． Ⅱa3epHbI螽nynⅡp06MBaeT KSHIIJIllI B cepKeqHofi MmmKe co CTOpOHbI

angxapxa qepe3 MHOKapA H 9HKOKapA
B CTOpOHy HOⅡOCTH yIeBoro>KenyxoaKa·B 3aBHCHMOCTH

OT 30HbI

HmeMH3aⅡHH MHOK&pKa c03皿aeTcH 20—50 F￡aHSJIOB丑HaMeTpOM B 1 MM．Hocne 9TOFO KpoBb tiepe3 KaHaYlbI

110cTynaeT B apTepHanbHylo CeTb r洲oKapaa，06ecHeqHBaR 30HbI C HH3KOH He呻y3Hefi oKcHreHHpoBaH肿矗KpOSbm-

C咂聃HHMe aa3epou KaBItJIbl CO BpeMeHeM(HeCKOJlbKO Mecm‘eB)“盟pacTa帕T”，HO OHH HBHHloTCH ueHTpaMH，

aKTHBHO cT删y皿Hpy蛐HMH npoRecc aHrHoHeoreHe3a． BHOHb BMpOCmHe cocyKM 06ecⅡeqH髓10T BoocTaHOB皿e删o
pa60rocncc06aocrH HeKpOTHqeCKHX 30H t．moKapxa．

Onepauw IIpOHCXOⅡ,HT Ha pa60TalO皿eM cep矾e 6e3 HCHOⅫ530BaHHH anrlapa'i'a HCKyCCTBeHHOrO

xpoeoOS[口&tReHIIR，OTHOCHTeJIbHO MS／IOTpaBMaTHqHa，a BpeM珏“na3epHon”qHCTH He IlpeBbiLllaeT
30 MHHyT·MeroA

TMJIP．Mo)KeT 6hlTb Becbm帅KTHBeHⅡⅡa TeX HaHHeHTOB，KOTOPI．! IM He M0砸eT 6blTb npoBeKeHa
onepaRmt 6aflnacao茸xHpypraH(OC06eHHO nOBTOpHOfi)HJIH aHFHOHJIaCTHKH’a TaK)KeⅡ丑H

Tex cJzy。meB’zor且,a BCe

xpyrae MeTOⅡbl OKa3aJIHCb 6e3pe3yJIbTaTHbl．B 0T,ⅡeJIbHblX cnyqaHx B03MO>KHO COBMelKeHHe MeToxa TMJIP H

6afmacaofi xHpypraH．KaK HOKa3HJIH XHCKyCCHH Ha nepBofi MemAyHapoaaofi KOH曲peHI王HH“A玎bTep珊T衄Hbl8

MeToKM peBacKyffDIpH3aKHn MHOKapAa”(MOCKBa，2004 r．),日aJmHefimHfi nporpecc B；gTOM HanpaIuieHHH HeqeHHR

HHleMHqeCKOl4 6()He3HH cepxKa MHOFHe BeⅡymHe Kap且．oxnpyprH MHpa CBH3b[B8IGT
C HCFiOHb30BaHHeM中8KTOpOB
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capKOMa

5 w

]]a3epHoe pacE,eqeHHe M611JJL[6i KpblC61 H capKOM6J

5口

三
0 loo

主
50

tIm e sec

Da3epHoe pacceqeHHe MblLULlbl CO 3．qoKaqeCTBeHHhim

060a30日aH¨eM

(COBMeCTHO C MOCKOBCKHM HayqHO—VlccRe_凸,oBa'TeflbCKHM
OHKOJlOFRHeCKHM HHCTHTyTOM VIM．13 A．repueHa)

fla3epHoe HcnapeHHe KHCTb!HOFH qenoBeKa

soKpyr onyxon“

CTaAHH几a3epHoro B03日eHCTBHR npv y日aneHHH

AoOpoK3qeCTBeHHO自onyxonH

(COBMeCTHO C FocyAapCTBeHHbIM HayHHblM
LIeHTpOM na3epHo而MelqHu¨Hu．MOCKBa)

PHc．12 KJIHHHqeCKHe HCFIbITaHH 5t“MMC,．Y[aHIIeT”

薹’llc．13 Me且H醢HHcKa兄HHTe皿JIeKTya．ⅡbHa冠yCTaHoBKa“IIep∞Kop”(ⅡpHeM Ka HoBo蕴BepcHa

yCTaHOBKH)

pocTa H CTBOJIOBbIX KJIeTOK B KOMOHHalLHH C MeTOB,OM TM,YIP．

5

b

5

O

5

O

5
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OT[a3epHan yCTaHOBKa“l'IepqboKop”6bI腑c03且aHa Ha 6a3e pa3pa60TaHHoro B HⅡJIHT PAH BOJIHOBO且HOFO

o且HoMo丑oBor0 COz—na3epa KHJl210BaTHOFO ypOBHR MOIIl_HOCTH．皿YIH BbIHCHeHHfl MeXaHH3MOB C03且aHHH r,uydOKl,lX

