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OObeKTOM  HUCClenoBaHUs — SBJIsETcS  y4eOHO-
TPEHUPOBOYHBIN MPOLIECC MOATOTOBKU BOJIEHOO0IN-
ctoB cbopnoii komanasl JAI'TY. Pa3paboransl an-
TOPUTM KOJMYECTBEHHOM OIEHKH BO3MOXKHOCTH
TPaBMUPOBAHUSA U OOOCHOBAHHE MEPOIPHUATUN 10
YIOPEKIECHUIO TPaBM B XOJI€ MOJATOTOBKH U MPOBE-
JICHUSI COPEBHOBaHMI BoJjeibommcToB. [Ipoananu-
3UPOBAHbl CTATUCTUYECKHE JaHHbIE O THUIOBBIX
TpaBMax BOJIEHOOJIUCTOB U O BEPOSTHBIX YCIOBUSAX
UX BO3HHKHOBEHHSI; BBIOPAHBI M M3YyUEHBI MPUYH-
Hbl, IPU3HAKU M TIOKA3aTEIu THUIIOBBIX TPaBM BO-
nen6onmucToB coopHoit komanabl AI'TY; momydeHbl
YUCJICHHBIE 3HAYEHUS WHIAUBUIYaTbHOTO pHUCKA
TpaBMHUPOBaHUS BOJIEHOOIUCTOB COOPHOM KOMaH-
el JAT'TY; pazpaboTaHbl TEXHUYECKHE IMpeIoxkKe-
HUS N0 WHIWBUIYAJIbHBIM CPEICTBaM 3allUThl BO-
nei6omucroB AI'TY.

KuroueBble cJjioBa: BoJeiibon, aMIulya, TpaBMa,
JIOTUYECKasi MOJEINb, TapamMeTpuueckas MOJENb,
HEYEeTKas Mepa, BEpOsITHOCTh, OysieBa anredpa, WH-
TErpPAIbHBIN PUCK.

BBenenue. BaxxHOW COCTaBHOW 4YacThIO rocyaap-
CTBEHHOHW COIMATbHO-YKOHOMUYECKON TOJTUTHKU B
Poccumn sBisiercs pa3BuTHe MaccoBOM (U3MUECKOM
KYJIbTYpbl HACEJIEHHUS] M CIIOPTA BBICHIMX JIOCTHXKE-
HUW.  JIOCTOMHOE  BBICTYIICHUE  POCCUUCKUX
CHOPTCMEHOB Ha OIUMIUICKUX HUrpax U APYrux
KPYMHEHIINX ~ MEXKTYHAPOIHBIX
SBJISICTCSI OAHUM W3 TPUOPUTETHBIX HaIpaBICHUI

COPEBHOBAHUSX

rOCyIapCTBEHHOW TMOJUTUKHU. Bce BBIIEU3I0KEH-
HOE B MOJIHOM Mepe OTHOCHUTCS U K CIIOPTCMEHaM,
3aHUMAIOIINMCS BOJIEHOOIOM.

Bousneitbon — 310 B cniopTa, B Ipolecce 3aHs-
TUW KOTOPHIM pPa3BUBAIOTCS TaKHE KAauecTBa Kak
MPBITYYeCTh, OBICTPOTA, JIOBKOCTh, BHIHOCIHUBOCTb,
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The object of the research is training process of
volleyball players of DSTU combined team.
The article provides the algorithm of quantita-
tive assessment of injuries and the justification
of measures for injuries prevention during train-
ing and competitions of volleyball players. It
analyzes statistical data on typical volleyball
players’ injuries and probable conditions of
their occurrence. The authors have selected and
studied the causes, signs and indicators of typi-
cal injuries of DSTU volleyball combined team.
They have obtained the numerical values of in-
dividual risk of volleyball players’ injury of
DSTU combined team; have developed tech-
nical proposals for personal protective equip-
ment for DSTU volleyball players.
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Introduction. The development of general
physical culture and high performance sport is
an important part of state social and economic
policy in Russia. Worthy performance of Rus-
sian sportsmen at the Olympic games and other
major international competitions is one of the
priority directions of state policy. All of the
above mentioned fully applies to volleyball
sportsmen.

Volleyball is a sport in which people develop
such qualities as jumping ability, speed, agility,
endurance, ability to instantly react under diffi-
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YMEHHME MTHOBEHHO OPHUEHTHPOBATHCS B CIIOKHOU
obcranoBke [1]. Bomeibonm mo3BONSET BOCIUTHI-
BaTh y CIOPTCMEHOB YBEPEHHOCTh B CBOMX CHIJIAX,
HAaCTOWYMBOCTb, YIOPCTBO, 3aKajseT BOJIIO U Xa-
paxTep.

AHanu3 TpaBMaTHh3Ma BOJIEHOONHMCTOB CBHUAE-
TEJIBCTBYET 00 OTCYTCTBUH NPOPWIAKTUKU U
yrpaBieHUs] (PU3HMUECKUM COCTOSIHUEM CIIOpTCMe-
HOB. Boeif0omcT MOXET MOJIYy4UTh KaK OCTPYIO,
TaK U YCTAJIOCTHYIO TPaBMY, BbI3BaHHYIO PETYIsip-
HbIMU MHMKpOTpaBMaMmH TKaHe# [2]. OcTpble Tpas-
MBI BOJICHOONUCTBHI Yallle BCEro IMOIY4YarT Ha
najgbliax U JOJIbDKKaxX (cooTBeTCTBEHHO 97 % 1 86
% oT Bcero koinuyecTBa TpasM). s ey u Kose-
HEW THUMHYHBIMU SIBIISIOTCSI YCTAJIOCTHBIE TPaBMBbI
(90 % u 88 % coorBercTBeHHO). Ha urpax crmoptc-
MEHBI TOJIy4al0T B OCHOBHOM OCTpbI€ TpaBMmbl (74
% OT Bcex CilydaeB TPaBMHUPOBaHMsI), a Ha TPEHU-
poBKax — 00a BHJa TpaBM, HO IPEUMYILECTBEHHO
ycranocthbie (55 %) [3]. Tunu4HbIMU TpaBMaMu
JUISL JIOJBKEK SIBIIAIOTCSL PACTSKEHUS! CBSI30K B T'O-
JIEHOCTOITHOM cycTaBe [4], 1y manbleB — HUX Iie-
penomel. Takke OBOJIBHO YacTO BCTPEYAIOTCS
OypcUTBl — BOCHAJEHUs] CHUHOBUAIBHBIX CYMOK,
KOTOpBIE COIIPOBOXK/IAlOTCS MOBBIIMIEHHBIM 00pa3o-
BaHUEM M HAKOIUIEHUEM B UX IMOJIOCTSX KUAKOCTU
(9kccymara).

B xone ananusza auteparypsl aBTOpaM He yAaJIOCh
OOHapyXUTh pPabOThI, KOTOpbIe OBl PACKPBIBAIU
METOJMKY OpPraHW3allud U MPOBEACHUS CIEIUalb-
HOM (QU3MYEecKOW MOATOTOBKH BOJIEHOOINCTOB B
HEeNSIX KOJMYECTBEHHOTO OIICHMBAHHUS U Ipeny-
MPEKICHHS TpaBMaTU3Ma.

Lenbto paboThl sBisieTcsl pa3paboTKa airopurMa
KOJIMYECTBEHHOW OLIEHKH BO3MOKHOCTH TPaBMHPO-
BaHUS M OOOCHOBAHHE MEPOMPHATHA MO Mpeny-
IPEKICHUIO TPaBM B XOJ€ MOATOTOBKU U IPOBEAE-
HUS COpeBHOBaHMU MO Bojeibomy. Takum oOpa-
30M, AaKTYaJbHOCTb MCCIIEOBaHUS O00yCIOBIEHA
OTCYTCTBHEM HAay4YHO OOOCHOBAaHHOW METOJIUKH
CrienuaabHON (PU3UYECKON TOATOTOBKH BOJICHOO-
JIMCTOB C 11eJIbI0 MPOQUIAKTUKH TpaBMaTH3Ma.

cult circumstances [1]. Volleyball allows
sportsmen to bring in confidence, determina-
tion, tenacity, tempers will and character.

