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AHHOTaLUA

[Tpu pa3melljeHUM pajapHbIX M JPYTMX OCHOBAaHHBIX HAa U3MEPEeHHMH CKOPOCTH II0TOKa
rpubOpPOB B OPOCHUTE/IBHBIX KaHajdaX C OETOHHOM OOJIMI[OBKOM BBIOOP CTBOpa C TH/IPaBIAUECKU
MOJIHOCThIO C()OPMUPOBABILIMMCSI TOTOKOM OKa3bIBaeT HENOCPeJCTBEHHOEe BJ/MSIHME Ha TOYHOCTb
v3MepeHUil. B JaHHOM Hcce0BaHUM JJIMHA y4yacTKa IMOJHOro ¢)OpMUPOBaHUs MOTOKA B KaHase
IOM-2 [)KM3aKCKOM CHCTeMBbl MaIllMHHBIX KaHa/loB Obl/la OIleHeHa Ha OCHOBE TPEXMEpPHOro
YMC/IEHHOTO MojleiMpoBaHus. B mporpammHoM Komriuiekce COMSOL  Multiphysics  6bi1a
pa3paboTaHa Mogesb TparelieranbHOro KaHana aauHod 1000 M Ha ocHoBe ypaBHeHM RANS u
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cranpaptHoi k—e Mmogenmu TypOyneHTHOCTH. ['TyOviHa BoAbl M3MeHsiiach B Avara3one 0,30-2,90 M, a
unrcno PeiiHonbaca — ot 2,82-10° go 6,51-10°. TIpodumu CKOPOCTH Ha LieHTPalbHON BePTHKA/H,
Mo/IyyeHHble yepe3 KaXKAble 5 M MO JJiMHe KaHaja, CPaBHMBAIMCh C 3TAJIOHHBIM TpoduieM Mo
kpureputo NRMS, mpu stom ycinoBue NRMS < 1 % Obuto MpPUHSATO B KauecTBe KpPUTEPHs
crabwmsauuu noroka. Ilo pesynbrataM pacyéToB YCTaHOB/IEHO, UYTO [/IMHA Y4YacTKa TOHOTO
dhopmrpoBaHus moToka cocTasnsieT 50 — 270 M, a oTHoieHue L/H usmensieTcst B ripefienax 84,1 —
166,7. Mexany ortHomienneM L/H u HopManM30BaHHBIM 4MCJIOM PelHombJca mMomy4yeHa
norapudmMuueckass 3aBUCUMOCTb C Ko3dduiieHToM AetepmuHaiiu R? = 0,9102. IMosmyueHHbIe
pe3ynbTaThl TO3BOJISIIOT TIPEAJIOKUTh TPAKTUYECKHWN KPUTEepUid AJisi BbIOOpA TH/PABIMYECKH
000CHOBAaHHOTO PacCTOSTHUS TIPH OTIpeZie/IeHHH CTBOPA YCTAaHOBKM PaZlapHBIX CHUCTEM H3MepeHust
pacxoza BOJBbI.

Abstract

When installing radar-based and other velocity-based measurement devices in concrete-lined
irrigation canals, selecting a cross-section where the flow is hydraulically fully developed has a
direct influence on measurement accuracy. In this study, the fully developed flow length in the
DM-2 canal of the Jizzakh pumping canal system was evaluated using three-dimensional numerical
modelling. A 1000 m long trapezoidal canal model was developed in COMSOL Multiphysics based
on the Reynolds-averaged Navier—Stokes (RANS) equations and the standard k—e turbulence
model. Water depth was varied from 0.30 to 2.90 m, while the Reynolds number ranged from 2.82 x
10° to 6.51 x 10°. Central vertical velocity profiles extracted at 5 m intervals along the canal were
compared with a reference profile using the normalized root mean square (NRMS) criterion, and
NRMS < 1 % was adopted as the flow stabilization criterion. The results showed that the fully
developed flow length ranged from 50 to 270 m, while the corresponding L/H ratio varied between
84.1 and 166.7. A logarithmic relationship was obtained between L/H and the normalized Reynolds
number, with a coefficient of determination of R? = 0.9102. These findings provide a practical
criterion for selecting a hydraulically justified installation cross-section for radar-based water
discharge measurement systems.

KiroueBble c/10Ba: KaHa/m ¢ OeTOHHOW OOMIIOBKOM, TIOTHOCTBHIO Pa3BUTHIM IMOTOK, JJTHHA
dopmupoBanus notoka, COMSOL Multiphysics, RANS, k—e mozaens, NRMS, uncio Pelinonbzca,
pajilapHbie U3MepeHUs.

Keywords: concrete-lined canal, fully developed flow, flow development length, COMSOL
Multiphysics, RANS, k—e model, NRMS, Reynolds number, radar measurement.

BBegenue

HazéxHoe orpesiesieHre pacxofja BOJbl B OTKDBITHIX KaHa/ax SIB/SeTCS Ba)KHBIM yC/IOBUEM
3¢ peKTUBHOTO ympaBieHUs BOOHBIMH pecypcaMu U (PYHKIIMOHUPOBAHHWSI aBTOMAaTHM3MPOBAHHBIX
cucteM BofoyuéTa. TOUHOCTb U3MepeHUH 3aBUCHT He TOBKO OT XapaKTepUCTHUK 000pyoBaHUs, HO
Y OT TH/PaBIAYeCKOTO COCTOSIHUS TTIOTOKA B CTBOpe HabsmogeHuit. [Tocsie BXOAHOTO yuacTKa KaHama,
HAaCOCHOM CTaHL[UM, BOA03a00PHOTO COOpY’KeHHsl, U3MeHeHUsI TIOTIepPeuHOro CeueHus WK APYrux
JIOKa7bHbIX ~ BO3MYIIEHHH CTPyKTypa TIOTOKa CTaOWIKM3MpyeTcs TIOCTereHHo. Pa3BuTue
MOrPaHUYHBIX CJIOEB, BUsIHUE [HA, OOKOBBIX CTEHOK, CBOOOJHOIN TOBEPXHOCTH M BTOPHUYHBIX
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TeUeHUd BbI3bIBAIOT TPOCTPAHCTBEHHYIO TMepecTpoiiKy 1ossi ckopocteid [9, 12]. Ilostomy
Vi3MepeHUs], BbITIOJIHEHHbIE 10 JOCTUKEeHUS] YCTOMYMBOIO COCTOSIHUS MOTOKA, MOT'YT HEe0CTaTOYHO
TOYHO OTpa)kaTb CpeJHHEe IapaMeTpbl [I0NIePeYyHOro CeUeHusl.

Wccnenosanus Nezu 1 Nakagawa [9], Tominaga et al. [12], a Takke Kirkgoz u Ardigoglu [1]
chopMHUpPOBaIM OCHOBHBIE TIPeZCTaB/lIeHUs O TypOy/JIeHTHOW CTPYKType W DPa3BUTHU Tpodueit
CKOPOCTH B OTKPBITBIX KaHasmaXx. OfHako OOMBIIMHCTBO paHHUX paboT  BBIMOJHSIOCH
B 1a00paTOpHBIX KaHajdax C OTHOCHUTENILHO TIPOCTOM TeoMeTpuel, uTO OrpaHu4YhBaeT
HeIoCpe/CTBeHHOe NIPUMeHeHe MOTyYeHHbIX 3aBUCMMOCTel K KPYITHBIM OPOCHUTe/IbHBIM KaHaslaM.

CoBpeMeHHbIe UCC/Ie[JOBaHUsI YTOUHMU/IA 3aKOHOMEePHOCTH (POPMHUPOBAHUSI OTKPBITOTO MOTOKaA.
Das et al. [5] uccriefoBanu ycioBusi OCTHKeHUS TIOTHOCTBIO Pa3BUTOrO COCTosiHUS, Mahananda et
al. [8] BbIsIBUIM pa3nuuusi TypOyJeHTHBIX XapaKTePUCTUK Pa3BUBAIOLIErOCS W TIOHOCTBIO
Pa3BUTOTO TOTOKOB, a Zampiron et al. [14] moka3amu, uTo cTabunm3anys CpegHeil CKOPOCTH
Y TIapaMeTpoB TypOy/IeHTHOCTH MOXKET MPOMCXOAWUTH Ha PA3/IUUHBIX TMPOJOIbHBIX PACCTOSHUSX.
Yuc/eHHbIe  WCCEOBAaHUS TakKKe TIOATBEPXKJAIOT  3HAuUTe/bHOE BMsSHUE CBOOOJHOM
TOBEDXHOCTH, TeOMETPUH KaHajla W CTPYKTYpbl TypOy/neHTHOCTH Ha (OPMUPOBAaHHE TIOJIS
ckopocrteii [2, 4, 13, 15]. CrenoBaresibHO, UCMO/Ib30BaHNUE eUHOTO0 (DMKCHPOBAHHOTO PACCTOSHUS
[UIs1 pa3MelleHrs] U3MepUTeTbHOTO CTBOPA He BCer/a sSIB/IsIeTCs THpaBIndecKd 000CHOBaHHBIM.

Jlnsi HaTypHBIX OETOHHBIX OPOCHTENbHBIX KaHA/OB 3ajilaua YCJIOXKHSIeTCS TparielieniambHON
¢dopmoii ceueHusi, OONBIIMMU pa3MepaMy, BBICOKMMH UHMCIaMU PelHOMbACA U W3MEeHSIOLLecs
ryOouHOM Bozbl. IIpoBefieHHE TIOTHOMACINTAOHBIX SKCIIEPUMEHTOB TIPU Pa3/MYHBIX PEXKUMaX
TpeOyeT 3HAUMTENbHBIX PECYPCOB, TIO3TOMY TEPCIIeKTUBHBIM SIB/ISETCS TPUMeHeHHe YHCIeHHOTO
Mo/le/TMpOBaHUs Ha ocHOBe ypaBHeHu?i RANS. Mogenu cemeiictBa k—¢ IIMPOKO MCHOb3YIOTCS
npyu  pacuéte TypOy/leHTHBIX TIOTOKOB Osarofiapsi WX  BBIYMCIUTENBHOM — YCTOMUMBOCTH
Y CII0COOHOCTH BOCTIPOM3BOJUTH OCHOBHBIE XapaKTePUCTHKH OTKPHITOTO TeueHus [3, 6, 10].

HecMOTpsi Ha IOCTUTHYThIE pe3y/bTaThl, [JJIMHA TIOJHOTO (DOPMHPOBAHHS TIOTOKA B KPYITHBIX
OETOHHBIX ~ TparerenAaabHbIX OPOCHTeNbHBIX KaHajaX TMPUMEHHTENbHO K  pa3MeleHHI0
OeCKOHTAKTHBIX pa/lapHBIX CHCTEM M3MepeHHs PacXofia OCTaéTCsl HeJO0CTaTOUuHO W3yUeHHOM.
TpebyeTcsi KOMMYeCTBEHHBI KPUTEPUH, TIO3BOJISIFOILMI OTPeeUTh TIONI0)KeHHe CTBOpa, HauWHast
C KOTOPOTO M3MeHeHHs1 IPO(U/Isi CKOPOCTH CTAaHOBSITCS HECY11|e CTBEHHBIMU.

Llesibl0 HaCTOSIILIErO MCC/IeI0OBaHUs SIB/ISIETCS OTpejieieHue JIMHbI M0JTHOTO (hOpPMHUPOBAHKUS
MOTOKa TP pa3MYHBIX IIyOMHAaX BoAbl B OeTOHHOM TparerenanbHOM KaHame [IM-2
C UCII0/Th30BaHHEM TpExMepHOTro MojenupoBanus B COMSOL Multiphysics, oljeHKa cTabumu3aimm
npodunst ckopoctu 1o Kputepuro NRMS 1 pa3paboTKa MpakTHUeCKOro Kputepusi BIOOpa CTBOpa
yCTaHOBKH OeCKOHTAKTHOM paJlapHOI CUCTeMbl U3MEPEHUsI PacXofia BOABI.

Marepuasibl 1 MeTOABI

I'mapaBiuueckas XapaKTepUCTHKAa WMCC/IeJyeMoro ydacTka. B kadectBe 00BekTa
rcciefioBaHus 6611 BbIOpaH KaHan [IM-2, Bxofsaiuid B cuctemMy [I>KU3aKCKUX MallIMHHBIX KaHAJIOB.
[aHHas cucTeMa IpejHa3HaueHa /i MoAbEMa BOAbl M3 peKu ChIpAapbs C IOMOLBI0 HACOCHBIX
CcTaHUWN Ha Oosilee BBICOKHME OTMeTKM W €€ TOC/eAyolleld Tojaud Ha OpollaeMble 3eMJd
>Xr3akckoro oasuca.
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OO0111as IPOTSHKEHHOCTH KaHana JJM-2 cocTapsnsieT 68,5 KM, a MJIOIIA/[b OPOIIaeMbIX 3eMejlb,
B BoZioo0ecrieueHUH KOTOPBIX OH yYacCTBYeT, OCTUraeT Npuom3uTenbHo 53,1 ThiC. ra. ITI0CKOMBKY
9KCIUTyaTallMOHHBIN PEeXUM KaHasla OrpejesisieTcsi paboToli HACOCHBIX arperaTroB, BOZ03abOpHBIX
COOpY)KeHUH U WU3MeHeHHeM TIOTPeOHOCTH B BOJie B TeUeHHe BereTal[MOHHOTO MepHoja, ryOouHa
BO/Ibl ¥ CKOPOCTHOM PE)KHUM TOTOKAa U3MEHSIFOTCS B J0OCTAaTOUHO IIIMPOKOM JIharia3oHe.
[TIK-50+20,
OeTOHHBIM TIOKPBITHEM pyCJia

Ins  TipoBefeHWsI  HATYPHBIX  HWCCeoBaHWKA  Ob1  BbIOpaH  CTBOP
XapaKTepU3YIOLMICS YCTOMUMBBIM HarlpaBJeHHeM II0TOKa,
U BO3MOXXHOCTBIO OIHOBDEMEHHOTO TIPUMEHEHHs] HEeCKOJIbKUX W3MepHUTe/lbHBIX MPHUOOpOB.

PacnonoxkeHue HcciaeayeMoro ydyaCTka I1oKa3aHO Ha pucC. 1.
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PucyHok 1. I'eoepagpuueckoe pacnonodxcenue kaHaaa /IM-2 u uccaedyemoz0 yuacmka

CrBOp MMeeT TpareLieyfia/ibHOe TonepeyHoe ceueHWe. OCHOBHbIE IPOEKTHbIE ITapamMeTpbl
npuBefieHbl B Tabimie 1. Yka3aHHble XapaKTePUCTHKHU ObLIM TIPUHSATHI B KauecCTBe HCXOJHBIX
JIJ@HHBIX IPY TOCTPOEHUU FeOMeTPUM YMCJIEHHOU MOZIe/IH.

Ta6bauya 1.
OcHoBHbIe NIPOEKTHBIE I'W/ipaB/IMUeCcKHe napaMeTpsl KaHasa JIM-2 B uccjielyeMoM CTBOpe
IIK-50+20
HaumeHnoBaHnue napamerpa O6o3HaueHue 3HayeHue Epunauna usme-
peHust
V3MepuTenbHbIA CTBOD K 50+20 —
PacuéTHbli1 pacxo[ BoAbI Q 36 Mm3/c
IMvpuHa KaHana 1o JHy b 5,0 M
KoaddurmenT 3am0xeHNst 0TKOCA m 2,0 —
['ny6uHa BozbI h 3,2
[ITupyHa BoAHON NTOBEPXHOCTH B 17,8
[lno1ak )KMBOTO CeYeHUst ® 36,48 M2
CMOueHHBIH repuMeTp X 19,31 M
I'uppaBnvyeckuil paguyc R 1,89 M
IIpoekTHas cpefHss CKOPOCTb MOTOKA U 0,985 Mm/c
Koaddurment mepoxoBaroct MaHHUHTa n 0,017 —
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HaumeHnoBanue napamerpa OGo3HaueHHe 3HayeHue Epunauna usme-
peHus

TTpojonbHBIN YKIOH HA KaHasla i 0,00012 —

TpéxmepHasi THApOJUHAMHYECKasi Mojeab. B KauecTBe paboueli cpeapl B MOAeIH
MpUHUMasach Boja. IIOTOK paccMaTpuBaiCsAd Kak HeCKUMaeMbld, TPEXMEPHBIM, TypOy/IeHTHBIN
Y YCTaHOBUBIIMWCS BO BpeMeHHU. [THO M OOKOBbIe CTEHKH KaHaja 3a/laBajiiCh KaK TBEP/bIe
HeflepopMUpyeMble TIOBEPXHOCTH, a BAWSHUE CWIbl TsH)KECTM Ha JABWKeHHe TI0TOKa
HeIMOCpPeACTBEHHO YYMTHIBAJIOCh B pacuétax. [IpuHsTbIe [OMYylleHWs T[103BOJU/IM UKCIE€HHO
BOCTIPOM3BECTH YCTAHOBUBIIUNCS PEKUM TeueHUsl, XapaKTepPHbIN /i1 OETOHHBIX OPOCHMTEIbHBIX
KaHaJ/IOB B HaTyPHBIX YC/IOBUSIX.

T'eomeTpust Mozies Oblla MOCTPOEHA Ha OCHOBE PeasibHOTrO Tpariel|el1aibHOTO TOMepeyHoro
ceueHHs KaHasa (puc. 2, a). Ha BxoiHO# rpaHMiie 3a/ilaBasiock ycaoBue Inlet, Ha BbixogHOM - Outlet;
JUIst THa ¥ OOKOBBIX CTEHOK MPUMeEHsIoch ycyioBue No-slip Wall, a BepxHsisi TpaHuMIia 3a/jaBajiach
Kak CBOOO/JHas IOBEPXHOCTh BOABI. [ITMHA pacuéTHOM obmactu coctapsiia 1000 m. Pacuéter ajist
Pa3/IMUYHbIX PEXXUMOB TJTYyOMHBI BBIMOJIHS/IUCh B CTAIJMOHAPHOW MOCTAaHOBKE C WCIIO/Ib30BaHUEM
Stationary Study.

a) 3D-zeomempusi; 0) cemKa KOHeuHbIX 3/1eMeHMOo8;

PucyHok 2. Dmanbl nocmpoeHus Yuc/eHHOL Modeau

PacuétHass o6macte Oblla /[AWCKpPeTH3WpPOBaHa C WCIOJb30BaHWEM TeTpajJpuyecKuX
y/1eMeHTOB. [[n1s1 Gosiee TOYHOTO OMUCAHUS 3HAUMTE/ILHBIX TPAZIMEHTOB CKOPOCTU BOMM3M [HA
1 OOKOBBIX CTEHOK TPUMEHSUTUCh TTPU3MaTHUecKre Cod. PacuéTHasi ceTKa Mojenu KaHama JJM-2
BK/IIOUasa B o01eit ciokHoctr 196 017 0OBEMHBIX 371eMEHTOB, U3 KOTOPBIX 134 326 sBASIHMCDH
TeTpasapuueckumu, 60 537 — mpusmatmyeckumud U 1 571 — nupamupganbHbiMU. Ha BHeLIHMX
MOBEpPXHOCTsAX Ob110 cchopmupoBaHo 20 512 TpeyronbHbIX 371eMeHTOB (puc. 2, 0).

Takast CTpPyKTypa pacuéTHOM CceTKHM obecrieunsia OMNTUMAaJbHOE COOTHOLIEHWE MeXIy
YCTOMYMBOCTBIO YMC/IEHHOTO pellleHHs] U BBIUMCIUTeTbHBIMU 3aTpaTaMHu.
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Kputepuii ompejeneHus /JIMHbI TOJMHOTO (opvupoBaHusi moroka. [locie BXoAHOTO
yuacTKa KaHajia TOJIIIMHA TIOTPAaHUYHOTO CJ10si, (DOPMUPYIOIIErocs y JHAa U OOKOBBIX CTEHOK,
MOCTeNeHHO YBeMUYMBAEeTCsl MO HarpaB/eHHI0 ToToKa (puc. 3, a). Korga morpaHWuHbIN C/I0M
OXBaThIBaeT BCIO WIyOWHY TOTOKa, (opMa Mpoduass CKOPOCTH IO I[eHTpPaJbHOW BepTHKaIU
MpaKTUYeCcKu cTabumsupyetcs. [lepBoe paccTosiHMe OT BX0/ja, HA KOTOPOM [OCTUTAETCs TakKoe
COCTOsIHWe, TPUHUMAJIOCh 3a [I/IMHY TojHOro (opmupoBaHus mnotoka L.B uucneHHoit mopenu
npouM CKOPOCTH MO IeHTpalbHOW BePTUKA/IW OIpefe/syIiCh B TIOMEPEeUHbIX CeueHUsiX,
PacIioNIoKeHHbIX Ha pacCcTossHusx x=5,10,15,...,1000x = 5, 10, 15, ...1000 m oT BX0za B paCyéTHYO
obnacTs (puc. 3, 6).

CBoGoHasi NOBEPXHOCTH BOJBI

Hanpasiienune o
TOTOKA -

/ Tommunaa
’ MOrPaHUYHOTO

TlorpaHUYHBIH // CcIost

croi v
-
-

JlHo xanana I
|

YyacTok pa3BMBaONIErocs NOTOKa Y4acTOK MONHOCTHIO

Pa3sBUTOro MOTOKa A

=

0) KOHMpo/IbHbIe 8epMUKA/IU 800/1b

a) cxema pazeumusi NOZPaHUYHO20 C/1051; . < »
) p P > pacuémnoti modeau oauHou 1000 m;

PucyHok 3. @opmupoeaHue NomMoKa u pacno/oxceHue KOHMpOo/AbHbIX @epmuKaeti

Ycnoue NRMS < 1 % Obl1o MPUHATO B KaueCTBe KPUTePUsl MpaKTUUeCKOW CTabunusaiuu
npoduiss CKOpoCcTH. 3a [JIMHY TogHOro ¢opMUpoBaHusi ToToka LI mpuHMManoch TmiepBoe
paccTosiHue OT BX0Ja, Ha KOTOPOM BBINOJMHUIOCH ycyioBue NRMS < 1 % U B MocCieayrommx
pacyéTHBIX ceyeHusix 3HaueHust NRMS Takxke coxpaHsiiichk Hike 1 %.

Pe3ynbTarhl 4 00CYy)K/jeHHEe

Cradwm3anusa npou/isi CKOPOCTH M0 J/IMHe KaHasa. UnceHHble pacyéThl TIOKa3asiu, YyTo
B CeYeHHsX, DPAaCMoJIOKeHHBIX BOMM3M BXOJHOTO yyacTKa, TNPO(UIb CKOPOCTH CyIeCTBEHHO
M3MeHsIeTCsl 110 HarpaB/eHWI0 IIO0TOKa, Torja Kak [0 Mepe TMPOJBM)KEHMs] BHH3 IO TeUYeHHIO
pasnnuus Mexy NpoQUIsiIMU MOCTeNIeHHO yYMeHblIatoTcs. Ha pucyHke 4 BUIHO, UTO LieHTpaJbHble
BepTHKa/bHble TMPO(PUIM CKOPOCTH, I[I0JlyueHHble B Pa3/WYHbIX KOHTPOJBbHBIX CEYeHUsIX,
10C/IeZIOBaTe/IbHO COMMKAIOTCS U TI0C/Ie OTpefie/IEHHOr0 PacCTOSTHUS TPAaKTUYeCKW COBIAJAroT.
aHHBIN TpoLjecc OOBSICHAETCS pa3sBUTHEM TOTPAaHUYHBIX CJI0OEB OT /JHA M OOKOBBIX CTEHOK U WX
TMOCTeIeHHBIM PaclpoCTpaHeHHeM Ha OCHOBHYIO 00/1aCTh TIOTOKa, B pe3y/ibTare 4ero opMUpyeTcst
yCTOWUMBBIN NPO(PUIL CKOPOCTH.
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[7] Geometry 1 p— @ Battery
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W Wall Resolution (spf) S X Piezoresistivity
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= Data 2
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xspacing: 1
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PucyHok 4. IIpoguau ckopocmu no 21y6uHe HA YyeHmMpa/abHOU eepmuKaau kaHaaa JIM-2 npu
PAa3IuUYHbIX pexcumax meveHusl, nosayyeHHole 8 COMSOL Multiphysics

Inst pexxuma ¢ riayouHoi Bogbl H = 1,20 M 3Hauerne NRMS mpu x = 5 M cocTaBisiio
11,231 % u 1o Mepe yBeJIMUeHHs] PACCTOSIHUA II0C/e/0BaTe/lbHO CHWKaaochb. [Ipu x = 145 m
3HaueHrne NRMS 6110 paBHO 1,127 %, TO eCTh PUHATBINA KPUTEPHH elljé He BBIMOMHSICS. [Ipu X =
150 m NRMS cHusunoce 10 0,949 % u Ha noc/ieyroluX pacyéTHBIX CeYeHUsIX COXPaHSAI0Ch HIKe
1 %. B cBsi3u € 3TUM [i/1s1 JaHHOTO peXKUMa [JTMHa TIOIHOTO (hOPMUPOBAHKS MTOTOKA OblIa MpUHSTA
paBHou L = 150 m, a oTHOCuTenbHas gavHa coctasuna L/H = 125.

Kak BHJHO U3 pUCyHKa 5, Ha y4yacTKe IOCJ/Ie JOCTV)KeHHsl YKa3aHHOIO MIOPOrOBOI0O 3HaYeHUs!
NRMS B nipegenax Bceid pacuéTHoi amuHbl 1000 M TIpeUMYIIIeCTBEHHO KoyieO/ieTcst B Auara3oHe
0,1-0,7 %, uTO TOATBEp)KJaeT COXpaHeHWe YCTOWYMBOrO, TIOJHOCTHIO C(HOPMHPOBABILIETOCS
COCTOSIHUS [10TOKa.

—— NRMS Bponb pacuérHoit monenu, %

IToporosoe 3xHauenue 1 %

T T T T T T T T

0 100 200 300 400 500 600 700 800 900 1000
JlnnHa kaHana, M

PucyHok 5. HameHeHue NRMS no 01uHe KaHaaa omHocume/ibHO 3ma/10HHO20 npogpu/isi npu
21youHe h = 1,20 m

12
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Xota Kirkgéz m Ardigoglu skcrieprMeHTanbHO MCCAe0Baau TPOLieCC pa3BUTHSI TOTOKA
B sabopaTopHOoM KaHasie [1], B HacTosIilleM WCCIeJOBAaHMU TOT >K€ TPOLeCC KOJINYeCTBEHHO
OLIeHUBAETCs [I/isl HaTYPHOM reoMeTpUM Tparelen1albHOr0 OeTOHHOTO OPOCUTE/TBHOTO KaHasa Mpy
BBICOKMX uucax PeliHonbaca ¢ wucrnosib3oBaHueMm TpéxmepHo RANS-mogenu. [lomyueHHbIe
pe3y/ibTaThl M0Ka3bIBalOT, UTO NMpHUMEeHeHHWe KOJMUeCTBEHHOTO KPUTepUsl CXOAWMOCTH Mpoduen
CKOpOCTH siB/isieTcsi O0siee CTPOTUM U BOCITPOM3BOAUMBIM TIOAXO0M 110 CPaBHEHUIO C BHU3yabHOU
OLIEHKOH MOTOKa KaK “‘CTaOM/TM3UPOBABILIETOCS”.

BnusiHue miyOuHBI BOABI M uMcaa PeliHonbAca Ha [yiMHY (OPMHUPOBaHHWSI TOTOKa. IIpm
yBesmueHuu TyouHbl Bozbl oT 0,30 o 2,90 M ayivHa moHoro (-opMHpPOBaHKS TTOTOKa BO3pacTasia
ot 50 0 270 m. OHaKO OTHOCUTE/IbHBIN TOKa3areab L/H u3MeHssics He MOHOTOHHO. [1pu MasbIix
ryOuHaxX Hab/FoaMMCh 3HaueHus nopsigka 150—167, Toraa Kak ¢ yBemuueHreM uKcia PeliHosbica
BesinuriHa L/H B 1je/10M CHM>Kanack v npy miyounHax 2,2—2,8 M cocrasrsiia npubmsurensHo 84—-88.
Bce pacuéTHble pexxuMbl 0000111eHbI B Tabnuile 2.

