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ABSTRACT

Al inferencing, real time processing is one of the most
challenging areas of nowadays as the properties of neural
networks and the field of subject may require excessive
calculation power in terms of speed and memory. There are many
vendors providing inferencing solutions such as Nvidia’s Jetson
series, Google’s Coral etc., and there are many FPGA inferencing
solutions such as Xilinx’s Al applicable FPGA as well. But all
these vendors’ products are not able to effortlessly resolve the
challenges for any type of trained neural network and for the
requirements of the given subject. Thus investigation,
benchmarking of these inferencing devices for each of the field of
subject may provide interesting insight for the decision making on
which device to choose or which type of optimization for each
type of device would make sense. Hence, we tend to do
widespread analysis in this work for one chosen field of subject
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such as scene’s depth estimation inferenced on one device such as
Jetson Xavier NX.

Keywords:Al inferencing, Neural network, Depth estimation,
Jetson Xavier NX.

1. Introduction

We have chosen one of the challenging fields of subject to analyze the
inferencing that is the scene’s depth estimation. Although nowadays the
main tool for depth estimation is the Photogrammetry that is becoming a
powerful solution for several applications such as geological measurements,
aerial mapping, virtual tours etc. Meanwhile it requires heavy 3D
reconstruction processing that is only suitable on stationary processing
units. This means that in order to perform a photogrammetry for given
object one has to first take pictures from the object with the necessary
amount of scenes, then pass these pictures to a processing unit all at once to
get the output, which is a time and cost consuming factor. Though it is not
critical for mentioned applications, currently there are applications that
require instantaneous information on scene properties, such as UAVs
obstacle avoidance, indoor navigation, self-driving vehicles, Digital Surface
Model (DSM) generation, mapping, textured 3D models, etc. [1]. Thus, in
this article we have investigated artificial intelligent depth estimation neural
network processing on one of the inferencing devices, to identify if depth
estimation inferencing may become an alternative to photogrammetry for
the need of instantaneous 3D modeling of scene. The investigation has been
performed especially for aerial footage as that is the most emerging in terms
of pictures properties due to long shooting distances. Since the picture
properties degrade at long distances and thus have more interest in terms of
technical challenges, though industry wise self-driving vehicles application
1s more demanding.

After recent advancements in deep learning, many authors suggested
supervised neural networks to solve single image depth estimation problem
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[2-5]. However, collecting large datasets with accurate ground truth depths
is a hard solving task and sometimes impossible. As an alternative, several
recent works have been done, where monocular depth estimation problem
was solved by self-supervised techniques. These techniques learn depth
information through stereo-pairs [6—8] or monocular videos [9—11]. The
advantage of self-supervised techniques is the possibility of training without
ground truth depth maps while keeping acceptable accuracy.

The neural network of this method trained with given dataset have
been used as an inferencing subject for investigation against predefined
properties such as output image depth quality (evaluation metrics described
in 3.2 section) on an inferencing device (Jetson Xavier described in 2.1
section) to test its performance in terms of speed, required memory, power
usage. We have chosen Jetson Xavier NX as an inferencing device, as it has
one of the best price-performance ratios in the Jetson series. Also, we have
noticed that there is a lack of such works using Jetson Xavier NX.

2. Chosen model

This section briefly describes the overall methodology of training
self-supervised depth estimation model using UAV oblique videos.

The model predicts depth map through depth network and then
estimates rotation and translation parameters from consecutive temporal
frames through the pose network which are used to reconstruct the given
input image. The difference between the reconstructed and the original input
image is calculated as a loss to be backpropagated to improve the model
performance. Model accuracy is evaluated using various metrics by
comparing with reference depth images produced using Pix4D
photogrammetric tool [12].

2.1. Jetson Xavier NX specifications

The experiments in this article were done on Nvidia Jetson Xavier NX
Developer Kit. It is a power-efficient, compact module for Al edge devices.
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It accelerates the NVIDIA software stack in as little as 10 W with more than
10x the performance of its widely adopted predecessor Jetson TX2. The
brief properties of this device are described below.

NVIDIA Volta architecture with
GPU 384 NVIDIA CUDA cores and
48 Tensor cores

Memory 8 GB 128-bit LPDDR4x 51.2GB/s
Storage microSD
Video Encode 2x 4Kp30 | 6x 1080p 60 | 14x 1080p30

Xavier NX is capable of 21 TOPS (int8) or 6 TFLOPS (fp16) of Al
performance while consuming only 15 watts of power. When limited to 10
watts, it can still perform at 14 TOPS. More detailed evaluation can be
found in Nvidia’s site.

2.2. Inference

We have done inference using Nvidia TensorRT Python API. After
the neural network is trained, TensorRT enables the network to be
compressed, optimized, and deployed as a runtime without the overhead of
a framework. TensorRT combines layers, optimizes kernel selection, and
also performs normalization and conversion to optimized matrix math
depending on the specified precision (fp32, fpl6 or int8) for improved
latency, throughput, and efficiency [15]. For doing inference TensorRT
engine should be created, which can be serialized to and later deserialized
from a file.

For generating TensorRT engine, first we have converted our
PyTorch model to Open Neural Network Exchange (ONNX) format
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specifying the inputs and outputs of the model, and then we have generated
TensorRT engine from ONNX model. CUDA Python API and Jetson-
inference library were used for writing the inference software [15].

We have created various engines with different input resolution and
precision parameters and have performed extensive experiments which are
described in the following sections.

3. Experiments

In this section we introduce the dataset, comparison of neural
network’s parameters against data type and also comparison with other
methods.

3.1. Dataset

The UAV oblique video dataset used for our work is taken from the
UAVid [13] imageries. The UAVid dataset is a combination of 42 video
sequences captured from Wuhan (China) and Gronau (Germany). The
original frame rate is 20 frames/second and the images are captured at a
flying height of 50-100m with a flying speed of 10m/s, at an angle of 45°.
The images are of size 4096%2160 and 3840%2160 for Germany and China
respectively. There are 34 video sequences for China and 9 video sequences
for Germany. The images from China are captured at varying height and
have lots of dynamic features like cars, pedestrians, crowded streets which
add extra complexity on top of the obliqueness of the view. Also, the images
from China have a higher distance range, reaching more than 500m [12].
We have used China images for creating training, validation and test sets as
they are more challenging.

Inspired by [12], to test the model performance, we compared the
depth maps generated by the model with point clouds generated using
Pix4D which are considered as reference depths. The 3D reconstruction in
Pix4D also encountered the problem of a narrow base between successive
frames in the dataset. To create high quality point clouds some of the frames
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had to be removed which decreased the number of available reference
frames. The reference depth images are then derived from the point cloud
using the P-matrix obtained from Pix4D. A total of 412 images are obtained
as reference depths through this process. For testing the model, a single test
image is given as an input to the model from which a depth map is produced
which is then compared to the corresponding reference depth.

3.2. Evaluation metrics

To assess the performance, various pixel-wise metrics are calculated
between the predicted and reference depths. The evaluation of the accuracy
is done based on calculating several metrics between the single image
depths (d’) generated from the model and the reference depths (d) produced
using Pix4D. The evaluation metrics are: Absolute Relative difference (Abs
Rel) given in equation (1), Squared Relative difference (Sq Rel) given in
equation (2), Root Mean Square Error (RMSE) given in equation (3), Root
Mean Square Logarithmic Error (RMSE log) given in equation (4),
Accuracy given in equation (5) as described in [14] and [12].

1N Jae-d'eo)
AbsRel=7 ) Ieatl (1)
N | :
_1 d(x)—d (xy)
SqRel = " E TS (2)
i=1
B ' 2
RMSE = ;Z. 1(d(xi) —d'(x))", 3)
l=
1OV ' 2
RMSElog = ;Z' 1(log(d(xi)) - log(d (xi))) ’ (4)
l=

N oo
Accuracy(8y) = % E max <%,%> <0, (5)
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Here accuracy represents the fraction of pixels that are within a certain
threshold 0 to the corresponding pixel wise value in reference depth map.
The thresholds chosen are 1.25, (1.25)%, (1.25)*, 1.15 and 1.05.

3.3. Comparison of results

In this section, we present the evaluation of our model results by
comparing with reference depths generated using PIX4D software and with
results published by [12]. We have chosen [12] for comparison as it is one
of the best papers that uses UAVid dataset. Our results are significantly
inferior to the results obtained by [12], as we have mainly focused on
inference leaving the accuracy improvements for a future work.

We also present the comparison of inference statistics, memory usage,
power usage, model complexities against data type.

In Table 1 and Table 2 the comparisons of model accuracies with
input resolutions of 640x192 and 736x480 are shown respectively.

From Table 1, we can see that decreasing precision from fp32 to fp16
does not significantly change results. In case of int8 precision, results are
slightly decreased, but as we can see in Table 4 and Table 5, it gives more
performance boost. Results of the model with int8 data type were measured
after performing calibration process. For that we have used calibration
dataset, which includes 4160 images from the original training dataset.

Table 1.

Results achieved over models with input resolution of 640x192.

Model PyTorch Results from
ode TensorRT model (640x192) model Madhuanand
rame (640x192) | etal. (2021)
Data type Fp32 Fpl6 Int8 Fp32 Fp32
Absolut
bsolute 0.288 0.288 0.306 0.288 0.109
relative
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Square 21.136 21.126 24201 21.139 7.742

relative

RMSE 63.292 63.288 69.372 63.295 48.303
RMSE log |  0.335 0.335 0.358 0.335 -
al (<1.25) | 0.603 0.603 0.578 0.603 0.878
a2 (<1259 | 0819 0.819 0.79 0.819 -
a3 (<125%) | 0.908 0.909 0.891 0.908 -
2% (<1.15) | 0471 0.471 0.449 0.471 0.761
a3* (<1.05) | 022 0.22 0.211 0.22 0.327

Table 2 shows that using higher input resolution improves results,
however it increases model complexity.

Model complexities expressed in floating point operations (FLOPs)
and memory usages of the models are given in Table 3.

Table 2.

Results achieved over models with input resolution

of 736x480.
PyTorch Results from
Model
name TensorRT model (736x480) model Madhuanand
(736x480) | etal.(2021)
Data type Fp32 Fpl6 Int8 Fp32 Fp32
Absolut
solute 0.277 0.277 0.293 0.277 0.109
relative
Square 17.196 17.147 21.42 17.208 7.742
relative
RMSE 50.411 50.313 62.877 50.437 48.303
RMSE log 0.296 0.295 0.326 0.296 —
al (<1.25) 0.614 0.615 0.586 0.614 0.878
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a2 (<1.25%) 0.857 0.857 0.804 0.857 —
a3 (<1.25% 0.937 0.937 0.903 0.937 —
a2* (<1.15) 0.47 0.471 0.459 0.47 0.761
a3* (<1.05) 0.239 0.24 0.238 0.239 0.327
Table 3.
Model complexities and memory usages.
Input resolution 640x192 736x480
Number of parameters 14.8 M 14.8 M
Fp32 2 GFLOPs 4.2 GFLOPs
Int8 NA NA
Fp32 4.1 Gb 4.1 Gb
Memory usage Fpl6 3.3Gb 3.3Gb
Int8 3.3Gb 33Gb

From Table 3, we can see that model complexity is proportional to the
square of input resolution. Also, we can see that using fpl6 and int8
precisions decreases the memory usage. Comparisons of models’
performances measured by the number of frames processed in a second
(FPS) are given in Table 4 and Table 5. From these tables, we can see that
we were able to reach real-time performance by using fpl6 or int8
precisions for the inference.
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Table 4.

Inference statistics (FPS) of various models with input resolution

of 640x192.
PyTorch
Video Input TensorRT model model
resolution resolution
Fp32 Fplé Int8 Fp32
640x192 32 FPS 53 FPS 60 FPS 18 FPS
720x480 640x192 28 FPS 40 FPS 45 FPS 15 FPS
1280x720 21 FPS 28 FPS 30 FPS 14 FPS
Table 5.

Inference statistics (FPS) of various models with input resolution

of 736x480.
PyTorch

Video Input TensorRT model model

resolution resolution
Fp32 Fpl6 Int8 Fp32
640x192 13 FPS 25 FPS 30 FPS 7 FPS
720x480 736x480 13 FPS 22 FPS 27 FPS 7 FPS
1280x720 10 FPS 17 FPS 20 FPS 6 FPS

In Table 6 and Table 7 are shown the power usages of the models with
input resolutions of 640x192 and 736x480 respectively.
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Table 6.

Power usage of various models with input resolution of 640x192.

Video Input TensorRT model Idle power
resolution resolution Fp32 Fpl6 Ints usage
640x192 12300 mW 8900 mW 7800 mW
720x480 640x192 11450 mW 8650 mW 7600 mW 3000 mW
1280x720 10200 mW | 7900 mW 7250 mW
Table 7.

Power usage of various models with input resolution of 736x480.

Video Input TensorRT model Idle power
resolution resolution Fp32 Fpl6 Int8 usage
640x192 13200 mW | 10700 mW | 9300 mW
720x480 736x480 12900 mW | 10500 mW | 9100 mW 3000 mW
1280x720 11950 mW 9550 mW 8550 mW

4. Conclusion

Per the metrics evaluated such as used memory, number of FLOPS,

power usage, in this work it can be concluded that Jetson Xavier NX with
its huge capabilities of 6 TFLOPS (fp16) still have tremendous room for
model improvement but thus it has to find a way on how to deal with data

transmission in order not to reduce the fps as we can see it degraded for

higher resolution of input images as well for higher inferenced video

resolution. Meanwhile the results are showing that working on input
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resolution to improve the model still makes sense, though the power
consumption can be a concern as it reaches its boundaries of 15 watts.

For future research, we would like to explore further the depth
estimation model for very large depth ranges in a scene and also investigate
the possibilities of reducing model complexity while keeping sufficient
level of accuracy.
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OPUEHTUP IPUMEHEHUSA NCKYCCTBEHHOI'O UHTEJIJIEKTA
OLEHKU I'’'TYBUHBI HA JETSON XAVIER NX

T.b. Xauampsan
AHHOTALMUA

[Ipumenenue uckycctBeHHOro nHTemekra (M) u 06paboTka B peaibHOM Bpe-
MEHH B HACTOSIIIEeE BpEMs OJJHA U3 CAMBIX CIIOKHBIX 00JacTel, Tak Kak CBOWCTBA HEH-
POHHBIX ceTelf M caMa 00JacTh MOTYT HOTPeOOBATh YPE3MEPHBIX BBIYHCIUTEIHHBIX
MOILHOCTEH € TOUKU 3PEHUSI CKOPOCTH M TaMsTH . ECTh MHOT'O MMOCTAaBIIMKOB, KOTOPbIE
MpeUIararoT pelieHUs IS MPUMEHEHNs, Takue Kak cepust Nvidia Jetson, Google Coral
U T.J., a Takke paznunuabie FPGA pemenus npuMmenennii — Takux, kak MU nmpumens-
emble FPGA Xilinx. Ho mpoxyKThl Bcex 3THX MPOU3BOJUTENEH HE B COCTOSIHUU JIETKO
PEeIINTh 3a7auu JUIs JH000T0 THIA O0YYEHHOW HEWPOHHOW CeTH W IUIsl TpeOOBaHMIA
JaHHOM TeMmbl. TakuM 00pazoM, ucclieIOBaHHE, CPAaBHUTEIbHBIA aHAIU3 THX YCT-
POWCTB MpUMEHEHHUSI sl KaXKI01 00J1acTH MpeaMeTa MOKET MPeJOCTaBUTh UHTEpeC-
HY0 MH(OOPMANHUIO [UTS IPHHATHS PEIICHHS O TOM, KaKoe YCTPOHCTBO BBIOpAThH IUIH
KaKoW THUIT ONTUMU3ALINH JUIS KaXXI0TO TUIA yCTPOHCTBa OyaeT UMeTh cMbIcit. Creo-
BaTeNbHO, B 3TOH paboTe MBI CTPEMHUMCS MIPOBOJIUTH OOLIMPHBIA aHATN3 ISl OJHOM
BBIOpaHHON 00JIaCTH 00BEKTa, TAKOW KaK OICHKA TITyOWHBI CIICHBI, CACTaHHAs Ha O
HOM YCTpPOWCTBE, TakoM Kak Jetson Xavier NX.

