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Hocmanoska npoodaemvt IHOOCKONbL C HCECMKOU PeNetiHOU ONMUYEeCKOL CUCMEMOU UMeIOm Psi0 NpeuMyuwecmas
nepeo 2ubKUMU IHOOCKONAMU U HOIMOMY WUPOKO NPUMEHAIomcsa 6 meouyune. Ilpobremol ocmaemcsi npedpacnono-
JHCEHHOCMb IMUX IHOOCKONO8 K PA3PYULEHUIO MOU YACMU ONMUYECKOU CUCTEMbl, KOMOpas cOOpamna u3 Hcecmux
CMEPIICHEBbIX CMEKNIAHHBIX TUuH3. [Ipuuunoi paspyuenuil mocym Ovims HeboIbuue (00 00HO20 2padyca) useubvl me-
manuyecko2o0 mybyca 6 npoyecce UCnoab308anust snoockona. Ilonomka onmuueckoli yacmu IHOOCKONA 60 8PEMsl Xu-
PYDP2UHeCKOU onepayuy MOoJcem umems cepbesHvle HeeamusHble nociedcmeus 0as nayuenma. Llenvro pooomel s6is-
emcst YCo8epUIeHCME08AHIUE ONMUYECKOU PeNeliHOl YACMU JHCeCMKO020 YHOOCKONA, HANPAGILEHHOE HA CYUECMBEHHOe
VMeHblUleHUue ee paspyuwieHull uz-3a uzeubos mybyca. Pesynomamel. [[15 ycmpaneHus paspyuieHutl penetiHyro 4acmo
ONMUYECKOU CUCMeMbl NPedaazaemcs cooupams U3 KOPOMKUX CIMEPIHCHEBLIX TUH3 CO CeputecKumMu mopyamu, Komo-
pble no360s10m obecneuums 2uOKoe WApHUPHOe COUNeHeHUe YKA3AHHbIX TuH3. B 3a30pax meocdy cghepuneckumu mop-
yamu IUH3 Npeoiazaemcs pasmewams CReYUaibHyio mepmMoCmouKyio UMMEPCUI0, KOmopdas 06ecnevugaen npoxoicoe-
HUue ceema u3 0OHOU UH3bL 8 Opy2ylo npakmuyecku 6e3 nomepv cgemoso2o nomoka. Iloxasano, umo npeonodicentoe
yCo8epuLeHCmB0o8aHue no3eoaem uzeubams myoyc na yeoa 00 10 epadycoe 6e3 noiomMox CmepICHesblX TUH3, Yo eCciib
becnpeyedeHmubIM 01 HCeCMKUX IHOOCKON08. Tloomeepoicoeno, umo 68edeHue 6 ONMuUYecKylo cucmemy OOHOIHU-
MENbHO20 A6EPPAYUOHHO20 KOMNEHCAMOPA U3 08VX JIUH3 MEHUCKOS, PACNOLONCEHHBIX MeHCOY OOHOU NAPOUl COCEOHUX
CMEPIICHEBbIX JIUH3, 00eCneu8aem GblCOKOe Ka4eCmeo U300padiceHust No 6Ccemy noi0 3peHusl, NPeeocxodsujee Kaiecn-
60 uzobpadicenus y npomomunda. Ilpu smom coxpansiemcst npaKmMuyeck HeUMEHHbIM PACIPeOesleHue OMHOCUMETbHOU
0C8eUeHHOCMU 8 NIOCKOCU U300PAdICEHUS], CHOPMUPOBAHHO2O YCOBEPUEHCMBOBAHHOU ONMUYecKol cucmemo. Boi-
600b1. Obecneuenue OonvuLell 2UOKOCMU HCECMKO20 IHOOCKONA Y8eIuyusdem e20 KOHKYPeHmHylo cnocoonocme. /ans-
Heliulee YCOBEPUICHCTNBOBAHIE ONMUYECKOU CUCMEMbl JCECMKUX IHOOCKONO08 Chopmupyem VCiogusi Oiisl HeOPEeHUs.
HOBbIX MATIOUHBAZUGHBIX XUPYPSUYECKUX MEMOOUK, KOMOPble YAPOCMAM, YOeuessim u cOeian MUHUMAIbHO Mpasma-
MUYHBIMU DHOOXUPYPUHeCKUe NPOYeOypbl.

