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KHWPUIII (pancada noxropu (PhD) quccepTamusicd aHHOTAMSACH)

Jucceprauuss MaB3yCMHHMHI J0J13ap0JHMrd Ba 3apypaTv. XO03UpPIrH KyHJa
OyHENAa HOUIad YMKApUII KOPXOHAJApPUHUHI acoCHUi KypWIMaJapUHU METaJll
KOHCTPYKIUSUIAPU TAIIKUI 3TalH, YOy MeTalsl KOHCTPYKIMSUIADUHUHT KOPPO3HsTa
ydpalld HaTWkacuaa Kenul 4YuKaguraH 3apap Oup Heua 103 MIUIMApH JOJUIapHH
Tamkwi 3Taad. CaHoatnaru MeTayll KOHCTPYKLMSUIApDHM KOPpPO3UsJaH acpall ydyH
OyryHrn KyHOa Xap XWJI KOPpO3Usl MHTUOUTOpIApH KYJUTAaHWIHO KEeTMHMOKJA.
Kymanagan, TaOuuii OupHKManap acocuaa OJUHAAWUTAH SAIIWI WHTHOUTOpIAp,
TapkuOuaa a30T TyTraH SHTM TypAard KOpPpO3us HHTUOUTOpJIApUHU SpaTUIl Ba
UILIa0 YUKW MyXUM aXaMHsT KacO 3Taju.

Kaxonna Meramiap KOpPpO3UACHUHMU OJIIMHU OJIMLI YUYyH “Kelakak KOppo3us
uHTrHOMTOpJapu” 10 IpTUPO(d ITHIAETTaH SKOJOTHK XaBhCHU3, TYpId MyXHUTIapa
MeTaJljlap KOPPO3HUSCHHU OJJIMHU OJMII YYyH SIIWJI HMHTCHOMTOpJAp OJIMIITa
UYyHaNTHUpWIraH WIMHA-TAAKUKOT wunuiapu oiaud  Oopunmokna.  Meramnap
KOPPO3MSICUHM ~ OJIIUHU OJIMII Y4yH Oy WyHanIMIIga caMmapaid KOppO3Hs
UHTUOUTOPJIAPUHU OJIUIL JKapaéHUHUHT MYKOOWJ TEXHOJIOTUSAJIAPUHYU MIIA0 YMKUIIL,
yIapHUHT WHTUOUpIAIl >XKapa€HUHU XHCOOra OJraH XOJAa KUMEBHM TapKUOMHH
aHMKJIALI Ba XOCCAJIApUHK YpraHMILITa Ba OJMILI TEXHOJOTUSIAPUHU WIUIA0 YUKUIIra
aNoxuaa YbTHOOP OEPHIMOKIA.

Pecnybnukamuzaa Maxamwinii Xxomaménap Ba UKKWIaM4yd OMpHUKMajap acocuja
OJIMHT'aH KOPPO3Usi MHTMOUTOpPJIapUIaH TYpJIM arpeccuB Ba CyB OWJIaH COBYTHIL €KU
UCUTHILI THU3UMJIApUJa MeTajjlap KOPPO3USJIaHMIIMHU OJAMHMU OJHIl Oopacujaa
WIMHHA Ba aManuil HaTWKanapra SPUIIMIMOKIA. Y30EKHCTOH PecryGnuKacHHu
PUBOXIIAHTUPUIIIHUHT XapakaTiiap CTpaTerusACHlla «IOKOPU TEXHOJIOTHSUIA KalTa
UIILJIAIl TAPMOKJIApUHU, SHI aBBAJIO, MAaXaJUIMHA XOM all€ pecypciapyuHu YyKyp Kaita
UIUIAI acOCHAA OKOPH KYIIMMYa KUAMATIM Tal€p MaxcyJoT UIUIA0 YMKAPHUIIHU
KaJajn pUBOKIIAHTHPUINTA KapaTuiran cudaT >KUXaTugaH sSHTM OOCKMYTa YTKa3WII
OpKaJIM CAaHOATHHU SHA/la MOJIEPHU3AIMS Ba AUBEpCU(UKALNS KUIUII» Ba «MamJlakat
O3UK-OBKaT XaB()CHU3MUTHHU SHAJa MYyCTaXKamJjall, JKOJIOTHK TO03a MaxcCyJoTiap
WITa6  YMKAPUINHM  KEHTaiTHpHI»' ra  fyHanTHpuiaraH MyxuM — Basudanap
Oenrunanrad. by Oopajga MeTamul KOHCTPYKUUSIapU KOPPO3USICUHUHT  OJAMHU
OJIMIIJIa MKTUCOJIUN KUXATAaH caMapalii Ba HKOJIOTHK >KUXATIaH XaBpcu3 Oynrax
KOpPpO3Msl MHTMOUTOPJIAPMHU MILIA0 YMKApUII XaMmJla MaBXKyJ TEXHOJOTUSIApHU
JOUMHUH paBHIA TAKOMUJUIAIITUPHUIL MyXUM aXaMUsT Kach 3Tajiu.

V36exucron Pecrry6mikacu Ipesnnenturuar 2022 iinn 28 suBapaaru [1d-60-
CoH «2022-2026 iimmnapra MymKamiaHraH SIHMM  Y30eKMCTOHHHHT TapakKKHET
cTpaterusicu Tyrpucuaanru ¢papmonu, 2020 iiun 12 asryctaaru I1K-4805-con «Kumé
Ba Ouojorus MyHanuuuiapuaa y3IyKCH3 TabiuM CcUpaTMHA Ba WUIM-(aH
HATWKQJIOPJIMTUHU  OIIMPUII 4Yopa-Tanoupiapu Tyrpucuaa’ru Ba 2017 #un 29
apryctaaru [1K-3264-con «KuM€ caHoaTH TalIKWIOTIAPUHUHT HKCHOPT-UMIIOPT
(baoTuATHHY TAaKOMWIIAIITUPUIL YOopa-TaaOupIapy TYFPUCUAANTHU Kapopiapy xamaa
Ma3Kyp (aonusaTra Teruum OOIIKa MEebEPUM-XYKyKHH Xy’KKaTiapja OenruiiaHnraH

! V36ekucron PecniyOsnkacu Ilpesunenturuar 2022 inn 28 ssuBapaaru [1D-60-con «2022-2026 dnmapra
MYyIDKaJaHTaH SIHru Y30€KUCTOHHUHT TapaKKUET CTPATETHIACH TYFPUCHIA»TH (hapMOHH.



BazudasapHu amMalira OUIMpHIIa YOy JuccepTanus TaJKUKOTH HaTHXKajlapu
MyalsH J1apa)kajia Xu3MaT Kujaaau

TagkukoTHuHr PecnyOsiuka ¢gan Ba TeXHOJOTHSJIAPU PUBOKIAHUIIMHUHT
YCTYBOp WHyHajumuiapura mocjaurd. Maskyp Ttankukor PecnyOmuka ¢dan Ba
TEXHOJIOTUSIIAP puBOXJIAHUIIUHUAT VI «Kumé TEXHOJIOTUSIIAPU Ba
HAHOTEXHOJIOTHSIIApy» YCTYyBOp MyHanuuuiapura MyBo(puk Oaxxapuiras.

MyaMMOHMHI JpraHuiranjuk papaxacu. Kopposus HMHrubUtopiapuHu
SApaTUIl Ba yJAPHUHT MHTHOWpIIAIl XOCCATApUHU TaaKUK Kuiui Oyiinuya Cunrx I,
D6enco 2.9, Onacynkanmu JI.O., O6ot WU.B., Ilayn C., Koneii ., Mypasesa C.A.,
MensuukoB B.I'., Dropo B.B., Kysuercos M.W., Kasanckas I'.J1., Tcupynaukosa
H.B., Annamng P.P., Xypa P.M. Xakkepman H., UYepnon B.ﬁ., MIX
mamnakatnapunan Pozendenn WU.JI., bopucos JI.H., Aradonkun A.B., [lanunosa
['.H., ®apxytaunoBa A.P., UenkacoBa O.A., Ky3nercoB [0.U., Burnoposuu B.U.,
®denoroBa A.H., Jlesamoa B.1., xamma V36exucron onuminapuaan Jxamunos A.T.,
Axo6apoB X.U., Tamxuxomkaes 3.A., beknazapos X.C., Tumnaes P.C., Curanos T /1.,
Kyp6anos ®.K., Xomkos A.K., Ukpamos A., IOcynos [I., Earopos H., Koxupos
X.N., Hypumnoes 3.1., Hapzymraes A.X., DmmamaroBa H.b. Ba Gomika onumiap
TOMOHHMJIAaH WIMHUI TaIKUKOT UILJIAPUHH 01O OOpHIITaH.

Ymly onumiap TOMOHUAAH 0JMO OOpUiraH WIMUN TaAKUKOT WIUIAPH, TaOUUi
MaHOanap, MaxauiMid XoMaimiéiap Ba CaHOAT MaxCyJOTIapu acoCHAa KOPpPO3Hs
WHTHOUTOPJIAPDUHUHT SIHTU AaBJIIOAMHHU SIPATHUILI Xama YJApHUHT TypJid arpeccuB
MyXHTIapJa Kyulamra JOMp Ha3zapuil Ba aMaliuid acoclapyuHM Huuiad YHMKUII,
IIYHUHTJIEK, KOPPO3UsS WHTUOUTOPIAPUHM UILIA0 YHKAPUII TEXHOJIOTHSIIAPHHU
TaKOMWJUTAIITUPHUIITA KapaTUJITraH.

Xo3upru KyHJa Typiu arpeccuB MYyXMTIapAa METalsl KOHCTPYKUUSJIApUHU
KOPpO3MSIIaH  XUMOsUIAllJa HOOPTaHMK  Ty3/ap, KOMIIO3UTIAp, KOMIIO3UTIN
OWpuKManap, MOJHUENEKTPOIUTIAP, YCUMIIMK S3KCTPaKTIapu, 0ab3u OUp OpraHUK
reTepoOrpUKMaNap, Ba HOHJIU CYIOKIMKIAPHUHI KHUCJIOTadd Ba CYBJIM ailaHMa
TU3UMIIApAa TyJaT MaTepualapy YYyH HMHTHOMpJanl MEXaHU3MJIAPUHU YpraHuil
Oyiinya KeHT KaMPOBJIU WIMHUN-TAAKUKOTIAp OO OOPHIMOKIA.

Jucceprauuss MAaB3yCHHUHI TAAKHUKOT O0aKapwjiaéTraH oJMid TabJIuM
MYACCACMHMHI MJIMHMH-TAAKUKOT HULIapu OwiaaH Ooraukmru. Jlucceprauus
TaAKUKOTH TOIIKEHT KUME-TEXHOJOTUS WIMUM TaaKUKOT UHCTUTYTH MUK HUHT
WIMHNA-TAAKUKOT uuuiapu pexkacuHuHr X/ Nel2-06 «Maxamnuii xom aménap
acocHsia SIHTM camapajid OJIMTOMEpP KOPPO3Hsl MHTHOUTOpPJApUHM HIIA0 YUKHII Ba
kysutamn (2007 #.) MaB3ycuaaru Xyxaiuk maptaomacu xamaa A12-005 «Maxanmuit
XOM aménap acocuaa SHTY camapalid KOPpO3Hsi HHTHOUTOPJIAPUHU OJIUII Ba yJIapHU
kysutamn (2015-2017 i1i1.) MaB3ycuaaru amanuii joinxa qoupacuaa 0akapuiras.

