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KopucHa mMogenb HanexuTb 40 MeOuUMHW, a caMe CTOCYETbCA HEeNpOoXipypriYHOro nikyBaHHS
iHTpakpaHianbHUX NYXNWH NPY 3MiHax y OYHKUIOHaNbLHO BaXXNMBUX 30HAX FOMIOBHOrO MO3KY.

OpHieto 3 GaraTbOX NPUYUH, WO NPU3BOANTL A0 HEraTUBHUX HACNIAKIB Mig Yac HeMpoXipypriyHOro
NiKyBaHHS iHTpakpaHianbHUX NyXAWH Npy 3MiHaX y YHKUIOHANbHO BaXXMBUX 30HAX FOMIOBHOIO MO3KY,
€ HEeMOXNUBICTb BMAANEHHs NyXMAWH $IK MOBHICTIO, TaK i YaCTKOBO, WO 3HAxXoOATbCHA Y MicLUAX
rOfIOBHOr0 MO3KY, SKi BiAMOBiAAalOTb 3@ OCHOBHI >XUTTEBI YHKUii noguHU. HaBiTb He3HauHi
MOLLKOPKEHHSA LMX OINAHOK FONIOBHOrO MO3KY MOXYTb MPM3BECTU OO0 iHBanigmsadii, a y ripwomy
BUNaaKy, i 4O NiTanbHMX BUNagKiB nig Yac onepadii. ToMy HenpoxipypriyHe BTpy4YaHHS B TakuUxX MicusX
BBaXXaETbCS HEMOXIMBUMM abo AyXe PU3NKOBaHWMM, ane, AKWO Taki HeMpoXxipypridHi onepadii no
XUTTEBUX MOKa3HUKax NPOBOAATLCHA, TO BOHW BUKOHYHOTLCH i3 3aCTOCYBAHHAM Na3epHUX TEXHOOrin
rineprepmii nyxnuH. Ha »>anb, B Takux Bunagkax [OBOAUTHCH 3a40BOSIbHATUCA YaCTKOBUM
BUOANEHHSAM [HTpakpaHianbHUX MyXMMH NpU 3MiHax Yy (PYHKUIOHaNbHO BaXINMBUX 30HAX FOMOBHOMO
MO3KY 3 HACTYMHUM JlikyBaHHSIM XBOPOrO NikapCbkMMK 3acobamu Ta 3a ONOMOrol pagiotepanii, ane
ue He 3aBXau MpUBOAMTL A0 OAYXKaHHA XBOPOro, TOMY LWO MNyXfMHA He BuaaneHa MOBHICTIO,
0COBNMMBO 3MOSAKICHA NyXMMHa MOYMHAE 3HOBY POCTU. TOMy Ha 4vaci € onTuMmisauisa TexHonorii
XipypriyHOro nikyBaHHS XBOPUX Ha NYXMWHW MNiBKYMNb BEMMKOro MO3KY 3 3aCTOCYBaHHSAM NPOrpecuBHMX
nasepHux Ta HasirauinHux TexHonorii [1].

