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Cexkuyusa: gpynoamenmanvHovle 0CHOBbL COBPEMEHHOU
MeOUUUHCKOU MEXHUKU

K BOITPOCY O BU3YAJIUBALIUU BHYTPEHHUX OPI'AHOB
YEJIOBEKA HA OCHOBE HEJIMHEHHOCTU BUOTKAHEM
Axumenxo O.b., Kapoeyxasn A.C., Yepros H.H.

Hayunsrii pykoBoauTens - 1.T.H., mpodeccop Yepros H.H.
OxHBIH DenepanbHBIl YHUBEPCUTET
e-mail: akimenkoolesya@mail.ru

VYIbTpa3ByKOBbIE ~ METOIBl  ONPENENCHUS]  XapaKTEPUCTHK
OMOTKaHEeH SIBISIOTCS OJHUMH M3 CaMbIX PaclpoOCTPaHEHHBIX METOJOB
nuarHocTkd. OJHMM W3 OCHOBHBIX  BHJIOB  YIBTPa3ByKOBOM
OUAarHOCTHKK  SIBISIETCA  BH3Y&IM3alsl  BHYTPEHHHX  OpPTaHOB.
Hcnonp30BaHue KIACCMYECKMX METOJOB HHTPOCKOIMM Ha OCHOBE
JIOKALIMOHHOTO METOJa Ha OCHOBHOM YacTOT€ HE JaeT J0CTaTOYHO
XOpoIIeHd KapTUHBI  paclpeiesicHuss BHYTPEHHHUX  OpPraHoB |
KOHTPACTHOCTH. YJIy4YIIEHHE KadecTBa BU3yaJIM3alUH IIyTeM aHaIN3a
BTOPOH M BBIIIIE TAPMOHHK, BO3HUKAIOIINX BO BHYTPEHHUX CTPYKTYpax
OpraHM3Ma 32 CYET BBICOKOM HEIMHEMHOCTH TKAaHEH IPU IPOXOKICHUU
aKyCTHUYECKOH BOJIHBI.

Cy1iecTBYIOT pa3iIMyHbIe CIIOCOOBI N3MEPEHHSI BBICIINX TAPMOHHUK
CUTHaJla U WX IapaMeTpPoB, Ha KOTOPBIX CTPOSTCS TOMOTpaduyecKue
VIIBTPa3BYKOBbIE CHCTEMBl. PaccMOTpHM OCHOBHBIE MNPHUHLMIIBL |
MOJIXO/IbI K OPraHU3alM1 CHCTEM TOMOTrpaduu.

B knaccuueckoil  TEOpMM  aKyCTHKH  PaccMaTpHBaeTCs
pacnpocTpaHeHue BOJH B HEIMHEHHBIX CpeJjax W reHepainusi TapMOHUK.
Korna cunyconnanbHble yIbTpa3ByKOBBIE BOJIHBI C 33laHHON YacTOTOM
W aMIUTUTY/ION pacipoCTpaHsIeTCsl B HEIMHEHHBIX YIIPYTUX TKaHAX, OHU
Oy/lyT WCKaXEHbI, YTO IMPHUBOJUT K TEHEpald BTOPOH, TpeTbed u
BBICIIMX TapMOHUK OCHOBHOM YacTOTHL. AMIUIMTYJa TapMOHHUYECKUX
COCTABIISIIOIIMX YIbTPa3BYKOBOM BOJIHBI U ITyOMHA X PACIPOCTPAHEHUS
3aBUCAT OT cCBoWcTB TKaHedl [1]. HamOosee BbIpaKCHHOW sIBISETCS
BTOpasi TapMOHHUKA CUTHAJIA, OHA Yalle HCIOJIb3YeTCs Ul TOITyYeHHS
n300pakeHuss BHYTPeHHUX opraHoB. Ilomywaemoe rmpu 3TOM
n300pakeHue SIBIIETCS O0JIee YeTKUM 110 CPABHEHHIO C IIOCTPOSHHBIM Ha
OCHOBHOI1 yactoTe [2].
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V Bcepoccuiickas MOJI0eKHas MIKOJIa-CEMUHAp

IIpumMeHeHre  BTOpOH  TapMOHHKH  II€JIECOOOpa3HO  TIPH
YIbTPa3BYKOBOM  CKaHUPOBAaHWU  CKBO3b  TKaHH, HHTEHCHBHO
MOTJIOMIAIONINE TIepBYI0 (0a30Byl0) rapMOHHKY. JlaHHAs TEXHOJOTHS
MpeanojgaraeT  HCHOJb30BaHUE  IIMPOKOIOJOCHBIX  JAaTYMKOB U
MPUEMHOIO TPAKTAa TOBBILIEHHON YYBCTBUTEJIBHOCTH. YJIy4IIAeTCs
KaueCcTBO HW300pakeHWs, JIMHEHHOE W KOHTPACTHOE pa3pelieHue B
TOMOTrpaduu JUIsi MAIIMEHTOB C MOBBIIICHHBIM BECOM.

Hckaxenue Buaa yapTPa3ByKOBOT'O CUTHANIA SIBISIETCS OJHUM U3
MPOSBJICHUA HEMWHEHHBIX J(QQPEeKTOB TpH TPOXOKICHUA Uepe3
ounonornuecku TkaHu. Jledopmanrs npoduns yiapTpa3ByKOBOH BOJIHEI
NPUBOJIUT K MOSIBJICHUIO Pa3phiBa €e EPBOHAYATIBHOTO MPOGUIIS 10 Mepe
ee pacnpocTpaHeHusa. J[aHHOE pACCTOSHUE pa3pblBa U SBISETCS
XapaKTEepUCTUKOW C€amMoro IMpolecca HEJIMHEHHOTro B3aWMOJIEUCTBUSA
aKkyctudeckux BosH. Onmcanume (PU3NYecKoro mporecca oOpa3oBaHUS
MIO00Pa3HOTO MPO(UIS COOTBETCTBYET HAXOXKICHHUIO YCIOBHIA, MPH
KOTOPBIX MPOU3BOIHAS (PYHKIINU

WE=F(V/Vo)

Oymer  paBHATBCA  Hymo. [lpomecc — pacmpocTpaHeHHS
aKyCTUYECKON BOJHBI OINMCHIBACTCA TPEMS BHJAAMH COCTABJISIOIIMX
YJICHOB: JIMHEHHBIMU, HEIMHEWHBIMH UWIEHAMH YETHBIX CTEleHeH |
HEYETHBIX cTemeHei. [locrmenyromue wWIeHBl pPa3IoKEHUS YETHBIX U
HEYETHBIX cTerneHein paccMaTpuBaIOTCA KaK Al INTHBHBIC
KOPPEKTUPYIOIIHE J00aBKM K TIIEPBBIM UWIEHAM COOTBETCTBYIOIINX
HeJMHeWHocTe#[3].

x = 0 Xy = X2 =
Pucynok 1- uckaxenwue rnpouis BOJHBI B HETUHEHHOH cpejie
OMOTKaHU

-0 x2 = X
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Ucnonme3zyst metom o00pabOTKM ¥ TpeNCTaBICHHS IIpoliecca
HEJMHEHHOTO0 B3aWMOJCHCTBHUS UI1 aKyCTHYECKHMX BOJH CO CpEIOH,
MOKHO OIICHHMBATh HaJMuWe HENUHEWHBIX A00aBOK 3a CYET UICHOB
BTOPOTO M TPETHEr0 MPUOMMKEHHs, YTO BAXHO MPHU TOCTPOCHUH
TOMOTPa(pUIECKUX CUCTEM, UCIIONIB3YIOIUX aKyCTHUECKUE HEJIMHEHHbIE
3 PeKTHI.

OTO0 MO3BOJISIET PEaIU30BaTh BU3YAIN3ALIMIO TPOCTPAHCTBEHHOTO
pacmpeneneHusl aKyCTHUECKHX HEIMHEHHbIX IapaMeTpoB Ha OCHOBE
BOJIHOBOTO Mmoaxoaa. Ha ero oOcHOBE MOXHO OLIEHUTH BKJIax OT
HEJIMHEHHOT0 paccesiHUs TPEThEro MopsiiKa U HEIWHEHHOTro paccesHus
BTOPOTO MOpsAAKa. DTH JBa NapaieIbHO pa3BUBAIOLINECS U BIMSIOIINE
IpyT Ha JApyra MpOIECcCHl AT CXOoxue HabOmromaeMbie 3QQeKTsI,
KOTOpBhIE MOXHO pa3[eluTh Ha OCHOBE WCCIIEOBAaHUSA TUHAMHKHU
M3MEHEHHUS TPOGHIISI CKOPOCTU M YCKOPESHUSI BOJHBI [4].

CnenoBaTenbHO, IO BEJIMYMHE HEJIUMHEHHOro mapaMmerpa
BO3MOYHA OLICHKA CBOMCTB M CTPYKTYPBI CPEIIbI, YTO [IO3BOJISIET OLICHUTD
HaJIM4Yue HENMHEHHOCTH B TKAaHAX 3a CYeT IoKas3aTejell BTOporo u
TPETHEro NPUOIIKEHUH, YTO SIBIISICTCS HEMAJIOBAYKHBIM IIPU OCTPOCHUHT
TOMOTpa(pUIECKUX CUCTEM, OCHOBAaHHBIX Ha aKyCTUUYECKUX HEIIMHEHHBIX
addekrax [5].

B HacTtosmiee Bpemsi A7 BOCCTAaHOBJIEHHS paclpeaeieHHs
HEJIMHEWHOro TMapaMeTpa CYyIIECTBYeT [(Ba OCHOBHBIX cCHoco0a:
TEPMOJUHAMHYECKUI METO/ M METOJ KOHEYHBIX aMIUTUTY/I.

TepMoauHaAMUYECKU METO/] 3aKITI0UAETCS B UBMEPEHUU CKOPOCTH
3ByKa KaK (DyHKIHMH THAPOCTATHYECKOTO JABJICHUS W TEMIIEpaTyphl, a
TaKxKe TEIUIONIPOBOIHOCTH, IUIOTHOCTH u ko3 dumenrta
TEMIIEPATypHOIO paciuupeHusi. HennHelHslll napameTp BBIYMCIISETCS
COTJIACHO BBIPAXKEHHIO

B ac?\ (8c> +[3Tp0(ac>
A~ P\op) ~PGp). " e, \ar)y

p

rme T — Temmeparypa, [ — KO3(pOHUIHMEHT TeMIIEpaTypHOTO
pacmupenus, Cp — TEIIONPOBOTHOCTH ITPH MOCTOSTHHOM JIABJICHHH.

CyiecTByeT yJIydlIEHHBIH TEPMOJAWHAMUYECKMH METOX, B
KOTOPOM H3MepsieTcs M3MEHEHHS CKOPOCTH 3BYyKa H3-3a W3MEHEHUS
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V Bcepoccuiickas MOJI0eKHas MIKOJIa-CEMUHAp

JaBIeHUST TpH aguabaThueckoM mpouecce. [lo ¢yt 3TO Meron
cpaBHEHHS (ha3 IPUHATHIX CUTHAIOB [6].

Meto KOHEUHBIX aMIUIUTY/I OCHOBaH Ha M3MEPCHUU BEIHMYHHBI
BTOpPOI TapMOHUKH HPU KOHTPOJIHPYSMOM MPOLECCe PaCHpOCTPaHCHHS
BOJIHBL. B 9TOM MeTozme M3MepsIOTCsl ABE aMIUIUTYIbl — HEPBUYHOI
BOJIHBI M BTOPOl TapMOHHMKH, OTCIOAa BBIBOAUTCS IIOTJIOLICHHE U
HEJIMHEHHBIN napamertp [7].

Co BpeMEHEeM 3TOM METOJ CTaj HCIOJb30BAThCS COBMECTHO C
METOIOM 3aMelieHHs. B 9ToM ciydae IO CepHH CpPaBHHUTEIBHBIX
U3MEPCHUI aMIUIUTY/bl BTOPO TapMOHUKH B CpeIe C H3BECTHBIM
HEJIMHEHHBIM MapaMeTPOM H, 3aTeM, B UCCIISyeMOM 00pasiie, HETPYAHO
HOJTyYHTh 3HAYCHHE HEJTMHEHHOTO mapamerpa oopasmua [8].

Beicokas nHpOpMaIMOHHAsI IIEHHOCTh BOCCTAHOBJICHHS KapTHHBI
pacrpeieNieHus: HETMHEHHbBIX aKyCTHYECKUX XapaKTePUCTHUK, 3aCTABIISCT
BECTH TOHMCKH HaJICKHBIX, 3Q(MEKTUBHBIX M, BMECTE C TE€M, OCTATOYHO
IPOCTBIX METOJOB BOCCTAHOBIICHHUS DACIPEICICHHUS aKyCTHYECKOTo
HenuHeiHoro mapamerpa cpensl € (N)[9]. Mertonsl, npumeHsiemble B
HACTOSILIIEE BpEMs JUIl HAXOXKACHHS HEIMHEWHBIX XapaKTEePUCTHK
00BEKTa, OCHOBAHKI B OOJBITMHCTBE CIyYaeB Ha JIy9€BOM MPUOIIKEHUN
Y UCTIOJIB3YIOT KapTHHY pocTa BTopoii rapmonuku [10]. anHslii ananu3
M03BOJIMT BHIOPATh ONTHUMAJBHBIA CIOCOO BU3yalM3allMd CTPYKTYp Ha
OCHOBE  HEIIMHEHHOr0  B3aMMOJCHCTBUS €  yJIbTPa3BYKOBBIMH
KOJICOAHUSIMH.

PaboTa BeimonHena npu GuHAHCOBOH mojepxke rpanta POOU
Ne 16-07-00374

1. 1.®usuka BU3yanu3aluu H300paXCHUW B MEIWIIMHE, B 2X
tomax T.2. [Tep. ¢ anrn./mox. pex. C. ¥Ya066a. — M.: Mup, 1991 — 408 c.

2. Gebel M.J. Contrast media and 3D-Ultrasound EFSUMB Post-
graduate Course in Vascular Doppler / Ed. by Bolondi L., Gaiani S.
Bologna: Timeo, 1999. P.27-28.

3. bypos B.A., EsryxoB C.H., TkaueBa A.M., Pymsuuesa O./].
AkycTtudeckas Tomorpadus HEJIMHEWHOTrO TmapamMeTpa C IOMOIIBbI0
MaJIoro 4mcia rnpeobpasosateneii.// Akycruueckuii xypHai. — 2006 - Ne
6.- 1. 52.- C.760-776

4. lllmeneB A.A. Akycrtudeckas Tomorpadus pacrupeneiaeHus
HEJIMHEHHBIX MapaMeTPOB paccerBaress Ha 0CHOBE 3((PEeKTOB TPEThEero
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nopsinka: Aproped. AUCcepTaluy Ha COMCKAHUE yYCHOH CTENeHH KaHI.
¢us-mart. Hayk. — M., 2011. — 26 c.

5. Xumn K. (pen.) [lpumenenne yapTpa3Byka B MEJUIIMHE:
dusnueckre ocHOBLI M.: Mup, 1989. — 568 c.

6. Bapenukoa A.1O., Uepnos H.H. Busyanuzanusi BHyTpeHHUX
CTPYKTYyp OHMOOOBEKTOB Ha OCHOBE HEIMHEHHOTO B3aHMMOJACHCTBUSA
yIBTPa3ByKOBBIX BOJH cO cpefoi. Hayuno-mpakTudeckas KoH(epeHIHs
«Henuneitnas  axkycruka-50». COopHuk TpymoB. — Tarampor:
UznarenbctBo HOxHOTO deaepansHoro yausepcureta, 2015. — 252.

7. Bapenuxoa A.1O., YepnoB H.H. Busyanuzanusi BHyTpeHHUX
CTPYKTYp OHOOOBEKTOB Ha OCHOBE 2-i TAPMOHHMKH YIIBTPa3BYKOBBIX
BoH. Hayuno-mpaktmueckass koHdepenuus «HenmuHeiHas axycTuka-
50». CoOopuuk TpymoB. — Taranpor: MW3matensctBo HO)HOTO
¢dbenepanpHoro yHuBepcurera, 2015, — 252.

8. O.B. Pymenko, C.B. Comysn. Teoperudeckne OCHOBBI
HeNMWHEWHOW akyctuku. MoHorpadus. ['maBHas pemakiwst (GHU3HKO-
MaTemMaTH4yeckoi aureparypsl. M3n-Bo «Hayka»,1975.

9. O.B. Pynenxo, C.H. I'ypbatos, K.M. Xenbepr. Henuneiinas
aKycTHKa B 3ama4ax u npumepax — M.: ©DUSMATIIUT, 2007. — 176 c.

10.[Tpumenenue ynpTpa3Byka B meauiuue. [lox pen. K.Xwumia
ITepeBox ¢ anrmmiickoro mojn penakmumein JI.P. TaBpumoBa, B.A.
Xoxnooii, O.A. CanoxxurkoBa. — M.: — DU3MATIIUT, 2008

INPUMEHEHHUE METOJA UCCJIIEJOBAHUA AKTUBHOCTH
MBI ITPU JTUATHOCTHUKE TAPKUHCOHA
Kpacnosa T.A., Buwmneseyxuii B.FO.

Hayunsiii pykoBouTeNb - K.T.H., Jo1eHT Bumneseukuii B.1O.
HOxHbIi denepanbHbIl yHUBEPCUTET
e-mail: girlkgi@mail.ru

C pa3BUTHEM HOBBIX METOJOB AMATHOCTUKH M MEIUIMHCKOU
TEXHUKH BO3HMKJA MOTPEOHOCTh B PAa3BUTHUE HOBOTO IPOTPAMMHOTO
o0ecrniedyeHue, KOTOpoe OBl B MOJIHOM Mepe pacKphIBAIO BO3MOKHOCTH
HOBBIX U YCOBEPILEHCTBOBAJIO OBl pabOTy cTaphIxX anmnapaToB. Ha naHHbIH
MOMEHT CyLIeCTBYeT JAe(ULHUT OTEUYECTBEHHOI'O IPOrPAMMHOTO
o0OecriedyeHus MEAWLMHCKOTO Ha3HaueHus. S mpoBoxy paboTy 1o
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CO3IAaHUIO TPOTpaMMHOTO obOecrmedeHus il Muorpada, KoTopoe
HANpaBJICHHO HAa JMAarHOCTUKY [lapkWHCOHA TyTeM WCCIeOBaHUS
AKTUBHOCTHU MBIIIIII.

Onekrpomuorpadus (OMI) 310 omuMH W3 Hamboyiee TOYHBIX
METOJIOB Ui ONpeAeieHUus  (DYHKIMOHAJIBHOTO  COCTOSHHUSI
nepudeprudIeckoli HEPBHOH CHCTEMBI, OOJE3HH KOTOPOW 3aHMMAIOT
JTUIUPYIOIIUME TMO3MLMU CpPeOd  HEBPOJIOTHUECKHX  3a00JIeBaHMH.
DnekTpoMuorpapuUecKie UCCICIOBAHUS IMO3BOJSIFOT HE  TOJBKO
YCTAHOBUTH XapakTep 3a00JeBaHUs, MPOBOJUTH €r0 TOMUYECKYIO
JIUaTHOCTHKY, HO ¥ OOBCKTUBHO KOHTPOIHPOBATH 3(PPEKTUBHOCTH
JICUCHUA, IPOTHO3UPOBATE BPEM U 3TAIlbl BOCCTAHOBJICHU .

Hcnonb30BaHue MPOrPaMMHOTO OOECIICUCHUS [T U3MEPCHUS U
00paboOTKH  MeIUKO-OMOJNIOTHYECKOW  HMH(GOpPMAalH, CYIIECTBEHHO
IMMOBBIIAOT Ka4YCCTBO IMOJYYCHHBIX JUArHOCTUYCCKUX PE3YJIbTATOB,
JIAHHBIC PEIICHUSI PACIIUPSIOT BO3MOXKHOCTH COBPEMEHHON MEIUITUHEI.
Hcnonp3oBaHre HOBBIX METOJOB M MPOTPAMMHBIX PEHICHUN TaK IKe
KacCaroTCda U ApYrux METOJA0B JUAarHOCTUKH HepBHO'MBI]_He‘IHOI\/'I CHCTEM.

B MemuIMHCKHX YYpEeKICHUSIX HaIleld CTPaHbl, K COXAJICHUIO,
CYIIECTBYET JAC(HUIUT COBPEMEHHBIX ammapaTroB. DTO CBA3aHHO C TEM,
4yTo OONBIIAas YacTb COBPEMEHHOW ammapaTypbl MPOM3BOIAMTHCS 3a
FpaHI/IHeﬁ, YTO CYHIECTBCHHO BJIMACT HA CTOMMOCTD JJaHHBIX allIiapaToB.
HmenHo ganHas mpobieMa 1 moOyauia MeHs K CO3JIaHHI0 COOCTBEHHOTO
OpOTPaMMHOTO OOECTeYeHusl Ui HMIIOPTO3aMelleHHe 3apyOesKHBIX
aHaJIOTOB.

[ToTpeOHOCTh WCIONB30BaHKUS COBPEMEHHOW —ammaparypbl B
NPaKTUYECKOW MEIMIIMHE BECbMa BBICOKA, U PEIICHUE JAHHOU MPOOIISMBI
SIBJISIETCA TEPBOOYEPEAHON JJIsi 3JpaBOOXPAHEHUS HAIIEHd CTpaHbl.
OnHako B HAcTosiee  BpeMsi  OTEYECTBEHHAs  MEAMIIMHCKAs
NPOMBIIIJICHHOCTh HE BBIMYCKAET HHU OJHOTO CEPTHPHUIIMPOBAHHOTO
cepuiiHoro 3nektpomuorpada. CTOMMOCTh K€ 3apyOe)KHBIX alllapaToB
JejacTt Hux HEAOCTYITHBIMU Jaxe JJIA CHICIIMaJIM3UPOBAHHBIX
MEIUIIMHCKUX YIPEKICHUI.

PaccMaTpuBaeMblii  METOA ~ WCCIENOBAaHUS  HANpaBiIeH Ha
YIYUHICHUE Kade€CTBa JUATHOCTUKH HapKI/IHCOHa Y HOanuceHTOB. C
pasBUTHEM  MEIWIMHBI B  MHPE MHOTOKPAaTHO  YBEIWYHIACH
MPOOJDKUTENBHOCTD JKU3HH HACETICHHsI, YTO HE MOTJIO HE CKa3aThCs Ha
cratructuke  Oone3snm  [lapkuHCOHa,  KOTOpass  IMPOSIBISETCS
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MPEUMYILECTBEHHO B cTapuieM Bo3pacte. PacnpoctpaneHHocTs bII
konebercs ot 100 mo 300 wenosek Ha 100 ThIC. HaceneHusI.

B Bo3pactHoli rpymnme crapumie 65 JeT pacmpoCTpaHeHHOCTb
XapaxkTepusyeTcs 0osee BHICOKUMU nokazatessiMu — oT 1280 mo 1500 na
100 trIc. Hacenenus [4].

Huarnoctnka [lapkmHCOHAa 3adacTyro  OBIBaeT  JOBOJIBHO
3aTpyIHUTEIbHO, HECMOTpPS Ha TO, 4YTO WCCIEIOBAaHUS JAHHOTO
3a00J1€BaHUsI TPOBOASATCS YK€ IOBOJBHO AaBHO. OAHOM W3 NPUYMH
MO3IHEH AMAarHOCTUKY SIBIIICTCS HECBOEBPEMEHHOE 00pallleHHE K Bpady.
Amnanu3 obpamaemocty nanueHToB ¢ BII B omHOM 13 0KpyroB MoOCKBEI
MmoKasaja, dYTO OOJIBIIMHCTBO OOJBHBIX BIEPBBIE OOpAaTHIIMCh 3a
MEAWULUHCKON IOMOIIBI0 B MEPUOJ, KOTrZa MUMEIHCh yXKE TOCTATOYHO
BBIpa)KEHHBIE TIPOSBIICHUs 3a001eBanus: y 67% oTMedanack 2-51 cTaaust
00JIe3HU C JIBYCTOPOHHEH cHMIITOMAaTHKOH, 5% Haxomwmuch Ha 3-if
cragui U Tonbko 28% wmmenu l1-to cragmro BIT [5]. Ilo maHHBIM
nccnenoanns, nposeaeHnoro B CIIA, 25% 6onpabM muaraos BII ve
ObUI TOCTaBlieH B TeYeHHWE 2 JIET C MOMEHTa TIOSBICHHS TEPBBIX
CUMITOMOB, TpH 3ToM 46% 3 HUX OOpaTWIHCh K Bpady B TedeHHUe 6
MECSLIEB IOCJIE pPa3BUTHUS KIMHUYECKUX TMposiBieHu .Bropoi
Ba)KHENIINN ¢akrop HECBOEBPEMEHHOM JUarHOCTUKHU —
HECOBEPIICHCTBO AUarHOCTUYECKUX KPUTEPUEB.

Hnst Toro 4yToOBl AMarHoctupoBath 3aboneBanust IlapkuHcona
HYXXHO UMETh OOIIyI0 KapTHHY 3a0ojeBaHusi. OCHOBBIBasCh Ha OOIIEiH
KIIMHUYECKON KapTuHe 3a00NieBaHMs CTaBUTHCS JHWArHO3, MyTeM
cpaBHeHus ¢ kpurepusmu OBII BenukoOpuTanuu., KOTOpbIE BKIIOYAIOT
OUarHOCTHKY CHHIpPOMa NAapKMHCOHM3Ma, a TakXe KpHUTEpuH,
HCKIIoYaomue M noxarsepxaaromme bII.  /luarHoctuka cornacHo
JAHHBIM KPUTEPHUSIM HCITOIB3YETCs TOBCEMECTHO, HO TIPH TAKOM CIOCO0e
JOUAarHOCTHKH IMPOLEHT OLIMOOYHBIX IHArHO30B MOXKET JAOCTUTaTh 24.
[TosTOMYy BCTaeT BOMPOC O TMOWMCKE JIOTMOJHUTEIBHBIX KpPUTEPHCB
(OMoXMMHUYECKUX, HEWPOBU3YAITH3aMOHHBIX, HEUPOPUIUOIOTUIECCKUX,
TCHETHYECKHX ), CIOCOOHBIX MTOBBICUTh TOYHOCTH AUATHOCTHKH.

B cBoeit pabore s mpemnaral0  MCIONB30BAaTh  METOJBI
WCCIIEIOBaHMsI aKTUBHOCTH MBIIII] B IMAarHocTHKe Oosie3nu [lapkuHcoHa.
[Iponecc muarHOoCcTHKHM OyAET NPEACTAaBIATH co00i cHatue OMI
MOBEPXHOCTHBIMH ~ BJIEKTpoJaMH. briarogapsi ycoOBEpIIEHCTBOBAHHIO
MPOTPaMMHOT'0 O0ECIieYeHHsI BO3MOKHO CO3/IaHHe OoJiee MOPTATHBHBIX
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YCTPOMCTB, KOTOpBIE IMOMOTYT peructpupoBate OMI B mpomecce
JKU3HEACSITETFHOCTH dYeloBeKka. VIcmonb3ys JaHHBIE MONy4YeHHBIE B
MPOIECCE JAHHOTO HCCIICAOBAHUS MOXHO IOJYYUTh OoJiee IOJIHYIO
KapTUHY KIMHUYECKOTO COCTOSIHUS MAlMEHTa, YTO TTOMOXKET YBEIUUUTH
TOYHOCTH AWarHocTuku Oone3nu [lapkmHcoHa m Apyrux 3aboreBaHuit
nepudepuIecKol HEPBHON CHCTEMEL.

1. Kysuernosa AA., Bumnesernxuii B.IO.,
OnexTpoMuorpauueckoe HUCCIeJOBaHUE TIyOOKWX MBI CIHHEI,
IO®YVY, r. Taranpor

2. Hukomaes C. T., DOnextpomuorpadus: KINHUYECKUH
npakTukyM, iBanoso, 2013;

3. Hukomnaes C. I'., Atnac mo anekrpomuorpaduu, MBaHORBO,
2010;

4. KacaTkuna JI. D, I'unbBaHOBa 0. B.,
OnexTpoMuorpauuecKue METOAbl HCCIESNOBaHWS B JTUATHOCTHKE
HEPBHO-MBIIICYHBIX 3a00eBanuii. Mrompyaras snekrpomuorpadus, M.,
2010

5. Ilepcon P. C., DOnexrpommorpadusi B HUCCIEAOBAHUIX
yenoseka, M., 1969;

6. FOceruu [O. C., Ouepku 1Mo KIMHAYECKOH deKTpoMuorpaduu,
M., 1972;

INPUMEHEHUE AKYCTUYECKUX METO10B
HNCCIEAOBAHUA CEPJALA
Domuna U.A., Buwneseyxuii B.FO.
Hayunslit pykoBoguTenb — K.T.H., AoLeHT Bumnesenkuit B.1O.
HOxHb1#1 penepanbHbIil yHUBEPCUTET
e-mail: inna.fomina.1994@mail.ru

CepaeuHo-CocyIUCThIC 3a00JICBAaHUS SIBIIAIOTCS MIPUYUHON OoJjiee
15 MHIUITMOHOB CMepTel B MHpE €XEroiHo, Mo AaHHBIM BcemupHOR
opraam3anmu 3apaBooxpanenus (BO3; JKenesa). Ha Hux mpuxomutcs
50% Bcex ciay4aeB CMEpPTH B pAJe Pa3BUTHIX CTPaH, a TaKke 0ojee yem
Ha 50% B A¢puxke u 3anagHo# u FOro-Bocrounoii Asuu [1]. Onu Taxxke
SIBJISIFOTCSL OCHOBHOW MPUYMHOW CMEPTH y B3pocibix. Kpome Toro,
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MHOTHE CEepACYHO-COCYIUCThIE HHIMICHTHI HE O00s3aTEIBHO CO
CMEpPTENIBHBIM HCXOZOM, HO MOXET HApyIIUTh CIOCOOHOCTH BECTH
HOPMaJIbHYIO TOBCCTHEBHYIO >KHU3Hb, B PE3yJbTaTe 4Yero OTPOMHEIE
pacxosl Ha 3apaBooxpanenue (o omenkam 50-150 mupa $ B rox) mst
o01ecTsa.

Tem He MeHee, HECMOTpPS HA OTPOMHBIC CMEPTH M TOTEPH
TPYAOCIOCOOHOCTH  CYIIECTBYET MOJIOKHUTENbHAs TEHICHIUS K
YMEHBIIEHHUI0 CMEPTHOCTH. OJTO CTal0 BO3MOXXHBIM Omaromaps
TOBBIIICHUIO KA4ecTBa IPEJOCTABIEMBIX MEIUIUHCKUX YCIYr W
Pa3BUTHIO KyJbTa 340pOBOro obpasza ku3HU. OIHAKO CYLIECTBEHHOE
COKpYIICHHE CMEPTHOCTH HaOJIONaeTCs 3a4acTylo B cTpaHax ¢ Oomee
pa3BUTOM SKOHOMUKOW. CuTyauuss ¢ CEpIEYHO COCYIUCTHIMHU
3a00JeBaHUsIME B PoccHy XOTh M MEHSeTCsl B JIYYLIYIO CTOPOHY, HO K
COXKAJICHHIO, TT0Ka HEJJOCTaTOYHO ObICTPO [2].

N3-3a 3a007€Ba€MOCTH W CMEPTHOCTH, CEPACYHO-COCYAUCTHIC
3a00JIeBaHUS SBISIOTCS MPEIMETOM OTPOMHBIX KAITUTAIOBIOKEHHH B
OMOTEXHOJIOTHH U (hapMaleBTUUECKOI MPOMBIILICHHOCTH [3].

Jlaxke HECMOTpsl Ha TO, (H)aKTOPBHI PHUCKA, KOTOPHIC YBEIUUUBAIOT
BEPOATHOCTH CEPACYHO - COCYANCTHIX 3a00JIEBaHUI, XOPOIIO M3BECTHBI
(xonecTepyrH U ApyTHUe JIUTHIBI, CATAPEThl U TA0AYHOTO JbIMa, CaXapHbIH
nabeT, BBICOKOE KPOBSHOE JaBliCHHE, OKUPEHHE, MAJOIOABHKHBIHN
o0pa3 XHM3HH) W CYIIECTBYeT OOIbIIOe pa3sHooOpasue IeKapCTB IS
JIeYeHHsI WM YITy4YIIEHUs] YCIIOBHH COJIEpXKaHMUs, KOTOpbIe BO3HHUKAIOT,
YHCI0 XUPYPTUYECKHX MPOIEAYp, BBIMOIHIEMBIX TOJNBKO B Poccum
OTBET Ha CEPJICYHO - COCYIUCThIE 3a00I€BaHUS IIPOCTO OLIETOMIISET.

Tomeko B 1996 roay, 1,2 MuumoHa AMArHOCTUYECKUX CEPACUHBIX
karerepu3anuii, 600000 kopoHapHbIX iporeayp myHnruposanue, 150000
MPOIIEe Ty PhI KapIHOCTHMYJISITOD, nporeaypa KOPOHAPHOH
aaruoractuku 450000, 130000 nponenyp aumaprepsxkromun u 80,000
omnepalnuy Ha cepJieuHoOM KianaHe. Yucna u3MeHstoTCs B TOU Ui UHOU
CTETICHH TI0 BPEMEHH IS KKJI0H U3 3TUX NPOLIEAYD, U OONBIIMHCTBO U3
HUX JI0 CHUX TIOp PacTeT, XOTS M NpH Oojiee HU3KUX CKOPOCTAX, YEM B
npouuioM [4]. /lanHble nUdpHI MOKa3bIBAIOT, YTO B OOIIEH cBOEH Macce
YHUCII0 3a00JIEBaHUI CEPACUHO COCYUCTOM CUCTEMBI HE YMEHBIIIACTCs, a
B HEKOTOPBIX MOKAa3aTeNsiX JIaKe PacTeT, yMEHBIIEHUE CMEPTHOCTH OX
JaHHOTO THMa 3a00JIeBaHUN CBA3aHHO C Pa3BUTHEM HOBBIX METOJIOB
QUArHOCTUKM W Tepamuu cepaedHbix 3aboneBanuii. I[logoGHas
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CTaTUCTHKA SPKO JEMOHCTPUPYET, TO 4YTO CYIIECTBYET OoJbliast
NOTPEOHOCTh B Pa3BUTHE HOBBIX METONOB IHArHOCTUKU CEPICUHO
COCYAUCTBIX 3a00s1eBaHuUil.

JIBa OCHOBHBIX MeToJa I OUArHOCTHKH 3a0oJjieBaHWi cepaula
ABJSIETCSL BIeKTpokapauorpadusi, u Benmodpromerpus. Ho naxHble
METOIABl MMEI0 CYIIECTBEHHBIE HENOCTATKH. B dYacTHOCTH, IIpu
UCCIICIOBAHUU  TPaJUIIMOHHOW  dJeKTpoKapauorpaduu,  cepaie
UCCIIEYETCS B OJHOM IIIOCKOCTH, YTO BO MHOTOM HE MOJKET JaTh IIOJTHON
KapTHHBI COCTOSHUY MAalMEeHTa. BemosproMeTpus uecieryer CepAacuHyo
AKTUBHOCTbH B JMHAMHKH U 1a€T BO3MOYKHOCTH MOJYYHTh O0JIee MOIHYIO
KApTHUHY COCTOSIHUS MALMEHTAa, HO BO BpeMs MPOTEKAHUS UIIEMHUYECKON
00Je3HN JajeKo He BCe MalMeHThl MOTYT IOABEPraThCsl Harpy3KaM IpH
a”anuse. JlaHHy0 nmpoOseMy OTYAaCTH CTApaAIOTCs PELIUTh C OMOIIBIO
CYTOYHOTO MOHHUTOPHHTA 3JEKTPUYECKON aKTMBHOCTH CepAla, HO 3TO
JIOBOJILHO TPOMO3JIKHIA M OJTHHA CIIOCO0 TMOodydeHne nHhopManun. 3a
BpEMsI CyTOYHOTO MOHHMTOPUHIA COCTOSIHHE IALIUEHTa MOXET PE3KO
yxyamutes. Bece 3TH pakTophl MO3BOJNSIOT TOBOPUTH O TOM, YTO €CTh
NOoTpeOHOCTh B  pa3padOTKM METOAA JAWATHOCTUKH HIIEMHYECKUX
3a00IIeBaHMi KOTOPBIN 1aBaj OBl MMOHYIO KapTHHY 3a001eBaHus B OoJee
KOPOTKHE CPOKU ¥ 0€3 BO3ACHCTBHUS Ha MAIllUCHTA .

OnHuUM W3 TyTeH pemeHust JaHHOH MpoOJeMbl s CUUTAIO
BHEJPEHUE aKyCTHYECKOI0 METO/Ia HCCIIEIOBAHMSI aKTUBHOCTH cepAta. B
OCHOBE JIAHHOT'O METOJIa JISKUT TPAJUIIMOHHAS JIEKTPOKapIHOrpadus.
B mpomecce wuccienoBaHMs aKTHBHOCTH cepiua OyAayT Tak ke
UCIIONIB30BaHbl JJAaHHBIE O AKyCTHMYECKOM 3BYYaHHE cepAla IpH €ro
pabore u pabora cepauna B HPOLECCE JBIXAaTENBHOIO IHKJIA.
PazpabaTbiBaeMblii HaMM  MeETOJ, TpeajiaraeT HOBBIM  CIOCOO
MOHHUTOPHHTA B3aUMOCBsI3el (DYHKIIMOHAIBHBIX BO3MOXKHOCTEH cepia 1
JIBIXaTETbHOW CHCTEMBI ITyTEM OTCIIEKUBAHUS N3MEHEHMS 3BYKOB CEpIa
10 OTHOLICHUIO K aKTUBHOCTHU CE€pAlla B TCUCHUEC AbIXAaTCJIbHOI'O IUKJIA.
HoBuzHa HOBOro monaxoja 3aKJIIOYaeTcsl B TOM, YTO BPeMs Ka)I0TO
COKpALIEHMsI Cep/lla B TEUEHHE ABIXaTEJIbHOTO LUKIA UCIOIb3yeTCd B
KauecTBe IapaMeTpa KapJWHAJIBHOE aHalu3a TOHOB  CepAla
OTHOCHUTEIBHO 3JIeKTpoKapanorpaduaeckoro curaana. [locrymas tTakum
o0pa3oM, 3BYKH Cepilia, CreHEpUPOBAHHBIX BO BpeMsl aHAJOTHYHBIX
CErMEHTOB JBIXAaTEIbHOIO LMKJA, HalpuMep, INepBas 4YacTh BIOXA,
AHAIM3UPYIOTCI  BMECTe, 4dTOOBI TeHEPUPOBaTh PECIHPATOPHOE
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CUHXPOHU3UPOBAaHNE CTA0MIbHBIE IIIA0IOHBI ¥ (PYHKIINHU cepAla 3BYKH U
WX B3aUMOACHCTBHE ¢ DJIEKTpoKapAworpaMMmon. Takum oOpaszom,
creneHb u3MeHeHMH B OKI-MOOyaMpoBaHHOIO TOHOB CepAla
MapaMeTpbl KX I0H (a3bl IBIXaTEIBHOTO IIUKIIA, MOTYT OBITH OTCIIC)KCHBI
C TeYEHHEM BPEMEHH, YTOOBI OOHAPYUTh H3MEHUYHUBOCTH CBSI3aHHBIX C
IBIXaTeTPHBIMKA  Kadeledl, KOTOphle YyKa3plBalOT Ha  YXYAIIEHUE
COCTOSIHUSI CepIeuHO-IIerouHol cuctemMbl. Kpome Toro, mzoOpereHue
o0Jjer4aer CieXeHHe 3a CTa0WIbHBIE CHHXPOHHBIE TOHBI Cepila
(GyHKIIME ¢ TEYeHHWeM BPEMEHH, KOTOpble caMu 1o cebe
CBHUIIETENBCTBYIOT O OJaromnoilydyny MEXaHUKU ceplua u jerkux. [lanee
PAaCKpBIBAETCS, 4YTO OIPEACIICHHE YCTOWYMBOM CHHXPOHHOMY TOHBI
cepana (QyHKOUM KIAacCU(DUIMPYIOTCS TIO BPEMEHH U IIA0JIOH
3NEeKTpoKapauorpaMMe. BMmecTe 3TH HOBBIE METOABI AAIOT LIEHHYIO
WHPOPMALIMIO O COCTOSIHUM M MEXaHWKE IMOJHOH CepIevHO-TerOYHOM
CUCTEMBI.

HogrIit MeTo IpeooieBaeT 1Ba OCHOBHBIX MPEISATCTBHS HA Ty TH
K TIOJy4YeHHIO JOCTOBEpPHOW WHGPOPMALMK M3 3BYKOB Cepala:
M3MEHYNBOCTh CEPJACYHBIX 3BYKOB BO BpEMS IBIXATENBFHOTO ITUKIA U
W3MEHEHHUS 3BYKOB, BBI3BAHHBIX W3MEHYHBOCTHIO JIIEKTPUIECKOM
AKTUBHOCTU cepaua. HoBblii MeTon wu3BiiekaeT (YHKIMM, TaKhe Kak
aMIUIATYJa, JJIUTENBHOCTh, COAEP)KAaHUE 4YacTOT, Marpuubl u JIUM
COCTaBJISIONIMX 3BYKOB Cep/lla W KIIACTEPOB C HCIIONB30BAHUEM 3THUX
(YHKIMI B OTHOIICHWHW WX BPEMEHH B JIBIXaTCILHOM IIMKJIC W/HIU
JeKamuX B uX ocHoBe Mopdosorun KT .

Hcxons w3 Bcero CKa3aHHOTO, S CUMTAlO, YTO BHEIPEHHE B
KIIMHUYECKYI0 TIPAKTHKY JaHHOTO METOAa JUArHOCTUKH SIBIISETCS
OTIPaB/IaHHBIM.

1. A.A.lllBpipeB AHaToMUS ¥ (PU3UOJIOTHS YEIOBEKA C OCHOBAMHU
o6ue# matomoruu — Usa. «Denukcey, 2012 —270-280 c.

2. M.P. Camun., IlIBenoB D.B. Amaromms uemoBexka — M3,
«Denukcy, 2008 -363-386 c.

3. World Health Organization. World Health Statistics Quarterly
46, (1993) & World Health Statistics Quarterly 48, (1995 ); Eur. Heart J.
17,1318 1328 (1996).

4. American Heart Association (http://www.americanheart.org ).
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JJABOPATOPHAS YCTAHOBKA UISA UCCJIIEJOBAHUSA
I'EHEPALIUU U PACITPOCTPAHEHUS ITONEPEYHbBIX
BOJIH B BUOJIOT'NYECKUX TKAHSX
Tuwxos P.B., Cuxopckuii /[.A. Yepnoe H.H.

Hayunsrii pykoBoauTens - 1.T.H., mpodeccop Yepros H.H.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: ruslan_tishkov@mail.ru

Bo30yxaeHre nonepeyHpIx aKyCTHIECKIX BOJTH B OMOIOTHIECKUX
TKaHAX U1 LeJded  BU3yalM3alMM  MOAKOXKHBIX  CTPYKTYp
nepuepudeckoil COCYyIUCTON CHCTEMBI W Pa3IMYHBIX IATOJIOTUH B
MSATKHX TKaHSIX B HACTOAIIEE BPEMsS Mall0 M3yYeHO H3-32 BBICOKOM
CKOpPOCTHU 3aTyXaHUs TaKHUX BOHH.()HH&KO X MPUMCEHCHUEC IO3BOJIUT
MOBBICUTh Ka4eCTBO MOJIY4YaeMOro H300paXeHHsT U KakK CIEICTBUE,
paHHEO0 U JOCTOBEPHYIO TUATHOCTHKY.

Hdns  wuccnemoBaHWs — BO3OYXKAEGHHS W PaCIpOCTPaAHEHHS
MOMEPEYHbIX BOJIH B OHOJOTMYECKMX TKaHAX ObUla pa3paboTaHa
nabopaTropHasi yCTaHOBKA, C WCIOJB30BAHHEM YIBTPa3BYKOBOTO
usmepurens ckopoctu (Y3UC) mpowmssonactBa JIDTU. YmpormieHHas
0JI0K-CXeMa YCTaHOBKH IpeJicTaBiIeHa Ha pucyHke 1.

[eHepaTop

Pucynok 1- Cxema yCTaHOBKH JJIsI UCCIIEAOBAHUS BO3OYKICHUS U
pacrpocTpaHeHHS TIOTIEPEYHBIX BOJH B OMOJIOTHYECKUAX TKAHSX.
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1 — npeobpazoBarenu, 2 - OyepHble cTabHBIE 3BYKOBOIBI, 3- 00paseln
OmoTKaHu, 4 - MUKPOMETPUIECCKUH BUHT, D — 3TaJJOHHAS KUIKOCTb.

B renepatope  yJbTPasBYKOBOIO  HM3MEPHUTEIsI  CKOPOCTH
(hOpMHUPYIOTCSL INEKTPUYECKHE WMITYJIbCHl TPSIMOYTOJIBHONH (hopMEl,
nepenHuii  GPOHT KOTOPBIX BO30YXKZAeT B Ibe30IMpeoOpazoBaTesie
yIapHBIH WUMITYyJIbC 3aTyXalolUX KoJicOaHWH. YCTaHOBKAa HMMEET JBE
akycruueckne nuHUH. Paboume wactotsl Y3UC mpum mpomoOIbHBIX
kojebanusix 1,67 mw 5 MIu, npu mnomepeudsix 1,67 MIm.
BripabaTeiBaeMblii  T€HEpaTOpPOM  BBICOKOYACTOTHBIA  HMMITYJIbC
OJHOBPEMEHHO MOJacTCsi Ha Mhe30MpeoOpa3oBaTeln H3MEPHTENBHON
muann (MJI) u sranonnoit muuuum (3JI). B mwe3ompeobOpaszoBartesix
AIIEKTPUYECKHE BBICOKOYACTOTHBIE WMITYJILCHI TIpeodpasyrorcs B Y3
HMMITYJIbCBI, KOTOpBIE PACHpOCTPAHSIOTCS B 3TajJOHHOW JuHuUU OJI B
KUAKOCTH 5, a B m3mepurenbHoi muann NJI npoxoasar yepes OydhepHbie
CTallbHBIE 3BYKOBOJHI 2 1 00paser; ouoTkanu 3. [poiins yepes HUX, OHI
BHOBL IPEBpAIIAIOTCA B DJJICKTPHUUCCKUC HMITYJILCBI, KOTOPBLIC IIOCJIC
YCHUIICHUS TOAAIOTCS Ha 3JIeKTpOHHOIy4eByto TpyOky (DJIT). Bpamas
MUKPOMETPHUYECKUH BHHT 4, W3MEHSIOT pACCTOSHHE  MEXKIy
nbe3onpeodpasoBaresiMu 1 STaloHHOH JiMHUU. [Ipy 3TOM M3MEHseTCs
BpeMs poxoxaeHus Y3 umnynbca depes DJI, uTo Ha 3kpaHe mpubopa
HaOII0JaeTCs KaK CMENIeHne N300pakeHUs PaTHOUMITYIIbCA.

DJIeKTPOaKyCTHUECKUMH MPe0Opa3oBaTENsIMHU CITYXKaT KBapICBHIE
IJIaCTUHBI X-Cpe3a Ha MPOJ0IbHBIE BOJIHEI U Y -Cpe3a Ha IorepeuHsie. B
MIEPBOM yAapHBIA UMIYJILC 3aTyXarOMIMX KOJICOaHWA MPOXOIUT depe3
oOpaszer] OMOTKaHM Ha MPHEMHBIA Ibe30Ipeodpa3oBarensb. BricoTa
o0pa3noB OnoTkaHei pasHa 12 MM, auametp He MeHee 15 mm. Bropoii
TakoW JK€ MMIIYJIbC MPOXOAUT dYepe3 CJIOH JKUAKOCTH (CMeCh
JMCTHUTHPOBAHHOW BOJBI W O3THJIOBOIO CIHUPTA). 3agHuil  (QPOHT
OPSMOYTOJILHOTO  MMITyJIbCa ~ 3allyCKaeT CIEAYIOIIYI0 Pa3BEPTKY
3JIEKTPOHHO - Ty4ueBoi TpyOku (DJIT), uro obecrneunBaeT HHANKAITIIO HA
skpane DJIT omHOBpeMEHHO 00€HX MOCIeI0BATEILHOCTEHN 3aTyXarOIIUX
konebanuil. C TOMOIIBbI0O MUKPOMETPHUYECKOT'0 BUHTA, U3MEHSIS TOJIINHY
CJIOA KUIAKOCTHU, UX MOXXHO COBMCECTUTH. 39T10 COOTBCTCTBYECT PaBCHCTBY
BpEMEH, 3aTPauyeHHBIX Ha MPOXOXICHUE YIbTPA3BYKOBBIX BOIH
TOJNIIUHBL 00pa3la OWOTKaHH u crnod XKuakocTH. Mi3mepeHus
MIPOBOAATCA: ABAXKAbBI CHa4YaJ1a IIpyu OTCYTCTBUU B I/ISMepHTeJIBHOfI JIMHUH
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obpasma onpexnensroT [1;, 3aTeM BBomAT oOpasery u Haxomar I1,. Ecmu
CKOPOCTH BOJIHBI B KHIKOCTH paBHA C , TO HCKOMYIO CKOPOCTb YIPYTOit
BOJTHBI B HCCIIEAYEMOM 00pasiie HaXoIsT U3 COOTHOILICHHUS
1
c= (— — l'[1> Coe-
I,

[Ipu BpallleHUd MHKPOMETPHUYCCKOTO BHHTA PACCTOSIHUE MEXKIY
MbE3MPEOOPa3OBATENIIMA ~ STAJIOHHOW JMHMM MEHSACTCA U IpHU
MUHUMAJIFHOM PAaCCTOSHAN MEXAY MPeo0pa3oBaTesIMUA PaAHOUMITYIIHC
HaXOJIMJICS B JICBOM YaCTH 3KpaHa (puc.2a).

SamHuit

a) 0)
Pucynok 2 — Ilonoxenne panuonmiryibca Ha skpane DJIT.

[Tpu yBenuueHWH pacCcTOSHUS MEXIY HUMH OyIeT pacTH BpeMs
MPOXOXKICHUS PAJIMOUMITYJIbCA B 3TAJIOHHOW KHUJKOCTH, YTO HA dKpaHe
OJIT Oynmer oTMe4eHO  KaK CMENICHHWE CHHYCOWJAIBHOTO TaKeT
(pamguouMitysibca) BOpPaBO HAa  HECKOJNIBKO  neneHudd  (puc.20).
W3mMepuTenbHas JUHUS MPH 3TOM JIOJDKHA OBITh OTKIIOYEeHA. Ecnu npu
YBEITUUCHUH PACCTOSIHUS MEXJY IMbE30MPeoOpa3oBaTeNisiMi Ha {x MM
PaTMOUMITYJIBC CMECTHIICS BIPABO Ha AN, JENCHUH, TO MOXHO JIETKO
paccuuTaThb LCHY JACJICHHNA HIKAJIbI an60pa T B MUJJIMCCKYHOAX:

l

rT=—"%—,
An V_
rae Vx — CKOPOCTb MPO0IBHOIO 3ByKa B )KUIKOCTU B M/C.
Tenepb, eciau U3MEPUTHh KOJIMYECTBO JeJIeHUM AN, HA KOTOpoe
CMECTUTBHCS PATUOUMITYIIHC OT U3MEPUTENBHON JTUHUU C 00pas3IioM, TO
MOJKHO paccuuTaTh CKOPOCTH MPOJIOILHOTO 3BYKa B 00pasiie:

/
V =
“ Anr
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rie { — uHa o0pasna B MM, V. — CKOPOCTh ITPOIOIBHOTO 3ByKa B
obpasiie B M/c.

st ompeneneHust CKOPOCTH 3BYKa B 00pasiie HEOOX0JMMO 3HATh
Vi B KkadecTBe 3TalOHHOW JKHUIKOCTH WCIONB3YIOT DPa3JIMIHBIC
BemiecTBa. Hambomee pacmpocTpaHEHHOH SBISETCS BONA, CKOPOCTh
pactipocTpaHeHuss Y3 BOJHBI B KOTOPOH 3HAYHTEIHLHO 3aBHCHT OT
TeMrieparypbl. JlJi1 yMEHBIIEHUS TeMIIEPaTypPHOH 3aBUCHMOCTH B BOJY
TOOABJISIFOT STUIIOBBINA CITHPT.

[TorpemHocTr aKyCTUYECKOTO KOHTAKTa, CBSI3aHBI C N3MEHEHHEM
BPEMCHH TIPOXOXKJICHHS MMITYJIbCA Yepe3 CIIOM KOHTAKTHOM JKUIKOCTH,
Ecnmu 310 BpeMsi BKIIIOUEHO B M3MEpSEMbIi MHTepBal BpeMmeHu |, To
r3MepsieMasi TONIIINHA 3aBBIIIAECTCS Ha BETUINHY

Ah; = 2Ah,c,/Cy

TJIe Cy ¥ C,; — CKOpOCTH 3ByKa B OK (M31emnm) 1 )KUIKOCTH, a Ay,
— TOJNIIMHA 0 KXUAKOCTH. COOTBETCTBYIOUIYIO IMMOTPENTHOCTh MOYKHO
Obul0 OBl YYeCThb KaK CHCTEMAaTHYECKYH0, OJHAKO TOJIIMHA CIIOS
H3MEHSIETCSl M3-3a Pa3HOW IIEPOXOBATOCTH MOBEPXHOCTH OWMOTKAHH H
CTeTICHH NpIWKaTHs IpeoOpazoBaTens. B pe3ympraTte NOTPENTHOCTH
CTaHOBUTCS CIyYalHOM.

PazpaboranHasi ycTaHOBKa TO3BOJIIET OINPENEIUTh CKOPOCTH
MIPOJIOIFHON ¥ TIOTIEPEYHON BOJH C MOTpemHocThio He Oonee 0,5. .. 1,5
%.

1. [Ipumenenue ynbpTpazByka B meaummue. llog pex. K.Xwmra
IlepeBoa c¢ anrmmiickoro mnoj penakuuein JI.P. TaBpunosa, B.A.
Xoxnosoit, O.A. Canoxuukosa. — M.: — DUSMATIJIUT, 2008

2. A.B. OcetpoB. O0paboTKa 1 PEKOHCTPYKLHA H300paKEHUH B
aKycruueckoi tomorpaduu. YuedHoe nmocobue. Cankr-IlerepOypr: Uzn-
Bo CIIOI'DTY “JIDTHU”. 2001. — 72 c.

3.0. B. Pynmenko HenuHeliHple  BOJHBI:  HEKOTOPHIC
OMOMEIMIIMHCKYE MPUIIOKEHUs.// Yenexu pu3niyeckux Hayk, Tom 177,
Ne 4

4. BapenukoBa A.1O., UepnoB H.H. Busyanuzaiusi BHyTpeHHUX
CTPYKTYp OHMOOOBEKTOB Ha OCHOBE 2-ii TAPMOHHMKH YIIbTPa3BYKOBBIX
BosiH. HayuHo-mpakTnueckas koH¢pepeHuus «HenuHeiiHas akyctuka-
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50». Coopuuk TpymoB. — Tarampor: WzmatensctBo FOxHOTO
(henepanbHOTO YHUBEPCHUTETA,

5. Jlangay JIA., JInpummu M.U. Teopus ynpyroctu. T.2., — M.:
Hayxka, 2000

CTATUCTUYECKHUE METO/IbI AHAJIU3A JJIA
HUHTEPNIPETAIIMM PE3YJIbTATOB TOHAJILHOM
MOPOIOBOM AYJTMOMETPUHA
Tanuyk /].A.

Hayunslilt pykoBOguTENb — K.T.H., J0oLEeHT Kuprnuenko 1. A.
HOxHb1# penepanbHbIil yHUBEPCUTET
e-mail: tanchuk2013@yandex.ru

B psamy mncHXxoakyCTHYECKHX METOIOB OLEHKH COXPaHHOCTH
CIIyXOBOH (YHKIMH IIMPOKO PACHpOCTpaHEHa TOHAIBHAS IOPOroBas
ayouoOMeTpHs,  KOTopast  fBISIeTCS  CYOBEKTHMBHBIM  METOAOM
uccienoBanust  cinyxa [1, 2]. TloporoBoe  ayauoOrHYECKOE
o0cie0BaHKe C TOMOIIBIO TOHAJIBHBIX CUTHAJIOB [T03BOJISET ONPEACTUTD
HOPMAJIbHYI0 M IATOJIOTHYECKYI0 (YHKIHMIO OpraHa ciyxa, B psale
CIly4yaeB YCTaHOBUTb YPOBEHb M CTEIEHb Pa3BUTHS IATOJIOTHYECKOrO
mporiecca. OHO  3akimo4aeTcs B ONpPEENICHWH  MHUHUMAbHOMN
(TIOpOroBOi) MHTEHCUBHOCTH 3BYKa, BhIpOKEHHOH B jaenubenax (ab),
IpU KOTOPOH 3BYK BOCIIPHHHUMAETCS B BUJIE CITYXOBOI'O OIIYILEHHS.

MuHuMaBHBI HAOOp BBIXOJHBIX TIAPaMETPOB YIS TOHAIBHOM
MOPOrOBOM  ayIMOMETPUH  JIOJDKEH OBITh  TMPENICTAaBICH  IOPOroM
CIIBIILIMMOCTH, YaCTOTHOM 3aBHCHMOCTBIO 3HAUCHHH IOTepb CiyXa I
BozaymHOW (BII) m woctro#t (KII) 3BykompoBommmoctw. KocBeHHBIM
BBIXOJHBIM TIapaMeTpoM, BBIUUCISIEMBIM IO pe3yjibTaTaM 3HAa4YeHHWi
BO3/IYILIHOM M KOCTHOM 3BYKOIPOBOJMMOCTH, SIBJISIETCSI KOCTHO-BO3IYILIHBIN
untepsai (KBU).

Konduryparms ayauorpaMMbl JIEMOHCTPHPYET MOPaKEHHE TOTO WIN
WHOTO OTZeNa CIyX0BOro oprana. Kpome Toro, muccrnenoBanue, B KOHEHHOM
cuete, B OOJBIIMHCTBE CIIy4acB 3aBEPIIACTCS OTCUETOM, MPOU3BOJUMBIM
BU3yaIbHO. B mporiecce orcuera Tak jke BO3MOXKHBI OIIMOKH, 3aBUCSILIE OT
WHVBUTYaJIbHBIX OCOOEHHOCTEW HCCIIEyeMOTrO, OBICTPOTHI €T0 PEaKIIUH.
[lostoMy a1 yMeHBILEHHs OIIMOOK TPHU TPOBEACHHM HCCIIEIOBaHUIH
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HEOOXOMMO TPOBOJUTL HAKOIUICHHE JAaHHBIX HCCIENOBAHUN CITyXOBOM
(hyHKIIMH ¥ CTAaTUCTHYECKYIO 00pabOTKY MOTyYeHHBIX PE3yIBTaTOB.

