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Ha o6noxxe usobpaxen Jmumputi Huxonaesuyu Y3naose
(1886-1950), rpy3MHCKMIL ¥ COBETCKMIL IICUXOTIOT U pumocod.

HOvurpuit HukomaeBnd popmacs B IPOCTON KPeCTbSH-
ckoit cembe B Kyrancckoit rybepunm, B cene Cakapa (Ipysmns).
M3-3a yyactua B pepomouuy 1905 roma ero MCKIIOUMIN
3 IOCTIeHETo K/1acca 'MMHasnu, 1 oH cbexxarn B IlIBerijapuio,
a otoM Inepeexan B Iepmanmio, rje yumnca Bmecte ¢ Bumb-
renbMoM Bynparom B JlelimuurckoM yHusepcutere. CreneHb
moktopa umocopuu OH MOMYYNM/I, HAMNCAB [UCCEPTALIO
Ha TeMy «Bmagumup ConoBbeB: 3MMCTEMOJIOTMSA U MeTa-
¢dusnkar.

ITo BosBpamennn B cBO popHoit ropop Imurpuit Huko-
TaeBMY Havasl MpenojjaBaTh UCTOPUIO, TICUXOIOTUIO U JIOTUKY
B CTapIIMX K/IaccaX TMIMHA3UU, U3 KOTOPOI KOrfa-To ObII mc-
kmodeH. OH HacTaMBa/l Ha IOJIb3e COBMECTHOrO O0ydeHMs
Ma/IbiMKOB ¥ [€BOYEK, a TaKXe MHMLIMMPOBAT CO3JaHue
LIKO/BI /ISl JIeBOYEK ¢ OOJIerdyeHHOI Iporpammoit. B 1915
TOfly Y3Hazi3e CTal IUPEKTOPOM 3TON IIKOJBI.

ITepeexas B Toumucu B 1917 ropy, Y3Hazze Havan pabo-
TaThb BMeCTE C JAPYTMMU TPY3MHCKVMU YYEHBIMU U (DUIOCO-
¢damu Haj ocHoBaHMeM TOMINCCKOTO TOCYHAapCTBEHHOTO
yuusepcurera (TTY). Yuensiit Bosrmasnsn Kadenpy mcuxo-
noruu B TTY 6onee 40 net, go camoit cBoeit cmepTti. Takxke
OH CTajn 4YIeHOM-ydpeaureneM HammonanbHONM aKageMun
Hayk Ipysuu m mouru peBAThb JeT ObUI gypekTopoM MHCcTH-
TyTa ncuxonoruu. B 1946 rofy oH mony4ns 3spaHue 3aciy>KeH-
HOTO JiesATeNs HayKu I[pysunm 3a cBOU JJOCTIDKEHUS B 9TOI 06-
JIaCTY 3HAHUIL.

Y3uaase 6611 Grmocodom U CIeranicToM B 06/I1acTu 9KC-
NIePUMEHTAIbHOM IICUXOIOTUY, ¥ TIOBIVA He TOJIbKO Ha I'Py-
3MHCKYIO M POCCUIICKYIO IIcuxosoruio 1 ¢punocoduro. Biusanue
€ro TPYZIOB IIPOCNIEXMBAETCA TAK)XKe B €BPONENCKUX M aMe-
PMKAHCKMX HAayYHBIX IIKOJAX. Y3HaJ[3¢ BHEC 3HAYMTEIbHbIN
BKJIaJ, B pasBUTHE TEOPUM YCTAHOBKUM — IIOBEJEHYECKOIl
TEOpUY, XapaKTEPHO /A BOCTOYHOEBPOIENCKOI ICUXOJIO-
TMYECKON IIKOJIBI, COITITACHO KOTOPOV KaK/JbIll IICHUXOJIOTIYe-
CKWIT IIPOLIecC CTPONUTCS Ha clielinprieckoM Habope yCIOBUIL.
9TOT HabOP Ha3bIBAETCS CHCTEMOI YCTAaHOBOK, 1 OH 00yC/IaB-
JIMBaeT OIpPEeNe/IEeHHYI0 PeaKIMIo 4eloBeKa Ha Ty MM UHYIO
cutyauuio. Peub upeT He TONbKO O JIEVICTBUAX, HO M O MOJE/AX
MIOBEfIeHN 1 IMYHOCTHBIX NPOsIB/IeHNAX. BmsaHme 3TOrO0 Ha-
60opa YCTAaHOBOK pPacIpOCTpaHAETCA KaK Ha CO3HaHMe, TaK
U Ha IOJCO3HaHMe. JTOi TeMe Y3HaJ3e IMOCBATUII IB€ CBOU
ny6mvkamyn: «Teopus oTHourennsa u ycranoBku» u «Ilcuxo-
JIOTMA YCTAHOBKU». DTN PabOTHI ObIIN MepeBefieHbl C TPY3UH-
CKOTO TO/IbKO B 1960-X rogax.

VlccnenoBaHua YsHanm3e B 06/IaCTM 4YeIOBEYECKOTO IIOBE-
TEeHMA U TICUXOJIOTMYECKUX aCIEKTOB IIOfICO3HAHMA IIPOJIO-
XKVUIY Iy Th JJ1 M3ydeHs, IOHMMaHV U MHHOBaLuii B cdepe
IICUXMYECKIUX TIPOIIECCOB, CBA3AHHBIX C 00PabOTKOI KI3HEH-
HOTO OIIBITA. B Teopum ycTaHOBKM IOJCO3HAHME UTPAET LieH-

TpanbHYIO POJb, I M3-3a 3TOTO B3ITAMBI Y3HaJI3€ 4acTO CpaB-
HuBamu ¢ upesmu 3urMynpa @peiiga, KOTOPbI TOXe fienan
0cOoOBIl aKIEHT Ha 4YeJIoBe4YeCcKOM IofcosHaHum. OpHako
MHOT'M€ 3KCIEePThI CYUTAIOT, YTO HOBONbHO TPYAHO IIPOBECTU
aHAJIOTUIO MEXY 9KCIIEpMMEHTA/IbHON IICUXO/IOTHEN Y3Ha 3€e
U CTaHJAPTHBIM NcuxoaHammsoM Pperina.

Y3Han3e He TONMBKO aKTMBHO M3Y4Yana NCUXMYECKUE IPO-
IIeCCBI, HO VI BHEC 3HAUNMTENbHbII BK/IaJ] B chepy oO6pasoBaHms,
IPUMEHMB B Heil pe3y/lbTaThl CBOMX IICUXO/NIOTMYECKUX MC-
crefoBaHnil. Bo Bpems cBoell IpeNnofiaBaTeNbCKON AeATeNb-
Hoctu B TOmmucy oH copMynnpoBan TeopeTudecKie IpyuH-
bl 06pa3oBaTenbHON GUI0CO(GNM, OCHOBAHHOI Ha Bepe
B TO, YTO MYAPOCTb IIPEACTABIAET COOO pe3ynbTaT JOCTH-
JKEHMs BBICHIETO YPOBHSA MHTE/IEKTYa/IbHOTO M JIyXOBHOTO
OCO3HaHMA, Ha KOTOPOM 4e/IOBEK MOXKET OIEePUPOBATb MUHU-
Ma/IbHBIMI MCXOTHbIMM flaHHBbIMM. OH U3y4asn BAMAHNUE BO3-
pacTa Ha MeXaHM3Mbl MBIIJIEHNA ¥ BO3/IeJICTBUE 3TUX MeXa-
HM3MOB Ha pasJIM4YHbIE IICUXOIOTMYECKNE XapaKTEPUCTUKIU.
Y3Haz3e TBepAO BEPUI B TO, YTO HETAM HYXKHO IPEfOCTABIATD
BO3MOXXHOCTb Y4acTMsA B aKTMBHBIX U KPeaTUBHBIX IMCKYC-
CUSAX, B XOfIe KOTOPBIX OHM CMOTYT OB/IAfieTh ICKYCCTBOM 06-
y4YeHUA U OTyYeHM I HOBbIX 3HAHUIL.

B pamKax cBOero ryMaHMCTMYECKOTO IOAXOHA YYEHBII
Y/ieJLS/1 MHOTO BHMMAHMA HOVMCKaM IIeJIN M CMBIC/Ia, 0C000 HOA-
YepKMBasd BaXXHOCTb Ha/lM4MA CMbICTA B XXusHu. OH cumrarn,
YTO Ka)K[IbIil Ye/IOBeK 6e3 MICKIII0UeHNU CTOCOOEH HalITH CBOIO
JIMYHYIO 11e/Ib ¥ CBOJ IIEPCOHAIbHBIN CMBICTI.

IMuTpuit Y3Hazize BEpIUII B TO, YTO AL 0OPeTEeHMs CHaCThbs
U YOBJIETBOPEHNA OT XKU3HU Ye/TOBEK TO/KEH CTPEeMMUTbCS
K peanusalyy B paMKaX KYJIbTYPBI, IOCBATUB ce0sA JOCTHU-
JKEHUIO BBICIIEN 1IN, — TOJIBKO B 3TOM CITy4ae €To >KM3Hb
OyeT 3HaYMMOII U OCMBICTIEHHOI.

YsHazi3e He 0f00psI TI06bIe HOMBITKY TPYIIIbI IIOTHOCTDIO
aCCMMMIMPOBATh CBOMX Y/I€HOB, PACTBOPUTD X B IPYIIIOBOM
epuHCTBe. OH CUMTAN, YTO KAXKAbI YelNOBEK JO/DKEH MMEThb
IIPaBO BBIOMPATh HEPCOHA/IbHBIE KYIbTYpHbIE CKIOHHOCTH
Y YyCTPEeMJICHUA M CAMOCTOATEIBHO CTPOUTD CBOIO CYAbOY TaK,
KaK OH caM IO>Ke/laeT. Y3Ha/[3e Takxke ObUI IpelaHHbIM TI00u-
Te/leM M0331MM; OH BEPUII, YTO MHOTHE (1IocodCKIe HOHATHA
U KOHIIENMIMY HaXOfAT Haulyullee BbIpa)kKeHME MMEHHO
B CTUXaX.

Ha mporsxenun Bcelt cBoeit Kapbepbl Imutpuit Huxo-
JaeBNY ObLI 3HAMEHUT, €T0 CYUTA/IM BBIJAIONIVMCS aKajeMy-
YEeCKUM JeATe/IeM M YacTO HPUITIALIANM [/ BBICTYILIEHMIL,
IpousHeceHNs pedeit 1 ureHus nexuuit. O ymep B 1950 romy
U ObUI TIOXOpOHEH B cafy TOMINCCKOrO TOCyAapCTBEHHOTO
YHUBEpCUTETA.

Hngopmayuro cobpana omeemcmeenHolii pedaxmop
Examepuna Ocsnuna
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OUNU3NKA

Fluorescent properties of carbon nanodots prepared
from passion fruit in alcohol

Bui Thi Hoan, doctor of science, senior lecturer
Thuyloi University (Hanoi, Vietnam)

In this report, we developed a simple method to prepare carbon nanodots (CDs) from passion fruit juice. The resulting material is
a brown liquid that emits green light when irradiated by ultraviolet light. CDs are well dispersed in polar solvents such as ethanol. The
dilution ratio affects the emission intensity of the material. When diluted by alcohol at a ratio of 1:5, the emission intensity of CDs is
the largest.

Keywords: carbon nanodots, passion fruit juice, green light, polar solvent, alcohol.

Introduction

Quantum dots (QDs) or semiconductor nanocrystals are a type of semiconductor nanoparticles with sizes ranging from 2 to
10 nm. QDs have unique fluorescent properties such as good fluorescence stability, broad spectrum light absorption, and narrow
emission spectrum. Therefore, QDs have potential applications in many fields such as electronic engineering, solar cells, biolog-
ical imaging techniques... However, they are often made from materials such as cadmium selenide (CdSe) [1] [2], [3] cadmium
sulfide (CdS) [4], zinc sulfide (ZnS) [5], zinc selenide (ZnSe) [6]. This raises concerns about toxicity and high cost. Finding mate-
rials with optical properties similar to QDs but environmentally friendly is a matter of special interest and priority for scientists.

Conventional carbon is a black material that is poorly soluble in water and has no fluorescence. Nanoscience creates great op-
portunities to expand science and technology, such as synthesized carbon nanostructures that have properties completely different
from macro-materials. Carbon nanodots (CDs) are a new generation of nanomaterials. CDs have broad emission spectra, con-
trollable fluorescence, excitation wavelength-dependent emission, and up-conversion [7]. Compared with commercial quantum
dots, CDs have the outstanding advantages of low toxicity and easy fabrication. They are promising as fluorescent labeling agents
in cell imaging, bioimaging, and also find applications in photocatalysis, energy storage, optoelectronics, and drug delivery [7].

Raw materials for making CDs include artificial carbon sources such as graphite [8], candle soot [9], ammonium citrate
[10],... Recently, scientists have focused on researching and manufacturing carbon nanodots from natural sources. Natural mate-
rials have advantages such as being abundant, low cost, renewable and having good biocompatibility. In fact, CDs have been suc-
cessfully made from orange juice [11], coftee grounds [12], soy milk [13], carrot juice [14],...

CDs can be manufactured by different methods such as electrochemistry, chemical oxidation, hydrothermal... Hydrothermal
method is considered a method of manufacturing materials with low cost, environmentally friendly, and easy to control the size
of the material.

This paper presents a method for preparing CDs from passion fruit juice. The obtained material is well dispersed in alcohol. In
particular, in this solvent, the fluorescence intensity of CDs increases significantly compared to the pure material.

Materials and methods

Passion fruit was purchased from a supermarket. The passion fruit juice after removing the seeds was diluted with distilled
water in a 1:1 ratio. The diluted passion fruit juice was poured into a thermowell, placed in an oven and heated at 200 °C for 12 h.
After being removed from the oven, the thermowell was allowed to cool naturally. The product was filtered through a 2-microm-
eter filter membrane to remove any mixed carbon.

The material properties were analyzed by infrared spectroscopy (FTIR), X-ray diftraction (XRD). The fluorescence spectrum
of the sample was recorded by a Nano Log fluorescence spectrometer (Horiba, Edison, USA).
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Results and discussions

The main components of passion fruit juice are carbohydrates (23 %) and water (75 %). Carbohydrates in lemons usually in-
clude fiber and simple sugars sucrose, fructose, glucose. In addition, passion fruit juice also contains ascorbic acid. The forma-
tion of carbon nanodots from passion fruit juice can be described as follows: (i) carbohydrates are hydrolyzed, dehydrated and
decomposed in the presence of ascorbic acid to form soluble compounds as furfural compounds (for ex: 5- hydroxymethyl fur-
fural, furfural, 5-methyl furfural,...), several organic acids such as acetic, lactic, propionic, livulinic and formic acids, aldehydes
and phenols (ii) in the next stage, polymerization and condensation of the above compounds take place to form soluble poly-
mers. Aromatization and formation of aromatic clusters take place through aldol condensation, ring addition, and indirect hy-
droxymethyl condensation via furan. (iii) When the concentration of aromatic clusters reaches the standard supersaturation
point, carbon nucleation occurs [11]. The growth of carbon clusters is assisted by the diffusion of other molecules towards the par-
ticle surface. The result is the formation of C-dots which are self-passivated by the H and O containing groups.

Figure 1 shows the HRTEM image of CDs fabricated at 200°C for 12 h. Due to the low contrast between the CDs and the car-
bon-coated copper grid, the images of the CDs samples are difficult to distinguish. However, the distinct black spots observed in the
image demonstrate the formation of isolated CDs. These clusters appear to be spherical in shape with sizes ranging from 15 to 20 nm.

N —————1 200 nm B8

Fig. 1. High-resolution transmission electron micrograph of CDs

The degree of crystallinity of the material is shown through the X-ray diffraction pattern in Figure 2. In this pattern, only a low
broad diffraction peak at about 22° is observed, indicating the disordered arrangement in the core of CDs [11]. Although many
scientists have demonstrated the existence of crystalline sp? carbon regions, most of CDs extracted from natural products have
poor crystallinity.
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Fig. 2. X-ray diffraction pattern of carbon nanodots

Passion fruit juice after hydrothermal treatment gives a clear dark brown solution. When the solution is irradiated with ultra-
violet rays, CDs emit green light (Figure 3).
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Fig. 3. Images of carbon nano dots under normal light and ultraviolet light

The fluorescence spectrum of CDs has a broad emission band extending from violet to yellow (Figure 4). The maximum emis-
sion wavelength is in the range of 530-540 nm. In addition, the emission spectrum is asymmetric with a small tail extending into the
longer wavelength region. These phenomena suggest that the fluorescence properties of CDs are related to diverse surface states [15].

PL intensity (a.u)

T T T
400 500 600 700 800
Wavelength (nm)

Fig. 4. Fluorescence spectrum of carbon dots
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Fig. 5. Fluorescence spectra of CDs diluted with alcohol
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The fluorescence properties of CDs have also been studied in alcohol. Figure 5 shows the emission spectrum of CDs when di-
luted with alcohol at varying volume ratios from 1:1 to 1:6. It was observed that the emission intensity of CDs in alcohol increased
significantly compared to pure CDs. As the volume ratio of CDs to alcohol decreased from 1:1; 1:2; 1:3; 1:4; 1:5 (CDs concentra-
tion in water decreased), the emission intensity gradually increased. The greater the amount of alcohol added, the lower the prob-
ability of collisions between CDs dots. Therefore, the energy loss of CDs due to collisions decreased. In addition, diluting CDs
also reduced self-absorption in high-concentration solutions. As a result, the lower the concentration of CDs in the solution, the
higher the emission intensity. However, when the concentration of CDs is too low (ratio of 1:6 or higher), the number of emis-
sion centers in the solution is reduced, and therefore the emission intensity decreases. This result was also observed in CDs fab-
ricated from onion peels [16].

Conclusion

Carbon nanodots were fabricated from passion fruit juice using a hydrothermal method. The CDs readily disperse in alcohol
and emit green light. The emission intensity of the CDs was highest when diluted with alcohol at a volume ratio of 1:5.

References:

1.  Karan Surana, Pramod K. Singh, Hee-Woo Rhee, Bhaskar Bhattacharya. Synthesis, characterization and application of
CdSe quantum dots. Journal of Industrial and Engineering Chemistry, 2014, Vol. 20, No. 6, pp. 4188-4193

2. A.KJigyasu, S. Siddiqui, M. Lohani, I. A. Khan, and M. Arshad (2016). Chemically synthesized CDSE quantum dots in-
hibit growth of human lung carcinoma cells via ros generation. EXCLI J, Vol. 15, pp. 54-63

3. Anna Kiczor and Pawel Mergo (2024). Synthesis of CdSe Quantum Dots in Two Solvents of Different Boiling Points for
Polymer Optical Fiber Technology. Materials, Vol. 17, No. 227

4. Srivani Veeranarayanan et al (2012). Synthesis and application of luminescent single CdS quantum dot encapsulated silica
nanoparticles directed for precision optical bioimaging. International Journal of Nanomedicine, Vol. 7, pp. 3769-3786

5. Weiquan Yuan et al (2022). Facile synthesis and characterization of ZnS polymorphs/Halloysite composite for efficiently
selective adsorption of AI(III) from acidic rare earth ions solution. Sep Purif Technol, Vol. 291, p. 120849,

6. S. H. Duy Hoang Nguyen et al (2024). Reaction-dependent optical behavior and theoretical perspectives of colloidal
ZnSe quantum dots. Sci Rep, Vol. 14, p. 13982

7. D. P. Mychele Jorns (2021). A Review of Fluorescent Carbon Dots, Their Synthesis, Physical and Chemical Characteris-
tics, and Applications. Nanomaterials (Basel), Vol. 11, No. 6, p. 1448

8.  Qinlong Wang et al (2012). Microwave-hydrothermal synthesis of fluorescent carbon dots from graphite oxide. Carbon
N'Y, Vol. 49, No. 9, pp. 3134-3140

9.  B.K Ganesan et al (2024). Candle soot derived carbon dots as potential corrosion inhibitor for stainless steel in HCI me-
dium. J Appl Electrochem, Vol. 54, pp. 89-102

10. . W.Jiayue Geng et al (2022). Intrinsic specificity of plain ammonium citrate carbon dots for Helicobacter pylori: Interfa-
cial mechanism, diagnostic translation and general revelation. Mater Today Bio, Vol. 15, p. 100282

11. B.B. Swagatika Sahu et al (2012). Simple one-step synthesis of highly luminescent carbon dots from orange juice: appli-
cation as excellent bio-imaging agents. Chem Commun, Vol. 48, pp. 8835-8837

12. Z.-Y. Pin-Che Hsu et al (2012). Synthesis and analytical applications of photoluminescent carbon nanodots. Green
Chemistry, vol. 14, p. 917

13. J. Z. Chengzhou Zhu et al (2012). Bifunctional fluorescent carbon nanodots: Green synthesis via soy milk and application
as metal-free electrocatalysts for oxygen reduction. Chemical Communications, DOI: 10.1039/c2cc33844k

14. Y.L.Yang Liuetal (2017). Green synthesis of fluorescent carbon dots from carrot juice for in vitro cellular imaging Orig-
inal Articles Article Info. Carbon Letters, Vol. 21, pp. 61-67

15. Carb Zhang S X et al (2014). Carbon dots with continuously tunable full-color emission and their application in ratio-
metric pH sensing. Chem. Mater., Vol. 26, pp. 3104-3122

16. G.B.BandiR etal (2016). Facile and green synthesis of fluorescent carbon dots from onion waste and their potential ap-
plications as sensor and multicolour imaging agents. RSC. Adv., Vol. 6, pp. 28633-28639.



“Young Scientist” - # 2 (605) - January 2026 Information Technology | 5

NHOOPMAIIMOHHBIE TEXHO/IOI'NU

ApXUTEKTYpHbIe U 3KCNAyaTaunMoHHble (haKTOPbl YA3BUMOCTU MJIOCKOCTU
ynpaBneHua B SDN/NFVTenekomcetax u coBpeMeHHble NOAXOAbI K €€ 3awuTe

BopoHa AHrennHa AnekceeBHa, CTYAEHT MarucTpaTypbl;

CeBacrteit Erop AnekcaHipoBuY, CTYAEHT MAarucTpaTypsbl
MocKOBCKHMI1 rOCyAapCTBEHHbIN TEXHUYECKUiA yHUBepcuTeT nMeHun H. 3. baymaHa

B cmamve nposedero uccnedosariie apxumexmypHuLx U IKCHYAMAUUOHHbIX PAKIMOPO8 YAZEUMOCHU NAOCKOCHU YHPABTIEHUS
6 SDN/NFVmenexomcemsx, pyHKUUOHUPYIOULUX 8 KOHIEKCHIE cermeli NAMO20 U ulectnozo nokonenus. Ha ocHose ananusa omeue-
CMBEHHDIX U 3APYOeHHBIX NYOIUKAUUTE PACCMOMPEHbL 0COOEHHOCNU 0P2AHU3AUUU NIIOCKOCIU YNPABTIEHUS, 8bl0eTIeHbL KI01Hesble
UCMOYHUKY YA36UMOCHIEL, C6A3AHHbLIE C UeHMPATU3AUUell YNPAsIeHUs, UCHONIb306AHUEM OMKPOLIMbLX UHMepdeiicos U OUHAMU-
ueckoli opkecmpayueii sUPmMyanusuposantvlx cemesvix Pyuxuuti. Cucmemamusuposanvl OCHOBHbIE KAACCHL Y2PO3 U MUNO0BbLX
amak Ha NI0CKOCMb YNPAsIeHUs, a makie 0600uieHb. coBpeMeHHble N00X00bl K e€ 3aujume, BKI0HANOULLE MEXAHUSMbL Ay meH-
MUPGUKAUUY U ABIMOPUSAUUL, USOTAUUU, Pe3epsUposanis u moHumopunea. Ocoboe 6HuUMAHLE Y0eneHO BIUTHUI MYTbINUEeHO0p-
HOCMU, bICOKOTE HAZPY3KU U IKCNIYAMAUUOHHBIX NPAKIMUK ONepamopos c6:13U Ha IPPeKmuUsHOCHb NPUMEHTEMbIX MEXAHUSMOB
besonacHocmu u popmynuposKe HANPAsIeHUL 0abHeMUX UCCIe008aAHULL

Kniouesvie cnosa: npozpammnoonpedensemote cemu (SDN), supmyanuzayus cemesvix dynxyuii (NFV), nnockocmo ynpas-
nenus (control plane), menekomMmyHUKAYUOHHDIE cemu nAMo20 U uiecmozo noxonenus (5G/6G), apxumexkmypa cemu onepa-
mopa ceA3u, npomoxonvl naockocmu ynpaenenus, SDNkonmponnep, NFVMANO (ynpasnenue u opkecmpayus sUpmyanvHvix
PyHkyuil), cemesvie cepsucHble yenouku (service function chaining), yszeumocmu apxumexmypot SDN/NFV, axcnnyamayuontote
paKkmopul ysa36UMOCHU, amaxky Ha NI0CKOCMb ynpassnenus, omkas 8 oocnywusanuu (DoS/DDoS) 6 SDN/NFV, 6e3onactocmo
BUPMYATUZUPOBAHHDLX CeMeBbIX PYHKUULL, YNpas/ieHue 00CHYNOM U aymeHmupuKayus 6 nI0CKOCMu ynpasueHuss, MOHUMopuHe
u o6Hapysxcerue anomanuii, mooenu yepos 0t SDN/NFVcemeti, menekomundpacmpykmypa H08020 n0OKoJeHUs, H00X00bl U Mexa-

HU3MbL 3aUUMblL NJI0CKOCMU YNpasneHusd, obecneuenue uenocmHocmu u HAaoéIHOCMU ynpasieHus cemvto.

( :eTeBbIe UMHQPACTPYKTYPbI OIIEPATOPOB CBSI3Y B YCTIOBUAX

BHEPEHM CeTell IIATOrO U IIECTOro IMOKOIEeHMI XapakK-
TEPUSYIOTCS BO3PACTAOIIEN CTENEHbIO IIPOrPaMMIUPYEMOCTH
Y BUPTyaIu3alyi, YTO IPUBOIUT K CYIIECTBEHHOMY YC/IOXK-
HEHUIO apXUTEKTYPBI IVIOCKOCTH YIIPaB/IeHNUSA Y OBBIICHIIO
e€ 3HaYMMOCTM JyIsi obecredeHus MHQOPMAIVMOHHON 6e3-
omacHOCTU. KIIIo4eBBIMU TeXHOJOTMYECKUMM ApaiiBepaMu
TAHHOTO IIpoIlecca BBICTYIAIOT IIPOrPaMMHOOIpefe/ieMble
cetu (SoftwareDefined Networking, SDN) u BupTyanmsanmusa
cereBbx ¢pynkiuit (Network Functions Virtualisation, NFV),
HO3BOJIAIONIME BBILEMUTb LEHTPATN30BaHHO VIIPaBILAEMYIO
IJIOCKOCTb YIIPaBIIEHNs M peann3oBaTh CeTeBble (QYHKIUN
B BUJe NPOTPAMMHBIX MOJY/el, pa3BepTbIBaeMBIX Ha TH-
IIOBOM BBIYMCIINTETBHOM 00OpPYOBaHUI. B OTeuecTBeHHBIX
UCCIEOBAHNSIX U y4eOHOII nuTeparype IOZYEPKUBAETCH,
YTO IIPOrPaMMHOKOH(UIYpMpYeMble CeTH PacCMaTpUBAIOTCA
KaK HOBBIJT 9TaIl pa3BUTHA ceTell Iepefjadli JAaHHBIX I OCHOBA
IV TOCTPOEHMs TMOKUX TeTeKOMMYHMKAIVIOHHBIX MH(pa-
CTPYKTYp OILIepaTopoB cBsi3u [1-5].

B pamkax SDN apXuTeKTypa ceTu CTPOUTCS Ha IIPYUHIINIIE
JIOTMYeCKOTO pasfe/ieHyst IIOCKOCTEl YIIpaB/IeHusl U Iepe-
fadn, Opy KOTOPOM (PYHKIUI IIPUHSITHS PELIEHNIT KOHIeH-
TPMUPYIOTCSI B OFHOM WIM HecKonbKux SDNKoHTponiepax,
B3aMMOJE/ICTBYIOIIVX C CETEBBIMM KOMMYTATOPaMIL IIO CIIe-
IMaTM3UPOBAaHHBIM IIPOTOKONaM, TakuM Kak OpenFlow.
NFV, B cBoio ouepefb, IpeAIonaraeT MepeHOC TpajuUliu-
OHHBIX aNMapaTHBIX CETeBBIX QYHKIMIT (MapLUIPyTU3aTOPOB,
OpaH/MayspoB, GATAHCUPOBIUKOB HATPY3KU U AP.) B BUP-
TYa/IVM3MPOBAHHYIO CPefy C YIPAaBIeHMEM M OpKecTparyeil
nocpenctsoM nopcucrembl NFEVMANO, 4To 1103BO/IA€T A HA-
MMYECKM pasMelaTh ¥ MacIITabupoBaTh ceTeBble QYHKINN,
Braovas yHkuuyu 6GesomacHocTu. IlomoOHBIN Iepexor,
C OJIHOI CTOPOHBI, PACLIMPsIeT BO3MOXXHOCTH OIIEPATOPOB 110
YIIpaB/IeHNIO Ka4eCTBOM OOCITy)KMBAHIISI VI BHEPEHIIO HOBBIX
CEPBICOB, C PYTOil CTOPOHBI — (HOPMUPYET HOBBIE K/IACCHI
APXUTEKTYPHBIX ¥ SKCIUIYAaTALVOHHBIX YSI3BMMOCTEN, CBSI-
3aHHBIX C KOHI[EHTpAIMeil IOTMKM YIIPABIeHUS M OTKPBITO-
CTbI0 NHTep(eiCcOB MpOrpaMMupoBanms cetu [1-5].
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B coBpemeHHOII Hay4HOII MMTepaType 3apyOexxHbIe aB-
TOPbI OTMEYAlOT IIMPOKMIL CIIEKTpP YIpo3 AJIA apXUTEKTYpbI
SDN, Bkiioyas aTaky Ha SDNKOHTpoiep, IOAMeHY IIpaBuUI
06paboTky Tpaduka 1 370ynOTped/IeHIe OTKPBITBIMIL MH-
tepdeiicaMy, U IpeIjIaraloT pasiyyHble TAKCOHOMUM yIPoO3
U TOAXOMBI K MX CMATYeHMIO. AHAJIOTVYHO, MCCIEfOBAHYIA 110
6esonmacHocT NFV B KOHTEKCTe ceTell IATOTO IOKOTIEHMsA
IeMOHCTPUPYIOT HEOOXOAUMMOCTb y4éTa MHOTOYPOBHEBOI
CTPYKTYpbl YIPO3, OXBaTbIBAIOLIEHl BUPTYa/lIU3UPOBAHHYIO
UHQPACTPYKTypPy, YPOBHM YIpaBIeHUSA U OpKeCTpaluy,
a TaloKe B3aUMOJENICTBUE BUPTYAIbHBIX CETEBBIX (DyHKIMIL
MexJy coboil. B poccuiickoit HayuHOII 1 y4eOHOII 6ase yxe
HAKOIIJIEH OIBIT ONMCAaHMA IPEUMYILIeCTB BUPTYanMU3aLUN
ceTeBBIX (YHKIUII ¥ IPOrPaMMHOKOH(UIYPUPYEMBIX CeTell,
BKJIIOYast BOIPOCHI BHEIPEHMsI CPELICTB 6€30IIaCHOCTH B BUP-
TYa/IM3MPOBAHHOIL CPefie M 0COOEHHOCTY MOZIeTMPOBAHNS IO~
BefieHNsA SDNKOMIIOHEHTOB, YTO CO3[aéT OCHOBY JyIA Oojee
IeTabHOrO aHanmM3a (aKTOPOB YA3BUMOCTU IUIOCKOCTU
ynpasyenus [1, 3-6].

IIpy sTOM OCTaéTcA HEZOCTATOYHO IPOPAbOTAHHBIM
KOMIUIEKCHBIJI B3I/LAL Ha apXUTEKTypHbIe M SKCIUTyaTaly-
OHHble (DAKTOPHI YA3BMMOCTM MMEHHO IUIOCKOCTHU YIIpaB-
SDN/NFVTenekomceTsax, (QyHKIMOHUPYIOIINX
B MacluTabax oInepaTopcKoil MHGPACTPYKTYPhl ¥ MHTETPUPO-
BaHHDBIX C AfpoM 5G/6G. YunTpiBasd, YTO MIOCKOCTD yIIpaB-
JIEHVsI B TAKVX CETSX BBICTYIIAET «MO3TOM» CUCTEMBI 11 OIIpe-

JICHUA B

HeTisieT MpaBIIa MApIIPYTU3ALUN, IOMUTUKY 6€30IacHOCTI
U IIENOYKNM CepBUCOB, €€ KOMIIpOMeTalusa WM HapylleHMe
PaboTOCIIOCOOHOCTH MOTEHI[MATBHO MPUBOAUT K MacCOBBIM
OTKa3aM U CepbE3HBIM MHIUAEHTAM B KPUTHYECK) BaXKHBIX
cepBMCax CBA3M. B 9Toll cBA3M aKTyanbHOI HAy4HON 3a-
Jaueil ABIAETCA CUCTeMATM3aLUA U aHAIU3 APXUTEKTYPHBIX
pellleHnit ¥ SKCIUTyaTAl[IOHHBIX IPAKTHUK, ONpefle/IAIIIIX
YSI3BUMOCTbD IIOCKOCTYI YIIPAB/ICHYsI, a TaK>Ke 00630p cOBpe-
MEHHBIX TIOfIXOOB K €€ 3aIluTe C MO3VINII TeIeKOMMYHMKa-
LIMOHHBIX CeTeil HOBOTO MoKonenus [1, 2, 4, 7].

B mporpammHoomnpepensiembix ceTax (SDN) mmockoctsb
yIIpaBJIeHMA BbIE/NACTCA B OTHE/IbHbIN TOTMYeCKIIL CTI0M, IIpef -
CTaBJIEHHBII OTHUM MM HecKonbKMMu SDNKOHTposIepamMu,
KOTOpbIe IIPMHNMMAIOT PeLIeHNsA O MAapIIPyTU3alyi U IOIN-
THKe 00paboTky Tpaduka, a Takxke (HOPMUPYIOT COOTBET-
CTBYIOIME TIPABMIA JJIA CETeBBIX KOMMYTAaTOpOB. B criemma-
NM3MPOBAHHOI JIUTEPAType INOAYEPKMBAETCA, YTO MMEHHO
HaJM4ye IIeHTPaJU30BAaHHOTO WM MEPapXM4ecKoro KOH-
TpOJUIepa, YIPaB/IAIOILIEro «ITyNbIMI» KOMMYTaTOpaMu, SB-
JAeTCA KII0YeBON XapakTepucTtukoit SDNmoaxoma n oTiu-
YaeT ero OT TPaJUIVIOHHBIX PACIpee/IEHHBIX IPOTOKOIOB
MapuIpyTusanyu. B y4eOHBIX NOCOOMAX IO HPOrpaMMHO-
KOHUrypupyembIM cetsim 1 nporokony OpenFlow geranbrHo
OIIMCBIBAETCS CTPYKTYpa B3aVMOHNEIICTBYUA MEXKAY KOHTpPOI-
JIepOM ¥ KOMMYTAaTOpaMH, a TakKe 0cO6eHHOCTI GOopMIpPO-
BaHMs ¥ OOHOB/IEHNUS Tab/II] IOTOKOB HA OCHOBE IIO/IUTHK,
3aJJaHHBIX Ha YPOBHE IPIIOXKeHWit [1, 2].

Bupryamsaumsa ceteBpix ¢yukumii (NFV) pomonuser
SDN, mpepmaras mepeHOC ceTeBbIX (QYHKLWIL, paHee pea-
NM3yeMBIX Ha CIelMaaM3MPOBAHHOM aIllapaTHOM obec-

IIeYeHNN, B IIPOTPAMMHYIO Cpefly Ha OCHOBE BUPTYaIbHbIX
MallVH WIM KOHTENHepOB, YIPaBIAeMbIX IIOfCUCTEMOI
NFVMANO (Management and Orchestration). B or-
4yérax NPO(MWIBHBIX OpraHM3aLMiI U HAYYIHBIX 0630pax
NFVapxurekrypa OnmchIBaeTcs KaK MHOTOYpOBHEBas CU-
CTeMa, BKJIIOYAIONas BMPTYaJIU3UPOBAHHYI0 MHQPacTpyK-
TYPY, YPOBEHb BUPTYa/IbHBIX CETeBbIX PYHKLMUIT U YPOBEHb
yIIpaBeHNUA ¥ OPKeCTpPALUY, Ha KOTOPOM IIPMHUMAIOTCA pe-
IIEHNS O pasMelleHNH, MacIITaOUPOBAHUY 1 CBSISHOCTH Ce-
TEBBIX CEPBUCOB. B OTeUeCTBEHHBIX IIyOIMKALVIAX HOFIEp-
KMBaeTcs, 4Tto ucronb3oBanme NFV mo3Bonser cosgaBaTh
IMHAMUYECKNe L[ETIOYKU CePBMCOB Oe3omacHOCTU (service
function chaining), BkIro4aroIe BUPTyaabHbIE MEXCETEBbIe
9KpaHbl, CUCTeMbl 0OHApPY>XeHUs BTOPXKEHUIT U IpyTue ojie-
MEHTBI, YTO paclinpseT BOSMOXXHOCTH 110 aJalITUBHOMY pea-
TMPOBAHUIO Ha yIpo3bl [2-5].

B TeneKOMMYHMKAaIMIOHHBIX CETAX HOBOTO IIOKOJTEHNSA
IVIOCKOCTD yIIpaBleHus GopMupyercs Ha mepecedeHuu SD-
NxouTpomnnepos, NFEVMANO u cnenmdnyeckix KOMIOHEHT
spa ceTeit mATOro 1 uiecroro noxkomenumit (5G/6G), BKo-
qaromux (QYHKUMU YIOpaBIeHNUs BOCTYIOM, Cpe3aMy CeTu
U Ka4ecTBOM 00CTyX1BaHuA. B aHamuTiyeckux paborax 1o
6e3zomacHocty 5GNFV nopuépkmBaercs, 4T0 MMEHHO MHTe-
rpanusa 3TUX HOJCUCTEM, OObeVHEHHDBIX Yepe3 MHOXKeCTBO
OTKpHITHIX uHTepdericoB u API, ¢popmupyer CIOXHYIO CO-
BOKYIIHYIO IUVIOCKOCTD YIIpaBJIeHM:A, OT KOPPEKTHON U 3aIlu-
[EHHOIT pabOTBI KOTOPOIT 3aBUCUT (PYHKIMOHUPOBAHNE KPU-
TUYECKV Ba)KHBIX TeTIEKOMCEPBUCOB [5-7].
SDN/NFVrTenexomcereil moka-
3bIBaeT, YTO pAN NPUHIVIIMAIBHBIX pelleHuii, obecredn-
BAIOIIVX TMOKOCTb M PacUIMPAEMOCTb, Of[HOBPEMEHHO CO-
3maét crenuduIecKkue yA3BUMOCTY IUIOCKOCTY YIIPABICHMUA.
OpHuM 3 KI04eBbIX (DAKTOPOB SIBSIETCS LIEHTpPANM3alns

AHanmms apXMTEKTYpPbI

JIOTYIKY YIPaBJIeHNA B KOHTPOJIEpPaX M OpPKeCcTpaTopax, Ko-
TOpbIe CTAHOBATCA BBHICOKOLIEHHBIMU IIe/IAMU [ 3/I0YMBIII-
JICHHUKOB: YCIIellIHas aTaka Ha TaKOil KOMIIOHEHT MOXKeT
IPUBECTY K I7T06aTbHOMY HapYLIEHNI0 MapLUIPy TU3AINY, W3-
MEHEHMIO TTOTIUTHUK 6e30IIaCHOCTY MIIY IIOTHOMY OTKasy CeTH.
B o630pax 6esomacHocTu SDN mopdépkuBaeTcs, YTO KOM-
IIpoMeTanusA KOHTPOJUIepa IO3BOIAET aTaKyoIeMy MaHNITY-
JIMpOBATh IIpaBWIaMy 00paboTKM TpadyKa, epeHanpaBisd
IIOTOKY 4Yepe3 HOKOHTPOJIbHBIE Y37IbI MU CO3[aBask YCIOBUA
IS CKPBITOTO IlepexBarta faHHbIX [1, 6, 8].

BTOpBIM 3HAYMMbBIM APXUTEKTYPHBIM (DAaKTOPOM BBICTY-
[aeT ILIMPOKOE NCIOb30BAHNE OTKPBITHIX MHTepdeiicoB
U IPUK/IATHBIX IporpaMMHbIX nHTepdericos (API) nna B3an-
MOJIEVICTBMA MEXAY KOMIIOHEHTAMM IJIOCKOCTY YIIpaBIeHNA
U TIIPUIOKeHMAMU. B psame pabor orMevaercs, YTO Hamudue
API camo 10 cebe He fienaeT ceTb IPOrPaMMHOOIPeNeNseMOl,
OJIHAKO CYIIeCTBEHHO IOBBILIAET €€ YIIPAB/IAEeMOCTb U OffHO-
BPEMEHHO OTKPbIBAET [OIIOTHUTEIbHbIE BEKTOPBI aTAKI, CBsI-
3aHHBle C HOJJIEJIKOM MM 3/I0yHOTpebIeHreM 3alpocaMu
K uHTep(ericaM ynpasieHus. PasHoobpasue peanusanuii ce-
BepHbIX (northbound) n roxubIx (southbound) nurepdericos,
a TaKKe B3aMMOJIIICTBYE MeX/TY KOHTPOJITIEpaMI PasHBIX J0-
MeHOB (east-west) CO3JAI0T CTIOXKHYIO IIOBEPXHOCTD aTaKIi, 3a-



“Young Scientist” - #2 (605) - January 2026

Information Technology | 7

TPYRHAOIYI0 (GOpManUsaluio M BepPUPUMKAINIO ITOTUTHUK
6esonacnoctu [2, 3, 5, 6, 8].

TpeTpuM apXUTEKTYPHBIM (PAKTOPOM YSISBUMOCTHU SIBIIA-
eTcs JUHaMI4YecKas NpMpofia pasMelleHNsA U LeIloYeK BUp-
Tya/JU3UPOBAHHBIX CETEBBIX (YHKIMII, OCOOGHHO B KOH-
TeKCTe MHOTOAPEH/IHBIX 1 MY/IBTU/JOMEHHBIX cpef. B oTuérax
u 0630pax 1o 6esonacHoctn NFV nopguépkmaercs, 4To Mu-
Tparisi BUPTYaabHBIX (GYHKINIT, aBTOMATHUYECKOEe MACIITAOM-
pOBaHIe U MOCTPOEHNUE JUHAMMIYECKUX CEPBUCHBIX IIeTI0OYeK
IIPUBOIAT K IIOCTOSHHBIM M3MEHEHVAM KOH(UIypauuu IUIo-
CKOCTM YIIPAaBJI€HNsI, TIOBBIIIAsT BEPOSTHOCTD OIIMOOK U He-
KOPPEKTHBIX COCTOSTHMIL, KOTOPbIe MOTYT OBITh MCIIONb30BaHbI
370yMBbIIIeHHNKOM. [Ipy 9TOM B OTe4ecTBEHHBIX paboTax,
HOCBAIMIEHHBIX BUPTYaTU3alNy CeTeBbIX (PYHKIINIT U MOJEIN-
posaHuIo noBefieHN st SDNKOMIIOHEHTOB, OTMedaeTcs, YTo 10-
mobHast rTOKOCTD TpebyeT TIaTebHOI MPOPAbOTKI MOfeIelt
YIpO3 ¥ IPOLeAYP KOHTPOJIA LIeJIOCTHOCTY KOH(UTypaluii Ha
YPOBHe onepaTopckoii cetu [2, 3, 5].

IToMUMO apXMUTEKTYPHBIX 0COOEHHOCTE, CYIeCTBEHHYIO
poib B GOPMUPOBAHNY YA3BUMOCTH IUIOCKOCTY YIPaBICHNsA
UTPAIOT 9KCIUIYaTAl[IOHHbIe (aKTOPbI, CBSI3aHHBIE C IIPAK-
TUKOIl BHefipeHMs u compoBokaeHns SDN/NFVpemennit
y OIepaTOpOB CBA3Y. AHa/JIUTUYECKVe OTYETHL IO Oe3omac-
HOCTY MOOW/IBHBIX CeTell YKa3bIBalOT Ha BBICOKYIO CJIOXKHOCTD
KOHUrypanym u oOHOBIEHNsA IPOTPAMMHbBIX KOMIIOHEHTOB
IVIOCKOCTM YIpaBIeHNs, a TakKe Ha HEOOXOZMMOCTb CTpPO-
TOr0 pasrpaHNYeHM IIPaB JOCTYIA K CUCTeMaM YIIPaBIeHIA
Y OPKeCTPaIM, YTO Ja7IeKO He BCEITa Peann3yeTcs B IIOTHOM
Mepe. HemocTaTo4Has 3peocTh MPOLECCOB YIPABAEHNUA YA3-
BUMOCTAMY, OTCYTCTBMs PETY/IAPHON IPOBEPKM HAaCTPOEK
U crmabble TPOLEAYPbl SKYPHATMPOBAHMA JEVCTBUIl aIMU-
HIUCTPAaTOPOB YCWIMBAIOT PUCK YCIIENIHONM 3SKCIUTyaTaluy
omn60K KOHGUIypaIun 1 yIETHBIX 3amuceit [3, 7].

OTmenbHOE MeCTO Cpeiy SKCIUIyaTalMOHHBIX — (ak-
TOPOB 3aHMMaeT Harpyska Ha IUIOCKOCTb yIpaBIeHWs, 06-
VC/IOB/ICHHAsI BBICOKOJI MHTEHCVBHOCTBIO COOBITMII M 3a-
npocoB B KpymHbx SDN/NFVrenekomcersx. B pabotax,
HOCBAIIEHHBIX aHAIN3y OYepefiell B MPOrPaMMHOKOH(UTY-
PMPYEMBIX CeTAX, AEeMOHCTPUPYETCH, YTO XapaKTepPUCTUKU
ouepenent Tnna G/G/1 Ha KPUTMUECKUX KOMIIOHEHTAX, TaKIX
KaK KOHTPOJUIEPbl M MHCTPYMEHTBI yIIpaBjIeHNs, HAIPAMYIO
B/IMAIOT Ha 3aJeP)KKV MPUHATYUA PeLIeHN U YCTONYUBOCTD
CHUCTEMBI K TIeperpy3kaM. DT pe3y/bTaThl I03BONAIT YTBEp-
JKJIaTh, YTO aTaky oTkasza B o6cnyxusannu (DoS/DDoS), na-
IpaB/IeHHbIe Ha IJVIOCKOCTD YIIPAB/IeHNA, MOTYT UCIIOb30Ba-
TeJIb He TOJIbKO CeTeBble, HO 11 pecypcHble ocobeHHocT SDN/
NFVapxutekTypsl, BbI3bIBas Jierpajjalliio KadecTBa 00CIy-
JKVIBaHMUA 1 TIOTEPIO YIIPaBIAEMOCTH CeTbIo [2, 5, 8, 9].

JlOIIOTHUTeTbHBIMM 9KCIUTYaTalMOHHBIMM (PAaKTOPAMM BbI-
CTYIAIOT MY/IbTUBEH/[OPHBIN XapaKTep TelneKOMUH(PACTPyK-
TYpbl, HEOOXOJUMOCTb MHTETPALMy peLIeHMII PasTUIHbIX
IIPOM3BOAUTEIICI Y1 OTPAHNYEHHBIl YPOBEHb aBTOMATU3 AU
mpouenyp 6e30IacHOCTH. B MeXXIyHapOZHBIX MCCIefOBa-
HYSIX HOJYEPKUBAETCS, YTO HEOZHOPORHOCTb IPOrPaMMHO-
aIIapaTHON CPebl M PasINyNs B peannsaluuy nHTepQeiicon
YIIpaBJIeHNsI YCIOXHAIOT efUHO00pasHOe BHEJpEHNe MexXa-

HM3MOB ay TeHTM(UKAINN, aBTOPU3ALINY ¥ KOHTPOJIA LIeTI0CT-
HOCTM Ha YPOBHe IVIOCKOCTHY yIIpaB/leHuA. B pesynbrare orme-
paTropaM CBA3M IPUXOLUTCS COYETaTb pas/lINYHbIe ITOTXOMbI
U VIHCTPYMEHTBI, YTO IIOBBILIAET BEPOATHOCTb KOHUTypa-
IIVIOHHBIX OLIMOOK VI TOSIB/IEHNS «CEPhIX 30H» 0€30MacHOCT
B KomIutekcHoit SDN/NFVundpactpykrype [3, 5-7].

