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Most of the existing virtual reality (VR) Cardiopulmonary Resuscitation (CPR) self-instruction
training methods are based on low embodied and noninteractive 360-degree videos, and the ef-
fects of the highly immersive embodied VR CPR training system lack rigorous experimental ve-
rification. In our study, we compare the learning outcomes of self-instruction CPR training
based on a highly immersive and interactive VR system (experimental group) with self-
instruction training based on 2D videos (control group) in terms of willingness to perform CPR,
knowledge of CPR, self-efficacy and CPR test performances. We conducted a prepost between-
group experiment in a local college in Yixin, Jiangsu Province, China. Sixty undergraduate stu-
dents (30 male and 30 female) aged from 18 to 25 were randomly assigned to the video group or
the VR group. There were no significant differences in demographic variables and baseline pre-
test between the two groups. Both groups received training on cardiac compressions and auto-
mated external defibrillator (AED) assisted CPR. Our results revealed that both the VR and video
methods significantly improved the participants’ CPR knowledge, self-efficacy and willingness
to perform CPR. Our results showed that the immersive VR group had a significant disadvantage
in their grasp of compression depth compared with the non-immersive media group. The correct
compression depth of the video group was significantly higher than the VR group, and there was
no difference between the two groups in terms of compression speed and full rebound rate. Our
study suggested that both self-instruction training based on VR and self-instruction training
based on video were effective methods, and the highly immersive and embodied VR method did

not achieve better results than the video method.
Keywords: cardiac arrest, self-instruction training, basic life support, virtual reality, motion
tracking technology, video, cardiopulmonary resuscitation, college students.

Introduction

In China, more than 550,000 people expe-
rience cardiac arrest each year [28]; however,
only 17.1 percent of the out-of-hospital cardiac
arrest patients achieve prehospital heartbeat reco-
very [10], and the survival rate is less than 1 per-
cent [12], which is much lower than the average
global survival rate of 9.9 percent [23]. A recent
survey in which 73.4% of the interviewees ex-
pressed their willingness to learn Cardiopulmo-
nary Resuscitation (CPR) showed that Chinese
people had high acceptance of CPR training [29].
However, the effects of CPR training and the ac-
tual penetration rate were quite unsatisfactory.
Only 27% of Chinese students reported having

taken CPR training courses [7]. There were two
main reasons for this. First, there was a shortage
of professional CPR training institutions and
teachers. Second, traditional CPR training courses
require not only human resources but also time,
space, and a large amount of money to purchase
helpful equipment for the participants to use to
perform and practice CPR [1].

Researchers have proposed many new
training methods to alleviate the obstacles in
CPR training. For example, there is evidence that
video-based self-instruction courses can reduce
training costs while increasing skill retention
[9, 15, 26], and game-based training programs
such as LISSA (http://lissa.udg.edu/en.html) and

BectHuk HOYplY. Cepus «O6pa3oBaHue. Negarornyeckne Haykm». 53

2021.T. 13, Ne 2. C. 53-62



LUndpoBusauns B oopazoBaHum

Relive (https://store.steampowered.com/app/
404580/Relive/) have also emerged as popular
helpful teaching methods for CPR training [4, 20].
Especially during the Covid-19 period, how to
avoid infection during face-to-face training ga-
therings was a thorny problem [3]. Multimedia-
based remote training provided us with a solution.
With the development of virtual reality (VR)
technology and its application in the field of
medical education, immersive VR CPR training
has been applied in first-aid training. Lifesaver
is an interactive smartphone-based VR CPR
training software that has been validated by re-
searchers [19, 30]. Based on this software, Joyce
Yeung et al. compared three CPR training me-
thods, including face-to-face teaching, Lifesaver
teaching, and the combination of face-to-face
and mobile VR teaching. They found that the im-
mediate CPR test results for the face-to-face
teaching group were significantly better than those
of the Lifesaver group; however, this difference
disappeared after six months, and the combina-
tion of Lifesaver and face-to-face teaching achieved
significantly better learning outcomes and reten-
tion than the other two methods [30]. Joris Nas
et al. found that the VR group achieved signifi-
cantly lower pressing depth performance than
that of face-to-face instruction while there were
no difference in pressing speed [19]. Immersive
360-degree instructional video is another applica-
tion that has been frequently tested. Marion Leary
et al. compared the effects of VR-based training
and smartphone-based training and found that
the number of participants that called 911 and
required automated external defibrillator (AED)
in the VR group significantly improved while
there was no significant difference in CPR and
AED operation, and the pressing depth of the VR
group was even lower than that of the smart-
phone group [13]. Another recent study compared
the training effects of watching an immersive vir-
tual reality video and a 2D-video, and they found
that the VR group achieved better CPR test results
in compression depth and compression speed [6].
Researchers have believed that VR CPR self-
instruction training was less dependent on in-
structors and had irreplaceable advantages over
face-to-face training [2, 21]. In addition, the im-
mersive and interactive training provided by VR
technology had more advantages in allowing
the trainees to experience the whole CPR process
in a simulated scenario [27]. Nevertheless, most
of the existing VR CPR self-instruction training
methods are based on smartphone-based VR soft-