Knioueswie cnosa: sicecmuii 3H00CKON; cmpedichesbie TUH3bL; 2UOKOCHb IHOOCKONA.

Beenenne

Campblit panHHMH 3HA0CKON OBUT M300peTeH Mak-
cumunanoM Hunne B 1877 rony u uMeHoBazcs Kak
Huctockon. OH wucnonp3oBaics Uil HCCIEIOBAHUS
BHYTPEHHEH 4acTU MOYEBOIO IY3bIps uYepe3 yperpy
[1]. B 1918 rony K. Takac npeanpuHsn mnepsble MO-
MIBITKH WCCIIE0BATh MOJIOCTh CycTaBa, a B 1920 roay
OH CKOHCTpyupoBai aptpockon [2]. B 1932 roay T
Bompd mpencraBun mepBBI MOITYKECTKHH TacTpo-
ckor, a B 1956 roxy Bacummii XupIoBuI[ BEIIOTHHI
MEepBYIO Iepenady H300pakeHHs ¢ MOMOIIBIO BOJIO-
KOHHBIX Ty4koB. B 1959 romy Taponpa XomkuHC
n3o0pen crepxHEBble JNUH3BL, a B 1963 rony Kapn
ITopu HcnoNb30Ball CTEPHKHEBBIE JTUH3BI B JKECTKHUX
9HJIOCKOTIAX /IS nepenauy n3oopaxenui [1].

B Hactosmee Bpems HCHONB3YIOTCS TpH THIIA
9HJIOCKOIIOB: JKECTKHE, IOJyXecTkue u ruokue. XKe-
CTKHE HJJOCKOITBI MOTYT OBITh, KaK ¥ BHJIEO IHJOCKO-
[IaMy, TaKk ¥ 3HJOCKOIIAMHM CO CTEP’KHEBOM ONTHUKOM.
ITonmyxecTkue SHIOCKOIBI SBISIOTCS (hubepockomna-

