Heobxomumo noBecTu pa3pabOTKU CO3AAHHBIX JKCIEPUMEHTAIbHBIX MAaKETOB
(M3MyJaromuMii  3JIEKTPOJI- AaIIUIMKATOP; IYJIBCOBOJIHOBOH TOHOMETp; KPHOTCHHAS
CHUCTeMa [HMPKYJAIMHA XJIAJareHTa; yJIbTPa3BYKOBOW TEPMOMETp; aJalnTHBHBIN
QITOPUTM C WCIIOJIb30BAHMEM MAacCHBa JaHHBIX YJIbTPa3BYKOBOTO TEPMOMETPA;
KoMIUIEKC «IDKkcTpaTtepM — XXI», uCnoyib3yronuil Bce 3TH HapaOOTKH) JI0 OMBITHOTO
oOpasma. TpebOyercs Takke Oosblas paboTa MO KOMEpPUATU3AIMU BCEX OTUX
PE3YJIBTATOB, KaK B BHJIC OTJCIHHBIX KOMIUIEKTYIOIIMX U KOMILJIEKCA B IEJIOM, TaK U
YIPABJISIONIETO U aJaITUBHOTO aJITOPUTMOB B BUJIE TIPOTPAMMHOTO MTPOTYKTA.

3akioueHue.

B nHacTtosmeit paboTe onmucaHbl CYIIECTBEHHBIC MTOPOKH BO BCEX KOMMEPUYECKUX
pa3pabotkax BU runeprepMuueckux KOMILICKCOB, MTPEIHA3HAYCHHBIX TSI JIOKAJTLHOM
TUTICPTEPMHH OITyXOJICH Pa3BUTHIX POPM U TIIyOOKOH JoKanu3anuy. [[aHo H3I0KeHHE
HAIlMX  JOCTHKCHWH 1O BceM  CHOPMYIMPOBAaHHBIM  BBIIIE  MpoOJeMaMm.
CdopmynupoBaHa mporpamMma JOBEICHUS IOJYYCHHBIX PE3YJIbTaTOB 1O CO3/IaHUS
OTIBITHBIX 00PA3II0B COOTBETCTBYIOIIUX MTPHOOPOB.
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METO/AbI IIAHUPOBAHUA HEMPOXUPYPTUUECKHUX
JOCTYIIOB

B pa60Te paccMaTpruBarOTCA BOIIPOCHI, CBA3aHHBIC C pa3pa60TK0171 KOMHBIOTGpHOfI CUCTCMBI
ITaHUPOBAHUS Heﬁpoxnpyprnqecxnx BMCIIATCIILCTB. OHHOﬁ N3 BAXXHBIX COCTABJIAIOIIUX SABJIACTCA
ONpCACIICHUEC 3HAUCHUA HWHBA3UMBHOCTH XUPYPTUUYCCKOTI'O MOOCTYyIIA. PaCCMOTpeHBI Pa3jINIHbIC
nmoaxodbl K OHNPCACIICHUIO HWHBA3WBHOCTU Heﬁpoxnpypmqecm/lx JOCTYIIOB, BBISABIICHBI HX
HCAOCTATKU U IMPCHUMYIICCTBA. HOKa3aHO, YTO KapTa HMHBA3MBHOCTHU MO3Tra YCJIOBCKA ABJIACTCA
3(1)(1)6KTI/IBHBIM noaAXxoaA0M IpHr ONPCACICHUUN pHUCKa XUPYPTUUCCKOTO AOCTYIIA.
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KiroueBble cioBa: cucreMa IUIAaHUPOBAaHUS, HMHBA3MBHOCTb JOCTYIA, XUPYPIUYECKUI
JOCTYI, HEHPOXUPYPIUYECKOE BMELIATENIBCTBO.

