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Ilenvio pabomovl 561314CH paspabomrxa MamemMamuueckoli mMooeau u Memoouku pacuema @pop-
MYJl, OMPAKAIOUWUX 00BEKMUBHOE COCMOSHUE KAUECNEA HEUPOMIUEUHBLY CKEJICMHBIX U CEA3AH-
HbLX ¢ dsukenuem Qynkyull 6 zpynne 300P0GHIX JUY, NPU 6LINOIHEHUL NOCIYPALLHOZ0 MECUPO-
sanus. B uccaedosanuu npunsno yuacmue 28 dobposorvuyes ¢ sozpacme.om 20 do 45 nem. Bcemu
yuacmuukanu uccaedoganus Oulau blnOJIHeNbL Chetuduueckue nocmyparbiivie mecmot ¢ 6U0102u-
ueckou 06pammoll ces3vio: 1) mecm ramepo-1amepanrvolx 0esuauuii; 2) mecm 6eHmpo-0op3aivHbLx
desuayuil; 3) mecm aKCUaIbHLIX POMAYUL BOKPY2 SePMUKANU; U 4) mecm JUHEUHbLX nepeMeue-
nutl no eepmuxanu. O6sexMoM UCCAe008ANUS SABAANACH CYCNACHAS KUHEMAMUKA MA300e0PeHHbLX,
KOJeHHBLX, 20/l€HOCTONHBLY, AYUE3ANACTHBLX U NIEYUEBbLY CYCMABOS, Y2 106ble 0e8UAUUU 8 KUHEMA-
MUYECKUX COUTEHEHUAX NOSACHUUHO20 PE2UOHA C ZPYOHBIM PEUOHOM U MA30M, U Y2/108ble 0e6UAUl
8 KUHEMAMUYECKUX COUTeHEHUSX BEPXHEZ0 NIeue6020 noaca. Cramue 0aHHbIX U UX MameMamuye-
ckas 06pabomxa 6biNOANANACH ¢ NPUMEHEHUEM ANNAPAMHO-NPOZPAMMH020 Komnaekca <Teslasuits.
Pesynrvmamom uccaedosanus s6uUIUCH (HOPMYNbL KAUECMBEHHOU CMPYKMYPbL A0ANMUSHOU KUHE-
mamuxu: 0.0.0:2.3.0:11.18.1. — dasa mecma namepo-rameparvnoix desuavui; 0.0.0:0.0.0:9.8.6. —
o5 mecma eenmpo-dop3anvholx desuatuis 0.0.0:4.0.0:12.7.7. — 0aa mecm aunelinvlx nepemeuie-
nuti no eepmuxanu; 0.0.0:9.6.1:10.13.6. — das meema axcuanronvlx pomayuil 60KpYz 6epmuKaiu.

Katoueevie caoea: dsuzamenvnas adanmayus, a0anmueénds KUHeMAMUKd, NOCMYPAIbHOE
mecmuposanue, uHmezpaivHvle napdmempuvl GOANMUEHOU KuHemamuxu, mexuonozus <Teslasuits.
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NEW OPPORTUNITIES FOR QUANTITATIVE
ASSESSMENT OF THE QUALITATIVE STRUCTURE
OF ADAPTIVE KINEMATICS

The aim of the work was to develop a mathematical model and methodology for calculating formulas
that reflect the objective state of the quality of neuromuscular skeletal and related to the movement
of functions in a group of healthy individuals during postural testing. All participants in the study
performed specific postural tests with biological feedback: 1) a test of lateral-lateral deviations;
2) test of ventro-dorsal deviations; 3) axial rotation test around the vertical; and 4) vertical linear
motion test. The object of the study was the kinematics of the hip, knee, ankle, wrist and shoulder
joints, rangular deviations in the kinematic joints of the lumbar region with the chest region
and pelovis, and angular deviations in the kinematic joints of the upper shoulder girdle. Data acquisition
and their mathematical processing was performed using the Teslasuit hardware-software complex.
The result of the study was the formula for the qualitative structure of adaptive kinematics:
<0.0.0:2.3.0:11.18.1> — for the test of lateral-lateral deviations; «<0.0.0:0.0.0:9.8.6> — for the test of ventro-
dorsal deviations; <0.0.0:4.0.0:12.7.7> — for a test of linear vertical movements; «0.0.0:9.6.1:10.13.6> —
for the test of axial rotations around a vertical.

Key words: motor adaptation, adaptive kinematics, postural testing, integral parameters of adaptive
kinematics, Teslasuit technology.
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M HpaPKT ronoBHOTO Mo3dra (MI'M) cuntaeTcs opHOM

M3 BEAYLLMX NPUYMH CTOMKOW MCUXOCOLMAABHOM
Ae3apanTtaumy B BUAY BbIpaXeHHOCTU ABUIaTEAbHbIX Ha-
pYyLUEHWI, AMArHOCTUKA KOTOPbIX BKAKOUAET NPUMEHEHUE
MHCTPYMEHTAAbHbIX M HE MHCTPYMEHTAAbHbIX METOAOB KO-
AMUYECTBEHHOW M KauyeCTBEHHOW oueHKkKM [1-3]. o mMHe-
HUIO psiAa UccaepoBaTener [4-6], KAoUueBbIM GaKToOpoM,
OorpaHu4YMBalOLLUM MX MHGOPMATUBHOCTb CUMUTATLCA He-
CMOCOBHOCTb YUWTbIBATb LUMPOKWUIA CMEKTP WMHAMBUAY-
aAbHbIX 0COBEHHOCTEN, CBA3AHHbIX C 3aMyCKOM CAOXHbIX
MOTOPHbIX NaTTepPHOB. B BMAY Uero B OAHOM WA HECKOAb-
KMX 3AEMEHTAX AOKOMOTOPHOM CUCTEMbI MOTYyT GOPMHU-
poBaTbCA pPa3AUYHbIE MO CTEMEHU BbIPAXEHHOCTU Hap-
YWEHUA KNHEMATUKK cycTaBHbIx yraoB (CY) [7, 8]. Ctout
OTMETUTb, YTO annapaTHbI aHaAU3 ABUraTEAbHbIX Hapy-
LWEHWN, B TOM YMCAE C MPUMEHEHWEM BbICOKOTOYHOIO
060pyAOBaHMS, He 0BAaAAET AOAKHBIM YPOBHEM HaAEX-
HOCTU B OTHOLLEHWN NOBTOPAEMOCTH pPe3yAbTaToB [3, 9],
a TaKXXe He MeHSET NPeACTaBAEHUE KAMHUUMCTOB 06 aaan-
TMBHOM KnHemMaTtuke [10], KauecTBO KOTOPOM YCAOBHO,
npuv AMHAMUYECKOM HabAtoAeHMM [11].

06Lenpu3HaHHbIM MHCTPYMEHTOM KauyeCTBEHHOMN
OUEHKM HapyleHWUN pasAMyHbIX GYHKLMK opraHu3ma
ABASIETCS MEXAYHAPOAHas KnaccuduKaumsa GyHKUMOHK-
POBaHWSA, OFPaHNUYEHUST XKUBHEAEATEABHOCTU U 3A0POBbS,
B paMKax KOTOPOM BbIMOAHSAETCS TpaHCchopmaLmsa OTHO-
CUTEAbHbIX KOAMYECTBEHHbIX NAapamMeTpPOB (MPOLEHT Ha-
pyLeHUsa GYHKLMM) B KAUECTBEHHbIE (CTENEHb BbIPaXeH-
HOCTM HapyLlieHui) [12]. Npu 3TOM B AGHHOM PYKOBOA-
CTBE OTCYTCTBYHOT yKa3aHUsl Ha KaKyt-AMOO METOAUKY
TOYHOrO pacyeTa OTOCUMTEAbHbIX MapamMeTpoB, YTO orpa-
HUUMBAET €€ KAMHUYECKYHO LeHHOCTb [12, 43]. Ucnoab-
30BaHWe APYrMx aTMOMNaTOreHeTUYECKMX KAacCcubUKaLmm
UI'M (TOAST 1 ASCOD) apPEKTUBHO OTpaxaeT kayeCTBEH-
HYtO NPUPOAY 3aboAneBaHUs, OCTAaBAASA B TEHW ONKUCaHUE
M GEHOTUNMPOBAHUE KOMMOHEHTA ABMUrATEAbHbIX Hapy-
lweHun [14].

Taknum 06pa3om, akTyaAbHbIM BOMPOCOM OKa3aHUs
peabUAUTaLMOHHOM NOMOLLM AULAM, nepeHecwnm UMM,
ABASIETCS YCTAHOBAEHUWE cneundUUeckon KapTUHbl ABM-
raTeAbHbIX HapyLUEHWI, N0 KOAMUECTBEHHBIM KPUTEPUAM
NepCOHaAM3MPOBAHHOM aAaNTUBHOM KMHEMATUKK C UCMOAb-
30BaHWEM METOAMK KAUYCTBEHHOIrO ONUCaHUA BCEX UMe-
FOLLMXCH MOTOPOHBIX AePEKTOB.

