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Abstract. With the rapid development of the Internet of Things and 5G technology, the Internet of Vehicles has become
one of the iconic application scenarios of 5G technology, promoting the emergence of a large number of emerging vehicle-
mounted intelligent applications. However, vehicle terminals have limited computing resources, making it difficult to meet the
latency and energy consumption requirements of emerging applications such as real-time traffic conditions and intelligent
identification. The emergence of Internet of Vehicles technology based on edge computing solves the above problems. In-
vehicle edge computing deploys edge servers to Road Side Units (RSU) close to the vehicle to provide computing and storage
services to the vehicle, relieving the computing and storage pressure on the vehicle terminal. However, due to the limited re-
sources of the vehicle edge network, unlimited task scheduling to the edge server will cause the server to be overloaded and
affect the quality of service (QoS) of vehicle users. A reasonable resource scheduling strategy can ensure the comprehensive
performance of the edge network and improve user QoS. Aiming at the problem of complex road traffic and dense vehicles in
the Internet of Vehicles that generate too many computing tasks that need to be processed in real time, a partial resource
scheduling strategy based on an improved simulated annealing algorithm is proposed for divisible tasks. With the goal of min-
imizing system overhead, a partial scheduling system model including the offloading ratio factor is constructed. Decompose
part of the resource scheduling problem into two factors: offloading ratio and computing resource allocation. The optimal of-
floading ratio factor is solved through the improved simulated annealing algorithm. During the algorithm iteration process, the
optimal resource allocation is obtained through the Lagrange multiplier method. Simulation verified the convergence of the
proposed strategy and its efficiency in optimizing delay, energy consumption and overhead.
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1. Introduction

As a cutting-edge technology, the Internet of Things
(1oT) is being fully integrated with the Internet [1]. It can be
applied in a variety of fields, such as smart homes, smart
transportation, and autonomous driving [2]. Due to its wide
application in various fields, there is an explosion of data
generated by intelligent transportation systems and autono-
mous driving applications. In order to handle data requests in
intelligent transportation, autonomous driving, etc., and build
smart cities, the Internet of Vehicles (Vehicle-To-Everything
(V2X) came into being [3] and became one of the representa-
tive research scenarios in the 10T field. The Internet of Vehi-
cles [4] consists of five elements, including people, vehicles,
roads, communications, and service platforms. In the V2X
scenario, a comprehensive Internet of Everything can be
realized to interact with roadside infrastructure, vehicles and
people [5-6]. However, as the intelligent applications of the
Internet of Vehicles become more complex, people have
stricter requirements for in-vehicle intelligent applications,
which require low energy consumption, low latency, and
high real-time performance. However, the computing re-
sources of the vehicle itself are limited and cannot meet the
delay and energy consumption requirements of computing-
intensive on-vehicle intelligent applications, which will re-
duce the quality of service (QoS) of the vehicle [7].
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With the emergence of cloud computing, the above prob-
lems have been gradually solved and the efficiency of task
execution can be significantly improved. The cloud compu-
ting center consists of a large number of cloud servers and
has powerful computing resources [8]. The wvehicle can
schedule locally generated tasks to the cloud computing
center, which can effectively alleviate the problem of insuffi-
cient vehicle computing resources and improve the speed of
processing tasks. However, cloud computing centers are
often deployed in remote areas far away from vehicle termi-
nals, which will cause high delays during data transmission
and are prone to interference, which will also affect the QoS
of vehicle applications [9].

In order to solve the shortcomings of cloud computing,
edge computing has entered people's field of vision as an
emerging technology. It deploys edge servers closer to users,
reducing latency to a greater extent and avoiding long-
distance transmission of cloud computing, enhances the real-
time nature of task processing [10-11], alleviates the uncer-
tainty of network transmission, and can bring better QoS to
end users [12]. With the development of edge computing, its
application in Internet of Vehicles scenarios can meet the
requirements of low latency, high real-time performance, and
low energy consumption for intelligent applications of Inter-
net of Vehicles. Edge computing for the Internet of Vehicles
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deploys edge servers in RSUs, and provides computing re-
source scheduling services for vehicle terminals through
reasonable deployment decisions and efficient service speeds
brought by close-range deployment of servers, reducing the
computing pressure of vehicles [13], saving vehicle energy
consumption, reducing transmission delay, and bringing
better QoS to vehicle users.

