TOIIKEHT UPPUTALIMSA BA KUILJIOK XV/KAJIUTUHU
MEXAHU3ALUSIIALL MYXAHJIUCJIAPA UHCTUTYTH
XY3YPUJIATU WIMUI JAPAKAJAP BEPYBUU

DSec. 03/30.12.2019. T.10.02 PAKAMJIA WJIMHAM KEHT AIII

KAPLIM MYXAHJIUCJIUK-UKTUCOAUET UHCTUTYTH

JATHUIIOB IMAXEO3 AJIMIIEP YFJIA

BOTJTAHMAT'AH I'PYHTJIM KAHAJIJIAPIA KPUTUK TE3JIMKJIAP
XNCOBUHU TAKOMUJIJVIALITUPHUIIT

05.09.07 — I'mapaBauka Ba MyXaHAUCIUK THAPOJIOTHACH

TEXHUKA ®AHJIAPUA BYHHNUYA ®AJICAPA JOKTOPH (PhD)
JUCCEPTAIUACUABTOPE®EPATU

Tomkent — 2020

1



VVK: 621.65:621.315

Texuuka ¢pangaapu o6yiinua ganacada noxkropu (PhD) quccepranus
aBTOpedepaTn MyHAApUKACH

Oraasienue apropedepara gucceprauuu 1okropa ¢pusnocopuu (PhD) mo
TEXHHYECKHM HayKaMm

Content of dissertation abstract of doctor ofphilosophy (PhD)
on technical sciences

Jlatunos [lax003 Aauuep yriau
BbornanMaran rpyHT/IM KaHaJJIapAa KPUTHK TE3TUKIAPXUCOOMHU
TAKOMUIUTAIITHPHILL. ..ot eneieeeineesetaeenieeesneeesaneeenneeesneesssneensneeessneessnneensneesssneenns 3

Jlatunos [lax0603 Aauuep yriu
VY coBepLIEHCTBOBAaHUE PACUETa KPUTHUYECKUX CKOPOCTEM KAaHAJIOB B HECBSI3HBIX
110 & D G PSPPSR 23

Latipov Shakhboz Alisher ugli

JbJIOH KMJIMHIaH HIJIAp pyHXaTH
Cnucok onyOJIuKOBaHHBIX padoT
List of published WOTKS.........cooiiiiiiiiii e 45



TOIIKEHT UPPUTALIMSA BA KUILJIOK XV/KAJIUTUHU
MEXAHU3ZALIMSUUIALL MYXAHJIUCJIAPA UHCTUTYTH
XY3YPUJIATU WIMUI JAPAKAJIAP BEPYBUU
DSe. 03/30.12.2019. T.10.02 PAKAMJIA UMW KEHT AL

KAPILIM MYXAHJIUCJAUK UKTUCOJIUET UHCTUTYTHU

JATHUIIOB IMAXEO3 AJIMIIEP YFJIA

BOTJTAHMAT'AH I'PYHTJIM KAHAJIJIAPIA KPUTUK TE3JIMKJIAP
XHUCOBUHHU TAKOMUJIJIALITUPHUIIT

05.09.07 — I'mapaBauka Ba MyXaHJAUCIUK THAPOJIOTHACH

TEXHUKA ®AHJIAPA BYHNUYA ®AJICAPA JOKTOPH (PHD)
JUCCEPTALUACU ABTOPE®EPATU

Tomkent — 2020

3



Texunka dannapn G¥imua dascada 1oxropn (PhD) 1nccepraunncn mariyen ¥idexueron
PeenyGankacn  Basmpaap  Maxkamacn  xvivpigarn  Oamii arrecranns ROMHCCHHEITA
H2020. 4. PhIYT1688 pakawm Gnaan piixarra oamaran.,

Huceeprausa Kapnm vy xaniociqg-#kTHCOMET HHCTHTY T Gamapuirau

Huceceprauna asropedepat yu oranna (¥30ex, pyc Ba neiimg (pemomel)) Maunil kenran ped-
caxwibaza  (wwwtilameuz)  ma «ZivoNets  AxXGOpPOT-TALIHM NnopTaiiga  (WaWwziyonet uz
WOHIIAMLITHMITAH

Hawnii paxap: Dmer Codup Camaropnn
TeXHHER tI]lE!HJJHP]f AOKTOPH, |1pulimccup

Pacyimii onnonentiap: Maxwyaos Hixosekon Ipuaiaporin
TEXHHEKLL I]]élll.lupu JCRTOPN, |||‘_u|1||1+_'d_'|.'|.|-p

Hlaamios ®appyx IHoakiaponny
TEXIHED GaHDAPH HOM3OIH ., eI

ETarn ramknmor: Tomkent HPXHTERTY - KYPW AL HHCTHTYTH

Jncceprauna  spmioacn TowkeHT MppHraimn Ba KooK XFRANMIAAN  MENAH I T
MYXAHIHCIADH  HHCTHTYTE  XYIVPnia 3‘01‘#31:.()3!3&IE..’!(J]E?.'J'.]U.[}Z DaKaMIH  HIMBE  KeHTINHIHT
4 _‘P_n 2 %ﬁl coat JK " JarH MasksrcHita OV InG Yraan Manwatn 10000, TowxenT ur.,
Kopu Huéamii kiuacn, 39 4, Ten: (+99871)-237-19-61, 237-22-09, dakc: (+IVET1) 237-54-T9, e-
mail: admingi iame uz

Hycceprawns  Gunan  Toiukewt  wppurauss  Ba  KHIITOK SEMATHIMHEN  MeNATHIAL A
MYXHHIHCTAPH MUCTHTYTHHUHE AXOOPOT-pECYpPe Maplaznia TaHHILHIE My MENN PARKEMH D3TaR
piixarra  onudran)  Maazan 100000, Tomkewr | Kopn  Huesnil  k¥wacw, 39 wij,
Ten (+99871) 237-19-45. c-mail: admini@tiiame uz

Jngeeprauns petopede i 202101 iinn “:2!:”
(2A01ima <<AM / narn Ne = aga R
i panci, T 21, npodecenp

513 ":.:-T:.‘..
g i
; i frr. - ) F—/"';’";-‘.

o A A Hurnes
e Tl Homanii dapesianap Gepynow
¥ e MMM KEHTALT HIMHE KOTHOw,
b 71, mpodieccop

K¥YHHW Ta pl{ﬂTHJ’I.'I,]{
P GaHHOMEL)

T.3.Cvaranon
IMnH napawanap depy e

JA.P.basapor
. gacanap Gepysun
HIMME wenram xyaypaiary Mo
COMHHAP DRMCH, Tafuit, npoipeccop



KHWPUII (danacada noxropu (PhD) nuccepraumsicn aHHOTAUSICH)

Jucceprauuss MaB3yCMHHUHI 10J13ap0auru Ba 3apypatu. JKaxoHna Typiu
UKTUCOAMET TapMoKiapujaa QoinanaHuml yuyH Jap€ TuApoy3euiapuiaH
OJIMHAJUTaH CYBHUHI cH(aTUHU OaxoyiaiiiuraH Me30HJapJaH OupH, KaHauapaa
yyKaJural napé OKU3MKIApUHUHT MUKIOopHU XucobOnananu. Kypunaauran maskyp
MyamMMora Ouji Kyl COHJIM WIMHH MaHOanapu OynMivra KapamaclaH, XO3Upru
BaKT/a OKM3MKJIAPHUHI OYMK Y3aHJApAard XapakaTd, YJIapHUHI KUHEMAaTHK Ba
JUHAMUK TapaMeTpiiapuHy TaJKUKOT Macajlacura KarTa axamusaT OepuiIMOKIA.
Komnamacus noiuxanaHwiagurad Ba OJKCIUTyaTalus KWIMHAJAWIaH KaHajlapia
OKUMHUHT I0OBMalJUraH Te3JIUKIapy Ba OKU3UKIap capHUHU aHUKJIAIIHUHT XUCO0
yCYJUIApUHU TaKOMWUIALITUPHILTA aloxujaa 3bTHOOp KapaTwirad. by Oopana,
AKI, Tepmanusi, Hunepnanausi, ®panums, Poccus, Xwuto#t, Y30ekucrtan Ba
OolIKa MamJlakaTiapaa KyHaajlaHr Ba Oyiyama nedopmanusiiapra oaud KeiayBUH
TypAud OMMJUIAPHM XHcOOra OJraH XoJjJa TPYHTIM KaHaJUIApHU JIOMMXaJall,
KypHIll Ba MIIOHWIM 3KCIUTyaTallds KWJIUII Y4yH caMapajiu XucoO yCyJulapuHu
UIUI1a0 YUKUIITA aloXua 3bTUO0p KapaTUIMOK/IA.

Kaxonga TpyHTIM KaHajapaaru —Jedopmanusiap Ba Oy canOuit
OKMOATIAPHUHT OJIIMHM OJIMIUTAaHyHAITUPWITAH MAaKCaalu WIMHN-TaIKUKOT
ulnulapura ajgoxuga d3bTHOOp Oepunmokna. by Oopaga, OyryHr# KyHHHUHT
MyaMMOJId Macajajapjad oupu 0ynuo0, nedopmanusiaHaaurad KaHaJljaapaarda cyB
OKUMHUHUHT TPAHCIIOPT KU KOOUTUSTUHUA OIMIMPULTHUHT TEXHOJIOTUSIIIAPUHU Ba
SHTM YCYJUIAPUHU MILIA0 YUKW, Yy3aH aedopmanusicura TabCUp KWJIAJIUTaH
TypJId OMUWJIJIAPHU XUCOOTa OIUI MyXyUM BaszudanapaaH Oupu XxucooaaHaIu.

Xo3up pecnyOnuKaga TPYHTIM HppUTaLMs KaHAJIApUHM JoWMXanaml Ba
camapalid SKCIUTyaTallMsICUHU TabMHUHJIAIITAJOUPKEHT KaMPOBIHM 4Opa-Taa0upiap
amaira ommpuiaMokna.2017-2021 fiumnapaa Va6ekucron Pecrny6imkaciuy sHana
PUBOXJIAHTUpUII OYiinua XapakaTiap cTpaTeruscuaa, XKymjagaH .. .MUUIAN
UKTUCOAUETHUHT  pakoO0aTOApIONUIUTMHU  OIIMPUII YYYyH MeJIHopalus Ba
MppHUraIms oObEKTIApH TAPMOKIAPHHN PHBOXKIAHTHpPHIL” Basudanapy Gearunad
Oepunrad. Maskyp BasudanapHu amMaira OIIMPHUII KyMJaJaH CyB pecypciapu
TaKUWUIMTA  JaBpuja TPYHTIM UppUTALMS TU3UMIAPUHUHT TUAPOTEXHHUKA
MHIIOOTJIADUHU MIUIAIUAa pyW OepaauraH IIMKACTIAHWII, WIIAAH YUKHUII Ba
aBapHsUIApPHU LIYHUHTIEK, 1ePOpMalMOH-KYUJIaHUIIUIA XOJIaTIapHU XHcoora oauo
joinxanam Ba (QoHWJaJaHUIIHUHT camMapald ycnyOoJapuHU uOuiad YHUKUIIra
KapaTWIral WIMUN-TAAKUKOT UIILUTApUHU 010 Gopuil MyXuM Basudanapaan Oupu
XHACOOJIaHA .

V36exucron Pecniybnukacu Ipesunentunuar 2017 iinn 7 peppanmaru I1dD-
4947-con  “Y36exkucToH PecnyOnMKacMHM SHAJA PUBOXIAHTUPHUIN Oyiinua
Xapakatnap crpareruscu Tyrpucuna’tu dapmonn, 2017 #un 25 ceHTsOpmaru
[IK-3286-con  “CyB oObekTIapuHu Myxodaza KWIMII TU3UMHUHHM SHaja

12017 iimn 7 despanmarn V36exucron Pecrybmukacu Ilpesunentunmnr I1D-4947-conmu “Y36exucToH
pecnyOIMKacHHHU STHala PUBOXKIIAHTUPHIN OYinYa XapakaTiap CTpaTerusicu TyFpucuaa’ ti GapMoHH
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TaKOMWJUTAIITUPUIT OYiinya 4opa-tandupiapu TyFpucuaa’ru Ba 2017 iun
27 wosopmaru IIK-3405 connmm  “2018-2019  #imnmmapna  uppuranusiiu
PUBOXKJIAHTUPUII Ba CYFOPWIAJIUTAH €pIapHUHT MEIHOPATUB XOJIATHHU SIXITUIIAII
Hasnar pactypu tyrpucunasru Kapopnapu Ba Basupnap MaxkamacHHHHT
2014 #iun 21 suBapmaru 13-con2014-2015 iwinapna Ba uctukbonga 2020
fiiraua cysnapuu Y36ekucTon Pecriy6iukacu cyB okumiIapu 6yiinad Gapkapop Ba
xaBpcu3 yTKazub 000pUIl JaCTypUHU Tacaukiam Tyrpucunaru” Kapopu xampaa
Ma3Kyp  (QaomusTra Termunum  OOmIKa  MEBEPUN-XYKYKHH  XyxoKaTiapaa
Oenrwianrad Basu(asapHu aMalra OMIMpHUIIAA YOy auccepTanus TaIKUKOTH
MabJIyM Japaxkaja Xu3mar KUiaau.

TagKUKOTHUHT pecny0auka pan Ba TEeXHOJIOIUslJIapH
PUBOKIAHUIIMHUHI YCTYBOP HYHAJIMULIAPUIA MOCJAUIM. Maskyp TaaKUKOT
pecnyOnuka (aH Ba TEXHOJOTHUSJIADHU PUBONKIAHTUPUIIHUHT  V.«Kuuuiok
XYKanUru, OMOTEXHOJOTHUS, JKOJOTUs Ba aTpod-MyXuUT Myxodazacu» yCTyBOP
HyHanuim goupacua 6akapuiras.

MyaMMOHMHI YpraHwiranjuk aapaxkacu. O4uuk cyB Vy3aHjapujaa coIup
Oynaauran aedopMalMoH >kapaéHiap TaAKUKOTIapura OWJl KaTop OJUMIIap
TOMOHH/IAH M3JaHHUILIAD ONHO GOpHITaH. Y3aH KapadHIAPUHMHT Ha3apuil Ba
skcnepuMmenTan Tagkukotiaapu Omnan C.X.AOGamesuiu, C.T.Antynun, W.W.JIeBu,
M.A.BenukanoB, B.H.I'onuapos, U.B.Eruzapos, 1.®.Kapaces, B.M.Makkasees,

I'.1.I1IamoB, A.H.I'octyHCKkuid, H.A.P>XaHUIIbIH, I'.B.2Kene3HsaKkoB,
A.B.Kapaymes,B.Knopos, H.B.I' pumanuH, K.N.Poccunckuid,
H.A.Muxaiinos,l.E.Mupuxynasa, 10.A.Uban3ane, X.I.ITanupo,

B.C.JlanmenkoB, X.A.Upmyxamenos, b.E.Ty3os, M.P.bakues, A.M.Apud:xanos,
A.lllunbac, P.barnonen, Bau-Peitn, Ackers-White, Meyer-Peter, I'.Ditnmmreiin,
I1.Tomcon Ba OomIKa ouMIIap MIYFYJIJIaHUIITaH.

PecnyOnukamMu3 oYWK KaHalapAa OKHU3UKJIApPHU TPAHCIOPT  KUJIUII
KOOUITUATH oyitnua aH4YarvHa WIIMHI IOTYyKJapra SPULINJITAH.
HedbopmanusuiaHaaurad CyB  Y3aHJIApPUHUHT THAPABIUMK XucoOjapu Oyiinua
C.X.Abanpsan, B.C.Antynun, II.E.Mupnxynasa,E.K.PabkoBa, H.A.Pxanuupix,
A.M.Myxamenos, K.1II.JIatunos, P.M.Kapumos, 2.K.Maxmynos,
AM.Apudxanos, JI.P.bazapos, C.C.OmeB, A.M.DarxymiaesX.X.lcakos,
X.X.MmranoB Ba OOIIKAa OJUMJIADHUHT MIIUIApU MaBXKya OYiauO, XO3Upru KyH7Ia
ylapjaH Oup Katop Jionuxanapaa KeHr kyaamaa ¢hoigaraHuIMoKIa.

Xo03upru BakTAa pecrnyOMKaMu3/la TPYHTIM HMPPUTAlUOH KaHAJIAPHUHT
nedopManmsuiapu  Oyiimdya Katop Oa)kapuiraH TaJAKUKOTIAp MAaBXYH, JICKUH
ylapy3aHHUHT JeopMalusicura TabCUp KUJAIUraH XaMMma OMWUIAPHU TYJIHK
Kampab osmarad. OUuK IPYHTIU KaHaJJIapAard OKUMHUHT FOBMACIIUK TE3JTUKIApH
Ba OKHU3UKJIAp TPAHCIOPTH XHUCOO YCYJJIApUHU TAKOMWJUIAIITHUPHIL —KaOu
MyaMmmoJiap €Tapiiu Aapaxaja ypraHujiMaras.

JAuccepranuss MaB3yCHHMHI JAMCCEPTAIMS O0aKAPWITaH OJHUHA TAbJIUM
MYacCACACHHMHI WJIMHMH MILIAPHU peKkajgapu OuijiaH Ooraukiauru./(uccepranus
TaAKUKOTH Kapmm MyXaHIUCITUK-UKTUCOAUET MHCTUTYTH WIMHUN-TAIKUKOT
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unuiapy  pexxacuHuHr  5/2016 - “I'mapoTexHMka HWHIIOOTIapU Ba HAcoC
CTaHIUSJIADUHUHT WIMHUH-TEXHUK Macajlajlapd €UMMUHUHT caMapacuHU OUIUPHIIT
Oyitnua TaBcusuiap unuiad yukapuim’”’ (2016-2019 it.it.)Ba Kapim MyXaHauCIHK-
UKTHUCOMUET HMHCTUTYTH 56/19 “CyB xykaiuru oOBEKTIApUHU JIOWHXAJaIlaa
TaKOMUJUTAITAH XUCOOJApHU KYyIjamr™” XYKaluK IIapTHOMAacu MaB3yJapujaaru
noitmxanap noupacuaa 6axapwiran (2019-2020)

TaakKuKOTHUHr Makcaam jAedopMalMsUIaHaIUraH TPYHTIIM KaHauiapaa
OKUMHUHT KPUTHK TE3JIUKIAPUHU Ba OKM3UKJAp capPuHM XucoOiam yCyJapuHu
TaKOMUJUTAIITUPUIIIAH UOOpAT.

