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BinsiHue JIMHEHHBIX Pa3MbITHI HA TOYHOCTH KJIaccupuKauu
PEHTIEHOBCKUX CHUMKOB JIETKUX HEHPOHHBIMHU CETAMHU

AHHOTAIUS: B CTaTbhe HUCCIENYeTCs BIMSHUE Pa3MBITUN Ha TOYHOCTH Kiaccu(uKaIuu
PEHTI€HOBCKUX CHUMKOB JIETKUX, BBHIITOJIHEHHON C UCIOJIb30BAaHUEM HEHMPOHHBIX CETEH.
Llenb uccnenoBaHus 3aKII0YaNach B U3YYEHHH TOTO, KaK Pa3JIMYHbIC BUJbI PA3MbITHIA
(rOpU30HTANBHBIE U BEPTUKAIIBHBIC) BIHMSIOT Ha TOYHOCTh KJIacCH(DHKAIMK 30POBBIX
JeTKUX, a Takke JIeTKMX ¢ OaKTepualbHOM W BHUPYCHOM MHEBMOHHeEH. bpumu
WCIIOJIb30BaHbI METOJIbI MPEIBAPUTEIbHON 00paboTku naHHbIX: Resize m CenterCrop.
Ob6a meroma MPOJEMOHCTPUPOBATN CHIDKEHHE TOYHOCTU C YBEIMYEHUEM MPOIECHTA
cMas3a, 4TO CBSI3aHO C MMOTEpe JeTaneld, BaKHBIX IS KIIACCH(DHUKAIINN.

KialoueBble cioBa: HeillpoHHBIE CceTH, KiacCH(HUKaluUs, 3I0pOBbIe JIETKHE,
OakTepuanabHas THEBMOHHUsS, BUPYCHAas IHEBMOHHS, MpenoOpadoTka H300paKeHUM,
JMHEHHbIE BEPTUKAIBLHBIE U TOPU3OHTAJIbHBIE CMa3bl, TOUHOCTh U YYBCTBUTEIHHOCTb.

Gimazova E.R., Osipov E.A.
The effect of linear blurred lines on the accuracy of classification
of lung x-rays by neural networks

Abstract: the article examines the effect of blurred on the accuracy of classification of
lung X-rays performed using neural networks. The aim of the study was to study how
different types of blurred (horizontal and vertical) affect the accuracy of classification of
healthy lungs, as well as lungs with bacterial and viral pneumonia. Data preprocessing
methods were used: Center Crop and Resize. Both methods demonstrated a decrease in
accuracy with an increase in the percentage of lubrication, which is associated with the
loss of parts important for classification.

Keywords: neural networks, classification, healthy lungs, bacterial pneumonia, viral
pneumonia, image preprocessing, linear vertical and horizontal blurs, accuracy and
sensitivity.

Bsenenue

PeHTreHoBCKME CHHMKH JIETKHX SIBISIOTCS OJHMM W3  KIFOUEBBIX
WHCTPYMEHTOB JUArHOCTHKH 3a00JeBaHUI JIETKUX, BKIIIOYAsl TAaKWE COCTOSHHUS,
Kak THeBMOHHMS. HelipoHHbBIE CeTH CIOCOOHBI BBISIBISITH CIIOJKHBIE TATTEPHBI B
U300pakeHUsIX, HO TPeOYIOT OOJBIIMX 00BEMOB JAHHBIX JJIsl OOYyUEHHUS U MOTYT
ObITh YYBCTBUTEJbHBI K KAaueCTBY BXOJHBIX Hu300paxenuit [1]. OnxHoit u3
pacripoCTpaHEHHBIX MPOOJIEM, CHIKAIOUIMX KAaueCTBO CHHUMKOB, SBIISIFOTCS
pasMbiTus. IlpyuumHaMM BO3HMKHOBEHHS PAa3MBITUH  MOTYT TOCTYXKHUTh:
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JIBUKCHHE TMAllMeHTa, HEKOppeKTHas (OKYCHPOBKA, WHBIE TEXHUUYECKUE
(bakTopsI.

