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ABSTRACT KEYWORDS
Mid-long Run is Middle and Long Distance Running for short, which is Track and field;
referred to middle distance running and long distance running, isan item Mathematic model;
of developing physical endurance project. It is required that athletes Physiology;
maintain certain running speed in the entirejourney and try to reducetheir Mid-long run.

consumption of physical strength. In terms of technology, athletes are
required to run easily, be coordinated, balance body gravity, and have
good rhythm. Complete technology of Mid-long Run includes starting
running and its speeding-up running, medium-distance running and finish
running etc. In this paper, the Keller elementary model is established
according to the player’s body and physiological conditions. Based on
the characteristics of Mid-long Run, full varied pace running tactics used
by most excellent athl etes can be obtained through the analysis of excellent
athletes’ competition tactics. However, the tacticsis not the optimal strategy.
Therefore, in this paper, the improved Mid-long Run tactical mathematic
model is established by analyzing the advantages and disadvantages.
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INTRODUCTION

Middle and long distance running events can date
back to the fourteenth session of the ancient Olympic
GamesHeldin 724 BC. Modern Mid-long Run first
garted in England. At the beginning of el ghteenth Cen-
tury, professiona long-distancerunnersinthe UK had
participated long-distance race competition, whichis
very popular with people. After that, it has been hold-
ing widespread. Thefirst modern Olympicsin 1896
had a10000m record. In 1912, International Associa-
tion of Athletics Federations (IAAF)was established,
mid-long distanceraceindividua world recordsinclud-

ing 9 items accessible to both man and woman were
had been admitted, then approved.

At present, theofficid event of the Olympic Games
isthe800m, 1500m, 5000m, 10000m. ThelAAF aso
acknowledged that the official world recordsof 3000m
for man and woman and of 1 mileevent. Inaddition, it
isalso popular with the events such as 880 yards, 2
miles, 3miles, 6 milesand other inch distancein some
countries. At the beginning of 20th Century, eventsfor
manwerejust heldin china In 1924, thereweremen’s
800m, 1500m, 3000m the Third National Gamesin
china, but the performance was very poor. Woman mid-
Long distancerunning event wasnot carried out. After
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thefounding of New China, becausethefoundationis
weak, there existed abig gap between mid-long run
level inchinaand advanced level intheworld. After the
1980s, Chinawomen running started to achieveworld
advanced level: 5000m event wasranked eighthinthe
worldin 1987, 10000m ranked sixth. Sincethe 1990s,
Mid-long Runin Chinahas stepped acompletely new
gage. Especidly, women’sMid-long Runleve improved
rapidly with Liaoning women’steam astherepresenta:
tive, alargenumber of outstanding playerswereemerged
and frequently won in theworld events, which re-cre-
ated theworld records of thewomen’s 1500m, 3000m,
5000m and 10000m and set amilestonein the Chinese
mid-long run history.

Now, many scholarsdo researchonmiddleandlong
distancerunning. AnalyssonApplication of Mid-long
Run tacticswritten by niujing, who proposed that play-
ersmust makemany tacticsaccording toitsown charac-
teristicsin order to achieve good resultsin the course of
thegame, and do attempted trainingand summary amed
at desgnedtecticsintheir regular training. Inthecourse
of competing, pay closeattention to changeof the oppo-
nentswith the combination of dynamic attack against
dynamic and acting ability according to circumstances.
Huang Taoin the book Study on characteristicsof com-
petitiveability of middleand long distancerunningitems
did researchon skill characteristicsof Mid-longRunin
termsof theimpact to Mid-long Run sportsperformance
factor of physical characteristicsof competitive ability
and skill characterigtics of competitiveability runningin
the competitivesport project. Zhang Jie, whowrotethe
aticdeAnayssonAthletes’ Speed Training Methodsand
Means, proposed themain decisivefactorsfor Mid-long
run special sportsliesin speed, speed endurance and
strength, and speed enduranceison thebas sof thespeed
qudlity, aso, velodity reservedirectly determinesthepead
endurance. Only withvery highvelocity reserve, canah-
letic performance be made better. It isatrend to estab-
lish speed - center training thought inthe devel opment of
mid-long runtraininginthefuture. Onthebasisof which,
further study isdoneand amathematical mode isestab-
lishedinthispaper.

KELLERMODEL

In the course of themed- long-distance run, ath-

letes, for speed digtribution, need to consider their physi-
ologicd conditions. Inthispaper, accordingtothe Kdler
model, the speed function of the raceis determined
accordingtothe4 physiologica parametersintermsof
theoptima contral.