CHHTe3 apXUTEKTYPHBIX U 9KCIUTyaTallMOHHBIX (haKTOPOB
II03BOJIAET BBIJIETUTh HECKOIBKO OCHOBHBIX KJIACCOB YIpPOS3,
HalleJIeHHBIX HENOCPeNCTBEHHO Ha IVIOCKOCTDb YIIPaBIeHNA
B SDN/NFVrenekomcerax. K 4mcny KmoueBbIX OTHOCATCA
ataky Ha SDNKOHTposIIep, BK/TIOYAIOI[Me TIOMBITKY €0 KOM-
IIpOMeTAlN}, BHepeHVe BPeTOHOCHDIX IIPMIOXKEHUN YIIPaB-
JIeHNs, 9KCIUTYaTALMIO YA3BMMOCTel B IPOrpaMMHOM obecrre-
YeHUV U OPraHM30BaHHbIE MePerpy3Ky MHPOPMAIMOHHBIMA
cobprtusamu. O63opsr mo 6esomacHoctn SDN  kmaccudu-
LUPYIOT MOROOHBIE aTaKM IO Le/isAM (HapyLIeHMe LeoCT-
HOCTM, KOHQUICHIVIAJIBHOCTY VIM IOCTYIHOCTM), @ TaloKe
II0 YPOBHIO BO3[eNCTBUA (JIOKaJIbHOE BMEIIATe/IbCTBO B OT-
IieNbHbIe NpaBUIA WIN ITOOaTbHOE M3MEHEHME IOTUTUKA
mapupytusanun) [1, 5, 8].

Crnepyromeit Tpynoi BRICTYNAIOT aTaKyu Yepes yA3BUMbIE
IpOrpaMMHBIe MHTeP(eIChl, UCIOIb3yeMble ISl B3aNMO-
OEeICTBMA NPWIOKEHUII C KOHTPOJ/UIEpaMM M OPKECTPaTo-
pamu, a TakXKe Ji1A CBA3U MeXy KoMrnoHeHTamu NFVMANO
U BMUPTYya/lbHBIMU CeTeBbIMM GYHKIuAMU. B psapge uccre-
[IOBAaHMII ITIOKA3aHO, YTO HENOCTATOYHAs ayTeHTU(UKAIUA
u aBTOpmsanuA 3anpoco K API, oTcyrcTBue cTporux mo-
mesnelt KOHTPOJISA JOCTYIA 1 OTCYTCTBME BalUALNY BXOJHBIX
HAaHHBIX TIPUBOJAT K BO3MOXKHOCTU HECAHKIVIOHMPOBAH-
HOTO M3MeHeHNUsA KOHQUIypalyu CeTH, CO3LaHUA 0OXONHbBIX
IyTeil ¥ CKPLITBIX KaHA/IOB yIpaB/ieHusA. B KOHTeKcTe Tene-
KOMcCeTell HOBOTO IIOKOJIEHUA OTJe/lbHOe BHUMAaHNE yHes-
eTcs aTaKaM Ha MeXaHNM3MbI YIIPaBJIeHN CeTeBBIMY Cpe3aMu
(network slicing), mpy KOTOPBIX HapyLMINTEIb MOXKET BO3/Ieli-
CTBOBATb Ha JIOTMYECK! BbIJie/IeHHblE CETMEHTBI CeT! depe3
O01IYIO0 IVIOCKOCTD YIIPaB/IeHVS U BUPTYaIM3UPOBAHHYIO VMH-
dpactpykTypy [3, 5, 6].

Takum 06pasoM, COBOKYIIHOCTb apXUTEKTYPHBIX M 9KC-
IUTYaTal[IOHHBIX ()aKTOPOB (GOpMUPYeT CIOXKHBII TaHAMA(T
yrpos ajs nnockocTu ynpasnenus B SDN/NFVrenexomceTsx,
TPeOYIOIMiT KOMIUIEKCHOTO IOAXOfja K pa3paboTke 1 BHe-
IPEeHMI0 MEXaHM3MOB 3alINThI KaK Ha YPOBHE IIPOEKTUPO-
BaHMA apXUTEKTYpPhl, TaK ¥ HAa ypOBHE NPAKTUKM IKCIITya-
raiui. Ha atom ¢oHe 0cobyio akTyaabHOCTh IprobpeTaeTt
aHa/IM3 COBPEMEHHBIX ITOIAXO/0B K 3aIl[UTe IIOCKOCTY YIIPaB-
JIeHIs1, BK/IIOYAIOIIMX MEXaHM3MBbI Ay TeHTU(OUKALUI 1 aBTO-
pu3anuy, M30/ALUN ¥ CeTMEHTAIVM, TOBBIMIEHNS YCTOMYM-
BOCTM ¥ aBTOMATU3/MPOBAHHOTO MOHUTOPVHIA.

CBs3b OCHOBHBIX apPXUTEKTYPHBIX M 3KCIUTyaTallMOHHBIX
(haKTOpOB YASBMMOCTM IIOCKOCTM YIPAaBI€HMUA C COOT-
BeTCTBYIOI[UMM IOAXONAMM K UX 3aluTe IpefcTaBlIeHa
B Tabmuie 1.

ITpoBenéHHBIT 0630p apXUTEKTYPbI U IPAKTUKI SKCIUTya-
taiuu SDN/NFVTtenekomcereit mokaspiBaeT, YTO IIOCKOCTh
yIIpaB/IeHM BBICTYIAeT KPUTUIECKMM 37IEMEHTOM, OTIpefienis-
IOIIMM YCTOIYMBOCTD U 6€30I1aCHOCTD OIIepaTOpCKOit MHpa-
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Tabnuua 1. ®aKTopbl YA3BMMOCTU U MOAXOAbI K 3aLiuTe

®akTop / uenesoi
KOMMOHEHT NI0CKOCTU
ynpaeneHus

KpaTKoe onucaHue yasBumocCTu

TunuuyHble nocnepcTBusa
ANA TeNleKomceTn

Mpumepbl NoAX0A0B K 3aluTe

UeHTpanu3aums SD-
NKkoHTponnepa

Jloruka ynpasnexus cocpeporo-
YeHa B OLHOM WU OTPAHNYEHHOM
4KCne KOHTPOJIIEPOB; KOMMNpoMe-
TalMs UAKM OTKA3 BEAYT K noTepe
yNpaBAseMoCTH CeTu

Maccogble c6ou mapuipy-
TW3aLMK, HapyLIeHue no-
nUTUK 6e30MacHoCTy, no-
TepsA [OCTYNa K cepBucam

PesepBupoBaHue 1 KnacTepusauus
KOHTPOIIEPOB, reopacnpesenéHHoe
pa3BepTbiBaHUE, MEXAHU3MbI KOH-
TPONSA LLEeNOCTHOCTU U OTKA30yCTONYU-
BocTu M0 KoHTponnepa

NFVMANO u opke-
ctpauunsa VNF

OwmnbKHM B NTOrMKe OpKecTpaLuu
¥ 3alLuTe UHTEpPDecoB ynpas-
NeHUs BUPTYanbHbIMU QYHKLMAMY
NO3BONAIOT U3MEHATb COCTaB
¥ NOPAJOK CEPBUCHbIX LIenoyek

OTkNtoYeHMe unu obxop,
tyHKUMIt Ge3onacHoCTH,
CO3[aHNe «AbIP» B NOJU-
TUKE QUIbTPALMM U MOHH-
TOpUHTA

XécTkas ayTeHTUdMKALMUA 1 aBTOPK-
3aums goctynos K MANO, pa3rpaHu-
yeHune ponen, XXypHanuposaHue aei-
CTBWI, Nepuogunyeckas sepudukauma
KoHQUIypaLmii 1 Lenoyek cepe1coB

OTkpbiTble APT 1 mex-
KOMMOHEHTHble UHTEP-
teincel

HepoctaTtoyHas ayTteHTU M-
Kauus/aBTopu3alms, OTCyTCTBUE
CTpOrnx mofenei gocryna v Ba-
NMaauMm BXoaHbIX aaHHbix B API

NJA0KOCTU ynpaBneHus

HecaHKLMOHUPOBaHHbIE
U3MeHeHMs KoHbUrypaumuu,
CO34aHue CKPbITHIX TYH-
Heneil 1 06X0HbIX MapLu-
pyTOB, BHEL\peHUE Bpedo-
HOCHBIX NPUJIOKEHUI]

MpumeHeHWe NPUHLMNOB MUHN-
ManbHO He0OXOAUMbIX MPUBUNETHIA,
Zero Trustnopxopos, wWudposaHue

n ayteHTudmukauma APIeeizosos, We-
bapplicationfirewall u moHuTOpUHT
ob6palyeHunii k API

OnHamuyeckas mu-
rpaums u macwrabupo-
BaHue VNF

MoCTOfHHbIE M3MEHeHUA ToNo-
JIOTUU U COCTOSHNA CEPBUCHbIX
LenoyeK Co3AatT PUCK HEKOHCH-
CTEHTHBIX KOHUTYpaLuit u «3a-
ObITbIX» NPABMJI

Henpepacka3syemoe nose-
AeHU1e CeTH, HeCornaco-
BAHHOCTb MapLpyTU3aLnu
W NONUTUK 6E30NacHOCTH,
OKHa yA3BUMOCTH NPU MU-
rpauum

Vicnonb3oBaHue [NEKNAPaTUBHbIX MO-
Jeneit onucaHus CEPBUCHbIX Llenoyek,
dBTOMaTM4yeCKaa npoBepKa KOHCU-
CTEHTHOCTU, UHCTPYMEHTbI HENpPepbIB-
HOro ayauTa nonnTUK 6e3onacHoCcTy

Bbicokas Harpy3ka Ha
KOMMOHEHTbI yNnpas-
NeHus

OrpaHnyeHHble pecypcbl KOHTPON-
NEpPoB 1 OPKECTPATOPOB, OYe-
penu 3anpocoB U COObITUIA ynpas-
NEHWUA NErko CTaHOBATCA Liefbio
DoS/DDoS

PocT 3agepek NnpuHATUSA
peLeHuit, noTeps unm 3a-
JepKKa ynpaBnaioLwmx co-
o0LWeHnit, ferpafaums Ka-
yecTtBa 06CNyKMBaAHMUA

lnaHnpoBaHWe pecypcoB C y4ETOM Ha-
rpy304HbIX Mofeneit (oyepean G/G/1
W p.), MaclTabupoBaHue no Harpyske,
BbIAENEHHbIE KaHanbl A Tpatbuka
ynpasneHus, uasTpaums v ratelim-
iting ynpaBasiowmx 3anpocos

MynbTuBeHgopHas
U MyNbTULOMEHHas
cpefna

Pasnuyuna B peanusaumu npo-
TOKONOB U UHTEpPdENCcoB 3a-
TPYAHAKT eAMHOo06pa3Hoe npu-
MeHEeHWe MexaHW3MOB 3aLUnTbI
1 NONUTUKY KOHTPOJIA

«Pa3pbIBbI» B 3aWuTe Npu
CTbIKe [LOMEHOB U BEH-
LOPOB, CNNOXHOCTb LieH-
TPannN30BaHHOTO MOHU-
TOPUHIa U yNpaBieHuns

MHUMAEHTAMM

CraHpaptusauus uHTepdeincos, uc-
nofb30BaHWe OTKPLITLIX cneyndu-
KaLuii, BHeLpeHne efuHbIX Tpebo-
BaHMil K 6e30MacHOCTH B JOrOBOpax
C NMOCTaBLLUMKAMU, MEXLOMEHHbIE MO-
JINTUKW W COrNIacOBaHHble NpoLeaypbl
pearnpoBaHus

CTPYKTYPBI B YC/IOBMAX II€PEXOa K CETAM IIATOrO U IIECTOrO
nokosneHudA. lleHTpanusanysa JIOTMKM HPUHATHUA peIleHu
B SDNkoHTposnnepax u nopacucremax NFVMANO, mmpokoe
UCIOIb30BAHUE OTKPBITHIX IIPOTPAMMHBIX UHTepdeiicoB
U AVHAMMYEeCKas OpPKeCTpalusa BUPTYaIM3MPOBAHHBIX Ce-
TeBBIX (YHKUMII OJHOBPEMEHHO 00eCIeuuBaiOT BBICOKYIO
IMOKOCTD yIpaBIeHNs U GOPMUPYIOT HOBBIE K/IAcChl yA3BU-
MOCTel1, KOTOpble OTCYTCTBOBAIU B TPA/JUIIMOHHBIX TETEKOM-
MYHMKAIVIOHHBIX apXUTEKTypax [1-4].

AHa/u3 apXUTEKTYPHBIX (PaKTOPOB YA3BMMOCTH IIOKa3aJl,
YTO VIMEHHO OpTaHM3aIV IIeHTPaAN30BaHHOTO WIN Mepap-
XIYEeCKOTO YIPaB/IeHNs, MY/IbTUIOMEHHbIE CIleHapUM B3au-
MOJIeVICTBYA Y CTIOKHOCTb KOHUIypalii LeTIoYeK CEPBUCOB
0e30IIaCHOCTM CO3[jAl0T YCIOBUA JUIA aTaK Ha IIOCKOCTDb
yIIpaBJIeHNs, CIOCOOHBIX MPUBOAUTD K MAaCCOBBIM OTKasaM,

HapyUIeHNI0 MapHIPYTH3aluy ¥ KOMIIPOMETAI[MU IOMUTUK
6e30macHOCTH. DKCIUTyaTal[IOHHbIe (GaKTOPBI, BK/IIOYas BbI-
COKYI0 Harpy3Ky Ha yIpaB/IAol/ie KOMIIOHEHTDI, My/IbTVBEH-
IOPHBII XapakTep MHQPPACTPYKTYPHI U HEJOCTATOUHYIO 3pe-
JIOCTb IPOIECCOB YIIPABICHMA JOCTYIIOM ¥ YA3BMMOCTAMI,
YCWINMBAIOT PUCK YCHENIHON 9KCIUTyaTaluy OMMOOK KoHpu-
Typauum u MporpaMMHbIX yassumocteii B SDN/NFVcpere.
CucremaTnsauus yrpos ¥ TUIOBBIX aTaK IIOKa3asja, YToO
HanOOJBIIYI0 ONACHOCTb /A IUIOCKOCTM YIIPABIEHUs IIpef-
CTaBJIAIOT KOMIIPOMETAIU KOHTPOJIEPOB M OPKECTPaTOPOB,
3noynorpebnenne ysssumbiMu APl u Bo3peiicTBue Ha Me-
XaHU3MBl YIpPABIeHNA BUPTYalIU3MPOBAHHBIMM CETEBBIMMU
GYHKUMAMYU M CeTEBBIMM Cpe3aMy, OCOOEHHO B KOHTEKCTe
5G/6Gcerteit. CoBpeMeHHbIE NMOAXOAbI K 3alINUTe IIOCKOCTH
yIpaB/IeHus, BKIIOYAOLIME MEXaHM3Mbl ayTeHTUPUKALUY
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¥ aBTOPM3ALVM, TOTUYECKYI0 M3OJIALMIO M CETMEHTAINIO, Pe-
3epBUPOBaHNE ¥ BepuMKALMIO MOTUTHUK, a TaKKe IpMMe-
HeHMe MeTOJ[OB MOHUTOPMHIA ¥ OOHApy>KeHMsl aHOMasIWii,
[I03BO/ISIIOT CYIIECTBEHHO CHU3UTH YPOBEHb PICKA, OIHAKO
He YCTPaHAKT (yHJaMEHTAIbHBIX IPOOIeM, CBSI3aHHBIX CO
CJIO)KHOCTBIO APXVUTEKTYPHI ¥ HEOTHOPOSHOCTBIO PeaIi3ariyil.

[Tony4yeHHBIE pe3yIbTAaThl CBUJIETENBCTBYIOT O HEOOXOM-
MOCTH JaIbHEIINX UCCTIefOBAHNIT, HAIIPABIeHHBIX Ha paspa-
60TKy (OpMajIbHBIX MOJieIell YTpo3 /st KOMIUIeKCHbIX SDN/
NFVTenekoMapXuTekTyp, MeTOLOB Bepyu(UKaINI ¥ COIIaco-
BaHMs MOMUTUK 0€30IIaCHOCTI B MY/IBTUOMEHHBIX Cpefax,

a TaKKe MHTErpalluy CPENCTB aBTOMATM3JMPOBAHHOIO aHa-
732 I MOHUTOPMHTA IVIOCKOCTH yIIpaB/IeH)s Ha OCHOBE CO-
BPEMEHHBIX METOIOB 06pa60T1<1/1 JaHHBIX 1 MCKYCCTBEHHOI'O
unTe/UIeKTa. OCOO0bIil MHTEPeC NPeACTABIAIT paboTh, Opy-
€HTVPOBAHHbIE Ha NPAKTUYIECKYI0 IPMMEHNMOCTb B YC/IO-
BUAX OIIEPATOPCKUX CeTell, YUéT TpeOOBaHWIT HOPMAaTHBHbBIX
JMOKYMEHTOB U CTAaH[aPTU3MPYIOWIMX OPTaHU3aLuIL, a TaKxke
aflalTallMIo IPEJ/IOKEHHBIX NTOJX0/I0B K PeaZbHbIM 9KCIITya-
TallMOHHBIM OTPAHMNYEHNAM, BbIABIE€HHbBIM B OT€IECTBEHHDIX
U 3apyOeXXHbIX NCCIefoBaHmsIX 1o GesomacHocTu SDN u Bup-
Tya/nmu3auyun CETEBBIX (l)yHKuI/HZ.
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AnCTUANALMUA 3HAHMIA ANA ManbIX A3bIKOBbIX MOAeNel: anroputTm ¢ 06paTHoOM CBA3bIO

Muwaruna Banepus OpbeBHa, CTYLEHT MarucTpaTtypsl
Camapckuii HauMoHanbHbIN UCCnefoBaTeNnbCKU yHUBepcuTeT MMeHn akagemuka C. M. Koponésa

Paboma noceswiena paspabomxe u peanudayu aneopumma OUCMUITIAUUY ¢ 00PAMHOTLL C6A3b10 NPOMENCY MOUHBIX ULA208 PAc-
CyHcOeHUll 0715 MATLIX A3LIKOBLIX MOOeIel.
Kntouesvte cnosa: s3vixosvie modenu, OUCUANAUUS 3HAHUTL, 271yO0Koe 00yueHUe, 00yUueHuUe ¢ noOKpenieHue.

OHHI/IM U3 K/IIOYEBBIX HANPAB/ICHUI B PA3BUTUU MCKYCCTBEHHOTO MHTE/UIEKTA B IIOCTIEHEE BPEMsI CTAHOBSTCs OObIIe
aspIkoBble Mofienu (large language models, LLM) — HeifpoHHBIe ceT, paspabaTbiBaeMble /i1 HOHUMAHVA U TeHEepaIi
TEKCTa, IIOXOXKEro Ha deroBedeckuit. CraBiuye IPOpBIBOM B obnmacTy reHepatysHoro VIV, LLM ucronb3yioTcs jid Mupo-
xoro cnekrpa NLP-sagau. Hanbonpuryo nomynspHocTs npuobpenyt ocHoBaHHbIe Ha LLM MHTe/IeKTyanbHble TOMOLHUKY
(areHTBI), CIOCOOHBIE 3aMEHATD YeJIOBeKa B 3a/ja4aX KOMMYHMKALIMY C KIMeHTaM, c6opa MHGOPMaLny 1 IPefOCTaBIeHIs TH-
HOBBIX KOHCY/IbTaluit. TaKye areHThI ceifyac akTUBHO BHEPAIOTCS BO MHOTVe MH(POPMALIMOHHBIE CHCTEMBL

LLM mopeny 06/1afjaloT BHYIINTEIbHBIMI Pa3MepaMy, MMe0T 6olee MIIIMApa IapaMeTpoB, 00YIaoTCst Ha OTPOMHBIX
MaccMBaX JaHHBIX 1 TpeOyeT OOIbLINMX BBIYMCINUTENBHBIX 3aTpaTr 1 pecypcoB. Cospganue nomHoneHHoir LLM — aro Tpypo-
eMKIIL, JOPOTOCTOSIINIL ¥ PeCYPCOeMKMIL IIPOLeCC, KOTOPbI 0ObIYHO TpeOyeT 3HaYMTeIbHBIX YCUINIL LeI0J KOMaH/IbI JIIOfeit.

B cBssu ¢ TpynHOCTBIO 00y4ennss LLM nomynsipHOCTD cTanm Habuparh Manble si3bikoBble Mogenu (small language models,
SLM). OHM MMeIOT Ha IIOPSfIOK MEHbIIIe TAPaMeTPOB, YTO Ae/laeT BO3MOXKHBIM X 00y4eHNe 1 MCIIONIb30BaHMe B CUTYALUIL OTpa-
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HIYEHHOCTH PECYPCOB IS PelleHNs Y3KOCIeaau3MPOBAHHbIX 3a/lad, CBSI3aHHBIX C 00paboTKOIT ecTeCTBEHHOTO sA3bIKa. Of-
HAKO CHIDKEHIe pa3sMePHOCTY TapaMeTPOB MOJe/N BeeT K 3HAYUTEeNbHBIM IIOTEPSM B TOYHOCTH, 0COOEHHO B 4acTH 3afiady, Tpe-
Oytowux 06061eHNst MHGOPMALINY U CTIOXKHBIX MHOTOCTYIIEHYATBIX PACCY>KIEHUIL.

OpHMM 13 TepCIEeKTUBHBIX MTOAXO0A0B K IPEOJOTICHNI0 TaHHOTO OTPAaHNYeHIA AB/IACTCA AVCTIUIALNS 3HAHUIT — IIPOIeCcC
Iepefiadyl 3HaHMIL OT OOJIBILION MOIEMU-YIUTe/Is K KOMIIAKTHOM MOfenu-y4eHuKy [1]. CxeMa IUCTW/IIALNMM 3HAHWI IIPUBeEieHa

Ha Pucynke 1.

Teacher Model
Knowledge Transfer Student Model

| m————— ==
! |
| I |
Distill _gn Transfer I |
g b |
3 | [
] \ I
J

Puc. 1. luctunnauus 3HaHuin npu obyyeHuun mopeneit [2]

Knaccnyeckas pucTmmnsanms 3HaHMI NpeAnonaraetT oOydeHre MOREI-yIeHKa Ha BBIXOJHBIX JAHHBIX MOXEMV-YIMTEIS.
B mpocreiiiem BapraHTe y4eHUK 00y4aeTCss BOCIPOMU3BOAUTD KOHEUHBIN OTBET YUUTEIs, YTO 3¢ (HeKTUBHO [/Is 3aKad KIaccu-
¢buKanun, HoO HeJOCTATOYHO /IS TeHEPATUBHBIX 3ajad. B 6o/ee 061eM ciyuae nconbsyeTcst soft-fUCTIIIALSA, TP KOTOPOIL
MUHUMU3UPYETCS PACXOXKEHIE MY PacIpee/leHIsIMU BePOSITHOCTENL, TeHePUPYEMBIMI YIUTE/IEM I YI€HUKOM, HAIIPIMep,
¢ nomouypio KL-guBeprenyum.

Hanmpueiimee passutue nomyunmu Meronsl Chain-of-Thought (CoT) [3] aucTunisanym, B KOTOPBIX B 00y4alolyIo BBIOOPKY
BK/TIOYAIOTCS IPOMEXYTOYHbIE ATV PAacCY)KAeHNIT, cGOpMIpOBaHHbIE MOfebIO-yunTeneM. Takoil IOAXOy 03BO/IAET YIEHUKY
yCBaMBaTh CTPYKTYPY JIOTMYECKOTO BHIBOZA U YIYULIAeT KAYeCTBO PELIeHNS CIOKHBIX 3a7ad. Bmecte ¢ Tem kmaccuyeckas CoT-
AUCTWULALYS 00/IafiaeT CYIeCTBEHHBIM HEOCTATKOM — OLIMOKM U HETOYHOCTH, JOMYIeHHbIE MOJIE/IbIO-yUINTeIeM Ha IIPOMe-
JKYTOYHBIX 9TAIAX, IIEPEHOCITCS B 00YYAIOIIYI0 BBIOOPKY, YTO HETATUBHO CKa3bIBACTCS HA NTOTOBOM Ka4eCTBE MAJION MOJEJIIL.

B pamkax maHHOJT paOOTHI IIpefIaraeTcs U OIMChIBAeTCA METON AUCTVJUIALIAY, OPMEHTHPOBAHHBII Ha Ilepefady He TOJIbKO
KOHEYHBIX OTBETOB, HO M IIPOMEXYTOYHBIX ILIATOB PAcCY>KAEHMII C UCIONb30BaHMeM MOAyns obparHoit cBsasu. IlogpoOHas
cxeMa rogxona o6ydennst SLM Mopeny i anropuTMa RUCTIIIINU ¢ 0OpaTHOI CBA3DIO IpefcTaBaeHa Ha PucyHke 2.

LLM R=(ryryet) Feedback Evaluator

(Teacher) > SLM
(Evaluator)

A
guestions % questions, target answers
P = ((ry, p1), (72, P2)s woes (1 P1))

questions

Y

SLM R = (51,59, -+,5%) Filtered Module
(Student)

«—

Puc. 2. Anroputm obyueHus Masoil A3bIKOBOI MOAENN METOAOM AUCTUNNALUMN C 06paTHON CBA3bIO
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OKCIepUMeHTBI IIPOBOAMIICH Ha Habope maHHbIX GSMSK [4], comeprkaiiem 8500 TEKCTOBBIX MaTeMaTMYECKUX 3a/ad s
YYEHNMKOB HAa4a/IbHOIL IIKOJ/IBI C OTBETAMI B HECKOJIBKO TAIIOB paccyxaeHuil. [latraceT ObUI IpenBapuTebHO Ipefobpabora,
OYMINeH ¥ Pa3bUT Ha TPEHNPOBOYHYIO, BA/IMALIMOHHYIO U TECTOBYIO BBIOOPKI C YIETOM CITIOXKHOCTY 3a/jad /st M30eKaHMs JuUC-
6ajlaHca KJIacCoB.

B xauecTBe MOfieM-yauTeNA LI MCCIefoBaHyA ObUIa BoIOpaHa IpefobydenHas LLM — google/flan-t5-large, B kauecTBe Mo-
menu-y4yenuka google/flan-t5-small. Flan-T'5 orinyarorcs Xxopolieit TOYHOCTBIO B COYETaHNMM C HeOOBIIMM KOMYeCTBOM I1apa-
METPOB U IIPOCTOTON APXUTEKTYPBI, YTO Jle/aeT UX YEOOHBIMY IS MCIIO/Ib30BAHNS B /ITOPUTME AUCTV/ULIINI 3HAHUIL

B pamkax mccienoBanus ObUM pean3oBaHbl M CpaBHEHBI Tpu noaxopna: baseline-guctwuisiuys, CoT-guctwuisaums u npep-
JIOXKEHHBII METOJ JUCTIWIIALUY C 0OpaTHOI! CBsI3bI0. Bce anropurMer ObUIM peann3oBaHbl Ha s3bIKe IIPOrpaMMUpOBaHus Py-
thon, B xauecTBe (HpeIMBOPKOB [/Is1 pabOTBHI C HEMPOCETEBBIMIL MOZe/IIMY MCIIOb30Bamnch PyTorch u Transformers.

Ipacduku HyHKIWIT TOTEPD, IIOTYYeHHBIX BO BpeMs 00y4eHis, IpuBefeHbl Ha PrucyHke 4.

—— baseline
— CoT
—— with feedback
40 4
30 .
(1]
wvi
o
20 1
10 4
ﬂ -
T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
epochs

Puc. 4. Tpacduku yHKLMIA NOoTepb HA BaIMBALUOHHOM BbIOGOPKe

PesyanMponume 3HAYEHNA TOYHOCTU /1A aJITOPUTMOB IIPENCTABIEHDI B Ta6m/1ue 1.

Tabnuua 1. MeTpuka kauecTBa paboTbl Mopenei HelPOHHOM CeTH, 06YYEeHHbIX C MOMOLLbIO PAa3JINYHBIX AJIFOPUTMOB
AUCTUANALUM

TouHocTb (accuracy)

TpeHMpoBOYHasA BbIGOPKA BanupaumoHHas BbI6OpKa TecToBas BbI6OpPKa
Baseline 0,62 0,58 0,59
CoT 0,70 0,66 0,71
C 06paTHOM CBA3bIO 0,81 0,72 0,75

ITory4yeHHble B XOf€ 9KCIEPMMEHTA Pe3y/IbTAaThl [IOKA3ajIM, YTO IPEIOKEHHBINI METON AMCTWULALMU C 06paTHOI
CBS3bI0 IIPEBOCXOANT KIaCCUYECKie IOAXO/BI 110 ITOKa3aTeIsIM TOYHOCTHU Ha BceX BbIOopKax. CyllieCTBEHHBIM IIpeuMyllle-
CTBOM SIBJIIETCS TaK)Ke COKpAIlleHMe CpefiHel JIMHBI LIeTI0YeK PaCcCYKAEHMIT, YTO CBUJIETEIbCTBYET O TOM, UTO HEKOTOpbIe
I1aTy, TeHEepPUPYyeMble MOIE/IbI0-YIUTeIEM, SIBISIIOTCS M30bITOYHBIMIU MY HEKOPPEKTHBIMY U MOTYT OBITD ONYIIeHbI IPY 06-
yaenun SML.

AHa/Iu3 pesy/bTaToOB IOATBEPXK/AET, YTO AMCTIULALVA NPOMEXYTOYHBIX IIIar0B ¢ 0OPaTHON CBA3BIO NO3BO/IAET CHUSUTD
IIyM 00yJaroiert BBIGOPKY 1 MOBBICUTD YCTOMYIMBOCTD O0yUeHMsI MaJIoi s13bIKOBOIT Mofen. OfHAKO CYIIECTBYIOT I MUHYCHI
B 3TOM IIOJIXOfI€, HAaIIpUMep, UCTIONIb30BaHIE JJOTIOTHUTEIbHBIX MOJY/IEN YBeMMINBaeT BEIYUCTUTEIbHYIO CIOKHOCTD a/ITOPUTMA
¥ 3HAYMTE/IbHO BIMAET Ha CKOPOCTb 00ydeHus. I109TOMY BBIOOP ONTHMMAIBHOTO a/ITOPUTMA FUCTWUIALIMY /151 00yYeHNUS MajIoi
SI3BIKOBOJI MOJIE/N JJO/DKEH VICXOAUTD 13 KOMIIPOMIICCA MEX/Y Ka4eCTBOM I 3aTPaTaMy pecypcoB.
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VYrposbl hanbcudmKayum B cuctemax 6uomeTpmyeckon ayteHTunKaymm

TpudoHos Makcum AnekcaHApOBUY, CTYAEHT
YuMcKnit rocyaapcTBeHHbIN HeTAHOM TEXHUYECKUIA yHUBEpCUTET

B cmamve AHATTUSUPYIOMCA COBPEMEHHbLE 6uomempuuecr<ue MEeXHON02UU, BKII0UAAL OMNeYamKy nanves U pacno3Hasanue

nuy. Paccmampusaromes yeposvt anvcudukauuu ¢ npumeneHuem Hetipocermetl, Npasosvle U dmuuecKue HOCIEOCNEUT MACCO-

6020 6HeOPeHUs OUOMEMPUL, A MAKIHe NPOZPAMMHbIE petterust O/ 3ausumot danHvix. Ocoboe sHUMAMUe YOereHO nepcneKmusam
MYTOIMUMOOANLHOTE AYMeHMUPUKAUUU U NPUMEHEHUIO UCKYCCINBEHHO020 UHMETITIEKNA.

Kniouesvie cnosa: 6uomempus, omne4amxu nanvyes, pacnosHasanue nuy, Ganvuiusie 0anHbvle, 2eHepamusHvle cemu, uH-
popmayuoHHas 6e30naACHOCIb, MYTbIMUDPAKMOPHAT ayMeHMUPUKAUUS, YA36UMOCTY, 3AUUMA OAHHbIX, UCKYCCIBEHHDIT UH-

mennexKm.

nomeTpysA crana GyHIaMEHTOM COBPEMEeHHOI HU(POBOI

6e30I1acHOCTH, U €€ BHefIpeHVIe 00YC/IOBIEHO IBYM: KITIO-
4eBbIMU (pakTOpaMu — yHOOCTBOM WCIIONb30BaHUA U BBI-
COKOJl CKOpPOCTBIO MPOBEPKM NMYHOCTU. IlepBble MOMNBITKM
HAy4YHOTO OCMBIC/IEHNS YHMKa/lbHBIX IPU3HAKOB Ye/loBeKa
OTHOCATCA K KOHIy XIX BeKa, KOrjma KpMMMHAIKUCTBI Ha-
Yaay CUCTEeMATM3MpPOBaThb JAKTMIOCKONMYECKMEe KapThl I/IA
y4é€Ta IpecTyIHMKOB. Torza >ke CTazo OYeBMIHO, YTO OTIIe-
YaTOK ITa/blia 00/I1ajjaeT YHUKaJIbHOCTBIO, KOTOPYIO IPaKTU-
YeCK) HEeBO3MOXKHO IIOBTOPUTDH CIy4aifHbIM o6pasom. B XX
BeKe MAKTUIOCKONNMA OKOHYATe/lTbHO 3aKpemmnach B Clef-
CTBEHHOJ NpaKkTukKe, a B XXI Beke MpeBpaTunach B MHCTPY-
MEHT IIOBCEJHEBHOIO [OCTYyMma: OT Pa3bIOKMPOBKM CMapT-
¢dboHOB 70 aBTOpM3aNMM OAHKOBCKMX oreparuit. Macutabs
pacIpoCTpaHeHNs WUTOCTPUPYIOT IPOTHO3BI aHATMTUKOB:
MUPOBOJ PBIHOK OMOMETpPUM OLIEHMBACTCS B HECSATKM MUJI-
NIMApOB JO/UIAPOB, U eKETOFHbII IPUPOCT COCTABSIET Horiee
15 %. Ocoboe BHUMaHME yHenseTcs OTIeYaTKaM IIajbleB
U JIMI[EBOI OMOMETPUM, KOTOPble JOMUHUPYIOT B IOTPebM-
TeIbCKUX yCTporicTBax [1].

OpHAaKO WMCTOPUYECKUIT MpOrpecc B 3TOi obmactu He
BCerfia COBIIAfal C peaJbHbIMU 3afadaMy obecriedeHus 6es-
omacHocTu. IIpumepHo ¢ cepegunbl 2010-X rofoB Ha pbIHKE
Havau TOMUHIPOBATh CMAPT(OHDI C CEHCOPAMI OTIIEYATKOB
MasblieB. Y>Ke 4epe3 HECKONIbKO JIET MHOTME ITPOM3BOUTENN
Iepenymt K 6@CKOHTaKTHBIM MeTOflaM — TeXHOJIOTMY PacIo-
3HaBaHNUA /NI ¥ CKAaHMPOBAHMIO CeTYaTKM I7asa. Kak moka-
3pIBaeT aHamu3 KynmkoBa, mepexon OODBCHSNCS He TONBKO
YEOOCTBOM IIO/Ib30BATENIEN, HO M POCTOM 4IC/Ta CTTy4aeB KOM-

OpOMeTalny TPALULVOHHBIX CEHCOPOB, KOTOpbIe MOXXHO
Ob10 0OMaHyTb (uanmyeckymyu KonuAMu [4]. Amenmnues
Y KOJUIET B CBOIO O4Yepeb YKa3bIBAIOT Ha TO, YTO Pa3BUTHE
QITOPUTMOB aHA/MN3a M300paKEeHMII /1A TI03BOIUTIO 3HAYN-
TETbHO MOBBICUTD TOYHOCTD UACHTUPUKALNY, OFHAKO IOTHO-
CTDBIO YCTPAHUTD PUCK IIOAJE/IKA He YAanoch [1, c. 6].

IMToxasaTe/lbHO, 9YTO BHEApeHMe OMOMETPUU IPOUCXO-
AWJIO TIapajIeNIbHO C YCUIeHVeM VHTepeca K IepCOHaIbHBIM
[AHHBIM. 3aKOHOJATe/IbHbIE MHUI[MATVBEL B Pa3HBIX CTPAHAX
¢duKcupoBamy He0OXOAUMOCTD OXPaHBbI MH(POPMALVN, OFHAKO
CaM JaHHbIE CTAHOBU/IMCH 00'beKTOM KOMMEPUECKOT0 1 KpU-
MMHAJIbHOTO MHTepeca. KaplaH MOgYepKuBaeT, 4TO yTedKa
61oMeTpUYECKNUX A6IOHOB B OT/IMYNME OT Mapojeil Heobpa-
TIMMA: 4e/I0BeK He MOXKET M3MEHUTh OTIIEYATKY IIA/IbIIEB WV
JINII0, IO9TOMY KOMITpOMeTauysi 61oMeTpun nmeeT Heobpa-
TYIMBIE MOCTIEACTBUS [4]. DTOT aCmeKT CYIIeCTBEHHO YCUIU-
BaeT IL[eHHOCTb aHajM3a YsI3BUMOCTell 6MOMeTpUYeCKUX CHU-
CTeM, TaK KaK KaXfjas yCIIellIHas aTaka IOAPbIBAeT JoBepue
K TEXHOJIOTVISIM B II€JIOM.

HecMoTpst Ha mMpoKoe pacrpocTpaHeHye JaKTUIOCKOIIN-
YECKMX CUCTEM, UX YsI3BUMOCTY OKA3a/IICh OYEBI/HBIMIL IS
crrenmanuctos. Hanbonee mpumutuBHbIi ciocob danbcudu-
KAy 3aK/I0YaeTcsl B KOMMPOBAHUM OTIIEYaTKa, OCTaBJICH-
HOTO Ha CTeKJIe WIN ITOBEPXHOCTU CEHCOPA, C MOCIENYIOLIM
CO3JIaHMeM CJIeTIKa VI3 SKeJIaTIHA, CUIMKOHA WJIM JTaTeKca. VIBa-
HOBA C KOJIEraMy MOKa3bIBAIOT, YTO TaKIe aTaky ObUI 3a-
¢ukcuposansl emé B 2000-x rogax U KO CUX IOP OCTAIOTCA
AKTya/IbHBIMM, OCOOEHHO IPOTUB OIITUYECKNUX CKaHepoB [3].
KiroueBas mpobnema 37ech 3aK/II04AETCsI B TOM, YTO CEHCOP
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¢buKcupyeT nMMIUb ABYMEPHBII PUCYHOK NMHMIL, He aHaIu-
3UpPYyA CTPYKTYPY TKaHU. ITO JenaeT BO3MOKHBIM MCIOIb30-
BaHIe «MY/IsKa Hajblia» C MMHUMAIbHBIMU 3aTpaTaMMm.

Pasputne texnonormit 3D-meyaTyt BBIBENIO 9TM aTaKyM Ha
HOBBIiI ypoBeHb. CerofH: 3JI0YMbILIEHHUKI MOTYT oLy po-
BaTb OTIEYAaTOK, BOCCTAHOBUTD TPEXMEPHBIIT penbed manmi-
JIAPHBIX IMHUI U BOCTIPOM3BECTH €TI0 C BBICOKOI TOYHOCTBIO.
B pesynbTaTe Hof yrpo3oll OKa3bIBAIOTCA Ja’ke EMKOCTHBIE
CEHCOPbI, KOTOpble aHAMU3UPYIOT 3/MeKTPUYECKYI0 IIPOBO-
auMocTh KoXu. IlomobHbIe aTaky TpeOYIOT OmpeferéHHON
IIOATOTOBKY ¥ 00OPYIOBaHMA, HO OHM Y>Ke IepecTan ObITh
VEEZIOM MCCIefoBaTeIbckux jabopatopuit. B mexpyna-
POAHOI MPaKTUKe eCTh NPUMEPHI, KOTAa XypPHANINUCTHI C T10-
mompio 3D-mpuHTepa 06X0mWIM 3amuTy CMapT(OHOB
U3BECTHBIX OPEH/IOB, JEMOHCTPUPYS HETOCTATOUHYIO YCTOI-
YMBOCTb TEXHONIOTUIA.

Bonee Toro, danbcuduxanysa OTIEYaTKOB MOXET CTPO-
UTLCA Ha 6ase yTeyek JaHHBIX. B 2019 rogy cramo usBecTHO
0 B3710Me 6asbl JaHHBIX, COfieprKallell MUUIMOHBI O1IOMeTpH-
YeCKMX IIa6JI0HOB COTPYAHMKOB YaCTHBIX Kommauuit. Ecmu
Takye IIAGTOHBI MOMANAIOT B PYKM 3/I0YMBILIIIEHHUKOB, TO
UX UCIIO/Ib30BaHME I/IS I3TOTOBJIEHN S KOINII CTAHOBMUTCS BO-
IIPOCOM TEXHVKW. BopokelikiHa oOpaliaeT BHMMaHMe Ha TO,
YTO C IOSIBJIEHVEM T'eHePaTVBHBIX HelIpoceTeil BOSMOXXHOCTH
IO CMHTe3y OMOMeTpuYecKnx OOpa3oB 3HAUYUTENIBPHO BO3-
POCIN: MICKYCCTBEHHBIINI MHTENNEKT CIIOCOOEH CO3haBaTh MC-
KYCCTBEHHBIE OTIIEYaTKI, O/IM3KIE K PeaIbHBIM II0 CTATUCTH-
YeCcKMM Iapamerpam [2].

Ba’kHO y4nTHIBAaTh M pasindue B TUIIAX JATIMKOB. Y/IbTpa-
3BYKOBBIe CEHCOpBI, IOSABYBIINeECS B cMapTdoHax nocre 2018
TOJIa, CYIL[eCTBEHHO MOBBILIAIOT YPOBEHb 3aMIUTHI, TAK KaK CUU-
TBIBAIOT CTPYKTYPY KOXU Ha IIYOMHY O HECKONBKUX COTEH
MUKpOHOB. OfHAaKO MCCTEOBAaHUA IOKA3bIBAIOT, UTO U ITU
CHCTeMBI TOfIBEP>KEHBI aTaKaM IIPY YCIOBUM TOYHOTO BOCIIPO-
U3BeAEHN TPEXMEPHOII CTPYKTYPbI. ITO HOATBEPK/AET BHIBOJ
VIBaHOBOIT O TOM, UTO HV OAJH U3 CYILIECTBYIOIIX TUIIOB CEH-
COPOB He SAB/IAETCS A0COMIOTHO YCTONYMBBIM, €CTTU OTCYTCTBYIOT
IIOIIONHNUTE/IbHbIE aITOPUTMBI IPOBEPKY «KUBOCTI» [3, ¢. 70].

Moii BBIBOJI 3aKJTI0YAETCS B TOM, YTO JaKTUIOCKOIIMYeCKast
upeHTUGUKANVA 0CTaéTCA YA3BUMOIL Iepef] aTakaMy ¢ QU3u-
YeCKMM KOHTAaKTOM. HecMoTps Ha mporpecc B anmaparHON
qacTy, 1A 9pPeKTUBHOI 3aIUTHI TpeOyeTcs IporpaMMHOe
TOIOTHEHME: aHAMN3 TEeKCTYPbl KOXKI, TeMIIEPaTyPHOTO Mpo-
buna ¥ EMHAMIYECKUX XapaKTepUCTUK KacaHus. bes atux
(baKTOpOB fjaXKe YIBTPAa3BYKOBbIE CCTEMBI MOTYT OBITH 00011-
TeHbl. B 3TOM cMbIc/Ie OTIIEYaTKN IasIbIieB YCTYIIAIOT MNLIEBOI
OuoMmeTpuy, Iae MOANENIKY Yallle HOCAT LUPOBOI XapaKTep
U TpeOyIOT IHOTO MOZIXOfiA K 3allyTe.

danpcndukanys muLeBoil 6MOMeTPUY MMeeT CBOIO CIIeL -
buKy, OTIMYAOLIYIO €€ OT aTaK Ha OTHeYaTKy masnblieB. Ecin
PV FAKTUIOCKOIINY 37I0YMBIIUICHHUKY HeoOXxonuM ¢pusnde-
CKMIT KOHTAKT C IOBEPXHOCTBIO, IJje OCTAJICA CIIefl, TO AJist 06-
XOJja pacllO3HaBaHMA JIMIA HOCTATOYHO 1M poBOro nsobpa-
JKeHMA WIM BUJEONOTOKa. Ha HavaibHOM sTame pasBUTHUA
TaKye CUCTEMBI MOXXHO ObI/IO 0OMaHyTb OOBIYHOI (oTOorpa-
¢ueii, HarregaTaHHOI Ha 6ymare. [TogoOHbIe yA3BUMOCTY Mac-

COBO (PUKCHPOBAUCD B 9KCIIEPMMEHTAX UCCIIefioBaTeNell eIé
B 2010-x rogax. Ky/1KkoB IpsAMO yKasbIBaeT, YTO paHHUE aJITo-
PUTMBI He YMe/IM OT/INYATh PeaybHOe JINIIO OT er0 CTATHIHOTO
nsobpaxenus [5, c. 10].

Cutyanus ycIOKHWIACh C IOSBJIEHVEM TEXHOJIOTUI Te-
HepaTVBHOro MogemupoBanusa. CoBpeMeHHble HelpoceTH
MO3BOJIAIOT CO3[]aBaTh AMHAMMYHBIE M300Pa>KeHN JINII,
B KOTOPBIX VIMUTUPYIOTCS IBIDKEHUS I7Ia3, MUMUKA U JlaXKe
CUHXPOHM3aLUs C TOJI0COM. BOpOXKelKIMHa ONMCBHIBAET, KaK
UCIIO/Ib30BaHME I'eHePaTUBHO-COCTA3aTeNnbHbIX ceTeil (GAN)
J1aJI0 BO3MO>KHOCTD CO3[}aBaTh pealMCTUYHbIe «KUBBIe» JIUIIA,
KOTOpBIe CIIOCOOHBI 0OMaHYTh CTaHAAPTHBIE AITOPUTMBI [2, C.
20]. OTo memaeT aTakKy IHOTEHIVANbHO JOCTYIHO HE TONBKO
TeXHUYECKUM CIIeLMA/INCTaM, HO U IIMPOKOMY KPYIY IIONb-
30BaTesIell, TaK KaK MHOTVE MHCTPYMEHTbI TeHepaliyl HaXo-
IATCA B OTKPBITOM JIOCTYIIE.

ITpakTyuKa IpaBOOXPAHUTENbHBIX OPIaHOB HOATBEPXKAAET
CepbE3HOCTD 3TOI yrposbl. YamnbirnHa 1 MocKBu4eB OTMe-
YalOT, YTO B PO3BICKHBIX MEPOIPUATUAX CUCTEMbI JTUI[EBOI
61oMeTpuM MOTYT gaBaTb cOou mpu 06paboTKe BUAEO, U ITO
co3maér mouBy mA MaHumyaAnwit [6]. Hampumep, mopme-
JIAaHHOE BJJ,e0 MOXKET VICIIO/Ib30BAThCA /I CO3[JaHMA JIOKHBIX
[OKa3aTe/NbCTB WM JUIA OOXOfa CUCTeM KOHTPOJLA B Me-
CTaX IOBBIILIEHHOJ 6e30IacHOCTHU. B oT/n4ne oT 0THEeYaTKOB
HajblieB, I7ie aTaka TpebyeT MaTepuanbHBIX PECypCcoB U Ja-
60paTOPHBIX YCIOBUIL, MOJIe/IKA JINIIA MOXKET OBITD ITPOM3Be-
JileHa MCK/TIOYNTENTBHO 1M(POBBIMU METOAAMM, UTO CHIDKAET
HIOPOT BXOZA IJIS1 37I0YMbIIICHHIKOB.