Pa3mpITHsI HA PEHTI€HOBCKHUX CHUMKAaX MOTYT ObITh Pa3HOTO THUIA, HO B
JTAHHOW pabOTe PACCMOTPEHBI JIMHEWHbIE BEPTUKAIBHBIA W TOPU3OHTAIBHBIM
cma3. O6a Tuna pa3MbITH MPUBOAAT K UCKAKEHUSIM PEabHOTO U300paKeHUs,
YTO OCOOEHHO KPUTHUYHO ISl IMarHOCTUKH 3a00s1eBaHuM jerkux. B aToit paboTte
0co00€ BHMMaHHE YJEJICHO pa3pabOTKe aJrOPUTMOB aHAIM3a METUIIUHCKHX
M300pKEHUI ISl AMArHOCTUKU PA3IMYHBIX MATOJIOTMM HAa pEHTreHorpammax
IPYJIHOM KJIETKH [2, 3].

[lenp ucciaemoBaHusi —  WU3Y4YCHHE  BIWSHUSA  BEPTHKAIBHBIX U
TOPU30OHTAJIBHBIX Pa3MBITH HAa TOYHOCTh KIIACCU(UKAIIMU PEHTIC€HOBCKUX
CHUMKOB JIETKMX HEMPOHHBIMH CETAMU C HCIOJIb30BAaHUEM JBYX METOOB
npeaBapuTenbHoil 00paboTku nqaHHbIX: Resize n CenterCrop.

Pesynbratel uccieqoBaHMUsS TO3BOJSIOT MOHSATH, KaK Ppa3IUYHBIC BUIBI
Pa3MBITHI BIHSIOT Ha KIaCCH(DPHUKAIIMIO MEIUIIMHCKUAX M300paXEHUH, a Takke
MO3BOJISIIOT OMpeAeuTh Haumbonee 3(PPEeKTUBHBIE METOIbI MPEIBAPUTEIHLHOM
00pabOTKH JTaHHBIX VISl TOBBILIEHUSI TOYHOCTHU JTHATHOCTHKH.

MeToabl W HMHCTPYMEHTBHI O00padOTKM H300paeHUil W 00y4eHUs:
HEHPOHHBIX ceTel

B pabore paccMoTpeHBl KIIOYEBBIE ONEpallMd W KPUTEPUU TOTEPD,
UCIIOJIb3yeMble B 00paboTKe n300paxeHuit 1 00yueHUH HEMPOHHBIX ceTeil. DTu
TEXHUKU TIOMOTAIOT TMOBBICUTh TOYHOCTh PACIO3HABAaHUSA U KJIacCU(PHUKAIMU
00BEKTOB, 0OecreunBasi THOKOCTh 1 3(h(HEKTHBHOCTH aNTOPUTMOB.

Jlis mpoBeAeHNs SKCIEpUMEHTa MCIob30BaH Habop nanHbeix Curated X-
Ray Dataset, conepxxamuii 7932 peHTIe€HOBCKMX CHHMMKa Jerkux. B Habope
NPUCYTCTBYIOT KaK CHHUMKH CO 3J0POBBIMU JIETKHMH, TaK U CHHUMKH C
narojorvei (OakTepuaabHONM WM BUPYCHOM mHeBMOHMeEH). HccnenoBaHo
BIMSIHUE BEPTUKAIBHBIX W TOPHU3OHTAJBHBIX CMa30B Ha KiIaccCU(HUKAIIIO
M300pKEHUI C yYEeTOM METOJOB IMpeABapUTebHON 00paboTku Resize wu
CenterCrop.

Macwmabuposanue  uzobpaxcenuii  (Resize).  Omnepanus  Resize
MpeHa3HavYeHa JijIsi MacIITaOUupPOBAHUS UCXOTHOTO M300paKEHUs A0 3aJIaHHbIX
pa3MepoB. B naHHOM MeToJe BaKHBIM (PAaKTOpPOM SBIISE€TCS BBIOOp METOAA
WHTEPMOJSAINY, KOTOPBIA  BJIMSET HAa  KayeCTBO  PE3YIbTHPYIOIIETO
n3o0paxxkenus. Hampumep, kybudeckass MHTEPIIONSIHS, KOTOpas o0ecreuyrnBaeT
MHHUMM3ALUIO TOTEPH JETAIICH.