／CSl4∞J10B MOIIIHhLM HMHyJIbCOM C02”naaepa 651J]H npoaejleHbl aKCHepHMeHTaⅡbHMe H TeopeTHRegKHe HccAeJ]．OBaHMH

HaⅡoⅡ06HMx rio pa；Iy CBOHCTB MnoKap皿y如eKTaX：oprcTeKno，Bo且a，6HOTKaHB“in vitro”．HcxoAH H3
IXoYlyqeHHMX且aHHMx，6b[．qla oHpeKeneHⅡnapaMerpbI HⅫyqeHHH且Y114 af埘JeKTHBHOH“ep中0paⅡHH MHoKap皿a．

BMⅡH HpoBeⅡeHM HccJIexOBaHHH HO onpeReneHHIO OHTHMaHbHOFO BpeMeHH B03ⅡeHCTBMH na3epHoro nMnynbca Ha

cepAeqHy’o MSll41Ky， CBH3aHHOFO c 9Kr HauHeHTa．Pa3pa60TaHbI 且Be Me'I'O且HKH onpe且eⅡeHHn BpeMeHH

npoXOhKKeHHH FpaHHKbI MMKIIxa KpoBb： OHTO—aKyCTHqeeKaH且HarHOCTHKa HⅡonⅡepoBCKaH且RarHOCTHKa

06paTH0r0 pacceHHHOrO H3 30Hbl a6ⅡHuHH HanyqeHHH，KOTOpllTe H03BO肌T H36e)KaTb BpeRKhtXⅡocJIe皿cTBH曲皿Ⅱ目

naKHeHTa， CB，13aHHbIX e nonaxaHaeM qaCTH aHeprHH na3epsoro H3nyqeHHH B K]pOab． 且EIH pea．uH3aKHH

OHpeⅡeneHHSlX BpeMeHHSIX Tpe60BaHMtt 6tuna pa3padoTaHa c14cTeMa ynpaBnenl414ⅡⅡⅡaa3epHofi yCTal40BKl4

“Hep自oxop’’C He06xOⅡHMblM llporpaMMHbIM 06ecHeqeHHeM‘17 2“．

Jqa3epHaH yCTaHOBKa“Hep垂oxop”He HMeeT aHa_IIoroB B POCCHH H EBpone，a lio CBOHM TeXHMzIeCKHM

xapaKTepHCTHKaM HpeBOCX0】I,HT no皿06Hyl0 aMepHKaHCXym yCTaHOBKy“Heart Laser”，eUHHCTBeHHyIO

BbInycxaeMyD Ha zanaⅡe'H flpoAaBaeMym rio ueHe，B HHTb pa3 npeBbllnaloIKeff CTOHMOCTb Hamen CHCTeMM．

CHCTeMa“[Iep400Kop’’ilpoui21a KJIHHH'-IecKHe HCHbITaHHH B ILeHTpe cepⅡeqHo_cocy且HcT0荫xmpyprH．HM． A．

H．BaKyneBa．HonyueH eelYrndpttKaT MHH3KpaBa POCCHH Ha cepHfiUbtfi BbInycK H HpHMeHeHHe B K皿HHH。lecKo黄

n蛆KTHKe．

HOBOe nOKO_IleHHe且MaFHOCTHHeCKMX CHCTeM且门只x¨pypr纠¨14 o巾

TaYl bMOJlOrl414

HH垂po阻Ⅱ由yH且yc．KaMepa c a皿aⅡTHBⅡo盏onTHqec丘。面CHCTeMO首H a6eppoMeTpOM peaabHoro SpeMem4

Hpn且HarH0cTHKe HaToHorHfi CeTHaTKH qeJloBeqecKoro FJIS3a B 60肚工LI姗cTBe c3yqaeB no“yqHTb H306P8ⅨeHMH

CeTqaTKH C npOCTpaHCTBeHHbIM pa3pemesHeM，0Fpa,HHHeHHhim且H中paKuHe盏Ha apaqKe r．rla3a，He y皿aeTcH．

I／13BeCTHO' qTO raa3 1王enOBeKa，He MMeIoIlII描 BbIpa)KeHHhLX mTo肿rH矗伴帅aKuHH， MO)；KeT CHHTaTbCH

npH6／IIOKeHl40且M圣paKuHoHHororpaHHqeHHbIM TOJIbKO npH MaJIOM皿HaMeTpe apaqKa 2—2．5 MM． EIpa 00JIbIHHX