MH, a THOKHE JHAOCKOIBI MOTYT OBITh Kak ¢udepo-
CKOMaMH, Tak W Bujaeo sHjockonamu [3]. Bce onm
MOJIYYUIIM LIUPOKOE PACHpPOCTPAHEHUE B MEIUIIMHE,
BETEpUHApUN U TexHH4Yeckod sHpockomnuu [4]. Ho
0co00€e pactpoCTpaHEHHE MOTYUIITH HIMEHHO KECTKHE
sHnockonsl. O0nanas peHOMEHANBEHOW CIOCOOHOCTHIO
nepenadn U300paKeHUsT M SBJISACH CAMBIMH PACTIpPO-
CTPaHEHHBIMH CPEJU BCEX JHIOCKOIOB, OHH HCIIONb-
3yIOTCS ISl JAMArHOCTUKH W TIPU XUPYPTHYECKUX
BMEIIATENILCTBAX MPAKTUYECKH BO BCEX YyUaCTKaX XKH-
BOTO opranusMa. Mx mpuMeHeHne He OrpaHUIUBACTCS
HaJIMYMEM €CTECTBEHHBIX MOPTOB OpraHm3Ma (TakuX
KaK; pOT, HOC, ypeTpa, BarMHa W. T.1.). BHenpeHue
MHBa3UBHBIX U MAJOMHBA3UBHBIX HCKYCCTBEHHBIX
METOJIOB JIOCTyIa K paboyeMy MO0 CYIIECTBEHHO
pacmupsieT o0JacTh MPUMEHEHHUs JaHHOTO THIIA Me-
TUIMHCKAX TpuOopoB. Hamuume Takux mpuOOpoOB H
COOTBETCTBYIOIIMX METOAMK, ACNAET XUPYPruueckoe
BMEIIATEIbCTBO MEHEE TPaBMATHUYHBIM, COKpalas
BpeMsi XHUPYPTrUYE€CKOr0 BMENIATEIhCTBA, CPOKU pea-
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OMITUTALINY, a TaK)KEe BCE PACXOJIbI, CBSA3aHHBIC C HH-
Mu. Hapsay ¢ SBHBIMH MPEUMYIIECTBAMH KECTKUX
SHOCKOIOB UM, K COXaJIEHHIO, CBOMCTBEHEH HEIOC-
TaTOK, KOTOPBIM Tak M HE ObUI YCTPaHEH Ha MPOTsIKe-
HUUW TOCIEHUX HECKOJIBKO JECATKOB JIET. DTO Mpej-
PacCIONIOKEHHOCTh K BHYTPEHHHUM ITOJIOMKaM OTTHYE-
CKOM CHCTEMBI TIPY HE3HAYMTENBHBIX M3rubax Tyoyca.
TyOycoM 3HIOCKOIA SBIAETCS METALUTHYECKas TpyOKa
13 HepkaBerllel cranu quamerpom ot 1,4 10 10 MM
u TonmuHoN creHok ot 0,05 mo 0,25 mM. Buytpu Ty-
Oyca HaXxoAWTCs elle oaHa TpyOKa, B KOTOPOil pacrio-
JIO’)KEHA ONTHYecKas cucreMa. B 3a3ope Mexny AByMs
TpyOKaMH TPHCYTCTBYET CBETONPOBOJSAIIECE ONMTHYE-
CKO€ BOJIOKHO. J[MaMeTp CTEepKHEBBIX JIMH3 BapbHUPY-
ercst ot | MM 110 6,5 MM npu gmEE OT 14 10 50 MM.
Yka3aHHO€ COOTHOIIIEHUE AUaMeTpa K JUIMHE CTEPKHS
U SIBISETCS TPHYMHOW HMX TOJOMOK. M3rub TyOyca
OTHOCUTEJIbHO ONTHYECKOM ocu B mpenenax +1° B
OOJIBIIIMHCTBE CITyYacB MPUBOAHUT K TMOJIOMKE CTEPK-
HEBbIX JIMH3. Y CHWJIEHHE KECTKOCTU 3a CUET yBeJnye-
HUS TOJIIWHBI CTEHKH CTaJbHOTO TyOyca He Tpea-
CTaBJISIETCSI BOBMOXHBIM M3-3a CYILIECTBYIOLIUX MEJH-
OUHCKUX OIpaHWYCHHUI Ha JuaMmeTp TyOyca. YMEHb-
LIEHHE AMaMeTpa CTeP>KHEBOM JIMH3BI ISl YTOJILEHUS
CTCHOK TyOyca Takke HEJOIYCTHMO IO MPUYHHE I0-
TEpH KavuecTBa N300paKeHUsI.

ITonomka sHAOCKOIA BO BpEeMs OINEpaIiy MpH-
BOJUT K MOMEHTAIBLHOW MOTEPE M300paKEHUS U Tpe-
OyeT He3aMeIIMTEIbHON 3aMeHBI 3HIOCKOIA Ha 3a-
MacHOW pabouuii, KOTOPBIA TakK ke B JIIOOOH MOMEHT
MOXET BBIMTU U3 CTpos. B ciyuae orcyrcTBus 3amac-
HOTO 3HJIOCKOIA, MaJIOMHBA3UBHOE 3aKPBITOE XUPYP-
THYECKOE BMEIIATEIBCTBO JIOJDKHO OBITh MPEPBAHO U
3aBEpILICHO 0e3 pean3alyy MOCTABICHHBIX MEIUIITH-
CKHX 33/1a4 WJIU MEPEBEICHO B PEKUM OTKPHITOH ore-
pamnmu Ui JIorudeckoro 3aBepuieHus. OOa BapuaHTa
Pa3BUTHsI COOBITHI YPEeBAThl OCIOKHEHUSMH IS Ta-
[UEHTa, yIJIUHEHHUS] CPOKOB PeabMIMTAIIMOHHOTO Tie-
puona, a Takke cTouMocTu peabunurammu. K wzio-
KEHHOMY J00aBUM, YTO PEMOHT KECTKHUX METUITIH-
CKHX 9HJIOCKOIIOB JIOCTAaTOYHO 3aTpaTHhIA — oT 200 10
1200 eBpoO B 3aBUCIMOCTH OT MOJIEIIH.

