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YIK511.3

[IPOCTOE [IOKASATENBCTBO I'MNOTE3bI BUNA

ATAOHLEB BANEPUI BACU/BEBIY

K.T.H., NEHCUOHEP

AHHOTauuA: B oaHHOM cTaTbe NpPEeACTaBnNeHO MPOCTOe [0Ka3aTesbCTBO runoTesbl buna, ocHoBaHHOE Ha
pelweHusx ypaBHeHus depma-KartanaHa.

KnioueBble cnoBa: rnotesa buna, gokasatenscTso rnotessbl buna, ypasHeHne ®epma-KatanaHa, gokasa-
TENbCTBO «OT MPOTUBHOMO.

SIMPLE PROOF OF THE BEAL’S CONJECTURE
Agafontsev Valery Vasilievich

Abstract: This article presents a simple proof of the Beal’s conjecture based on the existence of solutions to
the Fermat-Catalan equation.
Keywords: Beal's conjecture, proof of Beal's conjecture, Fermat-Catalan equation, proof by contradiction.

Louepam moum TambsiHe u Hamarnbe
nocedwaemecs

BeopgHas yacTb

B 1997 rogy pereHTckuin npocdheccop Matematuki Yuuepcuteta CesepHoro Texaca [anven Morn-
AnH (Daniel Mauldin) BblaBuHyn Takyto runotesy [1]:

LetA,B,C, x,y and z be positive integers with x, y, z > 2.

If A¥ + BY = C# then A,B and C have a common factor.

B nepesoge:

Myctb A, B, C, x,y W z- LUenble NONOXMUTENbHbIE Yicha, npuieM x, y, z > 2.

Ecrm A¥ + BY = C%,10 A, B 1 C uMeloT 06LLMIA MHOXMUTENb.

Texacckuit 6aHkup 1 nobutens matemaTukn JHapto bun (Andrew Beal) HasHaumn npemuio 3a Aoka-
3aTenbCTBO 9TOM MMNOTE3bl, KOTOpas CTana HasblBaTbCa €ro MMeHeM. B HacToslee Bpems runotesa buna
3aperucTpupoBaHa B AMepUKaHCKoM MaTtemaTtuyeckom obulectBe (American Mathematical Society) kak
Beal's conjecture [2] ¢ Takoin hopMynMpoOBKON:

If A* + BY = C# where A, B,C, x,y and z are positive integers and x,y and z are all greater
than 2, then A, B and C must have a common prime factor.

B nepesoge:

Ecrm A* + BY = C%,rge A, B, C, x,y V z - Lefble NONOXMUTENbHbIE YnCha, NPUYéM x, y U z Borblue
2,70 A, B n C 0ONMXHbI UMETb OBLWMIA NPOCTON MHOXMTENb.

TeopeTuko-goKasaTenbHas 4acTb
TEOPEMA

Ecnu A* + BY = C%,20e A,B, C,x,y U z - Uenble NOM0XUMesbHbIe Yucna, npudém x,y u z 60sb-

we 2,mo A, B u C 0omkHbl umems 0bwuli npocmoli MHOXUMEb.
[loka3aTenbcTBO

lMocTpouM [0Ka3aTenbCTBO «OT MPOTMBHOMO». Takoe A0Ka3aTenbCTBO CTPOMTCA HA OCHOBE 3aKOHa
npomugopeyus. CyTb 3aKOHa NPOTUBOPEYMS, BNEPBbIE CHOPMYNIMPOBAHHOTO APUCTOTENEM, COCTOUT B TOM,
4TO «HEBO3MOXHO, YmOobbI NPoMuUBOpeYUBkIE ymeepKAeHUs bbiu UCMUHHBIMU NO OMHOWEHUI0 K OOHOMY U
momy xe» [3, C. 61]. o ApucToTentio 3akoH NPOTUBOPEYNS SBMSETCA OCHOBHbIM 3aKOHOM MbIWIIEHUS, Ca-
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MbIM Heocnhopumbim npuHyunom [3, C. 61]. «M0es, ebipaxaemasi 3aKOHOM NPOMUBOPEYUS, NPOCMa. 8bICKa-
3blgaHuUe U €20 ompuyaHue He Moeym Obimb OOHOBPEMEHHO UcmuHHbIMUY [4, C. 59].

[loka3atenbCTBO «OT NPOTUBHOTO» CTPOAT Tak [9, C. 17]:

1. lpednonazatom, 40 UCMUHHEIM SIBNSIETCS YTBEPXOEHWe B, npoTuBHOE, TO €CTb, NPOTUBONO-
noxHoe yTeepxaeHuio A, kotopoe TpebyeTcs fokasaTb. [MpuHATO HasbiBaTb A me3ucom, a B — aHmumesu-
CcoMm.

2. [okasbigearom NOXHOCTb aHTUTE3uca. [py CTPOroM BbIMOSHEHWUM STOMO AOKa3aTeNbCTBa Ha OC-
HOBaHWM 3aKOHa NpPOTMBOPEYMs me3uc (yTeepxaeHne A) SBNSeTCS UCMUHHBLIM, @ aHmume3uc (yTBep-
XaeHue B) — noxHbIM.

Llokazamenbcmeo «om npomugHo20» criedyem U3 JI02UKU Mako2o 8biCKasbleaHus. "ecnu ompuya-
Hue A npueodum k npomueopeyuro, mo A eepHo" [6, C. 45].

JTOXHOCTb aHTUTE3MCA [0Ka3bIBAKOT NYTEM AOBEAEHUS €ro YTBEPXKAEHUS 40 NPOTUBOPEYMS C JEACTBU-
TENBHOCTLIO UK A0 abcypAaa, No3TOMY [0Ka3aTenbCTBO METOAOM  «OT MPOTUBHOIO» Ha3blBaKT HAa NaTbIHU
reductio ad absurdum.

B Hawem cnyyae:

- me3uc npefcrTasneH yteepxaeHuem Ecnu A* + BY = C%, 20e A, B, C, x,y U z — Uesible nosno-
XumerbHble Yucrna, npuyém x,y U z 6onbwe 2, mo A, B u C QomkHbI _umems 06wuli npocmoll MHOXU-
merb;

- aHmume3uc npeAcTaBneH yTeepxaeHuem Ecnu A* + BY = C#, 2de A,B,C, x,y U z - yenble
nonoXumeribHble Yucna, npuyém x,y u z bonbwe 2, mo A,B u C_He umernm obwe20 npocmozo MHO-
Xumens kpome 1.

[lokaxxeM HEeBbINOMHUMOCTb YKa3aHHOro aHTUTesuca.

|. BO3bMEM TPOIIKY TaKux Ymcen:

(2-7%°, (75%, 3-7'9* (1)

™M uncna yAoBMETBOPAIOT paBeHCTBY A* + BY = CZ, B koTopoM A =2:78, x =5, B = 72,
y=21, C=3-719 z=4, 2de A,B,C,x,y Uz - Uenble NONOXUMESbHbIE YUCa, NPUYEM X,y U Zz
bonbwe 2. O4eBnaHo, Yto A, B C umerom obwuli NPOCTON MHOXMTENb.

Il. Bo3bMEM TPOWMKY TaKux Yncen:

(7-1318)3,  (132)28, (2-13%)° (2)

OTm uucna yooBneTBOpsOT  paBeHcTBY A* + BY = CZ%, B koTopom A =7-1318 x =3,
B=13% y=128, C=2-13% z=9, 2de A,B,C,x,y Uz - Uelble NOMOXUME/bHbIE Yucna, NPUYEM
X,y U z 6onbwe 2. O4eBnaHoO, 4t0 A, B C umerom obwull NPOCTON MHOXMTENb.

lIl. Bo3bMEM TpPOWKY Takux yncen:

(2-71%7, (17-71%%)3, 71* €)

9Tn uncna yaoBneTeopslT paBeHcTBy A* + BY = CZ, B KoTopom A =2-716,x =7, B=17-

71, y =3, C =71 z =44, 20e A,B,C,x,y Uz - Uenble NONOXUMesbHbIe Yucsna, npuyém x,y U z
bonbuwe 2. O4eBnaHo, uto A, B C umerom 06wuli NpoCTON MHOXMUTENb.

BbiBoZ4: nNpeAcTaBneHHble MpuUMepbl  MokasbiBatoT, YTo eciu A* + BY = C%, 20e A,B,C,x,y u
Z - Uerible NomoXumenbHble yucna, npuyém x,y u z bonbwe 2, mo A, B u C umerom 06wuli npocmol
MHOXumesb. CnefoBaTenbHO, aHTUTE3NC SBNSETCA JIOXHbIM. B Cuny 3akoHa npomugopeyusi 3T0 03HaYaeT,
4TO UCTUHHLIM fBNsieTca  Teauc:. Ecnu A* + BY = C#, 20e A,B,C,x,y U zZ - Uesnble NOoXumesbHbie
yucna, npu4ém x,y U z 6onbwe 2, mo A,B u C 00mKHbI umemb 06wWull npocmol MHOXUMENb. YTo 1
TpeboBanocb 4oKa3atb.

3aKnyuTenbHas yactb
[laHHOE [0Ka3aTenbCTBO TEOPEMbI, YTBEPKAALLEN UCTUHHOCTb rMNoTesbl buna, ocHoBaHO Ha aHanu-
3e Tpéx NpuMepoB, NpeacTaBneHHbIX BoipaxeHuamn (1), (2), (3). MoxHO Npeanoxuts eweé gecatb  npu-
MEpOB, C MOMOLLbO KOTOPbIX aHAMOTMYHBIMK PACCYXOAEHUSAMU MOXHO MPUIATK K [OKa3aTeNbCTBY AAHHOM
TEOPEMbI:
1) (6-298)3 + (5-296)* = 2926
2) (3-46°%)* + 462 = (13- 468)3
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3) (3-1228)° + (11-12219)% = 12242

4) (17-397%)* + (42-3978)3 = 39772¢

5) (7-7792%)5 + (393:779219)3 = 779232

6) (17-2106328%)7 + (76271-21063928%)3 = 21063928**

7) (1414-2213459'%)3 + 2213459 = (65-2213459%)7

8) (9262-15312283%)3 + 15312283** = (113-15312283%)”

9) (33:1549034°)8 + 1549034°° = (15613 - 154903416)3

10) (43-30042907%)8 + (96222 -300429071)3 = 30042907°°

3T npuMepb! 06pa3oBaHbl U3 U3BECTHBIX PellieHin ypaBHeHus Gepma-KatanaHa suga x® + y? = z€,
B KOTOPOM X, Y, Z, @, b, ¢ - NONOXUTENbHbIE Lienble Yucna. B peyeHsupyemon cratee [7, C. 26] npeacrasneH
anroputm, obecneunBaiowmii Ha a3bike C** HaxoXaeHWe pelleHns ypaBHeHnss ®epma-KatanaHa B crnyuae,
korda z > 2 W OOUH U3 nokasateneir x nnbo y paseH 2, a gpyron 6onblie 2. B peleH3npyeMon cratbe
[8, C. 39-40] npeacrasneH anroputM 1 nporpamma Ha a3bike C**, obecneumBaroLlas HaXoXaeHNe peLLeHns
ypaBHeHus ®epma-KaTanaHa B cryyae, korga z = 2, x > 2,y > 2. B cratbe [9, C. 15-16] getansHo onu-
caHa npoueaypa, CBs3aHHas C NOMy4YeHNEeM AOMNOMHEHHbIX 0BLWMM MHOXMTENEM peLLeHun ypaBHeHus dep-
Ma-KaTanaHa c nonyyeHmem x > 2,y > 2, z > 2.

HanomHMM rnaBHble 3neMeHTbl 3TOM npoueaypbl. [lokasbiBaeTcs, YTo paBeHcTBO A* + BY = C%4, B
kotopom A, B,C,x,y,z € N 1 BCe nokasatenu cteneHu Gonblie 2, MOXeT ObiTb MOPOXAEHO OAHUM W3
TaKUX PaBEHCTB:

a) D*+EY =P? wumu b) D* + E? = P?,

roe D,E,P,x,y,z € N;(D,E,P) =1 v 0auH 13 nokasaTenei CTeNeHn x Unu y Unu z paBeH 2,
a [Ba apyrux — bonble 2.

Ona cnyyas a): YMHOXWUM NEBYIO U NpaBylo YacTu paBeHcTBa Ha uucno P2¥Y; anacnyyas b) -
Ha uncno E2*Z . Monyyum:

a) (D-P?)* + (E-P?*)Y = (P2)1+™ (4)
b) (D . EZZ)x + (E2)1+xz — (P . EZx)z (5)

Ob6o3Haunm:

ANS @) BBbipaxeHn (4): D -P?Y = A; E-P?* =B; P =C; l1+x-y=z

ans b) seolpaxenn (5): D -E?2 = A; E?=B; 1+x-z=y; P-E*=C

Onacnydad a): z> 2, Takkak x > 2 u y > 2. [ina cnyvad b):y > 2, Takkak x > 21 z >
2.C y4yétoM 9TUX 0B03HaYeHWi paBeHCTBa a) W b) 3anuwyTcs Tak:

A* + BY = (C* (6)

B paBeHcTBe (6) umcna A,B,C SBNAOTCA COCMAasHbIMU HamypasbHbIMU YuCnamu, UMEIOLWUMI
obWnn MHOXMTEND, X > 2, v > 2, z > 2.
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SIMPLE PROOF OF BEAL'S CONJECTURE

AGAFONTSEV VALERY VASILIEVICH

Ph.D. in Engineering, retired

Abstract: This article presents a simple proof of Beal's conjecture based on solutions to the Fermat—Catalan
equation.

Keywords: Beal’s conjecture, proof of Beal's conjecture, Fermat—Catalan equation, proof «by contradictiony.
NMPOCTOE [OOKA3ATENbLCTBO MMMNOTE3bI BUNA

AracoHueB Banepun BacunbeBud
K.T.H., MEHCUOHEP

AHHOTauua: B faHHOM cTaTbe MpenCcTaBneHo MpoCcToe [oKa3aTenbeTBO runoTessl buma, ocHoBaHHOe Ha
pelLeHnsx ypaBHeHus Gepma-KatanaHa.

KnioueBble cnosa: runotesa burna, f1oka3aTensCTBO runoTessl buna, ypaeHeHne ®epma-KatanaHa, fjokasa-
TEeNbCTBO «OT MPOTUBHOTON.

Dedicated to my daughters Tatyana and Natalya

The introductory part

In 1997, Daniel Mauldin, Regents Professor of Mathematics at the University of North Texas, proposed
the following conjecture [1]:

Let A,B,C, x,y and z be positive integers with x, y, z > 2.

If A* + BY = C? then A,B and C have a common factor.

Andrew Beal, a Texas banker and mathematics enthusiast, offered a prize for proving this conjecture, which
subsequently became known by his name. At present, Beal's conjecture is registered with the American Mathemat-
ical Society as “Beal’s conjecture” (American Mathematical Society, n.d.), with the following formulation:

If A* + BY = C*, where A, B,C,x,y and z are positive integers and x,y and z are all greater
than 2, then A, B and C must have a common prime factor.

The proof-theoretic part

THEOREM

If A* + BY = C#, where A, B, C, x,y and z are positive integers and x,y and z are greater than 2,
then A, B and C must have a common prime factor.

Proof

We construct a proof «by contradiction». Such a proof is based on the law of contradiction. The essence
of the law of contradiction, first formulated by Aristotle is that «one and the same proposition cannot be both
true and false at the same time» [3, p. 61]. According to Aristotle, the law of contradiction is the fundamental
law of thought, the most indisputable principle[3, p. 61]. «The idea expressed by the law of contradiction is
simple: a statement and its negation cannot both be true» [4, p. 59].

The proof «by contradiction» is constructed as follows [5, p. 17]:

1. Assume that statement B, which is contrary—that is, opposite—to statement A, the statement that
must be proved, is true. Ais called the thesis, and B the antithesis.

2. Assume the antithesis to be true and prove that it is impossible. When this proof is carried out rigor-
ously, the law of contradiction establishes that the thesis (statement A) is true and the antithesis (statement B)
is false.
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The proof «by contradiction» follows from the logic of the following statement: «if the negation of A
leads to a contradiction, then A is true» [6, p. 45).

The falsity of the antithesis is demonstrated by bringing its statement into contradiction with reality or in-
to absurdity; therefore, a proof by contradiction is called reductio ad absurdum in Latin.

In our case:

* The thesis is the statement: If A* + BY = C#, where A, B, C, x,y, and z are positive integers, and
x,y,z are greater than 2, then A, B and € must have a common prime factor.

* The antithesis is the statement: If A* + BY = C#, where A, B, C, x,y, and z are positive integers,
and x,y and z are greater than 2, then A, B, and C do not have a common prime factor other than 1.

Let us prove that the stated antithesis is impossible.

I. Consider the following triple of numbers:

(D) (2-7%° (75, 379

These numbers satisfy the equality AX + BY = C?,inwhich A =2-78 x=5 B=7% y=21
and z = 4, where A, B, C,x,y and z are positive integers, and x, y and z are greater than 2. Obviously,
A, B and C have a common prime factor.

Il. Consider the following triple of numbers:

(2) (7-1318)3,  (132)?8, (2-13%)°

These numbers satisfy the equality A¥ + BY = C?, in which A =7-13'% x =3, B =132,
y=28,C=2-13% z=9, where 4,B,C,x,y and z are positive integers, and x,y and z are greater
than 2. Obviously, A, B and C have a common prime factor.

lll. Consider the following triple of numbers:

(3) (2-71%)7, (17-71%)3, 714

These numbers satisfy the equality A* + BY = C?, inwhich A =2-71%, x =7, B =17 711,
y=3,C=71,z =44, where 4,B,C,x,y and z are positive integers, and x, y and z are greater than 2.
Obviously, A, B and C have a common prime factor.

Conclusion: The examples presented show that if A* + BY = C#, where A, B, C, x,y and z are posi-
tive integers, and x, y, z are greater than 2, then A, B and C have a common prime factor. Consequently, the
antithesis is false. By the law of contradiction, this means that the thesis is true: If A* + BY = C#, where
A,B,C,x,y and z are positive integers and x,y and z are greater than 2, then A, B and C must have a
common prime factor. This is what was required to be proved.

The final part

This proof of the theorem asserting the truth of Beal's conjecture is based on an analysis of three exam-
ples represented by expressions (1), (2), and (3). Ten additional examples may be proposed, by means of
which the theorem can be proved through analogous reasoning:

1) (6-298)3+ (5-29%)* = 2926

2) (3-46%)*+46%° = (13-46%)3

3) (3-1228)° + (11-12219)%* = 12242

4) (17-397%)* + (42-3978)3 = 3972¢

5) (7-7792%)° + (393 -779210)3 = 779232

6) (17-2106328%)7 + (76271-21063928%)3 = 21063928**

7) (1414-22134591%)3 + 2213459** = (65-2213459%)7

8) (9262-15312283*)3 + 15312283* = (113-15312283%)”

9) (33-1549034%)% + 154903450 = (15613 - 154903416)3

10) (43-30042907%)8 + (96222 -3004290716)3 = 300429075

These examples are formed from known solutions of the Fermat-Catalan equation of the form
x® + y? = z¢, in which x,y, z, a, b, c are positive integers. In the peer-reviewed article [7, p. 26], an algo-
rithm implemented in C** is presented for finding a solution to the Fermat—Catalan equation in the case
where z > 2 and one of the exponents x or y equals 2 while the other is greater than 2. In another peer-
reviewed article, an algorithm and C** program are presented for finding a solution to the Fermat—Catalan
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equation in the case where z=2, x> 2, and y > 2 [8, pp. 39-40]. In [9, pp. 15-16], a procedure associated
with obtaining Fermat-Catalan equation solutions augmented by a common factor, with x > 2,y >2, and z > 2,
is described in detail.

The main elements of this procedure are as follows. It is proved that the equality A* + BY = C%, in
which A,B,C,x,y,z € N and all exponents are greater than 2, can be generated by one of the following
equalities:

a) D*+ EY =P? or b) D*+E? = P?,

where D,E,P,x,y,z € N, (D,E,P) =1 and one of the exponents x or y or z equals 2, while
the other two are greater than 2.

For case a): multiply the left- and right-hand sides of the equality by P2*Y; for case b) - multiply them
by E?*Z. e obtain:

(4) a) (D-P?)* + (E-P?*)Y = (P)1+™

(5) b) (D . EZz)x + (E2)1+xz — (P . EZx)z

Let us denote:

For case a), in expression (4): D - P2 = A; E-P>**=B; P?=C; 1+x-y=z

For case b), in expression (5): D - E?? = A; E*=B; 1+x-z=y; P-E¥* =

For case a): z > 2 because x > 2 and y > 2. Forcase b): y > 2 because x > 2 and z > 2. Tak-
ing these designations into account, equalities a) and b) can be written as follows:

(6) A*¥+ BY = (C*

In equality (6) A, B, C are composite natural numbers having a common factor; x > 2,y > 2,z > 2.
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0 KOHTPNPUMEPAX K O[IHOM
(MOPMYNTUPOBKE F'MNOTE3bl OCTEPIE-
MACCEPA

AT AOHLEB BANEPUH BACU/BEBIY

K.T.H., NEHCUOHEP

AHHoTaums: B faHHON cTaTbe MpeacTaBneHbl Cryvau, KOTopble MOXHO paccMaTpuBaTh B KAYeCTBE KOHTP-
npuMepoB K opHon dopmynuposke runoTesbl OcTepne-Maccepa (abc-runotese). YuutbiBas Hanuuve
TaKWUX KOHTPMPUMEPOB, [O0Ka3aHa abmepHamuea runotese Octepne-Maccepa.

KntoueBble cnoBa: runotesa Octepne-Maccepa, abc-runotesa, anbTepHaTUBHBIN NOAXOA K abc-runoTese,
anbTepHaTMBHbIN NOAXO0A K abc-paBeHCTBaM.

ON COUNTEREXAMPLES TO ONE FORMULATION OSTERLE-MASSER CONJECTURE
Agafontsev Valery Vasilievich

Abstract: This article presents cases that can be considered as counterexamples to one formulation of the
Osterle-Masser conjecture (abc conjecture). Given the existence of such counterexamples, an alternative to
the Osterle-Masser conjecture has been proven.

Keywords: Oesterle-Masser conjecture, abc-conjecture, alternative approach to the abc-conjecture, alterna-
tive approach to abc equalities.

Ceemnoll nhamamu mamepu Moell
noceswaemcs

BBogHas yactb

B cootsetctBun ¢ paboramn [1, C. 169], [2, C. 1227], [3], [4] runoTe3a Octepne-Maccepa (abc-
rnoTesa) B aBTOPCKOM €€ Biae MOXeT ObiTb chopmynupoBaHa Tak: L5 1106020 (hukcuposaHHO20 Yucna
€ > 0 cywecmeyem genuyuHa K(€), 3asucsiwas nuwb om &, makasi, Ymo ecsikasi abc-mpolka ydo-
griemeopsiem HepaseHcmey

c < K(¢)-rad(abc)*® (D

Mop abc-Tpoikon MOHUMATCA HaTypanbHble uYucna a, b, c, YOOBNETBOPANOLME PaABEHCTBY
a+b=c.

Pagukanom rad noboro HaTyparnbHOMO ynucna P Ha3sbiBaloT BbipaXeHWe Buaa

rad(P) = p1p; - Pk » (2)

NpeACTaBnNeHHOe NPOU3BEAEHNEM NEPBbLIX CTENEHel NpoCTbiX COMHOXUTENEN yncna P. OuveBMaHO,
4TO ANns NOBOro HaTypansbHOro Yucna P BbINOMHUMO CooTHOWeHWe rad(P) < P.

B cratbe [5, C. 16-17 | Tabnuuent 4 Ha npumepe paseHcts 3°+ 102 =73 u 73 +132%2 = 2°
npoBepeHo HepaBeHCTBO (1). MokasaHo, YTo B HepaBeHCTBe (1) BenmMuMHa K(€) 3aBUCWT He TOMbKO OT
(hMKCMpOBaHHOTO ymcra & > 0, HO 3aBMCUT 1 OT ynucen abc-Tpoiku. Ybeaumes B 3TOM Ha npumepe apy-
rmx abc-paBeHCTB:
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1) 27 +17% =712, 2124945 =712, 4802 + 239 = 71;
2) 25+472=3% 1+80=3*% 25+56=3*

Tabnuua 1
Mposepka HepaBeHcTBa ¢ < K (&) - rad(abc)l*®
Ne K(e) K(e)-
o a b c rad(abc) £ rad(abc)™*
2=
1 2 173 351041 2:17-71=2414 0,001 =~2,072119 =~5041,2
2:3:57-71=
12 3.5. M =~ =

2 3357 ~14910 0,001 0,334878 5041,2
3 742 239 7-2:239-71 = =237566 0,001 ~0,020959 ~5041,2
4 25 72 34=81 2:7-3=42 0,002 =1,9201 ~81,2
5 1 245 2:5:3=30 0,002 ~2,6889 ~81,2
6 52 237 52:7-3=210 0,002 ~(,3826 ~81,2

[MpoaHanuanpyem Tabnuuy 1.

1. [na paseHctB 27 + 173 =712, 212 4+945 =712, 4802+ 239 =712 B CTpoKax
(1,2, 3):

- 00UHaKo80e YnCrno ¢ W pasHble yicna a, b,

- 00uHaKogoe uucrno € > 0,

- npubnuaumenbHo pagHbie yucna K (g) - rad(abc) e,

- pa3Hbie uucna K (g), cneposatensHo, K(€) 3asucum om 4ucen abc-mpolKu.

[encTautensHo, ecnm Bbl BennumHa K (&) He 3aBucena ot a, b, ¢, a 3aBucena Tonbko ot € > 0,70 B
ctpokax 1, 2, 3 6binn 6bl 0AMHaKoBble 3HaYeHus K (€), cnefoBaTenbHo, Npu YCnoBUW Npubnn3nNTeNbHOM
paBeHcTBa K (€) - rad(abc)*€ B cTpokax 1, 2, 3 [OMKHbI ObiTb NPUBNN3NTENBHO PaBHble paauKarbl, YTO
NPOTMBOPEYUT JEeNCTBUTENBHOCTM.

2. [na paseHcts 25 + 72 = 3%, 1+ 80 =3* 25+ 56 =3* B crpokax (4,5, 6):

- 00UHaKo80e YNCIo ¢ W pasHble uucna a, b,

- 00uHaKogoe 4ncrno € > 0,

- npubnusumenbHo pagHbie yucna K (g) - rad(abc)e,

- pasHble yucna K (€), cnegosatensHo, K (€) 3asucum om 4qucen abc-mpoliku.

3ameTum, 4to 3aBucuMoCTb K(€) OT uucen abc-Tpolku He cooTBeTCTBYyeT  abc-runotese
Octepne-Maccepa.

PaccMoTpeHHble NpUMepbl ABNSIOTCS KOHTPNpUMepamu 4ns runotessl Octepne-Maccepa B aBTOpCKom
eé hopMynMpoBKe, SBMAOLLENCS, Mo cyTh, unproven hypothesis (conjecture), To eCTb, HelOKa3aHHOW rMNoTe-
3011 (goragkon). BecnommuHatoTes KpbinaTtblie crnosa 13 3amevatensHon kHurm [6, C. 18]: «[Jozadkam Hem Oena
00 Hecoenacull unu nodo3peHull, HO OHU He Mo2ym UeHOpUposamb KoHmpanpumepbi». Kak cnpasegvso
oTMmevaeTca B cratbe [7, C. 97]: «npumepbl U KOHMPNPUMEPLI NOMO2aKm 0CMbICIIUMb abempakmHy op-
MYMUPOBKYy MameMamu4yeckux onpedesnieHul, a ¢ dpy2ol CMOPOHBI, C UX NOMOWbKO MOXHO NPO8epUMb Ma-
memamuyeckoe ymeepxoeHue Ha €20 UCMUHHOCMb ».

Hanuune KoHTpNpUMepoB Ans aBTopckon opmynmposku abc-runotessl Octepne-Maccepa no3sonset
NPEANOXMUTb anbTepHaTMBY e.

Paccmotpum anbTepHaTuBy abc-runotese Octepne-Maccepa.

ABC-TEOPEMA 1
JToboe paseHcmeo a + b = ¢, 20e a,b,c € N, (a, b, c) = 1 ene4ém 8bINOAHUMOCMb COOMHOWE-
HUA ¢ < K - rad(abc)'*#, 8 komopom eenuyuHa K 3asucumom & > 0 u om yucen a,b,c.
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[JokazaTenLcTBO

MocTpouM [A0Ka3aTeNbCTBO «OT MPOTUBHOTOY, @ UMEHHO: NPEeGNOIOKUM, YTO CyLlecTBYeT XOTs Obl
O[HO paBeHCcTBO a + b = ¢, B koTopoM a,b,c €N, (a,b,c) =1, roe B COOTHOWEHUM ¢ < K -
-rad(abc)'*€ BenuuMHa K 3aBUCUT NULb OT € > 0 1 He 3aBUCUT OT uucen a,b,c.

Beeném Takoe npencTaBrneHue yicen a u b:

a=kg rad(a), b=k, rad(b) 3)

B aTux paBeHcTBax uucna k, W kj, DONOMHSAOT COMHOXWUTENW paaukanoB rad(a) v rad(b) go
yncen a W b COOTBETCTBEHHO. [1OSICHNM CKa3aHHOE TPems npuMepamu.

Mpumep 1. Ona abc-tpoiikn a =2, b =3, c¢=5, rad(a) =2, cnegoeatensHo, k, = 1;
rad(b) = 3, cnegoeatensHo, k;, = 1.

Mpumep 2. Ona abc-tpoitku a =2, b =109-3°, ¢ =23% rad(a) = 2, cnenosarensHo,
k, = 1; rad(b) = 109 - 3, cneposatensHo, k, = 3°.

Mpumep 3. [na abc-tpoitkn a = 112, b = 3%2-5°-73 ¢ =23-22%', rad(a) = 11, cneposa-
TensHo, k, = 11; rad(b) = 35+ 7, cnegosatensHo, k, = 3 - 55 - 72,

YMHOXUM npaBsble Yactn paseHcTB (3) Ha rad(b) -rad(c) u rad(a) - rad(c) COOTBETCTBEHHO.
YuntbiBas, uto rad(abc) = rad(a) - rad(b) - rad(c), BbipaxeHnusi (3) 3anuwyTcs Tak:

a < kg, -rad(abc), b < ky, - rad(abc) (4)
A3 HepaBeHCTB (4) crieayeT Takoe COOTHOLLEHME:
a+b < (ky,+k)-rad(abc) (5)
Mo ycnosuo a + b = c¢. CnegosaTesnbHo,
¢ < (kg + kyp) -rad(abc) (6)

B npaBoit yacTu HepaseHcTBa (6) [Ba COMHOXWTENS: NepBblil COMHOXUTENb — k, + kj, BTOPON —
rad(abc). YBenuuum BTOPOW COMHOXWUTENb, CAenaB ero pasHbiM rad(abc)™€, roe & — 66nbliee Hyns
NONOXMUTENbHOE [EeACTBUTENbHOE 4YUCNO. Torga COXpaHeHWe HepaBeHCTBa (6) oBecneymTcst BbIMOSHEHU-
€M TaKoro paBeHCTBa:

(kg + kp) - rad(abc) = K - rad(abc)*¢, (7)
roe K SBNSEeTCS HEeKOTOpbIM MOMOXUTENbHbIM LeACTBATENbHBLIM YUCTIOM.

CnepgoBatenbHO, HepaBEHCTBO (6) mpefcTaBUTCS Tak:

¢ < K -rad(abc)*® (8)
Vicxops u3 paseHcTBa (7),
ko +ky
= )
rad(abc)®

PaBeHCTBO (9) ¢ y4ETOM paBeHCTB (3) 3anuLieTcs Tak:
a/rad(a) + b/rad(b)
B rad(abc)®
OueBngHo, 4yto K 3aBuEHT OT £ > 0 1 OT uncen a, b, c. Takum obpasom, Nony4YeHo npomusopeyue
HaweMy npegnonoxeHunto. CnegosatenbHo, NPeanonokeHne SBNSETCS J1I0XHbIM. B cuny 3akoHa npomuso-
peyus 3T0 03HavaeT, YTo /1boe pageHecmgo a + b = ¢, 20e a,b,c € N, (a, b,c) = 1, aneyém ebinos-
HUMocmb coomHoweHusi ¢ < K - rad(abc)'*¢, 8 komopom K 3aeucum om &> 0 u omuyucen a,b,c,
4TO 1 TpeboBanock Aokasatb.

(10)

3aKnyuTenbHas yactb
B naHHoit paGoTe BbiNonHeHa npoBepka HepaseHcTBa ¢ < K (&) - rad(abc)'*¢, cOOTBETCTBYIOLLEN
aBTopckoi hopmynupoBke runotessl Octepne-Maccepa (abc-runoTese), npegnonararlen, YTo BennynHa
K (&) 3aBucut nuwb OT €. [prBeaeHbl KOHTPIPUMEPSI, [oKasblBatoLme 3aBUCUMOCTb K () He TOMbKO OT
€ > 0,Ho 1 oT uncen a, b, c. Ha ocHoBaHWM CyLLecTBOBaHMS KoHTprpumepos ABC-TEOPEMOW 1 goka-
3aHa BbINOMHAMOCTb COOTHOWEHMS ¢ < K - rad(abc)'*¢, 8 komopom eenuduHa K 3asucum om & > 0
u om yucen a,b,c.
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YIK511.3

ABC-TEOPEMA 2 KAK ANIbTEPHATMBA
ABHOMY BWAY I'MNOTE3bl OCTEPIIE-
MACCEPA

AT AOHLEB BANEPUH BACU/BEBIY

K.T.H., NEHCUOHEP

AHHoTauma: B naHHon cTatbe npeacTaeneHo aokasatenscTBo ABC-TEOPEMbI 2, aensioLiee coboit anb-
TepHaTuBY siBHOMY (explicit) BapuaHTy runotesbl Octepne-Maccepa.

KnioueBbie cnoBa: runotesa Octepne-Maccepa, abc-runotesa, aokasatensCTBo abc-runoTessl, Aokasa-
TenbCTBO runoTessl Octepne-Maccepa.

ABC-THEOREM 2, AS AN ALTERNATIVE TO THE EXPLICIT FORM OF THE OSTERLE-MASSER
CONJECTURE
Agafontsev Valery Vasilievich

Abstract: This article presents a proof of ABC-THEOREM 2, which is an alternative to the explicit version of
the Osterle-Masser conjecture.

Keywords: The Oesterlé—Masser conjecture, the abc conjecture, the proof of the abc conjecture, the proof of
the Oesterlé—Masser conjecture.

BHydkam moum: Banepuu, Cogpuu u Onece
nocgswaemcs

BBogHas yactb
MMpvBeném aBTOPCKYID POPMYNMPOBKY abc-r1noTesbl, NpeacTaBnerHyo B pabote [1] Ha ctpaHuue 169:
Pour tout € > 0, il existe C(g) > 0 tel que
sup(lal,1bl,lcl) < C(&)(rad abc)**E
pour tout triplet (a, b, c) d’entiers non nuls premiers entre eux vérifiant
a+b+c=0.
B nepesoge:
Ans mobozo € > 0 cywecmgyem C(&) > 0 makoe, Ymo
max(lal,|bl,lcl) < C(e)(rad abc)**€
ons mobol mpolku (a, b, ¢) 83aUMHO NPOCMbIX, HEHynesbIx, ydosnemeopsanwux a+ b +c = 0.
B cootsetctBum ¢ pabotamu [1, C. 169], [2, C. 1227], [3], [4] mwnotesa Octepne-Maccepa
(abc-runoTesa) B aBTOPCKOM €€ BuAe MOXET ObITb CopMynupoBaHa Tak: 07151 /106020 (hUKCUPOBAHHO20
yucna € > 0 cywecmsyem eenuyuHa K(g), 3agucsawas nuwbs om &, makasl, Ymo ecskas abc-mpolika
ydosriemsopsiem HepageHcmey
c < K(¢)-rad(abc)*¢ (D
[Mog abc-Tpoikon NOHMMAIOT HaTypasnbHble yucna a, b, ¢, yoOBNETBOPSAIOLLME PaBeHCTBY a + b = c.
Pagukanom rad no6oro HaTypanbHOro Yucna P HasbiBalT BblpaxeHue Buaa
rad(P) = p1p; - Pk (2)
NPeACTaBNEHHOE NPOW3BEAEHNEM NEPBbIX CTEMEHEel MPOCTbIX COMHOXMTENEN ymcna P. OueBMaHO,
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41O ANs NOBOro HaTypanbHOro Yucna P BbINOMHUMO CooTHOWeHWe rad(P) < P.
B cootBeTCTBUM C WHTEPHET-Nekumnen [4] BapuaHT abc-rnotessl Buga
¢ < rad(abc)? 3)
HasbIBalT fBHLIM (explicit) BapuaHToM.
OTMETUM, YTO K HACTOSILLEMY BPEMEHW HW aBTOPCKUI, HU explicit BapuaHT cunTaroTcs HedokasaHHbIMU.
TeopeTuko-gokasaTenbHas 4acTb

MoCTpouM A0Ka3aTenbCTBO UCTUHHOCTY BbipaxeHns ¢ < rad(abc)?, NPUMEHSS UHCTPYMEHTapUI,
He cBsA3aHHbIN ¢ runoTe3on Octepne-Maccepa.

Halwe fokasaTenscTeo byAeT CTPOMTLCS Ha NOCNef0BaTeNIbHOCTY J0Ka3aTeNlbCTB TakuX YTBEPXKOEHNNA:

1. YTBEPXIOEHME 1: Insa nobbix abc-Tpoek ¢ ycnoBueM ¢ < 9 BbINOSHUMO COOTHOLUEHME
¢ < rad(abc)?.

2. YTBEPX[OEHWE 2: [Ina swobbix abc-Tpoek ¢ ycnoBMeM ¢ > 9 HauMeHbllee 3HauveHue
rad(abc) = 30.

3.  YTBEPXIOEHWE 3: Ons ntobbix abc-Tpoek ¢ ycrnoBueM c¢ > 9 BbINOMHUMO  COOTHOLLEHME
¢ < rad(abc)?.

[Mocne gokasaTenbCcTBa aTUX YTBEPXAEHUI AenaeTcs nepexos K aokasatensctsy ABC-TEOPEMbI 2:
Joboe paseHcmeo a + b = c, 20e a,b,c € N, (a,b,c) = 1 neyém 6bINOIHUMOCMb COOMHOWEHUS
¢ < rad(abc)?.

YTBEPXOEHWE 1
[Ans mobbix abc-mpoek ¢ ycroguem ¢ < 9 8bINOHUMO coomHoweHue ¢ < rad(abc)?.
[okasaTtenbcTBO

BbInomnHuM gokasatensCTBo MeTogoM ucuepnbiaHus (nepebopa). OTMETUM, YTO TakoW MeTOZ, LIMPOKO
UCMONb3yeTCs B MateMaTuke Mpu PeLUeHnM MHOTWX 3afad, B YaCTHOCTMW, MPW PeLLeHU HeomnpeLeneHHbIX
AMOMAHTOBbLIX YPaBHEHWIA NEPBOrO MOpsAKa C ABYMS HEM3BECTHbIMW. JTO 3afaun Tuna: «M3 aByxpy6nésbix
N NaTupybnéBbIX MOHET cocTaBreHa cymma 23 pybnsi. CKonbko cpeayn aTux MOHET ABYXpybnésbix?». CyTb
METO/la MCYEepNbIBaHUS MPUMEHNUTENBHO K Halleil 3aaade CocTouT B onpeaeneHnn rad(abc)? Ons ecex
TPOeK Yncen a, b, ¢, yAOBNETBOPSIOLWMX paBeHCTBY a + b = ¢, B koTopoM (a, b,c) = 1un ¢ < 9. CocTa-
BUM Tabnuuy 1.

Tabnuua 1
3aBucumocTb papukana rad(abc) ot uucen a, b, c
a b c rad(abc)
1 2 3 1-2-3=6
3 1 4 3-1-2=6
4 1 5 2-1-5=10
3 2 5 3-2-5=30
1 5 6 1-5-6=30
1 6 7 1-6-7=42
2 5 7 2:5-7=70
3 4 7 3:2:7=42
1 7 8 1-7-2=14
3 5 8 3-5-2=30
1 8 9 1-2-3=6
2 7 9 2:7-3=42
4 5 9 2-5-3=30

N3 Tabnuubl 1 crieayeT BbINOMHUMOCTL COOTHOWeEHUS ¢ < rad(abc)? ans nobbix abc-Tpoek ¢
ycnosueM ¢ < 9, 4to 1 TpeboBanock fokasaTb.
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YTBEPXOEHUE 2
[ns nobbix abc-mpoek ¢ ycnosuem ¢ > 9 HaumeHbwee 3HayeHue rad(abc) = 30.
[JokazaTenbcTBO

Hokaxem YTBEPXIOEHWE 2 «oT npoTuBHOro». Takoe [40Ka3aTenbCTBO CTPOUTCA Ha OCHOBE 3aKOHa
npomusopeyus. 3aKkoH nNpoTueopeunst Bbl chopMymmpoBaH ApUCTOTENEM U COCTOWT B TOM, YTO "00HO U
mo xe cyxdeHue He Moxem 6bimb eMecme U UCMuHHbIM U 110XHbM" [, C. 61]. Mo ApuctoTento 3akoH
NPOTUBOPEUUS SBNSETCS OCHOBHLIM 3aKOHOM MbIWIIEHUS], CaMbIM HEOCNOpPuUMbIM npuHyunom [5, C.
61]. "Udes, ebipaxaemasi 3aKOHOM NPOMUBOPEYUS], NPOCMa: 8biCKa3blgaHUe U e20 ompuuyaHue He Mo2ym
6bimb 00HO8PEMEHHO ucmuHHbIMU" [6, C. 59].

[loka3atensCTBO «OT NPOTUBHOMO» CTPOsT Tak [7, C. 17]::

3. [lpednonazarom, YTO UCMUHHbIM SBASETCA YTBEPXKAEHWE B, NpOTMBONONOXHOE YTBEPXAEHMIO
A, koTopoe TpebyeTcs gokasatb. [pUHATO HasbiBaTb yTBEPXKAEHMEe A me3ucom, a yTBepxaeHue B — ax-
mume3ucom.

4.  [loka3bigearom NOXHOCTb aHTUTE3UCA. [1pU CTPOrOM BbIMOSHEHWW 3TOO [oKa3aTenbCTBa Ha OC-
HOBaHWM 3aKOHa MPOTMBOPEYMS me3uc (yTBepxaeHue A) SBNSETCS UCMUHHBIM, @ aHmume3uc (yTBepxae-
HWe B) — 1OXHBIM.

LJokazamenibcmeo «om npomugHo20» criedyem U3 f02UKU Mako20 8bicKa3bligaHus: "ecnu ompuya-
Hue A npueodum k npomueopeyuro, mo A eepHo"[8, C. 45].

JTOXHOCTb aHTUTE3MCa JOKa3bIBAKOT NYTEM AOBEAEHMS ero yTBepXaeHNs 4o abcypaa.

B Hawewm cnyyae:

- mesuc - 05151 nbkIx abc-mpoek ¢ ycnosuem ¢ > 9 HaumeHbwee 3HadeHue rad(abc) = 30.

- aHmume3suc - 0551 ibkix ABC-mpoex ¢ ycrioguem ¢ > 9 HaumeHbluee 3HavyeHue rad(abc) < 30.

[lokaxeM HEeBbINOMHUMOCTb YKa3aHHOrO aHTuTesuca. [1pednonoxum, 4To aHTUTE3NC SBNSETCH UCTUH-
HbIM. B cootBeTCTBMM C OCHOBHOW Teopemon apudpmetukn [9, C. 22-23] uncno 30 eauHCTBEHHbIM CNOCO-
Bom MmoxeT OblTb NpeacTaBeHo Tpemst NPoCTbiMu comHOoXuTenamu: 30=2-3-5. Toraa, ucxoas U3 aHTUTE3M-
ca, JOIMKHO BbINOSHATLCS TaKoe COOTHOLLEHME

rad(abc) = rad(a) -rad(b) -rad(c) <2-3-5 4)

Ho cooTHoLueHme (4) HEBLIMOMHWUMO. [eCTBUTENBHO, BO3bMEM TPU YMCHa:

1) c =15, 2) c = 27, 3) c = 28 - 322 - 5*; OHN yOBNETBOPAIOT YCMOBMIO ¢ > 9.

[ns nepeoro uicna rad(c) = 3 - 5 = 15; cnefoBaTensHo, COOTHOLLEHNE (4) NpeBpaTUTCS B Hepa-
BEHCTBO:

rad(a) -rad(b) < 2 (5

Ho Takoro HepaBeHcTBa Ans Mtobbix abc-Tpoek BbiTb HE MOXET, TaK Kak HaumMeHbwas abc-Tpoika B
paBeHctBe 1+ 2 = 3. [insi Heé rad(a) - rad(b) = 2, 4T0 NPOTMBOPEUMT HepaBeHCTBY (5), Tak kak He
CylLeCTBYeT HM oaHoi abc-Tpoitku, y koTopoit rad(a) - rad(b) < 2|

[ins BTOPOro umucna, B3ATOro M3 abc-Tpoiiku, y kotopoih a = 2, b = 25, ¢ =27, rad(a) =2
rad(b) =5, rad(c) = 3. CnefoBaTenbHo, COOTHOLLEHe (4) mpeBpaTUTCs B HepaBeHcTBO |1 < 1)
4yero ObITb He MOXeT.

[ns TpeTbero uucna, B3ATOrO M3 abc-Tpoiku, y KoTopoh a = 19-1307, b =7-29%-318,
c=2%8-322.5% rad(a) =19-1307, rad(b) =7-29-31, rad(c) = 2-3-5. CnegosarensHo,
COOTHOLLEHWe (4) mpeBpaTUTCA B HepaBeHcTBO |19 - 1307 -7 - 29 - 31 < 1, yero 6biTb He MOXeT.

Takum 0Bpa3om, aHTUTE3NC NPUBOAMT K NPOMUBOPEYUIO, NPOSIBMBLLUEMYCS BbIpaXeHUsMU "B paMoy-
ke". CriegoBaTenbHO, aHTUTE3NC SBNSETCH JIOKHBIM. B cuny 3akoHa npomueopeyuss 31O 03HaYaeT, YTo uc-
MUHHbIM SBNSIETCH Tesuc: 0719 mobbix  abc-mpoek ¢ ycrnosueM ¢ > 9 HauMeHblwee — 3HayeHue
rad(abc) = 30, 40 n TpeboBanoch Aokasatb.

YTBEPXOEHUE 3
[ns nobbix abc-mpoek ¢ ycrnoguem ¢ > 9 8binonHUMO coomHoweHue ¢ < rad(abc)?.
[lokasaTenbcTBO

MocTtpoum pokasatenscteo YTBEPXIOEHWUA 3 «oT npotuBHOro». Takoe Aoka3aTenbCTBO ONMpaeTcs

Ha 3aKOH NPOMUBOPEYUs, Ha3BaHHbI ApuctoTenem "cambiM AOCMOBEPHbIM U3 8CEX Havarl, c80600HbIM
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om gcsikoli npednonoxumensHocmu" [5, C. 59]. B paHHOM cniysae mesuc - ans nwobbix abc-Tpoek ¢
YCMOBMEM ¢ > 9 BBIMONHMMO COOTHOWEHWe ¢ < rad(abc)?; awmume3suc - ans nwbbix abc-Tpoek ¢
YCMOBMEM C > 9 HEBbINONHUMO COOTHOWeEHWe ¢ < rad(abc)?.
Wtak, cuMTaem, YTo aHTUTE3NC SBNSETCA UCTUHHBIM U cpeam nobbix abc-Tpoek ¢ ycnosuem ¢ > 9
cyliecTByeT xoTst 6bl ogHa abc-Tpowka, Ans KOTOPOWU BbINOMHAETCS COOTHOLLEHUE
¢ = rad(abc)? (6)

Vcxopa w3 YTBEPXOAEHWA 2, ans niobbix abc-Tpoek ¢ ycrnoBuem ¢ > 9 HauMeHbluee 3Hade-
Hue rad(abc) = 30, 3HauuT, ans nwobbix  abc-Tpoek C ycrnoBueM c¢ > 9 HauMeHbWwee 3HaueHue
rad(abc)? = 900. CnegoBatenbHo, B cooTBeTCTBUM C (6) ¢ = 900. [JokaxeM HEBbINONHUMOCTb COOT-
HoweHus (6). "Mod OokazamenbcmeoM 6 fioeuke 0b6bIMHO NOHUMaom npouedypy ycmaHogneHusi 060CHO-
8aHHOCMU HEKOMOPO20 ymeepKAeHUs nymém npusedeHusi Opyaux ymeepxdeHull, 060CHOBaHHOCMb KOMO-
PbIX U38eCMHa U U3 KomopbIX ¢ Heobxodumocmbio 8bimekaem nepgoe” [6, C. 59].

BosbMéM faBe abc-Tponkm:

1) a =292 b =059, ¢=900=22%-32%2.5%

2)a=2%-32-52,p=1, c=901=17-53.

[ns nepsoit abc-Tpoitkn rad(abc) = 29-59:2-3 -5 = 51330. OyenaHo, yt0 900 < 513302
n, 3HaunT, ¢ < rad(abc)?, uto npomusopeyum anTuTe3ancy. [ns BTopoit abc-Tpoitkm rad(abc) = 2 -
+3:5-1-17-53 = 27030. OuyesnaHo, 4yto 901 < 270302 u, 3HawT, ¢ < rad(abc)?, 40 NpoMu-
gopeyum  aHTUTeaucy. CnegoBaTenbHO, aHTUTE3NC SIBNSIETCS JIOXHbIM. B cuny 3akoHa npomugopeyust 3To
03HAYaET, YTO UCTUHHBLIM SIBNSIETCS TE3UC, TO €CTb, 071 /I00bIX abc-mpoek ¢ ycrnoguem ¢ > 9 8bINOIHUMO
coomHouweHue ¢ < rad(abc)?, uto 1 TpeboBaNoCL A0Ka3aTk.

ABC-TEOPEMA 2

IToboe paseHecmeo a + b = c, 20e a,b,c € N, (a,b,c) = 1 81646m 6bINOTHUMOCMb COOMHOWE-
HUA ¢ < rad(abc)?.

JlokazaTenbLcTBO

B cootBetctBUM ¢ YTBEPKOEHWMEM 1:

Hna mobbix abc-mpoek ¢ ycrosuem ¢ < 9 6bINOHUMO COOMHOWEHUE

¢ < rad(abc)?

B cootBetctBum ¢ YTBEPXIOEHMEM 3:

[na mobbix abc-mpoek ¢ ycrosuem ¢ > 9 8bINOIHUMO COOMHOWEHUE

¢ < rad(abc)?

/3 uCTMHHOCTM 3TuX yTBEpXOeHUA cnegyeT ucTuHHOCTb ABC-TEOPEMbI 2: Jlo6oe paseHcmso
a+b=c2deab,c€N,(ab,c)=1eneyém ebinonHumocmp coomHoweHus c¢ < rad(abc)?, 4to
n TpeboBanochb AoKasatb.

BbiBog: ABC-TEOPEMA 2 sBnsieTca anbmepHamueol siBHOMY (explicit) BapnaHTy abc-runoTesbl
Octepne-Maccepa.

[okasaHHas ABC-TEOPEMA 2 umeeT GonbLuoi HayuHbI noTeHuman. Ha 6ase ABC-TEOPEMbI 2 B
pabote [10, C. 18-19] pokasaHa Benukas (MocnegHss) Teopema ®epma ans nokasatenss n = 6; B pabo-
Te [10, C. 19-20] nokasaHa BO3MOXHOCTb PELLEHNSI 3KCMOHEHLMANbHLIX ANOGaHTOBbLIX YpPaBHEHWIA; B pa-
6ote [11] gokasaHa rvnotesa lNunnan u npeacTaBneH cnocob pelleHns AnohaHTOBLIX YPaBHEHWU BuAa
A-x™ — B -y™ = C npn 3afaHHbIX HatypanbHbix yncnax 4, B,C n (m,n) # (2,2), m,n > 1. Takum
obpasom, ABC-TEOPEMA 2, He senstowascs ssHbiM (explicit) BapuaHTom runotessl Octepne-Maccepa,
nMeeT 6OMbLION HayYHbIA NOTEHLMAN.
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COXPAHEHME YWCNA HYKJIOHOB KAK
KPUTEPWUW BE3OMACHOW JKCNYATALIVA
ANEPHbIX YCTAHOBOK:

0T ®YHAAMEHTAJIbHbIX 3AKOHOB K
YIPABJIEHNIO NNPOMECCUOHANIbHbIMK
PUCKAMW

SWIbbEPMAH AHACTACKA CEPTEEBHA

AVPEKTOp AenapTamMeHTa NPoM3BOACTBEHHON Be30MacHOCTY
OBLeCTBO C OrpaHU4eHHON OTBETCTBEHHOCTBLIO «MeTannypr»

AHHoTauus: CTaTbsi pacCMaTpUBAET 3aKOH COXPaHEHMS YiCTa HYKNOHOB (6apUOHHOTO YMcra) Kak MpaKTide-
CKY!0 OCHOBY G€30MacHOii 3KCnNyaTaLmn SaepHbIX YCTAHOBOK 1 YNpaBneHUs NpodecchoHanbHbIMI PUCKAMM.
MokasaHo, YTO MOHUMaHKe 3TOro (yHAAMEHTaMNbHOrO MPUHLMNA MO3BONSET CreLUManMcTaM fo oxpaqe Tpyaa
KOPPEKTHO OLIEHMBATb PUCKM KPUTUYHOCTY, PaaMaLMOHHOTO 0BNyYeHNst 1 TeNNIoBOro BO3AENCTBUS. AHann3u-
pyeTcs CBA3b (PU3NYECKNX 3aKOHOB C ANIEMEHTAMU CUCTEMbI YNPaBMEeHUs pycKaMm: uoeHTUdkaLmel onac-
HOCTeiA, NHXeHepHbIMI Gapbepamm, 0byyeHneM nepcoHana v aBapuitHbIM NnaHMpoBaHWeM. Ha ocHose onbi-
Ta POCCUICKMX 1 3apyBEXHbIX aTOMHbIX 06BEKTOB 0BOCHOBLIBAETCS HEOOXOANMOCTb NOBbILIEHNS KOMMETE H-
LA CneLnanncToB no oxpaHe Tpyaa B 06nacTy saepHom duanki Ans hopmMUpoBaHus KynbTypbl 6e3onacHo-
CTW 1 NPeOTBpALLEHNS aBapUIHBIX CUTYaLIMIA.

KnioueBble cnoBa: coxpaHeHue Yucna HyKIoHoB, 6aploHHoe Yicro, saepHas 6e3onacHoCTb, oXxpaHa Tpyaa,
pPaaMaLmMoHHas 3aluTa, SAEPHbIE YCTAHOBKM, YNPaBNEHNe PUCKaMM.

MAINTAINING THE NUMBER OF NUCLEONS AS A CRITERION FOR THE SAFE OPERATION OF
NUCLEAR FACILITIES: FROM FUNDAMENTAL LAWS TO PROFESSIONAL RISK MANAGEMENT

Zilberman Anastasia Sergeevna

Abstract: The article examines the law of conservation of the number of nucleons (baryon number) as a prac-
tical basis for the safe operation of nuclear facilities and the management of occupational risks. It is shown that
understanding this fundamental principle allows occupational safety specialists to correctly assess the risks of
criticality, radiation exposure, and thermal impact. The connection between physical laws and the elements of
the risk management system is analyzed: hazard identification, engineering barriers, staff training, and emer-
gency planning. Based on the experience of Russian and foreign nuclear facilities, the need to enhance the
competencies of occupational safety specialists in the field of nuclear physics in order to foster a safety culture
and prevent emergency situations is substantiated.

Key words: conservation of the number of nucleons, baryon number, nuclear safety, occupational safety, ra-
diation protection, nuclear facilities, risk management.
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BesonacHas akcnnyaTaums saepHbIX YCTaHOBOK NpeacTaBnsieT coboi COXHYI MEXAUCLMNIMHAPHYHO
3apjavy, B KOTOPOW NepecekalTcs hyHaameHTanbHas uanka, MHXEHEPHbIE HAYKN W NMpaKTUKa OXpaHbl TPY-
pa. B ueHTpe atoit npobnematiku nexar 6a3oBble 3aKOHbI COXPAHEHNS, ONpeaenstoLLme NoBeLeHNe SAepHON
MaTepun. Cpean HUX KMKYEeBYI PONb WUrpaeT 3akOH COXPaAHEHUst Yucra HyKNoHoB (6apuOHHOMO uucna) —
(byHOAMEHTarbHbIA NPUHLMM, COTMacHO KOTOPOMY B NH0BOM S4epHOI peakuyun unn npouecce oblyee Konnye-
CTBO HYKITOHOB (MPOTOHOB M HENTPOHOB) OCTAETCA HEU3MEHHBIM [1, 2].

[ina cneuynanucTa no oxpaHe TpyAaa, paboTatowiero Ha obbektax aTOMHON SHEPTETUKM UM SAEPHOTO
TOMAMBHOTIO LMKNA, NOHXMaHWE 3TOrO 3aKOHa BbIXOAMT Aareko 3a paMki TEOPETUYECKOro UHTepeca. IMEHHO
COXPaHEeHe Yncna HyKNOHOB ONpeaensieT Takue KPUTUYECKM BaxXHble acnekTbl Ge30nacHOCTH, Kak:

- KoHTponb KpUTUYHOCTM — BO3MOXHOCTb BO3HUKHOBEHWSI CaMOMNOAAEPKMBAIOLLENACS LiENHON peakuum
AENeHns Npu HapyLueHun 6anaHca HyKNOHOB B aKTUBHON 30HE.

- PagnaumnoHHyto 3aluTy — XapakTepuCTUKy BUAOB W SHEPTUM NOHUMPYHOLMX U3MyYEeHWI, BO3HWKA0-
LMX NMPU SAEPHBIX NPEBPALLEHMSIX.

- YnpaBneHue sgepHbIMU MaTepuanamu — Y4eT 1 KOHTPOMb AeNALMXCS BeLeCTB, OCHOBaHHbIN Ha 3Ha-
HWM WX HYKIUGHOTO COCTaBa.

B HacTosLen cTaTbe NpeanprHUMaEeTCs NomnbiTka pacCMOTPETh 3aKOH COXPAHEHMS Yncna HYKMNOHOB He
kak abCTpaKTHbIN U3NYECKMIA MOCTYNAT, @ KaK NPaKTUYECKMn KpuTepuin 6e3onacHoi akcnnyaTauum saepHbIX
ycTaHoBok. Ocoboe BHUMaHWe yaenseTcs ToMy, kak NOHMMaHWe 3TOro 3akoHa hOpMUPYET CUCTEMY ynpaBre-
HWS NPOHeCCMOHANBHBIMI PUCKaMU 1 KyNbTypy Be3onacHOCTY nepcoHana.

3aKkoH COXpaHeHMs Yncna HyKMNOHOB MacuT: CyMMapHOE KONMYEeCTBO HYKMOHOB (MPOTOHOB W HENTPO-
HOB) [0 1 MOCne SAEPHON peakLmn 0cTaeTcs HemsmeHHbIM [1]. B hopmann3oBaHHOM BUAE STOT 3aKOH 3ani-
CbIBAETCA Kak:

A+ A, = A3 + Ay, Tae

A; —MaccoBble yucna (obLyee YnCno HyKMOHOB) Y4aCTBYHOLWMX B peakummn saep u yactuy [1, 2].

B KOHTEKCTe (hU3MKW BbICOKMX 3HEpriid 3TOT 3aKOH WHTEPNpeTUpyeTcs Kak coxpaHenue GapuoHHOro
yucna B, onpefensaemoro Kak:

B = @ rae

Ng, Ng — YNCMNO KBAPKOB U @HTUKBAPKOB COOTBETCTBEHHO. B CTaHaapTHOI Moaenu 6apuoHHoe 4ncro
COXPaHSeTCS B APEBECHOM MPUBMKEHUM, YTO HA IMMUPUYECKOM YPOBHE NPOSBASETCA B CTABUIBHOCTH NPo-
TOHA (HVXXHWIA Npeaen BPEMEHM XM3HW NPOTOHa cocTasnseT 6onee 1034 ner).

OpHako Ans npakTuyeckux 3agady 6es3onacHoCcT Hamboree BaxHbIM SBNSETCS CNeACTBME M3 3aKOHa
COXPaHEHWS YnCIa HYKITOHOB: U3MEHEHWE KONMYECTBa HYKIIOHOB B peakuMaX AeneHus Wnn cuHTesa Beerga
COMPOBOXAETCS BblAENeHNEM 3Heprin (B COOTBETCTBUM C (hopMynoi JitHwWwTeiiHa E = Amc?), 4To U co-
30aeT OCHOBHbIEe ONACHOCTU NPK SKCMTyaTaLuum SLepHbIX YCTaHOBOK.

[MOHMMaHMe 3aKOHa COXPaHEHWS YnCNa HYKMOHOB MO3BONSET Crieumanucty no 6e3onacHoOCTH NPOrHo-
31poBaTh M OLEHMBATL CReaytLLMe onacHble akTopbl:

1. KpuTu4HOCTb 1 LienHas peakums.

Korga pmenswmics matepuan (Hanpumep, 23U unn 23%Pu) pocTuraeT KpUTUYECKOM MacChl, YMCIIO
HEMTPOHOB, WUCMYCKAaeMbIX MpW AeneHnn, CTaHOBUTCH AOCTATOMHbIM AN NOAAepXaH!s camonoaLepxuBato-
Lencs uenu peakumin. KnoyesbiM napameTpoM KPpUTUYHOCTU SBRSETCH KOIMPUUMEHT PasMHOXEHUS HEUTPO-
HOB Keff, KOTOPbI OnpeaensieTcs 6anaHcoM Mexay POXAEHUEM M NOTepen HENTPOHOB. IMEHHO COXpaHeHue
yucra HyKMOHOB Kak (pyHOAMeHTanbHbIN 3aKOH [enaeT BO3MOXHBIM KOHTPONb 3TOro BGanaHca vepes orpaHu-
YeHUs Maccbl, reOMEeTPUMN 1 COCcTaBa SAepPHbIX MaTepuasnos [3).

2. VoHunsupytoLee nanyyeHue.

MMpu SAepHbIX NpeBpaLLeHUsX BO3HUKAOT anbga-, 6eta- u ramMma-u3nyyeHns, a Takke HeNTPOHHbIE Mo-
TOKU. Bua v 3Heprus nsnyyeHus npsimMo onpegensitoTcs M3MEHEHNEM YUCTa NPOTOHOB W HEWTPOHOB B SApe.
Tak, anbtha-pacnag (yMeHbLUEHME YnCna HYKIOHOB Ha 4) n BeTa-pacnag (npeBpalleHne HeNTpoHa B NPOTOH
Be3 n3meHeHNs 0BLLEro Yncna HyKIIoHOB) CO34atoT pasnnyHble TUMbI PaanaLMOHHON ONACcHOCTM!.

3. Tennosoe BO3aeNCTBME.
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Mockonbky npu aeneHnn ogHoro sigpa 23U seigensetcsa okono 200 MaB aHeprum, a npu genexumn 1 1
ypaHa — npumepHo 1 MBT-cyT TennoBon sHepruu, TENNOBbIAENEHNe ABNSETCA OAHUM U3 rMaBHbIX NPOgeccy-
OHarbHbIX PUCKOB Ha SAEPHBIX YCTAHOBKAX.

Poccuiickue v MexayHapoaHble HOpMaTUBHbIE JOKYMEHTbI MPSMO OMMUPaOTCs Ha (pyHOAMEHTarbHbIE
3aKOHbI SAepHon uavku npu popmynmposke TpebosaHuit 6esonacHocTu. Tak, MpaBuna sgepHoit Gesonac-
HOCTM 4N 06beKTOB saepHoro TonnmeHoro Uukna (HM-063-05) yctaHasnueatoT, YTO NpeaoTBpaLleHne Bo3-
HWKHOBEHUS CaMONOAAEPKMBAIOLLENACS LieNHON peakLum JOCTUraeTcs 3a CHeT orpaHudeHuni [3]:

—  Macchl ¥ 3arpy3ku aepHbIX MaTepuanos;

- FeoOMeTpuYeckux paamepos 060pyaoBaHNS;

—  W30TOMHOrO 1 HYKIMMAHOrO COCTaBa SAepHbIX MaTepuasos.

Bce aTn orpaHuyeHns SBRSOTCA NPaKTUYECKON peanusaumen 3akoHa COXpaHEHUs Y1Ca HyKIOHOB, Mno-
CKOMbKY OHU KOHTPOMMPYHOT BO3MOXHOCTb HAKOMMEHWS U B3aUMOLENCTBUS HYKMOHOB B aKTUBHOM 30HE.

KpuTnyeckast aBapusi — oguH M3 Hanbosnee onacHblx CLEHapUeB Ha SAepHbIX ycTaHoBKax. OHa BO3HU-
kaeT, Koraa B pesynbraTe OWuOKM B obpalleHun ¢ SaepHbIM MaTepuanoM BO3HWKaeT HenpeaHaMepeHHast
LenHas peakuus aenexns. [Jaxe KpaTKOBPEMEHHAS BCMbILIKA KPUTUYHOCTI MOXET MPUBECTU K CMEPTESTIBHOMY
0brnyyeHunto nepcoHana u pagnoakTUBHOMY 3arpsiHEHMIO.

3aKOH COXpaHeHWs Yucna HyKMoHOB onpeaensieT PyHaamMeHTanbHble OrpaHnyeHnst KpuTuaHocTH. [leno
B TOM, YTO LienHas peakLms BO3MOXHa TOSbKO Npu OnpeaeneHHbIX YCoBusiX, Koraa:

- KONMWYeCTBO AeNsLLerocs Matepuarna npeBbIWaeT KPUTUHECKYIO Macey;

- NpuCyTCTBYET 3QHEKTUBHBIN 3aMEANUTENb HENTPOHOB (BOAa, rpadmuT U T.4.);

- NOTepn HENTPOHOB (yTeYKa W NOTMOLLEHNE) HE NMPEBLILIAIOT UX POXAEHME.

CneumnanucT no oxpaHe TpyAa LOSMKEH NOHUMATL, YTO KPUTUYHOCTb HE SIBNSIETCS HEKOHTPONMPYEMBIM
npoueccom. HanpoTtus, cobntogeHne 6a3oBbix OrpaHUYEHUI, BbITEKAIOLLMX U3 3aKOHA COXPaHEHWS Yucna Hy K-
JIOHOB (KOHTPOSMb MacChbl, FEOMETPUM, KOHLEHTpaLuu MOrnoTMTeNnen HEWTPOHOB), MO3BONSET HAAEKHO
npeLoTBpaLLaTh KpUTUYECKMe cutyaumm [3].

OnbIT BEAYLMX aTOMHbBIX OpraH13aLmii NoKa3bIBAET, YTO aBapuiHbIE CUTYaLMW YacTo BOHUKAKOT HE 13-
3a TEXHWYECKUX HEMCNpaBHOCTEN, a BCNeACTBUE HeJOCTAaTOYHOW KOMMETEHTHOCTU NepcoHana u HenoHuma-
HWS (PU3NYECKMX NPOLECCOB, MPOTEKALLMX HA YCTAHOBKE.

B noknage Coto3a obecnokoeHHbIx yueHbIx (UCS) o npon3BogcTBE NNYTOHMEBLIX CEPAEYHNKOB Ha Jloc-
Anamocckon HauuoHanbHoON nabopaTopun 0TMEYAETCs, YTO MHOME MHUMAEHTLI Obin Bbi3BaHbI «HEMOMHOM
WNW HealeKBaTHOWM NOArOTOBKOWM pabOTHUKOB K OLIEHKE W YNpaBReHno CIOXHLIMUA 1 B3aUMOCBSA3aHHbIMW pUC-
kamu o6bekTay [4]. B JOKyMEHTE NOAYEPKMBAETCS, YTO «4pe3MepHas ornopa Ha 0byyeHne paboTHUKOB MOXET
BbITb 0OCOBEHHO OMACHOMN», U PEKOMEHAYETCS NMPUOPUTET UHXEHEPHbBIX CPELCTB 3aWuThl nepen obyyeHnem
Kak OCHOBHOW NiHKeNn 06opoHbI [4].

CBSI3b C 3aKOHOM COXPaHEHUs Y1Cna HYKMNOHOB 34eCh NpsiMas: CNeLmarnueT no oxpaHe Tpyaa, NoHUMa-
WM (yHAAMEHTarbHbIE (PU3MYECKe OrpaHNyYeHUs NPoLeccoB, He ByaeT nonaraTbCA TOMBKO HA MHCTPYK-
LjuK, HO CMOXET OL|eHMBATb PUCKM HA OCHOBE (DM31YECKOTO CMbICIA BbIMOMHAEMbIX OnepaLyi.

Poccuiickue aToMHble CTaHLMW Takke yaenstoT 60Mnblioe BHAMaHWe 0By4eHno nepcoHana B obnactu
BesonacHocTu. Tak, Ha Konbckoit ASC perynspHO NpoBOAATCS CEMMHAPbI-TPEHWHIN NO BHEAPEHUIO UHCTPY-
MEHTOB ynpaBneHust gaktopamu Hebe3onacHoro nosegeHWs paboTHUKOB, OXBATbIBAOLLME OLEHKY Npodec-
CUOHAIbHBIX PUCKOB, KOHTPOIb (PYHKLMOHAMBHOMO COCTOSIHUS U (DOPMUPOBAHMWE rpynnoBbIX HOPM Ge3onacHo-
ro nosegeHust [2, 5]. OcHoBHON npuopuTeT — HOPMMPOBaHUE Y PabOTHMKOB OCO3HAHHOTO MOAXO0AA K BOMPO-
cam 6e30nacHOCTH, YTO HEBO3MOXHO 6€3 NOHNMaHNS (PU3MYECKOMN CYLLIHOCTW ONAcHOCTEN.

lMoHMMaHMe 3aKoHa COXPaHEHUs YMCna HyKMOHOB Mo3BonseT 6onee apeKkTMBHO NNaHMpoBaTh aBa-
PUIHBIE MeponpuATUS. Hanpumep, Npyu aBapui KPUTUYHOCTM KOMMYECTBO BbIAEMNMBLUMXCS HEMTPOHOB U ram-
Ma-KBaHTOB NPOMOPLMOHANBHO YMCITY OCYLLECTBUBLLMXCSA LENEHWA, KOTOPOE, B CBOK OYepefb, OrpaHUYeHo
MacComn HanM4HOro AeNnsLLerocs Matepuana. 310 3HaHWe No3BOSISET:

—  NPOrHO31poBaThb YPOBHU 403 06NyYeHUs nepcoHana;

- paccynTbiBaTh HEOOXOANMYIO 3aLUMTY ANS 9BAKYaALMOHHbIX LEHTPOB;

- NNaHWPOBaTb JO3NMETPUYECKUIA KOHTPOIb NEepPCoHana.
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B 6putaHckom ueHTpe Dounreay, 3aHMMarOLLEMCS BbIBOAOM M3 SKCMTyaTaLun peakTopHbIX YCTaHOBOK,
Obinn  pa3paboTaHbl YCOBEPLUEHCTBOBAHHbIE MPOLEAYPbl PearvpoBaHWs Ha KPUTMYHOCTL  (KOHLenuus
STARBURST), ocHoBaHHble Ha BbICTPON 3BaKyaLuu nepcoHana 0T BO3MOXHOTO UCTOYHMKA KPUTUYECKOrO CO-
BbiTns. Mpu paspaboTke aTUX NpoLeayp MOAENMPOBANMCL MapLUpyThbl 3BaKyaLuuy 1 ONTUMM3MPOBArIOCH pas-
MeLLEHNE YKPbITUN C Y4ETOM (DM3MYECKUX NAapamMeTPOB BO3MOXHOMO 06nydeHns [4].

Ha Bunmnbunckon ASC ycnelwHo 3aBepuieHa mucens nogaepxkun BAO ASC no BHeOpEHUO CUCTEMBI
yNpaBneHus puckamm B pamkax MHTerpuposaHHon cuctembl ynpasnexus (MCY). B xoge muccum okono 50
CMeLmanmcToB NpoLwnm obyyeHne NpUHLMNaM NPUMEHEHUS CUCTEMbI YNPaBREHUs puckamut — OLHOTO W3 UH-
CTPYMEHTOB (pyHKLMOHUpoBaHus UCY [6].

NCY oBbeaunHsieT Bce aneMeHTbl AedTeNbHOCTU OpraHu3aumu, Bkroyas 6e3onacHoCTb, KavecTso,
OXpaHy TpyZa v akonoruo [6]. Ansa adhdekTBHOM paboTbl 3TOM CUCTEMBI CMEUMAnUCTbI MO OXpaHe Tpyaa
[OMKHbI NOHUMATb He TOMbKO MpoLedypHbIE BOMPOCHI, HO U (DM3MYECKYH) CYLLHOCTb YNpaBnsemblX npouec-
COB, BKIK0Yas 3aKOH COXPaHEHWS Y1Cna HyKITOHOB.

lMepexoq OT yHAAMEHTamNbHbIX (PU3NYECKUX 3HAHWA K MPAKTUYECKUM peLleHnsM B 0BiacTi OXpaHsbl
TpyAa TpebyeT YeTkoi cucTemMaTu3aumn. 3aKoH COXPaHEHWS YMCa HYKMNOHOB OnpesensieT He TOMbKo Aomny-
CTUMble NapameTpbl SAEPHbIX MPOLECCOB, HO U CTPYKTYPY BCEX 3IIEMEHTOB YNpaBneHus NpoheccoHarbHbl-
MU puUcCkamn — OT Mep MO NPeOTBPALLEHNIO KPUTUYHOCTM [0 MAaHUPOBaHUS aBapuiHOro pearuposaHus. B
Tabnuue 1 aTa B3anMOCBA3b NpefCcTaBneHa B BUAe CONocTaBneHns (usn4eckom OCHOBbI KaXOOoro anemMeHTa
CUCTEMbI YNPABNEHUS pUCKaMK C €ro NPaKTUYeCKoi peanusaumen Ha 06bekTe

Tabnuua 1
CBf3b 3aKOHa COXPaHEHUS YUCNa HYKMOHOB € 3JIEMEHTaMM1 CUCTEMbI YNPaBReHNs puckamm
OnemMeHT ynpaBneHus dunsnyeckas 0cCHoBa
[MpakTnyeckas peanusaums
puckamu (CoxpaHeHue Ymncna HyKroHoB)
VoeHTudmkaums onacHo- | BeposiTHOCTb KpUTUYHOCTM NpU HapyLieHun 6anaH- | KoHTporb mMacckl 1 reometpun A4M
cTen ca HEeMTPOHOB
OueHka puckos [lo30Bble Harpy3ku MPONopLMOHarbHbI YKACY Npo- [1031MeTPUYECKNA MOHUTOPUHT
n3oLleaLwmnx aeneHuia
WrxeHepHble 6apbepbl [ornoLueHne 1 paccesHne HEMTPOHOB U raMMa- OKpaHMpOBaHu1e, reoMeTpuyeckme
KBAHTOB OrpaHnYeHmns
ObyyeHue nepcoHana [ToHMMaHWe pr3nyecknx orpaHUeHM NpoLeccoB | [loBbILEHWE KOMNETEHLWA, TPEHNH-
™
ABapuitHoe nnaHupoBa- | [1porHo3upoBaHWe CLueHapueB Ha OCHOBE ouanye- PaspaboTka v oTpaboTka nnaHoBs
Hue CKVX 3aKOHOB

MexayHapogHoe areHTCTBO No atoMHon dHeprn (MAFATS) BbigensieT CeMb OCHOBHbIX CTOMMOB
snepHon 6e30nacHOCTH, Cpeam KOTOPbIX KMoYeBOe MECTO 3aHUMaeT TpeboBaHue, YTOObI «3KCMyaTUpYyHOLLMiA
nepcoHan bbin cnocobeH BbIMONHATL CBOM 0Bs13aHHOCTM Be3onacHo, NpUHUMAas peLleHus 6e3 Ype3mepHoro
pasneHus» [7]. 3to TpeboBaHne HanpsMyl0 CBA3AHO C KOMMNETEHTHOCTBIO MEpCOHarna, BKMoYas NoOHUMaHue
(HM3NYECKMX OCHOB NPOLIECCOB.

MATATO Takke HEOAHOKPATHO NOAYEPKMBANIO, YTO YENOBEYECKUI (DAKTOP CTAHOBUTCS YS3BUMBIM 3BE-
HOM B Lienn 6e30nacHOCTW, 0COBEHHO Korfa Harpy3ka Ha NnepcoHan Bo3pactaer [7]. OTo NoATBepxaaeT Heob-
XOAUMOCTb HE TOMbKO TEXHUYECKOTO KOHTPONS, HO U (hOpMUPOBaHUS ry6OKOro NOHUMaHWS (PU3nKK npoLec-
COB Yy BCeX pabOTHWKOB, BKIKOYAs CNeLManmcToB no oxpaHe Tpyaa.

B Poccuirckon ®epepauun TpeboBaHus k saepHon B6e30nacHOCTH ycTaHaBnMBatoTCs dheaeparnbHbIMum
HOpMamu W NpaBunammn B 06nacT UCNONb30BaHWS aTOMHOW 3Heprum, B yactHoctn HIM-001-15 [8], HIM-063-05
[3], CanluH 2.6.1.2523-09 [9].

TN BOKYMEHTbI ONMPAtOTCs Ha (hyHOAMEHTasnbHble (hU3NYECKUe 3aKOHbI, BKITOYAs 3aKOH COXpaHEeHNs
4nCra HYKMOHOB, W YCTAHABNMBAIOT KOHKPETHbIE NPeAerbl 1 yenoBus 6e3onacHon akcnnyaTauum.

OnbIT poceuitckux ASC nokasblBaeT, YTO akKTUBHOE BHEAPEHWE COBPEMEHHbLIX METOAOB OXpaHbl TPyAa,
BKIOYas ynpaerieHne npogecCMoHanbHbIMU PUCKaMU U OLEHKY (DYHKLIMOHAMBbHOTO COCTOSHWUS paboTHMKA,
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[aeT nonoxutenbHole pesynbtathl [5]. Mpu 3TOM noHMMaHue uanyecknx ocHOB Be30nacHOCTH SBRSeTCs
00s13aTenbHbIM 31EMEHTOM MOATOTOBKY.

Ha ocHoBe NpoBeEHHOr0 aHann3a MOXHO CGOPMYNMPOBaTb MpaKTUYECKMe PeKOMEHAAUU Ans cne-
LiMannCcToB Mo OXpaHe TpyAa, paboTatoLmx Ha SAEPHbIX YCTaHOBKaX:

1. ToHnmaHmre huandecknx orpaHnyeHnin. Cneynannuct no oxpaHe Tpyaa AOMKEH NOHMMATb, YTO 3a-
KOH COXpPaHEHWs! YnCna HYKIOHOB YCTaHaBnMBaeT 0OBEKTUBHbIE (M3NYECKNe OrpaHNYeHUst Ha LOnyCTUMble
napameTpbl NPOLEeCCoB (Macca, reOMeTpusi, COCTaB Matepuanos). Beixog 3a 3Th orpaHuyeHns npuHLuMnuan b-
HO HeZoNyCTUM, HE3aBMCUMO OT NPOLIEAYPHbIX MHCTPYKLMIA.

2. [lpnopuTeT NHXEHEPHbIX CPEACTB 3alynThbl. Kak nokasbiBaeT MeXayHapoaHbIA ONbIT, UHXEHEpHble
CPeACTBa 3aNTbl (reEOMETPUYECKIE OrPaHNYEHUS], MOrMOTUTENN HENTPOHOB, CUCTEMbI aBapUIAHON OCTAHOBKM)
LOMKHbI ObITb NEPBON NMHMEN 0BOPOHLI, @ 0byYeHne nepcoHana — sTopoi [10]. Cneumanuct no oxpaHe Tpy-
A2 JOMKEH KOHTPOMPOBATh 3PGEKTUBHOCTL 0BEUX FIMHMIA.

3. WHTerpaumus B cuctemy ynpasneHus puckamu. [MoHMMaHue unanyeckux OcHOB 6e30onacHOCTy
[OMKHO OblTb MHTErPUMPOBAHO B CMCTEMY YNpaBfieHWst NPOGecCHOHanbHbIMU puckamn. ITO 03HAYaET, YTo
OLeHKa PUCKOB AOIMKHA YYNTbIBATb HE TOMBbKO BEPOSTHOCTHBIE, HO W (hU3NYECKME NapaMeTpbl BO3MOXHbIX
COBbITHIA.

4. TloBbiweHne komneTeHumi. Cneumanuct no oxpaHe Tpyda LOIKEH MOCTOSIHHO MOBbILLATH CBOI
kBanudukaumo B obnactu sigepHon duanky 1 6esonacHocTn. ITo HeOO6XOAMMO ANS KOPPEKTHOTO B3auMO-
LENCTBUSA C UHXEHEPHO-TEXHUYECKM NEPCOHANOM M y4acTusi B paspaboTtke mep Ge3onacHoCTH.

3aKoH COXpaHeHMs uncna HyknoHoB (6apuOHHOTO Yncna) ABNseTcs yHAaMEHTanbHbIM (U3NYECKUM
MPUHLMMIOM, KOTOPbIV ONpeaenseT BCce NPOLEeCChl, NPOTEKAKLWME Ha SAepPHbIX YeTaHoBKax. [ns cneupanucTa
Nno OXpaHe Tpyaa MoHUMaHWe 3TOro 3akoHa — He abCTPaKTHOE 3HaHME, a NPAKTUYECKUA MHCTPYMEHT ynpaBne-
HWS NPOHECCHOHANBHBIMW PUCKaMM.

B ctatbe nokasaHo, 4TO 3aKOH COXPaHEHUS YnUCna HYKIOHOB NEXWT B OCHOBE KOHTPOMS KPUTUYHOCTH,
OLEHKM paunaLmMoHHbIX 1 TEMMOBbLIX PUCKOB, @ Takke HOPMATMBHbIX TpeboBaHW K 6E30MacHOCTU SAEPHbIX
yCTaHOBOK. Ero noHMMaHme no3sonsieT cneyuanucty no oxpaHe Tpyaa KOPPEKTHO MHTEpNpeTMpoBaTh OrpaH u-
YeHWs Ha Maccy, reOMeTPMI0 1 COCTaB SAEPHbIX MaTepuanos, NPeAyCMOTPEHHbIE NpaBunammn saepHon 6es-
OMacHOCTH, ¥ OLIEHMBATb MX BIMSHME Ha Be30nacHOCTb nepcoHana.

OnbIT poccuickux 1 3apybexHbIX aTOMHbIX 06LEKTOB CBMAETENLCTBYET O TOM, YTO (hOPMMPOBaHWe
KynbTypbl 6€30MacHOCTN HEBO3MOXHO 6€3 rnyboKoro NOHWMaHWS NePCoHanoM uanyeckux npoueccos. Mo-
9TOMY NOArOTOBKA CMELManMCToB Mo OXpaHe TPyAa AOMKHA BKOYATb dNEMEHTbI SAepHOM (uavku, no3so-
NSI0LWME UM He NPOCTO BbINOMHATL NPOLeAypbl, HO OCMBICIIEHHO YNPaBAATb PUCKAMM HA OCHOBE (hyHAAMEH-
TanbHbIX 3aKOHOB NPUPOABI.
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MEXAHW3MbI AENCTBIA NOBEPXHOCTHO-
AKTWUBHbIX BELLIECTB IPH NOAT 0TOBKE
CYNb®ATHOW LIENON03bI K
(PEPMEHTATUBHOW ObPABOTKE

K03/10BA CO®b#l CEPTEEBHA

CTYAEHT

®r60Y BO «CaHkT-MeTepbyprckuin rocy4apCTBEHHbIN
YHWUBEPCUTET NPOMbILUIIEHHBIX TEXHOMOIMIN 1 An3aiHay,
Bbicwwas LKona TEXHOMOMM 1 AHEPreTHKM

AHHOTaumsa: B cTaTtbe npefcTaBneH aHanu3 ponu MoBepXHOCTHO-akTMBHbIX BelwecTs ([MAB) B mpoueccax
bepmeHTaTUBHOM 0BpaboTk LieNnono3ocoaepxallero coipbs. PaccmoTpeHbl oblime husnKo-xuMmyeckue
xapaktepucTuku MAB, nx knaccudukaums Ha HEMOHOMEHHBIE, aHWOHHbIE, KaTUOHHbIE U aM()OTEPHBIE TUMbI, @
TakKe MexaHusMm MuLennoobpasoBaHus npu OOCTUXKEHWN KpUTUYECKOW KoHueHTpauun. Ocoboe BHUMaHWe
yoeneHo siusHuio NAB Ha B3aumogencTeme (hepMEHTOB C HEOLHOPOAHOW CTPYKTYPOW LIENSIONIO3HOTO BO-
NOKHa, COLepPXalLero 0CTaTOuHbIA NUMHWH W 3KCTPaKTUBHbIE BellecTBa. [MokasaHo, Yto fobaBneHue noBepx-
HOCTHO-aKTUBHbIX BELLECTB MO3BOMSET CHU3UTb HEXenaTenbHyto afcopbumio Lennonas Ha NUrHuHe, ynyu-
LINTb CMaYmBaHue cybcTparta u NoBbICUTL JOCTYMHOCTb KOMMNOHEHTOB APEBECHOIO ChIPbs ANS XMMUYECKOTO Y
BrokaTanuMTMyeckoro BO3AENCTBYIS.

KnioyeBble cnoBa: noBepxHOCTHO-aKTMBHbIE BelecTa (ITAB), dhbepMeHTaTMBHBIM MMOPONN3, LEennonosa,
OCTaTOYHbIN NUrHWH, CMayvBaHue, MuLennoobpasosaHue, ECF-otbernka

MECHANISMS OF ACTION OF SURFACTANTS IN THE PREPARATION OF SULFATE PULP FOR
ENZYMATIC TREATMENT

Kozlova Sofia Sergeevna

Abstract: The article presents an analysis of the role of surfactants in the processes of enzymatic processing
of cellulose-containing raw materials. The general physicochemical characteristics of surfactants, their classifi-
cation into non-ionic, anionic, cationic and amphoteric types, as well as the mechanism of micelle formation
when reaching a critical concentration are considered. Special attention is paid to the effect of surfactants on
the interaction of enzymes with the heterogeneous structure of cellulose fiber containing residual lignin and
extractives. It is shown that the addition of surfactants can reduce the undesirable adsorption of cellulases on
lignin, improve substrate wetting and increase the availability of wood raw material components for chemical
and biocatalytic effects.

Keywords: surfactants, enzymatic hydrolysis, cellulose, residual lignin, wetting, micelle formation, ECF-
bleaching

[MoBePXHOCTHO-akTVBHbIMM BewecTBamu (MAB) npuHATO Ha3blBaTb XUMUYECKUE COEOMHEHMS, B MONeE-
KyNAPHOM CTPYKTYPE KOTOPbIX MPUCYTCTBYIOT Kak rMapodobHble, Tak v ruapodunbHele dparmenTsl. Mogob-
Has amuunbHas npupoga obycnaBnmBaeT ux cnocobHOCTb aacopbupoBaThCs Ha MeX(asHbIX rpaHuLax,
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4TO NMPUBOAMT K CYLLECTBEHHOMY MOHWXEHMIO NMOBEPXHOCTHOIO HATSXKEeHWS. YKa3aHHas xapakTepuctuka npea-
onpegenseT macltabHoe MCNonb3oBaHWe AaHHbIX PEAreHTOB B PasfyHbIX TEXHOMOrusX, rae TpebyTtcs
onepauuy 3MynbrupoBaHus, MCNEeprupoBaHns, CMauMBaHus, a Takke MoaupuKkaLmsa MexgasHbIX KOHTaKTOB.

Haxogsick B BogHbIx cpegax, MAB cnocobHbl TpaHCGhopMmUpoBaTh XapakTep B3aMMOAENCTBUIA Ha rpa-
HWLaX «TBepaoe Teno — xuakas asa — pacTBOPEHHbIN KOMMOHEHT». B KOHTEKCTe MOAUMDMKALMM BONOKHW-
CTbIX CyBCTPaTOB AaHHbIN acnekT NpuobpeTaeT KPUTUYECKYHO BaXHOCTb, Bedb LieNToI03HOe BOMOKHO npea-
cTaBnsieT coboN reTeporeHHyo MaTpuLy, BKMOYaOLWY rapodunbHble noucaxapuaHble JOMEHbI, a Takke
OCTaTKW JIUrHWMHA W SKCTPaKTUBHbIX COeANHEHWN. Berneactame a1oro, BBEAEHWE NOBEPXHOCTHO-aKTUBHBIX [0-
6aBoK KOpPEKTUPYET CTeneHb CMaY1BaeMOCTU BOMOKOH, ONTUMU3MPYET ANcY3no peareHToB U OTKpPbIBAET
AOCTYN K OTAENbHbIM (hPaKLMSM pacTUTENbHOIO Chipbst AN NOCReayoLWwen XuMmnieckon nnbo gepmeHTaTme-
HOW AecTpykumm [1].

Knaccudmkaums MAB 6asnpyetcs Ha XMMWUYECKON Npupoge Ux ruapoduIbHOr0 LEHTpa, COrlacHo Ko-
TOPOW OHW AENSATCS Ha aM(hOTEPHbIE, KATUOHHbIE, aHUOHHBIE U HEMOHOTEHHbIE. [locneaHue He auccouumnpyoT
Ha MOHbI B BoZe, 4YTO 0becneunBaeT ux LWagaliee B3auMOLENCTBME C NPOTEMHOBLIMI CTPYKTYPaMM; UMEHHO
MO3TOMY OHW HaxOAsAT LWMPOKOE NPUMeHeHWe B BroTexHonorm 1 bruoxumun. B cBOK ovepeb, aHUOHOAKTUB-
Hble [TAB HecyT oTpuuaTesbHbIn 3apsad. [ns HUX XapakTepHa Bbicokas ahUHHOCTL k Benkam, a B cneuudm-
4eCKMX YCIOBUSIX OHW CNOCOBHBI MPOBOLMPOBATL KOHOPMALMOHHbIE NEPECTPONKM MX MORekyn [2].

KrtoueBom (hnanKo-XMMM4eCKko 0COBEHHOCTBIO AaHHbIX COeAMHEHWA BbICTYMAET X CKITOHHOCTb K arpe-
raumv ¢ obpasosaHuem muuenn. Korga KoHUeHTpauus gocturaet Kputuyeckoro nopora (KKM), monekynbl
CaMOOpPraHn3yTCA B MULENNAPHbIE CTPYKTYPbI, rAe ruapodobHbIe XBOCTbI OPUEHTUPOBAHbI BHYTPb, a rna-
POUIIbHBIE FOMOBLI KOHTAKTUPYKT C BOAOW. [JaHHbI NpoLecc MOANMULMPYET pacTBOPUMOCTb HEMOMSPHbIX
BELLECTB W nepepacnpenensieT asbl B cucteme, genas fo3nposky MAB KpuUTUYeCKMM napameTpom Ans
ynpaBneHns (hepMEHTaTUBHBIM KaTanmnaoM. MEKT OT UX NPUMEHEHUS B SH3UMOIIOTMM MHOrOBEKTOPeH. C
MO3UTUBHOWN CTOPOHbI, OHY ONTUMU3MUPYIOT KanuANSApHOe cMayuBaHue cybcTparta, obneryaioT KOHTaKT ¢ rMa-
POOBHLIMU 30HAMW U MUHUMW3NPYIOT HEMPOAYKTUBHYKD COPOLMIO SH3MMOB Ha NIUTHWUHOBbLIX CTPyKTypax. C
HeraTMBHOW CTOPOHBbI, OTAENbHbIE Knacchl [MAB cnocobHbl aectabunmanposatb TPETUYHYIO CTPYKTYPY dhep-
MeHTa, NOdaBMsAs ero KaTanuTUYecKyt akTUBHOCTb. Takum 06pa3om, WTOroBbIM pesynbTaT onpesensercs
KOMMNEKCOM (PaKTOPOB: XMMUYECKOI CTPYKTYpOr A0BaBKM, ee 4O3MPOBKOW, CELMPUKON 3H3UMa 1 Mopdono-
rven cybeTpara [3,4].

[Mpy 3H3UMHON MOAMMMKALMM LENoN03bl NPUHLMNKAIBHOE 3HAYeHWe UMEET BbIGOp Mexay aHWOH-
HbIM/ W HEMOHOreHHbIMU opmamu [TAB. HenoHOreHHble peareHTbl NO3ULMOHMPYTCS Kak MPOMOTEpb,
yny4LuatLLme KOHTaKT 3H3UMa C cybCcTpaToM, He Bbi3blBasi pu 3TOM rpyboit AeHaTypaLum npoTenHa. Jkene-
PUMEHTanbHbIE JaHHble MO TMAPONM3Y NIUTHOLENIIONO3bl NOATBEPXAAIT, 4TO BBeAeHue Tween 20 HuBenu-
pyeT Hecneynduyeckyto aacopbumio Lennionas Ha IUrHWHe, YTO HanpsMYIo KOPPenupyeT C POCTOM CTEMEHM
KOHBepcum [5).

PestomMnpys BbllleckasaHHOE, MOXHO yTBepxaaTb, 4To MAB BbICTYNaKT 3HaYMMbIMK MOAMUMDMKATOpaMu
B TEXHOMOMMSX 3H3UMHOM 06paboTkK Lienntono3Helx Matepuanos. MexaHnsm ux BIUSHWS OXBaTbIBaeT KOp-
PEKLMI0 CMaynBaeMoCT, COMoBbUNN3aLmM0 HENONAPHBIX (hpakLMin, MOZYNALMIO KOHTaKTa «3H3UM-CybCTpaT» 1
cTabunusaumo koHcopmaumn Genka. Tem He MeHee, 3PGEKT He HOCUT YHUBEPCANbHOTO XapakTepa: UaeH-
TUYHBIA PeareHT MOXeT CTUMYNWUPOBaTb UK WHMMBMPOBaTL pasHble SH3UMbI. B ¢BA3K ¢ 3TuM, nogbop onTu-
ManeHoro [MAB TpebyeT CTpororo yyeTa ero XMMn4ecKkon apxmuTekTypbl, paboyero ananasoHa KOHLEHTpaLmi 1
COBMECTUMOCTM C LieneBbIM (PEPMEHTHBIM KOMMIEKCOM.

HeuoHoreHHble MMAB, kak yxe 0TMe4anoch, He 06pasyoT 3apsiKeHHbIX YacTul, B Boge, 4To obycnasnu-
BaeT UX AenuKkaTHOe BO3OENCTBME HA MPOTEMHOBbLIE CTPYKTYPbl B CPABHEHWUM C MOHHbIMK aHanoramu. OHu
YCMELWHO WHTErPUPYIOTCA B SH3UMHbIE KOMMO3MLMM AN TOHKOA HACTPOWKM CMauMBaeMOCTU, ONMTUMU3ALMN
ancopbuun hepMeHTOB Ha rpaHuue pasgena a3 u romoreHusaumn cpeabl. B KOHTeKCTe cragui oTbenku
Lennono3bl JaHHbIA acnekT KPUTUYEH, NMOCKOMbKY YCrex NpeaBapuUTenbHOTO 3H3MMHOTO dTana HanpsiMyto
LUKTYeTCS rnybuHON KOHTaKTa (hepMeHTa C MaTpuLel BOMOKHA U CTEMEHbIO €ro NOATOTOBKM K NOCNEAYHOLIUM
XUMUYECKUM onepaLmsm [6].
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3BeCTHO, YTO peanayanbHbIi IMTHUH BbICTYMaeT B ponu Hecneuuduieckoro copberta ans aH3MMOB,
U3-3a Yero 3HauuTesbHas JONs KaTanuTMYeckoro npenapata BbIBOAUTCS U3 LieneBon peakuuu. MpumeHeHue
Komnosuunii Ha ocHoBe [MAB no3sonseT akpaHMpOBaTb HEXenaTernbHble KOHTaKTbl MeXZy Lensonasamu u
FIMTHWHOBBLIMK KnacTepamun. 3TO CYLLECTBEHHO UHTEHCUUUMPYET TMAPONM3 NIMTHOLENST0NI03HOM BruomMacch,
obecneynBas MakCcUMasbHbIM BbIXOA pedyLmpyowmx caxapoB Npu COKpaLLeHUM pacxoda SH3WMHOrMo npena-
pata [7].

B ycnosusx LenntonosHo-byMaxHOro npou3BoACTBa ONMUCaHHbIA MexaHu3m npuobpeTtaeT ocobyto ak-
TyanbHOCTb. CynbaTtHas Lennonosa, noctynatoLas ¢ Bapku, Hen3bexHo COAepXuUT CriefoBble KonnyecTsa
FIUTHWHA U CMOJSUCTBIX BELLECTB, CO3AALMX AMddY3noHHbIe Bapbepbl AN peareHToB. CnefoBaTesibHo,
posnposaHue MNAB peluaeT ABOMHYKO 3a4ady: NOMAMO YNyYLIEHWS KanunnspHOro CMayunBaHusl, OHO MUHUM -
31pyeT HeNpOAYKTUBHbIM PacXof SH3UMOB, NPEeA0TBpaLLas UX «3acTpeBaHMey Ha JIMTHWHOBLIX OcTaTkax. XoTs
B Hay4HbIX Nybrmkaumsx AaHHbIA PeHOMEH NperMyLLEeCTBEHHO OMUCLIBAETCA B Napagurme rugponusa buo-
Macchl, ero omanyeckas CyTb NOMHOCTLI MAEHTUYHA 3a4advam npegobpaboTku LenntonosHbIx nonyhabpuka-
TOB Nepe XMMnuyeckon otbernkon [8].

[MpucyTCTBME OCTATOMHOMO SIUTHUHA OOBEKTUBHO NMUMUTUPYET Pe3yNbTaTUBHOCTL H3MMHOM 06paboTKM
BCreAcTBue HeobpaTtumon copbumn katanusatopa. BeeaeHue HenoHoreHHbIX MAB athdekTuBHO KynupyeT
9TOT NPOLECC, YTO 3aKOHOMEPHO BEAET K pocTy 06Lieit atheKTUBHOCTH (PepMEHTATUBHON LECTPYKLUMAN nKT-
HOLenntono3Horo matpukca [9].

TeuH-20 knaccuuumpyeTcs kak AenuKaTHbIA HEMOHOTEHHDIN AeTepreHT, BOCTpeboBaHHbIN B BroTex-
HOMOMUM 3a CYET BbIAALLMXCS COMOOMNN3NPYIOLLMX N CMAYMBAIOLLMX XapaKTEPUCTUK. B TEXHOMNOTUSX 3H3UM-
HoW 06paboTKM LIeNntonosbl €ro porib MHOTOKPaTHO BO3pacTaeT Mpu Hanuyuy IUNOGUIBHBIX U CMOMMUCTbIX
BKMIOYEHWIA, YTO TUMUYHO ANSt XBOWHOW CynbaTHOW Lenstonosbl. [ockonbky AaHHble ruapodobbl npensT-
CTBYIOT MOMHOLIEHHOMY KOHTaKTy peareHTOB C BOIOKHOM, MCMNOMb30BaHNE MATKUX HenoHoreHHbIX MAB BbICTY-
naeT 3 EKTUBHLIM UHCTPYMEHTOM MOBbILLIEHUS PaBHOMEPHOCTU NpeaobpaboTkn. AKTyarbHble U3bICKaHUs B
obnactn sHaumonoruu LIBI noaTeepxaatoT, 4To rpamMoTHO NPOBEAEHHbI (DEPMEHTHbIV 3Tan SBNSETCS KIto-
4eBbIM (haKTOPOM WHTEHCUMKaLmmn nocneaytowmx ctaguin ECF-ot6enk.

