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Research relevance. Modern elite
sport needs continuous improvement of
training methods and technologies in the
training process, taking into account the
individual characteristics of the athletes'
body.

In accordance with these require-
ments, coaches choose, in their opinion, the
most optimal training regimens for athletes
long before the competition and immediately
before the competition, often paying tribute
to not entirely justified ideas that the greater
the training load, the higher the sports
results shown by the athlete should be. In
this process, breakdowns sometimes occur
when athletes are not able to show seemingly

objectively expected results, and in rare
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cases it ends tragically, even with the sudden
death of athletes [3, 5, 6]. To clarify many
issues related to the regimen, duration, level
of training loads [2], it is advisable to
reproduce models on experimental animals
[4, 8, 9, 10, 11]. In many sports medicine
studies, when studying the state of the
cardiovascular system, even under expe-
rimental conditions, the emphasis was on
organometric or electrocardiographic mo-
ments [7, 8,]. And what happens inside the
heart muscle cell itself remains a little con-
secrated question.

Our morphofunctional studies of the
cardiac muscle of experimental animals at
the cellular and ultrastructural levels yielded
unexpected results. The latter could shed
some light on the above problems and curio-

sities. The problem was that in experimental
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animals that were trained through swi-
mming, the magnitude of the force of
contraction of the myocardial strip sample
varied over a very wide range, despite the
fact that the conditions for keeping and
training were the same for all animals. Later
it became obvious that the observed
unexpected result are related to the problem
of physical overload, fatigue of athletes
during exhausting training or competition,
to the problem of restoring the body of
athletes after large long-term limit loads. It
also became clear that both the observed
phenomenon and its analysis are of
significant practical importance.

Research aim: to find out the nature
of the impact of a combination of extreme
physical activity and different duration of
post-exercise rest on the function of

myocardial contractility in experimental
animals.

-To achieve this goal, the following
tasks were set:

1. Carry out a comparative analysis of
the patterns of ultrastructural organization
of cardiac muscle cells in two groups of
animals: a) normal healthy animals living
with normal daily physical activity, and b)
animals adapted to prolonged maximum
physical activity.

2. Assess the strength of myocardial
contractility using a multivariate systemic

quantitative morphological analysis based on

the methodology of Quantitative Functional
Morphology (QFM).

3. Check the adequacy and evaluate
the accuracy of the QFM method for
measuring  cardiomyocyte  myocardial
contractility by conducting simultaneous and
parallel measurements of the force of myo-
cardial contractility using a direct measu-
rement method by micromechanography.

4. Carry out a comparative corre-
lation analysis of the factors that may cause
the detected scatter in the data on myocar-
dial contractility in swimming rats.

Research methods and organi-
zation. The study was conducted on 17
practically healthy outbred male white rats,
weighing 230-280 grams. Of these, 5 ani-
mals served as controls with normal physical
activity in cage, the remaining 12 rats were
subjected to forced daily swimming. The
swimming course was successfully comple-
ted by 5 animals, which, along with control
rats, underwent further research. The study
used 6 main methods: 1. Modeling physical
activity in the form of daily one-hour swi-
mming for 55 days with rest every 7th day.
The duration of swimming at the beginning
was 15-30 minutes, increasing to 1 hour by
the end of the first week. Animals swam in a
group, in a bath indoors, with water at room
temperature, in July-August-September. The

water level in the bath was higher than the
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standing height of the rats, so they could not
reach the bottom with their feet to rest.

2. From five control rats and from five
swum rats, after slaughter in compliance
with the rules of euthanasia, the heart,
several skeletal muscles from the hind limb,
and lungs were taken, which were subjected
to histological and electron microscopic
studies.

3. A longitudinal piece of the heart
muscle measuring 6x2x2mm, cut from the
intramural section of the middle third of the
left ventricle lateral wall, was handed over to
an employee of the Laboratory of Molecular
Cardiology of the Institute of Cardiology of
the Ministry of Health of the Republic of
Armenia. The mechanical activity of the strip
was recorded using a 6Mx2B mechanotron
force sensor in the isometric mode. Pieces
for electron microscopic examination of the
myocardium were also cut out from the
immediate adjacent section of the indicated
zone. A number of indicators of myocardial
contractile function were measured on a
micromechanograph.