CpaBHeHMe TaKTUIOCKOIIMYU U JHLEBOl OMOMETPUM BbI-
ABJIAET MPMHIVIIMAIbHOE pasnndye B Xxapakrepe atak. Ilop-
JieflIKa OTIIEYaTKOB TpeOyeT MaTepuaabHOTO HOCUTENA U B3au-
MOJIEICTBMA C CEHCOPOM, HO Pe3y/IbTaT OOBIYHO OrpaHNYeH
OJHUM YCTPOMCTBOM MM CUCTeMONM. B TO BpeMsa Kak Iu-
dpoBas panbcudukanusa muia ob6IagaeT BHICOKOM MAaCIITa-
6upyeMoCTbIO: OfiMH 1 TOT >ke deepfake MOXXHO MCIIONIB30BATDH
U1t 00XOfia pa3HBIX CUCTEM, OT COLIMATbHBIX CeTell ;O 0aHKOB-
CKMX cepBucoB. KapiaH nmogdyepkusaeT, YTO PUCK HEKOHTPO-
JIMPYeMOT0 pacIpOCTpaHeHNs (albIIMBIX 61IOMETPUIECKUX
JAaHHBIX 0COOEHHO BBICOK MMEHHO B 1ndpoBoM dopmare, mo-
CKOJIDKY OHU MOT'YT MHOTOKPAaTHO KOIIPOBAThCA 1 UCIIONb30-
BaThCs Oe3 moTepu Kavectsa [4, c. 208].

Moit BBIBOZI COCTOUT B TOM, YTO Yrposa IjiA JNLEBON
6uomeTpum ABIAETCA OONEee MAaCcCOBONl M TPYAHOOTCIIEKU-
BaeMOI1, YeM JI/Is OTIIeYaTKOB ajblieB. Eciu mopenka faktu-
JIOCKOIMM — 9TO TOUYEYHas aTaka, Tpebymomas HUs1IecKoro
crIefia, TO MOJ/IeTIKa JIMI[A MOXKET IIPeBPATUTHCA B MHCTPYMEHT
MAacIITabHBIX Kubeparak.

TexHomormyeckue BBI3OBBI CTUMYIUPYIOT Pa3paboTKy
HpPOrPaMMHBIX PeIIeHNIT, CIHOCOOHBIX MPOTHBOCTOATH Kak
¢dusudecknym, tak 1 unppossM panpcudpuxanuam. ORHUM
U3 K/IIOUEeBBIX HalpaBleHuii crana texHosnorus: liveness de-
tection — mpoBepka IIPU3HAKOB «KMUBOCTU» 00bekTa. B cn-
CTeMaX pacllO3HaBaHNA JIMIA OHA peau3yeTcs Yepe3 aHaIn3
MUKDPOJBVDKEHNUI I71a3, MOPraHUs, M3MEHEHVS BbIpa>KeHN,
a TaKKe dYepes MH(PaKpacHOe OCBelleHNe, MO03BOLIee
BBIABUTD IBYMEPHOCTb oTorpaduy mwim sKkpaHa. AMennyes
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yKasbIBaeT, 4TO HauboJee MepCIeKTUBHBIMU SABJIAIOTCS THU-
OpupHbIE METOBI, COUETAIONIe JOKAIbHBIN U II06ANbHbII
aHa/MM3 M300pakKeHNUs, UTO IIO3BOMAET BBIABIATH MUCKYC-
CTBEHHO CreHeprpoBaHHbIe (parMeHTHI [1, c. 7].

JIJIsl JaKTHIOCKOIMM aHAIOTMYHBIE MOAXObI BK/IIOYAIOT
IIPOBEPKY TEKCTYPBI KOXKY, I3MepeHIIe TeMIIEPATYPbI I [JaXKe
aHa/MM3 3TEKTPOIPOBOTHOCTM TKaHell. JIBaHOBa oTMeuaer,
YTO BHE[[PEHME ITUX METOJOB 3HAUMTENbHO YCIOXKHSIET VC-
HO/Ib30BAHNUE IOJfIe/IbHBIX OTIEYAaTKOB, ONHAKO YBEINUN-
BaeT CTOMMOCTbD YCTPOICTB [3, c. 71]. IIpo6nema 3mech 3axo-
qaeTcs1 B GajslaHCe: YeM BBIIIE YPOBEHD 3aIUTHI, TEM JOPOXKe
YCTPOJICTBO, YTO OTPAHNYNBAET MACCOBOE BHEIPEHIIE.

OtpenbHOE HaNpaB/ieHNe CBA3AHO C MIPUMEHEHUEM MYIIb-
THMOJATHHOI ay TeHTU(PUKALMM, ITIe 6MOMETPHS COUeTaeTCs
C Apyrumu GpaKTopaMu: maposieM, TOKEHOM WV Te0/IOKaLI e,
KynmukoB mogdepkmBaer, 4TO MMEHHO KOMOMHMPOBaHHbBIE
cXeMBbl 00€eCIIeYNBAIOT MAaKCHMAIbHYIO YCTOINYMBOCTH, TaK
KakK aTaka JO/DKHa IIPeOfjo/ieTh Cpa3y HeCKOIbKO 6apbepos [5,
c.13]. B 6ankoBckoit cepe y>xe MPUMEHSIOTCS pelleH s, ITe
K/IMEHT TOATBEPXK/IaeT TPAaH3aKI[MIO He TONbKO OTIIEYaTKOM,
HO 1 aHAJIM30M TO/IOCA, YTO 3HAUUTETILHO CHIDKAET BEPOSIT-
HOCTb YCIIEUIHOV IIOAIE/IKN.

JIuteparypa:

3HauMTeNIbHOE BHUMAHME YAEAeTCsA U IPaBOBOIL cdepe.
Kapias mmmreT o pycKax [eHTPaau30BaHHOTO XpPaHEeHs O10-
MeTpPUYECKUX TAHHBIX, IIPe/Iaras Iepexof K [eleHTPan3o0-
BaHHBIM CHUCTEMaM, Ifie MIa0IOHBI 0/Ib30BaTe/Iell HaXOATCA
TOJIDKO Ha UX YCTPOVICTBax [4, c. 207]. Takasa Mepa cHDKaeT
BEPOATHOCTb MACIITAOHBIX yTe€YeK U JielaeT aTaKy SKOHOMU-
4ecKu MeHee OIPABIaHHON. 37ieCh Ba)XHO pasBMBATh CTaH-
JapTbl TECTHMPOBAHMA OMOMETPUYECKUX CHUCTEM, KOTOpbIe
00s13bIBaIN OBl IIPOM3BOAUTENEI IIPOBEPSTh YCTONYNBOCTD
CBONX pelIeHMiI K pa3/IMYHbIM BUfIaM aTaK Iepesi KoMMepye-
CKVIM BHE[[pEHMEM.

Mow npeioXKeHNsA 3aK/II0Yal0TCs B TPEX HalpaBIeHMAX.
Ileppoe — pasBUTME HAIMOHATBHOI HPOTPAaMMBI CEPTH-
¢buKanyy 6MOMeTPUYECKMX PeIIeHWiT ¢ 00513aTeNbHOI Mpo-
BepKOI1 Ha yCTOIUMBOCTb K arakam deepfake n 3D-kommsm
oTredvaTkoB. Bropoe — BHeApeHue 0643aTETBHOTO MHOTO-
(haKTOpHOrO IOAXOfja B KPUTUYECKU BaXXHBIX cepax: O6aH-
KOBCKOM CEKTOpe, 3[[paBOOXpaHeHNUM, Tocycnyrax. Tperbe —
IpOCBelleHNe IO/b30BaTeNell O PUCKaX OMOMeTpUYecKoil
ayTeHTU(UKALMKM U HeOOXOJUMOCTb MIOMOMHNUTENbHOI 3a-
muUThL. Be3 aTMx mMIAroB faxke caMmble COBEpIIEHHbIE aJIro-
PUTMBI OKQXXYTCSI YSI3BMBIMIL.
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TEXHUYECKUWE HAYKU

"epCHEKTVIBbI NMPUMEHEHUA INEKTPUYECKUX PAKETHbIX
ABUratenen B KOCMUYECKUX afnaparax

N6atynnuu ApTyp PuiatoBuy, cTyaeHT
MocKoBCKHMI roCyAapCcTBEHHbIN TEXHUYECKUiA yHuBepcuTeT nmeHun H. 3. baymaHa

B cmamuve paccmompenvl nepcnekmuevl npuMeHeHUs MeKMPUUecKUx pakemnolx 0suzameneti 6 KOCMU4eCKUxX annapamax.

He]lb UCCed08aHUST 3aKIIOUACMCS 8 cucmemamudauuu onpeaeﬂeﬂuﬂ ANIEKMPUHecKo2o paxemHo2o 63ueameﬂﬂ, ucmopu1eckozo

KOHMeKCMa ux co30aHus u Kﬂaccu¢m<az4uu. Hposobumc;l CpasHeHue xapakmepucmux u NPpuHyUnos pa6omw INeKMpudecKux

pakemmbvix dsuzameneii U HUOKOCHHbIX pakemHvlx dsuzamerneil. Pesynomam pabomol 3axnouaemcsi 8 demoHcmpayuu Iggpex-

MUBHOCU U Ueneco0OPASHOCU UCNONb308AHUS INEKMPULECKUX PAKEMHbIX 08Uzamerneli 8 08U2AMENbHbIX YCMAHOBKAX KOCMU-
uecKUX annapamos u 0715 peuieHust 3a0a4 no00epHcanust NPOPUIs opoUMbL KoCMuteckux cmanyuti. Boicoxuil yoemvHviii umnynvc,
IKOHOMUUHOCTD PACcX00a pabouezo mesia 0enawm dneKmpudeckue pakemuole 08uUeaMmMent ONMUMAIbHOIM PeuteHuem 07 HPooos-
HCUMENIDHVIX MUCCUTE, OTKPLIBAS HOBbLE B03MONCHOCIY 0TI NPOEKMUPOBAHUS KOCMUHECKUX ANNnaparmos.

Kntouesvie cnosa: 3JzeKmpw4eCKu12 paxemelZ aBMZtlmeilb, XON/I06CKUTL aeuzameﬂb, cmauuo;—tapﬂwﬁ NAa3MeHHbLLL a&’uZdWle}Zb,

KocmuuecKutl annapam, mexHuxKo-aKOHoOMu4ecKkast 3¢¢€Kmu6HOCT’Hb, pakemHo-KocmuUdeckas mexHuxa.

BBepeHue

B Hacrosmee BpeMs 3/MeKTpUYECKMEe pPaKeTHbIe J[IBUTa-
ter (OP]]) MWMpPOKO NPUMEHSIOTCSA B JIBUTATENTbHBIX yCTa-
HOBKaX KocMM4eckux anmapatoB (KA), BHINOTHAA BaXKHYIO
ponb B ynpasieHny nonoxxkenreM KA B yClToBUAX KocMide-
CKOTO IIPOCTPAHCTBA. AKTYaJIbHOCTH PabOTBI 00OYCIOBIEHA
6onpinm unciom KA, caabkennsix OP]]. Hanpumep, 676 KA
II0 COCTOSAHMIO Ha 22 Mapra 2023 ropa sKCIIyaTMpPOBalINUCh
B KocMoce ¢ npoaykuueit AO «OKb «®aken», 0cCHOBHOI! Ipo-
mykuyel kotoporo sasnATcsa OPI [1].

ITocranoBka 3agaun. Takum 06pa3oM, Ielb TAHHOI pa-
OOTBI 3aK/I0OYaeTCsA B aHaIM3e VM CUCTEeMaTU3alVM 3HAHUI
o nepcrnexkTuBax npumeHeHns OP]] B coBpemenHbix KA. [Ina
TOCTIDKEHMS 1€/ ObIIV IIOCTAB/ICHDI CIeAYIOLyie 3aKaqi:

— IpoBecTM cucTeMmatusaumio ompegpenenusa IOPI, pac-
CMOTPETD MCTOPUIO MX CO3TAHNUS I KIacCUUKALINIO;

— BBIABUTD IpeuMylecTBa 1 HepoctaTky IP] mo cpas-
"ennio ¢ JKPII;

— 000CHOBATb L]e71eCO06PasHOCTD U 9P PEKTUBHOCTD JC-
nonb3oBaHuA IP]] B KocMudeckux anmaparax 1 MOAYIAX Op-
OMTAIBHBIX CTAHIINIL.

OcHoBHas yacTb
OnexTpuveckuit paketHsiit gsurarens (IPI) — aro pa-

KeTHBI IBUTATe/b, MICIIO/Ib3YIOLINI 3/1eKTPUYECKYIO0 SHEPIHIO,
HOJTy4eHHYIO OT 6OPTOBOIT SHEPrOYCTAaHOBKM (COMHEYHbIE Oa-

Tapey M aKKyMY/IATOpHBble OaTapey), B KaueCTBe BHEIIHETO
VICTOYHMKA 3HePTUM JJIA YCKOpeHMs BhIOpachiBaeMoro pabo-
4ero Tesna.

B 1911 romy Koncrantun O9pyapmoBuy LImMonxoBckuit
BIepBbIe chopmy/poBan uaeto npumenenust SPJI. O mucan
00 VICIIOIb30BAHNI INEKTPUIECKUX CVJI IS CO3MAHNS Peak-
TuUBHON TAATU [2, 3]. B 1916-17 romax Pob6ept Togpmapn mpo-
BOJMJ/I ONBITHI, NOATBEPAVB BO3MOXKHOCTb JICIIO/NTb30BaHNA
9NIEKTPUYECKON 9HEPTUM /I IOMyYeHUs PEAKTUBHON TATU
[4]. B 1929 rony Tepman ObepT B cBOeil KHUTe MNCAT PO
xapakTepuctukn paborst SPII [2]. B 1929-33 romax Ba-
nentuH IlerpoBuy Iimymko cosman ImepBblil SKCIIEPUMEH-
TaJIbHBI 9MIEKTPOTEPMIYECKIIT PaKeTHDI IBUTATeNb [4, 2].
B 1964 rony BrepBbIe B ToyeTe ObIT MCIOMb30BAH 3MEKTPO-
MaTrHUTHBI/ MMIIYAbCHBIA PaKeTHDI IBUTaTe/lb, YCTAaHOB-
7eHHbIn Ha coBeTckoM KA «3onm-2» [4, 3]. B 1964-65 rogax
B CIIIA 6bUIM MUCIIBITaHBI 3TEKTPOCTATUYECKUIL 1 MTEKTPO-
TepMUYECKNII paKeTHbIe JBUTATENN, COOTBETCTBEHHO [4]. B
1966 rogy B CCCP 6pimn IpoBefieHbl KOCMUYECKVIE CIIBI-
TaHMA MOHHBIX fiBurarenei [2]. IIpakTndeckoe npuMeHeHMe
cranuoHapHbIxX muasmenusix aBurateneit (CIIJT) B kocmu-
veckux anmaparax (KA) nagamocs B CCCP c¢ 3amyIjeHHOro B
1971 ropy cnytHuMKa «MeTeop-1-10» ¢ MIasMeHHBIM JBUTA-
tenem «don-1» (CIII-60) [5, 3]. C Tex mop MHOXecTBO DP]]
ObIIM ycTaHOB/IeHBI Ha KA.

[maBapiM otnmmamem IPIl ot JKP]I saBnseTcs mcronb3o-
BaHlE BHEIIHEIO MCTOYHMKA SHEPIMUM — 3NIEKTPUIECKON
SHePTUy — I CO3[AHMA TATHK [6].
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Pa6ouee Termo (yckopsiemoe Bejectso) B KPJ] — ato npo-
IYKTBI CTOPaHMs KOMIIOHEHTOB PAKeTHOTO TOIIMBA (BBICOKO-
KaJIOPUITHBIX CMecell), a MCTOYHMK SHEePTUM /L1 YCKOPEeHMA
BBIOPACHIBAEMOro pabodero Tema — XMMUYECKas SHEPIys
KOMITOHEHTOB pakeTHoro Torusa [2]. B JKP]] pasrou pa6o-
Yero Teja OCYyILIeCTB/IACTCA 3a CUeT XMMMUIECKOIT SHEPINH, 3a-
IIACEHHOJI B KOMIIOHEHTaX PaKeTHOTO TOIUIMBA M BbIJIENAIO-
I[eJICsT IPY X CTopaHuiu [6].

B OP]] pabouee Temo M UCTOYHUK IHEPIUU Pa3Je/IeHBL
Pa6bounm Tenom siBsieTcst mHepTHbI ra3 (mst CIII), a nc-
TOYHMKOM 3SHEPIMM CIIY>KUT 3MEeKTpUdecKass SHepTusd, Io-
Jy4eHHas OT CONMHeYHBIX Oarapeit KA. Omexrpuueckas
9HEpIMs HeoOXoAyMa I MOHM3ALVUM Tra3a U YCKOPEeHUs
VIOHOB rasa.

InaBHoe mpemmymectso OPJ] nepen JKPII sakmodaeTcs
B BBICOKOM Y/€/IbHOM MMIIY/IbCE MCTEYeHUsI PAbOUero Tena.
Hampumep, ymenpHbII UMIyIbC TOIMBHOMN mapbl JKP]I kic-
nopof-kepocuH cocTapusgeT 3300 M/c, a yHeNTbHBI MMITYIbC
OP]I MOXeT NpeBBIIIATh STOT MOKa3aTelb Ha MOPSOK [7, 6].
Bropoe npeumymectso IP]] sakmoyaeTcad B TOM, YTO BBI-
COKUII Y[e/NbHBII UMIIY/IbC BefieT K 3HAUUTe/IbHOMY COKpa-
I[eHNI0 TpeOyeMbIX 3amacoB pabodero Tema. B-tpersux,
Bpems pabotsl DPII mocTmraet mecATKOB ThHICAY YacoB. Ha-
npumep, BpeMsa paborsl gsurarens CIII-140] cocrasmser
cebinte 19000 wacos [1]. JBurarens CIIJI-140]1 npencrasnen
Ha pucyHke 1.

OCHOBHOII HEOCTATOK, mpucyiuit OP]I, BK1odaeT B cebs
HU3KyI0 TAry (5-500 MH) 13-3a orpaHmyeHns reHepupyeMoir
anexkrposnepruu Cb [3]. Hanpumep, Tsra, pasBuBaemMas ABU-
rarenneM CIII-140[1, coctaBmser 271 MH. Bropoit Hepo-
CTAaTOK — 3TO 3pO3MA pas3pAfHOro KaHasa. IIpuunHa 3akmo-
JaeTcs B TOM, YTO BBICOKOIHEpreTHdecKye MOHBI pabodero
Tesa 6OMOAPAMPYIOT CTEHKM KaHasIa, BHIOMBAs YaCTULIBI Ma-
tepuana [10].

[To npunnumy pevictBua OPJIl menATcsa Ha deThIpe OC-
HOBHBIX Kimacca [11, 3]. VI3 Bcex tunos IP]] nanbonee orpa-
6O0TaHBI U YaCTO UCIONb3yIoTCA B KA MOHHBIE U XOTIOBCKHUE
Omarogaps CBOMM OTHOCHUTEIBHO BBICOKMM 9KCIUTyaTaly-
OHHBIM XapaKTepUCTUKaM. TakmM, KaK yHe/IbHbIA VMITYIIbC,
KIIII n pecypc. Pexxe 1cnonb3yroTcs 3mMeKTpOTEepMIYECKIe

U UMIY/IbCHbIE ITIAa3MEHHBbIE [BUTATeNM, B OCHOBHOM Ha
manbix KA [14].

Cymectsyer Tpu tuna KA: apromaruyeckue KA, xocmu-
vyeckue Kopabnu u opburanpusle cranunu [12]. Kak BugHo 13
ncropuy, DP]] mmpoko nprMeHA0TCA B aBTOMaTndecknx KA,
He IPUMEHSIOTCA Ha MIIOTYPYEMBIX KOCMUYECKUX KOPaOIAax
M eOVHOX/Bl OBUIM IIPUMEHEHBI B MOAYIe OpOUTaNbHOM
CTaHIUN.

Ilepsobiit B Mupe ciyvait npumeHenusa OP]I pna nopmep-
JKaHMSL OpPOUTBI KOCMUYECKON CTaHIMM OTHOCUTCS K Kutait-
CKOII KocMmdyeckoil craHiyy «Taueryn». OPIY 6aszosoro
Mopynsa «TAHBX9» COCTOMT U3 YeTBIPEX XO/UIOBCKUX JIBU-
rateneil. B cmydae HempepsiBHON paborsl OPII BbicoTa op-
6uThl cTaHiuy «TSAHBIYH» YMeHbLIAETCS HA 7 KM B Te€UeHIe
100 mHeit. Bes ncnonsaosanusa OP]] BbicoTa OpOUTa yMEHb-
maercs Ha 30 kM 3a 100 gHelt. Vicnonb3oBanue Pl momoraet
3aMeTHO 3aMefIINTh OpOUTaIbHBI criaj] cTaniuu. Taxke OP]]
sKOHOMHUT He MeHee 800 KI XMMIYEeCKOTO TOIUIMBA B TOfL I/
JKP[I, cHU3YB faB/ieH1e Ha TPAHCIOPTHBII IPY30BOIi KOPabyb
«Tsapwkoy» [13]. ITO KOKAa3BIBAET AKTYa/TbHOCTD BHEPEHNIs
OPJI 11 MOy CTAaHLIMM.

3aknoyeHue

Takum ob6pasom, B pesynbrate pabOTbl ObUIM paccMo-
TPEHBI IePCIIeKTVUBbI IPUMEHEHN 3/eKTPUYECKUX PaKeTHBIX
ABUTATeNIell B KOCMIYeCKNX anmaparax. CucTeMaTu3upOoBaHbl
ompepenenre JP]I, ncroprdecknit KOHTEKCT X pa3paboTKm
n xnaccuduxanyy. CpaBHeHMe XapaKTePUCTUK U IPUHIUIIOB
pa6orsr OPII u JKP]I mpopeMOHCTprpOBa BBICOKYIO 9 dek-
TUBHOCTDb U Iielecoob6pasHocTh ucronbsoBanusa OP]I. Bra-
rofaps BBICOKOMY V/eIbHOMY MMIYIbCY U 9KOHOMUYHOMY
pacxony pabouero Tema, SPJI ABIAIOTCS ONTHMAIBHBIM pe-
IIEHVEM /ISl MPOO/DKNUTEIbHBIX MIUCCHUIL, OTKPbIBAas HOBbIE
BO3MOXHOCTY I/ HPOEKTMPOBAHMA KOCMMYECKMX aIlla-
paroB ¥ peanusanuy aMOMLIMO3HBIX KOCMIYECKIX IPOEKTOB.
B 6ynymeM cTonT 0oXMpaThb 6oJee IIMPOKOTO IPMMEHEHMs
9Pl B caMbIX pPa3HOOOpAsHBIX O06/MACTAX KOCMOHABTMKINL.
Hampumep, ucnonbzosanne SPI] B MOAy/IsAX OpOUTaNIbHBIX
CTAHILNIL IS TIOfifiePXKAHNsI OPOUTBI CTAHIINIL.

Puc. 1. Cnesa — CMA-140[ [8], cnpasa — CMA-140[ B npouecce pa6otbi [9]
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Safety Innovations in UV/LED Nail Systems:
Sensors, Adaptive Control, and Light Management

Morozova Yelena Valentinovna, PhD (Engineering Sciences), associate professor
Moscow Polytechnic University

The widespread adoption of UV and LED curing systems in professional and home nail services has significantly accelerated po-
lymerization processes but has also raised persistent concerns regarding photobiological safety, thermal effects, and cumulative expo-
sure risks. This paper examines recent safety innovations in UV, LED, and hybrid UV/LED nail systems with a specific focus on sensor
integration, adaptive process control, and optical light management. The study synthesizes contemporary academic and technical liter-
ature on radiation safety, photopolymerization kinetics, and smart control architectures used in cosmetic devices. Particular attention
is paid to emerging concepts of intelligent nail lamps equipped with proximity sensors, narrow illumination zones, automated curing
control, and reduced exposure times approaching 20 seconds. A comparative analysis of lamp technologies is presented, along with
a review of current international regulatory standards governing non-medical UV-emitting consumer devices. The results demon-
strate that the latest generation of intelligent UV/LED systems can reduce cumulative UV dose by an order of magnitude compared
with legacy fluorescent UV lamps while maintaining or improving curing efficiency. The findings indicate that sensor-based adaptive
control, spectral optimization, and physical light confinement represent the key technological directions shaping the future of safe pho-
topolymer curing in the nail industry.

Keywords: UV nail lamps, LED curing, adaptive control, photopolymerization safety, UV exposure management, smart cosmetic
devices.
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1. Introduction

Photopolymer-based nail coatings have become a domi-
nant technology in professional manicure and pedicure ser-
vices over the past two decades. The transition from air-dried
lacquers to UV- and LED-curable gel systems fundamentally
altered both the workflow and the physical exposure environ-
ment of nail technicians and clients. Early ultraviolet curing
units relied on low-pressure fluorescent UV tubes emitting
broad-spectrum ultraviolet radiation with relatively low irra-
diance and long exposure requirements, often exceeding two
minutes per layer. While highly effective in initiating polymer
cross-linking, these systems exposed the entire hand to sig-
nificant doses of UVA and, in some designs, residual UVB ra-
diation, which is known to contribute to photoaging, DNA
damage, and potential carcinogenic risk under repeated expo-
sure conditions (Diffey, 2012; Curtis et al., 2013).

The subsequent introduction of LED-based curing lamps
marked a major technological shift. High-power light-emitting
diodes emitting in narrow UVA bands centered around 365
and 405 nm enabled faster and more energy-efficient curing
while eliminating most UVB output. This transition sub-
stantially reduced both exposure time and the spectral range
of emitted radiation (Stern et al., 2017). Nevertheless, even
modern LED systems continue to irradiate relatively large skin
areas, and they typically employ fixed timers without real-time
feedback on the polymerization state. As gel formulations
evolved toward higher photoinitiator sensitivity and thicker
builder structures, new challenges emerged involving localized
overheating, incomplete curing in shaded geometries, and per-
sistent concerns about cumulative UVA dose.

In parallel with developments in industrial automation and
the Internet of Things, cosmetic devices have increasingly adopted
embedded sensors, microcontrollers, and adaptive algorithms. In-
telligent UV/LED nail systems represent the convergence of pho-
topolymer chemistry, optoelectronics, ergonomics, and real-time
control. These systems aim not only to increase curing speed but
also to minimize biological risk by constraining radiation to the
nail plate, dynamically regulating irradiance, and terminating ex-
posure automatically when polymerization is complete.

Against this backdrop, the present study analyzes recent
safety-oriented innovations in UV/LED nail curing systems,
situating them within the broader framework of radiation pro-
tection standards, optical engineering, and smart device design.

2. Method

This study adopts a qualitative-quantitative analytical ap-
proach based on systematic review and comparative technical
evaluation. Peer-reviewed articles on UV radiation safety, LED
photopolymerization, and cosmetic device engineering pub-
lished between 2012 and 2024 were examined. Databases in-
cluding Scopus, Web of Science, PubMed, and IEEE Xplore
were used to identify relevant sources using combinations of
keywords such as “UV nail lamp safety,;” “LED curing photo-
polymer;” “UVA exposure cosmetics,” and “adaptive control

UV devices” Regulatory documents from international stan-
dardization bodies were also analyzed, including guidance
from the International Electrotechnical Commission, the In-
ternational Commission on Non-Ionizing Radiation Protec-
tion, and the U. S. Food and Drug Administration.

In parallel, engineering design principles underlying intel-
ligent nail lamp prototypes were evaluated using publicly avail-
able patent by Julia Gorbacheva disclosures and technical descrip-
tions of sensor-driven UV/LED systems (Gorbacheva, 2025).
Performance metrics extracted from these sources included spec-
tral emission ranges, irradiance levels at the nail surface, curing
times, thermal characteristics, and exposure management strate-
gies. A comparative safety table was constructed to synthesize dif-
ferences between traditional fluorescent UV lamps, standard LED
lamps, and intelligent UV/LED systems with adaptive control.

The methodological framework also incorporated established
radiometric risk models for UVA exposure, allowing relative UV
dose per manicure session to be estimated as a function of irradi-
ance, exposure time, and exposed skin area. While absolute do-
simetric precision requires controlled laboratory measurements,
the comparative approach used here provides a robust basis for
evaluating relative safety performance across lamp types.

3. Results

Traditional ultraviolet nail lamps employ mercury-based
fluorescent tubes emitting a broad spectrum dominated by
UVA between approximately 320 and 400 nm with a non-neg-
ligible UVB component. Their relatively low radiant intensity
necessitates long exposure times to achieve sufficient photoini-
tiator activation within gel matrices. Standard curing cycles of
120 seconds per layer were historically common, leading to cu-
mulative exposures of 8 to 10 minutes per manicure session.
Fluorescent lamps also exhibit significant thermal inertia, pro-
gressive output degradation, and limited bulb life, typically
below 500 operational hours (Diffey, 2012).

LED nail lamps replaced fluorescent tubes with solid-state
UVA emitters characterized by narrow spectral bands and
much higher irradiance (Gorbacheva, 2025). Modern LED ar-
rays typically operate at peak wavelengths near 405 nm or dual
combinations of 365 and 405 nm to accommodate diverse pho-
toinitiator systems. As a consequence, curing times per coat
dropped to 30 to 60 seconds, and overall UV dose per session
decreased accordingly (Stern et al., 2017; Schoon, 2018). How-
ever, most commercially available LED lamps remain open-
chamber designs that irradiate the entire dorsal hand surface
without active confinement of the light field.

Hybrid UV/LED lamps integrate both fluorescent and LED
sources or employ multi-spectral LED arrays designed to em-
ulate the broader excitation profile of UV tubes while main-
taining the efficiency of LEDs. These hybrid systems extend
compatibility with legacy gel formulations but do not inher-
ently resolve the exposure management challenges associated
with large irradiated surface areas and fixed-timer operation.

Intelligent UV/LED nail systems constitute a distinct tech-
nological class. They are defined by three core features: the
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presence of proximity or optical sensors that detect hand place-
ment, adaptive control algorithms that regulate irradiance and
exposure duration in real time, and optical designs that con-
fine high-intensity radiation to a narrow, nail-focused treat-
ment zone. In these systems, curing times approaching 20 sec-
onds per layer are achievable through concentrated irradiance
and optimized spectral matching, while surrounding skin re-
mains largely shielded from direct UV flux.

Photobiological safety of UV-emitting devices is governed
primarily by limits on effective radiant exposure to skin and
eyes. According to ICNIRP guidelines, occupational exposure
limits for UVA are significantly higher than those for UVB, re-
flecting the lower erythemal and DNA-damage efficiency of
longer wavelengths (ICNIRP, 2013). Nevertheless, repeated
low-dose UVA exposure has been implicated in photoaging
and indirect genotoxic mechanisms mediated by reactive ox-
ygen species (Cadet et al., 2015).

For consumer cosmetic devices, safety requirements in-
volve not only wavelength selection but also control of irra-
diance, exposure time, and exposed surface area. The combi-
nation of these parameters determines the cumulative radiant
dose per session. Power ratings alone are insufficient indicators
of risk, as high-power systems can be safer than low-power de-
vices if exposure is brief and spatially confined. Current safety
engineering therefore emphasizes reduction of unnecessary
exposure through physical shielding, automatic shutoft mech-
anisms, and task-specific radiation targeting.

Thermal safety represents an additional requirement. Exo-
thermic polymerization reactions combined with high irradi-
ance can produce acute heat spikes at the nail surface, leading
to discomfort or, in rare cases, thermal injury. Adaptive power
modulation and low-heat curing modes are increasingly incor-
porated into intelligent systems to mitigate this effect without
sacrificing polymerization completeness.

Recent intelligent lamp designs integrate infrared prox-
imity sensors or optical detectors that activate the radiation
source only when the user’s hand is present within the curing
chamber (Gorbacheva, 2025). This eliminates idle emission
and prevents accidental exposure during insertion or with-
drawal. Microcontroller-based timing units coordinate LED
drive currents with sensor input, enabling automatic termina-
tion of exposure once the programmed or inferred curing end-
point is reached.

Advanced systems further employ adaptive algorithms that
modulate irradiance dynamically. Low-heat modes gradually
ramp LED power during the first seconds of exposure, limiting
the rate of temperature increase at the gel interface. Some de-
signs infer curing progress indirectly through analysis of re-
flected UV intensity or changes in electrical characteristics of
the LED-gel system, enabling early termination of the curing
cycle when polymerization is complete.

Optical light management is achieved through architectural
confinement of the radiation field. Instead of illuminating a flat
platform beneath the entire hand, intelligent lamps typically
use arched chambers with reflective interiors and raised hand
rests that position only the nail plates within the zone of peak
irradiance. Opaque, UV-absorbing housing materials suppress
lateral leakage and protect both the user’s eyes and the peri-
ungual skin. This concept of a narrow directional illumination
zone represents a fundamental shift from area-based to tar-
get-based radiation delivery.

A synthesis of key safety and performance metrics across
lamp technologies is presented in Table 1. This comparison
highlights both the dramatic reduction in curing time and the
corresponding decrease in cumulative UV exposure achieved
by intelligent UV/LED systems.

These data demonstrate that intelligent systems achieve not
only faster curing but also a qualitative shift in exposure manage-

Table 1. Comparative characteristics of nail lamp technologies with respect to safety and curing performance

Traditional UV Standard LED Intelligent UV/LED
Parameter Parameter
Lamp Lamp System
Dominant emission spectrum Broad UVA with | Narrow-band UVA Dual-band UVA Dominant emission spectrum
P residual UVB (~405 nm) (365/405 nm), no UVB P
Typical power rating ~36 W ~48 W ~54 W Typical power rating
Average curing time per layer ~120s ~30s ~20s Average Cgry];]? time per
Estimated tota!l exposure per 8-10 min 223 min 1 min Estimated tota}l exposure per
manicure manicure
Spatial confinement of radi- None, entire Partial, open High nails-only zone Spatial confinement of radi-
ation hand irradiated chamber gn. Y ation
Sensor-based auto activation Absent Optional Standard Sensor-basigoiuto activa-
Adaptive power modulation Absent Rare Standard Adaptive power modulation
Thermal management Limited Moderate Active cooling and Thermal management
low-heat mode
Bulb or emitter lifetime ~500 h >50,000 h >50,000 h Bulb or emitter lifetime
Relative cumulative UV dose High Moderate Very low Relative cumulative UV dose
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ment. By integrating optical confinement with adaptive timing,
they decouple curing efficacy from unnecessary skin irradiation.
Relative UV dose per session may be reduced by up to an order
of magnitude compared with legacy fluorescent UV lamps, a re-
sult consistent with dermatological risk modeling under conser-
vative exposure assumptions (Curtis et al., 2013; Diffey, 2012).

International regulation of UV-emitting cosmetic devices
falls at the intersection of photobiological safety and consumer
product safety. The IEC 62471 standard classifies lamps and
lamp systems according to photobiological risk to eyes and skin
and establishes exposure limits based on spectral weighting
functions (IEC, 2006). Most LED nail lamps fall within the
exempt or low-risk groups under normal operating conditions,
provided exposure durations are consistent with manufacturer
instructions.

In the United States, the FDA regulates nail curing lamps as
non-medical radiation-emitting electronic products under the
Federal Food, Drug, and Cosmetic Act. While premarket ap-
proval is not required, manufacturers are responsible for com-
pliance with performance standards and for providing ade-
quate user warnings. In the European Union, conformity with
the Low Voltage Directive and the General Product Safety Di-
rective is mandatory, and CE marking is contingent upon risk
assessment that includes photobiological evaluation.

Recent regulatory trends emphasize not only compliance
with spectral and irradiance limits but also the implementation
of engineering controls that reduce foreseeable misuse. Auto-
matic shutoff functions, sensor-based activation, and shielding
against stray radiation are increasingly regarded as elements of
best practice rather than optional enhancements. This shift par-
allels regulatory developments in other consumer UV devices,
such as tanning equipment, where engineering controls have
become central to risk mitigation frameworks (WHO, 2016)

4. Discussion

The results indicate that safety innovation in UV/LED
nail systems is driven primarily by three converging techno-
logical trajectories. The first is spectral optimization, whereby
dual-band UVA emission precisely matches photoinitiator
absorption peaks while eliminating unnecessary short-wave-
length components (Gorbacheva, 2025). This approach maxi-
mizes curing efficiency per unit dose and minimizes collateral
biological effect. The second trajectory is adaptive exposure
control through sensors and microcontrollers. By synchro-
nizing radiation output with real-time user interaction and
curing progress, intelligent systems remove dependence on
fixed timers and human vigilance as the primary safeguards
against overexposure. The third trajectory is optical and ergo-
nomic light management, which fundamentally reconfigures
the geometry of irradiation from area-wide to target-specific.

References:

The concept of a narrow directional illumination zone is
particularly significant from a radiation protection stand-
point. Traditional open-chamber designs irradiate anatomical
regions that have no functional need for exposure but never-
theless receive a biologically relevant UVA dose. By confining
high-intensity radiation to the nail plate and simultaneously
shielding non-target tissue with UV-absorbing housings, intel-
ligent lamps apply principles long established in medical pho-
totherapy and industrial laser safety to the cosmetic domain.

Thermal management further reinforces the safety pro-
file. Exothermic polymerization reactions are unavoidable in
gel curing, but adaptive power modulation prevents rapid tem-
perature gradients that cause discomfort. From a materials sci-
ence perspective, this also improves polymer network homo-
geneity and reduces internal stress accumulation, potentially
enhancing coating durability.

The integration of smart control architectures in cosmetic
devices reflects a broader trend toward cyber-physical systems
in consumer products (Gorbacheva, 2025). Sensor-driven au-
tomatic operation not only enhances safety but also standard-
izes curing outcomes by reducing operator-dependent vari-
ability. This is particularly relevant in high-throughput salon
environments where human timing errors and inconsistent
hand positioning can compromise both safety and quality.

5. Conclusion

The evolution of UV and LED nail curing technology illus-
trates a clear transition from simple radiation sources to in-
telligent, safety-oriented photopolymerization systems. Tra-
ditional fluorescent UV lamps, while historically effective,
present inherent limitations in exposure control, spectral se-
lectivity, and thermal management. Standard LED lamps sub-
stantially improve upon these parameters, yet still rely largely
on fixed-timer logic and open irradiation geometries. The
latest generation of intelligent UV/LED systems incorporates
sensor-based activation, adaptive power regulation, and pre-
cise optical confinement to minimize unnecessary UVA ex-
posure while achieving curing times as short as 20 seconds
per layer.

These technologies collectively redefine safety in cosmetic
photopolymerization by shifting from passive risk limitation to
active exposure governance. Current international standards in-
creasingly align with this paradigm by emphasizing engineering
controls and predictable exposure reduction. Looking forward,
further integration of real-time optical feedback, machine-learn-
ing-based curing optimization, and advanced ergonomic design
is likely to shape the next phase of development. Intelligent nail
systems thus represent not merely incremental improvements
but a structural transformation in how radiation-based cosmetic
devices balance performance with photobiological safety.
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TpaHcdopmayma NNaHUPOBAHUA NePEeBO30K: POJib ABTOMaTU3UPOBAHHOMA
cUCTeMbl BeieHUA rpauKa UCNONHEHHOro ABUXEHUA HOBOro
NOKONEHUA B MOAEPHU3ALUMU IKeNle3HbIX A0por

Monetaesa MonuHa PenoposHa, CTYAEHT
HayuHbiii pykoBogutens: Camoiinosa Mpuna MuxaiinosHa, cTaplwmin npenogaearenb
Poccuiickuii yuusepcutet TpaHcnopta (MUNT) (r. Mocksa)

B cmampve paccmampusaemcst Hedperuie AsmomamusuposanHoil cucmemot 6e0eHUs 2papuKa UCHOTHEHHO20 0B8UNEHUS HO-
8020 nokonenust (AC I'VI]] HII) kax Kxm04e6020 UHCHPYMEHMA UUPPOBUIAUUL KHeNe3HOO0PONCHO20 MPAHCNOPMa, aHATUSUPY-
10MCA €€ PYHKYUOHATbHDIE 803MONCHOCTNU, NPEUMYULECINBA UHIMEZPAL UL 6 NOTIUSOHHYI0 MOOENb YNpaesneHus u oxudaemoie -
exmul 071 NOBvIEHUS IPPeKmMUBHOCM U Nepeso30oK.

Kntoueswvie cnosa: scenesnodopoxcruiii mparcnopm, yugposusavus, AC I'VJ] HII, ynpasnenue dsuxceruem noe3008, naaru-
posatie nepeso3oK, NOIULOHHOe YNpaessieHue, CK603HOT 2padux, asMoMaAmu3ayus NPoueccos, ONMUMUIAUUS Pecypcos, onepa-
UUOHHAS IPPeKMUBHOCND, UUPPOBAT MPAHCHOPMAYUS, NPOZHOZHAT AHANUMUKA, OUCHemYepcKoe ynpaseHue, MpancnopmHas

oeucmuxa.

BCOBpeMeHHbIX YCIOBUAX Pa3BUTUA TPAHCIIOPTHON CU-
creMbl Poccun >kenesHOTOPOXHBIN CEeKTOp BBICTYIAeT
BayKHEIIIVM 3B€HOM HallMOHAJIbHOI JIOTUCTUKI, 00ecIieunBa-
IOIMIM HE TONbKO BHYTPEHHME IPy30IIE€PEBO3KN, HO I TPAH3UT
Mexpny Espomoit m Asmarcko-TMXOOKeaHCKVM pPEerMOHOM.
PacTyme o6BEéMBI IIepeBO30K, IIOBbILIEHME TpeOOBaHUI
K CpOKaM [OCTaBKM ¥ HEOOXORMMOCTb CHIDKEHMUs Ollepalii-
OHHBIX M3JIep>KeK CTaBAT Iepefi OTPACIbIO 3a/lauy KapAHaIb-
HOTO II€PEOCMBICTIEHNS TIOfIXONOB K YIIPABIEHUIO IBVKEHUEM
1moe3fioB. TpaguIoHHbIe METOABI, OCHOBAaHHBIE Ha IOKAJTBHOM
IJTAHUPOBAHMM M PYYHOM PEryIMpOBaHUM, BCE MEHee COOT-
BETCTBYIOT BbI30BaM BpeMeH) — TpebyeTcs Iepexof K MHTe-
TPUPOBAHHBIM LM(PPOBBIM PELIEHVSIM, CIOCOOHBIM obecIie-
YUTb CKBO3HYI0 KOOPAMHAIMIO Ha BCell CeT >KeTe3HBIX I0POT.

B 3TOM KOHTeKCTe 0co60e 3HaUeH e IproOpeTaeT BHEAPEHe
ABTOMATM3MPOBAHHOI CUCTeMbI BefeHus rpadyKa UCIOTHEH-
Horo jBypKeHyst HoBoro nokonenust (AC I'VIJT HIT) — mpoekra,
IIPU3BAHHOIO CTaTh TEXHOIOTMYECKON OCHOBOI MOIEPHM3 AL
YIIpaB/IeHN:A Kele3HOLOPOXHBIM TPAHCIIOPTOM. B oTmmune ot
paHee [IeMICTBOBABIINX Pa3pO3HEHHBIX CUCTEM, pabOTABIINX
B rpanunax orgensHeix gopor, AC ITII HII cosmaér enmuyio
MHQOPMALMOHHYIO CPeRy, Ie B PeXMMe peanbHOro BpeMeH!
oTpakaeTcs: (aKTUYeCKOoe MCHOMHeHNe rpadrka, COCTOsSHIE
MHGPACTPYKTYPHI U TeKYyIiye OllepalIOHHbIE 3aaull.

KimoueBoe NpeMMyIecTBO CUCTEMbI 3aK/II0YaeTcsi B eé
AIATUBHOCTI: aJITOPUTMBI CIIOCOOHBI MTHOBEHHO pearnpo-
BaTh Ha M3MEHEHNUsA CUTYalMM, IIpefjiaras onTuManbHble Ba-
PUAHTBl KOPPEKTUPOBKY rpaduKa Ipy BOSHUKHOBEHUN He-
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IITaTHBIX cCUTYyanuit. Hanpumep, B cyyae 3a/iep>KKi Ha OJHOM
U3 YIaCTKOB CUCTeMa aBTOMATUYeCK IIePeCUUThIBAET PacIIu-
caHIe, MUHUMUSUPYs KaCKaAHBIN 3 deKT Ha MOCTeYOLNX
neperoHax. Takoil ypoBeHb OIIepaTVBHOCTY HEJOCTYDKIM IIpK
PYYHOM YIpPaBJIeHNUN, T/ie pellleHNsA IPUHIMAIOTCA Ha OCHOBE
OTpaHMYeHHOI MHGOpMALUy U CyOBEKTVBHOM OLEHKU JMC-
nerdepa. KpoMe Toro, mHTErpanys ¢ ApyruMu LuUQPpPOBBIMK
mrarpopmamu — Takumu kak EMJIIIIT n AC AIIBO-2 —
obecreyBaeT CHMHEPIUIO0 TEXHOIOTMYECKMUX PpelLIeHMI, II0-
3BOJIAA COITIACOBAHHO IIJITAHMPOBATH «OKHA» [N PEMOHTHBIX
paboT U yIMTBIBATD VX BJIVISHME Ha JBVDKEHUE II0e3[0B.
Ocobyro axryampHocTh BHepmpeHue AC IV HIT umeer
T TIOTUTOHOB C BBICOKOM MHTEHCUBHOCTDIO IBYDKEHNA, K KO-
TOpbIM OTHOCUTCA I0ro-BocTrouynas xenesHas jopora. 31ech
IVIOTHOCTD TpaduKa, KOHIIEHTPALUs IPY30II0TOKOB 1 CIIOX-
HOCTb MH(PACTPYKTYPBI TPEOYIOT MAKCUMATIbHON TOYHOCTI

E>¢eroaHan AMHaMM1Ka Y POBHA MapLupyTH3a LMK

IVIAHMPOBAHMUA U CKOPOCTM pearupoBaHMs. AHAIM3 IOKa-
3areneit 3a 10 mecanes 2025 roga IEMOHCTPUPYET ITOJIOXKMU-
TelbHbIE CABUTY: YIACTKOBas CKOPOCTb YBeIM4YMIach Ha 2,6
kM/4 (¢ 39,4 o 42,0 kM/4), cperHsist Macca 1oesjia BEIpoCia
Ha 32 TOHHBI, a IPOU3BOJUTEIBHOCTh paboyero mapka BO3-
pocia Ha 78 ThIC. TOHHO-KM OpPYTTO. DTU pe3ynbTaThl CTaIu
BO3MOXXHBI 671arofiapst KOMIUIEKCHOMY HOAXO[Y, BK/IIOYAio-
1leMy He TONbKO TEXHOJIOTMYecKye MHHOBAIVM, HO ¥ ONTHU-
MU3ALNI0 OM3HEC-TIPOLIECCOB.

BaXHBIM 9/IeMEHTOM IpeoOpasoBaHMII CTalO BHe-
IpeHue CUCTeMBbl IUIAaHMPOBAHMA JIOKOMOTMBHBIX Opuran
ACIIJIAH JIB 3, mo3BonuBIIENl COKPAaTUTb HEMPOU3BOIU-
TeJIbHBIE TI0Tepy paboyero BpeMeHn Ha 26,9 %.

[TapannenbHO HaOMIOKAeTCs YCTOMYMBBIN POCT YpPOBHSA
MaplIpyTU3aluu 1mepeBo3ok: ¢ 59,5 % B 2020 rogy no 64,2 %

B 2024 ropny.

+1,2%

B

595

-0,8%

Pocr yposHa
MapLIpyTH3aummu
cocTaBun

4,7%

2020 2021 2022

2023 2024

Puc. 1. inHammnKka ypoBHA MapLipyTU3aLuu

AKTUBHO€ VCIIONb30BaHMe «JOTOBOPHBIX HUTOK Ipadukar»
obecreunsio ycKopeHue JOCTaBKM Ipy3oB Ha 30 % 1 CHIDKeHMe
060poTa BaroHa Ha 3 CyTOK. OTHU JOCTIDKEHMSA CO3/AIOT 6/1aro-
npuATHBIN KOHTeKCT Ay uHTerpauuu AC I'M]T HIT, nockonbky
IeMOHCTPUPYIOT TOTOBHOCTb MH(PPACTPYKTYpPBl U HepCOHAIA
K paboTe B yCIOBUAX 1M POBOIL TpaHCHOPMAIIMNL.