IlocTanoBka 3agaun

YcTpaHeHre ONMUCAHHOTO BBINIE HEOCTATKA XKe-
CTKHMX 3HJJOCKOIOB TpeOyeT pa3paboTku Oojee Toie-
PaHTHOI K M3rnbaM ONTHYECKON CUCTEMBI, CIIOCOOHON
K MHTETPUPOBAHHIO B CYIIECTBYIOUIME CTaHAAPTHBIC
KECTKHE JHIOCKOIBL. Takas cucrema JOJDKHA OTBE-
4aTh Ha TOBBIIICHHBIE TPEOOBAaHMSA K KauecTBY (op-
MHUpPYEMBIX UMHU HN300pakeHuH [5], BBIACPKHUBATH aB-
TOKJIABUPYEMOCTbH [6] ¥ IMETh BBICOKYIO TEPMOXHUMHU-
YECKYI0 CTOHKOCTH [7]. OnTuka A0/mkHa (QYHKIIMOHH-
pOBaTh B YCIIOBHUSX KECTKHUX OorpaHudeHuit [8], oOy-
CJIOBJICHHBIX aHATOMUYECKUMH OCOOCHHOCTSIMU KH-
BOTO OpraHu3Ma M COOTBETCTBOBAaTb YCTOSIBIIMMCS
MEIUIMHCKUM cTaHgapTaMm. [Ipn 3ToM HeoOxoanMbIM
OCTaeTCs BBINONHEHUE PAAa JOMOJHHUTEIbHBIX YCIO-
BUii: 1) coxpaHeHne BHEITHUX NapaMETPOB U JIn3aiiHa;

2) obecrieueHne yxe JTOCTHIHYTOTO B JKECTKOM 9HIO-
CKOITMHM KadecTBa M300paxkeHusI ¢ coOIofeHreM 00-
mux Fa6apI/ITHBIX " ONTUYCCKUX XAPAKTECPHUCTHUK, OT-
BEUAIOIIUX 33 COOTBETCTBHE ONTHYECKOH CHCTEMBI
TCXHUYCCKUM IapaMeTpam KOHerTHOﬁ MOJECIIN DH-
JIoCcKoTMa; 3) COXpaHEHUE TAKOTO COOTHOIICHUS MEXKTY
KagecTBOM IpHOOpa W KOMMEPYECKOH COCTaBISIO-
mel, Ipu KOTOPOM TEXHWYECKHE HOBOBBEICHHUS HE
MpUBEIYyT K TOTEpe KOHKYPEHTHOH CIOCOOHOCTH
npudopa.

Merton peleHns MOCTABJICHHOM 321241

[Ipennaraemoe B naHHOW paboTe HOBOBBEACHHE
MOSCHUM Ha MpHMEpe MOAEPHHU3AINU ONTHYECKOI
cucteMsl 3HAocKoma ¢upMel Qamara, Typrus [9],
MOKa3aHHOM Ha puc. 1.

KOHCTpYKTHBHO JKECTKUN 3HJOCKOII COCTOUT M3
MeTauaeckoro Tyoyca 1 (pabodeit yacTu) U BHYT-
PEHHEH ONTHYECKON TPYOKH 2, KOTOpPbIE CMOHTHPOBA-
Hbl Ha kopmyce 3. Ha 3TomM kopmyce MoOHTUpyeTcs
OKYJISIp C Harla3HUKOM 4 U BOJIOKOHHO-ONTHUYECKUN
pasbeM 5. B onruueckoil TpyOke HaxoasTCs cUcTEMa
MHUKpPOOOBEKTHBA € MOJIEBOW JIMH30H 6, oOopaunBaro-
L€ CHUCTEMBI CTEPIKHEBBIX IUH3 7. B okynspHoil 4a-
CTH — aXpOMAaTHYECKUI OKYJISIp 8 ¢ ToJieBoi nuadpa-
rMmoii. B 3a30pe mexay TyOycoM m ONTHYECKOH TpyO-
KO pacroiokeHa MarucTpaib CBETOIPOBOISIIIETO
ONITHYECKOTO BOJIOKHA 9, KOTOpas mpeHa3HavYeHa IS
MPOMYCKaHUs CBETa OT pazbeMa 5 10 TOPLEBOU YacTH
10 TyOyca sHmOCKONA C LENbIO MOJICBETKN HaOJoaa-
eMoil B aHA0cKoM 30HbI [10].