TagKUKOTHUHI MAaKCaaM YCHUMIIMK 3KCTPAaKTH Ba MOHOASTAaHOJAMHUH, MaJ€UuH
aHTUIIpU, T-(PeHWICHINAMUH XaMmJIa KPOTOH aJIJIETHI acoCha caMapalid, SKOJOTHK
xaB(cHU3 KOPPO3UsI MHTUOUTOPIAPUHU OJIMII TEXHOJIOTMSICMHM HIUIA0 YMKUIIAAH
ubopar.

TankukoTHUHT Bazudanapu:

Salsola oppositifolia ycumimrunan oJMHTaH SKCTPAKTHH ST KOPPO3US
uHruOuTopu cudaruma Kyuiam Ba MOHOATAaHOJAMUH, MAaJleMH AaHTUJIUPUA, II-



(eHUICHIMAMHUH XaMJla KPOTOH allbJCTHIAp aCOCHIa KOPPO3Usl UHTUOUTOPIIAPUHU
CHHTE3 KWIMITHUHT MaKOyJI IapOUTIapUHH aHUKJIAII,

CHHTE3 KWJIMHTaH KOPPO3Msi MHTHOUTOPJIAPUHUHT TY3WIMIIHHU Ba XOCCaJIapUHU
3aMaoHaBUH (PU3UK-KUMEBHIN yCyIutap €paaMuia aHUKJIIAIIL,

KOppO3HUs UHTUOUTOPJIAPUHUHT MHTUOUpIIAII camapaIopIUTHHA
DIIEKTPOKUMEBUI Ba TPaBUMETPUK ycyluiap €EpAaaMuia TaAKHK KWIAII Xamja
KOppO3Wsi HMHTHOWTOPIAPHUHT TIyJIaT po3acura ajicopOIus HW30TepMalapu  Ba
TEPMOIMHAMUK JKapa&HIapUHU TAIKUK KUJIUIIL,

WHTUOUpIIAaHTaH Ba WHTUOMpIIAHMAaraH »JpUTMANApIard MyiaT I03aCHHH
CKaHEpJIOBYM JJIEKTPOH MHKPOCKOIl XaMja aTOM Ky4Yd MHUKPOCKONHU Epaamuja
YPraHuILL,

KOppO3MWsl ~ TE3IMTH  Ba  XUMOSUIAIl  JapakacHra  Xapopar  xamja
KOHIICHTPAIUSIHUHT TabCUPWHU YPTaHUI OPKAJIM HWHCHOUpIAl MeXaHU3UMHUHU
AHUKJIAIIL;

UHTHOMpIIAIT CaMapagopJIird FOKOPH OVJIraH KOpPpO3usi WHTHOUTOPIIAPUHU
OJIUII TEXHOJIOTHSACHHY UILIA0 YMKHII Ba MKTUCOIUI caMapaopIUruHK acOCIIalll.

TankukoTHUHT 00bexkTH cudaruma Salsola oppositifolia ycummru skcTpakTH,
MOHO3TaHOJAMUH, MaJleMH AaHIJIUpHI, N-(QEHWICHIMAMUH Ba KPOTOH allbJCTHU]I
acocusia OJMHTaH KOPPO3HsS WHTUOWTOpIIApH, KHUCIOTAIU Xamja CYBIU aijlaHMa
TU3UMJIAPJIATH IyJIaT MaTeprasiapy OJMHTaH.

TagKMKOTHUHI TpeIMeTH KOPPO3Us HWHTHOMTOPIAPUHUHT HMHTHOUpIIAII
MEXaHU3MHUHHA aHUKJAI, TYpJIM KOHIEHTpAlMs Ba Xapopariapia HWHTHOWpIall
caMapaJiopJIuTH XamJa XUMOsSUIAll JapaKaJlapUHU TaJIKWK KHJIHII, I[TyHUHTICK,
KOPPO3Usi UHTHOUTOPJIAPUHH OJIHII TEXHOJIOTUACHHM UIILIa0 YMKHUIIIAH HOOpaT.

TaaKUKOTHUHT yCyJUIapH. JHuccepranus 170000201 ¢ KOppo3us
MHTUOUTOPJIAPUHUHT TY3UJIUIIN Ba (U3UK KUMEBUM XoccanapunHu aHukiaamaa MK-
CHIEKTPOCKOTIHS xama WHTHOUpIaIl camapaiopJIMTUHU aHMKIalaa

DIIEKTPOKUMEBUHM, TPAaBUMETPHUK, IIYHUHI/IEK, CUPT MOP(]OIOTHICHHU YpraHuiiia
CKaHEpJIOBUU 3JIEKTPOH MHUKPOCKOIl Ba aTOM Kyd MHUKPOCKONM KaOu ycysulapuaaH
dhormamaHuITaH.

TanKUKOTHUHT MMM SHTMJIUIM Kyluaaruiapaad ubopar:

Salsola oppositifolia ycummuruaan oarHraH SKCTPAKT METAUIAPHU KOPPO3USIaH
XUMOST KWJIHII YKYH “SIIAT KOppO3us MHTHOUTOP” cudaruga KYIautHUHT MakOys
[IAPOUTIIAPY aHUKJIAHTaH;

MOHO3TaHOJIAMHUH, MaJ€UH aHTAUPUJ, M-(PEeHUICHIUAMUH Ba KPOTOH aJIbJETrH]l
acocuna wkopu camapamu IKPK-1  Ba IKMM-1 wmapkanum  koppo3us
WHTHOUTOPJIAPUHUHT TAhCUP MEXaHU3MJIAPU aHUKJIAHTaH;

OJIMHTaH KOPPO3Usl MHTMOUTOPJIAPHUHT CYB OWJIaH COBYTHIN TU3UMUA Ba TypJiu
KACJOTAIM  MYyXUTJIapAa MeTaJUIapHU  KOPPO3UAJaH  XUMOsJall  Japaxkacu
aHUKJIAHTaH,

KOpPpO3Usl MHTMOUTOPJIAPUHUHT MHTUOMpIANl MEXaHU3MU Ba WHIHOWpIall
camapaJiopJIuTd KHHETUK, TEPMOJIMHAMUK, TPABMETPHUK Ba IJIEKTPOKUMEBHUHN yCyuiap
€paamMuia aHUKJIAHTaH,

CKAHEPJIOBUM 3JIEKTPOH MHKPOCKOII Ba aTOM Ky4Y MUKPOCKON YCyJUIapu OpKaJlu
OJIMHraH MuKpodoTorpadusiap acocuja MHTHOUpPJIAHTAH MYJIAT CUPTUHUHT
MOP(}OJIOTHK Y3rapuliapy aHUKJIAHTaH,;



Salsola oppositifolia ycumnurumgan “smmn kopposust uaruourop” Ba IKPK-1
xamaa IKMM-1 mapkanu KOppo3uss UHTHOUTOPJIAPUHU OJUIITHUHT SKOJOTHK TO3a
TEXHOJIOTUACH NIUTA0 YUKUIITaH.

TagKUKOTHUHT aMaJIMid HATHKAJIAPU Kydnaarujapaad uoopar:

YCUMIIMK 3KCTPAKTU acOCUA SIIIMI KOPPO3Usl MHTMOUTOPUHU OJIMII BAa MaJICUH
aHTUAPUIN, MOHOSTAHOJAMHH, N-(EHWIEHANAMUH XaMmJla KPOTOH ajibJAeruajapu
acocuzia KOppo3usi MHTUOUTOPIIAPUHU OJIUII TEXHOJOTHSUIapH UIIUTA0 YUKHUIITaH;

MHTUOUpIIaHTaH SpUTMAlIapAard MYyJaT HaMyHacud CHUpPT (o3a Mopdosorusicu
CKaHEpJIOBUM 3JIEKTPOH MHUKPOCKON Ba aTOM Ky4YM MHUKPOCKONM EpAaMHAa TaXJIuil
KWJIMHTaHAa, WHrUOupiaHMaraH »JpUTMaJard IyjiaT HaMyHajapura HucOataH
KaBapuK Ba OOTUK Xama YyKKWIap YI4aMu KHYUKIUTH aHUKJIaHTaH;

YCUMIIMK DKCTPAKTH AacOCHUJa OJUIaH SIIWI KOPPO3Us MHTHOUTOpU Xamja
MOHOATAHOJIAMHUH, MaJleMH aHTUIUpUI, N-(EeHUICHANAMUH Ba KPOTOH albICTUAM
acocujia CHHTE3 KWJIMHTaH KOPPO3Us MHTUOUTOPJIApUHHU CYBJIH ailflaHMa COBYTHII EKH
WUCUTHUII  TU3UMJIApUJQ, UIYHUHTACK, KHUCJIOTAld MyXUTJIapia MHTrAOUpIIamn
caMapaJopJIUry IOKOPH dKaHIUTH AHUKJIAHTaH.

TaakuKOT HATHKATAPUHUHT UIIOHWINJIMIUA KOPPO3UST MHTUOUTOPIAPUHUHT
TY3WJIUIIM Ba MHTUOWpIIAI camMapaJopiiurd Xamjaa WHruopriam mexanumsumu K-
CIEKTPOCKOIMS, CKAaHEpPJIOBYM DJIEKTPOH MHKPOCKOI, aTOM Kyd4 MHKPOCKOIH,
FPaBUMETPHUK, AIEKTPOKUMEBUN, TEPMOJMHAMHUK Ba KMHETHUK Ha3zapusuiap acocHa
WHTHOUTOPJIADHUHT CaMapaJiopJiuTi AHUKJIAHTAHJIMTY, IIyHUHTIEK, Taxpuba Ba
unuiad YuKapuil MaWAOHJapuAa YTKAa3WwiIraH CHUHOB HATWKAJApUHUHT  Y3apo
MYTaHOCHOJINTY XaM/la UIIUTa0 YMKAPUIITa )KOPHUHA STUIITAHIUTH OUJIaH N30XJIaHA/IH.

TagKUKOT HATHKAJIAPUHMHI WJIMHMHA Ba aMajJuMd axaMHUATH. TaIKuKOT
HATVKAJAPUHUHT WIMHM axXaMHSITH YCHMIIMK JKCTPakTH acOCHAA OJMHIaH SIIHJI
KOppO3Hsi MHTMOMTOpPM XamJa MOHOATaHOJAMHUH, MaJjeuH aHruAupuj, 1-
dbeHuneHIMaMiUH Ba KPOTOH albJIETHA acocuja KOppOo3us HMHTUOUTOpIapH
OJIMHTAHJINTH, YJIAPHUHT TY3WIUINW, (QU3UK-KUMEBUN XYCYCHUSTIIAPUHHUHT ¥3apo
OOFJIMKJINTUHY, UIYHUHTAEK, WHTUOMpJAll MEXAaHU3MUHUHI AHUKJIAHUIIN OWiiaH
W30XJIaHAIN.