Bigoma cuctema Hempowasirauii [6-8], nporpamHe 3abe3nedyeHHs AKOI B MpOUECi XipypriyHoro
BTPYYaHHA Ha rONoOBHOMY MO3Ky Bigobpakae Ha ekpaHi MOHITOpa BipTyanbHe ChiBBiAHOLLEHHS
XipypriYHOro iHCTpYMEHTY OO OAep)XaHMX OO0 onepauii MarHiTHO-pe3oHaHCHMX 300paykeHb MO3Ky. Lis
cucteMa [ae MOXMMBICTb ofepXaTu 300pakeHHs! CTPYKTyp [OMOBHOMO MO3Ky, ane He Mae
MOXIMBOCTi 3abe3nednTn aBTOMaTWYHE BBEAEHHSI B MO3KOBi CTPYKTYpU €neKkTpoda, vepes3 sikKum
NpoOBOANTLCA [is Na3epHOro OMNPOMIHEHHA Ha NyxnuHY. ICHye TakoX poboTu3oBaHa XipypriyHa
cuctema da Vinci Surgical System - ue npunag ang NnpoBeAeHHS XipypriYHmx onepawin, Skmin mae asa
Bnoku: nepwwnii - Ang xipypra-oneparopa, a Apyrui - YHoTUPUPYKUn pOBOT-MaHIiNynaTop € BUKOHYIOUYUM
MexaHiamom. PoboTa cuctemun 34iMCHIOETBCS HAcTynHUM 4YMHOM. OpgHa 3 "pyk" pobota Tpumae
Bijeokamepy, fka nepegac 306pakeHHs YaCTWHU, L0 OMNepyeTbCH, a ABi iHWI B PEXUMI pearibHOro
yacy BigOBpPaxylTb BUMKOHYBaHi XipyproM pyxu, a 4detBepTa "pyka" BUKOHYe (DYHKUii acucTeHTa
xipypra [2]. Lia cuctema gobpe npautoe B 3aranbHivi xipyprii, ane BoHa He Moxe GyTu 3acTocoBaHa
ANsi BUKOHAHHSA HEMpPOXipypriYHMX onepawin 3 KifbkoxX NPUYKMH: No-NepLue, BOHa He MPUCTOCOBaHa Ans
BUKOHAHHA HENPOXipypriYHMX onepadin 3 BUKOPUCTaHHA NasepHUX TEXHOSOriN, a no-apyre, BOHa He
BMKOPUCTOBYE Y CBOIN pobOTi HaBirauiltHy cuctemMy, 6e3 sIkOi Ha CbOroAHiI HEMOXITMBO MPOBEAEHHS
TOYHOrO BUAANEHHS IHTpakpaHianbHUX NyXNWH MNpyU 3MiHax Yy YHKUIOHaANbHO BaXNMUBUX 30HAX
rONOBHOMO MO3KY.

Bigoma cuctema xipypriyHOi HelpoHaBiradii, Lo BKMYae BigoOpaXeHHs1 Ha eKkpaHi MOHiTopa
BipTyanbHOro CniBCTaBNeHHs NOMOXEHHS XipypriYHOro iHCTpyMeHTa Ta TpaekTopil Moro nepemilleHHs
BIJHOCHO oOnepauiiHUX MarHiTHO-pe30HaHCHUX 300paxeHb MO3Ky, fKa BiOPI3HAETLCA TUM, LWO
AOAaTKOBO A0 CUCTEMM XIpypriYyHOi HeWpoHaBirauii Migkm4aeTbCa cucTemMa BiAEOMOHITOPUHTY 3
NoegHaHHAM Ha eKpaHi MOHiTopa BigobpakeHHs BipTyanbHOro CniBCTaBNEHHS MONOXKEHHS
XipypriYHOro iHCTpyMeHTa Ta TpaekTopii MOro nepemilieHHss BiAHOCHO OnepauinHUX MarHiTHO-
pe30oHaHCHMX 3006paxeHb MO3KY 3 BigoOparkeHHAM (DaKTUYHOrO MOSIOXKEHHS XipYpPriYHOro iHCTpyMeHTa
Ta TpaekTopii MOro nepemilleHHs BiAHOCHO OfepXaHux B peanbHOMy MacwTabi yacy iCTUHHMX
300paxkeHb MO3Ky Ta MO3KOBUX CTPYKTYp [3].

Buwe HaBegeHa HaBirauiiHa cucTemMa TakoX He Moxe 3abesneuntu  npoBedeHHs
HeMpoXipypriYyHOro BTPy4YaHHss B poOOTU30BaHOMY pexumi. BoHa Tinbku [03BONSE Hempoxipypry
NpoBOANTK BinbLL TOYHE BUAANEHHS MYX/IMH MO3KY B Py4HOMY pexumi, Konv CcBoI Aii nig yac onepauji
BiH MOXe MOCTIMHO KOHTPOSIOBATU Ha MOHITOpi, ane Le He rapaHTye Noro Big MOXMOKM, sIKOi, SK
AoBedeHO MatemaTunyHo [4], poboTu B cBOi poboTi He npunyckatTbes. Lie € nepwmm ii Hegonikom y
NOPIBHSAHHI 3 pOOOTU30BaHMM KOMMMEKCOM 33 KOPMCHOK MOAENo, a no Apyre, TOYHO po3paxoBaHy
KOMM'IOTEPOM  HEMPOHAaBIrauilHOT CUCTEMM TPAEKTOPIlO pPyxXy Jla3epHOro CBIiTNIOBOAY MOXeE
3abe3neynTyn TiNbkn aBTOMaTU30BaHe KepyBaHHS HUM.

