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ECTECTBEHHBIE HAYVKH / NATURAL SCIENCES

VJIK 517.928 https://doi.org/10.33619/2414-2948/120/01

CUHI'YJISAPHO BOSMYUIEHHBIE YPABHEHUSA
C OCOBEHHOCTSAMMH B KOMIIVIEKCHBIX OBJIACTAX

©3pmamanu yyay b., ORCID: 0009-0007-7538-5354, SPIN-xo00: 6820-5273,
JKanan-Abaockui eocyoapcmeennviii ynusepcumem um. b. Ocmonosa,

2. Jlocanan-Abao, Keipeviscman, ermatalievbayaman@gmail.com

SINGULARLY PERTURBED EQUATIONS
WITH SINGULARITIES IN COMPLEX DOMAINS

©Ermatali uulu B., ORCID: 0009-0007-7538-5354, SPIN-code: 6820-5273,
Jalal-Abad State University named after B.Osmonov,
Jalal-Abad, Kyrgyzstan, ermatalievbayaman@gmail.com

Annomayus. PaccmarpuBaeTcsi CHHTYISIPHO BO3MYIIEHHOE YpPaBHEHHE C JIOTapu(MUIECKUM
noimocoM. IlocraBieHa 3agaya MccaenoBaHUS ACUMITOTHYECKOIO MOBEIEHUS PELICHUS U BIISTHUE
[OJIFOCa Ha pelleHue. 3ajjaya pelieHa NpUMEHEHHEM KOH(POPMHOIo OTOOpa)KeHUsT HEKOTOpOM
OKPECTHOCTH JIOTapu(MUYECKOTO TOIIOCA B 3aMKHYTBIM KPYT, IpYroil KOMIUIEKCHOM IUIOCKOCTH, C
LEHTPOM B Hayayle koopauHar. [Ipm TakoM OTOOpa’keHHMH YpaBHEHME NPUBEIACHO K HauOosee
IpPOCTOMY U YHOOHOMY sl HccienoBaHus BuAy. Jloka3aHo, 4uro JsorapuMUYecKHil MOOC
IIPAKTUYECKM HE BIMAET Ha AaCHUMIITOTMYECKOE IIOBEIEHUE PEIIECHUsA, a TaKXe JOKa3aHo
CYIIIECTBOBAHHE MTOTPAHCIOWHON 00IaCTH M OOJIACTH MPUTSKESHUS.

Abstract. A singularly perturbed equation with a logarithmic pole is considered. The task is
to investigate the asymptotic behavior of the solution and the influence of the pole on the
solution. The problem is solved by applying a conformal mapping of some neighborhood of the
logarithmic pole to a closed disk in another complex plane, with the center at the origin. Under
such a mapping, the equation is reduced to the simplest form convenient for investigation. It is
proven that the logarithmic pole practically does not affect the asymptotic behavior of the
solution, and the existence of a boundary layer region and a domain of attraction is also proven.

Knrouesvie crnosa: CUHT'YJIIIDHOC BO3MYHICHUC, ACHUMIITOTHUKA, HOFapI/ICI)MI/I‘IeCKI/Iﬁ IIOJIIOC,
norpchnoﬁHaﬂ O6J'IaCTB, 001acTb IMPUTAKCHU A, KOH(i)OpMHOG OTO6pa)KeHI/IC, MMOCJICA0BATCIIBHOC
HpI/I6J'II/I)K€HI/I$I, ACUMIITOTHYCCKUEC OLICHKU.

Keywords: singular perturbation, asymptotics, logarithmic pole, boundary layer region,
domain of attraction, conformal mapping, successive approximations, asymptotic estimates.

TIocmanoexa 3adauu
ACHMIITOTHYECKOE MTOBEJEHUE PENIEHUI CHHTYISPHO BO3MYLIEHHBIX YPABHEHUIN CBOIUTCS K
uccnenosanuu Gynxnuii [1-6]. IlycTh paccMarpuBaeTcsl ypaBHEHHE:!
]
, _a (t) 1)

ex' =i *t e(b(t) + f(t,x,)),

C Ha4YaJIbHbIM YCJIOBUCM
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x(to, &) = x°, (2)

rne 0 < e-Manblii BElIECTBEHHBIN napaMeTp; t € D € C u -HEKOTOPbIN OTKPBITHIA KpyT, C —
KOMITJIEKCHAs! TNIOCKOCTh. [1ycTh BBIMOIHSIOTCS YCIOBHUS:

V1. a(t),b(t) € Q(D) — nmpocTpaHCTBO aHATUTHYECKUX YHKIHA B D
V2.3IT, € D(a(Ty) = 0,a'(Ty) # 0).

V3. f(t,x) € Q(H),H = {(t,x),t €D, |x| <C; },f(t,x) = 0.
V4.v(t, %), (t.%) e H(|f (6. ®) — f(t. X)| < C,|x - &,] ).

3necb u pganee OykBamm Cq,C,,.. Oymem roBopuTh, uTO YypaBHeHue (1) wumeer
norapupMUIECKUAN TIOIFOC.

3amaya. MccnenoBarh acMMOTOTHUYECKOE ToOBeAcHHE pemenue 3anadd (1)—(2) u BimsHue
J0rapu(pMHUECKOTO MOJOCA.

Pewenue 3a0auu

3anauy (1)—~(2) 3ameHum cneayrouiee:

o a(t) (3)

+f(b + f(t,x)) ll—d
() t (o) +f(r,x exp(’S na(r) T.

1
X = xoexpgln

B (3) mpoBenemM nmpeoOpazoBaHue:

u = a(t). 4)

Cormacio Y1 u V2 mnpeoOpasoBanue (4) KOHPOPMHO U B3auMHOOMHO3HauHO. U3 (4)
oTpeseIsieM

t= o). ()
Teneps (3) MokeM 3amucarh Tak
0 1 u r 5 5 1 u (6)
y=x exp;lnﬁ + f(bo(u) + fo(u,y))expglnadu,
uo

rac

y(u, €) = x(p(u), ), uy = a(ty), by(it) = b(p(id)) - ¢'(1),
fol@,y) = fe@), x(p(@), ).

IIpu oroOpaxeHnun (5) HekoTOpas 3aMKHYTas OKPECTHOCTb TO4YKU T, oToOpaxkaercs B
HEKOTOpBIM 3aMKHYTHIN Kpyr H muiockoctu u ¢ uentpoM B Touke (0; 0). Touka T, oToOpaxaercs B
touky (0; 0).

Takum 00pa3oM MOCTaBICHHYIO 3a/1a4y OyJieM pemars i ypaBHeHus (6) B kpyre H.

3amMeTHM, JIMHUSIMH YypoBHsA (yHKImH |u| = |w/uf + u? | , B kpyre H sBustorcs

KOHIIEHTPHUYECKHE OKPYKHOCTHU ¢ IIeHTpoM B Touke (0; 0).
ITycts rpanuneir H Oymer okpyxHOCTh paguyca 1. IlpoBenem kpyr Hi ¢ paguycom ry =

|w/r02 + sln£|.

Beenem o6o3nauenne H\H; = H,, npudem Oynem cumtars, uro rpanuna H, He mpuHAIIEKUT
H, (PucyHOK).
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Uz

Hy
HE
Hy
g
Hoy
HZE

Pucynok. O6mnactu Hy, Hg, Hyg, Hyq, Hyp, Hyg

BepxHuuioro rpanuiry (comepiKaiierocsi B mojaymiockoctd U, = 0) H o6o3naunm [;, a HUKHbBIE
vyactu Hyg, Hyq. (Pucynok).

3a ug BO3bMEM Ty T.€. Uy = T.

Jliig ynoGcTBa MpOBOAMMBIX BBIYHMCIEHUH B (6) MepeiiieM K MoJIIpHbIM KOOpJIMHATAM !

u=re?0<ac<?2m.

Teneps (6) mepenuIeM Tak:

re'@ : 0 .~ .~ ro N\ .~ (7
y = x°< ™ ) + f (bo(f"e‘“) + fo(fe”",y)) X (; e‘(“‘“)) d(f‘e‘“).
(10;0)

(7) paccmotpum B H. CHadana paccMOTpHUM CIEIYIONINE CIydaii:
1. (r; a)€ly, 2. (r; a)€Hq¢, 3. (1r; a)EH4 ;.

K (7) npumeHHM METOJT TTOCIIEIOBATENILHBIX MPUOIMKEHHIA, KOTOPBIE ONPEACTHM CIICTYOLTIM
obpazoM:

reia % (r; @) r 1 (8)
. xo( ‘ ) b [ bolre™ + fre®, vy x (G e D) d(rer®)
° (r0:0)
Vo=0m=172,...

Jst (8) ompenenuM myTH WHTErpupoBaHus. s Bcex Y, u caydaeB 1, 2, 3 myTh UAET OT
Touku (1y; 0) mo (ry; «) mo Ly, 3arem no nydy npoxoasiiero yepe3 Touku (0; 0) u (ry; &) OT ToUKH
(ro; @) mo Touku (r; a) (r < ry). Teneps nepexoaum K oreHke (8). CHawaga pacCMOTPHM CiTydai
1. Umeem:

a
ia _em
y1 =x%%€ + | by(rg,e'%)e” ¢ irget?da.

0
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Orcroaa mepexozs K Moayitto monyqnm |y, | < Cs.
Haﬂee |y2| < |y1| + C2C3a < C3(1 + 62C3a).
[TpomomkuB mporece uMeeM

(CC3)™ )
Iyml SC3 <1+C263CZ+"'+W , :1,2,....
N3 (9) cnenyer onenka:
|3’m| < C4) C4- = C3eC2C3TL" (T', (X) € ll' (10)
JlokakeM paBHOMEPHYIO CXOAUMOCTS (8) s cirydas 1. OueHuM |V, — V-1l
[yl < Cy; (11)
lyz = y1l < CoCza;
a? (C3a)?
lys — ¥zl < CoCs C3E = C4T;
(Cza)™!

|Vim — Ym-1] < C4m,m =12,...

N3 onenkn (11) BeITEKaeT paBHOMEpHAs cXOMUMOCTh (8) K HekoTopou ¢yHkmu y(7, @, £),
KoTtopass sBisiercss pemenueM (7) mist (r,a) €1; m pmusg storo pemieHus, cornacHo (10),
CIpaBeIMBAa OLICHKA

ly| < Cy, (r; @) € L. (12)

Cnyuait 2. B (7) npoBeaem cremyroiee mpeoOpa3oBaHue (C y4eToM BBIOpaHHBIX MyTeil
WHTETPUPOBAHMS):

- ()

(13)

i(3-2)

@%m)+j(%%¢ﬂ+ﬁ@ﬁ,ﬂxe S d(re ™)) +

1
+ f (bo(f,eiﬁ) + fo (feiﬁ,y) X (;)8 el@df.
T

B (13) Beipaskenue, comeprkameecss B ckoOke [...] maér pemenue (7) Ha l;. Takum oGpazom
(13) moxem nepenucarh TaK:

1 i (14)
y = y(ree'?, s) f(bo(r et )+f (re‘“,y)) X( ) elds.

K (14) npumenum mMeTon mociieA0BaTeNbHBIX MPUOIMKEHUH, KOTOPbIE ONPEISIUM TaK

IR . (15)

L= £ L= = =

Vi = ¥(10€'%, €) (a) +f (bo(f,el“) + fo(fel“,ym_l)) X (;)8 el®df.y, = 0,m

T
=1,2,..
Ouenum (15).
2
ly1l < C4 Jlbo(r em)l ) di | < C4( ) t G

To
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Io ycnoBuio /1 + elne < r < r,. Takum o6pazom
1

(L); < 1, torma |y;| < C4 + Cse < Cg;

7o

ly2] < |yl + Cg - Cse = Co(1 + Cse);

Cé‘z CEZ
|}’3|S|Y1|+C6'<C55+( 5€) >=C6'<1+C5€+( 5¢) >

2! 2!

[Iponomxkas OLIeHKY HOTYyYUM

m-1 (ng)k (16)
Ym < Cg Z T < CeexpCse < Cy, Y < Cy, (1, @) € Hyg.
k=0 '

CXomuMOCTh {V,, } TOKa3bIBacTCsI KaK U B MPEBIAYIIEM ciiydae. FiMeeM OIeHKY:

ly] < C;, (r; ) € Hyg. @an
ITycts (r; o) € Hy;. B paccmarpuBaem ciydae, ¥ < 1y 1

1 1
(L)g - 0mpu € - 0 Te. (1)5 = 0(e"), neN.

To To

V4uTBIBas 3TO ¥ HOBTOPSS IPEIBIIYIIHE IPOLELYPHI OLIEHKH |V, | mOMyanm
|ym| < Cge, (r; ) € Hyy. (18)

CxomumocTs {V;, } MoKa3pIBacTCs Kak ¥ B IIEPBOM citydae. J{jist perienust y moiry4aeTcs
orieHka (Ha ocHose (18)):

ly| < Cge, (r; o) € Hyj. (19)
O6wveaunuB oneHku (12), (16), (19) nomyuum:
1,(r; a) € l; UHy; (20)
lyl < C9{
g (r; ) € Hyy.

AHanornyHas olneHka umeet Mecto s [,, Hyo, Hyp Toeu

1, (T, O() € lz V) HZS; (21)
lyl < C9{

g, (r; a) € Hyy.
O6wveaunuB oueHku (20), (21) nomyuum

1,(r; ) ELUH3; L =1; Uly; (22)

ly| < C9{
g (r; o) € Hy.

3amMeTuM, W3 TIPOBEACHHBIX OMNEpaldii BBITEKACT, YTO JIOTApUPMUYECKUN TMONMOC Ha
ACUMIITOTHYECKOE TOBEJICHNE PEIICHHS HUKAKOTO BJIMSHUS HE OKa3bIBaeT. Termeph BEepHEMCS K
3anaue (1)-(2). 13 (22) BeITEKAET, UYTO B OKPECTHOCTU TOUKH T} (3Ta OKPECTHOCTh OTOOpaxaeTcs Ha
H) cymecTtByoT norpancioiinas 06iactb U 00JIacTh MPUTSDKEHUS U Jorapugmuueckuil nomtoc T
Ha aCUMIITOTHYECKOE MOBEJCHNE HUKAKOTO BIIMSHUS HE OKA3hIBACT.

JlokazaHa cneayroias Teopema.

Teopema. Ilyctb paccmarpuBaetcs 3anada (1)-(2) u Beimonustores yenosus Y1, V2, V3, V4,
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Torna pemenne 3agaun (1)-(2) cymecTByer B HEKOTOPOW OKPECTHOCTH TOYKU Ty M 3Ta
OKPECTHOCTh pa3zeisieTcs Ha MOTpaHCIoOnHYI0 001acTh U 00macTh npuTshkeHus. Jlorapupmuaeckuit
IIOJIFOC Ha aCUMIITOTHYECKOE TIOBEACHUE PEIIEHUS HE BIUSET.
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FINANCIAL DECISION OPTIMIZATION ALGORITHMS: COMPARATIVE ANALYSIS
OF METHODS AND THEIR APPLICATION IN SOFTWARE PRODUCTS
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Annomayus. llpeacraBieH KOMIUIEKCHBI aHAIM3 COBPEMEHHBIX alrOPUTMOB ONTHUMH3AIUU
¢buHaHCOBBIX pemeHuid. [IpoBEeIEHO CpaBHHUTENBHOE HCCIEAOBAaHHE YPPEKTHBHOCTH PAa3INIHBIX
METOJIOB,  BKJIIOYas  KJACCHUYECKHE  aJrOPUTMbl  MAaTeMaTHYE€CKOr0  IMPOrpaMMUPOBAHMUS,
HBOJIOIIMOHHBIE AJITOPUTMBI M METOAbl MalIMHHOro oOyueHus. Ha ocHoBe pa3paOoraHHON
METO/IOJIOTUM BBINOJIHEHO TECTHPOBAHUE AJITOPUTMOB Ha pEaJbHBIX (DUHAHCOBBIX JAHHBIX B
3a/layax ONTHMHU3ALMU MHBECTULIIMOHHOTO MOPT(dENs, TOProBbIX CTpaTeruii M mapaMeTpoB pPHUCK-
MeHeKMeHTa.  MccnenoBaHue MOKa3ajo, 4YTO T€HETHMYECKHE aJIrOPUTMBl JEMOHCTPHUPYIOT
HaWIy4lllue pe3yabTaThl AJI1 HEIMHEHHBIX 3a/1ad C MHOKECTBEHHBIMUA OTPAaHUYEHUSIMH, B TO BpeMs
Kak MeETO/bl IIyOOKOro OOyueHHMsl 3HAYUTENbHO MPEBOCXOIAT KIACCHUYECKHE TMOIXOAbl B
JUHAMHYECKUX PBIHOYHBIX ycioBusX. [IperncraBiena mporpaMMHas peajiu3alis HCCIeIOBaHHBIX
QITOPUTMOB C HCIIOJIb30BAHUEM COBPEMEHHBIX TeXHOJIOruil pa3padorku. CdopMynupoBaHbI
MPAKTUYECKHE PEKOMEHJAIMK TI0 BBHIOOPY M HAcCTpOWKE ONTHMMHU3ALMOHHBIX aJITOPUTMOB B
3aBUCUMOCTH OT CIEUUM(UKH pellaeMblX 3ajad. Pe3ynbraTsl HMCCIeIOBaHUS MOTYT OBITh
WCIIOJIB30BaHbI TIPU pa3pabOTKE U MOJECPHU3AIMH MPOTPAMMHOTO oOecriedeHus st (PMHAHCOBBIX
OpraHu3aIui.

Abstract. The article presents a comprehensive analysis of modern financial decision
optimization algorithms. A comparative study of the effectiveness of various methods, including
classical mathematical programming algorithms, evolutionary algorithms, and machine learning
methods, was conducted. Based on the developed methodology, algorithms were tested on real
financial data in portfolio optimization, trading strategies, and risk management parameter
optimization tasks. The research demonstrated that genetic algorithms show the best results for
nonlinear problems with multiple constraints, while deep learning methods significantly outperform
classical approaches in dynamic market conditions. The software implementation of the studied
algorithms using modern development technologies is presented. Practical recommendations for
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selecting and configuring optimization algorithms depending on the specifics of the tasks are
formulated. The research results can be used in developing and modernizing software for financial
institutions.

Kntouegvie cnosa: ¢GuHAHCOBask ONTHMU3AIMSA, TE€HETUYECKHE QJITOPUTMBI, MAIIMHHOE
oOydyeHue, WHBECTHLMOHHBIM MOPT(ETb, TOProBble CTPAaTETHUH, pPHUCK-MEHEMKMeHT, Python,
napasuiebHbIC BEIYUCIICHUS.

Keywords: financial optimization, genetic algorithms, machine learning, investment portfolio,
trading strategies, risk management, Python, parallel computing.

B ycnoBusx CTpeMHUTENbHO MEHSIOMMXCS (DMHAHCOBBIX PHIHKOB M PACTYIIEH CIIOKHOCTH
HSKOHOMHMYECKHX IMPOIIECCOB 0c000e 3HaueHue npuodperaer pazpaboTka 3((HEKTUBHBIX METOAOB
ontuMm3anui (PUHAHCOBBIX pemieHUH. C KaxAbIM TOIOM 00beM 00padaThiBaCMbBIX JIaHHBIX
YBEIIMYMBACTCS, KOJIMYECTBO I1apaMETPOB, BIUSIOMIMX HA TMPHHATHE pPEIICHHA, pacTeT, a
TpeOOBaHUS K CKOPOCTH aHAIM3a CTAHOBATCS JKECT4e. B TakMX yCIOBUSAX TPaJUIIMOHHBIE METOIBI
ONTUMHU3AINU CTATKUBAIOTCS C HOBBIMH BBI30BaMU U TPEOYIOT alanTaliu.

OnTtummzanusi (UHAHCOBBIX PEUICHHH — 3TO MHOTOTPAHHBIN MPOIECC, BKIIOUYAIOIIUI
KOHTPOJIb MHOXXECTBAa B3aMMOCBSI3aHHBIX (akTopoB. Hampumep, BaXHBIM >JIEMEHTOM SIBISIETCS
IPaMOTHOE YIPABJICHUE CKJIAJICKUMHU ONEpalUsIMHU: YUeT TOBAPOB, MHBEHTAPHU3AIMS, JOTUCTHKA H
nokymeHTanus. lccrnenoBaHus TMOKa3bIBAIOT, YTO BHEJIPEHHE COBPEMEHHBIX TEXHOJOTHH B
CKJIQJICKOM Y4eT He TOJBKO MOBBIIIAET €ro 3((HEeKTUBHOCTh, HO U OKa3bIBAECT 3HAYUTEIHLHOE BIUSHUE
Ha ()MHAHCOBBIC PE3YJAbTAThl KOMIIAHMH. OTO TOATBEPXKIAET, YTO (MHAHCOBAS ONTHUMH3AIIUS
BBIXOJUT 32 PAMKH KJIACCUYECKUX PAcUeTOB U TPeOyeT KOMILIEKCHOTO 1ojxoza [2].

@OUHAHCOBbIE MHCTUTYTHI CETOJHS BBIHYXKICHBI MPUHUMATh CIIOKHBIE PEIICHUS B YCIOBHUSAX
MOCTOSIHHOM HEONPEeAEICHHOCTH U JKECTKUX BPEMEHHBIX OIpaHMUYEHHUH. DTO 3aTparuBaeT MHUPOKUN
KpYyr 3a7ad — OT YINpaBICHUS WHBECTUIUSAMH M OICHKH PHCKOB JIO ONTHMH3AIHUN TOPTOBBIX
CTpaTeruii ¥ MPOTHO3UPOBAHUS KIFOUEBBIX (DMHAHCOBBIX TOKa3aTeneil. B Takux ycloBHSX pacTer
CIPOC HAa YCOBEPILEHCTBOBAaHHbBIE aJITOPUTMBI, CIOCOOHBIE YYUTHIBaTb MHOXKECTBO (DaKTOPOB U
HaxXo[WTh ONTUMAJIbHBIE pEUIEHWs B JUHAMUYHO MeHswoueics cpene. CylecTByromye
UCCIIeIOBaHUSA B 00nacTd  (UHAHCOBOW  ONTHUMH3AIMU  JIEMOHCTPUPYIOT  3HAYUTEIHHOE
pazHO0Opa3ue MoaX0/I0B K PEIICHUIO JaHHBIX 3a1a4 [4, 5].

Krnaccuueckne MeTompl MaTeMaTHYecKOro MPOrpaMMHUpPOBaHUsS, TaKuWe Kak JHMHEWHas |
HEJWHEWHas ONTUMU3AIUs, JOMOJHAIOTCI COBPEMEHHBIMU SBPUCTHUECKHUMH QITOPUTMAMU H
METO/IaMH MaIlIMHHOTO 00y4eHus [6-8].

OnmHako OTCYTCTBHE CHCTEMAaTH3UPOBAHHOTO CpPAaBHUTEIHHOTO aHaim3a 3()(eKTHBHOCTH
pa3NMYHBIX METOJAOB B KOHTEKCTE KOHKPETHBIX (PMHAHCOBBIX 3aqad 3aTpyAHsIET BBIOOD
ONTUMAJFHOTO aNropuTMa IS MPAKTUYECKOTo MpUMeHeHus. JlaHHas cTaThsi HaAmpaBlIeHO Ha
BCECTOPOHHHUI aHaJIN3 AJITOPUTMOB ONTHUMH3AIMKA (PUHAHCOBBIX PEIICHHN, WX CPaBHUTEIHHYIO
OILIEHKY ¥ BBIPA0OTKY PEKOMEHIANNH 110 MPUMEHEHHIO B COBPEMEHHBIX MPOTPAMMHBIX MTPOAYKTAX.
OCHOBHOHM akKIIEHT cJeNaH Ha MPAKTHYECKYI0 pealli3alfi0 alTOpPUTMOB M WX HHTETpaIUio B
JeCTBYIONIME HHPOPMALIMOHHBIE CHCTEMBbl (PMHAHCOBBIX OpraHU3aLUi.

Pemratorcst 3amaum  Kak CHUCTEMarW3aldsl CYNIECTBYIOIIMX TIOAXOMOB K (hUHAHCOBOM
ONTUMH3AIMK,  pa3paboTKa  METONOJOTHMH  CPaBHUTEIBHOTO  aHalli3a  aJTOPUTMOB,
JKCMIEPUMEHTANIbHas OlEHKa J(PQPEKTUBHOCTH PA3TUYHBIX METOJAOB Ha pealbHBIX HaHHBIX U
¢dbopMHpOBaHHE pPEKOMEHJALMH MO BBHIOOPY M BHEAPEHHUIO AalrOPUTMOB B 3aBUCHUMOCTH OT
crnienn()MKA TTOCTABICHHBIX 3a/1a4.
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Hayuynass HOBM3Ha pabOTHI 3aKIIOYAaeTCSl B CO3MaHUHM KOMILJIEKCHOTO MOJXO/a K OIICHKE
3P PEKTUBHOCTH AJITOPUTMOB, KOTOPBIA YUUTHIBAET HE TOJIBKO TEOPETUUECKHE ACTIEKTHI UX PAOOTHI,
HO W TIPAKTHUYCCKUC HIOAHChlI pCaJM3allii B COBPCMCHHBLIX IIPOrpaMMHBIX IIPOAYKTaX.
Pa3zpaboTanHast MeTOmOJOTMs TO3BONSET OOOCHOBAaHHO BBIOMpATh aNTOPUTMBI, Hamboiee
MOAXOISINNE ISl PEIICHHS KOHKPETHBIX (DMHAHCOBBIX 33/ad C Y4YETOM HX OrPaHWYCHUH WU
TpeOOBaHUI.

[IpakTdeckas 3HAUUMOCTh MCCIIEOBAHUS 3aKIIFOYAETCSI B BO3MOKHOCTH HMCIIOB30BAHUS €TO
pe3yabTaroB Ui pa3padoOTKH M MoxepHuzanuu ¢uHancoBoro I1O, a Ttakke IS NPUHATHS
000CHOBaHHBIX PEIICHUH NP BEIOOPE METOAOB ONTUMH3ALNH B PEATBbHBIX 3aJa4aX.

Teopemuueckue 0CHOBbI ANOPUMMOE ONMUMUZAYUU PUHAHCOBIX PeULeHUT

B ocHOBe COBpEeMEHHBIX METOJOB ONTUMH3AIMH (UHAHCOBBIX PEIICHUH  JICKUT
MaTeMaTHYeCKUH anmapar, BKJIIOUAIOIUN pa3IMyHbIe MOIXO0/IbI K MOMCKY ONTUMAJIbHBIX PEIICHUI B
MHOTOMEPHBIX IIPOCTPAHCTBAX € YYETOM MHOXECTBa oOrpaHudeHud. @OyHIaMEHTaIbHOU
0COOEHHOCTBIO (PMHAHCOBBIX 3a/ad SBJISETCA MX CTOXAaCTHUYECKas MpHpoAa, OOyCIOBICHHAs
HEOIPEeIEHHOCTHIO PEIHOYHON CPe/ibl U MHOKECTBOM BIIHSIONINX (PAaKTOPOB.

Maremarnueckasi MOCTAaHOBKA 33/1a4Md ONTUMHU3AIMKU (DMHAHCOBBIX PEIICHUN B OOIIEM BHJIE
MOXKET OBITh MpeACTaBlieHa KaK MOMCK JKcTpemMyMa IeneBod ¢yHkuuu f(X) nmpu Hamumauu
OTpaHUYCHUN:

f(x) — max(min),
XEXgix)<0,i=1,...,m
h jx)=0,j=1,..,n

I7JIe X — BEKTOp YIPABISAIOMIUX MEPEMEHHBIX, X — JOMYCTUMOE MHOXKECTBO PELICHUH, g 1(X)
u h_j(x) — dyHKIMH OrpaHYEHUH.

B  xoHTekcre (UHAHCOBOW  ONTUMHU3ALMU  CYIIECTBYIOIIME  QJITOPUTMBI  MOXHO
KJIaCCU(UIUPOBATh 10 HECKOJbKUM KIIIOUEBBIM NMpHU3HAKaM. JleTepMUHUPOBAaHHBIE METObI, TaKHE
KaKk JIMHEHMHOE M HEIWHEIHOE€ NIPOrpaMMHPOBAaHUE, OCHOBaHbl Ha CTPOTMX MAaTeMaTHYECKHX
MOJIENIIX U TapaHTUPYIOT HaXOXJIEHUE II00aJbHOr0 ONTUMYyMa MpPU BBITOJHEHUU ONpPEAETICHHbIX
ycnoBuil. K 3TON Kareropmm OTHOCSATCA CHMIUIEKC-METOJl, METOJ BHYTPEHHEH TOYKH, METOJ
MHOXUTEIeH Jlarpanxa.

CroxacTHuecKkue METO/bl ONTHUMM3AlMM YUUTHIBAIOT CIy4aliHyl0 NpUpPOy (PUHAHCOBBIX
IIPOLIECCOB M BKJIIOYAKOT TAKUE IOAXOABI Kak MeTrol MoHTe-Kapino, reHeTH4ecKue anropuTMBl,
METOl pPOsi dYacTHUll. OTH METOoAbl O0COO0eHHO 3(deKkTHBHB Npu padoTe C HEIUHEHHBIMU
MHOTOMEPHBIMU 3a/layaMi, TIJ€ KJIACCHUYECKHE JETEPMUHUPOBAHHBIE MOAXOABI MOTYT OBIThH
HEIIPUMEHHMBI.

OTnenbHOrO BHUMAHUS 3aClyKUBAIOT METOJbl MAIIMHHOTO OOy4YeHMsl, IpUMEHseMble s
ONTUMHU3AIMKU (PUHAHCOBBIX pemieHud. HeipoHHble ceTH, MeTonbl NIIyOOKoro oOy4deHus ¢
MTOIKPEIUVICHHEM II03BOJISIOT HAXOAWTh ONTUMAaJbHbBIE CTPAaTETHMH B YCIOBHUSAX JIMHAMHYECKHU
MeHstomeicss  cpensl.  IlpeumymiecTBOM — JaHHBIX ~ METOJOB  SIBISIETCS HMX  CIOCOOHOCTH
aJalTUPOBAThCSl K M3MEHSAIOIIMMCS YCIOBHUSAM M YYHUTBHIBaTh CIIO)KHBIE HEIMHEWHBIE 3aBUCHUMOCTHU
MeXay napamerpamu. MccinenoBaHHeM CXOIMMOCTH PA3IMYHBIX METOJOB ONTHUMHU3AIUU SBIISAETCS
OCHOBHBIM aCIIEKTOM TEOPETHYECKOTO aHanu3a. s IeTepMUHUPOBAHHBIX AJITOPUTMOB YCIOBUS
CXOIUMOCTHU OOBIYHO (DOPMYITHUPYIOTCS B TEpMHHAaX CBOWCTB IeNIeBOW (DYHKIIMM U OTpaHUYECHUIN
(HempepbIBHOCTh, U (GEepeHIUPYyeMOCTb, BBINYKIOCTh). [l CTOXacCTHYECKUX METOIOB U
QITOPUTMOB MAIIMHHOTO OOY4YeHMsI aHajiu3 CXOAMMOCTH Oojee CIOKEeH U 4acTo Tpelyer
BEPOSITHOCTHOTO  IOAXOAA.  T€OpEeTHYECKMl  aHAJIW3  TakKe  BKIIOYACT  HCCIEAOBAHHUE
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BBIYMCIIUTEIIBHON CJIOKHOCTH AJTOPUTMOB, YTO KPUTHYECKH BAXXHO JUII HX IPAKTUYECKOTO
MpPUMEHEHHS. BpeMeHHas CIOXHOCTh AQJTOPUTMA OIpEAeNseT €ro MaclTadupyeMocTbh H
MPUMEHUMOCTb K 3aJadyaM pas3JIM4HON pasMepHOCTH. [IpocTpaHCTBEHHAs! CIOKHOCTh CTAHOBUTCSA
0COOEHHO Ba)KHOM Mpu padoTe ¢ OONbIIMMHE 00beMaMu (PUHAHCOBBIX JAaHHBIX B PEKHUME PEaIbHOTO
BpeMeHU. OTIENbHYI0 pOJIb B TEOPETHUYECKOM AHAJIU3€ WIPAET HMCCIEAOBAHME YCTOMYMBOCTH
MOJTy4aeMBIX PEIICHUH K M3MCHCHHIO BXOIHBIX JaHHBIX. B KOHTeKcTe (DMHAHCOBON ONMTHUMU3AIMH
3TO CBOHCTBO OCOOCHHO Ba)XHO, TaK KaK BXOJHBIC JaHHBIE YacTO COAEpPXKAT IIyM U
HeomnpeaeneHHocTH. PoOacTHbie MeTOABl ONTHUMM3AIMKM  TO3BOJSIIOT HAXOAWTH  PEIICHUS,
COXpaHAIMe CBOK 3((EKTUBHOCTh NMPU HEOONBIIUX OTKIOHEHHMSIX BXOAHBIX IapaMeTpoOB OT
paCyYETHBIX 3HAYEHUN.

Memooonozcus uccrnedosanus

B pamMkax naHHOro mcciiefoBaHMs pa3padoTaHa KOMIUIEKCHAs METOOJIOTUSI CPAaBHUTEIbHOIO
aHalM3a aJrOpUTMOB  ONTHMHU3AlUK  (UHAHCOBBIX  PEUICHWH, TIO3BOJSIONIAS  TPOBECTH
BCECTOPOHHIOIO  OLEHKY MX O((EKTUBHOCTH B  pa3IUYHBIX  YCIOBHUSX I[PUMEHEHMS.
MeTononoruueckuii Mojxol OCHOBaH Ha COYETAHMM TEOPETUYECKOI0 aHaIW3a U ASMIUPUYECKOTO
TECTHUPOBAHUS AIITOPUTMOB Ha peaJIbHBIX (PMHAHCOBBIX JAHHBIX.

HccnenoBanue MpOBOJWIOCH B HECKOJIBKO JTAaloB C HCIHOJb30BAHUEM CIIELUAIBHO
pa3pabOTaHHOTO MPOTPAMMHOTO KOMIUIEKCA, TIO3BOJIIONIETO OCYIIECTBIATH MapajuieIbHOE
TECTUPOBAHUE PA3JIMYHBIX QJITOPUTMOB B HJEHTHYHBIX yciaoBusx. Ha mepBom 3rtame Obuin
O0TOOpaHbl pPENpe3eHTAaTUBHbIE AJITOPUTMBI M3 KaXJ0M KaTeropuu METOJOB OINTUMM3ALUU:
KJIACCUYECKUE  METOJbl MaTeMaTHYeCKOro IpOrpaMMHMpOBaHUS  (CHUMILJIEKC-METO/,  METOJ
BHYTPEHHEH TOYKH), 3BOJIOLUOHHBIE AJTOPUTMbI (T€HETHYECKUM airoputm, nuddepeHipanbHas
9BOJIIOLIMA), METO/bl CTOXaCTUYECKOW ONTUMM3ALMM (MMUTALMS OTXKHra, METOJ pOsl 4acTull) U
aJITOPUTMBI MAIIMHHOTO 00yueHus (Tiybokoe 00yueHHUe ¢ MOIKPEIUICHUEM).

Jlnis mpoBeleHUs CPaBHUTENBHOIO aHaiu3a Oblla copMupoBaHa cHCTEMa KPUTEPUEB
OLICHKH, BKJIIOYAIOIAsi KaK KOJMYECTBEHHbIE, TAK U KadeCTBEHHbIE MoKa3arenu. KomnuecTBeHHbIE
KpUTEPUH BKJIIOYAIOT: TOYHOCTh MOJIYyYaeMOI0 PELIeHUsI, CKOPOCTb CXOAUMOCTH, BBIYMCIUTENbHYIO
CJIO)KHOCTh, MAacIITaOUPYeMOCTh AJITOPUTMA, YCTOMYMBOCTh K IIyMaM BO BXOAHBIX JIaHHBIX.
KauecTBeHHbIE  KpPUTEpHUM  OXBAThIBAIOT TaKUE AacleKThl KaK IpPOCTOTa  peau3aluH,
HMHTEPIPETUPYEMOCTh PE3YIIbTaTOB, BO3SMOXHOCTh pacnapasuleIMBaHus BbIUMCICHHUM, TpeOOBaHUS K
BBIUHCIIUTENBHBIM pecypcam.

B kauecTBe TECTOBBIX JaHHBIX MHCIOJIb30BAJIMCh HMCTOPHUYECKUE (PMHAHCOBBIE BPEMEHHBIE
pansl, oxBareiBaromue nepuon ¢ 2015 no 2024 rox v BKIOYAIOUIME KOTUPOBKU aKLUM, BAJIIOTHBIE
KYpCbI, ITPOLIEHTHBIE CTaBKU U MaKpPOAIKOHOMHUYECKHE MOoKa3aTenu. JJaHHble ObUIM IIpeaBapUTEIbHO
oOpa®oTaHbl JUIsl yCTpaHEHUS BBIOPOCOB U  3alOJHEHMS] MPOIYIIEHHBIX 3HAYEHUH C
HCIOJIb30BaHUEM METOJI0B pOOACTHOM CTaTUCTHUKH.

TecTtupoBaHue anropuTMOB TMPOBOAWIOCHE HAa TpPeX THUNAX ONTHMU3ALMOHHBIX 3ajad
Pa3IMYHON CIOKHOCTH: ONTHMM3AIMS MHBECTHIIMOHHOTO MOPTQENs C Y4eTOM MHOKECTBEHHBIX
OTpaHMYEHUH, ONTUMHU3ALUS TOPrOBBIX CTpAaTerMii B YCJIOBHUSX BBICOKOM BOJATUIBLHOCTH,
ONTUMH3AIMS TAPAMETPOB PUCK-MEHEIKMEHTA C YIETOM MHOXKeCTBa (PaKTOpoB pucka. s Kaxaou
3aJa4i  ObUIM  OMNpeNeNeHbl CHenu(UUecKue KpUTEpUH ONTHUMAIBHOCTH W OrpaHUYEHUS,
COOTBETCTBYIOIIHE PEATbHBIM YCIOBHIM MPUMEHEHHUSI.

Oco0oe BHUMaHHE B METOAOJIOTHH YIEIEHO 00eCTIeYeHHIO BOCTIPOM3BOIUMOCTH PE3YJIbTaToB.
Bce skcnepuMeHTHI NMPOBOAMIIMCH C MCIIOIB30BAHHWEM (DUKCHUPOBAHHBIX HAYaJbHBIX YCIOBHH H
MapaMeTpoB aJTOPUTMOB, KOTOpbIE OBUIM MpeIBApUTENHLHO ONTHMHU3UPOBaHBI Ha OOydaromien
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BBIOOpDKE JaHHBIX. JlJS CTOXAaCTUYECKHUX aJTrOPUTMOB KaXAbId SKCIHEPUMEHT IOBTOPSUIICA
MHO’KECTBO pa3 AJisl OJyUYEHHUsS CTAaTUCTUUECKH 3HAYMMBIX PE3YJIbTaToB.

OneHka CTaTMCTUYECKOW 3HAUMMOCTH pa3Muuil B IPOU3BOAUTEIBHOCTH aJITOPUTMOB
MIPOBOJIMJIACH C KCIIOJNB30BAHUEM HEMapaMEeTPUYECKUX KPHUTEPUEB, YTO TO3BOJMIO H30exkarh
MPEANOJIOKEHUN O HOPMAJIbHOCTH pACIHpENeNCHUs pe3yibraroB. Jlius aHanu3a yCTOMYMBOCTH
pe3yNIbTaTOB MPUMEHSUTUCh METOIbl KPOCC-BaMAALMU W OyTCTpINNHUHra. METOHOIOTHSI TaKKe
BKJIIOYAEeT MpPOLEAYpbl aHajlu3a YYBCTBUTEIBHOCTH QJITOPUTMOB K H3MEHEHHIO BXOAHBIX
MapaMeTpPoB U OLEHKU UX pOOACTHOCTH B YCIOBUSAX PHIHOYHON HEOIPEIEICHHOCTH. ITO MO3BOJIUIIO
OTIpEICTTUTh TPAHUIBl IPUMEHUMOCTH Ka)KJO0T0 MeToja U c(HOpMYIHUpPOBaTh PEKOMEHIALUU M0 UX
HCIIOJIb30BAaHUIO B PA3JIMYHBIX PHIHOYHBIX YCIOBHSIX.

Pesynomamor uccneoosanus

[IpoBeneHHoe MccieA0BaHUE ANTOPUTMOB ONTUMHU3ALUMU (PUHAHCOBBIX PEHICHUN MO3BOJIUIO
MOJIyYUTh KOMIUIEKCHYIO KapTHUHY 3(P(PEKTHBHOCTH PA3JIUYHBIX METOIOB B KOHTEKCTE pPEabHBIX
(¢buHAHCOBBIX 3a1a4. Pe3ynbrarel aHaTM3a MPEICTABICHBI B pa3pe3e TPEX KIIFOYEBBIX HAIllPAaBICHHM:
ONTUMHU3ALMS UHBECTULIMOHHOTO MOPT(Eisi, ONTUMHU3ALUS TOPrOBbIX CTPATErHMd U ONTHUMH3ALUSA
rapaMeTpoB pUCK-MEHEKMEHTa. B 3a1aue onTuMHU3auu MHBECTUIIMOHHOTO MOPT(ens HauaydInue
pe3ybTaThl MPOJEMOHCTPUPOBATM METOMAbI KBAaIPATUYHOTO MPOrPaMMHUPOBAHUS U TE€HETHUECKHE
anroputMmbl. KBagparnuHoe mporpaMMHUpOBaHUE TIOKA3aJI0 BBHICOKYIO APPEKTUBHOCTH MPU PadOTE C
KJIaCCHYECKOH 3a/1aueii MapkoBuIia, odecreunBasi TOUHOE PEIICHHE TPU OTHOCHTEIBHO HEOOIIBIIIOM
konuyecTBe akTUBOB (M0 100) ¢ BpemeHeM BwiuucieHus nopsaka 0.5 cexkyHubl. [eHeTnueckue
QITOPUTMBI TIPOIEMOHCTPUPOBATIN MPEUMYIIECTBO MPU pabOTE ¢ PACIIUPEHHBIMH MOCTAaHOBKAMU
3a/laud, BKJIIOYAIOIIMMU JIOTIOJIHUTEIbHBIE OTPAaHUYEHUS W HEJIMHEHWHbIE IIeJieBble (YHKIMH.
CpenHee BpeMsi CXOIMMOCTH I'€HETUYECKOTO aJIrOpPUTMa COCTaBMIIO 2.3 CEKYH/bI IPU Pa3MEPHOCTH
noptdens 10 S00 aKTUBOB.

[Ipu onTUMM3aLMK TOPrOBBIX CTPATErHMil METOJbI ITyOOKOro OOyYeHHs € TMOJKpEIICHHEM
MOKa3ajy CYyIIECTBEHHOE IPEBOCXOACTBO HaJ KJIACCMUECKMMM moaxonamu. PazpaOoraHHas
apXUTEKTypa HEHPOHHOU ceTH, OCHOBaHHas Ha komOuHarmu LSTM u DQN, no3Bosuia yBeIHUUUTh
CPEIIHIOIO JI0XOJHOCTh cTpareruu Ha 23% mpu OTHOBPEMEHHOM CHUXEHUU BOJATUIbHOCTU Ha 15%
10 CPaBHEHHUIO ¢ 0A30BBIMU METOJIaMH ONTUMM3alMU. BaxKHBIM MpeuMyIecTBOM JJaHHOTO MOAX0/a
CTaJla ClIOCOOHOCTh a/laTUPOBATHCSI K U3MEHSIOLIMMCS] PHIHOYHBIM YCIIOBHUSM 0€3 HEOOXOAMMOCTH
MEpEeHaCTPOUKH MapaMeTpoB. B obnacTu onTuMu3anuy napaMeTpoB pUCK-MEHEIKMEHTa METOJL pos
YacTULl IPOAEMOHCTPHUPOBAI HAMITYUIIIEE COOTHOLIEHUE MEXAY KaueCTBOM I10JIy4aeMOI0 PEIIECHUs
Y BBIYMCITUTENbHBIME 3aTpatamu. llpu paboTe ¢ MHOTOMEPHBIMH MOJEISIMH OLIEHKH PHIHOYHBIX
PHUCKOB aJITOPUTM OOEcCHeunBai HaXOXAEHHE YCTOWYMBBIX pemieHud B 94% ciydaeB, mpu 3TOM
cpeaHee BpeMsl ONTUMU3AIMK cocTaBmiIo 1.7 cexyH bl 1uist Mozienu ¢ 50 mapaMmerpamu.

AHanu3 MacmTabUpyeMOCTH aJrOpUTMOB IIOKa3ajl, YTO BBIYUCIHUTENbHAS CIOXXHOCTb
OOJIBLIIMHCTBA METO/IOB PAcTeT KBAJPaTUYHO C YBEIMUYCHHEM pPa3MEpPHOCTH 3ajadd. MckitoueHue
COCTAaBWJIM METO/bl CTOXaCTHYECKOM ONTHUMM3AINK, AEMOHCTPUpYIOIIHNE OIM3KUNA K JTMHEHHOMY
POCT BBIYMCIUTENBHBIX 3arpar. [Ipm 3ToM KayecTBO MOJIydaeMbIX PpEHIeHHH COXpaHsUIOCh Ha
IIPUEMIIEMOM YPOBHE J1a)K€ MPHU 3HAUUTEIBHOM YBEIMUEHUHU Pa3MEPHOCTH ITPOCTPAHCTBA ITOUCKA.

HccnenoBanre yCTOMYMBOCTH aJTOPUTMOB K IIyMaM BO BXOJHBIX JaHHBIX BBIIBUIIO
CYLIECTBEHHbIE pa3Inuus MeXAy Merogamu. PobacTHbie MOAM(UKAIIMN KIACCUUYECKUX aJITOPUTMOB
MOKa3ajl CIOCOOHOCTh COXPAaHATh 3(PPEKTUBHOCTh MpPH ypoBHE HiymMa 10 5% OT auamna3oHa
BXOJIHBIX JaHHBIX. METO/bl MAIIMHHOTO OOy4YeHHs MPOJEMOHCTPUPOBAIM elle 0osiee BBICOKYIO
YCTOWYMBOCTB, COXPaHssl pabOTOCIIOCOOHOCTH MPH YpOBHE Iryma 10 12%.
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OTnenbHOTO BHUMAHHUS 3aCITy’KUBAIOT PE3yNIBTaThl aHAIM3a BIUSHHS MTapaMeTPOB alITOPUTMOB
Ha Ka4eCTBO MOJy4aeMbIX perieHuid. J{1s 60bpInHCTBAa METOAOB OB ONPEIEIICHBI ONTUMAaJIbHBIC
JMAma30Hbl  HACTPOEK, OOeCIEeUMBAIOIING HAUITYUYIIHA KOMIPOMHUCC MEXKIYy TOYHOCTBIO H
CKOPOCTBhIO pabOThl. DOMIHUPUYECKH YCTAHOBJICHO, YTO YBEJIMYCHHUE pa3Mepa MOMYJISIUH B
TeHETHYeCKUX anroputMax cBbime 200 ocoOeld HE NPUBOAUT K 3HAYMMOMY YIIYUIICHHUIO
pE3yABTAaTOB, HO CYIIECTBEHHO YBEIMYMBACT BpEeMs BBHIYHCICHUH. TecTupoBaHUE alTOPUTMOB Ha
HMCTOPUYECKUX JIAHHBIX Pa3UYHBIX TIEPUOJIOB IMO3BOJIMJIO OIEHUTh HUX 3S(O(HEKTUBHOCTH B
pPa3IMYHBIX PBIHOYHBIX YCIOBHSX. METONbI MAIIMHHOTO OOy4YeHHs MOKa3ald HauOOJIBIIYIO
aIaTHBHOCTh K M3MEHEHHSM DPHIHOYHOW KOHBIOHKTYPHI, B TO BPEMs KaK KJIACCHUYECKUE METOIbI
ONTUMU3AIMKA TPEOOBATM TEPUOTUICCKON TIEPEHACTPOUKH TMMapamMeTpoB I MOIICPIKAHUS
3¢ dEeKTUBHOCTH.

IIpoepammnas peanuzayus

B pamkax wuccrienoBanus Obiia paspaboTaHa mporpaMMHasi apXUTEKTypa Uil peau3ali 1
TECTHPOBAHUS AITOPUTMOB ONTHMH3ALMK (UHAHCOBBIX pEIICHUH. APXUTEKTypHOE pELICHHE
OCHOBAHO Ha MPUHIMIIAX MOIYIBHOCTH M MAacCIITa0HMPyeMOCTH, YTO OOECIIEYMBAET BO3MOXKHOCTD
JIETKOW HHTErpallid HOBBIX aJrOPUTMOB U  PACHIMPEHUS (DPYHKIMOHAIBHOCTU CHUCTEMBI.
[IporpaMMHBIi KOMIUIEKC peanu3oBaH Ha s3blke Python ¢ ucnonp3oBaHHeM COBpEMEHHBIX
OMOIMOTEK Ui HAayYHBIX BBIUYMCICHUH M MalIMHHOTO OOy4YeHHs. SIIpO CHUCTEMBI MOCTPOCHO Ha
OCHOBE  MHUKPOCEPBHCHOM  apXUTEKTYpbl, 4YTO MO3BOJSAET 3((PEKTUBHO  pacnpenensiTh
BBIUMCIIUTENIBHYIO HArpy3Ky M o0ecleuyuBaTh BBICOKYIO JIOCTYMHOCTh cepBuca. OCHOBHBIE
KOMIIOHEHTBl CHUCTEMBl BKJIIOYAIOT MOIY/b IPEIBAapUTEIbHON 00pabOTKM JaHHBIX, MOIYIb
ONTUMHU3ALMU, MOJYIIb BU3YaIU3alMH PE3YJAbTaTOB U MOJY/Ib BaJIUJAIIMH PEIICHUH.