Beenenune. CtpeMuTenbHOE pa3BUTHE MEIMLIMHCKOW TEXHUKHU, U OCOOEHHO,
MHTPOCKOIUYECKOr0 000pYAOBaHUS, NMPUBOJUT COBPEMEHHYIO HEHUPOXHPYPrUI0 Ha
KaueCTBEHHO MHOW ypoBeHb. MCnosib30BaHME aKTyaJbHBIX TEXHUK BU3YaJU3allUid,
KpOME BBIABICHUS CTPYKTYPHBIX aHOMaliud, JAeQEeKTOB, TpaBM I[IO3BOJSET B
HEKOTOpPOM CTENEHHU ONpPeNeuTh aHATOMUYECKUE OCOOEHHOCTH CTPOCHHUS IMalUEHTa,
U, KaK CJIEJICTBUE, YYUTHIBATh UX MPU BEIOOPE XUPYPrUUYECKUX TOCTYIIOB.

AKTyaJIbHOCTh. KOMIBIOTEpHBIE CHUCTEMBI IUIAHUPOBAHUS XUPYPrUUYECKUX
ornepauuii MEIUWUMHCKOTO Ha3HAYEHUE IIUPOKO MPUMEHSIIOTCS B MEAUIIMHCKON
OpaKTUKE. DTO B MEPBYIO OUepe b 00YCIOBICHO CIOXKHOCTBIO pacuyera JOCTOBEPHOTO
MOJIX0/1a, KOTOPBIM Obl MpHUBEN K Hanbosee MO3UTUBHOMY MCXOAY BMeIIaTelbcTBa. B
TO K€ BPEMsl, CUCTEMBbI IIJIAHUPOBAHMSI MTO3BOJISIOT PEIIUTh JAHHBIE MPOOIEMBbI, B35IB
Ha ce0sl 3HaYUTENIbHYIO YacTh 3aj1ay.

AHaIM3 MOCIeIHUX HCCJAeIOBAHMM W  JuTeparypsl. IIpumeHeHue
3apyOeKHbIX KOMMEPYECKUX CUCTEM KOMITBIOTEPHOTO TUTAHUPOBAHMUS
HEUPOXUPYPrUUECKUX BMEHIATENIbCTB IIMPOKO OCBELIEHO B  OTEYECTBEHHOM
nautepatype [1-3]. [Ipaktuueckue 3aaaun peaausyroTcs 3a pyoexom [4-7].

Heas padorsbl. Pa3zpaboTka KOMIBIOTEPHOW CHUCTEMBI  IUIAHUPOBAHMS
HEUPOXUPYPrUUECKUX BMEIIATEIbCTB ABIAETCS TIJ1aBHOM 3amadeil. Ilpum eé
pa3paboTKe BO3HUKAET BaXXHBIM BOIMPOC, CBSA3AHHBIA C OMpEAeNIEHHEM pHUCKa
BMEIIATENIbCTBA KOHKPETHOIO XUPYPrHYECKOro JOCTYyNMa. ODTO B 3HAYUTEIbHOU
CTENEHU OIOCPEAOBAHHO OIPEAEISIET KA4eCTBO CHUCTEMbl IJIAHUPOBAHMS, U Kak
CJIEICTBUE OIpPENEIAeT UCXO Ollepallii, XapaKTep KU3HHU nauueHTa u T.1. [losTomy
LEJIbIO JaHHOUW pabOoThI ABJISIETCS UCCIIEIOBAHNUE PA3IMYHBIX METOAOB U TIOJIXOJIOB IO
ONpEICJICHUIO UHBA3UBHOCTH HEMPOXUPYPTUUECKUX JOCTYIIOB.

CTpyKTypa KOMIBIOTEPHOH CHCTEMbI IVIAHUPOBAHUS HEHPOXUPYPrUYeCKUX
BMelaTeabcTB. PaccMOoTpuM 00O0OIIEHHYIO CTPYKTYPHYIO CXEMY KOMITBIOTEPHOM
CHCTEMBbI IJITAHUPOBAHUS HEUPOXUPYPIHUCCKUX BMEIIATEILCTB (CM. puc. 1).

