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h: ~,"~:',. ~ c t ~ t  often ten~ m~,~'~e g r o ~  which do no~ directly 3 f f ~ t  die realization) of a) ~),~vemen! 

~ . c t  ~ ~:ei'~:-~;x)rl of op~-~o~Itr rcaction~ is evidently explained by the dlffcrent eoe~dition~ ~),'~' : , '~ it~ the 
c~pe~>::.~-:~ ~f ~r v~,,~ou,~ au~>ors, which pron;otedvarlous type~ of reaction. 

~; ; 3 3 .  L ~,L Seche,~v ~14] :bowed that efficiet)cy can be r quickly restored to a faUgu~,~ )i};ht arm 
when C:r ~r ~ ~ ~n action. Sec'henov e~(piained t)~is p:,e,,o~c~,ott by the fact d)at "the ~urcr o$ t,~tigue is 
i~ol ~e, L ' .  ~:,~zc|e~, ~ t  in dm proce~ms occurring in the nerve Centers ' .  

7 'm  ',,.~r~s of  later at)t~hor~, who studied work and active Zest conditions |n more deta~.l, [G, 7, ~, 9, |0 ,  13, 
1';~ *~'m~ ~ t ~  ~'~: ,effect of  a t~)um~Jl~)r contracuon can change depending on the condiUorls O~" aeOvit}t pre,ent 

in. o t ~  ~ t ~ t  group*. 

T ~ *  ~ p o ~  o f  our work was to study )Ira effect  of  conuacttons in "supplementary" muscle gtO~)p~) o~ lf)e 

ef f ic ) (~c~  + of ~'.~ ~,c~.~z activi  ty. 

E X P E R I M E N T A L  M E T f i O D S  A N D  R E S U L T S  

~ r  ~ c ~  5 ~eries of experime~t~ s~dying the force, speed, dmadon and frequency of  mOVe~mm~n 
d i | f e ~ t  ki~L~ o( mut.cu~r aCLtViP/. "T'he results of several variants of the same simple moveme|t[ we~ examined 

L~ ~-~ fLt~4 ~(~ies of experiJ)mnts. ~le maxima| muscular mnsion In "s l id ,  8" and "at ease" po~lHol|l wal 
de~en~i~r L~ 41 ~en by measurenmnt with a hand dynamometer. The tendon of mu~ular group, wldch did 
~)o~ di~ec~,y $)arUc~te in pressing the dynamometer In the "sitting" position, namely, the mu)cle) Ot ) die ~rtmk 
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and leg~, ~ ;  ex'.Ig~ed. In the ~ ease" position, uhe ~ub~ect pre,ed the dynamometer in the pose most corn- 
foruble ~ h/re. The mz}or o. r the subjects, in this c ~ e .  performed I ~erles of movemen~ - the arm wa! 
abt~tpdy dropped down ~om the dynamometer, the lub)ect ~uatmd and Inclln~d t ~  trunk forward. Then the 
other arm u~uaRy became tense and the jaw~ clenched. 
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~g. I. H~a~ d ~ m o m e u ~  in ~r  "R~ting- 

in 95 out of 100 ca,es, greater mu,cular force was 
shown in the "at  ease" podUon, In 4 cases, the remits 
were Identical In both posldons, and In only one case, 
s~eatcr muscular force wa~ shown In the "dtdng" podt~a .  
The Lncw.~ed force in the "at e~se" podflon was. on file 
average, 1 ~  as compared with the "sitting* podtion; 
Indlvld~l fluct~dons ~eached 30-40~ 

Figure I shows the ch~ge in the hand dynamometer 
in one of ~,e s~bj~cu. 

The force of mtocuMr con~actlon was :tudied wlth 
aa ~,~erda dynamomettr in the ~econd ~ries of experiments. 
"l"~ ~inci~le of C'~e inertia d~naroome~er, which was con- 
st~cte~ by N. N. Goncharov [;5] consists in contra~dng the 
force of lae~,~a with the force of muscuL~ contraction. 
F l y i n g  ~ arm at tt*e elbow tn the frontal plar~ with 
m,ax:L'r;al f~ce,  ~',e s~j~ct  st/elched the rope, unwinding 
~Y~e d i ~ .  A c c ~ r ~ g  to the speed ~t whlch the dlsc~ 
r~,~t~, which was a~a~Ically ~ecorded, the force, rate, 
t i : e  ~ d  ~,ela d e r l w t l v e s - t h e  worW and power of the 

w~_e~ ~r ri~h~ ~re~rz~ w~ ~e~ed. ~r force o~ ~ m ~ u I ~ t  co~t~action was compared ~dth r~ree vadanU 

~e ]e.h ~ s~:~ l~ec~l ) -  e• with a lo~d of 5 ~g (%~)-mmetricaI" mo,cemenQ. 