Llenmpuposannas obpesrxa (CenterCrop). OCHOBHOE Ha3HAUYCHHE METO/a
neHTpupoBanHoit oOpesku (CenterCrop) — u3BJI€UEHHE LEHTPAIBHONW YacTH
n3o0paxeHuss  (QUKCUPOBAHHBIX  pa3MEpOB. ODTOT  METOJA  IOMOTaeT
CTaHJIAPTU3UPOBATh pa3Mep H300paKEHUH, KOHIEHTPUPYS BHUMaHHE Ha
HEHTPaJbHBIX ~ OONACTAX  Kaapa, COJEpKalMX BaXXHYI  BH3YyaJbHYIO
uHbOpMaITHIO.
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Qunvmpayus uzodpaxcenui. Meron filter2D u3 6ubnuorexkun OpenCV
npefHa3HayeH Ui NPUMEHEHUS MPOU3BOJBHBIX (PUIBTPOB CBEPTKU K
nzoopaxkenussM. I[logoOHbI  QUIABTP MO3BOJISIET MOJATOTOBUTH JaHHBIE C
BEPTUKAJIBHBIM U TOPU30HTAIBHBIM JIMHEHHBIMU CMa3aMH.

Kpocc-sumponuunwiii Kpumepuil nomepbo. Kpurepnii  norepu
CrossEntropyLoss 3aHMMaeT BaXXHOE€ MECTO Cpeaud (QYHKIMA TOTEpb,
UCITOJIB3YEMBIX MPU O0yYeHWUU KiacCU(PUKAITMOHHBIX Mopenei. OH uaeasbHO
MOAXOJIUT JUIsl 3ajlad MHOTOKJIACCOBOTO PAaCliO3HaBaHMsI, TaK KaK BBIYUCISAET
CPEIHIO BEIMYMHY KPOCC-3HTPOIMU MEXKY pe3yJibTaTaMu MpeACKa3aHus U
VMCTUHHBIMU METKaMU KJIACCOB.

Bce paccmoTrpeHHble  METOABI M HUHCTPYMEHTBHI  OOECIEYUBAIOT
3¢ (EeKTUBHBIN MHCTPYMEHTApUI 1JIs1 MOATOTOBKUA M aHajiu3a M300pakeHHi, a
TaK)K€ MOBBIIICHHS] TOYHOCTH 00yUYeHUs HEUPOHHBIX CETEH.

JKCNEePUMEHTAIbHAsA YaCTh

OKCcnepUMeHTalIbHAsl 4acTh BKIIOYAET TMpe/BapuTEIbHOE OOydeHHE
MOJIeNId Ha HaboOpe HMCXOIHBIX M300pakeHHi 0e3 uckaxkeHuil. BrimosiHeHa
MOAU(UKAINAS OPUTHHATBHOU apxXuTeKTypbl AlexNet miis amantanum K 3amade
KJIACCU(PUKAILIMU TPEX KJIaCCOB OOBHEKTOB.

Ocobennocmu usmenenHou apxumexmypul AlexNet:

Ha mepBoM cnoe BbIOpaH OAMH BXOJHOW KaHal, TaK KaKk H300pakeHUs
MIPEIBAPUTEIILHO TIEPEBEACHBI B UepHO-0embIid (popmaT. XapakTEPUCTHKU CIIOSL:
BBIXOJSIIIME KaHajdbl COOTBETCTBOBaNM 64, pasmep sgpa ceprku: 11x11
MUKCEJIEH, IIar TMepeMelleHuss OKHa: 4 TMHKCeNs, 3aloJIHEHHE KpaeB
nzoopakenust padding=2 mnwukcens. Ilocme cBepTku mnpuMeHeHa GYHKIUS
aktuBanusg ReLU, manee mpoBojaeHa omepanuss MaxPooling pasmepom 3x3, ¢
1arom 2 MUKCEJs.

Ha BTOpOM cJ10€ M3MEHEHO KOJIMYECTBO BXOJSIIMX U BBIXOJSAIINX KaHAJIOB
(64 u 192 COOTBETCTBEHHO), a TakKXKe pa3Mep sjapa CBEPTKH paBeH S5X5
nuKcenen. 3amnonHeHue kpaes, aktuBaiusa ReLU u MaxPooling mpousBeneHs
aHAJIOTUYHO TIEPBOMY CJIOKO C TEMH K€ IMapaMeTpaMHu.

[Tocnenyrone Tpu CIIOA MCHOJB3YIOT SAPO CBEPTKU pasmepa 3%3.
Koim4ecTBo KaHAJIOB M3MEHEHO MOCIEA0BATENBHO OT 384 10 256, coXpaHssi TOT
K€ pa3Mep KapT MPU3HAKOB Oy1arojaps 3aroJHEHUIO TPaHUI] U300paKEHUEM.

