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Cmambpsi noceésujena nocCmpoeHuro u UCCie008aHuio Moodenu mawurHo2o o6yyenus XGBOOSt ons xraccuguxayuu
@umnec-ynpasicnenuii. Ommeyaemcs, 4mo OYeHKA KOPPEKMHOCMU 6bINOIHEHUS OUIMHEC-YAPANICHEHUT Yel08eKOM
AGNAEMCSL OOHOU U3 AKMYAIbHLIX MeM 6 00iacmu MAwuHHO20 00y4eHUs U UCKYCCMBEHHO20 UHMeNIeKmA.
Hcnonvsosanue aneopummos MAWUHHO20 O0Oy4YeHUus ONsi peuleHus Mol 3a0ayu NO360NsAen GblAGIAMb OWUOKU 6
MeXHUKe OBUICEHUl, OYEHUBAMb IPHEeKMUSHOCMb MPEHUPOBOK U  NPedOCMmAsIsimb  NePCOHANUIUPOBAHHbIE
PeKoMeHOAyuU no KOppeKyul Qusuieckol akmugHOCmu U YIyyueHur0 GUOMeXanuKyu OBUNCEHUIl Yel08eKa 6 npoyecce
peabunumayuu nayueHmos. na peuieHus noCmagieHHou 3a0a4u, 00yueHUs U mecmupo8anus Mooeiu eblopan Habop
Odannvix «Physical Therapy Exercises Datasety u3 penosumopusa UCI Machine Learning Repository. Habop cocmoum
us 1378 015 3anuceii, cobpauHbix 6 X00e MPEHUPOBOUHBIX CECCUll 6 MPEHAN’CEPHOM 3dane C Y4acmuem NAmu
UCHBIMYEMbIX, BLINOTHABULUX B0CEMb MUNOE DUIUOMEPANESMUECKUX YNPAMHCHEHUL C UCHONb308AHUEM UHEPYUATLHBIX
UBMEPUMENbHBIX O0KO8 U MACHUMHBIX 0amyukos. Kadxcowill u3 80CbMu KIACCO8 YnpajcHenuil npedcmagier 55
gatinamu (12,5% oamacema), umo obecneuusaem cOANAHCUPOBAHHOCHL BLIOOPKU U UCKTIOUAET CMeUjeHue MOOeuU.
Bce oaunvie cayuaiineim obpazom pazoenenwvt na obyuarowyro (80%) u mecmosyio svioopky (20%). s nocmpoenus
modenu XGB0OOst ucnonvzosanacy unmezpuposannas cpeda pazpabomku PyCharm, a maxoice cpedcmeo onst pabomoi ¢
onoxnomamu Notepad++. B kauecmge onmumuszayuu npou3g0OUMELbHOCU NPUMEHSICA NPOPEeNCUBaHUe OAHHLIX,
Mo NO360IUNO 3HAYUMENLHO COKPAMUMb 8DeMs NOCMPOEHUs U OyeHKu Mooeau. IIpedycmompena 603MONCHOCHb
8b100pa novzosamenem Kodhguyuenma deyumayuy 8 ouanazone om 1 0o 10. Ilpu maxcumanrbHOM NPOPeICUBAHUU
(sample_rate=10) uacmoma ouckpemuzayuu chusxcaemcs ¢ 25 Hz 0o 2.5 Hz. Jannas onmumusayus obecneuusaem
decsimukpamuoe yckopenue 3azpysku (¢ 3-5 munym 0o 20-30 cekyno) npu coxpanenuu mouyHoCmu Kiaccupurayuu Ha
yposue 90-92%. JlonornumenvHo peanuzosan 6amuune OAHHbIX, npeonorazaowull nakemuyro oopabomky no 10 000
3anucell 3a umepayuio ONs CHUIICEHUs HAepy3KU Ha onepamusuyio namams. Kpome mozo, npoeedeno cpasuenue
MOYHOCMU NOCMPOEHHOU MOOelu ¢ MOYHOCHbIO Opyeux Memooos Kiaccuuxayuu. s uHMeEpaKmueHo2o
npeocmasnieHusi pesyavbmamos ucciedosanuss Oviio evibpamo streamlit-npunoscenue. Cpedu 6cex NOCMPOEHHbIX
mooeneti XGBOOSt nokazana camvie svbicokue pe3yibmamsl N0 MOYHOCMU, YMO YKA3bI6AeM HA ee IPhekmusHocms.
Taxkum 06pazom, Mooenb MONCHO IPPEKMUBHO UCNONBL306AND 6 KAUeCmEe UHCIPYMEHMA O OYEHKU NPABUTbHOCTU
BbINONIHEHUS PUMHEC-YIPANCHEHUT, HANpUMep, Ha 6a3e MOOUTLHO20 UNU 8eO-NPUTONCEHUSL.