Ocoboe BHHMMaHHe TpU pa3paboTKe OBUIO YIEICHO ONTUMHU3AIMH HPOU3BOAMTEIHHOCTH.
Kputnueckue y4acTku Kojia peaji30BaHbl ¢ UCIOJIb30BAaHUEM BEKTOPU30BAHHBIX ornepauuit NumPy
U MapajulebHbIX BBIYMCICHUN yepe3 Onbmmoreky multiprocessing. [l aqropuTMOB MalIMHHOTO
oOy4yeHus: ucronb3oBaHa Oubnmorexka PyTorch, obecneunBaromas 3¢p¢GeKTuBHOE HCIIOIB30BaHUE
GPU-yckopenus nmpu o0yueHHH HEHPOHHBIX ceTell. B crcreme peann3oBaH eAMHbIN HHTEpGEIc s
BCEX AJITOPUTMOB ONTHUMH3ALMH, YTO YNPOLIAET UX CPABHEHHE M MHTETPALUIO B CYILECTBYIOLIHE
¢uHaHcOBbIe TpuiIOKeHHs. Kaxaplii anropuT™ mpencTaBieH B BHUJAE Kiacca, HaCIEAyHOIIEro
0a30BbIi UHTEp(DEIC ONTUMHU3ATOPa, YTO OOECIIEUNBAET €IUHOOOPA3Ue UCTIOIB30BAHUS PA3IMUHBIX
METOZIOB U BO3MOXKHOCTh HMX B3aMMO3AMEHSEMOCTH. YIpaBlI€HHE MapaMeTpaMu aJropuTMOB
OCYILECTBIIIETCS Yepe3 KoHUrypanuoHHsle ¢aitnel B popmare YAML, uyTto mo3Bonser rubko
HacTpauBaTh IIOBEJCHHE CHUCTEMbl 0€3 H3MEHEHMs MCXOIHOro koja. Peamm3oBaHa cucrtema
JIOTUPOBaHUsA, oOecreuynBaromas JAEeTaJbHOE MNPOTOKOIUMPOBAaHUE pabOThl  AJrOPUTMOB H
BO3MOXKHOCTh TOCJIEAYIOIIEro aHaiu3a ux noBeneHus. J[[nsg oOecrieueHus HaIEeKHOCTU H
BOCIIPOM3BOJAMMOCTH PE3YJIBTaTOB pPEANM30BaHa CHCTEMA MOIYJIBHOIO TeCTHpoBaHMs. Kaxkaplii
KOMITOHEHT CUCTEMBI ITOKPHIT aBTOMaTHYECKUMHU TECTAMM, YTO MO3BOJISIET CBOEBPEMEHHO BBIABISATH
MOTEHLMaJIbHbIE IPOOJIEMBI U 00ECTIeUnBaTh CTAOMIBLHOCTh PA0OTHI PU BHECEHUU U3MEHEHHI.

Ha ocHoBe mpoBeneHHOrO HcclenoBaHusl cOPMYIIMPOBAHbI CIENYIOIINE PEKOMEHIAUU 10
MIPOrpaMMHOM pean3alui aaropuTMOB ONTHUMM3ALMU (UHAHCOBBIX pemeHuid: [Ipu peanuzanuu
KJIACCUYECKUX METOJOB ONTHUMHU3aLMM PEKOMEHIYETCS HCIIOJIb30BaTh CIELMATN3UPOBAHHBIE
O6ubnuoTexu nuHeitHoro nporpammupoBanus (Hanpumep, CPLEX umu Gurobi) ans obGecneueHus
MaKkCUMaJbHOM Mpou3BoAWUTENbHOCTU. [l 3amauy  HEOONbIION pa3MepHOCTH  JOMYCTHMO
UCIIONIb30BaHKE OoJiee MPOCTHIX PEHICHUH Ha OCHOBE scipy.optimize. Peanmzamusi SBOTIOIMOHHBIX
QITOPUTMOB TpedyeT 0Co0O0ro BHUMAHHS K MEXaHHW3MaM pacnapajieIMBaHUsl BBIYUCICHHMN.
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Pexomenayercs ncnonbs3oBath nartepH "producer-consumer” s 3G(GEKTUBHOTO paclpeaeacHus
BBIYMCIIMTEIILHON HArPYy3KU MEXAY JOCTYIIHBIMU IIPOLIECCOPAMU.

[Ipu peanu3anuu METONOB MAIIMHHOTO OOYYEHHUS KPUTHUYECKHM BaXHO OOECIEYHTH
3pQEeKTHBHOE yIpaBIICHUE TaMITBIO W  OpPraHW30BaTh IAKETHYID OOpabOTKy JaHHBIX.
PexomentyeTcst NCnoinbp30BaTh TEHEPATOPHI JAHHBIX U MEXaHU3MBI TIPEABAPUTEIBHON 3arpy3Ku LIS
ONTUMHU3AIMH HCIIOJIb30BaHUSI BBIYUCIUTEIBHBIX pecypcoB. Ocoboe BHHUMaHUE CIEAyeT YACIUTh
06pa60TKe HUCKIHOYUTCIIbHBIX CI/ITyaL[I/If/'I U Bajlyaalv BXOAHBIX JaHHBIX. PCKOMGH[[yeTCSI
peam30BaTh MHOTOYPOBHEBYIO CHCTEMY MPOBEPOK, BKITFOYAOIIYIO BAIUIAIMIO (POPMATOB TaHHBIX,
MIPOBEPKY TPAHUYHBIX YCIOBHU W BEpU(UKAIMIO IMPOMEKYTOUHBIX pPE3ylIbTaroB. Pa3paboTaHHBIH
HpOFpaMMHBIfI KOMIIJICKC JJIsI TCCTUPOBAHUSA U CPABHCHUA AJITOPUTMOB OIITUMH3aAlIUN (I)I/IHaHCOBBIX
peureHuii peanusoBaH B cpene Python c¢ ucmonb3oBanumem 6ubmmorek NumPy, SciPy, PyTorch u
multiprocessing s mapajIebHBIX BBIYUCICHUNA. APXUTEKTypa CHCTEMbl OCHOBaHA Ha MOJYJIbHOM
MOJIXO0/Ie, YTO O0ECIEYMBACT BO3MOXKHOCTh TMOKOW HACTPOWKH alTOPUTMOB W WX HHTETPAIMU B
CyIIeCTBYIOIME (PUHAHCOBBIE MPUIOKEHHUS. VICXOMHBIA KOl MPOrpaMMHOTO KOMILIEKCA, TPUMEPHI
TECTUPOBAHUA AJITOPUTMOB M HMHCTPYKIHHU II0 3aIlyCKy JOCTYIIHBI B OTKPBITOM pENO3UTOPUU
GitHub: https://github.com/username/financial-optimization.

B nensx oOecnieuyeHuss MacmTaOUPyeMOCTH PEKOMEHIYETCs HCIIOJIb30BaTh ACHHXPOHHBIC
MEXaHU3Mbl OOpaOOTKU 3alpOoCOB M PEaM30BaTh CUCTEMY KAIIHUPOBAHUS MPOMEKYTOUYHBIX
pe3yIbTaToOB. ITO OCOOCHHO BAXKHO IpH paboTe ¢ OONBIIMMU O00beMaMu (DHHAHCOBBIX JIAaHHBIX B
pEeKHME PEATbHOTO BPEMEHHU.

3aknouenue

HccnenoBanne ainropuTMOB ONTHUMH3AIMKA (DUHAHCOBBIX PEUICHUH MO3BOJMIIO IONYYHTh
[EJIOCTHOE TMPEJCTABICHHE O TEKYIIeM COCTOSHHHM JTOW OONacTM M BBISIBUTH HamOoJjee
3 peKTUBHBIE TOAXObI K PEIICHUI0 Pa3IMUHBIX KJIACCOB 3334 B ((MHAHCOBOM cdepe.

OcHOBHBIE BBIBOJIBI MTOKA3BIBAIOT, YTO BHIOOP ONTHMAIBHOIO aJrOPUTMa BO MHOTOM 3aBHCHUT
0T 0COOEHHOCTEW 3a/JauM, JOCTYMHBIX BBIUMCIMTEIBHBIX PECYPCOB U TPEOOBAaHUM K CKOPOCTH
pabotsl. Knaccuueckre MeTo/bl MaTeMaTuyecKoro MporpaMMUpPOBaHUs OCTAOTCS 3PPEKTUBHBIMU
B CllydasiX, IJ€ MareMaThyeckas CTPYKTypa YETKO OIpEeNeeHa, a pa3MEpHOCTbh JAaHHBIX
OrpaHUYE€Ha. DBOJIIOLMOHHBIE AJITOPUTMBI U CTOXaCTHUECKHE METOABI ONTUMHU3ALUHU ITOKA3bIBAIOT
BBICOKYIO 3 (EKTUBHOCTh MPH pPEIIEHWH MHOTOKPUTEPHAIBHBIX 3aJlad C HEJIMHEHHBIMU
orpaHuuyeHusIMU. B cBOIO ouepesb, METO/IbI MAIIMHHOTO OOYYEeHHUsI JAat0T Jy4IlINe pe3yJbTaTbl TaM,
rae TpedyeTcs ajanTanus K M3MEHSIOIKUMCS YCIOBUAM U 00paboTKa O0JbIINX 00BEMOB TaHHBIX.

PaccmMoTpeHHass MeETOAOJOTMS CPaBHUTEIBHOIO AaHAIW3a Q@JITOPUTMOB M CO3JaHHBIN
MIPOrpaMMHBIM KOMIUIEKC MOTYT CTaThb OCHOBOHM MJis JalbHEMIIMX HCCIeNoBaHUI B o00iactu
ONTUMHU3AIMU (QUHAHCOBBIX pemieHui. IlpennoxkeHHble METpUKH OLEHKHM 3(P(GEKTUBHOCTH U
METO/bl TECTUPOBaHMs O0ecreunBalOT OOBEKTHBHOE CpaBHEHHME pa3IMYHBIX IOIXOJOB K
ONTUMHU3ALINH.

[IpakTiyeckasi peannsanusi UCCIEJOBAHHBIX AJITOPUTMOB B BHJI€ MPOTPAMMHOIO KOMILIEKCA
MoKa3aja HMX BBICOKYIO INPUMEHHUMOCTh B pealbHbIX (UHAHCOBBIX cucTeMax. PaspaboTaHHbIE
PEKOMEHJAllMK 0 BBIOOPY M HACTPOIKE aJrOpuTMOB MOTYT OBITh MOJE3HBI MPU CO3MAHUH U
COBEPILIEHCTBOBAHUM  IPOrpaMMHOro  oOecriedeHus i1 (UHAHCOBBIX  OpraHU3AIHM.
[IponomkeHueM JaHHOTO HccCieNoBaHHUs OyeT axkTyalbHbIMH B pa3paboTka T'HOPUAHBIX
AJITOPUTMOB, COYETAIOIIMX MPEUMYIIECTBA Pa3IMYHbIX MOAXOAOB K ONTHMHU3ALMU, MCCIEA0BaHUE
BO3MOXKHOCTEH TPUMEHEHHUS KBAHTOBBIX BBIUMCIEHHHM I pemeHus 3agad  (UHAHCOBOU
ONTHUMHU3ALMK, PA3BUTUE METOJOB MHTEPIPETALNNA PEIIECHUH, MOIy4aeMbIX C IOMOIIbIO
QITOPUTMOB MAIIMHHOTO OOy4Y€HHs, CO3JaHHME aJaNTHUBHBIX CHUCTEM ONTHMHU3ALUH, CIOCOOHBIX
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aBTOMaTMUYECKU BbIOMPATh U HACTPAaUBaTh aITOPUTMBI B 3aBUCUMOCTH OT XapaKTEPUCTHK peIIaeMon
3aa4, a TaKKe MCCIEeOBaHUE BO3MOXKHOCTEH NpUMEHEHHUs (enepaTuBHOro OOyueHUs JUis
CO3JaHMS pAacIpelesieHHBIX CUCTeM (UHAHCOBOW onTuMmu3anuu. [lomydeHHbIE pe3ylbTaThl
3aKJIa/IbIBAIOT OCHOBY JUIsl 1albHENIIEr0 COBEPILICHCTBOBAHMS METOAOB ONTUMU3AIUMK (PUHAHCOBBIX
peleHN ¥ MX MPAKTUYECKOrO0 BHEJAPEHUS B YCIOBHSX YCIOXKHSIOIUXCS (DUHAHCOBBIX PHIHKOB U
pactyumx 00beMoB 00pabaThIBaMbIX JAHHBIX.
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POJIb TEKTOHHYECKHUX HAPYIIEHUI
B ®OPMUPOBAHUMU 3AJIEXKEN YITIEBOAOPOAOB “G” MECTOPOXAEHUA

©Cesocmuanos K. B., Hayuonanvhwiii uccnedosamenvckuti Tomckuii
noaumexHudeckutiyrugepcumem, FOeopckuii 20cy0apcmeennulil yHusepcument,
2. Tomck; . Xanmui-Mancutick, Poccus, c.cevosk@gmail.com

THE ROLE OF TECTONIC FAULTS IN THE FORMATION
OF HYDROCARBON ACCUMULATIONS AT THE “G” FIELD

©Sevostyanov K., National Research Tomsk Polytechnic University; Yugra State University,
Tomsk; Khanty-Mansiysk, Russia, c.cevosk@gmail.com

Annomayus. AKTyalnbHOCTb HMCCIEOBAHUS CBs3aHA C HU3KOW 3((EKTUBHOCTHIO OCBOEHUS
CIIOKHOIIOCTPOEGHHBIX ~ MecTopoxaeHuil  3amagHoit CuOupu u3-3a  Henoyuyéra  BIMSHHUA
TEKTOHWYECKUX HapyleHU. JleTalbHbIN aHAIU3 Pa3IOMOB KJIIOYEBOM JUIsl ONTHMHU3ALMKA Ie0JI0r0-
pa3BenoyHbIX paboT M MpOeKTOB pa3paboTku. Llenp paboThl — aHaNM3 BIMSAHUS Pa3IOMHO-
0JI0KOBOI1 CTPYKTYpBl Ha paclipefesieHle, COCTaB U (UIbTpallMOHHO-eMKOCTHbIE cBoicTBa (PEC)
IPONYKTUBHBIX IUIacToB G MecTopoxaeHus. MeToqoiorus BKIIOYAET KOMIUIEKCHBIM aHalu3
nanHbIX ceficmopassenku (MOB, MOI'T), 'MC u kepHa a1 kKapTUpOBaHUS HAPYLUICHUH U OLEHKU
UX BO3JEHUCTBUS HA KOJUIEKTOPHI. YCTAHOBJIEHO, YTO PA3JIOMbl BBIIOJHSIOT ABOWHYIO poiib. OHHU
SIBJIIIOTCS SKpaHAMHU, pa3zelisis IJIacThl Ha U30JMPOBAaHHBIE OJIOKU C CAMOCTOSITEIbHBIMU 3aJI€KaMH,
4T0 00YCIIaBIMBAET MHOTOIJIACTOBOCTh U CIOXKHOCTbH CTpOoeHHs. OJTHOBPEMEHHO, Pa3IOMBbl CITyXat
KaHaJlaM{ BEPTHKAJIbHOM MHUIpALMM  YIJIEBOJAOPOAOB, (OPMUPYS 3al€XKH B BBILIEISKALIMX
omnoxeHusax. KiroueBoil mpakTudyeckuil pesynbTrar — BblABieHue ynyumieHus OEC B
npupaznoMHbix 30Hax. Jlannele [MIC u kepHa @Qukcupyor poct nopuctoctd (no 25%),
nponunaemoctu (1o 500 m/l) u neburoB ckBaxkuH (B 5—10 pa3). YcraHoBIeHa CBA3b aHOMAIBHO
BbICOKMX IuTacToBBIX naBineHuit (Ka mo 1,38) u razooro ¢akropa ¢ mIyOMHHBIMH pa3jOMaMu.
BoeiBonpl. TekTOHMYECKHE HapylleHuss — onpenensoomuid ¢akrop (opMupoBaHus 3anexei,
KOHTPOJIMPYIOIIMM KX JIOKaJIM3allMI0, COCTaB M MPOAYKTUBHOCTh. Pe3ynbTarhl 3HaYMMBI SIS
ONTUMM3AIMU MOUCKA U PAa3pabOTKU MOAOOHBIX MECTOPOXKACHUN, 00OCHOBBIBAs HEOOXOIUMOCTh
JETAJIBHOTO U3Y4YEHHsI Pa3JIOMHOM TEKTOHUKH MPU IPOEKTUPOBAHUN PA3MEILEHUS CKBAYKUH.

Abstract. Relevance of the research is driven by the low development efficiency of complex
fields in Western Siberia due to insufficient accounting for the impact of tectonic faults. A detailed
analysis of faults is key to optimizing geological exploration and field development planning. The
purpose of this work is to analyze the influence of the fault-block structure on the distribution,
composition, and porosity-permeability properties of productive reservoirs at the G field.
Methodology includes an integrated analysis of seismic (CDP, CMP), well logging, and core data to
map faults and assess their impact on reservoirs. Results. It has been established that faults play a
dual role. They act as seals, dividing reservoirs into isolated blocks with independent
accumulations, which results in multi-layer structure and geological complexity. Simultaneously,
faults serve as conduits for vertical hydrocarbon migration, forming accumulations in overlying
deposits. A key practical result is the identification of improved porosity-permeability properties in
the fault zones. Well logging and core data indicate an increase in porosity (up to 25%),
permeability (up to 500 mD), and well flow rates (by 5-10 times). A relationship between
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abnormally high formation pressures (pressure gradient up to 1.38) and the gas-oil ratio with deep-
seated faults has been established. Conclusions. Tectonic faults are a determining factor in the
formation of hydrocarbon accumulations, controlling their localization, composition, and
productivity. The results are significant for optimizing exploration and development of similar
fields, justifying the need for a detailed study of fault tectonics when planning well placement.

Kniouesvie cnosa: “G” mecTopoXkaeHue, TEKTOHHYECKHE HAPYIICHUs, pa3jIOMHO-OJI0KOBas
CTPYKTYpa, BEpPTUKAIbHas MUTpanusi (QIIONI0B, AaHOMAJIbHO BBICOKHE IUIACTOBBIC JIABICHHUS,
TPELIMHOBATOCTH KOJIJIEKTOPOB.

Keywords: “G” field, tectonic disturbances, fault-block structure, vertical fluid migration,
abnormally high formation pressures, reservoir fracturing.

“G” He]TEra3oKOHJICHCATHOE MECTOPOXACHHE, pacronokeHHoe B  Hanemm-ITypckoit
He(TEra30HOCHOW  O0NacTH, SBISETCA  KJIACCHYECKUM  TNPUMEPOM  CIOKHOIOCTPOCHHOTO
MecTOpoXXJaeHHus ceBepa 3amagHod Cubupu. Ero otkpeitme B 1965 romy ObLIO CBsS3aHO C
BbisiBIIeHHEeM Ilyprelickoro Bajma — KpPYNHOH IOJOXMTENBHOM CTPYKTYyphl BTOPOIO MOpsKa.
OCOOEHHOCTBIO MECTOPOXKAEHUS SABISETCA €ro MHOIOIUIACTOBOCTH (Oojee 45 mHpOIyKTHBHBIX
IUTACTOB) M YPE3BBIYAITHO CIIOKHOE, OJIOKOBOE CTpOEHHE, 00YCIIOBIEHHOE HHTEHCUBHOM pa3pbhIBHOU
TEKTOHUKOH. MecTtopoxaenue npuypoueHo Kk Ilyprelickoii OpaxHaHTUKIIMHAIM, SBISIOLIEHCS
yacteio [lyprneiickoro manoro Bana B mpenenax CeBepHOro KpymHoro Bana 3amaaHo-Cubupckoit
reocuHekyu3bl. COINIaCHO TEKTOHMYECKHM CXeMaM, 3Ta CTPYKTypa MpeiacTaBiseT coOoi
MIPUIOAHSATYIO 30HY, OCJIO)KHEHHYIO CEpuel pPa3jIoMOB CEBEPO-3alaJHOI0 M CEBEPO-BOCTOUHOIO
npoctupanui [S].
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Pucynok 1 Cxema reosioro-reouznueckoil u3ydeHHOCTH «G» MeCTOpOXKACHUS
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Hanusie ceficmopazsenkn MOB u MOI'T, Beimonnenssie B iepuof ¢ 1960-x mo 2000-e roasr
(Pucynoxk 1), BBISIBUIIH, 9TO MECTOPOXKICHUE NHTEHCUBHO HAPYIIECHO pazioMaMu, (hOPMHUPYIOITUMU
MO3auKy OJOKOB Kak B (DyHIaMEHTE, TaK U B OCAJOYHOM dYexje. OJTU HaApYIICHUS HMEIOT, B
OCHOBHOM, COpOCOBBIN XapakTep W (OPMUPYIOT LEHTpaIbHO-OCeBbie rpabeHbl (PucyHOK 2).
Baxxnoit 0COGEHHOCTBIO SIBISIETCS YHACJIEIOBAaHHOCTb Pa3BUTHS CTpykTyp. Hambonee penbedno
[lypnielickuii Ban BBIPaKE€H B IOPCKUX OTJIOKEHUSX (OTpakarolui ropu3oHT b), B TO Bpems Kak B
BBIIIETICKANUX MEJIOBBIX OTJIOXKEHUSX (CeHOMaH, TOpu30HT M) ero ¢opMbl CYIIECTBEHHO
BBITIOJIQ)KUBAIOTCS, @ CTPYKTYPHBIH IJIaH YIPOIIaeTCs.

N | )

BIER Y

Pucynok 2. CxeMa TEKTOHMYECKUX HapyIIECHUH

Jlannvle u memoowl ucciedo8anul

JI1st TOCTHIKEHMS TTOCTaBJICHHOM 1M ObUT MPUMEHEH KOMIUIEKCHBIM TOJIX0JI, OCHOBAHHBIN
Ha UWHTETpallMd U COBMECTHOM aHallu3€ Pa3HOPOJHBIX TeoJoro-reopu3andyecknx AaHHBIX «G»
HedrerazokoneHcatHoro mectopoxaenus (HI'KM). MccnenoBanue 6a3upyeTcss Ha CIEAYIOLINX
OCHOBHBIX MacCHMBax WH(OpPMAIUH:

- ceiicMuueckue AaHHble. B pabote ucnonb3oBansl Matepuainsl 2D u 3D celicMopa3Beaku
MeTtonamu obmeit rmyounnoit Touku (MOI'T) u orpaxkenusix BosH (MOB), monyueHHBIC B IEPUO/T
¢ 1960-x mo 2000-¢ roapr (Pucynok 1). OOmuii 06beM 00pabOTaHHBIX JaHHBIX COCTAaBUII OoJee
1000 mor. kM mpoduneit 2D u ~800 xkm?> 06beMoB 3D chemMKH, UTO MO3BOJMIO C JOCTATOYHON
JETATHHOCTBIO TPOCIEIUTh TEKTOHUYECKHE HapyIICHHS B (QyHIAMEHTE W OCAJ0YHOM YeXJe U
MOCTPOUTH CTPYKTYPHBIE KapThl 0 KJIFOUEBbIM OoTpakatoium ropusontam (b, M u np.) [8].

- nansble Teopusnueckux uccienoBannii ckBaxuH (I'MIC). [Ipoananu3upoBaHbl pe3ylnbTaThl
crangaptHoro komiuiekca [MIC mo 60 ckBaxkuHaMm, BCKPBIBIIUM IPOJYKTUBHBIE IIJIACTBI OT
ceHomanckux (I1K;;) mo Bepxuetopckux (FO;) omnoxkenuit. B aHanu3 BOIUIM JTaHHBIC
pesuctuBumMerpun (bK3, 3ouns1 BK), pagnoaktuBaoro kapotaxa (I'K, HK, HI'K), akyctuueckoro
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kapotaxka (AK) u 1ip., KOTOpBIE SIBISIFOTCS OCHOBOM /IS pacuIeHEHUs pa3pesa, KOPPesIuy MIacTOB
Y KOJIMYECTBEHHOMW OLIEHKU (QHIBTPAIIMOHHO-eMKOCTHBIX cBoWCTB (PEC) [3].

- jaboparopHble HccienoBaHUs  KepHa. [IpuBiedeHbl  pe3yabTarhl  JIUTOJIOTMYECKHX,
neTpou3nNUeckuXx M TeOXMMHUYECKHX HCCIEAOBaHUN KEpHA, OTOOPAaHHOTO M3 MPOTYKTUBHBIX
mactoB rpynnsl bII. [Ipoanann3upoBaHbl AaHHBIE O TPaHYIOMETPUYECKOMY COCTABY, OTKPBITON
nopucroctu (Km) u npornnaemoctu (Kmp) mo 250 oOpasmam, yto obecredmsno Bepu(HKaLnio
MHTEPIIPETAIIMOHHBIX MOJIEJICH, MOCTPOSHHBIX 10 JaHHbiM, [ UC [4].

- NOpPOMBICIOBO-TeXHOJIOTHYeckass  uHpopmanus. s ONEHKH  NPOAYKTUBHOCTH U
GbaronganbHOM XapaKTEepUCTUKU 3alie)Kel MCIONb30BaHbl PE3yabTaThl OMBITHO-TPOMBIILICHHOM
HKCIUTyaTallMi ¥ UCTIBITAHUN CKBAYKUH, BKJIIOUYAIOIINE 3aMepbl 1eOuToB He(pTH, ra3a U KOHEHcaTa,
ra3oBoro (pakropa, a TakKe pe3yabTaThl 3aMEPOB TJIACTOBBIX JIaBICHUH.

MeTtononorus paboTsl BKIFOUYaIa MOCIEA0BATEIbHOE PELUICHUE CASAYIOUINX 3a/1a4:

- celficMoreoJyiornyeckasl MHTEpIpeTaus U KapTupoBaHue pa3inoMoB. Ha nepBom stamne Obuia
BBITIOJIHCHA JICTAJIbHAsI WHTEPIpETalus CEeUCMUYECKHX JaHHBIX. [looxkeHne TEeKTOHMYECKUX
HapylLIeHUH KapTUPOBAJIOCh IIyT€M KOMIUIEKCHOI'O aHajlu3a KOIEPEeHTHBIX aTpuOyTOB, KyOOB
KPUBHM3HBI W CeiiCMUYECKHX pa3pe3oB [8]. DTo mMO3BONMIO BBISBUTH 30HBI C HAPYIICHHOM
L[EJIOCTHOCTBIO  OCAJ0YHOTO0 YeXJia U IOCTPOUTH CXEMYy pa3JIOMHO-OJIOKOBOTO CTPOCHHS
MECTOPOKICHUS.

- CTpyKTypHO€ MojenupoBaHue. Ha ocHoBe pe3yiabTaToB MHTEPIPETALUU ITOCTPOECHBI
CTPYKTYPHBIE KapThl MO KPOBJIE OCHOBHBIX MpOayKTUBHBIX MmiactoB (BII,—bIly, F01) u cepus
reojoruueckux mnpodmiel (PucyHok 4), HarisiiHO JEMOHCTPHUPYIOIIMX H30JUPYIONIYIO POJIb
pa3noMoB U GOPMHPOBAHUE CAMOCTOSITEIBHBIX 3aJIEKEH B OTJCIIBHBIX OJOKaX.

- aHaM3 PUIBTPAIMOHHO-eMKOCTHBIX CBOUCTB (DEC). Jliist O11eHKH BIUSHUS TEKTOHUYECKUX
HapyLIEHUN Ha KOJIJIEKTOPBI TPOBOUIICS cpaBHUTENbHBIN aHanu3 GEC B npupa3ioMHBIX 30HAX U B
HeHapyuieHHbIX Onokax. Ilo manabiM 'MC u kepHa ObUIM KOJIHYECTBEHHO OIICHEHBI 3HAYCHUS
MOPUCTOCTH W IMPOHUIaeMOCTU. BpineneHsl 30Hb aHoManbHOro ynyumeHuss ®EC, cBsizaHHbIE ¢
pPa3BUTHEM TPEIIMHOBATOCTH U APOOJICHUS TIOPOJT BOJIU3U PA3IOMOB.

- aHajgu3 IUTACTOBBIX JaBleHUH U QuouaHON cucteMbl. Paccuntanbl K03 GUITUEHTHI
aHoManbHOCTH IIacToBbIX AaBIeHUH (K, = Pgacr/Pruspocr) AT pa3IMYHBIX TOPU3OHTOB OT CEHOMaHa
no topbl. COBMECTHBIM aHalu3 paclpeneieHusl AaBlIeHUH, razoBoro (akropa M IOJOKEHUs
pa3jIoMOB TO3BOJIWJI CHENaTh BBIBOJABI O MHUIPALMOHHBIX NYTAX QUIIOMI0OB M MeXaHH3Max
(bopMUpOBaHUs aHOMAIBHO BBICOKHX ITACTOBBIX AaBienuit (ABII) [2].

WNHterpamust Bcex MEPEUYMCICHHBIX METOJOB B €IUWHYI0 MOJIENb MO3BOJIMJIA KOMILJIEKCHO
OLIEHUTh POJIb TEKTOHWYECKHX HapyIIeHWH B (opMUpOBaHWH 3aiexeil yrieBomoponoB Ha «G»
MECTOPOKICHHH.

Pesynomamot u ux obcysrcoenue

Baxneiimeld pyHkiuei pa3noMoB sSBISETCS UX KpaHUpYIOIas pojib. BeicTynas B kauecTBe
HEMPOHULIAEMBIX 0aphepoOB, OHM PA3JAEISIOT €AMHBIE MPOAYKTHBHBIE IJIACTHl HA M30JIMPOBAHHBIC
OJIOKH, B KQKJOM M3 KOTOPBIX (POPMHUPYETCS CaMOCTOSATENIbHAS 3aJ€Kb CO CBOMM (IIIOUIATBHBIM
konraktoM (BHK, 'HK, I'BK). 310 nemonctpupyet ctpoenue miactoB rpymmsl BI1 (PucyHok 3).
Hanpumep, B mmacte BII9 u B mmacte BII8® BblmeneHO ceMb CamMOCTOSITENBHBIX 3aJI€KEH,
MPUYPOUEHHBIX K PA3IMYHBIM TEKTOHHYECKUM OJ0KaM. DKpaHHUpPOBAHUE MPUBOAUT K TOMY, YTO B
mpejenax OJHOrO IjlacTa MOTYT CYIIeCTBOBaTh Kak uucTto razoBele (BII7'), Tak u HedTsHBIE
(bIT6'), u nedrerazoxonnencatusie (bI19?) 3anexu. Dta ke QyHKIUSA 00yCIaBIUBAET CIIOKHOCTh
OKOHTYpPUBAaHMSI 3aJIeKE M HEOOXOIUMOCTh TOYEUHOTO pa3MelieHusi CKBaXuH [6]. Hapsmy c
SKpAHUPYIOIIEH, HApYIIEHUS BBIMNOJHAIOT M TPOBOAIIYIO (YHKIMIO, CO3[aBas KaHAJIbl s
BEPTUKAIBHOM MWIpaluyd yriaeBoaopofoB. CoueraHue pa3joMOB € AaHOMAJIbHO-BBICOKMMH
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IUTACTOBBIMM JIaBJICHUSMH CO3/1aBAJIO OJIArONPUSATHBIE YCIOBUS I MEXPE3epBYapHOro MepeToKa
¢bmons1oB. IT0 00BACHIET (HOPMUPOBAHHE MHOTOIIACTOBOM CHCTEMBI MECTOPOXKICHUS C 3TAXKOM
He(TEra30HOCHOCTH, OXBaThIBAIOUIMM OTIOXeHUs: oT ceHoMmaHCckux (ITK12) no BepxHerOpckux
(FO1). Murpanus o paznomam, BEPOSITHO, ChIrpasla KIFOUEBYIO POJIb B HACHIILEHUH BbIIIEIEKALINX
MEJIOBBIX KOJUIEKTOPOB, C(OPMHUPOBAB, B YACTHOCTH, KPYIHbIE I'a30BbI€ 3aJIe)KH B CEHOMAaHCKHX
OTJIOKEHUSX.

FCr
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Pucynok 3. I'eonoruueckuii npoduis miactoB bI1;-Bllg

[TapannensHO ¢ MUTPAITMOHHOM M AKPAHUPYIOIIEH (YHKIUSIMH, TEKTOHUYECKHNE HAPYIICHUS
CYIIECTBEHHO Mpeoldpa3yroT GuibTpannoHHO-eMKOoCTHBIe cBoiicTBa (PEC) mopoa-KoIieKkTopoB B
MpUpa3IOMHBIX 30HaxX. [lom Bo3amelCTBHEM TEKTOHWYECKHX JedopManuii B JaHHBIX MeCTax
MECTOPOKJCHHSI  pa3BUBAIOTCS  MPOIECCHI,  CIIOCOOCTBYIOIIME  JIOKAJBHOM  yIy4IIEHHUIO
KOJUIEKTOPCKUX XapakTepucTuk. KitoueBbiM (axtopom ymyumenus @DEC sBnsercs pa3Butue
MHUKpPO- U MaKpOTPEIIMHOBATOCTH BOJHM3U pa3noMoB. Jliisi HU3KONMPOHHUIIAEMBIX KOJIJIEKTOPOB
QUUMOBCKOM Tonmu (ruiactT Ad;) M OTHENbHBIX IUTACTOB TIOMEHCKOM CBUTBHI, a TaKkxkKe s
HETPAJUMIMOHHBIX KOJJIEKTOPOB, TAe (UIbTpalMs OCYIIECTBISETCS TNPEUMYLIECTBEHHO IIO0
TpeUuMHaM, JTOT MPOLECC MMEET ONpeleNsiollee 3HAU€HHE, CYLIECTBEHHO IOBbIIIAS
MIPOHUIIAEMOCTH TTOPOJI U, CIIEA0BATEIBHO, UX MIPOLYKTHBHOCTD [7].
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JIOTIOTHUTENBHBIM (PAaKTOPOM  YIIYUIIEHUSI KOJUIEKTOPCKUX CBOMCTB CIY)KUT MEXaHHMYeCKOe
BO3/ICHCTBHE BIIOJIb IIIOCKOCTEH pa3iOMOB, BHI3BIBAIOIIEE JPOOICHUE U H3MEIBUCHUE TIECUaHUKOB U
aneBpoauToB [1].

B pesynprate B NPUKOHTAKTHBIX 30HAX (OPMHUPYIOTCS YYaCTKH C aHOMAJIbHO BBICOKOM
MOPUCTOCTBIO, YTO MOATBEPXKIACTCS JAaHHBIMU JaOOPAaTOPHBIX HUCCIEAOBaHUN KepHa U
reo(pM3nUeCKNX H3MEpEeHUH. AHAIu3 JaHHBIX KepHAa U TeOPU3UYCCKUX HUCCICAOBAHUN CKBAXKHH
(FTUC) mo3BonsieT BBIACIUTH OJOKH, IJ€ B TMPUPA3TOMHBIX 30HAX KOJJICKTOPCKHUE CBOWMCTBA
yayunienbl. Ha «G» MecTOpoXII€HHH 3TO XapaKTepHO MAJsl CIEIYIOIIMX CTPYKTYPHBIX OJIOKOB
(Pucynok 4):

- I[EHTpaNbHBIA OJOK (paifoH ckBaxuH 634P, 611P): B mpememax 3TOro HWHTEHCHBHO
HapyIlIeHHOTo OJI0Ka, TAe cocpeaoToueHsl 3anexu miactoB bIl; — blly, nanusie 'UC ¢ukcupyroT
aHOMAaJIMM BBICOKUX 3HAUYEHUN YAENBHOTO 3JIEKTPUYECKOTO CONPOTHBIEHUS W IOPUCTOCTH,
HHTEpHpeTHpyeMble Kak 30HbI ynydimeHHbIx PEC (Tabmuma 1). Beicokue neOMTHI CKBa)XuH,
BCKPBIBIIUX 3T MHTEpBaibl (Hampumep, (OHTAHHBIM MPUTOK Tra3oKoHJeHcara u3 miacta bIl,? B
CKB. 634P nebutom 149.3 m*/cyT), MOATBEpkAAIOT HAJMYKUE BHICOKOMPOHHUIIAEMBIX KOJIIEKTOPOB,
c(OpMUPOBAHHBIX IO/ BO3ACUCTBUEM TEKTOHHMYECKHX IPOIIECCOB. - CEBEpHBIH ONOK (paiioH
ckBakuHbl 602P): B 30Hax cowIeHEHHS Pa3jIOMOB CEBEPHOIO KYIOJIA TAKKE OTMEUAIOTCSI YUACTKH C
MOBBIIICHHBIMU 3HAYeHUAMHU TpoHunaeMocT B miuactax blls — Bllg, uTo cBsi3aHO C pazBUTHEM

-30HA C MMOBEIIEHHBbIM 3HaueHusMH ODC

\ = TCKTOHHYCCKHC HApYLICHHU

TpCIIMHHOBATOCTH.

602R
® - CKBa’KHHa

|
\V = JJHHHA I'COJOIrHYCCKOro pa3spesa

Pucynok 4. Cxema TeKTOHMYECKHX HapylleHH mo ruiactam rpynnsl BII ¢ 30HO#H MOBBIIEHHBIM
3aaueHmsiM POC

Taxke MOXHO BBIICTHTH 3aKOHOMEPHOCTh, YTO Ta30BbIi (DAaKTOp B IEHTPATbHBIX OJOKaX
aHOMaJbHO BBICOKMH M cocTaBisieT B cpeanem 150-160 m3/mM3. AHanusupys NaHHBIE MOXHO
CZeJaTh BBIBOJI, YTO 3Ta AHOMAJIUS HAMPSMYIO CBSI3aHA C HATMYHUEM TIIYOMHHBIX Pa3IOMOB, KOTOPBIE
CIYXWIH TYTSIMH MHTpAIlid Ta3a W3 TIIyOOKO3aJIETaloMNUX MATePUHCKUX TIOPOI B TIIACTHI
KOJUIEKTOPOB, a TaKkKe ¢ 0COOEHHOCTSIMH (POPMHUPOBAHUS 3aJI€KEH B YCIOBUSX BBICOKUX IIACTOBBIX
nasieHuid. [0Bops 00 BBICOKHE MMOKA3ATENN IIACTOBBIX JABICHUIA, MOKHO TPOCIEIUTH CBSA3b OMAThH
KE€ ¢ TEKTOHUYECKUMH HapyIICHUsIMH. TEeKTOHUYECKUE HAPYIIIEHUSI CO3/IaI0T U30JUPYIOIIHE OJIOKH
U TPEMSITCTBYIOIIME HOPMAJIbHOMY YpPaBHUBAHMIO JaBlieHUs. [IpoaHanm3upyro JaHHBIE MOXKHO
CKa3aTh, YTO aHOMAJIbHOCTh YBETUYMBAETCS C TIyOMHOUW morpykeHus (Tabnuima 2), Hampumep B
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rpynme miactoB 1K mMoxxHO yBUIeTh HauMeHblee npeBbieHust nasieHue (1,03 xkoaddumment
aHOMaJIbHOCTI/I), a YK€ B IJIACTC IO]_ BUJHBI PEC3KUC aHOMAJIBHBIC 3HAYCHHUC IJIACTOBOTI'O HAaBJICHUSA
(1,38 ko3 puLIMEHT aHOMATBHOCTH).

Tabmuma 1
CPABHUTEJIBHASA TABJIMIA ITOPUCTOCTHU 1 TIPOHULJAEMOCTU
[IPUPA3JIOMHOM 30HbI 1 30HBI B HE PA3JIOMOB
Hapamemp B ne paznomos Illpupaznomnas 3ona Hzmenenue
30HbL (6 mexmonusecku nokasameretl
HapyweHHblx O10Kax)
[opucrocts (K1), % 12-18% (cpennee 18-25% (cpennee ~20%) YBenudaenune Ha 25—
~15%) 40%
[Iponunuaemocts (Knp), M  10-80 m/] (cpennee  80-500 m/l (cpennee ~200  VYBenmuenue B 3—10 pa3
~30 MJT) ML)
Y aenpHOe IEKTPUIECKOoe 7-15 Om'Mm 15-30 Om M u BBIIIIE IToBsimieHue B 1,5-2
conpoTtusierue (p), OM-M pasa
JleOUTHI CKBaXXKHH Hwuskue u cpennue Bricokue (mo 150-300 Poct B 5-10 pa3
(1-30 m*/cyT) M3/CyT)
Tabmuma 2
CPABHUTEJIBHA S TABJIUIIA ®AKTUUYECKUX 1 HOPMAJIbHBIX
[IOKA3BATEJIEM IIJIACTOBBIX JJABJIEHUIA
Hapamemp Inacmor IIK11-1IK22  Ilnacmur bI14-B119 Inacm FO4

Cpennss riryOMHa 3a1eraHus 1100-1600 m 1900- 2300 m ~2900 m
HopmanbHoe (TumpocTaTideckoe) 11-16 Mlla 19-23 MIla 29.0 MIla
JIaBJICHHE
dakTHueckoe JaBIcHUE Ha 11,3-16.5MI1a 20,3-23,4 MIla ~40 MITa
MECTOPOXKICHUU
Koadpurnment anomanbHOCTH ~1.03 1.02-1.07 ~1.38
Orenka Hopwmainbnoe CnaboanomaneHoe  CunbHoe ABITJL

Takoe pacnpeneneHne M pe3KMi CKadyoK TIOKa3aTeNeil JaBlieHUs] MOXKET T'OBOPUTH 00
HECKOJIbKUX (PaKTOpax BIMSHUS TEKTOHUUECKUX HapyIICHUN

-[lomnelickuii Bajl ocTaeTcss TEKTOHWYECKH AKTHBHBIM., IIPHUYEM HamOojee HHTEHCHBHbBIE
MIPOLIECCHI MPOTEKAIOT B HUKHEHW YacTU OCAaJOYHOTO yexJia (FOpCKHE OTI0XKEHHUS) U B pyHIAaMeHTe
(maneo3oiickue oinokeHus). Ha 310 ykaspiBaeT Haluuyue pa3IoMOB, KOTOpPbIE MPOCIEKUBAIOTCS J10
BEPXHHUX TOPU30HTOB.

-BOCXOJIs11asi MUTpanus Quiron10B U3 6osee rryookux 30H. C OonblInMX MTyOUH, HAIpUMEp U3
MaJI€030MCKUX OTJIOXKEHHH, 110 pa3joMaM IPOUCXOAUT MUTpaLus (Iron1a, BMECTE C KOTOPBIM UAET
nepefaya M miactoBoi sHepruu B muact FO1. Ilo stomy mpormeccy, a Takke 00 aKTUBHOU
TEeKTOHUKU HapylUIeHUH, MOXKHO CJIeNaTh NPEANoIoKeHUusT 00 (opMuUpoBaHHE YCIOBHH st
00pa30BaHMs U HATMYHUIO 3aJI€KU WITU 3aJIeKEH YIIIeBOJIOPOIOB B OTIOKEHUAX (DyHIaMEHTa.

3axnouenue

[IpoBeneHHOE HccieOBaHUE POJU TEKTOHWYECKUX HapyUIeHHH B (OpMHpOBaHUM 3ayexeit
yraeBogopoaoB «G» HepTera3oKOHIECHCATHOTO MECTOPOXKACHUS TI03BOJIMJIIO YCTAHOBUTH WX
OTIPEACIIAIONIEE BIUSIHUE HA CTPOCHHE, PACIIPENEIEHUE U TPOIYKTUBHOCTD 3aexei. KommuiekcHbIi
aHanmu3 JaHHBIX cedicMopasBenku (MOB, MOI'T), reonoro-reopusuveckux MccIeAOBaHUN
ckBakuH (I'MC) u kepHa mokaszai, 4YTO pa3jIOMHO-OJIOKOBas CTPYKTypa SBISETCS KIHOYEBBIM
(bakTopoM, KOHTPOJHUPYIOIIUM BCE€ OCHOBHBIE AaCMEKThl HEPTEra3oHOCHOCTH JAAHHOTO
CJIO’KHOTIOCTPOEHHOT'O 0OBEKTA.
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Y cTaHOBNIEHO, YTO TEKTOHUYECKUE HAPYILICHUS BBIMOIHSIIOT IBOMCTBEHHYIO (PYHKIIHIO:

- pa3oMBbl BEICTYMAIOT B KQYEeCTBE HEMPOHUIIAEMBIX OapbepOB, Pa3IeNSIONINX TPOAYKTUBHBIE
IUTACTHl HA M30JIMpOBaHHBIE OJoKH. B kaxmom Oioke GopMupyeTcs caMOoCTOSTeNbHAs 3aJIeXKb CO
ceoumu (mronnansabiMu KoHTakTamu (BHK, I'HK, I'BK), uro o0ycnaBiuBaeT MHOTOIIIIACTOBOCTh
(OGonee 45 mnactoB) W YPE3BBIYAMHO CIIOKHOE CTPOECHUE MECTOPOXKACHUS. DTO MPUBOJIUT K
HUIMYMIO B Tpeienax OJHOr0 IUIacTa 3aleked pasnudHoro (a3oBOro cocTaBa (ra3oBbIX,
HE(TIHBIX, TA30KOHICHCATHBIX ) U TUKTYET HEOOXOJMMOCTh TOUECYHOTO Pa3MEIICHHS CKBAXKHH.

- pa3JjoOMBbI CIyXKaT KaHaJlaMu JJis BEpTUKAJIbHOM MUTpalliu yIriieBOAOpo0B. B coueranuu c
aHOMaJIbHO BBICOKMMH IacToBbiMU naBieHusMU (ABII/I) aTo obecrieunBano Mexxpe3epByapHbIi
nepeTok (IrouI0B U GOPMUPOBAHUE MHOTOIUIACTOBOM CUCTEMBI C 3TaKOM HE(PTETa30HOCHOCTH OT
CCHOMAHCKHX JI0 BEPXHEIOPCKUX OTIOKeHHH [6].

KitoueBbIM TMpakTUYECKUM Ppe3yibTaTOM pabOTHI SBJISETCS BBIABICHUE CYHIECTBEHHOIO
yayduieHus: GUIbTpaunoHHO-eMKOCTHBIX cBOMCTB (DEC) koaexkTopoB B mpuUpa3ioMHbIX 30Hax. B
[EHTPAIILHOM U CEBEPHOM OJIOKaX MECTOPOXKJICHHS Pa3BUTHE MUKPO- ¥ MAaKpPOTPEIIMHOBATOCTH, a
TaKXe MPOIECCOB APOOIICHHUS TIOPOJ IO BO3ACUCTBUEM TEKTOHMUECKUX Ae(opManuii MpUBOAUT K
aHOMaJIbHOMY pocTy mopuctoctu (1o 25%), mponumaemoctu (mo 500 m/l) u, xak cieacTeue,
nebutoB ckBaxuH (B 5—10 pa3). Janusie [MIC moaTBepKAar0T HajduuuMe 3TUX 30H aHOMAJIbHO
BBICOKHM YAETbHBIM 3JIEKTPUUECKUM COTPOTHUBIICHUEM.

BreisiBieHa mnpsiMas CBSI3b TEKTOHWYECKUX HAPYIICHUH C aHOMAJIbHBIMH TUIACTOBBIMHU
JaBICHUSIMA U COCTAaBOM (DIIIOMIOB. Y CTAaHOBJICHO, YTO KOA(PPHUIMEHT aHOMAIBHOCTH IIACTOBOTO
JIaBJICHUS BO3PACTAET C MIYOMHOM, JOCTUTAasi MAaKCUMAIbHBIX 3HAYCHHUH B FOPCKUX OTJIOKEHUAX (10
1,38 B miacte 104). D10, Hapsity ¢ aHOMAJIbHO BBICOKUM Ta30BBbIM (PAKTOPOM B IICHTPAIbHBIX
omokax (150-160 m3/M?), CBHIETENBCTBYET O MPOJIOJDKAIOMICHCS BOCXOIAIICH MUTPAIIUN (DITFOMIOB
M IUTACTOBOM SHEPruM MO [IYOMHHBIM pa3jioMaM M3 Tale030iicKoro (QyHaaMeHTa, 4YTO
MIpeIoiaraeT MOTeHIMAIbHYI0 He(PTera30HOCHOCTh OTJIOXKEHHH PyHIaMeHTa.