Ha ¢one stux msMmeHeHMIT Ipopo/mKaeTcss MaclITabOHas
11pOBM3AIVS OIEPALMOHHBIX ITpolieccoB. BHempenne «Lu-
¢dposoro npuémocparunkar» (IITIC) mosBonuno aBTomaTusu-
poBaTh NPMEM BaroHOB, COKPATUB BpeMst OQOPMICHNUS 1 MU-
HYMI3UPOBaB dYejloBedecKuil ¢pakrop. Passurue

«Indposrix xenesnomopoxkubix craniui» (LPKC) oxsa-
TUIO KJIIOYeBble Y3JIBL CETHU, Ifie Telepb aBTOMATU3VPOBaHbI
omeparyy OT MaHeBPOBOI PabOTHI HO BefleHUsI OTYETHOCTIL.
ABTOMAaTH3MpPOBAaHHAA CUCTeMa YIpaBlIeHMA CTaHLMell HO-
Boro mnokonenns (ACY CT HII) crama undpoBbIM [BOII-
HMKOM CTaHIMM, 00ecrednBasi MPO3PAYHOCTb U IIPEHCKa-
3yeMOCTb BCeX TEXHOJIOTMYeCKuX IpoueccoB. Hampumep,
Ha [OpbKOBCKOJT MarucTpamyu K KOHIy Hos6psa 2024 ropa Ha
HOBYIO CMCTeMy Hepemno 97 % CTAaHIWIA, YTO NOATBEP>KAaeT
eé paboTocroco6HOCTD 11 3P PeKTUBHOCTD.

Addexrurocts AC TM]] HII MHOrOKpaTHO BO3pacTaer
mpu e€ MHTerpaluu B CUCTeMY IIOJMTOHHOTO YIIPaB/ICHMUA.
ITOT IOAXOp, IpefoIaraeT KOOpANHALMIO TAKTIYECKUX pe-
IIEHMI Ha YKPYHIHEHHBIX IIOJINTOHAX, BBIXOMAILIMX 3a Ipa-
HUIIBI OT/eBHBIX Jopor. Ero mpenmyniecTBa BKIIOYAIOT MU-
HYMU3AIVIO BINAHUA MeKIOPOKHBIX CTBIKOB, OITUMM3ALINIO

UCIIONIb30BAHMA TATOBBIX PECYPCOB U BO3MOXKHOCTD JJa/IbHETO
IIPOTHO3MPOBAaHMA IOfIBOJA T0OE3/I0B K IOPTaM M MEXIOCy-
JapcTBeHHBIM cThiKaM. OfHaKO peanmsalysl 3TOM MOTeNn
CTa/IKMBAETCS C PSJOM BBI3OBOB: IybnupoBaHyeM (QyHKINIT
MEXJy CeTeBbIMIU U PETVMOHANTbHBIMI AMPEKIVAMY, HETOCTA-
TOYHOJ IPOPabOTaHHOCTBIO pomu LleHTpanbHON AUpeKIn
(IYTI 11 []) n pa3MBITOCTBIO PEITTAMEHTOB B3aMMOJIENICTBISL.
ACTUI HII cnoco6Ha cTaTh TeM CaMbIM CBS3YIOLINM
3BEHOM, KOTOpO€ YCTPAaHUT WH(OPMAIMOHHbIE pPaspbIBBI
U 06eCIeYnT eNUHYIO OIEPATUBHYIO MOJIe/b ABIDKeHuUs. Jlis
LlenTpos ynpasnenusa nepesoskamu (LIYII) sro o3Hawaer
BO3MOXKHOCTb KOOPAVHMPOBATb paboOTy Ha OCHOBE aKTy-
QIbHBIX TaHHBIX, OIIEPAaTUBHO pasperaTtb KOH(IMKTHBIE CU-
Tyalluyl ¥ BHEAPATb PEryNMpPOBOYHbIe Mephl. PernonanbHble
AVPEKIVM ITONTY4aI0T MHCTPYMEHTBI [I/Is1 COBEPLUIEHCTBOBAHMA
IIPOLIECCOB yIIpaB/IeHNs, BK/I0Yas ONTMMMU3ALMIO IPOIYCKa
[I0€3/0II0TOKOB VI TAPAHTUPOBAHHOE OOeCIIeYeH e TATOBBIMI
pecypcamn. Ha Bcex ypoBHAX CTAaHOBMTCSI BO3MOYKHBIM II/Ta-
HUpOBaHNe «OKOH» C MUHMMAJIbHBIM BJIMsHMEM Ha rpaduk
ABIDKeHs Omaropaps uHTerpaunu ¢ cucremoit AC AITBO-2.
Buenpenne AC I'V]l HII B KOHType IOMUTOHHOTO YIIpaB-
nenus Ha IOro-BocToyHoI1 e/ne3Hoil Jopore MO3BOMUT 3a-
KPEeNNTb U IPEYMHOXUTD Y>Ke [IOCTUTHYThIE YCIIeXIL.: CUCTEMA
MIO3BO/INT CYIIECTBEHHO MOBBICUTD TOYHOCTD ITAHMPOBAHNA
Omarofaps BHePEHMI0 CKBO3HOIO BapMaHTHOTO rpaduxa,
KOTOPBINl OyfleT yYMTBhIBATh He TONBKO IIAHOBBIC 3aflaHMA,
HO ¥ (aKTUIeCKOoe JCIIONHEHNe, ONHOBPEMEHHO CHU3UB
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BIIUSAHME Ye/loBe4ecKoro Qakropa 3a CY€T aBTOMATM3ALUN
PYTMHHBIX OIlepaluil ¥ IpPeJoCTaBlAeHNs NMCIEeTYePaM WUH-
TE€/UIEKTYa/IbHBIX MHCTPYMEHTOB IOANEPXKKU NPUHATHUA pe-
IEHNUIT; KPOMe TOro, O1arofgaps afanTUBHBIM AJITOPUTMAM
VI MIHOBEHHBIM OIIOBEIEHMAM YHACTCA 3HAYUTEIbHO yBe-
JIMYNUTD YCTONYMBOCTD Ipadyka K HEIITaTHBIM CUTYaLMsM,
a TIpMMeHeHMe TIPOTHO3HOJ aHAIUTUKM 00eCIIeunT ONTUMMU-
3aIMI0 VICITOJIb30BaHNA BCEX KII0YEBBIX PECYPCOB — MOJBIXK-
HOTO COCTaBa, IOKOMOTUBOB U MHQPACTPYKTYPbl; B UTOTE 3TO
NPUBEJET K POCTY YAOBIETBOPEHHOCTU K/IMEHTOB, TaK KakK
CUCTEMA TapaHTUPYET INPO3PAYHOCTb OTCIAEKMBAHUA Iiepe-
BO30K, PUTMUYHOCTb JIOCTABKM I'PY30B U HEYKOCHUTEIbHOE
BBITIOJTHEHNE JOTOBOPHBIX 0653aTe/IbCTB

JIuteparypa:

Taxum o6pasom, AC TV HIT mpexcrasnser co6oit He
npocto IT-pemenne, a cTpaTermyeckuii MHCTPYMEHT TPaHC-
dbopmaruu kele3HOTOPOXKHO oTpaciu. Eé BHempeHue Ha
IOro-BocToyHOM HONMMIOHE CTAaHET Ba)KHBIM INArOM K CO-
3JaHMI0 K/IMEHTOOPMEHTUPOBAHHONM JIOTMCTUYECKOM CU-
CTEMBI, COYeTalolleil TEeXHONOTUYECKYI0 HPOABUHYTOCTh
U OIlepallMoHHYI0 3G eKTUBHOCTD. B mepcrekTuBe aTo mo-
3BOJINT He TONbKO PElINTh TeKylMe 3afadn (COKpalleHne 3a-
Iep>KeK, ONTYMU3ALVA PecypcoB), HO M 3aT0XKUTb OCHOBY
VI MHTeTpaluy B I700a/bHble TPaHCIOPTHBIE KOPUIOPEL
mepexofja K «yMHON» JIOTMCTUMKE ¥ TIOBBIIIEHMA KOHKYp€H-
TOCIIOCOOHOCTM POCCUIICKUX JKeJIe3HbIX HOPOr Ha MEXIYHa-
POIHOM pBIHKE.

1.  Coser gupexropoB OAO «P)KII» yrBepaun crpareruio nyudposoit Tpanchopmarym // OAO «PXK]I» [DnexTpoHHbI
pecypc]. — URL: https://www.rzd.ru/ru/9284/page/31022id=184629

2. VInHOBanuoHHOe passutye U uudpoas rpanchopmanusa PXK]II [Snekrponnsiit pecypc] // Sustainable Development
Report 2023. — URL: https://sr2023.rzd.ru/ru/managerial-aspect/efficiency-improvement

3.  Konueps «Tenemarnka» — nHHOBaIOHHbIe [T-crcTeMbI B TPAaHCIIOPTHOI OTpacn [DnekTpoHHsiit pecypc] // Telema-

tika.com. — URL: https://telematika.com/

4. Poccuiickue xenesnbie foporn. OTYETHI 0 pe3ymbTaTax SKCIUTyaTalMOHHOMN IeATeNbHOCTH [DNeKTPOHHBIN pecypc]. —

URL: https://company.rzd.ru/ru/9387

5. Eppoxmmona O. I. OcHoBHbIe HampapaeHnsA HUQPOBU3ALUM Ha XKelesHofopokHOM TpaHcnopte / O. I. EBgokumosa,
A. B. Xaricos // Hay4yno-texundeckas koHdpepenius Cankr-Ilerepbyprckoro HTO POC um. A. C. ITomoBa, mocss-
menHas JTHio paguo. 2024. Ne 1 (79). C.269-271. — URL: https://conf-ntores.etu.ru/assets/files/2024/sbornik/273-275.pdf

6. Huxumenkos C. A., Tapanun A. B. Texnomornsa aBTOMaTU3MPOBaHHON KOPPEKTMPOBKU HOPMATVUBHBIX IpadUKOB

ABJDKEHVS IOe3[I0B C IIPUMEHEeHUeM IpOorpaMMHBIX po6oToB // ABroMmaruka Ha TpaHcmopte. 2024. Ne 1. URL:

https://cyberleninka.ru/article/n/tehnologiya-avtomatizirovannoy-korrektirovki-normativnyh-grafikov-dvizheni-

ya-poezdov-s-primeneniem-programmnyh-robotov

7. Cerb PXK]I Topmosurt He mpoduuut BaroHos, a [10? IIporpaMMHbIe IPOJYKTbI <HOBOTO IIOKOIEHWsI» [JIsI YKeIe3HOII [10-
poru [Inexrpounslit pecypc] // Vgudok.com. — 13.04.2025. — URL: https://vgudok.com/rassledovaniya/set-rzhd-tor-
mozit-ne-proficit-vagonov-po-programmnye-produkty-novogo-pokoleniya-dlya

CoBpeMeHHOe COCTOAHME U NEePCNEeKTUBbI Pa3paboTKU TePMOINEKTPUULCKUX
reHepaTopoB ANA Npeo6pa3oBaHMA TENNOBOW IHEPruU BbIXJIONHbIX ra3os 1BC

H0auH Anekcanpp BukTopoBuy, CTyLeHT marucTparypbl
bawkupckuit rocyaapcTBeHHbIN arpapHsblii yHuBepcuTer (r. Yea)

CamukoB Pycnan ®aH3unoBuY, KaHAMAAT TEXHUYECKUX Hayk (T. Yda)

HayuHblit pykoBoauTens: Hurmatynnuu Wamunbs ®aiizpaxmaHoBuUY, KAHAMAAT TEXHUYECKUX HAYK, LOLEHT
bawkupckuit rocyaapcTBeHHbIN arpapHblit yHuBepcuTer (r. Yea)

B cmamve asmopbl paccmampusaiom cyujecmeyoujue Uccnie008anus U paspabomxy 6apuaHmos UCHONIHEHUS mepmoasieK-
mpuueckozo eenepamopa 6 evinyckroti cucmeme JJBC 8 Poccuu u 3a py6excom.
Kniouesvie cnosa: mepmoanexmpuueckuii eenepamop, JIBC, svixnontovle 2a3vl, mensio, 1eKmpuseckas MOUWHOCMb, mepmoase-

MeHMm, asmomobu.

BHaCTOHmee BpeMs MNANPYIOIIVIMI IIPON3BOANTENAMN aBTOMOOM/IBHOI TEXHUKU U KOMIIOHEHTOB /1A CUCTEMBI BBIITyCKa

orpaboraBux rasos ABmA0Tca General Motors [1], BMW [2], Hyundai [3, 4] u Toyota [5]. Vimu 3amarteHTOBaHbI pas-

JMYHBIe BAPMAHTBI KOHCTPYKIMU TepMOINEeKTpudecKoro reHeparopa (TII), ornmyaromyecs $GopMoii, UCIOTHEHNEM U B3a-
MIMHBIM PacIOJIOKeH)eM er0 BayKHENMIINX COCTaBHBIX 9/IEMEHTOB.
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B Poccun nccneoBaHuAMM B JaHHOI 06/1aCTU 3aHMMAIOTCA B MOCKOBCKOM TOCYIapCTBEHHOM MAIllMHOCTPOUTETBHOM YHU-
Bepcutete (MAMI), MOCKOBCKOM TOCY[apCTBEHHOM TeXHI4YeCKOM yHuBepcutete nmenu H. 3. baymana, VIncTuTyTe Temno-
¢usuku sxcrpemanbubix cocrosanuit OVIBT PAH u B MockoBckoM ¢uanko-TexHndeckoM nHcruryte (MOTH).

PaccMoTpuM cymiecTByomine pa3paboTKI 1 MCCIEfOBAHNS TEPMOYTEKTPUIECKOro reHeparopa B Poccnu u 3a pyOexxoMm.

TepMoaneKTpyyecKuii reHepaTop A1 aBTOMOOVIBHOTO BUraTe/d BHyTPpeHHero cropanys (MAMI). DxcrepuMeHTaIbHbII
TOI, BHeIMHWIT BUJ, KOTOPOTO II0OKa3aH Ha PUCYHKe 1, YIPOLEHHO COCTOUT U3 YeThIPeXTPAHHOIO TeIVIOOOMEHHMKA, Ha TPAHAX
KOTOPOTO PacIo/IaralTcs TEPMOSIeKTpUIecKue peobpasosareny sHeprum. Bropas cTopoHa TepMO3IeKTPIYeCKIX 97IEMEHTOB
KOHTaKTUPYeT C Pa/jaTOPOM, OXJIa’KaeMbIM IPOTEKaollell 110 HeMY OX/TaK/AIollell XKIKOCTbI0. BHYTpeHHAA KOHCTPYKLIMSA
TEI/IOOOMEHHMKA pacCYMTaHa TaKUM 00pasoM, YTO HO/DKHA 0OecrednBaTh ONTMMAIbHOE pacIpefie/ieHne TeMIIepaTyphl IO
mmae TOT [6].

Puc. 1. TepmoanekTpudeckuit reHepatop (MAMU) [6]

MaxkcumasibpHast MOITHOCTb gocturayta 1079,8 Br mpu 6000 o6oporax konerdaroro Bama JIBC.

Taxxe B MOCKOBCKOM TOCYAAQpCTBEHHOM MAIIMHOCTPOUTEIBHOM YHMBEPCHUTETE ObUIA IIPEIOKeHa KOHCTPYKIVSI TEPMO-
9/IEKTPUYECKOTO TeHepaTopa B cucTeMe oxnaxaenus JIBC, kotopas okasaHa Ha pUCYHKe 2.

ABTOpaMu OBbIIO IIPEIIO>KEHO YCTAHOBUTD TePMO3JIEKTPUIECKIIT TeHepaTop B cucTeMy oxnaxpaeHus [IBC HermocpencTBeHHO
Ha pajyaTop OXIaX/eHNA. [JaHHbIIT TepMO3NEKTPUYECKIIT TeHEPATOP COCTOMUT 13 IBYX TEITIOOOMEHHBIX aIIapaToB, KUJKOCT-
HOTO U BO3JYIIHOTO, COeJMHEHHBIX TEI/IOBBIMU TPyOKamu [7].

Hanpabrerue
- dbuxerus OX
TepMOI/IeKIMPUYECKUL
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Puc. 2. MpuHuMnManbHas cxema TEPMO3JIEKTPUUYECKOro reHepaTopa CUCTEMbI OXNAXKAEHUA ABUraTeNIA BHYTPEHHEro
cropanus [7]

B xoze 1ab0paTOPHBIX MCIIBITAHWIT, PV MMUTALU ABVDKEHNS TPAHCIIOPTHOTO CPECTBA CO CKOPOCTHI0 80 KM/4, Obla 0Cy-
mecTBaeHa pekynepanua 0,4 % TENnoBoN SHEPIUM, OTBOAMMONM CHCTEMON OXTaXKIEeHMA [IBUTaTe/ld BHYTPEHHEIO CTOPaHMA.
ITpu aTOM MaKcMMasbHasA BHIXOJHASA 9MeKTpUYecKas MOLUTHOCTb TeHepaTopa CocTaBuIa Bcero 75 BT.

B MI'TY um. H. 9. baymana asropamu [I. O. Onumenko, P. A. Cadonos, I. A. ApyTIoHsH ObII COOpaH 3KCIepUMEeHTaTbHBII
obpasel] TEPMOIIEKTPUYIECKOTO TeHepaTopa B BBIITYCKHOI cucTeMe aBurartens BA3 21127 (pucynoxk 3) [8].
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Puc. 3. T3I, ycTaHOBNEHHbIW HA UCTIbITaTeNbHbIN cTeHp [8]

ITo pesynbTaTaM UCCIeOBAHUY GBI ITOTyYeH IPOTOTHII U MICIIBITAH TEPMOSIEKTPIIECKIUI TeHEPATOP B BBITYCKHOI CHCTeMe
nBuratens BA3 21127, no skcrepuMeHTaIbHBIM JAaHHBIM KOTOPOIT TeHepupyeMas MOIIHOCTb cocTaBua 216 Br.

B ynusepcurere bpyHerns, AHrus 6bU1 pa3paboTaH IPOTOTHII TEPMOIIEKTPUUECKOTO TeHepaTopa ¢ IpYMeHeHreM 16 TepMo-
9/IEKTPUYECKNX TeHepaTopHbIX Moayiteit [9]. Hinke Ha pucyHke 4 nmpepcrasieHa pororpadust SKCIepyMeHTaTbHO yCTAaHOBKIL.

T 11
T £

Puc. 4. IKCcnepuUMEHTaNbHBIN NPOTOTUN TEPMO3NEKTPUYECKOrOo reHepaTopa [9]

MaxkcuManbHas reHepypyeMas MOITHOCTb Ha pa3paboTaHHOM HPOTOTHIIE cOCTaBuUIa 43 Br.

3a pybexxom kommanueit Termonamik, crennannsupyromeiics Ha IIPOM3BOACTBE TEPMOITIEKTPUIECKUX YCTPOIICTB (are-
MeHTOB IlenbTbe) /1A OX/MXKIEHNA U HarpeBa, BBIIYCKAIOTCA IMpoMbllieHHbIe reHepatopsl TEG-HL350-48 V, npencrasia-
fol1yte c060J1 TePMOIIEKTPIYECKIIT TeHePATOP TOPAYEro ra30XKMIKOCTHOIO TUIIA, KOTOPBII T COCTOMT U3 TEITIOBOTO KOIEKTOpa
TOpAIYEro rasa, 36 TepMO3NIEKTPUYIECKMX MOTYIEN M CUCTEMBI XXMIKOCTHOTO OX/IaXKJeHNA KOTOPBI TOKa3aH Ha PUCYHKe 5.

Puc. 5. TepmoaneKTpuyeCKnin reHepaTop ¢ peKynepauuei Tenna ot ropayero rasa TEG-HL350-48 V
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Ecnu Ha ropsdeit cTOpoHe TepMO3JIEKTPUYECKUX I'eHepaTOPHBIX MOAy/eil TemMmeparypa 6yaer 300 °C wam Bbllle, TO TeHe-
pupyemas sneKTpudecKas MOWHOCTb coctaBUT 350 Br. MakcuManbHOe reHepupyemoe HanpsbkeHne 96 B, Macca reHepaTopa

27,8 KI.

Takxe 3a py6exxoM B nmkeHepHOM LeHTpe B [lexnHe (KuTait) 6bUT CLIPOEKTUPOBAH HOBBII TIUII TEPMOSIEKTPIIECKOTO TeHe-

paropa ¢ UCIIOIb30BaHyeM TeIIOBBIX TPYOOK [/IA yTIIN3alyy OTPab0TaHHOTO TeIlla aBTOMoOwIeil (prcyHoK 6) [10].

Puc. 6. 3kcnepumeHTanbHas mogenb Tl ¢ TennoBbiMu TpyOKamu [10]

B 9TOM TepMO3NIeKTpUIeCKOM IeHepaTope UCIIOIb30BalUCh TEIUIOBbIE TPYOKY, COCTOAIINE U3 UCTIAPUTE/IbHOM, afyabaTy-

YeCKOI1 M KOHJIeHCHPYIOLLeil ceKIuit. Bo BHyTpeHHelT IOIOCTY TeIlNoBOil TPyOKY aBjieH1e paBHO NPUOIM3UTEIBHO BaKyyMY.
Korpa termoBas sHeprus pasorpeBaer MCHAPUTEIbHYIO CEKIIMIO TEMTIOBOI TPYOKM, KUAKOCTb UCTIAPSETCS U IepeMelaeTcs K
6071ee XOOFHOM CEeKIMM TEIUIOBOI TPYOKM, Ije KOHAEHCUPYETCS B )KUAKOCTD, 3aT€M CKOH/IEHCHPOBaHHAS XXIAKOCTb BO3Bpa-
IIaeTCsl MOJ, ACTICTBUEM KAIMUIIPHOCTY K UCIAPUTEIbHON CEKLINNU TEIIOBOI TPYOKH, TeM CaMbIM CO3/IaeTCs 3aMKHY TBII LIVIKIT

3¢ dekTUBHOI TerTONEepefaIn.

B aToM ycTpoiicTBe MCIONMB30Banoch 112 TepMO3NEKTPUYECKMX T€HEPATOPHBIX MOAYy/NA. MakcuManbHas reHepupyeMas

MOIIJHOCTb B 3TOJI cucTeMe cocTaBuaa 350 Br. O61uit Bec ycTpoiicTBa cOCTaBIsAeT OKOMO 4,31 KI.

VccnenoBanus u paspaboTKM B 00/1aCTV TEPMOSTIEKTPUYECKIX TeHePaTOPOB /ISl aBTOMOOWIIA AB/IAETCS aKTyalIbHOI TEMOI,
BBIOOP ONTUMA/IbHBIX TEPMOSIEKTPUIECKUX MAaTePHUAJIOB 1 CIIOCO6A VX MHTETPALIUN B BBIXJIOIIHYIO CUCTEMY aBTOMOOMIIA MOXKET
3HAYUTENbHO MOBBICUTH ero KII]I.
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APXUTEKTYPA, IMU3AVH M CTPOUTENINBCTBO

WHHOBALMOHHbIE yrnosbie coeguHeHnA B aepeBAHHOM
cTpoutTenbCcTBe: MeTop C WKUNOM U Na30M

['paués Bnagumup Muxainnosuy, CTyfeHT MarucTpaTtypbl
MbITUWMHCKUI hunran MoCcKOBCKOTO roCYAapCTBEHHOTO TeXHUYeCKoro yHuBepcuteta umenn H. 3. baymaHa

V3yuenue pasauuHblx Munos yenosvlx coeOUHeHUti A6IAEMCA BANHLIM IMANOM 8 0CB0eHUU MeMO0006 COeOUHEHUS KIeeH020
6pyca. Takue coeOuHeHUs UzpAIOM K04e8Y10 POsb 8 00ecneueHU NPOUHOCIU, HeCHKOCHU U MeNN03AUUINHBIX XAPAKMEPUCTIUK
koncmpyxyuil. OcobeHHOCMU Y2nio8bix coeOUHeH Ul ONpedensomcs mpebo8aHUAMU K KOHCMPYKUUY, YCTI08UAMU IKCNILYaAMauu
u senaemuimu ceoticmeamu. Konebanus memnepamypot u 671a3xcHocmu 0pedecutvl Mo2ym 0cnabumy coeOUHeHUs, 4mo 0co0eHHO
KpUmu4Ho 6 patioHax ¢ nepemeHHvimM Kaumamom [1].

Tennousonsiyus uepaem Kao4esy poib 8 CIMpoumenvcmee, 61Uss Ha dHepeonompebneHue u kompopm 6 30anusx. Kauecmso
Yenosvlx coeOUHeHUT SHAUUIMENbHO 6/IUAEN HA MeNnno3ausumHole céoticmea. Jpesecuna 061a0aem Xopouwumi meniou30NA,UOH-
HOIMU XAPAKMEPUCMUKAMU, HO HezepMemuUuHble COCOUHEHUST MOZYM CYUECMBEHHO CHUSUMb P Pekmusrocmy cpyba, ocobeHHo
6 X0700HO€e 8peMs 2004, k0204 maxue Oeekmuvl NPUBOOAM K 3HA4UMENbHUIM mennonomepam. IIpu useomosnenuu cpyba 8axHo
8bIOUPAMD NPABUNILHDLI MUN COCOUHEHUS U MU4AMeNIbHO 06pabampiéamy 6ce dneMeHMbl OIS UX NIOTHO20 NPUeAHUs, YOensist
0c060€e 8HUMAHUE Y2TI0BbIM COEOUHEHUIM NPOPUNUPOBAHHO20 OPYCca, KOMOopble A6/TI0MCS Haubonee ys36umvimu mecmamu. Pas-
JIUYHbIE MUNDL Ye08bIX COEOUHEHUT NO-PASHOMY /IUSIIOM HA MeNL03AUUMHbLe C80LICMBa KOHCmpyKyuii [2].

Buibop muna yenosozo coedutenust 075 KneeHozo Opyca umeem 00mvuioe 3HaveHue 0151 NOBbIUEHUS dHep2emuyeckoli IPdex-
musHocmu 30anuti. OOHUM U3 NePCeKmMUsHvIX HANPABTEHULL 8 UHHOBAUUSX C YeN0BbIM COLOUHEHUEM KleeH020 Opyca A6/1Aemcs
ynyduenue eeomempuu coedureruil. Hosvie npogunu 0ns yenosvix coeduneruti no3eonsiom docmuts 6osee ni0MHO20 U HAJeH -
Hoeo coedunenus. Cosdanue HectnanoapmHolx gopm npogueti, komopuie 6onee dIPPeKMusHo pacnpedensiom Hazpy3Ku U CHu-
HAI0M KOHUEHMPAUUI0 HANPSIHEHUT], MONEM YBeNUUUMb 00ULYI0 YCMOHUUB0Cb KOHCMPYKUuL [3].

B ces13u ¢ amum 6vina nocmassiena 3a0a4a: co30amp NPOCMyio u IHeP20dIPPHeKmMuUsHY10 KOHCHPYKUUIO Yer068020 COeOUHeHUST Oe-
PesAHHbIX Opycbes, a makice CHU3UMb MPYOOEMKOCHID €20 U320MOBIEHUAL.

Lns pewseruss amoti 3a0a4u yenosoe coedurerue 0bLI0 8bINOTHEHO C UCNONB30BAHUEM 08YX OPycbes ¢ OUAZOHANLHBIMU CHUNAMU
100 00UHAKOBBIM Y2TIoM. DO NO360IU0 0OCIUHD MEXHUHECK020 Pe3YNbIama U ycneuwHo peuump nocmassennyio sadauy (puc.1).

Oonum u3 Haubonee spexkmusHvIX MeM0o008 MAKUX COeOUHEHULL ABTITEMC UCNONb308AHUE WUNA U NA3A.
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Puc. 1. Yrnoeoe coepuHeHue aepeBaHHbIX 6pycbeB 1 — nepebiit 6pyc; 2 — BTOpO# 6pyc; 3 — wun nepeoro 6pyca;
4 — nas nepBoro 6pyca; 5 — wun BToporo 6pyca; 6 — na3 BToporo 6pyca;
7 — BepTUKaNbHbIA 3aKPbITbIA TEXHONOTMYECKUI Na3; 8 — AepeBAHHbIA Harenb; 9 — fepeBAHHbINA CTepPXKeHb
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MpuHumn pa6oTbl MeToAa

CyTp MeTOJa 3aK/II0YaeTCs B CO3JAHMM HIMIA ¥ T1a3a Ha
KQKJIOM U3 COefuHseMbIX OpycbeB. Ha mepsBom Opyce mmm
IO/DKEH OBITH IIVpe [Ta3a MIHIUMYM B TPU Pasa, U er0 0Ch CMe-
IleHa BIIPaBO OT BEPTUKAIbHOIM OCH Ha pacCTOSIHUE, pPaBHOE
mpyHe mmna. Ha BropoM 6pyce i 1 1a3 aHaIOTUYHBI, HO
CMeIlleHbI BIEBO Ha TO )K€ PACCTOSIHME.

ITpu coegyHeHNN ABYX TaKUX OPYCheB MOJ, YIIOM ILINII Ofi-
HOT'O BXOJMT B I1a3 [PYTOro, 00pasyst 3aKPBITHIIT TEXHOIOIMYe-
CKUII a3 110 BCel BBICOTe KOHCTPYKIMIN. B 3TOT a3 BcTaBA-
eTcs JepeBsAHHbIN IPAMOYTONbHBIN Harelb, KOTOPBIN Urpaet
POJIb TepMETU3MPYIOLIETO 37IEMEHTA U 3aIIMIIAET COeVHEHNE
OT BJIaT¥ U 3arpsAsHeHuit. Harenb nMeeT CKBO3HOE OTBEPCTHE,
4yepes KOTOpOe IPOXOAUT LVUIMHAPUYECKUIT IepeBAHHBIN
CTep)KeHb. J[IMHA CTEPXKHSI COOTBETCTBYET BBICOTE Opyca,
a ero HIDKHAA YacTb MOTPY)KAETCA B OTBEPCTIE HIDKEPACIIO-
JIO>KEHHOTO Hare/isl B aHA/IOTVYHBIX COENVHEHMIAX.

Mpeumywectea metona

Victionp3oBaHme METOJa C IINIIOM U ITIa30M obecrieunBaeT
PAR Ba)KHBIX TPEVIMYILIECTB:

HpOCTOTa n HaI[é)KHOCTb COEVIHEHNA: KOHCTPYKIMA CTa~
HOBUTCA YCTOinMBOIZ K CMCIICHUIO 6pyc1>eB OTHOCUTE/IBbHO
APYT OpYyTa, 4TO MICK/II0YA€T IPOHNKHOBEHME XO/IOJHOI'O BO3-

JInteparypa:

[lyXa dYepe3 CTHIKM J IOBBILIAET OOIIYI0 LIEIOCTHOCTH CO-
OpY >KEHMUSL.

H_IYMOI/ISO]IHLU/IHZ yFHOBOC COC€IVTHEHNE CHM)KAET ypOBeHb
Iyma, co3gaBasi 6ojee KoM(pOPTHBIE YCIOBIUS B IIOMEL[EHIIL.

Yno6cTBO MOHTaXKa: mporjecc cOOpky He TpebyeT CIoX-
HOTO I/IHCTpYMeHTa 1 ClielMaJIbHbIX HAaBbIKOB, YTO yCKOpHeT
BBIIIOJIHEHNME PAbOT U JeTaeT UX JOCTYIHBIMY ISl IIMPOKOTO
Kpyra CIeluajncTOoB.

PaBHOMepHO€ pacIipefie/ieHe Harpyskiu: MeTOf obecrie-
YMBAeT PABHOMEPHOE pacIIpefie/ieHIie HArPysKI, ITO 3HAUN-
TE€bHO ITOBBIMIAET IIPOYHOCTD U yCTOI?I‘-H/[BOCTb KOHCprKI_H/H/I
K BHEIIITHUIM BOSI[CI?[CTBI/IHM.

MpuMeHeHMe B Pa3NUUHbIX OTPACAAX

bnaromaps cBOMM yHUKanbHBIM XapaKTepPUCTHKAM, YT-
TIOBOE COEIMHEHNE C NIMIIOM M ITa30M HaXO[UT IpUMeEHEHNe
B Pa3/IMYHbIX OTPACIAX IPOMBIIIEHHOCT! ¥ CTPOUTENIbCTBA.
OHo ucnonpsyeTcs Ipu BO3BELEHUY XUIbIX JOMOB, KOMMeP-
4eCKUX 00'bEKTOB, a TAKXKe B IIPOUSBOAICTBE Mebe 1 APYTuUX
IePEBAHHBIX KOHCTPYKIUIA.

Mertop ¢ INIIOM ¥ Ma3OM MO3BOMAET CO3JaBaTh IPOYHbIE
U [ONTOBEYHbIe COOPYXKEHMs, KOTOpble 00/lafjaloT BBICOKOI
TePMEeTUYHOCTDIO, YCTONYMBOCTHIO K BHEIIHUM BO3[eiCTBUAM
U KOM(OPTHOCTBIO B SKCIUTyaTalMu. OTO Je/aeT ero upie-
QJIbHBIM BHIOOPOM LS COBPEMEHHbIX CTPOUTEIbHBIX TPOEKTOB.

1. Yro rakoe «Opyc IIMI-Na3», €0 COeAMHEHNE B CPyOe U CTPOUTENILCTBO JOMOB U3 Hero? [InekTpoHHbIt pecypc]. URL:
https://44srub.ru/blog/brus-ship-paz (nara obpamenus: 04.01.2026).
2. VYrnoBoe coenmHeHue 6pyca. [Onektponnsiit pecypc]. URL: https://xn—90a3abccid.xn—plai/proizvodstvo/uglova-

ya-chasha/ (zara o6pamenns: 04.01.2026).

3. Kaxoe coegunenme 6Opyca B yrmax saydure? [Onexrponusit pecypc]. URL: https://sksmirnov.ru/articles/soedine-

nie-uglov-brusa (mara o6pamenns: 04.01.2026).

3epKao: CMMBOJ OTPAXKEHUA M NPOCTPAHCTBA

KoHoTobckoBa AnnHa laBnoBHa, CTyaeHT;

BuptokoBa AnvHa AnekcaHLpoBHa, CTYAEHT
Bonrorpapckuii rocyaapcTBeHHbI apXUTEKTYPHO-CTPOUTENbHBIN YHUBEPCUTET

HayuHbiii pykoBogutens: LLikotoBa Onbra BnagmmupoBsHa, ctapwmnii npenofasatenb
Bonrorpapcknii rocyaapcTBeHHbIN TEXHUYECKUIA YyHUBEPCUTET

l I €7I0BE€YECTBO B IIPOLECCE Pa3BUTIA CO3[1a/I0 MHOTO Pa3HbIX IIPEAMETOB, KOTOPBIMMI I10/Ib30BA/IOCh MI3HAYAa/IPHO U II0/Ib3Y-
eTcs ceitvac. T IIpeAMEThI NTPpEAHA3HAYEHDbI 17151 obecnieuenus 6onee KOM(i)OpTHOI‘O CyleCTBOBaHMA moneﬁ[. Cpem/l HUX

HEMAJIOBa)XHYIO pPOJ/Ib UTPA€T 3€PKalo.

BepKano, KakK O6'])€KT, Ha DPOTKEHNM BEKOB CTYKUT HE TOIPKO IIPEIMETOM 6bITa, HO 1 MOLJHBIM CMMBOJIOM, OTPpa’KalolM

[TyOUHHBIE aCIIEeKTHI YeTI0BEYECKOI IPUPOABL 11 KYIbTYPBL. B 3TOit cTaThbe paccMaTpMBAETCs 3€PKANIO, KAK /IEMEHT, KOTOPBIIL

CHMBO/IM3VPYET CaMOBOCIPUATIE U BIVAHNUE Ha BOCIIPUATIE OKpy Kalolero npocrpancraa (Puc. 1).

Llenbio ZaHHOIL CTATHY SAB/IACTCSA aHA/IN3 VICTOPUKO-KY/IBTYPHBIX aCIIEKTOB IIPOMCXOXEHNA 3epKasla, a TaKxKe ero ¢pumocod-
CKMX MHTEPIIPeTAINIl, YTO TO3BOJINT ITy6Ke MOHATD €T0 POJIb B )KU3HM YeloBeKa. BaxkHbIMM Qurypamu, KOTOpble OB Ha
BOCIIPMATIE 3epKasa, Kak 00beKTa, ABNATCA puaocodsl, Takme Kak IInaton u lekaprt, a Takke XyJOXKHUKY U MUCATENN, KO-
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TOpBbIe UCIIONIb30BAIN 3epKasio Kak MeTadopy B CBOMX IpOM3BefeHNsX. VIX umen 1 TpaKTOBKM IIOMOTYT PaCKpPbITh MHOTOTPaH-
HOCTb 3TOTO IpefMeTa. AKTYaIbHOCTb TEMBI 3aK/II0YAETCsI B TOM, YTO B YCTIOBMAX IMI0OAMM3aLiuy U KyIbTYPHOTO CMEIIEHNs
3epKaJio MPOJo/KaeT UTPaTh BAKHYIO POJib. 3a/jadyl, KOTOpble MOYXHO PElINTb B PaMKaX IaHHON TeMbl, BKIIOYAIOT M3y4eHMe
VICTOPUYECKUX M3MEHEHNII B IIEHHOCTH 3€pKajla, aHa/IN3 €r0 BJMAHMA Ha COBPEMEHHOE MICKYCCTBO U JINTEPATYPY, a TAKXKE MC-
CJIefjOBaHIIe ero pomu B GOpMUPOBAHNMY CAMOVICHTU(DNKALIMY B YCTIOBYAX COBPEMEHHBIX COL[MaIbHBIX M3MeHenmit (Puc. 2).

Puc. 2

3epKano — 3TO yAMBUTENIbHBII IpeAMeT, KOTOPBIil IPMB/eKal BHUMAHMeE JI0flell Ha IPOTHKEHNM MHOTUX BeKoB. OHO AB-
JISZIOCh He TOTIbKO MHCTPYMEHTOM OTPaXKeHMsI 06pasoB, HO U CUMBOJIOM ITy60Koro ¢puaocodckoro sHadeHust. B pasnmnanbix
KYJIbTyPax 3epKajio aCCOLMMPYETCA C CAMOIIO3HAHMEM, IYXOBHBIM OTPa)K€HMEM U IIPOCTPAHCTBOM UCTUHBL.

CuMBOMMKa 3epKaja IPOHNU3BIBAET KaK IMOBCETHEBHYIO JKM3HD Ye/lTOBEKa, TAK ¥ MUPOBYIO JIMTEPATYPY, MCKYCCTBO U pe-
nuruio. VisyyeHne sHaueHMA 9TOrO MpefiMeTa MO3BOJAET JIyyllle MOHATh B3aMMOCBA3b MEX/Yy BHYTPEHHIM MUPOM 4YeloBeKa
U OKpY>Kalollell ero peabHOCTbI0. PaccMaTpuBaroTCA pasmuyHble aCEKThI CMBOIMKY 3€pKajla, €ro pojib B KyJAbType U 3Ha-
YeHue [/ 4e/I0BEYeCKOr0 CO3HAHUA.

3epKkazo — OAVH 13 APEBHEIIINX CUMBOJIOB, OOraThlil Ha MeTaOoprIecKoe SHaYeHIe I TyXOBHbIe acconuaryin. Ero ponp
B ICTOPUY M Ky/IbType Ye/loBedecTBa HeBO3MOXKHO NepeolieHNThb. C IPpeBHOCTY 3epKasla acCOIMMPOBANCD C Marveif u Bomme6-
CTBOM, CYMTA/ICh OKHOM B ITapajjIe/IbHble MYPBL U BXKHBIMYU VIHCTPYMEHTaMU B puUTyanax. B pasmmyHbx Muonorusax sep-
KaJI0 OTPa)Kaslo He TONMBKO (M3NIeCKUIT OOMNK YenoBeKa, HO 1 ero JyIIy, HpaBCTBEHHOE COCTOsHNUe U cynbOy. B mureparype
U MCKYCCTBE 3€pPKa/o ONMLETBOPSANO UEU CaMOIIO3HAHMA, V/UIIOSUI U W/III030PHOCTY, @ TAK)Ke IBOJICTBEHHOCTM Ye/loBeYe-
CKOI1 IIPUPOJIBI.



“Young Scientist” - #2 (605) - January 2026 Architecture, Design and Construction | 31

B samagHol TpaguIuy 3epKazo 4acTO acCOLUMPOBANOCh C MOHATUAMM CAMOBOCHPUATHUA, BHYTPEHHEIO MUPA U IMYHOCTHOM
UJEHTUYHOCTH. 3epKajio ObIIO IPEeAMeTOM 000KeCTBIEHNS BO MHOTMX KYNbTypax. OHO CUMBONM3MPOBAIO KPACOTY, 0OMaHUYMBOCTb
U WTIO30PHOCTD MMpa. B cCOBpeMEeHHOM MCKYCCTBE 3€pKao MPOJIO/DKAET 3aHMMATh BayKHOE MECTO, CTAHOBACH IIPEMETOM UCCIIe-
IOBaHIA BOIIPOCOB B3aJ¥MOJEIICTBILA YeIOBEKa I MIpPA, CAMOIIO3HAHYIA M OTPAXKEHIA IMYHOCTH B Ky/IbType u obmectse (Puc.3).

Puc. 3

3epKajo, [peBHUIL U 3araJOYHBII 00'beKT, BCeINa IPYBJIeKa/l BHUMaHME GUIocopoB KaK CHMBOJI OTPaKeHNA U IIPOCTPaH-
crBa. PuIocodCKuil acleKT 3epKaia MOHMMAETCS KaK CIOCOO OTPaKeHNs! PeabHOCTU, MUP, OKPY)KAIOIMIT HAC, [PEIOM-
JIHHBIIT Yepe3 IPU3MY CTeK/Ia. 3epKajio CTAHOBUTCS MeTa(OpPOil 4eIOBEYECKOr0 BOCIIPUATISI MMpa 11 caMoro cebst. BosHmkaet
BOIIPOC O TOM, KaKM 06pa3oM 3epKajio MHTEPIPETUPYeT peanbHOCTD, NCKa)Kas ee MU MPefCTaB/IAd OTPaKeHNe B €T YMCTON
¢dopme? Pumocodsl pasIUIaAOT HOHATHE «3ePKATbHOTO OTPAKEHNU» I «3epKajla Kak abCTPaKTHOTO IMPOCTpaHcTBa». OHO He
TOJIBKO OTPaKaeT M300paXkeHne, HO 1 CO3/aeT M/UTI03UI0 [TyOUHBI 1 IIPOCTPAHCTBA, OYATO OHO BefeT Hac B Apyroit Mup. Taknm
o6pasom, ¢rmocodcknit acexT 3epKasa M0OYKAaeT HAaC K Pa3MBIIUIEHNSIM O IIPUPOJE PeabHOCTI, €€ BOCIPISITIN I VHTEP-
IIpeTannmn 4epes3 CUMBOINYECKU IIpegMeT, KOTOpr]Z MbI I/ICHO}IbSyeM Ka)KI[inI JOEHb.

SepKano ABIACTCA OAHVM M3 CaMbIX YIMBUTE/IbHBIX apTeq)aKTOB, IIPOHM3AaHHBIX MUCTUYECKNM 3HAYECHVEM. OHo 3acmy-
YKEHHO CTAJI0 CUMBOJIOM OTPaXKeHMs M IIPOCTPAHCTBA, OTKPBIBAs IepPef JIIOIbMI BO3MOXXHOCTD 3arTIAHYTh B CBOIO IYIIY U YBU-
IeTb MUP C HeOOBIUHOI ePCIEeKTUBBI. 3epKaia HepeIko aCCOLMUPYIOTCS C Maryeil U 3arafKaMi, IIpMBIeKas BHUMaHue MHOTUX
Ky]IbTyp " 9II0X.

3epkajbHOE IIPOCTPAHCTBO BOIUIOLIAETCsI B pasIndIHbIX Mudax u jrereHgax. B ppesnerpeveckoit mudonornu Lepbep —
CTpAIIHBI [1EC A1/, OXPAHSIOLINIT IOfj3eMHO€e [IAPCTBO, CIIOCOOEH YBUETh CBOI MPAYHYIO KOIMIO TO/IBKO B 3epKaite. Ilep-
CUJCKYE JIETeH/Ibl PACCKA3bIBAIOT O Marn4eckoM 3epKajie, CIIOCOOHOM OTpasuTb TallHbI IIPUPOJBL U CUIIBL Hebec. B kuTaiickoil
KY/IBType 3epKaJlo IpeficTaB/sAeT COO0Il CMBOJI TApMOHUY ¥ BHY TPEHHETO PaBHOBECHA.

3epkaio, 6yfy4n HeOTbeM/IEMOl! JaCThI0 KYIbTYPBI ¥ PEIUTUY Pas/IMIHbIX HAPOJOB, BCEINa BIOXHOBILAIO VX Ha CO3JaHNe
HOBBIX M1(OB 1 nctopuit. OHO CTajIo He TOBKO MHCTPYMEHTOM OTPaKeHNs (PpU3NIeCKOTo 0O/MNKa, HO ¥ IPOCTPAHCTBOM [JIs
paBMI)IHIHeHI/Iﬂ O BEYHBIX BOIIpOCaX 6I)ITI/I$[ ¥ caMOITO3HaHMA. BaxkHO IIOMHUTD, YTO B KaXKTOM 3€PKaJI€ Mbl BUAVIM TO, YTO XOTUM
YBUAETH, 10O OHO OTpa)kaeT He TONIBKO BHEIIHMIT, HO U Halll BHY TPEHHMIT MUP.

SepKano, KaK CIMBOJI OTpaX€HVs U IPOCTPAHCTBA, UTPaeT K/TIO4YE€BYIO POJ/Ib B IICUXO/IOTUN OTpaxeHus, CIIy’>Xa KakK I/IHCpr-
MEHT CaMOIIO3HAHMA.

Haunnas ¢ paHHeTro eTCTBA, YeJIOBEK BOCIIPYHIMAET 1 OCO3HAET Cebsl uepes 3epKasio. ITOT MPOL[ecC OTPAXKEHNUs CBOEro 06-
JIMKa ¥ BHYTPEHHETO COCTOSIHYI IIOMoraeT (JOpMUpPOBATh CAMOCO3HAHIIE ¥ OLIEHKY COOCTBEHHOI IMIHOCTIL.

3ep1<an0 CTAaHOBUTCA MOIITHBIM IICUXOJTOTIMYCCKUM I/IHCprMeHTOM, CHOCO6HI)IM BbBI3BATbh pa3/INIHbIE SMOLIVIOHA/IbPHDBIE pe-
AKOUIN VI BOCIIPUATUA y yenoBeka. OHO IO3BOISAET I-IeJ'IOBeKy BSI‘TIHHYTI) Ha Ce6}1 O6’beKTI/IBHO, yBI/II[eTI), KakK (bMBM‘{eCKI/Ie 4Y€PTHI,
TaK I BHyTpE€HHIME SMOLI NN, HOTpe6HOCTI/I " CTpaxu. ‘-Iepes OTpaXeHle B 3€pKajI€ BO3SHNKAET BO3SMOXHOCTb pa3BUTUA U I10-
3HaHMs cebs.

[Tcuxomorn yTBepXKaloT, YTO B3IJLAZ, B 3€PKAjIO CIIOCOOEH BbI3BATh PA3sHOOOpAasHbIE PeaKLUy Y JIOfieil, OT CAMOKPUTHUKIN
M HETAaTUBHOTO BOCIIpUATNA CC6H oo y,[[OBHeTBOpeHI/IH M TOPAOCTU 3a CBOU JOCTVOKEHNA. 3ep1<a110 ABIAETCA CMMBOJIOM UCTUH-
HOCTU U ICKPEHHOCTU, IIO3BOJIAA ‘-IeIIOBeKy 6I)ITI) YECTHBIM C CaMUM CO60]7[.