[MnoTM3a MCCAeAOBaHMA COCTOSIAG B TOM, UTO UHEpP-
LUManbHas KMHEMaTMkKa OCHOBHbIX CY, TpaHchOpMMpPO-
BaHHasi B CMEKTPaAbHble MapamMeTpbl U HOPMaAU30BaH-
Has B BUAE TEMAOBOW KapTbl MOCTYPAAbHbIX TECTOB MOXET
6bITb NPEACTABAEHHA B BUAE AOCTYMHOMN AAS MOHUMaHUS
dopmyae cneundUUHOM AAS KaXKAOTO MPOCTPAHCTBEHHO-
ro nepemMeLLeHuns Teaa.

Llenbto paboThbl ABASIAACL pa3paboTka mateMaTtuye-
CKOW MOAEAW Y METOAMKM pacyeTa HarAsiAHbIX GOPMYA,
oTpaxaroLmx 06beEKTUBHOE COCTOSIHWE KauecTBa HENpo-
MbILLIEYHbIX CKEAETHBIX U CBA3AHHbIX C ABUXEHUEM DYHK-
UMK B rpynne 3A0POBbIX AWML, MPU BbIMOAHEHUW MOCTY-
paAbHOro TECTUPOBAHMS.
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MaTtepuanbl U MeTOAbI

Pabota BbIMOAHEHA B pamMKax AMCCEPTALMOHHOMO
MCCAEAOBaHUA Ha COMCKaHWEe yYEHHOM CTENEHU AOKTO-
pa MEAMUMHCKMX HayKk no cneunanbHoctn 14.03.11 -
«BoccTaHoBUTEABHAS MeAULIMHA, AevebHasi GUKYALTYpa
1 CMOPTUBHAA MEAMLMHA, KYPOPTOAOTHA U GU3MOTEpanms».
MNpoBeaeHUe nccaepoBaHUSE BbINO 0A0OPEHO ITUUECKUM
komutetoM YO «benopycckan MeAMUMHCKas akapeMus
NOCAEAMMAOMHOIO 06pa3oBaHusi». An3aiH NCCAEAOBAHWS —
NPOCNEKTUBHOE 3KCNEPUMEHTAABHOE.

B nccaepoBaHWM MPUHSIAO ydacTUe 28 A0OPOBOAbL-
ueB B Bo3pacte o1 20 po 45 aet (32,1 £ 10,1 aeT). CooT-
HOLLIEHWE MYXUMH U XEHLLMH COCTaBAANO 17:11. AHTpO-
NOMETPUYECKWE MapaMeTpbl UMEAW CAEAYHOLLME MOKa-
3arenu: poct - 177,3 £ 5,8 cm, macca Tena - 74,4 + 7,9 Kr.
Bce yyacTHWMKKM UCCAEAOBaHUS NOARAMUCHIBAAW MHOOPMMU-
poBaHHOE cornacue. llepep MCCAEAOBAHUEM KaXAOMY
MCMbITYEMOMY NPOBOAUAOCH MaHyaAbHOE TECTUPOBaHWE
@KTMBHOW PE3WCTUBHOM U MACCUBHOWM CyCTaBHOM MOABMX-
HOCTM C onpeaeneHrem ob6beMa CycTaBHOM KUHEMATUKK
Ta306eAPEHHbIX CYCTABOB W CUAbI MbILLIEYHbIX COKpalLLe-
HWI MOACHUUYHO-MOAB3AOLLHbIX, ATOAMYHBIX, YETbIPEXIAa-
BbIX MbILLLL M MbILLLL 3aAHEV Fpynnbl 6eapa, a Takke nepea-
Hel 1 3aAHeN 60AbLLEOELIOBbIX U MaA0bEPLIOBbLIX MbILLILL.
MNepea Hauanom MccaepoBaHKA CHOPMYAMPOBAHbI KpUTe-
pUW BKAKOUEHWA U KPUTEPUM UCKAKOUYEHWA. KpUTEpPHUAMMU
BKAKOUEHUA: Bo3pacT oT 20 Ao 40 AeT; NpaBOPYKOCTh;
MHAEKC Macchbl Tena oT 18,6 ao 30; XeaaHue MpuHU-
MaTb yyacTue B aKCnepumeHTe. Kputepum UCKAIOUEHUS:
HaAMuMe CYAOPOXHOrO CMHAPOMa B aHaMHese B Teue-
HUM NOCAEAHUX 3-X AET; XXaA0bbl HA FOAOBOKPYXEHUE CU-
CTEMHOr0 xapakTepa B aHaMHe3e, B TeYEHUU MOCAEA-
HUX 3-X MecsiLEB; Xanobbl Ha FOAOBOKPYXEHUE HE CU-
CTEMHOro XapakTepa B aHaMHe3e, B TEYEHWUU NMOCAEAHETO
ropa; 60AeBOW CUHAPOM AHOOOW CTEMEHW BbIPAXEHHOCTH,
AOKaAM3aLMU U reHes3a, UMEeKLMA MEeCTO Ha MOMEHT
NPOBEAEHUSI UCCAEAOBAHWS; OrpaHUYEHUE aKTUBHOW W
NacCUBHOM CyCTaBHOW NMOABUXHOCTU B Ta300€APEHHbIX CY-
CTaBax; CHUXEHWE MbILLIEYHON CUABI B UCCAEAYEMbIX Mbl-
LIEYHbIX rpynnax npuv M30METPUUYECKOM COKpaLLEHWH;
BO3HMKatoLLAs NpU NPOBEAEHUN MaHYyaAbHOIr0 TECTUPO-
BaHUs BOAb; MPUEM MEAMLMHCKWX NpenapaToB OKa3bl-
BalOLLMX BAUSIHUE HA HEMPOMbILLEYHYIO CUCTEMY; OTKa3
OT y4YacTus B UCCAEAOBAHUM.

AN OLEHKM COCTOSIHUA aAanTUMBHOWM KMHEMATUKK
BCEM y4YaCTHMKaM MCCAEAOBaHUSI ObIAO MPOBEAEHO MO-
CTypaAbHOE TECTUPOBAHUE C UCTIOAb30BAHWEM BUOAOTU-
yeckor obpaTHoM CBA3K, BKAKOUatollee: 1) TecT Aatepo-
AatepanbHbix peBraumii (TAALD); 2) TeCT BEHTPO-AOP3anb-
Hbix aeBuaumi (TBAA); 3) TECT akCUaAbHbIX POTaLMK
BOKpYT BepThkaAu (TAPB); 4) TeCT AMHENHbIX NepemelLe-
HWI no BepTnkanm (TAMB). Bce TecToBble 3apaHUS BbIAK
CBfAi3aHbl C COOTBECTBYHOLMMU CRELUPUYECKUMU MpPo-
CTPaHCTBEHHbIMU NepeMeLLEHUSIMIU Tena BO GPOHTaAb-
HOM, CarMTTaAbHOW Y TOPU3OHTAABHOM MAOCKOCTH, @ TaKXe
nepemMelLeHnss BAOAb BEPTUKAAbHOM OCK. KnHemaTuue-
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CKas crneunduka Kaxaoro tecta bblina cBsi3aHa ¢ ynpaB-
ANEHNEM CTaHAAPTU3MOBAHHLIM BUPTYaAAbHbIM COﬁbITVI-
eM C MWHUMaAbHOM CPeAOBON BapUaTUBHOCTLIO, MPU
KOTOPOM COBCTBEHHbIE aKTMBHbIE NEpPeMeLLeHNUs Teaa
COOTBETCTBOBAAW MEPEMELLEHUSIM BUPTYaAbHOro 06b-
eKTa BCAeA 33 0ObeKTOM MULLEHBLO. Lleabto Kaxaoro 3a-
AaHWA ABASIAOCb COBMeELLEHWE 0OBLEKTOB Ha MOHUTOPE.
YnpaBAeHWE BUPTYaAbHbIM 0OBEKTOM, @ TakXe 3anunchb
napameTpoB YrAOBON KUHEMATUKU MPOBOAMAOCH C MPW-
MEHEHMEM  annapaTHO-NPOrPaMMHOI0  KOMIMAEKca
«Teslasuit» (Npon3BoacTBa KoMnaHun «BPTIK», Pecrybau-
ka benapycb), BKAKOUAIOLLLErO: YNPaBASIKOLLYO Nporpam-
My U «yMHbIVI» KOCTHOM CO BCTPOEHHbIMU MHEPLMAAbHDbI-
MW AaTuMKamu. Ha puc. 1 npeacTaBAEHO PacnoAOXeHME
WHEpPUMaAbHbIX CEHCOPOB Ha KocTiome «Teslasuitr.

Koctiom «Teslasuit» cBagbiBancs no kaHany Wi-Fi
C BUPTYaAbHOM Cpepon TecTupoBaHuA. UHTerpanbHas
paboTa CEHCOPOB KOCTHOMA, COFAACHO COOCTBEHHOrO
aAropuTMa, PEKOHCTPYMpPOBaAa MOAHYHO CKEAETHYIO MO-
AeAb Tena ¢ pacvetom CY. Bpemsi BbIMOAHEHUST KaXXAOTO
TECTOBOro 3apaHuaA coctaBAAano 30 cek.