Theathletesovercometheres stancein thecourse
of thegameto achieve or maintain acertain speed; need
to develop forward momentum to provideenergy it-
self. Therearetwo sources, which are equivalent en-
ergy with inspired oxygen produced by therespiratory
and circulatory system by way of metabolism. Theother
istheenergy provided for running, whichisstoredin
the athlete’sbodiesbeforetherace. Theformer canbe
reasonably assumed to keep constant during the run-
ning, whilethelatter hasaproblem on how to distribute
thestored energy into each schedul e stage, and run out
of them exactly beforetheir arriva at thefinishing point.

For the model, threerelationships need to be de-
termined asfollows. Oneistherelationship between
force and vel ocity, the second isthe rel ationship be-
tween the impact work and the two energy sources
mentioned above, thethird istherelationship between
speed and race performance. Although performanceis
for the certain schedule, it can beequivaent to therun-
ning distancein thelimited timein mathematical tools
processing. So the best result can come down to ex-
tremism problems about function such asfunction tar-
geting distance, the speed, the momentum, stored en-
ergy and soon.

From the analysis above, it can be seen that the
mode requires4 physiologicd parameters, namely, the
maximum momentum that playerscan play, theress-
tance coefficientinvitroand invivo, energy produced
during oxygen metabolisminunittime, andinitia value
of stored energy in body. Inthemodel the parameters
can befitted out based on theathlete’s average statis-
fics.

Supposethat aplayer needsthetime T, whichis
tofinish schedule D at the speed of function v(t) the
racetime, then:

t
D(v(1) = f vtt ®

When D isknown, ask v(t) tomakeT minimum, which

isbeequivaenttoT, SO, ask v(t) to make D maxi-
mum. Thelatter problem ismore convenient to study.
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Theathlete’smomentumis f (t ), from supposed 1, ac-

cording to Newton’ssecond law, theresult can be ob-
tained asfollows:

vt~ =1 (1) @
T

v(0)=0 (©)
O<f(t)<F 4
Stored energy in thebody marksas E(t), whose
variation rateisthedifference value between the en-
ergy o intimeunit and consumed energy fv, namely,

E(t)=o—fv ®
E(0)=E, (6)
E(t)>0 ()
Thus, it constructsfunctional extremism problem
targetingformulaD (v(t)) asobject function onthecon-
dition of formulas from(2) to (7) above, in which

F, 7, o, E, isconsidered as the known param-

eters.

Thesolutionto theordinary mode isdifficult, be-
causethevariation method will benot applicable once
theoptimal condition (4) and (7) appearson theedge,
which can beknown fromthefollowinganalysisasitis.
besides, combineformulal, 2 and 5, and thefunction
expressonwill beasshowninthefollowing;

2s 1

t . 2s 1
D(E(t)) =2 ‘[OT e 7[ I; (o — E(t))e ™ ds]2dt ®

Formula(8) isbeyond complexity, so the solution
will benot convenient to obtain evenif other methods
areused.

THEOPTIMAL MODEL OF MID-LONG
RUNTACTICS

Mid-longruntactics

The devel opment process of mid- long run can be
roughly divided intofour stages: thefirst oneisnatural
technol ogy stage 30 yearsago; whosecharacteristicis
thegreat stride, dow stridefrequency, with thewhole
foot. The secondisimproved techno logy stageinthe
1930s and 1940s, whose characteristic is “With the
front feet outside on the ground first and then to the
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feet, and then Kick forward”. Thethird oneisthe pen-
dulum supporting technology in 1950s and 1960s,
whose Characteristicsis“swingleg, evenswingingfor-
ward actively and “lying onethe stomach”, and fully
kickingforward. Thefourth oneisthe gageof thewhole
frequency running since 70’swith the Characteristics of
actively swing forwardin leg and lying on theground,
noticing the cooperation between kicking and swing,
and appropriate step size, quick stridefrequency, la-
bor-saving.

Therearesix kindsof tactics. Thefirst oneistac-
ticsfor creating record whichisatactic without consid-
eringtheranking or gain and lossto createtacticson
clutter. The second oneischampionshiptactics, which
Isto seize aplace without regard to create excellent
results. Thethird issteady runningtactic, which adopts
higher-speeding running mostly on theway in addition
to gpeeding running after running start andthefind sprint
running. Thefourth oneisthevaried pacerunning tac-
tic: inthewholerun, speed changesalot, which adopts
themethod of the sudden accel eration or decel eration
of therun, so asto keep the opponent behind them or
disrupt the adversary rhythm. Thefifth oneisthelead-
ing runtactics, namely, athletesoccupy aleading posi-
tion after the start to try to maintain ahigh speed of the
leading run. Thepurposeisto usetheir own good speed
enduranceto wear down their opponents. Thefifthis
leading running tactic: theathletes occupy theleading
position after the starting run, and manageto keep run-
ning at higher speed for the purpose of wearing down
the opponentsby way of their own stronger endurance.
Thesxthisfollowing-behind runningtactic, that is, keep
following behind theleadersor asmall groupto strive
to exceed opponent in thefinal sprint stage, so asto
ariveat thefinishing linefirg.