TankuKOT HATW)KANAPUHUHT aMajuil axaMHsITH IIyHJIaH HOOpaTKH, SIIIMI Ba
CUHTE3 KWJIMHTaH KOPPO3Usi UHIMOUTOPIAPUHU arpeCCUBIIMTU IOKOPH OYIraH Typiu
MyXUTJIapJa XamJa aijaHMa CyBIM TH3UMJIApAa MyJaTHU KOPPO3HUSAAH HOKOPHU
JIapakaaa XumMosutald, MeTaul KOHCTPYKIMSUIApUHU y30K MYJaT JAaBOMHIA camapainu
UIUIAIIUTa XU3MaT KUIau.

TagKHKOT HATHKAJAPHHUHT JKOPHii KIJIMHAIIN. Y CHMIIHK SKCTPaKTH XaM/a
CUHTETHK OWpHUKMallap acoCHaa KOppO3us MHTUOWUTOPIAPUHH OJIUAII TEXHOJOTHUSICH
Oyiinya OMHTaH UJIMUN-aMajIuil HaTHXKajJap acocuia:

CUHTE3 KWIMHTaH KOPpPO3US  WMHTHOUTOPUHHM  OJIUII  TEXHOJIOTHSACH
«V36exnedrrazy AXK «My6Gopak rasHu Kaiita mimam 3aBoam» MUK muar “2022-
2025 #wnapna  aMmanuérra SKOpuid ATHIN  OVilMua MCTHKOOIM —HIIaHMasiap
pyitxatu’ra kuputwiran («MyOopak razuu kairta unuiam 3aBogu» MUKuuur 2022
un 8 ampenmaru 107/GK-04-con mabmymotrHomacu). HaTmkamga, WYKH CyBIH
alilaHMa Ba COBYTHII CHUCTEMaJlapuja o3ara KeayBUM KOPpPO3USJaH IIyiiatr
MaTepHaJJIApUHA XUMOSUIalll UMKOHUHU Oepras;



METaUI KOHCTPYKUUSUIAPHU KOPPO3USAJAH XUMOS KUJIWIIAA HIUIATUIAAUTaH
AW KOPPO3Usl HWHTUOWTOPJIIApDUHU  ONIMII  TexHojorusick «HaBowit KoH-
MeTtautyprus komounatn»y AXKuaunr “2022-2025 fiunnapaa amanuérra )KOpuid STUII
Oyiinya WCTUKOOUIM WIUIaHManap pyhxatw'ra kuputuinran («HaBouit koH-
meTamutyprus koMmOuHatuy AXKuunr 2022 iwmn 11 wmaiimarn 23.01.01-07/343-con
MabliyMOTHOMacu). Hartmxkana, KuciaoTanu IOBHIIAAH XOCHJ OVIIyBUM arpeccuB
KUCIOTAIN-TY3IM  YMKUHAM  CYBJIApHU  YTKa3yBYM Ba  CaKJOBYM  IIyJjar
KOHCTPYKIUSUTAPHU KOPPO3USIIaH XUMOsSUIAIl UMKOHUHU Oepra.

TaakuKOT HATHKATAPDUHUHI anpodaunmsicu. Jluccepranys UIIMHUHT aCOCUI
HaTWOKaJIapu 9 Ta wiMMii-aManui, 11y KymuiajgaH 3 Ta Xalnkapo Ba 6 Ta pecryOivka
MUKECHIaTU aH)KyMaHjap/ia Mabpy3ajiap KWIMHTaH Ba MyXOKamMaJaH YTKa3uiIraH.

TaaKuKOT HATHAKAJTAPUHUHT IbJOH KHJIMHIAHJIUIH. [uccepTanus MaB3ycu
6Yitnua xamu 17 Ta WIMHIT HII 9O STHITAH, IyJIapAaH, Y36ekucton PecryGmmkacy
Onuii arrecranusi KOMUCCHSICMHUHT JIOKTOPJIMK AUCCEPTAUMSIIApU ACOCHA WIMUUN
HaTWO)KAJIADUHU YON JTHUII TaBCUs OSTWIraH WIMHUN Hampiapaa 8 Ta MakoJa,
XKymiazad 4 tTacu pecyOiuka Ba 4 Tacu XOpHKUH >KypHaJIapAa Halp STUITaH.

JluccepTauMsIHMHT TY3WJIHMINUA Ba Xa:kMH. Jluccepramusi TapkuOW KUPHII,
TypTTa 000, Xynoca, poigananmiran anabuériap pynxaru Ba wioBajapiaH ubopar.
HucceprauustHUHT XakMH 108 OETHU TaIIKWI KUJIaH.

TIMCCEPTALIMSIHUHT ACOCHUI1 MABMYHHU

Kupum kucmuga yTkaswiraH TaAKUKOTIAPHUHT I0J3apOJMrU Ba 3apyparu
acocllaHTaH, TaJAKUKOTHUHI MakcaJiu Ba Bazudaiapu, OOBEKTH Ba MpPEAMETH
TaBcu(IaHTaH, pecrnyoiuka (GaH Ba TEXHOJOTHSUIAPU PHUBOKIAHUIITUHUHT YCTYBOD
WYHAIAIUIAPUTa MOCJIUTY KYpCATWITaH, TAAKUKOTHUHT WIMHWMU SHTWJIATHA Ba aMalui
HaTWKalapu OaCH KWIMHTAH, OJIMHTaH HATIKAJAPHUHT WIIOHWIWJINTH, WIMHHA Ba
amMalui axaMuATd O4yuO OepwiiraH, TaAKUKOT HATWXKAJIApUHU aMaiauérra >KOpHi
KWIWII, HAIp JITWITaH HMIUIap Ba AUCCEpTalvs TY3WIUIIN OVinda MablyMOTIap
KEJITHPUJITaH.

JucceprauustHUHT “Typan arpeccus MyXHTJIapJaa KOppo3us
HHTHOMTOPJAPMHM KY/UIall COXACHAATH TAAKUKOTIAPHMHI PHBOKJIAHUII
ucTukoo/1apn” 1e6 HOMJaHraH OupuHYM 000HMma MaB3y Oyinmua onmmubO OopuiraH
TAQJIKUKOT HaTWXalapu, XOPWXKUU Ba Maxaud amabuérnap Ttaxjauwiau Oatadcu
épuTwirad. MabiyMOTIap yMyMIIAIITUPWITaH Ba WIMHK-TaxXJIWIMKM  XyJiocanap
YUKapWIraH XaMJa WIMHHA agabuétnapaard MablyMOTIapAaH KeiauOd YMKKaH XOJjaa
JUCCEpTAlMsl WIIMHUHT Makcaau, Basudanmapu, A0A3apOUrd Ba MYyXHMIIUTH
Oenrunab Oepuiras.

JuccepraumstHuHr  “SmMa Ba CHHTETHK KOPPO3MSl HHIHOMTOPJIApUHU
CHHTEe3 KWJIHII TAaAKHKOTH” 1e0 HOMJIAHTaH WKKMHYH O000MIa TagKUKOT
OOBEKTNIapu, CHUHTE3 KWIMHIaH OUpUKMaJapHUHT (PU3UK-KUMEBHUI XOCcallapHU
yprauumm, UK-cnektpockonus ycynnapuaan (oigaliaHrad Xoj1a CUHTe3 KUJIHMHTaH
OMpUKMAaNApHUHT TY3WIMIIMHU aHUKJalra EHAalyBu TacBupiaHrad. Kopposus
MHTUOUTOPJIADUHUHT MHTUOUpIIAll caMapaJopiiurd Ba MEXaHU3MUHU aHMKJIAIlIa
AIIEKTPOKUMEBUH, TPaBUMETPUK, aJCOPOIMOH XaMJa TEPMOAMHAMUK TaJKUKOT
yCyJUTapy KEJIITUPUJIITaH.



Salsola oppositifolia ycumaux sxcmpakmunu swun Kopposus uHeUOUMopu
cupamuoa Kyninaw. Malijananrad Xonaraard YCUMIMK HaMyHacu OWp Heda TypJaru
sKcTpapeareHT/Iap (CyB, O€H30J, METaHOJ, MPOMaHod-1) OWilaH SKCTPAKIHS
KWIMHTaHWAa OyJap WYWAAaH DHT caMapaJopiiurd FOKOpH OyiaraHw mpomaHoi-1 Ba
METaHOJI KaHIUTU aHuKIaHau. ONIMHran HamyHa nponanoisi-1 na 3-5 coar naBomuga
apanamTapu6 Typrim, GyHna xapoapar 95 °C maH omMaraH XoIatia oau6 GOPHIILL.
MetaHon macT xapopaTaa yHYMH IOKOpW Oynummura kKapamaciaaH, aTpod MyXuTra
3aXapAWINTH FOKOPH XapopaTda JSKCTpakmusiall HWMKOHUHHM OepMaciurd Kalu
KaMUYMJUTHKJIapU Ty(aidau yHIaH acoCHil dKcTpapeareHT cudaruaa ¢oiaanaHuiMaan
(1-pacm).
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1-pacm. DKcTpakUusiJIaNI JapaKaCHHUHT XapopaT Ba JKCTpapeareHT Typura
OOFJIMKJINTH.

1-pacmman kypunuO TypuOIuKH, OMp KaHYa SKCTpapeareHTIap WIUAa SHT XN

HaTWKaHu mnpomanon-1 Gepau. Ilpomanon-1, meranonra HucOataH YHyMH OupO3

MACTUPOK Ba IOKOPH XapopaTia IKCTpaKius OJu0 OOpHIMIIUTa KapamacaaH acoCH

9KCTpapeareHT cudaruaa onuHIu, OYHUHT acocuii cababmapuaan oupu Oy 3axapcus

Ba 82-83 °C xapoparna ONMHraH OSKCTPAKTHHHI HMHTHOMPJIAII CaMapajopIHrd

METaHOJIJIJa OJIMHTAH SKCTPAKTHUHI WHTHOUpIANl caMapaJopiiurura Kaparasia
FOKOPUJTUTUTUD.