Jnd HOBBIIEHUS YCTOMYMBOCTH K H3JIOMaM
CTEP>KHEBBIX JIMH3 NIpeJyiaraeTcs ux ykopouenue. Jlus
[IAPHUPHOTO COYJICHEHMS TAaKWX JIMH3 IIpeIaraeTcs
HX CONpsraeMble TOPLEBBIE OBEPXHOCTH M3rOTABIH-
BaTh B (hopme cep mMpakTHUECKH OJUHAKOBOTO pa-
JUyca M MOMeNaTh B 3a30pe MEXAY HAMH HUMMEPCH-
OHHYIO Cpelly C BBICOKOW TeMIepaTypoi KHUIICHHs
(6onee 250°C). Yka3aHHas IMMEPCHOHHAS Cpefia To-
3BOJIMT PEIIUTH HECKOJIBKO 33a4: a) COKPATUTH KOJIH-
YeCTBO ONTHYECKHUX MOBEPXHOCTEH ‘‘CTEKIIO-BO3AYX,
Ha KOTOPBHIX BO3HHMKAIOT PEQIIEKCHI, NPUBOISIINE K
OJMKaM B ONTHYECKON cucTeMe; 0) COKpaTHUTh KOJH-
YECTBO ONTHYECKHX MOBEPXHOCTEH, MoJuIexalux
MIPOCBETIICHUIO; B) MOBBICHTh YCTOWYMBOCTH ONTHYE-
CKOM CHCTEMBI K IpoLEeAypaM aBTOKIaBHUPOBAHUS,
KOTOpasl BBINOJIHAETCS pu Temmneparype +143°C.

YxopoueHne CTep)KHEBBIX JINH3 IIPH COXPAHEHUHT
MPEXHEr0 3a30pa MEXIy HX LWIMHAPHIECKOH MO-
BEPXHOCTHIO M BHYTPEHHEW IOBEPXHOCTBIO TyOyca
obecrieunBaeT MM OOJIBIIMKA YTJIOBOH IOBOPOT Kak
BHYTpPH TyOyca, TaK U OTHOCHTEIBHO COCENHHX CO-
npsAraemMbIX JInH3. [Ipu 3TOM Takoil moBoport, Gnaro-
Japsi KOHCTPYKIMU CONPSDKEHUs, HE NPUBOJUT K IO-
CTOSHHOMY HM3MEHEHHUIO XOJa IIy4KOB JIyueil uepe3
ONTUYECKYIO CUCTEMY DHAOCKOIIA.

IIpu HOBOI KOHCTPYKLIMU CTEPIKHEBBIX JIMH3 U3-
rub TyOyca OT ONTHYECKOW OCH, MOXET JJOCTHraTh Oe3
M3JI0MOB JIMH3 0T 6° 1o 10° B 3aBUCHMOCTH OT MOje-
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JH, 9TO SIBIISETCS OECHpEeleICHTHBIM II0Ka3aTeeM
IUUIS )KECTKHUX DHOCKOIOB C HETMOKHMMHM ONTHYECKUMH
KOMITOHEHTaMU. J[7s KJIaCCHYECKHX JHJIOCKOIIOB C
ONTHUYECKON CUCTEMOI CTEP)KHEBBIX JIMH3, 3TOT MOKa-
3aTenpb He MpeBbImaeT 1°.

H3MeHeHHEe ONTHYECKHUX DJIEMEHTOB JHAOCKOIA
noTpeboBag0 TPOBEACHHWE aHalW3a BIUSHHUS JTHX

10

M3MCHCHHH Ha KadecTBO (OPMHPYEMOro H300paxke-
HUS B (DOKaTBHOM MIOCKOCTH OKyJsipa. B pesymnbrarte
9TOr0 aHajM3a BHISBHJIACH MOTPEOHOCTH BO BBEIACHUU
MEeXIy 000padyrBarONIUMKU cOOpKaMu OJHOTO abeppa-
IIHOHHOTO KOMIICHCATOPA, COCTOSINEr0 U3 IBYX MCHH-
cKkoB (puc. 2).

