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CeronHs OOJHUM M3 TEPCNEKTUBHBIX HAIPaBICHUIN B XUPYPIUU SIBISIETCS MMPOBEIEHUE
MaJIOMHBAa3MBHBIX YHIIOCKOIMMYECKMX orepauuii [1—4], KoTopble 3HAYUTEIbHO CHIKAIOT
TPaBMaTUYHOCTh U YCKOPSIOT BOCCTAHOBJICHUE MOCJE OIepaluu, T.K. IeMCTBUS TTPOU3BO-
JISITCST yepe3 HeOOobIIoi MPpoKoJ. MajonHBa3UBHbIE DHIOCKONMYECKUE OMNepalvu Mo3Bo-
JISIIOT CYIIECTBEHHO CHU3UTh KPOBOMOTEPIO M PUCK MH(MUILIMPOBAHUS, UTO YCKOPSIET BBI3IO-
poBjieHue nocie onepaiuu. [1pu npoBeneHUM Takux orepanuii 60JbllIe HaaeK bl BO3a-
raloTcsl Ha TIPUMEHEHUE CIeIUATIbHBIX POOOTOB M MAaHUMYISLIMOHHBIX CUCTEM, KOTOpPBIE
MpYU PYYHOM WJIM TUCTAaHIIMOHHOM YIIPaBJIE€HUM CIIOCOOHBI CTaTh “‘aCCUCTeHTaMM’ XUpypra
[5, 6].

PasHbie BuAbI onepaiivii CUJIbHO OTJIMYAIOTCS APYT OT ipyra 1o dopme 1 00beMy paboueit
30HBI, a TaKXe HabOpy UCIOIb3YEeMbIX MPUCTIOCOOIEHU U UHCTPYMEHTOB. [IJIs1 pa3inyHbIX
onepaluii TpeOyloTCs CBOU CIieliMbHIeCKe MaHUMYJISITOPBI K MeXaHu3Mbl [6—9]. Co3naHbl
U WCITOJIb3YIOTCSI XUpypramMu pasianuyHblie yctpoiictBa [10]. Haubosee nusBecteH Xxupypruye-
ckuii komrieke daVinci Surgical System [11].

IIpoBeneHue MaTOMHBA3UBHBIX Olepalyii TpeOyeT HATWYUs CMeLMaTbHOI0 MHCTPYMEHTA
1 000pyd0BaHMsI, KOTOPBIC TTO3BOJISIIOT XUPYPry paboTaTh B KpaiiHe CTECHEHHBIX YCIOBUSIX
MpU orpaHUYeHHOU BUAMMOCTH [12, 13]. Ycunusi MHOrMX pa3pabOTYMKOB HarpaBeHbl Ha
COBEPIICHCTBOBAHME CYIIECTBYIOIIMX IHIOCKOTTUUYECKUX MHCTPYMEHTOB U CO3MIJaHNE HOBBIX
[14, 15]. ILlImpokoe pacrpocTpaHeHNE TOJIYYIA IPOCThIE SHIOCKOIMMYECKNE NHCTPYMEH-
ThI, COCTOSIIIIME U3 YIIPABJISIONIEH PYKOSATH U JJIMHHOTO TOHKOTO 3B€Ha, Ha KOHIIE KOTOPOTO
3aKperUieH 3axBaT, IPU HEOOXOAUMOCTU 3aMEHSIEMbIii Ha JIe3BMEe WJIM HOXHULIBL. Takue uH-
CTPYMEHTBI UMEIOT MOCTOSIHHYIO OPHUEHTALIMIO 3aXBaTa, YTO He Bcerna ynoOHO MpU MpoBeie-
HuM onepanuii. [To3ToMy NOsSIBUJIMCh MHCTPYMEHTHI, KOTOPBIE CITOCOOHBI BpAIIaThCsl BOKPYT
CBOEI1 OCH BMECTe € 3aXBaYeHHBIM OO'BEKTOM TIPY TTOCTOSTHHOM TTOJIOKEHUH €TO PYKOSITHU.
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Bonee coBepllleHHbIE MHCTPYMEHTBI MOTYT TaKKe UMETh U3TMOAIOIIUiiCs y4acTOK 3BeHa,
YTO MO3BOJISIET MEHSITh OpUEHTAlIUIO 3axBaTa, HarpuMep, MHCTpyMeHT “ROTICULATOR”
[16]. JomomHUTENbHBIE BOBMOXKHOCTH MHCTPYMEHTOB 00JierdyaoT paboTy xupypra. OmHako
V CYIIECTBYIOIIUX MHCTPYMEHTOB OTPAaHWYEHHBIN YTOJI 1 CKOPOCTb MU3rMba, 4TO CBSI3aHO CO
CIMOoCcO60M M3ruba IPY TTOMOIIM BBIIBUKEHUST U3 KECTKOW 000JI0YKH MTPeaBapUTETEHO N30~
THYTOTO Tpoca.