1-:kanBan

Salsola oppositifolia 3xcTpaTk yHyMAOpPJIUTY Ba HHTHOWPJIALIT
caMapaJopJUTrHHU MaBCYMra OOFJIHKINTH

O¥HuHT OiHUHT

OupuHYH Wurubupnarn UKKWHYU WNurnbupnam
O HoMu apMuAaru camapajopauru 1 r/n apMuaaru camapajopnuru |

AKCTPAKT YHYMH KOHLIEHTpalus1a 9KCTPAKT YHYMH | I'/J KOHIIEHTpalusia
% %

Arnpenb 2,5-3,1 65-67% 2,6-3,2 66-69%
Maii 2,9-3,3 67-69% 3,1-3,5 69-71%
HUroHb 3,7-3,8 71-73% 3,8-3,9 74-76%
Uronb 3,2-3,3 72-715% 3,7-3,9 76-78%
Agrycr 4,2-4.7 83-87% 4,8-51 93-94%
CeHTs6ph 5,3-5,6 94-96% 5,1-5,2 91-92%
OKTs6pB 4,9-4.7 88-85% 4,1-3, 86-82%
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Salsola oppositifolia ycumaurumgan >KCTpaKTHH OJMIN YHYMIOPJIHUTH Hadakat
OKCTPAKIVSUIAITHAHT ~ [IAPOUWTIApUTa Ba OKCTPAPEAreHTHUHI Typura OOFIIMK
OynmOrnHa kKoaMai Oajnkd YCUMIIMK YcaauraH WKJIMM Ba MaBCyMra xam OOFJIHK
oynuo6, Oy OoFmuKIMK |-)KajgBanga KeNTUpWIraH. l-kaaBaingaH MabIyMKH,
OKCTPAKTHH OJUIIHUHT JHT MakKOynl BakT Oy aBrYCTHUHT WKKHHYM SIPMH Ba
CEeHTAOPHUHI OUPHHYU spMU OYyiIuO, allHM LIy BaKTIa OJMHIaH SKCTPAKTHUHT
YHYMJIOPJIUTH Ba UHTHOWpIIAIl caMapaJopiry XaM IKopHU OYiraH.

Salsola oppositifolia ycumark skcTpakTH TapKUOMHW YpraHWITaHIA, YHUHT
TapkuOuga Oup  Karop  GiaaBoHOMIAp, HW30paMHETUH-3-O-TJIIOKO3WA  Ba
u3zodaaBoHOUATApAaH HM30paMHETHH-3-O-pyTUHOKCHI; OpraHuK KHCJIOTalapAaH
METHIMAIMATAH KHCIOTACH, TAJIMUTUH KHCJIOTACH, JMHOJIUEH KUCJIOTAaHWHT 2-
TUAPOKCU-1-TuapoKcUMeTHST  3TUA  3QUPU  Ba  TETParuJpOU30XMHOJIMH  KaOu
aJIKaou1jap TOMUJITaH.

Monoemanonamun 6a maneun azuoupuo acocuoa |KMM-1 mapkanu xopposus
uneoumopunu  oauwi. MOHOETAHOJIAaMWUH Ba MaJleMH aHTUAPUI YpTacHIaru
PEaKIUSTHUHT MaXCYJJIOPJINTY Ba TY3WIHMIIKA XaM Xapopartra OofiuK Ba Oy >kapa€H
AK30TEPMHUK peakmus Oynmmb, peaknusi X0Ha XapopaThuaH MacTpoK xapoparnaa (8 Ba
10 °C) amamra ommpmumu. MOHOETAHOJAMHH Ba MAJCHH AHTHAPUIHUHT Y3apo

TAbCUPUHHUHI' pCAKIUA MECXaAHU3MUHU KYﬁHHaFan €3MI1I MYMKUH:
o

8-10 °C HC—C—NH——CH,——OH

OH R —
H20

CH,

CHy

| O + 2H,N
HC—C—NH——CH>

OH
° o

Peakuus HaTHKacuaa ONMHIaH MaxcyJoT Kyiunaru pu3nk-kuMEBUNA xoccanapra
Ara: OY-KWU3FUII PAaHIIIM, KYIOK-TIOJIUMEPCUMOH, CYBJAa XOHA XapopaTuja CEKHMHIIUK
OunaH, KU3UOUPATAHIA dCa OHPYBYAHIUTH Ba OHPUII TE3MUTH OpTHO Oopaaw,
IIYHUHTCK, alleTOH, TOJYOJI, STAaHOJ Ba METAHOJJa AXIIH 3puiau. Xocui OynraH
MaxCyJOT Macca »JKUXaTJaH acocuil TapkuOHUHT 92,35 9% wHU, KoJIraH
KymMuanap(peakiys HaTHXKacKuIa XOCHJ OYIraH CyB, peakilusl KUpPHUIIMail KOJTaH
OOIUTAaHFUY MOJJaJIap MOHOETAHIOAMHUH Ba MaJleWH aHTUIUPHUA) 5,65 % HU TamIKui
KHWIJIH.

1I-gpenunenouamun 6a xpomon anvoecuou acocuoa |KPK-1 mapxanu xopposus
UHeUOUMOPUHYU cunme3 Kuauwi. YOy peakUUsSHUHT SHT MYXUM MapameTpliapuaaH
6upn Oy xapopar 6ymu6, 6yHma xapopar 5 Ba 10 °C xapopar opammrmza omu6
oopmnanu. Jlactna® KpOTOH alpaeruad Oup Heuda JakuKa COBYTHWIMO Typuiaau
CYHIpa CEeKWH acTaJMK OwiiaH N-(eHUICHANAMIH apajallTUpUO TypraH XoJaTaa oauo
oopunanu.

By peakuussHUHT yMyMuil KUMEBUI peakivsl TEHIJIaMacu Kyiuaaruda 0ynaau:
CHg CHj

NH,

CH,

|
8-10°C oHa
+ 2 HyC—CH=CH——C?° | @ |
\ CH——CH—NH NH——CH——CH——
| |
NH» OH OH

Onub OopraH W3JIaHUIUIAPUMU3 IIYHU KYpCaTIUuKU, Oy peaklusia SHT MyKOOUI
Moyib HucOaT 1:2 OynmubG yHym OMp MyHYa IOKOPH Ba XOCHJ OVJiIraH MaxcyJoT
to3asiru 92,45 % rada Oymaam.
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Yansanman xypurn6 TypuGmuku, xapopar 0-10 °C opamurmma Ba macTiabku
MOJJIaJIJApHUHT MOJIb HUCOaTH 1:2 Oynrania SHr IOKOpU YHYMHHU TallIKWJI 3TraH Ba Oy
OofMKIIap 2 jKaaBajiaa KeJITUPUITaH.

2-KaaBaJ
IKPK-1 koppo3usi HHTMOMTOPUHU CHHTE3 YHYMHHHHT OONIJIAHFUY
MOJJIAJIAPHUHT MOJIb HUCOATH BAa XapopaTra 0OFJIMKJIUTH

Kporonansaerua+
n-(peHWICH TaMIH Xapopar °c Yuym % Xapopar °Cc Yaym %
HUCOATH

1:1 65.67 45.35
1:2 92.45 82.36
2:1 5+10 78.15 15<t 61.26
1:3 55.62 32.56
3:1 69.43 42.25

2 ’kaJBajfaH KYpUIl MYMKHHKH XapOpPaTHUHT OMIMO Oopuiu OuilaH peaxius
YHYyMH XaMm Kamaiin® OopraH, AMMO, peakiusga OdK30TePMUK pPEaKIus
Ky3aTWITaHJIUTu cabaliu, cucTeMaJiaH UCCUKJIMKHA COBYTYBUHM areHTiap Epaamuiaa
aXpatub onubd TypuiIrasaa peakiys MyBO3aHaTH YHT TOMOHTA CUIKUTaH.

JncceprannsiHuHT “Koppo3us HHTUOUTOPJIAPHHUHT NyJIaTHH
HHTHOMPJAINHUHT AaCOCHIl KOHYHHSITVIADUHHM VPraHMIl TaAKUKOTH 10
HOMJIAHTAaH y4yHYd O00uAa CHHTE3 KWIMHTAH KOPPO3Us HWHTHOUTOPIAPUHUHT
MHTHOUpIANl caMapaJop/ITMHU aHMKIamaa QoiaamaHuwiIral 3JIeKTPOKUMEBUIM Ba
IPABUMETPUK TAJAKUKOT HATHKAJIAPU KEJIITUPUJITAH.

NmHuHr acocnii Makcaad YCHUMJIMK JKCTPAKTH acOCHJa OJIMHTaH SIIui Ba
HKIIK-1 xamma IKMM-1 mapkanu Kkoppo3usi HHTHOUTOPIAPUHUHT TYyPIU KUCIOTATH
MyXUTAa Ba ailylanMma cyBiad Tuzumiiapuaa Ct20 mapkanu IyJIaTHU KOPPO3UsAdaH
XUMOSUILLIND.

3-saaBa

Typau xapopataapaa Ba 360 coatr naomuga 1M HCI yuyn sima, UKIIK-1 Ba

NKMM-1 xoppo3us uHruéupJiam ko3¢ duuuentu (y), yMmymuii cuprt Komjaamu (0),
XHMOS AapaKacu (Z) kuiMart/jiapu

Murutntop T, (K) C,(wmr /) K,e/(czuz-coam) Y Z, (%) (0)
HOMU
- 1,75 - - -
P 200 0,398 6,07 73,56 0,7356
S — 333 400 0,292 7,16 80,92 0,8092
600 0,179 11,78 91,15 0,9115
1000 0,124 13,11 94,82 0,9482
- 1,75 - - -
100 0,5612 7,25 79,24 0,7924
HKIIK-1 333 200 0,3562 11,56 73,92 0,7392
300 0,2502 14,81 94,15 0,9415
400 0,2234 14,96 94,22 0,9422
- 1,75 - - -
100 0,5612 7,25 81,12 0,8112
NKMM-1 333 200 0,3562 11,56 86,24 0,8624
300 0,2502 14,81 91,01 0,9101
400 0,2234 14,96 93,56 0,9356
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ArpeccuB Ba KOPpPO3MOH MYXMT cudarujga cyB aijgaHma TU3UMIapua(UIIYd
CYBHUHT TapkuOW Ba Xoccallapyu KyHuaaruya: yMyMUHd KATTHKJIUTU 6,3 MI-3KB/I,
yMymui umkopuinuru 2,08 Mr-sks/i, 6,3 Mr-sKkB/J, yMyMui UIIKOpUAIUK 2,08 Mr-
9KB/11, Ca2+-4,2 MT-DKB/JI, MgZ+- mr-3kB/11, HCO'3-2,00 Mr-3kxB/11, C032*0,O8 MTI-DKB/JI,
pH=8-9(6y Ttapku6 “IlIypran” ra3 MaXKMyaCHHUHT COBYTHII THU3UMHJATH CYyB
tapkuOura skuH) Ba 1 M HCl myxuT Tanna0 onuHTaH.

Ammn, UKTIK-1 Ba UKMM-1 kxoppo3ust ”HTUOUTOPIAPUHH CYB OHMJIaH COBYTHIII
TU3UMUJIA MYJTATHU KOPPO3USIIaH XUMOSI KWIIHII YIYH (oilalaHMIraH Ba HaTHOKaap
Kyhuaaru 3-xajaBania KeJITHPUITaH.

3-xamBanma 60 °C xapoparna 1 M HCl myxutuga yd Typaard KOppO3HsI
UHTHOUTOpJIApU TYJATHU WHTHOUpIANl CaMapaJOpIUTUHUHT TPABUMETPUK YCYIIH
HaTWOKaJIapu KeNTupwirad. byHna smmn Koppo3usi MHTHOUTOPH camapaaopiiuru
94,82 %, UKIIK-1 94,22 %, IKMM-1 sca 93,56 % Hu Tamkua STIH.