ware or 360-degree video, and the effects of
the highly immersive embodied virtual reality
CPR training system lack rigorous experimental
verification [2, 22]. In our study, we compare
the learning outcomes of self-instruction CPR
training based on a highly immersive and interac-
tive VR system with self-instruction training based
on a 2D-video in terms of willingness to perform
CPR, knowledge of CPR, self-efficacy and CPR
test performance.

Methods

We conducted a prepost between-group expe-
riment at a local technical college in Yixin, Jiangsu
Province, China. The participants were randomly
assigned to a video self-instruction training (VSI)
group or a virtual reality self-instruction (VRSI)
group. Both groups received training on cardiac
compressions and AED assisted CPR. The expe-
riment received University IRB approval.

Participants

The student union of the college helped us
enroll students to participate in our study. Sixty
Chinese students, including 30 male students and
30 female students, participated in this experi-
ment. Their average age is 20 £ 1 years old, their
average weight is 62+ 12 kg, their average
height is 172 £ 9 cm, and their average BMI is
21 + 3 kg/m’.

Procedures

All participants were required to finish an
online pretest survey one week before the expe-
riment. On the day of the experiment, they
received either video-based or VR-based self-
instruction CPR training in the school lab. After
the training, they completed a posttest question-
naire and performed a simulated human heart
compression test.

Materials

The experimental material used by the vir-
tual reality group is a VR game called VR-CPR
Personal Edition, developed by Studio Evil and
IRC Edu [21] (the download link: https://store.
steampowered.com/app/1023940/VR  Cardiopul-
monaryresuscitation Personal Edition/). The game
provides three different immersive scenarios for
CPR training: in-hospital CPR, out-of-hospital
CPR, and child CPR. There is a visual and audi-
tory guidance at the beginning of the game (such
as hand model guidance and pressing rhythm
beats). We chose the out-of-hospital scenario;
established an automated external defibrillator
(AED) with a 15 second arrival time, two rounds
of compression, and 30 seconds per round; and
the external automatic defibrillator was used after
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each round of compression. The specific process
of the game includes the following: assessing
consciousness, checking breathing, calling for
help, implementing cardiopulmonary resuscita-
tion and using an external automatic defibrillator.
We recorded a successful CPR game video com-
pleted by a professional CPR trainer as the self-
instruction training material for the video team.
The scenario and other settings of the video
group were consistent with the virtual reality
group.

The wearable devices used by the virtual re-
ality group are an HTC Vive Pro 2.0 and HTC
Vive Tracker 2.0. The video group used a Sam-
sung 900X5N-K02 laptop to watch the self-
instruction video. Both groups used pillows to
perform compression during the training.

Measures

The pretest questionnaire included the va-
riables of the participants’ age, gender, height,
previous CPR learning experience, willingness
to perform CPR, knowledge of CPR and self-
efficacy. The posttest questionnaire included the
variables of the willingness to perform, know-
ledge of CPR and self-efficacy. The willingness
to perform CPR was measured by asking partici-
pants whether they would be willing to perform
CPR when they met a person experiencing car-
diac arrest on a five-point Likert scale ranging
from very unwilling (1) to very willing (5). We
borrowed Yoon et al.’s measurements of self-
efficacy [31]. The participants were asked “If you
see a person in cardiac arrest, do you think you
are capable of performing CPR on him?” There
were three answers to choose from, including
“I can perform CPR correctly”, “I can complete
it roughly”, and “I cannot perform CPR”. Both
correct implementation and rough implementa-
tion are considered to represent self-efficacy.

