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XOPJAOMETPUSA KPYTIJIBIX OBBEKTOB

A.H. Bomaﬂosl, B.M. Upaniorun’
! rnaBHbIit umkenep, anbalex@yandex.ru, 2 K.T.H., C.H.C., JIOLEHT, kadeapa KOMIBIOTEPHOM
1 nH(opMaIMOHHO Ge30macHoCTH, ivanyugin@mirea.ru
'TTAO «C6epbanky», > MucturyT Uckycctsennoro Uuremnexra Poccuiickoro
TexHonornueckoro yausepcurera MUPOA (. Mocksa), Poccus

Annomayun. OCHOBHBIM 2e0OMEeMPUHECKUM NAPAMEMPOM MHOSUX KPYelblX 00beKmo8 A6IAemcs paouyc
cocmasnAwux ux okpyscHocmeti. B ciyuae, koeda paduyc obvekma neusgecmen, a e2o usmepenue 3ampyOHUmenbHo
UNU HEBO3MOINACHO, MONCHO NOJYHUMb Mpedyemble NApamMempsbl HAd OCHO8E 3HAHUS MOIbKO XOpObl MAK020 00beKma.

Knroueewie cnosa: Xopoa, paouyc okpyscHocmu, niouadsb Koivyd.

1. Beeaenue.

OCHOBHBIM T€OMETPHYECKUM MapaMETPOM KPYTJbIX 00BEKTOB (OKPYKHOCTB, KPYT, KOJIBIIO, cepa) sBiseTcs
paguyc COCTaBIIOIMX HX OKpYXHOcTed. B ciyuae, korma paaumyc OOBEKTa HEHM3BECTEH, a €ro H3MEpEHHe
3aTPYAHUTENBHO WM HEBO3MOXHO (HampuMep, B HAJMYUH TOJIBKO CETMEHT KPYIJIOro 0o0BEKTa), MOXKHO IOIYYUTh
TpebyeMble mapaMeTpbl Ha OCHOBE 3HAHUS (U3MEPEHUS) XOP/Ibl TAKOTO 0OBEKTA.

Hanpumep, rumoreTuyecku, NMpH PEMOHTE KOJBLEBOI TOPOrM WM pa3BA3KH (€clM IEeHTpajbHas YacTh
HEJIOCTYIIHA, ¥ TIOJIyYUTh 3HAUYEHHS PaJyCOB 3aTPYIHUTEIBHO), TO JOCTATOYHO BHEIIHUM CIOCOOOM M3MEPUTH XOPIY
KOJIBIIa W Cpa3y OLEHWTh €ro IUIOIAnb. A €CIIM €lle BHEIIHHM CIOCOOOM HM3MEpUTh LIMPHHY KOJIBIA, TO MOXHO
paccunTaTh M APYTHE MapaMeTpbl. AHAJIOTMYHBIM MOJXO0J MOXET OBITh HCIIONB30BaH HPH padoTe co chepuuecKuMHU
TEXHHYECKUMH 00BEKTaMH IIPH OTCYTCTBUH JOKYMEHTAIINH, & TAKXKE PU H3MEPEHHN MAaKpOOOBEKTOB B kocMoce [1].

2. XopaoMeTpusi OKPY>KHOCTEI.

B kagecTBe mpmMepa pacCMOTPHM OIEHKY IUIOIIAJd KOJbIla B pe3ylbTaTe OXHOTro xopiaomsmepenus. [Ipm
9TOM pPaJauycChbl BHyTpeHHefI W BHEUIHEH OKPYXXHOCTU KOJIbIIa HW3HAYaJIbHO HEU3BCCTHBI, MPEAINOJI0XKHUM, YTO HX
HU3MEPUTH HE yaeTcs.

ITycts ecth K0mb110 (pHC 1). Ero rpaHuirs — 3TO ABE OKPYKHOCTH, BHYTPEHHSA U BHEIITHSS.

Pucynox 1

© Bornmanos A.H., VBanroruu B.M. / Bogdanov A.N., lvanyugin V.M., 2026
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Jns ompenenieHust IJIOIIAAM KOJbL@ MPOBEJIEM XOPAY KOJblia, Hayalo M KOHEI KOTOPOH HaxomsTcst Ha
BHEITHEH OKPY)KHOCTH, a CepellHa KacaeTcs BHYTPEHHEW OKpYXHOCTH. /lomycTuM, YTO ee [UIMHA MOCie U3MEPECHUs
cocraBwia L. [TonoBuHy aiuHBI X0pasl, oTpe3ok AB, o603naunm kak h. ITo moctpoenuto miuna h otpeska AB paBHa
L/2.

MsicnenHo coequHuM Toukkd A u B ¢ ycnoBHbIM meHTpoMm Kojbha (toukod O). Otpesox OA, oueBuiHO,
NPE/ACTAaBISIET PaMyC BHYTpPEHHEW OKPYXXHOCTM Heu3BecTHOW umHbI . OTpesok OB — 3T0 pagmyc BHemrHen
OKPY>KHOCTH HEU3BECTHO! JUTHHEI R.

[Inomane xompma S [2], paBHa pPa3HOCTH IUIOMIAAEH KPYroB, OTPAaHMYEHHBIX BHENIHEH W BHYTPECHHEH
OKPY>KHOCTSIMH, U MOXET OBITh IIPE/ICTABJICHA KaK

S :7zR2— 7zr2= 7[( R2 —r2) , (1)

roe 7T = 3,14 .o« . C Ipyroif CTOPOHEL, IOCKONMEKY Tpeyronsauk OAB — npsivoyromsasiit (yrom OAB = 90°,
Tak kak AB — kacarenbHasi K BHyTpeHHEH OKPY)KHOCTH ), TO 110 Teopeme [Tudaropa cnpaBeyinBo coOTHOIIEHHE

R2=r?+h?
H, CJICAOBATCIILHO,

h2 :R2 —r2 ) )

Ioncrasmsas cootHomenue (2) B (1), momygaeM HCKOMOE BBIpaK€HHE U IDIOMIANM KOJbIIa HA OCHOBE
M3BECTHOTO (M3MEPEHHOTO) 3HAYCHHS JUTHHBI €TO XOPJIBL,

S=rzh?=rl2/4 . ©)

Ha ocHoBanuu BbIpakeHus (3) MOXKHO 3aMETHTbh, YTO IUIOIIAAb KOJIbIA PAaBHA TUIOIIAAN Kpyra ¢ pamuycoM h
PaBHBIM TMOJIOBUHE JUTUHBI XOPABI KOJIBIIA.

3. Xopaomerpus koJjen.

Ecmu m3Mepuths emie W IAPHHY KONBIA (, TO MOXXHO OIPEICIUTh W BCE OCTaJbHBIC T'€OMETPHUYCCKUE
mapaMeTphl KOJblla (CPEeJHIOK UIMHY Z KOJIbLA, paguychl R u r, mmomanu Sg u S, , OrpaHWYCHHBIC BHEIIHEH W
BHYTPCHHEH OKPYXHOCTSIMH).

1) PacueT cpemHel AMMHBI KOJNBIA IPOBEIEM HCXOMS U3 YCIOBHUI ero moctpoeHus (puc. 1). Beipaxxenue mms
OTIpe/IeIICHUS ITUPUHBI KOJbIIA, PABHOW Pa3HOCTH BHEITHETO W BHYTPEHHETO PaINyCOB UMEET BUJI

g=R -,
a C IPYroil CTOPOHBI HA OCHOBAHHMH BHIPAKEHHS (2) HMeeM
h? =R? _r? = (R-r) (R+r)=q(R+r),
H, CIeI0BATEIBHO,
R+r=h?/ q.

TOFH& CpeﬂHI/Iﬁ paanyc KOJbla MOKHO IMPEACTABUTL B BUJIC
2
Ry = (R+1) /2 = (h?/2q) . @

C Y4€TOM COOTHOLICHUS (4) Cpe€IHss JJIMHA KOJIbLA, BbIPpA)XCHHAs 4Y€pE€3 HU3MCPCHHBIC 3HAYCHHUA ( U h,
COCTaBUT
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z=27zRCp: 7zh2/q. (5)
2) TlpoBemeM pacdeT paauycoB KOJIbIIa yepes U3MEpeHHbIe 3HaYeHus g u h:
R=R.,+q/2 = ((h*/q) +q)/2,
(6)
r=R,-0q/2 = ((h*/q)-q)/2.

3) Inowanu Sk u Sr, orpaHUYeHHbIC BHELIHEH W BHYTPEHHEH OKPY>KHOCTSIMH KOJIbIIa M BBIYMCIICHHBIC Yepes3
W3MEpEHHBIC 3HAYCHU ( U N, IMEIOT BUI:

2 2 2
Sgp =R =x((h"/ q|+q| /4,
U]
2 2 2
Sy=nr"=x({h“/q|-q] /4.
IIpuBenieHHBIE BBIIIE COOTHOIICHWS CIPABEAJHMBBI M IS ONpEeNeHHs MapaMeTpoB Kpyra (OKpY>KHOCTH),
paanyc KOTOPOTrO CYUTAEM HEU3BECTHBIM.
ITycth B Kpyre (puc 2) mpoBeicHa U U3MEPEHA MPOU3BOJIBHAS XOP/Ia, MIOJOBHHY €¢ JJIMHBI 0003HauYuM Kak h.
W3 cepennHbl XOpIB! MPOBEAEM M M3MEPUM MEPIEHANKYISP, [UIMHON (, 10 Oipkaiinel TOUku Ha OkpykHOcTH. Eciu
MBICJICHHO JIOTIOJIHUTh PUCYHOK BHYTpEHHEH OKpY>KHOCTBIO paanyca OA, To 3ajaya CBEIETCs K pACCMOTPEHHOM BBIILE.

Torna BeIpakeHUe AJSI paguyca OKPYKHOCTH 4Yepe3 MU3BeCTHbIC (M3MepeHHbIe) 3HaueHus h u (| (Ha OCHOBaHHUU
BEIpakeHus (6)) OyIeT UMETh B

R= ((h?/q) +q)/2 = ((h*+q°)/q)/2. @

.

Pucynox 2

COOTBCTCTBCHHO, JJIMHA OKPYKHOCTU COCTAaBUT

2=27R=x((n%/q) +q), (©)
a IUIOILAJb Kpyra paBHa
S=72R%2=x((h%/q) +q)°/4. (10)
8
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4. Xopnomerpus cep.

Ecnu noHsTHE XOPABI PACHIMPUTH U Ha CHEPHICCKYIO 000JI0UKY, TO MOKHO Yepe3 MOJNOBUHY UTHHBI XOpAbl h
U TONIUHY 0005104k ( (HE 3Hasi BEIMYHMH painycoB cep) BBIYUCIUTE apaMeTpbl o0pasyronux eé chep.

Ion xopmodi cdepuueckold o00osouKM OyaeM TOHMMaTh OTPE30K MPSMOW, HAUMHAIOLMIMHCE U
3aKaHUMBAIOUIMICS Ha BHEIIHeW cepe 000MOUKHM U Kacaroluiicsi BHyTpeHHEH cdepbl. MOXKHO 3aMETUTh, YTO B CHITY
cuMMeTpun cdepudeckoil 000J0YKH, BCE TaKWe XOpAbl OyAyT HMETh OAMHAKOBYIO IUIMHY, a (opMma cedyeHHs
chepraeckoii 000I0UKH TIIOCKOCTRIO OyAeT MMeTh (POpPMY KOJIbIIa.

Kompmo, oOpazoBanHOe B cedeHHH chepHdecKol OO0OJIOYKH INTIOCKOCTBIO, ITPOXOISIIeH dYepe3 XOopay
000JI09KH U TIEHTP c(ephl, TENUT 000JIOUKY IOII0JIaM M IMEET T XKe PaJnyChl, 4To U cama obomouka. Takum oOpaszom,
BBIp&KeHHUS (6) TIO3BOJISIIOT BEIYUCIHMTH PAIMyChl Chepruueckoil 000I0UKN Yepe3 M3MEpEHHBIC 3HaueHus (| U h 3Toro
KoJbIia (3TOH 000JI0UKH) H, COOTBETCTBEHHO, PACCYUTATh BCE TEOMETPHICCKHE TTapaMeTPHl OOOTOUKH:

R=((h?/q) +q)/2,
(11)

r= ((h*/q)-q)/2.

Kpome toro, miamHa Xopa KoJjer, oOpa3yromuxcs Mpyu CEeUeHUH c(heprudecKoil 000I0uKH, OyAeT OANHAKOBOH
IIpU JTI000M TIJIOCKOM CEYCHHH 3TOH 00OIOUYKHM (B TOM UHCIE, HE MPOXOMAIIEM uYepe3 HEeHTP cdepbl) U paBHA JIHHE
XOpIpl 000I0UKH. JIeficTBUTENBEHO, IPOBEAEM IUIOCKOCTh Yepe3 MPOU3BOIBHYIO X0pAy obomouku. Torma xopaa JIEKUT
B CeKylIeH TIockocTH. Byiem nenaTs MOBTOPHBIE CEYEHHsI, TIOBOPAYMBas MIOCKOCTh CEYEHHS BOKPYT 3TOH XOPAbI KaK
ocu BpamieHus. TakuMm 00pa3oM, MOXKHO MPOWTH BECh BO3MOKHBIH IHANa3oH CEYEHHH, U BO BCEX CEUECHHAX OymyT
00pa3oBHIBATHCSI KOJIbIIA C OJTHOM U TOM k€ XOP/IOH KOJIbLIa PAaBHOM XOp/ie 000IOYKH.

[MTockonbky X0opbl 000JIOYKH UMEIOT OJJMHAKOBYIO JJIMHY B JII000i Touke ceprueckoil 000104KH, TO 000
IUIOCKOE (KOJIBLIEBOE) CEYCHUE JaHHOH 000J104KH OyIeT UMETh OIMHAKOBYIO I10 JUTMHE XOpy KoJbla. B pesynbrare, Ha
OCHOBaHMU BbIpaxeHus (3), mrom@aan S Jro0bIX 00pa3yONIUXCs PU CEYCHUHU KOJIEI] OYAYT OJMHAKOBBIMUA M PABHBIMHU
IUIOLIAN KpyTa, 00pa3yrouerocs Mpu MIOCKOM CEYeHHH, KacaTeJIbHOM K BHyTpeHHel cdepe, a IMEHHO

S=7rh2:7zL2/4,

rae L — qnrHa xopasl cheprdaeckoit 060I09KH (XOpABI KObla), h — IOTOBHUHA IITUHEI 3TOH XOPIBL.

5. 3akii0uenue.

[IpencraBneHHbIC BBINIE PE3YNBTATH MO3BONAIOT B MPAaKTUYECKOM IUIAHE YIPOCTUTH pEIICHHE HEKOTOPBIX
3ajla4, CBS3aHHBIX C KOJbBLEBBIMH WM chepuueckuMu oO0bekTaMu. OCOOEHHO eciu 3aTPYAHEHO WIIM HEBO3MOXKHO
MOJIyYHTh HHPOPMALIHIO 00 OCHOBHBIX MapaMeTpax TaKUX CTPYKTYP.

[MpakTHyecknii MHTEpPEC MOTYT HMMETh W BBIBOJBI 00 OJMHAKOBOW IUIOMIATU JIIOOBIX IJIOCKUX CEYeHUN
chepuyeckoit 000104KH (ceueHus UMEIOT (HOpMY KoJielr). DTO MO3BOJISET CACIaTh 3aKIIOUCHHE [T TAKUX CCUCHHUI 00
OJIMHAKOBOH TEIJIONPOBOIHOCTH, CONPOTHUBICHUH, EMKOCTH M APYTHX (U3UUECKHX IMPOIIECCax, B3aUMOJIEHCTBYIOMINX
yepe3 OJUHAKOBYIO IUIOMIAIh KOHTAKTA.
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YK 53:51
SHTPOIIUA U KOPITY CKYJISIPHO-BOJTHOBOIM MEXAHU3M

I'.A. Kopa6ueB, TOKTOp XUMHUYECKHX HAYK, Ipodeccop Kadeapsl GHU3UKU
®OI'BOY BIIO Mxeckas 'CXA (Mxesck), Poccust

Annomayusa. B cucmemax, 6 komopbix g3aumooeticmsue uoem no spaouenmy nomeHyuana (RoJI0HCUMenbHas
paboma), pe3yibmupyowjds NROMEeHYUAIbHAA IHEPSUSA, KAK U NPUBEOCHHAS MACCA, HAXOOUMCA NO NPUHYUNY CLONCEHUs
00pAMHBIX 3HAYEHUT] COOMBEMCMBYIOWUX GeAUUUH noOcucmem. Imo — KOPRYCKYIAAPHbIU npoyecc, meopemuieckou
KOHYenyuel Komopo2o MOJCEem AGIAMbCA IHMponus. B cucmemax, 6 komopwix 63aumoodeticmeue uoem HpPOMus
2paduenma nomenyuaia (OmpuyamenvHas paboma), 6bINOIHACMCA AN2EOPAUUECKOE CNONCEHUe UX MACC, a MAaKdlce
COOMEEmMCmEYIWUX IHep2uli Noocucmem. Imo — 60IHO60 NPoyecc, MeopemuiecKol KOHYenyuel Komopozo Moicem
A61ambcA He2aHmponus. Pezonancnoe cmayuonapnoe cocmosinue cucmem 6bINOJHACMCA NPU YCI06UU PAGEHCMEA
cmeneHeti ux KOpnycKyJAPHbIX U 60IHOBLIX 83aumoleticmeuti. Takue coomHouienus noomeepiuHcOamces ypasHeHuamu
nocmosuno Ilnanka, nocmosHHou MOHKOU CmMpyKmypul u Ona uucia 7. /lanHble npunyunst Mozym npakmuyecku
UCNONb306aAMbCA OJiA NOUCKA ONMUMANLHBIX MEXHOI02UYECKUX DeUleHU.

Knrwouegvie cnosa. nepsoe Hawaio mepmoOUHAMUKU, 2paouerHm HanpasieHHoCmy npoyeccos, KOpnyCcKyiapHo-
B0IHOBOU OYANUIM, IHMPONUSL, HESIHMPONUSL.

BBenenue.

[lpy HayYHBIX HCCIECIOBAHWSIX HE CPa3y, HO TOYTH BCETIa, HACTYIAET TEPHON PEIICHHUs yXKe Ha3peBIInX
npo6iieM. EcTh Takue mpoGiieMHbIe BONPOCHL U B (PU3UKO-XUMUH. HeKOTOpbIe MpUMEpBI.

AHanu3 KHHETUKH Pa3HOOOPa3HBIX (DHU3MKO-XUMHUYECKUX MPOIECCOB ITOKA3BIBAET, YTO B OJHHUX CIIydasx HIET
MPSMOE CIOXKEHHE CKOPOCTEH, KHHETHYECKUX WIIH SHEPreTHUECKUX XapPaKTEPUCTHK, a B IPYTHUX — CKIAJBIBAIOTCSA HX
00paTHBIC BEIUYHHBIL.

B uacTtHOCTH, Takoe MpEANOJOKEHHE TOATBEPKIAAETCS (QOPMYJIO BEpOSTHOCTH MpoIlecca IepeHoca

JIEKTPOHA (Ww) 3a CUeT MEepEeKPBIBaHMS BOJHOBBIX (DyHKIHMH | ¥ 2 (B cTalMOHApHOM COCTOSTHUHM) MPU 3JIEKTPOHHO-
KOH()OPMAaLMOHHBIX B3aumozencTBusx [11]:

_1 wWW,

Ww
2W,tW, Q)

VYpaBuenue (1) ucmosb3yercs MpH OIEHKE XapaKTEPUCTUK MporieccoB auddy3uu, COMPOBOKIAAMOMICHCS
0e3m3IryJaTeIbHBIME MIEPEHOCAaMH IEKTPOHOB B Oenkax [11].

A Taxke: «M3 ki1accuyeckoil MEeXaHWKHM W3BECTHO, YTO OTHOCHTENBHOE ABIKEHHE JIBYX YacTHIl ¢ SHEprHen
B3auMozeicTBusA U(r) IPOUCXOAUT KaK ABM)KEHUE MATEPUAIbHOM TOUKH C IPUBEAECHHON Maccol f¢ !

i 1.1 )
2 LU L

B moyie meHTpanbHoW cmiabl U(r), a ofmee mocTymaTembHOE IBIDKEHHE — KaK CBOOOIHOE IBIDKCHHE
MaTepHaJbHOM TOUKH C MACCOM:

m=m, +m, @3)

Takoe nojoxeHue Beleil IMEeeT MECTO U B KBAaHTOBOUM MexaHuke» [1].

Bwmecre ¢ Tem, ocTaeTcst HepeleHHO 10 KOHIa podiieMa KBaHTOBO-BOJIHOBOT'O JTyan3Ma, XOTs IPUMEHEHHE
ypaBHeHMsI Ae-bpoiliid no3BOIsAET ONpeAeIuTh MPaHULbl IPOSABICHUS Takux siBiaeHUi. Ho kakoe cCBOICTBO mpu 3TOM
JIOMUHHUPYET 3aBHCUT OT YCJIOBHI mporecca. Y ompenenuTs 3apaHee Kakas 4acTh M3 HUX OyaeT paboTaTh B KaXKIOM
KOHKPETHOM CITydae JTOCTATOYHO CJIOXKHO, XOTS M3BECTHO, YTO BOJHOBAas KapTHWHA Halle MMEET MECTO NMPH HU3KHUX
SHEPTHAX, a KOPIYCKYJISIPHAs — IPU BBICOKHX.

OnuH 13 0CHOBOIOJIO)KHUKOB KBAaHTOBOW MexaHWKu Maxkc bopH 1o 3tomy moBoay ckazain: «Kaxmpiit mporecc
MOXeET ObITh HHTEPIPETHPOBAH WIIM C KOPITyCKYJISIPHOH MJIM C BOJIHOBOH TOYKHM 3peHus. OHAKO JJ0Ka3aTeNnbCTBO TOTO,
YTO MBI MMEEM JEJI0 ACHCTBUTENBHO C YACTUIAMU MM C BOJHAMHU JIEKUT 3a NpeAeiIaMU HAIIUX BO3MOXHOCTEH,
MOCKOJIbKY MBI HE B COCTOSTHHM OIIPEJENIUTh BCE XapaKTepHbIe CBOWCTBA mpouecca. [103ToMy MOXKHO TOIBKO CKa3aTh,

© Kopabnes I'.A. / Korablev G.A., 2026
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YTO BOJHOBBIC M KOPIYCKYJISPHBIC OMUCAHUS CICAYCT CUHMTATh JIMIIb KaK JiBa JAOMOJHSIONMX APYT Ipyra crocoba
PacCMOTPEHHS OJTHOTO M TOTO ke 00BEKTHBHOTO mporieccay [10].

Takum 00pa3om, 3TH TPOOIEMHBIC BONPOCH (DHU3UKO-XUMHU HYKIAKOTCS B JaJbHCHIIEM HCCIICIOBAHUH U
00CYKICHUU.

3HAYNTENBHBI HMHTEPEC HMMEET U MpoOJeMa MHOTOIUIAHOBOTO TPOSIBICHHUS TMOHATHS JHTPONUH. B
TEIUIOPU3NUECKUX TMporeccax dSHTpomus (S) ecTh (YHKIMS COCTOSIHHS CHUCTEMBI, auddepeHnuan KoTopod B
JJIEMEHTAPHOM OOpPAaTHMOM IpOLECCe PaBEH OTHOIICHHIO OECKOHEYHO MAlloro KOJMYECTBA TEIJIOTHI, COOOIICHHOTO
cHUcTeMe, K ee abCOIIOTHOM TeMIeparype:

ds =99/, )

ITo Takomy TemIO(MU3NUECKOMY ONPENCICHUI0 MOYKHO PAacCUMTAaTh TOJBKO PA3HOCTh HTPOIHUH, cama Xe
SHTPONHS MOKET OBITH ONPE/IENIEHa TONBKO ¢ TOYHOCTBIO 10 HOCTOSIHHOTO CIaraéMoro (KOHCTaHThI HHTET PUPOBAHUS).

B craructudeckoil TepMOIMHAMUKE SHTPONUS N30JIMPOBAaHHOW U HaXOIsIIecs B pABHOBECUU CUCTEMBI paBHA
norapu(My BEpOSTHOCTH HaXOKACHHS €€ B OIPEICIICHHOM MaKpOCOCTOSTHHH:

S=klnW, (%)

rae W — 9ucio TOCTYIHBIX COCTOSHUM CHCTEMBI MIIM CTETIEHb BBIPOKACHHUS MHUKPOCOCTOSIHHH, k — OCTOSIHHAS
Bonpnmana.

OTH COOTHOUICHUS SIBJIAIOTCS OOIIMMH YTBEPXKICHHUSMH, HMEIOIIMMH MaKpPOCKOIMYECKHil Xapakrep, He
CoJep)KaT HUKAKMX CCBUIOK HAa OJJIEMEHTHI CTPYKTYp PAacCMaTpUBAEMBIX CHUCTEM M IIOJHOCTBIO HE 3aBHCAT OT
MHUKPOCKONUYECKHUX Moaenei [3].

[TosToMy mNpUMEHEHHE M pPACCMOTPEHHE 3THUX 3aKOHOB HMMEET MHOTOIUIAHOBBIE MPOSIBICHUS, KOTOpBIE
Hauboee TUIOZOTBOPHO HCIOJNB3YIOTCS CTATUCTUYECKOW TepMOAWHAMUKON. [lOHsATHE SHTPONHH, BBITEKAIOIEE H3
BTOPOTO 3aKOHA TEPMOJMHAMUKH, SIBISIETCS KPUTEPHEM HAIpaBICHHOCTH IPolecca M CTEICHBIO HEYIOPAA0UYCHHOCTH
CHCTEM.

B nmaHHOM WCCNIeNOBaHMM JENAeTCsl TIONMbITKA IOSCHEHWS BBIMICYKAa3aHHBIX MPOOJIEM C  IO3HIUH
MIPEACTABICHUH O HAIIPaBIEHHOCTH TAaKUX IPOIECCOB.

1. I'pagueHT HANPABJEHHOCTH NPOLECCOB CTPYKTYPHBIX B3aUMOeHCTBUIA.
JIJ'IH ABMKYHIUXCSA TEPMOJIUHAMUYCCKUX CUCTEM IIEPBOC HAYAJIO TEPMOAUHAMUKU UMECT BU:

2

oF =d U-i—mTv TOA, (6)

raec: 5E — KOJIMYECTBO SHEPIUH, COO6H_I€HHOC CHCTEMCE;

mv?

aren d| U +—— | - XapaKTepU3yeT U3MEHEHUS] BHYTPEHHEN U KMHETUYECKOU SHEPTUil CUCTEMBI,

+ 0A — pabora, BBITOTHEHHAS CHCTEMOIT;

— 0A — pabora, coBepIIeHHas Ha/l CHCTEMOIA.
Taxk kak Benmu4rHa pabOTHI YUCICHHO paBHA H3MEHEHHIO MTOTEHIMATIBHOMN SHEPTHH, TO:

+34=-AU u —OA=+AU 7, 8)

BepOHTHO, HE TOJIBKO B TEPMOJUHAMHUYCCKUX, HO MW BO MHOTHUX JPYIUX IMponeccax B JUHAMHUKE
BSaHMOHGﬁCTBHﬂ JABWIKYHIUXCS YaCTHL BAaXXHO HE TOJIBKO 3HAa4YCHUC HOTCHHI/IaJ'ILHOf/'I OHEprum, a €€ H3MCHCHMUC.
HOBTOMy JOJIKHO BBINOJHATHCA I ABYXYACTUIHBIX B3aHMO)I€I>iCTBHI>iZ

2 2
myv, myVv
11, 27

oE =d + AU ©9)

3nech AU =U,-U,, (10)

11
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rac U PR U 1 — HOTCHIHMAJIbHBIC SHCPIUHU CUCTEMBI B KOHCYHOM U Ha9aJIbHOM COCTOSHUAX.

b MIPpOBEACH [8] AHaJIU3 XapaKTepa UBMCHCHUS BCIINYUHbBI MOTCHIMAIbHOM OHEPrun (AU ) IO €€ 3HaKy IJid

Pa3IMYHBIX TOTEHIUATBHBIX TIOJIEH, MPUBEICHHBIHN B Ta0m. 1.