Inexmpokumésuii. maokukom Hamudxcaiapu. IIEKTOPKUMEBHM TacCTaIOKH
KUpUII auana3oHu 2,5 B, makcuMan noteHuuan pyxcatu 3ca 760 MB Ba moteHiuan
anukyury 300 uB 6ynran MOBKUH MOIYJUHM Y3 MUWTa OJIraH anmapar OuiiaH amanira
ommmpwian. bapua ommuran masiaymoriap “OPUI'MH JIAB” pactypu €paammuna
TaxpUpJIaHId Ba yMyMIAIITHPUIIIH.

— G

log imA/sut)

200 m g1

E(V/Ag/AgCl) 200 me/l
— 500 g N 5

1000 mg/Sl

2-pacMm. Slmma Koppo3usi MHTMOMTOPUHUHT TYpPJHM KOHUeHTpauusiaapaa 1 M
HCl 298+1 K nma 2 coar paBommaa Kaia >tuirad Ct20 Mapkaim myjar y4yH
KYTOJIAaHII 3TPU YM3HKJIAPH.
DNEeKTPOKUMEBUIM TAAKUKOT HATWXKACHUJA OJIMHTAaH HaTwkaigap 4-xajasaiaa
KENTUPHUIITAH.
4-kanBajt
298+1 K xapoparna 1 M HCI| spurmacMaaru KyToJaaHuil 3rpu YH3UKJIaApU
YCYJIN/Aa OJTHHTAH AU KOPPO3Msl HHTHOMTOPHHMHI CAMAaPaI0pPJIUIH

Wurudurop C, (mr/m) i (MA/cm) Y 0 n, (%)
CyB - 0,98+0,11 — — —
200 0,21+0,08 4,66 78,29 0,7829
S 400 0,15+0,05 6,53 84,46 0,8446
UHTHOUTOP 600 0,11+0,03 8,91 88,51 0,8851
1000 0,067+0.001 14,63 92,47 0, 9247
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3-kanBanja SN KOPPO3Wsl MHTHOMTOPH MaBXKyJ Ba MaBXKyJ OyiamaraH
SPUTMAHUHT KOPpO3MOoH TOK KuimaTtu 0,98+0,11 I/I,(MA/CMZ)HaH 0,067+0.001
i,(MA/cM?) Taua kamaiiran. SmT KOppO3Ws HMHTHOMTOPH TpajepHHUil CyBIar
camMapaZopJIMTHHUA JJIEKTPOKUMEBU yCyl €pAamuna oiauHraH Hatwxiap 92,47 %
camMapaJOpJIMKHU HAMOEH ITIU.

Tepmoounamux ea kunemux maoxkukomaap. Salsola oppositifolia ycummmk
OKCTpaKTU acocuna oiuHraH skctpaktuHuHr 200, 400, 600 Ba 1000 mr/a, xamaa
HKIIK-1 Ba UKMM-1 mapkanu kopposust uaruouropiapuauar 100, 200, 300 Ba 400
MI/1  KOHIIEHTpalusulapiard  MHrOupiiall — MEXaHHW3UMUHM  MHTHOTOpJIM  Ba
UHTUOUTOpCHU3 3puTManapaaru aktupinanHum sHepruscu (Ea), suranmuscu (AH)
sHTponusicu (AS) kabu Typsiu mapameTpiiap LIyHUHTAEK, AppeHuyc rpaduru Omnan
M30XJIaIIa KeHT KYJUTaHUIIa i,

AKTHUBJIaHUILI 3HPTUSICH Ba SHTANNMS KUIMMATIAPUHU TYPJId KOHUEHTPALMSIIN
WHTHOUTOPJIM Ba WMHTHOMTOPCU3 SpUTMANIapAa KUUMATIAPUHUHT YTUII XOJATHHU
xucoOnam opkaiu onuHran. by umsmanap kusumknapau(kusiiuk =AHa /2,303R) Ba
kecummanapau (kecumuin=[logRNh+(ASa 2,303R]) Gepamu, 06y sca AHa Huur
KMIUMaTUHU UHTUOMTOP Ba MHIMOUTOPCHU3 IpUTMalapaa oepaiu.

AKTHUBIIQHUIII DHEPTUACUHUHT IOKOpH OYynmuimmu (u3uK ancopOuMsHu, arap
y3rapmaca €ku KaMpok Oyiagurad O6yiaca KUMEBHMA aacopOIus OyIra iu.

AppeHuyc TeHrnamacu €paaMujia KOppo3usi MHTMOWTOPJIApUHUHI TpajepHUN
cyuna Ba 1 M HCl myxutna mynar CUpPTUHUHT MHTUOMTOPCH3 Ba WHTUOUTOPIIU
MyXHUTIapJard aKTUBJIAHUII SHEPTUSIIAPH, DHTAIMUS Ba DHTPOMUS KaOM KUHETHUK
rapaMeTpiapy ypraHuiiy.

bynna uaruburopcus Ba uHruOutopnu myxuriappaaru IgW ning 1000/T ra
OormukuruaaH Ea kuiiMaTiapu TOTTHIIIH.
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S a
3 @
s o
3 .
- E
- b
$305 31 315 33 338 33 338 34 348 &
-1 o 2003 4
g 10000T, (K . oo s | _
= . a8 ['paepmei '?
e b cyeH =
¥ +200 il e
< ® ®- °
. 2 N i 'f‘ # Fpanepeatiip: = 0 9902 y = -0,011x + 0,097
- = CymEt =
¢ L 600553 o 300 Mrfn RE=0.9857 y = -0.0008x = 0,002
” 0,0001
AT o 1000 MT/T 100 T/ R = 0947 ¥ =-0.0005x = 0,0024
600 vr/ RE= 09686 ¥ =-0.0006x + 0,0023
® 1000 01 /7R = 09917 vy = -0,0002x + 0,0011
a 0

3-pacM. Amunja Koppo3usi MHHTMOMTOPH KUPUTHJITAH CHCTEMAHUHT (a) AppeHunyc
Ba (0) opaJyiuK X0J1aT 3rPUJIAPH.

S5-kanBanaa KeATHUpWIraH HaTWxkanapra kypa, Ea HUHT KuiimMaTi HHTHOUTOPCHU3
spurmanapia 41,96 (KOK/Moms™') HM  TAIIKMI  3TraH, 3pUTMara MHIHOHTOP
KUpUTWINIIKA Owinan Oy Kuilmatr ommO Oopran Ba koHueHtpamuss 1000 mr/m ra
erranma 88,19 (xK/momp™') Hu Tamkmn orran. Ilymummrgex, ASa  KuitMaTH
MHrEOMTOpCH3 SpuT™Maga MycOar kuiimatau 101,25 kK/momp™ KuiimatHu Kabyr
KWIraH aMMO 3puUTMara MHrMOMTOp KYymIWiauinu OwiaH Oy kuitmat Manduii -75,21

(K/Momp™) raya Tymran, 6y KMHMATHHHI KAHYAIMK KHYUK OVJIMIIM KOPPO3HS
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MHTHOUTOPUHUHT KOHIIEHTpauuscura OOrIuK 0ynuo, cuctemaza JUCCOLMSIIAHUIIAAH
Kypa acCOIMSUIAHMII OKOPWIMTKM Ba Oy WIYHJAH JajojiaT OepajuKu, WHTHOUTOP
Ounan MeTaiu1 ypracuaa 0apkapop KOMIUIEKC XOCHI OYIuIuHu anrnataad. OJuHran
HaTWXKaJlap KyHuaaru S-xajaBainia KeITHPUITaH.
S-maaBall
Narnéouropcus Ba i MHTMOMTOP MINTHPOKKMIA rpaaepHuii cysaaru nyaar Cr20
YUYYH aKTHBJIAHUII NapaMeTPJIapUHUHT KHiiMaT/Iapu

Hpruburop Ea(0K/Mons ™) AHe (K}lK/MOHB AS (KK /mons K™ E,—AH,
KOHLIEHTPALUSAICHU )
0.0 41,9, 38,4 101,25 2,94
200 54,24 51,43 -18,36 2,71
400 63,42 60,93 -23,12 2,64
600 75,21 72,62 -52,36 2,59
1000 88,19 85,72 -75,21 2,47

AKTHUBJIQHHII SHEPTUSACHA OWIIaH PHTAIMNUA ypTacuaard yprada sHeprusi dapku
MHTMOUTOpPCU3 Ba TYpJAM KOHUEHTPALMSIard HWHIUOUTOPIM HaMyHalap Y4YyH
TaXxMHHaH ypraya KuiiMatu 2,67 kXK Hu Tamkun stau, 0y Ct20 myJgaTUHUHT 3pUII
BaKTH/1a MHTUOMPIAHUIIIM Ba aicOpOLUs KapaéHu OOPUILIMHU TAaCAUKIANIH.

Adcopoyus usomepmacu. Slmwmn kopposus MHrHOMTOpUHUHT Jlanrmyup (4a-
pacm), TemkuH(40-pacm), Ba pymkuH (4C-pacM) H30TEpMATAPH XaM YH3HJITaH.

1 (b)
450 4 (a) ]
] ] - R*=10.986
w00 0,05 ] W303K : N
150 ] 5 1.0015x +37,625 W303K: { @313 R*=09809 e
5 ’ R?=0,9966 0.9 E !\
300 0 y=099595 4351 e33K = 1 4323k R7=0.5817 A
R*=0,9984 0.85 1
= 250 ) ) 7 ] #3333k RP=09889 0 o
5 v =0,9983x + 32,798 A323K ] e l
2 5 J '
200 ] R2=10,9985 0.8 .
0] y=09871x + 34,487 *#33K 1 i
1 W R*=0,9977 oz ] '
100 ' ) 0:.'l5 T T T T T T TTTT T T T L]
10 100 1000
50 F 1 Ig Cip, (mg])
50 150 250 350 450 C, mgl
80 ] (e T, K
1 ®303K R2=09623 19 e
1 313K R2=0971 100 310 320 330 340
1 4323KR*=09741 NERR S @
# 333K R*=0.9807 = 2y e
| 2 x v =-0.0892x + 14.89
— = ] "o R2=09979
= 89 =< 23]
=4 £ ]
= &5
= 3 25 ] s
26 - ¢ ]
s B T m 713
Ig Cing (mg/l) 28 3

4-pacm. (a) Jlanrmymup, (0) Temkun Ba (C) @®pyMKuH H3oTepmMacu Ba (1) AG%ads
HHMHT XapopaTra 0OFJIMKJIUTU
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Onuuran  Hatwkamapra kypa  @pymkuH, Temxun Ba  Jlanrmywup
M30TEPMAIIAPUHUHT KUHUMMATiIapu COJNUIITUpWIragaa Jlanrmyup u30Te€pMacUHUHT
kuiiMatu 0,99 nan rokopu Oyiran Ba Oy 3ca Ousra TepMOJMHAMUK IapaMeTpiiapHU
XHUCcOo0Iall y4yH 3KCIIepUMEHTANl MabJIyMOT/Iapra MOC KEJIUIIUHH KypcaTau.