After the training, the participants performed
CPR tests on the half-length Anne Manikins, and
their compression level data were collected through
the LITTLE Anne QCPR software. The indica-
tors of their learning outcomes were chest com-
pression depth, effective compression depth, chest
compression rate, effective compression rate,
complete chest recoils rate.

Results

Demographics

Demographic variables (age, gender, weight,
height, and BMI) were tested via Chi-square test
to see if there were significant differences be-
tween groups. In terms of gender (53% vs. 47%
males), age (20 = 1 vs. 20 = 1), education level
(all participants are students at the school),
weight (62 £ 12 kg vs. 61 = 12 kg), height (172 +
+9 cmvs. 172 + 9 cm), BMI index (21 £ 3 kg/m’
vs. BMI index), and the percentage of people
who received CPR trainings within two years
(23% vs 37%), there were no significant diffe-
rences between the two groups (Table 1).

CPR test performance

To compare the training performance results
between the two groups, a series of one-way
ANOVAs were conducted. The average chest
compression depth of the virtual reality group
reached 46 = 9 mm, and the average depth of the
video group was 51 = 10 mm (p = NS). The VR
group had an average effective compression
depth of 44 + 43 (%) while the video group had
an average effective compression depth of
66 £ 40 (%) (p = 0.041 < 0.05; 95% CI). The fre-
quency of chest compressions averaged 104 + 30
compressions per minute in the VR group and
111 £ 23 compressions per minute in the video
group (p = NS). The effective compression ratio
was 26% +31% in the virtual reality group
and 45% = 42% in the video group (p = NS).

Table 1
Demographic variables
Total VRSI VSI P-value
N 60 30 30
Gender, n (%) 30 30 NS
Male 30 (50) 16 (53) 16 (47)
Female 30 (50) 14 (47) 16 (53)
Age (yrs) 20+1 20+1 20+1 NS
Current CPR training
(< 2 years), n (%) 18 (30) 7 (23) 11 (37) NS
Weight (kg) 62+12 62+12 6112 NS
Height (cm) 172+9 172+9 172+9 NS
BMI (kg/m?) 21+3 2143 21+3 NS
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Table 2
CPR test performances

VRSI VSI P-value
Chest compression depth, mm 46+9 51+10 NS
Effective compression depth, % 44 £43 66 + 40 p=0.041
Chest compression rate, no./min 104 + 30 111 +23 NS
Effective compression rate, % 26 +31 45+42 NS
Complete chest recoils rate, % 90 £ 26 89 + 23 NS

The average rebound rate was 90% + 26% in the Knowledge of CPR

virtual reality group and 89% + 23% in the video
group (p = NS). In conclusion, in terms of the
CPR test performances, the video group achieved
better compression depth accuracy results than
the VR group, and there was no significant dif-
ference in the other indicators between the two
groups (Table 2).
Willingness to perform CPR

In the pretest, the willingness of participants in
the virtual reality group to perform bystander
cardiopulmonary resuscitation was 3.07 £ 1.17,
and the willingness of the video group was 3.67 +
+ 1.24. There was no significant difference be-
tween the two groups in the baseline willingness
(p = NS). In the posttest, the participants in
the VR group increased their willingness to per-
form bystander CPR to 4.07 = 0.94 (p < 0.001;
95% CI), and the willingness of the video group
increased to 4.60 = 0.68 (p < 0.001; 95% CI).
The willingness of the video group was signifi-
cantly higher than that of the virtual reality group
(p = 0.011 < 0.05; 95% CI). This shows that the
willingness of the participants to help others after
video self-direction increased more than that after
virtual reality self-instruction training (Fig. 1.)

4.07

VRSI

B Pre-fest

In the pretest of the virtual reality group,
30% of the people knew the correct compression
frequency for CPR, 30% knew the correct com-
pression depth for CPR, 50% knew the correct
compression position for CPR, 46.7% knew how
to judge whether people were conscious, 53.3%
knew that they could not continue to press
an AED during defibrillation, 16.7% knew that
nonprofessionals cannot use an AED, 43.3%
knew that the first round of compressions should
be started while waiting for the arrival of an AED,
and 26.7% knew the indicators for the general
public to judge whether someone was expe-
riencing cardiac arrest.