RHaMeTpaX HpOCTpaHCTBeHHOe pa3pemeHne orpanHqeHo CJIyqa．HH／ulIMH a6eppa-MMn．9TH a6eppaL【HH BHOCHTCⅡ

por0BHI王efi'xpycTa_IIHKOM 14 cTeKⅡoBHAHbIM Te皿OM HⅡpHBo皿HT K He06XO且HMOCTH oFpaHMqeHHH z,14aMeTpa BXO且HOFO

3paqKa npn60pos且o 2 MM xns HccⅡe且oBaHHH FJIn3HOFO且Ha(垂yH且yc—KaMep)．

B pe3yJ]bTaTe MHOFOJIel．HeFo aHKaa巾yH且aMeHTaⅡbH姒 HccJIe且。船HH矗 B 06naCTn a且$1HTHBHOfi OHTHKH 14

MH垂opMaTHKH B HHEIHT PAH COBMeCTHO C MOCKOBCKHM rocy皿apcTBeHHhLM yHHBepCHTeTOM HM． 一M．&

JIoMoHOCOBa 6brna coa且aBa OHTHKeCKaH CHCTeMa，r103BoJiHioiijal4 KOMHeHCHpOBaTb a6eppauHH raaaa HⅡo皿yqHTb

i4306pa：．KeHWa CeTlIaTKH C BⅡCOKHM pa3pemeHneM(Ⅱo 1 MKM)，a TaK)_Ke OAHOBpeMeHH0 HpOH3BeCTH

OHTOMeTpHqeCKHe 143MepeHHs C TOtIHOCTbIO 0．02 MKM(CM．pHc．14)．

OnTHqecKaH CHCTeMa 6biaa c03且aHa Ha OCHOBe CTaHⅡapTHOfi 4)yH皿yC-KaMepbl(K垂F-2)， B KoHcTpyKⅡH的

KOTOpOfi 6bin BHeCeH pHⅡH3MeHeHH曲(KmF-2 BblflycKaeTcH cepnfiHO 3aFO])CKHM 0HTHKO-MeXaHHqeCKHM 3aB0且oM)；

6noKa aⅡaⅡTHBHo矗CHCTeMbI， COCTOSlKero H3 XHHaMH。IeCKOrO且aTqMKa BOnHOBOrO由poHTa IIIaKa rapTMaHa H

Mo且a册Hom 6HMO砷HOt0 KoppeKTOpa；uH中po∞矗BMCOKopaapelllalouleH xaMepi,t a6eppaLLl4H rna3a，a uH巾p0聃H

BbJcoxopa3pem&埘ⅡaⅡraMepa perH∞pHpyeT H306pa)王(eHHR CeTHaTKM．

IIoayqeHl4e BMCOKOKaqeCTBeHH0rO H306pa矾eHHⅡF_】Ia3HOFO且Ha B mHpOKOMⅡ0皿e 3peaaH(15。)，KOMHaKTHOCTb
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p眦．14 H蛳pa砒eHHⅡCCTtlaTKH rm蒴

a)Ⅱp KOMIIeHCallHtt；6)IlOCJIe KOMIIeHcaKHH a6。ppauHH

CHCTeMI)I H dTHOCHTeJ]bHaH npocToTa ynpaB．qemma AamT OCHODaHHe且儿Ⅱ8e 1／／BpoKoro HpHMeHeHHH B KJlHHHReCKOH

npaKTHKe且JlH TOqHOFO HO且60pa KOHTaKTHblX IIHH3，H3yqeHHⅡⅡaToⅡorH请pe中paKⅡMH’nJlaHmpoBaItHa onepa叫fi

珊3epHo矗 KoppeKI工HH．Ho MHeHHIO paAa 3KcHepToB， CHCTeMa MOYXeT HpHMeHHTbCH B 6HOMeTpHH 且nⅡ

H且eHTH巾HKauHH JIHKHOCTH HO“KapTHHKe”CeTqaTKH B ueⅡHx 5e30HacHOCTH HJlH 60pb61,l C TeppopH3MOM．CHCTeMa

npoxoKHT KJItlHHqeCKHe HCflblTaHHH B HHH FJIa3HblX 60JIe3Hefi PAMH H MHTK“MnKpoxHpyprHn Fyla3a”HMeHH

aKaReMHKa C．H． 中§且opoBa．Pa3pa60TKa yROCTOeHa nepBofi npeMHH HATO B 06JIacTH nayKn 3a 2003 r．

(nporpaMMa“HayKa BO HMH Mnpa’’)l 2”Ⅲ．

p眦．15 U．中po．an订HⅡyc_KaMepa c aⅡaⅡTH唧自OrITHqecKOfi c¨czemofi H a6eppOMCTpOM
pean¨oro BpeMeHI,I

3aKJlloqeHvle

BbIⅡa pa3pa60TaHa TeXHOJIOFHH且HcTaHuHoHH【)ro C03ⅡaHHH MoKenefi HO JIl060My THlly BXO皿HblX且aHHbIX
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