KnaioueBsble ciaoBa: MV mpuMeHeHne, HeHpoOHHAs CETh, OIEHKA TITyOWHEI,
Jetson Xavier NX.
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PABPABOTKA UHCTPYMEHTAPUS B
MMPOT'PAMMHOM CPEJE LABVIEW JJI51
KOJIVIMMATOPHOI'O METOJA AHTEHHBIX
W3MEPEHUM B ITUANTA3OHE MUJIJIMMETPOBBIX
BOJIH

C.P. Taoesocan

Poccuticko-Apmanckuii ynueepcumem
Huoicenepro-gusuneckuti uncmumym
Kagpeopa menexommynurxayuu
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AHHOTALIUSA

B nmaHHOI1 cTaThbe OMUCHIBAaeTCS KOJUTMMATOPHBIM METOJ aH-
TEHHBIX U3MEPEHUN B MUJUIMMETPOBOM JHMANa30HE BOJH, Mpea-
CTaBJieH pa3pabOTaHHBIM WHCTPYMEHTAPHH, IPEIOCTABIISIOMINI
OLICHKY IOTEepPh B KOJUIMMATOPHOW HCIBITATENBHON CHCTEME,
paccuuThIBaOIUil 3 GHEKTUBHYI0 H30TPONHYI0 H3ITy4aeMyIo
MOIITHOCTh, U3Ty4aeMyt0 MOIIHOCTh, 3 ()EKTUBHYIO H30TPOITHYIO
qyBCTBUTEIBHOCTb.
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Bormpoc npoBeneHust UCTIBITAHUN aHTEHHBIX YCTPONUCTB pau-
OJIEKTPOHHBIX CHCTEM, PabOTAIOINX B MIJIIMETPOBOM JHAaIa-
30HE BOJIH, SIBJISIETCS BaXKHBIM, [IOCKOJIbKY aHT€HHBIE CUCTEMBI SIB-
JISIIOTCSL UX HEOTHhEMJIEMOH 4acThio. BeIOOp TOro mim MHOTO Me-
TOJa U3MEPEHUN IapaMeTPOB aHTEHHBIX YCTPOMCTB 3aBUCUT OT
TOYHOCTH PE3YJIbTATOB U Pa3MEPOB HCHBITYEMON aHTEHHOM CHC-
TEMBI.

KomnmmartopHbIil MeTo aHTEHHBIX H3MEPEHH Ha CETOTHSIII-
HUH JIeHb IPUMEHSETCS B Pa3JIMYHbIX IEPEIOBBIX 00IacTAX, IPU-
MEHSOINX PaAUOIEKTPOHHBIE YCTPOMCTBA, MPU HUCIBITAHUSIX
AaBTOMOOWJIBHBIX PagapoB, B CBSI3H, MPU TECTHPOBAHWN aHTCHH
MOOUJIBHBIX TeNe(OHOB U T.A.

KuroueBble cji0Ba: MUJITMMETPOBBIN JUANIA30H, KOJTTUMATOP-
HBIA METOJ, IOTEPH NIPU pactpocTpaHeHuu, cpena LabVIEW.

BBenenue

CuwiibHOE 3aTyxaHue BOJIH MIJJIMMETPOBOIO AMana3oHa B Cpese Tpe-
OyeT NOBBIIIEHHS] MOIIIHOCTH MepeJaTynKOB, YTO HEMPUEMIIEMO KaK C TeX-
HUYECKOM, TaK U YKOHOMHUYECKON TOYEK 3peHus. B cBsI3u ¢ 3TUM 3amaya
MIPOBEJICHUS UCTIBITAHUN PaIUO3JIEKTPOHHBIX CUCTEM, pabOTAIONINX B MUJI-
JMMETPOBOM JIMAIIAa30HE, ABIIAETCS KPUTUYHOM.

B naHHOI1 cTaThe pacCMOTPEH METO U3MEPEHUS TAPAMETPOB AHTEHH
KOJUIMMaTOPHBIM METOJ/IOM, NMPEACTaBIIEH pa3pa0OTaHHBIM WHCTPYMEHTa-
puii, TO3BOJISIFOIMI IPOBOJAUTE OLIEHKY MOTEPh B KOJUIMMATOPHOMN HMCIIBI-
TaTEJIbHOUN CUCTEME.

OnHO M3 OCHOBHBIX IPEUMMYILECTB KOJUIMMATOPHOTIO METO/1a aHTEH-
HBIX U3MEPEHUI — Majlasl MPOTSHKEHHOCTh CTEH1a U3MEPEHU 110 CpaBHE-
HHIO C METOJIOM aHTEHHBIX U3MEPEHUI B JaJIbHEH 30HE.

[lenbto paboOTHI SABISETCS M3YUYEHHE BOMPOCA OLEHKU MOTEPh MOIII-
HOCTH CUTHAJIa U3MEPUTEIBHOT0 CTEH 12, 0000IIeHNE OTYYSHHBIX Pe3YJIb-
TaTOB M peanu3alus aJTOPUTMA OLEHKHA MOTEPh B MPOrPAMMHOW Cpele
LabVIEW. Airoputm npenycMaTpuBaeT pacdyeT NOTepb HA JIMHUHU pPaci-
pocTpaHeHHsI CWTrHana, pacderT 3()(OEKTHBHOW H30TPOITHOW H3ITydaeMOun
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MOIITHOCTH, M3JTy4aeMON MOITHOCTH, 3()(peKTUBHOI H30TPOITHON YyBCTBH-
TEJIbHOCTH. JIaHHBIN MHCTPYMEHTApU HAa HACTOSIIUNA MOMEHT MO3BOJISET
BBIMIOJIHUTh TEOPETUYECKYIO OIIEHKY, KOTOpas B JaibHeiiem Oyaer uc-
MOJIb30BaHa YXKe JUIsl IOCTPOCHUS peanbHOM cucTeMbl. HOBU3HOM paboThI
ABIIETCS pa3pabOTaHHBIA aNTOPUTM OLIEHKH MOTEPh MOIIHOCTH CHTHajla

MU3MEPUTENILHOTO CTEH/IA.
1. KormmMaTopHbIii MeTO

KonnumaTtopHslii MeTo1 M3MEpEHUI OCHOBaH Ha BOZMOXHOCTH UMHU-
TalMU JAJIbHErO IOJII aHTEHHBI, OJIM3KOTO K IMOJI0 TUIOCKOM BOJIHBI, MPU
MOMOIIM BCIIOMOTAaTeNbHON aHTEHHBI — KOJUTMMATOPa, PACIOI0KEHHOTO B
HEMOCPEACTBEHHOM OJIM30CTH OT UCIIBITYEMOM aHTeHHHBI [1].
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B kaudectBe pediiekropa (KoJTMMaTopa) UCIOJIb3YIOTCS 3epKaJIbHEIE,
JIMH30BbIEC aHTEHHBI U T.J. Pa3mepsl pediekTopa B HECKOJIBKO Pa3 JI0JKHBI
MPEBBIIATH pa3MepPbl UCTIBITYyeMol anTeHHHI (Puc. 1).

JIOCTOMHCTBOM J1aHHOTO METO/JIa SIBJIETCS MPOCTOTA CXEMbl U MpaK-
THYECKOE TIOJTHOE COBIAJICHUE C METOJUKAMH WU3MEPCHHS MapamMeTpoB B
JaJIbHEW 30HE, MEHBIIINE pa3Mepbl 0€39X0BOM KaMephl, HO TIPH 3TOM TIPEIb-
SIBJISIFOTCSI BRICOKHE TPEOOBAaHMS K U3TOTOBJICHHIO KoyuuMaropa [3].

2. PazpaboTka HHCTpyMeHTapusi

B nporpammuoii cpene LabVIEW paspaGoraH HHCTpyMEHTapuid,
OIICHUBAIOIIHI MOTEPU BO BCEU JIMHUM MEPEIAun KOJJTMMATOPHON UCTIBITA-
TENbHOM CUCTeMbl aHTeHH, paccuuThiBaomuil EIRP (a3 dextuBnas uzor-
pomnHas uznydaemasi MolHocTh), TRP (n3nmyuaemas mourHocts) u EIS (3¢-
(hekTUBHAS M30TPOMHAS YyYBCTBUTENBHOCTD) [3]. Bee n3mepenus npoBoau-
JIUCH B COOTBETCTBUU co crienudukanueit 3GPP 38.810 [4].

B pesynbrare pazpabotku anropurma aiis pacueta EIRP usmepenuit
ObLa npeacTasieHa popmya (1), KoTopast yYUThIBAET BCE MOTEPH HA Ty TH
poxXokaeHus curHana [2]. MiceiTyeMast aHTeHHa paboTaeT B pexKuMe Tie-
penaum.

EIRP(dBm) = ((Pen (dBm) + Leb (dB))*n — Grx(dBi) +
+ FSPL1 — Gret+ FSPL> (1)

Pch— MOIIIHOCTE HA BXOJI€ BCIIOMOTATEIIbHOM aHTCHHEI,

Leb — moTepu B kabenu, COENUHSIOMIErO MPUEMHUK CO BCIIOMOTaTeNbHOM
AHTCHHOM,

n — KII/] BcmomorarenbHOM aHTEHHBI,

Grx — KY BciomorarenbHO# aHTEHHBI,

FSPL1 — norepu B cBOOOJHOM ITPOCTPAHCTBE HA PACCTOSIHUU OT BCIIOMOTa-
TEJIBHOM aHTEHHBI 10 pedieKkTopa,

Gref— KY pednekropa,
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FSPL2 — notepu B cBOOOJTHOM MPOCTPAHCTBE HA PACCTOSHUM OT pedIeKTO-
pa 10 UCIBITYEMOU aHTECHHBI.

Ha cienyromem pucyHke NpUBENCHO COAEPKUMOE UHCTPYMEHTapuUs
JUIA pacyera MoTephb Ha pediieKkTope.

e length)*2)
‘angle)}/IntegraliStan{degl: Sioptdegi) [Amenne gain *2 *sinlsiart. sicpl]

Puc. 2. Bnok duazpamma ancopumma 015 OyeHKu nomeps peghiekmopa
6 npocpammuoti cpede LabVIEW.

®opmyna ans pacueta KY pednexropa cienyromas:
Grer= A* 1’|ref*(7ﬂ:)/7b)2 * e-4nAx/X’\2 (2), [5]

rae

A = K antenna feed * K amplitide * K phase * K diffraction ,
Nref — KILJI pedextopa,

D — nuametp pedrexropa,

A — pabouasi ITUHA BOJHBI,

AX — pazMep mepoXoBaTOCTEH MOBEPXHOCTU pedIieKTopa.

[TpuBeneH nmpumep HMCIONB30BaHMUS pa3pabOTaHHOTO MHCTPYMEHTa-
pus coBmectHO ¢ RFmx SpecAn.
JUist IpOBEPKH PeaM30BaHHOTO alropuTMa ObLIa CMOJAEIMPOBAHA B

nporpamMMHoii cpesie Feko kommmmaropHas cucreMa aHTeHHBIX M3MEPEHHIA:
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pyNoOpHasi aHTEHHA, B KAYECTBE BCIIOMOTaTEJIbHON aHTEHHBI, peIeKTOp —
napaloJyinyecKkasi aHTEHHA U UCIIBITyeMasi aHTeHHA B BUJIE PYTIOPHOM aHTEH-
HbI; pabouas yactora 37 I'T1, pazmepsl pynopHbeix anteHH 20x20MM, qua-
MeTp peduiekTopa paBeH xe 70cM.

Center Frequency (Hz)|L0BLY
Reference Level (dBrm) |LooL
External Attenuation (dB) |05t

Single-Point ~|
Selected Ports

Integration Bandwidth (Hz)|[0EL

Averaging Enabled|[1528}
[28
r—

Input Parameters Iz

[¥35L1[EIRP (dBm)

#o5L ] [Absolute Power (dBm)
#05L]|PSD (dBm/Hz)

Steps:

1. Open a new RFmx session

2. Cenfigure Selected Ports.

3. Configure the basic signal properties (Center Frequency, Reference Level and External Attenuation)
4. Configure Integration BW of the channel

5. Configure Averaging Parameters

6. Read CHP Measurement Results

7. Calculate EIRP

8. Close the RFmx Session

Puc. 3. I[Ipumep pabomvi ¢ uncmpymenmapuem.

Pacuer mapamerpa S (2.1), mody4YeHHBIH NPU CUMYJSILUM B TPO-
rpaMMHOI1 cpene Feko, mokasan nmotepu Ha MyTH pacpOCTPaHEHUS CUTHATIA
B -26,015 nb, cm. Puc. 4, yto, B cBOIO o4epeb, Ha 21b MeHblIe, Yem pe-
3yJbTaThl HATUCAHHOTO aJITOPUTMA, YTO SIBJISIETCS TOCTATOYHOM ISl Aallb-
Heifmel paboThl Ha/l yIIydllIeHUeM pabOoThl HHCTPYMEHTApHUS.

I

X/U

Puc. 4. Konnumamopnas cucmema 6 npoepammuotii cpeoe Feko.
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S - parameter —— SParametarl

-25.2

-25.4

-25.6

-26.4

-26.6

-26.8
36.0 36.2 36.4 36.6 36.8 37.0 37.2
frequency, GHz

Puc. 5. § (2,1) napamemp cucmemvi 6 npoepammnoi cpede Feko.

3akja4eHue

Takue BaKHEUIIME XAPAKTEPUCTUKU PATUOIICKTPOHHBIX CPEJICTB,
Kak IMPOCTPAHCTBEHHOE U BPEMEHHOE Pa3peIICHUE, UyBCTBUTEIIBHOCTb, MO-
MEXO03alUIIEHHOCTh, CEKTOp 0030pa U T.Il. BO MHOTOM OTIPEIEIISIOTCS T1a-
paMeTpamMu aHTEHHBIX YCTPOUCTB. [103TOMY 17151 IPAKTHUKH CTOJIH OOJIBIIIOE
3HAYEHUE UMEIOT JJOCTOBEPHOE OINPEIEIECHNUE U 3HAHNE OCHOBHBIX ITapaMeT-
POB aHTEHH — IMIMPHUHBI TI1aBHOTO Jy4a, JIH, ypoBHS OOKOBBIX JICTIECTKOB U
T.11. BEI6Op MeTO1a pOBEIeHNS UCTIBITAHUH 3aBUCHUT OT YCJIOBHH 331241 U

HEO0OXOAMMOM TOYHOCTH U3MEPECHUH.
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KonnmumaTtopHsIil MeTO ] MPOBEICHUS UCTIBITAHUM OBLIT B3ST B KaUeCT-
B€ OCHOBBI ISl peayl3allui alropuT™Ma, Tak Kak Ojarojnaps JaHHOMY Me-
TOJYy BO3MOXKHO YMEHBIIUTh NPOTSHKEHHOCTh cTeHAa u3Mepenuil. ITpose-
JICHHbIE UCCIIEJOBaHUs, pa3pab0TaHHBIN AJITOPUTM U Pealu3yeMblil Ha €ro
OCHOBE HMHCTPYMEHTapui IMO3BOJISIIOT IMPOrpPaMMHBIM CIIOCOOOM paccyu-
TaTh MOTEPHU, JJIS1 KOJJIMMATOPHON MCHBITATEIbHON CUCTEMBI, pPacCUUTATh
EIRP (3¢ dextruBHas u3orporHas uziydaemasi MomHocts), TRP (u3nyuae-
Mas MoiHocTh) U EIS (3ddexTtuBHas n30TpornHas 4yBCTBUTEIbLHOCTD) aH-

TCHHBI.
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DEVELOPMENT OF TOOLS IN THE LABVIEW SOFTWARE
ENVIRONMENT FOR THE COLLIMATOR METHOD OF ANTENNA
MEASUREMENTS IN THE MILLIMETER-WAVE RANGE
S. Tadevosyan

Department of telecommunication,

Russian-Armenian University. Yerevan, Armenia.
ABSTRACT

The article describes the collimator method of antenna measurements in the
millimeter wavelength range, presents a developed toolkit that provides an estimate of
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losses in a collimator test system, calculates the effective isotropic radiated power,
radiated power, effective isotropic sensitivity.

The issue of testing antenna devices of radio-electronic systems operating in the
millimeter wavelength range is important since antenna systems are their integral part.
The choice of one or method for measuring the parameters of antenna devices depends
on the accuracy of the results and the size of the antenna system under test.

The collimator method of antenna measurements is currently used in various
advanced fields using radio electronic devices, when testing car radars, in
communications, when testing mobile phone antennas, etc.

Keywords: millimeter wave, collimator method, propagation loss, LabVIEW
environment.
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AUTOMATIC SIGNAL TYPE RECOGNITION VIA
NEURAL NETWORK

T.A. Grigoryan

National Polytechnic University of Armenia
Institute of Information and Telecommunication
Technologies and Electronics

grigoryan970@gmail.com
ABSTRACT

A dynamic neural network in the LabVIEW software
environment has been developed for automatic signal type
recognition. The network architecture, hyperparameters, which
make it possible quickly and efficiently train the network, and
the recognition algorithm testing results are presented.

Keywords: neural network, automatic signal type
recognition, backpropagation, LabVIEW software environment.

Introduction

In the past few years, the popularity of neural networks has been
growing. They are successfully used in a wide variety of fields — image
recognition, language processing, autonomous vehicles, etc. The operation
principle of neural networks is to simulate the functioning of the human
nervous system, namely its ability to learn and correct mistakes. The main
feature of a neural network is the ability to independently learn and act on
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the basis of previous experience, each time making fewer and fewer
mistakes.

Since there are many classification problems in radio engineering,
there is a great prospect for using neural networks to solve these problems.