TankukorBazudanapu:

y3aHnapaard OKMMHHHI KPUTUK (IOBMAciMK) TE3JIMKJIApU Ba OKHU3UKJIAP
cap(QpuHU aHUKJIAIIHUHT MaBxyJ OYiran xuco0 ycysuiapu TaxJIuiu;

€H TOMOH ETKM3WIMIIMHUHT Xap XWI KUUIMK KoddduimenTiapuga
KaHaJJIapJlard OKUMHUHT IOBMACIMK TE3JMKIAPUHU Ba OKU3UKIAp capdapuHu
nabopaTopus WapouTUaa TaAKUKOTIAIL

OOfJlaHMaraH TPYHTIM KaHaulapAa OKUMHHUHI IOBMACIMK TE3JIUKIapH Ba
OKHU3UKJIap capiapuHU TUAPABIMKMOJIETUHN TAKOMUJIIAIITHPUILL

OOfJIaHMaraH TPYHTIM KaHalapAa OKUMHHUHI IOBMACIMK TE3JHMKIapu Ba
OKHM3UKJIap capdaapruHu XUco0 yCyJUIapuHU TaKOMUJIIAIITHPUIIL,

OOfJIaHMaraH rpyHTJIM KaHajulapa OKUM IOBMACIIHMK TE3UKIApH, TY0 OCTH Ba
MyallJlaK OKU3MKJIAPHUHT capdiapuHu Xucobsapu Oyiinua TaBcusiap uILIa0
YUKHIIL.

TagkukoTHuHr o00bekTH cudarnga Kamkagapé BwioATH XyayAuaaru
“Kapuu maructpan” Ba “Mupuinkop” KaHauiapu KaOysl KUJIUH]IH.

TagkuKoT NpeAMEeTHHU CYB OKHMHUHHHI KHHEMATHUK XapaKTePHUCTHKACH,
OOfJIaHMaraH rpyHTIU KaHAJJIapiard CyB OKUMUHUHT IOBMACIIMK TE3JIHUKIApU, TyO
OCTH Ba MyaJlJIaK OKU3UKJIAp XapaKaTH TAIlKWI STaIu.

TaakuKOTHUHT ycyaaapu. TagkukoT xkapaéHuaa SKCIEPUMEHTAN TaIKUKOT
HaTWKaJapuHU  CTaTUCTUK  yCYyJdW, OKUMHUHI  XapakaTuHU HudoaanoBuu
UAPOAMHAMUKAHUHT TeHrIamaiapuian Gongananuiam.

TagKUKOTHUT MMM THTWJINTY KyHuaaruaapaaH noopar:

OOfJlaHMaraH TPYHTIM KaHaulapJja OKMMHUHT IOBMACJIMK TE3TUKIApUHU
XHCOOall yCylIu KUSUITMK KOd(DPUIMEHTHHUHT Xap XWI KUWMaTiapuHu uHoOatra
0JIM0 TAaKOMWJLTAIITUPUIITAH;

KaHaJUlapja ¥y3aH TyOM OKHM3MKJIap cap@uHM XHcoOnaml yCyiau KUSIIUK
K03 PUIIMEHTUHUHT xap XHJT KUIIMaTIapuHu nHobartra 016
TaKOMWJUIAIITUPUJITaH;

KaHaJUlapJa KUsUIMK KOA(P(UIMEHTHHH Y3rapyBUYaHJIUTUHU WHOOATra onuo
MyaJljlaK OKM3UKJIap capGuHu Xucobam yCyinu TaKOMULIAIITUPUIITaH;

OKMMHHMHI KPUTHUK TE3JMKIapu Ba OKU3HWK capdiapuHu Xucobra oiaud
OOfJIaHMaraH TPYHTIM KaHAUIAPHUHIMOP()OIOTMK OOFIaHUIUIAPUHA aHUKJIAII
acocJlaHTaH.



TagKUKOTHUHT aMaJInii HATHXKAJIAPH KyHuaaruiapaad noopar:

€¢H TOMOH KHUSIMK KO3 puuueHTIapuHuuHOOaTra oJiral Xojijaa OorjlaHMaraH
ITPYHTIM KaHAUIAp CyB OKHMHWHUHI IOBMACIIHK TE3JUKIAPUHU AHUKJIAIl YYyH
XUCOO YCYJIH MILIA0 YUKUIITAH;

OOfJIaHMaraH rpyHTIM KaHaJJIAPHUHTEH TOMOH KUSITUK KO3 OUIIMEHTIapUHU
XHcoOra ojra xoJjija TyO OCTH Ba MyaJUlaK OKU3HMKIap caphIapyuHU aHUKIAIIHUHT
TUAPABIMK MOJEIN TAKOMUJIIAIITUPHUIITaH;

€H TOMOH KHsUIMK KO3 (dUIIMeHTIapuHu xucoOra oyiraH xojjaa OorJlaHMaran
TPYHTIM KaHAJUIAPHUHT OKUMUJAruMyasulak OKH3MKJIAp KOHUEHTPAUMSICUHU
aHUKJIAIl YYyH OOFJIaHUII OJMHIaH;

OOfJIaHMaraH TpyHTJIH KaHAJUIAPHUHT €H TOMOH KUSUTMK KO3 (UIIMEHTIapHU
XHcOoOTra oJiraH XoJJa CyB OKUMHUHHUHT FOBMACIUK TE3NUKIAPUHUA aHUKJIAII Oyiinya
TaBCUsJIAp UIILIA0 YUKUITaH;

€H TOMOH KHUSJIMKJIAPUHU XMCOOTa oJiraH Xoijaa OofjaHMaraH TpYHTIU
KaHaJUlapJlard CyB OKHUMHUHTI Ty0 OCTH Ba MyalaKk OKHU3MKJIap capduHu
XMCOOJIAIll YUyH TaBCUsJIAp UILIA0 YHKHUITAH .

TagKUKOT HATHKAJAPUHUHT WINOHYIMJIUTH. TaJKUKOT HaTUKaTapUHUHT
WIIOHWIWJIMTY CUHOBJAH YTraH MaTeMaTHK ycyJjulap Ba (PU3MKaHUHT YMYM KaOyl
KWIMHTaH KOHYHJapuaaH (oNAalaHUNITaHINIY; JAepopMalUssiapHd  XHUCOOJIaln
Oyiinya TaBCUs STWITaH yClayOiIapHUHT JabopaTopus Ba Jaja IapoUuTHIa OJUHTaH
MabIyMOTJIap OWJIaH MOC KEJITaHJIMIY; XUCOOJaHTaH MabIyMOTJIAPHUHT OOIIKa
TaJKUKOTYMIAPHUHT  MabIyMoOTIapura Kypa  TaKKOCJIaHTAHJIWTH  OwWiiaH
M30XJIaHAIU.

TagKUKOT HATH/KAJIAPMHUHI WIMHHA Ba aMajJuMd axaMuUATH. TagKukoT
HATWKAJIAPUHUHT WIMHUN aXaMuATd €H TOMOH KUSJIMK KO3 DUIIMEHTIIapu Xap XUl
Oynran OofflaHMaraH TPYHTIM KaHAJIap CyB  OKUMJIAPUHUHT  KPUTHUK
TE3JIMKJIAPUHU, TyO OCTH Ba MyaJUIaK OKU3UKJIAPHUHT capHUHU aHUKJIAIIHU XaM/1a
MyaJlJJaK OKU3UKJIAp KOHIIEHTPAUMSICHUHU aHMKJIAIIHUHT XHUCOO yCyJUIapuHU
TaKOMUJUTAIITUPUIITAHIUTH OUJIaH U30XJIaHA !,

TankukoT HATHXKAIAPUHUHT aMaluil axaMusITH OOFJIaHMaraH TpPyHTIU
KaHAJUIADHUHT TUAPABIMK CamMapaJopiurd Ba SKCIUTYyaTAllMOH HILIOHYIMIUTUHU
TabMUHJIAIIJA, cOAMp OVymanuraH aedopMalMsUIADHUHT KaMalMIId XucoOura
MKTUCOIMM CcaMapaJopiMKKa >SPUIINITAHINTH, CYB YTKA3UIl HMKOHHSATUHUHT
OpTUIINTa, JIONKATUTH, Xam1a OOIIKa OMUWIJIAPHHU XUcoOra OJIraH XO0JiJa KypUIuil
Ba OKCIUIyaTallMOH XapaaTJlapHU KaMalTHpUIITra SpUIIWITAHIUTH  OujiaH
M30XJIaHAIH.

TagKUKOT HATHKANAPUHHUHI KOPUH KWIMHMIIM. borilanmaran rpyHTIIM
KaHAJJIapJa0KUM FOBMACIMK TE3JIMKIApU Ba OKU3UKIAP capPIapuHUHT XMCOOMHU
TaKOMUJUTAIITUPUII OVINYa OJMHIaH HAaTHUKajap acocuia:

OOfJlaHMaraH TPYHTIM KaHaulapJja OKMMHUHT IOBMAClMK TE3TUKIApUHU
xucoomam ycynuCyB XyKajauru Basupiuru Tacappypugaru Amy-Kamkanapé
yppuranusi  THU3UMJIapu  XaB3a  Oomikapmacura — Kapauuii — MupHikop
KaHanmuaaxopudt KunuHran(CyB  xyxanuru BasupiauruHuar 2020 iun 26
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aryctnaru  04/20-2466-con  mabnymoTHoMacu).HaTukana KaHaJIHMHT CYB
YTKa3uIll KOOMIUATA OKU3MKJIAP TPAHCIOPTH XUCOOW YCYJUIAPUHUHT KYJUIaHUIIN
acocuza 5-6 % ra ommMpuIlIl UMKOHU SPATUJITaH;

TPYHTIU KaHauiapja y3aH TyOu okKusukjiaap capduHu xucobsnam ycynu CyB

XYKanuru Bazupauru tacappypumaru Amy-Kamikagap€ uppuranus TU3UMIIAPU
XxaB3a Oomikapmacura kKapanuid Mupuimikop kKaHaiauaa skopuil kunuarad. (CyB
xyxkanuru — BazupauruHuHr 2020 #Hun 26 aBryctmaru  04/20-2466-con
MabIyMoTHOMacH). Harmxkana kaHamnapaa jioiika Oocuil >kapaéHuHU OaxoJalira
MMKOH OepraH.

OKMMHHMHI KPUTHUK TE3JMKIapu Ba OKU3HWK capdiapuHu Xucobra oiaud
OOfJlaHMaraH TPYHTIM KaHAJIJapHUHT  Mopdosnoruk  OornmaHunuiapuHuCys
xyxanuru Bazupiurutacappybunaru‘“l'unponpoext” AX Ba “Y3IIUIT” AX
JolMxanalm HMHCTUTYyTJIapuJa KaHaJUlapHU Joduxanampaa Qoiinananuirad(Cys
xyxkanuru — BazupauruHuHr 2020 #Hun 26 aBryctmaru  04/20-2466-con
MabIyMOTHOMacH).Jloinxanari uuuiapu HaTHKacH/1a KaHAJUTApPHUHT
nedopManuoH Kapa€HIapUHUHT KaMaWuIlIura Ba doiganaHu
camapagopiuruHuHr 10-15% ra ommpuin IMKOHUSATH SIPATHIIIH.

TagkuKOT HaTHXKAJAPMHMHI  anmpodamusick. Ma3Kyp  TaaKHKOT
HaTWKaJlapu XaJlKapo, pecrnyOiMKa Ba HWHCTUTYT MUKECHIArd aHXKyMaHiapia
MyXOKaMa KWIMHIaH Ba MabKyJUIaHTaH, JKyMJaJaH 2 Ta Xalkapo Ba 7 Ta
pecnyOiIrKa UIMUR-aMalii aHKyMaHJIap/ia MyXxoKaMa aH YTKa3WIraH.

TagKNKOT HATHKAJTAPMHHMHI JIBJOH KWIMHMIIM. J[UccepTanus MaB3ycH
Oyiinya 2lta wnmuil unutap von HSTwirad.llymapnan, 1 Ta MoHorpadus,
V36ekucron PecryGmukacn Onuii  aTTecTanys KOMHCCHACHHHHI JOKTOPJIHK
JUCCepTalrsIapd acOCUM WJIMHMI HaTH)KaJlapWHU YOI O3THUII TaBCHUS STUJTaH
WIMHUI Hamipiapia 4 Ta MakoJsa, Iy )KymilajJaH 2 Ta MakoJja peciyOiuka Ba 2 Ta
MakKoJia XOpKUN )KypHajiapaa Haup KuwinHrad. Lllyaunrnaek, 3 ta makoinaSkopus
O0azacujgaru  OKypHaJiapaa,2 Ta  MakojJa — IOKOPM — MMIAKT  (akTopiau
KypHaJJIapAay4oIl 3TUiIrad BaDXM nacTypu ydyH 'yBOXHOMA OJIMHTaH.

TagkukoT Xa:kMu Ba Ty3wammuu. Jluccepranus WIIM KUpUII, TYpT 000,
xynoca, doiganaHwiran anabuérinap pyixatu Ba WioBajapiaH HOopar.
Huccepranys UIIUHUHT XaKMH 120 OETHH TalIKuiI dTaju.

JINCCEPTAIIUSTHUHT ACOCHII MA3SMYHH

Kupum xucmuaa aumccepranus MaB3yCHHUHT J0J3apOJMIyd Ba 3apypaTu
acocjaHraH, MIIHUHT Makcalu Ba Basudanapu, 0ObEKT Ba IpeaMETIapu XaKuaa
MabIyMOTJIap KenTupwiraH.baxapuiran TaIKUKOTJIAPHUHT pecnyOnuka ¢aH Ba
TEXHOJIOTUSJIAPY  PUBOKJIAHUIIMHUHT  yCTYBOp  MYHAJIMIUIApUra  MOCIIWTH
KEJITUPWITaH, TaJAKAUKOTHUHT WIMHH SHTWINTH Ba aMalui HaTwxkaizapu OaéH
STurad.ONMHIaH HATWKAJIAPHUHT WIIOHYWIWIMIM acOCJaHraH, Ha3apui Ba
amanuit 3apypustu 6aéH sTwirad.lllyHuHraex, HaTWwKalapUHUHT —SKOPHUH



KWIMHUIIM, UIIHUHT ~ anpoOaluscu  Ba  Hallp OTWITaH  UWOUIAp  Xamja
JIUCCEPTALMSHUHT TY3WIUIIM OViNYa KUCKA MabIyMOT/Iap KEJITUPUIITaH.

HMucceprauusgauar “Kanajuiapaaru OKUMHHMHI FOBMACJIHK Te3JMKIApH Ba
OKHU3MKJIAPD TPAHCHOPTH XHCO0 YCy/UIApDUHH Taxjamiam” 1e0 HOMJaHTaH
OupuHyn 06o00MIa OYMK ¥y3aH ymymuil nedopmalnusuiapuHd ypranumn Oyiinya
OJIUMJIAPHUHT Ha3apuil Ba aMaliuii MIIUIAPUHUHT aHATUTUK TaXJIWIH KEJITHUPUITaH.

Jluccepranusia oYK rPYHTIN KaHAJUIAPHU MaBxKyJ KilaccCU(pUKALMsIIapy Ba
yJIapHHU JIoHuxamnami Oyitnda acocuid Tayiabnap Ba yjaapHu amanuétaa GonaanaHuIi
MMKOHUATIApU Oa€H STUIITaH.

XO03Upru BakTAa OYMK KaHAUIADHUHT MYCTaXKaMJIMTMHUA Oaxojlall y4yH
Katop  ycy/ulapaaH — QoiganmaHwiand:  KymJagaH — OKMUM  IOBMAcCIHK
TE3JIMKJIApUBAaTy0 OCTHAArd TPYHT 3appadajapyuHd YUKApyBUYM (TaHTeHIMAI
KyWwIaHUIIap) Kywiap. Anoxuaa OofflaHMaraH TpyHTJIapAa KaHal Y3aHWaaru
xKapa€HimapHu Oaxonamijga OKHU3MKIAPHUHT Myajulak Ba Ty0 YYKUHAWIAPHU
nHOOAaTra OJuII

by tynanunuiap 6Vitnua Oup Katop HIUIaHMaiap OVIUIIMTra KapaMai, OKUM
IOBMACJIMK TE3JMKIapU Ba OKU3MKJIAp TPAHCHOPTUHU HGPOAATOBYM  KATOP
OMWJIJITapHM HMHOOATra OJaJural Xuco0 YCyJUIapUHH TaKOMUJUIAIITHPHUII
3apypusatu naigo 6ynanu. Coxa Oyiinua Oakapuiran TaAKUKOT TaxXJWIM acocuia
TaJKMKOTHUHT MaKcaJ Ba Bazudanapu Oenruinad oJuHIH.

JuccepTalvsHUHT  “JKCHEPUMEHTA]  TAAKMKOTJIAPHHM  YTKA3HII
ycayojaapu Ba KypwiMaaapu” 1e0 HOMJIAHTaH UKKMHYM O600uja jmabopatopus
KypWIMaJAPUHUHT TY3WJINIIHU, SKCIIEPUMEHTAN TaAKUKOTIAPHUHT YTKA3UII KeTMa-
KETJIUTH Ba OJMHTaH MabJIyMOTIApPHU KalTa MIUIALI yCIIyOIapu KeATUPUIITaH.