~ l  of OCO mc~e=~e~t~ Ln ~ men wa~ recorded oa ~:e i ~ d ~  d y r ~ o ~ e t e r .  "lhr force of the rlght arm 

~ e ~ e  effec~ ~ p p ~ d  more c]e.~rly i~ ~ork ~r ~e~,.red~nce.~ (power metJbed). The amounl of effort 
i~ a~}~me~rical ~o~;c~:;~nt~ m c r ~ . ~  ftorn day ~ d~y, w~ch d~  not occur in the ccmtr~cdon of symmetrical 

The example given ~ow~ ~ a t  aryr~metrical ~ o w ~ e a t  could have a ~Llg~ht podtive effect on ~ e  very 
first d~y u~ one subjec~ but a nega~ve effect in ano~Ser, ott]y g~adually, afte~ 5 day~. becoming positive. T I ~  
is expl~Ir, ed by ~be d~ffe~eace L~ indi~Idt~a~ ~b111ties to ~ s t ~ j  ae-,~ ~.~vements, which is confirmed by the afille- 
tic ch~,~c~e~d~tic~ of the ~uL~ect~ m~d by c~ful and s)~n~atlc observations made on them. 

~ e  other h'~'icr of musc~la~ activity ~ho cb~r.ge~ ~epend~ng o~ u~he experimental variant, W ~ n  the 
" ~ t  ~z~,, /~-f.~==~d ~ :~.~..e~c.~l m~r the "-w-ed Of .,~h~. L,m fle• i~crea~d; the t ime of flexion, de- 
c~e..~d in com/~fi~on ~Ith tYa~ fits= v~rlant, L e., when d'~e left ~rm wa~ re~xe~L 

L~ ~e Lhs ~enes of experiments, we sWdied ~ effec~ of left arm muscle con~'acdom drying fatigue 
ca~ed ~y rn,~ny repe.a~ed fle.~ic~ of t.he right arm with maxh~al fo~e. The subject flexed file right arm at flus 
elbow many th~es, ~ulckly. and the~e ~exions were receded  on ~ e  inertia dynamometer. At different time~. 
tb, e work f~dgue of the'dgh~ ann included ~e left arm. ~ a ~ d ~  subject continued to flex the right arm while 
the s),-:c~me~c~l muscles of the left ~ m  conuacted m'n~t~ra~ously. In all 5 of the subjects, the effort of fl~ 
~atigued .d~ht arm w~ rzi~ed ~ ~ ~}gir~l level o~ higher by the includon of the left arm In file wink (Fig. ~j~ 
The aveaage i~cre~,e in effort was 1 ~ ,  reaching 2~ -3~  in indlvldual movements. 

Var~tag the numbex of left am~ musculatt contrac~om and grouping them in a definite otde[ and time of 
in~l~,don, we found c ~ J i n  patmms: ~ positive effect of Inc}udlng the left arm In fl~ work increased with 
~gue4 t~e LrmlmLou of th~ g~onps c~mtalnin S ~-8 flex~r~ produced the ~eat~st efficiency." the gre~t~t Incee~ 



Change hx the Fmce of the Right Arm In 2 Men ~-sultlng From Simultaneous Flexion or 
Exte~ion of the Left Arm (average effort of 10 movements in percent of the averade el.. 
forts exerted by the right arm. when the l e f t  was lrelaxed) 

Dayofexperl-[ment t [ I 

flexed , . . .  I l l  lgS 

w'~enle~t ~ m  t I 
W~s simultane- i l o~ ly  exteMed~ 10t 10~ 

, h.l,i.,ll,i,j,l.i,I �84 

,ol,,.1,,2f,,.1  19.t .t 110 

in ~ e  work of L~e right arm wa, 4 - ~  and was ob,.amed when tim left arm was included ~vera!  t ~ e s  1o the 
.wo# (Fig. 2); r~: effect of including the left arm in-Lhe ~ork h~d a:peak-lfke character (Fig. 2), which, It woultt 
ap; ,ar ,  ~eftec~ the development of s,~ece~lve 13o*ldve lnd~c6on at the dine. 

In ~ e  fo~t.h se~te~ of experLm~ent~, we s~d~ed t.qe m~xit, t~m d~atfoa of trade effort. "l'he subject held a 
load-weI#~tn~ f~m 1+3 to 5 kg in ~tts right arm, wMcY, ~'at extended sideway, a~ far a, po*~iMe. Th~ move-neat 
of d~e loaded arm wa~ recorded ~i~ectly o~ ~ k~:ogra~.~ ~ .~ .  When ~ign~ of f ,  ttgue ap,v'.-ated in ~he right arm 
(drooping, marked ~e~or ,  etc.), at a sa~'~aL t~c s~bjec't'e~tended M~ left arm ddeway~, or moved his left arm 
of leg rhythmically. .~. ,e ten.~lon of Lhe left ~rm or leg m~,cle, prolonged L~'~e time hhat ~ e  right ann could kold 
the load. According to t,~e dat~ from l~0 expe~t~ena, t-~,e average i n c r e ~  in tF, e 5 ~bjects was 'V~ The ef- 
fecl of Including l~h, lef~ am~ m~cle~ in ~ e  ~cr~It--/e.a~ be ~en  in the r~:,cV, a~'.ogtam - L~e right arm, holding 
:~e load, was eievated a~ ~3on ~ ~ e  left am~ Jolr.ed in L%e acryliC; t~e f l~c~f lon  ampi!t~de of ~e  tight a,m 
~ec~ea~ed, etc. 
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Fig- 2. Effect of conttacl~n of left ~ muscl~ on the efflclencyof the 

right ~sm In one of subjects. 
1) P;l~h supplementary flexion of I~r left arm; 2) without supplementary 
~ o v ~ / n e n t L  

