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AHoTanis. B naniii po60Ti IPOBEAEHO OIS BEIUKOI KiIBKOCTI JIITEpaTypH CTOCOBHO CY4aCHOTO CTaHy PO3BUTKY BOJOKOHHO-ONTHIHUX
CEHCOPIB, SIKi IOMIHYIOTb Cepell iHIINX BOJOKOHHO-ONTHYHHX IPUCTPOIB, 3aBISIKH BUCOKIH YyTIMBOCTI i MOXKIIMBOCTI IpelU3iiiHOrO
BuMiproBanHs. OcoOIMBY yBary NpUALTCHO CEHCOPaM TS 34iHCHEHHs IHBa3UBHOTO 1 MAIIOIHBA3HBHOTO TOCIIKEHHS O10TKAHUH.
Po3rsiHYTI NepeBary BUKOPHCTAHHS OITHYHOTO BOJIOKHA CaMe y Gi0MEANYHUX CEHCOpax. A TaKOK HEIOJIK 1abopaTOPHUX MEPEK, SIKIIO
MOAUBHUTHCH 3 6OKY KpUMiHATBHUX MaHimysinii. [IpoBeaeHo ormsi OyI0BU JEIKUX CEHCOPIB 1 OCHOBHI BUMOTH JI0 BUPOOIB Ha X OCHOBI

JUTSE MEIMYIHOTO 3aCTOCYBaHHs. TakoX MpoaHasi30BaHi OCTaHHI MOJIl y po3po0Kax.

AnnoTtanus. B nanHoi paboTe nposesieH 0030p 60JIBIIOT0 KOJINYECTBA INTEPATYPHI 10 COBPEMEHHOMY COCTOSHHIO Pa3BUTHS BOJIOKOHHO-
ONTHYECKUX CEHCOPOB, KOTOPhIE IOMUHUPYIOT CPEIH APYTHX BOJOKOHHO-ONTUYECKUX YCTPOIMCTB, Oaroaps BHICOKOH 4yBCTBUTENBLHOCTH H
BO3MOXHOCTH MPEIM3HOHHOTO n3Meperns. Ocodoe BHIMaHNE YJIENEHO CEHCOpaM JUIS OCYIIECTBIICHNS HHBAa3HBHOTO M MaJIOWHBA3UBHOTO
HcclienoBanus 6uoTkaHeil. PaccMoTpeHbl IperMyIecTBa HCIOoIb30BaHuUs ONTHYECKOTO BOIOKHA MIMEHHO B OMOMEIMIIMHCKUX CeHCopax. A
TaK’Ke HEeZI0CTaTOK 1Tab0paTOPHBIX CETeH, ECITH TIOCMOTPETh CO CTOPOHBI KPUMHHAIBHBIX MaHUITYIISIHH. TIpoBeien 0630p cTpoeHust
HEKOTOPBIX CEHCOPOB U OCHOBHBIE TPeOOBaHMA K U3/IEMAM Ha MX OCHOBE /Il MEAUIIMHCKOTO MpuMeHeHus. Takke mpoaHaau3upOBaHbI

TIOCTIe/THIE COOBITHA B pa3paboTKax.

Abstract. In this paper, reviewed a large amount of literature on the current state of development of optical fiber sensors which dominate
among the other fiber optic devices. Due to its high sensitivity and possibility of the precision measurement. A special attention is paid to the
sensors for invasive and minimally invasive study of biological tissues. Discussed of the advantages of using optical fibers is in biomedical
sensors. And the skip of high security of laboratory networks, if looking from the side of criminal manipulation. Commented about of the
some sensors structure and the basic requirements for products based on them for medical use. Also analyzed the latest advance in
development
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Peanizamis crparterii  €(QEeKTHBHOTO JIEIICHTPAJII30BAaHOT O YIIpaBITiHHSA iH(popMamiiHO-
TENEeKOMYHIKaIliiHIMU 3aco0aMu TOTpedye 3alydeHHS IIHPOKOTO CIIEKTPY CYYacHHX 3aco0iB mepermadi,
npuiioMy, oOpoOKH Ta 30epiranHs iHpopmanii. 3HaYHe HACHYCHHS TaKMX 3aC00iB MPU3BOAUTH 0 301MbIICHHS
YHclia MOXJIMBHX TEXHIYHMX KaHamiB BUTOKY iH(opmarii (KBI) i, BigmoBigHO, 1O MiIBHIIEHHS HMOBIpHOCTI
3nificHeHHs HecaHkiioHoBaHoro poctymy (HCH) mo indopmamii [1]. OgHMMH 3 TEpCHEKTHBHHAX KaHAIiB
nepexadi iHpopmarii, MmO TOTPeOYIOTh €PEKTHBHOTO 3aXUCTYy BiJ HecaHKUioHoBaHoro noctymy (HCIH), €
BOJIOKOHHO-OTITHYHI JTiHii 38°s:3ky (BOJI3) [2].

1. ONTUYHE BOJIOKHO I TEPEJIAYA TH®OPMAIIII

OnTHyHE BOJIOKHO HAa CHOTOMHIIIHIHN 1eHh BBAKAETHCSA HAWJOCKOHATIIINM (i3UYHUAM CEPEIOBHIIECM IS
nepexadi iHpopmarii, 0co0IMBO BENMWKHX ii MOTOKIB HAa 3HAYHI BiACTaHi. Y CY4acHHX TEIEKOMYHIKaIlHUX
cucTeMax iH(GOpMAIlis TIepeaeThesl Y BUTIISAAI TIOCTIJOBHOCTEH IBOIYHUX MOCHIIAHb, a60 OiTiB [3].