ITepBbIM 3TanioM XUPYPrudyecKoil ornepalry OObIYHO SIBJISIETCSI paccedyeHre TKaHei s
obecrieyeHUsT TOCTyIa XUpypra K Liejau onepanuu. B MaloMHBa3MBHOI XUPYPrUM AOCTYI
OCYIIIECTBIISICTCS Uepe3 MaJible pa3pe3bl WJIM MPOKOJIbl. BaxkHoit 3amaueit B HacTosiIiee BpeMst
SIBJISIETCSI CO3IaHUE MEXaHW3MOB, O0ECTIEYMBAIOIINX TTOCTOSIHHOE ITOJIOKEHUE IPOKOoJa.
Pa3paboraH psii MEXaHM3MOB, TTO3BOJISIIONIMX COXPAHSITh IMTOCTOSHCTBO TOYKH TTPOKOJIA MIPU
IMOBOPOTAaX MHCTpYMEeHTa. Takue MeXxaHM3MBbl CO3aIOTCs Ha OCHOBe Tapasenorpamma [17]
VI UCTIOJB3YIOTCSI KPYTroBble HallpaBisdionive u chepudeckue MexaHusmbl [7, 10]. OHu
obecrieynBaloT TMTOBOPOT MHCTPYMEHTA BOKPYT HEMOIBWKHOM TOYKM BBOAA, YTO CHMXKAET
TpaBMaTUYHOCTH onepanuu. [TocrymnarebHOE IBUKEHNE MHCTPYMEHTA B TAKMX MaHUITYJISI-
TOpax OOBIYHO OCYILECTBIISIETCS OTAETbHBIM ITPUBOIOM.

M3BecTHBI MEXaHU3MBI, TTO3BOJISIIOIIUE U30THYTh YY4aCTOK MHCTPYMEHTa MOJ00HO X000-
Ty. Takoit “X060T” SIBJISIETCS MHOTO3BEHHBIM TTOC/IEIOBATEIbHBIM MaHUTIYJISITOPOM, UMEIO-
IIIMM HECKOJIbKO OOMHAKOBBIX 3BeHbEB [18]. B cyliecTByOIMX KOHCTPYKIUSIX “X000T” UMe-
€T BO3MOXKHOCTb M3rMba B IBYX TUIOCKOCTSIX, YTO HECKOJIBKO MOBBIIIAET €T0 BO3MOXKHOCTH B
KayecTBEe MaHUIYJISITOpA, OMHAKO YCIOXHSIET yIIpaBjleHue MHCTpyMeHToM. Kpome Toro, Be-
JIMYMHA M3ruba B MMEIOIINUXCS MHCTPYMEHTaX OTHOCUTEJbHO HEBEJIUKa U He IpEeBbIIIacT
90°. IMoaToMy aKTyaIbHOI SIBJIsIETCSI pa3paboTKa MHCTPYMEHTA C U3TMOOM B OTHOM TJIOCKO-
CTH, HO TMPU 3HAYUTEJIBHO OOJIBIITNX TMAIIa30HaX yIjla M3ruba.

Jnsa pemennsa takux 3agad B UMAILL PAH coBmectro ¢ LIKB PAH 6butn paspaboTaHbr
MaHUMYJISATOPBI W WHCTPYMEHTBHI JUISI TPOBENSHUST SHIOCKONMYECKUX OIepaluii.
B HacTosieit craTbe nmpeacTaBieHbl HEKOTOpble U3 HUuX. HeoOXonumMo oTMEeTUTh, UTO pac-
cMaTpUBaeMble MHCTPYMEHTHI MPEACTaBICHbI B BUE SKCIIEPUMEHTATbHBIX MaKEeTOB, IMO3BO-
JITIOIIMX OLEHUTh MPUMEHUMOCTD TOW WJIM MHOM CXEeMBI JIJIs OKa3aHUsI TOMOIIY XUPYPTY.