1.1. Related Works

The offloading decision of vehicular edge computing,
that is, the vehicle user makes an offloading strategy based
on its own needs, includes whether to offload tasks and how
much proportion to offload. Huy Hoang V [14] et al. pro-
posed an edge computing infinite network for vehicular net-
works, which can be mobility-aware to perform task offload-
ing. The value generated by the comparison of tasks per-
formed by vehicles and edge servers is used to decide how to
offload. For this, with the objective of minimizing the total
overhead of the system, a system communication model and
a computation model are established, and the simulation
comparison shows that the strategy reduces costs by 17%
compared with other benchmark strategies. Chen L [15] et al.
proposed a new concept, service value, to generalize the total
value of vehicle system delay and energy consumption. Xu
[16] et al. proposed a joint multi-objective co-optimization
task offloading strategy, which aims to reduce the pressure
on the vehicle edge computing network, reduce the response
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time of the system and alleviate the consumption of energy.
This strategy can directly schedule tasks to target edge serv-
ers through vehicle-to-base device communication according
to the state of vehicle movement, or upload tasks to target
edge servers through vehicle-to-vehicle communication.
When all edge servers are insufficient in resources, it is nec-
essary to consider scheduling tasks that cannot be processed
by edge servers to cloud computing centers. The load balance
of the system is achieved by using a heuristic algorithm such
as non-dominated genetic algorithm. Zhang P [17] et al.
made further optimizations to the delay-oriented edge com-
puting based vehicular network framework, which compre-
hensively considers the mobility of vehicles and the demand
of tasks, and proposes a comprehensive resource scheduling
strategy, including the selection of edge servers and the man-
agement of tasks. A prediction mode transmission method is
proposed for computing task uploading to improve transmis-
sion rate while satisfying delay constraints.

2. Materials and methods

In summary, partial scheduling strategies are proposed
for the splittable task in the case of traffic congestion. And a
partial scheduling model of vehicular network communica-
tion environment is established, and the system model dia-
gram is shown in Figure 1.
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Figure 1. System model

Assume that there are M RSUs uniformly distributed on
the one-way road, and an edge server is deployed in each
RSU. The set of edge servers in partial scheduling can be
expressed as M (1 {1,2,3,..., m}, Suppose there are K vehi-
cles, and the set is K (1 {1, 2, 3,..., k}, Each vehicle has a
computation task, then there are K computation tasks. Sup-
pose all vehicles obey Poisson distribution, then a vehicle
can produce one divisible processing task at a timel. The
computational task generated by the vehicle can be repre-
sented as Gk [1{Sx ,Ck ,T™ VX }, S represents the size
of data volume generated by vehicle-generated tasks, and C
represents the CPU cycles required to process vehicle-
generated tasks, T ™ represents the maximum delay time
that can be tolerated by the processing vehicle to produce a
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task, Vi represents the value generated by the vehicle corre-

sponding to the task. The offloading ratio factor of the task
scheduling to edge server for vehicle terminal can be defined
as [k, m (0 70 g m [1). Therefore the offloading ratio

factor at vehicle local is 111 "'k 1y,

This study employs the Improved Simulated Annealing
Algorithm (ISAA) to determine the optimal offloading ratio
factor. In contrast to the conventional simulated annealing
algorithm, this research utilizes the particle swarm optimiza-
tion algorithm to identify the adaptive temperature decay
coefficient, thereby securing the optimal temperature decay
coefficient in the current state [18]. The temperature decay
coefficient within the simulated annealing algorithm process
dictates the rate of temperature reduction. Building upon the
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traditional simulated annealing algorithm, this study adap-
tively modifies the temperature decay coefficient based on
the rate of temperature reduction. This adjustment allows the
rate of temperature decrease to align with the characteristics
of searching for the optimal offloading ratio factor, thereby
significantly enhancing both the performance and search
efficiency of the simulated annealing algorithm.

A. Partially scheduled communication model

Each vehicle node can communicate with the RSU upload
communication system data through an independent channel,
according to Shannon theory, the upload rate ri m can be ex-

pressed as:

Pr,mG
d 1
) ®

. m =W mloga (1+

Wy 1 denotes the communication link bandwidth, gy
denotes the transmit power, G denotes the channel gain, and

o2 denotes the average noise power.

B. Partially schedule local computation model

Tasks generated by the vehicle terminal are concurrent-
ly scheduled to both the edge server and the vehicle terminal,
adhering to a predetermined offloading ratio.

