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OIIPEJEJIEHUE MUKPOXAPAKTEPUCTHK BO3IYIIHOI'O ITIOTOKA B HOCOBOH
IHOJIOCTH IIPH IBIXAHUUN

A. B. HOCOBA", O. I. ABPYHUH"*, H. C. XYIIIAM ®APYK

I acnupanm xagpedpor 6uomeduyunckoii undicenepuu, Xapbko6CKUll HAYUOHATLHBLLL YHUGEPCUMEM PAOUOINCKMPOHUKU, XAPbKOS,

VKPANHA

2 3aeedylowuil kaghedpoii buomeouyuHcKol undicenepuu, XapbKo6CKutl HAYUOHATbHbLI YHUEEPCUMENn PAOUOITeKMPOHUKL, XapbKoe,
VKPAHHA

3 npenooasamens, meduyuncruii koanedxc MHAHA, Snv-Puso, CAYJOBCKAS APABUA

“email: nyav007@gmail.com

AHHOTAIIUA Cmamva nocéawjeHa onpeoeneHuio Cmenenu mpasmamu3ayuyu causucmou 0060104KU HOCO80U NOJIOCMU C
mypoyIeHmHbIM 6030YWHBIM NOMOKOM. [Ipoxosicdenue 6030yxa uepes 8epxHull HOCOB0U X00 obecneyusaem OOCMABKY MOAEKVI
o0dopueepmopa 6 uyecmeumenvhvie 00aacmu 000HAMENbHO20 anamuzamopa. Hzyyenue xapakmepucmuk 8030YUWHO20 NOMOKA 8
6EPXHEM HOCOB0M NPOX00e NO360Jiem ONpedeiums SPAHUYbl NPUCIEHOYHO20 JIAMUHAPHO20 G030YUIHO20 NOOCIOS U U3YYUMD
HA3AMbHYIO  A9POOUHAMUKY HA MuKpoyposhe. TypOynenmuwill NOMOK CNOCOOCMBYem Ype3MepHOMY BbICYWUBAHUIO CAUIUCTON
000104KU HOCOBOU NOIOCMU, YMO NPUBOOUM K ee Mopgonocuyeckol nepecmpotike K cybampoguyeckomy npoyeccy. buino
06HApYdICeHO, YMO MONWUHA JAMUHADHO20 NOOCIO0SL COCMAGIAem OKOAO 1 MM, ROIMOMY YYACMOK CAUBUCMOU 060I0YKU
noosepeaemcsi Cywike ¢ ygeaudeHuem mypoyieHmHoCmy medeHuss 8 MeCmax CylceHusi Hoco8ol Noaocmu (060HAMeNIbHOU Weu).
Knrouesvie cnosa: 6030ywiHblll NOMOK, 0OOHAMENbHAA Welb, JTAMUHAPHBIN NOSPAHUYHBIL CAOIU, CAUIUCMAA 00010UKA, HOCO8As
nonocmuv, mypoyieHmHulil HOMOK

DETERMINATION OF MICROCHARACTERISTICS OF AIR FLOW IN THE
NASAL CAVITY DURING BREATHING

Ya. NOSOVA", 0. AVRUNIN*, H. I. FAROUK?

! Department of Biomedical Engineering, Kharkiv National University of Radio Electronics, Kharkiv, UKRAINE
2 Professor of Department of Biomedical Engineering, Kharkiv National University of Radio Electronics, Kharkiv, UKRAINE
3 npenodasamens, meduyunckuil koaneoxc MHAHA, dnv-Puso, Cayoosckas Apasus

ABSTRACT The aim of the work is to determine the degree of traumatization of the mucous membrane of the nasal cavity by
turbulent air flow. It should be noted that it is especially important to determine in the narrowing of the nasal cavity (olfactory gap),
where the mucous membrane is subjected to drying with increasing turbulence of the air flow. Achieving this goal will increase the
effectiveness of diagnosis and treatment of respiratory and olfactory disorders and will help to identify the pathogenesis of chronic
rinological diseases. An important characteristic of nasal breathing is the distribution of air flow rates along the sections of the
nasal cavity. When analyzing the existing approaches, it was determined that the main method of studying the aerodynamics of the
nasal cavity is rhinomanometry. However, there is not always a clear correlation between anatomical and functional indicators, as
well as subjective feelings of the patient and rhinomanometric data. The passage of air through the upper nasal passage ensures the
delivery of odorivector molecules to sensitive areas of the olfactory analyzer. The study of the characteristics of the air flow in the
upper nasal passage allows us to determine the boundaries of the near-wall laminar air sublayer and to study nasal aerodynamics at
the micro level. Turbulent flow contributes to the excessive drying of the mucous membrane of the nasal cavity, leading to its
morphological rearrangement towards the subatrophic process. It was found out that the thickness of the laminar layer is of the
order of 1 mm, therefore the protuberances of the mucosa are subjected to drying with increasing turbulence of the flow at the sites
of narrowing of the nasal cavity (olfactory gap). The prospect of work is the study of the characteristics of the boundary layer in
typical pathologies in various respiratory regimes, which will improve the efficiency of diagnosis and treatment of respiratory and
olfactory disorders and will help to identify the pathogenesis of chronic rinological diseases.