Tabnuya 2.
O0001éHHBIE pe3y/IbTaThl YHC/IEHHOT0 MOJAe/TMPOBaHus /s KaHasia [{IM-2
H,m R,m , M/C D,m Re/108% L,m L/H
0,3 0,26 0,27 0,27 0,282 50 166,7
0,4 0,34 0,31 0,35 0,431 60 150,0
0,6 0,48 0,40 0,50 0,769 100 166,7
0,8 0,62 0,47 0,64 1,148 110 137,5
1,0 0,74 0,53 0,78 1,557 120 120,0
1,2 0,86 0,58 0,91 1,991 150 125,0
1,4 0,97 0,63 1,03 2,449 165 117,9
1,6 1,08 0,68 1,15 2,927 170 106,2
1,8 1,19 0,72 1,27 3,426 175 97,2
2,0 1,29 0,76 1,38 3,945 180 90,0
2,2 1,39 0,80 1,50 4,482 185 84,1
2,4 1,49 0,84 1,61 5,038 210 87,5
2,6 1,59 0,88 1,72 5,612 225 86,5
2,8 1,69 0,92 1,83 6,204 240 85,7
2,9 1,74 0,93 1,89 6,507 270 93,1

[nst ycraHoBeHust 3aBUCMMOCTH Mexkay L/H u Re uncno PeliHomb/ca ObII0 HOPMaM30BaHO
otHocuTennbHO 10610A6. MeTosoM HaWMeHBIIMX KBaJpaToB Obula TIOMyYeHa CJieAyrorast
norapugpmuueckast 3aBUCUMOCTb:

KoadduivieHT peTepMuHALIMM TI0/lyUeHHOM 3aBUCUMMOCTU cocTaBun R? = 0,9102, uyto
CBU/IeTE/IbCTBYET O CUIbHOM 3aBUCUMOCTU OTHOCUTEBHOM J/IMHBI ((OPMUPOBAHKS MIOTOKA OT UMc/ia
PeiiHo/b/ICa B MCCIE0BAHHOM JiMiaria3oHe. BmecTe € TeM fjisi OT/IeNbHBIX PEXKUMOB C HarOOoJbIIen
ryOMHOM HabMIOAAMMCh OTKIOHEeHUs! OT 001jero TpeHza. OTO yKa3biBaeT Ha TO, UTO BEJMUMHY L
1jeslecoobpa3HO OLeHWBaTb He TO/IBKO Kak (yHKUuIO unciaa PeifHonbfca, HO W C YYETOM
reoMeTpUUECKHX XapaKTepUCTHK KaHasa, B YaCTHOCTH oTHouleHus1 B/H, kosdduiirenTa 3anoxenus
OTKOCOB ¥ BJIUSIHUSI OOKOBBIX CTEHOK.

13



Ne 9 (150) UNIVERSUM: = cenmabpb, 2026 e.

180

160 a\ﬂx)& — 28.538926342878 In(x) + 137.126517587744
&= 0.910165073164627
~

140 ~p

T
120 &2 .
-~

100 P ~amo_

L/H
)
®
'
.l
'
!
|
4
:

80
60
40
20

PucyHok 6. 3aeucumocmb omHocume/ibHoOU 0/1uHbl popmupoearusi nomoka L/HL/H om
HOpMa/IU308aHHO20 Yuca PeiliHoboca

3ak/IloueHue

B GeToHHOM TparmerieniabHOM KaHase [IM-2 JI)KHW3aKCKOM CHCTeMbl MAIlIMHHBIX KaHA/IOB
JUIMHA TIOJTHOTO (OPMHPOBaHWS TOTOKa ObUla KOJMMUECTBEHHO OLleHeHa C HCTOIb30BaHUEM
TpéxmepHoii Mozem B COMSOL Multiphysics. B pacuétHoii obmactu gmuHol 1000 M mipodunm
CKOPOCTU MO LeHTPa/JbHOM BepTHKAaIM, IIOAyuYeHHble uepe3 KaXAble 5 M, CpPaBHUBAIUCh
¢ 3TanoHHBIM Tipodusiem 1o kpureputo NRMS. Ycioue NRMS < 1 % ObII0 MPUHSTO B KaueCTBe
KpUTEpUsl OCTM)KEeHHsI TOMHOCTbI0 C(OPMHUPOBABLIETOCsl COCTOSIHUSI TOTOKa. B mcciieoBaHHOM
suanasone H = 0,30-2,90 m u Re = 2,82:10°-6,51-10° gnuna nonHoro (opMHMpoBaHMs MOTOKA
n3MeHs1ach B nipefieniax L = 50-270 M, a otHocuTennbHas gnvHa — L/H = 84,1-166,7. Tlpu rnybune
h = 1,20 m gmuHa dhopmupoBaHnusi coctaBuia L = 150 m, nocsie uero 3HaueHusi NRMS coxpaHsiiuch
Hke 1 %.

C rmpakTMuUecKoW TOYKW 3peHusi CTBOP /il YCTAaHOBKU OeCKOHTAaKTHOTO pajlapHOTO
M3MepUTEIbHOTO YCTPOMCTBA PEKOMeH/IyeTCsl BbIOMpaTh Ha PACCTOSTHUM X > L OT BXOAHOTO yJacTKa
KaHa/la Wiu [Ipyroro UCTOYHWKA TWIpPaBIMuecKoro BosmyileHus. CoOstofeHre JaHHOTO YCIOBUS
CrIoCcOOCTBYeT TIOBBILLIEHUI0 YCTOMYMBOCTH 3aBUCUMOCTH MEX[Y TOBEPXHOCTHOW W CpefHel 10
CEUEHHI0 CKOPOCTSMU TOTOKA M CHIDKEHWIO [IOMOJHUTE/NbHOW HeomnpeZieiéHHOCTU TPU pacuére
pacxozia BOAbI.

[TepcrieKTUBHBIM ~ HampaB/ieHWEM  JaJbHEMIINX  MCC/Ie[0BaHWMN  SIBJISIETCS  TIPOBepKa
Mpe/JIOKEHHOTO  TIOAXOZa MO0 JJaHHBIM  HATypHBIX W3MepeHHMd Ha JIpyrux OeTOHHBIX
Y HeoO/IMLIOBAaHHBIX KaHaslax.
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AHHOTausA

[lenpl0 HaCTOSILETO WCC/IEOBAaHUs SIBJSIETCS OLleHKa OrHe3allUuTHON 3(¢heKTUBHOCTH
pa3paboTaHHbIX KOJIOWAHBIX KOMIIO3UI[MH Ha OCHOBE BEPMUKYJIMTA, TpPeAHAa3HAueHHbBIX ISt
3alIUThl JpeBeCcHbIX KOHCTPYKUMWA U wu3fgenuil. B KauecTBe KOMIIOHEHTOB MCCJ/IeyeMbIX
OTHE3al[UTHBIX COCTaBOB HCII0/Ib30Ba/IMCh COE/IMHEHUSI HA OCHOBE MECTHOTO ChIPbsi U IIMPOKO
MpUMeHsieMble XMMHUeCKHe peareHThbl, BK/IIOUasi KpeMHui-, (pocdop-, a30T- u OGopcogeprkariue
KOMITOHEHTBI. JI/1s1 OLI€HKH 3all[UTHBIX CBOWMCTB ObUIM TTOATOTOBJIEHBI YKCIIEPUMEHTa/IbHbIe 00pa3iibl
JpeBecHHbI, 00paboTaHHbIe pa3paboraHHbIMK KommosuiusMu Mapok VKK (BepMukynutoBas
koutonHas Kommosuiusi)-1 u VKK-2. VcnbiTanus MpoOBOAWINMCE B 1aO0OPaTOPHBIX YC/IOBUSIX B
cootBeTcTBUM C TpeboBanussmu 'OCT 16363-98 [4, c. 2-3]. B xozme ucc/iefoBaHuii OIpeensiii
BpeMsi CaMOCTOSITE/IbHOTO TOPEeHWUsl, MPOAO/DKUTETBFHOCTh TI€HUs, Maccy 00pasioB /10 U TMOCe
UCTIBITAaHUST W TIOTEPI0 Macchl. [l KaXkKZoW KOMIO3WIMK uccienoBaHo 1o 10 oOpasijos.
YCTaHOB/IEHO, UTO CpeJiHee BpeMsi CAMOCTOSITe/TbHOTO TOpeHHst 00pasijoB, 00paboTaHHBIX COCTaBOM
VKK-1, cocraBuno 37,0 ¢, a coctaBom VKK-2 — 44,9 c. CpegHsis 1oTepsi MacChl COCTaBW/Ia
cootBercTBeHHO 11,89 u 12,72 %. Ilo pe3ynbraTaMm UCTbITaHWNA 00a MCCIeOBaHHBIX COCTaBa TpU
pacxoge He meHee 1000 r/m2 obecrieunBaroT rosiyueHue 11 rpyrinbl orHe3anTHou 3ddekTuBHOCTH
gpeBecHbl 1o I'OCT 16363-98 [4, c. 5]. IlonyuyeHHble pe3y/nbTaTbl CBUETENLCTBYIOT O
MepCreKTUBHOCTH ~ TIPUMEHeHUs1  pa3pabOTaHHBIX  KOJJIOWAHBIX  KOMIIO3WLIMKA Ha  OCHOBe
BEePMUKY/IUTA ZIJIs1 OTHe3aIl[UTHON 00pabOTKM peBeCHBIX KOHCTPYKLIMN W COOPY>KEeHHH.

Abstract

The aim of this study is to evaluate the fire-retardant effectiveness of the developed
vermiculite-based colloidal compositions intended for protecting wooden structures and products.
Compounds based on local raw materials and widely used chemical reagents, including silicon,
phosphorus, nitrogen, and boron-containing components, were used as components for the
investigated fire-retardant compositions. To evaluate the protective properties, experimental
samples of wood treated with the developed compositions of the VKK-1 and VKK-2 grades were
prepared. The tests were conducted under laboratory conditions in accordance with the
requirements of GOST 16363-98 [4, p. 2-3]. During the research, the duration of self-sustained
combustion, smoldering time, mass of the samples before and after testing, and mass loss were
determined. For each composition, 10 samples were examined. It was established that the average
duration of independent combustion for the samples treated with the VKK-1 composition was 37.0
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s, and for the VKK-2 composition, it was 44.9 s. The average mass loss was 11.89 % and 12.72 %,
respectively. According to the test results, both compositions, at a consumption rate of at least 1000
g/m?, provide fire-retardant efficiency corresponding to Group II according to GOST 16363-98 [4,
p. 5]. The obtained results demonstrate the potential of the developed vermiculite colloidal
compositions for fire-retardant treatment of wooden structures and buildings.

KiroueBble C/I0Ba: OTHe3all[UTHAsi KOMIIO3WIIMSI, BEPMHUKY/IWT, JPEBECHHA, OrHe3all[UTHast
3¢ PeKTUBHOCTD, TIOTEPST MACChl, TOPEHUe, T/IeHHe, OrHe3aluTHast 00paboTka.

Keywords: fire-retardant composition, vermiculite, wood, fire-retardant efficiency, mass loss,
combustion, smoldering, fire protection treatment.

BBegeHue

[lpeBecHa IIMPOKO TIPUMEHSIETCSI B CTPOMTE/bCTBE, TPOM3BOJACTBE KOHCTPYKLIUM,
OTZ€/IOYHBIX MaTepuajgaXx W JApyrux obmnactsx Osmarogaps [JOCTYMHOCTH, TeXHOJOTHUHOCTH
M SKCIUTyaTallMOHHbIM XapaKTepUCTWKaM. BMecTe c TeM jpeBecMHa OTHOCHUTCS K TOPIOYUM
MarepuasaM, BCJ/Ie[ICTBME UYero eé TpUMeHeHWe B CTPOMTENbHBIX KOHCTPYKLUsX Tpebyer
peanmu3ariyiv 3¢hHeKTUBHBIX MEPOIIPUATHH 10 00eCTieueH 0 TT0yKapHO# 6e30TacHOCTH.

OpHuM U3 Hauboree pacIpOCTPAHEHHBIX CTMIOCOOOB CHIDKEHWSI TIOKapHOM OMacHOCTH
JIDEBECHHBI  SIBJISIETCSI HaHeCeHWe OrHe3all[UTHbIX COCTAaBOB, CMOCOOHBIX TIPEMsTCTBOBAaTb
BOCIJIAMEHEHHIO MaTepuasna, CHWKAaTb WHTEHCUBHOCTb €ro TepMHUeCKOTO  pas/ioKeHHUs
1M OrpaHHWYMBaTh pa3BUTHe Tpoiiecca ropeHus [3, c. 59-60; 1, c. 14]. 3ddeKTUBHOCTL TaKUX
COCTABOB OMpeJensieTcsi WX XWUMUYECKWM COCTaBOM, MeXaHU3MOM [JIelCTBUs, ajresven
K [TOBEPXHOCTHU JIpeBeCUHbI, PaCX0JJOM U YCJIOBUSIMU 3KCILTyaTanuu [9, c. 70].

[TepcrieKTVBHBIM HarpaB/ieHUeM SIBJISIETCS MCIOIb30BaHUE MHHEPa/JbHbIX KOMITIOHEHTOB,
CTIOCOOHBIX TIPU HarpeBaHWU (POPMHUPOBATH 3aIUTHBIM C/IOM Ha TTOBEPXHOCTH MaTepHana [8, c. 24].
Oco0bblit MHTEpeC TPe/CTaB/SIOT KOMIIO3UI[MM Ha OCHOBE BEPMUKY/IUTA, KOTOPble MOTYT COUeTaTh
TeTJIOU30JILIMOHHbIE CBOMCTBA MMHEPA/IbHOTO HaroJjHUTeNs1 ¢ JelicTBueM (ocdop-, KpeMHHU-,
a30T- ¥ 6opcozeprkalux KOMIIOHeHTOB [7, c. 110; 5, c. 36].

B Hactosimeii pabore ucciefoBaHbl  pa3pabOTaHHbIe — OTHEe3AlUTHBIE  KOJIJIOM/IHBIE
KOMIO3UI[MY Ha 0CHOBe BepMuKy/inuTa Mapok VKK-1 u VKK-2. ITo/iHbIi KOMMUeCTBEHHBIM COCTaB
pa3paboTaHHbIX KOMIIO3UL[MI B CTaTbe He paCKPbIBAETCS
[11, c. 4]. Lenbto uccnenoBaHusl SIBASIOCh 3KCIIepUMeHTa/bHOe Ofpejie/ieHHe OrHe3alluTHON
3¢ eKTUBHOCTH pa3pabOTaHHbIX KOMIIO3ULIMN MPU WX TPUMEHEeHWH [/Is 3all[UThl [IpeBeCHbIX
MaTepuajioB U YCTAHOB/IEHWE COOTBETCTBUsI TIOJyUeHHbIX pe3ynbTatoB TpeboBanusm ['OCT
16363-98 [4, c. 4-6].

MaTepl/laJIbl U MEeTOo/bI UCC/IeJOBAHUA

MarepmuaJsibl 1 IOAr0TOBKA KCIIEPUMEHTATbHBIX 00pa3ioB

B KauecTBe KOMITOHEHTOB /il TIOJTyUeHHS] OTHE3AIUTHBIX KOMIIO3WIIUH HCIOIb30BaIUuCh
COeZIMHEeHUSI Ha OCHOBE MECTHOTO ChIPhbSl M IIIMPOKO NPUMEHsIeMble XUMHUUEeCKHe peareHThl. [Ijist
(hopMHpOBaHUS 3al[UTHLIX CBOWCTB MPUMEHSUIUCh KPEeMHHIA-, hocdop-, a30T- U Gopcozepskaliye
KOMITOHEHTBI, a TaK)Ke CUJIMKAaTHOe CBs3ytoliee U oTBepauTess [10, c. 25].
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Hwokcun kpemuust (SiO,) UCMOMB30BaICS B KaueCTBe KPEeMHHUKCOZEPIKAILEro KOMIIOHEHTa.
OH mnpencraBisieT Co0OM KpUCTA/UIMUYECKOe COeAWHEeHWe € MoJjspHoit maccod 60,08 r/monb
Y TWI0THOCTBIO 1,96-2,60 r/cm3. Temnieparypa 1iaBienus cocrasnset 1710 °C.

B kauecTBe CU/IMKATHOTO CBSI3YIOLIETO WCIIO/Ib30BaIU XKUAKOe CTEKI0 — 5 %-Hbld BOJHBIN
pacTBop JeBATHBOAHOrO Meracunukara Harpusi (Na,SiO,-9H,0) c cwmkatHbiM moxynem 3,2
U T1oTHOCTRIO 1,30 r/cm3.

Oteepautenem cmyxun rekcadropcunvkar Harpus (Na,SiFy), mpeacrasnsrommii coboi
Oesiblii KpHCTa/UTMUe CKH TTOPOIIOK C MOSIPHOM Maccoid 188,06 r/Mosb 1 IIOTHOCTBIO 2,76 T/cMB.

71 TIOBBILIIEHUs] OTHe3allUTHOW 3(h(deKTUBHOCTH KOMIO3ULIMU HKCII0/b30Bau JieKarupar
Terpabopara Harpua (Na,B,O.-10H,0), wm 6ypy. B kauectBe (ocdop- u a3oTcopepKaiux
KOMIIOHEHTOB ~ TpUMeHsIi  oprodocdopuyto  kucmory  (H,PO,) u  kapbamumodocdar
(NH,CONH,-H,PO ) [2, c. 25].

[TostHBINM KOJTMUEeCTBEHHBIN COCTAB pa3pab0TaHHBIX OrHE3AI[UTHBIX KOMIIO3ULIMK B HACTOSIIEH
CTaTbeé He TpHUBOAUTCSA. [Iyif  9KCIepUMEeHTA/NbHBIX — WCC/IeIOBAaHUM — KOMITO3UI[UM  ObUIH
naentuduiriponanbl Kak VKK-1 1 VKK-2.

HO[[I‘OTOBKEI IKCIIEPUMEHT A/IbHBIX 06pﬂ3].[0B

[TpuroroBneHue  UCC/IeAyeMbIX  KOMIIO3WLIMM  OCYLIECTBIAS/IA C  HWCIIOJb30BaHUEM
71ab0paTOPHBIX 3/IEKTPOHHBIX BECOB, 00€CMeunBaroIIiX TOUHOE 103MPOBaHNe KOMITOHEHTOB.

[l TIpOBe/IEHUs] WCTIBITAaHWKM OBbLTM TIOATOTOBJIEHBI JepPeBsiHHbIE OpPycKu [yiiHON 150 MM,
mpuHou 60 MM U TosiguHoM 30 MM. st kaxkgout uccienyemoit kommnosuuy — VKK-1 u VKK-2
— 6110 TIOATOTOB/IEHO TI0 10 06pa3stioB. Ha moaroToB/ieHHbIe 00pa3iibl HAHOCUIM pa3paboTaHHbIe
KOJIJIOW/IHbIe OTHe3allJUTHble KOMIO3ULIMM Ha OCHOBe BePMUKY/IWTa B TpU cosl. [locne HaHeceHUs
Ka)KZIoro cosi o0pasifbl BBICYLIWBAAM B CyIIW/IbHOM IiKady mpu Temmeparype 60+5 °C. IMocne
3aBepiieHrss 0OpabOTKM M OKOHYATe/JbHOW CYIIKHA 00pasibl BBIZEP)KUBAIU /10 TPOBeeHUs
vcrnbiTaHuid. [locsie HaHeCeHUsT KaXKoro Ciosi 00pasiibl BRICYIIMBAIN B CYIIWJILHOM IIKady Tpu
temrieparype 60+5 °C. Tloc/ie HaHeCeHUsI TPeTbero CJiosi W OKOHUATe/JbHOM CYLIKU 00pasifbl
BbI/IeP)KMBaJ/IM TIPY KOMHATHOM TeMIiepaType /0 poBeJieHust ucrbiTaHuk [6, c. 80].

VcnbiTanust npoBoauauch 3 utons 2026 . B naboparopun MHCTUTYTa MPoO/eM ToKapHou
6e30MacHOCTM U Upe3BbIYaMHBIX CUTyalluii MMUHUCTEPCTBA 10 Upe3BbIUAWHBIM CUTYalUsM
PecniyOonuku Y36ekuctaH. Temmeparypa Bo3ayxa coctapissia 26 °C, atMocdepHoe AaBjieHHe —
715 mm. Hg., oTHOcuTe/nbHas BAaXKHOCTL — 35 %. OrHe3auuTHy0 3()()eKTUBHOCTb OTpezesisin
B cooTtBeTcTBUM C TpeboBaHusMu ['OCT 16363-98 «CpezacTBa 3alUThl [JpeBeCHHbL. MeTo/bl
oripeJie/ieHUs1 OTHe3all[UTHBIX CBOUCTB» [4, c. 2]. OCHOBHBIMHM OlLleHMBaeMbIMH ITOKa3aTeIssMy
SBMSUINCb  BpeMsi TOJaud MCTOYHMKA 3aKUTaHHWs, BpeMs CaMOCTOSATE/IbHOTO TOpeHwus,
MIPO/IOJDKUTEIBHOCTD T/IeHUs], Macca obpasiia [io ¥ Moc/ie UCTILITAHHUS U TTOTepsi MacChl.

Pe3ynbTarhl 4 00Cy)KeHHe

OKcreprMeHTa/IbHasl OIfeHKa OTHe3aIllUTHBIX CBOMCTB pa3paboTaHHBIX Komrosuimii VKK-1
u VKK-2 npoBoguiack Ha CepuUH U3 [JIeCATH 00pasiioB yid Ka)KJOW KOMITO3MWIMH. VICTOUHHK
3a)KUraHUs 1ofjaBasicsi B TeueHue 120 ¢ /it BceX UCC/eJOBaHHBIX 00pasI[oB.
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Pe3ysibTaThl HCIBITAHUH APEBECHBIX 00Pa3Ii0B, 00pa00TaHHBIX OrHEe3AMIMTHONH KOMIO3ULHel
VKK-1
Ne n/m ITopaua uc- Camocrt. ro- | Tnenme, c Jlo ucnbl- ITocne IToreps, r ITotepsa
TOYHHKA, C peHue, ¢ TaHHA, T HCObI- Maccel, %
TaHusdA, T

1. 120 36 47 126,27 110,25 16,02 12,69

2. 120 38 40 128,85 115,63 13,22 10,26

3. 120 35 46 125,91 112,58 13,33 10,59

4. 120 42 44 127,42 115,93 11,49 9,02

5. 120 33 47 129,84 114,81 15,03 11,58

6. 120 37 42 128,13 108,06 20,07 15,66

7. 120 40 51 126,90 111,58 15,32 12,07

8. 120 34 49 127,63 112,72 14,91 11,68

9. 120 37 46 125,49 109,90 15,59 12,42

10. 120 38 43 128,07 111,51 16,56 12,93

Cpeguee 120 37,0 45,5 — — — 11,89

s obpasijo, obpaboranHbix coctaBoM VKK-1, BpeMsi CaMOCTOSITeJTbHOTO TOPEHUSs

HaxXoJW/J0Ch B Auaria3oHe 33-42 c, a NpoAo/sKuTenbHOCTh TeHusi — 40-51 c. CpegHee Bpems

CaMOCTOATEBHOTO TopeHus coctaBuio 37,0 ¢, cpefqHssi MPOJO/IKUTENBHOCTb TaeHus — 45,5 c.

[Torepst Macchl OTAe/NbHBIX 00pa3ijoB u3aMeHsinack oT 9,02 mo 15,66 %, mpu cpegHeM 3HAUEHUH

11,89 %.
Tabauya 2.
Pe3ynbTaThl HCIBITAHUH APeBeCHBIX 00pa3IioB, 00pad0TaHHBIX OrHe3aMIMTHONH KOMIIO3ULHel
VKK-2
Ne n/mm ITopaua uc- Camoct. | Tnenue,c | Joucneli- | Ilocine ucnel- | Iloreps, r Ilorepsa
TOYHHKA, C | rOpeHwe, C TaHus, T TaHus, I Maccel, %

1. 120 41 49 124,94 113,74 11,20 8,96

2. 120 47 52 127,70 109,58 18,12 14,19

3. 120 44 58 124,31 111,74 12,57 10,11

4. 120 46 51 125,47 108,51 16,96 13,52

5. 120 43 55 127,60 107,30 20,30 15,91

6. 120 51 54 127,53 110,82 16,71 13,10

7. 120 49 59 124,27 109,07 15,20 12,23

8. 120 46 57 127,58 110,49 17,09 13,40

9. 120 40 51 124,16 108,22 15,94 12,84

10. 120 42 52 126,82 110,37 16,45 12,97

Cpepnee 120 44,9 53,8 — — — 12,72

s obpa3ijoB, obpaboraHHbix coctaBoM VKK-2, BpeMsi CaMOCTOSITeJTbHOTO TOpPEeHUs

coctaBuio 40-51 ¢, a MOpPOAO/DKUTENBHOCTh TieHusi — 49-59 c. CpenHue 3HaueHUs] STUX

ToKa3aTesieli coctaBWid cooTrBeTcTBeHHO 44,9 u 53,8 c. IToTepsi Macchl 00pa3iioB HaXoJuIach

B Arana3oHe 8,96—15,91 %, a cpenHee 3HaueHue coctaBuio 12,72 %.
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CpaBHI/ITEJIbHaH OIl€HKa pe3y/ibTaToB

CoriocrayieHre pe3y/bTaTOB MOKa3bIBaeT, YTO CpeZiHee BpeMsl CaMOCTOSITe/IbHOTO TOPeHUs!
o6pa3ijoB, obpabotanHbix VKK-2, 66110 BBIIIE Ha
7,9 ¢ o cpaBHenuio ¢ VKK-1. [Ipofo/mKuTenbHOCTb T/IeHHsI Takke Oblla BbIlie y 006pasiioB
VKK-2 — Ha 8,3 c. IIpu 5TOM cpefiHsis moTeps MacChl COCTaBU/Ia
11,89 % pgnst VKK-1 u 12,72 % pns VKK-2; paznuume cocrasnasieT 0,83 MpoLjeHTHOrO MyHKTAa.

[To utoram sabopatopHbiXx ucciaegoBanuii obe kommo3uiuu — VKK-1 u VKK-2 — mnpu
pacxoge He MeHee 1000 r/m? obecrieunsii momydeHue II rpymnmbl orHe3anuTHONW 3¢(deKTHBHOCTH
npeBecunbl 1o 'OCT 16363-98 [4, c. 5].

Tabauya 3.
CpaBHHTe/IbHbIE MOKa3aTe/u orHe3amuTHbIX KoMno3unuii VKK-1 u VKK-2

Ne IToka3arenn VKK-1 VKK-2
n/n

1. | KonruecTBO UCITBITAHHBIX 06pa3iioB 10 10

2. | Ilogaua UCTOUHMKA 3aXKUTaHUS, C 120 120

3 CamocrosTe/IbHOE FOpeHue, CpefHee, C 37,0 44,9
4. | Tnenue, cpesHee, C 45,5 53,8
5 CpepHsisi moTepsi Macchbl, % 11,89 12,72
6. | Pacxog cocrasa, r/m? >1000 >1000

7. | I'pymnmna orue3ammrHo# 3¢ dexktrBHOoCcTH 110 'OCT 16363-98 I II

60

I CamocTosTenbHoe ropeHue, ¢
B TneHwue, ¢
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Pucynok 1. CpaeHumenbHbie pesyabmambi ucnbimanuti komnosuyuti VKK-1 u VKK-2

[TonyueHHbIe pe3y/bTaThl MOKa3bIBatoT, UTO Komro3unusa VKK-1 xapakTepr3yeTcsi HeCKOJIbKO
Oosiee HU3KMMU 3HAUEHUSIMU TIPOZO/DKUTETBHOCTH CAMOCTOSITE/IbHOTO TOPEHUS, TIeHUSI U TI0Tepy
Macchl 110 cpaBHeHuio ¢ VKK-2. Habsofaemoe pasuure MOXKET ObITh CBSI3aHO C 0COOEHHOCTAMU
dbopMUpOBaHHsl 3al[UTHOTO MUHEPAJbHO-CUIMKAaTHOTO CJIOSI Ha TIOBEPXHOCTU [peBeCUHbI
Y B3aWMOJEeNCTBHEM KOMIIOHEHTOB KOMIIO3ULMK MPU TePMHUUYECKOM BO3[elCcTBUM. DopMHpOBaHUE
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TAKOTO (CJIOSI CHOCOOCTBYeT OrPAHUUYEHUIO —TElIOMacCorepeHoca MEeXIy 30HOW TOpeHust
U JIpeBeCHBIM MaTephajioM M, COOTBETCTBEHHO, CHW)KEHWI0 WHTEeHCHBHOCTH €r0 TePMHUeCKOTO
Pa3/IoXKeHUsl.