The recorded curves were used to
determine the contraction parameters:
Pmax-maximum contraction amplitude, P/S-

maximum contraction amplitude relative to
the strip cross section, dP/dt-stress deve-
lopment rate, relaxation rate.

4. On electron microscopic images of
transverse and longitudinal sections of
cardiomyocytes, morphometric and stere-
ological studies of mitochondria, mitochon-
drial cristae, myofibrils, myofilaments, T-
system, sarcoplasmic reticulum and sarco-
plasm were carried out. Their specific nu-
merical, area and volume parameters were
determined (Svcrist, Svmit, Svmfb, Vvmfb,
Vvspl.).

5. According to the morphometric
and stereological data of the ultrastructures
of cardiomyocytes, a virtual integrative
systemic indicator of the contractile potential
of cardiomyocytes was measured, calculated
according to the mathematical model
developed by us and the methodological
approach, which we called the Methodology
of Quantitative Functional Morphology (Fig.
1). The method is recognized as an invention
and patented in the Russian Federation [1].

6. Digital data were processed by the
methods of variation statistics. Correlation
analysis was carried out using the computer

program Excel.
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Figure 1. Mathematical model for measuring the virtual maximum contractile

potential of a unit volume of cardiomyocytes.

The studies were carried out in the
period from 1985 to 2022, at the Central
Scientific Research Laboratory of the
Yerevan Institute for Advanced Medical
Training of the USSR Ministry of Health,
later in the National Institute of Health of the
Health Ministry of the Republic of Armenia,
at the Laboratory of Molecular Cardiology of
the Yerevan Research Institute of Cardiology
of the Ministry of Health of the Arm. SSR, at
the Virchow Institute of Pathology, Charite
Medical Faculty of the Humboldt University,
Berlin, in the German Heart Center Berlin,
in the after Orbeli Institute of Physiology
NAS RA. The following devices were used:
an LKB-IIl ultramicrotome, an EMV 100L
transmission electron microscope, a micro-
mechanograph with a 6Mx2B mechanatron
force sensor, a CARL-ZEIS Amplival light
microscope, computers with Word, Excel,
Picture Manager, and Photoshop programs,

Internet.

Analysis of research results. In
order to maintain the objectivity and
independence of the studies by two different
methods, we did not discuss the results of
the study until the final data of the
micromechanographic and QFM studies
were ready. When we began to compare the
data obtained, the following picture caught
my eye. In swum rats, the QFM contractility
index was on average 26.5% higher than the
QFM indicator of the myocardial contractility
force of healthy control rats, that is,
prolonged swimming caused adaptive
changes and the myocardium became
almost a third more enduring than the
myocardium of control animals. At the same
time, while in healthy control QFM rats, the
cardiomyocyte contractility index of 5mm3
varied from the average value within 16%,
then in all five swum rats, the spread in the
myocardial contractility index was greater
(27%). When we began to compare the

values of the contractility forces obtained by
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the two methods, we revealed a certain
parallelism between the curves. Correlation
analysis showed a high direct correlation
between the contractility data of both
methods (correlation coefficient r=0.862).

It became noticeable that the strength
of contractility in swum rats generally tends
to increase from the first animal to the last
(Table 1). However, a very significant spread
in the values of micromechanographic
indicators of contractility was a real surprise
for us. This scatter between the largest and
smallest values of the contractility index in
swimming rats was almost 7 times greater
(240%) than that of the contractility index
determined for the same animals by the QFM
method (27%). At the beginning, such a large
scatter in swum rats suggested the inaccu-
racy of the experiment, the non-standard
conditions of the micromechanography
process for different animals. However,
being confident in the high professionalism
and conscientiousness of the employee of
the Institute of Cardiology, then after
discovering the parallelism between the
contractility data curves obtained by the two
methods, we saw in this spread a challenge,
that requires study and explanation.

We were looking for an explanation
for this phenomenon, we began to analyze
whether there were differences between
animals. We found out that due to the fact
that one micromechanographic study could

be carried out in a day, this process dragged
on for five days. The main difference
between the animals was that some of them
were at rest after a 55-day swim, that is, they
did not swim for a different number of days.
The first rat (37u) was decapitated the day
after the last day of swimming, and the rest
of the rats rested from one day (39u) to four
days (42u). And the idea arose that the value
of the duration of rest played a positive role
in showing higher values of contractile force.
The between the
contraction force and the number of days of
rest was high both for the QFM indicator
(r=0.633)
graphic indicator (r=0.767). This concept or

correlation  analysis

and for the micromechano-

pattern is somewhat “violated” by the first
animal. We tend to attribute this to the
individual characteristics of the animal.
Without taking into account the first animal,
the correlation indicator (r) increases
significantly: for the QFM indicator: from
r=0.633 to r=0.787, and for the micro-
mechanographic indicator: from r=0.778 to
r=0.920.

