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AHHOTALMA

B 2008 r. B. HurynuH 1 Konneru [1] oTKpbinu KBasuasuenus (KL) — MoTopHyto 3afady, OCHOBaHHYI0 Ha Mpou3BOb-
Hbix ABueHuax. K[ HabniopaloTca, Korga YenoBek MUHUMU3MPYET ABUMKEHUE [0 TaKOW CTENeHW, YTO CBA3AHHAA C HUM
MbILLEYHAA aKTUBHOCTb Hosiee He perucTpupyeTca ¢ noMolubto anektpomuorpadmm (AMr). Mogo6HO 06bIYHBIM NPOU3BOSb-
HbIM [BUXEHUAM (ABHble ABUKeHWA, ALl) M KMHeCTETUYeCKOMY NpeAcTaBleHUI0 OBUHeHUN (BoOGparkaeMble ABUMKEHNUS,
BL), K[ conpoBorkaaloTcaA cBA3aHHOM ¢ cobbITAMM AecuHxpoHm3aument ([CC) ceHCoMOTOpHLIX PUTMOB 3NEKTPO3HLedano-
rpammbl (33). Onmpanch Ha runotesy M. [skeHHepoga [2] o cyLiecTBOBaHUM KOHTUHYYMa COCTOAHWIA MOTOPHOW CUCTEMBI
Mexxay cosepiuenveM ALl n BL, HukynuH v Konneru npeanonoxunu, 4to K[ MoryT 6biTb AeACTBMEM B NPOMEKYTOYHOM
YacTM 3TOr0 KOHTWMHYYMa. TeM BpeMeHeM, criefyA UX AaHHBIM, NPY YMeHbLUEHWUM aMIAUTYObl ABUKEHWA HAMEPEHWe areHTa
npy coeplennn K[ ocTaéTcA HaMepeHWeM COBEpLUMTb ¢M3NYecKoe LercTBMe. KaknM e 06pa3oM KauecTBeHHaA pas-
HWLA B HAMEPEHUM COOTHOCUTCA C BO3MOKHOW HEMPEPbIBHOCTbI) COCTOAHWUIM MOTOPHOM CUCTEMBI Meay 3afavamMu?

B naHHOM uccneoBaHWM Mbl Nonpo6boBany OLEHUTb FUNOTE3Y KOHTUHYYMa, MOCTPOEHHYI0 Ha MPOMEKYTOUHOM MOMOHKEHUM
KL mMexay ¢m3nyeckumMn n MeHTanbHbIMK AencTBuAMKU. Mbl chopMynmpoBanu e BEpCUM rMnoTe3bl KOHTUHYYMa. 0fHa
U3 HWUX MMEEeT JeNo C MexaHW3MaMmM M03ra, OTBETCTBEHHLIMM 3a BbIMOIHEHWME MOTOPHBIX 3afay M NpefcKasaHue UX CeH-
COPHBbIX MOCEACTBMIA — COracHo runoTese, pabota sTMX MeXaHW3MOB U3MEHAETCA HEMPEPbIBHO MeXAY MOMHOLEHHBIMM
A0 v BL. [pyraa BepcuA runotesbl OTHOCMTCA K 0CBEAOMAEHHOCTM areHTa [3] npu coBepLueHUW OBUKEHWI, Npeanoso-
HUTENIbHOMY KOHTUHYYMY MeHTanbHbIX cocToAHMiA areHTa mexay AL v BI. CornacHo BTopow BepcuM, areHT nepermBaeT
Hekune pencteua Mexxay AL v BI (Hanpumep, KI) Kak NpoMeyToUHble.