TputoH X-100 (Triton X-100), Byayun HemoHoreHHbIM MAB, 0bnagaeT MHOW apXMTEKTYPON MO CpaBHe-
Huto ¢ Brij 35 n Tween 20. Hannume B ero cTpykType 06beEMHOr0 apomaTtiyeckoro sapa obycnasnmeaet 60-
Iee BblpaxeHHoe CPOACTBO K rmapoobHbIM JomMeHam cybeTpara. JlutepaTtypHble AaHHble CBULETENBCTBYIOT,
yto Triton X-100, Hapsgy ¢ Tween 80 n Tween 20, cnocobeH CTUMYNMPOBaTh KaTanMTUYECKYH0 aKTUBHOCTb
nunas, 4to JoKasblBaeT BNUSHUE JaHHbIX 406aBOK HA KOH(POPMALMOHHYI0 MOBUNBHOCTL H3MMOB. BmecTe ¢
TEM, NOLOGHbIA NPOMOTUPYHOLLMIA APGEKT HE abCOMIOTEH U XKECTKO AETEPMMHUPOBAH creLmdukon bruokata-
nusatopa, napametpamu cpebl 1 fo3uposkon [NAB.

Brij 35 npeacraenseT coboit elle OANMH KNacCUMYEeCKUin MpUMEP MSrkOro HEWOHOreHHOMo AETEpPreHTa,
MOAMMLMPYIOLLETO MexdasHble napameTpbl BOAHbIX Aucnepcui. B pamkax gaHHoro o63opa ero Lenecoob-
pa3HO NO3ULMOHMPOBATL Kak (PYHKLMOHANbHbIA aHanor Tween u Triton. Mpu 3TOM, BO M3bexaHne uanuiiHe
KaTeropuyHbIX YTBEPXAEHUA OTHOCUTENBHO €r0 PO UMEHHO B 0TBernke (npu geduuute npodunbHbIX ny6-
nukaumn 3a 2023-2026 rogpl), Hambonee KOpPPEKTHbIM OyAeT KOHCTATMpOBaTb €ro CnocoBHOCTL MOaynMpo-
BaTb CMay1BaeMoCTb U (ha3oBoe pacnpefesieHre KOMMOHEHTOB, OCTaBMsAs BONPOC ero Creuuuyeckoro aen-
CTBMSA Ha YCMOTPEHWE 3KCNEPUMEHTaNbHOW NPOBEPKU.

[MoaBoas UTOr, MOXHO 3aKITOUMTb, YTO HEMOHOTEHHbIE MOBEPXHOCTHO-aKTUBHbIE COEAMHEHUS BbICTYNa-
0T BbICOKOMEPCNEKTUBHLIMI MOAMGMKaTOpamMmu Npu 3H3MMHON NpegobpaboTke Lenntonossl B cxemax otben-
k. VX dpyHKUMOHaN oxBaTbiBaeT ONTUMMU3ALMIO KanWMMSAPHOrO CMayuMBaHWS, 3KpaHUPOBAHWE MUIHUHOBLIX
LeHTPOB, UHTEHCU(MKALMIO MACCONEPEHOCA U NOTEHLMANbHOE CMATYEHUE PEXUMOB MOCNELyOWMX XUMUYe-
CKuX cTagun. [ns uenen HacTosLero uccnefoBaHus AaHHbl acnekT UMeeT (hyHOaMeHTanbHOe 3HauveHwe,
TaK Kak BblbpaHHble 06bekTbl u3yyeHns — Tween 20, Triton X-100 u Brij 35 — 6yayuun HenoHoreHHbIMu [AB,
obragalT yHUKanbHbIMA MOMEKYNISPHBIMIA apXMUTEeKTypaMu M CNoCoBHbI OkasbiBaTb AMdepeHLpoBaHHOE
BMMSIHWE Ha KMHETUKY (hepMeHTaTMBHON 06paboTkW LENonosbl, YTO HaNpsMYy0 3aBUCUT OT NPUPOAbI AH3MMa
W TEXHONOTUYECKMX NMapameTpoB cpespb!.
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MHOr OMEPHAA KNACCUMUKALIUA
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AHHoTauma: C ucrnonb3oBaHeM WepapxM4eckoro KnacTepHoro aHanusa (metog Bapga) w anroputma
DBSCAN BbinonHeHa knaccudomkaumst 42 MogenbHbIX Nnowagok r. AXTybuHCKa no cogepxaHuio AeBsaTH T5-
XENbIX METannoB B TPEX hopMax: BanoBOW, NOABWXKHOM W B HAA3EMHOM puToMacce MosbiHA aBCTPUCKON.
lMokasaHo, YTO MOABWKHbIE POPMbI Hanbonee YETKO pasgenstT MHTAKTHbIE U YpBaHWU3MPOBAHHbIE TEPPUTO-
pumn: TpU (POHOBbIE NMOLLAAKM 06Pa3ytoT N30NMPOBaHHDINA KacTep, OTAENASACh OT FOPOLACKUX Ha 3HAYUTES b-
HOM paccTosHui. Banosble hopMbl AncdepeHLmpyoT Tepputopuio cnabo, a JaHHbIe N0 PacTEHUAM OTNU-
YalTCA BbICOKON HEOOHOPOAHOCTBIO. BbISBMEHbI aHOManbHbIe TOYKYW, BKMKOYAS Y4acTOK rOPOLCKOW CBasKy.
PesynbTaThl NOATBEPXAAOT BbICOKYO MHAOPMATUBHOCTL MOABMXHBIX (POPM 4SS SKONOTUYECKOrO MOHWTO-
pUHra.

KntoueBble cnoBa: knactepHblir aHann3, DBSCAN, Taxénble meTannbl, ropoAckue nouyBbl, YHKLUMOHAmMb-
Hble 30HbI, NOABMXHbIE PopMbl, Artemisia austriaca

MULTIDIMENSIONAL CLASSIFICATION OF URBAN AREAS BY HEAVY METAL ACCUMULATION
LEVELS (ON THE EXAMPLE OF AKHTUBINSK)
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Abstract: Using hierarchical cluster analysis (Ward's method) and the DBSCAN algorithm, 42 sampling sites
in Akhtubinsk were classified according to the content of nine heavy metals in three forms: total, mobile, and in
the aboveground biomass of Artemisia austriaca. It is shown that mobile forms most clearly separate intact
and urbanized areas: three background sites form an isolated cluster, separated from urban ones at a
considerable distance. Total forms poorly differentiate the territory, while plant data are highly heterogeneous.
Anomalous sites were identified, including the urban landfill area. The results confirm the high informative
value of mobile forms for environmental monitoring.

Key words: cluster analysis, DBSCAN, heavy metals, urban soils, functional zones, mobile forms, Artemisia
austriaca

BeegeHue.

B npegplaywen pabote Hamm BbIN0 NokasaHo, YTO NOABWXKHAS opmMa kobarnbTa sBnsieTcs Hambonee
WH(OPMATUBHBIM MHAWMKAaTOPOM TEXHOTEHHOTO 3arpsiaHeHns noys r. Axtybuxcka [1]. OgHako ocTaércs OTKpbl-
TbIM BOMPOC, HACKOMBKO OAHOPOAHBI (PYHKUMOHANBHbIE 30HbI FOPOAA MO KOMMMEKCY MEeTansoB U Kakue qop-
Mbl UX HAXOXOEHWS B MOYBE W pacTeHusx obnagaioT Hanbosnbluen KnaccuduumpytoLlein cnocobHocTbo. [ns
peleHnss NogobHbIX 3ahay LWMPOKO MPUMEHSIOTCA METOAbl MHOrOMEPHON Knaccudukaumm, no3sonstowme
BbISIBUTb CKPbITYIO CTPYKTYPY B FEOXMMUYECKUX JaHHbIX [2, . 258-271; 3, c. 226-231].

B paHHoi paboTe npoBefeHa Knaccudukauus MOAenbHbIX NNowagok r. AXTyOGuHCKa MO YPOBHAM
HaKONNeHNs LEeBATU TSHXKENbIX METANOB C UCMONb30BAHWEM UEPAPXMYECKOrO KIaCTEPHOro aHanmsa u anro-
putma DBSCAN, a Takke oLeHKa Toro, kakas U3 (hopM (BafioBasi, NOABMXKHASA UMK COAEPKAaHUE B PACTEHUAX)
Hanbonee afgekBaTHO OTpaxaeT NPOCTPAHCTBEHHYO HEOLHOPOAHOCTb TEPPUTOPUN.

Martepuanbi u metoApbl.

ViccnenosaHue BbINOMHEHO Ha TeppuTopuu I. AxTybuHcka (ActpaxaHckas obnactb). B 2015 r. 3anoxe-
HO 42 mopenbHble NNOWaaKM B NATU (PYHKLUMOHANbHbLIX 30HAX: MHTAKTHOW, PeKpeaLyioHHON, XWUITON, TpaHC-
MOPTHOW M NPOMbILLNEHHON. B HacToswen paboTe ncnonb3oBaHbl pesynbTathl onpegenenus Fe, Ni, Mn, Cd,
Pb, Co, Cr, Cu, Zn B BanoBon W NOABWKHOW (aLeTaTHO-aMMOHMIAHLIA Bydep, pH 4,8) dopmax, a Takke B
Haa3eMHoi dutomacce Artemisia austriaca [1].

KnacTtepHblt aHann3 npoBoauncs metogom Bapaa ¢ eBknngoBbIM paccTOSHWEM OTAENbHO ANs TPEX
HabopOB AaHHbIX: BaNoBble KOHLEHTPaLWK, NOABWXHbIE (POPMbI, COAEPXaHWe B pacTeHusx. Bo Bcex cryyasx
BbIZENANOCh MO YeTblpe Knactepa. [Ans obHapyXeHWs aHOManbHbIX TOYEK, He YKIadblBaloWmUxcs B 06LLy0
CTPYKTYpPY, NpumeHsancs anroputm DBSCAN (knactep -1). Bce pacyéTbl BbINOnHEHbI Ha si3bike Python.

Pesynbrartbl.

Banossle ¢hopmbl. enaporpamma (puc. 1) nokasbiBaeT hopMupoBaHue KpynHoro knactepa (Ne3, 27
NNoLaaokK), B KOTOPbIA BOLLMM NPaKTUYECKM BCe MPOMbILLNEHHbIE TOYkM (11 13 13), a Takke TpaHCMOpPTHbIE,
XUnble W pekpeaunoHHble y4acTku. Tpu UHTaKTHbIE NAOLaakvM He 060cOBUNUCH B CAMOCTOSTENBbHYIO rpynny,
a pacnpeaenunmuchb no pasHbIM Knactepam, YTo yKkasblBaeT Ha HEOAHOPOAHOCTb MPUPOAHOTO FEOXMMUYECKOTO
toHa. DBSCAN upeHtudmumposan 10 aHomanbHbIX HabnogeHNi, XapakTepU3yLMXCS aHOManbHO BbICO-
KAMM WA HU3KUMIW KOHLEHTPaLMAMI OTAEMNbHbIX 9NEMEHTOB.

[TodsuxHble hopmbl. B 0TnMYMe OT BanoBbIX, NOABMKHbIE (HOPMbI NOKasanu Gonee OTYETNMBYKO JKOMO-
rnyeckyto audbdepeHumaumnto (puc. 2). Bee Tpu HTaKTHbIE NroLwaaku chopmMmupoBarni U3onMpoBaHHbIN KnacTep
(Ne2), oTaenvBLLMCL OT FOPOACKMX TEPPUTOPUIA HA 3HAYMTENBHOM PacCTosHMKM cxoacTea (okono 5,0). Cambli
MHoroumncneHHbli knactep (Ne4, 29 nnowagok) o6beanHun 11 NPOMbILINEHHBIX, 6 XUMbIX, 6 TPAHCTOPTHBIX U 5
PEKpeaLMOHHbIX TOYEK, YTO CBUAETENLCTBYET O MOBCEMECTHO BbICOKOW NOABUKHOCTW METanNsoB B yp6aHW3upo-
BaHHoi cpene. DBSCAN BbisBin 20 aHOMarnbHbIX TOYEK, YTO COrNAcyeTcs C BbICOKON YyBCTBUTENBHOCTHIO MO-
ABWKHBIX POPM K NOKarbHbIM Bapuaumsam pH, BaXHOCTU M OpraHnyYeckoro BeLecTsa.

Pacmerus. Knactepusauusi no cogepxaHuto metannoB B A. austriaca (puc. 3) aana Hambonee
CNOXHYIO KapTWHY. BblgeneHHble Knactepbl He 0BHapYXMBaOT YETKON NPUBSA3KN K (DYHKLMOHANBHBIM 30HaM.
DBSCAN oTHEC K aHOManbHbIM 12 TOYeK, Cpeam KOTOpbIX TOYKa 5.5 (ropoackas cBanka) NMaupyeT no Yucny
9KCTPEMasbHbIX 3HAYEHNN.
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[lenaporpaMma nNnowaaok no eanosbiM hopmam metannos (2015)
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Puc. 1. [leHaporpamMma MoaenbHbIX NAOWAaA0K
no coaepxaHuto BanoBbiM opM meTannos B nouse 2015r.

[lengporpaMma nnowiaagok no noABwxHLIM opmam MeTannos (2015)
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Puc. 2. [leHaporpamma MoaenbHbIX NAOWagok
no coaepxaHuIo NOABWXKHbLIX hopm MeTannoB B noyse 2015 .

OO6cyxaeHue.

CpaBHeHue TpEX YpOBHEN KnacTepusaLun No3BonseT BbICTPOUTL MEPAPXMI0 MHGOPMATUBHOCTM hOpM
HaxoXgeHus MeTannoB. Banosble KOHLEHTpaLU OTpaxatoT JONrOBPEMEHHOE HAKOMMEHUE W NPaKTUYECKM He
AN epeHLMpYIOT  TEPPUTOPUIO N0  TEKYLLEN 3KOMOrnyeckom onacHocTW. [loasukHble OpMbl YETKO
OTAENSI0T HeHapyLeHHble naHawad Tl 0T YpbaHW3MPOBaHHbIX, YTO AenaeT ux Haubonee NpUroaHLIMK Ans
3apady 9KOMOrNYeckoro MOHMTOPUHTA. [laHHble no pacteHusm, Oyayun WHTerpanbHbIM OTKIMKOM GUOTHI,
COAEPKaT BbICOKWN YPOBEHD LUyMa 1 TPEOYIOT OCTOPOXHOW MHTEPNPETaLMM.
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[eHpporpamma nnowagok Nno coaepKaHuio Metannos B pacteHun (2015)
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Puc. 3. leHaporpaMma MoaenbHbIX NAOWAA0K N0 COAEPXKAHUIO METaNOB B pacTeHNU
(6uounpukaTope) 2015 r.

[Mony4yeHHble pe3ynbTaTbl COrNacyloTCs C BbiBOAAMU, CAENaHHbIMI Ha OCHOBE BannbHOMO paHXupoBa-
Hus [1], u NnoATBepPXOALOT LienecoodbpasHOCTb MCNONb30BaHMS NOABIKHBIX (hOpM, 0COBEHHO KobanbTa, B Ka-
4ecTBE LieneBbIX NEPEMEHHBIX A1 NOCMeayHoLero MoAeNMpPoOBaHus.

3akntoyeHme.

MHoromepHas knaccudgukaumus Tepputopuia r. AXTyBuHCKa No CogepXaHnio TSHKENbIX METANSIOB MokKa-
3ana, YTo MoABWKHbIE (HOPMbI ABASAKOTCA Haubonee WHGOPMATMBHBIM NOKa3aTenemM npOCTPAHCTBEHHOMN He-
opHopoaHocTi. OHK NO3BONSIOT YETKO BbIAENNUTb UHTAKTHBIE TEPPUTOPUM 1 aHOMATbHbIE TOYKW, CBA3aHHbIE C
TEXHOrEHHbIM BO3eiCTBMEM. [laHHblE MO BanoBbiM hOpMaM M COAEPXaHMI0 B pacTeHusx obnagatoT MeHb-
et knaccudmumpytoLen cnocobHOCTbI. PedynbTaTbl MOryT BbiTb MCMONB30BaHbI NS ONTUMM3ALMM CETH
MOHWUTOPWHIa M BbIOOpa MHAMKATOPHBIX NOKa3aTenen.

CnuUcoK MCTOYHUKOB
1. Tonuap /1. B., Nonuapoea A. C., Mumykoea [. A., Wybuna A. [. Obwas xapakrepuctuka

COAEPXaHUs TSHKEMbIX METANIOB W BbIGOP MPUOPUTETHOTO WHAMKATOPA TEXHOrEHHOrO 3arpsI3HEHWS MOYB
Manoro ropoga apugHon 30Hbl (Ha npumepe r. AxTybuHcka) // Hayka M COBPEMEHHOCTb: aKTyarlbHble

BOMPOCbI, OOCTWKEHUS M WHHOBaumM: cOOpHMK cTaten |l MexayHapoaHOW —Hay4HO-NPaKTUYECKON
koHhepeHuun (r. Men3a, 25 asrycta 2026 r.) / MUUHC «Hayka v npocselueHuey. — Mexaa, 2026. — C. 11-15. -
YOK 574522, - [OnekTpoHHbln  pecypc]. — Pexum pgoctyna:  URL:  https://naukaip.ru/wp-

content/uploads/2026/08/MK-2766.pdf (30.08.2026).
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Data Analysis. — 2007. - Vol. 52. - P. 258-271.

3. Ester, M. A density-based algorithm for discovering clusters in large spatial databases with noise /
M. Ester, H.-P. Kriegel, J. Sander, X. Xu // Proceedings of the 2nd International Conference on Knowledge
Discovery and Data Mining. — 1996. — P. 226-231.
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ONTUMU3ALINA CXEM PENCOBOI0 O50POTA W
TEXHNKO-JKCINYATALINOHHDIX
NAPAMETPOB MOPCKUX CY/10B NPH
NEPEBOSKE KPYIHOr ABAPUTHDIX I'PY30B

BEPELLATMHA HATAJIbAl AHAPEEBHA

CTyOeHT
Mopckon rocyaapCTBeHHbI yHuBepeuTeT umM. aam. .M. Hesenbckoro

AHHoTaums: B uccnegoBaHMM  paccMaTpUBAlOTCS  aKTyanbHble  BOMPOCHI  MOBbLIWEHWS  TEXHWKO-
9KOHOMUYECKON 3(EKTMBHOCTI 1 BE30NACHOCTM OpraHW3aLmMi MOPCKMX NepeBO3OK KPYnHOrabapuTHbIX W
TSKENOBECHbIX rpy30B. [poaHanManpoBaHb! knoyeBble (akTopbl, BNMsOWMe Ha 6e30NacHOCTb NNaBaHUs U
CKOPOCTb PercoBoro 06opoTa Creuman1anpoBaHHbIX Cy4oB B COBPEMEHHBIX NOTUCTMYECKUX cucTemax. Oco-
6oe BHUMaHWe YAeneHo B3aMMOCBSI3N KOHCTPYKTUBHbIX MapaMeTpoB creLuaniaupoBaHHoro groTa, 0CTonY U-
BOCTW, MOMEHTOB MHEPLM 1 pacnpeaeneHns 6annacta npu BO3OENCTBAW AMHAMUYECKUX TAPOMETEOPOSIO-
rMYecknx Harpyaok. PaapaboTaH KOMNIEKCHbIN MOAXOA K BbIGOPY ONTMMarnbHOM CKOPOCTY X0Aa W MapLLpyTH-
3aUMM Ha OCHOBE KPUTEPUEB MUHAMM3ALMM PacXoda TOMMMBA W CHXKEHUS pucKka MOBPEXOEHWs kopnyca W
KpenneHuii rpyaa. MpakTuyeckasl 3Ha4MMoCTb paboTbl 3aKNioYaeTcs B DOPMUPOBaHIM YHUBEPCANbHBIX Hay Y-
HO-METOZINYECKIX PEKOMEHAALMIA MO TEXHOMOTMYECKOMY NITaHUPOBaHMIO peica, NO3BONSHOLMNX ONTUMU3UPO-
BaTb JKCMNyaTaLMOHHbIE PACXOAbl 1 MOBbICUTL HAAEXHOCTb MOPCKMX MOTUCTUYECKMX LienoYek Ges 1enonb3o-
BaHWS LMPOBbIX CEPBICOB aBTOMATU3ALMN.

KnioueBble crioBa: MOPCKOii TPAHCMOPT, OpraHu3aLus NepeBo3ok, kKpYnHOrabapuTHbIE rpy3bl, OCTOMYMBOCTL
Cy/[IHa, percoBbIii 060POT, CYAOBOXAEHNE, AMHAMUYECKUE HArpyaku, 6e30MacHOCTL MOpenaBaHus.

OPTIMIZATION OF VOYAGE TURNOVER SCHEMES AND TECHNICAL AND OPERATIONAL
PARAMETERS OF SEA VESSELS IN HEAVY-LIFT AND OVERSIZED CARGO TRANSPORTATION

Vereshchagina Natalia Andreevna

Abstract: The study deals with topical issues of improving the technical and economic efficiency and safety of
organizing sea transportation of heavy-lift and oversized cargo. The key factors affecting navigation safety and
voyage turnover speed of specialized vessels in modern logistics systems are analyzed. Special attention is
paid to the relationship between the design parameters of the specialized fleet, stability, moments of inertia,
and ballast distribution under dynamic hydrometeorological loads. A comprehensive approach to choosing the
optimal vessel speed and routing based on the criteria of minimizing fuel consumption and reducing the risk of
damage to the hull and cargo lashings has been developed. The practical significance of the work lies in the
formation of universal scientific and methodological recommendations for voyage operational planning, which
optimize operating costs and increase the reliability of maritime supply chains without relying on automated
port systems.

Keywords: sea transport, organization of transportation, heavy-lit cargo, vessel stability, voyage turnover,
navigation, dynamic loads, maritime safety.
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CoBpeMeHHass MUpoBasi SKOHOMMKA XapaKTepu3yeTcs HenpepbiBHbIM POCTOM CMpoca Ha NepeBO3Ky
NPOEKTHbIX, KPYNHOrabapuTHbIX 1 TSKENOBECHBIX IPY30B, COCTABMAOLLMX OCHOBY MHGPACTPYKTYPHBIX U 3HEp-
reTnyeckmx NpoekToB. MopCKOM TPaHCMOPT BbICTYMaeT ONpeaenstowmM 3BeHOM B JocTaBke nofobHon npo-
AyKUMn Brarofaps BbICOKOW rpy30MOAbEMHOCTU CreLManu3npoBaHHbIX CyA0B W HEOrPaHWYEHHbIM NPOMYCK-
HbIM CMOCOBHOCTSAM OKeaHCKuX maructpanein. OgHako opraHusaums Takux nepeBo3oK CBsi3aHa C CyLLeCTBEH-
HbIMW TEXHUKO-3KCMITyaTaLMOHHbIMU TPYAHOCTAMM, 0BYCMNOBMEHHBIMY KOHCTPYKTUBHBIMU OCOBEHHOCTAMM He-
TUMOBbIX MPY30B, BbICOKUMM TPEBOBAHUAMI K OCTOMYMBOCTM CyAHA M HECTAOMNBHOCTHH BHELLHWX ruapome-
TEOPONOr1YECKNX YCIOBMM.

TpagnumoHHble METOAbI CYLOBOXIAEHNS M OpraHu3aLmuy peicoB Hepeako CTankuBatoTcs ¢ Heobxoau-
MOCTbIO Moucka BanaHca Mexzagy CKOpoCTbio peilcoBoro obopoTta 1 obecneyeHnem nNpeaenbHoro YpoBHs Hes-
OMacHOCTU. B ycnoBusix orpaHNYeHHON OCTYNMHOCTW ONpedeneHHbIX akBaTopui U HapacTaHus dKOHOMMYe-
CKUX U3OEPXeEK Ha TONNMBO NPUOPUTETHON TEXHUYECKOW 3adayeit CTaHOBUTCA Hay4yHOe 0BOCHOBaHME JKCMIy-
aTaLMOHHbIX PeXMMOB paboTbl CyAHa M onTUMM3aUMs pacnpedeneHus macc. [pu aTom ocoboe 3HayeHue
nprobpeTaeT COBEPLUEHCTBOBAHNE UHXUHUPUHTOBBLIX NOAXOA0B K KpenneHuto rpy3a u bannactupoBke cyaHa
Ha aTane NOAroTOBKM pelca, YTO MO3BONSET MOBbICUTL OOLLYI HALEXHOCTb TPAHCMOPTHOrO npouecca 6e3
NPUBREYEHNS CTOPOHHIX LNGPOBBIX CUCTEM.

[MpoLecc MOPCKOW TPAHCMOPTUPOBKM MPOEKTHBIX W TSHXKENOBECHBIX MPY30B NPeACTaBnseT cobon crnox-
HYI0 MHXEHEePHO-TEXHONOIMYECKY0 3agady, TPeOYIOLLYI0 CTPOroro yyeTa (OM3NKO-MEXAHUYECKUX XapaKTepu-
CTWK CydHa 1 NepeBo3nMoro obbekTa. IMaBHbIM TEXHUYECKUM (PAKTOPOM, ONPEAenstoLLM BO3MOXHOCTL b€ 3-
OrnacHow peanuaauum NepeBo3ky, SBMNSETCS COXPaHEHKE JOCTAaTOMHOM HaYanbHOW U AUHAMWUYECKOW OCTONY K-
BOCTM CyAHa NpU 3HAYUTENBHOM CMELLEHUM LIEHTPA TSHKECTU BBEPX. PasmMeLLeHne TsKenoBecHoro 0bopyano-
BaHWs Ha BEpXHEN nany6e unu MoKOBbIX KPbILLKAX NPUBOANT K YMEHBLUEHMIO METALIEHTPUYECKOW BbICOTbI, YTO
yBENWUMBaET nepuog 6opTOBOM Kaukn U MOXKET CPOPMUPOBATL OMACHBINA KPEHSILLMIA MOMEHT MpK LUITOPMOBOM
BO3EVCTBUM.

[ins KoMneHcaLun HeraTMBHOIO BIUSHWS CMELLEHUS LieHTpa TSKECTU B NPAKTUYECKOW OpraHusaLmuu
NepeBo30K MPUMEHSIIOT TEXHONOrMID 6annacTupoBKM, NPU KOTOPOM BOASHOW Bannact pacnpefensercs no
[HULLEBbIM 1 6OPTOBBLIM LIMCTEPHAM C LIENbI0 CHUKEHWS LEHTpa TSXeCTH Bcei cuctembl. OgHako Ypesmep-
HOe yBesnnyeHne MeTaLeHTPUYECKON BbICOTbI MPUBOAMT K BO3PACTAHMIO XECTKOCTU Kayku U, Kak CcnefcTeue, K
BbI30BY KPUTUYECKMX MHEPLIMOHHBIX HArpy30K Ha MEXaH13Mbl KpenneHus rpyaa. Takum 06pa3om, TEXHUYECKoe
NNaHMpOBaHWe 3arpy3kn TpebyeT HaXOXOEHWS Y3KOrO WHTepBarna napameTpoB OCTONYMBOCTH, rapaHTUpyto-
Liero 6e3onacHblit NEPUOA Kauki M COXPAHHOCTb HAUTOBHbIX CBSI3EN.

He MeHee BaxHyl0 pornb UrpaeT pacyeT OMHAMUYECKUX YCUIUM, BOSHUKAIOWMX MPU COBMECTHOM BO3-
AencTei BOPTOBON, KMMEBON M BepTUKanbHOM kauku. CaBUraroLme 1 ONpOKMAbIBaoWME Cunbl, AENCTBY to-
LiMe Ha KpynHorabapuTHbI OOBEKT, CyLLECTBEHHO BO3PACTAOT NpW MiaBaHUM Ha NOMyTHOM WK KOCOM BOJI-
HEeHMU. JKcnyaTaLnoHHas HaeXHOCTb Cy[0BOr0 KOpnyca 1 rpy30BbIX YCTPOWUCTB ONpeaenseTcs TOYHOCTbIO
pacyeToB CUN TPEHWS, MPOYHOCTU CBAPHBIX U HAUTOBHbLIX COEAMHEHWIA, a TaKkKe pacrnpedeneHuns nokanbHbIX
Harpy3oKk Ha HacTun nanybbl Yepes cneyuansHoe NoCTenueToe Uy 6anoyHoe 0CHOBaHME.

O heKTUBHOCTb MOPCKON TPAHCMOPTHON OnepaLn N3MepseTcs He TOMNbko 6e30nacHOCTbI0 JOCTaBKM,
HO 1 CyMMapHOW NPOLOSIKUTENBHOCTLIO PEACOBOrO 060poTa, BKITHOYAKOLLETO XOLOBOE BPEMS U CTOSHOYHbIE
onepauuun. Ha x0[0BOW Nepuos OkasbiBalT peLuatoLlee BIUsSHUE rmapoMeTeoporiorndeckas 06CTaHoBka, Xa-
PaKTEPUCTUKN BCTPEYHOTO BOSTHEHUS W BETPOBOTO BO3AeincTBus. Mpu BbIGOpe XOQ0BOMO pexumMa CyLoBOAMU-
Terb AOMKEH YYNTbIBATb HENMHENHYO 3aBUCUMOCTb pacxofa TonmnmBa OT CKOPOCTU X0Aa, a Takke Heobxoau-
MOCTb CHWKEHUS XOLOBOW CKOPOCTU AN NpefOoTBPaLLEHUs CrIEMUHIa 1 Ype3MepPHbIX YCKOPEHMN.

MaHeBpupoBaH1e CKOPOCTLIO W KYPCOBbLIM YIIIOM OTHOCUTESBHO LUTOPMOBOTO BOMHEHUS SBMSETCS OC-
HOBHbIM METOLOM CHUXEHWUS AUHAMUYECKIX HArpy30K Ha CYAHO C KpynHorabapuTHbIM rpy3oM. CHIKEHUE CKO-
POCTW CyAHa Mpu coxpaHeHun Be3onacHoro kypca no3sornseT CyLeCTBEHHO YMEHbLWNTb amninTyy 60pToBoi
Kaykn 1 13bexaTb PE3OHAHCHbIX SIBMIEHUIA, OOHAKO NMPUBOAMT K YBEMUYEHUIO NPOSOMKUTENBHOCTA PECOBOIO
BPEMEHU W JOMOITHUTENBHOMY pacxody CydoBOro Tornnvea. B ¢BS3u ¢ 9TUM pauuoHanbHas opraHusauus penca
BasnpyeTca Ha NpegBapuUTENbHOM aHanM3e KMMaTonorMyYeckux KapT 1 BblGOpe HauMeHee PUCKOBaHHbIX OKe-
aHCKVX MapLLpYTOB, AaXe CN UX NPOTSHXKEHHOCTb NPEBbILLAET KpaTyanLlee paccTosHWE Mo OPTOLPOMUM.
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CTOsIHOYHas COCTaBNslOLLAs PeiicoBOro 06opoTa Npu nepeBo3ke MPOEKTHbIX TPY30B B 3HAUUTENBHOM
CTENEHN OnpesensieTcsl TeXHUYECKO NoAroTOBKOM NanybHOro MPOCTPaHCTBA M Ka4YeCTBOM MPOBEAEHNS Mo-
rPY304HO-Pa3rpy304HbIX PaboT ¢ MCMONb30BaHWUEM CyAOBbIX KPAHOB BbICOKOW FPY30MOABEMHOCTU UMK TEXHO-
NoMN HakaTki. ONTUMKU3aLMS CTOSIHOYHOTO BPEMEHM OCTUIaeTCs 3a C4eT 3a0pOeyYHOI YCTaHOBKM OMOpPHbIX
TymB, NpeBapUTenbHOTO pacyeTa pacnpeaeneHns bannacta npy CMELLEHUM rpy3a BAOMb W NONepek cyaHa,
a TaKKe CNaXeHHOCTH paboTbl Cy0BOO AkMNaxa U 6ePeroBbIX MHXEHEPHBIX CryXO.

Ha ocHoBe NpoBEAEHHOMO aHanu13a NpeanoXeH KOMMNEKC TEXHUKO-IKCMyaTaLMOHHbIX MEPONPUSTUR,
HanpaBneHHbIX Ha NOBbILLEHWE 3(HEKTUBHOCTV OpraHN3aLmM NepeBo3ok KpynHOrabapUTHBIX rPy30B MOPCKIAM
TPaHCMOPTOM.

MepBoe HanpaBreHue CBA3aHO C BHEAPEHWEM MeTOANKA AMddEPEHLMPOBAHHOTO pacyeTa 0CTONYMBO-
CTU U ONHAMUYECKUX YCKOPEHMIA Ha 3Tane COCTaBMEHMS rPy30BOro nraHa. /cnomnb3oBaHne YTOYHEHHbIX du-
31KO-MaTEMATUYECKUX MOAETEN KauKn NO3BONSET YCTaHABNNBATL ONTUMANbHbIA YPOBEHb METALIEHTPUYECKOM
BbICOTbI A71s1 KOHKPETHOMO TUMa CyfHa M XapaKkTepa rpyaa, UCKNoyast kak NMoTeper 0CTOMYMBOCTH, TaK U BO3-
HUKHOBEHME XXECTKO Kauku, paspyLUatoLLei KpenneHus.

BTopoe HanpaBneHue 3aKni4aeTcs B ONTUMI3ALIN CKOPOCTHBIX PEXMMOB NaBaHNsi C Y4ETOM KPUBbIX
LITOPMOBOrO AMarpaMMHOTO perynnpoBaHus. BoiGop Ge3onacHoro coueTaHust kypca M CKOpOCTH MO3BONSIET
MUHUMU3MPOBATL MMAPOAMHAMUYECKME YOapbl BONH B HOCOBYK YacTb W CHWU3UTb aMNUTYAHbIE 3HAYeHUs
NHEPLIMOHHBIX CUM. OTO CHIKAET BEpPOSITHOCTb aBapUiHBIX CUTYyaLuid, NpeaoTBpaLlaeT HeoBXoaMMOCTb Bbl-
HYXOEHHOTO Apenda 1 B KOHEYHOM CYeTe CoKpalLiaeT obLLee BPemMs HaXOXKOEHUs CyaHa B NyTy.

TpeTbe HanpaBreH1e 0XBaTbIBAET YCOBEPLUEHCTBOBAHME CXeM pa3MelLieHns bannacTa 1 opraHu3aLmio
nocnefoBaTenbHOCTM GannacTHbIX onepaLuii BO Bpems Norpy3sku v Bbirpyaku. MpeasaputensHoe Mogenmpo-
BaHWE KPEHSILLMX MOMEHTOB NPK CMELLEHUM TSKEMOBECHBIX 0OBHEKTOB MO3BONSET COKPATUTL BPEMS TEXHOMO-
MYeCKUX May3ax Ha BblpaBHWBAHWE CyaHa, obecneunBasi HEMPepbIBHOCTb PY30BbIX OMepaLyid U NoBbILLas
BesonacHocTb paboThl CyA0BbIX rPY30M0AbEMHBIX CPEACTB.

Takum 0bpa3om, OpraHn3aLmMs MOPCKUX NEPeBO30K KpyNHOrabapuUTHLIX U TSHKENOBECHBIX rPY30B NMpes-
CTaBnsieT cOBON CMNOXHbIN KOMMIEKC MHXEHEPHBIX N TEXHUKO-3KCMNyaTaLMOHHbIX 3aay, YCnelHoe peLleHne
KOTOPbIX OnpesensieT SKOHOMUYECKYHD aPdeKTUBHOCTL U Be3onacHOCTb CyAoX0AcTBa. [poBeaeHHoe Mcche-
[0BaHWE MOKa3bIBAET, YTO KIHOYEBLIM PECYPCOM OMTUMM3ALMKM PEeNcoBOr0 0BOpOTa BbICTYNAeT Hay4Hoe
000CHOBaHWe MapamMeTpoB OCTOMYMBOCTY, BbIOOP paLMOHANbHbIX CKOPOCTHbIX PEXMMOB ABVXEHWUS B LUTOP-
MOBbIX YCIIOBMSIX 11 3 heKTMBHOE ynpaBrieHne CyAHOBbIM GannacToM. Peanusaumst npeanoxeHHbIX TeXHUYe-
CKIX PeKOMeHAaLMiA NO3BONISIET CHU3NTb 3KCMNYyaTaLMOHHBIE PUCKW, YMEHBLLUUTL YAENbHbIA pacxo Tonnuea u
obecneynTb COXPaHHOCTb rpy3a U kopryca cyaHa 6e3 HeobxoaUMoCcTh BHEAPEHUS CIIOXHOI NMOPTOBOM aBTo-
MaTUKU.
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CPABHWTE/bHbIN AHAMN3 3KCNEPTHOMW
OLIERKW W ANrOPUTMOB UCKYCCTBEHHOI 0
MHTEJINEKTA B AHAJIUE AIEKBATHOCTH
LIWDPOBbIX 1BONHWKOB OLLEX b

MOCKBYH ANEKCEW HOPEBMY

K.T.H, JOLEHT, JOLEHT
Orb0Y BO «CaHkT-MeTepbyprckuii rocy4apCTBEHHbIN YHUBEPCUTET NPOMBILLIEHHbBIX TEXHOSOTUI U A13anHay

MOCKBWHA MAPWA ANIEKCAHIPOBHA

K.T.H, AOLEHT, BeAyLLNA HaY4HbIi COTPYAHMK
®IBOY BO «VBaHOBCKMI roCyAapCTBEHHbIA NONUTEXHUYECKUIA YHUBEPCUTETY

UccnedosaHue ebinonHeHo 3a cyem epaHma Pocculicko2o Hay4yHo20 ¢hoHda Ne 25-11-00022,
https://rscf.ru/project/25-11-00022/

AHHoTaums: B pabote npefcTasneHbl npegBapuTenbHble pesynbTaThl MCCea0BaHMs, NOCBALLEHHOM Banu-
Aauun UndpoBbIX ABOMHWKOB ofexabl. Lienbio ABnseTcs cpaBHUTENbHDBIA aHanu3 TOYHOCTW OLEHKW afekBaT-
HOCTW BUPTYanbHbIX MOZENew, BbINMOSTHEHHOW C MOMOLLBIO MYIbTUMOZANBbHOTO UCKYCCTBEHHOMO UHTENMEKTa Y
akcnepTamu. Ha npumepe 20 pekOHCTPYKUMA MCTOpUYecKkMX KocTioMoB XIX Beka nokasaHo, 4to MW-oueHka
AEMOHCTPUPYET MpUEeMNEMY0 CXOOMMOCTb C YENOBEeYECKUM BOCMpusATUEM (cpedHee pacxoxaerue 8.9%),
O[HAKO BbISIBMISIET CUCTEMATUYECKIE Pa3NINYMSA B OLEHKE CIIOXKHbIX ApanupoBOK. MonyyYeHHble AaHHble noa-
TBEPXAAKT NOTEHLMan UCNosib30BaHNS HENPOCETEN Kak UHCTPYMEHTA aBTOMATWU3NPOBAHHOIO KOHTPONS Ka-
yecTBa B 061acTv UngpoBoro Hacneaus.

KntoueBble cnoBa: LW(pOBOA ABOMHWK, NCTOPUYECKMIA KOCTIOM, 3D-MOAEeNMpoBaHNe, UCKYCCTBEHHbLIN WH-
TENMEeKT, Banuaaums, KOMMbIOTEPHOE 3pPEHE.

COMPARATIVE ANALYSIS OF EXPERT EVALUATION AND ARTIFICIAL INTELLIGENCE ALGORITHMS
IN THE ADEQUACY ANALYSIS OF DIGITAL TWINS OF CLOTHING

Moskvin Alexey Yurievich,
Moskvina Mariia Aleksandrovna

Abstract: This paper presents preliminary results of a study on the validation of digital twins of clothing. The
aim is a comparative analysis of the accuracy of adequacy assessment of virtual models performed by multi-
modal artificial intelligence and by experts. Using 20 reconstructions of 19th-century historical costumes as an
example, it is shown that Al evaluation demonstrates acceptable convergence with human perception (aver-
age divergence of 8.9%), but reveals systematic differences in the assessment of complex draperies. The ob-
tained data confirm the potential of using neural networks as a tool for automated quality control in the field of
digital heritage.

Keywords: digital twin, historical costume, 3D modeling, artificial intelligence, validation, computer vision.
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BupTyanbHble ABOVHUKM OAEXIb! LUMPOKO MPUMEHSIKOTCA B LUBEMHOW OTPACiM Ierkom NpOMbILLNEHHO-
CTW, MapKEeTWUHIre W PEKamMHOM [erne, COXpaHeHUU UCTOPUKO-KyNbTypHOro Hacneams. OQHON U3 BaHEMLLNX
3afay sBnsetcs oueHka ageksatHocTy (fidelity) aTux mogenen, T.e. CTeNeHW MX COOTBETCTBUS MaTepuarb-
HbIM 0BbekTaM. TpaguuUMOHHO Takas BamMaaumMs BbIMOMHAETCSA SKCMepTamu, YTO SBASETCS TPYAOEMKAM U
cyObekTVBHbIM npoueccom [1, 2]. B nocneaHee Bpems Ans asTomMaTU3aLmy 3TOi 3adauv npeanaralTcs Me-
TOAbI UCKYCCTBEHHOrO MHTennekTa [3]. Ocobyto 3HauMmMocTb Banugauus npuobpeTaeT B cdepe LMPPOBOro
Hacneams, rae OHa XapakTepusyeT KOppekTHOCTb 3D PEKOHCTPYKLMM UCTOPUYECKUX KOCTIOMOB. XPYMKOCTb
LEHHOCTb Takux apTehakToB NPeAbsBAStOT NOBbIWEHHbIE TpeboBaHWS K npouedypam Banuaauun 1 4ocTo-
BEPHOCTU BUPTYaribHbIX KOMWIA. HacTosiLee ncenegoBaHne TeCTUpyeT rnoTesy 0 BO3MOXHOCTM aBToMaTh3a-
LW Banuaauum ¢ UCnonb30BaHNEM UCKYCCTBEHHOIO MHTENNEKTA, MCMONb3YS UCTOPUYECKME KOCTIOMbI Kak au-
arHoOCTUYECKU 3HAYUMbIIA MPUMED.

OBbekToM uccnenoBaHus sBnsanack BbIbopka 13 20 MyXCKUX U XEHCKUX KOCTIOMOB cepenHbl XIX Beka
N UX UMGpoBbIX ABOMHMKOB (Puc. 1). ®usmdyeckne pekOHCTPYKUMM Obinn M3rOTOBMEHbI CheluanucTamu
OIrB0Y BO «MBaHOBCKMI rOCYAPCTBEHHbIA NONIMTEXHNYECKNA YHUBEPCUTET» COMMACHO UCTOPUYECKAM «CU-
CTeMaM Kposi», a BUPTyanbHble penpoayKLum BeINOSTHEHbI aBTopamm HacToswwen pabotsl B cpege Clo3D. Uc-
XOfHble [aHHble (YepTexu, XapaKTepUCTUKN MaTepuanos, BESMYMHLI pa3MepHbIX MpU3HaKoB ¢uryp) Gbinm
WOEHTUYHBI 4115 MaTepuanbHbIX 1 BUPTYanbHbIX 0OBEKTOB.

Puc. 1. Mpumepbl cpaBHMBaeMbIx nap: otorpacdum pusnvyecknx KOCTIOMOB (cnesa)
U peHaepbl uX uudpoBbIX ABONHMKOB (CnpaBa)

Mpouenypa BanuaaLuuy BUPTyarbHbIX 4BONHUKOB BbINOSIHEHA ABaXAb!:

1. OkcnepTHas oueHka. MaTb cnewunanucToB B 06nacTi UCTOPUM KOCTIOMa W LMPpOBOro MoaennpoBa-
HWA HE3aBUCUMO ApYr OT [pyra BU3yanbHO CPaBHUBANW peHaepbl ¢ oTorpadusMn pearbHbIX KOCTIOMOB.
OueHka npoBoAMnach No TPEM LUKanam: KOHCTPYKLUMS (XapakTepuCTUKN KOHCTPYKTUBHBIX YNIEHEHWI), Nponop-
LK (COOTHOLLEHUS pa3MepOB AeTanei u u3aenui) u copma (cunyat n obbem ogexasl). Mtorosblit 6ann Bbl-
CTaBNANCS Kak cpefHee apumeTnyeckoe.

2. WN-oueHka. MaTb MynbTUMOAAMNbHBIX CUCTEM UCKYCCTBEHHOTO MHTENNekTa (ChatGPT, Gemini, Kimi,
Zai (Zhipu) n Mistral (Vibe)), cornacHo yH1MLMpoBaHHOMY NPOMMTY, BLINOMHANN CpaBHEHWe nap u3obpaxe-
HWA C NPUMEHEHMEM anropuTMmoB npeaobpaboTku, getekumn rpanuy (Canny edge detector), cermeHTaumm
(Mask R-CNN) u Bbluncnenns 6nmsoctn npusHakoB (ResNet-50, Siamese Networks). Wtorosbin 6ann ans
Ka)KOOM XapakTepuCTUKM pacCunUTbIBANCS Kak cpegHee apudpMeTNYeckoe OLIEHOK BCEX MATU CUCTEM.

CornacoBaHHOCTb MHEHWIA BHYTPW PYNN OLEHMBANAch C NOMOLLb Ko3dhduumeHTa koHkopaaumm Keh-
panna. [1ns akcnepToB AaHHbIA nokasatenb coctasun W = 0,81, 4To cBMAETENbCTBYET O BbICOKOW CTEMEHM
cornacus CrneunanucToB ¢ y4eToM pasHoobpasvem BWUAOB, (POPM W KOHCTPYKUuiA uapenuid. Ans natm UN-
cucTeM KOS MULMEHT oKasancs HeCKonbKo Hke u coctasun W = 0,74, 4To ykasblBaeT Ha Hanuyune onpege-
NEHHbIX PACXOXOEHWUA B «CYXOEHMSX» PasfNyHbIX HEMPOCETEBBIX apXUTEKTYp. TeM He MeHee, YPOBEHb CO-
[NacoBaHHOCTY anropuTMOB BO3MOXHO CHMTATb NMPUEMIIEMbIM A1 NPAKTUYECKOTO MPUMEHEHMS.

PesynbTaTbl CpaBHEHMS ABYX CNOCOBOB BanuaaLmm npeacTasneHsl B Tabnuue 1.
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Tabnuua 1

CpaBHMTEHbeWI aHann3 OUeHOK afeKBaTHOCTU LWI¢pOBbIX ABOWHUKOB

XapakTrepuctuka ou?:::ﬂi';c:)?f/:oe' Ouenka MM%(CpenHﬂﬂ)’ PacxoxaeHue, %
KoHCTpyKUuus 91,2 82,9 8,3
[Mponopuuu 88,4 82,5 59
dopma 82,5 70,1 12,4
WHTerpancHas ageksat- 874 78,5 89
HOCTb

Kak BugHO 13 Tabnuupl 1, HECMOTPS Ha yMepeHHoe pacxoxaeHue (B cpeaHem 8.9%), UK-cuctemsl
CKMOHHbI K Bornee «CTporoMy» cyxaeHuto. Hanbonbluee pacxoxaeHue 3atuKCMpoBaHO Mpu OLeHKe (PopMbl
(12.4%), roe anropuTMbl (OUKCUPYIOT OTKITOHEHUS!, HE BOCTIPUHUMAEMbIEe 3pDEHUEM YenoBeka B KayecTBe 3Ha-
YnMbIX. [1pn 3TOM OLIEHKM MO KOHCTPYKTUBHBLIM 0CO6eHHOCTAM (8.3%) 1 nponopuusm (5.9%) feMOHCTpupytoT
Bornee BbICOKYIO CXOOMMOCTb, YTO CBUAETENLCTBYET B NOMb3y npumeHumoctn M npu ananuse ogexas! no
9TUM KaTeropusim.

MonyyeHHble NpeaBapuTeNbHble pe3ynbTaTbl OTKPbLIBAKOT MEPCNeKTUBbl ANs (HOPMMPOBAHWS HOBbIX
MOAXOAO0B K aBTOMATM3MPOBAHHOMY ayauTy LMMPOBbIX ABONHUKOB OAEXabl. ITO MOXeET ObiTb JOCTUIHYTO 3a
cYeT J00byYeHUs UCKYCCTBEHHBIX HelpoceTei Ha Ba3ax AaHHbIX 130BpaxeHU UCTOPUYECKUX KOCTIOMOB W
NPUMEHEHUS! TEXHWUK MPOMNT-UHXMHUPWHTA. Takue pa3paboTku MOryT no3BOMNTb ONEpaTUBHO OLIEHWBATH CO-
3pasaemble 3D-mofeny 6e3 opraHu3aLmuy pecypco3aTpaTtHbIX SKCMEPTHbIX OLIEHOK Ha paHHKX aTanax paboTsbl.
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AnHoTaums: B paboTe npeanoxeHa wHTerpauus WHPOPMALMOHHON CUCTEMbI MOHUTOPUHIA 3HepronoTpe6b-
nenus 3gannii BESMQAT, nporpammbl aHepreTudeckoro ayauta EAB 1 aneKTpOHHOrO 3HepreTUyeckoro nac-
nopta. BESMQAT xpaHuT chaktuyeckne BpemeHHble psabl, EAB hopmmupyeT BepCHOHMPYEMbI PaCHETHBIN
CLeHapuit, a MoayNb U3MepeHUs 1 BepudrkaLmm CoNoCTaBnSeT OXUOAEMYH SKOHOMUIO C (DaKTUYECKUM pe-
3yNnbTaToOM, HOPMar130BaHHbIM MO MOTOAHBIM W 3KCMNyaTaUMOHHBIM YCIOBUAM. EOMHBIA MaeHTudmkaTop
30aHUs 1 prKcaums UCXOAHbIX JaHHbIX 0becrneynBatoT BOCIPOU3BOANMOCTb OLEHKM.

KntoueBble cnoBa: SHepreTyeckuit ayauT; aHepreTudeckun MoHuTopuHr; EAB; BESMQAT; anekTpoHHbI
SHepreTUYECKUA NacnopT; U3MEPEHNE 1 BepUUKaLMS; SHepreTUieckuin 6anaHc.

MHTErPALNA NPOrPAMMHOIO OBECNEYEHUA CUCTEMbI QHEPTETUYECKOITO MOHUTOPUHIA
30AHWUN BESMQAT U QHEPTETUYECKOIO AYIUTA 30AHWUIA C ANEKTPOHHBLIM
QHEPTETUYECKUM NACMOPTOM
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Abstract: Energy savings calculated during a building audit are often disconnected from meter data collected
after implementation. This paper proposes an integrated data flow linking the BESMQAT building energy-
monitoring information system, the Energy Auditing of Buildings (EAB) calculation tool and an electronic ener-
gy passport. BESMQAT stores measured time series, EAB returns a versioned audit scenario, and a meas-
urement and verification module compares expected savings with weather-normalized actual performance. A
common building identifier, input snapshots and formula versioning preserve traceability from the audit deci-
sion to the verified result.

Keywords: energy audit; energy monitoring; EAB; BESMQAT; electronic energy passport; measurement and
verification; energy balance.
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Introduction

A building energy audit and an operational monitoring system usually work with different views of the
same facility. The audit records geometry, envelope properties, engineering systems and proposed moderni-
zation measures. Monitoring records what happens after the auditors leave: meter readings, weather, indoor
conditions and operating schedules. When these two information flows remain separate, the expected saving
in the audit report cannot be traced reliably to the saving observed in operation.

The problem is not only technical. A calculated scenario depends on the selected baseline, coefficients,
assumptions and version of the calculation method. If these inputs are overwritten or stored only in a working
spreadsheet, later verification becomes difficult. Conversely, a monitoring platform may show a fall in con-
sumption without knowing which measure was implemented, when it became operational or whether weather
and occupancy changed at the same time.

ISO 50001 treats energy performance improvement as a managed process, while ISO 50006 and ISO
50015 address baselines, indicators, measurement and verification [1, 4, 5]. ISO 50002 provides a structured
basis for energy audits in buildings [2, 3]. IPMVP likewise requires the baseline and reporting periods, adjust-
ment conditions and calculation method to be defined [6]. Uzbekistan's Law No. O'RQ-940 connects energy
audits, energy passports and energy monitoring within the national energy-efficiency framework [7].

This paper proposes a practical architecture that connects the Building Energy Consumption Monitoring
Information System (BESMQAT), the Energy Auditing of Buildings (EAB) tool and an electronic energy pass-
port. The objective is to preserve a continuous evidence chain from measured data and audit calculation to
implemented measure and verified result. The systems are not merged into one monolithic program; each re-
tains its own task and exchanges controlled data through a common building record.

Functions of BESMQAT and EAB

BESMQAT is intended to receive and store time-ordered values for electricity, gas, heat and microcli-
mate parameters. Its operational functions include data-quality coding, baseline-period management, deviation
detection and comparison of buildings or periods. The value of the system lies in continuity: it keeps the
measured history required to understand whether a change is temporary, weather-related or persistent [9].

EAB approaches the same building from the calculation side. The presented workbook contains four-
teen linked sheets. Starting from source data, the calculation proceeds through climate, walls and windows,
roof and floor, heating, ventilation, domestic hot water and electrical equipment to the report, annual balance
and energy-efficiency measures. It can compare normative, actual, baseline and post-measure scenarios and
assemble packages from a catalogue of 91 measures. The output is a technical and economic scenario, not a
substitute for subsequent measurement.

MopoBoW 3HepreTMYeckuin GanaHc 3gaHuA
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Fig. 1. Example of the annual building energy balance calculated in EAB
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Fig. 2. BESMQAT interface for building energy-consumption monitoring

Table 1
Roles of the components in the integrated information environment

Component Primary input Primary output

Actual operation, deviations and approved

BESMQAT Meter and microclimate time series :
baseline data

EAB Geometry, climate, envelope and en- | Energy balance and efficiency-measure scenar-

gineering systems i0
Electronic Static data and approved results Versioned technical gnq energy profile of the
passport building
M&V module Baseline and repqrtlng-perlod time Weather-normalized vgrlﬂed saving and uncer-
series tainty

Source: architecture proposed by the authors

The electronic energy passport provides the durable object-level record between calculation and opera-
tion. It should not be treated as a static form that is replaced every time a number changes. A new approved
calculation or verification result should create a version with its date, responsible party and source data. This
allows earlier decisions to be reproduced and compared with later performance.

Proposed integration architecture

The starting point is a common building_id. Meter series in BESMQAT, technical parameters in EAB
and the object card in the electronic passport must refer to this identifier. Separate identifiers may still be used
for meters, zones, audit scenarios and measures, but they remain children of the same building record. This
simple rule prevents the frequent problem of matching files by an address written in different forms.
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Metering & BESMQAT Quality checks > EAB balance > Post-retrofit
microclimate monitoring & baseline & scenarios M&aV

The calculated EAB saving remains a scenario. After implementation, BESMQAT co mp ares it
with weather-normalised measured savings and records the result in the digital energy pa ort

Fig. 3. Integrated workflow from measurement and audit to post-retrofit verification

At the first stage, the metering and microclimate subsystem collects readings and sends them to
BESMQAT. Each record carries a timestamp, unit, source and quality code. Missing or implausible values are
not silently replaced; any interpolation is marked. At the second stage, the approved baseline period is select-
ed from this record. Its start and end dates, exclusions and relevant variables become part of the scenario
metadata.

At the audit stage, EAB receives a controlled input package. The package includes building geometry,
climate parameters, envelope properties, engineering-system characteristics and the measured totals needed
for calibration. EAB processes these inputs using identified formula and coefficient versions. It returns the an-
nual balance, the selected package of energy-efficiency measures, expected energy savings and the calcula-
tion date. The returned value remains explicitly labelled as expected_saving.

Data acquisition should be modular because buildings contain heterogeneous sources: electrical me-
ters, gas or heat meters, temperature and humidity sensors, controller registers and external services. A local
controller can perform polling, timestamp alignment and temporary buffering before data are transmitted to the
server. The interface layer then makes validated records available to BESMQAT and other authorized sys-
tems.
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Fig. 4. General structure of the data acquisition, transmission and integration subsystem

After implementation, BESMQAT continues to collect energy and weather data. The measurement and
verification module brings the baseline and reporting periods to comparable conditions. Depending on the
measure and data availability, this can use a weather regression, degree-day adjustment or another docu-
mented method. The result is stored as verified_saving, separate from the audit estimate. The electronic
passport can therefore show whether the expected value has been confirmed, exceeded or not achieved.
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Data model and version control
A minimum integration model must preserve both values and context. A single expected-saving number
is not sufficient, because it cannot be reproduced without the baseline, input snapshot and formula version.
Table 2 lists the core fields. Implementations may add organization, tariff, carbon-emission or financing fields,
but they should not remove the traceability fields.

Table 2
Minimum fields to be stored in the electronic energy passport
Field Content and purpose
building_id Unique building identifier used by all connected systems
baseline_period Approved start and end dates of the reference period
input_snapshot Immutable copy or checksum of the data used in the EAB calculation
formula_version Version of formulas, coefficients and calculation rules
scenario_id Identifier of the measure package and calculation date
expected_saving Saving calculated by EAB before implementation
verified_saving Actual adjusted saving determined by the M&V module
uncertainty Confidence or uncertainty interval and calculation basis

Note: field names are shown in a machine-readable form.

Version control should be event-based. Approval of an audit scenario, commissioning of a measure,
change of the baseline or completion of an M&V report are distinct events. Each event creates a new record
linked to the previous one. Editing rights should be role-based, and the system should retain the author,
timestamp and reason for each approved change. This is important when an energy-saving result is used for
management decisions, financing or regulatory reporting.

Interoperability also requires common units and dictionaries. Energy carriers should be stored with ex-
plicit units; conversion factors should carry their source and validity date. Building elements and measures
should use stable codes rather than free-text names alone. Time series should use a defined time zone and
interval convention. These rules reduce errors when data move between the monitoring platform, the audit tool
and the passport.

Measurement and verification logic

The M&V calculation begins with a frozen baseline scenario. The reporting-period consumption is then
adjusted to baseline conditions, or the baseline model is applied to reporting-period conditions, depending on
the selected convention. Relevant variables may include outdoor temperature, occupancy, production or oper-
ating hours. Non-routine adjustments are documented when the building area, use or equipment changes ma-
terially [5, 6].

The system should report not only the saving but also the coverage and quality of the underlying data. A
result based on complete interval data and a validated model has a different evidential value from a result
based on estimated monthly totals. An uncertainty field makes this distinction visible. It also discourages pre-
senting a point estimate with more precision than the data support.

An integrated workflow improves feedback to the auditor. If verified savings are consistently below ex-
pectations for a certain measure, the assumptions or coefficients in EAB can be reviewed. If the calculated
balance and measured baseline disagree, the input geometry, operating schedule or meter boundary can be
checked. Thus, monitoring is not merely the final stage; it becomes a source of calibration for future audits.

Implementation considerations

Integration can be introduced in stages. The first stage establishes building identifiers and imports exist-
ing passport and audit data. The second connects key meters and applies data-quality rules. The third ex-
changes versioned EAB scenarios. The fourth activates post-retrofit M&V and management reporting. A
staged approach limits disruption and allows the organization to correct dictionaries and responsibilities before
automation is expanded.
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Cybersecurity and data governance must be addressed from the outset. Controllers should authenticate
to the receiving service, communication should be protected, and users should receive only the access need-
ed for their role. Backups, retention periods and procedures for correcting sensor errors should be defined.
Personal information should not be collected merely because technical monitoring is being performed.

The proposed architecture does not require one vendor or one database. Its essential requirements are
shared identifiers, documented interfaces, immutable calculation snapshots and separation between expected
and verified savings. These requirements can be implemented through an application programming interface,
controlled file exchange or a central data platform, provided that version history and data provenance are pre-
served.

Conclusion

BESMQAT and EAB perform complementary functions. BESMQAT describes actual operation through
continuous meter and microclimate data; EAB calculates the building energy balance and evaluates efficiency
scenarios. The electronic energy passport provides the versioned record that links these functions, while the
M&V module converts post-implementation measurements into a comparable verified result.

The main design principle is to keep expected_saving and verified_saving as separate, traceable val-
ues. A common building identifier, approved baseline period, input snapshot, formula version and uncertainty
record make the assessment reproducible. With this structure, an energy audit becomes the beginning of a
measurable performance cycle rather than an isolated report.
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AHHoTaums: Llenb paboTbl - OLEHUTb YyBCTBUTENBHOCTL NOTPEONEHUsI NPUPOZHOrO rasa B XMUMbIX JOMaX K
TEMMepaType HapyXHOro Bo3dyxa Mo (hakTUYECKUM AaHHbIM MOHMTOPWHIrA. PaccMOTpeHbl CyTouHble psabl
naTv gomoB B TawkeHTe 3a 2025 rog, Bcero 1 825 Habntogexnit. KoadduumenTsl koppensuum MupcoHa co-
ctasunu ot -0,782 po -0,880. PesynbTathl nogTBepxaatoT He06Xx04MMOCTb (hOPMUPOBATL ANS KaKaoro 06b-
eKTa OTAENbHYI0 TEMNEepPaTypPHO-3aBUCUMYI0 SHEPrETUYECKYD 6a30BYHO NNHMIO.

KnioyeBble cnoBa: 3HEPreTM4eCKUin MOHUTOPUHT; NMPUPOAHbIA ra3; HapyXHas TeMnepaTypa; Xunoe 3aaHue;
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Abstract: The study evaluates how strongly daily natural-gas consumption in residential buildings responds to
outdoor temperature. The dataset contains 1,825 daily observations collected from five detached houses in
Tashkent during 2025. Pearson correlation coefficients calculated separately for each house range from -
0.782 to -0.880. Annual specific energy use varies from 183.6 to 537.7 kWh/(m*year). The findings show that
weather adjustment should be based on an individual baseline for each building rather than on a single portfo-
lio average.

Keywords: energy monitoring; natural gas; outdoor temperature; residential building; energy baseline; energy
efficiency.
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Introduction

Gas consumption used for space heating cannot be interpreted independently of weather. A cold winter
can increase the meter reading even when the building and its heating system have not changed, while a mild
winter can create the appearance of savings without any efficiency measure. For that reason, a direct compar-
ison of two annual totals is often insufficient for judging energy performance. ISO 50006, ASHRAE Guideline
14 and the International Performance Measurement and Verification Protocol recommend relating energy use
to relevant variables and adjusting the baseline when the operating conditions differ [1-3].

Outdoor air temperature is usually the first explanatory variable considered for residential heating. It af-
fects transmission losses through walls, windows, roofs and floors, as well as ventilation and infiltration losses.
The response observed at the gas meter is nevertheless specific to each house. Envelope quality, boiler con-
trol, indoor temperature set point, domestic hot-water demand and occupant behaviour all influence the slope
and scatter of the relationship. Consequently, two buildings located in the same city may have similar weather
exposure but very different consumption profiles.

Data-driven building-energy studies use weather variables together with schedules and building character-
istics to describe or forecast consumption [4, 5]. In practical monitoring, however, a model is useful only when its
assumptions are transparent and its output can be explained to the building owner. A simple building-level tem-
perature baseline is therefore an appropriate starting point. It can be calculated from routine meter readings, up-
dated as new observations become available and used to flag deviations that deserve technical inspection.

The objective of this work is to determine whether the observed daily gas use in five houses in Tashkent
exhibits a stable negative association with outdoor temperature and to identify the monitoring approach implied
by that result. The purpose is not to derive a universal norm for residential buildings. Instead, the study exam-
ines the extent to which each building requires its own weather-sensitive reference line.

Materials and methods

The empirical dataset covers five detached residential buildings monitored over the 365 days of 2025.
For every building, one daily natural-gas value and one daily outdoor-temperature value were available, giving
1,825 paired observations in total. The buildings are identified by abbreviated site names. Their floor areas
range from 110.00 to 412.16 m2. Electricity and gas totals were taken from the energy-audit dataset used by
the authors.

Quality control was performed at building level. Dates were aligned before calculation, and the daily se-
ries of one building was not pooled with the series of another. This choice prevents a large or high-consuming
house from dominating a portfolio-wide coefficient. It also corresponds to the practical task: an alarm generat-
ed by the monitoring system must refer to the expected behaviour of the same building, not to the average
behaviour of dissimilar houses.

For each house, the Pearson product-moment correlation coefficient was calculated between daily out-
door temperature T and daily gas consumption G:

r=3[(T -T)(G - GI/NE(T -T)*- 3(G - G}

Here, T, is the outdoor temperature on day t, G, is gas consumption on the same day, and the bars de-
note annual means. A negative coefficient indicates that gas use tends to rise as outdoor temperature falls.
Correlation is used as a compact indicator of temperature sensitivity; it does not by itself establish a causal
coefficient or quantify savings.

To compare total annual energy use, gas volume was converted using the working factor of 9.239
kWh/m?* and added to annual electricity consumption. The resulting total was divided by floor area. This con-
version reproduces the coefficient used in the source calculations. In an official audit or billing calculation, the
currently accepted lower heating value for the supplied gas should be used and documented.

Results

All five coefficients are negative and large in absolute value. The strongest association is observed for
Sergeli 1A (r = -0.880), followed by Rahbarobod 4/1, Mirzo U. 20A and Sergeli 41. Bektemir 36 has the lowest
absolute coefficient, although its value of -0.782 still indicates a pronounced inverse relationship. The direction
of the response is therefore consistent across the sample: colder days are associated with higher gas use.
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Table 1
Main characteristics and calculated indicators of the monitored houses
Building Area, m? Iil\(la\frtlr;:z, Gas, m*lyear | Total, kWh/(m?-year) | r(T, gas)
Sergeli 41 242.00 8,854 13,125 531.7 -0.853
Bektemir 36 110.00 3,424 2,155 2121 -0.782
Sergeli 1A 223.50 9,376 7,082 3347 -0.880
Mirzo U. 20A 412.16 5,687 7,575 183.6 -0.862
Rahbarobod 4/1 205.28 6,838 5,154 265.3 -0.870

Source: authors' energy-audit and monitoring dataset, 2025.

Temperature sensitivity of daily natural-gas consumption

Pearson correlation: daily outdoor temperature versus daily gas use, 2025

Sergeli 41
Bektemir 36 -0.782
Sergeli 1A -0.880

Mirzo U. 20A -0.862

Rahbarobod 4/1 -0.870

-1.0 -0.8 -06 -0.4 -0.2 0.

o

Note: correlation indicates temperature sensitivity; it is not, by itself, a causal estimate.

Fig. 1. Pearson correlation between outdoor temperature and daily natural-gas consumption

The differences among coefficients should not be treated automatically as measurement errors. A
weaker correlation may arise when a larger share of gas is used for domestic hot water or cooking, because
these loads do not follow outdoor temperature in the same way as space heating. Thermostat settings, inter-
mittent heating, boiler cycling, wind exposure and the daily presence of occupants can also increase scatter. A
high absolute correlation, in turn, means that temperature explains an important part of daily variation, but it
does not prove that the building is energy efficient.

Annual specific energy use also differs considerably. Sergeli 41 reaches 537.7 kWh/(m*year), whereas
Mirzo U. 20A records 183.6 kWh/(m?-year). The highest value is almost three times the lowest. Floor area
alone cannot explain this range. Heated area may differ from registered area; indoor temperature and ventila-
tion behaviour may differ; and envelope or boiler performance may vary substantially. Before classifying a
house as inefficient, the monitoring record should therefore be checked against the actual heated boundary
and operating conditions.

The two indicators answer different questions. The correlation coefficient describes how consistently
gas use moves with temperature. Specific annual consumption describes the magnitude of combined gas and
electricity use per unit area. A house may show a strong temperature response and still consume either a high
or a low amount of energy. Using both indicators reduces the risk of drawing a conclusion from a single annual
number.
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ESMA primary sample: annual specific energy use
Five monitored houses, 2025; natural gas converted at 9.239 kWh/m?

KWh/(m*year)
600

537.7

334.7

265.3

2121

183.6

Sergeli 41 Bektemir 36 Sergeli 1A Mirzo U. 20A Rahbarobod 4/1

Source: author's ESMA monitoring dataset (primary dissertation evidence).

Fig. 2. Annual specific energy use of the monitored houses

Application in an energy-monitoring system

The practical implication is to store a separate G = f(T) baseline for every building. The simplest imple-
mentation may use a linear relationship over the heating range. Where sufficient data are available, a change-
point model can separate temperature-independent base load from temperature-dependent heating demand.
Model selection should remain proportional to the amount and quality of data; unnecessary complexity can
make an alarm difficult to interpret.

For routine operation, the monitoring system compares actual daily or weekly gas use with an expected
interval calculated for the observed weather. A single deviation should be treated cautiously, because it may
reflect temporary occupancy or data error. Repeated positive residuals under comparable weather are more
informative. They can prompt checks of boiler settings, sensor accuracy, window opening, hot-water leakage,
building-envelope damage or a change in the heated area.

After an energy-efficiency measure, the reporting-period series should be compared with the approved
baseline under equivalent conditions. The baseline period, model equation, included variables and data exclu-
sions must be recorded before the result is calculated. This prevents a favourable winter from being presented
as technical savings and allows the result to be reproduced during verification [2, 3].

A useful dashboard should display at least four related elements: actual consumption, weather-adjusted
expected consumption, the residual between them and a data-quality flag. Monthly aggregation can support
management reporting, while daily data remain available for diagnosis. The building owner should also be able
to see when the baseline was approved and whether a structural change, such as an extension or boiler re-
placement, requires re-baselining.

Limitations

The analysis is based on five houses and one calendar year. Humidity, wind speed, solar gains, indoor
temperature, boiler efficiency and occupancy schedules were not included as explanatory variables. The da-
taset is therefore suitable for demonstrating a monitoring method, but not for establishing a national bench-
mark or a causal response coefficient. The annual conversion of gas to energy is also dependent on the
adopted heating value.

Future work should test heating-degree-day and change-point regressions, report goodness-of-fit and
uncertainty, and compare predictions on an independent period. Indoor-temperature measurements would
help distinguish genuine efficiency improvements from reduced thermal comfort. Extending the dataset to sev-
eral heating seasons would also show whether the building-level relationship remains stable after maintenance
or changes in occupancy.

LXXXIX MEXXYHAPOJHAA HAYYHO-NPAKTUYECKAA KOHDEPEHLINA | MLIHC «HAYKA 1 NPOCBELLEHMEN




WORLD SCIENCE: PROBLEMS AND INNOVATIONS n

Conclusion

Daily natural-gas consumption in all five monitored houses shows a stable negative association with
outdoor temperature. Pearson coefficients range from -0.782 to -0.880, while annual specific energy use var-
ies from 183.6 to 537.7 kWh/(m?-year). The consistent direction of correlation supports weather normalization,
but the variation among houses argues against a single common baseline.

For practical monitoring and measurement and verification, each house should retain its own approved
temperature-dependent baseline and data-quality record. Actual use can then be assessed against expected
consumption for the same weather. This approach produces a more defensible estimate of performance
change than a simple before-and-after comparison of meter totals.
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WHTEPALWWA MPOTHOSHOM AMATHOCTUKMA
TEXHONOr MYECKOT 0 0bOPY/10BAHWA B ACY
TN HE®TErA30BbIX NMPOU3BOACTB

KAPTEHEP MUXANN CEPTEEBAY

MarncTpaHT
000 «ABTOMaTM3aLMSA NPOU3BOACTBY

AHHoTauma: VicxooHoi ctana npakTuyeckas 3agada; MOXHO Nt Ucnonb3oBaTh 00bIYHbIN apxuB ACY T ans
Bonee paHHero obHapyxeHus yxygweHus obopyLoBaHus. A yuuTbIBaKD HE TOMbKO M3MEHEHWE NapamMeTPOB,
HO W Ka4yecTBO M3MepeHUI. [o3TOMy COCTOSHUE arperarta 1 JoBepue K JaHHbIM ONUCHIBAD PasHbIMK NoKasa-
Tenamu H(t) n C(t). Mo tpeHay H(t) oueHnBad MOMEHT LOCTUXEHUS OMArHOCTUYECKOW rpaHuubl. Pesynbtat
nNpefHasHayeH A1 TEXHUYECKOro NepcoHasna u He y4acTByeT B aBTOMaTUYeCKoM ynpasneHumn unu MAS3.
KntoueBbie cnosa: ACY TI1, nporHo3Has AnarHoCTMKa, TEXHUYECKOe COCTOSHUE, NPEANKTUBHOE 0BCnyxuBa-
HWe, 0CTaTOYHbIN pecypc, HedpTerasoBoe NPOU3BOACTBO, HAAEXHOCTb 060PYAOBAHNS.

INTEGRATION OF PREDICTIVE DIAGNOSTICS OF PROCESS EQUIPMENT INTO INDUSTRIAL
PROCESS CONTROL SYSTEMS IN OIL AND GAS PRODUCTION

Kirgefner Mikhail Sergeevich

Abstract: The starting point was a practical question: can an existing process historian help detect equipment
deterioration before the next scheduled maintenance interval? | consider operating signals together with
measurement quality. Equipment condition and data confidence are therefore represented separately by H(t)
and C(t). The trend of H(t) is used to estimate when a diagnostic limit may be reached. The result is intended
for maintenance personnel and is not connected to automatic control or safety actions.

Key words: industrial process control system, predictive diagnostics, equipment condition, predictive mainte-
nance, remaining useful life, oil and gas production, equipment reliability.

BBeaeHue

KanengapHoe TO Heo6x0anMMo, HO OHO He MoKa3bIBAET, OANHAKOBO N BbICTPO YXYALLAKTCS 4Ba OOHO-
TUNHbIX arperata. OgWH Hacoc MOXeT JoNro paboTaTb B YCTOMYMBOM PEXMME, APYroi 3a TOT Xe nepuog
MPONTN HECKONBKO MYCKOB W Y4aCTKOB MOBbILUEHHOW Harpy3ku. MoaTomy s oTTankmearock ot apxusa ACY TI1:
TemnepaTypbl, BUOpauum, 4aBneHns), Toka ABUratens u guarHoctuieckux coobueHmin. Obume npasuna mo-
HWTOpWHra mMalmH npueedeHsl B 1ISO 17359:2018 [1, c. 1-29], cTpykTypa AaHHbIX 06 0TKas3ax U peMOHTax - B
ISO 14224:2016 [2, c. 1-272]. B pacueTe BaxHO OTAENUTb peanbHOe yXyALEHNe 0T CMEHbI PEXUMA W OLUMOKM
N3MepUTENBHOTO KaHana.

®opmupoBaHMe nokasaTens TEXHNYECKOro COCTOSAHUS

Hanpsmyto cknagbiBaTb TeMnepaTypy, BUOPaLMIO U TOK HEMb3S: Y HUX pa3Hble eAUHNLbI U 1anasoHbl.
Moatomy cocTosiHue 3agaro Habopom X(t)={x1(1),...,x(1)}, @ kaxabin npusHak nepesoxy B qi(t)€[0;1], rae 0 -
6a3oBbIN ypoBEHb, 1 - AnarHocTuyeckas rpaHuua. [Ans 0gHOCTOPOHHErO yXyALLIEeHUs ucnonb3yto gi(t)=min{1;
max[0; |xi(t)-xi,ref|/|xi,lim-xi,ref|]}. 3Ha4eHns xi,ref n x;lim 3agat ¢ yyetom pexuma: nocrne nycka u npu ycra-
HOBMBLUENCS Harpyske HOPMasnbHbIii YPOBEHb MapaMeTpa pasnuyaeTcs. Takas 3aBUCMMOCTb XapakTepHa, B
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4acTHOCTU, Ans ra3oTypbuHHOro obopyaosaHus [3, c. 1340-1363].

K kaxxgomy KaHarny s OTHOLYCb He Kak k 6e3yCnoBHO 4OCTOBEPHOMY MCTOUHMKY. [Ins 9TOro MCMonb3yto
ki(t)€[0;1], ymeHbLasi ero npu NponagaHuu, 3aBUcaHnK, BbIBPOCE UK PACXOXAEHUN PE3EPBHBIX M3MEPEHNN.
Mpu 2wi=1 nonyyato C(t)=Zwiki(t), a uHaekc coctosHmna - H(t)=Zwiki(t)qi(t)/C(t). OTn nokasatenu pasgeneHoi
CO3HaTENbHO: OLIMOKa JaTumka AoMmkHa cHavana yxyawnts C(t), a He nopoauTb BbIBOA O Aerpagauum arpera-
Ta. [Ing H(t) Bbigensio YeTtbipe paboune obnacT: Hopma, BHUMaHWE, YCToNYMBas Aerpagaums v AuarHocTu-
yeckas rpaHuLa. VX rpaHuLbl HacTpamBatoTcs no UcTopui 06opyaoBaHNS 1 He sBnatoTcs ycTakamu MAS.

Anroputm nporHo3vpoBaHus U uHTerpaums ¢ ACY Tl

[MocnenoBaTeNbHOCTL pacyeTa nokasaHa Ha puc. 1. 3 apxua BbiBupato conocTaBUMbIn PEXUM U CUH-
XPOHU3MPYIO BPEMEHHbIE psdbl. 3aTeM NPOBEpPSO MPONYCKM, 3aBUCLLME 3HAYEHUsl, BbIBPOCHI M PE3EPBHbIe
KaHanbl; Tonbko nocre atoro paccuuntbiBato qi(t), C(t) u H(t). CtabunbHbin H(t) npocto apxusmpyetcs. YcTon-
YMBbLIA POCT aeT OCHOBaHME AN AOMOMHUTENbHOWM AnarHocTuku. Ecnm npu atom cHuxaetcsa C(t), cHavana
NPOBEPSAD M3MEPUTENbHBIE KaHanbl. Takoi NOPSAOK HYXeH, YTobbl 0TKa3 OAHOrO JaTyMka He BbIrsgen Kak
HemcnpaBHOCTb 060pyA0BaHMS.

1. C6op maHHbIX ACY TN 1 apxuea

\. J J
g h
2. KoHTpoNb Ka4yecTsa 1
CUHXPOHU3aLNS
\. J J
e ™

3. ®opMUpOBaHME AMarHOCTUYECKNX
npusHakos di(t)

¥

' N
4. PacyéT C(t) n MHTerpansHoro
nHAaekca H(t)

\. 4 J
e N

5. OueHka TpeHAaa 1 BpeMeHu Tlim

!

6. KnaccudbukKauus cCocToOAHNA

\. r J
h 2 h 4 L 4
Hopma: apxusnpoBaHue u Aerpapauns: H :
pma: ap P AMarHoCTMYecKoe MN3Kaa AOCTOBEpPHOCThL:
npofosKeHne coobLyeHne un NpPoBepKa N3MepuTenbHbIX
HabnopeHns KaHasnos

Puc. 1. CTpykTypHas cxema anroputmMa NporHo3upoBaHWUsl TEXHUYECKOTO COCTOSIHUA

[narHocTuyeckuin Moayrnb S HAMEPEHHO OCTABNSAO BHE KOHTPOMNEPHOro ypoBHS: Ha historian ACY TrI1
nm6bo 3a LUM30M C AOCTYNOM TONbKO Ha YTeHne. ObpaTtHas 3anuce B MNJ1K 3geck He HyxHa. Ownbka nporHo-
3a [OIKHa 0CTaThCa OLIMOKON aHanm3a, a He CTaTb NPUYMHOM Nycka, OCTAHOBA UMW U3MEHEHNS YCTaBKu. Bo-
NpOChI LngpoBr3aLm npoLeccHon 6e30nacHoOCTM paccMoTpeHbl B [4, ¢. 325-339). Ha APM, kpome H(t), cun-
Tal0 HeobxoanMbIM BbIBOAMTL C(t), HanNpaBneHue TpeHaa, Bpems 40 rpaHnLbl 1 napameTpbl, CUbHEE OpY rux
MOBIUSBLLME HA OLIEHKY.

OueHka BpeMeHU A0 AMAarHOCTUYECKOMN rpaHuLbl

OpuHakoBoe H(t) MoxXeT 03HayaTb pa3Hyr CPOYHOCTb: MHAEKC MO0 NOYTM HE MeHsieTCs, NMbo BbICTPO
pacTeT. Ha kopoTkoM ycToitumBoM yyactke s ucnonbayto Tlim=(HIlim-H(t))/(dH/dt). Mpu H=0,58, HIim=0,80
dH/dt=0,006 4™ nonyyato Tlim=36,7 4. 3TO HE «BpPEMS OO OTKa3a», a b OLEHKA MOMEHTA LOCTUXEHMNS
BbIOpaHHONM rpaHnLbl MpW COXpaHeHUn TpeHaa. flocne CMeHbl pexuma pacyeT HyxHO noBTopuTh. bonee

LXXXIX INTERNATIONAL SCIENTIFIC CONFERENCE | WWW.NAUKAIP.RU




n \WORLD SCIENCE: PROBLEMS AND INNOVATIONS

CNOXHast MOAENb OMpaBAaHa, ecrim Ha peanbHON UCTOPUK OHa AaeT 6oMnblKA 3anac BPEMEHW L0 NOATBEp-
XOEHHOro AedpekTa N MeHbLUE NOXHbIX coobuieHnn [5, . 119-127].
MpakT4yeckue orpaHuyeHus

Cnaboe MecTo nogxoda - He dpopmyna, a csa3b apxmea ACY TI1 ¢ peMoHTHOI uctopuenn. B ogHom uc-
TOYHWKE HAXOAATCS BPEMEHHbIE psabl, B APYTOM - 3an1cb O NOATBEPXAEHHOM AedekTe. bes obulero naeh-
TU(MKaTOpa arperata 1 BPEMEHN Ka4yeCTBO NPOrHO3a NpoBEpUTL TPYAHO. [103TOMY Npu HaKOMMeHun cTartu-
CTUKM S OPUEHTUPYIOCH Ha Krnaccudukaumio obopyaoBaHus n otkasos no 1SO 14224:2016 [2, ¢. 1-272] n oT-
AEenbHO PUKCUpY0 pexxum paboTbl. Tyck unu pasrpyska MOryT OLHOBPEMEHHO M3MEHWUTbL HECKOSbKO napa-
METPOB MCMPABHOrO arperata v BbIMA4eTb Kak aHoManus. pu Hanuuuu pacyeTHoOn Mogenu (hakTudeckoe
NoBEAEHNE MOXHO AOMNOMHUTENBHO CpaBHUBATHL C UWGhpoBbLIM ABOUHUKOM [6, €. 104175-104197].

3aknioyeHue

OTOT pacyeT 5 paccMaTpuBalo Kak JOMOSIHEHWe K WTaTHOW AuarHocTuke. H(t) nokasbiBaeT OTKIOHEHMe
coctosiHug, C(t) - goBepue Kk usmepeHusm, Tlim - OpUEHTUP NO BPeMEHU [0 rpaHuubl. PesynbTaT octaeTcs
pekoMeHZaTesbHbIM U He y4acTBYeT B aBTOMATUYECKOM yrnpaBrieHuu. [poBepsaTb MeTOS HYXHO Ha UCTOpUN
peanbHbIX JeEKTOB KOHKPETHOTO Tuna obopyaoBaHus. [Ins MeHs NpakTUYECKUA KpUTEpUiA MPOCTON: npegy-
npexaeHne JOMKHO NOSBNATLCS JOCTATOYHO PaHO AN NPOBEPKM U PEMOHTA, HO He CO3faBaTh MOTOK MOXHbIX
COOBLLEHNIA HA HOPMATTBbHBIX PeXUMAX.
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OLIEHKA TEXHWYECKOI0 COCTOAHWA
CH0BOr0 TPAHCAOPMATOPA TUMA
TT/1-125000/220/10 HA OCHOBE
XPOMATOIPA®WYECKOI0 N dU3NUKO-
XWUMHWYECKOI0 AHAJIN3A MACIA

HOCYNOB AWIMYPOA TYPAANMEBNY

noktop chunococum (PhD) no TeXHUYECKUM Haykam

HOCWPOB ACPOPBEK MCMOWITXOH YT 1K

poktopaHT (PhD)
WHcTuTyT Npobnem aHepreTukn Akagemuu Hayk Pecnybnuku Y3bekuctaH

AHHoTaums. B naHHoit paboTe npoBefeH KOMNMEKCHbI aHanm3 1 OLeHKa TEXHUYECKOTO COCTOSIHWS CUMOBOMO
TpaHcgopmatopa Tuna TAT-125000/220/10 (TP-3) mowtHoctblo 12500 kBA Ha ocHOBe pesynbTaToB
XpoMaTorpamyeckoro aHanu3a pacTBOpeHHbIXx B Macne ra3oB (XAPI) u nokasateneit ero usuko-
XMMUYECKUX CBOWCTB. B xofde wccrnegoBaHusi onpefenieH KOMMOHEHTHbIA COCTaB rasoB, PAaCTBOPEHHbIX B
W30MALMOHHOM Macne, W npoaHanua3npoBaHbl WX COOTHOLIEHWS AN WAEHTUUKALMM  TEePMUYECKUX
NPOLECCOoB, NPOTEKaloWMX B M30MSALMOHHON cucTemMe TpaHcopmatopa. PesynbTatbl (U3NKO-XMMUYECKOTO
aHanusa noaTBEpPAWNM COOTBETCTBME HOPMATMBHBIM TpebOBaHMAM KITHOYEBLIX MapaMeTpoB, TaKMX Kak
3NeKTpuYeckas NPOYHOCTb, BNarocodepxaHue, KUcnoTHoe yncno v ap. faxHbie XAPI BbISBUNW NOBbILIEHHYHO
KOHLIEHTpaLMo AuoKcuaa yrnepoda, YTO YykasblBaeT Ha Hanuyue LeCTPYKTUBHbIX MPOLECCOB B TBEPAOW
W30MALMKM, BbI3BAHHLIX TEPMUYECKUM BO3LENCTBMEM W MOKarnbHbIM neperpesoM. ChenaiTe BbIBOA, YTO
HEeCMOTPSA Ha yOOBNETBOPUTENbHOE 0bLLee 3KCnyaTaLUMOHHOE COCTOSHME Macra, KOMMeKCHas AnarHocTuka
yKa3blBaeT Ha Hannyne pa3BuBaIOLLMXCS TEPMUYECKUX Le(EKTOB BHYTPW 0BOpYAOBaHMS.

KnioyeBble cnoBa: CWNoBOW TpaHC(OpMAaTOp, TPaHCHOPMATOPHOE Macso, TEXHWYECKOE COCTOSHUE,
XpomaTtorpaduyeckuin aHanua ra3os (XAPT), manko-xuMmyeckne nokasateni, AMarHocTuka, anekTpuyeckas
MPOYHOCTb.

ASSESSMENT OF THE TECHNICAL CONDITION OF A TTD-125000/220/10 TYPE POWER
TRANSFORMER BASED ON CHROMATOGRAPHIC AND PHYSICO-CHEMICAL ANALYSIS OF OIL

Yusupov Dilmurod Turdalievich,
Nosirov Asrorbek Ismoiljon ugli

Abstract. In this work, a comprehensive analysis and assessment of the technical condition of a 12,500 kVA
TDT-125000/220/10 (TP-3) type power transformer was carried out based on the results of chromatographic
analysis of gases dissolved in oil (HARG) and indicators of its physico-chemical properties. In the course of
the study, the component composition of gases dissolved in insulating oil was determined and their ratios were
analyzed to identify the thermal processes occurring in the transformer insulation system. The results of the
physico-chemical analysis confirmed compliance with the regulatory requirements of key parameters such as

LXXXIX INTERNATIONAL SCIENTIFIC CONFERENCE | WWW.NAUKAIP.RU




n \WORLD SCIENCE: PROBLEMS AND INNOVATIONS

electrical strength, moisture content, acid number, etc. The HARG data revealed an increased concentration of
carbon dioxide, which indicates the presence of destructive processes in solid insulation caused by thermal
effects and local overheating. Conclude that despite the satisfactory overall operating condition of the oil,
comprehensive diagnostics indicates the presence of developing thermal defects inside the equipment.
Keywords: power transformer, transformer oil, technical condition, chromatographic analysis of gases
(HARG), physico-chemical parameters, diagnostics, electrical strength.

Beeaenue

CunoBble TpaHCGOPMAaTOPbl BBICOKOTO HAMPSHKEHWS SBMAKTCS KPUTUHECKN BAXKHBIMIA KOHCTPYKTUBHBLIMM
9NeMeHTaMN COBPEMEHHOW 3NEKTPOSHEPTETUYECKON MHApaCTPyKTypbl. Wx GecnepeboitHas u HapexHas oKc-
nnyatayuus Hanpsamyto onpegensieT yCTONYMBOCTL CUCTEM Nepeaaym 1 pacnpeneneHns aneKTpUYeCcKon SHeprm
[1, c. 45-48]. B ycrnoBusx fONrOBPEMEHHON AKCMyaTauumn 30MNSLMOHHAs CUCTEMA CUIOBOrO TpaHchopmaTop-
HOro 0BopyaoBaHMs MOABEPraeTcs KOMMMEKCHbIM BO3OEACTBMAM 3KCTPeMarbHbIX (DaKTOpOB: BbICOKOHANPS-
KEHHBIX 3MEKTPUYECKMX NONEN, LMKIMYECKUX TEPMUYECKIX HArpy30K, rMaPOANHAMUYECKUX HANPSHKEHWNA, a Tak-
Xe BO3OENCTBUIO KUCIOpoAa Bo3ayxa U criefoB Bnarn. COBOKYMHOCTb AaHHbIX (hakTOPOB MPUBOAUT K Henpe-
PbIBHOM (PU3NKO-XMMWUYECKON [erpagjauuy U TepM OKUCTIUTENbHOM AECTPYKUMM KaK JKMOKOrO OUAmneKTpuka
(TpaHchopMaToOpHOro Macna), Tak v TBepAoM LENSoNo3HoM n3onsumm 06MoTok [2, ¢. 20-40; 3, ¢. 8-12].

OnacHocTb pa3BuBaroWMXCcs AedeKToB (BHYTPEHHWE NOKambHbIE Neperpesbl, YacTUYHbIE pa3psabl, AY-
rosble Npobow) 3akryaeTcs B UX CKPbITOM XapaKTepe Ha HayanbHbIx cTagusix [3, ¢. 9-12]. B cBssu ¢ aTum
nepexoq OT CUCTEM MIaHOBO-NPeayNpPeANTENLHOrO PEMOHTA K 0OCIYXMUBaHMIO MO (haKTUYECKOMY TexXHU4e-
CKOMY COCTOSIHWIO TpebyeT MPUMEHEHMS BbICOKOYYBCTBUTENbHLIX METOLOB Hepa3pyLlatoLero KOHTPONs W
NPeanKTUBHON AMarHocTuku [5, ¢. 162-177].

B coBpeMeHHOI anarHoCcTMYecKor npakTuke Hambonee JOCTOBEPHLIM U MHGOPMATUBHBIM UHCTPYMEH-
TOM paHHero oBHapyXeHWs1 BHYTPEHHWUX Le(eKTOB SBNSETCS XpoMaTorpapuyeckuii aHanms rasos, pacTBo-
peHHbIX B Macne (XAPT) (B mexayHapoaHoi npaktuke — Dissolved Gas Analysis, DGA). MeTog ocHOBaH Ha
3aKoHax AeCTPYKLMM YrNeBOAOPOAHBIX MOMEKY Macna 1 NoMMEPHbIX Lienen Lensonossl nog BO3AENCTBUEM
aHOMarbHbIX TEPMUYECKUX U NEKTPUYECKUX HANPSHKEHWUA. XapaKTep M CKOpocTb 06pa3oBaHUs KOHKPETHbIX
rasoBbIx komnoHeHToB (H,, CH,, C,H,, C,H,, C,H,, CO,CO,) koppenmpytoT ¢ TUNOM, UHTEHCUBHOCTBIO W
nokanusaumei gedexta [4, c. 24-65].

OpHako Ans MOCTPOEHUst MOSHOPA3MEepHOro AMAarHOCTUYECKOrO 3aKIYeHUs OOHOTO MWL aHanusa
PaCTBOPEHHbIX ra30B HEAOCTATOYHO. PUMKO-XMMUYECKUE NoKasaTenn Macna (MpobuBHOE HanpshkeHue, TaH-
FeHC yrna AuanekTpuyeckux notepnb tg &, KUCNOTHOE YMCIIO, BNAroCoAepaHune) xapakTepusyoT obLLyio aKC-
nnyaTaumnoHHY0 HaLeXHOCTb AMSMEKTPUYECKON Cpedbl U ee TEKYLLYI0 pereHepaTuBHyt0 cnocobHocTb [6, C.
17-23]. Takum 06pa3omM, KOMNNEKCHBIA noaxoa, codeTatomin XAPI 1 KOHTPONb PU3MKO-XMMUYECKIX CBOMCTB
XUOKOrO AN3neKTpuKa, NO3BOISET C BbICOKOW TOYHOCTHIO AU depeHLMpoBaTh pasBuBatoLLMecs aHoManum ot
eCTEeCTBEHHbIX NPOLECCOB CTapeHns obopyaosaHus [6, . 17-23].

Matepuanbi U MeToAbI MCCNeAoBaHuUA

ObbekToM nccnenoBaHns sensnack npoba TpaHcopMaTopHOro macna, otobpaHHas 13 6aka akcnny-
aTMpyemoro TpexgasHoro TpexobmMoTO4HOro CnoBoro TpaHcdopmatopa tTuna TAT-125000/220/10 (ctaHum-
OHHbIA HOMep TP-3) co cregylowmmMm HOMUHAMBbHBIMA TEXHUYECKUMI XapaKTEPUCTUKaMKU: HOMUHaMbHas

MoLHocTb: 125 000 kBA, knacc Hanpspkennst BH /CH /HH: 220/110/10 «B;

Ot6op npob macna npoBOAMNCA U3 HKHEN YacTu 6aka TpaHctopmaTopa B COOTBETCTBUM C TpeboBa-
Huamn TOCT 10765-79 n MOK 60567 npu nomoLyy cneumansHON repMeTMYHON nocyabl (LLUNPULEB), UCKMHO-
vyarowjen gerasaumio npobbl N ee KOHTaKTbl C aTMOCEPHLIM BO3ayXOM. J1abopaTopHbIe UCCMenoBaHus npo-
BOAMNMCHL Ha 6ase cneumanuanpoBaHHoi akkpeguToBaHHoi nabopatopum OO0 « TEXENERGOREMMASH»
C UCMOMb30BAHNEM CrELyIOLNX METOLOB:

1. Xpomatorpachuyeckuit aHanu3 pacTBOpeHHbIX ra3os (XAPT)

OKCTpaKLMs paCTBOPEHHbIX ra30B U3 XWUAKON hasbl M UX KONMYECTBEHHOE OMpeaeneHne OcyLlecTBre-
Hbl METOAOM aHanu3a Ha nabopaTopHOM ra3oBoM xpomatorpade Mapku «Kpuctanntokc-4000M», ocHalleH-
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HOM BbICOKO-YYBCTBUTESNbHBIMW JeTekTopaMu no TennonposogHocT (OTIM) v nnameHHO-MOHM3aLMOHHBIM
petektopom (ML) ¢ meTaHaTopoM.

a). AHanuaunpyemble rasbl: Bogopog (H,), metan (CH,), ataH (C,Hg), atunen (C,H,), auetunen (C,H,),
okeug yrnepoga (CO), amokeng yrnepoga (CO,), a Tarke NocTosiHHbIe rasbl - kucrnopog (O,) n asot (N,).

6). AnarHoctuyeckme cooTHoweHus: OLeHKa COCTOSHUS U30NALMOHHOM CUCTEMBI MPOBOAMIACH Ha OC-
HoBe 6a30BbIX AMArHOCTUYECKMX KPUTEPUEB W XapaKTEPUCTUYECKUX COOTHOLLEHWA KOHLEHTpaLMI rasoB Co-
rmacHo mexayHapogHomy ctangapty IEC 60599 (MK 60599) n oTeyecTBeHHbIM MeTO4aM MHTepnpeTaumm
(BKNtoyast MeTog TpeyronbHuka [rosans u kputepuun ctaHgaapta CTO 70238424.27.100.053-2013):

- CH,/H, - nHOMKaTop BbICOKOTEMNEPATYPHOTO UMW NEKTPUYECKOTO XapaKTepa pasnoxeHus;

- C,H,/C,H, - nokasatenb gnanasoHa TemnepaTyp TEPMUYECKOrO neperpesa Macna;

- C0O,/CO - MHankaTop AECTPYKLMM LENMIONO3HOM (ByMaxHOM) N30nsaLmMmn 0GMOTOK.

2. ®D13MKO-XMMMYECKMIA aHanu3 TpaHcopMaToOpHOro macna

OueHka COCTOSHUS (DU3NKO-XMMUYECKUX M OMINEKTPUYECKUX NapaMeTpoB MpoBOAMUNach no crepyto-
MM CTaHAAPTM3UPOBAHHLIM METOAMKAM:

a). dnekTpuyeckas Npo4HoCTb (NpobuBHOE Hanpskeue, Uyy): onpeaenanacs B U3MEpUTENbHON Sueit-

Ke C monycdepuyeckumi anekTpogamMu npu MexanekTpogHoMm pacctosHuu 2,5 + 0,05 MM npu vactote

50 'y B cooTBeTcTBUM ¢ TOCT 6581-75.

6). TaHreHc yrna auanekTpuyeckux noteps (tg §): n3mMepeHne QUanNeKTpu4eckux noTepb npu Temnepa-
Type +90°C npoBoaNIoCh Ha aBTOMATUYECKOM MOCTe nepemeHHoro Toka (FTOCT 6581-75).

B). KncnotHoe umcno: onpegensnocs metogom tutposaHus no FOCT 5985-79 m xapaktepusosaro
HaKoNMeHWe KUCMbIX NPOAYKTOB OKUCIEHMS.

r). MaccoBas fons Bnarut (BnarocogepxaHue): usmepsinach KyrnoHOMETPUYECKAM TUTPOBaHWEM MO Me-
Toay Kapna ®uwepa B cootseTctaum ¢ FOCT 24614-81 (IEC 60814).

). Temnepatypa BCMbILKK B 3akpbITOM TUrne: onpeaensnack no FOCT 6356-75 ans UCKNOYeHUs no-
nafaHus nerkux pakumi yrrnesooposos.

PesynbTaTtbl uccnefoBaHui U uUx oocyxaeHune

PesynbTaThl WUCMbITaHMIA Npob Macna, noryyeHHble C UCMorb3oBaHeM xpomatorpadpa «Kpuctanmioke-
4000M» u cneuman13npoBaHHOMO MPOrpaMMHOr0 0OECNeYeHst aBTOMATM3NPOBAHHOM 0BpaboTKM AaHHbIX, Nped-
cTaBneHbl Huke. Mo gaHHbIM XAPT B Macne TpaHcgopmaTopa Bbinv 3achukeupoBaHbl cnegytolie 06bemHble KOH-
LeHTpauusi rasos: H, = 0,00032 %, CH, = 0,00070 %, CO = 0,03348 %, CO, = 0,26950 %.

OBbHapyxeHune faHHbIX KOMMOHEHTOB MOATBEPXAAET NpOTeKaHWe NPOLECCOB TEPMUYECKON AECTPYKLMM
BHYTPU TpaHccopmatopa. Bbicokue koHueHTpauum okcugos yrnepoaa (CO u CO,) ceupetensCTByOT 06
YBIIEYEHUN B AECTPYKTUBHBINA NPOLIECC TBEPAOMN LIENHOIO3HON U30NALMN.

[ns yTouHeHns xapaktepa gedekra bbinn paccuuTaHbl AUarHOCTUYECKNe KpUTepu COOTHOLLEHNS Ta-
308: CH,/H, ~ 1,35, C,H,/C,H, = 0,30, CO,/CO = 8,05.

[laHHble COOTHOLLEHWS YKa3bIBAKOT HA HamMuMe TEPMUYECKOro Aedekta cpefHei TemnepaTypbl, Bbl-
3BaHHOTO JT0KasbHbIM NeperpeBoM Liennono3Hon u3onsuum 1 06MOTOK NpU NOBbILLEHHbBIX TOKOBbIX Harpy3kax.

PesynbTaTbl onpeaenexns uanko-XMMn4eCckux nokasarteneit Macna npueegeHsl B Tabnuue 1.