BuiBobI1

[IpoBesieHbl  3KCIlepUMeHTa/llbHble  MCC/Ie/JOBaHUS ~ OTHe3alllUTHOM  3(deKTUBHOCTH
pa3paboTaHHBIX KOJUIOWJHBIX KOMITO3ulluid Ha ocHoBe BepMmuKyimura VKK-1 u VKK-2 Ha
JpeBecHbIX oOpastax. s KakJoW KOMIO3WLMK HcciaefoBaHo 1Mo 10 3sKcrepuMeHTaTbHbBIX
00pas1[oB, IPX 3TOM BpeMsl MOaui MCTOUHHKA 3a)KuraHus cocTarsio 120 c. s cocraa VKK-1
cpefiHee BpeMsi CaMOCTOSITe/IbHOrO TopeHus coctaBuio 37,0 ¢, cpefHee Bpemsi TaeHus — 45,5 ¢,
cpennsia noteps maccel — 11,89 %. [lna cocrtaBa VKK-2 cpegHee Bpemsi CaMOCTOSITE/TbHOTO
ropeHusi coctaBuio 44,9 c, cpegHee BpeMsi TeHUs — 53,8 ¢, cpefHsis norepst Maccel — 12,72 %.

[To COBOKYITHOCTU UCC/Ie[IOBaHHBIX TOKa3aresei komno3uiusi VKK-1 nmpogemMoHcTpupoBana
Oomee OmarompusiTHbie pe3ynbTaThl 1O cpaBHeHMI0 ¢ VKK-2, XapakTepu3ysich MeHbIIIeH
TMPOZO/KUTETBHOCTBI0 CaMOCTOSITE/IbHOTO TOPEHHsI U T/IeHUS], a TaKXKe MeHbIllel cpefiHell ToTepeit
Macchl.

[To pe3ynbTaraM TMPOBeAEHHBIX MCIBITAHWN yCTAHOBJIEHO, YTO pa3paboTaHHbIe KOMITO3ULIUU
VKK-1 u VKK-2 npu pacxoge He meHee 1000 r/m2 obecmeunBaroT II rpyrmimy orHe3amdTHOM
s dexkTuBHOCTHU ApeBecrHbl o [OCT 16363-98 [4, c. 5].

[TonyyeHHbIe pe3y/bTaThl MOATBEPKAAIOT MePCIIeKTHBHOCTD MCTIOIb30BaHUs pa3paboTaHHbIX
KOJUIOW/THBIX KOMITO3MLIMM Ha OCHOBe BEPMUKY/WTA [/Is TIOBBIIIEHHs] TIO)KapHO# 6e30rmacHoCTH
JIpeBeCHbIX KOHCTPYKIIUI U COOPYKeHUH.
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AHHOTaUA

B uccnenoBaHMM OlleHEeHbI HW3MeEHEHHsI OCHOBHBIX MeETEeOpOJIOTMYeCKUX TOoKasaTesiel,
HaOsmoaBivecs B 6acceitHe peku Yupuwk B 2008-2024 rr. Llesb uicciieoBaHus 3aK/rouaiach B
BbISIB/IECHUH [MHAMWKM TeMIlepaTypbl BO37yXa, TemIlepaTrypbl IMOBEePXHOCTU CYyLIH, OCAZKOB M
CKOPOCTU BeTpa B BepxHel, cpefjHer U HIDKHel JacTsax OacceliHa, a TakKe B OI[eHKE WX 3HaueHUs
JUIsL  yTIpaB/ieHWsT BOAHBIMM pecypcaMu. B aHamm3e WCIONMb30BaIMCh JlaHHBIe HAOJIOeHUM
MeTeoposiornyeckux cTtaHimii YapBak, TamkeHT M UuHa3, a Takxke [jaHHble TeMIepaTyphbl
MOBEPXHOCTU CYIIH, TMOsyueHHble cOo cnyTHUKOB MODIS. Habopbl AaHHBIX TIPOILIHA KOHTPOJb
KauecCTBa, TI0C/Ie Yero MecsiuHble 3HaueHUsi ObUTM arperrpoBaHbl B CPeIHETO/IOBble WM TOZOBbIE
CyMMapHble TOKa3ateqd. TpeHAbl OIpefensyIiCb MeTOJO0M JIMHEeWHOW perpeccuu, a TeMIlbl
VM3MEeHeHWI OLleHUBaJUCh B TlepecueTe Ha JecsATWeThe. Pe3ynbTaThl MOKas3ald TeHJEHLUI0 K
TIOBBIIIEHUIO TeMITepaTyphl BO3yXa Ha BCeX CTaHLUAX. TemI MoTeryieHus Ha CTaHLUAX TalllKeHT U
UwuHa3z coctaBun npumepHo 0,7-1,0 °C 3a pgecAtwieTHe, Torja KakK Ha CTaHUMu YapBak OH
Haxogwica B mpefenax 0,3-0,5 °C 3a pgecarunerve. Jannsle MODIS ykasanu Ha TOBBbILIEHHe
TeMriepaTypbl TMMOBEPXHOCTH CYIIM, OCOOEHHO Ha YypOAHW3WPOBAaHHBIX TEPPUTOPUSX U CYXHUX
rnoBepxHOCTAX. (OcaZKy XapaKTepU30Ba/lMChb BbICOKOM MeXIoJOBOM W3MEHUHMBOCTBIO, OJHAKO
YCTOMUMBOTO U CTaTUCTUYECKH 3HAUMMOrO OO0IIero TpeHza BbIsBIeHO He Obiio. CKOpOCTh BeTpa
TaK)Ke M3MeHs/IaCh MpPerMMYIleCTBeHHO B TIpeJie/iaXx eCTeCTBeHHOM W3MeHUuBOCTH. [lomyueHHbIe
pe3yJibTaThl CBU/IETE/TLCTBYIOT 00 YCH/IEHUU TIpOLiecca MoTeryieHrs: B OacceliHe B TIOC/eJHUE TO/bI
MIPU COXpaHEeHWU HeCTaOWIBLHOTO peXXMMa 0Ca/IKOB. DTU HM3MeHeHUss HeoOXOAMMO YUMTHIBATh TIPU
MJIaHUPOBaHUM TIOTePh HA UCTapeHWe, TMOTPeOHOCTH B OPOCUTENIbHOM BOJe U CEe30HHOTO
BOZIOpacIipe/ie/leHus.

Abstract

This study assessed the long-term changes in the main meteorological indicators observed in
the Chirchik River Basin during 2008-2024. The objective of the study was to identify the
dynamics of air temperature, land surface temperature, precipitation, and wind speed in the upper,
middle, and lower parts of the basin and to evaluate their significance for water resources
management. The analysis used observational data from the Charvak, Tashkent, and Chinaz
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meteorological stations, as well as land surface temperature data obtained from the MODIS
satellite. The datasets were subjected to quality control, and the monthly values were converted into
annual mean or cumulative indicators. Trends were identified using linear regression, and the rates
of change were evaluated on a decadal basis. The results showed an increasing air temperature trend
at all stations. The warming rate was approximately 0.7-1.0 °C per decade at the Tashkent and
Chinaz stations, while it ranged from 0.3 to 0.5 °C per decade at Charvak. MODIS data indicated an
increase in land surface temperature, particularly in urbanized areas and over dry surfaces.
Precipitation exhibited high interannual variability; however, no stable and statistically significant
overall trend was identified. Wind speed also varied mainly within the range of natural fluctuations.
The findings indicate that the warming process in the basin has intensified in recent years, while the
precipitation regime remains unstable. These changes should be considered in the planning of
evaporation losses, irrigation water demand, and seasonal water allocation.

KnroueBble c10Ba: OacceiiH peku UYupuuK, HW3MeHeHHe K/IMMaTa, MeTeOpOJorhdyecKue
TeH/IeHIH, TeMIlepaTypa BO3/lyXa, TemriepaTypa MOBEPXHOCTU CYIIH, OCAJKU, CKOPOCTb BeTpa,
BO/THbIE PeCYPChI.

Keywords: Chirchik River Basin, climate change, meteorological trends, air temperature,
land surface temperature, precipitation, wind speed, water resources.

BBegeHue

V3MeHeHMe K/iMMaTta OKa3blBaeT CyLeCTBeHHOe B/IMSIHME Ha TeMIlepaTypy BO3/yxa, OCa/KH,
WCriapeHre, COCTOsTHUE CHE)KHOTO TOKPOBA U JIEHUKOB, a TakKe Ha (OpMUPOBaHME PEYHOI0 CTOKaA.
715 apuJHbIX PEervuoHOB, Te BOAHbIE PeCypChl OrpaHMYeHbl M CEelbCKOe XO035WMCTBO 3aBUCHT OT
OpOILIeHUs, 3TU TIPOLeCChl MMelT 0coboe 3HaueHwe. Kmumar IleHTpanbHONW A3WM OTIMUYAETCS
Pe3K0 KOHTHHEeHTabHbIM U 3aCylL/IMBbIM XapaKTepoM, a PeUHOU CTOK BO MHOTOM (OpMUDYeTCs 3a
CUeT CHEeroBOTO W JIeJHUKOBOTO NMUTaHUs. [IOBbIIeHWe TeMIiepaTypbl MOXKeT MPUBOAUTL K Ooree
paHHEMYy CHeroTasiHUI0, COKpAIl|eHWI0 CHEXXHOrO IOKPOBa U CHW)KEHHWIO JIeTHEero CTOKAa, 4To
OCJIOXKHSIET SKCIUTyaTal[di0 BOJOXPAaHWIMIL, pacrpefie/ieHhe OpOCHUTe/NbHOM BOABI W paboTy
TUIpOsHepreTuueckux cucrem [2,7,11]. OpHoBpeMeHHO Bo3pacTaeT WCIHapeHWe, CHU)KAeTCs
B/IA)KHOCTB TIOUBBI U yYBeJIMUMBAETCS MOTPEOHOCTb CeMbCKOX03SMCTBEHHBIX KY/IbTyp B Boge [6,13].
bacceitH peku UupuuK sB/sSeTCS Ba)XKHbIM BO/IOXO035MCTBEHHBIM palilOHOM CeBepO-BOCTOKA
Y36ekucraHa. Ero BogHble pecypcbl HWCTOMb3YIOTCS [jii KOMMYHA/bHBIX, TPOMBIILIEHHBIX,
SHEepreTUYECKUX U CEbCKOXO3SIMCTBEHHBIX HY)KJ. 3HauWTesbHble pa3/uuus B BBICOTe, pesbede
M 3eMHOM TIOKpOBe OOyC/IOB/IMBAIOT TIPOCTPAHCTBEHHYH) HEOAHOPOJHOCTh K/IMMaThyeCKUX
yCJIOBUH B BepxHeH, cpegHel W HWKHeH uacTsx bGacceiina [5,8]. B ypbaHM3MpOBaHHBIX paiioHaX
JIOTIOJTHUTeTbHOe BJIMsSIHWE OKa3biBaeT 3(deKT ropoackoro octpoBa Tervia [9,10], mostomy
COBMECTHOE HCII0/Ib30BaHHe Ha3eMHBIX HaO/FOleHUH W CIYTHUKOBBIX AaHHbIX MODIS mno3BosisieT
Oosiee TIOJTHO OI|eHWBATh TeMIlepaTypHblie n3MeHeHus [10]. ViccnemoBanus no LleHTpanbsHOM A3umn
U Y30eKuCTaHy TIOATBEPXKJAIOT OOINyl0 TeHZEHLWI0 K TIOTeIJIeHWIO, Torja KakK OCaJKu
XapaKTepU3yHTCSI BbICOKOW MeXXTO/I0BOM W TPOCTPAaHCTBEHHOW HM3MeHUYMBOCThIO [3,4,9]. Bmecte
C TeM KOMIUIeKCHbIE MCC/Ie[JOBaHus, 00beJUHSIONIME /IaHHble MeTeOCTAaHLUN W JUCTAHI[MOHHOTO
30H/IUPOBAHUS [IJIs1 Pa3/TMUHBIX 30H OacceiiHa Yupurka, 0CTarOTCSl OrpaHUUeHHBIMH.
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Ilenb uccnenoBaHys — BbISIBUTH TeHJEHLMM TeMIlepaTypbl BO3ZlyXa Y MOBEPXHOCTH CyIIH,
0CaJZIKOB U CKOPOCTH BeTpa B BepXHel, CpeJjHel M HIDKHel yacTsax OacceiiHa peku Unpurk 3a 2008—
2024 1. ¥ OLEHWUTb MX 3HayeHWe [/ yIIpaB/ieHUus BOAHBIMM pecypcaMu. [ aHanusa
VICII0/Ib30BaHbl ZlaHHble MeTeocTaHui Yapsak, TamkeHT u YnHa3s, cryTHHKOBBIe AaHHble MODIS
Y MeTO/] TMHEHMHOU perpeccuu.

Marepuasbl 1 MeTOABI

Paiion ucciefoBanus. B KauecTBe paiioHa McCC/ieloBaHUS BbIOpaH OacceiiH peku UMpUuK.
BacceiiH pacrmonio)keH Ha CeBepO-BOCTOKe Y30eKuCTaHa, TIperMYIIeCTBeHHO B Tipefiesiax
TaikeHTCKOM 00/1aCTH, W 3aHMMaeT IUoaAb okojso 14 900 km? (pucyHok 1). Peka YUupumk
obpa3yetcst ipu cyiusiHud pek Ilckem u YaTkas, Gepymux Hadaio B ropax 3amagHoro TsHb-I1IaHs.
Ee crok perymupyercsi YapBakCKMM BOJOXpPaHW/MILEM, HMWKe KOTOPOrO peKa MPOXOAWUT MO
TaiikeHTCKO-UHMPUMKCKOU [JOJIMHE U B HW)KHEM TeueHUU BrajaeT B ChIp/aphlo.

Pesbed GacceliHa pe3KO M3MeHsIeTCsl OT BBHICOKOTODHBIX yUaCTKOB K HHM3MEHHBIM PaBHHHAM.
B BepxHel uyactu OacceiiHa abcomoTHble oTMeTKU mpeBbimaoT 3000 M, a B HWKHUX palioHax
BO/IM3M UMHAa3a CHWKarTcs rmpuMmepHo 10 250-300 m. BoteacTBre 3TOro ropHas 4acTh OacceiiHa
XapaKTepU3yeTcsl CPaBHUTEIBbHO XOJIOAHBIM U BIa)KHBIM KJIMMaToOM, TOT/Jia KaK HM3MeHHbIe DallOHbI
OT/IMYAIOTCS XKapKUMU U 3aCyLJTMBBIMU YCI0BUSMU. | 010BO€ KOIMUECTBO 0CAJKOB B BbICOKOTOPbSIX
MokeT gocturath 1200—-1600 mm, B cpeiHeii yacty 6acceiiHa coctaBiseT ripuMepHo 450-500 MM,
a B HWwkHel — 300—350 mm. OcHOBHasi 4aCTh 0Ca/IKOB BbITaJjaeT B 3MMHUM U BeCEHHUU Mepro/ibl.

Kapra 6acceiina pexn Uupuuk u ero nogdacceiiHoB N

A

Ioabacceiinb

- Akcakaracait
:l Yarkan
l:l Kyxkcys
l:l Tckem
l:l Hosanucait
- Yram

l:l Unpumk

TazakeHTcKoe nMme X TCKOE e <

YapBakckoe BOOXPAHHIHINE

0 10 20 40 60 80
| = mm —

Peunas cerh
[ rpannua nosGaceeiinos

PucyHok 1. Pacnosnoxcerue 6accetina peku Yupuuk u e2o zudpozpaguueckas cemso

Ta6auya 1.
PernonanbHbie XdPAKTEPUCTUKHA METEOPO/IOTUUECKHUX CTaHuHﬁ, HCIT10/Ib30BAHHBIX B
Hcc/1e0BaHUN
CraHpus ITosioxxeHue B Gac- JlanpmadTHBIE YCI0BHA Pone B aHanuse
ceiiHe
UapBak BepxHsis uactb lopHas Tepputopus 1 OKpecT- | XapakTepr3yeT XOJI0AHYH U OTHOCUTE/Ib-
HOCTH BOJI0XPaHU/IMIIIA HO BJI&KHYIO BEDPXHIOIO 30HY OacceiiHa
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CraHnus ITonoxeHue B 6ac- JlangmadTHbIe yC/10BUA Poasb B ananuse
ceiiHe
TamkeHT CpefiHsAS 4acThb YpbaHu3rpoBaHHasi JO/IMHA ITo3BoJIsIeT OLIEHUTD 3PPEKT TOPOJCKOTO
OCTpOBa Tell/1a U YC/I0BUs CpefjHel 4acTh
Gacceiina
Uunas Hwxusas yactb 3acyuuimBasi paBHAHA XapakrepusyeT KapKue U 3aCyLUIUBbIe
YCJIOBUSI HU3MEHHOM yacTu 6acceliHa

NcrouHuKu W MNOAroTOoBKa JAaHHbIX. B wHccieoBaHUMM  KCMONb30BaHbl  JaHHbIE
MeTeopOJIOTUYeCKUX HaOJIo/IeHU TeMIiepaTypbl BO3/[yXa, OCaZKOB M CKOPOCTH BeTpa 3a Mepuof
2008-2024 rr. Cranmmu YapBak, TamkeHT u YwuHa3 Obuld BBIOpaHBl TIOTOMY, UYTO OHH
TIPe/ICTAB/ISIFOT pa3/IMyHble BBICOTHBIE U JlaHAIIadTHEIE 30HBI OacceiiHa. TeMriepaTypa TOBepXHOCTH
CyILlIM OLleHuBasiach No cnyTHUKoBomy npoaykry MODIS MOD11A2, a faussble peananusa ERAS
WCIIO/b30Ba/IMCh B KauecTBe  JIONOJIHUTE/IbHOTO  MCTOYHUKA  [JiI1  NPOCTPAHCTBEHHOTO
COMOCTaB/IeHUs] U IPOBEPKU pe3yJ/IbTaToB.

Ha mepBoM 3Tarie TIpOBeps/ICH TOJTHOTA M JIOTHYeCKasi COTJIaCOBaHHOCTh HAOOpPOB /IaHHBIX.
[MponyiieHHbie, aybnupyrommecs ¥ GU3NYECKH HeTpPaBAoINoAo0Hble 3HaueHWsl BBISIB/ISIUCH
M WCK/IHUYaJvCh W3 COOTBeTCTBYHIOLIMX psAoOB. IlockonbKy faHHble cTaHiuu YapBak 3a 2014—
2015 rr. 6BI/TM HEIOCTATOUHO TIOJTHBIMH, 3TH TO/bI MCK/TFOUW/IA U3 aHa/Iu3a TpeHoB. [Ipu rpoBepke
JAHHbIX 0co00e BHUMAaHWE Y/esyIoCh HEeIOMYIIeHHI0 HWCKYCCTBEHHOTO W3MeHeHHs OOIeit
CTPYKTYPHI PsiIOB HaOJTIOIeHUI.

MeTobl CTaTUCTHYECKOT0 M TPOCTPAHCTBEHHOr0 aHa/u3a. MecsuHble HaOrOIeHUS
arpervpoBa/liCb B CpeJHEro/j0Bble 3HaueHWs TemIleparypbl BO3[lyXa U CKODOCTH BeTpa, a MJis
0CaZiKOB — B TOZloBble CyMMbl. CpejHsisi, MUHMMAaJ/IbHas M MaKCUMaJslbHasi TeMreparypbl BO3Ayxa
aHa/IM3UPOBAUCh OTAeMbHO. V300paskenuss MODIS ¢dbunsTpoBaivch 1Mo 06/1a4HOCTH U TTUKCEJISIM
HH3KOI0 KauecTBa, Mocjie yero (popMUpPOBaIUCh C/IOU CPeJHErofloBOi TemrepaTypbl OBEPXHOCTU
CYLLH.

BpemeHHble  KW3MeHeHHsT ~ KaXJOr0  METeOpOJIOTMUeCKOro  IOKasaTesls  OLleHWBaIu
C MCT0JIb30BaHUeM MPOCTOM MoJeNu JIMHEMHON perpeCccuu:

Y =a+bt+eg €))

rae Y, — 3HaueHue MeTeopOJIOTMUYeCKOro TiOKasaresiss B rofly t; a — CBOOOAHBIN ujieH
perpeccuu; b — rogooii K03 duiMeHT TpeH/a; € — ClydaliHas ommbka. CKOPOCTh U3MEeHeHus 3a
JecsiTuiieTve paccuvThiBamd Kak 10b. CraTMcTHuecKyro 3HAUMMOCTb Ko3(dduijueHTa TpeHza
OLIEHMBAJ/IM C TIOMOILBIO t-KpUTepusi. [I/si KaXXJoro psiia pacCUMThIBa/IM YI/IOBOM Ko3(h¢uieHT
tpeHza (b) u ero crangaptHyto oumbky (SE), ko3abdunyent aerepmunaipu (R?) u ypoBeHb
3HauMMOCTH (p) 1o t-kpuTeputo CThbIOAEHTa; TPeHJ, CUMTA/IC CTAaTUCTUUECKU 3HAUMMBIM MpU p <
0,05. TTosiHbIE pe3y/IbTaThl perpeCcCUOHHOT0 aHaMu3a (ypaBHeHus, R2, SE u p) 060611eHb! B Tabuiie
2, a IMHUM TpeH/ia C ypaBHEHUSIMU perpecCuy INpUBeJeHbl Ha COOTBETCTBYIOLIUX pUCYHKax. s
BBISIB/IEHUS] IPOCTPAHCTBEHHBIX Pa3/MUMi pe3y/bTaThbl CTAHLMK COMOCTAaB/IS/IUCH C YUYETOM BBICOTHI
MECTHOCTH M JaHAmadTHBIX yciaoBuil. I'paduku Obutm moctpoeHsl B MS Excel, OriginLab
u Python, a kapTsl nozrotosneHsl B ArcGIS Pro.
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[TockonbKy nepyoj aHaiu3a orpaHdueH 17 rofaMu, pe3y/ibTaTbl UHTEPIIPEeTHPOBA/INCH HE KaK
K/IUMaTHYeCK1e HOPMBI JJTUTETbHOTO WM BEKOBOTO MaciiTaba, a KaKk COBPEMEHHbIE TeH/EHI[UH,
HaOmogapmecs: B 2008-2024 rr. Takoi Mogxo[ TO3BOJISIET C HEOOXOAUMOW OCTOPOXKHOCTBIO
OLIeHUBaTh BAUSIHUE OT/e/IbHBIX IKCTPEMabHbBIX JIeT Ha paCCUUTaHHbIE TPEH/bI.

Pe3ynbrarbi

MHoro/ieTHUe HU3MeHeHHsl Temrmeparypbl Bo3ayxa. B 2008-2024 rr. Ha Bcex Tpex
MeTeOopOJIOTUYeCKUX CTAHIUSX HaOJIo/acs TIONOXKUTeIbHBIA TPeH | CpeIHer0/JOBOM TeMIiepaTyphbl
Bo3Ayxa. Temm wu3MeHeHuss ObLI BbIllle B HIDKHEM M ypOaHM3MPOBAHHOM uYacTsaxX OacceiiHa
Y CPaBHUTE/ILHO HI)Ke B FOPHOW BepxHel yacTu. ITo pe3ynbrataM perpecCMOHHOIO aHajau3a TeMIl
roTervieHust Ha ctaHusax TamkeHT U YuHa3 coctaBua nipumepHo 0,7-1,0 °C 3a gecstuieTye, a Ha
craniuu Yapeak — 0,3-0,5 °C 3a gecatuneTue.

Ta6auya 2.

Pe3y/nibTaThl IMHEHHOW perpecCHy Cpe/JHerofioBoi TeMmnepaTypbl Bo3yxa 1o
MeTeopo/IoruyecKuM cTaHuuam 3a 2008-2024 rr.

CraHnus YpaBHeHue TpeHAQ b, °C/rop Temm, °C/10 R? SE, °C/ P
J1eT TOJ
TamkeHT T = 15,01 + 0,088t 0,088 0,88 0,37 0,029 0,009
UunHas T =14,46 + 0,070t 0,070 0,70 0,29 0,028 0,025
Yapgak T =9,06 + 0,042t 0,042 0,42 0,10 0,036 0,260

IMpumeuaHue: t — nopsiokoeblil Homep 200a (t = 1 dna 2008 e.); b — yenoeoli koagppuyueHm
mpenoa; SE — cmaHoapmHas owubka koapuyuenma; R? — koagpgpuyuenm demepmuHayuu; p —
Ypo8eHb 3HauuMocmu no t-kpumeputo CmblooeHma.

CornacHo pe3ysnbTaTaM perpecCMOHHOTO aHalW3a, TPEeHJ CpeJHerofloBOMl TeMIlepaTypbl
BO3/lyXa ITIOJIO)KUTe/leH Ha Bcex cTaHuusax. Ha craHuusx TauikeHT u UuMHAa3 OH CTaTUCTUUYECKU
3HauuM (p < 0,05) u cootrBercTByeT moTerviennto 0,88 u 0,70 °C 3a pecsaTuneTve NpU
ko3 duimenTax gerepmuHaiud R? = 0,37 u 0,29 coorBercTBeHHO. Ha crtaHiuu YapBak TpeH/
BhipakeH cabee (0,42 °C 3a gecarunerue, R?2 = 0,10) u crarictiyecky He 3HauuM (p =~ 0,26), uto
corylacyeTcsi C MeHee BBIpKEHHBIM TIOTeIJIeHWeM B TOPHOM uacTd OacceiiHa U  GoJibIIION
Me)XXT0[JOBOM M3MEHUYMBOCTbIO. YpaBHEHUSl perpeccuu, Ko3(PQUIIMeHThI JeTepPMUHALMA U YPOBHU
3HAUMMOCTHU TIpWBeZleHbl B Tabnuile 2, a JWHAMHMKa CpeJHEeroZiloBOM TeMriepaTypbl C JIMHUSIMU
TpeH/la ¥ YpaBHEeHUsIMU [0Ka3aHa Ha PUCYHKe 2.

Ha cranuuu TallkeHT cpefjHerofioBasi Temrieparypa BO3AyXa yBe/lWuuaach npumepHo ¢ 15,0
°C B 2008 . mo 16,0 °C B 2024 1., a Ha cTtaHumu YuHa3z — c 14,3 po 15,5 °C. Ha craniuu YapBak
ro/IoBble 3HaueHUS B OCHOBHOM H3MeHSITMCh B Tipefenax 8,3—-10,7 °C, mpu 3TOM OOIIMA TpeH[
rorervieHusi ObIT MeHee BBIDa)KEHHBIM, YeM Ha PaBHMHHBIX CTaHLUSAX (PUCYHOK 2). B cBsizu co
3HAUMTeSbHBIMU KOJIe0aHUSIMU OT/AeNbHBIX TOZOBLIX 3HAUeHHN perpecCUOHHBbIN TpPeH[, SIBISeTCs
Ooslee Hazie)KHBIM TIOKa3aTesieM, YeM TIPOCTO€ COTIOCTaB/eHHe HaualbHOTO W KOHEYHOTO TO/I0B
reprozia HabJTIoIeHUH.

V3MeHeHUs1 MUHUMa/bHBIX TeMIlepaTyp Tak)Ke YKa3blBalOT Ha IIOCTEIIeHHOEe CMsrueHue
3UMHUX ycjioBud. B Hauane mnepuosa HabmofeHuii MUHMMasbHas Temreparypa B UwuHasze
omyckaiack o —24,5 °C, Toraa Kak B moc/jeiHUe TOAbl OHA, KaK MPaBU/IO, He CHWKa/lach Hke —18
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°C. B TaukeHTe MHUHUMAa/bHbIE TemIlepaTypbl TakKe IIOBBICUIMCH IIpUMepHo ¢ —17 mo -9
°C. MakcumasbHble TeMIepaTypbl OCTaBa/MCh OTHOCHUTENBHO CTAaOW/IbHBIMU W B OCHOBHOM
Haxoawmuch B nipefenax 40-42 °C B Taukente u Yunasze u 30-33 °C B Uapsake. [lonyueHHbIe
pe3y/nbTaThl CBH/ETeNbCTBYIOT O TOM, UTO HabmofaeMoe TOTeIUleHHe CU/IbHee TIPOSIB/ISIOCh
B XOJIOHBIN [TePUOZ, FOfia ¥ B IMHAMUKe MUHMMaJIbHbIX TeMITeparyp.