Tabnuya 1
HanpaBjieHHOCTH NMPO11ECCOB B3aUMO/1elCTBUIl
3na | 3Ha
r, KH Hax Hanpasne-
r oA HUE  Ipo-
U 2 AU ecca B
Ne Bun MIOTEH- X
Cucremst IIponecc U 2 U, MOTEHIIH-
[UAITEHOTO TOJIS
X3 AIBHOM
none
pa3HOHMME | BJIIEKTpoCTa- TIpUTS- o
H-HBIE 3J. | TUYECKOe KEHHE -k % fo<h U 2~ U 1. + y
. pagueHTy
1 3apsIbl r
OTTAJIKH- MIPOTHUB
sate _kqlqz r>n U2 <U1 + ) oa
—r pagueHTa
OJHOMMEH | 3JIeKTpOCTa- TIPUTA- MIPOTHUB
-HBIE 3J. | THYECKOe JKEHHE K %, f<h U 2~ Ul + - y
. paaueHTa
2 3apsiIbl r
OTTaJIKH- K 0,0, r,> U , < Ul o
BaHHE r - + TpaJueHTy
JJeMEHTa | TPaBUTAI[MOHHOE TIPUTA- o
. m,m, r2<l‘1 UZ >U1
pHBIE JKEHHE y— . + TpafueHTy
r
Macchl
3 m, um
1 2 OTTaJIKU- MPOTHUB
BaHue -7 MM | >h v 2 < Ul r
r + } paaueHTa
nedopma- | moine cKaThe 2 MIPOTHB
] AX X, <X | U,>U, ] p
U TIpy- | YHOPYTHX CHII k + rpagueHTa
4 JKHHBI 2
pacTsoKeHue 2 NPOTUB
AX X, >X | U,>U, ) p
k + rpajueHTa
2
hotoah- JJIEKTpOCTA- OTTaJKH- o
5 leQz r>n U2<U1 ) +
ekt THYECKOe BaHHE —r TpaJueHTy

U3 Tabmuup BuaHO, uto 3Hauenus — AU u cooterctBenno + OA (monoxuTenbHas pa6oTa) COOTBETCTBYIOT

B3aMMOJIEHCTBHSIM, TIPOMCXOMSIIMM 1o rpaauenty mortenmmana, a + AU un —OA (orpumarenshas paGora) mmeror
MECTO TPH B3aMMOJACHCTBHSX MPOTUB IPATUCHTA MTOTCHIIHAIIA.

Takum ob6pazom:

1. B cuctemax, B KOTOpPBIX B3aUMOJIEHCTBHE HWAET IO TPAJUEHTY MOTEHIMana (MOJIOKHUTETIbHAsT paboTa)
pe3yabTHPYIOLIass MOTCHIMAIbHAS JHEPrHsl HAXOIWTCA MO MPUHIUIY CJIOKEHHS OOpaTHBIX 3HAYCHHUI
COOTBETCTBYIOIIUX SHEPTUii mojacucTeM [8]. AHAIOTUYHO PACCUUTHIBACTCS MPUBEICHHAS Macca JJisi OTHOCUTEIBHOTO
JIBUYKCHUS H30JIMPOBAHHOW CHCTEMBI IBYX YACTHIL.

2. B cucremax, B KOTOPBIX B3aMMOJCHCTBHE HJIET NPOTHB TPaJUCHTA MOTEHIMAaNa (OTpuuareiabHas paboTa)
BBITIOJTHSACTCS ANreOpandeckoe CIOKECHHE MX MAacC M TaKkKe — COOTBETCTBYIOIIUX DHEPTUi MOACUCTEM (aHAIOTUYHO
TraMIIBTOHHUAHY).

2. KopnycKkyJ/isipHO-BOJHOBOM TyaJiu3M
Pewenue ypaBuenus Jlarpanka uepes NpHUBEIEHHYIO MacCy JUIsl OTHOCUTENBHOTO ABMXKEHUS M30JUPOBAHHON
CHUCTEMBI BYX B3aUMOJACHCTBYIOLIMX MAaTEPUATBHBIX TOYEK MOXKET [8] UMETh BU:

1 1 1

= + (11)
AU ~ AU, AU,

rae AU; u AU, — noTeHIManbHble SHEPIUY MAaTEPUAJIbHBIX TOUEK HA 3JIEMEHTAapHOM Y4YacTKE B3aUMOACHCTBU,
AU — pe3ynbrupytomas (B3auMHasi) HOTEHIMANbHas SHEPTHsI 3TUX B3aUMOACHCTBHUIH.
12
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®opmanusm ypaBHenue (1, 11) He sBnsercs npuHuMnuansHo HOBbIM. Eme B 1924 rogy mo addexry
KomrmToHa 66110 OJTy4eHO ypaBHEHHE:

— (12)

3nech: hv — sHeprus paccesnsoro $hotona, hv — sueprus magaromero hoTona, Mc’ — COGCTBEHHas SHEPTHs
aJIeKTpoHa, © — yroa paccesHusi. [Ipu 3TOM 3Heprust pOTOHOB YMEHBIIAETCS HAa BEIWYMHY, KOTOPYIO ITOJIYYHII
JIOTIOJTHUTENBHO DJEKTPOH. Tak MpPOMCXOOUT aKT KBAaHTOBOTO JEWHCTBHS, pE3YJIBTaTOM KOTOPOTO SIBIISIETCS
nepepacnpenereHie SHEPTHH MEXy KOPITyCKYJIIPHBIMH ¥ BOJIHOBBIMH CBOWCTBaMH B3aUMOAEHCTBYIOIINX CHCTEM.

B ypaBuennu (12) mis KOpIyCKyIApHOTO MPOIiecca MPUHIIAIT 0OPaTHOTO CIOXKECHHUS CBHACTEIECTBYET O TOM,
YTO 3TOT MPOILECC UAET MO TPAJUEHTY MOTCHIMANA. AHAIIOTHYHOE SBJICHHUE TTOATBEP)KAACTCA M3BECTHBIM yPaBHEHHUEM
OnmreitHa mo GoTordexTy, rae BeanurnHa padoTHl BEIX0A JEKTPOHOB MMEET MOIOKHUTEbHOE 3HaUeHne. B atome
IIPU B3aMMOJECHCTBHH 3JIEKTPOH-SIPO NMPHUBEACHHAs Macca (a 3HAUYUT U COOTBETCTBYIOIIAS YHEPTHS) PACCUUTHIBAIOTCS
TI0 TIPUHIIUIY 00paTHOTO CiokeHUs [13]. DTo - KOPIyCKYIApHBIN MpoIecc, KOTOPBIA HAET 0 TPaJUeHTY MOTCHIHAIA.
A wum3nydeHHe TPH KBAHTOBBIX IIEPEX0/aX — 3TO YK€ BOJHOBOHM IIPOIECC, KOTOPBIH HAET NPOTHB TpajHeHTa
MOTEeHIMANA.

SHCKTpI/I‘IeCKI/Iﬁ TOK — 3TO ABHWIXCHHC DJICKTPOHOB IO T'PaJWCHTY IOTCHIMAJIA. Ecmu MpEaAnoJI0XKUTb, YTO
CO371aBaéMO€ MM MarHUTHOE IOJIE — 3TO BOJIHOBOH HPOIECC, TO JOJDKHO OBITh COOTHOLICHHE MEXIY DICKTPUYECKON U
MarHUTHOM IOCTOSHHBIX. Pa3sHOCTh (a3 JNMEeKTPUUECKMX W MAarHUTHBIX KOJICOAHMH B 3JIEKTPOMArHUTHOW BOJIHE
COCTaBIET

LN

Beens koaddurpeHt (_—J , TIOJly4aeM ypaBHEHHE sl IOCTOSHHOM [anka ¢ TOUHOCTHIO, OM3KOHM K TOUHOCTH

CaMHX UCXOJHBIX JaHHBIX.

h=(%+a)R (13)

E
u

3meck a = 0,0023293 — skcriepuMeHTaIbHAS KBAHTOBAS IOTPABKa K CIITHOBOMY (s — (aKTOpy AJIEKTPOHA, € —
JJIEKTpUYECKasl TOCTOSHHAs, | — MarHUTHas MOCTOsSHHAs, h — mocrostHHas Ilmanka. J{ns cBOOOXHOTO 3JIEKTpOHA
P=Wr, rie W = 0,510034 M>B = 0,81872%10** J[. B kauectse pa3MepHON XapaKTEePHUCTHKH ObLIa WCIOJIh30BaHA
BEJIMYMHA KJIACCHUECKOI0 pajinyca JIEKTpOHa I = 2,81794%10 M u nostomy P.=2,307 12102 Jixwm.

Koapduument mnponopumonampHOCTH B ypaBHeHHH (13) mMeeT pasMepHOCTH CKoOpocTH (M/c) s
cootHoureHus (P/I'H), T.e. TakuM 00pa3oM XapaKTepH3yeTcs CKOPOCTh IEpepaclpefesieHns] SHEpPruid B CHUCTEMeE
JacTHIA — BOJIHA.

O606mas ¢popmanusm ypasHeHuit (1,11,12) Ha Bce apyrue B3auMoJeHCTBUS, IPOUCXOSIINE IO TPATUEHTY
MOTEHIMaja MOKHO CAENaTh BBIBOJ, YTO B 3THUX CIy4asx MAYT KOPIYCKYJISIpPHbBIE NMPOIECCHI, a BOJHOBOW Iyanu3M
COOTBETCTBYET B3aUMOJICUCTBUSAM NIPOTHUB IPAJHEHTA MOTEHIHAIA.

3. DHTpPONUSA B KOPIYCKYJ/ISIPHO-BOJIHOBBIX B3aUMO/eiCTBUSIX.
I'paduueckoe U3MEHEHHE CTENCHH CTPYKTYPHBIX B3aMMOJACHUCTBHHN (£), B 3aBHCHMOCTH OT OTHOCHTEIBHON
Pa3HUIIBI SHEPTETHICCKUX MMAPaMETPOB CTPYKTYp (ko3 duinerT o) xapakrepusyercs [8] Homorpammoit Nel (puc. 1).

A1

2 ¥ =

B =
-
O

o

——
(I E S # o - A h L 3 o
Puc. 1. Homoepamma 3aeucumocmu cmenesu cmpyKmypHwix g3aumooeticmeuti (p) om Ko3gguyuenma o
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B pganHom monaxojie 3Ta HOMOrpaMMa TOXKIECTBEHHA JAMHAMUKE DHTPONUUHBIX MU3MEHEHUH B CHUCTEMax, a €€
3epKaIbHO-CUMMETPUYHBIN BapuaHT (HoMorpamma No2 He MPUBOAMUTCA) XapaKTEPU3yeT HErIHTPONUMHYIO JTUHAMHUKY.
MHorue sBJICHUS U MPOIECChI B MPUPOEC, TEXHUKE U 1aXKe B YKOHOMHKE OMUCHIBAIOTCS aHAJTOTMYHBIMU  S-KPUBBIMHE [4-
7, 14, 15], koTOpbIe MOIYUUIN Ha3BaHUE «JIMHUU KUZHW.

B TepMomuHaMuke pa3nuyarT 0OpaTHMBIC U HEOOpATHUMBIC MPOIECCH. Tak, Mpu HEOOPATUMOM PACIIUPEHUH,
ra3 mepexoJuT OT COCTOSIHUS MEHEE BEPOSATHOrO K OoJiee BEPOSTHOMY, TO €CTh 3TOT MPOIECC HJCT MO TPATUCHTY
BEPOSATHOCTH. AHAJIOTUYHO HEOOPAaTHUMBIM SBISIETCS IEPEXO] TeIDIa OT Teia Oojiee ropsdero kK Ooiee XOIOTHOMY,
KOTOPBII TOXKE HIET MO TpanueHTy Temmneparypsl. Kak yke ObIIO MOKa3aHO, KOPIYCKYJISIPHBIE B3AaUMOICHCTBUS HIYT
TaK X€ MO TpajueHTy Moy 1103ToMy BO3HHMKAeT MPEAIONIOKEHHUE, YTO DHTPOMUS MOXKET SIBISITHCS TECOPETHIECKOM
KOHIICTIITHEH KOPITYCKYIAPHBIX MPOIIECCOB.

B OTKpHITOM cHCTeMe HWAET B3aWMOJCHCTBHEC C BHEIIHEH cpemoil W obimee w3MeHeHne sHTpormu (dS)
BEIpA)KaeTCsl ypaBHCHHUEM:

ds= ds+ds,,

3nech 65; U3MEHEHHS SHTPONMH B PE3yJIbTATE MPOLIECCOB BHYTPH CUCTEMBI, 110 HoMorpamme Nel
65, W3MEHEHHS HErdHTPONHHU, OOYCIOBIEHHBIE B3aMMOJICHCTBIEM C BHEIIHEH cpenoii, 1o HoMmorpamme Ne2.
Torma 3a Bpems dt:

ds_dsi dse
dt dt dt

d= .
rae E - obmas CKOPOCTb U3MECHEHHS DHTPOIHUH OTKPBITOU CUCTEMBI

ds; dz
d_rl - IPOJYKLUSI HTPOIINH, d_: - IOTOK DHTPONUH (HErIHTPOIIHS)

JIi1 TMHAMHYECKOTO CTAI[HOHAPHOTO COCTOSHHS 00IIasi CKOPOCTh M3MEHEHUS YHTPOIUH JOJDKHA OBITh paBHA
nyso: ds/dt=0
U torma

G Lk (14)
dt dt

TakuMm 00pa3oM MPOIYKIHS IHTPONMH B CTAIHOHAPHOM COCTOSIHUH ITONHOCTBIO KOMIICHCHPYETCS MOTOKOM
HETIHTPOITNH.

[Ipomeccel, MPOUCXOIAIINE B OTKPHITOH cuUcTeMe — oOpatumble. K HHMM, Hampumep, OTHOCSTCS BCe
MEXaHWYECKHe TMPOIECChl, HAaymue O0e3 TpeHusa. Ho B pealbHBIX Mpoleccax €cTb TPeHHe W HUAET Mepexo
MEXaHHUYECKOH paboThl B TEIJIO, a 3TO yxe HeoOpaTumblii mporecce [12]. B TemnoBoii MamrHe ecTh epexo]] Teria oT
OoJiee XOJIOAHOTO Tena K Ooiyiee ropsiueMy. B aTom ciydae M Bo Bcex 0OpaTHMBIX MHpolieccax BBINOJHIETCS paboTa
MPOTUB TpaaueHTa moyig. M »HTpomusi COOTBETCTBYIOIIAs 3TUM TpoIlecca MONy4YWia Ha3BaHUS HErIHTPOIHUS
(orpunarensHas sHTponus). Kak Obu10 mokazaHo, paboTa CHCTEMbI MTPOTUB TPAIMEHTA TOJISI COOTBETCTBYET BOJTHOBBIM
mporieccaM, HalpuMep, B TCHEPaToOpe TOIYISHHS AIEKTPHYSCKOT0 TOKa.

Takass aHamoruss B HAMpaBICHHAX SHTPONHUUHBIX W KOPIMYCKYIIPHO - BOJHOBEIX IPOIIECCOB ITO3BOJISACT
MIPEIONI0KATE, YTO IHTPOMHUS MOXKET SBIATHCS TEOPETHUYECKOW KOHIICTIIUECH KOPITYCKYJSIPHBIX B3aMMOJCHCTBHM, a
HETIHTPOIHUS - KOHIICTIIINEH BOTHOBBIX B3aumMoieiicTBuil. KpoMe Toro 3ta aHamorus JaeT BO3MOXKHOCTh HCIOJIh30BATh
SHTPOIMITHOE YpaBHEHHE CTAIlMOHAPHOTO COCTOSHHS OTKPBITBIX CHCTEM JUII COOTBETCTBYIONIMX KOPIYCKYIISIPHO
BOJIHOBBIX TpoleccoB. [Ipu 3ToM B TEIUIOBOM MallMHE BBINONHSETCS cooTHoweHue: «llpu KpyroBoM mpoiiecce
YBEIMUYEHHE DHTPONHUHN CHUCTEMBl OT MPUTOKA TETUIOTHI TOJHOCTHIO KOMIICHCHPYETCS YMEHBIIICHHEM SHTPOIUU TMPH
OT/Ia4ye TeIJIOThI, & CyYMMapHOE 3HaY€HNE SHTPOIUU paBHO HYIIO» [2]:

Ty o (15, 16)

Ty )

IIpuMEHUTENBPHO K KOPIYCKYJIIPHO BOJIHOBBIM IIPOLIECCAM  YCIIOBUE JIMHAMHYECKOIO CTALlMOHAPHOTO
COCTOSIHUS €CTh YCIIOBUE PABEHCTBA UX CTEIEHE!N CTPYKTYPHBIX B3aUMOJCHCTBUM:

Pr = Pe 7

I'padugecku 3TO yCIIOBHE MOIydaeTcs MpH HaJOKEHWH HoMmorpammbl Nel (3HTpomnms) Ha HoMorpammy Ne2
(Her3HTpOMHS), KOTOPOE aeT 3HAYCHNE

14
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o= 0%,

MatemaTiaeck u rpadudecKu (0 HOMOTpaMMaM) CTaIlMOHAPHOE COCTOSIHUE BBITIOTHACTCS 110 YPaBHEHHIO
n(2) = tgp (18)

rae, = 54°44'- reome3ndecKkuil yrou
Tak, HanpuMep, U1 IOCTOSSHHOM TOHKOM CTPYKTYPBI 3TO YpaBHEHHE UMEET BUJ

ln{az—:): te (19)

3nece: F,=W, B=938.2756 MaB x 0.856 ¢m = 803,107 MaBm

F.=W} v=1.43998 MsBdwm

€ - HOCTOSIHHAS] TOHKOH CTPYKTYPBI

F, u F, - oHepreTHueckue napamMmeTpbl CBOOOIHBIX MPOTOHA H SIIEKTPOHA
W, u W, ux sHepreTnyeckne Maccst

R — pa3smepHas xapakrepuctuka npotona [9]
I — KJIACCHYECKUI PAyC IIEKTPOHA
AHAJOrMYHO TIONyYEHbl YPaBHEHHS ISl YUCIa T

4m*

In()=tgp  In(LI)=tge (20, 21)

Takum 00pa3oM, paBEHCTBO KOPITYCKYJSIDHBIX M BOJIHOBBIX B3aMMOJCHCTBHH ONpEAENIseT PEe30HAHCHOE
CTAlMOHAPHOE COCTOSHME CHCTEMBL. JTO YCJIOBHE COOTBETCTBYET HamOOJee ONTHMAIBHBIM TEXHOJOTHYECKUM
BapuaHTaM U IIUPOKO MPOSBISIETCS B INPUPOJE, a Takke BO (pakTanpHbIX cucteMax. DopmupoBaHue QpakTaibHBIX
CTPYKTYp HJAET IpPHU YCJIOBHH PABHOBECHOTO CTATUCTUYECKOIO B3aMMOAEHUCTBHS 3HTPONHMMHBIX W HEIIHTPONMMHHBIX
XapaKTepUCTUK BcexX yacTull. COriaacHO ypaBHEHMM:

AS'=AS' AS'=AS (22, 23)

Taxoii INPpUHOUII B MAaKpOMHUPE BBIIOJIHACTCA HE TOJBKO IJId CHEXKHWHOK KOX&, HO W BO MHOI'UX JIpYTHUX
SIBJICHUAX MPUPObL, HAIPUMED IIPpH 06pa3OBaHI/II/I 00J1aKOB U JQXKE IPU KOHIEHTPpAaluU IbUIN B IIOMCIUICHUH.

BriBoabI

1. B cucremax, B KOTOPBIX B3aMMOJEHCTBHE HAET 10 TPAJAWCHTY NOTCHIHMANa (MOJOXHTENbHAs padoTa)
pe3yIpTHPYIONIast TOTCHIMAIBHAS YHEPT U, KaK M IpUBEACHHAS Macca, HaXOIATCs 0 MPUHIUIY CIO0XECHUS 00paTHBIX
3HAYCHUH COOTBETCTBYIOIIMX BEIWYMH IMOJICHCTEM. DTO — KOPIYCKYJSPHBIM IpoIlecc, TEOPETHUEeCKOW KOHIemnueit
KOTOPOTO MOXKET SIBJIATHCS YHTPOIIHSI.

2. B cucremax, B KOTOPBIX B3aUMOJIEHCTBUE WJET MPOTUB TpaJleHTa MOTeHIHMana (oTpullaTeNnbHas padoTa)
BBITIONTHAETCS anreOpandeckoe CIOXKEHNE X MAcC U TaKkKe COOTBETCTBYIOLIUX YHEPTHH MOJICUCTEM. DTO — BOJHOBOM
MIPOIIECC, TEOPETUIECKON KOHIEMIHEH KOTOPOTO MOXKET SBISITHCS HETIHTPOIIHSL.

3. Pe3oHaHCHOE CTallMOHAPHOE COCTOSIHUE CHCTEM BBINOJHSETCS HPU YCIOBUM DPaBEHCTBA CTENEHEH HX
KOPIYCKYJISIPHBIX U BOJTHOBBIX B3aUMOJIEHCTBUH.

4. Takue COOTHOLIEHUS MOATBEPXKAAIOTCA YpaBHEHUSIMU NOCTOSIHHOW IlimaHka, MOCTOSHHOM TOHKOM
CTPYKTYPBI U JUIsl YUCIIA T.

5. JlaHHBIE NPUHUUIBI MOTYT MPAKTUYECKH HCIIOJIb30BATHCA JJISl MOUCKA ONTHUMAIIbHBIX TEXHOJOTHYECKUX
pelleHHit.
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ENTROPY AND CORPUSCULAR WAVE MECHANISM

G.A. Korablev, Doctor of Chemical Sciences, Professor of the Department of Physics
Izhevsk State Agricultural Academy (Izhevsk), Russia

Abstract. In systems in which the interaction proceeds along the potential gradient (positive work), the
resulting potential energy, as well as the reduced mass, are found based on the principle of adding reciprocals of the
corresponding values of subsystems. This is the corpuscular process and the entropy can be its theoretical concept. In
the systems in which the interaction proceeds against the potential gradient (negative work), the algebraic addition of
their masses, as well as the corresponding energies of subsystems, are performed. This is the wave process and the
negentropy can be its theoretical concept. The resonance stationary state of the systems is realized under the condition
of equality of degrees of their corpuscular and wave interactions. Such correlations are confirmed by the equations of
Plank constant, constant of fine structure and for n. These principles can be practically applied to seek for optimal
technological solutions.

Keywords: The first law of thermodynamics, the gradient of the directivity of processes, wave-particle duality,
entropy, negentropy.
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ENTROPY AND CORPUSCULAR WAVE MECHANISM (translated from Russian)

G.A. Korablev, Doctor of Chemical Sciences, Professor of the Department of Physics
Izhevsk State Agricultural Academy (Izhevsk), Russia

Abstract. In systems in which the interaction proceeds along the potential gradient (positive work), the
resulting potential energy, as well as the reduced mass, are found based on the principle of adding reciprocals of the
corresponding values of subsystems. This is the corpuscular process and the entropy can be its theoretical concept. In
the systems in which the interaction proceeds against the potential gradient (negative work), the algebraic addition of
their masses, as well as the corresponding energies of subsystems, are performed. This is the wave process and the
negentropy can be its theoretical concept. The resonance stationary state of the systems is realized under the condition
of equality of degrees of their corpuscular and wave interactions. Such correlations are confirmed by the equations of
Plank constant, constant of fine structure and for n. These principles can be practically applied to seek for optimal
technological solutions.

Keywords: The first law of thermodynamics, the gradient of the directivity of processes, wave-particle duality,
entropy, negentropy.

Introduction

In the process of research, not at once but nearly always, you come across the necessity to solve pending
problems. Such problematic issues also exist in physical chemistry. Here are some examples.

The analysis of kinetics of various physical and chemical processes shows that in some cases the direct
addition of velocities, kinetic or energy characteristics is performed, in others — their reciprocals are added.

In particular, such supposition is confirmed by the formula of electron transport possibility (Woo) due to the
overlapping of wave functions 1 and 2 (in steady state) during electron-conformation interactions:

_1 ww,

W.=
2W, W, )
Equation (1) is used when evaluating the characteristics of diffusion processes followed by non-radiating
transport of electrons in proteins [15].
And also: “From classical mechanics it is known that the relative motion of two particles with the interaction
energy U(r) takes place as the motion of material point with the reduced mass ,, :

1 1.1 )
Hoomm,

in the field of central force U(r), and general translational motion — as a free motion of material point with the
mass:

m=m,+m, ®)

Such things take place in quantum mechanics as well” [1].

At the same time, the problem of quantum-wave dualism is still not completely solved, though the application
of de Broglie equation allows defining the manifestation borders of such phenomena. But which property predominates
depends on the process conditions. And it is quite complicated to define in advance which part of them will operate in
each particular case, although it is known that the wave picture is more often takes place at low energies, and
corpuscular — at high ones.

One of the founders of quantum mechanics Max Born said about this: “Each process can be interpreted either
from corpuscular or wave point of view. However the proof that we are really dealing with particles or waves is beyond
our capabilities since we are not able to define all characteristic properties of the process. Therefore, we can say that
wave and corpuscular descriptions should be considered only as two complementing each other methods of analyzing
one and the same objective process” [13].

Therefore, these problematic issues of physical chemistry need to be further investigated and discussed.

© Korablev G.A. / Kopabnes I'.A., 2026
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The multifaceted manifestation of the idea of entropy is of considerable interest. In thermophysical processes
entropy (S) is the function of the system state whose differential in the elementary reversible process equals the relation
between the infinitely little quantity of heat transferred to the systems and its absolute temperature:

as =9/ @)

Using such heat-physical definition we can calculate only the difference between entropies. The entropy itself
can only be found with the accuracy to the constant summand (integration constant).

In statistic thermodynamics the entropy of the isolated and equilibrious system equals the logarithm of the
probability of its definite macrostate:

S5=klnW, Q)

where W — number of available states of the system or degree of the degradation of microstates; k —
Boltzmann's constant.

These correlations are general assertions of macroscopic character, they do not contain any references to the
structure elements of the systems considered and they are completely independent from microscopic models [5].

Therefore, the application and consideration of these laws has multifaceted manifestations, which are most
fruitfully used in statistic thermodynamics. The notion of entropy, stemming from the second law of thermodynamics, is
the criterion of the process directedness and degree of the system randomness.

In this investigation the attempt is made to illustrate the above problems from the position of notions of the
directedness of such processes.

1. Gradient of the directedness of the processes of structural interactions
For moving thermodynamic systems the first commencement of thermodynamics is as follows:

mv?

éE:d(U+ ]i5A, (6)

where: OE — amount of energy transferred to the system;
2

myv
element d{U +

j — characterize the changes in internal and kinetic energies of the system;

+ 0A — work performed by the system:

— 0A — work performed with the system.
As the work value numerically equals the change in the potential energy, then:

+04=-AU and —0A=+AU (7,8)
It is probable that not only in thermodynamic but in many other processes in the dynamics of moving particles

interaction not only the value of potential energy is critical, but its change as well. Therefore, the following should be
fulfilled for two-particle interactions:

2 2
oF =d| T e%e |4 Ay ©
2 2
Here AU =U,-U,, (10)

where U2 and Ul — potential energies of the system in final and initial states.

The character of the change in the potential energy value (AU ) was analyzed by its sign for various potential
fields and the results are given in Table 1 [8].
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Table 1
Directedness of the interaction processes
No
r
Systems Type of | Process §] 2 r U Sign | Sign | Process
potential 1 % AU | SA | directedness
field X 1 in potential
/ field
X
1 opposite electrostatic attraction rL<r U.>U - + along  the
electrical -k %9 21 2 ! gradient
charges r
repulsion + - against the
P —kﬂ L>h U, <U, ggrjadient
r
2 similar electrostatic attraction + - against  the
r,<r, U,>U 9
electrical k %9 21 2 ! gradient
charges r
repulsion r.>r U. <U - + along  the
k %9, 271 2 ! gradient
r
3 elementary gravitational | attraction m,m, r,<fr, U2 >U1 - + along  the
masses M, r gradient
and m, repulsion m-m r.>r U. <U + - against the
—y—L2 | 27 2 -t gradient
r
4 spring field of | compression AX2 X. < X Uu.>U + - against  the
deformation | elastic forces k=2 2 - 2 ! gradient
2
extension 2 + - against  the
X, >X% | U,>U 9
kAi 27 2 ! gradient
2
5 photoeffect electrostatic repulsion r.>r U. <U - + along  the
k %9 271 2 ! gradient
r

From the table it is seen that the values — AU and accordingly +0A (positive work) correspond to the

interactions taking place along the potential gradient, and AU and — 0A (negative work) occur during the interactions
against the potential gradient.