Through the analysisfor relevant dataabout the
world champion, the optimal tacticswerefound and
the new tacticswere put forward, by comparing with
theorigind tactica andys's, the speed changetimepoint
if new tactics were calculated, here, take 800metre,
5000metrerunfor anexample.

Analysison mid- long run tactics

Thispaper selectscases of iteathletes participat-
inginmgor mid- long run competitionsin recent years,
theresultsareshownin TABLE 1, TABLE 2

Hn Tudian Jounual
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TABLE 1: Mid-longrun performanceof someexcellent man athletes

eriod of Conche Lagher Aing Raggatt Tanui Routot
i
P i . Time Split Time Split Time Split Time Split Time
time  gsplittime . . . . . . . .
difference time difference time difference time difference time difference
200m 24"32 24"32 24"1 24"1 25"2 25"2 24" 24" 247 24"7
400m 50"59 24"27 51"1 27" 51"5 26"3 49"99 25"99 51"2 26"5
600m 1'16"85 26"21 1'18" 26"9 1'18"3 26"8 117"09 27"1 1'17"9 26"7
800m 1'43"06 24"26  1'43"'45 25"5 1'43"99 25"7 143"'30 26"21 144"71 26"8
TABLE 2: Mid-long run perfor mance of someexcellent woman athletes
Mariade
Wudasi DEFAR Nur Rudy Nova Rengan
Period LurdesMUTOLA
of time Time
split time timedifference splittime timedifference splittime timedifference splittime timedifference split time
difference
200m  26"9 26"9 271 271 26"8 26"8 26"1 27'3 27"3
400m  56"3 29"4 56"4 29"3 56"4 29"6 55"73 29"63 56"3 29"0
600m 129" 32'7 1277 31"3 128'7 32'3 126"74 31"01 1'26"0 29"6
800m  1'55"26 26"3 1'56"10 28"4 1'57"50 28"8 1'55"54 28"8 1'55"43 29"4

Through the analysis of the current mid-long run-
ning tacticsand of Olympic athletes, it turned out that
theleading run and following run were not chosen by
most athletes, for thereason that they areinrelation
with theopponents’ running Speed and does not belong
to theathletes’ own rhythm.

Fromthedatesin TABLE 1 and TABLE 2, it can
beinferred that excellent athletes’ runtacticsarebasi-
caly thesame. Thefirst phase, inwhich basic tactical
running is applied and the fastest speediskept, isthe
initial 200m. In order to occupy agood position, ath-
letesdash inthefirst period; inthe second, thethird,
athletesrun at low speed in order to maintain physica
strength; inthefourth stage, athletesare extremely ex-
hausted, but they begin to sprint for the championship
or good ranking. Based on the analysisabove, theve-
locity timediagramisdrawnasFigure 1.

Anadysisonthetacticsisasshown: during stage 1
and stage?, athletes don’t do full sprint so that they

v
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Figurel: The velocity time diagram in four periods of time

keep certain strength. In staged, they can do full sprint.
For 800m, thebattleisvery fierce, sometimesthetime
differenceislessthan asecond, and athletesmaintain
physical strength. Thus, athletesdo afull sprintinthis
stage, whichisin accordance with the psychological
characteristics. However, the best running strategy
should beto run out of the energy stored in the body
for arace, because, itisobliviousthat thereis much
energy intheir bodied now that they candofull sprintin
staged. if usingthistacticto rush tothefinishingline,
athletesdidn’t useup their energy, that is, thereisstill
available energy in the bodiesfor transforming com-
pletely into speed. Some energy iswasted, thus, ath-
letescan not show their strength fully. Therefore, this
model isnot optimal.

Theoptimal model

Themode isdividedintothreestages, thefirst stage
isto sprint, so asto achieve maximum speed in ashort
time; the second stageisto maintain uniform speed,
whichisto run out of all the energy in the body; the
third stagedependsoninertid sprint, velocity andtime
imageasfollowsin Figure2.

stagel:0<t <t,, v,(t) can beexpressed by for-
mul(9).