Omnepanusi CBEepTKM  3aBepiieHa Ha msaToM  ciaoe  MaxPooling,
YMEHBIIAIOUUM MPOCTPAHCTBEHHOE paspelieHue BBIXO/IA. 3arem
chopMHpOBaHa MOJHOCBSI3HAS YaCTh MOJICIH:

- JIBa CKpBITBIX IOJHOCBS3HBIX CJIOS C KOJMYECTBOM HelpoHoB 4096
KOKIBIM, MEXIYy KOTOPBIMH HCHOJB3YIOTCS — omeparuu  dropout s
perymspuzanuu (peaoTBpamieHus: mnepeodydeHus). Kakapiii MOJIHOCBS3HBIMA
cioit ¢ pynkuueit aktuBanuu ReLU.

- BeixoaHol cnoil MPOW3BOAUT MPSIMOE OTOOpaKeHHWE Ha KOJIUYECTBO
KJIACCOB.
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[IpenBaputensHass 00paboTka W300pakKeHM  BKIIOYAeT  CO3/aHUE
UCKYCCTBEHHBIX HCKXCHUH MyTéM J00aBICHHUS HANPABICHHOTO CMas3a C
ucnonb3oBanueMm ¢uiapTpa filter2D. MckyccTBeHHBI cMa3 Ha PEHTTEHOBCKHX
CHMMKAaxX CO37aeTcsi TaKUM 00pa3oM, YTOOBI y4ecTh pa3Mepbl U300pakeHUil u
o0ecrneuuTh enMHO00pa3HOCTh AP deKTa HE3ABUCUMO OT pPa3pelIeHus U pa3mepa
CHUMKOB. JIJIs1 Ka)KI0TO BUA JIMHEHHOTO cMa3a CO3/1aHO 3 BBIOOPKHU C pa3HBIMU
sabdexramu uckaxxenuit (1%, 2%, 4%).

Takoli moAXoJ TMO3BOJWIJI  TOJNyYaTh PEATUCTUYHBIE  HCKAKEHUS,
aHAJIOTHYHBIE €CTECTBEHHBIM YCIOBHUSIM CheMKH (puc.1).

- =

a) 0)
Pucynok 1. Cma3aHHbIe pEHTI€HOBCKHE CHUMKHU ¢ MaKCUMaJIbHON MPUMEHEHHON
HUHTCHCUBHOCTBLIO
a) IpUMEHEHHE BEPTUKAIBHOTO CMa3a;

0) npUMEHEHNE TOPU30HTAIBHOIO CMa3a.

Ha o0Oyuenue nogaBanoch 70% CHUMKOB OpUTHHAIBHOTO HaOOpa JaHHBIX,
B Hero Bouwio 5555 CHUMKOB, a 3T0 2290 CHMMKOB 3J0pOBBIX JeTkux, 2101
CHUMOK JIETKMX C OakTepualbHOW THeBMOHMeW u 1160 ¢ BupycHOH
nHeBMoHueH. OOydeHHne MPOM3BOJIUIIOCH JIBA pa3a C Y4YETOM JIBYX METOJIOB
npeao0paboTKU, HO TIporiecC 00ydYeHHUs ObLT €IMHBIM.

[lepBblii BapraHT peaBAPUTEILHON 00paOOTKHU:

NPUMEHEHUE METOJla MPUBEACHUSI M300pakeHud B 4€pHO-0enblid (hopmat
(transforms.Grayscale());

MaciTadupoBaHUe U300paKEHUI 10 pazmepa 227*227 ¢ yCTaHOBJICEHHOU
M0 YMOJIYaHUI0 OvnHelHoM nunTepnossiiuent (transforms.Resize((227,227)));

npuBeaeHue K TeH3opy (transforms.ToTensor());

Hopmanm3anus (transforms.Normalize((0.5,), (0.5,))).

BTtopoii BapuaHT npeaBapuTebHON 00pabOTKH:

MpUMEHEHUE METOJla TIPUBEACHUSI M300paKeHn B 4€pHO-0embiii (hopmat
(transforms.Grayscale());

MacmTabupoBaHre N300paKEHUH YMEHBIIIEHNUE TOJIBKO OJHOW CTOPOHBI JI0
227 w mupumeHeHue OuKyOMdeckor wuHTepmoisaiuu (transforms.Resize(227,
interpolation = transforms.InterpolationMode.BICUBIC));

LHEHTPUPOBAHHOE KaJpupOBaHUE 110 pa3MepoB 227%227
(transforms.CenterCrop(227));
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npuBesieHue K TeH3opy (transforms.ToTensor());

Hopmanu3zanus (transforms.Normalize((0.5,), (0.5,))).