ObbekTamu uccaepoBaHUA ABASIAMCL CY cooTBeT-
CTByOLWHNE CAEAYHOLWLNM KUHEMATUYECKUM HanpaBAEHU-
am: 1) crubaHue 1 pasrubaHue npaBoro TazobeApeHHo-
ro cyctaBa; 2) OTBEAEHWE U NPUBEAEHWE MPABOro Ta3o-
6eapeHHOro cyctaBa; 3) OCeBble BpallleHWa NpPaBoro
TazobeppeHHoro cyctasa; 4) crubaHue U pasrnbaHue

PucyHok 1. PacnonoxeHue MHepumManbHbIX AGTYMKOB Ha KOCTIOME

«Teslasuit»: 1 - naeyo; 2 - npeanaedbe; 3 — KUCTb; 4 - HeApo;

5 - roneHb; 6 - ctona; 7 - FPyAHOM OTAEA MO3BOHOYHUKA; 8 -
NMOACHWYHbIV OTAEA NO3BOHOYHUKA
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NnpaBoro KOAEHHOro cyctaBa; 5) crubaHuve U pasruba-
HWe NPaBOro roAeHOCTOMNHOrO CycTaBa; 6) oceBble BpaLle-
HWA MPaABOro FOAEHOCTOMHOro cyctaBa; 7) crubaHue u
pa3rnbaHne AeBoro Ta3obeppeHHOro cyctaBa; 8) oTBe-
AEHVE 1 NMPUBEAEHUE AEBOro Ta306eAPEHHOIO CyCTaBa;
9) oceBble BpallleHUsi AeBOro Ta306eAPEHHOMO CYCTaBa;
10) crubaHue v pasrnbaHne AeBOro KOAEHHOr0O CyCTaBa;
11) crnbaHue u pasrnbaHre AeBOro roAeHOCTOMHOFO Cy-
cTaBa; 12) oceBble BpaLlEHUA A€BOr0 FOAEHOCTOMNMHOro
cyctaBa; 13) crubaHve u pasrnbaHve NpaBoro AOKTe-
BOro cyctaBa; 14) oceBble BpalleHWs NPaBON KUCTK;
15) crubaHue 1 pasrnbaHue npaBon KUCTU; 16) oTBeae-
HWe 1 NPUBEAEHUE NpaBon kKUCTK; A7) crubaHue U pasru-
6aHWe AeBOro AOKTEBOrO cycTaBa; 18) oceBble BpalLEeHWs
AeBOM KucTH; 19) crnbaHune u pasrmbaHne AeBOM KUCTH;
20) oTBEAEHME U NPUBEAEHWE AEBOW KWUCTH; 21) AaTe-
paAbHble OTKAOHEHUSI B KUHEMATUUYECKOM COUYNEHEHWM
Tasa M NOACHUYHOIO PEFMOHA; 22) 0CEBbIE POTALMKN B KK-
HEMaTUYECKOM COYNEHEHWUM Tasza M MOSICHWYHOIO pe-
rmoHa; 23) crmbaHua 1 pa3rubaHnsa B KUHEMATUUECKOM
COUYNEHEHWUM Ta3a U MOSAACHUYHOTO PervoHa; 24) natepanb-
Hble OTKAOHEHWS B KMHEMaTUYECKOM COUYAEHEHWM MOAC-
HWYHOTO M MPYAHOTO PEFMOHOB; 25) 0CeBble POTaLMK B K-
HEMATUYECKOM COUAEHEHUN TOACHUYHOIO U TPYAHOrO
pernoHoB; 26) crubaHue n pasrnbaHne B KUHEMATHUUE-
CKOM COUYAEHEHMU MOACHUYHOTO U FPYAHOrO PErvoHOB;
27) KaypaAbHble W KpaHWaAbHble NMepeMeLLeHUs KUHe-
MaTUYECKOTO COUYAEHEHWSI BEPXHEro MAeYEeBOro nosica
cnpasa; 28) BeHTpaAbHble U AOP3aAbHble MepemMeLle-
HUSA KMHEMATUYECKOrO COYAEHEHWSA BEPXHEro NMAeYeBoro
nosica cnpasa; 29) KayaaAbHblE U KpaHWaAbHbIE Mepe-
MELLLEHUSI KUHEMATUUYECKOTO COUAEHEHMA BEPXHETO MAE-
yeBoro nosica caea; 30) BEHTPaAbHbIE M AOP3aAAbHbIE
nepemMeLLLeHNss KWUHEMaTUYECKOrO COYAEHEHUST BEPXHE-
ro NAe4YeBOro nosica cAeBa; 31) oTBeAeHME U NpUBEAE-
HWEe NpaBoro NAEYEeBOro cyctaBa; 32) 0CeBble poTaLun
npaBoro naevyeBoro cycraBa; 33) crubaHus 1 pasruba-
HUA NPaBOro NAEYEBOro cyctaBa; 34) oTBeAeHME U Npu-
BEAEHME NEBOro MAEYEBOro cycrtaBa; 35) oceBble poTa-
LMW AEBOrO NAEYEBOro cyctasa; 36) crubaHua U pasru-
6aHKA AeBOro NAeYeBOro cyctaBsa.

McecaepoBaHWe COCTOSINO M3 TPEX aTanoB. Ha nepsom
3Tane, NOCAe BbIMOAHEHWS TECTOBbIX 3aAaHWI, NPOBOAUA-
CAl pacueT YrAoBbIX YCKOpeHUn Ana Bcex CY ¢ mocaeay-
FOLLMM CMEKTPaAbHbIM aHaAM30M. Tak, B 06LLeM BUAE Ha-
60p abCOAIOTHBIX YIAOBbIX 3HAYEHWUI B MOMEHT BPEMEHMH,
AAA Kaxaoro CY, MOXHO npeacTaBuTb No dopmyae 1.

A1 Agp A
Axq Aop Ao ; 1)
Al A A

rae A,.J - 3HAUYEeHMS aMMNAUTYAbl OTKAOHEHWS OT CyCTaBHOM
ocu (B yraax ¢ uHaekcamu j = 0, 1,...,M B AMCKPETHbIX
BPEMEHHbIX TOUKax ¢ Homepamu i =0, 1,..., N.

MNepBas AMCKpETHas NPOM3BOAHASA, B3ATas OTAEABHO
ANSI KAXAOM MocAepoBaTEAbHOCTM amnamutys CY, moay-
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YeHHbIX NPK BbIMOAHEHUM TECTOBOMO 3aAaHUs, NMO3BOASAAA
ONpeAeAdTb ero YrAOBYl0 CKOPOCTb B MOMEHT BPEMEHM
M NMOAYUYMUTb MATPHLLY YTAOBbIX CKOPOCTEN M0 GOpPMyAe 2.

Via  Vip Vi
Voi Voo Vo 2
Vit Vi Vi

rae V,J - 3HAUYEHUS YTAOBbIX CKOPOCTEN (B YrAaX C MHAEK-

camu j = 0, 1,..,M B AMCKPETHbIX BPEMEHHbIX TOUYKaX

¢ Homepamn i =0, 1, ..., N.

Pacuet napamertpa cKopoCTH NPOU3BOAUAOCH MO GOop-

Myae 3.

Aij—Ai,j
AT
Btopasa AMCKpeTHass NpoM3BOAHAA MOCAEAOBaTENb-

HOCTU aMNAMTYA kaxaoro CY onpeaensina ero yrnoBoe

YCKOpPEHUE (paA/cz) B MOMEHT BPEMEHMU, MPU 3TOM, CO-

rAnacHo ¢opmyabl 4, noAyyanacb MaTpumLa YrAOBbIX YCKO-

pEeHUN.

Viig,j = (3)

aia ai12 ay,j
asi aso ao j @
dji21 4dj-22 aj_o,j

rA€ a;; - 3Ha4eHUs yTAOBbIX YCKOPEHUM (B YrA@x C MHAEK-
camu j = 0, 1,..,M B AMCKPETHbIX BPEMEHHbIX TOUYKaX
¢ Homepamn i =0, 1, ..., N.

Pacuetr napameTpa yCKOpeHWs B Aa@HHOM  CAyvyae
BbIMOAHSIACS MO dopMyAe 5.

Ailrj—Aioj Aij—Aiej
AT AT

Vij=Viaj
AT AT ’

Ha atom atane matemMaTMyecKkoro MOAEAMPOBAHUSA
BbINMOAHAAOCb BblYMCAEHUE AAHHBIX AASI Kaxkaoro CY, xa-
pPaKTEPU3YIOLLIMX aMMAUTYAHBIN CNEKTP YIrAOBbIX YyCKOpe-
HWUI NOCPEACTBOM AMCKPETHOrO fpeobpasoBaHmsa Pypbe
C NOAYYEHUEM MATPULLblL AMMNAUTYA OTAEAbHbIX FAPMOHUK
yCKopeHui no ¢opmyae 6.

aj_pj= (5)

X114 X12 X1,
Xoq  Xop Xoj ©)
Xio1 Xi—o2 Xi—2,j

rae X,-yj — 3HAUYEHMS YTAOBbIX YCKOPEHWI (B YrAaX C MHAEK-
camu j. =0, 1,...M B AUCKPETHbIX BPEMEHHbIX TOUKaX
c Homepamun i =0, 1, ..., N.