Stage2:t, <t <T,put E(t) = 0 intoformula(5),
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Figure2: The velocity time diagram in three periods
(2), obtain
1d , V3
o V3+—= 9
2dt ° ¢ ° ®

Ontheconditionof v,(t,) = v, , thesolution above

is
2(t-t,) 1
vs(t)=[(vi-atle * +o1]?

Stage3:t, <t <t,, v, isdeterminedwhenthevaue
of D(v(t)) ismaximuminobject function namely:

(10)

t, T
D(v(D) = [ "va®at +vo(t, ~t)+ [ vt ()

To get thecondition of E(t,) = 0, from equation
(2), (5) andinitia condition (6), solveE(t) , graphs:

2
% 2(t) 1 (12)

——Itvz(t)dt
TJ0

Let t =t, and Subdtituteformula(9) intoit, obtain:

Vg o, L
E(t2)=E0+ot2-7-jo F2z(l-e )
T

Ontheconditionof E(t,) =0,ak v,, v,, make

D(v(t)) informula(11) maximum usetheundetermined
constants ;4 to construct function:

I @(t),t,) =D(v(t),t,)= D(V(t))+%E(t2)

BioTechnologqy —

(14)

Suggest leaving out theitems unrel ated to v, and

t, ontheright end, rewritelikethis:

.
| ot = vg(t)dt+7“7°t2_%vg

2 (15)
+(v, —%)(tz -t1)

For optimal v,, t,,, thenecessary conditionis:

Vo= (16)

>|a

_2(t-t,)

- 1 2(t-ty)

) _At=ts)

ZL [(V;—o1)e *
2

+ot] 2e T dt=A (17)

Now, v(t) inthethreestagesisgiven respectively
by formula(9), (10)and (16), the problemleftishow to
determinet,, t,and ;.

For Determining t,, t,, 4 :employ thecontinuity

of v(t) int =t,, fromformula(9) and (16), it canbe
obtained

AF(1-e *)=1 (18)
Substituteformula(16) into formula(13), then, let
it bezero, so:

Eo+ct27§7I;1F21(17e'”‘)2dt7xi2(t27t1):0 (19)
Substituteformula(16) into formula(17) and ac-
cumulaepoints, thus:
2T-t,) 1
A(x?-A%ot)e * +A%t)?-2t=A%c-1 (20

Parameter F,z inthemodeling above hasbeen

estimated in model, use some datafrom mid-long run
championship (intable 2, man) to get the estimation

vaueof candE;:0 =415, E, = 2403.5.
From continuity of t =t,, theformula

AF(1-e *)=1 (21)
can beobtained, first Substituteformula(21) intofor-
mula(23)

Lo “t/Ty2 rlidt:it
IO Fot(l—e "")“dt, 0 52 2 (22)

can beobtained, then Substituteformula(26) intofor-
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mula(19), thus:

2_T & +t2)
B Ey+6t, 3
Simplify formula (20), SO:
_2(T-tp) 1

A(r* - KPor)e * +Por]?2 =720 +17 Continue

Simplifying, theresult canbelikethis
A (k)
t,=T+ 2In prEpe

Substituteformula(23) into formula(24), thevaue

of t, canbeobtaned, Subdtituteintoformula(23) again,

and 2 canbeout, Substitutesolved t, and 2 intofor-

(24)

mula(19), graphs t, can beobtained.

CONCLUSION

Inthispaper, theoptima tacticsmodel of mid-long
runisconstructed. Athletesfound the optimal tactics
whichissuitableto them usng thismode withtheir own
Stuationwith thecombination of theathletes’ own body
condition. Thismode can guidetheathletesto carry on
game plan so asto obtain good results. In the specia
physical training, they should check, control and feed-
back the training course comprehensively and com-
pletely based on the system training so asto makeit
scientific, accurate, timdy and totruly improvethequdity
of training. Specid physicd training playsavery impor-
tant roleinthetrack and field sports, whichisasked to
practicefrequently, asthe saying goes, ‘economizeand
avoid running short should often practice’, thus, only
by thisway can the specia performanceof athletesbe
improved. Mid-long running training task isabout how
torunasfast aspossiblein aspecific distance, that isto
say, about how to achieve absol utemaximum speed in
somelimited amount. Therefore, themethodsand means
of all training should focus on the purposefor design-
ing. Without exception, theexcdlent athletesintheworld
areto put “improving the athletes’ speed” in thefirst
place. Therational Speed training method canimprove
the performance of mid-long run athletes, which espe-
cidlyisfitfor thosewho usudly ignorethe speedtrain-
ing of athletes, whose performancewill beimproved
greetly.
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