Tabnuua 1
®uU3nko-xMMmnyeckue nokasarenu TpaHcopMaTopHOro Macna
HopmaTtusHoe dakTnyeckun
HaumeHoBaHuWe nokasatens
3HayeHue pesynbTart
OneKkTpryeckas nNPoYHOCTh (MPobrBHOE HanpsKeHue), KB > 50 66,9
TaHreHc yrna guanektpudeckux noteps (ig 6), % <6 0,18
KucnotHoe uncno, mr KOH/r < 0,01 0,003
Temnepatypa BCMbILUKK B 3aKpbITOM TUrmNe, °C > 130 163
CopepxaHwe Bnaru, /T (ppm) <10 7,65
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Ananus faHHbix Tabnuubl 1 nokasbiBaeT, YTO OCHOBHbIE (PU3NKO-XUMUYECKUE XapaKTepPUCTUKW TpaHC-
(hopMaTOpHOro Macna HaxoasTcs B npegenax A0MyCTUMbIX HOPM, YTO CBUAETENLCTBYET 06 yOOBNETBOPUTENb-
HOM 9KCMnyaTaLyOHHOM COCTOSHUN xuaKon nsonsaumn. OgHako noBbileHHbIN ypoBeHb CO,, BbISBIEHHbIN Me-
T08oM XAPT, yka3blBaeT Ha HE06X0AMMOCTb NOBbILLEHHOTO BHUMAHUS K COCTOSIHWIO TBEPAON U30MALMK.

3aKnoyeHune

Ha ocHoBe KOMMMEKCHOTO (hU3NKO-XMMWUYECKOro 1 XpoMaTorpaduyeckoro UCCrnesoBaHnsi COCTOSIHUS
N30MALMOHHOM CUCTEMbI CUNOBOrO TpaHcdopmatopa tvna TAT-125000/220/10 (cTaHuMOHHbIN Ne TP-3)
chopMynMpoBaHbI crieaytoLLne Hay4Ho 060CHOBaHHbIE BbIBOAbI:

1. CoCTOSHME XMOKOTO AMANEKTPUKa:

OCHOBHbIE (hU3NKO-XMMUYECKME U 3KCMITyaTaLMOHHbIE NoKasaTenum TpaHc(opMaTopHOro Macsna nomnHo-
CTbi0 yOOBNETBOPAKT TpeboBaHus HopMaTuBHbIX AoKyMeHTOB (CTO 70238424.27.100.053-2013). Bbicokue

3HayeHus NpoBrBHOro HanpshkeHus (66,9 kB), HU3KMI ypoBeHb Briarocoaepxanns (7,65 r/T) 1 MUHUManbHbIN
TaHreHe yrna guanektpuyeckux notepb (g = 0,18 %) cBMAETENLCTBYIOT O BbICOKOM AMINEKTPUYECKON
NPOYHOCTU XMAKOW (pasbl M OTCYTCTBUM KPUTUYECKOTO BNIArOHAChILLEHNS.

2. ipeHTndukaumus BHyTPEHHUX npoLeccoB Metogom XAPT:

XpomaTorpachuyeckuin aHann3 pPacTBOPEHHbIX ra30B BbISBMIN NPUCYTCTBME NPOAYKTOB TEPMUYECKOM
AECTPYKUMW YIMEeBOAOPOAOB M LEeNmonosbl. 3HauMTENbHAs KOHUEeHTpauusi okcupoB yrnepoga (CO =
0,03348%, CO, = 0,26950 %) npu cootHowweHnn CO,/CO = 8,05 COBMECTHO C COOTHOLLEHWSMM
CH,/H, = 1,35 n C,H,/C,Hs = 0,30 yka3biBaeT Ha Hanuuue yMepeHHoro Tepmmudeckoro gedekra (no-
kanbHoro neperpesa B auanasoHe Temnepatyp ot 150°C go 300°C). [laHHbIi NpOLECC NOKanM3oBaH B 30He
TBEpAoN ByMaxHO-MacnsHOM 130MsALUMM 0OMOTOK MM MarHUTONPOBOAA W CBA3aH C MOBbILLIEHHBIMI TOKOBLIMM
Harpyakamu.

3. [pakTnyeckne pekomeHgaLmm:

HecMoTps Ha TO, YTO XMaKas U30NALUMS HaxoauTcs B paboTocnocoBHOM COCTOSHUM, Hanuune Npogyk-
TOB Pa3noXeHns Lennono3bl TpebyeT NPUHATUS CNeayoLLnX AUarHOCTUYECKUX MEp:

- nepesecTu TpaHccopmatop TAT-125000/220/10 B pexum yyaLeHHOro KOHTPONS C COKpaLLEHNEM UH-
Tepeana otbopa npob macna ansa XAPI" oo 1 pasa B mecsu;

- NPOBECTU LOMONHUTESbHbIE U3MEPEHUS (DYPaHOBLIX COEAMHEHM B Macne (B YacTHocTu, 2-furfural)
AN TOYHOW OLEHKW CTemneHn M3Hoca U pecypca TBEPAOM N30naumm;

- B Nepuog, niaHoBOro OCTAHOBA BbINOMHUTL TEMMOBU3NOHHBIA KOHTPOMb 31eMEHTOB 6aka 1 cucTeMbl
OXNaxaeH!s ANs BbISBNEHUS 30H NOKarbHOro neperpesa.

CnMCOK UCTOYHMKOB

1. CrenaHoB A.l. OueHka W NpOrHO3NMPOBaHME COCTOSHUS W3ONSAUMOHHOM CUCTEMbI CMMOBbIX
TPaHCGOPMaTOPOB MarucTpanbHbIX 3MnekTpudeckux cetein // AeTopedepaT aucceprauum Ha COUCKaHWe
YYeHOW CTENeHN kaHamaaTa TeXHMIeckux Hayk. KpacHosipek — 2005.

2. [asmpeHko V. B. OueHKa TEXHUYECKOrO COCTOSHUSI CUNOBBIX TPaHCOPMATOPOB MO pesynbTaTtam
TPaAMLMOHHBIX UCMbITaHW U namepeHuir” // YuebHo-meToanyeckoe nocobue, Ekatepunbypr YpdY., 2015,

3. Yusupov D.T., Nosirov All. Influence of the amount of mechanical impurities on the electrical
strength of transformer oil // VI International Youth Scientific and Practical Conference "ENERGOSTART" 240-
1, November 17-23, 2023.

LXXXIX MEXXYHAPOJHAA HAYYHO-NPAKTUYECKAA KOHDEPEHLINA | MLIHC «HAYKA 1 NPOCBELLEHMEN



WORLD SCIENCE: PROBLEMS AND INNOVATIONS

YNIK621.314.212
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WHcTuTyT Npobnem aHepreTukn Akagemuv Hayk Pecnybnuku Y3bekuctaH

AHHoTaums. B cTaTtbe npoBefeH rnybokuin aHanma B3auMOCBA3WM Mexay AaHHbIMM XpoMaTorpaduyeckoro
aHanuaa pacTBOpeHHbIX ras3oB (XAPT) 1 u3nKo-XMMUYECKUMW noKasaTensamMmn M30NALMOHHOMO Macna cuno-
Boro TpaHcchopmatopa Tuna TAT-20000/110 (rog Beinycka — 1954), onutensHO HaXoAsLLerocs B akcnnyara-
umn. WccnepgosaHus nmpoBoaunucb Ha 6ase  akkpeauTOBaHHOM AmarHocTudeckon nabopatopun 00O
«TEXENERGOREMMASH». Peaynbtatbl XAPI BbISIBUNM KPUTUYECKUIA YPOBEHL HaKonneHus sogopoaa (H.,),
okenaa yrnepoaa (CO) n anokeuaa yrnepoga (CO,), YT yKasbiBaeT Ha aKTUBHYD TEPMOAECTPYKLMIO XNAKOW
asbl U NHTEHCUBHOE CTapeHne TBEPLON LEN0N03HON N30naumn. OrUsnKo-XMMUYECKEe UCTbITaHNS 3adonk-
CMpOBanu aBapuHOE CHUXEHME ANEKTPUYECKON NpoyHOCT Macna (go 13,5 kB npu Hopme Gonee 40 kB)
MOHWKEHWe TeMNepaTypbl BCMbILLKK. YCTaHOBMEHA YeTKas KOppensumoHHas 3aBUCUMOCTb MEXIY CHUXEHUEM
LV3NEKTPUYECKO NPOYHOCTI Macra 1 pocToOM NPOAYKTOB PasnoXeHUs Lenntonosbl. Ha 0cHOBE KOMMIEKCHO-
ro OUarHOCTMPOBaHUS CAENaHO 3aKMioyeHne 0 HepaboTOCNOCOBHOM COCTOSHUW W3OMALMOHHON CUCTEMBI U
HeobXoaMMOCT He3ameanuTENbHOrO BblBOAA TpaHcopMaTopa 13 SKcrnnyatauuy Ans npoBedeHWs Kanu-
TarnbHOro PEMOHTA.

KntoyeBble cnoBa: cMNoBOWM TpaHcopmaTop, TpaHCOPMATOPHOE Macmo, TEXHWYECKOE COCTOSHME,
XpomaTorpaduyeckuin aHanua ra3os (XAPT), manko-xummyeckne nokasatenu, AMarHocTuka, anekTpuyeckas
MPOYHOCTb.

THE RESULTS OF CHECKING THE TECHNICAL CONDITION OF THE TTD-20000/110 POWER
TRANSFORMER BASED ON CHROMATOGRAPHIC AND PHYSICO-CHEMICAL ANALYSIS OF OIL

Yusupov Dilmurod Turdalievich,
Nosirov Asrorbek Ismoiljon ugli

Abstract. The article provides an in-depth analysis of the relationship between the data of chromatographic
analysis of dissolved gases (HARG) and the physico-chemical parameters of the insulating oil of a TDT—
20000/110 type power transformer (year of manufacture - 1954), which has been in operation for a long time.
The research was conducted on the basis of the accredited diagnostic laboratory of TEXENERGOREMMASH
LLC. The HARG results revealed a critical level of accumulation of hydrogen (H 2), carbon monoxide (CO) and
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carbon dioxide (CO), indicating active thermal degradation of the liquid phase and intensive aging of solid
cellulose insulation. Physico-chemical tests recorded an emergency decrease in the electrical strength of the
oil (up to 13.5 kV at a rate of more than 40 kV) and a decrease in the flash point. A clear correlation has been
established between a decrease in the dielectric strength of the oil and an increase in the decomposition
products of cellulose. Based on a comprehensive diagnosis, a conclusion was made about the inoperable
condition of the insulation system and the need for immediate decommissioning of the transformer for major
repairs.

Keywords: power transformer, transformer oil, technical condition, chromatographic analysis of gases
(HARG), physico-chemical parameters, diagnostics, electrical strength.

BeeneHue

CunoBble TpaHCHOPMATOPbI BLICOKOTrO HanpshKeHUs SBASIOTCSA KPUTUYECKN BaXHBIMA KOHCTPYKTUBH bI-
MW 3rIEMEHTaMN COBPEMEHHOW 3NEKTPOSHEepreTuieckoir nHgpacTpyktypbl. Wx BecnepebonHas u HagexHas
aKcnyaTaums HanpsiMylo onpeaensieT YyCTOMYMBOCTb CUCTEM nepefayun U pacnpenenieHns SNeKTpUYecKon
9Heprum [1, c. 45-48]. B ycnoBusix 4ONroBpeMeHHoON aKCnyaTaumn N30naUMOHHas CucteMa CUoBoro TpaHc-
(hopmaTopHoro 06opyAoBaHWS NOABEPraeTCs KOMMIEKCHbIM BO3AENCTBUAM SKCTpeMasbHbIX (hakTopoB: Bbl-
COKOHAMNPSPKEHHbIX 3MEKTPUYECKMX MOMEN, LIMKNMYECKUX TEPMUYECKNX HArpy3oK, MapOAMHAMUYECKUX Hanps-
XEHUI, @ TaKKe BO3LENCTBMIO KUCIIOPOAA Bo3ayxa v crefos Bnark. COBOKYMHOCTb AaHHbIX (hakTopoB NpuBo-
AUT K HenpepbIBHON (PU3NKO-XMMUYECKON Lerpagaunn 1 TepM OKUCIIUTENBHON AECTPYKLUMM KaK XMAKOro Au-
aneKTpuKa (TpaHChopMaToOpHOro Macna), Tak U TBEPAOoN LiENsoNo3HOM M3onsaumm 0BmMoToK [2, ¢. 24-45)].

OnacHocTb pa3suBatoLLMXca AedekToB (BHYTPEHHME FoKarbHble NeperpeBbl, YacTUYHbIE pa3psiabl, AY-
roble Npobou) 3aKryaeTcs B UX CKPLITOM XapaKTepe Ha HavanbHbIX cTagusx [3, ¢. 6-15]. B cBsAsn ¢ aTum
nepexon OT CUCTEM NNAHOBO-NPeAYyNPEANTENBHOMO PEMOHTA K 0BCIYyXMBaHWIO MO (hakTUYECKOMY TEXHUYe-
CKOMY COCTOSIHMIO TpebyeT NMpUMEHEHUs BbICOKOYYBCTBUTENbHBIX METOAOB HepaspyLUaloWero KOHTpons w
NpPeanKTMBHOM anarHocTuku [4, ¢. 5-12).

B coBpeMeHHOI anarHoCcTMYecKor npakTuke Hambonee JOCTOBEPHBIM U MH(OPMATUBHLIM MHCTPYME H-
TOM paHHero oBHapyXeHWs1 BHYTPEHHWUX Le(eKTOB SBNSETCA XpoMaTorpapuyeckuii aHanms rasos, pacTBo-
peHHbIX B Macne (XAPT) (B mexayHapoaHoi npaktuke — Dissolved Gas Analysis, DGA). MeTog ocHOBaH Ha
3aKoHax AeCTPYyKLUMM YrNeBOAOPOAHbBIX MOMEKYN Macna v NoIMMEpHbIX Lenem Lensonossl nog BO3AENCTBUEM
aHOMarbHbIX TEPMUYECKUX U 3NEKTPUYECKUX HaNPSXKEHWA. XapaKTep M CKOpocTb 06pa3oBaHUs KOHKPETHbIX
rasoBbIx komnoHextoB (H,, CH,, C,H,, C,H¢, C,H,,CO,CO,) koppenupytoT ¢ TUMNOM, WHTEHCUMBHOCTBIO W
nokanusauumen gedexra [5, c. 1-52].

OpHako Ans MOCTPOEHUst MOSHOPA3MEepHOro AMAarHOCTUYECKOrO 3aKIYeHUs OOHOTO MWL aHanusa
PaCTBOPEHHbIX ra30B HEAOCTaTOYHO. PUMKO-XMMUYECKUE NokasaTenn Macna (npobruBHoe HanpskeHue, TaH-
FeHC yrna AuanekTpuyeckux notepnb tg &, KUCNOTHOE YUCIIO, BNAroCOAepKaHne) xapakTepusytoT obLLyio aKC-
nnyaTaunoHHY0 HaLeXHOCTb AMSNEKTPUYECKON Cpedbl U ee TEKYLLYI0 pereHepaTuBHyt0 cnocobHocTb [6, C.
174-175]. Takum oBpa3om, KOMMMeKcHbld nogxod, codetatowuin XAPI u KOHTPOMb (OM3MKO-XUMUYECKUX
CBOWCTB XWOKOTO [M3NEKTpUKa, NO3BOMSET C BbICOKOM TOYHOCTbIO AudhdepeHuMpoBaTh passuBaroLymecs
aHoMarnum OT eCTECTBEHHbIX NPOLECCOB CTapeHust 0bopyaoBaHus [6].

Matepuanbi U MeToAbI MCCNeAoBaHuUA

OBbekToM MccneaoBaHKs BbICTynanm npobbl TpaHCGOPMaTOPHOrO Macna, 0TobpaHHbie 13 BGaka Tpex-
thasHoro cunosoro TpaHcgopmatopa Tuna TAT-20000/110 (HommHanbHas mowHocTs — 20 000 kBA, knacc
HanpsbxkeHus — 110 kB). Wiccnepyemoe obopynoBaHwue akcnnyatupyetcsi ¢ 1954 roga v UMEET 3HaUMTENbHbIN
HapaboTaHHbIN pecypc:

HomuHanbHas MowHocTb: 20 000 KBA;

Knacc Hanpsbkesus BH /HH: 110/10 kB;

Tuvn oxnaxaeHms:: ¢ NPUHYAUTENBHOM LMPKYNSALME BO3AyXa 1 eCTECTBEHHOM LpKynsumen macna (JL).

Ot6op npob macna npoBOAMNCA U3 HUKHEN YacTu 6aka TpaHctopmaTopa B COOTBETCTBUN C TpeboBa-
Huamn TOCT 10765-79 n MOK 60567 npu nomoLuyy cneumansHON repMeTMYHON nocyabl (LLUNPULEB), UCKIHO-
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yaroLLen aerasaumio npobbl 1 €€ KOHTaKTbI C aTMOCGEPHBLIM BO3AYXOM.

NabopaTtopHble uccnefoBaHMs NPOBOAWMMNCE Ha 6ase cneuyanuanpoBaHHON akKpeaMToBaHHOW nabo-
patopun OO0 « TEXENERGOREMMASH» ¢ ncnonb3oBaHueM criegytLmux MeToL0B:

1. XpomaTtorpacpuyeckuit aHanu3 pactTBOpeHHbIX ra3os (XAPT)

OKCTpaKUMs pacTBOPEHHbIX ra3oB M3 XWAKOW (ha3bl U UX KOSNIMYECTBEHHOE OnpefenieHne ocyLlecTsre-
Hbl METOZOM aHanu3a Ha nabopaTopHOM rasoBom xpomatorpade Mapku «Kpuctanniokc-4000M», ocHalleH-
HOM BbICOKOUYBCTBUTENbHBIMM Ae€TEKTOPaMK No TennonposogHocTh (ATM) 1 nnaMeHHO-MOHU3AUMOHHBIM fAe-
TekTopoM (ML) ¢ meTaHaTopOM.

a). AHanuaunpyemble rasbl: Bogopog (H.,), metaH (CH,), ataH (C,Hg), atunen (C,H,), auetunen (C,H,),
okeug yrnepoga (CO), amokeng yrnepoga (CO,), a Tarke NocTosiHHbIE rasbl - kucriopog (O,) n asoT (N,).

6). AnarHoctyeckme cooTHoweHus: OLeHKa COCTOSHUS U30NALMOHHOM CUCTEMBI MPOBOAMIACH Ha OC-
HoBe 6a30BbIX AMArHOCTUYECKUX KPUTEPUEB W XapaKTEPUCTUYECKUX COOTHOLUEHWIA KOHLEHTpaLWi rasos Co-
rmacHo mexayHapogHomy ctangapty IEC 60599 (MK 60599) n oTeyecTBeHHbIM MeTO4aM MHTepnpeTaumm
(BKntoyast MeTog TpeyronbHuka [roans u kputepumn ctaHaapta CTO 70238424.27.100.053-2013):

- CH,/H, — nHaukaTop BbICOKOTEMNEPATYPHOTO UM 3NIEKTPUYECKOTO XapaKTepa pasfoXeHNs;

- C,H,/C,H — nokasatenb ananasoHa TemnepaTyp TEPMUYECKOrO neperpesa Macna;

- CO,/CO — nHaunkaTop AECTPYKLMM LENIONO3HON (ByMaxXHOM) M30MsLMM 0BMOTOK.

2. ®D13MKO-XMMMYECKNIA aHanu3 TpaHcopMaTOpPHOro macna

OueHka COCTOSHUS (PUBMKO-XMMUYECKUX W OMINEKTPUYECKMX NapaMeTpoB MpoBOAMMach No crepyto-
LM CTaHAAPTM3MPOBAHHLIM METOAMKAM:

a). dnekTpuyeckas NpoYHoCTb (NpobusHoe HanpsixkeHue, Uyy): onpeaenanack B U3MepUTenbHON s4eit-

Ke C monycdepuyeckumi anekTpogamMu npu MeXanekTpogHoMm pacctosHuu 2,5 + 0,05 MM npu vactote

50 Iy B cooTBeTcTBUM ¢ FTOCT 6581-75.

6). TaHreHc yrna auanekTpuyeckux noteps (tg §): n3amMepeHne QManekTpu4eckux noTepb npu Temnepa-
Type +90°C npoBoamMnocs Ha aBTomatnyeckom Mocte nepemenHoro Toka (FTOCT 6581-75).

B). KncnotHoe umcno: onpegensnocs metogom tutpoBaHus no FOCT 5985-79 m xapaktepusosaro
HaKOMMeHWe KUCMbIX NPOAYKTOB OKUCTEHMS.

r). MaccoBas gons Bnaru (Bnarocogepxanue): u3Mepsanach KyrioHOMETPUYECKUM TUTPOBAHUEM MO Me-
Topy Kapna ®uwepa B cootseTctaum ¢ FOCT 24614-81 (IEC 60814).

). Temnepatypa BCMblLKK B 3akpbITOM TUrne: onpeaensnack no FOCT 6356-75 ans UCKMoYeHUs no-
nafaHus nerkux pakuui yrrnesoaoposos.

PesynbTaTtbl uccnefoBaHui U Ux oocyxaeHune

PesynbTatbl XAPI', nonyyeHHbIe Npu NOMOLLM aBTOMATM3MPOBaHHON 06paboTKM AaHHbIX Ha XpomMaTo-
rpadpe «Kpuctanniokc-4000M», BbISIBUNM aHOMarbHO BbICOKME KOHLIEHTPALMK KNOYEBbIX ra30B-MHANKATOPOB:

-H, = 0,08623 % (862,3 ppm);

-CO =0,05207 % (520,7 ppm);

-CO, = 2,36666 % (23666,6 ppm).

Bbicokuit ypoBeHb copepxaHust okenpos yrnepoga (CO n CO,) B coyeTtaHum ¢ ux Gonbwmm abeonioT-
HbIM 3HAYeHWEM SBNAETCA MPAMbIM CBUAETENLCTBOM TyBOKOM TepMUYeckoi LEecTpyKumm BymaxHo-
Lienntono3HoM n3onsaLuu 06MOTOK.

AHanua guarHoCcTUYECKNX KOShULMEHTOB fan cregytowve pesynbTathl:

-C0,/CO =~ 45,45;

-CH,/H, = 0,039;

-C,H,/C,He = 2,06.

CootHoweHnne CO,/CO > 40 yka3sbiBaeT Ha LOMUHMPOBAHWE MPOLECCOB OOMrOBPEMEHHOTO €CTe-
CTBEHHOIO W YCKOPEHHOTO TEPMWUYECKOrO CTapeHust Lenntonossl. B 1o xe Bpems npeobnagaHve sBogopoaa
(H,) nag metaHom (CH,/H, < 0,1) curHanuampyeT O BO3MOXHOM HanuuMi YaCTWUYHbIX Pa3psLoB HU3Kas
WHTEHCWBHOCTMW UMW HarpeBa TOKOBEAYLLWX YacTeN.
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PesynbTaThbl (hU13NKO-XMMUYECKUX UCMbITAHMI Macna npuBeaeHs! B Tabnuue 1.

Tabnuua 1
®un3nKo-XxMMn4eckue nokasarenu TpaHchopmMaTopHOro macna
HopmaTtusHoe dakTnyeckun
HaumeHoBaHuWe nokasatens Crartyc / OTKnoHeHue
3HayYeHune pe3ynbTar
OnekTpuyeckas nNPoYHOCTb, KB > 40 135 Kputnyeckoe OTKINOHeHMe
(ABapwuitHoe)
CopepxaHue Bnaru, r/T (ppm) < 20 13,6 B Hopme
TaHreHc yrna AuanekTpuyeckux
noTeps (1g 5), % <2 0,3 B Hopme
KucnotHoe uncno, mr KOH/r < 0,02 0,01 B Hopme
TemnepaTyEa BCMbILLKN B 3aKPbl- > 130 110 Hiske HOpMb
TOM TUMNE, °C

AHanus aaHHbIX Tabnuubl 1 nokasbiBaeT KaTacTpoUyeckoe NageHne aNeKTPUYECKOn NPOYHOCTH Mac-
na (13,5 kB), uto genaet AanbHenLWy akcnnyaTauuio 0b6opyaoBaHUs NoA HaNPSHKEHMEM HEAOMYCTUMON W3-
3a BbICOKOrO pucKa MEXBUTKOBOrO Ui dhasHoro npobosi. CHuxeHne Temnepatypbl Benbiwku go 110°C noa-
TBEpPXOaeT NpuUcyTCTBUE Nerkux ppakumuii yrneBogopoaos, 06pa3oBaBLUMXCS NPU TEPMUYECKOM pactuenne-
HWM Macna.

ConoctaBnenne gaHHbIX XAPI 1 hU3MKO-XMMUYECKMX NapamMeTpoB MoKasbiBaeT, YTO MPOAYyKThl ae-
CTPYKUMM TBEPAON M30MALMM W NETYUYNE COEAMHEHUS CHU3WUMW OUINEKTPUYECKYH NPOYHOCTb XUAKOW (hasbl,
HECMOTPS Ha HOPMarbHble NoKasaTenu BNarocogepXaHus U KUCIIOTHOCTU.

3aknoyeHune

Ha ocHoBe NMPOBEAEHHOMO KOMMMEKCHOrO (hM3MKO-XMMUYECKOro 1 XpomaTorpadmyeckoro obeneaosa-
HWS1 N30NALMOHHON CUCTEMBI CUIOBOrO TpaHcdopmatopa Tuna TAT-20000/110 (HOMMHaMNbHAsS MOLLHOCTb —
20 000 kBA, knacc HanpsbkeHust — 110 kB, rog Bbinycka — 1954), HaxogsLerocs B AIMTENbHON dKCnnyaTa-
LK, chopMynmpoBaHbI CriefytoLime Hay4Ho 0B0CHOBAHHbIE BbIBOAL! 1 PEKOMEHAALWK:

1. OueHKa COCTOSIHUS XMAKOTO AnaneKkTpuka:

DU3NKO-XMMUYECKWIA aHANW3 NoKa3an KaTacTPOUUECKOE CHIKEHWE 3MEKTPUYECKON NPOYHOCTM Macna
po 13,5 kB (npu HopmaTUBHOM 3HaveHun He meHee 40 kB). MoaobHbIN KPUTUYECKUIA CNaj, ANANEKTPUYECKON
CTOMKOCTU AenaeT ganbHenwwy paboTy TpaHcopmatopa noj HanpshkeHeM HEeAOMYCTUMOMN M3-3a BbICOKOW
BEPOSTHOCTU (HA3HOMO UMM MEXBUTKOBOMO Mpobos. KpoMe Toro, CHUxXeHe TemnepaTypbl BCMbILIKA B 3aKpbl-
ToM Turne go 110°C (npu Hopme > 130°C) noaTBEPKAAET HAKOMMEHUE B Macre nerkux dpakuuin yrneso-
[0POA0B, CCHOPMUPOBABLUMXCA B pesyribTaTe TEPMUYECKON AeCTPYKLUN.

2. \neHTudmKaLmsa BHyTPeHHNX fedekToB meTofom XAPT:

PesynbTaThl XpoMaTtorpauMyeckoro aHanus3a BbISIBUMM aHOManbHO BbICOKME KOHLEHTpauuu ra3os-
WHAMKATOPOB, B yYacTHOCTM okcugoB yrnepoga (CO = 0,05207 %, CO, = 2,36666 %) u BoAopoaa
(H, = 0,08623 %).

a). Boicokuit yposeHb CO, u cootHoweHne CO,/CO = 45,45 cBMAETENbCTBYIT O KPUTUYECKOM
€CTECTBEHHOM M YCKOPEHHOM TEPMUYECKOM CTAapeHWUM TBEPAON ByMaxHO-LEennono3Hon usonsumum obmoTok,
BbI3BAHHOM AJINTENbHBIM CPOKOM SKCMTyaTaLmm.

6). Bbicokoe cogepxanue Bogopoga (H,) npu cootHoweHun CH,/H, = 0,039 yka3biBaeT Ha pa3su-
THE ANEKTPUYECKNX MPOLIECCOB HU3KOM SHEPTUM (YaCTUYHBIX Pa3PSAO0B) UK NOKASbHBIX MOHU3ALMOHHBIX NPo-
LieCCOB BHYTPM U30MSLIMOHHOMO MaccuBea.

3. Koppensiuus nokasatenen 1 AnarHoCTUYECKUiA BbIBOL:

YcTaHoBeHa npsiMas 3aBMCUMOCTb MEXZY NMPOAYKTaMW Pas3noXeHUs Lenmnonossl 1 NageHueM anek-
TPOhU3NYECKNX CBOMCTB Macna. HakonneHue neTyunx rasobiX KOMMOHEHTOB 1 MEMKUX YacTWL, AECTPYKLMM
N30MALMM NPUBENO K PE3KOMY CHUKEHWIO NPOBMBHOTO HaNPSKEHNS XMAKOTO AMSNEKTPUKA AaXKE NPW OTHOCU-

TENbHO HOPMarnbHbIX NOKa3aTensx Bnarocogepxanns (13,6 r/7).
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4. NpakTnyeckne pekoMeHaaLmmn 1 peLleHue:

Ha ocHoBaHUM Nosly4YeHHbIX AaHHbIX ucenedyembin TpaHcdopmatop TAT-20000/110 HaxoguTes B npe-
AaBapuitHoM (HepaboTocnocobHOM) COCTOSIHMM. PekoMeHayeTcs:

- He3aMeanuTeNbHO BbiBECTM 0060pyAOBaHWe U3 AKCNyaTauun Ans NpeaoTBpaLLeHNs TSHKENON TEXHO-
II0rM4ecKon aBapuu;

- BbIMOSTHUTb CIUB 1 NOMHYK0 3aMeHy (Mnu rnyboKyo pereHepawio) TpaHCOpMaToOpHOro Macna;

- NPOBECTU PEBU3NIO aKTUBHOW YacTL (aKTUBHOW 30HbI), U3MEPEHUE CTEMEHW NONMMEPU3aLMM LienIio-
no3bl (DP) 1 oueHKy 0CTaTo4HOro pecypca bymMaxHOM u3onsumm 0bMOTOK.
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[0BbILLEHUE HATIEXXHOCTH 1
N3HOCOCTONKOCTW MEXATPOHHBIX Y3J10B
POBOTOTEXHWYECKX KOMIMAEKCOB LA
CBAPKW TPYbOMP0BO/10B

KYPABLIEB ONIET BAKTOPOBUY

acnupant
®rAQY BO «PTY Hedptn v rasa (HAY) umenn .M. TyBkuna»

HayyHb1ii pykogodumens: AHmoHoe Anexceli Anekceeguy
OOKMOp mexHUYecKux Hayk, doueHm
®IrAQY BO «Plr'Y Hegomu u 2asa (HNY) umeHu U.M. 'ybkuHa»

AHHoTaums: B cratbe paccMoTpeHa akTyanbHas Hay4YHO-TEXHMYeckas npobnema nosbILLEHUS HAOEXHOCTY Y
W3HOCOCTOMKOCTU MEXaTpOHHbIX Y3MOB POBOTOTEXHUYECKMX KOMMMEKCOB, MPUMEHSEMbIX ANS CBapKu Maru-
CTpanbHbIX ¥ MpOMbICIOBbLIX TPy6onpoBoaoB. [MpoaHanu3vpoBaHbl KNYeBble OECTPYKTUBHbIE (HaKTOpbI,
BNMSIOWME Ha JerpafaLmio CONPSHXEHNIA B YCIOBUSX XECTKUX TPACcCOBbIX BO3AEACTBUNA: abpasuBHbIi U3HOC,
TEPMUYECKWE NONS AYrk, AMHAMUYECKUE Neperpyskn U HecTabunbHOCTb NapaMeTpoB anekTponuTaHus. Mpea-
NOXEH KOMMMEKCHbIV MOAXOL, COYETAKLNA KOHCTPYKTUBHO-MaTepuanoBeayeckne MeTodbl (MpUMeHeHue
ynpoyHsowmx PVD-NOKPbITUA 1 CaMOCMa3bIBAKOLLMXCH KOMMO3UTOB) C UHTENNEKTyarbHbIMA anroputMamm
umdposoro ynpasnexns. O6ocHoBaHa 3PPEKTUBHOCTL BHEOPEHNS NPOAKTUBHOWM BepUUKaLMN ynpasnsto-
WMX NporpaMM Ans npeaynpexaeHnst KUHeMaTuyeckux 6rnoKMpOBOK M MEXaHUYECKUX Meperpysok, a Takke
[0Ka3aHa 3HAYMMOCTb MPUMEHEHUS CreLnanu3npoBaHHOro dHeproobopynoBaHus Aans obecneyeHns cTa-
BunbHoi paboTbl NPUBOAOB.

KnioyeBble cnoBa: MexaTpoHHbIA y3en, pobOTOTEXHUYECKNA KOMMIEKC, cBapka TpybonpoBogoB, U3HOCO-
CTOWKOCTb, HafeXHOCTb, PVD-NOKpbITMSA, NPOaKTUBHAS BEpUPUKaLMS.

IMPROVING THE RELIABILITY AND WEAR RESISTANCE OF MECHATRONIC UNITS OF ROBOTIC
SYSTEMS FOR WELDING PIPELINES

Kudryavtsev Oleg Viktorovich
Scientific adviser: Antonov Alexey Alekseevich

Abstract: The article considers an urgent scientific and technical problem of increasing the reliability and wear
resistance of mechatronic components of robotic complexes used for welding main and field pipelines. The
key destructive factors affecting the degradation of interfaces under harsh track conditions are analyzed: abra-
sive wear, thermal fields of the arc, dynamic overloads and instability of power supply parameters. A compre-
hensive approach is proposed, combining structural and materials science methods (the use of hardening
PVD coatings and self-lubricating composites) with intelligent digital control algorithms. The effectiveness of
implementing proactive verification of control programs to prevent kinematic lock-ups and mechanical over-
loads is substantiated, and the significance of using specialized power equipment to ensure stable operation of
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the drives is also proven.
Keywords: mechatronic unit, robotic complex, pipeline welding, wear resistance, reliability, PVD coatings,
proactive verification.

CTponTenbCcTBO M MofepHM3aLms 06beKToB TPYBONPOBOAHOMO TpaHenopTa HedhT 1 ra3a TpebytoT Henpe-
PbIBHOrO COBEPLUEHCTBOBAHUA METOLOB W CPEACTB BbINOMHEHUS CTPOUTENBHO-MOHTaXHbIX PaboT B CROXHbIX
KNMMaTUYECKUX 1 Tonorpacmyeckux ycroBusx. Bbicokas TpyaooeMKoCTb, CTporve TpeboBaHWs K KayecTBy cBap-
HbIX COEOMHEHWA W OnacHbIA XapakTep CBAaPOYHbIX MPOLECCOB 0BYCMOBNMBAIOT aKTUBHOE BHEApPeHWe poboTo-
TEXHUYeckux komnnekcos (PTK) u mexaHusunpoBaHHOro obopygosaHus [1, €. 6]. B COBPEMEHHbIX CBApOYHbIX
KOMISIEKCax KYEBYHO POIb UrPatoT MEXaTPOHHbIE Y3Mbl - MHTEMPUPOBAHHBIE CUCTEMbI, 0BBEANHAIOLLME TOYHYHO
MeXaHuKy, SNeKTpUYecK1e NpUBoab!, CEHCOPHbIE YCTPOCTBA U MUKPOMPOLIECCOPHbIE BIOKM yrpaBeHus.

OKCNnyaTauMoHHas HaZeXHOCTb MEXaTPOHHbIX CUCTEM HaNPSIMYH OnpeaensieT NpoM3BOAUTENBHOCTb U
6e30macHOCTb CBAPOYHO-MOHTaXHOrO npouecca. OAHaKo B YCNOBUSX MHTEHCUBHOMO BO3LENCTBUS AUHAMUYe-
CKUX Harpy3oK, TEpPMUYECKUX nonen, abpasnBHOMN MbIfM U OKanWHbI HabN4aeTCs YCKOPEHHOe U3HaLIMBaHWe
NOABWKHbIX COMPSHKEHUA, AerpajauMst WCMOMHWUTENbHBIX MEXaHW3MOB M BO3HWKHOBEHME NPOrpaMMHO-
annapatHbIx c60eB. B cBA3M C 3TUM 3adava MOBLILEHNS W3HOCOCTOMKOCTU W PECYPCHBIX MOKasaTenen Me-
XaTPOHHbIX Y3MOB CheunanuanpoBaHHblX cBapouHbix PTK npeactaBnsier coboM akTyanbHYl HayyHo-
TEXHWUYECKY0 Npobremy.

CBapoyHble pobOTOTEXHUYECKME KOMMIEKCHI, MPUMEHSIEMbIE MPW MPOKMaAKe MarucTpasnbHbIX U npo-
MbICIIOBLIX TPYBONPOBOAOB, COBEPLLAIOT TEXHOMONMYECKME ONEpaLn B YCOBUSAX KECTKOrO BHELUHErO BO3-
pencTens. MexaTpoHHble MOZYNM MO3MLMOHWMPOBAHIS CBAPOYHOW FOMOBKW, MEXaHM3MbI MO4AuM MPOBOSIOKK,
npuBoAbl NepemelleHns no obpasylowei Tpybbl U 3aXMMHble LieHTpaTopbl NOABEPraloTCs arpeccuBHOMY
BO3AEMCTBMIO KOMMIEKCa JeCTPYKTUBHbIX (PakTopoB. B nepByto ovepeab cresyeT BblAENUTb MEXaHUYECKIE W
abpasvBHble BO3OENCTBUS: NonagaHue MeNKoAUCNEPCHbIX YacTuL, Lwnaka, 6pbI3r pacnnaBneHHoro Metanna u
[PYHTOBOW MblfX B OTKPbITbIE U NOMY3aKPbITble TPUOOCONPSIKEHUS BbI3bIBAET WHTEHCUMBHOE abpasvBHOE W
afre3voHHOe U3HaLLMBaHWE KUHEMATUYECKUX nap.

CyLuecTBeHHbI BKNaa B AerpagaLmio y3noB BHOCAT TEPMUYECKME W AIEKTPOMArHUTHbIE MOMS, Tak Kak
61130CTb 30HbI TOPEHNSI CBAPOYHOM AYrit MPUBOAMT K LIMKIIMYECKOMY HarpeBy SMEMEHTOB KOHCTPYKLUMIA. JTO
NPOBOLMPYET CyxeHne pabounx 3a30poB, TEPMUYECKYIO AECTPYKLMIO CMa30YHbIX MaTeEpUasnioB 1 yCKOpeHue
AN dyY3MOHHBIX NMPOLIECCOB B NMOBEPXHOCTHBLIX CNOSX AeTanen. He MeHee 3HauMMbIM (PaKTOpPOM SBRSAKOTCA
ANHaMWUYECKMe Harpy3ku, 06yCrnoBneHHbIE HECTabUMBHOCTLIO reOMETPUK CTbika TpyObl, BUBpaLmsaMn OT pa-
60Tbl BCMOMOraTensHOro CUNoBoro 060pyaoBaHUs 1 TEXHOMOTMYECKUMI NMyNbCauMsMu Npy AYroBON CBapKe.
HasBaHHble SBNEHUs OPMUPYIOT NEPeMeHHble KOHTAKTHbIe HanpsKeHWs, NpPOBOLMPYHOLME YCTaNOCTHOE
BbIKpaLUMBaHWE (MUTTUHT) U (PPETTUH-KOPPO3NIO.

Kak oTmeyvaeTcsa B nccnegosanum E. B. MNoeaxaeBon ¢ coaTopamu, Npu paspabotke Moaenen mMexa-
HWYECKMX KOHCTPYKLMA POBOTOTEXHUYECKIMX KOMNNEKCOB Ans TPybOonpoBOaHbIX cUcTEM Heobxoaum riyBokui
YYET KMHEMATUYECKON CXEMbI M pacnpelereHNs KOHTAKTHbIX HanpshkeHWA B LAPHUPHBIX W HAMPaBMsoLmX
yanax, obecneuuBatoLyx YCTONYMBOE MO3ULMOHMPOBAHNE MHCTPYMeEHTaA [2, c. 54]. OTKNoHeHMe npocTpaH-
CTBEHHOrO MOMOXEHNS UCMOMHUTENBHOMO OpraHa Ha JOnW MUNUMeTpa BedeT K HapyLLIEHWI0 (hopMUPOBaHUS
CBApPOYHOI BaHHbI W BO3HWUKHOBEHMIO HEONYCTUMBIX Je(hEKTOB LUBA.

[NoBbILLEHWE pecypca MEXaHUYEeCKON COCTaBMALLEN MEXaTPOHHbLIX MOAYNeNn JOCTUraeTcs KOMMekc-
HbIM NPUMEHEHNEM KOHCTPYKTOPCKMX, MaTepuarioBegYeckmx U TEXHONOMMYECKNX peLleHuit. Mpu npoekTupo-
BaHWM CNELManM3MpoBaHHOrO CBApPOYHOro 060pyaOBaHMS, TaKoro kak komnnekcel Tuna «PYCby» wunn P7-78,
ocoboe BHUMaHWe yaenseTcs onTMMM3aumun MaccorabapuTHbIX MapaMeTpoB NpU COXPaHEHUM BbICOKO XeCT-
KOCTW KuHeMaTuyeckux Lenen [1, c. 6; 3, ¢. 42001.3].

CHWKEHNe MHTEHCMBHOCTU W3HALLMBAHWS JOCTUrAETCS 3a CYET HAHECEHUS TOHKOMMEHOYHbIX (DYHKLMO-
HanbHbIX NokpbITUIA (TiN, CrN, DLC) meTogom chuanyeckoro ocaxaeHns n3 razoBon ¢asel (PVD) Ha HanpaBs-
nALMe Banbl U XO40BbIE BUHTbI, YTO MO3BONSET CHU3UTL KOIMPUUMEHT TpeHus B 2,5-3,0 pasa 1 npedor-
BpaTWUTb CXBaTblBaHME Npu AedmumTe CMa3oqHOro matepuana. Hapsigy ¢ noBepxHOCTHOM obpaboTkon adh-

LXXXIX INTERNATIONAL SCIENTIFIC CONFERENCE | WWW.NAUKAIP.RU




\WORLD SCIENCE: PROBLEMS AND INNOVATIONS

(DEKTMBHOW MEepO SBNAETCSH BHEAPEHWE BbICOKOMPOYHbIX M KOMNO3ULMOHHBIX MaTepuanos. B yacTHoCTH, 3a-
MeHa TpaaMUMOHHbIX BPOH30BbIX BTYNOK METaNI0(TOPONNAcTOBLIMA CaMOCMa3blBAOLMMMUCS MOALLMMHMKA-
MW WK BbICOKONPOYHBIMI MOAU(ULMPOBAHHBIMM NONMaMMAAMM B y3Max C HUSKUMU CKOPOCTAMMU CKOSTbXEHMS
CYLLECTBEHHO YMeHbLUaeT BOCMPUMMYMBOCTb KMHEMaTUYeCKuUX nap K abpasvBHOMY 3arpsisHeHWto. [ononHu-
TENbHO OpraHM3yeTcs repMeTn3auns YyBCTBUTENbHBIX 30H MPUBOLOB W AATYMKOB NMyTeM NPUMEHEHWUS! MHOTO-
NaBbUPUHTHBIX 1 MaHXETHbIX YNOTHEHWA ¢ nofaven U3BbITOYHOrO AaBNEHUS 3aLMTHOTO rasa.

[Mpun AyroBoii cBapke B Cpefe WHEPTHbIX U aKTUBHbIX ra30B MapameTpbl CBAPHOTO LUBA KPUTUYECKM 3a-
BUCAT OT NNaBHO-NPELM3MOHHOTO nepemelleHus ropenku [4, ¢. 115]. KonebaHns conpoTMBEHNUS TPeHUS B
MEXaTPOHHbIX HanpaBnAKLLMX CO3AAKT «CKaYKM» CKOPOCTU, YTO MOMEHTANbHO OTPaXaeTcs Ha CTaburibHOCTH
nponnaeneHns Metanna. MoaToMy CHWXeHWe W cTabunusaums Ko3hduuMeHTa TPeHNs B LUMPOKOM Anana-
30HE TeMnepaTyp BbICTyNaeT NepPBUYHLIM TEXHOIOrMYECKUM TpeBOBaHMEM.

ObecneyeHne HagexXHOCTU MeXaTPOHHbBIX CUCTEM HEBO3MOXHO BbIAENUTb B UCKMKYUTESNBHO MEXaH U-
Jeckyto urv Tpubonorndeckyto 3agadvy. CoBpeMeHHbI YpoBeHb pa3BuTUsS pobOTOTEXHUKN TpebyeT uHTerpa-
LWW annapaTHbIX METOLOB 3aLUWTbI C UHTENNEKTYanbHbIMIU anropuTMamm yrpasieHns u UarHoCTUKM.

HeuncnpasHocTit 1 cbon B paboTe pobOTOTEXHUYECKMX KOMMIIEKCOB NOAPA3densoTCs Ha BHE3arHble
(OTKa3bl AMEKTPOHMKM, OBPbIBbI JIMHUI CBA3M) W NOCTENEHHbIE (M3HALLMBAHME MEXaHWKW, aerpagauuns u3ons-
Unn). ns npegynpexaeHnst KoUTUYECKUX OTKA30B B MPOLECCe BbIMOMHEHUS OTBETCTBEHHBIX CBAPOYHbIX One-
pauuin NepcneKkTUBHLIM HanpaBliEHWEM SBNSIETCS BHEAPEHWE MPOAKTUBHOM BepucMKaLMM M BU3YanbHOro
NporpaMM1pOBaHMs.

CornacHo nccnegosaHuam O. A. Conexoit u [1. A. JoHUa, NpUMEHeHNe METOLOB NPOAKTUBHOW Bepu-
(hvKaLmmn ynpaenstoLLmMX NporpamMm Ha atane NpoeKTUPOBAHWS U UCTIONHEHWS MO3BONSET UCKMOYUTL KMHEMa-
TUYeckue BOKMPOBKM, HEOMYCTUMbIE AMHAMMYECKUE NEPETPY3KM U HEKOPPEKTHbIE PEXUMbI paboTbl NpKBo-
[0B, CHXasi TeM CaMbIM MexaHuyeckuit u3Hoc Ha 15-20 % [5, ¢. 142]. MporpaMmHas Mogenb NpoakTUBHO
OLEHMBAET TeKyLUee COCTOSHWUE MEXaTPOHHOrO MOAYNS Ha OCHOBE MOCTYNAKLWMX OT BCTPOEHHbIX CEHCOPOB
[aHHbIX (TOKOBbIE XapaKTEPUCTUKN ABUraTenen, TemnepaTypHble TpeHabl, napameTpbl BUOpaLumn) n Koppek-
TUPYET TPAEKTOPUIO UMK CKOPOCTHOM NPOMIb O MOMEHTA BO3HUKHOBEHUS aBapUIMHOMO OCTaHOBA.

KoHuenTyansHoe B3anMOAENCTBME OTAENbHbIX YPOBHEN €MHON CUCTEMbI HALEXHOCTU MEXaTPOHHOMO
y3na npefcTaBneHo Ha pUcyHKe 1.

HWKHWIA annapaTHbIN YpOBEHb CUCTEMBI (POPMUPYET pranyecknii bapbep NpoTMB abpasmBHOTO U Tep-
MWUYECKOro M3Hoca 3a cyeT npumeHeHuss PVD-NOKPbITUA 1 YNNOTHEHUN, @ TaKkKe OCYLLECTBNSAET NepBUYHYIO
perucTpaunio usnyeckx napameTpos (Toka, TemnepaTypbl, YCKOpeHuit). Ha cpegHem ypoBHe MUKpONpo-
LieCCOpHble CepBOKOHTpOINepbl 0bpabaTbiBatoT AaHHbIE 06paTHOM CBA3M A1 AMHAMUYECKOW KOMMEHcaumm
nogToB 1 ynpyrux gecopmauuii. Ha BepxHem CUCTEMHOM YPOBHE YNpaBnslowe MOAyNn BepuuLmMpyoT
TPaAEKTOPUM M PEXMMBI, MPOAKTUBHO CHIKAS MUKOBbIE HAarpy3kn Ha MexaTpPOHHbIE CONpsXeHus [5, ¢. 144].

HapexHoCTb (hyHKLUMOHMPOBAHMA MEXaTPOHHbIX Y3r0B CBapOyHbIX PTK TeCHO CcBSi3aHa C KayecTBOM M
CTabUINbHOCTLI0 SHEprocHabkeHNs. B TpaccoBbIX YCMOBUAX NUTAIOLLEN CETHIO AN CBAPOYHbLIX KOMMIIEKCOB
BbICTYNaloT aBTOHOMHbIE NEpeABIKHbIE An3ernbHble anekTpocTaHumm (J3C).

Kak nokasblBaeT npakTuka akcnnyataumm MoburbHbIX CBApPOYHbIX KOMMMIEKCOB MNP CTPOUTENBLCTBE Ma-
rMcTparnbHblX TpyBonpoBOLOB, NyMbCcaLUy HAaNPSKEHNUS 1 MPOCAAKM YaCTOTbl MUTAOLLEN CeTH, BO3HUKALLMe
NPy pesKonepeMeHHbIX Harpyskax, HeraTuBHO BAMSIOT Ha paboTy CepBOMPUBOLOB W MUKPOMPOLECCOPHBIX
BrokoB ynpasnexus [6, c. 52]. Micnonb3oBaHue cneuynanu3npoBaHHbIX AW3eNbHbIX dNEeKTPOCTaHUuA (Hanpu-
mep, npoussogctea OO0 «K TCC») ¢ BbICOKOTOUHbIMM 3NEKTPOHHBIMI PEryNSTOPaMK YacTOTbl U Hanpsixe-
HWs obecneunBaeT cTabunbHble NapameTpbl ANEKTPUYECKON aHeprum [6, ¢. 52]. 310 npeaoTepalyaeT nepe-
rpeB 0OMOTOK LUArOBbIX M CUHXPOHHbIX ABUraTenel, CHKaeT YPOBHW SNEKTPOMAarHUTHbIX NOMEX B KaHanax
oBpaTHOW CBA3M AATYMKOB MOMOXEHUS U NOBbILIAET 0BLMIA PECYPC SNEKTPOHHBIX KOMMOHEHTOB MEXATPOHHbIX
Mogyrnemn.

CBogHas oueHka (PakTopoB ferpagaunv MeXaTpOHHbIX COMPSHKEHWUI U COOTBETCTBYIOLIMX UM WHXeE-
HepHbIX METOA0B HelTpanu3aLun npeacTasneHa B Tabnuue 1.
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BEPXHWI YPOBEHb (CUCTEMHBbIN)

* Mozynu npoakTUBHO BepUMKALIMM, NPEANKTUBHON AUArHOCTUKY 1
afanTMBHOIO KOPPEKTMPOBAHMWS TEXHOMOMYECKOro NpoLiecca

KoppekTnpoBka TpaeKkTopuil U pexumoB

, S—

CPEQHWI YPOBEHb (NOKAbHbI)
* MukponpoLieccopHble CEPBOKOHTPOSINIEPHI C anropuTMamm KOMneHcaLmm

MOGTOB M yNpyrux AechopmaLmil KUHEMATUYECKMX LiENen

CurHani ynpasneHna npusoaamu

HUKHA YPOBEHb (AMMAPATHO-®U3NYECKNI)

* KoHCTpyKTWUBHASA 3aLUmuTa 1 YNAOTHEHUS

* YnpouHsiowme PVD-NokpbITUS 1 KOMNO3UTbI

* BCTPOEHHbIE CEHCOPbI (TOKOBbIE XapaKTEPUCTUKW, TEMNEPATYPHbIE TPEHABI,

BuGpaLws)

Puc. 1. Uepapxmnyeckas CTpyKTypa KOMNNIEKCHOro obecneyeHns HageXHOCTU MEXaTPOHHbIX Y3N0B
cBapoYHbIx PTK

Tabnuua 1

®dakTopbl Aerpagauum MeXaTPOHHbIX Y3N0B U MEeTOAbI MX HeWTpanu3aLmm

McToYHuK BO3aencTaus

XapakTep nospexaeHui /
0TKa30B

MeToz NoBbILLEHUS! HAAEXHOCTH

AbpasunBHas nbisb,
LnakK

/13HOC noBepxHOCTEN TPEHUS,
3aKN1H1BaHKe

HaHeceHune PVD-NoKpbITUA, MHOTOCTYNEHYa-
Tble NabUPUHTHbIE YNNOTHEHUS

[nHamunyeckune nepe-
rpy3Kku

YCTanocTHoe BblkpallMBaHue,
ndTbl B nepegayax

OnTUMM3aLms KNHEMATUYECKUX CXEM, NPOaK-
TUBHOE OrpaHN4YeHME YCKOPEHMUiA

Tepmuyeckoe nsnyye-

[lecTpyKumsi cMasku, Tepmuye-

[MpUMeHeHKe TepMOCTONKUX MaTepuasos,

HWe gy CKIe MOBOZKM OXNaXOAeMbIX 3aLLMTHBIX 9KPAHOB
HectabunbHocTb anek- | CHom koHTponnepos, nponyckh | MpumeHeHne cneynanuanpoBarHbix 43C ¢
TPONUTAHNS LLIaroB Np1BOAOB BbICOKON TOYHOCTbIO CTabunmuaaumm

[oBbILLEHNE HALEXHOCTU U U3HOCOCTOMKOCTU MEXaTPOHHBIX Y3rioB pOBOTOTEXHUYECKMX KOMMIEKCOB
ANs cBapku TpybonpoBoLoB NpeacTaBnseT coboi KOMMNEKCHYH MEXANCLUMNNMHAPHYIO 3aAady, Nexallyto Ha
CTbIKe MEXaHuKu, TpUbONoruK, MaTepuanoBeeHUs U CUCTEM yNpaBneHus.

[MpoBeAeHHbIN aHann3 NokasbIBaeT, YTO HamnyyLLMe nokasaTenu pecypca JOCTUralTCs Npy CoMeTaHuu
TPAOULMOHHBIX KOHCTPYKTUBHO-TEXHOMOTMYECKUX METOAOB (OMTUMM3AUMSA TenuKouAanbHbIX W LapHUPHBIX
nap, NPUMEHeHMe ynpoyHsatoLwmx PVD-NOKPLITUA 1 KOMMO3MTOB) C NEPEA0BLIMU MHGOPMALMOHHBIMIA TEXHO-
norusamu. BHeapeHue NpoakTUBHOM BepuMKaLMm NporpaMMHOro 0becneyeHns 1 aganTUBHOTO ynpaBneHus
MO3BONSET B PEXMME pearnbHOro BpeMeHW KOMNEHCUPOBATb HaKanMBaeMblil MEXaHUYECKUA M3HOC U NpeJoT-
BpaLlaTb BO3HUKHOBEHME aBapwiiHbIX CUTyauuil. B CBOK ouvepedb, obecneyeHne BbICOKOrO kavyecTBa aBTo-
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HOMHOTO 3MIEKTPONUTaHNS CO3AaeT YCroBus Ans ctabunbHoN paboTbl MUKPOMPOLIECCOPHbIX CUCTEM U NpeL -
3MOHHbIX NPUBOAOB B XECTKUX TPAcCoOBbIX YCnoBuaX. MNpakTuyeckas peanusaumus pacCMOTPEHHbIX NOAXOA0B
MO3BONUT CYLLECTBEHHO MOBbLICUTb KOIHMULIMEHT TEXHUYECKOTO UCMONb30BaHNsS cBapoyHbix PTK u obecne-
4NTb CTabMNBHO BLICOKOE KAaYeCTBO CBAPHbIX COEAMHEHU NPpW NPOKnagKke NepcrnekTUBHBIX TPYBONpoBOAHbIX
MarucTpanen.

CnuMcoK UCTOYHMKOB

1. bonbwakosa, O. K0. CBapoyHoe 1 BcnomoraTtensHoe 0bopyaoBaHue Ans KoMnekca aBTomaTuye-
CKOM CBapKM CTbIKOB MarucTpasnbHbix Tpybonposogos «PYCb» / O. 10. bonbwakosa, ®. B. Ksacos, 0. E.
Vohde // CocTosiHME 1 OCHOBHbIE HaNpaBneHUs pas3suTS ceapoyHoro npoussoactaa MAO «asnpomy : Te-
aucel  XIl  otpacnesoro cosewaHus, Mockea, 19-22 Hosbpa 2024 roga. - Mocksa: HayuHo-
nccneaoBaTenbCKU MHCTUTYT NPUPOAHBIX ra30B W ra3oBbix TexHonoruit - Masnpom BHUWIAS, 2024. - C. 6. -
EDN CNUHGN.

2. [oe3xaesa, E. B. K Bonpocy 0 pa3pabotke MOZENM MexaHU4ecKon KOHCTPyKuuu poboTa mpo-
MbILLSIEHHOTO aBTOHOMHOTO POBOTOTEXHUYECKOrO KOMMMeKca Ana AnarHoctuku Tpybonposogos / E. B. Moes-
xaeBa, [1. H. Kyues, E. t0. Tonkos // CTpouTenbHble 1 4OpoxHbIe MawuHbl. — 2022. — Ne 4. - C. 53-59. - EDN
EHOAHO.

3. BapHasckun, E. B. MoBbllweHne 3¢hheKTUBHOCTM aKcnyaTauum poboTOTEXHUYECKOTO KOMMIeKca
Ans CBapKu pesepsyapoB Bo3aywHoro tuna P7 - 78 / E. B. BapHasckui // Poccust monogas : CbopHuk maTe-
puanos Xl Bcepoccunckon Hay4HO-NpakTUYECKON KOH(DEPEHLUMN C MeXayHapoaHbIM yyacTnem, Kemeposo,
20-23 anpens 2021 ropa / Pegkonnerusi: K.C. Koctukos (oTB. pea.) [v ap.]. — Kemeposo: Kysbacckuin rocy-
[APCTBEHHbIN TEXHUYECKM yHMBepcuTeT uMeHn T.0. Fopbayesa, 2021. — C. 42001.1-42001.8. — EDN
NPKPZJ.

4. AHTOHOB, A. A. OcOBEHHOCTY CO3LaHNs CBAPOYHbIX POBOTOTEXHUYECKNX KOMMMEKCOB AN AYrOBOW
CBapk1 B MHepTHbIX rasax / A. A. AHtoHoB // IIl Bcepoccninckasi HayuHO-MHXEeHepHas KOH(EPEHLMS UMEHU
npocpeccopa A./. Kommnccaposa (C MexayHapogHbiM yyactuem) : CoopHuk matepuanos, Mockea, 25 mas —
06 2025 roga. Yactb 1. TexHonornyeckne MalwmHbl M annapartbl (N0 oTpacnsm). MexaTpoHuka n poboToTex-
Huka. — MockBa: Poccuiickuin rocyaapcTBeHHbIN yHuBepeuTeT uM. A.H. KocbirvHa (TexHonoruun. [usaiiH. Kc-
kyccTBo), 2025. - C. 113-118. - EDN MUUCYT.

5. ConeHast, O. A. MpoakTuBHas BepuduKaums B BU3yanbHOM MPOrpaMMUMPOBaHNKM MEXATPOHHbIX
CUCTEM 41151 MOBbILLEHWS HAAEXHOCTM NPoM3BOACTBEHHbIX onepauui / O. A. Conenas, [. A. JoHey, // 3aBa-
NMLIMHCKNE YTeHns'26 : CoopHuk goknagos XXI MexayHapoaHON KOHGepPeHLMN MO ANEKTPOMEXaHMKE W pO-
BotoTexHuke, CaHkt-MeTepbypr, 14-15 anpens 2026 roga. — Caxkt-letepbypr: CaHkT-MeTepbyprckuii rocy-
AAPCTBEHHbIN YHUBEPCUTET adpOKOCMUYeckoro npubopoctpoerus, 2026. — C. 141-145. — EDN PFTRYO.

6. [lonos, I'. C. AusenbHble anektpocTaHumu nponssoactea OO0 «K TCC» B CBapOYHbIX KOMMEK-
Ccax KOHTaKTHOM CTbIkOBOW cBapku Tpybonposoaos / I'. C. Monos // CocTosiHME 1 OCHOBHbIE HaNpaBeHus pas-
BUTUA cBapoyHoro npouasogctea MAO «asnpomy : Tesucsl Xl oTpacnesoro cosellanusi, Mocksa, 19-22
Hos6psa 2024 roga. — MockBa: Hay4HO-1ccneaoBaTenbCkMl MHCTUTYT NPUPOLHBIX Fa30B W ra3oBbIX TEXHONO-
i - Fasnpom BHUNTAS, 2024. — C. 52. - EDN HYQWVE.

© O.B. Kyapsues, 2026

LXXXIX MEXXYHAPOJHAA HAYYHO-NPAKTUYECKAA KOHDEPEHLINA | MLIHC «HAYKA 1 NPOCBELLEHMEN



WORLD SCIENCE: PROBLEMS AND INNOVATIONS

YNIK621.372.8

MULTIBEAM SATELLITE POWER COMBINER AND
REDISTRIBUTION ARCHITECTURE BASED ON
QUADRATURE BRIDGE MATRIGES

TIENC. M.

The degree of master in electronics engineering,
Department of Radio Engineering, Telecommunications University, Khanh Hoa, Vietnam.

KY PH.

The degree of doctor in electronics engineering,
Department of Radio Engineering, Telecommunications University, Khanh Hoa, Vietnam.

TUANTR. NG.

The degree of master in electronics engineering,
Department of Radio Engineering, Telecommunications University,
Khanh Hoa, Vietnam

Abstract: This paper proposes a multibeam satellite power combiner based on quadrature bridge matrices
and a shared microwave amplifier. The proposed system enables efficient signal power combination and
dynamic redistribution across multiple frequency channels without individual amplification. Mathematical
derivation of the scattering matrix (S-matrix) validates the architecture's ability to adapt transponder power
according to channel traffic demands, reducing transmitter weight and cost.

Keywords: Multibeam satellite, power combiner, quadrature bridge, scattering matrix, power redistribution.

CYMMATOP MOLLUHOCTHK And MHOIrOnyvyeBbIX CIYTHUKOBbLIX CUCTEM HA OCHOBE
KBAOPATYPHbIX MOCTOB
Tuen K. M.
MarucTp TexH. Hayk
HsiyaHr, BbeTHam
Ku ®.
KaHgmaaTt TexH. Hayk
HayaHr, BbeTHam
Tyan Y. H.
MarucTp TexH. Hayk
XaHbxoa, BbeTHam

AHHoTauua: pegnoxeHa cxema CymmaTopa MOLLHOCTM NS MHOMOSy4eBOW CMyTHWKOBOW CBSI3W Ha OCHOBE
MaTpuL, KBagpaTypHbIX MocToB M obero CBY-ycunutens. Cuctema obecneunsaet achpekTMBHOE CyMMUPO-
BaHWE W AMHAMWUYECKoe nepepacnpeferneHe MOLLHOCTM Mo YacTOTHbIM kaHanam 6e3 HeobxogumocTu pas-
[ENbHOMO ycuneHns. Ha ocHoBe pacyeta MaTpuubl paccesHus (S-maTpuubl) NOATBEPXAEHA BO3MOXHOCTb
afanTUBHOTO pacnpenerneHns MOLWHOCTU TPpaHCNoHAepa B 3aBUCUMOCTW OT Harpy3ku KaHamnoB, YTO CHUXaeT
Maccy 1 CTOMMOCTb Nepeaarymka.

KnioyeBble cnoBa: MHoronyyesas CnyTHUKOBas CBA3b, CyMMaToOp MOLLHOCTW, KBagpaTypHbI MOCT, MaTpuua
paccesHus, nepepacnpegeneHne MOLLHOCTY.
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This architectural design highlights a widely used radio transmitter setup that successfully realizes
spatial diversity for transmitted composite signals by employing sophisticated multibeam antenna systems. To
exemplify this framework, the multibeam satellite network "Thuraya" - which actively delivers communication

services throughout multiple European nations [1] - is depicted in Figure 1.

@Qﬁ SATELLITE 3
SATELLITE | o «—\rep chreime sy STTELLITE 2
COMMUNICATION LINKS

Ll

- sl NETWORK el
o S MANAGEMENT
——— STATION ‘

GATEWAY ¥ GATEWAY
STATION > PUBLIC SWITCHED TELEPHONE NETWORKS (PSTN) STATION

Fig. 1. Inter-satellite communication links of the Thuraya system

Analyzing this architecture demonstrates that the output power emitted by each individual antenna
element is directly proportional to the volume of data being transmitted over its designated channel. To
address the inherent spatial and financial constraints of multi-channel transmitters, this paper proposes
integrating a single, centralized power amplifier serving all operational channels. Rather than assigning static
power budgets, this common amplification system dynamically redistributes its available capacity in real time,
matching the instantaneous signal requirements and traffic load of each individual channel [1,2].
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e —cpe | Port 2 Port 2 i, Port1 Port3 Port 3 | e e
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D Amplifier —> Signal Flow
83331'2#”"’ > Power Flow
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i DETAIL OF
{ A QUADRATURE HYBRID (M)

Fig. 2. Block diagram of a satellite power combiner

The block diagram incorporating the signal power dividers is illustrated in Figure 2, where the primary
amplified signal is distributed to input channels 1 through n, operating across frequency bands f, to f, .

Subsequently, these power-boosted signals are routed toward output channels n+1 to 2n, spanning the
equivalent frequency range from f, to f, .
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One of the most straightforward combiner configurations based on this architecture is the quadrature
hybrid coupler, whose scattering parameters are defined by the following matrix:

SCHEMATIC DIAGRAM

S G —f -1 @

c _(LX\|-j 0o 0 -1
matrix \/E —1 0 0 _]'

0 -1 —j 0

Fig. 3. Structure of the quadrature bridge matrix

—

|| —

The block diagram of the power combining architecture utilizing a bridge structure for a dual-frequency
beam configuration is illustrated in Figure 4.

| « Output 1: Combined f1 + 12, directed to Antenna A
|* Out ad f1 + 12, directed to Antenna B

I\
R A / \
s N SEENG
05 a G r-on-Demand Allocation
rowave Transporder Component

> A |* De
Frequency (GHz) | = High-efficiency

fl £ [
— T <A
QUADRATURE f1,£2 fl,£2 QUADRATURE
MATRIX  [me—p| \/ MATRIX
) M1 M2
AMPLIFIER Y

Fig.4. Proposed two-Channel Satellite Combiner

In this schematic, M denotes a quadrature hybrid bridge, while Y represents the microwave power
amplification stages. The overall scattering matrix of the proposed topology in Figure 4 is derived by
computing the product of the two constituent matrices in Equation (1), yielding the following expression:

Any output terminal of this bridge network where the incident signals arrive in-phase performs spatial
summation, serving as a unified output. Specifically, for the signal at frequency f,, this constructive addition

occurs at the bridge port connected to Antenna B; conversely, for frequency f,, the signal is directed to

Antenna A [3].
At each respective antenna terminal, the arriving signals exhibit a relative phase shift given by:
. 3 .

where 3:% is the phase shift due to the quadrature bridge devices, and / y is due to the microwave

amplifier.
The schematic diagram illustrating a power combining configuration that employs this bridge structure
across four spatial beams is presented in Figure 5.

LXXXIX INTERNATIONAL SCIENTIFIC CONFERENCE | WWW.NAUKAIP.RU




n \WORLD SCIENCE: PROBLEMS AND INNOVATIONS

At both the input and output stages of this architecture, a four-port matrix comprised of quadrature
bridge devices is integrated around a shared microwave amplifier system. This topology enables dynamic
power reallocation across four distinct frequency channels.

DETAIL: INPUT MATRIX MODULE 11| (e EiE7 R L2 'f4<O )
[0 =i -1]0] oIl [ M M
fl S0 040 __,_fl,fz f3,14 __,13@
=< () = f3 —X X—
0 — H-
ol |-1 0 0 -j|3 u B e |y ‘Q@
°Lo -1 - o] Bl > o <0
L f3.4 B4 Lp

Fig. 5. Proposed four-channel sattellite combiner

When amplifiers are excluded, the output signal amplitude is determined by the following formula:
U, ,=U €. In this case, the phase shiftis y =3 g, i.e., € =e’®” = 1 Taking the amplifiers into

B bl X

account, U, , =K U, e‘Bjiy il , Where K is the gain coefficient of the amplifier; Dy , is the phase shift of

the signal passing through the amplifier.

0 0102 03 04 1
Output Power

Input Port 1 + n-Channel Shared Amplifier Architecture
Portn + Dynamic Power Redistribution

SHARED MICROWAVE
AMPLIFIER (y)

Output Port n+1
fo Port 2n

11

INPUT OUTPUT
POWER POWER
DIVIDER COMBINER

« Dynamic Power Redistribution
+ Optimized N-Way Power Combining
+ Compatible with Multibeam Antennas|
+ Simplified Transponder Design.

Output Port n+1
| Port 2n

Fig. 6. Proposed N-Channel Satellite combiner schematic

The block diagram of the multi-channel power combiner is illustrated in Figure 6. By incorporating a
matrix of 2N bridge couplers surrounding the microwave amplification stage, this architecture enables
dynamic power reallocation across multiple frequency channels.

Based on analytical calculations, the parameter scattering matrix for this combiner topology is
expressed as follows:

~

0 0 . 0 @ 1)

o - 3} Ul
0 0 0 .o x 1) 0 ’
o~/ g 11 . . . . . . I’I
Y= € 11 . o .o ) . o (4)
L 0 ©x 1 . . 0 0 ¥
u 7@ 1) 0 .o 0 0 U

Based on the analytical results obtained in matrices (2) and (4), the proposed circuit topology
incorporating quadrature couplers demonstrates a dual capability: it effectively sums signal powers while
simultaneously distributing them across multiple radiating elements. Consequently, by adjusting the input
signal amplitude, power can be dynamically reallocated from one spatial beam to another in direct alignment
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with the required data transmission capacity.In conclusion, integrating a shared amplification system with
these scattering-matrix-defined combiners allows multi-beam systems to perform power summation across
numerous frequency channels simultaneously, eliminating the need for individual channel separation prior to
amplification. Grounded in the calculated $S$-parameter matrices, optimal combiner topologies satisfying the
requisite operational criteria have been designed and synthesized. Ultimately, implementing such quadrature-
based combining networks provides both robust power summation and flexible multi-beam power redistribution
within advanced multi-beam antenna systems.
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YK 001.894

YCTPAHEHWUE OCTATOYHOTO AIENIBTA-
(DEPPUTA B JINCTAX AYCTEHUTHOM CTANW,
CTABWIN3NPOBAHHON HNOBUEM, C
[IOMOLLLbH) TPEXCTYNEHHATON
TEPMWYECKOW ObPABOTKM

30[1A MOXAMAL

MarucTpaHT
OrAQY BO «HaumoHanbHbIi McCrnenoBaTenbCkuii TEXHONOMMYECKUIA YHUBEPCUTET
«MUCUC» (HUTY MACIC), r. Mockea

AHHoTaumsa: B pgaHHOW paboTe paccmaTpuBaeTcs TPEXCTYMEHYATbI PeXum TepMuyeckoinr obpaboTtku ans
MOSHOTO yAarneHns 0CTaToOMHOrO AenbTa-epputa U3 NMCTOB ayCTEHUTHON CTanu, CTabunnanpoBaHHON HUO-
Buem. MpeanoxeHHbI MeTo BKNKOYAET dTanbl CHATUS HanpsbkeHuin npu 593°C, ayteHuTuauum npu 1052°C
n ctabunuaupytowero onkura npu 954°C. MokasaHo, 4to 0bpaboTka No3BONSET BOCCTAHOBUTb HEMATHUTHYHO
ayCTEHUTHYIO CTPYKTYPY, YNyuLINTb MEXaHNYECKIE CBOCTBA 1 MOBLICUTb KOPPOMOHHYK) CTOMKOCTb MaTepu-
ana. PesynbTaTtbl NOATBEPXAEHbI MUKPOCTPYKTYPHBIMW UCCNEA0BAHUAMM N MEXaHUYECKUMM UCTIBITAHWUAMMU.
KnioueBble cnoBa: fgenbTa-cepput, ayCTeHUTHas cTanb, Tepmuyeckas obpabotka, ctabunusaums, kapbo-
HUTPUZbI HUOOWS, KOPPO3MOHHAS CTOMKOCTb.

ELIMINATION OF RETAINED DELTA-FERRITE IN NIOBIUM-STABILIZED AUSTENITIC STEEL SHEETS
USING THREE-STEP HEAT TREATMENT

Mohamad Zoda

Abstract: This paper examines a three-step heat treatment regime for the complete elimination of retained
delta-ferrite from niobium-stabilized austenitic stainless steel sheets. The proposed method includes stress
relief at 593°C, solution annealing at 1052°C, and stabilization annealing at 954°C. The treatment restores the
non-magnetic austenitic structure, improves mechanical properties, and enhances corrosion resistance. Re-
sults are confirmed by microstructural studies and mechanical tests.

Key words: delta-ferrite, austenitic steel, heat treatment, stabilization, niobium carbonitrides, corrosion re-
sistance.

1. BBepeHue:

B natentax US7837810 n W02005024071A1 nokasaHo, YTO NPUMEHEHWNE MHOTOCTYNEHYaTol TepMu-
yeckorn 06paboTKM K ayCTEHUTHOW HEPXABEKOLLEN CTanu, CTabunmanpoBaHHOM HUOBMEM (B YACTHOCTU, MapKM
347H, 347HLN un 16Cr11Ni2.5MoNb), no3sonsieT npakTM4eckn NONHOCTLIO PaCcTBOPUTL AenbTa-pepput u
BOCCTAHOBMUTb UCXOZHYI0 ayCTEHUTHYIO (HEMarHWUTHY0) CTPYKTYpPY, NPK 9TOM 3HAYUTENBHO YIy4Llas MexaH u-
4eckue 1 TepMuyeckue caoictaa [1, 2].

Mpumeyanue: [aHHas obpaboTka Obina paspaboTaHa AnNs CBApHbIX COEAMHEHUA, HO €€ MPUHLMMbI

LXXXIX MEXXQYHAPO[IHAA HAYYHO-NPAKTHYECKAA KOHBEPEHLINA | MLIHC «HAYKA W NIPOCBELLEHVEN




WORLD SCIENCE: PROBLEMS AND INNOVATIONS n

HanpsiMy0 NPUMEHUMbI K 0GBbEMHON TepMuyeckon 0bpaboTke NUCTOB, Tak Kak Lienb 3aKn4YaeTcs B pacTBo-
peHun cheppuTa 1 nepepacnpeseneHni BolaeneHuin no Bcemy obbEMy Matepuana, a He TONbKO B 30He CBap-
HOrO LLBA.

2. Mpepnaraemblit pexvum TepMruyeckon o6paboTku Ana NUCTOBOW CTanu.

MeToA BKIHOYaET TpW NocnefoBaTenbHbIX 3Tana ¢ TOYHbIM KOHTPOSIEM CKOPOCTEN HarpeBa 1 oxnaxae-
HWS, KaK nokasaHo B Tabnuue 1:

Tabnuua 1
TpéxcTyneH4aTbIn pexum Tepmmyeckon o6paboTku
ANA yaaneHus genbTa-chepputa U3 NUCTOBOW CTanu:

CkopocTb HarpeBa-
dran Uenb Temnepatypa | Bpems J——
CHsatne HanpskeHnd | CHUKEHME OCTaTOUHbIX HANPsHKEHUI No- o HEe  Me-
Crne NpoKaTky M OXNaxaeHus 593°C Hee 2 | HarpeB CO  CKOpo-
(1100°F) 4acos ctbio 14-25°C/MuH
PacTBopeHue (ayte- | PacTBopeHue genbta-gepputa, kapbu- 1052°C He  Me- HATDEB €O CKODO-
HUTU3aLKS) [0B XpoMa 1 curma-thasbl (1925°F) Hee 2 CThio 18-30°C/MMH
4acoB
Crabunuampytowmin | MpegoTepaLleHne NoBTOpHOro obpaso- . He we- | MeanerHoe  oxna-
OTKUT BaHus curma-asbl, hopmMupoBaHme rpy- | 954°C
N o Hee 1 | XOeHne CO CKOpo-
BbIx BblaeneHnin kapboHuTpnaos Huobus | (1750°F) o
i yaca cTblo 1.5-3°C/MuH
pasmepom 300-600 A
OkoHyaTenbHoe 3akpenneHne CTPyKTypbI 1 NpegoTepa- oxnaxgaeHue Ha
oxnaxgeHve LEHWNE TEPMUYECKMX HAMPSHKEHNI KOMHaTHasi - BO34yXe CO CKOpO-
CTblo 15-25°C/MuH

MNpumeyanve: ns NUCTOB pasHOM TOMLMHLI BPEMS BbIAEPXKKM PACCUNTLIBAETCS Ha At0IM TOMLLMHBI, HO
He MeHee yKka3aHHOro MuHuMyma [1].

2500 1
STEP 5: Rurmace ramp down
to 1750F° (354C9)
STEP 4: Hdd 1925°F (1050°C) Ramp-down rate: F¢ to 5Fo/min
2000 for 2hrs./inch for 2 hours min (1.59 b 39C/min.)
STEP 6: Hold 1750%F (954°C)
STEP 3: Ramp-up 1925F¢ (1050C°); for 1hwAnch
Ramp-Lp rate 32F° to S4FO/min. 1 hour mirimum,
(18C° tp 30C°/min.)
E 1500
% STEP 2: Hold 11009F (595°C) STEP 7: Alr cool to room temperature
1 for 2 hrs. inch - 2 hours min, estimated st alr cool rate of
E’ I FBOF/min. (200C/min.) minimum
1000
" \
STEP 1t Load Into hot furnace at 1100F (S95°C)
Rampup rate 2572 to 45°9/min,
(14€° tH 25C0/min.)
500
0 T T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450 500

Time (Minutes)

Puc. 1. TemnepaTypHO-BpeMeHHOW NPOodUNb TPEXCTYNEHYATON TEPMMYECKON 00paboTkm (CHATHE
HanpsXeHW — ayTeHUTU3auusa — CTabUNU3UPYIOLNIA OTXKKT),
NPUMEHAEMON K TUCTaM ayCTEHUTHOMN CTanm
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3. MexaHu3m yganeHus genbTa-chepputa U3 NUCTOB.

1. 3ran aytenutnsaumm npu 1052°C pacteopset 60-
nee 98% penbTa-(heppuTa, NpespaLias ero B ayCTeHUT, no-
CKOIbKY 3Ta Temneparypa:

X Bbllle TemnepaTypbl pacnaga epputa. Hxe Tem-
nepaTypbl MHTEHCUBHOMO pocTa 3épeH (koTopas ans cranu 347
HaunHaeTcs npu ~1093°C) [1].

2. Crabunusupytowmin omxur npu 954°C (Bblwe Tpa-
AMLMOHHbIX 899°C):

npegoTBpaLlaeT noBTOPHOe 0bpa3oBaHue curma-gasbl
(0bbl4HO 0Bpa3sytowwencs o 927°C) v npuBOAMT K orpybneHunto
BblleNneHuil kapBoHUTPUAOB HMOBUS [0 pasmepa 300-600 A
(BMecTo 150-200 A npw cTanpapTHoit 06paboTke), YTo ynyy-
LaeT NNacTUYHOCTb U CHUXAET XPYNKOCTb [2]. TR )

3. bbICTpbIN HarpeB (0cobeHHO Ha aTane ayTeHWUTU3a- Figure 3B
Unn) npegoTtepalaeT obpasoBaHue kapbugos xpoma (Cr23C6)
W curma-gpasbl B NpoLiecce Harpesa, a MeafIeHHOe OXNaxaeHue
[0 Temneparypbl cTabunusauuu no3sonseT cqopmMupoBaThb
HeobxoauMble rpybble BblaeneHus 6e3 BO3HUKHOBEHWS TepMU-
YeCKUX HanpshKeHWi unu gecdopmavum nuctos [1].

BnusiHne ckopocTu MeaneHHOro oxnaxgeHus nocne

Ly

s -

A// ‘-'v\"'.

CTaBUNU3NPYIOLLEro OTXMra Ha MexaHuyeckue CBOWCTBA. A el
Momnmo npepoTBpalleHnss obpa3oBaHus curma-gasbl, Figure 3C
MeaJileHHOe OXnaxaeHne co ckopocTblo 1.5-3 °C/MuH OT Tem- Puc. 2
nepaTypbl cTrabunuampytoluero omkura (954 °C) o KOMHAaTHOM  JnexTpoHHbIe MUKpodoTorpadum (SEM)
TemnepaTypbl obecrneunBaeT paBHOMEPHOE pacnpefeneHue 06pa3LioB cTanu 347H, 347THLN u

TEPMUYECKUX HaNPSHKEHWA NO NONEPeYHOMY CEYEHUHD NTUCTa, 16Cr11Ni2.5MoNb nocne Tepmuyeckon
4TO 0COBEHHO KPUTUYHO AN TOMLWWMH, NPEBbIWAKLWMX 25 MM. 06pa60TKVI, BEMOHCTPUPYIOLLME YUCTYIO
MenblTaHus nokasanu, 4to ,U,aHHb|l7| pexum oxnaxgeHua cno- ayCTEHUTHYIO CTPYKTYPY, NONHOCTLI0

cobeTByeT: § i _ cBoboaHyio oT AenbTa-thepputa n curma-
X CHWKEHWIO BHYTPEHHE! HaKNEmkW, BO3HWKAOLLEN dasbl

W3-3a pasHULbl CKOPOCTEN OXMaXOEHUs MEXy NOBEPXHOCTbIO
W cepaLeBuHO MeTanna.

X OBbILUEHNI0 OTHOCUTENBHOMO YAMMHEHUS MPU UCMbITaHWUAX Ha ropsyee pactsxeHue (4o 850 °C)
Ha 8—12 % no cpaBHeHWIO ¢ 0bpasLiamu, OXNaXAEHHLIMIU Ha BO3AYXE C NMPUHYAUTENbHON BEHTUNSALMEN.

X npefoTBpaLleHno 0bpasoBaHMsa TPeLMH penakcauun HanpskeHun (Stress Relaxation Cracking)
Npn ANUTENBHON SKCMyaTauun Npu Temnepatypax cabiwe 750 °C, bnarogaps paBHOMEpHOMY pacnpegene-
HWIO rpyObIX BblAeNeHWn kapbOHUTPULOB MO rpaHNLAM 3EPEH 1 BHYTPU HUX.

Takum obpa3om, TO4HOE COBNIOAEHNE CKOPOCTI OXMNAKOEHNS Ha dTane Mexay ayTeHUTU3aLUuen u cTa-
Bununsaumen SBNSETCS HE MEHee BaXHbIM, YEM KOHTPOMb CKOPOCTEN HarpeBsa, Ans AOCTUKEHWS NOMHOrO KOM-
nnekca 3asBneHHbIX CBOVCTB [3,4].

4. MopTBepXAEHHbIE pe3ynbTaTbl AN 00paboTaHHbIX NIMCTOB.

OneKTPOHHO-MUKpOCKonuyeckne uccneposanust (SEM), ucneitanms Ha kopposuo (ASTM A262) n me-
XaHW4eCKne TECTbI NoKa3anw, YTo NpeanoxeHHas obpaboTka obecneunsaer:

1. TonHoe oTcyTcTBUE AenbTa-GeppuTa B KOHEYHON CTPYKType (He OBHapyXuBaeTCs C MOMOLLbHO
SEM) [1, puc. 3A-3C].

2. OrtcytctBue curma-ghassl no Bcemy 06bEMy matepumana [1].

3. [loBblleHMe yOapHO BS3KOCTWM W CTOWKOCTM K TpewHoobpa3oBaHWo Npu TemnepaTtypax go
850°C, B otimume ot HeobpaboTaHHbIX 06pa3LoB, koTopble pacTpeckmBaroTes npu 800°C [2, Tabnuua pe-
3ynbTaTos].
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4. BocCTaHOBMEHMe YUCTO ayCTEHUTHOM (Hemar-
HWUTHOM) CTPYKTYpbl NIUCTOB (MOCre MCYE3HOBEHUS OCTa- il
TOYHOTO heppuTa). T /1 s Wetded o cracis

5. YnyJyweHHOe COMPOTWUBREHME MeXKpUCTan- e /[ pwnrhocade |
NMTHOM Koppo3uu cornacHo ASTM A262 [1]. R o \C /f i

5. MpaKTUyeckoe NpUMeHeHNe ANs NUCTOB CTa- o | R R
nv 08X18H105: R T Y R e T s S

Ona cranu 08X18H10B (aHaror mapkn 347H) -

NPEANOXEHHbIN PEXM MOXET OblTb NPUMEHEH K NUcTam Figure 4A
C YYETOM CneayoLmx MOMEHTOB:

1. Ecnm cTanb cogepxut monubaeH (no caktu-
4eCKOMY XMMUYECKOMY COCTaBY), PEKOMEHAYETCS WUCMOMb-
30BaTb BEPXHIOW PaHuULly TemnepaTypbl ayTeHUTU3aLum —— - An Wetded Cracknd
(0o 1066°C) ans nonHoro pacTeopeHus hepputa [1]. - /

2. CobniogeHne 3agaHHbIX CKOPOCTEN Harpesa U - /S
OXNaXOEHUs KPUTUYECKM BaXHO Ans ycnexa obpaboTku oo | — _§ R
(CrMLUKOM MeasieHHOEe WNK CMNLLKOM ObICTpOoe oxnaxae- § - N
HWe MOXET NMPUBECTU K MOBTOPHOMY 0Bpa3oBaHuio Bpesd- - " er
HbIX ha3 unm gecopmaum nucTos) [2]. - — —

3. Bpems BblgepxKku paccunTbIBAETCA MCXOAS W3 o *xcr PWHT No Cracks
TOMNLMHBI NUCTa (2 Yaca Ha AM Ha dTane ayTeHuTu3a- R T R e R il TR
LK 1 1 4ac Ha [toiiM Ha aTane ctadunuaauun) [1]. N

Figure 4B

6. BnuaHne xuMmnyeckoro coctaBa CBapOYHbIX

maTepunanoB Ha 3¢h¢heKTMBHOCTL 06pPaboTKK.

yenex TPEXCTyneHYaTon Tepmmyeckon obpaboTku B
3HAYUTENbHON CTENEHN 3aBUCUT HE TOMbKO OT Temnepa-
TYPHO-BPEMEHHbIX NapaMeTpoB, HO U OT KOHTPOMS XWUMK-
4eckoro cocTtaBa MeTanna wsa (MpU Hanuyun CBapHbIX
COEAMHEHNN Ha NucTe). B naTeHTax yCTaHOBIEHO, YTO UC-
Nosb30BaHNE CBAPOYHbIX 3MEKTPOAOB C BbICOKOWN YNCTOTON
(HM3KOe cofepxaHne nNpumecein) 1 ONTUMU3NPOBAHHLIM COAEPXKAHMEM CTaBUNMMU3UPYIOLLMX 3IIEMEHTOB (HWO-
Bna nivnv TUTaHa) NO3BONSET NPeLOTBPATUTL ABa KPUTUYECKUX AedhekTa, BOHUKAIOLWWMX B npoLecce Harpe-
Ba:

Puc. 3. PesynbtaTthl TepMOMEXaHMye-
CKUX ucnbiTaHun obpasuos 347H un 347HLN,
NoKa3sbIBaloLMe NOBbIWEHHYH CTOMKOCTb K
pacTpeckuBaHuio npu Temnepatypax go 850°C
nocne o6paboTku, N0 CpaBHEHMIO C HeoOpa-
60TaHHbIMKU 0Opa3uamu, KOTopbie pacTpecKu-
Batotcs npu 800°C.

1. JlnksaumoHHoe pactpeckusanune (Liquation Cracking) — no rpaHuuam 3épeH B 30He TEPMMYECKOrO
BNMSHUS.

2. TpewwwHbl kpuctannusauum (Solidification Cracking) — B MeTanne wsa npu OXnaxaeHu.

[lononHuTensHo, BBeAeHWe HEBOMbLLOrO KONMYeCTBa a3oTa B COCTaB CTanu (Hanpumep, Ans aHarnoros
Mapkn 347HLN) noBbICUIO yaapHyt BA3KOCTb METarna LWea npy KOMHATHOM TemnepaTtype no pesynbTratam
nenbiTaHui no Wapnu, 4to genaeT npeanoxeHHyo obpaboTky apdekTnBHON Aaxe Ans Hanbonee YyBCTBU-
TerbHbIX Y4aCTKOB — 30HbI TEpMUYECKOro BNNSHUS (HAZ), KOTOpbIE B TPaAMLMOHHBIX PEXUMaX YacTo OCTakT-
A noasepxeHHbIMu oxpynumsanuto. [na cranm 08X18H10b pekomeHayeTcs NPUMEHATL CBApPOYHbIE MaTe-
puanbl ¢ cogepxanmem Hnobus He meree 0.8 % n koHTponmpyembim yposHeM npumecent (S < 0.015 %, P <
0.020 %) ans DoCTKeHWUs pe3ynbTaToB, COMOCTaBUMBIX C NPUBEAEHHBIMU B UCCnegoBaHuM [3,4].

7. CpaBHeHMe ¢ TpagULMOHHON 06paboTKON.
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Tabnuua 2
CpaBHeHuWe pe3ynbTaToB TPaAULIMOHHOW U NPeANOXeHHOW TPEXCTYneHYaTon 06paboTku
TpaguumoHHas obpaboTka MpennoxeHHas TpéxcTyneHya-
XapakTtepucTtuka PaguLl P ° peA pexcry
(crabunusaums npmn 899°C) Tas obpaboTka
Hanuuve penbta-tepputa OCTaETCs B 3aMETHOM KOMNMYEeCTBe He obHapyxvBaeTcs
Pa3smep BbigeneHui kapboHUTpu- 3 ;
P BelA POOHATP 150200 A (Menkve) 300-600 A (rpy6bie)
[0B HK1obuns
Hanuyue curma-gasbl BO3MOXHO 06pa3oBaHue OTCYTCTBYET
MarHuTHbIE CBOMCTBA cnabomarHuTHas (13-3a pepputa) | HemarHuTHas (YMCTblid ayCTEHMT)
CroiikocTb K TpeLwmHam npu 850°C orpaHuyeHa OTNNYHas
CTONKOCTb K MEXKPUCTAMTHOM
cpeaHsas OTINMYHas
KOppO3uK
3aknioyeHue

MpeanoxeHHas TPEXCTyneHuyaTas TepMmuyeckast 0bpaboTtka (CHATUE HaNPsHKEHUA — ayTeHUTU3aLms
— CTabMNU3MPYIOWMIA OTXUN) SBNSIETCH ((EKTUBHBIM METOLOM MOSTHOMO YAANEHWs1 OCTAaTOMHOrO AenbTa-
(heppuTta U3 IUCTOB ayCTEHUTHOW CTanu, cTabunuanpoBaHHon Huobuem. ObpaboTka He TONBKO BOCCTaHaB-
NIMBAET HEMArHUTHYK0 ayCTEHUTHYHD CTPYKTYPY, HO WU 3HAYNTENbHO YyYllaeT MexaHu4eckne CBOCTBA, XKap o-
MPOYHOCTb W KOPPO3MOHHYKO CTOMKOCTb MaTepuana, 4to No3BoNsieT UCMONb30BaTh Ero NpK TemnepaTypax Ao
850°C 6e3 pucka oOxpynumBaHWs unu pacTpeckusanms [3,4].
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NHTETPALINA METO/I0B
NHTENNEKTYANIbHOI 0 AHANTU3A [IAHHbIX B
SCADA-CMCTEMbI /1A MOHUTOPHHT A
TEXHONOr MYECKKX NPOLIECCOB

MUTIOKOBA AMUHA AHYPOBHA

CTYAEHT
®r60Y BO «CaHkT-eTepbyprckuii rocyaapCTBEHHbIN YHUBEPCUTET
NPOMBILLSIEHHbIX TEXHOSIOTUI W An3anHa»
Bbicwwas LWKona TEXHOMOMM 1 3HEPreTHKM

AHHoTaums: B cTatbe paccMaTpuBatoTCsl BO3MOXHOCTU MHTErpaLunm MeTof0B WHTENNEKTyanbHoro aHanmsa
AaHHbIX B SCADA-cucTeMbl Ans NOBbIWEHUS 3GPEKTUBHOCTU MOHUTOPUHIA TEXHOMOMYECKNX MPOLIECCOB.
MpoaHanuanposaHbl (yHKuMM SCADA, ocobeHHOCTH 06paboTkn NPOM3BOACTBEHHBIX aHHbLIX, MeToabl 06Ha-
PYXXEHWS OTKNOHEHWUI 1 NepCNEKTVBbLI NPUMEHEHNS MHTENNEKTYanbHbIX anropuTMOB B aBTOMATU3aLK.
KnioyeBble cnosa: SCADA, aBTOMaTu3auus, TEXHOMOMMYECKUIA MPOLECC, MOHWUTOPUHI, aHann3 LaHHbIX,
NPOMbILLMIEHHOE MPOU3BOACTBO, MHTENNEKTYanbHble cuctembl, ACY TI1.

NTEGRATION OF INTELLIGENT DATA ANALYSIS METHODS INTO SCADA SYSTEMS FOR
MONITORING TECHNOLOGICAL PROCESSES

Mityukova Amina Anurovna

Abstract: The article considers the possibilities of integrating intelligent data analysis methods into SCADA
systems to improve the efficiency of technological process monitoring. The functions of SCADA, industrial data
processing, anomaly detection methods, and prospects for using intelligent algorithms in automation are ana-
lyzed.

Keywords: SCADA, automation, technological process, monitoring, data analysis, industrial production, intel-
ligent systems, industrial control systems.

CoBpeMeHHOe NPOMbILLNEHHOE NPOW3BOACTBO XapaKTepU3yeTCsl MOCTOSHHBbIM YBESMYEHUEM KOnMYe-
CTBa TEXHOMOMMYECKOW MHGOPMaLMK, NOCTynatoLen 0T 06opyaoBaHUS 1 N3MEPUTENBHBIX YCTPONCTB. Temne-
paTypa, [JaBfieHne, pacxod, YPOBEHb, CKOPOCTb, SMEKTPUYECKe napameTpbl U Apyrine XapakTepucTukn MoryT
PErycTpMpPOBaTLCS C BbICOKOW NEPUOANYHOCTBI, (HOPMUPYS 3HAUMTENbHBIE 0O0bEMBI AaHHbIX. dPdeKTUBHOE
UCMONb30BaHWe 3TON WHAOPMALMM CTAHOBUTCS OOHWUM U3 KIHOYEBbIX YCOBUI NOBbILIEHWS HAOAEXHOCTH 060-
PYAOBaHUSI, Ka4eCTBa YNpaBneHNs 1 IKOHOMUYECKOM 3chPEKTUBHOCTY NPOM3BOACTBA. B CBA3M ¢ 3TMM 0cobyio
ponb NPUOBPeETaloT CUCTEMBI AMcneTyepcKkoro ynpasneHus u cbopa aaHHbix SCADA (Supervisory Control and
Data Acquisition), obecneunBatoLyme nonyyeHue, 06paboTky, XpaHeHMe 1 BU3yanu3aumo MHGOpMaLmUmn O TeX-
HOMOrMYeCcKOM npoLecce.

SCADA-cucTembl SIBNSIOTCA BaXHbIM KOMMNOHEHTOM COBPEMEHHOW aBTOMAaTM3aUMWM M UCMOMb3YHTCS
AN KOHTPONS TEXHONOTMYeCKnX 06bEKTOB, OTOBpaXeH!s COCTOsHMA 060pyA0BaHWS, perucTpauu napameT-
POB M B3aMMOLENCTBUS onepaTopa C aBTOMAaTWU3MPOBaHHOM cucTeMon. Mpu atom TpaauumoHHas SCADA
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NPEUMYLLECTBEHHO BbLIMOMHSAET 3adaym cbopa W NpeLacTaBneHns WHGOpMauumn, Torga Kak 3HauuTenbHas
YacTb aHanUTUYeCKOM paboTbl OCTAETCA 3a ONEPATOPOM WK BbIMOMHSAETCA C UCNONb30BaHNEM OTAEMNbHbIX
NporpamMHbIX CpeacTs. Mo mMepe yBenuyeHnst 06bEMOB NPOM3BOACTBEHHBIX AaHHbIX TAKOW NOAXOA CTaHO-
BUTCS MeHee 3hpekTBHbIM. COBpPEMEHHBIE UCCNEA0BAHUS OTMEYALOT, YTO pa3suThe koHuenuuu Industry 4.0
NPUBOAMT K HEOOXOAMMOCTH MHTErpaLn MHPOPMALMOHHBIX U ONePaLMOHHBIX TEXHONOMA 1 Boniee akTUBHOIO
ncnonb3oBaHWa faHHblx, nonydaemblx o1 PLC, SCADA, DCS n MES-cuctem, ans aHanutudeckux 3agad [1].

Tunoeas apxutektypa SCADA BKT04aeT NOSIEBON YPOBEHb C AaTYMKaMK U UCMOMHUTENBHBIMIU MeXa-
Hu3mamu, yposeHb [NJ1IK n SCADA-ypoBeHb, 0TBEYaoWMiA 3@ BU3yanusaumio, ANCNeTYEPCKUM KOHTPOIb 1 ap-
XvBupoBaHue. Takas CTpyKTypa OTAENsieT HEMOCPeACTBEHHOE YnpaBreHue MpoLecCOM OT MOHUTOPUHIa
OHOBPEMEHHO hOPMUPYET MACcCUB AaHHbIX ANs NOCNeayoLLero aHanumsa.

OnepaTtop MOXeT HabnogaTh 3a TEKYLLMMW 3HAYEHUSMI, OTCIIEXMBATL COCTOSIHME 060PYA0BaHMS, No-
nyyatb coobuieHns 06 aBapusix U npedynpexaeHusx, a Takke BbIMOMHATb NPegyCMOTPEHHbIE CUCTEMOM
ynpaensoLme LeicTBus.

PocT uncna KOHTPONMpyeMbIX napamMmeTpoB OrpaHNYMBaET BO3MOXHOCTI PYYHOTO aHanusa: onepaTopy
CMOXHO OZHOBPEMEHHO OTCMEXWBAThb Cnabble B3aMMOCBSA3aHHbIE U3MEHEHUs. HTennekTyanbHbli aHanus
NO3BONSET paccMaTpuBaTb COBOKYMHOCTb MPWU3HAKOB U OBHapYXuBaTb OTKIIOHEHUS, KOTOPbIE HE BbI3bIBAOT
OTAENbHOro aBapuUMHOro curHana.

OnHum 13 ocHoBHbIX Npeumylects SCADA sBnseTcs BO3MOXHOCTb LIEHTPanM30BaHHOTO NpeacTasne-
HWS Hchopmaumn. OnepaTop NonyvyaeT BOIMOXKHOCTb KOHTPONMPOBATH HECKOSTBKO TEXHOMOMMYECKUX Y4aCTKOB
C opHoro paboyero mecta. Ha akpaHe oToBpaxatoTcs MHEMOCXEMbI 060PYA0BaHMS, 3HAYEHUS NapamMeTpoB,
COCTOSIHWSI UCMOSHUTENBHBIX MEeXaH3MOB M coobLueHns 06 oTknoHeHusx. bnarogaps aTomy noBbiwaeTes
CKOPOCTb OBHAPYXEHMS HEeLTaTHbIX CUTyaLMI 1 COKPaLLAeTCs BPEMS peakLumn nepcoHana.

[ing obHapyxeHus aHoManuin MOryT NPUMEHSATLCS MOPOroBble, CTaTUCTUYECKUE METObI, KnacTepusa-
L8, Knaccudukaums n anroputMbl MaLUMHHOTO 0ByyeHuns. T1oporoBbIM KOHTPOMb OCTaeTCs HeobXoanMbIM
AN aBapUIHON CUTHAMM3aLMK, HO XyXe BbISBNISET NOCTENEHHbIE U3MEHEHUS; CTAaTUCTUYECKNE METOab! Ya06-
Hbl CBOEN 0BBACHUMOCTBIO, @ MaLLMHHOE 06Yy4eHe NO3BONAET HaxoauTb Boree CroXHbIE 3aBUCUMOCTI MEX-
[y napameTpamu.