The analysis of injuries of volleyball players
shows the lack of prevention and management
of physical condition of sportsmen. A player
can get both acute and fatigue injury caused by
regular microtraumas of tissues [2]. Volleyball
players often get acute injuries on fingers and
ankles (respectively 97% and 86% of the total
number of injuries). For shoulders and knees,
fatigue injuries are typical (90% and 88 %, re-
spectively). At games sportsmen get mostly
acute injuries (74 % of all cases of injury), and
during training — both kinds of injuries, but
mostly fatigue ones (55 %) [3]. Typical injuries
to ankles are sprains of ankle joints [4], to fin-
gers — their fractures. Bursitis are also quite
common — inflammation of synovial bursas,
which are accompanied by the increased for-
mation and accumulation of fluid (exudate) in
cavities.

Having analyzed the literature the authors
were unable to find papers, which could show
the methodology of organization and conduct-
ing of special physical training of volleyball
players in order to have quantitative evaluation
and prevention of injuries.

The aim of this work is to develop an algo-
rithm of quantitative assessment of injuries and
substantiation of measures for injuries preven-
tion during volleyball training and competition.
Thus, the research urgency is caused by the lack
of scientifically justified methods of special
physical preparation of volleyball players in or-
der to prevent injuries.
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®opmyaupoBka 3agauu. Jlnsg mpepynpexnue-
HUS TpaBMaTU3Ma B Ipolecce CHelHaabHON pu3u-
YEeCKOH MOATOTOBKU BOJIEHOOIMCTOB aBTOPHI MPE-
JararoT IMOCJIEI0BaTEIBHOE OCYLIECTBICHNE TPEHU-
POBOYHBIX BO3JECHCTBUI C UCIIOJIB30BAHUEM CIICLU-
AJIBHBIX CPCACTB, HAIIPABJICHHBIX Ha MNPCUMYIIC-
CTBEHHOE pa3BUTHE THOKOCTH, YKpEIUIEHHE CBS-
304YHO-MBIILIEYHOI'0 amIapara CyCTaBOB U II03BO-
HOYHHUKA, YBCIIMYCHUC CHUJIbI MBI H TKaHEBOH
aZlalTallid K Harpyske, pa3BUTHE BBIHOCIUBOCTH,
YKPEIUIEHUE  CYCTaBHBIX  CYMOK,
MBILLIEYHOIO anmnapara KOHEYHOCTEH M TYyJIOBHUIIA.
OTO MO3BOJUT IOBBICUTH YPOBEHb (DU3MUYECKOTO

CBsA304YHO-

COCTOSIHUSI CIIOPTCMEHOB, YKPEIUTh UX CBSI30YHO-
MBILLIEYHbIN anmnapar, HUBEIMPOBATh CUILY BO3JEH-
CTBHs ()aKTOPOB, OMPEIEISIONINX BBICOKHH TpaB-
MaTU3M Yy BOJIEHOOJIUCTOB W, TEM CaMbIM, OyAET
CIOCOOCTBOBATh CHM)KEHHUIO KOJMYECTBA TPaBM B
mpolecce JalbHEUIe CIIOPTUBHON Kapbephbl BO-
Jei00NIHUCTOB.

Hacrosiee nccnenoBanmue coCTOUT U3 PacCMOT-
PEHHUs CIIEAYIOIINX 3TANOB WM 3ajau:

1) nokanmu3aius TpaBM B BoJieiOoIIE;

2) aHaJM3 TOJIyYCHHUS] TUTIOBBIX TPaBM BOJICHOO-
auctoB coopHoi koMauas! AI'TY;

3) JIOTMKO-BO3MOXKHOCTHAsI OIIEHKA TPaBMHPO-
BaHUs BOJIEHOOIMCTOB Ha NpUMepe OJIOKHUpYyrolie-
ro.

1. Jlokaau3auus TpaBM B BoJjeii6ose. B Tab-
mune | mpuBeneHsl pe3ynbTaTel 13 ncciaenoBaHuil
TpaBM B Bosieibose 3a nepuoxa ¢ 1981 mo 2006 rog.
Pe3ynbTarhl CyIIeCTBEHHO OTIMYAIOTCS IO METO-
JTUKE HCCIIeIOBaHUs, KOJIWYECTBY YYACTHHUKOB H
IPOJOKUTEILHOCTH HAOIIOEHHUS, OJJHAKO B HHUX
MOYKHO TpOocHennTh o0myto TeHaeHuuwo. [lo pe-
3yJlbTaTaM BbLIENAIOTCS 4 OCHOBHBIE TPaBMBI, Xa-
pakTepHbIe 715 BoJieitbona (Tabnuna 1), — TpaBMbI
JOJBIKKH, KOJIEHA, IJIeYa U MaJIbLEB.

Problem definition. To prevent injuries in
special physical training of volleyball players,
the authors propose a sequential implementation
of training effects with the use of special
equipment aimed at priority development of
flexibility,  strengthening of  muscular-
ligamentous apparatus of joints and spine, in-
creased muscle strength and tissue adaptation to
stress, development of endurance, strengthening
of joint bursas, ligamentous-muscular apparatus
of limbs and body. This will allow sportsmen to
improve physical condition, to strengthen the
ligamentous-muscular apparatus, to neutralize
the influence of the factors that determine the
high injury rate for volleyball players and thus
will help to reduce the number of injuries in fur-
ther sports career of volleyball players.

The present study consists of a consideration
of the following steps or tasks:

1) localization of injuries in volleyball;

2) analysis of typical injuries of volleyball
players of DSTU combined team;

3) logical-possibilistic assessment of volley-
ball players’ injuries on the example of a block-
er.

1. The localization of injuries in volleyball.
Table 1 shows the results of 13 studies of inju-
ries in volleyball for the period from 1981 to
2006. The results differ significantly on the
method of study, number of participants and
duration of observation, but it is possible to
trace the general trend. The results show 4 main
injuries specific to volleyball (table 1), injuries
of ankles, knees, shoulders and fingers.
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Tabmuma 1

Table 1
CraTucTHUECKHE JaHHBIC aHAaJIM3a TPpaBM B BOJIElOOIIE
Statistical data of the analysis of injuries in volleyball
Tpas | Tpas
Hanme- | Kon-Bo Ypo- Tpas- Tpas- Tpas- Tpas- Tpas-
Komn-Bo MBI MBI
HOBAaHUC Yego- BCHb MBI MBI MBI MBI MBI J10-
Tpasm CTOIIBL,| CIIH-
HUCCJIC- BEK The TpaBM, | IUIeYa, | KUCTH, | Hajubla, | KOJEHA, | JbDKKU, % oL %
JIOBAHUS The number % % % % % % Fool Be;ck
The number of iniu- Injury | Shoulder] Wrist | Finger | Knee Ankle i | iniu-
name of | of peo- rier level injuries | injuries | injuries | injuries | injuries riJes rijes
the study ple % % % % % %
% %
Augustsson
1 121 4, 12 1 7 17 2
(2006) 58 9 3 8 6
Verhagen
41 1 2. 7 12 41 1
(2004) 9 00 6 9 0
Bahr
(1997) 273 89 1.7 8 7 8 54 11
Aagaard
17 177 . 17 22 1 1
(1996) 8 3.8 9 6 6 9
Kujala
2 2 1 1
(1995) 5235 9 9 9 3 3 9
Watkins
(1992) 46 2 22 30 26 9 17
Schafle
154 2. 1 11 1 24*
(1990) 5 3 8 0 8 6
Lochman 242 18 41 10 26 | 8
(1998)
Yde
(1988) 33 5.7 33 25
Schmidt-
Olsen 69 10 29 8 25
(1987)
Gerberich
1 22
(1987) 06 59
Heel
(1985) 214 2 22 8 53 2 3
Bira
(1981) 53 23 22 20 28
Cpenice 35 11 7 21 18 30 6 11
Average
http://bps-journal.ru/ t: 49
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2. AHaiu3 TpaBM BOJ1€i001UCTOB COOpPHOIi
komanabl JAI'TY. B wuccienoBaHuu npuUHSIA
y4acTHe CIOpPTCMEHBbI cOopHOW kKoMmaHubel JII'TY
o Bosieibomy: 17 BoyeHOONMMCTOB M 2 TpeHepa,
KOTOpBIE I yA00CTBa 00pabOTKH JTaHHBIX ObLIH
pacmpenelieHbl aBTOpaMH B Ipoliecce Halmrofe-

HUI Ha 5 TPYINII 0 CIIOPTUBHOMY CTaxy (Tabnuua
2).

2. The analysis of volleyball players’ injuries
of DSTU combined team. The study involved
sportsmen of DSTU combined volleyball team:
17 players and 2 coaches, which, during observa-
tions, for data processing convenience have been
divided by the authors into 5 groups according to
sport experience (table 2).