There was a need to look for
ultrastructural equivalents of the functional
inequality observed in swum rats. In general,
in control, normal rats no significant
qualitative difference was observed in the
ultrastructural  picture.  Naturally, the
morphometric and stereological parameters

differed, as a result of which different values
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of the QFM contractile force were obtained.
But in swum rats, a noticeable enlargement
of mitochondria, an increase in the density
of cristae, and thickening of myofibril
bundles were observed. Along with these
changes, which were common to varying
degrees for all swum rats, there were also
some qualitative differences in the pattern of
ultrastructural organization within the group
of swum rats, especially between swum rats
with relatively low and high contractility
indices. These changes were taken into

account by morphometric and stereological

parameters, and they were reflected both in
the value of the integrative indicator of QFM
contractility (fcdmc) and in the microme-
chanographic indicators of contraction force
Pmax.

We found it expedient to briefly
compare the features of the ultrastructural
patterns of only those animals whose heart
muscle showed the highest and lowest values
of the contractility index both among five
swimming rats and among five control rats
(Tables 1 and 2).

Table 1.

Cardiomyocyte contractility data from swum rats obtained by two methods.

Micromechanographic data were obtained at an impulse frequency of 0.3 Hz,

(M+m).
Swum animals
Parameters - - - : -
Rat 37i Rat 39i Rat 40i Rat 41i Rat 42i
Pmax. 0,0703+ 0,0384+ 0,0322+ 0,1204+ 0,2492+
(8) +0,0006 +0,0003 +0,0001 +0,0007 +0,0008
fcdm.
2880+135 2786+141 2522+135 3236+180 33074154
(5mm3)

These animals are, from swum: No.
42i (highest score) and No. 40i (lowest), and
from control animals Rat 2 control (highest),
and Rat 1 control (lowest). This numbering
corresponds to the marking of animals

shown in Figure 1 and in Tables 1 and 2. We
note right away that in all ten animals, no
pathological structural changes were found
in cardiomyocytes at the ultrastructural
level. Changes relate to adaptive processes.
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Table 2.

Data on indicators of contractility of cardiomyocytes (fcdm. 5mm3) of control,

practically healthy rats (Mtm).

Control animals

Parameters

Rat1 Rat 2

Rat 3 Rat 4 Rat 5

fcdm. (5mm3) | 2096+75 | 2467+101

2353101 2328+98 2400%110

But there are similarities between
animals 42i and Rat1 control. This means not
only that they have the highest rates, each in
their group, but there is also a similarity in
the Both

animals have active mitochondria, rich in

ultrastructural  organization.
cristae, with an enlightened matrix. The
shape of mitochondria approaches round or
oval. Mitochondria are arranged in columns
with a width of one or one and a half
mitochondrion. The bundles of myofibrils
are relatively thickened, with a more direct
course. This once again emphasizes the
importance of individual differences for the
contractile function of the heart. That is, not
only the duration of post-exercise rest could
play a favorable role.

In this aspect, it should be pointed out
that there is a certain similarity between the
ultrastructural patterns of cardiomyocytes in
rats 42i Rat 1 with the

ultrastructural pattern of myocytes of the

and control

flying muscles of insects, in particular wasps.

In both cases, there is a very rational and
economical use of space, the maximum
reduction in the time of transfer of
macroergs from mitochondria to myofibrils.
The shape of myofibril bundles provides
them with a

minimum expenditure of forces to
overcome friction against the walls of
“hollow cylinders” formed from
mitochondria. Most mitochondria have the
appearance of uniform triangles with
concave sides, which provides the maximum
contact surface for exchange with myofibril
bundles. The shape of the latter, in turn,
provides a reduction in friction of the outer
surface, fast and uniform delivery of
macroergs to all sections of the myofibril
bundle, including its central section. Similar
shapes and sizes of myofibril bundles
provide maximum synchrony and maximum
total force of contraction, as occurs in the
myocytes of flying muscles of insects (several

hundred times per second).
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Figure 2. Ultrastructural changes in cardiomyocytes of swum (A-Rat 42i, B-Rat 40i)
and control rats (C-Rat 2 control, D-Rat 1 control). Magnification: 26400x There is a
markedly more ordered arrangement of mitochondria and myofibril bundles in

cardiomyocytes A, B, and C.