Keywords: air flow; olfactory cleft; laminar air sublayer, nasal cavity; mucous membrane; turbulent flow

Beenenue HapyLICHUsIX OOOHSHHSI CT@HOBUTCS HEBO3MOXHBIM
BBIMOJIHEHUE  Maxy4MMH BEHIECTBAMH  CHTHAJIbHBIX
HccnenoBanne OOOHATENBPHOTO aHANM3aTOpa HE  (YHKIHH: MUILEBOM, IIOJIOBOH, OXpPaHHOH,

TOJIbKO TO3BOJISIET BBIABISAIT Ha PaHHUX CTaAMsIX  OpuUeHTHUpoBouHOl [1-3]. Ilpu 3STOM 3HAYUTENBHO
pasnuuHble 3a00JIEBaHUS, HO SIBIATHCI WHCTPYMEHTOM  CHIDKAeTCS KAdeCTBO JKHU3HHU, YBEIHMYUBACTCS YPOBECHb
Ui OUeHKH S(P(QEeKTUBHOCTH PHHOXHPYPTHUECKOTO  PHCKA IPH HCIIOIB30BAHUN OBITOBBIX Ta30BEIX IPHOOPOB.
BMEIIATENbCTBA, TAKXKe IIONHOLEHHOE  BOCHPHUATHE JUIs HEKOTOPBIX aBTOPOB OOOHATENBHAS IIETh
3amaxoB BIUSET HAa KAaueCTBO JKU3HU denoBeka. [Ipum  cooTBeTCTBYeT OOOHSTENbHOM  00NAacTH, TOKPBITOH

© HOCOBA 4. B.,, ABPYHHH O. T, PAPYK X. 1., 2018

122 BICHUK HTY "XIII" Ne 16 (1292)


http://teacode.com/online/udc/66/665.9.html

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

O0OOHATENBEHOM CIU3UCTON 000JI0UYKOH, ¢ KpHOpHpOpMHOIA
MJACTHHKOW W 1 CM? C KaXIOH CTOpOHBI, Ha OOKOBOM
CTEHKE HOCA U Ha MEePETOPOIKE.

Jlyiss OOJIBIIIMHCTBA aBTOPOB OOOHATENIbHAS IICIh
OMpeneNnsieTcss B COOTBETCTBHH C (DH3HONIOTUYCCKUM
MOJX0JI0OM C y4YETOM BO3IYIIHOrO MoToka. Kpome Toro,
BO3JyX MPOXOJUT BIOJb HHKHETO HOCOBOTO XOJa BO
BpeMs CIOKOMHOTO JAbIXxaHus [4] .

Takum  00pa3oM, MOXHO  pa3lid4aTh  JBE
(PU3NONOTHYECKH pa3NWYHbIC 30HBI B IIOJIOCTH HOCA

(puc.1):

- IIAPOKast 30Ha, obecrieynBaromnas
HHU3KOCKOPOCTHOH MOTOK BO3yXa: peCIHpaTOpHasi LIeb;
- y3Kas 30Ha, obecrieynBaromas

BBICOKOCKOPOCTHOH TOTOK BO3AyXa B OOOHSTENbHYIO
00nacTh: OOOHATENbHAS LIETb.

B 5TOM MOHSATHM HW)XKHUH Tpesesl 00OHATENBHOM
LIEeJIM COOTBETCTBYET HUKHEMY KOHILy CpPEeIHEH HOCOBOH
PaKOBHHBI.