OpHuM 13 Hanbornee AOCTYNHbIX HaMpaBMEHW MHTErpaLmn nHTennekTyanbHbix MetogoB B SCADA sB-
NAETCH aBTOMaTMYeckoe 0bHapyxeHne aHoManuin. AHOManuen MOXeT CYMTATLCS 3HAYEHUE UM COBOKYMHOCTb
3HAYEHWN TEXHONOMMYECKIX NMapaMeTPOB, CYLLECTBEHHO OTIIMYAIOLMXCH OT HOPMarIbHOrO NoBeAeHNs 06bekTa.
[Mpy 3TOM aHOMasbHOE COCTOSHIE He 0Bs3aTeNbHO 03HAYaET Yxe NpousoLLeaLLyto aBapuio. OHO MOXET cBuae-
TENbCTBOBATb O HAYare pasBuTS HEUCNPABHOCTM UM M3MEHEHUN YCoBUiA paboTbl 06opyaoBaHNS.

[MpocTenunm BapuaHToM 0BHapyXeHUs aHOManuin SBNSIETCS UCMOMNb30BaHNE 3apaHee YCTaHOBMEHHbIX
MOPOroBbIX 3Ha4YeHWn. Hanpumep, ecnu TemnepaTtypa NpeBbIWAET ycTaHoBMeHHoe 3HayeHne, SCADA dop-
MUpYEeT aBapuitHoe coobleHne. Takon Noaxo4 LWMPOKO NMPUMEHSIETCS B NPOMbILLSIEHHON aBTOMATU3aLun 1
0CTaeTcs HeobX0AMMbBIM, OLHAKO OH UMeeT orpaHnyeHue: (hMKCMPOBaHHbI NOPOr He Bcerga cnocobeH obHa-
PYXWUTb NOCTENEHHOE YXYALLIEHNE COCTOSHNS 0BOpYL0BaHMS.

MeTogb! knacTepusauum no3BONSIOT rpynnupoBaTb HabntoaeHUs No CTeneHn CXOACTBa. JTO MOXET
BbITb MONE3HO B TEX CRyyasXx, Korga TeXHOMOorMYeckuin 0BbekT paboTaeT B HECKONMbKUX pexumax. Hanpumep,
obopyaoBaHue MOXeT UMETb Pa3fnyHble HOpMarbHbIE COCTOSHWS B 3aBUCMMOCTH OT Harpy3ku. Ecniv ncnonb-
30BaTb OAMH OOLMA AMana3oH AOMYyCTUMbIX 3HAYEHWA, CUCTEMA MOXET OWKUBOYHO NPUHUMATL HOPMasbHble
nepexoabl Mexay pexuMamu 3a HeucnpasHOCTU. Knactepusaums No3BonseT pasgenntb aHHbIe Ha rpynnbl u
OLEHMBaTb COCTOSIHMNE 0OBEKTA C YH4ETOM peXMma ero paboTbl.

MeTogb! Knaccudmkalmm npUMEHSIIOTCA B TEX CRyyasx, KOrAa UMEKTCS 3apaHee pasMeyeHHble AaH-
Hble O Pa3nMyYHbIX COCTOSHUAX 060pyAOBaHUS. Ha OCHOBAHMM HAKOMMEHHOM UCTOPUM anropuTM MoxXeT oBy-
4aTbCs pasnnyaTb HopMasnbHyt paboTy 1 pasnuyHble BUAbI HEMCNPaBHOCTEN. B AanbHeweM HOBblE AaHHble
MOryT aBTOMATUYECKN OTHOCUTLCS K OHOM U3 N3BECTHBIX KaTEropui.

KauyecTBO MCXOAHBIX AaHHBIX SBMSETCA OOHWM W3 KIHOYEBbIX YCMOBUIA KOPPEKTHOMO aHanu3a. Mpoms-
BOACTBEHHbIE [aHHble MOTYT COAepXaTb LUYM, NPOMyCKu, BbIGPOCHI 1 LMK U3MEPEHNIA, NOSTOMY HEOBXO-
[UMbI NpeaBapuTenbHas 0bpaboTka u y4eT BpeMeHHOW CTPYKTYpbl TEXHOMOTMYECKX NapameTpoB.
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lMoaTomy nepes NPUMEHEHEM METOLOB aHanu3a Heobxoguma npeasapuTensHas 0bpaboTka AaHHbIX.
OHa MOXeT BKNKYaTb yaaneHne o4eBnaHbIX owmbok, 06paboTky nponyckos, dunbTpaLymto LWyMoB, NpuBeae-
HWe pasnNyHbIX NAapPaMeTPOB K CONOCTAaBUMOMY MacluTaby 1 BblAeNeHNe 3Ha4MMbIX NPU3HAKOB.

Ocoboe 3HayeHWe UMeeT BpeMEHHAs CTPYKTypa TEXHOMOTMYECKMX daHHbIX. [lapameTpbl Npou3BoacTBa
W3MEHSIIOTCSA BO BPEMEHU, MO3TOMY UX aHanu3 JOSMKEH y4YuTbIBaTb NOCNeA0BaTENbHOCTL HabmnogeHnn. Pa3pos-
HEHHOE PacCMOTPEHME OTAENbHbIX 3HAYEHUI MOXET NPUBECTM K MOTEPE BAXHON MHAOPMALMM O TEHOEHLMSX.

WHTerpaums aHanutudeckux metodoB HemocpeacTBeHHO B SCADA-cpefy MOXeT OCYLeCTBASTHCS
pasnyHbIMK crnocobamn. OguH 13 BapuaHTOB 3aKMOYaeTCs B pa3MELLEHUM anroputMa aHanmuaa Henocpeg-
cTBeHHO Ha ypoeHe SCADA. [Ipyroi nogxog npeanonaraet nepegady faHHbix 13 SCADA BO BHELLHIOW aHa-
FITUYECKYIO CUCTEMY, rae BbINOMHAETCS bonee cnoxHas obpaboTka. Pe3ynbTathl aHanM3a nocne aToro Bo3-
Bpawatotcs B SCADA 1 oTobpaxaroTcs onepatopy.

WuTerpaums aHanutukm co SCADA MOXET BbINOMHATLCA HenocpeacTBeHHO BHYTpU SCADA-cpeab! nu-
60 Yyepe3 BHELLHIOK aHanMTUYecKyto nnatgopmy. Bropoi BapuaHT nossonset coxpaHntb 3a SCADA dyHk-
LI MOHUTOPWHIa W BU3yanu3aLnu, a BbIYUCIIUTENBHO CIIOXHYK 06paboTKy BbIHECTW B CieLuanu3npoBaHHy0
CUCTEMY C BO3BPAaTOM pesynbTaToB onepatopy. [Mpu 3TOM Mexgy cuctemMamu JOrmkeH ObiTb obecneveH
HaOEXHbI 0BMEH AaHHbIMM.

[MepCneKTMBHbIM HanpaBneHNEM SBNSETCA MCMONb30BaHWe uctopuyeckux apxusos SCADA ans oby-
YeHWs aHanuTUYecknx Moaenen. MpakTuyeckn nboe COBPEMEHHOE MPOM3BOACTBO HaKanMBaET 3HAYNTEN b-
Hble 06beMbl MHopMaLmn 0 paboTe 0b6opyaoBaHus. B apxvBe MOryT XpaHUTLCS 3HAYEHUS TEXHOMOMYECKNX
napameTpoB, aBapuiHble COObITUS, AENCTBUS OnepaTopa 1 AaHHbIE O pexumax paboTbl.

Wctopuyeckue apxusbl SCADA npefCTaBnsIOT LEHHY0 OCHOBY ANS1 aHANMTUYECKUX MOLENEN: B HUX
HaKannMBaTCA TEXHOOTMYECKME NapameTpbl, aBapuiHble COBLITUS, pexnuMbl paboTbl U AENCTBUS onepaTo-
pa. 3a cyeT atoro SCADA MOXeT MCMONb30BaTLCA HE TOMbKO ANt OTOOPaKEHUS TEKYLLETO COCTOSHMUS, HO W
KaK UCTOYHUK AaHHbIX AN NOAAEPKKM PELLEHMN.

ViccneposaHus B 06nacTt NPOMBbILLMEHHON LMPPOBM3ALMM NOKA3bIBAKT, YTO WHTErpauust AaHHbIX OT
PLC, SCADA, DCS 1 MES cTaHOBMTCS OQHUM M3 BaXHbIX HAaNpaBneHW pasBuTS LMgpoBOro NPOn3BOACTBA.
OcHoBHasi npobnema 3akno4aeTcs He TOMbKO B NOMyYEHUN HOBBIX AaHHbIX, HO U B 3(h(PEKTUBHOM MCMONb30-
BaHWM YK€ HaKOMIEHHON HopmaLmm [3].

WHterpauma SCADA ¢ MES, kopnopaTyBHbIMI U aHanNMTUYECKUMM CUCTEMAMK PacLUMpsieT UCNOMb30-
BaHWe TEXHOSIOrMYECKON MHOpMaLMK 3a npesenbl ornepaTopckoro ypoBHs. [pu aTOM pocT CETEBOW CBA3aH-
HOCTM TpebyeT yunTbIBaTh MHGOPMALMOHHYH 6e30MacHOCTb M 3alMLLaTh KaHanbl 0OMeHa AaHHbIMK [4].

OTOenbHOr0 BHUMaHMS 3acrnyxuBaeT WCMOMnb3oBaHWe LUMGPOBLIX ABOMHMKOB. B gaHHOM cnydae
SCADA moXeT npefocTaBnsiTh JaHHble O TEKYLLEM COCTOSHUM uanydeckoro 0bbekTa, a MateMaTiieckas
NMUTaLMOHHAs MOLENN — OLiEHMBATb ero noseaeHne. ConocTaBneHne peanbHOro 1 0XMAAEMOro COCTOSHMS
NO3BONISIET BISBMNATL OTKMOHEHMUS M NPOBOANTL Bonee rnybokuin aHanms.

[MepCneKTMBHOE pa3BUTHE CBSA3AHO C pacnpeeneHHbIMWA MHTENNEKTYanbHbIMWA apXMTekTypamu, ud-
POBbIMM ABOMHMKAMM W Bonee TECHOW MHTErpauuen ypoBHen aBTomatusauuu. B Takux cuctemax SCADA
0CTaeTcs UCTOYHUKOM OMepaTUBHBIX AaHHBIX U UHTEPDENCOM B3aUMOLENCTBUSA C ONEPaTOpoOM, a aHanuTh4e-
CKMe (PYHKLMM MOTYT BbINONHATLCA OTAENbHbIMA KOMMNOHEHTaMK [5].
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YIIK 628.316.12

MPUMEHEHWE MEMBPAHHBIX TEXHONOr VK B
OYUCTKE NPON3BOCTBEHHBIX CTOYHDIX
BOL

[1ABbIIEHKO MAPK ANEKCAHPOBMY

CTYAEHT
CaHkT-TeTepByprekuil rocynapCTBEHHbIN YHUBEPCUTET NPOMbILLIIEHHBIX TEXHOMOMIA 1 An3aiiHa,
BbicLuast LUKOMa TEXHOMOrMIA U SHEPreTHKN

AHHoTauus. B cratbe paccmaTpuBaloTCsi BO3MOXHOCTU MPUMeEHeHUss 6apomeMOpaHHbIX MPOLECCOB Mpu
OYNCTKE MPOM3BOACTBEHHBIX CTOYHbIX BOA. MpUBOAMTCS KnaccudukaLms METOAOB pasaeneHns no pasmepy
3a/iepXKNBaEMbIX YacTUL 1 paboyeMy [aBNeHuio, OXBaTbiBatoLas MUKPOUILTPALMIO, yNbTpadnbTpaLyIo,
HaHOUNBTPALWIO 1 0BpaTHbIA 0CMOC. AHANM3NPYIOTCS KOHCTPYKTUBHbIE UCMOMHEHNS MEMOPaHHbBIX MOy el
M 06NacTu UX pauyoHanbHOTO NPUMEHEHUS B 3aBUCKMOCTM OT COLlepXaHus B3BELLEHHbIX BELLECTB B UCXOA-
HOW Bofe. 3HauuTemNbHOE BHUMAHMWE YOeneHo 3arpsiaHeHno MeMOpaH kak OCHOBHOMY 3KCMIyaTaLMOHHOMY
OrpaHUYEHMI0 TEXHONOMMM, PACCMOTPEHBI MEXaHW3Mbl €10 pa3BUTUs 1 CNocobbl NpeaynpexaeHus. OnuckiBa-
eTCs Cxema MeMBpaHHOro GropeakTopa, 0GbeANHAIOLLETO GIONOMMYECKY0 OYUCTKY U MeMBpaHHoe pasaene-
Hie, 0TMEeYaloTCsi BOMPOChI 0OPALLEHNS C KOHLEHTPATOM.

KnioueBble cnoBa: MemGpaHHble TEXHONOMM, CTOYHbIE BOAbI, YnbTpadunbTpauusi, obpaTHbIi 0cMoC, 3a-
rpsisHeHe MemOpaH, MemMBpaHHbIi 61opeakTop, BOLONOATOTOBKA.

APPLICATION OF MEMBRANE TECHNOLOGIES IN THE TREATMENT OF INDUSTRIAL WASTEWATER
Davydenko Mark

Abstract. The article examines the application of pressure-driven membrane processes in the treatment of
industrial wastewater. A classification of separation methods by retained particle size and operating pressure
is presented, covering microfiltration, ultrafiltration, nanofiltration, and reverse osmosis. The design configura-
tions of membrane modules are analysed together with their appropriate fields of application depending on the
suspended solids content of the feed water. Considerable attention is given to membrane fouling as the main
operational limitation of the technology, and the mechanisms of its development and methods of prevention
are considered. The scheme of a membrane bioreactor combining biological treatment with membrane sepa-
ration is described, and issues of concentrate handling are noted.

Keywords: membrane technologies, wastewater, ultrafiltration, reverse osmosis, membrane fouling, mem-
brane bioreactor, water treatment.

BBegeHune

YXeCcToueHne HOPMaTMBOB Ha COPOC 3arpsisHALLMX BELLECTB U POCT CTOMMOCTM BOAOMONb30BaHNS
no6yxaarT NPOMBbILLMEHHbIE NPEANPUATUS NEPEXoauTb OT pa3baBneHnst M NPOCTOro OTCTaMBaHMs CTOKOB K
nX rnyboKoN OUMCTKE C NOCMEAYHLMM BO3BPATOM BOAbI B TEXHONOTMYECKUIA LWKM. TpaauUMOHHble METOABI,
OCHOBaHHbIE Ha OTCTaMBaHWK, Koarynaumm n PUNbTPOBAHUM Yepes3 3epHUCTYHO 3arpysky, obecneunsaioT yaa-
neHue rpyboancnepcHbIX NPUMECEN, O4HAKO OKa3blBaTCA Mano3(EKTUBHBIMIA B OTHOLUEHUM KONMOWAHbIX
YacTuL 1 PaCTBOPEHHbIX COEANHEHNN.
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BapomembpaHHble NpoLecchl NO3BOMAKT OCYLLECTBASATL pasfefieHne Ha MONeKyNspHOM ypoBHe 6e3
(ha3oBbIX NepexoaoB u 6e3 BBEAEHWS peareHToB, M3MEHSIIOLLMX CONEBOM COCTaB BOAbl. PasgeneHne npouc-
XOAMT NOf AENCTBMEM Pa3HOCTW AABMEHWA Ha NOMYNPOHULAEMON Neperopoake, 3afepXvBatoLLen npumecH
onpegenexHoro pasmepa. Llenbio paboTbl SBNSETCS aHanM3 BOIMOXHOCTEN W 3KCMIyaTaLMOHHbIX OrpaHuye-
HWN MeMBPaHHbIX TEXHOMOMMA NPUMEHUTENBHO K O4NCTKE MPON3BOACTBEHHbIX CTOYHbBIX BOA.

Knaccudmkaums npoueccoB U KOHCTPYKLUM Moaynei

BapomemBpaHHble NpoLecchl NPUHATO pasgensTb N0 pasMepy 3adepxuBaembix Yactuy, MukpodunbsTpa-
LUmMs yaansieT B3BeLUEeHHble BELEeCTBa 1 MAKPOOPraHW3Mbl MPU OTHOCUTENBHO HWU3KOM paboyem AaBneHnn. Ynb-
TpaunbTpaLMs 3a4epXKMBaAET KONNOMAHbIE YacTULbl U BbICOKOMOMEKYNSpHble coeauHerns. HaHodunbTpaums
obecneumBaeT YacTMYHOE YaarneHe MHOro3apsiaHbIX MOHOB, @ 06paTHbIN OCMOC 3a4ePVBAET NPaKTUYECKN BCE
PacTBOPEHHbIE Conu, Tpebys Npu STOM AaBNEHWS, NPEBbILLAILLETO OCMOTUYECKOE AaBMEHME pacTBopa.

MO KOHCTPYKTUBHOMY MCMOSHEHMIO PA3NNYatoT PYNOHHbIE, MONOBOMOKOHHbIE, TPy6YaThie 1 nnockopam-
Hble mMogynu. PynoHHble annapatbl 0bnagalT HanbonbLuien yaenbHON MOBEPXHOCTBIO M MPUMEHSIOTCS npe-
MMyLLECTBEHHO Npu 06paboTke NpeaBapUTENbHO OCBETNEHHOM BOAbI. TpyGuyaTble MOAYNM MMEKT MEHbLUYHO
yAEMNbHYI0 MOBEPXHOCTb, HO JONYCKaKT paboTy C BbICOKMM COAEPXaHMeM B3BELUEHHbIX BELLECTB M NErko noa-
[AK0TC MEXaHN4eckon oumncTke. MonoBONOKOHHbLIE annapaThl COYETalOT Pa3BUTYHO MOBEPXHOCTb C BO3MOXHO-
CTbto 06paTHOM NPOMbIBKM, 4TO 0OYCNIOBMNO UX LIMPOKOE NPUMEHEHWE B CUCTEMAX YNbTpadhunbTpaLmm.

3arpsisHeHue MembpaH 1 cnocobbl ero npeaynpexaeHns

OCHOBHbIM (haKTOPOM, ONpeaensitoLLMM SKCNIyaTaLUMOHHbIe NOKa3aTenn YCTaHOBKY, SBMSETCA 3arpsia-
HeHne MembpaHbl, NPOSIBNAOLLEECS B NOCTENEHHOM CHUXEHUWM YAENbHOW NMPOM3BOAWUTENBHOCTM NPU HEens-
MEHHOM AaBneHun. PasnnyatoT HeCKOMNbKO MeXaHW3MOB €r0 PasBUTUS: OCaXOEHWe B3BELUEHHbIX YacTuy, C
o0pa3oBaHMeM CNosi Ha NOBEPXHOCTY, 3aKynopuBaHWe Mop KOMMOWAHLIMM YacTuLamu, KpuctTannmaaumus ma-
NI0PacTBOPUMbIX COEANHEHNA 1 (HOPMUPOBaHME G1ONOTNYECKON NNEHKU MUKPOOPraHU3Mami.

MpeaynpexaneHne 3arpssHeHns JOCTUrAaeTCsl COMETAaHMEM TEXHONOMYECKMX U KOHCTPYKTUBHBIX Mep.
MpenBaputensHas 0bpaboTka UCXOAHOW BOAb! yaanseT Hanbomnee KpynHbie NPUMECK W CHINKAET Harpy3ky Ha
MembpaHy. OpraHu3aums TaHreHUNanbHOro TeYeHUst BAONMb MOBEPXHOCTW CO3AAET CABUMOBbIE HAMPSKEHWS,
NPENSTCTBYIOLME HAKONMEHNO ocaaka. [JononHNTENbHO NPUMEHSIOT NEPUOANYECKY0 0OpaTHYHO MPOMBIBKY U
XMMUYECKYI0 pereHepaLymio pacTBOpaMm KUCIOT, LenoYen 1 OKUCTIMTENEN, COCTaB KOTOpbIX noabupatoT no
npeobnagatoLiemy TUny 3arps3HeHus.

CyLecTBeHHOE 3HayYeHne MMeeT BbIbop paboyero pexuma. Jkcnnyatauus npyu npoM3BOANTENBHOCTH,
NpeBbILUALLEN KPUTUYECKOE 3HAYEHNE, MPUBOLAUT K YCKOPEHHOMY 06pa3oBaHuto NNOTHOM CMost ocagka, BOC-
CTaHOBIEHWE MOCNe KOTOPOro TPpebyeT XMMUYECKOI O4MCTKM M CONPOBOXAAETCS HEobpaTMON noTepen YacTu
NpOV3BOAMTENBHOCTU. [103TOMY pabouyyto TOUKY YCTaHOBKM BbIGUPAKOT C 3anacoM OTHOCUTENBHO KPUTUYECKO-
ro 3HAYEHWs!, NPUHUMAs HECKONBKO BOMbLLYI0 NOBEPXHOCTL MEMOPaH B 0BMEH Ha yBENWNYEHWE MeXpereHepa-
LIMOHHOTO Nepuoga.

MeMm6paHHbIV GuopeakTop U 0OpaLieHne C KOHLEHTPATOM

Pa3BNTMEM TEXHOMOTMM MPUMEHWUTENBHO K CTOKaM C BbICOKMM COZEPKaHWEM OpraHUYecKux BeLyecTs
SBNAETCA MeMOpaHHbIN GuopeakTop, B KOTOPOM BTOPUYHBLIE OTCTOMHWKM 3aMeHeHbl MeMbpaHHbIM pasgene-
HMEM WMIOBOM CMecH. Takoe peLueHne No3BONSET NOLAEPKMBATb CYLIECTBEHHO Donee BbICOKYH KOHLEHTpa-
LMI0 aKTUBHOTO Wfia, COKPaTUTb OBBEM COOPYXEHUIA N MOMyYaTb OYMLLEHHYIO BOLY, HE COAEpXaLlylo B3Be-
LIEHHbIX BelyecTB. OrpaHnYeHneM CXembl CryxaT NOBbILLIEHHbIE 3aTpaThl AIEKTPOSHEPTN Ha a3paLmio, He-
obxoauMmyto Kak 41 Bronormyeckoro npowecca, Tak v Ans NpeAoTBPaLLEHNs 0CAXAEHUS Una Ha MeMbpaHax.

OtpenbHoro pelenust Tpebyet obpalleHne C KOHLEHTPATOM — NOTOKOM, B KOTOPOM COCPELOTOYEHDI
3afiepxxaHHble npuMeck. MembpaHHOE pasfeneHmne He YHUUTOXAET 3arpsisHeHus], a NLWb nepepacnpeaenser
NX Mexay NoToKamu, BCNEACTBME Yero cOpoc KoHueHTpaTta 6e3 0bpaboTku HegonyCcTuM. MpUMEHSIOT ynapu-
BaHWe, KpUCTannM3aLmio PacTBOPEHHbIX COMEN, @ NMPU HANMYMM LIEHHbIX KOMMOHEHTOB — WX U3BJIEYEHME, YTO
npu 6naronpusTHOM COCTaBe CTOKOB YaCTUYHO KOMMEHCUPYET 3aTpaThl Ha OUUCTKY.

3aknwoyeHue

AHanu3 nokasblBaeT, 4T0 MeMOPaHHbIE TEXHONOMM NO3BONSIOT JOCTUrATb CTENEHW OYUCTKM NPOU3BOA-
CTBEHHbIX CTOYHbIX BOZ, HEAOCTXMMOMN TPAAMLIMOHHBIMU METOAAMM, U CO3LAI0T YCIOBWS 471 BO3BpaTa BOAbI
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B TEXHOMornyeckuin Uuukn. Beibop npouecca onpegensercs TpebyembiM Ka4eCTBOM OYMLLEHHON BOAbI, @ KOH-
CTPYKUMM MOAYNS — COAEPKaHWeM B3BELUEHHbIX BELLECTB B UCXOOHOM CTOke. OCHOBHBIM aKCnyaTaumoH-
HbIM OrpaHWM4YEHNEM OCTaETCA 3arpsisHeHne MembpaH, NpOTMBOAENCTBIE KOTOpoMy TpebyeT npeaBapuTenb-
HoW 06paboTkn BOAbl, 06OCHOBAHHOTO BbibOpa paboyero pexuma U perriaMeHTUPOBaHHOW pereHepauum.
[anbHenwmne nccnegoBaHus LenecoobpasHo HanpasuTb Ha paspaboTky METOAOB PaHHErO BbISBNEHWS 3a-
rPA3HEHMS NO Nokasatensam paboTbl YCTAHOBKM, NO3BOMNSIOWMX HA3HayaTb PereHepauuto No gakTuieckomy
COCTOSIHWIO MemBpaH.
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YNIK681.513.8

CPABHUTE/IbHbIN AHANW3 TOYHOCTH
KJIACCUHECKOr0 MUA-PETYNATOPA A
HEWPOCETEBOI0 AJITOPUTMA LA
NOAAEPXAHNA TEMNEPATYPbI

[EPT CEPTEN ANEKCAH[IPOBIY

MarmcTpaHT
BbicLuas Lwkona TeXHONorMm 1 SHepreTuku,
CaHkt-MNeTepbypr, Poccuickas Pegepaums

AHHoTaums: B gaHHOM cTaTbe NPOBOANTCA AeTanbHbIA CPABHUTENbHDIA aHanN3 aPGEKTUBHOCTY 1 TOYHOCTH
Knaccuyeckoro nponopuuoHasnbHo-uHTerpansHo-guddepeHumpytowero (ML) perynstopa M aganTUBHOIO
anropuTMa ynpaeneHusi Ha 6ase UCKYCCTBEHHbIX HEMPOHHBIX CETeN B 3aade NPeLn3NoHHOT0 PerynnpoBaHus
TemMnepatypbl. PaccmaTtpuBatoTcsi 0COBEHHOCTN (PYHKLMOHMPOBAHMS OObEKTOB C BbIpaXEHHbIM TPaHCNOpT-
HbIM 3anasgblBaHWEM W HEMUHEHON AMHAMUKONA. Ha OCHOBE MMWUTALMOHHOTO MOAENMPOBaHUS OLEHMBAOTCS
AVHamnYeckas owwwnbka, MHTErpanbHbIe KpUTEPUN KayecTBa, BPEMS NepexogHoro npouecca U BenuunHa ne-
peperynmpoBaHus.

KnioueBble cnoa: MM[-perynstop, UCKYCCTBEHHbIE HEMPOHHBIE CETW, TEMNEPATYPHbIN 0OLEKT, afanTUBHOE
ynpaBneHue, nepeperynmpoBaHne, nepexoaHblil npoLecc.

COMPARATIVE ANALYSIS OF THE ACCURACY OF A CLASSICAL PID CONTROLLER AND A NEURAL
NETWORK ALGORITHM FOR TEMPERATURE MAINTENANCE

Gert Sergey Alexandrovich

Abstract: This article provides a detailed comparative analysis of the efficiency and accuracy of a classical
proportional-integral-derivative (PID) controller and an adaptive control algorithm based on artificial neural
networks in the task of precision temperature regulation. The operational features of objects with pronounced
transport delay and nonlinear dynamics are considered. Based on simulation modeling, the dynamic error, in-
tegral quality criteria, transient time, and overshoot magnitude are evaluated. The significant advantages of
neural network control under conditions of non-stationary external disturbances are demonstrated.

Keywords: PID controller, artificial neural networks, temperature object, adaptive control, overshoot, transient
process.

CoBpemeHHas NpOMbILLNEHHOCTL TpebyeT BecnpeLieAeHTHOTO YPOBHS KOHTPONS HAZ TEXHOMOMMYECKAMM
napametpamu. MopaepxaHue 3agaHHON Temnepatypbl B CTPOrO OTBEAEHHBIX TEXHOMOMMYECKUX rpaHuLax —
0fHa 13 Hambonee pacnpPOCTPaHEHHBIX 1 KPUTUYECKM BaXHBIX 3a4ay B XMMUYECKOW, METansypritiyeckoi, nue-
BOW W NOMYNPOBOAHUKOBOW MPOMBILLNIEHHOCTU. TemnepaTypHble 06bEKTbI yNpaBneHNs TPaAULMOHHO OTHOCSTCS
K KNnaccy CNOXHbIX AMHaMMYecKknXx cuctem [6, ¢. 82]. OHM xapaKTepuayTCs CyLECTBEHHBIM TPAHCMOPTHLIM 3a-
nasgblBaHWEM, BbIPaXEHHON TEMIOBOW MHEPLMEN, pacnpedeneHHbIMU napaMmeTpamu. Ha npoTsKeH MHOMX
[eCcATUNeTM CTaHaapToM Ae-hakTo B NPOMbILLNIEHHON aBTOMATU3aLMM OCTAeTCs KacCUYecKuii nponopLmo-
HanbHO-MHTErpancHo-auddepeHumpytowmin (ML) perynatop [5, ¢. 115]. OgHako nuHenHas npupoga MAL-
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3aKOHa HaKnafblBaeT Cepbe3Hble orpaHnyeHms. Mpu nameHeHun paboyeit TOUKM U BO3AENCTBAN HEKOHTPOMW-
PYeMbIX BHELLUHWX BO3MYLLEHW napameTpbl nuHeirHoro M-perynaTopa nepectatoT ObITb ONTUManbHbIMK, YTO
NPUBOAMUT K POCTY CTATU4ECKOW OLUMOKM W HegomycTUMOMY nepeperynupoBaHnio. CTpeMUTENbHOE passuTie
METOL0B MaLUMHHOMO 0BYYEeHUs OTKPBISIO WMPOKUE BO3MOXHOCTW ANt MPUMEHEHWS UCKYCCTBEHHbIX HEMPOHHBIX
cetert (MHC) B KOHTypax NPELM3MOHHOro TepmocTaTpoBaHus [3, c. 45]. CnocobHOCTL HeMpoceTen annpokcu-
MWUPOBATb CIIOXHbIE HEMUHENHbIE OTOBPaXeH!s 1 adanTUpPOBaTLCS K U3MEHSIOWMMCS napaMeTpam cpedbl ae-
NaeT UX O4HON U3 CamblX NEPCMEKTUBHBIX asbTepHATUB KIacCUYeCKUM 3akoHaM ynpasneHus [4, ¢. 210]. Lenbto
AaHHOTO MCCEeA0BaHNS ABNSETCS KONMYECTBEHHOE conocTaBneHune TouHocTu MNAL-perynstopa u HelmpoceTeBo-
ro anroputMma. B kayecTBe TMNOBOrO 06bEKTa yNpaBneHus paccMaTpUBaEeTCs MPOMbILSIEHHAS ANEKTPOTepMU-
Jeckas ycTaHoBKa. [JuHaMuka 3MeHeHUs TemnepaTtypbl Takoro 06bekTa B OKPECTHOCTW paboyer TOUKM anmnpok-
CUMUPYETCS anepuoanyeckum 38eHOM NePBOro Mopsiaka ¢ TPaHCNOPTHLIM 3anasabiBaHueM [1, . 54]. B Tepmu-
Hax npeobpa3oBaHus Jlannaca nepegaToyHast yHKUMS UMEET BUA,
Wo(s)=[K/(rs + 1)] - e

roe K — cratudeckuin KoacpuumeHT nepeaayn obbekta; T — MNOCTOSHHAs BPEMEHU, XapakTepuayto-
Las TennoByto MHEPLMIO HarpeBaTens; 6 — BPeMs YUCTOrO TPAHCMOPTHOMO 3anasgblBaHus. YnpaBnsoLwmi
curian knaccudeckoro MUL-perynstopa B HenpepbIBHOM BPEMEHW reHepupyeTcs Kak CyMMa Tpex CocTaBns-
towywx [5, c. 120] u onucbiBaeTCs ypaBHEHUEM:

u(t) = Ky e(f) + Ki | e(r) dr + Ky [de(t) / df]

rae e(f) = Tse(t) = Tac(f) NpeacTaBnsieT coboi owmbky paccornacoBaHms Mexay 3aaaHHbIM 1 (hakTnye-
CKUM 3HaveHusMu Temnepatypbl; Kp, Ki, Ko — KO3 ULMEHTLI NPponopLuoHansHOKN, UHTErpansHon u audde-
peHUMansLHON Yactei perynaropa. HacTpoika Ko MULMEHTOB BbINOMHANACH C UCMOSIb30BaHUEM MOAUKD K-
UupoBaHHoro metoga Liurnepa — Hukonbca [2, . 143].

[ns komMneHcaumm HenMHENHOCTEN 1 3GhPeKTUBHOM PaboTbl B YCNOBKSX 3ana3abiBaHus Obina CUHTe-
3upoBaHa cxema HeitpoceTteBoro ynpasneuus (NARMA-L2). BxogHon BekTOp COCTOSHUSI HEMPOHHOW CETH
(hopMUPYETCH Ha OCHOBE TEKyLLen W 3adepXaHHbIX OWWBOK perynupoBaHus, a TaKkke NpeablcTopun ynpas-
NALWMX BO3AENCTBUN:

X(k) = [e(k), e(k-1), e(k-2), u(k-1), u(k-2), Tact(k)]"

MpenBaputensHoe 06yyeHne MHC nponsBoamnock MeToaoM 0b6paTHOro pacnpocTpaHeHus ownbkm [1,
c. 302], a onepaTnBHas NOLACTPONKA BECOB B 3aMKHYTOM KOHTYpE — MO rpagUeHTHOMY anroputMy B peansHOM
BPEMEHN.

MogenuposaHue NpoBOAMNOCH Npy crieaytowmx napametpax: K= 1.8 °C/Bt, 1=45¢, 8 =12 c. TecTu-
POBaHMe BbINOMHANOCH NPy CTyneH4aToM nameHeHum yctasku ¢ 20 °C go 100 °C. Ha 200-1 cekyHae BBogu-
I10Cb CTyNeH4aToe BO3MyLLEHWe, UMUTUPYIOLLEE NPUTOK XONOAHOM Macchl.

120 . . . . :

Fa - a=[11[O-perynarop

r N —e— HelpoceTeBoit anroputm
- —
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Puc. 1. CpaBHUTENbHbIE rpachmKkn NepexoaHbIX NPoLeccoB
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[eTtanbHblii aHann3 KpUBbIX MOKasblBaeT kapauHarbHble pasnuuus. Knaccuyeckuin MAL-perynstop,
CTankuBasCh C 3anasablBaHWeM, CTpaZaeT OT ABIEHUS MHTErpasibHOro HacbILWeHNs. 3TO Bbi3bIBAET Neperpes
BbilUE LieNeBOW ycTaBku, gocturaowuin 14.2%. HeipoceteBoi anroputm 3abnaroBpeMeHHO CHUXaeT MOLL-
HOCTb, (DOPMUPYS ONTUMASTbHYIO TPAEKTOPUIO TOPMOXEHUS C ManbIM nepeperynuposaHuem (1.8%). Mpu no-
Aaye BosamyleHns MHC dopcupyeT ynpasnstollee BO3AENCTBUE, BOCCTaHABNMBAS TEMMNEPATYPHbIA PEXUM B
3 pasa ObicTpee, He BbI3biBas konebaHuin. KayecTBo (PyHKLUMOHMPOBAHMS OLEHMBANOCh HA OCHOBE KOMMMeKca
nokasatenei. B Tabnuue 1 npeacTaBneHbl KONMYECTBEHHbIE Pe3ynbTaTbl CPABHUTENBHOMO aHanmaa.

Tabnuua 1
CpaBHuTeNbHbIE NOKa3aTenm Ka4ecTBa CUCTEM ynpaBneHus
nna- HenpoceTteBon
Moka3satenb kayecTBa U3meHeHue
perynsarop perynsarop

Bpems ycTaHOBNEHUS, C 112.4 78.1 CokpatleHue Ha 30.5%
MakcumanbHoe nepeperynuposaxve, % 14.2 1.8 CHuxeHue B 7.8 pa3
VHTerpanbHbiin kputepun IAE 482.6 215.3 CHuxeHue Ha 55.4%

[MpoBedeHHOE MCCrenoBaHWe NOATBEPKAAET BbICOKYH a(hDEKTUBHOCTb anroputMoB Ha base MHC gns
NPELM3NOHHOMO perynupoBaHus Temnepatypbl. MIcnonb3oBaHue HEMpOCETEBOroO perynsropa no3sonuno pa-
AVKanbHO CHU3UTL MepeperynmpoBaHie M COKpaTUTb BPEMS MEPEXOHOro npouecca. [Ans OTBETCTBEHHbIX
NPOLIECCOB, KPUTUYHBIX K NEPErpeBy, HEMPOCETEBbIE CTPYKTYPbI YNPaBReHUs SBsOTCS BesanbTepHaTUBHLIM
PeLUEHNEM.
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COBEPLIEHCTBOBAHWE CEJIEKLIAW,
CEMEHOBOJICTBA W ATPOTEXHONOI MW
BO3NE/IbIBAHWA XJI0NYATHUKA B YCII0BUAX
Y3bEKNCTAHA

XY[I0/BEPT AHOB MYXAMMALIMYPO[1

PhD, crapwumit npenoaasaresb

XopesmMcKas Hay4HO-0MbITHAs CTaHLMSA
Hay4Ho-uccnenoBaTesnbckoro MHCTUTYTa Cenekuui,
CeMEeHOBOLCTBA W arpoTEXHONOMI BbIpaLLMBaHUS XMOmnka

bEKXOHOB 30KWP bOTUPOBKY

PhD, cTapLumit Hay4Hbli COTPYAHUK
Xopesmckuid punmran HayyHo-uccnegoBaTensbCkoro MHCTUTYTa KapaHTUHA U 3aLyThbl pacTeHUN

AHHoOTaums: B ctaTbe paccMOTPeHbl COBPEMEHHbIE NMOAX0Ab! K CENEKLWW, CEMEHOBOACTBY M arpoOTEXHOMOr -
am xnonyatHuka (Gossypium hirsutumL.) B Y36ekuctaHe. lNpoaHanmampoBaHbl HanpaBreHWs MOBbILLEHMS
YPOXaHOCTU U KayecTBa XIOMKa-Cbipua: CO3haHNe BbICOKOYpOXaiHbIX, CKOPOCTENbIX, CTPECCOYCTONYMBLIX
COPTOB, OpraH13aunsl CEeMeHOBOLCTBA, BHEAPEHUE KanenbHOro0 OPOLLEeHWs, NoceBa Mo NNEHKY M MeTOdoB
MonekynsipHom cenekuuu. Mokasana ponb HAW 1 rocnonuTtuki B passuTim XnomnkoBoaCTBa.

KntoyeBble cnoBa: xronyaTHuK, Cenekums, CeMeHOBOLCTBO, arpOTEXHONONMM, YPOXaNHOCTb, copTa, Y3beku-
CTaH, KanenbHoe OpOLLEHNe, YCTOMYMBOCTb K BONE3HAM.

IMPROVEMENT OF BREEDING, SEED PRODUCTION AND AGROTECHNOLOGIES OF COTTON
CULTIVATION IN UZBEKISTAN

Khudoyberganov Muhammadmurod,
Bekjonov Zokir Botirovich

Abstract: The article considers modern approaches to breeding, seed production and agrotechnologies of
cotton (Gossypium hirsutum L.) in Uzbekistan. The directions of increasing yield and quality of raw cotton are
analyzed: creation of high-yielding, early-maturing, stress-resistant varieties, organization of seed production,
introduction of drip irrigation, film planting and molecular breeding methods. The role of research institutes and
state policy in the development of cotton growing is shown.

Keywords: cotton, breeding, seed production, agrotechnologies, productivity, varieties, Uzbekistan, drip irriga-
tion, disease resistance.

BBegeHune

XnonyatHuk (Gossypium hirsutum L.) — BaxHeiwas KynbTypa, 06ecneunBaiollas ChlpbEM TEKCTUNMb-
HYI0 NpoMbIwNeHHocTb 6onee 80 cTpaH. B Y3abekucraHe XnonkoBOACTBO — CTpaTernyeckast 0Tpacnb 3KOHO-
MWKW. B nocnegHve rogpl CTOAT 3a4a4y MOBLILLEHUS YPOXAWHOCTH W Ka4ecTBa XMonka-CbipLia Ha OCHOBE MH-
HOBaLWi1 B CENeKLMM, CEMEHOBOACTBE 1 arpOTEXHOMOTMSIX.
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B YabekuctaHe okono 40 nepcnekTuBHbIX COPTOB, CBbile 20 — ckopocnenble, umn 3acesHo ~80%
nnowagen. OgHako MHOrVe copTa UMET HeOCTaTOYHY YPOXKAMHOCTb U COPTOBYIO YNCTOTY, Tpebys 0BHOB-
NEHNS Ha BbICOKOYPOXaiHbIE, CKOPOCMNENble COpTa C YNyYLEHHbIM BOIOKHOM. AKTyarbHbl MCCNEA0BaHMS No
CO3[aHW0 HOBbIX COPTOB, COBEPLLEHCTBOBAHUIO CEMEHOBOACTBA M arpOTEXHOSOMIA ANt Pa3HbIX PErvoHOB.

Llenb paboTbl — aHanu3 COCTOSHWUS W MEPCNeKTUB CEnekumu, CEMEHOBOACTBA W arpOTEXHOMOMA
XfionyaTHuKa B Y3bekucraHe, 0606LLeHne pe3ynbTaToB UCCeaoBaHuN.

00630p nuTepaTypbl

B mupe 1 YabekucTaHe uccnefoBaHust XnonyaTHUKa BeAyTCS MO TPEM HanpaBeHUsM: Cenekums, ce-
MEHOBOZCTBO U arpoTeXHONoMu. B cenekuymm co3aatoTcs copTa C BbICOKOW YPOXANHOCTLI0, CKOPOCMESNOCTHI0
N YCTOMYMBOCTBIO K CTpeccam. Y TOHKOBOSOKHUCTLIX COPTOB aghhekT reTeposuca B F1 gocturaet 122,7% ¢
ypoxanHoCTbto cBblile 40 w/ra. HoBble cpegHeBONOKHUCTLIE copTa obecneumsatoT 40,2 u/ra, uto Ha 7,0-7,5
Ly/ra BbllLe CTaHAAPTOB.

AKTyanbHa cenekuMsi Ha YCTOMYMBOCTb K (pby3apuo3y (Fusarium oxysporum) W BepTALMINE3Y
(Verticillium dahliag): y pe3uCTEHTHbIX IMHWA akTUBHOCTL Mepokcuaassl B 1,3-1,6 pasa Bbllle, COBMECTHO C
amepuKaHCKUMM y4€HbIMU co3aaHbl nnHum PSSJ-FRPO1-03.

B cemeHOBOACTBE NPUOPUTET — 3aMeHa CTapblX COPTOB Ha HOBbIE, MPUrOAHbIE AMNS MEXaHWU3MPOBaH-
HOM YBOPKM, C NPUHSATMEM COOTBETCTBYIOLLMX FOCAKTOB; KIHOYEBbIE 3aAa4n — KA4eCTBEHHbIN CEB U MPOPEXM-
BaHuWe. B arpoTeXHONornsx BHeAPATCS NOCEB MO NAEHKY W KanenbHOe opoLeHne, TeXHONoms « CUHbL3SHY
(cxema 76x10), ans coptoB byxapa-6 v -8 pekomeHgoBaHa HopMma N,o0P132Kg, @ TexHonorus 80x40 cm
BHeapeHa Ha 4100 ra.

Matepuanbi U MeToAbl UCCNeAoBaHMNIA

ccnenoBaHus BbINOMHEHbI B YPreH4YCKOM rOCyHMBEpPCUTETE, XOPE3MCKOM MHCTUTYTE TOYHBIX W ECTe-
CTBEHHbIX HayK n Xopeamckom cpununane HAW kapaHTUHA 1 3aLiMTbl paCTEHUM N0 METOLMKAM FEeHETUKU U Cce-
nekuun xnonyatHuka. OBbekTbl — NepcrnekTUBHbIE COpTa U NIMHWW B YCROBUSX XOPE3MCKoM 0Briactu Ha opo-
WwaeMblx 3emnsx. OLeHUBanuCh: ypoXanHOCTb, ANMHA W NPOYHOCTb BOMOKHA, CKOPOCMENOCTb, YCTONYMBOCTD
K cy3apnosy n BepTULMNNESY, ANEeMEHTbI CTPYKTYpbl ypoxast. [JaHHble 06paboTaHbl CTaTUCTUYECKM, YCTONY U-
BOCTb OLiEHEHa Ha eCTECTBEHHOM U UCKYCCTBEHHOM (POHAX.

Pe3ynbTathbl uccnepoBaHui

NTuHvm oT rMBpuam3aLmm MECTHBIX COPTOB C 3apybexHbIMM nokasanu ypoxanHoctb 38—42 u/ra (Ha 5-8
Ly/ra Bbllle CTaHAAPTOB), CKOPOCMENOCTb — Ha 5—7 AHeW paHblue. HoBble NUHWK YCTOMYMBLI K BUATY: nopa-
XEéHHocTb 5-8% npoTtue 25-30% Yy cTaHaapToB. Macca kopoboukm Bbliwwe Ha 0,8-1,2 1, BbIXOA BOSIOKHa — Ha
2-3%, AnvHa BonokHa 34-36 MM, npoyHocTb 28-30 rc/Tekc. KanenbHoe OpoLLeHne C NOCEBOM MOf, MIEHKY
CHUXaeT nonmeHble HOpMbl Ha 25-30% K noBbIWAET ypoxanHoCTb Ha 12-15%. OnTumanbHas cxema —
80x40 cm, yoobpeHusi N,, 0P 32Kg AaOT Makcumym ypoxasi.

O0cyxneHune

PesynbTaTbl noaTBEPXAAT 3hEKTUBHOCT KOMMIEKCHOTO noaxoda. B cenekuuy nepcnekTMBHa Mo-
nekynspHas MapkepHas cenekuusi; B Y3bekucraHe Ha 6ase LieHTpa reHOMWKM co3aaroTcs HoBble copTa. [na-
HUpYyeTCs PUTOTPOH M Tennnua, ¢ 2024 r. BHegpstoTCs TpaHcreHHble copTa (Bt/Gt). B cemeHoBoacTee — op-
raHu3aums NpoW3BOACTBA SNUTHBIX CEMSH AN peanu3auuy noTeHumana copTos, 3aHumarowmx >90% nno-
Wanen. B arpotexHonormsx Mcrnonb30BaHNe KUTAMCKoro onbita 4aét nporHo3 70 w/ra, HO TpebyeT oCcTOpOX-
HOCTM (NNEHKa, CesNKK, paccaaa).

3aknioyeHue

lMpoBeaEHHble UCCNesoBaHNS U aHann3 NUTepaTypHbIX AaHHbIX MOKa3bIBAKT, YTO CENeKLMs xnonyaT-
HWKa B Y3bekucTaHe pasBMBaeTCs MO MyTW CO3AaHUS BbICOKOYPOXaMHbIX, CKOPOCNeNbIX U BonesHeycTony u-
BbIX COPTOB, rae HanbonbLumin 3dekT gocTuraetcs rubpuansaumein, 0oT6oOpoM 1 MONEKYNSPHON MapKEPHOM
cenekumeir. CoBepLIEHCTBOBaHNE CEMEHOBOACTBa TpebyeT noatanHoro O6GHOBMEHWS COPTOBOrO COCTaBa,
NPOU3BOACTBA KAYECTBEHHBIX CEMSIH 1 BHEAPEHWUS COBPEMEHHbIX METOAO0B OLIEHKM NOCEBHbIX KayecT. BHea-
PEHME VHTEHCUBHBIX arpOTEXHONOMIA — KanenbHOro OPOLLEHNWS, MOCEBA NOA NIEHKY, ONTUMU3ALMN CXEM MO-
ceBa — MO3BONSAET 3HAYUTENBHO MOBLICUTL YPOXAMHOCTL M 3(EKTUBHOCTL MUCMOMb30BaHWS BOAbl. Kom-
NNEeKCHOe NPUMEHEHNE JOCTUXKEHUI Cenekuun, CeMeHOBOACTBA U arpOTEXHONOTUI SBNSIETCH OCHOBOW YCTOM-
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YMBOrO PA3BUTUSH XIOMKOBOACTBA W KOHKYPEHTOCMOCOBHOCTM Xnonka. [anbHedlume UCCNeaoBaHNs LOMKHbI
BbiTb HaNpaBneHbl Ha CO3AaHNE COPTOB C KOMMIIEKCHO YCTOMYMBOCTBIO K CTPECCaM, afanTMPOBaHHbIX K W3-
MEHEHMI0 KnumaTa, 1 paspaboTky pecypcocbeperaroLLnx arpoTEXHONOTIA A1 CTaBUIbHOI YPOXaNHOCTY.
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HAEMATOLOGICAL PARAMETERS OF ABERDEEN-
ANGUS CATTLE AND THEIR CHANGES DURING
THE ADAPTATION PROCESS

KUCHKAROV ABDUKARIM NURIDDINOVICH

Assistant
1Tashkent Branch of Samarkand State University of Veterinary Medicine,
Animal Husbandry and Biotechnology

Abstract: During the adaptation process, the morphological composition of blood may exceed the standard
values for cattle. In this regard, the adaptation process in cattle proceeds with difficulty and with some strain.
Pedigree Aberdeen-Angus cattle were brought to the farm after a long transportation, during which the animals
experienced severe transport stress. A certain decrease in body condition was noted, especially in the first
days — reduced appetite, slow rumination, and incomplete rumen contraction in some animals.
Keywords:Aberdeen-Angus breed, haematological parameters, adaptation, haemoglobin, erythrocytes, leu-
kocytes, biochemical composition, stress.

FEMATONOMMYECKUE NOKA3ATENN ABEPANHCKO-AHI'YCCKOIO KPYMHOIO POrATOIO CKOTA
U UX USMEHEHWA B NPOLIECCE AQANTALIUK

Kyukapos A6aykapum HypupauHosuy

acCuCTEHT

TawwukeHTCkMin unman CamapkaHACKOro rocyAapCTBEHHOMO YHUBEPCUTETA BETEPUHAPHON MEAULIMHBI,
KMBOTHOBOACTBA 1 G1OTEXHONOMI

AHHoTaums: B npouecce aganTauuv ckota nokasaTenu, xapakrepusytoLe Mopgoiornyeckuin Cocta KpoBH,
MOryT NpeBblLlaTh HOPMATUBHbIE 3HAYEHUS AN KPYNHOro poraToro ckota. B ¢BS3W ¢ aTMM npouecc ajanta-
LM CKOTa NpOTeKaeT C TPYAOM U C OnpeaeneHHbIM HanpskeHneM. [nemeHHomn ckoT nopoabl AbepanH-AHryc
NOCTYNWN B XO3IMCTBO NOCNE ANUTENBHON TPAHCMOPTUPOBKM, B X04e KOTOPOW XMBOTHbIE NOABEPINNCH CUSTb-
HOMY TpaHCMopTHOMY cTpeccy. OTMEYEHO HEKOTOPOE CHMXEHWE 06LLEro COCTOSIHUS, 0COBEHHO B NEPBbIE AHM
— MOHWKEHWe anneTuTa, 3aMedsSIeHHOEe XBaYHOE MULLEBAPEHME, Y HEKOTOPbIX XUBOTHbIX Habnoganock He-
NomHoe cokpalleHne pybua.

KnioyeBble cnoBa: nopoga AbepanH-AHryc, remaTonornyeckne nokasatenu, agantauus, remornobuH, apnT-
POLWTBI, NENKOLMTHI, BUOXMMUYECKMIA COCTaB, CTPECC.

INTRODUCTION: Analysis of the morphological composition of blood makes it possible to characterise
numerous physiological processes directly associated with changes in environmental conditions and, conse-
quently, to assess the adaptation of cattle to such changes. The morphological composition of blood is also an
important indicator of the intensity of metabolic processes in the cattle organism and is associated with its
adaptive characteristics. The study of haematological parameters is therefore of considerable importance in
assessing metabolism and the nutritional adequacy of feeding in cattle.

MATERIALS AND METHODS: The research was conducted during 2021-2024. Seasonal changes in
the morphological parameters of the blood of cattle in the experimental groups were investigated. Table 1 pre-
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sents the seasonal variation in the morphological parameters of blood in the cattle included in the experimental
groups.

RESULTS AND DISCUSSION: The blood of Aberdeen-Angus cattle was found to contain a relatively
high erythrocyte count (6.77-6.24 x 10"?/L), which was within the upper range of the physiological reference
interval (5.0-7.5 x 10™/L). At the same time, a marked decrease in the leukocyte count was observed, reach-
ing the lower limit of the physiological range and, in some cases, falling below it (4.71 £ 0.07-4.2 £ 0.12 x
10°/L), whereas the normal range was 4.5-12 x 10°/L.

Table 1
Haematological parameters of Aberdeen-Angus cattle after introduction
to the farm (n=10), mean values for 2021-2024
Parameter Group | Group I Group lll
Haemoglobin, g/L 130.39 £ 2.78*; 2.1 128.00 £1.21% 0.9 128.39 £ 1.13;0.8
Erythrocytes, 10"4/L 6.77 £0.07**;1.0 6.37+£0.13;2.0 6.23+£0.16;2.5
Leukocytes, 109/L 471+£0.07%1.4 451+£0.07;1.5 441+0.15;3.4

Total protein, g/L

68.53 +£0.61**;, 0.8

6714 +0.87;1.2

65.91+1.23;1.8

Albumins, %

11.99 £0.70% 5.8

45.59 + 1.66; 3.6

45.19 £ 2.58; 5.7

Alpha-globulins, %

11.99 £0.70*% 5.8

1419+ 0.83;5.8

11.99 £ 0.99; 5.8

Beta-globulins, % 12.99 £ 0.99**; 7.6 1199+ 1.57; 13 13.5+1.13;8.3
Gamma-globulins, % 27.99 £+ 1.86*; 6.6 28.19+1.29;4.5 29.19+2.69;9.2
Glucose, mmol/L 2.21+0.07*; 3.1 2.25+0.10;4.4 2.13+0.10;4.6

Note: * -P>0.95; ** -P>0.99; statistically significant.

The data presented in Table 1 show that haemoglobin concentration in the blood of cattle from Experi-
mental Group |, descendants of the bull Timo, was 130.39 g/L. In Experimental Groups Il and Ill, descendants
of the bulls REA Imper and Terron, respectively, the values were 128.00 and 128.39 g/L. The highest value
was therefore recorded in Group I, comprising Timo descendants. The erythrocyte count was 6.77 in Group |,
compared with 6.37 and 6.23 in Groups Il and Ill, respectively. The highest leukocyte count was also recorded
in Group |, comprising Timo descendants, at4.71 x 109/L.

The imbalance between erythrocyte and leukocyte counts indicated a considerable disturbance of ho-
meostasis. The erythrocyte profiles of the experimental cattle differed according to their respective genetic
lines. Thus, the highest erythrocyte count was recorded in Group | cattle, descendants of the bull Timo (6.77 x
10"?/L), which significantly exceeded the corresponding values in the other groups (P>0.95). The cattle in
Groups Il and Ill, descendants of the bulls REA Imper and Terron, respectively, showed relatively similar val-
ues for this parameter.

The globulin fractions (alpha, beta and gamma) remained balanced among the groups: alpha-globulins
accounted for 11.16-11.65%, beta-globulins for 14.70-16.70%, and gamma-globulins for 30.27-31.08%. The
relatively high proportion of gamma-globulins indicates enhanced immunobiological stability and suggests an
important protective role during the adaptation process. Energy metabolism, as reflected by blood glucose
concentration, remained within the range of 2.21-2.25 mmol/L. This parameter was stable across all groups,
indicating that carbohydrate metabolism proceeded normally in the animals.

During the post-calving period and following transfer to new environmental conditions, the haematologi-
cal parameters of Aberdeen-Angus cattle remained within physiological limits. The relative decrease in eryth-
rocyte and haemoglobin concentrations represented a normal physiological adaptation response and indicated
adjustment of the blood profile to the new conditions. The stability of total protein and globulin fractions, to-
gether with the maintenance of relatively consistent glucose concentrations, indicated a favourable general
physiological condition and a high adaptive capacity of the cattle.

During the adaptation period and after calving, the cattle demonstrated full adaptation to the new envi-
ronmental conditions and responded positively to the feeding and housing conditions. Before the completion of
the acclimatisation and adaptation period, the total protein concentration in the blood of the cattle was below
the physiological reference level. Total protein refers to the combined concentration of albumins and globulins

LXXXIX MEXXYHAPOJHAA HAYYHO-NPAKTUYECKAA KOHDEPEHLINA | MLIHC «HAYKA 1 NPOCBELLEHMEN




WORLD SCIENCE: PROBLEMS AND INNOVATIONS n

in the blood. Insufficient feeding or an unbalanced feed ration, resulting in a reduced total protein concentra-
tion, is evidence of problems associated with cattle nutrition.

Table 2

Haematological parameters of Aberdeen-Angus cattle after four months of housing (n=10), 2024

Parameter

Group |

Group Il

Group lll

Haemoglobin, g/L

118.79 £1.78%1.49

113.00 £2.11**; 1.86

112.01 £+ 1.86; 1.66

Erythrocytes, 10"/

543 £0.22**; 4.05

5.19+0.17% 3.27

5.07£0.07;1.38

Leukocytes, 10°/L

6.35 £ 0.46%, 7.24

6.15 £ 0.35™; 5.69

6.01£0.27;4.49

Total protein, g/L

78.19 + 2.58%; 3.21

74.00 £2.90*; 3.91

73.79 + 3.55; 4.81

Albumins, %

40.59 £ 1.13*;2.78

43.19 £ 1.35%, 3.12

42.59+£4.60;10.8

Alpha-globulins, %

11.70 £1.20% 10.2

11.50 £ 0.88**; 7.65

11.19+1.21;8.19

Beta-globulins, %

16.70 £ 1.20%,7.18

14.70 £1.91,12.9

14.99 +2.64,17.6

Gamma-globulins, %

30.79 £ 2.16%;, 7.01

30.30 +2.6**; 8.58

31.10+£1.91;6.14

Glucose, mmol/L

2.25+0.10%; 4.44

2.27 £0.14*;,6.16

225%0.26;11.5

Note: * -P>0.95; **-P>0.99; statistically significant.

At the fourth month, cattle descended from the bull Timo in Group | continued to show the highest eryth-
rocyte count. This value (5.43 £ 0.22 x 10"%/L) was significantly higher than that observed in cattle from the
other groups (P>0.95). No significant difference was identified between Groups | and Ill with respect to this
parameter. Most importantly, following the adaptation period, the leukocyte count increased and reached nor-
mal levels in all experimental cattle. The value recorded in Group | cattle, descendants of Timo (6.35 + 0.46 x
10%/L), was significantly higher than those observed in the other groups (P>0.95). Consequently, all cattle
adapted well to the new natural and climatic conditions as well as to the feeding and housing conditions.

Analysis of blood samples collected when the cattle arrived at the farm showed elevated haemoglobin
concentrations, which in some cases exceeded the optimal physiological level. In Group | cattle, descendants
of the bull Timo, the haemoglobin concentration was 118.79 g/L, within the physiological reference range of
99-129 ¢g/L. In the other cattle, the values were also close to the upper limit of the physiological range. An ele-
vated haemoglobin concentration is considered one of the indicators of stress in cattle. Following adaptation,
these parameters returned to normal levels. In Group | cattle, descendants of Timo, the haemoglobin concen-
tration was 118.79 g/L, which was significantly higher than the values recorded in the other groups (113-
112.01 g/L). No significant difference was observed between Groups Il and lll, represented by descendants of
REA Imper and Terron, respectively.

CONCLUSION: During the adaptation of Aberdeen-Angus cattle to new climatic and housing conditions,
significant changes occurred in haematological parameters (haemoglobin, erythrocytes and leukocytes) and
biochemical components (total protein, albumin, globulin fractions and glucose). During the initial period,
transport stress was associated with an elevated erythrocyte count and a reduced leukocyte count. However,
after the four-month adaptation period, all parameters returned to physiological ranges. Cattle from Group |,
descendants of the bull Timo, demonstrated higher haematological parameters than the other groups, indicat-
ing greater stress resistance and adaptive capacity. The findings demonstrate the importance of considering
hereditary factors when selecting cattle and transferring them to new environmental conditions.
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JOMEKTUBHOCTb NHAUBUAYAJIbHBIX
[IPOrPAMM COLIMAJIbHO-3KOHOMWYECKOI0
PA3BUTA [11A BbICOKOAOTALIMOHHBIX
PErM0HOB

SAJIETOB ANIEKCAHAP BAUMOBUY

MarucTpaHT
NennHrpapckuit rocygapcTBerHbi yHuBepeuteT um A.C. MyLwiknHa,
r. CaHkt-eTepbypr, Poccus

AHHoTaums. CraTtbsl MOCBSLLEHA aHanmM3y JMEEKTUBHOCTU WHAMBUOYamNbHBIX NPOrpamMM  CouuasnbHO-
9KoHOMUYeckoro pa3sutus (UMP) Ans BbICOKOAOTAUMOHHBLIX PErMoHoB Poccun. PaccmaTpuatoTcs MexaHm 3-
Mbl peanusauu UMP B 10 cybbekTax, ux hMHaHCOBbIE MapaMeTpbl 1 JOCTUMHYTbIE pe3ynbTaTthl. Ha 0cHOBE
AaHHbIx CYeTHOW nanaTtbl 1 3KCMEePTHbIX OLEHOK BbISBASIOTCS KI0YeBbIE NPOBrembl: HEAOCTaTOYHOCTb (K-
HaHCUPOBaHWS, METOANYECKas HeonpedeneHHOCTb nokasaTenen U CrOXHOCTb OLEHKWU BKMaga nporpaMm B
pernoHanbHyo auHamuky. O60CHOBLIBAETCH HEOBXOAMMOCTL NepedhopMaTUPOBaHNS UHCTPYMEHTA C YYETOM
PErMoHasnbHON Cneunguki.

KnioyeBble cnoBa: vWHAMBMOyanbHble NPOrpamMmbl Pa3BUTKS, BbICOKOAOTALMOHHbLIE PETMOHbI, MEXPErno-
HanbHOE HEePaBEHCTBO, 3PPEKTUBHOCTb, MPOCTPAHCTBEHHOE Pa3BUTHE.

THE EFFECTIVENESS OF INDIVIDUAL SOCIO-ECONOMIC DEVELOPMENT PROGRAMS FOR
HIGH-DOTATE REGIONS

Zaletov Alexander Vadimovich

Abstract. The article is devoted to an analysis of the effectiveness of individual socio-economic development
programmes (ISED programmes) for highly subsidized regions of Russia. The mechanisms for implementing
ISED programmes in 10 constituent entities, their financial parameters and the results achieved are examined.
Based on data from the Accounts Chamber and expert assessments, key problems are identified: insufficient
funding, methodological uncertainty regarding indicators, and the difficulty of assessing the programmes’ con-
tribution to regional dynamics. The need to reform the instrument taking into account regional specifics is sub-
stantiated.

Keywords: individual development programmes, highly subsidized regions, interregional inequality, effective-
ness, spatial development.

CokpalLeHue paspbiBa B YPOBHE Pa3BUTUS MEXIY POCCUNCKAMM PETMOHAMI OCTAETCS OAHON U3 CaMblX
TPYAHbIX 3aay Ans roCYAapCTBEHHOTO ynpaBneHus. Mo konmyecty CyObEKTOB, KOTOpbIE CUMBHO pasnnya-
t0TCA MO CBOEMY SKOHOMMYECKOMY W COLMAnbHOMY MOMOXEHWH, Poccus 3aHMMaeT nepBoe Mecto B Mupe.
MexOtomkeTHble TpaHcdepTbl, 0COBEHHO J0TaLMM Ha BbipaBHMBaHWE BGHOMKETHON 06ECNEYEHHOCTH, NOMO-
ratoT KOMMEHCUPOBATbL Pa3HULY B AOXOAHON Da3e 1 CTOMMOCTM NPeaoCTaBNeHUs 0BLLECTBEHHbIX YCNyT, OAHa-
KO OHU He peLuatoT npobnemy CTPYKTYPHOI OTCTANOCTV W He 3amyCKaT MeXaHW3Mbl CAMOCTOSTENBHOTO Po-
cTa B cnabbix pervoHax[1].
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B 2019 rogy npaBnTenbCTBO NPEANOXM0 HOBbLINM NOAX0A — VHAMBKUAYaNbHbIE NPOrpaMMbl COLMansHO-
9KOHOMMYECKOro pa3BnTua ans cybbektoB ¢ Hambonee Huskumu nokazatensmu. C 2020 roga 3ToT MHCTPY-
MEHT Hayan NPUMEHSTLCSA Ha NpakTuke. B YMCno nepBbIX YHaCTHUKOB BOLLMW AECATb PErMOHOB: pecnybnukm
Anbires, Antan, Kanmblkus, Kapenus, Mapuin On, Tbiea, YyBalums, a Takxe Antanckuii kpai, KypraHckas u
[ckoBckas obnacTu. Kx otbop 06BACHANCA He TOMBKO HU3KUM YPOBHEM Pa3BUTMS, HO U pasHoobpasnem reo-
rpacnyecknx, 3KOHOMUYECKMX M CoLManbHbIX YCIOBMIA, YTO TpeboBano MHAMBMAYaANbHOMO NOAXOAA K Kaxao-
MY M3 HWX, B OTIIYME OT MaKpopernoHanbHbIx nporpamm ans danbHero Boctoka unm CesepHoro Kaskasa.

[Mporpammbl Bbin paccumtaHbl Ha naTb net — ¢ 2020 no 2024 rog — n yTBepXaeHbl OTAENbHbIMY
pacropsikeHNsMM npaBuTeNnbCTBa. UHAHCMPOBaHWE NpedyCcMaTpUBan0 BblAeNeHue KaxaoMy PeruoHy no 5
MUnnuapaoB pybnen u3 heaepansHoro boaxeTa, KOTopble NOCTyNanM pasHbIMK Lonsmu no 1 munnuapay B
rog. PernoHbl JormkHbl 6binn o6aBuTb COBCTBEHHbIE CpeacTBa — Kak MUHUMYM 1% OT o6Lyeit CTOMMOCTH
3annaHnpoBaHHbIX MeponpusTid. OaHako GONMbLUMHCTBO CYOBLEKTOB OrpaHMYMBanMCb 3TUM MUHUMANbHBLIM
noporom, n b Kapenus (22,1%) un Kypranckas obnactb (2,0%) obecneunnm 6onee BbICOKUA YPOBEHb CO-
(h1HaHCKpoBaHus[2).

3a ndATb neT Ha peanusaumio WIMP 6bino HanpasneHo 49,44 munnuapga pybnen u3 deaepansHOro
BromkeTa n ewé 1,69 munnunapaa us pervoHanbHbix BromkeToB. Beero B pamkax nporpamm Obino 3annaHnpo-
BaHO 120 meponpusiTi. OHK OXBaTbiBaNM Camble pPasHble HanpaBneHus: NOAAEPKKY NPOMbILLNEHHOCTM K
CEnbCKOro X035CTBA, pasBuUTHhE TyprU3Ma, MOAEPHU3ALWI0 KOMMYHANBHOM MHAPACTPYKTYPbI M CTPOUTENLCTBO
coumanbHbix 00bekToB. [NaBHbIE LieneBble Nokasatenm — 0ObEM NPUBNEYEHHBIX BHEOOAKETHBIX NHBECTY-
WA 1 Y1cno cosdaHHbix pabounx mect. OgHako o cux nop Ha defepanbHOM YPOBHE He YTBEPKAEHb! Ae-
TanbHbIe METOAMKM, MO KOTOPbIM 3TV NOKa3aTenn LOMKHbI paccunUTbIBaTLCS[3].

AHanua, npoBeaéHHbIN CYETHOWM nanaTomn, nokasan, Yto utorn peanusauun UIMP okazanucb HeoaHo-
3HaYHbIMK 1 NPOTMBOPEUMBLIMK. C OAHON CTOPOHBI, Camm No cebe nporpamMmbl OKa3anucb O4eHb rMBKUM WH-
CTPYMEHTOM — OHW MO3BONMMM 3aNyCTUTb NPOEKTbI, KOTOPbIE PaHbLUE NPOCTO HEe BMWCLIBANWCL B CTaHAapT-
Hble MexaHu3Mbl rocnoaaepkku. bnarogaps aToMy yganoch OOUTHCS 3aMETHbIX NOKAMNbHBIX YCNEXOB: B Psi-
[ie PErvoHOB MOBbLICUIACH MHBECTULMOHHAS NPUBNEKATENbHOCTb OTAENbHbIX OTpacnen. o uHgopmaumm
MUH3KOHOMPA3BMTHS, BOCEMb W3 LECATW PErNOHOB-Y4aCTHUKOB CMOTMN COKpaTUTL YpOBEHb 6e3paboTuubl Ao
CPeaHWX No CTpaHe 3HaYeHWn, a CeMb — YNyYLlWWTb NOKa3aTenu CpeaHeayLUeBbIX JOXOA0B U CHU3UTb Ypo-
BeHb begHocTy.

B 10 e Bpems 06bEMbI BbIAENEHHBIX PECYPCOB — OKOMO 52 Munnuapaos pybren Ha AecsiTb PErMOHOB
— 0Ka3anucb CIMLLKOM Marbl, YTobbl KapAMHANbHO U3MEHUTb CUTYaLIMIO B 3TUX CyObekTax. JKCNepTbl Heo -
HOKpPaTHO NOAYEPKMBANM, YTO 3a CTOMb CKPOMHbIE AEHBLM HEBO3MOXHO PELUUTL ry6OKMe 1 HaKoNMBLUMECS 3a
ponrue rogbl npobnembl. ExerogHoe noctynneHne 1 munnuapga u3 gegepancHoro LEHTpa NPaKkTUYeCku He
OTpaxaeTcs Ha 0BLIEN CTPYKTYpe pernoHarnbHbIx OompkeToB. Mpn 3TOM B pervoHax, y4acTBYHLWMX B Npo-
rpamMmme, COXpaHsieTcsl HexBaTka CpPeACTB Ha PeLUEHNe CoLpanbHbIX BONPOCOB, KOTOPbIE TaK W ocTanuch 6e3
LOSDKHOrO prHaHcupoBarus[4).

OuennTb peanbHble pesynbTatbl UIMP okasanock HenpocTo. OgHa 13 NpUYMH — LieneBble nokasaTenu
HEeO4HOKPATHO NMepecMaTpuBanmuCh, 13-3a Yero CroXHO 0BbeKTUBHO cyanTb 0 nporpecce. OCob6eHHO 3TO Ka-
caeTcsi co3aaHms pabounx MecT: nepBOHaYanbHble NMaHbl 0Ka3anuch 3aBbILUEHHBIMM, 1 MO3XE WX NPULLOCH
KOPPEKTUPOBATb C YYETOM pearbHbIX AaHHbIX. Kpome TOro, noyt HEBO3MOXHO OTAENUTH BMMSIHUE CaMOiA
nporpaMmbl OT OBLLEPOCCUICKUX SKOHOMWUYECKWX TEHAEHUMA — B Nepuombl TypOyneHTHOCTH BHELHME dhak-
TOpbl YacTO OKasblBalTCA pewarowmmn. Mo pacyétam CuéTHOoM nanatbl, 6onee Tpetn denepanbHbIX
cpeacts (36,4%, v noytn 18 munnuapgos pybnen) He aanu oxugaemoro agdekta. Mo 37 u3 120 3anna-
HWPOBAHHbBIX MEPOMPUATUN LIENEBLIE NOKa3aTeNM Tak 1 He Bbin AOCTUTHYTHI.

Bbinn 3adukcnpoBaHbl 1 Bonee CepbE3HbIE HApYLUEHUS: B HEKOTOPbIX CMy4asix PErvoHbl NpeaocTaB-
NANN UCKaXEHHBIE OTYETHI O BLIMOMHEHMM paboT, a CPEACTBA UCMONBb30BaNMCh HE MO LIENEBOMY HAa3HAYEHWIO,
4To notpeboBano BmelLaTensCTBa Npokypatypbl. OCOBEHHO HU3KME pe3ynbTaTbl OTMEYalTCs B cdepe Ty-
prn3mMa — NPUMEPHO MOMOBMHA BbIAEMNEHHBIX HA 3TO HANPaBNEHWE AEHEr He MpUBENa K JOCTMXEHMIO 3anna-
HWPOBaHHbIX NokasaTenen[s).

Takum 06pa3om, MHAMBKAYaNbHbIE NPOrpaMMbl COLMANbHO-9KOHOMUYECKOTO Pa3BUTUS NPELCTaBSOT
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co60M 0ANH M3 HEMHOIVX LEACTBUTENbHO MOKNX MHCTPYMEHTOB (beaeparibHON NONUTUKN B OTHOLLEHUN peru-
oHoB . OHM No3BONAKT Cy6bekTaM CaMuM OnpeaensTb NPUOPUTETHbIE HANPaBMEHUs Pa3BUTUS W NoMyYaTh
afpecHyto GegepanbHylo NOAAEPKKY HA peann3aumio nokanbHbIX NpoekToB. OaHaKO NPOBEAEHHbIN aHann3
BbISIBNSIET CUCTEMHbIE NPOBMEeMbl: HeAOCTAaTOYHOCTb (OMHAHCMPOBAHUS, METOAMYECKYHD HeonpeaeneHHOCTb
nokasaTenei, CNOXHOCTb OLEHKM peanbHoro Bknaga WIMP B pervoHanbHyo OMHAMWKY Ha (DOHE BHELLHMX
(haKTOpOB.
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(DAKTOPbI PACCOT JIACOBAHHOCTH
KNAGCCN®WKALINOHHDIX 0CHOBAHWW OLIEHKWA
JANACOB 3HEPTOPECYPCOB

®WPOBA NPUHA NMABJIOBHA

A.9.H., npoheccop

PE[IbKWHA TATbAAHA MAPKOBHA

A.9.H., npoheccop

®r60Y BO «HaumoHanbHbI rocyaapCTBEHHbIN YHUBEPCUTET
(PM3NYeCKOMN KynbTypbl, cnopTa u 300poBbs MMenn 1.9, Jlecragptan
(HI'Y um. N.0. Jlecradpta), CaHkT-MNeTepbypr

AHHoTaums: nobanus3auus Ha pblHKE SHEPrOPecYpCoB MpeamnonaraeTr kak MCronb30BaHWE WHOCTPaHHbIX
TEXHOMOrmn, 060pyA0BaHNS, UHCTPYMEHTapUS, TaK 1 €AUHbIX NOKa3aTenei OLEHKW 3anacoB Kaxaon 13 CTpaH.
OrpaHnyeHus, BBOAUMbIE OOHUMI rOCyAapcTBamMu NpOTUB APYruX, MPUBOLAT K CMeHe rmobanusauum Ha peru-
OHanM3auuo, YTo COMPOBOXOAETCH WUCMOMb30BAHWEM YHUKANbHBIX METOAMK OLEHKW 3anacoB U CTPAHOBbIX
KraccuUKaLMOHHbIX OCHOBAHWN.

KnioyeBble cnoBa: 3anacbl 3Hepropecypcos, KNacCMUKaLMOHHbIE OCHOBaHWS, METOAMKIA OLIEHKW, pe3y fb-
TaTUBHOCTb, CPaBHUTENbHAs 6asa

FACTORS OF DISAGREEMENT AMONG CLASSIFICATION BASES FOR ASSESSING ENERGY
RESOURCE RESERVES

Firova Irina Pavlovna,
Redkina Tatyana Markovna

Abstract: Globalization in the energy resources market involves both the use of foreign technologies, equip-
ment, and tools, as well as the use of uniform indicators for assessing the reserves of each country. Re-
strictions imposed by some states against others lead to a shift from globalization to regionalization, which is
accompanied by the use of unique methods for assessing reserves and country-specific classification bases.
Keywords: energy resources reserves, classification bases, assessment methods, effectiveness, comparative
base

[Ona Poccuinckoin degepauni, 3aBMCUMONA OT UMNOPTHBIX TEXHONOTMI No Aobblve, nepepaboTke, W3-
BMNEYEHWIO 1 TPAHCNOPTUPOBKE SHEPropecypcoB, BBOAVMbIE CaHKLMW CTAHOBSATCS AONONHUTENBHOM Harpy3Kkom
B BWAY NepexoAa Ha MMNOPTO3aMeELLEeHUe W NOWUCKa arbTepHATMBHBIX UCTOYHUKOB (OMHAHCUPOBAHNS. PyHK-
LIMOHMPOBaHME TONNMBHO-HEPTETUHECKOrO KOMMIEKCA COMPOBOXAAETCS OLEHKOM 3anacoB 3HEPropecypcos:
npexae BCero peyb naet 0 HeBo306HOBNSAEMbIX 13 HUX. CMeHa kak METOAMKM aHanu3a, Tak u knaccuduka u-
OHHbIX OCHOBaHUI He CTAHOBUTCS CMeACTBMEM NPOBOAUMBIX Npeobpa3oBaHuin. B HacTosLlee BpeMs OLeHKa
3anacoB HeBO30BHOBNSEMbIX 3HEPropecypcoB B PO no-npexHeMy 0Tnn4aeTcs 0T MHOCTPAHHBIX CUCTEM OLje-
HWBAHWS, YTO HE MO3BOMSET CONOCTaBUTL NOSTy4YaeMble pesynbTaThl. BHOCUMbIE B HOBbIE Bepcun Knaccudu-
KaTopa M3MEHEHWS HANPaBNEHbl He Ha NPUHLUMNMANbHbIE YNYYLEHNs, @ Ha NepemeLLeHmNe KaTeropuin 3 og-
HWX TPYNN B ApYyrue, 4To NPUBOAMT K UCKAXKEHUAM OLIEHMBAEMbIX pe3yrbTaToB.
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Poccuiickas cuctema oueHka 3anacoB NPUPOAHOro rasa, ra3okoHeHcaTa v Cbipon HedhTu npeanona-
raeT pasfeneHue Ha [Be rpynnbl: U3Bnekaemble 1 Heussnekaemble 3anacol. OTnuyus ot ctaHgaptoB SEC u
craHgaptoB PRMS nposiBNAtTCS Kak B YaCT METOLAMKN, TaK U CTENEHN y4eTa KOMMEPYECKUX (hakTopoB npu
pacyeTe 3anacos: cTaHgapTbl SEC HaueneHbl Ha obecneyeHne pbiHka LeHHbIX Bymar, ctaHgapTel PRMS — Ha
NOATBEPXOEHNe CYLLEeCTBOBaHUS 3anacoB. MpuMeHsieMble pasHble MeTOAbl OLEHKW He MO3BONAKT MONYYnTh
e[uHble pe3ynbTathl [4].

B Poccuu ougHka BHOBb OTKPbITLIX 3arnexen OCYLLEeCTBISETCS HAa OCHOBE 06BEMHOIO MeTofa OLEHKM
3anacos. [1py OLEeHNBaHMM YXe SKCMyaTUpPYeMbIX MECTOPOXAEHWA UCMONb3YITCS Kak 0ObeMHbIN METOA, Tak
W MeTo4 MaTepuanbHoro 6anaHca. Metog matepuansHoro 6anaHca OCHOBaH Ha yyeTe BPEMEHHbIX U3MEHe-
HW B peanbHOM NacToBOM AaBneHnn. 3akoHom PO «O Heppax» perynupyertcs 4esTenbHOCTb B YacTh KOH-
TPONS 3anacoB., YTO NpefycMaTpuBaeT NpoBeaeHe 0643aTenbHON rocy4apCTBEHHON aKCnepTU3bl [4].

Ha ocHoBaHWW CTaH4apToOB Knaccudukaumm 3anacoB yHKUMOHMPYHT LieHTpbl dhopmmupoBaHus nHee-
CTULMOHHBIX peLLeHni. VX esTenbHOCTb JIokanu3oBaHa B OrpaHNYEHHOM YiChe CTPaH, YTO NPUBOAMT K pas-
BanaHcupoBke CnpaBeanMBOro pacnpenenieHns MHBECTULMIA MCXOAS U3 OCBOEHHOTO 06bema NonesHbIX UCKO-
naembIx. YcyrybneHue AaHHOW TEHAEHUMM CMOCOBCTBYET YBEMYEHWIO KOSNMYECTBa MEXOYHAPOAHbIX KOH-
(nmkros [3].

lNosiBneHne B Poccum HOBbIX Bepcuii Knaccudmkatopa NpUBOAMT K BO3pACTaHUIO KONWYeCTBa Knaccu-
(DMKALIMOHHBIX OCHOBAHWIA, YTO BEAET K YBESIMYEHWNIO PaCXOXOEHUA C 3apyDexHbIMU CUCTEMaMK Knaccudu-
LMPOBaHMS 3anacoB 3HEPropecypcos. MepcnekTuBa NpoOBEAEHUS CPABHEHWA MCMONb3YEMbIX METOAMUK U pe-
3yNbTaTOB OLEHKM 3anacoB HEBO30OHOBNSEMbIX 3HEPTOPECYPCOB Ha rnobansHOM YPOBHE NO3BONSET caenaTth
BbIBOA O pacTyLyeit BoCTpebOBaHHOCTU B YHUBEPCANBHOM KnacCU(UKaLUMOHHOM MHCTpyMeHTapuun. Creposa-
HWe MyTW UCKYCCTBEHHOTO NEPEHECEHMS TPYNM He NO3BONMT Poccun JOCTUYb OCHOBHOWM 3aAayu NPOBOAMMOM
OLIEHKM 3arnacoB 3HEPropecypcoB — OTPaXEHUS (PAKTUHECKOrO COCTOSHWUS CTpaHbl B HanpasneHnn obnaga-
HWSi, OCBOEHNSA 1 A00bIYN SHEPTETUYECKOrO Chipbs [I].

Bepcua Knaccudmkatopa, BeegeHHas B PO 1 auBaps 2016 roga, npubnuxeHa k ctaHgaptam SPE-
PRMS 1 no3BsonsieT NnpoBOAMTbL OLEHKY 3anacoB Mo HanpaBneHnsM AOCTyna K TEXHOMOMAM U JOCTUTraeMbIM
3KOHOMMYECKUM nokasaTensam [2]. JanHas Bepcusi ctana 11-oi, HaunHas ¢ 1928 roga, korga Obina npuHsTa
nepeas moaudmkaums Knaccudpumkatopa [1]. HoBas Bepcusi knaccudumkaumm no3sonuna ynpoctutb Cono-
CTaBIIEHWE POCCUICKOI CUCTEMbI OLIEHUBAHMS 1 MOMYyYaeMblX Pe3ynbTaToB C MeXAyHapoAHbIMU. HoBas Bep-
cus Bbina nHTerpupoBaHa B PamoyHyto knaccudmkaumio OOH (PKOOH-2009). Stomy cnocobetsosana pabo-
Ta No paspaboTke OOKYMEHTa, NO3BOMAIOLIETO CBA3ATb HALMOHAIbHY0 cucTeMy knaccudgukauum ¢ SPE-
PRMS n PKOOH-2009. YTouHuM, 4TO HOBas Bepcus knaccudmkaumm 3anacos B PO He ctana konneit SPE-
PRMS n3-3a CyLLeCTBYIOLMX M YYTEHHbIX NPy pa3paboTke HaLMOHamnbHbIX 0COBEHHOCTEN rOCYapCTBEHHOMO
yyeTa 1 psaa BHYTPEHHUX KaTeropui.

Takum 06pasoM, YHUBEPCANbHOCTb NPUMEHSIEMbIX METOAMK NOPOX4AeT UCKMKYEeHe CTPaHOBOM Cre-
LMAUKM NPpK OLEHKe 3anacoB SHEPTeTUYECKOro Cbipbs rocygapcTa. OTCYTCTBUE €AMHbIX KnaccuuKaLumoH-
HbIX OCHOBAHWI reHepupyeT HOBbIE PUCKM HECOMOCTABMMOCTM [JaHHbIX U pe3ynbTaToB. POCT KonnyecTsa oue-
HWBaEMbIX OCHOBAHWI MPUBOAMUT K UCKaXEHUI0 OTYETHOCTU. COBOKYMHOCTb MEPEYNCIIEHHbIX MOMOXEHUA SB-
NAETCH KPUTUYECKON U MPW YCUNEHUN HEraTUBHbBIX BO3AENCTBUI CNOCOBHa NpuBeCTH K pasbanaHcupoBke Cu-
CTEMbI OLEHKM 3anacoB HEBO30OHOBNSAEMbIX SHEPropecypcoB. VckntoueHne BO3HUKHOBEHUS Hebnaronpusit-
HbIX CLEHapWeB BO3MOXHO NPW HanaxwBaHWW WHTErPaLMOHHOTO B3aMMOAEUCTBUS Ha MEeXOyHapo4HOM
ypoBHe. Monck MHOCTpaHHbIX NapTHepPOB BydeT onpenensTbCs CTENEHb WX AOCTYNa K TEXHONOorsM 1 0bo-
PYOOBaHMIO, LOCTATOYHBIX 415 NOAAEPXKM poccuitckoro TOK Ha KOHKYPEHTOCNOCOBHOM ypOBHE.

KapauHanbHas nepepabotka Bceit npaBoBoit 6asbl PO ans obecneyeHns conocTaBUMOCTM NPUMEHSIE-
MbIX B Poccun 1 3a pybexom CUCTeM OLEHOK QHEPreTUYECKOro Cbipbs MPEACTaBMNSAETCH ManoBEPOSTHOM.
[anbHenwwas paspaboTka HaLUMOHaNbHbIX BEPCUIA KnaccudukaLmm 3anacoB 3HEPropecypcoB Ans Toro, YTobbl
BbITb CONOCTaBUMON C 3apybeXHbIMW CUCTEMAMK, JOIPKHA CTPOUTLCA UCXOAS U3 CTpaTEryeckux Lenem: nso-
NIMPOBAHHOTO UIN UHTErPALMOHHOTO PasBUTUS. TEKYLWMA BEKTOP MeXAyHapOAHbIX CUCTEM OLEHKM 3anacos
HEBO30OHOBNSEMbIX SHEPropecypcoB — AeTanu3auus 1 yxecToyeHne TpeboBaHui K KnaccuguKaLMOHHbIM
OCHOBaHUAM aHanusa.
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CoBepLUEHCTBOBAHME POCCUIACKON CUCTEMbI OLIEHKM 3anacoB SHEPrETUYECKOTO Chipbs MPOCNEeXWBAETCS
no CrieaytoLLMM HanpaBneHNAM:

- TapaHTMpOBaHHas WHTerpauus HauMoHanbHOM CUCTEMbl Knaccudukauuu B rnobanbHyo cuctemy
OLIEHKM 3anacos;

- (hopmupoBaHue LieHTpa He3aBUCUMbIX SKCMEPTOB, y4aCTHUKaMW KOTOpOro ByayT NpeacTaBuUTenu BCex
CTpaH-y4acTHuL;

- NPU3HaHWe pesynbTaToB OLEHKM 3anacoB peneBaHTHbIMI (OUHAHCOBBIMW MHCTUTYTaMK [3].

Takum obpasom, Ana Poccum Tekyluen 3agaden B 061acTi cornacoBaHHOCTU KnacCumkaLmoHHbIX OC-
HOBaHMIN OLEHKN HEBO30BHOBISIEMbIX AHEPrOPEeCYpPCOB CTAHOBUTCS CMEHA rPYNMNMUPOBKA 3anacoB C U3BNeKae-
MO/HEN3BEKAEMbBIX HA MPUCYTCTBYHOLLME U CNOCOOHBIE MOBBLICUTL AKOHOMUYECKYHO 3(PPEKTUBHOCTL NOKa3a-
TENen U3BNeYeHUs Npy CTPOroM KOHTPOSIE CO CTOPOHbI FOCYAapcTBa U 9KCNEPTOB 3a IMLEH3MPOBAHHOMN fes-
TEeNbHOCTBLI0. BbIBOp KrtoueBon ctpaterum passutisi poccunckoro TOK gomkeH ObiTb COrnacoBaH co cTpate-
MMYECKMMM NNaHaMm1 CoUManbHO-3KOHOMMYECKOro passuTtus PO.
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PUMEHEHWUE NCKYCCTBEHHOTO
WHTEJINEKTA B UHBECTWULIMOHHOM AHAJIM3E

COBMHUHA ANIEKCAHOPA MUXAWJIOBHA

CTYAEHT, kKadheapa MEHEIKMEHT
HuxeropoAckuiA rocyapCTBEHHBIN TeXHUYECKMiA yHBepcuTeT uM. P. E. Anekceesa

AHHoTauus: Ccepa MHBECTULIMOHHOTO aHann3a NepexmBaeT TEKTOHUYECKUIA CABUT, ABXUMBIN pacnpocTpaHe-
HMEM UCKYCCTBEHHOTO MHTennekTa (aanee — VW) n mawmnHoro o6yyeHus (ganee — MO). Ctatbs nogpobHo umc-
CreayeT, Kak aTu TeXHOMOrMM TpaHCGopMMPYIOT Npodieccuio, nepeBoas ee 3 obnactu, rae AOMWUHMpOBana
YenoBeyeckas WHTYWUMs, B HayKy, YNpaBnsemylo AaHHbIMKU. PaccMaTtpuBaeTcs, Kak anropuTMbl MaLUMHHOTO
00yyeHust — oT 0ByyeHus ¢ yumTenem 4o 0ByyeHuns ¢ NOAKPENNEHEM — NPUMEHSIIOTCS AN NPOrHO3MPOBaHKS
LieH, aHann3a anbTepHaTUBHbIX JaHHbIX, FeHepaLyn TOProBbIX CTpaTerkii U ynpaeneHns puckamu. Ctatbs gaet
BCECTOPOHHMI 0B30p KItYEBbIX NpUMeHeHun W, oT aHanu3sa CryTHUKOBbIX CHUMKOB 40 06paboTku ecTeCTBEH-
HOro 513blka B HOBOCTHbIX MOTOKaX, @ Takxe AeTanbHO pa3bupaeT ConyTCTBYHOLLME BbI30BbI: NPOBIeMy «4epHOro
SLMKaY, pUCK NepeobyyeHmnst 1 pacTyLLyto 3aBMCMMOCTb PbiHKa OT anropuTMOB. B uTore fenaetcs BbiBOg, YTO
Oyayliee OTpacnm NexuT He B MPOTUBOCTOSHUM YeNioBeka ¥ MaluMHbI, @ B UX cumburose, roe MW ctaHoButcs
HEe3aMeHWUMbIM VUHCTPYMEHTOM, YCUIMBAIOLLMM aHanMUTUYeckme CnocobHOCTM creuuanmeTa.

KnioyeBble cnoBa: MCKYCCTBEHHbIN MHTENNEKT, MALUMHHOE 0ByYeHne, MHBECTULMOHHBIA aHann3, NporHo3u-
POBaHe, ynpaBrneHne puckamm, anropUTMUYECKUI TPENAMHT.

APPLICATION OF ARTIFICIAL INTELLIGENCE IN INVESTMENT ANALYSIS
Sobinina Aleksandra Mikhailovna

Abstract: The field of investment analysis is undergoing a tectonic shift driven by the proliferation of artificial
intelligence (Al) and machine learning (ML). This article explores in detail how these technologies are trans-
forming the profession, moving it from a domain dominated by human intuition to a data-driven science. It ex-
amines how machine learning algorithms, from supervised learning to reinforcement learning, are being ap-
plied to price forecasting, alternative data analysis, trading strategy generation, and risk management. The
article provides a comprehensive overview of key Al applications, from satellite imagery analysis to natural
language processing in news streams, and delves into the associated challenges, including the "black box"
problem, the risk of overfitting, and the growing reliance of the market on algorithms. The article concludes that
the future of the industry lies not in a human-machine conflict, but in a symbiotic relationship where Al be-
comes an indispensable tool that enhances human capabilities.

Keywords: artificial intelligence, machine learning, investment analysis, forecasting, risk management, and
algorithmic trading.

WUcyepnaHue TpaaULIMOHHbIX METOAOB

TpagnumoHHbIn aHanua, Byab TO CKpynynesHoe m3yyeHue BanaHcoB KOMMaHuin (pyHaaMeHTanbHbIN
aHanu3) unu pucoBaHue NMUHWIA TPeHAa Ha rpadukax (TEXHUMYECKUA aHanm3), ynupaeTcs B NOTOMOK. PbIHKK
CTanm CANLWKOM CNOXHBIMW, B3aUMOCBS3aHHbIMW W BbICTPBIMK. YenoBeyeckuini Mo3r nanyeckn He cnocobeH
OLHOBPEMEHHO Y4ECTb ThICAYM (PAKTOPOB: NPOLEHTHbIE CTaBKW, MONUTUYECKNE HOBOCTU, HACTPOEHMS NOTpe-
BuTenei, AaHHbIE O LienoYKax NOCTaBOK, KBapTasbHble 0TYETbI KOHKYPEHTOB. CMCOK GECKOHEYEH.
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A BOT MalmHa — cnocobHa. B3pbIBHON POCT BbIYMCIUTENbHBIX MOLYHOCTEN U MOSBNEHME «60MbLLMX
AaHHbIx» (Big Data) cosganu naeanbHblid LUTOPM, B KOTOPOM MOAXOZb!, OCHOBaHHbIE Ha WA, ctanu He npocTo
rnornesHbIM1, a HeoBXoaMMbIMA ANS BbDKUBAHWSA. Te, KTO CErogHs WrHOPUPYET 3T TEXHONOMW, PUCKYHT
0CTaTbCA C YCTapeBLUMMU U He3(h(EKTUBHLIMU METO4AMM, NPOUTPLIBAs TEM, KTO CYMTAET AaHHbIe HOBOM XK-
IOoWN.

Kak MmawuHbl Ha camom pgene «y4aTcs»

Kntoy K NOHMMaHWK0 NPOUCXOZALLEro — B pasHuLe MeXay TPaauLMOHHbIM NPOrpaMMMpOBaHUEM W Ma-
LIMHHBIM 06YyYeHneM.

— Crapbll NogxoA4: NpoOrpamMMUCT MULLET KeCTKUA Habop npasun. «Ecnu koadduumeHt P/E < 15, 10
KOMnaHus HegooueHeHay. Cuctema cnena ko BCeMy, YTO He 3alUMTO B KOA.

- Mogxoa MaLMHHOMO 0By4YeHMs: Mbl JaEM MaLLUUHE TOpY CbipblX AaHHBIX U FTOBOPUM: «Hanau Tam 3a-
KOHOMEPHOCTM camy. Anroputm nepebupaeT ThiCSYM NPUMEPOB, CaMOCTOATENBHO HAaCTpamBas BHyTPEHHME
«BUHTUKU» W «BECAY, NMOKA HE HAYYMTCS C BbICOKOM TOMHOCTLIO NPeAcKasbiBaTh Pe3ynbTaT Ha HOBbIX, HE3Ha-
KOMbIX JaHHbIX.

W 30ecb €CTb HECKOSBKO «LUKO 0BYYEHNUS» MaLLMH:

— Oby4yeHune ¢ yunTenem: 3TO Kak NOArOTOBKA K 3K3aMeHy C MOMOLLbIO KapTouek. Anroputmy OakoTCs
NCTOPUYECKME AaHHble, FOe YKe W3BECTEeH NpaBWMbHbIA OTBET. Hanpumep, Tbicsum npuMepos: «BoT Takue
Oblnn MakponokasaTenu, HOBOCTU U LieHa — W Yepe3 MecsL akuus Bblpocna Ha 5%». ANroputM ULWET CBA3M
MeXxay MCXOAHbIMW JaHHbIMKM W uTorom. Mocne obyyeHnst OH MOXET NPOrHO3MpPOBaThb OyayLUyK AOXOAHOCTb
WNK KNaceuuuymMpoBaThb akTUBbI Ha «MOKYNaTby, «AEPXaTb» UMK «NPOAABATbY.

— OByyeHune Be3 yuntens: anroputMy Aaétcs Kyva AaHHbix 6e3 BCskux nofckasok: «Pasbepuch, YTo
TYT K Yemy». ANITOPUTM HaYMHAET UCKaTb CKPbITbIE CTPYKTYPbI, PYNNMPYS akuuu B KacTepbl N0 HEOYEBU -
HbIM Npu3Hakam. Bapyr oH oBHapyXuBaeT, 4To aKLuy aBTONPOU3BOAMTENEN U NPOU3BOAUTENEN NOMYNPOBOA-
HWKOB BedyT cebs yaMBUTENBHO NOXOXe, YTO MOXET ykasaTb Ha rnybokyto CBA3b B LIENOYKe NOCTaBOK, KOTO-
Y0 aHanMUTUKW yNyCTUIN.

— OBbyyeHue ¢ nogkpenneHneM. 3T camblil NPOABUHYTLIA YPOBEHb, MOXOXWA HA TPEHUPOBKY B CUMY-
natope. Co3naeTcs «TOProBbIA areHT» 1 OTNPaBMSAETCS ero B BUPTYasbHY pbIHOYHYO cpedy. OH coepLuaeT
CnyyamHble COEMKU, W 3a Kaxayt NpubbINbHYK COENKY NOMyYaeT «BO3HarpaxaeHue», a 3a YObITOUHy —
«wTpac». Co BpeMeHEM 3TOT areHT MeTodoM npob 1 owKnbOK CaMOCTOATENLHO BbipabaTbiBaeT cBEPX3d)-
(DeKTUBHYO TOPTOBYIO CTPATEro, NOCTOSHHO afanTUPYSACh K M3MEHSIOLLMMCS YCOBUAM. OTO YXe He MPocTo
NPOrHO3, 9TO CO3AaHNe aBTOHOMHOW CUCTEMbI MPUHATUS PELLEHNA.

'ae umeHHo UU meHsieT npaBuna urpbl

PaccmoTpum KoHKpeTHble obnactu, rae VW yxe pabotaer.

1. ANropuTMUYECKUN TPEMANHT HOBOTO MOKOMNEHMS. ANrOTPEeNamnHr CyLLecTBYeT AaBHO, HO paHblue 3T0
Obln NpoCTble MpaBuna: «KyMWTb, €CNM LieHa nepecekna CKonb3swyto cpepHiooy. Cenvac xe MO-
anropuTMbl MOTYT aHanM3MpoBaTh PbIHOYHYIO CUTYaLMIO B peanbHOM BPEMEHW, pacro3HaBasi CIoOXHbIE, efBa
YNOBUMble NaTTepHbl, KOTOPbIE ANATCS MUNANUCEKyHabl. OHM MOryT TOproBaTb HE Ha OCHOBE MpefckasaHms
HarnpaBfieHWs LeHbl, @ Ha OCHOBE MpeAckasaHWs BONATUIbHOCTY MM KOPPENaLMY Mexay AeCATKaMu akTu-
BOB, HAX04s MrHOBEHHbIE apBUTPaXHbIe BOSMOXHOCTH.

2. [lobblya «anbgbl» M3 anbTePHATMBHBIX AAHHBIX. JTO, NOXanyn, Camblid 3aXBaTbIBAOLLMIA (PPOHT pa-
6oT. «Anbha» — 3TO Ta camast CBEPXAOXOAHOCTb, KOTOPYH BCE ULLYT. YTOObI €6 HanTy, yxe HEAOCTaTOYHO
CMOTPETb Ha (PUHAHCOBbIE OTYETHLI. Tenepb WULWYT 34€Ch:

— CnyTHWKOBbIE CHUMKM — XeXK-OHAbI NaTAT MANMNOHBI 3@ aHanM3 CHUMKOB MapkOBOK Y MarasnHOB
Walmart unu Tesla, 4tobbl To4Hee Nt0bOro oTyeTa CNPOrHO3MPOBaTh KBApTanbHYH BbIpY4Ky. CMOTPST Ha Te-
HW OT HE(TSAHbIX TaHKEPOB MM YPOBHM 3aNOMHEHUS HEhTEXPAHUINLL,

— [laHHble ¢ 6aHKOBCKUX KapT — arpervpys 1 aHOHUMU3NPYS AaHHbIE O MOKYMKaX, MOXHO B peasibHOM
BpPeMeHW BIaETb, pacTyT nu npogaxw y Nike nnu Apple, ewe 4o Toro, kak KoMnaHus cama 06 3ToM 06bABKT.

— AHann3 HacTpoeHun — cneumansHble anroputmbl NLP (06paboTkn eCTeCTBEHHOrO Si3blka) B pEXUMeE
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24/7 ckaHUpyIOT HOBOCTHbIE NeHTbI, Brorun, Twitter n hopymbl Bpoae Reddit. OHu He NPOCTO MLWYT KNOYEBbLIE
CNOBa, a OLEHMBAOT TOH M AMOLMOHAIbHYI0 OKpacky. Pe3kuii BCNneck HeraTuBHbIX YNOMMHaHWA 0 BpeHae
MOXET CITyXMTb PaHHAM CUTHASIOM K NPOSaxe ero akuui.