Thus:

1. In the systems in which the interactions proceed along the potential gradient (positive work) the resulting
potential energy is found based on the principle of adding reciprocals of the corresponding energies of subsystems [8].
Similarly, the reduced mass for the relative motion of two-particle system is calculated.

2. In the systems in which the interactions proceed against the potential gradient (negative work) the algebraic
addition of their masses as well as the corresponding energies of subsystems is performed (by the analogy with Hamiltonian).

2. Corpuscular-wave dualism
The solution of Lagrangian equation thought he reduced mass for the relative motion of isolated system of two
interacting material points can be as follows [8]:

1 1 1

= + (ll)
AU ~ AU, AU,

where AU, and AU, — potential energies of material points on the elementary area of interactions, AU —
resulting (mutual) potential energy of these interactions.

The formalism of equations (1,11) is not principally new. The following equation was obtained by Compton
effect in 1924 already:

1 1 1—-coed
A Rv t mc? (12)

Here: hv — dissipated photon energy, hv — falling photon energy, mc? — electron own energy, © — dissipation
angle. At the same time, the energy of photons decreases by the value additionally obtained by the electron. The act of
quantum action takes place in this way, the result of which is the energy redistribution between corpuscular and wave
parameters of interacting systems.
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In equation (12) for corpuscular process the principle of reverse addition indicates that the process flows along
the potential gradient. Similar phenomenon is confirmed by the well-known Einstein’s equation by photo effect, where
the value of the work of electron output is positive. In atom during the electron-atom interaction the reduced mass (and
also the corresponding energy) is calculated by the principle of reverse addition [3]. This is the corpuscular process,
which proceeds along the potential gradient. And irradiation during quantum transitions is already the wave process
flowing against the potential gradient.

Electric current is the motion of electrons along the potential gradient. If we assume that the magnetic field
created by it is a wave process, there should be the correlation between electric and magnetic constants. The difference
between phases of electric and magnetic oscillations is = .

Entering coefficient (;) we have the equation for Planck’s constant with the accuracy close to the one of the
initial data.

4 g

h= (4 a)PEI—J (13)

Here a = 0.0023293 — experimental quantum correction to spine gs — electron factor, € — electric constant, p —
magnetic constant, h — Planck’s constant. For a free electron P.=W,, where W = 0.510034 MeV = 0.81872%10°%). The
value of classical electron radius r = 2.81794*10™m was used as a dimensional characteristic and, therefore, P, =
2.30712%10°% Jm.

The proportionality coefficient in equation (13) has the velocity dimensionality (m/sec) for the correlation
(F/Hn), i.e. in such a way the velocity of redistributions of energy in the system “particle — wave” is characterized.

Summing up the formalism of equations (1,11,12) on all the other interactions proceeding along the potential
gradient, it can be concluded that in these cases corpuscular interactions proceed, but the wave dualism corresponds to
the interactions against the potential gradient.

3. Entropy in corpuscular-wave interactions
The graphic change in the degree of structural interactions (]}, depending on the relative difference of energy
parameters of the structures (coefficient o), is characterized [8] by nomogram 1 (Fig. 1).

i |

o= 2o = B

®

i

——

—S—r

5 " 1o B i 15 w
Fig. 1. Nomogram of the dependence of the degree of structural interactions (p) on coefficient o

In the given approach this nomogram is identical to the dynamics of entropic changes in the systems and its
ambidexteral variant (nomogram 2 is not given) characterizes negentropic dynamics. Many phenomena and processes in
nature, engineering and even in economy are described by similar S-curves [6, 7, 9-12], which were called “Lines of
Life”.

In thermodynamics reversible and irreversible processes are distinguished. Thus, in irreversible expansion the
gas transits from less probable to more probable state, i.e. this process flows along the probability gradient. Similarly,
the transit of heat from a hotter body to a colder one is irreversible, which also flows along the temperature gradient. As
it was already demonstrated, corpuscular interactions also flow along the field gradient. Therefore, it is presumed that
the entropy can be a theoretical concept of corpuscular processes.

In the open system there is an interaction with the external environment and general change of the entropy (ds)
is expressed by the equation:

ds = ds;+ds,
20
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Here ds; — changes of the entropy as a result of the processes inside the system (nomogram 1), €s. — changes
of negentropy conditioned by the interaction with the environment (nomogram 2). Then within the time dt:

ds_dsi dsg
dt dt dt

where E — total velocity of the entropy change in the closed system, % — entropy products, ddi: — entropy flow

(negentropy).
For the dynamic stationary state the total velocity of entropy change must equal zero: ds/dt=0.
And then
dsp _ _%
g dr (14)

Thus, the entropy products in the stationary state are completely compensated by the negentropy flow.

The processes flowing in an open system are reversible. For example, all mechanical processes without friction
belong to them. But there is friction in actual processes, as well as the conversion of mechanical work into heat, and this
is already an irreversible process [2]. In the thermal machine there is heat conversion from a colder body to a hotter one.
In this case and in all reversible processes the work is performed against the field gradient. And the entropy
corresponding to these processes is called negentropy (negative entropy). As it was demonstrated, the system work
against the field gradient corresponds to the wave processes, e.g., in electric field generator.

Such analogy in directed entropic and corpuscular-wave processes allows assuming that the entropy is a
theoretical concept of corpuscular interactions, and negentropy — a concept of wave interactions. Besides, this analogy
gives the possibility to use the entropic equation of the stationary state of open systems for the corresponding
corpuscular-wave processes. At the same time, the following correlation is fulfilled in the thermal machine: “During the
circular process the increase in the system entropy due to the incoming heat is completely compensated by the decrease
in entropy due to the heat output, and the total entropy value equals zero” [4]:

yiayie ds=0 (15, 16)
—s

As applicable to corpuscular-wave processes, the condition of dynamic stationary state is the condition of
equilibrium of their degrees of structural interactions:

Be = P (17)

This condition is graphically fulfilled when nomogram 1 (entropy) is overlapping nhomogram 2 (negentropy),
which gives the following value:
o= 30%.

The stationary state is mathematically and graphically (by nomogram) fulfilled by the equation:
By —
n(2) = tgp (18)

Where ¢ = 54°44'— geodesic angle.
Thus, e.g., for the constant fine structure this equation is as follows:

ln{aZ—':): tew (19)

Here: F,=W,, £=938.2756 MeV x 0.856 fm = 803.107 MeVfm
F.=W+r=1.43998 MeVfm

o — fine structure constant

F, and F; — energy parameters of free proton and electron

W, and W} — their energy masses

R — dimensional characteristic of proton [14]
r — classical radius of electron.
Similarly for the equation for m:

In()=tge In(")=tgp (20, 21)
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Thus, the equality of corpuscular and wave interactions defines the resonance stationary sate of the system.
This condition corresponds to the most optimal technological variants and is widely revealed in nature, as well as in
fractal systems. The fractal structures are formed under the condition of equilibrium statistic interaction of entropic and
negentropic characteristics of all particles. Based on the equations:

AS'=AS" AS'=AS'" | (22, 23)

In macroworld such principle is fulfilled not only for Koch snowflakes but also in many other natural
phenomena, e.g., during the formation of clouds and even during dust concentration in premises.

Conclusions

1. In systems in which the interaction proceeds along the potential gradient (positive work), the resulting
potential energy, as well as the reduced mass, are found based on the principle of adding reciprocals of the
corresponding values of subsystems. This is the corpuscular process and the entropy can be its theoretical concept.

2. In the systems in which the interaction proceeds against the potential gradient (negative work), the algebraic
addition of their masses, as well as the corresponding energies of subsystems, are performed. This is the wave process
and the negentropy can be its theoretical concept.

3. The resonance stationary state of structural processes takes place under the condition of equality of the
degrees of corpuscular and wave interactions.

4. These correlations are confirmed by the equations of Planck’s constant, fine structure constant and for .

5. These principles can be practically applied to seek for optimal technological solutions.
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SHTPOIIHUA U KOPITY CKYJISIPHO-BOJTHOBOM MEXAHM3M (niepeBeeno ¢ pyccKoro)

I'.A. Kopa6.uieB, 1OKTOp XNMAYECKHX HAYK, podeccop Kadeapsl GU3UKU
®I'BOY BIIO Uxesckas [CXA (Mxkesck), Poccns

Annomauusn. B cucmemax, 6 komopwix g3aumooeticmaue uoem no 2padueHmy noOmeHyuala (Hoa0HCUMenbHasl
paboma), pe3yrbmupyrowas NOMeHYUAIbHAsL IHePIUsl, KaK U NPUBCOCHHAs. MACCA, HAXOOUMCS NO NPUHYUNY CLONCEHUS
0OpAMHBIX 3HAYEHULl COOMBEMCMBYIOWUX BEIUYUH NOOCUCmEM. DMO — KOPNYCKYIAPHBIL NPOYecc, meopemuieckoll
KOHYenyuel Komopo2o MOdCem SGISmucs dHmponus. B cucmemax, 6 xomopwix 63aumoodeticmeue uodem HpOMus
2paduenma nomeHyuaia (Ompuyamenvbhas paboma), 6bINOJIHACMC s ANeOPAUecKoe CIONCEHUe UX MACC, d MAKICe
COOMBEMCMBYIOUUX IHEPSULL ROOCUCTHEM. DMO — B0IHOBOU NPOYECC, MEOPEeMUYecKoll KOHYenyueli KOmopo2o Mojcem
A61AMbCsL He2aumponus. Pe3onanchoe cmayuonapnoe cocmosiHue cucmem 6blNOIHAEMCS NPU YCI08UU PABEHCMEA
cmeneneti ux KOPRYCKYIAPHbIX U 60IHO8bIX g3aumoodeticmeuil. Takue coomuoueHuss noomeepicoaromest ypasHeHUsMU
nocmosnnou IIanka, noCMOsIHHOU MOHKOU CMPYKmypsl U Ol YUCia 7. JanHble NPUHYUNBLL MO2YM NPAKMUYECKU
UCNONb308aMbCsL OJ151 HOUCKA ONMUMALLHBIX MEXHOI0SULECKUX PEULeHUL.

Knrouesvie cnosa. nepsoe Hauaio mepmoOuHamMuKl, 2pAOUEH HANPAGIEHHOCMU NPOYECCOs8, KOPNYCKVISAPHO-
B0IHOBOLL OYANU3M, IHMPONUSL, HESIOHMPONUSL.
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AI-BASED PHISHING WEBSITE DETECTION USING URL FEATURE
ANALYSIS AND MACHINE LEARNING

Haider Sakban Abdul Wahab, Master's degree in Computer Science
Ministry of oil, Iraq

Abstract. This paper proposes a lightweight and efficient machine learning-based approach for detecting
phishing websites using URL lexical feature analysis. The proposed method focuses on extracting a set of discriminative
features directly from the structure and content of URLs without requiring webpage content analysis or external
blacklist dependency. These features include URL length, number of special characters, digit ratio, presence of HTTPS
protocol, and occurrence of phishing-related keywords such as “login”, “verify”, and “secure”. The extracted feature
vector is then used to train supervised machine learning classifiers, with Random Forest selected as the primary model
due to its robustness and high classification performance. The system operates in three main stages: (1) URL
preprocessing and feature extraction, (2) model training using labeled phishing and legitimate datasets, and (3) real-
time classification of unseen URLs. The proposed method is designed to be computationally efficient, making it suitable
for deployment in real-time security applications such as browser-based protection tools and intrusion detection
systems. Experimental evaluation demonstrates that the model achieves high detection accuracy while maintaining low
computational overhead. The results confirm that URL-based feature engineering combined with machine learning
provides an effective and scalable solution for phishing detection in modern cyber security environments.

Keywords: phishing detection, machine learning, cyber security, URL feature extraction, random forest,
classification, Web security, malicious URLs, feature engineering, real-time detection.

1. Introduction

The rapid growth of internet usage has significantly increased the number of cyber threats targeting users and
organizations. Among these threats, phishing attacks remain one of the most common and dangerous forms of
cybercrime. Phishing websites are designed to imitate legitimate websites in order to steal sensitive information such as
usernames, passwords, banking details, and personal data. According to cybersecurity reports, phishing continues to be
one of the primary attack vectors used in data breaches and identity theft incidents [1]. Traditional security mechanisms
such as blacklist-based detection systems and rule-based filters are no longer sufficient to detect modern phishing
attacks. These approaches rely on previously known malicious URLs and fail to identify newly generated or zero-day
phishing websites, which are often short-lived and rapidly changing [7]. As a result, attackers can easily bypass static
defense systems by frequently modifying domain names and URL structures. To overcome these limitations,
researchers have increasingly turned to machine learning techniques for phishing detection. Machine learning models
can learn patterns from large datasets and generalize to unseen URLSs based on extracted features, making them more
adaptive compared to traditional methods [5]. In particular, URL-based feature analysis has gained attention due to its
simplicity and efficiency, as it does not require downloading or analyzing full webpage content, thereby reducing
computational cost and improving detection speed [4]. In this study, a lightweight phishing detection system is
proposed based on URL lexical feature extraction and supervised machine learning classification. The system extracts
statistical and structural properties from URLSs, such as length, special character usage, digit ratio, and presence of
suspicious keywords. These features are then used to train a Random Forest classifier to distinguish between phishing
and legitimate websites. The proposed approach aims to provide a fast, scalable, and accurate solution suitable for real-
time cyber security applications.

2. Literature Review

Phishing detection has been widely studied in cybersecurity research due to the increasing sophistication of
web-based attacks. Early approaches primarily relied on blacklist-based systems, where known malicious URLs are
stored and compared against incoming traffic. However, these methods are limited in detecting newly generated
phishing websites, as attackers frequently create new domains that are not yet listed in blacklists [2]. To address these
limitations, researchers introduced heuristic-based techniques that analyze structural properties of URLs and webpage
content. These methods use manually defined rules such as URL length, number of special characters, and domain age
to identify suspicious websites. Although heuristic approaches improve detection of unknown attacks, they are often
inflexible and prone to false positives when legitimate websites share similar characteristics [4]. With the advancement
of artificial intelligence, machine learning-based phishing detection systems have gained significant attention. These
systems extract features from URLs, HTML content, or network behavior and apply classification algorithms such as
Support Vector Machines (SVM), Decision Trees, and Random Forests. Among these, Random Forest has been widely
used due to its robustness, ability to handle nonlinear relationships, and resistance to over fitting [5]. Recent studies
have also explored deep learning techniques for phishing detection, including Recurrent Neural Networks (RNN) and
Long Short-Term Memory (LSTM) models. These models can automatically learn complex patterns from raw URL
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sequences without manual feature engineering. However, they require large computational resources and extensive
training datasets, making them less suitable for lightweight or real-time applications [3]. Furthermore, URL-based
feature analysis has emerged as an efficient alternative because it eliminates the need for webpage content extraction,
reducing both processing time and system complexity. This approach has been proven effective in real-time detection
systems, especially when combined with ensemble learning techniques [6]. In this paper, a lightweight machine
learning-based phishing detection system is proposed using URL lexical features and Random Forest classification. The
proposed method aims to balance accuracy and computational efficiency, making it suitable for deployment in real-time
cyber security environments.

3. Methodology

This section describes the proposed phishing detection system based on URL lexical feature extraction and
machine learning classification. The methodology is designed to be lightweight, efficient, and suitable for real-time
cyber security applications.

3.1 System Overview

The proposed system consists of four main stages:

1. URL Input Collection

2. Feature Extraction from URL

3. Machine Learning Model Training and Classification

4. Decision Output (Phishing or Legitimate)

The overall workflow is illustrated as a pipeline where raw URLs are transformed into numerical feature
vectors, which are then classified using a supervised learning model.

3.2 Dataset Description

The system uses publicly available phishing datasets containing both legitimate and malicious URLs. Each
URL is labeled as:

e (0 — Legitimate website

¢ 1 — Phishing website

The dataset is divided into training and testing sets to evaluate model performance and generalization ability.

3.3 Feature Extraction

Instead of analyzing webpage content, the proposed method relies on URL lexical features. These features are
computationally inexpensive and effective in detecting phishing patterns.

The extracted features include:

e URL Length (F;): Total number of characters in the URL
Number of Dots (F3): Count of “.”” in the URL
Number of Digits (F3): Frequency of humeric characters
HTTPS Presence (F4): Binary feature (1 if HTTPS exists, 0 otherwise)
Special Characters (Fg): Count of characters such as @, !, $, %, etc.
Suspicious Keywords (Fg): Presence of terms like login, verify, secure, bank, update
The final feature vector is represented as:

X =[F1.F2 F3,F4 F3 F6]

3.4 Data Preprocessing

Before training the model, the dataset undergoes preprocessing steps:

¢ Handling missing or incomplete URLs

e Converting categorical values into numerical format

e Normalizing feature values if required

o Splitting dataset into training (70%) and testing (30%) sets

3.5 Machine Learning Model

The proposed system evaluates multiple classification algorithms, including:

e Logistic Regression

e Decision Tree

e Random Forest (selected model)

Among these, Random Forest is chosen due to its:

e High accuracy

¢ Resistance to overfitting

e Ability to handle nonlinear feature relationships

e Good performance on small and medium datasets

The Random Forest model works by combining multiple decision trees and producing a final prediction based
on majority voting.

3.6 Mathematical Model

The classification process can be represented as:
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¥y =)

Where:

e X = feature vector extracted from URL

e y =predicted class (0 = legitimate, 1 = phishing)
o f=trained machine learning classifier

3.7 Performance Evaluation Metrics

The system performance is evaluated using the following metrics:
e Accuracy

Precision

Recall

F1-Score

Confusion Matrix

These metrics help measure the effectiveness of phishing detection and the rate of false positives and false
negatives.

3.8 System Output

The final output of the system is a binary classification:

o Legitimate Website — Safe to access

e Phishing Website — Warning / Block Access

This makes the system suitable for integration into browsers, firewalls, or cyber security monitoring tools.

Feature Extraction
URL P ' ~Length ML Classifi cat
TTEL Tnput ~N - .repr;c;ssn.lg 3| - Special chars N p 2551 1|:E1It“:1‘l-[c:-1(1:1 1
{(User f Browser) (Cleaning arsing) _OTTPS check (Fandom Forest Idodel)
-Eevwords l
Alert f Output Decision Engine
Warning / Allow Phizhing / Legitimate

Fig. 1. Proposed machine learning-based phishing detection system using URL feature extraction and Random Forest classifier

5. Results and Discussion

5.1 Experimental Setup

The proposed system was implemented using Python and evaluated on a publicly available phishing URL
dataset. The dataset was split into 70% training and 30% testing samples. Three machine learning models were tested:

e Logistic Regression

e Decision Tree

e Random Forest

5.2 Performance Comparison

Table 1
Model Performance Comparison
Model Accuracy Precision Recall F1-Score
Logistic Regression 91% 0.90 0.89 0.89
Decision Tree 93% 0.92 0.93 0.92
Random Forest 97% 0.96 0.97 0.96

5.3 Confusion Matrix (Random Forest)
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Confusion Matrix - Random Forest Model
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Fig. 2. Confusion matrix for the proposed approach

The confusion matrix illustrates the performance of the proposed Random Forest-based phishing detection
model. The model correctly classified 950 legitimate websites (true negatives) and 945 phishing websites (true
positives), indicating a high level of accuracy in distinguishing between safe and malicious URLs. Only a small nhumber
of classification errors were observed, with 30 false positives, where legitimate websites were incorrectly classified as
phishing, and 25 false negatives, where phishing websites were misclassified as legitimate. The low false negative rate
is particularly important in cybersecurity applications, as failing to detect phishing websites can lead to severe security
breaches. Overall, the results demonstrate that the proposed model maintains a strong balance between sensitivity and
specificity, making it highly effective for real-time phishing detection systems.

Interpretation:

e True Negatives (TN): 950

e False Positives (FP): 30

e False Negatives (FN): 25

e True Positives (TP): 945

This shows the model has low misclassification rate, making it suitable for real-time phishing detection.

5.4 Graphical Results

Phishing Detection Model Comparison

100 A

80 4

60 4

Accuracy (%)

40

204

Logistic Regression Decision Tree Random Forest
Models

Fig. 3. Discussion of Accuracy Graph

Fig. 3 presents a comparative analysis of different machine learning models used in the proposed phishing
detection system. It is observed that the Random Forest classifier achieves the highest accuracy of 97%, outperforming
both Logistic Regression (91%) and Decision Tree (93%). The superior performance of Random Forest is attributed to
its ensemble learning strategy, which combines multiple decision trees to improve generalization and reduce overfitting.
In contrast, Logistic Regression shows lower performance due to its linear nature, which limits its ability to capture
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complex relationships between URL features. Decision Tree performs moderately well but is more prone to overfitting
compared to ensemble methods.

These results confirm that ensemble-based learning models are more effective for phishing detection tasks,
especially when dealing with nonlinear and noisy URL feature spaces.

6. Conclusion

This paper presented a lightweight and efficient machine learning-based phishing website detection system
using URL lexical feature analysis. The proposed approach eliminates the need for webpage content analysis and
blacklist dependency by relying only on structural and statistical characteristics of URLs. A set of discriminative
features such as URL length, number of special characters, digit ratio, HTTPS presence, and phishing-related keywords
was extracted and used to train supervised machine learning models. Experimental results demonstrated that ensemble-
based learning, particularly the Random Forest classifier, outperformed other models including Logistic Regression and
Decision Tree, achieving the highest accuracy and stable performance. The proposed system showed strong capability
in distinguishing between legitimate and phishing URLs with minimal computational overhead, making it suitable for
real-time deployment. Overall, the proposed method provides a practical and scalable solution for phishing detection
that can be integrated into web browsers, firewalls, or security monitoring systems to enhance cyber defense
mechanisms.
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OBHAPYKEHUE ®UIIIAHI OBbIX BEE-CAUTOB C UCITOJIb30BAHUEM
HNCKYCCTBEHHOI'O MHTEJIVIEKTA HA OCHOBE AHAJIN3A
XAPAKTEPUCTHUK URL U MAIIMHHOI'O OBYUYEHU S

Xaiigep Caxdan Adoays Baxa6, maructp B 00J1aCTH KOMIIBIOTEPHBIX HAYK
MunuctepcTBo HedTH, Mpak

Annomayun. B Oawnnoii pabome npednacaemcsi néekuil u 3pdexmusHblili N00X00 HA OCHO8E MAWUHHO2O
00yueHus 015 0OHAPYIICeHUs PUUUHEO0BbIX 8eD-CATIMO8 ¢ UCNOIb308AHUEM AHAIU3A AeKcudeckux xapakmepucmuk URL.
Tpeonooicennviii Memoo cocpedomouer Ha u3gieueHuu Habopa OUCKPUMUHAMUBHBIX NPUSHAKOS HENOCPeOCmBeHHO U3
cmpykmypul u cooepaicumoco URL Oe3 Heobxooumocmu ananusza cooepicumozo 6edO-cmpanuy uiu 3a8UCUMOCHU Om
BHEWHUX UEPHBIX chuckos. dmu npusnaxu sxmouarom onuny URL, xonuuecmeo cneyuanvhoix cumeonos, 0omo yugp,
nanuuue npomoxona HTTPS, a maxoice nanuuue kuouegvix cnos, céa3annvix ¢ guuuneom, maxux kax «loginy, «verifyy
u «Securey. Mzeneuénnvlii 6eKMop NPUHAKOE 3ameM UCHONb3Yemcs 05l 00YUeHUsl KIACCUDUKAMOPOS ¢ yuumenem, npu
omoM € Kauecmee 0CHO6HOU modenu evlopan areopumm Random Forest 6racodaps ezco ycmoituueocmu u 6bicoxou
mounocmu xkraccugurxayuu. Cucmema Qynxyuonupyem 6 mpu ocHosHuix smana. (1) npedsapumenvuas oopabomxa
URL u uzeneuenue npusnaxos, (2) obyuenue mooenu ¢ UCHONb308AHUEM PAZMEYEHHBIX HAOOPO8 OAHHBIX PUIUUHCOBBIX U
aecumumublx caumos u (3) xnaccugpurayus panee neuzsecmuvix URL 6 peanvrnom epemenu. Ilpeonoscennviii memoo
paspaboman ¢ y4émom 6blHUCTUMENbHOU 3(Gekmuenocmu, ymo oeiaem e20 NOOX0O0suum Olisl NPUMEHEHUs 6
cucmemax 6e30nACHOCIU PeaibHO20 8PEeMEHU, MAKUX KAK UHCMPYMEHMbl 3auumsl HA YposHe Opay3epa u cucmembl
0OHapydCcerUs: 6MOPIUCeHUI. DKCNEPUMEHMANbHASL OYEeHKA NOKA3bI8Aem, Ymo MoOelb 00Cmuzdaenm GblCOKOU MOYHOCHU
OOHAPYIICeHUs. NPU COXPAHEHUU HU3KOU SbIYUCIUMENbHOU Hazpysku. Tlonyuennvie pe3yismamosl ROOMEepHcOaOnm, 4mo
ucnonvzoganue npusnakoé URL 6 couemanuu ¢ memodamu mawunnozo obyuenus obecneuugaem s¢gexmusHoe u
Macuimabupyemoe pewieHue 0Jisi 0OHAPYICEHUS PUULUHSA 8 COBPEMEHHBIX YCIIOBUSX KUOEpOe30nacHoCmi.

Knioueswvie cnosa: obnapysicenue uuunea, MmauunHoe ooyuenue, Kubepoe3onachocmo, uzeieyeHue QyHKyull
URL, cayuaunwiii nec, kiaccugpuxayus, Beb-oezonacnocmo, epedonocuvie URL, unsicenepus yukyuil, oonapysiceHue 6
PeanbHOM 6PEMEHU.
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Technical sciences
TexHuyeckue HAYKH

YK 67.02

BJMSIHUE TEXHOJIOTMYECKHUX IAPAMETPOB YCOBEPIIEHCTBOBAHHOM
PEBPUCTOM KOJIOCHUKOBOM PEIIETKA HA IMIOKA3ATEJIA OYUCTKH XJIOIIKA

P.III. Cynaiivonos®, IILIIL [lyxparos’
! JIOKTOP TEXHUYECKUX HayK, Ipogeccop, 2 nokrop ¢punocopun (PhD) mo TexHMYecknM HayKkam, TOIEHT
! HaYQHO-HCCHeL[OBaTeHLCKHﬁ WHCTUTYT BOJIOKHUCTBIX KYJIBTYP, 2 (Depl"aHCKI/Iﬁ FOCY}:[apCTBeHHLIﬁ YHUBCPCUTET,
V30ekuctan

Annomauyusn. C yenvio nosviuterus s¢pgexmusrnocmu ouucmru aepecama YXK 3a cuém 6onee s¢pgpexmusrnozo
YOaneHust KPYnHulX npumeceil u3 Xionka ceKyust OYUCMKU XAONKA Om KPYNHbIX npumecell 6 cocmage azpezama Oblid
VCOBEPUIEHCNBOBAHA NYMEM YCMAHOBKU peulemKu ¢ peopucmoll KOJIOCHUKOBOU KOHCmpyKyueu. J{ns u3yueHus
apexmusnocmu pebpucmoii KoI0CHUKOBOU peuwémKku no cpasHeHuio ¢ oelicmeylouell 6 1abopamopublx YCi08UsIx
ObLIU NpoBedeHbl cpagrumenvrvle ucciedoganus. Ilpu ouucmke xnonka c enaxcnocmoio 8,4 %, sacopénnocmoio 7,9 %
u nogpexcoénnocmoio ceman 0,9 % Ha npednacaemom aspecame 3ACOPEHHOCMb OYUWEHHO20 XAONKA 8 CpeoHeM
cocmasuna 1,31 %, umo okazanoce Hudce NO CPABHEHUIO C 3ACOPEHHOCMbIO XJIONKA, OYUWEHHO20 HA dzpezame C
deticmeyiowell KOI0CHUKOBOU pewémkol, a kavecmgo yaywwuiocy na 0,25 abc. %. Ilospescoénnocms cemsan 8
cocmage OYUUeHHO20 XA0NKa He usmenunacy u cocmasuina 1,7 %. Ilpu smom s¢ghpexmugnocms ouucmru azpecama 8
cpeonem oocmuena 83,4 %, umo na 3,1 abe. % eviuie no cpagnenuro ¢ dPhexmueHocmovlo OYUCMKU OelicmByIowe2o
aepezama. Konuuecmeo Xionkosvix 4acmuy, 8blOeIUSUIUXC 8 OMX00bl NPU OYUCHKE XJIONKA, O OMHOWEHUI0 K Macce
omx0008 8 cpednem cocmasuno 16,1 %, npu smom 6 omxoovl vldensnocy Ha 2,3 abc. % menvute X10NKOGbIX YaACHUY
HO CPABHEHUIO C OeUCMEYIOuuUM 8apuanmom. Pezynomamor npoeedéHHbIX CpABHUMENbHBIX UCNBIMAHUL NOKA3AIU, YMO
azpezam, yco8epUIEHCMBOBAHHBII PEOPUCBIMU KOTOCHUKOBBIMU PEeUémKami, npooeMoOHCmpUposan 6oaee GblCOKYIO
I hexmusHocms no CPABHEHUIO ¢ A2Pecamom, OCHAWEHHBIM OeUCMEYIOUWUMU KOLOCHUKOBLIMU PEUEMKAMU.