Puc. 2. Cucrema 1MH3 MEHHCKOB JJIs1 KOPPEKIIUH abeppaluii peseifHoi yacTn ONTHYECKOW CUCTEMBI YHI0CKOIa

KoHCTpyKTHBHBIE MapaMeTphl 3THX JIMH3 OBLTH
HaWJIeHBI METOAOM onTuMm3ammu B cpene ZEMAX,
KpUTEpPHEM KOTOPOM SABJIsIACh MUHMMU3ALUS CpETHE-
KBaJIpaTUYECKUX PAIUYCOB CIIOT-IHAarpamm H300pa-
JKEHMs 4eTbIpex Touek. OfHa U3 HUX HaxoAuach Ha
ONTUYECKOM ocH, Apyras — Ha Kpaw MOJs 3PEHus,
OCTaJIbHBIE — MEXly HUMH. Pe3ynbTaThl onTUMU3aluu
NIpuBe/IeHbI B Tabuuie 1.

[IpuBenenHoe B Tabn.1 CBUIETENBCTBYET O TOM,
YTO HOBOBBEJICHHS B ONTHYECKON CHUCTEME HE TOJIBKO

ofecrieurBacT COXpaHEHHEe KauecTBa HM300paKeHWs,
NPUCYLIEr0 MCXOAHOM CUCTEME C IUIMHHBIMU CTEPIK-
HEBBIMU JIMH3aMH, HO [aXXe [03BOJBICT YIIYYIIHTH
Ka4eCTBO M300paKEeHUSL.

IMpakTH4ecKd HEM3MEHHBIM YAAIOCh COXPAHUTH
pacrpeiesieHie OCBELIEHHOCTH [0 BCEMY IIOJIO H30-
Opa)keHUsl, YTO MOITBEpKAAeTCs rpadMKaMu pacipe-
JIEJICHUsI OTHOCHTEJbHOM OCBEICHHOCTH, MOJIYYeH-
HbiMH B ZEMAX (1abm. 2).
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Tabmuna 1. [TonuxpoMaTudeckue CHOT-AUarpaMMbl H300paxenus Touek mpu A ,=0.5461mxm, 4 ,=0.4800 mxm,

A ,=0.6438 mxm

Ilone Jo MonepHu3anuu ITocne MonepHU3aLUU
0° T T'eomeTp paguyc T T'eomeTp paguyc
2,173 pm 2,481 pm
) RMS-panuyc c RMS-panuyc
1,499 pm 1,421 pm
18° I'eomerp paanyc I'eomerp panuyc
7,027 um 5,924 um
RMS-panuyc & RMS-panuyc
2,677 pum 2,242 pym
27° I'eomeTp pamuyc T'eomeTp pamuyc
6,652 um 5,025 pm
RMS-panuyc RMS-panuyc
3,270 pm 2,550 pm
35° T'eometp paauyc T'eometp paauyc
6,433 pm 4,137 pm
RMS-paauyc RMS-paauyc
3,914 um 2,272 pym

Tabnuna 2. I'padmku pacnpenencHrs OTHOCUTEIFHON OCBEIIEHHOCTH 10 IOJT0 B TNIOCKOCTH U300paXKeHUI

Jo monepHuzanuu

Ilociie MozepHU3aLIUU

1.0

0.9

0.8

0.1

0.6

05 |-

0.8 |-

03

02 |-

Relative Illumination

01 |-

0.0

10
0.9
0.8
0.7
0.6
0.5
0.1
0.3

0.2

Relative Illumination

0.1

0.0

14 7.5 21 2.5 20 315 35
Y Field in Degrees

0 B 7 105 1 s 21 2.5 28 a5 35

Y Field in Degrees

BrIBOABI

1. IIpennoxeHHas B JaHHOW paboTe MOJAEpHH3a-
st ONTHUYECKON CHUCTEMBI JXECTKOTO OHAOCKOIIA II0-
3BOJISIET CYILECTBEHHO COKPAaTHTh MU IOJIHOCTBIO
UCKJIIOYNTH TOJIOMKH CTEP)KHEBBIX JIMH3 MPU U3rHdax
TyOyca, COKpaTUTh KOJIMYECTBO ONTHYECKHX IOBEpPX-
HOCTEH, IOJUIeXkaIINX MMPOCBETIICHHUIO, CHU3UTH cebe-
CTOUMOCTBh 3HJOCKONA ¥ YMEHBUIUTH 3aTpPaThl, CBA-
3aHHBIE C €ro KCILIyaTaluen.
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2. OGecnedenue Oonpiiell THOKOCTH Hapsay C
BBIIICYKA3aHHBIMU TPECHMYIIECTBAMH YBEJIUYUT KOH-
KYPEHTHYIO CIIOCOOHOCTBH TaKOTo mpubopa.