Mol npegnonaranu, 4To, eCnM nepBas BEpPCUA TMNOTE3bl KOHTUHYYMa BEpHa, CTOWUNO OXMAATb KOPPENALMM Meway aM-
nautygamu [CC n octatoudon IMI B K. 370 npeanonoreHne 6bIN0 OCHOBAHO Ha CaMoM MPOCTOM peanu3aLum runo-
Te3bl KOHTMHYYMa: B cnyyae fI[l MMeeT MecTo BbICOKAA MbILIEYHAA aKTUBHOCTb U JECMHXPOHM3ALMA J-pUTMa, a B Clyyae
Bl npx noytn nonHom oTcyTcTBUM MblweyHon akTuBHocTM [ICC oKa3biBaeTcA 3HAaYMMO MeHbLue. [T0CKOMbKY HanpAMeHue
MBbILLL, ABAIAETCA NPAMbIM CNELCTBUEM paboTbl MOTOPHOW CUCTEMBI, U3MEHEHWE MOLLHOCTU CEHCOMOTOPHBIX PUTMOB B He-
KOTOPOM OKHE 3Ha4eHWI [oMKHO 6bino 6bl MogynMpoBaTh aMnautyay 3MI. [InA npoBepKu BTOPOM BEPCUM FUMOTE3bI KOH-
TMHYYMa Mbl PeLumniv NPOBECTM OMPOC MUCMbITYEMBbIX, YTOObI NOHATL, Kak K[ BOCMpUHMMAlOTCA OT MEpBOro MWL, U B YEM
COCTOAT UX Cy6beKTMBHbIE 0TAnumMaA ot AL v BL.

B HaweM uccrenoBaHum yyactBoBanu 23 340p0oBbIX MCTbITYeMbIX. Kak 1 B akcnepuMeHTe HUKynuHa v Konner, MOTOpHble
3ajlayy B HalUeM 3KCMEepUMEHTE OCHOBbLIBANINCL Ha OTBEAEHWM 60MbLUOro Manbla. 3T0 ABUMKEHME COBEpLUAETCA Mocpea-
CTBOM HanpseHua Mbilbl m. abductor pollicis brevis, No3BonAoLLEN PerucCTpUPOBaTh MbILLEYHYI0 aKTUBHOCTb C BbICOKOM
TOYHOCTbIO. JKCNEPUMEHT Bbin pasbuT Ha 2 AHA. B mepBbifi feHb MCMbiTyeMble 06yqanuch 0TBEAEHUI0 BOMbLLOrO NanbLia,
KO v KnHecTeTU4ecKoMy NpefcTaBNeHWI0 ABUHKeHNA. Bo BTOPOM AeHb MCMbITYeMble BOCPOM3BOAMIM MOMNYYEHHbIE HABbIKM
B TPEX YCMIOBUAX, COOTBETCTBYIOLLMX TPEM MOTOPHBIM 33fa4aM. B KarkOoM ycnoBum UcnbITyeMble putMmuieckm cosepluany AL,
KO vnmn B[] Bcnen 3a putMamum 13 Tpéx 3ByKoB. [InA Hyxpa 33M-aHanm3a MOTOpHble 3a4ayuM KOHTPAcTMPOBANMCh C 3aayen
Ha CYET 3N1EMEHTOB C/TIOXKHOCOCTABHOM KapTWHKM. Bo BTOpo# AeHb Y UCnbITyeMbIx 3anumcbiBanack MM u 128-kaHanbHaa 33T
Wcnonb3ysa bonee YyBCTBUTENbHLIE METOALI 06pabOTKM, YeM Y NpeaLIecTBeHHWKOB [1, 4, 5], Mbl NpoaHanM3upoBanu pas-
Huuy mexgy [CC B8 KO n B[], a Takke cBA3b Mexay napametpamn 3MI" n [ICC B8 K[. KpoMe Toro, Mbl npoBenu onpoc
uUcnbITyeMbIX. 3afaBaeMble BONPOChI Kacanuch owwylenna apukenna B K[ v BocnpuxuMaeMon peanbHoctu K[ — ucnbi-
TyeMble 4aBanu Ha HUX YTBEpPAUTENbHbIE UM OTpULaTeNbHble 0TBETHI. [ToMMMO 3TMX BOMPOCOB, Mbl MPOCKNIN UCTIBITYEMBIX
[aBaTb pa3BEPHyTbIE OTYETHI 0 CybbEKTUBHOM pasHuue Mexay KO v AL/BL. Mbl nnanmpoBanu conoctaButb IMI 1 oTBETI
UCMbITYEMbIX, YTOObI BBIACHWTD, BAUANA in octatouHas IMI Ha ux cyxpenus o K.
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MonyyeHHble Hammu cpegHue 3Havenna 3MI B K[ n B[ mano otnnyanuch oT 3HadeHun HukynuHa u Konner. OgHako
npv bonee getanbHoM aHanuse IMIT Mbl 06HapYKUM NOBLILLEHHYI0 MUKOBYIO MbILLIEYHYI0 aKTMBHOCTb B fone npob ¢ KI.
KoHTtpanatepanbHblin KomnoHeHT [ICC p-putMa He 3aBucen ot aMnamtygsl IMP, Ho 6bin cunbHee B K[ no cpaBHeHuio ¢ B[,
[laHHbIV pe3ynbTaT No3BoAAET NPeAnonoKmTb, 4T K[ B CTPOroM CMbICie CIOBa M MX aHanoraM C NoBbILLEHHON MbILLEYHO
aKTUBHOCTbIO COOTBETCTBYET YCTOMUMBLIN NATTEPH aKTUBHOCTM MOTOPHOM CUCTEMBI, 3HAYMMO 0TAMYHbIN oT B[l. Takum 06-
pa3oM, K[ ¢ 6onbLuelt BEpOATHOCTBIO ABMAKTCA LIENOCTHBIM MOTOPHBIM GEHOMEHOM.