3agaveto  KOpucHoi Mopeni € po3pobka NpUCTPOD AN ManoiHBa3MBHOIO  BUOANEHHS
iHTpaKkpaHianbHMX MyXfMH Npu 3MiHax Yy QyHKUiOHaNbHO BaXNUBWX 30HAX rOMIOBHOrO MO3KY, LLUO
3HaXO4ATbCA B ManoAoCTYNHUX MicLAX.

MocTaBneHa 3ajaya BMPIWYETbCS TUM, WO POOOTU30BaHMIA KOMMMEKC ANS MaroiHBa3WBHOIO
BUAANEHHs iHTpakpaHianbHUX NyXAvH npu 3MiHax Yy @YHKUIOHANbHO BaXMMBUX 30HaX FOMOBHOMO
MO3KY, L0 3HAaXOAATbCA B ManofoCTYMHUX MiCUsAX, CKnagaeTbes i3 TpaHcdopmaTopa, enekTPOHHUX
KnioYiB, BUNPAMHOrO MOCTa, KOHTpornepa, HaBirauinHoi cucTeMu, MOHITOpa, MIKPOABUIyHa, J)KOMNCTMKA
KepyBaHHS, NOCTINHUX MarHiTiB 3 KOTYLUKaMu iHOYKTUBHOCTI Ta crnewianbHOro CBiTNoBoay 3 HAHECEHUM
MarHiTHAM MOKPUTTAM Ha WMOro KiHUi, Mpy LbOMY KOHTpOMep MigKMYeHMn 40 HaBirauifiHoi cuctemm 3
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MOXJSIMBICTIO KepyBaHHA 3a [OMOMOrOH ENEeKTPOHHUX KIYiB MNOCTIMHUMK MarHiTamu, ki MarTb
cneujanbHi yTpuMyBadi Ans BCTAHOBMEHHS X Ha ronoBsi nauieHTa.

BupiweHHa nocTaBneHoi 3agadi NpoBeAeHHs ManoiHBa3WBHOIO BWAANEHHs iHTpakpaHianbHUX
NyXnMH MNpyM 3MiHaX y YHKLIOHANbHO BaXMMBMX 30Hax rOMOBHOMO MO3KY, WO 3HaxXogAaTbCs Yy
ManoAoCTYMHUX MiCUsIX, BUpILLIYETLCA pPOBOTU30BAHUM  KOMMMEKCOM, $SIKMW, Ha BigMiHY Big
HaBirauinHoi cucTeMu, Mae KOHTponep, LU0 NiAKMYaeTbCa A0 HaBirauinHoi cuctemun Ta 3abesnevye
KepyBaHHS MOCTIHUMKM MarHiTamu, $ki, B CBOH 4epry, 3abe3neyyloTb TOYHE MPOCYBaHHS
creuianbHOro CBITNOBOAY A0 MICLA 3HAXOMKEHHS MYXITUHU.

MpucTpin cknagaeTbCca i3 TpaHcdopMaTopa, ENeKTPOHHUX KMYiB, BUMPSMHOIO MOCTa,
KOHTpOSiepa, HaBirauinHOT CUCTEMW, MOHITOpa, MIKPOABUIYHA, [PKOMCTUKA KepyBaHHS, KOTYLLOK
iHOYKTUBHOCTI Ta NOCTIMHNX MarHiTiB.