Takum  00pa3oM, TEKTOHWYECKHE HApYIICHUS  SBISIFOTCS  OCHOBHBIM  (DaKTOPOM,
KOHTPOJMPYIOIIUM JIOKAJIH3aIHi0, ($a3oBblii cocTaB, (UIBTPAIIMOHHO-EMKOCTHBIE CBOWCTBA H
MPOAYKTUBHOCTh 3anexkeld Ha «G» mectopoxaeHuu. [lomyueHHBIE pe3ynbTaThl UMEIOT Ba)XKHOE
MPUKJIAHOE 3HAUYeHWE s ONTUMHU3AlMK TIOMCKA, pa3BeIKU U pa3pabOTKU MOJO0OHBIX
CJIIOKHOTIOCTPOEHHBIX ~ MecTOpoxkaAeHU. OHM O0O0OCHOBBIBAIOT HEOOXOJAMMOCTH JETAIBHOTO
M3Y4YEHUsI Pa3IOMHO-OJOKOBOM CTPYKTypbl Ha J3Tamnax TIeoJOTHYECKOr0 MOJEIUPOBAHUS H
MPOEKTUPOBAHMSI Pa3MEIICHUS CKBAXKUH, C IIENbI0 TOYHOTO BBISIBICHUS 30H ¢ ynyulieHHbIMH OEC
U MPOTHO3UPOBAHUS (DIIOMTANBHBIX KOHTAKTOB B Ka)JIOM H30JHpPOBAaHHOM Oioke. HamexHOCTh
BBIBOJIOB ~ O0ECIeYMBAETCS  KOMIUIEKCHBIM  HCIIOJIb30BAaHMEM  COBPEMEHHBIX  METOJIOB
CeNCMOPa3BEIKH U MPOMBICIIOBOM T€0()U3UKH.
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STUDY OF MICROSCOPIC FUNGI
ON MEDICINAL PLANTS DISTRIBUTING IN GADABAY REGION
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M3YYEHUE MUKPOCKONMUYECKHUX I'PUBOB JIEKAPCTBEHHBIX I:ACTEHPIFI,
IMPOU3PACTAIOIINX HA TEPPUTOPUU KEJABEUCKOI'O PAUOHA

©Mameoosa @., kano. buon. Hayx, bakunckuii 2ocyoapcmeeHHbll YHUGepCUmen,
2. baxy, Azepbaiioocan, fidan8400@mail.ru

Abstract. Mycological investigations on medicinal plants is carried out in many countries of
the world, but local studies in this direction are not widespread enough. The study of microscopic
fungal species (mycoflora) distributing on some medicinal plants (Urtica dioica L., Stellaria media
L., Cephalaria gigantea (Ledeb.) Bobrov) in the natural conditions of the Gadabay region and
widely used in folk medicine, determining their systematic composition, and evaluating the results
obtained on a scientific basis. The study was conducted based on mycological methods. The
characteristics and eco-trophic relationships of them have been studied. The anamorphs of fungi
belonging to the Ascomycota division are more numerous than those belonging to other taxonomic
groups. They account for 66% of the total number of fungi recorded during the studies. 34% belong
to the Zygomycota phylum. More than 15 species of micromycetes were found on the studied plants
and they were systematically attributed to different taxonomic groups. Plant-fungal relationships
were observed in various ecolotrophic types: parasitism, saprotrophy and, in rare cases, mutualism.
The dominance of pathogenic micromycetes increased, especially in weakened and mechanically
damaged plant organs. The results of the study are of great importance in terms of increasing the
level of biological safety of medicinal plants and determining the hygienic and sanitary norms that
should be observed during their proper collection, storage, and use.

Annomayus. MUKOJIOTHUECKHE MCCIEIOBAaHUS JIEKAPCTBEHHBIX PACTEHUI MNPOBOASTCS BO
MHOTHX CTpaHaX MHpa, HO JIOKaJbHBIE HCCIEIOBAHHUA B OTOM HANpPAaBICHUM HEJOCTATOYHO
pacripocTpaHeHsl. M3yueHre MUKpOCKOITNYECKUX BUA0B I'pHOOB (MUKO(DIOPHI), pacpOCTpaHEHHBIX
Ha HEKOTOpBIX JieKapcTBeHHbIX pactenusix (Urtica dioica L., Stellaria media L., Cephalaria
gigantea (Ledeb.) Bobrov) B mnpuponsbix ycmoBusx KemaGekckoro paiioHa ¥ IIIHPOKO
HCIIOJIb3YEMBIX B HApOIHOM MEIULMHE, ONpPENEICHHE MX CHUCTEMATUYECKOIO COCTaBa M HaydHas
OLICHKAa TOJY4YEHHBIX pe3yapTaroB. lccienoBaHue NPOBOAWIOCH HAa OCHOBE MMKOJIOTMYECKHX
MeTofoB. M3yueHbl WX OCOOEHHOCTH U JKOJOro-Tpoduyeckue cBsizu. AHaMopdsl TpubOB,
OTHOCSIIMXCSL K oTAeny Ascomycota, 6ojiee MHOTOUMCIEHHBI, YeM MpUHAJIekKAllue K APYyruMm
TakcoHOMu4eckuMm rpynnam. OnHm  cocraBmsior  66% ot  obmero uucna  rpudos,
3apEeTUCTPUPOBAHHBIX B XoJe uccienoBaHuil. 34% orHocaTcs K otneny Zygomycota. Ha
M3YYEHHBIX pacTeHUsX oOHapykeHo Oosee 15 BHAOB MHUKPOMHIIETOB, KOTOpPHIE CHCTEMaTHUYECKH
OTHECEHbl K pa3HbIM TaKCOHOMHYECKHUM TIpymnmnaM. B3auMoOoTHOLIEHUS pacTeHHd U TpudOB
HaOIIONAIUCH MO PA3IMYHBIM SKOJOTOTPO(HBIM THUIIAM: MAPa3UTU3MY, CAIPOTPOPHUU U, B PEIKUX
cllyyasix, MyTyanusMmy. JIOMMHMpOBaHME MAaTOTEHHBIX MUKPOMHIIETOB YCHJIMBAJIOCh, OCOOCHHO B
oclIabJIeHHBIX M MEXaHWYECKHU MOBPEKIACHHBIX OpraHax pacTeHui. Pesynbrarhl HccienoBaHUS
MMEIOT Ba)KHOE 3HAUEHUE JUIS TOBBIIIEHUST YPOBHS OMOJIOTHYECKON 0O€30MacCHOCTH JIEKapCTBEHHBIX
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pacTeHuii 1 onpeaeneHus] CAaHUTAPHO-TUTUEHUYECKUX HOPM, KOTOpbIe HEOOXOAMMO COOIIONaTh MPH
ux cOope, XpaHSHUH U UCTIOTb30BaHHH.

Keywords: mycobiota, micromycetes, medicinal plants, symbiosis.
Knouesvie cnosa: MUKOOMOTa, MUKPOMMIIECTHI, ICKAPCTBEHHBIC PACTCHUS, CHMOHO3.

In recent years, interest in natural and herbal remedies has increased significantly worldwide.
On the one hand, this interest is due to the widespread use of medicinal plants with proven
pharmacological effects in folk medicine, and on the other hand, it is explained by the fact that they
have fewer side effects than synthetic drugs [1].

Medicinal plants that grow naturally in various regions of Azerbaijan, especially in
mountainous areas such as the Gadabay region, and are widely used among the people, not only
have a rich bioactive substance content, but also have high potential in economic and ecological
terms. However, microbial and fungal contamination encountered during the collection, storage and
use of medicinal plants can negatively affect the quality and safety of these plants. Microscopic
fungi can develop in the form of colonies on plants, change their structure, reduce the amount of
biologically active substances and even secrete mycotoxins dangerous to human health. This
becomes even more relevant as a result of improper collection, drying and storage conditions of
medicinal plants.

Mycological monitoring of medicinal plants is carried out in many countries of the world, but
local studies in this direction, especially the study of specific flora and mycoflora relationships in
regions, are not widespread enough. Although the Gadabay region has rich vegetation, the species
composition and distribution characteristics of microscopic fungi on medicinal plants distributing in
this area have not been systematically studied so far. Therefore, the study of the mycological
composition of some medicinal plants distributing in natural conditions in the Gadabay region is
relevant both from a scientific and practical point of view. The results of the study may contribute to
improving the sanitary and safety indicators of these plants, the formation of proper harvesting and
storage technologies, and, in general, to ensuring safer use in folk medicine and pharmacology.

The objects of these investigations are microscopic fungal species (mycoflora) distributing on
some medicinal plants (Urtica dioica L., Stellaria media L., Cephalaria gigantea (Ledeb.) Bobrov)
in the natural conditions of the Gadabay region.

There are up to 60 species of Cephalaria Schrad. ex Roem. genus, and up to 12 species are
found in Azerbaijan. The most common species of this genus are found in Southern Europe, South
Africa, and the Mediterranean countries. The Cephalaria Kotschyi, Cephalaria nachiczevanica, and
Cephalaria gigantea species are widespread in our country. These species are mainly distributed in
the Gadabay, Dashkesan, Shahbuz, Lachin, Kelbajar, Zagatala, Davachi, Ismayilli, and Lankaran
regions of the republic. Cephalaria gigantea — is the plant with 150-200 cm height. The stem is
bare or covered with short hairs and erect. The lower parts of the plant are covered with stiff hairs.
The arrangement of the leaves is opposite. The shape is simple, feathery, oblong-oval, or oblong-
lanceolate. The corolla is covered with hairs on the outside and is grayish-yellow in color [2].

This plant is widespread in the north of the Lesser Caucasus, in the center and south of the
Greater Caucasus, in the Guba regions. It is also found mainly in forest and mountain meadows, in
the middle and upper mountainous zones. This plant is also very important as a dye plant. The
flavonoid dye substances quercin, quercimeril (7-glucoside quercetin), 7-0-D-glucopyranoside,
cynarozide, etc. have been found in the composition of the aboveground and flower parts.
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Urtica dioica L. — belongs to the Urticaceae family. Representatives of this family are
mainly herbs, sometimes shrubs and small trees. They have opposite and alternate leaves. The
surface of these leaves and stems are covered with a rich mixture of silica and formic acid, which is
covered with sharp and brittle hairs. This mixture is very sharp and stinging. The leaves have long
petioles and serrated edges [3].

Urtica-in Latin means "to burn”, "to prick". Its flowers are mostly single or solitary and have a
simple inflorescence. The inflorescence is composed of 4-5 free or connate leaflets. Its seeds are
endosperm, and the fruit is a small nut-like or drupe. The genus has a total of 40 genera. It is mainly
distributed in the tropics, mountainous humid subtropical forests, temperate climates, from plains to
the upper mountain belt. 600 species are distributed. 3 genera and 8 species are found in Azerbaijan
[4].

The most valuable species is considered Urtica dioica. It is a herbaceous plant and is 100-150
cm high. Its main characteristic features are: its roots are branched, it has dark green leaves
arranged oppositely, its four-year-old rhizomatous stem is branched and reproduces intensively with
it. It has a spike-shaped flower group, and its fruit is a capsule. Its flowering begins in July and lasts
until September. It is mainly found in humid areas with a lot of nitrogen, in places where
groundwater emerges, therefore it is a typical nitrophilic plant. Even 0.001 mg of the substance
contained in the stinging hairs of this plant can have a serious effect on the body. These hairs consist
of a flask-shaped base and a hook at the tip. When in contact with the skin, cellular fluid enters the
body through the hairs. Plant is rich in vitamins. Thus, vitamins K, A, C, P, B have been identified
in its composition. As a medicinal substance, its use is very important in avitaminosis, hemorrhoids,
internal bleeding, and gynecological bleeding. Its juice is also rubbed on purulent, watery wounds,
and this juice is used for liver colds, for dissolving stones in the bile ducts, and against paralysis. At
the same time, it can cleanse the lungs and stomach of unnecessary substances. It is used as an
adhesive ointment against rheumatism and radiculitis in joints and muscles. In our country, its
leaves are dried and used as a spice by adding a little sugar. It is also used as a valuable raw material
in the preparation of many dishes in many regions — qutab, salad, green soup, etc. [5].

For the first time, Ibn Sina reported on the medical importance of this plant. He used this plant
to stop nosebleeds. Plant contains 20.8% protein, 2.5% fat, 18% cellulose, macroelements
consisting of iron and calcium, and 16.6 mg % potassium. Cellulose, which can also be used for
fiber production, has been found in its stem. Preparations obtained from it are used as tonics,
polyvitamins, antiseptics, diuretics, and expectorants. Secretin, which reduces blood sugar levels
and stimulates the production of insulin in the body, has also been found in its leaves [6]. It is also
used as a dye. Green dye is obtained from the green leaves, and this dye is used in the food and
medical industries. It is also used in the cosmetic industry, infusions and baths, creams and
ointments are prepared from it. They are widely used in the treatment of chronic skin wounds,
itching, eczema and boils. It is also used as a disinfectant. Thus, it is applied to knots and bumps on
the skin, and is used to eliminate foul odors from wounds. Its gruel is used to increase elasticity and
also to restore tissues. Its extract is used against petrification and to treat warts. The juice obtained
from its leaves is used to remove dandruff from the hair and strengthen the base of the hair [7].

Stellaria media L. — also known as heartwort. It belongs to the Caryophyllaceae family. The
family has a number of characteristic features: it is an annual or perennial herb or subshrub, its
swollen, pointed stems are adapted to atypical polycambial condensation, its leaves are mostly
opposite, some are alternate, simple and entire, its shape is linear or lanceolate, some have a leaf
base, some do not. The flower group is a symbiosis flower group. Most are unisexual, while some
are actinomorphic or zygomorphic, located singly. Simple or double inflorescences are observed.
The petals are free, folded or turned into a nail. Free or adjacent sepals are observed. In some, the
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corolla is not found at all. The fruit is a multi-seeded capsule, rarely a single-seeded nutlet or berry.
It is covered with hair and opens with flaps.

Its species are widespread all over the world, including our Republic. Thus, there are 80
genera and 2000 species in the world, and up to 35 genera and up to 200 species in Azerbaijan [8].

Representatives of the subfamily Alsinoideae are mainly annual and perennial herbaceous
plants. In representatives of this subfamily, free sepals and petals form a rachis. The number of
sepals and petals is 5, the number of columns is 3, and the number of stamens is mainly 10,5,3. The
fruits of the subfamily are spherical or ovoid capsules that open with 6 valves [9].

In our republic, the main species of Stellaria are represented by 5 species. There are
representatives of food and fodder importance, and these representatives are weed plants adapted to
various habitats. This species is found in many regions of Azerbaijan and is known for its lying
trunk, small leaves, and white flowers. It is a herbaceous plant. It contains rich essential oil.

It is considered a plant rich in vitamins [10]. Also, the Stellaria is used in the preparation of a
number of dishes (dovga, kuku, qutab). Vitamins A, C, B, K are found. It is mainly used to regulate
the digestive system, so when children have a stomachache, it is brewed as tea and given to drink,
which gives positive results [9].

The results of the study are of great importance in terms of increasing the level of biological
safety of medicinal plants and determining the hygienic and sanitary norms that should be observed
during their proper collection, storage, and use.

Material and Methods
Geographical location and physical conditions of Gadabay district

Gadabay district, known for its natural beauty, rich history and culture, is one of the charming
corners of Azerbaijan. It is located in the high and middle mountainous belts of the Lesser
Caucasus, in the area bordering the Gazakh and Tovuz districts in the west of Azerbaijan. Its area is
1232.98 square kilometers and is considered one of the ancient settlements of Azerbaijan.
Goshabulag and Gojadagh are considered the highest peaks, as Goshabulag is 3549 m, and
Gojadagh is 3317 m. Anthropogenic, Jurassic, Cretaceous and Paleogene sediments are mainly
distributed here. White and black marble deposits are mainly found in the deposits.

The climate is typical of a mountainous region, as a mild subtropical climate prevails in the
lower parts of the region, but colder climatic conditions prevail as the altitude increases. High
mountainous areas receive a lot of snowfall. A cold, dry, mountainous tundra climate prevails in
winter. Amild, dry, warm climate prevails in summer. The air temperature in July is 10-20°C, and in
January -2-10°C. Mountain-forest lands are observed in mountainous areas with a mild-warm
climate between 700-200 m [11].

Yellow, black, brown and brown soils are found. Brown soils have developed under moist
forests rich in rot. Brown soils are found in forests with a relatively dry climate. Yellow soils are
widespread in the Talysh Mountains and Lankaran Lowland. The soil is red and yellow due to the
iron it contains. A very dense river network is found. The upper reaches of the Akhinja and Zayam
rivers are located in this region, and the upper reaches of the Shamkir river are located on the
southwestern border of the region. One of the most important water sources is the Gamarli river. It
is provided with various lakes and small reservoirs suitable for irrigation. The Tartar River is
located in the southern part of Gadabay and is used for irrigation purposes. There are various
mountains and mountainous valleys in the region. The most famous of these are the Gadabay
Mountains, Murovdag and the Tartar River Valley (https://goo.su/nRhZq).
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Methods of fungal researchs

The study was conducted based on mycological methods and approaches taking samples from
some medicinal plants growing in the Gadabay region. There are various fungal diseases in plants.
There are several methods for their correct identification. The method used at the initial stage is
identification based on visual signs. Fungi form variously shaped spots, molds, and rots on the
plant. At the same time, leaf twisting and deformation, plant stunting or wilting are observed.
However, microscopic, molecular methods, culture methods and serological tests are used to obtain
more accurate results and determine the type of fungus. Through these tests and methods, the type
of fungus is determined with complete accuracy [12].

During the cultivation method of fungi, a number of equipment and supplies, nutrient media
are used in the laboratory. When choosing a nutrient medium, it is necessary to know in which
nutrient medium the fungi develop. When preparing the nutrient medium, an accurate weighing
scale, a flask or a Pyrex bottle, a magnetic stirring oven, distilled water and powdered nutrient
media were used. Ready-made YGC (Yeast Extract) and DG18 (Dichloran-Glycerol) agars were
used as nutrient media. After weighing 22.5 g of YGC and DG18 agars with 1L of distilled water
accurately on a scale and pouring them into the flask, distilled water is measured using a beaker and
added to the flask. After being placed on a magnetic stirrer for good mixing, it is autoclaved. The
prepared sterile nutrient media are poured into petri dishes in a completely sterile manner in a UV
box. The sample is separated using tweezers and sterilely taken and placed in a petri dish. A control
(witness sample) is placed in the nutrient medium to ensure that no fungi fall from the outside and
there is no external contamination. Then it is placed in an incubator at 25-27°C. The full
development of the fungi is possible within 5 days. It is necessary to make sure that the incubators
are working properly within 5 days. For this, the temperatures of the incubators should be measured
and recorded every day. The development of the fungi is monitored from the 3rd day. The colonies
that develop should be removed to a clean environment and the type determined.

After the colony is placed on a slide, it is examined under a microscope using the Gram stain
method and the type is determined. For this, the database of the International Association of
Mycology, as well as the CBC fund, is used. It is possible to determine whether the growth and
development of mushroom species differ by the Growth Factor. The Growth Factor is based on a
special formula: D is the diameter of the colony (measured in millimeters), H is the vertical size
(height) of the colony, S is the density indicator of the colony (evaluated on a scale from 1 to 5), and
T is the cultivation period (in days). The systematic location of plant species and their distribution
frequency were calculated using the following formula: N = n/s. Where, N is the frequency of use
(units/ha), n is the number of specific medicinal plant species observed in a given area, and s is the
total area of the studied area (in hectares). The frequency of occurrence of fungal species in samples
and the prevalence of diseases caused by pathogenic microorganisms were determined using the
following formula: P = (n/N) x 100. Where, P is the frequency of detection of fungal species in
samples or the prevalence of diseases caused by pathogens (in %), n is the number of specific
fungal samples (plant individuals carrying the disease) observed, and N is the total number of plant
samples studied in general. The experiments were repeated at least three times, and the results
obtained were analyzed using statistical methods. Only indicators that correspond to the formula:
m/M = P < 0.05. Where M is the average value, m is the standard deviation, P is the probability
level estimated by the Student test were considered reliable and included in the dissertation
(https://goo.su/FIHIT).

Results and discussion
Fungi can act as both harmful and beneficial microorganisms in nature. Fungi that inhabit
medicinal plants or plants can change the synthesis of pharmacological substances in them, cause
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pathogenicity, and reduce or completely destroy the biological activity of the plant. On the other
hand, endophytic or mycorrhizal fungi can increase the resistance of plants to stress factors and
increase the level of active metabolites. This expands their biotechnological and
biopharmacological potential. The study of fungal species in medicinal plants is considered
important for the following main reasons: early identification of pathogenic fungal species that
cause disease in plants and determination of preventive measures: determination of beneficial
microflora that establish a symbiotic or mutualistic relationship with the plant; discovery of new
bioactive compounds of fungal origin and their pharmacological study; ensuring the quality and
safety of medicinal plants during storage, processing and use; analysis of indicator microorganisms
for assessing the sanitary and ecological state of the environment. All this shows that the study of
the mycobiota of medicinal plants is an urgent and multidisciplinary field of research not only for
the preservation of their biological and medical importance, but also for phytopathology, ecology,
biotechnology and pharmaceutical sciences. Such studies, in addition to ensuring the sustainable
development of medicinal plants, also make a significant contribution to increasing their therapeutic
and industrial value. The study of the mycobiota of medicinal plants: ensures the safety and
effectiveness of natural remedies, enables the discovery of new drugs, supports the transition to
environmentally friendly, harmless, biologically based agricultural technologies [13].

Research was conducted on 3 medicinal plants from two areas of Gadabay, and 15 fungal
species were identified (Figure 1-7).

Table 1
TAXONOMY OF FUNGI
Phylum Class Ordo Family Genus (number of species)
Zygomycota Zygomycetes Mucorales Syncephalastraceae  Syncephalastrum (1)
Rhizopodaceae Rhizopus (1)
Mucoraceae Mucor (2)
Mortierellomycetes  Mortierellales  Mortierellaceae Mortierella (1)
Ascomycota Eurotiomycetes Eurotiales Trichocomaceae Penicillium (2)
Aspergillus (5)
Sordariomycetes Hypocreales Nectriaceae Fusarium (1)
Dothideomycetes Pleosporales Stemphyliaceae Stemphylium (1)
Alternariaceae Alternaria (1)
2 5 5 8 15

Identification of fungi helps in finding methods of prevention and elimination of plant
diseases caused by them. The identified fungal species differ from each other in the structure, shape,
and color of the colonies they form. Since each of them has its own characteristics, they are grouped
into different categories. The characteristics and eco-trophic relationships of them have been
studied. As can be seen from the Table 1, the anamorphs of fungi belonging to the Ascomycota
division are more numerous than those belonging to other taxonomic groups. They account for 66%
of the total number of fungi recorded during the studies. 34% belong to the Zygomycota division
[13]. Evaluation of fungi involved in the formation of mycobiota of some medicinal plants growing
in the Gadabay region according to ecolotrophic relationships. In recent years, plant-microbiome
studies have become of great importance in terms of studying biodiversity and establishing
sustainable agricultural systems. Microorganisms living on and inside plants, especially
microscopic fungi are directly related to the development, stress resistance and metabolic activity of
plants.
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Figure 2. Cultures obtained by pure culture of Figure 3. Microscopic view of conidia from a
colonies obtained from Cephalaria gigantea mushroom sample taken from Cephalaria gigantea
(Ledeb.) Bobrov (Aspergillus nidulans) (Ledeb.) Bobrov (Aspergillus nidulans)

Figure 4. Cultures of Stellaria media L. initially grown using nutrient medium
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Figure 4. Cultures obtained as a result of pure culture of colonies from Stellaria media L. (A — Mucor
racemosus, B — Aspergillus parasiticus)

Figure 5. Microscopic view of conidia of a fungal sample taken from Stellaria media L. (A — Mucor
racemosus, B — Aspergillus parasiticus)

Figure 6. Urtica dioica L. cultures initially grown using nutrient media

They play various ecolotrophic roles and interact with plants as symbionts, pathogens or
saprotrophs. Saprotrophic fungi are fungi that live on and feed on dead and decaying matter. They
play a very important role by breaking down dead organisms and ensuring the recycling of
substances. Pathogenic fungi, unlike saprotrophic representatives, live on living organisms and
cause crop losses in agriculture, as well as a number of serious diseases. Symbiont fungal species
live together with other organisms and provide mutual benefit (mutualism).
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Figure 7. Cultures obtained by pure culture of colonies obtained from Urtica dioica L. (A —
Alternaria tenuissima, B — Mucor hiemalis)

That is, the fungal organism transfers water and minerals from the soil to the plant. The plant
transfers sugars produced as a result of photosynthesis to the fungus. Symbiont forms include
mycorrhiza and symbionts. During their long historical evolution, fungi have acquired adaptations
and adaptations to environmental conditions, which have resulted in the formation of ecological
groups. Therefore, they have formed various biologically active substances such as antibiotics,
mycotoxins, vaccines, etc. They also play a significant role in the mineralization and biochemical
transformation of dead organisms and living remains in the soil, in increasing soil fertility, and in
soil formation. The soil ecological group is a favorable habitat and food source. It is considered the
main ecological environment for fungi. Gadabay region, one of the high mountainous zones of
Azerbaijan, has a rich floristic diversity and various medicinal plants are distributed here in natural
conditions. The mycobiota formed on these plants is important both in terms of maintaining
ecological balance and in terms of medical and agrobiotechnological potential [13].

The ecolotrophic approach allows for the assessment of the ecological position and food
acquisition strategies of fungi together. Within the framework of this study, fungi participating in
the mycobiota of medicinal plants found in the flora of the Gadabay region were divided into
parasitic, saprotrophic, symbiont, and endophytic groups. The aim of this study is to determine and
evaluate the composition of mycobiota formed on selected medicinal plants growing in the Gadabay
region and the ecolotrophic functions (parasitism, saprotrophism, symbiosis, and endophytism) of
these fungi (Table 2) [12].

Table 2
DISTRIBUTION OF FUNGAL SPECIES BY ECOLOTROPHIC GROUPS (Phytopathogenic fungi)

The type of fungi Danger Pathogenicity index

Syncephalastrum racemosum  Lowe-risk of infection in immunocompromised Opportunist (rare)
individuals

Aspergillus nidulans Moderate-can produce allergens, toxic metabolites Opportunist
Rhizopus oryzae Moderate-can cause mucormycosis Opportunist / pathogen
Stemphylium solani Medium-leaf spot, yield loss Plant pathogen
Aspergillus niger Medium / High-mycotoxin (ochratoxin A), allergy Opportunist
Fusarium verticillioides High fumonisin toxin (carcinogen) Plant and crop pathogen

Phytopathogenic fungi are mainly obligate and facultative parasites by their lifestyle. They
enter plants in various ways - stomata, cracks and other ways. They manifest the diseases they cause
in a number of forms: Rots — they mainly damage the root system and food pipes. The main reason
for rotting is the loss of turgor. Rots — the plant tissue becomes soft, the cells lose their connection
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with each other. Spots or necrosis — in this case, colored spots form on the surface of the leaves,
which is caused by the effect of the toxin secreted by the fungus. Blights — are formed as a result
of the development of the fungal mycelium in the plant. Mummification — the mycelium of the
fungus develops in the plant tissue. In medicinal plants, fungi cause diseases such as blight
(ascochytatosis, septoria, cladasporiosis, cercasporosis, phyllostictosis), fusarium wilt, various types
of rot (gray, root, white, soft, etc.), rust, downy mildew, phytophthora, rust (powdery and solid), etc.

Conclusions

As a result of the conducted studies, it was determined that a rich and diverse mycobiota is
formed on medicinal plants growing in the Gadabay region. More than 15 species of micromycetes
were found on the plants of the studied plants and they were systematically attributed to different
taxonomic groups. The obtained results can be summarized as follows: the most common fungal
genera were: Alternaria, Rhizopus, Fusarium, Penicillium, Aspergillus, Mucor, etc. Many of these
species are phytopathogenic and saprotrophic in nature. Plant-fungal relationships were observed in
various ecolotrophic types: parasitism, saprotrophy and, in rare cases, mutualism. The dominance of
pathogenic micromycetes increased, especially in weakened and mechanically damaged plant
organs. The study showed that microorganisms which affect the therapeutic potential of medicinal
plants are formed in accordance with their biochemical composition and environmental conditions.
Changes in the composition of mycobiota are closely related to the age of the plant and
environmental factors. Microbiological monitoring may play an important role in the future
industrial use of these plants in terms of hygienic and technological control. In particular,
biosecurity measures are recommended to reduce the risk of fungal contamination during the
harvesting and drying stages of the plants.
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Abstract. The article studies the fauna of free-living infusoria (Ciliophora) in the Araz
reservoir of the Nakhchivan Autonomous Republic. As a result of seasonal studies during 2018—
2022, 61 species of ciliated infusoria belonging to 29 families and 38 genera were identified.
During the study, modern classification systems proposed by Lynn (2008) and Adl et al. (2005)
were used, and the results obtained are of great importance in terms of studying the infusoria fauna
of the reservoir and can be used as baseline data in future ecological monitoring and biodiversity
conservation.

Annomayusn. PaccmarpuBaercst ¢ayHa cBoOomHOkuBymux —uHQYy3opuii  (Ciliophora)
Apasckoro BopoxpaHwiniia HaxubiBaHckoli ABToHOMHOW PecnyOnmuku. B pesynbrare ce30HHBIX
uccnenoBannii 2018-2022 rr. BeisBnen 61 Bua pecHUTUATHIX HMH(Y30pUid, OTHOCSIIMXCS K 29
cemeiictBam u 38 pomam. B Xxome wuccnenoBaHMs HMCHOJIB30BAJINCH COBPEMEHHBIE CHCTEMBI
Kjaccuukanuu, npegioxennsie Jluanom (2008) u Annom u ap. (2005). IlonydeHHsle pe3ynbTaTsl
MMEIOT Ba)XKHOE 3HaueHue [UIsl u3ydeHus (ayHbl HWHQY30pUil BOAOXpAHWIMINA U MOTYT OBITH
UCIOJIb30BaHbl B Kaue€CTBE HCXOJHBIX JAHHBIX B OyaylleM SKOJOIMUYECKOM MOHMTOpPUHIE W
COXpaHeHUHU OnopazHooOpas3usl.

Keywords: infusoria, Araz, faunal diversity, freshwater basins, protozoology.

Kniouesvie cnosa: wunpy3opun, Apa3s, QayHUCTHUECKOE pa3HOOOpa3ue, NPEeCHOBOIHBIE
BOJIOE€MBI, IIPOTO300JIOTHSL.

Among the groups of protozoa, free-living infusoria play a major role in the processes of
transformation of organic matter [3-5].

This group of free-living unicellular organisms actively participates in the processes of
transformation of organic matter at the initial trophic levels and is known to be food objects for
many small groups of hydrobionts [6].

Free-living infusoria have long been known for their rapid response to the slightest changes in
environmental factors and are widely used in bioassays both at the cellular-organismal level and at
the community level [7, 16].

Despite the importance of studying infizors, unlike in Russia, this group has not been
sufficiently studied in Azerbaijan, but has been intensively studied by a number of foreign
specialists [1, 2, 14].
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The first information about this group of protozoa in Azerbaijan is known from the works of
Vaysig (1940) [15]. Summarizing the results of these authors, it can be noted that until the
beginning of the modern research period, about 70 species of infizors were known in the
Azerbaijani fauna. In modern times, the infizors fauna of the republic has been studied relatively
satisfactorily [1-3].

It should be noted that, according to recent studies, a total of 757 species of infizoans and
amoebas have been recorded in the waters and soils of Azerbaijan [2].

Material and research methodology

Samples were collected from various reservoirs of the Autonomous Republic seasonally in
2018-2022. We conducted a comparative analysis of the species diversity of free-living infizoans in
the freshwaters of the autonomous republic, their spreading, and some ecological characteristics of
these primitive groups. For free-living infizoans, we used the classification system [7, 8]. The
taxonomy of free-living infizoans is given in accordance with the eukaryotic system proposed by an
international group of experts [9].

Samples collected from the area were observed under binoculars, and infizoans were collected
with a microcapillary and studied alive under an Olympus microscope. Impregnation methods with
silver nitrate and silver proteinate were used [1, 2].

Discussion
As a result of our research in the studied water basin of the Autonomous Republic, we
identified 61 species of free-living ciliated infusoria belonging to 29 families and 38 genera [10-14].
The macrotaxonomic list of ciliated infusoria of the reservoirs of the Autonomous Republic we
studied is as follows: to determine the taxonomic affiliation of the species.

Phylum. Ciliophora
1. Classis: Karyorelictea
Ordo. Loxodida (Jankowski, 1978)
Familia. Loxodidae (Biitschli, 1889)
2. Classis. Heterotrichea
Ordo. Heterotrichida (Stein, 1859)
Familia. Spirostomatidae
Familia. Stentoridae (Carus, 1863)
3. Classis. Spirotrichea (Biitschli, 1889)
Ordo. Stichotrichida (Faure-Fremiet, 1961)
Familia. Oxytrichida (Ehrenberg, 1838)
Ordo. Urostylida (Jankowski, 1980)
Familia. Pseudokeronopsidae (Borror et Wicklow, 1983)
Familia. Urostylidae (Biitschli, 1889)
Ordo. Euplotida (Jankowski, 1980)
Familia. Euplotidae (Ehrenberg, 1838)
Familia. Aspidiscidae (Ehrenberg, 1838)
Familia. Uronychiidae (Jankowski, 1979)
Ordo. Halteriida (Petz et Foissner, 1992)
Familia. Halteriidae (Claparede et Lachmann, 1858)
Ordo. Tintinnida (Kofoid et Campbell, 1929)
Familia. Tintinnidiidae (Kofoid et Campbell, 1929)
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4. Classis. Armophorea
Ordo. Apmophorida (Jankowski, 1964)
Familia. Caenomorphidae (Poche, 1913)
Ordo. Odontostomatida (Sawaya, 1940)
Familia. Mylestomatidae (Kahl in Doflein und Reichenow, 1929)
5. Classis. Litostomatea
Ordo. Haptorida (Corliss, 1974)
Familia. Lacrymariidae (Fromentel, 1876)
Familia. Didiniidae (Poche, 1913)
Familia. Tracheliidae (Ehrenberg, 1838)
Ordo. Pleurostomatida (Schewiakoff, 1896)
Familia. Amphileptidae (Biitschli, 1889)
Familia. Litonotidae (Kent, 1882)
6. Classis. Prostomatea
Ordo. Prorodontida (Corliss, 1974)
Familia. Holophryidae (Perty, 1852)
Familia.Colepidae (Ehrenberg, 1838)
7. Classis. Phyllopharyngea
Ordo. Chlamydodontida (Deroux, 1976)
Familia. Chilodonellidae (Deroux, 1970)
8. Classis. Colpodea
Ordo. Colpodida (Puytorac et al., 1974)
Familia. Colpodidae (Bory de St. Vincent, 1826)
9. Classis. Oligohymenophorea
Otrdo. Sessilida (Kahl, 1933)
Familia. Vorticellidae (Ehrenberg, 1838)
Familia. Zoothamniidae (Sommer, 1951)
Familia. Vaginicolidae (Fromentel, 1874)
Familia. Epistylididae (Kahl, 1933)
Ordo. Tetrahymenida (Faure-Fremiet in Corliss, 1956)
Familia. Turaniellidae (Didier, 1971)
Familia. Tetrahymenidae (Corliss, 1952)
Ordo. Peniculida (Faure-Fremiet in Corliss, 1956)
Familia. Parameciidae (Dujardin, 1840)

Thus, the discovered species belong to 9 classis (currently the Ciliophora type includes 11
classes), 17 orders and 29 families. The species diversity of the noted infusorian genera in different
studied water bodies varies. Only 4 genera are represented in the most diverse way: Vorticella — 7
species or 11.5% of the total number of species found; Stentor — 4 species or 6.5%; Holophrya and
Paramecium — 3 species or 4.9% each. The remaining genera are represented by one or two species
(Table).

Thus, the dominant species in terms of occurrence in the water and samples are Coleps hirtus,
Dileptus anser, Loxodes rostrum, Colpodacu cullus, Stylonychia mytilis, Vorticella convallaria, V.
picta, Paramecium aurelia, Tetrahymena pyriformis.
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Table
SEASONAL DYNAMICS OF OCCURRENCE OF INFUSORS IN ARAZ RESERVOIR
Type Months

\Y \ Vi VI IX X
Stentor pyriformis ++ +++ F++ T+
Stentor roeseli + ++ ++ +
Stentor coeruleus ++ ot ++ +
Stentor fuliginosus + +
Prorodon ovum + ++ +
Prorodon teres ++ ++ ++ +
Coleps hirtus ++ 4+ ++ +
Coleps elongatus + + _
Dileptus anser ++ -+ ++ +
Loxodes rostrum +H+ 4+ ++ +
Chilodonella cucullulus ++ ++ + +
Chilodonella uncinata ++ +++ ++ +
Colpoda cucullus +++ T+ T+ +

Lacrumaria olor
Caenomorpha sapropelica
Oxytricha lanceolata
Stylonychia pustulata
Stylonychia putrina
Stylonychia mytilis
Euplotes mutabilis

Euplotesmoebiusif
quadricirratus
Aspidisca costata

Aspidisca lynceus
Uroleptus musculus

V. convallaria
V. campanula + ++ +++ ++ +
V. picta ++ +++ +++ ++ +

Rhabdostyla ovum
Coturnia annulata
Coturnia oblonga
Tintinnidium semiciliatum
Paramecium aurelia
Paramecium caudatum
Paramecium bursaria
Paruroleptus musculus
Amphileptus pleurosigma
Zoothamnium parasiticum
Spiristomum minus
Spiristomum ambigium
Hemiophrys procera
Carchesium polypinum
Tetrahymena pyriformis
Loxophyllum meleagris
Pseudokeronopsis rubra
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Conclusion
As a result of our studies in the studied water body, 61 species of free-living ciliated infizors
belonging to 29 families and 38 genera were identified.

Acknowledgements: The author would like to thank Akif Bayramov, Head of the Zoological
Research Department of the Nakhchivan Institute of Bioresources of the Ministry of Science and
Education of the Republic of Azerbaijan for the opportunity to conduct laboratory work.
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TAXONOMIC COMPOSITION AND USE OF SPECIES OF THE GENUS RHUBARB
(Rheum L.) IN THE TERRITORY OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC
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TAKCOHOMHUYECKHI COCTAB M HCIIOJIb30OBAHUE BU/10B POJA PEBEHbB
(Rheum L.) HA TEPPUTOPUU HAXUBIBAHCKOU ABTOHOMHOMU PECITYBJIUKHA

©I'ynueea H., ORCID: 0009-0003-2160-6976, Haxusisanckuii 2ocyoapcmeenublii yHugepcumen,
2. Haxuwiean, Azepbatioscan, qgnaile94@gmail.com
©Anuzade 3., ORCID: 0009-0006-3674-4038, Haxuviganckutl 20Cy0apcmeenHblll YHugepcumenm,
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Abstract. The presented article provides information on the taxonomic spectrum and uses of
species belonging to the genus Rheum (Rheum L.) of the family Polygonaceae Juss., nom. cons.,
distributed in the flora of the Nakhchivan Autonomous Republic. The conducted studies revealed
that 2 species of this genus are found in the flora of the Nakhchivan Autonomous Republic. The
flora of the Nakhchivan Autonomous Republic is quite rich in accordance with its geographical
location, relief and climate. Since the region covers both mountainous and steppe and semi-desert
areas, various types of vegetation have formed here. The Nakhchivan Autonomous Republic is one
of the regions with the richest flora in Azerbaijan. The rare and endemic plants here are of particular
importance not only for the country, but also for the world flora. Scientists note that the rhubarb
plant has astringent and hemostatic properties. It is used in kidney, gynecological, lymphangitis and
furunculosis diseases. It has a strong calming, anti-inflammatory, antiseptic, choleretic and
strengthening effect. It increases metabolism in the body.

Annomayus. IlpeacraBneHHa MHQOpPMALIUA O TAKCOHOMUYECKOM CIIEKTPE M HCIIOJIb30BAaHUU
BUJIOB, MpUHAIekanmx K poay Pesenb (Rheum L.) cemeiictBa I'peunminbie (Polygonaceae Juss.),
pacripocTpaHeHHoMy Bo ¢uope HaxubiBanckoli ABroHOMHOM PecmyOnuku. IlpoBeneHHble
UCCIIeIOBaHNS BBISBIIIM, 4TO BO (ope HaxubiBaHckoil ABTOHOMHON PecnyOnmuku BcTpedaroTcs 2
Buga storo poxa. ®mnopa HaxubiBanckoii ABTOHOMHOW PecnyOnuku [0BoiabHO Oorara B
COOTBETCTBUM C €€ reorpaduyeckuM MOoJNoKeHHueM, penbedom u kiumarom. Ilockonbky pernon
OXBAaThIBAeT KaK TOPHbIE, TaK WU CTENHbIE U TOJYNYCThIHHbIE PalOHbI, 3/1eCh C(HOPMUPOBAINCH
pa3NuYHbIe THIBI pacTUTENbHOCTH. HaxubiBaHCKass ABTOHOMHas PecryOnuka sBiIsieTcs OIHUM U3
pEeruoHoB ¢ caMoi Ooraroil (opoit B AzepOaikane. Penkue u sHIEMHUYHBIE pacTEHUS 3/1€Ch
UMEIOT 0c000€ 3HaueHue He TOJBKO JUIsl CTPaHbl, HO U Ui MUPOBON (PIOphl. YUeHbIE OTMEYaloT,
YTO pacTeHHE peBeHb O00NagaeT BSKYIIMMH M KPOBOOCTAHABIMBAIOUIMMM CBoWcTBamMH. Ero
NPUMEHSIOT TpH 3a00J€BaHUSAX TIOYEK, THHEKOJOTHYECKHX, JUM(aHrurax u ¢QypyHKyIese.
Oxa3bIBaeT CHJIBHOE YCIIOKaWBarolllee, IPOTUBOBOCIAINTEIBHOE, aHTUCENITUYECKOE, KEITUYETOHHOE
1 o01IeyKperisitonee 1elcTBre. YCUINBaeT 0OMEH BEIIeCTB B OpraHu3Me.

Keywords: Rheum ribes, medicine, food, genus, species.

Knroueswie cnosa: PEBCHDL KHCHBIﬁ, JICKAPCTBCHHOC PAaCTCHUE, IMUIIICBOC paCTCHUEC, PO, BU.
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The Nakhchivan Autonomous Republic, an integral part of the Republic of Azerbaijan, is
distinguished from other botanical and geographical regions by its natural resources. This wealth
has been formed and developed through the combined influence of natural, historical, ecological,
and anthropogenic factors over a long evolutionary process. The rich xerophytic flora of the
Nakhchivan Autonomous Republic has historically developed in close genetic relationships with the
flora of the Mediterranean, Western Asia, and Iran. Thus, the plant diversity of the territory has
been of great interest to botanists and herbarium researchers since ancient times. Plants of the
buckwheat family (Polygonaceae) are widespread in the flora of the autonomous republic. Species
within this family are herbaceous plants. Up to 38 species of the buckwheat family (Polygonaceae
L.), belonging to 10 genera, are found in Azerbaijan. Two species are found in the Nakhchivan
Autonomous Republic. Given the above, research in this area is important.

Material and Methodology of the Study

The research was conducted in the Shahbuz and Ordubad districts of the Nakhchivan
Autonomous Republic in 2022-2024. Collection of herbarium material and stationary observations
began in 2022. To study the plant Rheum ribes L., which is widespread in the flora, regular routes
were laid in different directions (at an altitude of 800-1100 m above sea level). The definition and
clarification of the names of species belonging to the genus Rheum ribes L. were given on the basis
of A. Asarov's book "Flora World of Azerbaijan™ [14] and other works. The latest taxonomic
changes were clarified using World Flora Online (https://worldfloraonline.org/).

Discussion and Results of the Study

In the Nakhchivan Autonomous Republic, the genus Rheum is one of the important plant
species, part of the region's rich flora. Two species of the genus are found in Azerbaijan and in the
flora of the Nakhchivan Autonomous Republic. The taxonomic composition, ecological groups,
range, altitudinal zonation, and flowering and fruiting phases of the species within the genus are
listed in the table below. Rheum turkestanicum Janisch. and Rheum ribes L.— Xerophyte, altitude
zone — mid-mountainous and subalpine. Areal class Rheum turkestanicum Janisch — Turkey,
flowering and fruiting phase — V-VI. Areal class Rheum ribes L. — Iran, flowering and fruiting
phase — VI-VII. An analysis of the ecological groups of species within the genus revealed that the
xerophyte ecological group is widespread in the study area and is represented by two species. This
represents 100% of the total flora. Based on literature sources and our own fieldwork, it was
established that the species of the genus belong to different ranges, which allows us to determine the
migration routes of species into this area. Based on zonal and regional principles, the species within
the genus are grouped into two ranges. As the table shows, each of the Iranian and Turkish ranges is
represented by one species. Rheum L. is a plant with large, simple, rosette-shaped leaves arranged
around the stem and a paniculate inflorescence. The flowers are bisexual or partially male. The
petals of the inflorescence are six-lobed, hardening after anthesis. There are usually nine (5-10)
stamens, three stigmas, and a capitate pharynx. The fruits are triangular, winged nuts. Two species
of this genus are found in Azerbaijan and the Nakhchivan Autonomous Republic. The scientific
name of the plant, commonly known as "ushgun™ or “gabalag,” is black rhubarb (Rheum ribes L.).
This plant grows wild in sandy and rocky areas of the mid-mountain and subalpine zones of the
Ordubad, Julfa, and Shahbuz districts of the Nakhchivan Autonomous Republic. Scientists note that
the plant has astringent and hemostatic properties. It is used for kidney diseases, gynecological
conditions, lymphangitis, and furunculosis. It has a strong sedative, anti-inflammatory, antiseptic,
choleretic, and restorative effect. It enhances metabolism. Because the root contains anthraquinone
and tannoglucosides, it is used to prepare tinctures and decoctions for the treatment of a number of
intestinal, bladder, and kidney ailments. Extracts obtained from the plant are also used in the
treatment of lung cancer and play an important role in medicine (Figure 1, 2).
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Turkestan rhubarb (Rheum turkestanicum Janisch.) is rich in biologically active substances. It
contains anthraquinones, flavonoids, taines, steroids, amino acids, and essential oils. The plant is
used as a digestive, diuretic, anti-inflammatory, and antimicrobial agent. The Nakhchivan
Autonomous Republic, the subject of this study, is a region favorable for xerophytic plants due to its
climatic and geographical conditions. The xerophytic ecological group of plants includes drought-
resistant plants adapted to a dry climate. They use water efficiently through a number of
adaptations. The role of xerophytes in ecosystems is crucial, as they protect the soil, provide food
and shelter for animals, and maintain ecological stability. Due to their ecological and economic
importance, xerophytes bring significant benefits to both nature and humans [13, 22, 33, 34].

Figure 1. Rheum ribes (https://goo.su/Nx9cN2)  Figure 2. Rheum turkestanicum (https://goo.su/Nx9cN2)

Regardless of the research area, herbaceous plants in all regions are closely related to the
species of a number of seasons and form various groups [9, 11, 12, 15, 25-27].

The xerophytic herbaceous plants of Nakhchivan are a branch related to the cultivation of
low-water and drought-resistant plants, taking into account the arid climate and soil conditions of
the region. Xerophytic plants grow in the semi-desert and steppe zones of Nakhchivan in
accordance with the local flora and can be used in both agriculture and animal husbandry.
Xerophytic herbaceous plants have great potential for local agriculture and farming by ensuring the
efficient use of soil and water resources [1, 2, 8, 10, 20-24, 28, 29].

Along with herbaceous plants, forest and shrub plants that form various complex ecosystems
are also widespread. These ecosystems play a key role in maintaining ecological balance and
provide significant support to local flora and fauna. Thus, the dominant species in the formed
phytocenoses are plants belonging to many families, such as Fabaceae, Malvaceae, Rosaceae, etc.
[3-7, 14, 16-19, 30-32].

The xerophytic vegetation of the Nakhchivan Autonomous Republic, the study area, creates
an ecosystem that ensures sustainable life in the region's dry climate. These plants contribute to
ecosystem stability. Xerophytic plants play an important role in protecting the natural environment
during droughts and ensuring sustainable agricultural development. Nakhchivan's xerophytic
ecosystem is an important resource, forming the basis for both natural life and economic
development. Therefore, the above-mentioned species of the genus Rheum L. do not fully reflect its
uses. In our future research, we believe it is advisable to comprehensively study all the
characteristics of this genus.