The aim of this work is to automatically recognize the type of signals
using the developed neural network and, based on the algorithm testing
results, show that the use of neural networks opens up great opportunities
for solving more complex problems in the field of radio engineering.

Neural network principles

The backpropagation method was chosen to train the neural network
in this work. The main idea of this method is to propagate the error value
from the network outputs to its inputs in the direction opposite to the
forward propagation of signals occurring during normal operation.

Figure 1. An example of a multilayer neural network with two hidden layers.

Despite the wide variety of neural network options, they all have
common features. A neural network consists of a large number of
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interconnected elements of the same type — neurons [1]. These neurons are

connected to each other or to the input of the network using weights that

determine how much the corresponding input of the neuron affects its state.
The state of the neuron is determined by the formula:

§= Z?=1 XiWi (1)’

where n — the number of input neurons, x; — the value of the i-th input
neuron, w; — the value of the i-th weight.
Then the value of the neuron is determined by the formula:

Yi = f(SL) (2)9

where f — some function called activation function. Most often, the sigmoid
function is used as an activation function, which has the following form:

f@) = —= (3).
The main advantage of this function is that it is differentiable on the
entire abscissa axis and has a very simple derivative:

f'@) = af()(1-f(0) 4).

After finding all the neuron values, the output of the network Y is
compared with the desired output Z, which is stored in the training data. The
difference between these two signals is called the output neuron's error 6.

§=Z-Y (5).

Now we need to propagate the error value 6 (calculated at the training
stage) back to all neurons, whose output values were input for the last
neuron [2]. The weights w,,,,, which were used to propagate the error back
are the same weights that had been used to calculate the output value. Only
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the direction of data flow is changed (values are transferred from output to
input).

This process is repeated for all layers of the network. If the error
comes from several neurons, they are summed up:

8; = Z?:1 5i+m—k+jWi,i+m—k+j (6),

where m — the number of neurons in the layer where the neuron is located
for which the error is calculated, k — a number showing the location of the
neuron in its layer, for which the error is calculated, n — the number of
neurons in the next layer.

After the errors of all neurons have been calculated, the weights can
be updated.

wij = Wi + Awy; (7,

L ps)) ®),

AWU = T](S] s

where 17 — network learning rate.

Training parameters and testing results

For training four basic types of signals in LabVIEW were chosen —
sine, square, triangle, sawtooth.

After starting the program, all network weights are updated randomly
in the range from zero to one.

The signal spectrum is used as input of the network. It's represented
using 500 samples. Based on this data, there will be 500 neurons in the input
layer, and 4 neurons in the output layer.

During testing, based on the results, it was decided to add two hidden
layers to the network. The first hidden layer has 20 neurons and the second
one has 10 neurons.

The bias neurons are also used in the network. This is a special type
of neuron, the output value of which is always equal to one, and it is not
connected with the neurons of the previous layer. Bias neurons can either
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be present in the neural network, one per layer or be completely absent.
They also can't be connected with other bias neurons. Therefore, they can
be place on the input layer and all hidden layers, but not on the output layer
since they simply have nothing to link to. The bias neurons are needed so
that an output result by shifting the activation function graph to the right or
the left can be obtained [3].

To train the network, in the LabVIEW software environment, the
corresponding types of signals were generated with SNR values — 20 dB,
15 dB, 10 dB, 5 dB, 3 dB and also without noise components. In just one
network training session, training data of 500 signals were generated, 125
signals for each type. If all the training data passed through the neural
network in the forward and backward directions once (in our case, 500
iterations), then the network is considered to have passed one epoch.

After each epoch that has passed, the root mean square error of the
network is calculated, and if it is less than 0.0001, then the network is
considered as trained.

Srms = ﬁ =1 Z}n=1 5m2 (9)9

where n — training data size, m - number of output neurons.

The learning rate is one of the most important hyperparameters of a
neural network [4]. In this work, the method of linear decay of the learning
rate was chosen [5]. The network starts learning at a rate of 0.2 and linearly
drops to 0.001 over 1000 epochs.

Table 1 shows how many epochs the network has learned to recognize
signal types in the case of training data.

Table 1.

The number of epochs and iterations passed for each S\NR value
SNR Epochs Iterations
Inf 155 77500
20 dB 159 79500
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15dB 216 108000

10 dB 259 129500

5dB 541 270500

3dB 768 384000

General Parameters Constant LR | FallingLR | Cycling LR Current Status
Layers and Neurons  Epochs Max Learning Rate Min Leamning Rate Current Epoch lterations Iterations
=, 50012 1000 = 02[= 0.001| = 409 384000
= Training Data SNR Falling Type Epochs Current Loss
o= & 1dB _ Linear 768 9.67104€-5

- Curent Learning Rate
00472142 Trained?

Figure 2. Thefront panel of the developed program intended for neural network
training.

After the training process is done, the network parameters in
particular the weight coefficients, are saved in a text file.
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To test the trained network, a program was developed that generates
signals with a given type and SNR value. After generation, the data
propagate through the network and the program outputs the recognized
signal type and probability value. After 100 iterations, the RMS probability
is displayed on the front panel of the program.

Signal Parameters Result
Signal Type In Signal Type Out
= Sawtooth Sawtooth

SNR Probability
= 1048 98,8764

Amplitude

Figure 3. Thefront panel of the developed program intended for trained network testing.
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Table 2 shows the trained network testing results for each SNR value.

Table 2.
Sgnal type recognition test results
SNR Sine Square Triangle Sawtooth
Inf 98.31 % 97.95 % 99.36 % 98.63 %
20dB 96.86 % 97.67 % 99.52 % 98.93 %
15dB 98.47 % 99.12 % 98.22 % 98.79 %
10 dB 98.55 % 99.18 % 98.16 % 98.87 %
5dB 99.71 % 99.49 % 98.74 % 99.09 %
3dB 99.46 % 99.50 % 98.61 % 99.48 %

Conclusion

The software for automatic signal type recognition based on the
neural network has been developed. The neural network was trained using
the backpropagation method.

Despite the fact that the effectiveness of training a neural network
depends on the exact choice of network hyperparameters and the training
results may differ for the same network parameters, the obtained results
prove that a neural network is an effective and fairly accurate method for
signal type recognition.

All the main parameters of the developed neural network, particularly
the network architecture, the learning rate and the type of input data, are
dynamic and can be easily adapted for other more complex problems both
in the field of radio engineering and other spheres.
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ABTOMATHUYECKOE PACIIO3HABAHUE THIIA CUTHAJIA
C IOMOIbIO HENPOHHOM CETH

T.A. I'puzopan
AHHOTALOUSA

B nannoii craTthe pa3paboraHa TMHAMUYECKast HEHPOHHAS CETh B IPOTPaMMHON
cpene LabVIEW c nenpio aBTOMaTH4eCKOr0 paclio3HABAHUS THIIA CUTHAJIOB.

[TpuBeneHBI apXUTEKTYPa U TUIIEpIIAPAMETPBI CETH, KOTOPHIE MIO3BOJISIOT OBICT-
po 1 3¢ hexTHBHO 00YIATE CETh U Pe3yIbTAaTH TECTUPOBAHMUS AITOPUTMA PACIIO3HABA-
HUSI, HOATBEP>KAAtoIHNe ero 3(h(heKTHBHOCTh U PAOOTOCTIOCOOHOCTS.

KiroueBble ciioBa: HelipoHHAsI CeTh, aBTOMATHYECKOE PACIIO3HABAHHME THUIIA
CUTHaNa, 00paTHOE pacIpocTpaHeHue OMMOKHY, mporpaMmmMHas cpena LabVIEW.



36 Becmnuk PAY Ne 2, 2021, 36-47

YK 621.396.673 IMoctymmma: 11.10.2021r.
Cnana Ha penensuto: 15.10.2021r.
[Toanucana k mewaru: 01.11.2021r.

DESIGN OF ANTIPODAL VIVALDI ANTENNA
WITH IMPROVED CHARACTERISTICS

A. Stepanyan

National Polytech University of Armenia

Institute of Information and Telecommunication Technologies and Electronics
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ABSTRACT

In recent radio-frequency systems antennas with high
efficiency and ultra-wide operating frequency range are
demanded. Antipodal Vivaldi antenna is distinguished by its some
advantages such as high gain, less radiation loss and wide
bandwidth. Antipodal Vivaldi antenna is investigated and
designed at 1...5 GHz frequency range. For improving antenna
bandwidth and efficiency comb structure is suggested. The main
characteristics of the developed antennas are simulated in the
FEKO software environment.

Keywords: high efficiency, ultra-wideband antenna,
antipodal Vivaldi antenna, comb structure.

Introduction

Recent wireless devices demand wide bandwidth, high data rate, and
more capacity. Recent development shows that antipodal Vivaldi antenna
can be widely used in many applications like an ultra-wideband (UWB),
radar, 5G communication devices, to identify voids in the concrete beam
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(civil), micrometer and millimeter-wave applications. The Vivaldi antenna
is a tapered slot antenna characterized by an exponential flare shape. It’s
linearly polarized and can operate at wide bandwidth with high and constant
gain [1, 2]. Theoretically, the Vivaldi antenna can operate at an overall
frequency range with constant beamwidth. Practically Vivaldi antenna's
bandwidth, beamwidth, side, and back lobes depend on feeding microstrip
line, size, and shape of Vivaldi flare [1]. Nowadays, it’s researched and
implemented several methods for improving antipodal antenna efficiency
and bandwidth.

Methodology

The antipodal Vivaldi antenna is researched and designed. FR4
dielectric is used as substrate which parameters are ¢ =4.6, h=1.6 mm,

tg6=0.017. The structure of antipodal Vivaldi antenna is shown in Figure 1.
Equation for tapered slot is given by [2, 3, 4]:

y=+(Ce*+C,) (D),

where C | and C, are given by:

=2l 2.

C,=- (3).

In these equations €, and C, are constants, a is a rate of increase of
exponential curve. x , y |, x, and y, are start and end points of exponential

curve [1].

Antenna is designed for f . =1 GHz minimum frequency. The

min

coefficients of these equations are obtained during the simulation. As a

result, obtained equations for tapered slots are:
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yl(x) :}’2( .'l"} :3_4(32?‘(_ 3_4 (4)

Antenna width and length are: W=18 cm, L =20 cm.
Impedance Z  of feeding line is calculated using equations (5) and (6)

[5].
60 8h W
Z,= ln(— + L) when — < 1 (%),
e w h h
ef f
120 w
Z,= T , when n >1 (6),
W w
fe [~ +1.393+0.667In| — + 1.444 !
e\ n h
€ + 1 € = 1 1
where €= + is effective dielectric
2 2 h

I+ 12—
w

permittivity, A is substrate height [5]. Using equations (5) and (6) the widths
for 50 Q line is calculated: w =5 mm. The length o the feeding circuit isn’t
critical and doesn’t affect on the electrical characteristics and is chosen/ =5
mm.

Given the lowest frequency of operation range (f | . ), thickness of the
substrate (h) and its dielectric constant (e ), the width (W) and length (L) of
the antenna structure is calculated using the following equation [6]:

c 2
f o\ € 1

W=L=

=18 cm (7).

Comb structure is developed for improving bandwidth and efficiency of
antenna. Figure 2 shows the antipodal Vivaldi antenna with comb structure.
The size of comb is obtained to perform the analysis of surface current
distribution. The sizes of each notch are: w _=5mm,/ -7 _ =3.4 mm.
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Figure 1. The structure of designed Antipodal Vivaldi antenna.
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Figure 2. Antipodal Vivaldi antenna with comb structure.
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Results

The antenna was designed and simulated using the FEKO software
environment. The main characteristics of designed antennas are presented.
Figure 3 shows the frequency dependence of voltage standing wave ratio
(VSWR) of the antipodal Vivaldi antenna. As shown in the figure antenna
VSWR<2 at the 1,2...5,11 GHz frequency range. At 1,2...5,11 GHz
frequency range antenna gain in the main radiation direction is —
0,687...7,81 dBi. As shown for more than 5 GHz frequencies antenna
efficiency decreases and drastically and gain takes negative values: G <0
dBi. The operating frequency range of antenna is defined as frequencies
where gain is higher compared with dipole. Thus, antenna working
frequency range is 1,2...4,9 GHz.

4.0

3.5 n
N N
A [\

{1.2GHz, 2.009) (5.11GHz, 2-0>)
. \ .../ JANFAN / )
VA2 RaVaVaV

1 2 3 4 5 8
Frequency [GHz]

VSWR

1.0
0

Figure 3. Antipodal Vivaldi antenna VSWR vs frequency.

Antenna radiation pattern in # and ¢ planes is shown in Figure 5 for
1,2; 3 and 5 GHz frequencies. As shown the beamwidth of antenna in ¢
plane is decreased to increase frequency, for 1,2; 3 and 5 GHz frequencies
the bandwidth accordingly equal: 20,.,=120.4°, 20 .=62.56°,
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20, s=33.32°. In ¢ plane for the same frequencies, beamwidth is changed
from 55° to 103°.

8

L] ‘Ma kimum: (2.502 GHz, 7.8193 dBi) | \
4 i (1.2 GHz, 5 dBi)
2
0

Gain [dBi]

(5.1 GHz, -0.687 cfi) |

: -
-6

o \
0 1 2 3 4 5 6
Frequency [GHz]

Figure 4. Antipodal Vivaldi antenna gain vs frequency in the main radiation direction.

Frequency = 1.2 GHz

Frequency = 3 GHz Frequency = & GHz

320 [R5 30

5 120

240 “\\ 62.564 e

180

Figure 5. Radiation pattern of the antipodal Vivaldi antenna at 1.2; 3 and 5 GHz
frequencies in the 8 and @ planes.
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The surface current distribution of antipodal Vivaldi antenna is
analyzed at operating frequency range (Fig. 6). As shown in Figure 6 there
is surface current mainly distributed on the feeding circuit and adjacent
surface of tapered slot. On the other section surface current density is about
0 A/m. The comb structure is implemented on that area (Fig. 2) for
improving bandwidth and efficiency.

Surface current [Afm]
8.1 Surface current [Aym]

5.0

Surface current [Aym]
-5
4.8
4.2
36
3.0
I24
18
1.2
0.6
0.0

e P

Figure 6. The current distribution of antipodal Vivaldi antenna for 1,2; 3 and 5 GHz
frequencies.
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Figure 7 shows the frequency dependence of voltage standing wave
ratio (VSWR) of the antipodal Vivaldi antenna. As shown in the figure
antenna VSWR <2 at the 0,95...6,27 GHz frequency range. At 1,2...5,11
GHz frequency range antenna gain in the main radiation direction is
1,23...9 dBi (Fig. 8). Bandwidth of antenna is increased taking 5.32 GHz
value.

Comb structure antipodal vivaldi antenna radiation pattern in ¢ and ¢
planes is shown in Figure 9 for 1; 2...6 GHz frequencies. As shown the
beamwidth of antenna in @ plane is for those frequencies is accordingly
equal: 290'5= 123.4°, 290_5=91.4° , 290‘5=60.6° , 290_5=43.8° R 260.5=3?'60 ,
20, ,=38.7°. In ¢ plane for the same frequencies, beamwidth is:
2(p0_5=90.94° , 2400‘5=80.4° , 2(p0_5= 102°.

45
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o |
|
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20 (0.252Gz, 1.9%6) ] A /\ /|(6.27GH2,2.025)‘

T LV AR AN

1.0
0 1 2 3 4 5 ) 7
Frequency [GHz]

VSWR

Figure 7. Frequency dependence of VSWR of the comb structure antipodal Vivaldi
antenna.
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Figure 8. Comb structure Vivaldi antenna gain vs frequency at the main radiation
direction.
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Figure 9. Radiation pattern of the comb structure antipodal Vivaldi antenna at 1,2...6
GHz frequencies in the 8 plane.



A. Stepanyan 45

Frequency = 1 GHz Frequency = 3 GHz Frequency = 4 GHz

Frequency = 2 GHz

Frequency = 5 GHz Frequency = 6 GHz

Figure 10. Radiation pattern of the comb structure antipodal Vivaldi antenna at 1, 2...6
GH:z frequencies in the ¢ plane.

Conclusion

1. An antipodal Vivaldi antenna is studied and designed. The main
characteristics of antenna are simulated. Operating frequency range of
antenna is 1,2...4,9 GHz, where antenna VSWR <2. At operating frequency
range antenna gain in the main radiation direction is 1,8...7,81 dBi. At high
frequencies antenna efficiency and gain decreases.