MpucTpin PyHKUiOHYE HACTYyMHUM YuHOM. [licna NpoBeAeHHs NiArOTOBKM XBOPOro [0 onepadi,
ska, MO CYTi, HiYMM He BIApPI3HAETLCA Bi4 3aranbHOMPUMAHATONO MPOTOKOMY, Ha rONoBY XBOPOro
BCTAHOBMIOKOTLCA MOCTINHI MarHiTU 3 KOTyLWWKaMK 3 cneuianbHUMKU yTpUMyBavyaMu, Ha OesiKin BiaCTaHi
OVH Big ogHoro. BctaHoBNeHi yTpMMyBadi NOCTIMHUX MarHiTiB 3 eNeKTpUYHUMM KOTYLUKaMn Ha HUX, a
TakoX MOCTIMHI MarHiTM BCTaHOBMIOKTLCA [0OATKOBO B MiCUAX, SKi BKa3aHi Komn'loTepoM, npu
pO3paxyHKy TpaekTopii pyxy CBIiTNoBOAYy ANs Hambinbw MNPUWHATHOrO nigxogy OO OnepoBaHol
nyxnuHu. [icns BCTaAHOBMEHHSA MarHiTiB 3 KOTYLUKaMWU BKIIOYAETbCS TpaHcopmaTtop, AKkMn Mae
AECATb MOHWXKYUUX Hanpyry obMOTOK (po3paxoBaHMX Ha MPOXOOXKEHHS MOCTINHOIMO CTPYMY HE MEHLL
10A B iMNynbCHOMY pexumi), siki 3abe3nevyoTb nogavy Hanpyri Yyepes Krtodi Ha BUNPSIMHUIA MICT Ta
Ha KOTYLLIKW, po3TalloBaHi Ha NOCTIMHMUX MarHitax B iMNynbCHOMY peXxumi (Hanpyra, Lo nogaeTbCcs Ha
KOTYLLKW, Bignosigae 6e3nekoBUMM cTaHAapTaMm, NPURHATMM B MeOWMLMHI), Yepe3 eneKTPOHHI Krtoui,
pobOTO SIKUX Kepye KOHTponep, 3'€4HaHU 3 HaBirauiiHOK CUCTEMOW, Big SKOI BiH 0OepXye
KOOpAMHaTK NyXNMHW, OO SIKOi NOTPIOHO pyxaTu CBITNOBOA, i sIKi po3psaaKatoTbCs Nif Yac BKITHOYEHHS
KrnoviB Yepes emHocTi. Hag micuem, ge Henpoxipyprom 3pobneHo punsoBe none Ans asToMaTUYHOI
nogavi CBIiTNOBOAY BCepeauHy MO3Ky, PO3TalloBaHO MIKPOABMWIYH, WO 3abesnedvye npocyBaHHSA
ceiTnoBogy 3i wswuakictio Big 1 Mm go 10 mMm 3a 1 xBunmHy. 3MmiHa TpaekTopii MPOCyBaHHSA
creujianbHOro CBITNOBOAY 3AINMCHIOETLCA Nif i€ MarHiTHOro Mons, WO YTBOPKETLCA MOCTINHUMMU
MarHiTamy 3 KoTywkamu Ha HuX. [ng 6inbw HarnggaHoro po3yMmiHHsS Aii MarHiTHOro nons MOCTIMHUX
MarHiTiB HaBegeMo AesiKi OCHOBHI pO3paxyHKu, Lo Bynu B3sTi 4O yBaru npu npoeKkTyBaHHi NpUCTPOLo.
Mo neple, po3mipn YepenHoi KOpobku, kM B cepeaHbOMY AOPiBHIOE 57 ¢M B OOHIA NNOLWMHI Ta 69
CM Y Apyrii, no apyre, cepenHs rycTuHa Mo3ky cTtaHoBuTb 1,039 r/cMm3, Lie BaXnuBO Ans noganbLlioro
poO3paxyHKy CWnu, WO fAie nig 4Yac pyxy cheuianbHoro ceitrnogioga. Takox go yearn 6yno B3siTO
TOBLUMHY KiCTOK 4epena, MO3KOBMX ODONMOHOK Ta MO3KOBMI KpPOBOTOK. [Mpu cuni HanpaBneHoro
MarHiTHOro nons, BKa3aHoro HUx4e, HaBefeHi BuLLe (i3ionoriyHi xapakTepUCTUKM He MOXYTb CYTTEBO
BMMMHYTU Ha poboTy pobGOTU30BAHOIO KOMMMEKCY. FAK MOCTiIMHI MarHiT Mu BMOMPAEMO HEOOUMOBI
(NdFeB) marHitv, ski MalTb KiHUEeBY MarHiTHy iHaykuito go 1,3 T, wo pgopisHioe 1040 103 A/M
diametpom 1 cm. lMpoBedeHi matemMaTu4Hi po3paxyHKkM Mo B3aemodii ABOX MOCTIMHMX MarHiTis [5]
nokasanu, wo cuna ix B3aemogii gopieHtioe 0,25 H a6o 0,25 kr/cm?, a Ginblu TOYHI pe3ynbTati 6ynu
OfepXaHi nigyac npoBedeHHs (Di3MYHOr0 MOZENOBaHHA il MarHiTHOro nona Ha enekTpos,
3aHYPEHUN B EMKICTb 3 BOLOH), WO Mana Ty X caMy rycTuHy. OnTumanbHU HanpsmMok BMOMpPaETbCA
aBTOMaTWYHO NpU Nofavdi iMNynbCHOro MNOCTIMHOrO CTPYMY NO KOMaHAi KOHTponepa yepes kntodi. [ns
BMKOHaHHs1 poboTM poOOTU30BAHOrO KOMMMEKCY HeobxXigHO maTu po3pobreHun cneuianbHUn
CBITNOBOA, SIKMW, Ha BIAMIHY Bif iCHYHOUYMX CBITNOBOAIB, Ma€ Ha CBOIN KiHUEBIN 4YaCTWHiI HaHeceHe
TOBWMHOKW B 5-10 MKM MarHiTHe MNOKpUTTH, BMKOHAHe 3 MarHiTHOro marepiany, WO Mae HU3bKi
KOEPUUTUBHI XapakTepuctuku. 3a poboTo BCbOro poboTM30BaHOro KOMMIEKCY CIiAKYE HEMpOXipypr,
NoYMHaKYM 3 TOr0 MOMEHTY, KOMWU Mig MOro KepiBHULUTBOM B HEWpOHaBirauinHy cCMCTeEMY BBOASATLCS
napameTpu 3i 3HiMKiB MPT 4n KT. NpoxoauTe nigrotoBka A0 NPOBeAeHHS onepauiiHoro BTpyYaHHs
Ta MPOBOAMTBCS KOHTPOMb 3a CTAHOM XBOPOrO Nif 4ac npoBedeHHA onepauii. Ha BigeomMoHiTopi
3[INCHIOETLCA KOHTPOMb 3a MnepecyBaHHAM CBITNOBOAY Ta BMMUKaAHHSAM a3epHOro BUMPOMIHIOBaYa
nicnsa nigxoay cBiTNoBoAY A0 NYXAWHW | NOBEPTAHHAM MOro Tina, nig Aieto MarHiTHOro Nons nig Takum
KyTOM, WO [O3BONWUTb MPOBECTM TEPMOAECTPYKUil0 MyXNMHW OO0 MOBHOI i 3HUWEHHS. Takox
pobOTN30BaAHUI KOMMMIEKC MOXe 3abe3neunmt MOBHE KepyBaHHS HEWpOXipyprom Mpouecom
nepecyBaHHsi CBITNOBOAY A0 MYXJSIMHW B PYYHOMY pPEXMMi 3a OOMOMOrow MKonctuka. Lle Takum
pexum, Konu 3a AOMOMOroK crelianbHOro JKOMCTUKa BiH MoXe Moro npocysaTu "Bnepepn”, "Hasan",
"npaBopyy” um "niBopyy". Takuii pexum poboTu notpebye Big Hempoxipypra NpocTux [0oOaTKOBMX
HaBUWYOK, SIKi MOXXHa HamnpaloBaTu 3a JOMNOMOro MaHekeHa.