KT, MPT,
«AHaToMHYECKas
Anrnorpadus u >
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........................ g JIOCTYNOB

\AA J
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|
|
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«Mumens» |
|
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l

- - — _}_ ______ ___;__

OnTumaibHbIi
Oneparop - XHPYPrHYCCKHii
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Puc. 1 — O600111eHHas CTpYKTypHas cXeMa KOMITbIOTEPHAs CUCTeMa IUITaHUPOBAHUS
HEUPOXUPYPrUYECKUX BMEIIATENIbCTB
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JlaHHBIC UHTPOCKOITUYECKOTO HCCIICAOBAHUS 3arpy)KaloTCs B CUCTEMY, IO ITHM
JAHHBIM CTPOMTCS aHATOMHYECKas MOJIeNIb, KOTOpas OIKMCHIBACT IAllMCHTa B
COOTBETCTBUH  C  OINPEACIICHHBIMH  NpeanojoxeHussMH.  OCHOBBIBasCh  Ha
aHATOMHYCCKOM MOJCNIM, a TaKXKe MHIICHU OINPENesIeTCs IMPOCTPAHCTBO
XHPYPrUYECKUX JIOCTYNOB. Bech mpormecc BbIOOpa XHPYPru4ecKoro JIOCTYIa
yIpaBIIETCS  ONEpaToOpoM,  Pe3yJbTaTOM  Pa0OThl  CHCTEMbI  IUIAHUPOBAHHUS
HEHPOXUPYPTrUYECKUX BMEIIATEIBCTB  SIBJIISACTCS ONTHMAJBHBIA  XUPYPTUUYCCKHIMA
JOCTYI, KOTOPBIM BBIYMCISACTCS IO TPOCTPAHCTBY BO3MOMKHBIX XHPYPIHUSCKUX
JOCTYIIOB, MO0 COBOKYITHOCThH TaKHMX JOCTYIOB [8-12].

Ha puc. 2 npencraBieH npumep HEHPOXUPYPrUUECKOro JOCTyIa K Heu .

Puc. 2 — MmrocTpanusi HEHpOXUpypruuecKkoro J0CTyIa

NuBa3uBHOCTL XWPYypruveckoro jgoctyna. Jliug OLEHKHM KOHKPETHOTO
XUPYprudyeckoro  JOCTyNa  HEoOXOIHUMO dbopManu3upoBaTh  MapameTphl,
OTIPEACIISAIONINE PUCK TAKOTO JOCTYMA. DTO MO3BOJISIET KOHKPETHOMY XUPYPTUUECKOMY
JIOCTYIy BBICTaBUTh B COOTBETCTBUE YHCICHHOE 3HAUEHHUE, KOTOPOE XapaKTepU3yeT
€ro HWHBAa3MBHOCTh, W KaK CJEACTBHE BHIOpPaTh HaWMEHEE TpaBMAaTHUYECKHA
HEUPOXUPYPrUUYECKUN JTOCTYIIL.

Kaxnpiii smeMeHT TpaekTopuu xupypruueckoro goctyma N (X(n), y(n), z(n))
onuchiBaeTcs BbIpakeHueM (1) mcxons w3 koopauHaAT Henu (X, YT, Z1), HHTAKTHBIX
KoopauHAT (Xum, Ym, Zm), @ Takoke miara (At).

X(N) = %; + (X, —%;)n-At;
y(n) =yr +(y, —y;)n-At;
z(n) =2z; +(z, —z;)n- At, (1)

PesyabTarsl  ucciaenoBanmil. (CreayeT TOpUHATH BO  BHHUMAaHHE, YTO
CTEPEOTAKCUYCCKUH JIOCTYN TMPEACTABISICT COOOW NPSAMON JOCTYIl K MHUIICHH B
TpéxmepHOM mpocTpanctBe (1). B nmaHHO# ke paboTe, B KayecTBE WILIFOCTPALIMMA
OyZeM WCTHOJb30BaTh JBYMEPHBIE CXEMbI, C TIICJIbI0 YBEJIMYCHHS HATJISTHOCTH
MaTepHalia U yIIy4ylUIEHUs €ro BocupusaTusa. Mcxons u3 3Toro, Xupyprudaeckui JOCTYII
B OJJTHOM IJIOCKOCTH OJAHO3HAYHO ONPEIEIIAETCS MUILLEHBIO U YTIIOM.