Conclusions. 1. In swum rats, the
contractile force potential was significantly
higher than in control rats.

2. In both control-normal and swum
rats, there was a significant scatter in the

values of the contractile potential index.

3. The scatter in the values of the
contractile force of the heart muscle is
especially pronounced among the microme-
chanography data.

4. Individual, congenital features of

the ultrastructural cytoarchitectonics of
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cardiomyocytes also play a role in the ability
of the myocardium to show high contractility
data.

5. Rest after prolonged physical
activity had a positive effect on the value of
cardiomyocyte contractility, when post-
exercise rest was at least three days.

6. The QFM method can be repea-
tedly reproduced on the same material,
since the material embedded in resins
remains for years.

7. The QFM method makes it possible
to calculate the absolute margin of safety,
the functional reserve of tissue biological
With
micromechanography, the examined tissue

systems, without its destruction.
sample is no longer suitable for research.
8. It is desirable to conduct experim-
ents with a combination of intravital non-
invasive functional studies with subsequent

systemic morphological determination of the

strength margin of cardiomyocytes, myo-
cardium based on the QFM methodology.

9. The detected
ultrastructures, their spatial organization, in

features  of

control animals are individual innate, and
changes in ultrastructures, restructuring of
their spatial organization in swum animals
are adaptive-compensatory in nature.

11. The latter are superimposed on
the already existing congenital type of
ultrastructural cytoarchitectonics. In animals
with an innate optimal spatial organization of
the cardiomyocyte, such layering leads to
optimal  structural remodeling  and,
accordingly, special positive results.

12. Taking into account the cha-
racteristics of the body of athletes, it is
advisable to choose for each athlete an indi-
vidual mode of the duration and strength of
loads, as well as the duration of post-load
rest based on objective data, especially

before the upcoming competitions.
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wwjdwuubpnd, huy dJduwgwd hpugp bGupwplytp Bu wywhy  Shghlwlwu
ubpgnpdnuejwt’ Bplwpwwle |nnh Jdhongny: Lnqugwd wnubwnubph  upunwdywup
obpwnbph Ydydwu nudp swihyby £ dhypndbfuwungpwdhwip tnwuwyny: EGYunpnuwihu
dwupwnhwwyh dhongny nwnuuwuppdb) Bu uprnwdwup Yunpubpp' U nnugws, U
unpdw|  wnubtinubiphg:  Ogquwgnpdtiny  Jwpnhndhnghwnubph  nyunpwlwnnygubpp
uinbpbninghwywu wwpwdbnpbpp W hwwnny dJowlywsd dJwpbdwnhluwlwu dnnbp, npp
Yngynid £ QFM, L npp dwtwsywd £ npwtiu qynun, hwodwplyb £ Yupnhndhnghwnubph
yolydwu ubipnidh hunbigpwwnpy gnighs:

Uwnwgywé wpmyniupubph yEpindnipyniu: 4dydwu wynunbughwih QFM gnighsh
wndbpubpp (nnwgwd wnubiwubph dnuin dhohup 26%-nd wybiih pwnpdp Gu, pwu unpdwy
yaunwuhubph dnun: Mnunbughw) YoYdwu gnighsh wpdbipubph  wwwwunwubp  Gu
hwjinuwpbnyb) b iInnugwd (27%), U unpdw| wnubwunubiph (16%) dnun: Ydynnulwuntejwu
dhypndbfuwungpwdhy gnighsh wpdtipp dGdwwbiu wmwwmwudb) £ (240%): Lnnugwd
wnubwnubph fudpnd npwywu hwpwpbpwygnenu (Ynnbiywghw) £ hwjnuwpbpyb)
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Ydydwu gnighsh wpdtiph b |nnp pupwgpht hwonpnwsd hwuguwnh optiph pdh dhol:
Ywpnhndhnghwubiph  ubppoowiht  Ywnnigywdpwiht  wmwpwdwiht  nwwmwunwubpp
hwjnuwpbpygb| Gu huswbu unpdw|, wjuwbu k| (nnugwd wnutwnubph dnwn:

Cwdwnnun Bgpulwgnipyniu: 1. Unubwubph Gplwpwunl Shghlulywu wlynp-
ynieyntuhg htiinn hwughunp npulwtu wanbgnieniu £ niubighp Ywpnhndhnghunubiph
yoydwu Jpw:

2. Lnpdwy, sywndtigywd Yaunwuhubiph Ywpnhndhnghwutiph nyunpwlwnnygutiph
nwpwdwlywu Yuqdwybpydwt wuhwwnwlywt wnwuduwhwnynieniuubipp puwdhu Gu:

3. Lnnwgwd wnubwubph nyunpwlwnnygubph  nwpwdwlwu  Ybpwlwuqdw-
ynpnuwiubpp Ypnwd Gu hwpdwpynnuwu-thnfuhwwnnignnuwtu punyp: Swppbp Y&u-
nwuhubp, wthwwnwlwtu wnwuduwhwunyniyeniuutipny wwjdwuwynpjwsd, niubu puw-
Shu wwppbp Ywpnnnieniuubp' dwupwpbnujwdnieniuubpht jwdwgnyu nyupwlw-
nnigywdpwjht hwpdwpynnuywunienit wwwhnybint hwdwn:

4. ULbippoowjht  Jbpwlhwqgdwynpnudubipp ybpwnpdnd Gu - wpnbu  gnjniejniu
ntutignn  niwnpwywnnigwdpwiht ghnnwpfuhnbyunnuplwih puwdhu wbuwyh Jpw:
“tnlu dwpgnudubiphg wnwe Jwpnhndhnghwntbph owwnhdw] nwpwdwlwu Yuwgdw-
Ytpwnw nibkgnn YGunwupubph dnn udwu  punpndp hwugbigund £ Yupnhn-
dhnghwnutiph wybih jwy yoydwu:

5. QFM-h nwuwyny Ydydwu ubpnidh swihndp hwdwnpdtp (wnGyyww), dhown Yb-
pwpunwnpynn dbenn b upnwdywup phnyunwwmh thnppwdwyw| udnyny, npp wywp-
thwlyws & fubdh pinlh db:
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CUCTEMHAA MOP®O®PYHKLUMOHAJIbHAA OLLEHKA COCTOAHUA
KAPOLUOMUOLUTOB 3KCMEPUMEHTAJIbHbIX UBOTHbIX MPU
NPOAOMKUTENbHON ®U3UYECKOI HATPY3KE C NOCNEAYOLLUM OTAbIXOM
Am.H. T. A. [eBOHOAH,
K.6.H., cm.H.c. C. b. bapuHsaH,
cm. nabopaHm U. B. AHmMoHsH,
couckamens A. T. [e8oHOAH
Wmeru Opbenu Mncmumym dusuonoceuu HAH PA, EpesaH, ApmeHus.
HWW Kapouonoeuu M3 Apm. CCP, EpesaH, Apmerus

AHHOTALMA

KniouyeBble cnoBa: (usMyecKkoe BOCCTaHOBMEHUE CMOPTCMEHOB, KapAMOMMUOLMT,
MUKpoMexaHorpadoma, KonmyecTseHHaa yHKLMOHanbHas mopdponorua.

LLenb uccnepoBaHus. BbiacHeHne xapakTepa BO3AEWCTBUA coYeTaHUA MpepenbHbIX
pusnyecKnx Harpysok M pasHO NPOJOMKMUTENBHOCTM MOCTHArpy304HOro OTAblXa Ha
(PYHKLMIO COKPATUMOCTM MMOKapAa Y SKCMEPUMEHTaNbHbIX MUBOTHbIX.