3. JanbHeiilee ycOoBEpILIEHCTBOBAaHUE OITHYE-
CKOW CHCTEMBI JYKECTKHX 3HJIOCKOIIOB, OE3YCIIOBHO,
CO3JIaCT MPEIIOCHUIKU U BHEAPCHUS HOBBIX Majo-
WHBA3WBHBIX XUPYPTHYCCKUX METOAUK, KOTOPHIC VII-
POCTAT, YICIIEBAT M CIECNAIOT SHAO XUPYPTHUCCKHE
IPOIEeIyPhl MUHUMAIBHO TPABMATHYHBIMHU.
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BJIOCKOHAJIEHHA ) KOPCTKUX MEAMYHNX EH/IOCKOIIIB

IMocranoBka npodaemu. Exnockony 3 )OPCTKOIO peleiHOl ONTHYHOK CHCTEMOIO MAlOTh HU3KY IIepeBar mnepes THyYKH-
MU €HIOCKOTIaMH 1 TOMY IIMPOKO 3aCTOCOBYIOTHCS B MeAMIIMHI. [IpoOaemMoro 3aiIMIIaeThCsi BIACTUBICTD IMX €HOCKOTIIB
JI0 pyHHYBaHHS Ti€l YACTHHU ONTUYHOI CUCTEMH, sIKa 310paHa 3 )OPCTKUX CTPIKHEBUX CKIITHUX JIiH3. [IpranHOIo pyiHy-
BaHb MOXKYTh OyTH HEBEJHKi (IO OJHOTO Ipajyca) BUTHHH METAIIEBOTO TyOyca B MPOIeCci BUKOPUCTaHHS eHpockona. [o-
JIOMKa ONTHYHOI YacTHHHW EHIOCKOMNa IiJl 9Yac XipypriyHoi omepamii MOXKe MaTh Cepio3HI HEeTaTHBHI HACITiIKH UL
nanieHTa. MeTo10 podoTH € yIOCKOHAJIEHHSI ONTHYHOI pesIeiiHOT YaCTHHU JKOPCTKOTO €HI0CKOIa, CIIPSIMOBAHE Ha ICTOTHE
3MEHIIEHH! ii pyHHyBaHb uepe3 BUTMHHU TyOyca. PesyabTarm. /st ycyHeHHS! pyHHYBaHb pelleiHY YacTHHY ONTHYHOI
CHCTEMH TPOIIOHYETHCS 30MPaTH 3 KOPOTKUX CTPIKHEBHX JIIH3 31 CEPUYHHMH TOPLIMH, SIKI JIO3BOJIAIOTH 3a0€31e4nTH
THy4YKe IIapHIpHE 3WICHYBaHHS 3a3Ha4eHMX JH3. Y 3a30paXx MK CHEpUYHMMH TOPISIMH JIiH3 IPONOHYETHCS
PO3MIIIYBaTH crieliajIbHy TEPMOCTIHKY iMepcilo, sika 3a0e31edye MPOXODKEHHS CBITJIA 3 OHI€ET JTIH3HU B 1HIIY MPAKTUYHO
6e3 BTpaT cBiTIOBOrO NOTOKY. [ToKa3aHo, 110 3arpoNOHOBaHE YIOCKOHAJIEHHS J03BOJIsE 3rMHATH TYOyC Ha KyT 10 10° 6e3
TIOJIOMOK CTPYIKHEBUX JIIH3, 110 € Oe3MpereICHTHIM JJIsI )KOPCTKUX €HIOCKOIIB. ITinTBepaKeHO, 110 BBEACHHS B ONITHYHY
CHCTeMY JOZAaTKOBOTO abepalliifHoro KOMIIeHcaTopa 3 JIBOX JIiH3 MEHICKiB, pO3TAlIOBAaHMX MIX OJHIEI0 MApoOI0 CYCiIHIX
CTPIDKHEBHUX JIiH3, 3a0e31euye BUCOKY SIKICTh 300pa)KeHHS 110 BCHOMY ITOJIIO 30PY, IO TEPEBEPIIYE SIKiCTh 300pakeHHS Y
npoToTHiy. BogHouac, 30epiracTbesi MPakKTUIHO HE3MIHHUM PO3MOALUT BiITHOCHOT OCBITJIEHOCTI B TUIONIMHI 300pakeHHS,
c(OpPMOBAHOTO BIOCKOHAIECHOIO ONTHYHOIO CHCTEMOI0. BUCHOBKH. 3a0e3medeHHs OibII0i THYYKOCTI )KOPCTKOTO €HJI0-
CKOTIa 301IBIITYE OTO KOHKYPEHTHY CTIIPOMOKHICTb. [1o/1ambIiie BAOCKOHATICHHST ONITUYHOI CHCTEMH YKOPCTKUX €HIOCKOITIB
copMye YMOBH /I BIPOBAPKEHHSI HOBUX MaJOiHBAa3MBHUX XIPYPIiYHUX METOJMK, SIKi CIIPOCTSITH, 3/ICIIEBIIATh 1 3p00-
JATh MiHIMAJIbHO TPaBMAaTHYHUMU €HJIOXIPYPTiUHI NPOLETypH.

