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Abstract. In 1947, N.A. Bernstein hypothesized “repetition without repetition”. Therefore,
the problem of recording objective differences between voluntary and involuntary movements in
biomechanics arises, which was the purpose of these studies. Materials and methods. A group
of men (age <T> =27 + 1.8 YO) was examined according to tremor (involuntary movements) and
tapping parameters (voluntary movements). Results. Pairwise Comparison Matrices were created
for each subject. It was found that for tremor, the number of k samples pairs (which statistically
coincided) did not exceed krz < 5% in these matrices, and for tapping k7, < 12%. Conclusion. All
the matrices for all the subjects showed the lack of statistical stability of the samples (for both
tremor and tapping). This is the proof of N.A. Bernstein hypothesis and the Eskov — Zinchenko
effect. However, the k7, number is always 2-3 times greater than the &7z number, which is an ob-
jective assessment of the differences between voluntary (tapping) and involuntary movement

(tremor).
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Introduction. Over the past 50-60 years,
a discussion about the objective assessment of
voluntary and involuntary movements in biome-
chanics has repeatedly arisen [1, 2, 7, 10, 14, 15].
This problem became even more acute after
the proof of Bernstein’s “repetition without repe-
tition” [3, 11-13, 16-20] and the Eskov — Zin-
chenko effect in the form of statistical instability
of tremorograms (TMG) and tappingrams (TPG).
This Eskov — Zinchenko effect questioned
the further use of traditional statistical methods
in biomechanics [2, 4-9, 8-13].

Obviously, in the light of the Eskov — Zin-
chenko effect, it is necessary to develop new me-
thods and models for describing both voluntary
movements (tappingrams) and involuntary
movements (tremorograms). This is explained by
the fact that any sample of tremorograms and
tappingrams can be unique. It has no repetitions
in biomechanics. One of such promising methods
for assessing movements is the method of Pair-
wise Comparison Matrices. Such matrices con-
tain the k numbers of pairs (tremorograms or tap-
pingrams) that can have one common general
population. It turned out that these k numbers can
characterize the physiological state of the subject.
Here we use this matrix calculation method to

objectively assess the differences between tremo-
rograms and tappingrams.

Materials and methods. A group of 15 males
(average age <T>= 27 + 1.8 years) was repeatedly
subjected (15 times for each subject) to tremoro-
grams (in a calm state, sitting) and tappingrams
recording for the index finger. In this case, a pa-
tented recorder based on eddy current sensors was
used, which ensured the accuracy of recording for
the position of the finger along the vertical axis
of at least 0.1 mm (Ax < 0.1 mm). Tremorograms
and tappingrams recording was carried out for
the time interval of Az = 5 s. The analog signal
was quantized (quantization period 7 = 10 ms) so
that in each sample of tremorograms or tappin-
grams there were at least 500 points (the x,(¢)
coordinate vertical position of the finger).

For each subject, 15 samples of tremoro-
grams and tappingrams were obtained. As a re-
sult, matrices of pairwise comparisons of these
samples were constructed, in which the number &
of samples pairs were determined where the
Wilcoxon criterion p was p > 0.05. In this case,
such a pair could have one common general
population. These pairs (krz for tremorograms
and kyp for tappingrams) were compared for each
subject.

Yenosek. Cnopt. MeguuuHa
2021.T. 21, Ne 1. C. 145-149

145



CnopTuBHasa TpeHUpOBKa

Results. Pairwise Comparison Matrices of
tremorograms showed that the number of kr
pairs of samples coincidences for all 15 subjects
is very small, usually A7z < 5% (for all 105 inde-
pendent pairs in each matrix). This proves
Bernstein’s “repetition without repetition” hypo-
thesis.

The share of stochastics is extremely small
in all 105 different pairs of TMG comparison.
The remaining 95% of couples do not have
a common population, i.e. they are not statistically
the same. This is also proved by the Eskov — Zin-
chenko effect.

The Eskov — Zinchenko effect shows no sta-
tistical stability of samples, each sample of tre-
morograms is unique. Let us emphasize that
the possibility of pairs statistical coincidence
(registered in a row) is generally inappreciable.
The probability prz° of such a match is usually
prxe < 0.01. Any sample of tremorograms is
unique, and the proportion of stochastics is ex-
tremely small. To compare, we present a Table 1,
where the number k7 = 3, i.e. here the share of
stochastics is less than 3%.