Tabauua 2
Table 2

PacnpeﬂeneHI/Ie CIIOPTCMCHOB T10 CIIOPTUBHOMY CTAXKY (B a0COJIFOTHBIX YHCIIaX U IMpOOCHTax %)

Distribution of sportsmen according to sport experience (in absolute numbers and in percentage)

KonuuectBo
Homepa u ciopTUBHBIN CTaXk UCCIETYEMBIX IPYIIIT CnoprcMeHoB
. . %
Number and sports experience of the studied groups The number of
sportsmen
l-as — ot 0 10 2 met
4 2
1st — 0 to 2 years 35
2-ass — oT 2 110 4 ner
2nd — 2 to 4 years > 29,4
3-1 — ot 4 510 6 ner
17
3-d — 4 to 6 years 3 6
4-ass — ot 6 1o 8 et
2 11,7
4th — 6 to 8 years ’
5-as — Oozee 8-mu ner
3 17,6
5th — more than 8 years
Hroro:
17 1
Total 00

Bo Bpems uccrnenoBanus (GpUKCHpOBAINCH TpaB-
MBI, TIOJy4eHHbIE Ha y4e€OHO-TPEHHPOBOYHBIX 3a-
HATUSIX U COPEBHOBaHUSIX. bblIu mpoanaan3zuposa-
HBl YCJIOBHS NPOBEACHUS M OpPraHM3alUs 5 COpEB-
HOBaHUH (CTyAeH4eckas BosenOonbHas nura Poc-
cuu; yemnuoHat PoctoBckoil obGnactu cpenu BY-
30B; yemnuoHat FOxHOTO (enepabHOTO OKpyTa
cpenu BY30B; kybok PocToBckoit o0macTu u yem-
nroHaT PocToBckoi o0macTr) mo BoJiel0oIry, B KO-
TOPBIX MPUHUMAJIN YYacTHE€ CHOPTCMEHBI W3 HC-
CJIEyEMBbIX IPYIII.

Ha ocHoOBe npoBeIeHHOT0 aBTOpaMM aHalIM3a Me-
JUIMHCKUX KapT HCCIENYyEeMbIX I'pyNIl CIOpPTCMe-
HOB B Tabnuie 3 CUCTEeMaTU3UPOBAHBI JIAHHBIE TIO
KOJIMYECTBY MOJYYEHHBIX CIIOPTCMEHAMU COOpHOM
komauabl JII'TY mo Boneitbory TpaBm.

During the study, the authors have recorded in-
juries at training sessions and competitions.
They have analyzed the conditions for conduct-
ing and organization of 5 volleyball competi-
tions (student volleyball league; the champion-
ship of the Rostov region among universities;
the championship of the Southern federal district
among high schools; the Cup of Rostov region
and the Rostov region championship), which
were attended by sportsmen from the studied
groups.

Based on the conducted by the authors analysis
of medical records of the examined groups of
sportsmen table 3 provides systematic data ac-
cording to the number of injuries got by the
sportsmen DGTU combined volleyball team.

http://bps-journal.
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Tabauua 3
Table 3

Pacrnipenenenuie TpaBm y cnoptcMeHOB cOopHoit koMausl ' TY no Boneit6omy (B %)

The distribution of injuries among sportsmen of DSTU combined volleyball team (%)

1 rp. 2 rp. 3 rp. 4 rp. 5 rp. Bcero
CycraBbl 1gr. 2gr. 3qar. 4qr. 5qr. Total
Joints KOJL. KOJIL. KOIJL. KOIL. % KOJL. KOJIL.
0, 0, 0, 0, 0,
Number % Number % Number % Number Number % Number &
[neuesoit 2 |20 3 |214] o0 0 0 0 1 |142| 6 |15
Shoulder
Hasmb et 4 |40 | 4 |285| 3 |375| 2 |ee6| 1 |142| 14 | 35
Fingers
PeGepno-
MO3BOHOYHBII 2 20 2 14.2 1 125 0 0 1 14.2 4 10
Costovertebra
Kosnenmpiii 0 0 0 0 1 |125| 1 [333| 2 |285| 4 |10
Knee
Pogenocromuetit |, | o5 | 5 14| 1 |125| o0 0 2 |285| 8 |20
Ankle
JlysesamscTherd |- 0 2 |142| 2 25 0 0 0 0 4 |10
Wrist
UTOT'O
TOTAL 10 100 14 100 8 100 3 100 7 100 40 100

HaGntonenus mokasanu, 4To MO 4acTOTE TPABMBbI
paclpeeNuiInuch CIeAYIOUUM 00pa3oM: TpaBMbI
CcycTaBoB mnaybileB Ha 1-om mecte (35 %), Ha 2-0oM
— TpaBMBI TOJICHOCTONHBIX cycTtaBoB (20 %), na-
jee CJlenylT TpaBMbl peOepHO-NTO3BOHOYHBIX CY-
ctaBoB (10 %), TpaBMBI JIyue3amsICTHBIX CYCTaBOB
(10 %), TpaBmbl KoneHHBIX cycTaBoB (10%). Otun
JTaHHbIE HE MPOTHUBOpEYaT OOIIEU3BECTHON CTaTH-
CTHKE 10 CIOPTUBHOMY TPaBMAaTHU3MY.

AHanu3 NOJy4YeHHBIX JAHHBIX YKa3bIBaeT Ha TO,
YTO Cpely U3y4daeMbIX TPYII CIIOPTCMEHOB C yBe-
JUYEHUEM CTa)ka KOJIMYECTBO U TSDKECTh TPaBM
yMeHblnarTcs. Takxke aBTopaMu coOOpaHbl TaHHBIE
MO0 CTAaTUCTUKE TpaBM cOopHoU komauasl JII'TY B
OTHOILICHUM 3aBUCUMOCTH «aMIUTya BOJeHOoHCcTa
— WrpoBas 4acTh Tenay (tabnuna 4). ITo crenaHo
JUISL TOTO, YTOOBI BBISICHUTB, UTPOKH KaKOT'O aMILTya
HanOoJiee MoIBEpP>KEHBI TPAaBMaM.

The observations have shown that the frequen-
cy of traumas are as follows: injury of finger
joints is on the 1st place (35 %), on the 2nd —
injury of ankle joints (20 %), followed by inju-
ries of costovertebral joints (10 %), injuries of
wrists (10 %), injuries of knees (10%). These
data do not contradict the well-known statistics
on sports injuries.

The analysis of the data indicates that among
the studied groups of sportsmen the number and
severity of injuries reduces with increasing ex-
perience. The authors have also collected data
on injuries statistics of DSTU combined team in
respect of dependency of “the role of a volley-
ball player — the playing part of the body" (ta-
ble 4). This is done in order to find out the play-
ers with the role most prone to injury.

http://bps-journal.ru/

ol




el Safety of Technogenic and Natural Systems | 2017

T —

Tabmauua 4
Table 4

CrarucTtrdeckasi BEpOSITHOCTh TpaBM cOopHoi koMau bl JII' TY
I10 BOJIC0O0IY B OTHOILIEHUH 3aBUCUMOCTH «aMILTya BOJIEHO0IMCTa — UTPOBasi YaCTh TeJay

The statistical probability of injuries of DSTU combined volleyball team in respect of dependency
of "the role of a volleyball player — the playing part of the body™

MmuoxectBO yactein tena |
Set of parts of the body |
MHOKeCTBO aMILTya m=imi} 1212,
J 1 2 3 4 5 6
Set of roles J
[Tneuo TTaneer | Couaa | Kosnenu T'onenocron 3amsacTee
Shoulder | Fingers Back Knees Ankle Wrist
LlenTpanbHbii
GroKMpytOLIHii 1 50 % 100 % 100 % 50 % 50 % 0%
Center blocker
Ceasyrommit | 5 | o 100 % 0% 0% 50 % 100 %
Setter
Jowurposuuk | 31 20 0 80 % 40 % 20 % 60 % 0%
Outside hitter
JlnaroHanbHbBIN
HALIA[AIOLIHIA 4 66 % 33% 33% 33% 66 % 0%
Diagonal spiker
JIubepo 5 0% 100 % 0% 0% 0% 66 %
Libero
Tabmuma 5
Table 5

I[J'II/ITCHLHOCTL Hepr,Z[OCHOCO6HOCTI/I IpH TPaBMUPOBAHUUN CIIOPTCMCHA B OTHOIICHUHN 3aBUCUMOCTHU
«amIurya BOJICHOOINCTAa — UT poBad 4aCTb TCJIa»