Momumo 3317, Mbl aHaNU3MpoBanyM CyObEKTUBHbIE OTYETHI UCMbITYeMbIX. Mbl pa3bunu oT4éTbl B cBoHOAHOM dopMe Ha no-
BTOPAIOLLMECH AECKPUNTOPbI Pa3HULbI MEXKY MOTOPHBIMU 33a4aMm 1 UCCNIER0BaNM KOPPEALMI0 MEXY AeCKPUNTOpaMMu,
0TBETaMW Ha BOMpockl ¥ Jonei npob ¢ nosbiweHHon 3MI B ycnosuu ¢ KL. Jona npob ¢ nosbiweHHOM 3MI y ucnbiTyeMbix
He KoppenvupoBana C WX YTBEPHOEHUAMM 06 OLLYLLIEHUU OBUMKEHWUA U BOCpUHMMaeMol peanbHocTv K. [eckpuntopbl
pasHuubl Mexay KO v B TakKe He 3aBucenu oT ocTato4Hon IMI. AHanus oT4éToB B cBO60AHOM GopMe MoKasan, 4To uc-
nbiTyeMble UMenu noxorkue Hamepenua B K[ v ALl, n 3TM HaMepeHnA KoHTpacTMpoBanu ¢ HamepeHnamm B B[1. Hamepenue
K coBepLueHuio aBuKeHua B K1 KoppenvpoBano ¢ yNnoMUHaHWEM «NOChIaHUA KOMaHAbl» MbllLe. [py 3ToM BocnpuHUMa-
eMas peanbHocTb K[ 3aBMcena oT ynoMMHaHUIM UCMbITYEMbIMU HanpsAKEHWA MbllLbl Bo BpeMA coBeplueHua KL, To ecTb
OT CEHCOpHOIA 06paTHOM CBA3M.