The result is different for voluntary move-
ments. Table 2 shows representative Pairwise

Table 1

Tremorograms Pairwise Comparison Matrices of the same person, Wilcoxon test
(p < 0.05, number of matches kg = 3)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0,00 | 0,00 | 0,22 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
2 10,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
3 10,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
4 10,22 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
510,00 | 0,00 | 0,00 | 0,00 0,72 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
6 | 0,00 | 0,00 | 0,00 | 0,00 | 0,72 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
7 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
8 | 0,00 | 0,00 0,00 0,00/ 0,00 0,00 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
9 | 0,00 0,00 | 0,00/ 0,00(0,00/| 0,00/ 0,00/ 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
10 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00
11 | 0,00 | 0,00 { 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00
12 | 0,00 | 0,00 { 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,51 | 0,00
13| 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00
14 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,51 | 0,00 0,00
15 1] 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 [ 0,00 | 0,00 | 0,00 | 0,00
Table 2
Tappingrams Pairwise Comparison Matrices of the same person, Wilcoxon test
(p < 0.05, number of matches kg = 13)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0,28 | 0,00 | 0,33 | 0,00 | 0,88 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,02 | 0,00 | 0,01 | 0,00
2 10,28 0,31 | 0,00 | 0,00 | 0,00 | 0,52 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,07
3 10,00 0,31 0,00 | 0,00 | 0,00 | 0,32 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,22
4 10,33 | 0,00 | 0,00 0,09 | 0,84 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
5 10,00 | 0,00 | 0,00 0,09 0,03 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,01 | 0,00 | 0,00 | 0,00
6 | 0,88 | 0,00 | 0,00 | 0,84 | 0,03 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,02 | 0,00 | 0,03 | 0,00
7 10,010,521 0,32 0,00 ]| 0,00 | 000 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,34
8 10,00 | 0,00 | 001 0,00]| 0,00 0,00/ 0,01 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,01
9 10,00 | 0,00 | 0,00 | 0,00 | 0,00]| 0,00 0,00 | 0,00 0,04 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
10 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,04 0,00 | 0,00 | 0,00 | 0,00 | 0,00
11 ] 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,76 | 0,00 | 0,00
121 0,02 | 0,00 | 0,00 | 0,00 | 0,01 | 0,02 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,26 | 0,00
131 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,76 | 0,00 0,00 | 0,00
14 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,03 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,26 | 0,00 0,00
150,00 | 0,07 | 0,22 | 0,00 | 0,00 | 0,00 | 0,34 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
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Comparison Matrices of tappingrams samples.
Here, the pairs number of k7, samples of tappin-
grams, which can have one common general
population, is significantly greater than the num-
ber of kzz in Table 1. Usually, the value of k7, is
2-3 times higher than for tremorograms.

This pattern is typical for all tremorograms
and tappingrams matrices when they are com-
pared by the k parameters, i.e. the number of
pairs of samples for which p > 0.05. It is obvious
that active consciousness intervention in oscilla-
tory movements of the subject's finger (against its
involuntary tremor during postural tremor, see
Table 1) severely changes the share of stochas-
tics. In a number of matrices, k7, reaches 15% off
all 105 pairs of tappingrams samples comparison.
However, it is still a small value.

Statistically comparable samples are ob-
tained with a probability p > 0.95 in stochastics.
For example, these are the requirements for
the confidence level, but we have p < 15 %, which
is a very small value. Let us note that 15 different
subjects (during tremorograms and tappingrams
recording) will show the samples' Pairwise Com-
parison Matrices very similar to Table 1 (for tre-
morograms) or Table 2 (for tappingrams). In other
words, the samples of tremorograms or tappin-
grams of different subjects will not statistically
coincide, i.e. we observe the Eskov — Zinchenko
effect for the group. In fact, this is the loss of
homogeneity in the group of subjects

Conclusion. Any parameters of tremoro-
grams or tappingrams (both for one subject in
the n = 15 repetitions mode, and for a group)
show statistical instability of tremorograms or
tappingrams samples.

This got the name of the Eskov — Zinchenko
effect In biomechanics, the Eskov — Zinchenko
effect proves Bernstein's “repetition without re-
petition”. Because of this effect a significant
problem arises in the analysis of tremorograms or
tappingrams within stochastics. How can a change
in the NMS state be registered if, in an unchanged
physiological state (with repeated measurements),
the samples of tremorograms or tappingrams are
continuously and chaotically changing? To solve
this complicated situation, it is proposed to calcu-
late the samples' Pairwise Comparison Matrices.
It turned out that the number of k7 pairs of sam-
ples (p = 0.05) for tremorograms is always less
than ky, for tappingrams.