OCHOBHBIMM ~ 33[]a4aM{  CTaTHCTUYECKOTO aHAIM3a IIePEeMEHHBIX
sBIsttoTCs [4]:

-OTIPEJICIICHUE YMCIIOBBIX XapaKTEPUCTHK TIEPEMEHHBIX M OICHKA MX
TOYHOCTH M HAJIG)KHOCTH;

-OIpe/IeIeHNE CTATUCTUYECKHX PSIOB PaclpeieNieHHs TEPEMEHHBIX 1
OIIEHKA UX COOTBETCTBHS TEOPETHICCKUM 3aKOHAM PacIpeIClICHNS;

-OlICHKA 3HAYMMOCTH TOKa3aTelied B HE3aBUCHUMBIX W CBS3AHHBIX
BBIOOpKAX.

Cratuctrueckast o0paOOTka JaHHBIX, MONYYEHHBIX KAk B
9KCIEPUMEHTE, TaK W TyTeM TOBCEHEBHOIO MEMIIMHCKOTO YYeTa,
HeoOXomuMa Jiisl TPOBEPKH CTENCHH JIOCTOBEPHOCTH  PE3yJbTaToB,
MpaBWIBHOI'O X O606HICHI/I$1 U BbISIBJICHUA SaKOHOMepHOCTCﬁ MCANIMHCKUX
TPOIIECCOB.

OpHoMt W3 BaKHBIX 337184 MEIULIMHCKOTO HCCIEIHOBAHUS SIBIISIETCA
3Ha4YEHUE CBSI3M MEXIy (HaKTOpOM, BO3ICHCTBYIOIIMM Ha OpPraHu3M, M
MapamMeTpOM-OTKIIMKOM Ha 3TO BO3JCHCTBHUE, & TAKXKE MOJICTTUPOBAHKE STOTO
mapameTpa B 3aBUCHMOCTH OT JISUCTBYFoIIero (hakropa. J1a 3a/1aua peraercst
METO/IaMH KOPPESIITHOHHOTO M PErPeCcCHOHHOr0 aHammsa [5-6].

Pe3yHBTaTBI aHaJIn3a OCHOBHBIX BBIXOIHBIX napamMeTpoB,
HanboJiee YaCTO MCIOMb3YEMBIX I CyOBEKTHBHOW OICHKH CITyXOBOM
(YHKIWY 110 BUY OLEHKH U XapaKTEPUCTHKAM OLIEHKH MapameTpa.

Tabmuua 1
BrixoaHoii Bua onenku XapakTepUCTHKA OLlEHKH
napaMerp napamMerpa napamerpa
YacToTHas 3aBUCUMOCTh
I'padmueckas .
[1, 3] 3HA4YEHUI opora CIbIILUMOCTH
’ (ab)
ITopor KonmgectBennas | OmnpeneneHue mopora
capimmmoctu | [1] CJIBIIIUMOCTH B 11b
Onpenensaercst 1O OTBET
CyObexTuBHas bea Yoo
[1, 3] MayueHTa Ha MPeIbsBISEMbIH
' TECT
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BrixogHoii
napaMeTp

Buja onenku
napamerpa

XapaKTepUCTUKA OLCHKH
napamerpa

Hmerotcst Bo3pacTHbIE
HU3MEHEHUS TTOpoTa
CIBITIIAMOCTH

ITorepu ciyxa
s BIT

I'paduueckas
[1, 3]

YacToTHAast 3aBUCHMOCTb
3Ha4YeHUi morepp ciyxa (ab).

Kougurypanus aymmorpaMMsl
JEMOHCTPHUPYET TOpaKEHNE
TOTO WM HHOTO OT/ea
CIIyXOBOTO OpraHa (MOXeT
HMETh BUJI BOCXOISIICH,
HUCXOJSILEH, BBITYKIIOH,
BOTHYTOH, FTOPU30HTAIILHOU U
OOPBIBUCTON KPUBOH).

CpaBHHTENBHAS OIICHKA ITOTEPU
CITyXOBOM (DyHKITUH
(oOpazoBaBIIeeCs MKy
JBYMSI JIMHUSAMH ayAHOTPaMM
MIPOCTPAHCTBO rpahUuecKoro
n300paXKeHrsl pa3HUIIBI B
COCTOSIHUM CITyXa
o0cJeryeMoro)

KonmuectBennas

[1]

- HOpMaJbHBIN ciiyX — MeHee 20
nb;

- HeOOJIBIIIOE CHIKEHHUE CITyXa —
20-40 nb;

- CpelHss CTeNeHb CHIKCHUS
ciyxa — 40-60 nb;

- TsDKeNas CTENeHb CHIKCHUS
ciyxa — 60-80 nb;

- T1yOOKast CTENeHb CHUKCHIIS
ciyxa — 6osiee 80 1b.

Cpennsis apudmernieckas
MOTEPs CITyXOBOU (hyHKITUH
(ToTepst TOHOB 5 OKTaB peUueBOit
30HEHI B 1b)
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Beixoanoii Bup onenku XapaKTepUCTHKA OLCHKH
napamerp napamerpa napamerpa
Omnpenensercst IO OTBETY
MayreHTa Ha MPeIbsSIBISEeMbIH
CyObexTruBHas p
1, 3] TEeCT
' HmeroTcst BO3pacTHbIC IOTEPH
ciyxa
I'paduueckas YacroTHast 3aBUCUIMOCTb
[1, 3] 3HaYCHUH morteps ciyxa (ab).
Konunuecteennas | Cpeansis moteps Ha 10-20 nb
[1] HWKe noteph mo BIl
[ToTepu cmyxa
s KT Onpenensercs 0 OTBETY
MalMeHTa Ha MPEAbSIBISIeMbIN
CyObekTHUBHAs
[1, 3] TEeCT
' Nwmerotcs Bo3pacTHbIE TOTEPH
ciyxa
Ornpenensaercs Kak pa3HOCTb B
b mex OBHSIMU
KoctHo- I'paduueckas A Y yb
. CIIyXOBOTO TOpora
BO3.IYIIIHBIN [1, 3]
3BYKONIPOBOJIUMOCTH BO3/1yXa
WHTEpBaJ <OCTH
(KBU) KonmuectBennast '
[1] B Hopme KBU menee 15 nb.
CBsi3b  MEXIy TEpPeMEHHBIMM  BEIIMYMHAMH ~ MOXET  OBITh
(YHKIMOHATEHOW W BEpPOSTHOCTHOH WM  KoppemsuuoHHOH. [lpu

KOPPEJLSILIMOHHON ~ CBSI3M  3aJIaHHOMY  3HadeHuto (aktopa X MOXKET
COOTBETCTBOBATH MHOYKECTBO BO3MOYKHBIX 3Ha4YeHHI mapameTpa Y [5].

Ompeneneane  kodduimeHTa  KOpPpelAIid  OCHOBAaHO  Ha
CTaTUCTUYCCKHX MTAHHBIX U3MCPCHUA IBYX MapaMETPOB, MPEAIIOTIOKUTCIIBHO
CBSI3aHHBIX APYT C APYTOM. XapakTep U BBIPAKEHHOCTH CBSI3H MEXKTY IBYMsI
BapHUAIOHHBIMU PSJIAMU YCTAHABIMBAFOTCST KOAPQUIIEHTOM KOPPEIISAIINH,
orpeensiemMbiM 1o Gpopmyiie [5]:
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n

> (i ~X)(Y; -Y)

r o= i=1

YR Sy

(1)

r7e: rXy — ko3 hHIMeHT KOppessImu MeXTy napamMmeTpaMu X u'Y, Xi u
yi — 3HaueHue mapameTpa X B i-M HaOJIOJICHHMM W COOTBECTBYIOIIEE €My
3HAYEHHE Y B TOM XK€ i-M HAOIIOMEHHH; N — YKCIIO HAOMIONEHMIA; X U Y —
Cpe/IHUE 3HAYCHHS [TapaMeTPOB X U Y JTsi N MPOBEICHHBIX HAOIOIeHHH [5].

Bemuunba xosdduimenta Koppensiy  BCerlia 3aKIIOueHa B
npenenax: -1< rxy<l. Ecmm rxy<0, To 3T0 03HayaeT, YTo C YBEIMYCHUEM B
BAPUAIIMOHHOM DSy HAOMIONAEMBIX BEJIMYMH X COOTBETCTBYIOIIME WM
3HAueHHs Y BTOPOTO BApHALIOHHOTO Psi/ia B CpeIHEM yMeHbIIarotcs. Eciu
rxy>0, To ¢ yBenM4YeHHEeM OJHOTO MapameTpa JAPYrod mapamerp TaKKe B
cpeaneM BospactaeT. Ecim rxy=0, To 9T0 03HavaeT, 4To MmapameTphl X U Y
aOCOIMIOTHO HE3aBUCHUMBI JIPyr OT Jpyra (B MEIUKO-OHOIOTHIEeCKIX
WCCIIEZIOBAHUSIX CITy4aid JOBOJIBHO peakuid). Eciu rXy=1, To 310 03Ha4aeT, 4To
MEXIy MapaMeTpaMH X M Y CYIIECTBYET MpPSMO MPONOPIMOHAIBHAS
(hyHKIIMOHATbHAS 3aBICUMOCTb H JTFOOOMY BCTPETHUBILIEMYCS B HAOTFOICHUSIX
3HAYCHHI0 X COOTBETCTBYET COBEPLICHHO ONpPE/IETICHHOE EINHCTBEHHO
BO3MOJKHOE 3HaueHHe Y (Clydan Takoro pojia B OKCIEPUMEHTATBHBIX
UCCIICNIOBAaHUSIX ~NPAKTHYECKH HE BCTpedaroTcs). Yem  Ooblne 1m0
a0COJIFOTHOM BENMYMHE XY, TeM CHIIbHEEe TPOSIBIISICTCS CBSA3b MEXIY X U Y,
TeM OJIKe 3Ta 3aBUCUMOCTh K (DYHKIIMOHAJIBHOM W TeM 3HAUMTENbHEe
BisiHUE X (WK Y) Ha Y (WM Ha X) CPE/IU BCEX IPYTHX BIHUSIONIMX (haKTOPOB.

AHaJIM3  COOTBETCTBHS IOJYYEHHBIX PE3YJIbTATOB  TOHAIBHOM
MIOPOTrOBOM ayJJMOMETPHM HOPME OCYILECTBISICTCSI HA OCHOBE allrTOpUTMa
BBIYHCIICHUS KOCTHO-BO3/IYIITHOTO HHTEPBANIA, TOKa3aHHOTO Ha pUCYHKe 1.
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BeiBop ayduazpamm

A4

Yemaxobka vacmomel |

N/ V

Onpedenerue Bl Onpedenenue K[

Bbiyucnerue KBU

A4
/N

Hem
Mpobepka

OKOH4eHa

I=i+1

Buibod peaynsmamob

PrcyHok 1 — AnMropyT™ BEIYHCIICHHUS KOCTHO-BO3YIITHOTO HHTEPBAIa
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PucyHOK 2 — Pe3ynbTaThl BBIUUCIECHHS KOCTHO-BO3/YILIHOTO HHTEPBAIA B
nporpamme Mathcad
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Craructrdeckass  00pa0OTKa  JAHHBIX, TONYYEHHHIX Kak B
SKCHEPUMEHTE, TAK M MyTeM MOBCEJHEBHOIO MEIUIIMHCKOTO YYeTa, MOXKET
OBITH JIONIOJTHEHA BBIYMCIICHUEM KOd((UIMEHTa KOPPEISLUH, 3HAYCHUE U
3HaK KOTOPOro, KaK ToKa3aHo B [6], Takke HeCyT B ceOe TMarHOCTHYECKYIO
rH(pOpPMAIHIO, TIO3BOJISIFOIIYIO CAENATh BBIBOJ HE TONBKO 00 OTKIOHEHHH
CITyXa OT HOPMBI, HO Y MO3BOJISIET KIACCH(UIMPOBATh HA PYIICHUS CIyXa 110
THITY TIOTEPb.

Ha pucynke 3 mokaszaH anropuTM BBIYHCICHHUS Kod(duimeHTa
KOPPEIISIIUH.

BuiBop ayduozpamm

Yemarobka duanazoka | . .
4acmoms! N id N
N
& Z: 7
YemaHobka Yacmomel < I=i+1
A\ /N

Pacyem ko3douuyuesma
Koppenauuy

Hem

Pacyem okoH4eH

do
Bubod peaynsmama < [pobepka okoH4eHa

Hem

PucyHnok 3 — Anroputsm BerumciieHust Kod(dHUIIeHTa KOppemsiu

30



V Bcepoccuiickas MOJI0eKHas MIKOJIa-CEMUHAp

Kak Obuto mokazano B [6], mIepBOHAYaIBHO OLICHKA CHITBI
KOPPEISIMOHHON CBSI3U ayIMOTrPpaMM ISl HOPMAITBLHOTO CITyXa M ayTHOTPaMM
C TIOTEpPSIMH CITyXa MPOBOAWTCH B jauanasoHe dactor 125 I'm — 8 kI,
OpUMEHSEMOM B aynuoMmeTpud. Jlanmee — ompeneisioT — 3HaYCHUS
KO3 uImeHTa KOppesii|y Il ayJuorpaMM BO3IYIIHOH M KOCTHOM
MPOBOIMMOCTH B auamnazone Hu3kux (125 — 500 I'm), cpemamx (500 — 3000
') 1 Beicokux yacToT (3000 — 8000 I'm) [6].

Iomyuennpie 3HaueHUS KO(pPHUIMEHTa KOPPEISIUH ayAUOrPaMMbI
COOTBETCTBYIOIIEH JIMArHO3Y TUIIEPTOHIIECKAs OONIe3Hb U ayTUOTPaMMBI ISt
HOPMAJILHOTO CJIyXa MO3BOJISIIOT CIENATh BBIBOJ O TOM, YTO €r0 BETMYMHA
colepkuT uH(OpMAIKIO 00 OTKIOHCHMM BO3AYIIHOM W  KOCTHOM
MPOBOIMMOCTH OT HOPMBI, UTO MOJTBEPKIACT PE3yNbTAThI, PEICTABICHHBIC
patee B padote [6].

PesynbTath! Beramcienust KodQQuImeHTa Koppesiiye ayAuorpaMMEbl
COOTBETCTBYIOIIEH JIMArHO3Y TUIIEPTOHIYECKAs OOJIC3Hb U Ay TUOTPaAMMBI TSI
HOPMAJIFHOT'O CITyXa MPUBECHBI B TaOIuIIe 2.

Tabmuma 2
Pe3ynbrathel BeIYHCIICHUS KO (UITMEHTA KOPPEISIUH

BHaueHst Kod((hUIeHTa KOPPEISIK ayIHOT PAMMBI COOTBETCTBYIOIIEH
TarHo3y rUIePTOHNYECKast 00JIe3Hb U ayIHOTPAMMBI JUISI HOPMAJILHOI'O
CITyxa

YacToTHBIN AHana3oH Boszymmas KoctHas npoBogumMocTs

MIPOBOTUMOCTh

[ IoJTHBIN YaCTOTHBIN
imanason 50-8000 Iy -0,394 0,733
/Tnana3zon HU3KKUX
4acTOT -0,458 0,884
50-500 I'ng
/Inanazon cpeaHux
aCTOT - 0,956 - 0,865
500-2500 I'g
/Tarna3oH BEICOKHX
aCTOT 0,085 -0,48
2500-8000 I'ry
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[lonoxwurenbHOE BIMSHHUE YJIBTPa3ByKa Ha MPOLECC OYMIICHUS
paHbl CBSI3aHO C pa3pylNICHUEM BO BpEMsl KaBHUTAIMH KIETOYHBIX
SJIEMEHTOB PAHEBOTO OTJENSEMOr0 M BBIIEICHHEM JIM30COMANbHBIX
9H3MMOB, XEMOTAKCHYECKHUX (PaKTOpOB, OAKTEPULIMIHBIX KAaTHOHHBIX
0enKoB, OWOTEHHBIX CTUMYJATOPOB. OTH (akTopsl TPUBOJAT K
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(¢parMeHTaIMM ¥ OTCIOCHUIO HEKPOTHYECKOTO CIIOS, YCHIIMBAIOT
HPOTEONUTHIECKYIO aKTHBHOCTH SKCCY/IaTa, CIIOCOOCTBYIOT YBEINYECHHIO
ypcia (aroruTapHbIX HEUTPO(UIIOB, CTUMYIUPYIOT (harouuTapHyro
AKTHBHOCTD JICHKOIIMTOB KPOBU M MX aHTHOAKTEPHAIBHOE ICHCTBUE, YTO
YCKOPSIET TPOIIecC pernapaTuBHON pereneparmu [1].

Husko9acTOTHBIN yIbTpa3ByK ycKopsieT mporeccsl quddys3un B
KJIETKaX, CHOCOOCTBYEeT JACHOJIMMEPH3ALUH KPYITHOMOJCKYJISPHBIX
0€JNKOB, YCKOpSIET MPOLECCH OMOXMMHYECKOTO OKHCICHHS. Takum
oOpa3oM, TOCIe BO3ICHCTBHS YIbTpa3sByka HA TKAaHH CO3HAIOTCA
OnaronpusITHHIC MeTaboIHYeCKue CIIBUTH TSt TCUCHUS
BOCHAJIMTEIILHOTO MPOILecca U OYHIICHHS PaHbI, O Y€M CBUJICTEIbCTBYET
ObicTpas Hopmanu3aims PH cpemsr [1].

HeoOxomumMo OTMETHTH, 4YTO YIBTPa3BYKOBBIC amlmaparhl |
WHCTPYMEHTBI  IIOCTOSIHHO  COBEPIUEHCTBYIOTCH.  JIMKBUIMpYrOTCS
orpurarenbHbie 3QPeKThl (TEpMUYECKII, MEXaHUISCKHIA) BO3IEHCTBHS
HHU3KOYaCTOTHOTO yJIbTPa3ByKa Ha TKaHH, BMECTE C TEM ITOBBIIIAETCS €T0
ne4yeOHas 3¢ pekTuBHOCTSH [1].

OCoOCHHOCTH 3a)XKHBJICHHS paHbl 3aBUCAT OT psAda HPUYMH,
BKJTIOYAIOIINX XapaKTep TPABMUPYIOIIETO areHTa (3THOJIOTHS), YCIOBHHA
TCUYCHUA BOCIIAIIUTCIIBHOIO IMPOLUECCCa, KaK BHCHIHUX, TaK U BHYTPCHHUX
(matorenes). TeueHne paHEBOro MpoIecca B COBPEMEHHOW XHPYpPTUHU
JETIST Ha TpH HIOCJIeI0BaTEIbHO-TIApAIIICIIbHEIC
KIMHUKOMOpdosiornueckue (hasbl:

| — ¢aza BocnasieHus. 371€Ch pa3BUBAOTCS COCYAUCTHIC H3MEHEHHUS
B BWJE THIECPEMUH, TOBBIIICHUS COCYIUCTOH HPOHHUIIAEMOCTH,
AKTHBU3UPYIOTCS MECTHBIE (DAaKTOPBI CBEPTHIBAHUS KPOBH, OTTOPTaIOTCS
HEKPOTU3UPOBAHHBIEC TKAHU.

Il — ¢daza perenepanuu. B 3Ty (azy BocmajguTenbHbIE SBICHUS
CTHXAIOT, (POPMUPYETCS TPAHYISAHOHHAS TKAHb.

Il — ¢aza peopranuszaiuu pyoiia, KOrjia HacTyImaeT AMUTETH3AIHS
U [IePECTPOiKa COSTMHNTEIbHON TKaHH [2].

Jns mpoBeIeHUs YJIbTPa3ByKOBOM KaBUTALMH OXOTOBBIX paH
UCIIOJIb3YIOTCS MOOMIIbHBIE KOMIIAKTHBIE aImaparthl ¢ YIbTPa3ByKOBBIM
TeHepaTopoM U MUKPOIPOIIECCOPOM, pabounX HHCTPYMEHTOB, KabeeH,
HeJai U TEJICKKU CO BCTPOCHHBIM KPOHIITEHHOM JUIS HPPHUTALMOHHOM
cucTeMsl [2].
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CymiecTByIOT ~pa3jM4Hble THIIBI HAcaJOK BOJHOBOIOB C
BHYTPEHHEH HWppHUranuel, H3rOTOBIEHHBIX W3 TUTAHOBOIO CILIaBa:
«IapUK» WA «CIABOSHHBIM mapuk» (s oOpabOTKM THOWHBIX
MOJIOCTEH), «KOTBITLE» (17151 00pabOTKH TIOCKOCTHBIX paH) [2].

Y3-renepatop  mpubopa  BBIpaOaThIBACT  AJICKTPHUCCKHEC
KoJIeOaHus, KOTOpEIE peoOpasyroTcs MMbE30KEPAMHYECKAM
npeoOpas3oBaTesieM, B DHEPIHI0 MEXaHHYECKUX KoJieOaHM THTaHOBOM
Hacanku (BoiHOBOJA) ¢ Y3 wacroroit 25 k[1. Bpewms skcryaramun
30HOTpOJAa M HAcaJoK BOJIHOBOJOB HE OrpaHuueHo. biaromaps
COOTBETCTBYIOIIEMY PACHOJIOKEHHIO BCEX OJIIEMEHTOB KOHCTPYKIUH
npeoOpa3oBaHHE SHEPrHMHM TNPOUCXOAUT MPaKTUUECKH Oe3 TMoTeph
MOIITHOCTH. PacTBOp mocTymnaer B anmmapar o cucteMe TpyOoK M uepes
OpOIIAIOUINM KaHall 30HOTpO/Ia MmojlaeTcs Ha pany. [logaua pactBopa u3
€MKOCTH OCYIIECTBIISIETCS MO/ JEHCTBUEM CHIIBI TsDKECTU. DHeprus Y3
KoJeOaHUil TiepeaaeTcsl KHUAKOCTH, TMOAAMOIIEHCS depe3 HMEeHTPaTbHBII
KaHal B BOJIHOBOZAE, BCIIEACTBHE YETO B JKUAKOCTH BO3HHUKAIOT
KaBUTAIIMOHHBIE Mpoliecchl. KaHam uMeeT IeHTpanbHOe PacloioKeHHE,
[IO3TOMY KHIKOCTb OMBIBAET HEIIOCPECTBEHHO Pa3pyLIaeMyt0 TKaHb, HE
Hapymas 0030p OKpYXKAalOIMX TKaHEW. YJIBTPa3ByK B HCHOJIB3yeMO
MOIITHOCTH MIPpY OECKOHTAKTHOM BO3JEHCTBUH HA PaHEBYIO IOBEPXHOCTD
HE OKa3bIBaeT pa3pymaroiiero g pexra Ha 3I0POBbIC TKAHHU, CEIICKTUBHO
yaansisi TOJNBKO W3MEHEHHBIE, B PpE3yJbTaTe Yero MNpPOHCXOAUT
pacciioeHHe M OTTOPXKCHHE HEKpO30B. BakHol ocoOeHHOCThIO Y3
00paboOTKH SBISETCS TO, YTO IMPH Pa3pyHICHUH HEKPOTH3UPOBAHHBIX
TKaHEeH COCy/bl 1 HEPBHbIE BOJIOKHA OCTAIOTCSl HEMOBPEXIEHHBIMH, UTO
MO3BOJISIET MIPOBOJIUTH MPAKTUYECKH OECKPOBHBIC MAHUITYIISALIMH [2].

KoHncTpykTHBHBIE  OCOOEHHOCTH  YJIBTPa3BYKOBOH  CHCTEMBI
MO3BOJISIFOT OTKA3aThCS OT OXJIAKACHUS HAKOHEYHHKOB, KOTOPBIE MPH
JaHHOM METO/I€ IIOYTH HE HarpeBaloTCsl M HE BO3ICHCTBYIOT TEIJIOBOM
SHEpTUer Ha 310pOBbIe TKaHU. IIpu 3TOM B OTIIMYME OT MyIbCUPYIOLIEH
CTPYH COKpallaeTcsi KOJWYECTBO HCIONB3YyEMOr0 pacTBopa U
MPOMCXOJUT MUHUMAJIBHOE €ro pa3Opei3ruBanue. B kauectBe pabouero
pacTBopa (aKyCTHYECKOH Cpelibl) HCTIONB3YIOTCS Pa3IuuHbIE CTEPHIIBLHbIC
pacTBOpel. B 3aBHCHMOCTH OT KIIMHUYECKOW CHTYal[id BO3MOXKHO
MPUMEHEHHE PACTBOPOB JIIOOBIX AHTHCENTHKOB, aHTUOWOTHKOB,
AQHECTETHKOB, TAKIKE CIIOKHBIX MHOTOKOMIIOHEHTHBIX PacTBOPOB [2].
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Takum 06pazom, K HECOMHEHHBIM IIperMyIecTBaM Y3 00paboTku
OTHOCSITCSL TPOCTOTa M HAJAEKHOCTH O00O0PYIOBaHHs, MPOBEICHHE
MUHUMAJTbHOWHBA3UBHONH 00pabOTKH paHbl C BUIAMMBIM YIIyUIIEHHCM
COCTOSIHMSL paH cpa3y Imocie o0pabOoTKM, MHHUMAJIbHBIC 3aTpaThl
BPEMEHHU €€ MpOoBeACHHs, 0e300JIe3HEHHOCTh U OTCYTCTBHE MECTHOTO
pas3apakaroIero AeHCTBUS pH OECKOHTaKTHOM IpHUMeHeHHH [2].

B 3aKi0ueHUN HY)KHO OTMETHTh, YTO JaHHBIA METO 00pabOTKU
paH SBJIACTCS HECOMHEHHO MOJIE3HBIM B MEUIIMHCKOM MTPAKTHKE, TAK KaK
OH TMO3BOJISICT  COKpam@arh JUIUTEILHOCTh  JICYCHHs  PaHEBOU
noBepxHOCTH. OCHOBBIBasICh Ha 3TOM METOJEC MOXKHO PacCMOTPETh
APpYyrue BO3MOXKHBIC O6HaCTI/I HCIIOJIb30BaHHMA YJIBTPa3ByKa B MCAUIIUHEC.
K mnpumepy B CTOMATOJIOTHH, HCIIOJb30BAaHHE YJIbTPA3ByKa JUIs
IMPUKNBACMOCTH 3y6HI>IX HMIIJIAHTOB, TaK KaK Ha Z[aHHI)II\/'I MOMCECHT 3TO
SBTISICTCS] aKTYaJIbHOH MPOOIIEMOH.

1. .B. YUwmsipeB, b.B. Pucman. llpumenenune ympTpa3ByKOBOI
KaBUTAllMU MPH JICUCHUU OKOTOBBIX U THOMHBIX paH, HpOﬂe)KHeﬁ, 3B U
OTMOPOKEHUI.

2. A.A. Anekcee, A.D. boopoaukos, M.I'. Kpytukos, C.A.
TycunoBa. YibTpa3BykoBass 00paboTka 03KOToBbIX paH — M.: MockBa,
2009.

JIMATHOCTHUKA CEPJEYHO-COCYJIJUCTONU CUCTEMBI
METOJAOM 3XOKAPIUOT'PA®UN
Hepyk B.JO., Buwuneseykuii B.FO.
Hayunslit pykoBoguTeNb - K.T.H., JoLeHT Bumnesenkuii B.1O.
HOxHb1# penepanbHbIil yHUBEPCUTET
e-mail: walerik1995@gmail.com

OmauM ®W3 OCHOBHBIX METOJOB JHATHOCTHUKU Cepjlia, Ha
npoTsbkeHur nocienaux 20-tu et sBisercs 3xokapauorpadus. Kak u
MOOBIE IPYrHe METOMABl JUArHOCTUKH 3XOKapAuorpadus UMEeT CBOU
JIOCTOMHCTBA 1 HEJIOCTATKH.

B HacTosmee Bpems okono 8% Bcex rpaxaan Poccuu crpamaet ot
MATOJIOTHH COCYIOB WIJIH CEPJIlia, PH 3TOM CMEPTHOCTB OT 3a00JIeBaHUi
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cepala U KpOBEHOCHOH cucTeMbl cocTaBisieT 53% OT BCeX JIeTAIbHBIX
CIIy4aesB.

OfHMM W3 OCHOBHBIX METOIOB JHarHOCTHKH cepAla, Ha
npoTsbkeHnd nociennux 20-Tu et spusercs 3xokapauorpadus. Kak u
mo0ble ApYrue METOIbl MCCIENOBAaHHS 3XOKapauorpadusi UMeeT CBOU
JOCTOMHCTBA M  HENOCTaTku. briarogaps  BBICOKOMY  YPOBHIO
COBpPEMEHHON ammapaTypbl, OTCYTCTBHIO BpPEJHOI'O BIUSHHUS Ha
ManueHTa W MCCIeNoBaTeNs], NCIICBU3HE METOAA, 3XOKapauorpadus
MOJTy4HJyIa IHUPOKOE BHEAPEHUE B AMArHOCTUUECKYIO NpakTUKy. Hamnuue
OOJBIIOTO KOJIMUYECTBAa BAPUAHTOB MCCICIOBAHUS MO3BOJISET MOTYYUTh
TOYHYIO aHATOMHYECKYI0O M TeMOAMHAMHYECKYI0 HH(POPMALUIO O
001bHOM 1 M30€KaTh HHBa3UBHBIX BMEIIATENILCTB. | TaBHBIN HEAOCTATOK
JaHHOTO METOJa — OonblIas 3aBUCUMOCTb OT KBalH(UKAIIH
HCCIEA0BATENS, TaK KaK CIIEHHAIIUCT, 3aHUMAIOLIUICS yIbTPa3ByKOBOM
IUarHOCTHKOHN cepAua NOKEH ObITh KapIHOJIOrOM, B COBEPLICHCTBE
3HaTh TONOTPa)UUYECKyI0 aHATOMHIO I'PYJHOHN KIETKH, T€MOJUHAMUKY
ceplua, MIMEeTh IIPOCTPAHCTBEHHOE MbIluieHHe [1].

Cepaue denoBeka UMEET YeThIpe KaMephl: JBa NpeAcepaus U ABa
xenynouka. OHHM COEOMHEHBI COCYIAAaMH, IO KOTOPBIM [JBIKETCS
KpoBsSHOH  moTok. Kamepsl  3ammparoTcsi  BIOYCKAlOUIUMH U
BBIMYCKAIOIIMMHU  KjanmaHaMmy. [IpenHa3HadeHWe KIalmaHOB — He
MO3BOJIATH KPOBSHOMY IIOTOKY OOpaTHO BBIXOAUTH U3 Kamep. Tok KpoBH
HNPOUCXOJUT TMOJ JaBJI€HHEM Oyarofapst COKpPAIlEHHIO CepACYHON
MbIIIbL. CepeuHbIi UK COCTOUT U3 IBYX (a3 - CUCTOIBI M JUACTOJEI.
Cucrona — 3TO COKpaIIeHHE CEpIeYHOW MBIIIIbI, BO BPEeMSI KOTOPOM
MOTOK KpOBHM IIOJ HamlpsbDKEHHEM BBIXOAMT M3 cepiua. Jlmacrona,
HA00O0POT, COCTOSTHHUE TIOKOS CEpACYHON MBIMIIBI, BO BpEMsI KOTOPOTO
KPOBB ITOCTYIIAET B CEPJICUHBIE )KETYA0UKH. ITH JIBE (a3l HEMPEPHIBHO
yepenyroTcs, odecrieunBas paboTy cepaua.

JIroOoe HapylleHUE CEpAEYHOTO0 LUKJIAa BEIET K IOSBICHUIO
3a00/IeBaHUi TJIaBHOM MBIl HAIIETO OpraHu3Ma. BBIIBUTH 5TH
3a00J€BaHUsl 1O HAYaJbHBIM CHMIITOMaM MOXKHO  HCIIOJNB3YS
yIBTPa3BYKOBOE HCCIIEJIOBAaHUE, KaK IPOCTOM M JOCTYHHBIA METOJ
OoOHapyXeHHUsI CepJIeUHbIX 3a00JIeBaHMi. DXOKapAnorpaduio Ha3HAYAeT
KapAuoJOor,  ONMpasch  Ha  JKajloObl  TALMEHTOB:  OBIIIKY,
TOJIOBOKPYXKEHHE, OolM B ceplle, Y4YalleHHOe cepAleOueHue u
apUTMUIO, CIA00CTh U, KaK KpalHUH CIydai, TOTepH CO3HAHMS.
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UroObl Ha3HAYUTH TOYHOE JICUEHHE BKHO HE TOJIBKO OIPEAEIUTh
U3MEHEHHUS! B CEpACYHON MBIIILE, HO M IPOCIEOUTh HalpaBlieHHE
JBUKEHHS KpOBSIHOTO TIIOTOKa B KaMmepax cepaua. Iloatomy
9xoKapauorpadus nokazaHa BMeCTe ¢ MPOBEACHUEM AoNmieporpaduu —
METO/1a, O3BOJISIIOLIETO YBU/ICTh HATIPABJICHNE JBW)KCHUS KPOBH [2].

VYIbTpa3ByKOBBIM  HCCIEAOBAaHMEM  MOXKHO  BBIIBUTH  PSiA
3a00JIeBaHUi CepIeUHO COCYIUCTON CHCTEMBI.

[Topok cepama ¢ OTKPBITHIM apTepHalbHBIM POTOKOM BHUIEH Ha
armmapate Y3M, Kak yTONIIEHWE CTEHKH JIEBOTO TpeAcepaus |
xenmynouka. Jonmieporpadus ompenenseT Hanuyue cOpoca KpOBU H3
aopThl B JIETOUHYIO apTeputo. OCHOBHbIE TPU3HAKH OTKPBITOTO
apTepUabLHOIO MPOTOKA y JETEH — 3TO OTCTaBaHHUE B Pa3BUTHH, YaCThIE
MTHEBMOHHWH WJIK OTCYTCTBUE MPU3HAKOB B IETCKOM BO3pacTe.

[Tpu nedexTe MENOKETYAOUKOBOW MEPETOPOAKH KPOBb M3 JIEBOTO
KeNyJo4yKa dYepe3 OTBEPCTHE B IEPErOpOoAKe IOoNajacT B IPaBbIH
XKeNyJo4YeK, 4TO HemomycTumo. lIpusHakamu 3TOro mopoka cepiaua
SIBJISICTCSl OTCTaBaHHUE B Pa3BUTHH U YacThle THEBMOHHH Y JICTCH.

I[Ipu  medexTe  MeXMIpenACEPIHON  MEPETOPOAKHA  MEXKIY
OpeAcepIusIMH HUMEETCs. OTBEPCTHE, KOTOPOE MEINAeT IPaBUIbHOM
paboTe cepAeYHOM MBIIIIIBI M3-32 YTONIICHUS CTEHOK MPEACepIuii.

V3U ceparia noka3sIBaeT U MOPOKH MUTPAIBHOTO KJlaraHa, CTeHO3
MUTPAJILHOTO KJIalnaHa, OCHOBHBIMH INPH3HAKAMU KOTOPOTO SIBIISIOTCS
cnaboCTh, OJIBINIKA, CYXOW Kalllelb, TPHUCTYNBl CcepeOneHus,
TOJIOBOKpY>KEHHE, O0JH B TPyIH.

MutpanbHbIi KiIanaH HAXOAWUTCS MEXIY JIEBBIM NpencepaueM U
JIEBBIM KeTyAoukoM. Ero (yHKIMs HE MO3BOJISATH KPOBM MONAJaTh W3
JKENTyI0UKa B IIpeICepIue BO BPEMS CUCTOJIBI (CEpIeIHOT0 COKPAIIEHHMS).

HepnocTaTo4HOCTs MHTpaIbHOTO KIJallaHa MM TIPOJIATIC — eIlle
OIHO 3a0oJieBaHHE, KOTOPOE MOXKHO ONpPENeUTh C IOMOIIBIO
yIBTPa3ByKOBOTo UccienoBanus. OHO MOXKET ObITh BPOXKICHHBIM, HO B
aerkoit ¢opme (1 u 2 CTeneHb) HUKAK HE TMPOSBISETCS Y B3POCIIBIX
JIOJIEH, KOTOpBIE 1aXKe HE MOJI03PEBAIOT O HEM.

[IpuoOpereHHsplii  mponanc MUTPAJIbHOTO  KiIalaHa  Iociie
HEKOTOPBIX 3aboieBaHMi (peBMaTH3Ma, SHIOKAPAWT) MPOSBISETCS B
BUJE OJBIIIKH, cinaboct, Oosm B cepaue. Ho uwacto oH mporekaer
0EeCcCUMITOMHO JIOJT0€ BpeMsl.
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V3U BeIABIAET TaKXKe MOPOKH a0PTAJIILHOTO KiIallaHa, OCHOBHBIMU
CUMIITOMaMH KOTOPOTO SIBIISTIOTCS: C1a00CTh, OJBINIKA, OOTH B 00J1aCTH
cepAla, MOBBIIEHHAs yTOMIsIeMOCTh. ¥ 3/ MOKa3bIBaeT B 3TOM Ciydae
YTOJIIICHUE JIEBOTO JKEIYI0YKa M JICBOTO MpEJCepAnsi, TOTMOIHUTEIBHO
npoBogurcs — pommieporpadus.  TpymHOCT — OUAarHOCTHPOBAHUS
OONBLIMHCTBA CJIy4yaeB I[OPOKOB CTPOCHHS KJIANAHOB  CEpAla,
3aKIII0YaeTCsl B TOM, YTO JOJITO€ BpEMs STH 3a00JE€BaHUS MPOTEKAIOT
0eCCUMIITOMHO.

NuadapkT MuOKapma — OIHO U3 TOKEICHINX CepAcUHbIX
3a00JIeBaHUH, 3aKIIIOYAONIeecs B OTCYTCTBHHM HMJIM OCIA0JCHUU CHIIBI
COKpalI€HuA OTACJIBHBIX YYaCTKOB CCpILC‘IHOfI MBbIIIbI, KOTOPBLIC ACHO
BUJHBI [IPH YIBTPa3BYKOBOM HCCIECIOBAHUH.

OKCCyNaTWBHBIA  MEPHKAPAMT — cepJcyHoe 3aboJeBaHue,
JUarHOCTHPOBAHHWE  KOTOPOTO  BO3MOXHO ¢ noMompo  Y3U.
3axIr09yaeTcsi B CKOIUIEHUH KUIKOCTH BOKPYT cepaua. Ilpuunnamu ero
pa3BUTHS MOTYT OBITh BHPYCHBIE 3a00JeBaHHA, WHPAPKT MHOKapAa,
TPaBMBI, OITyXOJIU I'PYIHOM KJIETKHU U JIp.

VY31 1no3BossSIeT UMArHOCTUPOBaTh M JAPYrUe CEpACYHBIC
3a00/eBaHUs: MHOKapIWUTHl  (BOCHAJIEHHE CEPIEYHON  MBIIIIH),
MH(EKIIMOHHBIC 3HIOKApJUTHI (MonajaHue WHQEKIMH B KPOBb U €€
OTJIOKCHHE Ha KJIanaHax cepaua) u apyrue [3].

Taxum 06pazom, 3xokaparorpadus — OAUH U3 OCHOBHBIX METOJIOB
HCHMHBA3UBHOI'O HUCCICAOBAaHUA CEpala. I[aHHaSI AUarHoCTuKa IMHUPOKO
MPUMEHSIETCS. B MEAMIUHCKON MpaKTUKE 3a CYET CBOEH MPOCTOTEHI,
Ha/IeKHOCTH, 0€30M1aCHOCTH, OTHOCUTEIILHO APYTHX METOJIOB.

1. TInannept T. Carron M. I'. Cr. [x., Dxokapauorpadus.
Kparkoe pykoBoactBo — M.: MznatensctBo «'IOTAP-Menuay, 2016.

2. H.llnnnep, M.A. Ocurmos. Knunuueckasi sxokapauorpadus —
M.: Mocksa, 1993.

3. JL.B. OcumoB. YibTpa3ByKOBbIE TUATHOCTHUYECKHE TPUOOPHI —
M.: Mocksa, 1999.
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N3JIYYATEJIb KOCTHOM ITPOBOIUMOCTH B
AYAUOMETPUN
Tonuap J2.B.
HOxHb1i1 penepanpHbIil yHUBEPCUTET
e-mail: edo-gonchar@yandex.ru

CayxoBoe BOCHpHUSTHE OYEHb BAXKHO JUIS YEIOBEKA, MOCKOIBKY
€CTECTBEHHAs! pedb CYILIECTBYEeT MMEHHO B 3BYKOBOH ¢opme. B cumy
3TOr0 TYTOYXOCTh M IJIyXOTa, BBI3BAHHBIC PA3JIMYHBIMU HAapyLICHUSIMU
ClIyXa, SIBIAIOTCS IPEAMETOM HE TOJIBKO KIIMHUYECKOW, HO M COL[AIbHOM
MEIUIIHBI, TIOCKOJIBKY CIYX SIBJISIETCS OJTHOW M3 BaXKHEHIINX (YHKIHHA
opraHusMma, OOeClIeUMBAIOIIMX  Pa3BUTHE  YEJIOBEKA M €ro
KOMMYHHKATHBHYIO ajantaiuio B obmectse [3]. B manHoil cTathe Mbl
MOCTapaeMcsi OCBETUTh OCHOBHBIC HAPYIICHUS CITyXa, AMarHOCTHPYEMEBIC
METO/IOM ayIUOMETPHUH.

B MemuuuHe cymecTByeT MHOTO METOJOB HCCIICAOBAHUS CIIyXa,
KaK TPOCTBIX, TAK U OYCHb CJIOKHBIX. PaboTa OOJBIIMHCTBA TPUOOPOB
JUIA WCCIENOBaHUSl CIyXa OCHOBaHa HAa TOM, YTO Ha OpraH cliyxa
NalKeHTa NOAAI0TCs 103UPOBAHHBIC 3BYKOBBIE CTUMYIIBI U (PUKCUPYETCS
ero orBeTHas peakuus. CilyxoBasi CUCTeMa COCTOMT M3 TPEX YacTew:
HapY)KHOTO yXa, CPEIHETO yXa v BHYTpeHHero yxa [1].

AynuoMeTpusi TIPeNCTaBIsieT COOOH HMCCIeJOBAaHHE CIIyXOBOK
(yHKIMH, TPOBOJUMOE C TMOMOINBIO CHENHAILHOTO Tpubopa —
ayJMoMeTpa, ¢ MOMOIIBI0 KOTOPOTO OIIEHUBACTCS BETMUMHA CHIDKEHUS
ciyxa. Aynuomerpus MIPOBOJUTCS B CHenHanbHON
3BYKOHEIIPOHHMLIAEMOI KaOMHE, YTOOBI OKPYKAIOIIUH IIyM HE BJIMSUI HA
ee pesynbrarhl. [lalMeHT HaleBaeT HAYNIHWKH, B KOTOPBIE TMOJAOTCS
3BYKOBBIE CHTHAJIBI PAa3HOH YacTOTHI U TPOMKOCTH, CHa4asa Jiisi OJJHOTO
yxa, 3ateM ans apyroro. OcHOBHas 3ajaya — ONPEAETHTh, B KaKOU
MOMEHT MAallMeHT HAYWHAET CIBIIATh 3BYKOBOW CHTHAN, €CIH €ro
IPOMKOCTh Bo3pactaeT (Wi Hao0OpOT, KOTJia MAIMEHT MepecTaeT ero
CIIBIILIATh, €CIU €r0 I'POMKOCTb YMEHBIIAETCs), U COOOLIUTH 00 3TOM
cnenpanucty. C NOMOLIBIO ayAHOMETPUH MOXKHO AMAarHOCTHPOBATbH
HEHPOCEHCOPHYIO WM KOHJIYKTUBHYIO TYTOYXOCTb.

HeiipoceHcopHasi Tyroyxocts — 3TO MOTEpsl CilyXa, BBI3BaHHAs
NOpaKeHHEM armnapaTa BHYTPEHHErO yxa, YJIMTKOBOI'O HepBa WM
CIIyXOBBIX OTJ/ICJIOB TOJIOBHOTO MO3ra. JTOT THI TYIOYXOCTH HE
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MOJTAETCSI MEAUIIMHCKOMY JIe4eHH0. [TOMOYb MOXKET TOJIBKO CITyXOBOM
armmapar.

KonaykTuBHast TYroyxocTh — O3TO  HapylieHHE  CIyXa,
00yCIIOBIEHHOE TIPOOIEMaMH TIPOBEJCHUS M YCHICHHUS 3BYKOBBIX BOJIH
Yyepe3 BHENIHEE M BHYTPEHHEE yXO. B 3aBHCHMOCTH OT MPHYHHBI
MOSIBJICHHST TYFOYXOCTH MOMKET [OMOYb MEIUKAMEHTO3HOE HJIH
XHPYPTrUUECKOE JICUCHHE.

Pe3ynbraThl CIyXOBBIX TECTOB 3aHOCATCS Ha OJAaHK, KOTOPBIHA
Ha3bIBACTCS ayquorpaMMa, OHa IMPEACTaBJICHA HA pHUCYHKE 2.
Aynuorpamma — 3T0 Tpapuyeckoe OTPAKEHHUE CIOCOOHOCTH YeTOBEKa
CIIBIIIATH YHCTHIC TOHA (MM YeJIOBEYECKYIO peyb). BepTHKanbHbIe INHIH
Ha ayauorpaMme 0003HAYalOT YaCTOThI, COOTBETCTBYIOIIHE YacTOTaM
ayauomerpa. OOBIYHO IS HMCCIIEAOBAHMKA HCIIONB3YIOTCS CHTHAIBI
gactoToil oT 250 mo 8000 I'u. DTo caMblif BaXKHBIH I YEJIOBEYECKOTO
CllyXxa YaCTOTHBIA JHAmna3oH, TaK Kak HWMEHHO BHYTPU HEro
pacroiararTcs 3ByKH 4elIOBEUYECKON pedn. I Opu30HTaIbHbIC JTUHHH HA
ayJauorpaMMe OTPaKaroT TPOMKOCTh 3ByKa B 1B IO OTHOIIEHHIO K
HOPMaJILHOMY TTOPOTY CIIBIITMMOCTH, KOTOpbIi paBen 0 nb [2].

125 250 500 1000 2000 4000 8000

-10
100) U/
20
30
40 —O— BO3ayLUIHOe
g -- O - - KoCTHoe
70
80
90
100
110

MoHuxeHue cnyxa (ab)

Yacrota (My)
Pucynok 2 — AynmorpaMMa npy HOPMaIIbEHOM CITyXe

Ha pucynke 3 uzo0pakeHa CTpyKTypHas cxema ayauomerpa. Ero

TJIaBHOC OTJIMYHUEC OT APYTHUX HpI/I60pOBZ HUCIIOJIB30BAHUEC B KadyCCTBEC
n3j1ydareiid HE JUHaAMHKa, a IbE30KECPAMHUYCCKOI'0 U3 1y4aTelIs.
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Kommytatop U3nyyaTenum
leHepaTop Yeunutens "
> TectoBblx > — — KOCTHO
wyma NeBoro KaHana
cUrHanos nNpoBOAMMOCTH
Ynpasnatowuii Yennutens KommytaTto
p u"' leHepaTop > yTaTop
MMWKPOKOHTPON —————>— ToKa npasoro ——————  Tectosbix
nep KaHana pexumos
NHTepdeiic J WK
BHEWHUX  ——>— ———  MpuHtep FLASH-namsTb

VCTpOﬁCI'B UHOWKATOp

KHonka

Knasuatypa nauvenTa

Pucynok 3 — CTpyKTypHas cxemMa CHCTEMBI JHaTHOCTHUKU HAPYIICHUH
ciryxa

CucrteMa BKJIIOYa€T B CBOEM COCTaBE CIeNyolIne OJOKH: OJIOK
ynpasiieHus1, 6JI0K TecTOB U OJIOK NalueHTa.

Pa6oroit BCEX CTPYKTYPHBIX 0JI0KOB YIIpaBIIET
MHUKPOKOHTpOJUIep Onoka ynpaBneHus. B Oioke  ymnpaBiieHHs
OCYILECTBIISIETCS. JIOTIOJIHUTEIbHAS 00paboTKa HMH(pOpPMALUK: OLICHKa
TPOMKOCTH 3ByKa CO CIOKHBIM CIIEKTPOM, Pa3[elIeHUue CIEeKTpa pedr Ha
YacTOTHBIE TIOJIOCHI, TIPE/ICTABICHHE PEYEBhIX TECTOB, 3allUCAHHBIX Ha
FLASH- mamsars. HmeeTcss BO3MOXHOCTH BHEUIHETO YIIPABJICHUS
pexuMamMu  paboTBl €  TMOMOIIBIO  KJIaBHATYpPbI, OTOOpa)KeHHUe
aynuorpammbl Ha OI'K — uHAMKaTOpE U ee redaTs Ha IPUHTEPE.

Bce MHOroo0pasue TECTOBBIX PEXKHMOB OOecreunBaeT OJIOK
TecToB. B 3ToM Giioke paboToi ympasisieT KOHTposuiep OJIoKa TECTOB,
KOTOPBIA BBIJIAET YIMPABISIONIAE KOIBl HAa KOMMYTATOPHI TECTOBBIX
CUTHAJIOB M TECTOBBIX PEXKHMOB, a TaKke Ha (OpPMHUpOBATENb KOJa
YCUJICHUSI.
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Jus obecriedeHns TPaaWIIMOHHBIX TECTOB B OJIOKE TECTOB
MPeIyCMOTPEH TeHEPaTOp TOHAIBHOTO CUTHANIA ¥ TEHEPaTOop IIyMa.

Bnok maumenTta BKIIOYAaeT B CBOHM COCTaB 3JEKTPOAKYCTHUECKHUE
npeoOpa3oBaTey I UCCIIEAOBaHNs KOCTHOW MPOBOJMMOCTH, a TaK ke
KHOTIKY TIaIlMeHTa, C TIOMOIIBI0 KOTOPOH MOXET OCYIIECTBISATHCS
obpaTHas CBSA3b C BPauyoM.

B Hanmnume B paspabaThiBaeMON CHCTEME MMOMHUMO alapaTHBIX
CPEICTB WMEETCS BO3MOXKHOCTh NPHUMEHEHHUS MPOTPAMMHBIX CPEJCTB,
MTO3BOIISAIONIUX CTPOUTD ayAHOTPaMMBI TIPH TIOMOIII COOTBETCTBYIOIIETO
MPOrpaMMHOTr0 00ecTeUeHUsl.

B nanHO# cTaThe OBUT IPOBEICH aHAJIN3 MO0 HAPYIICHUSAM CITyXa, a
Takke pa3paboTaHa CTPYKTypHas cxema mpubopa, B KOTOPOM
WCTIONB3YETCs U3MydaTeslb KOCTHOM MPOBOTUMOCTH.

1. CrpoeHne cIyxXxOBOTO aHaIM3aTOpa. [IIEKTPOHHBIN pecypc|
URL.: http//studme.org/38582/psihologiya/sluh#
2. AynmuoMeTpusl WM aynuorpamma ciiyxa B Mockse. Knnnnka

JIsBa Pynuna. [>nexTpoHHbII pecypc] URL:
http://levrudin.ru/uslugi/glossary/audiogramma/
3 V¥xo. [snexTpoHHBIH pecypc] URL:

https://ru.wikipedia.org/wiki#
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Cekuyusa: Annapammusle u npozpammmusle cpeocmaea
@dyHKUUOHANbHOU OUAZHOCIMUKYU U mepanuu

AJITOPUTM OHNPEAEJEHUA TUITA TUMITAHOI'PAMM
Kymosa /I M., Kupuuenxo HU.H.
Hayunsiii pykoBouTens — K.T.H., AoueHT Kupnuenko M.A.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: ikirichenko@sfedu.ru

Hccnenyst cucteMy MMITEIaHCHOM ayanoMeTpuu [1] v mpucTynus
K pa3paboTKe CTPYKTypHOW CXEMBbI OHMOTEXHHYECKOW CHCTEMBI IS
JIMaTHOCTHKY HAPYIICHHS CITyXa, ObLIIM BBISIBJICHBI (JaKTOPBI, BIHSFOIINE
Ha pe3yJbTaT uccieaoBanus. Hanpumep, oHUM U3 KIFOYEBBIX (PaKTOPOB
MOJKHO Ha3BaTh OMIMOKY MPH MOCTAHOBKE JWArHO3a maruenty. OaHuM
U3 CIIOCOOOB PEIICHHS POOIEMBI CTAJIO CO3/JaHKEe allrTopuT™Ma 00paboTKH
JAHHBIX TUMIIAaHOTPaMM, KOTOPBIi ITO3BOJIUT BBIJaBaTh
MPEIBAPUTEIIBHBIN PE3yJIbTaT UCCIICIOBAHMSI.

Kak m3BecTHO, THMITaHOTpaMMa — 3aBUCHMOCTh 3KBHUBAJICHTHOTO
o0beMa OT 3BYKOBOTO JaBJICHHUS, I[OJy4aeMas TIpU IPOBEICHUU
JUATHOCTHKH HApYIIEHUS Ciyxa (MeTo TUMIaHOMeTpun) [2].

PazpabatbiBaeMBbIli alTOPUTM CTPOHUTCS HAa OCHOBE TOJTYYaeMbIX
JMAHHBIX ~ HETOCPEJNCTBEHHO W3 OJIOKa TMEepBUYHOW  00paboTKH,
MOKAa3aHHBIA HAa  pHUC. 2, TIO3BOJISIONIMIA  ONPEACIIUTh  THUI
TUMIIAaHOTPaMMBI.

Pabora anropurma HaywHAETCS C BBOJA JAHHBIX X H Y, TIE X —
JIlaBJICHUEe, BhIpaXXCHHOE B jekalla;, a y — 3KBUBaJCHTHBIH 00BEM,
BBIpaXCHHBIN B MJI. MaTpuIia uMeeT pa3MepHocTh Sx12. Beibop pa3mepa
MaTPUIIEI TIPEKIE BCETO OMPEAEISIICS TEM, YTO IKBUBAICHTHBIM 00BEM
MOJKET NMpUHUMATh 3HaueHus ot 0 1o 2,5 mut, ¢ marom 0,5 mut; a gaBiieHue
ot -350 mexkalla go 250 mekalla, ¢ marom 50.

CymiecTByeT 7 OCHOBHBIX THIOB TUMMaHorpamm: A, Ad, As, B, C,
E, D, npexacraBnenHbIx Ha puc. 1.[2]

I tuma «A» xapakrepro, uto 3Hadenus X € [-100;100], yuaxe=1
npu x=0. Eciau Ha Bxon OJOKa TPHUXOIAT 3HAYEHUS X, BXOIAIIAE B
muana3oH 3HadeHuid ormuHyc 100 mo 100 nmekalla m mMakcumanbHOE
3HAaYEHNE DKBUBAJEHTHOro o0bema mocturaetr 0,5 My, To Ha BBIXOIE
3HAYEHHUSIM X TMPUCBAMBAIOTCS 3HAYEHHUS Xi; Yy 3HaA4eHus yiTakum
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o0pa3zom, TUMIIAaHOTpaMMe MpHCBauBaeTcss TUI «Ax». B ciydae, xorma
MaHHBIC TPUXOMSIIMKEC W3 OJoKa TEPBUYHOM OOpabOTKH, HEe
YIOBJICTBOPSIIOT YCIOBHUIO, TO JAHHBIC TIOCTYIAIOT HA CISAYIONIHI OJIOK
cpaBHeHus. [lpu 3TOM TpPOXOAMT Ta Ke MpOlEeAypa CpaBHCHHS
MOJYYCHHBIX 3HAYCHUH C DKCIIEPUMEHTAIBHBIMH 3HAUCHHUSIMHU.

B

25 T 25
20 20
T 1 T 1.5
+ 1.0 - 1.0
A + 05 05
oml = 0 ml

o O [ R R | ) e —t
-300 0 200 daPa -300 0 200 daPa

Pucynok 1 — OCHOBHBIE THITHI THMITAHOT PAMM

Bnok cootBercTBUs Mg THIA «AS» ONpenenseTcs 3HAaYCHUAMU X
e [-100;100], ywaxc=0,5 mpu x=0. 3nHauenus nanubix x € [-290;200],
y>lBcTpeyarotrcss B THMmaHorpammax tuma «Ady. Tuma «Ad»
PETUCTPUPYETCS TIPH Pa3pbiBe LEMH CIyXOBBIX KOCTOYEK, BHI3BAHHOM
TPaBMOM, BOCIAJMTENBHBIM MPOIECCOM MM aCENTHUYECKUM HEKPO30M,
Opy  3TOM  HPOMCXOAMT  PE3KOE  YBEIMYEHHE  MOJATIMBOCTH
3BYKONPOBOJSILENH CUCTEMBL.[3]

Ecmu ke 3Ha4YeHWs NAHHBIX, TOJNYYEHHBIX OT TMAaIMEeHTa He
MOJXOAAT THITY «Ad», TO JaHHBIE MOCTYMAaIOT B 00K B, T1e 3HaueHus X
€ [-350;200], Ho moMuMO 3TOTO Ha rpaduke HAOIIOAAIOTCS MAKCHMYMBI
u MuHEMYMEI B Toukax (-350;0,3) u (200;0).

B cnywae cooTBeTCTBUS KpHUBOW INpucBauBaeTcss Tuln «B» u
JaHHBIE TEPEXOAST B OJNIOK MOAyns Kiaccuukauuu. VHavye naHHbIE
noctynatoT B 61ok C, e CHOBa NMPOUCXOOUT 00paboTKa W aHaIM3
COOTBETCTBHs JaHHBIX. [lo cBoeMy Buay THMIaHorpamma tuma «C»
UMeeT Takylo ke (opMy Kak W THII «A», AOCTUrasgs MaKCHUMajbHOE
3HAYEHHE B TOUKE Ywae=0,/ M CABHHYTAa B CTOPOHY OTPHLATEIHLHBIX
JaBJICHHN.
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ITpu HEyIMOBIETBOPHUTEIBHBIX pe3yabTaTax aist O0ka C, maHHbIC
nepexonar B 6mok D. lns tuma «D» xapakTepHO 1Ba MakCHMyma B
toukax (-50; 0,9), (50; 0,9), Tak xe B unrepsaiue [-50, 50] Habmronaercs
muHuMyM B Touke (0; 0,6).

B ayIHOJIOrH4YECKOM MpaKTUKE pexe BCTpeUYaeTcs
tumnadorpamma tuma «Ey. Js Hee XapakTepeH auana3oH X € [-
150;200], makcumymsl B Toukax (-50; 0,6) u (100; 0,9).

ITocie TPUCBOCHMS KPHUBOW THIMA THMIIAHOTPAMMBI JIaHHBIC
MOCTYIAOT B MOYJIb KJIaCCH(DUKAIIMU TAaHHBIX.

C mnomompl pa3pabOTaHHOTO alropuTMa BO3MOXKHO, Kak
TOBOPHJIOCH YK€ paHee, COKPATHTh BPeMs MOCTAHOBKU IHArHo3a W B
JaJbHEHIIIEM YCOBEPIIEHCTBOBATh METOAUKY OOpabOTKH MOJTydaeMbIX
JTAaHHBIX.