3. [nyboknin aHanm3 puckoB 1 MoleHHnYecTBa. MO-mogenu oLeHMBaKT KOMNAHUU He TOMbKO Mo Lnd-
paMm B OTYETHOCTWU. OHM aHanM3MpylT CTUMb PYKOBOACTBA MO TPAHCKPUMTaM KOH(EPEHL-3BOHKOB, WLLYT
HECOOTBETCTBUA B HOBOCTSIX, BbISIBMAS MOTEHUMASbHBIE PUCKM, KOTOPbIE YenoBek MOXeT nponycTutb. [Mpu
KpeauToBaHWW MOJeNb MOXET AaTb Bonee TOYHYH OLEHKY BEPOSTHOCTU AedhonTa, NOTOMY YTO Y4YMTbIBAET
TbICS4YY KOCBEHHBIX MPU3HAKOB.

4. Pobo-coBETHMKM W NepcoHarbHble nopTdenu. Takue cepsuchl, kak Betterment, ucnonb3ytot He ca-
Mble CIOXHble, HO 04YeHb apdekTuBHbIE anroputMbl MO, 4Tobbl aBTOMaTUYECKM CO3AaBaTb U NOALEPXMBATDL
cbanaHcupoBaHHbIN NOPTMENDb ANS MUMMMOHOB NKAEN. ANTOPUTM YYUTLIBAET BO3PACT, Lienu, anneTuT K puc-
Ky 1 aBTOMaTWU4ECKN nepepacnpeaensieT akTubl NPy U3MEHEHUN PbIHOYHON KOHBIOHKTYPbI, Aenas npoeccu-
OHarbHOEe ynpaBneHue KanuTanom eMOKPaTUYHBIM U JOCTYMHbIM.

Mpobnembl U, 0 KOTOPBLIX HE yNIOMUHAIOT

CnoxHenwwne mogenu, ocobeHHO rnybokne HEMPOHHbIE CETH, YacTo HenHTepnpeTupyemsl. Mol BUOUM
BXOZHbI€ AaHHble 1 pe3ynbTaT, HO HE NOHUMaEeM BHYTPEHHHOK NIOTUKY NPUHATUS PELLEHMS.

— MpoknsaTue nepeobyyeHns. ATO rMaBHbIA KowMap Mtoboro cneumanucTa no obpaboTke AaHHbIX. Mo-
[€enNb MOXHO HAaTPEHMPOBATb HA MCTOPUYECKWX AaHHbIX TaK, YTO OHa OyaeT npeackasbiBaTb WX C MAeanbHOM
TOYHOCTBI0. HO 3TO NOXHbINA ycnex. OHa NpoCTO 3ayyuna UCTOPUIO, B TOM YMCIIE U CIyYalHbIA «LUYM», U Ha
HOBbIX A@HHbIX OHA OKaXeTCs 6eCnonesHon.

— CnHapom «opgHoro mosray. B cnyyae HeraTMBHOrO CUrHana BCe anropuTMbl OLHOBPEMEHHO NMoAaayT
KOMaHAy Ha npodaxy, YTo MOXET 0BpYLUUTL PbIHOK 3@ CEKYHAbI, KaK 3TO YXe Cly4anocb BO BPEMS «BHe3an-
HbIx 06BanoBy. CuCTEMa CTAHOBUTCS XPYMKOM.

— ['OHKa BOOPYXeEHU N CTOMMOCTb. KayecTBEHHbIE anbTepPHATUBHBIE AaHHbIE CTOST OFPOMHBIX [EHer.
CneupanucTbl N0 MaWMHHOMY 0BYYeHMI0 — OfHM U3 CaMblX BbICOKOONNaunBaeMblx Ha pbiHke. Co3aaHue Ta-
KOM MHPPACTPYKTYpbl — 3TO YAEN KPYMHbIX UrPOKOB, YTO YBENNYMBAET pas3pblB MEXAY rMraHTamu 1 MeskuMu
y4YaCTHUKaMU pblHKa.

Byayuwee — 3a rUOPUAHBLIM UHTENNEKTOM

OwwnboyHo gymatb, 4to MM ckopo MOMHOCTLIO 3aMEHWT YenoBeka-aHanuTuka. byayuiee, ckopee, 3a
cum61o30oM, 3a «rbpuaHbIM UHTeNNekToM». MawwHa ByaeT aenatb To, YTO Y Hee nomnyyaeTes nyudwe: nepe-
pabatbiBaTh rMrabanTbl JaHHbIX, HAXOAWTb CIIOXKHbIE NATTEPHbI U reHepUPOBaTL AECATKM MMNOTE3 U TOPrOBbIX
CUrHarnoB.

A yenoBek-aHanuTuk ByaeT Aenatb TO, YTO NOKa HEAOCTYNHO MalUWHE: 3afaBaTb NpaBUbHbIE BOMPO-
Cbl, Y4MTbIBaTH rNOOANbHbIA KOHTEKCT, MOHUMATb «yX BPEMEHWUY, BKMaAbIBaTh B PELIEHWE 3ApaBblil CMbICI U,
B KOHEYHOM UTOre, NPUHUMATL (PUHAIBHOE PELLEeHMe, OCHOBAHHOE Kak Ha PeKOMEeHAauUW anroputMa, Tak u
Ha COBCTBEHHON SKCNEPTM3E N UHTYULIAN.

VCKyCCTBEHHbIN MHTENMNEKT HE OTMEHSIET YenoBeyeckuit. OH NpeBpaLyaeT ero B cynepcury, No3sonss
BMAETb darnblue, rmybxe v geiicToBath ObicTpee. B 3TOM 1 3akmoyaeTcs HoBas pearibHOCTb MHBECTULMOH-
HOro aHanu3a — peanbHOCTb, F4e CaMblil LeHHbI akTUB 3TO HE CaMu AaHHble, a CMOCOBHOCTb M3BMEKaTh U3
HWUX CMbICIT C MOMOLLbH0 YMHbIX anropyTMOB.

3aknwoyeHue

MoaBoAs UTOT, MOXHO C YBEPEHHOCTBIO YTBEPKAATb, YTO NPUMEHEHWNE UCKYCCTBEHHOTO WHTENNeKTa u
MaLLMHHOTO 0BYYeHUst B MIHBECTULMOHHOM aHanu3e — 310 He NMPOCTO TEXHOMOTMYECKU TPEHE, a yHAaMeH-
TanbHas nepesarpyska BCEro NoaxoAa K NPUHATU MHAHCOBbIX pelleHni. Mbl npowwnn nyTb OT NPOCTON aB-
TOMaTU3aLUMN B0 CO3AaHUS CIOXHBIX CUCTEM, CMOCOBHBIX K CaMOCTOSATENBHOMY OByYeHMI0 U 0BHapYXeHNHo
CKPbITbIX 3aKOHOMEPHOCTEN, HEJOCTYMHbIX YEIIOBEYECKOMY BOCMIPUATUIO.
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OpHako, Kak nokasblBaeT aHanma, aTa MOLLb conpskeHa ¢ rnybokumun BoizoBamu. [pobnema «4epHOro
ALLMKA», PUCK CUHXPOHHBIX [JENCTBUM anroOpuTMOB M 3aBUCMMOCTb OT KayecTBa [daHHbIX cnyxaT sobering
reminder TOro, YTo TeXHomnormm — He naHaues. OHK He OTMEHSIOT HE0OXOAMMOCTH KPUTUYECKOTO MbILLIIEHUS],
34paBoro cMbicnia 1 NPOGECCUOHANBHON UHTYMLUMK.

Takum 0bpa3om, MaLLMHHOe 06y4YeHWe He 3aMeHsIeT aHanuTuka — OHO ero TpaHcopmumpyer. Mpodec-
CMOHan byayLiero — 310 He TOT, KTO BCENY AOBEPSET anroputMam, U He TOT, KTO UX UTHOPUPYET. 3TO «ru-
BpuaHbINY crneunanuct, cnocobHbli 3aaaBaTe CUCTEME NPaBUITbHLIE BOMPOCHI, MHTEPNPETUPOBATL €€ BbIBO-
Abl B Bonee LWMPOKOM KOHTEKCTE U NPUHUMATD B3BELLEHHbIE UTOrOBbIE pelleHns. M cTaHoBUTCA TEM CambiM
pblYarom, KOTOpbIi NO3BONSET NepeBopauMBaTh MUPbI AaHHbIX, NPeBpaLlas 1x B 060CHOBAHHbIE MHBECTULU-
OHHble naen. B HOBOW peanbHOCTY NoBeauT TOT, KTO cMOXeT Hanbonee 3hdekTMBHO 06beaNHUTL BbIYUCI K-
TENbHYI MOLLb MaLLUWH C TMOKOCTBIO U rMyOUHOM YENOBEYECKOTO NHTESNEKTA.

CnuMcoK UCTOYHMKOB

1. VHdopmaumoHHbIe CUCTEMBI U TEXHOMOMUM B 9KOHOMMKE: y4ebHMK Ans By30B / nog ped. . A. Tu-
TOpEeHKo. — 3-e u3a., nepepab. n gon. — Mockea : FOHuTK-[aHa, 2022. - 591 c.
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SOME THEORETICAL ASPECTS OF SYNTACTIC
PARALLELISM GOGNITIVE CHARACTERISTICS IN
CONTEMPORARY ENGLISH-LANGUAGE NON-
FICTION NARRATIVE

FEDOTOVA ANNA ALEKSEEVNA

Senior Lecturer
Tula State Lev Tolstoy Pedagogical University

Abstract: The article examines syntactic parallelism as a cognitive and discourse-forming mechanism in Eng-
lish-language narrative non-fiction, its relations to prediction, priming, coherence, attention and evaluation, al-
so the integrated model and a corpus for subsequent testing is proposed.

Key words: syntactic parallelism, cognitive linguistics, narrative non-fiction, structural priming, predictive pro-
cessing, discourse coherence, foregrounding

TEPETUYECKWUMN ACMEKT KOrHUTUBHbIX XAPAKTEPUCTUK CUHTAKCUYECKOIO
NAPANNENU3MA B COBPEMEHHOM AHIOA3bIYHOM HAPPATUBHOM HOH-®UKLLHE

®epotoBa AHHA AnekceeBHa
CcTapLumii Npenogasarerb
TynbCKuI rocyaapCTBEHHbIV Nefarornyecknin yHmeepeuteT um. J1. H. Tonctoro

AHHOTaums: B cTaTbe CUHTAKCUYECKWIA NapannenmaM paccMaTpuBaeTCsl kak KOrHUTMBHBIN U AUCKypcooBpa-
3YIOLLMIA MEXAHU3M aHTTIONA3bIYHOTO HOH-(OUKLLHA, YTOUHSIIOTCS €10 CBSI3N C MPOTHO3MPOBAHMEM, CTPYKTYPHBIM
MPaNMWUHIOM, KOTEPEHTHOCTbIO, BHUMAHWEM W OLiEHMBaHWEM. Tak e NpeanaraeTcst MHTerpaTMBHas MOAErb,
rae NpousBeAeHUs GPUTAHCKIMX M aMepPUKaHCKNX aBTOPOB MOryT BbiTb MCMOMb30BaHbI Kak MaTepuan Ans Kop-
MyCHOW NPOBEPKH.

KntoueBble croBa: CHHTAKCUYECKWI Mapanmiennam, KOTHUTUBHAS NMHIBUCTUKA, HApPaTUBHBIA HOH-CPUKLLH,
CTPYKTYPHbIiA MPaNMUHT, NPOrHO3MPOBAHME, KOTEPEHTHOCTb AUCKYPCA, BbIABKEHNE

Syntactic parallelism lies at the midst of grammar, stylistics, rhetoric and discourse organization. S.
Bothwell defines parallelism as «the juxtaposition of phrases which have the same sequence of linguistic (e.g.,
phonological, syntactic, semantic) features» [1, p. 5007]. This definition is intentionally broader than syntax:
structural recurrence may be reinforced by lexical selection, rhythm or semantic correspondence. In this arti-
cle, syntactic parallelism denotes the recurrence of comparable grammatical relations across phrases, claus-
es, sentences or larger textual segments.

A formal description remains necessary but it does not explain why a repeated construction affects com-
prehension. Once readers recognize equivalence between units, they can treat these stable positions as a frame
and interpret lexical changes against it. Thus, the institution collected the samples, the laboratory processed the
samples, and the company controlled the results presents three events through one subject-predicate-object
scheme. The example also shows why parallelism is not identical with verbal repetition: different words may real-
ize one syntactic pattern, while repeated words may occur in structurally unrelated contexts.
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The purpose of this study is to try to systematize mechanisms that can explain the cognitive role of par-
allel syntax in contemporary British and American narrative non-fiction. The argument synthesizes experi-
mental and corpus-based research; it does not report a quantitative analysis of literary texts. Narrative non-
fiction is understood as a continuum including memoir, biography, literary journalism, historical reconstruction
and the non-fiction novel. Its combination of factual reference with scene construction, focalization and pat-
terned prose makes it a relevant field for testing how grammatical recurrence coordinates evidence and inter-
pretation. Any transfer from laboratory materials or poetry to this field is therefore stated as a hypothesis, not
as an already demonstrated genre effect.

H. Fujita states that «the parser incrementally builds hierarchical syntactic structures» [2, p. 301]. The
large-sample study tested predictive construction of wh-clauses and found evidence that the parser predicts
clausal structure and revises it when later input conflicts with the prediction. The experiment does not establish
that every literary parallel produces the same effect. It does, however, provide a mechanism by which the first
member of a parallel sequence can create expectations about the grammatical organization of the next member.

Prediction becomes useful when stability and variation are balanced. If the second unit begins like the
first, the reader can anticipate the category and position of forthcoming constituents. Confirmation reduces
uncertainty so the variation in the repeated slots carries the new information. A completely unchanged se-
quence may become redundant, whereas a pattern that changes before it is recognizable cannot guide expec-
tation. Effective parallelism therefore introduces novelty within a sufficiently stable frame.

Some researchers begin from the experimental observation that «the processing of coordinate struc-
tures is facilitated when the two conjuncts share the same syntactic structure» [3, p. 326]. Their corpus-based
model treats this parallelism effect as a case of syntactic priming and demonstrates structural repetition not
only in coordination but also in non-coordinate noun phrases and adjacent sentences. The source concerns
probabilistic parsing and noun-phrase patterns, so it supports a general processing account rather than a di-
rect claim about the style of narrative non-fiction.

Within informationally dense prose, reactivation of a recent configuration may reduce the resources re-
quired to establish grammatical relations. More attention can then be assigned to dates, participants, causal
links and differences between testimonies. Cognitive economy should not be equated with intellectual simplifi-
cation: a stable construction may allow a writer to present several distinctions while preserving their common
argumentative function. This claim remains a theoretically motivated prediction until it is tested on a controlled
corpus of narrative non-fiction.

Parallel syntax may signal how propositions are related even when a connective is absent or ambigu-
ous. In three self-paced reading experiments, L. Crible and M. Pickering manipulated connective choice and
verb-phrase parallelism. Their results show that «parallelism speeds up processing and provides further evi-
dence for priming in comprehension» [4, p. 862]. The effect concerned contrastive relations and depended
partly on task conditions: parallelism interacted with connective ambiguity in an explicit disambiguation task
but not in the more natural reading task. It is therefore inaccurate to describe parallel form as an unconditional
marker of contrast.

Also L. Crible extended this line of research to native and non-native readers. Their conclusion is care-
fully qualified: «the harder the task, the more prominent the facilitation effect of parallelism for L1 readers» [5,
p. 13]. These findings justify a limited inference for documentary prose: recurrent syntax may be especially
useful when readers integrate unfamiliar terminology, testimony and historical commentary, but its contribution
depends on other discourse cues.

A parallel sequence can also be represented as a chunk: the reader retains a general scheme and a
smaller set of variable elements rather than treating every clause as unrelated. Rhythm may strengthen seg-
mentation, while corresponding grammatical positions guide comparison. If subjects remain stable and predi-
cates change, attention is directed towards actions; if predicates recur and objects change, the objects be-
come salient.

This attentional alignment makes parallelism a form of implicit metadiscourse. It can organize addition,
contrast, cause or consequence without explicitly naming the relation. Yet structural symmetry may also over-
state equivalence. Because non-fiction claims a relation to actual persons and events, the analyst must distin-
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guish cognitive accessibility from evidential validity: a balanced sentence can make a comparison easier to
process without making it factually sound.

In experiments on poems, humorous couplets and proverbs, W. Menninghaus and colleagues found
that «higher deviation scores reduced both comprehensibility and aesthetic liking whereas higher parallelism
scores enhanced these» [6, p. 1]. The genres studied differ from narrative non-fiction. B. Czerwon likewise
concludes that «grammatical structure creates an emotional context that facilitates processing of positive emo-
tional information» [7, p. 28]. His experiment used auditory nonsense sentences and visual faces, so it does
not establish the emotional effect of non-fiction prose.

For argumentative discourse, N. Green reports that «the number of examples and the breadth of the
taxonomy is indicative of the key role of contrastive relations in argumentation in this genre» [8, p. 1]. Her ma-
terial consists of environmental science policy articles: the result supports the role of contrast in argument, not
a genre-wide claim about narrative non-fiction.

Potential material for such analysis includes Helen Macdonald's H Is for Hawk, which combines memoir,
falconry and reflections on T. H. White [9]; Robert Macfarlane's Underland, a journey through subterranean
landscapes and deep time [10]; Rebecca Skloot's The Immortal Life of Henrietta Lacks, which connects bio-
medical history with family experience and research ethics [11]; and David Grann's Killers of the Flower Moon,
an investigation of the Osage murders and institutional failure [12]. These works form a proposed corpus; their
parallel constructions have not yet been counted or experimentally tested.

So, we can make the following conclusions. The evidence supports an integrated sequence of operations:
recognition of recurrence, activation of a syntactic frame, prediction, redistribution of attention, construction of a
discourse relation and memory consolidation. Parallelism connects form with cognitive economy, but each effect
depends on task, connective, genre and reader. Its central potential is to make difference perceptible through
similarity. Corpus analysis must establish how often and in which functions this potential is realized.
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POJ1b MOBW/TbHbIX TEXHONO MM U
COLIMANbHbIX MEINA B @OPMUPOBAHUN
JOUOMNCKOW LUPOBON XYPHANTUCTUKWA

BbEBETY IEHET THBEBY

CTy[eHTKa
kaheapa MexayHapoLHOW XypPHaNUCTUKK,
Poccuickuin yHusepcuteT apyx0Obl HapoaoB

HayuHb1ii pykosodumens: ManaxoBckuii Anekceli KumoBy
douyeHm
Poccutickuti yHusepcumem Apyx6bI1 Hapo0os

AHHoTaums: [laHHoe 1ccnegoBaHne aHanuanpyeT KITKYeBYH pofb MOBUIBbHBIX TEXHOMOTMIA 1 NNaTgopm co-
UnanbHbIX Meaua B (pOpMUPOBaHUM COBPEMEHHOW LMGPOBOIA XypHanucTukn dgmonuu. Onmpasicb Ha AaH-
Hble oT4éTa DataReportal 2025, oueHkm KOHECKO u akagemuyeckue paboTbl, aBTOPbI UKCHPYOT MaclTab-
HY0 LMHpOBYIO TpaHcopmauuo pernora: k 2025 rogy B cTpaHe HacuuTbiBanoch 85,4 MunnmoHa mobusb-
HbIX NOAKMKOYeHuN, a nokpbiThe cetn 4G pocturno 70,8%. HecMoTpst Ha TEXHOMNOTMYECKUA NPOrpecc, OKomMo
79% HaceneHuns 3uonum OCTaKTCH HENOAKIIOYEHHBIMU W3-3a UHPPACTPYKTYPHbIX OrPaHNYEHUIA 1 HU3KOTO
YPOBHS LMCPPOBOI rpamoTHOCTU. BHedpeHne MOOUIBHON XYPHANUCTUKW B MECTHbIX pedakunsiX akTUBHO
pacwwupsetcs (55,6% B komnaHum EBC), ogHako WHTErpauus HOBbIX MHCTPYMEHTOB B eXefHeBHble paboune
npoLecchbl PENOPTEPOB OCTAETCA HeMonHoi. CounaneHble ceT — npenmyLecTBeHHo Facebook, Telegram u
YouTube — npeBpaTunmuch B rMaBHble kaHanbl MOyYeHNst HOBOCTEN, oxBaTbiBas A0 98% monopéxu. B nc-
CnefoBaHNy NPeAnoXeHsl NPaKTUYECKNe pekoMeHaaLu no MKBMaaLmMn LpoBoro paspbiea U NpaBoBoMy
perynupoBaHuio cgepb.

KnioyeBble cnoBa: MoGUIbHbIE TEXHOMOIMM, CoLMarbHble Meaua, LhpoBas XypHanuctuka, Suonus, nH-

(bpacTpykTypa, LM poBoK paspbis.

THE ROLE OF MOBILE TECHNOLOGY AND SOCIAL MEDIA IN SHAPING ETHIOPIAN DIGITAL
JOURNALISM
Webetu Genet Tibebu

Scientific adviser: Malakhovsky Alexey Kimovich

Abstract: This study analyzes the key role of mobile technologies and social media platforms in shaping mod-
ern digital journalism in Ethiopia. Drawing on data from the Data Reportal 2025 report, UNESCO assessments,
and academic literature, the authors record a large-scale digital transformation in the region: by 2025, the
country had 85.4 million mobile connections, with 4G coverage reaching 70.8%. Despite this technological
progress, approximately 79% of Ethiopia's population remains offline due to infrastructure constraints and low
digital literacy. While the adoption of mobile journalism in local newsrooms is expanding—reaching 55.6% at
EBC—the integration of these tools into reporters' daily workflows remains incomplete. Social networks, par-
ticularly Facebook, Telegram, and YouTube, have become primary news sources, reaching up to 98% of
young people. The study offers practical recommendations for bridging the digital divide and establishing regu-
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latory frameworks.
Keywords: mobile technologies, social media, digital journalism, Ethiopia, infrastructure, digital divide.

1. BBepeHue: PacnpoctpaHeHne MOBUMbHBIX TEXHOMOTMA U NNaTopM CoumanbHbIX Meaua B KOpHE
W3MEHWIIO XYPHASCTCKYIO NPaKTUKY BO BCEM MUpE, U DPUONNS He ABNSETCA UCKMOYeHeM. o Mepe Toro
Kak CTpaHa nepexusaet ObICTPYH LMGPOBYO TPaHCHOPMALMIO, NOHUMAHKE POSIK 3TUX TEXHOMOTUA B hop-
MUPOBaHWUN LIMEPPOBON XYPHASMCTUKW CTaNo HeOOXoaUMbIM A1 HAYYHbIX UCCeaoBaHUi U pa3paboTku no-
TIUTUKM.

Lincpposon naHawadt dcuonum OeMOHCTPUPYET 3HaumTenbHbI pocT. Ctpaterus «Digital Ethiopia
2025» obecneynna 3HaunUTENbHbIE JOCTUXEHUS B TENEKOMMYHUKALWMOHHON MHPPACTPYKTYpE: NOKPbITUE MO-
BUIbHBIM WMPOKOMOMOCHBIM JocTynoM gocturaeT 94% Hacenenusi. OgHako, HECMOTPS Ha 3TU AOCTUKEHUS,
79% 3(pronoB OCTaTCH HEMOAKMYEHHBIMW M3-3a OrPaHUYEHHON WHMPACTPYKTYPbl U HU3KOW LnhpOBOWA
rPamoTHOCTW. JTOT LUMUGPOBOI pPa3pblB CO3LAET COXHYI0 MeOUIHYK 3KOMOrWI0, rae nepenosas MoburnbHas
CBS3b B FOPOACKWX LEHTPaX Pe3ko KOHTPaCTUPYEeT C CepbE3HbIM AeMUMTOM A0CTYNa B CENbCKUX nepude-
PUAHBIX ParoHaX.

2. MeTtopgonorus

[laHHOe nccnegoBaHe UCNoNb3yeT METOLONOMI0 CUCTEMATMYECKoro 0b3opa nutepatypbl, obecneyu-
BalOLLYK BCECTOPOHHWI 1 OOBEKTMBHBIN CUHTE3 CyLleCTBYOWMX 3HaHun. O630p Obin HanpaBneH Ha LeH-
TpanbHbIE UCCNeaoBaTENbCKE BONPOCHI, M3yyaloLLe MHPACTPYKTYPYy MOBMIbHBIX TEXHONOTUIA, PONb COLU-
anbHbIX Meana B NoTpebneHnn HOBOCTEN, BHeAPEHWE MOBUIBbHON XYPHANUCTUKN 1 (hakTopbl, CocobCTByto-
LME UMK NPENATCTBYIOLLME UHTETPALML.

CuctemaTnyeckun MouCK NpOBOAMICS B aBTOPUTETHbIX Basax daHHbIX, Bkmtouvas Google Scholar,
JSTOR, ProQuest n Academic Search Premier. KnioueBble noUCKOBblE TEPMMHbI BKIHOYANM «MOBUIbHbIE
TEXHOMorMM dcpronusi», «coupanbHble Meana dduonusy», «UMgpoBas XypHanUcTka Ipronmsy» 1 CMeXHbIe
TeMbl. Kputepumn BKMIOYEHUS OTAaBanM NPUOPUTET peLeH3NpyeEMbIM akageMNYeCKAM UCTOYHUKAM W aBTOp u-
TeTHbIM oT4éTam HIO, uckntouas HenpoBepeHHbIe BNorvi 1 MHEHMS.

3. TeopeTnyeckasa ocHoBa

[laHHoe uccrnefoBaHne OnNMpaeTcs Ha HECKOMBKO TEOPETUYECKUX KOHLIEMNLINIA:

Teopus audbdy3nn MHHOBALMIA NO3BOMSET NOHATL BHEAPEHNE MOBUIBHOMN XYPHANMUCTUKM B 3COMOMNCKNX
pefakumsx, 06bACHAS, Kak MHCTUTYLIMOHAbHAsA FOTOBHOCTb U MHAMBMAYarNbHOE TEXHONMOMYECKOe NPUHSATHE
B3aMOAECTBYIOT.

Teopnst 3aBMCMMOCTM OT MeaMacuCTEMbl MOKa3blBAET, Kak pacTyllas 3aBUCUMOCTb OT MOBWUIIbHBIX
YCTPOWCTB 1 coumarbHbIx Nnatgopm hopMupyeT BOCMPUATIE PeanbHOCTH U yyacTie B 0BLLECTBEHHbIX AenaX.

Platform Studies (/iccnepoBanus nnatgopm) paccMaTpuBaeT, Kak TEXHUYECKE OCOBEHHOCTH M anro-
PUTMUYECKAS JOTUKA KOHKPETHBIX NaTqopm PopMUPYIOT pacnpoCTpaHeHUe KOHTEHTa U Mogenn notpebne-
HWS HOBOCTEN.

4. OCHOBHble pe3ynbTarTbl

4.1. UHdpacTpykTypa MOOUNBLHLIX TEXHONMOTMIA

VHbpacTpykTypa MOBUIbHBIX TEXHOMOM OPUONUN AEMOHCTPUPYET 3HAuUMTENbHbIA pocT. K Havany
2025 roga B cTpaHe HacuMTbIBanoch 85,4 MUNIMOHA NOAKMTIOYEHMI K COTOBOM MOBMNBHOM CBA3W. Paclmpe-
Hue cetu Ethio Telecom po6aeuno 1 683 MobunbHble CTaHLMK, NOYTM NONOBKHA M3 KOTOPLIX Bblna pa3BEPHY-
Ta B CeNnbCkux panoHax. MokpeiTue cetn 4G Boipocno ¢ 37,5% B 2024 rogy po 70,8% HaceneHus B 2025 roay.

4.2. [loctyn B UHTEPHET M LpOBOK pa3pbIB

HecmoTps Ha 3HAUMTENBHOE pacLLMpPeHne MHAPACTPYKTYPbl, AOCTYN B UHTEPHET OCTAETCS OrpaHnyeH-
HbIM. Ha Havano 2025 roga HacuuTbIBanoch 28,6 MUNMMOHA NOMb3oBaTeNen UHTEPHETA, NPU 3TOM YPOBEHb
NPOHMKHOBEHUST cocTaBnsn 21,3%. Tonbko 25% 3¢h1onoB SABNAKTCA perynsipHbIMA NOMNb30BaTENSMUA UHTEP-
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HeTa, a 79% 0CTalTCH HENOAKMOYEHHBIMI M3-3a BbICOKMX 3aTpaT Ha UMMOPT YCTPOWUCTB, NNOXOW SNeKTpudu-
KaLum CENbCKIX panoHOB U COXpaHsoLwmxcs 6apbepoB LdpoBON PaMOTHOCTMH.

4.3. Wcnonb3oBaHue nnatgopm couuasbHbIx Meana

Vcnonb3oBaHue coumarnbHbIX Meana B ¢hmonuu BbIPOCHO B reoMeTprUYeckoin nporpeccun. Facebook
ocTaétcsa gomuHupytowwen nnatgopmoit ¢ 12 269 900 nonbsosateneit. Cpean acmonckon monogéxu 98%
coobwymnn 06 ucnonbaoBaHUM Bonee oaHOM NNaTgopMbl coumanbHbix Meana (Bkntoyas Telegram, YouTube
n TikTok) ans noTpebneHus exenHeBHbIX HOBOCTEN.

4.4. BHegpeHne MOOMIBHOW Xy pPHANUCTUKM

BHeapeHve MOBUNBbHOM XypPHANUCTUKK B 9OMONCKUX pedakLmMsX SBASETCA 3Ha4YUTENbHbIM: Sduonckas
BewwatenbHas kopnopauus (EBC) pocturna 55,6% BHeOpeHus cpeau OnpoLLeHHbIX pecnoHaeHToB. OfHako
9Ta npakTuka He Bbina MOMHOCTLIO MHTErpUpOBaHa B paboune MpouecChbl PenopTEPOB M3-3a CTPYKTYPHbIX
OrPaHUYEHU: HEaeKBATHOE TEXHWUYECKOE 0BYYeHne, OTCYTCTBIE MHCTUTYLMOHANbHBIX BoaKeTOB Ha obopy-
[0BaHWE W TPaAULMOHHbIE PEAAKLMOHHBIE NepapXuu.

5. CpaBHUTENbHbIW aHanu3

KeHusi ctana nugepom BO BHEAPEHUM MOBUMBHOM XypHanUCTUKkL B BocTouHoi Adpuke, Yemy cnoco6-
CTBYIOT KOHKYPEHTHble TENEKOMMYHUKALMOHHbIE PbIHKW, HaZE€XHble NporpaMmbl LMPOBOIA rPaMOTHOCTU U
nporpeccuBHas MeauiHas nonuTuka. Hurepus AEMOHCTPUPYET OrPOMHbIA NOTEHLMAN MOBUITBHBIX TEXHOMO-
i Ans oxaaTta pasHoobpasHoOW ayauTopun, XOTS CTarnKkMBaeTCs C CepbE3HbIMU npobremamm aesnHpopma-
LW 1 UndhpoBO NoNspu3aLmm, KOTopble Cyxat npefocTeperatLyMy ypokamu 4ns dguonuu.

6. 3aknoyeHune

B naHHoi paboTe Obina paccmMoTpeHa porib MOBUIbHBIX TEXHONOTM 1 CoUManbHbIX Meana B opmu-
POBaHWM LIMOPOBOI XyPHANUCTUKK B Dpronuun. PesynbTaTbl NOKa3bIBaOT 3HAYNTENbHBIA NPOrPece B UHGpa-
CTPYKTYPE MOOMMbHBIX TEXHOMOTUIA: 85,4 MUNNMOHA NOAKMIOYEHNIA K COTOBOA MOBUNBHOMN €BA3N, 94% MOKpbI-
TUS MOBUMBHBIM LWIMPOKOMONOCHBIM AOCTYMNOM U 3HauYuTENbHOE paclumperne cetu 4G, gocturatowee 70,8%
HaceneHus. OgHaKko OCTalTCs 3HauuUTeNbHbIE NPO6neMbl: ToNbko 25% aKUONoB ABAAKTCA perynsipHbIMU
nonb30BaTENAMM UHTEPHETA, @ 79% OCTaTCA HEMOAKIIOUYEHHBIMMU.

MnatdopMbl coumanbHbIX Meana CTanm OCHOBHbIMM UCTOYHUKAMM HOBOCTEM ANt MHOTMX 3¢hMOMNOB:
98% monogéxm ncnonb3ytoT bonee ogHoM nnatgopmbl. BHeapeHne MOBUNBHONM XYPHANUCTUKK SBNSETCS
3HAYNTESbHbIM, HO HEMOMHbIM.

PelweHve atux npobnem TpebyeT CKOOPANHWMPOBAHHbLIX AENCTBUN CO CTOPOHBI FOCYAAPCTBEHHbIX Opra-
HOB, TENEKOMMYHUKALMOHHBIX KOMNaHUi, MeanaopraHusaLmnin 1 MexayHapoaHbIX NapTHEPOB. MHBeCTUUMM B
CENbCKYH MHAPACTPYKTYPY, CHINKEHE HapbePOB MMNOPTA YCTPOWCTB, NOBLILLEHWE LMPOBOM rPamMOTHOCTH 1
pacLUMpeHmne NpogheccnoHanbHoOro 0byyeHns MoOBUIBHOMN XypHaNUCTUKE HEOOX0aUMbI.
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MOAOAEXHDIN CNEHT KAK OTPAXEHVE
KYJIbTYPHbIX TPAHC®OPMALIUN

PbIBA/EBA [1APbA AH[IPEEBHA

MarucTpaHT
®Ir60Y BO «CaHkt-MeTepbyprckuii rocy4apCTBEHHbI SKOHOMUYECKUA YHUBEPCUTET»

AHHOTauus: B CTaTbe paccMaTpUBaETC MOMNOAEXHbIN CMEHT kak AUHaMUYHas PA3HOBUAHOCTb PYCCKOTO A3bl-
Ka, OTPaXarolLias N3MEHEHUS B KyNbTYPHOI 1 KOMMYHUKATUBHOIA cpefe. AHanM3MPYITC OCHOBHbIE 0COGEH-
HOCTI MOJIOAEXHOTO CrieHra, MPUYMHbI ero PacrpoCTpaHeHus, porb 3aUMCTBOBaHMI 1 HOBbIX CNOCOGOB Cro-
BO0Opa30BaHus. PaccMaTpuBaeTCs CBSA3b CMEHTOBOM NEKCUKN C N3MEHEHUEM KyNbTYPHBLIX OPUEHTUPOB, pas-
BUTMEM LMGIPOBOIA KOMMYHMKaLMKM 1 HOPMUPOBAHMEM TPYNNOBON MAEHTUYHOCTI. OBOCHOBLIBAETCS NOMOXe-
HIe O TOM, YTO MOMOLEXHbIN CIEHT SBNSIETCS HE TOMbKO CPEACTBOM He(hopManbHOro 0bLLEHIS, HO 1 Nokasa-
Tenem NPOUCXOASLLMX S3bIKOBbIX W KyNbTYPHBIX N3MEHEHNIA.

KnioueBble cnoBa: MOMOAEXHbIN CNEHT, PYCCKUN A3bIK, MOMOAEXHAs Peyb, COLMONEKT, A3bIKOBbIE M3MEHe-
HIS1, KYTbTYpPHble TpaHChopMaLMK, aHIMULM3MbI, PeYeBast MAEHTUYHOCT.

YOUTH SLANG AS A REFLECTION OF CULTURAL TRANSFORMATIONS
Rybaleva Darya Andreevna

Abstract: the article examines youth slang as a dynamic variety of the Russian language reflecting changes in
the cultural and communicative environment. The main features of youth slang, the reasons for its spread, the
role of borrowings and new word-formation patterns are analyzed. The relationship between slang vocabulary,
changing cultural orientations, digital communication and group identity is considered. The article argues that
youth slang is not only a means of informal communication but also an indicator of linguistic and cultural
changes.

Key words: youth slang, Russian language, youth speech, sociolect, language change, cultural transfor-
mations, anglicisms, speech identity.

MornoaexHbli CrneHr npeacTaBnsieT cobon ogHy 13 Hambonee NOABMKHbIX PA3HOBUAHOCTEN COBPEME H-
HOW pPyCCKOM peyn. Ero nekcuyeckuin CoctaB NoCTOSHHO MBMEHSIETCA NOA BMUSIHUEM HOBbIX peanii, cnocoboB
KOMMYHWKaLMK 1 KynbTYpHBIX MPOLECCOB. B 0TnNYMe OT HeWTpanbHON NUTepaTypHOM NEKCUKM, CIEHrOBble
efunHNLbI BbICTPee BO3HMKAOT, PaCNpOCTPaHAKTCA W BbIXOAT U3 ynotpebneHus. Moatomy monogexHas peyb
no3sonseT Habnogatb M3MEHEHUs A3blka NPaKTUYECKW B NPOLIECCe UX (POPMUPOBAHUS.

3y4yeHne MONOAEKHOTO CrIEHra UMEET He TOMbKO NIMHIBUCTUYECKOE, HO U COLMOKYIIbTYPHOE 3HAYEHME.
9. M. beperosckas paccMaTpuBaeT MOMOAEXHDBIA CIEHT Kak 0COBYI0 A3bIKOBYK MOLACUCTEMY, CBS3AHHYIO C
BO3PACTHOW W rpynnoBon cneumdukoin ee Hocutenen [1]. Mccnepoaxne nctopum 0603Ha4EHMIn MO OAEKHOM
peun, nposefeHHoe O. A. AHWLLEHKO, Takke MoKasbiBaeT, YTO MOMOLEXHbIA COLMONEKT UMEeT LUTENbHYIO
NCTOPUIO U3YYEeHUS U NpeTEPNEBAET U3MEHEHNS BMECTE C Pa3BUTUEM Si3blka [2].

OpHoi 13 0coBEHHOCTEN MONOAEXHOrO CrEHra SBMSETCS coupanbHas MapKUpOBaHHOCTb. CReHroBble
BbIP@XeHMUs UCMOMb3YITCS NPENMYLLECTBEHHO B HEGhOPManbHOM B3aMMOAENCTBIM W NO3BONSIOT Y4aCTHUKaM
obuieHns 0603Ha4aTb NPUHAANEXHOCTb K OnpeaenieHHoMy Kpyry. [pn aToM Bo3pacTHas NpUHaANEXHOCTb He
SBMNSAETCS €ANHCTBEHHBIM (PAKTOPOM: Ha CroBapb rOBOPSLLErO MOTYT BAMATL NPOdeccuoHanbHas cpeaa, uH-
TEPEChI 1 XapakTep KOMMYHUKALMN.
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CneHr BbinonHseT Heckonbko yHkumid. O. F0. borgaHoea u H. O. Opnosa BbIAENAOT, B YaCTHOCTH,
(DYHKUMM MOEHTUMKALMM, KOPNOPaTUBHOCTH, LEMOHCTPATUBHOCTI M TBOPYECKOTO CamoBblpaxeHus. Mccne-
[0BaTeNN Takke OTMEYarT SMOLMOHANbHO-OLEHOYHBIN U MeTadopuieckuii Xxapaktep MHOTUX CIEHroBbIX
eanHny [3]. Takum obpasom, CneHr No3BONSET HE TOMbKO nepeaaBaTtb MH(OPMALMIO, HO W BblpaxaTb OTHO-
LUEHWe TOBOPSALLEro K NpeaMeTy pasroBopa, AEMOHCTPUPOBATL MPUHAANEXHOCTb K ONPedesieHHon rpynmne u
co3gasatb 0co0yt0 MaHepy obLLeHus.

BaxHON xapaKTepucTUKOM MOMOLEXHOMO CheHra SBNnseTcs bbICTpas CMEHSEMOCTb JIEKCUYECKOro COo-
craBa. OHU BbIPaXEHUS CTAHOBATCS LUMPOKO U3BECTHBIMU U MOCTENEHHO NEPEXOAAT B 6onee HelTpasnbHyHo
peyb, ApYrue COXPaHSTCA NPEMMYLLECTBEHHO BHYTPY ONPeAeneHHON rpynnbl, @ TPeTbu AOCTATOYHO ObICTPO
BbIXOZAT U3 ynoTpebrneHus. Takas AWHaMWka OenaeT CreHr YyBCTBUTEMbHbIM K M3MEHEHWSIM S3bIKOBOW M
KynbTYPHOW Cpeab!.

3HaunUTeNbHYI POnb B OOHOBMEHUM MOJSIOAEXHOM NEKCUKW UrPalT 3auMCTBOBAHWSI U3 @HTTIMCKOrO
asblka. O. B. Linbusosa n WU. W. ManaHkuHa, uccnegys monogexHoin cneHr 2020-2021 rr., otobpanu Gonee
200 neKcuMYeckx eAMHUL, U YCTAHOBUIW 3HAYUTESTBHYIO JOSTH0 3aMMCTBOBAHMI 1 MPOU3BOAHBIX OT HUX efu-
HWL. ABTOpPbI CBS3bIBAIOT aKTUBHOCTb @HIIIUACKMX 3aMMCTBOBAHUA B MOOAEXHOM CrEHre C COBPEMEHHBIMY
rno6anun3aunoHHbIMK npoueccamm [4]. 3aMMCcTBOBaHHbIE CMOBa Npu 3TOM He 00s3aTeNIbHO COXPaHSIT nep-
BOHaYarbHbIN BUA U 3Ha4eHne. OHM MOryT NoABepraTbCs CEMaHTUYECKON TpaHCOpMaLK, BKOYATLCA B
PYCCKYK0 CUCTEMY CrOBOOOPa30BaHUs W NonyyaTtb rpaMMaTUYECKUe XapakTEPUCTUKIM PYCCKOro A3bika. B pe-
3ynbTaTe 3aMMCTBOBaHHas efyHNLa CTaHOBUTCS YacCTbl0 KOHKPETHOW SA3bIKOBOW CpeAbl, a ee fanbHeullee
ynotpebneHve onpeaenseTcs yxxe 0COOGEHHOCTSMI PYCCKON peyn.

CoBpeMeHHas meauacpesa ycunmBaeT pacnpocTpaHeHne nofobHbIX S3bIKoBbIX eanHuy,. CounanbHble
CETW, UHTEpHeT-NybnuKaumm n apyrne uucposble NIoLaaky No3BoNs0T HOBbIM CMoBaM ObICTPO NEPEXOANTD
13 OQHOW rpynnbl Nonb3oBateneit B apyryto. Mccnegosanume O. B. Linbusosoi u W. Y. FanaHkuHon Henocpe -
CTBEHHO UCMOMb3yeT UHTEPHET-NybnuKaLmum, coumanbHbie ceTh, 6roru 1 YaTbl Kak O4uH U3 UCTOYHUKOB MaTe-
puana ans usyvyeHus monogexHoro cnenra [4]. MNpw atom BusHWE Meguacpesbl He CBOAUTCS TOMbKO K pac-
NPOCTPaHEHMO Yxe cyliecTylowmx cnoB. OHa CO30aeT YCMoBWUS AN BO3HUKHOBEHWUS HOBbIX S3bIKOBbIX
(hopM, KOTOpbIE 3aTeM MOTYT 3aKpPennAaTLCSA B peyn nonb3osatenen. B pesynbtare CKOPOCTb A3bIKOBOM AUHa-
MUKW YBEMNUYNBAETCH, a rpaHuLbl Mexay OTAeNbHbIMA KOMMYHUKATUBHBIMIA Tpynnamu CTaHOBSTCS MeHee
YCTONYMBBIMM.

Ocoboe 3HayeHWe UMEET BRMSIHUE aHTTIOSA3bIYHOM KyNbTypbl M MeguanpocTpaHcTsa. E. A. bapaHosa, K.
A. llaBpoBa u B. B. YebaHeHKo nccnenoBanu aMmepykaHCKue CrieHrmamMbl, NPeACTaBNeHHbIE B POCCUMCKNX Me-
[na 1 coumarbHbIX CETSX, M OTMEYaoT CBA3b WX PaCnpOCTpaHeHns ¢ rnobanbHbIM MeananpocTpaHCTBOM U
KynbTypHbIM BRnsHKEM [5]. B nccnenosaHuy aHannaMpoBanucb Matepuasbl coumarnbHbiX CETEN U MOSTOAEX-
HbIX MHTEPHET-NOpTanoB, onybnukoBaHHble B 2019-2022 rr. Takum 06pa3om, pacnpocTpaHeHue OTAENbHbIX
CNEHrOBbIX eAWHUL MOXeT OblTb CBA3AHO C M3MEHEHWEM KynbTYPHOrO WHC(OPMALMOHHOTO MPOCTPaHCTBA.
£13bIKOBbIE 3MIEMEHTbI, BO3HUKAIOWME B OOHOW KyNbTYpHOW Cpeae, NosyyatoT BO3MOXHOCTb ObICTpO pacnpo-
CTPaHATLCA B APYrom.

MonogexHbI CReHr BbINOMHAET M UAEHTU(UKALMOHHYI0 (DYHKUMIO. Mcnonb3oBaHue onpeaeneHHbIX
BbIPaXeHui MOMOraeT y4acTHUKaM KOMMYHWKaLMK pacrnosHaBaTb NPUHAANEXHOCTb K ONpPeaeNieHHON rpynne 1
OTAENATb COBCTBEHHYIO peYEBYH NPAKTUKY OT APYrMX BapuaHTOB 0bLieHus. OTa 0COBEHHOCTb COOTBETCTBYET
BblAenseMon uccnefoBaTensamm yHKLMM KOPrnopaTMBHOCTM U MOEHTUMKaLMKM cneHra [3].

OZHOBPEMEHHO CMEHr MOXET BbINOMHATL (PYHKLMIO S3bIKOBOW UMPbl U TBOPYECKOrO CaMOBbIPAKEHNS.
HeobbluHOE 3Ha4eHMe croBa, MeTathOpPUYHOCTb, HAMEPEHHOE M3MEHEHME NPUBLIYHON S3bIKOBOM (POPMbI 1
3MOLMOHarbHas oKpacka No3BONSOT caenatb KOMMYHUKaUMo Bonee BbipasuTenbHOW. B pesynbtate mMosno-
LEXHbIA CNIEHT CTAHOBMTCS NPOCTPAHCTBOM S3bIKOBOTO 9KCMEPUMEHTA, B KOTOPOM NOSBASIOTCS HOBblE CMOCO-
Obl HOMUHALMM W OLLEHKM.

COBpEMEHHbIN CREHr NpK 3TOM He CyLLEeCTBYeT U30NIMPOBAHHO OT NUTEPATYPHOro A3blka. HekoTopble
BbIP@XeHMUs NOCTENEHHO TEPSIOT APKYH COLManbHY0 MapKMPOBAHHOCTb U CTAHOBSATCS NOHATHBIMU LLIMPOKOMY
KPYry HOCMTENEN PYCCKOro si3bika. [pyrne CoXpaHsioT orpaHnyeHHyto cdepy ynotpebnexus. Moatomy mexay
CNEHroBoit 1 06LLeynoTpebuTenbHON NEKCUKON CYLLECTBYET NOCTOSIHHOE B3alMOLENCTBYE.
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Takum 06pa3oM, MOSIOZEXHbIN CIEHT MOXHO paccMaTpuBaTh Kak CBOEOOpPAasHbI MHAMKATOP KynbTyp-
HbIX TpaHcdopMaLin. Yepes ero Nekcuky nosiBRSIOTCS HOBbIE KyMbTYPHbIE OPUEHTUPbI, BIUSHWE rMoGasnbHo-
ro MHGOPMALMOHHOMO MPOCTPAHCTBA, M3MEHEHNE KOMMYHWUKATVBHbIX MPaKTUK U Cocobbl rpynnoBoro camo-
onpeaenexus.
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A3bIKOBAA AZIANTALLA MM PAHTOB B
POCCHVCKOM A3bIKOBOM CPENIE

PbIBA/EBA [1APbA AH[IPEEBHA

MarucTpaHT
®r60Y BO «CaHkT-MeTepbyprckuii rocy4apCTBEHHbLIN AKOHOMUYECKUIA YHUBEPCUTET»

AHHOTauus: B CTaTbe PaccMaTpUBAeTCs A3bIKOBas afanTaLWs MUTPAHTOB Kak BaXHas COCTaBMAIOLIAA WX
BKIIOYEHUS B POCCUIACKYIO AI3bIKOBYIO W COLIMOKYMbTYPHYIO Cpefly. AHAnM3uUpyeTCs 3HauyeHne BnageHns pyc-
CKIM S13bIKOM NS MOBCEAHEBHOMO 0OLLEHMS, TPYAOBOIA AEATENLHOCTH, 06pa30BaHNs 1 YCTAHOBMNEHMS B3au-
MOZENCTBUS C NPUHUMaIOLLIEH Cpemoi. PaccMaTpuBaloTCs OCHOBHbIE SI3bIKOBLIE U KOMMYHUKATUBHbIE Gapbe-
Pbl, @ TakKe 3HaYeHWe A3bIKOBOI MOATOTOBKW U NPAKTMKN NOBCEAHEBHOTO 06LeHIs. OBOCHOBLIBAETCS MOSIO-
KEHWEe 0 TOM, YTO A13bIKOBAs afanTauus NpeAcTaBnsieT cobon He TONMbKO NPOLECC OCBOEHMS S3bIKOBBIX HOPM,
HO 11 (hOpMY BKITHOYEHIS! YENIOBEKA B CUCTEMY COLMANbHBIX OTHOLLEHUN.

KnioueBble cnoBa: s3bikoas afanTauysi, MUTPaHTbI, PYCCKUA S3blK, S3bIKOBasi cpeaa, si3blkoBasi UHTerpa-
LSl, MEXKyTbTYpHast KOMMyHUKaLS, PeYEBOE NOBELEHNE, COLMOKYNbTYpHas aaanTaums.

LANGUAGE ADAPTATION OF MIGRANTS IN THE RUSSIAN LANGUAGE ENVIRONMENT
Rybaleva Darya Andreevna

Abstract: the article examines language adaptation of migrants as an important component of their inclusion
in the Russian linguistic and sociocultural environment. The importance of Russian language proficiency for
everyday communication, employment, education and interaction with the host environment is analyzed. The
main linguistic and communicative barriers, as well as the role of language training and everyday communica-
tion practices, are considered. The article argues that language adaptation is not only a process of mastering
linguistic norms but also a form of inclusion in the system of social relations.

Key words: language adaptation, migrants, Russian language, language environment, language integration,
intercultural communication, speech behavior, sociocultural adaptation.

MurpaumoHHble NpoLeccsl NPUBOAAT K B3aUMOLENCTBUIO NOAEN, UMEIOLMX PasiNYHbIA S3bIKOBOWA 1
KyNbTYPHbIN OMbIT. [N MArpaHTa BKIHOYEHWE B HOBYIO Cpefly CBA3AHO HE TOMBbKO C MOMCKOM XMMbs, paboTbl
unn obpasoBaHns, HO U C HEOBXOAMMOCTbIO BbICTPaMBaTb NOBCEOHEBHOE B3aWMOAEMCTBUE C HOCUTENSMM
A3blka NPUHUMAIOLLEN CTPaHbl. B 9TUX yCrnoBUSX BNaaeHne pycCKUM S3bIKOM CTAHOBUTCS O4HWUM U3 3HAYUMbIX
(haKTOpPOB ajanTaumn K pOCCUICKON A3bIKOBOW cpepe. VccnenoBanua agantauum MurpaHToB B Poccumn noka-
3bIBalOT, YTO 3HAHWE PYCCKOrO A3blka CBA3aHO C BOIMOXHOCTSMW TPYA0BOMA, 06pa3oBaTenbHON U NOBCELHEB-
HOW MHTerpaumm [1; 2].

fA3blkoBas agantauus npeactaBnseT coboit NpoLecc OCBOEHWS S3bIKOBbIX CPEACTB U KOMMYHWKaTMB-
HbIX NpaBu, HEOOXOAUMBIX ANS Y4acTUs B NOBCEAHEBHOM XU3HW. [pn 3TOM peyb UAET He TOMbKO O 3HaHWUK
rpaMMaTiKM 1 CNOBApPHOrO COCTaBa A3blka. He MeHee BaXHbIM SBNSETCS MOHUMaHWe 0COOEHHOCTEN peyeBo-
ro noeedeHus, opm 0bpaLLeHns, HOPM BEXIMBOCTU U KOMMYHUKATUBHBIX OXuZaHWA. 103TOMy S3blKOBas
afantaums TeCHO cBA3aHa ¢ boree LWMPOKMM NPOLIECCOM COLMOKYNbTYPHON aganTtauuu.

Pycckuin 93bIk B J@HHOM Criyyae BbIMOMHAET OAHOBPEMEHHO KOMMYHUKATUBHYKO W MHTErPaLMOHHYHO
(OyHKUMK. OH NO3BONSIET MUIPaHTy B3aMMOLEMCTBOBATL C NPEACTABUTENSMU NPUHUMAIOLLEN cpedbl, Nony-
yaTb HeobxoanMmylo MH(OPMALMIO M y4acTBOBATb B PasnuuHbiX coumanbHbix npaktukax. [. B. lNonetaes,
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aHanusmpys ponb PyCCKOro si3blka B aganTtauuy TpyLOBbIX MUTPAHTOB B POCCUKM, OTMEYaET 3HaYeHIe YPOBHS
BNafeHus A3bIKOM Ans npouecca agantauuy 1 ykasbiBaeT Ha He0BXOAMMOCTb NoAAePXaHNs BO3MOXHOCTEN
ero nayyeHus [1].

HepocTaTouHoe BnageHue A3bIKOM MOXET co3faBaTb KOMMYHUKATUBHbIE Bapbepbl. OHU NPOSBNSIOTCS
npu 0bpaLLeHny B rocyapCTBEHHbIE W coUMaribHble yupexaeHus, noucke paboTbl, B3aUMOAENCTBIN ¢ pabo-
TOAATENAMU U KONneramu, nonyyYeHu obpasoBaHus U peLLeHnn noBCedHEBHbIX BOMPOCOB. B pesynbrate
A3bIKOBbIE TPYAHOCTU CMOCOOHBI OrpaHnYMBaTL AOCTYN MUTPAHTA K MHAOPMaLM U YCIIOXHSATL €ro B3anmo-
AENCTBIE C OKPYXatOLLMMU.

[Mpun 3TOM $A3bIKOBOM Gapbep Hemb3s paccMaTpUBaTh UCKITIOYMTENBHO Kak MHAMBUAYaNbHY0 Npobnemy
JenoBeka. BO3MOXHOCTb afanTauuy 3aBUCUT Takke OT 0COBEHHOCTEN NpUHUMAaLOLEN cpedbl. BaxHy ponb
UrpatoT JOCTYMHOCTb S3bIKOBOMO 06YYeHWs, FOTOBHOCTb OKPYXatLLMX K KOMMYHUKaLUMu, Hanuuue obpasosa-
TEMNbHbIX U coLManbHbIX NporpaMm. MccnefoBaHns CoOUMOKyNbTYPHON agantauyun MurpaHToB B Poccum noka-
3bIBaOT, YTO XapaKkTep B3aWMOLEWCTBUS MexZy MUrpaHTamu U NpuHUMAloWen cpedon HemocpeacTBEHHO
CBSI3aH C YCMELLHOCTbH afanTaluyoHHbIX NpoLeccos [3].

Ocoboe 3HayeHWe MMeET MOBCeAHEBHAs KOMMyHUKaUUs. GopmarbHOe U3yYeHne PyCccKoro sisblka He
Bceraa obecneymBaeT cnocobHOCTL CBOBOAHO y4acTBOBATh B pearnbHbIX KOMMYHUKATUBHBIX cuUTyaumusx. [4ns
ajanTtauum HeobXoaMMO CTanKMBaTbCs C Pa3nMYHbIMK BapuaHTaMmM XWBOW PEYM, MOHUMATb Pa3rOBOPHYIO
INEKCKKY, 0COBEHHOCTM MPOU3HOLIEHNS U KOHTEKCT ynoTpebneHns S3blKoBbIX eauHUL. F3bikoBas agantauus
NO3TOMY MOXET pacCMaTpuBaTbCs Kak COYETaHWe ABYX B3aMMOCBS3aHHbLIX MPOLECCOB: OCBOEHMSI PYCCKOMO
A3blka W BKITOYEHUS B peasibHble KOMMYHUKATUBHbIE NPaKTUKK. Yem Lwnpe Kpyr cuTyauuit, B KOTOPbIX MUrPaHT
Ncnonb3yeT pycckuin A3bIK, TeM Bosblue BOMOXHOCTEN AN (POPMUPOBAHMS YCTONUMBBLIX KOMMYHUKATUBHBIX
HaBbIKOB.

BaxHyto ponb urpaet npogeccuoHansHas cepa. [Ans TpyaoBbIX MUrPaHTOB BafeHne PyCCKUM A3bl-
KOM CBSI3aHO He TOIbKO C 06LLEHNEM, HO 1 C BO3MOXHOCTbIO NOHUMAaTh TpeboBaHus paboToaatens, UHCTPY K-
v 1 npodpeccroHanbHyo Hpopmauuio. B cBoto ovepesb, NpodheccuoHanbHas cpefa npefocTasnseT BO3-
MOXHOCTb PErynsipHOro MCMonb30BaHWA A3blka M TEM CaMbIM MOXET CTAHOBUTLCS OHWM W3 NPOCTPAHCTB
13bIKOBO adanTauum.

OThenbHOro BHUMaHuUs 3acnyxveaeT obpasoBatenbHas cpeda. [ins Aeten u MonogbIx nogen us ce-
Men MUrPaHTOB PYCCKUA A3bIK ABMSETCH CPEACTBOM NOMyyeHns 06pa3oBaHns U B3aMMOLENCTBIS CO CBEPCT-
HuKamu. ViccnepoBaHus obpa3oBaTenbHON agantauumn NokasbIBatoT, YTO HEAOCTATOYHOE BflAZEHWE PYCCKUM
A3bIKOM CMOCOBHO 3aTPYAHATL BKIKOYEHME yyalmxcs B obpasoBaTesbHbIi MPoLEece, Toraa Kak cuctemMatnye-
CKas s13bIkoBasi NOAroToBKa CNocobCTByeT Ux agantauum [4].

fA3blkoBas aganTauus TaKkke CBsi3aHa C COXpaHeHWeM POAHOro sisbika. OCBOEHME PYCCKOro 3blka He
06s13aTeNnbHO 03HAYaeT 0Tka3 OT A3bIKOBOW KyNbTypbl MPOUCXOXAEHUS. [INs MHOTOS3bIYHbIX MUMPAHTOB Xa-
PaKTEPHO UCMONb30BAHME HECKObKUX S3bIKOB B 3aBUCUMOCTI OT CUTYaLmuu W Kpyra obLeHus. ViccnenoBaHus
MHOrOS13bl4Ms MOCTCOBETCKOM MUrpaLuu MOKa3blBaKOT, YTO S3bIKM MUrPAHTOB MOTYT COXPaHsTb pasfnyHble
(hYHKLMM, OBHOBPEMEHHO NpuoBpeTas HOBbIE 3HAYEHUSI B M3MEHMBLLECS A3bIkoBOW cpeae [5]. Takum obpa-
30M, ycnelwHas agantauums He 0bs3aTenbHO npeanonaraeT nosHoe A3bIKoBoe 3aMelLeHune. bonee KoppekTHO
roOBOpUTb O (POPMMPOBAHMM CMOCOBHOCTU UCMOMNb30BaTh PYCCKUM A3bIK ANS B3aMMOAENCTBUS C NPUHUMA -
LLlen Cpesion NpU COXPaHEHUM A3bIKOBbIX PECYPCOB W KYNbTYPHOW MOEHTUYHOCTU MUrpaHTa. B aTom cnyyae
MHOrOS13bl4Me MOXET paccMaTpuBaTbCs HE TOMbKO Kak WCTOYHMK TPYOHOCTEN, HO M Kak (hopMa KOMMYHWKa-
TUBHOrO pecypca.

CyLLecTBEHHOE 3HaYEHVEe MEET XapakTep peyeBoro noseaeHus. 1o Mepe 0CBOEHNS A3blka U3MEHSIET-
C He TONMbKO 0BbEM UCNONMb3yEMON NEKCUKM, HO U cnocobbl MOCTPOEHWS BbICKa3biBaHWM, BbIBOP peyeBbix
cTpaTerui n cnocobHOCTb YUMTbIBATb KOMMYHUKATUBHYKO CUTYyaUmio. ViccrenoBaHus peyeBbiX MapkepoB Co-
LIMOKYNbTYPHON afanTtauun nokasblBatoT, YTO U3MEHEHUS B CMOHTAHHOW peyn MOryT MCMOMnb30BaThCA Ans
aHanu3a pasnuyHbIX CTaauii A3bIKOBOW U KyNbTYPHOM aganTaLum MATPaHToB.

BaxHbIM yCroBuem SBNSIETCS AOCTYNHOCTb A3bIKOBOW NoAroToBkM. OHa AOMKHA Y4UTbIBATL peanbHble
KOMMYHWKaTWBHbIE NOTPEBHOCT MUTPAHTOB M BKITOYATb HE TOMbKO U3yYeHWe SA3bIKOBOW CUCTEMbI, HO W 3Ha-
KOMCTBO C HOpMamu noBceHeBHOro 06LeHns. CoBpeMEHHbIE UCCIEA0BaHNSA 1 METOAMYECKe pa3paboTku
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Takke CBSA3bIBAOT S3bIKOBYK NOATOTOBKY C Bonee WMpoKMMM 3adaqaMn COLMOKYNbTYPHON aganTtauum [2; 4].
CnepoBatenbHoO, A3bIkoBas ajanTauus npeactaBnser coboi ABYCTOPOHHMIA npouecc. MurpaHT oceaunBaeT
A3bIK 1 KOMMYHWKATUBHbIE HOPMbI NMPUHUMALOLLEN CPeabl, OBHOBPEMEHHO Cama Cpeaa onpefensieT BO3MOX-
HOCTU W yCrnoBms ero BkmtoyeHns. OgHOCTOpOHHee TpeboBaHMe 3bIKOBOMO npucnocobnenuns 6e3 cospaHus
[OCTYNHbIX YCIIOBUN 41151 KOMMYHUKALWMK HE NO3BOMSET MOHOCTbIO peLLnTb Npobnemy aganTtauuu.

Takum 0Bpasom, pycckui A3blk SBNSETCS OAHUM U3 KITHOYEBbIX MHCTPYMEHTOB BKKOYEHUS MUATPAHTOB B
POCCMIACKYHO S13bIKOBYI0 Cpeay. Ero 3HaueHve BbIXOANT 3a pamMKu HEMOCPEACTBEHHOM nepeaayn MHopmaLmuy:
BNafeHue A3bIKOM pacLuMpsieT BO3MOXHOCTH y4acTust B TPYAOBOM, obpa3oBaTenbHOM W NOBCEAHEBHOW aes-
TEMbHOCTH, CMOCOBCTBYET YCTAHOBNEHMIO COLMANbHbLIX KOHTAKTOB W 0bneryaeT B3auMOAENCTBUE C NPUHUMa-
toLen cpegon.
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YK 343.1

0COBEHHOCTH NNPOU3BOACTBA 10
YI0N0BHbIM AEJIAM B OTHOLLEHWK
HECOBEPLLIEHHONETHUX: NPOLIECCYAJIbHBIE
[ APAHTUU W TIPOBJIEMbI NPABOMPUMEHEHWA

PUHYNHO M3PT 3H ANEKCAHPOBNY

MarucTpaHT
HOYY BO «MockoBckuit yHuBepcuteT « CUHeprusi»

AnHoTauums: B ctaTbe uccrnegyoTcs npoueccyanbHble 0COBEHHOCTW NPOU3BOLACTBA MO YrOMIOBHLIM Aenam
y4yacTeM HeCOBEPLUEHHOMETHUX, NpedyCMOTPEHHbIe rmasoit 50 YronoBHo-npoLeccyansHoro kogekca Poc-
cuiickon ®epepaunn (panee — YINK PO). B koHue uccnegoBaHns hopMynupyeTcst akTyanbHbli nepeyeHb
npobnem LaHHOro MHCTUTYTa, Npeanaras nyT peLeHus.

KnioueBble cnoBa: HECOBEPLLEHHOMETHUE, YTONOBHOE CYAONPON3BOLACTBO, NPOLECCyanbHble rapaHTuu, Ao-
MPOC HECOBEPLLEHHONETHETO, OBEHarbHas HCTULWS.

FEATURES OF PROCEEDINGS IN CRIMINAL CASES INVOLVING MINORS: PROCEDURAL
GUARANTEES AND PROBLEMS OF LAW ENFORCEMENT

Rincino Mergen Alexandrovich

Abstract: The article examines the procedural features of criminal proceedings involving minors, as provided
for in Chapter 50 of the Criminal Procedure Code of the Russian Federation (hereinafter referred to as the PC
RF). The author formulates a current list of problems related to this institution and proposes solutions.

Key words: minors, criminal proceedings, procedural guarantees, interrogation of a minor, juvenile justice.

[MpoTUBOAENCTBUE NPECTYNHOCTU CPEAN HECOBEPLLEHHOMNETHUX NpeacTaBnseT coboit OAHY U3 npuopu-
TETHbIX 3a[j@a4 COBPEMEHHOW YrOIOBHOW NMOMMUTUKA POCCUCKOTO rocyaapcTea. lpeactaBnsercs, Yto MHAMB K-
[yanbHblil NOOXOA 3aKOHOAATENs K HEeCOBEPLUEHHONETHUM OTBEYaeT 3adayaM M MpuHUMNaM YrofoBHO-
npoLeccyarnbHOro 3akoHoAAaTeNbCTBa, a Takke 0becneynBaeT Copa3mMepHOCTb NPUMEHSIEMbIX MEpP XapakTepy
COBEPLUEHHOTO AesiHUS 1 0COBEHHOCTAM IMYHOCTW NOAPOCTKA.

B uensx peanusauuv ykasaHHbIX NOMOXEHUI 3aKOHOAATENb BbIAENW NPOM3BOLACTBO MO Aeriam Heco-
BEPLUEHHONETHMX B CAMOCTOSATENbHbIN MHCTUTYT, pernameHTupoBaHHbli rmasoit 50 YK PO [2].

o4 HeCOBEPLUEHHONMETHUM B KOHTEKCTE YrOrOBHO-MPOLECCYanbHOM0 3aKOHO4ATeNbCTBa NOHUMAETCA
L0, He BOCTUTLLEE K MOMEHTY COBEpLLEHUS NPECTYNHOrO AesHWUS BOCEMHaALaTUNeTHero Bospacta. [laHHoe
onpepenenue 3akpenneHo B cT. 420 YK P® n koppecnonampyet ¢ nonoxeHusmu ct. 60 KoHctutyuum Poc-
cuinckoin ®epepaumm [1], cornacHo KOTOpPOW rpaxaaHuH npuobpeTaeT CnOCOBHOCTL CaMOCTOSTENBHO OCY-
LeCTBNSATb CBOW MpaBa U 06513aHHOCTM B NOMHOM 06beme Mo AOCTUXEHUM COBEPLUEHHONETHS.

HwxHWIA Bo3pacTHOW npefen AndhdepeHuMpoBaH B 3aBUCUMOCTH OT TSHKECTU MHKPUMUHUPYEMOTO Aest-
HWS: 06LLMIA Nopor yCTaHOBNEH B 16 NeT, 0AHAKO 3a OTAENbHbIE COCTaBbl NPECTYNNEHNN, NEPEYNCIEHHBIX B Y.
2 c1. 20 YK PO, 0TBETCTBEHHOCTH HAcTynaeT ¢ 14 ner.

OcobbI HayYHbI UHTEPEC NPELCTABNSET CUTYaLMs, KOrAa NULO, B OTHOLLIEHMM KOTOPOTO OCYLLECTBS-
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eTCA YronoBHOE NpecneaoBaHue, JOCTUraeT COBEPLLEHHONETUS B Nepuos Npou3BoacTea no aeny. Kak pass-
acHseT lNocraHosneHve MneHyma BepxosHoro Cyaa PO ot 01.02.2011 Ne 1, «ecnu nuuo, coBepLumBLLee npe-
CTyNmneHne B HECOBEPLUEHHONETHEM BO3pacTe, K MOMEHTY CyAebHOro pacCMOTPEHWS Aena CTano COBepLUEH-
HOMETHUM, MOMHOMOYMUS 3aKOHHOMO MpeAcTaBuTENS MO 0buleMy npaBuny npekpallaiTcs. MckmoyeHne co-
CTaBNAOT CNyYyau, Korga Cya NPUHUMAET MOTUBMPOBAHHOE PELLEHNE O PacnpOCTPaHEHUN Ha nuL, B BO3pacTe
o1 18 #o 20 net nonoxeHuit 06 0COBEHHOCTSX YroNOBHOM OTBETCTBEHHOCTW HECOBEPLLEHHONETHUXY [3].

OpHako 3akoHogaTerb He KOHKPeTU3UpYeT NOpSAOK AeNCTBUIA NpK JOCTUXKEHWUN COBEPLUEHHONETHUS Ha
pocynebHoin ctagumn nponssoacTaa. PykoBoAcTBoBaTLCS 06LLMMY NpaBUiamMm YrofioBHOMO CyA0NPOM3BOACTBA
Cc 0653aTeNbHbIM YCTaHOBIIEHNEM 0OCTOATENBCTB, NepeyncnerHbix B ¢T. 421 YIK PO, Bknovas BnmsiHUe Ha
HECOBEPLUEHHONETHETO CTapLUMX MO BO3PacTy NUL — He B MOMHOW Mepe OTpaXaeT CYLHOCTb YroSiOBHO-
npoueccyarbHbIX rapaHTUi, NPeAOCTaBASEMbIX HECOBEPLLEHHONETHUM.

[MockorbKy HakasaHue HaszHayaeTcs 3a [esHue, COBEpPLUEHHOE B Nepuos, korda fuuo He JOCTUO yeTa-
HOBIEHHOTO BO3pacTa, NPUMEHEHIE BCEX 0COOEHHOCTEN NPOU3BOACTBA, NpedyCcMOTpeHHbIX rnasor 50 YK PO,
LOMKHO ObITb 0653aTeNbHBIM. PaKT JOCTUXKEHUS COBEPLLEHHONETUS HE CBUAETENLCTBYET O KAYECTBEHHOM W3-
MEHEHUN YPOBHS CO3HAHWS, MCUXUYECKOTO PasBUTUS UK MHBIX JIMYHOCTHBIX XapaKTEPUCTUK, KOTOPbIE Y4YMTbI-
BaKOTCS NpW NPOWU3BOACTBE N0 Aefy. B NpoTUBHOM Cryyae Co3AaeTcs puUck 3roynoTpebnenns npoueccyanbHbl-
MW NpaBamu U HUBENMPOBaHMUS CrieLMarbHbIX rapaHTUi, YCTaHOBMEHHbBIX 4715 HECOBEPLLEHHONETHNX.

3alumTa npaB 1 3aKOHHbIX MHTEPECOB HECOBEPLLEHHOMETHENO B YrONIOBHOM MPOLIECCE OCYLLECTBNSAETCS
3aLLUMTHUKOM M 3aKOHHbIM NpeacTaBuTenem. lNpu 9TOM 3aKoHOAATENb NpesycMaTpUBaET MEXaHW3M OTCTpaHe-
HWS1 3aKOHHOrO MPeACTaBUTeNs OT Y4acTus B Aene B CRy4asx, Korga UMEKTCs OCHOBaHUS nonaratb, YTO ero
AENCTBUS NPUYMHAIOT yLLepb MHTEpecaM HECOBEPLIEHHONETHErO NOA03PEBAEMOrO Ui 0BBKHSIEMOrO. [JaHHoe
NonoXxeHue, 3akpenneHHoe B Y. 4 cT. 426 YK P®, crnyxuTt SONOMHATENbHON rapaHTMEN 3alynTbl NpaB HECO-
BEPLUEHHOSIETHErO B CIyYasX KOHPUKTA MHTEPECOB MEXIY HUM W ero 3aKOHHbIM NPeACcTaBUTENEM.

F'oBOpst 06 0COBEHHOCTAX PACCMOTPEHMS YrONIOBHOMO Aena B OTHOLIEHUM HECOBEPLIEHHONETHUX, CTOUT
OTMETUTb, 4TO CT. 427 YTIK PO pernameHTMpyeT 0CoBbIN NOPSAOK NPEKpaLLeHNs YrofoBHOM Npecne 4oBaHNs
HECOBEpPLLEHHOMNETHENO C NPUMEHEHUEM NMPUHYAUTENBHBIX MEP BOCMMUTATESIbHOTO BO3LENCTBUS. [JaHHbIA UH-
CTUTYT He SBMSIETCS YroSIOBHbIM Haka3aHWEM B KNacCUYECKOM MOHUMaHUK, €ro Lenb 3aknyaeTcs B npegy-
NPEXAEHNN COBEPLLEHWS HOBbIX MPECTYNEHUA 1 CTUMYNUPOBAHUM BO3MELLEHNS NPUYMHEHHOrO Bpeda. 3a-
KOHOZAaTenb UCXOAWT M3 NPUOpUTETA BOCMIUTATENBHOMO BO3AEWNCTBNS HAL KapaTenbHbIM, YTO COOTBETCTBYET
ryMaHUCTUYECKUM Hayanam yroroBHOM MOSIMTUKN B OTHOLLEHWUW HECOBEPLLIEHHONETHNX.

OTaenbHO X0Tenock Bbl OTMETUTL, YTO 3aKOH YCTAHABMMBAET CheLmarnbHble BPEMEHHbIE OrpaHuYeHns
Npn NpPOM3BOACTBE [OMPOCA HECOBEPLUEHHOMETHErO NOA03PEBAEMOrO MK OBBMHAEMOrO: MPOLOIKUTEN b-
HOCTb [0Mnpoca He MOXET NpeBbIlaTh ABYX YacoB 6e3 nepepbiBa, a 0bLias NPOAOMKUTENBHOCTb B TEYEHME
[HS - YeTblpex Yacos. [laHHOe orpaHunyeHue 06YCrOBMEHO NCUXOPU3NONOTMYECKUMIN OCOBEHHOCTAMM NOA-
POCTKOB, KOTOPbIE C TEYEHMEM BPEMEHMN YTPAYMBAIOT CMOCOBHOCTb K KOHLEHTpaLWWN BHUMAHUS, YETKOMY 13-
NOXEHWIO MbICIIEN U afieKBaTHOMY BOCMPUATIAIO NPOUCXOAALLETO.

OpHako npefcTaBnseTcs, YTo LenecoobpasHo CoKpaTUTb MaKCUMarnbHyt0 NPOAOMKMTENBHOCTL AOMPO-
Ca HECOBEPLLEHHOMETHEro 40 O4HOr0 Yaca, YTo NpeacTaBnseTcss 060CHOBAHHbIM C Y4ETOM BO3PACTHbIX OCO-
BeHHOCTEN U cTeneHn yTomnsemocTi. Kpome TOro, 3aKOH npegycmaTpuBaeT 06s3aTenbHoe yyacTue ncuxo-
nora npw Jonpoce HeCOBEPLUEHHOMNETHErO, CTPaAAtOLLEro NMCUXMYECKUMI PACCTPOMCTBAMM WU OTCTAOLLErO B
NCUXUYECKOM pasBUTUK. B ocTarnbHbIX Criyyasix NpuBneyYeHne cneumanmcta ocyLecTBnseTcs no xo4artancTay
3alUMTHUKA UK MO MHULMaTUBE ChefoBaTtens.

Takum obpasom, noasoas utor, cTout oTMeTuTb: M. 50 YIK PO copepxuT KOMNNEKC cneumanbHbiX
HOpM, oBecneynBatoLLMX AOMNOMHUTENEHBIE FapaHTUK 3aLUMTbI NPaB W 3aKOHHBIX MHTEPECOB HECOBEPLLEHHO-
NETHMX Y4aCTHUKOB YrOMIOBHOTO CYZAOMPON3BOACTBA. YKa3aHHbIE HOPMbI OTpaXatoT crneunduky cyObekTHOro
COCTaBa 1 y4NTLIBAKOT BO3PACTHbIE, NCUXOMOrMYECKNE U CoLMarnbHble 0COBEHHOCTU AaHHON KaTEropum niL.

B pesynbTtate npoBeneHHOr0 aHanusa 6bin caenaH BblBOA, YTO LEnecoobpasHo LONONHWUTL CT. 421
YIK P® nonoxeHnem o6 obsi3aTenbHOM NPUBMEYEHUM NCUXONOra K y4acTU BO BCEX CMEACTBEHHbIX Aeil-
CTBUSIX, MPOBOAMMBIX C Y4aCTMEM HECOBEPLUEHHOMETHMX, YTO NO3BOMUT YCUNUTL NPOLecCyasbHble rapaHTum
1 obecneunTb Ncuxonornyeckyro 6e3onacHOCTb HECOBEPLLEHHOMETHErO B XO4€ NPOM3BOACTBA MO Aeny.
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YK 372.881.111.1

CUCTEMA YMPAXHEHWN 110 NPEO/IONEHNIO
JI0XKHOW 3KBUBANEHTHOCTW: MPUHLIWMDbI
[OCTPOEHNA U 3TANbI POPMWPOBAHNA
JIEKGUYECKOT 0 HABbIKA

AVIIAPOBA ADLENA MAPATOBHA

MarucTpaHT
®IrAQY BO «KasaHckui (Mpusormkckuit) hesepanbHbii YHUBEPCUTET»

HayyHbil pykosodumens: Wagueynnuxa Jlunus LamunoeHa
K.N.H., 00UeHM
®IrAQY BO «KasaHckul (lMpusomkckuli) hedeparibHbil yHUgepcuUmemy

AHHOTaUuA: B CTaTbe NpeanaraeTcs cUCTeMa yNpaxHEHMIA N0 NPEOAONEHMIO NIOXHOI SKBUBANIEHTHOCTM MK
0byYeHUM aHInUACKOMY SI3bIKy HOCMTENel Typewkoro. PaccMaTpuBaeTcsl MCUXOMMHIBUCTUYECKas Mpupoaa
YCTOMYMBOCTN MHTEP(EPEHLIMOHHON OLLINGKM, CBA3aHHAS C NPUCOEAMHEHMEM MHOS3bIYHON hOPMbI K CEMaH-
TUYECKOM CTPYKTYpe PoAHOro croea. PopMynupylTcs CeMb MPUHLMNOB MOCTPOEHUS CUCTEMbI: KOHTPACTMB-
HOe nMpedbsiBreHe, ynpaensemas OlwmbKka, KOHTEKCTHas 0BYCMOBNEHHOCTb, [ABYHANPABMNEHHOCTL 3aAaHMI,
NocTeneHHoe CHATUE OMop, NparMaTiyeckas aAekBaTHOCTb, LIMKMMYHOCTL Bo3BpaTa. MaTepuan pacnpeaens-
TCS N0 CTyNeHsIM 0ByyeHst CooBPa3sHO TUMY PACXOXKAEHUS — MOMHOMY, YaCTUYHOMY, KOHTEKCTYaNbHOMY WK
nparmatiyeckomy. OnKCbIBAOTCS TpU 3Tana OPMUPOBAHMS NEKCUYECKOTO HaBblka C KOHKPETHBIMM TUNaMU
3alaHuiA; AMArHOCTUYECKMIA NEpeBOA, CETKA CEMaHTUYECKUX MpU3HaKoB, paBoTa C KoHkopaaHcoM, audde-
PEHLMPOBOYHbIE U KOMNOKALMOHHbIE YNPaXHEHNs, PefaKTUPOBaHIe TEKCTa C BHEAPEHHbIMM OLuMbKamu, 06-
paTHbIil NepeBoa C OTCPOYKOW, POMEBLIE CUTyaLMW, MPOEKTHbIA rmoccapuid. MpeanaraeTcs NATMYpOBHeBas
Lkana chopMUPOBaHHOCTY HaBblka C 06513aTeNbHbIM OTCPOYEHHBIM CPE3OM.

KnioueBble cnoBa: noxHas 9KBUBaNEHTHOCTb, CUCTEMA YMPAXHEHWUNA, NIEKCUYECKIA HABBIK, 3Tanbl ()OpMUPO-
BaHWS HaBbIKa, MEXbA3bIkoBasH MHTEP(EPEHLMS, KOHTPACTUBHbINA NOAXOA, TYPELKUA A3bIK, 00y4eHUe aHImN -
CKOMY $13blKY, MOXHbIE KOTHaTbl, 0TCPOYEHHbI KOHTPOTb.

A SYSTEM OF EXERCISES FOR OVERCOMING FALSE EQUIVALENCE: DESIGN PRINCIPLES AND
STAGES OF LEXICAL SKILL FORMATION

Aidarova Adelya Maratovna
Scientific adviser: Shafigullina Liliya Shamilovna

Abstract: The article proposes a system of exercises for overcoming false equivalence in teaching English to
native speakers of Turkish. The psycholinguistic nature of the persistence of interference errors is examined,
related to the attachment of the foreign form to the semantic structure of the native word. Seven design princi-
ples are formulated: contrastive presentation, guided error, contextual conditioning, bidirectionality of tasks,
gradual removal of support, pragmatic appropriateness, and cyclical return. The material is distributed across
proficiency levels according to the type of divergence — complete, partial, contextual, or pragmatic. Three
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stages of lexical skill formation are described with specific task types: diagnostic translation, semantic feature
grid, concordance work, differentiation and collocation exercises, editing a text with embedded errors, delayed
back-translation, role-play situations, and a project glossary. A five-level scale of skill formation with a manda-
tory delayed test is proposed.

Keywords: false equivalence, system of exercises, lexical skill, stages of skill formation, interlingual interfer-
ence, contrastive approach, Turkish language, English language teaching, false cognates, delayed testing.

CnoBapHbIil COCTaB COBPEMEHHOTO TYPELKOrO f3blka BOBpan oBWMpHbIA NnacT 3anagHOEBPONENCKUX
3aMMCTBOBaHWA, MPULLEALLMX MO NPEUMYyLLECTBY Yepes (paHLy3ckoe nocpeaHnyecTso. Mo nogcyetam Jl.
Y3yHa n Y.M. Canuxorny, BbINOMHEHHbIM Ha MaTepuarne croBapHbIx cTaten o6bemom cebiwe 80 000 cnos,
aHrmno-TypeLKne KorHaTbl U NCEeBAOKOrHaTbl OXBATbIBAKOT OKOSIO TPEX MPOLEHTOB NEKCUKOHA: U3 2411 oTo-
BpaHHbIX eauHuy 1287 oTHeCeHbl K KorHaTaM, 1124 — k NOXHbIM KorHaTam, npuyem 96 nap coBnagatoT XoTs
Obl B OQHOM U3 3Ha4eHwit [7, c. 325]. Ydaliemycs-Typky 3Hakomas rpacudeckas obonoyka artist, market,
brang, sans Cny1T OMOPON MPK YTEHUM AHFUIACKOTO TEKCTa U OLHOBPEMEHHO JTOBYLLKOW MPK FOBOPEHUM W
nucbMe. MocT mexay ABymst hopMamm BbIAEPXKMBAET POBHO A0 TOM TOYKM, FAe 3HAYEHWNS pacXoasTCs, U TOu-
Ky 3Ty obyvarowmincs obHapyxnBaeT 0BbIKHOBEHHO Ye NOCne COBEPLLEHHON OLIMBKN.

BocnpoussognmocTb NogoBHbIX OWMBOK NIoXo 0OBACHSETCS Yepes HEXBATKY 3HAHWIA: yYalMics, Ko-
TOpPOMY OOBSCHUNM pasHULy Mexay sans 1 chance, cnycTs aBe Hepenu cHosa nuwet | wish you chance. B
MOZEIN YCBOEHMS MHOA3bIYHON nekeykn H. LI3sHa BblAeneHbl TpW CTyNEHN — accoumaums aHrninckon hopMmbl
C POAHbIM CIOBOM, ONOpa Ha NTEMMY POAHOrO Si3blka M NOSHAs UHTErpaLmns eanHULbl B NIEKCUKOH. Ha BTOpO#
CTYNEHW CEMaHTMYECKas U CUHTaKCUYeCcKas MHOpMaLms TYPELKOro croBa KOMMPYETCS B CIOBApHYIO CTaTbio
aHrUICKOro, OTHYEro eAnHULA paboTaeT C YyxuM codepxaHueM, a cOBCTBEHHOE AOCTpanBaeTCs No3aHee
paneko He Bceraa [5, c. 418]. CoBnageHne 0b60noyek yCKOpPSET KOMMPOBaHME U 3aKPENnseT ero npoyHee
06blyHoro. Pasnnuus B 06paboTke KOrHaTOB U NOXHbBIX KOTHATOB TYPELKO-aHIMMIUCKUMU BUNMHIBaMK U3y4a-
nuce O.[px. Yarnapom, 3. AtamaH 1 b. KblpkblDKbl HA MaTepuane 3agaHus no obpaTHOMY fieKCUYECKOMY ne-
pesoay [4, c. 294]. MeToauyeckoe cnefcTBue OTCIOAA BbITEKaeT NpsAMOE: nepes npenogasaTenemM CTOUT 3a-
[iaya nepecTpomKM yXe CrOXVBLLENCS acCoLMaTUBHON CBA3K, U paboTa C Hell No CBOEN NpUpoLE OTInYaeTcs
OT BBELEHNS HE3HaKOMOrO CIloBa.

[MepeyHu «NOXHbIX Opy3ery, NoMeLLaeMble B KOHLe y4ebHoro pasaena, owmobky He yeTpaHsitoT. Mpuem
WHOPMUPYET, OCTaBNAA HETPOHYTLIM MexaHu3M nofctaHosku. b. Jlaydep u H. Tvupcan conoctasumu Tpu
pexuma paboTbl Haf NIEKCUKON Ha rpynnax LWKOSIbHUKOB C OBLMM POAHBIM S3bIKOM 1 COMOCTaBUMbIM YPOBHEM
aHrUICKOro: copepxarterbHble 3agaHus 6e3 obpalleHns BHUMaHWS Ha LieneBble eauHuLpl; 3aaHus ¢ co-
CpefoToYeHnEM Ha hopMe, HO 6e3 ConoCTaBNEHNS S3bIKOB; HAKOHEL], KOHTPACTUBHBIA PEXUM — NEepeBos Tek-
cTa B 06e CTOPOHbI C nocneayoLwmmM pa3bopoM COOTBETCTBUIA Ha 3Tane npoBepkn. KoHTpacTueHas rpynna
npeB3oLuUna ABe Apyrue no BCeM 3aMmepam, kak B HENoCpeACTBEHHOM TECTUPOBAHWM, TaK 1 B OTCPOYEHHOM Ha
Hegento [6, c. 694].

Habnioperus H. MeTkui 1o6aBnsioT K ckasaHHOMY AeTanb, LEHHYI0 ANS npakTiki. B nepesopax au-
NNOMaTUYECKUX TEKCTOB, BbIMOMHEHHbIX 32 CTapLUeKypCHUKaMU NEPEeBOAYECKOrO OTAENEHWs, U3 Kopryca
npumepHo B 35 000 cnoB BbINo BbIAENEHO CTO Nap C YaCTUYHOM NIOXHON SKBMBANEHTHOCTbIO; HEBEPHbIE NEK-
CMYECKME pELLEHNs 3aTPOHYNM AecaTb nap — aktif, agresif, sivil, kritik, pratik, statli v elle HECKONbKO €AMHML,
HacTtopaxvaeT nHoe 06CTOATENLCTBO: 3@ BbIYETOM BOCbMM Nap M3 CTa yyallmecs BoobLLe He CBEPSNNCH CO
CrnoBapem no noBogy NoAobHbIX CroB, Nomnarasicb Ha MHTYMUMIO U npexHee 3HaHume [8, c. 212]. 3Hakomas
060n104Ka TPEBOrM He BbI3bIBAET — OHA OTKITOYAET CaMmy NpoLeaypy NpoBepku. Tam xe 3admkcupoBaHa 3aKo-
HOMEpPHOCTb, rofHas Ans NpsMoOro nepeHoca B ayautopuio: B 70 mapax U3 cTa TypeLkoe 3aMMCTBOBaHWe
CY3WUno 3HaveHue Ao y3kocrneumanbHoM obnacTu, Torga Kak aHrmMACKMA NpOTOTAM OCTancs crnosom obLuero
ynotpebnexus [8, ¢. 212]. Mpasuno gopmynupyetcsa Ans yyawmxca B ogHy dpasy 1 pabotaeT nepBrUyHbIM
(OUNBLTPOM NPU BCTPEYE C HE3HAKOMOW Napon.

OTnpaBHbIM ANs NOCTPOEHUS CUCTEMbI CIYXUT KOHTPACTUBHOE NpefbsBlEHNe: aHImuickas eguHuua
BBOAMTCS B Mape C TYpPeLKUM WHTepdepeHTOM, NOCKOSbKY pasnuyeHne BO3HUKAET NULLb Tam, rae ecTb npo-
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TMBOMOCTaBNEHNe. Pagom pacnonaraetcs npuHUMN ynpaBnsiemMon owmnbkin — Nnepeoe 3adaHne Lykna CTpouT-
CS KaK NOBYLUKA, ¥ NEPEXUTBLIN yyawmmcs cOoit paspyluaeT NOXHY0 accouyuaumio npodHee noboro npeay-
npexaeHns. TpeTbe NMONOXeHWe KacaeTCs KOHTEeKCTa: eauHuLa NPOXOaUT NyTb OT U30NMPOBAHHOW Napbl Ye-
pe3 CrnoBOCOYETAHME W NPEANOXEHNE K CBA3HOMY TEKCTY, MO0 KOHTEKCTYanbHble U MparMaTu4eckue pacxox-
[EHUS BHE OKPYXKEHWS NOMPOCTY HE3aMeTHbI. YeTBepToe — ABYHaNpaBneHHOCTb 3aaaHni. Owwnbku npogyum-
POBaHUS 1 OLIMOKM MOHUMAHWS pasnnyHbl MO NPUPOAE: MPW FOBOPEHUM NOABOAMT $ans, NOACTABSEMOE Kak
chance, Npu YTeHUN — aHrAuUcKoe fabric, oNo3HaBaeMOe TypELKUM CTYAEHTOM Kak «habpukay.

OpraHusaums Lpkna noguuHsieTcs ewle TpeM nonoxeHnsM. Onopbl CHUMAKTCS CTyNeHYaTo: cHavana
noackaska-aeduHnums, 3atem BolOOp 13 ABYX BapuaHTOB, 3aTeM cBOOOAHOE NpoayumMpoBaHue 6e3 nogaepx-
ku. Kputeprem npaBUnbHOCTW Ha CTapLUMX CTYMEHsX BbICTyNaeT YMECTHOCTb B KOMMYHWUKATUBHON CUTyaLN,
TOrAa Kak CrioBapHOe COOTBETCTBME OTXOAMT Ha BTOPOM nnaH. HakoHel, eAuHMUa Bo3BpalyaeTtcs B paboTy
Jepes3 MHTEpBas W B HOBOM TUME 3afaHus, NOCKOMbKY UHTEPMEPEHLMOHHAS OLUMOKa CKMOHHA K peuuamnsy u
OfHOKpaTHOM 0TpaboTKM XBaTaeT HeHaZonro. Pacnpenenexune Matepuana no CtyneHsm obyyeHus coobpasy-
eTCs C TUNOM pacxoxaeHusi. MonHble HecoBnageHus (pasta «nNMpOXHOe» — pasta, SMOKIN «CMOKUHIM» —
Smoking) BBOAATCA yxe Ha ypoBHe A2; yacTudHble (komik — comic, artist B 3Ha4YeHUN «KMHOaKTep» — artist)
oTpabatbiBatoTCs Ha B1; KOHTEKCTyanbHble (kontrol etmek — control, market — market) pacnpeaenstTcs Mex-
py B1 v B2; nparmatnyeckuin cnoit octaetcs ans B2 u oiwe.

o4 NeKkCMYeCKUM HaBbIKOM B OTEYECTBEHHOW METOAMKE MOHUMAETCS aBTOMATU3MPOBAHHOE AECTBME
no BbIOOPY NeEKCUYECKo eanHULIbI CO0BPa3HO 3ambICy BbICKA3biBaHWS W MO NPaBUIILHOMY COYETaHMIO ee C
APYrMMK eanHuuamm [3, c. 128]. JloxHas aKkBMBanNEHTHOCTL NopaxaeT 0be CTOPOHbLI HaBblka — 1 BbIBop, 1 Co-
4eTaemocCTb, — 0TYero oTpaboTka pacnpenenseTcs no Tpem atanam, BbigeneHHbiM C.O. LLaTnnossiM: opueH-
TUPOBOYHO-MOArOTOBUTENBHOMY, CTEPEOTUNU3NPYIOLLE-CUTYaTMBHOMY W  BapbUpyHOLLE-CUTyaTUBHOMY [2].
OpWeHTUPOBOYHO-NOAMOTOBUTENbHBIN 3Tan OTKPbIBAETCA AMArHOCTUYECKUM NEepeBOAOM. Yyalluecs nonyya-
0T BOCEMb-AECATb TYpEeLKUX MPeAnoxXeHun ¢ WHTepepeHTamn 1 nepeBoddaT ux 6es npenBapuTEnbHOrO
KOMMEHTapusi; K1Y BblAaeTcs nocne caayun pabotsl. TunuyHbIA Habop pesynbTaToB y3HaBaeM nobbIM npe-
nozaBsaTenem aHrnmiuckoro B Typeukon ayautopumn: My new colleague is very sympathetic npu Hopme very
likeable, Can you control my homework? Bmecto check, | bought a pasta for my mother’s birthday. Pa3top
CTPOUTCS BOKPYr €AMHCTBEHHOIO BOMpOCa — 0TKyAa B3ANcs BblbpaHHbIA BapuaHT. LieHHa 3gecb hopMynmpos-
Ka, MPOU3HECEHHAs CaMMM YYaLLMMCS: «S1 NOACTABWN aHITIMICKOE CIOBO, MOXOXee Ha TypeLkoey». HasBaHHas
BCIyX CTpaTerus u CTaHOBUTCS NpeaMeToM JanbHenwern paboTbl.

[anee crnegyeT KOHTpacTUBHAs ceMaHTu3auus. YOOBHbIM WHCTPYMEHTOM CRYXWUT CETKa CeMaHTude-
CKUX MPU3HAKOB, 3anofHseMas yyalymMmncs cCaMocTOATENbHO: MO rOPU3OHTaN PasMELLATCS NPU3HaKK («py-
KOBOAUTENbY, «KyXHS», «Chepa LesTeNnbHOCTUY), N0 BEPTUKaNK — Typeukoe sef, aHrnuickoe chef u aHrnui-
ckue head, manager. B 3anonHeHHOM ceTke 30Ha NEPECEYEHMs 1 30Ha PaCXOXAEHNS CTAHOBATCS BUAHbI 6e3
KOMMeHTapusi npenoaasatens. NoneseH v kpaTkuii STUMONOMUYECKMIA SKCKYPC: OOLLMA UCTOYHUK — dhpaHLy3-
ckoe chef de cuisine — 06BSACHSET, MOYEMY B @HIUACKOM 3aKPENUIOCH Y3KOE KyNMHAPHOE 3HaYeHue, a B Ty-
PELIKOM COXPaHMMOCh LUMPOKOe «HavanbHuK». OCMbICIIEHHAs CBSA3b YAEPXKUBAETCA B NaMATU HaJexXHee npo-
W3BOMbHOW. 3aBepLuatoT aTan [Ba 3afaHus: paboTa C WeCTbo-BOCEMbIO KOHKOPAAHCHBIMU CTPOKaMM, No Ko-
TOPbIM YYaLLMIACA CaM BbIBOAWUT 3HAYEHWE 1 TUMMYHOE OKPYXKEHWE CMOBA, U Knaccuukaums npeabsaBieHHbIX
nap no YeTbIpeM TUNam pacxoxaeHus. Bropoe 3agaHne MeTakorHUTUBHO MO CBOEM CYTW — TUMOMOTWS BXOLUT
B apCeHarn CaMOKOHTpoNs oByyatoLLerocs.

Ha cTepeoTunusmpyioLLe-cMTyaTMBHOM dTane Ha MepBblid MNaH BbIXOAWUT CKOPOCTb AnddepeHumpo-
BaHHOro Bbibopa. PaboTaloT 3akpbITble 3adaHust C OrpaHnveHMeM no BpemeHn: The _ of our department
signed the report (chef | head), We had a ___ time at the party (comic | funny), | need to ___ my email (control
| check). XpoHOMETpaX 34eCb MPUHLMNMANEH, NOCKOMBKY HaBbIK U3MEPSIETCA B TOM uMcre ObICTPOTON peak-
ummn. OTAenbHbIA BIoK OTBOAUTCSH COYETAEMOCTM — MHOTWE TYpeLKue MHTEpEPEHTbI NOABOASAT yyallerocs
YXe Ha ypOBHEe CMOBOCOYETaHMS. PelleTka «rnaron + CyLecTBUTENbHOEY C 0Bs3aTeNnbHOM NOMETON Hegony-
CTUMbIX COveTaHuit obpabaTbiBaeT crnyyan Bpoge make sport npu Hopme do sport (OT Typeukoro spor
yapmak) unn make breakfast BMeCTo have breakfast (0T kahvalti yapmak). 3amblikaeT 610K Lienoyka yCrnoBHO-
peyeBbIX ynpaxHeHun B Tpaktoske E.N. MaccoBa — MUTATUBHBIX, NOACTAHOBOYHBIX, TPAHCHOPMALMOHHBIX,
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PenpoayKTUBHbIX, — HAMOSTHEHHAs KOHTPACTUBHLIM MaTepuariom [1]. Nepudpas B ee coctaBe CTOMT HECKOMb-
kKo Haocobuuy: nepedatb cMbicn, obongsack 6e3 nHTepdepupytoLLero Croea, — 3agaHue, BblHyXaatoLee ak-
TUBMPOBATbH abTEPHATMBY.

PenakTpoBaHue Yyoro TeKCTa MeHsieT No3vUMIo yyallerocs. [pynna nosiyyaeT CBA3HbIA parmeHT
Ha [ecaTb-ABeHaaLaTb CTPOK C NATHI0 BHEAPEHHbIMW OLWNBKaMK Ha NOXKHbIE SKBUBANEHTbI; 3ada4a — HanTw,
ncnpasuTb U 06BACHUTL Kaxaylo. B ponu pegaktopa cTydeHT pabotaer 6e3 ctpaxa nepesn COBCTBEHHOM
OLUMOKON, @ BHUMaHWe ero npu 3TOM NepekrtoyeHo Ha opMy. XOpoLLo JonosHAeT 6510k obpaTHbIN nepeBos
C OTCPOYKOW: TYPELKUI TEKCT NEepeBOAUTCS Ha aHTTIMCKUI, Yepe3 CyTKW aHTTIMACKUA BapuaHT nepeBoauTcs
obpaTHo, nocne Yero oba Typeukux TekcTa cnmyaloTcs. Mpuem CnyxuT OQHOBPEMEHHO YNPaXHEHUEM W 13-
MepUTESTbHBIM UHCTPYMEHTOM — PACXOXAEHNS MEXY UCXOAHBIM U BOCCTAHOBMEHHBIM TEKCTOM YKa3blBalOT Ha
30Hbl, A€ CEMaHTMYecKas CTPYKTypa aHrmMUACKOro CRoBa Y y4aLlerocs noka He BbICTPOEHa.

BapbupytoLe-cutyaTuBHbIN 3Tan nepeHocut paboty B obrnactb cBobogHom peun. Cutyauuv nogbupa-
0TCS TaK, YTobbl OWMbKa OLLyLlanack KOMMYHWUKATUBHO: pa3roBOP C afMUHUCTPATOPOM OTeNs, 06bACHEHME
COBCTBEHHON CreunanbHOCTU MHocTpaHHoMy cobecepHuky (My branch is chemistry npu Hopme My field is
chemistry), obcyxaeHne npounTaHHOW HOBOCTW. [MparmaTtuyeckuit cnoit npopabatbiBaeTcs 060CO6NEHHO.
BexnnBoCTb KoaMPYeTCs TypeLKUM $3bIKOM MOPOSOrMYeckn — Onnosuumen Sen U Siz, BOMPOCUTENBHO-
MoganbHbIMK popMamu Bpoge -ebilir misiniz, TOrAa Kak B aHrIMUCKOM Harpyska JIOXMTCS Ha JIEKCUKY W CUH-
TaKeuc npockObl. Mpu nepeHoce pogHoit Mogenu poxaaeTcs peskoe Give me a pen Tam, rae ymectHo Could
you pass me a pen, please?. Cxoxum obpasom TypeLkoe hastaneye gitmek B psaoBoi CUTYaLnn HE3AO0POBLA
no-aHrnuickn nepegaeTcs vepes go to the doctor’s, a ByksaneHoe [l go to the hospital coobwut cobecegHu-
Ky O cepbesHoi 6onesHn. 3aMblkaeT aTan NPOEKTHOE 3afaHne — COCTaBNEHWE yYalMMmUcs COBCTBEHHOMO M-
HW-CNOBapS NOXHbIX SKBMBANEHTOB MO CBOEN NPeAMETHOM 0BracTu, ¢ NpuMepamm 13 peanbHO NPOYUTaHHbIX
TEKCTOB.