If the calculation task of [yn offloading ratio factor is
scheduled to edge server for processing, then the remaining
100 [0 ¢m offloading ratio factor needs to be processed at
vehicle terminal. The time delay tlocal that the calculation
task of remaining 1 km ratio factor is processed at vehi-
cle terminal can be defined as:

S (-
ot = 28] @
fk,m
f denotes the vehicle terminal CPU computing power.
C. Partially Scheduled Edge Computing Model
The ratio factor of the scheduling to the edge server and
the total delay t for computation can be expressed as:
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2.1. Overall algorithm design

The optimization problem in this article is split into two
sub-problems. First, the simulated annealing algorithm is
used to find the optimal offloading ratio factor. After the
solution is obtained, it is then substituted into the resource
allocation problem as a known solution. It is mathematically
proven that problem P3 is a convex optimization problem.
To find the optimal resource allocation, the specific steps of
the ISAA-COA algorithm (Improved Simulated Annealing
Algorithm-Convex Optimization Algorithm, ISAA-COA)
proposed in this article are as follows:

(1) Initialize simulated annealing parameters and start it-
eration.

(2) Generate a new unloading ratio factor through random
perturbation, and use the particle swarm optimization algo-
rithm to obtain the optimal temperature attenuation coeffi-
cient.

(3) The latest solution is obtained in each iteration, and
the objective function at this time is updated to P2.
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(4) Substitute the latest unloading ratio factor into P2 to
obtain P3. It is proved that P3 is a convex problem. It is
solved by the Lagrange multiplier method and the optimal
resource allocation solution of P3 is obtained.

(5) Substitute the optimal offloading ratio solution and
resource allocation solution for each update into problem P1
to calculate the current system average cost, and compare it
with the system cost of the initial solution. If the average
system cost at this time is less than the system cost of the
initial solution. The cost indicates that this iteration is valid
and the perturbation solution of this iteration is accepted. On
the contrary, screen out the poor solutions with a certain
probability and re-enter step (2).

(6) When the simulated annealing temperature decays to
the termination temperature, the iteration ends, and the opti-
mal unloading ratio factor and resource allocation are output.

2.2. Experimental simulation

The MATLAB simulation platform is used for simulation
verification, assuming that there are 50 vehicles on the one-
way road, and there are 5 RSUs on the road surface, each
RUS configures an edge server, a vehicle terminal generates
a computing task at a certain moment, so the number of
computing tasks and the number of vehicles is the same, and
there are 50 tasks. The specific parameters are shown in
Table 1.

Table 1 Experimental parameter table

Parameter Parameter
value
Number of vehicles 40

Curbside Unit RSU Quantity 5
Task data volume Sy [900,1600] KB

CPU cycles required for the task Cy [0.3,1] GHz
Vehicle terminal computing power focal 1GHz

Energy coefficient k 1x10%
Network bandwidth B 20MHz
Uplink channel gain G 140+36.710g d
The maximum computing resource Fmax of the edge = 20GHz

server

Delay weight factor 0.2

Initial temperature T 1000

Initial temperature attenuation coefficient 0.95

In order to verify the ISAA-COA algorithm proposed in
this article, the algorithm in this article is compared with
local computing (LC), adaptive genetic algorithm (AGA),
and random scheduling algorithm (RA).

3. Results and discussion

According to the simulation results in Figure 2, it can be
observed that there is a positive correlation between the
number of CPU cycles of the computing task and the system
delay. However, compared with the other three benchmark
algorithms (local computing (LC), adaptive genetic algo-
rithm (AGA), and random scheduling algorithm (RA)), the
ISAA-COA algorithm proposed in this article has a higher
average delay when processing tasks. short. Specifically, the
average delays of the ISAA-COA algorithm, AGA algo-
rithm, Random algorithm and LC algorithm are 0.751s,
0.906s, 1.04s and 1.13s respectively. It can be calculated that
the ISAA-COA algorithm reduces the optimization delay by
20.6%, 38.5%, and 50.5% respectively compared with the
above three solutions. It shows that the ISAA-COA algo-
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rithm proposed in this article has certain advantages in opti-
mizing delay.
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Figure 2. Simulation relationship diagram of computing task
CPU cycles and latency