JlaGoparopuss  TagkukoTimapu  Kapmm — MyXaHIUCIUK  HUKTUCOAUETH
MHCTUTYTHUHHUHT JabopaTopusicua YTKa3UIITaH.

OKCcHepUMEHTall TaJKUKOTIap €H TOMOH KHUSUIMKJIApW Xap Xull Oynran
OOfJlaHMaraH TPYHTIM Tpamnelneuaanb KaHaulapJard OKUMHHUHI —FOBMACIHK
TE3JIMKJIAPUHU, Ty0 OCTH Ba MyaJlaK OKHU3UKIAPUHU XaMJa OKHU3HKIap
KOHIEHTPAIMSICUHU aHUKJIAIl MaKcaauia YTKa3uiau.

by 000nma TankukoTIaHAETraH >Kapa€HHUHT TUAPABIMK MOAEIUIAIITHPHUIL
ycynu udonananran. Kanangaru TeKuC XapakaTHU MOJEIUIAIITHPHIN >Kapa&Hu
orupiauk (Opyan conn) Ba umKaraHum (PelHOIBAC COHHM) KywlapyHU
MOJCJUIAIUTUPUIIAIINHN TabMUHIAUAUTAH (Fr = idem;C = idem; i = idem) y4 IIapTHU
KAaHOATIAHTUPUIIMIINIAH KeIUO YUKaIu.

CyB OKMMUHHMHT FOBWJIMII TE3JIUKIAPUHHU YPHATUIIHUHT SKCIIEPUMEHTAIh
TAJKUKOTIAPU METAJIIM TUJPABIUK JOTOKAa VTKazwiau. by notox wumpa (1,2
pacmiiap) Kyiuaaru yiadamuiapra sra 0yarad (15) érounan scairan Tpamneneuaaib
KaHAJTHUHT MOJeNH sicanau: y3ywmura - 11,5 m; Ty6 sum- 0,15 M; €H TOMOH
Kusinukiapu — 2,0; 2,5; 3,0; 3,5.

Kanan wmopenununr tyow (0,15x0,15x0,10 M) Ba €H TOMOH KHUSJIMKIapua
(0,33x0,15x0,10) Taxkpuba yTKazugaAUrad rpyHT TYJIIUPUITaH METal KyTUJIapHU
KOWJTAIITUPUIL YYyH Maxcyc THUPKHUILIAp Koiaupwinu. by Mozjenna kaHaaHMHT
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TyOHW Ba Typyu €H TOMOH KUSUTHKJIApUAa CYB OKUMUHUHT FOBMACIIUK TE3UKIApPUHA
VpHaATUII Yy4yH OUp KaTtop Taxpubanap onubd OGopunau (2-pacm) Ba OyHIIa TPYHT
CUPTUHUHT 2 MM KQJIMHJIMKAATH KaTIaMH TYIIWK IOBUIICA, TAXKpHOa TyraTHiTraH 1eo
xucobnanau (3-pacm).

1-pacm. 'mapaB/IMK JTOTOKHUHI CXeMAaCH:
[-nomok; 2-nomoxkHuHe 6owl Kucmu, 3-nacmku pesepgyap, 4-1oKopu pezepsyap,
5-cys onub kenysuu Ky8yp; 6-Hanopau Kygyp, 7-cy& mauilosuyu Kyeypaap, §-
yamobapak, 9-mepunean mouwt, 10-oxusuxnap mywaouean xcouu, 11-3ameop, 12-
memann  pencnap,  13-apasaua;  14-nacocnap; 15-maxmadan  sacaneaw
mpaneyeuodansb KauaiHuHe mooenu, 16- epyHm HamMyHacu CONUHAOUSAH Memall

Kymuaap,

— —

2-TAKPHBA

0,315 ®pakuusn
Q00021 m''s womunm 1exrn I

V=032 mis;  he0,03) m

2-pacm. Tpaneneuaajab KAHAJTHUHT 3-pacm. bornanmaran
Mopean: | — érou kaHam; 2 — MeTaJUT KyTHJ1ap TPYHTHHMHTI I0BUWINIIA
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OKMMHHMHI YyKypJuTH Jla3epid CyB Yia4yarud Ba IINHUTIIEHMAcIITao,
OKUMHHUHI BEpPTUKAJI TE3NMKIApU CyB TE3NUruHu yndaitaguran “HUCB 017
MUKPOBEPTYIIKA EpAaMUIa YITYaHIH.

Tpanenennans KaHamIapaa OKU3UKJIAp TPAHCIOPTH OViHMYa SKCIIEPUMEHTAT
TAAKUKOTIIAD TUIPABIMK JIOTOKJAA YTKa3WIAW. by MyaMMOHM YVpraHuil Yy4yH €H
TOMOHM KUSUTMKIapu m =2;2,5;3;3,50ynran OofiaHMaraH TpYHTIM KaHajjap

Mojieutapuia Taxxpudanap yTkazuinau. bornaHmaran rpyHTId KaHajiapaaru Tyo
OCTH Ba MyaJUlaK OKU3UKJAPHUHI TPAHCIOPTHHHU YpraHUIl Makcaauaa Oup Heua
Taxpuodanap YTKa3uJIIu.

Typau €H TOMOH KUSJIMKIArd KaHAIJIADHUHT MOJEIH JIOTOK YCTHUA
IopaJiural apaBadara OMPUKTUPWITAH METall “IJIAaHUPOBIIUK” EpaamMuia aMmalra
ommpuiau (4-pacm). Kanan MoaeTMHUHT OXUpPHUIa OKU3UKJIAPHU TYTUO KOJaauraH
Maxcyc XOBYy34a sicajiraH.

CyB okuMHUIA JIOWKAHW XOCWJI KWIMII Y4YyH KaHajdl MOJENIHJAaH OJJANHIA
Maxcyc KypuiMma, sS’bHH Maiijla TPyHTHH OKHMTa JIOMKaiaTuO OepyBYM KypuiaMma
xKoumamtupuiau (S-pacm).

Ty0 ocTu OKM3MKIApWUHU aHUKJAIl OYiinda jgabopaTtopusi TaAKUKOTIApUHU
YTKa3ui MobaitHuaa, Oup BAaKTHUHT Y3Ua OKUM JIOMKAJIUTH XaM TaIKUKOTIaHIH.

Kamkagapé Bunostumarn “Mupuiikop” KaHaJIUHUHT CYB  YTKa3UII
KOOWUIUATUTA IOKOpUJA KypcaTWIraH OMWUIAPHUHT TabCUPUHU  Oaxosiail
Makcaauaanana mapoutuaa, sbHuMupumkop kaHanuHuHr IIK 245 Ba IIK 720
ydacTKajlapuaa TaIKUKOTIap 010 O0puiiau.

Thanupog

4-pacm. BoriiaHMaraH rpyHTJId 5-pacM.OKUMHH JOHKAJIATIHY
TpaneuenaajJb KaHAJI MOJeIH KypHjMa.

Myannak  OKM3MKJIap JioWKanmuruHu  ymyamga ['P-16 mranracuaa
VpHaTwinaauran  OartomeTp-Oytmika  Ba  MojyaHoB  OaToMmeTpliapuaH
dborinanannnau. Te3nuk BepTHKAUIApUHUHT OeNruiaaHraH Hykrajnapuzaa (0,24 Ba
0,8/ ) uyKypJIuKaa 6aTomMeTp EpaMuia JJOWKa CyBHUHT HAMYHACH OJTUH/IY.

Kanan tpaccacu acocan kymuu rpyHtaa éranu. [1K 245 (6-pacm) Ba TIK 720
(7-pacM) mnuKeTIApUAAH OJIMHTAaH KyMJIM TPYHT HaMyHaJapUHUHT (DpakiuoH
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-1

-2

TapKI/I6I/I KamKanapé BHJIOAT KypUIHIIAa PECTUOHAI TCKITNPHUIT MHCIICKIIUACUHUHIT

CHHaII Ha60paTOpI/IHCI/II[a AHUKJIaHIU.

HOBunuira HucO6aTan rpyHT 3appadaiapUHUHT MYCTaXKaMJIUTUTa OKHUMIaru
Maiifia 3appadajap Ba KOJUIOWJ 3appadaJlapHUHI OYJIMIIM aH4ya TabCUp KUJIAIH.
MabiyMKH, OKMMJArd Maiiia 3appadanap TyO OCTH KoOJbMaTaluscura oJino
Kenaau Ba Oy Xonar TyO OCTH TPYHT 3appadallapuHUHT Oup-Oupura HucOaTaH
OOFJIAHMILIMHUA COAUpP D3Taau, OYHUHI HaTW)KAachIa yjap KaTTa Te3JUKIapaa

OBHJIaanIIap.

1-kaaBaJ

MuUpHIIKOpP KAHAJHHUHT JIONKAJIUTHHA TAAKHUKOT/IAI 0YHNYa OJTMHIaH

MabjayMmotJap (2018 ., nioJib)

HamyHa oimHran JloiiKaJuk, r/Ja
Ne - h,m =
JKOUU YHr kuprok | Mapkas | Yan Kuprox
0,72 1,021 1,036 1,025
1,46 1,018 1,032 1,021
1 méﬁl;i&ﬂ? 2.20 1.016 1,031 1.019
2,93 1,012 1,026 1,015
3,66 1,009 1,024 1,017
0,74 1,011 1,014 1,012
1,49 1,007 1,012 1,011
2 IIK 245 2,32 1,005 1,009 1,011
2,98 1,002 1,009 1,009
3,72 1,002 1,007 1,009
0,68 1,010 1,016 0,985
1,36 1,007 1,014 0,979
3 I1IK 720 2,04 1,005 1,011 0,972
2,72 1,003 1,009 0,969
3.4 1,002 1,008 0,965

HaTypaz[a yTKaBHHFaH TAAKUKOT HATWXXAJIAPUHUHI TaXJIAJIHUI'd KS’/pa ﬁnnnap

JaBoMuaa  capQHUHT

y3rapyBUYaHJIUTU

OupuHUM HaBOaTnIa

nedopmairon

KapaCHIapHUHT (aosutamyBura onu0O KellaguraH KaHal TYypiad THIPABIHK
napaMeTpJIapuHUHT Oynuiuaa cogup o6ynamau (6-7-pacmiap).

0 5 10 15 20 25 30 35 40 46

7
1/0,9

A

Fa

4

,;/ &
\\.\-
&\

0
B.Mm 0

8 12 16 20 24 28 133

3
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6-pacm. Mupumxkop kanaauuur IIK245 7-pacm. Mupumkop kanaanunr IIK 720
NUKETHIArd KyHAAJAHT KeCUMHU. NMKETHIAard KyHAAJAHT KeCUMHU.

HucceprauusHuar “bofjJlaHMaral TpPyHTJIH KaHA/LUIApJard OKMMHHUHI
IOBMACJIMK Ba  OKM3MKJIAap cappuapuHu  xucodjam  yCy/LUIAapMHHU
TAKOMWUIAIUTHPUINHOMJIM YYWHYM Oo0OMIa CcTallMoOHAap OKUMHMHI TPYHTIU
KaHanm  gedopmanusuiapura  TabCUpUHM — Oaxonam — Oyinuya — YTKa3wiraH
AKCIEPUMEHTAJ TAJKUKOT HATHKAIIAPUHUHT TaXJIUIW KEITUPUIITAH.

bup kuHCIM  OOfjaHMaraH TpyHTJIApJard OKUMHUHT  FOBMACIHK
TE3NMMKIAPUHU XUCOOW YUyH TPYHT 3appadyallapiuHUHT TaxJIWJIWra acocliaHTaH
I.E.MupiixynaBa unuianMaiapu acoc KUianud OJMH/IH.

JlaGoparopusi mapowTiiapuiard  TaaKUKOTIapaa OofjlaHMaraH TPYHT
cudaruaa guameptiapu d < 0,315mmMm; 0,315< d<0,63mm; 0,63< d < 1,25mmMm; 1,25<
d <2,5 mm; 2,5<d < 5,0 Mmm OGYaran Kymiap HILIATAIIIH.

OKUMHUHT IOBUII TE3JIUTH aHUKJIAHUO Xama

9, =29, (D

AKAHJIMTUHUA UHOOATTa 0110, OyHaH OKUM FOBMACIIMK TE3JIUTH XUCOOIaHIu:

9—9p 2
=T (2)

Oy epaa: $,-KaHanaaru IOBWIMII Te3NIUTH; J,-KaHAJJard HOBUIMaiinura
TE3THK.

Taxxpubamapan Mojenaa WIUIATAIAJAWIaH TPYHTHHHT YpTada JuaMeTpu
KHYUKJIAMIUIITY OWjIaH OKMMHHMHT IOBMACIIMK TE3JIMKIApH KHHUMATIApPUHUHT XaM
KaMaluIy Ky3aTuian (8-pacm).

Uy, M
1.2

m=(0

0.8

0.4

d.MM
3,2 3.6 4

k] 2
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8-pacm. Kanau Ty0 ocTH Ba éH TOMOH KMSUTUKJIAPUIATH OKMMHUHT
IOBMACJIUK TEe3JIUKJIAPH OWJIaH OOFJIAHMATaH IPYHT 3appavyajJapuHUHT
Va4aMiIapuHu OOFJIaHMII I'PauKIApPH.

8-pacmaa KypuiraHn rpadukiap Oup-OupugaH €H TOMOH KHUSTUKJIApPUHUHT
Xap XWUTUTH OwiaH GapKiaHaIu.

Taxxprba MabJIyMOTIAPUHUHT HaTHXKajdapura Kypa OKUM 4yKypJurua oyinda
TE3JIMK TAKCUMJIAHUITMHUHT SII0pacu Kypuiarad (9-pacm).

OnopayiaplaH OKUMHUHT Typiu peXUMIapuaa OKUM YyKypJurua Oyimda
TE3NIMK  Y3rapuiid  XapaKTepUHUHT  CaKJIaHWIIK  KYpuHagu.  Xamma
AKCTIIEpPUMEHTIApAa Y3aHHUHT Ty0 OCTHJIa OKMM FOBMACJIMK TE3JTUTHHUHT KHYHK
KuiimMaTiaapu Ky3atuiau. OKuM CUPTHHHUHT (0,6 YyKypauruaa CyB XapakaTu
TE3JIMTUHUHT KaTTa KUMaTiIapu Ky3aTHIIH.

036 037
037 0,38 038
el 040 S o
0a 041 039 039 0

0,39 038 0,37
028 0,31 0,28

7\ %

0,36 037
037 7 0,36 037 0,38
0.28 i . 0,35
027 038 037 0,38 024

037 0,35 037
025 03 025

7

9-pacm. CyB OKHMHUHMHI YyKYPJIUTU 0yiin4a Te3JJMKHUHI TAKCHUMJIAHUIIH

VrTKasuiran Taxpubanapaa KaHad KEHIIMTH Oyiinya 9 T3NMK Ba 7 ypHHMA
KyWIaHUIUIAPHUHT SHT KaTTa y3rapullIapy Akl YA3WIMIINAATH Te3 y3rapyByaH
30HaNap/a,abHU TyO0 OCTH Ba €H TOMOH KMSUIUTH TyTalllraH Oypyakiid 30Haja Ba
APKUH caTX OWIaH KUPFOK TyTalllraH 30Hanap/a Ky3aTUiiau.

OKCHepUMEHTall TaJKUKOT MabIyMOTJIapUHM KailTa uIuUiad, YTKa3wiraH
TaJKUKOT IIApOUTIAPUIA, SBHU TYpJIH €EH TOMOH KUSJIMKIApAA ETKU3WITaH
KaHaJIap y4yH KyHujaara ko3QphuurenTiap aHuKIaHIn:

m=0 Oyaranga K ,=0,93
m=2 Oynaranga K=0,76;
m=2,5 6ynranga K=0,78; 3)
m=3,0 6ynranga K=0,83;
m=3,5 6ynranga K=0,88;
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Oy epna: K, Ba K- MOC paBuIlJila KaHal TyOM Ba €H TOMOH KHUSJTUKJIAPUHU

xpcoOra oryBuM K03 uIueHTIap.
YTKa3wiran TaAKUKOT HaTWKajlapura Kypakanaa Tyom yuyH (m=0

(V)

oynranna) K, kodpdunueHTHUHT Yypraya KuhimMatu K, =0,93TeHr SKaHIUTH
TONWJIAM Ba YHU KevnHru ypunnapaa K, =0,93 ne6 kaOyn KUIUIIT MyMKHH.

by #yHanummarn W3NAHWNUIAPHA PUBOXKIAHTHPUO, KaHal KHUSIUTH
KOO(POUIMCHTIAPUHUHAT ~ Y3TapUIIMHA ~ Tpameneus KaHaluaard FOBHIMACITHK
KapaéHapura TabCUpUHU MHOOATra onud Kyhnaaru ndomanap TaBCUs STHIIH:
TyO OCTH yUyH:

- d +2C k
gadm_KO(lg&é%hj\/n[g(p p,)d, +2C, ] @
m Oﬂzzpw}/S
—p )d +2C k
9Aad,,,=1,251<0\/y6[g(p pu ), +2C, 8]; (5)
0,22p,74

TypJiid €H TOMOH KUSUITMKIIApU YUYH

_p )d +2C k
gadm:K[lg&ghj\/n[g(p p,)d, +2C, ] ©)
m 0,22p,7,4
: - d +2C k.
5, 125k L8P )20k | )

0,22p_ v,

Onub Gopmiran TaAKUKOT HATH KAJIAPUHUHT TaxJ MM acocunak /K, Ba y3aH
napamMeTpiapu B/ y HucOatinap ypracuma KyWuaaru OOFJIaHUII — MaBXKYIJIUTH

K B
K, f [_j ’
K, X
Oy epna: B -y3aH CyB caTXy HH; y - HAMJIAHUIII IIEPUMETPH.
Onuuran Taxpuba HaTKaJlapu MaTEeMaTHK CTaTUCTUKA yciyOiapumaaH

doiimanann6 Ttaxamn stman (Koppemsmus xooddummentn R°=0,96x"7) Ba
HaTWXKaja Kyiuaaru ugoaa XoCuia KUJIUH]IN:

Ki - 0,96(£Jw (8)

0 X

AHUKJIaHOW .