A. S. Katasev, A. R. llyin
FITNESS EXERCISE CLASSIFICATION BASED ON THE XGBOOST MACHINE LEARNING MODEL

Keywords: fitness exercise classification, machine learning, XGBoost model, time series analysis, modeling, classification quality
metrics.

This article explores the construction and evaluation of the XGBoost machine learning model for classifying
fitness exercises. Assessing the accuracy of human fitness exercise performance is a hot topic in machine
learning and artificial intelligence. Machine learning algorithms used to address this issue can identify errors in
movement technique, evaluate training effectiveness, and provide personalized recommendations for correcting
physical activity and improving the biomechanics of human movement during patient rehabilitation. To address
this issue, train, and test the model, the "Physical Therapy Exercises Dataset" from the UCI Machine Learning
Repository was selected. The dataset consists of 1,378,015 records collected during gym training sessions
involving five subjects performing eight types of physical therapy exercises using inertial measurement units and
magnetic sensors. Each of the eight exercise classes is represented by 55 files (12.5% of the dataset), ensuring a
balanced sample and eliminating model bias. All data were randomly divided into a training (80%) and a test
(20%) set. The XGBoost model was built using the PyCharm integrated development environment and
Notepad++. Data decimation was used to optimize performance, significantly reducing the time it took to build
and evaluate the model. The user can select a decimation coefficient from 1 to 10. With maximum decimation
(sample_rate=10), the sampling frequency is reduced from 25 Hz to 2.5 Hz. This optimization provides a tenfold
acceleration in loading (from 3-5 minutes to 20-30 seconds) while maintaining classification accuracy at 90-
92%. Data batching was also implemented, involving batch processing of 10,000 records per iteration to reduce
the load on RAM. The accuracy of the constructed model was also compared with that of other classification
methods. A streamlit application was selected for the interactive presentation of the study results. Among all the
models built, XGBoost demonstrated the highest accuracy results, indicating its effectiveness. Therefore, the
model can be effectively used as a tool for assessing the correctness of fitness exercises, for example, using a
mobile or web app.
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BBeneHune

B Hacrosmiee Bpemsi METOABI MCKYCCTBEHHOT'O WH-
TEJUIEKTa IIUPOKO NPHUMEHSIOTCS B Pa3jIMUHBIX TIpe]-
METHBIX 00JIacTsIX, TaKuX Kak cropt [1], meaurmua [2,
3], npomsiniieHHOe pou3BoACTBO [4, 5]. B yactHOCTH,
B CIOPTE AITOPUTMBI MAIIMHHOTO OOY4YeHHUS Ipelo-
CTaBIIIOT BO3MOXKHOCTh aHaJM3a MHOTOMEpHBIX NaH-
HBIX C MHEPLMAJILHBIX JaTYHKOB, BBIBICHUS XapaKTep-
HBIX NAaTTEPHOB IBIKCHHI CIIOPTCMEHOB U Kiaccudu-
KallUM BBITOJHACMBIX YIPaKHEHHUH C BBICOKOH TOYHO-
CTBIO B pEKHME, OJIM3KOM K peanbHoMy [6, 7].