1. Jlxadek B.Y., Crapk O3.K. Cekpersl 0OTOpHHOIAPHUHTOIOTHH.
Iep. ¢ anrn. M. — CI16.: BUHOM — HeBckuii auanekrt, 2001. — 624c.

2. Tasaptkunanze I'.A. CoBpeMEHHOE COCTOSHHE M TEHICHIIUU
Pa3BUTHS SKCIIEPUMEHTAILHOM M KIIMHUYECKOM ayauosioruu // BecTHuk
OTOPHUHOJIAPUHIOJIOTUU: MenuuuHckui HAay4HO-IIPAKTUYECKUI
xyprain. — 2003. — N 6. — C. 3-6.

3. Kouxkwun P. B. UmnenancHas aymuomerpus. — M.: MenunuHa. -
2006. - 48 c.

BJIOK HEMPOCETEBOM TUATHOCTHUKH
HEBPOJIOTMYECKUX HAPYILIEHUH Y JIETEHN
Jlazymxun P.I1., Mumwowun U H.

Tynbckuil I'ocynapcTBeHHbIN YHUBEPCUTET
e-mail: romkafaust@mail.ru, mitro32@mail.ru

MOXHO CUHTATh JIOKa3aHHBIM, YTO HEBPOJIOTHUECKUE HAPYIICHHSI
(HH) y peOenka oTpakaloTCs B TOIOJIOTHH, YPOBHE M YACTOTHBIX
XapaKTEepUCTUKaX CBA3EH B KOpE TOJIOBHOIO MO3ra, ONpPEAESIeMbIX IO
¢onosoit D3I HecMoTps Ha HaMYHE MHOXXECTBA MHCTPYMEHTAJIBHBIX
CpEJICTB, UCTIONIb3YEMBIX BpauaMHU-CIIeIIHAIHCTaMK NIpH BbIsBIeHH HH
pa3HOi MOAATBLHOCTH M 00ECIICUMBAIOLINX YIITyOJIEeHHOE HCCIeI0BaHHUE,
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WHTETPAGHBIA XapakTep peructpupyemort ¢onoBoit D3I mo3BomseT
BBIABISITH OCHOBHBIC HApYyLICHHUS IPAKTHUYECKH B CKPHUHUHTOBOM
pexume. Takoll moaxox erle He MOTy4YMl MIMPOKOTO PaclpoCTpaHeHHUs,
XOTsl TeopeThdeckue paspaboTku yxke mposeensl [1, 2]. Ilomyuenue
anekTpodu3nomornuecknx MapkepoB (OM) OCHOBaHO Ha OIICHKE
JIOCTOBEPHOCTH OTIMYMHA TapameTpoB OOI, B KadecTBE KOTOPHIX
paccMOTpeHbl 3HadeHus (YHKUUM KorepeHTHOCTH [l], mapamerpsl
CHHXPOHHU3AINH [2] WITH KaKoH-m10o apyToit oreHkH [3].

HecBoeBpemeHHast TMarHOCTHKA HEBPOJIOTMUECKUX HapyLICHUI
OPUBOAMT K BO3MOXHOH Je3ajanTanuyl peOEHKa M K BBICOKOH
BEPOSTHOCTH €r0 MHBAJIUIHOCTH.

PazpaboTka mpennaraemoil OMOTEXHIYECKOW CUCTEMBI aKTyallbHa
B CBSI3U C OOJIBIITUM KOJIMYECTBOM HEBPOJIOTHUYECKUX HAPYILICHUH y IETeH
Pa3IMYHBIX BO3PACTOB (JIOMIKOIBHOTO U MITAAIIETO IIKOJILHOTO BO3pacTa)
U OCTpOH HEOOXOOMMOCTHI0O MX CKOPEHIIEero CBOEBPEMEHHOTO
BBISBJICHUS, @ METO ollpeeseHruss DM IOKa3bIBaeT UX 3aBUCUMOCTh OT
00BbeMa UCCIIEAYEMBIX U KOHTPOJIBHBIX IPYTIIL.

ITosTOoMy OBUIO IPUHATO PEIICHUE 0TKA3aThCS OT KECTKOro Habopa
OM, a ucnonp30BaTh HEHUPOCETEBYID MOEIb C MEPCIEKTUBAMHU €€
camMooOy4eHHUsI.

CoBpeMeHHbIE JUArHOCTUYECKHWE CHCTEMBI JJIsi BBISBICHUA
NPU3HAKOB HEBPOJOIMYECKUX HAPYILIEHUH TPeOYyIOT BBICOKOW HayqHOH M
TEXHUYECKOH KBAIM(HUKAIIMK Bpada, 4YTO B YCJIOBUSAX KECTKOTO
OTpaHMYEHHUs]  BpeMEeHM TNpuémMa HE  TO3BOJSET  MPOBOIUTH
KBaJM(pUIMPOBaHHYIO HHCTPYMEHTAJIbHYIO AUArHOCTUKY. [Ipemiaraemast
cucTeMa MOXeT OBITh MCIOJIb30BaHA COBMECTHO C JIIOOOW CHCTEMOIl
pacuera mapameTpoB OO M MO3BOJUT aBTOMAaTH3UPOBATh IPOLECC
MOCTAaHOBKM JIarHo3a U MOBBICUTH €0 TOYHOCTb.

B cTpykTypy NaHHOI CUCTEMBI BXOOUT MHOTOCIIONHHAsI HEHPOHHAA
CETh IPSIMOIO PACHPOCTPAHEHUS, NEPBBIM CIIOM KOTOPOH COCTOUT U3
HEUPOHOB, HE OTHOCSIIMXCA HU K OJHOM W3 KJIACCHYECKUX MOJejei
cTpoenus HeripoHa. OHU MOAU(UIMPOBAHBI 0COOBIM 00Pa30M: «HEHPOHY
HE HCIIOJb3YEeT HU OAHY M3 M3BECTHBIX (DYHKUMH aKTHUBAlMM, B HalleM
cllydae €€ pOoJIb HCHONHACT (YHKIMS TIUIOTHOCTH pacrpelesieHusI
napaMmerpa OO0 B 3aBUCMMOCTH OT €ro BeIHYMHBL. CKpBITBIE CIOU
HEHPOHHOH CETM TMPOM3BOAAT CpPaBHEHUME 3HAUYCHUH  (YHKIUH
pacnpesneneHns mapaMeTpa JJis YeTBIPEeX TPYIIL: «HApYIICHHE CIyXay,
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«HapyIIeHWe 3peHUs», «MHHHMaJIbHas MO3roBasg TUCHYHKIHA» U
«HOpMa» — TaKUM 00pazoM, B 3JICKTPO3HIIe(aIOrpaMMe BBISIBISIOTCS
MPU3HAKU OJHOTO U3 YKA3aHHBIX BHIIIC HEBPOJIOTHUYECKUX HAPYIICHHM.
BpixogHOW CiOM HEWpPOCETH MPOU3BOAUT TMOACYET KOJIMYECTBA
HaKONUBLIMXCS TMPU3HAKOB ISl KaKIOW M3 TPyNIl HEBPOJOTMYECKHUX
HapylleHUH, a TaKKe HOpMbl. B pesymprare, Ha BBIXOAEC CHUCTEMBI
(dbopMupyeTcss  BEKTOP-CTOJIOCI], AJIEMEHTBI  KOTOPOTO  CONEpIKaT
KOJINYECTBO MapaMETPOB COOTBETCTBYIOIIMX OIpeaesieHHo rpynne. U
110 UX 3HAYCHHSIM MOKHO COCTABHTh 3aKITIOUYCHIE O COCTOSTHUH ITaI[ieHTA.

IIporpaMMHBI KOMIUIEKC, OCHOBAaHHBIM Ha HEWPOCETEBBIX
BBIYMCJICHHUSAX, BKJIIOYaeT B ce0S CJIOM C HEHpOHaMH pa3InIHOMN
KOHQUTypaliii B COOTBETCTBHE C 3ajlauaMu cjos. Becosble
K03 (PHIIMEHTHI HEMPOHOB ATHX CJIOCB TAKXKE ONMPEICICHBI UX 3afa4eii. B
OCHOBHOU CBO€H Macce BeCOBbIe KOA(D(UIIMEHTHI pPaBHBI EIMHUIIE,
WCKITIOYEHHUE COCTAaBIISIOT BEeCOBBbIE KOI(MD(MUIIMEHTH CKPBITBIX CIIOEB
CETU: YaCTh MX paBHA HYNIIO, YTO O3HAYAET OTCYTCTBUE CBSI3EU MEXIY
HEWpOHAMH, YaCTh paBHA €AMHUIIBI, U YAaCTh PaBHA «MUHYCY» CAUHUIIBI,
YTO TOBOPHUT O «TOPMO3SIIIEM» 3HadYeHHH CBs3H. OOIMHN BUJ CTPYKTYPHI
HEWPOCETH NPEICTABICH HA PUCYHKE 1.

BxadHou

g Lpednu

Bxodkeie g i
darHele ,@ Boixodnol

Beixadksle
darHele

Yt
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14

Pucynok 1 - O0mmii BUj CTPYKTYypBl HEHPOHHON CETH
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Ha pucynke npuBenensl cienmyromue oOo3HaueHms: X1-Xn —
BXOJIHBIE JJAHHEIE;

N11-NIn, N21-N2n, N31-N3n, N41-N4n — HEelpOoHBI BXOIHOTO
crost cetu A Kaxaoi u3 tpex rpynn HH u Hopmer; L1-Ln — Gmoku
cpaBHEHHS mapameTpoB 1o rpynmnam HH 1 Hopma (mokaszaH Ha prUCYHKE
2.); ol-04 — HEHWpPOHBI BBIXOJHOTO CJIOS, IIPOBOIAIINAE TIOACUET
BBISBJIIEHHBIX MapameTpos 1o rpynnam HH u Hopma; Y1-Y4 — BerxoaHsie
manuele; WI11-Wln, W21-W2n, W31-W3n, W41-W4n — BecoBble
K03 puImeHTsl cB3eit BxomHOTO ciosi; Woll-Woln, Wo21-Wo2n,
Wo31-Wo3n, Wo41-Wo4n — BecoBble K03()(HUIHEHTH BBIXOJHOTO CIIOSI
HEHPOHOB.

BxomHoit cnoit Heiipocetn coctout u3 3840 melriponos (mo 960
HEHpPOHOB Ha KaXKIyI0 M3 TpeX TPYII HEBPOJIOTHMUECKHUX HapyIIeHUIH
(HH) n Hopmy) 1 mpencTasinsier codoii ciioii HEHPOHOB € HE CTaHIAPTHOM
¢GbyHKUMeH akTHBAaMH: €€ pPONb BBINOIHAECT (PYyHKUMS IIOTHOCTH
pacmpenenaeHus: s BXOAHOM BeNWYUHBI - mapamerpa D21 manueHra.
OyHKIMM TUIOTHOCTH  pachpeneneHuss mapameTpoB D22 Obun
PacCUUTHIBAIOTCS METOIOM HHTEPIOJISALUS 110 CPEAHUM TOUKAM CTOJIOLIOB
ructorpamMmsl 1o hopmyne HetotoHa mist 4-x Touek [4].

Takum 00pa3oM, Ha BBIXOJAE TaKUX HEHPOHOB (hopMUpYyETCs
3HaueHus AaHHoW ¢yHKiuH(l). BecoBeie koadduimentsr ans Bcex
HEHPOHOB 3TOTrO CJIOSI PaBHBI €IUHMIE, T.K. Ha KaXIbIil HEWPOH CIOs
MOCTyMaeT JHIIb OAWH CHUTHAJ, M OH IOJHOCTBHIO BIIMSET Ha BBIXOJ
HEHpOHA.

f(o)=plu)

rac U — B3BemeHHAs CyMMa BXOAHBIX CUTHAJIOB;

(M

X; — BXOIHBIC IQHHBIC; \\\/, — BeCOBO K03(h(QUIIMEHT CBA3H;

p(u) — (hyHKIIWSA TTIOTHOCTH pacIIpeiesiCHuUs TapaMmeTpa;

f (p) — (yHKIHA aKTUBAI[H HEHPOHA.

HelipoHHas ceTb CONEpKUT N1Ba CKPBITBIX CIIOs, HA puUC. 1 OHH
0003HauYeHBI KaK CPEeHUHN CJI0M U A7 y100CTBa BOCIIPUATHS pa3OUTHI Ha
(yHKIIMOHANBHBIE OJIOKH, T.K. MEXKIy HEHpOHaMHU pa3IMYHBIX OJIOKOB
CBS3U OTCYTCTBYIOT.
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[lepBsIit ckpbITHIH cia0i cocTouT U3 11520 HeiiponoB: 960 rpymm
1o 12 HelpOHOB, KOTOPEIE B CBOIO OYEPEh ENSATCA elle Ha 4 TPpYIIIBI 10
3 HelpoHa.

Bropoii ckprIThIii cinoit coctout u3 3840 Heliponos: 960 rpynm mo
4 wetipona. Ha xaxnmplii HEWpPOH OTOTO CJIOS TIOHACTCS CHTHAI
nonsiprzanuy PS paBubBIN -3. BecoBble KOA(PGUIIMEHTHI CBA3EH 3TOTO
CJIOS PaBHBI €AVHUIIC.

Takum o0pazom, omwH (QYHKIIMOHAIBHBIA OJOK comepkuT 12
HEHPOHOB TEPBOTO W 4 HEHpOHa BTOPOTO CKPHITHIX cioeB. CTpyKTypa
0J0Ka mpeCTaBIcHa Ha PUCYHKE 2.
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Pucynox 2 - Bug cTpykTypbl 6J10Ka CpaBHEHHSI TAPaMETPOB T10 TPyTITIaMm
HH u Hopme
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Ha pucynke 2 moka3aHbl ClIeAyroIe 31eMeHThH HelipoceTu: N11,
N21, N31, N41 — He#poHBI BXOAHOTO CJIOS IJIS IIEPBOTO MapameTpa Io
Tpem rpynmam HH u HOpMe, ¢ HHMX TOCTymaroT AaHHbIE Ha OJOK
cpaBaenus; L12-1.14, ... , L41-L43 — HelpoHBI BXOAHOTO CJIOS OJI0Ka
cpaBuenus; Lol-Lo4 — HEHpOHBI BBIXOZHOTO CIIOSI OJIOKa CpPaBHEHHS;
WNI112, WN113, WN114 u T.1. — BecoBble KOA(D(OHUIMESHTH TIEPBOTO
CKPBITOTO CJIOSl, CPABHMBAIOIIEr0 3HAYCHHUS MapameTpoB (3HAK MHHYC
mepen Kod(hGUIIMEHTOM TOBOPHT O TOPMO3SIIEM XapaKTepe CBSI3H);
WLI121, WL131, WL141 u T.n. — BecoBble KOIPPHUIIMEHTHI CBI3CH
HEHPOHOB BBIXOIHOTO ciost 051oka; O 1-O4 — BEIXOAHBIE AaHHEIE O10Ka; PS
— curnan nonsipuzanun; L1 — ycnoBHoe 0003HayeHue Oioka 1.

Paccmorpum  pabory Onoka cpaBHeHHS Oonee  TMOAPOOHO.
CdhopmupoBaHHble BXOAHBIM CJIOEM HEMpPOCETH 3HA4YCHUS (QYHKIUHA
pacnpezneneHus napameTpoB OO Mo uyeTslpeM rpynmnaM (HapylleHue
CiTyxa, HapylIeHWe 3peHHs, MHUHHMajlbHas MO3roBas JUChYHKIHS,
HOpMa) TIOCTYMAalOT Ha TEpBbI cloi Omoka. OTH  CHTHAIBI
paclpenesstorcs MeEXJy 4YeThIpbMs TIpYyNIIaMM HEUPOHOB IO TpHU
HelipoHa kaxnas. llpm sTtom BecoBoit koddduumeHT paBHbIM 1 I
Ka)XI0H M3 TPYII UMEET JIUIIb OJWH U3 YETHIPEeX CUTHAJIOB, OCTaIbHBIE
CUTHJIBI JAJISl TPYINIBl MMEIOT BECOBbIC KOX(QQHIMEHTHI paBHBIE -1.
HeilpoHnbl paHHOW Tpynmbl TOCPEACTBOM CIIOKEHUSI B3BEIICHHBIX
CUTHAJIOB CPaBHHUBAIOT UX. B pe3ynbrare, B 3aBUCUMOCTH OT TOTO OOJIBIIIE
WJIM MEHbIIIC CPAaBHUBACMBIN CUTHAJ HA BBIXOJIE HEWpoHa (GopMupyercs
CUTHAJI PaBHBIM €IMHMIIE WIH HYIIO COOTBETCTBEHHO. CHUTHAIBI C 3TOM
TPYIITBI U3 TPEX HEMPOHOB MOCHUIAIOTCS HA HEHPOH BTOPOTO CIos OJI0Ka,
CPaBHHBAIOTCS C ITOPOTOBBIM 3HAUEHUEM -3 (CHTHAJIOM TOJISIPU3AIIIH), U
B 3aBHCHUMOCTH OT €r0 pe3ylibTaToB Ha BbIXojae (HOpMHpYeTCs eAMHUIIA
WJIM HOJIb COTJIACHO MOPOroBoi ¢pyHkuuu (2) BunalSs]:

UZZ_l:XiWi_ ps

Ou<0 °’
f(u): Lu=>0

rae U — B3BeleHHAasi CyMMa BXOJHBIX CUTHAJIOB;
PS — curnan nonspusanuu HEMPOHA;

)

X; — BXOIHBIE IAHHBIE; \\\/, — BECOBON KOXPPHUUMEHT CBsI3H;
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f (u) — ¢yHKINS aKTUBAIMH HEHPOHA.

T.e. HEHpOH JacT OTBET JIMIIb B TOM CJIy4yae, Koraa Ha
MPEIBITYIIEM CIIOC€ OJUH CUTHAI OOJIBIIE BCEX OCTaIbHBIX.

BrixonHol cioil HelpoceTH cOCTOMT U3 4 HEeHpOHOB JHMHEWHOU
CTPYKTYpHI (HDYHKIHS aKTUBAIMW: JIMHEHHAs ¢ TPaHWUI[AMH 3HAaYeHUH OT
«MHHYC» OECKOHEYHOCTH 0 «IUTFOC» OECKOHEYHOCTH), T.€. B HaIlleM
cIy4yae BBIXOJ HeWpoHa TOBTOpsieT ero Bxod. Bce BecoBbie
Kk03(h(pUIIMEHTHI BXOAHBIX CBSI3€H ATOTO CJIOS paBHBIC €AMHMIIE. TaKuM
00pa3oM, HEWPOH BBICTYIIAET B POJU MPOCTOTO cymMMaropa (3).

u :Z:,XiWi
f(u)=u

e U — B3BemeHHAs CyMMa BXOAHBIX CUT'HAJIOB;

3)

X; — BXOIHBIE IAHHBIE; \\\/, — BECOBON KOO PULKMEHT CBsI3H;

f (u) — (yHKIUS aKTUBAIMH HEHPOHA.

PesynwsraTom BEIMHCICHHN TaHHOW HEUPOHHOM CeTH OyJIeT BEKTOP-
CToNOel, COCTOSIIMKA W3 4YeThipex uucen. [lo BenmuumMHE STHX YHCElN
MOXHO OyaeT JarTh 3aKJOueHHEe O HaIWYMd Y  [alHueHTa
HEBPOJIOTHYECKOTO HapyILIEHUSI.

ToyHOCTh TOCTAHOBKM JIMArHO3a B MpejjiaraeMoi cucrteme Oyaer
yAydmaThCcsl B Tpolecce €€ HCIONb30BaHUs IMpH JHCIaHCEepU3alluu
JETCKOTO HACEJICHUS: IapaMeTpbl CHUCTEMBl MOKHO aBTOMAaTHYECKH
KOPPEKTHPOBaTh NPH HPOCMOTpe 0a3bl AAHHBIX ITALUEHTOB BpPAYOM-
CrienuajiuCToOM W TOATBECPXKACHUM WM JOHWarHo3da CKPHUHHUHT'OBOT'O
o0clieoBaHusl.

1. XKepebuosa B.A. CucreMHBId  aHAIW3  MEXaHHU3MOB
OpTraHu3alMy BBICIINX MCHXMYECKUX (YHKIMHA B oHTOreHese. [lucc. ...
JOKT. Onoi. Hayk. — Tyma, 2004.

2. Unmroxun  A.A. CKpUHHUHIYIOIAS CUCTEMA JMATHOCTHKH
HEBPOJIOTHYECKUX HApyIIEHWH Ha OCHOBE CaMOHACTPaWBAaIOIIETOCS
¢wmibrpa. ucc. ... kada. TexH. Hayk. — Kypck, 2013.

3. Munsesa B.B. MaremMaruuecknue ~ MOJENIM  pacuera
CUHXPOHHU3ALMK OHMORIEKTPHUECKON AaKTHBHOCTH TOJIOBHOTO MO3Ta
MaremaTnka 1 MaTeMaTHdeckoe MojenupoBanue. COOpHUK MaTepuaioB
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B Hacrosimee BpeMs B XUPYpruud Bce OoJiee MOMYJISPHBIM
CTAaHOBHUTCS METOJ] MaJOWHBA3MBHOTO BMENIATENILCTBA. Takol moaxon
obecreyrBaeT HAWMEHBIIMHA Bpe] 3J0POBBIO MAIUCHTA, OJHAKO OH
TpeOyeT Oojblield KBaJU(PHUKAIMK Bpadya U BCIOMOIATEIBHOIO
MEIMIIMHCKOTO TMepcoHana. Kak NpU3HAIOTCS XUPYpPrH, OJIHOW H3
Hanbojiee YAcTO BCTPEYAMONIUXCS NPoONEeM  SABISETCS — HH3Kas
KBaIM(UKAIIMSA ~ ACCHCTEHTOB, MPOM3BOMASAIIUX  BHYTPHUIIOJIOCTHYIO
CHhEMKY OIEpPHPYEMOii 00IaCTH TIPH IMOMOIIIK KaMephl Jlarmapackorma [1].
B cBs13u ¢ 3TMM 0c00YI0 aKTYaNbHOCTH MPUOOPETAET 3a/1a4a pa3paboTKu
POOOTOTEXHUYECKOTO aCCUCTEHTA JUISi aBTOMATHYECKOTO YIIPAaBJICHUS
Janapackornom.

VYyurteiBas TOT GakT, 4TO s CTOJIb CIIOKHOM CUCTEMBI TPEOyeTCs
MaKCHMAaJbHBIH YPOBEHb TOYHOCTH, ObLIa IIOCTaBJicHA 3ajaya
pa3paboTKH JIEMOHCTpaTopa pPOOOTOTEXHHUYECKOrO aCCHCTEHTa Ha
OCHOBE CTEHJIa pOO0Ta-MaHUTTYJIATOPA.
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Kak moka3an NpoBeICHHBIH aHAIN3 OCOOCHHOCTEH pemaeMbIX
3a/1a4, pa3pabaTbIBaeMbIil TPOrpaMMHO-ANIIAPATHRIN KOMIUIEKC HOJDKEH
coJiepkaTh KaKk MUHHUMYM 5 MOBOPOTHBIX YINPAaBISIEMbIX MEXaHHU3MOB
(IpUBOAOB), CKpPEIUIEHHBIX MEXAY COOOW JIETKMMH M TIOABHXHBIMH
IJIeYaMHi, a Tak)Ke HMETh BO3MOXKHOCTH CBS3bIBaThCs ¢ OBM ms
MOJlydeHUs]  YHUCIOBBIX  JAHHBIX TpPeOyeMBIX KOHEYHBIX  W/HIIHN
MPOMEKYTOYHBIX KOOPIUHAT IIePEMEIICHUSI.

Jto6oii poOOT-MaHUITYIIATOP COCTOWT W3 HECKOIBKHUX 3BEHBEB,
WCTIOTHUTEIFHBIX MEXaHN3MOB (JIBUTaTENEeH ), KOTOPBIE IIPUBOISAT 3BEHbBS
B JBIDKEHHE. B KauecTBe HCIIOJHHUTENBHBIX MEXaHU3MOB HCIOJB3YIOT
[IaroBble JBUTaTeIW WM CEPBONPHUBOABI, KOTOPBIE 00ECHEUNBAIOT
BBICOKYIO  CKOPOCTh  JBW)KEHHA pobota. B  paspaboranHOM
JNIEMOHCTpaTope Hucmonb3yercs 5 cepromnpuBogoB HSR-8498HB,
KOTOpBIC MOTYT Bparathes B paguyce 190 rpamycos [2].

[ns ynpaBiaeHus: cepBONPUBOAAMU U CcBsi3H ¢ DBM ucnonb3yercs
MHUKpOKOHTpo/utepHast 1iata Arduino UNO. Ilmara ocHaiieHa
JVCKPETHBIMU BBIBOAAMH, MOAJNCPKUBAIOUINX HMIMPOTHO-UMIYIIBCHYIO
MOJYJIALNI0, HEOOXOMUMYIO ISl YIIPAaBICHWS CEpBONpHBOAaMH. B
3aBUCUMOCTH  OT CKBakHocth curHana [IIMM  cepBompuBon
MOBOPaYMBACTCS Ha 3a[JaHHBIN YTOJl U YACPKUBACT 3TY MO3HUIIHIO.

CepBONPHUBO/IbI COSTUHEHBI MEXTy COOOM JISTKUMU U MPOYHBIMU
IUJaHKaMW W3 CIUIaBa Ha OCHOBE aMoMUHHs umHOW 12-15 cwm.
CyMmMapHBbIii 00beM MOKPBITUSI TIPEICTABIISIET COO0M YeTBEPTh CQepsh
pamnycom 50 cMm. Bes ycraHoBka 3akperuieHa AJisi HaJIe)KHOCTH Ha
mupokoid noacrtaBke u3 HCIl co BMOHTUPOBAHHBIMU MPENSATCTBUSIMU
JUTSL TanmbHeWIel oTpaboTKU alrOpuTMOB paciio3HaBaHWS M 00x0ja
HPENATCTBUM.

CxeMaTnueckoe TIpeJCTaBICHUE pa3padOTaHHOTO KOMILIEKCa
MpeICTaBIeHO Ha pucyHKe 1, a poTo Ha pucCyHKe 2.

|
~/ —_

Pucynox 1 — CxemaTudeckoe MpeacTaBIeHHE poOOTa-MaHHITYIISITOPa
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Pucynok 2 — ®oTo poboTa-MaHUTTYISTOPA

JanHbIll poOOT-MaHUITYJISITOP UMEET IISATh CTEIEHEeH cBOOOABI U
COCTOUT W3 YETBIPEX 3BEHHEB B BHJE PHIYAKHO-BpAIlaTEIbHBIX TMap.
Kunematnueckast cTpykTypa poOOTa-MaHMIYJISITOpa MpPEACTaBICHA Ha
Pucynxke 3. JIBmxenne pod0Ta-MaHUIYJISITOPA MOKET OCYLIECTBIISTHCS B
HECKOJIBKMX CHUCTEMaX KOOPJIWHAT, 4TO OOecrednBaeT 0OCTy)KHBaHUE
HauOoupIeil pabodeir 30HBL J[BrkeHWe pabodero oprana (cxBara)
NPOMCXOAUT 32 CUYET OTHOCUTENBHBIX YIJIOBBIX IIOBOPOTOB 3BEHHEB
pobora.

BaxHoli 3amadeil mnpU  BBINOJHEHUM TPOEKTa  SIBISETCS
UMHUTALIOHHOE  MOJENMPOBaHHE, KOTOPOE II03BOJISIET  OLIEHUTH
KHHEMaTHIECKYIO MOJIENb MaHUMIYJIATOpa U Peaju3oBarTh
paspabarbiBaeMble METOJIbI yIpaBiieHHs. J[is penieHust JaHHBIX 3a7a4
OBbLIO MPUHATO PELICHHE HCIOIb30BaTh MporpaMmHusiil maker Matlab ¢
OJKITIOUeHHOM OnbmuoTekoit Robotic Toolbox [3]. Jannas 6udianoreka
NPEZIOCTABISIET BO3MOXKHOCTh TIPOBEPKM KHHEMATHYECKOH MOJEIH
poOOTOB, peanM3alUMy Pa3IUYHBIX  aJICOPUTMOB  YIPABICHUS U
IUTaHUPOBAHUS NiepeMenieHus. JomoIHUTEIbHO UMEeTCS BO3MOKHOCTD
peamuzanmu  noAkiodennss OBM Kk pa3pabarbiBaeMoMy  poOOTY-
MaHHITYJISTOPY.

[onxnroueHue OCYILECTBISIETCA MIOCPEICTBOM
MOCJIEeIOBATENIFHOTO COSTUHEHUS TUIaThl ¢ BUpTyanbHbiM COM-niopTom
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¢ momorpio USB-kabens. VerpoiictBa Arduino wucmons3yror TTL-
JIOTUKY TIPH Tepeade JaHHbIX [0 Tocae 0BaTeIbHOMY mopTy. [Ipu sTom
B2)KHO YUUTHIBATH, YTO [0 YMOJIUaHUIO Niepeaaetcs coodmenue B ASCII
KOjle, TMOITOMY IMpH Iiepefade HEeOOXOAMMO YKa3blBaTh CHCTEMY
CUHCIIEHHS. KOHEYHOTO IIEPENaBaeMOro OOBEKTa W/HIH KOJIMYECTBO
CHMBOJIOB TIOCJIC 3aIATOM.

J1J1s1 MOCTPOCHHUS MOJIENTH MOTPEOOBANUCH (PU3UUCCKUE TTApaAMETPBI
o0beKTa: UIMHBI 3BeHbeB L B caHTHMeTpax, yIJibl IOBOPOTa
HCIOJHUTENBHEIX MeXaHu3MoB o M £ -tum 3BeHbeB (R 5T0 3BeHO
BpalaTeIbHOTO TUITA), TPEACTaBICHHBIE B Tabmie 1.

Tabnuma 1
Howep 1 2 3 4 5
COUJICHEHUS
L,cm 12.8 15 12.2 0 0
o 190° 190° 190° 190° 190°
Q R R R R R

Kunemarnyeckass CTpYKTypa MaHUITYJSTOpa IpeICTaBlIeHA Ha
pHUCYHKe 3.
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Pucynok 3 — KunemaTtudeckas CTpyKTypa MaHUITYJISITOPa
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Cornacno Tabnume 1 u Pucynky 3 npezacrarienue JleHaBura —
Xapren6epra [4] npuMeT ciieayronmii BUI:

CO, Ca;S0, Sa;S0, ,Ch,

A, -0 CaiSh —SaCO oSO,
"0 Sa Ca, d @)
0 0 0 1

e C; =cos(6, +0, +6,), S; =sin(6, + 0, +6,).

JlaHHbI# cr10CO0 MO3BOJISET OMPEICIHTh MOJOKEHUE JIF0OO0TO i-r0
3BE€Ha MAHUIYJIATOPAa OTHOCHUTEIBHO CHUCTEMbI KOOPAMHAT JHOOOH j-if
cucteMbl koopauHat. [locne QopmupoBanus cuctembl JleHaButa —
XapTeHOepra [is BCeX 3BeHbCB COCTABIISICTCS] MaTPHIIA IPeoOpa3oBaHus,
KoTOpast CBsi3bIBaeT i-to u (i-1)-10 cucremy koopaunar [4].

Jnst moCcTpoeHUsT MOJeN poOOTa-MaHUITYJISITOpA UCTIONb3YIOTCS
craniaptHeie GpyHKimU nakera Robotic Toolbox [3]. @yukuus Link ()
CO3/1aeT BEKTOp 00BEKTOB, JaHHAst (DYHKLHUS CO3/IAET 3BEHO IO BXOAHBIM
napameTpaM. [lpu momomm komanmsl SerialLink coemumusioTcs Bce
3BeHbs, KOTOpbIe omucanbl (yHkuumeir Link. B pesymbrate mopenb
poOOTa-MaHHITYJIATOPA IPUMET BHUJI, IPEICTaBICHHBIN Ha PucyHke 4.

[Ipexae YeM MepexoAuTh K pa3pabOTKe CHUCTEMBbl YIPaBICHUSI
poOOTa-MaHHITYJIATOPA, C YYETOM JMHAMUYECKHUX XapaKTEePUCTHK,
HEOOXOMMO PEUINTh 337a4y KMHEeMATHYEeCKOTO YIPABICHUS, KOTOpas
COCTOMT B PEIICHHM JBYX OCHOBHBIX 33[a4 KHHEMATHUKH: MPSIMOIl H
oOpaTHO1.

Jns pemienust npsiMoit 3amaun kuHematuku B Robotic Toolbox
ucnonb3yercss komanaa fkine [3]. BxoaHsiMu mapaMeTpaMu KOMaH/IbI
fkine siBisiercst yribl Ha KOTOpble B JaHHBIH MOMEHT pa3BEPHYTHI
UCIIOJIHUTEIIbHBIC MEXaHMW3Mbl. B pe3ynbrare BBINOJIHEHHS TaHHOU
KOMaH/IbI T10JTy94aeM KOOPIMHATHI paboyuero opraHa B pOCTPAHCTBE.

Jdns pemeHuss oOpaTHOW 3aqaydl KUHEMATUKH TPHUMEHSCTCS
xomanma ikine. Ee BXOTHBIMU MapamMeTpamMH SIBJISIOTCS KOOPIAMHATHI
pabouero opraHa B MHPOCTPAHCTBE, @ BBIXOJHBIMHU SIBJISIFOTCSI YTJIbI
HIOBOPOTA MCIIOJHUTEIBHBIX MEXaHU3MOB [3].
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Manipulator.

50
o

Pucynok 4— IMuTannoHHas MoJieiib po00Ta-MaHMITYJIATOPA B
nporpamMMHo# cpese Matlab ¢ ucnone3oBanuem nakera Robotic
Toolbox

Ha ocHoBe pemieHHs TpsMOl ¥ OOpaTHOW 3alayd KUHEMATHUKH
OCYILIECTBIISIETCS. OTPadOTKaA 3aJaHHOM TPACKTOPUHU ABMXKEHHS poOOTa-
Mmanunynstopa. [ns pemenus maHHoW 3amaun B Robotic Toolbox
MMEIOTCS  aJTOPUTMBI,  TO3BOJISIOIIME  CTPOUTh  TPAEKTOPHIO
MEepeMeIeHH MEXIY ABYMs TOUYKaMH (U1 KaXIOro OTAEIBHOTO
UCTIOJIHUTENBHOr0 MexaHu3ma). Ha pucyHke 5 mpencrtaBieHbl YIJIbI
MOBOPOTa HCIOJHUTENLHBIX MEXaHHW3MOB, KOTOPbIE HEOOXOIMMBI JIJIsI
MepeMeIeHHss KOHEYHOM TOYKH MAaHMIYJSITOpa (MCIIOJIHUTEIHHOTO
oprana) u3 TOYKd A B TOUKy b.

0.3491 2.2038 -1.4473 -0.7564 -0.1745
0.3350 2.1908& -1.4585 -0.7321 -0.1675
0.2918 2.1471 -1.4845 -0.6626 -0.1459
0.2175 2.08630 -1.5033 -0.5597 -0.1087
0.1270 1.59467 -1.4853 2.5759%9 1.56%0
0.0293 1.8183 -1.4230 3.0230 1.4221
-0.0674 1.6805 -1.3148 2.9154 1.5370
-0.1447 1.5581 -1.13862 3.0985 1.47%0
-0.1917 1.4801 -1.0854 2.8590 1.6080
-0.2057 1.4531 -1.0533 2.9729%9 1.5694

Pucynok 5 — Y1i1bl mMOBOpOTa UCTIOTHUTEIHHBIX MEXAHU3MOB JIJIST
JOCTHKEHUS Toukd b u3 Touku A (B panuaHax)
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Ha pucynke 6 npencrapinena oTpadoTKa HEKOTOPOH TPACKTOPHHU B
iockocT YZ.

A

12 | M M 4

-2 -15 -1 5 o 5 1

Pucynok 6 — Tpaekropus B mmockoct YZ

Ilony4yeHHble C NOMOIIBIO MOJEIM 3HAYEHUS YIVIOB IOBOPOTA
UCIIOJIHUTEIIBHBIX OPraHOB MEPENaroTCcd Ha MUKPOKOHTpoOJuIEp poboTa-
MaHUIYJISITOPA, YTO TMO3BOJSIET OCYIIECTBHTH €r0 IMEPEMEICHUE U3
Toukn A B Touky b. Takum oOpa3om, peannu3oBaHa BO3MOXKHOCTb
oTpaboTKH POOOTOM-MaHUITYISI TOPOM 3aJJaHHON TPacKTOPHH
MEpPEMELICHHUS.

B nanpHeiinieM npeanoaracTcsl pelmTh 3a1a4y KOPpEKTUPOBKU
TPACKTOpHUU NEPEMCIUICHUA 10 pe3yiabTaTamM peUICHUA 3a1a4u
0oOHapyXeHHs NPENSTCTBUH, NONajaloMKX B pab0dyI0 30HY IBIKEHUS
poboTa-MaHUTYISATOPA.

1. WudopmanioHHbld mopTan Juis Bpadeld W (apmaneBTOB
http://www.medicusamicus.com/

2. Texuunueckue xapaktepucTuku cepsonpuBoga HSR-8498HB
https://robosavvy.com/Builders/i-Bot/HSR8498HB%20Servo.pdf

3. P. Corke Robotics, Version and Control: Fundamental
Algorithms in MATLAB/ P.Corke. — Springer, 2011. — 570p.

4. M. Hlaxunnyp. Kypc pobororexuuku. Ilep. ¢ anra. — M.: Mup,
1990. - 527 c.
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K BOITPOCY UCCJEJOBAHUSI CITIOCOBOB
MO3UIIMOHUPOBAHUA YCTPOUCTB JIJIs
JTUCTAHIIMOHHOM MO3APSIIKA UMILJIAHTA
fOpovesa A.10.

Hayugnsiit pykoBomuTens - 11.T.H., mpodeccop Crapuenko U.b.
IOxHBIH penepanbHBIl YHUBEPCUTET
e-mail: uga_814@mail.ru

[IpumeneHne UMITIAHTHPYEMBIX YCTPOWCTB Hadanock B 50X roma
20 Beka ¢ kapAnOUMIUIAHTOB. C KaXKABIM TOIOM MOAOOHBIE YCTPOHCTBA
CTaHOBITCS BcE€  Ooiee  MOMyMSIPHBIMA W TEXHOJOTHYECKH
COBEpILICHHBIMHU.

OmHMM W3  LEHTPAJbHBIX  3JIEMEHTOB  HMIUIAHTHPYEMOTO
yCTpOWCTBa SBJISETCA CHCTEMa NMUTAHUs, KOTOpas HEMOoCPeICTBEHHBIM
00pa3oM BiusieT Ha (yHKUHMOHAIBHBIE BOBMOKHOCTH yCTPOICTBA.

B cambIx nmepBBIX yCcTpocTBaX NPUMEHSIUIMCH BHELTHHUE 3JIEMEHThI
MUTaHMsl, COeAUHSIEeMble IPOBOJIAMU C MMILIaHTHUpYeMoi dacTeio. [Ipu
3TOM 0e3 0CcOOBIX MPOOJIIEM MOKHO 3aMEHUTb JJIEMEHT MUTAaHHS, HO
HINYME BHEIIHEH, >KECTKO CBA3aHHOM YaCTH, 4YTO BBI3BIBACT
oIpe/ieNieHHbIe HEeyloOCTBa TPU HWCIOJNB30BAaHUM M TOBBIIIAET PHCK
MEXaHWYECKOTO  TOBPEXKICHHS  YCTPOMCTBA €  IMOCIEAYIOUIUM
UHGHUIEPOBAHUEM.

CnenytomuM 1mIaroM B Pa3sBUTHM  TEXHOJOTMH  THUTaHUSA
UMIUIAaHTAPYEMBIX YCTPOMCTB CTANO HMCIOJIb30BaHUE OaTapei, KOTOpbIe
MOHTHPYIOTCS B YCTPOMCTBO M 00€CTIEUHUBAIOT €ro ()yHKIMOHUPOBAHHE B
TEUYEHHE HECKOJBbKMX JeT. Takas TEeXHOJOTHS B HACTOSIIEE BpEMs
sBIIeTCS Hambosee pacnpocTpaHEHHOH. B maHHOM ciywyae dacTh
YCTPOWCTBA, COAEp)Kalas JJIEeMEHThl NHUTAaHHSA, pa3Melaercs B
JIETKOJOCTYIIHOM ~ MeCTe Uil Bpaya, 4YTO II0O3BOJISIET  CBECTH
XHPYPTrUYEcKOe BMEIIATEIbCTBO K MHHUMYMY. CpOK CIy»Obl Takux
ycTpoicTB coctapisier 7 —10 JieT 1 HerocpeICTBEHHBIM 00pa3oM 3aBHCHT
ot Tuna 6atapen. Haubosee pacnpocTpaneHsl U3 HUX JUTHI - HOHHBIE C
HarnpspkenueM 3,7B [2].

biaronapss sBIIEHMIO B3aMMHOW MHIYKLIMHA, Ha BTOPUYHOU
00MOTKE yCTpOICTBA CO3/1aeTCsl HABEIEHHBIH TOK C IEPBUYHON OOMOTKH.
Hnst o¢p¢dexTHBHOrO  B3aUMOJCHCTBUSL ~ HEOOXOOMMO  OJM3KOe
pacmosoxeHre 0OMOTOK, TaKk Kak B IPOTHBHOM cliy4dae OoJbIIas 4acTh
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SHEPrMU  MONsi  TpatuTcs  Boyctyio. OmmcaHHOE — yCTPOHCTBO
MIPEICTABIISIET cO00M TpaHchopmarop. JlericTBUTEIRHO, pa3 0OMOTKH He
CBsI3aHBl (PU3MYECKH, TO DJCKTPUUECTBO IEpeAaeTcss OecHpOBOAHBIM
criocodoM (pucyHok 1) [3].

B
| —
T
N

]~ v [

Harpwvara

Herogark  KoneOaTensHEI BrmpaMHTEIL
MHTAHHA KOHTYP

Pucynok 1 - Cxema niepeauv 3JHEPrHUA METOJIOM MarHUTHOM
WHIYKIUU

OCHOBHBIMHU XapaKTCPpUCTUKAMU DJICKTPOMArHUTHOI'O U3JTYUYCHUA
IMPUHATO CUUTATh 4aCTOTY, JJIMHY BOJIHBI U ITOJIAPHU3alUIO.

B TexHMKe Yalie BCero UCTOIb3YIOT AEKTPOTEXHUYECKYHO IIKATY
ucrounnkos OMII [7]:

e HuzkovactoTHeie (HY) - ot 0 mo 60 I'iy;

o cpeanedactotHbie (CY) - ot 60 I'it mo 10 kI

¢ BpicokovactoTHele (BY) - ot 10 xI'1r ;o 300 MI'1;

o ceepxBbicokouacToTHbie (CBY) - o 300 MI'1y 1o 300 I'Tm.

B 3aBHUCHMOCTH OT TOTO, I/Ie PACIIONIOKEH UCTOYHUK H3IyUYCHHUS,

o0acThb pacnnpoCTpaHCHUs SJICKTPOMArHUTHOI'O MTOJISI MOXKHO Pa3AC/IMTh
Ha AB€C OCHOBHBIC 30HBI: OJIVKHSA U JaJIbHAS 30HBI. bmxuss 30Ha — 30Ha
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WHAYKIAW, OTPAaHNYMNBAETCS PACCTOSTHIEM PaBHBIM A/2T, TOae A — AJWHA
BOJIHEL. Taxoke Ha rpaHmIie pa3zena OMmKHEN U JalbHel 30H CyIIeCTBYeT
MepexoAHasl MPOMEXYTOuHas 30HA, B KOTOPOH 30HAa HMHAYKLWH, T.C.
OMIDKHSS 30HA TIEPEXOAMT B 30HY U3nydenus [8].

[IpoTsxeHHOCTH OIFKHEH 30HBI PACCUNUTHIBAETCS IO BBIPAKCHHIO
COTJIaCHO

A=c/f, (1)

IJIe ¢ — CKOpOCTh cBeTa, paBHa 3*108 m/c;

f - vacrora pacnpocTpaHeHHs YICKTPOMArHUTHOM BOJHBI, [ 1.

Hampumep, npu yactotax anexrpomarauTaoi BomHb 1, 10 u 100
MI 11 pOTsHKEHHOCTD OJinkHEH 30HbI cocTaBuT npumepHo 300, 30 u 3 m
COOTBETCTBEHHO.

IIpy HanuuuM B HEMOCPENCTBEHHOW ONM30CTH IBYX KaTyLIEK
WHAYKTUBHOCTU B NOCJIEOHEH KaTylike, Onaromapsi MHOYKLUH, Oyner
nosIBNIATBCA ~ AnekTponaBmwkymas cuna  (OC) B3aMMOMHAYKLUH,
ompexnensieMas no 3akoHy ®Papanes — MakcBemta. Takum o0pazowm,
MEX]Ty KaTyIIKaM{ YCTAHOBUTCSI MHAYKTUBHAS CBSI3b (PHCYHOK 2).

CucreMa cOCTOUT M3 MEPBUYHOHN Lenu Li (MICTOUHUK MUTaHUS) U
BTOpu4yHOM mnenu L, (mpuemnas karymka). [lpu mpoTexkaHumn
MEPEMEHHOr0 TOKa B TEPBHYHOM ILIETIM CO3JIAeTCsS MarHUTHOE IIOJIe,
KOTOpOE B CBOIO OYepe/b WHAYIHPYET HaNpspKeHHe B MPHUEMHOU IIeTy,
KOTOpOE HCIIONB3YIOT B KayecTBE WCTOYHWKA DHEPTHUM JUIS 3apsAKH
aKKyMyYJIITOPOB WM Ajs1 nuTaHus yctpoicts. Ilo Mmepe ynaneHus
NPUEMHOM KaTyMIKM OT MCTOYHMKA NHWTAaHUS OCHOBHAas 4acTb
MarHUTHOTO TIOJISi pacceMBaeTCss M HE MPOHU3BIBAET JIMHUSAMH
MarHUTHOTO TOJISi TIPUEMHYI0 KaTymKy. Takum oOpazom, Jaxe MpH
BECbMa MaJIbIX PACCTOSIHUSAX TaKasl CBSI3b MEKAY KaTyLIKaMH CTAHOBUTCS
Hea(pPeKTUBHOM.

CrenieHb MHIYKTUBHOM CBSI3H JIBYX DJIEMEHTOB IEITH OLEHHBACTCSI
KO3 (UIMEHTOM HMHAYKTUBHOM cBs3n K, KOTOpBIA omuchIBaeTCs

CJICOAYIOIIHUM OTHOLICHUCM:
M

k= @)

rac M — B3aumHas HHAYKTUBHOCTL 3JICMCHTOB LCIIH; Ll, L2 -
WHAYKTUBHOCTDH IIEPBOT'O U BTOPOI'0 3JICMEHTOB LICITM COOTBETCTBEHHO.
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Dy

Pucynoxk 2 - Cucrema nByX HHAYKTHBHO CBS3aHHBIX KaTYIIEK

Koadduiment cBszu 3aBUCUT OT MHOTHX (DaKTOpPOB, TAKUX KaK:
pacCTOsSHUAE MEK/Ty KaTylIIKaMu |, COOTHOIICHUS AUaMETPOB MEPBUIHON
M BTOPHYHOW KaTymeK, paclOIO)KEHHE BTOPUYHOM  KaTYIIK{
OTHOCHTENFHO TEepPBHYHOM, (HOpMBI KaTylieK (EMHUYHOE KOIBIO HIIH
CJIO’KHASI TEOMETPHSI KATYIIKH) U T.JI.

B mpakTHdeckux mensX BUTKH JABYX KaTylleK, TaK )K€ Kak H
pa3iu4HbIC BHTKA OJHOH M TOW € KaTYIIKH, IPOHU3BIBAIOTCS
HEOJIMHAKOBBIMM MAarHUTHBIMH TOTOKaMH, W IOATOMY KO3(QQHIMEHT
MHIYKTUBHOCTH CBsi3u K < 1.

V3mMeHeHHsT WHIYKTHBHOW CBS3M MEXIy IBYMS KaTyIIKaMH
MOYKHO JIOCTUTHYTH II€PEMEIICHHEM OJIHOW KaTyIIKH OTHOCHTENBHO
Ipyrou, T.e. 3HadeHHe K MokeT m3MeHsATbCst oT O (OTCYTCTBHE CBSI3H
MEXIY KaTymkaMu) 10 1 (3kecTkast CBSI3b KaTyIIeK).

Takum o00pa3oMmM, MOXHO CHelaTh BBIBOA, 4YTO Hamboiee
NEePCIIEKTUBHBIM METOJIOM M3YYeHHsI OECITPOBOTHOM Tepeadll SHEPTUH
SIBIISIETCS. METOJ JJIEKTPOMArHUTHOW MHAYKIUH. YCTaHOBJIEHO, YTO
WHJIyKTHBHO-CBSI3aHHBIE KOHTYpa MOTYT MMETh CHJIBHYIO WIH clalyro
CBsI3b, KOTOpAsi XapakTepusyercs kodddurimeHrom csizu K, 3aBucsimm
OT FeOMETPHH KaTyIeK, UX KOHPHUTYpaLuU U B3aUMHOTO PACIOI0KEHHS.
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BaxxupIM CBOWCTBOM HHIYKTUBHO CBSI3aHHBIX LENEH SBIAETCS HX
TOOPOTHOCTh, KOTOPOE XapakTepuiyeT «Hu30upaTenbHble CBOWCTBA
neneii». Yem Oousblie JAOOPOTHOCTH KOHTYpa, TeM  JIydilnei
CCJICKTUBHOCTBIO 00namaeTr KOHTYp. B pabore paccmarpuBaeTcs
cucTeMa, UMeroIas ciabyro CBsI3b KOHTYPOB, Koraa Bemuunna KQ<<I,
T.K. CEJeKTUBHOCTh LIEMH CBOJWUTCS B Malyl0 IIHPHHY MOJOCHI
MPOIYCKAaHUs KOHTYpa.

Tak kaKk METOJWKa IO ONpEeNEeNICHUI0 MepeJaBaeMo MOIIHOCTH
0ecTpOBOIHBIM ITyTEM €IIle IO KOHIIA HE FCCIeI0BaHa, CTOUT OTMETUTh
BXKHOCTH IIPOBEICHNUS JAHHBIX MUCCIICTOBAHUH.

1. Unpma A.C. OueHka BO3MOXHOCTH  HCIOJIB30BaHMSA
ONTHYECKOTO  M3Iy4eHHs [ TMOA3apaaKkd  Oarapeld  mHTaHHA
umiutanTatos // Tpynst UTIID PAH. Marematiueckoe 1 KOMITBIOTEPHOE
MOJIeTTpOBaHue cucTeM: npukiaaneie acriektel. 2014, T. 1. Ne 1. C. 51-
56.

2. 3anacubiii A.M. OcHOBBI Teopuu 1enei: YueOHoe mocooue. —
M.: PUOP, — 2006. — 336 c. — (Bricmee oOpazoBaHue).

3. 3eseke I'.B. OcHoBBI TeopuH 1ieneit: YueOuuk asst By3os / I'.B.
3eseke, [1LA. HMonkun, A.B. Herymmn, C.B. CrpaxoB. — 5-¢ wu3n.,
nepepad. — M: Dueproaromusaar, 1989. — 528 c.: .

4. A. Kurs, A. Karalis, R. Moffatt, J.D. Joannopoulos, P. Fisher,
M. Soljacic. Wireless power transfer via strongly coupled magnetic
resonances. Science, 2007, v. 317 (5834), pp. 83-86.

5. Jlagmay JLA., JIupmmn E.M. Teopernueckast ¢usuka T. 8:
OJeKkTpoArHaMHKa CIUIOIHBIX cped. — M.: Hayka, 1992, — 664 c.

6. Jlanmay JII., Jlupmmn E.M. Teopernueckas ¢usuka T. 2:
Teopus nons. — M.: Hayxka, 2001. — 533 c.

7. XapaKTepHCTUKH AIIEKTPOMATHUTHBIX 1oJieit // [DneKTpoHHbIi
pecypcl:
http://studme.org/10680728/ekologiya/harakteristiki_elektromagnitnyh_
poley // lata o6pamennus: 24.11.2016 r.

8. «Mznywarenu 3MEeKTPOMArHUTHBIX BOJIH. BIMXKHAS U JanbHSIS
30HBI M3IYYEHHUS DIEKTPOMArHUTHBIX BOJHY // [DreKTpoHHbIH pecypc]:
http://www.studfiles.ru/preview/994546/ // lata oopamenus: 24.11.2016
r.
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K BOIIPOCY PEIIEHUS OBPATHOM 3ATAUA
AKYCTHYECKOM TOMOI' PA®UHA
Jlazyma M.B.

Hayunsrii pykoBoauTens - 1.T.H., mpodeccop Yepros H.H.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: margaritalaguta@mail.ru

OnHOM W3 OCHOBHBIX MPOOJIEM aKyCTHYeCKOH Tomorpadun
SBIISICTCS peleHne oOpaTHOW 3amadu, T.e. IMOCTPOSHHUS HM300pa’KCHUS.
JlaHHbIii TpollecC CBOMUTCS K HAXOXKICHUIO 3HAuCHMH (QyHKUIUH
NEPEMEHHBIX 0 U3BECTHBIM MHTETpaiaM OT Hee BJIOJb ONPEIeICHHBIX
TpaeKTOpuid. [ peKOHCTPYKIMH H300pa’KeHUs] MCIOJIBb3yeTcs Habop
NPOCKIMKA HCcIeIyeMol OO0NacTH, MONYyYEHHBIH IMyTeM OO0IydeHHs
yIABTPA3BYKOM C Pa3IM4HBIX pakypcoB [1].

Akyctndeckas ~ Tomorpaguss ~Ha ~ OCHOBHOW  TapMOHHKE
NPE/CTAaBIIeT COOOH CIOKHYI0 MaTeMaTHYecKylo 3a/1ady, TaK Kak
BBIXOJIHBIC MAPAMETPbI OMPEACISAIOTCS JABYMsl TIepeMeHHbIMH. [lo3ToMy
0cO0YI0 IEPCTICKTHBY MPECTABIISET UCTIOIH30BAHHE BHICIIINX TAPMOHUK,
OIPEACIISIONINX U3MEHCHNE HeJTMHEHHOrO mapamerpa [2].

[Touck ONTUMANBHBIX METOJOB PEKOHCTPYKIMH SIBISIETCS CIIOKHOM
3a[a4eii, M3y4eHHEeM KOTOPOW 3aHMMAIOTCS IPYIIIBI YU4eHbIX MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcutera [3,4], Tak ke 3apyOeKHbIC yuCHbIC
Sunbatyan M.A., Boyev N.V. [5], Miomrep P.K., Kasex M., Vaiin I'. [6] u
MHOTUMH JAPYruMH. HeMalloBaXKHBIM SIBJISICTCS TAKXKE Y4ET KOPPEKTHOCTH
TIOCTABJICHHBIX MaTEMaTHYECKHX 3a[ad, YTO TAKKe SBISIETCS OTICITHHOU
00IacTEIO MCCenoBanmii [7].

MeTo/1bl peKOHCTPYKIIMK MOYKHO pa3[eliuTh Ha UHTETPAbHBIC U
anrebpanveckue.

AJTOpPUTM CBEPTKM M OOpaTHOM NPOEKIMH SBISIETCS CaMbIM
pacupocTpaH€HHBIM B  MeIUIMHE. JIaHHBIA  alIrOpuTM  MOXKHO
paccMaTpUBaTh Kak YMCICHHYIO peau3anuio (popMylibl oOpaiieHus B
npeobOpa3oBanuu Payiona [8].

B nannoMm aBoitHoe npeobOpazoBanue ypwe ot pynkuun f(X,y)

F(p,w) = [" [ f(x,y)e i kex+kyy) dxdy =
[Z dep(p,&)e™ ¢, )

rie P(p,§) — Habop MPOSKIIMOHHBIX JIAHHBIX;
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f(x,y) — pyHKIHSA 0OBEKTA
Oyzer sBISATBCS OTHOMEPHBIM mpeoOpasoBaHueM Dypbe oT
npeoOpazoBanus Pamona.
Takum 00pa3zom, IJii PEKOHCTPYKIIMM W300paKCHUS B JTAHHOM
ITOPUTME JIOCTATOYHO TIPUMEHUTH 00paTHOE peodpasoBanue Oypbe

flx,y) = f_oooo do ffooo dw P(w)F (@, w)e @, (2
rae @(w) — 9aCTOTHBIN QUIBTP.

GDpre-anr OpUTMOM SBIIACTCS YHUCJICHHAasA pcannsanusa
HpOGKHI/IOHHOI‘/'I TCOPCMEI

f(08) = 2n) 7 (RF)(6,0). @

[Ipumenss hopmyiry oopaTHOro mpeodbpazoBanms Oypre

n ;
fl) =@2n)7z [, e™f(§)ds, (4)
nonyyuM ¢opmyny oOpatHoro mpeoOpazoBanusi Pasnona,
BKITIOUAIONIYIO B ce0s mpeodpazoBanmne Dypre

flx,y) = (2;)2 fozn J, e“$R(w,@)wdwda, ()

~ [0'0) s
e R(w,a) = [ R(§, a)e "¢ d¢.
OCHOBHBIC HpOGJ‘IeMLI AAHHOT'O aJITOpUTMa BO3HUKAKOT HaA JTAllC

muckpern3anuu. CeTka B TOJSPHBIX KOOpAMHATaX B JAHHOM Cliydae
Oynet

Gp,q = {nrﬁj:r =-q,..,q—1, ...,p}.
CrannaptHbiii @ypbe-alirOPUTM COCTOUT U3 TPEX IIaroB:
1. nsj=1,...,p paccunuThiBacTCs

inlr

1 _ —_
g =Qm)zh Yl e @ g(6;,s), T =
—-q,...,q — 1. (6)

BaxxHoif 0cO0€HHOCTBIO B JAaHHOM CITy4ae SIBJISIETCS] IPUMEHEHHE
OnIcTpOro mpeodpazoBanus Oypbe, IOITOMY C TTOMOIITEI0 HHTEPIIOSITIN
HEOO0XOIMMO IEPEUTH K JeKapTOBOM CUCTEMe KOOpAUHAT.

2. st xaxgoro kK € Z", Kl < g, BeiOupaercst Ommkaiimas K 7k
Touka ¢ = 7l € Gpq ¥ BEIUUCISETCS

1-n
fx = 2m) 2z gjp. (7
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3. Beruucasrores npubmkeHnsie 3HaueHus fm byukimun f(hm),
m € Zn, o ¢popmyme

n
fn=(3)
m = \2
l ‘kj
Yikl<g€ ™M, Im| < q. (8)
®opmyna (8) siBisieTCs TUCKPETHBIM N-MEPHBIM IPEOOpa3oOBaHUEM

Dypee.

Anrebpandeckie OCHOBBIBAIOTCS Ha Merome Kaumaxka w
NOJPa3JeNSIOTCS B 3aBUCHMOCTH OT CIOCOOOB JMCKPETU3ALH.