MeTtoabl n opranusauusa uccnepgosaHusa. Vccneposanne nposegeHo Ha 10
becrnopofHbIx 6enbix KpbIC, U3 KOUX 5 Chysunu KoHTponem (Hopma), a ocTanbHble MATb
MOABEPIINCH (PU3MYECKON Harpyske B BWAE MPOAOMMMTENBHOrO MnasaHuA. Ha nonockax
MWOKapAa MnaBaBLUMX KPbIC U3MEPWUIN CUIY COKPaLLLEHUA METOLOM MUKpOMeXaHorpaduu.
Kycouku mrmokappa, kak nnaBaBLUKX, TaK U KOHTPONbHbIX KPbIC U3Yy4Yanu METOAOM 3NIEKTPOH-
Holi MuKpocKkonuu. o cTepeonornyeckm napameTpam ynbTpacTPyKTyp KapAMOMUOLIMTOB U
cneumanbHo paspaboTaHHON maTemaTnyeckoii mogenbto KIPM, npusHaHHol n3obpeTeHnem,
BbIYWCINEH MHTErpaTUBHbIV NoKasaTtesb MNOTEHLMana CoKpaTMTeNbHO CnocobHOCTH.

AHanu3 nonyuyeHHbIX pe3ynbTaToB. BenuuuHbl nokasaTena COKPaTUTENbHOrO
noTeHuMana y nnasaBLIMX KpbiC B cpegHem Ha 26 %-0B Bbille, YEM Y KOHTPOSNbHbIX MM-
BOTHbIX. ObHapyMeHa BapuaLyva BENMYUH NOKasaTena COKPaTUTENbHOroO NnoTeHumana cpeam
nnasBaBlwux (27%), u KOHTponbHbIx Kpbic (16%). BenuunHa mumkpomexaHorpadmyeckoro
rokasaTena COKpaTMMOCTV BapbupoBana B 6onblunx npegenax (240%). B rpynne nnaBaBLUnX
KpbiC ObHapyMeHa MONOMWUTENbHAA KOPPENALMA MEMKAY BENUYMHON MOKa3aTenA COoKpaTu-
MOCTU M KONMYECTBOM [HEl OTAbIxa NMocnefoBaslUMX 3a Kypcom nnasaHuA. O6HapymeHbl
CTPYKTYpHble  BapuvauuuM  BHYTPUKIETOYHON  apXMTEKTOHWKM  KapAMOMMOLIMTOB  Kak

KOHTPOJIbHbIX, TaKk U MNMnaBaBLUUX KPbIC.
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Kpartkue BbiBOADI.

1. OTabIx nocne NpoAoNMUTENbHOW (DM3NYECKO Harpy3KM MONOMMUTENBHO OTpasucA
Ha COKpPaTUMOCTN KapAMOMUOLUTOB.

2. WnpmenpyanbHble 0COGEHHOCTU NPOCTPAHCTBEHHOI OpraHu3aLmnn yibTpacTpyKTyp
KapAVOMMUOLMTOB MUBOTHbIX 6€3 TPEHNPOBKU UMEIOT BPOMAEHHDIV XapaKTep.

3. lepecTpolikn MpPOCTPaHCTBEHHOW OpraHu3auuM ynbTpacTpyKTyp Y mMiaBaBLUKX
KpbIC HOCAT ajanTalMOHHO-KOMMNEHCaTOpPHbI XapakTep. PasHble #uBOTHble, B cuny
MHAMBMAOYanbHbIX — OcobeHHOCTeW, obnapatoT  pasHoii  cmocobHocTbio — obecneuntb
ONTUMANIBHYHO YIbTPACTPYKTYPHYHO afanTaumio K HarpysKam.

4. TlepecTpolikM HacnauBalOTCA Ha YMe CYLLECTBYIOLWMIA BPOMAEHHbIN  TUM
YNbTPaCTPYKTYPHOW LMTOAPXUTEKTOHMKN. Y MMBOTHbIX, obnajaroinx [O TPEHUPOBOK
ONTUMaNbHON MPOCTPAHCTBEHHOW OpraHu3auueli KapLMOMMOLMTOB TaKoe HacnoeHue
NPUBOAUT K NYYLLIMM MOKa3aTeNAM COKPaTUMOCTHU.

5. Mertop nsmepeHua cokpaTtuTenbHoro noteHumana no KPM aenaetca afekBaTHbIM,
BCerpa BOCNPOM3BOAMMbBbIM METOLOM HAa 3aK/IOYEHHOM B CMOJSIbl MU3EPHbIM OuonTaTte

MWOKapAa.

<nnywdu punniuyby £ 30. 09. 2022-hu:
Ninwpydty b gpwiunudwt’ 01.10. 2022-hu:
Qpwfunu’ p.g.n., ypndbunp U. Unwowtywl
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