Duration of disability in case of injury of a sportsman according to the dependency
"the role of a volleyball player — the playing the part of the body"

T={ti}, i=12,...1 cyrok
T={r:}, i=12..1 days
1 2 3 4 5 6
MHoxecTBO amIutya J
Set of roles J ITneuo | Iameuer | Crouua | Komenn | Tosmenocrom | 3amscTee
Shoulder | Fingers Back Knees Ankles Wrists
LeHTpabHbIA 10-15 | 25-30 | 21-25 | 4560 10-15 7-10
OnoKMpyromui | 1
Center blocker 15-25 30-40 35-40 60-90 15-25 20-28

http://bps-journal.ru/
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Casasyromuii 0 25-30 0 0 10-15 7-10
Setter ; 0 30-40 0 0 15-25 20-28
JlourpoBIuK 10-15 25-30 21-25 45-60 10-15 0
Outside hitter ’ 15-25 3040 | 35-40 | 60-90 15-25 0
JluaronabHeId 10-15 | 25-30 | 21-25 | 4560 10-15 0
HamajaImi | 4
Diagonal spiker 15-25 3040 | 35-40 | 60-90 15-25 0
JIubepo . 0 25-30 0 0 0 7-10
Libero 0 3040 0 0 0 20-28

Ha ocHOBaHMHM MeXITyHApOTHOW KiIacCH(HKa-
nuu 6one3nert MKb—-10 mis xmacca XIX (Tpas-
MBI, OTPaBJICHUS W HEKOTOpPbIE JIPYrHe MOCIHe-
CTBUSL BO3JCWUCTBUU BHEIIHUX NPUYUH) ObUIH
YUTEHBl OPHUEHTHPOBOUYHBIE CPOKU HETPYIOCIIO-
COOHOCTH TPHU TpaBMax COpTcMeHOB. [lpu sTom
3a OCHOBY OBLIM B35IThl CaMbleé PacCHpOCTPaHEH-
HbI€ TPaBMbI BOJIEHOOINCTOB (C OCIIO)KHEHHUEM U
0e3 OCIOXHEHMsI), & UMEHHO — pacTsDKEHUE U
NEepeHaIpsHKeHUE  KalCyJIbHO-CBSI304YHOTO  arma-
parta IJIeuyeBOro CycTaBa; BBIBUX Majiblla; PacTs-
KEHUE M TEPEHANpsDKEHHE  KallCyJbHO-
CBSI30YHOTO amnmnapara Ha ypOBHE 3aIlsICThs; pac-
TSOKEHUE, Pa3pblB U NIEPEHAINIPSDKEHNE NTEPENHEN U
3aJIHEM KPEecTOoOOpa3HOM CBSI3KM KOJEHHOTO CY-
CTaBa; pa3pblB, PACTSHKEHUE U IEpEeHAINpsIKEHHE
CBSI30K T'OJICHOCTOITHOTO CYCTaBa; PAaCTSKEHUE U
NepeHarpsHKeHUe  KarcyJIbHO-CBSI304YHOTO  arma-
para MOSICHUYHOTO OT/eNa MO3BOHOYHHKA (Tald-
auna S).

B tabnuiax mpuBeneHbl pe3ynbTaThl UCCIEI0-
BaHUs TPaBM BOJIEHOOIMCTOB COOPHOM KOMAaHJbI
AI'TY B mepuox ¢ 2015 o 2017 rox. Janusie o
HEKOTOPBIM aMIlIya 3aMETHO Pa3IM4aroTCs U3-3a
KOJINYECTBA YYaCTHUKOB B JAaHHOM amIulya, a
TAaKXe M3-3a XapakTepa UuX ACHCTBUI Ha IJIOMIa-
Ke.

Ha ocHoBanuu BbIIIEOPUBEACHHBIX JaHHBIX
0Ka3aJI0Ch BO3MOKHBIM PacCUUTaThb WHTETPaJb-
HBIH PUCK TPaBMUPOBAHHs BOJECHOOIUCTOB pas-
HBIX aMmIutya [S]:

Based on the international classification of dis-
eases ICD-10 for class XIX (injury, poisoning
and certain other consequences of external caus-
es) duration of disability at injuries of sportsmen
have been considered. This has been based on the
most common injuries of volleyball players (with
complications and without complications), they
are - tension and overexertion of capsular-
ligament apparatus of shoulder joint; dislocated
finger; tension and overexertion of capsule-
ligament apparatus of wrist; tension, tear and
strain of the anterior and posterior cruciate liga-
ment of knee; tear, tension and overexertion of
ankle; tension and overexertion of capsule and
ligaments of lumbar spine (table 5).

The table below shows the results of the study
of volleyball players’ injuries of DSTU combined
team from 2015 to 2017. The data on some roles
differ markedly due to the number of participants
in this role, and due to the nature of their actions
on the court.

On the basis of the above data, it was possible
to calculate the integral risk of injury to volleyball
players of different roles [5]:
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Rly= Z{H'T}j :Z?:I{ni X T }j
1=12,..1, (1)
rae II, T — MHOXeCTBO BO3MOKHOCTHBIX MeEp
peanu3aluy BEPUIMHHBIX HCXOJOB; Tjj — BO3-
MOX»KHOCTHAsi Mepa i-0f 4acTu Tela j-ro amIniya,
Tijj — NPOJOJLKUTENBHOCTE BOCCTAHOBJIICHHS I10-

ciie i-oii TpaBMbI BOJICHOOIKCTA |-TO aMILTya.
Hcxonst W3 NONy4eHHBIX [aHHBIX PACCUUTAHO
BpeMs (B CYTKax) HETPYIOCIOCOOHOCTH BOJCH-

6omuctoB JII'TY pasHbIx amriutya (Tadiuna 6).

Safety of Technogenic and Natural Systems 4 2017

Rlu= (T} =Sl {mixti}
i=12..1 (1)
where II, T — the set of possibilistic measures
of implementation of the summit outcomes; m;; is
the possibilistic measure of the i-th body part of
the j-th role; tj; is the time to recover from the i-th
injury of a volleyball player of the j-th role.
Based on the data the authors have calculated
time (in days) of disability of DSTU volleyball
players of different roles (table 6).

Tabauua 6
Table 6
Bpewms HeTpynocnocoOHOCTH BONE00IMCTOB pa3HbIX amIutya coopHou AT TY
Time of disability of volleyball players of different roles of DSTU combined team.
MHOKECTRO T={1 i.}, i.=],2, ...1, cyTok
T={rti1}, i=1,2,...1, days
amruya J Uror
Set of roles J IIneuo ITanmener | Conna | Komenn | T'omenocron | 3amscTbe Total
Shoulder | Fingers Back Knees Ankle Wrist
[{enTpanbpHbIi 5 25 21 23 5 0 79
Ororapyronuit 13 40 40 45 13 0 151
Center blocker
Cas3yrommii 0 25 0 0 5 7 37
Setter 0 40 0 0 13 28 81
Hourposuink 2 20 9 9 6 0 46
Outside hitter 5 35 16 18 15 0 89
JlnaroHaTbHBII 7 9 7 15 7 0 45
DATAAAIOTI 17 14 14 30 17 0 92
Diagonal spiker
JIubepo 0 25 0 0 0 7 32
Libero 0 40 0 0 0 28 68

W3 mnonmyudeHHBIX pe3yabTaTOB OYEBHIHO, 4YTO
aMIulya IIEHTPAIBHOTO OJIOKHUPYIOLIETO Camoe
TPaBMOOMNACHOE — JIJIsl HErO XapaKTEePHbI TPABMBbI
CIUHBI, NANbIIEB, IJIEY, KOJEHEeH U roJieHOCToNa.
OTO CBSA3aHO C TE€M, YTO JEHCTBUS UTPOKA 3TOTO
aMIulya caMble Pa3sHOOOpa3HbIE U «XAOTHYHBIE)
Ha IUIOUIAa/IKe — IMOCTOSHHOE HalaJeHNe WIN €ro
UMUTAIM, TIepeMelleHne UTPOoKa Ha Kpall CeTKH
JUTSL TIOCTAHOBKU OPTaHW30BaHHOTO OJIOKAa U T. 1.
CyliecTBEeHHOE KOJUYECTBO TPAaBM MPOUCXOAUT
Py IPU3EMIIEHUU UTPOKOB HA CETKe, Kak B ou-