PaccMoTrpuM  paznuyHble  METOOBI K ONPENCIICHUI0  WHBA3MBHOCTHU
XUPYPruyeCKoro 10CTyIa.
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Haubonee mpocteim Metoaom (2), onuckiBaromuMm puck (Rg) xupyprudeckoro
J0CTYTIA, SABJSICTCS PACCTOSHUE OT BHEUIHEHW TOYKH TPACKTOPUHM (MHTAKTHOW — T), K
TOUKe cTepeoTakcuueckoit murienu (1).

R. = \/(Tx— IX) +(Ty—ly) 2)

Ha puc. 3 npeacTaBieH pUCK XUPYprudyeckoro BMemiatesbcTBa o (2) mus 24
JOCTYNOB, TMpPUYEM, YEM MEHbIIE PHUCK, TEM TEMHEE OH TPEACTABIECH B
reOMETPUUECKOM MpeICTaBieHuu (puc. 3 a).

HopManusupoBaHHble 3Ha4YeHHMs] pUCKAa MpuBeAeHbl Ha puc. 30 (KBagpar
paccTosiHus M paccrosiHue). TakuM o00pa3oM, JaHHBIA METOA K ONpPEIEICHUIO
3HAUEHUS] PUCKA XUPYPTrUYECKOro BMEIIATEIbCTBA HE YUYMUTHIBAET AHATOMUYECKHE
OCOOCHHOCTEH CTPOECHMS YEIOBEYECKOr0 MO3ra, W TMOITOMY OH HE MOXET ObITh
MCIIOJIb30BaH B PEANIbHBIX HEUPOXUPYPTHUUECKUX TIAHUPYIOLIUX CUCTEMAX.

Puc. 3 — Puck Helipoxupypruueckoro 0CTyIIa:
a — TeOMETPUYECKOE TIPEJICTABICHHE; 6 — rpadUUecKOe MpeICTaBIeHUE

[ToarToMmy  HEOOXOIMMO  BKJIIOYUTH  TEPCOHATBHYID  OOBEMHYIO  KapTy
WHBA3WBHOCTH, KOTOpas Obl Yy4WThIBaJla (PU3HOJIOTUYECKYIO 3HAYMMOCTh KaXIOM
QHATOMHUYECKOM CTPYKTYPBI, a TAKKE ONMACHOCTh IIPU XUPYPrUYECKOM BO3CHCTBUH [8].

Ha puc.4 npencraBnen npumep KT-cHmmka Mo3ra  4eloBeka U
COOTBETCTBYIOIIEHI €My TMPUCBOCHHAs KapTa WMHBAa3UBHOCTH (Ye€M  CBETJee
M300paKEHUE CTPYKTYPHI, TEM BHIINIE PUCK TMPH XUPYPTUUECKOM BMEMIATEIHCTBE).
Cnenyer mNOpuUHATH BO BHHUMAHHE, YTO HCIIOJIb30BAHUE JOMOJIHUTEIBHOIO
WHTPOCKOUITYECKOTO HWCCIENOBAaHUsI Kak aHTHorpadus, MO3BOJSET pacIIUPUTh U
3HAUYUTENIbHO YIYUYIIUTh KAPTy HHBA3UBHOCTHU.