Ammn xoppo3ust uHrubutopiapu yuyH Jlearmiop, @pymMkuH Ba uzorepmaiapu
xaMm ypranwiad. Typau xapoparga Kopensuus Kod(pGUIUMeHTUHUHT TeMKuH
uzorepmacu kuvimatiapu (0,986; 0,9809; 0,9817; 0,9889;) Ba ®pymkun (0,9623;
0,971; 0,9741; 0,9807;)omuamu. 3a Ba 30 pacMiapiaH KYpUIIUMU3 MYMKHHKH,
OpymKuH Ba Temkxun azcopOus U30TepMaTapUHUHT KOpeJsius
KO3 UIMEHTIApUHUHT KuiiMatinapu | ra sSiKMH 3MaciurujgaH ajacopOuus >kapaéHu
yly u3oTepmanapOyitnya OOpMacIuruHu KypcatTiu.

Ymby wu3orepmanap acocuja OJIMHTAH SIIWI KOPPO3UST WHTHOUTOPUHHUHT
TEPMOJMHAMUK MapameTpiapu 6 xa/Bajia KeITHPUITraH

6-2kaaBa
Smn1 Koppo3ust MHHTHOMTOPHMHUHT TEPMOJIMHAMHUK MapaMeTpiapu
Xapopar Kase AG e KXK/MOJTB AH e, (KK/Mo071B) ASue, (:?)K/MOHB
303 357,2 -23,11
313 433,1 -25,32
323 490,7 22641 -15,39 -127,4
333 580,6 -28,21

[llynna Kapc HUHr KuiiMatinapu Jlanrmydp wu3oTrepManapuiard KECHUIIYBH
acocuaa xuco0mab yukwirad. Kayc KuiMatiapuaan Keaud YUKaauKy, ST KOPPO3Hs
WHTHOUTOPUHUHT METaT I03acuaa ajacopOruscu O0apya AecopOUUsCHIaH yCTYHPOK
DKAHJINTUHY KypcaTaau. 6-)kaaBaijard MablIyMOTIapJaH Xyjoca KWinO aiTtaguran
oyncax, AGOa,IC kuiimatiapu 303—333 K opanuruaa ojguHran Oynu0, HaTHKajiap
manpwmit -23,11 kXK/mone man -28,21 k)K/Monp raya Oynran xKuiMatiapHu Oepra,
HIyHAal KU SInia KOppOo3Hus MHTMOMTOpU MeTalll ro3acuaard aacopouusicu ys-
Yy3uman conup OVIHMIIMHN TacaUKTaiIH.

Ckanepnosuu 51eKmMpoH MUKPOCKON 64 amoM KyY MUKPOCKORU €Epoamuod
RYIAMHUHS CUPM 1030 MOPPON0SUACUHYU MAOKUK KUTULU,

C120 Mapkanu mynaT HaMyHAaCHHHHT CUPT 032 MOPQOJOTUSICUHH CKaHepJall
Japakacu IOKOPH aHUKJIWKIArd aTtoM Kyd MHUKpockom(AKM) Ba ckaHepiioBYu

(v

anekTpoH Mukpockorn (CEM) €paamuia YpraHuiIm.

N e

Sa-pacm. Ilyaar S5-pacm. UHrnéuTopn SC-pacM. HHXUOUTOpPCH3
CHPTHHHUHT JAcTIAA0KH IPUTMAJATH MYyJIaT IPUTMAAATH MYJIaT
XOJIATH. CHPTHHHHT X0JIaTH. CHPTHHMHT XO0JIATH.

Wurubutopnu Ba MHUOUTOPCU3 SpUTMANIApAAry MyJlaT HAMyHACUHHUHT CUPT 1032
MOp@oJoruscu cKaHepioBUH 3JeKTpoH MuKpockon (CEM) opkanu ypranuirasia
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uHruouropm(5b-pacM) MyXxHTIa OJIMHTAH IYJIAaT CHPT F03acH, JACTIUTA0KW ITyjiatr
HaMmyHacu(5a-pacMm) kabu SKaHINTH, aMMO, HHTHOUTOPCHU3 dpuTMaapaa(C-pacm) aca
KOppOo3usl J)kapa€H I0KOPH Japaxaaa OOpraHIMTHHU KYPUIIUMHA3 MyMKHH

(AKM)HuHT  ckaHepiaml — Japakacd HaHO-MHKpPO  Japaxkacuaa  OYiuo,
UHTUOUTOPJIADHUHT TAbCUPUHH Ba METAUI/APUTMA dYerapacuiaard KOPPO3USHUHT
XOCHJI OYJTUIIN Ba OJITUHU OJIUIITA TAbCUPUHU YPTraHUII YUYH FOKOPH aHUKIUKIATH
3aMOaBHI KypuiaMa XUCOOIaHa Iu.

q5fke3

BT

®EAZEB

6-pacm. C120 Mapkau nyjJaT HAMyHACHHMHI uMHruouropcus 1 M xJjopuna
KHCJI0TAa JPUTMACHAATH CHPT MOP(QOJOrUSICHHUHT AaTOM KY4 MHMKPOCKONH
épaamMmuia OJIMHIH MUKPOCYPATH.

7-pacm. 1 M smm HCI 3putmMaga smmnja KOppo3usi KOPPo3usi MHTUOUTOP OMJIaH
WHIHOWPJIAHTAH NMYJIAT CHPTHHUHI TY3WJIHIIH aTOM KY4Y MHKPOCKONHMIA OJIMHTaH
31 muxkporparudmu.

Yuby 6 Ba 7 pacmmapma Ct20 mapkanu mynaTt to3a 4.5x4.5 um yodamaa
Ypranmiaud TaxJWia KWIMHIAH, OJMHIAH HaTWXalapJaH KYpUIIUMU3 MYMKHHKH,
UHTUOUTOPCHU3 JPUTMAAArd KaBapuK UYKKUJIapuHUHT Yiadamu 350 HM  OYnulb
UHTUOMpiaHraH HamyHaga »oca 100 HM, wuHruOuWpiaHMaraH HaMyHaJaru
OoTukKJIapHUHT ymyamu 3ca 140 M Oynub, MHrMOUpIaHraH HaMyHaAa 55 HM TallKuiI
STTaHJIUTUHU KYPUIIMMU3 MYMKUH. ByHJaH Kenu0 4YWKaJWKu, WHTUOMpJIaHMara
HAMyHaJa YYKKWIAPHUHT  IOKOpU  OYJIWIIM  KOppO3Wsi  IOKOpH  Japaxkaia
OOpTaHJIUTHHYM, WHTUOMPJIAHTaH J3pUTMaiapja YYKKUJIAPUHUHT YoIdamiapyd KUYUK
OV KOPPO3US CEKUHJIAIITaHWHU Ky pcaTaiu.

Huccepranmst  ummHUHT  “Koppo3usi  MHruOMTOp/Iapm  CHHTe3HMHUHT
UKTHCOAUI caMapajop/urd Ba TEXHOJIOTHMK cxeMacu’ 1e0 HOMJIAHTaH TYPTHHYH
000uaa KOppo3usi UHTMOUTOPJIAPUHY UIILIA0 YHKAPUIL TEXHOJIOTUsIapy EPUTHIITAH.

TaaKuKOTIapUMHU3 HATIKACKUIA OJUHTAH KOPPO3HS HHTUOUTOPIAPUHUHUHT
TaHHApXW UMIIOPT KWJIMHAETraH OMpruHa KYNTHMHA CaHOAT KOpXOHAalapuaa aiHu
BakTAa  doiganaHWiIaéTraH  XOpWXKHH  YHUBepcal ~ MapKald  KOppo3us

17



MHTUOUTOPUHHUHT HapXy OWJIaH COJUINTUPWITAHJA MUKTUCOIUN KUXATIAH camapaiiu
SKAHJIMTMHU Kyiuaard 8 Ba 9 xaasamapaa KeITUPHUIITaH.
7-KaaBa
Koppo3usi MTHrTHONTOPJIAPUHM HILJIA0 YHKAPUIIHUHT TEXHUK-HUKTHCOINI
KypcaTKHu4wiapu

Amun uarudurop | IKMM-1, cym IKgyﬁl’
Xowmaménap 5650 00 29 100 250 23 242 750
Vi xaku 900 000 300 000 300 000
Srona mwxrtumounit TYnoB15% 100 000 45 000 45000
Kymumua xapaxatiap 600 000 100 000 100 000
Ky3na Tyrunmaran 300 000 90 000 100 000
Xapaxkariap
PenTtabemuk, 5% 300 000 1700 000 1209 637
KKC, 15% 1507 000 3571 200 3553912,5
Kamu 9 257 000 33331 450 28 956299,5
1 xr Maxcyg;; TaHHApXH, 9 257,000 33 331,450 28 956,99

TagkuKOTIApUMU3 HATIKACHAA OJMHTaH KOPPO3US WHTHOWUTOPJIAPUHUHHHT
TaHHApXH WMIIOPT KUIWMHAETraH OMpruHa KYNTMHA CaHOAT KOpXOHAaJapuja alHH
BakTAa  ¢oiganaHmnaéTraH  XOPWKHH  YHUBepcal  MapKald  KOpPpO3us
WHTUOMTOPUHUHT HapXu OWJIaH COJIMINTHPUIITAHAA MKTUCOAWHN >KUXATHaH caMapalid
SKAHJIUTUHU KYPUIIUMHU3 MYMKHH.

8-manBaj
Xopuxuii YHUBeEpPcaJI MapKaJIU KOPPO3Usi HHTMOMTOPH HAPXHMHHUHI CTPYKTYpacH
o bup .
Ne Homnanumm Y rion Muknopu OUPIUTUHUHT N YMYMHHV
Oupnuru . fiuruHan, cym
HApXH,CYM

1 YHuBepcain KT 1000 38447 38447000
Kamu 38447000

TaBcust atmnaérran kopposuss uaruOutopnapu (smwi, IKMM-1 Ba IKPK-1)
UMIIOPT KWIMHAETraH YHUBEpPCad KOPPO3Us MHTMOWUTOpU OWIIaH aaMaIlTHPWIIUIINA
HaTwxkacuaa Xap oup ToHHa maxcynoT yuyH 29 190 000 (simrwn), 5 115 550 (IKMM-
1) Ba 9 490 100 (IKPK-1) MaH cyM (poiina oauin MyMKHH.

Ammn Koppo3usi UHTHOUTOPUHY OJIUII TEXHOJOTHUACU-0yH/Ia Xed KaHIal IOKOpH
xapopart Ba 60cuM Tanad KWIMHMACIINTH, KYJUTaHWIaIUTaH dKcTpapeareHT(IponaHo-
l)un >xapa€H(Oup MapTanuK To3ajalljlaH CYHr)ra KaiTtapumr MyMmkuH. [yHu
TabKUJJIAII )KOU3KH, OYH/a Xe4 KaHaai atpodra 3apapiau OYiaraH YnKHHIAUIAP XOCHI
OYIMaCIHTY SHT aXaMUSTIN TOMOHJIapUIaH OUpUAMD.