From the obtained results, it is evident that cen-
ter blocker role is the most traumatic — it is also
characterized by back injuries, injuries of fingers,
shoulders, knees and ankles. This is due to the
fact that the actions of the player of this role are
the most diverse and "chaotic" on court — con-
stant attack or its simulation, moving to a net
edge for an organized block, etc. A significant
number of injuries occur when players land on the

http://bps-journal.ru/ 3 54 1
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[IUAbHBIX MaT4ax, TaKk ¥ Ha TPEHUPOBKaX. ITO
0COOEHHO XapaKTEepHO Ui OYHBIX Iy el LEeH-
TpaJbHBIX OJOKUPYIOIIMX, KOI/a, OMycKascCh I0-
cJle IPbDKKA, OHU MPU3EMIISIIOTCS IpYT JpYyry Ha
rojieHocron. Taxke HEOOXOJUMO OTMETUTh, YTO
y UIPOKOB JaHHOTO aMIilya «0acKeTOONbHBIH
POCT» M BBICOKAsi MOIIHOCTh MBIIII, KOTOpast M0-
poxnaer orpomHyr cwuiy. [Ipu peskolr cmeHe
HaIlpaBJICHUs IBUKEHUS (OBICTPBIA PHIBOK B CTO-
pPOHY MsUa, IPBDKOK K CETKE) 3TO OOCTOSTENb-
CTBO IOBBILIAET PUCK TpaBMbl. Bbicokue Bousei-
OOJIMCTBI YaCTO CTPAAAOT OT TPaBM KOJICHHBIX
CYCTaBOB, IO3BOHOYHMKA (M3-32 BBIPAKEHHOTO
LEHTpa TSHKECTH).

PesynbpTaThl MpPOBEIECHHOTO HCCIECIOBAHUS MO-
Ka3aJH, YTO B OCHOBE NMPOUCXOKIICHHS CIIOPTHB-
HBIX TPaBM JIe)KaT OOBEKTHBHBIE U CyOHEKTHBHEIC
(baxTOpbl, KaXIblii U3 KOTOPHIX B OJJHOM CITydae
MOYET ObITh MPUUYUHON MOBPEXKAEHUS, a B IpYy-
I'OM — YCJIOBHEM €0 BO3HUKHOBEHHS.

3. JIornko-BO3MOKHOCTHOE OlleHUBaHUE
TPAaBMHPOBaHHS BOJIeH00JMCTOB HA MpUMepe
0J10KMpYIO1IIETO.

3.1. IlocranoBka 3amaum. 3anady JIOTHKO-
BO3MOXXHOCTHOTO OIICHWBAHUS TPAaBMUPOBAHUS H
OTKa3za OT WIpbl BOJEHOONIMCTa ONMpEeAesEHHOTO
ammtya copmynupyeM Ha ocHoBe [6-9]. Oc-
HOBHBIMM HPOHMCIIECTBUAMHU C BoJieHOoIncTaMu
SBIISIIOTCSL TPaBMbI OTJEIBHBIX dYacTeil Tena, a
TaKXke cyMMapHbIi 3((eKT X HaKOIJICHUS U pe-
anuzanuu. TpaBMmbl U 3G (EKTH OT «IPEabICTO-
pHil» TpaBMHPOBAHUS JUIsI BOJIEHOOIICTA C OIpe-
JIeTICHHBIM aMIlTya, KaK BO BPEMs HIPBI, TaK H
nocie e€ 3aBepUICHUs OMPEIeIIOT Kak (DakT BBI-
X0Jla U3 Urpbl (OTKa3 OT UIPHI), TaK U 3a0o0eBa-
HHUE CIIOPTCMEHA.

Hanpumep, NpUMEHUTENBHO K OJIOKUPYIOIEMY,
B CHCTEME «BOJIEHOOJIbHAS KOMaHJa — HIpa C
COIIEPHUKOM — IUIOIA/IKa — CETKa» TaKUMHU UC-
XOJaMH HauOoJIee Y4acToO SIBISIOTCS JIU00 OTIEIb-
HO IIOJIyYEHHbIE TpaBMbl TOJIEHOCTONA, IUIEYa,
KOJIEHA, CIMHBI, MaJblEB, PyK, IM00 UX codeTa-
HHUE.

CoObITHS — HCXObI TPABMUPOBAHUS CLIOPTCME-
Ha (BOJICHOOJIMCTA |-TO aMIlTya) YCJIOBHO Ha30-
BEM 3JIEMEHTapHBIMU MPEANOCHUIKAMU BBIXO/A U3

net, both during the official matches and training.
This is especially true for face-to-face duels of
central blockers getting down after a jump, they
land on each other’s’ ankles. It should also be
noted that players of this role are of "basketball
height" and high power of the muscles, which
generates a huge force. At a sudden change of
direction (quick dash towards the ball, jump to
the net) this fact increases the risk of injury. High
volleyball players often suffer from injuries of
knees, spine (due to the center of gravity).

The results of the study showed that the basis
for the origin of sports injuries are objective and
subjective factors, each of which in one case may
be the cause of the damage, and, in the other — the
condition for its occurrence.

3. Logical-possibillistic assessment of injuries
to players on the example of a blocker.

3.1. Statement of the problem. The task of
logical-possibillistic assessment of injuries and
the refusal to play from a player of a particular
role we will formulate based on [6-9]. The main
accidents with volleyball players are injuries to
individual body parts, as well as the aggregate
effect of their accumulation and implementation.
Injuries and effects from the "background” of in-
juries to a volleyball player of a specific role, as
during the game and after its completion are de-
fined as the fact of leaving the game (refusing to
play), and medical problem of a sportsman.

For example, for a blocker, in the system "vol-
leyball team — game with a competitor — net"
the most often outcomes are separate injuries of
an ankle, shoulder, knee, back, fingers, hands, or
their combination.

The events — the outcomes of an injury to a
sportsman (volleyball player of the j-th role) we
will call the basic prerequisites for game quit,

t 2
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UTPBI, KOTOpbIe 0003HAYMM MHOXKECTBOM X

Xi={xi}j, )
| ecTh mepemMeHHas (HoOMep) ucxoja
U3 MHOXECTBa lj, ONUCHIBAIOIErocss Kak MHOXe-

roei=12,...,

CTBO TpPaBM OTJHEJIbHBIX YacTEH Tena, TaK U MHO-
KECTBO MX KOMOMHAIMI M COYETaHUM MpPUMEHHU-
TEJILHO K CHIOPTCMEHY J-TO BUJA aMIlTya, TO €CTh
1=1,2,..3.

3aMeTHM, 4TO MPU BINOJIHEHUH YCIOBUS HOP-
MHUPOBKHM MOYHO 3aIIACATh!

X i={xi}i={xi}- 3
CoObITusI — BapuaHThl OTKa30B CIIOPTCMEHA OT
JAJbHEUIIe Urphl HAa30BEM BEPIIMHHBIMHU UCXO-
JlaMH 1 0003HaYUM MHOXECTBOM BH/JA!
Y={y;}, 1=1.2,...J. 4)
Paccmorpum camblil mpocToi ciydail — OJIMH
BEPILMHHBIN UCXO[, JIOTHYeCKasi MOJIENIb KOTOPO-
ro onuchiBaeTcs OyneBoi (GyHKIUEH BUaa:
y1=F1 (X={xi}, 1=1,2,...,1). (5)
DTOT BEpIIMHHBIN UCX0 (0TKa3 CIOPTCMEHA OT
JanbHelIeil 60pbObl) 3aBUCUT OT BUIA U CTEIle-
HU TSOKECTH TMIOCHIEACTBUM OT 3JIEMEHTapHbIX
TpaBM YacTel Tejaa U UX KOMOMHaUUi U B 001IeM
CIyya€ HOCHUT CJOXKHBIA M HESBHBIM XapakTep.
TpeOyeTcst omnpenenuTs BUJ JIOTHYECKON (PYyHK-
MM OTKa3a CHOPTCMEHA OT JalbHEHIIel HIpsl
BCJIC/ICTBUE TOJIYYCHUS TPaBM W3 MHOXKecTBa X
(5), mpeobpazoBaTh €€ B BO3MOKHOCTHYIO (popmMy
IIF1({mi}) u oueHUTH (paccuuTaTh) BO3MOKHOCT-
HYIO MEpy OTKa3a WrpoKa OT JaJIbHEWIIe 60pb-
OBI.
[Ipoananu3upyeM BO3MOKHBIE BapHaHTHI pellie-
HUS TIOCTAaBJICHHOM 3aJlauM, KOTOPbIE 3aBUCST OT
HAJIMYUS UCXOJTHBIX TaHHBIX, TIOJTHOTHI UX TpPE-

CTaBJICHUA U JOCTOBCPHOCTHU OIMUCAHUA.

which we denote as a set
X={xi}i, (2)
where i=1,2,...,1 is a variable (number) of
the outcome of I; set, describing a set of injuries
to individual body parts and their multiple com-
binations and combinations with regard to a
sportsman of the j-th role, that is, j=1,2,...J.