Puc. 4 — KT cpe3 Mo3ra u kapta ”HBa3UBHOCTH
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D10 O0OBACHSETCS B TEPBYIO oOuepelb OOJBIIUM 3HAUYEHHEM HHJEKCA
MHBAa3UBHOCTU  JUII  KPOBEHOCHBIX  COCYAOB.  BOCHOJB30BaBIIMCH  KapTOM
MHBa3UBHOCTH, PUCK BMemarenabcTBa (Ra) MOXKHO BBIPa3sUTh CyMMOW 3HAaYEHHI
unjekcoB (ID) Baoab uccnenyeMoro Xupypruueckoro BMearenserna (3).

Ry=3 1D ©

Ha puc. 5 mpeacraBieHo npumMep pacdeta HEHPOXUPYPrUIECKOTO JOCTYyIA 1o (2)
u (3). Kak BuaHo u3 puc. 56, B noaxonae mo (3), MOSBISIOTCS JONOJTHUTEIbHBIC
MHUHHMYMBI, KOTOpPBIE COOTBETCTBYIOT ONTUMAJIbHBIM IMyTSIM B JaHHOM cpese. C
YMEHBIIIEHUEM II1ara yria, ONpelessiomUM XUPYPTUUECKUN OCTYII, YBEIHMUUBACTCS
TOYHOCTb, A TaKXe OOHAPYKUBAIOTCS MOAXO/bI, KOTOpbIE PpAcCHOJararoTcsi BO3JIE
OMAaCHBIX AaHATOMUYECKHX CTPYKTYp (CTPYKTYp ¢ BBICOKHM PHCKOM IPH
XHPYPrUYECKOM BMEIIIATEIIBCTRE).

Puc. 5 — Puck HEHpOXUPYPTHUUECKOTO JOCTYyMa
a — TeOMETPUYECKOE TIPEJICTaBICHHE; 6 — rpadUuecKoe MpeICcTaBIeHUE

BoiBoabl. B pesynbpTaTe nccienoBanust ObUTH CCIAHbI CISTYIONINE BHIBOIBI:

— KapTa WHBAa3WBHOCTH CTPYKTYp TOJIOBHOTO Mo3ra sBisieTcs 3()(PeKTHBHBIM
MO/IXO/IOM K OIPEACIICHUIO PUCKA XUPYPTrUUECKOro JTOCTYTIA;

— BBIOOp  XUPYPrHMYECKOTO  JIOCTYINAa JIOJDKEH  YYUTBIBAaTh  T'€OMETPHIO
XUPYPruyecKOoro MHCTPYMEHTA, a TAK)KE MOTPEIIHOCTh HABEJACHHS CTEPEOTAKCHUYECKOM
CHCTEMBI;

— TOYHOCTh HABUTAIIMOHHOT'O YCTPOMCTBAa JIOJDKHA OBITH Ha TIOPSIOK BBIIIE
pa3pelICHUsT BU3yaIu3aluu;

— TIpH BBIOOpE XUPYPTUYECKOrO JOCTYyMa CIIEAyeT INMPHUHHMATh BO BHUMAaHHUE
BO3MOKHBIE CMEIIEHUSI CTPYKTYp TOJIOBHOTO MO3ra, B COOTBETCTBUHM C THIIOM
TpEenaHaIuu.

[lepcrieKTUBHBIM HaIpaBICHUEM I JAJIBHEWIINX WCCIEAOBAHUM B JAHHOU
o0JacTH SBJISCTCS pealii3allis ONHMCAHHBIX IOJXOJ0B B KOMITBIOTEPHOM CHCTEME
TJIAHUPOBAHUS HEMPOXUPYPIUUECKUX BMEIIATENbCTB. Takke HeOOXOAMMO OIPEACIUTh
CTAHJAPTHBIE XUPYPrHYECKHE AOCTYMbI, B3SITHE BO BHUMAHHE KOTOPBIX ITO3BOJIUT
ONPEeIeIATh TPACKTOPHUIO, B TOM YHCIIE TPU MUHUMYME C IIUPOKHUM MOJIOTUM YYACTKOM.
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IHNPUMEHEHUME NOJIMCIIEKTPAJIBHOI'O AHAJIN3A JIUIA
OITPEAEJEHUA IMATHOCTUYECKUX ITPU3HAKOB B 3BYKAX
JABIXAHUSA BOJIBHBIX XOBbJI