[utannsam 3acrocyBanas BOJI3 s opranizamii kaHamiB mepenadi iHpopmamii TpUIiIEHO 3HAYHY
yBary (axisuis, Takux sk E. JI. [Topraosa [4], B. B. Bunorpaznosa [5], B. I'. Illapsapka [6], P. JI. ®pumana [7],
H. JIx. Crepminra [8], mo 3ifinummcs Ha TOMY, IO MEPCHEKTUBHUM HAIPSIMKOM MOIATBINIUX TOCTIIKECHb €
po3poOKka aHANITHYHOI MOJENi BOJIOKOHHO-ONITHYHOTO KaHaly BHUTOKY iHQopmamii. g cydacHHX
KOMYHIKaI[IfHUX CEpefOBHII i B MEpIIy Yepry sl KOMIITOTEPHUX MEpEeX, BUPIIICHHS 3aBAaHb C(PEKTUBHOTO
€JICKTPOHHOTO TPAHCIOPTYBAaHHS IIAKETIB IOBIJOMJICHb € JyXE AaKTyaJbHHM HANpPsSMKOM IOCHikeHb. Lle
pilleHHs BUMarae po3poOKH HOBHX METOMIB i 3ac00iB Ha OCHOBI BOJIOKOHHO-ONTHYHHX CHCTEM IIepenadi
(BOCII) HOBOTO MOKOMIHHA. BuXoms4n 3 1pOT0, TeXHIKa i TEXHOJIOTiS BOJIOKOHHO-ONTHYHUX CHCTEM Iepenadi
PO3BHBAIOTECSA IWHAMIYHO 1 JOCUTH IHTEHCHBHO, — po3podneHo Hoe mnokomiHnHI BOCII, nme Bxe
3aCTOCOBYIOThCS Pi3HI METOAM MynbTHILIEKCyBaHHs [9, 10].

2. OITAYHE BOJIOKHO I 3AXHUCT IH®OPMAIIII

Baxkaetscs, mo BOJI3, B cmmy ocoOnmBOCTEH MOIMUPEHHS €IEKTPOMATHITHOI €HEeprii B ONTHYHOMY
BonokHi (OB), MaroTh migBUIIEHY IepeXOBaHiCTh. Lle MOSCHIOEThCA THM, IO ONTHYHE BHIIPOMIHIOBAHHS, IO €
HocieM iHQopmarmii, nommproeTbess B OB 3rigHO 3akoHY MOBHOTO BHYTPILOIHBOTO BimoOpakeHHs, a B OB
CJICKTPOMArHiTHE  BHIPOMIHIOBAaHHS  €KCIOHEHIIialbHO  cmajgae. JIUIIHKM, [€  MOMJIMBHHA  BHTIK
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAaHHS 1 HECaHKIIOHOBaHe BITydeHHs iH(popmarii (HBI), BimHOocHO HeuncieHHi,
KIIACHYHUMM» PATIOTEXHIYHUMH MeToJaMu (IpHiiMalbHO-TIEpeAaBanbHa anaparypa, pereHepaliiiHi mMyHKTH)
BUBYCHI 1 JIOKadi3oBaHi. ToMy i IUISHKHA MOPIBHSAHO JIETKO MOXXKHA KOHTpOIIOBaTH. KoH(imeHIiHHICTH
nepexanoi mo BOJI3 indopmamii Moxe OyTu 3a0e3ledueHa 3aCTOCYBaHHSAM CIEHiaJbHUX METOMIB 1 3aco0iB
3axucTy JiHiHHOrO Tpakty Big HJI. 1o ocHOBHuX mepeBar 3acTocyBaHHs 3axuiieHnx BOJI3 BigHOCSTHCS:
HE3AJICXKHICTh BiJl CTPYKTYpH HU(PPOBUX CHTHAJTIB, IO MEPEJAOTHCS; HE3aJICKHICTh BiJ NIBHIKOCTI Hepenadi
(POBUX CHUTHAJIB; YHIBEpCAJBbHICTh 3aCTOCYBaHHS B JIOKAJbHHX, a0OHEHTCHKHX ab0 30HOBHX Mepexax
3B's3Ky [11, 12]. Ame BTpaTa (OTOHIB HAa MIKpO3THOax # MaKpO3rHOax MOXYTh OYTH BHKOPHCTaHI 3 BUT'OJIOKO
JUIl BTOPTHEHHsI. Pi3HMMHM HayKOBHMHM TIpynaMH IPOBEJICHO IHTEHCHBHI pOOOTH, HANpaBJICHI Ha CTBOPEHHS
BOJI3, mo 3a6e3neuyrors 3axuct iHpopmamii Big HI. Cepes 0OCHOBHUX HampsMiB IUX pOOIT MOKHA BHMUTUTH
po3poOKy TexHiYHMX 3aco0iB 3axucty Big HJ] (Ta #oro koHTpoir) mo iH(GOpMAIiifHHX CHTHAIB, IO
nepenarotses o OB [13, 14] ta po3poOky TexHIYHUX 3ac00iB 3axucTy iHQopMarlii, mo nepeaaetses mo OB, sxi
pearni3yroTh IpUHIMIK MackyBaHH: [15, 16], momaBaHHS Mepeniko/i, ONTUYHOT Ta KBAHTOBOI KpUITOrpadii.