Conclusion

1. The conducted research revealed that two species of the genus Rheum L. are found in the
flora of the Nakhchivan Autonomous Republic. Both species within the genus have ornamental,
medicinal, and ecological significance.
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2. An analysis of the ecological groups of the species within the genus revealed that both
species are xerophytes. According to an analysis of geographic range classes, one species is found
in Turkey and one species in Iran; both are monotypic.
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Annomayus. Penved M 3KCIO3ULIMSA CKIOHOB SIBJISIFOTCSI OTHUMHU M3 KJIFOUEBBIX HMPUPOTHBIX
(akTOpOB, BIMSIONMX HA JIECOPACTUTENBLHBIE YCIOBHs, OCOOCHHO B TOpHBIX pailoHax. HOxHbIi
ckioH bonbmoro KaBkasa Ha Tepputopun AzepOaiikaHa OTHOCUTCS K YHCITY JIECUCTBIX PETHOHOB
CTpaHbl, TJI€ B CPEIHETOPHOM W HHU3KOTOPHOM TosicaXx JOMUHHpYeT Oyk BocrouHblii (Fagus
orientalis). Jlns wW3ydeHHs BIMSHHS OKCIIO3MIMU CKIOHOB HAa  pacnpoCTpaHEHHE U
JecopacTUTeNbHbIE YCIOBHsI OyKa BOCTOYHOTO MPOBEACHBI MOJIEBbIE UCcieoBaHus B ['abannHcKoM
necanyectBe ['abanuHckoro paiioHa. MccnenoBanue nokasano, YTO CEBEPHbIE CKIOHBI (HOPMUPYIOT
HauOoJiee MPOAYKTUBHBIC U ycTOW4MBBIe 70-1eTHHE HacaxaeHus ¢ ooremom g0 390 m*/ra, Torma
Kak Ha IOKHBIX CKJIIOHaX MPOAYKTHBHOCTh 3HauuTenbHO HIKke — 160-220 wmPra. Byk
NPEINOYTUTAET BIAXKHBIE M 3aTCHEHHBIE YCIOBMS, YYBCTBHTEIEH K MHUKPOKIMMATHUYECKUM
0COOEHHOCTSIM, OOYCJIOBJIEHHBIM JKCIO3UIMEH CKJIOHOB. llomydeHHble JaHHBIE HMMEIOT
MPaKTUYECKOEe 3HAYeHHE JUIsl PAlMOHAJILHOTO JIECOBOACTBA, IUIAHWPOBAHUS JIECOPA3BEICHUS U
IIPOrpaMM BOCCTaHOBJIEHUS JIECOB Ha F0’KHOM ckiloHe bombiioro Kaskasa.

Abstract. Slope topography and aspect are among the key natural factors influencing forest
growth conditions, particularly in mountainous regions. The southern slope of the Greater Caucasus
Mountains in Azerbaijan is among the country's forested regions, where the oriental beech (Fagus
orientalis) dominates the mid- and low-altitude zones. To study the influence of slope aspect on the
distribution and forest growth conditions of oriental beech, field studies were conducted in the
Gabala Forestry of the Gabala District. The study revealed that northern slopes form the most
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productive and stable 70-year-old stands, with a volume of up to 390 m3/ha, while productivity on
southern slopes is significantly lower—160-220 m3/ha. Beech prefers moist and shaded conditions
and is sensitive to microclimatic conditions determined by slope aspect. The obtained data have
practical implications for rational forestry, afforestation planning and forest restoration programs on
the southern slope of the Greater Caucasus.

Knrouesvie cnosa: €CTECTBEHHOE BOCCTaHOBIICHUE Jieca, 6yK BOCTO‘IHBII\/JI, OKCITO3UIIUH
CKJIOHOB, ITIPOAYKTUBHOCTB JICCOB.

Keywords: natural forest regeneration, Oriental beech, slope exposure, forest productivity.

Penbed ¥ 3KCHO3UIMS CKIOHOB OKAa3bIBAIOT PEIIAOLIEE BIUSHUE Ha JIECOPACTUTEIbHbIE
YCJOBHS U pacrpeieieHne JIecoo0pas3yrolux IOpojl B TOPHBIX parionax [13, 21].

Bocrounsiii 0yk (Fagus orientalis), siBisisice BIaroitoOMBON M TEHEBBIHOCIHMBOM IMOPOJIOH,
0COOEGHHO UYBCTBUTEIIEH K MHUKPOKIMMATHYECKUM YCIOBHSAM, KOTOpbIe (opmupyrorcs B
3aBHCUMOCTH OT OPHUEHTAIlMH M KPYTU3HBI CKJIOHOB. [loHMMaHMe 3THX 3aKOHOMEPHOCTEH Ba)KHO
JUIi  TPOTHO3MPOBAHUS TNPOAYKTUBHOCTH JIECOB, HUX YCTOWYMBOCTHM K HEOIaromnpusTHBIM
IPUPOAHBIM (haKTOpaM M M3MEHEHUIO KJIMMara. AKTyaJbHOCTh MCCIIEOBAaHUS TaKKe 00yCIOBIEHA
HEOOXOIMMOCTBIO  PAllMOHAIILHOTO  JIECOYNPABJICHUS, COXpPaHEHUs  OWOpa3HOoOOpazus U
BOCCTAHOBJICHHSI JIETPAJAMPOBAHHBIX JIECHBIX dKocucTeM FOkHoro KaBkaza. AHanmu3 3aBHCHMOCTH
pacripenesieHus: Oyka BOCTOYHOI'O OT pelibeda M SIKCIIO3UIIUH CKJIOHOB 00€CIIeUBACT MPAKTUYECKYIO
3HaUUMOCTb Pe3yJbTaToB, IO3BOJIASI ONTUMHU3UPOBATH JIECOBOCCTAHOBUTEIbHBIE MEPONPUSATHS,
TUIAHKPOBAHKE TTOCAIOK U OXPaHy MPUPOJIHBIX JIECHBIX MaccuBoB [1, 9, 18].

['abanuHCcKOe JecHUYeCTBO [ abalMHCKOTO aaMHHHCTPATHBHOTO paiioHa HAXOAMTCS Ha
ceBepo-3anaae AsepOaiijkaHa, B TO e BpeMs Ha IOKHOM ckioHe bonbmoro Kaskasa,
oTHocslMecs K AzepOaiipkaHy, Ha CPETHETOPHOM M Ha HU3KOTOPHOM IosAcax. TeppuTopHs 3TOro
JICCHMYECTBA MPECTaBIIsIeT co00i TopHbIi penbed [6, 17].

[lon BrmusHEEM penbeda Ha cymie (HOPMHUPYIOTCS PA3IUYHBIE MPHUPOAHBIE KOMIUIEKCH. B
TOPHBIX palloHax TO pazHOoOpa3sue mposiBisieT ceds ere spue [ 7, 10].

Bce Buabl pacteHuii, B TOM yHcle pa3iuyHble JIecOOOpa3yrole ApeBeCHbIe BUbI UMEIOT
pa3auyHble OMOJIOrMYECKHEe OCOOCHHOCTH U 10 Pa3HOMY TpeOoBaTeIbHBI K OKPYKaIoLIEH cpee, TO
€CTh y HHUX DKOJIOTUYECKHE MMOTPEOHOCTH pazHbie. OHHU CKIOHHBI PACTH Ha BIAXHBIX, TEHUCTHIX U
MaJIOOCBELIAEMBIX COJIHEUYHBIMH JIydaMH CKJIOHAX CEBEPHBIX SKCIO3MLMH, Jpyrue — Ha
COJIHEYHBIX, 3aCyHUIMBBIX M XOPOIIO OCBELIAeMbIX COJIHEUYHBIMH Jy4aMH CKJIOHAaX HOXKHBIX
skcrno3uiuii u T. 1. [8, 13, 20].

Penbed He sBisieTcss MpPUPOTHBIM KOMIOHEHTOM. OH SIBIISICTCSI JIUIIB CBOHCTBOM CaMOTO
Ba)XHOTO IPUPOIHOTO KOMIIOHEHTA, TO €CTh 3éMHON KOpBI, BBIMYKJAs 4acTb KOTOPOTO CUMUTAaeTcs
MOJIOXKUTENBHOM, a BOTHyTas 4acTh oTpHuaTenbHod. HecMoTpst Ha To, 4To penbed He sBIsAeTCS
MPUPOAHBIM KOMIIOHEHTOM, HO OH, Kak MPHPOAHBIN (aKTOp, OYEHb CHJIIBHO BIHMSET Ha
pacrpocTpaHeHus] pa3InIHbBIX JIECOOOPA3yIONINX IPEBECHBIX BUIOB MO 3eMHON MOBepXHOCTH. [1om
WIHAHUEM penbeda HGOpMHUPYIOTCS pa3iIMyHble IPUPOJHBIE KOMIIOHEHTHI, B TOM YHCJI€ OYBEHHBIN
MOKPOB, PACTUTENIBbHBIA MOKPOB U T. 1. B TOpHBIX 00nacTsaX penbed BIHMSIET HA PACHPOCTPAHCHUS
Pa3IMYHBIX JIeCOOPa3yIOIMX APEBECHBIX BUIOB TI0 Pa3IUYHbBIM CKJIoHaM [5, 18].

Penbed BnmseT Ha MPOMOIHKUTENBHOCTh OCBEUICHHS 3E€MHOW ITOBEPXHOCTH COJTHEYHBIMH
Jy4aMHy B TEIUIBIN NepuoA roja, Ha MPOIOKUTEIBHOCTD (POTOCHHTETHYECKOTO MPOIecca, KOTOPBIN
C TOMOIIBIO JIyYHUCTOW SHEPIMM COJHIIA MPOUCXOIUT B PA3IMUYHBIX PACTEHUSIX, Ha HAIpPaBICHUS
MOBEPXHOCTHBIX TEKYYHX BOJ] IT0 MOBEPXHOCTH CYIIH | T. 1. [15].
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N. M. KpaileHHUKOB OTMeUall, YTO Ha Iore YpajbCKHUX rop B 30HE JIECOCTENEN Ha CKIOHAX
IOKHBIX OKCHO3UIMI, TO €CThb Ha IOr0-BOCTOYHOM, IOKHOM M IOr0-3allaIHOM CKJIOHAaX  Korja
(OpMHPYIOTCS] TUIIMYHBIE CTEIH, B 3TOH K€ 30HE B TO BpeMs Ha CKJIOHAX CEBEPHBIX IKCIIO3UIIUI, TO
€CThb Ha CEBEPO-BOCTOYHOM, CEBEPHOM M CEBEPO-3alaJIHOM CKJIOHAX (HOpMHUPYIOTCS Oepe3HsKU
(Oepe3oBble Jieca) C )KUBBIM IOJIECKOM, COCTOSIIMM B OCHOBHOM M3 Pa3jIM4HbIX TpaB. OT 3TOro
pUMepa MOXKHO JIeNIaTh TaKoi MpaBUIIbHBIN BBIBOA. Penbed B ropHbIX pailoHaX OH CHJIIbHEE BCETO
BJIMSICT HA PacIpoOCTpaHEHHs Jiecoo0pa3yIoux aepesbes [3, 4, 14, 17].

B ropHbeix paiioHax BiusHUE penbeda Ha pacHpOCTPaHEHUs JIECOOOPa3yIOIIMX AEPEBbEB
HAaCTOJIBKO CHJIBHO, YTO JI@K€ 3TO BIIMSHHUE YAMBISET OMNBITHBIX CIELHUAIUCTOB 3aHUMAIOIIUXCA
7ecoBOACTBOM. Penbed Ha TOpHBIX CKIOHAX MpH (OPMHUPOBAHUH TOPHBIX JIECOB MIPAET OTPOMHYIO
poinb. Ciemyer OTMETUTh, YTO JAPYrHe HpUPOAHBIE (AKTOPHI B JKU3HU JEPEBHEB TAKYIO POJIb HE
MoryT urparb. OO0 3TOM B CBOMX MCCJIEJOBAaHUSAX BCErJa OTMEUYAIN pa3Hble YUE€HbIE-UCCIIEA0BaTENIN
B pa3HbIX CTpaHax, B pazHoe Bpems. MccnenoBarenu B AzepOaiimxanckoi Pecriybiuke Ha 3TO TOxe
yaemsuid W yhaenstoT BHUMaHue. OCHOBBIBASICH HAa 3TOM ISl aHAIHM3a BBIOpAIM TEPPUTOPHUIO
l'abanmuHckoro siecHuuecTBa [abamuHCcKoro paiiona A3sepOaiimkanckoi Pecrmyonmuku. Ha
TEPPUTOPUU 3TOTO JIECHUYECTBA HA CKJIOHAX rop cOpMHpPOBAINUCH TOPHBIE Jieca, HAJl TUITMYHBIMU
OypbIMU T'OPHO-JIECHBIMM IOYBAMHM, COCTOSIIME B OCHOBHOM M3 HIMPOKOJMCTBEHHBIX JIPEBECHBIX
BuzoB [8, 13, 18].

B necax 3Toro jnecHuuecTBa UMEIOTCS M XBOWHBIE JepeBbs. K TakuM 1epeBbsM OTHOCSTCS
THC, MOYOKEBEJIBHUK U T. 1. HO OHM OueHb MaJbl B 3TUX JIecax U JOJIS 3TUX JIPEBECHBIX PACTEHUH B
(dopMHpOBaHUU JIECOB HEBbICOKas. Ha TeppUTOpuU 3TOro JECHUYECTBA Mbl BBIOpAIM OIBITHBIE
YYacCTKM M B 3THUX y4yacTKax BeJM HaOironeHus HaJ 70-TH JISTHUMH JICCHBIMM HACaKICHUSMH, B
KOTOPBIX rOCHOACTBYET OyKk BocTouHbli (Fagus orientalis L.).

Ha Teppuropun Asepbaitmkanckoit PecriyOnuku 3TOT BUII JepeBa MPOU3PACTAET B MSATKOM U
BJIQKHOM KJUMare. SIBisieTcss OMHUM M3 OCHOBHBIX JIECOOOpPA3yIOIIUX JAPEBECHBIX BHJIOB B Jecax
PecnyOonuku. Ha paBHUHHBIX TEpPPUTOPHUAX IPEBOCTOM, COCTOSIIME M3 OyKka BOCTOYHOTO HE
HaOmonatotrcsi. B ropueix paitonax bombmoro m Mamoro KaBkaza Oyk BOCTOYHBIM 3aHHUMAeT
oOmmpHble Teppuropuu. Bricota Oyka coctaBuser 40-50 M, a nuameTp CTBOJIa Ha YpOBHE
yenoBedeckoil rpyau coctasnser 150-200 cm. Ha BocToke AzepOaiijkaHa HUXKHsSI TpaHula Oyka
BOCTOYHOI'O HE omyckaercs Hike ypoBHA 250 merpa. Ero MOXKHO Ha3BaTh TUIIMYHBIM TOPHBIM
nepeBoM. B secHBIX ycioBusXx Oyk BOCTOUHBIM B OOJIBIIMHCTBE cliydaeB mpoxkuBaeT 150 nert, a
nHorga — 300-500 set.

Mamepuan u memoouxa

l'abana — paifon Ha ceBepe A3sepOaiiikaHa, pacloONOKEHHBIM B MPEATrOpbsiX bosbiioro
Kagskaza. Teppuropus paiioHa OTIWYAETCS TOPHBIM peiabedOoM C BBICOTAMH, KOJEOTIOMUMHUCS OT
300 no 3724 metpoB Hax ypoBHeM Mopsi. Koopaunatsl: 40°56' c.ur., 47°50" B.1. [1aBHOM pexoit
paifona sBnserca ['abamyaH, a TakkKe MHOXXECTBO HEOOJIBIINX TOPHBIX peK M pydbeB. Kimmar B
palioHE YMEPEHHO-KOHTUHEHTAIBHBIN, C MATKOW 3UMOM U TEMIBIM JieToM. Ocaaky pacrpenesroTcs
OTHOCHUTEIIbHO PAaBHOMEPHO B TEYEHHE Tofla, C HAUOOJBIINM KOJIMYECTBOM JIOXKIEH BECHON u
ocenbto (Tabmuma 1). [TouBsl paifoHa pa3HOOOpaA3HBL: B MPEArOpbix MPeoOsafaloT cepble JIECHbIE
MOYBBI, & Ha BBICOKOTOPBSAX BCTPEUAIOTCS TOPHO-IYTOBbIE M KaMEHUCThIE MOuBbL. PaifoH Oorar
jJecamu, rae pactyT ny0, rpad, Oykn u XBOWHbIe MOponbl. bmaromaps cBoeMy penbedy Hu
MPUPOJIHBIM ycioBUsM, [abama sBisieTcs NOMYISPHBIM TYPUCTUYECKUM M PEKpeallMOHHBIM
peruonom AzepOaitkana [1, 2].

B kauectBe 0OBEKTa uHcclenoBaHMsS BblIOpaHa TeppuTopus [abanMHCKOTO JIeCHHUYECTBA
["aGanuHCKOro aIMUHUCTPATUBHOTO PaiioHa, PacOI0KEHHOTO B CPEIHEM M HM)KHETOPHOM IOsicax
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10kHOTO ckiioHa bonbmoro Kaskaza. JlecHudecTBO XapakTepu3yeTcsi TOPHBIM pelbeoM |
TUMTUYHBIMU OypBIMU TOPHO-JIECHBIMU TIoYBamMu. HabmroneHus mpoBOIMIIMCE B OYKOBBIX Jiecax, e
rocnoctByeT Oyk Boctounblii (Fagus orientalis L.). [lns ananu3a ObUIM BbIJIEJICHBI OIBITHBIC
ydacTku ¢ 70-JIeTHUMU HacaKJeHUSIMU OyKa.

B nporecce uccieqoBanuii U3y4aauch: 3KCIO3ULIMS CKIOHOB (CEBEpHBIE, CEBEpPO-3aIaIHbIEe,
CEBEPO-BOCTOUHBIE, BOCTOUHBIE, 3a1a/IHbIE, I0T0-3al1aHbIE, FOT0-BOCTOYHBIE, I0XKHBIE); COCTaB Jieca
U ero BO30OHOBIIEHHE; BHICOTA JEPEBBEB; 3amac JIpeBecuHbl Ha |1 ra. Ha ocHoBaHMM COOpaHHBIX
JTaHHBIX ObUTa cocTaBieHa Talmuia, oTpaxkarolas JI€COBOACTBEHHbIE XapaKTEPUCTUKH 70-JIeTHUX
OYKOBBIX HAaCaXXJIE€HUN B 3aBUCHUMOCTH OT OKCIO3MLIMUU CKJIOHOB. [loiydeHHble Marepuasl
WCIIONIb30BAJIMCH TS aHAJIN3a BIUSIHUS pelibeda Ha IPOTYKTUBHOCTh U YCTOMYHBOCTD JIECOB.

Tabmuua 1
CPEJHEMECSYHAS TEMITEPATYPA U OCAJIKU B 'AFAJIA
Mecsy Temnepamypa (°C) Ocaoxu (mm)
SuBapb 0.5 60
DdeBpalb 1.0 55
Maprt 5.0 65
Amnpenb 10.0 70
Maii 15.0 85
140%0):13 19.0 90
Uroms 22.0 80
ABrycr 215 75
Centa0pb 17.0 70
OxTs6pb 11.0 80
Hos6ps 5.0 75
Jexabpb 1.0 65

Pesynomamot u o6cyscoenue

byk — camas pacnpoctpaHeHHas B AsepOaiimkaHckoil Pecnybnmuke necooOpasyroriee
nepeBo. OH oOpa3syeT TropHbBIE Jieca, 3aHuUMaronme okoino 32% Bcell JeCHOW TUIoMmaan
AzepOaiimxana. Byk BOCTOUHBIHN yCIIEIIHO PACTET HA CBEKUX, a TAK)Ke Ha CI1a00-BIIaKHBIX MOITHBIX
necHbIX mouBax. OH BcTpeuyaeTcs TaKkKe W Ha MaJOMOUIHBIX CKENEeTHbIX MouBax. HamOGonbiiei
MOIITHOCTH U TIOJHOTHI OYKOBBIE Jieca JIOCTUralOT B CPEJHErOpHOM IMosice, MPHUOIN3UTENBHO Ha
BbicoTe 1000-1400 M. B 3TOM mosice 3T0 epeBO rOCHOJACTBYET MOBCIOAY. B 3TOM mosice OykHSKH
pacrosararoTcs Ha CKJIOHaxX BCEX AKCIO3UIUM, NEpeBbsl TOCTUTAal0OT MAaKCUMAJIbHBIX BeMWYHH. Byk
BOCTOUHBI 00pa3yeT Kak 4YHCThIe Jieca, TaKk M Jeca C MPUMECHI0 JPYTuX Jecoo0pa3yromux
JpeBecHbIX BUAOB. Hambonee pacnpocTpaHEHHBIMH THIIAaMU OYKOBBIX JIECOB SIBIISIOTCS: OYKHSK
MEPTBOMOKPOBHBII  XapaKTePU3YIOIUNUCS BBICOKOW IPOU3BOAUTEIBHOCTHIO, TIOYTH MOJHBIM
OTCYTCTBHMEM IOJIIECKA, TPABIHUCTOrO MOKPOBA M MOIIHON MOACTUIIKOW; TpyIiNa TUIIOB OyKOBBIX
JIECOB C TPaBSIHUCTHIM MOKPOBOM, OYKHSK NarnoOpOTHUKOBBIM — Hambonee BIaKHBIA M3 THUIIOB
OyKOBBIX JIecOB M Jp. bimke Kk BepxHel rpaHulle Jieca NMPOU3PACTAET CBOEOOpa3HBIA OYKHSIK
cyOanpnuiickuii. Kak TeHeBBIHOCIIMBas MOpoJa B TOPHBIX pailoHax OoJbIlle BCEro pacTeT Ha
TEHHUCTHIX U BJIAXKHBIX CKJIOHAX CEBEPHBIX Hampasnenui [11, 12].

Ha roHBIX CKJIOHaX OyK BOCTOYHBIM CBOE MECTO ycTymaeT ayOy mbepuiickomy. [losTomy Ha
UCClIelyeMOM OOBbEKTE Ha FOKHOM CKJIOHE OYKOBBIE JPEBOCTOM He BcTpedarorcs. Kak omHa u3
OCHOBHBIX JIecOOOpa3ymoIMX JIPEeBECHBIX BHUAOB, OyK BOCTOYHBIH HMMEET BeCbMa BaXHOE
X03HcTBeHHOE 3HaueHue. [louBo3amuTHOE U BOAOOXpaHHOE 3HaYeHHE OYKOBBIX JIECOB OECCIOPHO.
Kpome Toro, 6ospIryto 11eHHOCTh OyKa BOCTOYHOI'O COCTaBIIsIeT ero apeBecuHa. /i Toro, 4To0bl
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M3y4aTh HACTOJBKO CHUJIBHO BJIMSIET HKCHO3UIIMH CKJIOHOB B TOPHBIX pailOHaX Ha pacHpoCTpaHEHHE
Jecoo0pa3yIonInX JAPEeBECHBIX BUAOB BhIOpanu [abanmHckoe necHudecTBO I 'abanmmHCkoro paiioHa
Azepbaitmkanckor PecriyOnuku. TeppuTopust 3TOT0 JIeCHUYECTBA HAXOAUTCS B CPEAHETOPHOM U
HU3KOTOPHOM TMosicaXx IKHOro ckjoHa bosbmoro KaBkaza otHocsmmecs k AsepOaiiakaHCKOM
PecniyOnuke. Ha Tepputopun ObUIM omnpenesieHbl OMbITHBIE y4acTKU ¢ 7/0-TH JIETHUMH JIECHBIMU
HACaKICHUSMH, B KOTOPBIX TOCIOACTBYET Oyk BocTouHbli (Tabmuma 2).

Tabmuma 2
JJECOBOJACTBEHHBIE XAPAKTEPUCTUKMU 70-JIETHUX BYKOBBIX HACA}KI[EHI/IPI
B 'AFAJIMHCKOM JIECHUYECTBE

Cocmas Boccmanosnenue Orcnozuyust Konuuecmeo Buvicoma 3anac opesecunvi
CKJIOHO8 CKJIOHO8 Odepesves, M Ha I 2a, M
10bk+T+Kn 9Bk IT+Ku ceBep 23 24 390
10Bk+T+Kn 9Bk 1I'+Kn ceBepo-3amaj 55 22 M 350
10Bk+T+Kn 9bk1T'+Kn CEBEPO-BOCTOK 28 21 m 300
10Bk+T+4 SBbx3I+241 BOCTOK 2 20 M 280
10bx+T+4 Sbx3I+241 3amaj 3 20 m 270
10Bk+T+Kn 6bK2I" 2K FOTr0-3amnaj 4 18 ™M 220
10bx+T+4 SBx3I'+251 FOTO-BOCTOK 4 16 m 160

Kak Bugno u3 Tabmuusl 2, Ha Tepputopuu ['abalMHCKOrO JECHUYECTBA PAacHpOCTPAHEHBI
THIUYHbIC Oypble TOPHO-JICCHBIC MOYBbI Ha CKJIOHAX CEBEPHBIX IKCIIO3MIMI (HA CEBEpO-3arajHoM,
CEBEPO-BOCTOYHOM M HAa CEBEPHOM CKJIOHAX). Ha 3THX CKIIOHaX Jjieca, COCTOSIINE B OCHOBHOM U3
OyKa BOCTOYHOTO 00pa3yloT BBICOKOTIPOAYKTUBHBIE U OYEHb XOPOIIO BOCCTAaHABIMBAEMBIE, TO €CTh
ycToiuuBsie apesocrou [12, 20].

ITH Jeca HMEIOT CPEIHION0 TPOAYKTHBHOCTE — 10 390 M%/ra, Ha ceBepO-3aagHOM CKIIOHE
— n1o 350 M3/ra, a Ha CEeBEepO-BOCTOYHOM CckjJoHe — 10 300 M/ra. Ha CKIOHAaX IOKHBIX
OKCTIO3UITNH, TO €CTh Ha IOTO-BOCTOYHOM M OTO-3amajHOM ckiioHax 70-Tu yieTHHE OyKOBBIE Jeca
OYEHb Majo paclpOCTPaHEHbl, MAJONPOAYKTUBHBIE U HE OYEHb XOPOILIO BOCCTAHABIMBAEMBIE, TO
€CTb HE OYEHb YCTOWYMBBIE PeBOCTOU. [IpOTyKTUBHOCTD JIECOB € TOCMOACTBOM OyKa BOCTOYHOTO
Ha I0T0-3ama HoM cKIoHe — 220 M°/ra, a Ha 10ro-BoCTO9HOM cKIoHe 160 M*/ra [16, 18].

Ha 4ncTo ro’kHOM CKJIOHE OYK BOCTOUHBIN HE BCTPEYAETCs, T.K. OyK OYEHb XOPOIIO pacTeT Ha
TEHHUCTBIX, MaJI0 OCBEIIAEMBIX COJHEYHBIMM JIydaMH M BJIQXKHBIX CKJIOHAX CEBEPHBIX 3KCIIO3UIIMH
[17].

Cremyer OTMETHTBH, YTO B TOPHBIX PaliOHAX CKJIOHBI FOXKHBIX SKCIO3WIMK B CPaBHEHHUH C
IPYTUMH CKJIOHAMH XOpPOIIO OCBEHIAIOTCS, XOPOIIO HArpeBalOTCs W B CPAaBHEHWH C JAPYTHMHU
CKJIOHAMM OHH OoJiee 3acyluiuBble. Byk BOCTOUHBIN B TaKUX YCIIOBHSIX, TO €CTh B YCIOBHSAX CKJIOH
IOKHBIX 9KCMO3MIMI He crmocobeH oO0pa3oBaTh KOpEHHbIE HacaxaeHus. byk sBisercs
BJIaro0OMBBIM M TEHEBBIHOCIUBBIM JIECOOOPa3yOIIUM JEPEBOM U Kak JiecooOpasyroliee JAepeBo
OYEHBb XOPOIIO BOCCTAHABIMBACTCS HA TEHHCTHIX M BIAXHBIX CKIOHAX CEBEPHBIX IKCIO3HINHN, TO
€CTh Ha CEBEPHOM, CEBEPO-BOCTOYHOM M HA CEBEPO-3amaHOM CKJIOHaX. JIJist TOro, 9TOOB! B TOPHBIX
paifoHax Jieca BOCCTaHaBJIMBAJIMCh HOPMAJIbHO U OBLIM YCTOHUMBBIMU MPOTUB BPEIHBIX MPHUPOTHBIX
SBJICHUNA HA/N0 M3y4aTb M aHAJIW3UPOBATh SKOJIOTMYECKHE M OHOJOTHYECKHE XapaKTepUCTUKU
necoo0pa3ylomux JepeBbeB. M3ydeHne 3TOro W TNpaBWIIBHOE pa3MEIIeHHE JIeCOOOpa3yIoIInX
JIEPEBBEB 10 pa3HBIM CKJIOHAM B TOPHBIX pallOHaX UMEET OYCHb OOJIBIIOE 3HAUCHHE.

Penbed u SKCIO3UIMS CKJIOHOB OKAa3bIBAIOT peEIIAIOIIee BIUSHHE Ha JIECOPACTUTENbHBIC
YCJIOBHSA M pacnpocTpaHeHrne Oyka BocTouyHoro. Ha ckioHax ceBepHbIX SKCHIO3MLIUN (HOpMUPYIOTCS
HauboJsee NMPOAYKTUBHBIE U ycToWuuBble 70-meTHUE HacaKAeHHs] Oyka BOCTOYHOTO ¢ 0OBEMOM JI0
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390 m*/ra, TorJa Kak Ha CKJIOHAX IOXKHBIX AKCMO3UIIMNA MPOTYKTUBHOCTh 3HAYUTENHHO HIbKe (160—
220 ™’/ra), a Ha IOXKHBIX CKJIOHaxX OyK BOCTOUHBIH OTCYTCTBYET. JTa IOpoJa SBJISETCS
BJIArojt0OMBOM M TEHEBBIHOCIMBOM, INPEANOUNTasl BIAXKHBIE M 3aTCHEHHbBIE YCIOBHS CEBEPHBIX
CKJIOHOB. Yd4eT penbeda M IKCHO3UIMNA CKIOHOB HMMEET Ba)KHOE 3HA4Y€HHUE JUJIS PallOHAIbHOTO
Jiecopa3Be/IeHUs U JIECOyIpaBiIeHHUS B TOPHBIX paiioHax AzepOaiimxaHa.
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Abstract. Plants are the most important source of compounds that are very beneficial for the
human body, including antioxidants. Therefore, the study of compounds in plants and their use in
human nutrition is of great importance in our time. In this regard, this research work was aimed at
studying the health effects of flavonoid and polyphenolic compounds, which are relevant in modern
times. The article examines the works of many local and foreign researchers and summarizes the
results obtained. It has been determined that flavonoids of natural origin have been the focus of
increasing attention of researchers for many years and are widely used. Polyphenols have been the
subject of many scientific studies due to their positive effects on health. These studies investigate
how polyphenols act in the body and by what mechanisms they improve health. This is mainly due
to their valuable medicinal value, as they are a source for capillary-strengthening, anti-
inflammatory, choleretic, anti-sclerotic, anti-cancer, etc. preparations. Recently, attention has also
been paid to the antioxidant properties of flavonoids. The role of polyphenols in preventing
cardiovascular disease has been highlighted in many studies in recent years. Polyphenols lower
blood pressure by dilating blood vessels, inhibit the oxidation of LDL (bad cholesterol), and
increase HDL (good cholesterol) levels.

Annomayus. PacTeHHs SBISIOTCS Ba)XXKHEUIIMM HCTOYHUKOM COEAMHEHUN, Ype3BBIYAHO
MOJIE3HBIX JUIsl OpraHu3Ma 4eloBeKa, B TOM UHCJIE€ aHTHOKCHAaHTOB. [loaTomy wu3ydeHue
COGHHHGHHﬁ, coacpKaluxCcda B PACTCHHUAX, WU HUX HCIIOJIBb30BAHUC B IMUTAHUMU YCIIOBCKA HMCET
Oonbllloe 3HAYEHHE B Halle Bpems. B cBs3u ¢ 3TuM, JaHHas HccienoBareibckas padora Oblia
HampaplieHa Ha M3y4YeHHUE BIHUSHHS HA 370POBbE (PTaBOHOMAHBIX M MOTH(EHOIBHBIX COCAUHEHHIA,
YTO aKTyaJlbHO B Halle BpeMs. B crarbe paccMmarpuBaroTcsi pabOThl MHOTHX OTEYECTBEHHBIX U
3apyOeXHBIX HCCIeoBaTeNei W 0000IIAIOTCS TOMYYCHHBIE pPE3YAbTarhl. YCTAHOBJIEHO, YTO
CbJ'IaBOHOI/I,ZIBI IMPUPOAHOTO IMPOUCXOKACHUA HA MNPOTSHIKECHUHM MHOIMX JIET HAXOAATCA B LCHTPE
BHUMaHUsl HCCIENOBareleil W MIMPOKO TpUMEHsIOTCS. [lonmdeHonsl cramm  mnpeaMeToM
MHOTOYHCIIEHHBIX HAyYHBIX MCCIEAOBAHUIN B CBS3U C UX MOJOKUTEIHLHBIM BIUSHUEM Ha 370POBbHE.
[Tonmudenonpr ymyqmarmT 310pOBhe. ITO OOYCIOBIEHO MX IIEHHOW JICKQPCTBEHHOW IIEHHOCTHIO,
IMIOCKOJIBKY OHH SBJIAIOTCA HWCTOYHHUKOM KalIWJUIAPOYKPCIUIAOIINX, I[MTPOTHBOBOCHIAINTCIBHBIX,
KEITYETOHHBIX, AHTUCKIEPOTHUYECKHX, MPOTHBOPAKOBBIX M JPYIHX IMpenaparoB. BHumanwue
yAenseTcss TakKe aHTHOKCHJAHTHBIM CBoOiicTBaM  (rmaBoHou0B. Ponp monudeHonoB B
poHUIIaKTHKE CEePACTHO-COCYAUCTHIX 3a00JIeBaHUI ObllJa OTMEYEHAa BO MHOTHX HCCIICIOBAHUSIX
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nocinequux JieT. [lonmudeHonsl CHMWXAIOT apTepuasbHOE JAaBIEHUE, PACHIMpsAs KPOBEHOCHBIE
COCYIbI, MHTHOUPYIOT OKHCIIEHHE JHIONPOTCHHOB HU3KOH IUIOTHOCTH W TMOBBIMIAIOT YPOBEHb
JIUTIONPOTENHOB BHICOKOW IJIOTHOCTH.

Keywords: polyphenols, flavonoids, plant materials, antioxidants.
Knouesvie crnosa: nonudeHomnsl, (h1aBOHOUIBI, PACTHTEIFHOE ChIPhE, AaHTHOKCHIIAHTHI.

The study of important compounds in the composition of useful plants and their use in human
nutrition is one of the most important issues of our time. The main natural antioxidants present in
foods and protecting the human body from harmful free radicals are mainly vitamins, carotenoids,
polyphenolic compounds and flavonoids. These compounds are mainly abundant in various
vegetables, fruits, grains and medicinal plants [2].

Fruits and vegetables contain many substances necessary for the human body: sugars, organic
acids, nitrogenous substances, fats, aromatic and coloring substances, mineral salts, vitamins,
enzymes, glucosides, phytoncides and pectin substances, which increase the human body's
resistance to various diseases and are of great importance in human nutrition. One of the pressing
issues of modern science is the identification of new raw materials sources of biologically active
substances, the development of methods for their complex processing in order to create effective
preparations and therapeutic agents. Flavonoids are a large class of small-molecule polyatomic
phenols of plant origin. The study of their structure, physicochemical properties, functions in plants,
and biological activities against other organisms began in the 1930s [5, 8].

Flavonoids are one of the most common types of polyphenols and are commonly found in
fruits, vegetables, and tea. Flavonoids are known for their antioxidant properties and have protective
effects against cardiovascular diseases and some types of cancer by reducing cellular oxidation. For
example, epigallocatechin gallate (EGCG) found in green tea and resveratrol found in grape skins
have been studied for their anti-inflammatory and anti-carcinogenic effects [7].

Material and methods

In many studies, as well as in our own research, the most commonly used methods have been
chromatographic and spectroscopic research methods [6; 9]. Hexane and ethanol extracts of the
fruits of the species were obtained, the phytochemical composition was studied by applying
chromatographic and spectral methods. The ethanol extract contains flavones chrysoeriol [3, 4, 5,7]
at 249 nm wavelength, baicalein [5-7] at 247, 366 nm wavelength, apigenin 7-Oglucoside at 386 nm
and luteolin [3-5, 7] at 291 nm wavelength compounds were identified.

Also, the fact that the fruits of the rose hip are rich in biologically active substances, the
possibility of extracting oil from the seeds, creates a basis for the development of complex
processing schemes of the plant. Spectral analyzes were performed using a Hitachi U-2900 UV-VIS
spectrophotometer, and chromatographic analyzes were performed using a column 60108-712
HYPERSEP SI, 10G/75ml/10PKG and a DC-fertigfolien ALUGRAM SIL G/UV254 thin layer [8,
11].

Results Research on polyphenols
Polyphenols are plant-derived bioactive compounds that exhibit antioxidant, anti-
inflammatory, vascular protective, and metabolic effects. Recent studies have highlighted that
flavonoid diversity may be associated with better health outcomes [7].
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Polyphenolic compounds are aromatic compounds containing one or more hydroxyl groups.
They are mainly divided into two groups: phenolic acids and flavonoids. Phenolic compounds are
the most common compounds in plants, as more than 8000 types of phenolic compounds have been
identified in plants, of which flavonoids are the largest group, estimated to contain 5000 types [4].

Tocopherol, ascorbic acid, carotenoids and flavonoids found in plants are natural antioxidants
belonging to the phenolic compounds. Some of the phenolic compounds affect the taste of fruits and
vegetables, especially the formation of two main taste elements such as bitterness and astringency
in the mouth. Proanthocyanidins are believed to be the cause of the astringency that occurs in the
mouth when eating certain foods. Another group of them is responsible for the yellow and red-blue
colors of fruits and vegetables. Phenolic compounds are important compounds that affect heart
function. For example, high intake of flavonoids in regular tea, onions, and apples has been shown
to reduce deaths from heart disease in the elderly [3].

Polyphenols are known for their ability to reduce oxidative stress. Oxidative stress is a
condition that damages cells as a result of the accumulation of free radicals and is associated with
chronic diseases such as cardiovascular diseases, diabetes and cancer. Polyphenols help protect cells
by neutralizing these free radicals. Also, polyphenols inhibit inflammatory pathways. In one study,
flavonoids were found to lower inflammatory markers and improve heart health [2].

Research on flavonoids

Flavonoids of natural origin have been the focus of researchers for many years, and have been
used for medicinal purposes, mainly as a source of capillary-strengthening, anti-inflammatory,
choleretic, sclerotic, anti-tumor and other drugs. In recent years, their antioxidant properties have
attracted more attention. In this regard, the search for plant sources for the extraction of flavonoids
and the study of their antiradical and antioxidant activities is relevant. Effective and low-toxic
natural substances with antioxidant activity are widely used in the food, cosmetics and
pharmaceutical industries to solve many technological problems and improve the quality of
products [6].

Of the flavonoid classes, flavones, flavonones, isoflavones, flavonols, flavon-3-ols, and
anthocyanins are of great interest. In plants, flavonoids are generally synthesized in the form of
glycosidic derivatives and participate in the formation of blue, cyan, red, and orange colors in the
leaves, flowers, and fruits of plants. In addition to various fruits and berries, flavonoids are found in
seeds, nuts, grains, spices and medicinal plants, as well as in various beverages, wine (especially red
wine) and tea. One of these compounds, rutin, is a flavonoid with strong antioxidant properties.
Rutin is a bioactive flavonoid-containing compound. As an antioxidant compound, it prevents the
oxidation of vitamin C [9].

In one comprehensive review focusing on the effects of plant flavonoids, a major subgroup of
the polyphenols, on mammalian cells and the implications for inflammation, heart disease, and
cancer, Middleton stated: “certain plants and spices containing flavonoids have been used for
thousands of years in traditional Eastern medicine. Western medicine has not yet used flavonoids
therapeutically, even though their safety record is exceptional”. In the decade since this review has
been written, much novel information on the interrelationships of polyphenols and health has been
obtained [10].

Flavonoids are natural compounds that are various derivatives of benzo-y-pyrone (chromone).
The basic structure of flavonoids is a flavan nucleus consisting of 15 carbon atoms (C6 -C3- C6),
consisting of two benzene rings (A and B), connected to each other by a pyrone heterocycle (ring C)
(Figure 1).
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The main classification feature for the division of flavonoid compounds into classes within
the family is the structure of the central C ring. The distinguishing elements are the presence or
absence of: 1) an oxo group at the C-4 position (in the C ring); 2) a hydroxyl group at the C-3
position in the A ring; and 3) a double bond between the C-2 and C-3 atoms in the C ring (Figure 2,
3).

Figure 1. Basic structure of flavonoids

Flavan-3-ol Flavanone

Figure 2. Chemical structure of some flavonoids
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Figure 3. Neutralization of free radicals by flavonoids

Discussion
Research on the effects of polyphenolic compounds and flavonoids on human health. Since
the level of flavonoids in the blood and their metabolites is not very detailed, it is difficult to show
the overall effect of flavonoids or their role as antioxidants. However, several studies have shown
an inverse correlation between the amount of flavonoids entering the body and lung cancer. As a
result of some epidemiological studies, it has been noted that flavonoid products have a protective
effect against ischemic heart disease [7].
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According to Halliwell and Gutteridge, the antioxidant effects of flavonoids (in vitro) include
the removal of reactive oxygen species from the environment, which play a role in the formation of
free radicals, neutralization of free radicals, and protection of the antioxidant defense system.
Flavonoids fulfill almost all of the above criteria. Flavonoids inhibit enzymes such as xanthine
oxidase (14) and kinase C (21), which catalyze the formation of superoxide anion [4].

Flavonoids (dihydroflavonols, flavonol-3-glycosides and flavones) with an o-dihydroxy group
in the B ring of the molecule show strong antiradical activity. All the flavonoids studied have a C-4
hydroxyl group in their molecules. The results obtained show that the presence of this hydroxyl
group in the molecule is not very important for the antiradical activity of this group of flavonoids.
The antiradical activities of this group of flavonoids are stronger in the presence of certain structural
features in the molecule: an unsaturated bond in the C ring (C2-C3) and a hydroxyl group at the C-3
position. The structure of the flavone-apigenin contains a C2-C3 double bond and a hydroxyl group
at the C-4 position [3].

Natural flavonoids have been the focus of increasing attention of researchers for many years
due to their many other properties and are widely used. This is mainly due to their valuable
medicinal properties, such as capillary strengthening, anti-inflammatory, choleretic, antisclerotic,
anticancer, etc. as a source of preparations. Recently, attention has also been paid to the antioxidant
properties of flavonoids. Natural compounds with effective and non-toxic antioxidant activity are
used in solving many technological problems, in the food and cosmetic industries to improve the
quality of products. However, flavonoid-containing plants attract the attention of researchers as a
source of a wide range of medicinal preparations. They have valuable anti-inflammatory, capillary-
strengthening, choleretic, anti-radiation, anti-tumor, immunomodulatory, antimicrobial and other
properties [1].

The role of polyphenol metabolites as bioactives is presented, underlining that specific target
enzymes such as NADPH oxidases or lipoxygenases provide a basis for molecular action of
polyphenols, rather than unspecific direct antioxidant effects. Cautionary words are given for the
use of non-compositional assays of ‘total antioxidant capacity’ (TAC) in blood plasma. Enhanced
interest emerges for polyphenols in the gastrointestinal tract. Recommendations for health
professionals and the public are summarized, as well as prospects and challenges for future
research. Polyphenols are part of the natural defense system of plants. However, it is interesting that
these compounds work like a protective shield not only for plants, but also for us. With their
antioxidant, anti-inflammatory and even anti-cancer properties, polyphenols protect us without
noticing in the vegetables, fruits, tea, coffee and whole grains that we put on our plates every day
[7].

1. Cardiovascular health. Increasing flavonoid intake may reduce the risk of cardiovascular
disease and overall mortality, and flavan-3-ols in particular may reduce blood pressure.

2. Metabolic diseases. Increasing polyphenol intake helps reduce the risk of fatty liver and
insulin resistance.

3. Aging. May have a positive effect on aging due to its antioxidant and anti-inflammatory
effects.

Cancer-Preventing Effects. Polyphenols can inhibit the proliferation of cancer cells and stop
their spread. Polyphenols such as flavonoids and stilbenes can trigger apoptotic mechanisms (cell
death) in cancer cells, helping to destroy them. Additionally, phenolic acids can inhibit the growth
of cancer cells and prevent metastasis (the spread of cancer) [9].

Food Sources:

- Flavan-3-ols: green and black tea, cocoa, grapes, apples.

- Flavonols: onions, apples, berries, cruciferous vegetables.
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- Flavanones: citrus fruits.

- Anthocyanins: raspberries, blueberries, red cabbage.

In terms of bioavailability, quercetin aglycones are better absorbed with fat. Gut microbes
break down polyphenols into bioactive metabolites.

In many studies conducted by us, the polyphenol and flavonoid content of a number of plants
has been determined. The discovery of polyphenol and flavonoid compounds in the composition of
some useful plants proves that their beneficial properties are related to these compounds.
Flavonoids are highly diversified plant pigments that are present in a wide range of fruits,
vegetables, nuts, and beverages. They are regularly consumed in the human diet and have various
biological activities including anti-inflammatory, anti-cancer, and antiviral properties. The
flavonoids maybe one of the safest non-immunogenic drugs because they are small organic
compounds which have been normally absorbed by the human body for long time. During the past
decades, the patents on their health effects have inflated very much and the yearly number of the
patents is on an increasing trend. Recent mechanistic studies in molecular level make it possible that
specific flavonoids are identified to have a wide range of biological properties that can contribute to
the beneficial effects on human health [7].

Result

In addition to their physiological roles in plants, flavonoids are important components of
human nutrition, despite their lack of nutritional value. Several epidemiological studies have shown
that the consumption of fresh fruits and vegetables has protective effects against cancer, heart
disease, and other diseases, as well as premature aging. In general, the abundant consumption of
fruits and vegetables is a major factor in maintaining good health and increasing resistance to
chronic diseases. Based on a number of studies conducted by us and the results of studies conducted
in different regions of the world, it can be concluded that the flavonoids and polyphenolic
compounds contained in many plants, fruits and vegetables play an important role in their protective
effects. These observations have also been confirmed by some in vivo and in vitro studies
conducted on animals.
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THE IMPACT OF GLOBAL CLIMATE CHANGE ON THE VEGETATION OF THE
KARAGUSH MOUNTAIN RIDGE IN THE NAKHCHIVAN AUTONOMOUS REPUBLIC
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BJIMAHUE ITTOBAJIBHOI'O UIBMEHEHUSA KJIIMMATA HA PACTUTEJIBHOCTD
TOPHOI'O XPEBTA I'APAT'YIII HAXUBIBAHCKOI ABTOHOMHOM PECITYBJINKH

©Hoepy3u H. A., ORCID: 0000-0002-3712-2111, xaro. 6uon. nayx, Haxuvieanckuti
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Abstract. Climate change and global warming have exerted significant impacts on the
vegetation of the Qaragush Mountain region in the Nakhchivan Autonomous Republic. Recent
seasonal observations conducted over a seven-year period, supported by historical data, reveal
intensifying drought conditions, shifts in species composition, and progressive degradation of plant
communities. These ecological changes highlight the vulnerability of mountain ecosystems to
climatic variability and underscore the importance of long-term monitoring. The findings contribute
to a better understanding of regional ecological transformations and provide a basis for future
research on adaptive conservation strategies.

Annomayusa. VI3MeHeHHe KiIMMara M II00aNbHOE MOTEMJIEHWE OKa3ald 3HAYUTEIbHOE
BJIMSIHME Ha PAacTUTENbHOCTH Tophll aparym B HaxubiBaHckoit ABroHoMHON Pecniyonuke. Henasuue
CE30HHbIE HAOJIONEHUS, MPOBOJUMBIE B TEUYEHHWE CEMH JIET, MOJKPEIUIEHHbIE HCTOPUYECKUMU
JAHHBIMH, BBISIBUJIM YCWICHHE 3aCyX, U3MEHEHHMS B BHJIOBOM COCTaB€ U MPOTPECCHUPYIOLIYIO
JEeTpajallii0  PaCTUTENBHBIX COOOIIECTB. OTH JKOJOTMYECKHE HW3MEHEHUS MOAYEPKHBAIOT
YA3BUMOCTb TOPHBIX DJKOCUCTEM K UW3MEHUMBOCTH KIMMara W BaXXHOCTb JOJITOCPOYHOIO
MOHHUTOpUHra. [lonyuyeHHble pe3ynbTaThl CIOCOOCTBYIOT JIyYIIEMY MOHUMAaHHMIO PErHMOHAIbHBIX
9KOJIOTUYECKUX MpPeoOpa3oBaHUN M CO3/[AI0T OCHOBY Ul OyQyIIUX HCCIIEIOBAaHMM aJarnTHBHBIX
CTpaTerui COXpaHeHUs.

Keywords: Qaragush Mountain, climate variability, global warming, vegetation, ecosystem
degradation.

Knroueswvie croea. Faparym; HU3MCHYHNBOCTH KJImMara, 100aIbHOE MOTCIIJICHUC,
PACTUTCIIBHOCTE, ACTpagansa S5KOCUCTEM.