Takum 06pa3om, 3epKaso — 3TO MOIHBII MHCTPYMEHT, CIIOCOOCTBYIOLNIT IMIHOCTHOMY POCTY ¥ Pa3BUTHIO, OHO IIOMOTAeT
YEIOBEKY BCTPETUTHCA C CO6OI‘/'I " my4qiie IOHATH CBOI YHMKAJIbHOCTD.

VcKyccTBO 1 3epKalo B TECHOJ B3aMMOCBA3U C TeMOI OTPa>KeHVs ¥ IPOCTPAHCTBA IIPOHM3BIBAIOT MHOXKECTBO ITPOM3Be-
IeHNUIT ICKYCCTBA M JIMTePATyPhL. 3epKajo, KaK CUMBOJI OTPA)KEHN, YaCTO UCIIONb3YeTCA XyNOKHUKAMY Y TIMCATETISIMU JI/IA Tie-
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pemauny TIyOOKMX MBICTIEN M SMOIMIL. B MCKyccTBe 3epKamo MOXKeT CY>KUTb KaK CUMBOIMYECKUM OTPaXKeHMEeM BHYTPEHHEro
MIpa XyZOXHIUKA, TaK ¥ MTHCTPYMEHTOM JIs1 co3fanus 9¢pdeKToB B13yanrpHOro o6MaHa.

B mcKyccTBe 3epKaio TakyKe 4acTO aCCOLMUPYETCs C TEMOI CaMOMO3HaHNUs 1 camouaeHTuduKkanny. OHO MOXeT ObITD JC-
TTO/Ib30BAHO JITIAl MCCIEJOBAHNA Y€/T0OBEYECKON HATYPhI, a TAKXKE /1A IIOYePKMBAHNA YXOBHOTO M3MEPEHMA YeT0OBEYECKOTO Cy-
11eCTBOBAHNA.

B nmuteparype 3epkano TakKe UTPaeT BaXXKHYI0 pOIb KaK CUMBOIMYECKOE OTPaKeHUe IepPCOHaXKeil, MX MBICIel M YyBCTB,
a TaKoKe ux okpyxeHus. C IOMOLIbIO 3epKajia MICATeNN MOTYT IIePefaTh CIOKHBIE IICMXOIOTMYECKIE COCTOSHNSA TEPOEB, CO3JaTh
Metadopy a5 MCCIefoBaHMs MIpa 3a Ipefenamu peanbHoCTH («CHexcnas koponesa» I X. AnOepcena — 3epKanbHble OCKOTIKIL, CO-
3/IaHHbIE 37IbIM TPOJUIEM, MCKKAIOT PeasbHOCTD, IIpeBpalias Bcé fobpoe B 310e. Yepes HUX report BUAAT MUP B HEIIPABUILHOM
CBeTe, YTO CUMBO/IM3UPYET MICKaKeHNe HPAaBCTBEHHBIX IleHHOCTell. «E6zenuti Oneeun» A. C. Ilywxuna — Tarbsana Jlapuna cmo-
TPUTCA B 3€PKajIo TIepef 0e3IKoil B MOCKBY, 4TO CTAHOBUTCSA CUMBOJIOM €€ B3POCTIEHA I TIepeXofia BO B3POCIYIO )KI3HD).

Takum 06pa3oM, UCKYCCTBO U IUTEPATypa UCIONb3YIOT 3epKalo KaK MOITHBIN CMMBOJ /ISl UCCTIEOBAHNUA U BU3YaTU3aL[ UL
Pa3NMMYHBIX aCIIEKTOB YeNOBEYECKOrO OBITUA, OT €r0 BHYTPEHHErO MHUpa [0 BHEIIHETO IPOCTPAHCTBA, OTPaXKas IPU 3TOM
CTIO>KHbIE Y1 MHOTOTPaHHbIE ACIIEKTbI 4€/I0BEYECKON IIPUPOTBI.

bynyiee sepkan B MHTepbepe CBA3aHO C MX MHTE/UIEKTYa/IN3aleil ¥ MHTeTpalyieil B YMHBIN OM, IIpeBpallieHIeM U3 T1ac-
CUBHOTO 00bEKTA B AKTMBHOTO IIOMOLI[HIKA.

OCHOBHOM TpPeHA: OT MOBEPXHOCTU K KYMHOMY» UHTepency

CoBpeMeHHOe 3epKasto BCE Jallje CTAHOBITCS He IPOCTO OTPaXKAIOIIell TOBEPXHOCTDIO, & MHTEPAKTVBHBIM AVCIIIEEM I L{eH-
TPOM yIIpaBJIeHU.
YMHBIe 3epKajia C JOIIOTTHEHHOI peabHOCTbIO (AR) u nucnmesimm:

Mpumepbl npUMeHeHMA

B BaHHOI1 BBl CMOXKeTe BUJIETh IIPOTHO3 IIOTObI, HOBOCTH, Ka/eHAapb. MOXHO Oy/ieT «IIPUMEePUTh» BUPTYATIbHYIO OfEXKIY
VIV KCEeCCyaphl WV CMOJAEINPOBATh HOBBIII I{BET BOJIOC IPSIMO B CBOEM OTPaXKEHMIL.

Iy kpacoTsl 1 300poBbs: BcTpoeHHbIe KaMephl ¢ AR ¢cMOryT aHaIM3MpPOBAThb COCTOAHNUE KOXKI, JaBaTh PeKOMEHJALUN 110
yxopy. laTaukuy 6ymyT MSMepATD IIY/IbC WM OTCIEKUBATD IPABUIBHOCTD YUCTKU 3YOOB.

VIHTerparnys B 9KOCUCTEMY YMHOTO JOMa:

- llenTp ynpapneHns: B IPUXOXKell TAKOe 3epPKalo MOXKET II0Ka3bIBaTh, BBIK/IIOUEH JIM YTIOL, 3allepTa JIU IBepb, KOHTPONIN-
pOBaTh OCBEIeHIE U TEMIIEPATYPY B JOMe.

- O6paTHast CBsA3b: KaMepa CMOXKET OLIeHMBATD Balll BHELTHNUIT BUJ, Ilepef] BHIXOAOM 1, HAIIPUMe]P, HAIOMHUTD B3SITb 30HT,
€CIIV Ha yIIuLie JOKIb.

[TapannensHo GyfyT pasBUBATHCS M YMUCTO FU3AMHEPCKIE U OBITOBBIE (DYHKIIMIL.

TexHomorny «HeBMAMMOTO 3epKasa»: paspaboTKa MaTepuanos (HaIpuMep, Ha OCHOBE 37IeKTPOXPOMHOTO CTEK/Ia), KOTOpPbIe
0 KOMaH/ie (TO7I0C, KacaHMe, TaliMep) MOTYT IIepeK/TIouaThCs U3 MPO3PAYHOro COCTOSIHMA B 3epKaIbHOE ¥ 0OPaTHO.

[TpumeHeHnMe: OKHO JHEM 11 3epKayio BedepoM. [TaHes b B BAHHOIT, KOTOPasi CTAHOBUTCS 3ePKa/IOM TOJIbKO KOTZia Hy>KHO (P1ic.4).

Puc. 4
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OHeprospPeKTUBHOCTD U IKOIOTMYHOCTD: 3epKaia-aHe/y CO BCTPOCHHBIMY COJTHeUHBIMM OaTapesiMit /11 Of3aPAAKI ra-
IPKETOB VIV IIMTAHMsI CaMoli cucTeMbl. Vcronp3oBaHue nepepaboTaHHbIX ¥ 9KOJIOTMYHBIX MATEPHUAIOB IS PaM.

BuomeTpudecknit KOHTPOIb 1 6e30IMacHOCTD: Pacrio3HaBaHMe uIfa i pasOIOKMPOBKU ABEPU MU AOCTYIA K JIMIHBIM
TaHHBIM Ha 3epKajie. BcTpoeHHbIe CHCTeMbI SKCTPEHHOTO ONOBElleHN A (HallpuMep, B BAHHOI KOMHATe [/ IIO>KVIBIX JIIOfieit)

byayuiee 3epKana — 370 NOJIHOE CIMAHUE C APXUTEKTYPOIi U Mebenbio

- BecmoBHas nHTerpalyst: 3epkana 6yLyT CTAaHOBUTHCS YaCThIO CTEH, IIOTO/IKOB, MeOeTbHBIX (acasjoB, He BBIAE/LISICh PaM-
Kamm 1 co3faBast 9ppeKT 6eCKOHEYHOTO TPOCTPAHCTBA.

- AJanTHMBHOCTB: HACTPOIIKA MAPaMeTPOB (CTEIeHb OTPAXKEHIIsI, IIBETOBOIL TOH, HA/IM4Ie NHPOPMALMI Ha [UCIUIee) TIOf
KOHKPETHYIO 3ajady WIA BPeMsl CYTOK.

B 6ynyiem 3epkaso, CKopee BCEro, epecTaHeT ObITh MpocTo mpeaMeToM. OHO IIPEBPATUTCS B HE3aMETHBIN, HO Ba)KHBII
TEXHO/IOTMYECKUIT Y3€/I YMHOTO IOMa — 9KpaH [/ MHGOPMALNMN, CPECTBO /IS 3[OPOBbS M KPAcOTbI, MHCTPYMEHT Oesomac-
HOCTM, OCTAaBasICh IIPU ITOM K/IFOYEBBIM 3/IEMEHTOM [IM3aliHa, PACIIMPSIOLIIM IPOCTPAHCTBO.
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Bone fractures in children are among the most common traumatic injuries, which is associated with the child’s high mobility, in-
sufficient development of a sense of danger, and an active lifestyle. Bone tissue in childhood has a coarse parallel fibrous structure,
contains a significant amount of water and collagen and is poorly saturated with mineral substances, which leaves an imprint on the

types and morphological properties of diaphyseal fractures.

Fractures of long tubular bones in children, due to the peculiarities of their structure, have specific signs of damage to the perios-

teum and bone tissue, unlike fractures in adults.

Keywords: fractures of long tubular bones in children, diaphyseal fractures, periosteal detachment.

ntroduction. Childhood trauma plays a significant role in

morbidity and mortality, and for this reason, it is the sub-
ject of forensic examination. The study of the biomechanics of
long bone fractures in children, depending on the nature of the
injury and age, remains relevant today. According to some au-
thors, long bone fractures are more common in children than
in adults. Forensic determination of the mechanism of long
bone fractures in children is fraught with difficulties due to
the anatomical and physiological characteristics of developing
bone [3].

Purpose of the study. Study of the nature of fractures of
long tubular bones in children of younger and older age groups.

Material and methods. A review and analytical analysis of
modern literary and statistical data, as well as practical cases re-
garding fractures of long tubular bones in children, were used.

Statistics show that the highest number of fractures occur
in the age groups from 5 to 14 years [2, 4]. Currently, the State
Forensic Examination Committee of the Republic of Belarus
conducts approximately 200 types (subtypes) of expert exam-
inations. Among the main types of examinations, a significant
number are medical (57.4 %) and forensic (17.5 %) [1].

In forensic medicine, expert opinions based on practical ex-
perience have not yet fully disclosed all aspects of childhood

pathology, taking into account the child’s age, the processes of
its constant growth, physiological characteristics, hormonal
changes in the body during adolescence, as well as the charac-
teristics of the course of the pathological process depending on
age and immunological status.

The mechanisms of tubular bone fractures in children are
related to their characteristics: due to their high elasticity, chil-
dren’s bones bend rather than break, but under excessive loads,
they break more often in the growth zones (physis) or due to
falls, impacts, twisting, as well as due to pathologies (osteo-
porosis, genetics) or iatrogenic factors; in newborns, these are
often birth injuries.They get injured due to activity, immatu-
rity of the musculoskeletal system and insufficient caution, and
their radii, ulna and tibia bones break.

Due to their activity, children are prone to the following
types of injuries: domestic, street (usually traffic), sports, and,
less commonly, criminal. Bone fractures in children are di-
vided into diaphyseal, metaepiphyseal (periarticular), epiphy-
seal (intraarticular) and apophyseal.

Children are more likely to injure the bones of their upper
limbs, as they instinctively extend their arms when falling, and
less likely to injure the bones of their lower limbs, usually as
a result of severe traumatic factors, such as a traffic accident.
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With an indirect mechanism, the point of force application
and the site of injury (fracture) do not coincide. An example is
a fracture of the surgical neck of the humerus, resulting from
a fall on the abducted hand. Fractures resulting from an indi-
rect mechanism of action occur when bones are flexed, twisted,
and force is applied along their longitudinal axis. Avulsion
fractures, caused by sudden, excessive muscle contraction, also
fall into this group.

According to the relationship of the fracture plane to the
long axis of the diaphysis, fractures are classified as trans-
verse, oblique, spiral (screw-shaped), oblique-transverse, frag-
mented, multi-fragmented (shattered), marginal, and per-
forated.

Research results. Bone tissue in childhood has a coarse
parallel fibrous structure, contains a significant amount of
water and collagen and is poorly saturated with mineral sub-
stances, which leaves an imprint on the types and morpholog-
ical properties of diaphyseal fractures.

The periosteum in children is flexible, thick, strong, and
well-vascularized. The periosteum forms a sheath around the
bone, giving it greater flexibility and protecting it during injury.
A characteristic of the musculoskeletal system in children is
the frequent occurrence (compared to adults) of supracondylar
fractures. This is explained by the fact that the capsular-liga-
mentous apparatus in children is relatively stronger than the
periarticular ends of the bones, where the reduced strength
is due to the presence of ossification centers and metaepiphy-
seal cartilages — growth plates. Therefore, injuries that result
in joint dislocations in adults lead to peri- and intra-articular
fractures in children.

The presence of epiphyses at the ends of tubular bones, con-
nected to the metaphyses by a wide, elastic growth cartilage,
helps maintain the integrity of the bone and absorbs the force

References:

of impact. As a result, fractures in children occur with a clearly
visible «greenstick» periosteal detachment, where only one
side of the bone is damaged, leaving the other intact. The area
of periosteal detachment on the side of the bone’s tension zone
is larger than in the compression zone. In the compression
zone, «roll-shaped» swellings of the compact bone form, cre-
ating a «trough-like» crumpling, while the opposite side of the
bone (in the tension zone) remains intact, which is explained
by the higher elasticity of the bone tissue. Longitudinal tear
cracks may be observed on the lateral surfaces of the diaphysis.
The aforementioned signs of the compression zone can be used
to determine the direction of bone bending when a transverse
force is applied to the diaphyseal portion. Moreover, with in-
creasing age, this type of injury is less common.

In older age groups, fractures occur in the area of which ar-
row-shaped fragments and visor-like protrusions are formed
(a sign of an incompletely formed typical diaphyseal fracture
of an adult bone with the formation of a triangular-shaped
fragment).

In children, fractures of tubular bones with fragment dis-
placement are less common than in adults, as their bone tissue
is more elastic and has a strong periosteum. In children aged
13-16 years and older, diaphyseal fractures are macroscopi-
cally practically indistinguishable from those in adults [4].

When a load is applied along the axis of the bone, impacted
fractures usually occur with the formation of a circular swelling
of the bone substance in the form of a cuff and the possible for-
mation of longitudinal cracks on one side of the bone.

Conclusion. Thus, in younger age groups, when diaph-
yseal fractures of long tubular bones occur due to transverse
bending, the predominant fracture type is shear and rupture,
which occurs in a plastic manner. In older children, bone frac-
ture occurs in a brittle-plastic manner.
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Advanced drilling fluid technology in shale oil and gas wells
Arbaoui Abderrahmane Iyed, master’s student
Ufa State 0Oil Technical University
Introduction cluding nano-polymers, silica composites and graphene

Hydrocarbons such as shale oil and gas are unconventional
but have substantial reserves with the ability to be stored and
produced through self-resorpeting, or being able to produce
without artificial means, methods. Horizontal drilling and hy-
draulic fracturing technologies have changed North Ameri-
ca’s move away from being a net importer of oil to being a net
exporter following the recent Shale Revolution. In addition to
North America’s shale oil resources, China has very large re-
serves of shale oil resources of about 270 million tons, focused
primarily in the Junggar, Song Liao, and Bohai Bay basins,
as well as potential shale gas reserves of approximately 105.7
trillion cubic meters within the Sichuan Basin. The following
article will provide a review of different aspects of shale res-
ervoirs as well as describe several technical challenges associ-
ated with drilling for hydrocarbons from these formations due
to low porosity, low permeability, high clays, variations in li-
thology, and environmental issues attributable to drilling with
oil-based (non-water-based) fluids. In particular, this article
will examine some new technologies available to address prob-
lems associated with the drilling process in shale reservoirs, in-
cluding advancements made to the technology of drilling and
completing wells in shale reservoirs using both water-based
and oil-based fluids, advances made in lost circulation control
technologies, and establish a series of recommendations for fu-
ture research aimed at further supporting the exploration of
shale oil and gas in China.

1. Research Advances in Shale Oil and Gas Drilling Fluid
Technology

1.1. Shale 0il and Gas Water-Based Drilling Fluid Technology

The main goal when managing water-based fluids, in all
types of drilling operations, has always been to improve the
performance of the fluids in the most important ways: sealing,
inhibiting and lubricating these substances so that their per-
formance is maximized throughout the entire drilling oper-
ation. To accomplish this, the use of advanced materials in-

sheets is vital, as these materials have the ability to create a seal
around the wellbore by filling in small cracks and pores and
providing added structural support during the drilling pro-
cess. The use of these materials also provides the operator
with an effective means of preventing clay from swelling by
providing an inhibitor via the addition of salts and organic
amine-based products. The proactive nature of utilizing these
advanced materials to maintain wellbore stability is most crit-
ical in order to maintain an enhanced and safe drilling op-
eration, all the while maintaining the expected levels of per-
formance required by an operator. Lastly, the growing use of
very long horizontal wells has prompted a focus on devel-
oping new bioinspired lubricants that are designed to address
the unique issues associated with high friction environments
while increasing the overall reach of a given well. By utilizing
cutting-edge lubricating products, operators can decrease the
frictional resistance found in the drilling process, enhancing
the total reach of the well while providing efficiencies and ad-
ditional production capability within the context of main-
taining wellbore stability.

1.2. Shale Oil and Gas 0il-Based Drilling Fluid Technology

Oil-based fluids are beneficial to the wellbore for improving
the structural integrity of the wellbore and reducing costs and
environmental impacts through reinforcement of the well-
bore. Oil-based fluids are efficient in managing high tempera-
ture drills (drilling). As well, oil-based fluids that use nano-ma-
terials (nanoparticles) and graphene can effectively block the
pores in shale rock fractures, increasing stability. Addition-
ally, new technologies using new chemicals to clean and re-
cycle the spent fluid are being developed which promote envi-
ronmental sustainability and reduce the overall costs of the oil
and gas industry. Also, the development of new technologies
and methods to conserve oil are focused on reducing costs re-
lated to fluid use.

In addition to traditional oil-based fluids, the oil industry
is moving towards an alternative battery of synthetics devel-
oped from either gas or plant source products. These synthetics
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not only provide a more environmentally-friendly option for
drilling, but they also represent a more efficient way of con-
ducting drilling operations. Additionally, synthetics help to re-
duce the overall carbon footprint related to oil exploration and
production, while supporting worldwide sustainability ini-
tiatives.

Recognizing the difficulties associated with extremely high
temperatures, research continues into the development of spe-
cialized advanced cooling systems to protect equipment from
failure in these extreme environments. The advanced cooling
systems are a breakthrough in wellbore engineering and allow
for maximum operational efficiency and equipment life, even
in extreme temperature environments. Utilizing advanced
cooling systems, the oil and gas industry will be able to im-
prove both resiliency and sustainability of operations in a va-
riety of drilling applications.

1.3. Reservoir Protection Drilling Fluid Technology

To reduce damage to the rock that produces oil and gas, it
is necessary to use fluid that contains no clay because clay has
the ability to clog pores in rock. Clay-free fluids are created
with the use of specially formulated chemicals instead of ben-
tonite clay. Another way to reduce damage to producing rock
is through under-balanced drilling, where the pressure exerted
by the drilling fluid is slightly lower than that exerted by the
confining pressures of the producing rock.

Interface modification is a significant technique used to re-
duce water entrapment in the pores of rock. In this case, cer-
tain chemical additives are applied to the surfaces of rock for-
mations to create a surface modification of the rock that helps
to minimize water entrapment. By utilizing all the aforemen-
tioned strategies together, the ultimate objectives are to reduce
damage to producing rocks and to improve the production of
oil and gas through enhanced drilling efficiency and success.

1.4. Lost Circulation Control Technology

This technologically advanced solution has been designed
to meet the challenge of preventing the loss of drilling fluids
into the earth’s subsurface by minimizing risk of both en-
vironmental impacts and operational downtime. Bridging
is the primary concept, where many different types of mate-
rials are combined to form a sturdy barrier that seals off very
small cracks and crevices, creating an effective barrier against
unwanted fluid losses. For more significant fractures or other
large openings, gel-based systems that have very strong adhe-
sive properties are used to seal these larger areas effectively.
Other advanced technologies recently developed include the
introduction of «smart» materials that are able to solidify in
response to temperature changes or pressure changes in the
wellbore. The ability of these materials to adapt to changing
conditions, in theory, allows for optimum performance under
varying drilling conditions. Additionally, composite tech-
nology has been developed to allow for the integration of mul-
tiple sealing systems to provide a comprehensive approach for

dealing with severe drilling fluid losses. As a result, this new
and innovative approach to the technology provides a way to
protect both the integrity of the wellbore and the surrounding
geologic formations from being damaged, and serves as an im-
portant tool in drilling operations by reducing the potential for
leaks and negative environmental impacts while simultane-
ously improving drilling efficiency.

2. Problems in Shale 0il and Gas Drilling Fluid
Technology

2.1. Problems in Shale 0Oil and Gas Water-Based Drilling
Fluid Technology

Water Based Fluids are generally used in the process of
drilling; however, there are some disadvantages associated with
the use of Water Based Fluids. One of these disadvantages is
the fact that clay particles can swell due to water absorption
and cause instability while the drilling operation is being per-
formed. In addition to clay particle absorption by water, the
high temperature or saline conditions under which lubricants
are used can adversely affect the performance of those lubri-
cants, thereby increasing the potential for failure of a drilling
operation. With the addition of carbon dioxide (CO,) to the
formation, Water Based Fluids may also become more suscep-
tible to contamination, which can alter the characteristic prop-
erties of the fluid and reduce the efficiency of drilling opera-
tions. Engineers and Operators should take steps to mitigate
these issues before they arise through the development of strat-
egies to minimize the swelling of clay particles and enhance
the performance of lubricants under challenging conditions,
and prevent contamination of Water Based Fluids from carbon
dioxide. Addressing these issues proactively will keep drilling
operations operating efficiently and support successful drilling
operations.

2.2. Problems in Shale 0il and Gas 0il-Based Drilling Fluid
Technology

Oil based or petroleum-based fluids pose a significant
number of threats to our environment because they are very
costly to dispose of properly and they also have a lot of envi-
ronmental risks attached to them. Petroleum based fluids are
expensive not only to buy initially, but they require a lot of sup-
port over time by their users. Also, because of their inability to
function well in extremely hot or cold operating conditions,
there is a vast amount of sci-fi technology and research being
done, but not all of this new cooling technology is cost-effec-
tive enough to be reasonably applied at an industrial level.
Thus, to continue to develop sustainable options and increase
operational efficiencies in the future, businesses must explore
different ways to alleviate the issues associated with the use of
oil based fluids. All industries should explore alternative types
of fluids, as well as continue to research and develop new appli-
cations to aid in the increase of efficiency and reduce their im-
pact on the environment with respect to their use of oil-based
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fluids. Through these efforts, businesses may be able to build
an environmentally and economically sustainable future.

2.3. Problems in Shale 0il and Gas Reservoir Protection
Drilling Fluid Technology

Drilling operations regularly experience difficulties related
to differing laboratory test data and true, downhole condi-
tions. One such difference arises with regard to non-clay-con-
taining fluids that have a greatly reduced viscosity due to an
increase in temperature over time. The cost and complexity
of under-balanced drilling tools and equipment present an-
other serious challenge for the industry. The uncertainty sur-
rounding the usefulness of surface-modifying coatings and
their expected longevity presents yet another challenge for the
industry’s systems, tools and equipment as a result of their im-
portance in providing protection to the tools and equipment
when used in extreme and/or tough environments where this
type of equipment is employed. Together, all of these chal-
lenges create a highly uncertain and extremely dynamic en-
vironment in which drilling experts operate to be successful.
Continued development through the continuing advances in
new technologies and methods are an ongoing process in the
drilling industry to support continued evolution in the de-
velopment of drilling technology and methods that will ulti-
mately reduce the impact of the above-described challenges on
drilling operations. It is important for all drilling stakeholders/
developers to work together to develop solutions for the above
challenges to ensure continued successful operational perfor-
mance of drills and associated equipment through greater ef-
ficiency and safety of drilling operations. Recognizing and ad-
dressing the major challenges described above will enable the
drilling industry to implement more sustainable and effective
practices to optimize overall performance and mitigate risk in
the ever-changing world of drilling activities.

2.4. Problems in Shale 0il and Gas Lost Circulation Control
Technology

The ability to find and quantify where and how much fluid
has been lost is an ongoing major challenge in the oil and
gas business. Many types of fluid loss can occur due to dif-
ferent events; therefore, each kind needs a different contain-
ment action taken. This is compounded by the added difficul-
ties of dealing with oil and gas that have been produced from
very high temperature, very high-pressure wells. In extremely
high-pressure/high-temperature downhole conditions, most
of the traditional sealing materials lose integrity and break
down much more quickly, which requires operators to con-
stantly check the integrity of the material they are using or re-
place it, making it very difficult for operators to manage their
fluid losses effectively and efliciently, while at the same time
dealing with the challenges presented by the downhole envi-
ronment and the current sealing technologies’ limitations. De-
spite continuous research and development efforts to improve
the performance of sealing materials, the oil and gas business

has not yet identified a single sealing solution that can solve
the entire spectrum of fluid loss challenges. Because of this, the
oil and gas industry is continuing to deal with uncertainties
regarding operations and financial risk caused by fluid losses,
which indicates that new innovative methods and advance-
ments in technology are desperately needed in this critical as-
pect of well integrity management.3. Prospects for Shale Oil
and Gas Drilling Fluid Technology

3.1. Prospects for Water-Based Drilling Fluid Technology

The evolution of any Industrial lubricant through the devel-
opment of Nanotechnology to enhance lubricant performance
requires the combination of Nano-Plugging Technology with
Chemical Inhibition techniques into one Organic Compound
for optimum lubricant advantages. This will create Smart Lu-
bricants, which will increase the performance level of lubri-
cants by improving Thermal Stability, especially in high-tem-
perature environment applications where traditional industrial
lubricants deteriorate quickly. Furthermore, The Smart Lubri-
cants will provide a method of increasing the resistance of
the lubricant to the effects of gas contamination (e.g., CO,)
through the creation of Innovative Formulations that will miti-
gate the degradation effects of gas contamination on lubricants
and increase the longevity and reliability of lubricants in ex-
treme operating conditions. Consequently, the technological
advancement of lubrication systems focuses on a Holistic Ap-
proach that incorporates both Nanotechnology and Chemical
Engineering Principles, thus providing industries with the op-
portunity to maximize the Efficiency and Productivity of their
Operations.

3.2. Prospects for Oil-Based Drilling Fluid Technology

The objectives include the enhancement of new emulsifiers
that will enable the quality production of low oil ratio fluids in
a low-cost manner, formulation of eco-friendly products using
plant-derived oils, development of higher temperature resis-
tant emulsifiers, and improved processing/processing systems
for enhanced efficiency/economy of coolants. Our strategic
priority reflects our dedication to advancing chemical engi-
neering and the implementation of sustainability in our in-
dustry while simultaneously supporting innovation and mini-
mizing our environmental impact. In addition, we will strive to
meet our customers’ and stakeholders’ changing marketplace
demands by investing in collaborative efforts; through the use
of collaboration, related research efforts, and continuous im-
provement initiatives, we will strive to achieve operational ex-
cellence and product quality and support growth and pros-
perity in the evolving environment of emulsifier technology.

3.3. Prospects for Reservoir Protection Drilling Fluid
Technology

Research and design of a superior damage prediction
system should be the focus of future developments within the
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industry, using cutting-edge artificial intelligence technology
to develop faster and more efficient real-time systems for pre-
dicting failure due to damage. In addition, there is an urgent
need to increase research into high-temperature additives that
will improve the performance and longevity of industrial pro-
cesses by utilizing superior materials at elevated tempera-
tures. Upgrading the intelligence and integration of existing
under-balanced pressure control systems to increase the effi-
ciency of their operations while maintaining the highest safety
standards in the most challenging environments will also be
necessary to meet these challenges. Finally, there will be a need
for innovative research to improve the long-term stability of
protective membranes used on the surface of rock structures to
maximize the life of these coatings and ensure their reliability.
Through these research and development activities, the sector
will enhance its capabilities and technological developments to
adapt to the innovative solutions and demands of the sector in
the future.

3.4. Prospects for Lost Circulation Control Technology

To advance effectively, the development and implementa-
tion of next-generation intelligent systems for providing re-
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al-time diagnostic solutions is required advance effectively, the
development and implementation of next-generation intelli-
gent systems for providing real-time diagnostic solutions is re-
quired. Additionally, resources should be allocated to the re-
search and development of innovative smart matter.

4. Conclusions

Challenges exist for shale gas production, including issues
with well integrity and the potential for damage to the reser-
voir and loss of fluid. The advances made through improved
technology in the development of drilling fluids have pro-
vided some improvements, but productivity and cost continue
to pose significant obstacles to the shale gas industry. Drilling
fluid technology needs to be better developed to optimise per-
formance, meet regulatory requirements and be economi-
cally viable. Developing high performance, intelligent and eco-
friendly drilling fluid will improve operational efficiencies,
reduce adverse environmental effects and create the basis for
sustainable, profitable shale gas production in the future. Ul-
timately, the shale gas industry needs to develop a balance be-
tween drilling technologies, environmental considerations and
productive efficiencies.
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MH)KEHEPHOFEOIIOFW-IECKME U3bICKaAaHUA ANA CTPOUTENDLCTBA CONIHEYHOM
3JIEKTPOCTAHLUUN B XaﬁaPOBCKOM Kpae: ruaposiornyecKue acneKktbl
U 0cobeHHoCTH prnHomacmTaGHoro ob6bekTa cTpoutTenbCTBad

MyxameTbsiHoB Unbpap CanaBatoBuy, CTYAEHT MarucTpaTyphl
HayyHblit pykoBoguTenb: Myctaduu Cabup KabupoBuy, [OKTOP reosoro-MUHEpanornyeckmnx Hayk, npogeccop
YhuMCKIit YHUBEPCUTET HaYKM U TEXHONOTUI

B cmampve npedcmasietivl pe3ynvmamul UHMEHEPHO2e0I02UHECKUX U 2UOPOEOTIOZUMECKUX USbICKAHUL, 6bINOTTHEHHBIX Ypum-
CKOTI NpoeKmHOl Komnanueil 07 CHPOUMeNvbCmea CONHeuHON nexmpocmanyuy naouadvio 30 km2 6 Xabaposckom Kpae.
Ob6vexm pacnonoxcer mesc0y pexamu Amyp u Tyneycka, 6 30He ymepeHHO020 MYCCOHHO20 KITUMAMA C 8bIPANEHHBIMU Ce30HHBIMU KO-
nebanuamu ypoers 600vL. Llenv uccnedo8anus — oyeHumy eudpozeonozueckue ycuosus naouaoku 01 060CHOB8AHUSA NPOEKMHbLX
pewteruii no ycmpoticmey GyHOameHmos u OpeHaxicHvlx cucmem. B xode pabom npumerervt mermoovl peKoeHOCUUPOBKU, OYpeHUs
CK8AMUH U 2U0PO2e0TIOeUteCKUX HAOMI00eHUT], 1A60PAMOPHbIX UCCTIEI08AHULL 2PYHINOB U 800, 2e0PUULECK020 NPOPUUPOBAHUS.
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Yemanoenena mecHas ces3b NOBEPXHOCHIHbIX U NO03EMHbIX 600, OnpedesneHbl KOIPPUULeHMbL PUNLIMPAUUU 2PYHINOS, BbLABTIEHDL
30HbI NOMEHUUATILHO20 NOOMONIIEHUS U Ce30HHblE KONeOAHUS YPOBHS 2PYHINOBbIX 600.
Kmiouesvie cnosa: conreunas anekmpocmaniyust, 2u0po2eonoeus, 2pyHmosble 800bL, noomonietue, OpeHax:, Xabaposckuil kpaii.

Engineering geological surveys for construction of a solar power plant in Khabarovsk
Krai: hydrological aspects and peculiarities of a large-scale construction site

The article presents the results of engineering geological and hydrogeological surveys conducted by Ufa Project Company for the
construction of a solar power plant with an area of 30 km? in the Khabarovsk Krai. The site is located between the Amur and Tun-
guska rivers, in a zone of moderate monsoon climate with pronounced seasonal water level fluctuations. The objective of the study
is to assess the hydrogeological conditions of the site to justify design solutions for foundations and drainage systems. The work in-
volved reconnaissance, borehole drilling, hydrogeological observations, laboratory studies of soils and waters, and geophysical pro-
filing. A close connection between surface and groundwater was established, soil filtration coefficients were determined, and zones of

potential flooding and seasonal groundwater level fluctuations were identified.
Keywords: solar power station, hydrogeology, groundwater, inundation, drainage, Khabarovsk Krai.

BBepgeHue

PasButne B0306HOB/IsIEMBIX MCTOYHMKOB dHepruu (BVID)
B Poccum TpebyeT feTasbHOI OLIEHKY MHXXEHEPHOI'€OIOTH-
YeCKMX U, B OCOOEHHOCTY, THUJPOreOJIOTMYeCKUX YCIOBUI
IVIOIIA/IOK CTPOMTENbCTBA. B ycmoBuaAx meduunra sHepro-
MOIIHOCTelT B XabapOBCKOM Kpae CTPOMTENbCTBO KPYIHO-
MacIITabHBIX COMHeYHbIX nekTpoctanunit (COC) mpuobpe-
TaeT 0COOYI0 3HAYNMOCTb.

Yrmckast mpoeKTHasT KOMIIAHVS, IMEIOIasi OIIBIT PeasIy-
3aIUJ 9HEPTeTUIECKNX OOBEKTOB B Pa3/IMIHBIX KIMMAaTIIe-
CKMX 30HAaX, BBIIIOTHIIA KOMIUIEKC M3BICKAHUI I CTPOU-
TE/IbCTBA COMHEYHOII 3/IeKTPOCTaHIMM B XabapoBCKOM Kpae.
KrroueBoil 0COOEHHOCTBIO NpOEKTa CTala HeoOXOJUMOCTD
y4€Ta TUAPOTIOTNIECKNX (PAKTOPOB: PACHOIOKEHUS MEXY
KpymHbIMHU pekamy (AMyp n TyHTycKa), Ce30HHBIX ITABOJKOB
¥ BBICOKOTO YPOBHSI IPYHTOBBIX BO,.

AKTYaJIbBHOCTD VICCTIEOBaHMsA 00OYC/IOB/IeHA BBICOKVIM I10-
TEHIIMAJIOM COJTHEUHOT SHepreTHKM B XabapoBCKOM Kpae (MH-
comsanyst fo 1300-1500 kB1-4/mM?) 1 HEOOXOOMMOCTBIO YIéTa
CTIOXHBIX TUAPOTEOJIOTMYECKNX YCTIOBUI IIPU CTPOUTEIb-
cree COC. bruskoe 3ajneranue rpyHTOBBIX BOJL U C€30HHbIE
[IaBOAKM Ha pekax AMyp u TyHIycKa HOBBILIAIOT PUCKY HOf-
TOIUIEHNs IIOMAOK. [To/TydeHHbIe TaHHBIE IIO3BOMISAT MIHN-
MU3MPOBATh 3TU PUCKU HA ITANaX MPOEKTMPOBAHUA M IKC-
wryaranyn o6bekToB BVD.

Ilenp WMCCIETOBAHUS — OLEHUTb TIWAPOTeOOrMIecKue
YC/IOBUA IUIOMIAIKM CTPOUTENIBCTBA CONMHEYHOI 3IEKTPO-
CTaHIUM /151 0OOCHOBAHMS IPOEKTHBIX PelIeHNIL.

3agauM BK/IIOYAIOT V3YYeHME TIMAPOTOIMYECKOTO IONIO-
JKEHMA YYaCTKa, OLIEHKY (QUIbTPAIMOHHBIX CBOJICTB TPYHTOB
U peX1Ma TPYHTOBBIX BOJI, BbIABICHME 30H OTEHIINATBHOTO
HOATOIUIEHVSI U Pa3pabOTKy peKOMeHaluii [0 MHXEeHePHOI1
3alIUTe COOPY>KEHNIL.

OOBeKT uccIefoBanua — IUIOLAJKa CTPOUTEIbCTBA COM-
HeuyHoI anekTpocTanium (30 km?) B XabapoBCKOM Kpae.

[Ipenmer McceoBaHNsA — TUAPOTEONIOTMYECKIE Y MHKe-
HEPHO-Te0/IOTMYeCKIe YCIOBUS YIacTKa.

MeTopbl M3BICKaHWIT OXBATBIBAJIN:

— PEKOTHOCIIIPOBOYHOe obcmenoBaHme (20 KM Mapupy-
TOB);

— 6yposble pabotel (KomoHKOBOe OypeHme, 588 BbI-
paboTok);

— IMAPOreonornyeckye HabIofeHN;

— mabopaTopHble KccnenoBanus (onpeneneHme koaddu-
IyeHTa GUIbTPALUY, TPAHYIOMETPUIECKOTO COCTABA);

— reodusnueckoe mpodunupopanue (amekTporomorpads);

— I'MCananus s kaprorpadupoBaHNA OIACHBIX 30H.

Hayynasa HOBM3HA 3aKII0YaeTCA B KOMIITIEKCHOV OLI€HKE
rupporeonorndecknx ycnosuit amsa COC Takoro macmraba
B [aHHOM peTMOHe, BKIIOYas CE30HHYI0 [VHAMUKY IMOJ-
3eMHBIX BOJ] U1 X CBsI3b C PEYHOII CETDIO.

ITpakTuyeckast 3HAYUMOCTb Pe3y/IbTATOB COCTOUT B CHIU-
JKEHUM PUCKOB fiepopmannii GyHAAMEHTOB 1332 IIOLTOI-
JIEHVST I MOPO3HOTO ITyY€HNIsT /ISl QHA/IOTMYHBIX IPOEKTOB Ha
IanpHeMm BocToke.

Feorpatmyeckoe U rMAPONOrMYECKOR NONOXKEHNE
ob6beKTa

Y4acTOK CTpOUTeNbCTBA COMHEYHOI 97IEKTPOCTAHIUY II/IO-
manbpio 30 KM? pacronoxkeH Mex/y pekamu Amyp u TyHrycka
B XabaposckoM Kkpae (puc. 1). Perped yyacTka paBHUHHBIIL,
¢ 3a00I0YEHHBIMMU 3aTlafHAMU ¥ KOYKOBATBIM MUKPOPENb-
edom (abcomotubie orMetku 40-49 MBC). Knumar — yme-
pennblii MycconHbnt (I kmmmaTndeckmit paiton). CormacHo
CIT 131.13330.2020 (tabm. 5.1) [6], cpenHeromoBasi TemIepa-
Typa cocTasndAerT +1,8 oC, rofoBoe KOMMYECTBO 0CaIKOB — 686
MM, 113 KOTOPBIX 87 % BbIIIaZlaeT B TEIUIDIN IIEPUOJ; IPOJOTIKI-
TE/IbHOCTD 6e3MOpOo3HOro neprosa — 159 aueit. Iugporpadu-
YecKasi CeThb OTHOCUTCS K 6acceiiny pexut AMyp: peka TyHrycka
CIIY)KUT 3alaJiHOi TpaHMIIEN ydYacTKa, a NMpoTokKa Hipkwne-
cracckas (p. AMyp) — BocrouHoit [8]. Ce30HHBIe KoneOaHMA
YPOBHS BOJIbI B peKax BOCTUrant 10-15 M OTHOCUTENBHO Me-
KEHU, YTO OKa3bIBaeT IIPAMOE BIUAHNUE HA PEXKUM I'PYHTOBBIX
BOJI. [lMHaMIKa ypOBH:I BOJbI IIpeficTaB/IeHa B TaoI. 1.
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Puc. 1. PacnonoxeHune 06beKTa n3bICKaHUM

Tabnuua 1. Ce30HHble KoneGaHnA ypoBHA BoAbl B GmKanwmnx BogoTokax (peku Amyp u TyHrycka, 2025 r.)

Ce3oH YpoBeHb BOAbI, M Haf, MeXeHbI0 MpopomKNTENBHOCTD, fHENH
3UMHsAA MexeHb (HoA6pb—anpenb) 0 180
BeceHHee nonosoabe 5-8 30-40
JleTHeoCeHHMe NaBOAKM 10-15 60-90

MpumeyaHue. [laHHble NONyYEHbI MO pe3yibTaTaM rMApPoONoruyeckux HabnneHnin Ha rugponoctax N2 3 u Ne 7
KamblwoBckoro paioHa B 2025 T.

MH)KeHepHOI'GOHOFM‘IECKVIe
unruaporeosiornyecKkue ycnosus

JIuTonorumdeckuil cocrtaB IPyHTOB (CBepXy BHU3) OIIpe-
menén mo I'OCT 25100-2020 (m. 3.2) [2]: moyBeHHOpacTH-
TENbHBIN C/1011 MOIHOCTBIO (0,1-0,4 M); CYIIMHKY U CyIecH
(5-10 m); mecku TbLTEBAThIe, MENKIE U CPeRHeil KPYIHOCTI
(10-21,9 M). YpoBeHDb TPYHTOBBIX BOJ XapaKTepMU3yeTcsA Ha-
JM4yeM BepXoBOAKM Ha DirybuHe 0,5-2,0 M (ImepeMeHHBI
PEXVM) 1 IIepBOro rOpU30HTa Ha IybuHe 7,8-9,8 M. Makcu-
MaJIbHO IIPOTHO3MpYyeMblit ypoBeHb (MITY) B maBopkm gocTu-

raer 6,3-8,3 M. IlogseMHbIe BOIbI Y€TBEPTUYHBIX OTIOKEHUIL
VIMEIOT IOCTOSTHHYIO TUIPABINYECKYIO CBSI3b C peKaMit AMyp
u TyHrycka, 9TO HOATBeP>KAAeTCsT KOHGUTypaluest Ibe30r-
POM3OIMIIC, HOBTOPAOLIEN penbed MecTHOCTH [8].

OmacHble IpoLecChl BKIIOYAIOT: CE30HHOE MOJTOILICHVE
(paiton I A, yuactox 1A 2) cormacao CII11-105-97 (u. I,
paspn. 5) [4]; MOposHOe IydYeHue TPYHTOB B BepXHeWl 4acTy
paspesa (I'OCT 25100-2020, 1m.3.34) [2]; ceitcMMYIHOCTD
6 6ammoB (MSK 64) o CIT 14.133330.2018 (ta6n. 1) [5]. [Ipo-
THO3 M3MEHEHVIsI THPOre0IOrNYeCcKOro peXxxyma Ipu CTpOu-
TEIbCTBE MPENIoNaraeT JIOKa/JbHOE IIOBbILICHNE YPOBHSA

Tabnuua 2. Tuaponoruyeckue napamerpol naowagku crpoutenscrea CIC (no pesynbtatam ypeHns 588 CKBaXMH,

2025r.)

Mapametp 3HayeHue EanHULbI n3MepeHus
KoadhduuneHT dunbTpaumm rpyHToB 0,5-5,0 M/cyT
[ny61Ha 3aneraHus rpyHTOBbIX BOA 7,8-9,8 M

AMNNTYAa Ce30HHbIX KoNiebaHuil 1,5-2,0 M
Tun Bop 6e3HanopHole —
CBf3b C NOBEPXHOCTHLIMU BOJOTOKAMM noCTOfHHasA —

Mpumeyanue. KoadbduumeHt dunstpaunm onpenenét metogom otkayku (F0OCT 23278-2014) [1],
MuUHepanu3sauus u pH — nabopaTopHbIM aHanU30M Npob BOAbI.
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I'paduik 1. CesoHHoe koneGaHHe YpOBHA TPYHTOBBIX BOJI Ha ydacTke cTpoHTenbhetsa COC
(maHHEIE 10 CKRaIMHAM, 2025 1.).
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Puc. 2. Ce30HHOe KoniebaHue YPOBHA rPYHTOBbIX BOA Ha yuacTKe ctpoutenbcTBa CIC [4]

TPYHTOBBIX BOJ 133 HAPYLIEHNMS eCTECTBEHHOIO CTOKA, PUCK
3a0oauyMBaHMsA Ha Y4YacTKaX C HUBKUM KoadduumeHTOM
¢unpTpanun (< 1,0 M/cyT) U ycuieHre MOPO3HOTO IIydYeHMs
IpY IIPOMEeP3aHUN BOLOHACHILICHHBIX TPYHTOB [7].

MeToauKa u pe3ynbTaTbl U3bICKAHUN

PaGoTBI BBHIIIOTTHEHBI B MIOHe—aBrycTe 2025 I. ¥ BK/IIOYAIN
CTIefyIOII/e STAIIbI:

— PEKOTHOCILIMPOBKY € (MKcalyell OIacHBIX IPOLIECCOB
U OLieHKoI1 TpaHcnopTHOI goctynHocTy (CIT 11-105-97, 4. 1,
. 5.4) [4];

— Oypenue 588 BbIpabOTOK KOJIOHKOBBIM CIIOCOOOM (ITy-
6una 10,0-22,0 M) mo TOCT 12071-2014 (1. 4.2) [1];

— onpob6osanue rpyHToB 1 Bog 1o TOCT 12071-2014 [1];

— TUAPOTreoIornyecKyie HabIofeH s C IePUOFUIHOCTDIO
1 pa3 B 10 greit (CII 11-105-97, 1. 6.3.5) [4];

— 71abopaTopHbIe NCCIeNOBaHNA GUIBTPALIMOHHBIX U pu-
3MKOMeXaHm4ecknux cBoiictB rpynros (I'OCT 25100-2020,
pasz. 4) [2];

— reo¢usndeckoe MPoUIMPOBAHUE METOLOM 3IEKTPO-
tomorpaduu (TOCT P 58325-2018, mr. 7.2) [3];

— I'MCananus ganusix (CIT 131.13330.2020, npun. I') [6].

Pe3ynprarsl U3BICKAHMIL:

1. CocraBneHbl ~ KapThl ~ TUAPOM3OIMIC  MaciuTaba
1:10000 [8].
2. Ompepenensl  KoapduimenTsl  umpTpaunmm s

Pa3HBIX TUIIOB IPYHTOB:
— cyrmuHKn: 0,5-1,0 M/cyT;
— cynecn: 1,0-2,5 M/cyT;
— meckn: 2,5-5,0 M/cyT [2].
3. BbIAB/IEHBI YYacTKM C BBICOKMM PHCKOM 3abonmadm-
Bauus (koo duiment punvrpanyn < 1,0 M/cyT) u 30HBI TIO-

TEHIIMATbHOTO TOATOIUIEHV TUIOIANbBIO 10 5 KM® B MEepHOf
MMaBOJKOB [4].

[Topesynpraramnaboparopubixuccnegosanmuit(TOCT 25100~
2020, ta6r. B.1) [2] ycTaHOBIIEHO, YTO TPYHTBI yIaCTKA OTHOCATCS
K KaTeropyuy CpeSHeIyYMHUCTDIX IIpU IPOMEp3aHUM, YTO Tpe-
OyeT cIienyaabHbIX KOHCTPYKTVBHBIX PeLIeHNIT IIpU yCTPOIICTBE
¢dyupamentos (CIT22.13330.2016, 1. 6.8.11) [7].