3. OITUYHE BOJIOKHO I BUMIPIOBAJIbHI CHCTEMH

30Kkpema, BUMIpIOBaIbHI CHCTEMH € HEBiJ'€MHOIO YaCTHHOIO CydacHOT HayKH i1 TexHiku. Ha cboropHi, y 3B'I3Ky 3
KOMILUICKCHUM YCKJIQJIHEHHIM ICHYIOUHX 1 po3p00OKOI0 SIKICHO HOBUX TEXHOJIOTIYHUX MPOIIECiB B IPOMHCIOBOCTI,
MIOCHJIIOIOTECS] BUMOTH, IO HPEN'SBISIOTHCS 710 SKCIUTyaTallifHO-TeXHIYHUX XapakTepucTHK naTyukis ta IBC.
OpmHUM 3 HaHOUTBII MEPCHEKTHBHUX 1 €EKTHBHUX CHOCOOIB BUPIMICHHS IMHTaHHS 3aJJOBOJICHHS 3POCTAIOYHNX
BUMOT € TIepexijl BiJl KIIACHYHUX €JIEKTPOHHUX BUMIPIOBAJILHUX TEXHOJIOTIH /10 BOJOKOHHO-ONTHYHUX JATYHKIB i
IBC na ix ocHoBi [17]. HaliBaxnuBilINM 3 €JIEMEHTIB BHMIPIOBAJIBHUX CHCTEM € UYTJIHMBI €IEMEHTH, TOOTO
JaTYMKA BHMIPIOBAaHMX BeNWYMH. [H(pOpMaliifHO-BUMIpIOBaIbHI CHCTEMH IIOBHHHI OPTaHIYHO IO€IHYBATH
KaHaJM repeaadi inpopmarii 3 YyTJIMBUMHU €JIEMEHTaMH, TOMY II€pEeBaXKHO OTPHUMYBATH B UYTJIHMBUX €JIEMEHTaX
CHTHAJIM Ti€l X MPUPOJH, [0 BUKOPHCTOBYIOTHCS B KaHaIi nepenadi. J[is BOJIOKOHHO-ONTHYHHUX CUCTEM, TaKUM
YMHOM, 0a)KaHO MaTH YYTJIMBI €JIEMEHTH ONTHYHOTO THUITy. TOMY MOSBY BOJOKOHHO-ONTHYHUX JatdnkiB (BO/)
MO)KHA BBa)KAaTH 3aKOHOMIPHHM KPOKOM B PO3BHTKY Cy4acHOI Hayku i TexHiku[18].

BukopucraHHs BOJOKOHHHMX JaTYUKIB JO3BOJSIE pEANi3yBaTH psf  I€peBar BHUMIPIOBAIBHHX CHCTEM:
MOXKEXKO0-, BHOYXOOE3MEUHICTh, BHUCOKa 3aBa/I03aXMIICHICTh (I €JIEKTPOMAarHiTHa CyMICHICTb, XiMiYHa
IHEpPTHICTb, TEPMOCTIHKICTh, raJibBaHIYHA PO3B's3ka KommoHeHTiB IBC, nucraHmiliHicTs BUMIipiB, Maja Bara i
00'eM, MOXJMBICTb MYJIBTHIUIEKCYBAaHHS JATYMKIB, TPUBAIMH TEPMIH eKCIulyaTamii, NMOTEHLIHHO HHM3bKa
BapricTh). CyuacHi BojgokoHHO-onTH4HI IBC XapakTepu3yloThesl TEHACHIIEIO 0 YCKIaaHeHHsS KoHirypaumii i
CTBOPEHHsST Ha 1X OCHOBI PO3MOAUIEHMX BHMIPIOBAJBHUX MEPEXK, OCOOJMBICTIO SKMX € MOJJINBICTH



PEKOHCTPYIOBAHHS MPOCTOPOBOTO PO3IOIIIY MapaMeTpiB JoCimKyBaHoro ¢ismanoro mons [19, 20, 21, 22]. ¥
BO/I ontruHe BOJIOKHO MOXe OyTH 3aCTOCOBAHO SIK JIiHIS IepeIadi, a TAK0XK MOYKEe BUKOHYBATH POJIb YyTIHBOTO
eJIEMEHTA JTaTYNKa. Pazom 3 BO/I Ha OCHOBI BOJIOKOHHO-ONTHYHUX E€JEMEHTIB JO TEIEPIilTHHOTO Hacy
CTBOPCHUH WiJIHA PSII ONTHYHHUX TIPHCTPOIB i MPHiIaniB HAYKOBO-TEXHIYHOTO i MEIWYHOTO Npwu3HadeHHA. Lle
BOJIOKOHHO-OIITHYHI JTa3epH 1 MiICHIIIOBaYi, TePareBTHYHI 1 XipypridHi Jla3epHi MpHiIaad, BOJIOKOHHO-ONTHYHI
o0iamTyBaHHA MaM'STi IS ONTHYHIX IPOIEecopiB. Y OCTaHHI POKM AOCATHYTHH 3HAYHUI MPOTpec B TEXHOIOTIi
OTpUMaHHS (OTOHHO-KPHCTANIYHUX BOJOKOHHHX CBITJIONPOBOIB, IO BIAKPWBAE HOBI MOXKIIMBOCTI [UIA
pearmizamii pi3HHX HETIHIHHO-ONTUYHHAX €(EKTiB i MPHUCTPOIB, 30KpeMa s TeHepalii HaImHpOKOCMYTOBOTO
OIITUYHOTO BUIIPOMIHIOBAHHS 3 BHCOKOIO IPOCTOPOBOIO KOTEPEHTHICTIO (supercontinuum generation) [18, 23].

OnTryHe BOJOKHO IMIMPOKO BHKOPUCTOBYETHCS B MEOWUHIN cdepi MiarHOCTUKU Ta JiKyBaHHA. OCKUTBKH
OB MoXyTh OyTH AyXe TOHKUMH i MOKYTh OYTH 3BHTI B THYYKi HUTKH, BOHH MOXYTh OyTH BHKOPHCTaHI IS
JOCTIKEHh KPOBOHOCHUX CYIWH, JIETEHIB Ta IHMMX YacTWH Tima. ONTHYHI BOJIOKHA JO3BOJSIOTH MEIUKaM
MPOBOIUTH Bi3yalbHUH aHaii3 1 JIKyBaHHS DI3HUX 3aXBOPIOBAHb Yepe3 KPHUXITHI HaApi3W 3a JOIOMOTOIO
IHCTPYMEHTY Wi Ha3BOIO EHIOCKON (¢ MyYOK IIEepIIOr0 ONTHYHOI'O BOJIOKHA BHKOPHCTOBYETHCS I
MIPOCKTYBAaHHS CBITJIa HAa AUISHKN TKaHWHH, a JPYre ONTHYHE BOJOKHO TEpeNae BiIOWTEe CBITIO BiJ TKaHWH,
JO3BOJISIE THM CAaMUM OTPUMATH YiTKe 300pakeHHs Ha eKpaHi MOHITOpY.