In the fifth series of ~ l m e n u  t we sm~ed t e ~ n  In the upper Por~toa of ~ body from rhyflxmie move- 
meats of the legs. Sitting In a relaxed pose. the subject turned the pedal* of a bicycle ergometer (40-50 pedal 
~ros l~r minute), "then, at a signal. ~ d  the mmcles of ~ e  body, grasped ~ handle more tightly, lightly 
fl~d tensed arms, and clenched hls jaws. The res,~It of 70 expe!Iments was ~t the ram of movement incseased 
aa avexage of 30o~ In aH 7 men d~rtug ~m u~nslon, and ~malned  increased throughout the mo~ton period (F18.3)' 
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Fig. 3. C-~ange in rotation r im of bicycle ergometet pedals 
m one of the subjec~ when #.r muscles of the upper part of  
t~he ~u~k were tensed. 

With supplementary body muscle tension; ..-- without 
s~pplementary movements.  

DISCUSSION OF RESULTS 

The data obtai~.-ed can be considered w be the t c ,  ult of induezed influences from one reglon o f  the ce,'~- 
br~  co~'.=x a~,~on at~ot~,er region. Yet I. M. 3echenov ob-,.erved t~hat afferent impulses entering nerve centers 
ffo~: da~lr ~o rk~g  ,muscles mq~ence the condition of o~'~er muvtular group ce~.tets. A. A, Ukhtom~My [4] 
~':o~e~ ~'~t ~ u l a g o ~  of tingle centexs can only intensify ~ e  stimulation proces~ tn other centers when ~,e~e 
o';'~er c~;e: '~ become �9 dot~nath~g focus, In out expc, imen~,  ~ e  dominant regulating unit originated d~lng  
~r~! i:~,u-~cUoa, ~,-hich creamd a condition of heightened excitability In the mou)t analy~)r even before any 
,~:ove~.*:ea~ ,-~s t>e~a. The affe~r. t  i~p~L~e.~, wh|ch a~o~e at  a definite time d ~  to tcn~,don of "supplemen~ry* 
a~::c~e ~:o~:p~. ca~u, ed i tm,c~ed ~dmula~oa in '.he dominant focm and an lntendfled contraction. 

Sy~t~::~e~ic~! t~ove~e~t  o~" ~:e a-m~ prosuced ~e. greatest effect in dm expeflmeJ~t, on the tnerda dyv.amo. 
~:e~er, ~i~ce a~}~met~ica|  rr~ove~,.ent first pro:~ced a weaker, or negative~ effect, which only gradually, with 
p r~ ,~ ,e .  L.ec,~:~e po,.ittve. There can evidently be a negative lnducemem along with ~e  podtive,  de/ending 
e~ ~ir ~ t ~  ~[ n.~ve~re~r pc:formed d~ultaneou.tly. 

It h ~-.~,~ible # ~ t  u~e grea~e,t positive effect t, produced by the type of movement  cembinaflom found 
~ o , :  freq~er~y in ! ~ t  and a~letic~,  which are fixed conditioned reHexes (s)~.~met~lcal n~ovement of the arms). 

T~.e po.~i~ve effect ob~2i~ed by inch~di~,g certain "suppler~entary" movements In t~, activity is especially 
~a : ?ed  ~:  ~ ~ack~-ound of fatigue, ~hic~ ~ evidently connected with change ia the t ~ c t i o ~ t  Condition of  the 
aer .e  :e.~te.~ in ~ e  cortex of ~ e  ce,  eb~al hemisphe:es, Acting through proprioceptar.~ on the central nervom 
sy~m~, one can t~crea~e the efficiency of a fatigued txxty and eliminate, for ~ome time, the advance of fatigue. 

SUMMARY 

T'~e effect of ~ c u l a r  set ,  ion ir~ "supplementary" muscle groups on the efficiency of odP.4' muscleJ wal 
~udted in five ~eries of ex ixr tmenu  with v~:iom fom~ of mu,cula~ ~ctivity: muscular contraction, static effort, 
.cyciic movemen~.  

It.wa~ earabll~ed that the inclusion of muscular groups which are not involved directly in ~he performed 
mo~emen~ improves the efficiency of the main movement ,  The effect  w~  most complcuou, during fatigue. 
T ~  re~!L;wert  analyzed on the basis of the Sechenov, l ~ v ~ ,  and Ukhtomdty t~cxle.t,  
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