Kniouesvie cnoea: acpecam VXK, pebpucmas KoOIOCHUKO8ASI peuwlémia, NulvbHblll OapabaH, Xa0nox,
BILAICHOCMb, KPYRHbBLE NPUMECH, dPDEKMUEHOCTb OUUCTKU.

BBenenune. KauecTBO BOJIOKHA, BBIPAOATHIBAEMOr0 Ha XJIONKOOYHMCTHTENBHBIX MNPEANPHATHIX CHCTEMBI
«XJIOTIKOBO-TEKCTHJIBHBIX KJIACTEPOBY», 3aBHCHUT OT psijfa (akTOpPOB, OCHOBHBIM W3 KOTOPBIX SIBIISICTCS COIEp)KaHUE
MEJKHX M KPYIHBIX TIpUMecel B XJIONKE U BOJIOKHE. JIJI1 OYMCTKHM XJIONMKAa OT MEJKHUX M KPYHHBIX NpHMecei Ha
XJIOTIKOOYHCTUTENBHBIX MPEINPUATHIX B OCHOBHOM IpuMensiercs arperat Y XK [3].

B xyomnke, coOpaHHOM BPYYHYIO M MAIIMHHBIM CIIOCOOOM, COAEPIKUTCS 3HAYUTENbHOE KOINYECTBO MEJIKUX U
0COOCHHO KPYIMHBIX TMpuMecei, mpu 3toM arperaT ¥ XK He obecrneyrBaeT MOJHOIO yIajleHHs TaKUX MpUMeEcei u3
xnonka. [locme arperara YXK B OYMIIEHHOM XJIONIKE COXPaHSIOTCS KPYITHBIE NPHMECH, TaKMe Kak KOPOOOUKH,
MAJIOYKH, [IBETKH XJIOMYAaTHUKA U Ap., KOTOPbIE MOCTYNAIOT Jaiee K MUIbHOMY JkuHy [10].

B nwuratene nuibHOrO JKMHA HPHUMEHSETCS CeTYaTas MOBEPXHOCTb, KOTOpas IO CBOEH KOHCTPYKIHH
obecrieunBaeT OYHMCTKY XJIOMKA TOJIBKO OT MENKHMX npuMmeced [2]. KpymnHele mpumecu, coXpaHHBIIHECS B COCTaBe
OUMIIEHHOTO XJIOTIKA, HE OTIEINSIOTCA B NUTATENle W BMECTE C XJIONKOM MOCTYHAIOT B pabodyio Kamepy KuHA. B
mpolecce JKMHAPOBAHMS TAKUE KPYIHbIE IPUMECH U3MENbYAIOTCSA MUIIAMH U TIONAJal0T B JUKMHUPOBAHHOE BOJIOKHO.

B  BOJOKHOOYHCTHTENHHOM OOOPYHOBAaHHM, YCTAHOBJIEHHOM IIOCIE JUKMHA, M OYUCTKH BOJIOKHA
UCTIOJIb3YeTCs MUIBHBIA HUITHHIP, Bpallaomuiics co ckopocthio 1500 06/MuH. OH yaapsieT IpUHATHIN TOTOK BOJOKHA
0 pAacTOJIOKCHHBIE MOJ HUM KOJIOCHHKH, B pe3yJbTaTe 4Yero 3a CYET BCTPSAXMBAHUS U3 BOJOKHHCTOIO IIOTOKA
OTJIEJIAIOTCS. COPHBIE M NMOCTOPOHHKE MpuMecH [6]. OmHaKo HU3-3a BBICOKOM CKOPOCTH BpAIIEHUs MWIBHOTO HMIMHAPA
ITOTOK BOJIOKHA HE YCIIEBACT IOJHOCTHIO YAAPHUTHCS O KOJOCHHUKH, BCTPSIXHYTHCS M Pa3pBIXIUTHCA, BCIEACTBHE YETO
COpHBIE M TIOCTOPOHHHME IMPUMECH HE OTIEIISIOTCS MOJHOCTHIO M BMECTE C BOJOKHOM IMOCTYIAIOT K MPEcCy, TAe 3aTeM
COXPaHSIOTCS B €r0 COCTaBe.

CoxpaHeHHE 3HAYUTEIBHOIO KOJIMYECTBA COPHBIX IPUMECEH B COCTaBE€ BOJIOKHA MPHUBOAUT K CHUKEHUIO
KavyecTBa BbIpabaThIBaeMOro BojiokHa [7]. Kpome Toro, mocTyruieHHe KpPYNHBIX IIPUMECEH BMECTE C XJIOIKOM K
IIJIBHOMY JUKHHY BBI3BIBACT YCKOPEHHOE 3aTyIUICHWE 3yObeB MW Ha NWIbHOM IuMHApe. [IpexaeBpeMeHHOE
3aTyIuIeHHe 3yObeB MU CHIKaeT 3(p(eKTUBHOCTH Mpoliecca JUKMHUPOBAHMS, YBEIMYMBACT MOBPEKIAEMOCTh CEMSH H
BOJIOKHA, @ TAKXKE YMEHBIIIAET IPOU3BOAUTEIBHOCTD JIKIHA.

Jia ymydmeHus: KadecTBa MPOU3BOIMMOT0O BOJIOKHA 32 CUET 3(pPEeKTHBHOTO BBIIEIEHUS KPYIHBIX MpHUMeEceH
W3 XJIOTIKAa B TIPOIECCE OYUCTKH BBICOKO- M HU3KOCOPTHBIX CEJIEKI[MOHHBIX, a TAaKKe MAIIMHHO-COOPaHHBIX COPTOB
xmonka B arperate YXK ObUIM TpOBEISHBI TEOpPETHYECKHE W MpaKTHIeckwe wuccienoaHus. Ilo pesympratam
MIPOBEAEHHBIX HCCIIENOBaHMI Oblla pa3paboTaHa cxeMa KOJIOCHHKOBOM pPEIETKH, COCTOSIIEH U3 KOJOCHHUKOB
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peOpUCTOif KOHCTPYKIMH, NPEAHA3HAYECHHOMN ISl CEKIIMM OYMCTKHU XJIONKA OT KPYIHBIX NPUMECEH B COCTaBe arperara
[9]. Ha ocHOBe pa3pabOTaHHON CXEMbI TEOPETHYCCKH OBLTH OIMpPEIENICHBI TUANa30Hbl BEIHMYHMH MEKKOJIOCHUKOBBIX
paccTosHUH peOpPUCTBIX KOJOCHHUKOB PEIIETKH, BBICOTHI PEOEpP M CKOPOCTH BpallleHHWs MWILHOrO OapabaHa st
MHTEHCU(HUKAIUN OTAEJICHUs KPYIHBIX NMpPUMECEH W3 XJIONKa B MpOLEcce ero OYMCTKH. Ha OoCHOBe MOJTydeHHBIX
BEJIMYMH OBLIM MPOBENECHBI MOJHO(GAKTOPHBIE SKCIIEPUMEHTHI, B pe3yJbTaTe KOTOPBHIX ObUIM BHIOpAHBI ONTHMaJIbHbIC
3HAYEHMs] MEXXKOJIOCHUKOBBIX PACCTOSIHMH PEOPUCTHIX KOJOCHUKOB PELIETKH, BBHICOTHI PEOEP M CKOPOCTH BpallEeHHS
MUITBHOTO OapabaHa, BIMAIONNX Ha MPOIecC OYMCTKH XJIOMKa OT KPYITHBIX ITpuMeceii [8].

Ha ocHoBe BBIOpaHHBIX ONTUMAIBHBIX IapaMeTpoB B MpoekTHOM otaene AO «HaydHBIi HEHTp XIJIOMKOBOH
MIPOMBIIITICHHOCTH» OBUIH MOJATOTOBIICHBI YEPTEXKH OTBITHOTO 00pa3iia KOJIOCHUKOBOH pemeTku (puc. 1).
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1 — pebpucmule konocuuku, 2 — kapkac

Puc. 1. Yepméonc onvimnozo obpasya pewémru, cocmosaujeli u3 pedopucmuix KOI0CHUKOE YCOBEPUIEHCTNBOBAHHOU KOHCMPYKYUU

Ha ocHOBaHMM NOJTOTOBICHHBIX YepTEXKeH ONBITHBIM 00paser peOpUCTO KOJNOCHHUKOBOW pEIIETKH ObuI
nzrotoBiied Ha npeanpusitiu OO0 «PUM ycraxonacn» (puc. 2).

1 — pebpucmeuie KOIOCHUKU YCOBEPUIEHCMBOBAHHOU KOHCMPYKYUU, 2 — KapKac
Puc. 2. Onvimnuiii o6pazey pebpucmoii KOI0CHUKOBOU peuémKu yco8epuencmeo8anHoll KOHCMPYKYUY

WszroToBneHHsIi ONBITHRINA 0Opasen Obln ycraHoBieH Ha arperat ¥ XK cTeHZoOBOro Tuma, pa3MelIEHHbBIA B
TEXHOJIOTHYECKOH 1ab0paTopun HAyYHOTO IIEHTPa, B Pe3yJIbTaTe Yero arperar Ol yCOBEPIICHCTBOBAH (pHC. 3).

1 — konxogvie bapabanvl, 2 — cemuamvle nosepxnocmu, 3 — nuabHwill 6apaban, 4 — wémounvli bapabar,
5 — pebpucmuie konrocnuxosvie peuwiémku, 6 — pecenepayuonnbiil bapaban
Puc. 3. Aepecam VXK cmenodosozco muna, ocHawjénmulii yco8epuieHcmeo8anHol pedpucmol Koi0CHUKOBOU peuémrol
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CpaBHUTENbHBIE HCCIEIOBAaHUS MPOBOAMINCH MEXIY YCOBEPIICHCTBOBAHHBIM arperaroM M arperatrom,
OCHAIIIEHHBIM JIeHCTBYIOIIEH KOJIOCHUKOBOHM pemérkoil. Ilpu s3Tom gelicTByromias U mpejaraemas KOJOCHHUKOBBIE
PEemETKN NOOYEePENHO YCTAHABIMBAIKNCH HAa arperaT CTEHJOBOrO THIA, M M3YYalloCh X BIMsSHHE Ha 3()(EKTHBHOCTH
OUHUCTKH, CTENEHb 3aCOPEHHOCTH OUUIIEHHOI0 XJIOMKa M COCTAaB OTXO/0B.

[epen mpoBeneHneM 3KCIEPUMEHTAIBHBIX HCCIIEIOBAHUH arperat ObUI OTPETYJIHMPOBAaH B COOTBETCTBUH C €TI0
TEXHUYECKUMU XapakTepucTukamu [1].

B xone ucnipiTanmii oTOUpaIch 00pa3Ibl XIIOMKa, IOJaBaeMOTO B arperar, OYHIIEHHOTO B arperaTe XJIONKa, a
TaKXXe OTXOAOB, BBIICICHHBIX B MpPOIECCE OYMUCTKH, IOCIIE YeT0 OHU aHAJIM3UPOBAIUCH B JaOOpaTOpHH HAYyYHOTO
ueHTpa. IlepBoHayanbHO HccnenoBaHus MpoBoAwInch Ha arperare Y XK, ocHalEHHOM JEMCTBYIOLIEH KOJIOCHUKOBOM
peméTkoii. MccmenqoBanus MpoBOAWINCE Ha XJomke cenekiun C-6524, 11 copra, 2-ro Kiacca.

IIpn >TOM BIAXHOCTH XJIONKA, IOAABAEMOTrO B arperar, cocrtaBmuia 84 %, 3acopérHocts — 7,9 %, a
MOBPEXXIEHHOCTh ceMsH B coctaBe xyonka — 0,9 %. Ilocne ouncTKr JaHHOTO XJIOMKA B arperare BIaKHOCT OYHMIIIEHHOTO
XJIOTIKA OcTallach HEM3MEHHOU U cocTaBmia 8,4 %, 3acOpEHHOCTH B cpefHeM cocTaBuia 1,56 %, a moBpexXIEHHOCTh CEMSIH
— 1,7 % [4, 11, 12]. TIpu 3ToM 3 (eKTHBHOCTH OYUCTKH B cpemHeM coctaBmna 80,3 %. KoanuecTBo XIOMKOBBIX YaCTHII,
BBIJICTIUBIIUXCS B OTXO/IBI [IPU OUMCTKE XJIOMKA, 10 OTHOLIEHHIO K Macce OTXOO0B B cpeiHeM cocTaBuio 18,4 %.

3aTeM BMECTO AEHCTBYIOUIMX KOJOCHHMKOBBIX PEIIETOK, YCTAHOBJIIEHHBIX B CEKIUM OUYUCTKHM XJIONKAa OT
KpYIIHBIX TIpUMecell U B pereHepalnoHHOM cekiuu arperara Y XK, ObulM yCTaHOBJIEHBI PeOPUCTBIE KOJIOCHUKOBEHIE
pewETKH, MOoCIe Yero ObUTH MPOBEICHBI SKCIIEPUMEHTAJIbHBIC HCCIICTOBAHUSL.

OKcnepUMeHTaNbHBIE pabOTHI IPOBOMINCH Ha BEHIICYKAa3aHHOM XJIOIIKE TOM JKe CEJIEeKIUH, copTa U Kiacca. [Ipu
9TOM BJIaXKHOCTH XJIOITIKA, ITOJJABaEMOT0 B arperar, coctaBisuia 8,4 %, 3acopéHHOCTs — 7,9 %, a MOBPEeKAEHHOCTH CEMSH B
coctaBe xusonka — 0,9 %. Ilociie oYrCTKY XJIOMKa B arperate BIa)XKHOCTh OYHUIIECHHOTO XJIOMKA OCTallach HEM3MEHHON 1
cocraBuia 8,4 %. 3acCOpEHHOCTh OUYMILIEHHOTO XJIONKA B cpefHeM cocTaBuia 1,31 %, 4yTo oka3aioch HUXKE 10 CPAaBHEHUIO
C 3aCOpEHHOCTHIO XJIONKA, OYHMIIIEHHOTO Ha JEHCTBYIOIIEM arperare, a ero KadecTBo yimy4miiock Ha 0,25 abce. % (puc. 4).
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1 — 3acopénnocme ouuwenrozo xaionka, %, 2 — cooepoicanue X10nK08vIX yacmuy 8 omxooax, %
Puc. 4. l'ucmozpamma 3a8ucumMocmu 3acopEHHOCMU OYUUEHHO20 XIONKA U COOEPIICANUS XILONKOBbIX YACMUY 8 OMX00AX OM MUuna
KOJOCHUKOBBIX PEUIéMOK NpU OYUCKe XJIONKA OM KPYRHbIX npumecell ha azpecame YXK cmenooeoeo muna

[ToBpexIEHHOCTH CEMSH B COCTaBE OUHMIIEHHOT0 XJIOMKA OCTaNach HeM3MEeHHOU U coctaBuia 1,7 %. IIpu atom
3¢ (GEeKTHBHOCTh OYKMCTKH arperata B cpeaneMm cocraBwia 83,4 %, uyto Ha 3,1 abc. % BBINIE MO CPaBHCHHIO C
3¢ (EKTHBHOCTBIO OUMCTKH JCHCTBYIOIIETo arperara (puc. 5).
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1 — sppexmusnocmo ouucmru, %, 2 — cooepaicanue npumeceii 8 omxooax, %
Puc. 5. Tucmozpamma 3a8ucumocmu 3¢hheKxmusHocmu OUUCHKY a2pe2ama U COOepICAnUsi npuMecell 8 Omxooax om muna
KOJOCHUKOBBIX PEULEMOK NPU OYUCIKE XJIONKA OM KPYNHbIX npumeceil Ha azpezame YXK cmendosozo muna

KonamdecTBo XI0IKOBBIX YacCTull, BbIACIUBIINXCA B OTXOAbI IMPU OYMUCTKE XJIOIIKA, IO OTHOLICHHWIO K MaccCe
OTXO0AO0B B CPEAHEM COCTaBUJIO 16,1 %, YTO CBUACTCIILCTBYCT 00 YMEHBUICHHUU KOJIMYCCTBA XJIONKOBBLIX YaCTHIL,
nomnagariuyx B OTXO0IbI, HA 2,3 abc. % 1o CpPaBHCHHUIO C ,Z[Cf/iCTBYIOIIIPIM BAapHUAHTOM.
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B xoze sKcriepuMeHTaIbHBIX MCCIICAOBAHUM arperar, yCOBEPLUIEHCTBOBAHHBIN PEOPUCTHIMU KOJIOCHUKOBBIMHU
peméTkamMy, NpPOJEMOHCTPHPOBAN Ooyee BBICOKYIO I((EKTHBHOCTh IO CPaBHEHUIO C arperaTroM, OCHAIIEHHBIM
CTaHJapTHBIMHU KOJOCHUKOBBIMH PEUIETKaMU.

3akarouenue. [ moBbimeHns: 3QQPEKTUBHOCTH PabOTHI arperarta 3a c4Y€T Oojiee KaueCTBEHHOW OYMCTKU
XJIONKa OT KPYNHBIX IpPUMEceH, a Takxke s YJIyqlIeHUs KadecTBa MPOU3BOAMMOrO xJomnka, arperar ¥ XK Obu1
YCOBEpPILICHCTBOBAH IYTEM OCHAICHUS CEKLUU OYHCTKH OT KPYNHBIX IpuMecell KOJOCHUKOBOM pEmETKON C
KOJIOCHHKAaMH PeOpUCTON KOHCTPYKIIHH.

B mabopaTopHBIX YCIOBHSIX OBUIM NPOBEACHBI CpAaBHUTEIBHBIC HCcieqoBaHU arperata Y XK, ocHaméHHOTO
YCOBEPLIEHCTBOBAHHON KOJIOCHUKOBOW pelméTkol, u arperata Y XK, OCHamEHHOrO CTaHIApTHOM KOJOCHUKOBOM
pemérkoil. [Ipu ouncTke XJI0mKa ¢ BIakHOCTBIO 8,4 %, 3acopéHHOCThIO 7,9 % W moBpexaéHHoCcThIO ceMsH 0,9 % Ha
IPeATaraéMoM arperaTe 3aCOpEHHOCTh OYMIIEHHOTO XJIONKA B cpegHeM coctaBmia 1,31 %, 4To Hmke mokaszarens
3aCOPEHHOCTH XJIOIKA, OYMIIIEHHOTO Ha arperaTe co CTaHAAPTHOH KOJOCHUKOBOHM PEMIETKOHN, a KAYECTBO YITydIIMIOCH
Ha 0,25 abc. %. [ToBpexIEHHOCTh CEMSH B COCTaBE OYMILIEHHOI'O XJIONKA OcTajach HEM3MEeHHOU u coctaBmia 1,7 %.
ITpu sToM 3(p(heKTHBHOCTD OUNCTKH arperara B cpegHeM coctaBuia 83,4 %, uro Ha 3,1 abc. % Bbie 3¢ dexTuBHOCTH
OUUCTKH JieiicTByrOIero arperara. KogmuecTBO XJIONMKOBBIX YaCTHUI, BBLAEIMBIIUXCSA B OTXOABI PH OYHUCTKE XJIOIKA,
[0 OTHOLIEHMIO K Macce OTXOJOB B CpefHeM cocTaBWio 16,1 %, 4To moka3ajlo yMEHBIIEHHUE KOJIMYECTBA XJIOMKOBBIX
YacTHI], BBIAEISIEMBIX B OTXOJBI, Ha 2,3 abc. % 1Mo CpaBHEHHIO C JCHCTBYIOIIMM BapHaHTOM. B Xojie ucmbITaHMN
arperar, yCOBEpLICHCTBOBAHHBIN PEOPHCTHIMH KOJOCHUKOBBIMH PELIETKAMH, IMPOJEMOHCTPUPOBAI 0oJiee BBICOKYIO
3¢ PEKTUBHOCTH 110 CPABHEHUIO C arperaTtoM, OCHaIEHHBIM CTaHAAPTHBIMH KOJIOCHUKOBBIMH PEIIETKAMHU.
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IMPACT OF ADVANCED RIBBED GRATE PROCESS PARAMETERS
ON COTTON CLEANING PERFORMANCE

R.Sh. Sulaimonov?, Sh.Sh. Shukhratov?
! Doctor of Engineering, Professor, > Doctor of Philosophy (PhD) in Engineering, Associate Professor
! Research Institute of Fibrous Crops, % Ferghana State University, Uzbekistan

Abstract. In order to increase the cleaning efficiency of the UCC unit due to more efficient removal of large
impurities from cotton, the section for cleaning cotton from large impurities in the unit was improved by installing a lattice
with a ribbed grate design. Comparative studies were conducted to study the effectiveness of the ribbed grate compared to the
one in the laboratory. When cleaning cotton with a humidity of 8.4%, a clogging of 7.9% and a seed damage of 0.9% on the
proposed unit, the clogging of cleaned cotton averaged 1.31%, which turned out to be lower compared to the clogging of
cotton cleaned on the unit with an active grate, and the quality improved by 0.25 abs %. Seed damage in the composition of
purified cotton did not change and amounted to 1.7%. At the same time, the cleaning efficiency of the unit on average reached
83.4%, which is 3.1 abs. % higher compared to the cleaning efficiency of the existing unit. The amount of cotton particles
released into waste during cotton cleaning averaged 16.1% in relation to the mass of waste, while 2.3 % less cotton particles
were released into waste compared to the current version. The results of comparative tests showed that the unit, improved by
ribbed grizzly grids, showed higher efficiency compared to the unit equipped with operating grizzly grids.

Keywords: UCC unit, ribbed grate, saw drum, cotton, humidity, large impurities, cleaning efficiency.
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INPOBJIEMA 3KOKPU3UCA KA3BAXCTAHCKOI'O ITPUAPAJIBA

T.Y. Taxuesa’, ]I, AﬁllyMa)Kl/ITKbBblz, AE.M XTap3, O.K. KapﬂblxaH0B4
! KaHIMIAT TEXHHYECKUX HAYK, ACCOMMPOBAHHBIN TOLEHT, - ° CTYNEHT, * JOKTOp TEXHHUECKHX HAyK
13 Tapasckuit yausepenrer nv. M.X. Jlynartu (Tapas), ¢ Kasaxckuit HUM Bogroro xossiictsa (r. Tapas), Kasaxcran

Annomayus. B cmamve paccmompenvl npobremvl dKkokpusuca 6 Ilpuapanve. B pesynomame
HepayuoHaIbHo20 6000N0b306anusi 6 bacceine pexu Colpoapbs U KIUMAMUYECKUX USMEHEHUN, CYUJeCMEEHHO
cokpamuics naowaob Apanvckozo mopsi. Hcuesnosenue Apanbckozo mops MupogbiM COOOWECEOM NPUHAMO, KAK
ceepuusuIeecs: (hpakmop u 6 Hacmosiyee 8pems Ha e20 Mecme 00paA308aNcs a0 MEIKUX CUTbHOCONEHbIX 6000eM08. B
3anaoHou yacmu Mopsi — 2mo nobepesicbe 600ab OvlewUX ocmposos Jlazapesa u Bospoowcdenue, meppumopuanbio
omuocawyuxca Kk Ysbexucmany u Kazaxcmany, a 6 ceeepo-eocmounoti wacmu — Manwiti Apan, maxoosawuiicss Ha
Kazaxcmanckom Ilpuapanve. B cmamve npueedenvi amamuz 600Ho-3Kon02udecKol cumyayuu ¢ Manom Apane u
pe3yibmamyl UCCIE008AHUSL N0 BbIXOOY U3 IKOIOSUUECKO20 KPUSUCA.

Knruesvie cnosa: Apanvckoe mope, sxokpusuc, Manwiti Apan, nompebnocms 6 800e, 8000X035UCMECHHbIE
Meponpusimusi.

AKTYaJIbHOCTb

IIponomxkaromieecs: BBICBIXaHUE ApPajIbCKOTO MOpPS B IIEJIOM M B 30HE BIMSHHUS Mayoro Apana B 4aCTHOCTH
BBI3BIBACT 3HAYUTEIBHYIO BOJOXO3SHCTBEHHYIO, SKOJOTMYECKYI0 M COIHMAIbHO-?KOHOMHYECKYIO HAIPSOHKEHHOCTh B
peruoHe.

B Hacrosiee Bpemst Gnarogapsi MexIyHapoJHoMYy npoekty PerynupoBanue peku Coipaapsu 1 CeBepHOTO
Apansckoro Mops (PPCCAM-1) u mnpoBeneHHBIM BOJOXO3SIICTBEHHBIM MEPOIPHUSATHSAM CTAOWIN3UPOBaHA
9KOJIOTHYECKas U BOJIOXO3MCTBEHHAs cuTyanus B Manom Apare.

ITo mpoexty PPCCAM 1 B HwxkHeMm TeueHuu peku Ceipmapbs B 2000-2005 romax ObIT NMOCTPOEH H
PEKOHCTPYHPOBAH Psi/i BOJHBIX 00BEKTOB, MO3BOJIIOMINX A(P(PEKTUBHO PEryJIMPOBATh BOJHBIE PECYPCHI B YCIOBHSAX HX
nepunura B BereTannoHHBIM mepuoa. B 2008 r. moctpoeHa Koxapambckas mamba, otmenuBmas Manslii Apan ot
Bonbiiero Mopst, mocie KOTOPOro YaCTUYHO BOCCTAHOBUJICS YpoBeHb Manoro Apana Ha otmeTke 42 MbC.

O030p ¥ aHAIM3 NPeAbIAYLIHX HCCAeOBAHUMT

Koraa npoGiiema Apanbckoro Mopst Iiepepocia OT PErHOHAIBHOTO MacIITada 0 MEeXIyHapOIHOTO, BHUMAaHHE
OOIIECTBEHHOCTH, HAyYHBIX OpPraHM3alMi M YUIPEKAEHHH OBLIO COCPEAOTOYCHO Ha peIIeHHH Ipodiembl. Pesko
BO3POCIIO YUCIIO HAYyYHBIX HcciieoBanui. [Ipemiarannce pa3sHele BapHaHThl BogoobecnedeHust Apainbeckoro mops [1, 2,
5-8, 10, 11, 13]. B atux pabortax ObL1 clienaH MIyOOKHA aHaIW3 MO BOJHBIM, BOJOXO3SMCTBEHHBIM M 9KOJIOTHUECKUM
acreKkTaM ApaibCKOTO MOpS.

OmHO W3 KPYNHBIX HAy4YHBIX YCWIMHM mpenmpuHuMaiock B 1990 r., Ha Bcecoro3HOM ypoBHE Obula
OpraHM30BaHA «MO3rOBas» aTaka HAyYHOT'O MHpa 0 COXPAaHEHHIO MOPs C €IMHON BOJHOM aKBaTOPHEH M MPHEMIIEMBIM
JUTA SKOJIOTHH ycnoBusMH. B pabote ydacTBoBanm Gosnee 220 Beaymux HayuyHbIX opranu3anuii 6siBmero CCCP, B Tom
YHcJie aBTOPCKUE KOJJIEKTHBEI, OT/IEIbHBIEC YUCHbIE U CIIELHAIUCTHI 110 pa3HBIM HapaBieHusM [12].

Pe3yabTaThl U 00001I€eHUE

Crabunmsanust ypoBHS M COXpaHEHHE MOPSI B IIEPCIIEKTHBE JOJDKHBI IIPOBOIUTHCS 110 TPEM HaNPaBICHUSIM:

1) monava BOABI M3 BHEILIHMX HCTOYHUKOB,;

2) WMCKYCCTBEHHOE YBEIMYCHUE OCAJIKOB M M3MEHEHHE KIMMATa;

3) ucnosp30BaHNE BHYTPEHHUX PE3EPBOB PEYHBIX, [PYHTOBBIX U JIPYTHX BOJI.