KarouoBi ciioBa: )OpCTKHI €HIO0CKOI; CTPHKHEBI JIIH3HM; THYYKICTh €HJIOCKOTIA.
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Background. Endoscopes with a rigid relay optical system have several advantages over flexible endoscopes and there-
fore are widely used in medicine. The problem remains the predisposition of these endoscopes to the destruction of that
part of the optical system, which is assembled from rigid rod glass lenses. The cause of the damage can be small (up to
one degree) bends of the metal tube in the process of using the endoscope. Failure of the optical part of the endoscope
during surgery can have serious negative consequences for the patient. Objective. The aim of the article is to improve
the optical relay part of a rigid endoscope, aimed at a significant reduction of its destruction due to the bends of the
tube. Methods. To eliminate the damage, the relay part of the optical system is proposed to be assembled from short rod
lenses with spherical ends, which allow for flexible articulation of these lenses. It is proposed to place a special heat-
resistant immersion in the gaps between the spherical ends of the lenses, which ensures the passage of light from one
lens to another with virtually no loss of luminous flux. It is shown that the proposed improvement allows to bend the
tube at an angle of up to 10 degrees without breakage of rod lenses, which is unprecedented for rigid endoscopes. It is
confirmed that the introduction of an additional aberration compensator of two meniscus lenses located between one
pair of adjacent rod lenses into the optical system provides high image quality across the entire field of view, superior to
the image quality of the prototype. At the same time, the distribution of relative illumination in the image plane formed
by the improved optical system remains almost unchanged. Results. Providing greater flexibility of the rigid endoscope
increases its competitive ability. Further improvement of the optical system of rigid endoscopes will create the condi-
tions for the introduction of new minimally invasive surgical techniques that will simplify, reduce the cost and make
endosurgical procedures minimally traumatic.

Keywords: rigid endoscope; rod lenses; endoscope flexibility.
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RANKING THE FUNCTIONAL STATES OF A GROUP OF INDIVIDUALS
BY THE ACTIVITY INDICATORS OF REGULATORY SYSTEMS
EVALUATED USING ELECTROCARDIOGRAPHY DATA
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A principle and procedures for ranking a group of persons according to the functional state of their body in accor-
dance with the value of the indicators of the activity of regulatory mechanisms are proposed. Indicators are calculated by
five-minute electrocardiogram records. Contradictory situations are not excluded, when the condition is better by some
indicators and worse by others. The goal of the work is to improve the hardware and software of diagnostic systems in
terms of decision support software for comparative assessments of functional states for a group of individuals.

The work was performed using the traditional approach to assess the functional states of the human body using
the same set of indicators as in the assessment of the integral complex indicator AIRS.

Developments of the principle and procedures for ranking the group of persons disclosed in the work are pre-
sented in this amount for the first time. The ranking of a specific group of individuals is given as a test check of the pro-
posed software procedures.

Keywords: functional state of human body; activity indicators of regulatory systems; hardware and software
means of evaluation; ranking procedures of group of individuals.

Introduction body, its power and quality, degree of development [1].
The quality and reserves of human health are Therefore, in the research in applied physiology and
largely determined by the state of regulation in the preventive medicine, in clinical practice [2-4], assessing

84 Bicnux KIII. Cepin IIPHJIA/[OBY/]YBAHHA, Bun. 57(1), 2019.