Mony4eHHbIe HaMW pe3ynbTaThbl M0X0 COBMECTUMBI C 06eMMM BEpCUAMM rUnoTe3bl KOHTUHYYMa Mexay ALl v BL. OtcyTcTBune
Koppenauuu Mexay IMI 1 KoHTpanaTepanbHbIM KOMMNOHEHTOM AeCUHXPOHU3ALIMM -PUTMA YKa3bIBaET Ha TO, YTO NpocTas
peanusauus nepBoii Bepcum runote3bl He BepHa. [axe ecnu K[ — 310 npoMeyTouHoe gencreue Mexway AL v B[,
Ha 330 OHO NpefCTaBNeHO KaK YCTOMYMBDLIA CaMOCTOATENbHbIA GEHOMEH, a He YacTb HEMpepbIBHOO CMeKTpa AeMCTBUM.
CybbektmeHo K[ neperkmBatoTcsa Kak ALl ¢ HefocTaTOMHOM 006paTHOM CBA3bIO, YTO CHUMKAET YBEPEHHOCTb areHTa B pe-
anbHocTn OBueHundA. OcBeJOMNEHHOCTL areHTa npu cosepluieHMn KL v Bl KauecTBeHHO pa3nuyaeTcAd — 3T0 OTHYET/IMBO
pa3Hble OeicTBKA, HECMOTPA Ha To, YTo obpaTHaA cBA3b npu coBeplueHnn K[ MoxKeT [ONoNHUTENbHO MPefCcTaBATbCA
areHToM. Halue nccnepnoBaHue UMeeT Habop OrpaHUYEHNI: B YaCTHOCTH, KOHTUHYYM [EACTBUM MeXAY ABHbIM ABUKEHWEM
W ero npefcTaBeHMeM MOXKET MPOXOAMTb He Yepe3 KBa3MOBMMKEHWA, a Yepe3 HeKoTopoe MHoe fencTBue. KOHTUHYYM
COCTOAHMI MOMET BbITb YCTPOEH HAMHOMO Bonee CNOMKHO, YeM Mbl Npefnonarany 3gech. [pyroe orpaHUYeHne CBA3aHO
C OTHOCWTENBHO MasbiM Pa3MepoM BbIOOPKU B 3KCMEPUMEHTE — AN U3YUYEHWA KBa3WUABUMKEHWUN 6bi0 6bl NONE3HBIM
AanbHeLlee YyTOYHEHUE pe3ynbTaToB C MPUBIEYEHNEM BOMbLLEr0 YMCA UCTIBITYEMBIX.

KnioueBbie cnoBa: KBasuaBUMKeHWE; MOTOPHOE BOOBpaeHWe; ceHcoMoTopHble puTMbl; I3M; IMI; areHTHaA ocBefoM-
NEHHOCTb.
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How can quasi-movements be useful in the examination
of voluntary movements? An external perspective
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ABSTRACT

In 2008, V. Nikulin et al. [1] identified quasi-movements (QM), a type of motor task relying on voluntary movements. QM become
noticeable when a person reduces a movement to the point where its associated muscle activity is undetectable through
electromyography (EMG) signals. Like overt movements (OM) and kinesthetic motor imagery (imagined movements, IM), QM
prompt event-related desynchronization (ERD) of the sensorimotor rhythms of the electroencephalogram (EEG). Drawing upon
M. Jeannerod's [2] claim concerning the existent line of motor system states between OM and IM, Nikulin et al. postulated that
QM could fall under a classification of actions in the intermediate section of said range. Notwithstanding, their findings indicate
that, as the magnitude of motion dwindles, QM will continue to manifest an agent’s inclination towards executing a physical
action. How does the difference in intention relate to the range of possible motor system states across tasks?

In this study, we evaluated the continuum hypothesis based on QM's intermediate position between physical and mental
actions. We developed two versions of this hypothesis. One pertains to the brain mechanisms responsible for executing motor
tasks and predicting their sensory outcomes. According to this hypothesis, the operation of these mechanisms continuously
shifts between full-fledged OM and IM. Another version of the hypothesis posits the agent’s awareness [3] of action and
proposes a continuum of the agent’s mental states ranging from OM to IM. The second version of the hypothesis suggests
that the agent perceives certain actions situated between OM and IM (such as QM) as intermediate ones.