According to the simulation results in Figure 3, it can be
observed that there is a positive correlation between the
number of CPU cycles of the computing task and the system
energy consumption. However, the ISAA-COA algorithm
proposed in this article produces lower average energy con-
sumption when processing tasks than the other three bench-
mark algorithms (AGA algorithm, Random algorithm and
LC algorithm). Specifically, the average energy consumption
of the ISAA-COA algorithm, AGA algorithm, Random algo-
rithm and LC algorithm is 6.506J, 8.638J, 8.888J and 10.15J
respectively. It can be concluded that compared with the
above three benchmark algorithms, the energy consumption
of the ISAA-COA algorithm is reduced by 32.8%, 36.6%,
and 56.0% respectively. It shows that the ISAA-COA algo-
rithm is efficient in reducing energy consumption.
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Figure 3. Computing task CPU cycles versus energy consump-
tion graph
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According to the simulation results in Figure 4, a positive
correlation between the number of CPU cycles of a compu-
ting task and the system overhead can be observed. However,
compared with the other three benchmark algorithms (AGA
algorithm, Random algorithm and LC algorithm), the ISAA-
COA algorithm proposed in this paper produces lower aver-
age overhead when processing tasks. Specifically, the aver-
age overheads of the ISAA-COA algorithm, AGA algorithm,
Random algorithm, and LC algorithm are 5.355, 6.391,
7.318, and 8.346 respectively. It can be concluded that the
average overhead of the ISAA-COA algorithm is reduced by
19.3%, 36.7%, and 55.9% respectively compared with the
above three benchmark algorithms. Note that the ISAA-COA
algorithm has certain advantages in reducing the average
system overhead.
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Figure 4. Compute task CPU cycles versus system overhead
graph

In summary, the proposed ISAA-COA algorithm in this
paper can effectively reduce the time delay, energy consump-
tion and average system overhead of vehicular ad hoc net-
works. The algorithm can obtain the optimal offloading ratio
factor under the optimization of the ISAA algorithm, which
further improves the performance and efficiency of the sys-
tem. Its advantages are mainly reflected in the accurate cal-
culation and adjustment of task allocation and offloading
ratio factor, so that the system can better adapt to different
task requirements and network environments, improving the
reliability and stability of the system.
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Keuik KypajaapbIHbIH HHTEPHETI YIIiH HIETKI ecenTey pecypcrapbiH
JKoCIapJiayabl OHTAMJIAHABIPY daicCi