PacueT cnekTpaAbHbIX MOKa3aTeAel BbIMOAHAETCSA
no ¢opmyae 7.

—2mi
n
N

N-1
Xi—o =Zp-0anpe (7)
rae N - KOAMYECTBO 3HAYEHMI YTAOBbIX YCKOPEHWUK, MO-
AYYEHHbIX 3@ MEePUOA, @ TakXe KOAMYECTBO KOMMOHEHT
Pa3A0XEeHUA, Xk — KOMMNAEKCHblE aMMNAUTYAbl CUHYCOU-
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AAAbHbBIX CUFHAAOB, CAAratoLLLMX UCXOAHbBIM CUTHAA, K —
K
WMHAEKC YacToTbl. YacToTa k-ro cMrHana paBHa ? raet -

nepuoa BPEMEHMU, B TeUeHWEe KOTOPOoro Gpasucb BXOA-
Hble A@HHbIE.

Ha BTOpOM aTane MccAep0BaHMA NPOBOAMAACH HOP-
MaAU3aLmMa NOAYYEHHbIX AQHHbIX C MPEACTABAEHUEM Ka-
YECTBEHHOW CTPYKTYPbl HOPMaAM30BaHHON KMHEMATHKMK,
NpU KOTOPOM AAS KaXAOrO MCMbITYEMOro paccyuTbiBa-
AOCb HaMboAbLLIEE U HAaUMEHbLLIEee 3HaUeHWe CreKTPanb-
HOro napameTpa YrAOBOM CKOPOCTW B OTHOLLEHMMW BCEX
NOAYUYEHHbIX AaHHbIX CY B CBOEW COBOKYMHOCTH. C LieAbto
YMPOLLUEHMS MOHUMAHKWA 1 aHaAM3a LMPPOBBLIX MaCCUBOB
ABYXMeEpHas maTtpuua, onucaHHas B ¢opmyne 6, bbira
HOpMaAM30BaHa no popmyne 8.

Xi—21=Xi—2,1 [ Xmax -

lMoAyYEeHHbIM MaccuMB COAEPXKUT B cebe 3HaueHus
B AManasoHe o1 O po 1. Aanee, €ro pasmMepHOCTb Mpu-
BOAMAACb K Pa3MepHOCTU rpadrUueckoro 3obpaxeHus,
rA€ COOTBETCTBYIOLUMM MUKCEAAM MpUCBaMBaNCA LBET
C 3aAaHHbIM LIBETOBbIM FPaAMEHTOM. AAS BbIAEAEHWS Bbl-
COKOAMMAUTYAHbBIX F@PMOHUK W MOBbILIEHUS YNTAEMOCTH
n306paxeHUs LIBETOBOW rpaAMEHT, NpW KOTOPOM BCe 3Ha-
yeHust MeHbLLe 0,6 onpeaensincs Kak 6enbli LBET, a 0CTaB-
LIMiAcA AnanasoH ot 0,6 A0 1 pa3buBaeTcsi Ha TPEXLBET-
HytO FaMMy, B KOTOPOW CBETAbIA OTTEHOK COOTBETCTBYET
3HaueHnam ot 0,6 Ao 0,7 BKAKOUMTEABHO; TEMHbIN -
oT 0,9 po 1,0 BKAKOUMUTEABHO; OTTEHOK MOrPaHWYHOro
ToHa - 0,7-0,9. PacnpepeneHWe UBETOBbIX MapKepoB
NMPOBOAMAOCH MO TPEM YaCTOTHbIM noAocam: 1-5 Tu,
6-10 Muwn 11-15 Tu,.

Ha TpeTbeMm 3Tane uBeToBasi CxemMa XxMTMmana TpaHc-
dopmupoBanacb B GOpMyAy, COCTOSLLYIO M3 TPEX YacTew,
paspeAeHHbIX 3HakoM «». [lepBas yactb GOPMYyAbI COOT-
BETCTBOBaAa YacToTHOM nonoce 1-5 [, BTopas - 6-10 [,
Tpetba 11-15 u. B cBOO ouepeab kaxaasa yactb Gopmy-
Abl COCTOSIA@ U3 TPEX onpeaeAnTenei. MNepBbii onpeaenm-
TEeAb COOTBETCTBYET KOAMYECTBY YUaCTKOB C KO3DPULIMEH-
TOM HopMmanmn3aumu ot 0,6 Ao 0,7 BKAOUMTEABHO. BTO-
PO OMpeAEeAUTEAb COOTBETCTBYET KO3ddUUMeHTy 0,7-0,9
He BKAIOUUTEABHO, TPeTUI — 0T 0,9 A0 1,0 BKAKOUUTEABHO.

CratucTiueckyto 06paboTKy AaHHbIX BbINMOAHAAM B Na-
keTe Statistics 12.6 (Paspabotuumk: «Dell», CLLA). MNMocae
OLEHKM pacnpeAeneHUst MOAYYEHHbIX AQHHbIX METOAOM
LLlanMpo-YUAKO, AASE A@HHbIX, COOTBETCTBYIOLLIMX HOPMaAb-
HOMY pacrnpeAeAeHUto, MPUMEHAAM NapaMeTpUYecKme
METOAbI aHaAM3a, AAS A@HHbIX, HE COOTBETCTBYHOLLIMX HOP-
MaAbHOCTH, MPUMEHAAN HENapPaMeTPUUYECKUE CTaTUCTUYE-
CKMe MeToabl. Kputepnem AOCTOBEPHOCTM MPUHMMAAOCh
3HaueHue p < 0,05. MapameTpuyeckre AaHHble Mpea-
CTaBASIAV B BUMAE CPeAHEN apudMETMUYECKOW CO CTaH-
AAPTHbIM OTKAOHEHMEM, HemnapameTpuyeckue B BUAE
meamnanbl (Me) BepxHero (UQ) M HMXHEro KBapTUAEM
(LQ) - Me[UQ/LQ]. ObpaboTka MacCMBOB Aa@HHbIX, MOAY-
YaeMblX OT MHEPLMAAbHbIX AATUMKOB, C MOCAEAYIOLLEN
PEKOHCTPYKLMEN CKEAETHOM MOAEAM TeAa WM pacyetam

8)
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3HaueHui CY ocyLecTBASAOCh B MPUAOXKEHUU «Python»
(paspabotunk: «Python Software Foundation», CLLA). Ma-
TeMaTUyeckoe MOAEAMPOBAHWE CKEAETHOW MOAEAU Bbl-
MOAHSIAOCb Ha OCHOBE MPOrPaMMHOro NpoaykTa «OpenSim»
(oTkpbITas naatdpopma cepun 4,1) ¢ BHeceHUeM cob-
CTBEHHbIX U3MEHEHUN U COBCTBEHHON NPOLIEAYPON Ka-
AMBPOBKM (YUacToTa AUCKPETMU3aLMKU AaHHbIX — 30 Ti).

Pe3yabTaTthbl U 06CYy)XAEHUE

Ha nepBom aTane nccaepoBaHUSA B rpynne UCMbITy-
eMbIX AUL, 6bIAK MOAyY€HbI CNEeKTPaAbHbIE MapaMeTpbl
YFAOBbIX yCKOpeHMVI OCHOBHbIX CY OMOpPHO-ABUraTeALHOrO

OpuruHaJbHble HayYHbIe MyOauKanun |

M3 TabAWLbl CAEAYET, UTO MPU BbIMOAHEHUU AUATHO-
CTUYECKUX TECTOB AASI BCeX CY MMeeT MecTo TUNUUYHOEe
pacnpeAeneHue CMeKTPaAbHbIX MapamMeTpoB C AOCTO-
BEpPHO 6OAbLUMMK 3HauYeHuaMKU B nonoce 11-15 iy u
MeHbLLIMMU B nonoce 1-5 Tu.

MpY MHOXECTBEHHbIX CPAaBHEHUSAX 3HAYEHUI B Npe-
AeAaX OAHOM CMEeKTPaAbHOM MOAOCHI YCTAHOBAEHbI CAe-
Aytolime CY ¢ AOCTOBEPHO pasAMUyMMbIMK NapamMeTpamu
BO BCex TecTax: crubaHue u pasrnbaHue npaBoro v Ae-
BOro Ta3o06eApeHHOro cycTaBa; OCEBble BPALLEHMS npa-
BOro Ta306eApeHHoro cyctaBa; crubaHue 1 pasrubaHue
NpaBoro roOA€HOCTONHOro cyctaBa; crMbaHue 1 pasrnba-
HWEe AeBOM KUCTW; OCEBbIE pOTaLMK NPaBOro NAEYEBOro

annaparta. Pe3yabtaTbl NpeAcTaBAEHbI B TabAULIE.