Meton Kaumaxka mpencraBiiseT coOOW HTEpallMOHHBIM METOJ
pELIeHUs] CUCTEM JIMHEWHBIX YPABHEHUI C KBaIpaTHOW HEBBIPOKICHHOU
marpurei [9]

A-u=f,Aen™" f=0"detd # 0.

CYTL METoAda COCTOUT B IIOCIEAOBATCIBHOM OPTOIOHAJIBHOM

MPOCKTHPOBAHKMH PUOIIKEHHS Ha runepmiockoct (Aju), i =1, 2, ...,
n, rae A — ctpoku matpwuiisr [8].
WreparonHast [TOCJIENOBATELHOCTD orpeaenseTcs
PEKyppeHTHOM hopMyInoit
i-1
i _ im1 47 fim(Aeu?)
1Azl
i=12,..,nk=12,..,
0 _ n
Ugyq = Uy
riae K — HoMep BHEIIHeH uTepaluu, | — HoMep BHyTpeHHel, a T —

CHUMBOII TPaHCIIOHUPOBAHUSI.

Takum 00pa3oM, pe3yJbTaTOM TNPUMEHEHHS alreOpanyecKux
METOJIOB SBJISETCS MOTydeHHUE TIOCIEN0BATENBLHOCTH BEKTOPOB UY, U?, ...
, CBOAIIEHCS K onenke U*[10].

AnreOpandeckre METOIbl OBIBAIOT C TOJMHOH M YaCTHUYHOM
JIUCKpETU3AINEN.

B anropurmMax ¢ TONHOW JAMCKPETH3AIMEH HMHTETPaNbHOE
ypaBHeHue Pamona mpeoOpasyeTcs B CHCTEMY JIMHEWHBIX YpaBHEHUH
METOJOM KOJUIOKAIIMM C KYCOYHO-TIOCTOSIHHBIMH KOOPJAHMHATHBIMU
hyHKIUAMY,
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B anroputmax ¢ 4YacTHYHOW JAUCKPETH3aLUEH HCHOJb3YIOT
BECOBYIO TUCKPETHU3ALNIO0 HHTETPAILHOTO ypaBHEHUs Panona.

Takum o00pazoMm, TpeACTaBICHHBIE METOABI PEKOHCTPYKLUH
TOMOTpaduIeckoro n300pa’KeHUsT OCHOBBIBAIOTCS HAa MPe0Opa3OBaHUU
Pagona. Bribop Hambomee ymoOHOTO Meroma oOpabOTKM IaHHBIX,
MIOJTyYeHHBIX B Pe3ybTaTe MPOBEACHIS N3MEPEHUH, SBIAETCS OTHOM U3
OCHOBHBIX 3aflad NpPU TMOCTPOCHUU aKyCTHUECKOW TOMOTrpaduvecKoi
CUCTEMBI.

HccenenoBanre BBHITONHEHO Npu (PHHAHCOBOH moaaepxke PODU
B paMKax Hay4Horo npoekta Ne 16-07-00374/16.
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HCCJEIOBAHUE IMPOXOXKJIEHUSA AKYCTUYECKOM
BOJIHBI B BUOJIOT' MUECKHUX )KUJIKOCTSIX C BBICOKOM
HEJIMHEWHOCTBIO
Bapenukosa A.1O., Yepnos H.H.

HayunsIii pykoBoIuTeNb — 1.T.H., podeccop Yepuor H.H.
HOxHb1# penepanbHbIil yHUBEPCUTET
e-mail: rebelludwig@gmail.com

AKyCTHYECKHE METO/IbI IIUPOKO PACIIPOCTPAHEHBI B MEIULIMHCKOM
JUAarHOCTHUKE BCIIEICTBHE HEOOXOIUMOCTH ITOYyYESHUS AUArHOCTUIECKOM
uHpOpMAIMK 00 HCCIEeTyeMOM OOBEKTe, M3MEPEHHUS aKyCTHUECKUX
CBOWCTB OHOJIOTHUECKMX TKaHEW, W3MEpeHHs aKyCTUYeCKUX IOJIeH,
KOTOPBIMH ~ JIOCTATOYHO YacTO OOJNYdYalOTCsl KJIETKM W TKaHH
OMOJIOTNYECKUX 00BEKTOB. upoxoe pacrpocTpaHeHue
YIBTPA3ByKOBBIX METOJIOB B JMAarHOCTHKE OOYCIIOBIEHO TEM, YTO OHH
OTHOCHUTENFHO O€30macHbl JUId 4ejoBeKa. Takxke cieayeT OTMETHTh
yIoOCTBO TEXHHUYECKOM pealn3aluy IUarHOCTHYECKUX MPHUOOpOB,
JeHCTBUE KOTOPBIX OCHOBAaHO Ha aKyCTHYECKMX Merozaax. Emeé omno
BaXXHOE TIPEUMYIIECTBO — BO3MOXKHOCTb MOJYYUTh KaueCTBEHHBIE
OBICTPO ~ CMEHSIOIIMECS]  W300paXeHWe C  YacTOTOM  Kajpos,
NPEBBIIAIONIEH TOPOTOBYIO YACTOTY, 32 KOTOPOH HCCIIEI0BATENb YXKe HE
HaOmromaeT menbkanus[ 1,2].

Hecmotpss Ha BbIlle U3JI0XKEHHOE, BOMPOCH IOBBIIICHUS
MHQOPMAaTUBHOCTH  YJIBTPAa3BYKOBBIX H300paKeHWH 1O CHUX TIOp
ocTaroTcs akTyadbHbIMH. OcoObIi HHTEpEC B M3yUYEHHH JAaHHOTO BOIIPOCa
BBI3BIBAET BO3MOXHOCTh TMONyYeHHUS HW300pakKeHHsS Ha OCHOBE
HEJIMHEHHBIX CBOMCTB U3y4aeMON CPebl.

W3BecTHO, 4YTO TOSABIEHHE TapMOHWYECKHX COCTABISIOININX B
CIEKTPE OCHOBHOTO CHTHAJIa CBUJETEIHCTBYET O BIUSHUHM HETUHEHHOTO
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rnapaMeTpa Ha pacHpOCTpPaHEHHE AKyCTHUYECKOW BOJHBIL. HenuneiHoe
WCKa)XEHHE BOJH TPOWCXOTUT MO MPHYMHAM TOTO, YTO K CKOPOCTH
pacnpoCcTpaHeHHs BOJHBI JO0ABJISIOTCS CKOPOCTh CMEIICHUS YaCTHUI] U
pas3nuyusl B JIOKAJBHOM CKOPOCTH 3BYyKa B Pa3HbIX TOYKax BOJHBL. B
WTOTE MECTa CXKaTHUS BOJHBI ABIDKYTCS OBICTpEe, 9eM pa3perkeHHsI.

OTO MPUBOIUT K HEOOXOTUMOCTH H3YUCHHS [TOBEICHUS TAPMOHUK
3BYKOBOU BOJIHBI.

3aBUCHMOCTH aMIUIUTY/ TAPMOHHK OT PACCTOSTHHUS MOCTPOUM IO

dhopmyie

nz\"—1
B~ (3) /n ®
®opmyna (1) monyuena u3 peuienus beccens-Oyounu, UMeroIIero
BUJL:
u . U\ _ yoo 2Jp,(nz) .
o = sin (wr +z uo) =Yn-1 - sin(nwt) (2)

Beipaxenue (1) momyuum u3 pemieHus (2), IpUMEHHUB TEPBBIC
4JICHBI pasiokenus Gpynkuun beccens B psin

Jn(x) = (x/2)"/n!

Bn(z) T T T T

B2)
B3(z)

Pucynok 1 — MI3MeHeHHe ¢ pacCTOSIHUEM aMIUTUTY ] TapMOHHK
cuHycouaanbHol BostHbI (B2(2Z) — amruntyna Bropoit rapmonuku, B3(z)
— aMIUTUTY/1a TPETheH FrAPMOHUKH).

U3 pucynka 1 MOXHO BHIETb, YTO PACCTOSHUEM aMIUIMTYyJa
BTOpOl M TpeThell TapMOHUK pacTeT C pPACCTOSHHEM BCJEICTBUE
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HIEPEKAYKN SHEPTHUH W3 OCHOBHOTO CHrHaia. lIpuBeneHHble rpaduku
HOCTPOCHBI, UCXOMs M3 «yKopodeHHoro» ypasHenus (1)[3,4], omnako
HEOOXOJMMO yYHMTHIBATh 3aTyXaHHe, BO3HHKAIOIIEE B IPOIECCe
pacrmpocTpaHeHusi curHanma. st 3TOro HEOOXOJMMO pPacCMOTPETh

CIIeJIyIolIee ypaBHEHHE
v & 0v b 9%
ax 2Var ~ 2aipe0r )
Oto ypaBHeHHE broprepca, KOTOpoe TM03BOJIIET YYUTHIBATH
pasnugaable 2QGEKTH, KOTOPBIC BO3HHUKAIOT B Cpeaax, O0JIamaroniux
HEJIMHEWHBIM ITapamMeTpPOM.
UToObI IPOCIEAUTD 32 MTOBSJACHUEM BTOPOW TApMOHHUKH, METOIOM
MOCJIEIOBATEILHOTO  MPUONIDKEHNS TOJNyYUM  YPaBHEHHE BTOPOTO

TIPHOIKEHUS:

av(®@ b 9%2v®@ € av®
5.3 2 = _Zv(l) (3)
0x 2¢5po OT c§ ot
3arem HaiieM u3 ypaBHeHHS (3) BBIpaKEHHE, OMHUCHIBAOIICE
pacrnpocTpaHeHne BTOPO rapMOHHUKU

@ = sc(;i(e—zax — e M N)sin2wt 4

Jnsa npumepa npuMmeM Uil Cpelbl 3HAYEHHUE HEIMHEUMHOIO
napameTpa €=6,3. Takoil HETMHEHHBIN TapaMeTp XapaKTePEH ISl KPOBH.

0.05)

0.04

0.03

v(x)

0.02

0.01

X

Pucynok 2 — PacnipoctpaneHue BTOpOi rapMOHUKHM CUTHAA
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Ha pucynke 2 mokaszaH Tpolecc paclpoCTpaHEHUs BTOPOi
rapMOHUKH CUTHAJIa B CpeJie ¢ KBaApaTHIHOW HelMHEHHOCTRI0. [To Mepe
YBEJIUYEHHS TPONHAECHHOTO PACCTOSHUSA FrapPMOHUKA CUTHAJIA TOCTENIEHHO
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paccrossanu 0,7 cM, 4TO HEOOXOJMMO YYHTHIBATH MPU pa3pabOTKe U
ITOCTPOCHUH CXEMBI TOMOTPaUPOBAHIISL.

Pabota BemonHena npu puHaHCcOBON moanepkke rpanta POOU
Ne 16-07-00374

6. [lpumenenue ynpTpazByka B MeauuuHe. llox pen. K.Xwumna
ITepeBox ¢ anrmmiickoro mojn penakuuein JI.P. TaBpuioBa, B.A.
XoxioBoi, O.A. CanoxkaukoBa. — M.: — DUSMATIIUT, 2008

7. Bapenuxosa A.1O., UepnoB H.H. Buzyanuzauusi BHyTpeHHUX
CTPYKTYyp OHMOOOBEKTOB Ha OCHOBE 2-i TAPMOHHMKH YIIBTPa3BYKOBBIX
BoyH. HayuHo-mpaktmueckass koHpepennus «HenmuHeiHas axycTuka-
50». Co6opuuk TpymoB. — Taranpor: WzmatemscTBOo HOHOTO
(dbenepanpHoro yHuBepcurera, 2015, — 252.

8.0. B. Pymenko HenuHeiiHple  BONHBL:  HEKOTOPHIC
OMOMeIMIIMHCKYE TPUIIOKEHUs.// Ycnexu pu3niecknx Hayk, Tom 177,
Ne 4

9. C.H. T'yp6aroB, O.B. Pynmenko, A.M. Cauuer. BosHbl u
CTPYKTYpHl B HENMHEWHBIX cpemax Oe3 aucnepcuu. Ilpuinoxenus k
HesmHelHol akycTtuke. — M.:OU3MATIINT, 2008 — 496 c.

KOHEYHO-2JIEMEHTHOE MOJAEJINPOBAHUE ITPU
PABPABOTKE BUOMEXAHUYECKOI'O METOJA
OIIPEJAEJIEHUA PA3JIMYHBIX HAT'PY30K HA
JTE®@OPMHUPOBAHHBIA CETMEHT I'PYTHOI'O OTJIEJIA
INO3BOHOYHUKA
Jlebeoesa E.A., babuuna I1.U., [lemposa E.M.
Cankr-IleTepOyprckuii rocyapcTBEHHBIH 3IEKTPOTEXHUYECKHUNA
yauepeutet «JIOTU» um. Ynbanosa (Jlennna)
e-mail: lenlea28@gmail.com;

o ouenkam Beemuphoit Opranuzaunu 3npaBooxpanenus (BO3),
pa3IMYHBIMHU 3200JIEBAaHUSMH OTIOPHO-/IBUTATEILHOTO arapaTta BO BCEM

72



V Bcepoccuiickas MOJI0eKHas MIKOJIa-CEMUHAp

mupe ctpanaeT okono 80% TpyaocmocoOHOro HaCeNICHHs B BO3pAcTe OT
30 mo 50 ner. 3aboneBanus, BCTpEYarOIIUecss HanOoIee YacTo, CBA3aHbI
C TO3BOHOYHMKOM. B  Poccum, 1m0  HEKOTOpHIM  OILIEHKaM,
pacripoCTpaHEHHOCTh BEePTEOPOIOTHUECKUX (Beprebpomorus—
OTACJBHBIM pasziesl OpTONEAuH, 3aHUMAIOIIUUCS JUAarHOCTUKOW U
JeYeHUEeM 3a00JIeBaHMM TO3BOHOYHWKA) MpobiieM ¢ KoHma XX Beka
yBenuuuBaercs exeronHo mpumepHo Ha 30% [1]. Kpowme Toro,
CTPEMHUTENBHO BO3PAaCTaeT KOJIWYECTBO JIIOACH, CTPajalolfX OT
WCKPUBJIEHUM TMO3BOHOYHMKA. B CBOIO ouepelb, HUCKpUBJICHUE
MO3BOHOYHHKA BJIEYET 32 COO0I N3MEHEHNE OPraHu3Ma B LIEJIOM.

3a0oneBaHusi,  MPOSBIAIOLIMECS B BHIE  HCKPUBICHUS
MMO3BOHOYHHKA, COMPOBOXKIAIOTCA O00S3aTENbHBIMH  OTPaHUYEHUSIMHU
(hu3HNYecKoil aKTUBHOCTH — OTPaHMYCHHBIM MEPEYHEM pa3pelIeHHBIX
JBWKEHUH U MOJHATHS TPY30B C MUHUMAJBHBIM BecoM. OrpaHuueHUs
aKTUBHOTO 00pa3a )KU3HU HEOOXOIUMBI JIJIS IOJICP KAHUS | YITYUIICHUS
COCTOSTHHSI ICKPHUBIIEHHOTO MTO3BOHOYHHKA, a TaK K€ YISl HCKIIFOUSHUS
NpOTrpPecCUPOBaHUsl MCKpUBICHHA. [lpu ompeaencHWH TeX WIM WHBIX
Harpy30K ¥ OTpaHUYCHHN, HATIPABJICHHBIX Ha HCIIPABIIEHUE UCKPHUBICHUS
WIH TOANSPKAaHUS COCTOSIHHA, Bpa4d HE MOTYT TIPOCUUTATH
ONTUMAaJbHBIE W  MaKCHUMallbHO  JONYCTHMBIE  Harpy3Kd  Ha
e OpPMUPOBAHHBIN IPyTHON OTAEN TTO3BOHOYHUKA M PYKOBOJICTBYIOTCS
JUIIb CBOUM HpodeccHoHanbHBIM — ombiToM([2,3,4].  OrpanuueHue
JOMYCTUMBIX ~HArpy30K TIPOUCXOJUT WCXOAS W3  ONpe/IeIeHHBIX
KPUTEPHEB, BHE 3aBUCHUMOCTH OT PEAILHOTO COCTOSHHS CTPYKTYP
ne(hOpMUPOBAHHOTO T03BOHOUYHHUKA. [loaTomMy s mepcoHamu3anuu
OTpaHMYEHUH  HEOoOXOAWMMO  TIPOBEJCHHWE  aHaln3a  COCTOSHUS
e OpPMHUPOBAHHOTO CErMEHTa TTO3BOHOYHUKA ITyTEM HCCIICIOBAHUS €ro
Ha TPEXMEPHON KOHEYHO-RIEMEHTHON COJIEpXKATEIbHON MOJAEIU C
npuiokeHueM — Harpy3ok.  CopepikarenpHas  MoOAelb —  3TO
YMO3PHTENILHOE TPEJICTABIICHNE PEabHOTO O00BEKTa IS TOCTPOCHHUSI
MaTeMaTUYECKOU MOJIeNI, B KOTOPOU OTpPa)K€Hbl CBOWCTBA PEATBLHOTO
00beKTa, HEOOXOJMMBIE I TOJNyYeHHs OTBETa Ha IIOCTaBJICHHYIO
3amauqy [5].

Takum 06pa3zom, AJis MPOBEASHHS SKCIIEPUMEHTOB Ha TPEXMEPHOM
MOJIEIIN, MOJIEIb JJOJKHA COOTBETCTBOBATD CIIEAYIOIIUM TPEOOBAHUAM: C
BBICOKOW TOYHOCTBIO TIOBTOPATH T'€OMETPHYECKHE OCOOEHHOCTH
JIe(OPMUPOBAHHOTO CETMEHTA TPYAHOTO OT/eNia MMO3BOHOYHHKA; OBITH
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HaJieJicHa OWOMEXaHWYEeCKUMH CBOMCTBAMH, TPHUCYIINMU PEalbHOMI
CTPYKTYpe; 00beM aosnkeH ObiTh He Oosee 1000Kb, dopmat «.STL».
[lepBbIM 3TanoM SBIsSETCS PACCMOTPEHHE BCETO MO3BOHOYHHKA.
[Mporpamma DICOM Viewer ot xomnanuu Inobitec B ¢popmate Tpuai-
BEPCHH JTaeT BO3MOXKHOCTh Ha OCHOBE 3arpy>KeHHbBIX B Hee UCCIICIOBAHUI
MOCTPOUTh TPEXMEPHYIO Mojeib. KpoMe TOoro, B mporpamme ecTh
BO3MOXXHOCTh BHIOpaTh pa3MyHble (QUIBTPHI, TAaKHE KaK BHUJ
ncenenoBanmst (Marauto-pe3onancHas Ttomorpadus -MPT-  wm
Kowmmerorepras Tomorpadust - KT), tum cTpykTyp (MATKHE TKaHH,
pa3nu4HbIe BHYTPEHHHE OpraHbl, kocTH). [loMmumo npoyero, nporpamma
IMMO3BOJISICT IMPOBOJUTH JIMHEHWHEBIE N3MEPCHHUA, TAKHMC KaK: H3MCPCHHC
BBICOTHI TIO3BOHKOB, W3MepeHHe yria uckpubicHus mo Koocoy (Metox
M3MEpEeHUsI CKOJIMoTHYeCcKo ayru o Ko60y: yrous ckonnosa oOpasyercs
NMEPECCKAIOMUMHUCA JIMHUAMU, TPOXOAAIIUMHA I10 HIDKHEH TMMOBCPXHOCTU
BEPXHETO M BEpXHEH MOBEPXHOCTH HIDKHETO HEUTPATLHBIX MTO3BOHKOB).
Ha nanHoM srtame obecriedynBaeTcss OBICTPOE CO3JaHUE TPEXMEPHOM
MOJIEJIH, TOYHO OTOOPaXAroIIEr0 CTPYKTYPHl TIO3BOHOYHHUKA 0e3
JOTIOJTHUTENIBHBIX TPYIOSMKHX U JIOJITHX HACTPOCK MapamMeTpoB.

Pucynok 1 - [llefiHbIil 1 TpyJHOM OTAEIBI MO3BOHOYHUKA. Bu
CIIeBa, CIEPEH, C3aaU.
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Hasnee HEoOX0mUMO BBIOpaTh MccieayeMbiii otaen (PucyHok 1) u
CO3/aTh TPEXMEPHYIO MOJIENb CerMeHTa Jae(OPMUPOBAHHOTO TPYIHOTO
oTJena TO3BOHOYHMKA HA OCHOBE pPE3YJIbTAaTOB  KIMHHUYECKUX
ucciaenoBaHui. /It 3TOro UCHosb3yercss MEAUIMHCKUI IIPOrpaMMHbIN
makeT «Mimics». IIpoext Mozenu B mporpamme «Mimics» co3maeTcs u3
M300pakKeHNH MHOTOCIHUPATBHONH TOMOTpaduu, COOTBETCTBYIOIINX
Ppa3IUYHBIM CCUCHHAM HCCIIeyeMOi obmactu Tena.
IlocrenoBaTenbHOCTh  MOCTPOEHUS ~ MOAENH  TPYAHOTO  OTAeNa
MO3BOHOYHHKA B Iporpamme «Mimicsy» (Puc.2) cocTout u3 ciemxyrommx
9TaIoB:

1. ABroMaTHuYeCKHil WMIIOPT H300pakeHH Tomorpadguun B

thopmate «DICOM» 1 BBIOOp 00BEKTA.

2. KagpupoBanue — ormepanusi, IO3BOJSIOMAS yCTaHOBUTH
COOTBETCTBHE 3HAYCHUIl CEpPOro IBeTa Ha TOMOIPaMMe 3HA4YCHHUSIM
Ceporo ILBeTa HAa MOHHUTOpE. 3HaueHHs ceporo Ha m3oOpaxkeHusx KT
BBIPaXKarOTCsl COOTBETCTBeHHO mmikajie XayHchunna (Illkama emuHuIg
XayHcumga —InKana JIAHEHHOTO  OCNAONeHWH W3ITydeHHs 110
OTHOLICHUIO K TUCTWIJIMPOBAHHON BOJE, PEHTICHOBCKAs IUIOTHOCTD
KOTOPOM IpU CTaHAAPTHBIX JaBieHUH U Temrepatype pasua 0 HU),
cocrosimeit u3 4095 3HaueHmiA, KOTOPBIE COOTBETCTBYIOT 256 3HaUEHUAM
ceporo Ha 3kpaHe. Jlyisi co3JaHUsl MacKM CErMEHTa I'PYIHOTO OT/Aena
MO3BOHOYHMKA OBUIM BBIOpaHBI CJEOYIOUIME 3HAYEHHUs IUara3oHa
ceporo: ot 226 HU no 3071HU.

3. Cermentauust 1 Manunyssinuu 3D moxensio. CermeHTanus
SBJISIETCS. OCHOBHOM MPOILEAYPOHl 1O mepexoqy K TPEXMEpPHOH MoJelu.
Hauvanbnas omepamusi «Thresholding» mo3Bomisier co3maTh Macky Ha
OCHOBAaHUH BBHIOPAHHOTO AMANa30Ha 3HAYEHUH CEpOro.
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Pucynok 2 - TpexmepHast MOJieITb MIEHHOTO U TPYAHOTO OTACIOB
MO3BOHOYHHKA B ITPOrpaMMHOM makeTe Mimics

Ha ocHOBe 1MOJTy4eHHOT0 BbIAETICHHs, Wid Macku (Mask), MOXHO
paccuntats 3D wmomens: 1. Thresholding: Beimenauts  007acTh
COOTBETCTBYIOIIIETO Hana3oHa 3Ha4yeHuit ceporo; 2. Region Grow:
BBIICIUTH MIHKCEIIH, KOTOPBIE CBs3aHbl ApyT ¢ apyrom; 3. Calculate 3D:
noctpouts 3D Mozens mo macke. Jlocturaemelii pe3ynbTaT B JTaHHOM
paboTe orpaHWYMBAETCS TONYyYEHHEM TPEXMEPHOH MOJENH, KOTopas
TpeOyeT NOTOITHUTENBHBIE Pa0OTHI, [UISI TOTO, YTOOBI HCIIOJIB30BaTh €€ B
cucreme Solid Works.

[Mockonbky 00beM (aiina, KOTOPBI MOXKET OBITh BOCIIPOHU3BEICH
nporpammoii Solid Works B Bune tBepmoro tena orpanuueH 1000KB,
HEOO0XOIMMO TIPOBECTH INpellBapUTeNIbHYI0 00paboTKy (aiia ¢ 1eibo
COKpAILlEHUs. KOJIMYECTBA IIOBEPXHOCTEM IIyTeM CIiIakuBaHus. [[ns
aTOro wucmonbdyercss mporpamma MeshLab (Puc.3), mosBosstomnias
npoBecTH orepanuio Remesh u 3HaYnTENbHO YMEHBUIUTH KOJIHYECTBO
MMOBEPXHOCTEH M YIJIOB TPEXMEPHOW MOJEIH;, 3TO BeIeT 3a c0o00i
YIPOIEHNEe TeoMeTpuyeckux ocobenHoctel. Ilpu BIOOpe KpuTepues,
ONPENENAIOMX  JOMYCTUMOCTh  HPOJOJDKEHHE  CIIIaKUBAHUA,
BaXHEHIINM SIBIISIETCA BHU3YalbHOE MAaKCHUMalIbHOE COOTBETCTBHE C
peaIbHOM CTPYKTYpPOIl.
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Pucynok 3 - CerMeHT TpyAHOTO OT/ielia IIO3BOHOYHHKA MTOCTIe
obpaboTtke B mporpamme MeshLab

IIporpamma MeshLab 103BoMAET COXPAaHWUTH TONYYEHHYIO
TpexMepHyo Moaenb B ¢opmare «STLy», 4T0o gaeT BO3MOKHOCTHL B
JaibHeHIeM UCIonb30BaTh ee B mporpamme Solid Works (Pucynok 4).
bruomexaHn4ecKre mapamMeTpsbl, MPHUCYIINE PEATbHON CTPYKTYpE, TaKHhe
Kak: IUIOTHOCTh, Moayib FOHra, koag¢uuuent Ilyaccona u apyrue
3a1al0TCSI HEMOCpeJCTBEHHO B mporpammuom makere Solid Works B
pasmene «Marepuaibl» IyTeM CO3JaHHs HOBOrO Marepuaia HWIu
BBIOOPOM OJIHOTO M3 CTaH/IAPTHBIX.
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Pucynok 4 - TpexmepHasi KOHEYHO-3JIEMEHTHASI MOJIENb B IIpOrpaMme
Solid Works

Takum o00pazoM, IJIsi CO3MaHUS TPEXMEPHOU COAEpKaTEIHHOM
KOHEYHO-3JIEMEHTHON MOJIENHU cerMeHTa 1e(hOpPMHUPOBAHHOTO IPYAHOTO
OT/ieNia TO3BOHOYHUKA HEOOXOJMMO KOMOMHUPOBAHHOE MCIIOJIB30BAHUE
MEIUIMHCKUX U WHXCHEPHBIX MPOrpaMM. MeAUIMHCKHE TPOTrpaMMBbl,
takue kak DICOM Viewer ot Inobitec u Mimics mo3Bossitotr GbICTPO
CO3/1aTh TPEXMEPHYIO MOJETb BCEr0 MO3BOHOYHHMKA H IOCIOWHYIO
TPEXMEPHYIO0 MOJIeNIb CerMeHTa Je(OPMUPOBAHHOTO TPYAHOIO OTIeia
MMO3BOHOYHMKA Ha ocHOBe MaTepuanoB uccienoBanuit (MPT wmn KT).
[MoyueHHast TpexMmepHash MOJENb, CO3JaHHas IOCIOHHO, oOamaeT
OYEHb BBICOKOH TOYHOCTHIO 3a CYET OOJIBIIOr0 KOJMYECTBA IpaHEi,
OJIHAKO, 3TO BEAET 3a cO00H 00beM Mozenn OOJBIINIA, YeM CIIOCOOHA
BocnponsBectu nporpamma Solid Works, mosromy wucnonezoBanue
npoMexxyToyHoi mporpammbel MeshLab obecrieunBaer ymeHblIeHHE
KOJIMYECTBA MOBEPXHOCTEH MOJIENIU MyTeM CIJIA)KHBAHUS, YTO B CBOIO
o4yepelb, YMEHbIIAaeT O00BEM MOIECTH 10  BOCIPOHM3BOIUMOTO.
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IIporpammusrii maker Solid Works maet Bo3M0OXXHOCTE HaZ€IHTh MOJEN
TpeOyeMbIMH B XoJe pPabOTbl OMOMEXaHWYECKHMMH CBOWCTBAMH H, B
JalbHEeHIIeM, TPOBOANTD SKCIIEPUMEHTBI HArpy>KEHHSL.

B pabore mnpemnokeH anropuTM MOCTPOCHUS TPEXMEPHON
coziepKaTeIbHOU KOHEYHO-JIEMEHTHON MOZeNnu CcerMeHTa
Jne(OPMUPOBAHHOTO TPYIHOTO OTHENa MO3BOHOYHHUKA. OH BKIIOYACT B
cebs1 KOMOMHHMPOBAHHOE WCIONb30BaHHE Pa3IHYHBIX MPOTrPaMMHBIX
MaKETOB, YTO MMO3BOJISIET HanOoIee OBICTPO W TOYHO JOCTHYD KEJIASMOTO
pe3ynbraTa TpU TMOCTPOCHUH MOJIENM CErMEHTa IT03BOHOYHHKA.
ANTOPUTM MOJAEIMPOBAHUA OCHOBBIBAETCS HA CJICAYIOUIMX JTarmax:
MOJIHAsT BU3yalM3alusl CTPYKTYP TMO3BOHOYHHWKA, MMOCIOWHOE CO3JaHuC
TPEXMEPHON MOJENH BBHIOPAHHOTO CEeTMEeHTa, 00pabdoTKa W TepeBO]
mogenu B Qopmar «.STL», wucnonep3yemblii B  MporpamMmax,
IMMO3BOJIAIOMIUX MPOBOJUTL PA3JIMYHBIC SKCIICPHUMEHTHI HA TPCXMCEPHBIX
MojensaX. TakuMm o0pa3oM, B CTaThe MPEIIOKEH AITOPUTM CO3JIaHUS
KOHEYHO-2JIECMEHTHOW MOJICNTU CTPYKTYp TO3BOHOYHHMKA HAa OCHOBE
KIMHAYECKAX  HWCCIEIOBAHMH C BO3MOXKHOCTBIO  IOCIIEIYIOIIETO
MPOBEICHUS SKCIICPUMEHTOB.
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Hayunblii pykoBOIUTEINb - 11.T.H., podeccop Yepuos H.H.
HOxHsb1# henepanbHbIil yHUBEPCUTET
e-mail: rebelludwig@gmail.com

Bo3MOXHOCTH paHHEW U TOYHON AUArHOCTUKU B TIOCJIETHUE TOJBI
3HAQUUTEIBHO BBIPOCIAM. OTO CBSI3aHO C TOSIBICHHEM METOJIOB
HCCIIEAOBAHMS, JTAFOIINX Bpauy BO3MOKHOCTh HarJsIIHO
muddepeHIMpoBaTh HOPMalbHbIE U IATOJIOTMYECKHE HW3MCHEHHUS
OpraHoB M TKaHel. K MenuuHCKUM H300paskeHHSIM OpraHoOB, KOTOpHIC
SIBIITIOTCSA TJIABHBIMH HCTOYHUKAMH WH(POPMAIMKM TPU TOCTAHOBKE
JIarHo3a, TPEIbSBISIOTCS BBICOKME TpeOOBaHUS. DTO TPHBEIO K
HEOOXOJMMOCTH YCOBEPIICHCTBOBAHKS CYIIECTBYIOIIMX M Pa3paboTKe
HOBBIX METOJIOB BU3yaJIU3ALIUH.

B mocnegnee Bpems HaumOONBIIMK WHTEpPEC MPEICTABIISIOT
yIBTPa3ByKOBbIE TOMOTPa(pHUUECKHE CUCTEMBI, MpeJHa3HAYeHHBIE IS
WCCIIEIOBAaHNUS  OMOJIOTHYECKUX OOBEKTOB, KOTOpPHIE  TIO3BOJISIFOT
MoJTydaTh M300pakeHUs, IIyTEM BOCCTAaHABJIMBAs pacHpeiesieHUs
HEJIMHEHHOIr0 MapaMerpa B TKaHsX.

Tomorpadus ¢ HCTIOIB30BaHNEM HEJIMHEHHOTO MapamMeTpa UMeeT
ropazno Oonbiiuii MHGOOPMATUBHBIH MOTEHUUAI IO CPABHEHHUIO C
nuHeHHbIME MeTofaMu [1]. Perucrtparms curHana Ha yIBOCHHBIX,
YTPOEHHBIX 4YacTOTaX NPHUBOAUT K IIOBBIIICHUIO pa3peliaroiieit
cnocobnoctu B 2-3  pa3a,  CIeAOBaTeIbHO,  IOBBILACTCS
MH()OPMATUBHOCTH METO/IOB UCCIIe0BaHuUs [2].

PacmpocTpanenne  ynmpyrux — aKyCTHYeCKHMX  KoneOaHWid B
Ouonoruueckoit cpene HenmHeHO. CTENIeHh OTKIIOHEHHS OT JIMHEHHOMN
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3aBUCHMOCTH OIPEENIeTCs 3HaUYCeHHEM HEIMHEWHOTO IMapamerpa s
JaHHOM cpexsl [1].

CyiecTByeT HECKOJIBKO CIIOCOOOB OMNpEeNeHUS HENUHEHHOTro
napaMmerpa: TEPMOJMHAMUYECKHI, MoIpa3Ae A OLINICS Ha
TPaIUIIMOHHBIA U METOX CpaBHEHUS (a3 M METOJ KOHEYHBIX aMILTUTY/]
[1].

BonbIIMHCTBO CYIIECTBYIOIIMX Ha CETOAHSIIHUM JeHb MOJENeH
TOMOTpahUIECKIX CHCTEM HCITONB3YIOT METO KOHEYHBIX aMIUTATY T IS
W3MEpeHHs HEIWHEHHOTo MapaMerpa, ¢ IOCIeAylome o0pabdoTKoit
MOJyYEHHBIX ~ paclpelesieHnd 1O  aNropuTMaM,  aHaJOTHYHBIM
KOMITBIOTEPHOM PEHTIeHOBCKO# ToMorpadum [1].

MeTom KOHEYHBIX aMIUIATYJT OCHOBBIBACTCSI Ha HW3MEpPEHHUH
AMIIIUTY BbICIINX TrapMOHUK npu OIMPEACIICHHBIX YCIOBUAX
pacupoCTpaHEeHHs] aKyCTHUYECKON BOJHBI. 3MeEpSIOTCS aMIUTUTYAbI
TapMOHHK W aMIUIATYJIa TIEPBUYHONW BOJHBI. CO BpeMEHEM METOI OBLI
YCOBEPIIIEHCTBOBAH, YTO IIO3BOJIJIO H30aBUTHCSI OT HEOOXOTUMOCTH
M3MEPEHUS aMIUIUTYIHbIX 3HAUEHUM JaBiieHus. Tak, IJs onpeneneHus
HEJIMHEHHOr0 MapamMeTpa HEU3BECTHOM Cpedpl MOXXHO IPOBECTU
HECKOJIbKO HW3MEpPeHHH aMIUIUTYIbl BTOPOH TapMOHWKH, a 3aTeM
CpaBHUTb C €€ 3HAa4YCHUIAMHU B CpCAC C HU3BCCTHLIM HEJIMHEHHBIM
napameTpom [1].

Kpome Toro, B TaHHOM METO/E€ MOXKET HCIIOJIb30BaThCS BOJIHA
KOMOWHAIIMOHHON  4acTOThI, BO3HHUKAIOU[as TPU  HEJIUHEHHOM
B3aMMO/ICHCTBHUH JIBYX KOJUIMHEAPHBIX aKyCTUYECKHX BOJH [1].

Ornmuns o0omx peanu3anuii MeToJa KOHEYHBIX aMIUIATYT
TpeOyeT TIIaTeTbHOTrO UCCIIETOBAHUS, KOTOPHIE MTO3BOIIST UX YUYUTHIBAThH
npu pa3paboTke TOMOrpapuIECcKON CXEMBI.

B pamkax mpoBOAMMOTO HCCIENOBAaHUS MOAEITHUPOBAIOCH
pacripocTpaHeHHEe aKyCTUYEeCKOH BOJHBI 110 CXEMe, IPEICTABICHHON Ha
pucyHke 1 ¢ pa3HECeHHbIM NPHUEMHHMKOM U H3JIydaTese, M3ydaeMbli
00BEKT pacroiaraeTcsi MeXXAay HAMH.
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Pucynok 1 — ['eomerpust pemaeMoii 3a1a9u

JIOCTOMHCTBOM  JAHHOM  CXEMBI  SBJISIETCS  BO3MOKHOCTH
MPOBEACHUS  YIBTPA3BYKOBBIX  HCCJIENOBAaHMA TI0O a  Takke
YHUBEPCANbHOCTh NPUMEHIEMOT0 MaTEMaTUUECKOT0 ammapaTa, KOTOpbIil
MOJKET OBITh UCIIOJIL30BaH B IPYIHX TOMOTPA(QHUSCKUX CXEMaX.

Pazpabotka TOMoOrpadpuueckoll CXeMbl BHU3yalIH3allUH TPeOyeT
peuIeHus 3a4a41 O PaCIpOCTPAHEHUH HHTEHCUBHBIX aKyCTUYECKUX BOJIH
B HEOJHOPOJHBIX HEIMHEUHBIX cpefnax. M3BecTHO, 4TO HEIMHEHOe
HMCKKECHHUE BOJIH MPOUCXOAWT IO MPUYHHAM TOTO, YTO K CKOPOCTH
pacnpocTpaHeHHs BOJIHBI JOOABISIETCS CKOPOCTh CMEIIEHUS YacTHIl U
pas3uyus B JOKAJIbHOM CKOPOCTH 3BYKa B PAa3HBIX TOYKAX BOJIHBI. JTO
MPUBOJUT K TOMY, YTO MECTa CXKATHsl BOJIHBI JIBHXKYTCS ObICTpEe, YeM
paspexeHusi. B CHeKkTpaJbHBIX TEPMHHAX HMCKAKCHHE BOJIHBI MOXKET
OBITh WHTEPIPETUPOBAHO KAaK TMOSBICHHWE, POCT M B3aWMOJICHCTBHUE
BBICIITUX TapMOHHK B TIPOIECCE PACHPOCTPAHCHUS TaPMOHHYECKHUX
COCTaBIISFOIIUX BOJIHBL.

Jns OLleHKM BKJAJ BBICIIMX TapMOHHK B HCKQKEHHUE BOJIHBI
MOXHO HCIIOJIb30BaTh MHCTPYMEHTHl CHEKTPAJIbHOTO aHaiuza, ¢
TTIOMOIIIBIO KOTOPBIX OBLIN MPOBEECHBI MCCIICIOBAHUS TTOBEACHIS BTOPOM
TapMOHHUKH B CpelaX C Pa3IMIHBIM HEJTMHEHHBIM ITapaMeTPOM.

MopenupoBanue NOPOBOAWIOCH B Cpelle, OMUCHIBAEMOU
ypaBHeHueM broprepca:
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ov & v b 9%v
R Ry @
dx ¢f 0t  2cipo 0t
W3 3T0r0 ypaBHEHHs METOOM IOCIEA0BATEILHOTO MPUOIHKESHHS
HOJIy4SHO ypaBHEHHE BTOPOTO MPUOIIIKCHUSL:
av@® b 92v@ ¢ (1) v
5.3 z — =2V (2)
dx 2¢c5po 0T ch Jat
JU1sl CIeKTPaNbHOTO aHalM3a rapMOHHYECKOro KojeOaHHs BUA
v = A(x)sin2wt u3 Beipakenus (2) HaX0AuM

v@ = % (e72%% — =4 gin2wt (3)

Pe3ynbTaThl MOJICTUPOBAHMS TIPEICTABIICHBI HA PUCYHKE 2.

VIe=10) | /ool

0.0
V(=3

0.0

0 1 2 3

Pucynok 2 — IloBeneHre BTOpoil TapMOHHUKH B CpellaX ¢ HEMMHEHHBIMU
nmapamerpamu £=6,3 (V), =10 (v1)

Cpena ¢ 0ONBLUIMM HEJIMHEWHBIM MapamMeTpoOM XapaKTepH3yeTcs
00JIBIIMM 3HAYEHNEM aMILTUTYABI BTOPOUH TapMOHHUKH.

N3MeHeHue aMIuTyJl BTOPOM IapMOHUKHM B IUIOCKOM BOJHE C
Y4ETOM 3aTyXaHHWs PacCUMTaHO C MOMOIIBI0 ypaBHeHUs HpHmoy mo
Beipaxkenuio (4) [3,4]:

2
Ewu - — .
— = (e 2az _ =422y 5in(2wr), 4)
©o

Ha pucynke 4 mnoka3zaHO W3MEHEHHMS aMIUIUTYIbl BTOPOH
TapMOHMKH TIpU MPOXOXKJIEHUH AaKyCTHYECKOrO CHUTHaja uepe3
OHOPOJHYIO ¥ HEOJHOPOIHYIO CpENy.

Uz =
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1

u, m/c

N

1 3 '
z.cM

PucyHnok 4 — MI3MeHeHne aMIUTUTY /bl BTOPOI TApMOHHUKH aKyCTUYECKOM
BOJIHBI TP MPOXOKACHUU Yepe3 OJHOPOAHYIO (KpuBast 1)u
HEOHOPOIHYIO cpeny (KpHBas 2).

Wcnonp3oBanue MCTOJa KOHCYHBIX aMIUIUTY ITO3BOJIACT OLUCHUTDh
BIIMSIHUE HEMUHEHHBIX 3()(PEeKTOB HAa MPOXOKICHNUE AKyCTUIECKOH BOIHBI
yepe3 cpeny. UuclneHHblE OaHHBIEC, MOJIYYEHHBIC C MOMOIIBIO 3TOTO
METOda, MOTYT OBITh HCIIOJIB30BAaHbI I TOJIYy4YCHUSA HpOCKHI/Iﬁ
HCCIIeyeMOi OHOIOTHIECKON Cpeabl.

PaGora BeIONTHEHA TIpU (PUHAHCOBOW TOJAEepKKe rpanTta PODU
Ne 16-07-00374

1. A.B. OcerpoB. O6paboTka U PEeKOHCTPYKIHS M300pakeHUH B
aKycrudeckoi tomorpaduu. YuedHoe nmocobue. Cankrt-IlerepOypr: Uzn-
Bo CIIOI'DTY “JIDTHU”. 2001. — 72 c.

2. AlO. Bapenuxoga. [Ipumenenne JIMHAMUAYECKON
XapaKTepUCTUKN HEIIMHEHHOTO B3aMMOJIEHCTBUSI aKyCTUYECKHUX BOJH
JUTst BU3yanm3anuu Onorkaneid. COOpHHUK MaTepuanioB J[Baanars BTopoit
Bcepoccuiickoit Hay4HOH KOHBEPEHITNU CTYASHTOB (DU3UKOB H MOJIOJIBIX
yuenbix BHKC®-22. Pocros-na-/lony: MW3matensctBo OkHOrO
¢denepanbHOro yuusepcurera, 2016. — C.337-338.

3. 3apembo, B.W. Tumomenko. Henunelinas akycruka. M: H3n-Bo
MockoBckoro yauBepcurera. 1984, — 104 c.

4. 3apembo, B.1. Tumonrenko. Henmunelinas akycruka. M: M3a-Bo
MockoBckoro yauBepcurera. 1984. — 104 c.
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JIUATHOCTHUKA HAPYIIEHUM CJIYXA METOJIOM
PEYEBOM AYJIUOMETPUH
Cacun P.U.
Hayunsiii pykoBouTens — K.T.H., AoueHT Kupnuenko M.A.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: komsomol7171@rambler.ru

Merton pedeBol ayIMOMETPUH MO3BOJIIET ONPEIENATH OCTPOTY
CIlyXa pedpl0 C H3MEpPEeHHEeM YpOBHS IMOJAaBaeMbIX O0OCIexyeMoMy
peueBbIx curHanoB. VccnenoBaHusi MPOBOISATCS C MOMOIIBIO PEYEBBIX
ayJMOMETPOB WIIM COYETaHUsI MPUOOPOB, COCTOSAMIUX U3 MarHUTO(oHa,
YCUIIUTENsI W aTTeHaTopa ¢ I[eHoW nenenus S5 ab. Moryrt ObITh
WCIIOJIb30BaHbI TAK)KE TOHATBHBIE Ay ANOMETPHI CO CIIEHUATEHBIM BXOI0M
Ha UX aTTCHI0ATOPHL. [ UcCiieIoBaHus CITyX0BOH (DYHKITHH C TTIOMOIIIBIO
pedd  UCHONB3YHTCS  CHENUalbHBIE  CIIOBA  PAa3HOYACTOTHBIX
XapaKTePUCTUK,  PEKOMEHAyeMble Ui  TPOBEICHHUS  PEYeBOM
aymuomerpun ['OCT P HCO 8253-3-2014 Akyctuka. Metomabl
aymuoMmeTpuuecknx wucreitanuii. Yacte 3. PeueBas aymmomerpus,
KOTOPBIAYCTaHABINBAECT OCHOBHBIE METO/IbI MCIIBITAHUIA Ha BOCTIPUSATHE
peun [1, 2].

[enbto peueBOll ayaUOMETPUU SIBIAETCS MOJYYEHUE KPHUBOU
pazbopunBocTH. {1 3TOr0 HEOOXOUMO OTIPEACTUTh M0 KpalHel Mepe
Tpu ToukH (ypoBHs). [lepBast Touka moiy4aeTcsi, KOTJAa WHTEHCUBHOCTD
nepelaHHbIX CJIOB JOCTHTaeT TaKOW BEJWYHMHBI, HYTO HCIBITYEMBIH
CIIBIIIAT TIOSIBIIEHUE KAKOTO-TO 3BYKa BOOOIIE. DTOT ypOBEHb MOYTH
COBIMAJIAET C YPOBHEM CIIyXa Ha YHCThIE TOHA B muana3one yactotr 300 —
3000 I'ty mm npeBsitaet ero Ha 3 — 8 ab [3-5].

Bropas Touka moJsiydaeTcs Ipd YCWIEHHHM PE€4YM [0 TaKou
WHTCHCUBHOCTH, YTO HCIBITYeMBIii HAauyWHAET MPABWIBHO IOBTOPATH
(3anuceiBath) 50% nepenaHHbIX ¢10B. OOBIYHO 3TOT YPOBEHb HAXOAUTCS
npumepHo Ha 25—30 ab Beime nepeoro. TakuM 00pa3zoM, YTOOBI TOHATH
MOJIOBUHY CJIOB, MHTEHCHUBHOCTB X JIOJDKHA OBITH pHOMn3uTensHo Ha 30
1B BbIIIE IOpOTa CIBIIIMMOCTH CIYXOBBIX YacToT [3-5].

TpeTbst TOYKa omNpejensercsl MpU TaKOW WHTEHCHBHOCTH, KOT/a
OyzeT NOCTUTHYTa YK€ MakCHUMaibHas pa30opuyuBOCTb. B HOpMme 3TOT
YpOBEHb COOTBETCTBYEeT MHTEHCUBHOCTH 40 — 45 nb BEIIIE TOHAIEHOTO
mopora [3-5].
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MakcuManbHOW Pa30OpPUMBOCTBIO CUMTASTCS Takas, KOrjaa
ucteiTyembrii oBTopsier 90% cnoB u Ooiblle, Tak Kak MPHU 3TOM OH
MOJIHOCTHIO BOCIIPUHUMAET OOBIYHYIO pa30opunByto peusb [3-5].

AHanu3 METO/I0B MCCIEAOBaHUs ClyXa YeJoBeKa MOKa3aj, 4To K
HCCIIEI0BAHMMCITyXaMeTOJOMPEUeBOHay ANOMETPUUIIPE I bSIBIISIOTCS
TpeOOBaHUSI B IJJaHE TOYHOCTM JHMAarHOCTHYECKOI'O PE3yJIbTara,
BO3MOXXHOCTH aHAJIM3a W CPaBHEHHS IOJYYSHHBIX JaHHBIX, a TaKKe K
PaCLIMPEHUIO BO3MOXHOCTEH pEYEeBOM ayJUOMETPUH, B YaCTHOCTH
BO3MOXHOCTh MCCJIEIOBAaHHUA CIyXa METOJIOM YacTOTHO-TIOJIOCOBOM
peYEBOi Ay JUOMETPHUH.

OcobeHHOCTh METoAA YaCTOTHO-TI0JIOCOBOM pedeBoit
ayauOMETpUn 3aKIII0YAeTCs B TOM,
YTOCHEKTPPEUYCBOrOCUTHAIapasaesatoTHaABe moyiockl: 270-1200 I'n u
1400-6100 TI'u. Ilpm aToM B peueBOM CHUTHalle HCKIIOYAIOT Hanboiee
nHGOPMATUBHBIN A1 Pa300pUMBOCTH YYAaCTOK PEUYEBOTO CIIEKTpa —
1200-1400T 1. KpyTu3sHa criaja criekTpa OT TPaHUYHBIX YaCTOT IPU STOM
noivkHa ObITh He MeHee 70 nb/okT [6].

Ha puc. 1 moka3aHa cTpyKTypa IMOACHCTEMBI YaCTOTHO-TIOIOCOBOM
($uIbTpay PeYeBOro CUTHAIIA.

~ N 1
270-1200 'y

- N 2 KomMmymamaop . Pevebiol cuzHon
Pevebol EIJEDE‘DHHU N
CuzHan 1400-6100 4OCMOMHLIX Kackad ——> B 4acmomHol

1T} nonoc nonoce

AN

Ynpabnenue
HOCmamHou
nonocol

Pucynok 1 — IToxcucrema 4acTOTHO-TIOIOCOBOM (DHITBTPAITUH
pE4eBOro CUrHaia

B [7] paccMoTpeHa OnoTexHUYecKasi CUCTEMa JUIS ayAMOMETPHH C
HEJIMHEWHBIM NPeo0pa3oBaHNEM PEYEBOTO CUTHAJA, B KOTOPOH OMUCAHO
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NpPUMEHEHUE  KIIWMIUPOBAHUS  JUIS  ayJAHOMETPHYCCKHX  TECTOB.
KnunmupoBanue mnpencrasisier coOoi  MpenenbHOe  aMIUIUTYIHOE
OrpaHMYCHHE  CUTHajda.  KJIMNNUPOBAHHBIM  PEUEBOM  CUTHAI
npeoOpasyercs B IOCIEIOBATEIBHOCTh MPSIMOYTOJIBHBIX WMITYJIBCOB
pasHoOl IMUPHUHBI, B pe3yIbTaTe Yero nepeaactcss HHGopMaIys TOIbKO O
MOMEHTaX  IlepexoJa cHWrHajga  depe3  Homb.  OcoOeHHOCTH
KIUITITUPOBAHHBIX 3BYKOB OINPEACISAIOT MOPOTHM BPEMEHHOW CEJISKIIUH,
pasusie 50, 100, 200, 400, 600 u 800 mxc.

CTpyKTypHasi cxeMa BPEMEHHOW CENEKIIMU WHTEPBAJIOB MEXIY
HYJISIMU KJIMITITAPOBAHHOTO PEUEBOT0 CUTHAJIA TIOKa3aHa Ha puC. 2.

Cenekmap ~ C4emHuk
~ .
> urnynecod ~ umnyscaf % n 50
T< 50 mC
% n 100
Cenexkmaop
KnunnupoboxHos S| wncot S ua:erfr::s:h n 800
pes T > 100 me Y
~ Cenexmap ~ Cuemuuk
—— umnynscob = uMnyn6Cab
T = 800 mkc

Pucynok 2 —BpeMeHHast ceNeKIis MHTEPBAJIOB MEKAY HYJISIMH

Hnst cozmaHust 0a3bl TECTOBBIX PEUYEBBIX CHTHAIOB MOXKHO
UCIIOJIb30BaTh JIMKTOPA, KOTOPBI HAYUTHIBAET Mepel MUKPO(YOHOM
TECTOBBIE CJIOBa. BocnpuHuMaemblli MUKPO(GOHOM pEUYEBOW CHUTHAJ
HEU30EKHO OKaXeTCS CHIIBHO 3allyMIICHHBIM 3ByKaMmu. V30aBUTBCS OT
3THX IIYMOB HEIb3sl, HO MOYKHO TIOJIYYHTh 00pa3el] IIyMOBOTO CUTHAJIA,
YCTaHOBHUB BTOPOH MHKpPO(QOH B HEMOCPEJICTBEHHOH OJM30CTH OT
UCTOYHMKA IIyMOB. Pazymeercs, 3TOT IIyM HEJIb3s IPOCTO BBIUECTh U3
pEeYeBOro CUrHana, IMOCKOJBbKY OO IBYX MHKPO(OHOB IIyM CIEIyeT
pasHBIMU MYTSMH U, CIEI0BATEIBHO, TIPETEPIIEBACT Pa3HbIE HCKAKEHUS
[8].

B paccmarpuBaemMoM MeTo/I€ IOJIAaBICHNUS IIIyMa pelaeTcs 3a1ada
npsAMON uAeHTH(GUKALUK TpeoOpa3oBaHMii IIyMa Ha IIyTH OT LIyMOBOTO
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MUKpPO(QOHA K CHTHATBHOMY. BXOTHBIM CHTHAIOM aanTHBHOTO (HIbTPa
SIBIIIETCS TIYMOBOM CHTHAN OT JIOTIONHHUTENHHOTO MHKpO(dOHa, a B
KauecTBE O0Opa3lOBOI0 CHTHANIA WCIONB3YeTCsS CHTHAIBHO-IITYMOBAs
CMECh, BOCIIpUHUMAEMasi OCHOBHBIM MUKPO(OHOM.

1. JIxadpex B.Y. CrapxD.K.Cekpersl OTOPHHOJIAPHHTOIOTHH.
[ep. ¢ aarn. M. — CI16.: BUHOM — Herckuii quanekt, 2001. — 624c¢.

2. TOCT P HCO 8253-3-2014 Axycruka. Meroasl
ayauomerpuyeckux wucnbitanuii. Yacte 3. PeueBas ayamomerpus
[DMeKTpOHHBIIA pecypcl: Pexnm JIOCTyTIA:
http://vsegost.com/Catalog/58/58426.shtml / 27.04.2016

3. bazapos B.I'., Jlucoeckuii B.A., Mopo3 b.C., Tokapes O.II.
OCHOBEHI ayAMOJIOTHH U CIlyXompoTe3upoBanus. M.: MexaunuHa. - 1984.-
256¢.

4. Anmprman . A., Taeaptkunamze I'. A. PykoBoactBo mo
aymuonoruu. - M.: IMK TIlpecc. - 2003. - 360 c.

5. OueHka pedeBOil aymuorpamMMmbl [DIEKTpOHHBIH pecypcl:
Pexxum  moctyma:  http://meduniver.com/Medical/Anatom/761.html
MedUniver /27.04.2016

6. YacroTHo-mIoJIOCOBasT pedeBas ayauoOMETpHs [DIeKTPOHHBIN
pecypc]: Pexum moctyma: doktor-ai-bolit.ru/chastotno-polosovaya-
rechevaya-audiometriya.htm /13.05.2016

7. bounmapenko P.I1., Kupnuenko M. A. buotexandeckas cucrema
JUIsL ayTAOMETPUH C HEJTMHEHHBIM TPpeo0pa3oBaHueM PEeveBOro CHrHaja
/l N3Bectust FODY. Texunueckue Hayku. - Nel1 —2006. — C.160-161

8. Cupmopo U.H. Mukpodonsl u teneponsr: CrpaBouHuk. M.:
Panuo u cBsase.- 1993. - 152 c.
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HAPAMETPUUYECKAS AKYCTUYECKAS CUCTEMA
HEPEJAYM JAHHBIX
Ilempoe A.U., Umaiikuna A.B., Conoamos I'.B., Ilusnes I111.,
Anuwenxo A.E., Jlykvanuenxo A.A.
Hayunsrii pykoBonutens — accuctent Congatos ['.B.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: petrov907@mail.ru

IIpencraBpTe CUTYaLMIO — YEIOBEK 3aXOIUT B JEMOHCTPALIMOHHBIN
3aJI, TJ€ IPOBOJSAT BBICTABKY. B 3aje MHOIO JIFOE€H, pacCMaTpPUBAIOIUX
SKCIIOHATHI, HO B 3ajl€ CTOUT THUIIMHA. [loceTuTens NOAXOOUT K
MHTEPECHON KCIIO3HUILIMH, CJIBIIIA JHIIb 3BYK CBOMX maroB. Ho BOmu3u
OT CTEHJA IIPOUCXOJUT UyJ10 — OH HAYMHAET CIBILIATh IPUATHBIA TOJIOC
3KCKYpPCOBOJa, pacCKa3blBalOIIMKA O JaHHOM 3kcno3uimu. Ilar Hazan, u
roJIoCc MPONAJacT, CHOBA MOJHAs TUIIHHA. OIATh BIEpPEN — M CHOBA
cnbleH ronoc. OKoo Ipyrux CTEHIOB CIBIIHEI YK€ APYTHE CIO0Ba, B
COOTBETCTBUM C UX TEMOM U BCE 3TO OJHOBPEMEHHO. B ocTansHOM 3ai1e
COXpaHseTCsl TUIIMHA. 3BYK Kak OyATO TPyHIHUPYETCs B ONpPeNeTIeHHBIX
30HaX, HE BBIXOISA 3a €ro MpeAensl. JOTO pe3ylabTaT HEIMHEHHOCTH
nporieccoB. YesnoBek OyIeT CIBIIIAT 3BYK — My3BIKY, TOJIOC U T.J. TOJIBKO
B CTPOrO ONPEIECICHHOM MECTE IpOCTpaHCTBA. J[aHHAs TEXHOJIOTHUS
Oyzer mone3Ha HE TOJBKO B JEMOHCTPAallMOHHBIX 3ajaX, HO U B
MEAMIMHCKON TUAarHOCTHKE, KOT/Ia HYKHO YTOO 3BYK CIIBIIIAT TOJBKO
KOHKDETHBIM 4YeJOBEK WM rpymnmna Jiojaed. B mnepcnexruse, korna
CHCTEMa TOJIyYUT PAacHpOCTPaHEHHE, €€ MOXKHO IIYCTUTh B CBOOOJIHYIO
NpOJAXy rpaxIaHaM — U npoOseMa rpoMKO paboTaloLIero TeJIeBU30Pa
WIN My3bIKH OyzeT HakoHell pemieHa. Cocelir, KOTOPBIM HAJ0 CIaTh,
Oomplie He OyAyT cTy4aThb B CTEHKY, €CIM Yy Bac JoMa IIyMHas
BeuepHHKa. [leTu, urpas B KOMIIBIOTEpHBIE UTPBI HE OyAyT MeLIaTh CIaTh
JIEIyIIKE B COCEIHEN KOMHATE.