Puc. 1 — Oboussmenvras wenv
a) wupoxas 301a, NPoBOOAUWAsL BbLCOKOCKOPOCHHOU
6030V UWHDILL NOMOK: PECRUPAMOpPHAsL weanb (a2), y3xas
30HA, NPOBOOAWASL HUBKOCKOPOCIHOU NOMOK 8030VXd 8
oboHsmenvHy 0baacms. obousmenvhas weis (al)
0) MYTLMUNIAHAPHOT PEKOHCMPYKYUL BEPXHUX
ObIXAMenbHbIX Nymell 60 YPOHMALLHOU NAOCKOCMU

(obonamenvnas weny ommeuena npamoyeonvruxom) [4]

AKTyanbHBIMU SIBJISIFOTCSL 3aJ]a4ll  CBSI3aHHBIE C
MPOTHO3UPOBAHUEM W OICHKOH  (DYHKIIMOHAIBHBIX
pe3yIbTaToB SH/I0HA3aJILHOTO ONEepaTUBHOTO
BMEIIATENbCTBA, KOTOPHIMH B Cllyyae peCHHpaTOpPHO-
OOOHATENBHBIX  HAPYIICHWH,  SABISAIOTCS  YCIIOBHE
MPOXOXKIEHUST BO3/yXa 4epe3 BEpPXHUH HOCOBOW XOH U

ean padoTsl

Ilenpto paOoOTHI SIBIISIETCS OMpEAEIEHHE CTEHNEHU
TpaBMaTU3allMy CIM3HCTONM OOOJIOYKM TMOJOCTH HOCa
TypOyJeHTHBIM  BO3AYIIHBIM  TOoTOKOM.  Cremyer
3aMETUTh, YTO 3TO OCOOCHHO BAXKHO OIPEAENATh B MECTaxX
CYXEHHUsI HOCOBOW TosocTH (OOOHATENbHAS IIENb), T
cnu3ucTas 000JI0YKa MOJBEPraeTcsl BHICYIIMBAHUIO IIPU
YBENMUEHUH  TypOyNu3aluMd  BO3IYIIHOTO  TIOTOKA.
JlocTrKeHne IOCTaBICHHOW e ITO3BOJHUT IOBBICHTH
3G PEKTUBHOCTh AWATHOCTHKH W JICYCHHS bIXaTEIHHO-
OOOHATENBHBIX HApyIICHHH H OyIeT crocoOCTBOBaTh
BBIABIICHUIO MATOTCHE3a XPOHHUYECKUX PHHOJIOTUYECKHX
3aboseBaHHUI.

IIpn aHanmm3e cymiecTBYIOIIMX IIOIXOIO0B OBLIO
ONpeNeTeHO0, YTO OCHOBHBIM METOZOM HCCIIET0BaHUA
a’POIMHAMUKH MIOJIOCTH HOCca SIBIISICTCA
puHomaHomeTpus. OJHAaKO He BcCerga ecTh YeTKas
KOppesuu MEXIY AQHATOMHYECKHMHU u
(YHKIIMOHAIEHBIMH MTOKa3aTeIsIMH, a TaKxKe
CyOBEeKTHBHBIMHU OLIYIIECHUAMH nanyenTa u
PUHOMaHOMETPHUUECKUMHE JaHHBIMH [5-12].

HN3n0xeHne 0CHOBHOTO MaTepuaJja

BaxxHOll XapaKTEpUCTUKOW HOCOBOIO JbIXaHHS
SIBIIICTCSI pacrpesie]IeHne CKOpPOCTeH MOTOKa BO3ayXa IO
CEYEHMSIM HOCOBOM IIOJIOCTH.

[ naMuHapHOTO pexuMa B CEYEHUU C pauyCcoM
a MOJIy4MM IapaboIMYecKylo 3aBUCUMOCTh CKopocTeil W
OT PACCTOSHUS OT LIEHTpar .

2
w=2w, [1—%),

rac VVC — Cp€aHAsd CKOPOCTh, I' — PACCTOAHUC OT
P

LIEHTpa, a — paauyc.

Hnst TypOYJIEHTHOTO pexxuma CKOPOCTh
OmpeersieTCs TaK:
097
p
U=Umax (_) )
a
U, MakCcHMajibHas  CKOpoCTh, A  —