B yactHocTu, B UMAIIl PAH pa3paGoTaH MHCTpYMEHT ¢ pabOYMM OpraHOM B BUJIE lie-
TMOYKU M3 HECKOJIBLKUX OIWHAKOBBIX 3JIEMEHTOB, CITOCOOHBIN U3rnbaThCs B TNIOCKOCTH Ha
3HAUYWTEbHBIE YTJIbI, 00JIafasi Xopolleil ynpasisiemocTbio. Ha puc. 1 npeacraBieH oouit
BUJ MHCTPYMEHTA U €ro 3axBaT / B MOJOXEHUN MaKcUMaJibHOro usrnda. C ero nomMouibo
MOXHO OpaTh U YAEPXKUBATh XMPYPTrUUECKYIO HUTb WU NPYyroid 00beKT. MHCTPYMEHT Takxke
MOXXHO OCHACTUTB JIE3BUEM WJIM HOXKHUIIAMU.

3axBaT pacrojoXeH Ha KOHEUYHOM 3BE€He U3rnbarolierocss MHOro3BeHHOro yyactka 2 uH-
crpymeHTa (puc. 1). M3rubamimiicss y4acToK, B CBOIO OYepelb, COENUHEH C HadyaJlbHBIM
3BEHOM 3, 3aKpETUICHHBIM Ha YIIPaBJISAIONIEH PYKOSITH 4, KOTOpast UTpaeT B MEXaHU3Me POJTb
ocHoBaHUs. Ha Heli TakKe pa3MelieHbl OpraHbl YIIPaBJICHUsI — phIYar 3axBarta S 1 IMepexio-
yaresb M3ruba MHCTpyMeHTa 6. Priuar 3axBaTa CBSI3aH TPOCOM C MOABMXKHOI ryokoii. Tpoc
yIpaBjieHus] 3aXBaTOM CBOOOIHO MPOXOIUT Yyepe3 Bce 3BeHbs MHCTpYMeHTa. [1pu aToM mis
YMEHBIIIEHUS BIMSHUS U3rnbda 3BeHa Ha T0JIOKEHHEe 3aXBaTa TPOC NOJIKEH UATH Yepe3 OCU
MOBOPOTA 3BEHbBEB.

M3rub yyactka MHCTpyMeHTa MPOU3BOIUTCS HATSKEHUEM Tpoca U3rnuba, Takxe cBoOO/I -
HO TIPOXOJISIIETo Yepes3 BCe 3BeHbs] MHCTpyMeHTa. OUH KOHEe1l Tpoca 3aKpeTieH Ha KOHe-
HOM 3BeHe, a IPYroil — Ha nepekiodaresie u3rnda 6. [Ipu nepectaHoOBKe TepeKitouaTess Ha
rpeGeHKe pyKOSITU OH HAaTSATUBAET yIPaBIS IO TPOC M3ruoda, U rnepekaodaresb Gukcupy-
eTCsl B BBLIOpaHHOM ITOJIOXKEHUM B a3y rpedeHKku. Bo3Bpar 3axBaTa M 3B€HLEB B UCXOIHOE
MOJIOKEHHWE TTPOU3BOANUTCS BO3BPATHBIMU Mpy>kuHamMu. C MOMOIIBIO OPraHOB YIIpaBIeHUS
XUPYPT MOXET U3MEHSITh TTOJIOKEHUE U OPUEHTAIMIO 3aXBaTa U, COOTBETCTBEHHO, 3a3KaTOro
oObeKTa.
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Puc. 1. UHCTpyMEHT ¢ M3rMbaIOLIMMCST y9acTKOM (X000T).

(a) ©)

Puc. 2. IHCTpyMEHT ¢ He3aBUCUMbBIMM I'yOKaMu: (a), (6) — BapuaHThI MMOJOXKEHHUsI TYOOK.