Hns Toro, uToOBl chopMHPOBATH Y3KHH aKyCTUYECKHM JIyd Ha
3BYKOBBIX 4YaCTOTax, II0 CpEACTBAM KOTOPOrO MOXKHO IE€penarTh
ayIMouH()OPMAMIO ONpPEAETICHHOMY JIMIY, HEOOXOAMMO H3TOTOBHUTH
AaKyCTUYECKYI0 AaHTEHHY IIMPUHOM HECKOJIbKO METPOB. PerienremM Moxer
OBITH MOBBIICHUE YaCTOTHI U3JIy4YaeMbIX CUTHAJIOB, IIPU 3TOM Ta0apHUThI
U3Iy4yaTenas MOKHO YMEHBIIUTh A0 JECATKOB CaHTHMMETpOB. YenmoBek
MOJKET TONYYNUTh ayAHOMH(POPMAINIO U3 YIBTPO3BYKOBBIX KOJeOaHUI
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Omarofapss HENMHEHHOCTH dYeJOBEeYecKoro yxa. i 3Toro Hy»KHO
chopMUpOBaTH CTIEINATEHBIN aAMIUTATYTHO-MOTyTHPOBAHHBIN
yIBTPa3ByKOBOM CHTHAJ, YPOBHS KOTOPOTO JOJKHO OBITH JTOCTATOYHO
Ui 00pa3oBaHUs B CIYXOBOM ammapaTe BOJH Pa3HOCTHOW YacTOTHI B
CJIEICTBUH HEJIMHEWHOCTH YeJI0BeUecKoro yxa. Heooxonnmo mogobpath
WIN W3TOTOBUTH W3JIy4arTelb, CIIOCOOHBIA c(OpPMHPOBATH Y3KHil
aKyCTHYECKHI Jyd4, MoJoca MPOMyCKaHHs KOTOPOTO JOJKHA OBITh HE
MEHEe Tuara3oHa 9acTOT pa300pUnBOi YEITOBEUECKOM peUn.

O HeNMHEeHHOCTH YeIOBEYECKOr0 yXa W3BECTHO JOCTATOYHO
nasHo. Eme B 1714 rony 3HameHWTHIH ckpunay TapTUHH 3aMeTHI U
omucal CTpaHHOE SIBJICHUE: KOTJa Ha CKPUITKE TPOMKO MTPOUTPHIBAIOTCS
JIB€ HOTHI, HHOTJ]a MOKHO OTYETIIMBO CIBIIIATH TPETHH TOH, KOTOPOTO HE
ObUIO y MCIONHUTENS. OTH JONOJHHUTENbHBIE "(aHTOMHBIC" TOHBI
BO3HHMKAIOT HEMOCPEACTBEHHO B CIYXOBOW CHUCTEME U SIBISIOTCS
CIIEJICTBHEM €€ HeTMHEHHOCTH.

OOBbscHEHHE ATOTO SIBICHUS KPOETCS B YCTPOWMCTBE CIyXOBOTO
anmapara gesnioBeka. OH COCTOUT U3 TPEX OT/EIIOB - BHEIIHEE, CPEHEee 1
BHYTpEHHEe yXO0. DKCIEPUMEHTAIFHO JIOKa3aHO, YTO MpeoOpa3oBaHUe
CUTHaJa BO BHEITHEM M CPEIHEM yX€ - MPOIECC JIMHEHHBINH, OCHOBHAS
MpUYMHA HEJIMHEHHOCTH - B MEXaHHW3Me pPa0OThl BHYTPEHHEIro yxa
(ynutku). BHYTpH )UAKOCTH YIUTKH T0J] ACHCTBUEM BBICOKOTO YPOBHSI
CUTHaJa BO3HUKAIOT BHXPEBBIE MOTOKH, KOTOPHIE MOPOXKAAIOT HOBEIE
FapMOHMKH — THIPOJAMHAMUYECKHE J(PQPEKThI, TaKKe IPOLECC
HEJINHEWHOCTH OOYCIJIOBJIEH DJIEKTPOMEXaHUYECKUM IPeoOpa3oBaHUEM
BOJIOCKOBBIMHU KJIETKaMH.

dopmoii IPOSBICHUST HEIMHEHHOCTH CTyXa SBIISIETCS TOSBICHUE
"cyOBEKTUBHBIX KOMOMHAIIMOHHBIX TOHOB". Kak H3BeCTHO, eciu K
HEJIMHEWHOW CHCTEeMe TOJBECTH J[Ba CUTHANIA JIOCTATOYHO OOJIBIIOTO
ypoBHsi ¢ vactotamu f 1 u f2 (manmpumep, 800 I'm m 1000 I'm), ToO
HEJINHEWHbIE NCKaKCHUS BBI3OBYT TOSIBJICHHE KOMOWHAIIMOHHBIX TOHOB
C PpasIM4YHBIMM  YacTOTaMH, T. €. TOSIBISIOTCS  BTOPUYHBIC
koMmOuHanmonHbie TOHbI: T2 - f1 u 2 + f1 (200 'y u 1800 T'ir), kyOuuHbIC
komOuHanmonnsie Toubl 2fl - 2 (600 I'n), 2 2 - f1 (1200 I'r), 2fl + 2
(2600 I'w), 2f2 + fl (2800 I'x) u mp.

OnpenenuM ypoBHU H3IYy4aeMbIX CUTHAJIOB HEOOXOIUMBIX IS
0o0pa3oBaHMsl BOJIH Pa3HOCTHOM duacToThl. JlIst 3TOro, paccMoTpum
MPOIIECCHI CBSI3aHHBIEC C HEJIMHEHHOCTHIO YeIOBEYECKOTO yXa.
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IIpennonaraercs, 4YTO HEJIMHEWHOCTh CIyXa OIpPEAENsIeTCs
ypaBueHueMm [1]:

P, =P, + a,P + P}, 1)
rae
o, =1, a, = 0,03 [1} o, = 0'01{1} - k03 urmeHT
20 | mxo 20 | mx6
ypaBHEHHS

OTIpENICIIAIONINE  HEJIMHEHHbIE  XapaKTepPUCTHKH  Tepeaadu
3BYKOBOT'O CHTHAIIA;

P: - naBneHwe Ha BXOAe TpakTa 3ByKomlepenad (3BYKOBEIC
KoJieOaHus puiiere Ha 0apadaHHyI0 MEPENOHKY);

P> - naBnenue Ha BeIxoze (00pa30BaHHOE B TIOJIOCTH BHYTPEHHETO
yXa B pe3yibTaTe 0COOCHHOTO €r0 CTPOCHHS).

B namem ciywae TpakT 3ByKomepenau (BHYTpEHHEE YXO C
NPUIETAOIMMH K HEMY HEPBHBIMH BOJIOKHAMH) OyIe€T BHOCUTH TOJIBKO
KBaJ[paTHYHbIE WCKKEHUsS, T.e. OyAeT oOpa3oBHIBaThCS KojeOaHUe
Pa3HOCTHOM 4acTOTBHI.

Ha OapabGanHyi mnepernoHKy OyIyT IMOJaBaThCs JBa 3BYKOBBIX
KoJIeOaHUs Pa3HON YacCTOTHI M ONPEJEIICHHOTO 3BYKOBOT'O JIaBJICHHS, BO
BHYTPEHHEM yXe 00pa3yeTcsi HOBOE 3By4aHHE OIPEIEIIEHHOTO 3BYKOBOTO
JIABJICHUSI C pA3HOCTHOM YacTOTOH W TOT/a 3BYKOBOE JIaBICHUE HA BXO/IE
¥ Ha BBIXOJIE CBSI3aHBI MEXIy cOOOH ypaBHEHHEM:

P, =P +a,P. @

y‘II/ITLIBaﬂ, YTO Ha BXOJC Pl co34aBacMoO€ IABYMS OCHOBHLIMU
TOHaMH, paBHO:

P, = P, cosw,t + P; COS awygt. ®)

HOHy‘H/IM CJICOYIOUICE BBIPAKCHUE NJIA YPOBHS pa3HOCTHOI'O TOHA!
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L, =20lga, +L,+Lg—L,,05b. @

CornmacHo ypaBHeHuto (4) ymamoch MOKasaTh, KaK YPOBEHBb
00pa30BaBIIEHCS Pa3HOCTHON YaCTOTHI 3aBUCHT OT YPOBHS HCXOITHBIX
3BYKOBBIX KOJICOQHUIA.

Jns  mpencraBineHuss TakOM 3aBHCUMOCTH  HMCIIOJIb30BaUCh
OTIpe/ieTIeHHbIE HadalbHbIE ycIoBHs. VCXOmHBIE 3BYKOBBIE KOJIEOAHUS
nmeroT ¢ukcupoBanubie yacToThl 20 kI u 23kI'1], HO M3MEHsOIUECS
YPOBHHU 3BYKOBOTO JIaBJICHUSI.

n6
120 }

112

48— — 1 M S S E—

16 1
| 1

(. T AT

00 8.67 1733 26 34.67 4333 52 60.67 69.33 78 86.67 9533 104 112.67121.33 130 Aﬁ

Pucynok 1 — YpoBeHb 00pa3yeMbIX CIyXOM KBaIpaTUIHBIX
Pa3HOCTHBIX TOHOB B (DYHKIIUH JBYX OCHOBHBIX TOHOB

N3 Pucynka 1 BuaHo, 4TO, Hampumep, jisi 0Opa3oBaHUs
pPa3HOCTHBIX TOHOB Ha YypoBHE 00bluHOro pasrosopa (60 nb SPL)
HE00XO0IMMO 1OAaTh OCHOBHBIE TOHA ypoBHeM He MeHee 90 nb SPL.

HenuneitHOCTh cilyxa B ONPEAEIEHHOM CTENEHW 3aBUCUT OT
YacTOThl OCHOBHBIX TOHOB W MHTEpBaia MEXIy HUMH. [Ipu cMereHun
CMEIIEeHHUS ABY3BYUHS B CTOPOHY BBICOKHX 4aCTOT HEJTMHEHHOCTbH CIyXa
yBeNIU4MBaeTcsl (PUCYHOK 2), HO TOKa3aHHas 3aBUCHMOCTH BBIpa)KeHa
ci1a0o U SIBJISIETCS HEOTHO3HAYHOM [1].
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Lypdl

80

50

40}

.
Xr—oF 0g 17 16FReu

PucyHok 2 — YpoBeHb 00pa3yeMbIX CIIyXOM KBaJPaTHIHBIX
Pa3HOCTHBIX TOHOB B (DYHKIIMH IBYX OCHOBHBIX TOHOB

B mocnepyromumx pacuerax OyJeM CUUTaTh, 4YTO YPOBEHb
Pa3HOCTHOHM 4acTOThl OyJeT He 3aBHCETh OT 4YacTOT NEpPBOHAYATBHBIX
TOHOB, a OyJIeT 3aBHCETH TOJIIBKO OT HX YPOBHSL.

OmpenenyM TOJIOCY TPOIYCKAHUST M3IIydaTelss IMpU KOTOPOH
BO3MOXKHa Tiepesiadya pa30opuuBoOi peun. B TenedoHnu mcnosib3yercs
mosoca gactoT oT 300 I'y mo 3400 I, Takke Ha3bIBaeMas TOJIOCOBLIMHU
gacToTamu. /|1 mepeauu OHOTO KaHajla rOJI0COBOI YaCTOTHI, BKIIOYAs
3alIUTHYIO TIOJIOCY YacTOT, OOBIYHO BBIICISIOT TOJIOCY MPOMyCKaHus 4
k[ 11, mormycKaromyto 9acToTy JuckpeTr3anuu 8 kI 1 A HCoNb30BaHus
B HMMIIYJIbCHO-KOJIOBOH MOAYNSIMU B TeleoHHOH ceTH o0mero
nonp3oBanus [2]. Takum 0Opa3zom, Ui Hepefadyd YelOBEYECKON pedu
noJjoca MpomycKaHus mpeodpazoBaresist JOKHA ObITh He MeHee 4 K[ 1.

Jns peanuzaiyy mapaMeTpUdecKoi aHTeHHbI B BO3IYIIHON cpefie
HEoOX0MMO T0/100paTh BBICOKOYACTOTHBIE TpeoOpazoBaTeNy  JUIs
aHTEeHHBI Hakauku. Hambosee mpocThiM perieHueM OyeT NpUMeHEHHe
BBICOKOYACTOTHBIX T'POMKOTOBOpHTENeH, Hampumep, Hertz ST 25,
COOpaHHBIX B aHTEHHY HAKauyKH. Takue TPOMKOTOBOPUTEIH HMEIOT
CJICJYIONINE XapaKTEPUCTUKU: YYBCTBUTEILHOCTh B PEXKUME U3ITyUCHHUS
107 nb/2,83 B/m, mmkoBas wmomuocte 100 Br. Hommuamsnoe
conporusnenne 4 Owm, nuana3zon ygactor 3000 — 20000 I'u, guamerp
kopmyca 43,5 MM, TraMeTp U3ITydaroleii MOBEpXHOCTH 25 MM.
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B mnocnegHee Bpemsi B yNbTPa3BYKOBOW BO3AYLIHOM TEXHUKE
NONYYMIM  PacHpOCTPaHEHHWE  IbE3ONOJIMMEPHBIE  H3JIydaTesu,
Harpumep,  ¢upmbl  Airmar.  OCHOBHBIMH  NPEUMYILECTBAMH
MbE30MOJIMMEPHBIX U3ITydaTeNlel sIBIAI0TCSA BBICOKAsl YyBCTBUTEIHHOCTD,
Ha/IeKHOCTb ¥ OTCYTCTBHUE JBIDKYILIMXCS YacTeH.

1. Hpuxiaep 2., enpakemiep P. YXo0 kak mpueMHHUK
ungpopmaruu. [ep. ¢ Hem. [lox pen. benkuna b.I'., M.: CBsizb, 1971 —
255c.

2. Bapransua U. A. 3Byk — ciayx — mo3r. JI.: Hayka, 1981.

K BOITPOCY INOCTPOEHUS CUCTEMBbI JJIA
JTUATHOCTUKH 3ABOJIEBAHU HEPBHO-MBIIIIEYHOI'O
AIIITAPATA
llaesvloos /].A., Buwneseykuii B.FO.

Hayunslil pykoBOOUTEND - K.T.H., To1eHT Bumneseukuii B.1O.
HOxHsb1# dhenepanbHbIil yHUBEPCUTET
e-mail: d.davydov505@gmail.com

OnektpomMuorpadus — 3TO METOJ JUATHOCTHKH, IO3BOJISIFOIIUN
OLIEHUTH OMORIEKTPUIECKYIO aKTHBHOCTB MBIIIILI, HA OCHOBAaHUU KOTOPOM
MOKHO CJ€NaTh BBIBOA O (YHKIHMOHAJBHOM COCTOSIHUM HEpBa,
MHHEPBUPYIOIIETO MOBPEXKICHHYIO MbIILy [1].

WznauvanbHo snekTpomuorpadus Oblia 3aJyMaHa Kak THMHACTHKA
U JIeXauyux OOJIBHBIX, y KOTOPBIX HET BO3MOXKHOCTU IIONydYaTb
aKTHBHbIE (PU3NUECKUE HArPY3KH OOBIYHBIM CIIOCOOOM.

C nm[oMOImBI0  METOJOB  AJIEKTpOMHOTpaduu  HCCIEAYIOT
(yHKLIMOHAIBHOE COCTOSIHUE MBILIEYHOM TKaHH, nyTeM
CTUMYJISIIUOHHOTO  BO3JEHCTBUS WM HMCCIEAOBAHHMS MBI IIPH
Harpyske [2].

Perucrpanus BbI3BaHHON aKTUBHOCTH HEPBHO-MBIIIEYHON TKaHU
OCYILIECTBIISIETCS HAKOXHBIMH WJIM HMTOJbYATBIMH 3JIEKTPOJaMU B
3aBUCHUMOCTH OT 3aJaud HMCCJIEJOBaHUs, TNIyOMHBI 3aJleraHusl HEpBa B
MBIIIIIE, & TAK)KEe HEOOXOIUMOCTH HCKITIOUYNTh aKTUBHOCTh HABEICHUSI C
coceHux Mblmm. [lo aHanu3y MuoOrpamMm MOXKHO HOATBEPAUTH HIIH
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OTPOBEPTHYTh TMOAO3PEHHs] Ha Hamu4he 3a0OoJeBaHWil HEPBHO-
MBIIIEYHOro ammaparta [3]. DiaexTpoMuorpadus IMeET MMPOKUI CIIEKTP
MPUMEHEHUSI:

® B TICUXO(M3UOIIOTHH TSI I3YYIEHUS BO3PACTHBIX
3aKOHOMEPHOCTE;

¢ B (\M3HOJIOTHH TPYyIa U CIIOPTA;

® IIpH U3yYEHUH JIBUTATEIFHON (DYHKITHH )KUBOTHBIX U YEIOBEKA;

® B KICCJIEZIOBAHUAX BbICIIIEH HEPBHOM JIESITEIHHOCTH;

® B NHXCHEPHOU MCUXOJIOTUH;

® JIA OUCHKU HpI/I BOCCTAHOBJICHHUU HapyuleHHoﬁ Z[BHF&TCHBHOﬁ
(hYHKITUH B OPTOTIETNU U IIPOTE3NPOBAHUM;

® KaK METOJ, IMAarHOCTUKH B MEIUIIUHE:

—BBISIBIICHUE YPOBHSI MOPAXKEHHSI HEPBHO-MBILLIEYHOTO allapaTa;

—OIpeAeNICHU MECTa MOPAXKEHUS MBILIL U HEPBOB;

—OIpeAeNICHUs PACIPOCTPAHEHHOCTH IPOLIECCa;

—OIpeAeNICHUs XapaKTepa MOPaKEHUS;

—OHpeILCHCHI/ISI Bpra)KeHHOCTI/I HOpa)KCHI/ISI U JTUHAMUKHU
npolecca.

Panee OBLIT MPOU3BEACH 0030p 3IEKTPOJOB JUIS
anekTpomuorpaduu. PaccMoTprM BOIPOCHI COTTIACOBAHUS 3JIEKTPOJIOB C
MIEPBUYHON CXeMOil 00pabOTKH.

OnekTpoMuorpad OTHOCIATCSA K Kiaccy MPUOOPOB, IMO3BOIISIONIUX
JIMarHOCTUPOBATh HEPBHYIO U MBIIICUHYIO JEATEILHOCTh YEJIOBEKA, T.€.
ABISIOTCA  Helipodusnonornueckumu — npudopamu.  CoBpeMeHHBIH
aNIeKTpoMHOTpad TpeAcTaBiIser Cco0o  ammapaTHO-TIPOTPaMMHBII
KOMIUIEKC, B  KOTOpOM  ammaparypa  BBHINONHSIET  (DYHKIUH
B3aUMOJICHCTBUS C TIAIIMEHTOM, a MPOTPaMMHBIE CPEICTBA HEOOXOAMMBI
JUTSl pealii3allii aJifOPUTMOB 00pa0OTKKM CHUTHAJIA, €r0 OTOOpPaKECHUS U
BBIIOJIHCHHS CEPBUCHBIX (hyHKIMIA, HEOOXOIMMBIX Bpauy-
Heripodusnonory. IlporpamMMubie CpecTBa TakyKe MOXKHO peaan30BaTh
C TIOMOMIBIO SI3BIKOB BBICOKOTO M HH3KOTO ypoBHs. Ilpm pazpaboTke
aneKTpomMuorpada CTOUT YYUTHIBATH CIETYIOIINE 0COOSHHOCTH:

L] CpaBHI/ITeJII)HO BBICOKAas I10JI0Ca HpOHyCKaHI/ISI 110
aHAJIOTOBOMY KaHally 1o CpPaBHEHUIO c JIPYyTUMU
ANEKTPOPU3NOIOTHIESCKUMU cucTeMamu. s anextpomuorpada oHa
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noinkHa ObITh He MeHee 10 kI'm. COOTBETCTBEHHO M JOCTATOYHO BBICOKAS
yacToTa AUCKpeTH3anuu. Jls KOpPpPeKTHOW OIM(POBKKM CHUIHAjda OHa
nmoinkHa ObITh He MeHee 40 kI Ha kaHair;

®  HCIOJIb30BaHUC (PUIIBTPOB HWKHHUX M BEPXHHX YaCTOT JIS
(hopMupoBaHUs HEOOXOIUMOM YaCTOTHOM MOJIOCHI MPOITYCKaHUSI.

Ha pucynke 1 mpexncraBiena cxema 3ieKTpoMuorpada,
YIOBJICTBOPSIIOIIETO HAIIUM YCIOBUSIM

Biok ctumynsiun —<— MHKPOKOHTpoILIEp —<—] usB USB

TepconanbHbii
KOMIIBIOTEP

Yeunurens

TTonocoBoit puabTp

Bxonnoit ycunutens

Pucynok 1 — KomOuHupoBaHHas CTPYKTYpHAs cxema dJieKTpoMuorpada

Hacrtpoiika anektpomuorpada MpPOU3BOJAUTECS C  ITOMOIIBIO
komnblorepa.  MHbopmamumss  mepemaetcs  yepe3  USB  Ha
MUKPOKOHTPOJIIEP, KOTOPBIHA, B CBOIO OYepPEb MOJAET KOMAHIY udepe3
HAIT na Onok crumynsnuu. B Oloke CTUMYNSIUKA TEHEPUPYETCS
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UMITYJIbCHBII TOK C TPSIMOYTOJIBHBIMU UMITyIbcamu dactoroit f = (0,1—
100) T'm m cummoit | = (8-15) MA. OTBeTHBINM OGHOIMOTEHIMAI HEPHO-
MBIIIICYHOTO ~ amiapara, MPUHUMACTCS HAKOXKHBIMH JJICKTPOJIaMHU,
nepeacTcst Uil yCUICHHUS BO BXOJTHOW YCUJIMTENb, JaJiee B IMOJIOCOBOH
(UIABTp UIA YMEHBIIIEHUS IOMEX ¥ TIOTOM B YCHIIUTENh OMOJIOTHUECKUX
MOTEHITHAIIOB JJIs1 OOJIBIIIETO YBENWYCHUS aMIUHTyIbl. [lociie ycuneHust
gyepe3 ALl B MEKpOKOHTpOJIIEPE aHATIOTOBBIN CUTHAM Mpeo0pa3yeTcs B
uudposoii, u uepe3 USB mepenaercs na I1K, rae Bpay, BIOCICICTBUH,
pacmrpoBEIBAET MUOTPAMMY H OTJIAMIAET PE3yIbTaT MAllUEHTY.

PaccMoTpum  mogpoOHEee CcXeMy  CONpPSDKEHUS  HAKOXKHOTO
3JIEKTpO/Ia JJIs IiprueMa HH(OpMaInu.

B xagecTBe cxeMbl CONPSHKEHUS HCIIONB3YeM Au(hepeHITHaTbHBIH
yewnutelib AD626. Bromornyeckuii CUrHai MoCTyIaeT ¢ JIEKTPOIOB Ha
YCUJIMTENb, TJIe YBEIMYMBACTCS €r0 aMIUIUTY/ia ¥ TIEPEXOAUT Jajiee s
(huapTpaAIK TIOMEX U JTOTIOTHUTEEHOTO YCUIICHUSI.

+IN

O

-IN

Q 200K 200K

!

]l
CONNECTED

V
-Vs +Vs
0.1mk® 0.1mkd

$ ouT

Pucynok 2 — Cxema guddepenuunansHoro ycunureiab AD626
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[IpoBenennsit aHanmm3 u pa3paboTKa CTPYKTYpHI mpubOopa Oynet
WCIOJIb30BaHa JIUIS JaJIbHEHIIeH pa3paboTKi OMOTEXHUIECKOH CUCTEMBI
WCCIICIOBAHUS ~ HEPBHO-MBIIICYHOH  AKTUBHOCTHM  MAI[UCHTA  JUISA
MPUMEHEHHUST HE TOJILKO B OOJILHUIIAX, HO M B JIOMAIIHUX YCJIOBUS, KaK
MUOCTHUMYJIISITOP IS JISKAYUX OOJTHHBIX.

1. Hwukomaes C.I. IlpaktukyMm TI0  KIWHHUYECKOH
anekrpomuorpaduu. M.: - Mocksa, 2003.

2. Kacarkuna JI1.®., ['unpBanoBa O.B. Dnekrpomuorpaduieckue
METOAbI HccieJ0BaHusA B JUArdHoCTHUKE HEPBHO-MBIIICYHBIX
3abonmeBanuii. Urompuarast amexkrpomuorpadus. M.: - HzmatenbcTBo:
Menuxka, 2010.

3. Hukomaes C.I'. Atnac mo snektpomuorpaduu. M.: - Mocksa,
2010.
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Cexkuyusa: buomexnonozuu, ¢ m.u. OuomeouyuUHcKue
HAHOMEXHOI02UU

CIIOCOBb BU3YAJIU3ALIUU HEPUPEPUYECKOI'O
KPOBOTOKA HA OCHOBE 2O®EKTA JOIIVIEPA
Marxeesa FO.A., Yepnoe H.H.

Hayunsrii pykoBoauTens - 1.T.H., mpodeccop Yepros H.H.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: yuliya.beneruk@mail.ru

BaxHyro ponb wurpaer wHccienoBaHue —nepudepuyeckoro
KpPOBOTOKa, KOTOPOE BEChMa MOJIE3HO U MH()OPMATHBHO JJIsl TOCTAHOBKH
BEpHOro auarHo3a. [Ipy oTEYHOCTH HEKOTOPBIX YacTEel Tela, TAKECTh B
HOTaX W CTYIHSX, & TaKXKe TOJNOBHBIX OOJNSX W TOJOBOKPYKCHHSX.
CyIecTByIOIIUE METOBI UCCIIEIOBAHUS MEPUPEPUISCKOTO KPOBOTOKA —
Takue, Kak [alblanusi, aycKylbTalMs M HW3MEPEHHUE BEHO3HOTO
JaBJICHUs, HO HE BCerJa MOTYT OBITh HM3-3a IUIOXOH JOCTYIMHOCTH
nepudepuIecKoro KpPOBOTOKA. IMosTomy KapTHPOBaHHE
nepugepuveckoro KpoBOTOKAa Ha OCHOBE JAOIUeporpaduu  SBISETCS
OuYeHb MH(POPMATHBHBIM M TIOJIE3HBIM METOJIOM TP OINPECIICHUN Psaa
napamMeTpoB W TATOJIOTHH B OPraHU3MeE MAaIEeHTA: CY>KEHHE MOJOCTH
COCYIOB M apTepHil COCTOSIHHE CTEHOK COCYJOB, COCTOSIHUE
MI03BOHOYHOM apTepuH, COCTOSIHAE BEHO3HOTO KPOBOOOpAIIleHNs B IIIee,
TpoM0OO03 TIyOOKMX W TMOBEPXHOCTHBIX BEH, W HUX MPOMYCKHYIO
CMOCOOHOCTD, MPUYMHY BAPHUKO3HOTO PACIIUPEHHUS, TOTYIUTh CBEICHHUS
O COCTOSIHUM KallWJUIIPOB, OICHUTh pabOTy KJamaHoB, CKOPOCTb
KpoBooOparieHus. [1]

CylecTBYIOT, TaKXKe, HWHBA3MBHBIC METOABI HCCIICIOBAHUS
nepugepruIecKoro KpoBOTOKa, TakKe, Kak pezuctorpadus u nepdysus.
OnHaKo, JTaHHBIE METOJIBI MTO3BOJISIFOT OIIEHUTD JIMIIH HEOOJIBIIYIO YaCTh
napamMeTpoB U IOKazaTelel nepruepuieckoro KpoBOTOKA, B OTIUYUE OT
Jo1uIeporpaguyeckoro MeToaa. DT METoAbl TPeOYIOT MPOHUKHOBEHHS
B OpPraHU3M H Jai0T TOJBKO oOIee mepudepryeckoe CONMpPOTHUBICHUE
COCYJIOB.

Oo6mee mnepudepuyeckoe comporusienne cocynos (OIICC)
BJIMSICT XapaKTep BETBJICHHUS COCY/IOB U MX JUTHHA, TOATOMY OOBIYHO YeM
Oonpme macca Ttema, teM Menbiie OIICC. BBuay Toro, uto mms
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BeipaxkeHnst OIICC B aOCOMIOTHBIX equHHIAx Tpedyercsa MepeBos
napienus B aun/cm? , popmyna pacaera OIICC BBINISIMT CleAyIOIHEM
oOpa3zom:
(CAA(uu prery — CBA)1,332:60°
MOK(MJI/MI/IH) ’
roe CBJ] - cucremHOe BeHO3HOE [aBieHHE (MM PT.CT.), HJIH
MpoIIe:

OIICC =

(CAA(MM pT.CT.) CBﬂ)ISO .

MOK(MJI/MI/IH) ’

Enuuauust usmepenus OIICC - qun-cm™,

K uymciny MeTonoB OLEHKM TOHyCa KPYITHBIX apTepUabHBIX
CTBOJIOB OTHOCHTCSl  ONpPEHNENECHHE CKOPOCTH  PAaCHpPOCTPAHEHUS
nynbcoBoit  BonmHbL. [2] Tlpm 93TOM OKa3blBaeTCs BO3MOXKHBIM
XapaKTepu30BaTh YIPYro-BS3KHE CBOWCTBA CTEHKH COCYAOB Kak
MPEUMYIIECTBEHHO MBIILIEYHOI'0, TaK M 3JIACTUYECKOTO TUIIOB.

[Ipn nomonHEeHMM AAHHBIX METOAOB IUIETHU3MOrpaduei, MOXKHO
MOJYYHTh, TAKXKE, CIIAYIOIIUE [TOKAa3aTeIH: CKOPOCTh PACIPOCTPaHEHHSI
MyJIbCOBOW BOJHBI U MOIYJb YINPYIOCTH COCYAMCTOHW CTEHKH, H
MOKa3aTeb PErMOHAPHOTO KPOBOTOKA.

VYnbTpasBykoBas pomieporpadusi SBISETCS YHHBEPCAJIbHBIM M
CPaBHHUTEIBHO MPOCTHIM METOZIOM, B CpaBHEHHH c
BBILLIETIEPEUUCICHHBIMU METOJaMH U MX KOMOWHauusmu. OCHOBHBIMH
KayeCTBEHHBIMH XapaKTEPUCTUKAMH Jorieporpadun nepudepuaeckux
COCYJIOB JUIsI OTIPEJIENIEHHSI TATOJIOTUH M MIOCTAHOBKH BEPHOTO JTUArHo3a
SIBIISTFOTCSL:

— ¢opma orubaromeii (ObICTpOTa HapacTaHus (PpPOHTA BOJHEI,
(hopMa CUCTOIIMYECKOTO TIHKA, HAJTMYUE JIOTTOTHUTENLHBIX THKOB);

— HarmpaslieHHE KPOBOTOKa;

— XapakTep pacipeaeaeHrs] MOITHOCTH JOIIUIEPOBCKOIO CIIEKTpa
(pacmonokeHre MakCMMyMa MOLIHOCTH CIIEKTpa, KapTHHA CIIEKTpa B
00JIaCTH BEPUIVHEI JIOTUIEPOTPAMMBI, HAJIMYHE CIIEKTPATLHOTO OKHA);

— XapakTep 3BYKOBOI'O CUTHaNA (IyIOLIHA).

CoBpeMeHHBIE ~ JONIUICPOBCKHE  H3MEPUTENM  KPOBOTOKA
BBITTOJIHSIOT 00pabOTKY MOJTy4aeMbIX CIIEKTPOrPaMM B aBTOMATHYECKOM
U PYYHOM PEXKHMaX, JIAIOT YUCIIOBBIE TOKA3aTEN HHACKCOB U CKOPOCTEH
KPOBOTOKA HCCIEAYeMBbIX COCYJ0B. OCHOBHBIMH KOJMYECTBEHHBIMH
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MOKa3aTeIsIMH CKOPOCTH KPOBOTOKA SBJsIOTCS (prcyHok 1)1 Vs —
MaKCHMaJlbHasl CHUCTOJIMYECKasi CKOPOCTh KPOBOTOKA; Vp — KOHEYHas
JIMACTOJIMYECKAsT CKOPOCTh KPOBOTOKA; VM — CpedHss 32 CepIeYHBII
UK CKOpPOCTh KkpoBoToka; RI — wHmekc nepudepudeckoro
compotusnenus (umHAekc Ilypceno), mpenactaBiser coboil OTHOIIEHHE
Pa3HOCTH MaKCUMaJIbHOM CUCTOJIMYECKOW U KOHEYHOM NUacTOIUYECKON
CKOPOCTeH K MAaKCUMAaJIbHOW CHUCTOJIMYECKOW CKOPOCTH, OTpaXKaeT
COCTOSTHHIE€ COTIPOTHUBIIEHISI KPOBOTOKY JUCTAJIbHEE MECTa H3MEpPEHHSI.
Vi—Vp

A

SD — cuctono-nuacToandeckuil mokasarenb (naaekc CTroapra),

OTpakaeT YIPYTrOdJIACTHYECKHE CBOWCTBA COCYJOB W MEHSETCA C
BO3PACTOM.

RI =

%4
SD = —=;
Vb
Pl — wunnexc mymbcanmu (nHAEKC ['ocnmHTra) — TIpenCcTaBIsIET

co00il OTHOIIEHWE pa3HOCTH MAaKCHMAIbHBIX CHCTOJNUYECKOH U
JUACTOJIMYECKOM  CKOPOCTEH K CpEIHEH CKOPOCTH, OTpa)aeT
YIOPYro3JacTUUYECKUE CBOMCTBA ApTEPUI U CHUKAETCS C BO3PACTOM.

Pucynok 1 — Ilpumep onpeneneHusi MaKCUMaIbHON CHCTOINYECKON
(PS), xoneunoit quacronuueckoit (MD) ckopocti [3]
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JlanpHeHmM ~ pa3BUTHEM  TOIUIEPOTpaduIecKoro  MeTona
KapTUPOBaHMsA, SIBISIETCS IBeTHas noruieporpadus. OcHoBa Mmerona
3aKJIF0YaeTCs B HAJIOKEHUM 3aKOJMPOBAHHBIX Pa3IMYHBIMU I[BETAMU
HANpaBJICHUH U CKOPOCTEHl KPOBOTOKA Ha JBYXMEpPHOE H300paKCHUE
cocyza nim oprana. KpacHblif IBeT MOKa3bIBaeT HAPABIICHUE IBIKECHHS
KPOBH K JTaTYHKY, & CHHHUH — ABWKEHHUS CKOPOCTHU OT raTynka. CBeTible
TOHA COOTBETCTBYET BBICOKHMM CKOPOCTSIM KPOBOTOKA, HACBHIIICHHBIC —
HHU3KHM.

Hamu npeiioskeHo uccineioBanue mporecca MoIydeH s IBETHOTO
KapTHPOBaHUs epU(eprUIeCKol CHCTeMBI Ha yacToTax nopsiaka 10 + 50
MI 1.

1. VneTpasBykoBas  goruieporpadus cocymoB [/
[DeKTpOHHBII pecypcl:
http://www.nazdor.ru/topics/improvement/devices/current/467959/  //
Hara obOpamenus: 20.11.2016 .

2. PacuérHpie mokazaTenu COCYOUCTOrO TOHYca U

TKaHEBOTO KPOBOTOKAa B OOJBIIOM Kpyre KpoBooOparieHust //
[D7eKTPOHHBI# pecypcl]: http://bono-
esse.ru/blizzard/A/Fiziologija/krovotok bkk.html // Jlata oGparuenus:
21.11.2016 .

3. Abnymnaes P.f., Kamamaukos B.U., Mapuenko B.I'.,

I'amuenko B.B., Cucyn JI.A. [lonmuieporpadus MarucTpanbHBIX COCYIOB
men. Xapbkos, 2008 r. Uza. «[lnanera-IIpunary, C. 9.

METO/JbI U CPEACTBA AHAJIM3A COCTABA KPOBHU 11PU
JANABETE
Tumos A.U., Buuneseyxuii B.IO.
Hayunsiii pykoBOIuTEND - K.T.H., Jo1IeHT Bumnesenkuii B.1O.
HOxHb1i dhenepanbHbIil yHUBEPCUTET
e-mail: artyomtitov2016@yandex.ru

JuaGer — omHO W3 caMbIX PAaCHpPOCTPAaHEHHBIX 3a00JeBaHUM
yenoBeka. CyIecTBYeT HECKOJIBKO BUI0B JaHHOW NTATOIOTMH, HO CaMBbIi
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W3BECTHBIN - CaXapHBIM AradeT. AHAIHM3 COCTaBa KPOBH - 00S3aTEIBHBIN
1 BaXXKHEHIIIHIA ITOKa3aTelhb IS JIFOICH, OOJICIONTNX CaXapHbIM THAa0ETOM.
ITostomy cerogHs Haax U300pETEHHEM HOBBIX TEXHOJIOTUH U
000pyIOBaHUS TPYIATCS YUCHBIC pa3HBIX OTpacieii Hayku. MeaunuHa u
MEANIMHCKAE OMOTEXHOJOTHU 32 OTHOCHUTENIBHO HEOOJBIION MepHoj
BpEMEHHU CcHAellady OOJBIION TPOPBHIB B Pa3BUTHH. JTOT TIPOTPECC
pacnpocTpaHsIeTCs Ha BCE OTPACIU MEAUIUHBL. [10JI0XKUTENBHYIO OIICHKY
UMEET U Pa3BUTHE OMOXMMUYECKIX aHAIM30B Ha MOJIEKYJISIPHOM YPOBHE.

CoBpeMEeHHOE MEIWIMHCKOE OOOpPYAOBaHHE IO3BOJSIET C
OONBIION TOYHOCTBIO W3MEPHUTH COJIEPKAHUE PA3IHYHBIX BEIIECTB B
KPOBH, B T.Y. IJIFOKO3bI, KaK B HCCJIEA0BATENBCKUX Ja00PaTOPHUSIX, TaK U
B OBITOBBIX YCIOBHSIX, YTO OYEHb HEOOXOAMMO TPH CETOMIHSIIHEM,
YCKOPEHHOM TEMIIe XH3HH Jtojiel. BbIsABICHHE TPUHIMIOB PabOTHI
COBPEMEHHBIX MEIUIMHCKUX IMpHOOpOB 3a00opa KpOBH W aHanmu3a eé
COCTaBa IO3BOJIUT ONPEACINUTh HANIPABICHNUE AaTIbHEHIIICH A TEIbHOCTH
B 3TOM 00JIACTH.

CaxapHplii araber - 3TO TIpymnma MeTa0oIndecKux (0OOMEHHBIX)
3a00JICBaHU, XapaKTEPHU3YIOMMUXCI XPOHHUECKOW THITCPTINKEMHCH
(TOBBILIICHNE YPOBHS caxapa B KPOBHU), KOTOpas SBISETCS PE3yJbTaTOM
HapyIIeHNs] CEKPEelUy WHCYJWHA, JACUCTBUS MHCYJIHHA WU COYCTAHUS
oboux stHx GakropoB [1]. KoHueHTpamus TIIOKO3bI HA TOJOAHBIHA
JKENyJIOK y 37I0POBOTO YEIOBEKa JIOKHA OBITh Mexkay 3.6 u 5.8 Mmounb/n
(65 m 105 mr/mn) [2]. Wmeer aBa Tuna: wHCYIMHO3aBHCHMBIH (| TwvT)
uHCYyIMHOHe3aBuCHMBbIN (11 Trm).

Uctopus manHoro 3aboneBanust HacuuThiBaeT okoio 2500 net u
On110 M3BecTHO BpayaM [Ipenero Erunta, menuxam Jpesneit ['penun,
Puma, cpenneBekoBoii EBpornbl n BocTOUHBIX cTpaH. TepmuH "quader”
(rpeu. "diabaino” - mpoxoaWTh CKBO3b, MCTEKAHHE) BIIEPBbIE BBEI
puMcKkuii Bpau Apetuyc. 3a 3TOT JIOATHH MEPHOJA BPEMEHH pPa3BUTHE
MEIUIMHBI 110 U3YYEHUIO JIAHHOW MAaTOJIOTHH JIOCTUTIIO TAKUX 3HAYAMBIX
coObITHi Kak: aHramickuid Bpad Jloocon (1731-1784 rr) BeIsICHWII, YTO
CJIaZIKOBATBI BKYC MOYHM OOJILHBIX CBSI3aH C HAIMYHMEM B HEH caxapa, U C
9TOW JaThl auabeT, COOCTBEHHO, M CTajl Ha3bIBAThCSA CaXapHBIM
auaberom; B 1921 r. ynmanoch NOJNXYydYUTh TEPBBIH MHCYJIWH (TOPMOH
0EIIKOBOTO MPOUCXOXKIEHHS, KOTOPBIHA BbIpabaTHIBACT MOKEITyI0YHAS
JKeJe3a IMocCie MOBBIIICHUS YPOBHS TUIIOKO3bI B KpoBu [3]) ; Obuia
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YCTaHOBJICHA XUMHYECKasi CTPYKTypa HHCyauHa desnoBeka (1960); Obut
OCYIIECTBJICH MOJHBII CHHTE3 YEJIOBEYECKOTO HMHCYJIMHA METOIOM
rennoi urmkenepun (1979) [4].

Huaber - reHerwueckudd neQeKkT. YCTaHOBJICHO, YTO OTOM
0oJe3Hp0 3apasuThes Hemb3s. [Ipumanasr U3CJl B ToM, 9TO BEIpaOOTKa
WHCYJIMHA CHIDKAETCSI WJIM BOBCE IIPEKpAlIaeTcs BCIEICTBHE THOEIH
Oera-KJIeTOK TMojJ JAeHCTBHEM psga (akTopoB (Hampumep —
AyTOMMMYHHBIH TIPOIIECC, 3TO KOTAAa K COOCTBEHHBIM HOpPMAaJIbHBIM
KJIETKaM BBIPa0aTHIBAIOTCS aHTUTENA M HAYWHAIOT X YHUUTOXKATh). [Ipu
MHC/, xoropwiii BcrpewaeTcss B 4  pasa dame OeTa-KICTKH
BBIpa0aTHIBAIOT MHCYJIMH CO CHIDKEHHOM aKTUBHOCTBIO, KaK IMPaBUIIO.
N3-3a W30BITOYHOCTH JKAPOBOM TKaHW PEHENTOPHl KOTOPOH HWMEIOT
MOHIKCHHYIO YyBCTBUTEIBHOCTh K HHCYIHHY [4].

OCHOBHBIMH CHMIITOMaMH CaxapHOTO AuadeTa sSBISIFOTCS: 4acToe
MOYEHUCITyCKaHHE M YYBCTBO HEYTOJMMOW JKaXKIbl, MPUBOIAIINE K
00€3BO’KMBAHUIO OpTraHU3Ma; ObICTpasi MOTePsl Beca, 3a9acCTyI0 HECMOTPS
Ha MOCTOSIHHOE YyBCTBO I'OJI0AA; OLIYIICHUE CIa0OCTH W YCTaJIOCTH;
HesicHOCTh 3peHus ("Oemas meneHa" mepen Tia3aMH); CIOXXHOCTH C
MOJIOBOM aKTHBHOCTBIO; OHEMEHHE M TOKAIBIBAHWE B OHEMEBIINX
KOHEUHOCTSIX; OLIyIIEHHE TSHKECTH B HOTax; TOJOBOKPYKEHUS;
MEJUICHHOE H3JICYMBaHUEC HWH(EKIIMOHHBIX 3a00JICBAaHUM; MeEIJICHHOE
3a)KMBJICHHE PaH; MaJICHUEe TEMIEepaTyphl Tella HIKE CPEHEH OTMETKH;
OBICTpast yTOMIISIEMOCTb; CyJOPOTH MKPOHOKHBIX MBIIIIL; KOXKHBIN 3y 1
3y/1 B IPOMEKHOCTH; QypyHKYJIe3; 606 B obmacTu cepama [4].

[Tociie 03HAKOMIIEHUS ¢ OCHOBHBIMH YaCTSIMU TTOHSATHS CAXapHOTO
nuabera mepeinéM K ONHMCAHHWI0 MEIUIMHCKOTO OOOpYHOBAaHUS JUIS
3a00pa KpoBM M aHaim3a €€ cocTaBa W IPHHIUIIOB €ro pPadoThl,
CYIIECTBYIOIIETO B HAIIE BPEMSI.

1. OTHOCHTENBHO MPOCTHIM M yJOOHBIM CIIOCOOOM JMArHOCTUKH
caxapHoro jauabera sBIsieTcs HaOOp JUIA  aHaiuM3a  YPOBHSA
TJIMKO3WIIMPOBAHHOTO ~ TeMOrIOOMHA  (XUMHUYECKOe  COeMHEHHE
remornobouHa c¢ riroko3or) - HDALC. Drtor HeOombiol HaOOp
(aHanu3arop 1A U3MEPEHHs, TECT-KAPTPUIK, KOHTEHHEP C PEaKTUBOM
YCTPOMCTBO AJIs 3a00pa KPOBH) ITO3BOJISIET OLIEHNUTH CPEHIH YPOBEHb (32
3 Mecsma) IMIIOKO3bI B KpoBH [5]. MeTonsl ompeneneHust ypoBHs
[IIMKO3MITUPOBAHHOTO TeMOTTIO0NHA: BEICOKOA((EKTUBHAS KUIKOCTHAS
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xpoMarorpadus, HOHOOOMEHHass Xpomarorpadusi HU3KOTO JTaBJICHHSI,
UMMYHOTYpOUANMETPHsI[6].

2. DI'mroxomeTp - chenuaibHOE MOPTATHBHOE YCTPOMCTBO, C
MOMOIIBI0 KOTOPOTO MOKHO B JI000H MOMEHT OMNpPEACIUTb YPOBEHb
TJIFOKO3BI B COOCTBEHHOM OpTraHH3Me. CymecTByer aBa BHAa
TJIFOKOMETPOB.

DOTOMETPUUECKUE TIIOKOMETPBl  PETUCTPUPYIOT H3MEHEHUE
OKpacKH CHEIHaNIbHONW TeCcT-30HBI. Takwe mpuOOpHl paboTaoT Ha
KanuJUISIPHON KPOBH.

DJEKTPOXUMUYECKUH TIIIOKOMETp. DTO almnapar, IOCTPOSHHBIH Ha
CJIO’KHBIX TIPUHIIMTIAX XMMHUYECKOTO B3aMMO ICHCTBUS TIIIOKO3bI KPOBH CO
CHEUUAIBHBIMH  XMMHUYECKUMH 3JIEMEHTaMH. Bo BpeMs Takoro
B3aUMOJICHCTBUS BBIIENSETCS TOK, YTO M PETHUCTPUPYET YCTPOMCTBO.
DJEKTPOXUMHUYECKUE TIIOKOMETPBI OTHOCSTCS K HOBOMY TMOKOJICHHIO
JUAarHOCTHYECKOTO MEIMLIMHCKOTO OOOpYAOBaHMS M JArOT TOYHBII
pe3ynbTaT, He 3aBUCSIINNA OT BHEITHUX (PakTopoB[7].

3. HewnBasuBHbIE METOABI aHalIM3a KPOBH H3-3a CIIOKHOCTH
paboThI 3aHUMAIOT MOKa CKpOMHOE MecTo Ha mpaktuke [8]. Ho Bcé xe
OHM TNpUMEHATCS, Hampumep, 10 7ner Hasan ypauHCKHE Yy4eHbIE
pa3paboTaiu yCTpOMCTBO HEMHBA3UBHOTO aHAJI3a KPOBH, TIO3BOJISIOIIEE
ompenenats O6onee 130 AOMONHUTENBHBIX MapaMeTpoB (KIMHUYECKHUHA
aHaJIM3 KPOBH, DJIEKTPOJMTHBIA 0OMeH, paborta cepama u ap.) [9].
MeToarka M3MEpEeHUs] OCHOBaHAa Ha KOPPENALMOHHBIX 3aBUCHMOCTSIX
MPOIIECCOB BOJHOTO 0OMEHa, ra30BOro roMeocTa3a U (PyHKIIMOHAJIBHOM
reMOAMHAMMKH, B3aMMOCBS3aHHBIX C (DEPMEHTATUBHOM M HMMYHHOMH
CHCTEMaMH IOCPEACTBOM IOJICUCTEMBI TepMoperysisimu [10].

4. ABTOMaTHYeCKHil OMOXMMHYECKHI aHanu3aTop. PaccMoTpum
u3BecTHblii  ananmu3arop ADVIA  komnanum Siemens Healthcare
Diagnostics Inc, CIIIA.

ADVIA —  BBICOKONPOWU3BOAUTENBHBIH  ABTOMaTHYECKHM
OMOXMMHUYECKHI aHAIM3aTop BBhIOOpOYHOrO neiicTBus (Turma Random
Access). Mmeer BCTPOCHHYIO CHUCTEMY  KOHTpOJII — KadecTBa
UCCIIEIOBAaHNH, BO3MOXHOCTb TIPOBEJCHHS CPOYHBIX AaHAJIM30B U
aBTOMAaTHYECKOTO pasBeneHus mpoO. MHcciaemyemsrii marepuan —
CBIBOPOTKA, Ia3Mma, Moua. AmnanuzaTtop BBITOJIHSIET
CHEKTPO(HOTOMETPUIECKHE, TypOoIMMeTpHUYeCcKHe u
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moternromerprdeckre (K+, Na+, Cl) TecTsl U sBIsSETCS OTKPHITOM
CHUCTEMOM.

OGnacte npumeHeHus: 1) xkimHHYeckas Ouoxumus (pepMeHTH,
CyOCTpaThbl, AMEKTPOIHTHI); 2) IMMYHOTYpOUIUMETpHS (CrieuduIecKie
OeJIKM, HapKOTHYECKHE BEIIECTBA, JICKAPCTBEHHBIC Mpenaparsl); 3)
MOHCEJIEKTUBHBINA OJIOK (ONpeaeneHne IEKTPOIUTOB METOIOM IPSMOM
noteHpomerpun) [11,12].

5. ®oromeTp OMOXMMHUIECKH OTIpeIesIeT COCTaB KPOBH METOIOM
OnxpomaTiHyeckoro (oToMeTpHpOBaHUS, OCHOBAHHBIH Ha MPHUMEHEHHN
CBOWCTB cBeTa. B pacueTe WHCIONB3yeTCs Pa3HOCTh ONTUYECKUX
IUIOTHOCTEH, W3MEPEeHHBIX Ha [BYX JUIMHAX BOJH — OCHOBHOH W
BCIIOMOTATEIbHON (4acTO B TEPMHUHOJIOTHH HCIIOIB3YETCS TEPMHH —
muddepenumansabiii). [Ipubop omnpeaensieT KOHIEHTPALMIO B KPOBH
TaKMX BELIECTB, KAK FeMOTTIOOHH, IIIFOK03a, XolecTepuH u np. [13, 14].

6. ABTOMAaTHYEeCKHIl  aHanNM3aTOp  TJIMKOTEMOTJIOOWMHA -
aBTOMATH3WpPOBAaHHAs CHCTEMa JUIS OINpEICieHUS KOHLECHTPAIHH
[IIMKOTEMOTIIO0NHA B BEHO3HOM KPOBH.

[MpuHmun  u3MepeHusi:  BBHICOKOI(P(EKTUBHAS  >KUIKOCTHAS
xpomatorpadusi (KaTHOHOOOMEHHasi JKHJIKOCTHas Xpomarorpadus
BBICOKOTO JIaBJICHUS) B COUETAHUM C TPAJAUCHTHBIM JFOMPOBAHUECM JIJIsI
BBIJICICHUS] Pa3iMyHbIX (pakiuidi YeIoBEYeCKOTO TeMOTJIO0MHA W3
TeMOJIM3UPOBAHHOM IIETbHON KPOBH. AHAIHM3aTOpP padoTaeT ¢ o0pa3namMu
LEJbHOW KPOBH WM TPEJBAPUTENHHO pPa30aBICeHHBIMH MPOOaMH,
ABTOMATHUYECKH TIPOBOAS HMHKYOAIMI0 M TIOCIEAYIOIUNA aHaJu3.
Pa3neneHHble Ha aHATMTUYECKOH KOJOHKE (pakiMy TIeMOrioOnHa
YUUTBIBAIOTCS C IOMOULIBIO (PUKCAIMM BEIMYMH CBETOIOTJIONICHUS;
MOJTy4eHHBIE XPOMATOTPaMMBI  3aIlUCBIBAIOTCSA, 00pabaThIBAIOTCS W
XpaHATCA B MaMsATH aHamu3aropa [15].

PaccMoTpeHHOE  BBIIE KpaTKOe ONUCAHWE MEJUIMHCKOTO
00OpYyZOBaHHS JUIsL OMNpEACNCHNUsST XHUMHUYECKOTO COCTaBa KpPOBH H
MPUHITMIIOB  €r0  paboThl  JUIIh  MOATBEPXKIACT OBICTpOE W
BBICOKO()()EKTUBHOE Pa3BUTHE MEIMIMHCKUX TEXHOJIOTWH, HO,
0e3ycioBHO, Oynmymiee 3a emE OoJiee TOYHBIM M TOPTATHBHBIM
obopymoBaHmeM, UYTO, B OCOOCHHOCTH, HEOOXOIWUMO I JIIONEH,
OO0JICIONINX CaXapHBIM AHA0ECTOM.
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BBIIBIXAEMOI'O BO31YXA
Conosves B.A., Buuneseyxuii B.FO.
Hayunsrii pykoBOAWTEND - K.T.H., TOIeHT Bummnesenkwuii B.1O.
HOxHb1#1 penepanpHbIil yHUBEPCUTET
e-mail: solovev.vadim@lenta.ru

B pabore paccmoTpeHa Takag o0nacTb HEMHBAa3MBHOU
MEAMIMHCKON AMarHOCTUKY KaK aHaJIN3 BBIIBIXaEMOT0 BO3/lyXa, KOTOPas
OuYEeHb aKTHBHO Pa3BUBAETCA B MocieaHee Bpems. [IpuBeneHs! JaHHbIE 10

107


http://biopromin.info/esp_article_esp/
http://www.medindustry.ru/product_2211.html

I/IHHOBaLH/II/I 1 ICPCHCKTUBBI MCAUITUHCKUX I/IH(i)OpMaL[I/IOHHLIX CHUCTEM

razaM-MapkepaM B BBIJIBIXa€MOM YEIOBEKOM BO3JyXe WM HMX CBS3H C
3a0oneBaHusaMA. OmUCaHBl pa3TudHbIe (HU3MIECKHUE METOIBI aHaIh3a
BBIIBIXaeMOr0o Bo3ayxa. [loka3aHo, kak TpeOOBaHHS K TOYHOCTH
U3MEpeHUid U 00BEMY WHGOpPMAIMK CTHUMYJIHPOBAIN Pa3BUTHE
TEXHOJIOTHI U 0003HAYUITU MTPOOIIEMBI, KOTOPBIC MPEICTOUT PEIIUTH JUTS
MOBCEMECTHOTO BHEJIPEHUS DTOTO METOJIA.

Tabnumna 1- Manas yactb 6a3sl MapKepOB, MPUCYTCTBYIOLINX B

BB 1pu pa3nmnyHbIX 3a00J1€BaHASIX

Oran  (C2Hs) wu | I[lepekucHOE OKHCICHHE JIMIHIOB IPHU
TICHTaH nepecajke ne4eHn

Mapkep nepeKHCHOTO OKUCIICHUS JINTTHI0B

®eHon dapMakOKUHETHKA W MeTa0O0JIu3M

(H2CO) (deHona

Bbyran u nentan Mapkepsl IEPEKUCHOIO OKUCIECHUS
TUNHUIOB, 3a00JeBaHUsA TedYeHH (IHPPO3,
MEPBUYHBIN JKEITYHBII LUPpO3,
XPOHUYECKHM aKTUBHBIM re€NaTUT, JKUPOBas
TIUCTPOQHST)

Meranon 3a0oieBaHusl  IIGHTPAIBHOW  HEpPBHOMU

OrtaHon CHCTEMBI

Aneranbaeruyg CaxapHsrii quabder
AJIKOTOJIU3M

Aneron DyHKIUSA TOKEIYJOUHOW KeJe3bl MpHU

OCTPOM JIECTPYKTUBHOM TaHKpPEaTUTE U
JIUETHYECKOM pa3daliaHce.

ITenran 51 ero | Pak rpynu

IIPOU3BOJHBIE Octpslit nHpAPKT MHOKapaa

OtTopkeHue TPaHCIUIAHTUPOBAHHOTO
Ilentan U ero | cepana
IIPOM3BOJHBIE PeBmaToniHbI apTpuT

O6ocTpenne OpOHXMATLHON aCTMBI

NzoTommyeckue BakrepuanbHas HuHGEKIHS
moguduxanuu CO2 JuchyHKUMs eYeHy, B TOM YHCIIe IIUPPO3
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JMcHYHKIMN TTOKETYIOYHOM HKee3bl
VcBoeHME JTAKTO3EI

MeTaboau3M Keruu

MeTaboau3M III0KO3bI

B tabnuue 1 npuBeneH auib HEOOIBIION EpeYeHb 3aBUCUMOCTH
3a00JIeBaHUi OT MPUCYTCTBHA B PoOe Kakux-1100 KoMnoHeHToB [1]. To
€CTh IIPEBBILICHHNE HOPMBl MWJIM MPUCYTCTBHE HaboOpa KaKHUX-TO
KOMIIOHEHTOB MOJKET €CJIIM HE HABEPHSKAa YCTAHOBUTH JUATHO3, TO IO
KpallHEe Mepe YyKa3aTb Ha €ro BO3MOXHOCTb C JOCTaTOYHOM
JIOBEpUTEIIbHON  BepoATHOCTBIO. [loaromy Bkyme ¢ aOCONIOTHO
pa3IVYHBIMA METOAAMH HCCIENOBAHUI 3TO MOXET IOMOYb COCTaBUTh
0ojee MONHYI0 KapTHHY - KaK B KIMHUYECKHX HCCIIEAOBAHUAX - IS
IIOCTAHOBJIEHUS JUArHO3a, TAK U B JJAOOPATOPHBIX - U1 TOYHOTO aHAJIM3a
cocTaBa IpoOEI.