AHanu3 BANAHMSA r’UAPOIOrMYECKUX YCII0BMUIA
Ha NpoeKTUpoBaHue

Tupponornyeckue GakTOpbI UTPAIOT OMPEREIAIOLIYIO POIb
opyu BbIOOpe IUIOMIAJIOK I pasMelleHMs] COMHEYHbIX IIa-
Heseil M paspaboTKe KOHCTPYKTUMBHbIX pemternii [7]. ITpuo-
pUTeT OTHAETCA YIACTKAM C ITyOOKIM 3ajIeraHMeM IPYHTOBBIX
Bop (> 10 m) 1 BbicOKuM K03 dunmentom ¢unbrpanuu (> 2,0
M/cyT). VIcK04aroTcs 30HbL ¢ K03QPUIeHToM GUIbTpaLn
< 1,0 M/cyT n33a pucka 3abomauyBaHusA, a TAKXKe IOHVDKEHNA
U 3alafiuHbl pernbeda, Ife BO3MOXXHO CKOIUIEHME IIOBEpX-
HOCTHBIX Bof [4] [7].

[l obecredeHNs YCTOIYMBOCTY COOPY)XXEHUIT PEKOMEH-
[IOBaHbI CBaliHble (PyHJAMEHTBI C 3armyOneHueM >2,5 M —
HIDKe DIyOMHBI IIPOMEepP3aHMsi IPYHTOB. JTO MO3BOJISIET W3-
6exxarp fedopManyii, BBI3BAHHBIX MOPO3HBIM IydYeHNEM
BOJIOHACBIILIIEHHBIX CYITIMHKOB U cymeceit [5] [7]. Homonuu-
TEJIbHO TIPENyCMAaTPUBACTCA TUAPOUSOALUA ONOP OUTYM-
ueiMu Mactukamu (FTOCT 30693-2000, 1. 4.2) [10], ycTpoit-
CTBO IIECYAaHOTPABUITHONM TOAYIIKM TommuHoi 0,3 M mop
OCHOBAHWSIMU OIIOP A/IsI PABHOMEPHOTO PaCIIpefie/ieHNs Ha-
rpysku [7] ¥ mpuMeHeHMe CBall C aHTMKOPPO3MOHHBIM IIO-
kpoituem (CIT 28.13330.2017, tabn. B.1) [11].

JIpeHa>kHasA cUCTeMa MPOEKTUPYeTCs KaK KOMIUIEKC MH-
JKEHEPHDIX pelleHuit [7], BKIIOYAOMINIT TMHENHBI FpeHaX
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BLOTIb PAROB (HOTOITEKTPUYECKUX MOLYIEN C LIATOM MEXAY
npenamu 20 M, ykmoHoM 0,005 u rny6uHOI 3amoxenns 1,2-
1,5 m. Ilo mepumeTpy IIOIAfOK IPENyCMaTPUBAIOTCA BOJIO-
c6opHbIe KaHaBbI MPKHOI 110 1HY 0,5 M u rmy6unoii 0,8 M ¢
me6&nouHol obchinkoi ¢paxumeir 20-40 mm. s npeport-
BpAILeHVIsI 3aW/IMBAHNS APEHaXKa IIPUMEHSIETCS] TeOTeKCTIUIb
mnotHoctbio 200 r/mM2 (T'OCT P 56419-2015, m. 5.3) [12].
Konurponp paboTsl crcTeMbl 06ecrednBaeTcsi YCTAaHOBKOIL
CMOTPOBBIX KomozLeB depes kaxsre 50 m (CIT 32.13330.2018,
m. 6.2.15) [13].

MOHNTOPYHT TUAPOTe0IOrNYECKOTO PEXIMA B IIEPUOL,
9KCIUTyaTallMM IIPefyCMaTpUBaeT YCTAaHOBKY IIbe3oMe-
TPOB B KOHTPOJIbHBIX cKBaknHax (CII 11-105-97, 1. 6.3.8)
[4], perynsipHble 3aMepsl YpOBHsI TPYHTOBBIX Bof (1 pas
B MeCALl B TEIUIbI Iepuof 1 1 pas B KBapTal B XOJIOAHbIIN
Hep1of), KOHTPOIb MUHEPAIM3ALNN U XUMIIECKOTO CO-
craBa Boj — 2pasa B rox (FOCT 31861-2012, pasg. 4)
[14] — m aBTOMaTM3MPOBAHHBII COOP JIAHHBIX C [TEepeaveit
B emgmHyw cuctemy mouuropunra (I'OCT P MICO 18385-
2021, m. 7.2) [15].

O6ocHOBaHME IPOEKTHBIX peLIeHMI IO pe3yabraraM
USBICKAHMII Cefykolee. Boibop cBartHbIX (yHFAMEHTOB 06-
YCIIOBJICH CeICMMYHOCTBIO paiioHa (6 6ammos mo MSK 64)
[5], cpeHemy M HICTBHIMY CBOJICTBAMI TPYHTOB IIPJ IPOMep-
sanuu (I'OCT 25100-2020, 1. 3.34) [2] u r1y6uHOI mpoMep-
3aHus 2,2-2,4 M Ha y4acTke [6]. Heo6x0n1MocTh fpeHaXKHO
CHCTEMBI OIIpefeseTCs] BBICOKMM PUCKOM MTOATOIUIEHNS B T1a-
BOJKOBBII Iepuop (3oHa I A, yaactok I A 2) [4], Huskoit Bofo-
IIPOHMIIAeMOCTBI0 CyrMHKOB (0,5-1,0 M/cyT) [2] u 6rmuskuM
3ajleraHyeM IPYHTOBBIX Bof (7,8-9,8 M) [8]. AHTMKOppO3U-
OHHas 3aIuTa TpebyeTcs M33a MUHEPAINM3aLUy [Of3€MHBIX
Boxi 0,8-1,2 r/m [14] M ce30HHBIX KOeOaHMII YPOBHSA BOMBI
(1,5-2,0 M) [2], BBI3BIBaOIIMX IOIEpeMEHHOE YB/Ia>KHEHUe
¥ BBICBIXaHNe KOHCTpyKumii [11].

Bce mpepioxkeHHble pelleHUsA COOTBETCTBYIOT TpeboBa-
HIUSM JIEVICTBYIOIIMX HOPMATUBHBIX JJOKYMEHTOB VI YUMTbI-
BalT crenuduyecKue MH>XeHePHOTeOIOTNYecKue U TULPO-
re0/IOTMYecKyie YCIOBMS IIOIAKY CTPOUTENbCTBA.

3aKknueHue

B xofe WMH)KEHEPHOTEONOIMYECKUX ¥ TU/IPOTeonornde-
CKMX M3BICKaHMII, KOMIIJIEKCHO OLIEHEHBI YCIOBNS ITIOLIAIKY
crpoutenpctBa CIOC [1] [4]. YcTaHOBIEHO, YTO YYaCTOK IJIO-
mafpio 32 KM® pacHosiokeH MeXay pekamy Amyp u TyHrycka
B 30He YMEPEHHOI'O MYCCOHHOTO K/IMMAaTa C BBIPa>KeHHBIMU
Ce30HHBIMU KO/IeOaHVISIMU YPOBHS BOABI [6].

CcdopmynupoBaHsl C/IefyIOLINe BBIBOJBL:

1. Tupgporeonormyeckue yCIOBMSA — yYacTKa
PUBYIOTCS:

XapakTe-

— IIOCTOSIHHON TUAPAB/INYECKOI CBA3bIO IOBEPXHOCTHBIX
U TIO/I3€MHBIX BOJI;

— I7yOMHOII 3ajleraHusA TIPYHTOBBIX BOJ B HIMaIla30He
7,8-9,8 m;

— aMIUIUTYHOI Ce30HHBIX KOJe6aHWIT yPOBHS IPYHTOBBIX
Bog 1,5-2,0 m;

— xoadduunentom unprpanyy rpyaros or 0,5 go 5,0
M/cyT (BapbupyeTcsa B 3aBUCUMOCTY OT THUIIA TPyHTa — CY-
DJIMHKY, CYTIeCH, TIECKN);

— HaJIM4MeM 30H IIOTEHIMA/JbHOTO MOATOIUIEHNS IUIO-
IabIo 10 5 KM2 B Ilepuoy maBofkos [2] [4].

2. K OCHOBHBIM OIIaCHBIM IIpoOLieccaM, TPeOyommM 00s-
3aTeIbHOTO y4ETa IPU IIPOEKTHPOBAHUY, OTHOCATCS:

— cesoHHOe noaTonteHne (parion I A, yuactok I A 2) [4];

— MOpO3HOe IIy4eHHe IPYHTOB B BepXHell 4acTu pas-
pesa 133a UX CPeIHENYINHUCTBIX CBOVICTB [P IIPOMEP3aHUN
(TOCT 25100-2020, 1. 3.34) [2];

— CeICMMYHOCTD TeppurTopuy 6 6amIoB MO  IIKaje
MSK 64 (CIT 14.133330.2018, Tabn. 1) [5].

3. JIUTOMOTMYECKMII COCTaB TPYHTOB (IIOYBEHHOPACTHU-
TEJIBHBIII CJI01, CYIJIHKY U CYIIECH, TIECKU ITbIIEBAThIE, ME/IKIE
U CpefHell KpymHocTH) [2] B codeTaHMM ¢ KIMMaTHYeCKUMU
yCIoBUsAMM pernoHa (yMepeHHbII MYCCOHHBII K/IMMAT, [IPOo-
IO/DKUTETBHOCTh 6€3MOPO3HOro mepuopa 159 mueit) [6] quk-
TyeT HeoOXOIMMOCTb IIPYMEHEHNS CIEIVaNbHbIX KOHCTPYK-
TMBHBIX PeLIeHNIT IPU CTPOUTENBCTBE.

PexoMeHAIIN /IS IPOEKTUPOBLIMKOB, OCHOBAaHHbIE HA
pesynbTrarax U3bICKaHMIl:

1. IIpu BbIGOpE IUIOLIAKOK A/IST Pa3MEIeHNsI COTHEYHbIX
I[IaHesleil OTAABATh IPUOPUTET YIACTKAM C:

— I7IyOMHOJT 3a/IeraHus IPYHTOBBIX BOf 6omee 10 M;

— koadpdunnentom ¢unprpanuu 6oee 2,0 M/cyT;

— OTCYTCTBUEM ITOHVDKEHWII U 3aMafiiH peibeda, Ifie BO3-
MOYKHO CKOIIJIeHNe TIOBEPXHOCTHBIX BOZ [4] [7].

2. IlpumeHATDH cBaifHble PYHIAMEHTBI C 3arTyO/IeHneM
HIDKe DTyOuHbI TpoMep3anys (> 2,5 M) [is IpefoTBpale s
medopMariuit, BbI3BaHHBIX MOPO3HBIM ITydeHyeM [5] [7].

3. IlpemycMaTpuBaTh KOMIUIEKCHYIO JPEHAXKHYIO CH-
CTeMy Ha y4YacTKax ¢ KoaduumeHTOoM QUIbTpALNU MeHee
2,0 M/CyT, BKITIOYAIONTYIO:

— JIMHEVHBII APeHaX BJO/Mb PSAOB (POTOITEKTPUIECKIX

MOJy/e;

— BOIOCOOPHbIE KaHABBI IO MEPUMETPY IUIONIA/IOK;

— TEOTEKCTM/Ib [ IpefoTBpallieHMsa  3alIMBaHUA
[12] [13].

4. OpraHu30BaTb MOHMUTOPMHI THPOreO0IOTNIECKOTo
PpeXXMMa B IIepIof; CTPOUTENIbCTBA U 9KCIUTyaTalUN, KOTOPBII
IOJDKeH MpefyCMaTpyUBaTh:

— YCTaHOBKY ITbe30MeTPOB B KOHTPONbHBIX CKBXKIHAX [4];

— pery/spHble 3aMepbl ypOBHs TPYHTOBBIX Bop (1 pas
B MecAl B TEIUIBI NEpUOH, 1 pas B KBApTal B XOIOLHBIN
IIepUOL);

— KOHTPOJIb MMHepa/ly3alMi Y XUMMUYECKOTO COCTaBa
BOJ 2 pasa B rog [14];

— aBTOMATM3MPOBAHHbI COOpP MAHHBIX C IIepenadert
B €UHYIO0 CICTeMY MOHKUTOpKHTa [15].

5. Obecne4nBaTh AHTMKOPPO3MOHHYIO 3aLIUTY METasl-
JIMYeCKUX 9/IeMEHTOB KOHCTPYKIUII (CBail, OOp) B COOTBET-
ctByu ¢ TpeboBanuamu CII 28.13330.2017 [11], ¢ yaéTom Mu-
Hepanusanuu noazeMubix Boj (0,8-1,2 r/m) [14].

6. Y4urpiBaTh ceificMMYeCKMe BO3JENCTBMA IIPU pac-
qéte ¢ynmamentoB u koHcTpykumit (CIT 14.133330.2018)
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[5] n mpexycMaTpuBaTh SOIIOMHUTENbHBIE MepbI 10 obecIe-
YEHMIO CEJICMOCTOMKOCTI COOPY>KEHUIL.

7. Vicionp3oBaTh TMAPOM3OIAINIO OIOP OUTYMHBIMU
mactukamu (I'OCT 30693-2000) [10] u ycrpamBarb mecya-
HOTPAaBMUIIHYIO OJZYIIKY TONMIHOM 0,3 M IO, OCHOBaHUAMU
OIIOp Ji/I1 PABHOMEPHOTO paclipefie/ieHVsl Harpysku [7].

PesynbraThl NpOBENEHHBIX WM3BICKAHUII MMEIOT BBI-
COKYI0 IPAaKTMYECKYI0 3HAYMMOCTD [IsI Pa3BUTUsI BO300-
HOBJIAEMBIX MCTOYHMKOB sHeprum Ha JlajibHeM BocToke
[9]. IlpemnoykeHHbIe pellleHNS IO3BOAIT MUHUMM3UPO-
BaTb TUJPOTEONIOTMYECKME UM CEeICMMYECKMEe PUCKU IIpu

JIuteparypa:

CTPONTEbCTBE KPYITHOMACIITAOHBIX COMTHEYHBIX 3/IEKTPO-
CTAHIUI B @HATIOTMYHBIX KIMMATIYECKUX U T€OJIOTMYeCKIX
YC/IOBUSIX.

IlepcnieKTMBHBIM HaIlpaB/IEHMEM [aNbHENINNX MCCIENO-
BaHMII SIBJISIETCS ZOTITOCPOYHBIN MOHITOPYVIHT IU/POTe0IOTH-
YECKOTO PEeXMMa ¥ CEIICMIIECKOI aKTUBHOCTY Ha IUIOLIAfIKe
ocsie BBOfia 06 beKTa B aKcIvtyaranuo [5] [8]. 9T1o mossomut
YTOYHUTD IIapaMeTpbl pabOTbI APEHAXHOI CUCTEMBI, OLIEHNUTD
3¢ deKTUBHOCTD AHTUKOPPO3MOHHOI 3aIUTBI ¥ CKOPPEKTHU-
POBaTh PeXXMMBI MOHUTOPVHTA B 3aBUCHMOCTI OT PeajbHbIX
YCIIOBUI 9KCIUTyaTaluu.
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Geochemical properties of eruption products of mud volcanoes
of the northern part of the Baku archipelago

Mukhtarova Khuraman Ziyadkhan, candidate of geological and mineralogical sciences, associate professor, head of department;
Mammadli Mahammad Azer, master’s student;

Rahimov Kamal Zaur, master’s student
Azerbaijan State University of Oil and Industry (Baku, Azerbaijan)

Mud volcanoes of the northern Baku Archipelago are important geological and geochemical indicators of deep fluid migration and
hydrocarbon potential in the South Caspian Basin. This study synthesizes available data on eruption products, including mud, water,
gas, and mineralized ejecta, to evaluate their chemical and mineralogical properties. Waters from different volcanoes show a wide
range of mineralization, from Na-HCOs and Na,SOy types to CaCl, and MgCl, brines, reflecting contributions from multiple depth
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sources. Mineralogical analysis reveals the presence of sulfides, phosphates, oxides, and metallic microspherules, indicating active
fluid-rock interactions and metal mobilization from deeper strata. Understanding these geochemical characteristics helps assess mud
volcano activity, subsurface fluid pathways, and potential hydrocarbon reservoirs in the region.

Keywords: mud volcano, geochemistry, eruption products, Baku Archipelago, South Caspian Basin, fluids, minerals, oil.

FeoxMMmyeckme 0C06eHHOCTU NPOAYKTOB U3BEPKEHUA
rpaseBbiX ByIKAHOB ceBepHOM YacTn bakuHCcKoro apxunenara

MyxTtapoBa XypamaH 3usfxaH rbi3bl, KaHAULAT Fre0NOro-MUHEPANOrMYeCcKUX HayK, LOLEHT, 3aB. Kadenpoii;
Mammagnu Maxammag A3sep, CTYAEHT MarucTparypsl;

Parumos Kaman 3ayp, CTyneHT MarucTpatypbl
A3sep6aitfKaHCKuil rocyAapCTBEHHbIN YHUBEPCUTET HedTU W npombiwaeHHocTyH (r. baky, Asep6aitaxaH)

Ipssesvle synxamvt ceseproti wacmu baxurckozo apxunenaza A6nAIOMCS BAHHbIMU 2e0TI02UHECKUMU U 2e0XUMUHECKUMU UHOU-
Kamopamu muzpayuu 2nyouHHbix roudos u Hepmezazosozo nomenyuana Kxno-Kacnutickoeo 6accetina. B uccnedosanuu cum-
me3uposarvl 00CHynHole daHHble 0 NPOOYKMAX U3BEPHEHUTI, 6KIOHASA 2PA3b, 600y, 243 U MUHEPANU30BAHHbIE 6bIOPOCHL CO CTle-
Oamu Hedmu, ¢ Uenvbi0 OUEHKU UX XUMUYECKUX U MUHEPANoeU1ecKux c60ticme. Boovl pastuix 8y1KaH06 noKa3vléaom wupoxui
ouanason munepanusavuu — om munoé Na—HCO; u Na SOy do pacconos CaCl, u MgCl,, umo ompasicaem 6knad ucmo4HuKos
pasoii enyburvl. Munepanozuueckuti aHanu3 8viasus cynv@uoot, pocamol, OKCUOVL U MemManiuveckue MUKpochepul, ykasoleas
HA akmueHoe 63aumoodelicmeue Prnoudos ¢ NoPoooil 1 nepeHOC Memannos u3 enybokux cnoes. Ilonumanue smux 2eoxumute-
CKUX XAPAKMEPUCIUK NOMO2Aem OUeHUMb AKIMUBHOCIb 2PA3EBLLX BYNKAHO8, NYMU MUZPAUUU NOO3EMHbLX PII0UO06 U NOTHeHUU-

ajlbHovle Hedimezcmosme 3anexu pecuoHa.

Kntouesvie cnosa: 2pasesoil 8ynkan, eeoxumus, npooykmuol ussepiceruil, bakurckuii apxunenae, IOxcno-Kacnutickuti 6acceii,

Prroudvl, Murepanvi, Hemo.

Introduction

Mud volcanoes represent one of the most distinctive sur-
face expressions of deep fluid, gas, and sediment migration
within rapidly subsiding sedimentary basins. They act as nat-
ural conduits through which fluids, gases, and solid materials
originating from different stratigraphic levels are transported
to the surface, preserving valuable geochemical information
about subsurface processes and petroleum systems [7]. The
South Caspian Basin, and particularly the Baku Archipelago,
hosts one of the world’s highest concentrations of active on-
shore and offshore mud volcanoes, making this region a key
natural laboratory for studying mud volcanism and its geo-
chemical manifestations [4].

Previous studies have demonstrated that eruption prod-
ucts of mud volcanoes—including mud breccia, fluids, gases,
and authigenic minerals—record complex interactions be-
tween water, rock, and hydrocarbons under conditions of el-
evated pressure and temperature at depth. Geochemical anal-
yses of mud volcano fluids and gases from Azerbaijan indicate
a predominance of Na-Cl type waters, thermogenic methane,
and minor heavier hydrocarbons, reflecting deep sedimen-
tary and petroleum system sources [3, 9]. Isotopic and chem-
ical data further suggest that these fluids may originate from
depths ranging from several kilometers to more than 10 km,
depending on the tectonic and thermal structure of the basin
4, 10].

Recent mineralogical and geochemical investigations have
emphasized the importance of fluid-rock-gas reactions occur-
ring within shallow mud chambers prior to eruption. Studies

from the Caspian Sea region show that mud volcano ejecta
commonly contain altered clay minerals, carbonates, sulfides,
and Fe-Mn phases formed through interaction between as-
cending fluids and host sediments [1, 2]. Similar processes have
been documented at the Zenbil island mud volcano, where flu-
idogenous mineralization reflects changing redox conditions,
hydrocarbon oxidation, and metal mobilization during fluid
ascent [11].

Despite the substantial body of work on mud volcanoes in
Azerbaijan, most geochemical studies have focused either on
individual volcanoes or on broad regional trends without sys-
tematic synthesis of eruption products specific to the northern
part of the Baku Archipelago. In particular, variations in the
geochemical composition of solid ejecta, fluids, and gases be-
tween different mud volcanoes within this offshore-nearshore
transition zone remain insufficiently summarized and com-
pared using published datasets [1, 9]. Moreover, the relation-
ship between geochemical signatures of eruption products and
the geological setting of the Productive Series and deeper Me-
sozoic sediments has not been fully integrated in a single inter-
pretative framework [5, 12].

Understanding the geochemical properties of mud volcano
eruption products in the northern Baku Archipelago is im-
portant not only for advancing knowledge of mud volcanism
but also for evaluating hydrocarbon generation, migration
pathways, and deep fluid circulation within the South Caspian
Basin. Mud volcano geochemistry has proven to be a valuable
indirect tool for assessing oil and gas potential, thermal re-
gime, and overpressure conditions in deeply buried sedimen-
tary successions [4, 6, 7].
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The main aim of this study is to synthesize and interpret
published geochemical data on the eruption products of mud
volcanoes in the northern part of the Baku Archipelago, with
particular emphasis on fluid composition, gas geochemistry,
mineralogical features, and fluid-rock interaction processes.
By integrating results from previous studies, this work seeks
to identify common geochemical patterns, regional character-
istics, and existing data gaps, thereby providing a consolidated
reference framework for future geological and geochemical in-
vestigations in the South Caspian mud volcanic province.

Data and Methods

The main dataset includes chemical analyses of mud vol-
cano waters (major ions, mineralization degree, water type),
gas geochemistry (methane dominance, isotopic composi-
tion of carbon and hydrogen, presence of higher hydrocarbons
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and CO,), and mineralogical-geochemical characteristics of
solid ejecta such as breccia, clay matrix and authigenic min-
eral phases [2, 9, 11].

According to water-geochemistry data, mud volcano waters
of the Baku archipelago are characterized by a wide range of
mineralization values, reflecting different depths and sources
of fluid generation. Reported mineralization values vary from
relatively low mineralization in some island volcanoes to very
high mineralization in others, indicating strong heteroge-
neity in fluid sources and migration pathways [2, 4]. For ex-
ample, comparative analysis of water samples shows that min-
eralization generally increases from the north-west towards
the south-east and south directions of the archipelago (Figure
1, 2), which corresponds to basin deepening and increasing
burial depth of sedimentary sequences [4, 10].

5. Sangi-Mughan

Figure 1. (a) Location map of Azerbaijan. (b) Google Earth view showing the
location of the mud volcanoes within the Caspian Sea, Azerbaijan [2].
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Figure 2. Baku archipelago. Mud volcanoes location scheme [10]
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The compiled data indicate significant variability in the
geochemical composition of waters discharged by mud volca-
noes of the northern Baku Archipelago. The lowest mineral-
ization values are characteristic of Gil adasi, 35.7 mg-eq/100
g, where waters are dominated by Na-HCO; composition and

likely originate from relatively shallow sedimentary levels. In
contrast, Sangi-Mugan exhibits the highest degree of mineral-
ization, reaching values above 242.5 mg-eq/100 g, with CaCl,-
MgCl, type waters, suggesting contribution from deeper, more
evolved brines (Figure 3).

250 4

200 1

150 4

100 4

Mineralization (mg-2q/100 g)

Gil adasi

sangi-Mudan

Mud valcano

Figure 3. Mineralization of mud volcano waters in the Baku Archipelago

Mud volcanoes such as Zenbil and Dashgil show interme-
diate mineralization levels and are dominated by Na-Cl type
waters, which are typical for deep basinal fluids in the South
Caspian Basin. These waters are commonly associated with hy-
drocarbon-bearing strata and active fluid-rock interactions,
including metal transport and mineral precipitation. The ob-
served variability supports the concept that mud volcanoes in
the Baku Archipelago are fed by fluids originating from mul-
tiple depth intervals and geological environments, rather than
a single uniform source [2, 9, 11].

The chemical type of mud volcano waters also varies sys-
tematically across the region. In relatively shallow or marginal
areas, alkaline water types such as NaHCOj; and Na,SO, dom-
inate, whereas in deeper and more mature parts of the basin
these waters are progressively replaced by CaCl, and MgCl,
types [2, 4]. This transition reflects ongoing water-rock inter-
action processes, including ion exchange, clay mineral trans-
formation and dissolution—precipitation reactions during deep
burial and fluid ascent. Similar geochemical evolution trends
have been documented for other South Caspian mud volca-
noes and are consistent with models of progressive fluid matu-
ration with depth [1, 2].

Gas geochemistry data indicate that methane is the dom-
inant component of gases emitted by mud volcanoes of the
Baku archipelago, with isotopic signatures mainly corre-
sponding to thermogenic origin, although admixture of mi-
crobial methane is also reported in some cases [3, 8, 9]. The

presence of higher hydrocarbons and CO, further supports
a deep sedimentary source for gases, often related to oil and
gas-generating intervals within the Productive Series and
deeper Mesozoic sequences [8, 9, 10]. Variations in gas com-
position and isotopic ratios between different volcanoes sug-
gest differences in source depth, thermal maturity and migra-
tion pathways.

Mineralogical and geochemical data of solid eruption prod-
ucts provide additional evidence for complex fluid-rock inter-
actions in mud volcano systems. Studies of the Zenbil mud
volcano reveal the presence of fluidogenic mineralization, in-
cluding native metals, metal alloys, sulfides, oxides and phos-
phate minerals within the breccia material [11]. These min-
eral phases are interpreted as products of deep, metal-bearing
fluids ascending together with mud and sediments, rather than
simple mechanical entrainment of host rocks.

In addition to mineral phases, the bulk chemical composi-
tion of solid ejecta demonstrates significant variability in silica
content across different mud types and sampling sites (Figure
4). Brecciated mud generally exhibits the highest SiO, concen-
trations, exceeding 50 wt. % at Khara-Zire and Garasu, while
liquid mud samples maintain relatively high values around
48-49 wt. %. Oily mud shows greater heterogeneity, with Ben-
dovan displaying a marked decrease to 32.3 wt. % compared to
other sites [2]. These differences highlight the influence of geo-
logical conditions and eruption dynamics on the geochemical
composition of mud volcano products in the northern Baku
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Archipelago. Understanding these variations is crucial because
SiO, content directly reflects the mineralogical maturity (high
SiO, values typically correspond to a greater proportion of
quartz and other silica-rich minerals, which are stable and re-
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sistant to alteration) and sedimentary source characteristics of
the erupted material, which in turn provides insights into the
depth of origin, fluid-rock interaction processes, and tectonic
setting of mud volcano systems [2].
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Figure 4. Variation of S10: content in mud volcano eruption products by
sampling site and sample type (Northern Baku Archipelago)

Similar conclusions are supported by detailed mineralog-
ical and geochemical investigations of Bahar and Zenbil volca-
noes, which demonstrate significant alteration of clay minerals
and precipitation of authigenic phases during fluid ascent [1].

By synthesizing these datasets, it becomes evident that mud
volcanoes of the northern Baku archipelago represent inte-
grated systems linking deep hydrocarbon-generating strata,
fluid-rock interaction zones and surface eruption products. The
variability observed in water mineralization, water type, gas
composition and solid ejecta mineralogy reflects differences in
structural position, depth of feeding horizons and thermal re-
gime across the archipelago [2, 4, 10]. At the same time, incon-
sistencies and gaps in available datasets — especially for off-
shore and island volcanoes — indicate that the geochemical
diversity of eruption products is still not fully documented.

Thus, the compiled data allow not only a descriptive charac-
terization of the geochemical properties of mud volcano erup-
tion products, but also a comparative evaluation of fluid sources,
migration processes and interaction mechanisms controlling
mud volcanism in the northern part of the Baku archipelago.
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NCTOPUA

KoHCTpYKTMBHbIE 0CO6E@HHOCTM U BONPOCHI UHTEpNpeTaLum
Runuw, EnWwaHcKon KynbTypbl

3ybKkoBa [inaHa AnekceeBHa, CTYAeHT
Bonrorpapckuii rocyaapcTBeHHbI COLManbHO-NeAarorniyeckuii yHnBepcuTeT

B nacmosuee epems 6 necocmentom ITosonsve usgecmmo 6onee 30 namamnuxos enuanckoii Kynomypot. OoHaxo 6 npeduie-
CMBYIOUAUX UCCTIE008AHUIX 0CHOBHOE BHUMAHUE YOeIIANIOCh KAMEHHOMY U Kepamu4ecKomy UH8eHMapio, 6 Mo 6pems KaK 60npoc

0 POnu HUNUUL KAK KYTbMYPHO20 uHauKamopa N0XU N030HE20 KAMEHHO020 8eKd 0CHAeMCs OMKPLIMBIM. ,ZI]Z}IPEWEHL{}I amotl npo-

Orembl npeaﬂaeaemm aHanu3 KOmMmniexkcos, O6Hapy9f£eHHblx HA NAMAMHUKAX eNTULAHCKOTL Kynomypol, Komopwvie uccnedosament um-

mepnpemupyrom kax scunuuia. CpasHeHue nposooUnOco Mexoy CUHXPOHHOIMU KOMNIIEKCAMU, U0 NO3B0TIANO BbIABUMD CHElU-
Puueckue uepmol KOHCHPYKIMUBHIX ITIEMEHIN08, XAPaKMepHvle 0715 Kax0020 NAMAMHUKA.
Kniouesvie cnosa: Heonum, sunuua, enuanckas Kynomypa, necocmentoe Ilosomive, apxeonozuteckie namamHuxy, paouo-

yenepooHulil AHANUS.

BBene}me. Vsydenue OpeBHMX O>KMIMIL IPENCTaBAET
co60it ofHy 13 HanbosIee TPYAHBIX 3a/4a4 [/LS1 PXEOJIOTOB,
TPeOYIOIIYIO CIOKHYI0 PEKOHCTPYKIMIo. B aTHOrpadum sxu-
Ve MIPU3HAETCS KPaeyroJIbHBIM KaMHeM KYIbTYpHI [8, c.
3]. Apxeonory, paboraolue ¢ MaTepuagaMy HEOIUTa eCo-
crentHOro IT0BO/IXbsI, 4acTO OOHAPY)XMBAIOT CTPYKTYPHI, KO-
TOpBIE YCTIOBHO MMEHYIOTCS «KWINIAMI» WM «OCTaTKaMM
JKUNIL». BayKHO TTOHMMATD, YTO TEPMUH «KWUJINIE» B aPXeO-
JIOTMM ABJIAETCA BeCbMa YC/IOBHBIM, IIOCKOJIBKY €r0 MaTepu-
aJIbHbIe CJIefbl B KY/ILTYPHOM CJI0€ MOTYT OBITb KpaliHe pas-
HOOOpa3Hbl. OTCYTCTBIME €IVHOTO OIpefe/ieHNs CBA3aHO KaK
C MHOroo0OpasyueM caMmX KOHCTPYKLUIT IPEBHUX HMOCTPOEK,
TaK 1 ¢ HepaBHOMEPHOJ CTeIEeHbI0 UX coXpaHHOCTU. To, 4TO
MbI HAXOMIVM ¥ Ha3bIBA€M «OCTATKAMU JKWINIA» VT «KU-
JIMIIeM», MOXKeT BapbUpOBaTbCA OT YeTKO BUAVMBIX (yH-
IHaMEHTOB, CTeH, IIOJIOB U OCTAaTKOB CPYOOB B aHTUYHBIX
U CPeHEBEKOBBIX KOHCTPYKIVAX 10 MEHee OYeBUIHbIX IIPU-
3HAKOB, TAKMX KaK CKOIUIEHME KOCTell KPYIHbIX >KMBOTHBIX
WIN IPOCTO LIBETOBBIE OTAMYMA B KYIBTYPHBIX C/loAX. TeM
He MeHee, YeTKIe OIpefelieHNsI TOTO, YTO MMEHHO CYUTATh
«OCTATKaMV YXWIUIL» WIN «KVWINIIEeM» JII KOHKPETHBIX TTa-
MATHMKOB WINU IPYIII, BCTPeYaoTcs penko [9, c. 49].
Bpronoso o3epo I. B 8 kM K 10T0-BOCTOKY OT I. AaThIph,
Ha IepBOIT HaJIIOIMEHHOI Teppace mpasoro 6epera p. Cyper,
pacronaraeTcs cTosiHKa BbloHOBO 03epo I, saHmMalomas ce-
BEPO-BOCTOYHYI0 OKOHEYHOCTb CTApMYHOIO 03epa BpIoHOBO
(puc. 1). DTOT MHOTOC/TOVHBIIT TTAMSATHUK IHTEPECEH TEM, UTO
B IOT0-3aIIaIHOI YacTH PacKoIla ObI 0OHapy>KeH He IOTPEBO-
JKEHHDIJT O3JHVIMM IIepeKOoIlaM PAHHEHEOIMTUIeCKUII CII0i
C TEMHO-CepBIM YITIUCTHIM IIeCKOM. B faHHOM croe 3admkcu-

POBaHbI C/eibl HeOOMBIIOTO, 61MM3KOTO K KBaAPATHOI QopMe,
JKWJINIIA, Pa3MepPBl KOTOPOTO COCTABIIN 5X4 M, a 06111as1 1/10-
mwanp okomo 20 mM* [5, c. 195]. CoopyxeHue 6bUIO 3ar1y6-
JIeHo B 3eMitio (Ha 15-20 cM) 1 MMeTIo YKJ/IOH K LIeHTy. BHyTpn
U CHapyXu OblIM OOGHAapY>KeHBI CTONOOBBIE MBI, KOTOpBIE
He MMenyu CUCTEMHOro pacnonoxenus. Ilpenmomaraembrit
BXOJI/BBIXOJ] 13 XI/INIA ObUI OPUEHTUPOBAH Ha CEBEPO-BO-
CTOK, B CTOPOHY Kpas Teppacbl. BHyTpu, y I0)KHOI CTEHBI
U B pajioHe BXOJa, 3a(VIKCUPOBAHBI [{Ba KPYIIHBIX YITIMCTBIX
IIATHA, KOTOpbIe, 1O MHEHMIO MCCIefjoBaTesnell, MpefcTaB-
nsm coboit ogarn. He6onbinas rryOuHa 3ameraHus u OTCyT-
CTBUE CHCTEMBI B PACIIONOXEHUN CTOMOOBBIX M MO3BOIAIOT
npennonoxuts K. M. AHfipeeBy, UTO >X1/NIle IPeNCTaBIIAIO0
co00if Ha3eMHYI0 KapKACHYI0 KOHCTPYKLMIO THIA IIA/IAlIa,
C HEeIIpOJO/DKIUTEIBHBIM NIepUOAOM aKcIuTyatanyu (puc. 1) [1,
¢. 190]. Cornmacno nmonydeHHsiM Ha AMC faThl I0 OpraHuKe
KepaMVKIi, paHHEHEeOIUTUIECKOe Hace/leHye 0OUTaIo Ha Ia-
MATHUKE B IIEPUOJ, OXBAThIBAIOIINII IIpUMepPHO 7222+58 BP
(6220-6004 cal BC) (AA-96017.1) u 7160+40 BP (6092-5927
cal BC) (Poz-47870) [7, c. 107].

Vriox 1. Ha crosnke YTiok I, pacnonoxeHHoi BOMM3K
AmnaTbIpa Ha BTOpOJI HafmnoiiMeHHoN Teppace Cyphl, apxeo-
7orM oOHapyXmam ocratky >kmnuina. ITocenenue pacrona-
rajloch Ha IMOJIOTOM BO3BBILIEHNYM BOMU3KM peku YTIOK. VIH-
TEHCUBHOE JICIIONb30BAHME 3eM/IM IPUBEIO K CUIbHOMY
MOBPEXIEHNIO BEPXHUX C/I0€B KYAbTYPHBIX OT/IOXKEHMII
(puc. 2). Ilox cnmoeM pacmamky ObUIO HaiiieHO YITyOlneHHOe
ABycroiHOe >xumiie [4, c. 14]. JKummine umeno mopnpsi-
MOYTO/NbHYI0 GOpMy, pasMepsl 0Komo 3,7 Ha 2,6 M 1 OBUIO
yrny6ieHo B 3emiio Ha 10-20 cM. OpueHTanys KOTIOBaHA —
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CeBep-I0T, BXOJl, BEPOATHO, HAXOAM/ICA C IOXKHOM CTOPOHBI
u 6611 odopMIeH B BUAe HeOOMBLIOTO Kopupopa. BayTpn
¥ BOKPYT KIINIIA HA YPOBHE MaTepuKa OOHAPY>KEHBI CTONI-
60BbIe SIMBI, PACIIOJIOXKEHHbIE XA0TIIHO, €3 KaKoil-11bo cu-
crembl. CrieffoB ovara He HaiifeHo. IIpeamonaraercs, 4To 3T0
OblyTa Terkasi Ha3eMHas KOHCTPYKLVIS, BO3SMOXKHO, IITajIalll, MC-
II0/Ib30BABLIASACA HEJO/NT0. AHA/IN3 BbILIETEKAINX CTOEB BbI-
ABWI HAXOJKM, OTHOCAIMECA K IO3/IHEMY HEONUTY U 3HEO-
JUTY. DTO MO3BONAET HPEANONOKNATD, YTO IepBOHAYAIbHbIE
PpasMepbl XKXVJINIA MOI/IM ObITH GOJIbIIe, HO IIOCTIeYIomas aK-
TUBHOCTb Ha MeCTe CTOSHKY VI3MEHN/IA €TO IepBOHAYa/IbHBII
Bup (puc. 2) [1, c¢. 191]. Ha moceneHnn mccnenoBaTensmn
Obla 06Hapy)KeHa CXOfHas KepaMIKa, YTO U Ha CT. BbIoHOBO
osepo I, xoropas no narapy Ha AMC 1 1o opraHuke B Kepa-
MUKe IOJIy4//Ia COBIAjafolye JaTel — 6568+49 BP (5618-
5473 cal BC) (Ua-44377); 6500+100 BP (5632-5300 cal BC)
(SPb-834) (puc. 1-2); 6500+100 (5632-5300 cal BC) (SPb-
586) [7, c. 107].

Mmepka VII. Ha crosiake Vimepka VII o6HapysxeHO >Xu-
nnie OBaabHON (GOPMBI pasMepoM IpuMepHO 8 Ha 4,5 M,
o6meit momaapo okomo 36 M (puc. 2). XKumnme 6bu1o
crerka yraybneHo B rpyHT (13-20 cM), ¢ HOIOTMMU CTEH-
KaMJ 11 HEPOBHBIM [JHOM, HOJZHMMAIOIIMMCA K I0TO-BOCTOKY.
Ha nmony u psapoM ¢ xunieM 0OHapyXeHo 26 AM, COCpeno-
TOYEHHDIX B 3alla/{HOJ M BOCTOYHOIT YacTAX, 63 OueBUIHON
cucreMpl pacrnonoxeHud. Cyns IO BCeMy, BXOJ, HaXOJMICA
B CeBepO-3aMafHOIl JacTy 1 ObUI OPMEHTUPOBAH BIO/b Kpas
Teppachl. BayKHO OTMETUTD, UTO 3Ta KOHCTPYKIMS, B OT/IIYNE
OT JIpyI'MX HAaXOJOK Ha IIaMATHUKE, CBA3AHHBIX C IpebeHda-

TO-HAKO/IbYATON KEepPaMUKOI, MMeeT JPYTYI0 OpPMEHTAIVIO
u pasmepsl (puc. 2) [1, c. 19] Hebonbiuioe Konu4ectBo Ha-
XOIOK II03BOJISAET IPEeAIONIOKUTh KPATKOBPeMEeHHOe Cylle-
cTBOBaHMe moceneHus (He 6omee 2-3 ce3oHOB). Paguoyrie-
POIHBIN aHaIN3 KEPaMUKI a1 pa3HbIe JaThl, C pa3bpocoM J10
360 net. Hanbonee BeposiTHOIT maToil cuntanach 6270+80 BP
(5466-5027 cal BC) (Ki-15097), koTOpas MOATBEpAUIACh ga-
TUPOBKOJT Harapa Ha TOM e cocyme — 6200+50 BP (5301-
5026 cal BC) (Poz-52651). C yueToM BpeMEHHOTO fUaIa3oHa
emuaHckux Marepuanos ITosomxkes (6300-5500 cal BC), BbI-
ABMHYTA IMIOTE3a O IJINTETBHOM M30MMPOBAHHOM Cyllle-
CTBOBaHMM PaHHEHEONUTHYeCKUX Ipynn B IIpuMoxiraHbe.
Tem He MeHee, CCIENOBATENSAM He MCKTIOYAETCS U BO3MOX-
HOCTb OMOJIOYKEHMSI HaXO[[OK, CBA3aHHOTO C 0COOEHHOCTSIMU
¢dbopmuposauns cnos [7, c. 98].

Jlyrosoe III. Packonku Ha crosnke JIyrosoe III BoraBumm
KUnie, uMerontee Gpopmy, 6sKylo k kBagpaty (?). OHO BbI-
TSHYTO BJIO/Ib MBICA B HAallpaBJIeHUM C I0TO-BOCTOKA Ha CeBe-
po-3amaz. PasmMepbl COOpy»XeHUs COCTABNIAIT 7,5 M B JUINHY
u 4,7 M B LIVPUHY, YTO COOTBETCTBYET OOLIei IIOLafy Ipu-
MepHO B 35 M”. Ion sxuna yray6ner B mo4sy Ha 20-30 cM,
BXO/I-BBIXOJl HaXOJWICS B IOrO-BOCTOYHON 4acTu. B mpornm-
BOIIOJIOKHOI YacTM IIOMEIeHNA, B CeBepO-3alaJHOM YIIIY,
OOHapy>KeH OBJIbHBI OYal, yXomAumil Briy6p Ha 40 cM
U VIMEIoLVIT fuaMeTp okono 1,5 M (puc. 2). Hanbonpiee xo-
JIM4eCTBO apTedaKTOB OBIIO HAAEHO B 3aIIOTHEHUN KOT/IO-

BaHa xxmmma [1, c. 191]. Ilo opranuke B KepaMMKe CO CTO-
aukn JIyrosoe I1I momydena gata 6570+170 BP (5872-5208 cal
BC) (Ki-12169) [7, c. 117-118].

. PaHHEeHeonUTUYEeCcKue NaMATHUKK necocTenHoro MoBoNMbea U CTOAHKK conpegenbHblX TEDDI‘ITODWH, coaepxauue Kepa-

MWUKY enuaHCcKorae Tuna.

Early Neolithic sites of the forest-steppe Volga region and adjacent areas sites containing ceramics Elshanskiy type.
I — necHas 3o0Ha (forest), 1I - necoctenHan 3oHa (forest-steppe), III — cTenHana 3oHa (steppe).
1 — MBanoBka; 2 - Crapas Enwanka II; 3 - Bunosatoe; 4 Maxkcumoeka I w II; 5 - Tponukoe; 6 — MUnbuHka; 7 - KpacHelAd
Fopoaok; 8 -Bonbwasn Pakoeka II; 9 - NebaxuHka IV; 10 - HwkHaa Opnanka II; 11 - YexkanuHo IV; 12 - NebBaxbe I, Me-
nekecc II1-V; 13 - Nyrosoe III; 14 - ¥crb-Tawenka (Enwanka X); 15 - Enwanka XI; 16 - Y1iox I; 17 - BeioHOBO 03epo
I; 18 = O3umenrku II; 19 - Koewinai I, Bagoeckue Cenuwa; 20 - Mmepka VII; 21 - Crapoe Wep6uHuHo XV, Hoeoe WepBuHu-
HO V; 22 - Topogok I; 23 - WankuHo VI; 24 - MnaytuHo I; 25 - Nuneukoe 03epo; 26 — Apnykosckas npotoka (nyHkT 222);

27 - ¥Yctbe p. Usnerowmn-2; 28 - YepHukos Bpoa 1.

Puc. 1. MecTtoHaxoxaeHune «xunuw» necocrenHoro Mosomkba: 13 — Jlyrosoe III; 16 — Yrioxk I;
17 — BbioHOBO 03epo I; 20 — Umepka VII [9, c. 29]
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Puc. 2. XunuwHble coopyxeHusa ctoaHoK BbioHoBo 03epo I; YTioxk I, Umepka VII, Jiyrosoe III [6, c. 86]

O6cyxpmenne. PekoHCTPYKIVA pasMepa ¥ GOPMBI [PEeBHIX
KW, 3a9acTyiO ONMPAeTCA Ha aHaAM3 ILATeH, OOHapy-
JKEHHBIX B XOJle PaCKOIIOK. Ba>KHO y4MTBIBaTh, 4TO IeCUaHbIE
TPYHTBI CIIOCOOCTBYIOT OBICTPOMY PaspyLICHMIO [epeBIHHbIX
KOHCTPYKIIMIT, 0COOEHHO TeX, YTO IOf|BEPraluch BO3[EICTBUIO
BHEIIIHel cpefbl. TeM He MeHee, IO MHEHMIO MCCTIelOBaTeNIe,
u3ydeHre pacrpeneneHs apTedakroB (ITaHUrpaduiecKuin
aHaIM3) CIOCOOCTBYeT BBIABICHMIO KOHTYPOB IIOCTPOEK.
Taxast BOSMO>KHOCTDb BO3HUMKAET NP OffHOKPATHOM 3aCeleHNN
TEPPUTOPUM VIV IIPU PACHIONIOKEHUH TTOCTPOEK PA3HBIX 30X
Ha 3HAUMTETbHOM yaJIeHUH JPYT OT Apyra, 6e3 o6pasoBaHms
Ky/IbTYPHOTO C71051 MeXIy Humn [8, c. 20]. ViccnenoBaten, pa-
6oTarole Ha TEPPUTOPUI IECOCTEITHOTO I10BO/IKbA, CTAaIKNU-
BAIOTCSI C IIPO6/IEMOII TOYHOTO OIVCAHYSI OO/IBIINHCTBA BBISB-
JIEHHBIX «KVTUITHBIX» TIATeH. DTN YIaCTKM PEfKO OOIamaroT
YeTKMUMM, JIETKO OIpefienisieMbIMu popMamMu (Kpyramu, Kpa-
mpaTamu 1 T. I1.). HanpoTus, oHM 4acTO MMEIOT HellpaBU/IbHbIE,
M3MeHYVBbIe TPaHMIIBI, KOTOPbIe MOTYT MEHATBCA B IIpoliecce
PacKoIOK. BcnencTBue aToro, B Hay4dHOI MMUTEpaType U OT-
4yeTax A1 00O3HAYEHWs TAKMX HEOZHO3HAYHBIX CTPYKTYP
HepelKo HPUMEHAITCSA YCIOBHBIE OIpefeneHys/MHTepIpe-
TallMy, TaKye KaK «IOf[KBafIPATHBIE», IIOAIPAMOYTONbHbBIE»
WIN «IOJ0BaIbHbIe» (POPMBIL.