2. To analyze the surface current distribution of antenna structure,
comb structure on the surface of antenna is developed. At 0,95...6,27 GHz
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frequency range antenna VSWR <2 and gain is changing in the range of
1,23...9,1 dBi.
Thus, antenna operating frequency range is increased by 1,6 GHz.
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MPOEKTUPOBAHUE AHTUIIOJAJIbHOW BUBAJILIN
AHTEHHBI C YJIYYIIEHHBIMHU XAPAKTEPUCTUKAMUA

A.Jd. Cmenanan
Hayuonanvuwiii [lonumexnuueckuti ynugepcumem Apmenuu
HUncemumym HUnpopmayuonnvix u Terekommynuxayuonuvix Texnonoeui
u DnexmpoHuKu

AHHOTAIUA

B naHHOI cTaThe pedb UIET O COBPEMEHHBIX PAaJHMOYACTOTHBIX CUCTEMaX, KO-
TOpble BocTpeOoBaHbl A aHTeHH ¢ BbhicokuM KIIJI 1 cBepXIIupokum paboynm aua-

Ia30HOM 4acCTOT. AHTI/IHO[{&J’ILH&H BI/IBaJ'H),Z[I/I AHTCHHA OTJINYACTCs TaKUMH IIPCUMY-
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LIECTBAMH, KaK BBICOKOE YCUIIEHHE, MEHbIINE [TOTEPU HA U3JIyYEHHUE U MIUPOKas MOo-
J0ca nponyckaHusa. AHTUNoAanbHAs BuBanpay aHTeHHA UCCIIEI0BAHA U PACCUUTaHA
Ha juana3oH yactot 1... 5 [T, [yig ynydnieHus monockl IpormycKaHus U 3pGeKTHB-
HOCTH aHTEHHBI TIpejiaraercs rpedeHuaras cTpykTypa. OCHOBHbBIE XapaKTEePUCTUKH
pa3paboTaHHBIX aHTEHH MOJAEIUPYIOTCS B IporpammHoi cpene FEKO.

KaioueBble c10Ba: BEICOKas 3 (HEKTHBHOCTE, CBEPX-IIHPOKOIIOIOCHAS aHTEH-
Ha, aHTUNOAANbHAS BuBanbau aHTeHHa, rpebeHYaTast CTpyKTypa.
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AHHOTALIUSA

B Momymnsaum 60neBoi IyBCTBUTENBHOCTH y4acTBYET MHO-
JKECTBO COCAMHEHMH, OKA3bIBAIOIINX CBOE BIMSHUE TOCPEICTBOM
B3aUMOJEHCTBHS C pa3HOOOpasHBIMH perentopamu. CHHTE3 U
BBICBOOOKAEHUE ITUX MOJIEKYJ TOHKO PEryJIUpyeTCsl CO CTOPOHBI
HEHPOIHJOKPHHHON CHCTEMBI, CIIOCOOHON MHTETPUPOBATH IIEHT-
panbHBIE U HepH(peprIecKue MeXaHU3MBI, BOBIICUEHHBIE B H3Me-
HeHus 00JIeBOI UyBCTBUTEILHOCTH.

B 0030pe 06cy)kaar0Tcs COBpEeMEHHBIC IPEICTABICHUS O MO-
JEKyISIPHO-OMOXMMHUYECKNX MeXaHW3Max (YHKIIMOHHUPOBAHHSA
9HI0KaHHAOWHOMTHOW PELeTITOPHON CUCTEMBI, €€ POJTH B POLIEC-
cax TPaHCAYKIMH OOJICBOTO CHTHAIA.
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Hupopmarus 06 0cOOEHHOCTAX WHAMBHIYAJIbHBIX pelel-
TOPHBIX CHCTEM, BOBJICUCHHBIX B TPAHCMHUCCHIO HOITHIICTIIIUU MO-
JKET MOCIYXXHUTh OTIPABHOM TOYKOH IPU CO3MaHUH Ka4eCTBCHHO
HOBBIX JIEKAPCTBEHHBIX CPEACTB IS KyIIHPOBAHUS OOJIH.

KiroueBble ¢J10Ba: HOLMIICIIMS, HIOKAaHHAOUHOUIBI, OIIH-
OW/Ibl, KAHHAOMHOHMTHBIN PELENTOP, OMMMOUIHBIH PEIEITOP.

Ha npoTsikeHnu ThicsueneTHii 601b paccMaTpUBAIACh KaK CUMITTOM,
COIPOBOXAAIOIININ onpesiesieHHoe 3aboneBanue. [Ipu atom, Tepanust 0onu
Obl1a MPEUMYIIECTBEHHO HaIlpaBJIeHa Ha €€ KyIUpPOBaHUE, a HE JICUCHUE
OCHOBHOH npu4rHbl. CpaBHUTEIHFHO HEIABHO, CO CTOPOHBI HAyYHOU 00-
LIECTBEHHOCTH, 00JIM, B YACTHOCTH, XPOHUUYECKOH OBbLIT MPUCBOEH «CTATYC»
00Je3HH.

JlocTrxkeHust NocaeAHUX ABYX ECATUIETUHN B 00J1aCTU U3YUYEHUS MO-
JEKYJSIPHO-OMOXUMUYECKHUX ACMEKTOB OOJH MO3BOJIWIN HIESHTH(PHINPO-
BaTh MOTEHIUAJIbHBIE MOJIEKYJIIPHbIE MUILIEHU JJIsl CO3/1aHUsl KaYECTBEHHO
HOBBIX JIEKAPCTBEHHBIX IIPETIapaTOB aHAJILIE€TUUECKOT0 JeicTBus. OqHaKo,
MEXaHHM3MBbl TOHKO INEeperieTatommxcsl GyHKIMOHAIbHBIX CBsI3el pas3iiny-
HBIX (DaKTOPOB, BOBJIICYCHHBIX B IMPOIECCH MHUIMALNHN, TPAHCMHUCCHU H
amMITUUKAIKA 00NN, UX TPUINHHO-CIICICTBEHHAS] B3AUMOCBSI3b, BO3MOXK-
HBIM CUHEPTU3M U PELIUITPOKHBIE B3aUMOOTHOILIEHUS €11 NTPEJICTOUT BhIsIC-
HUTb.

CoBpemenHast Tepanus 00, B YaCTHOCTH, XpPOHUYECKOM, OCHOBaHa
MPEUMYLIECTBEHHO Ha UCIOJIb30BAaHUU ONHOMUI0B U AHTUKOHBYJIBCAHTOB,
OKa3bIBAIOUINX HEMOCPEICTBEHHOE BIIMSHUE HA HEHPOHHBIE IIENH B CIIUH-
HOM M TOJIOBHOM MO3T€. DTH IpenapaTsl BecbMa dPQEeKTHBHBI, OJHAKO UX
HCII0JIb30BaHUE CBA3aHO € IIPOOIEMaMy CUHApPOMa a0CTUHEHIUH U LIEJIbIM
PAIOM TOOOYHBIX HEXKEJIaTeIbHbIX BO3AecTBU [ 1—4].

HccnenoBaHusiMu  MOCIEAHUX JIET OBUIO IPOAEMOHCTPUPOBAHO
CXOZCTBO B (hapMaKoJorndeckux 3Ppgexrax onuona0B U 3HJ0KaHHAOUHO-
UJ10B, KacaroIleecs Kak aHaJIbI€THYECKOr 0 ACHCTBUS ATUX COEAMHEHUH, TaK
Y IPOLIECCOB JIEKAPCTBEHHOW 3aBUCUMOCTHU. B monbITke 00BACHUTE (heHO-
MeH 3TOH (PYHKUIMOHAIBHOM CBSA3M ObUIO BBIIIBUHYTO HECKOJBKO T'MIIOTE3,
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[PEIoJIaraoliuX, B YaCTHOCTH, IEPEKPECTHYIO MOAYJISILIMIO B (DYHKLIHO-
HUPOBAHUU OMHOUAEPrUUECKON U IHT0KaHHAOMHOUIHON CUCTEM Ha YPOB-
HE crenu(UUecKux perenTopoB U OTJENIbHBIX 3B€HbEB CUTHAIBHOM TpaHC-
oykiuu. bonee Toro, mpoaeMOHCTPUPOBAHO OJHOTHITHOE pacIpe/iesicHUe
SH/IOTCHHBIX OMHOUOB U KaHHAOMHOUJOB B pasnuuHbix oTaenax [THC u
CIIMHHOTO Mo3ra [5—7].

W3znpesine ObLIO U3BECTHO, YTO MpeNapaThl KOHOIUIN (KaHHAOHUC, Ma-
puXyaHa) YMEHBIIAIOT TPEBOTY, BBI3BIBAIOT JH(OpPUI0, CHUMAIOT JIBHUTa-
TenbHOe BO30ykaeHue. Kannabuc cogepxut 6onee 400 XuMU4ECKHX KOM-
MOHEHTOB U MPOAYLUPYET MHOKECTBO 3PPEKTOB — KaK OJIarOTBOPHBIX, TaK
Y BpEJIOHOCHBIX [8—12].

Hapsiny co MHOXXeCTBOM TNCHXOTPOIHBIX BO3JIEHCTBUM, KaHHAOUC
OKa3bIBAET BhIPAKECHHBIN aHanbreTuueckuit agpdexr. Hecmorps Ha To, 4TO
KaHHAOMHOUIbI UCTIOJIB30BAIKCH JJI1 KyNMHUPOBaHUS 0OOJM HA MPOTSHKEHUU
ThICSIUENIEeTH (TIepBOe YIOMHMHAHKE 00 MX MPUMEHEHUU ISl JICUCHUs Ma-
nspun ¥ obctunanuu B Kurtae otHocstes eme k 2700 roay 1o H.3.), cepbes-
HOT'O BHUMaHUS CO CTOPOHBI MEIMKOB OHU YAOCTOUIUCH JIHIIE B 80-X rogax
MPOILIOTO CTONETHS Mocie WACHTU(PHUKAIMY KaHHAOMHOUIHBIX PELernTo-
poB [13,14]. aTepec k kaHHAOMHOM1aM OCOOEHHO BO3POC TIOCIIE TOT0, KaK
BBISICHWJIOCH, YTO Pa3IMYHbIE KJIETKH, B TOM UKCJIE U HEPBHBIE, B pe3yJIbTa-
T€ MOBPEKACHUS M BOCTIAJICHUS IPOAYLUPYIOT COeIUHEHUS, IPUHAJIEekKA-
M€ K CEMEICTBY MPOU3BOIHBIX apaxrUJOHOBOM KUCIOTHI — YHI0KaHHAOH-
HOM/JIbI, KOTOPBIE MOAABIISAIOT HEHPOTeHHOE BOCHAJICHUE U CEHCUTHU3AIUIO
nytem aktuBanuu CB1 u CB2 penenrtopos, aHamornyubeix TeM Gi/o-cBsi-
3aHHBIM pelEenTOpam, ¢ KOTOPHIMU CBSI3BIBAETCSI OCHOBHOM KOMIIOHEHT Ma-
puxyansl A9-tetparunpokannadunon (TI'K) [9,15], BnepBbie BbIICIECHHBIH
npodeccopoM H3pauabCKOro yHuBepcutera Padasnem Mumrynanom
[10,16].

B 1992 rogy u3 TkaHu Mo3ra BBIACIWIA U OXapaKTEpU30BAJINA Be-
IIECTBO, CBSI3BIBAIOIIEECS C TEMU )K€ PEIENTOPAMH, YTO M PACTHUTEIbHBIH
TeTparuapokanHadbunon [17]. BemecTBo Ha3Banu «aHaHgaMuaAOM» (B Oy -
TUCTCKOM Muonoruu — ydeHuK bynel), B mepeBojie ¢ CAHCKPUTCKOTO —
«CUACTBE, «PATOCThY, «OIAKEHCTBOY.
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[lo3znHee ObLIO BBIIEIEHO APYTrO€ BELIECTBO 2-apaXuJOHUITIULEPUH
(2-AT'), HaneneHHoe aHAIOTUYHBIMU CBoOMcTBaMH [18].

Ounorennsie juranasl CB penentopoB, aHagamMug U 2-apaxujio-
HWITJIMIEPOJI, 00pa3yIOTCs Pa3TUYHBIMA OMOXUMHUYECKIUMH ITyTSIMHU, KaX-
JBIA U3 KOTOPBIX HAauMHAETCs ¢ (DePMEHTATUBHOTO THPOJIA3a COOTBETCT-
ByIOIIero (oCcQOIUIHIIHOTO MPEIIICCTBCHHUKA. B KileTkax HEpBHOM TKaHU
aHaHJaMH] 00pa3yeTcs MyTeM ruaponn3a N-apaxuaoHmidhochaTuam ITa-
HonamuHa (NArPE) non Bustauem ¢ocdomnumnaser D, koTopas uzduparens-
HO crienu(pUYHa B OTHOIIEHUH N-alluJIMPOBAHHBIX TPOU3BOIHBIX ochaTu-
mTaHonamuHa (NAPE-PLD). B makpodarax NArPE nox BiausiHEEM
¢dochonunazer C npesparniaercs B pochoanangamu, nanpHeiimee gedoc-
(dhopunpoBaHUEe KOTOPOTO MO AeicTBHEeM crenuduyeckoit docdaraspi
compoBoxaaercs oOpa3oBanuem anHangamuaa [19,20]. OOpa3zoBaHHBIN
aHaHJaMMJ] ICHCTBYET 10 ayTOKPUHHOMY MJIM MTAPAKPUHHOMY MEXaHU3MY,
rocjie 4yero OBICTPO JerpajupyeT Moj BIUSHHEM (epMeHTa THIAPOJIA3bI
aMHJIOB KUPHBIX KUCJIOT ¢ 00pa30BaHUEM apaxHIOHOBOW KUCIIOTHI U ITa-
HOJIJaMHMHA. AJIbTEPHATUBHBIN MyTh MpPENoiaraeT TpaHc(hopMaluo aHaH-
JaMHJa M0JT BIUSHUEM IIMKJIOOKCUT€HA3bI-2 B IPOAJIbI'€3UBHbIE IPOCTAMU-
nel (Puc. 1).
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9HOO2EHHBIX KAHHAOUHOUOOS.
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2-ATl" obpasyeTcs B cepuu peakluii, Ha NIEPBOM CTaUU U3 KOTOPBIX
noj BiustHreM (ocdonumnazel C-f umeeT Mecto npeBpamierne Gpocdaruam-
nuHo3uToNn — 4,5-6uchocdara (PUD2) B 1,2-muamwirmunepon (1,2-71AT),
COCJIMHEHUSI, N3BECTHOT'O KaK BTOPHYHBIA MECCEHIDKEp M aKTUBATOP IPO-
tennkuHasbl C. Jlanee nuanmnrnuneposunnasa-o pacueruisier 1,2-J1AL ¢
oOpazoBanueM 2-arpuirinuepona (2-Al’) u cBoOOAHOMN KUPHOU KUCIOTHI.

Cornacno nmeromieiics nadopmaryn, 2-Al” yuacTByeT B peryssiuu
PETPOrpaHOTO TPAHCIOPTa HEHPOTPAHCMUTTEPOB B MPOLIECCE CHHAINTH-
yeckoi nepenauu [21]. B nnaktuBauuu 2-Al" yuacTByeT MOHOALMITIIULIE-
poJsunasa.

AxtuBarsi CB1 xaHHaOMHOMAHOTO perenTopa MOoJaBIsSeT OOJb,
OJIOKMPYET TAKTUIBHYIO M TEPMAJIbHYIO TUIIEPAIbIe3nt0, HUBEIHPYET CeH-
COpPHYIO THIIEPUYYBCTBUTEIBLHOCTh Ha MOJETH HEHPOMaTH4ecKOH Oou.
CornacHo UMEIOIIUMCS TPEJCTaBICHUSIM, KaHHAOMHOUABIE PELenTOPhI
YYacTBYIOT B IOJIaBJICHUU OOJIEBOTO OTBETAa KaK B TOJIOBHOM U CHMHHOM
Mo3re, Tak U Ha nepudepun [22, 23]. B nanpHeleM ObUTH MOITyYeHbI IKC-
NEpPUMEHTAJIbHbIC JIaHHBIC, CBUJIETEILCTBYIONIME O TOM, YTO AKTHBAIMA
CB2 kaHHaOMHOMTHOTO PELeTITOPA MOJIABJISIET OCTPYIO BOCTIAJIUTEIBHYIO U
Helponatuueckyto 0oib [24, 25].

ATOHHUCTBI KAHHAOMHOMTHBIX PELIETITOPOB OKA3aJIMCh BecbMa 3 dek-
TUBHBI 1151 KynupoBaHus 0omu [15, 26]. CexTp TepaneBTH4ecKoro noTeH-
[yaga aroHMCTOB KaHHAOWHOWIHBIX PEIENTOPOB B KIMHHUKE JOCTATOYHO
HIMPOK W BKJIIOYAET, MOMHUMO aHAJIbIeTHYECKOro 3(PQeKTa, peryisiuio
(YHKIMOHUPOBAHUS UMMYHHOM CHCTEMBI U THILEBOIO MOBEJICHHs, BOCTIA-
JIMTEIBbHBIX MPOIECCOB, MPOIU(epaIi OMyX0JIeBbIX KIeTok [27-29]. Un-
rubutopsl CB1 perientopoB, N0 MHEHUIO HEKOTOPBIX HCCIEI0BATENEH, MO-
I'yT HAlTH IPUMEHEHUE B HOPMAJIM3ALMU KOTHUTUBHON (DYHKIIMH U Jieye-
HUM IIM30(DPEHNH, TIaAyKOMBI U PACCESHHOTO CKIIEPO3a.