TabAuLa. 3HaYeHUA NapaMeTPOB YIAOBbLIX YCKOPEeHMWIi (B paa,/c?) CyCcTaBHbIX YIAOB B Pa3AMUHbIX CEKTPAAbHBLIX MOAOCAX

cy Cn (B u) TBAA TANA TANB TAPB
1-5% 4,0[7,0/1,8] 1,7[2,8/0,8] 3,1[5,6/1,4] 2,3[4,1/1,1]
nggi;gfag:asr”ﬁa”“e MPaBoro 1a300eAPeH- ™51 55111 119.7/51] | 4,4(8,1/2,0] | 8.6113.8/43] | 5,2(8.8/2.5]
11-15% | 14,5[24,3/6,5] | 5,8[10,1/3,1] | 10,6(18,7/5,1] | 7,9113,5/3,9]
1-5 1,3[2,3/0,7] 1,212,2/0,6] | 0,8[1,5/0,3] 1,5[2,5/0,7]
2;33?):‘(‘:62;0:;::“8””6 TPETEOTD BT 6-10 3,4(5,9/1,7] 4,3[7,4/2,0] 2,8[5,3/1,3] 4,3[7,3/2,1]
1115 | 5,6[9,5/2,6] 5,7(9,9/2,5] 4,0[7,3/1,9] | 6,4[10,2/3,2]
1-5% 2,2[4,2/0,9] 1,5[3,0/0,7] 1.1[2,1/0,6] | 4,8(8,8/2,0]
Sycc‘iig'z BpalLEHWA NPaBOrO Ta3006APEHHOTO o) ¢ 1187 /5 7 3,9[6,3/1,7] 3,050/1,3] | 17,7[31,6/9,0]
11-16*% | 6,6[11,7/3,0] | 5,2[84/2,5] 4,3[7,5/1,7] | 24,2[39,9/10,1]
15 1,9[3,5/0,8] 1,712,6/0,8] 5,3[9,1/2,4] 1,8(3,7/0,8]
Syr(‘:"ga;;”e 7 BERIHOE A DRI KONl 6-10 4,0[6,7/2,0] 3,9[6,4/1,7] | 16,5[26,1/7,7] | 4.7[8,0/2,5]
11-15% | 50[9,6/2,8) | 5,0(89/2,3] | 20,4(34,5/8.4] | 7,8(13,4/4,0]
15% | 52[10,5/2,2] | 10[18/06] | 28[4,8/12] 1,3[12,4/0,7]
nggi;gfag:asr”ﬁa'*”e PABOro rOACHOCTON 176 10 » | 44,3[23,2/671 | 2.9(5,5/1,3] | 81[13,9/3,9] | 40[7,4/19]
11-15% | 12,9[22,0/6,4] | 5,2(81/2,6] | 11,1[18,8/54] | 6,8[10,6/3,2]
15 2,6[4,5/1,2] 1,0[1,8/0,4] 0,7[1,3/0,3] 0,8[1,5/0,3]
Syccizt;;’ BPALLCHNA NPABOTO ToACHOCTONHOTO T g 1 5,5(9,6/2,4] 3,0(5,2/1,4] 2,2(3,7/1,1] 2,2[3,9/1,0]
11-15 | 6,2[10,2/2,5] | 4,07,0/2,0] 3,4(5,6/1,9] 3,5(5,7/1,7]
1-5% 3,5(7,0/1,8] 1,7[3,0/0,8] 3,3[5,8/1,5] 1,913,3/0,8]
Sg‘:gi;g‘fa”sfaar”ﬁa”“e AeBOTO Ta300€APH- 51 5710 8[10,0/5,3] | 3,9(6,6/1,9] | 881155/43] | 4,8[8,0/2.3]
11-15* | 14,2[23,5/6,6] | 5,9[10,3/2,9] | 12,5[21,5/5,4] | 6,7[12,1/3,4]
OTBeAeHuMe U NpUBEAEHNE AeBOLO TadobeAPEH- 1-5 1,1[2,1/0,6] 1,2[2,2/0,6] 0,9[1,9/0,4] 1,1[1,9/0,6]
HOro cycTaBa 6-10 3,2[5,5/1,5] 4,7(8,1/2,4] 3,4[5,6/1,5] 3,2[5,7/1,5]
1115 | 53(87/2,8] | 67(10,8/3,5] | 5,2(8,0/2,4] 5,0(8,4/2,4]
1-5 2,0[4,0/0,8] 1,7[3,2/0,7] 17(3,2/0,8] | 5,1[10,0/2,4]
S;é‘;‘:: BPALLEHA AGBOTO Ta30BeAPEHHOMO 6705 ™ 5 318 7/23] | 3,416,2/1,9] | 40165/17) | 18,332.7/8,9]
1115 | 6,4(10,9/3,2] | 5,4(84/2,5] 5,69,5/2,8] | 22,9(37,7/11,1]
15 1,2[2,1/0,6] 1,5(2,8/0,7] | 5,4[10,0/2,4] | 0,9[1,8/0,4]
Syr(‘;'faa;;”e W3 10T REICEOTO KOAGHHOTO 6-10 2,9[4,8/1,4] 40[6,7/1,8] | 17,2[29,4/8.1] | 2,64,4/1,3]
1115 | 3,9(6,6/1,8] | 5,5[10,0/2,9] | 22,4(36,4/9,7] | 4,4[7,3/1,9]
1-5 4,6[8,6/2,0] 1,312,2/0,6] | 26[5,2/1,3] 1,1[2,2/0,6]
ng;?/i:awseam pasrnbaHue AeBOro roAeHOCTOMHO- 6-10 9.2[15,0/4.3] 3.4(5.9/1.5] 9.2[15.5/3.9] 4.2[7.6/2.0]
11-16* | 10,2[17,9/51] | 5,018,3/2,2] | 11,6120,1/6,3] | 5,9[10,1/2,9]
15 2,915,1/1,3] 1,3[2,3/0,6] 0,9[1,5/0,4] 0,7[1,2/0,3]
Sycc‘iz';'z BPALUEHIA ACBOTO TONSHOCTONHOTO 6-10 | 50519.8/25] | 356948 | 2342/121 | 233912
1115 | 6,7[11,2/3,4] | 5,0(8,5/2,6] 3,4(5,7/1,5] 3,6[5,6/1,5]
15 2,3[4,3/1,0] 1,5[2,6/0,7] 2,6[4,6/1,2] 2,6[4,8/1,1]
S;Z'Tﬁaa;a”e M PA3TUOAHNE NPABOTO AOKEBOTO 671055 0110,1/2,8] | 4,4[7,0/L,8] | 7,7112.5/3.7] | 8,0[13,9/4,0]
11-15% | 8,1[13,8/3,7] | 5/4(9,3/2,6] | 9,8[17,0/4,2] | 11,6(19,3/5,3]
15 2,6[5,1/1,1] 1,3[2,4/0,6] 2,5[4,4/1,1] 2,4(4,4/1,0]
OceBble BpalleHUs1 NpaBoi KUCTH 6-10 6,7[11,0/3,2] 3,7[6,4/1,7] 7,6[12,5/3,5] 7,7113,6/3,9]
11-16% | 7,7113,2/3,7] | 5,3(8,8/2,5] | 9,9[17,0/4,3] | 11,3[18,5/51]
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lMpoaorxeHue TabAuLibl