While performing voluntary movements hu-
man consciousness increases the share of stochas-
tics (kz, > krg). However, in any case, the statis-

tical chaos of the tremorograms and tappingrams
always prevails over stochastics. All samples are
unique, and the possibility of neighboring sam-
ples coincidence (recorded in a row) is extremely
small (prz° < 0.01, prr” < 0.02). All this limits
the possibilities of stochastics further use in as-
sessing the organization of movements and phy-
siology of the NMS in the whole. New models
and new methods of motion analysis are needed.
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WOEHTUOUKALNA OB EKTUBHbLIX PA3ITUYNA
MEXAOY NPON3BOJIbHbIMU N HEINMPOU3BOJIbHbIMU

ABUWXEHUAMU B BUOMEXAHUKE

M.A. ®unamoe’, B.B. MonyxuH’, J1.C. Lakupoea®

'Cypaymckuti 2ocydapcmeeHHbill yHusepcumem, 2. Cypaym, Poccus,

2PedepanbHbill HayyHbIl ueHmp HayuHo-uccredosamernbckuli uHCmMumMym
cucmeMHbIx uccriedosaHull Poccutickoli akademuu Hayk, e. Mockea, Poccusi

B 1947 rony H.A. BepHIITEeiH BBIOBHHYJ THUIIOTE3Y O «IIOBTOPCHUU O€3 TOBTOPEHUIN.
B 3T0if cBA3M BO3HHKAeT mpobiieMa OOBEKTUBHONW PETUCTPALINN PA3TUIHIA MEXy MTPOU3BOIIb-
HBIMH ¥ HETIPOW3BOJIBHBIMH ABI)KCHHUAMH B OMOMEXaHUKE, YTO M COCTABMJIO I€JIh HACTOSIINX
uccnenoBannii. O0bekT M MerToAabl. OOcnenoBamack Tpymnma MYXKYHH (CpeIHHN BO3pacT
<T> =27 + 1,8 roga) no mapamerpam Tpemopa (HEIIpOMU3BOJIbHbIE IBUKEHUS) U TEIIHHIA (KaK
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HpOI/l3BOJ'le]>Ie HBI/I)KCHI/IH). TpaeKTopMa JOBWKCHUA ITaJIbLa I/lCl'[I)ITyeMOFO le/I TpeMope U TCII-
MUHIe PETUCTPUPOBANIACH KaK HAOOp JMCKPETHBIX TOYEK, I KOTOPHIX (mocie 15 moBTOpPOB)
CTPOWJINCHh MATPHIBI TAPHBIX CPAaBHCHHU BBEIOOPOK. Pe3yabTaThl. [N KakJOro HCIBITYEMOTrO
ObLTa IMOCTPOCHA MATPHIIA MAPHBIX CPABHEHUI BRIOOPOK M OBUIO YCTAHOBJICHO, YTO JUIS TPEMOpa
B 3THUX MAaTPHIAX YUCIIO Tap k BHIOOPOK (KOTOPHIC CTATUCTHYCCKH COBIIANAJH) HE IMPEBEHIIMIACT
krr< 5 %, a mnsa termmHTa k7p < 12 %. BpiBoabl. Bee MaTpuimb! st BceX HCIBITYEMBIX ITOKA3aH
OTCYTCTBHE CTATUCTUYECKOW YCTOMYMBOCTH BBHIOOPOK (Kak Ul TPEMOpA, TaK M Uil TEIHHTa).
OTto nmokaspBaeT peanbHOCTH rumore3sl H.A. beprmreitna u 3¢ dext EcpkoBa — 3UHYECHKO.
Onnako 4yucio krp Bceraa B 2—3 pasa OoJibllie, YeM YHCIO kg, UTO U SBIAETCS OOBEKTHUBHOM
OLIEHKOH pa3inuuil MeXIy NPOU3BOJILHBIM [BH)KEHHEM (TEHIIMHIOM) M HENPOU3BOJBHBIM
JBIDKCHHEM (TPEMOPOM).

Knroueswte cnosa: mpemop, mennune, Mampuyvl napHuix cpaenenul, s¢pgpexm Ecvrosa —
Sunuenxo.
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