Takum 00pa3oM, MOXXHO BBIACTUTH OrPOMHOE KOJHYECTBO
MEPCICKTUB I MCIOJB30BAHUA HCHUHBA3UBHBIX W BBICOKOTOYHBLIX
CIIEKTPOMETPUUYECKUX MeTOA0B aHanu3a BB. OgHako, CTOUT OTMETUTh
HEKOTOPBIE CHEP)KMBAIOINE IIUPOKOE BHEAPEHHE OTHX METOJOB
tbaxrops [2]:

. OTCYTCTBHE TOYHOM wHH(popManuu o0 ycroiunBoM Habope
OMOMapKepoB M1 MHOTMX 3a00JIeBaHM WM  (PYHKIHOHAJIBHBIX
MIPOLIECCOB, POXOAAIIUX B OPIraHNU3ME;

° OTCYTCTBHUC MNOAXOAAMIUX MHCTPYMCHTAJIbHBIX METOAOB aHAJIN3a,

Takum o0Opa3om, 3amava sl pU3NKOB, METUKOB M HH)KEHEPOB
pasaensieTcsi Ha TP OCHOBHBIX HAIlPaBJICHHMS:
. IMouck u OMOXMMHUYECKOe OOOCHOBAaHHE YCTOWYHMBOIO HabOpa
MOJIEKYJI-MapKepOB ISl KOHKPETHOTO 3a00JIeBaHMs, TaK KaK HHU OJHA
MOJIeKyJla-MapKep He SBJsIeTCS CrneuupUYHON, W JHUIIb HaIU4YHe
oOmupHO  OMONMOTEKM  OHMOMapKepoB  MOXKET JaTb  TOYHOE
NPEACTABICHUE O CBS3SX MEXAY MOJEKYIaMH U (PH3HOIIOTHYECKUMHU
npoleccaMy B OpraHu3Me.
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. Pa3paboTka aHATMTHYECKHX METOIAMK OOHApPYKEHHUS MOJICKYJI-
MapKepoB ¢ Y4ETOM JeTanbHOH MH(OPMAILMH O CIIEKTpax W Hpejaesax
oOHapyKEeHUSI.

. Cosznanve alekBaTHBIX CPECTB 00HAPYKEHUS MOJIEKYII-MapKEPOB
¢ y4€ToM pa3paboTaHHBIX METOINK M MPeIeroB 00HAPYKEHHS.

OntumansHbIM OECKOHTaKTHBIM METOZOM JUJIsl aHaJIM3a COCTaBa
BB 6511 BEIOpan meTon MK ciektpockonmn. IMEHHO BBICOKAS TOYHOCTb,
0ECKOHTAaKTHOCTb, BO3MOYXHOCTb HACHTU(PHKAIINN HECKOIBKUX MOJIEKYIL,
BBICOKAs! CKOPOCTh OTKJIMKA BBIICISIOT €ro Ha JOHE TAKUX METOMIOB, KaK
Macc-CIIEKTPOMETPHsL, Ta30Basi XpoMaTorpadus U UX CO03.

Merong anamm3a cmecu ¢ nomoulsto UMK  cnekTpockonuu
3aKIo4yaeTcsi B ciuenyiomeM. [lpu mpomyckaHud HHQPPaKpacHOTo
W3TY4EHUs 4epe3 BEIECTBO MPOUCXOANT BO30YKICHUE KOJIEOAaTEbHBIX
IOBIDKEHUH MOJIEKYJl WJIM UX OTHAENbHBIX (parMeHToB. OnHako
MIOTJIOLIEHHUE TIPOMCXOIUT HE BO BCEM CIEKTpE MaJAI0IeTo N3TYUeHHS, a
JIMIOB IIPpU TEX JJIMHAX BOJH, SHEPTIHUA KOTOPBIX COOTBETCTBYET SHECPIUAM
BO30YXACHHS KOJIeOaHHI B M3y4aeMbIX Moekynax [5]. CrnemoBarensHo,
JUTMHBI BOJH (MJIM YacTOTHI), TPH KOTOPBIX HAOIIOAAETCSI MAKCUMAaJIbHOE
IIOTJIOIIICHUE I/IK-I/I?,JIY‘IGHI/ISI, MOT'YyT CBHACTCIBCTBOBATL O HAJIMYUH B
MoOJIeKyJIax o0pa3ia TeX MM WHBIX (YHKIMOHAIBHBIX TPYIII

Taxum 06pa3oM, BEIOOP HHTEPECYIOLINX HAC KOMIIOHEHTOB BIIUSIET
KaK Ha BBIOOp UCTOYHHMKA W3TYYCHUS, TaK M Uil IPUEMHHUKA, KOTOPBIH
JOJDKEH COTJIACOBBIBATHCS B paboTe C H3NTydyaTesieM.

st ananu3a B pabote BBIOpaHbI 2 TUIIA KOMIIOHEHTOB - 3TaHOJ U
aMMHak. CHeKTpaIH)HLIe ITOJIOCHI ITOTJIOMICHUA NPUBCACHBI HaA PUCYHKAX
1 u 2 cooTBeTCTBEHHO [2].
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Pucykok 1 - CriekTpasbHbIe JJMHUH MOTJIONICHHS 3TAHOJA B OJIMKHEM
HK-cnextpe aexat B oosnact ot 3600 10 3000 (4TO COOTBETCTBYET
JMara3oHy JUTHH BOJH OT 2,77 10 3,33 MKM)
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Pucyxok 2 - CiekTpanbHble TUHUH MTOTJIONICHUS aMMHaKa B OJMKHEM
HK-cniextpe aexat B oomactu ot 3800 10 3550 (o1 2,6 10 2,81 MKM).
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CrenyromyM Imarom Ajsl MOCTPOCHUS MaTEeMAaTHUECKOW MOAEIH
Oyzet BEIOOP HCTOYHHUKA U3ITYICHHUS, KOTOPBIN Oy/eT AaBaTh N3ITydeHIe
B MHTEpECYIOIIEM Hac auamna3oHe. BrIOOp HCTOYHMKA MPOU3BOAMUTCS MO
CTHEKTPAbHBIM XapaKTEPUCTHKAM aHAIM3UPYEMbIX BEIIECTB (3TaHOMA U
ammuaka). Ilpumepom Takoro msmydarens MOXeT OBITH AHOI CEpUU
HSL-EMIRS ¢upmer Heimann Sensor [1].

Takue  TOTYNPOBOAHWKOBBEIE  HMH(pPAKpacHble  H3IIydaTeH
TEHEPUPYIOT H3Iy4YeHHE B Auamna3oHe oT 2 10 14 MKM, TeM caMbIM
3aXBaThIBas HHTEPECYIONIYIO 00JIACTh CIIeKTpa OT 2,6 10 3,3 MKM.

Hns mprema OTpaXKEHHBIX OT CyOBbEKTa IOTOKOB H3ITyUCHHS
JOCTaTOYHO HaJMuUe OIHOTO JAeTeKTopa. [ pereHus: mocTaBieHHbIX
3amay  Hawbollee TMEPCIEeKTHBHO TpHUMEHeHHe (OTOPE3NCTOPOB,
OCHOBaHHBIM Ha BHyTpeHHeM ¢(oTorddekre. DoTopesnucTopsr — 3TO
MOJTYTIPOBOJHUKOBBIC PE3UCTOPHI, IPUHLIUM JCHCTBHSI KOTOPBIX OCHOBAH
Ha HM3MEHEHHWU NPOBOJUMOCTU IOJIyIPOBOJHHUKOBOTO Marepuana IOA
NEeUCTBUEM JJICKTPOMAarHUTHOIO M3IY4YeHHUS M HE CBSA3aHHOTO C
HarpeBanuem [1].

[Ipy wucnmonp30BaHMM HW3IYdYAIOIIEro JAMOJA B  KauecTBe
HUCTOYHUKOB HM3JIyYCHHS BBHIOPAHHBIA NETEKTOP JOJDKEH 00eCHeYnBaTh:
MaKCUMaJbHOE COTJIACOBAaHHWE CO CIEKTPOM H3IyUYeHHS HMCTOYHHKA;
BBICOKOE OBICTPOJICHCTBHE U YYBCTBHTEIBLHOCTD; MTPUEM MaKCHMaIbHOM
nHGOPMATUBHOM IOIH W3TyYEHHUS OT UCTOYHHKA.

HenocpenctBenno MopenupoBaHue OyaeT MNPOBOAUTHCA B
MPOTpaMMHON Cpejie C TMOMOIIBI0 CpeAcTB s3blka Python mmm CH++.
MogenupoBanue OyIeT BKIIOYATh B Ce0s1 HECKOJIBKO I1aroB:

1. 'enepanms dhoToHa.

2. 'eneparus TpaeKTOpHUH.

3. Joctmxenue (HOTOHOM NMPHEMHHKA U3TY4ICHUS.

4. Noctmwxenne (pOTOHOM rpaHHUIbI Cpel] BO3AYX-KOXKa.

5 TlornonieHue WM paccesiHue.

6. JIluxBumanus.

7. Peructpanus.

Ilocne nmoBropeHus maroB 1-6 s JAOCTaTOYHOTO KOJIMYECTBA
(OTOHOB, MOXKET OBITh IONYYEH CTATUCTHYECKHH OTYET O YHCIe
MajaloMnx (GOTOHOB, MOTIOIIEHHBIX CPEIOH U TOCTUTIINX JETEKTOpa.

BHeapenue Takoro Tuna aHannsa AacT BO3SMOXKHOCTB 00Jiee TOYHO
BBISIBJISITH 3a00JIEBaHUSI M OTCJCKUBATH (PU3UOJOTHUYECKHE IPOIECCHI
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opranusma. Takxke 3TO TIOMOXKET MPOTHO3UPOBATh PEAKIMIO OPraHU3Ma
Ha KOHKPETHBIA BHJ| TEpaluH, 4TO OyJeT CHOCOOCTBOBATH PAa3BUTHUIO
3¢ HeKTUBHOI MEIUIIMHEI. ITO B CBOIO OYEPE/Ih IOJIKHO CTUMYJIUPOBAThH
Pa3BUTHE HOBBIX METOJIOB aHajK3a U CO3JIAHUEC HOBBIX WHCTPYMEHTOB
JUISL 3TOTO.

1. bamkaroB, A.H. buomenumuHCKas ONTHKA W CIIEKTPOCKOTIHS /
AH. bamxkatoB, B.B. Jliooumo, B.B. Tyunn// Ontuka wu
Crextpockorust. - 2010. — Ne2(109). —c. 179.

2. Crenano E.B., Munser B.A., Cenuanos lO.I"., JlazepHas
OPTOMOJICKYJISIpHAST MEUITMHCKAsS JTUATHOCTUKA, - Y CIIeXU (PU3MUecCKuX
Hayk, 2000, 1. 170, JVo4, cc.458-462.

3. "luonnas nazepHas criekrpockomus'”, - Mocksa, 1990, cc. 190-
215.

4. JlazepHast aHanmuthdeckass crektpockonus (Ilox oOmeit
penakuueii Jleroxosa B.C.) - M.

5. MudpakpacHas CIIEKTPOCKOTIHS /! [DneKTpOoHHBII
pecypc]:https:/ru.wikipedia.org/wiki/MudpakpacHas_cruekrpockonus //
[ara oopamenus: 21.12.2016 .
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Cekuyusa: Meneoxxcmenm u uHHOGaUUU 6 OUOMEOUUUHE

METOAbI OIPEJAEJEHUA U PACIIO3HABAHUSA
OBBEKTOB ITPU NPOBEJIEHUU
POBOTOXUPYPI'MUYECKUX JIAITAPOCKOIINYECKHUX
OIIEPALINN
Capana A.A., Axynun C.A., Cunssckaa E /., Kocenxo O.B.
HOxHsb1# dhenepanbHbIil yHUBEPCUTET
e-mail: srn.anton@gmail.com

BBenenne. KoMmbpioTepHOe 3peHME M MAaIIMHHOE OOydYeHHE
HaxoOasdaT CBOC INMPUMCHCHHMC BO MHOIUMX OTpacC/IsIX 3KOHOMHKH, B TOM
quclie U B cdepax MEIUIIUHBI U MEIUIIUHCKUX TeXHonoruid. OaHol u3
Takux oOjacTel MEOMLMHBI SBIAETCS MAaJOWMHBAa3WBHAS XHUPYPIHs,
MO3BOJIAIOIIAsA MPOBOJAUTL XHUPYPIUYCCKUEC OIICpalru 4Y€pe3 TOUCHHBIC
MIPOKOJIBI TKaHEeW (JTAITapOCKOTHS) MIIH €CTECTBEHHBIE (DU3HOIOTHIECKIE
orBepctust  (3HZockomnwust). IIpoueHTHass g0y MaJlOMHBA3UBHBIX
onepauﬂﬁ pacTeT C KaXJAbIM I'oA0OM, B BUY 3HAUYUTCIbHOT'O CHHUXXCHUA
HArpy3kd Ha I[allieHTa W TPaBMHUPOBAHUA BHYTPEHHUX OPraHOB
nanueHTa. OgHaKo, MpH MPOBEACHUH TAKOTO THIIA OINlEpaLiii TpeOyeTcs
HaJIM4u€ acCCUCTCHTA, KOTOpBIﬁ AOJDKCH YACpKUBATb U NEPEMELIATH
JIanapocKoIl Ui OCYLIECTBIEHUs 0030pa omepupyemoii obiactu. B
CBSI3U C YEM JO0JI OLIMOKH JIOKUTCS HE TOJNBKO Ha XMpypra, HO U Ha
accuctenrta. 1lo3ToMy yxXoa OT PYYHOTO ACCHCTHPOBAHHUS B MOJb3Y
MMOJIyaBTOMAaTU4Y€CKOI'0O MW aBTOMATUYCCKOI'O, SABJIACTCA aKTyaJ’ILHOﬁ
3a7ayeii.

O0aacTu npuMeHeHUs] KOMIIbIOTEPHOI0 3peHUsl B MeJULIMHe.
Ha nanHbBIi MOMEHT pa3pa0OTKM W HCCIEJOBaHHS C MPUMEHEHHUEM
KOMIIBIOTEPHOTO  3pEHUS W  PACNO3HABAaHWS  HM300paKEHUH  JUIs
MEAULUHCKHX LIeJIel HallpaBJIeHbl Ha PEeLICHUE TAKKUX 3a]a4, KaK:

- aBTOMAaTHYECKOe JIETEKTUPOBAHUE LUPKYIUPYOIIUX
OIyXO0JIeBBIX KJIEeTOK [1];

- aBTOMaTH4yecKoe OOHapy)KeHHE AMa0ETUYECKOW PETHHONATHH
[2];

- cermenTaist MPT uzobpaxenuii [3];
- QHAJIN3 YJIbTPA3BYKOBBIX H300paxkeHuii [4];
- QHaJIM3 JIa3ePHBIX CIIEKI-KapTHH [5];
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-  TOAJEp)KKAa  YOPABICHHA  YCTPOMCTB  aBTOMAaTUYECKOTO
OTIEPUPOBAHMSI,

- aHaJIM3 MIPU BBISIBICHUM OIYyXOJIEBBIX 00pa30BaHUI BHYTPEHHUX
OpraHoB;

- aHaim3 omoMenuuHCKUX curHanoB (OKI', 330I).

B ManouHBa3WBHOW XUPYpPrMM TpH BBEICHUU YCTPOMCTBa
BBITIOJTHSIOIIETO POJIb aCCHUCTEHTa, HEOOXOIUMO YUYECTh CIEAYIOIIUE
(haktopel. JlaHHOE YCTPOHCTBO mNpWHUMAeT Ha ceds O0O0jI3aHHOCTH
yIepKaHHg W TO3WIMOHUPOBAHHUS Jamapockona (MaHHITYJISTOP),
COJEPKUT MPOTPaMMHBIA KOMIIOHEHT JUIsl aHalln3a LU(PPOBOTO BUAECO-
MOTOKa, a Tarke OJOK pacueTa U KOPPEKTHPOBKH TPACKTOPUH JBUIKEHHUS
JanapocKora.

Pacno3naBanue 00pa3oB OKpPY:KAWIIHNX 00bEKTOB BHENIHEH
cpenbl. PaccMOTpHM CTPYKTYpPY CHCTEMBI paciio3HaBaHUA IHHU(DPOBBIX
oOpa3oB. Crcrema pacro3zHaBaHUS TMPOU3BOAWT aHAIN3 M 00pabOTKy
BHUJICO-ITOTOKA, MMOCTYIAOIIEro OT Jlarnapockomna [6].

YuuTeiBasi XapakTep pemlaeMblx 3a1ad, HEoOXOJHMO Y4YecTb
CIEYIOIINE OTpaHWUYCHHS ¥  (AKTOPbI, CBSI3aHHBIE C  BHJIOM
XUPYPrUUECKOro BMEIaTeIbCTBA!

1. Wudopmamust o xapakTepucThKax (GoHa U HaOIIOIAEMBIX
00BEKTOB Hallle BCETO COJIEPKUT HETOUHBIE pa3Mephbl 00BEKTOB MITH OHH
BOBCE OTCYTCTBYIOT.

2. B cBs13U ¢ OrpaHMYCHHOCTHIO BPEMEHH Ha MPUHSATHE PEIICHHN 1
HAJIMYMEM 3aMKHYTOTO KOHTYpa VIpaBlieHHs JBWKCHHEM 00paboTKa,
aHalTM3 ¥ PACTO3HABAHKE JIOJDKHBI BBIMOJHITHECSA B PEKUME PEasbHOTO
BpPEMCHH;

3. Pabota cuctembl yrpaBieHuUs, CICKEHUS U 00pabOTKH JI0JIKHA
IIPOBOJUTHCA npu MHHUMAJIIbHOM ydaCcTuu YCJIIOBCKaA %0041 B
0e30mepaTOPHOM PEKHUME;

B CJIOKHBIX  YCJIOBUAX  YJIYUUIUTH Ka4yeCTBO CHTHAJIa U
MOJYy4aeMOro pe3ysibTara HaOJIOJEHUS MOXKHO. MOXHO BBIJICIUTH
YeThIpE OCHOBHBIX METO/IA TAKOTO YIIyUIICHHS:

1. [na u3MepeHus: IMOJIOKEHHS HEMOJBMXKHBIX M JIBHIKYILUXCS
00BEKTOB, HAOIOMAaEMbIX Ha OJHOPOJHOM M HEOJHOPOJIHOM (OHE,
UCIIOJIB3YIOTCS METO/IbI HA OCHOBE CPABHEHUSI C 3TAJIOHOM.

2. Hcnonb3oBanue MHPOpPMAIMKM O CTATHCTHYECKUX CBOICTBaxX
o0bekTa U (hOHA IMO3BOJISAET BBIJACIATH JIBMKYIIMECS W HEIOJBHKHBIC
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00BEKTHI, HaOIOaeMble Ha CPaBHUTENBHO OomHOpomHOoM (one. Takwme
METOABI Ha3bIBAIOTCSL METObI CTATUCTUYECKON CETMEHTALUH.

3. IIpu obHapyxkeHnu 00BEKTOB Ha (DOHE SICHOTO WU O0JIaYHOTO
Heba MaKCUMaJIbHYIO 3 (QEKTUBHOCTh OKA3bIBAIOT METO/IbI BBIJICIICHHSI
O0BEKTOB C IIOMOIUBIO IPOCTPAHCTBEHHOM (QunbTpanuu. J[laHHble
METOABl  HCIOJB3YHOT  ONepauud JIMHEMHOW W HEIMHEUHOU
MPOCTPAHCTBEHHOH (DUIBTpaiuK H300paKeHUH.

4. Metonp! BBIICTICHNS IMHAMUYECKUX W3MEHEHUI OCHOBAaHbI Ha
BBIJICJICHUM W3MEHECHUH, MPOUCXOIIMX C TEYEHHEM BPEMEHH B
HabnromaeMoi rpymme u3o0paxeHui. Takue MeTo bl IPUMEHSIOTCS MIPH
pElICHUHN 33/1a4H BhIACIICHHUS ABHKYIIUXCSI 0OBEKTOB.

Hdus  yctpaneHuss  abeppanud  OOBEKTHBAa  TeJEKaMephl
npe/JiaraeTcs HCHOJNb30BaHWE alropuTMa HU(POBOH  KOPPEKIUH
HUCKOKCHUH Ha BHUACOM300pakeHHH. HeoOXoauMbIM TpeOOBaHUEM K
3TMM  aJrOpUTMaM  SBJSIETCS.  JOCTHXKEHHE  MaKCHUMaJbHOTO
obicTpoaeiicTBus [7].

AJITOpUTM pacno3HaBaHusi 00pa30B HA OCHOBEe BHIMMTAHMA
NEPBOHAYAJIBHBIX KJIacTepoB. PaccMoTpyuM KilacCHYECKUH aIropuTM
pacno3HaBaHusi 00pa3oB C HEKOTOPBIMH MOIU(DUKALUSIMH, KOTOPBIH
MOKET B TOCJIEINCTBUU HCIIOJIB30BATHCS IS ONpENelieHHsT KOHTYpPOB
XHPYPTrUYECKUX HHCTPYMEHTOB U BHYTPEHHUX OPTaHOB NP MTPOBEICHUH
JIaapoCKONU4ecKux onepanuid. O0miast mociea0BaTeIbHOCTh JEHCTBUS
MIPU pacTriO3HABAaHUU M300paKEHUH BBITJISIUT TaK:

Mlar 1. [IpenBaputenbHas  00pabOTKa  M300paKEHUS:
CTIaKUBaHue, QUIBTPALUs TIOMEX, OBBIILICHHE KOHTPACTA.

IMar 2. bunapuzanusi n300pakeHHS U BbIIEIEHHE KOHTYPOB
00BEKTOB.

Mlar 3. HauvanpHas ¢uibTpalus KOHTYPOB 10 TIEPUMETPY,
mIomanu, ko3 HuIueHTy GopMBI.

Hlar 4. [IpuBeneHre KOHTYPOB K €IUHOW JJHMHE, TOCIEAYIOINIee
CTJI&KUBAHUE.

Ilar 5. Ilepebop Bcex HaiieHHBIX KOHTYPOB, MOMCK IIAbJIOHa,
MaKCHUMAaJIbHO MOXO0KEr0 Ha JTAaHHBIH KOHTYP.

Hlar 6. BeBojbl M TNpUHATHE PEIICHWH 1O WUTOTaM Ipolecca
pacro3HaBaHusl.
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PaccMOTpeHHBIH alropuT™ pacio3HaBaHUsl HA OCHOBE BEIYUTAHUS
MEPBOHAYANBHBIX KIACTEPOB MOXKHO pEaTU30BaTh MPOTPAMMHO JIJIs
MPOBEICHUS SKCIICPUMEHTATBLHBIX UCCIICTIOBAHU.

bubnunoreka OpenCV MIPEIOCTABIISCT BO3MOXKHOCTb
pa3paboT4yrkaM JIETKO JICTEKTHPOBATh KOHTYPHl HW300paXKCHUS U
MaHWIyTUpOBaTh WMH. JIns TIOMCKAa KOHTYpPOB  IpeJylaraetcs
ucnonb3oBath (yukimoo cvVFindContours(). ®yukuus cvFindContours
OTHICKHBAET KOHTYpPhI OT MOHOXPOMHOT'O W300pa)KCHUSI W BO3BpaIlacT
YHCII0 HaliIeHHBIX KOHTYpOB. [Tociie Toro, Kak KOHTYpbl OOHAPYKEHBI HX
MOXXHO  BBIBECTH Ha  H300paXEHHE C  TIOMOIIBIO  (PYHKIUH
cvDrawContours(). JIist criakuBaHus U MOJyYEeHHs Oojiee aKKypaTHBIX
KOHTYPOB MOKHO BOCIIOJIb30BaThes hynkimenn CVApproxPoly() [8].

PaccMorpum  pabGoTy anropuTMa Ha [pUMepe IepeBoja
n300pakeHuss B JKpaHHble oOpasbl (Pucynok 1). Mmeercs uerwipe
o0bekTa pa3Hoil Gpopmebl, TUMa u 1BeTa. [1o pe3ynbrataMm NMPUMEHEHHS
yKa3aHHBIX METOJIOB PACIO3HABAHUSI OBLTH MOJTYYCHBI UX 00pasbl. Bpems
pacmo3HaBaHus1, 00pabOTKY 1 aHATN3a 3aHAJIO OT 2 - 6 CEeKYHI.

| USB2.0 HD UVC WebCam v|| enum |
Video output: 640x480 24bpp

capture rate (ms)
£

start tracking ()
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USB2.0 HD UVC WebCam v/ | enum
Video output: 640x480 24bpp

Stop
capture rate (ms)
2

background O

Star O]

Object tracking: 9ms (111.11fps)

B)
a — 3amycK; O — OTCJIeKUBaHKE; B — IEPEBOJ B SKPaHHbIE 00pa3bl
Pucynok 1 — Peanuzauus oTcnexuBaHus 00bEKTOB HA OCHOBE
BbIYUTAaHUA NIEPBOHAYAJIBHBIX KJIACTECPOB

Hcnonb3oBaHue MNpPEACTABICHHOIO aJIrOPUTMa paClO3HABAHUS
00pa3oB  MOXET HCIONb30BaTbC B  TPOLECCE  BBHIMOJHEHHS
0e301epaTopHOil JanapoCKOMUYEeCKON OINepalyu, KOrjia MaHHUITYJIATOPY
HEO00XO0IMMO OTCIICKUBATH TMOJIOKEHUE XUPYPTHIECKAX WHCTPYMEHTOB.
3Hast 3a paHHee (DOPMBI XHUPYPTUYECKHMX WHCTPYMEHTOB, MOXKHO B
KOKIBIH MOMEHT BpPEMEHH ONPEAENATh WX KOHTYpP M TOJOKEHHE BO
BHYTPUOPIOITHOKW 00JacTh ¢ WX TMOCHEAYIIIeH TpaHCIsInued Ha
MOHUTOP.

[Tocie BBINOJIHEHHS MNPOLEAYPHl 00pPaOOTKH BHICO-TIOTOKA,
BBITIONHSETCA 3aJlaya OTCIE)KWBAHUSA IBW)KEHHS ITAHHOTO KOHTYypa, a
TaKK€  KOPPEKTUPOBKA  MO3UUMHU  JIAMAPOCKONa C  MOMOIIBIO
MaHunyJsiTopa. BropocrenenHoi 3aja4yeil mporpaMMHOTO KOMITOHEHTA,
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MOYKET SIBJISITHCS BBISBICHUSI BOBMOXHBIX MPOOJIEMHBIX 30H, TAKUX KaK
OITyX0JIeBbIe 00pa30BaHMs BHYTPEHHUX OPTaHOB, HAJTHYHE TIOCTOPOHHUX
MPEIMETOB,

3aknawuenue. B gaHHON paboTe NPOBOIWINCH HCCICIOBAHHUEC
METOJ/IOB PACIMO3HABAHMS O0pa30B, MX BO3MOXKHOIO NMPHUMEHEHUS IMPH
BHEJIDCHUU POOOTOXMPYPTUUECKUX YCTPOWCTB H  0Oe30mepaTopHBIX
pexuMOB pabOTHl B MAJIOMHBa3UBHOW XUpypruu. PaccMoTpens! oOrime
aNrOpUTMBI  OOPaOOTKH BHIEOIMOTOKA, CIIOCOOCTBYIOIIUX PEIICHHUIO
MOCTABIICHHBIX 3aja4y. Takke MPHUBEICHBI Pe3yJIbTaThl Pa0OTHl JaHHBIX
AJITOPUTMOB Ha PEalbHBIX 00BEKTAX.

1. Carl-Magnus Svensson, Solveigh Krusekopf, Jorg Lucke, Marc
Thilo Figge Automated Detection of Circulating Tumor Cells with Naive
Bayesian Classifiers // Cytometry part A. - 2014.

2. Algorithms for the Automated Detection of Diabetic
Retinopathy Using Digital Fundus Images [Dnektponnsiii pecypc] //
URL: https://www.kaggle.com/c/diabetic-retinopathy-detection (mara
obparenus: 02.10.2016).

3. 3yboB A. 0., CentokoBa O. B.. Cermenranusi n300paxxeHui
MarHUTHO-PE30HAHCHOW TOMOTpaduu TOJOBHOTO MO3Ta C IOMOIIBIO
COITOCTABJIEHUS] ¢ HecKonmbkuMu atmacamu [/ - Mocksa-TIpoTBHHO:
WHuCcTHTYT Qusuko-rexanueckoit nahopmatuku, 2015.

4. ldentify nerve structures in ultrasound images of the neck //
https://www.kaggle.com/c/ultrasound-nerve-segmentation
[Dnexrponnsiii pecype] // URL: (nata obpamenus: 02.10.2016).

5. J. David Briers Laser speckle contrast imaging for measuring
blood flow // Optica Applicata Vol. XXXVII. - 2007. - Ne1-2.

6. FOpesua E. U OcHoBel poGororexuuku // CII6: BXB-
[etepOypr.- Ne2007.

7. Bradsky G., Kaehler A. Learning OpenCV — O’Reilly, 2008.
— 556 c.

8. boiiko U. A., I'ypesiHoB P. A. Pacno3naBanue oOBEKTOB Ha
OCHOBC BHJCOCHUIHAJIA, MOJYYCHHOIO C KaMCphbI, YCTaHOBHeHHOﬁ Ha
noaBmwxkHOU iathopme // Monomoii yuensiidi. — 2013. — Ne6. — C. 34-
36.

9. Bradsky G., Kaehler A. Learning OpenCV — O’Reilly, 2008. —
556 c.
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HNCCIEJAOBAHUE METOJ0OB OIIEHKA UHTEHCUBHOCTH
TPEHUPOBOYHOI'O 3AHATUSA
Ilempos U.A.
Hayunsrii pykoBouTens — 1.1.H., npodeccop Crapuenko U.b.
IOxHBI (henepanbHBIN YHUBEPCUTET
e-mail: petrov@sfedu.ru

3a mocienHUE [OECATh JIET OTMEYAaeTcsi POCT MOMYJISIPHOCTH
CUJIOBOM  TPEHUPOBKM. XOTS  TpeXAe CUJioBasg  TPEHHUPOBKaA
WCIIOJIb30BANACh JIMIIb HEKOTOPBIMU CIIOPTCMEHAMM JAJIS YBEIMUYEHUS
CWJIBI U pa3MEpOB MBIIII], B HACTOSIIEE BPEMS TO BaKHBIM KOMIIOHEHT
TPEHUPOBOYHOI'O MPOLIECCa HE TOJNBKO B CIIOPTE, HO U B MPOQHIIAKTHKE
TpaBM W peabunurtanuu. Pacder 3aBHCHMOCTH «103a-3QQPEeKT» MEKIy
TPEHUPOBOYHBIMH MEPEMEHHBIMH (WHTEHCHUBHOCTD, YaCTOTa U 00BEM) U
pesymbraTamu  (cWila, MOIIHOCTE H  THUNEPTPO(HSA)  SBISCTCS
(yHOaMEHTOM Uil  KOPPEKTHOI'O IIOCTPOCHHS TPEHUPOBKU C
orsrouieHusiMu [1].

O0béM (Qu3mUeckoll Harpy3Kd, 3TO CYMMapHOE KOJIHYECTBO
BEITIOTHEHHOH ~ (u3uYeckoil paboOTel 32 OAHO 3aHATHE WU
TPEHUPOBOYHBIM IUKJI. BbIpaxkaercss B KONIMYECTBE YIIPaKHEHMI,
MO/IXOJIOB M TOBTOPEHHM, a TaKKe PACCTOSHUH, BPEMEHH BBITOJTHEHUS
YIPaXHEHUH ¥ KOJIMYECTBE TPEHUPOBOYHBIX JHEH.

WHTEeHCHMBHOCTh ~ (PU3UYECKONH  HArpy3k, 93TO II0Ka3areb
TPYAHOCTH (TSDKECTH) BBIMONHSEMON (u3ndeckoi padoTel. s
YMCHBIICHUS] MM YBEIWYECHUS] HHTEHCHUBHOCTH MOXXHO H3MEHATh
CKOPOCTb BBIIIOJIHEHHS AIBWKEHUH, BPEMS OT/AbIXa BO BPeMsI TPEHHUPOBKH
WJIH UCTIONB30BaTh OoJiee TSHKEbIE YIPaKHEHHS.

[loBpIIIeHWE  WMHTEHCHUBHOCTH, Kak  MPaBWIO,  SBISETCA
00513aTENIbHBIM YCIIOBHEM JTOCTHXKEHUSI 3aIlJIaHUPOBAHHOTO Pe3yibTaTa,
MW YacTo, BO3MOXKHO TOJBKO TPH CHIDKEHHH OOBEMA BBITOTHICMOM
pabotsl. [Ipu 3TOM He BakHO, CTaBHUTE BbI II€Jb MOXY/ETh, YBEIUUNUTH
MBILIEYHBIH 00BEM MK Pa3BUTH CUITY.

OnHuM W3 ycloBHH MJIaHUPOBaHHMA (HU3MUECKOH HArpy3KH
spisieTcs e€ 3arukiuBaHue. LIUMKIbI ¢ OONBIIMMH 00bEMaMHU M HU3KOU
WHTEHCUBHOCTBIO HEOOXOANMO COYETaTh C IUKJIAMH, B KOTOPBIX 00BEM
paboThl MeHbIIE, HO UHTEHCUBHOCTB BBICOKASI.
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OneHka HHTEHCUBHOCTH B NMPoIeHTax 0T MakcuMaiabHoid UCC

[lo sromy Meromy B KauecTBe IIOKa3aTelsl HHTEHCUBHOCTH
UCIIOJIB3YIOT YacTOTY CEpIACYHBIX COKpAIleHWH BO BpeMs Harpy3KH,
yCTaHaBIUBas €€ B MPOLEHTaX OT MAaKCUMAaJbHOH YacTOTHI CepIeUHBIX
cokpamennii (HCCMmakc).

UCCwmakc onpenensercst ¢ IOMOILBIO CTIEUATbHBIX KINHUUECKUX
UCCIIEIOBAaHUH BpauOM-KapJUOJIOTOM WM CIIEHUATUCTOM C TTOMOIIBIO
TECTOB, OAHAKO B IPAKTHKEe (QHUTHECAa HCIONb3YeTCs YINPOIIEHHAs
tdopmyna «220 MHHYC BO3pacT», HAIOMHMA JOCTATOYHO TOYHBIN
nokazarenb YCCmakc (xoTst 5-10% ntozeii MOryT UMETh OTKIOHEeHUs 12-
24 yn/MuH B Ty WU HHYIO CTOPOHY).

B 1990 r., mocme oOmupHOTO wW3y4YeHHs 174 HaydHBIX
UCCIIe0BaHNNM, AMEPUKAHCKUI KOJUIEK CIOPTHUBHOM MEIMIIMHBI Jall
pekoMeHmanuu 1o pasmemenuto IeneBod 3oHel UCC BO Bpems
TpeHnpoBKHU B paMkax 60-90% oT MakCHManbHOW YaCTOTHI CepACUHBIX
COKpAICHUM.

®opmyna «220 MUHYC BO3pacT» OYEHb IMOMyJsIpHA, HO OHAa He
YUUTHIBaeT HHOUBHIyalbHbIE 0COOEHHOCTH. B Hell yuuThIBaeTCs TOIBKO
OIIMH TOKa3aTelb — BO3pacT. bomee To4yHbIe pacyérhl yUWTHIBAIOT HE
TOJIBKO 3TOT napameTp, Ho 1 HCC B COCTOSHUU TTOKOSI.

DTO cleAyeT YUHTHIBaTh, Tak kKak MakcumanbHas UCC kaxmoro
YeNIoBeKa MMPAKTUYECKN HE U3MEHSETCS 0] BO3JIEHCTBUEM TPEHUPOBOK:
00BIYHO OHA TOHMKAETCsl He Oosiee yeM Ha 3 yaapa B MUHYTY. A BOT B
cocrosiHur 1Mokoss YCC MOXKET CyIEeCTBEHHO Pas3iHyaThCs y XOPOIIO
TPEHUPOBAHHOTO aTieTa M CPEOHECTaTUCTHYECKOTrO 4eloBeka. B To
BpeMsl KaK y OOJBIIMHCTBA IIOJIEH MyNbc HaxoauTcs B npeaenax 50-70
yIIapoOB B MUHYTY, TO BBICOKOKJIACCHBIE CIIOPTCMEHBI (TEX BUJIOB CIIOPTA,
I7ie TPEHUPYETCS BHIHOCIMBOCTH) HEPEAKO HMMEIOT 4YacTOTy MyJbca B
COCTOSIHUM TOKOs nopsiaka 40 yaapoB B MUHYTY.

OueHka HHTEHCHUBHOCTH Mo MeToay KapBoHena

Pacuer paboueii UCC mnpu 3aHATHAX (UTHECOM MOXKHO
npou3BecTH nmpH nomoiu Gopmynsl Kapsonena. Hecmotpst Ha To, 9TO
BBICOKOH TOYHOCTBHIO MeTo KapBoHeHa He 001aaeT, OH OYeHb yJ00eH
OpU TOBCEJHEBHBIX 3aHATHAX O3JOPOBUTEIBHBIM Oerom, Xonap00i,
miaBanueM U T.4. g nmoacyera ontumanbHor UCC mis 3aHATUH U
ucnonb3yercs popmyna Kapeonena [2].
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Maxkcumanpayio YCC npuHATO paccUUTHIBATH M0 opmymne «220
MUHYC BO3pacT», IIO3TOMY B (pOopMyJie Mbl yUUTHIBAEM BO3PACT.

YCCp = [(220 — Bo3pact) — YCCn] * UTH + YCCn (1)

rne, UYCCp — »9T0 dYacrtoTa CEpACYHBIX COKpAICHHM,
pexoMeHryeMast sl TPEHUPOBKH

YUCCn - »2T0 4dacTtoTa CEpACYHBIX COKpAIlCHHWA B IIOKOE
(HEe0OX0IMMO HM3MEpATH YTPOM IIOCIE MPOOYXKAEHUS WIN CIycTs 15
MUHYT TIOJTHOT'O TIOKOS)

WNTH — 3T0 MHTEHCUBHOCTH IJIAHUPYEMOM Harpy3KH.

1. MGTOI[I)I OLCHKN HWHTCHCUBHOCTH TPCHUPOBOYHOI'O 3aHATHA
[DnekTpoHubii  pecypc] http://studopedia.su/19_124150_ metodi-
otsenki-intensivnosti-trenirovochnogo-zanyatiya.html Jlata o6paruenwus:
12.12.2016

2. @opmyna KapBonena s pacuera pabodero mysbca
[Dnextponnbiii  pecypc] https://lady-fit.org/fitnes/formula-karvonena-
dlya-rascheta-rabochego-pulsa.html [Tata o6pamenus: 12.12.2016

HNUCCIEIOBAHHUE U PABPABOTKA D®OEKTUBHBIX
AJITOPUTMOB POBOT-ACCUCTUPOBAHHBIX
HEWPOCBEPEIAIOIINX CUCTEM PAJIUKAJBHON
XHUPYPI'UMU.
Kapcmun B.A.
Hayunslii pykoBoauTeIb — 1.T.H., mpodeccop Crapuenko W.b.
HOxHbI# henepanbHBIl yHUBEPCUTET
e-mail: vladimir.karstin@mail.ru

Pob6oTtnueckas minm poO0oT-acCUCTUPOBAHHAS XUPYPTUS — OJIHA U3
HOBEHMIINX TEXHOJOTUH B MEANIIMHE, 3aKJIIOYAIOIIAsICS B HCIIOJIb30BaHUU
CHELUAIBHOTO MAaHUMYJIILIMOHHOTO 000pYAOBaHHUA (MEIUIIMHCKOTO
po0GoTta)  mIs  BBICOKOTOYHOTO  TPOBEACHHA  XUPYPTHUECKHX
BMemarensCcTB. [lpyn 3TOM pyka Xupypra HE KOHTAKTHPYET C TKaHSIMH
MalMEHTa HETIOCPEACTBEHHO WX YePEe3 TPAAUIIMOHHBIE MHCTPYMEHTHI —
pa3IMYHOE BO3JEHCTBHE HAa TKAaHU (pe3aHue, CIIMBAHHE, KOATYJIAINA)
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MPOU3BOANUTCS C IMOMOIIBIO BBICOKOTOYHOW «PYKI» po0O0Ta, KOTOPOH
XUPYPT YIPABISET Yepe3 CIEeUATbHYI0 KOMITBIOTEPHYIO CUCTEMY.

[NosiBeHNE METUIIMHCKUX POOOTOB a0 BO3MOXHOCTD BBIMTH Ha
HOBBIM YPOBEHb XUPYPTHMUECKHX BMEIIATEIBCTB 3a CUET IPEOJOJCHUS
MHOTHUX  OTPaHWYECHHH, TMPHUCYIIUX  TPATUIHMOHHBIM  CIIOcO0am
BBITIOJTHEHUST OMeparif. 3HaduUTeNbHbIe IPENMYIIecTBA TpPHU POOOT-
ACCHCTHPOBAaHHBIX MOCOOMSIX MUMEIOTCS Kak AJsl MalUeHTa, Tak W s
OTIEPUPYIOIIETO XUPYypra.

Bo-niepBbIX, pa3pesbl mMpu poOOT-aCCHCTUPOBAHHBIX OMEPALIUIX
3HAQUUTEIFHO MEHBIIE, YEM IMPU TPAAUIMOHHBIX, YTO 3HAYUTEIHHO
CHMIKACT PUCK KpPOBOTCUCHUA u BCPOATHOCTDH I/IH(beKHI/IOHHI)IX
OCITOKHEHUH rmocie oTepaIum, YCKOpSIET 3aKUBJICHHC
MOCJIEONIEPAIIMOHHON paHbl, YMEHBIIAET IJUTEIbHOCTh HaXO0XICHUS
ManUeHTa B CTAalMOHAape W o0ecneurBaeT JyYIIUHA KOCMETHUYCCKUH
s dexr.

Bo-BTOpPBIX, XUPYpPr UMEET Jy4IIUd BU3yalbHbIA KOHTPOJIb Hal
TEMU OpraHaMu U TKaHAMH, C KOTOPBIM IIPOU3BOAATCA MaHUIIYJISIHUU, 3a
CYEeT WCIIONF30BAaHUSI KaMephl C MHOTOKPATHBIM YBEIHYCHHEM W
peryIMpyeMbIM yrioM 0030pa, TAKUM 00pa3oM CHUXKAETCS BEPOSITHOCTh
CIIy4allHOIO MOBPEXACHUS MEIKUX, HO BAXKHBIX CTPYKTYpP, COCYIOB U
HEPBOB, 1 COOTBETCTBCHHO YMCHBINACTCA PUCK OCJIOKHEHUH.

«fOBenmupHOCTE»  OmMepalmy €  HCIOJB30BAaHHEM  poOoTa
JIOCTUTAETCS TAKXKE 3@ CUET TPETHETO NMPEUMYIIIECTBa — BMECTO MaJIbIIEB
Xypypra Wil TpaaUuIUOHHBIX JAINAPOCKONINMYECKUX HHCTPYMCHTOB, C
OpraHM3MOM  TAIMeHTa KOHTAKTHPYET  pOOOTHYECKas  «pyKay,
yOpaBisieMasi XUPpYyprom. ITa «pyKa» MO3BOJISIET NPOU3BOAUTH TOPa3ao
Ooitee TOYHBIC, MCJIKUC MOBHXCHHA, IIPU KOTOPBIX HCKIOYACTCA
MPUCYIIMN YesoBeUecKol pyke (aktop Tpemopa (apokanus). Kpome
TOTO, 3Ta «pyKa», B OTIWYHE OT YEIOBEYECKOH, MOXKET CBOOOIHO
BpalaThbCAa B pa3HbIX IJIOCKOCTAX, HC UMCA YITIOB OrpaHquHHﬁ.

BnaroHapﬂ BBIIICTICPECUMUCICHHBIM TIPEUMYICCTBAM, OII€panun C
UCTIOJb30BaHUEM MEIHUIMHCKUX POOOTOB XapaKTEPHU3YIOTCS MEHBIIEH
TPaBMaTHYHOCTBIO, 0oJiee OBICTPHIM BOCCTAHOBUTEIBHBIM IIEPHOJIOM,
TyYIIUMA QYHKIIMOHATBHBIMUA ¥ KOCMETHYECKUMHE pe3ysibTaTaMu. Tak,
pH POOOT-aCCUCTUPOBAHHON PAJAMKAILHON MPOCTATIKTOMUH (yIalIeHUE
MIPEeJICTATeILHOM JKeJIe3bl B CIydae HATMYHS 3JI0Ka4eCTBEHHON OITyXOJIH )
xapakTepHble 1MoOouHbIe 3(D(DEKTH Olepali, TAKHE KaK HeJepKaHue
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MOYM W DpPEKTHIbHas AUCHYHKINSA, HAOIMIOMAIOTCA peke, YeM IpHU
BBIIIOJTHEHHUH ITOCOOHMS OOBIYHBIM CITOCOOOM.

PobGoTuueckas xupyprus Hauana akTUBHO BHEAPSATHCS B IPAKTHKY
okono 10 mer wasax. K HacTosieMy BpEMEHH C HCIIOJIL30BaHUEM
XUPYPTHUECKAX POOOTOB BBIMONHSIOTCS BMEIIATENhCTBA Ha CEPALE,
opraHax Il ¥ TOJIOBEI, OpraHaxX OpPIOIIHOH ITOJIOCTH, JKEHCKHX TOJTOBBIX
opraHax, opraHax MO4eBOi cucTteMsl. B psine ciiydaeB, UCIONB30BAHUE
poOOTHYECKOW XHUPYPTHUU TMO3BOJIWIO CO3JAaTh PEBOIONMOHHO HOBBIC,
paHee HEIOCTYIHBIE CIIOCOOBI BHITIOTHEHHS BMEMIATENIHCTB: HAIPUMED,
MIpU paKe MUHAAJIUH CTAHAAPTOM JICUCHHS PAHBIIE SIBISUIACH OTKPHITAS
omepanus uepe3 paspe3 Ha 1ee. Vcmonp3oBaHHE «IOBEIUPHBIX)»
BO3MOXXHOCTEH XHUPYPrHYECKOTO poOOTa TO3BOJHIO  BBIMOIHATH
paguKaIbHOE YIATICHUS MOPaXKEHHBIX OMyXOJIbI0 OPTraHOB Yepe3 JOCTYII
U3 POTOBOM TMOJOCTH, 0€3 TPOU3BEJACHHUS BHEIIHUX Pa3pe30B.
[IpeumyiectBa pOOOT-aCCHCTUPOBAHHBIX onepauui BBICOKO
OIIEHWBAIOTCS XUPYPTraMU Pa3INIHBIX CIIEIHAbHOCTEH. EMMHCTBEHHBIM
HEAOCTAaTKOM BBIITOJTHCHUA TaAKHUX BMCILIATCIIBCTB ABIIACTCA
3HAYUTENFHOE  YBEIMYEHHWE  CTOMMOCTH TI0  CpPaBHEHHIO  C
TPaIUIIUOHHBIMHA TIOCOOUSIMH 32 CYET BBICOKOW CTOMMOCTH CaMOTO
poboTryeckoro 00OpyIOBaHMS W HEOOXOJUMOCTH HCIIOJIb30BaHUS
JIOPOTOCTOSIIIIUX PACXOIHBIX MaTEPUAIOB.

Eme omHO KirodeBOe MPEUMYIIECTBO POOOT-aCCUCTHPOBAHHBIX
orepanuii 3aKI4aeTcsi B TOM, 4YTO OTCYTCTBYET HEOOXOIMMOCTb
(hU3NYECKOT0 HAXOXKIEHHSI XUPYpPra U ONepUPyEeMOro NalueHTa B OHOM
oreparioHHON. Tak Kak BUJI ONEPAIMOHHON paHBI MIEpPeaeTCs XUPYypry
Yyepe3 KOMIBIOTEPHYIO CUCTEMY, U JIBUKEHHSI €T0 MajbIIeB MepearoTCs
MaHUIYJIUPYOIIed POOOTHYECKONW PYKE TakKe depe3 KOMIIbIOTEPHYHO
CUCTEMY, TO XHUPYPr'y HEOOsI3aTEJILHO CTOATh Y ONEPAIIMOHHOTO CTOJA BO
BpeMs BBITIOJIHEHUS] BMeIIaTenbcTBa. OH MOXET CHIETh M YIPABIATH
po0OTOM M3 COCeIHEW KOMHAThl — 3TO IIO3BOJISIET U30EKATh
XapaKTEPHON IS TPAAMIIMOHHBIX TOCOOWMA €CTECTBEHHOM YCTaJOCTH,
MMEIONIEeH Ba)KHOE 3HAYCHHE TPU OOJBIION JTUTEILHOCTH ONEepauid U
CO3JaloUIell pHUCK HeNpeJHAMEpeHHBIX morpemHoctel. Takxke,
WCTIONTB30BAaHUE POOOTHYECKOM CHCTEMBI J1aeT BO3MOXKHOCTH TakK
Ha3bIBAEMOW TEIIEXMPYPTUU, WM YJAICHHOW XUPYpPrHH, TaK Kak
yIpaBjieHHE POOOTOM MOKET OCYIIECTBISATHCS Yepe3 UHTEPHET, U TAKUM
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00pa3oM MalMeHT W ONEPHUPYIOIINH ero XUPYpr MOTYT HaXOJUTHCS B
Pa3HBIX TOYKaX MUPA.

Xupyprudeckas ypoJIOTHS SBJISCTCS OJHOW W3 O00JacTe, rie
MEMIIMHCKUE POOOTHI MPUMEHSIOTCS HAauOoJiee MIMPOKO U B TCUCHUE
y)K€  JIONToro  BpeMeHH. PamukanpHas  MPOCTAaTIKTOMHUS €
HCIIONIb30BaHMEM XHpyprudeckoro pobora Da Vinci Obura omHoi u3
MEPBBIX  POOOT-aCCUCTHPOBAHHBIX  OMNEpaluii, BHEAPCHHBIX B
«MacCOBYI0» TIPAaKTHUKy ¥ TONYYUBIIMX HIMPOKYI0 W3BECTHOCTH B
MEIUIIMHCKOM JuTeparype. B HacTosiiee Bpems MOJaBImOIIEe
OOJBIIMHCTBO YPOJIOTHYSCKUX OMNEpPalUii MOXHO BBITIOIHITH TPU
MTOMOIIH XUPYPTUYECKUX POOOTOB — 3TO MOCOOHS MPH OITYXOJIH IMMOYKH,
OITyXOJIM MOYEBOTO ITy3bIPs, PaKe MPeICTATeIFHON JKeNe3bl, KaMHAX U
KHCTaxX TMOYeK, ruapoHedpose. HakorieHHbIe K HACTOSAIIEMY BPEMEHHU
JAaHHBIC ~ JIUTEpaTyphl O  pe3yibTrarax MpPUMEHEHUS  poOoT-
ACCHCTHPOBAHHOTO TOAXOJa IMPH 3THUX BMEMIATEIhCTBAX ITO3BOJISIFOT
CAeNaTh BHIBOJ O TOM, YTO OH MMEET MPEHMYIIEeCTBA MO0 CPABHEHHUIO C
BBIIIOJTHEHUEM onepaunﬁ TpaaulInOHHBIM OTKPBITBIM u
JANapOCKOIMMIECKUM JTOCTYTIOM.

1. Felger J.E., Nifong L. The evolution of and early experience
with robot assisted mitral valve surgery. Surg Laparosc Endosc Percutan
Tech 2002.

2. A.B.®&nopos "PoboToxupyprus".

3. M.J. IpyaxoB "OcHOBBI MUHUMAIBHO HHBA3UBHON XUPypTryuu"

4. llaxuanyp M. "Kypc podoToTexHuKH"

5. IIpynkoB M.U. OcHOBBI MMHUMAalbHO MHBAa3UBHOM XUPYPTUH.
ExarepunOypr 2007
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K BOITPOCY PA3PABOTKU IIOPTATUBHOI'O
IJIEKTPOKAPIUOI'PADA
Knemenxo E.B., Buuneseyxuti B.IO.
Hayunsiii pykoBouTeNb - K.T.H., J0o1eHT Bumuesenkuii B.1O.
e-mail: eugene95@list.ru

OnekTpokapauorpaduss  —  METOAMKA  PETHCTPAlUH |
WCCIIEIOBAHNS DJIEKTPUYECKHX TOJiel, oOpa3yromuxcs mpu padboTe
cepama [8].

OtBenenns. Kaxnmas 13 u3MEpsEeMbIX pPA3HUI] MOTCHIMAIOB
Ha3piBaeTcsa orBeAcHueM. OtBenmenus I, II u III HakmanpiBaroTcs Ha
KOHEeYHOCTH: | — mpaBas pyka — sieBas pyka, Il — npasas pyka — neBas
Hora, Il — neBas pyka — neBas Hora. C anekTpoja Ha IpaBoil Hore
MOKa3aHUsI HE PETUCTPUPYIOTCSA, OH MCIHONB3YETCS TOJBKO s
3a3eMJICHUS MMallUeHTa. PErucTpupyroT TakKe YCUIIEHHBIE OTBEICHUS OT
koneunocte: aVR, aVL, aVF — onIHOmOIIOCHBIE OTBEIACHUS, OHU
HU3MEPAIOTCA OTHOCHUTEIBHO YCPEAHEHHOTO TMOTEHIMAala BCEX TPEX
3NEKTPOJOB. 3aMeTuM, 4To cpeau mectu curdanos I, II, I, aVR, aVL,
aVF ToabpKO IBa SBISIOTCS JTHHEHHO HE3aBHCHUMBIMH, TO €CTh CHTHAII B
KaXIO0M U3 ITHUX OTBGILCHI/If/i MOXKHO HaﬁTH, 3Hasl CUT'HAJIbI TOJIBKO B
KaKI/IX-J'II/I6O OBYX OTBCIACHUAX. HpI/I OJHOIIOJIFOCHOM OTBECACHUHN
PETUCTPUPYIOIIUM 3JEKTPOJ ONIPEAEIISIET PA3HOCTh MOTEHIUATIOB MEKIY
KOHKPETHOM TOYKON JJIEKTPUYECKOTO TMOJiE M TUIOTETUYECKUM
JNeKTpu4eckuM  HynéM. OHOMONIOCHBIE TpYyJIHBIE  OTBEACHUS
o0o3HavarTCs OYKBOH V.

OnexTpokapauorpad — 3TO ammapar, TpeaHa3HA4YeHHBIA s
otoOpaxeHus: paboThI OTAEIOB ceplilia, MyTeM perucTpaiuy Kpusoid. OH
TIO3BOJISIET OTMIEPATUBHO CHUMATD JIEKTPOKAPAUOTPAMMY: PETHCTPUPYET
U U3MEpSeT Pa3HOCTU NOTEHLMAJIOB CEplALa C IMOBEPXHOCTH Tela
YEJIOBEKA, TP MIOMOIIIH HAIOKEHUS dJEKTPOI0B. MoXkeT paboTaTh Kak B
PY4YHOM, TaK 1 B aBTOMAaTHUYCCKOM PEIKUME.

B nacrosiiee BpeMms 3iekTpokapauorpadus — OCHOBHOM METO,
Ipd TOMOIIM KOTOPOTO CTAHOBUTCA BO3MOXHBIM IPOBEJICHUE
JMarHOCTUKHU CepAEeUHO-COCYIUCTHIX 3a00JIeBaHUM.
DnexTpokapauorpad MoKeT UMETh pa3IudHbie (QYHKIUH, TPEOOBAHHS K
KOTOpPBIM TaK)Xe MOTYT OBITH paznudHbl. Kak mnpaBuio, (QyHKIMOHAN
ammapara 3aBHUCHUT OT OOJaCTH NPUMEHEHHUS, OJHAKO a0COJIOTHO BCE
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YCTpOWCTBAa JOJDKHBI OTBEYaTh TPEOOBAHHMIO BBICOKOTO KadecTBa
peructpupyeMoit anektpokapauorpammbl. KadectBennyro OKI' B
THOOBIX YCIIOBHSAX MO3BOJISIOT MOJMYYHTH CTIEHAIbHbIE (DUITBTPBL.

CoBpeMeHHbIe TPUOOPHI AJ1s1 TPOBEACHUS SIEKTPOKAPIUOT PAMMEI
COCTOST W3 CJENYIOIHUX OCHOBHBIX Y3IIOB: PETHUCTPUpYIOIIee
YCTPOMCTBO, TaTbBAHOMETP M YCHWJIHTENh. ANMapaT COCTOUT H3 IBYX
OJIOKOB: 3JEKTPOKAPAUOTpadUUECcKOro U CETEBOrO MUTaHMS C KabemeM,
Takke B €r0  COCTaB  BXOAWT  OJEKTPOAHBIA  KaOelb.
OnexTpokapaAuorpaMMma  TOJIy4daeTcs B Tpolecce 3aluch  Ha
OBIKYIIyIocss OyMmary  MeHSIomeics KapTUHBL, Ha  KOTOPOWM
pachpeenstoTcs AeKTpHUUECKre TOTEHIINATIBL.

B Mennmmae mpuOOp NMPUMEHSIOT I TOTO, YTOOBI Paclo3HATh
HapyLICHUsI CEPACYHOTO PUTMA, a TAKXKE BBISIBUTH MHPAPKT MHOKap/a U
HEKOTOpble  Apyrue  Oonme3Hu. Takke €ro  HCHONB3YIOT B
KapAMOMOHUTOpAaX - CHEIUAIBHBIX allaparax, MpeIHa3HAaYeHHBIX IS
aBTOMATHYECKOTO HAOIOJCHUS 32 TSHKETOOOIbHBIMU. B KITMHIYECKOH,
KOCMHUYECKOH W  CIIOPTUBHOM  MEAMIMHE  3JICKTpoKapauorpad
MIPUMEHSIETCS JUIA TOTO, YTOOBI KOHTPOJIMPOBATH COCTOSTHHE YeTIOBEKa,
HaXOZSIIErocss B Iporecce padoTel. Takoe HAOMIOJAEHHE MOXKHO
ofecreynTh TpU TIOMOLIM  CIEIHUATIBHBIX CHOCOOOB  HAJIOKCHHS
3JIEKTPO/IOB, a TaKXKe HCIONb3ysd PaJMOCBA3b MEXKAY YCTPOWCTBOM
PETHUCTPAIINU U TAIbBAHOMETPOM.

B Haie Bpemst jxenatebHo, 4TOObI TaKoW MPUOOP OBbLI B KaXKIOH
cembe. COBpEeMEHHBIC ammaparbl TO3BOJISIIOT OBICTPO U C BBICOKOM
CTETICHPI0 TOYHOCTH ONPEENIUTh BEPOSTHOCTh BO3HUKHOBEHHS WIIH
pa3BuTus 3a0oneBanuii cepaia. [IpaBaa, He CTOUT 3a0BIBATh U O TOM, YTO
nocjeHee CIIOBO BCE-TaKH JIOJDKHO OBITh 32 BpadoMm: naMeHeHust DKI
CIOCOOHBI  OTPa3UTh TOJNBKO XapakTep HapylIeHWs pPa3IHYHbIX
AIIEKTPUYECKHUX MPOIIECCOB, a ATH HApyIIEHUS JaJIeKO He BCETJa CTPOTo
CHeIU(HUYUHBI I KOHKpeTHOU O0ose3nu. Cdepa nmpuMeHEHHs anmnapaTa
JocTaToyHO mHUpoka. OH MOXET HWCIIONb30BaThCSl B OTIENECHHUAX
KapAHOJIOTHH, (PYHKIMOHATHHOW JIMATHOCTHKH W KapAWOJIOTHH Ha
CTallMOHApax, TMOJUKIMHUKAX H MEIUKO-CAHUTApHBIX YacTAX, B
MalllMHaX CKOPOW MOMOIIH, a TAKXKE B YACTHON MEMIIMHCKON MTPaKTHUKE.