In the pretest of the video group, 26.7% of
the people knew the correct compression fre-
quency for CPR, 40% knew the correct compres-
sion depth for CPR, 56.7% knew the correct
compression position for CPR, 36.7% knew how
to judge whether people were conscious, 60%
knew that they cannot continue to press an AED
during defibrillation, 26.7% knew that nonpro-
fessionals cannot use an AED, and 60% knew
that they should start the first round of compres-
sions while waiting for the arrival of an AED.

4.6

VSI

Post-test

Fig. 1. Means of Willingness to perform CPR between media (VRSI vs. VSI)
and across time (pretest vs. posttest)
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20% of these people knew the indicators for the
general public to judge whether someone was
experiencing cardiac arrest.

In the post-test, 66.7% of the virtual reality
group and 86.7% of the video group knew the
correct compression frequency for CPR. 86.7%
of the virtual reality group and 80% of the video
group knew the correct compression depth for
CPR. 93.3% of the virtual reality group and
96.7% of the video group knew the correct com-
pression position for cardiopulmonary resuscita-
tion. 100% of the people in the virtual reality
group and 96.7% of those in the video group
knew how to judge whether a person was con-
scious. 63.3% of the people in the virtual reality
group and 60% of those in the video group knew
that an AED cannot be continued to be pressed
during defibrillation. 90% of the virtual reality
group and 93.3% of the video group knew that

g

6.43

6

VRSI

o Pre-test

nonprofessionals cannot use an AED. 66.7% of
the virtual reality group and 70% of the video
group knew to start the first round of compres-
sions while waiting for the arrival of an AED.
76.7% of the people in the virtual reality group
and 66.7% of those in the video group knew
the general indicators of cardiac arrest.

In total, there were eight questions on CPR
knowledge, and the right answer would get 1 point.
The average CPR knowledge score of the virtual
reality group was 2.93 = 1.72 in the pretest and
the 6.43 £ 1.28 in the posttest. After the virtual
reality CPR training, their CPR knowledge score
significantly increased (p < 0.001; 95% CI).
The average knowledge score of the video group
was 3.27 £ 1.84 in the pretest and 6.53 + 1.33
in the posttest. After the video self-instruction
training, their CPR knowledge score also signifi-
cantly increased (p < 0.001; 95% CI) (Fig. 2).

VSI

Post-test

Fig. 2. Means of Knowledge of CPR between media (VRSI vs. VSI)
and across time (pretest vs. posttest)

100 100

50

% of subjects

VRSI

m Pre-test

100

Post-test

Fig. 3. Percentage of participants with self-efficacy between media (VRSI vs. VSI)
and across time (pretest vs. posttest)
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Self-efficacy

Regarding self-efficacy, 50% of those in
the virtual reality group and 57% of those in
the video group believed that they were capable
of performing CPR during the pretest. In the post-
test, all participants in the virtual reality group
and the video group believed that they were ca-
pable of performing cardiopulmonary resuscita-
tion, and the proportion of self-efficacy reached
100%. However, there was no significant diffe-
rence between the pretest and posttest on self-
efficacy (Fig. 3).

Discussion

Our study compared virtual reality-based
self-instruction training and video-based self-
instruction training using the same teaching con-
tent and sought to determine which CPR training
method would achieve better learning outcomes.
The results revealed that both the VR and video
methods significantly improved the participants’
CPR knowledge, self-efficacy and willingness to
implement CPR rescue. Consistent with the fin-
dings of Marion Leary et al.’s study [16] con-
ducted in 2019, our results showed that the im-
mersive VR group had significantly lower per-
formance grasping the pressing depth compared
with the non-immersive media group. The correct
pressing depth of the video group was signifi-
cantly higher than that of the VR group, and there
was no difference between the two groups in com-
pression speed and full rebound rate. For those
who were in the non-immersive media-based
self-instruction CPR training group that per-
formed better at CPR pressing depth, one of
the possible explanations was that participants
who participated in the video-based training
might have concentrated more on pressing harder
where they could see the surrounding environ-
ment in reality and press the pillow in front of
them. The unfamiliarity and insecurities in
the VR environment might prevent the partici-
pants from being fully focused on pressing when
practicing in the real environment.