[Ipobnema pacrio3naBanus u kiaaccudukanuu GU3u-
YeCKOW aKTHBHOCTH HCCIIEAYEeTCsl B paMKax TaKuX
HAay4YHBIX HANpaBleHU, kak OnomexaHuka [8], Komb-
totepHoe 3perue [9-11] u WHTENIEKTya bHBIA aHAIN3
JAHHBIX C CEHCOPHBIX ycTpoicTB [12-14]. 3a nocnennee
JIECATHIICTUE TOSBWIOCH 3HAYUTEIHHOE KOJIMYECTBO
UCCIICIOBAHU, TOCBSAIICHHBIX HPHUMEHEHHIO METOIOB
MalIiHHOTO OOy4eHMsI Uil KIAaCCH(HKALMU THIIOB
yIpaXHEHHH, OLCHKU KauecTBa TEXHUKH M IEPCOHAIIHU-
3allMM TPEHUPOBOYHBIX mporpamm [15]. OnHako, He-
CMOTpSI Ha OOMIIME TEOPETHYSCKUX pa3paboTOK, Mpak-
THUYECKas peaju3alys MoJOOHBIX CHUCTEM B pealbHOM
TPEHHPOBOYHOM TIIpOIecce 3aTpyJHEHa H3-3a HeoOXo-
JUMOCTH CHHXPOHHM3aLUH MYJIbTUMOJAIBHBIX JaHHBIX,
obecrieueHnsl yCTOWYNBOCTH aJiTOPUTMOB K MHIMBUAY-
QIBHBIM OCOOCHHOCTSIM TEJIOCIOXKEHHST M JIBU)KCHHS
MOJIb30BATENICH, a TakKe NOTPEOHOCTH B aJanTallu
MoJeliel o] Crielin(UKy KOHKPETHOTO Habopa ympax-
HEHHUH M HCII0Nb3yeMoro GuTHec-000pyLoBaHuUs.

B coBpeMeHHBIX CHCTEMax MOHHUTOPHHTA 370POBBs
U (uTHECa, OCHOBAHHBIX Ha TEXHOJIOTHSAX MAIIMHHOTO
oOyuenust [16-18], TouHas W aBTOMATHU3UPOBAHHAS
OLICHKa (DM3WYECKOH aKTHBHOCTU SBIISICTCS KIIFOUECBOH
3agadeil. DPPEeKTHBHOCTh peabUIINTALIMH, CIOPTUBHOM
MNOATOTOBKA M IIEPCOHANBHBIX TPEHUPOBOK B 3HAYM-
TENBHOI CTENeHH 3aBHCUT OT OOBEKTHBHOI'O KOHTPOJIS
3a TEXHUKOM BBINIOJIHEHUS YIIPAKHEHUN.

duTHEC-yNpaKHEHHE MOXKHO paccMaTpuBaTh Kak
JIUCKPETHBIN, CTPYKTYPUPOBAHHBIII MHOTOMEPHBIN Bpe-
MEHHOW CHTHal, O0NaJaloIui HaOOpOM IHCKPETHBIX
xapakTepucTuk. OH MOXeT OBITh OJHO3HAYHO IpeJ-
CTaBJICH B BHJE LM(PPOBOro narrepHa (BPEMEHHOTO psi-
Ja) B MPOCTPAHCTBE JAHHBIX, PETHCTPHPYEMBIX HHEP-
[UAIBHBIMH WM OHOMETPUYECKUMH CEHCOPaMH, H
KJI1acCU(UIMPOBAH AJITOPUTMAaMH MAIIMHHOTO 00yd4e-
HEs 110 Habopy GopMansHbIX mpu3Hakos [15].

CoBpeMeHHOE pa3BUTHE UCKYCCTBEHHOT'O MHTEIJICK-
Ta XapaKTepU3yeTcs BO3PACTAIOLIMM HHTEPECOM K Me-
TOJaM MAIIMHHOTO 00Yy4eHHs Jyisi 00pabOTKH JIaHHBIX U
KITacCH(UKAIUU BpeMeHHBIX psiaoB [19-22]. Kirouessim
HAa3HAYCHHEM CIICL[HAbHBIX aBTOMATH3UPOBAHHBIX CH-
CTEM SIBIISIETCSI MOHUTOPHHT, TPENyNpPEeXJeHUEe U KOH-
TPOJIb TEXHUKHU BBIMTOJTHEHUS QU3HICCKUX YIPAKHEHHUH.

JlBurarenpHble MaTTEPHBI NPEACTABISIIOT CO00 co-
BOKYITHOCTb COIJIACOBAHHBIX JBH)KCHHH OTICIBHBIX
yacTed Teja, BBINOJIHAEMBIX IOCIEIOBATENLHO U PHT-
MHYHO. ODTH TATTEPHBI OMNPEJENSIOTCS HECKOJIbKUMHU
KITFOYEBBIMA apaMerpami [23]:

- aMIUIMTYJOH (IMarna30HOM JBIKEHHUS CYCTaBa WA
CTETIEHBIO PACTSKCHUSI MBIIIIIIBI);
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- CKOPOCTBIO (OBICTPOTOH BBIMOJHEHUS 3aJaHHOTO
yIpPaXHEHHS);

- (dopmoii TpaekTOpHU (HAMPaBICHHEM H XapakTe-
POM JBIDKCHHS YaCTH TeJla OTHOCHUTEIBHO OCH €ro CHM-
METpUH);

- CHJIO# COKpamieHns (TeMIIOM BBIIOJHCHHS yIIPaxk-
HEHU);

- OIICHKOM TMO3bI YesoBeKka (MO3WIMeH TYIOBHINA H
KOHEYHOCTEH OTHOCHTEIBHO JPYT IpYTa);

- pacxozoM sHepruu (00bEMOM 3aTPadeHHBIX Kajo-
puii, KOTOpbIE PaCXOMYIOTCS OPraHU3MOM IpH (H3UUe-
CKOi1 Harpy3ske).