Junr ®anr’, Lao FOHun
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Anparna. 3arrap uHTepHeTi MeH 5G TEXHOJIOTHSCHIHBIH KapKbIHIBI JamybiMeH Keulik KypangapblHbIH HHTEpHETI 5G
TEXHOJIOTHSICHIHBIH TaHFaKaWbIll KOJAAHOATBI CICHAPHUilIepiHiH OipiHe alWHAIABl, OV KOJIIKKe OpHATHUIFAH KOITEreH
MHTEJUIEKTYaN/Ibl KOCHIMINIANAp/bIH Naiaa OodyblHa bIKHAN eTTi. JlereHMeH, KeJiK TepMHHAJIapblHAa LIEKTEYJl ecentey
pecypcrapsl 0ap, OyJ1 HAKThl YaKbITTarbl KO3FAlbIC JKaFJaiiapbl JKOHE WHTEIUICKTYaJJ(bl COMKECTEHMAIPY CHSKTHI Iaija
OoylaTbIH KOJA@HOANap/bIH KiJIpiC JKOHEe OJHEpPrus TYTHIHY TajlanTapblH KaHaraTTaHABIPYAbl KublHAaTansl. IllerTik
ecenrreynepre HerizgenreH «Internet of Vehiclesy) TeXHONOTHUACHIHBIH Maiiia OOMYHI )KOFAPHIIa aTalFaH MOCEIEIep i MeIIe/i.
Kemik imiHmeri meTTiK ecenTeyliep KONiK KYpalblHA €CENTey MKOHE CakTay KhI3METTepiH KaMTamachl3 €Ty VIIH KeiK
TEPMUHAIIBIHAFBI ECEIITEY XKOHE CaKTay KbICHIMBIH KECHIUIETY YIIiH KOJIKKe KaKbIH K0 OobrHmarsl OnokTapra (RSU) merki
cepBepliepi opHaNacThIpaabl. JlereHMeH, KoMK KypalbHBIH IIeTKi JKeNiCIHIH MIeKTeyJi pecypcTapblHa OaiIaHBICTHI IIETKI
cepBepre IIEKTEyci3 TalchlpManapibl JKOCHapiiay CepBEepAiH I[IaMajaH ThIC JKYKTENyiHE oKeJle[l JKoHE KoK
NalIagaHyIIbUIapeIHBIH  KbI3MET KepceTy camacbiHa (QoS) acep eremi. AKbUIFa KOHBIMABI pPeCypcTapibl JKocmapiay
CTPATETUsIChl IICTKI KETIHIH KaH-)KaKThl OHIMIUIINH KaMTaMachl3 €Te ajajbl KOHEe MaijaiaHyimbsiHbiH QOS meHreiin
sakcapraabl. HaKThl yakpITTa OHICY/Il KQKET €TeTiH ThIM KOl €CeNTey TalnchblpMalapblH reHepauusuiaiiTein Keltik Kypanaapbl
MHTEPHETIH/ErT KYpJelli KOJ KO3FaJIbIChl MEH THIFbI3 KOJIKTep MoceieciHe OarbITTairaH, OeJiHETIH TamcelpMmaiap YILIiH
KAKCapTBUIFAaH MOJIEJBJCHIeH JKachITy aJITOPUTMIHE HETI3AENTeH IIIiHapa pecypcTapAsl JKOCHapiay CTPaTerHschl
ycuIHbBIIa b JKylieHiH ycTeMe MBIFRIHAAPBIH a3alTy MaKcaThIHAA TYCipy Ko3hdUIneHTi K03 UIMEeHTIH KAMTHTHIH iIIiHapa
KOCTapyiay XYHeciHiH MOJelni KypacThIpeIIaasl. PecypcTapapl skocmapiay MaceneciHiH Oip OemiriH exi ¢akropra OemiHi3:
TYCipy KO3 HIHMEHTI koHe ecentey pecypcTapblH Oeny. OHTaiibl Tycipy KO3(GQHUIMEHTI )KaKCapTHUIFAaH MMUTALMSIIBIK
JKACBITY alTOPUTMI apKbUIbl IIEMIIeAl. AJTOPUTMAI HTEpanusiay NpOLECiHIE pecypcrapabl OHTainbl Oemy Jlarpamx
MYJIBTHIDIMKATOPbl 9JiCi apKbUIBl ajbIHAIbl. MoJenb/iey YCHIHBIIFAH CTPATErHsSHBIH KOHBEPTEHIMSACHIH JKOHE OHBIH
KEIIIKTIpy/li, YHEPTHSHBI TYTHIHY/IbI )KOHE YCTEMe IIBIFBIHap/Ibl OHTAHIaHABIPYAAFbl THIMUTITIH TEKCEep.

Hezizzi co30ep: Kok sicenici, UHMerIeKmyanobl Kabuna, sdcuekmepoi ecenmey, UMUMAYUSIBIK HCACHIMY ANOPUMMI.