Crnix 3ayBakWTH, IO MIarHOCTHYHI Ta JIKyBaJdbHI MOXJHMBOCTI B PI3HHX cdepax MEIUIMHHA 3HAYHO
PO3LIMPHUINCH TPU BIPOBA/PKCHHI B KIIHIYHY NPAKTUKY CGHIOCKOIMNYHUX METOMAIB IociipkeHHs [24, 25].
Enmockonu 1e yHiBepcanbHI MpHOOPH TpHU3HAYCHI JJIS BI3yaJIbHOI MIarHOCTUKH Ba)XKKOJOCTYITHUX 30H Ta
oOnacTeil (BOHM 3HAWIUIM IIHPOKE BUKOPHCTAHHS HE JUIIC B METUIUHI [26], a # y IHIIAX KITFOYOBUX Taly3sX
IHAYCTpil: JiTaKko-, aBTOMOOLUIE-, CyNHOOYIIBHUIITBI, €JIEKTPO- Ta SACPHIH eHepreTui, Ximii, HadTOBIH Ta
ra30Biif MPOMHUCIOBOCTSX, OyIIBHUITBI Ta iH.). BOHI BUKOPHCTOBYIOTHCS IUI BUBUCHHS KOHKPETHHX 0oOJacTeit
mroacekoro Tinma [27]. Lle oauH MeTon NOCIHiMKEHb, NPH SKOMY BHKOPHCTOBYIOTHCS ONTHYHI BOJIOKHA, LIO
OJicp)KaB IIMPOKE IOMMPEHHs Ul JIKYBaHHA PIi3HHX 3aXBOpPIOBaHb € apTpockomis. [lpu mpomy Meromi
BHUKOPHCTOBYETBCS HPHJIAJ ITiJl Ha3BOK apTpOcKoll. Llei iHCTpyMEHT sBisie cO00K0 MPsAMHUIT LMIIHADP 3 Cepiero
JH3 1 ONTHYHUX TPH3M, SKi BBOIATH B PO3pi3 IIUPHWHOIO BiX JBOX JO M'STH MITIMETpiB, O€3MOCEPEAHBO B
cyrio0. ApPTPOCKON BHUKOPUCTOBYETHCS UL MIaTHOCTHKH CYTJI00iB B opraHismi, ne OB MoxyTts OyTH
BUKOPHUCTAHI JUII BHMIPIOBaHHA TEMIEpaTypHd Ta iHIIUX TMapaMeTpiB OpraHi3My, a TakoXX NpH BUKOHAHHI
xipyprigaux onepariif. KpiMm toro, OB mmpoko BHKOPHCTOBYIOTBCS JJIS TOCTIDKCHHS 1 JIIKYBaHHS CEpIICBO-
cymuaHOI cuctemu [28, 29]. Takox ycmimHO 3acTocoByeThbcss OB s mpsMOro iHTEHCHBHOTO JIa3epHOTO
BUIIPOMiHIOBaHHS Ha paHy [30], 11t 3ymUHKN KPOBOTEY ab0 CriaJIeHHs aHOMAJIbHUX TKaHUH.

YV BOJIOKOHHO-ONTHYHHX JaTYUKAX ONTHYHE BOJOKHO MOXe OyTH 3aCTOCOBAaHE MPOCTO SIK JIiHis nepenadi, a
MOXKE BiJirpaBaTH pOJIb CAMOrO YyTTEBOTO €JIEMEHTa JaT4yhKka. B OCTaHHBOMY BHIIAJKy BHKOPHCTOBYIOTBCS
YYTJIMBICTh BOJOKHA JI0 eleKTpuaHoro mois (epext Keppa), marritHoro nomro (epext Dapanest), no BibOpaiii,
TEeMIepaTypH, THCKY, OeopMamisM (HampuKiIaa, A0 BUTHHY). barato 3 mux e(ekTiB B ONTHYHHX CHCTEMAax
3B'I3KY OLIHIOIOTBCS K HENOJIKH, Y JaTYMKax ke iXHsS I0sSBa BBAKAETHCS CKOpILle MEepeBarolo, sKy BapTo
PO3BHBATH.

B Toif xe yac, ocTaHHI JOCSATHEHHsS B MIiHIMAlIBbHO IHBa3WBHIHM Xipyprii moTpeOyrOTh MEHIIUX PO3MIpiB
KaTeTepiB ¥ oOgHOpa3oBUX 30HAIB. EHmockomiyHi mnpumagm 1goOpe 3HaHoMi, ane BHYTpimHI (i3wdHi
XapaKTePUCTUKH ONTHYHUX BOJIOKOH, HAJIAFOTh iM HEHMOBIpHY MPUBAOIMBICTE ISl OI0OMEIMYHOTO 30HIyBaHHS.
HexkaniOpoBane BonoKHO (3a3BW4ail miameTpy MeHmre 250 MkM) Moxe OyTH BCTPOMIICHO Oe3MocepeqHbo 0
MANIKIPHAX TOJIOK ¥ KaTeTepiB, TaK IO iX BUKOPHCTaHHS MO)Ke OYTH SK MiHIMalbHO iHBa3iHHUM, TaK i CHIIEHO
nokami3oBaHuM. BomokoHo-ontuuHi nmataukun  (BOJ[), 3poOileHi TakuM YHHOM MOXXYTh BHKOHYBAaTH
OaraToToukoBe ¥ OaraTo TmapaMeTpW4yHE MOWCTAHIIfHE 30HMyBaHHSA. ONTHYHI BOJOKHA HITPaJbHI JIO
eJIeKTPOMATHITHX MePeIKoJl, XiMiuHO iHepTHi, JeTOKCHuHi i BUOyXoOesneuHi. IX BuUKOpuCTaHHA He OyayTh
CTBOPIOBATH MEPENIKOAM B EIEKTPOHIll, SIKa 3HAXOAMTHCS y MEIMYHHX YCTAaHOBaX. M, HalrooBHille,
IHEPTHICTh BOJIOKOH JI0 EJIEKTPOMATHITHHX W pAaJiOXBIIBOBHX CHUTHATIB POOHUTH iX iCaJbHUMHU JUIS
BUKOPHCTAHHS B PEKHMI peaNbHOro yacy mijguac jgiarHoctnyHoi Bizyamizauii 3 MPT, KT ta in. A takox mnpu
TEIJIOBOMY aleALifHOMY JiKyBaHHI 3 y4acTio panioxBwib yu CBU— BUITpOMiHIOBaHHSIM.