Observations were carried out seasonally over a seven-year period using both classical field
approaches and modern analytical methods. The Nakhchivan Autonomous Republic, renowned for
its diverse and distinctive natural features, is one of the most ancient regions in terms of geological
formation and ecological evolution. Geological evidence indicates that tropical forests once covered
this area. Over time, however, dramatic climatic fluctuations, tectonic activity, and other natural
processes shaped the current soil-climate composition and biodiversity profile [1-3]. Today, the
region holds a significant position within the Caucasus for both its biogeographical importance and
genetic diversity (Figure 1).
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Global climate change, variability, and ecological destabilization rank among the most urgent
challenges of the 21st century. Increasingly frequent forest fires, persistent droughts, floods,
landslides, and other natural disasters profoundly affect ecological systems, agriculture, and, in
particular, plant communities. As primary producers, plants play a critical role in the biosphere by
regulating atmospheric balance, sustaining food chains, and providing habitat structure [4].

Plants are fundamental to life: they produce oxygen, absorb carbon dioxide, contribute to soil
formation, and prevent erosion. They are also indispensable to human societies through their
applications in medicine, cosmetics, textiles, and food production. Nevertheless, due to
anthropogenic pressures-such as deforestation, pollution, and unsustainable resource use-combined
with natural climatic stressors, many plant species face an increasing risk of extinction. While large-
scale natural processes remain beyond human control, raising environmental awareness and
implementing sustainable management practices can help mitigate these negative effects [5].

Climate variability, global warming, and the disruption of ecological stability are among the
most pressing global problems of our time. A glance at the global picture reveals chaos: forest fires
and droughts on one hand, floods, landslides, earthquakes, and tsunamis on the other. These changes
in climate and ecology have a profound impact on many areas, including botany and agriculture.
Plants, which play an essential role in the lives of all living beings, are now at risk of extinction [6].

Figure 1. Garagush Mountain (Photo taken by the author)

Plants provide food and oxygen, absorb carbon dioxide, support other living beings, and are
fundamental to soil formation. They help prevent erosion and landslides, and they contribute to
industries such as medicine, cosmetics, textiles, and aesthetics. It is impossible to imagine life
without these organisms. However, due to unregulated use, deforestation, climate factors, and
environmental pollution, plants now face the threat of extinction. Alongside natural disasters and
climate changes, human activity is also a significant contributing factor. Although we cannot alter
natural global processes, educating people and encouraging the efficient use of natural resources
can help mitigate some of these challenges [7].

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 79



broemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 11. Ne11 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/120

Materials and Methods

Study Area and Observations. The subalpine meadows of Qaragush Mountain are
characterized by tall herbaceous vegetation. Over the last century, significant shifts in plant cover
have been observed, with ongoing transformations evident in recent years. Declining water
availability, reduced precipitation, and rising summer temperatures have resulted in diminished
plant density and biodiversity, particularly in lowland areas. Historically dominant plant species
have either disappeared or become highly fragmented. The shrinking presence of water bodies has
had cascading effects on microhabitats and overall vegetation structure [7-12].

The region hosts numerous fruit, vegetable, and medicinal plants traditionally used by local
communities. However, the collection of many species has now been restricted, as several have
been classified as rare or endangered and are included in the Red Book of the Nakhchivan
Autonomous Republic and the Red Book of Azerbaijan [8].

Data Collection and Methods. Research was conducted seasonally over a seven-year period
using a combination of classical field approaches and modern analytical methods. Botanical-
floristic, ecological, aerological, phytosociological, and statistical techniques were applied. The
taxonomic composition of rare plant species in the Daraloyaz mountain range was clarified, and the
phytosociological characteristics of identified species were studied. Dominant, subdominant, and
edifying species were distinguished. The current conservation status of rare or endangered species
included in the national and international Red Books was assessed [11].

Photographs were taken of phytocoenoses and individual rare species. Based on collected
data, recommendations were made for the efficient use of vegetation in the region’s summer
pastures.

Results

Plant Diversity and Classification. Field research identified 869 plant species in the Qaragush
Mountain region, representing 484 genera and 89 families. Of these, 76 species are listed in the Red
Books of Azerbaijan and the Nakhchivan Autonomous Republic (Table).

Table
RARE AND ENDANGERED SPECIES
Division/Class Species Genera Families
Pteridophyta 2 2 2
Gymnospermae 3 1 1
Monocotyledons 22 18 11
Dicotyledons 49 41 28
Total 76 62 42

Wild edible plants found in steppe vegetation include Scorzonera rigida, Capsella bursa-
pastoris, Chenopodium album, Chenopodium foliosum, Spinacia tetrandra, Salicornia europaea,
Atriplex turcomanica, and Polygonum aviculare.

Conservation Status. Some wild decorative, vegetable, fruit, and medicinal plants in the
Qaragush region are categorized as rare, with many being geophytes. The primary conservation task
has been ex situ propagation at the Botanical Garden of the Bioresources Institute, Nakhchivan
Division of ANAS, with the aim of reintroduction into natural habitats and protection of their gene
pool. For the first time, the natural reserves of certain wild plants in the Qaragush area have been
studied. These species have been incorporated into the Arpachay State Nature Reserve, where
collection and grazing activities are prohibited.

Environmental Pressures. The vegetation of Qaragush Mountain, especially the subalpine
meadows used as summer pastures, is in critical condition. Severe droughts and high summer
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temperatures in recent years, coupled with uncontrolled grazing, have accelerated vegetation loss.
As a result, the area has been placed under special protection by the Ministry of Ecology and
Natural Resources of the Nakhchivan Autonomous Republic (Figure 2).

Figure 2. Garagush Mountain (Photo taken by the author)

Discussion

The results of this study demonstrate that the vegetation of Qaragush Mountain is undergoing
significant ecological transformations driven by both natural and anthropogenic pressures. The high
level of plant diversity, with 869 species recorded, highlights the importance of this region as a
reservoir of genetic resources within the Caucasus. However, the fact that 76 species are already
included in national and regional Red Books underscores the vulnerability of the flora to ongoing
climatic and human-induced changes [7-12].

Climate change has played a decisive role in shaping the current vegetation patterns.
Increased summer temperatures, coupled with decreased precipitation and prolonged droughts, have
accelerated the decline of water-dependent species and favored the spread of xerophytic plants. This
trend is consistent with observations in other mountainous ecosystems of the Caucasus and beyond,
where climate variability has led to habitat fragmentation and species loss. Human activities such as
overgrazing, uncontrolled harvesting of medicinal and edible plants, and land-use changes have
further intensified ecological degradation. While local communities have traditionally relied on wild
plants for food, medicine, and other purposes, unsustainable collection practices threaten the
survival of several species. These findings highlight the urgent need to balance traditional practices
with modern conservation strategies. The establishment of protected areas, such as the Arpachay
State Nature Reserve, represents a positive step toward preserving the unique flora of Qaragush
Mountain. Ex situ conservation efforts at the Botanical Garden of the Bioresources Institute provide
an additional safeguard for rare species and their potential reintroduction into natural habitats.
However, long-term success requires integrated approaches that combine legal protection,
ecological monitoring, community engagement, and sustainable management of natural resources.
Overall, this study emphasizes that the Qaragush Mountain ecosystem reflects broader global
patterns of ecological vulnerability under climate change. Its protection is not only critical for
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regional biodiversity but also contributes to the global effort to safeguard mountain ecosystems that
are disproportionately sensitive to environmental change.

Conclusion

High temperatures and reduced precipitation in the Qaragush Mountain region have led to the
formation of drought-tolerant plant communities. As a result, the coverage of various vegetation
types has shrunk or disappeared altogether. The unregulated use of fruit, vegetable, and medicinal
plants has forced authorities to ban their collection. Many species, due to their rarity or extinction
risk, are included in both the Nakhchivan and national Red Books of Azerbaijan. Given the
accelerating impact of climate change, the vegetation of Qaragush Mountain is undergoing rapid
transformation. To protect the gene pool of rare and endangered species, conservation measures
such as ex situ cultivation, monitoring, and reintegration into natural habitats are essential. These
efforts will help safeguard biodiversity and preserve ecological balance in the region for future
generations.
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AGRIS F40

HETATUBHOE B/IMSIHUE ®PAKTOPA BUOOBPACTAHUSI HA MPOUHECC OYUCTKHA
BO/Jbl HA /KEMPAHBATAHCKOM KOMIIVIEKCE OYUCTHbBIX COOPY>KEHUU

©Iyceitnosa H. X., ORCID: 0009-0002-8752-4183, Hayuno-ucciedosamenbCKuti UHCIUMym
60061 u meruopayuu, 2. baxy, Azepoatioxcan, narminhuseynova92@gmail.com

THE NEGATIVE IMPACT OF BiOFOULING FACTOR OF WATER TREATMENT
PROCESS AT CEYRANBATAN WATER TREATMENT PLANT COMPLEX

©Huseynova N., ORCID: 0009-0002-8752-4183, Water and Amelioration Scientific Research
Institute, Baku, Azerbaijan, narminhuseynova92@gmail.com

Annomayus. Ilpobnema 6mooOpacTaHusi B cucTeMaxX BOJOIOATOTOBKH CUUTAETCS CEPbE3HOM
TEXHOJIOTHUECKOH Tmpobiemoil. Tak, HaKOIUIEHHME pa3IMYHBIX BHJOB MHKPOOPTaHU3MOB,
BOJIOPOCJICH M HMX OCTaTKOB Ha IOBEPXHOCTSIX CYIIECTBEHHO CHMXAeT 3()(HEeKTHBHOCTH pabOTHI
TPYOOIIPOBO/IOB, PA3IMYHBIX TUIIOB (PUIBTPOB U MEMOPAHHBIX CUCTEM. DTH YCIOBHS MPHUBOAAT K
YBEJIIMYCHHUIO THUIPABIUYECKOTO COMPOTHBICHUS (B OCHOBHOM B CHCTeMax (HIbTpallUd) M, Kak
CIIE/ICTBUE, K YBEIMYCHHIO dHepronorpetneHus. Paktop OmooOpacTaHHs TakKe OTPHIATEIHLHO
BIMSET Ha T[IOKa3aTeld KadecTBa OYMIICHHOW Boabl. Jlis mpemoTBpamieHusi 0oOpa3oBaHUs
O6uooOpacTanuii U pa3pyiieHus: yxe 00pazoBaBIIMXCS OM00OpacTaHUi MOTYT OBITh HCIIOIb30BAHbI
pasnuyuHble XUMHUYeckHe, ¢uznueckue U Ouonormyeckue Meronsl. [lepen mpuMeHeHHEM Ba)KHO
orpenenuTs (pakropel oOpa3oBaHHs OHOOOpacTaHM W OMOJOTHYECKUE XaPAKTEPUCTHKH IS
OLEHKNA J(PQPEKTHBHOCTH KaXIOTO U3 YIOMSHYTBIX METOJOB. PaccMOTpHBAIOTCS TNPUYMHBI
oOpa3oBanust OumooOpactanuit Ha J[[kelipaHOaTaHCKOM KOMIUIEKCE YAbTpadUIBTPAIIIOHHBIX
OUYMCTHBIX coopyxeHuil. IIpoBeneHbl HCCIENOBaHHMSA IO  OINPENENCHUIO  XapaKTePUCTHK
O0nooOpacTaHuil M MOTyYSHHBI PE3YIIBTAThI U BBIOOpA METOAAa OYUTKH.

Abstract. Biofouling in water treatment systems is considered a serious technological
challenge. The accumulation of various types of microorganisms, algae, and their residues on
surfaces significantly reduces the efficiency of pipelines, various types of filters, and membrane
systems. These conditions lead to increased hydraulic resistance (primarily in filtration systems)
and, consequently, increased energy consumption. Biofouling also negatively impacts the quality of
purified water. Various chemical, physical, and biological methods can be used to prevent
biofouling and destroy existing biofouling. Before use, it is important to determine the factors
responsible for biofouling and its biological characteristics to evaluate the effectiveness of each
method. This article examines the causes of biofouling at the Jeyranbatan Ultrafiltration Treatment
Plant Complex. Studies have been conducted to determine the characteristics of biofouling, and the
results are used to select a treatment method.

Kniouesvie cnosa: JlxeiipanOaTaHCKUI KOMIUIEKC, OYHUCTHBIE COOPYKEHHs, OHMooOpacTaHue,
MHUKPOOPTaHU3Mbl, T1aTOMOBBIE BOAOPOCIIH, OUUCTKA BOJIBI.

Keywords: Jeyranbatan complex, treatment facilities, biofouling, microorganisms, diatoms,
water purification.
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B mnocnenHue roapl COKpalleHHE BOAHBIX PECYpCOB M YXYALIEHHWE KayecTBa BOAbI B
HCTOYHUKAX OOYCIOBMJIM HEOOXOAMMOCTb COBEPIIEHCTBOBAHMS IPOLIECCOB BOAOMOATOTOBKU U
OYMCTKHU. [ 3TOrO MCHOIB3YIOTCS OTHOCUTEIBHO COBPEMEHHbIE MEMOPAaHHBIE TEXHOJIOTUH, B TOM
quclie yabTpaduibTpalliOHHbIE YCTaHOBKHU, ITO3BOJISIFOIINE 00ECIeYUTh BHICOKHI YPOBEHb OUUCTKH
BO/bl. OHAKO, KaK YK€ OTMEYAJIOCh, PE3KOE N3MEHEHUE KaYeCTBA BO/IbI B UICTOYHHUKAX 32 KOPOTKHIA
MIPOMEKYTOK BpeMEHH Ha (oHEe II00aTbHOr0 U3MEHEHHS KJIMMara, 00yCJIaBIMBaeT HEOOXOAUMOCTh
ONTUMHU3ALMM CYIIECTBYIOUIMX OYHCTHBIX COOPY)KEHUH U TNPUMEHSEMBIX TEXHOJIOIMYECKHX
pexuMoB. [T1aBHBIM (PaKTOPOM ISl ONTHUMU3AIMH SBISIETCSI KOMIUIEKCHAs OLIEHKa KaueCcTBa BOJbI B
ucroynuke. He ommGémcs, eciu ckaxkem, 4To OHON U3 Hanbosee cepbE3HBIX MPOOIeM, BIUSIOLIUX
Ha JOJTOCPOYHYIO U CTAaOWIBHYIO DPAa0OTy OYHUCTHBIX COOPYKEHUH, SBISICTCS OWOTUIEHOYHBIN
¢dakrop. O6pa3oBaHUe W PA3BUTHE OMOIIEHKU 3aBUCIT OT (PU3UKO-XUMUUIECKUX, OMOIIOTUYECKUX U
TUAPOJMHAMHYECKUX CBOWCTB BOAbL. [losToMy uisi mpouIakTUKU M pelIeHUs IpoOIeMbl
OMOIUIEHKH TIIyOOKO€ H3ydyeHHEe MeXaHu3MOB e€ o00pa3oBaHUS HMeeT OOJblIoe HaydHOe U
IpakTHueckoe 3HauyeHue. lccienoBaHus, NpoBeAEHHBIE, B YAaCTHOCTH, Ha JxkeilpanOaraHckoM
KOMIUIEKCE YIBTPaQMIBTPAIMOHHBIX OYHUCTHBIX COOPYKEHHIA, MOKA3bIBAIOT, YTO OWOTIEHOYHBIN
(dakTop HaPsSAMYIO BIHSIET Ha 3PPEKTUBHOCTH MPOILIECCOB BOJOMIOATOTOBKH.

PaccmarpuBatorcs NmpuYMHBI 00pa3oBaHUs OHOIUICHKH, OIEHKAa POJM MHUKPOOPTaHHU3MOB,
MIPOBOJIUTCS CPABHUTENbHBIA aHamM3 o0pa3oBaHUs OWOIJIEHKM Ha PAa3IMYHBIX I[OBEPXHOCTSIX
(HepkaBerolasl CTallb, HOJUATUIIEH, CTEKJIO) U KOJINYECTBA aKTUBHBIX MUKPOOPTraHU3MOB B COCTaBE
oOpasyroleicsi OMOIUICHKH, a TaKKe €€ BIMSHHE Ha MUKPOOHOJIOTMYECKOE KayeCTBO BOIBI U
mpouecchl (pUIpTpanuu.

Obvexm u MemoouKa uccie008anHull

B kauectBe o0ObekTa wuccienoBaHus BblOpaHo J[kelipaHOaTaHCKOE BOJOXpaHWIIUIIE,
pacroyiokeHHOe Ha ATIIEPOHCKOM NodyocTpoBe AsepOaiimkaHckoil PecnyOnuku u umeroniee
eMKocTh 186 MH. M°, a Takke KOMILIEKC yABTPAQUIBTPALIMOHHBIX OYHCTHBIX COOPYKEHUH,
MOJIyYaIOLIUX CHIPYIO BOAY M3 3TOTO K€ BOJAOXPAHWIMILNA U MMEIOLIUX MPOU3BOAUTEIBLHOCTH 6,2
M>/cek. VIcCie[oBaHusI B OCHOBHOM Ga3MpOBAIINCH HA METOJE OIEHKH OHONOrHYCCKOTO KauecTBa
BOJIbI U OIIPEJIeNICHNH HHAeKca canpoOHocTH. CTeneHb MUKPOOHOIOTMYECKOTO 3arpsiI3HEHNs BOJbI U
aKTUBHOCTh MMKPOOPraHM3MOB, O0pa3yloIuX OHOIUIEHKY, ONpENeNsiuch C MOMOIIbI0 HHJAEKCA
canpoOHOCTH.

JIaGopaTopHO M3y4aslMCh 00IIAsi YMCIEHHOCTh MUKPOOPTraHU3MOB, KOJIMYECTBO JUATOMOBBIX
BOJIOpOCIei, 0coOeHHOCTH (OPMHUPOBAHUS CJIOS OMOIUIEHKM Ha pPAa3IMYHBIX HOBEPXHOCTAX H
BIMSHHE Ha HHUX TEeMIleparypbl OkpyKatomiei cpensl. IIpoObl ans uccinenoBaHuil OTOMpanuch B
TedeHue deTbipex ce30H0B 2021-2023 romos.

Pesynbrarel mpuBeseHbl B BUJE CpeJHUX 3HaueHUil. Bce mMuKpoOmonormueckue aHalu3bl
IPOBOAMIIUCH B cOOTBeTCTBUU ¢ TpeboBanusmu ['OCT 34786-2021.

Ananuz u obcysxcoenue

Huxe  paccmoTpeHsl — MexaHu3Mbl — oOpa3oBaHus  OMooOpacTaHMii B KOMILIEKCE
yIbTPaUIBTPALIMOHHON OYMCTKH BOABI U MX HETAaTUBHOE BIMSHHUE HA MPOLECC OYUCTKU BOjbl. He
omunOEMcs, ecin MoxYepKkHEM, 4TO OMooOpacTaHHMe — OJIHA U3 CaMbIX CEphE3HBIX MPOOJIEM B
CHUCTEMax BOJOIMOJArOTOBKH, OCOOEHHO B MEMOpaHHBIX TEXHOJOTUSAX (YIbTpaduibTpanus,
oOparHblif ocMmoc). B cuctemax ynpTpaduibTpallid 3TOT MPOLECC MPOUCXOTUT B pe3yibrare
HAKOIUIEHUS MHKpPOOPraHM3MOB (IIpeXae BCero OakTepuil W mpocTeiiux), Boxopociell u
OpPraHUYECKHUX BELIECTB Ha MOBEPXHOCTU M B Mopax (UIBTPOB (KpoMme YIbTpaduiIbTPaluOHHBIX
MeMOpaH 1 MUKPODUIBTPOB MEPBUYHOTO OCBETIICHHUS ). DTO HAKOIUICHHUE MTOCTENMEHHO (B HEKOTOPHIX
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CIIy4asix dTOT IPOIIECC MPOMCXOIUT 3a OYCHb KOPOTKOE BpeMs, mpumepHo 48—72 yaca) oOpasyer
cioif OmoobpacTaHus, KOTOPbIM OTpUIIATENbHO BIUSAET HAa 3((PEKTUBHOCTh PabOTHl (HUIBTPOB, a B
HEKOTOPBIX CIIydasiX W BOBCE JENAeT IPOLECC OYMCTKH HEBO3MOXKHBIM. HecMoTpst Ha TO, 4YTO
OMOIUJICHKH CHJIBHO Pa3IMYaloTCs MO CBOMM CBOMCTBaM, UX (POPMHUPOBAHUE U KUZHEHHBIA ITUKI
CJIEIYIOT OHOMY M TOMY K€ MEXaHU3MY M OOBIYHO COCTOSIT U3 YEThIPEX OCHOBHBIX CTaIHil.

Hauanonoui sman  aocopoyuu. Ha d5TOW cTaguM KpyIHBIE OPraHUYECKHE MOJEKYIIH,
KOJUIOMTHBIE YAacCTUIBI M OEJKH, CoAepXalluecsi B BOZAE, MPWIMIAIT K MOBEPXHOCTH (PUIIBTpa,
o0Opa3yss TMEepBUYHOE IMOKPBITUE. OTO TOKPBITHE CIYXHT CyOcTparoM, oOOeCHeunBaomuM
OnaronpusTHBIC YCIOBUS AJIsl 3aXBaTa MUKPOOPTaHU3MOB U UX NUTaHus [1].

Kononusayusa mukpoopeanuzmos. Ha 3ToM 3Tarne Ha MOBEPXHOCTH HAYMHAIOT MHTEHCHBHO
Pa3MHOXXaTbCSI MUKPOOPTaHU3MBI U OaKTEpUH, YTO MPUBOAMT K YBEITHMUCHHIO OMOMACCHI.

Obpazosanue O6uonnénxku. MUKpoOOpraHuzMbl 00pa3ylOT MPOYHYIO OMOIUIEHKY, CBSI3BIBASIChH
Ipyr C JIPYroM IOCPEJICTBOM JIMIIKOTO BEIIECTBA, COCTOAIIETO W3 IOJIMCAXapUIOB U OEJIKOB,
KOTOPBIX OHH CEKPETHPYIOT. JTO BEIIECTBO, HA3bIBAEMOE BHEKJICTOYHBIMH ITOJIMMEPHBIMA
BemectBamu (EPS — extracellular polymeric substances), Taxke 3amurimaer 00pa30BaBIIYIOCS
OMOTUIEHKY OT HEUTPAIN3YIOIINX areHTOB.

3penass buonnénxa u aoeesusa. llocae mnomHoro QopmupoBaHUsS OHOIUIEHKKM €€ 4YacTb
OTPBIBACTCS U PACHPOCTPAHSIETCS B JIPYTHe YacTH CUCTEMBI, BbI3bIBasi 00Opa30BaHUE HOBBIX 0YaroB
OMOTIIEHKHY.

Bce MHKpOOpraHM3MBbI, COCTABISIONIMNE OCHOBY OHOIUICHKH U SIBISIOMIMECS HHIUKATOPOM
CTETIEHH MHUKPOOMOJOTUYECKOTO 3arpsi3HEHUsl CHIPOM BOABI, ACNATCS Ha JBE OCHOBHBIC TPYIIIBI
(Pucynoxk 1) [2].

[ WHaekc conpobHocTu ]
\d
[ MuKpoopraHuzMbl ]
-
Katapobbi Canpobbl
MNpevmylLecTEEHHO MpenmyliecTteeHHO
o6uTaloT B

oBuTaloT B HHUCTBIX
3arpAHeHHbIX Eogax

Nonucanpobbl I‘

[ Mesaconpobbl ]l'
Onuraconpobbl F

PI/ICYHOK 1. HOMI/IHI/Ip}/IOIHI/Ie BHUJIbI MUKPOOPTaHU3MOB B 3aBUCHMOCTH OT CTCIICHU 3arps3HCHUA BOJAbI

BoAax

—

Kak BugHO n3 Pucynka 1, MUKpOOpTaHM3MBI, COCTABIISIFOIINE WHICKC CAapOOHOCTH, JEISTCS
Ha KarapoOoB u canpoboB [3, 4]. [lepBbie 0OUTAIOT MPEUMYIIECTBEHHO B YACTHIX BOJIAaX, @ BTOPBIC —
B BOJAX C Pa3JIMYHON CTENEHbIO 3arps3HEHUs. B 3aBUCHMMOCTH OT CTENEHH 3arpsi3HEHHUs BOJ
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npeoOIaaronie TUOBI  CanmpoOOB  MOAPA3ACIAIOTCS HA MOJHUCANPOOBI, Me3acampoObl W
onurocanpoObl. Tak, B CHJIBHO 3arps3HEHHBIX BOJaX NpeolniafaroT moiucanpoObl, B BOAaX CO
CpelHEel CTENEeHbIO 3arps3HEeHUs] — Me30canpoObl, a B BOAX CO CJIa00H CTENEHBIO 3arpsA3HEHUs —
onmurocanpo6sl. JlocraroyHO KpyrnHbIE BOAOEMBI (K 3TOMY CHHCKY MOXHO OTHECTH U
JlxelipanOaTaHcKoe BAXp.) TAKXKE pas[eleHbl Ha 30HBI C PA3IUYHON CTENEHbIO 3arps3HEHUs
(monmcanpoOHbIe, Me30canpoOHbIe U onurocanpoOHsie). B JlkeiipanOaTaHCKOM BOXOXPAHUIIHIIE
9TH 30HBI, B OCHOBHOM, OCHOBaHbI Ha M3MEHEHHUH CTETICHU 3arps3HEHUS BOJbI HA PA3HBIX ITyOHWHAX.
Y4uThIBas 3TO, MOKHO Pa3eNIUTh CYLIECTBYIOIIME MUKPOOPTaHU3MBbI IO IUIOMIAAN UX OOUTAaHUS Ha
JIBE OCHOBHbIE Tpymmbl (oOWTarolue B TONIIE BOAbI M Ha JHE BogoéMa). MUKpPOOPraHU3MBI,
oOuTaroNMe B BOJC, NENATCS HAa TPH TPYMIBL: [UIAHKTOH, HEKTOH M HelicToH [5]. CaM IUTaHKTOH B
CBOIO Ouepe/ib MOIPA3/ICIsIeTCs] Ha IBE TPYIIbI: HICTUHHBINA U NICeBIOIUIaHKTOH (PHCYHOK 2).

MuKpoopraHUsmel |
“c,-r"lll—'— M
DBuTaOWMe B TONWE Aornee
B b MHEBOOETAHHIME
MaaHKTOH BeHToc
HeTHHHEIH MABHETOH | flomneid nAaHKTGN
Heuron
= Hederon

Pucynok 2. PazpmeneHue MUKpPOOPTaHM3MOB Ha TPYMINBI B 3aBHCUMOCTH OT Cpelbl WX OOWTaHUS
(Bomoxpanwnuiie J[xelipanoaran)

MHUKpOOpPraHu3Mbl, BXOASAIIME B KAXIYH TPYIIY: HMCTHHHBIA IUTAHKTOH (BOJOPOCIIH,
XJIOPOILTACTBI, PAKOOOpa3Hble, KHUIAPHUH), MCEBIOIUIAHKTOH (HEXHMBOE OPraHUYECKOE BEIECTBO,
HEOXKHMBBIE MHKPOOPTaHM3MBI, LEIUII0JI03a W T.J.), HEKTOH (pbIObI, MOJUIFOCKH), HEHCTOH
(KTyTHKOHOCIIBI M UMITH IBI), OeHTOC (MUKPOOPTaHU3MBbI, OOMTAIOIIKE HA THE BOAOEMA).

CanpoOHOCTh — BaXXHBIM OHOJOTMUYECKHI TOKa3aTeilb, XapaKTEepPHU3YIOLUIUH CTeneHb
3arps3HEHUs] BOJHOM Cpellbl OPraHMYeCKMMHU BELECTBAMU M BUJIOBOW COCTaB OOMTAIOIIMX B HEH
KMBBIX OPraHM3MOB B COOTBETCTBHHM C 3THM 3arpsisHeHueM [6]. BmepBble 3To monsTHE OBLIO
MPeJIOKEHO HEMEUKUMHU TuapoduonoramMu B KoHIe XIX Beka A OIEHKHM OMOJIOrMYECKOTO
COCTOSIHMSI BOJOEMOB. MHIekc campoOHOCTM B OCHOBHOM  XapaKTE€pU3yeT KOJUYECTBO
OpPraHMYECKHUX BELIECTB B BOJAE, MX pa3jOXKEHHE U TECHO CBSA3aH C COACPKAHMEM KHUCIOPOAa B
BojoeMe. B pesynprare oOWIMS  OpPraHMYECKHMX BEIECTB  YBEJIWYMBAETCS AKTUBHOCTD
MUKpPOOPTaHW3MOB, YBEJIMYMBAETCA NOTpPEeOJIeHHE KHUCIOpoda M, Kak CIEICTBUE, HapyllaeTcs
Omonornueckoe paBHOBecHe BOAbI [7]. Takue W3MEHEHUS OKa3bIBAIOT CEPhE3HOE BIUSHHUE Ha
KauecTBO BOJBI U OMOJIIOTHYECKOE Pa3HOOOpa3Hue. YUUTHIBASI BBILIEH3JIOKEHHOE, MOXXHO CKa3aTb,
YTO ONpeAeJeHHUE YPOBHS CAalPOOHOCTH UIPAeT BaKHYIO POJIb B IKOJIOTMYECKOM MOHUTOPHHIE
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BOJIHBIX OOBEKTOB, BBIABJICHHH HCTOUYHHUKOB 3arps3HEHHs M IUIAHWPOBAHWU MEPOIPHUATHH IO
BOCCTaHOBJIEHUIO BOJHOW cpenbl. Kpome Toro, mpu onTUMH3alUM CYIIECTBYIOIIMX BOJOOYHUCTHBIX
COOPYXCHUH KpalHE BaXKHO YYMTBHIBATh CTENEHb M3MEHYMBOCTH campoOHOro Qaxkropa B
UCTOYHMKAX 3a0opa ceipoit Boabl. CampoOHOCTh — 3TO HaJUM4YMe y MHKPOOPTaHH3MOB
(U3MONOrMYeCKUX KOMILJIEKCOB, OOECHEeYMBAIOLIMX MX pa3BUTHE B BOAE, 3arpsA3HEHHON
OpraHMYECKUMHU BellecTBaMu. MHaeKc canpoOHOCTH WrpaeT BaXKHYIO pOJIb B ONpPEECICHUU
6uooOpacTanus cucteM BogocHaOkeHus. B Tabnune | Hibke MpuUBEACHbI YPOBHU YUCTOTHI BOJBI U
Ha3BaHUS CallpOOHBIX 30H B 3aBUCUMOCTH OT MHJIEKCA CallpOOHOCTH BOJBI B BojioéMe [§].

Tabmuna 1
UUCTOTA BOABI ITO MHAEKCY CAITPOBHOCTH
Hnoexc Knacce vucmomsi Ob6was xapakmepucmuka Kiacca Haumenosanue
canpobrocmu, S 600bl YUCMOMbL canpobHOUl 30Hbl
<0.5 1 OueHb YUCTHIN Ksenosaprob
0.5-15 2 YucThiii Oligasaprob
1.5-25 3 MeHee 3arpsi3HEHHBIN Mezasaprob
2.5-35 4 3arps3HeHHbIH Mezasaprob
3.5-4.0 5 CHJIBHO 3arpsi3HCHHBIN Polisaprob
<4.0 6 OueHb CHIIBHO 3arpsi3HEHHBIN Polisaprob

Wunekc campoOHOCTH HAmpsMYKO 3aBHCUT OT BUAAa M KOJMYECTBA MHUKPOOPTaHH3MOB,
MPUCYTCTBYIOIUX B BOAC BOIlOéMa. OHGHKa KadyecTBa BOJbI I10 MI/IKpO6I/IOJIOFI/I‘I€CKI/IM IIoKasarciisiM
npejcranieHa B Ta0nuue 2.

Tabnuna 2
OLEHKA KAYECTBA BOJbI [TO MUKPOBUOJIOI' MUECKUM TTOKA3ATEJISIM
Knacc Obwas Obwee Konuuecmso Coomnouienue obwezo
yucmomal Xapaxkmepucmuka KOUYeCmeo canpogummvix KOu4ecmea u
Kaacca 4ucmomsi 6axmepuii, x 10°  6axmepuii 1000 xn/mn canpogummbix
baxkmepuil
| Od4eHb YnUCTHII <0.5 <0.5 Kax 1000
I O4eHpb YHCTHIN 0.5-1 0.55.0 >1000
Il MeHnee 3arpsi3HEHHBIT 1.0-31 5.1-10 <1000 u >100
v MeHee 3arps3HeHHBIN 3.1-5.0 10.0-50.0 <100
\% 3arpsa3HeHHbIH 5.0-10.0 >50-1000 <100
VI CunbHO 3arpsA3HEHHBIN >10 >1000 <100

bein onpenenen unnekc canpodbHoctu [xeitpanbaTaHCKOTO BAXPAHUIIUIA B Pa3HbIE CE30HBI
rojia v mojy4densl pe3ynsrarsl (Tabmuia 3).

Tabimna 3
CATIPOBHBIN WHAEKC JDKEMPAHBATAHCKOI'O BJXP. B PABHBIE CE3OHBI 'OA

Ceson Hnoexc Obwas xapakxmepucmura Kiacca Haszeanue canpobnoii
canpobrHocmu YUCTHOMbL 30HbL
Becna 18 MeHnee 3arpsi3HEHHBII mezasaprob
Jleto 2.4 MeHee 3arpsi3HEHHBIH mezosoprob
OceHb 1.2 YucTerii oligasoprob
3uma 0.7 YucTsiit oligasoprob
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Kak BugHo wm3 TabOmunpl 3, B OCHOBHOM B BECEHHE-JIETHHE MECSIBI KAayeCTBO BOJIBI
BOJIOXPAHUJIMIIA TEPEXOAUT W3 KATerOpUM YHCTOM B KaTErOpPUI0 MEHEee 3arpsi3HEHHOW II0
CPaBHCHHIO C OCCHHE-3UMHHUM IepuoioM. Jlamee Obula mMpoBeOeHA OIGHKA Ka4ecTBa BOIBI
BOJIOXPAaHWJIMIIA TO OOmeMy dYuciy OakTepuid IO Ce30HaM Tojla W IOJIYYCHBI DPE3yJIbTarhl,
npeacTaBieHHbie B Tadmuie 4.

Tabmuma 4
OIIEHKA KAYUECTBA BO/IbI ITO OBIIIEMY YUUCITY BAKTEPUI 110 CE3OHAM
Ceson Obwas Obwee Konuuecmeso Coommnouenue oowezo
xapaxmepucmuxa KOIUYECmeo canpogummuvix Konuuecmea bakmepuil u
KAACCa Yucmomol Gakmepuii, x10°  Gaxmepuii x1000 ki/mn  canpodummvix 6axmepuii
Becna Menee 3arpsi3HeHHBIN 2.7 3.2 <1000 u >100
Jlero  MeHee 3arps3HEHHBII 3.9 4.5 <1000 u > 100
Ocenp  YwcThiit 0.7 0.5 >1000
3uma  Ywmcrsrid 0.3 0.17 >1000

KadectBo Bozpl, ykazanHoe B Tabmurie 4, MICHTHYHO KavyecTBY, ykazaHHoOMYy B Tabmwie 3.
OO0pa3ipl OMOTIICHKH, OTOOPAHHBIC ISl IPAKTHUECKUX MCCIICI0BAHHM, ObUIM MCCIICIOBAaHbI HAMH Ha
Hannure mMukpoopranu3moB Esherichia coli, Aeromonas. IT1oTHOCTh JKHBBIX OPraHU3MOB B CIIO€
6uomrenkn cocrasmma 1,0-1,9x10° MUKpPOOPIaHW3MOB Ha 1 cM? momamm. B yYKa3aHHBIX Mpobax
obonapykensl Aeromonas wu E. coli. Omnpenenuts NpUHAUICKHOCTh OOHAPYKECHHBIX
MHUKPOOPIaHU3MOB K TIaTOTCHHBIM IITaMMaM [0 TEXHHYECKUM IPUYMHAM HE MPEICTaBUIOCH
BO3MOXXHBIM. MHTEepecHble pe3yiabTaThl ObUIM  IOJIyY4EHBI TMPU HM3YYCHHUH MEXaHU3MOB
(dbopMupoBaHUs OMOIUICHOK Ha Pa3MYHBIX CyOcTparax. B kadecTBe cyOCTparoB HCIIOIB30BAIUCH
TUTACTUHBI U3 HeP)KaBEIOIIeH CTaln, NOJIMBHHIIXJIOpUIA U cTekina. Hike mpeacTaBieHa IoTHOCTb
MHUKPOOPIraHU3MOB poja Aeromonas B OuoruieHKax, COPMUPOBAHHBIX Ha Pa3IMYHBIX CyOCTpaTax
(Temmieparypa okpyxatoieii cpeapt 20°C) (PucyHok 3).

AEN 730
\viw v LIRS A4
58
. —— : : .
Hepxageromas cranb [TonuBUHUIXIOPUA Crekno

Pucynok 3. IlmotHocTh AGromonas B OuorieHKaX, c(pOPMHPOBAHHBIX Ha Pa3IUYHBIX CyOCTpaTax
" 2
(amcno xonmonwuit B cm”)

Kak BugHO M3 nuarpaMMbl, TUIOTHOCTh OWMOIUIEHKM Ha MOJUBUHWIXJIOPHIE (IJIACTHMKOBBIX
BOJIONTPOBOJHBIX TPyOax), MIMPOKO MCIIOIB3yeMOM B TOCJEIHHE TObI, Oonee ueM B 10 pa3 BhIIIe,
4eM Ha HeprKaBeroLleil cTain. BeposTHO, 3TO CBA3aHO ¢ HAIMYUEM B COCTABE HEPIKABEIOIIEH CTaIN
JPYTUX METAJIJIOB, TAKMX KaK XpOM, MapraHel] U HUKEIb, KOTOPbIE HETaTUBHO BIUSIOT Ha MPOLIECCH
MeTabonu3zmMa MUKpoopraHu3MoB. OJHAKO Ui MOJyYEHHUs MOJHOM KapTHHBI HEoOXOOUMBbI Oojee
IyOOKHE  HUCCIENOBaHMs. AHAJOTHYHBIE HCCIENOBaHMS OBbUIM  TMPOBENEHBI €  OOMIMMH
KOJM(GOPMHBIMH MHUKPOOpPraHW3MaMH M TOJy4eHbl cienyrommue pesyabrarsl (Pucynok 4). Kak
BUJHO U3 JMarpaMMbl, ObUIM TOJTYYEHBI CXOXHE pe3ylbTarbl, a IUIOTHOCTb KOJU(OPMHBIX
MHUKpPOOPTaHW3MOB Ha NOJIMBUHWIXJIOpU/IE ObUIa 3HAYUTEIHHO BBIIIE, YEM HA HEPKaBEIOIeH CTalIH.
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Temneparypa OKpyJKaromield Cpeabl SBISETCS OJHUM M3 OCHOBHBIX a0MOTHUYECKUX (DaKTOpOB,
BIUSIONMX Ha (OPMUPOBAHWE U TUIOTHOCTh OWOIIEHKH. YUUTBIBas OSTOT (DAKTOp, HAIIH
HCCIIeI0BaHMS POBOAMIIUCH TIpu Temneparype 37°C.

490

420

72

HepsaselLwan cTaib MonuBuHMMUIOPUA, Crerno

Pucynoxk 4. IInoTHOCTh 00X KOIM(OPMHBIX MUKPOOPTraHU3MOB B OMOIIICHKAX, C(OPMHUPOBAHHBIX
Ha Pa3INYHbIX CyOCTpaTax (YHMCIIO KOJIOHUA B €M)

OTKJIOHEHHH OT MPOrHO3UPYEMBIX 3HAUEHHH crocoOHOCTH Aeromonas K 00pa30BaHUIO
OouomiéHok He Habmonasnoch. Kak M okuaanock, MIOTHOCTh MHUKpoopranusmoB npu 20°C Obuia
HECKOJIbKO BbIle (Pucynok 5).

-291 950
oL
86
—_ T T
Hepxageromas cranb [HonuBuHUIXIOpUT Crekino

Pucynok 5. IlnotHocTe Aeromonas B OuorieHKax, c(OPMHUPOBAHHBIX Ha Pa3IHUYHBIX CyOCTparax
(TemrtepaTypa okpysKaromei cpest 37°C) (4HCI0 KOMOHHMIA B cM?)

OnHako  IUIOTHOCTh ~ MUKpPOOPTaHM3MOB B OMOIUIEHKE, 00pa3oBaHHOW  OOIIMMHU
KOJM(POPMHBIMU OAKTEPHUSIMH, BONPEKH OXKHJIAHHUSIM, 3HAUUTEITHHO CHU3MIIACH (pHC. 7).

JlanpHele uccaenoBaHus MOKa3aln, YTO 3TO CBSI3aHO C TE€M, YTO KOJIMYECTBO CBOOOIHBIX
MHUKPOOPIraHu3MoOB B Bojie npu Temmneparype 37°C Gonbiue, yem npu 22°C. Takum obpazom, 37°C
SBJISIETCS ONTUMAJIBHOM TeMmepaTypoi i pocTa 00X KoIu(pOpMHBIX OakTepuii. B cBs3u ¢ aTum
MIPEIONaraeTcsi, YT0 MUKPOOPTaHU3MBI TPEANIOYUTAIOT KUTh B CBOOOJHOM cocTosiHuH (PucyHok

6).

315
250
48
I - T T 1
Hepixageromas cranb [NonmuBrHMUNXIOPHUT Crexio

Pucynok 6. IlnoTHOCT 00mKX KOIM(OPMHBIX MHKPOOPTraHU3MOB B OMOIIICHKAX, C(OPMHPOBAHHBIX
Ha pa3IMYHbIX cyOcTpaTax (TemMreparypa OKpYyKaromiel cpelibl 370C) (uucno xonoHuil B CM2)
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[TockoabKy MOMY4YEeHHBIE PE3YyNIbTaThl MPEACTABISUIN OCOOBIM MHTEpEC, MOCIe BhIpalIUBaHUS
0 0
ouorienku npu 20°C, oOpa3ipl, Kak U mpexae, moMeriany B Tepmoctar npu 37 C Ha 12 yacoB u
KCCIIEIOBAIM TIOBTOPHO 110 MCTEUEHHH YKa3aHHOTO cpoka (PucyHok 7).

410 380

B Yucno kononwmii cm? ipu 20°

B Yycno koiaoHmi B cM? mipu 37°

Hepxkageromas cranp  [lonuBuHMIXIOpH ] Crexino

Pucynok 7. 3menenus, HaOIromaeMbie B 00IeM KOTUYECTBE KOTM(POPMHBIX MHKPOOPTAHU3MOB Ha
Pa3NMYHBIX CyOcTpaTax Mmocje MoMelleH!s] OMOIJIeHKH, BeipaienHoi mpu 22°C, B Tepmoctare mpu 37°C Ha
12 gacoB

Kak BHIHO, IpH MOMEIIEHNH BCeX TPEX CyOCTPaTOB BMECTE ¢ OMOIUIEHKOW MPH TeMIeparype
37°C nabmoaanoch CHIKEHUE IIOTHOCTH OOMIMX KOJTH(POPMHBIX MUKPOOPTaHU3MOB B OMOIIIIEHKE.
[Tpu orGope mpod U3 BOTHOW Cpeabl, Il HaXOMMINCh Yalku [leTpu, u onpeneneHny Koim4ecTBa
o0mMX KOMM(OPMHBIX MHKPOOPTaHW3MOB HAONIOAATIOCh YBEIMYEHHE KOJIMYECTBA CBOOOIHBIX
MHKpoopranu3moB (PucyHok 8).

200

115

mipu 20° C mpu 37° C

Pucynok 8. O6uiee xoanuectBo Konudopmusix O6akrepuit npu 20°C u 37°C B ogHO U TOH ke cpene
(ancno xomonwuii B 100 M)

Ipu 20°C — KoNMYECTBO MUKPOOPraHM3MOB coctaBmio 115, a mpu 37°C — >200. Dro eme
pa3 CBHUJETENBCTBYET O TOM, 4YTO MMKPOOPraHM3Mbl IOKUAAIOT OHMOIUIEHKY, Ionajaas B
OJaronpuATHYIO Cpemy.

Buisoo

[IpoBeneHHBIE WCCIEAOBAaHUS IIOKa3ald, YTO OHWOIJIEHKAa OKa3bIBa€T HEMOCPEACTBEHHOE
BIUsiHUE HA A((HEKTUBHOCTH MPOIECCOB OYUCTKH. Ha OCHOBaHWMHM JAaHHBIX O CanmpoOHOCTH MPOO
BOJIbI OTMEYECHA CE30HHAs HW3MEHYMBOCTH MHUKPOOHOJIOTHYECKOH aKTHBHOCTH. B pesymbrare
CpPaBHECHHS COCTaBa OWOIUICHKH HAa TOBEPXHOCTSAX Pa3JUYHBIX MaTrepHaIOB YCTAaHOBIICHO, 4YTO
KOJIMYECTBO JKMBBIX MHUKPOOPTAaHM3MOB Ha MOBEPXHOCTH HEPIKABEIOIICH CTAalld HaWMEHbIIee. ITO
CBUACTETBCTBYET O TOM, YTO MaTepuajbl M3 HEP)KaBEKINEH CTaau CIOCOOHBI YaCTUYHO
npeaoTBpamiarh o0pa3oBaHue OHWOIUIGHKHM U Oornee momaxomar st Oonee 3PGEeKTHBHON U
TUTHEHUIHOMN IKCIUTyaTaIldd B CHCTEMaX BOJIOIOTOTOBKH.
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Annomayus. PaccMaTpuBaeTcs COBPEMEHHOE COCTOSIHME WMH(OPMAIMOHHBIX TEXHOJOTUH B
KpyImHOMacIITaOHOM CTPOUTENILCTBE M KaK OHHU pPELIaloT JKOJOTHYecKue mnpobiemsl. B
Keipreizcrane I'ocynapcTBeHHas UnoredyHas KOMIaHUsa B Hacrosilee BpeMms cTtpout 6onee 50 000
€IMHUIL JKWIbs JUISl YACTHOTO CEKTOpa 3a CUET TOCYIapCTBEHHOTO (pMHaHCUpoBaHus. MccnenoBanue
M0Ka3ajao, 4YTo BHeApeHue HHPopmauuoHHbIX TexHonorut (MUT) B crpourtenscTBe co3maer
BO3MOXKHOCTH Ul MHHOBallMd BO BCEX acleKTaX CTPOMUTENbHOM MAESITeNbHOCTH. Pe3ynbrarsl
UCCIIEOBAHNS TOKa3alau, 4To npuMmeHeHne MT-MeTonoB npHu CTPOMTENBCTBE HOBBIX 34AHHUU
OTKpBIBACT 3HAYUTEIbHBIE DKOHOMMUYECKHE W DKOJIOTMYECKHE BO3MOKHOCTH B CTPOUTENBHOMN
OTpaCH.

Abstract. Examines the current state of information technology in large-scale construction and
how it addresses environmental issues. In Kyrgyzstan the State Mortgage Company is currently
building over 50,000 housing units for the private sector using government funding. The study
found that the introduction of information technology (IT) into construction creates opportunities
for innovation in all aspects of construction activities. The results of the study showed that the
application of IT methods in new building construction offers significant economic and
environmental opportunities in the construction industry.
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Knrouesvie cnosa: CTPOUTECIIBCTBO, I/IH(i)OpMaI_[I/IOHHBIe TEXHOJIOTHUH, SKOJIOTH.
Keywords: construction, information technology, ecology.

B ycnoBusix MonepHH3anuM HUH(DOPMALMOHHBIX TEXHOJOTMHA NpPUMEHEHUE MH(PPOBBIX
TEXHOJIOTUA B YIPABICHUM COBPEMEHHBIM CTPOUTEIBCTBOM U CTPOMUTEIBHBIMU IPOEKTAMHU
CTaHOBUTCS BCcE Ooiiee akTyanbHbIM. CTPOUTENBCTBO 3TO OJHA U3 OCHOBHBIX OTPACIEH SKOHOMHUKH,
00beMBbl KOTOpPOM SIBIIAIOTCS TMOKazaresnsiMu ee crabuibHOcTH. llo nmanneiM HarnumonaneHoro
crarucTudeckoro komutera Keipreickoir Pecnybmuku B 2023 T 00b€M WHBECTHIIMNA B OCHOBHOM
KanuTal 3a CYET BCEX MCTOYHUKOB (DMHAHCHUPOBAHUS PA3BUTHS CTPOUTEIHHOTO KOMIUIEKCA
yBenuumics Ha 18,8% (B 2022 r — na 4,0%) u coctaBui 168,5 mupa comos [1-3].