Takum o00pa3oMm, aBTOMATH3UPOBAHHBIN aHAIH3
¢buTHeCc-ynpaxkHeHHH TpeOyeT KOMIUIEKCHOTO MOAX0/a,
BKJTIOYAIONIECTO HAJTHYNE KaYEeCTBCHHBIX JaHHBIX, BBIOOD
aNTOPUTMOB UX 00paboTKM M OoOydeHHe Mojeied ma-
UIMHHOTO OOYdYeHMsI Uil TOYHOH HACHTH)UKALUH U
OLICHKH KaueCTBa BBIIOIHEHNUSI ABIKCHUIL.

Bbi6op 1 onucaHme Habopa AaHHbIX
OISl NOCTPOeHUs1 Mogenu

B paboTe mis mpoBeAeHHS HCCICAOBAHUI UCTIONb-
30BaH HaOop naHHBIX «Physical Therapy Exercises
Dataset» [24] u3 penosutopust UCI Machine Learning
Repository. Beibpannsiii Habop crenuanbHO paszpado-
TaH Ui 3a/1a4 KJIacCU(DHUKALUMU YIPaXXHSHUH (U3U0TE-
pamuu M COAEPXKHUT JaHHBIE, COOpaHHBIE C HOCHMBIX
HMHEPIUABHBIX U MAarHUTHBIX MaT4ukoB [24]. JlaTunku
PpacIioIoKeHbl Ha [IPaBOM M JIEBOM IIpelIuieybe, Ha Jie-
BOM U IIPaBOM OeJipe, a TaK)Ke Ha IPYIHON KIETKe.

Jnst Kax[oro JaT4MKa PErHCTPUPYIOTCS CIIEAYIO-
IHE MapaMeTpPh:

- accel_x, accel_y, accel_z — xoMmoHeHThI ycKope-
HUSI [I0 TPEM OCSIM;

- gyro_x, gyro_y, gyro_Z — KOMIOHEHTBI YIJIOBOU
CKOPOCTH TI0 TPEM OCSIM;

- mag_x, mag_y, mag_z — KOMIOHEHTbI MarHUTHOTO
TOJISL TIO TPEM OCSIM.

JlonOoTHUTENBHBIE BEIYUCIISEMbIE TAPAMETPBI:

- accel_magnitude — momaynb BeKTOpa YCKOPEHHS:
V(accel_x2+ accel y?+ accel_z?);

- gyro_magnitude — mMoaysib BEKTOpa yriIOBOM CKO-
pocti: \(gyro_x2 + gyro_y? + gyro_z2).

LeneBasi mepeMeHHasi «yMpaKHEHUE» SIBISETCS Ka-
TErOpHAIBLHON C BOCEMBIO BO3MOXKHBIMH 3HAYCHHSIMHU,
XapaKTEPU3YIOUIMMH THUIT BBITOIHAEMOTO YIIPAXKHEHHUS:

- el: crubanHue pyk;

- €2: G0KOBOE MOJHSTHE PYK;

- €3: IoHATHE PYK BIEPET;

- e4: crubaHue KOJIeHa,

- €5: pasrubaHue KoJeHa,

- €6: oTBeneHue Oenpa;

- e7: pasrubanue 6exapa;

- e8: mpuceganusl.

Habop nmanHBIX mpenHasHaueH Juisi pa3pabOTKH U
TECTHPOBaHHs aIrOPUTMOB MALIMHHOTO 00y4eHus [25-
27] B 3agavax pacrno3HaBaHHs (U3HYECKON aKTHBHOCTH
nroiel, KiracCHu()UKAIMU BBITOIHIEMBIX YIPOKHEHHH U
MOHUTOPHHTA (PUTHEC-TPEHUPOBOK.