CdhopMmpoBaHHOCTL HaBblka YAOOHO OnMCLIBATL Yepes NsATb NocnefoBaTeNbHbIX Nokasatenen. Mep-
BbI — Y3HaBaHWeE: B NPEAJIOKEHHOM TEKCTE YYalLMNCA OTMEYaeT KaK 30HY pUCKa €AMHULbI, NOXOXMe Ha TYy-
peukne. Bropon — andcpepeHumaums npu Hanuuuy onopsl. TpeTuii — BepHoe ynoTpebrneHre B caMocTos-
TENBLHOM NPOAYLMPOBaHMK. YeTBepTbIN — nparmaTiyeckas agekBaTHOCTb Bbibopa. 1aTbin nokasaTens, nepe-
HOC CTpaTerMm NpoBEPKM Ha HeOTpaboTaHHyK napy, LeHeH Gornee NpoYmx: CHET JIOXKHBIX KOrHATOB B aHrmo-
TYpeLKoM maTepuarne MAET Ha COTHW, U OXBAaTUTb UX ayaMTOPHON paboToN HepearibHO, OTYEro KOHEYHON Lie-
Mbi0 LMKINa CTAHOBMUTCA MPMBbIYKA K CAMOCTOATENbHOM NpoBepke. Cpesbl NPOBOASATCA TpMXAbl — 4O Havana
paboThl, Cpasy Mo ee 3aBepLUEHUM W CNYCTS TPU-YETbIPE HeAenu. HemeaneHHbIN KOHTPOMb CMCTEMATUYECKN
[aeT 3aBbllLEeHHbIN pesynbTaT, 1 6e3 0TCPOYEHHOM NPOBEPKM CYaNTb 00 YCTOMYMBOCTY HaBbIKa HEMb3S.

[MpennoxeHHas cuctemMa CTPOUTCA Ha COOTHECEHWM TWUMa MEXbA3LIKOBOTO PaCXOXOEHWS C aTanom
CTaHOBJIEHMS JTEKCUYECKOTO HaBblKa: MOMHOe HECOBMALEHNE CHUMAETCS Ha CTYMEHW CeMaHTU3aLmmn, YacTuy-
HOE HYXZaeTcsl B KOMMNOHEHTHOM aHanm3e 1 NoACTaHOBOYHOM 0TpaboTKe, KOHTEKCTYarnbHOe NOAAAETCS TOMb-
KO Yepe3 KonmnoKauum 1 NepeBos, NparMaTnyeckoe — Yepes CUTyaTuBHbIE 3a4aHuns ¢ 06CYyXaeHeM yMeCTHO-
ctn. ChopmynmpoBaHHble NPUHLMMBI U NATUYPOBHEBAS LUKana KOHTPOMS NPUroaHbl ANns BCTpauBaHus B A€ -
CTBYHOLLME KyPCbl aHTMIMINCKOTO A3blka ANs TypeLKkomn ayautopum yposHei B1 v B2. [lanbHenwas pabota cBs-
3bIBAETCS C OMbITHOW NPOBEPKOM LKA Ha CTYAEHYECKUX rpynnax TypeLKux By30B, C YTOUYHEHWEM Y4ebHOro
MUHUMYMa NOXHbIX SKBMUBAMNEHTOB MO YaCTOTHOMY KpUTEPWIO U C pa3paboTKoi LnGpoBOro TpeHaxepa, rae
WHTEepBanbl Bo3BpaTa k 0TPaboTaHHOM eauHMLIE 3a4aK0TCA anropUTMOM MHTEPBATLHOTO MOBTOPEHNS.
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NHHOBALIMOHHbIE METOAMKW
NPENOAABAHUA GU3NYECKON KYIbTYPb

MEJI0POBA ANNA BNAQUMUPOBHA

yuutenb PU3NYECcKon KynbTypbl
MBOY «I'ybepHaTopckuit uHxeHepHbIn nuuern Ne102y»

AHHoTaums. B gaHHon pabote npeactaBneH 0630p COBPEMEHHbLIX MEAArornyecknx CTpaTeruii, Npu3BaHHbIX
TpaHCOpPMMPOBaTb TPAAMLIMOHHBIN YPOK OU3KYNbTYpbl B AMHAMWYHOE M BOBMEKatOLLEee NpoCTPaHCTBO. AB-
TOP aHaNMU3upYeT, Kak BHEAPEHUE UTPOBbIX MEXaHMK, MPOEKTHON AEATENbHOCTY, LMPPOBLIX MHCTPYMEHTOB W
300poBbecbeperatoLLmx NpaKkT K NoOMOraeT NPeoaoneThb paspbiB MEXAY KIACCUMYECKOI LUKOMbHOM MpOrpammon
W MHTEpECaMK COBPEMEHHBIX LLKOMBHUKOB.

MaTepuan opueHTUpPOBaH Ha NeaaroroB, CTPEMSLLMXCS CAenath 3aHATUs Bonee aPdEKTUBHLIMIA U NEPCOHa-
nu3nposaHHbIMK. Ocoboe BHUMaHWE yaeneHO Pa3BUTMIO Y YYaLLMXCS He TOMbKO (PU3MYECKMX KaYecTB, HO U
mbkux HasblkoB (soft skills): ymeHus pabotaTb B kKOMaHAe, KpUTUYECKM MbICIMTb M BpaTb Ha cebs oTBeT-
CTBEHHOCTb 3a COBCTBEHHOE 3A0p0Bbe. [peanoXeHHble METOAMKNA NO3BOMSIOT YYUTENKD OTONTW OT XKECTKOM
pernameHTauumn, co3aaBas YCnoBust Ans TBOPYECKOrO MOMCKa M yCMeLHON agantauumn yyebHoro npouecca
Moa MHAMBKAYanbHbIE BO3BMOXHOCTM KaXaoro pebeHka.

KnioueBble cnoBa: 1rpoBble TEXHOMOTUM, MPOEKTHAs AeATENbHOCTb, 300POBbECOEpEXEHIe, renmmndmkaLms.

INNOVATIVE METHODS OF TEACHING PHYSICAL CULTURE
Fedorova Alla Vladimirovna

Abstract. This paper provides an overview of modern pedagogical strategies designed to transform a tradi-
tional physical education lesson into a dynamic and engaging space. The author analyzes how the introduction
of game mechanics, project-based activities, digital tools, and health-promoting practices helps to bridge the
gap between the classic school curriculum and the interests of modern students. The material is aimed at edu-
cators who seek to make their classes more effective and personalized. Special attention is paid to the devel-
opment of students not only physical qualities, but also flexible skills (soft skills): the ability to work in a team,
think critically and take responsibility for their own health. The proposed methods allow the teacher to move
away from strict regulations, creating conditions for creative search and successful adaptation of the educa-
tional process to the individual capabilities of each child.

Keywords: gaming technologies, project activity, health care, gamification.

AKTYyanbHoOCTb.

CoBpeMeHHble AeTh 1 NOAPOCTKM KUBYT B MUPE, HACLILLEHHOM MH(hopMaLmen 1 passneyeHnsmu. Tpa-
ANUMOHHBIE POPMbI NPOBEAEHNS YPOKOB (HM3NYECKOW KYNbTYpbl, OCHOBAHHbIE HA CTPOrOW pernameHTaumum u
MOBTOPEHWM, MOTYT HE BCEraa COOTBETCTBOBATL UX OXMAAHUAM M NOTpebHOCTAM.

WHHOBaUUOHHbIe MemoAuKU N0380AS0M.:

1. TloBbICUTb MOTUBALMIO.

2. PasBuTb CaMOCTOATENIbHOCTb 1 OTBETCTBEHHOCTD.

3. YKkpenuTb 300pOBbE.
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4. CdopmnpoBaTb yHMBEpCanbHble y4ebHble AeicTBIS: YMeHne paboTtaTb B KOMaHAe, aHanuaupo-
BaTb MHOPMALWIO, MPUHUMATL PELLEHNS, MPE3EHTOBaTb pPe3yNbTaTbl — 3TW HaBblKW Pa3BMUBAKITCS B NpoOLEC-
Cce NPUMEHEHNS UHHOBALMOHHbIX METOAMK.

5. AganTtupoBatbCs K MHAMBMAYaNbHBIM 0COBeHHOCTAM: [uddepeHumpoBaHHbIA NOAX04 NO3BONSET
KaXgoMy YYeHUKY JOCTUraTh ycrnexa, He3aBUCUMO OT €ro (PU3NYECKo NOArOTOBKM.

OcHOBHble HanpaBneHNs MHHOBALMOHHbIX METOAUK NpenoaaBaHus (hU3NYECKON KYNbTypbl.

1. Meposble mexHonoauu:

- CMOPTUBHbIE MrPbl C MOAU(MKaLMAMM: afanTaums npaBu U3BECTHbIX Urp (yTbon, Backetbon, Boneit-
6011) AN pasHbIX BO3PACTHbIX MPYNN 1 YPOBHEN NOArOTOBKA. BBEAEHME HOBbIX SNEMEHTOB, YCMOXHEHWE 3akay;

- NOABWKHbIe Urpbl ¢ 0Bpa3oBaTesibHbIM KOMMOHEHTOM: Wrpbl, HanpaBeHHble Ha pasBuTME onpege-
TNEHHbIX (PU3NYECKNX KAaYeCTB (CKOPOCTb, NOBKOCTb, KOOPAMHALMS) UMK HA 3aKPENSEeHe 3HaHUI No Npasuiam
Be3onacHoCTH, aHaTOMUM W HU3NONOTUN;

- 9cTaeTbl U KBECTbI: OpraHu3auus COPEBHOBaHMM, TPEBYIOLWMX KOMaHAHOW paboTbl, NOrMYecKoro
MbILLNIEHUS U (PU3NYECKOW aKTUBHOCTY;

- Urpbl Ha pa3BUTHE TBOPYECKOrO MbILLMIEHNS: UMMPOBU3ALMOHHBIE UIPbI, A€ YHEHUKM CaMu NpuayMbl-
BalOT HOBbIE [BMXEHMS, KOMOUHALMM UNK AaXe BUAbI criopTa.

2. [poekmHas desimenibHOCMb .

- co3gaHue "cobCTBEHHOrO BMaa cnopta”;

- npoekT "Mon 300poBbI 06pa3 ku3HU": uccneaoBaHue pasnuyHbix acnektoB 30X (nutaHue, pexum
[HS, r3nyeckas akKTUBHOCTb), pa3paboTka MHAMBMAYarbHLIX NAHOB U NPE3eHTaLmUs pesynbTaTos;

- NpoekT "OnMMnuicK1e Mrpbl B Knacce": yYeHnku uccnegyot uctopuio OnMMIMCKUX urp, BbiGupatoT
BMAbI CMOpTa, FOTOBSAT CMOPTCMEHOB (BKMKOYAs Pa3MUHKY, TEXHUKY, CTpaTeruto) U NpoBOAST CBOM MMHM-
ONUMMUACKNE COPEBHOBAHUS;

- NPOeKT "®UTHeC-TpeHep": YYEHNKN M3y4yatoT OCHOBbI (hUTHECA, pa3pabaTbiBalOT KOMMNEKCHI YNpaXHe-
HWN 401 pasHbIX rPYnn MbILUL, NPOBOASAT NOKa3aTesbHble TPEHUPOBKW NS OAHOKMNACCHWUKOB.

3. 3doposbecbepezarowue mexHonoauu:

- TEXHONOMW NUYHOCTHO-OPUEHTUMPOBAHHOTO 0BYyYeHMs. VHAMBUOYaNbHbIN NOAXOL K KaXO0MY YYEHUKY,
y4eT ero (ou3n4ecKnx BOIMOXHOCTEN, MHTEPECOB U COCTOSHWS 30,0POBbS;

- TEXHOSIOWW Pa3sBUTUS 3MOLMOHASIbHO-BONEBOM Chepbl. cnonb30BaHme ynpaxHeHU, HanpaBneHHbIX
Ha pa3BMTME CAMOKOHTPONS, YBEPEHHOCTY B cebe, yMeHMs npeogonesaTth TPYAHOCTY;

- TEXHOMOTMN NPOUNAKTUKM TpaBMaTU3Ma. AKLEHT Ha MPaBUNbHON TEXHWKE BbIMOIHEHNS YNpaXxHe-
HWIA, pa3MUHKe 1 3aMUHKe, 0By4eHe OCHOBaM NEpPBOI MOMOLLY;

- ObIxaTeNbHble YNpaxHEHUs U penakcauus. BknoyeHne B ypoku aremMeHToB Moru, nunareca, Megura-
LKW 4115 CHATUS HANPSHKEHUS, YIYYLIEHUS KOHLEHTpaLmuu 1 obLLero caMoyyBCTBUS;

- UCronb30BaHNe PUTHEC-TPEKEPOB U MOBUMBHBIX NMPUNOXEHNA. MOHUTOPUHT (PU3NYECKON aKTUBHOCTM,
nynbca, Kanopun.

4. NHopMayUOHHO-KOMMYHUKaUUOHHbIe mexHonoauu (MKT):

- MCMONb30BaHWe BuaeoMaTepuarnos. [JeMOHCTpaLUs NpaBMIbHON TEXHUKW BbIMOMHEHWS YNPaXHEHWA,
aHanu3 oLwmboK CnopTCMEHOB, MPOCMOTP MOTUBUPYIOLLIMX BUAEOPONMKOB O CNOPTE W 30OPOBOM 0Bpa3e XU3Hu;

- MIHTEPAKTWBHbIE OCKM W NPOEKTOPbI;

- OHNanH-nnaTcopMbl 1 obpasoBaTtenbHble pecypekl. [ocTyn K OHnanH-Kypcam no cnopTy, GUTHECY,
300POBOMY MUTAHWIO;

- CO3QaH1e BWAEOPOIIMKOB W NPE3eHTaLMI. YYeHUKN MOryT CamoCTOSTENbHO CO3AaBaTh obyvaroLine
BMAEOPOIINKA MO BbIMOSTHEHMIO YNPAXHEHUI, NPE3eHTaLun O pasfnyHbIX Bgax CnopTta Wim o nonb3e usu-
YECKOWN aKTUBHOCTMK;

- MCMONb30BaHue BUpTYyansHon peansHocTht (VR) n gononHeHHom peansHocTu (AR). B nepcnektuse —
NOrpyXeHune B BUpTyarbHble CNOPTUBHbIE CUMYNSTOPbI, MUHTEPAKTUBHBIE TPEHUPOBKK C aneMeHTamm AR.

5. Memo0bI dugbghepeHuyuauuu u uHOusudyanuzayuu:

- rpynnoBas paboTa ¢ y4eToM ypoBHS NOArOTOBKW. Pa3aeneHune knacca Ha rpynnbl N0 YPOBHIO (usnye-
CKOM NOArOTOBNEHHOCTM [N BbINOMHEHNS Pa3NUYHbIX 3aaHNi;
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- Bbl6Op ynpaxHeHuin. [pegocTaBneHne yYeHkaMm BO3MOXHOCTY BblGOpa M3 HECKOMbKMX BapWUaHTOB
yNpaXXHEHWNA, HAaNpaBMEHHbIX Ha Pa3BUTUE OLHWX M TEX KE KAYECTB;

- MHOMBMAYanbHble 3agaHus. Pa3paboTtka 3agaHuin, YUuTbIBAOWMX fIMYHBIE LENN 1 BO3MOXHOCTM KaX-
[0r0 y4eHuKa (Hanpumep, yBennyeHne Konn4ecTsa NOBTOPEHMI, YCIOXHEHNE 3NEMEHTA);

- cMCTeMa HacTaBHWYeCTBa. bonee CunbHble YYEHWKN NOMOratoT cnabbim, 4TO CNOCOBCTBYET Pa3BUTUIO
NAEPCKMX KauecTB N hOPMUPOBaHMIO KOMAHAHOTO yxXa.

6. Passumue Kpumu4ecko20 MbILWIEHUSI U CaMOCmOossmesibHOCMU:

- aHanu3 CNOPTUBHbIX COOBITUIA. YUYEHUKM MOTYT aHanU3upoBaThb NPOLLEALINE CMOPTHUBHbIE COPEBHOBA-
HWS, BbISBNATb TaKTMYeCKWe XOdbl, OLEHMBATb MHAMBMAYalbHbIE BbICTYNNEHUS CMOPTCMEHOB, Npeanarartb
CBOW BapWaHTbl pa3BuUTHS COOLITUN.

- pecbnekcns n camooLeHka. PerynsipHoe npoBeaeHue pednekCMBHbIX CECCUIA, TAe YYEHUKN aHanu3u-
PYIOT CBOW yCNEXM, TPYAHOCTW, CTABAT HOBbIE Lienn. OTO MOXET BbITb B hOpME AHEBHUKOB CaMOHabnoaeHus,
YCTHbIX 0BCYXAEHNA U MUCbMEHHBIX OTYETOB.

MpakTnyeckue npumepbI peanmsaumm MHHOBALMOHHbIX METOAMK.

Ypok no backembosy ¢ anemeHmamu 2eliMugpukauuu: BMECTO CTaHAAPTHOM OTPaboTKM BPOCKOB, y4e-
HWKW y4acTBYHOT B "6ackeTbobHOM KBeCTe", rae Kaxaoe 3adaHue (4pubnuHr, nac, 6pocok) OTKPbIBAET HOBYHO
noAackasky unu atan. 3a ycnewHoe BbiNOTHEHNE HAYMUCTISIOTCS O4KM, (DOPMUPYETCS PENTUHT KOMaHA.

Ypok no neakoli amnemuke ¢ NpoekmHbIM nodx000M: YHEHUKI LENATCS Ha KOMaHAabl 1 pa3pabaTbiBa-
10T "naeansHyto TpeHnpoBky Ans Bera Ha 100 MeTpos", BKMOYas Pa3MUHKY, OCHOBHBIE YNPaXHEHUS, 3aMUHKY
N pekoMeHZaunn no nuTaHmio. 3aTeM KOMaH4bl NPE3eHTYIOT CBOM pa3paboTki W NPOBOASAT MoKasaTembHYHo
TPEHWUPOBKY.

Ypok no eumHacmuke ¢ ucnonb3osaHuem YKT: yunTenb 4eMOHCTPUPYET BUAEO C BbINOIHEHWUEM CMOX-
HbIX TMMHACTUYECKMX SNTIEMEHTOB, @ 3aTEM YYEHUKM C NMOMOLLBIO NNAHLLETOB aHANM3NPYIOT TEXHUKY BbINOSHE-
HWS, CPaBHWBAs €€ C 3TaroHHON. BO3MOXHO 1CMOMNb30BaHWe NPUMNOXEHUN NS aHanuaa ABWXEeHWUA U nomnyye-
HVst 0OpaTHOM CBSI3N.

Ypok no obwel gusuyeckol nod2omoske ¢ akueHmom Ha 300posbecbepexeHue: YYEHUKN U3yyaroT
pasnuyHble BUAbI PACTSXKA U penakcauum, y4aTcs onpeaensTb CBOW NynbC U YpoBEHb Harpy3ku. Ha ypoke
NCMONb3YITCS (PUTHEC-TPEKEPbI ANS MOHUTOPUHIA UHAMBMAYANbHON aKTUBHOCTU, @ TaKkKe 3neMeHTbl orv 1
AblXaTenbHbIX MPaKTUK 4115 CHATUS CTpecca.

3aknioyeHue.

/IHHOBaLMOHHbIE METOAVKM NPenofaBaHns (OU3NYECKON KynbTypbl — 3TO HEe MPOCTO MOAHbIA TPEHA, a
HeobX0AMMOCTb AN COBPEMEHHOro obpasoBaHms. OHK NO3BONAIT caenatb YPoku bonee yBnekaTenbHbIMU,
MOTUBMPYIOLLMMM U, KaK crieacTaue, bonee apdekTBHbIMU. [MaBHOE — 3TO TBOPYECKMI NOAXOA, MOCTOSHHOE
CTPEMIEHNE K Pa3BUTUIO N UCKPEHHAS 3a60Ta O KaXaoM YYeHNKe.

© 2026
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YIIK 378.046.4

LIUDPOBAA TPAHCDOPMALINA OLEEHOYHDIX
[POLIEQYP B CACTEME KOMIJIEKCHOI0
MOHWTOPUHI A POMECCUOHANIbHBIX
KOMMETEHLIAA W HABbIKOB

CMWPHOB AH[IPEM AHATOJTbEBMY

acnupaHT
OrAQY BO Koy

AHHOTauma: cTaThs NOCBSILLEHA LMGPOBON TpaHcdopMauu OLeHOYHbIX npoueayp B cucteme CIO PO.
lMpoaHanusupoBaHa porb JEMOHCTPALMOHHOTO 3K3aMeHa KaK KIToYeBOro MHCTPYMEHTa HE3aBUCUMOW OLIEHKM
ksanudukaumm. Ocoboe BHUMaHWe yaeneHo WHTerpauuu paboTtogaTeneit B OLEeHOYHbIE NpoLeaypbl U nep-
CMeKkTBaM MPUMEHEHUSI UCKYCCTBEHHOTO MHTENMeKTa Ans nepcoHanusaunn obyyenus. MpoBeaeH CpaBHU-
TerbHbIA aHanu3 poccUinCKon Mogenu ¢ 3apybexHbiMu npaktukamu. CaenaH BblIBO4 0 HE0OXOAUMOCTH KO M-
NMNEKCHOro NoaxoAa, CoYETatOLLEro TEXHONOMYECKUe MHHOBALWMM C Pa3BUTUEM YESTIOBEYECKOTrO KanuTana, Ans
hopMnpoBaHmMs ahdEKTUBHON LHPOBOIA KOCUCTEMBI OLIEHKW, OTBEYatOLLEN TpeboBaHWAM phbiHKa Tpyaa.
KnioyeBble cnosa: cpefHee npodeccroHansHoe obpasoBanne, Ludposas TpaHchopMaLms, AEMOHCTpaL -
OHHbIA 3K3aMeH, He3aBuCKUMas OLeHKa Kanudukaumm, uudposas akocuctema, nnatgopma «Cepymy», pa-
BoTogatenu, UCKyCCTBEHHbBIN UHTENNEKT, OLIEHOYHbIE NPOLeaypbI.

DIGITAL TRANSFORMATION OF ASSESSMENT PROCEDURES IN THE SYSTEM OF INTEGRATED
MONITORING OF PROFESSIONAL COMPETENCIES AND SKILLS

Smirnov Andrey Anatolyevich

Abstract: the article is devoted to the digital transformation of assessment procedures in the secondary voca-
tional education system of the Russian Federation. The role of the demonstration exam as a key instrument for
independent assessment of qualifications is analysed. Special attention is paid to the integration of employers
into assessment procedures and the prospects for using artificial intelligence to personalize learning. A com-
parative analysis of the Russian model with foreign practices has been carried out. It is concluded that a com-
prehensive approach is needed, combining technological innovations with the development of human capital,
to create an effective digital assessment ecosystem that meets the requirements of the labor market.
Keywords: secondary vocational education, digital transformation, demonstration exam, independent as-
sessment of qualifications, digital ecosystem, “Sfer” platform.

LincbpoBas TpaHcthopmaLms OLEHOYHbIX NPOLeayp B CUCTEME CPeaHero npodeccmoHansHoro obpaso-
BaHusa (CMO) Poccuitckoin Pefepauny SBNSETCS pesynbTaToM rocyAapCTBEHHON MOMMTUKM, HanpaBneHHOM
Ha MOBbILUEHWe KayecTBa U CTaH4apTU3auMIO MOAroTOBKM kaapoB. OCHOBOM ANns pasBUTUS LMKPOBbIX OLe-
HOYHbIX MPOLEAYP CRyXaT He TONMbKO MaKpOSKOHOMUYECKME CTPATErMK U NPOrpaMMHO-LieNeBble JOKYMEHTHI,
HO W pa3nuyHble NPorpamMMbl pasBuTUsS 0bpa3oBaHus, 3aknagplatoLyne PyHLAMEHT 41 BHEOPEHNS LMdpo-
BbIX TEXHOMOMMI B YNpaBIieHne 1 KOHTPOMb kavecTBa 06pa3oBaHuns. KroueBbIM anieMEHTOM 3TOM CTpaTerim
cTan AeMOHCTPAaLMOHHbIN 3k3aMmeH ([3), KoTopbIn 13 (HOPMbI UTOrOBOM aTTeCTauun pas3Burcs B MOSHOLEH-
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HbIN UHCTPYMEHT He3aBMCUMOWN OLeHKK kanudukaumm (HOK). [naBHoM 3aaadent 4eMOHCTPALMOHHOIO 3K3a-
MeHa cTarna yCTaHoBKa NMpsIMON CBA3W Mexay COAepxaHueM obyyeHus B konnemke u TpeboBaHMAMM pbiHKa
TpyAa, No3BONss TeM cambiM paboTogatensm 0ObeKTUBHO OLEHWUTb FOTOBHOCTb BbIMyCKHMKA K Npodeccuo-
HanbHOM JesTenbHocTy [1].

[MpaBoBOW OCHOBOM ANs npoBeaeHus [3 cnyxuT psa npukaszos MuHnpocseleHus Poccuu. Tak, Mpuka3
MunnpocseLyenuns PO ot 08.11.2021 Ne 800 «O6 yTeepxaeHum Nopsigka NpoBeaeHns rocyapCTBEHHON UTOro-
BOW aTTecTaumm no obpasosatenbHbIM nporpammam CIO» 1 nocneaytoLme n3MeHeHus, B YacTHocTu Npukas
MunnpocseLyenuns PO ot 22.05.2026 Ne 351, aeTanbHO pernameHTUpyoT AaHHY0 npoueaypy. 1 JOKYMEHTbI
YCTaHaBMMBAIOT, YTO «4EMOHCTPALMOHHBIN 3K3aMeH NPOBOAUTCS C UCMOMb30BaHNEM €AUHBIX OLEHOYHbIX MaTe-
puanos, KOTopble paspabaTbiBalTCA OnepaTopoM». BaxHOM 0COBEHHOCTLIO ABNSETCS NpOBeAeHMe dk3ameHa
no ABYM ypOBHsM: 6a30BOMY, OCHOBaHHOMY Ha TpeboBaHUsX (eaeparbHbIX rocyaapcTBeHHbIX obpasosaTeb-
HbIX cTaHgapToB (®rOC), u npodunbHOMY, COOTBETCTBYOLWEMY Bonee crneumanuanpoBaHHbiM TpeboBaHUAM
OTAENbHbIX NPOECCHUOHarbHbIX CTaHAaPTOB. Bee 310 No3sonseT rmbko aganTMpoBaTh OLEHOYHBIN MPOLECC He
TOMbKO K Pa3nMYHbIM OTPAchsiM, HO W K YPOBHSM KBanuchMKaLmmK, OT HayanbHOro 40 BbicLero. B npouecce
BHeapeHus [13 HabnoaaeTcs nonoxuTenbHas AuHamuka: Tak, eciv B 2024 rogy B HEM NpuHsAK yyacTtue bonee
370 ThICAY BbIMYCKHUKOB, TO yxke B 2025 rogy ux 4icno Bbipocno 4o 570 TbicaY, YTO FOBOPUT O ero Bee Borbluei
NonynsApHOCTM 1 3hHEKTUBHOCTU Kak MHCTPYMeHTa oueHKM Mo aaHHbIM Ha 2025 rog, B 87 cybbektax PO no
261 npodheccum 1 cneupanbHOCTM Bbino npoeeaeHo 28923 AeMOHCTPALMOHHBIX dKk3aMeHa, 13 KOTopbIx 26737 -
B pamKkax rocyaapcTBeHHON uToroBom atrectaumn. A ¢ 1 centabps 2026 roga, B cootBeTcTBUM ¢ PeaepanbHbim
3akoHoM ot 23 uions 2025 roga Ne253-93, [eMOHCTPaLUMOHHbIA 3K3aMeH CTaHOBUTCS OCHOBHOW POPMON roCy-
AAPCTBEHHO UTOTOBOM aTTecTauuy Ans 6onblmnHCTBa 0bpasoBatenbHbIx nporpamm Cl1O.

B KauectBe OCHOBHOW TEXHOMNOrMYECKOM MHPACTPYKTYpbl ANS opraHu3aumn yyebHoro npouecca u
NPOBELEHNS UTOMOBbIX aTTecTauui, Bkoyas [13, BbiCTynaeT MHOPMALMOHHO-KOMMYHUKALMOHHas 06pa3o-
BatenbHas nnatgopma «Ccpepym». PyHKUMOHAN LaHHOW NNaTdopMbl MHOTOTPaHEH: 3TO U OpraHu3aums
y4eBHOro npouecca, U KOMMyHUKaLUMS MeXy y4acTHUkamun obpa3oBaTeNibHbIX OTHOLLEHMIA, U CUCTEMA KOH-
Tpons ycnesaemocTtyn. Mo utoram 2024-2025 yyebHoro roga KONMYECTBO NOMb3oBaTENEN Nnatgopmbl Bbl-
pocno Ha 40% v JocTurno 35 MUNMMMOHOB YENOBEK, YTO 3HAYUTENBbHO Bonblue, YeM B NpeablayLiem rogy.
lnatcopma aKkTUBHO MHTErpUPYETCH C APYrMMU CepBUCaMU, B YaCTHOCTU, C SNEKTPOHHBIMU XypHanamu u
[HeBHWKamm (OXK[), YTO NO3BONSET LIEHTPANU30BaHHO OTCNEXMNBATL YCNEBAEMOCTb U BbINOMHATL AOMALLHME
3apaHus. Kpome Toro, «Cdpepym» MCnonb3yeTcst Ans opraHu3auuy NpUEMHON KamnaHuu, UHTErPUPYSCh C
noptanom «Pa6ota Poccum» n Eguusim nopTanom rocygapctaeHHbix yenyr (EMTY) [2].

[MpoLuecc NOCTPOEHMS eaynHON LMGPOBOI KOCUCTEMBI Ans oLeHOuHbIX npoueayp B CMO PO npegnona-
raeT He NpOCTO BHeJPEeHWe OTAeNbHbIX LMGPOBLIX MHCTPYMEHTOB, @ UX KOMMMEKCHYIO MHTErpaLuio B e4NHYI0
WHOPMALMOHHYIO0 cpedy, rae AaHHble MoryT BecLUOBHO NepeaaBaThCcs MeXay pas3nuyHbIMKU cucTemMamu. Mpo-
Lecc undpoBu3aLmm npoBEPOYHbIX MEPONPUSATUA B CUCTEME CpeaHEero NpodeccuoHanbHoro 0bpa3oBaHus
peanusyeTcs NOCPeLCTBOM CreLManu3npoBaHHOrO MporpaMMHOro obecrneyeHns, cnocoBHOr0 BCECTOPOHHE
KOHTPONMPOBaTb OMEPaLMOHHYH0 AesTeNbHOCTL 06pa3oBaTenbHON opraHn3aumn. Obpasuamm nogobHbIX Npo-
rpamMmHbIX komnnekcos BbicTynalT «1C:Konnempx MPO®» n «1C:3neKTpoHHbIN XypHan konnemkay. [laHHoe
nporpamMmHoe obecrneyeHne He TONbKO (PUKCUPYET akageMuyeckue ycnexu yyawmxcs, Ho 1 Bepet Ha cebs
(hopMMUpOBaHWE OTYETHOCTM, CUHXPOHU3ALMIO C BHELLHUMU Ha3aMn JaHHbIX U paLMoHanu3aLyio BHYTPUBY30B-
CKOrO MeHemkmeHTa. VHTerpaumsa nogobHeix nnatdopm, B YactHocTh «1C:Konnemx NMPO®», perynspHo Hyx-
[aeTCcs B CO34aHUN YHUKaNbHbIX AOMOSNHEHWA M narvHoB. K npumepy, conpsbkerne ¢ EguHbIM noptanom roc-
yenyr (EMTY) n nnatcpopmon «Pabota Poccum» obecneunsaeTt nepesog NPUEMHON KammaHWW B LMcHpOBOWA
(hopmaTt, hopMUpOBaHME NEPCOHANbHBIX CTPAHWL, YHaLLMXCS W BbIMYCKHUKOB, a Takke obrervyaeT coaencTemne
B mowucke pabotbl [3]. Pa3BepTbiBaHME SMNEKTPOHHON MHGOPMALMOHHON 0Bpa3oBaTensHO cpedsl Ha base
Ha3BaHHbIX PELLEHWUA CTano peanbHbIM Brarogaps 06nayHbIM MHHOBALMAM, obecneunBatoLLmM OQHOBPEMEH-
HOe aMUHWUCTPUPOBAHWE HECKOMbKIX PErMOHanbHbIX By30B. CneaoBatensHo, UndpoBM3aLms 0xBaTbiBaeT He
NCKITOYUTENBHO OLIEHOYHbIE MEPONPUSITAS, HO W BCHO COMYTCTBYIOLLYIO YNpaBneHYeckyto paboty.

TeM He MeHee, HECMOTPS Ha SBHblE MIKOChI, MOCTPOEHUE YHUBEPCANBHOTO LMGPOBOrO NPOCTPaHCTBA
COMPSKEHO C LienbIM psLoM BeCOMbIX nperpag. MepBocTeneHHy ponb urpatoT GropokpaTtnyeckme 6apbeps.
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PerynspHble KOPPeKTUPOBKM NpaBoBOi 6asbl, a Takke MHOrOYMUCNEHHbIe pacnopsikeHus PocobpHagsopa u
MWHNPOCBELLEHMS BbIHY)XAAKOT NOCTOSAHHO MOLEPHWU3NPOBATL M NepecTpanBaTh NporpammHoe obecneyeHue,
4TO BEAET K BO3pacTaHWi0 GHOPOKPATMYECKOro AaBMEHNS W YAOPOXaHWUIO NPOEKToB B LenoM. Boobasok ko
BCEMY, [0 CUX NOp (PUKCUPYETCS HexBaTKa LMGPOBbIX HABBIKOB Y NEAArornvyeckoro KOmmnekTuea, Yto CAepxKu-
BaeT pe3ynbTaTMBHOCTb HOBbIX MHCTPYMEHTOB. YuuTens, He obnagatoLme JOmKHON IT-NoaroToBKoOM, He crno-
COGHbI B MOSTHOM Mepe 3afenCTBOBaTh BCe (DYHKLWN cucTeM. B-TpeTbux, 3aMeTeH KoroccasbHbIn pasbpoc B
TEMMaX LMMPOBMU3aLMN MeXay pasfiiHbiMi cybbekTaMn CTpaHbl U Bugamu y4ebHbix 3aBeaeHuit. Ecnn cTo-
TNIMYHbIE KOMNEeZXXN M KPYNHbIE NIOTUCTUYECKME LiEeHTPbl 06naaatoT pecypcamn Ans BnoxeHuii B IT, To npoBuH-
LUnanbHble By3bl CTANKMBAOTCS C AeUUMTOM (PUHAHCUPOBAHMA M NPOECCMOHaNbHBIX KadpoB, Nopoxaas
BHYTPEHHee «LmdpoBoe HepaBeHCTBOY» B chepe CI10.

HakoHeL, HECMOTPS Ha CTPEMIEHNe K CO34aHno eauHoi NnaTgopmMbl, OCTatTCs NPobremsl 1 ¢ nos-
HOW yHUbuKaumen. Hanpumep, PocobpHagsop MOXET BHOCUTb HEKOTOPbIE CUCTEMbI B CMIMCOK 3anpeLLeHHbIX,
4TO (haKTMYECKU paspyllaeT uaet eauHOro NMpocTpaHCTBa. Bce Bbllecka3aHHOE rOBOPUT O TOM, YTO Jaxe
MPU HanM4uM MOLLHOWA TEXHONOTMYecKkon 6asbl, MHCTUTYLMOHAMbHLIE U aAMUHUCTPaTUBHbIE Gapbepbl Npo-
[OMKaOT OKasblBaTh CYLLECTBEHHOE BAWSIHWE HA TEMIbI U KQYECTBO TpaHChopMaLmy.

Bsanmopeiictame obpasoBaTtenbHbIX OpraHu3aLuii Co CTOPOHHUMK paboTodaTensMn SBNSETCS OQHUM
n3 Hanbornee AMHAMUYHO Pa3BMBAOLMXCS U CTPATErMYECKM BaXKHbBIX HanNpaBieHuin LMPoBOI TpaHCtopma-
Lnn oueHouHbIx npoueayp B CIO. Ecnu paHblue pabotogaTeny BOCNPUHUMANUCH Kak BHELHWe Habnogate-
1N, TO CErofHs OHW CTAHOBATCS MOMHOLEHHbIMM NApTHEPaMK B MPOLLECCe HE3aBUCUMON OLIEHKM KBanuduka-
Lnn BbINyCkHMKOB. PaboToaaTten nonyvatoT BO3MOXHOCTb OLEHWTb NpaKTUuieckne Hasblkn ByayLmx coTpya-
HWKOB, peLuasi peasibHble NPOM3BOACTBEHHbIE 3a4aun B YCMOBUAX, MaKCUMAaIbHO NPUBIKEHHBLIX K paboumm,
4TO MO3BOISET CHU3UTbL 3aTpaThl HA afanTauuio HOBLIX Ka4pOB M MOBbLICUTL YBEPEHHOCTb B Ka4ecTBe nony4a-
emblx cneumanuctos. [psmoe yyactue pabotoaareneit B OLEHOYHOM NpoLecce CTarno OAHOM M3 KITYEBbIX
ocobenHocTen 13 [4]. OHM NpUHUMAIOT akTUBHOE y4acTue B ero NPOBEAEHWN, B TOM YUCIE B KAa4YECTBE 3KC-
NepToB, YNEHOB aTTeCTaLMOHHbIX KOMUCCUIA 1 pa3paboTumMKoB OLIEHOYHbIX MaTepumaros. ExerogHo pacTeT u
[0ns aKkenepToB cpeau pabotogatenen: ecnun B 2023 rogy oHa coctasnsna 61%, 1o B 2024 rogy Bbipocna go
66%. l'eorpacdust PErMOHOB M LIEHTPOB MPOBEAEHNS AEMOHCTPALIMOHHOIO ak3ameHa ([13) noCTosHHO paciuu-
pseTcs, NOATBEPXOAs YKpenrneHne napTHepckux cesasen. Pabotopgatenn akTuBHO y4acTBYOT B pa3pabotke
€0MHbIX OLEHOYHbIX MaTepuanoB, YTO rapaHTUpyeT COOTBETCTBME 3adaHuil COBPEMEHHLIM OTPacneBbiM
CTaHAapTam M TEXHONOTYeCKUM TpeboBaHUsAM.

TeM He MeHee, HECMOTPS Ha MO3UTUBHYKD AWHAMMKY, BOBIEYEHHOCTb GU3HECA OCTaeTCs HeOAHOPOA-
Hol. CornacHo craTucTuke, fons paboTtoaarenei, 3asBUBLLMX O paclUMPEHUU NapTHEPCKOM CEeTU, CHU3WUMAach
Cc 26% B 2023 rogy no 18,3% B 2024-m. Cpean konnemkei aToT nokasatesb Takke yMeHbLumncs — ¢ 74% 1o
62,3%. MogobHas TeHOeHUMs yKasblBaeT Ha WHCTUTYLMOHANbHble Bapbepbl, B NEPBYO OYepedb Ha CroX-
HOCTb KOOpAUHALMK Mexay y4ebHbIMU 3aBeeHUSIMN U KOMMEPYECKUM CEKTOPOM. Kpome Toro, MHOrue npeg-
NPUATUS Manoro u cpeaHero GusHeca BOCMPUHUMAKOT COTPYAHUYECTBO C CUCTEMOI 06pa3oBaHus kak 13bbl-
TOYHYIO aAMUHUCTPATMBHYIO HArpysKy, a He kKak MHBECTULMIO B YENOBEYECKWA KanuTan. PelueHnem 3Tom npo-
Brembl MOryT CTaTb 3KOHOMUYECKIE CTUMYTbI: HANOroOBble BbIYETbI UMK roCydapCTBEHHbIE cybcuann 3a yya-
CTue B pa3paboTke y4ebHbIX nporpamm 1 npoeeaeHumn [13.

B TO Xe Bpems yxe HakomnneH yCnellHbIN OnbIT OTPacneBon MHTerpauun. Hanpumep, aksameHbl no
crangaptam WorldSkills Russia, no3sonstoT MonogsiM cneuyanictam NoATBEPAUTL KBaNUGUKaLWMIO Ha MeX-
AYHApOOHOM YPOBHE, YTO KPUTUYECKN BAXHO ANS MALLMHOCTPOEHUS, I T, cTpouTENbCTBa M Apyrux cdep. O d-
(hekT1BHO paboTaeT n Lenesoe 0byyeHue, rapaHTUpytoLLee KOMMaHWAM NPUTOK KagpoB, MAeanbHO aganTu-
POBaHHbIX MOA KOpNopaTuBHble TpeboBaHUs. B kOHEYHOM cueTe nepexof OT PopMarbHOro B3auMoLencTBIS
K rny6okor uHTerpaymm brusHeca B OLEHOYHbIA NPOLECC CIYXMUT rMaBHbIM LpaiBepPOM NOBbILIEHWS KayecTBa
cpeaHero npodeccmoHansHoro obpasosaxus B Poccum [5].

BHeapeHue nepCoHanu3nMpoBaHHbIX MHCTPYMEHTOB AMArHOCTUKW W UCKYCCTBEHHOMO WHTennekTa (UMW) B
oueHouHble npoueaypbl CIMO HaxoaMTCs Ha HayarbHOM dTane pPas3BUTWS, OOHAKO YXe cenyac NpoCnexuBa-
0TCS 3HAYMTENbHBIA NOTEHLMan, KOTOPbIA MOXET KapAnHaNbHO M3MEHWUTb MOAXOAb! K OLEHKE KOMMETEHLMNA.
B oTnmume 0T MaccoBoro BHEAPEHUS aBTOMATU3UPOBAHHbIX CUCTEM COOpa AaHHbIX W OpraHM3aumn y4ebHoro
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npouecca, npumeHeHne VW ana co3pgaHusi nepcoHanmanpoBaHHbIX TPAEKTOPUA OByYeHMs W OLEHKW moka
OrPaHMYEHO U Yallle BCTPEYaeTCs B UCCIeA0BaTENbCKMX U NMUMNOTHLIX NPoeKkTax. TeM He MeHee, CamO Hasnu-
Yne TakuMX MHULMATWB B BEOYLLMX YHUBEPCUTETAX U HAYYHbIX LIEHTpaxX CBUAETENbCTBYET O ABWKEHUN B 3TOM
HanpaeneHun. Hanpumep, B pamkax KasaHckoro thefepansHoro YyHUBEpPCUTETA YKe BHEAPSOTCA MOAYM No
W un pobotoTexHuke B y4ebHble nnaHbl ClO, YTo ABNSeTCS nepBbiM LWAroM K NOAroTOBKe CheLuanucTos,
CMocoBHbIX paboTaTb C 3TUMM TexHorormamu. B meauumHckom 0Bpa3oBaHUy Takke HaxXOAAT NpPUMEHeHue
VW-TexHonoruu: paspabaTtbiBalOTCcA 1 NPOTECTUPOBaHbI 4aTbOThI, KOTOPbLIE MOMOraKT CTyAeHTaM B COCTaB-
neHun 6oneBbIX KapT NauWMeHToB, NPeLOCTaBNAs NEPCOHANM3NPOBaHHYID 0OpaTHY0 CBSA3b W OLEeHWBas Kaye-
CTBO WX paboTbl [6]. Bce aTo sBnseTCA npumepoM ncnonb3oBaHus VI He kak npocToro MHCTPyMeHTa npoBse p-
KW, @ KaK acCUCTEHTa NS pa3BUTUS NPAKTUYECKUX HaBbIKOB. MexayHapoaHbIi OMnbIT NOKa3bIBaeT, 4To Nepco-
Hanu3aumus obyyeHms 1 oueHku ¢ nomoLybto W sBnsetcs ogHON 13 KntoyeBbIx TeHaeHumi B cdrepe CI10.

CpaBHUTENBHLIA aHanK3 LMgpoBoK TpaHchopmaLumn oLeHouHbIx npoueayp B CMO Poccuu ¢ npakTu-
KaMmu Opyrux CTpaH Mupa, BbISIBASET pa3nuumns B nogxodax. Tak, poCCUMMCKas MOLeSb XapakTepusyeTcs LeH-
TPanu3oBaHHbIM, AUPEKTUBHLIM NOAXOLOM, rAe roCyAapCTBO BbLICTYNAET rMaBHbIM PErynsTopoM, CTPEMSCH
c030aTb €AUHYI0, CTAaHAAPTU3NPOBAHHYIO U MacLLTabupyemyto CUCTEMY OLLEHKW Ha BCEN TEPPUTOPUM CTPaHDI.
3apybexHble xe mogenu, ocobeHHo B cTpaHax BPUKC n EC, gemoHcTpupyoT Bonee feLeHTpan13oBaHHbIN,
MMOKWIA M OPUEHTUPOBAHHBIN HA PbIHOK NOAXOA, FAE roCyaapCTBO BbICTYNAET CKOPEE KOOPAMHATOPOM W rapaH-
TOM KayecTBa, a pabotogatenu 1 camu rpaxaaHe urpatot bonee akTUBHYH porb B ynpaBneHun cBoumM oby-
YeHneM 1 pa3suTreM. KntoyeBbIM MHCTPYMEHTOM LIMPPOBON OLEHKM B Poccumn SBRSIETCS AEMOHCTPALMOHHBIN
9K3aMeH, B TO Xe BPEMS], B TakuX CTpaHax, kak [epmaHns n OuHnaHaus, akUeHT AenaeTcs Ha cuctemax cep-
TU(MKaLWW M aTTecTauum No OTPacNeBbIM CTaH4apTaMm, KOTopble YacTo pa3pabaTbiBalTCs B TECHOM COTPYA-
HW4ecTBe ¢ pabotogatensmu. Hanpumep, B GuHnaHauM VET-UHCTUTYTbI MOTYT CAMOCTOSITENBHO ONpeaensiTh
CBOM $A3bIKOBblE TpeboBaHMS, a B ['epmaHuy cuctema ABOMHOTO 06yyeHus obecneunBaeT rnybokyto MHTerpa-
umio Teopumn 1 npaktukn. B KOxHoi Kopee n CuHranype, rocygapctso CO3AaeT MOLUHbIE HALMOHAIbHbIE
nnaTgopMbl Ans HenpepbIBHOTO 0ByYeHus, KOTOpble NPeLOCTaBASAT rpaxaaHaM JOCTYN K OFPOMHOMY KOnu-
4eCTBY KypCOB U KpeauTam Ha 0by4YeHne, HO He QUKTYIOT KOHKPETHbIE METOAbI OLEHKM [7].

Ponb rocygapcTea Takke KapauHanbHO pasnuyaetcs. B Poccun MunnpocBelyenns n PocobpHaasop
yCTaHaBNMBAIOT AeTarbHble Npasuna, rpadukn, COCTaB KOMUCCHIA U KOHTPOIMPYIOT NpoLiecc nposeaeHus [13,
a B cTpaHax EC n Asum rocygapcTso B BosbLUEN CTeNeH 3aHUMAEeTCs CTPaTeErmyecknm nnaHMpoBaHUEM, CO-
3AaHMeM WHGPACTPYKTYPbl U KOOPAMHALIMEN AENCTBUIA pasnnyYHbIX akTopoB. MHTerpaums ¢ pabotogatensmu
SIBNSIETCA €LLle OAHOM TOYKOM pacxoxaeHus. B Poccum BoBneyeHne pabotogateneit popmManin3oBaHo vepes
WX yyacTue B KayecTse akcnepToB B 13 1 B pa3paboTke OLEHOYHbIX MaTepuaros, B TO BpeMS Kak B Apyrix
CTpaHax, Hanpumep, B [epmaHum, pabotoaatenu SBnSOTCA NOMHOLEHHBIMW NapTHEpPaMu, y4acTByoLUMA B
pa3paboTke y4ebHbIX nporpaMm, NpPeaocTaBneHU NPOU3BOACTBEHHON NPAKTUKA W AaXe B ynpaBleHun cu-
cTeMami HEMpepbIBHOTO NpodeccuoHansHoro passutus. B KOxHoi Kopee cuctema HaumoHanbHoOM KapTbl
NpoeCCHOHanbHbIX TPEHUHIOB HAMPAMYHO CBA3bIBAET (DMHAHCOBYIO NOAAEPKKY rocyaapcTea Ha obyyeHue ¢
NPOXOXAEHNEM KYPCOB B aKKpEAUTOBAHHBIX LEHTPaX, YacTo NPeAnoxeHHbIX paboTogatensamu.

T NpUMepPbI NOKa3bIBAKOT, YTO MUP ABUKETCA B CTOPOHY CO3AaHMs rMOKOWM, aganTMBHON U NEPCOHa-
NIM3MPOBAHHON CUCTEMBI OLIEHKM, TAe KaaoMy CTYZAEeHTY npeanaraeTcs CBOW YHUKaNbHbIA MyTb 0By4YeHNs u
NpoBEpPKM CBOMX 3HaHWiA. B poccuinckoit cucteme CMNO Hapsay ¢ passutuem U B oLeHke, napannensHo naet
paboTa no hopMUPOBaHMIO LICHPOBBLIX KOMMNETEHLMIA Y CaMoro npenodaBaTensckoro coctasa. CyluecTByioT
NporpamMbl, HanpaBMeHHble Ha MOBbILIEHWE KBanWUuKaumu negaroroB B 06nactit LMQPOBLIX TEXHOMOMNIA,
Hanpumep, B pamkax HY BLIS n Angekca. Co3aatoTcs LMMPOBbIE KOMNETEHLMN ANS YYUTENEN, YYaALLMXCS 1
rpaxaaH, 4tobbl 06ecneunTb BCECTOPOHHIO NOArOTOBKY K paboTe B LndpoBoi cpege. OaHako, HECMOTPS Ha
ycunus, 4edouumuT LMgpoBbIX KOMMETEHLMIA Y MHOTUX MPenoaaBaTenei octaeTcst cepbesHbiM bapbepom. bes
AOCTATOYHOM MOATOTOBKM MEeJaroroB BHEAPEHME Aaxe camblx nepenosbix WM-uHCTpymeHToB ByaeT Head-
(heKTUBHbIM. O3TOMY OAHMM W3 MPUOPUTETOB AOIMKHO CTaTb Pa3BUTUE CUCTEM HEMPEPBIBHOIO NPOeccuo-
HanbHOro PasBUTUS ANS NpenogaBaTenen, KoTopble Bbl He TONbKO 0byyanu Nx NonNb30BaTHCS HOBbIMU TEXHO-
NOrMsIMK, HO W MOMOTanu UHTErPUPOBATBL MX B CBOK NeJarornyeckyio npaktuky [8].
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[MoaBoAas MTor NPoBeEeHHOMY UCCNefoBaHUI0 MOXHO OTMETUTb, YTO LMdpoBas TpaHchopmaums oue-
HOYHbIX Npoueayp B CIMO PO asnseTcs CRoXHbIM M MHOTO3TanHbIM NpOLECCOM, U pasBUTUe POCCUICKON MO-
[€NN, OCHOBAHHOW Ha LIEHTPann3oBaHHOM NOAXOAE U CO3L4aHWW eanHON MHAPACTPYKTYPHOM 6asbl, yxe nos-
BONWIIa JOCTWYb 3HaYMTESNbHbIX yenexoB. OfHako Ans BbiXOAa Ha HOBbIA YPOBEHb KayecTBa M 3(h(PEKTUBHO-
CTW HeobXoaMMO NPeoAoneTh CYLLECTBYIOWME UHCTUTYLUMOHANbHbIE Bapbepbl. Ans aToro TpebyeTcs ckoop-
AVHWPOBAHHOCTb YCUIMIA BCEX Y4aCTHUKOB: HAa4WHas OT rocyAapcTBa M obpas3oBaTeribHbIX OpraHusauun 4o
paboTogaTenen n camux npenogasarterneit. TombKo Takon KOMNMEKCHbIA NOAXO0A, KOTOpbIA ByAeT covetaTb B
cebe TeXHOMOrnyeckne MHHOBaLMM C Pa3BUTUEM YESOBEYECKOrO KanuTana u cosgaHuem 6naronpusaTHON MH-
CTUTYLIMOHAmNBHOW cpefbl, NO3BOSUT NOCTPOUTL B Poccun cnpaeeanuyto, 3heKTUBHYIO 1 NepcoHanmamp o-
BaHHY0 LPOBYHO AKOCUCTEMY OLIEHKM, COCOBHYI NOArOTOBUTL Kagpbl AMns COBPEMEHHOM S3KOHOMUKM.
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0COBEHHOCGTH UCM0Nb30BAHNA
COBPEMEHHBIX METOWUK NPEMNOAABAHUA
PYCCKOI'0 A3bIKA KAK WHOCTPAHHOI0 B
BOEHHOM BY3E

KY3HELIOBA /WA HUKOJIAEBHA

K.ourion.H, JoueHT
BYHL BBC «BBA umeHu npodeccopa H.E. Xykosckoro u F0.A. larapuHa»
(r. BopoHex)

AHHOTaLMA: B CTaTbe PaccMaTpUBAlOTC OCHOBHbIE METOAMKW, MPUMEHSIEMbIE NpenoaaBaTensMi1 pycckoro
A3blka Mpu 00y4YEHUN MHOCTPAHHBIX BOEHHOCMYXalUUX B BOEHHbIX By3aX. AHanM3vpyKTCS MpeuMyLLecTBa
KOMMYHWUKATUBHOTO METOAA W  KOMMEKCHOro Mofxoda, TPYAHOCTM  WCMONb30BaHMS  SNMEKTPOHHO-
MHTEPAKTMBHOTO O0BYYeHst B BOEBHHOM BY3€.

KnioueBble cnoBa: MeTOAMKM NpenoaaBaHus, PYCCKuii A3bIK Kak MHOCTpaHHbIN, BOEHHBIN BY3

FEATURES OF USING MODERN TECHNIQUES TEACHING RUSSIAN AS A FOREIGN LANGUAGE AT A
MILITARY COLLEGE
Kuznetsova Yuliya Nikolaevna

Abstract: the article discusses the main methods used by Russian language teachers in the training of foreign
military personnel in military universities. The advantages of a communicative methodology and an integrated
approach are analyzed, as well as the difficulties of using electronic interactive education in a military university.
Keywords: teaching methods, Russian as a foreign language, military university

Pa3BuUTE 1 COBEPLUEHCTBOBAHWE CUCTEMbI BbICLLETO NPOGECCHOHANBHOMO 0Bpa3oBaHns B COBPEMEH-
HoM Poccum cnocobCTBYeT POCTy YnCra MHOCTPaHHBIX FPadaH, XenarwLwmx YYUTbCs B POCCUICKUX By3aX.
Ewe Bo BpemeHa CoseTckoro Coto3a MHOCTPaHHbIE rpaxaaHe u3 cTpaH BocTouHon u 3anagHon Esponbl, J1a-
TUHCKON 1 CeBepHoit Amepuki, Asun 1 Acpukmn npruesxani Ha obyyeHne B COBETCKME By3bl. [Ins peanusauum
obpa3soBaTenbHOro NpoLecca CoBeTCKas BbICLas LUKOra paspaboTana BbICOKOKMACCHYK0 CUCTEMY MeTOAMYe-
CKUX MPUHLMNOB 0ByYeHNS NHOCTPAHLIEB PYCCKOMY S3bIKY.

CoBpeMeHHble MeTOAMKY NpenofaBaHns PYCcCKOro f3blka Kak MHOCTPaHHOro npeacTaBnsatT coboit pas-
Hoobpas3ie Noaxoao0B, KOTOPble COCOOHbI YAOBNETBOPUTL NMtobble NOTPEBHOCTN CambIx M3BbMpaTenbHbIX Npe-
noaasartenei 1 obyyatoLmxcs 1 peLlarT psag 3adad, NoCTaBMeHHbIX AUCLUMNANHON «PyCCKU A3bIK Kak WHO-
CTpaHHbIny. MeToamka 0byyeHus pycckoMy A3blKy Kak MHOCTPaHHOMY YCTaHaBnMBAET 3aKOHOMEPHOCTH, CO-
CTaBnsAoLLME OCHOBY Y4ebHO-NO3HABATENbHOM AEATENBHOCTU, HAaNPaBNEHHOM Ha OBNageHWe peyeBbiM anna-
paToM Ha pycckoM s3blke [1].

Cpenu OCHOBHbIX 3aay B NpenofaBaHun PyCCKOro A3blka Kak MHOCTPAHHOMO CreayeT BblAenUTb che-
aytoLyve:

- YCBOEHME MPaKTUYECKMX HABbIKOB WCMOMb30BAHWNS PYCCKOTO A3blka Kak WHOCTPAHHOTO B 0BWUXOQHO-
ObITOBOM 1 NPOECCUOHANBHO OPUEHTUPOBAHHON KOMMYHUKALIW;
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- OCBOEHME PYCCKOro A3blka Kak MHOCTpaHHOMO B 0bbeme, Heobxoanmom ans paboTel ¢ npodecco-
HanbHO OPUEHTUPOBAHHBIMM M OBLLEKYbTYPHBIMW TEKCTAMM;

- pa3BUTHE YMEHUA COOTHOCUTL A3bIKOBbIE CPEACTBA C HOPMaMMU PEYEBOro MOBEAEHMS, YCTaHOBIEH-
HbIMW B CTPaHe HOCUTENeln 0CBaMBaEMOTO A3blKa.

B npouecce u3yyeHus pycckoro si3blka Kak MHOCTPAHHOMO COBEPLLEHCTBYETCS MEXKYNbTYPHAs KOMMY-
HWKauws, oTpabaTblBalOTCA HaBbIKM OOLEHNS Ha WHOCTPAHHOM A13bIKE, MPOMCXOAMUT paclUMpeHne Kpyrosopa
WHOCTPaHHbLIX 0ByYaloWMXCA NPU U3YYEHWUN JTIMHIBOCTPAHOBEAYECKNX U XYLOXECTBEHHbIX TEKCTOB, MOBbILLA-
€TCS YPOBEHb KYNbTYpbl PeYM W MbILSIEHUS, BOCIUTLIBAETCS TOMEPAHTHOCTb B MOMMKYILTYPHBIX rpynnax, a
TaKke (OPMUPYETCA CUCTEMA JTIMHTBUCTUYECKOW, NPEAMETHO-NPOECCMOHAIBHON U KOMMYHUKATUBHON KOM-
neTeHuni.

Haunbonee feiCTBEHHbIM W aKTUBHO MPUMEHSIIOLMMUCS B BbICLLEN LLKOME CEroaHs SBNSTCA Creayto-
Li1e WHHOBALIMOHHbIE METOAbI 0BYYEHNS PYCCKOMY A3bIKYy Kak MHOCTPaHHOMY: MOdyNbHOe 0by4yeHne, MeToq
NPOEKTOB, MHTEPAKTMBHOE 00YyYeHne, AUCTaHUMOHHOe 06y4yeHune, npobneMHoe o0byyeHune, UccnenoBaTensCKo-
MeTogudeckoe obyyeHne n MHorue gpyrve. Cregyet OTMETUTb, YTO Kaxaas MeToauka MMeeT CBOM 0CobeH-
HOCTM W HE MOXET NMPUMEHSTLCA B YCMOBUSIX, OrPaHNYMBAIOLLMX NPUEMBI U TEXHWYECKME CpeaCTBa, peanuay-
loLLMe AaHHbIA MeTog 00yYeHms.

B BOEHHbIX By3aXx, KOTOpbIe NPUHUMAIOT Ha 06y4YeHne B nocneaHue aecatuneTus 6onbLioe YMeno NHo-
CTPaHHbIX BOEHHOCYXALLMX, NPV NPOBEAEHUN 3aHATUIA MO PYCCKOMY S3bIKY Kak MHOCTPAHHOMY MPUMEHSIKOTCA
Kak TPaAMLMOHHbIE, TaK 1 HOBbIE METObI NPENnogaBaHuWs PyCCKOro A3blka kak MHOCTPAHHOIO.

K coxaneHwto, Janeko He BCe MHTEPECHbIE U NPOAYKTUBHbIE METOAbI 0BYYEeHNs MOTYT peann3oBaTthes
B YCMOBWSIX BOEHHOrO By3a. Tak, Hanpumep, B BOEHHOM By3e HEBO3MOXHO AMCTaHLMOHHOE 0by4yeHwue, no-
CKOMbKY CyLLEeCTBYET CTPOruiA 3anpeT Ha 1Cnonb30BaHWe MOBUMBHOM CBA3M U ceTu Internet, yTo cBSA3aHO ¢
TpeboBaHUAMM 3aLMTbI FOCYAAPCTBEHHOM TalHbl. B nepuog naHaemun KopoHaBMpyCHON MHekumm B 2021
rogy obyyeHue MHOCTPaHHbIX BOEHHOCMYXKALMX OblNo 3HAYUTENBHO 3aTPYAHEHO, MOCKOMbKY ObINo HEBO3-
MOXHO B3aUMOAENCTBME C HUMU Yepes pasnnyHble CPeacTBa CBA3M, kak 3T0 BbiNo B rpaxgaHCkux Bysax, B
KOTOPbIX B KpaTyamLLme CPokM BbIN0 HanaXeHo YTeHKe nekuuii npenogasaTensami B pexvive online.

Vicnonb3oBaHue online-pecypcoB NOMOraeT pacLUMpUTb KOHTaKTbI, POPMUPYET CNOCOBHOCTL CBOBOAHO-
ro obLUeHUst Ha PYCCKOM 5i3blke C OkpyxatoLymn. OQHaKko B BOEHHOM BY3e He BCerga U He B NMOMHOM Mepe
MOXHO WCMOMb30BaTb COBPEMEHHbIE MHTEPAKTUBHbLIE TEXHONOMMM, NpeanonaralLime NpUMeHeHe KOMMbIo-
TEPHbIX MPorpamMm 1 online -pecypcoB Ans U3y4eHUst PyCCKOro A3blka Kak MHOCTPaHHOTO.

BesycnosHo, npu 0by4eHnn pycckomy A3blKy kKak MHOCTPAHHOMY B NIMHrapOHHbIX kabuHeTax BOEHHbIX
BY30B MCMOMb3YKTCS A3bIKOBbIE NPOrpaMMbl, KOTOPbIE CNOCOBCTBYIOT U3yYeHNIO A3blka, (DOPMUPYIOT HaBbIKN
BCEX BWOOB peyeBon fesTenbHocTU. Ho obLeHne ¢ obyyatowmmmcs v npenogasatensiMi U3 apyrix By30B B
pexume online B yaTax Yepes pasnuyHble online-hopymbl HEBO3MOXHO, KaK MU NPaKTUYECKN HEBOSMOXHbI BU-
LE0KOH(EPEHLMM, UCTOMNb30BaHNE 3NIEKTPOHHOM NOYTLI, OPraHM3aLms BULEO KOHCYMbTaLWi.

Takum 0bpa3om, TPYAHOCTU NPUMEHEHNS ANEKTPOHHO-UHTEPAKTUBHOIO 06Y4YeHUst B BOEHHOM By3e npu
0By4eHNn pyccKoMy A3blKy Kak MHOCTPaHHOMY 3aKIOYaeTCs Bbl HEBO3MOXHOCTU WUCMONb30BAHUS COBPEMEH-
HbIX CETEBbIX TEXHOIOMMI, K KOTOPLIM OTHOCATCS Internet n koprnopaTuBHbIE CETH.

CnegyeT OTMETUTb, YTO ANEKTPOHHOE oBpasoBaHue (e-education), 3aHMMaloLLEE BaXXHOE MECTO B Cu-
cteme 0By4eHNs cerofHs, NPUMEHsIOLLEe COBPEMEHHbIE |T-TEXHOMOrMM U AUCTAHLMOHHOE 06yYeHune, He Mo-
XET 3aMEHUTb XMBOE OBLLEHME MEXIY NeSaroroM M YYeHUKOM, NO3TOMY, HECMOTPS Ha 3HAYUMOCTb UCMOSb-
30BaHWS ANEKTPOHHbIX PECYPCOB, LIEHTPANbHOE MECTO B cUCTEMe 0BY4EHIUS MHOCTPaHHbIX rpaxaaH pycckoMy
A3bIKy OTBEEHO KOMMYHUKATUBHOMY noaxogay [2].

KomMMyHWKaTWBHBIM noaxod, Npeanonaratolyuii AManormyHocTb npouecca 0byveHns u peanuayrowmia
COBPEMEHHYK0 0BpasoBaTenbHyo napagurmy: obyyarowmincs — cyGbektT 0byveHums, YCnewwHo peanuayetcs
npu 0By4YeHUN pyCCKOMY Si3bIKy Kak MHOCTPAHHOMY B BOEHHbIX By3ax Poccun. KOMMyHWUKaTUBHO-peyeBble Cu-
Tyaumm, Co30aBaeMble Ha 3aHATUSIX N0 PYCCKOMY S13bIKy Kak MHOCTPaHHOMY B ayAUTOPUM MHOCTPAHHBIX BOEH-
HOCIyXaLLmX, CnocoBCTBYIOT CO34aHN0 0BCTOATENBCTB, B KOTOPbIX MHOCTPaHHbIE BOEHHOCTYXaLUMe yyaTcs
peanbHoMy OOLLEHMI0, YYuTbIBas HaLMOHAmNbHbIE XapakTEPUCTUKM KaXOOr0 OByvatoMxcs U KOHKPETHble
ycrnosus 06LLeHms.
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Obs3aTenbHbIM YCrIoBUEM YCNELWHOCTM 0BYyYEHNS MHOCTPAHHbIX BOEHHOCTYXXALUMX SABNSETCS OpUEHTa-
WS Ha MHAMBMAYanbHblEe 0COBEHHOCTWN MHOCTPAHHOTO rpaXaaHnHa, MMEIOLLErO IMYHOCTHbIE XapakaTepucT u-
KM M NOTPEBHOCTU B M3y4YeHUM S3bika. [103TOMY FIMYHOCTHO OPUEHTUPOBAHHBIN NOAXOA UIrPaeT NpUHLMNUAN b-
HO BaXKHYH POSb MPU M3YYEHUM PYCCKOrO A3blka Kak MHOCTPAHHOIO B BOEHHOM By3e. BaxHO npu opraHusaumum
y4ebHOro npouecca B NONMKynNbTYPHON rpynne co3gaBaTtb 6naronpusTHble YCNoBUS MEXITMYHOCTHOTO 06LL e-
HWS, KOHCTPYMpOBaTb y4ebHble CUTyaLun, UCMonb3ys Auanornyeckyo popMy obLleHUs, 0Co3HaBaTb 3HauK-
MOCTb MHOCTPAHHOMO BOEHHOCMYXaLLEro Kak akTUBHOrO CybbekTa y4ebHON AesTeNbHOCTH, He UCMONb30BaTh
aBTOPUTAPHbIA CTUMb NPW B3aUMOLEUCTBUM C MHOCTpaHHOW ayauTtopuenn. Heobxoaumo agantuposatb yye b-
HbIN MaTepuan nog JIMYHOCTHbIE OCOBEHHOCTM KaXgoro MHOCTPaHHOTO 0ByyatoLLerocs.

Peanusauuy fIMYHOCTHO OPUEHTUMPOBAHHOTO NOAX0OAa B YCMOBUSAX BOEHHOMO By3a CMOCOBCTBYIOT Takue
nefarornyeckme TEXHONOMM, Kak MeTod MPOEKTOB M pa3HOypOBHEBOE 00y4YeHWe, OPUEHTUPOBAHHOE Ha No-
3HaBaTesbHble CNOCOBHOCTM Kaxaoro obyyaroLerocs.

JTNYHOCTHO OPMEHTMPOBAHHBIN MOAXOS HE TOMbKO CMOCOOCTBYET PasBUTUIO JIYHOCTU MHOCTPAHHOMO
BOEHHOCITY)XaLLero B YCNOBMSIX BOEHHOTO BY3a YyXOW CTPaHbl, HO U BbISIBASET €70 UHAMBUAYaNbHbIE 0CO6E H-
HOCTW. Peanu3aums NMMYHOCTHO OPUEHTUPOBAHHOTO NMOAXO4A MPOUCXOAMUT NyTeM BapbUMpOBaHMS y4ebHbIX 3a-
AaHWA Ha 3aHATMAX (Pa3Hblil YPOBEHb CIIOXHOCTY; OPUEHTALMS Ha TeMbl ByayLlen cneunansHOCT U TeMbI,
NpeacTaBnsiolwme UHTEPEC AN MHOCTPAHHbIX 0OYYalOLLMXCS, akTyarnbHble Ans HUX). YUYET NMYHOCTHBIX Ka-
4ecTB 0ByyYatoLMXCs, X MHAMBMAYANbHBIX 0COBEHHOCTEN, AN dhEPEHUMPOBAHHDBIN NOAXOA K HUM CTAHOBUTCA
OfHUM 13 0683aTenNbHbIX YCIOBUA YCNELIHOCTU U3YYEHUS PYCCKOTO A3bIKa.

Pa3BuTWO NO3HaBATENbHbLIX CMOCOOHOCTEN MHOCTPAHHBIX BOEHHOCTYXALLMX B BOEHHbIX By3ax Poccuu
cnocobCTBYeT UCNONb30BaHWe CO3HATENbHO-KOMMYHWUKAaTUBHOIO Noaxoda npyu obyyYeHun pycckoMy S3blky Kak
WHOCTPaHHOMY.

OcHoBa CO3HaTeNbHO-KOMMYHUKATMBHOTO NOAXO4a — peanu3aunsi OCHOBHbIX JIMHIBOAMAAKTAYECKNX
MPUHLMMOB, K KOTOPbIM OTHOCUTCS CO3HATENBHOCTL (YMeHWe BbibupaTh cpeacTBa 06LLEeHNs, OPUEHTUPYSCH Ha
KOHTEKCT 0bLieHnsi, agpecarta obLLeHuns, coLpanbHyo porlb KOMMYHUKAHTOB) U KOMMYHUKATMBHOCTb (CoBep-
LUEHCTBOBAHWE HaBbLIKOB BMaJeHNs BCEMM BUAAMU PEYEBON AEATENBHOCTH).

KomnnekcHbI nogxod npu 06y4eHn pycckoMy 3blky Kak MHOCTpaHHOMY 06beAMHSET pasrnyHble Me-
TOAbI U TEXHOMOrMW 0ByYEHUS 1 ABNSETCSA CaMbIM LEMCTBEHHbIM, TaK Kak NO3BONSIET pa3BMBaTh PasniyHble
S3bIKOBbIE HaBbIKM, MHAMBWAYaNM3MPoBaTb 0ByyeHne. Ha3BaHHbI NOAX04 akTUBHO NPUMEHSIETCS B BOEHHbIX
BYy3aX npu 06YYEHUM MHOCTPAHHbBIX BOEHHOCIYXXALLMX PYCCKOMY SI3bIKY.

Takum 06pa3oM, OPUEHTUPYSCH Ha COBPEMEHHbIE OOCTUMXEHWS B 06nacTu mpenogasBaHus pyccKoro
A3blka KaK WHOCTPAHHOro, NpenofgaBaTeNn BOEHHbIX BY30B peanusyloT B MpoLecce S3bIKOBOM MOATOTOBKM
WHOCTPaHHbLIX BOEHHbIX CMELMAnUCTOB JIMYHOCTHO OPUEHTUPOBAHHBIN M CO3HATENbHO-KOMMYHUKATUBHbIN
NoaxoAbl, KOTOPble BO3AENCTBYIOT Ha BCE KOMMOHEHTLI CUCTEM 0BYYeHUs: Lienu, 3agayu, coaepxaHue obyye-
HWS, NyTW 1 CNOCOBLI UX peanuaaLym, TEXHOMOrMKN 0ByYeHNs, CUCTEMbI KOHTPOMS, a TakKe NPUMEHSIKT KOM-
MYHUKATMBHbIA W KOMNIEKCHbIA NOAXOAbI MPY PELUEHUN OCHOBHLIX 3aAay npenofaBaHMs PYCCKOro siblka Kak
WHOCTPAHHOTO.
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[IPOEKTHO-NCCNEQOBATENbCKAA
JEATENBHOCTb B PYINNAX KAK CPELICTBO
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AHHoTauma: B cratbe paccmaTpnBaeTCAa NPOEKTHO-UCCNEenoBaTeNbCKad AeATENbHOCTb B rpynnax Kak S(b-
q)eKTVIBHOG CpeacTso yrny6neHHoro N3y4yeHns reomeTpun B OCHOBHOM LLKOMe. Ha ocHoBe aHanusa TEopeTn-
YEeCKNX UCTOYHWKOB W nefarorn4eckoro onbiTa pacKkpblBa€TCA NOTEHUMANn AaHHOrO noaxoda npu MU3yyYeHuu
TEMbI «qupreXYFOJ'IbHMKM». OnpeneneHbl B/ObI TPYNMNOBbIX NMPOEKTOB, 3Talbl UX peanun3aunn, a Takke Mme-
TOoOn4ecKue ycrosud, 06ecneqMBa}oume JOCTKEHNE NPEeAMETHbIX N METANPeaMETHbIX PE3YNIbTaTOB 06yL|e-
HUA.

KntouyeBbie cnosa: NPOEKTHO-NCCeAoBaTeslbCkaa AeATENIbHOCTb, rpynnoBas pa60Ta, leIy6J'IeHHOG n3yye-
HWEe reoMEeTPUK, YETbIPEXYTONIbHNKWN, OCHOBHAA LLUKOJ1a, METANPEAMETHbIE Pe3ynbTaThbl.

RESEARCH AND PROJECT ACTIVITIES IN GROUPS AS A MEANS OF IN-DEPTH STUDY OF
GEOMETRY IN BASIC SCHOOL

Matukina Olga Sergeevna
Scientific adviser: Smykovskaya Tatyana Konstantinovna

Abstract: The article considers research and project activities in groups as an effective means of in-depth
study of geometry in basic school. Based on the analysis of theoretical sources and pedagogical experience,
the potential of this approach in studying the topic "Quadrilaterals” is revealed. The types of group projects,
stages of their implementation, and methodological conditions ensuring the achievement of subject and meta-
subject learning outcomes are identified.

Key words: research and project activities, group work, in-depth study of geometry, quadrilaterals, basic
school, meta-subject results.

CoBpeMeHHble TpeboBaHs k 00pa30BaHI0 NPEANonaratoT He TONBKO OCBOEHME NPEAMETHbIX 3HaHWIA, HO
N (hopMMPOBaHME Y Y4aLLMXCS CIOCOBHOCTY K CaMOCTOSITENBHOMY MOWCKY, aHanuay 1 NpUMEHeHN0 HdopMa-
umu. Monat E.C. paccmatprBana npoekTHY0 METOAMKY Kak COBOKYMHOCTb MOWCKOBbIX, MPOBNEMHbIX METOAO0B,
TBOPYECKMX MO CamMON CBOEN CyTM, NPeaCTaBNsALMX cOO0N ANAaKTUYECKOe CPELCTBO aKTVBMU3aLWMM NO3HaBa-
TENbHON [EATENBHOCTW, Pa3BUTIS KPEATUBHOCTU 1 OAHOBPEMEHHO (HOPMUPOBAHUS OMPEdeneHHbIX NMYHOCT-
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HbIX KAa4yeCTB Y4yalmMxcsi, B MPOLECCe CO3L4aHWsi KOHKPETHOrO npoaykta. B cBS3M C 9TUM MPOEKTHO-
nccneaoBaTenbekas AeATeNbHOCTb CTAHOBUTCS OAHOM U3 BeAyLMX, 06eCneumBatoLLyX peanm3aumio CUCTEMHO-
aeaTenbHocTHoro noaxopda. Ocobyto akTyanbHOCTb OHa NpuoBpeTaeT npu yriy6rneHHOM U3yuYeHu reoMEeTPIN,
re BaXHO He MpOCTO 3aroOMHUTb (DOPMYIIMPOBKY TEOPEM, HO U MOHSATL JIOTUKY WX [0KA3aTENbCTBa, YBUAETh
CBSA3M MeXy pa3nuyHbIMK pasdenami Kypca, 0Co3HaTb NMPaKTUYECKYH 3HAYMMOCTb U3y4aeMoro Matepuana.

Llenb paHHoOM cTaTbkt — 060CHOBATb 9G)HEKTUBHOCTb MPOEKTHO-UCCNEA0BATENbCKON AEATENbHOCTU B
rpynnax ans yrny6neHHoro u3yyeHns reoMeTpun B OCHOBHO LLKOE Ha NMpUMeEpE TeMbl «YeTbIpexyronbHUKN»
W onpeaenuTb METOANYECKME YCIIOBUS €€ peanu3aLuum.

[MpoekTHO-UCcCneaoBaTenbeckas AesTenbHOCTb NPeAcTaBnseT coboit cpeacTBo opraHu3aumn yyebHoum
paboThl, NPV KOTOPOI yyalLMecs CaMoCTOSTENbHO UMK B rpynnax BbINOMHAKT NPOEKT, NpeanonararLLuin no-
CTaHOBKY Npobnembl, BblABIKEHME TMNOTES, NOMCK MHADOPMALMK, aHanu3 1 0bo6LLeHMe pesynbTaTos, npe-
3eHTauuo npoaykTa. B ycnosusix paboThl B rpynnax AaHHbIN NoaxoA npuobpeTaeT AONONHUTENbHbIN NOTEH-
Lan, NocKOMbKy NMO3BOMSIET pacnpeaeniTb NCCreaoBaTenbekme 3adadn Mexay YneHamu rpynnbl, OpraHu3o-
BaTb 0OCYXOeHWEe NMPOMEXYTOYHbIX M KOHEYHbIX PEe3ynbTaToB, Pa3BMTb HaBbIKW KOMMYHUKALWMW U B3aUMO-
koHTpons. Kak otmeyaeT B.A. ['yces, npu yrnyOneHHOM 13y4yeHun reoMeTpim BaxHO pacLUMPSTb CTaHAApTHOE
cofepKaHue 3a CYET BKIHOYEHUS OOMNOMHUTENbHBIX CBOWCTB W TEOPEM, HECTAHAAPTHbIX ONpederieHnn, a Tak-
e ucTopuyeckoro KoHtekcta [1]. MpoekTHo-uccnegoBaTensckast AesTENbHOCTb B rpynnax no3sonser ag-
(DEKTVBHO peann3oBaTth 3Ty 3adayy: yyallmecs CamoCTosTENbHO NCCNeAYoT pasnnyHbie acnekTbl Tembl, 00-
paLlasch K 4ONOMHUTENbHOW nutepaTtype, UMgPOBLIM pecypcam, BbINOMHSS NpakTU4eckne NoCTpOeHUs ¢ 1c-
Nonb30BaHNEM AUHaMUYecKux reomeTpudeckux cpef (GeoGebra). Mpu n3yyeHnn Tembl «HeTbIpexyronbHUKN
MOXHO BbIZENUTL CReaytoLL/e BuabI rPynnoBbIX NPOEKTOB.

TeopeTuko-no3HaBaTeNbHble MPOEKTbI HAanNpaBneHbl Ha YriybneHHoe u3yyeHue onpeaeneHun,
CBOWCTB M NPU3HAKOB YETbIPEXYTOMNbBHIUKOB. Hanpumep, rpynna MoXeT nccneaoBaTh pasnnyHble cnocobbl 4o-
kasaTenbCTBa TeOpeMbl BapuHbOHA: YeTbIPEXYronbHUK, BEPLUMHAMM KOTOPOrO SBNSIOTCS CEPEAMHbI CTOPOH
NPOM3BONBHOIO YEThIPEXYTONbHUKA, ABMSETCS NapannenorpaMmomM, a ero nnoLladb paBHa NnosioBuUHe NioLya-
[N UCXOOHOTO YETbIPEXYronbHuKa. Takoe 3afaHue TpebyeT He TOMbKO 3HaHUA CBOWCTB CPeaHNX NMUHWA Tpe-
YrOMbHWKOB, HO 1 YMEHWS CTPOUTb TOTMYECKME LIENOYKM, CPAaBHUBATL pa3nnyHble NoAX0Ab! K A0Ka3aTenbCTBY.

KnaccudukaunoHHble NPoeKkTbl NO3BOMAKT CUCTEMATU3NPOBATb 3HAHWS O YETbIPEXYrOfibHUKAX W
YCTaHOBUTb Mepapxuyeckne ceasun mexay Humm (Puc.1). Mpynne MOXeT ObiThb NpeanoXeHo COCTaBUThb pas-
BEPHYTYIO Knaccupukaumio YeTbIPpexyronbHUKOB C YY4ETOM BCEX BO3MOXHbIX OCHOBaHWA (Hanmuuve napan-
nenbHbIX CTOPOH, PABEHCTBO CTOPOH, CBOMCTBA [AMaroHaneit) v npeacTaBuTb €e B BiAE CXEMbI, Tabnuupl, UH-
TennekT-kapTbl (Puc.2, Puc.3). Takas paboTta cnoco6CTByeT (hOpMUPOBAHNIO CUCTEMHOMO MbILUIIEHUS U pas3-
BUTUIO HABbIKOB CTPYKTYPUPOBaHNS MHGOpMaLnN.

MpaKTMKO-OPpMEHTUPOBAHHbLIE NPOEKTbI HanpaBneHbl Ha NPUMEHEHNE CBOMNCTB YETbIPEXYrOSIbHUKOB B
peanbHblX cuUTyauusix. Hanpumep, yvacTHMKam rpynnbl npegnaraeTcs paspaboTatb MPOEKT MNaHWMPOBKM
yyacTka, pa3butoro Ha reoMeTpuyeckme urypbl, paccumtatb Nnowaan 1 nepumeTpbl, 000CHOBaTL BbIOOP
hOpMbI ANS KaXAoro anemeHTa. [lpyroi BapuaHT — CCreaoBaHNe apXUTEKTYPHbIX 0ObEKTOB POAHOrO ropoaa
C LENbI BbISIBNEHNS B HUX YETbIPEXYronbHbIX hopM 1 aHanu3a ux ceoncTs. [. Mona B cBoen pabote noa-
yepkuBarn, TOT OaKT, YTO peLleHne Takux 3aaad yYUT He MPOCTO NPUMEHSTb 3ay4YeHHbIE anropuTMbl, a 1CKaTb
HecTaHJapTHbIE MyTW, aHaNMW3MPOBaTb CUTYaLMIO, BblABUraTb MMMOTE3bl U MPOBEPSTb X — TO eCTb 3aaeit-
CTBOBaTb 3BPUCTUYECKME NPUEMBI [3]. Takne NPOoeKTbl 4EMOHCTPUPYIOT CBA3b FEOMETPUM C pearibHOM Xu3-
Hbt0, NOBbILLAKT MOTUBALIO U NO3HABATENbHbIN MHTEPEC.

WUcTopurueckune npoekTbl NpeanonaraoT u3ydeHne NCTOPUM Pas3BUTUS 3HAHWI O YETbIPEXYTONbHIKaX: OT
TpyooB EBKNMOa v OpeBHErpeyYecknx MaTeMaTUKOB 40 COBPEMEHHbIX UCCneaoBaHuiA. [pynmna MoXeT noaroTo-
BWTb NPE3EHTALMI0 O MPOUCXOXAEHNUN HAa3BaHWN FeOMEeTPUYECKVX uryp, O BKMaZe YYeHbIX B pa3BUTUE NNaHu-
METPUM, O TOM, Kak MEHSITINCb NOAXOAb! K M3YUYEHIIO CBOWCTB YETbIPEXYTONBHUKOB Ha MPOTSHKEHN BEKOB.

WUccnegoBartenbckue NpoekTbl C UCMOMb30BaHWEM LMDPOBbLIX MHCTPYMEHTOB MO3BONSOT yYaLLMMCS
NPOBOANTL BUPTYamnbHbIE AKCMEPUMEHTbI, U3MEHSI napameTpbl uryp M Habnaas 3a M3MEHEHMAMM UX
ceoncTB. Hanpumep, B cpeae GeoGebra yyacTHuKkam rpynnbl npeanaraeTcs UCCrnegoBaTh 3aBYCUMOCTb MEX-
Ay AVaroHansiMy 1 yrnamn YeTbIpexyronbHUKOB, (hOPMYNMpPOBaTh MMMNOTE3bl 1 MPOBEPSATb UX HA KOHKPETHbIX
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npumepax. Takon nogxoq (bopMleyeT Y yYallnxca HaBblKK akcnepmmeHTaanon pa6OTbI, YMEHNA BbIABUIaTb
W NMPOBEPATb NMPeanonoXxeHus.
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Puc. 2. Knaccuchmkaumsa yeTbIpexyrosibHUKOB MO Pa3fMYHbIM OCHOBaHUAM
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Puc. 3. Tabnuua cBOMCTB YeTbIPEXyronbHUKOB

OPhEeKTUBHOCTb NPOEKTHO-MUCCNEA0BaTENbCKON AeATENBHOCTY B rpynnax obecnevmBaeTcs BbiNoHe-
HUEM CNEaYOLLMX METOANYECKIX YCMOBUIA, ONMCaHHbIX B uccneaoBanusax I.K. Cenesko [4].

TwartenbHaa NoAroToBKa U CTPYKTYpUpOBaHUe. YUMTenNb JOMKEH YeTKO chopmynmpoBaTb npobre-
My, ONpeaenuTb LEenu 1 OX1aaeMble pesynbTaTbl NPOekTa, pa3paboTarb KpUTEPUM OLEHKM, MOAFOTOBUTL He-
obxoaumble pecypchl (KapTouKm, LtPOBbIE MHCTPYMEHTbI, UCTOYHMKM MHCPOPMaLmMK). BaxHO, UTobbI Kaxabli
YYaCTHWK rpynnbl 0CO3HaBas CBOK POSib 1 MOHMMAT, KaK ero BKNaza BUSET Ha 06Lwuin pe3ynbTar.

PacnpegeneHue ponen BHyTpu rpynnbl. B 3aBUCMMOCTY OT BMAa NpoekTa 1 cocTasa rpynmbl MOXHO
BbIAENWUTbL PONKM KOOpAMHaTOpa, UCCneaoBaTens, aHanuTuka, oopMuTens, npeseHTaTopa. YeTkoe pacnpe-
AeneHve 0bsizaHHOCTEN NO3BONSET M36exaTb CUTyaLMiA, KOrha OAHM yyallmecs BbIMOMHST BOMbLUy YacTb
paboThl, a ApyrMe ocTarTcs naccuBHbIMK Habmogatenamu. .M. YepenoB oTmeyan, Yto npaBuibHas opra-
HW3awLms paboTbl B ManbIX rpynnax crnocobCTByeT pa3BUTUIO YyBCTBA TOBAPMLLECKOM B3aMMOMNOMOLLM [5].

YepegoBaHue MHAMBMAYANbHbLIX U KONNEKTUBHbLIX 3TanoB paboTbl. Kak nokasbiBaeT npakTuka,
9(h(EKTUBHO HAYMHATL C MHOMBMAYANbHOrO O3HAKOMIEHMS C MaTepMarioM M NOCTaHOBKYM COBCTBEHHBIX BO-
NPOCOB, 3aTEM NEPEXOANTb K 0BCYXAEHWIO B rpynne, COBMECTHOMY MOMUCKY PELUEHMI, pacnpeaeneHuio 3aga-
HWi1, a 3aBepLUaTb paboTon B rpynnax 1 KONMeKTUBHOW 3aLLUTON NPOEKTa.

WUcnonb3oBaHue coBpeMeHHbIX LutpPOBbIX UHCTPYMEHTOB. [JuHaMUYeCKe reoMeTpuyeckme cpe-
abl (GeoGebra, Desmos), oHnaiH-gocku (Miro, Jamboard), o6nayHble xpaHunuwa no3sonsT rpynnam 3g-
(hEKTMBHO B3aWMOLENCTBOBaTb, 0OMEHNBATLCA MaesMK, (MKCUPOBATb NPOMEXYTOYHbIE PE3ynbTaTbl U COB-
MECTHO CO3AaBaTb KOHEYHbIN NPOAYKT.

MpeseHTaums u 3awmrta pe3ynbTaToB. 3aBepLUaloWyM 3TanoM rpynnoBoro npoekTa senseTcs nyo-
NMYHast 3aluTa, B X0A4e KOTOPOMN y4yalmMecs NpeacTaBnsatT CBOW UCCNEA0BaHNS, OTBEYAOT Ha BONPOChI, ap-
YMEHTUPYIOT CBOW BbIBOAbI, TEM CaMbiM Pa3BMBast HABbIKW My6NNYHOTO BbICTYMNEHMS.

Pechnekcua u BzaumooueHka. [ocne 3aluTbl NPOEKTa BaXHO OpraHM30BaTb 00CYyXaeHNe pesynbTa-
TOB paboThI: YTO MOMYYNUIIOCh, KAKUE TPYAHOCTI BO3HUKIN, KaK MOXHO 6bino Obl ynyylumTb pesynbTtaT. BaxHo,
4TOObI yYalLMecs OLEHMBANK He TOMbKO KOHEYHbI MPOAYKT, HO 1 NPOLECC COBMECTHOW paboTbl, BKNaj Kax-
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[0r0 yyacTHuKa. Pedhnekcus SBnseTcs BaxXHEMLLMM KOMNOHEHTOM y4eBHON AeATENbHOCTH, COCOBCTBYOLIMM
OCO3HAHWIO yyaLyMmUCs COBCTBEHHOTO NPOABKEHNS B 0By4EHMM.

[MpuMepoM peanuaauynn NPOEKTHO-UCCNeO0BATENbCKON AEATENBHOCTY B rpynnax MOXeT CRyXuUTb Npo-
eKT Mo TeMe «HeBbINyKnble YeTbIPEXYTOMNbHYKIY, NPOBEAEHHBIN B 8-M Knacce C yriybneHHbIM u3yyeHnem ma-
Tematuku. Kaxgas rpynna nosy4aeT 3afaHue uccnenoBatb onpeaeneHns, CBOACTBa U NpUMepbl HEBbIMYKITbIX
4eTbIpexyroflbHUKOB, NOCTPOUTL UX Mogem B GeoGebra, CpaBHUTb CBOMCTBA C BbIMyKIbIMA aHarnoramm
NoAroToBUTL NpeseHTauuo. B xoge paboThl, yyalumecs ocBanBaloT HOBble MOHATUS, Pa3BMBAOT HaBbIKM pa-
60Tbl C UMPOBLIMI UHCTPYMEHTaMMU, YHaTCS apryMEHTMPOBAaTb CBOM BbIBOAbI, & TAKKE Y3HAKT, YTO NOHATHE
4eTbIPeXyroflbHUKa He OrpaHWMYMBAETCA TOMbKO BbIMNYKMbIMWA (OUrypaMu, YTO 3HAYUTENTbHO pacLUMpsieT ux
NpeacTaBneHne 0 reOMeTPUYECKUX PopMax.

I.E. MaTtTeeBa nogyepkuBaeT, 4To rpynnosas popma opraH13aLmm ypoka UMEET CIIOXHYK CTPYKTYpY, B
npoLecce KOTOPOW YCTaHABMMBAIOTCA NPOAYKTUBHbIE CBA3N HE TOMbKO MEXZY YYUTENEeM U yyaliuMmcs, HO U
BHYTPU YYEHWYECKOrO KOnnekTua [2]. IMEHHO 9TO genaeT NpOeKTHO-WUCCeaoBaTeNbCKy AEATENBHOCTD B
rpynnax ocobeHHO aqHEKTUBHOM NPU U3YYEHWUI TEOMETPUM.

Hamu 060CHOBaHO, YTO NPOEKTHO-UCCNefoBaTeNbCKas A4eATENbHOCTb B rpynnax SBMseTCs CPeACTBOM
yriyBneHHOro M3y4eHns reOMETPUM B OCHOBHO LLIKOME.

OHa no3BonseT: pacMpUTb M CUCTEMATU3MPOBATb 3HAHMS y4alLMXCA O reoMeTpuyeckux durypax,
BbINTM 3a pamMKu CTaH4APTHOTO COAEPXaHUst; Pa3BUTb UCCNe0oBaTENbCKNE HABbIKU: YMEHUE CTaBUTb BOMPO-
Cbl, BblABMraTh rmnoTesbl, UckaTb 1 obpabaTbiBaTh WHGOPMAaLMIO, AenaTh BbIBOAbI;, CHOpMUpOBaTL METa-
npeaMeTHble KOMMETEHLMM: HaBblky paboTbl B KOMaHAE, KOMMYHUKaLMK, pacnpeaeneHns ponemn, COBMECTHO-
ro NMaHMPOBaHMS 1 B3aWMOKOHTPOMS; NOBBICUTH NO3HABATENbHYI MOTUBALMIO U UHTEPEC K FEOMETPUM Yepes
NPaKTUYECKYI0 W UCCrefoBaTeNbCKy AEATENbHOCTb, MOArOTOBUTL YYALLMXCA K AanbHEMLeMy oByyeHunio B
CTapLUel LIKore W BY3e, rae HaBbIKi MPOEKTHOM W UCCrefoBaTenbCkoi paboTbl ABASKOTCS HEOOXOAUMbIMU.
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Abstract: The article examines the issue of interaction between the family and the preschool educational or-
ganization as a key condition for the child’s full development and socialization. The essence of the concept of
“interaction” is revealed; the importance of partnership relations between teachers and parents is substantiat-
ed; the leading role of the family in upbringing and the need for preschool educational organizations to recog-
nize this priority are emphasized. The paper systematizes the main forms and methods of cooperation be-
tween kindergarten and the families of pupils — from traditional ones, such as parent meetings and consulta-
tions, to active and modern forms, including project activities, online communication, and joint leisure events.
Special attention is paid to the conditions for building trusting relationships, improving parents’ pedagogical
competence, and creating a unified educational environment. Examples of effective interaction practices are
provided, contributing to the consistency of educational approaches in the family and kindergarten. The results
of the study may be useful for teachers, psychologists, heads of preschool institutions, as well as students ma-
joring in pedagogy.

Keywords: interaction between the family and the preschool educational organization; preschool education;
partnership with parents; pedagogical education of parents; forms of cooperation; socialization of a preschool
child; unified educational environment; conscious parenting; educational approaches; project activities with the
family.

B3AUMOLENCTBUE CEMbM U JOLIKONbHOW OEPA3OBATENBHOW OPrAHU3ALIMM

EHoBa UpuHa BnagumupoBHa,

cTapLumii npenoaasarterb kadeapbl Neaarorvku HavanbHOro W AOLWKOSbHOro 0bpasoBaHns
rOY BO MO «['ocyaapCTBEHHbIN ryMaHUTapHO-TEXHOMOMYECKUI YHUBEPCUTET»
KapbipoBa KapuHa KamunbeBHa

cTapLuui npenogasaTesib Kadeapbl aHrUICKON (OUIonorui 1 nepeBoaoBEAEHMS

rOY BO MO «['ocyaapCTBEHHbIN ryMaHUTapHO-TEXHOMOMYECKUI YHUBEPCUTET»

AHHoOTaums: B cTatbe paccMaTpuBaEeTCs BONPOC B3aMMOAENCTBUS CEMbU 1 [OLIKONbHON 06pa3oBaTesibHOM

OpraHu3aUui Kak Krio4YeBOro YCrOBWsi MOMHOLEHHOrO pasBuTUS W coumanu3aumm pebeHka. PackpbiBaetcs
CYLLHOCTb MOHSATUS «B3aUMOLEeNCTBIMEY; 060CHOBLIBAETCS BaXHOCTb NAPTHEPCKIX OTHOLLEHMIA MeXay neaaro-
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raMmn ¥ poauTensiMu; NogYepKMBaeTCs Beaylas pofib CEMbM B BOCMUTAHWM W HEOOXOANMOCTb MPU3HAHWS
AOLLKONMbHbIMM 0Bpa3oBaTenbHbIMU OpraHM3auMsamMm 3TOro npuoputeTta. B cTaTtbe cucTEMATM3MpOBaHbI OC-
HOBHbIE (POPMbI U METOAbI COTPYAHMYECTBA AETCKOro Caga C CEMbSAMM BOCMUTAHHUKOB — OT TPaAMLIMOHHBIX,
TaKWX KaK poauTenbCckue cobpaHuns 1 KOHCYNbTaumm, 40 aKTUBHBIX M COBPEMEHHBIX, BKMKOYAs MPOEKTHYH Aes-
TEMNbHOCTb, OHNAH-KOMMYHWKALMIO M COBMECTHbIE AOCYroBble Meponpusitus. Ocoboe BHUMaHWE yaensercs
YCIOBWAM MOCTPOEHMUS [OBEPUTENBHBIX OTHOLLEHMIA, MOBbILIEHWS NEAArorNYecKon KOMNETEHTHOCTI POAMTe-
nen 1 co3gaHust eauHoi obpasoBaTenbHoN cpedbl. [pueeaeHsbl Npumepbl 3PEEKTUBHLIX MPaAKTUK B3aMMO-
AENCTBMSA, CNOCOOCTBYIOLLMX COMNACcOBAHHOCTY BOCMUTATENbHbIX MOAXOAOB B CEMbE M ETCKOM cagy. Pesynb-
TaTbl UCCNEeLoBaHMA MOryT ObITb MONE3HbI Negaroram, NCUXonoram, 3aBedyLLMM OOLKOMbHbIMK yYpexae-
HUAMK, @ Takke CTyAeHTam Neaarormyecknx cneunanbHoCTen.

KnioyeBble cnoBa: B3aMMOLeiCTBME CEMbM M AOLLKONbHON 06pa3oBaTenbHON OpraHv3aumm; AOLLKOMbHOE
obpa3oBaHue; NapTHEPCTBO C POAMTENAMM; NEAarormyeckoe NpocBeLLeHe poauTenen; opmMbl COTPYAHNY e-
CTBa; coumanuaaums pebeHka AOLIKONbHOrO Bo3pacTa; eanHas obpasoBaTenbHas cpeaa; 0CO3HaHHOE POoaW-
TENbCTBO; 06pa3oBaTesbHble NOAXO0Ab!; NPOEKTHAN AeATENbHOCTbL C CEMbEN.

According to the Federal State Educational Standard for Preschool Education, interaction between a
preschool educational organization and the family is one of the key principles of preschool education. The fam-
ily and kindergarten are two significant institutions of a child’s socialization, each performing its own educa-
tional functions; at the same time, their coordinated work is absolutely necessary for the full development of
the child’s personality [5]. The family remains the child’s closest social environment and continues to play a
unique role: it preserves national culture, the traditions of folk pedagogy, and universal human values. It is
within the family that the foundations of morality are laid, the spiritual development of the younger generation
takes place, and the potential for social renewal is formed. As L. S. Vygotsky emphasized, the family repre-
sents the most important element of the social situation of development, where the process of socialization
proceeds most naturally and painlessly, with upbringing serving as its main mechanism [1]. Within the family
educational community, the child gains invaluable experience: he or she constantly observes the behavior of
parents in an informal setting, communicates with people of different ages and life experiences, and is natural-
ly involved in real life through joint trips, hikes, visits to theaters and museums, and participation in national
holidays. Within the family, deep, emotionally rich intergenerational relationships of a personal nature are
formed,; it is here that the child acquires the first and most significant patterns of social behavior and accumu-
lates essential life experience.

The family and kindergarten, while performing their specific functions, cannot replace each other; on the
contrary, they are intended to complement each other and build partnership-based interaction for the sake of
the child’s full development. It is precisely the coherence and unity of educational influences on the part of the
family and the preschool institution that create the necessary conditions for the successful upbringing of the
younger generation [6].