16

144

(y =15,01 + 0,088t; R?=0,37] Hapsak
—— TalkKeHT
(y =14,46 + 0,070-t; R* =0,29) —A— YuHas

12 A

101

CpepnHerogoBas TemnepaTtypa Bosgyxa (°C)

2008 2010 2012 2014 2016 2018 2020 2022 2024
lon

PucyHok 2. /lunamuKa cpedHez200080tli memnepamypbt 8030yxa Ha cmanyusx Yapeak, Tawukenm
u Yunas ¢ 2008-2024 22

MN3meHeHnus TeMIiieparypbl OBepXHOCTH cyinH. CriyTHUKOBbIe gaHHble MODIS nokasany,
YTO TeMmIieparypa TIOBEPXHOCTH CyIIMd W3MeHsjlaCb B TOM JKe OOIeM HampaB/ieHWd, 4YTo
U Temrieparypa Bo3ayxa. B jieTHuil rieprog TeMriepaTtypa MOBePXHOCTH CYIIM OOBIYHO COCTaBIIs/Ia
30-35 °C Ha opollIaeMbIX TEPPUTOPUAX U yUaCTKax, MOKPBITBIX PaCTUTEIbHOCTBIO, U OKO/I0 25-30
°C Ha ropHBIX CKJIOHax U B JIECHBIX palioHax. B To >xe Bpems Ha CyxMX IIOYBax, B pallOHax IJIOTHOM
3aCTPOMKM U Ha ac(abTUPOBAHHBIX [TOBEPXHOCTSX Temreparypa gocturana 50-60 °C.

B ropoze TamkeHTe W TpW/erarwx ypOAaHW3UPOBAHHBIX paliOHAX TIOBEPXHOCTb 3eMJIU
B BeuepHMe M HOUHBbIE YaChl OCThIBajia MejieHHee. Takasi 0COOEHHOCTh MOXKeT OBITH CBfi3aHa
C yBeJIMYeHWeM [0/ TeIJIOaKKYMY/IMPYIOIIMX ITOBEPXHOCTeM W COKpallleHWeM 3eJIeHbIX 30H
B mipefiesiax ropozja. OfHaKo /s orpeesieHrs] KOHKPETHOTO BK/IaZia ypOaHW3alyu HeoOXOOVMBI
JOTIONIHUTENIbHbIe  CBefleHUs: 00 W3MEeHeHHWsIX 3eMHOTr0 TIOKPOBa, TUIOTHOCTA — 3aCTPOMKH
Yl aHTPONOreHHbIX UCTOYHHUKAX Terla.

MexrogoBasi H3MeHUHBOCTh 0CafgKoOB. OCaJKi XapaKTepHU30BaIMCh 3HAYMTE/NHHO OOblei
MEXKT0ZIOBOM M3MEHUMBOCTBIO TI0 CPaBHEHHIO C TeMIlepaTypod Bo3gyxa. B OObLUIMHCTBe JieT
rof0BOe KOJIMUeCTBO OCaAKOB cocTaBisio mpuMepHo 500-1600 mm Ha craHumu Yapsak, 300—
580 MM B Tamkente u 200-400 mm B YunHaze. B 2020 r. Ha cranium UYwHa3 ObuIO
3apernucTpupoBaHO OKoo 995 MM 0CaZKOB, UTO BbIfIe/IIeT 3TOT IoJ, KaK aHOMa/IbHO BJIaKHbBIN
B pacCMaTpUBaeMoM psifly HabmogeHni (PUCYHOK 3).

OTHOCHTE/TFHO BIa)KHBIE YCIOBHS B TOPHOW uacTu OacceitHa Habmomamics B 2018-2019 rr,
toraa Kak 2021 r. ObUT CpaBHUTETBPHO 3aCyLUIMBBIM Ha BCEX TpeX CTaHIWsx. HecMoTpst Ha To 4TO
OTZle/IbHBbIe PAacueThl yKa3bIBaJM Ha C/1a0yio IOJIOKWTENBHYIO TeHJEeHLMI0 Ha CTaHiu YapBak,
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YCTOWYMBOTO M CTaTUCTUYECKH 3HAUMMOTO TpeH/ja B MaciuTabax Bcero OacceiiHa He BBISBJIEHO M3-
3a BBICOKOW H3MEHUYMBOCTU psifla OCAZKOB M CPABHUTEIBHO KOPOTKOTO TIeproja HaOrO[eHui.
Ce30HHOe pacripe/iesieHle 0CaZKOB B 11€JIOM OCTaBaj0Ch HEM3MeHHBIM, TIPH 3TOM HauOoJblas uxX
J10/151 TIPUXO/IM/ACh Ha 3UMHHUI U BeCEHHUM Mepruojpl.
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PucyHok 3. I'00060e Ko/1uuecmeo ocadkoe Ha cmaHyusix Yapeak, Tauukenm u YuHa3z 8 2008—
2024 2a.

TeHeHIUM CKOPOCTH BeTpa

AHanu3 CKOpPOCTHY BeTpa He BBISIBU/I YETKOT'O OJHOHAIIpaBJIeHHOI'0 MHOroJieTHero TpeHza. Ha
craniy YapBak rojjoBble 3HaueHUs] MU3MEHS/IMCh B 0Oosee IIMPOKOM [Juaria3oHe, YeM Ha [IPyTUX
CTaHLMSIX, YTO CBSI3aHO C B/IWsHUEM penbeda W JOKaAbHOM armMoc(epHON LMPKY/ISLUM.
B ormenbHbIE oAbl TOJOBbIe 3HAUEHKS CKOPOCTH BeTpa IpeBbllliasd 12 M/C, TOr[a Kak B Jpyrue
rO/bl CHUXKAJIMCh IIPUMEPHO 10 5—6 M/C.

Ha craniuu TaiikeHT mocsie OTHOCUTE/IbHO BbICOKMX 3HaueHui B 2008—2009 rIT. CKOpOCTb
BeTpa B OCHOBHOM M3MeHsi/lach B Tripefenax 4-6 m/c. Ha craniuy YuHa3 rofoBble 3HaueHUs
MPEeMMYILeCTBEHHO COCTaB/isiid  5—7 wm/c. CHWKeHWe CKOPOCTHM BeTpa, HaO/oaBIeecs
B OTJe/ibHble ToAbl B TalikeHTe, MOXKeT OBITH CBSI3aHO C YBeJIMUEHHEM IJIOTHOCTH 3aCTPOUKH
Y 111epOX0BaTOCTY MOZCTU/IAIOLeN MoBepXHOCTH. OHAKO /I NTOATBEP)KeHUs] 3TOU 3aBUCUMOCTU
TpeOyeTcss OT/AeNbHbIM aHa/M3 MOP(OJIOTUM TOPOJCKOH 3acTPOHKM U mpeobsiafiarolux
HanpabJ/IeHUM BeTpa.
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CpenHerogoBas CKOPOCTh BeTpa (M/c)

2008 2010 2012 2014 2016 2018 2020 2022 2024
Ton

PucyHok 4. /Junamuka cpedHe2000801i ckopocmu éempa Ha cmaHyusax Yapeak, Tawkenm u
Yunas ¢ 2008-2024 22.

OOcyxpaeHne

Pe3ynbTaThl MCC/ef0BaHUs TOKa3biBalOT, uTo B OacceiiHe peku Yupuuk B 2008-2024 rT.
Habmofanack TeHAeHLUs K roTeruieHuto. bosee BbIpakeHHble TPeH/[bl, 3apervCTpUpOBaHHbIE Ha
PaBHUHHBIX CTaHUUsSX TamrkeHT v UWHa3 M0 CpaBHEHMIO C TOPHOM cTaHLuel YapBak, MOTYT ObITb
00yCJIOB/IEHbl COBOKYITHBIM BJIMSIHUEM BBICOTHI MECTHOCTH, XapakTepa 3eMHOTO TIOKPOBa,
ypOaHU3alLvK U JIOKa/IbHOM aTMOC(hepHO IUPKY/SIUU. B 4acTHOCTH, OFHOBpEMEHHOE TIOBBIIIIeHHe
TeMIlepaTypbl BO37lyXa U TeMIlepaTypbl IOBepXHOCTH cymM 1o gaHHelM MODIS B TaiukeHnte
yKasbIBaeT Ha BO3MO)KHOe MposiBieHHe 3¢ deKTa ropofcKoro octposa temsia. OJHako B HACTOSILLEM
WCCIeJOBaHUY BKJ/aJ, IaHHOro (hakTopa OTZeNbHO He olLieHuBazics. bormee ObicTpoe MOBbIIEHHE
MHUHUMaJIbHBIX TEMIIepaTyp MO0 CPaBHEHHIO C MaKCHMalbHBIMH MOXXET CBH/ETebCTBOBAaTbH 00
ocnabeHny XOJIOAHBIX 3UMHHMX TEepUOZIOB. B TOpHBIX OacceiiHax Takve W3MeHEeHHsl CIOCOOHBI
BJ/IUAATb Ha CPOKU HAKOIUIEHUs U TasgHUS CHEKHOI'O ITOKpOBA U, CjlefloBaTe/lbHO, U3MEHSATh Hauasio
BeCeHHero CToka. BmecTe c TeM peuHOM CTOK, 3amachl CHera W IUIOLAJb JIE[[HUKOB B [JaHHOM
WCC/Ie[IOBAaHUM HeIOCpeJiCTBEHHO He aHa/IW3upoBaivch. I103TOMYy BIMsHHE MeTeopoJIOrMuecKUx
VM3MEHEeHU! Ha peXUM CTOKa pekd UMpuMK Ha [aHHOM »3Tafne c/efyeT pacCcMaTpuBaTh Kak
TMOTEeHL[UA/TBHBIN THUAPOTIOTUUECKUN MeXaHW3M, TpeOyIoIUi MOATBEP)KAEHHS /IOTOTHUTETEHBIMU
HaO/MIoIeHUSIMH.

[IoBblllleHWe — TeMIlepaTypbl  [OBEPXHOCTM  CYyIIM MOXKeT  YCWIMBaTh  MUCIapeHUe
Y 9BaloOTpPaHCIUpALIUI0, YCKOPATb WCCYLIeHWe TII0YBbl U yBe/IMYMBaTh [I0TepU BOABI U3
BOJOXPDaHWIMUIL, U OPOCUTENbHBIX CHUCTeM. B CelbCKOXO3SMCTBEHHOM TNPOM3BO/CTBE POCT
TeMIlepaTyphl B/IUseT Ha BOAOMOTPEOHOCTh CeTbCKOX03HCTBEHHBIX KYJIBTYD, TIPOAO/DKUTETEHOCTD
BereTalliOHHOIO TepuoZila U ypoXKalHOCTb. [103TOMy mpy MlaHMPOBaHWU pacrpefieieHds BOZJbI
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HeoOXOIMMO yUWTBIBAaTb HE TOJBLKO MHOTOJIETHWE CPeAHWEe 3HaueHWs, HO W CIIeHapuu >KapKuX
Y 3aCyuuiMBbIX jieT. OTCYyTCTBUE YCTOMUMBOTO TpPeHJA B DSy OCAaJKOB He O3HauaeT OTCYTCTBUS
K/IMMAaTUYeCKOTO pHCKa. HampoTuB, pe3kuii Tiepexof, OT BI&KHBIX YCIOBUH, HaO/FOJABIIMXCS
B 2018-2020 rr.,, K 3acyxe 2021 r. cCBUJETeNbCTBYET O BBICOKOM MEXIOJOBOW HeomnpeeleHHOCTH
MpU  yTpaB/JIeHUW BOAHBIMM pecypcamMyd. Bo BraxHble rofibl 0coboe 3HaueHWe MPUOOpeTaroT
MIPOTUBOMNABO/IKOBAsE  3alUTa W 0Oe3omacHas JKCIUTyaTalldsl BOJOXPAaHWIMWIN, ToOrja Kak
B 3aCylUIMBbIe TOAbI OCHOBHBIMH TIPOO/IEMaMH CTAHOBATCS AeQUIIUT OpPOCHUTETbHOW BOJbI
Y TIOZiepyKaHue IKOJIOruyeCKUX IOy CKOB.

K OCHOBHBIM OrpaHUUeHHsSIM HCC/Ie[OBAHUS OTHOCSTCS CPABHUTEBHO KOPOTKWW TEPUOJ,
HaO/TI0ZIeHNH, OTCYTCTBHE AAHHBIX MO OT/EeNbHBIM TrofaM Ha CTaHIMM YapBak, HCIIO/Ib30BaHUE
TOJIbKO TpPeX MeTEeOpOJIOTUUeCKUX CTaHLMA U OTCYTCTBHE TMpPSIMOrO aHajv3a TUAPOJIOTHUeCKUX
nokasareneii. Jlanubie MODIS Tak)ke cofep)kaT HeOTIpe/|e/IeHHOCTH, CBsi3aHHbIe C 00/1auHOCTBIO,
pa3MepoM MHUKCeIss U HeOJHOPOAHOCThIO TUMOB 3€MHOT0 MOKPOBa. B a/bHEeNIINX UCC/IeJ0BaHUSX
11e/1eCO00pa3HO  yBEJMUUTh Tepuoj, HaOmogeHni Kak MUHUMYM 10 30 JeT, NpUMeHSThb
HellapaMeTpuyecKue MeToAbl, BKIrouasg TecT MaHHa—KeHfja/ia 1 oLjeHKy HakioHa CeHa, a Takxke
COBMECTHO aHa/JM3MPOBAaTh PEUHOM CTOK, CHEXXHbIM MOKPOB, WCIAapeHue U U3MEHEHHs 3eMHOr0
TIOKpOBa.

3ak/IIoueHue

Hannbie 3a 2008-2024 rr. mMokKasajid TMOBBIIIEHWE TeMmIepaTypbl BO3/yXxa BO BCeX
HCC/IeJOBAHHBIX YacTsax OacceitHa peku Unpuuk. Temm noTervieHust Ha cTaHUsX TamikeHT U UnHa3
coctaBua npumepHo 0,7-1,0 °C 3a gecatuneTue, Torjga Kak Ha craHuuu Yapsak — okosio 0,3-0,5
°C 3a pecsatwietde. [IoMHMO BBICOTHBIX pa3uuuii, 0osiee BBIPAKEHHOMY TIOTET/IEHUIO
B PaBHUHHBIX paliOHaX MOIJIA CTIOCOOCTBOBATh ypOaHU3alust 1 0COOeHHOCTH 3eMHOTO TTOKPOBA.

HaGmonenuss MODIS 1oKa3anu, 4To TeMIlepaTrypa TOBEPXHOCTH CYIIM Obljla BbIIIe Ha
ypOaHM3UPOBaHHBIX U CYXUX TEPPUTOPHSIX U MMeJia TeHIeHLIMIO K TOBBIIIeHHI0 BO BpeMeHU. Takue
VM3MEHeHHs1 BaXKHbl [l OLeHKA TI0Tepb Ha WCMHapeHue, YCJIOBUN YBAKHEHHS TOYBBI
U TI0TpeOHOCTH B oOpocHTe/nbHOW Bogie. OcafKM XapaKTepH30BalMCh BBICOKOM MEKTOI0BOM
M3MEHUYMBOCTBIO. XOTS OTZe/bHble BJjla)KHble M 3aCyLUIMBble TIO[bl OTUET/IMBO BBbIJE/IS/IUCE,
YCTOMUYMBOTO M CTaTUCTHUECKHA 3HAuMMOro o0Ilero TpeHja B mpefenax OacceiiHa He BBISIBIEHO.
AHanoruuHo, [Jjsi CKOPOCTH BeTpa He YCTAaHOBJIEHO YCTOMUMBOIO [OJTOCPOYHOIO W3MeHeHUs
orpe/ie/ieHHOW HarnpaB/eHHOCTH.

B 11e/10M 0CHOBHBIM MeTeOpOJIOTUYeCKHUM CUTHAJIOM, BhISIB/IEHHBIM B OacceiiHe peku UMpUuK,
SB/IIeTCSl  TIOBBILLIEHWe TemIeparypbl BO3Jyxa M TOBEPXHOCTM CymM. B coderanuun
C HeCcTaOWIBHOCTBIO peXXKMMa 0CaJIKOB 3TOT Tporiecc TpeOyeT rMOKOro MjiaHUPOBaHUs YIpaB/IeHus
BOJHBIMU pecypCcaMH, WCIOMb30BaHUsI Ce30HHBIX TIPOTHO30B U Ppa3paboTK  CrelyaabHbIX
CLleHapueB yIIpaBjieHusl [Ji1 SKCTpeMa/lbHbIX JieT. [l  orpejesieHUss NPSIMOrO B/IUSIHUS
METeOopOJIOTUYEeCKUX TeHJEHLMH Ha peuHOW CTOK HeoOXOAMMbI KOMITIEKCHbIe HCC/IeJOBaHKS
C MpUBJ/IeUeHUEeM MHOTOJIETHUX THZAPOJIOTHUeCKUX HaO/HOIeHUH.
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AHHOTanus

B crartbe Ha marepuasie 3aKOHOZATe/bCTBA M OpraHM3allMOHHO-METOAUUYECKUX IT0JIOKeHUMN
AszepbatimkaHckori Pecrybnvky rpakpaHcKass 0OOpOHa paccMaTpuBaeTCs He KaK aBTOHOMHBIM
Habop MepomnpusiTUd, a KaKk (YHKIMOHANIBLHO CBf3aHHBIM MeXaHW3M TOCYJApCTBEHHOTO
obecrieueHusi 0e30TIAaCHOCTH, CTMOCOOHBIM TIEpPeBOAUTH OOIKMe 1[e/Id  3alUThl HaCeNeHus U
TEpPUTOPHII B KOHKpeTHble TpeOOBaHWs K YIIPaBIe€HHIO, TIOATOTOBKe, CH/IaM, pecypcam M
nH¢pacTpykType. VCX0AHON MpPeANOChIKON HCC/Ief0BaHUs SIB/SETCS pasrpaHUueHue TMOHSITUN
yrpo3bl U OMAaCHOCTU: yTPo3bl CBA3BIBAIOTCS IIPEXKZe BCEro C LiejieHarpaBieHHON [esiTebHOCThIO
CyOBeKTOB, TOT/Ia KaK OMTaCHOCTH MOTYT UMETb TakKe IMPUPOHOE W TeXHOTeHHOe TIPOMCXOKIEeHHe.
Metomonornyecku  paboTa  OCHOBaHAa HAa  CHCTEMHOM, CTPYKTYPHO-(YHKI[MOHA/TBHOM,
CPaBHUTE/IbBHOM U JIOTMKO-aHAJUTHUYEeCKOM TMOAXOAaX; [JI1 PaH)XAPOBaHHS IPUOPUTETOB
WCII0/Tb30BaHa B3BellleHHasl IKajia KputepueB. Ha ocHoBe aHam3a 3akoHa A3epOaiipKaHCKOM
Pecniy6imvku «O rpak/[aHCKOM 000pOHe» U COTIOCTaB/IeHUsI C POCCUHCKOH HOPMaTHBHOUW MOJIE/TbI0
YTOUHSIETCSI MECTO TPa)KAaHCKOW OOOPOHBI BO B3aMMOCBSI3U C CHUCTEMOW TIpeNyTIpeXJeHus |
JMVKBU/IALIMM  Ype3BblYaliHbIX CUTyallUid, CHUCTeMaTU3UpPYIOTCS (aKTOpbl, BAMSIOIME Ha eé
cocTosiHve, U 21 rocyzapcTBeHHast 00513aHHOCTB B 00/1aCTH IPaXJaHCKON 000POHBI IPYTIIIMPYETCS B
ceMb YKPYITHEHHBIX HarpaB/eHUM pa3BUTHUsA. B KauecTBe pe3ysbrara IpejjaraeTcsli CBs3bIBaTh
Ka)XIbIii TIPUOPUTET HE TOJBKO C TIePeYHEM MEepOTIpUSTH, HO U C OXKH/IaeMOM CIIOCOOHOCTBHIO

Bubimorpadpuueckoe omucanue: Cazprr-3azie Y.A. ommel TeopeTueckne ¥ TPAKTUYeCKHe acTeKThl (PyHKIMOHHUPOBAHUS
rpak/]aHCKOM 060poHbI B cricTeMe Ge3omacHocTy // Universum: TeXHHUeCKHe HayKH : JIeKTPOH. HayuH. >KypH. 2026. 9(150). URL:
https://7universum.com/ru/tech/archive/item/23411
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CUCTeMbI BBITIOJIHUTh COOTBETCTBYHOLIYIO 3ajady. [IpeajiokeHHass MOfe/ib OpHWEHTHpPOBaHa Ha
OLIeHKY TPaKTUYeCKOW TOTOBHOCTM M To3TamHoe pa3Butve A0 2030 ropa; eé orpaHduyeHusi U
He0OX0IUMOCTh TIOC/IeYIOIEH SMITMPHUUECKOU arpobarivu OTAe bHO 00CY>KIar0TCs.

Abstract

The article examines civil defense in the context of the legislation and organizational
framework of the Republic of Azerbaijan as a functionally integrated mechanism of state security.
The study uses systemic, structural-functional, comparative and logical-analytical approaches, with
a weighted scoring scheme for priority ranking. The analysis clarifies the relationship between civil
defense and the national emergency prevention and response system, compares the Azerbaijani
framework with the Russian regulatory model, and groups the 21 state duties established by the
Azerbaijani Law “On Civil Defense” into seven broader development priorities. The proposed
approach links each priority to the operational capability that the system is expected to demonstrate
and shifts assessment from the formal availability of plans and resources toward practical readiness.
A phased development logic through 2030 is retained, while the limitations of the proposed
analytical instruments and the need for empirical validation are explicitly addressed.

KiroueBble ¢j10Ba: rpaxjaHcKas 000pOHa, yrpo3a, OMAacHOCTb, TOTOBHOCTb, YIpaBJIeHUE,
oroBellleHNe, IBaKyaLlysl.
Keywords: civil defense, threat, danger, readiness, management, notification, evacuation.

BBegenue

CoBpeMeHHast cpefja 0e30MacHOCTM XapaKTepu3yeTCs TeM, UTO HCTOUHUKH pUCKa
Y MOC/eACTBUSL KPU3UCHBIX COOBITHIM BCE MeHbllle YK/IaJbIBalOTCs B OFHY OTPac/ieByI0 KaTeropuro.
[IpypozHbIe MpOLIeCCHI, TEXHOJOTMUeCKUe aBapuM, SIHAEeMHOJIOTMUecKre Yrpo3bl, COoLMabHast
HecTabuUIbHOCTh, BOEHHble KOH(PIMKTBI U HWH(GOPMALMOHHOE TPOTUBOOOPCTBO  CIOCOOHBI
BO3/IeHiCTBOBaTh Ha OJHU U Te e OOBeKThl HacesreHWe, WH(GPACTPYKTYpYy, TeppUTOpHasbHbIe
cUCTeMbl KM3HeoOecrieueHUsi U OpraHbl yripaBjeHus. I[1o3ToMy 3ajjaua 3alliUThl HacejieHUs He
MOYKeT OLeHMBATbCSl TOMBbKO TI0 HaJWYUI0 OTAeNbHbIX CUI Wi cpeActB. OHa [10/DKHA
paccMaTpUBaTbCSl KaK pe3y/bTaT COIJIaCOBAaHHOW pabOThl HECKOJbKUX B3aMMO3aBUCUMBIX
3JIEMEHTOB TOCY/lapCTBEHHOMN CUCTEMBI.

HatoHanpHasi 6e301acHOCTh  OTIpejieNisieTCsl KaK COCTOsIHMe 3allUIEHHOCTU JINUHOCTH,
o011lecTBa ¥ rocyZapcTBa OT BHYTPEHHUX W BHELIHUX YTPo3, P KOTOPOM 00ecrieurBaroTCs TpaBa
U cBoboAgbl TrpakAaH, TpUeM/eMOe KaueCTBO JKW3HH, CYBeDeHHTeT, He3aBUCUMOCTb,
TeppUTOpHa/IbHasi 1IeJIOCTHOCTh M YCTOMUMBOE COLMaTbHO-3KOHOMHYeckoe pa3BuTue [1]. s
HaCTOSILL[ET0 MCC/eJOBaHUsI TIPUHLMIUAABHO TO, YTO TakKoe OrlpejesieHre 3aaéT IIUPOKUM
KOHTEKCT: Tpax/JaHCKasi 000poHa HMeeT 3HaueHHWe He TOJIbKO B MOMEHT BO3HHUKHOBEHHS
ype3BbIUaiiHOrO cobbITHsA. E& cocTosiHMe 3apaHee BMsieT Ha CMIOCOOHOCTb TOCYJApCTBa COXPaHUTh
yTpaB/isieMOCTb,  OpraHM30BaThb  3allUTy Jilofeld, obecrieunTh HeoOXOAWMble  pecypchl
Y BOCCTAHOBUTbH HOPMasibHOe (PYHKIIMOHUPOBAaHKE TePPUTOPUIA.

[TpobneMa wucc/ienoBaHUs 3aK/IHOUaeTCss B pa3pbiBe MeXKy HOPMAaTUBHBIM TTOHHMaHUEM
rpak/jJaHCKOM 0OOpOHBI U TIPAKTUYeCKOM OLIeHKOW e€é roTOBHOCTH. [lepeueHb 3ajjau, OpraHoB, CHII,
CPeZCTB U MepOTpUsTUI caM To cebe elllé He TOKa3biBaeT, HACKOJIBLKO OBICTPO cuCTeMa CMOXKeT
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MeperTy OT TUTaHUpOBaHWS K JeicTBusM. CriefioBaTesibHO, Pa3BUTHE TI'PaXXJAHCKOW OOOpPOHBI
1jesleco00pa3HO pacCMaTpUBaTh KaK TMOC/e0BaTebHOCTh YIpaB/eHUeCKUX pelleHud, B KOTOPOM
BBISIBJIEHHBIE YTPO3bl M OMACHOCTH MPeobpa3yroTcsi B IPUOPUTETHBIE 3a/jaud, 3a/laull B TpeOyeMble
COCOOHOCTH, a CIOCOOHOCTH B KOHKDETHBbIe OpraHM3al[iOHHbIe, TeXHWUeCKHWe U PeCypCHbIe
pelieHus.

Llens yTOUuHUTH (DYHKI[MOHA/TBHOE MECTO TPaXKJaHCKOW O0OOpOHBI B cucTeMe 00OecriedeHus
HaLMOHAMbHOW 0e30MacHOCTH M Ha 3TOM OCHOBe C(OPMHMPOBATh JIOTUUECKH CBS3aHHYIO MOZENb
ripuopureToB eé passutus 40 2030 rozpa. [l JOCTU)KeHHUs Lje/IM pacCMaTpUBAKOTCSA: COOTHOLLIeHHe
yrpo3 M OMAaCHOCTel; MeCTO TPaKAAaHCKOM OOOpOHBI Cpefu WHCTPYMEHTOB TOCYAAPCTBEHHOM
Oe3omacHOCTH; B3auMoOjielicTBUe C EQuUHON cucTeMOW TIpeAYNpPeXAeHUS W JUKBUAALUN
Yype3BbIYAWHBIX CUTyalud; (DaKTOpbI, OMpeJessIolie COCTOSIHMe TPaKAAHCKOM OOOpOHBI;
IPYIINMPOBKA 3a/a4y [0 IIpUOpUTeTaM; II0C/e/l0BaTe/IbHOCTh peaiu3alid; KPUTepUU OLeHKU
pesysibTara.

Marepuasbl 1 MeTOABI

MarepuanbHyr0 ~ OCHOBY  MCCJ€JOBaHMSI  COCTaBWIM  HOPMAaTHUBHO-TIPDABOBBbIE  aKThI
M OpraHMu3aljMoOHHO-MeTOJUUeCcKre [JIOKyMeHThl AsepbaiipkaHckoii Pecnybmuku B o06actu
rpaXk/[aHCKOM O0OOpOHBI, 3alllUThl HaceleHUs] U TEePPUTOPUM, TIPeAyTIPeXAeHUs U JIMKBUJALIUN
ype3BblUAalHBIX CUTyalluid, a TaKXKe HayuyHble MyONIMKAlMKM 110 BOMpPOCAM HAIMOHA/IBEHOU
6e30macHOCTH, yTpaB/ieHUs] PUCKaMH, YCTOWUMBOCTU U Pa3BUTHS CUCTeM 3allUThl HaceneHus [1—
4, 6-13, 15]. KnroueBbIM HOPMATHMBHBIM MCTOUHUKOM sIBsieTCs 3akoH A3epbaii/pkaHCKOM
Pecriybmuku «O TrpakJaHCKOW 000poHe», B UYAaCTHOCTH CTaThbsd 6, ycraHaBiuBaroijas 21
rOCyZapCTBEHHYI0 00s13aHHOCTD B JaHHOM obmactu [5]. [l aHa/mM3a B3aMMO/IeCTBUS C CHUCTEMOM
TIpeAyTIPeXXAeHUsT U JIMKBUJALIMMA Upe3BbIUalHbIX CUTYal[Mil HKCTIOMb30BaHbl TAKXKe T0JI0XKEeHHs
[ToctaHoBnenuss Kabunera MwunucTpoB AsepbaiimkaHckoit Pecrniyosmuku ot 30 ampensi 1992 T
Ne 239.