Taxmun wHatwxkanapugan  (10-pacm) K/ K,HUCOAQTHUHT  OpPTHUILIM  OuWJIaH
B/ y HUCOATHUHT XaM OPTUIIN KY3aTUIIIAH.

Taxomumnamtupuwiran (4) gopmynara kypa XucoOJaHTaH OKHM FOBMACIHK
TE3JIMKJIIADUHUHT KUHUMaTIapuHu Oup Kartop Oomika myauiuduap dopmynanapu
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Oyiinua xucoOJlaHTaH KUMMaTiIap OWlIaH TaKKOCHall KOHUKApJIU HaTWKalapHU
oepau.

4, 5, 6, 7) dopmynamap Oyiinua xucoOJlaHTaH OKUM FOBMACIHUK
TE3NUKIAPUHUHT  KUAMAaTiaapW  TaxpuOaaa  OJIMHTaH  MabIyMOTJIApHHHT
KUAMaTIapu OWiaH KOHUKApJIM HaTWXalapHH, sS’bHHU yiap ypracuaaru ¢dapkiap
10-15 % uu xypcartaau (11-pacm).

TanKUKOTIIApHUHT KEHMHTH OOCKHUYKIa OOFJIaHMaraH IpyHTIIH Tparelnenanb
KaHAJIapJlard OKU3UKJIAPHWHT TPAHCIIOPT KHIIWII >XKapaCHWHHU YpraHuIl Kapad
quKWIIH. OKUMHUHT TPAHCIIOPT KWJIMII XUCOOHW Y9YH YMYMHH OKH3UKJIAPHU TYO
OCTH Ba MyaJlIaK OKH3HMKJIapra aKpaTuiaH.

K/K,
0,9
9,88 Y : O,‘_}E‘)\ = °
R*=0,8535 B
0,86 L
0,84 " | o
o | b
0,82 i
038 0
078 3
0,76 0. e
0,74 B/X
0,95 093 0935 094 0945 095 0955 09 0965 097 0975
10-pacm. « _ f[Bjﬁof.]'laHl/IHI rpaguru
K, X
(% 1L, M/c Takpuba
0,6
0’5 ® ®- m=0
‘;"’ o ®- m=2
0,4
o o m=2,5
&
0,3 {{% .
0,2 ®- m=3,5
0,1
U 1L, m/c XHUcoOHii

0,1 02 03 04 0,5 0,6
11-pacm. DKcnepuMeHTAJ TAKPUOA MabJIyMOTJIapuHuHTI (4, 5, 6, 7)
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dopmyaanap 6miaH XMCOOJTAHTAH KUMMATIAPMHUHT TAKKOCJIAHUIIH

Oxu3uKIap TPAaHCIOPTHHU XUcoOu yuyH Ban-Pelin ycynu tannanau, Oy ycyn
aH4a caMapalii Ba TeKIIUpwiraH OYnub caHaliraHu y4yyH XUcOO YCYJTHMHUHI acocu
cudaruaa Kadbyn kuauuau. OKU3uKIap capruHU aHUKJIAIl OOFIaHUIIHN JKy/a KEHT
KaHaJl apouTIapy YUyH OJIMHTaH. By yCyJlHU OKMM rupaBirKacura aH4a TabCHp
ATaJIMraH Tpamnelnen1aib KaHall apouTiIapyu YUyH XaM KYJIJIall MyMKHH.

IOxopuaarmwiapau Hazapaa TytuO, €H TOMOH Kusuthkiapu m=2; 2,5; 3,0; 3,5
Oynran Tpaneueuaans KaHal mapoumiapuna Ban-Pelin metonu acocuna Tyo octu
OKHU3UKJIap TPAHCIOPTUHUHT XUCOO YCYIUMHU TAKOMWIIAIITUPUII Macajlacu Kapao
YUKW

Tpaneueunans KaHauiaparu OKUMHHUHI TPAHCIOPT KWW >Kapa&Hura
KaHaJl CyB CATXMHHHI SHMHM HaMJIaHUII TEepUMETpura HUcOaTu y/BTabCcUp
Kypcataau Ae0 Kapainau. YHJa Tpareueuaainb KaHal €H TOMOHMHHHI KHSUIUTU
XucoOra oJIrHaIN.

OnuHran sSKCHepUMEHTAl MabIyMOTIApHU KailTa unuiam xapaéHuna Tyo
OCTU OKM3UKJAp XUCOOM YYyHy/B HUCOaTHM XucoOra oJIMII 3apypusaTH
TyFpucuaaru gapas TYFpu SKaHIUTH UCOOTIAHIM.

x/BHucbatHn uHOOaTtra onud, Tpaneueujaib KaHal [IapoUTIapuaa
COMMIITHUPMA TyO OCTHM OKHM3UKJIAPHU AaHUKJIAIl Y4YyH KyHujgaru OOFJIaHUII
OJIMH/IN:

Qs =003/ B[(S ~1)g]*a 7T/ D )

Oy epma: S — OKMBHMKJIApHMHI HUCOMHN 3uwurd (p,/p,); g- 3PKUH TYIIUII

2 2
TE3JIAaHUIIIH, M/C”; V-KHHEMaTUK KOBYIIOKIUK KO3(POHUITUESHTH,M /C;

D.=d, {w}]b (10)

\4

2

(u’: )2 B (u’:kp )
7= W) (11)
(”’:kl’)

Oy epma:u.- OoFnaHMaraH ragMp-OyIMPIMK [OWMHAMUK TE3JIMTH; U, -

Muneacrpadurn  OYiiMya  aHUKIAHAIWTAH  OKHU3UKJIAD  XapaKaTUHUHT
OOLUTAHUIIUIUHAMUK TE3JIUTH.

(9) dopmyna Oyiinua XxucoOnaHTaH KUMUMATIAPHUHT  SKCIIEPUMEHTAI
MabiaymoTiap, Ban-Peiin, Xancen Ba Axkepc-Yaut ¢dopmynamapra kypa
XMCOOJAaHraH KUWMAaTIapHUHT TAaKKOCIAHUIIM ylap VypTacujgard SKUHJIUKHU
KypcaTau Ba UILIOHWIN HaTHxanapHu oepau (12-pacwm).

V3an OKUMJIapujara Myasjlak OKU3HMKIap capUHU aHUKIAm Oyinya Kyn
Katop Oornanunuiap opacunaa Ban-Peitn Oornanuim y3ura xoc ypuHra sra.

18



Ban-PeliHHMHT Myamiak OKHM3MKJIApHM aHUKJIam QopMyliacu Kyluaaru
KypHUHHIITA Jra:

nyafl =F u)?p h)?p Ca’ ( 1 2 )

Oy epaa:C, - MyajJlaKk OKM3UKJIAp KOHUEHTPALUsICH; F- MyaJlJlaKk OKU3UKJIap
TpPaHCHOPTHU NapaMmeTpu, OyHJa:

4 ) i 1,2 | W
F= hy, hs, 5 z =—2+¢ (13)

(1 - h‘;} (1,2-z2)

Oy epma: N - kapMaH IOMUICH; U.- IHHAMHK TE3IIHMK; a —XUCOOHH carx. z -
MyaJUIaKJIMK mapamMeTpHu.

2 i
2 e
q M7/c xucobuit q M7/c xucoOuit

4,0 4,0
32 3.2
2.4 24 - ®
* o o A
1.6 N 1.6 3 e
* L) A i m=2,5
s 0.8
! A
A & 2
2 A qmy/c
g% 16 24 35 b qmc 08 1,6 24 32 40
2 w 2 9
q mM7/c xucobuii q M'/c xrucoduii
PS A .
4.0
4,0 F3 . 2] ie
3.2 i
2.4 24
& "
16 'Y A 1.6
= m=3.5
08 'Y A m 0.8 * 'Y
Y 'y
2 2
: qmic 4. qMm7/c
08 16 24 32 40 08 16 24 32 40

E) ’

12-pacm.(9) popmysiara kKypa Xxuco01aHraH KHHMATIAPHUHT KyHHIaru
myassnguiapHuHr popMyaajapu 0yiiu4a Xuco0JaHran KuiiMatjaapu Oujian
TAKKOCJIAI:
® _Ban-Peiin ® - Axkepc-Yaiim A- Ducenyno-Xancen
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Myamiak  OKM3UKIap cappura OKUM  JIOWKAJTUTHHUHT  TabCUPHHU
aHUKJIAIITUPUII ~ Makcaauaa JjabopaTopuss Ba HaTypaiapia Taxpubanap
YTKa3UIIW, yIAPHUHT YTKAa3UIl ycayOnapu AuccepTauusHUHr 2-000uaa Oaradceun
0acH >TUNTaH.

Tyrpu OypyakiIu MeTal JIOTOK nyuga €H TOMOH
Kusuakinapum=2,0,2,5,3,0,3,56ynran xymmu (d =0,67...2.0 mm) rpanenens
KaHaJIM MOJCTMHHUHT OeNTUIaHraH CTBOP YYKYPJIMKIIAPH HYKTaJIapUAaH JIOHKATHK
HaMYyHaJIapy OJUH/IH.

ComumTHpuIl  HaATWXKAcH  JTabopaTopusi  MabIyMOTIAPUHUHT  MaBXKYy]l
dbopmynanapu Oyitmya xucoOjgaHTaH KMMMaTIapaaH KaTTa SKaHIUTHHU KYpcaTiau.
bynunr ca6abu, Ban-Pelin taxpubamapu TyFpu Oypuakium KEHT Y3aHapja
YyTKa3zunarad, Taxpubanapaa sca Tpareueus MaKJIJard KaHajapaa YTKa3wiraH.
Tpanenens: kKaHaJUIAPHUHT THAPABINKACH TYFpH Oypuakiy KaHaJUlapAarujaaH aHda
dbapk Kumagu.

byan Hazapma TyTtHO, TyO0 OCTM OKH3UKIap cap(UHU aHUKJIANIIaTUICK,
MyaJlJlaK OKM3UKJIAp KOHIETpalMsICUra XxaM y /B HHUCOATHU XHcoOra OJUII Kepak
okaH. Ban-PeliH wMyamnak OKM3HMKJIAp KOHICHTAIMACWHU  aHUKIAWIUTaH
OofnanuIra ymoy HUCOaTHU KUPUTUO Ba y KyWHJIard KYpUHUIIIA E3UTaIu:

1,5

di T
0,3

a D,

C,=0015%/B (14)

Oy epna: T-ynuaMcu3 K03 (GHULIMEHT CYBHUHT JUHAMUK TE3JIUKIapu Oyinya;
D ymyamcu3 Ko3QPUIIMEHT KaTTUK 3appadayiap yuyH.

TaBcust stunran (14) dopmyna Oyiinua xucoOnaHraH KuiMmatTiaap OusaH
naboparopusi Taxxpruba MabIyMoTiapu Ba Ban-Peitn popmynacu kuiiMaTiapuHUHT
COJIMIITUPUITUIIN UIIOHWIN HaTHXanapHu kypcatau(l3—pacm).

JuccepTaussHUHT “borJIaHMaraH TPYHTJIH Tpaneueuaajlib
KAHAJUIADHUHT KOBMAaCJUK Te3JMKJIAPpH Ba OKHM3MKJIApHM TPAHCIOPTHHH
XucodJiapura JA0oWp TaBCHUsLUIap” HOMJIM TYpTUHYM OoOuaa Hazapuil Ba
HKCIIEPUMEHTAN >KMXATJaH acOCJIaHraH XUCOOWUW yCyJUIapHM SIpaTHUIl MaKcaauja
XOCUJI KWJIMHTaH OOFJIaHUIUTAPHUHT YMYMJIAIITUPUIUIIMN KeaTupuiarad. OJuHraH
TaIKUKOT HaTwxkanapu “Amy-Kamkagap€ wuppuranus Tu3UMIapyd — XaB3a
oomkapMacu® Tu3uMuAary “MuUpuIIKop” MarucTpai KaHaauaa >KOpUil STUIAH.

bornanmarad TpyHTIM Tpanelueuaalib KaHaJlapAard OKUMHUHI FOBMACIIHK
TE3NMKIApH, OKU3UKIap capbu Ba OKU3UKIAp KOHUEHTpalUsIapUHUHT
TaKOMUJUTAITAaH XUCcOO ycymiapu Takiud stuwirad. by roxopujga kenTupuiran
TaKOMUJUTALITaH XUCOOAIll yCYyJUTapy aCOCUIaH TaBCHsUIAp UILIA0 YMKUJITaH.
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Cafc

5 /’ m=2[m=2,5| m=3 |m=35
4 » Ban-Peiin & . & -

g dopmynacu
3 ¢ L) e | O o o
5 ‘o tdhopmyna
1 =

Carfle

0 1 2 3 4 5

13-pacm.TaBcus 3 THirad popMyIaHMHT KHECHI TaXJININ

Hucceprauusna onauHra 0o0napjaa XOCWJ KWIMHTaH —OOFJIaHUIUIApHU
MyaJUIMPHUHT Ha3apuil Ba OKCIEPUMEHTA TAJAKUKOT HaTWXanapu OuiaH
TacIUKJIaHTaH Xamja Xuco0 aJIropuTMJIApUHU V3Wra My)kaccaM dTraH
TaKOMUWJIJIAIITAH XUCO0 YCYJUTApUHM TaBCUS KWJIUII MAaKCAUINA KEITUPUIITaH.

XHUCOOHUHT XamMMa cxeMallapu HUCOWM HM (B/h)<100ynran Tpamneneuaan

KaHaJUIap y4yH YpUHIU OYnaau.
XYJI0CA

“boranMaran  TPYHTJIM  KaHaJlapAa  KPUTHK  TE3JIMKIaApXUCOOMHU
TakoMWutamtupuir” mae3dycugaru (dancadpa mgoxropu (PhD) nuccepranusicu
Oyiinya onub OopuiraH TaAKUKOTIAp acocHula KyWuaaru Xxynocanap TaKIuM
STUIIIN.

1. OnmubO Oopwiran Hazapuil Ba HKCIPEMUHTAN TAJKUKOTIAP TaXJIMJIWJIAH
KaHaJUlap KUSJIMTUHUHT  y3aH  MOPQPOMETpUK  KypcaTruujapura TabCUPHU
MAaBXYUIMTY aHUKJIAHAW. Typau Te3nukiapaa JOoMUXalaHWIaJIurad KaHajliapaa
y3aH €H TOMOHM KUAJIMKIApUAa TE3JIMK Ba TAHICHUMAI KyWIAHULIJIAPHUHT
TaKCUMJIAHUIIVMHY YPHATULI MYXUM aXaMHUSITIa 3KaHJIUTH aCOCIAH/IH.

2. DbormaHmaral TpyHTJIM KaHaulapJard CyB OKHMUHHUHI FOBMAaCIIUK
tenmukiaapu  yuayH [I.E.MupuxynaBaHuHr XucOOWN OOFJIaHMIUIApU Xap XU
KUSUTUK KO3 ULIMEHTIApUHU XUCOoOTa 0110 TaKOMUJUTAIITUPUIITAH.

3. bofnmaHmaran  TpyHTIM  KaHAUIAPHUHT  Xap  XWJI  KUSJIAK
kod(ppuLMeHTIapUia OKU3UK TPAHCIOPTH Oyiunda YTKazwiraH JadopaTtopus
TaJKUKOTIApU HATHXKAacha TyO0 OCTH OKM3UKJIAPHUHT capPuHM XHcoOmam ycynu
TaKOMWJUIALITUPUIITaH

4.  borianmaraH  TpPyHTJIM  KAaHAUIADHUHT  Xap  XWJI  KWSJIHK
kordduirentnapuga Jsadoparopuss Ba Jana  I[IAPOUTHUIATH  TaJAKUKOTIAP
HaTWKacuaa  MyaJlaKk — OKM3UKJIApHUHT  cap@uHu  xucoOjam  ycynu
TaKOMUJIJIAIITUPUIITAH.

21



5. OKUMHHMHT FOBMAacCIHMK TE3JIUKIApW Ba OKU3UKJIApD TpaHCIOpTH Oyitnmda
OakapwiraH TaxJWI Ba OSKCIEPUMEHT HATIKAIApUHU KaiTa HIUIAIl acocuia
KaHaJ WIIOHWIM WII PEXUMHHH TabMHHJIAWAWTaH MOPPOMETPHUK OOFIaHHIILIAP
OJIMHTaH

6. VTKaswiaraH OSKCNEPUMEHTANl  TAajKMKOT  HATHXKANAPH,  OJNMHIaH
OornmaHumLIap acocuaa OOFIaHMaraH TPYHTIN Tpamelen1ailb KaHauTlapAaru OKUM
IOBMAaCIIMK TE3NMKIApW Ba OKU3WKJIAD TPAHCIOPTUHUHT XHcoOnam ycyiu
TAaKOMWIIAIITAPWIAN. By 3ca KaHAIIApHUHT AeQOopMalVsUIapHHA TPOTHO3IAII
MMKOHUHU OEp/au.