The upbringing of children has been considered since time immemorial one of the most complex human
activities, often referred to as an art. Knowledge about the interaction between family and public education
was reflected in folklore, ancient codes of rules (“Domostroi”), moral teachings, and the works of educators
such as Vladimir Monomakh, Epiphany Slavinetsky, Mikhail Lomonosov, and others. In these sources, special
attention was paid to the role of parents in the upbringing of children and to the fundamental principles of fami-
ly education [5].

Historically, the idea of a preschool institution as a supplement to family education was embodied by
Friedrich Froebel, who opened the first kindergarten in Western Europe in the first quarter of the nineteenth
century. As A. S. Simonovich noted, the kindergarten was conceived as a means of supporting the family in
cases where there were no other children of an appropriate age at home, where the mother did not have
enough time or knowledge to guide children’s activities, or where household conditions required silence,
thereby limiting the child’s activity [2].

For a century and a half since A. S. Simonovich opened the first private kindergarten in Russia, key is-
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sues concerning the interaction between the family and the preschool institution have continued to be dis-
cussed: how best to combine their efforts in the education and upbringing of the child, and what the nature and
content of their relationship should be — mutual complementarity, mutual contradiction, or compensation for
each other’s shortcomings [2].

K. D. Ushinsky proposed a model framework for such cooperation, emphasizing that the harmonious
combination of kindergarten education with properly organized family upbringing in a pedagogically informed
family creates the best prerequisites for children’s successful preparation for schooling [3]. Thus, he regarded
these two institutions not as competing, but as mutually complementary forces.

Several decades ago, state policy placed emphasis on the priority of public education: both teachers
and parents shared the belief that educational organizations bore the main responsibility for shaping the per-
sonality of the future active member of society and builder of a “bright future.”

A significant turning point in the relationship between the family and preschool institutions occurred in
the 1990s in the context of educational reform, which also affected the sphere of preschool education. The
change in state policy led to a reassessment of the role of the family: it was recognized that parents bear the
primary responsibility for raising children, while all other social institutions, including preschool educational or-
ganizations, are intended to act as assistants by supporting, guiding, and complementing the educational ef-
forts of the family [9].

Today, family upbringing is no longer perceived as an isolated factor in personality development: its ef-
fectiveness increases significantly when it is organically complemented by the work of other educational insti-
tutions that build partnership-based, mutually complementary relationships with the family. The active partici-
pation of parents in the life of a preschool educational organization benefits all participants in the pedagogical
process, with children, of course, gaining the greatest benefit [4].

In modern pedagogical practice, innovative approaches to interaction with parents are being actively
developed, based on close cooperation between the preschool educational organization and the family. Both
parties face a common task: to combine their efforts not only for the comprehensive development of the child,
but also for the personal growth of the adult participants in the educational process [6].

The issues of interaction between the preschool educational organization and the family are elaborated
in detail in key program and methodological documents for preschool institutions. The Federal Educational
Program for Preschool Education provides for systematic cooperation with parents in a number of areas: cre-
ating conditions for the intellectual and personal growth of the preschool child, revealing his or her creative
abilities, strengthening physical and mental health, ensuring the emotional well-being of each child, and intro-
ducing children to universal human values.

Parents and teachers represent two key forces in the formation of personality, and their significance is dif-
ficult to overestimate. Today, what is especially important is not merely formal interaction, but genuine mutual
understanding and mutual complementarity between the family and the educational organization in matters of
children’s upbringing and education. However, in order for the preschool educational organization to truly be-
come an open system rather than remain one only in words, relationships based on the psychology of trust must
be built between parents and teachers. The foundation of such trust is laid primarily through parents’ respectful
attitude toward the teacher, based on recognition of his or her professional competence in matters of upbringing.
At the same time, the personal qualities of the preschool educational organization staff member—care, kindness,
sensitivity, and attentive attitude toward children—play a significant role. Nevertheless, the success of coopera-
tion is also determined by the mutual attitudes of the family and the preschool institution.

In order for parents to develop confidence in the teacher’s benevolent attitude toward their child, it is im-
portant for the educator to learn to notice and emphasize the child’s strengths, create conditions for their de-
velopment, and draw parents’ attention to them. In communication with families, evaluative judgments should
be avoided: criticism directed at the child may provoke a painful reaction, lead to loss of contact, and under-
mine trust. Interaction between teachers and parents should be based on the principles of equality; neither
party has the right to dictate terms or exercise control over the other. When a child enters an educational or-
ganization, teachers encounter an already formed individuality shaped within the family, and this fact must be
taken into account in the educational process [4].
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Establishing trusting relationships between parents and teachers brings tangible benefits to all partici-
pants in the educational process. When families readily respond to educators’ suggestions—participating in
the preparation of crafts for competitions, attending open events, and becoming involved in the life of the
group—this not only strengthens their bond with the child but also helps them gain a deeper understanding of
the child’s individual characteristics. It is precisely trust-based communication with parents that enables teach-
ers to identify the child’s individual traits and select the most effective methods of upbringing and instruction.
The main advantage of such interaction, however, is reflected in children’s well-being: being within a unified
educational environment, they feel inner confidence and emotional comfort, which has a positive impact on
their relationships with both adults and peers. It is important for both teachers and parents to realize that all
their joint efforts are directed toward a common goal: unlocking the potential of every child [4].

In modern educational practice, various levels of interaction between teachers and the families of pupils
are distinguished. Partnership is considered the highest form of such cooperation. This style implies that both
teachers and parents recognize the value of joint work, feel the need to coordinate their actions, share respon-
sibility for the outcomes of upbringing, strive to make their own contribution to the educational process, and
are ready to jointly analyze its progress and results [6]. Today, socio-pedagogical partnership between the
preschool organization and the family is recognized as one of the most effective and promising formats of in-
teraction. However, as researchers emphasize, its development requires purposeful work on the part of the
teaching staff: it is necessary to foster parents’ readiness for active cooperation, create bodies of parental self-
government and coordination councils, and also improve teachers’ own competence in matters of partnership-
based interaction with families.

Thus, modern preschool educational organizations are built on the principle of close interaction among
all participants in the educational process—children, teachers, and parents. Such cooperation becomes an
important condition for the child’s comprehensive development, making it possible not only to shape the child’s
personality as a whole, but also to purposefully develop specific qualities, such as independence, taking into
account the age-related characteristics of younger preschool children. The parent education program builds a
partnership model of interaction between the family and the preschool educational organization, within which
parents cease to be passive observers and become full-fledged participants in the educational process. This
approach is based on a number of conceptual foundations. First of all, the program proceeds from the priority
of family upbringing: the family is regarded as the primary environment of socialization, which sets value orien-
tations and shapes the emotional background of the child’s development. At the same time, the preschool ed-
ucational organization does not replace family upbringing, but complements it, while the unity of requirements
set by the family and the preschool educational organization is recognized as a necessary condition for the
child’s psychological stability. An important element is the idea of conscious parenting: parents are expected to
reflect on their own educational practices, master modern psychological and pedagogical approaches, and
take responsibility for choosing methods of upbringing.

In addition, parental participation makes it possible to implement the principle of individualization — to
take into account the child’s unique needs, family traditions and cultural characteristics, as well as the family’s
available resources, including time, competencies, and material conditions.

Within this model, parents perform several key roles in the educational environment. As co-designers of
the developmental space, they organize the home educational environment by creating areas for play, creativi-
ty, and experimentation, selecting materials and toys appropriate to the child’s age and interests, and provid-
ing conditions for the child’s independent activity. As co-participants in the educational process, parents be-
come involved in joint projects of the preschool educational organization, such as thematic weeks, exhibitions,
and research activities; they support the child’s cognitive initiatives in everyday life, including observations,
experiments, and reading; and they participate in the preschool organization’s events, such as master classes,
celebrations, and volunteer activities.

As carriers of family values, parents transmit traditions, customs, and linguistic culture to children, form
the child’s sense of belonging to the family and society, and integrate family experience into the educational
themes of the preschool educational organization. As experts in the child’s individual educational pathway,
they inform teachers about the child’s characteristics, including interests, fears, and habits; together with
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teachers, they identify areas for development and corrective tasks; and they monitor the dynamics of the
child’s achievements in the home environment. Finally, as mediators of the digital environment, parents regu-
late the child’s access to gadgets and content, teach the basics of cybersecurity, and use the digital resources
of the preschool educational organization, such as chats and online materials, to support learning. To involve
parents, the program offers a set of mechanisms that can be divided into several groups.

Information and educational mechanisms include parent meetings and lectures on age-related charac-
teristics and the Federal State Educational Standard for Preschool Education, thematic newsletters and book-
lets with recommendations on organizing daily routines, nutrition, and safety, as well as digital channels such
as messengers and preschool educational organization websites for the prompt exchange of information. Di-
agnostic mechanisms involve questionnaires and surveys aimed at identifying family needs and difficulties in
upbringing, individual consultations with a psychologist, speech therapist, or educator, as well as observation
of parent-child interaction within the preschool educational organization.

Practice-oriented mechanisms include master classes on speech development, creativity, and experi-
mentation; joint projects, such as “The Family Book” and “The Museum of Professions”; parent clubs and fo-
rums for sharing experience and discussing cases; as well as volunteer initiatives, including assistance in dec-
orating group rooms and organizing excursions. Reflective mechanisms include discussions on methods of
encouragement and punishment, boundaries of permissible behavior, analysis of video recordings of parent—
child interaction, and keeping observation diaries on the child’s development.

Parents’ contribution to the creation of the educational environment is manifested in several aspects. In
the home environment, parents organize the space into functional zones by setting up areas for play, reading,
and experimentation; enrich the environment with developmental materials such as construction sets, natural
objects, and books; and maintain a daily routine that ensures a balance between activity and rest. In shaping
the emotional and psychological climate, they provide the child with unconditional acceptance, support his or
her initiative, resolve conflicts constructively, and encourage curiosity and independence. The unity of re-
quirements is achieved through the coordination of rules of behavior in the family and in the preschool educa-
tional organization, the creation of a unified system of rewards and limitations, and joint monitoring of the
child’s achievements.

The expansion of the educational context takes place through family visits to museums, parks, and nat-
ural settings; discussions of the day’s events; reading books; speech-development games; and involving the
child in household chores as a form of labor education. Support for individual interests includes identifying the
child’s inclinations, whether artistic, research-oriented, or athletic; selecting additional activities and clubs; and
creating conditions for in-depth exploration of topics that interest the child.

The program takes into account the specific features of working with different categories of families. For
families of children with disabilities, adapted recommendations are offered for organizing the home environ-
ment, along with training in methods of corrective and developmental work and psychological support for par-
ents. In working with single-parent families, the emphasis is placed on the resources of the single parent and
assistance in distributing responsibilities and managing time.

For large families, strategies are developed to harmonize relationships among children, as well as ideas
for joint activities that take into account the age of each child. Migrant families receive support in preserving
their native culture and language, as well as guidance aimed at integration into the Russian educational envi-
ronment.

The expected outcomes of parental participation are multifaceted. For the child, they include increased
cognitive activity and motivation to learn, the development of communication skills and emotional regulation,
successful adaptation to the preschool educational organization and school, and awareness of his or her own
uniqueness and family roots. For the family, the outcomes are reflected in the growth of parental competence
and self-confidence, improved intra-family relationships, and the expansion of social contacts through partici-
pation in parent communities. For the preschool educational organization, parental participation contributes to
improving the quality of the educational environment through partnership with the family, reducing conflicts and
misunderstandings, and enriching preschool educational programs with family experience and initiatives.
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The effectiveness of parental participation can be assessed according to quantitative and qualitative cri-
teria. Quantitative criteria include the proportion of parents participating in preschool educational organization
events, the frequency of requests for consultations, and activity on the preschool organization’s digital plat-
forms. Qualitative criteria include changes in parental attitudes, from authoritarianism to partnership; mastery
of new methods of upbringing, according to questionnaire data; positive dynamics in the child’s development,
as assessed by teachers and parents; and parents’ satisfaction with the quality of interaction with the pre-
school educational organization.

Thus, the program offers a systematic approach to involving parents, combining a theoretical founda-
tion, including the concepts of “parental competence” and “conscious parenting,” practical tools, such as forms
of work, topics for discussion, and interaction algorithms, and flexibility, namely the possibility of adapting the
program to the needs of specific families. The key achievements of this model are that parents move from the
role of “service customers” to the position of co-subjects of education; the educational environment becomes
continuous, combining the preschool educational organization and the family, which enhances its developmen-
tal potential; and the partnership between the family and the preschool educational organization contributes to
the individualization of learning without overburdening teachers.
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CPABHWTENbHbIM AHANU3 PE3YNIbTATOB
OTKPbITON W IANAPOCKOMWYECKOW
HEDPIKTOMWH NP HOBOOBPA3OBAHWAX
MOYEK'Y HETEN

MEPKYI0B HUKOIAM HUKONAEBIY

LETCKNN BpaY4-Xupypr

[PAYEB HUKONAN CEPIEEBIY

A.M.H, npoheccop

AXANAQSE AMUTPUR I'YPAMOBHY

O.M.H, JOLEHT
OIBY «HaumoHanbHbIM MeaULMHCKUI UcCnenoBaTenbCKuiA LeHTp uM. Jmutpus Porayesa»
MuHsgpasa Poccuu

AHHoTaums: B cratbe npeacTaBneHbl pesynbTaTbl CPABHUTENBHOTO aHanuaa xupyprudeckoro neverns 190
[eTen ¢ HoBOOOPa30BaHMAMM NOYEK, NEPEHECLNX HEPIKTOMMIO OTKPbITbIM (N=150) 1 nanapockonuyecknm
(n=40) poctynamu. [ins obecneyeHns conoctaBuMocTut rpynn Gblia NpUMeHeHa npoLeaypa nceBaopaHaoMu-
3aumm (Propensity Score Matching). MpoBegeHa oLeHKa MHTpaonepauyoHHbIX NokasaTenen, CPOKoB nocre-
OnepaLyMoHHON peabunuTaumn 1 nokasaTtenen BbhKMBAEMOCTU. YCTaHOBMEHO, YTO NanapocKonuMyecknii fo-
cTyn obecneynBaeT CTaTUCTUYECKN 3HAYUMOE CHKEHUE obbema kposonoTtepy (p=0,005) u cokpalleHne cpo-
koB npebbiBaHus B cTaumoHape (p<0,001). Mpu 3TOM OHKOMOrMYECKUe pesynbTaTthl (NOoKanbHO-peLnanBHas,
BeccobbiTuitHas 1 06LLas BbhXMBAEMOCTb) CONOCTaBUMbI C OTKPbITbIMI BMELLATENLCTBAMM, YTO NOATBEPXA a-
eT 6e3onacHoCTb 1 3hEKTUBHOCTb MaNOMHBA3WBHOTO NOAX0AA Npu coboaeHnn Kputepues otbopa nauu-
€HTOB.

KntoyeBble cnoBa: HOBOOBpa3oBaHUs NMOYEK y AETEN; HE(PIKTOMUS; NANapOCKONUYECKas XUPYprus; LeTckas
OHKOXMPYPrus; NCEBAOPaAHAOMU3ALMS; peabunuTaums; BbKMBAEMOCTb.

COMPARATIVE ANALYSIS OF OPEN AND LAPAROSCOPIC NEPHRECTOMY RESULTS FOR KIDNEY
NEOPLASMS IN CHILDREN

Merkulov Nikolay Nikolaevich,
Grachev Nikolay Sergeevich,
Akhaladze Dmitry Guramovich

Abstract: The article presents the results of a comparative analysis of surgical treatment of 190 children with
renal neoplasms who underwent open (n=150) and laparoscopic (n=40) nephrectomy. To ensure the compa-
rability of the groups, the propensity score matching (PSM) procedure was applied. Intraoperative indicators,
terms of postoperative rehabilitation and survival rates were evaluated. It was found that laparoscopic access
provides a statistically significant reduction in the volume of blood loss (p=0.005) and a reduction in the dura-
tion of hospital stay (p<0.001). At the same time, oncological results (local-recurrent, event-free and overall
survival) are comparable to open interventions, which confirms the safety and effectiveness of the minimally
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invasive approach subject to patient selection criteria.
Keywords: renal neoplasms in children; nephrectomy; laparoscopic surgery; pediatric oncological surgery;
propensity score matching; rehabilitation; survival.

BeepeHune. CoBpemeHHas cTpaTerns neyeHnst HoBooOpa3oBaHWil NOYEK B NeaNaTPUYECKON NpaKTuke
HanpaBfieHa He TOMbKO Ha JOCTUKEHWE BbICOKMX MoKasaTenen BbHKMBAEMOCTW, HO M HA MUHUMM3ALMIO Mo-
BOYHbIX 3(HPEKTOB Tepanun 1 Xupypruyeckyto peabunuraumio naumeHTos [1]. TpaguuMOHHO 30M0TbIM CTaH-
AApPTOM XMPYPru4eckoro atama npy Oonyxonsix noyek y AeTen, B YaCTHOCTM npu Hedpobnactome, cuntancs
OTKPbITBIA TpaHcabaoMWHaNMbHbLIM JOCTYN, 06ecneynBaloWmMin afekBaTHYK BU3yanusauuio u cobnogeque
npuHUMnoB abnactuku [2, 3]. OaHako B nocnegHWe AECATUNETUS NanapOCKOMUYECcKMe TEXHONOTUM aKTUBHO
BHEAPSIOTCS B AETCKYK OHKOYPONOM, AEMOHCTPUPYS MOTEeHUManbHble NPEUMYLLECTBa B BULE CHUKEHWS
TPaBMaTU4YHOCTM M YCKOPEHWS BOCCTaHOBNEHNA [4, 5, 6].

HecMoTpst Ha TEXHOMOrMYECKWiA MPOrpecc, AUCKYCCUMM O POMM ManoMHBA3WBHLIX BMELATENbCTB Npu
KPYMHbIX HOBOOOPa3oBaHMsX Moyek y geten npogosmkatoTcs. OCHOBHbIE OMaCeHWst SKCMEPTOB CBS3aHbl C
PUCKOM MHTPaoNepaLMOHHOrO pa3pblBa Kancyrbl OMyXomnu, YTO paguKanbHO yXyALaeT NporHo3 3abonesaHus,
nepeBoas ero B Bonee BbICOKyto ctaguio [7, 8]. Beibop ontuManbHOro onepatBHOrO goctyna Tpebyert Tula-
TEMbHOr0 MEXAMCLMNIMHAPHOMO NOAX0AA, YYUTLIBAOLLETO MOPGIONONMYECKNA BapuaHT onyxonu, eé 0bbem
B3aMMOOTHOLLIEHWE C MarucTpanbHbiMu cocyaamm [9, 10].

Llenb uccnegoBaHmsa; NPOBECTN CPABHUTENBbHYH) OLEHKY KIMHUYECKOM 3 deKTUBHOCTM 1 Be3onacHo-
CTW NanapocKONMYeCcKoro 1 OTKPLITOrO JOCTYNOB MpU BbIMOMHEHUN HEGPIKTOMMM Y AeTel ¢ HOBOOBpa3oBa-
HUSIMM MOYEK.

Marepuansi n metoabl. B nccnegosanue BknodeHo 190 nauneHToB ¢ HOBOODOPA3OBaHUSMM MOYEK.
[pynny oTKpbITbIX onepauuin coctasunm 150 (78,9%) peten, rpynny nanapockonuyeckux BMeLLaTenscTs —
40 (21,1%) nauneHTtoB. CTpykTypa MOPONOTMYECKMX AMArHo30B B 06Liei KoropTe Oblna HEOOHOPOAHOW
(Tabnmua 1), uto Tpeboano 0coboro BHUMaHUS Npu Boibope xupyprudeckon Taktuku [11, 12, 13].

Tabnuua 1
PacnpefeneHve nayMeHToB NO rMCTONOrMYECKMM BapuaHTam HoOBooGpasoBaHui (n=190)
[MCTONOMMYECKUI BapuaHT n %

Hedpobnactoma 146 76,8
Me3obnacTHasi Hepoma 12 6,3
KapunHoma 6 3,2
Capkoma 6 3,2
PabgowvgHas onyxornb 3 1,6
[pyrve pegkue onyxonu 17 8,9

Xupypriyeckoe neyveHne NpoBOAMUIIOCH ABYMS cnocobamu: oTKpbITbIM gocTynom (n=150) u nanapocko-
nuyecku (n=40). MpegonepalynoHHyo nonMxMMmoTepanmio nonyununn 83,7% nauueHToB COrMacHO NPOTOKO-
nam SIOP [14, 15]. [Ins KOPPEKTHOrO CpaBHEHWS TPYnn NpUMEHsnack nceesaopaHaomusaums (Propensity
Score Matching). B kayecTBe koBapuaT MCMONb30BanMch Bo3pacT, 06bEM ONyXOnu 1 cTagus 3abonesaHus,
4TO NO3BONMNO CPOPMUPOBATL COanaHCMpPoBaHHbIE BbIBOPKM (N=39 B kaxaoi rpynne).

CratucTuyeckass obpaboTka AaHHbIX NPOBOAMNACL C MCMOMb3oBaHMeM nporpammel IBM SPSS
Statistics v.26. OueHka BbxMBaeMOCTM BbinonHsnach Metogom Kannana—Menepa.

PesynbTtatbl. AHanu3 o NpoBeAeHUs NCEBLOPaHAOMM3ALMNA NOKa3an BbIPKEHHYIO CENEKLUMo nawyu-
€HTOB: B rpynne nanapockonuv npeobnagana | cragusa sabonesanus (68,6% npotus 39,0% B OTKPbLITON rpyn-
ne; p=0,001) n cywecTBeHHO MeHblUMe 06bembl 0bpa3oBaHuii. MeamaHa obbema onyxonu y NauMeHTOB,
OMNepUPOBaHHbIX MasrioMHBa3nBHO, cocTaswuna 43,0 Mn, B TO BPEMS Kak B rpynne OTKpbITbIX onepauuin — 197,0
Mn (p<0,001) (puc. 1).
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Puc. 1. PacnpegeneHune MHAEKCOB CKIIOHHOCTU NALMEHTOB, NOABEPrwnXCA He(pIKTOMUAM, A0 U NO-
cne ncesaopanaomusauum (Treated — nanapockonus; Control - oTKpbITas onepauus)

lMocne nposefenns PSM-aHanu3a WHTpaonepaLuMoHHble nokasaTenu NoLTBEpAunM npeumyLiecTBa
nanapockonuu. Obbem KpoBOMOTEPW NPU UCMONb30BAHWWN BUAEOIHAOCKOMUYECKNX TEXHOMOrMA Bbln JOCTO-
BepHO Huxe (Tabmmua 2). Jlanapockonnyeckuin 4OCTYN Takke NO3BOMMI Yalle COXPaHATb MncunatepasnbHbli
HagnoyeyHuk (95,0% npotue 78,0%; p=0,016 B obLen koropTe). YacToTa nocneonepaLuyoHHbIX OCNOXHEHWI
no Clavien-Dindo I-Il cTeneHn 6Gbina 3HauuTenbHO HWke B rpynne nanapockonuun (2,5% npotue 20,0%;
p=0,011).

Tabnuua 2
CpaBHUTENbHaA XapakTepucTUKa nepuonepaLMoHHbIX nokasarenen nocne nceBaopaHAoMM3aLmMm
(n=78)

Mokasatenb Nanapockonus (n=39) OTKprT(iigg)epaum p
Kposonoteps, mn (Me [Q1; Q3]) 10,0 [5,0; 25,0] 30,0[10,0; 90,0] 0,005
Bpems onepauyv, MyH 120,0 [95,0; 157,5] 100,0 [75,0; 145,0] 0,112
YoaneHve gpeHaxa, cyTt 1,0 [0; 2,0] 2,0 [2,0; 3,0] <0,001
OtmeHa 06e360n1BaHNs, CyT 2,0[2,0; 3,0] 3,0[3,0;4,0] <0,001
[NocneonepauyoHHbIi nepuog, cyT 3,0 [3,0; 3,0] 4,013,0; 4,5] <0,001

AHanus nokasaTtenemn BbXMBAaEMOCTI NPOBOAMICS B TPEX TOUKAX: NoKanbHo-peumaneHas (LRFS), bec-

cobbiTuiHas (EFS) n obwas bpkusaemoctb (OS). MeanaHa HabnogeHust B uccneayemoit rpynne coctaBuna
Bonee 80 mecsaues (Tabnumua 3).
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Tabnuua 3
MokasaTenu BbKMBaEMOCTH NALMEHTOB Nocne HedpIKTOMMIA
Mpynna LRFS EFS 0S
(cpepHee Bpems), Mec. | (cpegHee Bpems), Mec. (cpenHee Bpems), Mec.
OTKpbITas onepauus 81,9116 67,5+3,1 83,9124
Jlanapockonust 78,6+4,0 78,540 874427
p (Log-rank) 0,300 0,120 0,140

CTaTUCTUYECKM 3HAYUMBIX PasfInyniA MO BbKMBAEMOCTU B 3aBMCUMOCTM OT AOCTYNA He BbISBIEHO (Pu-
CYHOK 2). B 0beux rpynnax (kak npu OTKPbITOM, Tak W NpW nanapockonuyeckom AOCTyne) He 3adMKCMpoBaHO
HW OHOTO CRyYas UHTPaoNepaLMOHHOMO pa3pbiBa Kancysibl OMyXosu.

B e 2 i S S ++ +

OTKpLITAA onepawiA
4 TNanapockonuA

BepoATHoCTE

e 4 U 2

b e

0 25 ]
BeccobbiTHAHAA BEDKUBAEMOCTD, MEC,

Puc. 2. BeccoObITUMHAA BbKMBAEMOCTb Y NALMEHTOB NOCEe He(PP3IKTOMMIA B 3aBUCUMOCTH OT TUNA
Xupypruueckoro gocryna (metog KannaHa-Meiiepa)

O0cyxpeHue. BHeapeHve nanapoCKONMYECKNX BMeLaTeNbCTB B AETCKYH0 OHKOMOruo Tpebyet cobnto-
[eHus 6anaHca Mexay pagukanuamMom M ManoMHBa3MBHOCTbLIO. Pe3ynbTaTbl HALLEro UCCNeAoBaHNs eMOH-
CTPUPYIOT, YTO Nanapockonus obecneymBaeT nyylune nepuonepaLmoHHbie UCXOMbl, YTO cornacyeTcs ¢ AaH-
HbIMW KPYMHbIX NONYNSAUMOHHBIX aHan13oB 1 MeTa-aHanu3os [16, 17, 18]. CHmkeHne obbema KpoBONoTepH W
COKpalLeHne noTpebHOCTM B cucTeMHOM 0be3bonmeaHni cnocobeTByOT Bonee paHHEMY Havany agbloBaHT-
HOW Tepanuu, YTo KpanHe BaXXHO ANs NpounakTuki peunamneos [1, 21, 22, 23].

Ocobyto ponb B 0b6ecneyeHun 6e30nacHOCT BMELIATENbCTBA UrPAET NpPeaonepaLmoHHoe nnaHnpoBa-
HWe W UCMOMNb30BaHNE COBPEMEHHBIX TEXHOMOTMI BU3yanu3auuu, KOTopble NO3BONAKT N3bexaTb UHTpaone-
PALMOHHbIX OCIOXHEHWI, TaKMX Kak pa3pbiB kancynbl onyxonu [19, 20]. OTcyTcTBME pas3nnymin B nokasaTensx
BbIKMBAEMOCTM B HALLEM KaTaMHe3e NOATBEPXAAET BbIBOAbI MEXAYHAPOAHbIX SKCNEPTOB O TOM, YTO flanapo-
CKOMMUYECKUI JOCTYN SBMSAETCS OHKOMOTMYECKM afekBaTHbIM METOLOM BbiGopa ANs LUMPOKOrO Kpyra nauueH-
TOB MpW YCNoBMM TLaTensHoro otbopa [17, 21]. Takke NpUMEHEHNe NHHOBALMOHHBIX TEXHOMOMIA ANCCEKLMM
MO3BONSIET MUHUMWU3MPOBATL TPaBMY 3[40POBbLIX TKAHEW, YTO MoATBepXaaeTcs paboTamu Bedylwmux oTeye-
CTBEHHbIX CreumanucTos [24, 25].

3akntoueHue. JlanapocKonM4ecknin 4OCTyn Npu BbINOMHEHUM HEPPIKTOMMM Y AE€TEN MO NOBOAY HOBO-
obpa3soBaHuii noyek 06nagaeT BbIpaXEHHbIMU KIMHUYECKUMU MPEUMYLLECTBaMU Nepes TPaAULMOHHBIM OT-
KPbITbIM BOCTYNOM. K HUM OTHOCATCS CTATUCTUYECKM 3HAYMMOE CHIKEHME 0Bbema MHTpaonepaLyoHHON Kpo-
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BOMOTEPY, YMEHbLLEHWE YacTOTbl NOCNEONePaLMOHHbIX OCMOXHEHWUA U COKpaLLEeHWe CPOKOB NpebbiBaHUs Na-
LIMEHTA B CTaLMOHape.

OTCyTCTBME HEraTUBHOTO BMSIHUSI HA MOKa3aTenu NokKanbHO-peLuanBHomn, 6eccobbITUitHO 1 obLL e
BbIKMBAEMOCTM MO3BONISET PaccMaTPMBATh NanapoCKONMI0 Kak CTaHAAPTHBIA METOL XMPYPrYECKOrO NIeYeHUs
MpY YCINIOBUW HANMNYMS COOTBETCTBYHOLLETO OMbITa Y XMPYpruyeckoil Gpurabl U TLATENbHOMO 0THOpa nawme H-
TOB Ha A0rOCNUTarbHOM 3Tane.
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Abstract :The development of intraoperative navigation has substantially changed modern neurosurgical prac-
tice by enabling the spatial correlation of tracked surgical instruments with preoperative and intraoperative im-
aging. This narrative review summarizes the evolution of frameless neuronavigation, the principles of patient-
to-image registration and instrument tracking, the problem of brain shift, and the roles of intraoperative mag-
netic resonance imaging, intraoperative ultrasound, fluorescence-guided surgery, diffusion MRI tractography,
and augmented reality. Particular attention is paid to the limitations of individual technologies and to multimod-
al strategies combining anatomical guidance, intraoperative image updating, and functional mapping. No sin-
gle technology can fully compensate for the dynamic anatomical, biological, and functional changes that occur
during neurosurgical procedures. Therefore, the most promising approach is the integration of complementary
imaging and mapping modalities within a continuously updated navigation environment.

Keywords: neuronavigation, intraoperative MRI, intraoperative ultrasound, tractography, 5-aminolevulinic ac-
id, augmented reality, brain shift.

JBOJoUNA VIHTPAOHEPAI:IVIOHHOVI HABUTALIM U BUYATTU3ALIUA B COBPEMEHHOW
HEWPOXWPYPIUWN: OB30P JINTEPATYPbI

OtamypotoB XucnomkoH A6ay6axopoBuy
pe3unaeHT 2-ro roga 0byyeHus
OI'BY «PenepanbHbiii LEHTP Hepoxupyprivy Munagpasa Poccuu, r. HoBocubupck

AHHOTauuA: PasBuTie NHTpaonepaLMoOHHON HaBMraLym CyLLeCTBEHHO U3MEHUITO COBPEMEHHYIO HEMPOXMPY p-
MMYECKYI0 NPaKTUKY, NO3BOMMB CONOCTABNATL XMPYPrUYECKNEe MHCTPYMEHTBI C JaHHbIMU NPeaonepaLyoHHON 1
WHTpaonepaLmoHHON Bu3yanusaum. B 063ope paccMoTpeHbl 3BontoLms 6e3paMHON HEMpOHaBUraLu, NPUH-
LMMbl PErmcTpaLnmn 1 OTCneXnBaHNs MHCTPYMEHTOB, NpobnemMa CMELLEeHMs MO3ra, a Takke porb MHTpaonepa-
LIMOHHON MarHUTHO-PEe30HAHCHOW ToMorpadum, YrbTPas3ByKOBOro UCCRefoBaHns, (yopecLeHTHON HaBura-
Lnn, ouddysnoHHon MP-TpakTorpadumn 1 4OnonHeHHoN peanbHocTi. Ocoboe BHUMaHWE yaeneHo orpaHuye-
HWAM OTZESbHBIX TEXHOMOMIA 1 MyNbTUMOAANBHOMY NOAX04Y, 0ObeANHSIOLEMy aHaTOMUYECKYI0 HaBUraLmio,
0BHOBMEHME MHTPaOoNePaLMOHHbIX M306paXeHuit U yHKUMOHANBbHOE KapTMpOBaHUE.

KnioyeBble cnoBa: HelpoHaBurauus, HTpaonepaumonHas MPT, nHtpaonepauuonHoe Y3W, Tpaktorpadms,
S-aMUHOIEBYNMHOBASA KUCIOTa, JOMNOIHEHHAs peanbHOCTb, CMELLEHe Mo3ra.

Introduction
Modern neurosurgery aims to achieve the maximum safe extent of resection while preserving neurologi-
cal function. This requires accurate localization of pathological lesions, vascular structures, and functionally
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relevant cortical and subcortical regions, as well as an understanding of how anatomy changes during surgery.

Neuronavigation has become one of the principal technologies connecting preoperative imaging with the
actual surgical field. Over the last three decades, neuronavigation has evolved from stand-alone frameless
stereotactic systems into multimodal platforms integrating the operating microscope, magnetic resonance im-
aging (MRI), ultrasound, tractography, and other data sources [1].

For this narrative review, publications indexed in PubMed/MEDLINE were considered, with emphasis on
literature published between 2000 and 2026 and on landmark earlier studies when relevant. Priority was given
to clinical studies, randomized trials, and publications addressing navigation accuracy, intraoperative image
updating, fluorescence-guided surgery, tractography, and functional mapping.

The aim of this review is to summarize the principal directions in the development of intraoperative navi-
gation and visualization and to discuss their major limitations in contemporary neurosurgical practice.

1. Basic Principles and Evolution of Neuronavigation

Frameless neuronavigation is based on establishing a spatial transformation between the patient's
physical anatomy and a corresponding computed tomography (CT) or MRI dataset. In practical terms, the
workflow includes image acquisition, patient-to-image registration, instrument calibration, and tracking.

During preoperative planning, anatomical images may be supplemented with functional MRI, vascular
reconstructions, diffusion MRI tractography, and segmented anatomical or pathological structures. Once regis-
tration has been completed, the navigation system displays the position of a tracked surgical instrument rela-
tive to the imaging dataset and three-dimensional reconstructions.

Navigation accuracy is determined by more than the quality of the initial registration. It may be affected
by movement of the patient reference array, errors in instrument calibration, movement of the head relative to
the reference frame, limitations of surface matching, and other technical factors.

Stieglitz et al. demonstrated that mismatch between navigation data and actual anatomy can increase
without being immediately apparent to the surgeon. Consequently, navigation accuracy should be repeatedly
verified using available anatomical landmarks during surgery rather than assumed to remain constant after
initial registration [2].

2. Brain Shift as a Limitation of Static Navigation

A fundamental limitation of navigation based exclusively on preoperative images is brain shift, a nonlin-
ear deformation of brain tissue that develops after opening of the dura and continues during subsequent stag-
es of surgery.

Contributing factors include cerebrospinal fluid loss, gravity, cerebral edema, osmotic therapy, surgical
manipulation, and resection of a space-occupying lesion.

Brain shift must be distinguished from an initial registration error. In the case of brain shift, registration
may initially be accurate; however, the patient's anatomy subsequently changes and becomes progressively
less congruent with the static preoperative imaging dataset.

Intraoperative MRI was among the first modalities used to quantitatively demonstrate the direction and
magnitude of tissue deformation during neurosurgical procedures [3].

The clinical importance of brain shift is particularly high during resection of deeply located intracranial tu-
mors and during surgery adjacent to eloquent structures. Even technically accurate initial registration cannot
guarantee reliable navigation after substantial tumor debulking or significant deformation of the surrounding brain.

3. Intraoperative MRI and Ultrasound
Intraoperative MRI (iMRI) provides an updated anatomical dataset during surgery. Its principal ad-
vantages include the detection of residual tumor and the ability to update the navigation environment after the
anatomy has changed.
In a randomized controlled trial, Senft et al. showed that iIMRI guidance during glioma surgery increased
the likelihood of a more complete resection compared with conventional surgery without intraoperative MRI
control [4].
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However, iMRI requires dedicated operating-room infrastructure, MRI-compatible surgical instruments,
modifications to the surgical workflow, and substantial financial resources.

Intraoperative ultrasound (iUS) represents a more accessible method for obtaining updated anatomical
information in real time.

Modern navigated ultrasound systems allow the surgeon to correlate intraoperative ultrasound images
with preoperative MRI and reassess tumor boundaries after resection has begun. Navigated iUS can also pro-
vide rapid information regarding residual tumor and intraoperative brain shift without substantially interrupting
the surgical workflow [5].

Important limitations include operator dependence, image degradation caused by artifacts within the re-
section cavity, and the learning curve associated with interpretation of intraoperative ultrasound anatomy.

4. Fluorescence-Guided Surgery

Fluorescence guidance adds biological information to conventional anatomical visualization.

The best-established approach in neuro-oncology is the administration of 5-aminolevulinic acid (5-ALA),
which results in intracellular accumulation of protoporphyrin IX in tumor tissue. Under violet-blue excitation
light, tissue containing sufficient concentrations of the fluorophore appears as pink-red fluorescence, assisting
the surgeon in distinguishing fluorescent tumor tissue from surrounding structures.

The multicenter randomized trial by Stummer et al. demonstrated a higher rate of complete resection of
contrast-enhancing malignant glioma when 5-ALA fluorescence guidance was used compared with conven-
tional white-light microsurgery [6].

More recently, the RESECT study also demonstrated an increased gross-total resection rate with 5-
ALA-guided surgery. However, significant differences in six-month progression-free survival and 24-month
overall survival were not demonstrated between the study groups [7].

These findings support the use of 5-ALA primarily as an intraoperative visualization tool rather than as
an independent guarantee of improved long-term oncological outcomes.

The absence of visible fluorescence does not exclude microscopic tumor infiltration. Fluorescence in-
tensity depends on tumor biology, metabolic characteristics, and fluorophore concentration.

Therefore, 5-ALA should not replace neuronavigation, histological verification, or functional mapping. Its
greatest value is achieved when it is incorporated into a multimodal surgical strategy.

5. Diffusion MRI, Tractography, and Functional Mapping

Diffusion tensor imaging (DTI) is a mathematical model describing the directionality of water diffusion
within tissue, whereas tractography is a computational reconstruction of the probable trajectories of white-
matter pathways.

This distinction is essential. A tractogram is not a direct anatomical image of an individual fiber bundle.

lts appearance depends on the quality of the diffusion data, the selected diffusion model, regions of in-
terest, tracking thresholds, and the algorithm used. In tumors and peritumoral edema, additional uncertainty
results from reduced anisotropy, fiber displacement, tumor infiltration, and complex crossing-fiber architecture
[8,10].

Integration of tractography into neuronavigation can help estimate the spatial relationship between a le-
sion and the corticospinal tract, language pathways, and other white-matter structures before and during sur-
gery.

Nevertheless, tractography should not be considered a substitute for direct electrical stimulation.

Bello et al. combined DTl-based tractography with subcortical electrical mapping during glioma surgery,
demonstrating the complementary roles of anatomical reconstruction and functional verification [9].

For tumors involving functionally eloquent regions, preoperative mapping may additionally include func-
tional MRI and navigated transcranial magnetic stimulation.

In language-eloquent gliomas, multimodal protocols combining navigated transcranial magnetic stimula-
tion, tractography, awake surgery, and direct electrical stimulation have been described [11].

Such strategies correspond to the contemporary concept of maximal safe resection, in which the resec-
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tion boundary is determined not only by anatomical tumor margins but also by the functional importance of
adjacent cortical and subcortical structures.
6. Augmented Reality and Multimodal Data Integration

Augmented reality (AR) aims to reduce the separation between the navigation monitor and the operative
field by displaying segmented structures, vascular anatomy, or lesion boundaries directly within the surgeon's
field of view.

AR can be implemented through microscope-based heads-up displays, exoscopes, projection systems,
tablets, and wearable devices.

In a prospective randomized evaluation, Roethe et al. demonstrated the clinical feasibility of AR visuali-
zation in navigated microneurosurgery while also identifying limitations related to visualization quality and spa-
tial accuracy [12].

The fundamental limitation of AR is that the accuracy of the visual overlay cannot exceed the accuracy
of the underlying registration and the validity of the imaging dataset.

If brain shift has rendered the preoperative model inaccurate, a visually precise graphical overlay may
simply display outdated anatomy in a convincing manner.

Therefore, the most rational development of AR is its integration with intraoperative image updating and
deformable registration rather than its use as an isolated navigation technology.

7. Future Directions

Further development of neuronavigation is likely to focus on integrating heterogeneous data into a sin-
gle dynamic model of the surgical field.

Automated segmentation, deformable registration, and real-time analysis of intraoperative images may
accelerate updating of the navigation environment.

Machine-learning methods are being investigated for anatomical structure recognition, prediction of tis-
sue deformation, and surgical decision support. However, clinical implementation requires external validation,
assessment of reproducibility, uncertainty estimation, and clear definition of professional responsibility.

Robotic technologies may complement stereotactic and navigation-based workflows by improving the
reproducibility and precision of instrument positioning.

The concept of semi-autonomous neurosurgical manipulation remains investigational and must be eval-
uated with particular attention to patient safety, regulatory requirements, algorithmic transparency, and contin-
uous surgeon oversight.

Conclusion

The evolution of neuronavigation reflects a transition from static correlation of surgical instruments with
preoperative images toward dynamic multimodal support of neurosurgical procedures.

Conventional neuronavigation improves spatial orientation but remains limited by technical inaccuracies
and brain shift. Intraoperative MRI and ultrasound can update anatomical information; 5-ALA can provide addi-
tional visualization of tumor tissue; tractography can help estimate the location of white-matter pathways; and
functional mapping can verify their clinical relevance.

Augmented reality may make these data more intuitive to interpret, but it does not eliminate the need for
accurate registration and intraoperative image updating.

Accordingly, the most rational direction for future development is not the replacement of one modality by
another, but the multimodal integration of anatomical, functional, and intraoperative information.

The choice of technology should be determined by the goals of the procedure, lesion location, available
infrastructure, and the experience of the surgical team.
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YNIK616.31

NCT0Nb30BAHNE OMPOCHNKA «HEALTH» 1N1A
OLIERKW NWILIEBbIX NPUBBIYEK K

[ICKX0JI0T KYECKWUX bAPBEPOB
OHKONOrMYECKWUX NALIUEHTOB

MOLLYPOB PYC/IAH UBAHOBY

[MaBHbIN Bpay
BY3 BO «BOHKOL», K.M.H.

WEPBATBIX HOPUI BUKTOPOBIY

npodeccop Kadeaps! NCMXONorum
BO MY, a.6.H.

KBALLIHWHA HO/IWA CEPTEEBHA

3aB. [IHEBHbIM paaNOTEPaNeBTUYECKM cTaLoHapoM Ne2
BY3 BO «BOHKOLI»

KWCENEBA ENEHA AHATOJTbEBHA

Bpay TepanesT, 3HAOKPMHOOr
INVITRO Boponex

AHHoTaums: CtaTbs NOCBSLLEHa OLEHKE NPUBEPXEHHOCTW MaLWEHTOB K 300pOBOMY 0Bpa3sy XM3HM C MOMO-
LWbto onpocHuka HEALTH. B nunoTHOM uccnepoBaHuy NPUHANK yyacTue 75 YenoBek: 45 nauneHToB co 3no-
KayeCTBeHHbIMM HOBOOBpasoBaHuamu (3HO), npoxoaswumx nyvesyto Tepanuio, u 30 naumeHToB ¢ meTabonu-
YEeCKUMW HapyLIEHWSMM (KOHTPOMb). YCTaHOBIEHO, YTO nauueHTbl ¢ 3HO AOCTOBEPHO OrpaHWYMBAIOT «BbICT-
pble» yrnesogpl (p<0,01), HO NOTPEONSAT MeHbLLE XMBOTHbIX BENKOB M «MeaneHHbIXy yrnesogos (p<0,05),
YeM KOHTpOMbHas rpynna. B pauuoHe OHKO-NaLMEHTOB pacnpoCcTpaHeHbl cnagkue pykTbl M 0bpaboTaHHble
MSICHbIE MPOAYKTbI, HEraTUBHO BUAOLLME HA TeyeHWe 3aboneBaHus. Begywmn ncuxonornyeckumn bapbe-
pamm Ans HUX ABSKOTCS YCTANoCTb OT NIeYEHUs, (U3N4eCKuin SUCkomMopT 1 AePULMT MHGOPMALMK O xena-
TENbHOM 0Bpase xm3HW. PesynbTaTbl 060CHOBbLIBAOT HEOOXOAMMOCTb pa3paboTki METOANYECKIUX PEKOMEH-
AaLuiA N0 MUTaHWIO ANS OHKOMOTMYECKMX NaLUEHTOB.

KntoueBbie cnoBa: 300poBbIii 06pa3 xwu3Hu, onpocHuk HEALTH, oHkonoryeckue nauneHTsl, NuLLEBbIE Npu-
BbIuKW, acpchekT Bapbypra, ncuxonoruyeckue bapbepbl, 300POBOE NUTaHNE

USING THE HEALTH QUESTIONNAIRE TO ASSESS DIETARY HABITS AND PSYCHOLOGICAL
BARRIERS IN CANCER PATIENTS

Moshurov Ruslan I.,
Shcherbatykh Yuri V.,
Kvashnina Yulia S.,
Kiseleva Elena A.

Abstract: The article evaluates patients' adherence to a healthy lifestyle using the HEALTH questionnaire.
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The pilot study involved 75 participants: 45 cancer patients undergoing radiation therapy and 30 patients with
metabolic disorders (control group). It was found that cancer patients significantly restricted fast carbohydrates
(p<0.01) but consumed fewer animal proteins and slow carbohydrates (p<0.05) than the control group. The
diet of cancer patients commonly included sweet fruits and processed meat products, which negatively affect
the course of the disease. The leading psychological barriers for these patients were treatment-related fatigue,
physical discomfort, and lack of information about the desired lifestyle. The results justify the need to develop
dietary recommendations for cancer patients.

Keywords: healthy lifestyle, HEALTH questionnaire, cancer patients, dietary habits nutrition, Warburg effect,
psychological barriers,

BBepeHue. Ycnex neyeHnst MHOrux 3abonesaHuin 3aBUCUT HE TOMbKO OT MPUMEHSIEMbIX MEAULIMHCKIX
TEXHOMOTMIM, HO U OT NOBEAEHUS NaLMEHTa 3a Npeaenamu B3auMogencTBus C AOKTOPOM, KOTOPOe MOXET Mno-
BbILIATb MK, HA0BOPOT, CHKaTL APEEKTUBHOCTL JIEYEBbHbIX MeponpuaTUiA. Hepeako ata CTOPOHA XW3HM
BONbHOro OCTaEeTCs «3a KagpoMy, B TO XK€ BPEMS, HanM4Me Takom MHGopMaLmm No3BonseT Bpady bonee Tou-
HO OnpeaenaTb cTpaTerto NeveHus. [1ns aToro MCNonb3yKTCA pasniyHble ONPOCHWKMW, NO3BOMAKLLME MOHSATL
00pa3 XuM3HM naumeHTa npn HeobX0AMMOCTW BHOCUTbL B HEFO COOTBETCTBYIOLME KOppekTMBLI. CriegyeT oTMme-
TUTb, YTO ONPOCHUKW, KaK AWArHOCTUYECKUA WHCTPYMEHT NPUMEHSIIOTCS B OTEYECTBEHHOW OHKOMOTMM, Ans
CKpUHWHra paHHero BbisieneHust 3HO [1]. B gaHHoi cTaTbe ONMCbIBAKTCS pesynbTaTbl MPUMEHEHUS ONPOCH -
ka «HEALTH» (Holistic Evaluation of Awareness and Lifestyle Traits for Health) [2], koTopbIit no3sonseT one-
PaTMBHO OLIEHMTb NMOBEAEHYECKMe NpUBbIYKK NauneHTa. C ero NnoMoLLbo MOXHO ONPeAEenuTb, HAaCKONbKO na-
LMEHT cobntoaaeT onTUManbHbIN PEXUM XU3HEAEATENBHOCTU BO BPEMS NTEYEHUS], OLIEHUTb €ro MOTUBALIO K
BbI3OPOBNEHMIO, YTOYHUTb KOMMYHUKALWMIO C NeYallM BpayoM 1 T.4. B 370N cTaTbe Mbl KOCHEMCS TOMBKO
HECKOSIbKO acnekToB 0bpasa xu3Hu BONbHbIX 13 ONPOCHUKA, BAWSIOLLMX Ha TeYeHe 3aboneBaHns — ux nuta-
HWs 1 6apbepoB Ha NyTU K Bonee 300poBoMy 06pasy XU3HU.

MeToab! uccnepoBanus. OnpocHuk umeet age Bepcun — 6asosyto (HEALTH-Clinical), koTopyto Mox-
HO UCNONb30BaThb NMPW PasHblX BUAAX HAPYLUEHWA, N BEPCUIO, CrieLmanbHO 4opaboTaHHyo Ans NauueHToB C
3HO - (HEALTH-Onco). Hanuune gByx Bepcuil Bbi3BaHO PSAOM MPUYMH: BO-MEpBbIX, BO3MOXHbIM Bonee
HeraTWBHbIM NPOrHO30M B cnyyae Hamnuus 3HO; BO-BTOPbIX, NCUXOMNOTMYECKUM CTPECCOM Y NaLUEHTOB MO
MoBOZY OHKOMOMMYECKOro AuarHosa, U bonee cepbesHbiMU OrpaHUYEHUSMU, KacatoLMMnUcs obpasa KusHu
Takux 6onbHbIX. Mpn aTom Bonpockl B 0benx BepcUsx coBnagatoT, HO noacyeT 6annos utoroBoro «MHaekca
NPUBEPXEHHOCTM K 300pPOBOMY 06pasy XM3HU» OTNNYAETCS NO sy BOMPOCOB.

Bcero B aToM nunoTHoM mccnegosaHum onpocHnk HEALTH 3anonHunm 75 yenoBek: nauneHTsl OHKONO-
MMYECKOro LieHTpa, NPOXOAsLLME NyYeBy0 Tepanuio, U nauueHTsl obLlen neyebHomn cetu, ¢ xanobamu, kaca-
IOLLMXCS Pa3nMyHbIX HapyLlleHun obmeHa BelecTs. MNepsasi rpynna naumeHtoB ¢ 3HO B gancHenwem 060-
3Havaetcs kak « OHKo-nmauueHTbI» (45 yenosek), a BTopas rpynna — «KoHtponb» (30 yen.).

PesynbTtatbl ¥ ux aHanu3. OueHka NauMeHToB Mo UX MHPOPMUPOBAHHOCTW O BIIMSHWW MULLEBOTO pa-
LMOHa Ha TeyeHue 3aboneBaHWs BbISBNANACh C MOMOLLb COOTBETCTBYIOLLErO BOMpoca: «3HaeTe v Bbl O
MULLEBbIX NPUBbIYKaX, BIaronpUATHO UMM HEraTMBHO BNWSIIOLLMX HA XOA Ballero 3abonesaHns?y». Yucnosoi
nokasaTterb CTeneHn MHPOPMMPOBAHHOCTM NaumeHToB 0boux rpynn 6bin 6n30K 1 JOCTOBEPHO He OTANYarncs
(0,47+0,15 y oHko-naumeHToB 1 0,60+0,13 y KOHTPONBHOM rPyNNkl), HO pacnpefeneHne BapuaHTOB OTBETOB
B0 pasHbim (Puc.1).

Cpenu OHKO-NaLMEeHTOB BCTPEYanoCh ABE NOArpYNMbl nauneHToB: 16% npusHanack, 4To He 3HaeT, Kak
XapaKTep NUTaHUs MOXET NOBMNATL Ha UX 3abonesaHue, a 22% NauWeHTOB He TONMbKO BNaaenu 3Ton UHGO p-
MaLei, HO U MPUMEHSINN ee B XW3HW. B KOHTPOMNbLHOW rpynne Takux KPanHOCTEN OTMEYEHO HE Bbino, MOXHO
cKasaTb, YTO 9TW NaLUMEHTbI B LeSIoM BbInin HENNoOXo MHPOPMUPOBAHBI O «NPaBUABHOMY MUTAHWUK, HO HE BCe-
roa NpUMEHSNKM  3TW NpaBunia B CBOEN XM3HW. TWUMUYHBIA PALMOH B rpynne NauneHTOB C OHKOMOTMYeCKUMM
3a60neBaHMAMM, 1 NALMEHTOB C METAabONMYECKUMM HapYLUEHNAMM OTpaxeH B Tabn.1.
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Puc. 1. PacnpeneneHMe OTBETOB UCMbITYyeMbIX Ha BONPOC O NUTaHUN

Tabnuua 1
PacnpepeneHve KOMNOHEHTOB NULLEBOrO paLMoHa NO KaXgou rpynne
OHko-
OCHOBHbIE KOMMOHEHTbI paLyioHa NaLMeHTOB KoHTponb
NauWEeHTbI

Yrnesofbl HA OCHOBE Kpaxmasa (MakapoHbl, kapTodierb, Bbineyka). 47% 47%
«BbICTpbIe» yrneBoab! (CNagocTn, MEN, BapeHbe, KOHQETbI, LOKoNag). 5%** 23%
YKnBoTHble 6enku (6enoe mMsco, peiba, anua, Chip, MOIOYHbIE NPOAYKTbI). 44%* 93%
YKnMBOTHbIE M pacTuTenbHble 6enku NpuMepHO NOpoBHY (pbiba, siua, cbip, 6obo- 42% 40%
BblE).
PacTutenbHble xupbl ¢ Omera-3 u Omera-9 (0nMBKOBOE, NMBHAHOE, FOPYNYHOE 19%* 10%
Macrno).
YKMBOTHbIE W pacTUTENbHbIE XMPbI (Caro, Xup, CIMBOYHOE MAcro, NOACONHEYHOE 42% 30%
Macrno).
«MegneHHbley yrneBoAbl (bypbii puc, NLIEHO, rpeyka, OBEC, KMHOA). 33%* 43%
OBoLuy (cBekna, MOPKOBb, kanycTa, cenbaepei, kabauku, 6aknaxaHbl). 58% 67%
OpyKTbI (Cnagkue S610ku, rpywu, 6aHaHb!, Crimebl). 58% 47%
ObpaboTaHHble nuLLeBble NPOAYKTbI C ANUTENBHBIM CPOKOM XpaHeH!s (konbackl, 23% 30%
MSICHblE KOHCEpBbI, NonygabpukaThl, KOMYEHOCTH).
/IToroBbIi MHAEKC nonesHocTy nutaHms (F) 1,30+0,17 | 1,21+0,16

CratucTtuyeckun goctoBepHble otnamuus: * (p<0.05); ** (p<0.01)

[ocToBepHble OTNMYMS OTMeYanuch nNo «bbicTpeiM yrnesogamy (p<0,01), xMBOTHbIM bGenkam, pactu-
TENbHbIM XMpaMm 1 MeaneHHbIM yrnesogam (p<0,05). Mo octanbHbIM No3uUMsSM pasHuua Obina B npegenax
CTaTUCTUYECKOW NOrPeLUHOCTH. AHaN3 OTBETOB OHKO-MALMEHTOB MO UX MULLEBLIM NPEANOYTEHUAMM NOKa3bl-
BAET, YTO Y HUX BCTPEYAIOTCS KaK MonesHble NULLLEBbIE NPUBLIYKMA, TaK U HE OYEHb COOTBETCTBYILLME COBpE-
MEHHbIM Hay4HbIM NPeLCTaBNEHNSM O 300POBOM NUTaHWW. Hanpumep, co3HaTenbHOEe OrpaHuyeHne «BbiCT-
PbIX» YrNeBogoB (CragocTu, MR, BapeHbe, KOHMETHI, LLIOKONaa) SBNSETCA aAeKkBaTHON MEPON, CBSI3AaHHOM C
MOBbILLEHHbIM NOTPebNeHMEM MOHOCaXapuaoB OnyXorbto. [1onoxeHre 0 TOM, YTO OMyXOnb aKTUBHO NOTPe6-
NSIeT MOHOCaxXapuabl (Mpexzae BCEro IMoKo3y), ONMpaeTes Ha knaccuyeckuin «adpdpekt BapOyprax: onyxone-
Bbl€ KNETKN B AeCATKM pa3 BbICTpee NornoLatoT rMko3y, Aaxe B NPUCYTCTBUK KUCIOPOAA, U UCMONb3YIOT e€
AN pocTta u nponudepaun. MNoatomy cosHaTenbHOe orpaHnyeHne «ObICTPbIX» YrNEeBOLOB CYUMTAETCS afek-
BaTHOW MepOil B NUTAHUM TaKWX NaumneHToB. [3, 4].

UT0 KacaeTCs BbICOKOMOIEKYNSPHbIX YIMEBOLOB, TO U3 OTBETOB BWAHO, YTO Y HUX Npeobrnajarot yrne-
BOAbl HA OCHOBE KpaxMana (MakapOHbl, kapTodenb, Bbineyka), B TO BpeMs Kak ropasgo bonee nonesHbimu
ANS yrneBoaHoro 0bmeHa ABNSKOTCS Tak HasblBaeMbIe «MEANEHHbIe» yrneBoab! (Bypbiii puc, NWEHO, rpeyka 1
np.), KoTopble obecneunBaloT NOCTENEHHOe BbICBODOXAEHWE [MHOKO3bl B KPOBSHOE pycno. B kavectse noa-
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TBEPXAEHUS 3TOrO Te3nca MOXHO MPUBECTM paboTy, rae NokasaHo, YTO MPOAYKTbI C HU3KAM FIIMKEMUYECKUM
WHOEKCOM NMepeBapyBatoTCA MeASIEHHO W BbI3bIBaKOT 60nee NnaBHbIA NOABEM [MOKO3bl M MHCYNMHA, TOr4a Kak
BbICOKOYINIEBOAHAS NuLLa 13 padpHUPOBAHHOIO Kpaxmana AaéT BbICTPbIi CKaYoK rMoko3bl [5).

MeHbLuUe NOSIOBWHbI NALMEHTOB OCHOBHOW rpynMbl yKasanu, 4To B UX pauMOHe B JOCTaTOMHOM KOnuye-
CTBE NPUCYTCTBYIOT XMBOTHbIE GENKM, B TO BPEMS KaK CNeLManmcTbl PEKOMEHAYIOT TakuM BOSbHbIM NUTaHWe ¢
BbICOKMM cofepxaHuem berka. Tak, B npaktuyeckom pykosogctee ESPEN 2021 roga 4eTko ykasaHo, YTo no-
TpebneHune Bernka JOMKHO NpeBbiwaTh 1 r/Kr Macchl Tena B CyTKU U N0 BO3MOXHOCTW gocTurath 1,5 r/kr [6].

Ewe oagHo 3amevaHne kacaetcs ynotpebneHus cnagkux (pykToB, KOTOPOE OTMETUIN B CBOEM paLu-
OHe 58% OHKO-NauMeHToB. B BbITOBOM CO3HAHUM MHOMMX FIOAEN COYETAHME «OBOLUM WU PPYKTbI» ABMSETCS
CUMBOMOM 3[0POBOr0 MUTAHWS, HO MEXZY STUMU ABYMS KOMMOHEHTaMU MULLEBOTO paLMoHa ecTb NPUHLMNK-
anbHas pasHuua. OBoLyy (CBekna, MOPKOBb, kanycTa, kabayku v T.4.) AedCTBUTENBHO 0BnaaaloT LenbiM ps-
[OM MOSIe3HbIX CBOMCTB. B 4yacTHOCTK, OHM 0BecneynBatoT MUKPOMNOPY TOMCTOMO KULLIEYHUKA KNeT4aTKown,
4TO HE TOMbKO CNYXMUT NPOUNAKTUKON 3anopoB, HO W NOMOXUTESBHO BNSET HA UMMYHHBIA CTaTyC nauue H-
TOB, TaK KaK MULLEBbIE BOSIOKHA OBOLLEN (DEPMEHTUPYIOTCS MUKPOBMOTOM TOMNCTOM KUK B KOPOTKOLLENoYe Y-
Hbl€ XWUPHbIE KUCMOTbI, KOTOPbIE NOAAEPKUBAOT BapbePHYIO (PYHKLMIO N MOZYIMPYIOT UMMYHHbIA OTBET XO-
3auHa [7]. B otnnume oT oBoLlen, cnagkue pykTbl cnocobCTBYOT ObICTPOMY BBEAEHUIO MOHOCaXapuaoB B
KPOBSIHOE PYCII0, HEraTUBHO BAMSIOLLYIO HA NOMKENYA0UHYI0 Xenesy. OT0 NOATBEPXAAeTCs NOCNeaHUMU UC-
CnefoBaHWSMM, MOKa3bIBaKOLWMMK, YTO (hpyKTO3a (OCHOBHOW MOHOCaxapug crnafkux pyktoB) metabonusu-
PYETCS ONyX0nbto, YCKOPSIET IMIUKONN3 1 «NoANMTbIBaeT» apdekt Bapbypra — T0 ecTb noTpebneHune cnagkmx
(hpYKTOB CO30aET cybCTpaT, BbIrOAHBIN 451 pocTa onyxon [8].

Uto Kacaetca 0bpaboTaHHbIX MULLEBBLIX NPOAYKTOB C ANMTENbHLIM CPOKOM XpaHeHus (konbackl, Msic-
Hble KOHCEPBbI, NonyabpukaTbl, KOMYEHOCTH), TO UCCMeLOBaHNS NOCAEAHWX NET NOKa3blBaOT UX HEraTMBHOE
BMMSIHWE HA 3A0pOBbE OOMbHBIX C OHKOMoruyeckumm 3abonesanusimu. [9]. Hago oTMETUTb, YTO HEKOTOPbIE
BornbHbIe He BMOMHE afekBaTHO MCMONb3YHT PEKOMEHAALMM JOKTOPa O HEOBXOAMMOCTM NOSHOLEHHOTO 6en-
KOBOro NuTaHusi, ynotpebnsas Gonbloe KOMMYecTBO BapeHO-KOMYEHbIX Konbac, a Takke MSCHBIX U PblBHbIX
KOHCEPBOB, B TO BpeMs kak 0630p MexayHapoaHoro areHTcTBa no uayyenuio paka (IARC) npsimo npuyncnsiet
nepepaboTaHHOe MACO K KaHLUeporeHam 1-i rpynnbl [10]. W xoT4, Cyas no 0TBETaM aHKETbI, TOSbKO YETBEPTb
BOnbHbIX YKa3anu aTu NpoAYKThl B CBOEM paLyOHe, UMEET CMbICT JOBOANTL 40 CO3HAHMS NaLUeHTOB MHAOp-
MaLto O HexenaTtenbHOM ynoTpebneHnn Takor eapbl Npy OHKOMOrMYeckoM 3aboneBaHum.

Bonpoc 2.10 onpocHuka HEALTH kacancs BpeaHbix npuBblyek nauneHToB. OTBETbI UCMbITYEMbIX W3
obeux rpynn oTpaxeHsl Ha Puc.2.
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Puc. 2. Hannuune BpeaHbIX NPUBbLIYEK Y NALMEHTOB COrMAcHO UX CaMOOLIEHKe

AHanus oTBeTOB nauueHToB Ha Bompoc 2.10 JEMOHCTPUPYET, YTO, HECMOTPS Ha Cepbe3HOEe OHKOIOrU-
yeckoe 3abonesaHue, UM BbIBaET TPYOHO PaccTaTbCsl C TaKMMU NPUBbIYKAMU Kak KypeHue unn ynotpebnenue
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ankorons. OgHako, CpaBHEHWE OCHOBHOW M KOHTPOSTbHOM TPYMMbl MOKa3bIBAET, YTO OHKO-NaUMEHTaM yudile
yAaeTcs CrpaBnUTLCS C 3aBMCUMOCTBIO OT ankorons 1 n3baBuTbCs OT BPEAHbIX MPUBLIYEK.

[nsa Toro, ytobbl MOTVMBMPOBATbL NALMEHTOB Ha U3MEHEHME WX 0DOpasa XM3HW, OTKa3a OT BPedHbIX
NPUBbIYEK 1 NMPUOBPETEHNE NONE3HBIX, BAXHO MOHWMATb Ncuxonornyeckoe bapbepbl Ha Ny K aTomy. [aH-
Hast MHpopMaLms oTpaxanach B 3 651oke onpocHuka HEALTH, yTo nokasaHo B Tabnuue 2.

Tabnuua 2
Bapbepbl Ha NyTH K 300pOBOMY 00pa3y XKU3HU
OHko-
[cuxonornyeckne 6apbepbl KoHTponb
nauneHThl
JleHb 1 HexXenaHWe MeHsTb MPUBbIYHBIA 0BPa3 XM3HM 28 47
Hesepwe B TO, YTO NUTAHWEM UMM (OU3NYECKUMMN YIPAXKHEHUSMU MOXHO MO- 12 13
BNNATb Ha MOK 60Ne3Hb

Ctpax nepeq byayLimm, 4yBCTBO 0BPEYEHHOCTH 5 7

YcTanocTb OT NpoLecca NIeYeHus, Ha OCTanbHOe He XBaTaeT Cun 28** 13
HexBaTka BpeMeHW Ans 3aHATUIA (PU3KYIbTYPOK, NPaBUIbHBIM NMUTaHWEM 19 47*
YbexgeHue, 4to cyabby He 0OMaHelLLb, 1 OT NPpeaHa3Ha4YEHHOO He YITK 9 0
dunanyeckast 6onb M TeNeCHbLIN SUCKOMGOpPT 19** 3

He[ocTaToK HYXHOW MHOpMALK 28" 13
HepocTaTok NOMOLLYM 1 NOAZAEPXKKN CO CTOPOHBI BNN3KMX Ntogen 5 7

CratucTuyeckun goctoeepHble otnmuus: * (p<0.05); ** (p<0.01)

ObpalyaeT Ha cebs BHUMaHWe OTIn4Me Mexay ABYMS rpynnami NauneHToB. [OTOBHOCTb MEHSTbL CBOM
0bpa3 xun3HM B CTOPOHY Gornee 300poBbIX NOBEAEHYECKUX NPUBBIYEK 3aBUCKT OT YPOBHS MOTUBALIM YENOBe-
Ka, @ B Crly4yae OHKOMOrM4eckoro 3abonesaHus CTpax SBNSETCS OQHUM W3 rNaBHbIX MOTUBATOPOB. VIMEHHO
MO3TOMY Yy MaLWEHTOB 13 KOHTPOMbHOW rpynnbl ¢ HEBOMbLIMMW HapYLIEHWUSIMU 300POBbS NEHb SBNANach 04-
HUM 13 Beaywux 6apbepoB. B 10 xe Bpems TsxecTb nedenns 3HO npuBoguT K TOMY, YTO YCTanoCTb OT NPO-
Lecca neyeHns, usndeckas 60nb 1 AMCKOMPOPT MeHbLUe Lat0T OHKO-NAaLMeHTaM BO3MOXHOCTEN MEHATb
CBOI0 XW3Hb B COOTBETCTBUM C PEKOMEHZALMAMM Bpaya.

W/ nocnegHWin BaxHbI MOMEHT, NOSYYEHHbIN U3 aHanmaa aHKeT: 28% OHKO-NAaLUMeHTOB ykasanu, YTo
HyxgatTcs B bonee nofobHON MHopMaLMK O TOM, Kak OHW 3a CYET U3MEHEHNS CBOEro obpasa XW3HW MoryT
cnocobcTBoBaTh AP EKTUBHOCTM TEPANAN 3M0KAYECTBEHHBIX 0Bpa30BaHMN.

BbiBoabl. [pumenenne onpocHuka HEALTH npogemoHCTpupoBano CBOK MHGOPMaTUBHOCTL NS
OLIEHKW MULLEBbLIX MPUBbIYEK U ncuxonornyeckux 6apbepos naumeHtoB ¢ 3HO. B ux paumoHe oTmevaeTcs
0CO3HaHHOE orpaHuyeHne «bbiCTpbix» yrnesodoB (p<0,01) Ha OHe CHWKEHHOrO MOTPEONEHMS XMBOTHBIX
BenkoB 1 «meaneHHbIx» yrnesogos (p<0,05), 4To He B MOMHOW MEPE COOTBETCTBYET PEKOMEHAALMSAM NO Bbl-
COKOOENKOBOMY MUTaHMIO OHKO-NaumeHToB. ObpallyaeT Ha cebs BHUMaHWe pacnpoCTPaHEHHOCTb B paLyioHe
NUTaHWA cnagkux pykToB 1 0BpaboTaHHbIX MACHBIX NPOAYKTOB, CNOCOBCTBYOLWWMX pocTy onyxonu. OCHOB-
HbIMK Bapbepamut Ha MyTu K 300pOBOMY 0Bpasy XM3HM Yy OHKO-MALMEHTOB BbICTYNAKOT YCTaNoCTb OT fleYeHNs,
thuanyeckas 60nb M HeAOCTATOK MHGOPMaLMK. 3TO 060CHOBbLIBAET HEOBXOAMMOCTbL CO3AaHMS AN TaKuX na-
LIMEHTOB [OCTYMHbIX METOAMYECKUX PEKOMEHZALMIA MO NUTaHMI0 1 06pa3y XM3HU, OCHOBAHHbIX HA COBPEME H-
HbIX HayYHbIX JaHHbIX.
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COBPEMEHHbIM B3r /A0 HA NPUMEHEHUE
MET®OPMWHA 3A NPEAEJIAMA CAXAPHOI 0
JINABETA: OT OHKOMPOTEKLIAW [10
[EPONPOTEKLIUW

TAHL|FOPA KAPHA HUKOAEBHA

CTyOeHT
®rBOY BO «KybaHckui rocynapCTBeHHbIN MEAULMHCKIAA YHUBEPCUTET»

AHHoTaums: B cTatbe paccmaTpuBatoTcs NNenoTponHble adekTsl MET(OPMIMHA, BIXOLALLME 32 PAMKU €ro
TPaOULMOHHOIO MPUMEHEHUs Npu caxapHoM AuabeTe 2 Tuna. AHanu3MpyTC MOMEKynspHble MEXaHu3Mbl,
nexalime B OCHOBE OHKOMPOTEKTMBHOW, reponpOTEKTUBHON, HEMPOMPOTEKTUBHON W KapaMONPOTEKTUBHOM
akTmBHocTW npenapata. O6obwaiTcs pesynbTaTbl METa-aHanuW3oB U KMMHUYECKUX  UCCRefoBaHWi,
LEMOHCTPUPYIOLLMX CHWXKEHUE pUCKa 3MOKAYECTBEHHbIX HOBOODPA30BaHWW, 3aMedfieHue CTapeHns 1
YNyylEeHne KOTHUTMBHBLIX (yHKuM. Ocoboe BHWMaHWe ygensieTcs uccnegoBaHuio TAME — nepsomy
KNWHUYECKOMY WCTbITAHMIO, U3yYatolleMy MeT(OpMMH Kak CPEeCTBO, BO3LEWCTBYOLlEe Ha CTapeHue.
ObcyxpalTcs  nepenekTvBbl  PENO3WULMOHMPOBAHMA  MeTOpMUHA  ANS  NPOUNakTUkM  BO3pacT-
accoLmMMpoBaHHbIX 3abonesaHun y nuu 6e3 guabeTa.

KnioyeBble crnoBa: MeT(OPMMH, PEMO3ULMOHMPOBAHUE JEKAPCTBEHHbIX CPEACTB, OHKOMPOTEKLMS,
reponpotekuyus, HemponpoTekums, AMPK, mTOR, ctapenne, TAME, npocunakTika paka.

MODERN VIEW ON THE USE OF METFORMIN BEYOND DIABETES: FROM ONCOPROTECTION TO
GEROPROTECTION

Tantsyura Karina Nikolaevna

Abstract: The article examines the pleiotropic effects of metformin extending beyond its traditional use in type
2 diabetes mellitus. The molecular mechanisms underlying its oncoprotective, geroprotective, neuroprotective,
and cardioprotective activity are analyzed. The results of meta-analyses and clinical trials demonstrating
reduced cancer risk, decelerated aging, and improved cognitive function are summarized. Special attention is
paid to the TAME trial — the first clinical study investigating metformin as an agent targeting aging. The
prospects for repurposing metformin for the prevention of age-associated diseases in non-diabetic individuals
are discussed

Key words: metformin, drug repurposing, oncoprotection, geroprotection, neuroprotection, AMPK, mTOR,
aging, TAME, cancer prevention.

MeTdopmuH, npon3BoaHoe GuryaHuga, Ha npoTsikeHun Gonee nonyBeka OCTaéTcs npenapaTom nep-
BOW NMWHWW ANs neyeHns caxapHoro anabeta 2 tuna (C[2). OaHako 3a nocnegHue ABa AECATUNETUS HaKoM-
IneH OBLMPHBIA MaccuB AaHHbIX, CBUAETENbCTBYIOWMX O TOM, YTO ero (hapMakonornyeckas akTMBHOCTb HE
OrpaHnYMBaeTCs caxapoCHMXaroLWwmm addektoM. MeThopMmuH cerogHs paccmaTtpuBaeTcs Kak npoToTun re-
POMPOTEKTUBHOTO ¥ MMMYHOMETAB0MMYECKOTO OHKOMNOTMYECKOr0 afbloBaHTa — npenapara, CnocobHOro BO3-
[ENCTBOBATb Ha (hyHAAMEHTANbHbIE MEXaHW3MbI CTapeHus U kaHueporexnesa [1, ¢. 11]. aHHbin 0630p no-
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CBALLEH COBPEMEHHBIM MPEACTaBMNEHMAM O NMeioTPomnHbIX dddektax MeTPOopMMHA W NEpCnekTUBam ero
NPUMEHEHNS 3a Npefenami caxapHoro aunabera.

OcHoBHOW MuLEHBID Npenapata sensetcs AMP-aktueupyemas npotenHkuHasa (AMPK) — ueHTpans-
HbIN CEHCOP KNEeTOYHOro 3HepreTuyeckoro cratyca. MeTqopMuH WMHrMbupyeT komnnekc | anekTpoHTpaHc-
MOPTHOW Lien MUTOXOHZPWIA, 4TO NPUBOAMT K NOBbILIEHNO COOTHOWeEHNUS AM®D/AT® 1 nocnepytoLlei akTuea-
unm AMPK [2, c. 6]. AktuBnposaHHas AMPK, B cBOK0 o4epeab, nogasnser curHanbHeld nyts mTORC1 — knto-
4eBOW PErynsaTop KNeToyHoro pocta u nponudepauum [2, ¢. 10]. UHrnbuposaHne mTORCA meTdopMuHOM
OnocpefoBaHo akTueaumen reHos-cynpeccopoB onyxonen TSC1 m TSC2 [2, c. 26]. Momumo AMPK-
3aBUCUMbIX MEXaHM3MOB, MeT(OPMIH crnocobeH MOAyNMpoBaTh curHanbHele Ny IGF, BNMATL Ha aHruore-
Hes, BocnarneHue, anonTo3 u MeTabonmam OnyxoneBbIX KNEeTOK, a TakKe U3MEHATb MUKPOOKPY)XEHNE OMyXOmnH,
ycunmeas UMMYHHbIA Haa3op [3, C. 7].

Haunbonee ybeautenbHble faHHbIE NOMYyYeHbl B OTHOLLIEHWW OHKOMPOTEKTUBHOIO NOTEHUMana Metdop-
MuHa. MacwTtabHbln cuctematmyeckun 063op 1 MeTa-aHanus 65 nccnegoBaHui, onybnukoBaHHbln B 2025
rogy, nokasan, YTo NpUeM MeT(HOpMMHA acCOLMMPOBAH CO CHIMKEHWEM pUCKa Pa3BUTUS paka B Lenom Ha 28%
(oTHocuTenbHbIn puck 0,72; 95% AW 0,64-0,81) [4, c. 22]. Hanbonee BbIpaXeHHOE CHKEHWE pucka 3admk-
CMPOBaHO A1 paka MOSIOYHON kenesbl (0THoCUTESbHbIN prck 0,68) 1 KONMOpeKTanbHOro paka (OTHOCUTENb-
HbIn puck 0,62) [4, c. 24]. 3TM faHHbIe cornacyTcs ¢ pedynbTatamu Gonee paHHUX UCCNeaoBaHuiA, B KOTO-
PbIX TaKKe OTMEYanoch CHWKeHWe obLei CMepTHOCTU 1 3aboneBaeMoCTH BO3PaCT-accoLMMpoBaHHbIMI 6o-
NE3HAMM Y NauyeHToB ¢ AMabeToM, NPUHUMAIOLWMX METCOPMMH, MO CPABHEHWIO C NOMyYaKOLMMK apyrue ca-
XapocHWxatowue npenapatbl [5, . 22]. MNpegnonaraeTcs, YTO NPOTUBOONYXONEBOE AeNCTBUE MET(HOPMUHA
peanuayetcs yepe3 AMPK-onocpenosaHHoe uHrbuposaHme mTORC1, nogasneHne cuHtesa 6enka u npo-
nugepauum knetok [2, ¢. 50].

He MeHee 3HauMMbIM HanpaBneHWeM SBMSETCS reponpoTekUmMs — 3ameieHne Gruonornieckoro crape-
HWA. MHOroYMCcneHHble 3KCnepUMeHTanbHble UCCNEAoBaHNSA Ha XMBOTHbIX MOAENSX NPOAEMOHCTPUPOBanM,
4TO METOPMUH CNOCOOEH YBENMUMBATL Kak MPOAOIMKUTENBHOCTb XNU3HNW, Tak U €é kadecTBo (healthspan) [5,
c. 31]. B nporpamme Interventions Testing Program (ITP) — Hanbonee cTporoit nporpaMme AOKIMHUYECKO
OLIEHKM reponpoTEKTOPOB C UCMOMNb30BaHNEM FEHETUYECKN PA3HOPOLHbIX MONYNALMA MbILLeh — MET(OPMUH,
Ha3HaYeHHbIA B CpegHeM BO3pacTe, YBENMYMBan MeauaHHy NpoaOMmKUTENBHOCTb XM3HN Ha 4—6% [5, ¢. 31].
Y niogei npuém MeTopMUHa acCoOLMMPOBAH CO CHUXEHWEeM OOLLei CMEPTHOCTH 1 3aboneBaemMoCcT BO3-
pacT-accoLMMpOBaHHbIMI BoNe3HAMM, NPUYEM 3TOT 3GHPEKT COXPaHAETCS Jaxe npu nonpaske Ha rrnkeMu-
YeCKWin KOHTpOnb [5, ¢. 23]. MonekynspHble MexaHW3Mbl reponpoTekLUMM BKNoYarT aktusaumo AMPK, UHru-
BuposaHne mTOR, BoccTaHOBNEHME MUTOGArM, YMeHbLUEeHWe cuctemHoro Bocnanenus (inflammaging) un
noAaBrneHne CEKpPeTOpHOro heHoTMna ctapetoLmx Knetok (SASP) [6, ¢. 5]. BaxHyto ponb UrpaeT Takke Hop-
Manuaaums CocTaBa KuLeyHon MkpobuoTsl [6, c. 8].

KntoyeBbIM cOBbITUEM, 3HAMEHYIOLMM NEepexoq OT HabmogaTenbHbIX UCCNegoBaHWA K AOKa3aTenbHO
MeauumMHe, cTano uHuummposaHue uccnegosanus TAME (Targeting Aging with Metformin) — nepBoro KnuHu-
4eckoro ucnbiTaHus, ofobperHoro FDA, B KOTOPOM CTapeHWe paccMaTpyBaeTcs kak HernocpeacTBeHHas Te-
paneBTMYeCKas MuLLeHb [7, ¢. 9]. B 3TOM paHLOMM3MPOBAHHOM Nnaue60-KOHTPOMMPYEMOM WUCCNEaOBaHNM
npuHumatot yyactre 3000 HegmabeTnyeckux B3pOCHbIX B BO3pacTe 65—79 net, koTopble nony4vatoT Metdop-
MuH B go3e 1500 mr/cyT munn nnaue6o B TeyeHue 6 net [8, c. 17]. MepBUYHON KOHEYHOM TOYKON SBNSIETCS
KOMBWHMPOBAHHbI NoKasaTeNb BO3PaCT-aCcCoOLMMPOBaHHbIX 3aboneBaHuii (cepaeyHo-cocyancTbie 3abonesa-
HWS, paK, AeMEHLMS 1 CMePTHOCTD) [8, ¢. 19]. PesynbTaThl oxugatotcs B 2026—2027 rogax [8, c. 15]. MNpome-
XYTOYHble GMOMapKepHble AaHHble CBMAETENbCTBYIOT O CHUWXEHWUM YPOBHS NPOBOCMANUTENBHBIX LMTOKUHOB
(IL-6, TNF-a, CPB) 1 mapkepoB knetouyHoro ctapenusi (p21, p16) y noxunbix niogen 6e3 gunabeta, npuHuma-
toLMx MeThopmuH [8, ¢. 22].

HenponpoTekTusHble achdekTsl MeThopMMHa Takke NpuBNEKaloT BCE 6onbluee BHMMaHue. Habntoga-
TeNbHbIE UCCNEeLOBaHUs LEMOHCTPUPYIOT CHIDKEHWE pucka AeMeHuuu Yy nauueHToB ¢ CL2, npuHUMaroLmx
MET(OPMUH, MO CPABHEHWIO C APYTMMI CaxapoCHWKatoLwmmMu npenapatamu [9, c. 14]. HegasHee uccnepoa-
HWEe C NPUMEHEHWEM MEHAENEBCKO paHAOMM3aLMM NoKasaro, YTo METCIOPMIUH MOXET CHUXAaTb puck 6ones-
HW Anblreimepa B 0bLLei Nonynaumm, NPpUYEM MeXaHU3Mbl, NO-BUAMMOMY, BKIHOYAIOT YYyYLLEHE MUTOXOH-
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ApVanbHON PYHKLUMM 1 YMEHbLUEHNE 3KCNPECCUM FEHOB, CBA3AHHbBIX C MUTOXOHAPWanbHbIM komnnekcom | [10,
C. 27]. SkcnepuMeHTanbHble JaHHbIE CBUAETENbCTBYIOT O CNOCOOHOCTM MET(OPMMHA YyyLlaTb CUHAMT4e-
CKYl0 nepefayy W COXPaHATb CMHANTWYECKYl NMacTUYHOCTb B rWMNokamne npu BO3aencTeum Geta-
amMUNOMAHbIX ONIMTOMEPOB, YTO YKa3blBaeT Ha ero NoTeHUManbHy ponb B npodunakTuke 6onesHn Anblyre i-
mepa [10, c. 7].

CeppaeyHo-cocyancTble apdekTsl MeTdopmmnHa y nuL be3 auabeta Takke HaxoaaT noaTeepxaeHue. B
PETPOCMEKTMBHOM KOrOPTHOM WCCreaoBaHu ¢ yyactmem bonee 3,4 MNH NaLUMEHTOB C TUNEPTOHUEN U runep-
nunugemven 6e3 auabeta npuMeHeHne METOPMIHA acCOLMMPOBAIOCh CO 3HAYUTENbHBIM CHUXKEHUEM PUC-
ka MH(apKTa M1OKapAa, a TakkKe YMEPEHHbIM CHXKEHUEM YaCTOTbl CEPAEYHON HEAOCTATOMHOCTY U (nbpun-
nauun npegcepauni [11, ¢. 30]. Mpeanonaraemble MexaHU3Mbl BKITHOYAKOT CHUXKEHWE OKUCAMTENBHOrO CTpecca
aHZoTenus Yyepes uHrMbuposaHue komnnekca | 1 AMPK-onocpegoBaHHyto aktueaumio eNOS, npotueoBocna-
nuTenbHble 3GDEKTBI, CHIKEHWE arperaumm TpoMBoLUNUTOB 1 yMepeHHoe CHikeHue ypoBHs JIMHIT u Tpurnu-
uepugos [12, c. 10]. MeHngenesckoe paHAOMU3ALMOHHOE UCCREeAOBaHKE NMOKa3ano, YTo BO3AENCTBIE HA MU-
LUEHN MeT(OPMUHA acCOLMMPOBAHO CO CHIKEHMEM pucka uemmyeckon bonesHu cepaua Ha 37,8% (0THO-
weHwe waHcos 0,62) y nuy 6e3 anabeta [12, c. 14].

Takum 06pa3om, MeT(OPMIUH CETOHS PacCMaTpUBAETCS Kak YHUKaNbHbIA npenapaTt ¢ AoKasaHHbIM
npocunem 6e30MacHOCTM U LUMPOKUM CNEKTPOM NOTEHLMAmNbHbIX NPUMEHEHWA 3a Mpegenamn CaxapHoro
puabeta [1, ¢. 11]. OT OHKONPOTEKLMM M rePONPOTEKLMN 4O HENPONPOTEKLMM 1 KAapAUONPOTEKLMM — €ro nnen-
OTPOMHble 3GhIEKTHI OTKPbLIBAKOT HOBbIE FOPU3OHTLI AMNs NPOUNAKTUKNA BO3PACT-acCoLMMPOBaHHbIX 3abone-
BaHuii. OgHako, HECMOTpS Ha OOHagéXvBaloWMe AaHHble HabntoaaTenbHbIX UCCNEA0BaHMA U 3KCNepUMe H-
TanbHbIX MOAENeN, OKOHYaTeNbHbIE BbIBOALI O NPUYMHHO-CNEACTBEHHOM CBS3N W KIMHUYECKON 3GhhEKTUBHO-
cTn meTchopmmHa y nny, 6e3 gnabeta MoryT ObiTb CAENaHbl TOMbKO NOCHe 3aBEPLUEHMS KPYMHbIX paHLoOMU3W-
POBaHHbIX KOHTPONMPYEMbIX UCTbITaHuid, npexae sBcero TAME [8, ¢. 24]. [lo nonyyYeHus aTux pesynbTaTtoB
NPUMEHEHWEe MET(OPMIUHA B Ka4eCTBE reponpoTEKTOPA UMM OHKOMPOTEKTOPa Y 300POBbIX JINL, CredyeT pac-
cMaTpuBaTb kak bruonornyecku npasaonoaobHY, HO Moka He JokasaHHyK rnoTesy [8, c. 25]. Tem He MeHee
MeT(OPMUH YXxe CeroHs ABnseTcs Haubonee 13y4eHHbIM KaHAMLATOM Ha porb hapMakonornyeckoro repo-
NpOTEKTOpa, a NPOAOMKAKLMECH UCCNENO0BaHNSA B 3TOW 0bnacTu obeLLarT CoBEPLNTL PEBOMIOLMIO B Npe-
BEHTUBHOW MeauumHe [1, c. 28].
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AHAMN3 0XOroBOK TPABMbI B THOMEHCKOW
ObJIACTW B 2022-2025 T0[IAX

MOJI0KOBA AHACTACHA CEPTEEBHA

acnupaHT
®Ir60Y BO «TroMeHCKMIA rocyAapCTBEHHbIN MeAULMHCKUA YHUBEPCUTET»

HayyHb1ii pykogodumenb: YepHoe U2opb Anekceesuy — K.M.H., 00UeHM
@Ir60Y BO «TromeHckull 2ocy0apcmeeHHb Il MeOUUUHCKUU yHUgepcumemy

AHHoTauus: WM3yyeHne npoOTOKONOB CyaebHO-MeOMUMHCKUX BCKpbITUA 3a 2022-2025 rr., BbISBMIO
NpeunMyLLECTBEHHOE BO3HUKHOBEHME OXOroB Y MyxunH (67,2%). B 92,9% oxorn HocsT BbIToBOM XapakTep. B
rpynne pucka nuua B3pocnoro 1 Noxurnoro Bospacta. Haubonee pacnpocTpaHeHbl 0xoru nnameHem (77,5%),
ropsiyeit xugkoctbio (17,1%), kombruHupoBaHHble oxoru (3,1%), oxorn ot oborpesateneit (2,3%), U3 HUX B
43% cnyyaeB BbiSBNIEHA TepMOMHransUMoHHas TpaBma. [loBepXHOCTHble oxoru coctaBnsoT 39,2%,
coyetanua oxoros I, lll, IV crenenei 32,1%, rnybokue oxorn — 28,5%. OxoroBas GonesHb passunach B
100% cnyyaes. B 50% cmepTb HacTynuna B cTaguio Wwoka, B 11% B ctaguio Tokcemun, B 39% — B cTaguio
cenTukoTokcemun. OCHOBHas MPUYMHA CMEPTM — NONMOPraHHas HeJoCTaTOYHOCTb.

KnioyeBble crnoBa: 0xoroBas TpaBma, OXoroBas 00nesHb, CTPYKTypa OXOrOB, NETarbHOCTb, MPUYMHbI
CMepTy.

ANALYSIS OF BURN INJURIES IN THE TYUMEN REGION IN 2022-2025
Molokova Anastasia Sergeevna
Scientific adviser: Chernov Igor Alekseevich

Abstract: A review of forensic autopsy records from 2022 to 2025 revealed that burns predominantly occur in
men (67.2%). In 92.9% of cases, burns are of a domestic nature. The risk group includes adults and the
elderly people. The most common burns are flame burns (77.5%), hot liquid burns (17.1%), combined burns
(3.1%), and burns from heaters (2.3%), of which thermal inhalation injury was detected in 43% of cases.
Superficial burns account for 39.2%, combinations of second-, third-, and fourth-degree burns account for
32.1%, and deep burns account for 28.5%. Burn disease developed in 100% of cases. In 50% of cases, death
occurred during the shock stage, in 11% during the toxemia stage, and in 39% during the septicotoxemia
stage. The main cause of death was multiple organ failure.

Key words: burn injury, burn disease, structure of burns, mortality, causes of death.

Beeaenue. o gaHHbIM PoccTata umcno noctpagasLumx (B3pOCHbIX M AeTeit) C TEPMUYECKAMI U XUMU-
yeckumm oxoramn B Poccumn B 2005-2020 rr. noctosiHHO cHuxaetca [1, ¢. 31]. Oxorn BXogsaT B YETBEPKY
Hanbonee pacnpocTpaHeHHbIX TpaBM B Mupe. ExerogHo pernctpupyetcs okorno 180 000 cmepTenbHbIX cny-
4aeB, CBA3aHHbIX C oxoramu [2, ¢. 2]. JTlogn NOXMNOro U cTapyeckoro Bo3pacta BXOASAT B rpynny pucka no
TEpMUYECKON TpaBme. 10 AaHHbIM pasHbIX aBTOPOB, GOMbHbLIE NOXWMOMO U CTApYECKOro BO3pacTa COCTaBI S-
toT 17-25,4% OT BCEX 0BOXOKEHHbIX, rOCMMTANM3NPOBaHHbBIX B OXOroBble cTaunoHapsl [3 c. 48]. B PO npo-
Brema 0XoroBoro TpaBmatiamMa CTouT 0COHEHHO OCTPO, OH OCTAETCS Cepbe3HON Npobnemoit B 3npaBooxpa-
HeHuU. 3TO 0BYCMNOBNEHO TSXKECTBIO TPAaBM W COMYTCTBYIOLLMMM (DaKTOpamu: BO3LENCTBUEM anKorons, no3a-
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HWUM 0BpaLLeHneM 3a NOMOLLbH, KOMOPOUAHOCTbLIO NALMEHTOB.

CTeneHb TSHKECTU, XapakTep NaToNorM4eckuX CABMIOB B OPraHM3Me 1 MPOrHO3 0XOroBbIX TPABM 3aBW-
CAT OT rNyOuHbI, NOKaNM3aLMn 0XXOroBbIX PaH W UX Nrowaan. MimeeT 3HaueHue Takke Bo3pacT, obLee cocTo-
SIHWe NOCTPadaBLLUMX U psia APYrux (DaKTopOoB.

OxoroBass 6onesHb SBNSETCA OAHWUM W3 CaMblX TSKEMbIX NATONOTMYECKNX COCTOSHWW, KOTOPOE
OTINMYAETCS ANUTENBHOCTBI0 TEYEHMS, TSHKENON NCUXO3IMOLIMOHANBHON HArpy3koi, BEICOKMMM NoKasaTensmu
WHTOKCUKaLMW, MPUHSATO CYMTaTh, YTO OxoroBast 6onesHb passusaetcs npu rnybokom nopaxeHuu (IV n b
ctenenu) nnowagbto 8-10% Tena u npu nosepxHocTHoM oxore (I -IlIA ctenenu) nnowageto 15-20% [4, ¢.8]. B
COOTBETCTBME C COBPEMEHHbIMM MPEACTABMNEHUAMI B MaToreHe3e OXOroBOM OONE3HW MMEET 3HaueHue
pasBUTHe HecneLnu4eckoro CUCTEMHOTO BOCNAMTENBHOIO OTBETA OpraH13mMa Ha MacCUBHOE NOBPEXAEHWe
TKaHeW, C pa3BMTMEM MONMOPraHHON HEAOCTAaTOYHOCTM B pasHble cTaaun 6onesnu [5, ¢.1068]. OcobeHHOCTLI
COBPEMEHHOr0 nepuoda SBMSeTCs TO, YTO B rpynne TSHKeNo 0BOXOKEHHBLIX 3a MocneaHue rodbl NPOM3oLLen
CABUI CPOKOB NETanbHOCTW: YacTb OOMbHbIX, MOrMbaBLIMX paHee OT LOoKa, YMUpPaeT B MO3Q4HWE CPOKM
OXOroBOW 60Me3HN OT MOAMOPraHHoOW HepocTatouHocTn [6, €.1]. OcobeHHO Benuk puck reHepanusauum
WH(EKUMOHHOTO mpoLecca MpK OXOroBoM nopaxeHuu, npesbiwarowem 40% nnowagm Tena (kak obuien
nnowaau, Tak n ocobeHHo nnowaam rnydokux oxoros -1V ctenenn) [1, ¢.34].

TiomeHckast 06nacTb — YHUKaMbHbIA PErMOH C COMETAHMEM CYPOBbIX KNMMMATUYECKMX YCIIOBUN, BbICOKOM
NPOMBbILLNEHHOW aKTUBHOCTLIO W CNELMPUIECKOn CTPYKTYPOU HaceneHus. AnuternbHblil OTONUTENbHBIN CE30H,
NCMONb30BaHWe aBTOHOMHbIX WCTOMHWKOB Tenmna B 4YacCTHOM CEKTOpe, a Takke NpOM3BOACTBEHHbIE PUCKM
C037at0T 0CObbIE YCIOBMS NOMYYEHNS OKOTOBbIX TPABM.

Llenb nccnepoBaHma — U3yunTb CTPYKTYPY OXXOroBoM TpaBMbl B TiomeHckorn obrnactn 3a 2023-2025 rr.
B 3@BMCMMOCTU OT NOBPEXAAIOLLEro areHTa, nona, Bo3pacTa, XxapakTepa 0xora, CTENEHN 1 fokanusauum.

Matepuanbl u metoabl. [lpoaHanuavpoBaHbl 43 ucTopum ©GonesHn M npoTokona cygebHo-
MeauumHeknx BekpbiTn BCMO TO 3a BbibpaHHbI BPEMEHHOM MPOMEXYTOK. M3yyeHa CTpyKTypa OXOroB,
pacnpefeneHue nauueHToB no MOMy M BO3pacTy, XapaKTepy, Nokanu3auwm W cTeneHn nopaxenus. Bo
BHUMaHWE B3SATbl MPUYUHBLI CMEPTM.

CobcTBeHHbIE MccnepaoBaHuA M obcyxaeHwe. Ha OCHOBAHWM W3y4eHUs MPOTOKOMOB BCKPbLITWN,
BbISIBMIEHO, YTO OXOMM Yallle BCEro MOSlyYeHbl B pe3ynbTate AEUCTBUS nnameHn — 77,5%. BTopoe mecTto
3aHMMAIOT OXOrW, Bbl3BaHHblE BO3aeicTBMEM ropsyei Bogbl — 17,1%. Anekcees A. A. ¢ coasr. (2023 r.) Ha
OCHOBaHWW MHOTOLEHTPOBOTO MUCCREA0BaHNS NPUBOLAAT ApYrie AaHHble, rae Ha NepBOM MeCTe Y B3POCHbIX
NauMeHToOB CTOAT OXOrMK, MOMyYeHHble KUMSATKOM, Ha BTOPOM - nnameHem [1, ¢. 33]. Takke BCTpeyanucb
KOMOMHUPOBAHHbIE OXOTW, Bbl3BaHHbIE COMETaHHbIM BO3AENCTBMEM XMMUYECKOrO M TEPMUYECKOrO (hakTopa —
3,1%. B ogHOM Cryyae ymepLuuiA NOMyYmnn OXOru B pesynbTate LIUTENbHOrO KOHTakTa ¢ oborpesartenem —
2,3% (puc. 1). TepMOMHransUmoHHas TpaBma BbisisrieHa y 43% yMepLumx.

MMpu oxorax, MoryyYeHHbIX NnameHeM, Yalle nopaxanucb CheaytLne yyacTku Tena: ronosa, Lues,
TYNOBULLE, BEPXHUE W/MMN HIDKHWE KOHEYHOCTU, B T.M. KUCTWU M cTOMbl. [lpy OXorax ropsyen XuakoCTbio
nNpeBanupyloT nokanusauun: BCA npaBas/nesas NofioBuHa TynoBuLa C COOTBETCTBYHOLMMI KOHEYHOCTAMM,
ctonbl. [py oxorax, Nony4eHHbIX 060rpeBaTensiMn — TyNOBHULLE.

B cootBeTcTBUM C Knaccudmkaumen BospactoB BO3 BhigenstoTcs rpynnbl; MONogon BospacT (o1 18 fo
44 net), cpegHuit (o1 45 go 59 net), noxunon (o1 60 go 74 net), ctapyeckuit (ot 75 go 90 neT). Moctpagano
OT 0XOroB 6 YeNIOBEK NOXMIIOro BO3pacTa, No 7 YeNoBeK — CTapyeckoro U cpeaHero, 4 Yenoseka — MOSIOAOrO,
3 yenoseka — mnagLwe 18 net. Bo3pacT 04HOTO MyX4MHbI HE N3BECTEH.

TpaBm y nny, NOXUNOTO M cTapyeckoro Bodpacta — 21,4% n 25% cooTBeTCTBEHHO. Jlnua cpeaHero
BO3pacTa noctpagamu B 25% cnydyaes, monogoro — B 14,3% cnyyaes, mnagwe 18 net - B 10,7%. Hanuune
BbICOKOTO MpOLEHTa MOpaxeHus cpeau nogen monogoro u cpepHero Bospacta (23,8% u 12,5%
COOTBETCTBEHHO) 06YCIOBNEHO MOBLILLIEHHOM aKTUBHOCTbLIO 3TOM COLManbHOM rpynnbl: OHU paboTatoT, YacTo
CBSi3aHbl C MPOW3BOACTBOM, MHOTO BPEMEHW MPOBOAAT HA KYXHE, 3aHMMaKTCA ObITOBbIMM Aenamu, yvalle
CTamnKMBalOTC C MCTOYHMKAMW OMAcHOCTM, COOTBETCTBEHHO NOABEPXEHbl 60nee BbICOKOMY  PUCKY
BO3HUKHOBEHWUSI OXOroB. JTa BO3PaCTHas rpynna Camas MHOTOYUCIIEHHAs, YTO TaKKe OTpaxaeTcs Ha
CTaTUCTHKe.
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2,33,1

O niaamsa

B Bona

O odorpeBareib

0 koMOMHUPOBAHHBIN

77,5

Puc. 1. CTpyKkTypa 0XX0roB B 3aBMCUMOCTU OT BUAA NoBpexaatoLiero areHTa (B %)

loan NoXmnoro M CTapyeckoro Bo3pacta Mo HalMM [aHHbIM COCTaBNAKT 60nee MHOTOYMCIEHHYHO
rpynny, 4em monogoi u cpegHuin Bopact (30,7% n 25,8% cooTBeTCTBEHHO) (pUC. 2). INoNyYeHHbIe AaHHblE
cornacyrtcs ¢ obLiepoccuiickumm 06 yBenuueHun neTanbHbIX UCXO40B Y 0B0XOKEHHbIX MaLWMEHTOB CTaplLue
60 net c comaTW4ecKoM MaTonorven, BKIYAs HOBYK KOPOHABMPYCHYI MHMEKUMIO, @ Takke C NO3AHUM
NepeBo4OM B OXKOTOBbIE OTAENEHNS NALMEHTOB C YXKe PasBUBLLMMICS OCNIOXHEHUSMU OXOroBoi Gonesnn [1,
c. 34] Kpome TOro noBbILLEHHbIA PUCK TPaBMaTU3aLmMK B 9TOM BO3pacTe CBSA3aH C TEM, YTO MHOTME MOXUIble
Noamn He cnocobHbl obecneynTb cebe NONHOLEHHbIA U BHUMATENbHBLIN YXO4 1 HEOCTOPOXHbI B ObITy (3a0bInn
BbIKITIOYUTb NAMTY, ONPOKWUHYNK Ha cebsi ropsyyto Body, YCHYM psgoM ¢ oborpeBaTtenem, onupasicb Ha Hero
BO CHE, MOTEePSANM KOHTPOMb Haf pa3BeAeHHbIM KOCTPOM). Y MONoAbIX W AeTel NokasaTenn HUKe — BEPOSTHO,
MOTOMY YTO Y MEPBbIX Nyylle peakuusi, OHU MEHEE CKIOHHbI K YnoTpebneHuio ankorons, a BTOpbIX Yalle
KOHTPOMNUPYIOT POAUTENMN.