B pesynbrare ObUTH MOTyYeHBI IBE O0yYeHHBIC MOJCIH U MMOCTPOCHHI loss-
GyHKIIUA TTOTEPh, KOTOPHIC MIPEACTABICHBI HA PUCYHKE 2.

[Ipomemypa  TecTpoBaHus ~ OblJa  OpraHM30BaHa  IOJTAMHO |
CUCTEMATUYECKH, YTOOBI BBISBUTH BIMSHHEC pPa3HbIX JIMHEHWHBIX CMa30B Ha
KaueCTBO KJIaCCHU(DUKAITUU MOJICITH.

KauectBo 00ydeHHOUW Momenu Oblio mpoBepeHo Ha ocraBmmxcs 30%
OpUTHHANIBHOTO Habopa maHHbIX. CHadajga MpPOBOAWMIIACH MPOBEPKA TOYHOCTH
KIaccudukanuu n3o0paxennit 6e3 cmas3os. Jlanee TecTUpOBaHKE MPOBOIUIOCH
JUIS  CHUMKOB, OTCOPTHPOBAaHHBIX CIEAYIONUM O0pa3oM: HauWHas C
M300paKCHUM C
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Pucynok 2. Loss-¢yHKIius
a) OyHKIUS TOTEPh ¢ MPUMEHCHHEM MAaCIITaA0UPOBAHUS;
0) OyHKIHS MOTEPh C IPUMEHEHUEM METOa LIEHTPUPOBAHHON 0OPE3KH.

MUHUMaJIbHON BEJIMYMHON CMaza K M300pakeHUsSM C TIOCTENEHHO
YBEIMYMBAIOMIEHCS HMHTEHCUBHOCTHIO  Pa3MBITHSI BEPTUKAIBHOTO  CMasa.
[IpoBepka s TOPU3OHTAIILHOTO CMasza Obla MpoBeAeHa aHamoruyHo. Jlis
KOKJIOTO ypPOBHA HHTEHCHUBHOCTH OIIEHHMBAJaCh CIIOCOOHOCTh  MOJENU
MPaBUJILHO UJICHTU(DUIIMPOBATH KJIacC 00bEKTa HA N300paKEHUH.

KuarueBbie nokaszaresu 3¢pGpeKTUBHOCTH MoJesiell KiIacCu(puKaumu

beimn  paccMOTpeHbl OCHOBHBIE METPHUKH, TO3BOJISIONINE  OIICHUTH
YCHEIIHOCTh KJIacCUu(UKaUu.

Accuracy (Tounocmw). Metpuka Accuracy oTpakaeT OOIIYIO J0JIIO
MPaBWIbHBIX Kiaccudukaiuii B TecToBoM Habope. dopmyria pacuera BBITJISIAUT
CJIEAYIOIIUM 00pa3oMm:

Accuracy = TP + TN/ TP + TN + FP (1)
+ FN

rae TP — uctuHHO nonoxutenbHbie, TN — HUCTUHHO oTpuuatenbHbie, FP

— JIOYKHO MOJIOKUTENIbHBIE, FN — JIO)KHO OTpULIATEIbHBIE.
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Precision (Tounocms). Tlokazarens Precision olieHMBaeT JOJIO0 peabHBIX
MOJIOKHUTEIIBHBIX CIIy4aeB CPEAU TeX, KOTOPhIE ObLIH OMPEIeIICHBI MOJICTBIO KakK
MIOJIOKUTENNbHBIE. Beruucsiercs mo gopmyre:

Precision = TP / TP + FP (2)

Recall  (Yyecmeumenvnocms).  Recall, u3BeCcTHbIH  Takke  Kak
qyBCTBUTEIBHOCTh, XapaKTEPU3yeT MO0 (PAKTUIECKUX TIMOTOKHUTEIbHBIX
CllydaeB, yCIICITHO BBISIBICHHBIX MOJIENbI0. PacueT mpon3BOAUTCS CIICIYIONINM
obOpazom:

Recall =TP /TP + FN 3)

Fl-Score (bananc mounocmu u noawomst). Fl-Score ciyxut
OamaHCUpYIOIIMM TOKa3aTeneM Mexay Precision m Recall. PaccuuteiBaercs
CJIETYIOIITUM 00pa3oM:

F1 = 2 - Precision - Recall / (Precision + 4)
Recall)
Pe3yabTarhbl IPOBOAMMBIX IKCIIEPUMEHTOB

B pe3ynpraTe SKCHEPUMEHTOB MOJYYEHO CpPABHEHUE [JBYX BHUJOB
JUHEWHBIX CMa30B C YYETOM pa3HbIX METOJIOB NpEeABapUTEIbHON 00pabOTKH
naHHbIX. OO01Ias TOYHOCTh NP MaCIITAOUPOBAHUM U LICHTPUPOBAHHOM 00pE3KU
nonyvanace 84,48% wu 80,86% coorBercTBeHHO. Oba MeTona MOKa3aiu
CHU)KEHUE TOYHOCTH C YBEJIMYEHHEM MPOLEHTa CMa3a, YTO CBS3aHO C MOTepen
JeTaneu, BAKHbBIX JIJIS KJacCU(UKaIUK.

[Ipn npegBapuTENbHOM MacIITAOMPOBAHWU BIHMSHUE TOPHU3OHTAIBHBIX
Nne(EeKTOB HE3HAYUTEIbHO. IJTO CBUIETENBCTBYET O OONbIIEH YCTOWYMBOCTH
MOJIeJIM UMEHHO K TOPU30HTaIbHBIM JepeKTam npu MaciutabupoBaHuu. OHAKO
npu UCIIOJIb30BAHUU LHEHTPUPOBAHHOM o0Ope3ku HaOogaeTCs
IIPOTHUBOIIOJIOXKHASL KapTUHA: TOYHOCTh CHHMYKAETCS 3HAYMTENIBHO CHIIBHEE IPU
YBEJIIMYEHUN WHTEHCHUBHOCTU TOPU3OHTAIBHOTO Je(eKTa, OCOOEHHO B Ciydae
OaKTepHaIbHOW THEBMOHUMU.

Beptukanbuble  nedexTsl, HanpoTUB, IpU  [PEABAPUTEILHOM
MacIITa0UPOBAaHUU  OKa3bIBAIOT  CYIIECTBEHHO  OoJyblliee  HETaTUBHOE
BO3JICHICTBHE HA KJIACCU(UKAILMOHHYIO CIIOCOOHOCTh Mozenu. Mcrnosb3oBaHue
LHEHTPUPOBAHHON OOPE3KH MOKA3bIBAET CTAOMIBHOCTh U YCTOMYMBOCTHh MOJAEIU
MMEHHO K BEpTUKAJIbHBIM JedekTaM, oOecrieunBas JIydlllee COXPAHEHHE
KauecTBa KiacCU(UKALMM JaKe IPU BBICOKOM HWHTEHCHUBHOCTU Je(EKTOB.
[Tonmy4yeHHbIe pe3ynbTaThl TOYHOCTH OTOOPAKEHBI HA PUCYHKE 3.
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a) 6)
Pucynok 3. CpaBHEHHE TOUHOCTH IIPU BEPTUKAIBHOM M TOPU30HTAIBHOM CMa3ax
a) C MCII0JIb30BaHHEM MacIITaOupOBaHMUS;
0) ¢ UCTOJIB30BAaHUEM LICHTPUPOBAHHON OOPE3KH.

==@==BepTHKAIbHEI ==@==T 0pH30HTATbHbIH

3aKIrYEHNE

[Io pe3yapTaTaM MPOBEACHHOTO HCCIEIOBAHUS yCTAHOBJEHO, YTO
TOYHOCTh KJIACCU(PUKAIIUU CHUXKAETCS C YBEJIMUEHUEM TMPOIeHTa cMa3a. Moielnb
IpU  MCIOJIB30BAHUM  IICHTPUPOBAHHOM  OOpE3KH  IPOJIEMOHCTPUpOBAJIA
OOJIBIIIYI0 YCTOMYMBOCTh K BEPTHUKAIBHBIM JedekTaMm, Torja Kak MOJEHb C
MIPUMCHEHUEM TIPEABAPUTEILHOIO MACIITAOMPOBAHUS JIyUIlle CIPaBIsSETCS C
TrOpU30OHTANBHBIMU JiepekTamu. TakumM oOpa3oM, BBIOOP MOJIXOJSIIET0 METO/Ia
SBISIETCS  BaXHBIM  (DAKTOPOM  TIOBBIIIEHUS] ~ HAJEKHOCTH  CHCTEMBI
KJ1accuduKany 3a00J1eBaHUMN JIETKUX.
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