CoBpeMeHHBIN 3NIeKTpoKapaAnorpad UMeeT psii OCOOCHHOCTEH:

rpa¢puueckuii qucmein LCD, mpu moMomy KOTOPOro BO3MOXKHO
MpPOCMaTpUBaTh JJIEKTPOKApAWOrpaMMy B 3 wim 6 OTBEIEHUSIX
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OJHOBPEMEHHO, a TAKX€ pacledyaThlBaTh UX HA IPUHTEPE B MCXOAHOM
pasmepe;

B cllydae OOHapy)KeHHUs apUTMHU HAYMHAETCS aBTOMaTHYecKas
3allUCh KapAMOTPaMMBI, Ojarogaps 4YeMy CTaHOBUTCS BO3MOYKHBIM
3HAYNUTENIFHO COKPATUTh PacXobl Ha OyMary 1 BpeMEHHbIE 3aTPaThl;

CHMMAaTh 3JIEKTPOKApANOTrPaMMy BO3MOXKHO B PYYHOM PEXHUME U
C MCIOJIB30BaHUEM JIFOOOTO KOJTMUYECTBO IEKTPOIOB;

anmapar IpeaycMaTpuBaeT BO3MOXXHOCTb ObICTpPOrO
NEPEKIFOUEHHsI OCHOBHBIX PEKUMOB PaOOTHI;

HaOIO#aTh 32 K3MEHEHUSIMH CEpPACYHOTO DPUTMA CTAHOBUTCS
BO3MOYKHBIM ITPH TIOMOIIHM COOTBETCTBYIOIIETO PEKUMA 3aITUCH;

onarogapst aBromarndeckomy aHanmzy DK mckimrouaercs mobast
pPYTHHHAs! paboTa 0 U3MEPEHHIO aMIUIUTYAHO-BPEMEHHBIX IMapaMeTPOB
KapaAuOorpaMMBL.

Ammapatel  obmamator mamateio g0 100 DK u  wmmeror
BO3MOXHOCTb PacIeyaTKH, YCTPOWCTBA OCHAIIEHbl KOMOMHHPOBAaHHOM
andaBUTHO-IM(POBOH M  IUICHOYHOW  KjaBuarypamu. Hanuuue
MaHUTYJIATOPa 3HAYUTENBHO O0JIeT4aeT Mpolecc paboThl ¢ MPUOOPOM.
OnexkTpokapauorpad HMMeeT CHeUUaibHbIE ONIMU IS CHATHS
ANIEKTPOKAPIUOTPAMMBI C JICTEH, AJISl IPOBE/ICHUS HArPY304HBIX TIPoO B
coCTaBe KOMIUIEKCa, WHAWBUAyalbHas HACTpOWKa MapaMeTpoB TIOJ
KaXXZI0T0 MOJIb30BaTEsl.

Ha pucynke 1  mpencraBieHa — CTpyKTypHas — cxema
aneKTpokapauorpada mopraTHBHOTO. PaccMOTpUM  OCHOBHBIE €€
KOMIIOHEHTHI.

Kabenp craHmapTHbIX OTBEACHUH, HIYIIMA OT MalUeHTa,
MOJIKJIF0YAeTCss K deKTpokapauorpady mnopratuBHomy. IIpoBoma ot
AIIEKTPOJIOB COEAMHSIOTCS C TEPEKIIoYaTelieM OTBEICHUH, B COCTaB
KOTOPOTO BXOZST M PE3UCTOPHI, HEOOXOAMMBIE MAJsl YHUIOJSPHBIX
OTBEJICHUM (Ha CXeMe YCIOBHO HE 0003HAYEH).
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BxopHoi Ynpasnsiem dunbT,
OnekTpoa ancbbepeHLm P S HmKHMg
(1-16) =1 a2 —>
younurens younuTenb yactot
Camonuceu/ MUKpOKOHTPON
NPUHTEP LU nep < ALTl
USB-
uHTEpchenc 1 L
——Bmok—
aKKyMynsTop
Hblx Garapeit/ -
Gnok

Pucynok 1 - CTpykTypHasi cxemMa MOpTaTHBHOTO JIeKTpokapaunorpada

Ot nepekimouarens otBeaeHui curnan OKI mogaeTcs Ha BXOAHOU
yeuwnutellb  auQepeHInaabHOr0  THMA ¢ BBICOKOW — CTENCHBIO
noJaBiieHnss CMH(GA3HOTO CUTHANIA. BTOpOH, yrpaBiseMblidl YCHIUTENb,
KaK [paBWJIO, MMEET MAaCIITa0HBIA IEePEKII0YATeNlb PEryIHPOBKU
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YyBCTBUTENBHOCTH WU ycwieHus (B mopratuBHBIX OKI 0o0braHO
YIPaBISETCS MUKPOKOHTPOILIEPOM).

Ha BeIXO#e ympaBisieMoro ycuiuTens pacrojaraetcsi (QUibTp
HIWKHUX YacToT, (QUIBTPYIOUIMK BBICOKOYACTOTHBIE TNOMeXH. boiee
JIETATFHO PACCMOTPHUM €TO HUXKE.

CoBpeMeHHBIE 3JIeKTpoKaparorpadsl 00JIamal0T BO3MOKHOCTBIO
nonkiroueHns K [1K, dro yckopser mpouecc oO0pabOTKH pe3yabTaToB
obcnenoBanuii. [l sToro curaan ¢ Berxoma ®HY ornudpossiBaeTcs ¢
momompio  AIIIl. Jlazee mocne anHamoroBo-nmudpoBoit 006pabOTKH
WHPOPMALIUS TMPOXOAUT CTAAUI0 KOHTPOJIS B MHUKPOKOHTpOJUIEpE, H,
yepe3 MaHeNb YNpPaBJIEHUSA, UCCIEN0BaTENb ONPEAEISIET AalbHEUIINN
yTh MHQOPMAIINH, 3aTeM, CUTHAJ Yepe3 ycTpoiicTBo nuTepdeiica USB
Hampasisercs k [1K.

CxeMa mpocreifmiero puiabTpa HWKHUX YacTOT NpUBEACHA Ha
pucynke 2. llepemarounast ¢GyHKIOHS 3TOrO0 (QHUIBTpa OMpEIeNseTcs
BeIpaxkeraneM: W(s) = 1/(1+sRC).

BX C = U e

Pucynok 2 — Ilpocrelimmii GUIbTp HIKHUX 9aCTOT MIEPBOTO TOPSIKA

3aMEHHMB S Ha jW, TIOJIYYHM YaCTOTHYIO XapaKTePUCTHKY (UIIbTpPA.
Hdns peanu3anuy  OOWIETO IMOAXOAA IEIecoo0pa3HO HOPMHPOBATH
KOMIUICKCHYIO TepeMeHHyIo s. [Tomoxum

S =s/wg;

rZie We — Kpyrosas 4acToTa cpes3a punbrpa. B uactoTHoi 00nacTu
9TOMY COOTBETCTBYET

JW =j(w /we).

130



V Bcepoccuiickas MOJI0eKHas MIKOJIa-CEMUHAp

Yacrora cpesza we ¢punprpa pasHa 1/RC. Orcroga nmomyunm S =
sRC u

W(S)=1/(1+5).

Wcmnone3yst mepenaTounyr0 (pyHKIIUIO A ONEHKH 3aBHCHMOCTH
aMIUTUTY/IBI BBIXOJTHOTO CUTHAJIA OT YaCTOTHI, 3aIUIIIEM

IWGW)P =1/(1+W?).

IIpu W»1, T.e. nns ciydas, KOrJaa 4acToTa BXOJHOTO CHTHana
wrywe, [IW(GW)| = 1/W. D10 cooTBeTCTBYeT CHMXEeHHIO K0d(dunnenTa
nepenaun ¢punpTpa Ha 20 1b Ha Kekany.

Ecnmu HeoOxoauMo mony4yuTh Oosiee OBICTPOE YMEHBIICHHUE
KodpUIMEeHTa Tepenadr, MOXXHO BKIIOYNTh N (UIBTPOB HIKHUAX
9acTOT mocienoBarensHo. llepenarounas (QyHKOMS TakOW CHCTEMBI
HUMEET BUJ:

1
(1+ o, S)(1+o,0). . (1+ o, S)

W(S)=

rae a;, a8 , .. , an — JCHCTBUTEIbHbIC IOJOXKUTEIbHbIE
koaddurmentel. M3 aroit popmyinsl cieayet, uto |[W(GW)| ~ 1/Wn npu
Wx1. Ilonroca nepenaTouyHoON (yHKIIMH BEIIECTBEHHBIC OTPHUIIATEIIBHBIC,
Takum cBolicTtBoM 00nanaroT naccuBHble RC-QMIBTpE N-ro mopsaka.
CoenuHMB MOCIEN0BATENBHO (QUIBTPHI C OAMHAKOBOM 4acTOTOH cpesa,
MOJTYyYUM:

OTOT cilyyail COOTBETCTBYET KPUTUYECKOMY 3aTyXaHHIO.
[Mepenarounas ¢ynkmus ¢unbrpa HmwkHEX 4vactoT (PHY) B
0011IEM BHUJIE MOXKET OBITH 3allCaHa KaK
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Ko
1+ 65 +0S5" +...+0,5"

W)=

rme ¢, €2 , .. , Cn — TOJOXHUTEIbHbIE JICHCTBUTEIbHBIC
ko> unuenter, K —kodduuuent ycwieHus QuUIETpa Ha HyIEBOM
gactore. Ilopsmok ¢uimbTpa ompemenseTcss MaKCHMAalbHOH CTEICHBIO
nepemenHoit S. Jlng peanuzanmu QuibTpa HEOOXOOUMO PAa3JIOKHUThH
MOJIMHOM 3HaMEHaTeNsl Ha MHOxwuTenu. Ecnu cpeam Hyneil moauHOMa
€CTh KOMIUIEKCHBIE, TO PACCMOTPEHHOE PaHee MPeICTaBICHNE TIOJIMHOMA
HE MOKET OBITh MCIIOJIb30BaHO. B 3TOM cilyuae ciemyer 3amucaTh €ro B
BUAC NPOMU3BEACHHNA KBAIPATHBIX TPEXUWICHOB!:

7

(S il

[T+as+55%)

rae ai u by — nonoxurenpHbIe AEHCTBUTENbHBIC KO UIIMEHTBI.
JIyist TIOJTMHOMOB HEYETHBIX TOPSAKOB KOA(PUIHEHT D1 paBeH HYyIIrO.
Peanuzanus KOMIUIEKCHBIX HyJIeH MOJMHOMA Ha maccuBHbIX RC-memsx
HEBO3MOJKHA. [IprMeHeHe NHIYKTUBHBIX KaTyIIeK B HU3KOYAaCTOTHOM
00JIaCTH HEXeNaTelnbHO H3-32 OONBIINX TrabapuTOB H CIOXHOCTU
W3rOTOBJICHUSl KaTylIeK, a TakXkKe M3-3a IMOSIBICHUA Tapa3HTHBIX
WHAYKTUBHBIX CBsi3eil. CXeMbl C ONEpPalMOHHBIMH YCHIIMTEISIMU
MO3BOJISIFOT 00ECTIEUYNTh KOMIUIEKCHBIE HYJTH TIOJIMHOMY 0€3 IPUMEHEHUSI
WHAYKTUBHBIX KaTylleK. Takue CcXeMmbl Ha3blBalOT AKTUBHBIMH
¢mipTpamu. PaccMoTpum paznudHble criocoObl 3alaHus XapaKTepUCTUK
®HUY. Iupokoe npumeHenne Hanui GuibTpsel beccens, barrepopra n
UeObImieBa, OTIMYAONINECS KPYTH3HOW HAKJIIOHA  aMILTUTYIHO-
4acTOTHOU XapakTepucTuku (AUYX) B Havaje MOJOCH 3aJlepKUBAHUS U
KOJIeOaTeNbHOCTRI0  MEPEXOAHOT0  Ipolecca TMpH  CTYHEHYaTOM
BO3JEHCTBUM. AMIUIUTYIHO-4YaCTOTHBIE XapakTtepuctuku 31ux OHY
YETBEPTOTO MOPSAAKA IPUBEACHBI HA PUCYHKE 3.

AMIUIMTYAHO-4acTOTHAs XapakTepucTtuka ¢uisrpa batrepsBopra
HUMEET JIOBOJILHO JUIMHHBIN TOPU30HTAIBHBIN Y4aCTOK U PE3KO CIaIaeT 3a
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yacToToil cpesa. llepexomHass xapakTepuCTHKa Takoro (GuibTpa Ipu
CTYIEHYaTOM BXOJHOM CHTHaje MMeeT KojeOaTenbHbI xapakrep. C
yBeJMUEHHEM TOpAaKa GUabTpa KoeOaHus yCUIHBAIOTCSI.

AMIUTMTYAHO-4aCTOTHAsT XapaKTepucTHKa ¢uibTpa YeOblmena
cnazaer Oosee KpyTo 3a 4acTOTOW cpe3a. B momoce mpomyckaHus oHa,
OJIHAKO, HE MOHOTOHHAa, a KMEET BOJHOOOPA3HbIM XapakTep ¢
nocTossHHON amruntynoi. [lpu 3amanHoM mopsiake ¢uiasTpa Oojee
PE3KOMY CHaly aMIUIMTYJHO-4aCTOTHOM XapaKTEPUCTHKH 3a 4acTOTOM
cpe3a  COOTBETCTBYeT Oojbllasi HEPaBHOMEPHOCTb B  IIOJIOCE
npornyckanus. KonebGaHusi mepexogHOTO Mpoliecca MpH CTYIEHYaTOM
BXO/IHOM BO3/ICHCTBHHU CHIIbHEE, YeM y (unbTpa batrepBopra.

Ounetp  beccens  oOmamaer — oNTUMaNBHON — TIEPEXOTHON
XapakTepuCcTUKOU. [IpuumHON 3TOro SBIAETCS NPONOPLUUOHATBHOCTH
(azoBoro ciuBura BBIXOJHOTO CHTHajda (UiIbTpa YacToTe BXOAHOTO
curHana. Ilpy paBHOM mopsAnaKe cmajg — aMIUIMTYAHO-YacTOTHOM
xapakTepucTuku ¢umibTpa beccenst okaspiBaercst 0ojiee MOJOTHM IO
cpaBHeHHto ¢ punbTpamu YeOwieBa u barrepBopTa.

Tor wim uHON BHI ¢UIbTpa NpPU 3aJaHHOM €ro MOpsAKe
ompezenseTcss Kod(pPUIreHTaMu TOJMHOMA MEePeJaTOYHON (yHKIHH
¢unbTpa.

|
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’ ] s
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PucyHnok 3 — AMIUIMTYIHO-YaCTOTHBIC XapaKTEPUCTHKU (QUIBTPOB
YEeTBEPTOro nopsiaka. 1 — GUIbTp ¢ KPUTUUECKUM 3aTyXaHHEM; 2 —
¢uneTp Beccens; 3 — punetp barrepBopra; 4 — puisTp Uebbiniea ¢
HEpPaBHOMEPHOCTHIO 3 1b

. aB

i

133



I/IHHOBaLII/II/I 1 ICPCHCKTUBBI MCIUITUHCKUX I/IH(i)OpMaI_II/IOHHI:IX CHUCTEM

QUIbTp HKHUX YaCTOT JJIs pa3pabaTeiBa€MOro yCTpOCTBa
MIPEICTaBJICH HIKE.
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Cexyun: Hnghopmayuonno-ncuxonozuueckan
OezonacHocmos uenosexa

POJIb ICUXOTEXHUK B CAMOPET'YJISINUN
®YHKIIMOHAJIBHBIX COCTOSSHUM YEJIOBEKA
boecamosa A.H., boeamos H.M., Ilonuxpanuou A.K., Cnacckas E.B.,
Cyxux C.A.

Ky6anckwii rocy1apcTBEeHHBI YHHBEPCUTET
e-mail: bogatov@phys.kubsu.ru

UenoBek B COBPEMEHHBIX YCIOBHUSAX HCIBITBIBAET arpecCHBHOE
BO3/IEIICTBHE BHELIHEH CpeJibl, KOTOPOE CKIIAAbIBACTCS U3 TEXHOTE€HHOTO
(97EKTPOMArHUTHBINM CMOT), 3KOJIOTHYECKOTO (3arpsi3sHeHue ouocdeps),
BO3pacTaHusl HHGOPMALMOHHON HArpy3KH NpH aJanTalul 4eJIOBEKa B
JUHAMHYHBIX YCJIOBHAX pPBIHOYHOM OSKOHOMHKH. Bce 3T0 Bemer k
OonpmMM 3aTparaM OWOIHEPreTHUECKUX PECYpCOB 4YeloBeKa JUIS
COXpaHeHHs ero GYHKIUOHAIBHBIX CIOCOOHOCTEN B COLIMANBHOM Cpejie.

JUId  TpOTHBOCTOSIHAA HETaTUBHOMY  BO3JCHCTBHIO  CpEXBl
HeoOXxoIuMa OMoJIoTHYecKast M IICUXUYecKast SHeprusi, o0ecTiedrBaronias
aJlanTalMoHHbIe poIlecchl uenoBeka. Hapsiay ¢ sneprosarparaMu Ha 3T0
BHEIIHEE [aBJICHHE CYLIECTBYIOT M BHYTPEHHHE IPHYMHBI pacxoja
JHEepreTku  uenoBeka. Croga  ciuefyer  OTHECTH  OTCYTCTBHE
KOT€PEHTHOCTH TICUXMKH CYObEKTa KOMMYHHKAIIMM M HapylIeHUe
ayTEHTHUYHOCTH B pealM3allH IICHXOJOTHYECKOH CaMOCTH B YCIIOBUSIX
PBIHOYHOMH cpeabl. OTH BHELUIHNE U BHYTPEHHHUE (DAKTOPHI CIOCOOCTBYIOT
BO3HMKHOBEHUIO XPOHMYECKOM YyCTAJIOCTM W B  JAJbHEHIIEM
XPOHHUYECKOTO CTpecca Kak INIaBoi yrpo3bl )KU3HH YEJIOBEKa.

UYenoBek mnpexacTaBiseT co0OW TOUKY IEepecedeHHe PasIndHbIX
UTIOCTAaceH, ero OpraHu3yIoNINX: OpraHu3M (OHOIOTHYECKasi UTIOCTACH);
ncuxuka (TMCUXWYeCKasl MIIOCTACh); TMOBEJACHUE B TpyIe (ColmambHas
UIOCTAach); IyX, KaK 4YacTh OSHEProMHPOPMAIMOHHON CTPYKTYpHI
BCEJIEHHOM. OcHoBy ITUX urocracei COCTaBIISIIOT
SHEepronH()OPMAIIMOHHBIE TPOIECCH, B 3ajJa4y KOTOPBIX BXOIUT
o0ecriedeHne WX  CYLIECTBOBaHMSA. bBHOXMMHMYECKHE  IMPOLECCHI
o0ecreynBalOT OpraHu3M Ouonoruueckoir sHeprued. Ilcuxuueckue
MIPOLIECCHl MHTETPUPYIOT B ce0sl KaK OMONOTMYECKYI0, TaK M SHEPTHIO
COLMAIbHOW ¥ KOCMHYECKOH TMpHpPOAbl. OTH MPOLECCH 00
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KOHCOJIMAUPYIOT ~ SHEPIHI0  JAaHHBIX HMCTOYHHUKOB, oOecreuyuBas
KOHCTPYKTHBHOE ()yHKIIMOHUPOBAHHE YEJIOBEKA, JINOO MPHU HAPYIIECHUH
MX KOTE€PEHTHOCTU MPOUCXOIUT yTpaTa 3HEPreTHYeCKOro MOTEHIHana
YeJ0BeKa, YTO CKa3bIBAaeTCs Ha IUIONOTBOpHOCTH ObiTHs. Hapymenue
LEJIOCTHOCTH LIMPKYJISIIUN SHEPTUH JISKUT B OCHOBE AedOopMaLuy BCex
IPOLIECCOB  pa3iIM4HbIX ypoBHEH. MccienoBaHue OOBEKTUBHBIMU
METOIaMU  peakuud  (QyHKIMOHAJIBHBIX CHCTEM OpraHu3Ma Ha
CTPECCUPYIOIINE U 3MOLIMOHAIBHBIE BO3ACHCTBUSI SIBISCTCSA aKTyaIbHOM
Hay4Hoit 3amaueii [1 — 3].

[Ncuxoduznonoruyeckre MPOLECCH MPOTEKAI0T 0eCCO3HATEIBHO.
[Tpu 5TOM OpraHu3M cam MOJAEPKUBAET CHMMETPHUYHO-AaCUMMETPUYHBIC
OTHOLIEHUSI TOMEOCTATHYECKUX IOJCHUCTEM B OpraHm3Mme. YemnoBek Ha
ypoBHE CyObeKTa 001aaeT ClIOCOOHOCTBIO 0CO3HABATh U PErYJIHPOBAThH
9TH DSHAOTEHHBIE TIPOLIECCHl B ciydae cOOCB WM HapyLICHUH
pacipeneneHus YHEPTUU B OpraHu3Me. AKTUBHOCTb CyObEKTa IPU 3TOM
HMeeT co3eplLarenbHyo (GopMy peaan3anny, 6€3 KOTOpoi HEBO3MOXKHO
YCTAHOBJICHHE OOpaTHOM CBS3M C UUPKYJSIHEd SHEPTUU B €ro
opraam3me. Pe(eKCHBHOCTP  CO3HaHUS  CyObEKTa  TO3BOJSET
BBICTPanBaTh LIEJIOCTHOE MPEJCTABICHUE O BOSMOKHOCTSIX BO3AECHCTBUS
CO3HAHMS HA SHEPTOMH(POPMAIIMOHHBIN OOMEH B OpPraHU3ME YEJIOBEKa.

KoMMmyHUKalMs B 3HJOTEHHOW Cpejie HOCHT Crelu(UIeCKUit
xapaktep. CyObeKT KOHUEHTPUPYET BHUMAHUE Ha ONpPeIeICHHBIX 30HaX
TeJa ¢ UX MPOCTYIIMBAaHUEM W MOJy4YeHHEM OTBETA B BHJIE CUTHAJIOB B
oOpasHoii hopme. MHpopmMannoHHOE BO3IEHCTBUE OCYIICCTBIIAETCS Ha
OpraH WM SHEPreTUYECKUI LIEHTP C 1IeIbI0 N3MEHEHUS €ro MOTeHIHAIA.
Oto mpennoiaraeT OOJBIIYI0 OCO3HAHHOCTH NMPOUCXOSIINX COOBITHH,
KaK BO BHYTPEHHEM, TaK W BHEIIHEM MHUpax 4eJOBeKa. 31eCh YMECTHO
TOBOPUTH O CYyOBEKTHOCTH KaK MEpe OCO3HAHHOCTH TeX WIJIM HHBIX
aCIIeKTOB OBITHSA 4YeNOBEKa. JTO IPOHUCXOAUT KaK BO BHYTPEHHEM
MpOCTpaHCTBe  (co3epraroiiuii  CyObeKT), Tak M BO BHEIIHEM
MPOCTPaHCTBE (MTPeoOpasyroIIni CyOBEKT).

VYrpasieHre NoTokaMu MHGQOPMAIMK OCYLIECTBISAECT CO3HAHUE U
€ro LEHTpaJbHAasl COCTABIIAIONIAs — MPOLECC KOHLIEHTPAlMM BHUMAaHHS.
Tak B opraHuzmMe uHpOpPMAIUS  TEpefaercss ¢  TOMOIIBIO
HENPOTryMOpaJIbHOM CHCTEMBI, C OJHOM CTOPOHBI, @ C APYrOd CTOPOHBI
MHQOpPMaLUsl W SHEPrus LUPKYJIUPYEeT MO MepHUAHaHaM, KOTOpbIE
00ecnevnBaoT CBSI3b OpraHm3Ma C SHepromHGOpMaIMOHHOW cpenoit
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BHemIHero mupa. Hapymenue pacrpeneneHus sHepruu 1mo 12 mapHbIM
MepHIaHaM IMPOSIBIIETCS B BUIE IIYMOB)» B OpraHM3ME. DTH IIyMBI
MOTYT OBITb CIEACTBUSMH HAKOIUICHHBIX TOKCHHOB MM HapyIICHHS
NBIDKEHHS SHEprud M MHPOPMALUHM TO KaHalaM, OCOOCHHO TMpH
MICUXWYECKUX HANPSDKCHUAX YesloBeKa. B KOHEYHOM cueTe 3TO BeneT K
IUCOYHKIIMM OpraHu3Ma M IoTepe ICUXO(U3NUECKOH aKTHBHOCTH
CcyOBeKTa.

UemoBek Ha ypoBHE CcyOBekTa o0namaeT CcHocoOHOCTBIO
OCO3HABATh M PETYJIUPOBATh ITH SHAOTCHHBIE TIPOIECCH B CiTydae cO0eB
WIM HapylLIeHUHW pacnpeaeneHus sHepruu. OcHOBHas mpoOieMa Ipu
9TOM 3aKJIF0YAETCsl B OTPAaHUYEHHOCTH CPEICTB Y cyOBhekTa. Boopyxkenue
YeloBeKa OTHUMH  CPEACTBAMH MOXET COCTAaBIATh OIHY U3
MarucTpallbHBIX 3ajad oOpa3oBaHusl. B pamkax Takoil 3agauu ObLia
NPeNpUHATA TONBITKA MPOBepKH 3I(PPEKTUBHOCTH  BO3ACUCTBUS
CIIEIMANBHBIX ~TEXHHUK Ha IICUXO(U3MOIOTHYECKHE MapaMeTphl
oprann3Ma. bpula mpoBereHa  OKCIepUMEHTalbHas paboTta ¢
PECIIOHJCHTaMU CpelHEH U TMO3[aHEH 3penocTd B koaudectBe 150
YeJIOBEK.

OOBEKTOM HCCIIeIOBAHHS SBISCTCS TUHAMUKA (DYHKIIHOHAIBHOTO
cocTosiHus cyObekTa. [IpeaMer ucciieJ0Banus ABISIOTCS IICUXOTCXHUKH
B CaMOPETyJSIUK (YHKIIMOHATBHOTO COCTOSIHUS YeJIOBEKa.

Llens viccie1oBaHus 3aKIII0YANIACH B U3YYEHUH POJIH ICHXOTEXHUK
B caMoperynsiud (yHKIMOHAJIBHBIX COCTOSIHUM uenoBeka. [l
JOCTUXKCHUA MOCTaBJICHHOMN e HNpoBOAMIIACE JSKCIICPUMCHTAJIbHA
pabora. Cxema uccieI0BaHus IpeIoaraia 3aMepbl PyHKINOHAIBHOTO
M TICHMXO’MOLMOHAIBHOTO COCTOSHUS HCIBITYEMBIX 10 H IIOCie
MCTOAUYCCKU OPTraHHU30BAaHHBIX CCAHCOB CaMOPETYJIAIUUA. I[J'ISI OILICHKU
Pe3yIbTaTOB UCIOB30BAINCH 00BEKTUBHO-OPUEHTHPOBAHHBIC METO/IbL:
nporpaMMHoO-anmnaparHeiii  kommiekc — SilverStep,  ucnosb3yromuii
METOMKY aHaJIN3a BapHaOeTbHOCTH CEPICYHOTO PUTMA, ¥ IPOTrPaMMHO-
anmapatHelii  kKomruiekc  PO®DC-E01C,  peructpupyrommii = u
AHATM3UPYIOLUINHA JIEKTPUIECKUE CUTHAJIBl OHMOJIOTMYECKH AaKTHBHOW
Toukn MC-7.

Hcnonb3oBaHre METOAMK CAMOPETYJISIIIUU JAET MOJIOKUTENIbHBIN
cABUI  (QYHKIMOHANBHBIX M  IICUXO3MOLMOHAIBHBIX  COCTOSHHMN
UCTBITYeMBbIX,  (UKCHPYEeMBI Kak 10  OKOHYaHHM  CeaHca
CaMOpETryJISIUH, TaK 1 B TEUCHUE HAOJIFOIAeMOT0 HEJICIBHOTO TIepHoa
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npeObIBaHUS UCIBITYEMBIX Ha 0340POBUTENBHON ceccu. [Ipumensucsy
CIICAYIOIINE TICUXOTEXHUKU: «TPYOBI», KOKOH», «AbIXaHHE B MO3I»,
3BYKOBass CTUMYJSLIMS IO CHHXPOHM3AIMM OOOMX MOJyLIApHH,
BU3yaJM3alisl CEMHU LEHTPOB, «Uepemalikay, 1epeBo» U Apyrue.

PaccmoTpum pe3yIbTaThl HCIOJIb30BaHUS METOANKHU
KOHLIEHTPALMd Ha BTOPOM SHEPIEeTHUECKOM LIEHTpe (II0JIOBOW Yakpe) U
pacmpesienieHuss SHEpPriuM IO OKOHYaHWM ceanca (puc. 1, puc. 2).
JmutensHocTh ceanca cocraBisuia ot 20 1o 30 munyT. McnbiTyemble B
paboTe BO BHYTPEHHEM IPOCTPAHCTBE OTIMYAINCH CHOCOOHOCTBIO K
KOHIICGHTPALMH, YTO TMPOSBHIIOCH B BBIPAKEHHOCTH 3¢ (dexTa BIUSHUS
TEXHUK Ha CyOBEKTHBHBIC IICUX0IMOIIMOHANBHBIE COCTOSIHUS. JlMHAMUKa
n3MeHeHus1 mokaszareneil coctaBmia ot 100 go 10% y pasHBIX
yuacTHUKOB. [lo3UTHMBHOE BIUMsIHAE OOHApYXWBAIOT JBE TpPETH
UCTIBITYEMBIX, HO OJHA TPETh IOKa3blBaeT HEOOJBIOE YXY/IICHUE
MoKa3aTelen.

B pesynbrare paboTel BO BHYTPEHHEM IPOCTPAHCTBE YIIyUIlIEHUE
COCTOSIHUSI TIO KOMILJIEKCHOMY TIOKa3aTeNll0 3JI0pOBbsl MO JIaHHBIM
KapAnouHTepBanorpapun HaOmomanock y 61% pecnongentoB. Ha
ocHOBe 9Toro Metoxa mporpamma SilverStep AURA  orenuBaer
NoKa3arend OMOPHEPreTHYeCKOH AaKTHMBHOCTH CEMH JHEPreTHYECKUX
EeHTpoB (dakp). Onpeaensaoch KOJIMYECTBO UCIBITYEMBIX, Y KOTOPBIX
NPOM30LIIO YIYYIICHHE IOKa3aTesJell aKTHBHOCTH KaKIOH YakKpbl.
lucrorpamma, Xapaktepusyrolnasi YJiIydlleHHE OJTHUX I[oKa3arened,
npeJicTaBieHa Ha puc. 1.

IIporpammuo-anmnapaTtHsiii komiuieke PO®OC-E01C onenuBaer
(yHKUHMOHANBHOE COCTOSIHWE 17 OCHOBHBIX OpPraHOB M CHCTEM
opranusMa (CepIeyHO — COCYIUCTOM CHCTEMBI, IIEWHOTO, TPYIHOTO
MOSICHUYHOTO ~ OTJENIOB, OpOHXOB, JIETKHX, TIICUCHH, IKEIyJKa,
MODKEITYI0YHOHN JKeJIe3bl, TOJICTOTO KHILIEYHHKA LIIUTOBUIHOMN JKEJe3bl,
Ha/IMOYEYHUKOB, MTOYEK, MOYEBOTO MY3bIPsi, POCTAThI, MATKH), a TAKXKE
MICUXOAMOITMOHAILHOE  COCTOSIHME —YelloBeKa (ycTalocTh, CTpecc,
BIIMSIHUE SMOIMI Ha paboTy oprann3ma). OueHKa aKTHBHOCTH YaKp 3TUM
anmapatoM He INPOU3BOAWTCA. MeToA TECTUPOBAaHUS W KOHTPOJI
OCHOBaH Ha BO3JICMCTBMH Ha OMOJIOTHYECKH aKTHBHYIO TOUuky MC-7 u
aHaJIN3€e MOCIEIYIOMEro OTKIINKA.

Hcnone3ys naHHbIE, OIyYEHHBIE C TOMoLIbIo anmnapara PODIC-
EO1C, 6p11 pa3paboTaH aJrOPUTM OLEHKH aKTHBHOCTH IISATH TEPBBIX
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gakp. s TOHM ’Xe Ipynmbl HCHBITYEMBIX IIOCTPOEHAa TUCTOrpPaMMa,

XapaKTepu3yIoIas yayqlIeHHe aKTUBHOCTH 3THX YaKp, MPEACTaBICHHAS
Ha puc. 2.
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B Ky0aHckoM TrocymapCTBEHHOM YHUBEPCHUTETE IPOBOIUTCS
9KCIIEPUMEHT TI0 HCHOJNB30BAHUIO TEXHUK CAMOPETYJSIHH UL
coxpaHeHUs1 (YHKIMOHAIBHOTO 3I0POBbS CTYJICHTOB. DKCIIEPHMEHT
JUIWJICS B TEUYEHHE BECEHHEr0 CeMecTpa. 3aHsATHS MO CaMOperyJsiuu
npoxoannu 1 pa3 B Hezpemo. B skciepumenTe yqacTBoBaim 24 cTyaeHTa:
13 nesymiek (54 %) u 11 ronomeii (46 %). @YHKIIMOHAILHOE COCTOSHHE
OpPraHOB U CHCTEM OpPTaHU3Ma OLIEHUBAJIOCH C MOMOIIBI0 TPOrPAMMHO-
anmapaTHbIX komiuiekcoB SilverStep u PO®SC-E01C, ucnonb3yromero
METOJHMKY aHaln3a BapHaOEeIbHOCTH cepieyHoro putMma. HawambpHoe
COCTOSIHUE (PYHKIMOHAIBHOTO 370POBBSI CTYAECHTOB OINpPENENsIOCh Ha
IICPBOM 3aHATHH. TCKyHII/Iﬁ KOHTPOJIb BBITIOJIHAJICA HAa KaXXKAOM 3aHATHUH.

I'mcrorpammer Ha puc. 1, puc. 2 TMONy4YeHBI COBEPIIEHHO
pa3iMYHBIMH ~ MeToAaMu. HecMoTps Ha HEKOTOpOE YHCIEHHOE
HECOBMNAJCHHE, OHH JIEMOHCTPHPYIOT IOJOXHUTEIbHBIH AP QeKT,
JOCTUTHYTBI B pE3ylIbTaTe CeaHca CaMOPETyJISIIUH, HCIIOIb3YIOIIEH
KOHLICHTPAaLUIO Ha BTOPOU YJakpe. Cnenyer OTMETUTD
nepepacrpesieieHie  SHEpTruu, MpOsBILIIONICeCS B YBEIMUCHHUH
aKTHBHOCTH BceX yakp. Kaxkias qakpa cBs3aHa ¢ cCHCTEMaMH M OpraHaMH
4yepe3 SHIOKPHHHBIE OPTaHEbl, T.€. CHCTEMa Yakp Ha (U3MYECKOM yPOBHE
SABIISICTCA SHHOKpHHHOﬁ CHCTCMOﬁ, MarcepuajJbHbIMU arcHTaMu 4YakKp
SABJIAIOTCA TOPMOHEI. (DyHKHI/IOHI/IPOBaHI/Ie YaKp MHOIOrpaHHO Ha BCECX

KU3HEHHBIX YPOBHSAX OpraHu3Ma — (HU3MYECKOM, SMOLHOHAIBLHOM,
NICUXUYECKOM, MEHTaIbHOM u T.1. [4, 5]. IlomydeHHbIe pe3yibTaThl
MTOATBEPKIAAOT BO3MOYXHOCTh HCIIONb30BaHUS METOJIUK

ncuxo(U3NIECKON caMOperyJsiMy Ul COXPaHEHNS (DYHKIIMOHAIBHOTO
COCTOSTHUS 3710POBB.

OYHKINOHAIBHOE COCTOSHUE OPraHOB M CHCTEM B IIOCIEIHMN
JIEHb MCCIIEZIOBAaHUS B KOHIIE CEMECTPa CPaBHHUBAETCS C MEPBHIM JHEM.
Ha puc. 3 nponeMOHCTpHpPOBaHO  W3MEHEHHE  IIOKas3areseH,
peructpupyembix ¢ momomuibio SilverStep. [lnst atoro ompenensiioch
KOJIMYECTBO CTYJCHTOB MO KAXJIOMY KPHUTEpUIO (DYHKIIMOHAIBHOTO
COCTOSIHUSI C TIOKaszaTeJisiMM B HopMme. lucrorpamma Ha puc. 3
JEMOHCTPHUPYET TMOJIOKUTENbHBINA 3PQPEKT HCIONb30BAaHHON METOAMKH
CaMOpEryJIALUY: KOJIMYECTBO  CTYAGHTOB  C  IIOKa3aTeNAMHU
(YHKLIHMOHAIBHOTO COCTOSHUS aHaJIM3UPYEMBIX OPraHOB M CHCTEM,
HaxXoAsIUXCAd B HOPME, CYIIECTBEHHO BO3pPOCIIO B PE3YJbTaTE CEAHCOB
CaMOpEryJIsiiid K KOHIly cemecTpa. OTMETHM, YTO MO pe3yjbTaTaMm
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MIEPBOTO FWCCIENOBaHMUS y TPOHWX CTYASHTOB ObUT 3aUKCHpOBAH
MaKCHMAaJIbHBIA YPOBEHb KOMILUIEKCHOTO moka3aressi 310poBbs (100 %).
MakcuManbHbIC IOKA3aTeNn He NAI0T BKIIAJ B THCTOTPaMMy Ha pHC. 3.
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1 2 3 4 5 [ 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23
PucyHok - 3. I3MeHeHre KomruecTBa CTY/ICHTOB C MOKa3aTesIMU
SilverStep B HopMe: CHHHMIA IBET B HaYajIe CEMECTPA, 3€JICHBIH 1[BET B
KOHIIE CEMEeCTpa:

1 —T'onoBHoi#t mo3r, 2 — LIHC, 3 — DHnokpuHHas u auMQarnd.
CUCTEMBI,

4 — CepneuyHo-cocyauctas u apixar. cuctemsl, 5 — JKKT, neuens,
JKETYHBIN My3bIpb, 6 — MouemnosioBas cuctemMa, oYKk, OOMEH BEIIECTB,
7 — UmmyHHTET,

8 — Jlerkue, 9 — Toscras kumika, 10 — XKenynok, 11 — Cene3enka u
o pKeTynouHas xenesa, 12 — Cepaue, 13 — ToHkuit kumeyHuk, 14 —
MoueBoii my3bipsb, 15 — I[louku, 16 — CniuaHO# MOo3T, 17 — XKemunbiii
my3bIpb, 18 — Ileuens, 19 — Aganrarnus,

20 — BereratuBnas perymsmnus, 21 — HeliporymopasbHasi perysiys,
22 — [lcuxoaMoImoH. coctonue, 23 — CTerneHs TapMOHU3aIuN
OMOpUTMOB

Takum 00pa3oM, MOJTy4EHHBIE PE3yNbTaThl CBHJICTENBCTBYIOT O
CHIDKEHMM 32 CYET UCHOJb30BAHHON TEXHUKH CAMOPETYISALIH
HanpsDKeHUs (QYHKIUOHAIBHBIX CHUCTEM OpraHu3Ma, SIBISIFOIETOCS
CIIEZICTBUEM YCHIICHHS (PH3MOIOTHUECKUX MPOIECCOB, MPOUCXOISIINX B
OpraHu3Me B OTBET Ha (U3MUYECKHE U MHTEJUIEKTyalbHble Harpy3ku. Ha
JTare  BOCCTAHOBJIEHMS (CEaHCHl  CaMOpEryJsilUH), aKTUBHOCTb
(U3UOJOTHYECKUX TPOIECCOB CHIDKAETCS, YTO W 00yclaBIMBacT
HOpMaJTH3aIHio (YHKIIMOHAIEHOTO COCTOSHUS OpraHu3Ma.

1. Annpocosa T.B. UccnenoBanne peakmuii TepMOPETyISITOPHON
CUCTEMBI OCJIbIX JTA0OPATOPHBIX MBIIICH B IIPOIECCE MTPOAODKUTEIILHOTO
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ctpecca / T.B. Augpocosa, H.M. Boraros, JI.P. I'puropesu, .M.
3numiesa, S.E. Kienukos, A.S. Ilypeirun // buorexuocdepa. 2011. T.
13.N1.C. 16 -19.

2. boraroBa A H. TermioBu3HOHHBIE HUCCIIEJOBaHUS
SMOLMOHAIILHOIO cocTosiHus yenoseka / A.H. Borarosa, H.M. Boratos //
WHHOBaIMK W TEPCIIEKTUBBI MEIUIIMHCKAX HHPOPMAITUOHHBIX CHCTEM.
COOpHUK TPYAOB MOJIOJISKHOM MIKONIBI-ceMuHapa, 17-20 centsaops 2014
r. Taranpor. Pocros-Ha-/lony: M3marensctBo IOxHOTO (hemepanbHOTO
yauBepcutera, 2014. C. 9-13.

3. boratoB H.M. HccnenoBanue NpoLECCOB CaMOpPEryJSIUH
opranusma TermoBu3noHHbIM MeTooM / H.M. Boraros, A.H. Boratoga,
C.A. Cyxux /| Heiipoundopmartuka, e€ IpHIOKEHHS U aHAIHU3 JTaHHBIX:
Marepuanst XXV Beepoccuiickoro cemunapa, 30 ceHTSIOpst — 2 OKTSA0pst
2016 1. KpacuHospck. KpacHospck: WHCTUTYT BBIYMCIUTEIBLHOTO
monenupoBanust CO Pan, 2016.

4. Bocrounast meqununa. [lonueiii cnpaBounuk / ITox pen. FO.
Enucees. — M: Dxemo, 2007. 672 c.

5. T'aBaa JlyBcan. O4epku METOIOB BOCTOYHOH pediekcoTepanim

| JTycan I'aBaa. — HoBocubupck: Hayka (cubupckoe otaenenue), 1980.
279 c.
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Cekuyus: Ilpoonemvt 6u0IKOI02UU U KAYECMBA HCUZHU

K BOITPOCY BBIBOPA METOJA BUOUH/IUKAIINU JIJIA
HCCIEOOBAHMS CPE1bl OBUTAHMUSA
Canumosa H.A., Buuuneseyxuii B.IO.

Hayunsiii pykoBoIuTENb — K.T.H., JoLeHT Bumnueserkuii B.1O.
OxHBI penepanbHBIl YHUBEPCUTET

e-mail: nata.salimowa2015@yandex.ru

C xaxnapIM OgHeM TpobiemMa 3arpsa3HEHHS OKPYKAoMmEeH Cpems
CTaHOBHTCSI Bce Ooiniee u Oojee akTyanbHOH. [locTosiHHOE yBenMueHHE
MPOMBIIIJICHHOCTH W TPAHCIOPTa OKa3bIBaeT HEONaronpusTHOE
BO3JIEMICTBHE Ha HKOJIIOTHYECKYI0 00CTaHOBKY. OCHOBHOHM MpoOieMoit
MPOMBIIIJICHHBIX TNPENNpUSTHHA SBJIsIeTCS 00pa3oBaHuE OOJIBIIOTO
KOJIMYECTBA OTXOZOB, & HWMEHHO, BBIOPOCHI B arMocdepy H cOpoc
CTOYHBIX BOJ U TBEPIBIX OTXOJOB.

CoxpartieHue mioIa e J1ecoB, CaBaHH, CTEIEH B CBA3U C OypHBIM
CTPOUTENLCTBOM TOPOAOB, KPYIHBIX MPOMBIIIICHHBIX MPEANPUATHH U
aBTOMarucTpajieii BIedeT 3a Co0Oil YyMEHBIICHHE IOCTYILICHHS
Kuciopona B atmocdepy. Exeronno B armocdepy nonagaroT MUUTHOHBL
TOHH JTUOKCHJIa CEpPhl, CEPOBOJIOPOA, JUOKCHIA a30Ta, YIIIEBOJOPOOB,
030Ha, aMMHaKa, OKCHJIa yIriIepo/ia W MbUIH. TpaHCIIOpTHEIE CPECTBA C
BBIXJIOITHBIMHU I'a3aMH BBIOPACHIBAIOT CBUHEIL U €ro coeanHeHus [1].

CeroznHsi OlLlEHKa COCTOSIHMSI OKPY)KAIOLIEH Cpeabl B YCIOBHSAX
CTPEMHTENILHOIO YBEJIHUYEHHsI MPOMBIIUIEHHOCTH, a TaKKe pa3yMHOE
WCTONb30BaHUE  NPHUPOJHBIX  PECYPCOB  SIBISIETCS  AKTyalbHOU
pOOIIEeMOiA.

CyiectByoinue GU3MKO-XUMUYECKHE METO b aHATN3a 00BEKTOB
OKpyJKarolllel cpeibl Ha COJACp)KaHHWE 3arps3HUTENe W OCOOCHHO Ha
HanOoJiee OMAacHbIC TMOJUTIOTAHTHI (TSDKENbIE METaUlbl, MEeCTHLUADI,
JMOKCUHBI U JIP.) HE TOJBHKO UPE3BBIYANHO CIOXKHBI U TPYJOEMKH, HO U
TpeOyroT 60bINX (UHAHCOBBIX 3arpaT [2]. OmHako, HECMOTps Ha TO,
YTO OHH 00JIaZat0T BBICOKOH TOYHOCTHIO, JAHHBIE METO/Ibl HEHA/IC)KHBI B
9KOJIOTHYECKOM OTHOIIEHHUH. [103TOMy MIMPOKO pacnpocTpaHeHa Apyras
rpynna MeToJ0B — Ouojormdeckue. BakHBIMU TpeuMyliecTBaMH
JAHHOW TPYMIIBI METOJOB JKOJOTHYECKOTO MOHUTOPWHTA SIBIISIOTCS:
MPOCTOTA, CKOPOCTb MPOBEACHUS MCCICAOBAHMA, a TAKXKE OTCYTCTBHUE
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CIIOYKHOTO M JIOPOTOCTOSAIIETO 000PYyI0BaHHS, KOTOPOE UCIIONB3YETCS B
JIPYTHX METOaXx.

OpHUM H3 METOJOB OMOJIOTUYECKOTO MOHHTOPUHTA SBIISETCS
OMOMHINKAIMS, CYThb KOTOPOH 3aKIII0YaeTcsl B HCCIEAOBAHHUU CPEIbI
OOWTaHMS TO TOBEICHHIO, YHCICHHOCTH, BHIOBOMY COCTaBy WIH
COCTOSIHUIO 0CO00 YyBCTBHUTENBHBIX K BO3IEHCTBHIO 3arpsi3HHUTENCH
OpPraHU3MOB OIpEENICHHBIX BUAOB. BHOMHIMKATOPBI — OpPraHU3MEI,
KOTOpBIE MCHOJIB3YIOTCS IS OLEHKH COCTOSIHUSI OKPY’KaroIed Cpempbl.
bronHauKaTOphI OBIBAIOT YyBCTBUTEIBHEIE, TO €CTh, TE€ KOTOPBIE OBICTPO
pearupyroT Ha OTKJIOHEHHMs TOKa3aTelieid OT HOPMBI, U aKKYMYJISITUBHBIE,
KOTOpbIe 0e3 MPOSsBICHNS HAPYIICHUH HAKAIIMBAIOT BO3JICHCTBUSL.

OCHOBHBIMH >JIEMEHTAMH OKpPY’KalOIIeH Cpepl SBISIOTCS BOJA,
BO3/yX U mouBa. il OIIEHKM MX COCTOSIHUSI CYIIECTBYIOT pa3InvHbIC
METO/bI OMOWHINKALIH.

Yro kacaemMo BOIBI, TO OZHUM M3 METOJOB €€ MOHHTOPHHIA
SIBIIICTCS UCIIOJIb30BAaHWE CUCTEMBI OMOMHIMKALNH, pa3paboTaHHOW Ha
OCHOBE OKCIIEPHUMEHTOB, MPOBOJUMBIX Ha IOT0-3aMaJHbIX OYHCTHBIX
COOpyXeHHAX. B 1aHHON cucTtemMe B KadecTBe OHOWHIMKATOPA
BBICTYIIAeT Y3KOIAJIbI PEYHOH paK, K MaHIIPIO KOTOPOTO MPUKPEIUICH
OTITOBOJIOKOHHBIN IaTUWK, MPeIHA3HAUCHHBIN JJIs1 CHATHUS KapAHOpUTMA
JKUBOTHOTO B PEXHME pealbHOr0 BpeMeHH. B cilyyae yXy/imeHus
KauyecTBa BOJBI, PEAaKUUs YyBCTBHTEIBHOTO paka OTpaXkaeTcs Ha
XapakTepe CUTHAA, MOCTYMAIOUIEr0 OT IaTIYHKa.

Hecmotpst Ha mpocTtoTy U 3(PPEKTUBHOCTH OIMMCAHHOTO BBIIIIC
METoJa 9SKOJOTMYECKOr0o MOHHUTOpPHHIA, OoJiee YacTo Ui OLEHKH
COCTOSIHUSI BOJIOEMOM HPUMEHSIOT €Ile OJWH OMOJIOTHYECKUI METON —
ouotectupoBanue. I[log OuorecTHpoBaHHEM OOBIYHO MOHUMAIOT
OpPOIEyPY YCTAHOBJICHUS TOKCHYHOCTH CpEAbl C IMOMOIIBIO TECT -
OOBEKTOB - CIENHAIBHO OTOOPAaHHBIX M BBIPAIIMBAEMBIX JKHUBBIX
OpPraHU3MOB, CHTHAJIM3UPYIOIMX 00 OMAacHOCTH HE3aBUCHMO OT TOTO,
Kakhe BEIIeCTBa M B KAaKOM COYETAHWW BBI3BIBAIOT H3MEHEHHS WX
YKM3HEHHO BaXKHBIX QyHKIuit [3].

[louBa siBisIEeTCS] HE3aMEHHUMBIM JIEMEHTOM 3€MHOM TOBEPXHOCTH.
U3 Hee pacTuTenbHBIE W KUBOTHBIE OPraHW3MBI, a TaKKE YelOBEK
NOJY4aloT BOAY M DJIEMEHTBI HUTAHUSL, HEOOXOAMMBIE TSl ITOIACPIKaHUS
KU3HEICATEIbHOCTH.  MOHHUTOPUHT  COCTOSIHHSL ~ IIOYBBI  MOXKHO
NPOBOJUTh MHOTHMMH METOJIaMH OHOWHIUKAIIMKA C WCIIOJIb30BAHUEM
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Pa3NUYHBIX JKUBBIX OPraHU3MOB, B OCHOBHOM C IIOMOIIBIO PACTEHHH.
[IpuHnun Bcex METONOB OCHOBAaH Ha HAOJIIONEHMM 3a OpraHU3MaMu-
WHAWKaTOpaMu. st OICHKHM COCTOSIHHMS IIOYBBI, HY)KHO HW3y4YHUTb
pacTeHusl, MPOU3pacTalole Ha HCCIEAYEeMOM YYacTKe, TO €CTh IO
BUJAM PAaCTEHUH MOXKHO OIIPEIETIUTh TAKNE XapaKTEPUCTUKH [IOYBBI, KaK
riIyOMHA 3aJIeraHus TPYHTOBBIX BOJ, IJIOJOPOANE, KUCIOTHOCTD U T.J.

Eme omHuM 37eMEHTOM OKpY’Karollei cpeabl, Hy:KIaromeMcs B
[IOCTOSIHHOM MOHMTOPHHTE, SIBJIETCS BO3LYX — IIEPBOE M0 3HAUUMOCTH
IUIs OpraHu3MoB BeriecTBO. CyIiecTByeT O0IbILIOE KOIUIECTBO METOIOB
OMOMHIMKALINY JIJIsl HCCIIEAOBAHUS COCTOSHUSI OKPY>KaIOIIEro BO3LyXa C
WCTIOJIb30BaHKE Pa3IMYHBIX OMOMHANKATOPOB. MccrnenoBanus moxkazainm,
YTO KOpa OUY€Hb YyTKO pearrupyeT Ha JI00bIe 3arpsA3HEHHSI OKPYKAIOLIETO
Bo3ayxa. [losTomMy Oombloe pacnpocTpaHeHHe MONYYWIT OIWH U3
METOZI0B MOHHTOPHHTA C UCIOJIB30BAHUEM KOPBI COCHBI OOBIKHOBEHHOM,
Omaromapsi mpoctoTe, nemeBusHe W dddexTuBHOCTH. J[aHHBIT METOx
JNOCTaTOYHO MpocT. st mpoBeneHUsl WCCIIEAOBaHMS, MPOU3BOAUTCS
orOop Tpo0 Ha JBYX TEPPHUTOPUAX: HCCISAYEeMON 3arps3HCHHON
MecTHOCTH U GoHOBOM. [locne B3sThIE TPOOBI HEOOXOIUMO pa30aBUTH B
cootHomennu 1:10 ¢ aucTHIITUpOBAaHHON BOJOW M OCTAaBUTH Ha 2 daca.
3areM wu3MepsieTCs KHUCIOTHOCTh MPUTOTOBJICHHBIX PAacTBOPOB MPH
oMoty PH, aHanornyHoe M3MepeHne OCyIIECTBIsieTcsl yepe3 24 daca,
[PU YCJIOBUM HAXOXKACHHUS NMPOOBI B TEUCHHE CYTOK IPU TeMIIEpaType
+24 °C. Jlanee Mpou3BOJUTCS CPaBHEHHUE TONYYEHHBIX PE3yJIbTaTOB U
JiefiaeTCsl BBIBOJ, O TOM, KakOW XapakTep HWMEIOT 3arpsa3HUTENd —
LIETOYHOU UM KUCIOTHBIH.

Hcxons W3 BBIMICONMUCAHHOIO, MOXHO CHENaTh BBIBOJ, 4TO
KOHTpPOJIb COCTOSIHHSL OKPYXAIOIICH Cpeibl SBISAETCS HEOOXOAMMOM
npoueaypoi. Ha ocHOBe paccMOTpEHHUs TPEX JIEMEHTOB OKPYKarOLIEH
cpenmpl, OBUIO BBISBIEHO, YTO 0COOyI0 3(D(HEKTHBHOCTH UMeEeT
OMoMHIMKANKs aTMOC(HEPHOTO BO3yXa TMPHU MOMOIIU KOPHI JEPEBHEB,
TaKk Kak IO pe3yjbTaTaM WCCIEIOBAHUS KOpa SBISETCS YYyTKHM
WH/IUKAaTOPOM 3arpsi3HEHUSI.

1. http://ecology-education.ru/index.php?action=full &id=592

Bo3zaelicTBue MpOMBIIIEHHOCTH U TPAHCIIOPTA Ha OKPYKAIOILYIO Cpeny
(mata obparmienus 23.11.2016);
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2. UYecnokosa, C. M. Buonornuecknue MeTOIbI OIIEHKHM KadyecTBa
00BEKTOB OKpYXKaroliel cpepl: yueoHoe mocooue. B 2 4. U. 1. Metonst
ounonnaukanuu / C. M. YecHokoBa, BraguMupCcKuii rocy1apCTBEHHbIH
yHuUBepcuTeT. —  Brnagumup:  HW3parensctBo  Bramumupckoro
rocynapcTBenHnoro yauepcurera, 2007. — 84 c.;

3. Jlsmenko O. A. buonHankanus 1 OMOTECTHPOBAHKE B OXpaHe
okpyxkatomedi cpeasl. —  Cankr- [letepOypr: UznarenncTBo
CII6I'TYPII, 2012, — 67 c.

PACYET B3AUMOJIEMCTBHUSA CYBMUKPOHHBIX U
HAHOYACTHUII B MOIHBIX AKYCTHYECKHUX ITOJIAX
Hobpazumos T.A., Jlvicenko /1.1O.

Hayunsrii pykoBoauTens - 1.T.H., mpodeccop Yepros H.H.
HOxHb1# penepanbHbIil yHUBEPCUTET
e-mail: timur.ibragimov.1994@mail.ru

Coznanne TPOMBIIUICHHBIX KOAryJsIMOHHBIX YCTaHOBOK C
UCITIOJIb30BAaHUEM MOIIHBIX ~aKYCTHYECKHX KoJjeOaHuid ToTpedyer
NpOBeIeHHE OOLIMPHBIX KCIIEPUMEHTAIbHBIX UCCIIEIOBAHNN KMHETHKH
mpolecca B HIMPOKOM JHana3oHe BapbUPOBAaHUS BCEX IapaMETPOB,
BIMSIOMIMX Ha KOAryJsilUI0 a’po30JbHBIX dYacTull. be3 mposeneHus
NOJOOHBIX ~ HMCCIEOBAHMM  HEBO3MOXKHO  PEIIUTh  BOMPOCHI
HSKOHOMHYECKOH 11e71eco00pa3sHOCTH HCIOJIb30BaHMS aKyCTHUECKOTO
METOJa,  paccuuTaTh  ONTUMAJIbHbIE  [apaMeTpsl  3JIEMEHTOB
NPOMBIIIIEHHBIX YCTAaHOBOK, OOOCHOBAaHHO BBIOpaTh OCAaIUTEIBHOE
ycTtpoiicTB. IIpoBenieHHE SKCIIEpHMEHTANbHBIX HCCIEJOBAHMN BecbMa
BaYXHO JUJIS1 OLIEHKH MPABUIIBHOCTH KPUTEPHEB TEOPETUIECKUX PAacUueTOB
KMHETUKHU aKyCTUYECKOW KOaryJsIum.

BpeMmsi 03ByumBaHUS TakXke SBISETCS OJHUM M3 KIHOYEBBIX
MapaMeTpoB, OT KOTOPOTO 3aBUCIT KOHCTPYKTHBHBIE XapaKTEPUCTHKHU
KOAryJISIMOHHBIX YCTaHOBOK.

B xonme manHOW pa0oThl OBUIM MPOBEAEHBI C PAa3TUUYHBIMHU
MPOMBIIIEHHBIMH a’pOo30JIIMU [1,2,3] 9KCIEPUMEHTAJIbHBIE
WCCIIEIOBAHNS KHUHETUKH AaKyCTHYECKOW KOAryJsIIMH W OCaXIEHHS,
MOKAa3bIBAIOIINE HMHTEHCH(UKAIIHIO ITpolecca YKPYIMHEHUST MelTbYanIInX
yacTull Mpu OOJy4YeHMHM HMX B MOIIHOM 3BYKOBOM moine. Bo Bcex
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IIPOBEIECHHBIX IKCIIEPUMEHTAX MIOJTBEPANTIACEH MOJIEINb
9KCIOHEHIUAIBHOI'O U3MEHEHUS BO BPEMEHH CYETHOW KOHLIEHTpauu N
gactull. COrJacHO MOJYYCHHBIM BBIpaKEHHSIM B MoHorpadumsx [1,4],
paccMOTpUM YpaBHEHHE MJiI BpPEMEHHM B3aUMOJCHCTBHS YacTHI] B
3BYKOBOM I10JI€:

t= .
3.u0%.c (RL-ml-cos(¢l +a)-R2-m2-cos(@ + a))

I'ne C =+/C12 + €22, Cl1, C2 cootBercTBeHHO (2) 1 (3)
2 2 3
Cl=(m2)"-nl"+>-(l ml-n2 -2 -m2-n2)-A

C2 =ml-nl —m2-n2—:—;-(sl ‘ml -n2 —¢2 -m2-nl)-B

B Beipaxenusix (2) u (3) mapametpst A u B coorBercTBerHO (4) 1

()

A=m2-nl +ml- -2 ()
B=ml-m2—-nl- -n ©)

Pa3mep ucrounnka 3Byka 0 mpunumaercs paBabiM 0,12 M, uTto
COOTBETCTBYET pa3Mepy HCTOYHHKA 3BYyKa Ha OKCIIEPUMEHTAIbHOW
ycTaHoBke [6].