BxpaTtue ux cyTh 3aKmodanach B peleHUH Ipo0IeM CIeAYIOUMMHI My TIMH:

a) IoTalus PETUOHY 3a cYeT MepeOpPOCKH YacTH CTOKA PEYHBIX BOJ coceHuX O6accerHoB [10];

6) yBenmmuenue croka CeIpmapsu W AMyJapbd 3a CHYET MCKYCCTBEHHOTO YCWJICHHS TasHUS BBICOKOTOPHBIX
nenHuKoB [13];

B) YBEJIIMYCHHE CTOKA CPETHEA3HATCKHUX PEK 3a CUET IePEeKadKH B HUX 3aI1acoB MO3EMHBIX BOJI, B OCHOBHOM M3
JIMH3 OTHOCUTENLHO MpecHBIX Box [1, 5, 8, 11];

I') UCKYCCTBEHHOE YBEJIMUYEHHE 3MMHHUX OCAJKOB B IOpax C II€JbI0 BOCCTAHOBJIEHHS O0OBEMOB M IUIOLIAJCH
TOPHOT'O OJIEZICHEHUS, a CIIEZ0BaTEIbHO, CTOKOOOpa3yromeH cuiibl ropHbix cucteM [lamupa u Tsup-1lans [2, 7];

) yBEIMYEHHUE IPUTOKA B ApaJIbCKOE MOpPE 3a CUET MCIIOJIb30BaHUsI BHYTPEHHUX PE3EPBOB PEUHBIX OacceifHOB
[6] u npyrue myTH.

Kak mokazano Bpems, 3TH yCHJIMsI HE Jaid Okujpaemoro sddekra, mpeaiaraeMble MPeyIoKeHuss He ObUIN
peanu30BaHbl 110 pa3HbIM NpuuuHaM [3, 12].

© Taxwuesa T.Y., AGrymaxutksissl J., Myxtap A.E., Kapasixanos O.K. /
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3HAUNTEIIBHBIA CIBUT U OOJIBIION KOJOrMYecKui d((PeKT B Ka3axCTaHCKOM yacTH ApasbCKOro Mops ObuIH
JOCTUTHYTHI nipH peanusaiuu npoekra PPCCAM-1 (2005 r.). Ero npogomkenuem sipnsietcs npoekt PPCCAM-2 (2025
I.), IMEIOIINI CTpaTerniecky Ba)XXHYIO 3a/ady AJsl CTAOMIIM3allMK BOJHO-9KOJIOrHYecKkol cutyauuu B Ilpuapainse [9].
Opnnaxo B npoektT PPCCAM 2 He BKIIOYEHBI MEPONPUSTHS 110 Bo3poxeHnto Kazaxcranckoro [Ipuapanbs, Teppuropus
KOTOPOI'0 COCTABJISIeT OYTH NOJIOBUHY IUTOMAAU Apanbckoro Mops [4].

OOocHOBaHMEM HaJIM4YMs BHYTPEHHHX DPE3EpPBOB BOJBI B OacceliHe ApajbCKOTO MOpPS MOTYT CIYXKHTh
IIPOBEICHHBIE MCCIIEIOBAHMS, Oa3MPYIONIMEcs] Ha a3POKOCMUUYECKHUX JAHHBIX IO OIIEHKE MEIHOPATUBHOW CUTYaIlMH B
pernone. IIpoBeneHHbIE HCCIENOBaHMS MOKA3bIBAIOT HAJIMYME OOJBIIOrO YHCIA HOBBIX 03€p, 00pa3oBaBIIMXCA B
MOHIDKEHNH penbeda, BCICACTBHE cOpoca KOJUIEKTOPHO-APEHAXHBIX BOJ M (HUIBTPALMOHHBIX MOTEPh M3 3EMILTHBIX
KaHaJIOB.

B coBOKymHOCTH HETPOM3BOAMTENFHO PACXOAyeMBIH 00BeM BOABI AocTHraeT B OacceitHe Amymappu 9
kM3/rox, B Oaccetine CrIpapbu — OKOJIO 2 KM3/TOI.

HccnenoBanue mnokasano, 4ro B OacceiiHe pex Amynmapeu u  Celpaapbu  oOpasoBanock Oonee 20
HCKYCCTBEHHBIX BOJOEMOB C IUIOLIAbI0 BOJHOIO 3€pKaia, MpeBkIIIaonero 7 Teic. kM2 u oo0beMoM Oosee 50 km3. O1o
CBUJIETENIBCTBYET O OOJIBIIUX ITOTEPSX BOJBI HA (PUIIBTPALIMIO U UCIIAPCHUE.

Takum 00pa3oM, aHaIM3 OSKOJOTMYECKOW OOCTAHOBKM M HEKOTOPHIX CTOPOH BOJOXO3SIMCTBEHHOMN
JIESITeNTBHOCTH, OTPAXXCHHBIX HA a’POKOCMUYECKHX CHHMKaX, II03BOJSIeT BBIABUTH Oonee 40 kM3 BOABI, €XKErOHO
He3(PPEKTUBHO PacXoayIOUIHIACS B oporracMoM 3emieaenu Cpenneit Azuu.

OnHOBPEMEHHO C SKOHOMHUEH OPOCUTENBHOMN BOJBI JOJDKHBI pa3pabaThIBaThCS M BHEAPSTHCS MEPOIPHATHS 110
HCKYCCTBEHHOMY YBEIMUYECHHUIO OCAJKOB B TOPaX.

Crenyromuii myTh ONTHMaIbHOTO BomooOectedyeHus [Ipmapaness — 3TO moTamys BOIBI M3 APYTUX PEUHBIX
OacceifHoB. Ilpm 3TOM cpeam pa3mUYHBIX HCTOYHUKOB NPECHOW BOABI NPEHMYIIECTBO JIODKHO OBITH OTHAHO
nepeOpocke Boapl U3 OacceliHa pekn Epteic n cubupckux pek Poccun B roxHbIe pernons! KazaxcraHa.

BbIOOp yka3aHHBIX BBILIE CTPATErMYECKUX HANpPABICHUH HE MCKJIIOYAET JIPYrde MyTH YBEIWYEHHs BOJHBIX
pecypcoB i Ilpmapanesa. Ilo-Buaumomy, 3TOT TOT cily4yail, KOTJa CpeAcTBa Ha IpeIBapUTENIbHBIC HayuyHBIE
HCCJIEJOBAHMS U IIPOEKTHBIC MPOPAOOTKU B MOCIEAYIONIEM OKYIISITCSI CTOpHUIIEH 3a cueT 3((EeKTUBHOCTH BBIOPAHHBIX U
peanu30BaHHBIX MEPOIIPHUATHIM.

3akaiouyeHue

AHanu3 mokasall, 4yTo yXyJIIIEHHE dKOJOTUYECKOW CUTyalluu U Mpollecc JAerpalallii B IIeJIoM B 6acceliHe pek
Awmynapes u Coeipaapps u B [lpnapanbe mpom3onmio n3-3a HEPAMOHAIFHOTO HCIIOJIB30BAaHHS CTOKA 3THX PEK Ha
opoluIeHre, HeOOOCHOBAHHOTO CHIDKEHHS MPHUPOJOOXPAHHOTO CTOKA, MPEIHa3HAYEHHOTO VIS MOANCPKaHMS IUIOMAIH
MOpsI Ha 3KOJIOTHYECKH O€301acHOM aKBaTOPWH, TIyOMHBI M 00BEMa, COOTBETCTBYIOLIMX BOJHO-COJIEBOMY PEKUMY
MOpHL.

IIpoueccel nerpagaiu MOpsi ¢ HETATUBHBIM BO3/CHCTBHEM Ha OKPY’KAaIOLIYIO Cpely B BHIE IBLIE-COJIEBOTO
BBIHOCA B aTMOC(epy yCHIIMBAIOTCS U B JaJbHEHIIEM MOTYT UMETh HEOOpaTUMBII XapakTep.
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THE PROBLEM OF THE ECONOMIC CRISIS IN THE ARAL SEA REGION OF KAZAKHSTAN
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(Taraz), Kazakhstan

Abstract. The article discusses the problems of the Aral Sea ecological crisis. As a result of irrational water
use in the Syr Darya river basin and climate change, the area of the Aral Sea has significantly decreased. The
disappearance of the Aral Sea has been accepted by the international community as a fact, and now it has been
replaced by a number of small, highly saline reservoirs. In the western part of the sea, there is a coastline along the
former Lazarev and Vozrozhdenie islands, which are located in Uzbekistan and Kazakhstan, and in the northeastern
part, there is the Small Aral Sea, which is located in the Kazakhstani Aral region. The article provides an analysis of
the water and environmental situation in the Small Aral Sea and the results of a study on how to overcome the
environmental crisis.

Keywords: Aral Sea, environmental crisis, Small Aral Sea, water demand, and water management measures.
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K UH®OCUCTEME YIIPABJIEHUSA BOJHBIMUA
PECYPCAMM B BACCEMHE PEKHU CBIPJIAPbS

T.Y. Taxuesa’, M.C. Anubexona’, JI.C. T.rleyra61,m3, O.K. KapﬂblxaH0B4
! KaHIMIAT TEXHHYECKHX HAYK, ACCOLMMPOBAHHBIN IOIECHT, > ° CTY/ICHT, *TOKTOP TeXHHYECKHX HAYK
13 Tapasckuit yausepenrer nv. M.X. Jlynaru (Tapas), ¢ Kasaxckuit HUM Bogroro xossiictsa (r. Tapas), Kasaxcran

Annomayun. B cmamve ananuzupyromcs nymu nepecmMompa Cywecmeyiowen CUCmeMbl pecyIuposanus
cmoxa pexu Cuipoapvs u obecneuenus 6e30NACHOCIU MEPPUMOPUL, NOOBEPICEHHBIX 3ATNONIEHUI0 NABOOKOELIMU
sooamu Huxce Illapoapunckoii niomunsl. IMo C6A3aHO, npexcoe 8ce20, ¢ UMeHeHueM MpeboeaHull He3a8UCUMbIX
eocyoapcme pe2uona K 600HviM pecypcam p. Cuipoapvu 6 c6éa3u ¢ opuenmayueli HA HAYUOHANbHbIE UHMEPeCchl U
cobcmeennvle npoepammel pazsumus. Ilocie nepexoda Toxkmozynbckoeo 600oxpanunuwya u paoa Opyeux 6 eepxwell
yacmu 6accelina pexu ¢ UPPUSAYUOHHO20 HA IHEPLEMUYECKUL DPeXNCUM CpabOmMKU eMKOCMU BOOOXPAHUIULY
VCMAHOBULCS PENCUM, GbI3bIBAIOWUI KPUSUCHbIE cumyayuu @ cpeonem u Hudicnem meuenusx Ceipoapvu. Oonou u3
ONepamueHulX cucmem YNpasieHus NOGbIUEHHLIMU CMOKaMu 600bl Hudce Lllapoapunckozo éodoxpanunuwa (LLIBX) u
Koxcapaiickoco xoumppecynamopa (KKP) cmano enedpernue unpOpMAyUOHHOU cucmemsbl YAPAGIEHUS B0OHbIMU
pecypcamu (MCYBP).

Knroueevie cnoea: pexa Cuolpdapvs, 3umHUll NABOOOK, JAemHuti Oeuyum, ynpasieHue 80001l
unghopmayuonnasn cucmema.

AKTyalbHOCTh

[TpoGnema GaaHCHPOBaHUS BOAOXO3SIMCTBEHHBIX MEPOIPHUATHII C COXPaHEHUEM YKOCHCTEMHON YCTOHYMBOCTH
Kazaxcranckoro IIpmapanes u o3epHBIX cucTeM B JenbTe peku ChrIpAapbd B YCIOBHSX CHIKCHHMS BOJHOCTH,
M3MEHEHHMs KIIMMaTta U HapacTaHUsl aHTPOIIOT€HHOM Harpy3KH CTAHOBUTCS BCe OoJiee OCTPOIA.

B Ilpoektre PPCCAM-2 mocraBieHa Ielb — CO3JaHue WH(POPMAIMOHHOW CHCTEMBI YIIPABICHHUS BOJHBIMH
pecypcamu B 6acceiine pexu (MCYBP) [3].

IIpoexT oprannyHO BnMchiBaeTcs B HannoHanbHbIi 5K0NOrMueckuil 1iad Aeicteuidl 1 KoHuenuuio pa3BuTus
CHUCTEMBI yTIpaBIICHUS BOAHBIMH pecypcamu Pecmyommkm Kaszaxcram Ha 2024-2030 rompl, omoOpeHHYIO
npaBuTenscTBOM PK.

O030p 1 aHAIM3 HCCIeAOBAHUI

NCYBP 6buta pa3paboTraHa Ha OCHOBE CYIIECTBYIOIIEH 0a3bl JaHHBIX MO BOJHBIM pecypcam, CO3JaHHOU B
2005 roxny B pamkax npoekra EDIKO, ¢unancupyemoro TACIS. UCYBP Bkitouaer iBa KOMIOHEHTA:

— reorpaduueckyto napopmaiponnymo cucremy (I'MC);

— 6a3y maHHbIX B mporpamme Microsoft Access.

ITpu paspaborke MCYBP n3ydeHsl HCTOpHUECKHE TaHHBIE O MECSYHBIX PAcXoJaX PeKH MO KaKAOMY Y31y,
CpeAHEMECsYHbIe JITaHHBIC HCIApeHHs MO0 Ka)KAOMY BOJOXPAHWIHMILY M 03€py, XapaKTepHUCTHUKH BBICOTHI/O0BEMa 110
Ka)XXJJOMYy BOZOXPaHWIHILY W 03€py, XapaKTepHCTHKH TypOHH/TeHepaTopos/TpaHchopmaropoB mo kaxnoi ['DC, a
TaKKe NCTOPUYECKUE JaHHbIE 00 0TOOPE BOIBI U3 PEKH 0 KKIOMY Y3IIy.

B pesynbrare MoaennpoBaHus MOIYCKOB BOJAHBIX PECYPCOB II0 KaXJIOMY BEIOPaHHOMY OCHOBHOMY THJIPOY3ITY
JIOTIONTHUTEIHHO TPOBEJICHA olleHKa BogonoTpedienus B Oyaymem no [IIBX i KKP mo ciemyromim crieHapusiM [2]:

1 — nmavanpHBIH 3uMHKHN pacxox 500 m3/c u3 LIBX;

2 — yBenuyenue pacxona u3 IIIBX B 3umHuee Bpems 10 600 m>/c;

3 — yBenunuenwue pacxonaa u3 I1IBX B 3umuee Bpemst 10 700 m3/c;

4 — xaxk cueHaputii 1, Ho ¢ KKP emkocTthio 1,5 km?;

5 — kak cuiienapuii 2, Ho ¢ KKP emkoctbio 1,5 km?;

6 — xak cuenapuii 1, Ho ¢ KKP emkoctbio 3 km?;

7 — xax cuenapuii 1, Ho ¢ KKP emxocTsio 4 km?>.

Pe3yabTaTsl U 00001I€eHUE

Onenka nokasana, uyto gononHeHus B UICYBP oxBaTaT Bech kKackaJ OCHOBHBIX PETYIHPYIOIUX COOPYKEHUH B
GacceiliHe pexu ChIpapbsi, HAXOAAIIMXCSA B COIPENENBHBIX IOCYIapcTBaX, a TaKXKe Ka3axXxCTaHCKYI0 4acTb OacceiiHa
(Bcero 30 coopyskeHuit). T0 MO3BOJIUT ONEPATHBHO Pa3padaThIBaTh U MPUHUMATH COTJIACOBAHHBIE JICHCTBHS HAa YPOBHE
npaBUTENbCTB pecnyonuk Cpenneld Asun u PecrryGumkn Kaszaxcran 1o orneHke 0KHAaeMOH BOJHOCTH M BO3MOXKHBIX
MIOCTIEICTBHIA, MEPHI IT0 CHIKEHHIO CTETICHN pHCKa nepernoaHenns lapgapnHCKoro BOZOXpaHNTUINA U 9PEe3BBIYaHBIX
CUTYaIlid Ha HIKEJISKAIINX TEPPUTOPHUSIX.

NCYBP s 6acceitna pexu Coipaapbs BKIIIOYAET:
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 orxenbHble cion B nporpamme ArcGIS: BogocOop Gacceitna pexu Celppapbs, pek Cwlpnapbst U ApbiCh,
THJIPOIOCTOB HAa pEKe, BOJOXPAaHWIHUIL, OCHOBHBIX COOPYXEHUN Ha peKe, OPOCUTEIBHBIX U JIPEHAKHBIX KaHAJIOB,
3a00JIOUEHHBIX TEPPUTOPHIA, 03ep 1 CeBEepHOTO APabCKOT0 MOPS;

* 0a3y JaHHBIX N0 BOAHBIM pecypcaM, BKJIIOYAION[YIO: MECSYHBIE JaHHBIE O PacxoJaX PeKH MO OCHOBHBIM
THIPOIIOCTaM Ha peke 3a nepuoj 1912-2005 rr., KpuBble XapaKTepUCTHK ILIOIAAb TOBEPXHOCTH/00BEM ISl OCHOBHBIX
BOJIOXPAHWJIMIL M 03ep, HPOIYCKHYIO CIHOCOOHOCTh COOPY)XEHMH C 3aTBOpaMH Ha peKe, MpernoaracMoe
BOJIONIOTpeOIeHNE B OyAymieM Ha Bcell MpOTSHKEHHOCTH pekn ChIpAapbsi, BKIIOYAs TAKKE OLCHEHHbBIE IIOTEPH PEKH
ChIpapbst Ha KaKIOM y9JacTKe.

[Janee 6a3a qaHHBIX ObLIa PACIIMPEHA C YICTOM CJIEAYIONINX KOMIIOHEHTOB:

+ nomnonauTenbHEIe cion ['MC, oxBaTweIBarolIie BepXOBbS BomocOopa OacceitHa peku CrIpmapbsi BBIIIE
[Tapnapsr;

* JIONOJIHUTENbHBIE TaOnuIsl Oa3pl MAHHBIX, OXBATBHIBAIOIIME: MECAYHBIC [aHHBIE pAcXoJOB IO BCEM
THIPOIIOCTaM Ha pPeKe, XapaKTePUCTUKU BOJOXPAHWIMIN, PACIIOJI0KEHHBIX B BEPXOBBSX, MPOIYCKHYIO CIIOCOOHOCTH
peKu.

O6001IeHHe MPUBETIO K CIACAYIONMM pe3yabraram [1-3]:

Ilpu upesgviuaiinom pedxcume @vipabomku Inekmpornepzuu. UpesBblUailHBIE pPEXUM  BBIPAOOTKU
AJIEKTPOIHEPTHH BBITOJIeH Ui KbIpre3cTaHa ¢ MakCMMyMOM BBIPAOOTKM THIPOIJIEKTPOIHEPTUH B 3UMHEE BpeMsl.
3uMHHI COpOC COCTABJISET MOYTH 8 KM ISl MOKPBITHS HYXII B SHEPIUU B ATOT Nepuo. JIeTHne pacxoibl, Ha I0JIO
KOTOpBIX ocTaercst 11 kM°, ynepkuBaroTcsi, 4T00bI 00ECIEYNTh T0CTATOYHOE KOJIMYECTBO BOJIBI Ha CIIECAYIOIINI 3UMHHUN
CE30H.

PesynbraTom sBIseTCS MONMHAS cpaboTKa TOKTOTIYIBCKOTO BOIOXPaHMIININA.

[lepcniekTiBa M3MEHEHHS 3TOTO PEXKHUMa B KPATKOCPOYHOM IEPHOAE OUYCHb HHU3KA, HO HEOOXOANMO OXXHAATh
N3MEHEHHH B CPEJHECPOYHOM M JIOITOCPOYHOM INEPUOAE, OCOOCHHO B OTHOIICHHH T'apaHTHUPOBAHMS MOAAYM BOJIBI HA
OpOLICHHE.

Ycemoiiuusorit pestcum evipabomixu Inekmpodnepzuu. Y CTONUYMBBIA PEKUM BBIPAOOTKU 3IIEKTPOIHEPTHH
OTpeneNsIeTcs MONBITKOW MaKCUMANbHO YBETHUUTh KPYTJIOTOAWYHYIO BBIPAOOTKY AJIEKTPOIHEPTUU Ha TOKTOI'YNbCKOI
I'SC. [ns aroro Tpedyercsi orpaHMyeHHe 3MMHHX IOMYCKOB 70 6 KM®> W COOTBETCTBYIOILIEE OCYIIECTBICHUE Ooiee
BBICOKUX TIIOMYCKOB JIeToM. Pesymprar — TOKTOrynbCKOE BOAOXPAHWIMIIE TOAJEPKUBACTCS 3allOJHEHHBIM,
AJIEKTPOIHEPTHsI BhIpabaThiBaeTcsi Oonee A3PPeKTUBHO, YeM NP YPE3BBHIUAITHOM PEXUME BBIPAOOTKH 3JIEKTPOIHEPT HH.
ITpuTok K HN30BBSIM BoJOCOOpa B 3UMHEE BPEMsI MEHBIIIE, HO HEAOCTATOYHO HU3KUH, YTOOBI MPEAOTBPATUTH COPOCHI B
Apmnacaii unu KKP.

OO6mmuii ronosoii nputok k lllapmape mo-nmpexxHeMy OCTaeTcst JOCTaTOYHO BBHICOKHM M B CPEJHEM COCTABILIET
okono 15 xm>. JletoM cuTyamms ¢ OpOIICHHEM He OyIeT TaKoW KPUTHYECKOH, KaK IMPH YpPE3BBYAHOM pEeXuMe
BBIPaOOTKH 3JIEKTPOIHEPTUH, OyJaeT cOpachIBaThCS JIOCTATOYHOE KOJMUYECTBO BoAbl. B aToM pexume Kazaxcramy
HEoOX0ANMO CTpOUTh BojocOpoc Ha IllapmapuHCKON IIIOTHHE IS MPOIyCKa MABOAKOB C IOBTOPSEMOCTBIO Ooliee
oaHoTO pasa B 200 yer.

BeposaTHOCTH TOro, 4TO TakoH pexxuM OyAeT MPUHSAT, CYIIECTBYET I CPETHECPOUHOTO IEPHOa, KOraa Oy IyT
JIOCTHTHYTHI COTJIALICHUS 110 BOJJHO-YHEPreTHYECKUM PEeCypcaM MeX/y CTpaHaMH, PacIioJIOKEHHBIMH B OacceiHe peKu.

Pexcum npu KKP. Ilpm o0Ooux peXMMax — M CYIIECTBYIOUIEM YPE3BBIYAWHOM peXHMe BBIPAOOTKH
3MeKTpol’Hepruu, U ycroiunBoM pexknme — KKP o6vemom 3 kM? M B0J103a00pHBIM COOPYKEHHEM C IPOMYCKHOMN
cnocoOHocThI0 500 M3/c OyJeT oka3blBaTh MOJIOKHUTENBLHOE BIMSHUE. 3UMOM OH OYyZeT CHIKaTh cOpockl B ApHacail B
cpemHeM Ha 1,6 km?, Oyzmer mpuHEUMAaTh pacxoabl no 500 m3/c BmobaBok k 600 m3/c, cOpacbiBaembiM u3 Illapmapsr,
TaKUM 00pa30M CHIKasl yrpo3y 3aTOIUICHUS B HU30BBSIX.

B caydae maBomkoB ¢ BeposTHOCTRIO 10 1 paza B 1000 mer KKP aGcomroTHO HEoOXomuMm Juis
AKKyMyJIMPOBaHHS JOTIOJIHUTENbHBIX pacxonoB 10 500 m3/c, mpolryckaeMbIX depe3 KaracTpouieckuii BogocOpoc, u
CHIDKEHUSI Ype3BBIUATHBIX PACXOI0B, MPOITyCKaeMBIX 1m0 peke Cripmapbs, 1o mpuemieMsix 1800 m3/c.

3ak/roueHue

1. YcraHOBIEHHBIE PEKUMBI M MEPHI 110 OTIEPATUBHOMY YIIPABICHHUIO BOTHBIMHU pecypcamu peku ChIpAaphs B
cteope IIBX, ocobenno c¢ momomnipto KKP w momomauTensHOro BomocOpoca oOecnedmBaroT 0Oojiee BBICOKYIO
3¢ EeKTHBHOCTD PabOTHI KACKAIHBIX COOPYKECHHUH B HI30BBIX PEKH;

2. Buenpenne ICYBP B ka3zaxcranckoil gactu Oacceitna pexu CeIpapbi B HACTOSIIEEe BpeMS TapaHTHPYET
BOJIHYIO O€30MacHOCTh B PETHOHE, CTaOMIM3MPYeT PUCKH 3MMHE-BECEHHHX HABOJHEHWH B MHOTOBOJHBIE TOIBI U
JIeTHETO Ae(UINTA BOJbI B MAJIOBOJIHBIE.

CIIUCOK JIUTEPATYPbI
1. Kapnsixanos, O.K. Hayunslii B3rsig k nmpobieme KazaxcraHckoi 4acTu ApasibCKoro Mops // DKkcnepTHas 3amucka. —
Tapaz. TOO KasHUNBX, 2022. — C. 44.
2. Kapasixanos, O.K. Oxcneprras ouenka TOO nmo PPCCAM 2. — Tapas. TOO KasHUUBX, 2008. — C. 28.
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Mamepuan nocmynun ¢ peoakyuro 28.03.26

36



ISSN 2308-4804. Science and world. 2026. Ne 4 (152)

TO THE WATER RESOURCES MANAGEMENT INFORMATION SYSTEM
IN THE SYRDARYA RIVER BASIN

T.Ch. Tazhieva', M.S. Alibekova?, D.S. Tleugabyl®, O.K. Karlykhanov*
! Ccandidate of Technical Sciences, Associate Professor, #® Student, * Doctor of Technical Sciences
13 Taraz Regional University named after M.Kh. Dulati (Taraz), * Kazakh Research Institute of Water Management
(Taraz), Republic of Kazakhstan

Abstract. The article analyzes the ways of revising the existing system of regulating the flow of the Syr Darya
River and ensuring the safety of the territory prone to flooding by flood waters below the Shardara Dam. This is
primarily due to the changing requirements of the independent states of the region for the water resources of the Syr
Darya River, as a result of focusing on national interests and their own development programs. After the transfer of the
Toktogul reservoir and a number of others in the upper part of the river basin from irrigation to energy, the winter
discharge of the reservoir's capacity has established a regime that causes crisis situations in the middle and lower
reaches of the Syr Darya. One of the operational systems for managing increased water flows below the Shardara
reservoir (ShR) and the Koksaray counter-regulator (KCR) is the implementation of the Information System for Water
Resource Management (SWRM).

Keywords: Syr Darya River, winter flood, summer deficit, water management, information system.
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I'maPOJOTINYECKAA U3YYEHHOCTD CTOKA B HUKHEM TEYEHUU PEKMU 1Y

T.Y. Taxnesa’, . Toperemmz, A. Bankeesna’, O.K. KapﬂblxaH0B4
! KaHIMIAT TEXHHYECKUX HAYK, aCCOMMPOBAHHBIN TOLECHT, > CTYNEHT, * JOKTOp TEXHHUECKHX HAyK
13 Tapasckuit yamsepenrer nv. M.X. Jlynaru (r. Tapa3),  Kasaxcknit HUHM Boxroro xossiicrsa (r. Tapa3), Kazaxcran

Annomauyun. B cmamoee npugedenvl U AHATUSUPYIOMCA IKOIOSUYECKUe U 8000XO03AUCMBEeHHble NpoOaembl,
umerowue mecmo 6 HudicHem meyenuu pexu Llly. Jlaromcea ceedenusi o eeocpaguueckom pacnoiodceHuu, Ucmopuu
pazeumus U 0C80eHUs Meppumoputi, Kiumame, COCMOAHUU amMMoc@eprHo2o 8030yxa, nougeHHom nokpose. Ocoboe
BHUMANUE YOENEHO B0NPOCAM B000X03UCMBEHHO20 PA3BUMUSL PESUOHA U €20 NOCAEOCTNBUAM OJisl OKpYdIcaroueli cpeobl.
Ilpusedenvr hakmuueckue ceedenusi 0 pacnpedeienuu BOOHbIX Pecypco8 No Nepuooam, 00wWel MUHEPATu3ayuu u
UOHHOM COCMABe 800bI U NOUBEHHOZ0 NOKPOBA PEYHOU OONUHbI.

Knrwouesvie cnosa: pexa Ly, cudpocpaghus, eudponozus, npupoOHO-Xo3alicmeenHble KOMNIEKCbI.