If the first version of the continuum hypothesis is correct, a correlation between ERD power and residual EMG in QM would
have been expected. This assumption was made based on the realization of the continuum hypothesis. In the case of OM,
high muscle activity and desynchronization of the p-rhythm occur, whereas in the case of IM, there is a significantly lower
ERD with almost complete absence of muscle activity. Since muscle tension is a direct result of motor system function,
variations in the power of sensorimotor rhythms within a certain range may regulate EMG amplitude. In order to examine
the second version of the continuum hypothesis, we have opted to survey participants to gain insight into how individuals
subjectively differentiate between QM and OM in addition to IM when viewed from a first-person perspective.
Twenty-three healthy participants took part in our study. The motor tasks in our experiment were based on the thumb
abduction method used in Nikulin et al.'s study. This method involves tensing the m. abductor pollicis brevis muscle,
enabling accurate measurement of muscle activity. The experiment was conducted over two days, with participants receiving
training on the first day for performing thumb abduction, QM, and kinesthetic motor imagery. On the second day, participants
replicated their learned skills under three conditions, each corresponding to a different motor task. They rhythmically
performed OM, QM, or IM following rhythms consisting of three tones in each condition. To facilitate EEG analysis, the motor
tasks were compared to a visual attention task that required participants to count the elements in a picture. On the second
day, the participants’ EMG and 128-channel EEG were recorded.

Using more sensitive processing methods than in previous studies [1, 4, 5], we analyzed the disparity between ERD in QM and
IM and explored the correlation between EMG parameters and ERD power in QM. Furthermore, we administered a survey to
the participants, focusing on their perception of motion in QM and its realism. The respondents provided affirmative or negative
responses. We asked participants to provide in-depth reports on the subjective distinctions between QM and OM/IM. Our aim
was to examine whether judgments about QM were impacted by residual EMG by comparing these responses with EMG data.
The average EMG values obtained in both QM and IM were comparable to those found by Nikulin et al. Nevertheless, a thorough
examination of the EMG data demonstrated heightened peak muscle activity in QM trials. While the contralateral component
of the ERD p-rhythm was independent of the EMG amplitude, it exhibited greater strength in QM as opposed to IM. This result
indicates that QM strictly defined and those accompanied by increased muscle activity have a stable pattern of motor system
activity that differs significantly from that of IM. Therefore, QM is more likely to constitute a distinct motor phenomenon.
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In addition to EEG analysis, we examined subjective reports from participants. We categorized the free-form reports into
common descriptors of variations in motor tasks and examined the connection between the descriptors, question responses,
and the proportion of trials with elevated EMG in the QM condition. There was no correlation between the proportion of trials
with elevated EMG and the participants’ reports on the feeling of movement or the perceived reality of QM. In addition,
the descriptors distinguishing QM from IM were not influenced by the residual EMG. Analysis of the free-form reports
revealed that participants had comparable intentions in both the OM and QM conditions, which differed from those in the IM
condition. The intention to execute a movement in the QM condition correlated with References to “sending a command”
to the muscles. Additionally, the perceived reality of QM correlated with mentions of muscle tension during QM, indicating
sensory feedback.

The obtained results are not well-matched with either version of the continuum hypothesis. The lack of correlation between
EMG and the contralateral element of p-rhythm desynchronization suggests that the simplest realization of the first version
is incorrect. Although QM acts as an intermediate between OM and IM, and EEG presents it as a steady independent
phenomenon instead of being part of a continuous range of actions. Subjectively, QM is experienced as an OM with
insufficient feedback. This reduces the agent’s confidence regarding the movement's reality. The agent’s awareness when
performing QM and IM differs in quality as they are distinct actions, despite potential imagined feedback in QM. Our study
has some limitations, specifically regarding the range of actions between overt and imagined movements, which may not
necessarily involve QM. The states within the continuum may possess a complexity greater than the previously assumed
arrangement. Another limitation is associated with the experiment’s relatively small sample size. It would be advantageous
to use a larger sample size to gain better insights into studying QM.

Keywords: quasi-movement; motor imagery; sensorimotor rhythms; EEG; EMG; agentive awareness.
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