VccnenoBarenyt 4acto OOHAPY>KUBAIOT OCTATKV XO3sIil-
CTBEHHBIX fM WIU OYaroB BHYTPU «KIINII». XOTA HalIudue
ouara MM KOoCTpuila, o MHeHuio E. B. JleoHOBOII, MOXXeT co-
OTBETCTBOBATb (YHKIMM SKMINILA, OHO He sABJseTcs 06s3a-
TEbHBIM 97IEMEHTOM XKIJIOTO IPOCTpaHcTBa [9, ¢. 55]. B aByx
06beKTax eIIaHCKO KyIbTypbl, «YTIoK» U «Vmepka VII»,
KOTOpbIe MHTEPIPETUPYIOTCS KaK «KIJINIA», He OBUIN Hall-
[eHbl Cefbl KOCTPUIL WIM O4YaroB. VmeHTuduxanms Ko-
CTpUIL — 3ajjavya, CONpsDKeHHAA ¢ TpygHOCTAMM. [Ipumepom
CITY)KUT CUTyanys, KOIa B HEKOTOPbIX 9HEONUTUYECKNX I0-
cTpoitkax Kapenuu BTOpoe KocTpuiie 6bIIO HACTONBKO He-
3HAYUTEIBHBIM, UTO €T0 Ya/I0Ch BBIIETIUTD TONIBKO O/1arogapsi
KOCBEHHBIM CBUJETETbCTBAM: HAIMYNIO IATHA TPOKAJICHHOTO
necka (Tynryma XVII, sxunnine 2) win CKOIIEHWIO Ka/IbIIVHU-
POBaHHBIX KOCTOYEK U IIATHaM KopyyHeBaToro necka (Cym-
o3epo XV, xxunuie 1) [8, c. 22]. CnefoBaTenpHo, gaxe mpu-
MeHEeHJe IIepelOBbIX METOJVK pPACKOIOK He JaeT IIOMHON
YBEPEHHOCTH B TOM, UTO P MCCIEHOBAHUY HOTy3eM/LAHKI
06s13aTeIbHO OyeT 0OHAPYIKEHO ISITHO KOCTPHIIA. ITO Tpe-
OyeT KpUTMYIECKOT0 OAXOAa K MHTEPIIPeTALVM XKLL, B KO-
TOPBIX KOCTPUILE OTCYTCTBYET.

Cpeny 97eMeHTOB KOHCTPYKLMY SKMINIL Haubornee 06-
Cy’)KIaeMbIMU SIBISIOTCS cTonmboBble sivki. K. M. AuHppees
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HpeNIonaraeT, YT0 OTCYTCTBUE KaKOi-1M60 3aKOHOMEPHOCTI
B UX PACIONIOKEHUN YKa3bIBaeT Ha HECTPOIYIO IUIAHMPOBKY
BHYTPEHHET0 IPOCTPAHCTBA M OTCYTCTBME YETKOTO KapKaca.
ITo ero MHeHMIO, XXVINILA €TIIAHCKO KYIbTYPbI OBUIN JIeT-
KVMM ITOCTPOVIKaMI, Hanono0ue Iajamest, IIpY BO3BEEHUN
KOTOPBIX He TPeOOBaoCh CTaHJAPTU3MPOBAHHOE PAaCIIONO-
JKeHVIe KOHCTPYKTUBHBIX 9/IeMeHTOB [1, ¢. 192]. Vinpopmanys
0 CTONOOBBIX sAIMaxX OblIa MOMyYeHa aBTOPOM CTATbU MCKITIO-
YITE/IbHO M3 TEKCTOBOT'O OMNVICAHNA, TAaK KaK Ha IIPM/IaraeMOM
IUIaHe OHM He ObUIN 0603HaYeHbl. Hepenko B OmmcaHmu siMbl
He XBaTaeT ACHOCTM OTHOCUTENbHO KpUTEpUEB €€ OTHe-
CeHMs K CTONOOBBIM, a He K X03s/cTBeHHBbIM. I Bepudu-
KallMy 3aK/TI0YeHNIT MCCIIeloBaTeNs B MOJOOHBIX CUTYaIMAX
KpaliHe BakHa mHy6nmkanus npoduusa sMbl VIMeHHO Io-
3TOMY HEOIIPeie/IeHHOCTb B OTHOIIEHNU TTYOMHBI 3a/IeTaHMs
00DEKTOB, IPENIONIOKUTEIBHO SIBJISIIONINXCS CTOIOOBBIMII
AMaMM, CTaBUT 1107, COMHeHMe X uHTepnperannio. K. M. An-
IpeeB KOHCTATUPYeT OTCYTCTBUE KaKO-TMO0 CUCTEMBI B UX
pacnionoxxernn. Yto6pl 060CHOBATh TMIIOTE3y O IIajaIIe06-
PasHoOIl Kpblllle, XapaKTepU3YIollelicad XaOTUYHBIM PACIIOJO-
JKEHIeM OIOPHBIX 3/IEMEHTOB, KPUTUYECKM Ba)KHO IIpOaHa-
M3UpOBaTh TIYOMHY OOHAPY)XEHHBIX sIM. VIHTepmperauys
MeTKuX M (10 5-10 cM), KOTOpbIe MHOTTA BCTPEYAIOTCS B K-
JMIax, HanpuMep, B Bapdomomeeske (Hmxuee IToBomkbe),
KaK CTONOOBBIX, MPEJCTAB/IAETCA He BCETfa 00O0CHOBAHHOI
[10]. Herny6okue yrnybmeHus, nogobHble 9TUM, He obecre-

JInteparypa:

YMBAIOT HOCTATOYHOI YCTOMNYMBOCTI J/IA YAepXKaHUs CTon6a
B IIECYaHOM TPYHTE, OCOOEHHO eCIi CTONO CIY>KUT OHOpOil
I KPOBJIN, JJaXKe CaMoil IPOCTOI KOHCTPYKIHI, HA TI0OZ006MN
«IITajIaIay.

BeiBop. Takum 06pa3oM, HU OfMH U3 YIOMSHYTHIX IPU-
3HAKOB WM WX TPYIII HE MOXKET CIYXXUTh OFHO3HAYHBIM
KpUTepUeM JUIA MHTepIIpeTalluy OMMCAHHBIX CTPYKTYP Kak
OCTaTKOB XWIbs. [Ipo6neMa pacrnosHaBaHUs CIETOB XKML
3aK/II0YAeTCsA B TOM, YTO HEBO3MOXXHO YCTAHOBUTD IIOJHBII
CIIEKTP BO3MOXKHBIX Bapuaumii (Gopm, 0co6eHHOCTElN) KyIIb-
TYPHBIX OCTAaTKOB, KOTOpbIE KOIZA-TO OBUIM FOMaMIu: KO-
JIMYEeCTBO PA3/IMIHBIX BAPMAHTOB (TUIIOB) >KMINIL 3HAYM-
TEIbHO BO3PACTaeT W3-3a MHOXKECTBA Pa3pYLINTENTbHbIX
nporjeccos. [Togo6HbIe KOHCTPYKIMU B Pas/INIHbIX YCIOBIAX
MOTYT OCTAaBJIATb pasHble C/Iefbl. VIccmemoBaTenn HeonuTa
JIECOCTEIIHON 30HBI CYMTAIOT, YTO JIOAN YACTO IIEPee3air,
Co3fiaBasi IOCE/IEHNsI, KOTOpble CYLIECTBOBAINM, HELOIIO
co3fiaBasi «Ierkue KapKacHble CTPYKTypbl». CoIlacHo 9T-
HOrpaduyecKuM JaHHBIM, OXOTHMKM M PbIOOJIOBBI CO3JAIOT
pasHOOOpasHble JIerKye MePeHOCHbIE JKMININA, KOTOpble He
OCTaBJIAIOT C/IefOB OT KOHCTpykuuu [9, c. 66]. Tawoke cie-
LyeT y4ecTb CYOBeKTUBHBIN (AKTOP, KOTOPBIN BCerna Ipu-
CYTCTBYeT Ipu (QUKCALNYM ¥ MHTEPIPETALMM KYIbTYPHBIX
OCTATKOB B IIPOLeCCe PACKOIIOK, & TAK)KE 0000IIeHIIsI 1 YCIIOB-
HOCTH, JOTYyIeHHbIe PV OMVMCAHUN U COCTABICHUM IITIAHOB
u ipodueit.
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PemecneHHaa u npombicioBas geatenbHocTb KpecTbsH MoBomkba B XIX Beke

HepoGexkuH CtaHucnae Bnagumuposuy, ctapwuit npenogasarens, Akagemuk PHAH
ByrynsMuHckuii npodeccuoHanbHo-nefarorudeckuii konnepx (Pecny6nuka TatapcraH)

B cmamve asmop daem onucanue APKUX pemecesn U NPoMbicIo6 HAP0006 T1060/#bs U 603MOHHOCL B0CCO30AHUST 6 COBPe-
MEHHbIX YCTI0BUAX 6 npoekme «JlepesHs coenacusty». Beudy mozo, umo semnedenvueckas Kynavmypa OmMHOCUNIACH «30He PUCKOBAH-
HO020 3emyiedenus» U c1abo 603HAPANOANA 6AMPAKOB-3eMedeNbl e NP OMCYMCMBUL 6 Ye30aX UeHHDIX 3ePHOBbIX KYTbmyp,
eCctnectnéeHHo, 4o cpedu KPecmvsIHCK020 HACETIEHUST CYU4eCcNB08AIA 6 WUPOKUX MACUUMAOAX NOMPedHOCHb 8 NPOMDBLCTIOBOLL 0est-

menbHOCMU.

Kniouesvie cnosa: Ilosomsicve, Kasanv, pemecna, npomvicesn, KpectnosHe.

Cpem/[ rybepHmit 1 ye3nos [IoBO/DKbs 0COOEHHO BBIie/s-
erca byrynbMmuncknii yesn. B ByrynbMunckmit yesn Bxo-
AU coBpeMeHHbIe paitonsl Pecrry6muku Tarapcran: Byryb-
MMHCKUI, A/bMeTbeBCKMUl, JleHMHOropckuit, baBnmHckuMit,
IOrasunckuii, AsHakaeBckuii. YacTb Tepputopuit Camapckoii
u OpeHOyprckoit obmacTei.

B Byry/nbMIUHCKOM ye3fie MpOMBICIaMY OBIIN 3aHATHL 35 %
T. e. 6oree 1/3 KpecTbsiHCKOTO HacenmeHus. [1, c. 89] Crenenp
006€CIIe9IeHHOCTY HACeTeHUs] HMPOLYKTAMIL 3eMJIefe/IbIeCKOl
MIPOMBIIIEHHOCTY CTaBM/Ia KPECTDSH B TIO/IOXKEHME, IIPUTATHU-
Baolllee VM OTAATIAILIEe UX OT IIPOMbICTIOBOI [IeATENbHOCTH.

OOWUIbHBIM MCTOYHUKOM /I TIPOMBICTIOBOJ JIeATeNb-
HOCTHU KPECTbsSHCKOIO HaCeleHUs CIyXmuaa o6paboTka 13-
Iennit U3 NUIIOBOTO JiepeBa, JAIOIIero 3apaboTOK Macce Ha-
certerns. C MUIIBI KpeCThsAHE MOAPSKAMNCh K KYII[AM [IpaTh
MOYaso, U3 MOYaja ¥ JIBIK OHU IIJIe/I POTOXKY, BEPEBKU «I10-
JIOTHa» JI7IAl pelIeT, Ilen, TanTy. IleHTpanbHbIM TyHKTOM 3a-
KYIIKV JIMIIOBOTO JiepeBa U CObITA, IPUTOTOB/IAEMBIX U3 HETO
U3JeNnii, CIy>KMIO TaTapcKoe ceneHue AnbMeTbeBo. IIpak-
TUYECKM BCA AJbMeTbeBCKasd BOJNIOCTb IPOKAPM/IMBaIach
COBITOM W3[eNnit 13 IUIIOBOTO fepeBa. VI3 1531 HafenbHOTO
TOMOXO03sIMHa B 3TOJ BOMOCTYU 577 3aHUMAJINCh He 3eM/Iefie/Thb-
YeCKMMU [IPOMBICTIAMI. [2, 11. 3]

Mouano u nbIKM C AJIbMETbEBCKOTO PBIHKA HEPEJKO IO-
CTYIa/Mu B PAcHoOpsKeHMe KPeCThbAH COCETHMX JiepeBEHbD M/
APpYroro IpoMbIC/a IJIETeHMs IjIeli, KOTOpoe JIaBalo 3apa-
60TOK 47 mBOpam cenmeHusi buramreBa u CyneeBoi, a JbIKK
IJ1A TIJIETeHU JIANTell M pelleT — KPecTbsH J. Bepxueir Ma-
MeTbeBoIt U 1. HoBoit MakTtambl B uncre 241 gopa. O6pabo-
TaHHOe I CPyO/IeHHOe INIIOBOE JIePEBO AaBaJio MaTepuan yxe
7151 60oIee CTIOXKHOTO CYH/IyYHOTO IIPOMBIC/IA, KOTOPBIM 3aHNU-
Manuch 13 1BOpoB KpecTbsAH I. MameTbeBoit. CyHAYKM ITpo-
IaBanuch B po3Huiy B cnobope Kysak, Kuuyii n Byrynbme 1o
1 py6. 3a mryky. [3, 1. 9]

Hns 300 pBopos fepesenb Hopoit Kammposoii, CacpiKyinb,
MawmeTbeBo 1 cnobopabl Kudyit mpombicen 3akmodancs B Us-
TOTOBJIEHNM 0007beB, I0N03beB, CaHell U ApoBHelL. IIpogaxa
TOTOBOI MPOAYKIMM IPOXO/IIIA Ha 6a3apax AmbMeTbeBa, by-
rymbMe, KyBakckoit cmo6ozpr n UepeMITaHCKON KPErocTH, 1o
60-70 u 80 xo1I. 3a CTaH, peaxo o pyo6mo. [4, c. 16]

OpHO M3 BUJIHBIX MECT B PAAly KyCTapHBIX IPOMBICIIOB
Cpeny pyCCKOTO HACe/IEHNs 3aHMMA/IV KOJIECHDIN ¥ TOHYaPHbIN
IPOMBICTIbI, KOTOPBIM HOCBSIAIN paboune pyku 268 demoBek

B ceneHmaAx: kpenoctu Ilemmunckoit, Yekan, Prikose, VBa-
HOBKe, cmobon Hipkue-Kapmanbekoit u mepeBHU Ypcamax.
OnHMM KOTeCHBIM IIPOMBICTIOM 3aHMMANNCh 205 BOPOB, TOH-
yapHbIM — 63 gBopa. [5, ¢. 93] Kak KonecHbIl, TaK U TOH-
YapHBIil IPOMBICIIBI He BOSHUKIIN B ByrynbMuHCKoOM yesfie ca-
MOCTOSATENbHO, a ObIIM IIpMHeCeHbI ciofa usBHe. KomecHslit
npombicen B ByrynbmuHncknit yesp nosiuics B 1846 ropy Ilen-
seHCcknMK 1 CHOMPCKUMY  KpecTbsHaMI-IepeceeHIaMu,
a TOHYaPHbIN IIPOMBICEN B 1862 rofy — Ka3aHCKUMI, a OT HUX
oH neperten B Hivkne-Kapmanbckyo cno6ony. Koneca npopa-
Ba/IUCh KX[IBIM JOMOXO3SVHOM OTHETIBHO LieJIbIM CTaHOM (4
KOJ/leca) Ha MeCTHBIX 6asapax, 1o 3 py6. 3a ctaH: B YepeMinaH-
cKoll kpenocTy, Yekane u Anbmerbese. Kakblil JOMOX03AMH
B Te4yeHIIe 2 JIETHNX MeCsIlieB, paboTast 1o 14-15 4acoB B IeHb,
usroraBauBain He MeHee 30 cranos v 120 kosec. [6, c. 18]

[lemMuHCKas KpeNoCTh CYUTANACh TaKXKe LEHTPaTbHBIM
ITyHKTOM TOHYapHON KycTapHOI mpoMbinieHHocTH. OTcofa
IIPOMBICENT PACTIPOCTPAHWU/ICA U 110 APYTUM CEJIEHUAM Ye3[a,
OTCIOfla TOHYApHbIEe M3/leNIUA BBIBOWINCH Ha NPOJAXY U B
IpyTue coceliHMEe TOPTOBble ITYHKTHI, @ 33 HUMMM IIpMe3Kann
TaTapel Y TAMbIIIEBCKUE, Yeromaesckne, Mensennuckue. Ye-
PEMIIAHCKUI PBIHOK IOy4YajJ TOHYapHbIE M3JENUA IOYTU
UCKTI0OYNTENbHO U3 ofgHoro Illemvuncka, penko us Hiuokne-
Kapmarbckoit cno60ofipl, Iie MHUIMATOPAMIM 9TOTO IPOMBICTIA
6pun e ke IllenmMunckme KpectbsiHe. [lepBoHavanbHO, IpK
BO3HMKHOBEHN! IIPOMBIC/IA OOILIMHA OTBela TOpIIEYHMKAM
JUIS1 [IO/Ib30BAHNSI [/IMHOIT 0CO00€ MeCTO B KOPOBbEM JIOTe, I7ie
paHee 3apbIBajy NaBIINX OT YYMBI KOPOB, HO C TEYEHMEM Bpe-
MEeHU, KOTZIa JIOT ObII BeCh U3PBIT, 3a/IeXKV IJIMHBI UCTOLIVINCH
u 15 7OoMOX0351€eB-TOHYAPOB NPUIIN K TOMY, YTO CTajM IO-
KyIaTh IMIMHY B Ka3eHHBIX y4acTKaX, o nomyHaM. [IpaBo Ha
PBIThIE T/IMHBI 110 JIOWIVHAM CHATO TOHYapamu B 1882 romy Ha
6 net. VI3 o6poka B rog mo 10 py6. 40 xom. OcTanpHble TOH-
Yaphbl IO/Ib30BA/IVICH ITIMHOI €llje Ha CBOEN HaJe/IbHOM 3eMIIE,
HO y>Xe He OOILIMHOI, a OKONO cBoux ycazie6. He mmeromue
CBOEI IJIMHBI CHUMAJIHU IIPaBO PBITh IJIMHY Y MIAOPOB € I/TATO
M 110 50 KoII. B rof,. [7, . 3]

[nmunsAnol mocy/pl B ByryIbMMHCKOM ye3Jie €5KeTOJHO BbI-
AenbIBasoch 1o 1500 mWTyK, MpudyeM U KPYIIHOIL, I MEJIKOI BbI-
pabaTpIBanoCh NPUOIM3UTEIBHO TOPOBHY. [8, 1. 4]

B nepeBHe AnTyHuHOI 26 [BOPOB 3aHMMAaNNUCh BUTbEM
HeHbKOBBIX BEPEBOK; B TaTapcKoll jepesHe Kyak6ameso 57
IBOPOB cOMpay O ABOPaM 3071y Ha IPOJaxy. [9, 1. 4]
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Bce ocranbhbie mpombIcibl ByrynbMuHcKoro yespa, Takue,
KaK IWIbLIECTBO, IVIOTHUYECTBO, LIePCTOOUTHIYIECTBO, Ba-
JITHbE KOILEM Y CaIloT, KpallleHJ e XO/ICTOB, MATHE IJIMHBI, XOTs
VI 3aHMMa/IJ 3HAYNTENbHOE IICIIO PYK, HO MIMENN BUJT OTXOXKIX
IIPOMBICTIOB. B 60/bIIMHCTBE CTyYaeB KpeCTbAHE 3aHMMANNCh
VMM Ha CTOPOHE, IpMYeM OJVH U3 HUX, TaKOil IIPOMBICEI, KaK
KpallleH)e XOJICTOB, ABJIAICA 0COOEHHO XapaKTePHBIM B TOM
OTHOILEHNM, YTO OH HE MMEJl HUKAKOI CBA3U C 3eMJIefIeNINEM.
Bce mpombiciiel ByrybMIHCKOTO ye3fa cosfait 0CoOeHHbII
MICTOPUKO-KY/IbTYPHBIII C/lefi B Pa3BUTUM permoHa Pecry6-
Ky TaTapcras.

CoxpaHeHne U pasBUTHE PEMECEN M IIPOMBICTIOB CETOMIH:A
BO3MOXKHO OJarojjaps BHEpeHMI0 IIpoekra «JlepeBHA co-

JIuteparypa:

rnacus». llenb mpoekTa — cosfiaHye «KMUBOTO», CMBOJIA MeX-
HAIMOHA/TIBHOTO COITIACKs, Oorareifiiero KylIbTypHOTO Ha-
cnenus Bcert Poccuiickoit @efepaniny Ha OfHOI TePPUTOPUNL.
To ecTb co37aTh YHMKA/NbHYIO, )KMBYIO [E€PEBHIO-MYy3eil, Ife
B TaPMOHMII )KVMBYT U Pa3BUBAIOTCA NMIPEACTABUTENN PA3TNIHBIX
Hapopos Poccuu, IeMOHCTPUPYS 1 COXpaHAA CBOU KY/IbTypHbIE
TpagMINY, ObIT, IPOMBICTIBI ¥ peMecia. ITmanupyercs, 4To 3T0
OyfeT He IPOCTO HACETICHHBII IIYHKT, @ (IarMaHCKUIT LEHTp
MEeXHAIVIOHA/IbHOTO [IMajIora, Typu3Ma, IPU3HAHHBIN, BO3-
MOXXHO, 00'BEKTOM KY/IBTYPHOTIO HAC/IeAIsI 11 KeMIyXnHoit Ta-
tapcrana. [10, c. 204] VeanpHoe pacnionoyxeHe i mpefa-
raeMoro o0beKkTa — >KMBOIIMCHBIN Y4aCTOK B Ipefienax 35 KM.
or Kasanu B Bricokoropckom paitone Pecy6nuxn TaTapcras.

C6opHUK cTaTucTNieckux ceeieHnit mo Camapckoii rybepuun T. 5: Byrynsmmackuit yess / Camap. Ty6epH. 3eMCTBO,
Org. x03. ctatuctuky. — Camapa: 3emckas tu. 1887. — C.89.

Kypunan XIII ouepenHoro ByryabMuHCKOro ye3gHOro 3eMckoro cobpanums 1877 r. Byrymbma: Tumo-murorpadus By-

COopHUK cTaTucTNIecKux ceefieHnit mo Camapckoii rybepuun T. 5: Byrynsmmackuit yess / Camap. Ty6epH. 3eMCTBO,

2. HAPT®.979.0m.7. . 19.1. ]1. 3.
3. ITACO ®.1.0m. 1. [I.6.J1. 9.
4.
Iy/lbM. 3eMCTBa, 1879. — C. 16.
5.
Org. x03. ctatuctukn. — Camapa: 3emckas tui. 1887. — C.93.
6.

Kypuan XIII ogepenHoro ByrynbMmutckoro yesgHoro semckoro cobpauus 1877 r. Byrynsma: Tuno-murorpadus By-

IyIbM. 3eMCTBa, 1879. — C. 18.
7. HOTACO®.10m.1].6J1.3

8.  Hepmobexxun C. B. HeusBectHsle cTpannist uctopun byryasmunckoro yesna / C. B. Hegobexxun, I. M. Paxumosa. —

CII6.: Isg-Bo IonmurexH. Yu-ta, 2017— C. 180.
HOHIACO ®.10n.5]/.6J1. 4

10. [lenmucosa, 0. B. PasBurue typucruyeckoro cekropa B Tarapcrane / 0. B. [lenncosa. — TekcT: HerocpecTBeHHBIIt //
Monopoit yaenstit. — 2025. — Ne 50 (601). — C. 201-204. — URL: https://moluch.ru/archive/601/131201.

LlepkoBHOe KpaeBegeHue Ha npumepe 0630pHOM UCTOPUM NPUXOAA
Tpouukoro xpama gepesiu Hosas Llypma MocKkoBcKom obnactu

Monos Anekceit IMMTprUeBnY, CBALEHHOCTYXUTENb
MpeobpaxeHckuit xpam Mkp. CaBeuHo r. banawuxu (Mockosckas 06nacTb)

B Hacmosuem Kpamxom Uccned08anuy asmop npedocmassiem UCmopuieckyo ungopmanuio no ucmopuu npuxooa Tpouy-
k020 xpama Oepestu Hosas Illypma Cepeueso-Ilocadckozo eopodckozo okpyea Mockosckoti obnacmu. Paboma ocnosana Ha ap-
XUBHDIX OAHHDIX, ONYONUKOBAHHLIX UCMOYHUKAX U numepamype. B konmekcme npedocmasnsemoti n1emonucu Gukcupyomes
U HeMHO2OUUCTIeHHble OaHHble, 00HAPYHEHHVIE NO UCIOPUU HACENEHH020 NYHKMA, 20€ HAXOOUMCS UepKo8b.

Kniouesvie cnosa: kpaesedenue, yepkosroe kpaesederue, ucmopusi Pyccxoti Ilpasocnasnoti Llepkeu, eonenus na Pycckyio
IIpasocnasnyio Llepkosv 8 XX 8., npasocnasHoe 0yxo8eHcmeo, 0U0zpapull c6suyeHHOCTLYHumener.

Befenne. HecMOTpA Ha aKTMBHYIO KPaeBeJUECKYI0 pa-
601y B Havyase XXI B., HEKOTOpbIe Hace/ICHHbIE ITYHKTBI
U OTZe/IbHbIE 00BEKTHI (HalpyMep, XpaMbl) OCTAIOTCA 6e3 1c-
TOPUYECKOTO OMMCAHNA: 4Yallle BCETO, MOKHO OOHApYXUTb
ucTopudeckymo crnpasky. Ilo aToit npuynHe He TepseTcs ak-

TYa/lIbHOCTD B pa3dpaboTke 0030PHBIX UCTOPUYECKUX UCCTIEHO0-
BAHUII, B TOM 4NCTIe — B IePKOBHOM KpaeBe/IeHIL.

OpnuH 13 MaoN3y4eHHBIX HaCceJIeHHBbIX IYHKTOB MOCKOB-
ckoit obmactu — pepesHs Hosas Ilypma Ceprueso-Ilocan-
CKOTO paifoHa, KOTOpasg HAaXOLUTCA B CTa OfMHHANLATU KU-
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nomMeTpax OT MOCKBBI M TPUALATH HATH KUJIOMETpax OT
Cepruesa Ilocapa. K rory ot mocenenusa Haxoputca Hoso-
[lypmanckoe kmapbuiie. IleHTpoM cliefyeT mpu3HATbh Ka-
MeHHbINT Tpouikmit xpaM, IOCTpOeHHbINI B Hadane XIX B.
AKTYyanbHOCTb MCCIEIOBaHUA UCTOPUM KOHKPETHOTO IIpH-
XOfla 3aK/ITI0YaeTCA B MAalOM3Y4EHHOCTM He TONIBKO IIPO-
IIE/IINX COOBITIIT XpaMa, HO U CAaMOTO HAaCE/IeHHOTO ITyHKTa,
B CBSI3U C 4eM fajiee OyIeT MpeicTaBleHa 0030PHO U JIeTO-
IVCD JilepeBHN.

Vicropusa xpama M HaceleHHOro IyHKTa. B nmureparype
TIONAJjaeTCsA TPU [OPEBOMIOLVMOHHBIX Ha3BaHNUsA Hace/leH-
Horo nyHkta — Ilopmumsl, Ilogmunckmit u llypma [24, c. 148]
(mpepmonoXxuTenbHO, yxKe B KoHIje XIX — B Hayane XX BB.
nosB/sAeTcsA TpeTbe HaspaHue — Hosasa Illypma, BcrencTBue
COelMHEHNs ¢ cocenHelt nepeBHert Hoas).

Ilepoe ynomuuanme o cene «Ilomgmumepl, Ilypma ToX»
oTHOCUTCA K Havyany XVII B. B «IIncrioBbix kKHurax» B 1628-
1629 IT. 6BIIO OTMEYEHO, YTO B HACEICHHOM ITYHKTE CTOSI
Tpounkmit XpaM, B KOTOPOM CIIYy>KIUJI CBSIIEHHUK ATTei
Vpanos. Ha TOT MOMEHT K NpUXOfy NpMHAIIEXKANO de-
ThIpe 4eTBepTu nameH. B Ilarpuapinyio KasHy IaaTuioch
«4eThIpe aJITbIHA U YeTbIpe JieHbIW» [14, ¢.257]. B 1692 r.
xpam ObU1 IepeBenieH U3 [lepeciaBcKoil AeCSTUHBL B AJeK-
caHApoBCKyto. Hamor yBennumnca — yke IMIaTUIOCh «/IBa
pyOiis1, deTbIpe alTbIHA M 4YeTbIpe meHbru» [14, c. 257]. K
1712 . B BefleHNU 1LjepKBU ObLIO LIeCTbIECST IeBATb JBOPOB
[14, c. 257].

B 1757 1. 6bU1 COOpY>KeH HOBBIIT JepeBsiHHBIN Tponmxmit
xpam [14, c. 257-258]. B 1764 r. nepeBust bo610BO, panee npu-
HajytexxaBiraa Tpoune-Cepruesoit JlaBpe, cTanma HaXOAUTHCS
B BefeHVM mpuxopa [14, c. 259]. C 1783 . mpu xpame CTanm co-
XpaHATh Konmu MeTpudeckux KHuT [14, c. 259].

B Ilopmumnbe 23 uioHA 1788 . pogwicsa B ceMbe IIpUYET-
Hyka VoanHa EmenbsHOBa, KOTOPBII BIOC/IENCTBUM CTall
cameHHnkoM, [lerp ViBanosuu Ilopmmnckmit — Oymymwuin
apxuenuckon Yepuurosckuit 1 Hexxuuckmii [16, c. 197]. Cre-
ILyeT MPeJIIONIOXNUTD, YTO pammus apxuepes «Ilommumckmit»
HOsABM/IACH OT HA3BAaHNA HACETIEHHOTO ITYHKTa.

C anBapa 1797 r. — pociuTaHHuK IlepecmaBckoro myxos-
HOTO YYIINIIA, C CEHTSIOPsI TOro ke roga —— Tponikoir ce-
muHapuu nipu Csaro-Tponnxoit Cepruesoit /lappe. B 1808 r.
HampasjeH Ha y4eOy B CaHKT-IleTepOyprckymo [gyXOBHYIO
aKaJIeMII0, KOTOPYI0 OKOHYMI B 1814 I. CO CTENeHbIO KaH-
nupata 6orocmosus. C 13 aBrycra 1814 r. — mpenopaBatenb
LepxosHoit ucropun u Ipedyeckoro sA3pika Bo Bragnmupckoii
IOYXOBHOII CEMUHAPUMN.

17 auBapsa 1817 r. ot enuckona Brmagummpckoro n Cys-
nanbckoro Kcenodonra (Tpoemonbckoro) mpuHsI MOHalle-
ckuii mocTpur ¢ umeHeM Iletp. 2 uronA Toro e rojila Ha3Ha4eH
MHCIIEKTOpOM Bnapgummpckoit cemmuapum. [laTel [fuakoH-
CKOJI ¥ IIPECBUTEPCKON XMPOTOHMUI HE YKa3bIBAIOTCA. 1 OK-
Ts16pst 1817 1. orery IleTp GbiT BO3BefEH B CaH apXMMAaHAPNTA
C IIPaBOM CITY)KeHMsI B KAM/IOTOBOJ MaHTIM C 3e/IeHbIMU Oap-
XaTHBIMM CKPIDKA/IAMM U Ha3HaYeH HacTosATesieM ApXaHTeb-
ckoro IOpbeBckoro moHacteips. C 18 ansapsa 1819 r. — wc-
HonHsomuil obs3anHocTn pekTopa Cankt-Iletep6yprekoit

ILyXOBHOIT aKaJleMUM U TIPeIofiaBaTeib y4eOHOTO 3aBeIeHNM.
C ¢epansa 1819 r. — mpucyTcTByOLMit YieH Bragumup-
CKOJ1 AYXOBHOI KOHCUCTOPUM, C 15 HOS6Ps TOrO Xe roja —
HacToATenb 11lapeKOHCTaHTMHOBCKOTO MOHACThIPA, a ¢ 10 AH-
Baps 1920 r. — pexrop BragnMmpckoit fyXoBHO CeMUHAPUNL.
C 1 mapra Toro e ropa o 1830 r. — HacToATenp Tponikoro
Jlanunosa MoHacTbipa B IlepecnmaBimb-3anmecckoM. 26 Mas
1830 r. xupoToHMcaH Bo enuckona Koctpomckoro u Tamuig-
Koro B YcreHckoM cobope Mockosckoro Kpemss [16, ¢. 197-
198]. C Hos16pst 1832 1. — wieH Vmmeparopckoro obiiectsa
ucropun u fpeBHocreit Poccun [26, c. 70].

21 ampensa 1835 r. HarpaxkfieH OpJEeHOM CBATON AHHBI
I crenenn, 22 aBrycra 1836 r. — Toit >xe Harpapoit II cre-
neHu. 27 mapTa 1836 I. BO3BEleH B CaH apXMENNCKOIIa, ¢ 26
CeHTsI6ps1 TOro Xe rofa — Ha YepHurosckoit 1 HexmHckoin
Kadenpe. 9 anpensa 1843 r. ynocToeH opieHOM cBATOro Ba-
pumupa Il cremenu, a 7 anpens 1857 r. — oppeHoM 67aro-
BepHoro KHA3:A Anekcanapa Hesckoro. C 1859 r. — Ha nokoe
¢ IpaBoM ynpasieHus Tpounkum JJaHMTOBBIM MOHACTBIPEM
B [lepecnaBnp-3amecckoM. 27 HOs16pst 1861 I. B 91011 06UTEIN
apxuenckor Iletp ckonvasncs u 601 norpebes B Tponukom
cobope moHacTbIps [16, c.198].

ITapanienbHO Co CBALIEHHOCTY)KeHMEM, Bafibika [leTp 3a-
HUMarcA KpaeBefleHEeM, BBITYCTUI HECKOIbKO KHUT: «Ommu-
canne Koctpomckoro JmarbeBcKOro MOHACTBHIpsi» (1832),
«Omnncanne IlepecnaBckoro Tpomukoro JlaHmmoBa MoHa-
cToipsi» (1834), «Ommcanue Koctpomckoro KpecroBospsu-
JKEHCKOro MOHAcThIpsi» (1835), «Ommcanne MaxkapbeBa YH-
(1835),
KocTpoBckoit

JKeHCcKoro, KocTpoMckol emapxmiy, MOHACTBIPS»
«Onucanne Hukomaesckoro JIyxosckoro,
ermapxuy, MOHacTbIps» (1836). B 1838 r. B mepBoii KHure «Pyc-
CKOTO JICTOPUMYECKOr0 COOpHMKa» ITOMECTUI CBOI CTAaThIO
«Kocrpomckue Haxonkm». Ilocse ero KOHUMHBL ObUIN OITy6-
JIMKOBAHBI €r0 MICbMa: apXuenuckony Pasanckomy laBpunmmry
(B Tperbeit kHMre «Pycckoro mcropmdyeckoro cOOpHuKa» 3a
1873 r.) nu ®. A. Tonry6uitckoMy (B OfMHHALLIATON YacTy YeT-
Beproit kuuru «[Ipubasnenns x TBOpeHMs CBATHIX OTLOB» 3a
1887 1.) [26, c. 71].

B 1798 1., mo 6/1arOC/IOBEHMIO €NMCKOIIa Cysnanbckoro
Bukropa (OHMCHMOBA), HAYMHAETCSI CTPOUTENIBCTBO KaMeH-
Horo Tpomikoro xpama B CTMIE KIacCUIIM3Ma, OCBSAIIECHUE
npousomto B 1812 r. Torga ske OblTa IOCTpOEHA TPeXb-
spycHasi KaMeHHas KOJIOKO/IBbHS B Tejle XpaMma Co IummyeM [32,
¢. 240] (xoTs ecTb Bepcus, 4TO OHa ObIIa COOpYy>KeHa B 1849 .
[30, c. 107]). OCHOBHBIM BK/IQYMKOM B CTPOMUTEIbCTBO SIB-
NANCA TIOMEIUK Maiiop YBapoB. MarepuanbHoe ydyacTue
IIPUHSJI MECTHBIN BOTYMHHUK KHA3b A. M. JonuIbIH U KHA3b
Honropyxuii [14, c. 258]. K aTomy >ke BpeMeHM OTHOCUTCS IO~
spnenue 6mms Ilogmin nepesuu Hosast, koTopas Obla ncKyc-
CTBEHHO CO3[laHa KHA3eM [onmnubiHbIM |14, c. 259].

B Teuenme TpuALATK JIeT LIEPKOBb ITOCTENEHHO CTAHO-
BM/IACh MATUIIPECTONbHONM. B 1813 I. B 10)KHOI YacTy KHA3b
Jonropykuit ycTpom1 Ipyujen B 4eCTb My4eHNKOB XpucaHda
u Ilapun B IaMATb O CBOMX IMOYMBIIKX fleTAX. B 1821 I. B ce-
BEPHOJI CTOPOHe Ha CpefcTBa momernisl CMUPHOBON ObIT
YCTpO€H Ipujien B 4ecTb Bragumupckoil nKoHbl boxxbert Ma-
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tepu. B 1849 r. nomenuuest Borukosoii, B mamMsaTh 06 n36as-
JIEHNY MECTHBIX JKMUTeJIell OT SIMUEMUN XOJIepbl, B IPUTBOPE
OBII YCTPOEH TeIUIBIl Ipufen B 4ecTb Apxucrparura Mu-
xauna. B 1851 1. momemuk BomykoB ycTpouI npupern npemno-
no6uoro Ceprus Pagonexckoro [14, c. 259].

BcnepcTBue aTOro XpaM ObUL IIOCTPOEH B BUJE YETBIpeX-
KOHEYHOTO KpecTa C yAIMHEHHOJ) TPale3HOJ 4acTbio U IIO-
TYKPYTZIBIMHU AIICUJAMM, KOTOpble IOsABMINCH BCIENCTBUE
CTPOUTENBCTBA XOMOGHBIX Bragumupckoro u Xpucaudo-Ia-
pueBckoro mpuzenoB. OTMedaeTcs, YTO BHYTpPeHHee IIpO-
CTPAHCTBO IPEACTABIISIET U3 cebsi POTOHAY BHYTpU KyOude-
CKOT0 00beMa C 9KCeipaMyl Ha JMarOHaIbHBIX OCSAX C ABHBIMU
BIMAHMAMM aHTUYHBIX 00pasijoB. Pacay MMen 4epThl Maja-
IMAHCTBA, POAB/IAIOLINECS B YCTPOICTBE TPEXYaCTHBIX IO-
JTYLUPKY/SIPHBIX IPOEMOB C 6e/TOKaMEHHBIMY MMIIOCTAMM
B CTE€HaxX KYIIO/JIbHOV POTOHJbI, HaXOMAIIENCA HaJ 4YeTBe-
puxoM [32, c. 240].

C 1829 1. B XpaMe CTany OCTaB/IATh KOIUU He TONbKO Me-
TPUYECKMX KHIT, HO 1 VIcroBefapHbIX pocmceit [14, c. 259].

B xonue XIX B. B XpamMe HaXO[U/IUCh MECTHbIE CBATBHIHM.
JIpeBHuit, HO He AAaTMpPOBaHHbI 006pas Cesroit Tpouusl sB-
JIANCA TOYHOI KOMMel 3HAaMEeHNMTON MKOHBI M3 Tpomikoro
cobopa Tpoumne-Cepruesoit JlaBpsl. Haj >kepTBEHHUKOM
B TJIABHOM IIpujene Haxofgunach MkoHa PoxpectBa Xpu-
cToBa mucbMa OraMaH/CKON MIKO/IBI, HalMCaHHAA B 1567 T.,
KaK CBUJIETENIbCTBOBA/IA HANIMCh HA Hell, Ha CPeficTBa KHA3A
Honropykoro. CyujecTBoBan Hekuit 06pas bBoxnbeit Marepu,
KOTOPYIO MECTHbIe >XMUTenu HaspiBamm «Ilmagymern», K Ko-
TOPOJI IIpuberany >KeHIUHbI ¢ MonmuTBON JleBe Mapun npu
HeCYacTHBIX crmydasx. [Tocme 1848 r. MecTHBIe XXUTenu 0c060
NOYMUTAMM UKOHY ApXaHrena Muxanmia, 4yepes KOTOPYIO OHU
HONYYWIM VCLielleHNe OT SMUJieMUM XO/lepbl (IIOCTIe 3TOro
VI TOSIBUIICST ApXaHrenbckuit mpupen) [14, c. 259].

B camoit Illypme Ha 1862 I. mpoXmBajo He TaK MHOTO
JIIOfIeNl: YMCIMIOCh BCETO JIMIIb MIATH IBOPOB, a 32 HUMU —
MATHAZLATh Ye/IOBEK, M3 KOTOPBIX CEMb MY)XYMH ¥ BOCEMb
SKeHINMH [24, c. 148]. B 1864 r. momemnuk C. C. Bomukos 1o-
JKEpTBOBA/ XpaMy 4YeTblpe NeCATMHbI CEHOKOCHON 3eMIn
M IIECTb JEeCATKOM M TPUALIATY Ca’KeHeil JPOBAHOIO MeJl-
Koro neca [14, c. 259]. 21 ¢despans 1868 r. Ha cobpannu Ile-
PECTaBCKOro ye3HOTO 3eMCKOr0o COOpaHst 3eM/IN cena Obl
OTHECEHBI K TpeTbeMy pas3psARy (IlepeyBlaKHAeMble, ITofBep-
JKEHHBIE BOJIe ¥ BETPY, HO MIMEIOT HeO/IaronpusATHbIE KIMMa-
TUYeCKNe YCIOBUA Iyt ypoxkas) [12, c. 59].

B 1877 r. 6p1ma OTKpbITa 3eMCKasi HapOAHask LIKOTIA, B KO-
Topoit k 1893 r. mpoxoamnu obydeHre 46 BOCIMTAHHIKOB.
ITpu xpame peiictBoBaa llepkoBHO-IpUxoacKas 61bnorexa
[14, c. 259].

B xonue XIX B. KIuMp IpUXOfA COCTOSN U3 OJHOTO CBA-
I[eHHJKA Y OfHOTO TICAJIOMII[VKA, ¥ KaX/JOTO U3 KOTOPBIX ObIT
COOCTBEeHHBIIT IOM Ha 3eMJle, IIpMHaIexXalelt xpamy. Ha nx
Coflep>KaHye BBIAESUIOCHh CO CIyX06 1 Tpeb 626 pybeii, ot
x7e6HOro cbopa — 62 py6d, OT IAXOTHOI ¥ CEHOKOCHOII 3e-
Menb — 100 py6reit, ¢ mpolieHTa IPUYTOBOrO KaluTaza —
32 pyb6na 32 xomeriku. B rop Beixommno okomo 820 py6mneir
[14, c. 259]. CamoMy XpaMy K TOMY BpeMeH! IpUHALTIEXANIO0

61 mecsarok u 500 caxxeneit semnu [14, c. 259]. K Hemy 6111
IPUIICAHbl TaKye O/ys/IeXxaliye HaceJleHHble IIYHKTHI, KakK:
3uHOBbeBO, Tpexcenuie, eforoso, Myxapeso, Hosas, [ly6-
poso, Baymmuo, Cranosue, IpuropreBo, Mamumaku, Kmm-
MoBo, [ly6posku, Topoxn, Bo6noBo. Bcero — 1312 wenmoBek
(639 My>xuMH 1 673 >xeHIIMHBI) [14, c. 259].

CoxpaHMIuCh KpaTKue CBefleHUsA O CTapocTax Ipuxofa.
B 1878 r. Ha [aHHYIO JO/DKHOCTb ObII Ha3HAYeH NBOPSHUH
Cemen Cepreesud Bomuxos [5, c. 223]. 4 deBpans 1887 1. «3a
3aCIIyTM U TIOKEPTBOBAHMA 110 JYXOBHOMY BEHOMCTBY» Tpa-
moroit Casreriero CuHopa ObUT HArpaXkKfieH MEeCTHBIN CTa-
pocta Kpectbsanut Peopop Jlykpsuos [17, c. 175].

K xonny XIX B. 0TMe4anoch, 4TO MCTOpUYECKIE CBefleHNA
0 HACeTIeHHOM IIYHKTe, KaK 1 O XpaMe, KpailHe CKygHbI [14, c.
257]. IIpyuuHBI 9TOTO HEM3BECTHDI, HO IPEJIONTOKUTENbHO,
YTO XpaM I CaMo II0Ce/IeHNe, KOTOPbIi HAXOW/ICS Ha OTIINbe,
He OBUI 3a/e/ICTBOBAH B OCTPBIX COOBITHAX.

B cy660Ty 6 urons 1915 r. mpuxox moceTmn enuckon My-
pomckuit Mutpodan (3aropckmit) [15, c. 120]: coBepian mu
OH KaKoe-7nbo 60rocyxeHne B X0e BU3UTA — HEU3BECTHO.

ITocne pesomonuy 1917 1. Tpouikumit XpaMm ylienen: oH He
OBUT 3aKPBIT U IIPOROJDKAI OCTABAThCs AeiicTByomuM. Cyzs
1o «BragyMMpCcKuM emapxmanbHBIM BeJOMOCTSIM», Ha IpU-
XOfie OTCYTCTBOBAJI IICA/IOMIIVK — OTKPBITAsA BAKAHCYS YIC-
nmmachk Bech 1917 1. [27, ¢. 169]

B cocenneit nepeBHe Tpexcenniie Haxoammach ycagpba Jle-
BMHCOH-JIeOHMJIOBBIX, KOTOpasA IMOC/e PEeBOMIOIMOHHBIX CO-
6prTuit mepenyia B Begenne CoBerckoit Baactu. Kak MOXHO
IIOHATH, BAXKHbIE BelM OTTyAa ObUIM KOHQUCKOBAHBI I,
CyZiA IO BCEMY, HEKOTOpbIe 3 HUX OKasamich B Ilommibe.
Vimenno orciopia accep A. V. Auucumos B utorne 1919 . BoiBe3s
OuicepHbIe U3TEMNS U JePeBSIHHYIO CKY/IbITYpY B KpaeBenue-
ckuit Mys3eit I. [lepecnmaBna-3anecckoro [30, c. 121].

Ha momeHT peBommonnoxusix cobsrruit Hosast [lypma Ha-
XOM/IACh B cOCTaBe XpeOTOBCKOI BOMOCTH, KOTOPAsI BIIOCTIEN -
cTBMM OblIa yIpasjgHeHa, a caM HaceJeHHBIN IYHKT BOIIET
B coctaB MockoBckoit obnmactu. C 6 suBaps 1930 r. B Kon-
CTaHTMHOBCKUII paiion MockoBckoit obmactu Borren Hoso-
IIYPMOCKMII CebCcOBeT [34, c. 248], KOTOPBII ObIT YIIpasaHeH
30 pexabpst 1959 1. [34, c. 155] 9 stuBaps 1991 r. Hosas Illypma
Obl/Ta BbIBefieHa 113 TOPraIlMHCKOIO CeIbcOBETa 3aropcKoro
palioHa u mepeBeieHa B BefieHMe CeNIKOBCKOTO CEbCOBETA
[34, c. 158].

B 1960 r. Ha doHe ILepKBU U COXpaHSIBLIENCS elle B TO
BpeMsA KMPIUYHOI Orpajibl CHUMA/IM OfMH U3 3MU30[[0B CO-
BETCKOIT KMHOMEHTHI «[loM ¢ Me30HMHOM». B 1961 1. xpam 6b1r
3aKpbIT 1 pasoped [21, c. 102]. OH cTan ofHMM U3 IBEHA/[LATH
IIPaBOC/IaBHBIX IIPUXOZOB, 3aKPBITLIX B TOT TOJ] B paMKax aH-
TUPENIUIMNO3HOI lesITeIbHOCTH [32, ¢. 77]. B cepenmue 1990-x
rogoB oH Obin BosBpaieH Pycckoit [IpaBocmasuoit Llepksu.
Vkaszom mnpesupenta Poccuiickort ®@epepanymu Ne 176 ot 20
¢espamst 1995 r. xpamoBoe 3manre B Hosoit Illypme 65110
IpU3HAHO IAMATHUKOM apXUTeKTYpHOro Hacienue ene-
panbHOro 3HadeHus. B 2002 r. 6pU1 Ha3HAY€H HACTOSITENb —
CBAILEHHMK Afiekcuit AyleKceeB, KOTOPBIN coBeplIas Mo Ipe-
CTOJIBHBIM ITPa3gHMKaM BOLOCBATHBIN MonebeH [21, c. 102].
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19 aBrycra 2007 . HacTOATeNb NMPUXOJA CBAILIEHHUK Mu-
xann IIposaga cosepmnn B Tpounkom xpame nepsyio bo-
JKeCTBEHHYI0 JIUTYpruio 1mocne 3akpbITUsA NPUXOJA B COBET-
cKoe BpeMsi. 3a 60roC/Iy)XKeHneM e/l AETCKO-IOHOLIECKIUIT XOP
Ycnenckoro xpama r. Cepruesa ITocapa.