4. BOJIOKOHHO-OIITUYHI BIOMEJUYHI JATYUKHU
BoJIOKOHHO-ONITHYHI JTaTYMKK MICTSATH JOKEPETIO CBITJIAa, ONTHYHE BOJIOKHO, 30BHIMIHIA JaT4WK, i
¢oronerexTop. BoHM MalOTh YyTJIMBICT HUISIXOM BHSIBICHHS MOZYJLil omHOrO abo Oinblie BIacTHBOCTEH
CBiTNA, SIKI KEPYIOTHCS IHTCHCHUBHICTIO BCEPEIMHI BOJIOKHA, HANPHKJIAJ] JOBXKHHM XBWIi abo moisipu3aii.
Monynsiist BUpOOISETHCS IPSIMUAM 1 BIITBOPEHUM YHHOM Bijl 30BHIIIHBOTO OOYPEHHS, BUKJIMKAHOTO (Pi3MIHUM
rapaMeTpoM, BeJIMYMHA SKOTO IIOBMHHA BHMIpIOBAaTHCh. BUMiproBaHMH IapameTp, SKHH Hac ILiKaBUTh
BUBOJNTHCS 3 BUSIBJICHUX 3MiH y CBITJIOBHUX IapaMeTpax.



[cHYIOTH IBa OCHOBHHMX THIIM BOJIOKOHHO-ONTHYHUX NATYMKIB. 3OBHIIIHI HMPUCTPOi, SAKi NPAMIOIOTH
3aBJISKH Mepeadi CUTHAIY 10 JATIHKY, B TOM Yac K BHYTPIIIHI IIPUCTPOI I[OT0 He pobisTh (muB. Puc. 1).

VY BHYTPIIIHFOMY JAaTYHKY, CBIiTJIO HIKOJNW HE BUXOIUTH 3 BOJOKHA i BUMIPIOBaHUI MapaMeTp BIDIHBAE
Ha BJIACTHBOCTI CBiTJa, IO TMOMIMPIOETHCS B3IOBXK BOJIOKHA, oYM Oe3mocepeqHhO Ha caMe BOJIOKHO. B
30BHIMIHBOMY JaTYNKY, 0OYpEHHS i€ Ha MepeTBOPIOBAY i ONTHYHE BOJOKHO IPOCTO MPOITYCKAE CBITIIO 3 MICIII
MepexoIUieHHs. barato pi3HNX BOJOKOHHO-ONTHYHMX MEXaHI3MIB NAaTYWKIB OyiIH MPOAEMOHCTPOBAaHI BXKE
MPOMHUCIOBAMH 3pa3kamu [31], a meski mms GiomeamaHoro 3actocyBaHHs [32, 33, 34], cepen SAKUX BOJIOKOHHI
operiBcbki pemitku (BBP), ®abpi-Ilepo mopokHIHN a00 TOPIIEBI BOJIOKOHHO-ONTHYHI iHTEepdepomeTpu Dadpi-
Ilepo (EFPI), intepdepomerp Canwsika, inTeppepomerp Maxa-llanmepa, ta inmi. [lo mux mip HaiOinpm
TOMMpPeHi, Ti MO 3acHOBaHI Ha iHTepdepomerpi Pabpi-Ilepo i OperiBchkmx pemriTkax. Takoxk MOmMUpeHi
CHEKTPOCKOMIYHI JaTIUKH, SKi 0a3yloThcs Ha TOTIMHAHHI cBiTia i ¢uryopecuentii. biomenmani BOJ moxxHa
PO3IUIATH HAa YOTHPH OCHOBHI THNH: (Di3M4HI, XiMigHI, 6i0J0TiUHI Ta BizyamizaniiHOTO npu3HadYeHHs (Tabm. 1).

a)
cBiTII0 — -
\‘ .
) «—— TMapaMeTp AKHI HAC
J
MOaYJIbOBaAHE y/ NiKABHATH
CBITJIO -« //
BHYTpimAiil ceAcop
30BHIMAIH
5) daTIHK
CBiTI0 —>
<«—— TnapaMeTp AKAH HaC
MOIYILOBAHE NiKABHTH
cBiTIIO €

30BHIMIAIA cCeHCOp
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TTo3umis JKoBu Merabomitn
JluxaHHs Jlinigm [IpoTeinn

@i3nyHi JaATYNKH BUMIPIOIOTH Pi3HI (Pi310J0Ti9HI TapaMeTpH, K TeMIepaTypa Tija, KPOB'SHUH THCK, 1
nepeMimieHHs M's3iB. JlaTyuky TpW3HAYEHI U Bi3yami3allii OXOIUTIOIOTh, SIK €HIOCKOIIYHI TPHIAAH JUIS
BHYTPIIIHBOTO CIIOCTEPEKEHHS Ta 0OpOOKHM 300pa)keHb, a TAKOX AJIsl OLIBII MPOCYHYTHX METOIMK, TAaKUX SK
ONTHYHA KOTepeHTHa ToMmorpadis i ¢oToakycTHYHA Bizyaii3awisi, J€ BHYTPIIIHI CKaHyBaHHs 1 Bizyajizamis
MOXKYTb OyTH 3p00JICHI He IHTPY3UBHO (TOOTO 3 MiHIMAIBHO MOXKJIMBOIO CTYIICHIO IPOHUKHEHHS ).

Ximiuni ceHcopm 06a3zyroTbcsi Ha (UIyopecueHIii, CIEeKTPOCKOMIYHMX MeTOoAaX 1 IHAMKATOpax Juist
BUSIBJICHHS Ta BU3HAYEHHs HASBHOCTI NIEBHUX XIMIUYHHX CIIOJIYK 1 MeTaOOIIYHUX 3MiHHUX (TakuX sk pH, kucHI0
B KpOBi, a00 piBCHb TJIIOKO3M). BOHM BUSBIAIOTH CHEIU(IYHI XIMIYHI JTOMIIIKH U1 MIarHOCTHYHHUX LICH, a
TaK0X KOHTPOJIIOIOTh XIMI4HI peakiii OpraHi3My i aKTUBHICTb.