Let us note that if the condition of normal-

ization is fulfilled, then we can write
X={xi}i={xi}- ©)

The events — refusal of a sportsman to
play further let us call vertex outcomes and de-
note them as a set of the kind:

Y={y;}, j=12,....J. 4)

Let us consider the simplest case — single
vertex outcome, the logic model of which is de-
scribed by Boolean function of the form:

yi=F1 (X={xi}, i=1,2,....]). (5)

This outcome (refusal of a sportsman to
play further) depends on the type and severity of
consequences from elementary injuries of body
parts and their combinations and in general is
complex and implicit. It is needed to define the
logical function of refusal of a sportsman to play
further due to the injury of X set (5), converting it
to possibilistic form /7F;({n;}) and estimate (cal-
culate) possibilistic measure of refusal of a
sportsman to play further.

Let us analyze possible solutions to the set
task that depend on the availability of the source
data, completeness of its submission and accuracy
of its description.

http://bps-journal.
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3.2. Teoperuyeckoe pemeHue 3aaauu. Bos-
MOKHOCTHBIC MCPBI Tj MPCANOCBUIOK IPOUCIHIC-
CTBUA MOT'YT GBITB HaﬁI[CHBI Ha OCHOBAaHHHU IPCa-
CTaBJICHUS [IAPAMETPOB BO3IEUCTBUSA S U BOCIPH-
HMYUBOCTHU I' KAK HEYETKUE BECIUYMHBI. HaHpI/I-
Mep, s ycnosus (Y1=1), eciu u3BecTHA JIorude-
cKasg (pyHKIHUS OTKa3a, MOXKHO IOJIY4HTh CIIEIY-
IOIICe BBIPAKEHHUE:

n(y1=1)=Pos(y1=1)=Pos(F1(X={xi},
i=1,2,....)=lIF; ({ni}, i=1,2,...,]). (6)
HpI/I 9TOM MHOXECTBO MH3BCCTHBIX WJIN
YCTAaHOBJICHHBIX 3HAYECHUH BO3MOKHOCTHBIX MCp
TPaBM TIPEJICTABICHO B BUJIE 3aBUCHMOCTEI:
I={n}, i =12,..1 (7
rae
m; = Pos(x; = 1) = Pos(s; = 1;)
— DIeMeHTapHas BO3MOXKHOCTHAas Mepa i-oi
TPaBMbI, KOTOPYIO ONPEIEISIOT C MOMOIIBIO Ia-
pPaMeTPUYECKO MOJIEIH: KHEYETKOE BO3/ICHCTBHE
Sj IIPEBBIIIAET HEYETKYIO BOCIIPHUMYHBOCTH [,
3aMeTHM, YTO HaxOXKIEHHE 3aBHCHMOCTH
Fi(X={xi}, i=1,2,...,1) npencrasiser coboii OT-
JETBHYIO 3aj1ady, KoTopas OyIeT paccMoTpeHa
HUXKE.

3.3. Pemenue 3aJa4u

IKCIEPUMEHTAILHBIM cnocobom. PaccMarpu-

pacuyeTHo-

BAIOTCSI CJICAYIONINE OCHOBHBIE BO3/ICHCTBYIOIIHE
(baxTOopsl (UrPOBBIE BO3/IEHCTBHSA):

® IITaTHOE BO3JEHCTBHE NpH OJOKE: ymap Msi-
YOM TI0 TTaJIbI[aM, HOTaM, TIIeYy;

® HEMITaTHOE BO3JICHCTBHE: yaap CONEPHUKOM
10 HOTaM, pyKam, IIedy WU MOJBOPOT TOJIEHO-
CTOTMa MPH MPU3EMIICHHH Ha CTOITY COTIEPHHKA.

IIpu pemennn OynyT HCHONB30BAHBI CIEIYIO-
mue Kpurepuu (YCIOBHsI TPaBMHPOBAHUS YacTeH
TeJIa) U MaTeMaTHYECKUE OTepalIiu:

1) kpuTepun TpPaBMHPOBAHHS JIIOOOH YacTh Te-
Ja (mapamMeTpuuecKue KPUTEpUU HIIEMEHTapHOM
TpaBMBbl):

S — IapaMeTp IITaTHOTO WJIM HEHUITaTHOI'O BO3-
JIEHCTBHS,

I — mapameTp BOCIPUUMYHMBOCTH HYacTell Tena K
BO3JCUCTBUAM (Kak IITaTHBIM, TaK M HEIITAaT-
HBIM);

2) orepanus «IOTHYeCKoe u» (A) 3aMmeraercs
orepanueit (MiN) U3 CUTHATYPHI YETKUX M HEYCT-

3.2. Theoretical solution to the problem. Pos-
sibilistic measures w; of prerequisites of an inci-
dent can be found by the impact parameter s and
the sensitivity r as fuzzy values. For example, for
the condition (y;=1) if we know the logical re-
fusal function, we can obtain the following ex-
pression:

n(y1=1)=Pos(y1=1)=Pos(F1(X={x},
i=1,2,....D=lF ({m}, i=1,2,...,1).  (6)

Where a set of known or specified values of
possibilistic measures of injuries is represented in
the form of dependencies:

IM={ni}, i=1,2,...1, (7)
where
n_i=Pos(x_i=1)=Pos(s_i>r i)

— elementary possibilistic measure of the i-th
injury, which is determined by the parametric
model, "the fuzzy impact s; is more than the fuzzy
susceptibility ri".

Let us note that the determination of the de-
pendency Fi(X={xi}, i=1,2,...
task, which will be further discussed.

JI) is a separate

3.3. The problem solution by calculation and
experimental method. We consider the follow-
ing factors (game impacts):

-standard impact at blocking: the ball hits the
fingers, legs, shoulder;

-non-standard impact: hitting the opponent in
the legs, arms, shoulder or twisting the ankle
when landing on the foot of the opponent.

The solution will include the following criteria
(conditions of injury to body parts) and mathe-
matical operations:

1) criteria of injury to any part of the body (par-
ametric criteria of a basic trauma):

s — parameter of standard or non-standard im-
pact;

r — parameter of susceptibility of parts of the
body to impacts (both standard and non-
standard);

2) the operation "logical and" (A) is replaced by

http://bps-journal.
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KHX MHOKECTB:
A —> min;

3) omepanus «IOrHYeCKoe Win» (V) 3aMelaeT-
csl onepauuen (Max) U3 CUrHaTyphl YETKUX U He-
YETKUX MHOXKECTB:

VvV — Mmax;

4) mTaTHOE WM HENITaTHOE TpPaBMHUPYIOIIEe
BO3/ICIICTBUE B OOIIEM CiIy4yae yYUTHIBAECTCS Kak
JIU3BIOHKINS BO3ICUCTBUIL:

s=5V s, (8)

3anaya ompezeseHusl MapaMeTpoB BO3JIECHCTBUS
¥ BOCIIPUUMYHUBOCTH CIIOPTCMEHA MPH TPABMHUPO-
BaHUU MOKET OBITh pelIeHa C MOMOIIBIO MpUMe-
HEHUS CpEACTB M3MEPEHHUS U MOHUTOPUHTA,
HanpUMep, Ha OCHOBE JATYUKOB YCKOPCHHS H

nedopManuu.

YcTaHOBUM BH/JI JTJOTHYECKON MOJIEIH BBIXOJIA U3
CTPOsI CIIOPTCMEHA METOJIOM MHTEPBAJIBLHOTO aHa-
nu3a. [{s 9Toro BIX0J OJOKHPYIOIIETO U3 UIPhI
NPECTaBISIOT B 00IIeM BUE cienyromei GyHk-
LHUEHN:

y={VA }x-F), 9)
x={x;},x; =1ecnus; >,

r7ie B BeIpakeHUH (9) MpeacTaBIeHO MHOXKECTBO
JIOTHYECKUX MOJIENIEH, BKIIIOYasi HCKOMYIO, OTIpe-
nensemyto hopmynoii (5).