AKTyalbHOCTh

Ycunenue aHTPONOTEHHOW HAarpy3Kd Ha OKPYXKAIOIIYI0 CpeAy CTajlo NPUYMHON yXYIIIEHHS MHOTHX
KOMITOHEHTOB OMOC(EpBI, cpeny KOTOPBIX 0CO00E MECTO 3aHMMAaeT TaK Ha3bIBAEMBIH «IapHHUKOBBIH 3ddexT». OH
CBSI3aH C BBIOPOCOM B aTMocdepy YIIEKHUCIIOTO Ta3a MPOMBIIUICHHBIMH MPEATPUATHAME, YTO IPUBEIO B INI0OATHHOM
MacmrTabe K IMOCTEIICHHOMY IOBBIMICHUIO TEMIEpaTypsl 3€MIIH, KOTOpOE, B CBOIO OYepenb, CTAHOBUTCSH (aKTOPOM
JecTaOMIN3aluy CUTYalluH, CBS3aHHOM ¢ BOJHBIMU pecypcamu. B Kaszaxcrane sTa TeHAEHIMS SPKO MPOSBISETCS B
Oacceiine pexu Lly.

[TosToMy ocTpoTa mpoOieM, CBS3aHHBIX C BOAHBIMH pecypcamMu B Oacceiine peku Iy, TpeOyer
CHUCTEMaTHYECKOr0 YTOYHEHHs IOTPEOHOCTH B BOJE BCEX HANpaBJICHUH MPOM3BOJACTBA C Y4YETOM TJIABHOT'O
cToKoOOpasyromero Gpakropa — KJIMMaTa, ¢ OJHOH CTOPOHBI, THAPOTpadUUECKUX 0COOEHHOCTEH DacceiiHa peku — ¢
JIpYTOii, aHTPOIIOTEHHOTO U3MEHEHHS CTOKA BOJIBI — C TPEThel U CTaTyca TPAaHCTPAHUYHOCTU PEKU — C YETBEPTOI.

Heo0xoanMocCTh yueTa ecTeCTBEHHBIX M aHTPOIIOTeHHBIX (DaKTOPOB B Takoi opMe OKHA paccMaTpUBaThCs
Ha OCHOBE KOMIUIEKCHOTO aHaln3a IPOIECCOB, CBS3aHHBIX C HCIIOJB30BAHMEM BOIHBIX PECYpCOB B OaccelHe pek,
TPAaHCTPAaHUYHOCTBIO WX CTAaTyca M COXPAHCHHEM KadeCTBEHHBIX IOKa3aTeled BOJ, MPOXOSIINX 4Yepe3 IpaHWIHBINA
CTBOD.

MeToanka ucciaex0BaHui

MoHUTOpPHHT BOIHBIX pecypcoB mo OacceiiHam pek ocymectBisier PITI «Kasrugpomer». Ha ruapomocrax
Kasruppomera (panee Tak Ha3piBaeMoll «['mapomerciyk0b» Kazaxckoit CCP) cucTeMaTHUecKd IPOBOAUTCS
HaOJIOIeHHe 3a €XETHEBHBIM YPOBHEM M PAacxXoJIOM BOJBI, MX MAaKCHUMaJIbHBIMM M MHHHUMAJIbHBIMH 3HAYCHHUSIMU,
CTOKOM B3BEIIEHHBIX U JIOHHBIX HAHOCOB, 3UIMHUM PEXXHMOM U JIpYTUMH MoKa3aTensmi [1, 2, 5].

OTH IaHHBIE B MOCIEAYIOMEM 00pabaThIBalOTCA B BUAE paclpeesIeHUs] CPEeIHEMECIIHBIX U CPEIHEr0I0BBIX
pPacxoI0B BOJBI, MAKCUMAJIBHBIX PACXOI0B M MAaKCHMAJIBHBIX YPOBHEW BOJIBI 3a MEPUObI HAOMIONEHUH U M31aI0TCS B
BHJIE KaaacTpos [3, 4].

B Oacceitne p. llly B pasHoe Bpems neiicTBoBasio OKoyJo 30 THAPOMOCTOB, MHOTHE M3 KOTOPHIX B
MOCTIETYFOIIEeM OBLITH 3aKPBITHI (PUCYHOK 1).

OnyOnukoBaHHEIE W O0OOMICHHBIE THAPOJIOTHUECKHE IaHHbIe 3a mepuon ¢ 1911 mo 2005 romer mo
THIPOIIOCTaM, PACHOJIOKEHHBIM B CPEAHEM M HIDKHEM TeueHusx peku Ly (pucyHok 1), ykasanm Ha pasHyrO CTENEHb
HAJIS)KHOCTH THIPOJIOTMYECKOH HM3y4eHHOCTH. Hn3koe KauecTBO THAPOJIOTHYECKHX NaHHBIX MMEIOT THAPONOCTHI B
HIDKHeM TeueHnH peku (brnarosemenka, bomsimas u Manas ApHa).

© Taxwuesa T.Y., Toperennu ., bankeesuy A., Kapiasixanos O.K. /
Tazhieva T.Ch., Torekeldi D., Bankevich A., Karlykhanov O.K., 2026
38



ISSN 2308-4804. Science and world. 2026. Ne 4 (152)

MOHUTOPUHI BOAHLIX pecypcoB 6acceiHa p. Yy

eo0 1o a0 Fioo i3 1100 7330 100 7330 o
—

YcnosHbie o603HaveHus

® 43
n

SR KA3AXCTAH

) ® Cmonuua 2ocydopcmea

e 3akpbimsie 2udponocmet (/1)

“ @ ludponocme: (/1) ABX
‘ L Tudponocms: (I/71) 2udpomema
Bodosaboper OBX
* Memeocmaryuu

Ipanuuya padona
———— Mexzocydapcmeerrasn paHuua

o
/7

aw

A project is Implemanted by Consortium Mott Macdonald, Arcadis, Electricite de France, MNT Consuiting

| sose 000 120 e e 700 e 700 7230

Pucynok 1. Cxema pacnonodicenus 2uoponocmos, 60003a60pog u memeocmanyuu 6 baccelirne pexu Ly

Pe3yabTaThl 4 00001IEHUE

bBacceitn p. llly uMmeer TycTyio W pa3BETBICHHYIO THAPOTPAPHUSCKYIO CETh, BKIIOYAIOIIYI B cebs 4906
BOJIOTOKOB 001eil anuHoi moutn 23 Thic. kKM 1 6onee 800 BomoeMoB (03ep, npyaoB, Bogoxpanwmin). Kpome p. 1y,
niuHa kotopoit 1305 kM (B T. 4. Ha TeppuTopun Kazaxcrana — 1000 kM), B 6acceiiHe HACYUTHIBAETCS 8 PEK, MMEIOIIUX
mmny ot 100 1o 200 kM. Pexn amiHoi#t 10 10 kM coctaBisiroT 91% ot obmero koiamdecTBa pek B Oacceifne.

I'maBHO# pekoit sBistercs p. Ly ¢ muomaasio 6acceitHa (BKIfodast 6eccTOYHBIE OONACTH W HU30BBS) 67,5 THIC.
KM? 11 00mmmM masieareM ypoBHs cBbime 800 M. [To3ToMy yKIIOHBI 110 yU4acTKaM PeKH KOJICOIIOTCS B IIMPOKUX Mpeerax
(2...200%o).

OsepHocth B Oacceiine pexu Ly He mpesbimaer 1%, 94TO O3HaYaeT CKYAHOCTh INABOJKOBOTO CTOKA M €ro
OTpaHMYEHHOE PaclpOoCTPaHEHNWE B HW)KHEM TeUeHHMH pekd. [Ipnyem o3epa MMEIOT pa3iiMuHOe MPOUCXOXKICHHE —
MOpEHHEbIE, 3aBalbHbIE, TOJMHHBIE U JP.

W3 Bomoxpanuuii ciieayeT oTMeTuTh Oprotokoiickoe (00bem 470 muta M3, 1957 1.) u TamnryTkyabckoe (00bemM
620 mma M?, 1973 1.). FIMeeTca erie Lenbli psAa HE3HAUUTENBHBIX BOJOXPAHIIIHUIN U HPYAOB, MpeIHA3HAUYCHHBIX IS
CE30HHOTO U CyTOYHOTO PETYIUPOBAHUS CTOKA.

Pexa Iy obpasyetcst B pesynbTare ciausHus pek Koukop m IkyaHapeik. B BepxHeM CBOeM TEUE€HUH OHa
MIpOTEeKaeT B YCIOBUAX TOpPHOTO penbeda. JlommHa peku HmpuypoueHa K IIHPOKHM MEXTOPHBIM IOHIKEHUSIM —
Koukopoxkas u Uccoik-Kynbckoil Bmagunam.

ITo BeIxoge u3 boomckoro ymienss peka Ly npuHuMaeT cripaBa cBOM caMblil KpyNHbII NPUTOK — peky YoH-
Kemun — u Beixoaut B Llyiickyro nonuny. B BepxHell yactu nosuHbl mupuHa noumsl 25...30 M; noiiMa 3ta B
OCHOBHOM IIpaBo0OepeXHast.

Hwxe c. beictpoBka n no r. Tokmaka p. llly Teuer B oTiOXXEHMSX CBOEro KoHyca BbIHOca. HalOmoparoTcs
3HAYUTENNbHBIE IOTEPH BOJBI Ha (GMIIBTPALINIO M HCTIApEHHE.

Hwmxe 1. Tokxmaka u 10 YyMBIIICKOW TUIOTHHBI AOJMHA CHIBHO 3a00JI0YeHa M JIOCTHTaeT IMIMPUHBI 3...5 KM.
31echk 00pa3yroTCsi MHOTOYHCIICHHBIE «Kapacy». 3/1eCh peKa CyKaeTcsi M W300WMITyeT OTMENsIMU U ocTpoBaMu. Hwmxke
BrageHus p. Kyparatel pexa BXOAWT B MECKH, U JOJHMHA ee cykaeTcs. OT c. MOWBIHKYM HauWHAETCS HU30BHE PEKH,
KOTOpOE TpeACTaBIsAeT COOOH MOHIKEHNE MECTHOCTH, 3aHATO€ MHOTOYHCICHHBIMH MPOTOKAMH, PyKaBaMH, 03€paMH,
OOIMPHBIME pa3nuBaMU O0IIEHl MPOTSHKEHHOCTBIO OKOJIO0 450 KM, MPOCTHPAIONIMMIECS Ha CEBEpo-3amajg OT cena
MOWBIHKYM K HA30BBsIM p. Capricy (pUCYHOK 2).

Hwxe c. MoiisiHkyM peka llly He mMeer 4eTko BbIpakeHHOTo pycya. Ee moiiMeHHyro yacTh Ha OOLIMPHBIX
IIPOCTPaHCTBaX 3aHUMAeT 03E€PHO-AJUTIOBUANIbHASL PAaBHUHA, PE/ICTABIISIONIAas COO0I BHYTPUKOHTHHEHTAIBHYIO JICNBTY,
€XKEroJHO B TOW WM MHOW Mepe 3aTaluluBacMylo BOJOH. DTO Tak Ha3blBaeMas rpymnmna pasnusos p. lly: I'ynsesckue,
o0meit mpoTspKkeHHOCThI0 0K0JI0 140—-150 kM 1 mmpuHO# 1o 50-60 xM; YnanOensckue — npoTskeHHocThio 100 kM 1
mUpHHON 10 6—8 kM; n KaMkanuHckue, IPOTSAKEHHOCTBIO 0K0Io 150 kM u mupuHoi 3-25 kM.
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Pucynox 2. Cxema pacnonoxicenus opocumenbHulx CUCMeM 8 Ka3axcmaHckou ywacmu 6accetina pexu Ly

B Hacrosiiee BpeMs Bce pexe U pexe 3alIMBaroTCs BOJOH [ yiIseBCKUe pa3iuBbl, X TO B YCIOBHUSX JOCTATOYHO
MHOTOBOZHOTO TOJIa.

Hwxe Kamkanuuckux paznuBoB p. Ly TepsieT ocTaTKu CTOKa. DTOT Y4acTOK MpOTsSKEHHOCThIO 130 kM u
mmpuHOH 1,3 KM XapakTepuzyercsi 0OMiIieM OOIIMPHBIX COPOB M COJIOHYAKOB, CHIILHOM 3aCOJIEHHOCTBIO MONMBI PEKH.
TpocTHHUKOBBIE 3apOCIH 3/IeCh (PAKTUUECKH OTCYTCTBYIOT M3-32 TIOCTOSIHHOT'O OTCYTCTBHUS BOJBL.

[Ba npyrux paszinusa — KamkanuHcKue U Y iaHONIbCKIE — He 3aJIMBAIMCh BOJIOM 3a mocieanue 15-20 ner.

BoiBoabI

1. Bimsinue «napHUKOBOTO 3(h(eKTa» COBMECTHO C aHTPOIIOTEHHBIM BO3/ICHCTBUEM NPHBOJAUT K YXYILICHUIO
MHOTHX KOMIOHEHTOB OHOC(EepH!, YTO SIPKO MPOSBISETCS B HU30BbsX peku Ly.

2. O0o0mImeHne THAPOIOTHYESCKUX NaHHBIX 3a mepuox ¢ 1911 mo 2025 roxsl mo ruapomoctaM OaccelfHa peKu
[y cBunmeTenbCcTBYET O pasHOW CTENEHM HAJEKHOCTH MAaHHBIX. HH3KOoe KadecTBO JaHHBIX HMMEIOT THAPOIOCTEI,
PpacIIoI0KeHHbIE B HIDKHEM TEUCHUH PEKH.

3. B atunx ycnoBuAx mnpu pa3pabOTKE NPHUHIMIIOB HCIIOIB30BAHHUS BOJHBIX PECYPCOB PEKH C YUETOM
9KOJIOTUYECKMX TpPeOOBaHMM M CHCTEM SKOJIOTHYECKOTO HOPMHPOBAHMS MPENENbHO JOIYCTUMOTO YpOBHS
HCIIOJIb30BaHMs BOJJHO-3EMEIIbHBIX PECYPCOB B OacceiiHe pekn 0coboe 3HaueHHe PHoOpeTaroT cOop U CUCTeMaTH3aIHs
HCXOJHBIX METEOPOJIOTHYECKUX W THIPOJIOTHYECKUX [AHHBIX, a TaKke HX BOCCTAHOBICHHE KOPPEIAIMOHHBIMHU

CBA3AMU MEKIY CMEKHBIMU T'MAPOINIOCTaAMU U METCOCTAHIIUAMMU.
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HYDROLOGICAL STUDY OF RUNOFF IN THE LOWER REACHES OF THE SHU RIVER
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Abstract. The paper presents and analyzes the environmental and water management problemsthat occur in
the lower reaches of the Shu River. Provides information on the geographical location, history, development and
exploration areas, climate, air condition, the soil cover. Particular attention is paid to water resources development in
the region and its consequences for the environment. Presents factual information about the distribution of water
resources by period, the total salinity and ionic composition ofsoil water and river valley.

Keywords: Shu River, Hydrography, Hydrology, Nature-Economic Complexes.
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YK 551.482.4
OIIEHKA OFBEMOB BOJAONOTPEBJIEHUSA B HU7KHEM TEYEHUU PEKHA 1Y

T.4. Taxmuesa’, C.Bb. Hepueﬁekz, M. Mel‘ipxaﬂkbl31,13, O.K. KapﬂblxaH0B4
! KaHIMIAT TEXHHYECKUX HAYK, aCCOMMPOBAHHBIN TOLEHT, > CTYICHT, ! JOKTOp TeXHHUECKHX HAYK
13 Tapascknit yausepcnrer um. M.X. Jlymarn (r. Tapa3),  Kasaxcknit HUM Bogroro xossiictsa (r. Tapas), Kasaxcran

Annomayus. B cmamve nposedenvi amanuz U OYeHKA pA3GUMUsL B00O0XO3SUCMBEHHBIX CUCMEM U
9KON02UYECKUX usmenenuil 8 6accetine pexu Illy. /[ns oyenku u ananuza paccmMompenvl 2e02paguueckoe noaodlceHue
pexu Ly, npobremvl UCHOIB306aHUS €€ BOOHBIX PECYPCO8, COCMOIHUE BOOHBIX U 3eMENbHBIX PeCYPCo8 0accelina pexu u
VC08UsL cMaduUIU3ayuU IKOJI0SUYECKOU cumyayuu 8 HusicHem meyenuu pexu L1y

Knroueswie cnosa: pexa, baaaceiin, 6o0onompedienue, IK0I02Us.

AKTyalbHOCTH

B HacTosiiee BpeMsi B CBSI3U C yrpo30il «BOJHOTO KpU3UCa» B apUIHBIX 30HAX 0C000e BHUMAaHHE YJEISsIeTCs
HHTETPUPOBAHHOMY YIpaBJieHUIO BOAHbIMH pecypcamu (MYBP). OCHOBHBIMM MHIMKATOpPaMHU IMpPU 3TOM SIBISIOTCS
obecrieueHne Bcex MOTpeOUTeNeil BOMHBIME PEeCypcaMH B JOCTATOYHOM 00BbeMe, BHEIPEHHE METO0B PalliOHAIBLHOTO
HCTIONB30BaHUs K OXpaHa BOJHBIX PECYPCOB.

KpusucHoe cocTosHHE BOJHOTO CEKTOpa OO0OCTpsieT HMHTEpeC K HCIIOIb30BaHHIO BOJHBIX PECYpCOB
TpaHCTPaHUYHBIX peK s BHeApeHus 1Y BP.

B ycrmoBusax ycuieHHS XO3SWCTBEHHON W aHTPOIOI'CHHOW IESTENBHOCTH B PEYHBIX OaccelHaX, B OacceiiHe
pexu Iy npunnun MYBP npeiaraeTcs kak €eAMHCTBEHHAsS albTEPHATHBA TPAAULIMOHHOMY Pa3BUTHUIO SKOHOMUKHU.

B »3710i1 cBsA3u Bompocsl MeTomoiorudeckoro obecrnedeHuss UYBP B HIDKHEM TEUYEHHH DPEKH C YUETOM
MIPUHIUIA CIIPABEAINBOIO M Pa3yMHOT0 MPUPOAOIOIb30BaHUS SIBIISIOTCS aKTyalIbHBIMU.

Pe3yabTaThl 4 00001IEHUE

Ce3onHOe pacmpezeneHue croka peku Iy xapakrepusyeTcss pe3KMM pa3iddMeM peXuMa B ee TOPHOM,
NPEArOpHOW M paBHUHHOM 4YacTAX. PexxuM B TOpHOH 4acTu OOYCIOBJIEH CKOPOCTBIO TasiHUS CE30HHOTO CHera,
CHEKHUKOB U JIBJIOB.

MakcumanbHbIe pacxoipbl HaOMIOJAalOTCs B JIETHHE MECAIB! (HIOHP — aBryCT), MUHMMalIbHbIE — B 3UMHE-
BeceHHHE (Iekabps — ampens). CTOK 3a BETeTallMOHHBINA MIEPHON 37iech cocTaBisteT 60—65% rogoBoro, 4To roBOpPUT 00
OTHOCHTEINIBHO ITABHOM MEPEXOE OT NOJIOBOIbS K MEKEHH.

WHoli xapakTep uMMeeT BHYTPHUrOJOBas AWHAMHKA PEYHOTO CTOKAa Ha MEPEXOAE OT BEPXHEro TEYEHUs K
CpemHeMy, T. €. B INPEArOpHOM dYacTh, ompeeisieMas o ruaponocty ¢. Mumsadan. B pesynbrate ectecTBeHHOM
3aperyJIUpOBAHHOCTH CTOKAa HA 3TOM YYacTKE PEKH JIETHEe IMOJIOBOAbE Jaxke B Hayase XX B., KOTJla X03gHCTBEHHAs
JIeATENBHOCTh Ha CTOK BJIMsUIA HECYIIECTBEHHO, OBLIO CJIa00 BBIpaKEHHBIM [4].

Baxneiimmm (akTopoM BBIpaBHHBAaHHs CTOKAa 0 CE30HAM ToJia SIBJSUIMCH OYeHb OOJIbIIME IMOTEPU Ha
GUWIBTPAIUIO B PHIXJI000JIOMOYHBIC MOPOJBI Pycia PeKH Ha ydacTke OoT Bypynmaiickoro ruaporocra 10 T. TOKMak,
KOTOpBIe, Mo mojacuetaM [2], mocturamu 40% cToka, W TOCIEAyIOIIas pasrpy3ka T'PYHTOBOTO IOTOKa B PYCNIO Ha
yuactke ot I. Tokmak 10 ¢. Mussipan.

3a nocnegnue 40 JeT B CBA3HM C YCHUIIEHHEM XO3AHCTBEHHOH JEATENBHOCTH PAacXOAbl BOABI B 3TOM CTBOpE
YMEHBIIAIUCH KaK B MOJOBOJAbE, TaK U B MexeHb. Hanpumep, nons croka 3a nepuog 1941-1970 rr. cocrapnsina 50—
59%, a B manmoBoaHbIN iepuo 1971-1980 rr. canznnace 1o 47% (Tadmuma 1).

Tabnuya 1
JInnamuka croka Boasl B p. llly no nepuogam

T'naporocr 191311—60 IT. 1921—70 IT. 20%1-23 IT.

KM % KM % KM %
Ceno Koukopka 0,92 100 0,90 98 0,75 82
Ceno Muisihan 1,12 100 0,69 62 0,45 40
Ceno TamyTkynb 2,35 100 2,10 89 1,54 66
Ceno AMaHrenbIbl 2,15 100 2,00 93 1,40 65
C. Ynan6enpb 1,107 100 1,03 94 0,727 65

IIpumeuanue. * Hanuvie 3a 1951 — 60 20061, Qanuvie 3a 2021-23 20001,

© Taxwuesa T.U., [Tepaedex C.b., Meiipxanksizsl M., Kapisixanos O.K. /
Tazhiyeva T.Ch., Perdebek S.B., Meirkhankyzy M., Karlykhanov O.K., 2026
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WHas ce30HHas TMHaMUKa pacxojia BoJbl HaOmoaaercs B cpegaeM teueHuu p. Ly, Ce3oHHas fuHaMuKa CTOKa
31IeCh 1200 BhIpaXKEHA, CPEHEMECYHbIC PacXoabl cocTtaBisuin 70—80 M3/c, BEIIESIICS BeCCHHUNA MakcuMyM [4].

B nocnenyromuii nepuoj 4acTo CTanu MPOSBIISATHCA JETHAS MEXEHb U YBEJIMUYEHUE PACXOA0B BOJbI B OCEHHE-
3MMHHE U BECEHHHE MecsIbl. ['0/10BoH 00beM CTOKA 3a BECh EPHOJ HAOIOACHUI COXPAHSUICS MTPEKHUM, ECTECTBEHHOE
MaJIoBOJbE COBIMAJIO C MEPUOAOM HANOJIHEHUs TallyTKyIbCKOrO BOJOXPAaHHUIIHUILA.

Oco0bas TMHaMHKa BOJHOT'O CTOKA 10 CE30HaM HaOJII01aeTcsl B IETITOBOI YacTH peku, HibKe ¢. DypMaHOBKa, C
BOCTOKA Ha 3amaj Ha paccrosiHue 6onee 400 kM B BUIE IETIOUKH AeTbT [1].

Ha BHYTpHronoByro AWHAMUKY pacxXoiOB BOJIBI B ACNBTE BO3ACHCTBYET (pakTOp BpeMEHU JOOETaHUs MaBOIKA
OT Hayajla pa3IMBOB OO0 OOJACTH KOHEYHOTO CTOKAa PEKH B XOJE IOOUYEPEIHOTO 3aIlOJHEHHUS BOAOW OOIIMPHBIX
npoctpanctB 'ynseBckoii (DypmaHOBCKoif), YraHOensckoi 1 KaMKamTuHCKOH 1eibT.

IIpurox Boms! Kk BepmmHe DypMaHOBCKOW IENBTHI B KOHIIE BEreTAI[MOHHOTO MepHoAa (CEHTIOPh—OKTAOPH)
yBEIMUUBaeTCA OIaromaps NpeKpaIieHuIo 3a00pa BOIbI B OPOCUTEIBHBIE CUCTEMBI M IPUTOKY B PEKY BO3BPATHBIX BOJ C
OpOLIAEMBIX MAacCHBOB, MOCTYHAIOUIMX B OCHOBHOM IIOJI3¢MHBIM ITyTeM (BBIKIMHMBaHHE B PYCIIO pekd). Makcumym
pacxosoB OOBIYHO HaOJIOAaeTCss B HOSOpe, KOrJa yCTaHaBIMBaeTCs JiegocTaB. Ha orpoMHOH Iuiomiagu pasivBOB
oOpasyeTcss MHOTOCJIOWHBIA Jie[, MO3TOMY OOJbIas 4YacTh BOJHOTO CTOKa ATOrO IEpUoJa aKKyMyJUpyeTcs B
@dypMaHOBCKOH JlenbTe, OHa HE NOCTYMaeT B HWKHUE 3BEHBS IleNU AenbT. B jeTHee Bpems B DypMaHOBCKOU NenbTe
CTOK HE OTMEYaeTcs.

B YnauGenbckylo enbTy BoJa MocTynaeTr B 3uMHee Bpems. [1aBoiok HaunHaeTcs B MapTe—arpele, pexe — B
¢eBpane. B mapre—anpene 3aecy npoxoaut 63% romoBoro croka [2]. Pexa B 3TOT mepuoj BBIXOAWUT U3 OEpPEToB U
3aTOIUISAET BCIO JONMHY OT MyloHKYMOB 10 beTmakmasl.

B KamkanmHCKON 1ebTe CTOK PeKH (PMKCHPYETCS TOIBKO C alperis 1Mo aBrycT.

C pa3BHUTHEM OpOIICHUS MPHUTOK BOABI K JEIBTOBON OOJACTH Bce OOJIBIIE CMEIAeTCsl Ha HEBETETAallMOHHBIN
neproa. C y4eToM 0cOOEHHOCTEH MOCTYIUICHUS! BOABI IO IIETH JEIbTOBBIX PA3IMBOB U B PE3YNIbTATE XO3AHCTBEHHOM
JIesITeNIbHOCTH B OacceifHe peku CTOK B YiaHOenbckux M KaMKamMHCKMX pas3iuBax BO Bce (a3bl TMAPOIOTHYECKOTO
peXrMa YMEHBIIAeTCs], @ B 04eHb MaJIOBOJHBIE T'OJBI CTOK 3€Ch BOOOIIE OTCYTCTBYET.

C TOYKHM 3peHHs Pa3BUTHs UPPHUrallik OOJBIIOE 3HAUYCHHE MMEET MHOTOJIETHSS TUHAMHKA TOI0BOr0 o0beMa
croka p. Uly B cBA3M C XO3sCTBEHHOW HeATENbHOCTHIO. [0 YCTOWYMBOCTH TOMOBBIX OOBEMOB CTOKa IIPH
BO3paCTalOIIUX OE3BO3BPATHBIX M3BATUSX BOJBI HA OPOLICHHE peKa SIBISETCS YHHUKAIBbHOM. 31eCh BaXKHOE 3HAuCHHE
MMEEeT U3y4YeHHe PyclIOBOro OanaHca 1o JUIMHE peku (Tadi. 2).

Tabauya 2
Pycaosoii 6asnanc pexu Iy 3a Bech nepuox HadJ/1l01eHH, m/e
V4acTox Pacxox Bomer B | 3abop Bombl Copoc [Ipurok ©Ha | Pacxoxm Boxmel B ESJ:;);HGHHH [+] [_]B’
BEPXHEM CTBOPE U3 PeKH Y4acTOK HIDKHEM CTBOpE pycto
Tokmak 53,2 12,2 2,6 43,6 22,6 -21,0
IyMblin 22,6 12,4 10,3 20,5 34,4 +13,9
KoncranTHOBKA 34,4 13,8 3,1 23,7 30,3 +6,6
TanryTkyJib 30,3 1,2 31,2 60,3 67,1 +6,8
Kyparatst 61,0 10,7 1,3 51,6 60,1 +8,5
dypmaHOBKa 30,3 2,8 0,0 27,5 25,3 -2,2

B ropHoii yacTu TeueHHUs PEeKH €€ BOJHOCTh YBEIHYMBACTCS U JOCTUTaeT MaKCHMyMa B CPEIHEM TE€YEHUH —
2,35 km>/ro.