cy CI (8 ) TBAA TAAA TANB TAPB
1-5 3,0[5,7/1,3] 1,3[2,3/0,6] 2,4[4,3/1,1] 2,2[(4,1/0,9]
CrubaHue 1 pasrnbaHue npaBov KUCTH 6-10 7,2[11,9/3,4] 3,4[5,8/1,5] 7,5[12,2/3,5] 7,2[12,7/3,6]
11-15% 7,8[13,4/3,7] 4,8[8,1/2,4] 9,8[16,6/4,3] 10,6[17,4/4,7]
1-5 3,3[6,4/1,5] 1,3[2,3/0,6] 3,0[5,3/1,4] 1,4[2,8/0,6]
OTBEAEHWE 1 NPUBEAEHME NPABOIN KUCTU 6-10 8,6[14,6/4,1] 3,4[5,9/1,6] 8,9(14,8/4,2] 3,9(6,8/1,9]
11-15* 9,7[16,3/4,6] 5,0[8,6/2,4] 11,9[20,1/5,3] | 6,2[10,5/3,1]
1-5 3,1[6,0/1,4] 1,2[2,2/0,6] 1,9[3,5/0,9] 1,3[2,3/0,6]
g;cmgaBHame 1 pasrubaHue AEBOro AOKEBOIO 6-10 8.4(14,3/4.0] 3.606.4/18] 5.6[9.7/2.7] 3.5(6.2/1.7]
11-15 9,6[16,1/4,6] 5,4[9,1/2,8] 8,1[13,5/3,8] 5,5[9,2/2,7]
1-5 2,3[4,4/1,1] 1,4[2,5/0,6] 1,6[3,1/0,8] 2,2[4,2/1,0]
OceBble BpalleHUsa AEBOM KUCTH 6-10 * 6,2[10,7/2,9] 3,7[6,5/1,9] 4,6[7,8/2,1] 7,1[12,6/3,4]
11-15% 8,0[13,3/3,8] 5,5[9,1/2,7] 6,7[11,4/3,1] 9,5[16,0/4,6]
1-5* 2,0[3,8/0,9] 1,5[2,8/0,7] 2,8[5,2/1,3] 2,2[4,2/1,0]
CrubaHue u pasrnbaHue AeBOM KUCTH 6-10 * 5,5[9,5/2,6] 4,0[6,9/2,0] 8,3[14,2/3,9] 7,2[12,7/3,5]
11-15%* 7,4[12,4/3,6] 5,9[9,9/2,9] 11,4[18,8/5,1] 9,7[16,4/4,7]
1-5 2,2[4,2/1,0] 1,4[2,6/0,6] 2,6[5,1/1,2] 2,0[4,0/1,0]
OTBEAEHWE U NPUBEAEHWE NEBOWN KUCTU 6-10 * 5,1[8,5/2,4] 3,9[6,7/1,9] 8,4[14,2/3,8] 7,1[12,6/3,4]
11-15% 6,4[11,0/3,2] 5,6[9;4/2,8] 11,2[18,5/5,3] | 9,5[15,9/4,6]
1-5 0,2[0,3/0,1] 0,2[0,3/0,1] 0,1[0,3/0,1] 0,2[0,6/0,1]
Q::sssgbwe OTKAOHEHMA Taga M MOACHUYHOTO [~~~ 1.0[17/0.4] 0,9[1,7/0.4] 0.9[1,4/0.4] 1.2[2.2/0.6]
11-15 1,9[3,2/0,9] 1,7[2,8/0,8] 1,4[2,5/0,8] 2,0[3,4/0,9]
1-5 0,3[0,7/0,1] 0,3[0,6/0,1] 0,2[0,4/0,1] 1,0[1,7/0,4]
OceBble poTaumn Taza U NOACHUYHOTO PErMOHa 6-10 1,1[1,9/0,6] 1,0[4,7/0,4] 0,9[1,4/0,4] 2,9[5,0/1,3]
11-15 1,8[3;1/0,8] 1,5[2,5/0,7] 1,4[(2,4/0,7] 3,7[6,4/1,8]
1-5 0,4[0,8/0,1] 0,3[0,7/0,2] 0,2[0,6/0,1] 0,6[1,0/0,2]
’C)ZQ:Sg::ﬂ 1 pa3rnbaHus B Ta3a U NOACHUYHOIO 6-10 1,712,9/0.7] 1,0[1,9/0.4] 1,1[1,9/0.4] 1,5[2,6/0,8]
11-15 2,3[3,7/1,1] 1,9[3,2/0,9] 1,5[2,9/0,9] 2,5[4,2/1,2]
1-5 2,7[5,0/4,2] 1,4[2,4/0,6] 2,1[3,7/1,0] 2,0[3,6/0,9]
i‘;;::’:r’:;';';g:;’:”e””” rlOACHUAHOTO 1 6-10 | 6,3[10,7/30] | 3,76,3/1,7] | 6,3[10,3/3,0] | 6,3[11,0/3,2]
11-15% 7,6[12,9/3,6] 5,1[8,7/2,5] 8,2[14,1/3,6] 9,3[15,2/4,2]
1-5 0,3[0,7/0,1] 0,3[0,6/0,1] 0,2[0,4/0,1] 1,0[1,7/0,4]
ggrewacn)a:;smauww MOACHWIHOTO 1 TPYAHOTO 6-10 1,1[1,9/0,6] 1,0[1,7/0,6] 0,9[1,4/0,4] 2,9[5,0/1,3]
11-15 1,7[3,1/0,8] 1,5[2,5/0,8] 1,4[2,5/0,7] 3,7[6,4/1,8]
1-5 0,4[0,8/0,1] 0,3[0,7/0,2] 0,2[0,6/0,1] 0,6[1,0/0,2]
gg‘:g?gf_ﬁ;g?r”ﬁa””e MOACSNR™° "B | 6-10 1,7[2,9/0,7] 1,0[1,9/0,4] 1,1[1,9/0,4] 1,5(2,6/0,8]
11-15 2,3[3,7/1,1] 1,9[3,2/0,9] 1,5[2,9/0,9] 2,5[4,2/1,3]
1-5 0,4[0,8/0,2] 0,4[0,8/0,2] 0,3[0,7/0,2] 0,8[1,3/0,3]
KpaHWo-KayAaAbHble NEPEMELLEHUS BEPXHETO 6-10 1,8[3,2/0,7] 1,5[2,6/0,8] 1,0[1,7/0,6] 1,8[3,2/0,8]
nAe4YeBoro nosica cnpasa
11-15 2,5[4,3/1,2] 2,1[3,5/1,0] 1,7[2,8/0,8] 2,9[5,0/1,4]
1-5 0,8[1,3/0,3] 0,7[1,2/0,3] 0,4[0,8/0,2] 2,0[4,3/0,7]
BeHTpO - AOP3anbHble NEPEMELLEHNS BEPXHE- 6-10 2.4[4,3/1.2] 1.5[2.,5/0.8] 1.2[2,0/0.6] 9.1[15.5/4.0]
ro NAe4YeBOro nosica crnpaea
11-15 3,4[5,7/1,7] 2,3[4,0/1,1] 2,0[3,5/0,9] 11,3[20,2/6,2]
1-5 0,4[0,9/0,2] 0,4[0,8/0,2] 0,2[0,4/0,1] 0,6[1,1/0,3]
KpaHuo-KayaanbHble NepeMELLEHUS BEPXHETO 6-10 1.73.1/0.8] 1.5(2,5/0.8] 0.9[1.7/0.4] 1.73.0/0.7]
NAEYEBOro rnosica cAeBa
11-15 2,6[4,3/1,2] 2,1[3,5/1,0] 1,3[2,4/0,8] 2,9[4,6/1,3]
1-5 0,8[1,4/0,3] 0,6[0,9/0,2] 0,3[0,7/0,1] 1,7(4,2/0,7]
BeHTpo - A0p3anbHble NepeMeLLEHNsI BEpXHE- 6-10 2.5[4,3/1.2] 1.2[2.2/0.6] 1.1[2,0/0,0] 9.7[16.2/4.2]
ro NAeYeBOro nosica CAEBa
11-15 3,6[6,3/1,9] 2,0[3,3/1,0] 1,9[3,1/1,0] 11,0[20,4/5,0]
1-5 0,6[0,9/0,2] 0,3[0,7/0,2] 0,3[0,6/0,1] 0,7[1,3/0,3]
S;:TZABZH"'G M IPMBEASHNS NPABOTO MNEUEBOTO ™6 10 | 1,5[2,5/0,71 | 1,4126/0,8] | 09[1,7/04] | 1,9(3,5/10]
11-15* 2,3[4,0/1,1] 1,9[3,4/1,0] 1,3[2,4/0,7] 3,0[5,0/1,5]
1-5* 0,7[1,3/0,2] 0,9[1,5/0,4] 0,3[0,7/0,1] 2,4[4,8/1,1]
OceBble poTaLuu NPaBoro NAEYEBOro cycTaBa 6-10 * 2,5[4,5/1,3] 1,7[2,8/0,8] 1,1[1,9/0,6] 10,6[17,1/5,1]
11-15* 3,9(6,2/2,1] 2,3[3,7/1,2] 1,9[3,2/0,8] 13,6[23,3/7,0]
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OKoHYaHue TabAnLbl

cy CM (B M) TBAA TANA TANB TAPB

1-5 1,8[3,4/0,8] 0,8[1,7/0,3] 1,0[1,7/0,4] 1,8[3,1/0,7]

S;(l:l.rﬁaaBHaVIH 1 pasrnbaHusa NpPaBoro NAeYeBoro 6-10 9.0[15.8/4.2] 2.6[5.1/1.2] 2.5[4.5/1.3] 5.0[8,5/2.5]
11-15 12,3[20,0/5,6] 4,8[8,5/2,4] 4,2[(7,5/2,1] 7,3[12,3/3,7]

1-5 0,4[0,8/0,2] 0,3[0,7/0,2] 0,2[0,4/0,1] 0,7[1,2/0,3]

S;s;ie:we U NPpUBEAEHUE AEBOTO MAEYEBOTO 6-10 * 1,312,3/0,7] 1,7(2,8/0.8] 1,0[1,8/0.4] 2.1[3,4/8,0]

11-15 2,1[3,6/1,0] 2,2[4,1/1,0] 1,5[2,6/0,7] 3,0[5,2/1,4]

1-5 0,6[1,0/0,2] 0,7[1,1/0,2] 0,3[0,7/0,1] 2,1[4,3/0,9]
OceBble poTaumM AEBOro MAEYEBOro cycTaBa 6-10 * 1,8[3,2/0,9] 1,5[2,4/0,8] 1,1[2,0/0,6] 10,6[18,7/5,3]
11-15 2,8[4,5/1,3] 2,0[3,4/1,1] 2,1[3,3/1,0] 12,9[21,7/5,8]