BripakeHHBIN aHTHHOIMLIENTUBHBIHN 3 dekT, onocpenoBanubiii CB-
1 u CB-2 peuenropamu, HaOIIOAAETCS O] BIUSHUEM UHTUOUTOPOB (ep-
MEHTOB, THIPOJM3UPYIONIMX 3HIOKAHHAOWHOM[BI, THAPOJa3bl AMHUIOB

JKUPHBIX KMCIOT MOHOALMWITIMLepounnassl [30-32].
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CB-1 xaHHaOMHOUIHBIE PELIETITOPHI SKCIIPECCUPYIOTCS IPEUMYIIECT-
BEHHO B HEHpPOHAX CHMHHOTO W TOJIOBHOTO MO3Ta, OJHAKO OOHAapy>KEHBI
TaK)K€ B HEKOTOPBIX APYTrUX TUIAaxX KiIeTok [33, 34]. CB-1 peuentopsl CUH-
TE3UPYIOTCS B KJIETOYHBIX T€IaX HEHPOHOB 33HUX POTrOB CIIMHHOI'O MO3ra,
OTKyJla TPAHCIIOPTUPYIOTCS K MEPUPEPUUSCKUM HEPBHBIM OKOHYAHHSIM,
YTO MO3BOJISIET UM PETYJIMPOBATh MPOIECCHl MHULIMALUMU O0JIM B OTBET HA
CTUMYJISIIIUIO aroHucToM. Jlenenus B reHe CB-1 B HOIUIIETITUBHBIX HEUPO-
HaX IKCIIEPUMEHTAILHBIX )KUBOTHBIX IMOJABIISICT aHTHHOIUIICITHBHBIN 3(-
(ekT KaHHAOMHOUIOB KaK MpPH JIOKAJTbHOM, TaK U CHCTEMHOM BBEJICHUU
[35].

CB-2 peuentopsl NpUCYTCTBYIOT B KJIETKaX UMMYHHOH CHUCTEMBI —
TaKuX, Kak B-muMQouutsel 1 Makpodaru, a Takke B KepaTHHOLIUTAX U He-
KOTOPBIX JIPYTUX TUIMAX KIETOK. DKCIPECCHUs ITUX PELIENTOPOB B HOLUIIEII-
TOpaxX HE3HAYUTENIbHA B OPJIUHAPHBIX YCIOBUSIX, OJIHAKO MOBBIILIAETCA B YC-
JIOBUSIX MOBpeXkAeHUS U BocnaneHus. [lokazaHo, 4To B TO BpeMsi, KaKk aHTHU-
HOIIMIIETITUBHEIE 3(PPEeKThl aHAHAAMHIA PEATUIYIOTCS TPEUMYIIECTBEHHO
Ha ypoBHe CB-1 peuenrtopos, BnusiHue 2-Al’ ocyIiecTBIsSeTCs MyTEM aK-
tuBauuu kak CB-1, tak u CB-2-peuenropos [36,37]. BaxHO 0OTMETUTB, UTO
JIOKAJIbHOE BO3JICHCTBUE KAHHAOWHOWJOB MMOJABISET aKTHBHOCTH HOIH-
LENTUBHBIX HEUPOHOB B CHMHHOM MO3I'€, UTO CBUIETEIBCTBYET O TOM, UTO
OKKyTaIys KaHHaOMHOUIHOTO perentopa 3a npenenamu LITHC B cocTossHun
obecnevynTh KOHTPOJIb Horuenuu [38].

WHTepeca 3acimyxuBaeT TOT (akT, YTO Pa3IUYHbIC KOHIIEHTPAIIUU
aHaHJaMHJa, Kak ObUIO TOKa3aHO [39], OKa3bIBAIOT MPOTHBOIIOIOKHOE
JeiCTBHE HA aKTUBHOCTh COMATOCEHCOPHBIX (1yBCTBUTEIHHBIX ) HEHPOHOB:
B TO BpeMsl, KaKk HU3KHE KOHIICHTPALIMK MOJABIISIOT aKTUBHOCTh 3TUX HEH-
POHOB, BBICOKHME, HAIPOTUB, BO30Y>KAat0T uX. CleayeT OTMETHTD, YTO BO-
0aBOK K aKTUBAIMM KaHHAOMHOMIHBIX PELENTOPOB, aHAHIAMHJI CIIOCOOEH
K akTuBauuu BanumouaHbix (TRPV-1) penentopoB. OnHako akTUBaLUs UX
TpeOyeT T0BOJBHO OOJIBIIMX /103 aHAHAAMHUA, HE COOTBETCTBYIOIIUX yC-
JIOBHSIM in ViVO, TAKHM 00pa3oM, GU3NOIOTUYECKOE 3HAYCHHE TaHHOTO B3a-

UMOJIEUCTBHUSA €1l NpeACcTOUT BbIsiCHUTH [40]. BnpoueM, HekoTOpbIe Apy-
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r'Me JIMIHUIHBIE MEAUATOPHI K IPUMEPY, NalbMUTOMITaHOIamMu [41], oka-
3bIBAIOT O0Jiee BHIPA)KEHHOE aHTHHOIMIICTITUBHOE BIMSHUE MPU YYACTHH
TEX K€ PEeLeNnTOPOB.

B mexanu3max BiMsiHUS KaHHAaOWHOWIOB 0c000O€ BHHMAaHHE OTBO-
muTcs mporieccam GochopuIupoBaHus OSIIKOB IIPU YYaCTHH COOTBETCTBY-
IOIMX TpoTenHKHHA3 [42].IIpoTHBOIONOKHBIE N3MEHEHHS B (DYHKITHOHH-
POBaHUM aJICHIIATIIMKIIA3HOM CUCTEMBI, C COOTBETCTBYIOLIMM H3MEHEHUEM
aKTUBHOCTH IIPOTEUHKUHA3BI A, TIPOJIEMOHCTPUPOBAHBI B YCIOBHAX OCTPO-
ro (mogamienue) U xponudeckoro (nossienue) BBeaeHus TTK [43], mpu-
4YeM, OTMEUEHHBIE CJIBUTU OBUIM OCOOCHHO OTYETIMBO BBIPAXKEHBI HIMEHHO
B TeX 00JIaCTSIX MO3ra, I7ie IpeuMyIecTBeHHO Jokaiu3oBansl CB1 penen-
TOPBI (MO3XKEUYOK, TI0JI0CATOE TEJI0, KOpa MO3ra).

B MexaHn3Max BIUSHHUS HEKOTOPBIX KAHHAOMHOMIOB, Y4aCTBYET I'y-
aHWIATLUMKJIA3HbIM MEXaHNU3M CUTHAJIILHOM TpaHcayKuuu [44], k npumepy,
JICBOHAHTPA/10JI, CHHTETHUECKUI KaHHAOMHOW I, UCIIOIb3YEMBIH Il HUBE-
JUPOBaHUs MOOOYHBIX 3()()EKTOB OHKOJOTHMUECKUX 3a00JIeBaHUM, KOTO-
PBIi, KaKk OBLJIO MMOKAa3aHO, ACHCTBYET MyTeM MMOHWKEHHUS aKTUBHOCTHU Tya-
HUJIATIUKJIIA3bl U KoHUeHTpauuu ¢ GMP [45].

CornacHo paboTamM HEKOTOPBIX aBTOPOB [46], BIUSHHE pa3IMYHBIX
aroHMCTOB CIIOCOOCTBYET KOH(OPMALMOHHBIM IPEOOpa3oBaHUSAM B OT-
JIeNIbHBIX METISIX KaHHAOWHOMHOTO peLenTopa ¢ JalbHEHIIUM BOBJIEUe-
HHUEM Pa3JInYHbIX MyTeH CUTHAIBHON TPAHCAYKIIMU B MEXAHU3MbI BIUSHHS
3TUX coequHenui. [logo6Hast n36upaTeabHOCTh B OTHOIIEHUH (hapMaKoJIo-
TMYECKOT0 JICHCTBHS PA3UYHBIX IMPEACTaBUTENECH KaHHAOMHOMIOB, Kak
OBUTO TMOKAa3aHOo, OINpeaensieTcss BO MHOroMm mu3odopmoit Go-Oenka, Kc-
MPECCUPYEMOr0 JAaHHOW KJIETKOM. B3anmonencTere pa3inuHbIX JUTaHI0B
C pelenTopaMu BbI3bIBAeT crel(pUIecKre U3MEHEHHUs KOH(OopMaIiu, KO-
TOpBIE, IPH YYaCTUH pa3nudHbIX H30(hopM Go OenKoB, BOBIEKAIOTCS B pa3-
HOOOpa3Hble MyTH CUTHAJIBHOM TpaHCIyKIMHU. IMEHHO MHOKECTBEHHBIC
KoH(popManuu OENKOB, 3aJCHCTBOBaHHBIC pa3inuuHbiMH G-Oenkamu, 1O
MHEHHIO aBTOPOB, OTBETCTBEHHBI 32 YYaCTUE Pa3IMYHbIX MyTEH B peasu3a-
K (papMakoJIIOrn4eckux 3(PQPEKTOB psla JEKAPCTBEHHBIX IMPENapaToB.

B3anMOOTHOIIEHNST M1y arOHUCTaMU U PELENTOpaMu ObLIIH U3yUeHBI Ha
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MIPOCTPAHCTBEHHBIX KOMILJIEKCHBIX PABHOBECHBIX MOJEISAX MHOMXECTBEH-
HBIX COCTOSIHUN aKTUBUPOBAHHBIX PELIENTOPOB, U30UPATEIILHO CBA3BIBAIO-
uxcs ¢ paznuuabiMu G-6enkamu [46, 47].

[ToroOHBIE TOAXO/IBI TPEACTABISIOTCS BECHMAa IPUBIICKATEIBHBIMH U
MEPCIEKTUBHBIMU 151 (PapMaKOJIOTHUECKUX pa3pabOTOK B TUIaHE M3BICKA-
HUS HOBBIX MMILEHEH /IS 1n3aiiHa JeKapCTBEHHBIX MIPENnapaToB.

WHTepec npeacTaBidioT Takke pe3yJbTaThbl UCCIIEI0BAaHUM, IIpoje-
MOHCTPHUPOBABIINX IMOBBIIICHUE AKTUBHOCTH NPOTeUHKHWHA3bl C 10/ BIIUSI-
HUEM TeTparupoKaHHAOMHOJIA U IPYTHX arOHUCTOB KAHHAOMHOU/IHBIX pe-
LENTOPOB B OTJENBHBIX yUYaCTKaX MO3ra B YCIOBUSX in Vitro, TAKKe KaK U
JIAaHHBIE O HETOCPEACTBEHHOM BIIMSHUU MPOTEeHMHKHHA3bI C HAa aKTUBHOCTD
CB-1 peuenropos [48].

Bonee Toro, mokaszano, uro ¢ocopunupoBanne CB-1 penenrtopa
10J1 BIMSIHUEM MPOTeUHKHHA3bl C CHIKAeT BO30YIMMOCTh M CHHAIITHYEC-
Kyl0 aKTUBHOCTh HEMPOHOB, IOJABISIET aKTUBHOCTh HHEPIrO3aBUCHUMBIX
Ca?’-xaHaloB U crIocoOCTBYET TUMEPIOJIAPM3ALMKE MEMOPAHBI Iy TEM aKTH-
Baiu K'-kanasnos. [TokasaHo 1ojaBjieHUe aHTHHOLMIIEITUBHOTO 2 deKTa
TT'K B ycnoBusix unruOupoBanus nporeuHkuHassl C [49]. B myTu curnanb-
HOM TpaHCIyKIIMU KaHHAOWHOMJIOB, KaK OBLIO MOKa3aHo, BOBIEYEeHA (hoc-
¢dounosutuaHas cucremMa. OnrcaHHbIe 3aKOHOMEPHOCTH BBISIBIICHBI ITPEH-
MymiecTBeHHO B oTHouiennu CB1 peuentopa. CBsizaHo 11 (PyHKIMOHUPO-
Banue CB-2 penenropa ¢ ¢ocdonunazoii C u Modunusanueii Ca’" eme
MIPEJCTOUT BBISICHUTB.

C aktuBanueil nporeuHkuHa3bl C CBS3BIBAIOT TaKkKe (PYHKLIMOHUPO-
Banue cucrembl NF-kB, Brnustonieii Ha sxcnpeccuio psijia 6enkoB. MHruou-
TOpbl MpoTenHknHa3bl C, B yacTHOCTH, npenorBpamaoT NF-kB-3aBucu-
Myto Tpanckpumnuuio [50]. Ocobas pons orBoauTcs npoTerHkuHaze C B
pa3BuUTHM TUabeTHUECKOM HeponaTuu, posib KOTOPOH, TaKKe Kak U B3au-
MOCBSI3b €€ aKTUBHOCTH C ONPEACICHHBIMU MPO- U aHTHANONTHYECKUMHU
¢dakTopamu 1 GYHKIIMOHUPOBAHUEM TpaHCKpUNIIMOHHOTO (pakTopa NF- kB
MpeACTaBIeHa TAKXKe U HAIIUMU HcclieqoBanusaMu [S1, 52].

B oTMeuYeHHBIX B3aMMOOTHONICHUSX, OE3YyCIOBHO, 3aJiiCTBOBAHO

MHO>KECTBO MOJIGKYHSIpHO-6I/IOXI/IMI/I‘-IGCKI/IX MCXaHU3MOB. I[aaneﬁmne
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HCCIICAOBaHMA B3aWMMOCBSA3HM U B3aUMO3aBHUCHUMOCTU MCKAY 3HIIOFCHHOI71

KaHHAOWHOWTHOW U OTIMOUTHOW PEICNITOPHON CUCTEMOI BeChMa MePCIIeK-

TUBHBI B IIJIAHC CO3JaHHA HOBBIX TCPAIICBTHUYCCKUX BO3MO)KHOCT€I>'I, B 4acCT-

HOCTH, IPCATIIOJIOKHUTECIIbHO, NX COYCTAHHOC NPUMCHCHHUE IMO3BOJIUT HAMC-

TUTB OIPCACICHHBIC MOAXOAbI K PECIICHUIO np06neMm HapKOTH‘ICCKOfI 3a-

BUCHMOCTH.

10.
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FUNCTIONAL CHARACTERISTICS OF ENDOCANNABINOID
RECEPTOR SYSTEM

G.S. Vardanyan'?, M.I. Aghajanov', H.S. Harutyunyan’

"Yerevan State Medical University after M. Heratsi
’Russian-Armenian University

ABSTRACT

Numerous compounds bind to and interact with various receptors, affecting
modulation of pain sensitivity. The synthesis and release of these molecules is finely
regulated by neuroendocrine system. It is able to integrate the central and peripheral
mechanisms involved in pain perception adjustments.

This review focuses on modern molecular-biochemical mechanisms of
endocannabinoid receptor system functioning, as well as on its role in noxious signal
transduction.

To form a starting point for development of brand new analgesic drugs,
understanding the specific properties of individual receptor systems, involved in
nociceptive input transmission is essential.

Keywords: nociception, endocannabinoids, opioids, cannabinoid receptor,
opioid receptor.
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AHHOTALUA

B pabote npencraBieHbl pe3yibTaThl OTOOPA MOTCHIIUAB-
HbIx akTuBaTopoB TRPC6 Ha ocHOBe apmakodopa N-N-au3ame-
LICHHBIX MUIEPa3uHOB C MCIOJIB30BAHUEM METOIOJIOTUN BUPTY-
anpHOTO cKkprHHUHTA2 QSPR 11 QSAR. Hcmonp3ys 6a3br maHHBIX
ChEMBL u Zinc u3 xumudeckoro npoctpanctsa 1,5X107 va oc-
HOBE KOA((DHUITMEHTOB CTPYKTYPHO-(DYHKITMOHAIBHOTO MOX00HS,
ADMET napametpoB Obliv BEIOpaHb! 211 KaHAUIATOB B «COCIH-
HEHUS JTUAEPBD», COOTBETCTBYIOIINE BCEM KPUTEPUAM «IIOAOOHS
JIEKapCTBaY.