B kauecTBe aHa/JIMTHUECKOTO MaTepuasia MCII0/Ib30BaHbI T0JIOXKEHHSs], OTpe/ie/istoliye ey,
3afaud, (YHKLUWM, OpraHU3aljMOHHbIE OCHOBBI W MeXaHW3Mbl oO0ecriedeHUsi TOTOBHOCTHU
rpaXk/j[aHCKOM 060poHbI. B paboTe He cTaBW/iach 3a/iaua MOTy4eHUs] HOBBIX IMITMPUUYECKUX JAHHBIX;
MpeJIMeTOM MUCC/Ie[IOBaHUs SIB/SIETCS aHa/JMTHUeCKasi TPYMIAPOBKA HOPMAaTHMBHO 3aKPeryIéHHBIX
GyHKUUN ¥ TIepeBOf, UX B CUCTeMY W3MePUMbIX KpUTepHeB TOTOBHOCTH. B paboTe rnpuMeHeHbI
CHUCTeMHbIN, CTPYKTYPHO-(PYHKIIMOHA/IbHbIN, CPAaBHUTE/IbHbIA U JIOTMKO-aHAJUTUUECKUM MeTO/IbI.
CuCTeMHBIH 1O[X0/] UCII0/Ib30BaH [IjIsi pACCMOTPEeHUsI TPaKAaHCKOM 000pOHBI Kak 3/ieMeHTa 0011ei
cucteMbl 0€30MaCHOCTH; CTPYKTYPHO-(QYHKI[MOHA/IBHBIA /7SI YCTAHOBJIEHWSI CBSI3U  MeXAY
3aZlayaMu, CUJIaMU, YTIpaBjieHreM, peCypcaMy U 3allliTHBIMU MePOTIPUSTHUSIMU; CDABHUTETbHBIN 17151
COTIOCTaB/IeHUss HOPMaTUBHOM Mogeu A3sepbOaiiiykaHckoi Pecrybmku ¢ 6a30BbIMU TTOIOKEHUSIMA
®enepasbHOrO 3akoHa Poccuiickoit ®@esepatu ot 12 derpasns 1998 1. Ne 28-®3 «O rpaxkaaHCKou
obopone» [14]; oruko-aHanmUTUUE CKUi — Ji7ist (hOPMHUPOBAHUS PUUUHHO-CJIeICTBEHHOM 1[eTI0UKH
«OTMaCHOCTb — 3ajjaya — CIIOCOOHOCTh — pecypc — TOATOTOBKAa — TIPOBepKa — OLleHKa —
KOppeKLUsi». [I/is1 paH)KUPOBaHUsI CeMU HarlpaB/ieHUM Pa3BUTHsI TIpUMeHeHa B3BellleHHasi MaTpuIia.
Kakmoe HarpaBieHWe OLIEHHMBA/JOCh I10 UETBIPEM KpUTEpPHUSM I10 IiKajge oT 1 g0 5 6asios:
KpuTHUHOCThL TocsesictBui (K), cpounocts (C), cMcTeMHasi 3aBUCMMOCTb WM 0becIieunBaroiiee
B/IMSIHWE Ha [Ipyrue HaripaBjieHusi (3) U peasn3yeMOCTb TIpU OrpaHWuYeHHbIX pecypcax (P).
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Wtoroeeiii 6ann paccuuteiBajics mo dopmyne: M = 0,35K + 0,25C + 0,253 + 0,15P. Yem Bbiiiie
3HaueHue U, Tem BbIllle aHAaIUTUUYECKUU TPUOPUTET. ba/ibl SBASIOTCS aBTOPCKOM SKCIEpPTHO-
aHa/IMTUYECKOW OLIEHKOM, a He Ppe3yabTaTOM CTaTUCTUUECKOrO OIpoca; I03TOMYy MaTpuvla
WCTOMb3yeTCss KakK TIPO3pauyHblii WHCTPYMEHT CTPYKTYPHUPOBaHHSI TIPUOPUTETOB U Tpedyer
MOC/eAYIOLIel SMITMPUYECKON POBEPKU.

Pe3ynbrarhl 4 00Cy)KeHHe

B Teopum 0e30racHOCTM  abCOMIOTHOE  OTCYTCTBHME  OTMACHOCTA  HEJOCTHKHUMO:
MOTeHLMabHBIA HCTOYHMK yijepba CyI[ecTByeT He3aBUCHMO OT TOTrO, peayii3yeTrcs Jid OH
B KOHKPETHbIH MOMeHT. Ilo3ToMy 0e30MacHOCTb palMoHajbHee TPaKTOBATh KaK COCTOSIHUE
3aIUIIEHHOCTH, (OPMHUpPyeMOe OIpeJe/IEHHBIM KOMITJIEKCOM OpraHW3al[MOHHBIX, TeXHHUeCKHX
M HHBIX Mep MeXAy OOBEeKTOM 3all[UThl U BO3MOXKHBIM HCTOUHUKOM Bo3zeicTBus [2]. [Ins
IPaKIAHCKOM OOOPOHBI 3TO TOJIOKEHHe WMeeT TIpsMOe TMpakThueckoe 3HaueHue. Ecmm
0e30I1acCHOCTh TIOHMMAeTCs KaK pe3y/bTaT JeHCTBUS 3all[UTHBIX OapbepoB, TO 3(h(heKTHBHOCTh
IPaKIAHCKOM 000pPOHBI [I0/KHA OIIeHUBATHLCS 110 TOMY, HACKOJIBKO 3TH 6aphephbl CTIOCOOHBI CHU3UTD
TOC/IEICTBUSL  OTACHOTO COOBITUS, COXPAaHUThH VIIPAB/ISEMOCTh M 00eCITeUnTb BBLITIOJTHEHME
riepBooYepeIHbIX 3azau [4].

NCTOYHUKHK MEPbI 3ALLUTDI
BO3MIEACTBYA YrPO3bl U OMACHOCTH BO3MOXHbIE NOCJIEACTBUA (3ATIAYH FPAYKIAHCKO OBOPOHBI)

o S R 0o
MpupoaHble  « 3ewnerpscenns ! E '.‘ :iﬂgﬂe”:“::j KepTabl 0 IpepynpexaeHme u CHuketme
fABNEHUS + HagopHeHws ; | pasmatu pUCKOB
« LLiTopMbl, yparatbl ! N
> /3 + Onon3uw, cent 1 | ﬁ Pa3pyuieHve 3aHwit 'I' OnoBeLeHMe v MHGOpMUpOBaHKE
. i 1 MHPpaCT] bl ‘
Jlectible noxapbi 3 YIPO3A ! bpacTpyKTypi Hacenexua
i
i

; loTeHumanbHasa BO3MOXHOCTb |
* MpombiwnenHbie aBapuy | BO3HWKHOBEHMS ONAcHOCTH, | gg IKOHOMUHECKHE NoTepH
|

MPOUECEEL « Xumnseckve seipocsi | cnocoBHot HaHecTH yuep6
« [oxapb! ¥ B3pbIBbI

z
|
| HaceneHuio, TeppuUTopuaM | -
« ABapuu Ha TpaHcnopTe { 7 rocy;naggrey P i ‘ Yiuiep6 okpyXatolueil cpege [poBepeHue aBapuiiHo-
* ABapWH Ha 3HEpreTU4eCKUx L J cnacaTeNbHbIX 1 HEOTNOXHbIX paboT
06bexTax Gt Y

TexHoreHHble 3BakyaLus M YKpbITUe Hacenexus

o ToTeps KynbTypHbIX ObecneyeHve ycToiunBoro
: Eu.or‘lo:o ) ) ‘.. 1111 LeHHoCTelt % YHKUMOHMPOBaHMA 06LEKTOB
|2 = a Xu3HeobecneyeHns
akTopb! * WHdexrumoHble 3abonesanus
* 3nM300TMM, 3NUMTOTMM OMACHOCTb e®¢  Couvanshan () lMoaroToeKa Hacenexus
'.‘ HecTabunbHoCTb "-.‘ 1 hopM1poBaHUe KyNbTYpbl
PeanbHoe unu BeposiTHoe 6e30nacHoOCTH
BoeHHble
)  BoopyxeHHble KOHPAMKTbI ABNIEHWE, NPOLLECC UK H
ACUCTBUR .« Mpuwenenve coBpemeHbix coBbiTHe, KOTOPOE MOXeT APyLIEHS
CPE/ICTB NopaXeHys TIPMBECT K HEraTHBHbIM YHKUMOHMPOBAHUS ,' 2N\ MexeenomcraenHoe
+ Teppopwam 1 AuBepCHN NOCNEACTBUSM rocyAapcTea o0 1 MeX/IyHaPOAHOE COTPYAHNYECTBO

CHWKEHWUE PUCKOB, MUHUMMU3ALMA NOCNEACTBUI,
COXPAHEHVE YXU3HU 1 3[OPOBbS HACEJIEHWS, YCTOMYUBOE PA3BUTUE TOCYLAPCTBA

PucyHok 1. JIozuueckas cxema nepexooa om yzpo3 u onacHocmeti K Mepam 3aujumbl 6 cucmeme
2paxcoaHcKoti 060poHbI

ITpu 3TOM pa3/vuuHbIe UCTOYHUKUA PUCKA MOTYT CXOAWUTHCS B OJIHOW TOUKE B TOC/IEACTBUSIX
JUTsl HacelieHWus] U TeppuTopuid. PaspylineHue WH(paCTPYKTyphl, HapylleHWe 3HeprocHabxeHUs,
OrpaHUYeHHe JOCTyIa K MEeAULUHCKON TIOMOIIM, He0OX0JUMOCTb MaCCOBOM 3BaKyallviy WM MOTepst
KaHA/IOB CBS3U TPEIbSB/ISAIOT K CUCTEME CXOXKHe TpeOOBaHMSI HE3aBUCUMO OT TepBOHAYAIbHOM
npupozbl cobbiTus. OTCIOA C/leAyeT BaXKHBIN /ISl TPa’KJAHCKOW 0OOPOHBI BBIBOJ: TIJIAHMPOBaHHE
JIOJDKHO CTPOMTBLCS HE TOMbKO BOKPYT TEpPeuHsi yrpo3, HO U BOKPYT KPUTHUECKHX IOC/IeCTBUH,
KOTOpBbIe crcTemMa 00si3aHa yMeTb TIpeZ0TBpaIiaTh MO0 MUHUMHU3UPOBATH.
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B craTthbe Takke OTMeUYaeTCs YCHUIeHHE MPOTHBOOOPCTBA B I7I00a/IbHOM WH(OPMAIMOHHOM
MPOCTpPaHCTBe, BK/IOUAs UCIO0J/Ib30BaHHe WH(MOPMaI[MOHHO-KOMMYHUKALIMOHHBIX TeXHOJIOTHUN [Jis
JOCTIDKEHUSI  TeOTOJIMTUYEeCKUX  1lefiel, MaHWITYJMPOBAHMSI  OOIIEeCTBEHHBIM  CO3HAaHUEM
U danbcudukaimm ucropuu [7].

[51s1 Tpa’kJaHCKOM 0O0POHBI 3TO HaTpaB/IeHHe CJIelyeT PACCMaTPUBATh TIPEXK/IE BCETO C TOUKH
3peHusi YCTOMUMBOCTHU yTipaBieHUs U WHGOpMUPOBaHUsI HaceneHus. [Ipyu Kpu3uce A0CTOBepHas
vHbOpMallMsl CTAaHOBUTCA YaCThIO 3allUTHOTO MeXaHHW3Ma: OHa /[Io/DKHa o0ecrieurBaThb
CBOEBpEMEHHOe  [IOBeJIeHHe  CUTHAJIOB, TIOHSATHOe  OOBSICHEHWe  TOpsiKa  JIeHMCTBUM
M COIVIACOBAaHHOCTb pellIeHWd OpraHoB yripaBieHus. [IpuBeéHHbIe B CTaTbe pe3y/bTaThbl
00IIIeCTBEHHOTO OIpOCa T0KA3bIBAIOT Ha/MUMe Pa3/IMYalOI[UXCS  OLIEHOK MEeXXIyHapOJHOU
obcraHoBku [8]. OpHako aJisi liefled TPaKAAHCKOW OOOpOHBI Ba)kKHee He cama BeJIMUYMHA
00I11eCTBEHHON TPEBOXKHOCTH, a TO, UTO BOCIIPUSTHE PUCKA HACEJIeHHUEM MOXKET OT/IMYAThCS OT
OLIEeHKHA OpraHoB ymnpas/jeHus. CrefoBaTesbHO, MOATOTOBKA HaceleHUsl [JOJ/DKHA YUYMUThIBAaTb He
TOJIBKO TIepe/iady WHCTPYKILUM, HO ¥ CTIOCOOHOCTDb TPaKZaH MPABU/ILHO MHTEPIIPETUPOBATh CUTHAJI
OMAaCHOCTH U BBIMO/HSATh 3apaHee W3BeCTHBIM alfTOPUTM JeHCTBUM.

MECTO FPAXXAHCKON O60POHbI B CUCTEME OBECTEYEHWUS HALMOHATIbHON BE3OMACHOCTH

TOCYAAPCTBEHHAS
ﬁl W OBLLECTBEHHASI BE3OMACHOCTb

OBOPOHA 3awura KOHCTUTYLIMOHHOrO CTPOS, ' . 3ﬂPABOOXPAHEHME
3awura CyBEpEHUTETa Figas HCaton TRakaH v CoxpaHeHue XM3HN 1 300pOBbA
W TeppuTopuanbHou .\ I / HacefieHus1, roTOBHOCTb CUCTEMbI
UEenocTHOCTH K HpeSEbNaﬁHblM CuTyaumam
G @2
3KOHOMMUYECKAS FPAXXJAHCKAA OBPA30BAHUE 1 HAYKA

BE30MACHOCTb

YcToiiumBoe pa3sutue —e
1 3aWMTa KPUTUYECKOM

MH PACTPYKTYpbI

Co

OBOPOHA ﬂ o« @ MoproToBKa kaapos,
(=<

Pa3B1TUE 3HAHUI W TEXHONOTUIA
B obnactu 6e3onacHocTn

3awurta HaceneHus
3awwura TeppuTopuin

3awuta MaTepuanbHbIx

1 KyNbTYPHBIX LLEHHOCTEN
MoanepxaHue ycToiYnMBOCTU
ynpasneHus

3KOJIOTMYECKASA
BE30MACHOCTb
CHUXEHME 3KONOrYecKUX
PUCKOB M COXpaHeHue
NPUPOAHON cpefabl

WHOOPMALIMOHHASA

((x)) ¥y . (¢e9) sesonacrocts

3almra HGopMaLMOHHOro
NpOCTPaHCTBa U CUCTEM

@ ynpasnexus

.. ° COLUANIbHAS BE3OMACHOCTb MEXAYHAPOZHOE
'.‘ U KAYECTBO XXWU3HU COTPYAHUYECTBO
Yyactue B rnobanbHom

3awuTa Haceneus, =
oI G TS ?TPATEI'VI‘JECKASI CTABUJIbHOCTb 11 per1oHanbHoil cucTeme
YcToitunBoe GyHKUMOHUPOBaHME roCcyAapCTBa 6e3onacHoCcTH
B JONIFOCPOYHON NepCcnekTuae

\ 4

COBMECTHOE ®YHKLIUOHUPOBAHMUE 3JIEMEHTOB OBECTMEYUBAET YCTONYMBOE PA3BUTUE FOCYAAPCTBA
W MOBBILAET HALIMOHAJIbHYIO BE3OMACHCTb

YCTONYMBBIE HANIEXHOE YCTONYMBOE
» TEPPUTOPUU » OVHKUMOHNPOBAHWE | T BYIYLLIEE

TOCYIAPCTBA

)

o®e  GE30MACHOE

@Y  HACENEHME

e

TPAXXAHCKASl O50POHA — BAXXHbIA UHTErPUPYIOLUUIA 3NIEMEHT HALIMOHAJIbHOW BE30MACHOCTH

PucyHok 2. Mecmo 2pad#c0aHcKoli 000poHbl 8 cucmeme obecneueHuUsi HAYUOHA/ALHOU
6e3onacHocmu
Orcrofia rpakiaHcKkasi 000poHa MOXKeT ObITh Tpe[CTaB/ieHa Kak TOPU30HTA/bHO CBS3aHHBIN
snemeHT. OHa He 3amMeHsieT CO00M BCe OCTa/IbHbIE MEXaHW3Mbl 6€30IMaCHOCTH, HO HCIIO/b3yeT MX
pe3y/ibTaThl W OJHOBPEMEHHO TIPeAbSBAseT K HUM TpeboBaHHs YCTOMUMBOCTH. Harpumep,
9BaKyalysi HeBO3MO)KHA 0e3 TPAHCITOPTHON WH(MPACTPYKTYphl U YIIPAB/IEHHUS; MACCOBOE YKPBITHE
HacesleHusi TpeOyeT WH)KEHEPHBIX peIleHHH; MEeAWIMHCKAs 3all[UTa 3aBHCHT OT CHUCTEMBI
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37IpaBOOXPAHEHUS; YCTOMUMBOe WH(OpPMHUpPOBaHWe TpeOyeT (YHKI[MOHUPYIOIIUX KaHA/IOB CBSI3U.
[ToaTOMYy OIleHKa rpa’kAaHCKON 0OOPOHBI TOJBKO TI0 COOCTBEHHBIM CHJIaM M CPe/iCTBaM Hen30eKHO
OyzieT HeroJTHOM.

Pasrpannuenvie (YHKIMHA TPaKAAHCKOW OOOPOHBI W €QUHOM CHUCTEMBI TPeyTIPeXKIeHus
u vkBuganum YC.

EAUHAA CUCTEMA NPELQYNPEXAEHNA U IMKBUALUMN YPE3BbIYAWHBIX CMTYALI.VIVI
N TPAXXIAHCKASl OBOPOHA: CPABHUTEJIbHAA XAPAKTEPUCTUKA U B3AUMOEUCTBUE

L OBLLAS LIENb IPAXAHCKAS O5OPOHA (T0)

U NNKBUOHALIUK YC (PCYC)
‘ @ Mepuop dyHKLUMOHHPOBaHUS CHWXeHue yiuep6a 1 obecneyenmne

3alyuTa XU3HU 1 300POBbA HACeNeHus,

Mepuos hyHKUUOHMPOBAHMS |
MMpHOE W BOEHHOEe Bpems

MwupHoe Bpemst YCTOM4YMBOrO Pa3BUTUS rocyAapcTBa

OCHOBHbI€ Yrpo3bl EEEPT. JNG RN i
‘ A TIpUPOAHbIE, TEXHOTEHHbIE, COBMECTHAS{ PABOTA
61onoro-coumanbHole YC 7] BsAMMOHEﬁCTBME

‘ OCHOBHbIE yrpo3bl
|
|
i

=5  OcHoBHas uenb }
O MpeaynpexpeHve U IMKBUAALMUS |
|

|

BoeHHbIe 0NacHOCTH, NOCNeACTBUA
BOEHHbIX KOHPAMKTOB, KpynHoMaciuTabHble YC

OcHoBHas uenb
3alwmTa HaceneHus, TeppuTopuiA,
MaTepuanbHbIX U KyNbTYPHbIX LIEHHOCTE

KoopanHauus v ynpasnexve
Ype3BblyaiiHbIX CUTYaLuin

OCHOBHbIE 3afjaun H
o MOHUTOPUHT, NPOrHO3UpPOBaHMe, ‘

npeaynpexaeHue, pearnpoaxie, MKBUAALMS

nocneacTeuit ‘

CBAa3b ¥ OnoBeLueHme OCHOBHble 3aja4u

MoproToBKa K 3aLiuTe, ONOBELLEHHE, YKPbITHE,
3BaKyauws, 06ecreyeHme Xu3HeesTenbHocTH,
npoBefeHue aBapuitHo-cnacaTenbHbIX U ApYrux
HEOTNOXHbIX paboT

L* BCHE WE)

CoBMeCTHOe 1CMonb30BaHue
Cun u cpegcTs

00o Cunbl ¥ cpecTBa
AN  TepprTopranbhbie M GyHKUMOHANbHbIE
NoACUCTEMBI, aBapMﬁHo-cnacaTeanble

|

|

|

|

|

} VHpopMaLVOHHbI 06MeH

|
(opMupoBaHKs, pe3epsbl |

|

|

i

I

|

|

I

|

I

|

|

Cunbl u cpeacTBa
Cunbl rpaxaaHckon 060poHbI, GOPMUPOBAHHUS
OpraHuU3aLuit, peaepsbl, CneLuanbHble CPeacTBa

¥ P s« B

Pe3epsbl U MaTepuanbHo-
TexHu4eckoe obecneyeHne
PykoBoacTBO

OpraHbl ynpaBneHus rpaxaaHCcKoii 060pOHO
(Ha Bcex ypoBHsX)

PykoBopcTBO
OpraHbl ynpasnexus PCYC EavHoe nnanupoBanue
(P #, PErMoHanbHbIiA, MyHULMNANbHbIiA 1 yyeHus

YPOBHM)
B3auMHas noaaepxka

MNpaeoBas ocHoBa
NpY pearupoBaHum

3aKoHOAATENbCTBO O rPAXAAHCKOH 060pOHe

006000

N\ lpaBoBas ocHoBa

- 3aKOHOAATeNbCTBO O 3alUTe HaceneHus
1 TeppuTopui ot 4YC

TUnoBble CHTYyaLMM Tunosble cuTyauum
CruxwiiHble 6eCTBUS, aBapUM, KATacTpOd I, - BoeHHbIE KOHPAMKTbI, PUMEHEHNE COBPEMEHHBIX
’ 3NUAEMUMN, TEXHOTEHHBIE MHLIMACHTbI CPEACTB NOpaxeHys, KpynHomewTabHble 4C
00 3OOEKTUBHASA 3ALLWUTA HACEJIEHVSI M TEPPUTOPUN
@ B JIOBbIX YC/IOBUAX
NPEQYNPEXAEHWE PUCKOB |  TOTOBHOCTb | COBMECTHOE PEATMPOBAHUE | MWUHUMU3ALUA NOCNEACTBUIA | YCTONYUBOE PA3BUTUE

PucyHok 3. EduHas cucmema npedynpexcoeHusl U AUK8UOayuu Ype3ebi4atiHbiX cumyayutii u
2paxcoaHckasi 060poHa: cpasHume/bHAsI XAPAKMepUCmMuKa u e3aumooeticmeue

CpaBHUTe/bHBIN aHa/IU3 TTOKa3bIBaeT, uto B A3epbaiikaHCcKoi Pecrrybiike ctatbst 6 3akoHa
«O rpaxzgaHcKoli 0O6opoHe» 00befUHSIeT IIUPOKUNA KPYT TOCYJapCTBEHHBIX 00si3aHHOCTeH — OT
roCy/lapCTBeHHOH TMOJMTUKH, TJIAHUPOBaHUS M MOATOTOBKU KaZIpOB /10 OTOBellleHUs], Mo/ ep KaHus
TOTOBHOCTH CWJI, 9BaKyal[|H, )XKU3He0o0eCrieueHus: U Me>KyHapOJHOTO COTPyAHUYecTBa [5].

B Poccutickont @enepauyin @esepasbHblil 3aK0H Ne 28-D3 cTpyKTypUpyeT OCHOBHBIE 3a/laui
TPaKJZAaHCKOM 000pOHBI 0o0siee KOMITAaKTHO, BK/IOuasi o0OydyeHHe HacesleHUs, OIOBelleHue,
3BaKyali0, TIpeloCTaB/IeHue 3alUTHbIX COOPY)KeHUI U CPeJCTB 3alljUThl, IIPOBe/leHNe aBapUiHO-
criacatesibHBIX paboT 1 obecrieueHre MOCTOSIHHOM TOTOBHOCTU CHJT U CpefiCTB [14].

O6mum  siBnsieTcst  QYHKUMOHA/IBHBIN aKI[eHT Ha IIO[TOTOBKE, OIOBEIeHUH, 3all[UTe
Hace/ileHUs] U TOTOBHOCTH CHWJI; pa3/duMe 3aK/04aeTcsl TpeXx/e BCero B CTPYKType HOPMaTHBHOTO
3aKperieHUs 3azad. [103ToMy ceMb HarpaB/IeHUWH, Mpe/JoKeHHble B HACTOsIel CcTaThbe, CieflyeT
paccMaTpuBaTh Kak aHaIUTHUeCKoe YKPyIHeHWe WMEeHHO a3epOaii/pkaHCKOW HOPMAaTHBHOW 0a3sbl,
a He KaK YHHBepPCa/bHYIO I0pUUUeCKYH0 K1acCU(pHUKaLHIO.

[TpakTHUeCcKUil CMBICT TaKOro B3aUMOJENCTBUSI COCTOUT B COBMECTUMOCTH IIJIaHOB, CBSI3H,
yTpaB/ieHus, TOATOTOBKM U pecypcoB. Ecnu [Be cHUCTeMbl HCMO/B3YIOT pasHble TOAXO0[bl
K TepMHUHOJIOTMH, KaHajaM CBsI3H, Y4YeHWUsM WU paclipe/ie/IeHUI0 OTBeTCTBEHHOCTH, Halnyue
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3HAUMTE/ILHBIX PECYPCOB He TapaHTHPYeT WX COBMECTHOrO rpuMeHeHusi. CjiefjoBaTe/IbHO, OHUM U3
KPUTEpHEeB T'OTOBHOCTU SIBJIIETCSI HE TOJBKO TOTOBHOCTh KaXKJOW CHUCTEMbI B OT/EIbHOCTH, HO
1 CocoOHOCTh paboTaTh COBMECTHO B €JUHOM ClI€HapHH.

®AKTOPbI COBPEMEHHBIX PUCKOB U MOJXOA K OLLEHKE COCTOSIHUA MPAYKJAHCKOW OBOPOHbI

1. UBMEHEHUE XAPAKTEPA COBbITUI

|
g :;ﬁ;g::,:zeqépynHOMacmTasHb'x 0@  VBenuuenue noTeHManbHoro CueHapuit MaccoBOro NopaxeHus ‘
AR  o66va paco no sauwTe HaceneHus (BKntovas npumeHerne OM)
d TexHoreHHble aBapuy 1 KatacTpodb!
PucK paspyLueHus MHhPaCcTPyKTYpbl dnupemmuyeckve pucku
’&l sMeHeEuMETE ﬁ W yTpaTbl MaTepuanbHbIX LEHHOCTEN HinaHOEeMu
W 3KCTPeMarbHble NoroaHble SBNEHUA
YXyAWEHNE TEXHUYECKOro COCTORHUA e/ R e BKOHOMUtICOKIE a Teppopuam 1 3KCTPEMU3M
w NPONU3BOACTBEHHON U TPAHCNOPTHO = noTepu
MHGPaCTPYKTYpbI n WHHOPMALMOHHBIE Yrpo3bi
P =
COCTORHME KPUTUYECKN BaXHbIX [T Yrposa yTpaTbl KynbTypHbIX
1 NOTEHUMANBHO ONACHBIX 0GBEKTOB === lieHHocTen @ KomnnexcHbie (ru6puaHble) yrposbl
L> B3AUMHOE YCUNIEHUE ®AKTOPOB ¢ J
POCT CIOKHOCTY MHDPACTPYKTYpbl 1 B3aUMO3aBUCUMOCTH TEPPUTOPUAIbHBIX CUCTEM

0OpiHOBpEMeHHOe HapyLueHue
JokanbHoe ’ PacnpocrpaHenune » = @ KNI0YeBbIX BYHKLWiA » / Poct macwra6a
HapyweHve Ha CMeXHble GyHKLMM ") A (ot TS e e T, .lll nocneCTeui

NEPEXO/, K HOBOMY NMOAX0AY K NJIAHUPOBAHUIO

OT pecypcHoW Mogienu (Cunbl, COOPYXXeHNs, 3anachbl) K MOAen GYHKLUMOHANbHOI FOTOBHOCTH

NATb B3AUMOCBA3AHHbIX MAPAMETPOB OLIEHKU COCTOSIHUA TPAXXLAHCKO OBOPOHbI
YCTOMYMBOCTD

" B HOPMATUBHAS o OPFAHM3ALIMOHHAS E, 9 MOATOTOBNEHHOCTD " o PAKTUHECKASA 9
OMPEAENEHHOCTb f:} YIIPABTISEMOCTb [{ W CTIOCOBHOCTHCHIL PECYPCOB
W CPEACTB W MHOPACTPYKTYPbI

Hanuuue u aKTyanbHoCcTb Yétkan cTpyKTypa, 06y4eHue, TPEHMPOBKY, [OTOBHOCTb K Pa3BEPTbIBAHMIO, HapéxHocTb, pe3epBupoBaHme,
npasosoﬁ n METOﬂW«IeCKOﬂ KoopauHauusa un BGaMMOﬂEﬁCTBME d)OpMMDOBaHME KynbTypbl COBMECTUMOCTb, Bpems BO3MOXHOCTb d)yHKLlMOIMpOBaHMﬂ
6a3bl OpraHoB ynpasneHns 6e30nacHoCTH pearupoBaHus NPV YaCTMYHbIX OTKa3ax

L 1l 1 l J

v v v

KOMMNEKCHAS OLIEHKA W NOBbILIEHUE FOTOBHOCTU MPAXXIAHCKO OBOPOHbI

PucyHok 4. dakmopbl, onpedessiioujue coCmosiHue 2pajxc0aHcKoli 000poHbl U napamempbl eé
OYeHKU

(@

[pencraBneHHasi MOfielb MMOKAa3bIBaeT, UTO COCTOSIHHE TPaKAAHCKOW 000poHBI (hopMupyeTcst
He OT/e/bHBIMA pecypcaMd, a COBOKYITHOCTbIO B3aUMOCBSI3aHHBIX YcCa0BUi. [lostomy eé
TOTOBHOCTh 1]e/IecO00pa3HO OLIeHWBATh T0 CIIOCOOHOCTH CUCTEMbI COXPAHSATH YIIPaB/ISIeMOCTb,
obecrieunBaTh TMOJTOTOBKY JIFOel U BBIMOJIHATH OCHOBHBbIE (YHKLUHM [ja’ke TPU OJHOBPEMEHHOM
HapyI1lIeHUA HeCKObKUX 3/IeMeHTOB UH(PPACTPYKTYPHI.