1-5 1,8[3,4/0,8] 0,8[1,7/0,3] 0,7[1,5/0,2] 1,5[2,9/0,8]

g;;lfaa;;wﬂ 1 pasrubaHus AeBOro NAEYeBOro 6-10 * 7.8[13,4/3.9] 3.3(5,5/1,5] 2.8[47/1.2] 26(8,3/2.4]
11-15* | 10,5[18,6/4,8] 5,1[8,7/2,2] 4,4[7,4/2,0] 6,9[12,0/3,1]

* — NOCTOBEpPHbIE pa3AMuma MexAy Bcemu tectamu; CY - cyctaBHble yrabl; CI - cnekTpaAbHble noaockl; TBAA - TeCT BEHTPO-
AOp3anbHbIX AeBraumi; TAAA - TecT AaTepo-AatepanbHbix AeBuaumnit; TAMNB - TecT AMHeNHbIX NnepemMelLeHuid no Beptukasu; TAPB - Tect

aKCHaAbHbIX pOTaLI,VIPI BOKPYI BEPTUKAAN.

cyctaBa. BmecTte ¢ 3TMM MOAyY€HHble AaHHblIE AEMOH-
CTPUPYIOT CTATUCTUUYECKME PA3AUYUA B OAHOW WMAM ABYX
YaCTOTHbIX MOAOCax cAeaytolmx CY: crubaHue u pasru-
6aHre NpaBoro KOAEHHOro CycTaBa; OCEBbIE BPaLLEHUS
AEBOro Ta30b6eApeHHOro cyctasa; crubaHue u pasrnba-
HWe AeBOro roAeHOCTOMHOro cycTaBa; crubaHue u pas-
rmbaHue NpaBoOro AOKTEBOro CyCTaBa; OCEBble Bpallle-
HWA NPaBOM U AEBOMN KWUCTSIX; OTBEAEHUE U NPUBEAEHWE
NpaBoON U AEBOM KWUCTEW; AaTepaAbHble OTKAOHEHUS B
KUHEMAaTUUYECKOM COUYAEHEHUU MOACHUYHOIO U FPYAHOTO
PErMOHOB; OTBEAEHWE W MPUBEAEHUE NPABOro NAEYEBO-
ro cyctaBa; OCEBble pOTaLMKU AEBOrO MAEYEBOro CycTa-
Ba; crnbaHusa n pasrnbaHua AeBOro NAeUYEBOrO CycTaBa.
Mpu aTOM OTAMUMIA B noAoce oT 1 Ao 5 T, Mexay TectaMu
He BbISIBAEHO.

Takum 06pa3oM, MOAyYEHHblEe CTaTUCTUUYECKU pas-
AMUYMMbIE A@HHbIE MO3BOASIOT MAEHTUOUUMPOBATL Haw-
6one BaxHble CY, yyacTBytolLMe B mpoLecce ¢popMmnpo-
BaHWA apanTUBHOW KUHEMATUKW.

Ha BTOpom aTane nccAepoBaHUs NOAYUYEHHbIE KOAU-
YEeCTBEHHbIE CMEKTPaAbHbIE NapaMeTPbl YIAOBbIX YCKOpe-
HWIM AAA Kaxaoro CY BbiAM HOPMaAM30BaHbl K MaKCUMaAb-
HOMY M MUWHWMaAbHOMY MapameTpy obLLeir CycTaBHOM
KMHemaThKu. flocae 3Toro Bbira NpoBeAeHa NpoLeAypa
TpaHCHOPMaLMN KOAMYECTBEHHbIX 3HAYEHUM B Kaue-
CTBEHHbIE rpaduyeckue «TenAoBble KapTbl». Ha puc. 2
NPEeACTaBAEHbI MOAYUYEHHbIE PE3YALTATHI B BUAE BU3YaAb-
HbIX NATTEPHOB aAaNTUBHOM KMHEMATUKK

M3 npMBEAEHHOIO PUCYHKA «TENAOBBIX KapT» AMarHo-
CTUYECKUX TECTOB CAEAYET, UTO B CMEKTPAAbHOM MOAOCE
oT 1 A0 5 T, OTCYTCTBYIOT 3HaUeHUA BCeX KOAGPULMEH-
TOB HOPMaAmn3aLmun. YCTaHOBAEHO, YTO MPU BbIMOAHEHWU
TANA Hanbonee aKTMBHbIMU ABASIAUCHL cAaepytolimne CY:
crnbaHue v pasrnbaHue, OTBEAEHWE U NPUBEAEHMWE Mpa-
BOrO M A€BOro Ta306eApEeHHbIX CYyCTaBOB; OCEBbIE Bpallle-
HWS AEBOrO Ta306eAPEHHOrO CycTaBa; crnbaHue 1 pasru-
6aHWe NpaBOro AOKTEBOIO cycTaBa; crubaHue u pasruba-
HWe 1 0ceBble BPaLLEHWA NPaBON KNMCTU. CneundUyHbIMK
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CY ¢ Hanbonee akTMBHOM HOPMaAU30BaAHHOM KMHEMATH-
ko Ans TBAA siBAAAUCH: crubaHue 1 pasrubaHue npa-
BOrO Y A€BOr0 Ta306eApPEHHbIX CYCTaBOB, a TaKXe Cru-
6aHuWe 1 pasrnbaH1e NpaBoro roAeHOCTONHOro cycTaBa.
HopmannsoBaHHas MHepLMaAbHaa KuHemMatuka TAMNB xa-
pakTepuayeTcs HauboAbLLIEN aKTUBHOCTbIO Takix CY Kak
crubaHve u pasrnbaHue nNpaBoOro U AEBOr0 KOAEHHbIX
cycTaBoB. BbinoAnHeHne TAPB npuvBOAMAO K aKTMBaLMK
CY B BUAE OCEBbIX BPaLLLEHUI MPaBOro U AeBoro Tazobe-
APEHHbIX CYyCTaBOB, a Takxe crnbaHusi u pasrubaHus ae-
BOr0 FOAEHOCTOMHOrO CycTaBa.

Taknum o06pa3om, NPpoBEAEHUE HOPMAAM3ALUN CMEK-
TPaAbHbIX NAaPaMETPOB YIAOBbIX YCKOPEHMI BbIBUAO Cre-
UMPUUYECKNE KAUeCTBEHHbIE MapKepbl apanTUBHOW KK-
HEMATUKN AAA KaXAOTO HamnpaBAEHMS MOCTYPaAbHOMO
nepemelLeH1s Teaa, Npu 3ToM 0b6LUMKU aKTUBHbIMK CY
AN MEepeMeLLEeHUA BO GPOHTAAbHOM U caruTTanbHOM
MAOCOCTAX ABASAUCH CrMbaHua U pasrnbaHus npaBoro
M AeBOTo Ta306eApPEHHbIX CycTaBoB. [pn nepemeLLeHnn
Tena BO GPOHTAAbHOM MAOCKOCTM M OCEBbIX MOBOPOTaX
umeetcst 06K akTMBHbIM CY B BUAE crubaHusa U pas-
rmbaHusi AeBOro KOAEHHOro cycTaBa.