KiroueBsie cioBa: TRPC, OSAR, OQSPR, nunepasunsl, 60-
ne3ns Anbnreiimepa, ADMET.
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BBenenune

3a nocneaHue robl hapMaleBTHYECKHE KOMITAHUH, HapsAy ¢ Kiac-
CUYECKMMH METOAAMHU pa3pabOTKH JIEKAPCTB, UCIONb3YIOT TAK)KE BO3ZMOXK-
HOCTH MOJIEKYJIIPHOTO MOAETMPOBAHUS M XeMOMH(POPMATUKH JIJIsl yCKOpe-
HUS [poliecca NoKcKa U Bepu(uKaluyu OM0aKTUBHBIX coequHenui [1]. s
NoMcKa M pa3padOTKU COEAMHEHHS, MMEIOLUE TEepareBTUYECKYIO IIEH-
HOCTb, UCIIOJIb3YIOTCS HECKOJIBKO MOJXO0A0B, OTHUM U3 KOTOPBIX SIBIISIETCS
paloHaIbHOE KOHCTPYUPOBAHUE JIEKAPCTBEHHOIO COEAMHEHHUS, BKIIIOUA-
IOIIME 3HAaHUS 00 aKTUBHOM LIEHTpe OeJIKa-MUILIEHH, a TAK)Ke KOHCTPYUPO-
BaHHUE U MOUCK COCJIMHEHUI Ha OCHOBE CTPYKTypHOro noaobus. Ilocnen-
HUH NpeacTaBisieTcss HaOOpOM MPOCTPAHCTBEHHO-IHEPTETUUECKUX TPH3-
HAKOB, HEOOXOAUMBIX JJis1 00ECTIeUYeHUs] BHICOKON aQ)(pUHHOCTH TMPU KOM-
IUIEKCOO0pa30BaHUK ¢ OMOMUIICHBIO, TPUBOAAILINM K U3MEHEHHUIO €ro Ou-
OJIOTHYECKOTro oTBeTa. Mcronb30BaHNe BO3MOXKHOCTEH XeMOUH(pOPMATUKH
C IPUMEHEHHUEM PA3JINYHBIX AECKPUIITOPOB, OLICHUBAIOIINE KOJINYECTBEH-
HbI€ COOTHOIICHMS «CTPYKTypa-akTUBHOCTH» (QSAR) u «cTpykrypa-c-
BoiictBa» (QSPR) mporecc otbopa, cxoxkux ¢ hapmakopopom coeauHe-
HUM, CTAHOBUTCS BO3MOXKHBIM [2].

Ha ceropHsiHuil 1€Hb OYEHb MHOIO JAHHBIX CBHJETENILCTBYIOT,
yro bonesns Ansureiimepa (bA) xapaktepusyercst naToJI0TUEHN, TPUBOASI-
miel K CHMHaNTU4eckoil nucynkuuu 6onpHoro. Ilokasano, yTo cMHANTH-
qecKasi IOTePst KOPPEIUPYET C IPYTUMU TUIIAMU IEMEHLIUU U CO CHUKEHU-
€M KOTHUTUBHBIX (DYHKUUH MPU HOPMAJILHOM KOTHUTUBHOM cTapeHud [3].
VY naruenToB ¢ BA Ha0monaeTcs moTepsi CHHANCOB M CHUKEHUE IUIOTHOCTH
JEHAPUTHBIX ITUITHKOB B PA3JIMYHBIX 00JIACTSAX TOJIOBHOTO Mo3ra [4]. beuio
[I0Ka3aHO, YTO U3MEHEHHUE B IIEpe1ade BHY TPUKIIETOUHBIX KaJIbLIUHI 3aBUCH-
MBIX CUTHAJIOB UTPAET BaXKHYIO poiib B matorenese bA [5]. Takum o6pazom,
npu BA nortepst cunarica paccMaTpuBaeTcs Kak HanboJsiee 3HauuMblid MH/TH-
KaTop KOTHUTUBHOM nuchyHKuuu y 0onpHOTO [6]. BBIJIO Takke mokaszaHo,
yTo N-N nu3amenieHHble MurepasuHbl U, B yacTHOCTH, 51164 mMoryT BO3-
nerictBoBarh Ha Ca2+ 3aBUCcHMYIO0 cUrHaNIBbHYO cuctemy uepe3 TRPC, npu-
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BOJISI K HOpMaIU3aluu KoHueHTpauuu Ca2+ B HeMpoHax, NpOSBIAs HEil-
pPOTIIPOTEKTOPHBIE CBOMCTBA [7]. B CBsI3M C 3TUM, SBISETCS YPE3BBIYANHO
aKTyaJbHBIM TIOMCK HOBBIX MIT MOJM(HUKAINS CYIIECTBYIOLINX TEPATICBTH-
YECKUX areHTOB Ha 0cHOBE N-N J13aMeleHHbIX TUIIEPa3UHOB, CIOCOOHBIX
IIPOTUBOCTOATH IIpolieccaM B narorenese bA, KOTOpbIi KMeeT HE TOJNBKO
MHAUBUAYAIbHBIA XapaKTep, HO M COLMaJIbHYI0 3HauuMocTb. B pabote
MIPUBEAEHBI PE3YJIbTAThI in Silico CKPUHUHTA MPOU3BOJHBIX MUIIEPA3UHOB
Ha ocHoBe (apmakodopa N-N-1u3aMenieHHbIX TUTIEPA3HHOB C UCTIOIb30-

BaHUEM OUOIMOTEK U 0a3 JaHHBIX.

MarepuaJjbl 1 METOABI

MonekynsipHble MOJIEIHN UCCIETYEMbIX COCIMHEHUIN OBbLIN B3STHI U3
6a3 nannabix ZINC u ChEMBL [8, 9]. Xumudeckoe mpocTpaHCTBO MOUCKA
B 6a3ax maHHBIX cocTaBmio 1,5X107. Br16opka moTeHIIMAIBHBIX JIUTAH]IOB
ocyIiecTBisiack Ha ocHoBe popmaroB SMILES. bruta npoBenena mporie-
nypa KaHoHHW3auuu (aiioBbIx (opMaToB BO HM30SKaHUE AyOIUPOBAHMS
nnpopmanuu. [Touck u ot60p Ha ocHOBE (hapmakodopa N-N nuzamernieH-
HBIX TUIEPAa3UHOB OCYUIECTBIISJICS IPY MOMOIIHM CTPYKTYPHOI'O U MOJIEKY-
JSIPHOTO 1MOA00MS, BKIIIOYAIOUINE ABYMEPHbIE MOJIEKYJISIPHbIE OTIEYATKH
NajbleB U CyNEepo3ULMOHHOIO TpexmepHoro noxodus [10]. B kadectse
JecKpUNnTopoB noucka ais 2D ucnonb3oBanack FP2 fingerprints Ha ocHOBe
kod(purmenta cxoxxkectu Tarnumoro [11]. st 3D Ob11 BEIOpaH MOUCK IO
Electroshape, ocHoBaHHBI Ha pacueTax MaHXETOHOBCKOW JHUCTaHIIMH
(ES5D). Ipomecc oT6opa coeuHeHN TPOBOIUIICS C UCTIOIB30BAHUEM Pe-
cypca Swiss Similarity, [12] BeiGopka Ha ocHOBe papmakodopa npoBoIu-
J1aCh B HECKOJIBKO 3TarnoB. [IepBblil aTamn BKIIrOYal NepBOHAYAIbHBIN TOUCK
0 BBILIENEPEYUCIEHHBIM KPUTEPUSIM C HHAEKCOM noodust ¢ > 0,68. BeI-
00p JaHHOTO 3HAYCHHS 00yCiIOBIIeH cooTHOMeHreM ¢yHKinu QSAR [13].
BropeiM 3Tanom SBISIIOCH ONpeneieHne (U3MKO-XMMHUYECKHX CBOMCTB
UCCIIeyeMOH BBIOOPKH, UTO SIBIISIETCS] BAKHOW OIICHOYHOW (DyHKIMEH mpH
OTIpeIeICHUH KPUTEPUEB «IT0A00MS IeKapcTBay. CleIyomuM 3TaroM Obl-
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J¥ TIONy4YeHb! (PapMaKOKHMHETUYECKUE TapaMeTphl, B YaCTHOCTH IOKa3a-
TEb BCACBIBAEMOCTHU 4epe3 xemyaouHo-kuieyHbii TpakT (JKKT) u npo-
HUIIAEMOCTh Yepe3 reMarodHnedannaeckuii oapeep (I'D6) Ha ocHOBE Me-
TOJA OLEHKH MpoHHIIaeMocTH Jrana [14]. OueHka COOTBETCTBHSI KPUTEPH-
M «T10/100Us1 JIeKapcTBa» MPOBOAMIACh Ha ocHoBe «lIpaBmma msti» Jlu-
nuHCcKoro [15]. MOHUTOPUHT OMOAOCTYITHOCTH MCCIIETyEMBIX COSTMHEHUI
OCYUIECTBJISIJICS. C YUETOM CyMMbI CEMH OCHOBHBIX 3HAY€HHH, XapaKTepH-
3YIOIIUX JIAHHBIN MapamMeTp, Ha OCHOBE CTaHIapTOB mKkainsl Abbot (ABS)
[16]. PacueT coOTBETCTBUS «COEAUHEHMSI JTUAEPA» MPOBOAMIN HAa OCHOBE
neckpunropa Angew [17].

ITporHo3 TOKCMYHOCTH COEAMHEHHH, BXOAAIIMX B BBIOOPKY, MPOBO-
JWIICS C MCIIOJIB30BAHUEM JECKPUIITOPOB, OLICHUBAIOIIMX MYTareHHOCTD,
KaHIEPOT€HHOCTb, Pa3ApakKUTEeNbHBINA APPEKT, renaTroTOKCHYHOCTh U OCT-
PYIO OpallIbHYI0 TOKCHYHOCTh. Omnpesenenne pU3NKO-XUMUYECKUX U dap-
MakokMHeTn4yeckux napamerpoB (ADME) mpoBonmnu Ha miardopmax
SwissADME [18] u admet SAR [19]. [IporHo3 TokcuyHOCTH OBUT OCY-
miectBiieH Ha ocHoBe LaSAR [20], PeoTox [21] u admet SAR [19].

CraTucTHYECKUI aHAIN3 PE3yJIbTaTOB HCCIIEI0OBAHMUS IPOBOAMIICS HA
OCHOBE KOMILJICKCHOT'O MPUMEHEHUS CTAHJIAPTHBIX CTATUCTHYECKUX METO-

J0B ¢ ucnosb3oBanueM MS Exell.
Pe3yabTarhl 1 00CyKACHUS

Jnst IpoBeieHHsT BUPTYaIbHOTO CKPUMHHMHTA HAMHU ObLIM BBIOpaHbI HEC-
KOJIbKO 0a3 JTAHHBIX, YTO JJaJl0 BO3MOKHOCTh YBEINYUTh XUMHYECKOE MPOCT-
paHCTBO BBIOOPKH Ha ocHOBE (papmakodopa N-N- 1r3aMeleHHbIX MTUIepasy-
HOB. BriOopka ocymectBisiack Ha 6asze pecypcoB ChEMBL Database
[https://www.ebi.ac.uk/chembl/] u Zinc Database [https://zinc.docking.org/].
Bri6op 3Tux 6a3 gaHHBIX 00YCIIOBIIEH TeM, YTO 00e 0a3bl CrelHaIu3upy-
IOTCSl HA XpaHEHUH UHPOPMALMU O KOMMEPUYECKH JOCTYIHBIX MaJbIX MO-
JeKyJax, UMEIOLINX ONOIOTUYECKYI0 aKTUBHOCTb.

ITouck B ChEMBL Database ocy1iecTBiscst ¢ BOBICYEHUEM ILIAT-
dopm ChEMBL, rae xpanutcs 1,7X10° coeruaenuii pasnuHoil pupobL,
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y KOTOPBIX BBISIBJIEHA BbICOKAsl OMOJIOrnyecKas akTUBHOCTD (< 10 MK.MOJIb)
u mwiaropmel ChEMBI, kyna BXOIAT XMMUYECKHE COSAUHEHHSI, HIMEIOIIHE
OuosIoruuecKkuii nHTEpec, uncaeHHocTho 2,8 X10%. B Zinc Database BbI-
0opka ocymecTBIsIachk Ha ocHoBe mardopm Zinc Drug-Like u Zinc Lead-
Like o6mieii uncnennoctbio 1,4X107 coenunaennii. B obmem xumudeckoe
IPOCTPAHCTBO MoKcka coctasuio 1,5X107. B pesynsTare, Ob1I10 BBIOPAHO
858 coennHeHul, y KOTOPBIX UHJEKC 1101001 ¢ (hapMako(popoM COCTABHII
0,68 na yposue 2D/3D. Ilocne Oblia mpoBeeHa MPOLEAYPa KAHOHH3AIUH
SMILES ¢aitnioB 0TOOpaHHBIX COEAMHEHHH IyTEM CPaBHEHUS WICHTUY-
HOCTH CHMBOJIOB C HMCIOJIB30BAHUEM METOJ]la HauboJbIueil obueil mocue-
nosarensHOCTH (longest common subsequence, /LCS/) [22]. B pe3ynbTate,
6bU10 BEIOpaHO 515 coeanHeHN B KOHEUHOW BBIOOPKE.

BaxHbiM B NporHo3e OHOAKTHBHOCTH SIBJISIETCSl OIpPE/EICHUE
CBOWCTB COEIMHEHH, COOTBETCTBYIOIIMX KPUTEPHUSAM «IOJO0OHS JIEKapCT-
Ba». B HacTosiee BpeMsi papmarieBTHUECKass XUMUSI HHTEHCUBHO TpUMe-
HSIET METOAMKY NEPBUYHOIO TECTUPOBAHMS CBOMCTB COEAMHEHMM, ONUpa-
sich Takke Ha nmapamerpax ADMET (BcacbiBaeMOCTb, pacnpenenieHue, Me-
TabO0JIN3M, BBIBEJICHUE U TOKCUYHOCTB), PACCUUTAHHBIC MTyTEM IOJIy3IMITH-
pUYECKUX BbIUMCIICHUM [23].

Ha ocnose pe3ynbratoB ADMET u3 Bb160pKU B 515 coearHeHni ObI-
au otoOpansl 211, KOTOpbIE COOTBETCTBYIOT BCEM KPUTEPHUSM «IOIAOOHS
nexapcTBay. [lodydeHHbIe HAMU Pe3yIbTaThl (PU3UKO-XUMHUUECKUX CBOMCTB
ucclieyeMoi BEIOOPKU CBUIETENILCTBYIOT, UTO BCE COCTUHEHUS SBIISIOTCS
MaJIbIMHM MOJIEKYJIaMH, MOJIEKYJISIPHBIA BEC KOTOPBIX B Ipeaenax ot 250 1o
390 r/monb. BbUIO paccuMTaHO TaKXKe YHCIO MOTECHIHATBHBIX JOHOP/aK-
LENTOPOB BOJOpoaHOM cBsizu (Puc. 1).

Boun paccunTanbl 3HaUEHUS TUMOPUIBHOCTH M TPOHUIIAEMOCTH Ye-
pe3 KOKHBIM MOKPOB (pHC. 2.), UTO SABJISAETCS BaXXHBIM KPUTEPUEM IIPU OT-
060ope COoeMHEHUI Ha OCHOBE MPHUHATHIX NMPOTOKOJIOB «I1000Us JIEKapCT-
Bay. [lonmydeHHbIe HAMU 3HAYEHUS JTUNOPUIBHOCTH 1J1s1 BHIOOPKH Bapbupy-
1ot ot 1,16 1o 3,22 o/B. MakcumansHOe 3Ha4eHHEe HAOII0JaeTCs y COeIu-
Henust ZINC19859225 c unnekcom 3,46, a Munumansnoe y ZINC2036253 1
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¢ uHgekcoM 1,14 o/B, coorBeTcTBeHHO. [IpHNMAas BO BHUMaHUE JIOKAJIA3a-
LU0 MOTEHIMAJIbHOM MUIIIEHU /J1s1 OTOOpPAHHBIX COEIUHEHU, KpaiiHe Bax-
HO IIPOrHO3MPOBATh BOZMOXKHOCTH nepexoza yepe3 ['Ob u npoHunaeMoctsb
yepe3 XKKT.