JInst sKcnepHMeHTa, CKOPOCTh 3ByKa B BO3JyXe INpPUHHMAlach
pasHoit 340 m/c.

Taxke, MpH TIOMOIIM CIUIMT-CUCTEMBI, TEMIlEpaTypa B XOJe
3KCIIEPUMEHTOB noiepkuBanach okojio 300 KenbBuH.

Paccrosinue mesxty nentpamu yactuil r0 mpunsto 150*10° metpa,
JIAHHOE 3HA4YEeHUE COOTBETCTBYET JIUCIIEPCHOCTH JILIMOB, MOJTYYEHHBIX
[P TOMOIIH YCTaHOBKH [6].
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PaccTtosHue I, KOoTOpoe HpPOMAYT YacTHLBI A0 CTOJKHOBEHMS,
OepeTcst paBHOW cyMMe BaH-JIep-BaajbCOBCKUX PaJHyCOB.

YacTtoTa 3BYKOBBIX KOJIEOaHMW NpPUHATA PaBHOH 3HAYCHUIO,
BBIOpAHHOE M3 HAWITYYIUX PE3yJIbTaToOB KCrepuMenTa [4,5,6].

AMIumTyna — KoneGaHW — M3NMydaTenss — NpUHATAa  paBHOM
Awm3n=0.0001 M, Kak pe3ynbTar pacuéra Al ycTaHOBKH [6], coriacHo
[7].

B3sB B pacuer maHHble OSKcrepuMeHToB [4,5,6] ammiuTyma
KonebaHuii cpesibl & paccuntana 1mo Gopmyie (6).

-f-d
a:= 2-Amix- cos - (6)
C

Ammuutyza xonebaTenbHOM ckopocTH cpeabl UO mpu JaHHBIX
ycnoBusix cocrasiser 0,6 m/c.

[IIOTHOCT BEIECTBA YAaCTHIL P IIPUHATA paBHOH 2,5 r/cm® [5].

JlaBiieHue BHYTPU KaMepbl YCTAHOBKH PACCYMTAHO MCXOJS U3 3-H
Janbrona u cocrasisier 1.006*10° [1a mpu napuuaibHOM aKyCTHYECKOM
nasienun 150 nb.

[TnoTHOCTH BO3/IyXa paccuuTana, ucxos us (6).

P
pBO3 = ——— )
287.4- T

Pacuér 11 JMHAMHYECKON M KHHEMaTuIecKoi Baskocty (8) u (9)

0.68¢
s (8)
W= 17171070 | —

273
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. H 9)
n=—
pBO3

Yriubel B3aUMOJCHCTBUS TPHHATHI cOOTBeTcTBeHHO 45, 45 u 30
rpajycos.

Koaddurments! yBnekanus U 00TeHeHHUS TS KQXKIOW U3 YaCTHI
paccunrans! 1o (9) u (10):

m= 2 (10)
J1+ (@)
1
n-= ——— (12)

J1+ (@)

I'me QO = o - 1, e T BpeMs penakcauuu Juisl KakA0W 4acTUIbI

(8)

2

R
Tzz.p.() ®)

9-1

IMpousBoas HEOOXOAMMBIC TOACTaHOBKH B Bhipaxkenus (1-10),
NpOBEJEM pacueThl 3HA4YEeHWs BpeMeHH cOmmKeHus a0 Ban-/lep-
BaanbcoBckux paanycos gactuil, ¢ pasmepamu 2*107, 3*108 u 2*10°
(kpuBbie 1,2 u 3). B kauecTBe wYacTui, C KOTOPbIMH OHH
B3aMO/ICHCTBYIOT BEIOPAHBI:

s nepBoi, BTOPOH M TpeTbEl COOTBETCTBEHHO, MOOYEPETHO
BHIODAaHBl  HECKOJILKO  YacTUI[ MeHbIIero pasmepa, (mo 10°
BKITIOYHUTEINIEHO) TTOJTYYUM

(Puc 1).
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oo 10’

2

ooo €
3 H—"—¢1 "

1005

g 1x10~

R2
Pucynok 1 - U3MeHeHHe BpeMEeHH KOArYJISIIIUU B 3aBUCUMOCTH
OT pa3MepoB NepBoi yactuilbl. s yno0cTBa rpaguku
MPECTaBJIECHBI B JIOrapu(MHUECKIX KOOPIUHATAX.

1x10”° 1x10”

JanHbiéi rpaduk IMMOKa3bIBaeT, YTO, C YMCHBIICHHEM pa3Mepa
«TIEPBOIN» — OOJBIIIEH — YACTUIBI CKOPOCTh KOATYJISIIIUN YBEIMIUBACTCS.
370 sIBIICHUE O0BACHICTCS TEM, YTO JUIS MEHBIINUX YACTHI KOOPPHUIUEHT
YBJIEUEHHSI CPEJON BBICOK.

W3 BbIIe IPOBEICHHBIX PACYETOB, MOXKHO CJIENIaTh BBIBOJ O TOM,
YTO: JUISI «HAHOJMCIIEPCHBIX» adpO030JIeH aKyCTHUECKas KOaryJsius
MOYET OBITh 3aTpy/THEHA: COTJIACHO 3aKOHOMEPHOCTSIM, BBHIBEJICHHBIM B
pe3yabrate uWcchaemoBanuit  [1], 3akoH pacmpemeneHHs  CUETHOMN
KOHLIEHTpAllMM 4YacTUl B JIO0OOM a’po3ojie UMeEET HOPMaJbHO-
JorapupMUYEecKUii  XapakTtep, S5TO O03HAYaeT, 4YTO U1 KaxAoro
HAHOJIMCIIEPCHOTO a’3pO30JIsl, B COCTAB KOTOPOTO BXOST B HEOOIBIIOM
KOJIN4UeCTBe, Ooyiee KpyIHbIe CyOMUKPOHHBIE U MUKPOHHBIE YaCTHUIIBI,
CYLIECTBYIOT TaKWE€ MapaMeTpOB aKyCTUYECKOro TIOJis, KOTOpbIE
NO3BOJIAIOT ~ OBICTPO M A(Q(GEKTUBHO  YKPYIHHUTh  YaCTHIIBI
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HAHOJMCIIEPCHOTO a’pO30JIsl JIO TEX pPa3MepOB, KOTOPbHIE MO3BOJIAT
Ha3BaTh 3a]a4y OCAKICHUS PEMIEHHOM.

3aqauM YKPYINHEHHUS HAHOAWCIIEPCHBIX YACTHI[ YCIOXKHSIOTCS
BBUJIy WX IOJHOTO YBJEYEHHs CPENOM, HO 3aJaud OCAXKICHUSA TaKHUX
YaCTHII YePEe3 MOTPaHUIHBIE CJIOH B T.9. U B IIOTOKE T'a3a MPEACTABIISIOTCS
Gounee pemaemeimu [4].

1. Tumomenko B.U., Yeprnos H.H. B3anmoneticteue u muddysus
YacTull B 3ByKOBOM TtoJie./PoctoB-Ha-/lony: Poctuznar, 2003. — 304c.

2. Tumomenko B.M., UYepuoB H.H. Ocaxgenve u
0CaJIKOHAKOIUIGHWE  MPOMBIILIICHHBIX  IbIMOB./  PocroB-Ha-JloHy:
Poctuzpmar. — 224 c.

3. Timoshenko V., Belenkij V. and Fedoruk T. Kinetics of sonic
coagulation and precipatation of high disperse aerosols. Ultrasonics, vol.
14, number 5, 1976, pp. 218 — 222,

4. Jlymangmaa M.A. OcaxneHue HaHO- U CYOMUKPOHHBIX YaCTHI
npu I/IHTeHCI/I(bI/IKaHI/II/I TCXHOJOI'MYECKUX IIPOLHCCCOB B MOIIHOM
aKycTHueckoM nose./ Apropedepar quccepTanuy Ha COUCKaHUEe Y4eHOH
CTeTIeHN KaHAuIaTa Texandeckux Hayk: Taraapor 2012 — 23 c.

5. Tumomenko B.M. K pacyéry OTHOCHTENBHOTO IBMIKEHHS
a3PO30JILHBIX YaCTHII B 3BYKOBOM TI0JIe./ AKYCTHUECKHIT JKYpHAI, H3]1-BO
TPTHU Taranpor 1970. -4 c.

6. Tumomenko B. U., Tonocor I1.C., Jlynannuaa M.A. MeTtouka
M yCTaHOBKA 0 OCAXICHUIO HaHouacTuil. / PaguocurHan, uza-so TPTY
Taranpor 2009

—4c.

7. Anpommua A.T, DIEKTpOAMHAMUYECKHE TPOMKOTOBOPUTEIIN/
CnpaBouHuK, n3a-Bo Hayka, Mocksa 1968 1 — 340 c.
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OOPMUPOBAHMUE KYJIbTYPBI 3/I0POBbS B YCJIOBUAX
NHOOPMAIIMOHHOI'O OBLIECTBA
Poorcko A.A., Tumowenxo T.B.
Hayunsrii pykoBoauTens - K.¢uioc.H., AoneHT Tumimenko T.B.
HOxHBI (henepanbHBIN YHUBEPCUTET
e-mail; tvtimoshenko@sfedu.ru.

AKTyanbHOCTb H3y4YeHHS NpoOsieMbl (OPMHUPOBAHUS KYJIBTYPbI
30POBbA  ONpEAEISIETCS TeM, 4YTO YIydlleHHe (U3UUYECKOro M
COLMANILHOTO CaMOYYBCTBUSI TPaXKJIaH SBJISETCS CTPATETHYECKU BaXKHOM
roCyJapCTBEHHOU 3a1ayei. B COBPEMEHHBIX YCIIOBHSIX
MOCTUHAYCTPUATBHOTO  WH(QOPMAIIMOHHOTO  OOmIecTBa  MOJ00Has
npobsieMa TpeOyeT CHenu(MUUSCKUX KOMITBIOTEPHO-UH(GOPMAITHOHHBIX
METO/IOB pelleHus. Benb B CI0KHBIX yCIOBUSX THIEPHH(GOPMATH3AIIH
4acTO OCHOBHOH MPOOIEMOI CTAHOBHUTCS OBICTPBIN TOUCK HEOOXOAMMO
WHGOpPMAITHIHL.

YenoBek — CyOBEKT COLMAIBHBIA, W €r0 3/J0POBBE SIBISIETCS
BOXHBIM IIOKa3aTelleM COLHMaJIbHOTO mporpecca. PopmupoBaHue
KyJIBTYPbl 3I0pOBbSI — CJIOXHBIH  COLHAIbHO-TICUXOJIOTHYECKHUI
koMIuTeKcHBIH nporecc. [Tocne 90-x rr. XX Beka Hay4dHbINA UHTEPEC ObLI
IIPUBJICYEH K TAKOH KAYECTBEHHOM XapaKTEPHUCTHUKE KU3HM JIOJEH, KakK
«3IOpOBBIA 00pa3 Ku3HW». OTy npodbiemy usydanmu AmocoB H.A,
Anoxun LK., Ananacenko I'.JI., Apmasckuii U.A., Adanacee B.I'.,
I'paeBckas H.J., Epemenko B.A., Uzyrkun A.M., Kaznaueer B.IL.,
Jucuupin FO.IL., Iletnenko B.IL., CremanoB A.J., TposHckuii B.A.,
lenpuna A.T"., aperoponues I'.1. u ap.

Crenudruka kateropuu «o0pa3 *KH3HH» C TO3UIUH COIUATBHO-
¢unocopckoro  aHanM3a  KU3HEACATCNBHOCTH  YEIOBEKa B €¢
KOMILJIEKCHOM Xapakrtepe. OHa cBsfi3aHa CO BCeMH 00JacTIMH
JKU3HEACSITCILHOCTH 4YeJiOBeKa U 00miecTBa: Mpo)eCCHOHAIBHOM
3aHSATOCTH, ObITa, HOpMON YIOBIETBOPCHHUSI MATEPUAITLHBIX U TyXOBHBIX
noTpeOHOCTEH, CTUIIEM WHAWBUAYAIBLHOTO OOIICHUS U MOBEIEHHS U JIp.
O0pa3 KU3HU — 3TO «COLMAIbHO-(hMITococKasi KaTeropusi, cojaepramias
JUANIEKTHYECKOE €JIMHCTBO PENpPE3CHTHPOBAHHBIX IIEHHOCTHBIX W
LEJIEBBIX CHUCTEM CyOBEKTOB (0OINECTBa, COLMAIBHOW TPYIIIbI,
MHIMBUAA) M crnocoba, (opM W YCIOBUI HMHIUBHIYaIbHOH U
KOJIJICKTUBHOM KHU3HEICATEIIbHOCTH (TpynoBoi, COLIMAITLHO-
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MOJUTUYECKON U KYJIBTYPHOH) COIMATBHBIX CyOBEKTOB, TUIMYHBIX IS
KOHKPETHOU KYJIBTYpPHOH Cpelibl C €€ eCTeCTBEHHO-TeorpaduIeckumu,
WCTOPUYECKUMHU,  COIUAILHO-DKOHOMUYCCKHMH  OTHOUICHYMSIMH U
JOCTUTHYTBIM ~ ypOBHEM KyabTypbl» [1]. OO6pa3 Ku3HH  «Kak
KOMILUICKCHOE ~ SIBJIGHUE OTpa)KaeT pPa3HOOOpasHble  COIUANbHBIC
M3MEHEHUs, OKa3bIBasi B CBOIO OUepe]lb aKTUBHOE 00paTHOE BO3JICHCTBHUE
Ha BCE COLMAJIBbHBIC MPOIIECChI» [2, C.6].

OO0pa3 KH3HH COBPEMEHHOTO YEIOBEKa JaJIeK OT HACATBHOTO.
BonbnimHCTBO 3a00J€BaHUil OOYCIIOBJIICHBI CETOJHS TPEXKIE BCETO
o0Opa3oM >KW3HU Jrojei. M3 HeraTWBHBIX TEHICHIMN 00pa3a XU3HU
YyenoBeka HMH(POPMALMOHHOTO  OOMIeCTBA MOXKHO  TEPEUUCIUTH
WHPOPMAIMOHHYIO TEPErpyKEHHOCTh, TepeelaHne, TUTOJHHAMUIO,
MICUX09MOILMOHAILHOE TIepeHANpsHKEHUE, 3I0YNOTpedIeHne KOQEHHOM,
CHUPTHBIMA  HAlUTKaMH,  TaOaKOKypeHUEM,  JICKAPCTBCHHBIMHU
mpenapataMu M T. . [103TOMy CETrOJHS OJHHM W3 MPHUOPUTETHHIX
HATpaBICHUA  COLMANLHOW  TMOJIMTHKM  TOCYJapcTBa  SIBJISCTCS
YKpEeIUIEeHHE 3[0pPOBbsl TpaX<[aH, a MMEHHO, 3a1ava (OPMHUPOBAHUS
3I0POBOTO 00pa3a KHU3HU — TAKOTO MOBEACHUS, KOTOpOe OasupyeTcs Ha
HAyYHO OOOCHOBAaHHBIX CAHWUTAPHO-TUTUCHHYCCKUX  HOPMATHBAX,
HamlpaBICHHBIX Ha COXpPaHEHWE W YKPEIUIGHWE 3J0pPOBbs IS
oOecrieueHusl TOJIHOTO (DU3MUYECKOro, JAYXOBHOTO W  COI[HAILHOTO
Onaromonyuusi ~ HaceneHus.  llereHanpaBieHHOe — (OPMHPOBaHUE
KYJIbTYPBl 3JI0POBbsI: pa3paboTKa, MPOABIKEHWE W IpolaraHjga Ha
TOCYJJApCTBEHHOM YPOBHE pa3JIMYHBIX MPOTrpaMM 370POBOTO  HIIH
30pOBbe cOeperamiero oodpasa KXu3HH, (OPMUPOBAHHE KYJIbTYPHI
3M0pOBbs  Kak Hambonee OS((EKTUBHBIX  CTpATErHil  peIICHUS
pasHOOOpasHBIX MpoOeM 3M0poBbs  [3], TOsBIEHHE IOCTYITHOM
uHpopmanun U oOpazoBanusi uepe3 Internet-moprambr — MOXeT naTh
MO3UTUBHBIN PE3yIIbTAT.

[MosTOoMy MBI pa3paboranu npoekT «Kapra 310pOBbs» C HENBIO
opraHuzanud W OOECIeYeHUs  JIOCTYITHOTO  METUIIMHCKOTO
00CITy)KMBaHHS U 0370POBUTEIILHBIX MEPOTIPUSATHH JIJISl BCEX KUTEJICH T.
Taranpora. 3ajadyamMu MPOEKTA SBJISTFOTCS:

® COXPaHEHHUE U MOBBIIIICHUE YPOBHS 3I0POBbS HACEICHMS,

® [IPHUBJICYCHUE MOJIOACKH W TPaXKAaH B IICJIOM K 3710POBOMY
00pa3y Xu3HH,;
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e IIpefocTaBiicHue 0osiee MOOWMIIBHON CHUCTEMBI IS TTOJIH30BaHUS
0370POBUTENHHBIMH YCITyTaMHU.

Cpenut OCHOBHBIX MEPOTIPUATHIA MTPOEKTa TUIAHUPYIOTCS:
® BHE/IPEHUE MTPOEKTa B COIMATIbHBIC CETH U Ha WH(GOPMAIIMOHHBIN

nopran r. Taranpora;
o Axus «byzap 310poBy;
e MeponpusATue «Tpomna 300poBb».

s BHeIpeHHs NPOEKTa B COLMAJIbHBIE CETU OPraHU3YETCs
CO3JlaHHe TPYMIbl WIN MyOMHYHON CTpaHMLBI MPOEKTa C BBHIXOJOM Ha
noptai r. Taranpora ¢ 1eJbi0 MPUBJICYCHHUS MOJIOAEKH K IPABUIBHOMY,
a IJIaBHOE 370poBOMY 00pasy >ku3HH. Akuus «bynap 310poB» - 3TO
03/I0pOBHTENBHAS MPOOEKKa, MapIIpyT KOTOPOW MPOXOAMT IO
[MymkuHckolt HabOepexHou. s akumu pa3paboTaHa CUMBOJUKA —
«3nopoBeiil Taranpor». B paMkax npoekTa npeayiaracTcsi MEpONpusTUe
«Tpomna 310pOBbS» — ITO KOMIUIEKC 00CIeA0BaHUI U 03I0POBUTEIBHBIX
MEpOTPHUSITUH, pPEe3yabTaTOM MPOXOXKICHUS KOTOPBIX OyAeT IuyHas
KapTouKa KakIOro ydacTHHKa. B Hell OyzmeT OTpakeH YpOBEHb
(hM3uUeCcKOro, TICMXOJNOTHYECKOTO 370POBbSI W YPOBEHb OO
(usmueckoit moaroropku (ODIT).

Cama «Kapta 310poBbsS» — 3TO HHTEpaKTHBHAs KapTa TaraHpora,
Ha KOTOPOM YKa3aHbl CIIOPTHBHbBIE M JIe4eOHbIE OpraHu3aluu. OTa
cucTeMa CocoOCTBYeT OoJiee yA0OHOMY JOCTYIY K O37J0POBUTEIHHBIM
yenyraM. JIro0o# Kenarommii CMOXKET MPOJIOKUTh MapUIpyT Ha KapTe
3I0pOBbS, K OpraHU3alusiM, BHECEHHBIM B IE€peyYeHb Mpoekra. Jlis
KOKIOW M3 OpraHu3anuil OyJIeT JOCTYIHO OIMCAaHHE Ha KaKoM BHJIE
TpaHCOpTa A00paThes, MPEUCKypaHT YCIYT W IIeH, BpeMsl paboThl M
npouee. [IposiokuTh MyTh Ha KapTe 3710pOBbsI MOKHO OyJIET C TOMOLIBIO
npunoxenust «Offline maps» wu «Maps.me» — nporpaMMbl, B KOTOPBIX
NPOMCXOAMUT 3arpy3ka KapThl TaraHpora, W 3aTeM MOXXHO MapIipyT
npokiaasieath B Offline pesxime, To ecth €3 UCTIOIB30BAHMS HHTEPHETA.
B nepcnektuse mianupyetcs pa3padoTka COOCTBEHHOTO MPUIIOKEHHUS Ha
MOOWIIbHBIE TTIATGOPMBI IO Ha3BaHUeM «KapTta 370pOBbs».

[MomBonst WTOTM HAIIErO WCCIEJOBAaHHS MOXHO  CJIENaTh
ciefyiomye  BbIBOAbl. MH(popmaunonHoe —oOmiecTBO  obnanaer
COOCTBEHHOH KyJbTYpHOU CHEUM(UKON, T.K. AT HETO XapaKTepeH BCe
BO3PACTAIOUINIH HHPOPMAIIMOHHBIA MOTOK M OBICTPOE Pa3BUTHE HOBBIX
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WH(OPMAITMOHHBIX TEXHOJOTHH. DOPMHUPOBaHHE KYIbTYpPHI 3I0POBBS B
TaKHUX YCIOBUSAX TAKXKE HYKJIA€TCSI B HOBBIX TEXHOJIOTUYHBIX PEIICHUSX.
[IpennoxeHHbIi B CTaThe MPOSKT CO3IaeT BO3MOXKHOCTH YIOOHOM
CUCTEMBI I KOMIUIGKCHOTO OOCJICJIOBaHUS COCTOSHHUS 37I0POBbBS
YeJIOBEKa, TO3HAHUS CBOMX (PHU3WYCCKHX M TICHXOJOTHIECKUX
BO3MOKHOCTEH.

1. Tumomenko T.B. CommansHo-humocodcekas mpobdiema odpasza
KH3HM CcOBpeMeHHoro denoBeka // WmkeHepHblii BecTHHK JloHa
(anextponHsIil xKypHai). — PoctoB v//1: U3a-80 CKHL] BT FODY. Ne 4,
2015.
http://www.ivdon.ru/uploads/article/pdf/IVD_217 Timoshenko.pdf e02
cbbe923.pdf (moctym cBOGOAHEI) — 3ar. ¢ skpaHa. — SI3. pyc.

2. Ipaiin B., KoportaeB A. B. HoBble TexHOIOTHH ¥ IPOIOIDKEHUE
sBomtonuy yenoBeka? TpaHcrymanncTuaeckuii mpoekT oyaymiero, 2008.
-320c.

3. Kamenckast E. H., Tonmauéra JI. B. Kynbrypa 370poBbs Kak

COCTABIISIIOIIAsl  TICHXOJOTHYECKOH  OE€30MaCHOCTH  JIMYHOCTH.
[Dnextponnslit pecypce] // «Amxenepusiii BecTHuk Jona»: 2014, Ne 4, 4.
2. — Pexum JIOCTyIIa / http://www.

ivdon.ru/ru/magazine/archive/n4p2y2014/2651 (moctyn cBOOOmHBII) —
3ari. ¢ ’3kpaHa. — 3. pyc.

NCCIEAOBAHUE BJIMAHUSA YIJIEKUCJIOTI'O I'A3A HA
OPI'AHU3M YEJIOBEKA IIPU I'NINEPBEHTWISIHNAN
JETKHUX
Anocosa O.A., Buwneseyxuii B.FO.

Hayunblit pykoBOOUTEND - K.T.H., 1o1IeHT Bumnesenkuii B.1O.
HOxHsb1# henepanbHBIil yHUBEPCUTET
e-mail: vuvishnevetsky@sfedu.ru

Bormpeku Tomy, 4T0 MOXHO OBLIIO OBI OKUIATH OT SKOJIOTHUECKUX
mpo0JieM, CBSI3aHHBIX C TJI00a/IbHBIM IOTEIUICHHEM, BosaeicTere CO;
(yrimekuciplii Ta3) HECeT HEOCIOPUMYIO TIOJIB3Y IS BCEX IKHBBIX
opranu3MoB. JKu3Hb BO3HHUKIIA U CYIIECTBOBaja Ha 3eMJieé B TEUCHUE
MHOTHX TBICSYEJIETHI B YCIOBHUIX OY€Hb BhICOKOro conepkanus CO, B
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OKpykaromeM Bo3ayxe. CoriacHO OmyOJWKOBAaHHBIM HCCIIEIOBAaHUSM,
conepxkanue CO, Obuto mpumMepHo no 7-12% B Bo3ayxe, Koraa
pa3BUBAIMCh TEpPBbIE CYIIECTBA C JIETKUMH. TakuM oO0pa3oM, 3TH
CyLIEeCTBa MOTJIM UCTIBITATh BCE IIperMyIecTBa Ais 310poBbs CO..

Opnnako, oueHp Oonbinne Koumentpanud CO; (20% u Goibie)
MIPOM3BOIAT HEOJIATOMPHUATHOE BO3ICHCTBIE Ha YestoBeka U aucThiii CO2
ABJISIETCSl TOKCHYHBIM ra3oM. [Ipu uccnenoBaHuy Mbl OepeM THUITHYHBIH
i pr3uonorndeckux ypoBeHb CO2 B JIETKHUX, KOTOPHIA HAXOAWUTCS B
nuamnasone ot 2,7 no 7,5%.

Nmest HopmanbHeiii ypoBeHb CO; B IETKUX U apTEPHATbHON KPOBH
(40 MM pT.CT.) HEOOXOMMUMO IJII HOPMAIBHOTO COCTOSIHHS 3I0POBBSL.
CornacHo TOCIEeTHIM UCCIIEA0BaHUAM KOHIIEHTPAIIH YTIIEKUCIIOTO Ta3a
B OpraHusmMe 4YeEJIOBC€Ka IPOIMOPUHUOHAIBHBI BABIXaCMOMY O6’beMy
BO3/yXa, TECTh €CTh 3aBUCUMOCTH KoHIIeHTpaIuu CO2 OT IbIXaTeIbHOTO
[IUKJIa YeIOBeKa.

Kpowme Toro, kak mbl BeisicHWIH paHee, 6oiee 90% coBpeMeHHBIX
mroziel (Tak HasbiBaeMble "HOpPMalbHbIE CYOBEKTHI") TaKKe CTpalaroT
runepBeHTUIsIIMEN Jerkux. CieaoBaTeNlbHO, XPOHUYECKON THIIOKATHUY
SBIISIETCS OYEHb PACIPOCTPAHEHHBIM SBICHHUEM IS COBPEMEHHOTO
YyeJIoBeKa.

CoBpemeHHOE HaceJICHHE uMeer XPOHUYECKYIO
TUTIEPBEHTHALIMIO JIETKUX CKPBITYIO B COBPEMEHHOM 00pase >KH3HU.
ACHEKTBI COBPEMEHHOTO 00pa3a >KU3HHU, KOTOPhIC SBIISIOTCS IPHYHHON
TUMEPBEHTWISAIMKA: COH, JIe)Ka Ha CIHHE, JbIXaHHe depe3 por,
nepeeaHme, MpoCIaTh, MEPerpeB, CYTYNbBIH, MPUCTPACTUH, U MHOTHE
Ipyrue (hakTopbl, KOTOPhIE YCHITUBAIOT JABIXaHUE B OTJIBIX M YMEHBIINUTh
coJiepKaHue KHCIOpo/Ia Teda.

Pocculickue BpauM NpPakTHKYHOT TEXHUKY JbIXxaHusi byTelko,
WCCIIEJIOBABIIIETO MPUYHHBI TUTIEPBEHTWIIANNN Oosee 4-X MEeCATHICTHIA.
OHU TPEanoNIOKMIN, YTO OCHOBHOM NPUYMHON T'HIIEPBEHTHIISALIUU
SABIACTCA OTCYTCTBHUE (1)I/ISI/IT-ICCKI/IX pra)KHeHI/Iﬁ C HOCOBOI'O ObIXaHUS.
(OOparute BHHMaHME, YTO HOCOBOE JbIXaHHE BO BpeMs (DU3NUYECKOM
AaKTUBHOCTH OBLIO O4YeHb pacnpocTpaneHo okono 80-100 ner nazan, u 10
TOTO, YTO JAAXKE CPEAN KOHKYPHUPYIOIIUX CIIOPTCMEHOB. )

MHorue Bpaud HE COTJacHbl C JIAHHBIMH  [PUYHMHAMH
TUNEPBEHTWISINMK JIeTKMX. HO B3sIB BO BHHMaHHME MEIUIIMHCKHUE
HCCJIICA0BaHNs, CBA3AHHbLIC C UCTOPUYCCKUMHN U3MCHCHUSIMU B YaCTOTC
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JbIXaHUs (MUHYTHAsI BEHTHIISIINS) Y HOPMAJIbHBIX CYOBEKTOB B TCUCHHUE
nociaenunx 80 JeT MOXKHO CKa3aTh, YTO JAHHOE MHEHHE MMEET MECTO
0b1Th. COBpEeMEHHBIC JIIOJM BJABIXAIOT NpUMEpPHO B 2-3 pasza OoJibIie
Bo3ayxa. COBPEeMEHHBIC JIFO/IU JIBIIAT MPUMEPHO B JiBa pa3a OoJblie,
MEIUIIMHCKONH HOPMBI JIJIS IbIXaHUSI.

[pu paccMOTpeHNUN BIUSTHUS KOHIICHTPAIIMH YTIIEKHCIIOTO ra3a Ha
OpraHu3M dYejoBeka si Oyay HCIONb30BaTh MaTeMaTHYECKYIO MOJENb
BHEIIHETO  JbIXaHWS 4YENIOBEKa, OMHCBHIBAIONIYIO  JHHAMHYECKHUE
MPOIIECCH B HICKYCCTBEHHBIX JIETKHX. J1JI IMUTAIIMY JIBIXaHUS YeIOBEeKa
B KoMmIuiekce «VICKYCCTBEHHBIC JETKHE» PEXHMM HCIBITAHUSA 3a71aeTCs
CJeyIOMUMH TapaMeTpaMu: riayOuHoi apixamus Vo, aM°; gacToToii
JBIXaHus N, MUH L, nerounoii Beatuaaueit W, = V, n, am3/mun [1].

OObeMHas mojiaya JUOKCUIA YIIIepoa B X0J€ BCEro MCIBITAHUS,
Weco2®, nM3/MuH, uMUTHpyeT BbIAENEHHE YEJIOBEKOM JHOKCHJA
yriepoja. OTa BeJIWYHHA OMPEACISIeT HAYANbHYI0O OOBEMHYIO JOJIO
JTUOKCHIA YTIIEPO/ia B BBIABIXaeMOi Ta30Boii aprxatenbHoi cmecu (I'1C),
o6o3HauaeMyto Kak, Ccox® KkoTopast 3aBUCHT OT BEIMUMHBI IOJAYH
JUOKCUJIA YIJIepoAa B HAYalbHBI MOMEHT HCIBITAHUS W JIETOYHOM
BEHTHIISIIAN:

(0)
) _ Wy,
Cooz = 7112 , (1)

HauanbHas oObeMHast 107151 AMOKCHAA YTIIEpo/ia PErHCTPUPYETCs
Ha JINTHUY BBII0Xa KOMILUIeKca ncKyccTBeHHbIe jerkue (MJ1I), moka k Hemy
HE TOJKIIOYEH WHAMBHUIYaJNbHBIA JbIxaTenbHbIN ammapar (UZA),
KOTOPBIN HEOOXOAMMO MCIBITATh WU IPOTECTUPOBATH.

JInst coctaBienus OajaHca MO JAMOKCHUIY YIriepoja ydTeM, 4To B
0JIOK MMHUTAIUK JIBIXaHUs MOCTynaroT jaBa nmotoka CO, — ¢ MOCTOSHHOM
06beMHOl ckopocThio Weo® ns Gamiona u ¢ nepemenHoi 00beMHOI
ckopocTbio B coctaBe ['JIC ¢ nvHMM BIOXa, a yAanseTcs U3 UMHTATOpa
OJIUH MOTOK I10 JIMHUH BBLIOXA.

PaznenuB 9TH TOTOKM Ha BENUYMHY JIETOYHOW BEHTHIISIINY,
MoJryyaeM:

0
C), +Coa, = Cona, @
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[Ipoananm3mpoBaB KOHIEHTPAIMM W OOBEM Ta30B BO BpeMs
JBIXaTEIFHOTO IHUKJIA, MBI MOKEM MTPOCIIEIUTH COAePKAHNUE YTIEKUCIOTO
rasza B KpOBHU YEJIOBEKA U €T0 BIUSHUE HA YEIIOBEUECKUN OPTraHU3M.
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OrleHKa KayecTBa OKPYXKAlOIIEH Cpenbl SBISETCS BaXKHOM
oO1eyenoBedyeckoi mpooieMo. [1Jis 00bEKTUBHOTO 3aKIFOUCHHUS O TOM,
KaKOBO KayeCTBO Cpebl, HY)KHA HHTErpajbHas XapaKTEPUCTHKA ee
COCTOSIHUSI, T.€. OIICHKA BCEr0 KOMILIEKCA BO3ICHCTBHI BCeX (DAKTOPOB B
ux B3aPIMOIIeI71CTBPIH, B3aUMOBJIUAHUU W CYMMApPHOM BJIMAHHMKA Ha
MPUPOJHEIE OOBEKTHl. BO3MOXXHOCTH TONYYNUTh HWHTETPAIBHYIO
XapaKTePUCTHKY KauyeCcTBA CPEIbI, HAaXOJsIIeics Moa BO3AeHCTBHEM
BCEr0 MHOT000pasusi (PU3MUYCCKHX, XUMHUSCKHX U JPYTHX (PaKTOpPOB,
J1ar0T OMOJIOTMYECKHUE METO/bI, B YaCTHOCTH OMOMHIUKAIIHS.

BuonHaMKAIMS PECTABISECT COO0I METOMT OIICHKH 3arpsi3HCHUS
OKpYIKaroIel cpe/ipl ¢ UCMOIL30BAHUEM KHUBBIX Opranu3MoB. OnHU U3
HaHpaBJIeHI/Iﬁ 6I/IOI/IHJII/IK3HI/H/I HCCICAYIOT BJIIMAHHUE TOKCHYCCKUX
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BEIIECTB Ha OKPYXAOLIYI0 Cpenly, Ipyrue - Ha uyesioBeka. B kadectse
OMOMHIMKATOPOB MOTYT HCIIOJIB30BATHCS BHUIBl JKUBOTHBIX MM
pacTeHMHd ¢ y3KMM [Mana3oHOM TOJEPAHTHOCTH K OIpPEIEICHHOMY
¢dakTopy (T. Ha3. CTEHOTOMHBIC BH[bI). BHOMHIWKANMS HCHONB3yeTCs
TaKXe JUId OLIGHKHM KadecTBa BOJbl. B BOJONPOBOAHBIX CHCTEMaXx,
9KCIUTyaTUPYIOLINX IOBEPXHOCTHBIE BOIbI, OCOOCHHO Ba)KHBIM SIBIISETCS
pa3paboTKa CUCTEMBI KOHTPOJIS KauecTBa BOJBI, MpeIHA3HAYCHHOM AJIS
nuThs.  [loBepXHOCTHBIE  BOABI  IOABEPXKEHBl  Pa3HOOOPa3HBIM
3arps3HEHUSIM, KOTOPbIE MOTYT IOSIBUTHCS BCIEACTBHE TOBEPXHOCTHBIX
CTOKOB, YAAJI€HUs HEOUMILIEHHBIX CTOYHBIX BOJ, JAPEHA)Xka CO CBAJIOK
OTXO/IOB, TPOMBIIUICHHBIX AaBaphii, HWCIONb30BaHHUS XHMHKAaTOB B
CeIbCKOM Xo3stiicTBe  mp [1].

[epcnekTHBHBIM 00BEKTOM OMOMHIMKAIIMOHHBIX HCCIEIOBaHUI
SBIISIIOTCS. BOJHBIE MoJuttocku. Lllupokoe pacmpoctpanenue, yao0cTBO
cOopa, TerkocTh UACHTH(UKALINY TI03BOJISIOT UCIIOJIb30BaTh MOJIJIFOCKOB
B OMOMHIMKALNY 3arPSA3HEHHS BOIAHBIX 3KOCHCTEM.

OOBEKTOM  HCCICHOBAHUS SBISICTCA TaraHporCKUil  3aJiuB.
TaraHporckuii 3aJluB — pAaCIOJIOKEH B CEBEPO-BOCTOYHOW YACTU
ABOBCKOTO MOpS H SIBIETCS €ro KpymHEeWIHMM ¢ Hambolee
M30JIMPOBAHHBIM 3aJIMBOM. TaraHporcKuil 3aluB OTACIEH OT MOpA
kocamu Jlonroii u benocapaiickoii. Jimnna 3anuBa cocrarnser okoso 140
KM, mupuHa y BxoAa 31 kM. TaraHporckuii 3ajiuB MEJIKOBOJHEE, YeM
ABOBCKOE MOpe W HMMEEeT OuYeHb POBHBIH penbed nHa. Ero cpemmsis
rmyouna cocraBisieT 4,9 M, 006éM 25 kM3, [Inomans Taranporckoro
3amuBa 5600 km?. Kak mpaBuIiio, 3amep3aer ¢ Jekadps Mo MapT, XOTs B
MSATKHE 3MMBI MOXET IIOYTH HeE 3aMep3aTrh coBceM. /[lns 3amuBa
XapaKTepHbl IIeeo0pa3Hble TEUEHUS C CYTOYHBIM  MEPHOAOM,
HaIpaBlieHHbIE THEM K peKe, a HOUbI0 B MOPE, BBI3bIBAIOIINE CYyTOYHbIE
KojeOaHus ypoBHSA, fAocturatoniie y Taranpora amrmmrtynst 50-80 cwm.
ITpu cuiibHOM BeTpe Takue KosiebaHus ucues3aror [2].

Bogst Taranporckoro 3anvBa B CpaBHEHUH C BOJIAMU OTKPBITOTO
A30OBCKOTO MOpPs coaepkaT 0oJiee BBICOKME KOHIEHTPALMU BPEIHBIX
BEIIECTB H3-3a PETYJSIPHOrO cOpoca CTOYHBIX WM PEYHBIX BOJ, HE
OUMILEHHBIX OT TOKCHYHBIX COCTABISIOMMX. Macca SJOXMMHKATOB
Takxe copaceiBaercs B Jlon, Muyc u apyrue peku, BIagaollie B 3a1B.

Camoli 3amakoBaHHON NPUOPEXKHON 4YacThiO MO CPaBHEHHIO C
IpYyTHMHU TIyHKTaMu HaOmrofeHus ssisieTcs: Oyxta AnnpeeBa. B camom
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3aMBE C KaXABIM TOAOM yMEHBIIAeTCd TOMyJSIus pbiObl. Takke
KOMITJIEKCHAsI OIleHKa BCEW cHCTeMBl BomocHabeHus Taranpora
BBISBWIIA JAC(PUIIUT KAYECTBCHHOM MUTHEBOW BOJIBI.
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Pucynok 1 — Kapra TaraHporckoro 3ajiuBa ¢ UCCIEAYEMbIMU TOYKAMHU
otrbopa npod

Touku orbopa npoo:

e Touka 259 — B paiione BnusHus niakoorsana OAO «Tarmer

e Touka 260 — Byxta Annpeesa

o Touka 262 — SIxT-KITy0

e Touka 263 — [lopt Taranpora

e Touka 267 — B paiioHe BBITyCKa OYUCTHBIX COOPYKEHUI

e Touka 275 — Ycrbe p. Cambek

Boay B ropon monarmT TpH OCHOBHBIX BOJONPOBOJA — JOHCKOH,
MUYCCKM W rpyHTOBbIA. llocmemnuit mpencrasmser u3 cebs 11
apTe3WaHCKUX CKBaXMH, W3 KOTOPBIX OCYIIECTBISETCS I0ja4a
BBICOKOMUHEpasIbHON BBl Ho, K coxalleHHIo, TpyHTOBBIE BOJIBI TOPOAA
cogepkar B cebe XJOpHIbI, Cynbdarbl, a TaKKe HHUTPAThl BHIIIE

JIOTTyCTHUMOTO YPOBHSA, HE BCE€ BOJOCHAOXKaIOIIMEe 0OBEKTHI COOMIOIAI0T
CaHUTAPHBIN peKUM [2].
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Haunbonee ka4yeCTBEHHYIO MUTHEBYIO BOJAY MONYYAIOT >KUTEIU
CeBepo-BOCTOYHOTO paiiOHA, MMOCTABISIEMYIO JOHCKOW HAacOCHOH. A B
LlenTpanpHbIi paiioH CO CHAa0XXEHUEM OT MHYCCKOW HACOCHOH U
3anaaHbIil OT TPYHTOBOHM MOJACTCS HEXKeNaTeJdbHas K YHOTPeOICHHIO
Boaa. Ho, HecMoTpst Ha Bce 3T nokaszaTenu, HaurHas ¢ 2000 r. uHaeKC
3arpsi3HEHUs BOJbI cHIKancs, U yxke B 2009 r., coracHo pe3yibTraTtam
uccrefoBanusl TaraHporckoro 3anvBa, BOJa XapakTepH30Balach Kak
«IHCTAS.

Haubonpimmit MHTEpEC B MCCIICTOBAHUN Ka4E€CTBA BOJIHI BBI3BIBAIOT
JIOHHBIE OTJIOKEHHMSI, TOCKOJIBKY 3arPSI3HUTEIH, OCTYIUBILUE B BOJIOEM,
MOTYT XpaHUTBCA Ha JHE JOJITMC I'OJbl, €CJIM HC BOSHUKHCT CHUTYyallUH,
MPU KOTOPOUH OHU MOJHUMYTCS U PACTIPOCTPAHSTCS BO BCEH TOJIIIE BOBI.

JonHbIe 0caaku (JOHHBIE OTIOKEHHUS) — MUHEpAJIbHEIC BEIIECTBA,
OTJIOKUBIIMECS HA JHE OKEaHOB, MOpEW, 03€p, peK B pe3yJibTaTe
(U3NYECKUX, XAMUUYECKUX H OMOJIOTUYECKUX TIPOLIECCOB.

JIOHHBIC OTIOXKCHUS OTOMPAIOT MAJIsi ONpEACTCHUS XapakTepa,
CTCIICHU U FJIY6I/IHI)I IMPOHMKHOBCHUA B HHUX 3arpA3HAIOIIHNX BCHICCTB,
W3y4YCHHS 3aKOHOMEPHOCTEH MPOIECCOB CAMOOYUINCHHS, BBISBICHUSI
HUCTOYHUKOB BTOPUYHOTO 3arps3HCHHST W ydeTa  BO3JCHCTBHS
AHTPOIMOTCHHOTO (PaKTOpa Ha BOJAHBIC SKOCHCTEMBI.

Crioco6 otOopa mnpo0 JOHHBIX OTJIOKEHHH BHIOMPAIOT B
3aBUCUMOCTH OT CBOWCTB OMNpECNSEMbIX BEIIECTB U TOCTABICHHOM
3aga4u. J{J1st OLCHKH CE30HHOTO MOCTYIUICHHUS 3arPSI3HSIOINX BEIIECTB U
HUX TOBCPXHOCTHOT'O pacnpeCac/iCHUA B JOHHBIX OTJIOXCHUAX Hp06bl
OTOMPAIOT M3 BEPXHEro CIOs, a MPU HCCICIOBAHUM paclpe/eliCHUs
3arps3HSIONIMX BEIIECTB 10 TOJaM JIOHHBIE OTJIOXCHHUS OTOHPArOT
nocyoiHo. OTOop Takux MpoO 00s3aTeieH B MECTaX MaKCUMAaJbHOI'O
HAKOIJICHUSI JIOHHBIX OTJIOKEHHH (MecTa cOpoca CTOYHBIX BOJ H
BIQJICHUS] OOKOBBIX TIOTOKOB, MPUITJIOTHHHBIC YYACTKHA BOJIOXPAHUIIHIIL),
a TaKkKe B MeCTax, e OOMEH 3arpsi3HSIONIMMH BEIISCTBAMH MEXKIY
BOJIOI71 1 TOHHBIMU OTJIOXCHUAMH Hanboliee UHTEHCUBEH (Cy}IOXOIIHBIe
(apBatepsl pek, MepeKaThbl, YUaCTKH BETPOBBIX BOJIHEHHH U 1p.). Ilpu
OLICHKE BIHMSHUS CTOYHBIX BOJ| Ha CTENEHb 3arpsS3HEHHOCTH JIOHHBIX
OTJIOKEHHUH U JWHAMUKH HaKOIUICHHA 3arpA3HAIOIINX BEHIECTB B HUX
mpoObl OTOMpAIOT BBILIE M HMXKE MecTa cOpoca B XapaKTepHble (a3bl
THPOJOTUYECKHX PEKHMOB H3Y4aeMbIX BOJHBIX OOBEKTOB.
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Pucynok 2 — KoHneHTpanus TSHKEIBIX METaIOB B IOHHBIX
OTIIO’KEHUSIX TaraHporckoro 3aanBa

B pesynaprate 00paOOTKM SKCHEPUMEHTAIBHBIX HAHHBIX I10
JIOHHBIM OTIIOKEHUSAM B Touke 259 (B paiioHe BIMsSHUS MUTaKOOTBaJa
OAO «Tarmer») BHIHO NPEBBINICHWE KOHIEHTPAIIMM CBHHIA 10
CPaBHEHHIO C IPYTUMH MeTajulaMu (MeJlb, MOTUOICH, HUKEIb, XPOM).

Taranporckuii 3aJiuB MOXKET BBIIIOJHATH QYHKIMH, KaK (QUIBTPA,
Tak W Oapbepa, MPOIMYCKAIOMIETO WU 3aJePXKUBAIOLIETO TSDKENbIE
METaJUIbl Ha IMyTH TpaH3uTa u3 p. JJoH B A3oBckoe Mope. B GaprepHbIX
30HAX CMelIleHus "peka -Mope" TMPOUCXOAWT  TpaHChopMaIus
MHUHEPAJBHOIO U OPraHMYECKOr0 BEILECTBA, KOTOPAsi CONMPOBOMKAAETCS
W3MEHEHHUEM pa3InYHbIX (OPM MHUTpAIMK CBHHIA M PTYTH B BOJE.
3HauyMTeNbHAs YacTh CBUHIA U PTYTH (PUKCHpyeTcs BO B3BECH U 3aTeM
NEepexXoAuT B AOHHBIE OTJIOXKEHHA. B CBOIO odepens BepXHHMU CIOMH
MOCJIETHUX, BCIIEJCTBAE HM3MEHEHHs TUAPOJUHAMUYECKUX U (PHU3HKO-
XUMHUYECKUX YCIOBHH CpeIpl, YTO BeCchbMa XapaKTepHO  JJs
Taranporckoro 3annBa, CllocOOEH BHOBb IIEPEHTH B MPUIOHHYIO BOAY U
BBI3BAaTh BTOPHUYHOE 3arpsi3HeHue. Takum 06pa3oM, TeOXMMHUYIECKHS POJIb
JIOHHBIX OTJIOXXEHWH JIBOSIKA, TIOCKOJIBKY OHH MOTYT Kak COpOHMpOBATH
CBUHELl U PTYThb M, CIEJOBaTENbHO, CHOCOOCTBOBATH CAMOOUYHILEHHIO
BOJIBI OT 3TUX 3JIEMEHTOB, TaK U 1eCOPOUPOBATD UX, TEM CaMbIM YXyALIast
Ka4ecTBO BOJIbI [2].

Kax roBopurcs Bbime, g OBICTPOTO  aHamM3a  BOJIBI
paccMaTtpuBaeTcss MeTos OMoMHAMKAauMu. [lepcrieKTHBHBIM OOBEKTOM
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OMOMH/INKAIIMOHHBIX HWCCIIEIOBAHUN SIBIAIOTCA BOJHBIE MOJLTIOCKH.
[npokoe pacmpocTpaHeHue, yno6cTBO coopa, JIETKOCTh
WACHTU(QHUKALMU  TO3BOJSIOT  HWCIONB30BaTh  MOJUIIOCKOB B
OMOMHIMKALINY 3arpSA3HEHUSI BOIXHBIX SKOCHCTEM.

MOITIOCKH  yIOBJIETBOPSIOT BCEM KpUTEpHUAM [UII  OTOOpa
OpPTaHU3MOB — WHANKATOPOB: OHU PEarupyroT OBICTPO M OJHO3HAYHO HA
BHE3aIHbIe M3MEHEHHSI CPEbl, UX peakuus (3aKphITUE PAKOBHH) JIETKO
pPETHCTPHUPYETCS, a WX YCIOBUS WM ITUKJI XKU3HU JENAl0T BO3MOXHBIM
ABTOMAaTHYECKOE M TIOCTOSHHOE HaONIOJIeHHEe 32 WX TIOBEJSHHEM B
JTa00PATOPHBIX YCIOBHUSX.

Jnst ompeneneHUsT KadecTBa BOJBI C TIOMOIIBIO MOJUTIOCKOB
MIPOBOASITCS HAOIIOCHUS 32 X peaKIned B CIeIHaIbHBIX pe3epByapax.
Tax mpotie 0TCIIeKUBaTh UX MTOBEJCHNUE.

B pesepByape ¢ uccieayemMoli B0l HaX0IUTCs 8 JBYCTBOPYATHIX
MOJITIOCKOB. KOHCTpyKknmsi pesepByapa [ODKHA HWCKIIOYATh WU
MUHUMH3UPOBATh BIHSHUE BHEMIHUX (PAKTOPOB, KOTOPHIE MOTIH OBl
HapyIIUTh aKTHBHOCTH MOJLIIOCKOB. Pe3epByap HeoOXoAMMO Aenarh C
3aTeMHEHHEM M H30IAIuer oT myma. s co3maHds ONTHMAaTbHBIX
KHCIIOPOTHBIX YCIIOBUH CTaBUTCS (PMIBTP, HATHETAIOIINI BO3IyX B BOIY
pesepByapa.  MOJITIOCKM  TPHUKPEIUIIOTCS K TUICKCHTIIACOBBIM
MOCTaMEHTaM, pacIlOIOKEHHBIM B pe3epByape. K KaxIoMy WX HHX
MPUCOETUHACTCS 30H]I, PETUCTPUPYIOLINIA CTETIEHb OTKPHITUSI PAKOBHHBI
MOJIJIFOCKOB. B03MOXKHO NOAKIIIOYCHUEC JOIIOJIHUTCIBbHBIX JaTYHKOB,
HaIIpUMeD, JaTYMKa TEMIIEPATYPHI U Ilepelady JaHHBIX B KOMIIBIOTED.

c e e al N, R : SNl

PI/IC}’HOK 3 - Moanocku B AKBApUYME C MPUKPCIVICHHBIMU JaTYUKaAMU U
OIITHYCCKHMHU BOJIOKHAMHU

164



V Bcepoccuiickas MOJI0eKHas MIKOJIa-CEMUHAp

Jis Toro 4ToObl YCTAHOBHUTH CTEIIEHH PACKPBITHUS CTBOPOK
MOJUTIOCKOB, TPOBOJUTCS KalHOPOBKA CHUCTEMbl (MHHUMAJIbHAS W
MaKCHMaJbHasi CTETIEHb PAaCKPBITUSI CTBOPOK), KOTOpasi ONpeAeisieT TaK
Ha3bIBaEMbIH «paboyunii Tuama3oH» I Ka)XI0To MOJUTIOCKA.

JlaHHBIC C 30H7Aa, MPUKPEIDICHHOTO K MOJUTIOCKY TepenacTcsi Ha
KOMITBIOTEpP, TJEC C TOMOIIBID MPOrpamMM OTOOpaXkaeTcsi MOBEICHHE
uccienyeMblx ocobell. PesynbTarT BBIBOOUTCS B BHAE TPapHKOB, 3TO
YIPOIIAeT aHaIu3 PeakilMd MOJUTIOCKOB Ha U3MEHEHHUE cpelibl. Tak ke
thopmupytorcss otdeTsl. OHH TO3BOJISIFOT OIEHUTHh paboTy CHUCTEMBI U
NPOCIIEANTh MOBEIEHIE MOJUTIOCKOB BO BpeMEHHU. BU3yanbHbIi KOHTPOJIb
CTCTIEHN OTKPBITHSI CTBOPOK MOJUTFOCKOB B MPOIEHTaX MOXKHO
MPOCIIEUTh ¢ MOMOINBIO BEPTUKAIBHBIX JAUarpaMm (Boja TECTHPYETCS
KaXIyl0 CEeKyHJy), a M3MEHEHHS MOBEACHUS MOJUIFOCKOB BO BpPEMEHH
WLTIOCTPHPYIOT TOPU3OHTAIBHBIE qUarpaMmel [3].

B pesepByapax ¢ Bomoii HaxomaTcs 8 MOJUTIOCKOB, KOTOpEIE
UCTIONB3YIOTCS 3 Mecsna. OTO ONTUMAJbHBIA MEPHON Ui WX
(hYHKIITMOHUPOBAHUS, B TCUCHUE KOTOPOT'0 UX HE HY>KHO TIOJIKAPMJIUBATh.
[Mocne Tpex MecsAeB MOJUTIOCKH 3aMEHSIFOTCS IPYTUMH, & OTPadOTaBIIUE
JI0 CHX IOp B CHCTEME BO3BpAIIAIOTCS B MpUpoy. [loHmKEHHE YPOBHS
AKTUBHOCTH OTIIENILHBIX OCO0OEH MOXKET OBITh BBI3BAHO W3MEHEHHEM
TEPMHUYECKUX, KHCIOPOIHBIX WM CBETOBBIX YCJOBHH, PE3KUMHU
KOJICOAHUSIMH  aTMOC(EPHOTO JIaBJICHHUS, a TaKKE MEXaHHUECKUM
BO3/ICHCTBHEM TpeThUX JHil. OnTuMmalnpHas TeMIepaTypa JUis
¢yHKuMoHMpoBaHuss MoiurockoB 3to 6 — 18°C. Ilostomy mporece
YCTAHOBKH CHCTEMBI MPOBOJIUTCS TaKMM 00pa3oM, 4TOOBI 0OECHeUnTh
ONTUMAJIBHBIC JJI1 MOJUTFOCKOB TEPMUYECKUE U KUCIOPOIHBIC YCIOBUSL.
AKTUBHOCTb ~ MOJUIIOCKOB  YBEIIMYMBAETCSI  NPH  3aTEMHEHHH.
CyIecTBEHHBIM SIBIISIETCS TaKKe YPOBEHb KOHIIGHTPAIMK KUCIOpPOJa B
BOJIe, KOTOpBIH He noimkeH ObiTh HIke 4 mr O/n. B HOpMambHBIX
YCIIOBUSIX (DYHKIMOHUPOBAHUS B OMOPUTME KAXKJIOTO0 M3 MOJLIOCKOB
MOJKHO BBIJICJIUTh BHICTYIAIOIINE [IUKJINYECKH [IEPHOIbI MOBBIIICHHON U
MTOHKEHHOW aKTUBHOCTH. B HEMOIBUKHOM COCTOSTHUM PAKOBHHA MOXKET
OBITh YACTUYHO WM JJAJKE MOJIHOCTHIO 3aKPHITON B TEYEHUE HECKOJIBKUX
4yacoB, WHOrJa Oonblie 4YeM JecsiTd. [IpuKpbITas pakoOBHHA HITH
MOCTETIEHHOE €€ 3aKphIBaHUE HE BCETIa SIBISICTCS MPU3HAKOM CTpecca.
Tonmbko BHE3alMHOE 3aKPBITUE CTBOPOK PAKOBHH Yy HECKOJIBKUX
MOJITFOCKOB MOYKHO CUHTATh PEaKIfei, BbI3BaHHOH cTpeccom [3].
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Peakuust MOJUTIOCKOB HE MPEIOCTABISAET HHPOPMAIIHIO O TOM, YTO
U B KaKOM KOJHMYECTBE HAXOIUTCS B BOJIC, HO BHE3AITHOE 3aKPHITHE
PaKOBHH CUTHAJIM3HPYET O TOM, YTO U3MECHUIIUCH MTapaMeTPhI BOJIBI U YTO
OHM BpEIHBI M ONACHbI. B cllydae BHE3amHOTO 3aKPHITHUS PAKOBHH
MOJUTIOCKOB, HE BBI3BAaHHOTO CTPECCOBOM CHTyammed, Oepercss mpoda
BOJIBI U HCCIIEYETCS C TIOMOIIBIO XUMHIECKUX METO/IOB, IS TOTO YTOOBI
ONPE/CIUTh BUJ 3arps3HUTENII M OTH JIaHHBIC 3aTeM Mepenath Ha
BOJOKAaHAaJT M BOM03a0OpHBIC CTAHIMHM JUIA NPUHATHS Mep 110
00eCneYeHNIO OUYMCTKH BOJIBI.

K Mepam, KOTOpbIe MOTYT TOMOYb BBI3IOPOBICHHIO BOJOEMOB
MOXKHO PEKOMEHIOBATh THOYIITyOUTENIbHBIE pPa0OTHIl, KOHTPOJH 3a
cOpocom XUMHYECKUX 3arpsi3HUTENCH MIPOMBIIIICHHBIMH
OPeANPUATAIME U cynaMd. HeoOXOJMMO TOCTOSHHOE HAaKOILICHHE
uHpopManuK, ee aHAM3 U CHHTE3, B MPOIECCE KOTOPBIX CTPYKTYpPHO-
(hyHKIIMOHATBHBIE OCOOCHHOCTH OMOIIEHO30B M UX OMOWHIUKAIIMOHHEIE
Ka4ecTBa MOKHO OyJIeT MPUBOIUTH K HOpMe [4].

Pe3ynbraThl MPOBENCHHBIX HMCCIICNOBAHHMI IMO3BOJISIOT CHEIaTh
3aKJTIOYCHUE, YTO BOJHBIC MOJUTIOCKH SBISIFOTCSl TEPCHEKTUBHBIM
O0BEKTOM  OMOMHAMKAIIMOHHBIX  HCCIEJOBAHUHA  3KOJIOTHYECKOTO
COCTOSIHMSI BOJHBIX CHUCTEM. B KauecTBe IMOKaszaTess 3arpsi3HCHHS
BOJTHBIX 9KOCHCTEM MOT'YT OBITh PEKOMEHIOBAHbI TAKUE MOMYJISIIIUOHHBIC
napaMeTpsl Mayako(ayHbl, KaK MPUCYTCTBHE BHJOB U COOTHOLICHHE
YHUCIICHHOCTH ¥ OMOMAcChl MOJUTFOCKOB — TIPECTABUTEINICH Pa3IMYHBIX
canpoOHBIX TPYIII.
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