Kopposusi  uneubumopnapunu cunme3s Kuiuwl NPpUHYUNUAT MEXHOTIOSUACU.
Salsola oppositifolia ycumnurugan —smun — KOppo3us HMHTHOUTOPHHU — UIILIA0
YUKAPUIITHUHT TPUHCUITHA TEXHOJIOTUK CXEMacH /-pacMjia KeITUPUIITaH.
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1-no3atop (ITpomano:n-1 i); 2-amekTp nBuraren, 3,5-peaktop; 4-puirp; 6— KOHICHCATIaHTaH
WKKWAJIaM4H Tiporianoi-1 i1; 7- Hacoc; 8-Tail€ép MaxcyJioT;
8-pacm. SmnJa KOppo3usi HHTHOMTOPUHHU HIILJIA0 YMKAPHUII CXEeMACH.

1-no3aTopaa Mabiaym Xaxkmjaa MpormaHoi-1 Oynu0, kapéHra CEeKWH acTaJHK
OWIaH KUPHTHING Typuiamd. 3-peaxtopia xapopar 80-85 °C raua 6yim6 Gy epaa
AKCTpaKIMsIail >xkapa¢Hu keraau. Kapa€HMHI JaBOM STHUIN BakTh 8-12 coarraua
Oynub, skapaéH JAOMMHUN paBHIIIA 2-3JEKTp JBUTATEN EpaaMuia apajilTHpPUO
typwiaad. JKapaéH TyrajylaHraHjaH KeWWH, PEaKTOPHUHI Xapopatu 25 °c
xapoparradya coByTwiagu. OnuHran Oupnamum  maxcynor  4-duntuparia
bunTupraHaau Ba S-peakTopra WyHAITHPWIAIU. D-peakTopia Xapopar 3-peakTopra
Kaparanja 0upo3 rKopupok 0ynuo, 95-100 OC raua KU3IUpUIaIN.

1,2-xomawié. 3-xumésuii peaxyus bopaduean peakmop. 4-konmpeccep, S-bapabaniu ney
munuoazu Kypumeauy. 6-xocun Oyiean YuKapul Hatu. 7-mMaxcyiomHu Ka0OKKa matlépiaul.
9-pacm. IKPK-1 Ba IKMM-1 mapkaJjin KOppo3usi HHTMOMTOPJIAPUMHU HIILIA0
YHKAPUIIL
Bynma npomanon-1 (91 °C) xaiina6 omuuu6 sxkapadnra KaiTa KHPUTHII YIyH 6-
WKKAJIaM4d TpornaHoi-1, OyriaHu® KalTa KOHICHCATIAHWO CYIOKJIMKKA aijlaHraH
nponaHoi-1, 7-Hacoc KOHAEHcaTIaHraH MpomnaHoi-1 Hu xkapaéHra KalTapuil y4dyH,
8-taiiép O6ynran MaxcyJoT, KaJOKJall yIyH.
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IKPK-1 Ba IKMM-1 xoppo3us HHTHOUTOpIAPUHU UIILIA0 YMKAPHIL TEXHOJIOTHK
cxemacu 10-pacmaa kenTupuiaran OYauO, TEXHOJIOTUK THU3UMHHUHT OJIAWIATH
MaxCyJIOT TAHHAPXWHHUHT TTaCaluIIKra o0 Kelau.

1-na3aTopaa xoMaié KpOTOH albJeTHId EKM MOHOETAaHOJIaMUH OY1u0, yHIaH 3-
peaKIusIHn 0110 OOpHIT YUyH peakTopra KyHuiaaw Ba y epjaa 3apypuid XxapopaTrada
copytunaau. Kevnarucu 2-nmazaropaa n-GeHWIMHAMAMUH €K MaJICMH aHTHIAPUIH
OyMb KaM MHUKIOpJa MEXaHUK apalalliTUPWINO TypraH 3-peakTopra KUpUTHIaad. 4-
KoMpeccop OynmuO, yHWUHT Bazudacu 3-peakTopja XOocwi OYyiaraH KOBYHIKOKJIHTH
IOKOpY OYyJIraH KYyIOK MOJUIaHM S-0apa®aHiy Ted TUIUAAard KypuTruura eTkasuo
Oepumn BazudacuHu yTaiaum. S-medga Xocun OynraH Oy €KW rasjiapHu O-4UKApHII
HalK OpKaJnd YuKapuO 1000puIaau. 7-XoCwI OYIraH MaxCcyJOTHH KaIOKJIall yayH.

XyJocanap

1. Salsola oppositifolia ycumiaru sSkcTpakTH acocHga SIIAIT  KOPPO3Us
UHTUOUTOPH OJIMHTaH Ba MaJleMH aHTMIPUIU, MOHOETAHOJIAMUH, M-(EeHUICHIUaMUH
xamaa kpotoH anpaeruanapu acocunga IKPK-1 Ba IKMM-1 mapkanu koppo3us
UHTUOUTOPJIAPH CUHTE3 KUJIUIIHUHT ONTHUMAJ IIapOUTIApU aHUKJIaHTaH.

2. OnuHras AWWI Ba CHHTE3 KWIMHTAH KOPPO3US WHIMOUTOPIAPUHHUHT
tyswmmu ~ UK-cnektpockonust  Xamaa  QU3MK-KUMEBHM  ycyiutap  €pramuza
TaCAMUKJIaHTaH.

3. Koppo3uss  MHTUOMTOpJAPUHMHI  MHTUOMpJaml  caMapaJopiUruHu
DIIEKTPOKUMEBUN Ba TpaBUMETPUK ycyap Epaamyia XaMmJa HHTHOupIamnd
MEXaHU3MHUHU aAcopOLus >Kapa€HUHU KUHETUK MapaMeTpiapd Ba TEPMOJMHAMUK
(paonmmaHuIn DHEPTUSICH, OSHTAINMICK Ba OJHTPOMUSACH) MapamMeTpiiap OpKaIH
W30XJIaHTaH.

4. Metamn CHUPTUHUHT TY3WIUIIA MOPQOIOTUSACH CKAHEPIOBYH AIIEKTPOH
MHUKPOCKOIl Ba aTOM Ky4d MHKpOCKomjapu OwiaH Tekwupuiau. byHna,
MHTUOUTOPCHU3 DSPUTMAJard KaBapuK YYKKWJIapuHUHr Yiauamu 350 HM  OYaud
uHruOupnanran HamyHaga »5ca 100 HM, uHruOMpiIaHMaraH HaMyHaJaru
O0oTukIapHUHT ymdamu dca 140 M Oynu0, MHrHOUpIaHTaH HAaMyHaAa 55 HM TaIIKuI
STTaHJIUTUHYU AaHUKJIAH]IH.

5. Kopposus HHruOUTOpiIapuHU CyBJIM aifflaHMa TU3UMIApAa Ba TypJH
KHUCJIOTAIM arpeccuB MyXUTJapa TpPaBUMETPUK Ba DSJICKTPOKUMEBHHA yCyiH
HaTIKaJlapyu acocuia i Koppo3ust uHruouropu yuyH 97,86%, IKPK-1 yuyn 94,85
%, IKMM-1 yuayn aca 93,86 % HM TalIKWI 3TUILNA KYypcaTruOd Oepuiim.

6. YCHMIMK 2KCTPAaKTH acocHa SIIMI Kopposus uaruéuTopu Ba IKPK-1 xamma
IKMM-1 mapkanu Koppo3usi HHTUOUTOPJIApH OJIUII TEXHOJIOTHICH MIIA0 YUKUIIIH.
Onunaran koppo3usi uHruoutopiapu ‘“‘My6opak” MUK Ba “HaBowmii koH-
MEeTaJTyprus KOMOWHATH® CyBIM aillaHMa COBYTHII TH3UMIApUAa MeETall
KOHCTPYKUUSUTADUHUHT KOPPO3USUTAHULINHYU OJIIMHU ofuijga ¢oijanaHui y4yyH
TaBCUS STUIIJIH.
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INTRODUCTION (abstract of PhD dissertation)

The relevance and necessity of the dissertation topic. Today, metal
structures are the main devices of production enterprises in the world, the damage
caused by the corrosion of these metal structures amounts to several hundred
billion dollars. Today, various corrosion inhibitors are used to protect industrial
metal structures from corrosion. In particular, the creation and development of
green inhibitors based on natural compounds, new types of nitrogen-containing
corrosion inhibitors are of great importance.

In the world, scientific and research activities aimed at obtaining
environmentally safe, green inhibitors for preventing metal corrosion in various
environments, which are recognized as "future corrosion inhibitors”, are being
conducted. In order to prevent the corrosion of metals, special attention is paid to
the development of alternative technologies for obtaining effective corrosion
inhibitors, to the study of their chemical composition and properties, taking into
account the inhibition process, and to the development of obtaining technologies,
are gaining urgent importance.

In our republic, scientific and practical results are being achieved in
preventing the corrosion of metals in various aggressive and water cooling or
heating systems from corrosion inhibitors obtained on the basis of local raw
materials and secondary compounds. In the action strategy of the development of
the Republic of Uzbekistan, «further modernization and diversification of the
industry by moving high-tech processing industries, first of all, to a qualitatively
new stage aimed at the rapid development of the production of finished products
with high added value based on deep processing of local raw materials» and «the
country's food Important tasks aimed at further strengthening food safety,
expanding the production» of ecologically clean products have been defined. In
this regard, the production of economically effective and ecologically safe
corrosion inhibitors and the continuous improvement of existing technologies are
of great importance in the prevention of corrosion of metal structures.

Decree of the President of the Republic of Uzbekistan dated January 28, 2022
No. PF-60 «On the Development Strategy of New Uzbekistan for 2022-2026», No.
PQ-4805 dated August 12, 2020 «Chemistry and Biology» On measures to
improve the quality of continuing education and the effectiveness of science” and
PQ-3264 of August 29, 2017 On measures «to improve the export-import activities
of chemical industry organizations» The results of this dissertation research serve
to a certain extent in the implementation of the tasks defined in the decisions and
other regulatory legal documents related to this activity.

Relevant research priority areas of science and technology of the
Republic of Uzbekistan. This research was carried out in accordance with the
priority directions of development of science and technology of the Republic: VII:

“Chemical technology and nanotechnology”.