YTOYHMM YCIIOBHS BBIXOJIa CIIOPTCMEHA M3 WT-
pBI 110 TPUYMHE TONy4YeHUs MOBpeXIAeHHs. s
9TOro Tpeldyercsi KOHKPETU3MPOBaTh 3aBHUCHU-
MOCTb (5) ¥ TTOCTPOUTH JIOTHYECKYIO MOJIETh BbI-
BoJ1a O10kupytouiero u3 urpsl (10):

Y1 = Fl(x1'x21x3!x4ﬂx5ﬂx6)' (10)
Haiinem pemenus 3amadyd C IOMOIIBIO
BBEJICHUS JIBYX T'PaHUYHBIX YCJIOBHM MpHU CIEIy-
IOIUX JIOMYIICHUSX

1) mobast TpaBMa J1F000# YacTH Teyna MPUBOIUT
K BBIBOJLY CIIOPTCMEHA U3 CTPOS.

O06o3HauuM 95TO TpPaHUYHOE YCJIOBHE Kak
«BEpXHEE» W TOJTYYHM CIICIYIOIINI BUI JOTHYe-
CKOU MOJCIIN:

the operation (min) from the signatures of crisp
and fuzzy sets:
A —> min;

3) the operation "logical or" (v) is replaced by
the operation (max) from the signatures of crisp
and fuzzy sets:

VvV — Max,

4) standard or non-standard traumatic impact in

general is treated as the disjunction of actions:
s=s51V sz, 8

The problem of determination of the parameters
of an impact and susceptibility of a sportsman at
an injury can be solved by measurement and
monitoring, for example, based on acceleration
and strain sensors.

Let us determine a logical model of a sportsman
refusal by the method of interval analysis. For
this, a blocker refusal is represented in general by
the following function:

y={HVA }x-F), (9)
x={x;},x; =1,ecnus; >r;,

where in the expression (9) there is a set of log-
ical models, including the required one, defined
by formula (5).

Let us check the conditions of refusal of a
sportsman to play further because of an injury.
For this we need to specify the dependence (5)
and construct a logical model of a blocker refusal
to play further (10):

y1 = F1(x1, x2,%3, X4, X5, X6). (10)

Let us find the solution to the problem by intro-
ducing two boundary conditions in the following
assumptions:

1) any trauma to any part of the body leads to
refusal of a sportsman to play further.

We denote this boundary condition as "upper"
and get the following logical model:

¥ =Vx - P = 1) =max® (m),i = (12)

£) BblXO/ CLIOPTCMEHA W3 OOPbOUbL 1IPOU3OUUACT
TOJBKO TIPH TIOJyYCHUN UM BceX (B JaHHOM Ba-
puanTe mectu) TpaBM. Ha3oBem 3TO rpaHmdHOe
YCIIOBHE «HIKHHAMY», TIPH KOTOPOM JIOTHYeCcKas
MOJIeNIb BBIXOZA CIIOPTCMEHa M3 OOphObI MMeEeT
BUJL:

(H) = Ax;
i

2) the refusal of a sportsman to play further will
only happen when he gets all (in this case six)
injuries. We call this boundary condition as "bot-
tom™ in which the logical model of refusal of a
sportsman to play further:

S0, = 1) =min{ (m;),i = 1,6. (12)
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Hckomoe perieHue Kak JIOTHYECKYIO (YHKITHIO
HaxoJAT TPH CJIACAYIOIIEM YCIOBHUH: CIIOPTCMEH
«KaK IKCIIEPT» B XOJI€ UTPBI CaM OIPEACIISIET MO-
MEHT BBIXOJIa M3 COCTSI3aHUs MPH MMOJTyYEeHUN He-
CKOJIBKMX 3a(pMKCUPOBAHHBIX TpPaBM, IPUBOIS-
IMUX €r0 K COCTOSHHUIO OTKa3a OT JaJbHEUIIei
OODPELOEBL:

y1=E(),i=16-IFy=1)={

Takum o6pazom Bun pyukiuu (10) Mmoxet ObITh
OIpeJieJieH Ha OCHOBE MPeoOpa3oBaHusl MOJTyUYCH-
HOW HSKCIIEPHUMEHTAILHO JIOTUYECKON (DyHKIHH
F,(x). Ilpu sTtom 3HaueHUs {T;} OMPEICISIOT
au00 TO CTAaTHCTUYCCKUM JIaHHBIM, TPHBEICH-
HbIM B Tabmumax 2—6, nmubo amocTepuopHO IO
CaMOYYBCTBHIO CIIOPTCMEHA WJIM 3HAYCHUSM I1a-
paMeTpoB BO3JIEHCTBYIONIMX (GaKTOPOB.

IIpumep pewmieHuss npukiIagHoi 3aga4u. [Ipu
IPOBEICHUN COPEBHOBaHMs OJOKUPYIOUIMHA MO-
KET TMOJY4UTh TPU TPaBMbI (X2, X1, X4), KOTOpBIE
CHOCOOHBI NMPUBECTH K OTKa3zy CIOPTCMEHa OT
nanpHeimeil 6opsObl. TpeOyercs omnpenenuTsb
BO3MO)XHOCTHYIO MEpPY OTKa3za CIIOPTCMEHa OT
nanpHenen 0opbObl U e€ rpanuibl. Js pere-
HUSI TIOCTaBJICHHOW 3aJa4M HaWJIeM JIOTUYECKYIO
MOJEIb OTKa3a CHOPTCMEHAa OT JallbHEHIIeH
OOpBOBI:

Y1 =X2AX1AXq. (14)

[IpeoOpasyem Beipaxkenue (14) B BO3MOKHOCT-
HYI0 hOpMYy:

Pos(y1=1)=min(n3, M, 1'[4). (15)

Boibupas u3 Tabmuiubel 1 3HaYeHHS] BO3MOXK-
HOCTHBIX Mep TpaBM OJOKHMPYIOLIETO U IMOJICTaB-
15151 B hopmyny (15), momyanm:

I1;(3-1-4)=min(0.11, 0.11, 0.18)=0.11.

Ha ocnoBanuu Beipaxxenuit (11) u (12) u nan-
HBIX TaOnuubl 1 momyduMm cieayrole TpaHuy-
HbIE 3HAYCHUS BO3MOKHOCTHOW MeEphI OTKa3a
CHIOpTCMEHAa OT JanbHeiimed Gopnoer: I1M
(yi=1)=0.18; ™" (y;=1)=0.11.

CrnenyeT 3aMeTUTh, UTO B JAHHOM PEIICHUU HE
YUUTBIBAETCS TIIOCIIEAOBATENILHOCTE U OOCTOS-
TEJIbCTBA IOJyYEHUS BO3MOXHBIX TpPaBM KOH-
KPETHOTO OJIOKUPYIOIIETO.

The solution as a logical function is found un-
der the following conditions: the sportsman "as an
expert™ in the course of the game itself determines
the moment of refusal to play further when get-
ting a few recorded injuries, leading him to a state
of refusal to play further:

iy Tch) (13)

min
Thus, the function (10) can be determined on
the basis of conversion of the experimentally ob-
tained logical function F,(x). The values {m;} are
determined either by the statistics given in tables
2-6, or a posteriori according to the well-being of
a sportsman or the values of the parameters of

influencing factors.

An example of an applied problem solution.
During competition a blocker can get three inju-
ries (X2, X1, X4), which can lead to a refusal of a
sportsman to play further. We need to determine
the possibilistic measure of refusal a sportsman to
play further and its borders. To solve the problem
we find a logical model of refusal a sportsman to
play further:

Y1 =XoAX1AXy. (14)

Let us convert the expression (14) in a possibil-
istic form:

Pos(y;=1)=min(ms, 11, ms). (15)

By selecting from table 1 the values of possi-
bilistic measures of injuries of a blocker and sub-
stituting them in the formula (15), we get:

I1,(3-1-4)=min(0.11, 0.11, 0.18)=0.11.

On the basis of expressions (11) and (12) and

table 1 we get the following boundary values of

possibilistic measures of refusal a sportsman to
play further: TT™ (y;=1)=0.18; IT™" (y;=1)=0.11.