ITo cpaBHenuto ¢ 2022 r poct 00bEMa MHBECTUIIMH B OCHOBHOM KamuTajl ObLI O0OecIeveH 3a
CuéT YyBENUYEHHUS BHYTPEHHUX HCTOYHUKOB (uHaHcupoBanus Ha 34,6%. Buenpenue
nHpopmanmoHHeix TexHojorui (MT), B cTpouTenbHBIE MPOEKTHI B PECIyOIHMKEe CTaHOBHUTCS
HEOTHEMJIEMOM YaCThIO OTPACIIH, IPUHOCS NHHOBALIMM U COBEPILIEHCTBYS IIPOLIECCHI BO BCE ACIIEKTHI
CTPOUTENbHOH iesTenbHocTU. CTpouTeNnbHAsL OTPACib BKIIOUAET B ce0sl pa3InuHbIE TEXHOJIOTUU: OT
uu(pOBU3AIUN MIPOCKTUPOBAHMS O HUCIHOJIb30BAHMS HHTEIIEKTyaJbHBIX CHCTEM YIpaBIICHUS
CTPOUTENbHBIMH TUIomaakaMu. OJIHUM M3 KIIOYEBBIX AaCMEKTOB BHEAPEHUS HH(POPMAIIMOHHBIX
TEXHOJIOTUI B CTPOUTEILCTBE SBIISCTCS MCIIOJIb30BaHUE HHPOpMaMoHHON Mozenu 3nanus (UM3).
NUM3 — »5T0 WHTErpUpOBaHHAas CHUCTEMa, OOBEIMHSIONIAs OCHOBHBIC JaHHBIE O CTPOSALIEMCS
3MAHUU: TEOMETPUUYECKYI0 MOJENb, MaTepuaibl, rpaguk U OHMKET, a Takxke HHGOPMAIUIO O
PEIICHHUH JKOJIOTMYECKUX MPOOJIeM, CBSI3aHHBIX CO CTPOMTENHCTBOM. JTO MO3BOJSET YIYUIIHUThH
KOOPJMHAIMIO MEXIY Y4YaCTHUKaMU IPOEKTa, CHU3UTh KOJIMYECTBO OLIMOOK M ONTUMHU3UPOBATH
ucnonb3oBanue pecypcos. [eonndopmarnmonnsie cuctemsl (I'MC) Taxke MUPOKO TPUMEHSIOTCS B
ctpoutenbecTBe. OHU TMO3BOJSAIOT MPOAHAIM3UPOBATH TEPPUTOPUIO O Hadaja CTPOUTENIbCTBA,
OIpENeNINTh ONTHUMAJbHBIE MECTa pa3MeUIeHHs OOBEKTOB M IPOTHO3UPOBATh IOTEHIMAIbHBIE
PHUCKHU U TPOOIEMBI.

Mamepuanvi u memoowl uccnedosanus

[Ipu opranu3zanuu CTPOUTENBHBIX paboT MpoBOAUMBIX B KbIprei3ctane B MpeaoTBpAlLleHUN
OKOJIOTMYECKMX  TpolieM  BaKHOE  3HaueHWe  uMeeT  d(P(eKkTHBHOE  UCIONB30BaHHE
WHGOPMAIIMOHHBIX TEXHOJOTUH. 3IaHWW TOCTPOEHHBIE C WCIIOJNIB30BAaHHEM HWH(OPMAIMOHHBIX
TEXHOJIOTHH, COOTBETCTBYIOT HKOJIOTMYECKMM CTaHAapTaM, CO3/1aBasi YCJIOBUS TNPUTOIHbBIE IS
KHU3HM M pPaboThl. Vcnonb3oBaHME SKOJOTMUECKHUX aCHEeKTOB IpHU pa3paboTKe W BHEIPEHHH
MH(GOPMALIMOHHBIX PEIICHUH M CHCTEM B CTPOUTEIFHOW OTpAaCid CIIOCOOCTBYET Pa3BUTHIO BCEH
CTpOHTENBbHON oTpaciu. [lpu NpaBUIFHOM WCIONB30BaHUM LU(POBU3ANUU B CTPOHUTEIHCTBE:
MOBBIIIAET 0€30MaCHOCTh M Ka4yecTBO padoT; obierdyaer oOMeH HHpopMalueit o xone paboT Mex1y
YYaCTHUKaMH CTPOUTENILCTBA; M03BOJISIET IPOBOUTH aHAIN3 MOTPEOJIEHUS PECYPCOB; CIIOCOOCTBYET
CO3JJAaHHIO TOYHBIX IU(PPOBBIX MOJENEH 3MaHUI ¢ BO3MOXKHOCTHIO MOJICIMPOBAHUS ITOCIIEACTBUI
TEX WJIM UHBIX IEUCTBUI 1151 Bcero oobekTa (MIM3).

Ilo nanupiM HarumonanbHOro craructudeckoro komurera KbIprei3cTaHa B sHBape-aBrycTe
2024 roma B pecnybnuke mnoctpoeno 800,6 ThiC.M? YACTHBIX JKWIBIX JOMOB. B pesyJibrare
MPUHAMAEMBIX KOMIUIEKCA Mep 110 pa3BUTHIO CTPOUTENBHOTO KoMIUlekca KwIprei3crana
COXpaHseTCsl YBETMYEHHE 00bEMOB KAalMTAIBHBIX BIOKEHHHA. 32 MCTEKIIMNA MEPHOJ TIOCTPOSHBI U
BBE/ICHBI B HKCILTyaTallHIO:

- 76 KOMIUIEKTHBIX TpaHC(OPMATOPHBIX MOJACTAaHUMN HamnpsbkeHuem 10/4 kB, nunHun
anekTponepenaun Hanpsbkennem 0,4 kB nporsokeHHocThIO 148,58 kM, 6-20 kB — 30,43 kM, 35 kB
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u Beile — 3,33 KM, ra3zopacnpeieiauTelbHble CETH MpOTsHKEHHOCTho 17,60 KM, MUHH-
ruAposiekTpocTanuu Ha 5,50 MBa;

- 72 ob6meoOpa3oBarenbHBIX MIKOIBI (Ha cymmy 8 060,0 maH comoB) u 10 mpuctpoek Ha 19,7
TBIC. YYUEHUYECKHX MECT, 4TO B 1,4 pa3za Oombiie, yem B 2022 1. BBOA KO OCYIIECTBIISICS BO BCEX
peruonax Pecrmyonuku;

- 21 nomikonbHOE yupexjaenuit (2 559,4 mun comoB) Ha 1 893 mect. BBoA AOLIKOIBHBIX
YUpEeXACHUHN OCYIIECTBIISIICS BO BCeX pernonax PecrmyOnuku.

VYBenuunBaroTcs 00bEMbI KUIHIIHOTO CTPOUTENbCTBA. Ha cTrpouTenbcTBe sxuitbs 3a 2023 rox
HCIIONIh30BaHO (IO OIleHKe) 54,2 MIIpJ COMOB WHBECTHIIMH B OCHOBHOM KalMTaJ, WM BBIPOC Ha
6,4% mo cpaBuenuto ¢ 2022 . B 2023 r. cnansl B skciutyatanmio 13 755 nomoB/kBapTHp 0O1Iei
miomaneo 1 360,5 TeIC. M. Jlost cpeacTB, OCBOCHHBIX HA YKUJIHMIHOE CTPOUTEIHLCTBO B OOIIEM
o0beMe OCBOCHHBIX MHBECTHIMH, cocTaBmiia 32,2%. OCHOBHAs J0Js BBEACHHOTO >XHIIbs (85,7%)
npuxonutcst Ha JDkaman-AGaackyro, Omickyro, Uykickyto m baTkeHckyro 007acTH, a Takke T.
buikek (Tabmuia, PucyHok).

Tabnuua
OBBEMbI XKUJIMIIMHOI'O CTPOUTEJILCTBA
Pezuon Tocmpoenuvie doma Hneecmuyuu 6 ocHosHoltl
Konuuecmso Obwas nrowads kanumai, ucnojib306aHo,
muic. M 3a aueapv-aszycm 2023 2 % MIH comos
Bcezo: 6 275 800,6 132,9 21 159,3
batken 409 53,3 73,9 874,0
XKanan-Aban 1823 196,3 159,1 5150,4
HUccrik-Kynp 397 54,6 129,9 862,4
Hapea 168 21,4 136,7 560,1
Om 1027 121,2 89,6 3450,3
Tamac 460 55,6 149,9 968,3
Uyit 1341 164,3 142,6 3443,6
r. bumkex 520 114,0 273,3 52137
r. Om 130 19,9 98,9 636,5

CoBpeMeHHbIE MPOrpaMMHbIE DPELICHUs 3HAYUTEIbHO YIPOLIAIOT W YCKOPSIIOT Ipolecc
MIPOEKTUPOBAHUS KOHCTPYKIIUIA:

- o0ylayHOE TIporpaMMHOE ofOecmedeHue  Juisi pacuyéra OaloK, MO3BOJSIONIEe OBICTPO
aHAJM3UPOBATh PEAKIINU, H3TUOAIOIINE MOMEHTHI U TIPOTHOBI.

- UHCTPYMEHT JJIsl pacuéra KJIEeEHBIX JepeBSHHBIX OaJOK MO CTPOUTENIBHBIM CTAaHAAPTaM, C
BO3MO)KHOCTBIO JICTAJIbHOTO aHaJIM3a BHYTPEHHUX CHJI U Iedopmariuid. [4-6].

Y4auTeiBass 0COOCHHOCTH PETHOHOB, MOXXHO HCITONB30BAaTh PsAJl METOAOB HCIIOIB30BAHHS
TAHHBIX TIPU CTPOUTEITECTBE COOPYKEHHIA:

1. KinumaTtuueckue yclioBHs peruoHa.

2. Penbed 1 3K0JIOTHSI peTHOHA.
. MecTonosnoxeHrne HaceJIeHHOTO MMyHKTa.
. Coop u peructparus JTaHHBIX.
. PacmionoxeHre HCTOUHMKOB SHEPTUH B PETHOHE.
. Ucrounuk cObopa 1 00pabOTKH JaHHBIX.
. AHaIM3 UCTIONIb30BaHMs COOPAaHHBIX JTAHHBIX B CTPOUTENBCTBE M MIPUHSATHH PEIICHHA.

NN D kW
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r. Om \ 636,5
Yyii A 3443,60
Tanac 160 968,3
O 0 3450,30
Hapsin e 560,1
Uccpik-Kynp . 862,4
Kaman-Aoban . 5150,40
batken 109 374

B yHBECTHUIIMH B KOJIMYECTBO ITIOCTPOEHHBIX JOMOB

Pucynok. IlocTpoeHHble 1oMa 10 perioHaM U WHBECTHULIMHU (MITH COMOB)

Pezynomamut u ux obcysxcoenue

B pa3BuTHIX cTpaHax BO30OHOBJISIEMbIC UCTOYHHKHU SHEPTHH WCIOJIB3YIOTCS Ul CHIDKCHHS
3aTpaTr Ha YHEPrOHOCHUTEH M CTPOUTENIbCTBA HOBBIX 3/1aHHi. VCIoab30BaHNE UCTOUHUKOB SHEPTHU
P CTPOUTENLCTBE HOBBIX 3[JaHUN Peau3yeTcsl C IPUMEHEHNEM HH(POPMAIIMOHHBIX TEXHOJIOTHH H
MaTeMaTHYeCKOTO MOJCITUPOBaHUsI [7].

OnHUM W3 IaBHBIX TMPEUMYINECTB HU(MPOBBIX TEXHOJOTHA B CTPOMUTEIBCTBE SBISICTCS
BO3MOXKHOCTh ~ IMOBBIIICHUST 3()()EKTUBHOCTH ¥ TOYHOCTH MpOeKTHpoBaHUs. C  IMOMOIIBIO
CTEIUATBHOTO TPOTPAMMHOTO 00ECIEUeHHsI apXUTEKTOPHl M HHXKEHEPHI CTPOUTEILHOW OTpaciu
MOTYT CO3[aBaTh TPEXMEPHBIE MOJENN 3HaHUH M COOPYKEHHH, a TakKe IpeIoTBpamarb
sKosornyeckue mnpodnemel. Kpome Toro, mudpoBble TEXHOJOTMM MO3BOJISIOT aBTOMAaTHU3MPOBATh
MPOLIECC CO3JaHMsI YePTEkKeH, UTO 3HAUUTEIBHO COKpAaIaeT CPOKH MpoekTHpoBaHus. C pa3BUTHEM
MH(GOPMAIIMOHHBIX TEXHOJIOTUH M MPOTPAMMHOTO 00ECTIEYeHUsT MHKEHEPHI TOTYJaloT Bce OOobIe
BO3MO)KHOCTEW Uit 0OJiee TOYHBIX M BBIYACIHUTENBHO 3()()EKTUBHBIX pPACYETOB MHOTOCIOWHBIX
6as0K. JTO MO3BOJISIET CO3/IaBaTh 0oJiee CIOXKHBIE M ONTHUMU3UPOBAHHBIE KOHCTPYKLIMH, YUUTHIBAs
BCE BUJBI Harpy3ok M TpeOoBaHui. [IpermyiiecTBoM HU(POBBIX TEXHOJOTHH B CTPOMTEIHCTBE
SBIISICTCS BO3MOXKHOCTH TIOJIyUEHHsS] TOYHOH HMH(POPMAIMHM JUIS ONTUMH3AIMH CTPOUTEIHHBIX
MIPOIIECCOB M YIPABICHHS MpoeKTamMu. [ImaHnpoBaHue M KOHTPOJIh KKIOTO 3Tana CTPOUTENHLCTBA C
UCIOJIb30BaHUEM CHELUATbHOTO HH(POPMAIMOHHOTO IPOTPaMMHOIO 00eCreueHus] JJOJKHBI
0a31poBaThCS HA HAYYHBIX OCHOBaX. HaydHOOOOCHOBaHHbIE pEIIEHUsI CIOCOOCTBYIOT COKPAIIEHUIO
CPOKOB CTPOMTEIhCTBA W IIOCTABOK, CHIDKEHHIO (DMHAHCOBBIX 3aTpar, a TakK)Ke ITOBBINICHHUIO
KauecTBa BBINOJHIEMBIX pabdoT. Kpome Toro, mu@poBble TEXHOIOTUU TO3BOJISIOT BECTH
3 PEKTHBHBIN yUeT MaTepHAIIOB H PECYPCOB, YTO CITIOCOOCTBYET ONTHMU3AINHN HX HCIIOIH30BAHUS.

Buisoowl
1. B 3axmodeHue CieayeT OTMETHTh, HH(POPMAIMOHHBIE TEXHOJIOTHH B CTPOHMTEIHCTBE
MIPEIOCTABIISIOT BO3MOKHOCTD BHEIPSHHS HOBBIX TEXHOJIOTHI M MHHOBAITHIA.
2. IludpoBbie TEXHOJIOTHU TPEOYIOT CHEIHATBHBIX WHXECHEPHO-CTPOUTEIBHBIX HABBIKOB M
3HAHU#, TOATOMY CTPOUTEIHHBIM KOMIIAHHSM TPUXOJUTCS HHBECTUPOBaTh B OOYYEHHE CBOMX
COTPYIHUKOB.
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3. 3HaYMMOCTh HKOJOTHYECKOTO CTPOMTEIHCTBA 3aKJIIOYAETCS B €r0 CIHOCOOHOCTH CHUXKATh
SHEPronoTpedIeHUE, UCTIOIB30BaTh BO3OOHOBISIEMBIE HICTOYHUKH SHEPTHH.

4. PekoHCTpyKIUS U TpeoOpazoBaHUE CYIICCTBYIOIIMX 3JaHUH C Y4ETOM JKOJIOTHYECKHX
MIPUHIIUIIOB.

Cnenyer OTMETUTb, YTO NAIbHEUIINNA CPAaBHUTEIbHBIA CTPOUTEIbHO-APXUTEKTYPHBIA aHAIU3
Oyner OasupoBarhCs Ha HH(POPMANMOHHO-CTATUCTUYCCKUX HCCIEAOBAHUSAX, TIJNE IJIaBHBIMU
3a/1a4aMM MOCTY>KUT UMEHHO Ka4eCTBEHHAs XapaKTEPUCTHUKA COBPEMEHHOTO KUJIbsi BO3BOJAMMOTO B
Keipreizcrane.
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JOBEPEHHBIE ITPOI'PAMMHO-AIIITIAPATHBIE KOMIIVIEKCbHI

O©Typanckas K. A., SPIN-xo0: 4864-3898, [lemepbypeckuii cocyoapcmeaenmbiil
YHUgepcumem nymeti coooujenus Umnepamopa Anexcanopa I,
2. Canxkm-Ilemep6ype, Poccus, Kristina.turianskaia@gmail.com

TRUSTED HARDWARE AND SOFTWARE SYSTEMS

©Turianskaya K., SPIN-xo0. 4864-3898, Petersburg State Transport University of Emperor
Alexander I, St. Petersburg, Russia, kristina.turianskaia@gmail.com

Annomayus. AHaIM3UPYIOTCS NPEANOCHUIKM M OCOOCHHOCTH BHEAPEHMS JOBEPEHHBIX
nporpaMMHo-amnmnaparieix komiuiekcoB ([AITIAK) B Poccuiickoit @enepauyii B KOHTEKCTE
obecriedeHust HHHOPMAIMOHHOHN 0€30MaCHOCTH KpUTHUECKO HH(ppacTpykTypsl. PaccmarpuBatoTcs
HOPMaTHBHO-TIIPaBOBbIE OCHOBHI peryinuposanus npumenenus JAITAK, B Tom uncne Ilocranosnenue
[IpaButensctBa PO No 1912 ot 14 HOs0ps 2023 roga. YTOUHSIOTCSA TpeOOBaHUSA K OTEUECTBEHHBIM
peuIeHUsAM, BKJIIOYAIOUIMM  HCIIOJIb30BAaHWE POCCHUHCKOM  PaguO3JIEKTPOHHOM  IPOAYKIIUH,
CepTU(UIMPOBAHHOTO  MPOTPAMMHOTO  OOECIeYeHUsT W  KOMIIOHEHTOB  WMH()OPMAIMOHHON
6e3onacHoctu. Ilpencrasnena knaccudpukanus JITAK Ha obmecucremHble U (yHKIHMOHAIBHBIE,
0003HA4YEHBbl KIJIIOYEBBIE HAIPABICHHUS MX Pa3BUTHA, a TaKkKe MpoOJeMbl CepTUPHUKALIUU U
cranaapruzanuu. OTebHOE BHUMaHHUE YAelseTcs aHaiau3y pbhlHKa noBepeHHbIX [TAK, nunamuke
€ro pocra M NEepClEeKTHBaM KOHCOJIUAALMU MPOU3BOAUTENEH. JlenaeTcst BbIBOA O HEOOXOAMMOCTU
KOMIUIEKCHOTO TOCYIapCTBEHHOI'O PEryIHPOBaHUs, PACIINPEHNUs HOPMAaTUBHOM 6a3bl U MOATOTOBKU
KBaJM(HUIHUPOBAHHBIX CIHELMAIMCTOB I YCHEIIHOTO 3aBEpLICHUs Mepexoia K HCIOIb30BAHUIO
oTedyecTBeHHbIX pemieHni k 2030 rony.

Abstract. Analyzes the prerequisites and specific features of implementing trusted hardware
and software systems (THSS) in the Russian Federation in the context of ensuring the security of
critical information infrastructure. The study examines the regulatory framework governing the use
of THSS, including the Resolution of the Government of the Russian Federation No. 1912 of
November 14, 2023. The requirements for domestic solutions are clarified, such as the use of
Russian-made electronic components, certified software, and information security modules. The
classification of THSS into general-purpose and functional types is presented, along with key
directions of their development, as well as current challenges of certification and standardization.
Special attention is given to the analysis of the THSS market, its growth dynamics, and prospects
for industry consolidation. The article concludes that comprehensive state regulation, expansion of
the legal framework, and the training of qualified specialists are essential for the successful
transition to domestic solutions by 2030.

Knwouesvie cnosa: OBEpEHHbIE IPOIPaMMHO-ANIApPAaTHbIE KOMILJIEKCBI; KpPUTHYECKas
nHpopManmoHHas HWHQpacTpykTypa; HHPOpPMalMOHHAs O€30MacHOCTh; HOPMATUBHO-TIPABOBOE
peryaupoBaHue;  UMIOPTO3aMEIEHUE;  OTEUECTBEHHAas  PaJAMOAIEKTPOHHAs  MPOTYKIIHS;
cepTH(UKALNSA; CTAaHIAPTU3ALMS; PIHOK IPOrPaMMHO-AIAPATHBIX KOMIUIEKCOB.
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Keywords: trusted hardware and software systems; critical information infrastructure;
information security; regulatory framework; import substitution; domestic electronics; certification;
standardization; hardware and software systems market.

B sxoHomuke Poccuu B mocnenHee aecsTUiIeTHE MOXKEM HAOI0aTh CTPEMUTENbHBINA POCT
TEXHOJOTUM M, B TOM 4YHUCJIE, — YBEIUYCHUE KOJIMYECTBA PAJUONIEKTPOHHBIX CPEACTB,
UCIONB3YEMBIX B CaMBIX DPa3HBIX Cdepax: OT THKEIOH NPOMBIIIICHHOCTH 10 TOBCEIHEBHOM
*u3HU. [Ipy 5TOM € pacmupeHreM IPUMEHEHUs PaJUuOIEKTPOHHBIX CUCTEM BO3HUKAKOT HOBBIC
BbI30BBl, OCOOEHHO B o00sacTd UHGPOPMAIMOHHON O€30MaCHOCTH, KOTOpas HCIBITHIBACT
HEeKoTopbIe mpobiembl. Pa3paboTka qOBEpEeHHBIX MPOrpaMMHO-annaparHbix koMmriekcoB (JITAK)
OTEYECTBEHHOTO MPOU3BOJICTBA — IPUMEP OJHOTO U3 CaMbIX CPOUYHBIX BbI30BOB it T -priHka B
JnaHHbli MOMeHT. M3ydyenune Bompoca HauHeMm c IlocranoBnenusi IlpaButensctBa Poccuiickoit
Oeneparuu o1 14 HOsA0ps 2023 1 Nel912 «O mopsnake mepexofa CyObEKTOB KPHUTHUYECKOM
nH(popManmoHHOK  WHpacTpykTypsl Poccuiickoit ®exepauun Ha OPEUMYIIECTBEHHOE
HCIIOJIb30BAaHUE JIOBEPEHHBIX IMPOrPAMMHO-ANIMAPATHBIX KOMILIEKCOB Ha 3HAYMMBIX OOBEKTaxX
KPUTHYECKON MH(DOPMAITMOHHON MHPPACTPYKTYPHI.

B noxkymenTe yctaHoBieHO, yTO: 1. mepexoji cyObeKTOB KPUTHUUYECKOW HMH(OPMalnOHHON
uHppacTpykTypsl Poccuiickoii denepaunn Ha NpeuMyLIECTBEHHOE NPUMEHEHHUE JIOBEPEHHBIX
[IPOrpaMMHO-aNIapaTHbIX  KOMIUJIEKCOB Ha NPUHAMIEKALUUX UM 3HAUUMBIX OOBEKTax
KpUTHYECKOH MHPOpMAMOHHOM nHppacTpykTypsl Poccuiickoit @enepanuu OCyIeCTBISAETCS 10
1 ssuBaps 2030 r. B coorBeTcTBUMM ¢ [IpaBriiaMu, yTBEpKAEHHBIMU HACTOSLIMM IIOCTaHOBICHUEM;
2. ¢ 1 ceursabps 2024 1. He [OOMYyCKaeTcs WHCIOJIb30BaHHE CYOBEKTaMH KPUTHUYECKOU
nHpopManmoHHoii uHGpacTpykTypsl Poccuiickoit dexepanuu Ha NPUHALISKANUX UM
3HAYUMBIX 00BbEKTaX KpUTHUECKONH MH(POPMaLMOHHON HHPpacTpyKTypbl Poccuiickoit @eaepannu
IpPOrpaMMHO-ANMapaTHbIX ~ KOMILJIEKCOB,  NPHOOPETEHHBIX  CYOBEKTaMH  KPUTHYECKOH
uH(popManmoHHoit uHOpacTpykTypsl Poccuiickoit ®enepanuu ¢ 1 centsops 2024 r. u He
SIBIISIFOIIMXCS TOBEPEHHBIMU IIPOrpaMMHO-aNapaTHbIMU KoMIuiekcamu [1].

Hcnonb3oBaHne  JaHHBIX  KOMIUJIEKCOB, HPUOOPETEHHBIX  IOCJIE  yKa3aHHOM B
IToctanoBnenuun narsl (1 centadps 2024 r.), 1 BceX OCTaJIbHBIX CYOBEKTOB CTaHOBUTCS IOA
3anpeToM. PaccMOTpuM, 4YTO MpencTaBiIsAOT COOOH JJOBEpEeHHBIE NPOTrpaMMHO-aNnapaTHbIe
komruiekchl. Ilonsitue «momepenHwlit ITAK»  ([AIIAK) Bxitouaer B cebsi KOMIUIEKCHI WU
CUCTEMBbI, KOTOPBIE COCTOSIT U3 OTEUECTBEHHOH paguO3JIEKTPOHHON MPOAYKIHH C TpeOyeMbIM
YPOBHEM JIOKAJIM3allMM POCCUMCKHX KOMIUIEKTYIOLIUX M MporpaMMHoOro odecrneudeHus. Kpome
Toro, JoBepeHHble [TAK mO0MKHBI COOTBETCTBOBAaTH CIEAYIOLUIUM TpPeOOBaHUSAM (COTIIACHO
[TocranoBnenuto, ykazaHHoMy Bbimie) [1]: o0si3aTenbHO WX MPHUCYTCTBHE B  peEecTpe
MuHnpomTopra; mnporpaMmMHoe oOecleyeHrne BHYTPU IIPOrpaMMHO-aIapaTHOTO KOMILJIEKCa
JOJDKHO OBITh POCCHHMCKHMM; KOMIIOHEHTBI, OTBEYarollue 3a MH(OPMAIMOHHYIO O€30MaCHOCTH,
JOJKHBI ObITH cepTuduuuposansl GCTOK.

IIpu sToM cam daxt BrmoueHus: [TAKa B peectp MuHuM(phI He AeTaeT €ro aBTOMaTHYECKU
OTEUECTBEHHBIM C TOYKHM 3pEHHUs 3aKOHOJATeNbCTBA O 3aKymnkax. lIporpammHo-anmapaTHbIH
KOMILJIEKC JOJDKEH B 1I€JIOM COOTBETCTBOBAaTb KPUTEPHUSM JIOBEPEHHOCTH, TAaKUM Kak
TEXHOJIOTMYECKasi HE3aBUCUMOCTb, JJIUTENbHBIA JKU3HEHHbIM IMKJI M (YHKIHOHAIbHAs
HaCBIIEHHOCTh. JlomomauTtensHo cymecTtBytoT pekomernanmnun AO «HITO KUCy, pazpaborannbie B
koH1le 2023 rofa, HO UX BBIMOJTHEHUE TIOKA HOCHUT TOOPOBOJIBHBIN XapaKTep.

Ilo cnoBam Banepust AHIpeeBa, 3aMECTUTEINS T€HEPAIBbHOIO AUpPEKTOpa 1o pazsuturo AO
«VUBK» xiroueBbiMu oTianuusaMu ITAKoB i kputuueckoit H”HPOpMaIMOHHON HHOPACTPYKTYpHI
OT OOBIYHBIX aBTOMATHU3UPOBAHHBIX Pa0OUNX MECT SIBIISIIOTCS TEXHOJIOTHYECKasi HE3aBUCUMOCTD U
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JUIATENbHBIA KU3HEHHBIA UK. B TaHHOM KOHTEKCTe BaxkHO He mpocto npucyrcreue [IAKa B
peectpe MunnpomTopra win MuHIUQpPHL, a ero peajbHas TEXHOJIOTHYECKas aBTOHOMHOCTh KakK
B NPOrPaMMHOM, TaK W B alnapaTHO 4dacTax. Takke SKCIEPT OTMEUYaeT, YTO OOJNBIIYIO pOJIb
WUrpaeT CpOK SKCIUTyaTaluu, KOTOpbId B ciydae noBepeHHbIX [TAKoB, moxeT cocraBisaTh 15 u
naxke 25 ner (https://goo.su/SWWBNaR).

Breigensitor nBa  kimacca gosepeHHBIX IIAK (B coorBerctBumM ¢ KiaccuuKanuei
denepanbHOro areHTCTBA 110 TEXHUUYECKOMY PETYJIMPOBaHUIO U MeTposiorun) [3]:

oluiecucTeMHble — KoOraa (yHKIMOHaJbHO-TexHUYeckue xapakrepuctuku JAIMAK nHe
3aBHCAT OT LEJIEBOro O0BEKTa (HampuMmep, 3TO KOMIUIEKCHI AJis Iepeladyd, XpaHEeHUs MU
yIpaBiIeHUs JaHHBIMU, oOecreueHus MH(POPMAIMOHHONW 0€30MacHOCTH, I 33a4 MaIluHHOTO
00y4€HHUsI U MTH)KEHEPHOIO IPOEKTUPOBAHHUS).

(GYHKIMOHAJIbHBIE — COOTBETCTBEHHO, (YHKIIMOHAJIbHO-TEXHUYECKHE XapaKTepUCTUKU
CBSI3aHbl C I€JIEBBIM OOBEKTOM (BKJIIOYAIOT TaKWe THUIbI, Kak JoBepurenbHble [TAKu nns
MOHUTOPHUHIA, TUATHOCTUKU U 3aIIUTHI).

B coorBerctBum ¢ ®denepanbHpiM 3akoHOM 0T 26.07.2017 Nel87-d3 (pen. ot 10.07.2023)
«O 06e30macHOCTH KPUTHYECKOW MH(POPMAIMOHHON HHPpacTpyKTyphl Poccuiickoit ®eneparim »
[3] xpurtnueckas wuHbOpMalMOHHAS HHPPACTPYKTypa — ITO OOBEKTHl KPUTHYECKOU
uHpopmarmoHHot  MHGPACTPYKTYpel  (MH(OpPMAIIMOHHBIE  CHUCTEMBI, HH(GOPMAIKOHHO-
TEJIEKOMMYHHKAIIMOHHBIE CETH M aBTOMATU3MPOBAHHBIE CHCTEMBI ynpasiieHus cyobektroB KUN),
a TaKXe CeTH JIEKTPOCBSI3U, UCTIOIb3yEMBbIE JJIsi OPTaHU3alUU B3aUMOACHCTBHUS TaKUX OOBEKTOB.
N3 srtoro cnenyetr, uro o0bektsl KWW Hanpsimyro BIHSAIOT Ha OpraHu3aluio paboThl B
KPUTHYECKHU BaXKHbIX 00aacTax. B cooTBeTcTBUU C 3TUM, pa3ButHe JoBepeHHbIX IIAKoB naer B
HECKOJIbKMX HaIlPaBICHUAX — HH(PPACTPYKTYpHBIE, CETEBBIC, CIICIUATN3UPOBAHHBIC CETMEHTHI U
CeKTOp MH(POPMAITMOHHOM 0€30MTacCHOCTH.

JIunepoM mo BoCTpeOOBAaHHOCTU M KojaudecTBy JnoBepeHHbIX IIAKoB sBisieTcss cermeHT
nH(pOopMaMOHHOHK 6e30macHOCTH. BTopoe MecTo y HHPPacTpYKTYPHOIO CerMeHTa (peleHus ais
BUpTyanu3anuu, xpaneHus gaHHelx 1 CYBJ]), nockonsky B KU on 3anumMaer nopsiaka 80%.

Ha peiHke nporpamMMHO-anmapaTrHbIX KOMIUIEKCOB MPUCYTCTBYIOT HE TOJBKO KpPYITHbIE
KOpIOpaluy, MNPeJoCTaBISAI0NINEe KOMIIJIEKCHbIE PELICHHs], HO U HEOOJbIINE CTapTarbl, KOTOPbIE
MOTYT 3aKpBITh NMOTPEOHOCTH B Y3KHUX oOnacTax. Mbl cunTaeM, Takoe pa3HooOpa3ue UIPOKOB
CYLLIECTBEHHO Ba)XKHBIM, TaK KaK 3TO IO3BOJIAET NMPOBOJIUTH pabOTy OlepaTUBHEE, OPUEHTUPYICH
Ha 0oJiee TOUeUHbIE 3apOChl PhIHKA.

Kputnueckun BaxHo, 4toObl IIAKM oOecneunBanu BHpTyadu3aluio, YOpaBlIeHUE U
MOHMTOPHMHI, a TaKXKe COOTBETCTBOBAJIN TpeOoBaHUAM Oe3onacHOCTH. COIIacHbl C MHEHHEM, UTO
KU3HECIIOCOOHBIMU OCTAHYTCSl TOJBKO T€ MPOU3BOAUTENH, KOTOPbIE MPEAOCTABISAIOT BBICOKHIT
YPOBEHb KJIMEHTCKOI'O CEpBHUCA U MPOBEPSAIOT COBMECTUMOCTD C MPOTPAMMHBIM 00€CIIEUEHHEM.

B Hacrosmee Bpems NpPOU3BOAMUTENSAM NPUXOAMTCS CTAIKMBATbCd C MpoOsieMoit
cepTu(UKalMM U OTCYTCTBUEM KOHTPOJUpYIOLIEro oprana s nosepeHHbix [1AKos. B cBszu ¢
3TUM HEOOXOJUMO pacCUIMpPSITh HOPMATUBHYIO 0a3y M MOAXOAUTH K BOIPOCAaM PETyIUPOBAHUS
KoMmIuiekcHo. Ha nanublif MOMeHT komuTeT 167 mpopaboTasl 0OCHOBHbIE TEPMUHBI, ONIPEACIICHUS U
knaccupukanuio I[TAKoB, a Taxke pa3zpaboTand COOTBETCTBHE MEXAY HAIMOHAIBHBIMU
crangapramu u kinaccudukaropom Munuudpsr (https://goo.su/'SWWBNaR).

IIpu osTOM KOHCTaTHpyeM (aKT, UYTO PHIHOK JOBEPEHHBIX IPOrpaMMHO-aINapaTHIX
KOMILIEKCOB IOKa HEOOJbLION M TONbKO HabupaeT o6opoThl. Ho skcmepTsl OTMEYaloT, 4TO B
nepuoj Ommkaimmx 3-5 et 00beM phIHKa MOXKET BBIPACTH KpaTHO [4].

JluHaMMKa perucTpanuu 3a MOCJeJHUEe JABa roja 3HaAYUTEeNbHO yckopuiack. OcOOeHHO B
KJtoueBbIX peectpax Munuudpsr PO u Munnpomropra PO. be3yciioBHO, KIII0UEBYIO POJIb 3/1€Ch
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UrpaeT HEeoOXOIMMOCTh OOHOBIEHUS HMH(PACTPYKTYpbl y 3aKa3uMKOB. TakikKe PBIHOK aKTHBHO
OPUEHTHPYETCS] Ha IMEepeuYeHb NPUOPUTETHBIX pemeHui oT Munuudpsr PO. Ecoum B 2023 r
MaKCUMAaJbHBIA POCT HaONofalics B cerMeHTe o0paboTKu OOJbIIMX AaHHBIX, TO B 2024 T Ha
IIEPBBIH IIJIaH BBIIUIM PEIICHUS U1 MapUIPYTU3alUuU U KOMMyTauuu. KpoMme Toro, CymecTBeHHO
YBEIMYMIIOCH KOJMYECTBO KOMIUIEKCOB JUIsl YIPaBJICHUS TEXHOJOIMYECKUMH IIPOLIECCAMU.
[IpenmonaraeM, 4ro B paliOHE MATH JIET POCCUUCKHM PBIHOK JKJAET 4YepeAa CIUSHUA U
MOIIOLEHUH. DTO JOJKHO IMPUBECTH K KOHCOJMJALUU IPOU3BOAUTENIEH M CHUKEHHUIO Xaoca B
orpaciu. Kpome Toro, Bcraer BOIpoC O MOATOTOBKE CEPTU(ULHUPOBAHHBIX CIELUATUCTOB IS
pabotsl ¢ noBepeHHbIMH [TAKamu. OT™MeTHM, 9TO Ha JaHHBIM MOMEHT OTACIBHON cepTU(UKAIIUN
JUIA TaKUX CIIELMATUCTOB HE TpedyeTcs, ogHako obydenue padore ¢ [TAKamu mpoBoauTcs kak
CaMHUMH MPOU3BOAUTEISIMH, TaK U TPOPUIHHBIMUA YU€OHBIMU [IEHTPAMH.

IlonBons WTOI, OTMETHM, YTO NPOrPaMMHO-ANNApaTHbIE KOMILJIEKCHI, HCIOJB3YIOIIHMECS B
KPUTHUYECKH BaXXHBIX CHCTEMax, TPEOYIOT CTPOroro KOHTPOJS U COOTBETCTBHUS YCTaHOBJIEHHBIM
craugapram. Co3ganue MunHnpomroprom nepeuHsi JoBepeHHbIXx [IAK — wuHunumarusa,
HanpasjieHHas Ha (OPMUPOBAHHWE KOHKPETHON M IPO3PAauyHOl CHUCTEMBI KOHTPOJIS 3a Kaue€CTBOM
PaaAMOAIEKTPOHHON MPOAYKIUU. DTO HEOOXOAUMBIM IIar AJis IMOBBILIEHUS YPOBHS JIOBEpUS CO
CTOPOHBI TOTpEOHTENEH, a TakKe Ul 3allUThl CTPATErMYecKUX HH(OPMALMOHHBIX CHUCTEM OT
NOTEHIMAJIBHBIX yIpo3 M HeratuBHbIX (hakTopoB. Ilomnepxka co3nanus nosepeHHbIX [TAKoOB co
CTOPOHBI FOCYJapCTBa MO3BOJISET CAEIaTh ONTUMUCTUYHBIN IPOTHO3 U PACCUUTHIBATh HA BHICOKUE
TEMIIbl U CUCTEMHBIN 1oaxon. UTo sBisercs HE0OXOAUMBIM YCIOBUEM, YTOOBI 3aBEPLINTH [1EPEXO]]
Ha oTe4ecTBeHHBIE pemeHus k 2030 r.
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Annomayus. COBpPEMEHHBIE CHUCTEMBbI OOpaOOTKM OOJIBIIMX JaHHBIX CTAJKUBAIOTCA C
CYLIECTBEHHBIMU OTPAHUYEHUSIMU MPOU3BOJUTEILHOCTHU MPHU BBIIIOJIHEHUHU ONEpALUid COPTUPOBKH,
KOTOpBIE SIBIAIOTCS 0Aa30BBIMU I HIMPOKOTO CHEKTpa aHAJUTUYECKUX M TPAaH3aKLMOHHBIX 3a7ad.
Knaccrudeckue aaropuT™Mbl COPTUPOBKH, XOTS U 00Iaal0T CTPOTUMHU TEOPETUUYECKUMH OLIEHKaMH,
4acTO HE YUUTHIBAIOT OCOOCHHOCTH PEaJIbHBIX Harpy30K: pachpeesieHus KIto4el, HEe0JHOPOJHOCTh
anmnapaTHON apXUTEKTYpbl, BApUaTUBHOCTH NMpOoQuIiel BBOIa-BbIBOJA U BiIUsHUE K3IIHONH 1 NUMA-
TOINOJIOTHU. B cTarbe mpeiaraeTcs Noaxo] K ONTHMU3ALMNA COPTUPOBKHU C IPUMEHEHUEM METO/IOB
MallMHHOTO O0yueHus, B KoTopoM MJI-Mozmenu BBINONHSAIOT —MeTa-33jJaud  BbIOOpa U
napaMeTpu3aldyd  aJIrOPUTMOB, TMPOTHO3UPYIOT CTOMMOCTb BBIYMCICHUM W JAWHAMHUYECKU
aJalTUPYIOT IJIaH BBIOJHEHUS C YYETOM XapaKTEPUCTHK JaHHBIX M IuiardopMmbl. OOcyxaatoTcs
CTparerMu OOyYeHHUsi Ha OCHOBE METPUK BPEMEHHM OTKIMKa M MPOMYCKHOM CrmocoOHOCTH,
UCMOJIb30BaHNE O0ailleCOBCKOM ONTUMH3AIMM W METOJOB OOydYeHHMs C MOJAKpEIJICHueM IS
HAacTpoMKH TUOpHUIHBIX cxeMm (Hampumep, ciausHue Timsort, Radix um Sample Sort), a Taxxe
UHTEerpanus ¢ QgpelMBoOpkamMu pacnpenenéHHol o0paboTku. IlpencTaBieHbl METONOIIOTUYECKHE
aCIIeKThI MMOCTPOCHUS 1aTaceTOB MpouiIel, MeXaHU3Mbl OHIAWHOBOTO aBTO-TIOHWHTA U BaIUJAlUU
Ha peajbHBIX TPACKTOPUAX Harpy3ku. OTAENbHOE BHHUMAaHUE YIECJIEHO BOCIPOU3BOIUMOCTH
HKCIEPUMEHTOB, NMEPEHOCUMOCTH MOZENeH U OrpaHUYUTENSIM, CBS3aHHBIM C IEepeoO0ydeHHEM U
cTouMocThlo HH(pepeHca. [Ipenmonaraercs BkitodeHHEe o0030pa JHUTEpaTypbl C aHAIU30M
pe3yNIbTaTOB OTEYECTBEHHBIX W MEXKJYHAPOIHBIX HCCIEIOBAaHUN, BKIOUas pabOThl COTPYIHUKOB
Owl'Y, nocBamEHHbIe aITOPUTMaM U CUCTEMaM 00pabOTKH JTaHHBIX.

Abstract. Sorting is a performance-critical primitive across modern data platforms,
underpinning indexing, joins, external merge phases, and large-scale ETL pipelines. Classical
algorithms—quicksort, mergesort, heapsort, radix/Counting variants—offer strong asymptotics but
underperform when confronted with real-world variability: skewed key distributions, heavy
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duplication, near-sorted inputs, heterogeneous hardware, and fluctuating 1/O and network
conditions. This paper formulates sorting optimization as a learning-guided decision problem. We
design a lightweight feature-extraction layer that summarizes data and system state via sublinear
sketches (cardinality, duplication ratio, approximate disorder, record-size distribution) and runtime
telemetry (memory availability, 1/0 bandwidth, NUMA distances, CPU/GPU utilization). On top of
a cost-prediction model, our policy first filters dominated candidates, selects an algorithm family
(e.g., TimSort/QuickSort vs. radix-based vs. external multiway merge), and then applies budgeted
Bayesian tuning for a small set of sensitive parameters (block sizes, recursion depths, partition
counts, spill thresholds). The architecture ensures correctness (determinism, stability when required)
and integrates with production frameworks (Spark/Flink/MPP systems) at barrier points before
shuffle, sort, and merge stages. We present a reproducible evaluation protocol combining synthetic
and real traces, with ablations for each decision layer and stress tests for adversarial inputs and
cluster drifts. Results show consistent reductions in median and tail latencies, 1/O and network
volume, and energy per record, while keeping inference and feature costs within strict budgets and
providing safe fallbacks under uncertainty. We discuss limitations—telemetry noise, portability
across clusters, and short-job overheads—and outline directions for theory-grounded guarantees and
cross-cluster adaptation.

Kniouesvie cnoea: Gonplive JaHHBIE; aITOPUTMbI COPTUPOBKH; MAIIMHHOE OOy4YeHHE; aBTO-
TIOHUHT; OaliecoBckas oONTUMU3aLUs; OOydeHHE C MOAKPEIUICHHUEM; BBIOOD aJlFOPUTMOB;
npodUIMpOBaHUE MPOU3BOAUTENLHOCTH; pacnpenenénnsie cucrembl; NUMA; GPU-yckopenue;
TUOpPUAHBIE CXEMbI COPTUPOBKHU; IPOTHO3UPOBAHUE CTOMMOCTH; aallTUBHbIE IJIAHBI BHIIIOJTHEHUS

Keywords: big data; sorting algorithms; machine learning; auto-tuning; Bayesian
optimization; reinforcement learning; algorithm selection; performance profiling; distributed
systems; NUMA; GPU acceleration; hybrid sorting; cost prediction; adaptive execution plans

Onepanuy COpTUPOBKH JIEKaT B OCHOBE MHOKECTBA BBIYMCIIUTENbHBIX PA00OYMX HATPY30K: OT
IIOCTPOEHUSI MHAEKCOB U BBINONHEHUA coenrHeHud B CYDBJl 10 BHEIIHECOPTUPOBOYHBIX 3TAIOB
pacrpesieIiEHHBIX CUCTEM OOpaOOTKM JaHHBIX M TOATOTOBKM HAOOPOB JUIsl TOCIEAYIOIIHUX
aHAIUTUYECKUX Ipouenyp. B ycnoBusx crpeMuTenbHOro pocta 00bEMOB U pa3HOOOpa3usl JaHHBIX,
a TaKKe TMOBBIINICHHONW JIMHAMHUYHOCTH ITOTOKOB (streaming/near-real-time), sddexTuBHOCTD
COPTUPOBKM CTAaHOBUTCS KIIFOUEBBIM (PaKTOPOM Kak JJIsi BpPEMEHM OTKJIMKA, TaK M Ul COBOKYITHON
CTOMMOCTH BJIa/IEHUS BBIYUCIUTEIBHON HHPPACTPYKTYpOIl.

TpanuuMOHHBIH MHCTPYMEHTApUIl ONTHUMHU3ALMU BKIIOYA€T BHIOOP alropurMa ¢ Yy4EToM
pasmepoB Bxoma u jgoctynHod mamsata (QuickSort, MergeSort, HeapSort, Radix-momxonsr),
WH)XEHEpHble ynmyulieHus (BeTBieHue, Bektopuzanms, SIMD/GPU-yckopenue), a Takxe
ajlanTaluio K anmaparHo-nporpamMmmHuoii cpeae (NUMA, kaiiHas uepapxus, Hapaijiein3M OTOKOB
U TPOIECCOPOB, CXEMbl BBOJa-BbIBOAA). OAHAKO O3TH METOAbl 3a4acTyl0 MPEaNnoaraiT
CTaTUYECKYIO TapaMeTPHU3aLMIO U OMHUPAIOTCA Ha YNPOIIEHHbBIE MPEANOI0KEHNUS O paclpeieIeHHUIX
KJIIOYEH, CTENEHW YIOPSJIOUYEHHOCTH M OTHOLIEHUM «KJIIOY-3HAU€HUE». B pealbHBIX cHucTeMax
CBOMCTBA JaHHBIX U MPO(UIIN Harpy3KH MEHSIOTCS BO BPEMEHH, a Ha0Op JOCTYITHBIX PECYpCOB — OT
JIOKAJIbHOM MaMsITH JI0 MPOITYCKHOM CITOCOOHOCTH CETU — SIBJISIETCS] CTOXaCTUYECKUM.

MeToapl  MalIMHHOTO  OOy4YeHHUsS  MPEAOCTaBISIOT  €CTECTBEHHBIM  MeXaHu3M s
MOJICIIMPOBAHMS CIIOKHBIX 3aBUCUMOCTEM MEXKAY XapaKTEpUCTUKAMH BXOJa, I[apaMETpaMu
BBITOJIHEHUSI M MeTpukamMu 3((deKkTuBHOCTU. 3ajada MOXKET ObITh IOcCTaBieHa Kak (1) BbIOOp
anroputma (algorithm selection) mo mnpu3HakaM JaHHBIX U IUIatgopmbl, (ii) HacTpoiika
TUTIIEPTIApaMETPOB W TIOPOTOB TMEPEKIIoueHus (Hampumep, TIyOMHa PeKypcuu, pasMep OJouHOM
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BBIOOPKH, TPAHMIIBI TIEpexoAa K BCcTaBKaMu), (iil) MOCTPOCHHE THOPHUIIHBIX CXEM, AUHAMUYECCKU
KOMOMHHUPYIOIIUX CTPaTeruy B IMpejenax OJHOro KoHBelepa, u (iv) MpOrHO3MpPOBaHUE CTOMMOCTHU
JUISl TUTAHUPOBILMKOB CHCTEM pactpenesnéHHol o0paboTku. [1ogo0HbIe MOAXOABI MPOSBUINA CBOIO
COCTOSITENIBHOCTh B CMEXKHBIX 00JacTAX — KOMIWIATOPHOM ONTHMHU3ALIMK, aBTO-TIOHUHIE
JUHEWHON anreOpsl, BBHIOOpE HWHIAEKCOB M IUIaHOB 3ampocoB B CYBJl, — 4ro nemaer wux
NEPCIEKTUBHBIMH U JJIS1 COPTUPOBKHU.

B KoHTekcTe OONBIIMX JAaHHBIX BaKHBI HE TOJBKO ACHMMTOTUKHM, HO M KOHCTAHTHBIC
MHOMKUTENH, a TakKe B3aMMOJICHCTBUE C TMOACHCTEMaMH XpaHEHHUs M TpaHcnopta. Hampumep,
BHEUIHSS COPTUPOBKA C OTPAHUYEHUSMHU 10 MaMSITH MOXET BBIUTPHIBATH OT MPEACcKa3aTelbHOTO
yIrpaBieHusl pa3MepoM OydepoB M uMCiIa MPOXOMOB, a pacHpeneiCHHas COPTHPOBKA — OT
00y4aeMbIX MOJIMTHK pa3ieieHus KIOUeBOro MpocTpaHcTBa (partitioning) U KOOpAMHAIIUK CTaJAUN
cnusHUsL. JIOTIONHUTENBHBIM MCTOUYHUKOM BBIMTPBIIIA CIYKUT MEPEHOCUMOCTb MOJENeH MEexXAy
apxutekrypamu CPU/GPU u kiacrepamu ¢ pa3aMaHON TOMOJIOTHEH CETH.