7. Onub6 Oopwiran TagKUKOTIAp HaTWXacuaa OOFJIaHMaraH TPYHTIN
KaHaJUlaplard OKMMHHHT IOBMAacClIHMK TE3JMKJIApH Ba OKH3UKJIAp THIPABIHK
xucobmapu Oyiinya TaBcusap Awmy-Kamkanapé wuppuranmsi TU3UMIIapu XaB3a
OomrkapMacura Kapanuii KaHaurapaa GoiganaHura TONIIHPUIIH.
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HAYYHBIN COBET DSc.03/30.12.2019.7.10.02 ITO IPUCYKIEHUIO
YUYEHBIX CTENEHEHA ITPU TAIIKEHTCKOM MHCTUTYTE
NHXEHEPOB UPPUT'AIIUN U MEXAHU3AIINHU CEJIBCKOI'O

XO3SIMCTBA

KAPIHIMHCKUMUHKXEHEPHO-O)KOHOMUYECKUUNHCTUTYT

JIATHUITIOB TAXBO3 AJIMIIEP YI'JIU

YCOBEPIHIEHCTBOBAHUE PACUETA KPUTHUYECKHUX CKOPOCTEH
KAHAJIOB B HECBA3HBIX I'PYHTAX

05.09.07- I'mapaB/IMKa U HHKEHEPHAasi THAPOJIOT U

ABTOPE®EPAT JUCCEPTALIUU JOKTOPA ®NUJTOCODPUU (PhD)
IO TEXHUYECKUM HAYKAM

Tamkent — 2020
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Tema guecepranun goktTopa husocogun (PhD) no rexunveckny BavEaM 3aperscTpHpoRana
B Bricmeil arrectanmonnoil xomMaccun npn Kadnnere Mnuncrpor PecnyOmnukn Yibexkwncran 3a
B2020.4.PhINVTI16588

Hucceprauma epinoiiera B KapuiHHCKOM HHIREHEPHO=IKOHOMHYSCKOM HHCTHTYTE

ARtopedepaT JHCCepTAMH Ba Tpéx wmaniwax (yvabewckwd, pyeowudt, auwrnufickui (peaome))
paisellied Ha bBed-cTpavMie no anpecy (www tilameuz ) 0 na MndopMmaumodHo-obpatoBaTelbHOM
noprane “ZiyoNel™ no ajapecy (www zivonel uz),

Hayunwiii pykosoanTens: Jwen Cobnp Camaroriy
AUKTOR TEXHAYECKHX HAY K, Npodeccop

Oduunaibubie 0NNOHEHTHL Maxmynoe Haxosson Jpuatapopud
OOKTOP TEXHHHECKHX HayK, npodeccop

Haaznios Gappyx Ioarbaposuy
KAHIMIEAT TEXHHYECKHX HAY K, N0UeHT

Beayman oprasssammsi: Tamken TCKuii APXHTERTY PHO=CTPONTEL AL HHCTHTYT

a0
3AUHTA  TUCCEPTALMK  COCTOMTCA <<é w0/ ZDQ{ r /é HACOB Ha HICENAHHH

HayuHoro coeeta DSc.03/30.12.2019. T 10.02 npu TamwkeHTCKoM HHCTHTYTE HHMSHEPOE HPPHTALHH H
MCXAHHIAMK  CCNLCKOID  Xoisfcrea no  anpecy: 100000, rTameenr, ya, Kapu-Husani .39,
Ten: (+99871)-237-19-61, 237-22-09, daxc: (+99871) 237-54-7% e-mail: admin@tiame uz

C nowropekodt uccepranuedt (PhD) mosno osnakomutees 8 Hudiopmanmsorno-pecypeHom entpe
TamkenTckoro HHETHTYTA  HHMKCHEDOR HPPHIIHH R MEXAHHIAUNH  CENBCKOTO  X03RIACTRA
{3aperHcTpoBaHn H’g’l}} Anpec: 100000, r TawkenT, vi. Kapui-Huganit 0,39 Ten (+99871)-237-19-43,

e-mail: adminf@tiiame uz

T.3.Cyaranon
ATE/1E HAYHHOID COBSTA Mo

FreneHeit, LT 1. npodeceop

AAHurnen
YueHbll ceKpeTaph Hay9HOTO

COBETA N0 IPHCYAICHHID
YUEHRIX CTeneHeil ipoieccop

P . P.kazapor
Ilpencenatent Hay UHOTD CeMHHApA
ITpH HH.}'"'IHHIM CORCTE 1O MPHCY SIICHHRDY
YHEHBIX CTENEHEH 1.T.H., npodeccop
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BBEJEHMUE (anHoTanus guccepranuu 10kropa ¢puiaocopun (PhD)

AKTYaJIbHOCTh U BOCTPe0OOBAHHOCTBH TeMbI AuccepTanuu. B mupe ogHum
W3 KPUTEPHUEB OIICHKH KauyeCTBa BOJIbI, 3a0UpaeMON W3 PEUYHBIX THUAPOY3JIOB JJIs
WCMOJIb30BAHUS B PA3JIMUYHBIX OTPACIsAX DSKOHOMHMKH, SBJISETCS KOJIUYECTBO
JIOHHBIX HAHOCOB, BMaJacMbIX B KaHall. HecMoTpsi Ha umeronuecs B OOJIbIIOM
KOJMYECTBE HAYYHBIX HCCJIEJOBAaHUNA TI0 paccMaTrpuBaeMoil  mpooOieme,B
HACTOSIIEe BpeMs OOJIbIIIOE 3HAUCHUE TTPUIAETCS IBHYKCHUIO HAHOCOB B OTKPBITHIX
pyciax, HMCCIEJOBAHUSAM KHUHEMATHYECKMX M JAUHAMUYECKUMX HMX MapaMeTpoB.
Oco0oe BHMMaHMS YAENAETCS COBEPIICHCTBOBAHMUIO CIIOCOOOB pacyeTa pacxoja
HAHOCOB M  HEPa3MbIBAIOIIEH CKOPOCTH TMOTOKAa B  HEOOJUIIOBAHHBIX
MPOEKTUPYEMBIX U IKCIUTyaTUpPyEMbIX KaHaax. B 3Toit cBsizu B CIIIA, ['epmanun,
Hunepnannax, ®@panmuu, Poccun, Kutae, Y36ekucrane u aApyrux ctpaHax ocoboe
BHUMaHuEe  yaenserca  pa3paborke  A(PGEeKTUBHBIX  METOJOB  pacyeTa
MPOEKTUPOBAHMS, CTPOUTEIHCTBA U HAICKHON IKCIUTyaTallud TPYHTOBBIX KaHAJIOB
C Y4E€TOM Pa3IUYHBIX (PaKTOPOB, MPUBOMSIINX K BOSHUKHOBEHUIO MOIMEPEYHBIX U
MIPOJIOIBHBIX JIeopMaIiuii.

Ocoboe BHHUMaHUE B MHUpE VYACISIETCA IIeJICHANPaBICHHBIM HAaYy4YHO-
HCCIIeIOBATEILCKUM  paboTaM, HampaBJICHHBIM Ha H3ydeHHE jaedopmaiuu
TPYHTOBBIX KaHAJIOB M MPEAOTBPALICHHUIO TUX HETAaTUBHBIX MOCHEACTBUM. B 3TOM
CBSI31, Ha CETOJHAIIHUN JI€Hb, OJHOM M3 MPOOJIEMHBIX 3aj1a4 SIBJISIETCS pa3paboTka
HOBBIX METOJIOB M TEXHOJIOTHH TMOBBIIICHUS TPAHCTIOPTUPYIOIIEH CHOCOOHOCTHU
BOJHOTO TIOTOKa B AchOpPMUPYEMBIX KaHalaxX, ydeT pas3UyHbIX (PaKToOpoB,
BIUSIOLIMX Ha IepopMaluio pycia.

B Hactosiiee Bpemsi B pecnmyOiuKe BEAyTCS OOIIMPHBIE MEPONPUSITHUS TI0
MPOEKTUPOBaHMIO U IP(DEKTUBHON HSKCIUTyaTallud HUPPUTAIMOHHBIX TPYHTOBBIX
kaHasmoB. B Crparerun paeiictBuii mo nanbpHeimemy pa3Butuio PecnyOiuku
V36ekucran Ha 2017-2021 ronmbl HamedeHBI 3ajadyd B TOM YHCIIE, “pa3BUTHE
MEJIMOpALUU u WPPUTALHOHHBIX 00BEKTOB, TSt MTOBBILICHUS
KOHKYPEHTOCIIOCOOHOCTH HALMOHAIBHOIN SKOHOMHUKHM”. “PelieHne TaHHBIX 3aad,
B nepuoj AehuirTa, B TOM YHUCJIE OJHOW BAXKHBIX 3a7ay SIBISETCS IPOBEICHUE
Hay4YHO-HMCCJIEIOBATEIILCKUX PA0OT, HAMIPABIECHHBIX HA Pa3pabOTKy pallMOHAIbHBIX
METOJIOB TMPOCKTUpOBaHUS U A(HPEKTUBHON HIKCIUTyaTalluM,HA OCHOBE YydYeTa
BOJIHBIX PECYPCOB BO3HUKAIOUIMX MOBPEXKIACHUW, OTKA30B M aBaphil, a TakkKe
HaIpsDKEHHO-Ae()OPMAIIMOHHBIX ~ TMPOIECCOB B paboTe  TUIPOTECXHUYECKUX
COOPY>KEHUH TPYHTOBBIX UPPUTAIUOHHBIX CUCTEM.

JlaHHOE IUCCEPTAMOHHOE HMCCIENOBAHUE B ONPEIEICHHON CTENEHU CIYKUT
BBITIOJTHEHUIO 3ajlayu, MpeAycMOTpeHHBIX B Ykaze IIpesumenta PecnyOnuku
V36ekucran ot 7 ¢despans 2017 roma Ne 4947 “O crpareruu IeUCTBUN IO
nanpHedmeMy  paszButuio  Pecnybnuku  Y36exkucran” wu  [loctaHoBieHUU
[Ipe3unenta ot 25 centsadps 2017 roma Nellll-3286 “O mepax no panpHeHIeMy

2017 imn 7 despanmarn Y3Gekucron Pecriy6mukacu Ilpesumentununr I1D-4947-conmu “Y36exucToH
pecnyOIMKacHHH STHaa PUBOXKIIAHTUPHIN OYinYa XapakaTiap CTpaTerusicu TyFpucuia’ T GapMoHH
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COBEPIIEHCTBOBAHHUIO CUCTEMbI OXpaHbl BOJAHBIX 00bekTOB” M Ne III1-3405 ot
27 nosi6pst 2017 r. “O TI'ocymapcTBeHHOW MporpamMMe pa3BUTHsS HppUTalluu U
YIY4YIIEHUsT  MEJIMOPATUBHOIO  COCTOSHMS ~ OpOIIAEMBIX  3€MEIb  Ha
2018-2019 roawr”, IlocranoBnenun KaOunera MunuctpoB ot 21 sHBaps
2014 roma Ne 13 “O06 yrBepxknaenuu lIporpamMmbl 1Mo CTaOMIM3UPOBAHHOMY U
O0e3omacHOMY TIPOMYCKY BOJ 1O BojgoTokam PecnyOnuku VY30ekuctaH Ha
2014-2015 romsl m Ha mepcrektuBy A0 2020 roma” W ApYyrux HOPMAaTUBHO-
IIPaBOBBIX JOKYMEHTOB, UMEIOIIMX OTHOLIEHNUE K JAHHOMN AEATEIbHOCTH.

CooTBeTcTBHE HCCJICIOBAHUI NPUOPUTETHBIM HANPABJCHUAM PA3BUTHUA
HAYKHM M TEXHOJOruid pecny0JuKHu. J[aHHOE MCcCIeJ0BaHUE BBIIIOJHEHO B paMKax
MPUOPUTETHOTO HAIpaBICHUS Pa3BUTHS HAYKH U TexHoJoruu pecrmyonuku (V.)
«Cenbckoe XO35SUCTBO, OMOTEXHOJIOTHS, OKOJOTMS M OXpaHa OKpY’Karoleu
CpeabD».

Crenenb u3y4yeHHOCTH mpoOJembl. lMccnenoBaHus, TOCBSIIECHHBIC
nedOopMaIlMOHHBIM TpolleccaM, BO3HUKAIOUIUM B PYCJ€ OTKPBITBIX BOJIOTOKOB,
paccMOTpeHbI B paboTax psija yuyeHbIX. TeopeTHuecKuMU U SKCIEPUMEHTAIbHBIMU
UCCJEIOBAHUSIMU  PYCJIOBBIX  mpoueccoB  3aHumanuch  C.X.AGanbsHI,
C.T.Antynun, W.W.JleBu, M.A.BenukanoB, B.H.I'onwapos, W.B.Eruzapos,
N.®.Kapaces, B.M.Makkagees, ['.U.IllamoB, A.H.I'octynckuu, H.A.P>xanuipis,
I'.B.Kene3nsiko, A.B.Kapaymies, B.Knopo3, H.B.I'pumianun, K.M.Poccunckuii,
H.A .Muxaiinos, Akkepc-YauT, LI.E.Mupuxynasa, F0.A.M6anzane, X.111.[Tanupo,
B.C.JlanmenkoB, X.A.Upmyxamenos, b.E.Ty3os, M.P.bakues, A.M.Apud:xanos,
A.llluneac, P.barnonba, Ban-Peiin, Metiep-Iletep, I'.Onnmreiin, [1. Tomcon u ap.

B Pecny0Oiuke OOCTUTHYTHI 3HAUMTENbHbIE HAay4YHbIE JOCTHXKEHUS 10
W3YYEHHUIO TPAHCIOPTUPYIOIEH CIOCOOHOCTH HAaHOCOB B OTKPBIThIX kaHanax. [1o
TUIPABINYECKOMY  pacyeTy JAedOpMHUpPYEMBIX pyceldl OTMEYEHbl padoThl
C.X.AbGanbsH11a, B.C.AnTyHuHa, L[.E.Mupuxyinasa, E.K.Pa6koBoi,
A.M.Myxamenona, K.II.JIaTtunosa, P.M.Kapumosga, 2.K.Maxmynoga,
A.M.Apudrxanona, JI.P.bazaposa, C.C.OmeBa, A.M.®DarxynnaeBa, X.X.Mcakoga,
X.X.MuanoBa u ap, KOTOPbIE B HACTOSILIEE BPEMsI IIMPOKO NMPUMEHSIOTCS B pslie
ITPOEKTOB.

B Hacrosimee BpeMsi B peclyOJIMKE CYIIECTBYET psii  BBIMOJIHEHHBIX
UCCJIeIOBaHUMN MO JepOopMallii IPYHTOBBIX UPPUTALIMOHHBIX KaHAJIOB, HO OHU HE
MOJIHOCTBIO OXBAaTBHIBAIOT BCE (AKTOPHI, BIMSIOUIME Ha HX jAepopManuo. B
HEJJOCTATOYHOW CTENEHM H3YYEHBl NPOLIECCHl COBEPIICHCTBOBAHMS pacyeTa
TPaHCIIOPTa HAHOCOB M HEPA3MbIBAIOLIEW CKOPOCTHM IIOTOKA B OTKPBITBIX
I'PYHTOBBIX KaHaJlax

CBs13b TEMbI JUCCEPTALMHU € IIAHOM HAYYHO-HCCJIEN0BATEJIbCKUX padoT
BbICIIET0 00PA30BATEIBHOI0 YUYPEKACHUSl, I¢ BBINOJHECHA JIHCCEPTALMS.
JluccepTalMOHHOE UCCJIEJOBAaHMWE BBINIOJHEHO B paMKax IUJJaHA Hay4HO-
uccienoBaTenbCckux — pabor  KapmumHckoro - MHXEHEPHO-3KOHOMHUYECKOTO
uHcTUTYyTa 10 Teme 5/2016 — “Pa3paboTka peKOMEHIAaUUWd MO MOBBIIICHUIO
3 (PEKTUBHOCTH  pElIeHHs] HAyYHO-TEXHMUYECKUX 3a7ad4 THUJPOTEXHUYECKUX

26



99

COOpy)XeHUH U HacocHbIX cTaHmuii” (2016-2019) u XO3sUCTBEHHOTO JOTOBOpA
56/19 “lIlpumeHeHue yCOBEpPUICHCTBOBAHHBIX PACUYETOB MPU MPOCKTUPOBAHUU
BOJIOXO03IMCTBEHHBIX 00beKTOB” (2019-2020).

Leab mcciaegoBaHUsi COCTOUT B COBEPIICHCTBOBAHMM METOAOB pacuera
KPUTUYECKUX CKOPOCTEH M pacxojla HAHOCOB B J€QOPMUPYEMBIX T'PYHTOBBIX
KaHaJax.

3agaum ucciae 0BaHNS:

aHaJIM3 CYUIECTBYIOUIUX METOAOB pacyeTa KPUTHUYECKUX (HEpa3MbIBAIOIIKX)
CKOpOCTEH U pacxo/a HAHOCOB B pyclax;

nabopaTopHbIe HCCIEOBAaHUS HEPa3MBbIBAIOIIMX CKOPOCTEH U pacxona
HAHOCOB IMOTOKA B KaHAJIaX C Pa3IMUYHbIMU 3aJI0KEHUSIMU OTKOCOB;

COBEPIIEHCTBOBAHUE THAPABINYECKON MOJENIM HEPa3MbIBAIOIIUX CKOPOCTEH
U Pacxo/ia HAHOCOB KaHAJIOB B HECBA3HBIX I'PYHTAX;

COBEpIIEHCTBOBAHUE METOJOB pacyeTa HEPa3MbIBAIOIIUX CKOPOCTEH U
pacxojia HaHOCOB KaHAJIOB B HECBSI3HBIX IPYHTAX;

pa3paboTKa peKOMEH Ialliii 110 pacyeTy HEPa3MbIBAIOIIUX CKOPOCTEN KaHAIOB
U pacxojia TOHHBIX U B3BEIICHHBIX HAHOCOB B HECBSI3HBIX TPYHTAX;

O0bexkTOM HMCCIeA0BaAHNSA BBIOPaHbI KaHabl «Mupuiikop» u Kapmunckuit
MarucTpaibHbIN KaHai Ha TeppuTopun KaikanapeuHckoi obmactu

IIpeanmer  ucciienoBaHMsA:  KMHEMaTH4yecKas  CTPYKTypa  IOTOKa,
HEpa3MbIBAIOILIME CKOPOCTH KaHAJIOB B HECBSI3HBIX IPYHTAX, TPAHCIOPT JIOHHBIX U
B3BEIICHHBIX HAHOCOB.