MakcuMalibHBIN U3rU0 TIPU TaKOM CIToco0e YIpaBJIeHUSI 3aBUCUT OT TEOMETPUHU TIpOMe-
JKYTOUHBIX 3BEHbEB 1 UX KoJinmyecTBa. JIjist ymo6eTBa CTepUiIn3aiii MHCTPYMEHT MOXKHO T10-
MECTUTb B YIPYTMi 3JIaCTUYHBIN 4eXOJ, KOTOPBIM OTHOBPEMEHHO CITOCOOEH BBHITIONHSTH
GYHKIIMIO pa3rudaoIux NPpy>KUH 3BEHbEB.

ITo npemnoxenuto LIKb PAH B UMAII PAH 6b11u pazpabotaHbl MHCTPYMEHThI, B KO-
TOPBIX OCh BpallleHUs TYOOK 3axBaTa MepIeHANKYISIpHA OCH MHCTpyMeHTa. Takoe IBUXKeHUe
Ty6OK TO3BOJISIET PACITUPUTH BO3MOKHOCTH MHCTPYMEHTA, MOCKOJIBKY MTOBEPHYTHIE TYOKM
MOXHO MCHOJIb30BaTh KaK KPIOUOK JUISI NeMCTBUI ¢ XUpypruuyeckoit HuThio. K aToii rpyrime
OTHOCUTCSI UHCTPYMEHT C IByMsI HE3aBUCUMbBIMU ryOKkamu (puc. 2).

DTOT MHCTpyMEHT nogobeH 3axBaTy EndoWrist, mpumensiemomy B po6ote daVinci. ['yoku
3aKperUIeHbl Ha OHOI OCY Ha KOHIIe MHCTPYMEHTA U BpalllaloTCs B IMAITa30HEe YIJIOB, OJIM3-
KoM K 360°. TTpu BpallieHMM HABCTpeuy APYr APYry OHU 3aXBaThIBAlOT OOBEKT, HAIIPUMED,
HUTH. Jlasiee 0ObEKT MepemMelaeTcsi COBMECTHBIM COIJIACOBAHHBIM JABMKEHUEM Tyook. [Tpu
pACIIOJIOKEHUU T'yOOK C OMHOI CTOPOHBI MHCTpYMeHTa (pUc. 26), oOpasyeTcsl KpIo4oK, KO-
TOPBI MOXHO MCITOJIb30BaTh JIJISl 3alleTIJIEHUS] HUTH.
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Puc. 3. IHCTpYyMEHT ¢ He3aBUCUMbBIMK I'yOKaMu. TpOChI yIipaBiaeHUsI.

['yOku MoryT pacmnojaratbcs ¢ 00eMX CTOPOH MHCTPYMEHTa, 00pa3ysl I1Ba KpIlodKa JJIsI 3a-
nerieHuss HUTH (puc. 2a). Takue DONMOTHUTEIbHBIE BO3MOXHOCTH TaKKe 00JIerdaloT Jcii-
CTBUS ¢ HUTBIO. Ecin 06e ryGKM pacIoIOXXUTh BAOJIbL OCU MHCTPYMEHTA, TO OHU HE CO3al0T
OPEensITCTBUSI TIPU COCKaIb3bIBaHUM HUTU. [10g0OHbBIIN MHCTPYMEHT YIOOEH IpU BSI3aHUU
y3J10B. OCHOBaHME-PYKOSITh UHCTPYMEHTA COACPXKUT ABa pbluara yrpapJeHUs, CBI3aHHBIX
yIpasJsiommmMu Tpocamu (puc. 3) ¢ rybkamu 3axBara.

B UMAII PAH Ttakxe pazpaboTaHbl MHCTPYMEHTBI C BUTBIM Y4aCTKOM 3BeHa U (DUKCH-
pOBaHHBLIM MMOBOpOTOM 3axBaTa Ha 180° u 360°. Takas (popMa 3BeHa U (PUKCUPOBAHHBII TTO-
BOPOT 3axBaTa 00JIeT4aloT 3aXBaT HUTU U BsI3aHUE y3JIOB, UTO 00ECTeYBaeT HOBBIM UHCTPY-
MEHTaM TPEMMYIIECTBO Tepe/l CYLIeCTBOBABIIMMHU paHee KOHCTPyKUUsiMU. BaxHoil oco-
OEHHOCTbHIO ATUX MEXaHU3MOB SIBJISIETCSI BO3MOXHOCTh (pUKcAllMM 3axBaTa B BbIOpAaHHOM
nonoxeHuu. Ha puc. 4 nokasan nepBblii u3 pazpadboraHHbix B MMAII PAH nHcTpymMeHTOB
TaKOTO TUA.