In fact, the application of virtual reality
equipment in the field of education has not been
fully proven to have better effects than tradi-
tional media-based teaching methods. Moreover,
the comparison between different media-based
training methods showed that the learning out-
comes of VR-based training seemed to be even
worse than the outcomes from video or other
media-based training methods [11, 16, 18]. These
results were often explained by the cognitive
theory of multimedia learning or cognitive loads

in learning [17]. Despite the impressiveness and
other advantages of VR, the participants under
the VR condition had higher cognitive loads com-
pared with other forms of media condition. Fur-
thermore, it might be too complicated for the par-
ticipants to use this unfamiliar and interactive
equipment, thus leading to greater cognitive
loads [25].

In addition, the VR group had a lower wil-
lingness to rescue than the video group, which
was inconsistent with our assumptions. The im-
mersive and authentic experience made the par-
ticipants more aware of the tension at an emer-
gency scene, and over immersion might also in-
crease their fear, as we found in another study
[14]. This case may be a negative example of
the results of some first-aid VR centers [32].
Those who spent considerable time and money
to apply VR technology to popularize first aid
among the public may be too optimistic.

Research on using VR as an experiential
teaching medium for emergency training (such as
earthquakes [24], fires [5], etc.) often believes
that this kind of situational education can make
trainees calmer when facing real dangers. C. Dede
stated that one advantage of the virtual learning
environment was that it could provide learners
with immersive experiences, thereby reducing
the difficulty of transferring existing knowledge
and skills to new situations [8]. It was difficult
for the researchers to follow and measure how
the learners would respond later when they en-
countered cardiac arrest in real life. Therefore,
although our study did not reveal that the highly
immersive and interactive VR method was better
than the video method, it is very likely that
the real strength of VR in CPR training has not
been discovered and revealed. In addition, future
research could examine and analyze nonprofes-
sional bystanders’ real response behaviors after
extensive VR CPR training.

Finally, our study has some limitations. Our
experiment was performed only once, and
the learning outcomes were examined imme-
diately. Multiple training sessions and retesting
the retention of knowledge and skills after two
months may reveal different results.

Conclusion

Our study suggested that self-instruction
training based on VR and video were both effec-
tive methods, but the highly immersive and em-
bodied VR method did not achieve better results
than the video method. This indicated that in
terms of training media, choosing a current simp-
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ler method (such as video) that is more accepta-
ble to the general public would be effective and
efficient. However, in the long run, with the de-
velopment and popularization of VR technology,
we may have new answers.
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LuHsiH TaH, YaHb JTro, BupmyanbHasi peasisHOCMb UJ1U 8UGEOKYPC:
U3sbieal Jro, LLIsHb L35H cpasHumernbHbIl aHanu3 pe3ysibmamoe caMooby4eHusl...
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BUPTYAJIbHAA PEAJIbHOCTb WUITK BUAEOKYPC:
CPABHUTEJIbHbIA AHATIN3 PE3YJIETATOB CAMOOBYYEHMUA
CEPOEYHO-NIEFTOYHOW PEAHUMALIUU

Yunusan Tan', Uaus ", Lzbieaii "2, Wane LzaH""

"MekuHckuli nedazoauyeckull yHusepcumem, 2. lNekuH, Kumad,

Fopodckoli yHusepcumem [oHKoH2a, [OHKOHe,

"Koppecnondupytowue asmopsi: E-mail address: gianliu@bnu.edu.cn (Qian Liu),
j.sh@bnu.edu.cn (Shen Jiang)