Biosoriuni ceHcopn MarOTh TSHICHINIO OYTH OUIBII CKIATHUM i 0a3ylOThCS HA OIOJOTIYHUX PEaKIlisx
TaKUX-TO SIK PO3IMi3HaHHA (PEepMEHTYy-CyOCTpaTy, aHTHUIeH-aHTHUTII0 abo JiraHa-penentop i igeHTHdikamii i
KIJIbKICHOT OI[IHKM KOHKPETHHUX O10XIMIYHUX MOJIEKYJ, 1110 IPE/ICTABISIOTH IHTEPEC.

3 ToYKH 30py pO3BUTKY JIaTdyMKa, 0a30Bi Bi3yadi3amiifHi MaTYMKH € HAWOUTBII pPO3BUHCHUMHU.
Bo0JIOKOHHO-ONTHYHI JTaTYUKH JUIS BHMIPIOBAaHHSA ()I3MYHUX IapameTpiB HacTynHi. | HaliMeHII po3BHHEHA
00J1acTh B IUIaHi YCIIIIHOCTI CEHCOPHUX NPOJYKTIB, € JaTYUKHU JUIs1 010XIMIYHOTO 30H/IyBaHHS.



5. BUMOI'M TA BUPOBU

VY cepi po3BUTKY OiOMETUIHAX CEHCOPIB MPENCTABICHO YHIKAIbHI KOHCTPYKTOPCHKI PIIICHHS, OTHAK
nIaHa chepa He 1mo30aBieHA 1 IEIKUX MPoOIIeM, OB’ I3aHUX, HacaMIIepe]l, 3 iX iHTepdeicoM 1Mo BiIHOMIEHHIO 10
GioorigyHOTO Opra”izMy. B 3B’s13Ky 3 MM /10 0i0NOTIYHUX CEHCOPIB BUCYBAETHCA PSIT BAXKIMBHX YMOB. CeHcOpH
MOBHUHHI OyTH Oe3neYyHNMH, HANiHHUMH, BOJOIITH BHMCOKOIO CTabUTBHICTIO Ta OiOCYMICHICTIO (BiACYTHICTH
010JTOTIYHOTO BIATOPTHEHHS), MiIUIATaTH CTEPIUTI3AIlil Ta aBTOKIaBYBaHHIO, HE TIOBUHHI BIMaratu KaimiOpyBaHHS
(abo, mpuHaiiMHi, 30eperTu KaaiOpyBaHHS MPOTATOM TPHUBAIHX IIEPIOIIB).

CeHcopHe TaKyBaHHS € OCOOJNHMBO BaXKIMBHM AacIIEKTOM, OCKIJIBKH Ii HMPUCTPOi MOBHHHI OyTH myke
Malti, 0COOJMBO Ti, IO BUKOPHUCTOBYIOTH JJIS iMIUIaHTaIii abo 3 MeToro mepedyBaHHA B opranismi. [Ipucrpoi
TaKOX IMOBHHHI OyTH SKOMOTa TPOCTIIIMMH, TaKi 5K, HAPUKIA] MiHIATIOPHUHA BOJIOKOHHO-ONTHYHIHA JaTIHK
TUCKY, TOKa3aHWH Ha KiHYMKY maibld (auB. Puc 2).

AN
Puc 2. BoJIOKOHHO-ONTHYHUI CeHCOP THCKY [35].

IMpuctpoi 3 6iOMeTUUHUMH TATYMKAMH MOXKYTh OYTH KiacudikoBaHi sk in Vivo uu in vitro. V in vivo
(TOOTO NMPUPOJHMX YMOBAX) BIIHOCSTHCS /O 3aCTOCYBaHHs B3arajoM JIO0 JKUBHX OPraHi3MiB, Takuil SIK XBOPOi
JroiMHY; N Vitro (a6o B mpo0ipiii) BITHOCHTBCS 0 TECTYBAHHS M03a Tijla, TAKUX SIK TaOOPATOPHUX TECTIB KPOBI.
3 TOYKH 30py TOTO, SIK JaTYMKH 3aCTOCOBYIOTHCS JIO TAalli€eHTa abo Oi0JOTiYHOI CHCTEMH, BOHH MOXYTh OYyTH
KiIacu(ikoBaHi SK HEIHBa3MBHI, KOHTAKTHI (3 TOBEPXHEI0 ILIKIpW), MIHIMAIbHO 1HBa3WBHI (THMYacOBOTO
nepeOyBaHHs1) a00 iHBa3WBHI (Ti IIO IMIUIAHTYIOThCS). bioMean4HI AaTYMKU MOXYTh OYTH BHKOPHCTaHi 0
mronei (KiHiYHI), NO TBapuH (BeTepuHapHi), a00 10 IHMIMX >KUBUX OpraHi3MiB (Haykosi). I 3amexHO Bix
nepen0auyBaHOTO BUKOPUCTAHHS, MOXKYTh OYTH JJIsl: AiarHOCTHYHHX, TEPAIEBTUYHUX Y1 IHTEHCUBHOI Teparii B
KITIHIYHIA MPaKTHIlL; JOCIIPKECHHS Ta TOKIiHIYHI po3po0Ky; TabopaTopHux Tectax (auB Taom. 1).

6. OCTAHHI ITOJIIT Y PO3POBKAX ITPOJIYKTIB HA FA3I BO/J]

OauH 3 TMIOHEPIB BOJIOKOHHO-ONTHYHHMX OiomenuuHux jgardyuki, Camino Labs (Can-/liero,
Kanigopsis), B 1984 poui BBeJCHO B MeIUYHMI PUHOK JaTYUK BHyTpimHbouepernHoro tucky (BUT), skuii 3
TUX MIp CTaB OJHMM 3 HaWHOLIbLI YacTO BHUKOPHUCTOBYBaHHMX cucteM MoHiTopuHry BUII B cBiti. [Ipuctpiii
0a3yeTbcsi Ha IHTEHCUBHOCTI MOAYJISIIT BOJOKOHHO-ONTHYHOI CXEMH, CIHMPAIOYHMCh HA MiHIATIOpHI CHIIL(MOHH
(ToHKOCTIHHI MeTajneBi TpyOku, abo kamepa 3 ropoBaHO (XBWIECHOAIOHOI) OIYHOK MOBEPXHE0), K
NepeTBOPIOBaY.