Ha ocHoBaHuu-pykosT! / pa3MelleHo MOJABUKHOE BbIXOAHOE 3BeHO 2. OHO uMeeT BO3-
MOXHOCTh BpalliaTbcsi BOKpPYT cBoeii ocu. Ha KoHIle 3BeHa mocienoBaTeIbHO 3aKPETUIeHbI
BUTOI y9acTOK 3 M 3aXBaT 4, KOTOPBIA MMeeT HENOABIIKHYIO I'yOKY, 3K€CTKO IPUKPEILICH-
HYI0 K BUHTOBOMY y4YacTKy W MOABMXXHYIO TYOKY 5. [Tpon3BOJIbHBIIT MOBOPOT 3BeHa 2 OCy-
1LIECTBJISIETCSI TOBOPOTOM 3aKPEIJIEHHOTO Ha 3BeHe 3y0uaToro Kojeca 6, KoTopoe hukcupy-
ercs B TpeOyeMOM TMOJIOXEHUU pblyaroM bUKcaluu 7, pacrnoioKeHHBIM Ha PYKOSITU-OCHO-
BaHUU. B 3TOM MHCTpyMeHTe (MKCUPOBAHHBIN MOBOPOT 3BeHa Ha 180° ocyiecTBusieTcs
CrelMaJIbHBIM pblYyaroM &, pacriojloXXeHHbIM Ha ocHoBaHUU. [Ipy HaxaTuu peryar § naBuT
Ha KOJIbLIEBOU BBICTYIT 9. DTOT KOJbILIEBOI BBICTYM 3aKpeIieH Ha KOHIIE TPYOKM C MajiblieM.
PacrionoxxeHHast BHYTpU 3BeHa 2 TpyOKa cIBMUTaeTcsl Ha3al, Mpu 3TOM Majell ABUXETCS B
crnupaibHOM nase /0 3BeHa 2, MOBOpauuBasi 3B€HO U 3aKpeIyIeHHbIN Ha HeM 3axBaT. Pukca-
1I1s1 3B€HA OCYIIIECTBIISIETCS CIIeMaIbHBIM PhlYaroM 7, pacriojlo(keHHbIM Ha OCHOBaHUM U
3y6UaThIM KOJIECOM 6, 3aKpETIJICHHBIM Ha 3BeHe. DTH XKe 2JIEMEeHTBI UCITOb3YIOTCS TSI TIPO-
M3BOJIBHOTO PYYHOTO MTOBOPOTA 3BeHa. Bo3BpaT TpyOKU B MCXOMHOE TTOJIOXKEHUE TTPU OTITyC-
KaHUM pblyara & oCyllIecTBIsIeTCsSl BO3BpaTHOI npyxkuHoii /1. [Ipu Bo3BpaTe He MPOUCXOIUT
BpallleHUsI 3axBaTa.

JJ1st OTKpBIBaHUS 3aXBaTa B KAYECTBE BO3BPATHOM MPYXXMHBI UCITOJIb30BAHBI TOCTOSIHHBIC
MarHuThl, 3aKpeIlJIeHHbIe Ha ryOKaxXx ¥ MMelollue BCTpEYHOe HarlpaBjieHre MoaocoB. Jis
yIpaBJieHUs 3aXBaTOM IMpenHa3HavyeH pbiyar 12 (puc. 4), IapHUPHO 3aKPETUICHHBIN Ha py-
KosITU-OCHOBaHUU. OH CBSI3aH C MOIBUXKHOM I'yOKOIi 3axBaTa TPOCOM, MPOXOASIIINM Yepes
TpyOUaThlii BAHTOBOI y4acTOK 3 1 TpyO4aTOe BHIXOAHOE 3BeHO 2. 3aKphITUE 3axBaTa (PUKCH-
pyeTcs pacIoJioXXeHHOI Ha PYKOSITU I'PeOEeHKOIM.

Bropoii u3 paspaboranHbix B UMAILl PAH nHCTpyMEHTOB ITOOOGHOTO TUMA TPEACTaB-
JIEH Ha pUC. 5 B ABYX paKypcax: ¢ BEpXHel U HUXKHEU CTOPOH.
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Puc. 4. UHCTpYMEHT C BUTBHIM y4aCTKOM 3BeHa ¥ GUKCUPOBAHHBIM OBOPOTOM Ha 180°.