KOX(PHUIHEHT MTOTEPb.
C yBeIMYEHHEM CKOPOCTH BO3JYIIHOTO IIOTOKA
(ipu popcUpOBaHHOM AbIXaHWU — (PU3HUECKAsT HATPY3Ka,

. CYXKEHHE HOCOBOTO XOJia) TOJIIMHA JIAMHHAPHOTO

BOCCTaHOBJICHNE OOOHATEIHHON IYBCTBHTENBHOCTH. . TIOTpAHMUHOTO CNOS GYJeT YMEHBIIATHCS, CIM3UCTAS
V3sMeHeHne HampaBICHHs OCHOBHOM BOSAYMIHOW oo o . Gymer [OBEPTaThCA BO3NEHCTEHIO
CTPYH TP HOCOBOM JIBIXAHHM BEICT K HOCTOAHHOMY  ppooyockopocTHOro TypOyJIEHTHOTO TEYCHHS.
PasIPAKCHMIO  ONPEJIENEHHEIX  YHACTKOB ~CIMSMCTOR (g oneminag soma yakas, mosToMy TypGyJ3amus
000y104KH, (HampuUMep ytvlaCTOK CIIM3UCTON 00O0JIOUKH BO3IYIIHOTO HOTOKA Gyner CIIOCOBCTBOBATE
TOJIOCTH  HOCA, KOTOPLIH  CONCPKUT  0GOHATENbHbIE BBICYIIMBAHHUIO CIIM3MCTON OOOJIOUKH, M Kak CIIEICTBHE
pelenTopsl, Tak Ha3bIBaeMas 060H;1Tej1bﬂaﬂ 30Ha) 4TO B Mop{ororiueckas nepecTpoiika. Typ6ymmsarus
MOCIEAYIOWIEM NPUBEJICT K KICTOHO UHQUIBTpALMN B posmymmHoro - Gyner CIOCOBCTBOBATE
ST0f 00macTH ¥ 3aTeM K THNCPTPOPHH  CIHSHCTOH BEICYIIMBAHUIO  OTHENBHBIX  OONacTell  CIM3HCTOH
0007104KH. 00070YKM HOCOBOW TIOJIOCTH, M Kak CIIEACTBHE
BICHUK HTY "XIII" Ne 16 (1292) 123
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TpaBMaTU3aLuUs CIIU3UCTOU c nocyenyoIen
MOP(HOJIOTHYECKOM MIEPECTPONKOI OTACIBHBIX 00IaCTel.

Kakum ©Obl HH OBUI 3aKOH paclpencieHUs
CKOpOCTEH B CEYCHUH TYpOYJCHTHOrO MOTOKA, CKOPOCTH
y cTeHku paBHa 0, yBeNIMYMBasCh K OCH IIOTOKA.
CrenoBarensHo, JTOJDKEH CYyIIIECTBOBATh
HU3KOCKOPOCTHOM CJIOW, TOJIIMHA KOTOPOTO 3aBHCHUT OT
Re, a ckopoctps yBenmuuuBaetrcs ot 0 10 90 % ckopoctu
simpa motoka (puc.2) [5-7].

0

l-___f___

Puc. 2 — Cxemamuueckoe usobpadicenue mypoyneHmmo2o
A0pa nomoxa (CuHull yeem) u 1aMUHaAPHO20
NOZPAHUYHO20 C05 (KPACHDBIL Yeent)

Uucno PeitHonbaca Re, MO 3HaYEHUIO KOTOPOTO
OTIpeNIeIACTCS PEKUM TEUCHHS BO3AyXa, BEIYUCIIIETCS TI0
bopmyme:

V.d,

Re= R
v

rae V' — cpemHsis CKOPOCTh BO3/yXa B HOCOBOI MOJIOCTH
(3amaercst U pa3HbIX PEXKUMOB JIBIXAHUS — CIIOKOMHOTO
(0,3 n/c), HopmansHoro (1 11/c), hopcuposanHoro (2 11/c));

U — K03(QUIMEHT TUHAMUYCCKON BSI3KOCTH YTO PABHO
JUIS BO3yXa IIPH HOPMaJIbHBIX ycnoBusx 1,5-10-5 m2/c.;
d, — THIPaBIMYECKUH WIM SKBHBAJICHTHBIH IHAMETp,
KOTOpBIH JUI KaHAIOB CJIOXXHOH (OPMBI, KOTOPHIMH H
SIBJISIFOTCS] HOCOBBIE XO/IBI, OIIpeNesieTcst uX (popMyIibL:

rae S — cpenmHsAs IUIOMAAb CEYEHHS HOCOBOTO
xo0J1a; P — mepumMeTp ceueHuss HoCOBOro Xoza.