Jnst ornieHKH cOaaHCUPOBAHHOCTH JIAHHBIX MPOM3-
BEJCH aHanu3 WX pacnpexnencuus [28]. Pesymbrar aHa-
JIM3a [IpesICTaBJIeH Ha pUCYHKeE 1.
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Puc. 1 - PacnpelleJIeHne KJIacCOB B Ha60pe JAHHBIX

Fig. 1 — Distribution of classes in the dataset

Buano, uro HabOp JaHHBIX SIBISETCS COaNaHCHUpPO-
BaHHBIM, YTO NPENOTBPAIIaeT CMEIICHUE MOIEIHU B CTO-
POHY Ma)KOPUTapHBIX KIAaCCOB.

Just popmupoBanust o0ydaromiei 1 TeCTOBOH BBIOO-
pok mpumensiuch GyHkiuu Oubnmorexu Sklearn na
Python. CootHorenre 65010 BeiOpano 80% x 20% [29,
30]. DopmupoBaHHe BBIOOPOK OOECIEUHUIO BO3MOK-
HOCTb IIEPEX0/a K IIOCTPOCHUIO MOJIEITH.

Mpepo6paboTka AaHHbIX, NOCTPOEeHUNe
n uccnepgosaHue monenun XGBoost

Jlyis onTUMU3aMY BRIYHCICHHUN TpU paboTe ¢ Mac-
CHBOM JIaHHBIX 00bemMoM 45.7 Mb (440 daiino) npu-
MeHeH anroputm npopexuBanus [31-33]. INoab3oBare-
JIFO TOCTYTIEH BEIOOp KO3 (HUIMEHTa MPOPEKUBAHUSI OT
1 o 10. [Ipu MaKCHMaJILHOM 3HAYECHUU
(sample_rate=10) gacToTa OUCKpETH3ANN CHIDKACTCS C
25 T'm no 2.5 T'm, 4T0 sABNSAETCSA MOCTATOYHBIM JJIA aHa-
JH3a MENJICHHBIX (DH3MOTEparieBTUICCKAX IBIDKCHHA.
JlaHHast ONTUMU3AIKS COKpAIAeT BPEeMs 3arpy3Ku JaH-
HeIX B 10 pa3 (¢ 3-5 munyt 10 20-30 cekyHma) mpu co-
XpaHEeHHH TOYHOCTH Kiaccuukanuu Ha ypoBHe 90-
92%.

Ha ocHOBe MOATOTOBICHHBIX [JAHHBIX MOCTPOCHA
Mojiestb MatmHHOro 00y4enust XGBoost [34, 35]. Hdus
ee TIOCTPOCHHS WCIIOJIb30BaHA cpena pa3paboTKH
Pycharm, a takxe cpeactBo it paboThl ¢ OJIOKHOTAMU
Notepad++. TIpu NOCTPOEHUH MOJEIH HCIIOIb30BAHbBI
THIIepIIapaMeTphl, IPeCTaBICHHbIC B Tabmume 1.

Tabanua 1 — 3navenns runepnapamerpos XGBoost

Table 1 — XGBoost hyperparameters values

HaumenoBanue Kpurepuii Bei6opa
3Hauenne
rUneprapamerpa 3HAYEHUS
. YnpaBneHue U3MeHYNBO-
n_estimators 100 p
- CTBIO MOJIENIH
OrpanndeHne TIyOHHBI
max_depth 10 p y
— JCPEBbEB
. Onenka 3¢ PEeKTHBHOCTH
eval_metric Milogloss " b
- peleHus
Bocnpousseaenne sxc-
random_state 42 P A
- MEPUMCHTA
n_jobs -1 Yckopenue 00paboTKH

Ha PUCYHKE 2 MnpeacTaBjicHa MaTpuia OIIHOO0K JJIA
HOCTpOCHHOﬁ MOACIN Ha TECTOBOU BLI60pKC JaHHBIX.
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Puc. 2 — Marpuna omudox a5 mogenan XGBoost na
TeCTOBOI BLIOOPKe JaHHBIX

Fig. 2 — Error matrix for the XGBoost model on the
test data

JluaroHanbHbIe JIEMEHTBI MATPHIBI COOTBETCTBYIOT
BEPHBIM KJacCH()UKAIMAM M COCTABISIOT €€ JOMHHH-
pytotiyo 4yactb. OcTalbHBIE 3JEMEHTHI OTPAXKAIOT
OLIMOKK MOJENH: HAUOOJbBIIEe UX YHUCIO MPUXOIUTCS
Ha ympaxHeHHe e4 (crubaHue koneHa) u e5 (pasruba-
HHUE KOJICHA), UTO OOBACHICTCS CXOXKECTHIO JBHIKCHHUI.
Oomiee kosmuecTBoO omudok — 28 u3 1 097 (2,55%).