It should be noted that the decision does not
take into account the sequence and circumstances
of getting possible injuries by a blocker.
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3.4. PemieHue 3aJa4yu 3KCHEPHMEHTAJIbHBIM
crnocoooM. JlaHHBI CHOCOO peIIeHUS SBISICTCS
pa3BUTHEM MPEIBIIYIIEr0 METOJa UHTEPBAIbHO-
ro aHajlu3a M OCHOBAaH Ha ()MKCALUU pEaKIHUid U
MOBE/ICHUs TPaBMHPOBAHHOI'O CHOPTCMEHA, KO-
TOPBIA CAMOCTOSITENIFHO WJIM TIO COTJIACOBAHUIO C
TPEHEPOM 3asBISET 00 OTKa3e OT JalbHEHIei
UTPBIL.

[lenpto paszpaboTku criocoba SBISIETCS TOBBI-
HIEHHE JOCTOBEPHOCTH M IOJHOTHI aHAIMU3a U
OLICHMBAHMSI TOKa3aTellel 0e30MacHOCTH U TPaB-
MupoBaHusa. PaccMOoTpuM pelieHue 3agadu Crio-
cobom 3 Ha mpumepe OJIOKHPYIOIIETO B CHCTEME
«UTPOK — TUIOMIA/IKA — COTEPHUK — CETKay.
CunTaercs, 4TO CIIOPTCMEH HMIPaeT: a) BECh CET;
0) Bcto urpy. Kpome Toro, y4uuThiBaercsi, 4To
OJIOKMPYIONIUIT MOXKET UTpaTh B OAHOM U3 JABYX
PEKUMOB BOJICHOOBHOTO CETa: MPOXOIUT BECh
KpYT, TM00 UrpaeT TOJIbKO Y CETKU C 3aMEHOW Ha
uoepo.

Ha ocHoBe anpuopHoii craTucTuku (Tabauma 3)
YUUTBIBAETCS, YTO TPAaBMUPYIOTCS CIEIYIOLIUE
UTPOBBIE YacTH Tejla OJOKHUPYIOUIETO: TOJEHO-
cron (i=1); mieyo (i=2); cnuua (i=3); MaIbIbI
(i=4); pyku (i=5); xonenu (i=6). DTH UTPOBBIC
YacTH Tenna OJIOKUPYIOMIETo (Kak CIOPTCMEHA MO/
HOMEpoM j=1) OmMCcaHbl MHOXECTBOM:

li={i=1, 2,...,6}. (16)

[Tpu Takom croco0e pemeHus aaropuTM OIpe-
JIeTICHHsI COCTOSIHUSI CIIOPTCMEHA M CTIOCOOHOCTH
MPOJIOJDKATh 00phOy B 00IIEM BHJIE€ TIPEACTABIsA-
IOT JIOTHYECKOM MOJENbl0 — TU3BIOHKTHBHO-
KOHBIOHKTUBHOM (yHKIMEH OT OyleBbIX apry-
MEHTOB:

y = ({VA}x = F(x),
rae it uexoza j=1 3To ecTh QyHKIUS
y1 = F1(x1, 2,3, X4, X5, Xg), (17)
npuyem OyneBa Gynkius Fi (\) u ecTh HckoMoe
pelIeHue 3a1auu.

3.4. The solution to the problem by the ex-
perimental method. This method of solution is
an evolution of the previous method of interval
analysis and is based on the recording of reactions
and behaviour of an injured sportsman, who inde-
pendently or together with his coacher declares
about the refusal to play further.

The objective of the method is to increase the
accuracy and completeness of the analysis and the
assessment of safety performance and injury. Let
us consider the solution to the problem by method
3 on the example of a blocker in the system
"player — court — competitor — net". It is be-
lieved that a sportsman is playing: a) the whole
set; b) the entire game. We also take into account
that a blocker can play in one of two modes of a
volleyball set: the whole circle or only plays at
the net, replacing a libero.

Based on a priori statistics (table 3) we take in-
to account that the following parts of the body of
a blocker are injured: ankle (i=1); shoulder (i=2);
back (i=3); fingers (i=4); arms (i=5); knees (i=6).
These playing parts of the body of a blocker (as a
sportsman under the number j=1) are described
by the set:

li={i=1, 2,...,6}. (16)

With this method the solution algorithm of de-
termination of a sportsman condition and the abil-
ity to continue the fight in general is represented
by a logical model - a disjunctive-conjunctive
function of Boolean arguments:

y = ({VA}x -» F(x),
for the outcome where j=1 it is a function of
Y1 = F1(xy, x2,%3, X4, X5, %6),  (17)
moreover, a Boolean function F; (.) is the
sought solution of the problem.
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IIpumep pewmeHus npukIagHoi 3aaayu. [Ipu
IPOBEICHUN COPEBHOBAHUS OJIOKUPYIOIIUH I10-
CJIEZIOBATENIbHO IOJIyYWJI TPU TPAaBMBI X2, X1, Xe,
IpUYeM IOCIEeIHAsS NMpHUBEIa K OTKa3y OT Jallb-
Helmeln 0oprObl. Tpedyercs ompenenuTh anpu-
OpHO€ 3HAYE€HHE BO3MOXXHOCTHOW MEphl OTKa3a
CIIOpPTCMEHa OT JaibHeimel 60pbObl U yCTaHO-
BUTb 3HaYEHHE PACUETHOM ITOTPEIIHOCTH.

JUia pemieHust 3ajadd MOCTPOMM JIOTMUYECKYIO
MOJIeNIb OTKa3a CIOpPTCMEHa OT JalbHeHIe
OOpBOBI:

Y1=(X2VX1) AXe. (18)

[TpeoOpazyeM B BOZMOKHOCTHYIO (hOpMYy:

Pos(y1=1)=min(max(ms, 1), 7). (19)

N3 tabnmuupbl 1 BhIOMpaeM 3HAYEHUS BO3MOXK-
HOCTHBIX MEp TpaBM OJIOKUPYIOILIETO U, MO/ICTaB-
nss B hopmyny (19), monygaem:

I11(1-2-6)=min(max(m, m2), mg)=min(max(0.11,

0.21), 0.07)=0.07.

Taxum 06pazoM, alpuOpHOE 3HAYEHHUE BO3MOXK-
HOCTHOI Mepbl paBHO 0.07, oAgHAaKO MpHU 3KCHe-
PUMEHTAIBHOM CIOCOO€ TIOJYy4YeHO 3HAdYeHHUE,
paBHoe 0.18. M3 mosiyueHHBIX pe3ynbTaToOB Clie-
JyeT, 4TO a0CONIOTHAas MOTpEIIHOCTh pacueTa
BO3MOXXHOCTHOM Mepbl HaxOIHUTCS B HHTEpBaie
3HaueHui ot 0 no 0.11. CruengoBaTenbHO, HA OC-
HOBAHMM OLIEHKM BO3MOKHOCTHOM MeEpBbI BBIXOZA
U3 CTposi OJOKHMPYIOLIET0 BO BpEMsI COPEBHOBa-
HUWM WIM TPEHUPOBOK C IIOMOLIBIO PACUETHO-
AKCTIEPUMEHTAIBHOTO CIoco0a MOXKET OBITh J10-
CTUTHYTa HauOoJsblasi TO0CTOBEPHOCTh, YTO MO3-
BOJIUT CHU3UTH MTOCJIETYIOIIUI BO3MOXKHBIN PUCK.

buorpajduyeckuii cnucok.
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Menakanemus, 2006. — 179 c.

3. CnoptuBHbIe TpaBMbl. OCHOBHBIC TPUHIIUIIBI

An example of the applied problem solution.
During the competition a blocker got consistently
three injuries x2, x1, x6, and the latter led to the
refusal to play further. It is required to determine
an a priori value of a possibilistic measure of the
refusal of a sportsman to play further and deter-
mine the value of the estimated error.

To solve the problem we will construct a logi-
cal model of the refusal of a sportsman to play
further:

Y1=(X2VX1) AXe. (18)

Let us convert it to a possibilistic form:

Pos(y;=1)=min(max(ns, 1), m4). (19)

From table 1 we choose the values of possibil-
istic measures of a blocker’s injuries and by sub-
stituting them in formula (19), we get:

[11(1-2—-6)=min(max(m, my),
ng)=min(max(0.11, 0.21), 0.07)=0.07.

Thus, the a priori value of possibilistic measure
is equal to 0.07, however, by the experimental
method, we have obtained a value of 0.18. From
the obtained results follows that the absolute error
of calculation of possibilistic measures is in the
range of values from 0 to 0.11. Therefore, based
on the evaluation of possibilistic measure of the
refusal of a blocker during competition or training
by using the experimental method we can achieve
the greatest accuracy, which will reduce future
risk.
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