TonmmHa naMUHAPHOTO MOTPAHUYHOTO  CJIOS,
KOTOPBIM BBICTHIJIAET CTEHKH HOCOBOM IOJIOCTH MOYKHO
BBIYMCIIUTH KaK

3244,

6= Reo‘875 (1)

I[Ipy 5TOM MOXHO BHIETh, 4YTO TOJNIIMHA
JIAMAHApHOTO TIOTPAaHUIHOTO CII0st HEJTMHEHHO
YMEHBbIIAETCd C yBEIMYEHUEM uuciaa PeiHonbaca B
cooTBeTcTBHE ¢ opmynoit (1), TO ecTh CHMKAeTCs IMpH
YBEIMUCHUH THUAPABIMYECKOTO JAWAMeTpa  HOCOBOH
MOJIOCTH M CKOPOCTU BO3IYIIHOTO MOTOKA — (haKTHYECKH
OT pEKMMa HOCOBOT'O JbIXaHUA.

O6cyxnenne pe3yibTaToB

Tak kak TONIIMHA JIAMUHAPHOTO MOTPAHUIHOTO
CJIOSl 3aBHCHT OT THAPABIMYECKOTO TUAMETpa HOCa H
qrcia Peitnomnbca, TO MO>KHO ITOCTPOUTH
COOTBETCTBYIOIIYIO 3aBUCHUMOCTh (puc.3). 3HaucHUS
TUTMMYHBIX THAPABIUYECKUX AUAMETPOB PaBHBI 4, 5 u 6
MIIDTIMeTpoB [8-11].

=35 mm

dy=4mm

0,00

500 2000 4000

6000 8000 mlgno 12000 14000 16000 18000 20000
e

Puc. 3 — I'paghux 3asucumocmu monuurbl IAMUHAPHOLO NOSPAHUYHO0 CNOsL OM Yucia Pelinonb0ca npu munuuHvlx
2UOPABIUYECKUX OUAMEMPAX HOCOBOU NOLOCMU
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OmnpenencHue IepPOXOBATOCTH CIIM3HUCTOM
000JI0YKH OCYIIECTBIISIETCS HA OCHOBE TOMOTpa(uuecKux
JIAHHBIX U PACCUUTHIBACTCS 10 opMyJIe:

A=l —1 +(M J,

max

lin [i+] — TonmmHAa cU3UCTONW 000JIOYKHY HA I-M U
i+ — M ToMorpapuuUecKuxX cpe3ax HOCOBOH MOJOCTH,
COOTBETCTBEHHO;

Ii wm li+] — ypOBHM MHTEHCUBHOCTH Ha TIPAHULE
MEXIy CIH3UCTON 00OJOYKOH M BO3IYyXOM Ha i-M | i+/
($bpoHTATTEHOM TOMOTpapUIECKuX cpesax,
COOTBETCTBEHHO;

Imax — MakCUMaJIbHBI YPOBEHb MHTEHCHUBHOCTH
Ha KT-n300paxenun;

h — mpoctpancTBeHHOe paspemreHne KT-
HU300paKeHHH.
Ilpumep  pacmpeneneHuss  MHKPOHEPOBHOCTEH

BJIOJIb 33JaHHOM JIMHUM Ha ydYacTKe ToMorpaduieckoro

n300pakeHHs IPEJICTaBICH HA PUCYHKeE 4.

IIppy  cpaBHEHMH  TONIIMHBI  MOTPAHHUYHOIO
JJAMHHApHOTO CJIOSI M BEJTMYUHBI MIEPOXOBATOCTH MOXKHO
CYAMTBh O CTENICHM TPaBMAaTH3alWMU CIM3HCTONH 00OIOYKH
MIOJIOCTH HOCA B OOOHATENHHON 001acTH.

CymiecTByeT TpU COCTOSHHS:

— A, <0, — OTCYTCTBYET HETraTHBHOE BIMsAHUE (puc.4,
3oHa 1, 4). BpicTynBl CIM3HCTOH IOJHOCTBHIO
HAXOJAATCS B JAMHUHAPHOM IIOTPAHUYHOM CJIOE;

- A; =0; — BBICTYIIbI CIU3UCTON OOOJIOUKH HAXOIATCS
BOJIM3M TPAHUIIBI JAMUHAPHOTO MOTPAHUYHOTO CIIOS
BO3IYIIHOTO TOTOKa (puc.4, 30Ha 2), 1pu
JTabHEHIIeM MOBBIIICHUN UHTEHCUBHOCTH JBIXaHU
WIN CYXEHUHM Yy4YacTKa HOCOBOH ToyiocTH Oyner
MPUCYTCTBOBATh HEraTMBHOE BIIMSHHE MOTOKAa Ha
CIM3UCTYI0O  O0OJIOUKY, KOTOpOE CBS3aHO C
TypOyJICHTHBIM BBICYIIHBAaHHUEM;

—  A,>0,— YyCTaHaBIMBaeTCs HETAaTHBHOE BIUSIHHE,
CBA3aHHOE C

TypOYJIEHTHBIM  BBICYIIMBaHHEM

CIIM3UCTOM 00O0JIOUKH BO3IYIIHBIM IMOTOKOM (pHC.S,
30Ha 3).