BoNBIIMHCTBO CYIIECTBYIOMIMX METOJOB CaMOOOYYEHUs [0 CEpICYHO-JIErOYHOW peaHuMa-
uuu (CJIP) B BEPTyaspHON pealbHOCTH OCHOBAaHBI Ha 360-TpagyCHBIX BUACOPOIUKAX C HU3KAM
YPOBHEM MHTEPAKTUBHOCTH, a 3((PEeKThl NMMEPCHBHON CHCTEMBI 00Y4YeHHs HE JI0Ka3aHbI HKCIIe-
PUMEHTAJIBHO. B namem HCCJICAJOBAHUN Mbl CPABHUBAEM PEC3YJIbTaThl O6y‘{eHl/Iﬂ MCTOJI0OM CaMoO-
crositenbHON TpeHupoBku CJIP Ha 0CHOBE BHICOKOMMMEPCHUBHON MHTEPAKTHUBHONW CHUCTEMBI BHP-
TYaJIbHOH peaJIbHOCTH ¢ caMooOydeHneM Ha OCHOBe 2D-BHJie0 1O KpUTEPHUSIM 3HAHHS METOIUKH
CJIP, rOTOBHOCTH NPOBOAUTH MCKYCCTBEHHOE JIbIXaHHE, CAaMOOLIEHKH U TecToBod oneHku CJIP.
Panee 6bU10 TPOBEIEHO HENOCTATOYHOE KOJIMYIECTBO UCCIIEJOBAaHNH, OCOOEHHO Ha MIPAKTHKE, TaK
Kak B OOJIBIIIMHCTBE MCCIIE0BAHNN PEANN30BBIBATINCH TEXHOIOTHH, OCHOBAaHHBIC Ha TIPIMEHEHUH
2D-Buneo u nmaHopamsoro Buaeo (360 rpaxycoB). B Hamem mcciaeqoBaHUM CPaBHUBAIMCH TEX-
HOJIOTHH C HCIoNb30BaHUueM VR (skcnepuMmeHTanbHas rpymmna) u 2D-puneo (KOHTpOJIbHAS TPyH-
a), TaKk Kak ¢ momMompeio VR nmocturaercst 6osee BEICOKOE MOTPYKEHUE B WHTEPAKTHBHYIO BHUP-
TYaJIbHYIO PEaJIbHOCTh, YTO OBUIO OKa3aHO M B MpEABIAYIIMX HccienoBaHusX. [Ipensapureins-
HbI U OCHOBHOM 3KCIIEPUMEHTHI IIPOBOJWINCH B HHCTUTYTE ropoja Vcunp nposuniuu L3sHCy.
60 yJacTHUKOB, KOTOpHIE SBISIFOTCS CTyAeHTaMu OakanaBpuara (Bcero 30 meBymiek u 30 roHOIICH
ot 18 1o 25 ner), ObUTH pa3zesneHsl Ha ABe Tpymmbl — rpynna « VR-Buneo» u rpynma «2D-Bugeo».
[Ipy 5TOM HMKaKUX CYIIECTBEHHBIX Pa3IM4YMi B MPEIBAPUTEIILHOM aHAIN3E JeMOrpadHuecKix 1
0a3HMCHBIX MMOKa3aTenel MexIy AByMs TpynmnaMu HeT. O6e rpymnmmbsl Iponum o0ydeHrne KOMIIpec-
CHOHHOMY CKaTHIO Cep/lla M HCIIOJIb30BAHMIO AaBTOMAaTHYECKOTO BHEIIHEro JeGuOpuiuisaTopa
(ABI) c momonrsto CJIP. Pesynsrar mokasai, 4yTo HCIoib30BaHue kak VR-Buaeo, Tak u 2D-uneo,
3HAUUTEJIbHO MOBBICHIIN 3HAHMSA, CAMOOLICHKY M TAaKXKe JKellaHue 00ydaroIerocs crnacarb JIpyro-
ro genoBeka. [lo cpaBHeHHio ¢ 2D-Bunmeo VR-BHIEO ¢ TOYKH 3peHHS HOTPYXKEHHS OOBEKTa B
BUPTYaJIbHOCTh, MOKa3ayo Ooinee 3G (eKTUBHBIA pe3ynbrar, nyouHa cxarus VR-Buneo 3Haum-
TeNnbHO BbIIE. Ho 11BE NaHHBIE TPYMIBI HE OTIMYAIOTCS APYT OT JIpyra IO CKOPOCTU CHKAaTHs H
TIOJTHOW CKOPOCTH OTCKOKa. B Harrem mccienoBaHuy J0Ka3aHO, YTO CaMOCTOSITEIbHOE 00y4YeHue,
OCHOBaHHOE Ha McHoyb30BaHMK VR-Buzmeo u 2D-Buseo, sBusiercs: 3G (EKTUBHBIM METOJOM JUIS
camooOyd4eHus. bpi1o mokasaHo, 4To METO[ C HCIoNb30BaHneM VR-Buzeo He naet 6osee addex-
THBHBIX pe3yIbTaToB, ueM 2D-Bupeo.

Kniouesvie cnosa: ocmanoeka cepoya, camonoo2omoska, mMemoobl OKA3aHUs HOMOWU, 6Up-
MyanbHas peanbHOCMb, MEXHON02UA OMCIIEHCUBAHUS OBUNCEHUS, 8UOEO, CePOeUHO-TIe20UHAs pea-
HUMayust, CmyoeHmvl UHCIUMyma.
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