A B

Molecular weight
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Puc. 1. Paccuumannvle 3Hauenus MONEKYIAPHLIX 8ecos (A) u uucio 0oHop/aKyenmopos
68000p0o0HOI cea3u (B) ons evibopku 6 211 coedunenuil.
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Puc.2. Paccuumannvle 3navenus aunogpuibHocmu (4) u nponuyaemocmu uepes KOJCHbll
nokpos (B) ons 212 coedunenuti, 6X005UUx 8 KOHEUHYI0 8blOOPKY.
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HW3BeCTHO, 4TO COeIUHEHUS, UMeronume 3HadeHus < 142 A? tomoro-
TMYECKOro MHjAekca nosisipHoil moepxHoctu (TPSA) u nunoduibHOCTH
(WLOGP), B mpenenax -2,3 1o +6,8 ©MEIOT BCE BO3MOXKHOCTH MEPEXOIUTh
yepe3 ['Ob [24]. Hamu Obu1a mpoBeieHa cepus in silico uccneoBaHui U
paccuntanbl 3HaueHus nponunaemoctu uepe3 I'DOb u XXKT. Ha puc. 3
IIpe/icTaBiIeHa KapTa IPOHUL[AEMOCTH, KOTOpasi CBUJIETENbCTBYET, UTO BCE
COCIMHEHUS, BXOSIIME B KOHEYHYIO BBIOOPKY, MMEIOT ITOJIOKUTEIIbHBIC
3HaueHus npoHuraemoct uyepe3 I'Db u )KKT. Baxkubim B npoueccax oc-
TaBKU JIGKAPCTB SBISCTCS «OMOXUMHUYECKUI» Oapbep, PeryIupyromerocs
3a cueT (pepMEHTATUBHOM aKTUBHOCTU M AKTUBHOT'O OTTOKA, IPKUM IpUMe-
POM KOTOPOTO SIBJISIETCS METAO0IN3M 32 CUEeT P-TiIMKONPOTEeNHOB, KOTOpPbIE
MIEPEHOCAT pa3Hble CyOCTpaThl U3 TKAHEH LIEHTPATbHON HEPBHON CUCTEMBI
(ITHC). Baxmna takxe naccuBHas auddysusi, KoTopas sBIsSETCS OAHUM U3
OCHOBHBIX ITyTeH NONaJaHus JIEKapCTB B MO3T U3 KpOBOTOKa [25]. bbut npo-
BEJICH ITPOTHO3 TUIIOB MPOHUIIAEMOCTH JJIsl UCCIIeyeMOil BHIOOPKH COeTH-
HEHUH, pe3yJIbTaTbl KOTOPOrO CBHUJETENILCTBYIOT, 4TO 15 coenuHeHMit
(ZINC 1ID: 968310; 55565707, 13560671; 12365474; 13678541;
103230844; 20362531; 77017407; 28081240; 58120399; 71955325;
81645727; 26817456; 13760737; 19775319) MoryT uMeTh BO3MOKHOCTb
[IACCUBHOIO MpOoX0xaeHus uepes3 ' Ob.

Remarks

Ioa % E

Puc. 3. Kapma nponuyaemocmu uepez I' OF u JKKT ona 212 uccnedyemuvix coeOuneHut
(BBB — 30na nponuyaemocmu uepes I'Ob, HIA — ecacvisanue uepes XKKT).
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Heo0xo1umMo 0TMETUTH, UTO BCE COEJUHEHMSI, BXOISIINE B BEIOOPKY,
COOTBETCTBYIOT KpUTEPHUSIM «IpaBmiia nsti» JInnuHckoro. Paccuntanneie
HamM# K03 (HUIIEHTHI OMOOCTYITHOCTH CBUAETENBCTBYIOT, YTO UCCIIEAye-
MbIe N-N-11r3aMenieHHbIe TUIepa3uHbl IMEIOT TOJI0KHUTEIbHbBIC 3HAYCHHUS
1o OMOJIOCTYMMHOCTH, KOTOpOoEe B cpeaHem, coctaniseT 0,58 +0,029. Momny-
YEHHbIE HAMHU PE3YJIbTaThl IPOTHO3a TOKCUYHOCTEN CBUJIETENIBCTBYIOT, UTO
94acTh COSAMHEHUI UMEIOT Pa3ApakKUTENbHBINA dPPEKT Ha TIAIKYI0 MYCKY-
JaTypy, IPH 3TOM OLIEHKAa MYTareéHHOCTH, KaHLIEPOT€HHOCTH, TepaTOreH-
HOCTH, TeMaTOTOKCUYHOCTH, OCTPOH OpaibHON TOKCUYHOCTH UMEIOT OTPH-

OaTcCJIbHBIC 3HAYCHUA (pe3yJH>TaTBI HC HpI/IBe,HeHLI).

Taxum 00pa3om, UCHOIB3YSI METOAOIOT MU BUPTYaIbHOTO CKPUHUHTA
QSPR 1 QSAR u3 xumuueckoro npoctpanctsa 1,5X107, Hamu ObLIM BBIO-
panbl 211 coenunenuii Ha ocHOBe (hapmakogopa N-N-1u3aMelneHHbIX MM1-
nepazuHoB. /laHHas BEIOOpKA CTaHET OCHOBHOW IPyMIO KaHANWIATOB B «-
COCJIMHEHUS JTUAEpb» A Oonee riyOOKOro MCCIEIOBaHHUS Ha IMpeaMeT
u3yudeHus: Mmoayiupymomero s¢pgexra Ha TRPC6 B kauecTBe NOTEHIMAIb-
HBIX aKTUBAaTOPOB.

Ha ocHOBe n01y4eHHBIX HAMU PE3yJIbTaTOB, B HACTOSAIIEE BPEMsI IIPO-
BOJIATCS in silico nccnenoBaHus sl 0TOOpa «COEAMHEHHH TUIEPOBY, B3a-
umozeictBytouux ¢ TRPC-6, ¢ BoBiedeHHEM METOJIUK MOJEKYJISPHOTO
MOJICJIMPOBAHMS U KOMIIBIOTEPHOT'O aHaI3a JJaHHBIX. B pe3yibrare OymyT
OIIPEJIEIICHBI U ONMCAHBI MOJEIIN KJIETOYHOIO OTBETA IIPU B3aUMOAECUCTBUU

COeIMHEHUH, BXOAIIMe B KOHEUHYI0 BEIOOpKY ¢ TRPC6.

JlanHas paboTa MpOBOIUTCS B paMKax (PMHAHCOBOM MOAIEPK KU Mu-
HOOpHaykH Poccuu B paMKax rocyJapCTBEHHOTO 3aJaHus 1o Teme «Peanu-
3alMM KOMIUIEKCA MEp MO MOBBIIEHUIO 3((EKTUBHOCTH JESITEIHLHOCTH
Poccuiicko-ApmsHckoro u benopyccko-Poccuiickoro yuusepcureton (JIC
ot 08.07.21 Ne 075-03-2021-050/5).
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VIRTUAL SCREENING OF POTENTIAL ACTIVATORS OF TRPC6 BASED
ON PHARMACOPHOR OF N-N-DISSUBTED PIPERAZINS

V. Ghamaryan ', L. Hunanyan'~, E. Popugaeva’, A. Makichyan', N. Zernov’

'Russian-Armenian University, Institute of Biomedicine and Pharmacy,
Laboratory of Structural bioinformatics
’Peter the Great St Petersburg Polytechnic University,
Laboratory of Molecular Neurodegeneration

ABSTRACT

The paper presents the results of the virtual screening of potential activators of
TRPC6 based on pharmacophore of N-N-disubstituted piperazines using QSPR and
QSAR methodology. Using ZINC and ChEMBL databases 211 candidates of “Lead
compounds” from the chemical space 1,5X107 are selected, based on similarity score,
ADMET properties. All selected compounds meet the “drug-like” criteria.

Keywords: TRPC, OSAR, QSPR, piperazines, Alzheimer’s disease, ADMET.
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AHHOTALIUSA

B nanHoOll cTathe peub MAET O TOM, YTO HAHOTEXHOJOTHU 3a
MIOCJIeTHAE HECKOIBKO JIET, UCTIOIB3YSl OTPOMHBII MMOTEHINAN Ha-
HOYACTHLl, JOOUIHUCH OOJBIINX YCIEXOB B TEPANUU U JUATHOCTHKE
Gonesneil. CunTaercs, YT0O HAHOYACTHIIBI TUIA «IAPO-000I0UKAN,
KOHTPOJIMPYEMbIE MATHUTHBIM I10JI€M, OyIyT HCIOJIB30BaThCS B TH-
HepTepMHHU, XUMHOTEPANuU, MArHUTHO-PE30HAHCHON ToMOTrpaduu
B KaueCTBE HOCHTEIICH CHCTEMBI TOCTABKH JICKAPCTB, T.€. TEPAHOC-
TUYECKUX UHCTPYMEHTOB C BBICOKON OMOAOCTYNHOCThIO. Pe3ynbTa-
TBI UCCIIEIOBAHUS (PU3UKO-XUMHUYIECKUX MapaMeTPOB YaCTHI] MOKa-
3aJIH, YTO MONy4YeHHBIE HAMHU CTPYKTYPBI, CHHTE3HPOBaHHBIC OHO-
TeHHBIM ITyTeM, IpUHaIeKaT K knactepy Fe;O4 u aBIsitoTcst HaHO-
MHKPO pa3MEpPHBIMU CTPYKTYypaMHU TUIIA «SIIpO-000JI104Kay, 001a1a-
IOIIMU CyTIepIIapaMarHUTHBEIMHU CBOMCTBaMH, CIIEOBAaTENBHO, MO-
TYT IPUMEHSTBCS KaK TEPAaHOCTUUECKUE ar€HTBI.



JILM. ®Dapcuan 73

KaioueBble ci10Ba: HaHOOWOTEXHOJOTHS, HAHO-MHKPO-Pa3-
MEpHBIE «SAPO-000JI0YKa» CTPYKTYPHI, cylepnapaMariHuThl, BOJ-
HBII SKCTpakT H. perforatum L.

BBenenue

Pa3pabotka u nonydeHne MHOro(pyHKIMOHAJIBHBIX HAHOMHUKpOpa3-
MEPHBIX HOCHTEJIEH MOTYT OOBbEJMHUTH MPOLECCHI AMATHOCTHKH U TePATTHH
— TEPAHOCTHUKH, KOTOpas ABJISIETCS HOBOW CTpaTeruei, pa3BUBAIOLICICS B
HaHoMmenuuuHe [1]. B HacTosiiee BpeMsi MUp CTAJIKMBAETCSI C MHOYKECTBOM
poOJIeM 3paBOOXPAHEHHUS, PEIICHHE KOTOPHIX TpeOyeT MpUMEHEHHS HO-
BBIX CTpPATETHii, OCHOBAaHHBIX B IpoIecce MPOPMIAKTUKN U Tepanuu 3a00-
JIEBaHUW HA METOJOJIOTMYECKUX U HAYUYHBIX UCCIEN0BaHMIX. Takon crpa-
Teruei 3PPEKTUBHOTO JICUCHUs 3a00JICBaHUI, KOTOpas MOXKET ObITh Ha-
IIpaBJIe€HA HA Pa3BUTHE NEPCOHATN3UPOBAHHON MEUIIUHBI, SIBJIIETCS MYJb-
TUMOJlajIbHasl TepaHocTuka. OHa codeTaer B ceOe BOZMOXKHOCTU MOJIEKY-
JSIPHOM TMAarHOCTHKH, BU3yallM3allii, BO3MOXXHOCTHU T€PAUH JUIsl BbIsBIIE-
HUS MaTOJIOTMYECKUX OYaroB, YTO MO3BOJISET M30ekaTb HEraTUBHBIX I10-
004HBIX (P PEKTOB MPUMEHIEMBIX IIPENapaToB BO BpeMs JieueHus [2].

MHorue uccienoBaTesn aKTUBHO CUHTE3UPYIOT pa3IMyHble HaHOYacC-
tupl (HY) m3-3a uX yHMKaJbHBIX (U3MYECKUX U XUMHUYECKUX CBOMCTB,
«KBAHTOBBIX Pa3MEPHBIX APPEKTOB», KOTOPbIE BO3HUKAIOT B pPE3yJIbTaTe
YMEHBIICHUST PU3NIECKOTO pa3Mepa MaKpOCKOIMUECKOTO Tella, COCTOSIIe-
I'O U3 HECKOJIbKUX COTEH MJIM HECKOJIBKUX THICSY ATOMOB.

OpnnuMm u3 Hanbosee 3HAYUMBIX (DAKTOPOB, BIUSIOMIMX HA (HU3HUKO-
XMMHUYECKHE CBOWCTBA MaJIbIX YACTHI, SIBJISIETCS] YBEJIIMYEHUE B HUX OTHO-
CUTEJIbHOM JI0JIUM «IIOBEPXHOCTHBIX» aTOMOB, YTO, B CBOIO OUY€pE]lb, U3ME-
HSET XapakTep B3aUMOAECHCTBUSI MEXAYy aTOMaMU BHYTPH YacTHUIIBI U MO-
KET MPHUBECTU K PAJUKAIBHOMY W3MEHEHHIO (PM3UYECKUX CBOUCTB. M3Mme-
Hss pa3mep, ¢popMy, coctaB U cTpykTypy HY, MOXXHO ynpaBiisiTh MarHuT-
HBIMU CBOMCTBaMM MaTE€pPHAaJIOB, KOTOPHIE ONPEENAI0TCS MHOTUMHU (PaKTO-

aMHM, BKJIIOYas THUI KPUCTAINIMUECCKOM CIICTKH, MOP(@POJIOTHI0 4aCTHIl CO
b
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CJIO)KHOM CTpYKTypoi. OJfHAaKO HE BCETla BO3MOKHO KOHTPOJIMPOBATH BCE
9T (HaKTOPBI, MPEJACKa3aHHbIC TIPU MPOSKTUPOBAHNUHU B MPOIIECCE CHHTE3A
HY [3].

B GuomeanIMHCKUX HEIX MpeoYTUTENbHO uenoiab3oBath HY, ko-
TOpBIE IEMOHCTPUPYIOT CylieprapaMarHuTHOE MOBEICHNE TP KOMHATHOM
Temreparype [4] ¥ cTaOWIBHOCTh B BOJHON M (PU3HUOJIIOTUYCCKON Cpelie.
C1aOUIbHOCTH KOJUIOMIHOW CUCTEMBI 3aBUCHUT OT MTOBEPXHOCTHOTO 3apsiia
YACTHUIl M UX XUMUYECKOT'0 COCTaBa, a pa3Mep J0KEH OBITh HACTOJILKO Ma-
JBIM, YTOOBI OHU HE BBHIMAJIATU B OCAJIOK U3-3a TPABUTAIMOHHBIX CHUII [5].
Jns uenonws3oBanusd in vivo Uiy in vitro H4 10IKHBI UMETH CTPYKTYPY
«1Ap0-000J109KaY, a TAKXKE pa3padOTaHbl M CHHTE3UPOBAHBI C TIOKPHITHEM
13 OMOCOBMECTUMBIX MOJIMMEPOB. ITH KOMILIEKCHI MPEAOTBPAIIAIOT U3Me-
HeHue cTpykTypbl HY, oOpa3oBanue arperatos, OMoaerpagaiio moa Bo3-
JeHCTBHEM OMOIOTUYECKON CUCTEMBI.

MarHuTHble HaHOMaTEpHAJIbl UCIIOJIB3YIOTCA B CUCTEMAaX XpaHEHUs
uH(GOpMaIlMK, HOBBIX IOCTOSHHBIX MAarHWTax, CHCTEMax MAarHUTHOTO
OXJIQXCHUS, B KQU€CTBE MarHUTHBIX JATUYUKOB, JJIsi aJpECHOMU JIOCTaBKHU
JIEKAPCTBEHHBIX CPEJICTB, AUArHOCTUKH U Te€panuu (Hampumep, MarHUTHO-
pe3oHaHCHasg ToMorpadus 1 MarHuTHas Tureprepmus) u T.4. [6,7, 8]. Bee
3TO OOBSICHSAET OOJIBIION MHTEPEC CHEeIMAINCTOB pa3IMyHBIX oOjacTel K
noo6HbIM cuctemaMm. Kaxkmoe Bo3MOKHOE MpUMeHeHHe MarHuTHeix HY
TpeOyeT pa3HbIX CBOMCTB.

Bce Bhiienepeunciennsle csoiictsa npucymu HY oxcnnos xenesa,
B CBSI3U C YeM M3Yy4YeHHE MX (PU3MUECKUX U OMOIOTHYECKHX CBOMCTB HAXO-
JIUTCS B LIGHTPE BHUMAHUS MHOTUX HcclieqoBaHuit [9]. Cpenu Bcex BUIOB
OKCHJIOB elle3a Haubosbllee npuMeHeHue Haxoaar y-Fe2Os (MmarreMur) u
Fe3O4 (MarseTur), T.K. OHU 00Jajar0T HanOoJiee BBICOKOHW MAarHUTHOM
BOCIIPUUMYHUBOCTBIO. [I0 cpaBHeHHIO ¢ Apyrumu Meraummueckumu HY —
takumu, Kak Ni u Co, KOTOpbIe TaK)K€ UMEIOT MarHuTHbIe cBoiicTBa, HU
OKCHJIOB KeJe3a SIBISIOTCS MEHEe TOKCUYHBIMU, OMOCOBMECTUMBIMH, XU-
MUYEeCKH U pu3udecku Ooyiee CTaOMIBLHBIMU, IKOHOMUYECKH BBITOTHBIMU

Ipu Mpou3BOACTBEC, U JICTYC NOAHAOTCA KOHTPOJIO BHCINIHUM MAarHuTHBIM
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MOJIEM, YTO JEJTAeT X XOPOUIMMHU KaHIWAATaMH Ul NadbHEHIINX UCCIie-
nosanwmii [10]. Bee 3T mpenmyIiecTBa 3aKir04aT B cede METo]] OMOTreH-
HOTO CHHTE3a, KOTOPBIH, K TOMY K€, SIBJISETCS YKOJOTHYECKH 0e30IacHbIM
METOJIOM KOHTPETaIluH YaCTHII, TIO3BOJISIONINM N30€KaTh JOMOTHUTEIBHO-
'O MCIIOJIb30BaHMS TOKCHYHBIX CTa0MIm3aTopoB. Jist mpoBeaeHus OuoreH-
Horo cuHTe3a HY Kk pacTeHHsAM-KaHAMIATaM MPEIbSIBISICTCS psi TpeOoBa-
HUU, TJIABHBIA U3 KOTOPBIX — BBICOKUI aHTUPAIUKAIbHBIA TOTEHIIAI.