Jis oneHkH 3G GEKTUBHOCTH MOJCIH Ha OCHOBE
MaTpHLbl OIMOOK pPACCUNUTaHBl METPHKH KadecTBa
knaccudukaruu Accuracy, Precision, Recall, F1-Score
u CV mean [36, 37], npeacrasieHnsie B Tabauiie 2.
Tadnuma 2 — 3HayeHHS MeTPHK KadecTBa
KJIACCM(PMKALIMH VISl IOCTPOEHHOI Moe/In

Table 2 — Classification quality metrics values for the
built model

HaumeHoBaHue MeTpUKHU 3HadcHHE
Accuracy 97,09%
Precision 97,11%
Recall 97,09%
F1-Score 97,09%
CV mean 95,98%

Kak BUIHO M3 TaOnuIpBI, MOCTPOEHHAS MOJEINb Jie-
MOHCTPHUPYET BBICOKHE pPE3yJibTaThl, YTO IO3BOJSAET
PEKOMEHIOBATh €e Il MPAaKTHUYECKOTOo NMPUMEHEHHUS B
cHCTeMe KJIAaCCU(HUKALIUK YITPAKHEHHUH.

Ha 3aBepmiaromemM 3Tame BBINOJHEHHOTO HCCIENO-
BaHUS IIPOU3BEICHO CPABHEHUE TOYHOCTH MOCTPOCHHOM
monmenmn XGBoost ¢ TodHOCTRIO IpyruxX Momeneld Ma-
mmHHOTO 0Oyuenust Random Forest, Decision Tree,
KNN, SVM wu Logistic Regression [38-40] o merpu-
kaMm Accuracy u F1-Score. Pe3ynbTaTsl cpaBHUTEILHON
OLICHKH TIPEJICTaBJIEHBI B Tabnuie 3.

Tabsuna 3 — CpaBHeHHe Mojesei

Table 3 — Models comparison

Moenb Accuracy F1-Score
XGBoost 0,9709 0,9709
Random Forest 0,9664 0,9663
Decision Tree 0,8937 0,8939
KNN 0,8474 0,8460
SVM 0,8265 0,8242
Logistic Regression 0,6540 0,6542
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Bumso, uto wmomens XGBoost memoncTpupyet
HAWITYYIIUEe Pe3yJbTaThl CPEAH APYTUX MOJCICH, mpe-
BOCXO/JIS X KaK MO 3HAYCHUIO METPUKU ACCUracy, Tak u
no 3HaueHuto F1-Score.

3aknoyeHune

B XoJie BBIIOJIHEHUS UCCIIENOBAaHMS MOTYYEHBI Clle-
IYIOLIHE Pe3yIbTaThl:

- IPOBEJICH aHAJIU3 INPEAMETHOH 00JIacTH Kiaccu-
(ukary GU3NIECKOi aKTHBHOCTH;

- HaliIeHbl ¥ TIOATOTOBJICHBI NCXO/HBIC AAHHBIC I
aHAJIN3a ¥ IOCTPOCHHS HHTEIIEKTYaIbHON CHCTEMBI;

- ONITUMHU3UPOBAH MpOLECC MPEA0OPaOOTKH JaHHBIX,
YTO B peE3yJbTaTe MO3BOJIMIIO YCKOPHUTH IOCTPOCHUE
mozenn XGBoost B 10 pa3 npu TouHOCTH Kiaccuduka-
1K He MeHee 97%);

- IpOBEJICHA OLIEHKa 3((QEKTUBHOCTH U CpaBHEHHE
MOCTPOEHHOW MOJIENH C APYTUMH MOJIEIISIMU.

Takum 00pa3oM, MOCTPOCHHYIO MOJIEINb MAIIMHHOTO
ob0yuerns XGB0OSt MOKHO HCTONB30BaTh B KaueCTBE
9 (eKTUBHOrO HMHCTPyMEHTa Uil OLEHKH KayecTBa
BBIIIOJTHEHUST (DUTHEC-YNPAKHCHUH, HanpuMep, Ha B
COCTaBe MOOMJIBHOTO MIIU BEO-TIPHIIOKEHUS.
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