[Homi mionepw migkmovenHs natyukiB Luxtron (Santa Clara, California, a Tenep yactuna LumaSense) 3
fioro ¢uroopoonTuyruM nataukom Temmeparypu, i FISO (Quebec City, QC, Kanaza), sika no3uitionye cebe sk
MPOBIAHUN TOCTAYAIbHUK MEAMYHHUX BOJOKOHHO-ONTHYHHX JAaTYHMKIB THCKY 1 Temmeparypu. Jlatuuku FISO
3acHoBaHi Ha npuHimii EFPI npuctpois. Cepen HoBoro nokosinns kommnaniid Opsens, Neoptix (Quebec, QC,
Canada) i Samba gatuuku ( Vestra Frolunda, Sweden). Jlotenep naii6inbir normmpenux meanunux BOJl Ha
PHHKY TeMIlepaTypH 1 THUCKY, 1Ie MOHITOpHU. AJe iCHye KiIbKa IHIIMX Pi3HOMaHITHHX JATYHMKIB 1 MPUIIAAIB SKi
BIATBOPIOIOTH NapaMeTpH, SK OTO KOpOHAapHa Bizyaji3alis, TeMIepaTypa, TUCK, OKCHUICHi3allisl, IyJbCOMETD,
BUTpATOMip KpoOBi, mojoxeHHs/¢popma opraniB, cmia, EKI/IEI' tompo. Ilimkom iMOBipHO, IO KiJBKIiCTBH i
pisHOMaHiTHICTh OiomennaHux BO/] Oyzae 301mbIyBaTrcs, IpH IIbOMY 3MEHITYIOUN COOIBapTICTh MPUIIAIIB.

Cepen ocrtaHHiX po3po0OK € (opMH 30HIYBAaHHS CHUCTEMH, SKi BUKOPHCTOBYIOTH MacuBU BBP,
PO3TAIIOBAaHHUX Y3/I0BXK 0araTosiepHUX OJHOMOJOBHX BOJIOKOH. BBP Oyze 3wmilryBaTHcsi JAOBKXKHHAMH XBHJIb
MaKCHUMYMiB BHIIPOMiHIOBaHHS y BiATOBiAb Ha nedopmamii i KpUBH3HHU CTPECy, OTPUMAHOTO MPH BUKPHUBJICHHI.
MacuBu BOJOKHa [JONOMAaraiOTh BH3HAUWTH TOYHE TIIOJIOKEHHS 1 (OpMy MEAWYHMX I{HCTPYMEHTIB i
MaHimynaropu. e omuuM BaknuBuM HOBHM mpoxyktoM BOJl B mepenceptudikamiiiHoMy BHIPOOyBaHHI €
EndoSense (Kenema, IlIBeiimapist) TactiCath mpumycoBuit uyrnuBuii karerep. BBP matankn BcTaHOBNEeHI Ha
KIHUMKY 1HTpa-aoOpTajbHOI'O KaTeTepa, SIKU TAKOX CIYKHUTh B SKOCTI JOCTaBKM 30HJ2, MPHU3HAYEHOTO IS
nikyBaHHS 1 GiOpumsmii mepencepab.



Puc 3. BonokoHHO-ONTHYHHN BHYTPIITHBO-20PTATBHAN Ty TIHBHNA KaTeTep

30HAYyBaHHA J03BOJIAE 3MIMCHIOBATH MOHITOPHHT B PEXXHMI PEANBbHOTO Yacy Bill CHIIH, HPUKIAICHOI
TIPOTH CTiHKH cepIis 1o katetepy [35].

[Ipumycosuit BBP naTawk, mo i€ mpoTH ceplieBOi CTIHKH 3aBISKH CTPECY, BUKIMKAHOMY Ha CTiHKax
(muB. Puc. 3). KoHTpoms cmim Mae BeNHWKE 3HAYCHHS UL TOCTABKM BiJMOBITHUX Ja3epHUX IMITYJBCIB, SIKi
BUKJIMKaHi B CAMOMY CepIli Ha HOTo CTiHKaX.

BUCHOBKHU

biomenu4HMi pUHOK 30HIyBaHHS SBJISIE COO0I0 MPUOYTKOBHH 1 MOBHMI 3pOCTAI0OUNX MOJINBOCTEH I
BO/, ocobmmBo I BeMUKUX 00CATIB HassBHUX 30HAIB. [lonuT Ha OLIBIINIT MOHITOPHHT TAIli€EHTA B ITOE€IHAHHI 3
TEHJICHIIIE0 10 MiHIMaJIbHO IHBA3WBHOI Xipyprii, ska cama 1o co0i BHMarae pi3sHOMAaHITHUX MiHIMaJBHO
IHBa3MBHUX MEIMYHHUX INPHCTPOIB, a TAKOX OJHOPA30BOIO BHUKOPUCTAHHS, OJHOPA30Bi NATYNKH HEBEIUKOTO
PO3MIipy, SIKi MOXKYTh OyTH BKJIIOUEHI B KATETEPH Ta €HIOCKOINN — iA€AIBHO IiIXOIUTh A0 BOJOKOHHO-ONITHYHHX
JaT4rKiB. [cHye Takox He3amepeyHa MoxuBicTh At BO/I, sIK 1aTYMKiB AT MOHITOPHHTY JKUTTEBO BaXKIIMBHX
¢yskmiid mig gac BukopuctaHass MPT (i moB's3aHUX 3 HUMH METOJIB), a TaKOX PaXiOYaCTOTHHX HPOLEHYp 3
€JIEKTPOMAarHITHAMH TIEPEIIKOIaMu. Xorinocss 0 BiA3HAYUTH, MO PO3TISTHYTI BHOM JATYUKIB IMTHPOKO
BUKOPHCTOBYIOTHCS HE TUIBKH B MEIMYHIN MPAKTHUILi, ajie i B TaOOPATOPHUX JTOCIIKEHHSAX.