Puc. 5 — Cxemamuuecxoe npe()cmaeﬂenue OMHOWIEeHUA
MOJWUHRbL NOCPAHUYHOCO JIAMUHAPHOZO CI0A U
BHYMPEHHUX MUKPOBbICIMYNO6 HOC0801l nolocmu

TakuM o00pa3oM, B HAacTOSIIEM HCCIEJOBAHUN
TIPeATIpUHSTA TIOTIBITKA OOBSCHUTH MeXaHHU3M
HETaTHBHOTO BO3/ACHCTBUS BO3AYNIHOTO IIOTOKAa Ha
CIIM3HUCTYI0 O0OJOYKY ITOJIOCTH Hoca. JlaHWiI MexXaHH3M
MIPUBOANUT K Cy0aTpOUIECKOMY M3MEHEHHIO CIH3HCTOM
0005m0YKkHA. OTO TONHOCTBIO KOPPECHOHIUPYETCS C
TEXHUYECKOH a’pOAMHAMUKOM, INI€ BBIXOJ MOBEPXHOCTH
TpyObl 3a Tpenesbl JIAMHHAPHOTO CJIOSl NPUBOJHUT K
SIBIICHHIO 3pO3UH. TOJIINHA JTaMUHAPHOTO MTOTPAHUIHOTO
CJIOSI CYIIECTBEHHO 3aBHUCHT OT KOH(UIypaluuu HOCOBOU
MOJIOCTH U PEKUMA JBIXaHUS.

BuiBoaBI

[IpoxoxxaeHue BO3IyXa depe3 BEPXHUU HOCOBOM
X071 ofecrednBaeT MOJady MOJEKYT OIOPHBEKTOpa K
YyBCTBUTEIHHBIM y4acTKam 00OHATEIBHOTO
aHaJIM3aTopa. HUccnenoBanue XapaKTePUCTUK
BO3/IyLIHOTO MOTOKa B BEPXHEM HOCOBOM XOJI€ TI03BOJISIET
ONpEACINTG TpPaHUIIbI TPHUCTCHOYHOIO JIAMHUHAPHOTO
MOJICTION BO3/AyXa W M3YyYUTh HA3albHYIO a3POJMHAMHKY
Ha MHUKpPOYpPOBHE KakK pa3 B pallOHE BEpXHEro HOCOBOTO
X0/lla — CaMmoro Yy3KoW o00JacTH HOCOBOM IIOJIOCTH.
TypOyIeHTHBII TIOTOK CIIOCOOCTBYET —UYpe3MEpPHOMY
BBICYIIMBAaHHUIO CIM3HCTONH OOOJOYKM IIOJIOCTH HOCA
TIPUBO/IS K €€ MOP(OJIOTNIECKON TIepeCTPOHKH B CTOPOHY
cybaTpoduyeckoro mporecca.

BrIsICHEHO dYTO TONIIMHA JIAMHHAPHOTO — CIIOS
COCTaBJISIET MOPSAKA | MM, TOSTOMY BBICTYIIBI CIIH3HCTOM
000J104KH TIOJIBEPraroTCst BBICYLIIMBaHHIO pu
YBEJIMYCHUU TypOy/IHM3allid MOTOKA B MECTax CY)KCHHS
HOCOBOH MOJ0CTH (0OOHATEIHHAS IIENb).

[lepcniektuBoii  pabOTHl  SIBISIETCST  M3y4YCHHE
XapaKTEpPUCTUK TOTPaHUYHOTO CIIOS TPH THUIHYHBIX
MaTOJIOTHAX B Pa3MYHBIX PEKUMAaxX JAbIXaHUS, YTO
MIO3BOJIUT TIOBBICUTH 3(P(PEKTUBHOCTH IMATHOCTHKH U

JICYCHUS]  JIBIXATCIbHO-OOOHATENBHBIX HAPYIICHHA U
Oyner CII0cOOCTBOBATH BBISIBIIEHUIO rmaToreHesa
Puc. 4 — Pacnpedenenue MukponeposHocmeil Ha yyacmke — XPOHHYECKHX PHHOJOTMYECKUX 3a00JICBaHUM.
AB
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