B paGote npeyioxkeH MeTO aHaIM3a 3BYKOB JIBIXaHUS 3[JOPOBBIX JIIOJIEH U MAIlUEHTOB C XpPOHHYE-
CKoi 0oOcTpykTHBHOM O0me3Hbi0 JieTkux (XOBJI) Ha OCHOBE CTaTUCTUK BBICIIUX TOPSJIKOB, a
MMEHHO Ha pacuerax (yHKIUH OMKOTEPEHTHOCTH W Kod(hdumumeHToB acummerpuu. Pazpaborana
UTEpallMOHHAs METOJMKAa aHallM3a 3aperuCTPUPOBAHHBIX HA TPYJHOM KIIETKH MallMEHTOB 3BYKOB
JIBIXaHMSI, MO3BOJIMBILAS C BBICOKOM CTEMEHBbIO BEPOSTHOCTH KiIacCU(UKAIMPOBATH COCTOSTHHE
3I0POBBS MAIMEHTOB. B pe3ynbTaTe mpennokeHHOW METOAMKHA, OCHOBAHHOW Ha pacueTe (pyHKIUN
OMKOTepeHTHOCTH U KO3(h(UIMEHTOB aCUMMETPUU, BBINOJHEHA KiIacCHU(PUKAIMSI 3BYKOB IIO
KaTeropHsM <«3I0poBbIii» U «601eH XObJD».

KioueBble cjoBa: 3ByKH JbIXxaHWs, (QYHKIUS OUKOTEPEHTHOCTH, KOIPPHUIIUCHT
acumMmetpuu, XOBJI, 6ucnextp.

BBenenne. 3aboneBaHuss OpOHXOJIETOYHOM CHCTEMBI SBISIOTCS HaubOoJjiee
pacpoCTpaHEHHBIMU NATOJIOTHSIMU B MUpE, MPUBOASAIINE K CMEPTH ManueHtoB. Ha
YETBEPTOM MECTE CPEeIM NMPUYMH CMEPTHOCTH BO BCEM MHPE 3aHUMAET XPOHUUYECKAS
oOCTpyKTHBHAsI 00JIe3Hb JieTKuX. Kak mokazaiu uccienoBaHusl, paclipoOCTPaHEHHOCTh
3aboneBannii XOBJI Bo3pactaeT ¢ KaxapiM romoM [1], TmOITOMY IMOUCK HOBBIX
METOJIOB JUATHOCTUKU JaHHOW OO0JIe3HH OBUT U OCTAaeTCs SIBISACTCA AaKTyalbHOMU
3a1a4eu I YYEHBIX.

3a mocinegHue TOAbI TPOBEAEH OONBIIOW 00bEM  HAy4dHbIX paboT 1o
uneaTudukanuu XObJI, o0CHOBaHHBIX Ha PA3IMYHBIX MOIX0AaX, TAKUX KaK H3MEPCHHUS
(dbopcupoBaHHBIX KOjeOaHUI C MCIONIb30BAHKMEM HEHPOHHBIX ceTeil [2, 3], 00beKTHO-
OPHUEHTHUPOBAHHBINA MeToa0JIoTuH [4], 00padboTka KT-n3o00paxkenuii [5-7] u apyrue.

Hapsimy ¢ stum Bce Oonee mHMpOKOe MPUMEHEHHWE B MEIUIIMHE HAXOAUT U
AJIEKTPOHHASI AYyCKYJIbTallUsl, KOTOpas IMO3BOJISIET BBISIBISATH U OOBEKTUBU3UPOBATH
XapaKTepHbIC TUATHOCTUYECKHE MPU3HAKU 3a00JI€BaHU OPOHX0JIETOYHOM cucTeMbl. B
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