Cratbs 6 3akoHa A3epbaiiKaHckoi Pecrybmiku «O rpakaHCKoOi 000poHe» yCTaHaB/IUBAeT
21 rocymapCTBeHHYIO 00513aHHOCTh B 00/1aCTH TpakJaHCKOW 000poHBI [5]. B mcxomHoM Bepcuu
CTaTbU 3TU TIOJIOXKEHWsI ObIM 0000IeHbI KaK «JecAaTb 3aJau», YTO He OTpakajao TOUHYO
HOPMAaTHBHYIO CTPYKTypy. B HactosimeM uccienoBaHuu 21 00s13aHHOCTh pacCMaTpUBaeTcs Kak
HOPMAaTHBHAsl COBOKYITHOCTb W TPYIHMPYeTCs B CeMb (YHKI[MOHATbHBIX HampaBieHui. Takas
IPYNINHUPOBKA He SB/SETCS HOBOW HOPUAWYECKOW Kraccudukaryei, a TIpeJCcTaB/iseT COOOM
aBTOPCKYI0 aHaJMTUYECKYI0 MO/ie/ib, TIpeJHa3HaueHHYI0 [ OLIeHKU B3alMO3aBUCUMOCTH 3aau
1 TpeOyeMbIX CrIoCOOHOCTEe CUCTEMBI.

HecaTb 3a/jau TpaXkJjaHCKOM 000POHBI OXBATHIBAlOT HOPMAaTUBHOE oOecrieueHure, MOATOTOBKY
HaceJieHUs U CTeI[UaTuCTOB, pa3BUTHE CU U CPeJICTB, 3all[UTy HacesieHUs], yrpaB/ieHle, BHeIpeHHe
TeXHOJIOTUN U MeXX/[yHapoAHOe B3auMogeicTBre [7]. OfHaKo UX TOCe/loBaTelbHOe MepeurcieHe
He OTpakaeT B3aUMO03aBUCHMOCTb OT/e/TbHBIX 3/IEMEHTOB CUCTEMBI.
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Jlnsi  TIpaKTUUeCKOW OIeHKW 1ieslecoo0pa3sHO TepedTH OT TIepeyHst MepOIpUsTUN
K (yHKI[MOHa/IbHBIM CIIOCOOHOCTSIM [9]. B 3TOM ciyuae Kakzast 3a/ilaua pacCMaTpPUBAETCsl He Kak
CaMOCTOsITe/IbHOe  JleliCTBMe, a KakK 3/eMeHT (OpMHUpPOBaHUSI KOHKDETHOTO pe3ysbTara:
TIOITOTOB/IEHHBI TIEPCOHA/  [IO/DKEH ObITb  CIOCOOeH  /1efiCTBOBaTh, CHUJIBI  Pa3BEPHYTHCS
Y BBITIOJTHUTH 3ajjauy, CUCTeMa yIpaB/ieHUs] COXPaHUTh YIIPaB/sieMOCTh, a 3alllUTHbIE MePOTPUSITHUS
MIPO/I0/DKATh (PYHKI[MOHUPOBATh TIPYM U3MeHeHHU 00CTaHOBKU. Ha 3TOH OCHOBe BBIZIEISIFOTCS CEMb
B3aUMOCBSI3aHHBIX HarpaB/ieHUM pa3BUTHS: TOATOTOBKA HacCeseHUs; pa3BUTHe CUJ TPaXkJaHCKOU
00OpOHBI; 3al[UTa HacejeHWs, 3BaKyaluss W >Ku3HeoOecrieueHWe; yTpaB/ieHWe, OTOBeIeHe
¥ UHQOPMHUPOBaHHe; MeX/yHapOJHOe COTPYIHHUUECTBO; HOPMaTHBHO-MeTOInYecKoe obecrieyeHue;
OLleHKa TOTOBHOCTU U COBepILIeHCTBOBaHUe cucTeMbl. [10AroToBKa HaceneHus 10/KHA OLleHHUBaTbCs
He KOJIMYeCTBOM Y4YeOHBIX MEPOMNPHUSTHH, a CIOCOOHOCTBIO TpaXk/JaH MpPaBWILHO paclo3HaThb
CUTHa/I OIMACHOCTH, BBIOpaTb HEOOXOAUMbIE MAEWCTBUS U BBINOJHUTH TPeOOBAaHWS TIO 3allUTe
W SBaKyaliu. Pa3BWTHe CH/I TpPa)KJAaHCKOW 00OpOHBI TipefrionaraeT (popMHpOBaHWE He TOIBKO
HeoOXOAMMOTO COCTaBa W OCHAIIeHUs, HO U CIIOCOOHOCTH TPYIITUPOBKA CBOEBPEMEHHO
pa3BepHYTbCS U BBINOJHUATL TIOCTaB/eHHYI 3afauy. [103ToMy K/HOUeBBIMU CTAHOBSATCS
TIOZITOTOB/IEHHOCTh TIEPCOHA/IA, MOOW/IBHOCTD, yTIpaB/ieHre U TMpaKTHJecKasi IPoBepKa rOTOBHOCTH
[11]. 3amura HaceneHusi, 3BaKyalMss M >KU3HeoOecrieueHWe [O/DKHBI CTPOUTBCS C  YUYETOM
BO3MO)XHOTO U3MeHEeHHsI 00CTaHOBKH. J((HEKTUBHOCTD OTPe/eIsIeTCs HaJTMUMEeM ajlbTePHAaTUBHBIX
MapIlIpyTOB, Pe3epBOB M pellleHHM, TMO3BOJSIONIUX TPOJO/DKATh 3alllUTHbIE MEPOIIPUSTUSI TIPU
HapylIeHUU OT/eNbHBIX 3/1IeMeHTOB MH(PaCTPyKTypbl. MeXX/yHapoJHOe COTPYJHUUECTBO CrefyeT
paccMaTpuBaTh KaK MEXaHH3M COBEpIIEeHCTBOBAHUS HAlIMOHATBHBIX BO3MOXKHOCTEH uepe3 0OMeH
OTBITOM, TEXHOJIOTUSIMU U TIpaKTUKaMU. OHO [IOTIO/HSIET, HO He 3aMeHsieT BHYTPeHHIOI0 TOTOBHOCTh
cucrembl. HopmaruBHO-MeToqmueckoe obecriedeHre CO3[aéT eMHbIE TpaBWIa TJIAHUPOBAHMUS,
TIO/ITOTOBKY U TIpPUMeHeHHs1 CH/1. be3 Hero TexHUUeCKre ¥ OpraHr3al[iOHHbIE PeCypChl He 00pa3yroT
COIJIACOBAaHHOM  cucTeMbl. B3BellleHHass MaTpulla T[O03BOJIsleT  CZefaTh  paH)KUpOBaHUeE
BOCITPOM3BOAUMBIM: OIMHAKOBbIE KDUTEPUU TIPUMEHSIOTCSI KO BCEM CeMU HarpaB/ieHUsiM, a MuX
OTHOCHUTe/IbHAsl 3HAUMMOCTh 3aZIaéTCsl 3apaHee YCTaHOB/IEHHbIMU Becamu. [Ipu 3ToM KpuTepuii
«CHCTeMHasi 3aBUCHUMOCTb» YUMUTHIBAeT, CO3JaéT /i Pa3BUTHE KOHKPETHOTO HarpaB/ieHUsl yCI0BUS
[T peanu3al[iu JpPYruX HarpapieHuil. Takol TMoAxo[ TO3BOJsiIeET OT/IMYaTh TIPUOPUTETHI,
KPDUTUUHBIE CaMM TI0 cebe, OT TMPUOPHUTETOB, HMEIOIIUX MY/IBTUIIMKATUBHOE BJMSHUE Ha
YCTOWUMBOCTb BCEM CUCTEMBI.
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TMoBTopHasi npoBepKa

« MoaTBEPXAECHME YCTPaHEHNS

AeduunTos
u « OueHka ahpdeKTMBHOCTI
NPUHATLIX Mep
« Mepexop k HOBOMY LMKy

y

KoppekTtupyioluee peiicteue

* YcTpaHeHue BbIABNEHHbIX
’ HEAO0CTaTKOB

 YTOYHEHIe NNAHOB 1 NPUOPUTETOB
 BbisiceHne nameHeHuit
B PeCypchl 1 NpoLeaypbl

4

OueHka
 CpaBHeHwe C LienesbiMm
nokasarensimu
 AHanu3 pesynbraToB
 BbiaBneHue peduumTos

OnacHoCTb 1 cLeHapui
* BbiaBNEHMeE yrpo3 1 PUCKOB
» ¢ AHanu3 BO3MOXHbIX CLieHapu1eB

 OueHka nocneacTsmin
YHPABJ’IEHHECKVIM\

LUK PA3BUTUA
FPAXXAAHCKON OBOPOHbI

50

OT AHAJI3A PUCKOB

\K YCTOMYMBON romsnocru‘/

(\I\P\HMPOBAHME

Eunyenuy3d

&
X
e
=~
&
=
(S}
==
w
3
@
)

‘ MPOBEPKA
MpakTuyeckas nposepka e
= * Y4eHus, TpeHnpoBKM ® c=. I
= « [poBepKa roToBHOCTY ~
o - B NPUBANKEHHBIX YCNOBUAX o0
* BbisBrieHe cnabbix MecT .Y @)

‘ KpuTnyeckas 3agava
« Onpefienexyte KNioYeBbIx 3aaay
ANA CHUXEHUA puUcka
« YcTaHOBNeHWe NPUOPUTETOB

e Tpe6yema5| cnoco6HocTb

: * Kakoii pesynbTar BOmKeH
6bITb AOCTUMHYT
+ GopmynipoBaHye TpeboBaHuit

K BO3MOXXHOCTSIM CUCTEMbI |
v
PecypcHoe peluenmne

« OnpegeneHue HeO6XOANMbIX
pecypcos (prHaHCOBBIX,
MaTepuanbHbIX, KaapoBbiX)

* BbibOp onTMManbHbIX BapuaHToB

[ 4

MoarotoBka

+ 0byyeHne nepcoHana

« Pa3pa6otka npoueayp

O OCHBNEHMG W TeXHUYecKas
NOArOTOBKa

PE3Y/IbTAT: YCTOWYMUBASA N ABANTUBHASA MPAXAAHCKASl OBOPOHA
FOTOBHOCTb K COBPEMEHHbBIM BbI3OBAM W HEMPEPLIBHOE PA3BUTUE

©

PucyHok 5. YnpaeneHuecKuil Yuks1 pazeumusi 2paicoaHcKoli 060poHbI

20Zh

— HopmaTusHas u MeTopMyeckas
:' ONpefeniéHHOCTb |

® AKTyanusaums HopMaTiBHON 6asbl

© YTO4HEHME OTBETCTBEHHOCTA
OPraHoB U AOMKHOCTHbIX UL

© Pa3pa6oTka METOANYECKNX NOAX0A0B

© DopMUPOBAHUE YNPaBNEHIECKIX
npoueayp

Hanpaenenus: 1u 5

PesynbtaT:
eAnHble Tpe6oBaHus
1 ynpasfieHYeckne npouesypb!

NOAroTOBKA
HACENEHMS U NEPCOHANIA

2027

MoproToBka Hacenekus '
W AOMKHOCTHBIX NN \

© Pa3paboTka 1 peanu3auus
nPOrpamMM NOArOTOBKM

© Pa3suTie yye6Hoi 6a3bl

® /ICronb308aHMe COBPEMEHHbIX
opm 06yueHus

© [MoAroTOBKa CNewanicTos o I KOI
OpraHoB ynpaBneHus

Hanpasnenus: 2u 5

Pesynbrat:
nposepsieMasi roTOBHOCTh
nepcoHana v HaceneHus

Pa3BHTHe CUN FPaXAaHCKO#

e i

© DopMMpOBaHHE U OCHaLLIeHNe Cvn

© BHespeHye CoBPeMEeHHbIX
TeXHOMOr Wit

o COBEPLIEHCTBOBAHME yNpaBAeHHs
1 B3auMopeNcTBIs

61

© COBepLUIEHCTBOBaHME 3aLLMTHBIX
MEeponpUATHiA
® Passutie

2028 ::?1""7"5 WNPOBEPKA 2029 3uuHTA M KASHEOBECTESEHE 2030 oueHKa u HoBbiit KN

3awuTa HaceneHus,
pe3epBbl, 3BaKyauus
M Xu3HeoGecneyenme

KomnnekcHasi ouenka,
MeX/lyHapOAHbIt 0GMeH
W NIaHUPOBaH#HE HOBOTO Nepi(
© OueHKa AOCTUTHYTbIX Pe3yNbTatos
© BuifBneHme neduuUMTOB U PUCKOB

o Co3paHue 1 NonosnHeHue pe3epsos
© [InaHMpoBaHMe NepBooYEPEeIHOrO

W TaKTUKO-CneumnanbHblX yuenwi
Hanpaenenus: 3u 5
PesynbraT:

NOATBEPXAEHHAs CNOCO6HOCTL
K pa3BépTbiBaHUI0

PesynbraT:
FOTOBHOCTb 3aLUNTHBIX
1 PECYPCHbIX MEXaHU3MOB

® MexayHapoaHblit 06MeH OnbIToM
1 TEXHONOrMAMM
© KoppeKT1poBKa NpUOpUTETOB

i neyeHms © [1NaHMPOBaHKe CeaykoLLIero LKNa
® YCTORYMBOCTb K U3MEHEHNIO

06CTaHOBKM
Hanpaenenue: 4

Hanpaenenus: 6 u 7

Pesynbrar:
CBOAHas OLieHKa
¥ NNaHMPOBaHHe HOBOrO Nepuoaa

PucyHok 6. [TosmanHasi modesb peaau3ayuu NPUOpPUMemMos pazeumusi 2pa’coOaHckoll 000poHbI

[pepsiaraemasi moc/ej0BaTe/IbHOCTb T03BOJISIET BBISB/ISATH PaspblB MeX/y IUIaHUPYeMbIMU
U (aKTUYeCKMMH BO3MOXHOCTSIMHU TPa)KAaHCKOW 060poHbl. [T03TOMY rOTOBHOCTH Ijesiecoo6pa3Ho
OLleHMBaTh HEe TI0 HA/JWYMIO OTAENbHBIX IUIAHOB U DPECypCcoOB, a IO CIIOCOOHOCTA CHUCTEMBI
10C/Ie/loBaTe/IbHO peasM30BaTh MOCTAaB/IE€HHYIO 33flady Ha MpakTuKe. Takoll MOAXO[ MepeBOAUT
yrpaB/iieHHue OT (POpPMasbHOIO BBHIMIOJIHEHUS] MEpOIpUATHN K OLleHKe peaslbHOro pes3ysbTara

Ha nepuood 2026-2030 22

1 obecrieyrBaeT OCHOBY [JIsl TIOC/IEIyIOLeld KODPEKTHPOBKH CHUCTEMBI.
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BOJIEE BbICOKAS &
FOTOBHOCTb YposeHb CyTb ypoBHsi Kniouesble anemeHTbI Tpumepb! nokasarenei
1 YCTOMYUBOCTb
4 CucTeMa coxpaHsieT cnocobHoCTb o YCTOMYMBOCTb K CH0SM o CoxpaHeHue paboTocnocobHOCTH
4 BbINONHAT K/OYEBbIE 3aAa4M o AbTepHaTUBHbIE peleHNs NPV YaCTUYHOM HapyLLEHNN
Yeroit YeToiuuBas NPy OCNIOKHEHNM 0BCTAHOBKM, o Pesepabl VHPaCTPyKTypbI
CTOM4YMBas neduumTe 0TAENbHBIX PECYPCOB ® /lcnonb3oBaHie pe3epBHbIX PecypcoB
TOTOHHOCTb 1CIOBHOCTE UNW HapyWweHnM HacTu SEPZRHTE ynpasneuuev ® Bpemsa BoccTaHOBNEHUS DyHKLMA
WHAPACTPYKTYpHI. ® HenpepbiBHOCTb QyHKLMI 5

Pe3ynbraTbl KOMNEKCHbIX YHEHWIA

o [IpoBefieHme yueHuit

CnocobHOCTb NoATBEPXKAEHa e YcnewHoe BbiNonHeHue

V1 TPEHUPOBOK A
YYEHUAMM, TPEHMPOBKaMM o MposepKa npoLieayp CLieHapHeB yeHui
MpakTnyeckas WK MHBIMW NPAKTUYECKUMM o OLeHKa haKTMHECKX o CobnioeHe BpeMeHHbIX NapaMeTpoB
Npaktu4eckas FOTOBHOCTb UIPOBERKAMH. BO3MOXHOCTEI! o [OTOBHOCTb NEPCOHaNa K AeACTBUAM
FOTOBHOCTb o BoifBneHue u ycTpaHeHme © YCTpaHeHue BbiSBNEHHbIX HEA0CTATKOB
Heo0CcTaTkoB

o OnpepeneHue OTBETCTBEHHOCTY

PacripeqeneHbl NONHOMOU, o HasHayeHHble OTBETCTBEHHbIE N1Lia
0TpaboTaHbl CBA3M, o Opranu3auus B3auMoaeiicTBus o [leiicTByiOLLME CXEMbI B3aUMOAEICTBHS
‘OpraHu3au1oHHas COPMUPOBAHbI MEXAHMU3MbI o OyHKUMOHUPOBaHHUE OpraHoB o [IpoBeaéHHble WTabHbIe TPEHUPOBKM
TOTOBHOCTb B3AMMORENICTBHS. il”pas"e“”“ o Hanwuue fOroBOpéHHoCTe
o Hanaxehhble kanansl caAa  BHELLIHMM OpraHI3aLYIAMA
o CornacoBanue AeNcTeuit
1 [ VMetoTcst HopMaTUBHble o HopMmatuBHas 6asa o Hanwuue yTBEpXAEHHIX OKYMEHTOB
®opManbHas ‘ HAOKYMEHTbI, MNaHbl, CTPYKTYpbl o [naHbl ¥ pernameHTb! o CootBeTcTBMe TPeGOBaHNAM
FOTOBHOCTb \ (CULVEDUEEI 1 npenycMOTpeHHbIe pecypehl. o YcTaHoBNeHHblE CTPYKTYpbi 3aKoHOpaTeNbCTBa
- FOTOBHOCTb o 3annaHMpoBaHHbIe Pecypcsl o Hanwuve nnaHoB 1 nepeHeit pecypcos
BA30BbIN
YPOBEHb

PucyHnok 7. Modesb ypoeHeti zomoeHocmu I'O

[lpencraBneHHass Mofenb TIOKa3biBaeT —TI0OC/Iel0BaTe/lbHOE TIOBBIIIIEHWE TOTOBHOCTH
TPaKJAHCKOM O0OOpDOHBI OT HA/WuMs HOPMAaTUBHOW W  OpPraHW3allMOHHOW OCHOBHI [0
TIOATBEPKAEHHOUW TIPAaKTUUeCKOW M YCTOWYMBOM CTIOCOOHOCTU BBITIONHATE KITFOUeBble 3ajaun. [1pu
3TOM pa3Hble HAIpaBJe€HHWs CUCTEMbI MOTYT HAaXOJUTbCS Ha PA3HBIX YPOBHSIX TOTOBHOCTH, UTO
TI03BOJISIET BBISIB/ISITE KOHKPETHBIE 1e(DUIUTHI M OTIPeessiTh IPUOPUTETHI Ja/IbHENIIIer0 Pa3BUTHSI.

Jl7isi OLIeHKH COCTOSIHUSI T'Pa)KJAHCKOW OOOpOHBI TIpeiaraeTcsl pa3fessiTh TOoKa3aTead TI0
YeTbIDEM YPOBHSIM pe3ysibTaTa: pecypc, MpoLecc, CroCOOHOCTb W pe3ynbTar. Takoe paszeneHue
MO3BOJISIET YCTAaHOBUTH TPUUUHHO-C/IEICTBEHHYIO CBSI3b MEXAY WMEIOLUMUCS  YCJIOBUSIMH
Y (paKTHUeCKOH 3alUIIIEHHOCTBIO Hace /IeHusl.

Ta6auya 1.
B3Bemennas MaTpHulld IPUOPUTETOB PAa3BUTUA Fpa)KﬂaHCKOﬁ 060p0Hbl
HanpasBnenue Kpurepuu K/C/3/ | WroroBbIii Panr WnTepniperanus
P oamn

YmipaByieHue, ornoBelieHre U nHGopMupoBanve | 5/5/5/4 4,85 1 OueHb BBICOKUHT
IToaroroBka HaceneHust 5/5/4/5 4,75 2 OueHb BBICOKUH
3ammuTa HaceseHusl, 3BaKyarus v xxusHeobec- | 5/5/5/3 4,70 3 OueHb BbICOKUH
reueHue

HopMatuBHO-MeTouueckoe obecreueHme 5/4/5/4 4,60 4 Bricokuit
Pa3BuTre cu rpaXkaHCKoH 000pOHbI 5/4/5/3 4,45 5 Bricokuit

OrjeHKa TOTOBHOCTU U COBEPLLIEHCTBOBaHKE 4/4/5/4 4,25 6 Bricokuit

CUCTEMBI

MesxayHapo#HOe COTPYZHAYECTBO 3/2/2/4 2,65 7 CpeanHuii

ITpumeuarue: K — kpumuuHocmb nocaeocmauli; C — cpouHoCmb; 3 — CUCMeMHAs 3a8UCUMOCMb/
obecneuusaroujee snusiHue; P — peaausyemocmb npu o2paHuueHHbIXx pecypcax. imoeosbili 6aan
paccuumad no ¢popmyne 1 = 0,35K + 0,25C + 0,253 + 0,15P. 3HaueHust ompasicarom agmopcKyro
5KCNepmMHO-AHAAUMUYECKYHO OYEeHKY.
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Tabauya 2.

Marpuiia oLleHKH YPOBHe# rOTOBHOCTH FPaXKJAHCKOW 000pOHBI

YpoBeHb o1jeHKH

YTo oueHuBaeTcs

OcHoBHBIe NI0OKa3aTe/ 1 / IpUMepbI

Yro no3BoJiseT ycra-

(hyHKIMOHUPOBATH Kak
cucrema

yTIpaB/IeHus, TTOTOTOBKA TTepCOHaa
Y HaceJIeHus1, B3aUMO/IeHiCTBYe TIofipa3zie-
JIeHUH

HOBHUTDH
1. Pecypc Hanuuue HeoOxopumbix | HopMaTHBHBIE JOKYMEHTBI, M/1aHbl, CUJIbl, | VIMeroTcst /i HeobXo-
yCI0BUM TeXHHKa, UMYIL|eCTBO, SKUMMPOBKa, JIVMBble pecypchl?
MarepuasbHble Pe3epBbI
2. ITponecc Crioco6HOCTE pecypcoB | CKOpOCTH omoBelIieHust, pabora opranoB | Pabotaror /i co3zaH-

Hble MeXaHU3MbI?

3. Crioco0HOCTH

dakTHueckasi TOTOBHOCTb
BBITIOJIHUTH 33/jauy

PesynbraThl yueHui, TPEHUPOBOK U MPO-
BepPOK; BpeMsi pa3BEPTHIBaHMSI; BBITIO/HE-
HMe TI0CTaB/IeHHOH 3aj,aun

CrniocobHa i1 cucremMa
BBITIOJIHUTD 33Jja4uy Ha
NpaKTUKe?

4. PesyabsTart

WToroBeiii 3dexT GhyHK-
L[MIOHUPOBAHHS CHCTEMBI

CHKeHHe TIOC/IeICTBUH, 3allluTa Hacere-
HUsI, COXpaHeHHe )KU3HEeeSITe/IbHOCTH,

HocturnyT u Tpebye-
MBbIH 3¢ deKT?

YCTOHUMBOCTB TIPH OCJIOKHEHUH 00CTa-
HOBKH

Takasg marpulia Mo3BOJIsIeT I0C/e[0BaTe/IbHO MPOC/IeUTh Iepexoy, OT Ha/luyus pecypcoB
K UX NIPaKTU4YeCKOMY pe3ysbTaTy. [Ipy 3ToM yBenuueHHe KOJMUeCTBa TEXHUKU WU UHBIX PeCypCcoB
camo 110 cebe He CBUJETENBLCTBYeT O TIOBBIIIEHHH TOTOBHOCTH: Pe3y/IbTaT MOATBEP)KAAeTCS TOIBKO
NMpyd  HanMuuu  (QYHKLUOHHWPYIOIIMX TIPOLIECCOB W [[0OKA3aHHOM CHOCOOHOCTH  BBITIONHUTD
MOCTaB/IEHHYIO 3a/1auy.