MpuCTpi BUKOPUCTOBYETLCA HAcTyMHUM 4YnHOM. [Nepen npoBedeHHAM onepalin No BUAANEHHIO
iHTpakpaHianbHMX MyXNUH MpyM 3MiHax Yy QYHKUIOHANbHO BaXMUBUX 30HaxX [OMOBHOMO MO3KY
BCTaAHOBIIOETLCA CrneuianbHUA CBITNOBOL 3 MarHiTHUM MOKPUTTAM Ha KiHUi, BBOOUTbLCA AoAaTKoBa
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iHbopmauis 3 HaBirauiHOI CUCTEMM MPO Micue 3HaXOMKEHHS MNyXSIMHW, BMWKAETLCA MasepHUn
ONpPOMiHIOBaY, NPOBOANTLCS TEPMOLECTPYKLIA NyXNMHM Ta, 3a HEOBXiAHOCTI, NPOBOAUTLCA JoOATKOBE
KepyBaHHS MpPoOLEeCOM TePMOAECTPYKLIT MyXIIMHKU, 3MIHIOKOYM NOSOXEHHSA CBITNOBOAY 3a AOMNOMOrOH
DXKOWCTUKA B PYHYHOMY PEXUMIi KepyBaHHS OO MOBHOTO i 3HULLEHHS, @ TaKOX NPOBOAUTLCS KOHTPOIb
CTaHy XBOpPOro nif, Yyac NpoBeAeHHs onepauii.