[IpomyckHa 34aTHICTH, MPOAYKTUBHICTD, HANIHHICTh, €KOHOMIYHICTh, CTIHKICTh, HAIMIPHICTB, 1 Oe3meKa
€ OJHMMH 3 BHMOT, IO NPEA'SBIAIOTHCA OO TEICKOMYHIKalid chorofgHi. 3 #HOro mHepBiCHOTO pO3BHTKY,
BOJIOKOHHO-ONITHYHI CHCTEMH Malld OUThOIiCTh TepeBar. 30iMbIICHHS BOJOKOHHO-ONTHYHHX CHCTEM, SIKi
3aMiHIOIOTH KOMYHIKaIlii 0a30BaHi Ha MiJl HPU3BOAWUTH A0 30UTBIICHHS 3HAHB 1 TEXHOJOTIH. SK OyIh-KOIH
paHille, BCi TEXHOJIOTII € IPEIMETOM 3JIOMY 1 KpUMIHATBHUX MAHIMYJIAIMIA. | BOJIOKOHHA ONTHKA HE € BUHATKOM.

KoxxHa maGopaTopiss Mae BeNHKY KUIBKICTh YCTaTKyBaHb IOB’S3aHUX MiXK Cc000I0 Mepexero. [ Tyt
Ba)KJTUBA IIBUKICTH MIepeadi TaHNX B MEPEXKi MiXK YCTaTKyBaHHAM, 1 OCOOIUBO, 3aXUCT OTPUMaHOI iH(popMaIrii.
Sx mpuxiax, po3mmQpyBaHHS TeHOMa JIOJWHH, 116 € O00’€MHHMI Tpolec, 3 IyXKe BEIHKOI0 KUIBKICTIO
napametpiB. ['irabaiitu indopmarii mepenarThCs pPI3SHOMAHITHIMH JaTYAKAMH J0 KOMIT I0Tepa IS MOJaIbIIo]
00poOku iHpopMarii. 3abe3nednTH MBUAKICTE Mepeaadi i 00poOKH BeIUKOro 00’eMy iH(pOpMaIlii B IIO€THAHHI 3
3axucToM Big HBI Mo’ke HagaTu B HaIll 4ac TiIBKHM ONTHYHE BOJOKHO. BOJI MaloTh BEIWYE3HUH MOTEHIAN 1
3a0e3MeuyIoTh MOXKIIMBOCTI 1 (DYHKIIII, IKi HE MOXKYTh OYTH OTPHMaH| 1HITMMH CIIOCOOaMH.

Y MeanKko-caHITapHOI IOTIOMOTH € 0araTo pi3HHUX THIIIB CHCTEM, 3JIaTHHUX 3B'SI3yBaTHCS O/HA 3 OJTHOIO. 3
MeTOI0 3a0e3redeHHs Oe3nepebifHOrO0 TOTOKY iH(popMarii, Ii CHCTEeMH IOBHHHI OyTH iHTErpoBaHi i
ynpasisatucs B IT-mepexax. [lepeBara Mepexi MEAUYHHUX MIPHUCTPOIB € Te, IO MpolecH o0poOku iHpopmarii B
Oyap-sKHil 9ac TOCTYIHI i MOXKYTh OyTH 00poOJieH] BiImOBiAHO 10 moTped. TuM He MeHI, e TaKOXK ITiIBUIIYE
pm3uk Oe3rmekn. CTOPOHHI OCOOM MOXXYTH CHpOOYBaTH OTPHMATH IOCTYN 1O JKapHsHOTo Mepexi. Yacto
OyBaroTh BUIbHI, aKTUBHI MepekeBi cokeTH. BoHN 3a3BHUail 3HaXOAATHCS B IPOLIEyPHUX KabiHeTax abo B 30HaX
ouikyBaHHs. Lli 6e3KOIITOBHI MepeKeBl COKETH Ha/lal0Th MO>JIMBICT OTPUMAaTH HECAHKI[IOHOBaHMUH JOCTYII 110
JIOKJIBHOT Mepexi B Jy)Xe NpOCTHH crocid, 4acTo 0e3 IonepeJHbOro MOBITOMIIEHHS 3 OOKYy MepexeBHX
aZMiHicTpaTopiB. SIK Ile OJMH NPHKIAJ, 1€ aHAJi3aTop MakKeTiB (TaKkoX BIAOMHMH SK MepeXeBHil aHamizaTop,
aHaJli3aToOp MPOTOKOIIB, a0 Ul MMEBHUX THUIIB Mepex, aHamizatop Ethernet abo OesmpoToBuit cHipdep) €
KOMITTOTEpHa Iporpama abo 4acTWHa KOMII'FOTEPHOTO OOJaJHAHHS SIKi MOXKYTh INEPEXOIUTH IPOXOPKEHHS
Tpadiky i1 yBiliTH 4yepe3 1udpoBy Mepexy abo dacTuHH Mepexi [36]. AHamizaTop 3aXOIUIIOE KOXKEH TaKeT i,
SKIIO HEOOXiNHO, NEKOAye BHUXINHI JaHI Makera 1 aHamizye #oro 3Mmict. OTke He 3BaaTH OE3MEKOI0
JTa00paTOPHUX Mepex 3 OOKy MEIUYHHMX 1 HAYKOBHX YCTAHOB € KpaioBOlO mommikoro. Bucoka Bapricte OB
MEpEeX  3aHMIIAETHCS IIEPElIKO0I0, OJHAK, TaK caMoO SK 1 BiJ TPUBAINX IMKIIB PO3pOOKHM HEoOXiqHi
HOpMaTHBHI mpornecu. J{n3aitn Ta po3poOka naT4uKiB, BUOIp BIAIIOBIHOTO MaTepiaiy, OioCyMicHICTb, Oe3neka
nani€eHTa Ta 3aXucT iHpOpMalii He € TPUBIAILHUMU 1 TOBUHHI OyTH MPUIHSTI 10 yBaru.
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