C npyroii CTOPOHBI, HAHOYACTHUIIHI OKCHJIOB JKEJIe3a HaXOIAT MOBCe-
MECTHO€ MPUMEHEHHE B MEIUIIMHE U, CIEI0OBATEIbHO, K HUM TPEIbSIBIIs-
I0TCS Takue TpeOOBaHUs, KaK BHICOKHE OMOCOBMECTHMOCTh M OMOJOCTYTI-
HOCTh. Pe3ynbTaThl HAIUX TPEIBIIYIIAX HCCICIOBAHUA TMOKAa3aliH, YTO
BOAHBIN 3KCTpakT H.perforatum vuMeeT BBICOKYIO aHTHUPAIUKAIBHYIO aK-
TUBHOCTB, 00ecnieunBaeT 00b10# Beixoa HY, a Takke He 00i1amaeT LUTO-
TOKCUYECKOH (10 oTHOMIEHHIO K E. coli DSM 1116 u S. aureus MDC 5233)
Y TeMOJIMTUYECKON (Ha 3PUTPOIUTAX 30POBHIX JOHOPOB) aKTUBHOCTSIMH,
YTO JIeJIAeT €r0 XOPOIIUM KaHAUIATOM IS JaTbHEHIINX OMOMETUITUTHCKUX
WCCIIeZIOBAaHUM U, IPUMEHEHHUSI B Ka4eCTBE PETYJIMPYEMOro HOCHTENS Jie-
KapCTBEHHBIX npenaparos [11, 12].

Buonornueckue croiictea HU onpeaenstorcst ux GpU3MKO-XUMUYEC-
KHMH TIapaMeTpaMu — TAKUMH, KaK pa3Mep, 13eTa-MOTeHIINAN, TOBEPXHOCT-
HO€ MOKPBITHE, THIPOAMHAMUYECKUI pa3Mep U T.1.

Lenbto HacToOsIIEH paOOTHI ABISAETCS U3yUEHHE (PU3UKO-XUMUYECKUX
MapaMeTpoB HaMU CUHTE3UPOBAHHBIX 3E€JICHBIX HAHO-MUKPO-Pa3MEpPHBIX
CTPYKTYp THIA «SJIPO-000JI04Kay, CTAOMIM3UPOBAHHBIX C TIOMOIIBIO BOJ-
HOTO 3KCTpakTa H. perforatum.

MarepuaJibl 1 METObI

PacTuTenbHBI 3KCTPAKT IOJYYWIM W3 LBETKOB U JIMCTbEB [
perforatum L. (3Bepo00il IPOJBIPSBICHHBIN) U3 KOJUIEKIIUU JIA0OpATOPUU
AHanuTueckoil OMOXUMUHM U OMOTEXHOJIOTHH, COOpaHHBIX B TaBymickom

Map3e. BricynieHHas TerasiM Bo3ayxoM npH 55+1°C pacTUTENbHYI0 MacCy
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(70Mr/MIT) TIOCIIEIOBATEITLHO AKCTPATUPOBATHN XJIOPO(HOPMOM WIIH TUXIIOP-
METaHOM B T€UCHHE 34. Ha Kayalike P KOMHATHOMN TEMIIEpaType C LEIbIO
0CBOOOKJIEHUS OT MUIMEHTOB U JIMIIUJIHBIX coeauHeHuil. [locne axcTpak-
LMY LBETKU U JIUCThSI CYLIWIA B BAKyyMHOM POTOPHOM MCIIapUTENE IS
0CBOOOXKIEHHsI OT XJIopodopma. [lampHEHITyI0 SKCTPAKIIHIO IPOBOIIIN B
JTUCTUJUIMPOBAHHON Bojae 15 MMH., TOABEprajiu yJIbTPa3ByYKOBOMY BO3-
neiicteuto ipu 75BT (Ultrasonic Homogenizer, Sonic-150W, MRC, U3zpa-
WIb) B XOJIOJHBIX YCIIOBUSX, IOCJE Yero 24 4. ”HKyOHpOBaiu Ha KayaJlke B
TeMHOBBIX ycioBusax (60—70 o6/MuH). [Jiss OYUCTKH SKCTPAKTOB OT TBEP-
JIbIX KOMITOHEHTOB IOCJIe MHKYOallMu B3BECh OT(MIBTPOBBIBAIU TPH T1O-
Mol (GUIBTPOBANIBHOM Oymaru u neHTpudyruponanu 15 mun. npu 3000
00/muH. Ha ueHTpudyre Jouan GR412.

PacTurenbHbIM 9KCTPaKT 100aBISIIN K PAaCTBOPY COJIEH Xkeres3a B Co-
otHoueHuu 1:1. Ilepexon sxene3a U3 coau B COCTaB HAHOYACTHUILL ITOATBEPK-
Jlajics U3MEHEHMEM LIBETAa PacTBOpa OT XKEJITOTO A0 TEMHO-KOPUUYHEBOTO.
CuHTEe3 HaHOYACTHUI] POUCXOAUT NP KOMHATHOM TeMIepaType U 3aBep-
11aeTcs 32 HECKOJIBKO MUHYT.

Xapakrepuszalus CTPYKTYpHBIX OCOOCHHOCTEW oOpasia MpOBOAM-
Jach METOJAaMM CKaHUpYIOIEeH 3JeKTpoHHOM Mukpockonuu (SEM, Carl
Ziess EVO10), pentrenoctpykryproro anaiuza (XRD, IPOH-3.0) c uc-
nosib3oBanueM uznyudenus Cu Ka. [{nst onpenenenust XapakTepUCTHK T10-
BEPXHOCTH YaCTHUI] aHATTM3UPOBAINCH WH(PPAKPACHBIE CIIEKTPHI MPOITyCKa-
Hus ¢ npeodpazoBanneM Dypre (FTIR), peructpupoBanuck ¢ mMoMoOIIbIO
®ypse-ciekrpometpa Bruker Tenzor 27 (I'epmanus). M3mepenus npoBo-
JHCh B quana3one anuH BosH oT 0 1o 4000 um. Bee criektpsl Obutn 3a-
IMCaHbl TP KOMHATHOW TeMneparype. MarHuTHbIe XapaKTEpUCTUKU KOM-
MO3UTOB U3yYalll C MOMOIIBI0O MArHUTOMETPA C BUOPUPYIOLIUM 00pa3LioM
(Cryogenic LTD, Jlonnon, BenukoOpuTanusi) B MarHUTHBIX mojsix a0 1 Tn
IpyU KOMHATHOHM Temnepatype npubop Zeta Sizer Nano-ZS (Malvern, Be-

JUKOOPUTAHUSA).
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Pe3yabTaTsl U 00CyKIACHUS

OcHOBBIBasICh Ha pe3ysbTaTax HalllUX HPEblIyIIUX HCCIEAOBAHUN
[11, 12], U3 pa3IMYHBIX BOJHO-ITAHOIBHBIX IKCTPAKTOB JIIS TaTbHEHIINX
MCClleI0BaHM ObLT 0TOOpaH BOJAHBIN SKCTPaKT H. perforatum, Tak KaKk CUH-
te3 HY Ha ocHOBe JaHHOTO 3KCTpakTa ObLI 3(PPEKTUBHBIM — C BBICOKHM
BeIxog0M, 1 HY He 00magany IHUTOTOKCHYHOCTHIO IO OTHOUICHHIO K
rpaMM- u rpam+ 6akrepusMm (E. coli DSM 1116 u S. aureus MDC 5233), a
TaK)K€ HE MPOSIBISUIM T'€MOJIMTUYECKYI0 AKTUBHOCTb I10 OTHOILEHHUIO K
SPUTPOLIUTAM 3[J0OPOBBIX JIOHOPOB.

Pesynprarer XRD-ananu3a nokaszajim NpucyTCTBUE MUKOB, XapaKTep-
HBIX JUIS YMCTOTO MarHeTHTa, a HaOIr01aeMoe YIIMPEHHE ITMKOB XapaKTep-

HO JU1s HaHOpa3MepHbIX yactull (Puc.1).
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Puc. 1. XRD-cnexmp HaHO-MUKPOPA3MEPHLIX CIMPYKMYP.
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EHT= 13004V SignalA = SE1 Date: 24 ar 2021 EHT= 15004 Signal A= SE1 Date: 24 Mar 3021 m

WO= 848 mm Mag= 2000KX Time: 11:57.28 WD =832 mm Meg= SOPKX Time: 15:56.35

EHT= 15004V SignalA = SE1 Dae 24 Mar 2021
Wo =853 mm Mig= ZO0KX Time: 15.46:17

Puc. 2. COM-u3zobpasicenus cmpykmyp npu pasiudHom Y8eruseHun
(20000, 5000 u 3000 pas).

IIpenronoxuTenbHo, HaHOPAa3MEpPHbIE YacCTHUIIBI MarHeTUTa MOTYT
OBITH MOKPBITHl OpPraHUYECcKOl 000JI0YKOM, 0Opa3yroleiics B pe3yibraTe
CUHTEe3a U (hopMupyloIen Karncyibl, nokazanubie Ha COM-nu3zo0pakeHNH
(Puc. 2), rae pa3nuyuMbl YaCTHIIBI CO CPEJHUMH pa3MepaMu He MeHee |
MKM.

Jis n3ydeHus: (U3MYECKUX CBOWCTB CHHTe3MpoBaHHBIX HY Obuia
IPUTOTOBJICHA CYCIIEH3Ms KOHIIEHTpalKei 3 MI/MII ¢ HCIIOIb30BAHUEM TIOT -
PYXKHOTO YJIbTPa3ByKa, YaCTHIIbI ObUTH AUCTIEPTHPOBAHBI, ITOCIE YEro ObLI
U3MEpEeH TUApOJUHAMUYEeCKHid pa3mep u azera-noreHuuan () (Tabmd. 1,
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Puc. 3). 3amepsl TuIpOAMHAMUYECKUN pa3Mep MPOBOIMINCH 0€3 pa3Beie-
Hus U npu passegaeHuu B 10, 40, 100 pas. Jl3eTa-noTeHuman 3aMepsuiy pu
passenenuu B 40 u 100 pa3, B 60jee KOHIEHTPUPOBAHHBIX 30JIIX BEJIMUMHA

HEC IMoKa3aTcJibHa.

Tabn. 1

Pe3yabTaThl H3MepeHus THAPOAMHAMHYECKOI0 pa3Mepa
U 13€Ta-NM0TeHMAJIA YaCTHIl.

Pas0asienue HH&I\;{BTP’ (1&3 Hpo;(éI;/I;I/I\C/ISCTB,
paSBE;ZHM 1508+105.56 | * 8
10 721.3+£36,06 * *
40 1180+106.2 | 10.9 0.0737
100 735.6+44.36 | 9.04 0.0214

* 3amep He nPoBOOUICH.

IM'uaponunamuyeckuit pasmep yactuil coctasisier 750-1500 aMm, uyto
xopotuo cornacyercst ¢ COM-nu300pakeHUsIMU, @ OTITUYHBIN OT HYJIS J3€eTa-

IMMOTCHLIMAJl YKA3bIBACT HA CTaOMIBHOCTE YacTUIl B BOOAHOM PacTBOPC.
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Puc. 3. I'uopoounamuueckuii pasmep HAHO-MUKPOPAIMEPHBIX CIMPYKMYP 0e3 pazeedeusl
u npu pazeedenuu 6 10, 40, 100 pas3.
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Puc. 4. UK-cnexmp obpasya.
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B undpakpacuom-crexkrpe (MK) (Puc. 4) Taxke npucyTCTBYIOT Xa-
pakTepHble JUIsl IINMUHEIN WHTEHCUBHBIE MOJIOCHI HoriomeHus npu 3450
cm!' 1 1633 cm™!, oTHOCAIMECS K BaJEHTHBIM U Je(OPMAIIMOHHBIM KOJIe-
6anusam O-H cBs3u B cTpykType mmunenu. Iluk npu 578 cm™! cootserct-
BYET BaJICHTHbIM KoJiebaHusM cBsi3u Fe-O. B UK-cnekTpax npucyTcTByIOT
KoseOaHwusl, XxapakrepHblie st —NH2 rpynmbsl B cocTaBe OpraHMueCKUX COeIU-
Henuii: 1150-1050 cM ', a Taxke ykazanubie maku 3450 cm™' 1633 eml.

[lernu rucrepesuca (Puc. 5) HocIT XapakTepHbIi AJ11 MATHETUTA BUJL.
OO0paser nMeeT cyrneprnapaMarHuTHbIE CBOMCTBA, KOIPIUTUBHOCTH 3,4 D,
ocraTouHast HamarandeHHocTs 0,0275 cm®/r. Heo6XoauMo 0TMETHTb, UTo,
XapaKTepHble 3HAYEHMs] HAMAarHMYEHHOCTU HACBIIEHUS JI1 HAaHOYACTHIL
YECTOTO MAarHeTUTa COCTaBNAOT 5060 cM>/T, TeM BpEMEHEM, PacCMaTpH-
BaeMbIil 0Opa3el MIMeeT HaMarHMYEHHOCTh Hachlenus He Gonee 20 cm’/r,
YTO CBUJCTEIHCTBYET O HAIMYMU OOJIBIIIOrO KOJMYECTBA HEMarHUTHOM (a-

3bl (HapuMep, OpraHMYecKoi 000JI0YKHM) B cocTaBe 0Opasia.

HamarsmexsHocTe [ame/r)
1

. é

mo
s T

Puc. 5. Ilemns eucmepe3suca HAHO-MUKPOPAZMEPHBIX CPYKMYP.
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3akjaro4yeHue

Takum 00pa3zoMm, U3 MOITYYEHHBIX HAMH PE3YyJIbTaTOB MOXHO cJie-
JaTh BBIBOJ, YTO HCCIIEAYEMbIE HAHO-MUKPOPa3MEPHBIE CTPYKTYPbl UMEIOT
npupoay Maraeruta (Fe3Os), o0nanaroT cynep napaMarHUTHBIMHM CBOMCT-
BaMHU, SIBJISIFOTCSI CTAOMJIBHBIMU B BOJHOM PACTBOPE, HE MPOSIBIISIIA T€MO-
JIUTUYECKON aKTUBHOCTH I10 OTHOILIEHUIO K 3PUTPOLIMTAM 3/10POBbIX JJOHO-
pOB, a Takke He 00sajanyu aHTUOAKTEpUAIbHON aKTUBHOCTBIO K UCCIIE10-
BaHHBIM E. coli DSM 1116 u S. aureus MDC 5233. JlaHHbBIE CTPYKTYpHBI
MOTYT CTaThb XOPOIUMMH KaHJIUAATaMU AJIs JajdbHEUILINX in Vivo UCCIENO-
BaHUH, KaK TEPOHUCTMYECKHE areHThl, a Osarogaps uX (U3NYECKUM
CBOMCTBaM, MOTYT TAaKX€ NMPUMEHATHCS JUIsl JAJbHEUIIE MarHUTHOW T'H-
NEepTEPMUM.

HccnenoBanue BBIOTHEHO MU (GUHAHCOBOM mojaepxke Komurera
no Hayke MOHKC PA B pamkax Hay4HOTro npoekTa «/lu3aiiH HaHO- U MUK-
PO pa3MepHBIX CTPYKTYp TUNA “SJIp0O-0005104Ka” JUIsi IPUMEHEHUS B Tepa-
HocTuKe 3a6oseBanuin» 21 APP-1F010.
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PHYSICO-CHEMICAL PROPERTIES OF IRON OXIDES (Fe304)
“CORE-SHELL” TYPE BIOGENIC NANO-MICRO-SIZED STRUCTURES
SYNTHESIZED WITH H. perforatum L. AQUAEOUS EXTRACT

L. Farsiyan

Russian-Armenian University, Institute of Biomedicine and Pharmacy,

department of Medical biochemistry and biotechnology
ABSTRACT

Over the past few years, nanotechnology, using the enormous potential of
nanoparticles, has made great strides in the treatment and diagnostics of diseases. It is
believed, that nanoparticles of the “core-shell” type, controlled by a magnetic field,
will be used in hyperthermia, chemotherapy, magnetic resonance imaging as carriers
of drug delivery systems — theranostatic instruments with high bioavailability.

The results of the particles physicochemical parameters study showed, that the
structures obtained by us, belong to the Fe3;O4 cluster, are nano-micro-sized structures
of the “core-shell” type, have superparamagnetic properties, and, therefore, can be
used as theranostic agents.

Keywords: nanobiotechnology, nano-micro-sized “core-shell” type structures,
superparamagnetic, H. perforatum L. aqueous extract.
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