MeTtonsbl ucciienoBanus. B mpoiiecce uccneqoBaHusl UCTIOIB30BaHbI METO/T
CTaTHCTHUYECKOTO0 pacyéTa pe3yiabTaTOB OSKCHEPUMEHTAIbHBIX HCCIEIOBaHUM,
ypaBHEHUS TUIPOJAUHAMUKH, BEIPAKAIOITUX JIBUKEHUE MMOTOKA.

HayuyHnasi HoBH3HA Hcc/ieJ0BAHUA COCTOUT B CJIeyIOIIEM:

YCOBEpUICHCTBOBAH METOJI pacyeTa Hepa3MbIBAIOLIMXCKOPOCTEN B KaHAJIaX C
HECBSI3HBIM TPYHTOM TPH Pa3IUYHBIX 3HAYCHUSAX KOA(DPUIIMEHTa 3aJ0KEHUs
OTKOCOB;

YCOBEpPUICHCTBOBAH METOJI pacyeTa pacxoja JOHHBIX HAaHOCOB B pycie
KaHAJIOB C YYETOM Pa3JINYHbIX 3HAUCHUH KOI(PPUIIMEHTOB 3aJI05KEHUS OTKOCOB;

YCOBEPUICHCTBOBAH METOJI pacuera pacxoja B3BEIIEHHBIX HAHOCOB C yU4E€TOM
M3MEHYHUBOCTU KO3 PUIIMEHTOB 3aJI05KEHUSI OTKOCOB KaHAJIOB;

000CHOBaHO OIpejeieHre MOPPOIOTUYECKUX CBS3EH C YUYETOM KPUTHUECKOM
CKOPOCTH U pacxo0/ia HAHOCOB KaHAJIOB B HECBSI3HBIX IPYHTAX.

IIpakTnyeckue pe3yabTaThl HCCJAEIOBAHUI 3aKIIIOYAIOTCS B CIEAYIOLIEM:

pa3paboTaH METOJl pacueTa Hepa3MBIBAIOLIUX CKOPOCTEH MNOTOKA BOABI B
HECBA3HBIX TPYHTaX C Y4eTOM KOd(PUIMEHTa 3a7105KeHUS OOKOBBIX OTKOCOB;

YCOBEPUICHCTBOBAaHA IMAPABINYECKAst MOJIEIb ONPEACICHHS pacXo/1a JTOHHBIX
Y B3BEIICHHBIX HAHOCOB C YYETOM K03((UILIUEHTOB 3aJI0)KEHUSI OTKOCOB KaHAJIOB B
HECBSI3HBIX TPYHTAX;
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MOJIy4eHa 3aBUCHUMOCTb [IJISl ONpENEJICHUS KOHLEHTpAallMu B3BEUICHHBIX
HAHOCOB KaHAJIOB B HECBA3HBIX TPYHTaX € YYETOM KOd(h(UIMEHTa 3al0XKEHUS
OTKOCOB KaHaJIa;

pa3paboTaHbl PEKOMEHJAIMH TI0 OMpPEICICHUIO HEPA3MbIBAIOIIUX CKOPOCTEN
KaHAJIOB B HECBA3HBIX IPYHTAX C Y4eTOM KO3 PUIIMHTA 3aI05KEHUSI OTKOCOB,;

pa3paboTaHbl peKOMEHJAlWU JJi1 pacu€ra pacxoja JOHHBIX M B3BELICHHBIX
HAaHOCOB KAaHAJIOB B HECBSA3HBIX TPYHTaX C Yy4eTOM KOX(P(OUIMHTA 3aJI0KCHHS
OTKOCOB.

JloCTOBEPHOCTH MOJIyYeHHBIX Pe3yJabTaToB. J[0OCTOBEPHOCTHh PE3YJIHTATOB
UCCJIEIOBAHUS TMOATBEP)KJIAETCS HUCIOJb30BAHUEM OOUICHPUHSATHIX 3aKOHOB
¢u3UKM W  anpoOMPOBAHHBIX MAaTEeMAaTHYECKUX METOAOB; COOTBETCTBHEM
MPEAJIOKEHHBIX METOJI0B pacyeTa Jedopmanuil ¢ JaHHBIMH, TOJTYYEHHBIMU B
7a00paTOPHBIX M HATYPHBIX YCIIOBUSX; COMNOCTABIEHHWEM PACUETHBIX JAHHBIX C
HATYpHBIMU JIAHHBIMH, a TaKXKe JaHHBIMU JPYTUX UCCIEAOBaTENICH.

Hayunasi u npakTHYecKasi 3HAYMMOCTh Pe3yJabTATOB MCCIE0BAHUS.

Hayunass 3HauuMOCTh pe3yiabTaTOB  HCCIEAOBAHMS  3aKIIOYaeTcss B
COBEPIIEHCTBOBAHUM METOJOB pacyeTa KpUTHYECKHX CKOPOCTEW MOTOKAa BOJBI U
pacxoia JOHHBIX M B3BEIICHHBIX HAHOCOB, B OIPEACICHUH KOHILIEHTpALUU
B3BEIICHHBIX HAHOCOB KAHAJOB B HECBSI3HBIX TIPYHTaX C PpPa3IUYHbIMU
3aJI0)KEHUSIMU OTKOCOB.

[IpakTuyeckas 3HAYMMOCTb pPE3YJIbTATOB MCCIEIOBAHUS 3aKIIOYaeTcs B
oOecrieyeHun  TUAPABINYECKOM  3PGEKTUBHOCTM W IKCIUTyaTallHOHHOM
HaJE&KHOCTH KAHAJIOB B HECBSI3HBIX TPYHTaX, B JOCTHXKEHUU HKOHOMHUYECKOMH
(G ()EeKTUBHOCTH 32 CUET YMEHBIICHUS BO3HUKAIOMIMX AehOopMalliii, MOBBIIICHUS
MPOMYCKHOW M TPaHCIOPTUPYIOLIEH CMOCOOHOCTH MOTOKA, a TakkKe C y4yEToM
apyrux  (akTopoB, B JOCTHXKEHUU  COKpAIEHUS  CTPOUTENBHBIX U
AKCILTYaTallMOHHBIX PACX0/I0B.

BHenpenne pe3yabTaToB uHcciaenoBanus. Ha ocHoBe pe3ynbTaToB IO
COBEpIIEHCTBOBAHUIO pacueTa Hepa3MBIBAIOLIMX CKOPOCTEH IMOTOKAa M pacxonaa
HAHOCOB KaHAJIOB B HECBSA3HBIX TPYHTAX:

METOJI pacuéTa Hepa3MbIBAIOIIMX CKOPOCTEH KaHAJIOB B HECBSI3HBIX IPYHTaX
BHeJpeH B KaHaie «Mupumkop» (cupaBka Ne 04/20-2466 ot 26 asrycra
2020  roma.MuHHCTEpCTBA  BOJHOTO  XO3sICTBAa) B cocTaBe  AMy-
KamkagapbuHckoro 0acceiHOBOTO YIpaBiIEHUS HPPUTAIMOHHBIX CHUCTEM IIpU
MuHnuctepcTBe BOAHOTO Xo3siicTBa. B pesynbraTe co3gaHa  BO3MOMKHOCTH
MOBBIILIEHUS MPONMYCKHON CcrnocoOHOCTH Ha 5-6%, Ha OCHOBE HCIOJb30BAHUS
METO0/1a pacyeTa TPaHCIOPTa HAHOCOB;

METOJI pacdeTra pacxoja JOHHBIX HAaHOCOB B PYCJE TPYHTOBBIX KaHAJOB
BHeJpeH B kKaHasie Mupuiikop B coctaBe Amy-KamikagapbuHckoro 6acceiiHoBOToO
yIpPaBJICHUS WPPUTALMOHHBIX CHUCTEM NpU MUHUCTEPCTBE BOJIHOIO XO3SICTBA
(cnpaBka Ne 04/20-2466 ot 26 asrycta 2020 roma.MuHucTepcTBa BOJHOTO
xo3siicTBa) B pesynbraTe co3zmaHa BO3MOXKHOCTH OIIEHKM MpOIEcca 3alJIeHUs B
KaHaJax;
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MOpP(OJOTUYECKHE 3aBUCUMOCTH B HECBSI3HBIX I'PYHTaX KaHAJIOB C y4E€TOM
pacxolla HAaHOCOB W KPUTHYECKHX CKOpPOCTEH IIOTOKAa MCIOIb30BAHbI IpHU
MIPOEKTUPOBAHUM KaHAJIOB MNPOEKTHbIMM HHCTUTyTamu 1o AO “Y3I'UII” u
“I'unponpoexT” mpu MuHUCTEpCTBE BOAHOrO X03sicTBa (crpaBka Ne 04/20-2466
ot 26 asrycta 2020 rona.MuHuCTEpCTBAaBOAHOTO X03siicTBa) B pesynbrare, npu
MPOEKTUPOBAHUM KaHAJIOB yYMEHBIIEH Ae(pOpMalMOHHBIA MpOIlECC B M CO3/laHa
BO3MOXHOCTb MOBbIIIEHUS 3P dekTuBHOCTH Ha 10-15 %.

Anpo0anusi  pe3yJbTaTOB  HCCJeI0BaHMs.  Pe3ynbTaThl  JaHHBIX
UCCJEeIOBaHUM  ObUIM  OOCYX JE€Hbl M OJOOpEHBl B  MEXKIYHApOIHBIX,
pecnyOIMKaHCKUX W MHCTUTYTCKMX KOH(EpPEHIUSX, B TOM 4HCIE 2 CTaTbU B
MEXIYHApPOJIHbIX W 7 cTaTeil B pecnyOJIMKaHCKUX HAy4YHO-IIPAKTUYECKUX
KOH(epeHUUsX.

Iy0iukanus pe3yabTaToB HcciaenoBanusi. [lo Teme nuccepranuu
onyonukoBaHo 21 HayuyHbIX pabotr. U3 Hux, 1 MoHorpadus, 4 cTaTbu B Hay4HBIX
U3JIaHUAX, PEKOMEHIOBAHHBIX BBICIIEH aTTECTAlMOHHOW Komuccueill PecrnyOnnku
V30ekucTaH, B TOM YUCIE 2 CTaTbU B 3apyOEKHBIX U 2 CTaThU B PECIyOJIUKaHCKUX
KypHanax. A Takxke, omyOJIMKOBaHbI 3 CTaTbU B )KypHaaX, 3aperuCTPUPOBAHHBIX
Ha 6aze Scopus, 2 cTaTbu B )KypHaIaX ¢ BBICOKUMHUMUMIAKT(PAKTOpaMH U TIOTYUYE€HO
CBUJIETENILCTBO JJIs1 MporpamMmbl DBM.

Ctpykrypa M 00béM pabGorTbl. JluccepranmonHas paboTa COCTOUT U3
BBEJACHUSA, 4 TJIaB, 3aKJIIOYEHMs, CIMCKA HCIOJIb30BAHHON JHUTEPATypbl U
npuioxennit. O0bEMaUCCcepTaliuOHHONPaOboThIcOCTONTH3 120 cTpaHuIl.

OCHOBHOE COIEPKAHUE JUCCEPTALIUAN

Bo BBegeHum 00OCHOBaHBI AaKTyaJIbHOCTh MU BOCTPEOOBAHHOCTH TEMBI
auccepranuu, CcQopMyIUpOBaHBI MMM M 3aJayd, OOBEKT U  IPEeaAMET

HCCHCHOBaHHﬁ.YKaSaHO COOTBCTCTBHUC BBIHOJIHCHHBIXI/ICCJICJIOBaHI/Iﬁ
MMPUOPUTCTHBIM HAIIPABJICHUAM PA3BUTHUA HAYKU U TEXHOJIOTUH peCHY6HI/IKI/I,
HN3JI0KCHBI Hay4YHasa HOBHU3HAa u MMPAKTUYCCKHUC PE3YIbTATHI

uccienoBaHnii. OG0CHOBaHa JOCTOBEPHOCTH MOJYUYEHHBIX PE3YJIBTATOB, U3JI0KEHBI
Hay4yHas M TMpakTU4YecKas HeoOXOAMMOCTb. A TakKe MPUBEICHbl KpaTKue
CBEJICHUSI O BHEAPEHUU PE3yJbTAaTOB, anpodamus padoThl U OMyOJMKOBAHHBIX
paboT, TakKe 10 CTPYKTYpe AUCCEPTALHH.

B epBOM rJIaBe auccepTaunu® AHaIn3 METOA0B pacuera
HEPa3MBbIBAIOIIUX CKOPOCTell M TPaHCIOPTa HAHOCOB B KaHajlax’ IpeBelcH
aHAIMTUYECKUM aHalu3 TEOPEeTUYECKUX M MPAKTHUYECKUX pabdoT YYEHBIX I10
M3YYEHUIO 00IHUX AepopMaluid B OTKPBITBIX pycliax.

B nuccepranuu npuBOASTCS CYHIECTBYIONIME KIAacCU(DUKAIMU U OCHOBHBIE
TpeOOBaHUS K NPOEKTHUPOBAHUIO OTKPBITBIX TPYHTOBBIX KaHAJIOB M M3JIOXKEHA
BO3MOXHOCTh IPUMEHEHHUSI UX HA MTPAKTUKE

B mHactosimee Bpems ISl OLEHKA YCTOMYMBOCTH OTKPBITBIX KaHaJOB
OPUMEHSIOT P  METOAOB: B TOMYHUCIM METOJOB CIEAYIOIIME METOJIbI:
HEpa3MbIBAIOIINECKOPOCTH U BIEKYIas (TaHT€HI[MAIbHbIEC HaNpskeHus )cuna. [lpu
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OLIEHKE MPOILIECCOB P PycJie KAHAJIOB B YACTHOCTU B HECBSI3HBIX IPYHTAX M3JI0KEHA
HaJ00HOCTh yuéTa JOHHBIX U B3BEIICHHBIX HAHOCOB.

HecmoTpst Ha psag  pa3paboTOK B 3THX HalpaBlIEHUSX BO3HHUKAET
HEO0OXOIUMOCTh COBEPIICHCTBOBAHUSI METO/IOB pacyera ¢ y4eToM psiaa (GakTopoB
XapaKTEPU3YIOIIMXHEPA3MBIBAIOIINE CKOPOCTH M TpaHCHopT HaHocoB.Ha
OCHOBEAHAJIN3a BBIMOJHEHHBIX UCCIEIOBAHUN B 3TOM 0OJIOCTH HaAMEYEeHbI LeNb U
3a/1a4M UCCIIEIOBAHMS.

Bo BrOpoii TrnaBenuccepTalru“yYCTAHOBKH M MeETOAbI TMPOBCACHUS
IKCIEPUMEHTAJIBHBIX HCCJIeI0BAHMI TNPUBOAEHBIONNCAHUE JIa0OPAaTOPHBIX
YCTAaHOBOK,  MOCJIEIOBAaTENIBLHOCTh  NPOBEIEHUS U 00paboTKape3ysbTaToB
AKCIIEPUMEHTAJIbHBIX UCCIIEAOBAHUI.

JlabopaTopHble HccleoBaHUs MPOBOAWIMCH B jaboparopuu KapmmHckoro
WHXEHEPHO-DKOHOMUYECKOTO NHCTUTYTA.

OKCIIEpUMEHTAJIBHBIE HMCCIEAOBAHUS TPOBEICHBI C LEJIbI0 ONpEACTICHUs
HEpPa3MbIBAIOIIMX CKOPOCTEH,pacxofa JOHHBIX W B3BEIICHHBIX HAHOCOB W
KOHIIEHTPAIIMM HAHOCOBTPANEUEHUIAIBHBIX KaHAJOBB HECBI3HBIX TPyHTaX C
Pa3IMYHBIMUA OTKOCAMH.

B »TOi1 rnaBe OMMCHIBa€TCS METOAMKA THAPABIMYECKOTO MOJEIMPOBAHUS
ucciueayemMeix npoueccoB. [Iponecc MoaenupoBaHusi paBHOMEPHOTOJIBUKEHUS B
KaHalax  MPOBOJUTCS UCXOS u3 o0OecrieyeHus:  TpeX  yCIOBUU
(Fr =idem;C =idem; i = idem) , KOTOpPBI€ BKJIIOYAaIOT MOACIUPOBAHUE CHUJIIBI TIKECTHU
(mo ynciy @pyzaa) u cuisl TpeHus (o uuciy PeiiHonbaca).

4

Puc.1. Cxema rugpaBIu4ecKoro JIOTKa:
1-nomok, 2-eonoeHas uacms 10mKa, 3-HUNCHUL pe3epsyap, 4-eepxHuil pesepsyap,
5-noogoodawuii  mpybonposoo,  6-HanopHuviti  MpPyYOONPOB0o,  7-cOpocHvle
mpyoonpogoovl,  8-pewemka, 9-xkamennas  Habpocka, 10-yrasnusarouuii
«xapmany, 11-3ameop, 12-memaniuueckue penvcoi, 13-menexcka, 14-nacocwl, 15-
MOOeb 0epeBsIHHO20 MpaneyeudalbHo20 Karnaua, 16-memaniuyeckue KopooKu O

epyHma
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OKCIepUMEHTAIbHBIE HWCCIEOBAHUSI 110 YCTAHOBJICHHIO Pa3MBIBAIOIIUX
CKOPOCTEH MOTOKA BOJbI MTPOBOAMINCH B METAJUNIMYECKOM THIPABINYECKOM JIOTKE.
B notke pacmosaramack MoJieNib JIEPEBSHHOTO TparerenaaibHoro kaHama (15)
cocleyomumMu pazmepamu (puc.l, 2): qnuna - 11,5 m; mmpuna no auy - 0,15 m;
OOKOBBIC OTKOCKI m = 2;2,5;3;3,5.