MpucTpin NpOMLIOB yCnilHY KNiHiYHY anpobauito y HEeWpPOOHKOMOrivHi kniHiyi Y "lHcTuTyT
Hewnpoxipyprii im. akag. A.lN. PomogaHosa HAMH Ykpainn" Ha 47 nauieHTax.

MpucTpin mae pag nepes.ar:

- [O3BOSISE MOKpaLWMTK Bi3yani3auilo iHTpakpaHianbHUX MNyXAuWH Mpu 3MiHax Yy YHKUiOHaNbHO
BaXXMMBMX 30HaX TFOJSIOBHOMO MO3KY Yy XipypridHOMy MOJi, 3aBASKM YiTKO OKPECIEHMM MeXam
LinecnpsMoBaHOro ONPOMIHEHHS;

- BUKopuctoBye aaHHi MPT abo KT ansi Bu3HadeHHsi KoopAuHaT iHTpakpaHianbHUX MyXJIMH Npuy
3MiHax y PYHKLOHANbHO BaXXMMBKUX 30HAX FOMIOBHOIO MO3KY;

- KOHTPOnb 3a NepecyBaHHAM CBITNOBOAY A0 MICLS 3HAXOMKEHHS iHTpaKpaHianbHUX NyXnuH npu
3MiHax y PYHKLIOHaNbHO BaXXMMBUX 30HAX rOMOBHOIO MO3KY;

- NpPOBEAEHHA TepMOAEeCTPYKUii iHTpaKpaHianbHUX NyxXNUH npyu 3MiHaxX Yy yHKUiOHanNeHO
BaXMMBKX 30HAX FOMOBHOrO MO3KYy METOAOM Ma3epHOK OMpPOMIHEHHS 3 6e3nepepBHMM KOHTPONEM
CTaHy XBOPOro MiA Yac NPoBEeAEHHs onepadii.
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®OPMYJIA KOPUCHOI MOJENI

PoboTu3oBaHuii KOMNNEKC Anst ManoiHBa3NBHOIO BUAANEHHS iHTpakpaHianbHUX NyXITMH Npy 3MiHax y
dYHKUIOHANbHO BaXMMBUX 30HaX [OSIOBHOrO MO3KY, L0 CKrnagaetbes i3 TpaHcdopmaTopa,
€NEKTPOHHUX KMOYiB, BUMNPSMIIAKYOrO MOCTa, KOHTpOSiepa, HaBirauiiHOi CUCTeMM, MOHITOpa,
MIKpOABUIyHa, [DKONCTMKA KepyBaHHHA, MOCTIMHUX MarHiTiB 3 KOTyLKamMW iHOYKTUBHOCTI Ta
cneuianbHOro CBITNOBOAA 3 HAHECEHUM MarHiTHAM MOKPUTTAM Ha MOro KiHui, Npu LbOMY KOHTponep
NigKITIYEHNIA 40 HaBirauinHOI CUCTEMU 3 MOXITMBICTIO KEPYBAHHS 32 JOMOMOIOK EMNEKTPOHHUX KITHoYiB
NOCTINHMMMW MarHiTamu, siKi MalTb crevianbHi yTpuMyBadi Ans BCTAHOBMEHHS iX Ha ronoBi nauieHTa.
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