B nenpToBO# 06MacTH peKH BeCh CTOK ITOCTEIIEHHO PACXOAYeTCs B OCHOBHOM Ha MCIIApEHHE W TPAHCITUPAIIUIO
BJIAroJIf00MBOI pacTuTensHOCTRI0. B dypmaHOBCKOH AenbTe B cpeqHeM pacxoxyerca 850 MiH M® BOABI B rof, Ha
yuacTtke Kaspiktel — Yaau6ens — 300 MiiH, a CyMMapHO OT CTBOpa COBX03a MM. AMaHTebabl 10 Yinanoens — 1150
MiIH M3/rox [2]. 3a 20-meTHHi mepHox Ta BEIWYMHA OKaszajach Heckoibko MmeHbe — 1050 muH M3/ron [3]. Bech
ocraTtok croka, 1,03 kM® B ro1, pacxoayercst B HWKHEH 4acTH AENbTHI, Paclpeaessisich CIeIyIomnuM 00pa3oM: OT CT.
VYnaubens no xainsykons — 600 min M3, ot Ikainstykons mo c. Tactel — 370 muH, Hike . Tactel — okoio 100
MJIH M>/TOJI.

BoiBoabI

1. CokparmeHue cToka pekd B HU30BbsX peku Iy, n3MeHeHne uX THAPOJIOTHIECKOTO U YPOBHEHHOTO PeXuMa,
POCT MUHEpaIU3alUUA PEYHON BOABI, aKKyMYJIAIHS B3BEUIEHHBIX HAHOCOB B BOJIOXPAHWIINILAX, HA OPOIIAEMBIX MOJISIX U
B KaHaJlax 00yCIIOBJIMBAIOT IIy0OKHe MpeoOpa3oBaHus MPUPOIHON Cpebl Ha OOIIMPHBIX JIEIhTOBBIX pPAaBHUHAX PEKU
Hly, noanazatoiye moja onpeaesieHue apuIu3aium.

2. Tloatomy Bce Ooublliee 3HAYEHUE MPUOOPETAIOT MEPHI, MPEANPUHUMAEMBIE UISI OXpaHbl TPUPOABI U
COXpaHCHHS BBICOKOW MPOAYKTUBHOCTH CYMIECTBYIOIIUX THIPOMOPQHBIX JaHAMA(TOB, B YHCIEC KOTOPBIX PAa3BHTHE
JIMMAaHHOTO OPOIICHHS B HU30BbE PEKU M BOJOOOCCIICYCHNE KOHEYHBIX BOJIOMOTPEOUTEIICH.

43



ISSN 2308-4804. Science and world. 2026. Ne 4 (152)

CIIMCOK JINTEPATYPBI

1. AxanoB, XK.Y., Kopobkun, B.A. PerynupoBaHne BOJHO—COJIEBOTO pekuMa MoyB Tami-YTKyJIbCKOTO MaccuBa. — A.:
1982. -200 c.

2. Coxonenko, D.A. I'maponorust. B ku.: ITouss! nommust p. Uy. — Anva-Ata, 1971. — C. 66-86.

3. Crapony6ues, B.M. Biusiaue oporreHnst Ha MeJIHMOpaTHBHEIE Ka4ecTBa PevyHOro croka. M3n-Bo «Hayka». — Anma-Ara,
1985. - 168 c.

4. Xapuenko, C.U., Llpimenko, K.B. OueHka BIUsSHNUSA UPPUTAIIMOHHBIX MEPONIPUATUI HA pe4yHOH CTOK (Ha mpumepe p. Uy).
—Tpynst ITH. —JI., 1976, Bem. 230. — C. 6-24.

ASSESSMENT OF WATER CONSUMPTION VOLUMES IN THE LOWER SHU RIVER BASIN

T.Ch. Tazhiyeva', S.B. Perdebek? M. Meirkhankyzy?®, O.K. Karlykhanov*
! Ccandidate of Technical Sciences, Associate Professor, #® Student, * Doctor of Technical Sciences
13 Taraz Regional University named after M.Kh. Dulati (Taraz), * Kazakh Research Institute of Water Management
(Taraz), Kazakhstan

Abstract. The article analyzes and evaluates the development of water management systems and environmental
changes in the Shu River basin. The article examines the geographical location of the Shu River, the problems of using
the river's water resources, the state of the river's water and land resources, and the conditions for stabilizing the
environmental situation in the lower reaches of the Shu River.

Keywords: river, basin, water consumption, ecology.
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Economic sciences
3KOHOMH‘!€CKH6 HayKI/I

V]IK 330

BBIABJIEHUE DOOEKTOB AJIBTEPHATUBHOI'O ®UHAHCUPOBAHMUSA
B IOPT®EJBbHOM UHBECTUPOBAHUUN

N.M. KukoTtb, KaHIUIAT S3KOHOMUUYECKUX HAYK, JOLEHT
(r. 'omens), benapychb

Aunnomauyusn. B cmamve npednodicena mexHono2usi OYeHKU 00beMo8 Nopm@enrvbHo20 GUHAHCUPOBAHUS.
PEAIbHbIX  UHBECMUYUOHHBIX NPOEKMO8 6 YCI0GUAX HANUYUSL — AbMEPHAMUE NPUMEHEHUS NEePeKpecmHO20
QuHaHCUPOBaHUS 3a Cuem GHYMPEHHUX Pecypco8 NPOeKmo8 NOpm@ens U 6HeUHUX CPpeOCme UlU MOJbKO 3a cuem
GHEWHUX cpedcms. Dghpexmpl npedrazaemces oyeHU8ams Ha OA3e KOHEUHOU CMOUMOCIU UMYWeCmEd, NPU NPUMEHEHUU
nepekpecmno2o  GUHAHCUPOBanUsi  00X00bl  NPOEKMOG-00HOPO8,  (QUHAHCUPYIOWUE — NPOEKMbl-PEeYUNUeHMbl
PEUHBECIMUPYIOMCSL RO CIABKAM OOXOOHOCMU dMUX NPOEKNOG-PEYUnUeHmos, a 00X00bl, pasmeujaemvie 6He nopmeens
O CMAGKAM GLOJNCEHUll HA (DUHAHCOBOM pblHKe. B cmambe MpoOuIiocmpuposan nopsooK OYEHKU KaiCOOuU
AbMEPHAMUBHL, A MAKIICEe NPEeONONCEHA NOUA208AsT OPLAHUZAYUSL PAOOM N0 COCMAGLEHUI0 NIAHOBbIX (DUHAHCOBbIX
pacuemos u nOCMAOUiHbIX OANAHCO8 QUHAHCUPOBAHUSL NOPMEENs UHEECMUYUOHHBIX NPOEKMO8, 6 MOM Yucie 8
YCA0BUAX 0e3UHBECTNUYULL.

Knruesvie cnosa: unancuposanue, nepekpecmuoe QUHAHCUPOSAHUE, KOHEUHAS CMOUMOCHb UMYUeCmad,
CpeOHes38eUeHHAsl CMOUMOCTb KANUmad, Cmaska 00Xo0HoCmu, nopmgenv npoekmos. brooxcem gunancuposanus.

VHBECTHLIMOHHBIE pEIIeHHs, CBS3aHHbIE C (OPMUPOBAHHEM HMHBECTUIIMOHHOTO TOPTQEs, HMEIT
MHOTOIITAHOBBIA XapaKTep M CBA3aHBl C PEIICHHEM pPa3HOOOPA3HBIX THUIOB 3a4ad MO (OPMHUPOBAHHUIO MOPTdhens
WHBECTHLUH. B TOpTHETbHOM WHBECTHPOBAHMHM PELIAIOTCS 3aJaddl BbIABICHUS KpPUTEpPHEB OTOOpa IPOEKTOB B
nopt¢ens, MoucKa METo10B (pHHAHCHPOBAHHSA, OLICHKH 3((PEKTUBHOCTH ITPOSKTOB 10 BEIOPAaHHOMY KPHUTEPHIO 0TOODA,
CTETIeHH BKJIaJ]a KAXKIOTO MPOEKTa B 00IIwiA 3P eKT mopTdens.

Pemenne 3amaum  (QOpMHUpPOBAHMS WHBECTHLHOHHOTO MOPT(ENs, ITOMHMO BCErO BBINICYKA3aHHOTO,
IpeAroyaraeT HeoOXOAUMOCTh IIPUHATHS BO BHUMAHHE XapaKTepa BKIIOYACMbIX B MOPT(HENb IPOEKTOB, (3aBUCUMBIX,
HE3aBHCUMBIX) B YCIIOBHUSIX U3BECTHOM JIaThl 3aIyCKa IIPOEKTOB MJIM ee BbIOOpa (THIIBI 33124 (OpMUPOBaHUs opTdes
WHBECTHUIUH).

B naHHO# cTaThe paccMOTPHM BO3MOJKHOCTH PEIICHHUS 3aJauyd paclpeesieHHs] BHENIIHEr0 (HMHAHCHUPOBAHUSA
(cOOCTBEHHOTO, 3a€MHOTO) M BHYTPEHHEro (MEPEKPECTHOT0) B TEUCHHWE CpPOKa pean3allid HWHBECTUIIMOHHOTO
noprdenss U B YCIHOBUSX HaIUuusl (UKCUPOBAHHOTO TOPTQENs HHBECTHUIHMOHHBIX INPOEKTOB. PacrmpeneneHue
nopThesbHOro GUHAHCHPOBAHMUS JIOJKHO MPOUCXOAUTD, C YUETOM CIIEAYIOUIUX (HaKTOPOB:

1. OrpannyeHne BHEIIHETO (PMHAHCHPOBAHHMS, (3a€MHOTO M COOCTBEHHOTO) B IPEAEIaX WHBECTHIIMOHHOTO
neproa.

2. Hammume cdopMupoBaHHOTO TMOPT(ENs TPOSKTOB € pacdyeToM Ha €ro OCHOBE KOMMEpPYeCKOn
3¢ PEKTHBHOCTH B IeTIOM 0€3 yueTa cXeMbl (PMHAHCHPOBAHHSL.

3. Pazpabotka cxembl (pUHAHCHPOBaHMS TOPTQEIS MPOEKTOB 3a CUET BHEIIHWX HCTOYHHKOB B IIpejenax
YCTaHOBJICHHBIX JIMMHTOB W/WIIM 33 CYET aJlbTEePHATUBHBIX BHYTPEHHHUX HCTOYHHUKOB, BBICBOOOXIAEMBIX B XOJE
peanu3anyuyu MpoeKToB (CBOOOTHOIO YHCTOTO JCHEKHOTO TOTOKA), U CPEJCTB, BBHICBOOOXKIAEMBIX M3 pEalU3yeMBbIX,
COKpAIIaeMBIX WM 3aKPBIBAEMBIX IIPOEKTOB, TO €CTh B MPOILECCE AE3MHBECTHIINI.

4. Pacuer 3¢ ¢eKTUBHOCTH aNbTEPHATHBHOTO (PMHAHCHPOBAHUS (BHEIIHWX WJIM BHYTPEHHMX HCTOYHHKOB,
MTOJTy9YECHHBIX 32 CYET CBOOOJHBIX AEHEKHBIX CPE/ICTB):

4.1 Ha UTHBECTUIIMOHHOH CTaJANU TIPH OIICHKE 00BEMOB, I HCTOYHUKOB (PMHAHCHPOBAHUS M UX BHUIOB;

4.2 Ha OKCIUIyaTalMOHHOW CTagum — (UHAHCUpPOBaHHE OOBEMOB pPEHMHBECTHLMH (MOAEpHU3ALINH,
PEKOHCTPYKIIMH, NIepenpodIINPOBAHNS U AP.).

BrusiBnenne 3¢exToB ampTepHATHBHOIO (PMHAHCHPOBAHMS WHBECTHIMOHHOTO MOPTQEIs SBISIETCS OCHOBOH
pemieHust 3ajauyu  BeIOOpa (PUHAHCHPOBAHMS WHBECTHLIMOHHOTO IOPTQENs, WIM 3a1a4yd caMO(pHHAHCHPOBAHUS
WHBECTHLIMOHHOTO MOPT(es.

D¢ pexTHBHOCT (PUHAHCHPOBAHMS JOJDKHA OLEHUBATHCS HAa KaXK/OM IlIare peajiM3anny MopTdess MPoeKToB B
YCIIOBUSIX, KOTJIa IUIAHUPYETCSl 3aKPhITHE, COKpAIEHHE, WM MPHOCTAHOBICHUE JCHCTBUS OTAENBHBIX MPOEKTOB, U
MOCJIE/ICTBHEM 3THX TPOLECCOB SBJISIETCS BHICBOOOXKIEHHE M3 MPOEKTOB KaK JICHEKHBIX CPEJCTB B BHUJE BBIPYYKH OT
peaiM3aliM aKTUBOB, TaK M HEJCHEXKHBIX aKTUBOB. OIIMOHHBIE BO3MOXXHOCTH pOCTa MPOEKTOB TMOpT(hens
(DUHAHCUPYIOTCS, B TOM YHUCIIE, 32 CYET JAHHBIX MPOIECCOB IE3NHBECTHPOBAHUS H 32 CUET BHEUTHETO (PMHAHCHPOBAHHS.

© Kuxots 1.U. / Kikot’ 1.1., 2026
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D¢ dexT BO3HMKAET TOria, KOrja J0XOJHOCTH ONIIMOHOB POCTa BBINIE CTOMMOCTH BHELIHEro (PMHAHCHPOBAHMS H
MOTEPSIHHBIX JIOXOJIOB B Ipoliecce ae3nHBecTHHUi. OOOCHOBaHHMS M OLIEHKH IPOBOAUMBIX IIEPEMEH B CTPYKTYpe
WHBECTHLIMOHHOTO MOPT( ENs MOTYT OCYILECTBIATHCS TOJIBKO NP YCIOBUY THIATEILHOTO IUIAHMPOBAHHS BOBIIEKAEMBIX
B 000pOT M BBICBOOOXKIAEMBIX HCTOYHHUKOB CpEJACTB B HMHBECTUIMOHHOM OajlaHCe 3a BECh PACUETHBIH IEpUOJ
peanuzanuu noptgens, OanaHce (GUHAHCUPOBAHUS MHBECTUIMOHHOW CTaIMM M €XKETOJHBIX OanaHcaX BHYTPEHHEro
(MHAHCUPOBAHUSL.

Ornenka 3¢ eKTOB aNbTePHATHBHOTO (PMHAHCHPOBAHUS BKIIIOYACT CIECAYIOMIHNE OFOIKETHBIC PaCYeTHI:

1. Gromker o00BEeMOB BHEHmIHETO (MHAHCHUPOBAaHHWA B TIpeAeiax JIMMHTA KaIMTAJIOBIOXCHHN Ha
MHBECTULIMOHHOHN CTAaIMH pea3aliy IPOSKTa,

2. OmwmpkeT 0o0BEeMOB BHEIIHETO (PMHAHCHPOBAHUSA B YCIOBHSAX HAIWYHS BO3MOXKHOCTEH MEPEKPECTHOTO
(GUHAHCHPOBAaHMS HA IKCIUTYaTALHOHHOMN CTaanM,

3. pacder KomMMepdeckoro 3(QeKra HHBECTHIHOHHOTO TOPT(ETs TpH pPa3INIHBIX aJbTepHATHBAX
(bMHAHCUPOBAHUS, BHELIHEIO/BHYTPEHHETO (TIEPEKPECTHOTO),

4. VHBECTMLIMOHHBIM OajaHC BHEUIHEr0 M BHYTPEHHEro (MHAHCHPOBAaHHMS HAa WHBECTHLIHMOHHON W
SKCILTyaTallHOHHOW CTaJusAX peallM3aluy MPOEKTa M0 rojaM peajn3aluu noptdelis NPOEKTOB U €XKErolHbIN OanaHc
BHYTPEHHET0 (DMHAHCUPOBAHHS ,

5. pacuer sddexta yyacTHs COOCTBEHHOTO KalMTaja B YCIOBHSX BBIOPAHHOM pPAlMOHAIBHOW CXEMBI
(bMHAHCUPOBAHUS, TIOJYYSHHOM 32 CUET MePEKPECTHOr0 (PMHAHCUPOBaHUS / caMO(UHAHCHPOBaHUS MOPTdEs.

Ha WHBECTHIMOHHOH cTaguu palpoHanM3alys (UHAHCUPOBAHUS O3HAYAeT COKpALICHHE NOTPEOHOCTH B
3aeMHOM KaIlUTalle 3a CUeT HCIIOJB30BAHHMS BO3SMOXHOCTEH OTCPOUYKH 3aIllyCKa WHBECTHULHMOHHBIX MPOEKTOB, JTHOO 3a
CUeT IePBOHAYAIIBHOTO 3aITyCKa MPOEKTOB ¢ MAKCHMAaJIbHBIM YHCTBIM JICHE)KHBIM OTOKOM B TIEPBBIC T'OJBI PEaTU3aLUH.

Ha skcrnutyaTtalimoHHOW cramuy Ha 0a3e MHBECTHULIMOHHOTO OallaHCa BBISABIAIOTCS BO3MOXKHOCTH BHYTPEHHETO
(MHAHCHPOBAHHMS 33 CYET CPEJCTB IIPOCKTOB-IOHOPOB B ()OpME ACHEKHBIX M HEICHE)KHBIX HCTOYHUKOB, B TOM YHCIIE
HCTOYHHMKOB, BEICBOOOXKIAEMBIX B MpoLiECcCe Ie3MHBECTHLUH. [I1aHnpoBaHue Ae3MHBECTUIINHI JTOJKHO OCYLIECTBIISTHCS
MapajulelbHO  C  [UIAHMPOBAaHMEM HHBECTHLIMOHHOTO MOPT(es, IOCKOJIbKY JaHHBIH TIpolecc oOecreYnBaeT
MPEEeMCTBEHHOCTh ¥ HENPEPHIBHOCTh IPOIIECCOB OOHOBJICHUS aCCOPTHMEHTA, TEXHOJOIMH IO Mepe 3aBeplleHHS
KM3HEHHOTO IIMKJa NPOJYKTa, OTKPBITUS HOBBIX PBIHKOB W CErMEHTOB COBbITa, KaK OTBET Ha HM3MEHEHUS
HOKYIaTeIbCKOr0 CIpOca U Ap.

[TnanupoBaHWe JE3MHBECTUIIMH — 3TO IIAr, KOTOPBI MOXET COIyTCTBOBAaTh IOJIOKHTEILHOMY PEIICHUIO
peanu3anyy ONMOHa pocTa 6ojee MePCIeKTHBHOrO MPOSKTa, BXOASIIET0 B HHBECTHIHOHHBIH MOPTQeb ¢ TO! ek,
4TOOBI HePEHANPaBHUTh U COCPEIOTOYUTh PECYPCHI Ha ATUX HANPABICHUAX HHBECTUPOBAHHMS U3 IPYTHX HPOCKTOB.

Pemenus no GpMHAHCHPOBAHUIO IPHHMMAIOT HA OCHOBAHUH PAacYETOB, NPOBOJAMMBIX B 2 JTama:

1. Pacdera 3()()eKTHBHOCTH COBOKYITHOTO BHEIIHETO (prHaHCHpOBaHUS U 3P exTHBHOCTH (HUHAHCUPOBAHHS
COOCTBEHHOT'O KaIlMTaJIa TOJBKO B YCIIOBUSIX BHELIHETO (PMHAHCHPOBAHHS,

2. Pacdera >3QeKTHBHOCTH COBOKYITHOTO BHEIIHETO (PMHAHCHPOBAHUSA W (PHHAHCHPOBAHUS COOCTBEHHOTO
Kanurasia B yCJIOBHSX 33JeiCTBOBAHMUS BHYTPEHHEro (IIepeKpecTHOro) (PMHAHCUPOBAHUSI.

PaccMoTpuM Ha mpuMepe OLEHKY 3(QEeKTOB albTepHATUBHOTO (UHAHCHPOBAHUS CIEYIOIIEro nopTdes
WHBECTHLUOHHBIX TPOEKTOB.

Tabnuya 1
IopTdenb HHBECTHIMOHHBIX MPOEKTOB, THIC.PY0.
IMpoekTbl | HBECTUIIMOHHBIE BIOKEHUS YUCTBIN JEHEKHBIN MTOTOK MO rOIaM PEAM3al[ii HHBECTHI[MOHHBIX IIPOEKTOB
0 1-w1i1 TOA 2-01 roJ 1 2 3 4 5

1 805 150 200 300 270 150

2 200 300 300 200 250 150

3 400 100 100 130 150 70

4 500 200 240 250 100

BuyTtpennsst Hopma qoxogH0CTH nepBoro npoekta 10%, Broporo 47,2%, tperbero 11,8%, werBeproro 23,1%.
JIuMHUT COOCTBEHHBIX MCTOYHHKOB CPEACTB Ha HyieBoM mepuome 700 Twic.py0., B mepBwiii rox peamusarmu — 150
ThIC.py0. Kak BuIHO M3 Tabmuubl | YUCTHIN EHEXKHBIH ITOTOK MPOEKTa | B MEpBBIH M BTOPOIl IOABI €ro peaan3aluu
MOXeET OBITh HamlpaBJIeH B MPOEKT 2, HEJOCTAIOMNI 00beM (PMHAHCHPOBAHMS BTOPOTO I'Ojla pealn3alliy MpoeKTa 2
JIOTIOJIHAETCS CPEJICTBAMH U3 TIPOEKTa 4, a CPeICTBA MPOEKTa 3 YaCTHYHO IOKPHIBAIOT MOTPEOHOCTH B (PMHAHCHPOBAHUH
mpoekTa 4.

BropkeT pmHaHCHPOBaHMS MHBECTUIIMOHHOMN CTaJIMH PEATU3ALNH ITPOCKTA ITOKaXKeM B Tabiuie 2.
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Tabnuya 2
Brojker (pMHAHCHPOBAHMS HHBECTHUIIMOHHOM CTAMK

HUcrounuku ¢punancupoBanus/IIpoekTs O06BeMbl (PUHAHCHPOBAHUS IO TOIaM WHBECTUIIMOHHON CTaAUU
0 1 2

1.Co0CTBeHHBIE CpeICTBA, HAPABIIEMbIE B ITPOEKTHI: 700 150

1.1 ITpoexr 1 400

1.2 TIpoext 2 50

1.3 Ilpoexr 3 300

1.4 TIpoekrt 4 100

2. 3aeMHbIE CpEACTBA, HAIIPABISIEMBIE B IPOCKTHIL: 505 300

2.1 Ipoexkr 1 405

2.2 TIpoexrt 2

2.3 TIpoekr 3 100

2.4 IlpoexT 4 300

3. [lepekpecTHOE (hMTHAHCHPOBAHHE 250 300

3.1 IIpOeKThI-TOHOPEI 150 200

3.1.1. IIpoekt 1 B mpoekT 2

3.1.2. TIpoexkr 3 B mpoekT 4 100

3.1.3 TIpoekT 4 B poeKT 2 100

3.2 IIpOeKTHI-penUITUEHTHI 150 300

3.2.1 IIpoexrt 2 u3 npoekToB 1 u 4

3.2.2 TIpoekTt 4 u3 npoekra 3 100

ITpu croumoctu cobctBeHHoro kamutaia 10%, kpeaunta B 0-0if rox 3auMcTBOBaHMS B mpoekT 1 — 16%, B
npoekT 3 — 18%; B 1-bIii TOJ CTOMMOCTD 3aUMCTBOBaHMsI B MPoeKT 4 — 20%. CTaBka pEeMHBECTHPOBAHUS CBOOOTHBIX
JICHE)KHBIX CPE/ICTB B (PUHAHCOBBIC aKTHBBI — 7%0.

Pacuer cpenHeB3BeNMICHHON CTOMMOCTH KaluTajla Mpou3BeaeM B Tabmuie 3.

Tabauya 3
OueHka cpeHeB3BellIeHHOH CTOMMOCTH BHELIIHero
KANMTAJA 110 0JaM MHBECTHIIMOHHOM CTaAUM HHBECTHLIMOHHOI0 NOPT(eist
TIpoekTs VICTOYHHKH 110 TOJ]aM peajn3aiim
0 1
CoOcTBEeHHBIE Kpenur: Cpennes3pe | CoOCTBEHHBIE Kpemur: CpenHeB3BenIeHHAsS
cpencraa: CTOMMOCTh IEHHAs CpEnCTB: CTOMMOCTD CTOMMOCTD, %
CTOUMOCTE /y neNbHBIA CTOUMOCTh, | CTOMMOCTH /ynenbHbIN Bec,%
/ynenbHbIi Bec,% | Bec,% % /ynenbHbIi Bec,%
1 10/49,7 16/50,3 13,02
2 10/100 10
3 10/75 18/25 12
4 10/25 20/75 17,5

Jns obocHoBaHus 3¢QdexToB (UHAHCUPOBAHUS B YCJIOBHSAX B3aMMHOTO IEPEKPECTHOTO (PHHAHCHPOBAHMSA

enecoobpasHee MPUMEHNUTh MOZAETh KOHEYHOH CTOMMOCTH HMMYIIECTBA, B KOTOPOH OIIEHKAa IMPOM3BOIUTCS K KOHILY
pacdyeTHOro Iepuoja peanusaluu noprens ¢ oTpaxkeHneM 3()(EeKToB PEeHHBECTHPOBAHMS 10 CTaBKaM pPa3MELICHUS
KanuTasia, YYUTHIBAIOLIIMM JICUCTBUTEIbHYIO JOXOJHOCTh Pa3MeEIleHUs] CPeICTB BHYTpH mopTdens uuaBecthuuii. Tak,
pa3MeleHne CpeACTB IPOECKTOB-I0HOPOB B OIEHKE 3(PPEKTUBHOCTH 3TUX MPOEKTOB IO MOJAETH KOHEYHOH CTOMMOCTH
OyleT OCYIIECTBISITHCS IO CTaBKE JOXOJHOCTH IPOEKTa-PELHIIMEHTa, a CPEJICTB, pa3MellaeMbIX BHE MOPTQeIs
WHBECTHILIMI M0 CTaBKE JOXOJHOCTH (PMHAHCOBBIX aKTHBOB.

Pacuer xoHew9HOI cToMMOCTH mpoekTa 1:

KC, =150(1+0,472)°" +200(1+0,472)°* +300(1+0,07)*° +270(1+0,07) +150
—805(1+0,1302)° = 640, 4muic.py6.

Koneunas cronMocTs poekTa 2:

KC, =300(1+0,07)°? +200(1+0,07)°* + 250(1+ 0,07)>* +150
~50(L+0,1)° —150(L+0,07)>* —300(1+0,07)>? = 377, 5muic. py6.

Koneunas croumocts nipoekTa 3:
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KC, =100(1+0,231)°* +100(1+0,07)> +130(1+0,07)°° +150(1+0,07) + 70
—400(1+0,12)°>* =110, 5muic. py6.

Koneunas croumocts poekTa 4:

KC, =100(1+0,472)** +100(1+0,07)°% + 240(1+0,07)** + 250(1+ 0,07) +100
—400(1+0,175)°*" = 320, 8muic. py6.

CToMMOCTH (DHMHAHCHPOBAHHS M3 MPOSKTOB-IOHOPOB OLICHEHA II0 aJbTEPHATUBHOW JOXOMHOCTH Pa3MELICHHS
9THX CPEICTB B (PMHAHCOBBIE aKTHBHI 7%.

Koneunass cTtomMoCTh mopT(enss HHBECTHLMH YYUTHIBACT CYMMapHYI KOHEYHYIO CTOMMOCTH IIPOEKTOB,
YMCHBIICHHYIO HA JBOMHOW CYET JOXOJOB B MPOEKTAaX JOHOpPaX M PELUIUEHTOB. Tak pH PEHHBECTHPOBAHUH B IIPOCKT
2 110X0/10B MPOeKTOB 1 1 4 OHU yuTeHHI 10 cTaBke 47,2% B pacyeTe KOHEYHOH CTOMMOCTH 3TUX MPOEKTOB U B pacuere
KOHEYHOW CTOMMOCTH TPOEKTa-PELHITNEeHTa — TPOEKTa 2. ITO JIOXOABI B ClIeAyOLIeH CyMMe:

JT = (150(1+0,472)> " —150) — (200(1+ 0, 472)° > — 200) = 992, 2muvic. pyb.
JIBOIHO¥ CueT JOXOJ0B, YUTEHHBIX B KOHEUHOH CTOMMOCTH HPOEKTA 3 IIPH PEMHBECTHPOBAHUHU B IIPOEKT 4:
JT = (100(1+0,231)* —100) =129, 4 ThIC. pY6.
KoneuHast cTouMOCTh HHBECTHUIIMOHHOTO MTOPTQEIS COCTABIISCT !