Ha 0GokxoBBIX OTKOCax W Ha JHE MOJEIM KaHajla YCTPOEHBI THe31a IS
pa3MelleHuss MeTauImdeckux kaccer — 16 ¢ pasmepamu 0,33; 0,15; 0,10 m Ha
otkoce u 0,15; 0,15; 0,10 M B meHTpaidbHOW 4YacTHM JOHA KaHala. B kaccerax
VKJIAJbIBAIUCh  HCCIEAyeMble TpyHTh. B 93TOW Mozenu MpOBOJIUIUCH
AKCTIIEPUMEHTAJIbHbIE  HUCCJIEAOBAaHUSA JJIsi  YCTAHOBJIICHUS  HEPa3MbIBAIOIIUX
CKOpPOCTEHl TIOTOKa BOJbI MPH pa3IMYHBIX OaKOBBIX OTKOcax (puc.2) u
AKCTIIEPUMEHT CUUTAJICS 3aKOHYEHHBIM, KOT/Ia C MOBEPXHOCTH I'PYHTA MOJHOCTHIO
BBIMBIBAJICS BBICTYNAIOIIUN CIOW TOJIYUHOM TpyHTa B 2 MM (puc. 3).

— —

2-TAJKPHBA
0,315 dpakuuy

Q00021 m''s: wommmny TexIim
VA2 ms;  b=003)

Puc.2.Moaeanb TpaneueuIajJbHOI0 KaHaJIa:
1- mepeBsiHHBIN KaHAI;2 - CbEMHBIE
METAJTHYECKUE KOPOOKHU

Puc.3. Pa3zMbIB HECBSAI3HOI 0
rpyHTa

['my6una MOTOKa u3Mepsiach Ja3epHBIM U3MEPUTEIIEM u
MITUTIEHMACIITa00M, CKOPOCTU IO BEPTUKAIU MOTOKA U3MEPSUIHCH C MOMOIIBIO
U3MEpUTENs CKOPOCTU BoAbl (MukpoBepTymikail) « UCB 01».

OKCIepUMEHTAJIbHBIE ~ HCCJIEAOBaHUS IO  TPAHCIOPTY HAHOCOB B
TpamneneuIaJbHbIX KaHajax MPOBOJWINCH TakKe B rujpabindeckom JoTke. C
IEIbI0 M3Y4YCHUs ATOUNPOOJEeMBbl TPOBEJAEHBI DJKCICPUMEHThl B KaHalaxB
HECBSI3HBIX TPYHTaX ¢ OOKOBBIMU OTKocamum = 2;2,5;3;3,5. B mnenpsix uzydeHus

TpaHCIIOPTa B3BCIICHHBIX u JOHHBIX HaHOCOB B KaHaJlax C
HCCBASHBIMUTPYHTAMHUIIPOBECACHBI HCCKOJIBKO 3KCIICPUMCHTOB

MOI[CJIB KaHajla Cpas3IMYHbIMHU OOKOBBIMM OTKOCAMH BBIIIOJHSJIACH C
IMOMOIBKD MCTAJNIMYCCKOTO IUIAHUPOBIINKA, MOHTHUPYCMOI'O Ha HGpGI{BH)I(HOﬁ
TCIICIKKC (pI/IC 4) B KOHIIC MOZACJIN KaHalJla PacCIIOJIOKCH CHCHH&HBHBIﬁ «KapMaH»
IJIA yJIIaBJIIMBAHUWSA ITOCTYIIAIOIINX HAHOCOB.
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Jlist ocylliecTBIIeHUsT MYTHOCTH TMOTOKa BOABI B NEpelHENd YacTh MOJeNU
KaHajla MOHTHpPOBajach CIEelUalbHAe YCTAaHOBKA, B KAUECTBE CMECHUTENsl I'PyHTa
(puc.5).

[Ipu npoBeneHun 1aOOPATOPHBIX HCCIEIOBAHUNA MO OMPENENICHUIO JTOHHBIX
HAaHOCOB, OJTHOBPEMEHHOUCCIIEIOBAHHN TAKXKE MYTHOCTh MTOTOKA.

bbutn mpoBeieHbl HATYpPHBIE MCCIEOBAHUS C LIEJIbI0 OLEHKHU BIUSHUS BbIIIE
MepEYUCIICHHBIX (PAaKTOPOB HA MPOMYCKHYIO CrOCOOHOCTH Ha ydacTkax I[1K 245 u
ITK 720 xanana «Mupumikopy» KarikagapsuHckoit 00JacTu.

IL1A HHD QR

Puc.4. Mogeanb TpaneueuajabHOr0
KAHAJIA U3 HECBA3HOIO IPYHTA

Puc.5. YcranoBka cMecuTe b

Ilosry4yeHHbIE JaHHBIE 10 UCCIEJOBAHHMIOMYTHOCTHKAHAIa MUpHIIKOpP

(ur0a1b, 2018 1)
Tabauuna-1.
No MecTo B3sTHS IPOO h,m Myruocrs, r/a
IlpaBblii Oeper Hentp JleBblii Oeper
0,72 1,021 1,036 1,025
. 1,46 1,018 1,032 1,021
g | MOS0 Tonostol 2.20 1,016 1,031 1,019
2,93 1,012 1,026 1,015
3,66 1,009 1,024 1,017
0,74 1,011 1,014 1,012
1,49 1,007 1,012 1,011
2 1K 245 2,32 1,005 1,009 1,011
2,98 1,002 1,009 1,009
3,72 1,002 1,007 1,009
0,68 1,010 1,016 0,985
1,36 1,007 1,014 0,979
3 1K 720 2,04 1,005 1,011 0,972
2,72 1,003 1,009 0,969
3.4 1,002 1,008 0,965

[Ipu W3MepeHIn MYTHOCTH B3BEIICHHBIX HAHOCOBHCIOJIB30BaHBIOATOMETP-
OyThUIKa, yCTaHOBJICeHHAs Ha mTanre ['P-16 u 6aromerp MonuanoBa.B3s1bl ipoObI
MYTHOCTH BOJIBIC MIOMOIIbIO OaToMeTpa Ha riyouHax(0,2h u 0,8h) B HaMe4EHHBIX
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TOYKAaX BEPTHKAJIECH CKOpOCTH. Tpacca kaHajsa B OCHOBHOM JIKHUT B IMECYAHBIX
rpyHTax. OpakiuoHHbIN COCTaB MPOONECYaHbIX TPYHTOB, B3sAThIX ¢ mukeToB [1K
245 wu TIK 720,ompeneneH B HMCHBITATEIBbHOMIA00pATOPUUPETUOHATIBHO
MIPOBEPOUYHONMHCTIEKIINHU CTpouTebcTBaKanikaaapbuHCKOTO BIIIOATA

Ha ycToWunBOCTh 4acTHUIl TPYHTA K Pa3MbIBY 3aMETHOE BIIMSIHUE OKa3bIBACT
MPUCYTCTBUE B TOTOKE MEIKHMX ¢ KOJUIOMJHBIX dYacTuil. WM3BecTHO, UTO
MIPUCYTCTBUE B MOTOKE MEJIKUXYACTHI] MPUBOJIUT K KOJIbMATAIIMK JTHA, BCICACTBUE
Yero JOHHBIE TPYHTOBBICYACTHUIHI MPHOOPETAIOT CBS3HOCTH, BPE3YJIbTATE ATOTO
OHM Pa3MBIBAIOTCS MPU 00JIe€ BEICOKUX CKOPOCTSIX.

[To pe3ynbraTam aHanu3a MPOBEACHHBIX HATYPHBIX UCCICAOBAHUN B TCUCHHU
JeT W3MEHYUBOCTh pacxoja TMPOUCXOAUT TIPU Pa3HBIX THUIAPABINYECKHUX
napaMeTpax KaHaja, KOTOpbIE, B CBOIO oOuepedb, NPUBOASAT K aKTUBU3AIUU
nedopMaIMOHHBIX TIpolieccoB (puc.6, 7).

0 5 10 15 20 25 30 35 40 46 ¢ 4 8 R 1§ 202 B D 333
.M
0 s el —
-1 -1 | 7 -1 “Mos o8
2 19 )-4 2 \.-},9 ,-4
- \\ -
-3 \I -2,8 - 226 3 'kg,ﬁ //”-;.5
\znlk-"'/J i e |31
-4 2 -4 34
H.m B
Puc.6. [lonepeyHnoe ceyeHue KaHajia Puc.7. IlonepeuHoe ceyeHue KaHajaa
Mupuumkop Ha ITK245 Mupuumkop Ha ITIK720

B TpeThe rjaBe nuccepraunnCoBepuIeHCTBOBAHUE MeTO/0B
THIPABJIHYECKOT0 pacyera pacxola HAHOCOB M HEPa3MbIBAEMOCTH IOTOKA
KAHAJIOB B HECBE3HBLIX TPYHTAX”IIPUBEICHBI PE3YJIbTaThl IMPOBEIECHHBIX
OKCIEPUMEHTAIbHBIX  HMCCJICJAOBAaHUNA 1O  OIEHKE  BIUSHUSICTAIIMOHAPHOTO
MOTOKaHa1e(POPMAIIMIOTPYHTOBBIX Tpareleu aIbHBIX KaHAJIOB.

JInst pacdeTa Hepa3MbIBAIOIIEH CKOPOCTH MOTOKA B HECBSI3HBIX OJIHOPOIHBIX
rpyHTaXx BbIOpaHbl Kak ocHOBa pazpadotkull.E.Mupixynasa.

Jlns uccnenoBaHusi B J1a0OPAaTOPHBIX YCIOBUSIX B KadeCTBE HECBSI3HOTO
IpyHTa MCMOJIb30BaH necok ¢ auamerpamu d < 0,315mmMm; 0,315<d<0,63mm; 0,63<d
<1,25mmM; 1,25<d <2,5 mmM; 2,5<d < 5,0 mm.

OrnpenenuB pa3MbIBAIOIYIOCKOPOCTh TOTOKA M YUUTHIBAACICAYIONIEE, UMEECH:

‘9;) = \/5‘911 > (1)
Aajiec ONpPCACICHBIHCPA3MbBIBAIOINC CKOPOCTH IIOTOKA
9P
4= 2)

N

rac: 19p-p33MBIBaIOH_II/IC CKOpPOCTH B KaHAJIC, 19H-HepaBMBIBaIOI_HI/IC CKOpOCTH B
KaHaJIC.
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OnpiTaMM  YCTAHOBJICHO, YTO C YMCHBIICHHEM CpPEIHEro Jauamerpa
UCIIOJIB3YyeMOT0 B MOJCIHM  TPyHTa, 3HAYCHBICHEPA3MBIBAIOIICHCKOPOCTH
yMeHbIaercs (puc.8.)

Uy, M/
1,2

m=0

0.8

0.4

0 04 08 12 1,6 2 24 28 32 36 4

Puc.8. I'paduk 3aBUCMMOCTHHEPA3MBIBAIIMX CKOPOCTEH NMOTOKA HA IHE U
0OKOBBIX 0TKOCAaX KaHAJIa OT pa3Mepa 4YacTHIl HECBA3HOIO TPYHTA

[TocTtpoenHsie Tpaduku Ha 8§ OTIMYAIOTCS MEXAY COOOH pPa3sHOBUIHOCTBHIO
OOKOBBIX OTKOCOB.

[Io pe3ynbraTaM OIBITHBIX JaHHBIX IOCTPOCHBI AMIOPHI PaCIpeIeTICHHUS
CKOpocTel 1o riyouHe noroka (puc.9).

N3 sTux OIIIOPp BHAHO, YTO IIPH PA3JIMYHBIX PCKUMAX IIOTOKA XapPaKTCP
HU3MCHCHUS CKOPOCTH IIO FJIY6I/IHC IIOTOKA COXPAHACTCA. Bo Bcex OKCIICPUMCHTAX
HaMMCHBIIAA HCPA3MbIBAKOIIAA CKOPOCTH ITOTOKA Ha6JIIOIIaJIaCB Ha OHC pyciia. Ha

rryoune (,6h OT TOBEPXHOCTH TIOTOKAa CKOPOCTh JBUKEHUSI BOJbI HMEET
HanOoJIblIee 3HAYCHUE.

- — /

037 036 037 0,38
028 3 ’ 0,35
027 0,38 037 0,38 024
0,37 035 0,37

0,25 032 0.25

0.3 0,37
037 0,38 038
i 040 0,38 o
03 0,41 0,39 0,39 028
0,39 0,38 0,37

0,28 0,31 0,28

Puc.9. Pacnpenesienne ckopocreii o riy0uHe BOXHOIO MOTOKA

B npoBeneHHbIX oOmbITax HAOMIOAANOCH, YTO HAMOOJBIIME W3MEHEHUS
CKOPOCTH 9 M KacaTeJIbHBbIX HANpPSHKEHUH 7T MO IMIHMPUHE KaHalla JOJKHBI ObITH B
00JacTH pe3KuX HM3MEHEHHH B oyepTaHuu GOpMbI, T.€. B YIJIOBOM o001acTu
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COMpSDKEHUsI JHA M KPYTOTO OTKOCA0TKOoca ¢ OeperoBod 30HOM co CBOOOIHOIM
ITOBEPXHOCTBIO.

[locne 00pa®OTKM OMBITHBIX JAHHBIX B  YCJIOBHUSIX IPOBEIECHHOTO
DKCHEPUMEHTA, T.€.JJI1 PAa3JIMYHbIX 3AJI0KEHUSIX OTKOCOB KaHAJIA IOJIY4YEHbI
CJIeIyIoIINe KOPPEKTUPOBOUYHbIE KOA(D(PUITUEHTHI:

npu m=0 K, =093
npu m=2 K =0.76; (3)
npu m=25 K=0.78;
npu m =3 K =0.83;
npu m=35 K =0.88§;

rne:K, W K- COOTBETCTBEHHO KOPPEKTUPOBOUHbIE KOAPOUIMEHTHI
YUUTBIBAIOLIHUE THO U OOKOBBIE OTKOCHI KaHala.

IIo pe3ynbraToM IIPOBEACHHBIX MCCIECIOBAaHUN JUId JHA KaHaJaHaWJIECH
cpelnHee 3HaueHue kKoddduireHTa paBHbIM K, =0,93 U €ro MOKHO B JaJbHEUILEM
npuHuMaTh K, =0,93.

Pa3BuBas uccieoBaHusi B 9TOM HanpaBJiIeHUM M3MEHEHHE Ko3(duiueHTta
OTKOCa KaHaja, C y4|TOM BJIMSHUS HEPa3MbIBAIOLIEH CKOPOCTH Tpameueru aibHOro
KaHaJla, pEKOMEHI0BaHbI CICAYIONIHNE BHIPAKECHUA

JUTS JHA:
8,8h) 7.l &(P—p,)d, +2C k. | .
90dn1 :KO lg |: ( ) - ] K (4)
d, 0,22p,7,
. - d +2C k.
IgAadm :1’25[(0 }/c |:g(p pa)) m yn c] ; (5)
0,22p,7,
JJIA paSJII/ILIHBIX 6OKOBBIXOTKOCOB:
- d 2C k
Sadm:KKIgS,ShJ\/?/c[g(p pa)) m+ yn c:| ; (6)
d, 0,22p,7,
, - d,+2C k.
Feam =1,25K & [g(p pw) - - ] > (7)
0,22p,74

Ha ocnHoBe ananmza IMPOBCACHHBIX I/ICCHCI[OBaHI/Iﬁ OIIPpCACIICHA CJICAYIOIIAs
B3aUMOCBA3b MCKIAY IIapaMCTpaMHu K/ Ko N COOTHOHICHHUCM  IIapaMCTPOB

K B
K—ff(;)’

I‘IIC:B— IIMPHUHA KaHaJIa 110 BEPXYy, x - CMOYCHHBIN MMCPUMCTP.

pycna B/ y (puc.10):

Cnenan aHalv3 TMOJYYEHHBIX OMBITHBIX JaHHBIX C MPUMEHEHHEM METOJIOB
2 0,25
cTaTUCTUKHU (K03 duimeHT kopemsiiuu R =0,96x""") u B pe3yibTaTe MojydyeHa

ciacayromias 3aBUCUMOCTD!:
0,25
L. 0,96 [ﬁj (8)
K 0

x
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N3 puc.10 BuOHO, ¢ HapacTaHHEM COOTHOWIEHUA K /K, yBEIUYUBACTCS U

COOTHOIIECHUE B/ y .

CpaBHeHME BBIYMCIIEHHBIX 3HAYEHUN HEPA3MBIBAIOIIMX CKOPOCTEH MOTOKA MO
YCOBEPIICHCTBOBaHHOW (opMysoil (4) ¢ BBIUKUCICHHBIMH 3HAYEHUSAMH IO
dbopmyniaMm psia Ipyrux aBTOPOB JAIOT YIOBICTBOPUTEIbHBIE PE3YIbTATHI.

K/Kq
0,9

0,88 y = 0,96x

2 . I

Puc.10. I'padguk 3aBHCUMOCTH K£= f(ﬁj
0 X

3HaueHUs PacUETHBIX HEpPa3MbIBAIOIIMX CKOpOCTel MoToka 1o popmynam (4,
5, 6, 7) YIOOBIETBOPUTEIBHO COIJIACYIOTCA €O 3HAYEHUSMM,IIOJYYEHHBIMU
BIKCIIEPUMEHTAX, T.€. pa3HUIIA MKy HUMH cocTaBisieT 10-15 % (puc.11).

1)

T, micno

0,6
0,5 ./.', - e - m=0
& g - m=2
0.4 L -
2 e » - m=2,5
0.3 gl
’g/‘./ - m=3
0,2 o e - m=3,5
0,1
e .H. mM/c pac

0,1 02 03 04 0,5 06

Puc.11. ConocraB/jieHre pacueTHbIX 3HAYEHUI ¢ popmyIaMu
IKCNIEPUMEHTAJbHBIX JaHHbIX (4, 5, 6, 7.)

Ha ciacayrouiem JTale I/ICCJICI[OBaHI/Iﬁ OBLI HU3Yy4UCH IIpoHecCC TpPaHCIIOpTa
HaHOCOB B TPAaIICUCUAAJIbHBIX KaHAJIAX B HCCBA3HBIX I'PYHTAX.