[Ipennaraemast cTaTbsi CTaBUT 1IE€JIbIO CHCTEMAaTU3UPOBAaTh CYLIECTBYIOLIUME MOAXOIAbl K
IIPUMEHEHUIO MAIIMHHOTO OOy4YeHHs [UIsl ONTHUMM3AlMM COPTHUPOBKH, pazpaboTaTb METOJUKY
MOCTPOEHUS Aaracera npoduield u Habopa MPU3HAKOB, MPEUIOKUTh APXUTEKTYPY aBTO-TIOHEpA C
OHJIATHOBOM aJanTallfeil, a Takke OMpeNeIUTh IKCIEPUMEHTATbHBINA MPOTOKOI BOCIPOU3BOAUMOMN
OLICHKHM Ha pealbHbIX U CHHTETHUYECKHX Harpys3kax. B muteparypHOoM 0030pe OyayT paccMOTpPEHBI
KaKk MEXJIyHapoJHble paboOThl, TaK M MCCIEIOBAaHUS OTEUECTBEHHBIX aBTOPOB, BKJIIOYAs
corpyaHukoB Omickoro rocygapctBeHHoro ynupepcurera (Oml'Y), BHecmux BKJIag B pa3paboTKy
METOZIOB OOpabOTKM JaHHBIX M TapauIeIbHBIX aaropuTMoB. [IpakTHueckas IEHHOCTh pPabOThI
COCTOMT B CHIDKEHUU BPEMEHH COPTUPOBKH U 3aTpaT Ha PECyPCHI IPU COXPAaHEHUU KOPPEKTHOCTH U
CTaOMJIBHOCTH, YTO KPUTHUYHO JJIsi CHCTEM, oOpalarhIBaromux TepabaiiTHble W reTabalTHBIE
00BEMBI JTAHHBIX.

CrpykTypa cTaThbu MpEAINoNaraeT Mepexojl OT TEOPETUUYECKUX OCHOBAHUN K HMHXKEHEPHBIM
pelieHusM W sMmmupudeckod Banupanuu. CHavana ¢GopMynmupyroTcs TpeOOBaHUS M KPUTEPHH
s dexTuBHOCTH (Bpems, MPONYyCKHAs CIIOCOOHOCTb, 3aTparbl Ha  TIAMSTB/CETh,
3Heprod(HEeKTUBHOCTH), 3aT€M BBOASATCS NPHU3HAKH JAHHBIX U TUIATGOpPMBI, omuckiBatoTcs MJI-
MOZETM U MpoLeaypbl OOy4YeHMs/BHEIPEHUs, TIOCIe 4Yero MpeiCTaBIsSIOTCS pe3yJIbTaThl
HKCIIEPUMEHTOB, aHAIN3 a0NsALuil U OOCYy)XJeHHe OrpaHUYeHUH, BKIIIOUasi PUCKU MepeoOydeHus u
HaKJIaJHbIE pacxoabl MH(]epeHca. 3aBepuraer paboTy pas3ies ¢ BBIBOJAAMH M HAMpPaBICHUSIMH
JATbHEUIIINX UCCIIEI0BAHUM.

@dyHnaMeHT pacnpefenéHHON COPTHUPOBKM B cHCTeMax OOJBIIMX JAaHHBIX OBLT 3all0kKeH
mozensio MapReduce, rine cragus shuffle/sort siBisercst kputuueckoi /Ui pOU3BOAUTEIBHOCTH Ha
ThICSIYAaX Y3JIOB KJlacTepa; Kiaccuueckass padora (Google moapoOHO ONUCHIBAET apXHUTEKTYpY,
OTKa30yCTOMYMBOCTh W D3Tallbl UCIOJHEHMS, B KOTOPBIX COPTHUPOBKA — KIIIOYEBOW KOMIIOHEHT,
OTIpENeNIAIONINI CKBO3HOE BpeMsl BBIMOJHEHUS 3aJaHui 00paboTkM AaHHbIX. Ha 0Gaze »TOM
napagurMbel  COPMHUPOBANTKCH MPHUKIAJHbIE OCHUMApKd H ajdropuTMbl, Hampumep TeraSort,
MHOTOKPATHO HCIIONIb3YeMbI JJI1 OIEHKM W ONTHUMM3AIMH TMPOU3BOJUTENLHOCTH KJIaCTEPOB
Hadoop, a Taxke ero ycoBepUICHCTBOBaHHbIE€ BapUaHTHl (BKJIOYas KOJUPOBAHHBIE CXEMBI
YCKOPEHHsI TEPEChUIOK), JAEMOHCTPHUPYIOUIME 3HAYMMble BBIUTPHIIIM 110 BPEMEHH 3a CUET
M3MEHEHHUs CTpaTeruy pa3dorueHuss 1 oOMeHa JaHHBIX.

Ha py0Oexe mnocnenHux JIeT CTPEMHUTENBbHO pPAa3BUBAETCS HANpPaBIEHUE «OOYYEHHBIX» U
«00y4YeHHEM-IOTIOTHEHHBIX» aJrOPUTMOB copTHpoBKH. Pabora Kristo et al. “The Case for a
Learned Sorting Algorithm” mnpennoxuna pacnpeneMTeNbHbIA COPT, HCIOJB3YIOIUN MO/
smnupuueckod CDF s mpenckazaHus NMO3MLMK KIIIOYa C IOCIEAYIOLIEH <IOBOAKOW» IOYTH
OTCOPTUPOBAHHOTO MACCHBA KJIACCUYECKUM CTAOMIIN3UPYIOIIUM aJTOPUTMOM; IMMOKa3aHbl 3HAYMMBbIE
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BBIMIPBIIIN HA PAJE CUHTETUYECKUX M peabHbIX HA0OpoB JaHHbIX. [locnenyroniye ucciaenoBanus
YCTpaHsIN ySA3BUMOCTH MCXOIHOTO MeTona, Hanpumep LearnedSort 2.0 ans crienapueB ¢ O0abIIMM
YHCIIOM JyOJIMKATOB, a TakXKe MpeIoKuiIn crporue teopernueckue rapantuu: PCF Learned Sort
J0Ka3aJ OKUIAEMYI0 BBIYUCIUTENbHYIO ciioxHOCTh (O(n\log\log n)) mpu MATKUX MpenonoKeHUsIX
O pacHpeieieHMH JaHHBIX M MOATBEPAMI YCKOPEHMs HKclepuMeHTanbHO. IlapaniensHo
oopmisiercst obmas teopusi «learning-augmented algorithmsy», BkIIO9aromas «COPTUPOBKY C
MpeJCKa3aHusAMM», TJe MOKa3aHbl KaK BEPXHHUE OICHKH, TaK U TPAHHIBl NPUMEHHUMOCTH TaKHX
moaxomos [1].

Cotpynauku OLICKOr0O rocy1apcTBEHHOI'O YHUBEPCUTETA BEAYT UCCIIEAOBAHMS B CMEKHBIX C
TEMaTHUKOH CTaThd OOJACTAX BBIUYUCIUTEIFHOW MareMaTukKu W aJTOPUTMOB ONTHUMAJIBHOTO
yIpaBIEHUs, YTO BAXHO JUIA TOCTPOCHHS KOPPEKTHBIX U S(P(PEKTUBHBIX BBIYMCIUTEIBHBIX
npornenyp. B 2024 roxy I'. b. Mom6ekoBa (Oml'Y) npencraBuiia ailrOpUTM CHHTE3a ONTHMAJIBLHOTO
I'PAaHUYHOTO YIPABICHU AJIS 33/1a4 TEIUIONEPEHOCa, ONUChIBAEMBIX MHTEIpO-Au(depeHIInaIbHbIMU
ypaBHeHHsiMH bennmana; pabora comepXuT (GOpMYITHPOBKY H IOCTPOCHHE alTrOpUTMa, YTO
JEMOHCTPUPYET SKCHEPTH3Y KOJUIEKTHBA B pa3padOTKE W aHAIM3€ AJITOPUTMOB ONTHUMH3AIHUUA U
yrpaeienus [2].

Panee u coBcem HenaBHO omyOnukoBaHbl uccienoBanus A. Comyesa u b. HypanoBa mo
KpaeBbIM 3aJauaM JUIsl CMEIIaHHbIX ypaBHEHUI TpeTrbero nopsaka (2022; npogomkenue B 2025 1),
I7€ JOKa3bIBAIOTCS TEOPEMBbl CYIIECTBOBAHUS/CIUHCTBEHHOCTH U CTPOSTCS MPEACTaBICHUS
pemieHui (depe3 MHTErpaibHble ypaBHEHUs Bonbreppa/@penronbma); 3TH pe3yiabTaThl JISKaT B
METOJIOJIOTUYECKON IIOCKOCTH KOHCTPYUPOBAHMS YCTOMYMBBIX M CXOIUMBIX aJITOPUTMOB —
KJIFOUEBOM TpeOoBaHUU U K ML-yCKOpEHHBIM NpOLeypaM COPTHPOBKH IpU OOJIbIINX JAaHHBIX [3].

Kypunan Oml'Y (Maremaruka. ®usnka. TexHuka) CUCTEMHO MyOJIMKYyeT MarepHasbl IO
WH)KCHEPHBIM M BBIYMCIHUTEIBHBIM JWCIUIUIMHAM, BKJIIOYAass TEMbl OOJNBIIMX JaHHBIX U
UHTEJUIEKTYyallbHbIX CHCTEM, 4YTO MOATBEP)KIACT HHCTUTYLMOHAJIbHYIO BOBJIEYEHHOCTh B
COOTBETCTBYIOILYIO NPOOJIeMaTuKy M cO31aéT 0a3y JUlsl MEXIUCHMIUIMHAPHBIX pabOT Ha CTHIKE
QITOPUTMOB COPTHPOBKH U MAITMHHOTO OOyYEHUSI.

CoBpeMeHHbIM naHamadtT padoOT MO ONTUMU3ZAIUU COPTUPOBKA B OONBIIUX JIAHHBIX
oxBarbiBaeT (l) kiaccuyeckue pacnpeenéHHble peaan3alii U MHKCHEPHbIE YCOBEPIIEHCTBOBAHUS
(MapReduce/TeraSort), (1) «oby4denubie» U «ML-I0MONTHEHHBIEY» ANTOPUTMBI ¢ TECOPETHUCCKUMHU U
npaktruyeckumu rapantusimu (LearnedSort, PCF Learned Sort, Sorting with Predictions), (111) ML-
PYKOBOIUMBIN BBIOOP/KOMITOZUITMIO AITOPUTMOB IOJ] CBOMCTBAa BXOJa M allapaTHbIC YCIOBUS, a
take (IV) ML-ontummsanuioo pa3OUeHHsT U HapaMeTpoB pAaclpeleiéHHBIX cucTeM. Bkiajg
uccnenoBaresneit Oml'Y — B yacTu pa3pabOTKU M aHAJIU3a BBIYMCIUTENBHBIX aJTOPUTMOB U 3a/1a4
ONITUMAJILHOTO YIPABICHUSI — (HOPMHUPYET BaXKHYIO METOJOJIOTHYECKYI0O OCHOBY JUIsI KOPPEKTHOTO
u 3¢ dexrnBHOrO MpUMEeHEHNsT ML-1101X010B B 3a1a4aX COPTUPOBKH Ha OOJIBIINX JAHHBIX.

PaccmarpuBaeTcs 3a1a4a yCKOpPEHUsSI COPTUPOBKM B cHcTeMax 0OpaOOTKHM OOJBbIIMX JaHHBIX
3a CuéT NPUMEHEHUs MoOjeleld MAalIMHHOrO OOy4YeHMs, KOTOpble BBIOMPAIOT aJrOPUTM U €ro
napaMeTphl ¥ YIPABISIOT THOPUAHBIMHA PEKHMaMH UCTIOJTHEHUS! B 3aBUCHMOCTH OT CBOMCTB BXOJa
u pecypcHoro npoduis miargopmel. [Tycts umeercss MHOXKecTBO Kitodueit K ¢ pacnpenenenuem P,
nortok 3anucei D = {(k i, v i)} {i=l..n} u cemeiicTBo peanu3auuit coptupoBku A = {A_j(0)}, rue
A_] — KoHKpeTHBII anroput™ (Hanpumep, Timsort, Radix, Sample/Merge, BHEIIHSS COPTUPOBKA),
0 — BekTOp mapameTpoB (IIyOMHa pEeKypcuH, pa3mep OJIOKa, MOPOTU MEPEKIIOUYEHHUS, YHUCIO
naptuuui, pasmepel OydepoB u T. 1m.). TpeOyercs mnocTpouTh NOAUTHKY T: X — (j, 0),
COIOCTABJISIIOIIYIO TNPU3HAKOBOMY OINMCAHUIO X (XapaKTepUCTUKHU MJAaHHBIX W Cpeibl) BBIOOP
QJITOPUTMA U €ro MapaMeTpoB TaK, YTOObI MUHUMM3HPOBATH LIENEBYIO (YHKIHUIO CTOMMOCTH J(Tr)
MIPH BBITOJIHEHUH TPEOOBAaHUI KOPPEKTHOCTH M BOCIIPOM3BOIMMOCTH.
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IeneBas (yHKIMS MHOTOKpUTepHalbHAa. B odmaitH-peskume mpu (QUKCHPOBAHHOM CTEHJIC
MUHUMU3UPYIOTCS: oxkugaeMoe Bpems 3aBepiienus E[T]; xBoctosblie 3aaepxku p95(T) u p99(T);

[Ipy OTHOBpPEMEHHBIX OTPAaHUYCHUSX HA MHKOBOE TOTpeOneHne mamsith max t M(t),
CyMMapHbIii 00béM BHemHUX oOpamenuid ¥ t 10(t) u cymmaphnbiii ceteBoi Tpaduk X t Net(t). B
pacnpenenéHHol cpene AOMOIHUTENBHO BaXKHBI MponyckHas crocoOHocTh Throughput =n / T Ha
y3el W Ha KIacTep, a TaKXke MacmTadupyeMocTs: cnaboe (weak) um cuibHOe (strong)
MacIITabUpOBaHUWE C KOHTPOJEM pOCTa BpPEMEHHM IIpU M3MEHEHMHM uyucia y3ioB. Jlus
AKCIUTYaTallUOHHBIX KOHTYPOB OILICHHUBAIOTCS HAIEKHOCTh M CTAaOMIIBLHOCTB: JIUCHEPCHUS BPEMEHU
WCIIOJTHEHUSI Ha WACHTUYHBIX 3aj[adaX, YCTOMYMBOCTh K CIBHTY pacmpeneneHus BxoaoB AP u k
JeTpajaiusiM pecypcoB. B sHepreTHueckoM M SKOHOMHUYECKOM MPOQHIIE YUYUTHIBAIOTCS yIelbHas
SHEpPrUsi Ha OTCOPTHUpOBaHHBIN AmeMeHT (Joules per record) m coBokymHas ctoumocTth (USD per
job) npu 3amanHON TapudHON MOJIEIH.

dopmanpHO 3a7a4a OOy4yeHHUsS TOJIUTHKU (GOpPMYIHpYeTCs Kak IMOHCK 7* H3 Kjacca
JOMYCTUMBIX NONUTHK [1, MUHUMU3HpYOIIEH OXXKHMIaeMyl0 CTOMMOCTh: HaiiTu m* € argmin {m €
I} E {(D,H)~Q} [ C(A_{n(x)} ; D,H) ], rne H — cocTosiHue annapaTHO-IpOrpaMMHOMN cpeibl,
Q — pacmpenenenue peanbHbIx 3a1a4, C(-) — uzMepumas GyHKIUS CTOUMOCTH (BpeMmsl, 3aJIepKKH,
pecypcsl). Orpannuenust: Correct( A_{m(x)}(D) ) = 1 (3KBUBaJIGHTHOCTh UTOTOBOTO MOPSAIKA U, IPU
He00X0IUMOCTH, cTa0MIBHOCTE), M(t) < M max, IO(t) < B_disk, Net(t) < B_net. [{ns onnaiinoBoi
aJlanTalnyuy yMeCTHa MocTaHoBKa ¢ MuHuMm3anmei perpera: R T=2 {t=1.T} C t(n_t) — min_{(j,
0)} £ {t=1..T} C t(j, 6), ¢ nonoaHUTETHHBIMU OIOPKeTaMU Ha cTouMocTh MH(pepenca C_infer u
u3BneueHus npuszHakoB C feat: Beiroga oT BbIOOpa HE JODKHA HUBEIHPOBATHCA HAKIIATHBIMU
pacxofgamH.

KittoueBbIM SIBISIETCSI ONpENIEIEeHUE NIEPEHOCUMOro U M3MepuMoro Habopa npusHakoB. Jlis
JAHHBIX: OLEHKU KapAWHAJIBHOCTH, JOJNHU JyONUKATOB, CTEHEHH HEYMOPSI0UYEHHOCTH (Hampumep,
JI0JIS1 MHBEPCHM WIIM MPUOIMKEHHBIE TIOPSAKOBBIE CTATUCTUKHU), AUANa30H KIII0YeH, pacipeaesieHue
pa3MepoB 3anuceld. [y cpenpl: JAaTEHTHOCTh M I0JIOCAa BBOJA-BBIBOJA, JOCTYIHAs MaMSITh U €€
¢dparmentamnusi, NUMA-aucraniuu, 3arpyska CPU/GPU, Ttomosorusi cetu M KOHKYpPEHIIUS 3a
pecypcsl. M3BieyeHrne Ipu3HaKoB IOJDKHO BBIMONHATHCS OBICTpee TUHEHHOTO MPOXo/a MO JTaHHBIM
(MpennoYTUTENIBHO Yepe3 COMIUIMPOBAHME M ACKHU3bI) C MPEACKa3yeMoil aucrepcueil OLEHOK U
MUHHMaJbHBIM BMEIIATEIbCTBOM B paboumii koHBeiep. [lomuThka T MOXeT OBITh KacCKaIHOM:
NErKUNA HBPUCTUYECKUM TIPENpoIIeccop, 3areM ObICTpas MOJeNb BbIOOpa cemeicTBa A j, 3arem
JIOKaJIbHBIN OalleCOBCKUN TIOHMHT MapaMmeTpoB O Ha Majoi mpoOe — HO TOJNBKO €CIH OXKUIAAeMBbIH
BBIUTPBIII MPEBHIIIAET TOPOT OKYMTAEMOCTH.

KoppektHocTh W neTepMUHU3M — 0Os3aTelbHBIE CBOMCTBA. Bce peXuMBI  JOMKHBI
YIAOBIETBOPATH cleu(pUKalUK CTaOMIBHOCTH (eciii OHa TpedyeTcs), MNHBAPUAHTHOCTH K PaBHBIM
KII0YaM M TIOBTOPSEMOCTH PE3YyNIbTaTOB Ha WUJEHTUYHOM BXO/€ U OKpYXKeHHH. {7 THOpHAHBIX
cXeM 3a7a€Tcsl KOHTPAKT: MEePEKITIOUEHUS MEX Y MPUMHUTUBAMU JOMYCTHMBI JIUIIb TIPU COXPAHEHUN
SKBHUBAJIEHTHOCTU DPE3YJIbTara U OTCYTCTBUU HEKOHTPOJIMPYEMOTO MEXKY3JIOBOro aucOaiaHca Ha
CTamusiX pa3OueHMs U CIUSHUSI.

DKcIepUMEHTallbHAsI OIIEHKa CTPOUTCS MO CTPOTrOMY MPOTOKONy. JlaHHBIE s 0OyueHus u
MPOBEPKU PA3AETSAIOTCS MO HMCTOYHUKAM M PACHpPENENICHUSM, YTOOBl HCKIIOUUTH TOATOHKY K
CHUHTETHKE; 0o0s3areibHa MPOBEPKa Ha pealbHBIX Tpaccax U «Bpa)kaeOHBIX» ciaydasx (MaccoBble
MyOJHMKAThl, TIOYTH OTCOPTHPOBAaHHBIE W TIOYTH B OOpPAaTHOM TMOPSAKE IMOCIEIOBATEIBHOCTH,
TSOKENbIE XBOCTHI pacrpeneieHuii). CpaBHEHUE TPOBOAUTCS C CHUIBHBIMU 0a30BBIMU JIMHHUSIMH:
TIIATEIPHO HACTPOEHHBIC Kiaccudyeckue peanusanuu (pedepencHeie Oubmmorexku CPU/GPU),
CTICMAIM3UPOBAHHBIC BHEUIHHE COPTUPOBKH, TPOABHHYTHIE OJBPUCTHUKH BbIOOpa 0Oe3 ML.
Pesynbrarel TpeACTaBISIOTCS C JIOBEPUTENFHBIMH HHTEpBAaMH (Hampumep, OyTCTpenm To
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3agaHusM/0aT4aM), KOPPEKTHPOBKOH MHO)KECTBEHHBIX CPABHEHHH M OTYETOM O HPAKTHYECKOW
3HaunMmoctu (effect size, 5KOHOMUS pecypcoB), a HE TOJIBKO CTaTHCTUYECKOM. Jlis pactpenenéHHbIX
cucreM uxcupytorcst Bepcun [10 u koHpurypanum kimacrepa (amnmapar, cetb, QaiiioBas cucrema,

napaMmeTpsl paHTaiiMa), 4ToObl 00€CTIEYUTh BOCIIPOU3BOAUMOCTb.

Tabmuna 1

METPUKU, BIOJUKETBI 1 OTPAHUYEHM A OSKCIITEPUMEHTOB

Mempuxa/ oepanuuenue  Obosnaue Eounuyb I0e usmepsemces L]enesoe naznauenue

Hue (vzen/xnacmep) (meouana, p95/p99, pecypc)

Bpewms 3aBeprienus T CeK y3eN/KinacTep Meauana, p95, p99

3a1aHus

[IpomryckHas Throughp  3ammuceii/c wim y3en/Kinacrep pecypc/mpon3BOIUTETFHOCT

COCOOHOCTH ut I'b/c b

ITukoBoe ucnoabp3oBanue  Max M(t) I'b y3en pecypc (orpaHuycHUE)

aMATH

OO6BEM TUCKOBBIX X I0(t) I'b y3es/Knactep pecypc (orpaHudeHuUE)

onepauun

CeteBoii Tpaduk > Net(t) I'b KJacrep pecypc (orpaHuveHue)

OHeprus Ha 3aIuch J/record Jx/3amuch y3eln pecypc/sHeprodh ek THBHOC

Th

CTOMMOCTH Ha 3aJaHue USD/job usSD KJIacTep/007gako  pecypc/IKOHOMHKA

Haknanbie pacxois C_infer wmcum %orT y3en pecypc (0romKeT)

nH(pepeHca

Haknmannble pacxosl C_feat wmcwmmm %ot T y3en pecypc (6romxer)

W3BJICUYCHHS TIPU3HAKOB

KonnvecTBo nponmeos Spills IIT. y3eln pecypc/ycTOHIHBOCTh

Ha JINCK

Herepmunmsm/cTabuapio  Determini  OyneBo/monst y3eN/Kinactep KOPPEKTHOCTH

CTb MOpAJKA sm HECOBNAJEHUN (orpanuyenue)

KoppekTtHOCTh Correct OyneBo y3el/Knactep KOPPEKTHOCTh

pe3ynbTaTa (orpanuveHue)

MacmradupyemMocThb S weak  HakIOH/KO3(. KJIacTep MIPOU3BOAUTEIHHOCTh

(weak scaling)

MacmtabupyemMocTb S_strong YCKOpEHHUE KJIacTep MIPOU3BOIUTEIIBHOCTh

(strong scaling)

XBOCTOBBIE 32JICPIKKH qlO_p95/ MC y3en pecypc/yCcTOMYHUBOCTh

ouepeneit /0 p99

OTnenbHO HOPMHPYETCSl «CTOMMOCTh HMHTEJJIEKTa»: HWH(pEepeHC MOJeId U H3MEpeHHe
MIPU3HAKOB HE JIOJDKHBI yBEIMUYUBaTh p99-3azepkky Oojiee yeM Ha 3aJaHHbIM OrOKeT O U He
JIOJDKHBI TIOBBIIIATh SHEPro- WM JCHEKHYI0 CTOMMOCTh CBEpX MOporoB. B oHmaiiHe BBoauTCA
MEXaHHU3M OTKara: Npu (UKCUPYEeMOM Jerpajalii 10 KOHTPOJIbHBIM METPHUKaM IOJINTUKA
aBTOMaTMYECKU BO3BpaIlaeTcss K Oe3omacHoi 0a3oBod KoHuUrypamuu. s sKCIuTyaTarMoHHON
MIPUTOTHOCTH HEOOXOJMMBI HaOII0IaeMOCTh (TPACCUPOBKA PEIICHHUH T, JOrMpOBaHUE MPU3HAKOB U
NENCTBUI), MHTEPIPETUPYEMOCTh KIIOYEBBIX MPABUI M BO3MOXKHOCTH TOpSYEro OOHOBJIECHHUSA
Moenu 6e3 MPOCTOsI.

Htorosast ¢popmynupoBka: TpeOyeTcsi CIPOSKTHPOBATh U 00OCHOBATh 00y4aeMyIO MOJUTHUKY
BbIOOpa W MapaMeTpU3alliid COPTHPOBKH, J0Ka3aTh €€ KOPPEKTHOCTh Ha KJacce JOIYCTHMBIX
BXOJ/IOB U MOKAa3aTh CTAaTUCTUYECKHU M MPAKTUUECKHU 3HAYMMOE YIYYIIEHUE [0 BPEMEHH, XBOCTOBBIM
3aJlep’KKaM, MOTPEOJICHUIO MaMATH/CETU/PHEPTrUM M MAacIITaOHMpyeMOCTH Ha PEeNpe3eHTATUBHBIX
Harpy3kax. HakmagHble pacxoibl HHTEIUIEKTa TOJKHBI YKJIaIbIBaThCS B 3apaHee 3aJaHHbIN OIO/KET,
a pe3ynbTarhl — OBITh BOCIIPOM3BOJMMBIMH BHEIIIHUM HCCIIEI0BATENEM.
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[Ipn3Hakun BaHHbIX] MonuTuKa . Bbibop anropntMma

—»| OrpaHunyeHus |—»lenesas pyHKUMA
cpenbl M NapamMeTpoB P H G

Pucynoxk 1. ®opmanmzanus 3afauv BEIOOpa allTOPUTMA M TapaMeTPOB

Hnmezpayus ¢ cucmemamu OO16UUX OAHHBIX

WuTerpanus npeanaraeMoil NOJIUTUKY € TIPOMBIIUIEHHBIMU KOHBEHepaMu 00paboTKH TaHHBIX
JIOJKHA ONMPAThCsl Ha YETKO ONpeAeIEHHbIe TOUKU MPUHATHS PELICHUN U Ha «TOHKHE» aJlalTephl,
KOTOpBIE HE TpeOyloT IepenuchiBaHus sapa ppeiiMBopkoB. B 6aTu-u MOTOKOBBIX cHcTeMax Kiacca
Spark/Flink/Hadoop kpuTH4eckumu SIBISIOTCS TPU MecTa: pa30HMeHHE KIFYEBOTrO MPOCTPAHCTBA
nepen shuffle, nokanbHas copTHpoBKa BHYTPH HAPTHLIMNA W MHOTOIPOXOAHOE CIHSHUE NpU
BHEIIHeH coptupoBke. IlonnTuka, omMpasch Ha CHOMIUIMPOBAHHbIE IPU3HAKU JAHHBIX U
TEJIEMETPUIO CpeJibl, BIOMpAeT cxeMy pa3OueHus (Iuamna3oHHas, X31-pa30ueHne ¢ TMHAMUYECKUM
YHCIIOM KOP3WH, THOpUI C MpeIBapUTENbHON cTparuuKanueii), KOHQHUTYpHpYeT pasMmep
napTunuid, OypepoB m MOPOrH MPOJHMBA HA JUCK, a TAaKXKe MONOMPACT peaTn3aluio JIOKATbHOU
COPTUPOBKM (Hampumep, YCTOWYMBYIO HpPHU BBICOKMX JOJISIX JYOJMKaroB MM  PaguKC-
OPUEHTUPOBAHHYIO JJIs1 (PMKCUPOBAHHBIX LIEIOYUCIEHHBIX Kitouei). BaxHo, uTO Bce perieHus
NPUHUMAIOTCA /0 Hadana jpoporocrosumx craauid shuffle/sort/merge m npuBs3bIBaOTCS K
O0apbepHBIM TOYKaM IUIaHA BBIIIOJHEHHUS, TIJ€ COONIIOMACTCS JETePMHHH3M U BO3MOXKEH
KOHTPOJIUPYEMbI OTKaT Ha 0a30Byl0 KoH¢urypauuio Oe3 HapymeHus crneurdukanuu. Taxoi
MOJXOA COXPAHAET COBMECTHUMOCTh C CYIIECTBYIOIIUMH TpaHCHOpMaLUsAMH (COETUHEHHUS,
arperamyy, OKOHHBIE OTIEPAIliH), & BBIUTPHIII JOCTUTACTCS 3a CUET JIYUIIIEro COrTacoOBaHUs CBOMCTB
BXOJIa C TapaMeTpaMH paHTaiiMa 1 BEIOOPOM aJrOpUTMa.

B skocucreme Spark monuTHka BCTpauBaeTcs 4yepe3 pacIIMpeHuss Ha YpOBHE MJIaHUPOBIIMKA
U UCTOYHHMKOB JAHHBIX: JJS JAMANa30HHOTO Pa30MEHHs MCIOb3YIOTCS 00ydaeMble KBAHTHIIbHBIE
Cpe3bl, CTa0WJIM3HPYIOIIME TpaHUIbl MNapTULIUM M CHIKAIOIIME MepeKoc, Uil JIOKaJbHOU
COPTUPOBKH — BBIOOP MEXAY CTaHIAPTHBIMHU PEaH3aIMsIMUA U CHEIHATN3UPOBAHHBIMA SIIPAMHU C
y4€TOM IMPU3HAKOB PACIPEACIICHUs], pa3Mepa 3anucell U OrpaHMYeHU namsaTu. IIpu BKiIIFOUEHHOM
aJlanTUBHOM IUTaHUpOBaHuU 3arpocoB (AQE) nmonauTrka npenocTapiseT MIaHUPOBILUKY TPOTHO3BI
CTOMMOCTH JUIsl QJbTEpHATUB CIUSHUS, U3MEHEHUs YMCla TapTULMN M KOaJeCIUPOBAaHUS, a TAKKe
BBICTABIISIET «CTOPOXKEBBIE» TOPOTH MO P99-3amepkKkaM M 00bEMY TPOIUBOB, NMPH JIOCTHKCHHU
KOTOpbIX cpabarbiBaeT Oe3omacHblii oTkaT. Bo Flink anamornunele pemieHuss NpUHUMAIOTCS B
omneparopax keyBy/partition 1 Ha CTBIKaX OKOHHBIX (DYHKIIMH, I7ie U3MEHSIOTCS pa3mepsl Oy(depos,
TUIBI KaHAJIOB OOMEHA U JIOKAJIbHBIE AJITOPUTMbI COPTHUPOBKH; JJISI OTOKOBBIX HKOOOB BBOJUTCS
MATKasl Jerpajanus: eciu Oromker Ha wuH(epeHc M cOOp NPU3HAKOB HCYEpIiaH, KOHBeWep
ABTOMaTHYECKU TIEPEBOJUTCS B PEKHUM CTAaTUIECKON KOHPHUTYpaIMK 0 HOPMAIU3aIllii HArpy3KH.
s cuctem cron6ioBeix CYB/l u MPP-xpanunum (Hamp., ClickHouse, Greenplum, anaiorudseie)
MHTETpalus CBOJUTCA K HACTPOWKE BHEUTHECOPTUPOBOYHBIX ITAIOB, NApPaMETPOB MPOMEKYTOUHBIX
(haiiyIoB M COPTHPOBOYHBIX KITIOUEH MPH MEPECTPOCHUN MaTepPHATU3yEMBIX MPEICTABICHHUN; B ATHX
CIICHApHSX TIOJUTHKA MOCTABISIET PEKOMEHIAINH, TOIYCKAIOIINE «CYyXOH 3allyCK» M MPOBEPKY Ha
TEHEBBIX BBIOOpPKAX /IO aKTHBALIMU B POAYKTHBE.
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TenemeTpus / obpaTHas CBA3b

MnaH Cbop PeweHune MAcnonHeHne
BbIMOJIHEHUA CTaTUCTUK NnoJSINTHUKKN (Spark / Flink)
no shuffle Ha merge
OnTuMmn3sauns niaHa Runtime-meTpuku Bribop anroputma CopTupoBkKa / join

Pucynoxk 2. Berpausanue B cuctembr Spark / Flink

KrnacTtepHbie 1 00J1auHbIe OKPYKCHHS MPEABSBISIOT 0COObIC TPEOOBAaHUS K HAOIIOAAEMOCTH U
m3oysiuu. B mHTEerpanuu ¢ aucnerdepamu pecypcoB (YARN, Kubernetes, HaTUBHBIE MEHEIKEPHI
MpOBaliIepoB 00J1aKa) MOJUTHKA UCIOJIB3YET MacCOpPT OKPYKEHUS JJIs1 HOPMaJu3alluu MMPU3HAKOB
no nokonenuto CPU, tuny u xon¢urypamun GPU, npomyckHo#l ciocoOHOCTH ceTH u (ailoBbIX
MOJICHCTEM; TeJIeMEeTpHsl 00OTraIiaeTcsi MoKa3areysiMid Y3KUX MeCT (TMPOJHMBBI HAa JUCK, O4Yepenu
CETEeBBIX KaHAJOB, page cache hit/miss), 4To MO3BOMAET KOPPEKTHUPOBATH YUCIIO U Pa3Mep MapTULIUN
no Hadana shuffle u uzberars naBuHOOOpa3HOro aucbanmaHca. Bce pemieHUs ¥ MX OCHOBaHUS
KYPHAJIHPYIOTCS B HEU3MEHSEMOM pPETO3UTOPHH: COXPAHSIOTCS BEPCHU MOJIENH, HaOOPHI
MIPU3HAKOB, MPOTHO3BI CTOMMOCTH, (PAKTUYCCKHUE METPUKH M HUTOTOBBIC apTe(aKThl HCIIOTHEHUS.
D710 00ecreynBaeT BOCIPOU3BOANMOCTD, a TAK)Ke 00JIeT4aeT IKCILTyaTalluio: KaHapEeUHbIe BHIKATKU
MIPOBOJATCA HAa OrPAaHUYEHHOM MOAMHOXKECTBE 3a/lad WU MapTUIUM, aJbTepHATHBHBIC PEICHUs
OIICHUBAIOTCSI KOHTP(PAKTUICCKH, a MPU JIETCKTUPOBAHUH JIETPAJTANNN TI0 KOHTPOJIBHBIM METPUKAM
CHCTeMa aBTOMAaTHYECKH BO3BPAIIACTCS K «30JI0TOMY» Mpodmitro 6e3 mpoctost U 0e3 BIMSHUS Ha
KOPPEKTHOCTh Pe3ylbTara.

Oco0oe BHUMaHME yenseTcs Oe30MacHOCTU JaHHBIX M COOTBETCTBHUIO KOPIOPATHBHBIM
nomutukaM. COOp TMPU3HAKOB OTrPAaHUYMBACTCS JCTICPCOHAIM3HPOBAHHBIMUA CTATUCTUKAMHU |
ACKMU3aMH, HE JOIYCKAIONIMMH BOCCTAHOBJICHUS WHIMBUAYAIbHBIX 3HAYCHHM, Ccama ITOJINTHUKA
WCIIONTHSETCS B H30JMPOBAHHBIX KOHTEHHEpPAX C MUHUMAIbHBIMU TMPUBUIIETUSIMU M JOCTYIIOM
TONBKO K TEIeMETPUH, HEOOXOAMMOW [UIsi MPUHATUS pelleHuid. B MHOroapeHIHBIX KiacTepax
UHTEP(EHCH aanTepOB PEATU3YIOT CTPOTHE KOHTPAKTHI: HEBO3MOXKHBI «TOPSUIHEY TEPEKITIOUCHUS,
BeAylIUe K HEJACTCPMUHUPOBAHHOMY MOPSIKY, @ U3MEHEHUSI KOHPHUTYpaAIUU JOIMYCKAIOTCS TOJIBKO
Ha 3apaHee ONpeneN€HHBIX Oapbepax Iuiana. [ ayauTa mpesoCTaBISIOTCS OTYETHI C TpacCcaMu
MIPUHSATHSI PEIICHUN U CpaBHEHUEM C 0a30BBIMH JTUHUSMHU HAa UICHTHYHBIX BXOJIaX; 9TO BaYKHO U AJIS
BHYTPEHHUX pEIIaMEHTOB, W Ui BHEUIHHX PELEH3CHTOB, OIEHUBAIONINX HAYYHYIO
T0OPOCOBECTHOCTH M HHKEHEPHYIO KOPPEKTHOCTD.

Hakownern, >KM3HEHHBIH MWK MOJEICH TECHO CBS3aH C >KU3HECHHBIM IUKIOM JaHHBIX W
Ko70BOM 0a3bl. Ilpouecckl 0OHOBIEHUS MPOXOAAT Uepe3 eIUHBIA peecTp Mojeneil u apredakTos,
IJe TMpOBEpseTCS COBMECTUMOCTh (opMara MPHU3HAKOB, CTAOWIBHOCTh TpEeACKa3aHUN Ha
KOHTPOJIGHBIX Ha0opax W COOJIoeHHe OFOPKETOB HAa HAKIAJHBIE pacxomsl. B mpom3BomcTBe
UCIIONIB3YIOTCSl TPU pexuma: HabmtonarenbHbli (shadow) s cOopa KOHTp(aKTOB, OrpaHUYEHHAs
KaHapeiika MoJ MOHUTOPUHTOM p95/p99 u sHeprompoduis, U MOJHOIEHHOE BKIIOYCHHE C
aBTOMATUYECKUM JAyHTpEHAOM TpH cpabaThIBAHUM CTOPOXKEBHIX ycloBuil. Takoe BcTpanBaHue
MO3BOJSIET  CHCTEMHO  TEPEBOIUTH  CTAaTHCTHUYECKHE TpPEUMYIIeCcTBa, OOHApy)KCHHbIE B
7a00PaTOPHBIX YCIIOBUSAX, B YCTOWYUBBIC JKCIUTYaTAI[MOHHBIC BBIUTPBININ: CHIDKCHHE BPEMCHH
COPTHPOBKH M XBOCTOBBIX 3a/IepKEK, yMEHbIIIEHHE 00BhEMa MPOIMBOB M CETEBHIX OOMEHOB,
MOBBIIIIEHUE TPECKA3yeMOCTH U JIETePMUHMU3MA Ha PealbHBIX Harpy3kax, IpU 3TOM HE Hapyiias
KOHTPAKTOB  KOPPEKTHOCTH, O€30MacHOCTH M  BOCIPOW3BOIMUMOCTH, KOTOPBIE  OXKHIAIOT
COBpeMEHHBIE MIaT(HOPMbI OOJBIINX JaHHbIX.
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Tabnuma 2

VIIPABJISIEMBIE ITAPAMETPBI PAHTAMMA U VX BJIMSIHUE HA METPUKI

Hapamemp Obosna  [uanazon  Eounuysl Brusinue na TI'oe npumensiemes /
yenue — 3HAYEHUL mempuxu (p95/p99, npuMedanst
10,
CPU/namsmou/cems)
Pasmep P_part 64-512 MBb 1p95/p99 mpu  Spark:
AP TULMIH N30€KAHNH spark.sgl.shuffle.partitions;
(shuffle) nepekoca; 110 mpu Flink: parallelism
CITATIIKOM MEJTKUX
enesoit TargetSi 128-1024 Mb bananc Spark:
pasmep ze I0/MeTamaHHEIX; spark.sgl.files.maxPartition
MapTUIAN CIIMIIKOM  KpymHble Bytes
(haiimon 1p99
IMopor mpommBa  Spill_thr  50-90 % mamsitu~ Cumwkaer OOM, Ho  Spark:
Ha juck (spill) 110; Bnuser Ha p99 spark.memory.storageFract
ion/sorter spill
Bydep SortBuf  16-256 MBb 1CPU/mamste, |[p95; Spark:
coptupoBku (in maibie Oydepst 1p99  spark.shuffle.file.buffer;
—mem) Flink:
taskmanager.memory.fram
ework.off-heap.size
Cxarue shuffle  Shuffle  on/off + - on: |[IO/Net, wno Spark:
Comp codec TCPU; p99 zasucur spark.shuffle.compress  /
OT KOJIEKa .Spill.compress
Komex SerCode KryolJava - Bmusser ma CPU u Spark:
cepuanuzalma  C ILZA[ZST Net; obictpeie  Spark.serializer/spark.io.co
D KoJeKkH |p95 mpression.codec
upuna/pan- Merge f 4-32 ITOTOKOB Yem Bomme, TteM Spark: merge  params;
WH CIUSHUS anin menbiie  mpoxonoB  Flink: merge fan-in
(l10), Ho TRAM
Brenrnsis RunSize 64-512 Mb Kpynseie pansl  Spark external sort; Flink
COPTUPOBKA: lancmo  mpoxomos  Sort-merge ops
pasmMep paHa (1p99), Ho TRAM
O6uapyxenue  SkewMi on/off + - on: [p99 3a cuér Spark: adaptive  skew
nepexoca t MOporu nepepazoueHuUS; mitigation; Flink: rescale
(skew) Bo3MOXeH TNet
AIanTHBHOE AQE on/off - on: [p99 3a cuér Spark:
MTAHAPOBAHUE koaseci./u3menenust  spark.sql.adaptive.enabled
(AQE) HapTHIHN
Topor paaukc - Radix t 1075- anemeHntoB  llpwm nenouncn. McmomHauTens: BeIOOp radix
COPTHPOBKH hr 1017 KJIFOUax maét Vs comparisons
(INT/KEY) 1p95/p99; TRAM
Pazmep BatchSi  1k-64k CTpOK Kpynsesie 6atun: Spark/Flink: batch
Oarua/cTpoK B Z€ TCPU- a¢dextuBHO  Size/vectorized reader
oTIepaTope CTh, pUCK Tp99

DKChepumMenmanbHas oyenka
DKcnepUMeHTalbHasi MporpaMMa CTPOWJIACh BOKPYT MPHUHIUIIA BOCIHPOU3BOJUMOCTH U
MPAKTHYECKON 3HaunMOocCTH. J[nms Hauanma ObuUT COPMUPOBAH PEMPE3CHTATUBHBIN Myl padodmx
Harpy30K: CHHTETHYECKHE TPOPHIN C KOHTPOJIUPYEMBIMU pPACHpPENCTICHUSIMHA  KITFOUeh
(paBHOMEpHBIC, 3UM(OBCKUE, OWMOAANBHBIC, C TKENBIMA XBOCTaMH), PA3IUYHON JIOJEH
NyONMMKaTOB M  CTENEHBIO TPEABAPUTENHHON  YHOPSIOYCHHOCTH; peajbHbIe TPacchl U3
MIPOU3BOACTBEHHBIX MANUIIANHOB, NENepPCOHATM3UPOBAHHBIC U arperUPOBAHHBIC 1O HEOOXOIUMBIM
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CTaTUCTUKaM; a TaKXe cTpecc-Habopbl, HUMUTHUPYIOIIHE «BpaxaeOHbIe» ciydad (MOYTH
OTCOPTHPOBAaHHBIC, TIOYTH OOpPaTHOTO MOpAKa, JaBUHOOOpasHble MOBTOPHI).  Kaxmas
KOH(UTYpalusi OIlCHUBANACh HAa (PUKCHPOBAHHOM «IIACHOPTE OKPYKEHHs» (IIPOIECCOpPbI, MaMATh,
IUCcKoBass U cereBas mnoacuctembl, Bepcun OC u OuOIMOTEK, MapaMmeTpsl paHTaiiMa), YTOOBI
UCKJTIOYUTD ITyTaHUIy MEKIy CBOMCTBAMU JaHHBIX U 3 deKkTaMu miaTGopMbl, a TAKXKE B pexuMax
weak u strong scaling mis npoBepkH MacmITAOUPYeMOCTH. METPUKH HM3MEpSUIMCh B TOJHOU
pa3BepTKe: MeauaHHOe Bpems, p95/p99, MHUKOBOE HCMONB30BAaHUE MAMATH, OOBEM BHEITHUX
oOpaiieHuii M CeTeBhIX OOMEHOB, a IMpU HAJIUYUU COOTBETCTBYIOIEH TeNeMETpUu —
sHepronpouias M JCHEXKHas CTOMMOCTb B Tepecuére Ha 3a/laHue; OTAEIbHO YYUTHIBAIUCH
HaKJIaJHbIe PAacXOAbl MHTEIICKTa — MW3BJICUECHHE MpHU3HAKOB M HH(pepeHc. CpaBHEHHE BeIH C
CHJIbHBIMU 0a30BBIMHM JIMHHMSIMH: TIIATEIbHO HACTPOCHHBIMH KIACCHYECKUMH pealn3alusiMu
CPU/GPU, mpakTHYeCKMMH BHEIIHECOPTHPOBOYHBIMU CXEMaMH M TPOJABUHYTBIMH IBPUCTHKAMH
6e3 ML. Jna wuckiroueHus ciaydailHbIXx 5((EKTOB HCIOJIb30BajM MHOTOKPATHBIE 3allyCKU C
MEPEeCTAaHOBKOW CHJIIOB M TEIUIBIMU/XOJIOMHBIMHU KAIIIaMH, a CTaTUCTHUYECKas oOpaboTka BKIIOYAsa
OyTtcTpen mo npoduisiM ¥ KOPPEKTUPOBKY MHOKECTBEHHBIX CPAaBHEHHIT; OTYETHOCTD J1aBaIach Kak
B BUJE JIOBEPHUTEIBHBIX MHTEPBAJIOB, TaK M yepe3 Mokazarenu 3dexra (IpOUeHT IKOHOMHUH 10
BPEMEHH U pecypcam).