MeToa onTUMHM3aLUM IVIAHMPOBAHUSA PecypcoB nepudepuitHbIX
BbluMcJIeHuii 1151 UHTepHeTa TPAHCIIOPTHBIX CPEICTB
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Annoranusi. brnaronapst 6eictpoMy passutuio VHTepHeTa Bemield n TexHosioruu 5G MHTEpHET TpaHCHOPTHBIX CPEICTB
CTaJl OJJTHMM M3 3HAKOBBIX CIICHAPUEB NMPUMEHEHUS TeXHOJOTHU 5SG, criocoOCTBYsI MOSBICHUIO OOJBIIOTO KOJIMYECTBA HOBBIX
MHTEJUIEKTYaIbHBIX TPHUJIOKEHHH, YCTaHABINBACMBIX Ha TPAHCHOPTHBIX cpeicTBax. OnHAKO aBTOMOOWIIBHBIE TEPMHHAJIBI
MMEIOT OI'paHWYEHHbIC BBIUYUCIHMTENILHBIE PECYPCHI, YTO 3aTPyIHSET yJOBJIETBOpPEHHE TPeOOBaHMI K 3aJepiKKe U DHEPromno-
TPeOJICHUIO HOBBIX IPHJIOKEHUH, TAKUX KaK yCIOBHS JOPOKHOTO JBIKEHUS B peajlbHOM BPEMEHU M MHTEIJICKTyasbHas HIeH-
tudukanys. IlosBieHne TexHONOTMH MHTepHEeTa TPaHCIIOPTHBIX CPEACTB Ha OCHOBE NEepH(EPUHHBIX BEIYHCICHUH pemaeT
BBILICYKa3aHHEIE pobiieMbl. [lepudepuiiHpie BHIYUCICHHS B aBTOMOOMIIC Pa3BePTHIBAIOT NepUpEpPHItHEIE CepBEpHl B IPHIO-
poxHbIX ycrpoiictBax (RSU), pacmomokeHHBIX PsSIIOM C TPAaHCHOPTHBIM CPENCTBOM, IUIS MPEAOCTABICHHUS TPAHCIIOPTHBIX
YCIIYT M YCIIYT XpaHEHUs JaHHBIX, CHIDKAs Harpy3Ky Ha BBIYMCIHMTEIbHBIC PECYPCHI U XPAaHWIUIIE JaHHBIX Ha aBTOMOOMIEHOM
tepMuHaie. OJHAKO W3-3a OTPAaHHYCHHOCTH PECYPCOB MOTPAHMYHON CETH TPAHCIIOPTHOTO CPEICTBAa HEOTPAaHUYCHHOE ILIAHHU-
poBaHMe 3aJa4y Ha IOrPaHUYHOM CEpBEPE NMPHUBEAET K Meperpy3ke cepBepa U yXyALIUT KauecTBo oocayxuBanus (Q0S) nosns-
30Bareneil TpaHCIOPTHBIX CPeNCTB. PasymHas cTparerus IiaHMpOBaHHS PECYPCOB MOXKET 00ECHEYUTh KOMILIEKCHYIO IPOU3-
BOJIMTEJILHOCTD TIepU(EPUITHON CeTH M YIy4YIINTh Ka4eCcTBO OOCIY)KHBaHUs Mojb3oBaTeneil. CTpeMsch peluTh npodiemy
CJIO)KHOTO JIOPOKHOTO JBM)KEHHUS M OOJBIIOTO KOJIMYECTBA TPAHCHOPTHBIX CPeAcTB B VHTepHeTe TPaHCIOPTHBIX CPEICTB,
KOTOPBIC TCHEPUPYIOT CIUIIKOM MHOTI'O BBIYHCIWUTECIIBHBIX 3a7da4, KOTOPbIC HCO6XOI[I/IMO O6pa6aTI)IBaTI) B pCaJIbHOM BPEMCHU,
JUIA JCJIMMBIX 3aa4d npeajiarac€rcsa CTpaTrerusd 4aCTUYHOI'O IJIaHUPOBAHUA PECYpPCOB, OCHOBaAHHAA Ha YJIYYHICHHOM aJIlTOPUTMEC
UMUTAIMHU oTxHra. C Henbl0 MUHUMHU3ALIH HaKJIaIHBIX PACXOI0B CHCTEMBI CO3aeTCs YaCTHYHAs MOJEIb CHCTEMBI ITaHUPO-
BaHWs, BKIIOYAIOIas Ko3hGuuueHT koddduieHTa pasrpy3ku. Pasnenure yacth npoOieMbl IIIaHUPOBaHHS PECYPCOB Ha JBa
(axropa: K03QOULUEHT pasrpy3ku M PAaCIpPeneICHAE BEIYUCIUTEIBHEIX pecypcoB. ONTUMANBHBIA KOY(QQUIMEHT pa3rpy3Ku
ompenersieTcs ¢ MOMOIIBI0 YIYYIICHHOTO aJropuTMa MOJCIHPOBAaHUA OTXKHTa. B mpolecce urepanuy aaropuTMa OnTHMab-
HOE paclpeieeHHe pecypcoB JOCTUrAaeTCs ¢ IIOMOLIBI0 MeTo1a MHOKUTeNel Jlarpamka. MonenupoBaHie HOATBEPIHIO CXO-
JMMOCTB TPEIUIOKEHHON CTPATErHu U €€ d3(P(PEKTHBHOCTh B ONTUMH3AIMY 3aJICPKKH, SHEPTOMOTPEOICHNS U HaKIIaIHBIX pac-
XOJIOB.

Kniouegvie cnosa: asmomobunvhas cems, uHmeniekmyanibhas Kabuna, nepugepuiinble 8b14UcIeHUs, anopumm mMo0eaupo-
sanusa omacued.
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