Kaxk cka3zana BpIIe HU3BCCTHO, JIA pacucTa TpElHCHOpTHpYIO].HCﬁ CIIOCOOHOCTH
IIOTOKA, HAHOCHI PA3ACIIAIOTCS HAJJOHHBIC U B3BCUICHHLIC.
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Jlns pacuera TpaHCIIOpTa HAHOCOB BeIOMpaeM meron Bau-PeitHa., 2 TOT MeToq
BHIOpaH B KauyeCTBE OCHOBBI, TaK KakK SBJsETCS OJAHUM u3 S(PGPEKTUBHBIX U
MPOBEPECHHBIX. 3aBUCHUMOCTb [JI1 OMNPEACICHUs] pacxojla HAHOCOB,MOJyYEHA
aBTOPOM JUISIYCIIOBHM IIMPOKOro pycina. CyuraeMm, 4TO A3TOT METOJl, MOKHO
MPUMEHATh B YCJIOBUAX TpPaNCUEUIATIBHOTO KaHalla, KOTOPBIA CYIIECTBEHHO
BJIMSIET HA TUJIPABJIMKY MOTOKA.

YuuThIBas BBIMIECKA3AJIHHOE YCIOBHUE, B YCIOBUAX TpamnelueaalbHOTO KaHaja
cOokoBeiMH oOTKacamu m=2,0; 2,5; 3,0; 3,5, Ha ocHoBe MeTona Ban-Peiina
paccMOTpeHa 3aJaya COBEPIIEHCTBOBAHMUS METOJA pacyera TPAHCIIOPTa JOHHBIX
HAHOCOB.

[Ipennonoxkum, 4TO Ha MPOLECC TPAHCIOPTA IMOTOKA B TPANECLEUTATBHBIX
KaHAJIaX CYLIECTBEHHOE BIMSIHUAE OKa3bIBAET COOTHOUIEHHWE CMOYEHHOTO
nepuMeTpa K IIUPUHE ype3a KaHama, T.6. /B, B 3TOMOTHOIIECHUU
HETMOCPECTBEHHO YUUTHIBAETCS OOKOBOM OTKOC TparnerneuaaIbHOTO KaHaa.

ITocne 00paboTKu MOJIYYEHHBIX AKCIIEPUMEHTAIIbHBIX JTAHHBIX
MPEANOJIOKEHNEe O HEOOXOJAMMOCTH YyueTa OTHOIIEHUs y/B I pacyeTa
TPAaHCIOPTA JOHHBIX HAHOCOB ITOTBEPIUIOCE.

YuutsiBass OTHOLICHUE y / B mojydeHa ClEAyomas 3aBUCUMOCTb  JUIA

OIIpCACICHUA YACIBHOTO pacxona JOHHBIX HaHOCOB B YCIOBHAX
TpallCuICHAAJIBHOI'O KaHaJa:

0,5
Qooe = 0,053 /B[ (S-1)g | d’T>'/ D> 9)
rae:S — OTHOCUTENbHAs IUIOTHOCTh HAHOCOB (Py / Pu);€ — YCKOpEHHE
CBOGOHOTO MageHns M/c’;v - Ko3(hOUIMEHT KHHEMATHYECKO# BS3KOCTH M/C.
1/3
S-1
D.-d, {@} (10)
14
! 2 ! 2
() () (11)
, 2
(u*kp)
TA€:u;-  HECBA3HAIMHAMMYECKAss  CKOPOCTb  IIEPOXOBATOCTH;,  ul, -

JWHAMUYECKass CKOpPOCTh  Hayaja JIBHXKECHHMS  HAHOCOB,  oOmpeaessemas
nokpusonlllnnbaca.

CormocraBnass ~ BbIYMCJICHHBIE ~ 3HadueHuss 1o  Qopmyne (9) ¢
AKCTIIEPUMEHTAIbHBIMUA JIaHHBIMU W BBIYHCICHHBIMU 10 (opmynam Ban-Peiina,
XaHceHa W Akkepca-Yalta BHAHO OJM30CTh COOTHOIIEHUN JOCTOBEPHOCTH
pe3ynbTaToB (puc.12).

ITo omnpeneneHuto pacxoja B3BEIICHHBIX HAHOCOB B IOTOKE pycia
3aBUCUMOCTh BaH-PeliHanmeer cinenymuii BU.

qea = Fucphcpca > (12)
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q m?/c pac q M*/c pac

4.0 4,0
3.2 3.2
2.4 2.4 - Py
* o o A
1.6 A 1,6 S
-*
e & m= m=2.5
0.8 0.8
- * A
A A
24 - q e
08 1.6 24 32 40 e 08 16 24 32 40
q m%/c pac qMm/c . pac
&> r'y -
4,0
4.0 L J L) > i e
3.2 3.2
2.4 2.4
L A
1.6 o 1.6
> . m=3 " R m=3,5
0.8 A 0.8
q Mmic ® a 2
qmM/c
08 1,6 24 32 40 08 1.6 24 32 40

Puc.12.ConocraBiieHne BbIYNCICHHBIX 3HAYeHU 110 popmyiie (9) ¢
BbIYHMCJIEHHBIMH 3aBHCUMOCTSIMH JIPYTUX ABTOPOB:
® _Bawu-Peiin ® - Axkxepc-Yaum A - Ducenyno-Xancen

FIIC:Ca - KOHICHTpalusda B3BCIICHHBIX HAHOCOB, /- IIapaMeTp TpaHCIopTa
B3BCIICHHBIX HAHOCOB, I'/IC:

(aj _[ar W

hcp hcp ° Z, = — +

F = = K ﬁNu* ¢ (13)
(1—{‘} (1,2-2)

rjac: X -1riIoCTOsTHHAs KapMaHa, U, -JUHaMHYeCKasd CKOpPOCThb, ad — pvaeTHBIﬁ

YPOBEHbB; Z —I1TapaMeTP B3BEILIEHHOCTHU.

C uenblo yTOYHEHHMs BIMSHHAS MYTHOCTH TOTOKA Ha PAacXoJ B3BELIEHHBIX
HAHOCOB TIPOBEJICHbI JabOpaTOpHble W HATypHbIE HCCIEIOBAHUSKOTOPbIE
M3JI0KEHBI BO BTOPOU IJ1aBE€ IUCCEPTALUU.

W3 Ttouek rnmyOMH HaMEUEHHOTO CTBOPAMOJIETM TpalelerJaTHOro KaHaua ¢
pa3HbIMH OOKOBBIMH OTKOcaMH m =2,0;2,5;3,0;3,5, IpoJeraliux B IICCUHAHBIX
rpyHTax (d =0,67...2,0um) ObUTH B3ATHI TPOOBIMYTHOCTEH.

Pe3ynpTaThl cpaBHEHUH  JAaHHBIX J1A0OpPATOPHBIX  HUCCIENOBAaHUUA €
CYLIECTBYIOIIMMU  BBIUYMCICHHBIMU 3HaueHUAMH 10 ¢dopmyne Ban-Peitna
OKa3zaluch Oousbllie, 3TO OOBACHIETCS TEeM, 4YTO 3KcnepuMeHTblBan-Peitna
IPOBEAEHBI B IIUPOKUX MPSIMOYIOJIBHBIX pyCilaX, a dKCIEPUMEHTHI IPOBEICHEI B
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YCIIOBHAX TpalneuCuaaJIbHOIO KaHalia. FI/IIIpaBJII/IKa TpallCuCUAAJIbHOT'O KaHalla
SHAYUTCIIBHO OTINYACTC OT IMPAMOYTOJIBHBIX KaAHAJIOB.
HpI/I OIPCACIICHUHN paCXOJa AOHHBIX HAHOCOB [JII KOHHICHTPAIUHU

B3BCIIICHHBIX HaHOCOBHCO6XOI[I/IMO TaKXC BCCTHU y‘{éT COOTHOHICHI/IHZ/B. BBCIIH
9TO COOTHOHICHUC B3dBUCHMOCTL KOHICHTPAIMUMW B3BCHICHHBIX HAHOCOB Ban-
Peiina 3anucanasn CICAYOIICM BHU/JIC!

1,5
c, :0’0151/3%20,3 (14)

*

rjae: T-6e3pa3mMepHblil KO3 UITMEHT 10 JUHAMUYECKON CKOPOCTUTIOTOKA; D+~
6e3pazmMepHbIi KOG PUITUEHT SISl TBEPIbIX YACTHUII

CpaBHeHnEM 3HAYECHUM,PEKOMEHI0BAHHBIX o dbopmyie (14)c
AKCTIIEPUMEHTAIbHBIMUA JIAHHBIMU W 3HAYCHHUSIMHU, PACCUMTAHHBIMH MO (opmyrie
Ban-Peiina nongydeHsl 10CTOBEpHBIE pe3yibTaThl (puc.13).

CaM/c
5 7
/ m=2 |m=2,5| m=3 |m=3,5

4 1o opmyne

é ’ Ban-Pciina . * . .
3

L (14) o | O ) o

° (opmyJie
2 o
| L 80
Cat/c

0 1 2 3 4 5
Puc.13. CpaBHuUTeJbHBIN aHAIN3 NPEJIOKeHHON GopMy bl

B uyerBeproii rnmaBe aucceprauuu “‘PexkomMeHmanMM 1Mo pacderam
Hepa3MBbIBAKOLIMX CKOpocTeH U TPaHCIOPTA HAHOCOB
NOTOKATPANCHEHIAJbHBIX KAHAJAXB HECBA3HBIX TIPYHTaX’ MPUBEICHBI
000011IeHHsT TIOJIYYEHHBIX 3aBUCUMOCTEH C IIEeJIbI0 CO3JaHUsl TEOPETHYECKUX U
HKCIIEPUMEHTATBbHO-000CHOBAHHBIX METOAOB pacyera. [lomydeHHbIE pe3ysibTaThl
UCCIICIOBAHNsI TPUMEHEHBl B MAarucTpajJibHOMKaHaine «Mupuimkop» Amy-
Kamkangapbuackoro 0acceifHOBOTOYIIPABICHUS UPPUTAIIMOHHBIX CHCTEM.

IIpennoxeHsl yCOBEPIIEHCTBOBAHHBIE METOJBI pacyeTa HEPA3MbIBAIOIIUX
CKOpOCTEH, pacxona HAaHOCOB U KOHIIEHTpAaLuu HaHOCOB B
TpareneruIaJbHbIXKaHaIaX B HECBS3HBIX IpyHTax. Ha OCHOBE
ATUXBBILIEITPUBECHHBIX YCOBEPIICHCTBOBAHHBIX METOJIOB pacuerapa3paboTaHbl
PEKOMEH AN

ITonydyeHHble B OpeAplAyIIMX  IJIaBaX  JUCCEpPTAallMM  3aBUCHUMOCTH
IIOATBEPKICHBIPE3YIbTATAMHU TEOPETUYECKUX u AKCIIEPUMEHTAIIBHBIX
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HCCJIEI0BAaHUMN MIPUBEJICHBIC LEJIIO pa3paboTKu PEKOMEH AN
YCOBEPIICHCTBOBAHHBIX METOAOB PACYETA C MOMOIIBIO AJITOPUTMA.

Bce pacu€tHbie CcXeMBl MOAXOMAT JJIs TpPANEHEUIAIbHBIXKAHAIOB C
OTHOCHUTEJIBHON IUPUHOU (B /h)<10.

BbIBO/IbI

Ha ocHOBe TIpOBENECHHBIX MCCIEAOBAHUM IO JUCCEPTALIMM  JTOKTOpa
¢unocopun (PhD) Ha Temy “YcoBeplieHCTBOBaHME pacueTra KPUTUUECKUX
CKOpPOCTEM KaHAJIOB B HECBSI3HBIX IPYHTAX MPEACTABICHBI CICAYIOIINE BIBOIBI:

. AHanu30oM TMPOBEACHHBIX TEOPETUUECKUX M IKCIEPUMUHTAIBHBIX
HCCIIEIOBAHUM OMpENIeNICHO BIIMSHUE OTKOca KaHajla Ha MopdomeTpuueckue
nokaszatenu pycia. O6O0CHOBaHO Ba)KHOE 3HAYEHHE YCTAHOBJICHUS pacIpeieieHus
TaHTeHIIMAJIHHBIX YCWJIMK U CKOPOCTH B OOKOBBIX OTKOCAX pyces MPOSKTUPYEMBIX
KaHAJIOB C Pa3JIMYHBIMU CKOPOCTSIMH.

2. YcoBepuieHCTBOBaHbl pacueTHble 3aBucumoctd I[.E. MupixynaBa c
y4€TOM pa3IUYHBIX KOI(P(OUIIMEHTOB OTKOCA JJISI HEPa3MBIBAIOIIMX CKOPOCTEH
MOTOKAa BOJHOTOKAHAJIOB B HECBA3HBIX IPYHTAaX.

3. B pesynbprare 1a00paTOpPHBIX HMCCIIEAOBAHWUN TPAHCIOPTAa HAHOCOB MPH
pasnmuuHbIX KO3 (dUIIMEHTaX OTKOCa KaHaJlOB B  HECBS3HBIX TPYHTax
YCOBEPIICHCTBOBAaHA METOJAMKA pAcyYeTa pacxoaa JOHHBIX HAHOCOB.

4. B pe3ynbTaTe 1a00pPATOPHBIX U HATYPHBIX UCCIEIOBAHUM MPU PA3IMUYHBIX
kod(ppuIMeHTaX OTKOCAa KaHAJIOB B HECBS3HBIX TPYHTaX YCOBEPIICHCTBOBaHA
METOJMKA pacyeTa pacxoa B3BELUICHHbIX HAHOCOB.

5. Ha ocHoBe aHanu3a u 0OpaOOTKH pE3yJbTAaTOB OSKCIEPUMEHTA TIO0
HEPA3MBbIBAIOIIMM CKOPOCTSIM IIOTOKAa W TPAHCIOPTY HAHOCOB MOJYYEHBI
MophOMETpUYECKUE 3aBUCUMOCTH, 00€CTICUMBAIOIINE HAACKHBIM PEKUM PabOTHI
KaHaja.

6. Ha ocHoBe pe3ylbTauOB  NPOBEICHHBIX  AKCIEPUMEHTAIBHBIX
HCCJIEIOBAaHUM MOJYYEHHBIX 3aBUCUMOCTEN YCOBEPIIEHCT BOBAHUE METOJT pacuéTa
HEPA3MBbIBAIOLIEH CKOPOCTH M TPAHCIIOPTA HAHOCOB TPANECLEUIAIBHBIX KaHAJIOB B
HECBSI3HBIX TPYHTAaX.

7. B pesynprateé NOpPOBEAECHHBIX HCCIECHOBAHUKA PEKOMEHIALMU  T10
TUJIPABIMYECKOMY pPACy€Ty HAHOCOB UM HEPA3MBIBAKONIIEH CKOPOCTH TIOTOKA
KaHAJIOB B HECBA3HBIX TPYHTaX IE€pENaHbl MCIOJb30BAHUIO B KaHalax IMpHU
OacceitHOBOM uppuranmoHHoi cucreMe Amy-Kamikanapsl.
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INTRODUCTION (abstract of the dissertation of doctor of (PhD) philosophy

The purpose of the research is to improve the methods for calculating
critical velocities and sediment discharge in deformable soil channels.

The object of research is the Mirishkor canals and the Karshi main canal in
the Kashkadarya region.

The scientific novelty of the research is as follows:

improved method for calculating non-erosion velocities in channels with non-
cohesive soils at different values of the slope placement coefficient;

the method for calculating the discharge of bottom sediments into the
channels of canals has been improved, taking into account different values of the
slope setting factors;

the method for calculating the discharge of suspended sediment has been
improved taking into account the variability of the slopes of the canals;

the determination of morphological relationships is substantiated taking into
account the critical velocity and sediment discharge of channels in non-cohesive
soils.

The practical results of the research are as follows:

a calculation method has been developed to determine the non-eroding water
flow rates in non-cohesive soils, taking into account the coefficient of side slopes;

improved hydraulic model for determining the discharge of bottom and
suspended sediments, taking into account the coefficients of the lateral slopes of
the channels of non-cohesive soils;

obtained dependently for determining the concentration of suspended
sediment taking into account the coefficient of side slopes in cohesive soils;

recommendations were developed for determining the non-eroding water flow
rates of canals in non-cohesive soils, taking into account the coefficient of side
slopes;

recommendations were developed for calculating the discharge of bottom and
suspended sediments of channels in non-cohesive soils, taking into account the
coefficient of side slopes.

Introduction of research results. Based on the results of improving the
calculation of non-eroding flow rates and sediment rate of channels in cohesive
soils:

the method for calculating non-erosion canal velocities in cohesive soils has
been introduced in the Mirishkor canal (reference No. 04/20-2466 dated August
26, 2020, of the Ministry of Water Resources) as part of the Amu-Kashkadarya
Basin Administration of Irrigation Systems under the Ministry of Water Resources.
As a result, it is possible to increase the throughput by 5-6%, based on the use of
the method for calculating sediment transport;

the method for calculating the discharge of bottom sediments in the bed of
soil canals was introduced in the Mirishkor canal as part of the Amu-Kashkadarya
basin administration of irrigation systems under the Ministry of Water Resources

43



(certificate No. 04 / 20-2466 dated August 26, 2020. Ministry of Water
Resources).silting in canals;

morphological dependences in cohesive soils of canals, taking into account
sediment discharge and critical flow rates, were used in the design of canals by
design institutes for JSC UZGIP and Hydroproject under the Ministry of Water
Resources (reference No. 04 / 20-2466 of August 26, 2020. Ministry of Water
Resources ) As a result, the deformation process in the design of the channels is
reduced and the possibility of increasing the efficiency by 10-15% is created.

Structure and scope of work. The dissertation work consists of an
introduction, 4 chapters, a conclusion, a list of used literature and applications.
Thevolumeofthethedissertation is 120 pages.
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