Onxo 18

B moson0i

O cpennuii

O moxxkuJjIom

B crapyeckuil

30,7

Puc. 2. PacnpegeneHue nocTpagaBlumMx No BO3pacTHbIM rpynnam (B %) - monogow Bo3pacT (o1 18 go
44 net), cpepHui (o1 45 go 59 nert), noxunon (ot 60 go 74 net), crapyeckui (o1 75 go 90 ner)
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Cpeay uccneayembix ymMepLUmx npeobnagatT MyxunHbl — 67,2%, XEeHLMHBI NOMy4arT OXKOM pexe — B
32,8% (puc. 3). lNMonyyeHHble UuMdpbl COOTBETCTBYIOT 0bLepoccuitckum aaHHbIM [1, ¢. 33] u obycrnosneHsl
TEM, YTO MYX4MHbl paboTaT B OMACHbIX OTPACnsX, 3aHMMAtOTCS CTPOMKOWA, PEMOHTOM, MPUBMEKAIOTCA
[o0poBonbLUaMu K NMKBUAALMM YPEe3BbIYalHBIX CUTyauuid, Yalle KypsiT, Hemanmas 4acTb ynotpebnsier
ankoronb. Bce aTu hakTopbl OTpaxakTcs Ha AaHHOM COOTHOLLEHNMN.

O My:KYUHBbI

B ;KeHIIUHBbI

Puc. 3. PacnpepeneHue 6onbHbIX no nony (B %)

[pu aHanu3e xapaktepa TpaBMbl BbisiBNEHO, 4To B 91,5% TpaBma Hocuna BbIToBO XapakTep, a B 8,5%
Cny4aeB — NPOM3BOACTBEHHbIN XapakTep (puc. 4) 4To cornacyeTcs ¢ nuTepaTypHbIMK JaHHbIMK [1, €. 33].

O o0bITOBAs

o NMPpOU3BOACTBCHHAHA

Puc. 4. PacnpegeneHue noctpaAaBlWMnX B 3aBUCMMOCTU OT XapakTepa TpaBMbl (B %)

B psige criyyaeB oxoru Oblnu NomyYeHbl B COCTOSHUM M3MEHEHHOO CO3HaHMs. B 5 cnyyasx B Kposw,

XEn4nm 1 Moye TpynoB 6bin obHapyxeH MOpdWH, Y OAHOW MOCTpajaBlueit — ankoronb. B ogHoM cryvae
MPUYMHON Oxora cTano o0BoCTpeHue ncuxmyeckoro 3abonesaHus, B [ENPECCUMBHOM 3M130fe KOTOpPOro

YenoBeK Noaxer cam ceods.
Hanbonee Tspxenble OXOrv Momy4eHbl NOAbMU MOXMIOTO M NPecTapenoro Bo3pacta BCNeACTBUE
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HEOCTOPOXHOrO MOMb30BaHWS OrHEM, MPUBEALIEro K noxapy — pasxuraHue Koctpa U MOMKUraHue Cyxom
TpaBbl Ha npuycagebHbIx yyacTkax, norb3oBaHe ObITOBLIM ra3oM. Y Monoabix npeobragaet HEOCTOPOXHOE
obpalleHne ¢ BeH3MHOM, 3aropeBLUMMCS MPWU NOAHECEHWM K HeMy NrameHu (pasxuraHue neun B GaHe,
BeH3onuna, NoAoYHbIA MOTOP, B3pbIB rasa).

MosepxHocTHble oxorn (I, Il, IIA cteneHen) BbiseneHsl B 39,2% cnyyaes, rnybokue (llIB, IV
creneHen) — B 60,1 % (puc 5.). Y nuy go 60 net npeobnaganu oxoru lll u IV cteneHen, ctapwe 60 — Il v |l
cTeneHei, pexe — | cTenexu.

Ooxorum I, 11, I1IA
CTeNeHHU

B oxxoru |11B, IV crennenn

Puc. 5. PacnpeaeneHue 60nbHbIX B 3aBUCUMOCTU OT ryO6UHbI 0XX0roB (B %)

Mnowanb 0xoroB y nauneHtoB Obina BapuabensHon ot 6% Ao 95%. bonbluas nnowags 0XOroBbiX
MOBEPXHOCTEN 3HAUMTENBHO Yalle BbisBnsnack y nuuy mnagwe 60 net. Anekcees A. A. ¢ coasT. (2023 r.)
obpallaeT BHUMaHWE Ha TO, YTO B TEYEHUe Tpex MOCreaHUx feT OTMEeYaeTCs YBEnuueHue uucna
rocnuTanuanpoBaHHbIX B3pochblx, oblyas nnowanb oxoros y kotopbix coctasuna bonee 30,0% ot obuyei
nnoLiaam noBepxHOCTM Tena, npuyemM, Yem Borblue NnoLaab NOPaxeHUs, TEM NeTanbHOCTb BoiLe [1, ¢. 34].
MMpu oxorax, NONyYeHHbIX NrameHeM, 0TMeYanoch COYETaHHOE MOpaXeHWe rofoBbl, TyMOBULLA, BEPXHUX U
HDKHUX KOHEYHOCTEN.

3BeCTHO, YTO MPUYMHOM BO3HWKHOBEHWS OXOroBOM OGONesHn SBMSETCA BbiNadeHWe BCeX BWAOB
(DYHKLMIA KOXHOrO MOKpOBa, NOTEPS NnasMbl, pacnag 3pUTPOLUNTOB, a Takke HapylleHus obmeHa BeLlecTs,
T.e. KOMMMEKCHOE HapyLeHWe AeATeNbHOCTW OpraHoB U cucteM. C yyeTOM KIMHUYECKUX HabriogeHun B
TPaBMATOMOrMN NPUHATO CYMTaTb, UTO OXOroBasi 6onesHb passuBaetcsa npu rinybokom nopaxeHum (IV u 1B
crenex) nnowaasto 8-10% Tena unu npu nosepxHocTHOM oxore (I — 1A ctenenn) nnowaabto 15-20%.

B 50% cnyyaeB cmepTb HacTynuna B cTaguio Lwoka (25% nnowaau nopaxenus), 11% — Tokcemuu,
39% — cenTukoTokcemmmn. OXOroBbIN LLOK Pa3BUBAETCS cpasy Nocne TpaBMbl Mpu OBLUMPHBIX OXOrax KoXu v
rnybxenexawmx TkaHen, AnuTca B cpegHem g0 3 cyTok. Tokcemus anutca 10-15 gHen nocne TpasMbl.
Bo36yautensmMn WHGEKLMOHHOMO NpoLecca y YMepLUMX B CTaauio CENTUKOTOKCEMUN SBASNIUCH CTAUIOKOKK,
CMHErHOMHasa nanoyka, NpoTen, kuweyHast nanoyka. MNepuog anuncs ot 2 Hegenb 40 3 mecsues. OCHOBHOM
NPUYNHON CMEPTU ABNSNIACh NONMOPraHHHAs HEAOCTaTOYHOCTb, KOTOpast BO3HWKNa y 28 nauneHToB — 65,11 %
W NposiBNANach AbIXaTenbHOW, HYTPUTMBHOW, LiepebpanbHOn, Cepag4HO-COCYANCTOM HEO0CTaTOYHOCTbH,
renarto-peHanbHbIM CUHAPOMOM. Ha BCKPbITUW BbISIBMEHbI OTEK NETKUX W FOMIOBHOTO MO3ra, HEKPOHedpo3,
WHTEPCTULMANbHbLIA renaTut, Aenunonansauns HagnoveyHukoB. Bedyllee 3HayeHe B NPOrHO3e neTanbHbIX
NcxonoB y GOMbHBIX C OXOrOBOW TPAaBMOW WMENM TSXKeCTb MOBPEXAEHWA U 3ano3aance nocTynneHne B
CcneLmanmsnpoBaHHble YYpexaeHus.
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3aknwoyeHne. B 2022-2025 rr. B TioMeHcKkoir 06nacT  COXpaHSOTCA  3aKOHOMEPHOCTH,
XapaKTepM3yoWmMecs nNPEeUMyLLECTBEHHbIM BO3HUKHOBEHWEM OXOTOB Cpedy MYXCKOro nona. MyX4YuHbl
nony4atoT 0Xoru B 67,2% cnyyaes, xeHLWuHbl — B 32,8% cny4aes. Mogaenstowlee 60MbLUMHCTBO COCTABNSHOT
BbiToBble 00U (92,9%). OCHOBHOM NPOLEHT NOCTPaAaBLUMX MPUXOAMTCSA Ha B3pOCHbIX B Bo3pacTe oT 18 go
50 neT, a Takke Ha NoCTpadaBLUKMX B NOXuUIiom BospacTte (o1 60 go 74 ner).

Haunbonee yacto BcTpeyatoTcs oxoru nnameHem (77,5%), Ha BTOPOM MeCTe — ropsiyeit XugKoCTbro
(17,1%), Ha TpeTbeM — KOMOMHMpOBaHHble oxoru (3,1%). HaumeHbluyt rpynny COCTaBMSOT OXOrU
oborpesatenem (2,3%). TepmouHransumMoHHas TpaBma BbisiBrieHa Yy 43% ymeplumx. [nyGokue oxoru
SBnsuch npeobnagatowumu, coctasnss 60,8%, yalle BCEro aT0 OXOru, Bbl3BaHHbIE MIAMEHEM.

OxoroBas 6onesHb passuBanach y Bcex ymepwux. B 50% cryyaes cMepTb HacTynuma B CTagmio LWoKa,
B 11% B cTagnmo Tokcemumn, B 39% B CTaguio centukoTokcemun. OCHOBHOW MPUYMHON CMEPTU SBMSNAcCh
MonMopraHHas HeLoCTaTOMHOCTb, MPOSIBMSOLLAACH COYETAHMEM MEYEHOYHOW, MOYEYHOW, AblXaTerbHOM
HeoCTaTOYHOCTM.
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ANALYSIS OF THE INSECTICIDE CYFLUTHRIN BY
THERMAL DESORPTION SURFACE IONIZATION
SPECTROSCOPY

SAFAROV MADADJON BEGMUROD UGLI,
ESHMATOV GAYRAT KHURRAM UGLI,
JALILOV FAZLIDDIN SODIQOVICH

Tashkent Branch of Samarkand State University of Veterinary Medicine

Abstract: This article presents the determination of the insecticide Cyfluthrin by thermal desorption surface
ionization spectroscopy (TDSIS) using an "Iskovich-1" instrument. Characteristic peaks were recorded at ~82
115 °C and ~232 £ 10 °C. A calibration curve was constructed and metrological parameters were evaluated.
The method demonstrated high sensitivity (107'° g) and accuracy (E_rel = 4.069%). TDSIS is effective for the
analysis of Cyfluthrin in biological and environmental samples, as well as in veterinary toxicology.

Keywords: cyfluthrin, thermodesorption surface ionization spectroscopy, qualitative and quantitative analysis,
validation, selectivity.

AHAIU3 NHCEKTULIMOA CUONYTPUH METOLIOM TEPMOJECOPBLMOHHON MOBEPXHOCTHO-
WOHU3ALUOHHOU CNEKTPOCKOMUK

CadpapoB MagapxoH Bermypoposuy,

IDxanunosB ®aznupanH CoankoBuy,

Quwmamos atipam Xyppamosuy

TawkeHTckui ounman CamapkaHACKoro rocyaapCTBEHHOMO YHUBEPCUTETA

AHHoTauums: B cTatbe npeacTaBneHbl pesynbTaThbl ONPeAeneHns HeekTUunaa cudnyTpuHa MeTogom Tep-
MOZECOPOLMOHHON NMOBEPXHOCTHO-MOHM3aLMOHHOM cnekTpockonumn (TAMUC) Ha npubope «MckoBuy-1». 3a-
(buKCUpOBaHbl XapakTepHble nuku npu ~82 £ 15 °C n ~232 £ 10 °C. IMocTpoeH kanmbpoBOYHbIN rpadiuk, oLe-
HeHbl MeTponoruyeckue napametpsl. MeToa nokasan BbICOKyH YyBCTBUTENBHOCTL (1070 ) 1 TouHOCTL (EO‘p
= 4,069 %). TANWC addekTBeH ang aHanusa cudpnyTpuHa B Guonormyeckux 1 npupoaHbix obbekTax, a
TakKe B BETEPUHAPHON TOKCUKOSOTWM.

KnioueBble cnoBa: cucnyTpuH, TEpMOAECOPOLMOHHAsA NOBEPXHOCTHO-MOHM3ALMOHHAS CMEKTPOCKONKS, Ka-
YECTBEHHbII M KONMYECTBEHHDBIN aHanu3, Banuaaums, CENEKTUBHOCTb.

Introduction. Cyfluthrin is a synthetic insecticide belonging to the pyrethroid family. Due to its chemical
structure being closely related to that of natural pyrethrins, its biological activity is also similar to theirs. Its pri-
mary mechanism of action involves disruption of the nervous system of target insects, leading to complete
immobilization and eventual elimination. Cyfluthrin is widely employed as an effective insecticide not only in
agriculture but also in residential and industrial settings against a broad range of insect pests.

Research findings indicate that elevated doses of Cyfluthrin produce severe toxic consequences in la-
boratory animals. The toxic impact particularly compromises the functional integrity of the central and autonomic
nervous systems. Additionally, other animal models have exhibited symptoms including generalized weakness,
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anorexia, pronounced emesis, bronchial and intestinal spasms, tremors, and hind-limb paralysis [1, 2].

Furthermore, Cyfluthrin is considered a highly hazardous insecticide for honeybees. Studies have
demonstrated that even the lowest doses can cause paralysis, loss of coordination, reduced homing ability,
and mortality in bees. Therefore, stringent protective measures must be implemented when using Cyfluthrin to
ensure environmental and ecological safety [10, 11]. Currently, the development and practical implementation
of modern analytical methods for the determination of Cyfluthrin in animals suspected of poisoning, as well as
in their feed and derived products, constitute a pressing challenge in veterinary science. Among advanced
technologies, thermal desorption surface ionization spectroscopy (TDSIS) holds a prominent position. Within
the range of physicochemical methods employed for the detection of organic compounds, TDSIS is distin-
guished by its high sensitivity and represents an innovative analytical technique capable of identifying trace
amounts of residual substances [2, 3, 4].

Materials and Methods TDSIS analysis procedure. The analyses using thermal desorption surface ion-
ization spectroscopy were performed on a PII-N-S "Iskovich-1" instrument. The operating principle of this de-
vice is based on the programmed-temperature evaporation of substance molecules and their subsequent de-
tection as thermal desorption spectra via a surface ionization detector. The detector functions as follows: the
anode serves as an emitter when heated, while the cathode acts as a collector for positive ions. During analy-
sis, the solution passes through a diode, and the molecules reach the emitter surface, where they are de-
sorbed in the form of ions. The desorbed ions are directed toward the collector under the influence of an elec-
tric field and recorded as spectra using computer software [2, 4].

Sample preparation. A 1 ml aliquot of a 1% Cyfluthrin solution was transferred into a beaker, to which
20-30 ml of ethyl alcohol was added, and the mixture was stirred on a magnetic stirrer until complete dissolu-
tion. The solution was then filtered and transferred into a 50 ml volumetric flask. The resulting solution was
subsequently subjected to qualitative and quantitative analysis.

TDSIS analytical conditions. The thermal desorption surface ionization spectroscopic analysis of
Cyfluthrin was carried out under the following conditions: emitter — oxidized molybdenum doped with iridium;
emitter voltage — 405 V; emitter temperature — 390-420 °C; desorption temperature — from room temperature
to 505 °C; air flow rate — 50 I/h (compressor voltage 12 V); sample volume introduced for analysis — 1.0 ul;
analysis duration — 3 minutes. Spectra were recorded directly using computer software. Preparation of stand-
ard solutions and calibration. A 0.001 g aliquot of Cyfluthrin (active ingredient) was weighed and dissolved in
96% ethyl alcohol in a 25 ml volumetric flask. The solution was made up to the mark with 96% ethyl alcohol.
From this stock solution, a working standard solution containing 100 ug/ml of Cyfluthrin was prepared. A 1 pl
aliquot of this solution was introduced into the cylindrical cavity on the evaporator tape of the PII-N-S "Iskovich-
1" apparatus using a microsyringe, and the thermal desorption spectra of Cyfluthrin were recorded. Quantita-
tive analysis was performed using a calibration curve constructed from standard solutions of known concentra-
tions. For calibration, 1 ul aliquots of alcoholic standard solutions containing 6.5, 12.5, 25, 50, 100, and 200
Mg/ml of Cyfluthrin were injected into the evaporator tape cavity using a microsyringe. Each analysis was per-
formed in triplicate, and the mean peak values (corresponding to Cyfluthrin peaks at ~82+15 °C and ~232+10
°C) were calculated to construct the calibration curve.

Results and Discussion The analytical results demonstrated that upon analysis of a 96% ethyl alcohol
solution of Cyfluthrin, distinct linear peaks characteristic of Cyfluthrin appeared at ~82+15 °C and ~232+10 °C
(Figure 1). The obtained thermal desorption spectra were recorded into the computer database as reference
spectra. The sensitivity of the method was found to be 107'° g

The evaluation of the accuracy and precision of any analytical method is referred to as validation of the
analytical conditions. The validation of the developed method was carried out based on the following
parameters: linearity, sensitivity, accuracy, repeatability, and specificity. For Cyfluthrin, the calibration curve
equation was calculated using the least squares method in the form U = a + bX, where a (or Umin) is the
background signal value, i.e., the analytical signal at zero concentration of the analyte; b is the sensitivity
coefficient of the instrument, corresponding to the tangent of the slope angle of the calibration line; and X is
the concentration of the analyte. The limit of quantification (LOQ) was calculated using the formula LOQ =
2a/b. Under the linearity conditions of the calibration curve, the limit of quantification (LOQ) is typically 2-3
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times higher than the limit of detection (LOD), i.e., LOQ / LOD = 2-3. Additionally, the maximum determination
limit (MDL) was also established. The validation results for all conditions developed for the TDSIS method for
the determination and quantification of Cyfluthrin are presented in Table 1.
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Fig. 1. TDSI spectrum of Cyfluthrin

Table 1
Validation parameters of the TDSIS method for the analysis of Cyfluthrin
Parameter Results (n=5)
Tmax, °C ~82+15
Linear range, ug/mL 6,25-200
lonization coefficient (Ki Ix10 "* A) 13,1
a — intercept 13,65174129
b — slope 12,01546553
r?— correlation coefficient 0,9993
LOD, ug/mL 2,2724
LOQ, pug/mL 50
AChmax, ug/mL 500,0
Table 2

Quantitative analysis results of Cyfluthrin using thermal desorption surface ionization spectroscopy
(TDSIS) (n=5)

SiﬂuthrinFound %3;;2;;(’)”,77 Max. ioni-

Ne zation Metrological analysis results

Added, ng ng % tempgg:rture, temp., °C
1 100 96,5 96,5 159 509

0

2 100 1024 | 102,4 161,5 541 f= 5 T(9=5A’) 2,57
3 100 1051 | 1051 161 555 Xo'r= 100,88 S2= 15,042
4 100 96,3 96,3 155 508 S= 3,878 Sx= 1,583
5 100 104,7 | 104,7 160,5 553 A E= 4,069 €= 4,034
6 100 100,3 | 100,3 163 530
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In the next stage of the experiment, the selectivity of the developed TDSIS analytical conditions for
Cyfluthrin was investigated. Under the conditions described above, the surface ionization spectra
temperatures of other insecticides and insectoacaricides were found to differ from that of Cyfluthrin. The quan-
titative analysis of Cyfluthrin was performed using the TDSIS method, followed by the calculation of its metro-
logical parameters. The obtained results are presented in Table 2.

As can be seen from Table 4, the TDSIS analysis of Cyfluthrin yielded a mean recovery (X) of 100.88%,
with an average relative error (Erel) of 4.069%. Based on the obtained analytical results, the developed meth-
od was applied for the determination of Cyfluthrin in environmental samples (pharmaceutical formulations and
dosage forms) as well as biological specimens (blood and urine), and positive results were achieved.

Conclusion The thermal desorption surface ionization spectroscopic analysis of Cyfluthrin was
successfully carried out. It was confirmed that a solution of Cyfluthrin in 96% ethyl alcohol produces
characteristic linear peaks at approximately 82+15 °C and 232+10 °C. The linearity range of the method was
established at 6.5-200.0 pg/ml in the sample, and the sensitivity was found to be 0.1 ng. Quantitative analysis
was performed using a calibration curve constructed from standard reference solutions. The average relative
error (Erel) of the TDSIS method for Cyfluthrin determination was 4.069%. The analytical results were
successfully applied to the detection of Cyfluthrin in objects relevant to the practice of veterinary pharmacology
and toxicology.
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KYNbTYPHbIN KOJI PYCCKOr0 ABAHIAP[IA
XX BEKA N ET'0 BIINAHWE HA LIN®POBbIE
KOMMYHUKALIMW XXI BEKA

CMOJIMHA MAPWA AH[IPEEBHA

CTYAEHTKa 2 Kypca Kadeapbl UCKYCCTB, rpaduyeckuin ausaitH
PrCY, r. Mocksa

HayuHb1ii pykogodumens: CMonuHa AnuHa BnadumupogHa

npenodasamens HNY BLLIS, HSE DESIGN,

HanpaeneHus: «[JusaliH u cospeMeHHoe UcKyccmso U «KOMMYHUKaUUOHHbIU Ou3aliHy,
mazucmp 6 LLkone dusatiHa HNY BLL3 no cneyuansHocmu « CogpeMeHHas Xu8onuch»

AHHOTaUmA: CTaTba NOCBSLLEHA UCCNEAOBAHMIO BIIMSAHUS MAEN PyCCKOTO aBaHrapgda Ha co3faHue CoBpeMeH-
HbIX Be6-NpoekToB. Takxe paccmaTpuBaeTCs BO3AENCTBUE KOHKPETHBIX WHCTPYMEHTOB, UCMOMb3yEMbIX B CU-
CTeMe aBaHrapga Ha 3puTens, Ux NPUMEHEHe B pekiaMme U Npu Co3aaHWmM CainToB.

KnioyeBble cnoBa: pycckuii aBaHrapg, KOMMyHUKaLMOHHbIA A13alH, NCUXONOrUs LiBETa, BO3AENCTBME LBETA,
LiBET B pekrame, (hopMbl B XMBOMUCK, (DOTOMOHTAX, LIPUMT B An3anHe, CO34aHNe CauToB

THE CULTURAL CODE OF THE RUSSIAN AVANT-GARDE OF THE 20TH CENTURY AND ITS
INFLUENCE ON DIGITAL COMMUNICATIONS OF THE 21ST CENTURY

Smolina Maria Andreevna
Scientific adviser: Smolina Alina Vladimirovna

Abstract: The article is devoted to studying the influence of the ideas of the Russian avant-garde on the crea-
tion of modern web projects. It also examines the impact of specific tools used in the avant-garde system on
the viewer, as well as their application in advertising and website creation

Keywords: Russian avant-garde, communication design, color psychology, the impact of color, color in adver-
tising, forms in painting, photo montage, type in design, website creation

CT0 NneT Hasag XyAOKHWUKW PYCCKOro aBaHrapga cosganu CUCTEMY, KOTOpas CEroaHs SBSETCS OCHOBOW
COBpEMeHHOro Beb-au3aiHa. V Toraa u cemyac rmaBHoi 3apadeit aBnsetcs apdekTnBHas nepegada HGop-
Mauum B CxaToM 0BbéMe. 103TOMy B KOMMYHWKaTUBHOM AM3aliHE OYeHb BaXHbIMM SNEMEHTaMU ABMSHOTCA
LBeToBas ramma, opma 1306paxeHun n WwpnudT. 3TO CO3AAET OnpedeNneHHble HAaCTPOEHUsI U NoaBUraeT
3puTens K HeobX0AUMbIM AENCTBUSAM.

BospeiicTBue LuBeTa U300paxeHuUs Ha 3puTens

lcuxonornyeckoe (OyLWeEBHOE) BO3OENCTBME LBETA Ha YeroBeka BnepBble Onucan B CBOEN KHUre
«YyeHue o usete» B 1810 rogy 13BECTHbIN HEMELKMIA NOIT M y4eHbIn MoranH [ETe [1].

A weenuapckuin ncuxonor Make Jltowep B 1947 rogy yxe gokasan 310 akcnepumeHTansHo. OH n3yyun
N3MEHEHWe SMOLMOHANBbHOTO COCTOSHUS OT BO3AEWCTBMA LBETa Yepes (Pr3nonorndeckme peakumm [2].
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)KaH bogpunsp — paHLy3CcKuin KynbTyposor, CoLMonor gpunocod-nocTMOLEPHACT, OTMeYan B CBOUX
TpyAax (1968 r.), 4To LUBET B pekname sABNSeTCA CUMbHENWNM CNOCcOBOM BNNSHUSA Ha noTpebuTens [3].

Pycckui xynoxHuk Bacunuit KaHanHckuii B CBOEM ounocodickom TpaktaTe «O AyXOBHOM B UCKYCCTBE»
(1911 r.), B rnaBe «f3bIK POPM M KpaCOK» paccMaTpusan CUMBOIMYECKOE 3HaYeHUe LBeTa 1 (hOpMbl KaK UH-
CTPYMEHTOB BO3AENCTBNA Ha amMoLmm YenoBeka. OH BBEN HOBYHO CUCTEMY LiBETa: KpaCHO-YepHO-benyto rammy
W OTMETMN NMCUXOIOTMYECKOE BO3AENCTBME COMETAHWN «CBETNOTA-TEMHOTAY W «Tenno-xonoay [4].

Hauyano XX Beka 0bl10 BpeMeHeM 0BHOBMEHMS, ABWKEHUS K HOBbIM (hopMaM W NOHATUAM. JTO OLLy-
LEeHNEe HOBM3HbI W OENCTBUA TOYHO NepedaHo PYCCKUMM XYLOXHWKaMu — NpeacTaBUTENsSMU HanpaBreHus
aBaHrapga. B cBoux paboTtax OHW UCMOb30BanK O4YeHb YeTKUe rpaHuLbl M30BpaxeHni, YKpYNHEHHbIE LWpnd-
Tbl U KpaCHO-4YepHO-Besyto LIBETOBYHO rammy. 3T NPUEMbI NpuBIeKanu K cebe akTUBHOE BHUMaHMWE 1 CO3aa-
Banu apeKTMBHOE BO3AENCTBMUE HA 3pUTENS.

CoyeTaHue YepHo-kpacHO-OerbIX LBETOB, Y MHOMX acCOLMMPYETCS UMEHHO C PYCCKUM aBaHrapiom
(cynpemaTtnama 1 KOHCTPYKTUBM3MA) — BPEMEHEM Haaex[ Ha cBeTroe Oyayliee v UMEET SPKO BbIPaXeHHYH
CcTeneHb 3anoMMHAEMOCTL. 3a CYET KOHTPACTHOCTM CO3AAETCS HANPSHKEHHbIN AMOLMOHANbHbIA QOH [5].

BnusHue otaenbHbIX LBETOB

KpacHbIi — 04eHb MOLLHbINA, NO CBOEW 3HEPreT ke LBET, KOTOPbI UCNONb3yeTcs B Au3aiHe Ans npu-
BNEYEHUs BHUMAHWS K KITOYEBOMY dneMeHTy 1 MoTueauuu. OH accoummpyeTcs CO CTpacTbio, CUIoN, Nbo-
Bbl0, PafOCTbI0, U30BUINEM, KU3HBIO, aKTUBHOCTBIO, BHEPTUEN W AENCTBUMEM. B Halei CTpaHe OH ewwe Tpa-
AWLMOHHO accoLMmnpyeTcs ¢ peBOsioOUMEN U NaTPUOTUIMOM [6].

YEpHbIN — CUMBONMMU3MPYET NOCTOSIHCTBO, MaTepuanbHOCTb, 3MeraHTHOCTb, BNacTb M aBTopuTteT. B
KOHTpacTe ¢ 6enbiM LIBETOM OH JaET oLlyLieHne rnybuHbl n gpamaTiuam [7].

Benbin — LBET CBeTa, YICTOThI, Maeana, MyapoCTH, HENTPaNbHOCTU. ABNSETCS NpeKkpacHbIM (hOHOM
ANS ApYruX UBETOB M CO34AET XOPOLUMA KOHTPACT C HAMW. B coyeTaHun ¢ KpacHbIM AaéT OLLyLEeHNe KOH-
Tpons Hag aHeprven [8].

CoyeTaHwe TPEX 3TUX LIBETOB CO3OAET BNEYATNSAOLMIA NcMxonorniecknin ahdekT KoHTpacTa, AnHamu-
K, rryOuHbl M APEBHUX apXeTUnnYecknx obpas3oB CBETA W TbMbl, TalHbI 1 OTKPLITOCTH, BOPLObI 1 NOKOS. 3TO
No3BOSISET OCYLLECTBNATL CNOXHbIE CMbICNOBbIE An3anHepckue 3agaum [9].

KpacHo-4yepHo-6enas LBeToBasi raMma B COBPEMEHHbIX A13alHAX HANPSMYIO CreayeT Tpaguumam pyc-
CKMX aBaHrapancToB. Hanpumep, YepHbin hOH C KpacHbIM TEKCTOM, YepHO-kpacHo-6enoe nsobpaxeHue, Yep-
HO-6enbli (POH C KpaCHbIMYU NIaLLKaMMK.

®opMbl, B3ATbIE U3 PYCCKOro aBaHrapga U UX BNUsHUE Ha Be6-au3anH

Bacunuin KanagnHckuia B coein pabote «Touka 1 nuHUs Ha nnockocTuy (1926 r.), aHanuampyeTt nepeo-
3NeMEeHTbI XWBOMUCK U UCCreyeT UX 3MOLMOHANBHYIO BbIPa3UTENbHOCTb Y KOMMO3MLMOHHbBIE BO3MOXHOCTM!.
Takum obpasom, KaHauHCKuI co3faeT HoBoe B mckyccTBe. OH HagensieT reoMeTpuyeckme nepoafieMeHTbl
rny6okumMmn MeTaopuyeckuMi cMbicnamn. Hanpumep, NUHUS y HEro — 3TO «Cref TOYKW, NPUBE4EHHON B
LBWXEHMEY W «3NIEMEHT BPEMEHW», KOMNO3MLMSA — 3T B3ammogeunctaue [10].

Cynpematuam xypoxHuka Kasumupa Manesuya npoussen pagukanbHyt peBOIOLMIO B M306paxeHum
(hopM B XMBOMUCH, CBEAS WX K MPOCTENALLNM reOMETPUYECKUM rieMEHTaM: KBagparty, Kpyry, KpecTy, IMHAM 1
TOuKe. Anb Jucuuknin n AnekcaHap PogyeHko npuMeHnny aTOT NpMEM B peknamHblx nnakatax. ( Puc.1)

ABaHrapaucTbl CO3AaBanit He XUBOMUCHYHKO KapTUHY, @ akTUBHYIO BU3YaribHYH Cpeay ANns KOMMYyHUKa-
Lum co 3putenem. B ux sagady BXoauno orpaHuYeHHbIMW CpeacTBamu nonurpadui u B Manbix obbémax ne-
peaaTtb MakcUMarnbHOe KONMYeCTBO UHGopMaLmK.

CoBpeMeHHbIi1 BeB-An3aiH Toxe 1CNonb3yeT BrayarbHblii 06pa3, KOTOpbI BBEN B M30OPaXEHMS PyCCKMiA
aBaHrapg: KOHCTPYKTUBW3M, FeOMETPUYHOCTb, AMHAMMYECKas acCUMETpUs, (DOTOMOHTaX U pasHOMALLTabHOCTb.
[n3aiHepbl BepyT 3T0 Kak OCHOBY, KOTOPYH OHM aAanTUPYHT NoA 3kpaH uHTepdencos [11].
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LAMS

Puc. 1. A. PogueHko. NMnakat ana 'YMa

[lnaroHanm v «CrIoMaHHbIe CeTKN»

KOHCTPYKTUBUCTbI B CBOEM TBOPYECTBE OTKA3anuCh OT TPAANLMOHHOTO Pa3MELLEHUs TEKCTa U Guryp no
FOPU3OHTANM M MO BepTUKanu. Pa3MellieHne Mo AMaroHani CO3AAET OLLYLIEHWNE HaMPSHKEHUS U ABUXKEHS.
AccUMETpUS 1 AnaroHarbHbIe NUHUK JaT 3PGEKT «CrIOMaHHON CETKM», YTO NPUBMEKAET BHUMaHNE 3puTenst
W 3aCTaBNSIET €70 BHAMATENbHEE paccMaTpyUBaTh 300paXeHue 1 TEKCT.

Couetanue cotorpacum n rpacdmkn. CoznaHne hoToMoHTaxa

l'yctas Knyumuc — XyJoXHUK KOHCTPYKTMBUCT, OAWH W3 co3aaTenien (POTOMOHTaXa M OCHOBOMOMOXHUK
nonuTMyeckoro nnakarta. OH COBEPLLUMN Nepexos OT XUBOMUCK K KOHCTPYKLM NPOEKTHO-CTAHKOBON rpaciuiky.
Ero npuémbl 1 ngen ceitvyac akTMBHO UCNonb3yloTes B ausanHe [12]. (Puc.2.)

EFHUTE

HPIIlHBHM

@oro-nosywro-wontam.—I" Keyuuc.

Puc. 2. oToMOHTax lNycrasa Knyuuca Puc. 3. CoBpemeHHbIN nnakat

3HayeHue wpudTa B An3anHe
LLpuhTbl 04EHL MHOTO 3HAYaT B CTUNE NepeaaBaeMon MHGopMaLmm.
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Takue npeacTaBuUTeNy PyCCKOro aBaHrapaa B CTUNe KOHCTPYKTMBM3MA, Kak AnekcaHap PoayeHko, Bap-
Bapa CtenaHoBa u 6patbst CTeHbeprit npeBpaTunu WpUdT B 1306paxeHe, N3MEHUNM pasMepbl 1 Hanpas-
INeHNs NeYaTHoOro TekcTa. KOHTPACT TekcTa M (DOHa 04YeHb BaXeH ANS BOCNPUATUS.

Takum 0Bpa3om, OHU BHeC eLLe 6onee CuUbHOE BO3LENCTBME LWpUTaA Ha 3pUTENs.

B HacTosiLiee BpeMst BO3POC MHTEPEC K KpeaTUBHBLIM TpaauumMsM pyCccKOro aBaHrapfa, kak K achdek-
TUBHbIM CNOCOBOM rpachmyeckorn KoMMyHukaumu.[13].

[MpUHLMMBI M OTKPLITUS PYCCKOrO aBaHrapda — rpaduyeckast CTpyKTypa, PyHKUMOHANMBHOCTb, UCNOSb-
30BaHNe KOHTPACTHOM LiBETOBOM raMMbl W PUTMUYECKUX KOMMO3WULMIA HALIMM CBOE NPUMEHEHWe B COBPEMEH-
HOW LmdpoBon cpene. Beb-ausaiH fan naesm aBaHrapaa HOBYIO XW3Hb, F4e BCe €ro MHCTPYMEHTbI NoKa3anm
CBOI YHMBEPCAnbHOCTb U AP HEKTUBHOCTb.

Mpumepbl KpacHO-4epHO-0enon LIBETOBOW raMMbl, reoMeTpuyeckux ¢uryp u )oToMOHTaxa B
Au3aiHe CanMToB B CTUNE PYCCKOro aBaHrapaa

N umrom Kounawes  Mpeccuewtp  Acyamsace o Q

OUMANBHBIE
WHBECTULIUU

EPEAOBGLIE ’
TEXHONOMAK

aw sosepEns B 02-0n

Puc. 4. Cant komnaHum «AJINPOM»

Puc. 5. Mpumep nonb3oBatensckoro uHtepdenca Cyberpunk
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0COBEHHOCTI IU3AMHA LINdPOBbIX
NPUNOXKEHRNN 1A NOXWIIOW AY IMTOPWIA

CMOJIMHA MAPWA AH[IPEEBHA

CTYAEHTKa 2 Kypca Kadeapbl UCKYCCTB, rpaduieckuii ausanH
PICY, r. MockBa

HayuHb1ii pykogodumens CmonuHa AnuHa BnadumupogHa

npenodasamens HNY BLLIS, HSE DESIGN,

HanpasneHus: «[JusalH u cogpeMeHHoe Uckyccmeo U «KOMMYyHUKaUUOHHbIU Qu3aliHy,
mazucmp 6 LLkone dusaliHa HNY BLL3 no cneyuansHocmu « CogpeMeHHas XUu8onuch»

AHHOTaums: cTaTbs MOCBSLLEHA WCCNEeaoBaHMO 0COBEHHOCTEN NPOEKTUPOBaHMS LMKPOBOrO An3aiHa Ans
ayautopum 60+. PaccMaTtpmBaioTCcsl OCHOBHbIE MOTPEBHOCTM M CNOCOBLI MX peLleHnst, a Takke owmnbKK, KOTo-
pble MeLarT 3hPEKTMBHOMY MCMONb3OBAHMIO 3NEKTPOHHBIX MPUMOXKEHUA NOXMMLIMA NIOABMUA U WX POa-
CTBEHHMKaMM 11 ONeKyHaMu.

KnioyeBble cnoBa: agantauusi LMPOBLIX NPUMOXKEHNA, NOXWUNAN ayaUTOPUS, OneKa, MHKMI3UBHOCTb, COLyU-
anbHble yHKLWK, CoLpanbHble B3anMOAENCTBUS, MOHUTOPUHT 300POBbS

FEATURES OF DIGITAL APP DESIGN FOR AN ELDERLY AUDIENCE
Smolina Maria Andreevna
Scientific adviser: Smolina Alina Vladimirovna

Abstract: The article is devoted to the study of the features of digital design for the 60+ audience. It examines
the main needs and ways to address them, as well as the mistakes that hinder the effective use of electronic
applications by older people and their relatives and caregivers.

Keywords: adaptation of digital applications, elderly audience, care, inclusivity, social functions, social interac-
tions, health monitoring

B HacTosiLee BpeMs BO BCEM MUpe HabrnofaeTcs TEHAEHLUMS MO YBENMYEHUIO BO3PACTHOTO HACceNeHNs 1
Mo3TOMy pacTeT HeobXxoaMMOCTb CEpbE3HbIX WUCCedoBaHWA MO U3yYeHuo NOTPebHOCTEN B UCMONb30BAHUM
LMPOBLIX TEXHONOMIA ANS 3TOW KaTeropum nonb3oBaTtenen. bonbLUMHCTBO BEG-AM3aitHEPOB OTHOCATCA K 60-
riee MOMoaoMy MOKONeHMo 1 pa3pabaTtbiBalOT NPUOKEHWS AN UHTEP(ENCOB, UCXOLS U3 COBCTBEHHBIX MPUO-
PUTETOB MMM U3 YCPEAHEHHBIX NPeCTaBMNEHNA O BO3PACTHOW kaTeropun. Mexay Tem kak cpeau CTapLuero no-
KOMEHWs eCTb MNIOAN C BbICLINM TEXHUYECKUM 06pa3oBaHNEM U C OTCYTCTBUMEM LIMGPOBLIX HABbLIKOB, a TaKKe
MNIOON C VHKMIO3MBHBIMM 0COBEHHOCTAMM. [1nsi npeoaoneHns LmMdpoBoro HepaBeHCTBa U 3GhDEKTUBHOTO BHE A-
PEHMS UCMOMNb30BaHMS LMPOBLIX NPUNOXKEHNI HEOOXOANMO CEPLESHO N3Y4NTb AaHHYH0 npobnemy [1].

OcHOBHbIe 3anpocbl 1 NOTPeOHOCTU LU pOBOro AU3aiHa AN NOXUMbIX U UHKNO3UBHbIX NOMb-
3oBareneu

1. SICHOCTb W YBEPEHHOCTb: KPYMHbIE KHOMKM 1 MOHATHBIN QU3aWH;

2. MOBUNbHOCTL: BbicTpas CBA3b C YNEeHaMM CEMbM, ONEKyHaMy U MEAWLMHCKAM NepCoHanom;

3. BapMaTMBHOCTb: BO3MOXHOCTb FOSI0OCOBOTO YNPaBNEHNS (DYHKLUUSMY;
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4.  nerkocTb: Nerkuin n BbICTPbIA AOCTYN K (OYHKLMSM BUAEO U ayAN0-CO0BLIEHNI;

5. 6e30MacHOCTb: 3alluTa NepcoHanbHbIX JaHHbIX U NapannenbHbI KOHTPOMb Haa onepauusiMi co
CTOPOHbI AOBEPEHHbIX NM0AEN;

6. KOHTPOMb: BO3MOXHOCTb JIErKO HACTPOMKM CIIOXHOCTY MOMb30BaTENbCKOrO MHTEpenca nog CBou
notpebHocTH; [2]

7.  KOMMOPTHOCTb: BO3MOXHOCTb M3MEHSTb IPOMKOCTL W CroCODbI BbI30BA M NPUHATUS MHPOPMALMK
0 BbI30BaX W HANOMUHAHKSIX, & Takxe crnocobbl OTBETHON KOMMYHUKaLWW;

8.  3CTETWYHOCTb: APYKECTBEHHAS M NPUATHASA LBETOBas raMma;

9.  BHMMaHUE: yBaXMTENBHOE W JOCTONHOE OPOPMITEHNE KOMMYHUKATUBHBIX KOMaHA UHTepdeica;

10. 3aboTa: HanoMuHaHMS 0 NPUEME NEeKapCTB M HEOBXOAUMBIX AENCTBUSX, NONE3HbIX COBETAX, 3amnu-
CAX Ha MEPONPUATUS, BaXHbIX JaTax N HEOOXOAMMbIX 3BOHKaX;

11. NpMBATHOCTb: BO3MOXHOCTb ONpeaensTb CTeneHb aBTOHOMHOCTU, 06bEMA 1 KOHKPETHOCTU nepe-
Aaum UHdopmaumu;

12. 06LLeHMe: YTeHMe KHUT, N0ABOP coumanbHbIX KOHTAKTOB N0 MHTEPECcaM, NOCTPOEHMEe Ananoros [3].

Mpeanaraembie peleHns ANa AaHHbIX 3aNpocoB

13. NpocTble ¥ NOHSATHbIE CNOCOBLI HACTPOWKK pasMepa LpUdTa, SPKOCTU, KOHTPACTHOCTH, IPOMKOCTU
W KonmyecTaa Hanbonee 4acto UCMonb3yeMblX MKOHOK Ha OCHOBHOM 3KpaHe;

14. BO3MOXHOCTb TaKTWUNBHOIO ¥ rOMOCOBOMO BXOA4A B UCMOMb3yeMble KOMMYHUKATUBHbIE CUCTEMBI,
6e3 Heo6x0AMMOCTH 3anNOMMHAHMS NapPONen ¥ CRIOKHOM MHOrOaKTOPHOM perncTpaLmuy;

15. yBenuyeHne paamepa KHOMOK 45 nepexoaa K HeobXoauMbIM HYHKUMAM:;

16. NErkocTb NEpPeKtoYEHMs KHOMOK rPOMKOCTU-BMOpaLMM-MUraHns 4nst OMOBELLEHWSI O Bbl30BaX W
HeobXxo4MMbIX HaNOMWUHAHUSX;

17. obpaTHasi CBS3b C pa3paboTymkaMy NPUNOXeHNs!, ANs NOCTOSHHOTO MOHUTOPUHTA NOTPEOHOCTEN U
*anob nonb3osarenen;

18. obyvatoLire BMAEO M neyaTHble Matepuarsl Ang 0TpaboTku HaBbIKOB LIMOPOBbLIX KOMMYHUKALNN;

19. BO3MOXHOCTU HACTPOWKW YPOBHS CMOXHOCTW MPUINOXEHUS NOL pasHble YPOBHW 0BpasoBaHus,
300POBbS M KOTHUTUBHBIX CNOCOBHOCTEN;

20. MWHMManbHOe Y1cno (3-4) KHOMKK HDKHEN HaBuraumn ans Hanbonee YacTo MCMoNb3yeMbIX (PYHK-
Lnw;

21. KOHTEKCTHble ronocoBble MOACKA3Ky;

22. TMOCTOSHCTBO PAcrONOXEHNS1 OCHOBHbIX (DYHKLIMOHAMBHBIX KNaBULL NPW OBHOBMEHUSIX NPUMOXEHNS [4]

Kakue npobnembl He06X0AMMO Y4MTbIBaTbL NPU pa3paboTKe LUUPPOBLIX NPUNOXEHUA ANA POa-
CTBEHHMKOB 1 OMEKYHOB NOXMUIbIX N MHKNIO3UBHbIX N0AeN

1. BbICTpas KOMMYHWKaLMS Mexay CEMbeN, MEQULMHCKUMK Criyxbamu, cuaenkamm u NoXuIbIM Ye-
TIOBEKOM;

2. aKTyanbHas MH(OpMaLMsS O MECTE HaXOXAEHUS U COCTOSHWAW 300POBbS MOAONEYHOrO;

3. akTyanbHas 6asa no noucky CUAENoK, 4OCTaBKM, KIMPUHTa U HEOBXOAMMBIX MEAMLIMHCKMX cheuma-
TIUCTOB AJ151 KOHKPETHOM oKaLmm

4. MOMEHTanbHOE OMOBELLEHNE O KPUTUYECKOM COCTOSIHAM OMEKaeMoro: Cryyasx nageHus, OCTaHoB-
KW CEpAeYHOro pUTMa, XaoTUYECKUX NepeaBUKEHNSX, KPYMHBIX AEHEXHbIX onepauusx u T.4.

5. BO3MOXHOCTb MOATBEPKAEHUS OT OMEKYHOB KPYMHbIX AEHEXHbIX MEepeBOAOB, HOPUANYECKMX
0POPMNEHNA U MEOULIMHCKMX BMELIATENLCTB;

Mpeanaraembie pelweHus AN AaHHbIX 3aNPOCOB

1. cornacoBaHue paboTbl NPUNOXEHNI NOA pasHble NONb30BATENbCKIE CUCTEMBI 1 YCTPOACTBA;

2. BHeApeHuWe B YCTPOMCTBO NPOrpaMMbl N0 aHanmay NpuBbIYHbIX WAGNOHOB ABMXEHUS Ans BbiCTpo-
ro o6HapyXeHs Cry4aes nafeHust Unn HeCTaHAapTHOTO NoBeaeHNs
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Kakne ocHOBHble owKOKKU AonycKaloT pa3paboTyMKu NpU NPOEKTMPOBaHNN UHTEP(HENCOB L -
POBLIX NPUNOXEHUN

3. WrHopupoBaHue 3amnpoCOB YIIEHOB CEMbI U OMEKYHOB;

4. WMH(aHTUIBHBIN A3bIK AMU3alHa: JETCKUE KapPTUHKK M NOKPOBUTENLCTBEHHBIN TOH KOMaHL;

5. NpOEKTUpOBaHWE MO CPEeaHEecTaTUCTUYECKOTO MOXMIOro NoNb3oBaTerns, BMECTO BO3MOXHOCTM
N3MEHSTb UHTEPENC B 3aBUCUMOCTM OT KOTHUTUBHBIX 1 (DU3NYECKNX BOSMOXHOCTEN;

6. KapaMHanbHoe U3MeHeHWe NHTepdenca npyu 0BHOBMNEHNM NPUNOXEHNS;

7.  CNUWLLKOM SIpKUE M arpeccuBHble LBETa MHTepdenca;

8.  CNOXHOCTb Noucka HeoOXoaAUMBIX (DYHKLMI;

9. HEMnOHSATHbIE UKOHKY;

10. NMOXo YMTaeMbIi TEKCT (MENKUA, HEKOHTPACTHBIN);

11. CcrnoxHas perucTpauums 1 onnata;

12. CnoXHOe NOATBEPXAEHWNE YENOBEYHOCTM (Kanya) Ans peructpauum [5]

PekomeHgauun ansa ynyyweHus pa3paboTku MHTepdencoB AN NOXUIbIX U UHKIIO3UBHBIX J1H0-
aen

1. paspaboTka uHTEepdenca ¢ BOMOXHOCTLIO U3MEHEHUS MO Pa3NNYHble PONM YYaCTHUKOB KOMMY-
HUKaLW: OneKaeMblii, OnekyHbl, MeguuuHckue paboTHUKK, Apyrie counanbHbIe KOHTaKTbI;

2. perynspHoe TeCTUPOBaHWE LiENeBON ayaMTOPUM Ha NPeaMET BbISICHEHUS UX NOTPeBbHOCTEN;

3. KpyrnocyToyHas nogdepxka nonb3oBaTenen ¢ BO3MOXHOCTbIO pasfinyHbiX CnocoboB obMeHa UH-
hopmaLmen;

4.  ronocoBble NOACKa3ku Npu owmnbKax, BO3MOXHOCTb BO3BPALLEHNS K NpeablayLLlen onepauum Yepes
OLMH KIUK, roNIOCOBOE NOATBEPXAEHUE NEPEXOOB 1 OnepaLyi;

5. BO3MOXHOCTb [J0BaBNEHUs HOBbIX 3NIEMEHTOB, HaNpUMep, NOAKMIYEHUS (YHKUMA TeneMeanLMHbI
W YMHOTO JOMa;

6.  BO3MOXHOCTb NOMb30BaAHUS MPUNOXEHUAMI NPU YCTAPEBLUMX OMEePaLMOHHbIX CUCTEMAX;

7. coxpaHeHue 0a30BbIX 3MEMEHTOB MOMb30BATENbCKOro MHTEpdenca npu 0OHOBREHWUN Npunoxe-
HuS;

8. 4enoeyeckuid Nogxod: NepCoOHANM3MPOBAHHOE NPUBETCTBUE;

9. BO3MOXHOCTb M3MEHEHUS LiBETOBOW raMMbl MHTEpenca ANns niogen ¢ 4anbTOHU3MOM;

10. ycTaHOBKa CTaHOAPTHbIX KHOMOK ANS U3MEHEHWS CTaTyca, HanpuMep: «si B MOPSAKEY, « HyXHa
NOMOLLbY, «MO3BOHN MHE» U T.4.;

11.  Msrkue, CNoKoWHbIE TOHA MHTEpPENCA, BbI3blBaLLE [OBEPUE W OLLYLLEHE KOMKOPTA;

12.  BO3MOXHOCTb MOCTPOEHMS ANANOrOBOr0 OBLLEHNS;

13.  3aMeHuTb CBaiin 0ObIYHBIMM KHOMKAMMK;

14.  He MCNONb30BaTb MOMOAEXHbIN CIIEHT, NPOCECCUOHASTBHBIN S3bIK U aHMMLM3MbI;

15.  pybrimpoBaHMe MKOHOK TEKCTOM,;

16.  BO3MOXHOCTb MCMONb30BaTh BECNNATHYI0 MPOMO-BEPCUIO AN 03HAKOMIEHUS;

17. BO3MOXHOCTb FOCTEBOMO BXOZa WIM peructpaLmum no tefieoHy BMECTO BBOAA SNIEKTPOHHOM MO-
YTbl W NPUAYMbIBAHUS COXHOTO Napons;

18. wn3beraiiTe HeOHGXOAMMOCTM pacro3HaBaHUS CIIOKHbIX KAPTUHOK C TEKCTaMW M U30BpaxeHnsaMu
ANS NOATBEPXKAEHNS YEMOBEYHOCTY;

19.  MCnonb3oBaHMe rnaronoB Ans KHOMOK AENCTBUS: «CMOTPETLY, «NepeiTny, «Bblopatby 1 1.4.[6]

BHumaHve Kk noTpebHOCTSM M yunThIBaHME OCOBEHHOCTEN Ntoaen kateropun 60+ 3TO BO3MOXHOCTb
yAepXKaHus nnaTéxecnocobHON W BAMATENBHON ayauTOpUM U 3aBOEBAHWE NOANBHOCTU UX POLCTBEHHUKOB U
obcnyxuBaroLmx 6aHKOBCKMX, MEAULIMHCKMX 1 MPOYMX CUCTEM.
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MpumepbI NPUNOXEHUNA ANA NOXUNLIX NOAEN

Puc. 3. MpunoxeHus ans noXunbIx nogen
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AHTOLIKWHA EKATEPHA ANEKCAH[IPOBHA,

K.d).H., AOLEeHT Ka(beﬂpbl r'yMaHUTapHbIX U €CTECTBEHHOHAY4YHbIX ANCUUNINH

JYEBA BANEPUA BIIAIMMWPOBHA

CTyOeHT
YOY BO «BpsHCKM MHCTUTYT ynpaBneHns n busHecar

AHHoTauus: B cTaThe paccmaTpuBaeTCsi MOLMOHANbHOE BbIropaHie Kak oaHa U3 Haubornee 3HauMMbiX
NpoGrem NCUXonoruu Tpyaa W NCUXOMOTAN NMUYHOCTY. BbiCoKasi MIHTEHCMBHOCTb B3aMOLENCTBUS C NoAbMY,
HEoOX0AMMOCTb MOCTOSIHHO KOHTPONMPOBAaTb COOCTBEHHbIE SMOLMM, y4ebHble W MPOCHECCUOHAmNbHbIE
Harpyskn, AeUUMT BPEMeHM, HeonpedenéHHoCTb W HeoBXOAMMOCTb  BbICTPO  aganTMpoBaThCs K
MEHSIOLMMCS TpeBOBaHMAM MOTYT NPUBOANTL K HAKOMMEHMKO XPOHUYECKOTO HaNPSHKEHMS.

KnioueBble cnoBa: MoTMBaLMs, MOTPEBHOCTW, MMYHOCTb, KOMMYyHWKALMM, OOLLEHWE, CaMOMO3HaHMe,
CMoCOBHOCTM YenoBeka.

EMOTIONAL BURNOUT: CONCEPT, CAUSES, DIAGNOSIS

Antoshkina Ekaterina Alexandrovna,
Zueva Valeria Vladimirovna

Abstract: This article examines emotional burnout as one of the most significant problems in occupational and
personality psychology. High-intensity interactions with others, the need to constantly monitor one's own
emotions, academic and professional pressures, time pressure, uncertainty, and the need to quickly adapt to
changing demands can lead to the accumulation of chronic stress.

Key words: motivation, needs, personality, communications, communication, self-knowledge, human abilities.

Mpobnema amMoLMOHaNLHOO BbIropaHus Nonyynna akTMBHOE pa3BuTE BO BTOPOW NonoBuHe XX Beka B
CBSA3N C U3yYEeHWEeM COCTOSHUS CreLmnanncToB, pabota KOTopbIX NpeanonaraeT MHTEHCUBHOE U ANUTENBHOE
B3aMMOAENCTBME C ApYyrMW ntogbMu. [epBoHaYanbHO BHUMaHWe uccnegosatenei Bbino cocpefoToYeH0 Ha
npoeccusix NOMOraroLero Tuna, OgHaKO MOCTENEHHO CTafio OYEBMOHO, YTO CXOAHble MPOSIBIEHWUS MOTYT
HabnaaTbCA B CamblX pasHbIX BU4AX OEATENbHOCTU, ECAIM OHWU COMPOBOXAAKTCA XPOHUYECKUM CTPECCOM,
BbICOKUMU TpeBOoBaHMAMM, HEQOCTATKOM BOCCTAHOBIEHWUS M AMOLMOHANBHO 3aTpaTtHbIM 0bLieHnem. B pe-
3ynbTaTe NOHATUE BLIFOPAHUS CTano MCMomnb30BaThCA AN ONUCAHUS YCTOMYMBOIO KOMMIIEKCA M3MEHEHNN,
3aTpar1BaroLLmMx 3MOLMOHaNbLHOE COCTOSHWE, OTHOLIEHWE K AEATENbHOCTH, 0COBEHHOCTU 0BLLEHNS 1 CyObEK-
TUBHOE OLLyLLeHWe 3PEEKTUBHOCTH.

OpHoi 13 Hanbonee n3BecTHbIX 3apybexHbix mogenen sensetcs nogxod K. Macnau, B. Waydenu n
M. lentepa. B HEM npodheccroHanbHoe BhiropaHWe paccMaTpuBaeTCs Kak ASIMTENbHas peakumus Ha XPOoHU-
YecKue IMOLMOHaNbHbIE U MEXITUMYHOCTHbIE CTPECCopbl B paboTe. B kayecTBe KIOYEBLIX M3MEPEHWI Bbige-
NATCH UCTOLLEHUE, LMHUYHOE UMW AUCTAHLMPOBAHHOE OTHOLLEHWE K paboTe W CHIKEeHMe YyBCTBa npodec-
CUOHarbHOW adpeKTUBHOCTU. [laHHbI NoaXon NOAYEPKMBAET, YTO BbiropaHuWe POPMUPYETCS He TOMbKO 3a
CYET MHOMBWOYANbHON YS3BUMOCTW YenioBeka, HO U B CBSA3U C OCOOEHHOCTAMU OpraHu3aLMOHHON Cpeabl:
06bEMOM TpeboBaHwit, KOHTPONEM Hag paboTom, Ka4eCTBOM BO3HArPaAEHNs!, OTHOLLEHUSIMI B KOSNEKTUBE U
COOTBETCTBMEM JINYHbIX LLEHHOCTEN BbINOMHAEMOMN AeATENbHOCTH [1].

LXXXIX MEXXYHAPOJHAA HAYYHO-NPAKTUYECKAA KOHDEPEHLINA | MLIHC «HAYKA 1 NPOCBELLEHMEN




WORLD SCIENCE: PROBLEMS AND INNOVATIONS m

B coBpeMeHHON MexayHapoAHOW NpakTUKe BaXHO pasnnyaTh BbiropaHWe U MeAMLMHCKOe paccTpou-
CTBO. BcemupHas opraHusaums 3apaBooxpaHeHus ykasbiBaeT, uto B MKB-11 BbiropaHue paccmatpuBaeTcs
kak NpoecCuoHanbHbIN PEeHOMEH, BO3HUKAOLLMIA BCIEACTBUE XPOHUYECKOTO CTpecca Ha paboyem MecTe, C
KOTOPbIM He YAanoch YCrnewHo CnpaBnTbCs. K OCHOBHBIM MpU3HaKaM OTHOCAT UCTOLLEHUE SHEPruu, yBenuye-
HWe NCUXMYECKON AUCTaHLMW OT paboTbl MAW HEraTUBM3M MO OTHOLLEHWIO K HEN U CHUXXEHWE NpOodecCUoHarn b-
HOW 3PeKTUBHOCTU. Takoe MOHUMaHWE OrpaHWUYMBAET TEPMUH MPOGECCHOHANBHBIM KOHTEKCTOM W Npeso-
cTeperaeT OT nepeHoca NOHATUS Ha NtoBble XU3HEHHbIE TPYAHOCTMW.

B oTeuyecTBeHHOI NCKUXomnoruy WMPOKoe pacnpocTpaHeHne nonyyuun nogxog B. B. boiko. Astop onu-
CbIBAET 9MOLMOHANBHOE BbIFOPaHWe Kak MexaHu3M MCUXOSOrMYECcKON 3aLuThbl, NpKU KOTOPOM IMYHOCTb MO-
CTENEHHO OrpaHMYMBaET SMOLMOHATBHY OTAaYvy B OTBET Ha HeBnaronpusTHbIE WX NCUXOTPaBMUPYIOLLME
Bo3geicTBus. C OAHOM CTOPOHbI, NOAOBHAs AKOHOMUS SMOLMIA MOXET BbINOMHATL afanTUBHYID (PYHKLMIO:
4enoBek CTPEMUTCH YMEHbLIWTL BHYTPEHHEE HaNPsSKEHWE M COXpaHnTb paboTocnocobHocTb. C gpyron cTo-
POHbI, MPY 3aKPENSIEHNN U PaCLUMPEHUN 3TOW CTpaTErM 3MOLMOHAMNBHOE Y4acThe CHUKAETCS Ype3MepHO,
OTHOLLEHMUS CTAHOBATCS (DOPManbHbIMK, & S3KOHOMUS AMOLMOHANbBHBIX PECYPCOB HAYMHAET PacnpOCTPaHSITb-
CA 32 Npegenbl KOHKPETHBIX CTPECCOBbLIX CUTYaLMN [2].

Takum 0Bpa3om, aMOLMOHAbHOE BbIropaHue NpeacTaBnseT cobon KOMMAEKCHbIA (DEHOMEH, B KOTOPOM
B3aWMOZENCTBYIOT CTPECCOBbIE YCMOBMS, CNOCOObI NCUXOMNOMMYECKON aganTaumm, AMOLMOHanNbHas perynaums
N OTHOLUEHME YerioBeka K COBCTBEHHOM AeATeNnbHOCTU. PasninyHble TeopeThieckne MOAENW OenarT akUeHT
Ha pasHbIX CTOPOHaX MPOLEeCCca, OAHAKO CXOAATCS B MPU3HAHWM 3HAYMMOCTI XPOHUYECKOTO CTpecca, UCTOoLLe-
HWS1 PECYPCOB W U3MEHEHUS OTHOLLEHMS K paboTe 1 B3aMOLENCTBMIO C MIOAbMM.

dopmMupoBaHMe IMOLMOHABHOTO BbIrOPaHUs HE 0BBACHAETCS O4HON NPUYUHON. BOMBLUMHCTBO Uccne-
[0BaTenen paccMaTpuBaloT ero Kak pesynbTaTt AIMTENbHOTO B3aUMOAENCTBUS BHELWHUX TpeDoBaHUA N MHAK-
BMAYanbHbIX CNocoboB pearMpoBaHus. BaHyl porb WUrpatoT WHTEHCWMBHOCTb HArpy3ku, 3MOLMOHanbHas
HaCbILLEHHOCTb AEATENbHOCTH, HEBO3MOXHOCTb NOSTHOLEHHO BOCCTAHOBUTLCS, HEONPEAENEHHOCTL TpeboBa-
HWW, OedUUNT KOHTPONS, KOH(IUKTbI, HEAOCTATOK NOAAEPXKKA U HECOOTBETCTBUE MeXOy 3aTpayunBaeMbiMi
YCUIUSMI 1 BOCTIPUHUMAEMbIM Pe3yNbTaToM. [1py 3TOM OAHM U Te e YCNOBUS MOTyT NO-pasHOMy BIIUATL Ha
pasHbIX Nt0Jen, NOCKOMbKY 3HAYeHWe UMEKT NINYHOCTHbIE YCTAHOBKW, NPUBbLIYHbIE CNOCOOLI COBMafaHus co
CTPECCOM, OXMAAHUS U JOCTYMHbIE PECYPChI.

K opraHn3aumoHHbIM (hakTopam pucka OTHOCST 4Ype3MepHbIn 00bEM 3adad, NOCTOSHHLIA AeduunT
BPEMEHU, HEPEryNAPHbIA PEXWUM, BbICOKYK) OTBETCTBEHHOCTb MPU OrPaHNYEHHbIX BOMOXHOCTSX BAINATL HA
npoLecc, NpoTMBOpeynBble TpeboBaHWS, HEAOCTATOUHYI0 0BpaTHY0 CBSA3b U HEBNAroNPUATHLIA CoLManbHO-
ncuxonorunyeckuit knumat. OTAenbHOe 3HaYeHne UMeeT HeobXoaUMOCTb ANUTENbHO NOAAEPKUBATL BHELLHE
KOPPEKTHOEe 3MOLMOHANbHOE MOBEEHWE HE3aBUCUMO OT PearibHOr0 BHYTPEHHEro COCTOSHUS. [1ogo6HbIN
«3MOLMOHanbHbIA Tpyay» TpebyeT JONOMHUTENbHBIX PECYPCOB CAaMOPEryNALMM U MPU XPOHMYECKOM XapaKTe-
pe MOXeT ycunmBaTb UCTOLLeHNe [3].

[MposiBNEHUs BbIropaHWs MOryT ObiTb 3MOLMOHANBHBIMU, KOTHUTUBHBIMU, NOBEAEHYECKMU W PU3NONO-
ryeckummn. K amMoumMoHanbHbIM NPOSIBNEHUSM OTHOCAT OLLYLUEHWe YCTanocTu oT OBLLeHUs, pasgpaxuTens-
HOCTb, CHIXEHMEe CNOCOBHOCTU COonepexmBaTh, IMOLMOHANbHYHO NPUTYNAEHHOCTb UK, HANPOTUB, YPE3MEPHO
peskue peakumn. Ha KOrHUTUBHOM YPOBHE MOTYT OTMEYaTbCs CHUXKEHME WHTEepeca, NEeCCUMUCTUYECKAs OLe H-
kKa pesynbTata, owyLleHne 6eCCMbICIEHHOCTN YCUMIA, TPYAHOCTU KOHLEHTpauuu. [oBeaeHYeckn 310 MOXeT
NPOSIBNATLCA CTPEMIEHMEM OMPaHUYNTL KOHTAKTbI, (POPManin3oBaTh B3aMMOAENCTBIE, YMEHbLUINTD UHULMA-
TUBHOCTb WK COKPaTUTL 0O6bEM 0BsI3aHHOCTEN.

B yyebHol ncuxoamarHocTuke 3agada CoCTOUT He B MOCTAHOBKE KMMHUYECKOro AMarHosa, a B BbisBIe-
HWW BbIPQXEHHOCTW KOHKPETHBIX MCUXOMOrMYECKUX NPOSBNEHNA. VIMEHHO NOSTOMY NPOUIbHBIA aHanM3 no
OTAENbHbIM CUMNTOMaM MMEET NPEeUMyLLECTBO nepes OLHOW OBLLEi OLEHKOW: OH MO3BONSeT yBWUAETb, 3a
CYET KaKux KOMMOHEHTOB (hopmMupyeTcs HebnaronpusTHas KapThHa M Kakue CTOPOHbI COCTOSHWS MPW 3TOM
OCTaKTCA OTHOCUTENBHO COXPAHHBIMM.

K noctounHcteam meToguku B.B. Boitko oTHOCKTCA e€ Bbicokast cogepxaTtesnibHas feTanusauus. Bmecto
opHoro utoroBoro 6anna uccrnegosatenb nonyvaeT ABeHaauaTh nokasatenen, NoO3BONAIOWMX yBUAETb pas-
NIMYHbIE MEXaHU3Mbl 3MOLMOHaNbHOrO Hebnarononyums. Takon gopmar 0cobeHHO yaobeH ans uHAMBMAY-
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arnbHOro aHanu3aa, NocKosbKy OAMHaKoBasi CyMMa Mo hase y pasHbIX UCTbITYEMbIX MOXET CKMafblBaTbCs U3
pa3HbIX CYMMTOMOB U, CieoBaTeNlbHO, TPe60BATL Pa3NMYHON NCUMXONOrMYECKON UHTepnpeTauum [4].

BTopbIM NpenmyLLecTBOM SBNSETCS HarnsaHas gasosas opraHusaumus pesynbtaTtoB. PasgeneHue Ha
HanpsHKeHne, PE3UCTEHLMIO U UCTOLLEHNE NOMOraeT NpeacTaBuTb BbirOpaHWe Kak AMHAMUYECKUA NpoLece
YCTaHOBWTb, Kakue KOMMOHEHTbI YXXe COXWUIIUCh, @ Kakne HaXOAATCS B MPOMEXYTOYHOM COCTOSHUM. MeTogu-
ka NpocTa A1 UCMbITYEMOro: OTBETbI UMEKT MOHSATHBIN hopmaT, a nocne NoAcYeTa pesynbTaThl Nerko nped-
CTaBMTb B Tabuuax 1 Ha rpadumkax.

OnHOBPEMEHHO MeToaMKa UMEET orpaHndeHuns. MNpexae BCero aTo CaMoOTYETHbIN UHCTPYMeEHT. OTBe-
Tbl 3@BUCAT OT CaMOHabMOAEHNS, MOHUMaHNS (POPMYNMPOBOK, TEKYLLErNO COCTOSHUS 1 FOTOBHOCTM coobLiaTh
0 HexenatenbHbIX nepexwsaHusx. [10aToMy pesynbTaTthl CrnegyeT paccMaTpuBaTh COBMECTHO C KOHTEKCTOM
XU3HU W OeATeNbHOCTM YeroBeka, a Npu HeobXoaMMOCTU — AONONHATL 6ecenon, HabrogeHem 1 apyrumm
ANarHoCcTMYeCcKuMn metogamm [3].

Takum obpasom, meTtoauka B. B. Boiko ygobHa anst y4ebHOro v npakTM4eckoro ncUxonorMyeckoro
aHanusa amMOoLMOHarbLHOrO BbIropaHus bnarofaps AeTanbHOMY Npogusiio cMMNTOMOB U (ha3. Hanbonee kop-
PEKTHOE €€ MPUMEHEHWe NpeanonaraeT coveTaHWe KOMMYECTBEHHOMO NOACYETA C KAaYECTBEHHOWM UHTEpnpe-
TaLUMen, Y4ET KOHTEKCTa 1 0TKa3 OT HEOBOCHOBAHHbIX KITMHUYECKIX BbIBOLOB.
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THE TRANSFORMATION OF YOUTH ONLINE
HABITS AND OFFLINE BEHAVIOUR
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Abstract: This article presents a comparative analysis of the influence of content strategies in the YouTube
and TikTok blogospheres on the transformation of online habits and offline behavior among young people.
Drawing on a mixed-methods approach, the study tests hypotheses concerning the differentiated behavioral
potential of the two platforms. It is assumed that YouTube facilitates the formation of conscious online habits
and triggers delayed reflective offline actions, whereas TikTok fosters algorithmically driven habitual behaviors
and provokes impulsive offline reactions, while simultaneously exacerbating cognitive fatigue and increasing
the demand for offline disengagement.

BNUAHNE KOHTEHTHBIX CTPATEIUN BNOroC®EPbI YOUTUBE U TIKTOK HA TPAHC®OPMALIMIO
OHJTAUH-NPUBBLIYEK N ODDJTAUH-MOBEAEHNA MONIOAEXN

Py6aH MonuHa iIMutpneBHa
CTyOEeHT
[anbHeBOCTOYHbIN (hefepanbHblil YHUBEPCUTET

Hayuyhbiti pykosodumerss: CamotneHko lMemp KOpbesuy
doueHm, kaHOudam NoOAUMUYECKUX HayK
LanbHesocmoyHbIli hedeparbHbili yHUgepcumem

AHHOTaumA: cTaTbsl NOCBSALLEHA CPABHWUTENBHOMY aHanu3y BAWSHUS KOHTEHTHbIX cTpaTeruin 6norocdepsbl
YouTube n TikTok Ha TpaHCcdopmaLUumio OHNalH-NpUBLIYEK M OChnanH-noBeaeHns Monogexu. Ha ocHose
CMeLLaHHOW MEeTOAO0MorMK NPOBEPSIOTCA rUnoTesbl 0 AU dEPEHLMPOBAHHOM MOBEAEHYECKOM MOTeHumane
nnatdgopm. Mpeanonaraercs, 4to YouTube cnocobeTByeT POpMMPOBAHMI0 OCO3HAHHBIX OHMANH-NPUBBIYEK 1
WHALUMMPYET  OTCPOYEHHble  pedoriekCuBHble  OriaiH-genctus, Torga kak  TikTok — chopmmpyert
anropuTMUYECKU-3aBUCUMbIE MPUBBIYKA U NPOBOLMPYET UMMYNbCUBHbIE OIIalH-peakuun, OgHOBPEMEHHO
yCUnmBas KOrHUTUBHOE UCTOLLIEHME 1 3anpoc Ha odianH-pasrpy3ky.

Relevance: in 2025-2026, YouTube and TikTok continue to dominate youth media consumption,
offering fundamentally distinct formats: long-form narrative video versus short-form algorithmic scrolling. A
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paradox of the contemporary digital era is that high levels of online engagement coexist with a growing
demand for offline presence—manifested through practices such as «digital detox»—which functions as a
compensatory mechanism for coping with digital overload. The blogosphere has emerged as a key agent in
the transmission of behavioural norms; however, the comparative influence of YouTube's and TikTok's content
strategies on the transformation of online habits and offline behaviour remains insufficiently explored.

Object: The blogosphere of YouTube and TikTok.

Subject: The influence of content strategies within the YouTube and TikTok blogosphere on the
transformation of online habits and offline behavior among youth.

Aim: To identify the nature of the influence exerted by content strategies of the YouTube and TikTok
blogosphere on the transformation of online habits and offline behavior among youth.

Objectives:

1. To systematize theoretical approaches to the study of the blogosphere as an agent of behavioral
change.

2. To conduct a comparative analysis of the content strategies of YouTube and TikTok according to key
parameters of behavioral influence.

3. To develop a mixed-method empirical research design for assessing the impact of content strategies
on online habits and offline behavior.

4. To empirically verify hypotheses concerning the differentiated influence of YouTube and TikTok
content strategies on the transformation of online habits and offline behavior among youth.

Research Hypotheses:

H1: The content strategies of the YouTube and TikTok blogosphere significantly transform youth
behavior, albeit in divergent directions: YouTube facilitates the formation of deliberate online habits (search,
learning, background consumption) and initiates deferred reflective offline actions (learning, hobbies, projects),
whereas TikTok fosters passive, algorithmically dependent habits (scrolling, emotional volatility) and provokes
impulsive, short-term offline reactions (spontaneous purchases, challenges).

H2: Intensive consumption of short-form, algorithmically governed strategies within the TikTok
blogosphere exacerbates cognitive fatigue and generates among youth a sustained demand for offline
presence, whereas consumption of the YouTube blogosphere is perceived as less taxing and less frequently
necessitates compensatory offline disengagement.

1. THEORETICAL FRAMEWORKS

The Blogosphere as a Sociocultural Phenomenon: Structure, Functions, and Evolution

The blogosphere is defined as the totality of all blogs, considered as a community or social network [1]. Its
key characteristic is the close interconnection between authors and audiences through comments, reposts, and
hyperlinks, which together constitute a decentralized information ecosystem. The blogosphere represents a
socio-textual space oriented toward the publication of diary-style entries and the responses they generate [4].

Structural elements:

Three interrelated spaces within the blogosphere may be distinguished [5]:

* content space (materials);

* group space (communities);

* belief space (value orientations).

Blog typologies include classification according to [1]:

* subject matter (political, educational, entertainment);

* number of authors (individual, collective);

* media-text format (text-based, video, photo, podcast).

Platform affordances—technological capabilities that shape user actions—constitute a key structuring
factor of the blogosphere [2].

Evolution (international context):

The first blog appeared in 1994; in 1999, Blogger was launched as the first mass-scale tool for blogging [1]

In 2005, YouTube emerged, and in 2007, its Partner Program was introduced, rendering content
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creation a profession [1].

By 2008, the global number of blogs had reached 133 million, up from 4 million in 2004 [1].

The contemporary phase (2020s) is characterized by the predominance of short-form formats (TikTok,
YouTube Shorts), algorithmic content distribution, and the institutionalization of the blogosphere [4][5].

Functions:

1. Informational: the speed of information dissemination outpaces that of traditional media, with each
blogger constituting a potential news source [1].

2. Communicative: the blogosphere serves as a platform for public debate and the formation of rapid
responses to events [4].

3. Socializing: bloggers transmit behavioral norms and value orientations [5].

4. Self-presentational: the blogosphere provides a space for identity construction, particularly significant
for younger demographics [6].

Content Strategies as Instruments of Influence: Classifications and Mechanisms

Definition and classifications:

Content strategies are understood as systems for planning, producing, and distributing content aimed at
influencing audiences [8].The choice of content strategy is directly associated with shifts in user activity
patterns [9]._Primary types according to purpose include: informational, entertainment, educational, and
motivational [8]._Within the YouTube ecosystem, the "3H" strategy (Hero — Hub - Help) is prevalent,
encompassing high-reach content, regular inspirational material, and utility-driven content with added value
[10]._Platform affordances determine the selection of content strategies: YouTube emphasizes search and
editing, whereas TikTok prioritizes personalization and visibility [2][11].

Mechanisms of influence:

According to A. Bandura's social learning theory (1977), individuals learn by observing models and
imitating their behavior when positively reinforced. Bloggers thus function as role models.

Drawing on D. Horton and R. Wohl's concept of parasocial relationships (1956), audiences develop an
illusion of intimacy with media figures. In the digital environment, this intensifies the impact of content
strategies, as users follow recommendations "as from a friend" [12].

According to G. Gerbner's cultivation theory (1976), prolonged media consumption shapes perceptions
of reality congruent with media portrayals. Sustained exposure to particular content strategies thereby alters
conceptions of social norms [13].

Theoretical Approaches to the Study of Transformation in Online Habits and Offline Behavior
among Youth

Operationalization of concepts:

Online habits are defined as stable patterns of digital behavior, encompassing time expenditure, usage
rituals, and emotional attachment to platforms and content [14][17]. Offline behavior refers to concrete actions
outside the digital environment, including leisure activities, interpersonal communication, educational
engagement, and consumer decisions [18]. The central theoretical interest lies in the transition from online
consumption to offline actions—i.e., the "realization" of behavioral patterns disseminated through the
blogosphere.

Digital well-being and the compensatory mechanism:

The paradox of the digital age consists in the fact that technological connectedness is accompanied by
a growing demand for offline restoration [16]. Digital overload—cognitive and emotional exhaustion resulting
from hyperstimulation—triggers a compensatory mechanism that enhances the perceived value of embodied,
offline experience [18]. The concept of digital well-being emphasizes the balance between online engagement
and the quality of offline life [19].

Platform-specific differences in behavioral influence:

TikTok is perceived through the lens of short-form video and algorithmically driven scrolling, whereas
YouTube is associated with longer videos, often consumed as background content [2]. Short, algorithmically
curated formats (TikTok) are linked to dopamine-driven dependency and cognitive fragmentation, a
phenomenon associated with the concept of "brain rot" [20]. YouTube facilitates more goal-directed, practice-
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oriented consumption and deferred offline actions [2][14]. Research on affordances confirms the systemic
nature of these differences: YouTube emphasizes search and editing, whereas TikTok prioritizes
personalization and visibility [2][11].

2. COMPARATIVE ANALYSIS OF YOUTUBE AND TIKTOK CONTENT STRATEGIES IN CONTEXT
OF BEHAVIORAL INFLUENCE

The YouTube Blogosphere: Long-Form Format and Audience Retention Mechanisms

Platform Architecture and Affordances

YouTube is perceived by users as more pronounced across three key affordances: editability (the
capacity to modify and structure content), searchability (the search engine as the primary navigational tool),
and signaling (the ability to demonstrate status and expertise) [2]. The search layer constitutes a critical
differentiator: users arrive on YouTube with a clear intentionality, enabling the platform to capture audiences
“lower in the funnel’—that is, already predisposed toward action [24].

Formats and Narrative Structures:

YouTube content is characterized by long-form, narratively constructed videos, frequently consumed as
background during other activities [21]. Research indicates that YouTube attracts users through the possibility
of individualized search and deeper thematic immersion [14]. Within the framework of digital storytelling,
YouTube surpasses TikTok in elements requiring emotional depth, narrative completeness, and authentic
voice. Narration is built upon natural intonation and emotional honesty, which together foster trust and
connection with the audience [1].

Attention Retention Mechanisms:

Audience retention on YouTube is grounded in three key principles: accounting for human psychology,
repeated measurement, and the incorporation of “audio and visual stimuli” (eye and ear candy). Creative
producers recommend structuring narrative around viewer curiosity, generating tension and leaving unresolved
questions that the audience wishes to see answered. An important element is the inclusion of references to prior
content at the beginning of a video, which enhances trust and sustains viewer engagement [22].

Behavioral Potential:

YouTube serves predominantly practical purposes: learning through tutorials, music, and educational
content [21]. This engenders a consumption model oriented toward deferred action—the user arrives with a
specific informational need and departs with a readiness to apply the acquired knowledge.

The TikTok Blogosphere: Short-Form Format and the Algorithmic Engagement Model

Platform Architecture and Affordances:

TikTok is perceived as more pronounced across six affordances: awareness, persistence,
personalization, ubiquity, visibility, and shareability [2]. The key feature is algorithmically driven scrolling, which
does not require active user search but rather curates content based on behavioral signals [23].

Formats and Narrative Structures:

TikTok content is distinguished by short, visually dense videos in which speed and simplicity are
prioritized. In contrast to YouTube, TikTok excels in elements of narrative economy (brevity, absence of
extraneous information) and pacing (rapid, intense, calibrated for effect within seconds). Audio
accompaniment on TikTok is more direct and intense, employing “uncanny” sounds and trends to elicit
immediate emotional responses [1].

Algorithmic Engagement Model:

TikTok has effected a shift from the social network as a “network of friends” to a “broadcast” model—
content optimized for the algorithm [23]. The underlying premise is to enable any user to become an “overnight
star,” retaining audiences through the potential for virality [23]. This creates a system in which the primary
currency is discoverability rather than audience loyalty. Creators are compelled to continuously adapt to trends
that shift on a weekly basis, rendering the maintenance of relevance a Sisyphean endeavor [23].

Behavioral Potential:

TikTok is used predominantly for entertainment purposes [21]. The short, algorithmically curated format
facilitates the formation of passive, impulsive consumption habits—scrolling becomes an end in itself rather
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than a tool for information acquisition [25]. This engenders a model of impulsive reaction: the user responds
instantaneously but rarely transitions to sustained, long-term action.

Table 1
Comparative Analysis of YouTube and TikTok across Key Parameters of Behavioral Influence
YouTube TikTok
Dominant affordances Editability, searchability, signaling Awarenes?/,isp?sir"st?lnal|zat|on,
Content format Long-form narrative video Short-form, visually saturated
Primary consumption model Search and goal oriented use Algorithmic S(_:rolllng and
entertainme
Narrative Structure Emotional depth, completeness Narrative economy, speed
Attention Retention Tension, curiosity Instant hook, sound trends
Emotional Response Calmness, trust Excitement, intensity
Connection to offline actions Delayed reflective actions Impulsive short-term reactions
Cognitive load High (deep immersion) Low (fragmented consump.)

YouTube creates conditions conducive to reflexive, conscious consumption and deferred offline action,
owing to its search-oriented architecture and narrative depth. TikTok fosters impulsive, algorithmically
dependent consumption and short-term behavioral responses, which are associated with higher levels of
cognitive exhaustion [25]. These differences bear directly upon the transformation of online habits and offline
behavior among young populations.

3. EMPERICAL INVESTIGATION OF THE INFLUENCE OF YOUTUBE AND TIKTOK BLOGOSPHERE
CONTENT STRATEGIES ON YOUTH BEHAVIOR

To test hypotheses H1 and H2, a mixed-methods design was selected, combining quantitative and
qualitative approaches. The quantitative phase enables the identification of statistically significant associations
between content consumption and behavioral outcomes; the qualitative phase complements these data with
in-depth narratives concerning the subjective perception of blogosphere influence.

1. Quantitative Phase: Online Survey.

Data collection method: structured questionnaire administered via Google Forms.

Sample: youth aged 17-25 years, active users of YouTube and TikTok. Number of respondents — 170.
Recruited through snowball sampling and distribution via student groups.

Questionnaire instruments:

Block 1. Platform consumption: time spent on YouTube/TikTok, frequency, usage contexts.

Block 2. Content strategy types: preferred thematic categories (entertainment, educational, lifestyle,
motivational).

Block 3. Online habits: nature of usage (search vs. Scrolling), emotional attachment.

Block 4. Offline behavior: frequency of content-initiated actions, subjective online/offline balance.

Block 5. Digital well-being: level of fatigue, demand for offline disengagement.

Data analysis: frequency and correlation analyses to test H1 and H2.

2. Qualitative Phase: Semi-Structured Interviews.

Data collection method: in-depth interviews following a semi-structured guide.

Sample: 10 respondents selected from the survey participants, chosen according to the principle of
maximum variation.

Interview quide: platform perception, mechanisms of imitation, transformation of habits, offline transition,
awareness of balance.

Data analysis: thematic analysis of transcribed interviews.

Results of the Quantitative Phase

Content Consumption Profiles
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Analysis of survey data (N 170) reveals significant differences in the consumption structures of YouTube
and TikTok, consistent with existing research on platform-specific distinctions.

Table 2
Average time spfent per Preferred content types: Usage contexts:
platform:
1.5-2.5 hours per day Educational channels, During study/work and for
(background usage, search, ) , . ) :
YouTube learni tutorials, reviews. targeted information retrieval.
earning).
, Entertainment, challenges Duri_ng leisure time,
. 1.5-3 hours per day (active | . ’ ' commuting, and throughout
TikTok : life hacks, stand-up comedy.
scrolling). the day as a means of
emotional decompression.

Association with Offline Behavior

Correlation analysis confirms the differentiated influence of the two platforms. Users of educational
YouTube content report significantly more frequent deferred reflective actions (application of knowledge,
projects, hobbies). Users of entertainment-oriented TikTok content report more frequent impulsive reactions
(spontaneous purchases, challenges) . These findings are consistent with comparative research on platform
affordances: YouTube's searchability and TikTok's personalization engender distinct behavioral patterns.
Furthermore, existing studies corroborate that consumer imitation on platforms with divergent affordances
assumes fundamentally different forms. YouTube is associated with conscious online habits and reflective
offline actions, whereas TikTok correlates with passive habits and impulsive reactions.

Results of the Qualitative Phase

Thematic analysis of interview data (N 10) yielded four key thematic clusters elucidating the
mechanisms of influence:

Theme 1. Platform Perception: Depth vs. Speed.

Respondents characterize YouTube in terms of «immersion» and «meaningfulness,» whereas TikTok is
described through «acceleration» and «exhaustion.»» This corresponds to findings regarding differences in
platform narrative structures: YouTube excels in emotional depth and narrative completeness, while TikTok
predominates in narrative economy and pacing.

Theme 2. Mechanisms of Influence: Trust vs. Impulse.

On YouTube, imitation operates through conscious trust in an expert figure; on TikTok, it proceeds via
emotional capture and the desire to «stay on trend.» This is explicable through social learning theory (A.
Bandura) and is further substantiated by research on parasocial relationships: trust in a blogger amplifies
influence, yet platform affordances mediate this process.

Theme 3. Transformation of Online Habits.

Respondents report increased time spent on TikTok and a concomitant decline in concentration
capacity. This aligns with evidence linking short-form algorithmic formats to cognitive fragmentation.

Theme 4. Demand for Offline Engagement.

A majority of respondents report digital fatigue following TikTok usage and express a desire to shift
toward offline activities. This is consistent with the compensatory mechanism framework: digital overload
enhances the perceived value of embodied, offline experience. TikTok consumption is perceived as more
exhausting and elicits a pronounced demand for offline disengagement.

Interpretation of Results

YouTube fosters conscious online habits and initiates reflective offline actions; TikTok engenders passive
habits and impulsive reactions. This is consonant with platform affordance theory: YouTube's searchability and
editability versus TikTok's personalization and visibility. TikTok consumption intensifies cognitive exhaustion and
generates a demand for offline restoration, in line with digital well-being and brain rot concepts.
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Imitation is observed on both platforms, yet its nature differs: on YouTube, it operates through
deliberative trust; on TikTok, through emotional impulse. Trust in bloggers amplifies influence, but platform
affordances mediate this process. Prolonged consumption cultivates divergent worldviews: YouTube promotes
a stable, coherent framework, whereas TikTok fosters a fragmentary, clip-based one. TikTok consumption
correlates more strongly with fatigue and the demand for offline disengagement.

CONCLUSIONS

The study confirmed that content strategies on YouTube and TikTok exert divergent influences on youth
behavior.

Addressing the core research objectives has led to the following findings:

1. Theoretical frameworks were systematized: the blogosphere is conceptualized as a decentralized
ecosystem that disseminates behavioral norms through the mechanisms of social learning, parasocial
interaction, and cultivation.

2. Key platform discrepancies were identified: YouTube is characterized by searchability, depth, and
delayed impact, whereas TikTok is distinguished by personalization, velocity, and impulsive responsiveness.

3. A mixed-method research design was developed, comprising a survey (N 170) and semi-structured
interviews (N 10).

4. Both hypotheses received empirical support:

* YouTube usage predicts deliberate online habitual patterns and reflective offline behavioral outcomes;
TikTok usage predicts passive habitual patterns and impulsive behavioral responses.

* TikTok consumption is associated with elevated cognitive fatigue and an increased inclination toward
offline disengagement, while YouTube is perceived as comparatively less cognitively taxing.

YouTube and TikTok exhibit distinct behavioral affordances attributable to the divergent platform-
specific affordances they provide.
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0 B1U/10B0OM PA3HOOBPASHH BJI0PbI
JAKASHWKA «BEPXHENOAYWUCKWUN (AMAJIO-
HEHELIKWA ABTOHOMHbIW OKPYT)

C0/10[10BHUKOB AJIEKCAHAP HOPbEBNY

A.T.H., JOLEHT
TiomeHckoe oTaeneHune «CypryTHUMHepTb»

AHHoTaums. B cTaTtbe faH aHanu3 BWOOBOrO pasHoobpasnst (hopbl 3aKasHMKa PErvoHanbHOTO 3HaYeHMs
«BepxHenonynckuity, pacrnonoxeHHOro B CEBEPHO Tailre B BEPXOBbAX peky Monyi B Mpuypanbckom panoHe
fAmano-HeHewkoro asToHomHoro okpyra (AHAO). MNpoaHanuanpoBaHb! Lenv ero co3aaqus. [laétcs onucaHue
NPUPOAHbBIX KOMNNEKCOB, NPUBEAEHbI CUCTEMATIKA (OIIOpbI, CBEOEHNS O PACTEHMSX, 3aHECEHHBIX B KpacHy 1o
kHury AHAO, nokasaH cTaTyc UX pegkocTu.

KntouyeBble cnoBa. AMano-HeHeLkuin aBTOHOMHBIN OKPYT, [prypanbCkuin panoH, 3akasHuK, CEBEPHas Tawra,
tnopa, KpacHas kHura.

ON THE SPECIES DIVERSITY OF THE FLORA OF THE «VERKHNE-POLUYSKY» RESERVE
(YAMAL-NENETS AUTONOMOUS DISTRICT)

Solodovnikov Alexandr Yurievich

Abstract: The article provides an analysis of the species diversity of the flora of the regional nature reserve
“Verkhnepoluysky,” located in the northern taiga in the upper reaches of the Poluy River in the Priuralsky Dis-
trict of the Yamalo-Nenets Autonomous Okrug (YNAOQ). The purposes of its establishment are analysed. A
description of the natural complexes is provided, the taxonomy of the flora is presented, information about
plants listed in the Red Book of the YNAO is given, and their rarity status is shown.

Keywords. Yamalo-Nenets Autonomous Okrug, Priuralsky District, nature reserve, northern taiga, flora, Red
Book.

3akasHuk «BepxHenonymckuiny obpasosaH B 2005 r. PacnonoxeH B bacceitHe p. Monyit (puc. ) B 200
KM K BOCTOKY OT LieHTpa aBTOHOMHOro okpyra r. Canexapa. Ero nnowags coctasnset 195,3 TbiC. ra, U3 HUX
192 TbIC. ra OTHOCATCA K 3eMnsM NecHoro ¢oHaa W 3,3 ThiC. ra K 3eMnsM NPOMbILLIIEHHOCTM, SHEPreTUKK,
TpaHcnopTa u np. [2]. Llensmu co3gaHns 3akasHuka SBNSeTcs COXpaHeHUe, BOCCTaHOBIIEHWE M BOCMPOU3BOA-
CTBO OOBEKTOB XWBOTHOTO MUpa, COXPaHEHWe cpefdbl OBUTaHMS 1 MyTeNn MUrpauuu, NPOBEAEHUE Hay4HbIX
nccnefoBaHNi, OCYLLECTBIIEHWE SKOMOrMYECKOT0 MOHUTOPUHIA, 3KOMOMMYECcKoe MPOCBELLEHNE W pa3BUTHe
no3HaBaTenbHOro Typuama.

TeppuTopns 3akasHWka pacrnonoxeHa B npegenax onyinckon Bo3BbIWEHHOCTH. Penbed B OCHOBHOM
HW3MEHHBIN W NIOCKMIA. B CeBepHOit YacTh 3akasHuka B BEPX0BbSX peku Moyl npuMepHo A0 WUPOTbI Crns-
Husa pek Cyxoro u ny6okoro Monys MeCTHOCTb NpeacTaBnseT cobOM XONMUCTO-BOMHUCTYIO PaBHUHY U3 Ye-
peayHLmMXca XonmoB K rpsg Bbicoton 8-20 M, peako 30 M, OCMOXHEHHYO nowmHamu 1 6noaueobpasHbiMm
MOHWKEHNAMU. MecTammn XOnMbl CIIOXeHb! BarlyHaMu, rpaBMeM M NePeKpbIThl CYrmuHKamMu. MOHMKEHNS MexX-
Ay XonMammn 06bI4HO 3aHATbl MEP3NOTHLIMY TYHAPOBLIMA BonoTamu ¢ NNOCKOBYrpUCTLIM W TPSZOBLIM Peflb-
ecom. KOxHee cnmsHust Cyxoro u Mmy6okoro Monysa penbed Gonee pacuneHénHblin. KonebaHms BbICOT Ha
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mexaypeube coctasnser 30-40 M. A6ContoTHbIe OTMETKM MecTHocTW pocturaiT 70-80 m. MoBcemecTHO
BCTPEYaOTCS PEKM, Pyybi, 03€pa.

3aKasHUK HaxoguTca B CEBEPHOW Taire. 34ecb pacnpoCTpaHeHbl NUCTBEHHWYHblE TEMHOXBOWHO-
BepE30BO-NMCTBEHHMYHbIE Neca C MOXOBO-NMLIANHUKOBLIM MOKPOBOM, BCTPEYAKTCS COCHSKM, NPUYPOYEHHbIE
K Hanbonee ApeHUPOBaHHbLIM y4acTkaM BOOMb PeyHbIX A0NuH. OBLMpHbIe Nowaan 3aHsATbl 3a60504eH HbIMU
FICTBEHHWUYHBIMU, JIMCTBEHHWYHO-COCHOBBIMIA W €M0BbIMA KyCTapHUYKOBO-AONTOMOLIHBIMA U CEparHOBbIMU
necamu, a TaKkKe KyCTapHWYKOBO-MOXOBO-NWLIANHWKOBLIMA TPaBSHO-C(HArHOBbIMA 1 OCOKOBO-TUMHOBbLIMM
nnockobyrpucTbiMm BosioTamu.

I

Puc. 1. Kapta-cxema 3aka3Huka «BepxHenonynckum»

WcTounuk: [1]

OcHoBHble napameTpbl hnopbl COCYAUCTLIX PACTEHUN 3aKa3HMKa

«BepxHenonyickuiny

Tabnuua 1

Yueno suaos

Ne n/n MapameTpb! riopb! KOM-B0 %
1 Obuliee y1cno BuaoB 73 100,0
2 Obulee 41cno cemencrs 21 100,0
3 [OKPbITOCEMEHHbIE, B T.4.. 65 89,0
— [BY[OINbHblE 46 70,8
— 0HOAOMbHbIE 19 29,2
4 ['onocemeHHble 4 55
5 Cnoposble 4 55
6 OCHOBHblE CemMencTBa:
1. Ericaceae — BepeckoBble 12 16,43
2. Cyperaceae — OcokoBble 9 12,32
3. Poaceae — MatnukoBble, 3naku 8 10,95
4. Ranunculaceae — [TioTukoBble 7 9,58
5. Saxifragaceae — KamHenomkoBble 5 6,84
7 KonnyecTBo BMA0B, BXOAALLMX B OCHOBHbIE CEMENCTBA 41 56,12
8 KonnyecTBo CEMENCTB 13 OHOTO BUAA PacTeHWN 9 429
9 KonnyectBo B1AoB, 3aHeCEHHbIX B KpacHyto kHury AHAO 2 2,7

icTouHuku: coctasneHa no: [3-4].
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[eTanbHble nccnegoBaHuns (roOpUCTUYECKOrO COCTaBa Ha TEPPUTOPUM 3akasHWKa He NpoBOAMNKUCH. 1o
npeaBapuUTenbHbIM AaHHBIM Ha ero TEPPUTOPMM OTMEYEHO Npou3pacTaHue 73 BULOB COCYAMUCTbIX PaCTeHMI
21 cemeiictga [3], yto coctaenseT 14,9 % u 52 % ot obuiero konnyecTsa BUAOB U CEMENCTB B MyHULMNAsb-
HOM paiioHe. [pn 3ToM cnegyeT OTMETUTb, YTO Npu Bonee AeTanbHbIX UCCNEA0BaHNSAX, YACIO BULOB pacTe-
HWN 1 CEMENCTB BEPOSITHEE BCETO M3MEHUTCS B CTOPOHY UX YBESYEHUS.

OcHoBY (priopbl (hOPMUPYIOT NOKPLITOCEMEHHbIE pacTeHnii — 65 B1aoB (89 %), U3 HUX Ha ABYAOSbHbIE
npuxogutcs 46 sugos (70,8 %), ogHogonbHble — 19 BuaoB (29,2 %). [0n0ceMeHHbIE 1 CNOPOBbIE BbICLLWE
npeacTaeneHsl no 4 suaa (no 5,5 %). MaTb OCHOBHbIX cemencTs obpasytoT Gonee 56 % pasHoobpasus gno-
pbl. CaMbIM/ MHOrOYUCNEHHBIMW NPeaCTaBUTENaMI ABNAKOTCA ocokoBble (12,32 %) n Bepeckosble (16,43 %).
[MpeacTasneHo No ogHOMY Buay pacteHun u3 9 cemencts (42,9 %) (tabn. ). B KpacHyto kHury AHAO 3aHece-
Hbl 2 BiOA PaCTEHUIN U3 NMOKPbITOCEMEHHbBIX — JIMXHWUC CMOMPCKUIA Masbli (30pbka caMoeackast) 1 KaMHenom-
Ka XeCTKONMMUCTHas, oTHeCEHHbIe K III kaTeropun peakocTu [4]. OT obuero umcna ocobo oxpaHseMbIX BUAOB
PaCTEHWN, 3apPErMCTPUPOBAHHBIX Ha TEPPUTOPUM palioHa, 3TO cocTaBnno 2,7 %.

OcHOBHOW BbIBOA

HecmoTtps Ha manyt pasmepHoctb Tepputopun (0,3 % nrowagn parnoHa), B Npeaenax 3akasHuka
BcTpeyaetcs 10 % BuaoBoOro pasHoobpasns nopbl panoHa. MNpu 3ToM 2 BMAa pacTeHuit 3aHeceHbl B Kpac-
Hyto kHury AHAQ, 4To B NPOLEHTHOM COOTHOLLEHUM cocTaBmUNo 2,7 % OT 06LLero KonuyecTBa 3aperncTpupo-
BaHHbIX Ha TEPPUTOPUN paiioHa 0coBO OXpaHSIEMbIX BUAOB pacTeHuid. MonyyeHHble faHHbIE CBUAETENbCTBY-
0T 0 TOM, 4TO Jaxe Hebonbwwue no pasmepy OOMT o4eHb 3HA4UMbI B LIENSX COXPAHEHWS BUAOBOMO pasHo-
obpaswsi pacTUTEeNbHOMo Mupa.
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