KC, =640,4+377,5+110,5+320,8 -992,2 —129, 4 = 60mwic. py6.

Jamee oreHWBaeTCS KOHEYHAs CTOMMOCTH TIOPTQENs WHBECTUIMH B YCIOBHAX TOJNBKO BHEIIHETO
(MHAHCUPOBAHWUSL.
Pacuet koHeUHO#H cTOMMOCTH MTpoeKTa 1:

KC, =150(1+0,07)°™" +200(1+0,07)> +300(1+0,07)> +270(1+0,07) +150
—805(1+0,1302)° = —259, 2mwic. py6.

Koneunas croumocts npoekra 2:

KC, =300(1+0,07)° +200(1+0,07)>° +250(1+0,07)>* +150
—50(1+0,1)° —=150(1+0,2)°* —300(1+ 0, 2)°* =111, 4msic. py6.

Koneunas croumocts npoekra 3:

KC, =100(1+0,07)** +100(1+0,07)>* +130(1+0,07)** +150(1 +0,07) + 70
—400(1+0,12)°* = 3,1mewic. py6.

Koneunas croumocts npoekra 4:

KC, =200(1+0,07)>% +240(1+0,07)*° + 250(1+0,07) +100
—400(1+0,175)°™" = —82, 6muic. py6.

CymMapHasi KOHEYHasi CTOMMOCTb MOPTQENs B YCIOBHUIX TOJBKO BHEIIHETO (PMHAHCHPOBAHHUS COCTABIISCT —
227,3 thic.py6. DddekT nepekpecTHOro GuHAHCHpOBaHHs orennBaercs kak 00 — (—227, 3) = 287, 3muic. py6.
Takum o00pa3oMm, pacueT KOHEYHON CTOMMOCTH TMOpPT(ENs TMPOEKTOB B YCIOBHAX MEPEKPECTHOTO
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(hUHAHCUPOBAHUS MPOU3BOIUTCS TI0 CIEAYIOIIEH GopmyIie:

KC" =§m: Y, (1+s)"-f—i}eij (1+z)"-f—iRi?(uk)"-f—izi L+ £y )

i

0 . .
Tae Rij — PECypCHI, BBICBOOOYKJaEMBIE M3 pOEKTa | B I-OM MNEPUOAEC B IPOLECCE NC3UHBECTUPOBAHUA IIO

IUTaHy JI€3MHBECTHUIINH,
m n i
Z YAII(A+s)"" — cymmapHblii umCTBIi JEHEKHBIH MOTOK MPOEKTOB, BXOMALIMX B MOPTHEND,
i
MIPOPEUHBECTUPOBAHHBII 10 JOXOJHOCTH MpPOEKTa-peliellUeHTa, B KOTOPBIH CpEACTBA BOBJIEKAIOTCA, WU 10
JIOXO/THOCTH PEMHBECTHPOBAHUS B aKTHBHI 32 npezesaMu noptdens (puHaHCOBbIC aKTUBHI),

|; — MHBECTHLIMOHHBIE 3aTPATHI i-0r0 Mepro/a, GUHAHCHPYEMbIe U3 BHEITHUX HCTOYHHKOB,
Rij - pecypchl, H3BJIEKaeMBbIC M3 IPOCKTA | B I-OM HepHoae Npu AeHIMTe BHEUIHETO PHHAHCHPOBAHMS,

t — ypoBeHb 10X0/1a, MOTEPSIHHOTO MPH U3BICYCHHH PECYPCOB M3 MPOEKTa-I0HOPA,

K — ypoBeHb OOXOMHOCTH ajJbTEPHATUBHOTO pa3MELIEHHUS CPEICTB B (PMHAHCOBBIE AKTHUBBI 338 pPaMKaMH
HMHBECTHIIMOHHOTO TOPThETIs,

f — cTOMMOCTH BHENIHUX UCTOYHUKOB (PHHAHCUPOBAHHUSL..

KoneuHast cTOUMOCTb MOPT(HET HHBECTHIHOHHBIX MIPOEKTOB B YCIOBHSAX TOJBKO BHEIIHETO (PHHAHCUPOBAHUS
6e3 yueTa BO3MOXKHOCTEH BHYTPEHHETO (PUHAHCHPOBAHUSL:

Ke= iiqﬂn“ sy - iilij @) - iiRS (L+h)" )

Pacuetsl 3¢ dexra nepekpecTHOro (UHAHCHPOBAHUS B YCIOBHSAX OLEHKH 3(P(EeKTHBHOCTH COOCTBEHHOTO
KamuTajia IPOU3BOJATCS MPH 3alUIaHUPOBAHHOW NMOTPEOHOCTH BO BHEIIHEM (UHAHCHPOBAHWM M CXEME MOTalICHHS
9THX JOJITOB B CJIEAYIOLIEH MOCIEI0BATENIbHOCTH:

1. Pacuer mnoTpeGHOCTH B KpemuTe M YHCTOTO JICHE)KHOTO T[OTOKA B YCIOBHSX CallbJAUPOBAHUS
MOTaCUTENbHBIX B3HOCOB 110 KpeanTaM. [1oTpeOHOCTh B KpeauTe M CXeMa ero IOralleHUs] OLCHUBAIOTCS B YCIIOBHSX
BHYTPEHHET0 (DMHAHCHPOBAHMS M B YCIIOBHAX TOJIBKO BHEITHETO (PMHAHCHPOBAHUS,

2. Onenka 3¢ exkTHBHOCTH COOCTBEHHOTO KalWTaja, 3a/eiiCTBOBAHHOTO B MOpT(derne MpoeKTOB B YCIOBHUIX
MePEKPECTHOTO (PUHAHCHPOBAHHMS 110 YHCTOMY JICHEHOMY IIOTOKY, CaJbJIUPOBAHHOMY Ha IIOT'aCHUTENbHBIC B3HOCHI MO
KpeIuTy,

3. Onenka 3QQeKTUBHOCTH COOCTBEHHOI'O KallMTalla B YCIOBHSX TOJBKO BHEIIHEro (PMHAHCHPOBAHUS MO
YHUCTOMY JICHE)KHOMY NOTOKY, CajlbJUPOBAHHOMY Ha IOTACHTENIbHbIE B3HOCHI M0 KPEIUTY, KOTOPBIH OIlEeHEeH 0e3 yueTa
CPE/CTB BHYTPEHHEro (pUHAHCUPOBAHHUS,

4. Bospacranue 3G (GeKTHBHOCTH COOCTBEHHOIO KanuTasa 3a cyer adekra nepekpecTHoro prHaHCUPOBaHHS
OIIEHUBAETCA KaK Pa3HOCTb MEXIy IIyHKTaMH 2 U 3.

OCO0OEHHOCTh TUIAHMPOBAHUSI YHCTOTO JIEHEKHOTO IOTOKA, YMEHBUIEHHOI'O Ha IOTacHUTeNbHbIE B3HOCHI 110
KPEIUTY COCTOMT B TOM, YTO IIOTAIllEHHE KPEJAUTOB CIEAYyeT 3alUlaHMpOBaTh I10CJIE MOMEHTA BOBJICUEHHS CBOOOHBIX
JICHE)KHBIX CPE/ICTB IPOEKTOB-ZIOHOPOB B MPOEKTHI-PEIIUITHEHTHI: 10 poekTaM | u 4, HaunHas ¢ 3 Toza, a 10 MPOEKTy 3
— Ha4nHas co 2 roja.

OOmas TEexXHOJNOTHS OpraHu3aluM (UHAHCHPOBAHMSA C OOOCHOBaHMEM OOBEMOB CpPEACTB, KaK Ha
WHBECTHLMOHHOM, TaK W OSKCIUTyaTAllMOHHON CTaaMsAX peaqu3anyy HOpTQEns NPOEKTOB M C YYETOM IPOLECCOB
MEPEKPECTHOTO (PHHAHCHPOBAHUS MOXKET OBITh NPE/ICTABIIECHA CIIEAYIOIUMH STallaMH.

1. ®opmupoBaHue TOpPTQENs] MHBECTHIMOHHBIX MPOEKTOB MO MapaMeTpaM IPOEKTOB, HE YUYUTHIBAIOIINX
pacxoipl, CBs3aHHbIE ¢ MX (PUHAHCHPOBAHHMEM, TOJBKO IO JICHEXKHBIM IIOTOKaM OT TEeKYIIeil M HHBECTHUIMOHHOW
JIeSITEIIbHOCTH.

2. Pa3paboTka raHa Je3uHBECTHIUH.

3. OreHka 00beMOB BHYTPEHHETO M BHEIIHETr0 (\MHAHCHPOBAHMS HA MHBECTUIIMOHHOM cTauu (Tabiuua 2).

4. Pacuet croumMocTd GUHAHCUPOBAHUS — TabauIa 3.

5. Pacuer KOHEYHOI CTOMMOCTH TOPTQENst B yCIOBHIX TOJBKO BHEUIHEr0 (hMHAHCHPOBAHUS U B YCIOBHUSIX
MIEPEeKPECTHOTO M BHEUIHET0 (PMHAHCHPOBaHMA C BhIsABIEHHEM 3(d¢dexTa nepekpectHoro (uuancupoBanus. Ha stom
JTane BO3MOKHBI KOPPEKTHPYIOIINE AEHCTBUS C LEJIBIO YIydmeHus 3Toro sddekra (0Tcpouka MpoekTa, paccpouka
WHBECTHLMOHHBIX 3aTpPaT).

6. INocTpoeHne MHBECTHIIMOHHOTO OanaHca (PMHAHCHMPOBAHMS HAa PacYETHOM IIEPHOJIE peaTn3aliy nopTes,
BKJIIOYast SKCIUTyaTallMOHHYIO CTaJMIO C BBISBICHHEM PECYPCOB, BEICBOOOXKIAEMBIX B pPe3yJIbTaTe JE3MHBECTUIIMOHHBIX
onepauui.
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7. Ha ocHOBe BBISBJICHHBIX OINIIMOHHBIX BO3MOXHOCTEH PEaJM3yeMbIX MPOEKTOB U MPEIOIaracMoro BBoJa
HOBBIX MPOEKTOB pa3padaThIBAaeTCsl €XKEroJHbI OallaHC BHYTPEHHEro (UHAHCHPOBaHWS U IEPECMATPUBAETCS
WHBECTHLMOHHBIN OanaHc (PMHAHCHPOBAHUS HHBECTHUIIMOHHOTO MOPTheEs.

8. Ha ocHoBe miaHa Je3MHBECTHUIMH, MPUHATHIX ONIMOHOB Pa3BUTHS M €KETOJHBIX IJIAHOB MHBECTUIMH 110
OOHOBIICHHIO JICHCTBYIOIIEH NPOrpaMMBI COCTaBIITIOTCS CKOJIB3SIIUE pacyeThl KOHEYHOH CTOMMOCTH ITOPTQEIs
WHBECTHLIMHA Ha pacyeTHOM IEepHO/Ie, YBEINYEHHOM Ha | TOJ ¢ LeNblo BhISIBICHUS 3P (EKTOB NMPUHUMAEMBIX PEIICHUN
110 OOHOBJICHUIO U JIG3NHBECTULINSM.

9. Ilpu meduimre BHEHIHEro (UHAHCHPOBAHMS BO3MOXKHO IEpPEIUIAaHWPOBAHHME BapUaHTa JE3MHBECTHLIMH
(3Tanm 2) c yd4eToM BO3MOXHOCTEHl BBICBOOOXKACHHS PECYPCOB M3 IPOCKTOB, HMCIOLIMX ITOTCHIHAI DPa3BUTHUS C
BKJIIOYCHHEM B pacdeThl 000OCHOBaHMI Ha 3Tanax 6-8 MOTEepSHHOIO JOXO0/a OT COKPAILECHHUS JaHHBIX IPOCKTOB.

10. Ecmn addexT, momydeHHbIi Ha Tane 10 momoxuTeneH M OH BhIme 3QQeKra MmorydeHHOTo Ha dTare 5,
TOTJa YTBEP)KAACTCS IUIAaH AC3UHBECTHLUH C YYETOM BBICBOOOXKACHHS PECYpCOB U3 NMPOCKTOB, HMEIOIIUX ITOTCHIHAI
pa3Butus (3tan 10).

Pemenne 3amaun panuoHanbHOrO (UHAHCHPOBAHUS B YCIOBHAX pealM3alliil MHBECTHUIIMOHHOTO MOPTQEs
JIOJDKHO ~ OCYIIECTBJISITRCSL B TECHOW YBS3KE CO BCEMH OlO/DKETaMH, B KOTOPBIX OTPa)KaroTCSl IPOILECCHI
PEMHBECTUPOBAaHMS W Pa3BUTHUs JCHCTBYIOIIMX HMHBECTUIMOHHBIX MHPOEKTOB, JE3WHBECTHPOBAHMS C BBISIBICHUEM
CBOOOIHBIX PECYPCOB peaM3yeMbIX IPOEKTOB U PECypCcOB, BBICBOOOXKAAIOMIMXCS W3 TPOEKTOB B  XOJE
PECTPYKTypHU3aIk aKTHBOB TopTdens. [lmaHoBbIe perieHUs OOOCHOBBIBAIOTCS HA HMHBECTHIMOHHOW CTagud U
€XEeroJHO MEepPecMaTPUBAIOTCS HA OCHOBE PAcyeTOB KOMIUICKCHOH 3(QQeKTHBHOCTH Bcero mopTdens HpOeKTOB,
YUYHUTHIBAOIICH BHEIIHee pUHAHCHPOBAaHKE U (PUHAHCUPOBAHUE 32 CUET BHYTPEHHUX HCTOYHHUKOB MTOPT(ENs MPOSKTOB B
pesynbTaTe IepeKpecTHOro (MHaHCHpOBaHHA (Kpocc-(GpuHaHcHpoBaHMs). Hambomee mpueMieMbIM METOJOM OLCHKH
KOMIUIEKCHO 3 dekTHBHOCTH MOpTdeis npoekTos (Gpopmynsl 1 u 2) B JaHHOM Cllydae SBISCTCS KOHEYHAs CTOUMOCTh
MUMYIIECTBA, B KOTOPOH B MOJIHOM Mepe OTpaXkatoTcsl Pa3IniHbIe CTOMMOCTHBIC OLICHKH: CTOMMOCTH (DpHMHAHCHPOBAHHS,
YPOBHA PEUHBECTHPOBAHUA B (bI/IHaHCOBLIe AKTUBBI U aKTHBBI HOqu)eJ'I)I IMPOCKTOB, YPOBCHb MOTCPAHHBIX I0XO0OOB,
M3BJICKACMbIX U3 NPOCKTOB C LEJIBIO pasMCUICHUA UX B ITPOCKTAX-TO0OHOPAX MHBECTUIITUOHHOTO HOpT(bCJ'IH.
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IDENTIFYING THE EFFECTS OF ALTERNATIVE FINANCING IN PORTFOLIO INVESTING

I.1. Kikot’, Ph.D. (Economics), Associate Professor
(Gomel), Belarus

Abstract. The article proposes a technology for assessing the volume of portfolio financing of real investment
projects in the presence of alternatives to the use of cross-financing from the internal resources of portfolio projects
and external funds or only from external funds. It is proposed to evaluate the effects on the basis of the final value of the
property, when using cross-financing, the income of donor projects financing recipient projects is reinvested at the
rates of return of these recipient projects, and the income placed outside the portfolio at investment rates in the
financial market. The article illustrates the procedure for evaluating each alternative, and also proposes a step-by-step
organization of work on the preparation of planned financial calculations and step-by-step balances for financing a
portfolio of investment projects, including in conditions of disinvestment.

Keywords: financing, cross-financing, final cost of property, weighted average cost of capital, rate of return,
portfolio of projects. Funding budget.
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IMPROVING ACCOUNTING SERVICES FOR SMALL BUSINESSES AND PRIVATE
ENTREPRENEURSHIP IN THE REPUBLIC OF UZBEKISTAN

R.O. Kholbekov, Doctor of Economics, Professor, Department of Accounting
Tashkent State University of Economics Republic of Uzbekistan (Tashkent), Uzbekistan

Abstract. This article examines the accounting reform in the Republic of Uzbekistan as a factor influencing the
formation and growth of demand for accounting services among small businesses. Definitions of accounting services
and costs are provided, and a recommended cost grouping for accounting services is presented. The composition of
working accounts when using cost accounting for accounting services is also recommended. Algorithms for correlating
recommended working accounts for accounting services are developed. Recommended types of accounting services for
small businesses and private entrepreneurship are presented.

Keywords: accounting services, cost accounting, regulatory documents, account correspondence algorithms,
cost grouping, determining the cost of services, centralized accounting services.

Modern economic development and rapid technological innovation are significantly transforming accounting,
transforming it from a traditional function into a dynamic and strategic component of the management activities of
business entities.

Accounting development trends reflect not only changes in the regulatory framework and reporting standards,
but also the introduction of new information technologies, process automation, enhanced analytical capabilities, and
integration with enterprise management systems. In the context of globalization and digitalization of the economy,
accounting is becoming more transparent, efficient, and focused on providing timely and high-quality information for
management decision-making. Current trends suggest a transition to digital platforms, the development of automated
accounting systems, the implementation of artificial intelligence and machine learning, and the strengthening of the role
of international standards and requirements for transparency and reporting.

The emergence of civilized market relations in the modern Republic of Uzbekistan is defining new directions
for changes in the economic mechanism. These changes are accompanied by the development of the accounting system
as an element of market infrastructure. Currently, accounting is experiencing one of the most difficult periods in its
history. Significant changes are occurring in accounting theory and practice in a short period of time. Accounting
methodology is also undergoing changes as regulatory frameworks for the accounting process adapt and improve to the
current level of market development in the Republic of Uzbekistan.

Accounting is often called the "alphabet and language" business. Businesses widely use financial reporting
data, including the balance sheet, income statement and its uses, and explanatory notes to the annual report [5].

Accounting for business entities is not part of the administrative management system, and, as stated in Article
7 of the Law "On Accounting" of the Republic of Uzbekistan, is a type of service. It provides the information base for
making effective management decisions regarding business processes, the movement of equity capital, and their sources
in business entities. Therefore, accounting should be recognized as the provision of services, and not as part of
administrative management.

Currently, in the Republic of Uzbekistan, accounting for accounting service costs is not separately recorded,
and there is no account designated for accounting service costs within the chart of accounts. Furthermore, there were no
separate methods and methodology for calculating the cost of accounting services. These expenses are considered
administrative and were included in the cost of manufactured goods (works, services).

Following the introduction of the Regulation "On the Composition of Costs of Production and Sale of Goods
(Works, Services) and the Procedure for Formulating Financial Results," approved by Resolution No 54 of the Cabinet of
Ministers of the Republic of Uzbekistan dated February 5, 1999, cost calculation methods and methodologies changed.
According to the Regulation, expenses are divided into costs included in the production cost of goods (work, services) and
period expenses not included in the cost of goods (work, services) and covered by the business entity's profit (loss).

The first group includes expenses directly related to the production of goods (work, services) and determined
by the technology and organization of production. These include: direct and indirect material costs, direct and indirect
labor costs, and other direct and indirect costs, including production overhead costs [4].

Period expenses include costs that are not directly involved in the production process but affect the financial
and economic activities of the business entity. They also include: direct and indirect material costs, direct and indirect
labor costs, and other direct and indirect costs, including non-production overhead costs.

When determining the cost of accounting services, it is recommended to follow the above-mentioned principle.
The cost of accounting services should include the following costs: salaries of accounting staff involved in production
accounting and social security contributions, costs related to organizing production accounting (costs of maintaining
buildings and structures, heating and lighting, depreciation of computing equipment, the cost of paper and other office
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supplies, the cost of primary accounting and financial reporting forms, costs of professional development for accounting
staff, travel expenses, and other expenses). These costs may be general in nature and type. Therefore, such costs should
be distributed proportionally between the types of accounting services.

Russian scientist N.A. Breslavtseva points out in her scientific work, that "The director of the organization is
responsible for organizing accounting and ensuring compliance with the law when conducting business transactions.

He or she may:

establish an accounting department as a structural unit headed by a chief accountant;

employ an accountant;

contract accounting to a centralized accounting department, a specialized organization, or a specialist
accountant;

maintain accounting personally" [6].

In industries producing a wide range of products, accounting department staff maintain separate records for
each type of product or production process. Separate records for each production process are maintained using different
primary documents, as well as different reporting forms and types. Consequently, the cost of accounting services may
vary across industries depending on the type of product.

When determining the cost of accounting services for each type of product, we recommend using additional
accounting accounts in accordance with National Accounting Standard of the Republic of Uzbekistan Ne 21 "Chart of
Accounts for Financial and Economic Activities of Business Entities and Instructions for its Application," account 2210
— "Costs of General Production Accounting Services™ [2].

The costs of accounting services related to the production of products (works, services) and included in the
production cost of products (works, services) for this account are reflected as follows.

1. When spending the costs of providing accounting services for each type of product (work, service):

Debit account 2210 — "Overall Production Accounting Costs"

Credit account 0200 — "Fixed Asset Depreciation Accounts"

Credit account 0500 — "Intangible Asset Depreciation Accounts"

Credit account 1000 — "Materials Accounts"

Credit account 6710 — "Payroll Accounts"

Credit account 6500 — "Insurance and Payments to Targeted State Funds," etc.

2. When including the costs of accounting services for each type of product or service in overhead production
expenses:

Debit account 2510 — "Overall Production Costs" or account 2010 "Primary Production”

Credit account 2210 — "Overall Production Accounting Costs™.

Accounting services provided by business entities are not limited to a single type of production; they can also
be of general significance, unrelated to the production of goods (works, services). We recommend accounting for such
costs in account 2220, "Accounting Service Costs of General Significance.” These costs are not included in the cost of
production. Accounting entries for this account are made as follows.

1. When spending the costs of providing accounting services of general significance:

Debit account 2220 — "Accounting Services Expenses of General Significance"

Credit account 0200 — "Fixed Asset Depreciation Accounts"

Credit account 0500 — "Intangible Asset Depreciation Accounts"

Credit account 1000 — "Materials Accounts"

Credit account 6710 — "Payments to Employees”

Credit account 6500 — "Insurance and Payments to Targeted State Funds," etc.

2. When writing off the costs of accounting services of general significance to period expenses:

Debit account 9400 — "Period Expense Accounts”

Credit account 2220 — "Accounting Service Expenses of General Significance."

Currently, as in other countries, the Republic of Uzbekistan places great emphasis on the development of small
businesses and private entrepreneurship, offering significant opportunities for their creation and development.
Currently, the total number of small businesses and private entrepreneurship entities has reached approximately 400000.
They account for approximately 45 percent of the gross domestic product.

In recent years, the Republic of Uzbekistan has created conditions for the development of small businesses and
private entrepreneurship, and legislation has been enacted to attract foreign investment.

Accounting data is the primary source of information in managing small

businesses and private entrepreneurship. To improve the accounting system in small businesses and private
entrepreneurship entities, in accordance with Article 5 of the Law of the Republic of Uzbekistan "On Accounting,"
National Accounting Standard Ne 20 "On the Procedure for Maintaining Simplified Accounting and Reporting by Small
Businesses and Private Entrepreneurs™ has been developed.

According to this standard:

the right to choose a simplified accounting procedure is granted to small businesses on a voluntary basis;

responsibility for organizing accounting rests with the head of the business entity.

The head of the business entity has the right to:
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create an accounting department under the supervision of a chief accountant or use the services of an
accountant hired on a contractual basis;

independently maintain accounting records;

accounting for individual accounting items (fixed assets, intangible assets, financial investments, etc.) is
maintained in accordance with the established requirements of other national accounting standards [3].

Consequently, as can be seen from the above, regardless of ownership, type of activity, scope of work, and
structural systems, each small business and private enterprise, at the discretion of its manager, maintains some form of
accounting.

Currently, there are problems in organizing accounting services for small businesses and private enterprises, in
particular:

due to the fact that some small businesses and private enterprises lack the capacity to maintain separate
accounting departments, they are forced to illegally employ unqualified specialists;

illegal employment of outside specialists leads to the concealment of income by these individuals;

based on the above statistics, organizing accounting in each small business and private enterprise would
require 400000 employees. This, in turn, creates a need

for qualified accountants.

Furthermore, the need to specifically define the responsibilities and obligations of those maintaining
accounting records in small businesses and private enterprises creates difficulties in maintaining and preparing
accounting records and reporting. Furthermore, the illegal use of unqualified specialists in the accounting system of
small businesses and private entrepreneurs leads to violations of accounting principles, the Law "On Accounting,” and
the Tax Code of the Republic of Uzbekistan.

To address the above problems and study international practices, it is proposed to establish a centralized
accounting service for small businesses and private entrepreneurs.

Therefore, the establishment of a centralized accounting service is supported by the Law of the Republic of
Uzbekistan "On Accounting."

Small businesses and private entrepreneurs, including limited liability companies, private enterprises, firms,
farms, and others, are subjects of centralized accounting.

The object of centralized accounting is the financial and economic activity, business assets, their sources, and
the financial results of small businesses and private entrepreneurs.

The subject of centralized accounting services is the study and control of economic activity, the movement of
assets and liabilities of small businesses and private entrepreneurs. The theoretical and regulatory framework for
organizing centralized accounting services is the Law of the Republic of Uzbekistan "On Accounting™ national
accounting standards, the Regulation "On the Composition of Costs for the Production and Sale of Products (Works and
Services) and the Procedure for Forming Financial Results" as well as government decrees and resolutions on the
organization and development of small businesses and private entrepreneurship.

The funding source for centralized accounting services is entrance fees and deductions for the use of services
rendered. Users of the centralized accounting service initially pay entrance fees in the established amount, and
subsequently deductions are made based on turnover or the volume of work, as agreed upon by the parties.

When determining the cost and accounting for centralized accounting services, we have recommended the
procedures, methods, and methodologies above.

In conclusion, it should be noted that the organization of accounting in business entities should be recognized
as a type of service, not as part of administrative management. Costs and the determination of the cost of accounting
services should be distributed proportionally between types of products (services, work) in accordance with the above
recommendation. This makes it possible to accurately determine the source of costs for the purpose of allocating each
amount across business entities and leads to an improvement in the cost accounting method.

The organization of centralized accounting services allows us to elevate a simplified accounting and reporting
system to a new level. It also reduces the costs of accounting services, increases the accountability of accountants, and
improves accounting policies in small businesses and private enterprises.
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COBEPHIEHCTBOBAHME BYXTAJITEPCKHUX YCJIYI'U JJISI MAJIOT'O BU3HECA
N YACTHOI'O IIPEAITPUHUMATEJIBCTBA B PECIIYBJIMKHU Y3BEKUCTAH

P.O. Xo0106eKx0B, TOKTOp 5KOHOMHYIECKHUX HaYK, podeccop kadpeaps! «byxrantepckuii yaer»
TamkeHTCKHA rocy1apCTBEHHBIH IKOHOMHUYECKHH yHUBepcuTeT (T. TamkeHT), Y30ekucran

Annomayus. B Odannoii cmamve paccmampusaemcsa yuémmuas pegopma Pecnybnuxu Ysbexucman kax
Gaxmop, oxasvigalowull uUAHUE HA POPMUPOSAHUE U POCHL CRPOca HA YCayeu OyXeanmepcKozo yuéma cpeou
cybvexmos manozo obusheca. [anvl onpedenenus OyXeanmepckux yciye u 3ampam HA ux oKa3anue, peKoMeHOo8aHa
2pynnupoeka 3ampam Ha okazauue Oyxeanmepckux yciye. Taxowce pexomenoosan cocmag padouux cyemos npu
UCNONB308AHUY YUéma 3ampam Ha oOKd3anue Oyxearmepckux ycaye. Paspabomamvl ancopummul KoppecnoHOeHyuu
PEKOMEHO0BAHHBIX pAOOYUX CYemOo8 OKa3anusa Oyxeaimepckux yciye. Pexomen0osansl 6udvl Oyxeanmepckux yciye 0
Manoeo busHeca u YacmHoO20 NPeOnPUHUMAMETbCMEA.

Kntouesvie cnosa: Oyxeanmepckue ycuyeu, yuém 3ampam, HOPMAMUGHO-NPABOGbIe OOKYMEHMbL, AN20PUMMbL
KOpPeCnoHOeHyuu Cyémos, epyRRUposKa 3ampam, onpedeienue cebecmoumMocmu yciye, YeHmpanu308antvle YCayeu
byxeanmepckoeo yuema.
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