MeToAbl BU3yaAU3aUMKU A@HHbIX MO TUMY «TEMAOBbIX
KapT LWWPOKO M3BECTHbI, U UCMOAb3YKOTCA B MEAMKO-
61MOAOTMUYECKUX UCCAEAOBAHUSAX [15, 16]. B HWUX NOAyYeH-
HOe M300paxeHUe COAEPXMT BU3YaAbHO pPasAUUMMble
30HbI OTpaXxarolue cTeneHb MHEPLMAAbHON aKTUBHOCTU
CY. YuntbiBas TOT dakT, YTo GOPMUPOBaAHME aAaNTUBHOM
KMHEMATUKK 3aTparMBaeT M3MeHEHME NMOABMXHOCTU Le-
noro psipa CY, a MONOXKHUTEAbHAA AMHAMKKA ABUIraTEAbHOM
peabuAUTaLMM NPUBOAUT K UBMEHEHWUIO OTHOCHUTEAbHbIX
3HAUYeHUI, OTpaXatoLlmx HapyLeHns oyHkumn [11, 12],
HaMW CAEAaH BbIBOA O TOM, UTO AAS OLIEHKM apAanTUBHOM
KMHEMATUKK U ABUraTEAbHOW apanTauMu B LLEAOM, HaW-
6onee MHTepecTHbIMKU ByayT Te CY B KOTOpbIX HabAto-
AaeTca Hanbonee BbICOKas MHepLUManbHas akTUBHOCTb
C KO3dOUUMEHTOM HopMaAn3aunn =0,6. Mbl cuntaem, 4to
HOPMaAM3aLMA UHEPLMAABHON KMHEMATUKKM Heobxoanma
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PucyHok 2. BudyanbHble naTTepHbl apanTMBHOM KMHeMatuku (TAAA - TecT natepo-natepanbHOM peBuauuun, TBAA - TecT BEHTpo-
AOp3anbHOW AeBHaumu, TAMNB - TeCT AMHEMHOMO NepeMeLLeHUs BAOAb BepPTUKaAK, TAPB - TeCT akCMaAbHOM poTaLun BOKPYT BEPTUKAAK;
1 - crubaHue u pasrnbaHue npaBoro Ta3obeApPeHHOro cycTaBa; 2 - OTBEAEHME U MPUBEAEHWE NPaBoro Ta3aobeApeHHoro cyctasa; 3 —
oceBble BpallleH1s npaBoro Ta3obeapeHHOro cycrasa; 4 - crubaHve v pasrubaHue NpaBoro KOAEHHOro cyctaBa; 5 — crubaHue u pas-
rnbaHue nNpaBoro roAeHOCTOMHOrO CycTaBa; 6= OceBble BPALLEHWA NPABOro rOAEHOCTOMHOro cycTaBa; 7 - crubaHue u pasrubaHve
AEeBOro Ta3o6eApPEHHOr0 CycTaBa; 8 - OTBEAEHWE W MPUBEAEHWE AeBOT0 Ta306€APEHHOTO CycTaBa; 9 - oceBble BPaLLEHWA AEBOTO Ta30-
6eapeHHoro cyctaBa; 10 - crubaHue u pasrnbaHue AeBoro KOAeHHOro cyctasa; 11 - crubaHuve v pasrubaHue AeBOro roA€HOCTONMHOro
cyctaBa; 12 - oceBble BpallleHUs AEBOro FOAEHOCTOMHOrO cycTaBa; 13 - crubaHue u pasrubaHue npaBoro AokTeBoro; 14 - oceBble
BpaLleHus NpaBoi KUcTH; 15 - crubaHue u pasrubaHue npaBow KUCTH)

no AByM npuunHam. Bo-nepBbix, aOCOAIOTHbIE 3HAUEHUSI
rapMOHUWK CNEKTPOB 3aBUCAT OT LUMPUHbI OKHA (B HaLLIEM
CAyyae AAMTEAbHOCTM 3arnucu), YTto AenaeT HEBO3MOX-
HbIM CPaBHEHWs 3anucen pa3HoM AAMTEABHOCTHU. Pelue-
HUE AaHHOW MPOBAEMbI ABAAETCS aKTyaAbHbIM BOMPO-
COM KAMHMYECKOW b1MomexaHuku [3, 9]. MocAae HopMmaK-
3aUMM NOSIBASETCA BO3MOXHOCTb OLEHMBATb KaXXAblM
Habop 3HaUYEHMI B OTHOCUTEAbHbIX BEAUUMHAX B AMana-
30HE KO3PUUMEHTOB HOpMaAn3aunn. Bo-BTopblx, 3Have-
HWUS B MOAYYaeMblx MaccuBax, Nnpeobpas3oBaHHble B LIBE-
TOBYO. raMMy 60Aee HarAsiAHbl M MPOCTbI AAA MOCAEAY-
foLLEN KOAMUYECTBEHHOW OLEHKM.

Taknum 06pa3omM, NpUMeHeEHME NPOLIEAYPbI KOAMYE-
CTBEHHO-Tpadmnyeckon TpaHchopmMmaumm (HopMaAm3aumm)
KOAMYECTBEHHbIX MapaMeTpPoB B BW3YyaAbHO Pa3AMUU-
Mbl€ KaueCTBEHHbIE€ TEMAOBbIE KapTbl MO3BOAMAO AOKa-
AM30BaTb cybmMacuMManbHble U MakCUMaAbHble aMMAU-
TYAHblE FAPMOHWKKM BCEro crnekTpasbHoro Habopa CV.
MoAyyeHHble BM3yaAbHble NATTEPHbI, B OTAMUMK OT Napa-
METPOB NPEACTaBAEHHbIX B TabAULE, UMeIOT Boaee Npo-
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CTOW AASl BCNPUSATUS BUA, NPU 3TOM SABASIOTCS AOCTATOY-
HO UHPOPMATUBHBIM MHCTYPMEHTOM OLEHKU COCTOSIHMA
aAaﬂTMBHOVI KUHEMAaTUKW.

Ha TpeTbem atane UccAep0BaHWSA BU3yaAbHble naTtep-
Hbl aAANTUBHOM KUHEMATUKK (PUC. 2) MOAYYMUAMU KOAUYE-
CTBEHHOE€ BblpaXeHne AN KaXAO0ro AMarHoCTM4eCKoro
Tecta: TAAVA=0.0.0:2.3.0:11.18.1,; TBAA=0.0.0:0.0.0:9.8.6.;
TANB = 0.0.0:4.0.0:12.7.7.; TAPB = 0.0.0:9.6.1:10.13.6.
Mpn 3TOM AOCTOBEPHbLIE OTAMUMUS MEXAY BCEMW TECTO-
BbIMW 3apAaHUAMU YCTAHOBAEHbI B MEpPBOM OMPEAEAU-
Tene BTOPOW 4acTv GOpPMYyA, MEPBOM W BTOPOM onpe-
AEAUTEASIX TPETEN YacTh GOPMYA, UTO MOXET yKa3blBaTb
Ha YHWKaAbHOCTb BU3YaAbHbIX NAaTTEPHOB aAaFITVIBHOVI
KUHEMATUKM.

Takum obpasom, paspaboTaHHaa MmatematTuyeckas
MOAEAb HOpMaAnU3aLUKn VIHele,VIa/\bHOVI KUHEMATUKU TEAA
NPU BbINOAHEHUU CTAHAAPTU3UPOBAHHOW OGaTtapeun mno-
CTYPaAbHOIO TECTUPOBAHMUSA, NO3BOAMAA YCTAHOBUTb BU-
3yaAbHble NATTEPHbl, XapaKTeEPU3YIOLLNE KAueCTBEHHYHO
CTPYKTYpY aAanTMBHOM KMHEMaTUKW. B pesyabtate npo-
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BEAEHHOIr0 UCCAEAOBaHUA ObIA BbISIBAEH PSIA 3aKOHOMEp-
HOCTEN apanTUBHOM KMHEMATUKM 3A0POBbIX AWL. Tak, cru-
6aHue 1 pasrnbaHue, oTBEAEHUE U NPUBEAEHUE NPaBoro
M AeBOro Ta306eApPEeHHbIX CYyCTaBOB; OCEBbIE BpaLLlEeHWS
AeBOro Ta306eApeHHOro cyctasa; crubaHue v pasruba-
HKWe NPaBOro AOKTEBOrO CyCcTaBa; crubaHue 1 pasrnbaHue
M OCeBble BPaLLEHUSI MPaBON KUCTU — SIBAAKOTCA TUMMWY-
HbIMWU AASl GPOHTAAbHbLIX OTKAOHEHWI. CrbaHue U pas-
rmbaHwe nNpaBoro U AeBOro Ta3obeApeHHbIX CYyCTaBOB,
a Takxe crnbaHve u pasrnbaHve nNpaBoro roAeHocTon-
HOro cycTaBa- AASl CarvTTaAbHbIX OTKAOHEHWI. OceBble
BpAlLleHUss NPaBoro W AEBOro Ta30beAPEHHbIX CycTa-
BOB, @ Takxe crnbaHve v pasrnbaHue AeBOro roreHo-
CTOMHOro cyctaBa — AASl OCEBbIX NOBOPOTOB. CrnbaHue
n pasrnbaHue NpaBoro 1 A€BOro KOAEHHbIX CYCTaBOB —
AN AMHEMHbBIX NePeEMELLEHNI BAOAb BEPTUKaAU. [Mpu aToM
NMOAyYEHHbIE KauyeCTBEHHble AaHHble aAaNTUBHOM KW-
HEMATUKW B BMAE «TEMAOBbIX KapT MOryT ObiTb TpaHC-
dopMUpOBaHbl B KOAMYECTBEHHbIE GOPMYAbI, OTpaxa-
folne cneumduky Kaxaoro AMarHOCTMUECKOro TecTa:
«0.0.0:2.3.0:11.18.1.» - AAA TeCTa AaTEPO-AATEPANBHBIX AE-
Buaumi; «0.0.0:0.0.0:9.8.6.» - AASl TECTA BEHTPO-AOP3aAb-
HbIX aAeBhaumit; «0.0.0:4.0.0:12.7.7.» — AAF TECT AUHENHbBIX
nepemetleHni no septukanu; «0.0.0:9.6.1:10.13.6.» -
AASI TECT@ aKCMaAbHbIX POTaLLMIA BOKPYT BEPTUKAAM.

PaspaboTtaHHaa KOHUENUMS ABASETCA MHHOBALMOH-
HOW U TpebyeT NPoBEAEHUA AAAbHENLLNX NCCAEAOBAHUI
B TOM YMCAE CPaBHUTEAbLHOIO XapakTepa C yCTaHOBAE-
HWEM ee YyBCTBUTEAbHOCTM U CNeUndUUHOCTH.
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