Knunp Tpounxoro xpama. [IocTOBEpHO M3BECTHO O K/M-
puke neppoii nonoBuHbl XVII B. cBAmenHnke Arree JBaHose.

Bo Bropoit nonosuHe XIX B. B XpaMe cOBepLIaJl C/Iy>KEHIe
ceameHHMK Ilapen ITanoBs: B 1869 I. OH yroMMHaeTCcA B Kade-
CTBE HACTOATEIA NPUXO/IA, HATPaXKeHHBII IIPAaBOM HOIIECHI
ckydbnu [13, c. 642]. To 1900 r. HacTOATeNIEM ABIAICA CBS-
meHHMK VoanH CMUPHOB, IIpU HEM CITy>KIII IICAJIOMINUK Ba-
cymit CMypHOB [1, JI. 1 06. — 2], KOTOPBIIT YMCINICA B XpaMe
no 1914 r. BxmountenbHo. Oten Moann B 1885 1. HarpaxieH
paBoM HoleHus ckydou [18, c. 215]. B 1890 r. BTOpbIM KITH-
PUKOM SABJIANCA CIy>KeHMe CBAleHHMK JoanH CaATo3ap-
ckuit — Habmonarh IlepecaBcKiuX I[epKOBHO-IPUXONCKUX
Ko [25, ¢.283].

C 1901 r. B xpame cmyxun cssameHHuk Iletp AsBuikmii
[1, JI. 58 06.]: 0 HeM M3BECTHO, YTO OH COBepIIAs CIy>KeHIe
B XpaMe cena TUTOBcKoe AJIeKCaHApPOBCKOTo yesna [4, c. 74]
(BO3MO>KHO, CITy>KIJI 3[1eCh HEJOITO 1 B Ka4eCTBe BPEMEHHOTO
KIMpMKa: B TUTOBCKOM OH ABJIAJICA HacTosATeNeM ¢ 1886 T. [6,
c. 300], a ymomuHaercs u B 1908 1.). C anperns 1902 r. HacTOs-
TemeM ObIT cBsijeHHUK Asnexcuit CmupHoB [7, JI. 85 06.]: B
1908 1. ygocToeH mpaBOM HollleHMs HabegpeHHnKa [23, c. 62].
C nexabpst 1910 I. B XpaMe HaCTOATENTbCTBOBA/ CBSILIEHHUK
Tyvurpuit [Toxposcxuit [2, JI. 69 06.].

C mapra 1915 r. MCHOMHAOIUM O053aHHOCTY IICATIOM-
myKa ABsaca Bragumup Ilepemunosckuit [2, JI. 221 06.]:
B MeTpuyeckx KHUTaX OH 4yuCAWIcA fo 1916 . BKIOYN-
TenbHO. [IpennonoxxuTenbHo, peub UET O 3aIPEIeHHOM Jya-
koHe Bragumupe ITepemmosckom. 11 aBrycra 1901 1., 6ymy«un
ICajIoOMIIMKOM XpaMa cena Matsenmeso IOpbeBckoro yesza
Bragumuypckoit ryOepHuM, HasHa4eH Ha AMAKOHCKOE MeCTO
B XpaM cena Bapexx Mypomckoro yespa [7, c. 276]. 8 mapTta
1907 r., yxe Oymy4y 3ampeljeHHBIM AMAKOHOM, HasHAa4eH
B xpaM cena [lammynnHo Menmenkosckoro yeszna [10, c. 77], a 24
Mmapta 1907 r. otnipaBneH B Beemenckuiit xpama I. IOpbesa [9,
c. 82]. 18 mapra 1908 r. mepeBefieH B K/IUp AJIEKCAaHIPOBCKOTO
cobopa [8, c. 51]. 10 ssuBapst 1911 r. Ha3HaYeH VCHOMHAOLUM
TO/DKHOCTD TICAJIOMIIMKA XpaMma cena JleprosuHo AjiekcaH-
IPOBCKOTO ye3/ia, YMC/IMICSA B Ka4eCTBE 3alITATHOTO JMaKOHA
[11, c. 16]. 17 deBpast 1915 1. mepemerntieH B Tponukmit xpam,
HO ynoMsAHYT 6e3 cana [20, c. 75]. 3arem, cornacHo «Bmagu-
MUPCKUM €IapXUaJbHbIM BEJOMOCTAM», B 1917 I. BaKaHCUs
[ICaJIOMII[MKa B XpaMe OCTaBajach BakaHTHOI [27, c. 169]:
cnenpl [lepeMnmIoOBCKOTO TEPSIOTC.

C pmexabps 1915 1. HacTosTeNndb CBsLeHHNUK Anmekcuit Kpa-
coBckmit [2, JI. 249 06. — 250]. [TocmenHuit pas yoMuHaeTcst
B KoHIle 1917 1. [2, JI. 303 06. — 304]

[Tpumepno B 1925 1. B Tponukom xpame coBepInan CBOe
CIy>KeHMe CBSIeHHVK Anexcuit VBanosuy labpusaunk. Ces-
IIEeHHOCTY)XUTeNb popnics B 1895 r. B repeBHe Manunis! To-
JIOYMaHCKOJi BonocTy Bonkosbicckoro yeszia [popHeHcKoit ry-
OepHMU B KPeCTbsHCKOII ceMbe. VIMern cpefHee o6pasoBaHiue.

C 1915 mo 1917 rr. cocrosan B apmun. C 1917 mo 1920 rr. —
IperofiaBaTe/ib B HEM3BECTHOM HAceJIeHHOM IyHKTe Vp6uTt-
ckoro yespa ITepMckoit rybepuym. B 1917 1. mocTynun Ha 3a-
ouHOe oTzeneHrne MoCKoBCKoIl fyxoBHOI akagemun. C 1920
110 1922 rr. mpoxopu1 06ydeHue aH COLVIaIbHO-MCTOPUYECKIX
Kypcax B VIHcTUTYTe HapogHOTro o6pa3oBanus. B 1922 r. cHa-
Jasia paboTas IpernojaBaTeneM, a 3aTeM KaccupoMm B I. Cep-
ruese Ilocame. Torga ke mocTynmma Ha BedepHee OT/eNEHME
Mennunuckoro ¢akympreta MOCKOBCKOTO TOCYAapCTBEH-
HOTO YHUBEPCHUTETa, HO 0OpasoBaHue He OKOHYIIL, YIS 110
COOCTBEHHOMY XKe/TaHMIO C IIATOrO Kypca. 24 ¢geBpanda 1924 r.
JKEHWICS Ha Jodepu mnpogeccopa MOCKOBCKON [TYXOBHOIN
akamemuy — AHHe AjiekcaHzipoBHe Tomy6110B0i1.

B 1925 r. XupOTOHMCAH BO IMaKOHA U CBALIEHHMKA, I10CTIe
yero cmyxun B Tpounkxom xpame B Hosoit Illypme. B kakom
VIMEHHO TOJly OH OKOHYWIJI 3[IeCh CBAIEHHOCTY>KEHIE HEN3-
BECTHO, TaK KaK € TOTO Ke roga fio 1928 rt. on cocToAn B Knupe
IleTponasnosckoro xpama B Cepruesom Ilocage.

B 1928 1. Ha HefieI0 OB 3aIpelleH B CBALEHHOCTY>KEeHUN
3a 0TKa3 IIOMUHOBEHNA CBETCKUX BracTell. Torma sxe ObL TIe-
pesenieH B XxpaM MydeHukos Kupa u VMoanna Ha CoOnAHKY T.
MoOCKBBI, Tie CTY>KI/I BCETO MNIIb fABe Hefem. Oren Amexcnii
ObI/I apeCTOBAH 110 HaJ[lyMaHHOMY OOBMHEHUIO B y4acTUM IIO-
KyLIeHJsI Ha HeKOero mapTuitHoro paboruuka Kocromaposa.
HecmoTpss Ha TO, 4TO OH He NpPM3HANA BMHBI M OTCYTCTBO-
BaJIM I0Ka3aTe/IbCTBA, TACTBIPS OCY/IM/IN Ha TPY TOfja CChIIKU
B Kamika-JlappuHckyio o6macts Cpenneit Asun.

B 1931 r, mo orbpITUN CpOKa CCBIJIKM, BCIIE[CTBUE 3a-
Ipera IPOXKUBAHMA B CTOMMLE U B MOCKOBCKOM 061acTH,
cBsAleHHNK Anexcnit [abpusHuk nocemica B Boponexxe. B
1933 1. apecToBaH BO BTOpOIi pa3 B I. ITaBnoBcke Boponex-
CKOJ1 0671aCTU ¥ OOBUHEH B KOHTPPEBOMIOLMOHHOI [iesATeb-
HOCTH: OBUT OCY>KZIeH Ha Tpu rofia VIcnpaBuTeIbHO-TPYAOBbIX
jarepeil — HakasaHme OTOBIBAT TeMHUKOBCKUX JIarepsix
Mopposumn.

B 1935 1. ocBObOX IeH, 1TOCIe Yero paboTas Ha IeCOCKIaze
yepHOpabounM Ha craHuuy CTPYHMHO AJEKCaH[[POBCKOTO
paitona Bragmmupckoit obmactu. C 1936 mo 1937 rr. — na-
6opaHT B amujeMuonorndeckoir nmaboparopun npu Cosere
HAPOMHBIX KOMMCCapoB, ¢ 1937 mo 1940 rr. — paboTHMK
B KnnHuKe MHOeKIMoHHbIX Oomesnert III MeguimHcKoro
nacrturyta. C 1940 r. — cdenpauiep 3aBoga «CKOOSHKI»,
a 3aTeM — CaHUTAPHBI Bpad 3TOTrO Xe yuypexpaeHus. B cen-
Ts16pe 1941 T. yBOJIEH 110 COKPAIIEHMIO LITaTa.

C 1942 110 1946 IT. AB/IAICA KAaTAKOMOHBIM CBSALIEHHUKOM,
CcoBepiIast TaltHble 60roCIyXeHus 1 Tpedsl Bo BraguMupckoit
obmactu. B mapre 1946 r. BCIeACTBUE JOHOCA HEKOM >KEH-
HIVHBI — JYXOBHOJ Jouepy MacThIPAA — CBAIIEHHUK ATEKCU
Tabpusanuk 6611 apectoBaH. [TouTn YeThbIpe rofa cofiepKancs
BO Brmagmmmpckoit TioppMe, a 3aTeM ObIT IIPUTOBOPEH K BbI-
CBIJIKe Ha BOTIbHOE IoceneHye B Cubypb, HO Ha aTale, Oyaydn
B KupoBckoit TIopbMe, acThIpb CKOHYAsCA 17 mas 1950 r. ot
TyOepKyesa nerkux [28, c. 215-217]. Mecro norpebenns He-
usBecTHO. IIporopnakon Cepruii fony6uos B 1999 r. ony6nu-
KOBaJI (pparMeHThl ClefCTBEeHHBIX e 1928 u 1946 rr., 10 Ko-
TOPBIM IPOXOAMI oTel; Anexcnii [28, ¢. 217-235].
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C 7 siuBaps 1953 1. o ceHTs6pb 1954 I. B XpaMe coBepIuan
cny>xeHne npotouepeir Jleouup BacunbeBuy byxapos. by-
mymnmit macteipb popuics 10 pespans (Ilepssiit aBTop 6uo0-
rpa¢un mporonepeit Anexcaugp OpaHCKuit He cooOiaer
YMCIO0 M MecAl, poxjeHus otua JleoHupa; mHpoOpMamnys
CTama M3BeCcTHa Onaroiapss OOHAapY>KEHMIO MeCTa 3aX0opo-
HEHMA CBAIICHHOCTYXXWUTeNS, Ifie OMellleHa TabmIIKa ¢ TO4-
HBIMM [JaTaMM >KM3HU [o4nBIIero) 1927 r. B nepeBHe bepesos
Mpic Mumkntckoro paitona YemsiOMHCKOI 06macT B MHO-
TOIETHOV KPECTbIHCKOI ceMbe, KoTopas yxxe B 1930-e ropbl
OblTa pacKy/ladeHa ¥ IlepeBefieHa U1 MeCTa >KUTeIbCTBA
B nocenok Mypmamm 613 1. Anatutsl. C leTcTBa eMy 6blia
npuBnTa Mob6oBb K [IpaBociaBHOI Bepe: BIIOCIEACTBUY OH
perynsapHo esfun B MypMaHCK K CBAIIEHHUKY A/ JYXOBHOTO
oxopmenus. Bo Bpemsa Bennkoit OTeuecTBeHHOI BOITHBI BCe
CEMEJICTBO Iepece/nIN B HEM3BECTHOE ITocenenne B Mapuii-
ckyto CCP, a 3aTeM, 10 OKOHYaHIY BOEHHBIX [EIICTBMIL, Bep-
Hynuch B Mypmamn.

[Tocne Boitnbl Jleonnn BacunbeBud paboran pbib6akoM Ha
cynHe. B Hauane 1948 r. mpussaH B paAxabl KpacHoit apmun,
cmyx6y nmpoxozun Ha KonbckoM nomyocrpoe. OHaKo Beref-
CTBUe CWIBHOTO IUIEBPUTA, KOTOPBI OH 3apaboTan BCIef-
CTBUE OIIMOKY KOMAaHJOBAHNUS — OH IIPOBEN Ha MOPO3e IIsi-
Tepo CyTOK, — byxapoB ObIT KOMICCOBaH.

3ateM mpoxonun obydenne B JICHMHTPaJICKOI J[yXOBHOI
CeMMHapuIL, KOTOPYI0 OKOHYMT B 1952 1. 10 deBpas Toro xe
rofa BcTynu B 6pax ¢ PanHoit [IMUTPIeBHOI: OHM BOCIINTATIN
nBoux cerHoOBeir — Iletp u Cepreii. [Tocne aToro mocremoBana
IOVIAKOHCKasA XMPOTOHMA, a B AHBape 1953 1. — cBAlleHHNYe-
CKasd, coBeplileHHasA B borosBsieHckoM KadenpanrpHoM cobope
B EnoxoBo . Mocksbl. Cpasy e 6bUT Ha3HaueH HaCTOATeIeM
Tpomnnkoro xpama B Hosoit Illypme [29, c. 444-446].

ITo BocmoMuHanMAM cynpyru otia Jleonuga, KOTopblie OHa
nepefiazia LepKOBHOMY KpaeBelly IIpOToMepero AJieKCaHApy
Kosnipesy, 8 Hopoit Illypme Habmofanach HempocTas o6cTa-
HOBKa. I]epkoBHas cTOpOXKKa ITpeObIBaia B 3allyCTEHMH, IO-
3TOMY CE€Mbe CBSAIEHHOCTY)KUTENs NMPULIZIOCh CHAYasma >XUTb
B JJOMe Y CTapocThl. bke k meTy 1954 I. oKono xpama 6bI1
B3AT B HaeM HEKUIT OpeBEeHYATBI JOM, B KOTOPOM OBLIN OIHM
KJIOIBI: TPUIIIOCH BCE CTEHBI U JJaXKe IVBaH IIPONUTHIBATh Ke-
pocuHOM. Boia — TONIBKO B KOJIOJIIe ITyOMHOI B COPOK METPOB.

Tpounkuit XxpaM OTaIIMBaICA TONBKO B THU CITyXOBI, I10-
3TOMY B XOJIOfHOE BpeMs rofia 3TO HE CIIAcajio: B a/lTapb IIpK-
HOCH/IV TOPIIOK C TOPAIIMMY YITIAMM, YTOOBI ¥ CBSAILICHHUK,
U TIOHOMapy MOITIM IpeTb PyKHU. VI3-3a Ma/louMcCIeHHOCTH
NIPUXOXKaH, B HEJENI0 COBEpIIanach TONbKo JIuTyprusa B Boc-
KPECHBII JIeHb, HAKaHYHe ITPa3HUKOB CITYy>KIUTOCh Bcenomuoe
6nenue. LlepkoBHBIIT 3a60p ObIT paspylIeH, CKOT TePCs O CTEHbI
xpama: orel] JleoHI], JOTOBOPUIICA C IpeficefiaTesieM KOIX03a
O BBIfIe/ICHUN JKepfiell /sl TOro, YTOObI OTOPOAUTH IIPUXpa-
MOBYI0 Teppuropuio. /Isa nua B Heplemo otey, Jleonny, e3nun
II0 MECTHBIM CeJIeHVMAM JUIA COBepUIeHNS TAaMHCTB 1 Tpeo,
B TIepByI0 oyepenb — CesaToro Kpemenns, Tak Kak B TO BpeMs
KPeCTUTb OTKPBITO B XpaMe OBUIO OIacHo [29, c. 446].

C cenrs6ps 1954 r. cBsaenHuk Jleonus byxapos 6bir me-
peBefieH B Kup xpama MydeHnkos ®mopa u Jlappa r. Kammpsr

Mockosckoit obmactu. C 26 mas 1955 r. — kmupux Hukono-
ApxaHrenbcKoro xpama cena Hukombckoe-ApxaHrenbcKoe,
HBIHe B 4epTe moMocKoBHOI bamammuxn. C centsabps 1957 .
ceMbs CBsIleHHMKAa Ipokmpana Ha Hoso-Capmosoit ynuie
B mocenke CanThIKOBKA, YTO COCEINCTBOBANO C MECTOM CITy-
>keHunsA macteipA. Hernmacno otern Jleonup ABANCA MOMOIN-
HMKOM 671arOYMHHOTO BanalMxmHCKOro 1epkoBHOTO OKpyTa
nporouepes Anekcanzipa OpaHCKoro.

C 12 centsabpst 1963 r. — wmmpuk TUXBMHCKOrO Xpama
B AnekceeBckoM. B 1974 1. y orua Jleonnja crano majaTh
3peHMe BC/IEACTBME KaTapaKTbl. 24 mioHA 1975 1. BbIIEN 3a
mrar. VIHpopMarum o ToM, Iie 0 KOHYMHBI COBEpLIaN CIIy-
JKEHIe MM KaKOJM XpaM ITOCEelasl /Il MOJIUTBbI CBALIEHHO-
CITy>KUTeb, HeT. OJHAKO MOYXHO ITPEJTIONOXMNTb, YTO 9TO ObII
ITpeo6pakencknit xpam cena CaBBMHO (HbIHE — B COCTaBe T.
bamammxn): TaM SIBJISUICS HAcTOsITeNeM IpoTomepeil bopuc
IIporononos, ¢ koTopbiM oTel, Jleonnn, cayxun B Huxorno-
ApxaHrenbcKOM XpaMe U MMeN fpyK0y. B aToit xe 1iepkBu ero
BIIOC/IE[ICTBUM OTIIOIOT.

[Tocne xoHunHsbl cbiHa Cepresi B ceHTs6pe 1982 I u Tak
MIOJIOPBAHHOE 3/J0POBbE CBAIIEHHOCTY)XUTENA CTalo PE3KO
yxypmarbcs. 19 anpena 1984 r. mporoueperi Jleonnn byxapos
ckonyvasncst. OrneBaHme ObUIO coBepiieHO B IIpeobpakeH-
ckoM xpaMe B CaBBMHO HAacTOATENEM IIPUXOZA MPOTOMeEpeeM
Bopucom IIporononosbiM 1 HEKMM CBALEHHUKOM Bacumem
(bammmst He coxpanmmach) [29, c. 447-450]. Ilorpeben Ha
[TypureBckoM kmag6uie I. o. bamainxa (4eTBepThIil psf, ABe-
HaJIaTbI PAX): pAKOM C HUM IIOXOpOHeHa cynpyra — ®anna
Ivurpresna Byxaposa (17 cenrsabpa 1930 r. — 23 mions
2013 r.).

[TocnepHum mepeq 3akpbITHEM XpaMa HAaCTOATENEM IPHU-
xoma 6buT mepomoHax bopmc (Moposos). Bymymmit cBs-
LIEHHOCTYXKUTeNb, B Mupy — bopuc ViBanosua Moposos,
pommics B 1928 r. buorpadudecknx cBefeHMiI O HeM He CO-
XPpaHUIOCh.

Ho 1961 r. sABmAnCca HacToATeNneM TpOMIIKOTO Xpama
B Hopoit llypme. Cranm mocnefHuMM HACTOATENEM IPUXOZA
Iepeq ero 3aKpbITVeM U pasopeHueM. YonHoModeHHbI Co-
BeTa 110 jienam Pycckoir IIpaBocnaBroit Lepksu 1o Mockos-
ckoit obmactu A. A. Tpyums 06BrHWT oT1ia Bopuca B TaitHbIx
IOCTPUTaXx, CHAJI CBALIEHHOCTYKUTe/A ¢ perucrpanuiu (8 Co-
BETCKOe BpeMs JYXOBEHCTBO He MMEJIO IIpaBa CIYXUTb 6e3
pasperenus-crnpasku u3 Cosera), a 3aTeM UHUIUVPOBAT 3a-
KpbITre Xpama [32, c. 77].

C 1970 mo 1976 rr. — HacToATenb boropoaunepoxme-
CTBEHCKOro xpama cema Hukombckoe-Tpybenxoe (HpiHe —
B YepTe MOAMOCKOBHOrO ropoga bamammxu) [3]. B 1973 1.
YIIOMIHAETCA B KauecTBe NYXOBHMKA MUTPONONNTA AHTOHMA
(KporeBnya): MMEHHO B Ha3BaHHOM IPNXOJe IPOIIO OTIe-
BaHMe apxuepes, a 3aTeM — IorpebeHue 3a anrapeM. B konIe
oTmeBaHUsI, mpoiuenuiee 23 HoA6pss 1973 T. mox mpencTos-
TeTbCTBOM eMUCKoma 3apaiickoro Xpusoctoma, orer; bopuc
MIPOYNTa/ Pa3pEeNIUTENbHYI0 MOMNUTBY. JIyXOBHBIN MMCaTENb
1 HacroATenb boropopuiepoxgecTBeHckoro xpama B Hu-
KonbcKoM-Tpy6enkom mporonepeit Bragumup bBopospunos
(1937-2013) B cBOEM KpPaTKO MCTOPUYECKOM OYepKe O MpMH-
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Xofie OTMeYasl, YTO MUMEHHO TIlaHueM oTia bopuca B nepksu
Obl/Ia ITOCTaB/IeHa BBICOKAs CeHb HaJ| MeCTOM XpaHeHus [lma-
manny, Cracurtens u boxbelt MaTepn, LieHTpanbHBIN Ipe-
CTOJI OfieT B MeTa/UIM4ecKoe oOladeHye, paclyucaH BUTPaK
[JIaBHOTO aJITaps, Hpouuio oOHoBreHme ¢pecox [3]. Ms-
BECTHO, 4TO B ITOC/IeHIE TOABI KU3HM oTel; bopuc moma nmen
JMYHBI aHTMMMHC, KOTOPBIN, KaK IIpefHosaraercs, Obll
BBIJJAH BC/IEACTBUE cmaboro 3p0pobs [38]. Tlocne KOHUMHBI
IIaCThIPA, TOCIefoBaBIaA B 1991 1., cecTpa CBAIIEHHOCTY KN -
Te/sl mepefana B xpaM MmydeHur Bepsi, Hagexpsr, JIro60B1
u Matepu ux Codun Ha Muycckom knagbuie . MOCKBBI Ke-
nertHbll 06pa3 IlpecssaToit Boropommipr «Cxopomociyr-
HIILIa», KOTOpas cTajna B 1997 . muporounts [38].

IlepspiM HacToATeIeM — ¢ 1995 o 2002 rr. — nocse Bo3-
0OHOB/IEHNS XU3HY IPUXOfA CTaN CBAleHHNK Hukomar AH-
toHoBn4 Komapunuxuii. Pogunca 6 utons 1957 r. B cene Ko-
MapHMKM JIbBOBCKOI obmacTi. B 1975 I. OKOHYM/I CPERHIOI0
IIKOTY, ¢ 1976 1o 1978 rr. npoxopun cny>x6y B apmuy, ¢ 1978
no 1984 rr. paboTan IJIOTHMKOM B Konxose. B 1984 r. mo-
CTYINJI Ha 3a049HOE oTfieNieHne MOCKOBCKOI JyXOBHOJ ceMU-
Hapun. B TOM e rofly pyKOIIO/IO>KeH B CaH [MaKOHa, a 15 fie-
Kabpst 1985 1. — Bo cBsimenHnka. C 1986 mo 1989 rr. cocrosin
B xpe TamboBcKolt emapxun, ¢ 1989 mo 1990 rr. — TepHo-
nonbckoit emapxun. C 16 AuBapa no 3 miond 1990 r. — Ha-
crosTenb leoprmesckoro xpama cena Curipl JJOKIIMIIKOTO
paitona, ¢ 3 mwona 1990 r. mo 1994 r. — Hacrosarens Hukomnb-
ckoro xpama B Yepecsx, ¢ 1994 no okts16pp 1995 r. — HacTOsI-
Tenb boropoaunepoxxaecTBeHCKOro Xpama cena boropopckoe
Ceprueso-ITocajickoro paitona MoCKOBCKOIT 06/1acTi.

C okta6ps 1995 r. mo 2002 r. — HacCTOATeNb TpPOMLIKOro
xpama cena Hosas Illypma [37]. 3aTeM HekoTOpOe BpeMs
cnyxun B boropopuiepox/ecTBeHCKOM XpaMe BO Brapbl-
KMHO B MOCKBe, TOC/Ie 4ero mepeexan B YKpauHy, Ifie AB-
NIANCA HacTosATeNleM Xpama MydeHunbl Ilapackessr B Xopo-

coBke KneBo-CasrommHckoro paiiona Kuesckoit obnactu. B
2022 r. yIIOMMHAJICA B CaHe IpOToMepes, IPOTUBOLEICTBOBA
HeATe/IbHOCTY pacKonbHM4eckoin «IIpaBocimaBHoit Llepku
VkpanHsi» [36].

C 2002 o 2007 rr. HacTOATeNIeM XpaMa ObUI Ha3HAUeH CBS-
meHHNUK Anekcuit HukonaeBuy AmnmekceeB. Poguiics B 1965 .
B 1988 r. oxonunn IIpodeccronanbHoe TeXHMYECKOE YUU-
muuie. B 1994 1. okoHYMI MUHCKYIO [yXOBHYIO CEMMHapUIO.
23 miona 1995 1. B YcnenckoM xpame HoBopeBuabero MoHa-
cToipsa B Mockse apxuenmckonom Moxkaiickum Ipuroprem
(UMpKOBBIM) PYKOIIONIOXKEH B CaH CBAIIGHHUKA. B ToM xe
rofly HasHaueH HacroATeneM CeprueBckoro xpama B Mepry-
coBo Ceprueso-Ilocagckoro paiioHa. B 1996 r. Harpax/eH
[IPaBOM HOIIeHMs HabelpeHHNKa, a B 1998 I. — KaMWIaBKIL.
B 2002 r. HasHayeH HacToATeneM Tpouikoro xpama B HoBoit
[Iypme ¢ ocrasnenneM B Jo/KHOCTU HacToATens Ceprues-
CKOII IIepKBI. B TOM ke Tofy 6bUI yIOCTOEH IIPaBOM HOLICHNA
HaIepcHoro kpecra, B 2007 I. BO3Be[leH B CaH IIpOTOMeEpes.
B 2010 r. rpamoToit «3a ycepmHble TPyAbl HA HUBE JYXOBHO-
HPaBCTBEHHOTO MPOCBelleHns 1 oOpasoBanusi», B 2013 r. —
nanuuei, B 2020 . — birarogapcTBeHHON TPaMOTOI MUTPO-
nomrta Kpyrunkoro n Komomenckoro IOBenanmmsa u npasom
HOLIEHMA KPecTa C yKpalleHUAMMU.

B 2007 r. HacTOATENEM IPUXOJA CTAJI CBALEHHUK Muxaun
Amnaronvesudy IIpoBaga. Pogmncs 21 ¢espans 1969 1. B ceMbe
cBAlleHHMKA. B 1986 1. okoHUMI cpeHIo0 MKOoIy, B 1992 1. —
MocKOBCKyI0 [yXoBHyI0 cemuHapuio. Ilocrme xuporoHum
B CaH IMAKOHA Ha3HAYeH B K/IMp YcIeHcKoro xpama I. Cep-
ruesa Ilocaga. B 2006 r. HarpaxJeH NpaBOM HOLIEHUA JJBOJ-
HOTO Opaps.

29 ampena 2007 r. B Ycnenckom xpame Hobopesuubero
MOHAcThIpsi . MockBbl MuTpononutoMm Kpytuukum n Ko-
noMeHckuM HOBeHanmmeM pPYKOIIONIOXKEH B CaH CBALIEHHMKA.
Torpa >xe Ha3HaUeH HacToATeneM Tpouikoro xpama B Hosoit

Tabnuua 1

Hacrostenu

BpemeHHOM 0TPe30K HACTOATENbCTBA

Mcanomumkum

CesiweHHUK Arreit MBaHoB

XVII B.

CAweHHKK MNasen MaHoB

Btopas nonosuHa XIX B.

CeAweHHUK NoaHH CmupHOB
Bropoi knupuk — ceaweHHuk MoanH Cae-
T03apckuii (1890-e rr.)

1885 (?) — 1901

Ncanomwuk Bacunuin CmupHos
(po 1914r.)

CBAweHHUK Metp A3BULKMI

1901 — anpenb 1902 .

CBAweHHUK Anekcuit CMMpHOB

Anpenb 1902 r. — [lekabpb 1910 .

CeAweHHUK dumutpuin MokpoBCKuin

[ekabpb 1910 r. — [lekabpsb 1915 .

M.o. ncanomwumka Bnagumup Mepemu-
noBcKkuit (Mapt 1915 r. — 1916 1.)

CBsAweHHMK Anekcunit KpacoBckuit

[lekabpb 1915 r. — nocne 1917 r.

CsueHHuK Anekcuit iBaHoBnY MabpUsHUK 1925-1928
CesaweHHMK JleoHnn BacunbeBuy byxapos | 7 sHBaps 1953 r. — ceHTabpb 1954 .
NepomoHax bopuc (Mopo3os) Jlo 1961 r.
C H nA K -
BAWeEHHUK Hukonai I:ITOHOBWI omap 1995-2002
HULKWIA
CesiweHHnK Anekcnit Hukonaesuy Anek- 2002-2007
cees
CBAweHHNK Muxann AHaTonbeBuy MpoBaga 2007 — H.B.
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[Iypme. 19 aBrycTa 2007 r. oTen; Muxanu coBepLIn B IIepKBI Ynen EmapxmanbHOro oTjena o opraHnM30BaHHOMY IIpa-
IepBYIO IOC/e 3aKpbITuA Npuxofa B CoBeTckoe BpeMs bo-  BOCMaBHOMY OTAbIXY, MA/JIOMHMYECTBY M Typusmy. B 2010 .
xecTBeHHYI0 JIutypruto. 15 mions 2009 I. Ha3HA4YeH HACTOSI-  HATPaXJEH IIPaBOM HOLIEHNs HabegpeHHNKa, B 2012 . — Ka-

TereM BockpeceHckoro xpama nepeBuu Xpe6toBo CeprimeBo-  MummaBky, B 2015 1. — HamepcHoro kpecra. B 2019 u 2021 rr.

ITocapckoro paiioHa C OCTaB/IEHNEM B IOJDKHOCTY HACTOATENA OB yOCTOEH «bIarocoBeHHOI IpaMOTOM» MUTPOMOINTA

Tponuxoro nmpuxopa. Kpyruukoro n Konomenckoro IOBenanmus.
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®.2395. On.1. [1.121.
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Pesontoumna 1905-1907 ropoB Kak nposiBieHue
CMCTEeMHOro Kpu3uca B Poccuinckon umnepum

CypaywkuHa Cothbs AHApPEEBHa, CTYAEHT

HayuHbiit pykoBogutens: CefenbHukoBa Hatanbs AnekcaHapoBHa, KaHAUAAT UCTOPUYECKMX HAYK, JOLEHT
®unnan OMCKOro rocyfapcTBEHHOr0 NefarorMyeckoro yHueepcuTeta B r. Tape

Cmamos nocésuiena ananusy nepeoi pycckoti pesomoyuu 1905-1907 20006 xax pesynvmama écecmopormezo Kpusuca 6 Poc-
cutickoti umnepuu. Vlccnedyomcs skoHomuueckue, COUUAIbHble U NOIUmMu1eckue npeonocuiiku, 6KI04YaAsT NPomusopeuus Hesa-
6epULeHHOL MOOEPHUAUUU, COCTIOBHYI0 CIPYKMYPY 00u4ectea u Hapacmanue obusecmeenHozo Hedosonvcmea. Ocoboe 6HuMAHLE
yoerngemcs Kmodesvim cobvimusam 1905 200a («Kposasoe sockpecerve», scepoccutickas cmauka, 6occmanue Ha «Ilomemkure»)
U XapakmepucrmuKe 0CHOBHbIX 08UNCYUUX cusl pesomoyuu. Ha ocHose ananusa 0enaemcs 6vi600 0 3aKOHOMEPHOCINLL PeBOIOU-
OHHO20 83DPblBA KAK NONBIMKU PA3PeUdeHUs HAKONIEHHbLX CUCINEMHBLX NPOMUsopeHuil.

Kntoueevie cnoea: Poccuiickast umnepust, pesomoyust 1905-1907 2., cucmemHblii KPUSUC, MOOEPHUIAUUS, COUUATLHAST CIPYK-
mypa, 08UMCYUsUe CUTTbL, NOTUIMUYECKUL HPOmecH.

Revolution of 1905-1907 as a manifestation of systemic crisis in the Russian Empire

The article analyzes the First Russian Revolution of 1905-1907 as a result of a comprehensive crisis in the Russian Empire. It exam-
ines the economic, social, and political prerequisites, including the contradictions of incomplete modernization, the estate structure of
society, and the growing public discontent. Special attention is paid to the key events of 1905 («Bloody Sunday», the all-Russian strike,
the mutiny on the «Potemkin») and the characterization of the main driving forces of the revolution. Based on the analysis, a conclu-
sion is made about the inevitability of the revolutionary explosion as an attempt to resolve the accumulated systemic contradictions.

Keywords: Russian Empire, Revolution of 1905-1907, systemic crisis, modernization, social structure, driving forces, political protest.

KHaqa)Iy XX Beka Poccuiickas uMIepus CTOMKHY/IACh C KOMIIIEKCOM ITyOMHHBIX TIPOTMBOPEYMIf, KOTOPbIE CO3/jai Mpesi-
HOCBUIKM Il PEBOJIOLMOHHOTO B3pbIBA. DKOHOMMKA IIepeXMBajia MOCIEACTBI MUPOBOTO KPM3UCA, YCYTyOIEeHHOTO
OTPOMHBIM TOCYAAPCTBEHHBIM JO/ITOM, Hed(PEKTMBHBIM CETbCKIM XO3SMCTBOM U HUSKOI IIATEXXECIIOCOOHOCTHIO HACETEHNST
[1, c. 98]. KpecTbsiHCTBO, cOCTaBILsIBIIEE OOMBIIMHCTBO CTPAHBI, CTPAAAIO OT MAa/IO3eMeIbsl U HETIOCH/IBHBIX BBIKYIIHBIX IUIA-
Texell [2, c. 45]. IIpomblUIeHHas MOiepHI3aLsA, IPOBOAMMAs IIPY JOMUHMPYIOLEIl PO/ TOCYAAapCTBa I MHOCTPAHHOTO Ka-
IMTasa, HOPOANIA OCTPBIN «paboumil BOIIPOC» B YCIOBUAX OTCYTCTBUA TPYHAOBOTO 3aKOHOMATENbCTBA M BBICOKON IKCIITya-
tanuu [3, c. 85]. «[IporTuBopeure MeXIy HadaBIelics KAIMTaTMCTUIECKON MOIepHM3aleli M COXpaHEeHMEeM apXaudHbIX GOpM
XO0351/ICTBOBAHMS IPUBEIIO K IIPOMBILUIEHHOMY criagy» [4, ¢. 120].
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ConuuanbHas CTPYKTypa o01IiecTBa OTpaskaja U yCyryoisia 3Ti IpoTuBopeuns. [lomTidecky TocIofCTBOBAI0 MaIOYNC/IEHHOE
IBOPAHCTBO (1,4 %), TOra KaK 9KOHOMMYEeCKH pacTyas 6yp)Kyasus OblIa IMIIeHa TOMUTIIeCKNX TIpaB [3, ¢. 92]. OcHoBHas Macca
Hace/leHNs1 — KPEeCThsIHCTBO (OKOJIO 77 %) — OCTaBajIach GeCIpaBHBIM MOJZATHBIM COCIIOBUEM, a OBICTPO HOPMUPYIOLIMILCS IPO-
neTapyaT (0K0JI0 13 MJIH Ye/lIoBeK) KOHIIeHTPUPOBAICA B IPOMBIIUICHHBIX IIEHTPAX B YCIOBYAX KpaliHeit Hy bl [5, . 54]. Kynb-
TYPHBII paspblB MEXy 00pa3sOBaHHBIMY CIOAMM Y HApOIOM CO3[aBaJl IIOYBY JyIA B3aMMHOTO HemoHumMaHuA [1, c. 105]. Hepe-
IIeHHBIe IIPOO/IeMbl MOJEPHU3ALIMY BO BCeX cepaX, yCUIeHHbIe IopaXKeHreM B Pyccko-AI0HCKOII BOJIHE, IIPUBEIN K TOTAIBHOMY
KPU3UCY IETUTYIMHOCTH BIACTU U POCTY MacCOBOTO HElOBOMBCTBA [6, ¢. 52; 7, ¢. 78].

Tabnuua 1. OcHoBHble ABMKYLME cunbl peBontouun 1905-1907 rofoB 1 UX XapaKTepUCTUKU

CoumanbHasa rpynna KnioueBble Tpe6oBaHUA OcHoBHble (hopMbl 60PbObLI MonuTnyeckne opueHTUpLbI
8-4yacoBon feHb, noBbilWeHne | MaccoBble cTayku, AEMOHCTpaLUK,
. PangukanbHble (couuan-gemo-
PaGouune 3apnnathl, CBepXeHue camofiep- [ BoopyxéEHHble BoccTaHus (Mo- KpaTh, 3cepbl)
KaBUS CKBa, Aiekabpb 1905 r.), Cosersl parel, 3cep
JInkBMpaLMa noMeLLnybero 3em- . -
. 3axBatbl yroguii, nogkorn ycaneb, | - CTuxuiiHblit GyHT, BAUsHUE
KpectbaHcTBO nesnapenns («4EpHslii ne-
HEMOBMHOBEHME BNACTAM 3cepos
penen»)
KOHCTUTYLIMOHHAs MOHapxus, ArvuTaums B neyaTu, 3eMcKue
JiubepanbHas KoHCTUTYLMOHHBIE AieMoKpaThl
rpaxKpaHcKkue cBoOOAbI, OTBET- cbe3pbl, pabota B Mocypap-
onno3uyus y (kapmeTbl), «Coto3 17 oKTAOPA»
CTBEHHOE NPaBUTENbCTBO CTBEHHOW [lyme

ABTOHOMMA, OTMEHA pyCu-
hu1KaLmMK, He3aBUCUMOCTb
(Nonbwa)

HauuoHanbHble
ABUWXeHus

BoopyEHHble BoccTaHus, Teppop | HauuoHanbHble naptum u opra-
NPOTUB aAMUHUCTPALMUM HU3aLUK

HemnocpencTBeHHBIM TOMTYKOM K PEBOIIOLINY CTamu cobbiTus 9 siHBapst 1905 roga. MupHoe mectsye pabounx Ilerepbypra
C HeTHIMeIl, CoflepKaBIiell SKOHOMIYECKIe 1 IOIUTHYeCKUe TpeboBaHMsA, ObIIO paccTpensHo Bolickamu. 9T1o «KpoBaBoe
BOCKpeCeHbe» paspyLIWIO IaTpuapXa/JbHYI0 Bepy B LapsA-3alllUTHUKA J CTAJI0 TOYKOI HeBo3BpaTa [8, c. 233]. B orBer 1o
CTpaHe IIPOKaTM/IACh BOJIHA IIPOTECTOB: BCeOoOIIas MOMUTINYeCKasd CTadyKa Ilapain3oBaja IIPOMBIIIIEHHbIE LIEHTPBI, a B XOfie
60pLOBI CTaMM CTUXUITHO BO3HMKATh HOBbIe OpraHbl BracTy — CoBeThl pabo4MX yIIOTHOMOYEHHBIX [9, ¢. 115]. Anoreem pe-
BOJIIOLIMOHHOTO MOJbeMa BeCHBI-/ieTa 1905 rofia cTamo BOOPY>KeHHOe BBICTYIUIEHVE B apMUM — BOCCTaHME Ha OpOHEHOCIe
«Kus3p IToremkun-TaBpudecknii», MpogeMOHCTPMpPOBaBIIee ITyOUHY Kpusuca 1 B omnope pexxuma [10, c. 355]. Takum 06-
pasoM, 3a II0/ITofja IPOTECT 3BOMIOLMOHMPOBAT OT MUPHOTO XOJaTalicTBa K BCEPOCCUIICKOI CTayKe ¥ OTKPBITOMY BOOPY>KEH-
HOMY NPOTUBOCTOSHUIO.

3aknuyeHue

Pesomronyst 1905-1907 rogoB He 6blIa CIy4aiflHBIM COOBITIIEM, @ CTala 3aKOHOMEPHBIM IIPOSIB/IEHNEM [TTyOOKOTO CUCTeM-
HOTO KpM3MUCa, MOPAa3UBIIEro OCHOBBI Poccuiickoit nmmepnn. HepelleHHOCTh arpapHOTro BOIPOCa, IIPOTUBOpeurst Gopcrupo-
BaHHOJ MHAYCTpUaIN3alNY, apXaldHas COCJIOBHAsA CTPYKTYpa U IONUTHNYecKoe OecrpaBye OONbIINHCTBA HACeTIeHNUA CO3aIN
B3PBIBOOIIACHYIO cMech. IlopaskeHne B BoliHe ¢ SIIOHMelT BHICTYIVIIO KaTaIM3aTOPOM, OOHXXMBIINM C1ab0CTh BracTu. MHoO-
roobpasue OBYDKYIIMX CUJI PEBOMIOLMY — OT IIpoJieTapuara ¥ KpeCcTbsHCTBA [0 M10epaoB U HalMOHAIbHBIX JBYDKCHUI —
C UX pasIMYHbIMY, YaCTO IIPOTUBOPEUYNMBLIMU TPEeOOBAHNMAMY, CBUJIETENLCTBOBAMIO O BCeOOIIleM XapaKTepe HelOBOIbCTBA Cy-
IeCTBYIOIUM IOPASKOM. XOTs PEBOMIONMNA He JOCTUI/IA BCEX CBOMX Pa/IMKa/bHBIX 1ie/Ieil, OHa CTajIa MepBbIM aKTOM BEMKOM
MCTOPUYECKOI! IPaMbl, OKa3aBIleil HEBO3MOXKHOCTb COXPaHeHNs pexxHelt Poccuu 6e3 KOpeHHBIX Ipeobpa3oBaHmil ee ONu-
TUYECKOTO U COLMA/IbPHOTO YCTPOCTBA.

JInteparypa:

1. ernnos 0. A. Victopus Poccun XX Bek: Yue6Hoe moco6bue / 10. A. lletnros. — M.: ®AVP, 1998. — 510 c.

2. Ty6posckuit C. M. KpecrbsiHckoe aBmxeHne B pesomonyu 1905-1907 rr. / C. M. y6poscknmit. — M.: Viag-Bo AH
CCCP, 1956. — 420 c.

3. Yepmencknii E. . Byp>xyasusa n napnusm B nepsoit pycckoit pesomonyu / E. [I. Yepmerckmit. — 2-e n3f. — M.: MbICTb,
1970. — 448 c.

4.  Ilackosckui A. B. Pepomrorus 1905-1907 rr. B Poccun / A. B. ITsackoBckuit. — M.: Mpicib, 1966. — 605 c.

5. Tpouxkunit, JI. Haura nepsasa pesomonna. 4. 1. / JI. Tponxuit. — M.-JL.: Tocuspat, 1925. — 350 c.



64 | UcTopusa «Monopoit yuéHblity « N2 2 (605) - AnBapb 2026 T.

6. Hedenos, C. A. Vcroxn 1905 roga: «Pesomonuns nsue»? [Texcr] / C. A. Hedenos // Bonpocsr ucropun. — 2008. —
Ne 1. — C. 47-59.

7.  Bapcenkos A. C., Bgosus A. V. Vicropus Poccun. 1917-2004: Yue6. nocobue / A. C. Bapcenkos, A. V1. Bgosun. — M.:
Acmexr Ilpecc, 2006. — 816 c.

8. Pesomomusa 1905-1907 rr. 8 Poccun. [lokymenTsl n matepuansl. B 16 1. / mop pen. A. M. Ilankparosoit. — M.-JL.:
Msm-Bo AH CCCP, 1955-1965.

9. Tworuxus, C. B. IlepBas peBonmtonus B Poccuu: B3z depes cronetue [Texcr] / C. B. Tiotukus // OTedecTBeHHast MC-
topuda. — 2004. — Ne 6. — C. 126-141.

10. Haiiga C. ®. PeBomoinonHoe aBrKeHne B napckom ¢more. 1825-1917 / C. ®. Haitma. — M.-J1.: Boenmopuszar,
1948. — 380 c.






1 Monoaou yyeHbIn
MexayHapOAHbIN HAaYYHbIN XypHan
Ne 2 (605) / 2026

Brimyckaronuit pegaxtop I. A. TIncbmenHnas
OtsercTBeHHbIe pegakTopsl E. V. Ocaunna, O. A. lllynera, 3. A. Oryprosa
Xynoxxnuk E. A. lllnmmkos
IToaroroska opuruuan-makera I1. 5. Bypbsanos, M. B. Tony6108, O. B. Maiiep

3a JOCTOBEPHOCTD CBEIeHNIT, N3TI0KEHHBIX B CTaThAX, OTBETCTBEHHOCTD HECYT aBTOPBI.
MHeHue pefjakIny MOXKeT He COBIIAZIaTh C MHEHNEM aBTOPOB MaTepHasIoB.
ITpu mepermeyaTKe CChIIKA HA )KYPHATT 00sA3aTe/bHa.

Marepuassl Iy6IMKYIOTCA B aBTOPCKOI PeaKIMIL.

JKypnan pasmemtaerca n ungexkcupyercsa Ha noprane eLIBRARY.RU, Ha MoMeHT BbIxofja HOMepa B CBeT >KypHas He Bxogut B PVIHII.

CsupetenbctBo 0 peructparyu CMU ITV Ne @C77-38059 ot 11 Hos16pst 2009 ., Beigano PeepanpHoil 1y 60it 110 Ha30py B cdepe CBA3I,
MHQOPMALVIOHHBIX TEXHOIOIMII I MaCCOBBIX KOMMYHUKa1uii (PocKoMHazn30p).

ISSN-L 2072-0297
ISSN 2077-8295 (Online)

Vupenurenn u usgarenb: OO0 «VsparenpctBo Mosofioit yueHbiit». 420029, Peciy6nnka Tatapcran, r. Kasans, yn. Akagemnka Kuprnnanu-
KOBa, [I. 25.

Howmep nopnucan B nedars 21.01.2026. [lata Bbixozia B ceT: 28.01.2026.
Dopmar 60x90/8. Tupaxx 500 ak3. Ilena cBobonHas.

ITouToBblit afpec pepakiyn: 420140, Pecriy6rmika Tatapcran, r. Kasaunb, y1. FOmyca ®y4nka, 1. 94A, a/a 121.
daxruyeckuit agpec pegakiuu: 420029, Pecriybnuka Tarapcraw, r. Kasab, yin. Akagemuka Kupnnannkosa, . 25.
E-mail: info@moluch.ru; https://moluch.ru/

OrnevaraHo B Tuorpauu usnarenbcTsa «Momonoit y4ensiit», 420029, Peciy6nuka Tarapcras, 1. Kasanb, yin. Akagemnka Kuprnnunnkosa, g. 25.