OG6cyxpeHue pe3y/IbTaToB

Pe3y1'[BTaTBI dHa/IM3a TIOATBEPXKOAIOT, UTO KJ/IHOUeBAA np06neMa Pa3BUTHA Fpa)K,anCKOﬁ

(0] 60p0HI:>I 3dK/THOUdeTCsd He B OTCYTCTBHUHN OTAe/IbHBIX Harip aBJIeHUM AedaTe/IbHOCTH,

a B HeOOXOJUMOCTH CBsi3aTb HOPMATHBHbIe, OPraHU3allMOHHbIe, TeXHUYeCKHe U yueOHbIe 371eMeHThI
B e[MHbIM MexaHu3M. Haunbosiee BbiCOKMe Oasibl TOMYYMIM YIIpaBjieHuWe U oroBeljeHue (4,85),
MOATrOoTOBKA HacesieHus (4,75), 3alljuTa HaceseHUs, 9BaKyalusi U >kusHeoOecrieueHue (4,70), uro
yKa3blBaeT Ha WX KPUTUUECKOe 3HaueHWe [jisi OlepaTUBHOW yCTOMYMBOCTH CUCTeMbI. [Ipu 3TOM
MeXKIyHapOJHOe COTPYJHUUECTBO TOAyuYnsio Oosnee HU3KUK TipuopuTeT (2,65), TOCKOIBKY OHO
yCUMBaeT HaLMOHA/bHbIe BO3MOXXHOCTH, HO He 3aMeHsieT 0a30BylH0 BHYTPEHHIOKO TOTOBHOCTb.
CnenoBaTte/ibHO, Marpulla He 3HAUMMOCTh 3afiaéT

oTpuliaeT OTJeNbHbIX (QYHKIUM, a

noc/1eOBaTe/IbHOCTb pa3BUTUA TIPUM  OIPDAHUYEHHBIX peCcypCdX. Ocoboe 3HaueHHUe UMeeT

COBMECTUMOCTb TDaKJaHCKOW OOOpOHBI C CUCTeMOW TIpeAymnpexAeHus W JIMKBUJALUU
ype3BbIUaliHbIX CUTyallUid: Ha/luuude pPecypcoB KaXKJOW CUCTeMbl OTAeNbHO He TapaHTHUDyeT X
COBMECTHOTO TIpUMeHeHHs], TI03TOMY B3aUMOJENCTBHe I0/DKHO TIPOBEPSTHCS B OOIIMX CLieHapHUsiX
yueHUd U TPEeHUPOBOK. CBsi3aHbl C

OFPaHI/I‘JEHI/IH nccineg0oBaHUA €ro KOHLEeIITya/IbHO-

dHA/TMTUUECKHMM  XdPdKTE€POM. bannsl MdaTpUllbl TIPUOPHUTETOB HE TIIOJIy4yeHbl Ha OCHOBeE
CTaTUCTHUYEeCKHU Peripe3eHTaTUBHOI'0 3KCIIEPTHOI'0 OIpoCa, a YeTbIpe YPOBHSA 'OTOBHOCTHU HE MMEKOT
HOPMATHWBHO YCTaHOBJ/IEHHBIX TIIODOIr'OBBIX 3HauUeHUM. KpOMe TOro, CpaBHHTEHBHbIﬁ dHaJ/In3
C pOCCHﬁCKOﬁ MOJeJ/IbI0 SAB/IAETCHd KOHTEKCTHBIM M He IIpeArio/iaraeT IpAMOro rnepeHocCd rnmpaBOBBIX
HOPM MeXXOy HOPpHUCIUKLUAMHA. H03TOMy npeajiokeHHble MHCTPYMEHTEI C/ielyeT pdCCMdTPUBATE KdK

pa6oqy}o dHa/IMTUUECKYIO MOZe/Ib. CJ'IE,ZLYI-OLL[I/IM 9TdlIOM MOXXET CTdaTb UX anpoGaum Ha JaHHBIX
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yueHW, TPeHUPOBOK U TPOBEPOK, BK/IOYas M3MepeHHe BpPeMeHM OIOBelljeHHs], pa3BEpThIBaHKS
CWJI, BBLITIOJTHEHUS 3a/lau, YCTOWUYMBOCTU CBSI3M W COXPaHEHWs >KHU3HeoOecrieueHWs MU OTKase
OTZeNbHbIX 3/1eMEHTOB MH(PacTpyKTyphl. [IpeasiokeHHasi ceMHypOBHeBasi TDYNIMPOBKA He
SIBISIETCST €JUHCTBEHHO BO3MO)KHOW. AJIbTepHaTMBHO 21 rocysapCTBeHHYIO O0S3aHHOCTb MOYKHO
KJ1accu(UIpoBath 1o (a3am LKA yIpaBaeHUs ype3BblYyaiiHbIMUA CUTYaLUsMH (TIpeyrpeXxjeHue
- TOTOBHOCTb - pearrpoBaHye - BOCCTaHOB/IeHHeE) JTM0O0 TI0 YPOBHSIM YIIpaB/IeHus (CTpaTeruuecKuil -
oTiepaTUBHBINA - 00BeKTOBBIN). OmHako (a3oBasi kmaccudukaius ciabee OTpaykaeT TMOCTOSIHHBbIE
GYHKIMM Tpa)KAAaHCKOM 00O0pOHBI, a KlacCHHKALMS T0 YPOBHSM YIPABJeHHS CMeIIMBaeT
coziepykaHue 3a/ja4 ¥ CyObeKTOB MX BbITIO/IHeHUs1. PYHKI[MOHA/TbHAsT TPYNIIUPOBKA, UCTIO/Tb30BaHHAS
B HacTosiield pabore, TIpeANoOUTHTeNbHA /i1 LeJiell  OLeHKM TOTOBHOCTH, TTOCKOJIBKY
HETI0CPe/ICTBEHHO CBSI3bIBaeT HOPMATUBHYIO 00513aHHOCTh C TpeOyeMoi CIToCOOHOCTBIO CHCTEMBI.

3ak/IIoueHue

1. Llesib viccnejoBaHuUsT JOCTUTHYTA: TPaXkJaHCKasi 000pOHa yTOUuHeHa KakK (hyHKI[MOHATbHBIM
KOMITOHEHT CHCTeMbI HallMOHaIbHOM Oe30macHOCTH A3epbaiikaHCKo# PecryO/mukH, rmepeBosImiz
rOCy/IlapCTBEHHYIO Lie/lb 3alllUThl HacelleHHWsi W TeppUTOpuil B TpebOyeMmble OpraHM3alOHHBIE
U orepatuBHble criocobHocTU. Eé 3¢deKTUBHOCTEL orpefieisieTcsl He OTAe/NbHBIMH peCcypcami,
a  COIVIACOBAHHOCTBIO  yIIpaB/ieHUsi, TOATOTOBKW, CHWJ, CpPeACTB  3alllUThl, pe3epBOB
¥ UH(OpMaIMOHHOTO 0becIieueHusl.

2. HopMaTuBHOM OCHOBOH TPYITHMPOBKH SB/sSIeTCS CTaThsi 6 3akoHa As3epbOaiipKaHCKOMH
Pecniybmuku «O rpakaaHcKoi 060poHe», cofiepsKatiiast 21 rocylapcTBeHHyI0 00s13aHHOCTD [5]. OTH
MOJIOKeHUsI B CTaTbe OOBeMHEHbl B CeMb (YHKI[MOHATbHBIX HarpaBjieHuid: HOPMaTUBHO-
MeToiiueckoe obecrieueHue; TIIOJTOTOBKA HacesleHWs; pa3BUTHe CWJI;, 3alllUTa, SBaKyalus
U Ku3HeoOecrieueHue; yTIpaB/lieHHe, OIOBelljleHWe U WH(POPMUPOBaHWe; MEXIYHapOJHOe
COTPYZIHMYECTBO; OL|eHKa TOTOBHOCTH Y COBEpPIIIEHCTBOBaHUE CUCTEMBI.

3. BsBellleHHasi Marpulja [lefiaéT BbIOOD TIPUOPUTETOB TMpo3pauHbiM. [IpW  3aJaHHBIX
KpUTepUsIX TepBoe MeCTO 3aHHMMaeT yIipaBjieHue, oroBellleHWe U WHMopmupoBaHue (4,85), ganee
MOJTOTOBKA HaceneHus (4,75) U 3all[iTa Hace/leHUs], BaKyal[ysi U >ku3Heobecrieuenue (4,70). Otu
pe3y/bTaThl SIBASIOTCS aHAaIUTUUECKOW OLIeHKOM aBTOpa M He MPeTeHAYIOT Ha CTaTyC SMITMPUYeCKU
Ba/IM/IMPOBAHHON METO/IVKU.

4. CpaBHUTe/IbHBbIM aHaMu3 C POCCUUCKOM HOPMAaTUBHOM MOjle/ibl0 TOKa3bIBaeT CXO/[CTBO
K/IFOUYEBBIX (DYHKLIMOHA/IbHBIX 3/IEMEHTOB MPU Pa3/AuMsIX B CTPYKTYpe WX MPaBOBOrO 3aKperlieHus
[14]. DTo moaTBep>K/jaeT 1iesiecoo0pa3HOCTh UCTIOIb30BaTh CPABHUTETbHBIN TTOAXOZ, [J1sl BBISIB/IEHUS
00mmuyx TpeGOBaHWM K TOTOBHOCTW, COXDaHsisi MPH 3TOM HALMOHA/TBHYI0O HODMAaTUBHYIO OCHOBY.
[TostarHoe T1iaHupoBanue [0 2030 roza 1jeslecoobpa3sHO OCYIECTB/STh Iapaiie/IbHO  T10
B3aMMO3aBUCUMbIM HarlpaB/leHUsIM, UCIO/Ib3ysl pe3y/abTaThl KaXKAO0ro Mepuofa KakK HCXOAHYIO
vH(pOpMaLIO [Jis CIelyIOIero LUKJIa.

5. [lpakTnueckasi peKOMeH/allysi COCTOUT B Tepexofile OT MPOBEPKU Haauuusl [JOKYMEHTOB
U pecypcoB K TpOBepKe CIIOCOOHOCTH CHUCTeMbI BBITIONHATh KOHKDeTHbIE 33/jau M0 W3MepHUMbIM
roKasaTesisiM: BpeMsi OIOBellleHHsl, BpeMsi Da3BEPTbIBAHUSI CWUJI, Pe3yIbTaTUBHOCTh 3BaKyallUH,
YCTOMUMBOCTb CBSI3M, COXpaHEHWe >KW3HeJesiTeIbHOCTU M pe3y/lbTaTbl COBMECTHBIX YYeHW.
HanbHeliias pabota Ao/pKHA BK/IIOUATh SMITMPUUECKYHO arpo0aliyio MaTpULIbl ¥ MOZie/Ii ypOBHeM
TOTOBHOCTH Ha [JaHHBIX peaibHbIX TPEHUPOBOK, YUEHUU U TTPOBEPOK.
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Abstract

Knowledge work environments face persistent challenges in managing work intake, execution
flow, and individual cognitive load. The operational frameworks most widely adopted in practice,
Scrum, Kanban, and Lean, address these three dimensions through separate and largely uncoupled
mechanisms. This raises the question examined in this article: can a control architecture that
formally couples commitment governance, delivery flow, and cognitive load regulation into a single
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feedback system diagnose and correct overload conditions that existing frameworks leave
structurally unregulated? The article presents an independent, conceptual, design-science evaluation
of the 3-Loop Flow Method, an operational model developed by Yurkov (2026c¢) that integrates
three interdependent feedback loops, the Commit Loop, the Delivery Loop, and the Cognition
Loop, into a unified governance architecture. The evaluation applies Hevner et al.’s (2004) utility,
quality, and efficacy criteria; it does not draw on controlled field trials. It identifies which
architectural elements are genuinely novel relative to Kanban, Scrum, and sociotechnical systems
theory, and which extend or recombine existing constructs. The principal theoretical contribution
examined here is the formalization of cognitive load as a governable system variable coupled
bidirectionally to commitment and delivery control, a coupling absent from management control
systems literature and from the dominant agile frameworks. The principal practical contribution is a
diagnostic capability that attributes a given throughput decline to its structural source: over-
admission of demand, execution-layer congestion, or individual cognitive saturation. The article
closes by specifying the boundary conditions under which the architecture applies, the
implementation risks organizations should anticipate, and the empirical research agenda required
before the propositions examined here can be considered validated.

AHHOTanus

Cpejia MHTe/IeKTyaIbHOTO (3HAHWEBOT0) TPYZja CTaJKUBAETCSl C YCTOMUMBBIMU TPYAHOCTSIMU
B yMpaB/ieHUH NPUEMOM PaboThl, TIOTOKOM BBITIO/IHEHHUS 3a[ad ¥ UHMBUYaJIbHONW KOTHUTHBHOM
Harpy3koil. Hanbosee mmpoko mpuMeHsieMble Ha TPAaKTHKe OrepaluoHHble GperiMBOpKHU (Scrum,
Kanban u Lean) peluaroT 3TH TpH 3ajauM C IOMOILbIO0 Pa3pO3HEHHBIX Y MPAKTHYeCKU HeCBsS3aHHbIX
Mexxay cobod MexaHW3MOB. OTO TIOPOXKZAeT BOIPOC, PAacCMaTpuUBaeMbld B JIaHHOM CTaThe:
criocobHa /i apXUTEKTypa yIipaBieHusi, (hopMaabHO 00beIMHSIONasi pery/iupoBaHue 00s13aTe/lbCTB,
TIOTOK TOCTaBKU M PeryaMpOBaHWe KOTHUTHMBHOM Harpys3ku B eJUHYI0 CHCTeMy OOpaTHOM CBsi3H,
[IMarHOCTHPOBaTh M YCTPaHATb COCTOSIHUSI TeperpysKu, KOTOpble CYIeCTBYIOLMe (periMBOPKU
CTPYKTYDHO OCTaBisiloT 0e3  perynupoBaHusi? B cratbe mipefcTaBieHa He3aBUCUMast
KOHLIeNTya/nbHasi OlleHKa MeToia TpEXKoHTypHoro mortoka (3-Loop Flow Method) B pamkax
[IM3aliH-OpUeHTUPOBaHHOTO  uccienoBaHus  (design  science),  omepalMOHHOW  MOZeNH,
pa3paboranHoii FOpkoBbiM (2026¢C), kKOoTOpasi 00OBeAUMHSIET TPU B3aUMO3aBUCHMBIX KOHTYpa
obpartHOl CBsi3u, KOHTYp o0Osi3atenscTB (Commit Loop), kouTyp moctaBku (Delivery Loop) u
KOrHUTHBHBIM KOHTYp (Cognition Loop) — B eAuHyX apxuTekTypy yrnpasneHus. OlleHka
MIPOBOJUTCSI C NPUMeHeHHeM KpUTepueB MO/e3HOCTH, KauecTBa U 3(QeKTUBHOCTU M0 XeBHepy U
coaBT. (2004); oHa He omMpaeTcs Ha KOHTPOJMpyeMble TIO/NeBble WCIbITaHUs. B paborte
oripefiesisieTCs, KakKue 3/1eMeHTbl apXUTeKTYphl SBJSIOTCS TMOAJMHHO HOBBIMU IO OTHOLIEHHIO K
Kanban, Scrum u coupoTexHUYeCKOi TEOPHUU CUCTEM, a KaKre PacIUpsIOT WK MepeKOMOMHHPYIOT
y’Ke CyIeCTBYIOL1e KOHCTPYKLMK. OCHOBHOW TeOpeTUUYeCKUil BK/a/, pacCMaTpyBaeMblil B CTaTbe,
dbopManu3zalusi KOTHUTUBHOM  Harpy3kKd KakK  YIIpaB/iseMOM  CUCTeMHOM  T1epeMeHHOM,
[IBYHAIlpaBlIeHHO CBSI3aHHOM C yTpaBjeHHeM o00s3aTe/lbCTBaMM M TIOCTaBKOM; Takas CBSI3b
OTCYTCTBYET KakK B JIUTepaType 10 CUCTeMaM YIIpaB/eHueCKOro KOHTPOJIS, TaK U B JOMUHUPYIOLUX
riubkux (agile) meromonorusx. OCHOBHOM TpaKTHUeCKUW BKJIaj, AMArHOCTHUECKash CIIoCOOHOCTD
COOTHOCUTb KOHKDETHOE CHIDKEeHUE I[IPOM3BOJUTE/IHOCTH C €ro CTPYKTYPHBIM HMCTOYHHUKOM:
M30BITOYHBIM TIPUEMOM CITPOCA, TIeperpy3Koil Ha YPOBHE HCIIOJMHEHUs] WM WHAWBUAYaTbHBIM
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KOTHUTUBHBIM TlepeHachlllleHheM. B 3ak/toueHue CTaTbd OINpefesisiioTCsl TPAaHUUHBIE YCIOBUS
MPUMEHHUMOCTUA apXWUTEKTYpPbl, PUCKH BHEPEHHs], KOTOpbIe C/ie[lyeT YUWThIBaThb OpPraHu3alusiM, U
MporpamMmMa MIMpHYeCKUX MCC/Ie/JOBaHUH, HeoOXoauMasi Jisl TIOATBEP>KIeHUsI paCCMaTPHUBAeMbIX B
CTaThbe TI0JI0KeHHH.

Keywords: knowledge work management, operational models, feedback loops, cognitive
load, workflow control, capacity planning, service level expectations, work-in-progress limits,
design science research, conceptual modeling.

KiroueBble c/0Ba: yIpaB/eHVe WHTE/UIEKTyalbHbIM TPYZOM, ONepalMOHHble MOJeNH,
KOHTYpbI 00paTHOW CBsI3U, KOTHUTHUBHAsI HAarpy3kKa, yrpas/ieHre pabourM TMOTOKOM, IJIaHUPOBaHHe
MOIITHOCTH, OKH/aeMblii ypOBeHb OOC/Ty)KMBaHUS, JIMMHUTHI He3aBepIIEHHOW paboThI, AuW3aiiH-
OpHEeHTUPOBaHHbIe UCC/Ie[J0BaHNS, KOHLIeNTyaAbHOe MO/le/TMpPOBaHHe.

Introduction

Knowledge work has become the dominant form of economic value creation in developed
economies, yet the operational models governing it have not kept pace with the complexity they
must absorb (Anderson & Carmichael, 2016; Drucker, 1999). The dominant management failure
modes are structural: teams experience commitment overload, unstable cycle times, and burnout
because the systems governing intake, execution, and attention contain no coupled feedback
mechanisms that would prevent these conditions from accumulating. Agile methodologies, Kanban,
and Lean each introduced genuine partial solutions to this problem, and each also left structural
gaps that became visible as teams scaled or as demand variability increased. The analytical
framework proposed by Yurkov (2026a) treats these gaps as diagnosable architectural deficiencies,
distinguishing patterns that produce stable flow from antipatterns that generate chronic overload.

A second structural driver compounds this problem. Queueing theory predicts that delivery
unpredictability at high system utilization is substantially a property of the load level itself, and
recedes only once sustained utilization drops below a nonlinearity threshold. Software delivery
teams operating near that threshold exhibit bimodal cycle times, a pattern consistent with queue
dynamics near saturation (Yurkov, 2026b).

This raises a specific research question: does an architecture that formally couples
commitment intake, delivery flow, and cognitive load regulation into a single feedback system
produce diagnostic and corrective properties that Kanban, Scrum, and Lean, each governing only
one of these dimensions, cannot produce independently? The 3-Loop Flow Method, developed and
formalized by Yurkov (2026c), proposes such an architecture. The present article undertakes an
independent conceptual evaluation of that proposal, separate from Yurkov’s own development work.

Materials and Methods

Literature Review

Knowledge work management research divides across three theoretical traditions that existing
frameworks address largely in isolation. Scrum formalizes intake discipline through fixed-length
sprints and defined roles, and its principal strength is coordination predictability: stakeholders
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receive a stable cadence of deliverable review, and teams gain protection from mid-cycle scope
insertion (Schwaber & Sutherland, 2020). Kanban dispenses with fixed cadence in favor of
continuous flow governed by WIP limits; Anderson (2010) and Anderson and Carmichael (2016)
document that this substitution reduces cycle-time variance by preventing queue congestion at
individual workflow stages, without imposing the cadence rigidity that constrains Scrum’s
responsiveness to shifting priorities. Lean product development, as synthesized by Womack and
Jones (1996) and extended to knowledge-intensive contexts by Reinertsen (2009), contributes a
third mechanism: systematic identification and elimination of process-stage bottlenecks, together
with an explicit treatment of queueing economics that agile literature typically omits. Little’s (1961)
law formalizes the relationship between throughput, WIP, and cycle time, and Hopp and Spearman
(2008) demonstrate that waiting time grows superlinearly once system utilization exceeds roughly
80 percent of capacity.

Each framework’s strength maps onto a corresponding structural gap. Scrum’s sprint
boundary provides intake discipline but recalibrates capacity only once per cycle, leaving the
system exposed to informal scope accretion between planning events. Kanban’s WIP limits govern
active inventory but leave the volume of informal obligations a team accumulates in a backlog
unconstrained. Detecting when individual cognitive saturation is reducing per-item throughput
independently of WIP accumulation falls outside both frameworks’ scope. Sociotechnical systems
theory anticipated this omission at a general level: Trist and Bamforth (1951) and Cherns (1976)
argued that technical and human subsystems require joint optimization, and that systems governing
only the technical flow of work while leaving the psychological demands of that work unregulated
will underperform their technical design. Cognitive research supplies the specific mechanism
through which this underperformance occurs in knowledge work. Rubinstein et al. (2001) quantified
task-switching costs of up to 40 percent of productive time for rule-complex alternating tasks;
Ophir, Nass, and Wagner (2009) found that habitual heavy multitaskers show a reduced ability to
filter irrelevant information and to switch between tasks efficiently; and Leroy (2009) demonstrated
that incomplete tasks leave attention residue in working memory that degrades performance on
subsequent tasks even after workers report full reorientation. The dominant operational frameworks
leave cognitive load ungoverned as a system variable, with no defined thresholds or formal
response protocols. This is the gap the 3-Loop Flow Method addresses by coupling commitment
governance, flow control, and cognitive load regulation into a single cross-loop control architecture
(Yurkov, 2026c).

Conceptual Framework and Evaluation Approach

This article is a conceptual contribution. The 3-Loop Flow Method is presented by Yurkov
(2026¢) as a design science artifact, constructed through iterative refinement of observed failure
patterns across software development, research, consulting, and analytical operations. The design
science orientation fits a problem domain that is a complex socio-organizational system, one that
cannot readily be evaluated through a controlled laboratory experiment; evaluation instead proceeds
through analytical consistency with established theory and through explicit specification of
measurable signals that enable future empirical testing (Hevner et al.,, 2004). The architectural
decomposition into three coupled control domains is the method’s central design decision, and its
justification is diagnostic: an architecture that addresses commitment, execution, and cognition
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through a single mechanism, such as a sprint planning ceremony, cannot distinguish over-admission
of demand from execution-layer queue congestion as a cause of delivery failure, because both
manifest identically as a missed sprint goal.

The evaluation conducted here assesses three criteria drawn from the design science
evaluation framework (Hevner et al., 2004). Utility is assessed by examining whether each loop
addresses a gap that the literature review identifies as structural in existing frameworks. Quality is
assessed by examining whether the cross-loop feedback signals specified in Section 3.4 are
internally consistent and non-contradictory. Efficacy is assessed prospectively, by examining
whether the observable signals specified in Table 1 would be expected to shift in the intended
direction when policies change; this is a theoretical expectation derived from queueing and
cognitive-load theory.

Three categories of claim recur through the remainder of the article and are kept analytically
distinct. Design assumptions are stipulated conditions the architecture requires to function.
Theoretical expectations are directional predictions derived from established theory. Empirically
established effects are findings reported in cited primary studies. The method’s numerical thresholds
belong to the first category, design assumptions: Yurkov (2026c) sets them from managerial
heuristics and from the queueing-theoretic reasoning summarized in Section 2. An organization
adopting the method should treat these values as a starting point and recalibrate them against its
own throughput and cycle-time distributions.

Results and Discussion

The Commit Loop

The Commit Loop governs intake through a categorical distinction between Options and
Commitments. An Option is a formally defined representation of potential work carrying four
mandatory attributes: a Time-to-Live expiration date that forces explicit renewal or expiry; a Done
Definition specifying acceptance criteria agreed before work begins; an Acceptor identifying the
role responsible for accepting the delivered output; and a Class of Service designating the
applicable priority policy (Standard, Expedite, Fixed Date, or Intangible). The Time-to-Live
attribute addresses indefinite backlog accumulation, an antipattern in which items remain in a
nominal queue for months without being committed or rejected.

The commitment point is bilateral by design, addressing the principal-agent asymmetry that
Eisenhardt (1989) identifies as structurally inherent in delivery agreements: a standard contract
makes the team (agent) accountable for delivery while leaving the stakeholder (principal) free to
modify requirements unilaterally, which removes the principal’s incentive to stabilize scope. Under
bilateral commitment, the Acceptor commits to requirements stability and to accepting the delivered
output when it satisfies the agreed Done Definition, while the team commits to delivery within a
probabilistic Service Level Expectation, or SLE, a statement such as an 85 percent probability of
completion within twelve days for a Standard item, derived from the 85th percentile of that class’s
historical cycle-time distribution rather than from its mean. This distinction matters because cycle-
time distributions in knowledge work are non-normal with positive skew, so a mean-based promise
understates the modal delivery time and will be missed for roughly half of all commitments even
under error-free execution (Yurkov, 2026b).
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The Commit Budget bounds how much new work the team may accept per planning cycle,
based on demonstrated throughput over the preceding period and adjusted downward if cycle-time
variance has increased or blocked items indicate emerging congestion. This creates a negative
feedback loop between demonstrated capacity and intake volume: the budget tightens when delivery
lags and relaxes when throughput recovers.

The Delivery Loop

The Delivery Loop’s central design element, as described by Yurkov (2026c), is an explicit
operational mode state machine governing system behavior when WIP constraints are violated,;
Kanban already provides the WIP limit itself. Normal mode is the reference state: WIP remains
within defined per-stage limits, throughput is stable within one standard deviation of the historical
average, and no items have breached their SLE. Overload mode activates when any of the following
conditions are observed: WIP exceeds the stage limit by more than 10 percent, throughput declines
by more than one standard deviation below the four-week moving average, blocked items exceed 20
percent of active WIP, or two or more items breach their SLE in a single observation period.

Overload mode mandates a stop-the-line response: no new items enter any active workflow
stage, and available capacity concentrates on items already in progress. The intervention is
counterintuitive in knowledge work because individuals appear to have spare capacity during an
overload event, and the instinct is to start new work to maintain visible activity.

That instinct is expected to worsen the condition. As established in Section 2, adding an item
to an already congested queue extends in-queue waiting time for every item already present (Hopp
& Spearman, 2008; Yurkov, 2026b). Stopping intake and concentrating capacity on completion is
the queueing-theoretic mirror image of that mechanism.

Recovery mode requires sustained throughput stability across a minimum of two consecutive
planning cycles without WIP violations before the system returns to Normal. This hysteresis
condition targets a pattern Yurkov (2026a) documents as recovery oscillation: a single stable cycle
following an overload event may simply reflect the low-inventory state immediately after the stop-
the-line intervention, before the underlying congestion is actually resolved. The requirement is
structurally analogous to a settling-time requirement in electrical control systems, where a
controller withholds reactivation of an input until the output variable has demonstrably stabilized.
During Recovery, the Commit Budget is capped at 70 percent of its Normal-mode calibration, and
aging distributions of in-progress items receive additional monitoring.

Early SLE Progress checks activate when elapsed time since commitment reaches 50 percent
of the item’s SLE duration. Because knowledge-work cycle-time distributions are right-skewed, the
conditional probability of eventual SLE breach is elevated at this point for items that have not yet
entered a late workflow stage. The check surfaces this probability as an explicit triage signal,
prompting blocker escalation or stakeholder expectation adjustment before the intervention window
closes.
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The Cognition Loop

The Context Token Protocol operationalizes cognitive load as a governable system variable.
Each work item receives a Context ID representing the cognitive domain it occupies; items sharing
a Context ID require related knowledge structures and can be progressed without cognitive
reconfiguration, while items with distinct Context IDs require separate mental models and reference
knowledge. Active Contexts is the count of distinct Context IDs in an individual’s current
assignments, and Context Capacity, or Ccap, is the maximum Active Context count an individual
should hold concurrently, typically one to two for deep-work individual contributors and three to
four for coordination roles that inherently span multiple domains. When Active Contexts exceeds
Ccap, the individual enters Thrash mode.

The empirical grounding for Ccap limits rests on objective measurement. Rubinstein et al.
(2001) measured task-switching costs from 0.1 to 0.5 seconds per switch for simple tasks, rising to
as much as 40 percent of productive time for rule-complex alternating tasks; subjective workload
ratings are poor predictors of these costs, since Ophir et al. (2009) found that individuals who
multitask most heavily are also least accurate at judging their own susceptibility to distraction.
Leroy (2009) further showed that the residual representation of an incomplete task persists in
working memory after switching, reducing performance on the new task even when workers report
feeling fully oriented.

The Stop/Start rule, activated when an individual enters Thrash mode, blocks new-work
initiation until Active Contexts returns below Ccap, through one of three actions: completing items
to close contexts, deferring non-urgent items, or redistributing assignments to team members below
their own Ccap. Commit Loop screening extends this governance upstream by evaluating, before a
new commitment is accepted, whether the assignment would push a required individual into Thrash
mode; an item can be declined at the commitment stage because the specific individual required is
already at Ccap, even when team-level capacity remains available.

Cross-loop coupling

The three loops operate at nested cadences: the Commit Loop weekly to biweekly, the
Delivery Loop continuously with daily observation, and the Cognition Loop at each assignment
change. Cross-loop feedback operates through four defined signal channels, two moving from
Delivery to Commit and two moving from Cognition to the other loops.