B nepByio odepenb MHCTPYMEHT MpeaHa3HavYeH JUIsT OKa3aHWs TTOMOIIY XUPYPry B Bsi3a-
HUU y3JI0B TIPU OTpaHUYECHHOM JOCTyIe. MHCTpYMEeHT obecrnieunBaeT yuepkaHue oObeKTa
MIpY MOBOPOTE 3axBaTa, pydyHOe CBOOOMHOE BpallleH!e 3axBaTa M (PMKCAILlMU €r0 B BBIOpAaHHOM
ITOJIOXKEHWH, TIOBOPOT 3axBaTta Ha (DMKCUPOBAHHBIN yroj 360° B OMHY U IPYTYIO CTOPOHY.

B nepBylo ouepeab MHCTPYMEHT MpeaHa3HavyeH JUIsl OKa3aHWs TTOMOIIY XUPYPry B Bsi3a-
HUM Y3JIOB MPU OrpaHUYeHHOM aoctyne. MHCTpyMeHT obecreunBaeT yaepxkaHue oObeKTa
MPU MOBOPOTE 3axBaTa, pyyHOe CBOOOIHOE BpallleHHEe 3axBaTa U (hMKCallMy €ro B BHIOpaHHOM
TIOJTIOXKEHUU, TTOBOPOT 3axXBaTa Ha (PMKCUPOBaHHBI yroir 360° B OMHY U IPYTYIO CTOPOHY.

Ha pykosiTu 1, KoTOopast UTpaeT pojib OCHOBaHMsI, COOCHO YCTAHOBJICHBI Benylnii 2 U Be-
TIOMBII 3 TIOJTbIe BaJIbl, KaXKIBI U3 KOTOPBIX YCTAHOBJIEH Ha BE OMOPHI. DTU BaJIbl UMEIOT
BO3MOXHOCTb He3aBUCUMOTO BpaiieHus1. Ha KkoHile Bemomoro Bayia 3 3aKperuieH TpyOoJaThlit
BUTOM y4acTOK 4 C 3aXBaTOM J, UMEIOIINI HETTOABUKHYIO M MOABUXHYIO 6 Tyoku. Ha oGenx
ryokax 3axBaTa HaxOAsITCSI TOCTOSIHHbIE MarHUTBI 7. OHU UMEIOT BCTPEUYHO HarpaBJICHHbIE
MoJiIoca U UTPaloT poJib TIPYKUHBI pacKpbITHs 3axBaTa. HermonBuskHast ryOKa XecTKo 3a-
KpeTuleHa Ha BUTOM y4JacTKe 4, TTOABMIKHAsI TyOKa 6 cBsA3aHa TPOCAMU YIIPABICHMUS, TIPOXO-
NSIIMMU yepe3 00a Bajia, C pblyaroM yrpasieH!s 3aXBaTOM § U BO3BPATHOM MPYKUHOM 9.

Dukcaiust pplyara 3axpaTa B CKaTOM ITOJIOXEHUM TTPOU3BOAUTCS 3allEIKOM, KOTOopas
nomnanaeT B 3yObsl ppryara 8. OcBOOOXIEHUE pblyara Mporu3BOAUTCS BpyuyHY1o. CBSI3b BeIy-
IIIETO M BEIOMOI'0 BAaJIOB OCYIIECTBIISIETCSI C TIOMOIIBIO TepeKIIrovatolieii Mydtol 10, KoTo-
pasi Bpy4yHYIO TlepeMellaeTcsl M3 OHOro KpaifHero MnoJyioxXeHus1 B apyroe. boiiee monpo6HO
y3eJl epeKIIoYeHsT PEXXMMOB TToKa3aH Ha puc. 6a. MydTta 10 Bcerma cBs3aHa ¢ BEIOMBIM
BayioM 3 rocpencTBom na3a /7 Ha mydTe u rpeOHs 12 Ha BEIOMOM BaJjie, YTO ITO3BOJISIET IIe-
penaBaTh BpallleHHe My(dThl BEIOMOMY BaJly TIpU €€ MepeMelleH. B 3amHeM MoIoKeHn
IIeCTUTPaHHOE OTBepcThe MyhThl HaleBaeTCs Ha IIECTUTPAHHBIM YJYacCTOK BeIylllero
Baja /3, u oHa (PUKCUPYeTCs Ha Bajly ITOCTOSIHHBIMU MarHUTaMu 3aHEro MOJOXeHUs [4,
3aKperieHHbIMU Ha MydTe. B aTOM motoxkeHun MydTa cBSI3bIBaeT BEAYIIMI M BEAOMBbIi1 Ba-
JIbI 1 00€CIIeunBaeT MX COBMECTHOE BpallleHUeE.
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(a) (06)