Weak scaling Strong scaling
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Pucynok 3. OkcriepuMeHTaNbHBIA CTEH U MacIliTabupoBaHue

Banupanusts ponM  OTAENbHBIX KOMIIOHEHTOB — OCYIIECTBIISIaCh 4epe3  aOyslUOHHBIE
HCCJIEOBAHNS W aHAJIU3 YyBCTBUTEIBHOCTH. OTIEIBHO M3MEPSUIUCH BBITOABI OT KaXIOro IIara
LENOYKH — JIETKOT0 3BPUCTUYECKOTO (DUIBTPaA, MOJENN BbIOOpA CEMENCTBA alTOPUTMA, JIOKAJIbHOTO
0aifecOBCKOro TIOHMHIA IapaMeTpoB Ha Majod mpobe, a Takke MEXaHHW3MOB aHTH-TIEpEeKoca B
pa3buenun nepen shuftfle. UyBCTBUTENBHOCTD OLIEHMBAIM K IIyMaM TEJIEMETPUHU, K U3MEHEHUIO
Oro/pkeTa Ha M3BJICUCHHME MPHU3HAKOB M HHGepeHc, K Apeiidy pacnpeneneHuil Kirouei, K
OTPaHMYEHHOCTH MaMsITH M K JerpajalusM BBOJA-BbIBOJA; B paCHpPEENEHHBIX CIIEHApUSIX
MIPOBEPSUIM YCTOMUYMBOCTD K MEPEKOCaM 10 MapTULIUAM U BIMSIHUE MTOTEPh Y3JI0B Ha KOPPEKTHOCTh U
JNETEPMUHU3M pe3ynbTara. /s mpoBEepKM NEPEHOCMMOCTH MOJENM MpeAcKa3aHUl CTOMMOCTH
NPUMEHSUIN  HOPMAaJIM3alMl0 [0 <«IaclopTy» MAaIIMHBI W KJIAacTepa W BOCIPOU3BOAWIN
AKCIEPUMEHTHI Ha aJbTEPHATUBHBIX IJIOMIAIKAaX; €CIIU YBEPEHHOCTh MOJIEIH ObLIa HEJOCTATOYHOM,
CHCTEeMa aBTOMAaTHYECKH MEepexonsa K cTabMmIbHON 0a30BoM KOHGUTYpaLlUU, U TAKOW «OXPaHHBII
KOHTYp TaKkkKe BXOAWJI B M3MEpSEMYI0 CTOMMOCTh. HakoHel, >XH3HEHHbBIM LMK O0OydeHus
OLIEHUBAJICS B «TEHEBOM» PEXHUME U NMPH KaHAPEEUHOM BbIKaTe: KOHTP(HAKTUUYECKHUE NMPOTHO3BI U
(akTHyeCcKne METPUKH COIMOCTaBISUINCh HAa OJHOM M TOM K€ IOTOKE 3a/ad, 4TO I03BOJISIIO
HaJEXKHO OIEHUTH PErpeT U pHUCK perpecca SLA 10 BKIIFOUCHHUS TOJTHOW aBTOMATHU3aIUH.
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Tab6mmma 3
HABOPBI IAHHBIX 1 ITPOOUIINA HATPY30K
NcTouHuk 06bém | Pacnpegenexue kntoveid | flona gy6aukaros| CreneHb ynopagoueHHOCTH Onucanue / HasHaueHve
TPC-H Benchmark 100-1000 I'b [Moyti pasHomepHoe 1-3% 0% CTaHAapT NPOMbILLAEHHBIX TECTOB; UMUTALWA aHAAWUTUYECKUX 3aNPOCOB
Synthetic SortMix 50-5006  |Zipf (0=1.1) 10-20% 0-30% Mogenupyer pacnpeseneHus ¢ NepeKkocom Ktoyen
Clickstream Logs 20076 IKCNOHeHLanbHoe 0.1% =5% PeasbHble aHHbIe BEO-aHaMTUKV; BbICOKAA IHTPONMA KAloyelt
Sensor Metrics (l0T) 801b HopmanbHoe 15% 80-90% CunbHO ynopsiZoYeHHble BpemeHHble psgbl; CPU-bound
Parquet DataLake (peasnbHbie) |350 6 HepasHomepHoe =5% 10-15% ®aiinbl B S3; NOBTOPHbIE COPTUPOBKM parquet row groups
Genomic Reads 250Tb Pacnpegenenve no gavHe |0% 90% [LMHHbIE KNK04M, BbICOKAA CTEMEHb YNopAA0YEHHOCTH
E-commerce Orders 12076 bau3Kkoe K paBHOMepHOMY [2-4% 30-50% PeanbHblit OLAP-cueHapui (Spark SQL)
Graph Edges Dataset 30076 Power-law =10% 10-20% PacnpeaenéHHble join-onepawum 1 camaHus pébep
Social Media Feed 180T Zipf (a=1.3) 1% 0-5% Bbicokuit |0 1 nepexoc no aKTMBHBIM NO/Ib30BATENAM
Weather Timeseries 9076 KBasuHopmanbHoe 0% 95% MoYTH OTCOPTUPOBAHHbIE AaHHbIE; NoAX0auT ana weak scaling
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Pucynok 5. AOAIMs KOMIOHEHTOB MOJUTHKU
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Obcyarcoenue pe3yiomamos u 02paHudeHull

[Tony4deHHble pe3yabTaThl IOATBEPXKAAIOT TE3HC O TOM, 4YTO oOydaemas IIOJIMTHKA,
paboTaromiasi Ha MUHHMAaJIbHO WHBA3HBHBIX IPHU3HAKAX, CIIOCOOHA CHUCTEMAaTHYECKH COKpallaTh
BpEMSI COPTUPOBKH M XBOCTOBBIE 3aJIep>KKH 0€3 HapyIICHUS KOHTPAKTa KOPPEKTHOCTH, MPU 3TOM
SKOHOMHUSI pecypcoB mposiBisieTcss He Toilbko B CPU-BpeMeHM, HO M BO BHELIHHUX MPOJIMBAX M
cereBbIX OOMeHax. CyIIecTBEHHYIO JIOJTIO BBIMTPHINIA 0OECIEUMBACT COINIACOBAHHE pa30OMEHUs C
HMIIUPUYUECKUM DPACHPEICICHHEM KIIOUeii M HMX IUIOTHOCTAMHU: TOYHEE MOJ00paHHBIC TPAHMIIBI
MapTUIUH CHUKAIOT MIEPEKOC U CTaOMIM3HPYIOT p99. BTOpoii mo BakHOCTH (DAKTOp — JOKAIBHBINA
TIOHMHT YyBCTBUTEJBHBIX MapaMeTpoB (pa3Mepbl OJIOKOB, MOPOTH MEPEKIIOUYEHHUs, COBMEUICHHE
YCTOMUYUBBIX U PAIUKC-OPUEHTHPOBAHHBIX NPUMHUTHBOB) Ha MaJoi MpoOe, KOTOPBIA OKYyMaeTcs
Jake Tpu KECTKUX OIO/PKETax, €CJIM pPelleHHe MPUHUMACTCS 10 Havyaja JOPOTOCTOSIIIUX CTaJaHM.
[Ipym 3TOM Ba)XHO OTMETHUTh, YTO MHTErPajibHas BBIFOJA CKIIAJIBIBAETCA M3 MHOXKECTBA «MAaJbIX»
3¢ deKToB; apXUTEKTYpa, MO3BOJISIONIAsE KOMOMHUPOBATh UX U KOHTPOJIUPOBATH PUCK, OKA3bIBACTCA
HE MCHEE 3HAYMMOM, YeM BBIOOP KOHKPETHON MOJICIH.

OrpanuueHus NoAXoJa CBA3aHbl MPEXKJIE BCEr0 C 3aBUCMMOCTBIO OT Kaue€CTBAa IPU3HAKOB U
CTaOUJIBHOCTH TEJIEMETPHUM: MPHU CUIBHOM IIYME M3MEPEHHM WM IPU PE3KUX CKauKaX Harpy3kKu
JI0BEpUE K IMpPEICKa3aHUsAM JIOJDKHO CHIDKATbCA U MOJIMTHKA — OTCTYNaTh K O€30IMacCHOW CTaTHKe.
BTopoil UCTOUHMK OrpaHUYEHHUH — NEPEHOCHMOCTB: HECMOTPS Ha HOPMAJIU3ALHMIO 10 «I1aCIOpPTy»
OKpPYXCHHUS, YacTh MPaBHJI OCTAETCS UYYBCTBUTENBHOW K KOHQHUTypanmusM mHamsTH, (ailioBoi
CHCTEMBl U CEeTH; JUIsl MHHMMHU3AIUK 3TOro 3¢deKra TpedyeTcss peryispHas NnepekaanOpoBKa U
XpaHeHHEe pa3HOTUIHBIX Hpodmiell B oOydaromem HaOope. TpeTuil acrnekT — CTOUMOCTb
MHTEJUIEKTa: B SKCTPEMaJIbHO KOPOTKUX 3ajladax HaKJaJHble pacxXoibl Ha NMPHU3HAKU U MH(pepeHc
MOTYT CbENaTh BBIFOAY, YTO TpeOyeT IMHAMUYECKUX IIOPOrOB OKYHNAeMOCTH, IPAaBHIIBHO
HACTPOCHHBIX «CTOPOXKEBBIX» YCIOBHA M CHOCOOHOCTH CHUCTEMBI pACIO3HABaTh CUTYallWd, I/
Jdydlle BO3JEpXKarbCcs OT ajantauuu. Hakonen, naxe INpu akKypaTHOM JU3aliHE OCTalOTCs
MIPaBOBbIE M SKCIUTyaTAallMOHHbIE OrPAaHUYEHUS: HE BCE Cpelbl JOMYCKalT cOOp TeleMeTpHH
HY>KHOM JleTanu3aiim, He Be3/JIe €CTh SJHEPrO-METPUUECKUE JATYUKH, & KAHAPEEYHbIE BHIKAThl MOTYT
KOH(JIMKTOBATh C pErIaMEHTaMH M3MEHEHMH; 3T MPAKTHUYECKHE OOCTOSITENhCTBA HYKHO
YUUTHIBATh B IUIAHAX BHEIPEHMUS.
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PucyHok 6. UyBCTBUTEIBHOCTD K IIIYMY TEJIEMETPUH U JIpeiidy pactpeaeiieHuit
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Tabmuma 4
CTOUMOCTDB UHTEJUIEKTA» 1 OKYITAEMOCTD

Ipoghune C_infer, C_feat, Cymmapnvle Bowepoiiu, mc Honss om Yucmuii
Mmc MC HAaKnaoHble, MC eviuepoliit, % aghghexm, mc
TPC-H 28 320 348 24000 15 23652
Clickstream 32 410 442 52000 0.8 51558
loT 18 140 158 12000 1.3 11842
E-commerce 24 260 284 31000 0.9 30716
Graph 36 480 516 46000 1.1 45484

Venoeus omknouenus adanmauuu: OCTaBIIATh BKIIFOUYSHHOM

3axnmouenue u Hanpasienus OarbHeUWUux pabom

Pabora popmanuzyer u peanusyer Moaxoa K ONTUMHU3AIUU COPTUPOBKH B CHCTEMaX OOJIBIITNX
JAHHBIX C OMOPOW HAa MaNIMHHOE OOy4YeHHE, pacCMaTpHUBas BECh IUKI — OT MOCTPOCHUS JaraceTa
npoduneit U MONIUTUKY MPUHATHUS PEIICHUN 10 UHTETPALIMU C TPOMBIIUICHHBIMH (peiiMBOpKaMu U
CTPOTOil dKCIIEPUMEHTANBLHON OleHKHU. [IpenyoxkeHHas apXuTeKTypa IEMOHCTPUPYET YCTOWYHBOE
CHIDKCHHE BPEMEHHM U XBOCTOBBIX 3aJICPKEK, yMEHBIICHHE O00BEMA MPOJUBOB M CETEBBIX
KOMMYHHUKAIIMH, a Takke MPEeAcKa3yeMOCTh IIOBSACHUS TIPU COXPAaHCHUM JCTCPMHUHH3MA U
KOPPEKTHOCTH, YTO JeNaeT e€ MPaKTUYHOW Ui pealbHbIX KOHBeiepoB o0paborku. KiroueBoii
MIPAKTUYECKHUH pe3yabTaT — HE CTOJILKO «MarmiecKoe» YCKOPEHHE, CKOJIBKO CIIOCOOHOCTh CUCTEMHO
noAOWpaTh AITOPUTM M TAapaMeTphl M0J] KOHKPETHBIH NpoQIb 3a1add U 1mIaTopMbl, GUKCHPYS
BBIUTPBIII JIAXKE B YCIOBHSX Jpeii(a JaHHBIX U BAPUATUBHOCTH OKPYKCHHUS.

JlanpHelmas paboTa BUIUTCS IO HECKOIBKHM HalpaBleHUsM. Bo-mepBbiX, yriyOneHue
TEOPETUYECKUX OCHOBaHUU: (QOPMYTUPOBKA TapaHTHl Ais OOydeHUs C TpelCKa3aHUsSMU B
MPUCYTCTBUH IIYMHBIX MPU3HAKOB M OTPAHMUYCHUI HA CTOMMOCTh MH(EPEHCa, a TaKKe pa3padoTka
MEXaHU3MOB KOHTPOJISI PEerpeTa ¢ SBHBIMH OIEHKAMH B Pa3peKEHHBIX M TOKENBIX XBOCTax. Bo-
BTOPBIX, pacuiupeHue Habopa MpU3HAKOB 3a cu€T Oosiee HH(GOPMATHBHBIX, HO JCMIEBBIX MPOKCH —
HanpuMep, 3CKU30B JIOKATHHON SHTPONHH U «MHUKPO-TIPOO» Ha MAJBIX MOPIHUSAX JaHHBIX C HYJIEBBIM
KOIIMPOBAHUEM, a TaKXe HCCICIOBAaHUE CaMOOOyJaIOMUXCs CXEM, KOTOPBhIE KOPPEKTHPYIOT
MIPU3HAKY U TIpaBUIIa Ha JeTy 0e3 pucka st SLA. B-TpeTbux, ykperieHue nepeHoCUMMOCTH: KpOcc-
TUIONIA/IOUHBIE aJaNTallMOHHBIE CIION, 00heINHEHHBIE TPOCTPAHCTBEHHO-BPEMEHHBIE PENO3UTOPHH
npoduneit, MeToasl MeTa-oOydeHHs, MO3BONAIOIIME OBICTPO AANTUPOBATH TMOJHUTHUKY K paHee
HEBUIUMBIM KjacTepaMm. B-4eTBEPTHIX, Oojee TUIOTHAS WHTETpalus C TUIAHAPOBIIMKAMH
BBIYHCIICHUH W CUCTEMAaMH XPAHCHHS, TN MPEICKA3aHUS CTOMMOCTH JIOJDKHBI YYHTHIBATHCS B
100aNbHBIX PEIICHUSAX MO KOaJeCIIUPOBAHUIO, COBMECTHOMY YIOPSIIOUMBAHUIO JTAlOB U MYIBTH-
pecypcHOMY IIaHUpOBaHUI0. HakoHell, IepCcrneKTUBHO pa3BUTHE MHCTPYMEHTOB OTKPBITOM HAyKH:
MyOJIMKaKsl JTAJTOHHBIX HA0OpOB TpO(dUICH, CIEHAPHEB BOCIPOM3BEIACHHUS UM OTKPBITHIX
peanu3anyii KOMIIOHEHTOB, YTO TIO3BOJHMT COOOIIECTBY CpaBHHBATh TOAXOABI Ha OOIIMX
OCHOBaHUSX U YCKOPUT MePexo]] OT Jab0paTOPHBIX MPOTOTUIIOB K CTaHJAPTU30BAHHOW MPAKTHUKE B
WHYCTPHUH OONBIINX JAHHBIX.
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Annomayus. Hannas CTaThs doxycupyercs Ha ONITUMU3ALNH MeTo1a
CHEKTPO(HOTOMETPUUECKOTO OMPEIENIEHUsI 00ILEro coAep KaHusl KApOTUHOUIOB B HaJJ3€MHOM YacTu
(TpaBe) OykBuIBI IekapcTBeHHOM (Betonica officinalis). B pamkax nccnenoBanus ObUTH TIIATEIEHO
M3y4YeHbl U ONTUMHU3HPOBAHBI TAPAMETPhI SKCTPAKIIMHU, BIHUSAIOLINE HAa KOJIMYECTBEHHOE U3BICUEHHE
KapOTHHOUJOB, @& MMEHHO: KOHLEHTpAIMsl SKCTpareHTa, COOTHOILIEHHE MAacChl ChIpbsi M 00beMa
JKCTpareHTa, pa3Mep 4acTHIl U3MEJIbUYEHHOTO ChIPbsl M IPOAOKUTEIBHOCTh MPOLIECCa IKCTPAKIIUH.
Pe3ynbrarel nokazanu, yto Hanbosee F3PpPeKTUBHAS SKCTPAKLUs KAPOTUHOUIOB U3 TpaBbl OyKBUIIBI
JIEKapCTBEHHOM JOCTUTAETCS NP UCTOIb30BaHUH 95% ATUIIOBOrO CIMpTa B KAYECTBE SKCTPAreHTa,
COOTHOILEHUH CBIPbsi K AKCTpareHTy 1:30, cTenmeHM M3MeNb4YeHHUs ChIpbsi 10 | MM M BpeMeHHU
sKCTpakuuu 90 MUHYT ITPU OHOKPATHOM M3BJICUEHUH. BbUI onpeneneH XxapakTepHblii MAKCUMYM B
yIIbTPauOJETOBOM CIIEKTPE BOJIHO-CIIUPTOBOIO 3KCTPAKTA TPaBbl OYKBUIIbI, PACIOIOKEHHBIN IpH
JUTMHE BOJHBI A = 45542 uHwm. [IpoBeneHHBI aHAINU3 TO3BOJUJI YCTAaHOBUTH MAaKCHMAaJbHOE
coJiep>KaHue KapOTHHOMIOB B HCCIIEAOBAaHHOM 00pasile, kotopoe coctasmiio 10,01 mr%.

Abstract. This article focuses on optimizing the method of spectrophotometric determination
of the total carotenoid content in the aboveground part (grass) of Betonica officinalis. As part of the
study, the extraction parameters affecting the quantitative extraction of carotenoids were carefully
studied and optimized, namely: the concentration of the extractant, the ratio of the mass of the raw
material to the volume of the extractant, the particle size of the crushed raw materials and the
duration of the extraction process. The results showed that the most effective extraction of
carotenoids from the herb letter officinalis is achieved when 95% ethyl alcohol is used as an
extractant, the ratio of raw materials to extractant is 1:30, the degree of grinding of raw materials is
up to 1 mm and the extraction time is 90 minutes with a single extraction. A characteristic
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maximum in the ultraviolet spectrum of the water-alcohol extract of the herb letter was determined,
located at a wavelength of A = 45542 nm. The analysis made it possible to establish the maximum
carotenoid content in the studied sample, which was 10.01 mg%.

Kniouegvle cnoea: KapOTHHOMJBI, KOJIMYECTBEHHOE OIPENEIICHUE, CIEKTPOPOTOMETpHS,
TpaBa, OyKBHIIa JIE€KapCTBEHHAs

Keywords: carotenoids, quantitative determination, spectrophotometry, herb, betonica
officinalis

byksuna nekapcrBennas (Betonica officinalis, cem. flcnoTkoBbie — Lamiaceae), siBisercs
OJJHUM W3 CaMbIX JIPEBHUX U YHUBEPCAJIbHBIX IENCOHBIX pACTCHHUH, HCIOJIb3YeMbIX B
TPaAMLIMOHHON MenunuHe. B TpaBe OYKBHUIIBI CONEPIKUTCS PA3TMYHBIA KOMIUIEKC NOIH(EHOIBHBIX
COEIMHEHUH, 3a CYET KOTOPOTO TpaBa OYKBHUIIBI MPOSBIISET 3a)KUBJISIONIEE ACHCTBUE, B TOM YUCIIE
OCTaHABJIMBACT KPOBOTECUCHHE, yYMEHbIIIACT BOCHAJICHHE, HPOSIBIISICT BSDKYILYIO,
MPOTUBOTEMOPPArMYECKYI0 W MPOTHBOPEBMATUYECKYHO aKTHBHOCTb, I[MTOTOKCHYECKOE |
npoTUBOrpUOKOBOE neiicTus [1, 4, 5].

B cBsI3M ¢ 3TUM aKTyaJbHBIM SIBJISIETCSI MCCIENOBAHUE W JHUIO(PHUIBHOW (PaKIUH TpPaBbI
OyKBHIIBI, & MMEHHO IHTMEHTOB: KapOTHHOMIOB M XjopoduiioB. KapormHomasl oOmamaror
[IUPOKUM CIIEKTPOM (DapMaKoOJOrHYECKUX CBOMCTB: AHTHOKCHUAAHTHBIC, PAIHONPOTEKTOPHBIC M
AHTUKAHIIEPOTCHHbIC, KOTOPHIE B COBOKYIMHOCTH OKa3bIBAIOT IIOJIOKUTEIBHOE BIHMSHUEC Ha
ummynuter [9, 11, 12].

Mamepuan u memoow ucciedosanus

OObekTaMH HCCIIEOBAaHUS CIYKWIH 00pa3lbl SKCTPAKTOB U3 TpaBbl OyKBUIIBL. ChIpbe
3aroTaBIMBAIOCH Ha Tepputopun Ilenzenckoit obmactu B 2023 1. KonmvecTBeHHOE ompeneieHue
CYMMBbI KapOTHHOHUJOB ONpENeNsId METoJAOM MpsiMoi crekrpooroMerpun. OKoo 2 T' TpaBbl
OyKBHIIBI TIOMEIANIU B K00y BMecTUMOcThi0 100 Ma u skcTparupoBaimu ¢ 60 M 3KCTpareHra,
MPUCOETUHSIIN K OOpaTHOMY XOJIOAWJIBHUKY, HarpeBajlu Ha KUIAIeH BOJsSHON OaHe B TeueHue 90
MUHYT C MOMEHTA 3aKMUIIaHus SKCTpareHTa B konoe. Ilocne oxiaxaeHus nosydyeHHbIe U3BICUEHUS
¢unbTpoBanu yepe3 OyMaXKHbIH (PUIBTP, CMOUEHHBIH TEM K€ dKcTpareHToM (pactBop A). 3arem
¢bubTpoBanyu uepe3 OyMaKHbIH GUIBTP 5 MJI U3BJICUCHHS B MEPHYIO KosIOy Ha 25 mi. [lapamiensHo
OTHOCHUTEIIBHO BOZABl OYMILEHHOM M3MEpSIM ONTHUYECKYI0 IIIOTHOCTH pactBopa CO kamus
Omxpomara, KOTOPBId TOTOBUIN B cooTBeTCTBUU ¢ DC-42-1730-86, a umenno: 0,3600 r (TouHas
HaBeCKa) Kalinsg OuxpomMara pacTBOPSUIA B BOJIE B MEPHOM KOJIO€ BMECTUMOCTBIO 1 J1 M JOBOIAMIM
00beM /10 METKH BOZIOH; pacTBOp MO OKpPacKe COOTBETCTBYET pacTBopy, coaepxkamiemy 0,00208 mr
B-xkaporuHa B 1 wmu. B kadecTBe pacTBOpa CpaBHEHMsI HCIOJIB30BAJIM BOLY OYMIIEHHYIO.
Onpenensny oNTUYECKYIO INIOTHOCTH Ha criekTpodoromerpe CD-103 npu 1uyinHe BOJTHBI 455 HM.

Pesynomamot u o6cyscoenue
Haunbonee pacrpocTpaHEHHBIM METOIIOM KOJIMYECTBEHHOTO OTIpeIeIIeHUS
(beHMIIMPOTIAHOU/IOB SIBIISICTCS TIPsiMasi criekTpodoTomepus [3, 6-8, 10].
ConepxaHue CyMMBbI KAPOTUHOUIOB B ChIpbe OyKBHUIIBI (X) B mepecueTe Ha 3-KapoTHH B MI'%

paccuuTHIBAIM 10 (popMmyrie:
~ D1x0,00208 x 60 x 25 x 100 x 100

D2 Xm X 2 x (100 —W)

D1 - omnrtuveckas IUIOTHOCTh HCHBITYEMOTO pacTBopa; D2 — onTmueckas IIOTHOCTh
cpactBopa CO kamuss Ouxpomara; 0,00208 — konuuecTBO [-KapoTHHA, MI, B PacTBOpE,
COOTBETCTBYIOILIEM MO oKpacke pactBopy CO kanusi Guxpomara; M — HaBecka, I; W — moteps B
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Macce IpH BbICYIIMBAaHUU, %. KoinumdecTBeHHOE ompeaeneHusi CyMMbl KapOTHHOUIOB B TpaBe
OYKBUIIBI TPOBOIMIM METOIOM TIpsiMOii criekTpodoromerpun [3, 10].

AHanM3 JaHHBIX JIATEPATyphl TOKA3bIBAET, YTO KAaPOTHHOHIBI PACTBOPUMBI B CIHPTE
pa3NMYHBIX KOHIEHTpalWW, aleToHe, TeKcaHe, XJopopopMe U JPYrUX OpraHUYeCcKUX
pactBopurensx [3, 7, 8].

DNEKTPOHHBIEC CIEKTPHI U3BJICUEHUS B quanazoHe JIMH BoiaH 400-500 HM UMEIOT MaKCUMyM
onTUYeCKoW IIoTHOCTH npu 455+2 HM (Pucynok). B rekcane u cnupre 95% ocHOBHbIE
MaKCUMyMbI TOMJIOIICHUS HaXOASATCS TMpH JJIUHE BOJHBI 455+2 HM, XapakTepHOW Ui
KapOTHUHOMIOB.

KpuBaa cnekTpa cKaHWpoBaHWA
1.000

173 ....................................... ........................................
171 ....................................... ........................................
11 N ....................................... ........................................
0,010 : :

400,00 500,00 600,00 700,00

NnuHa BonHe! [HM)

Pucynok. Y®-criekTp cHMpTOBOrO U3BJICUEHUS U3 TPaBbl OYKBHUIIBI JIEKAPCTBEHHOM

Taomuua 1
BJIMAHUE DKCTPAI'EHTA
HA BBIXO/I KAPOTHMHOW/IOB U3 TPABbBI bYKBHUIIbI

Oxcmpazenm Cooepoicanue cymmbl KApOMUHOUO08, M2%
I'excan 0,76+0,11
AneToH 3,79+0,18
I'excan-aneroHn (1:2) 4,72+0,19
Otanoi 95% 5,52+0,18

[Ipn pa3paboTke METONMKH KOJMYECTBEHHOTO aHallu3a KapOTHHOWUJOB B TpaBe OYKBUIIBI
BBISIBJICHBI ONTHUMAJIbHBIE YCIOBHS SKCTPAKIINH: CTEEHb U3MEIBYCHUS ChIpbsi — | MM, SKCTpareHT
— 95% cnupT TUIIOBBIM, COOTHOIIEHUE ChIphs M dKcTparenTa — 1:30, Bpems skcrpakuuu — 90
MUH Ha BOJsHOM Oane, Temreparypa — 90°C. J[yist SKCTpaKIUK KapOTHHOMIIOB M3 TPAaBbl OYKBHIbI
1enecoo0pa3Ho UCMOIb30BaHKUE dTaHoNa 95%, Tak Kak HHTEHCHBHOCTh ITMKOB B JIPYTHX SKCTPaKTax
MEHbIIIe, M0 CpaBHEHUIO 95%, NpU YCIOBUU OJMHAKOBBIX HABECOK U YCIIOBUN HKCTPAKIUH.
Pesynbrarel McCClEeAOBaHUM 1O BBHIOOPY ONTHMAJIbHOTO COOTHOIIEHHUS «CBHIPhE-IKCTPAreHT»
npuBefeHbl B Tabmuue 1-4. OnTUManbHBIMU MapamMeTpaMy SKCTPAKIMU SBISIOTCS: W3BJICYCHHE
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95% STUIIOBBIM CIMPTOM Ha KUIIALIEH BoAsHON OaHe B TeueHHEe 90 MUHYT B COOTHOILIEHUH «ChIpbe-
skctpareHT» — 1:30.

Tabmuna 2
3ABUCHMOCTD BBIXOJA KAPOTUHON OB TPABBI BYKBHILIbI
OT COOTHOIIEHUS «CBIPBE-DKCTPAT'EHT»
CoomHouienue «Colpbe-3KCmpazeHmy Cooepoicanue cymmvl Kapomunouoos, mel%
1:20 4,72+0,18
1:30 5,52+0,18
1:60 4,31+0,20
Tabmmna 3

3ABHUCUMOCTD BBIXOAA KAPOTUHONIOB
TPABBI BYKBUIIbI OT BPEMEHU HACTAMBAHUS HA KUTTAIEN BOJSTHOM BAHE

Bpems nacmausanus na xunswetl 60010 bane, MUuH Cooepoicanue cymmul Kapomurouoos, mel%
30 5,52+0,20
60 7,17+0,21
90 10,01+0,22
120 8,96+0,18

3aBHCHUMOCTh BbIXOJa OMOJOTHYECKA AaKTHBHBIX COGI[I/IHGHI/Iﬁ nus3 6YKBI/II_U>I OT CTCIICHU
HU3MCJIBYCHHOCTH CbIPbA MNPCACTABJICHA B Ta6JII/IIIe. CJICI[yCT OTMECTUTDH, YTO, IIO HAIIMM JAaHHBIM,
CTCIICHb U3MCJIBYCHUSA OT 0,5 J0 2 MM CHJIBHOTO BIIMSIHHS Ha OKCTPAKIUIO HC OKAa3bIBACT. O[[HaKO B
KayeCcTBE ONTUMAILHOM HAMH BBI6paHa CTEIeHb U3MENIFYCHUS 1 MM.

Tab6muna 4
3ABUCHUMOCTD BBIXOJA KAPOTUHOMJIOB
TPAB BYKBUIIbI OT CTEINIEHU U3MEJIBMEHHOCTH CBIPbS
Dpakyuu U3MeNbUEHHO20 CHIPbSL, MM Cooepoicanue cymmul Kapomunouoos, mel%
0,5-1,0 9,89+0,21
1,0-2,0 1001021
2,0-3,0 9,95+0,18

BrisiBieHO, 4TO cojepaHue KapOTMHOWIOB, NMPU HCIOJIb30BAaHMM B Kaue€CTBE SKCTpareHTa
sraHona 95% cocraBmster 10,01%. Jlng ycTaHOBIEHHS METPOJIOTMYECKHX XapaKTEPUCTUK
METOAMKH, COITIACHO PEKOMEHAALMAM [2], MPOBOAMIM IATh NApajUIEJIbHBIX ONPEACIECHUM, 3aTeM
BBIYHMCIISUIA BETMYUHY CTaHAapTHOTO OTKIOHeHUs (S=0,16652) u nucnepcuto (S2=0,02773).

[Momymmupuna noseputenbHoro uHTepBasia (AX) cocraBmia 0,099, omubka eIMHUYHOTO
OTIpe/IeTICHUs] C JIOBEpUTENbHON BepoATHOCThIO 95% cocraBnsger He Oonee +2,06% mpu
OTIpeNIeIEHUN CYMMbI KapOTHHOMJIOB METOJIOM MPSMON CIeKTpo(OoTOMETpUU B Iepecyere Ha -
kapoTuH. [lomyueHHbIe aHHBIE CBHUETENBCTBYIOT OO0 OTCYTCTBHM CHUCTEMAaTHYECKOW ONIMOKH
pa3paboTaHHON HaMU METOJMKH U MO3BOJISIOT MPEIJIOKHUTH €€ I KOJTMYECTBEHHOTO OIpeleeHUs
CYMMAapHOT'0 COJIepKaHHUs KapOTHHOMIOB B TpaBe OyKBHUIIbI B IIepecueTe Ha B-KapOTHH.

3axnouenue
CrniekTpo(OTOMETPUYECKMM METOOM Hai/IeHO, YTO KOJMYECTBO CYMMBI KapOTHHOMJIOB
coctasisieT 10,01 mr%. Onpenenensl nmapameTpsl Y®D-cieKTpa BOIHO-CIUPTOBOTO M3BJICUEHUS U3
TpaBbl OYKBHIIBI MakCUMyM npu A=455+2 uM. [l SKCTpakuuu KapOTHHOMJIOB M3 OYKBHUIIBI
1es1eco00pa3Ho MCIONb30BaHuEe 3TaHona 95%. MakcumanbHOe conep)kaHhe KapOoTHHOUAOB B
CBIpPbE, JOCTUTAETCS MPUMEHEHHEM IOJOOPAaHHBIX YCIOBUI AKCTPAKIUH: CTEIIEHb U3MEIIBYCHUS —
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1,0 mm, skcTpareHT — 95% 3TaHON, COOTHOIIEHUE «ChIpbe — AKCTpareHT» 1:30 u 3KcTpakuuen Ha
KHIISIIed BoJsiHOM OaHe B TeueHrne 90 MUHYT.

Buvinonneno 3a cuem cpeocme epanma Poccutickoeo nayunozo ¢ponoa, npoexm Ne24-25-20155
«Hccnedosanue HOBbIX UCMOYHUKOG JIEKAPCMBEHHO20 PACMUMENbHO20 Cblpbs U paspabomxa
KOMNIEKCHO20 umocpedcmea OJisi NPOPUIAKMUKU U JedeHUss UHDEKYUOHHO-80CNATUMENbHBIX
3a601e8anuli»
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MAJEHUS OTAEJSIIOIIMXCS YACTEN PAKET-HOCHUTEJENR
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ANALYSIS OF THE PREVALENCE OF DISEASES AMONG MEN OF WORKING AGE
OF THE CHARYSH REGION OF THE ALTAI REGION LIVING NEAR THE AREAS OF
FALLING SEPARATING PARTS OF LAUNCH VEHICLES
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Annomayusa. Yacte TeppuTOpuM AJNTaNHCKOrO Kpas BblJeNIeHa I0J padOHbl MaJCHUs
OTHEIAIOIIMXCA YacTel pPAKeT-HOCUTENIEH, 3allycKaeMblX ¢ KocMmoapoma baiikonyp. C wmensro
BBISIBJICHUSI BO3MOXHBIX MEIULMHCKUX IOCIEACTBUM [JI1 HACEJIEHUs BO3JCHCTBUS PAKETHO-
KOCMHMYECKOH JIeATENbHOCTH B paMKax rOCYJapCTBEHHON KOCMUYECKON Iporpammsl B kpae ¢ 1999
rofa IPOBOIATCA MEIULUHCKHE OCMOTpPBI JKUTEIEH TEPPUTOPHH, NPWIETalOIUX K panioHaM
nageHus. B nmaHHON paboTe BHEpBble NPEACTABIEHBI Pe3yNbTaThl JAMHAMHYECKOTO aHaJIn3a
MoKa3aresiell  paclpocTpaHEHHOCTH OOJe3HEH cpeau MYXK4YHMH TPyAOCHOCOOHOro BO3pacTa
Yapeiickoro paiiona 3a 1999, 2006, 2011 u 2015 ronel. BeisiBieHbl ypoBHHM TOKa3aTened uis
CaMbIX PAaCHpPOCTPaHEHHBIX OONE3HEH M TEHAEHIMH IUHAMHUKU 3TUX IOKa3areneil. YCTaHOBIEHO,
YTO JWHAMMKa OOLIMX TIOKa3areledl pacnpoCcTpaHEHHOCTH Oone3Hell cpenu  MYXKUYMH
TPYAOCIIOCOOHOI0 BO3pacTa JJaHHOM TEPPUTOPHUHU M MOKa3aresiel pacpoCTPaHEHHOCTH OTAEIbHBIX
KJ1accoB 0oJIe3HEN U HO30JI0THi HEOTHO3HAYHA B pa3HbIE TOJIBI.

Abstract. Part of the territory of the Altai Region is allocated for the areas of the fall of the
separating parts of the launch vehicles launched from the Baikonur cosmodrome. To identify the
possible medical consequences for the population of the impact of rocket and space activities within
the framework of the state space program in the region, since 1999, medical examinations of
residents of territories adjacent to the fall areas have been carried out. This work presents for the
first time the results of a dynamic analysis of the prevalence of diseases in men of working age in
the Charysh region for 1999, 2006, 2011 and 2015. The levels of indicators for the most common
diseases and trends in the dynamics of these indicators were revealed. It was found that the
dynamics of the overall prevalence of diseases in men of working age in this territory and the
prevalence of certain classes of diseases and nosologies are ambiguous in different years.

Knrouesvie cnosa: pakeTHO-KOCMHYECKAS NEATENHHOCTD, 3J0POBhE MY>KUUH TPYAOCIOCOOHOTO
BO3pacTa, pacrpoCTpaHEHHOCTh OONIe3HEH, JMHAMUYECKUN aHAIIH3.
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diseases, dynamic analysis.

3HayuTeNbHAsl YacThb TEPPUTOPHUH AJNTAMCKOrO Kpas IMOJBEPraeTcs BO3JEHCTBUIO PAaKETHO-
KOCMHMYECKON JesTeNbHOCTH. PacuerHas miuomanbs 4eTblpéx paiioHoB mnaneHus (PII) Bropeix
CTYIIEHEl paKeT-HOCUTENEeH, 3allycKaeMblX ¢ KocMmozapoma baiikonyp, 30Hbl }O-30, cocraBiser
OKOJIO TIOJyTOopa ThicAdy KB. kM. [lameHue ¢parMeHTOB OTAEISIOUIMXCS YacTed pakeT-HOCUTENen
(OYPH) yxyaiaer 3K0JIOTHYecKyro cutyaruio B PI1 u Ha mpuieraromumx Kk HuM tepputopusx [1-8].

OCHOBHBIM KPHUTEPHEM 3KOJIOTHYECKOTO HEONAromoyyusi sBISETCS COCTOSIHHE 3I0POBbS
HaceneHus. B manHON paboTe MpencTaBlIeHbl pe3ylbTaThl MEAUIIMHCKOTO OOCIICIOBAHUS JKUTEICH
CenTenekckoro cenbcoBera Yapeimickoro paioHa Auraiickoro kpas. JlaHHas TeppuUTOpus
npusieraet kK PII wacreit paket-Hocutene tuna «IIpoTton».

OCHOBHYIO JKOJIOTMUECKYIO Yrpo3y Ui OKpyxkawimied cpeast B nanHom PII OYPH
IIPEJICTABIISIIOT OCTAaTKU PAKETHOIO TOIUIMBA HeCMMMeTpuuHoro aumMerwiruapasuda (HAMIT win
TeNTHUIa) U €ro OKUCIUTENN — a30THbIN TeTpaokcus (N204) win azotHas kuciora. OCOOEHHOCTBIO
HJAMI' u nponyKToB €ro HEMOJHOTO OKHCIEHHS SBISIOTCA BBICOKAS TOKCUYHOCTh M XUMHYECKas
croiikocTh [9-12].

Mamepuanvl u memoouxa

B cootBercTBUM ¢ DenepanbHOi kocMuueckoi nporpammoi Poccun Ha 2006-2015 roasl, Ha
2016-2025 roger u panee Ha ocHoBaHuHU J0roBOpoB ¢ I[THMM mammuocTpoenus (r. KoponéB)
KI'bBY HUU pernonanbHbIX MEAMKO-IKOJIOTHUUECKUX mpodsiem (T. bapnayn) ¢ 1999 roga npoBoaun
MEAMIMHCKOE O0CII€IOBaHUE HAaCEJIeHUs AJNTallCKOro Kpas, MpOKMBAIOLIET0 HAa TEPPUTOPUSX,
npuierapomux K PIT OYPH. B wactHocT B 1999, 2006, 2011 1 2015 rogax o0cienoBaau )KUTeIeH
CeHrenekckoro cenbcoBeTa Yaphllckoro paiiona AnTaiickoro Kpas.

B pabote mpencraBieHbl pe3yiabTarbl 0OCIEAOBAaHUS MYXYHUH TPYIOCIOCOOHOIrO BO3pacTa
(15-59 ner) nannoii Tepputopuu. [Ipu crarucTudeckoi 00pabOTKe BBISBICHHBIX CIIydaeB OOe3HEH
y MYX4YUH OBUIM HCKIIOYeHbl JaHHble To 1ByM kiaccam MKB-10 — «BHemHue NpUYHHBL
3aboneBaemoct M cMepTHOCTH. Kimace XX» (V01-Y98) u «®akropsl, BAUAIOIINE HA COCTOSHHUE
37I0POBbsI U OOpallleHus B yupekaeHus 3apaBooxpaneHus. Kimace XXI» (Z00-Z99).

beimu  paccumTaHbl: MHTEHCHUBHBIE TIOKazarend (Kod((HUIIMEHT pacnpoCTpaHEHHOCTH
BbIsIBIIEHHBIX Oone3Heil Ha 1000 oCMOTpEHHBIX MY)KYMH B IIEJIOM U IO OTAEIBHBIM KjaccaM U
HO30JIOTUAM — %o), UX OIINOKA penpe3eHTaTuBHOCTHU (£m). J{J1s1 OLEHKH TOCTOBEPHOCTH Pa3IndHs
rokasarenel wucnonb3oBadu kpurepuit CrblofeHTa. JlMHaAMUKy [OKa3aTeled OLEHUBAIN C
MTOMOIIbIO TEMIIA IPUPOCTA.

3a Bpemsi pabothl skcrieaunuu 1999 r O6bI0 ocMOTpeHO 287 MYKYHH TPYAOCIOCOOHOTO
Bo3pacTta. [1o uroram skcnenuiuu 2006 roga Obu10 00cnenoBaHo 216 myxuuH, B 2011 r ocmoTpenu
163 myxunsbl ¥ B Xo7¢e dkcnenunnu 2015 r 6p11r 00cnenoBanbl 154 MyKYUHBI TPYIOCIIOCOOHOTO
BO3pacTa.

Pezynomamot u ux oocysrcoenue
AHanu3 pacnpoCTpaHEHHOCTH Ooyie3HEeW cpeau 00cCIeNOBaHHBIX MYXKYHMH IOKa3aji, 4To
o0Imui ypoBeHb pacmpoCTpaHEHHOCTH Oone3Her cpean HUX B 1999 romy cocraBun 2564,543,0
ciydas Ha 1000 ocmoTpeHHbIX. Yaie Bcero Ha JaHHOW TEPPUTOPHH CPEaU OOCIETOBAHHBIX
MY>KYMH BCTpedalnuch «bone3sHu SHAOKPUHHOW CHCTEMBI, pacCTPOMCTBA MUTAHWS W HApPYIICHUS
obmena BemectB. Kimacc IV» (E00-E90), ypoBens moka3zaresnst KOTOpbIx cocTaBmt 693,4+27,2%o. U3
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JAHHOTO KJjlacca HauOosiee 4YacTo BBIABISUIA Oosie3Hu muToBuaHou kene3bl (E00-E07) c
nokasareneM 630,7£28,5%o.

CymiecTBeHHBIH BKJIa B GOpMHpPOBAHKE OOIIETO MOKA3aTellss BHECITH TAaKKe TaKWUE KIIacChl
Oosie3Hell (B MOpsKE 3HAYMMOCTH), Kak «boyie3HH 1a3a m ero mpuaarodHoro ammapara. Kiacc
Vil» (HO00-H59) ¢ ypoBuem mnokazarenst 320,6+27,5%o0, B TOM 4ucie OOJE3HHM MBI IJ1a3a,
HapyIICHUS COJPYKECTBCHHOTO JBIDKEHHS TIJa3, akkoMmomanmuu u pedpakmuun (H49-HS2) —
261,3+25,9%o. HNanee: «bone3nn opranoB apixanus. Kmace X» (J00-J99) — 303,1+27,1%o, B TOM
Yyuciie XpOHUYecKkue 00e3Hn MUHIAIMH U aneHonaoB (J35) — 115,5+18,6%o; «bonesnun cuctemsl
kpoBooOpamienus. Kmace IX»  (100-199) — 223,0+24,6%0, B TOM wuymciae OOJIE3HH,
XapaKTepU3yIOUIHecs MOBBIIIEHHBIM KpoBsHbIM naBineHueMm (110-115), T.e. pasnuunbie (opmsl
runepronnyeckoit 6omesan — 101,0+17,8%0; «HoBooOpaszosanus. Kimacc 1l» (C00-D48) —
195,1423,4%0, B TOM umcne 3i0kadecTBeHHbIe HOBOoOOpazoBanus (C00-C97) — 13,9+6,9%o;
«bosie3HN KOCTHO-MBIIIIEUHON CUCTEMBI M coenuHuTenbHoM TkaHu. Kmacc Xy (M00-M99) c
nokazareneM 177,7£22,6%o; «Hexoropsie MH(MEKIMOHHBIC W TapasuTapHbie Oone3nu. Kmace I»
(A00-B99) — 104,5+18,1%o0; «Ilcuxmueckue paccTpoiicTBa u paccTpoiicTBa noseaenus. Kimace Vy
(FOO-F99) — 90,6+16,9%0; «bone3suu opranoB mnumieBapenus. Kmacce Xl» (K15-K93) —
83,6+16,3%0; «bone3nu yxa u cocreuanoro orpocrka. Kimace VI (H60-H95) — 73,2+15,4%;
«bone3nn koxu um moakokHoM kierdarkd. Kmace Xy (L00-L99) — 73,2+15,4%0; «bone3nu
MouenonoBor cuctembl. Kiace XIVy» (N00-N99) ¢ ypoBHem mokazarens 59,2+13,9%o; «bone3nu
HepBHOM cuctembl. Kiace VIy (G00-G99) — 52,3+13,1%.

AHanu3 WHTEHCHUBHBIX [OKa3arelied mo uroraM MeaunuHckoro ooOciemosanus B 2006 r
MoKa3aJl, 4YTO OOIIUI ypPOBEHb PACIPOCTPAHEHHOCTH OOJIE3HEH cpelu OOCIEeTOBAHHBIX MYXKYHH
TPYAOCTIOCOOHOTO BO3pacTa mpakTuuecku He n3meHwmics (P>0,05) u cocraBun 2569,443,4 cnyyas
Ha 1000 0cMOTpEHHBIX.

[Ipy 5TOM OBUIO OTMEUEHO CYIIECTBEHHOE IIOBBIIICHHUS YPOBHS PAaCIPOCTPAHEHHOCTH
OOJBIION YacTH KIAcCOB OONe3HEeH H OTIEeNbHBIX HO30J0THMH. Tak, 3HAYMMO YBEIHYUIICS
noKasarenb pacnpoctpaHeHHocTH «bonesHeir HepHO# cuctembl. Kmace VI» (G00-G99) — no
356,5£32,6%0 (P<0,001, temm mpupocra +582,1%); «boyie3Held Tia3a M €ro NPUIATOIHOTO
ammapata. Kmace VII» (H00-H59) — mo 611,1+33,2%0 (P<0,001, temn mpupocta +90,6%),
«bonesneii cucrembl kpoBoooOpamienus. Kmace IX» (100-199) — no 467,64+33,9%0 (P<0,001, Temn
npupocrta +109,7%), B Tom umcie paznuunbix Gopm runeprerzun (110-115) — no 194,4426,9%o
(P<0,05), Temn mpupocta +92,4%); «bone3Hei KOCTHO-MBIIICYHON CHCTEMbI W COCIUHUTEIBLHON
tkaru. Kimace XI» (M00-M99) — 1o 305,6+31,3%0 (P<0,01, Temm mpupocta +71,9%).

Ha ¢one mnoBbllieHHs ypoOBHS paclpOCTPAHEHHOCTH BBIIIEYKAa3aHHBIX Ooyie3Hel cpenu
OCMOTpEHHbIX MyX4uH B 2006 1, mo psay kiaccoB Ooyie3HEH M OTIENbHBIX HO30JIOTUH OBLIO
OTMEYEHO  CYNISCTBEHHOE  TOHMKCHHE  YPOBHS  IOKa3areled  pacipOCTPAaHCHHOCTH
«HoBoobpazosanuii. Kimace I1» (C00-D48) — no 106,5+21,0%0 (P<0,05, Temn yobuta -45,4%);
«bone3nel YHIOKPUHHON CHCTEMBI, PACCTPONCTB MUTAHUS M HapylIeHU oOMeHa BemiecTB. Kiace
IV» (E00-E90) — mo 379,6+33,0%0 (P<0,001, temn yObutu -45,2%), B TOM umcie Ooje3HEH
mmroBuaHoi kene3sl  (E00-E07) — mo 300,9+31,2%0 (P<0,001, Ttemn yoOsumm -52,3%);
«[Icuxuuecknx paccTpoicTB U pacctpoiicTB moBenenus. Kmace Vy» (FO0-F90) — mo 18,249,2%o
(P<0,01, temn yobutn -79,6%); «bone3nelt yxa u cocreBuaHoro orpoctka. Kmace VIl (H60-HI5)
— 10 13,8+8,0%0 (P<0,01, remn yosumm -81,0%); «bonesneit opranos aeixanus. Kiace X» (J0O-
J99) — no 74,4+17,8%0 (P<0,001, Temn yobutn -75,6%), B TOM YHCIIe U XPOHHYECKUX OOJIC3HEH
MUHAAIMH U aneHounoB (J35) — mo 18,5+£9,2%0 (P<0,001, Temn yobun -83,4%); «bonesneit
opranos nureBapenus. Kiacc X1» (K15-K93) — no 0,0+0,0%0 (P<0,001, temn yobsutu -100,0%),
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«bonesneit mouenosoBoit cucremslr. Kimacc XIV» (N00-N99) — no 0,0+0,0%0 (P<0,001, Temm
yosutH -100,0%).

Pe3ynpTaThl MEIMIIMHCKOTO 00CIEOBaHUS MYKYMH TpyaocrnocoOHoro Bo3pacta B 2011 r
MOKa3ajy, YTo OOLIMil YpOBEHb PAacpOCTPAaHEHHOCTH OoJie3HEeH cpenu 00CIeTOBaHHBIX MY>KYHH
cymectBeHHo (P<0,001) moBwicuiics u coctaBuin 4190,2+5,1 cryqas Ha 1000 ocCMOTpEHHBIX.

OTO0 NPOMU30ILIO 3a CUET NOBBILIEHHS YPOBHS pacIpOCTPaHEHHOCTH «bose3Hel sHI0KpUHHON
CHCTEMBI, PacCTPOMCTB NMUTaHUS W HapylieHuid oOmena BemectB. Kmacc IV» (E00-E90) — no
631,9£37,8%0 (P<0,001, Temn mpupocra +66,5%), [lcuxudyeckux paccTpOIlCTB U paccTPOUCTB
noBeaenus. Kimace V» (FO0-F99) — mo 214,7+432,2%0 (P<0,01, temn mnpupocta +1059,5%);
«bonesnelt yxa u cocueBugHoro orpocrka. Knace VII» (H60-H95) — no 61,3+18,8%0 (P<0,05,
temn npupocta +341,7%); «bosesHeir cuctembl kpoBooOpamienus. Kmace IX» (100-199) — no
736,2+34,5%0 (P<0,001, temn npupocra +57,4%), B TOM 4uciie pa3Iu4HbIX (OPM TUIEPTEH3UU
(110-115) — no 294,5+35,7%0 (P<0,05, temn mpupocta +51,4%); «bosie3Heil OpraHOB [BIXaHUSL.
Knace X» (J00-J99) — nmo 1386,5+2,9%0 (P<0,001, tTemn mpupocra +1771,8%), B ToOM uucie
XPOHUYECKHX Oosie3Hel MuHaaIuH U afaeHon1oB (J35) — mo 98,2+23,3%o (P<0,05, Temn npupocra
+430,1%).

Bmecre ¢ moBblieHHEM OOIIEro ypOBHS  PAaCIpPOCTPAHEHHOCTH Oone3Heill  cpenu
OCMOTPEHHBIX MYXuuH, B 2011 rogy cymecTBeHHO yMEHBIIWICS MOKa3aTelb PacIpOCTPAaHEHHOCTH
«HoBooOpa3zoBanwmii. Kmacc II» (C00-D48) — mo 24,5+12,1%0 (P<0,01, temn yOwbumm -77,0%),
«bonesneit HepBHoit cuctemsl. Kinace VI» (G00-G99) — no 18,4+10,5%0 (P<0,001, Temm yObian —
94,8%).

[Io pe3ynpTaTam aHanM3a WHTEHCUBHBIX I[IOKa3a