The two Delivery-to-Commit channels are symmetric. An Overload mode activation reduces
the next cycle’s Commit Budget by 30 percent and suspends new commitments until Recovery
mode exit conditions are met; conversely, two consecutive stable Recovery cycles increase the
Commit Budget by 15 percent per cycle until Normal-mode calibration is restored. The two
channels originating in the Cognition Loop act preemptively, before Delivery Loop congestion
appears. Sustained Thrash mode in a team member reduces effective throughput, which the
Delivery Loop is expected to detect within one to two observation cycles as a throughput decline; if
that decline exceeds one standard deviation, it triggers Overload mode even before WIP limits are
formally violated. Commit Loop screening, separately, rejects any proposed commitment that would
push a critical individual into Thrash, intended to prevent a Cognition Loop violation from
propagating into Delivery Loop congestion in the first place.
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The architecture’s claimed properties originate in this coupling itself. Table 1 formalizes the

resulting control surface.

Table 1.
Control surface of the 3-Loop Flow Method (adapted from Yurkov, 2026¢)
Control Objective Primary Mechanisms Observable Sig- | Failure Mode if Absent
Domain nals
Commit Align intake with | Commit Budget, bilateral commit- | Intake rate by Chronic overcommit-
Loop demonstrated ment, Class of Service, Early SLE class; unstarted | ment; deadline renego-
capacity item age; prior- | tiation replacing gov-
ity churn rate ernance
Delivery Predictable WIP limits; Normal/Overload/ WIP by stage; WIP accumulation;
Loop throughput; Recovery state machine; blocked- throughput heavy-tailed cycle
reduced lead-time | work protocol; Early SLE Progress | trend; cycle- times; reactive-only
variance check time distribu- crisis management
tion; work-item
age
Cognition Protect sustained | Context Token Protocol; Ccap Active contexts | Invisible cognitive
Loop attention; con- limits; Stop/Start rule; context- per person; con- | overload; quality
strain context aware commit screening text churn; erosion; coordination
fragmentation rework fre- overhead exceeding
quency execution time

A throughput decline accompanied by rising unstarted-item age and priority churn indicates a
Commit Loop failure and calls for tightening the Commit Budget; the same decline accompanied by
stable intake but rising blocked-work and WIP indicates a Delivery Loop failure and calls for the
stop-the-line protocol; a decline with WIP and intake both within bounds but rising Active Contexts
per person indicates a Cognition Loop failure and calls for context consolidation through
reassignment. This diagnostic specificity is the practical difference between a framework that
instructs teams to “reduce WIP” and one that identifies which variable is driving the WIP to
accumulate.

Theoretical Propositions and Expected Mechanisms

This section restates the architecture’s claimed advantages as directional predictions grounded
in queueing theory and cognitive psychology. None has been tested through a controlled field trial;
each specifies the mechanism through which the predicted effect would occur and the conditions
under which it would be observable, so that the prediction can be falsified by future empirical work.

Bilateral commitment is expected to amplify this effect, on the theoretical basis that
requirement instability during execution inflates cycle time by imposing rework and context-
reconstruction costs on capacity already allocated to completion; Yurkov (2026a) reports scope
change rates two to four times higher in organizations without bilateral commitment protocols, a
finding drawn from the author’s own case observations rather than an independent field study, and
one that future research should replicate independently.
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Discussion

The 3-Loop Flow Method’s theoretical contribution, as analyzed here, is the coupling of three
control domains that existing frameworks treat as separable concerns. The diagnostic value of this
architectural separation is substantial: in an organization without this structure, a throughput drop
during a high-demand period is typically attributed to individual execution failures or to technical
complexity, because the management system provides no signal distinguishing over-admission of
demand from execution-layer congestion from individual cognitive saturation. All three conditions
manifest identically.

Little’s Law (L = AW) functions in the 3-Loop Method as a retrospective validation
instrument for calibration, distinct from its misapplication as a forward planning formula. The
method uses this relationship to check whether the Commit Budget, WIP limits, and cycle-time
distributions are mutually consistent, catching calibration errors before they produce commitment
failures (Little, 1961).

Conclusion and Future Research Perspectives

This article’s central contribution is a formal accounting of what the 3-Loop Flow Method
adds to existing operational frameworks: the Delivery Loop extends Kanban, the Commit Loop
offers an alternative to Scrum’s sprint-boundary intake discipline, and the Cognition Loop
introduces a control domain with no direct predecessor in the frameworks reviewed in Section 2.
The coupling itself is the architecture’s distinguishing theoretical property, and it generates a
testable claim: a management system built on this coupling should be able to attribute a given
throughput decline to its structural source, over-admission, execution congestion, or cognitive
saturation.

The research agenda this evaluation implies is direct. A controlled or quasi-experimental field
study comparing teams operating under the 3-Loop Method against matched Kanban or Scrum
control teams, tracking cycle-time distribution shape, throughput stability, and recovery-cycle count
following induced or naturally occurring overload events, would provide the first independent test
of the Commit Budget and stop-the-line predictions developed in Section 4. Instrumentation studies
validating whether Context IDs can be assigned reliably across raters, and whether Active Context
counts correlate with independently measured task-switching costs along the lines Rubinstein et al.
(2001) established, would test the Context Token Protocol prediction. Until that agenda is carried
out, the architecture examined here should be read as a coherent, internally consistent, and
theoretically grounded proposal whose practical value remains a hypothesis.
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Abstract

Electronic Data Interchange (EDI) remains the primary method by which retailers exchange
orders, invoices and shipment notices with trading partners, yet many retailers still operate these
systems on on-premises infrastructure that constrains scalability as e-commerce volumes grow. The
objective of this study is to develop an organizational and managerial toolkit for migrating retail
EDI systems to a cloud-native architecture. Two research tasks are addressed: (1) to justify the
governance stages of the migration process, and (2) to classify the technical risks associated with
the transition to cloud-native EDI. Methodologically, the study applies the Stage-Gate project
management approach to derive and justify governance stages and formal decision checkpoints, and
a qualitative risk analysis method to identify and classify integration barriers and migration risks.
The results are presented as two original analytical instruments: a five-pillar stage-gated governance
model specifying activities, decision gates and accountability for each stage of EDI migration
(Table 1), and a risk classification matrix linking technical migration risks to their business
implications for the retailer and to mitigation methods derived from the proposed model (Table 2).
Published industry evidence is used in the discussion to assess the practical applicability of the
toolkit. The proposed toolkit gives retailers a structured and auditable basis for planning EDI
migration and for allocating managerial responsibility across its stages.
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AHHOTaLUA

OnektpoHHBI 00MeH AaHHbIMH (EDI) ocTaéTcs OCHOBHBIM CIIOCOOOM Tiepeiau 3aKa3oB,
cueToB-(haKTyp ¥ yBeJOM/IEHHI 00 OTTpy3Ke MeX]y pUTeisiepaMu U WX TOPTOBBIMHU TMapTHEPAMH,
OfJHAKO MHOTHEe KOMIAaHWW TIO-TIPe)KHEMY SKCIUTyaTUPYIOT Takhe CHUCTeMbl Ha JIOKa/JbHOU
WHOPACTPYKType, UTO OrpaHUuYMBaeT MaclITabUpyeMOCTh TIPU POCTe OOBEMOB 3/1€KTPOHHOM
kommepuuu. Llens  uccnegoBaHusi —  pa3paboTaTh  OpraHW3al[MOHHO-YTIpaB/ieHYe CKUM
WHCTpyMeHTapuii murpaijuu retail-cuctem EDI B cloud-native apxutektypy. Peliarorcsi e
vccenoBarenbckye 3azmaun: (1) obocHOBaThH yIipaB/ieHUeCKHe CTaUU Mporiecca MUrpauud u (2)
K/IacCU(pUIMPOBaTh TeXHWUYeCKWe PUCKKA Tiepexosa K cloud-native EDI. MeTtogonoruuecku
WCCJIeIoBaHWEe OIMMPAeTCsl Ha TIOZAXO[ TPOEKTHOro yripaByieHWs Stage-Gate, MCIO/Ib3yeMbId Jist
000CHOBaHMsI CTAaZWi yripaBieHUs: U (pOpMabHBIX TOUEK TPUHSTUS PeIleHul, a TakKe Ha MeTo[
KaueCTBEHHOT0 aHajM3a PUCKOB [IJisl BbISIB/IEHUS W KJIaCCU(PUKALIMKM WHTErpaljioHHBIX OapbepoB U
DUCKOB MUTpalMu. Pe3y/ibTaThl TIPeACTaBlIeHbl [JBYMSI ODWUTMHAIBHBIMM  aHAJIATHYe CKUMHU
WHCTPYMEHTaMU: TIITUKOMIIOHEHTHOW — Stage-gate  MOfeNbIO  yIIpaB/eHWsl, OMpezesistolIei
MEpOTIPUSITHSI, TOUKU KOHTDPOJISI M pacripe/ie/ieHie OTBeTCTBEHHOCTH Ha KaXK[OW CTaJuM MUTpALud
EDI (Tabmuia 1), u MaTpuileli KiacCU(HUKAI[MM PUCKOB, CBSI3bIBAIOIIEM TeXHUUECKWe PHCKU
MUTpaliid C UX OW3HEeC-TIOCTeACTBUSMU ISl pUTeiijiepa U MeTOJaMH UX CHIDKEHUSI B paMKax
nipeayiokeHHOW Mogien (Tabmuia 2). Omny6ivMkoBaHHBIE OTpAac/eBble [JaHHbIE HCIIONB3YHOTCSA B
pa3zmene  OOCYXIeHWsS [Jjii  OLEHKHM TMPaKTUUeCKOW TPUMEHMMOCTA  HWHCTPYMeHTapusl.
I[TpeasioykeHHBIN UHCTPYMEHTapWi aéT puTeiisiepaM CTPYKTYPUPOBAHHYO U TIPOBEPSEMYH) OCHOBY
[t TiaHupoBanusi murpauyyd EDI v pacripesienieHusi yripaBieHYeCKOM OTBETCTBEHHOCTH T0 eé
CTafIusIM.

Keywords: Cloud EDI, electronic data interchange, retail integration, e-commerce, migration,
Stage-Gate governance, qualitative risk analysis, risk classification.

KmoueBnie cinoBa: Cloud EDI, 3/1eKTpoHHBIM 00MeH [JaHHBIMU, UHTErpalyds B PO3HUUYHOMN
TOPrOBJIe, 37IeKTPOHHAsi KOMMepLUsi, MUrpauusi, Stage-Gate yripaB/ieHWe, KaueCTBEHHBIN aHa/IN3
PUCKOB, K/lacCU(UKAIUsI PUCKOB.

Introduction

Retailers have used Electronic Data Interchange (EDI) for a long time to pass orders,
invoices, and shipment details between suppliers and customers [1]. For years, the usual way was to
keep the systems on servers inside company offices. Those setups managed normal daily volumes
without too much trouble. But when online shopping picked up speed, the old systems started
showing their age. Hardware upgrades turned expensive, maintenance windows forced service
stops, and bringing in a new partner from another country often meant weeks of manual work and
testing.

This pattern has been observed across multiple retail companies in IT governance contexts.
Online sales keep growing every year, and retailers now need to handle large transaction numbers
without any delays. Traditional on-premises systems cannot scale easily or stay up all the time [2].
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Cloud-native EDI gives a better practical answer. It runs on cloud services and is made from
small independent pieces — microservices and containers — that grow or shrink as demand
changes [3]. The system does not need a full stop for updates or repairs. This paper explains the
practical benefits for retailers, outlines a structured migration approach, and demonstrates how the
transition improves customer service outcomes.

A governance framework has been developed based on IT governance practices and vendor
negotiation experience. It has five pillars and clear approval points at every stage. The framework
keeps risks under control and turns the migration into an ordinary business step rather than a risky
adventure [5].

The paper stays exactly on the approved topic. It covers the move to cloud-based EDI that
removes legacy infrastructure barriers, so retailers can process millions of transactions daily with
zero downtime and full scalability for global marketplaces. It draws on industry practices to
establish best practices for migrating on-premises systems to cloud EDI while making sure data
flows stay secure and new trading partners join quickly. Finally, it shows how automation of invoice
reconciliation and shipment tracking turns EDI into a real competitive edge for personalised online
shopping experiences.

The objective of this study is to develop an organizational and managerial toolkit for
migrating retail EDI systems to a cloud-native architecture. To achieve this objective, two research
tasks are set: first, to justify the governance stages of the migration process; second, to classify the
technical risks associated with the transition to cloud-native EDI. The scientific novelty of the work
lies in the fact that migration governance and migration risk are treated as a single managerial
instrument rather than as separate concerns: each identified technical risk is mapped to a specific
decision gate at which it is controlled, and to the organizational role accountable for that control.
This distinguishes the proposed toolkit from existing cloud-migration frameworks, which either
describe migration stages without linking them to a risk taxonomy, or assess risks without
specifying the governance point at which each risk is resolved. The paper is organised according to
the IMRAD structure: the Materials and Methods section sets out the object of study and the two
methodological approaches applied; the Results and Discussion section presents the governance
model and the risk classification matrix and compares them with published evidence; the
Conclusion summarises the findings and outlines directions for further work.

Materials and Methods

This study is designed as applied methodological research. It does not test a statistical
hypothesis; its purpose is to construct and justify a managerial instrument. The object of study is the
process of migrating a retail EDI landscape from on-premises infrastructure to a cloud-native
architecture. The subject of study is the organizational and managerial arrangements that govern
this process. Two established methods are applied in sequence: the Stage-Gate project management
approach, used to derive and justify the governance stages and their decision checkpoints, and
qualitative risk analysis, used to identify and classify the technical risks of migration and to link
each of them to a mitigation point within the resulting model. The empirical material consists of
documented EDI migration projects in retail and logistics, together with vendor negotiation
practice; published industry reports are used only as secondary evidence in the Discussion and are
not treated as results of this study.
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Theoretical grounding of the Stage-Gate approach

The Stage-Gate approach, formulated by Cooper, structures a complex project into a sequence
of discrete stages, each separated from the next by a formal decision point, or gate [9]. Within each
stage the project team performs a prescribed set of parallel activities that reduce a defined area of
uncertainty. At each gate a designated decision-maker evaluates the deliverables of the preceding
stage against pre-agreed criteria and issues one of a limited set of decisions: proceed, return for
rework, hold, or terminate. Two properties of the approach are essential for the present context.
First, gates are accountability points rather than progress reports: each gate has a named owner and
an explicit pass criterion, so that responsibility for a decision cannot be diffused across the project
team. Second, resources for the next stage are committed only after the gate is passed, which
converts an open-ended technical programme into a sequence of bounded, reversible commitments
[10].

The applicability of Stage-Gate to EDI migration follows from the structure of the migration
problem itself. EDI migration is irreversible in its later phases, since trading partners cannot be
repeatedly reconnected without commercial consequences; it involves several organizational
functions whose obligations differ (IT, legal, procurement, security, operations); and its failure
modes are latent, in that an incorrectly mapped message may be detected only after it has affected
an order or an invoice. A stage-gated structure addresses all three properties: it forces the
irreversible steps to be preceded by explicit verification, it assigns each verification to the function
competent to perform it, and it prevents progression while a latent defect remains unresolved.
Accordingly, the governance model presented in this paper adapts the Stage-Gate logic by defining
five stages of EDI migration, a single mandatory gate for each stage, an explicit pass criterion for
each gate, and a single accountable role per gate.

Qualitative risk analysis method

The second task is addressed through qualitative risk analysis, which is the appropriate
method where risk probabilities cannot be estimated from a homogeneous historical dataset. This is
the case in EDI migration: each retail landscape is a unique combination of legacy systems, partner
profiles and contractual arrangements, so frequencies observed in one migration are not transferable
to another. Qualitative analysis therefore characterises risks by source, mechanism and consequence
rather than by numerical probability [11]. The procedure applied here follows four steps. First, risk
identification: candidate risks were extracted from the documented migration projects and from the
barriers reported in the literature on electronic data exchange and cloud migration [2], [7], [12].
Second, classification by source, separating technical-integration, regulatory, economic,
organizational and contractual origins. Third, assessment of business consequence, in which each
risk is expressed in terms of its effect on the retailer's operations rather than on the IT estate alone.
Fourth, assignment of a mitigation point, in which each risk is mapped to the specific gate of the
governance model at which it is controlled. The output of this procedure is the classification matrix
presented in the Results and Discussion section.

The object of study is characterised as follows. Cloud-native EDI differs from legacy
implementations in that processing is not bound to fixed servers in a single location. Message
handling is decomposed into independent services — one receives inbound messages, another

67



Ne 9 (150) UNIVERSUM: cenmsGpb, 2026 2.

TEXHUYECKUE HAYKU

converts them into the required EDI format, a third transmits them onward through APIs — so that
the failure of one component does not halt the others, and capacity is added or withdrawn as
transaction volume changes [3]. Integration with online storefronts and warehouse systems is
achieved through APIs, which removes manual re-entry and the errors associated with it. These
architectural properties define the technical environment within which the migration risks classified
below arise; they are not themselves a result of the present study.

Results and Discussion

Construction of the governance model

Applying the Stage-Gate logic described above to the migration problem yields a governance
model of five stages. Each stage corresponds to one area of uncertainty that must be closed before
the next set of commitments is made: system assessment, vendor contract terms, data safety
controls, phased rollout, and post-migration monitoring. For each stage the model specifies the
activities to be completed, a single mandatory gate with an explicit pass criterion, and the
organizational role accountable for the gate decision. The resulting model is presented in Table 1.

Table 1 sets out the five stages, their activities, gate criteria and accountable roles.

Table 1.
Stage-gated governance model for cloud-native EDI migration (compiled by the author)
Pillar Main Activities Approval Gate / Check Responsibility
Point
1. System Assessment Document types, partners, volumes, | Complete risk register IT governance team
mapping signed off
2. Vendor Contract Pricing, SLAs, data ownership, pen- | Contract reviewed and Legal + procurement
Rules alties signed
3. Data Safety Controls | Encryption, access rules, compli- Security audit passed Security officer
ance checks
4. Phased Rollout Pilot with one document type, side- | Pilot results approved Project manager
by-side testing
5. Post-Migration Mon- | Monthly performance and cost 3-month and 6-month Operations team
itoring reviews reports accepted

First, carry out a detailed assessment of the current environment. List every document type,
every trading partner, and the exact daily message volumes. Map all connections to ERP or
warehouse systems and note any outdated protocols. This step usually takes two to four weeks, but
gives a clear picture of risks and costs.

Second, select the cloud provider and EDI platform carefully. Compare pricing, security
features, and support for retail standards. In vendor negotiations, clear terms for data ownership,
uptime guarantees, and penalties are essential requirements [4]. Ask for proof of earlier retail
migrations that achieved zero downtime. Test two or three platforms side by side before deciding.
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Third, carry out the migration in controlled phases. Start with one group of partners or one
document type, such as purchase orders. Run the old and new systems together for two to four
weeks. Many companies complete the full change without any service stop. The golf equipment
manufacturer mentioned earlier followed this path and brought new-partner onboarding down to
nine days or less [7].

Data security must stay in place at every step. Use encryption for messages in transit and at
rest. Set strict access rules. The governance framework requires safety checks at every approval
gate.

Fourth, train the team and update internal processes. Prepare short guides for the new
monitoring tools and alerts. Run practice sessions so staff get used to real-time information. Adjust
daily routines to take advantage of the fresh data.

Fifth, make adding new partners fast. Cloud platforms usually offer self-service portals and
standard templates. Partners can connect with very little help from the internal team.

Finally, set up ongoing monitoring. Check performance every month, review costs, and adjust
capacity when needed. The framework asks for short reports at three months and again at six
months after go-live to confirm that all targets were met.

Applying the qualitative risk analysis procedure to the migration stages described above
yields the classification presented in Table 2. Each row states a technical risk of EDI migration,
expresses its consequence in business terms for the retailer, and identifies the gate of the proposed
model at which the risk is controlled.

Table 2.

Classification of technical EDI migration risks, business implications and mitigation points
within the proposed governance model (compiled by the author)

Technical risk of EDI migration

Business implication for the retail-
er

Mitigation point in the proposed go
vernance model

Incompatibility of legacy ERP and
warehouse interfaces with cloud mes-
sage formats and protocols

Loss or misinterpretation of mes-
sages; order and stock errors reaching
the customer

Stage 1 gate: full system map and
signed-off risk register required
before any live testing

Uncertain data residency and diver-
gent privacy regimes across partner
jurisdictions

Regulatory exposure; blocked cross-
border flows; loss of partner confid-
ence

Stage 3 gate: encryption in transit and
at rest, documented residency
register, security audit pass

Unbounded growth of consumption-
based charges during demand peaks

Budget overrun in peak trading peri-
ods; erosion of the migration busi-
ness case

Stage 5 gate: agreed budget envelope,
monthly cost review, quarterly re-
forecast

Partner connection failure during cut-
over from the legacy system

Interrupted or lost order flow; partner
attrition during the transition

Stage 4 gate: phased rollout by docu-
ment type with parallel running until
pilot results are approved

Internal capability gap in cloud mon-
itoring, alerting and API operations

Slow incident response; message fail-
ures detected only after commercial
impact

Stage 4 and 5 gates: completion of
role-based training as a gate criterion;
managed-service cover during stabil-
isation

Vendor lock-in through weak exit and
data-portability provisions

Loss of commercial leverage; high
switching cost at contract renewal

Stage 2 gate: data ownership, exit
and portability clauses agreed before
migration begins
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The study produced two results. The first is the stage-gated governance model set out in Table
1. Its contribution is not the enumeration of migration activities, which are broadly known, but the
binding of each activity group to a single mandatory gate, an explicit pass criterion and one
accountable role. This converts a migration programme into a sequence of five bounded
commitments, each of which can be audited independently: at any point in the process it is
determinate which gate the project has passed, what evidence was required to pass it, and who
authorised it.

The second result is the risk classification matrix in Table 2. Its contribution lies in the third
column. Existing treatments of cloud migration risk describe risks and, separately, describe
governance processes; the matrix links them, so that every identified technical risk resolves to a
named gate at which it is controlled. The classification also reformulates each risk in terms of its
business consequence for the retailer rather than its technical manifestation alone, which makes the
risk register usable by the commercial and legal functions that own three of the five gates. Taken
together, Tables 1 and 2 constitute the organizational and managerial toolkit stated as the objective
of this study: the first defines where decisions are made, the second defines what must be resolved
at each decision point.

The functional consequences of the migrated architecture, observed across the projects
examined, are consistent with this structure. Invoice matching operates without manual input, with
the system comparing amounts and raising only genuine discrepancies; three-way matching across
purchase orders, invoices and shipment notices proceeds automatically. Shipment status is available
in real time to retailer and customer alike, and EDI data flows directly into store systems so that
stock records remain consistent. Where live shipment data is fed into recommendation systems, an
event-driven configuration becomes possible, in which items shipping ahead of schedule can be
surfaced to buyers in the relevant delivery area.

These functional changes shift the character of EDI within the retail organisation. Staff effort
moves from routine reconciliation to exception handling, and the data generated by the migrated
system becomes available for operational decisions rather than only for record-keeping.

In cross-border operations the same structure supports compliance with differing national
requirements and absorbs seasonal demand growth without additional hardware procurement,
provided that the residency and cost-control gates of the model are enforced.

Discussion

The evidence available in the published literature and in industry reporting is used here to
assess the plausibility and practical utility of the proposed toolkit. It is external evidence and is not
presented as a result of this study; none of the figures cited below were produced by the present
research.

Industry reporting indicates that automated reconciliation in cloud EDI environments is
associated with reductions in invoice matching errors of up to 90 percent, that partner onboarding
times of one to nine days are achievable with self-service connection tooling against four to twelve
weeks in on-premises configurations, and that first-year cost reductions in the range of 40 to 60
percent have been reported following migration [3], [4]. A documented migration by a large golf
equipment manufacturer records continuity of service throughout transition and onboarding reduced
to nine days or less, achieved by running legacy and cloud systems in parallel during testing [7].
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Market analyses place the EDI software segment at 2.3-2.6 billion US dollars in 2025 with
projected growth to 4.5-7 billion by 2030-2032, the cloud share increasing throughout. These
figures indicate the scale of the potential benefit; they do not by themselves establish that the
benefit is attributable to governance quality, which is the limitation the present toolkit addresses.

The proposed model can be positioned against existing work in three respects. Cooper's
Stage-Gate formulation supplies the decision-gate logic but was developed for new product
development, where termination at a gate is an acceptable outcome [9], [10]; in EDI migration
termination after partner cut-over is not available, which is why the model concentrates its
irreversible steps behind the third and fourth gates. Risk-analytic treatments of cloud migration
establish that qualitative methods are appropriate where probability data are not transferable
between cases, and provide taxonomies of migration risk [11], [12]; these taxonomies are organised
by risk type rather than by the point of managerial control, and the matrix in Table 2 supplies that
mapping. Existing cloud governance frameworks specify control domains for steady-state operation
[5], [6], whereas the present model addresses the transition itself, which is bounded in time and has
a different accountability structure. The barriers to electronic data exchange reported in supply
chain research — legacy incompatibility, inconsistent standards and organisational resistance —
correspond to the first, fourth and fifth rows of the classification, which supports the completeness
of the risk set at the level of its principal categories [2], [7].

Three limitations should be stated. The toolkit is derived from migrations in retail and
logistics and its transferability to other sectors with different partner structures has not been tested.
The risk classification is qualitative, so it establishes the presence and control point of each risk but
not its relative magnitude in a given landscape. And the model has been applied by its author, so
independent application by other migration teams remains necessary to establish that the gate
criteria are interpretable without the author's involvement.

Practical considerations in applying the model

The risks classified in Table 2 manifest in practice in the following ways, which also indicate
how the corresponding gate criteria should be interpreted.

The most common problem is connecting older internal software to the new cloud system.
Many retailers still use ERP or warehouse programs built years ago. These programs often work
with different data formats or older protocols. Mapping and testing take extra time. If done too
quickly, messages can be lost or read incorrectly [2]. The framework solves much of this by
requiring a full system map early and approval gates before live testing starts.

Data security and compliance form another big concern. Retailers handle sensitive customer
and supplier information. Privacy rules differ by country and change often [6]. Cloud platforms
store data in various locations, so companies must know exactly where their information sits.
Encryption in transit and at rest is necessary, but not enough by itself. Strict access controls and
regular reviews are also required. Vendor agreements should include clear penalties if service levels
are not met. The framework adds monthly safety checks to catch problems early.

Third, costs can rise faster than expected if they are not watched. Cloud services charge for
actual usage, so big sales peaks can push bills higher [4]. The answer is to set clear budgets before
migration and review them every three months after go-live. The ongoing monitoring pillar makes
this a normal part of operations.
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Fourth, some partners still need guidance during onboarding, even with self-service tools [7].
Standard templates and short training materials usually take nine days or less.

Fifth, the internal team often needs time to learn new skills in cloud monitoring, alerts, and
API work. Short guides and practice sessions help close the gap. Some companies use managed
services for the first six months while the team builds confidence.

Finally, depending too much on one vendor can create problems later [5]. Strong contract
terms on exit procedures and data ownership, agreed at the beginning, reduce this risk.

In the coming years, simple artificial intelligence tools will probably improve matching and
forecasting inside EDI systems [8]. These tools will strengthen personalisation, but they will also
need extra checks on accuracy. The governance framework can be extended to cover them when the
time comes.

The challenges are significant, yet they become manageable with a structured governance
approach. The five-pillar approach turns potential weak points into controlled steps.

Conclusion

Cloud-native EDI removes many of the constraints that on-premises systems placed on
retailers. Companies gain real speed, greater scale, and lower costs. When migration follows the
proposed governance framework. The shift eliminates legacy infrastructure barriers and lets
retailers process millions of transactions daily with zero downtime and full scalability for global
marketplaces.

The scientific contribution of the work lies in this mapping: migration governance and
migration risk are treated as one instrument rather than two, so that the question 'who resolves this
risk, and at which point' has a determinate answer for every risk in the set.

For retailers preparing for tomorrow’s market, cloud-native EDI is more than a technical
upgrade. It becomes a competitive advantage. Stores that make the move can grow faster in global
markets, reduce errors, and deliver the fast and personal service that online buyers now expect.
Automation of key tasks supplies correct information at the right moment, which supports better
stock decisions, quicker deliveries, and stronger customer relationships.

For practice, it is recommended that retailers complete the stage-one assessment and sign off
the risk register before entering vendor negotiations, since the contractual gate depends on knowing
which risks must be allocated contractually; that progress be measured against the gate criteria
rather than against elapsed time; and that the three- and six-month post-migration reviews be treated
as formal gates rather than status reports.

Further work should test the transferability of the toolkit to sectors with different partner
structures, and examine whether the gate criteria can be applied consistently by migration teams
other than the author's. The extension of the classification to risks arising from the introduction of
machine learning components into EDI matching and forecasting is a further direction, since such
components introduce accuracy-assurance requirements that the present five gates do not yet
address.
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