Puc. 6. Y3116l HHCTPYMEHTA ¢ TTOBOPOTOM Ha 360°: (a) — y3eJ nepekIroueHus: peXUMOB; (6) — y3eJ oBopoTa BeLy-

1LIeTOo BaJja.

ITpu nepectaHoBKe My(dTHI B iepenHee KpaifHee TOJIOKeHe IIeCTUTPAHHbBIN yJ4acTOK Be-
TTyIIIeTO Bajia BHIXOMMT M3 3alIETUICHMS C IIECTUTPAHHBIM OTBepCTHEM MY(DTHI, BEIOMbIN Bajl
pacuerisieTcs: ¢ BEAyIIMM U MOXKET HE3aBUCHMO MOBOPAYUBATHCSI BPYUHYIO 32 TUCK MY(DTHI.
[ToBOpOT BetoMOro Bajia BelleT K MOBOPOTY 3aKPEIIEHHOTO Ha HEM 3axBaTa.

Dukcaiys nepekiovaronieil MyGThl B TTIepeaHeM TOJTOXEHUH OCYIIECTBISIETCS 3aKPeT-
JICHHBIMU Ha OCHOBAHWUM TOCTOSIHHBIMM MarHuTamMu 15. DTU Xe MarHUThl OCYIIECTBISIOT
dukcamnuio MydThI, Bajila 1, COOTBETCTBEHHO, 3aXBaTa 3a CYET BLICOKOTO TPEHUSI MEXIy 3a-
KpeTUIEeHHBIMU Ha PYKOSITH-OCHOBAaHWM MarHUTaMU W CTaJIbHBIM TUCKOM MydThl. PUKca-
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Mt My(ThI B 3aJHEM TTOJIOKEHUM, KOT/Ia BEAYLIUI U BEIOMBIIA BaJlbl CBSI3aHbI, OCYIIICCTBIISI -
€TCsl TIOCTOSIHHBIMU MarHuTaMu /4, BCTpOEHHBIMU B MyTY.

J71st ocyiiecTBiIeHUST (PUKCMPOBaHHOTO TOBOpoTa Ha 360° B 06e CTOPOHBI MpeIHa3HAYCH Y3e
TTOBOPOTA BEIYIIIETO BaJia, BHIMOJIHEHHBIN B BUIE 3y0UaTO-peeuHOro MexaHu3Mma (puc. 60).

B mpenbiayiem ciydae st loBopoTa 3axBara Ha 180° ObLT MCITOJB30BaH MEXaHU3M CO
CIUpaibHBIM Ma3oM U najiblieM. Ho B maHHOM citydae TpeOyeTcsl yBeJIMYeHue IJIMHBI 11a3a,
U, CJIeA0BaTeNIbHO, pa3Mepa MHCTpyMeHTa. MOXHO YBEJIMYUTD YroJl HaKJIOHA T1a3a, HO 3TO
MPUBEAET K CHUXXEHUIO HAZAEXHOCTU pabOThl MHCTPYMEHTA M3-3a TMOBBIIIEHHOTO TPEHUS.
ITosTomy mitst GUKCUPOBAHHOTO MTOBOpoTa Ha 360° B 00€ CTOpOHBI OblIa BEIOpaHa 3y04aTo-
peedHas nepenayda, Koropasi ooecrnedymBaeT TpeOyeMblid yroyl TOBOPOTAa MHCTPYMEHTA U 1aXe
MMO3BOJISIET YMEHBIIUTD €r0 JUINHY. Y3eJ MOBOpOTa Beayliero (puc. 6) COmep>KUT MOABUXK-
HYIO KapeTKy /6 moBopoTa Beaylllero Bajia ¢ pyKosiTblo. KapeTka ¢ 3akperieHHOit Ha Heit
3y0uaToii peiikoii 17 MOXeT BpyUHYIO IlepeMeliaThes B 1a3e oCHOBaHUs. B3auMoneiicTByto-
IIee ¢ pelikoii 3yb4yaToe Kojieco /& 3aKpeIuieHO Ha BeayineM Baiy 2. [lepeMmelneHre moaBI:K-
HOI KapeTKH M3 OTHOTO KpailHero MnoJio>KeHUs B APYroe COOTBETCTBYET ITOBOPOTY BEAYILIETO
BaJia Ha 360°.

JIJ1st TOBOpOTa BEIOMOTO Bajla 1 CBSI3aHHOTO C HUM 3aXBaTa HEOOXOIMMO YCTAaHOBUTD T1e-
peKIoyapilyo MyqdTy B 3aaHee TOJOXKEHHUEe, UTO 00ecTieunBaeT CBsI3b 00oux BayioB. [1pu
9TOM py4HOE BpalleHue My(dThl HEXeNaTeIbHO. 3aKPhITHE U PACKPBITAE 3aXBaTa OCYIIECTB-
JIsIeTCsl pblyaroM ymnpasjieHus 3axBatoM &. [1pu HaxkaTuu pbluara HaTSIXKeHUE Tpoca BeleT K
NepeMeleHUIo TTOABMKHOM I'yOKM M 3akpbITHIO 3axBaTa. DUKcalMsl pblyara yrnpaBieHUs
MMPOM3BOIUTCS MOANPYKMHEHHOI 3allleJIKOi M 3yOuaToii rpeOeHKO Ha pblyare & 3axBarta,
pacdukcamnuys Ipou3BOIUTCS PYYHBIM OITyCKaHUWEM 3allefiku. s Bo3BpaTa IOABUKHOM
ryOKu 6 B OTKPBITOE TMOJOXEHME MCTIOIB3YIOTCSI BO3BpaTHasl MpyXuHa 9, cBsI3aHHas1 ¢ Hel
TPOCOM, U IBa 3aKPEIUICHHBIX Ha TyOKaX IMOCTOSIHHBIX MarHuTa 7.

TakuM 006pa3oM, UHCTPYMEHT IO3BOJISIET 3aXBaTUTh OOBEKT U 3apUKCUPOBATH €ro 3a-
KperuieHue, o6ecIieynBacT MOBOPOT 3aXBaTa Ha MPOU3BOJIbHBIN yroy ¢ dukcanmeii. Takxke
BO3MOXKEH MMOBOPOT Ha 360° B 06€ CTOPOHBI. DTU TOIMOJTHUTETbHBIE BO3MOXKHOCTH MO3BOJISI-
10T 00JIETYNTH pabOTy XMpPypra Npu MpOBEACHUN IHAOCKOITNYECKUX ONepalii U yIIPOCTUTD
BsI3aHUE Y3JIOB.

HMtak, B HacTosleil cTaTbe TIPENCTaBICHBI HOBBIE WHCTPYMEHTBI, pa3paboTaHHbIC
MMAILI PAH cosBmectHo ¢ LIKBb PAH s okazaHus moMoiu Xupypry Mmpu MpoOBEAeHUN
orepaiuii. DT UHCTPYMEHThI TTO3BOJISIIOT OOJIETYUTH BBITIOJTHEHUE TaKOW pacipOCTpaHEeH-
HOI 3a7a4yu, Kak 3aBSI3bIBaHME Y3JI0B TPU HAJIOXXEHUM 1IBOB. PazpaboTaHHbIE yCTpoiCcTBa
00J1a1al0T AOTMOJHUTEIbHBIMU CBOMCTBAMU, PACLIMPSIOIIMMU O0JIACTh MX MPUMEHEHUS.
B HacTost1iee Bpemsi pa3pabOTKU HaXOASITCS Ha CTaAuM SKCIIepUMEHTaIbHbBIX 00pa3ioB. Co-
tpynHukamMmu UMAIIl PAH npu coneiictBuu L1IKb PAH npoBoguTtcst uccienoBaHue 1 Co-
BEpIIEHCTBOBAaHNE KOHCTPYKLIMA UHCTPYMEHTOB.
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