The degree of studying of the problem. The followingreputable researchers
mainly worked in this direction: Singh P, Ebenso EE, Olasunkanmi LO, Obot IB,
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Paul S, Koley I, Muraveva SA, Mel'nikov VG, Egorov VV, Kuznetsov YI,
Kazanskaya GY, Tsirulnikova NV, Annand RR, Hurd RM, Hackerman N,
Chernov V.Y., Rosenfeld I.L., Borisov D.N., Agafonkin A.V., Danilova G.N.,
Farkhutdinova A.R., Chepkasova O.A., Kuznetsov Yu.l., Vigdorovich V.l
Fedotova A.l., Levashova V.l.,, Tadzhikhodjaev Z.A. from Uzbekistan, and
Djalilov A.T., Beknazarov from Uzbekistan. H.S., Tillaev R.S., Siganov T.D.,
Kurbanov F.K., Akbarov X.I., Kholikov A.J., Ikramov A., Yusupov D., Kadirov
X.1I., Nurilloev Z.1., Narzullaev A.Kh., Eshmamatova N.B., Yodgorov N. and other
scientists were conducted scientific research.

Scientific research conducted by these scientists aims to create a new
generation of corrosion inhibitors based on natural resources, local raw materials,
and industrial products, develop the theoretical and practical basis for their use in
various aggressive environments, and as well as improve the production
technologies of corrosion inhibitors.

At the current time, extensive scientific research is being conducted to study
the corrosion mechanisms of inorganic salts, composites, composite compounds,
polyelectrolytes, plant extracts, some organic hetero-compounds, and ionic liquids
for steel materials in acidic and aqueous circulating systems in corrosion protection
of metal structures in various aggressive environments is being research conducted.

Relevance of the dissertation research with the plans of the scientific
research works of the higher educational or scientific research institutions
where the dissertation has been conducted. Dissertation study of Tashkent
Institute of Chemical Technology Scientific Research Plan of Research and
Development Plan X/SH No. 12-06 "Development and use of new effective
oligomer corrosion inhibitors based on local raw materials" (2007) and A12-005
has been carried out within the framework of the practical project entitled (2015-
2017)"Obtaining and using new effective corrosion inhibitors based on local raw
materials”.

The aim of this research is to develop a technology for obtaining effective,
environmentally safe corrosion inhibitors based on plant extracts and
monoethanolamine, maleic anhydride, p-phenylenediamine, and croton aldehyde.

The tasks of the research work are:

study application of Salsola oppositifolia plant extract as a green corrosion
inhibitor and determination of optimal conditions for the synthesis of corrosion
inhibitors based on monoethanolamine, maleic anhydride, p-phenylenediamine,
and croton aldehydes;

determination of the structure and properties of synthesized corrosion
inhibitors using modern physicochemical methods;

research of inhibition effectiveness of corrosion inhibitors using
electrochemical and gravimetric methods and research of adsorption isotherms and
thermodynamic processes of corrosion inhibitors on the steel surface;

studying of steel surface in inhibited and uninhibited solutions by scanning
electron microscope and atomic force microscope;
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to determine the mechanism of inhibition by studying the effect of
temperature and concentration on corrosion rate and degree of protection;

development of technology for obtaining corrosion inhibitors with high
inhibition efficiency and justification of economic efficiency.

The objects of the research work as corrosion inhibitors based on Salsola
oppositifolia  plant  extract, monoethanolamine, maleic anhydride, p-
phenylenediamine, and croton aldehyde, steel materials in acidic and aqueous
circulating systems.

The subject of the study is consists of determining the inhibition mechanism
of corrosion inhibitors, researching the inhibition efficiency and protection levels
at different concentrations and temperatures, as well as developing the technology
for obtaining corrosion inhibitors.

Methods of the research are as follows: In the dissertation, In the thesis
work, IR-spectroscopy was used to determine corrosion inhibitors' structure and
physicochemical properties. The electrochemical, gravimetric, scanning electron
microscope and atomic force microscope were used to study the surface
morphology.

The scientific novelty of the research work follows:

The optimum conditions for the use of Salsola oppositifolia plant extract as a
""green corrosion inhibitor"” to protect metals from corrosion have been determined;

the mechanisms of action of highly effective corrosion inhibitors IKPK-1 and
IKMM-1 based on monoethanolamine, maleic anhydride, p-phenylenediamine and
croton aldehyde have been determined;

the degree of corrosion protection of metals in the water cooling system and
in various acidic environments of the obtained corrosion inhibitors was
determined;

the inhibition mechanism and inhibition efficiency of corrosion inhibitors
were determined using Kinetic, thermodynamic, gravimetric, and electrochemical
methods;

morphological changes of the inhibited steel surface were determined based
on microphotographs obtained by scanning electron microscope and atomic force
microscope methods;

an environmentally friendly technology for obtaining "green corrosion
inhibitor" and IKPK-1 and also IKMM-1 brand corrosion inhibitors from the
Salsola oppositifolia plant has been developed.

Practical results of the research work include the following:

technologies for obtaining green corrosion inhibitors based on plant extracts
and corrosion inhibitors based on maleic anhydride, monoethanolamine, p-
phenylenediamine and croton aldehydes were developed,

when the surface morphology of the steel sample in annealed solutions was
analyzed using a scanning electron microscope and an atomic force microscope, it
was found that the size of the peaks was smaller than the convex and concave steel
samples in the non-annealed solution;
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green corrosion inhibitors based on plant extract and corrosion inhibitors
synthesized based on monoethanolamine, maleic anhydride, p-phenylenediamine,
and croton aldehyde have been found to have high inhibition efficiency in water
circulation cooling or heating systems, as well as in acidic environments.

The authenticity of the research results. The structure and inhibition
efficiency of corrosion inhibitors and the mechanism of inhibition were determined
based on IR-spectroscopy, scanning electron microscope, atomic force microscope,
gravimetric, electrochemical, thermodynamic, and kinetic theories, as well as the
correlation of the test results conducted in the experimental and production areas
and the introduction to production is explained by the fact that.

The scientific and practical value of the research results. The scientific
significance of the research results is explained by the fact that the green corrosion
inhibitor obtained on the basis of plant extract and corrosion inhibitors based on
monoethanolamine, maleic anhydride, p-phenylenediamine and croton aldehyde,
their structure, physical-chemical properties are interrelated, as well as the
inhibition mechanism is determined.

The practical significance of the research results is that green and synthesized
corrosion inhibitors provide high protection of steel against corrosion in various
environments with high aggressiveness and circulating water systems, and serve
for long-term effective operation of metal structures.

Implementation of the research results. Based on the scientific and
practical results obtained on the technology of obtaining corrosion inhibitors based
on plant extracts and synthetic compounds:

Corrosion inhibitors are included in the "List of Prospective Developments
for Implementation in 2022-2025" of «Mubarak Gas Refining Planty» LLC
"Uzbekneftgaz" JSC (Reference No. 107/GK-04 dated April 8, 2022 of «Mubarak
Gas Refining Plant» LLC). As a result, it made it possible to protect steel
materials from corrosion in internal water circulation and cooling systems;

Corrosion inhibitors are included in the "List of Prospective Developments
for Implementation in 2022-2025" JSC «Navoi Mining and Metallurgical
Combiney to stop the corrosion process in aggressive environments resulting from
acid processing. (Reference No. 23.01.01-07/343 dated May 11, 2022 of JSC
«Navoi Mining and Metallurgical Combine»). As a result, it was possible to
protect the steel structures from corrosion, which transmit and store the aggressive
acidic-saline waste water produced by acid washing.

Approbation of the research results. The main results of the dissertation
were presented and discussed at 9 scientific-practical conferences, including 3
international and 6 national conferences.these studies have been presented at 3
international and 6 Republic of conferences.

Publication of the research results. In total 17 scientific works have been
published on the findings covered in this dissertation. A total of 17 scientific works
were published on the subject of the dissertation, which of them 8 articles were
published in scientific publications, including 4 national and 4 international
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scientific journal recommended by the Supreme Attestation Commission of the
Republic of Uzbekistan.

The structure and volume of the dissertation. The dissertation consists of
an introduction, four chapters, a conclusion, a list of references and appendices.
The length of the dissertation is 108 pages.

MAIN CONTENT OF DISSERTATION

In the introduction, the relevance and necessity of the conducted research is
based, the purpose and tasks, object and subject of the research are described, the
compatibility with the priority directions of the development of science and
technology of the republic is shown, the scientific novelty and practical results of
the research are described, the reliability of the obtained results, scientific and the
practical importance is revealed, information on the implementation of research
results, published works and the structure of the dissertation is given.

The first chapter of the dissertation, which entitled "'Prospects of the
development of research in the field of corrosion inhibitors in various
aggressive environments' details the results of the research conducted on the
subject, the analysis of foreign and domestic literature. The data were summarized
and scientific-analytical conclusions were drawn, and based on the information in
the scientific literature, the purpose, tasks, relevance and importance of the
dissertation work were determined.

The second chapter of the dissertation, which entitled **Research on the
synthesis of green and synthetic corrosion inhibitors" describes the research
objects, the study of the physico-chemical properties of the synthesized
compounds, and the approach to determining the structure of the synthesized
compounds using IR-spectroscopy methods. Electrochemical, gravimetric,
adsorption, and thermodynamic research methods are presented to determine the
mechanism of inhibition efficiency of corrosion inhibitors.

Salsola oppositifolia plant extract and use as a green corrosion inhibitor.
When extracting a crushed plant sample with several types of extrareagents (water,
benzene, methanol, propanol-1), it was found that propanol-1 and methanol turned
out to be the most effective. The resulting sample was stirred in propanol-1 for 3-5
hours, while the temperature did not exceed 95 °C. Although methanol has a high
yield at low temperature, it has not been used as the main extra reagent due to its
environmental toxicity, which prevents extraction at high temperature (Fig. 1).
Propanol-1 was obtained as the main extrareagent, although its yield was
somewhat lower than that of methanol, and despite the fact that the extraction was
carried out at a higher temperature, one of the main reasons for this is that the
inhibitory efficiency of the extract obtained at a temperature of 82 -83 °C, higher
than the inhibition efficiency of the extract obtained in methanol.

As can be seen from Pic. 1, propanol-1 gave the best result among several
extra reagents.
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Pic. 1. Dependence of the degree of extraction on temperature and
extrareagent

The productivity of Salsola oppositifolia extract depends not only on the
optimal conditions of extraction and the type of extrareagent, but also on the
climate and season in which the plant grows, and this relationship is presented in
Table 1.

Table-1.
Seasonal dependence of Salsola oppositifolia extract yield and germination
efficiency
In the first In the second
Name of half of the Inhipition half of the Inh_ib_ition
month efficiency at 1 g/l | month efficiency at 1
the month . : .
extract concentration extract yield | g/l concentration
yield % %
April 2,5-3,1 65-67% 2,6-3,2 66-69%
May 2,9-3,3 67-69% 3,1-3,5 69-71%
June 3,7-3,8 71-73% 3,8-3,9 74-76%
July 3,2-3,3 72-715% 3,7-3,9 76-78%
August 4,2-4,7 83-87% 4,8-5,1 93-94%
September 5,3-5,6 94-96% 5,1-5,2 91-92%
October 4,9-4.7 88-85% 4,1-3, 86-82%

It is known from Table 1 that the most optimal time for obtaining the extract
is the second half of August and the first half of September, and the productivity of
the extract obtained at this time and the effectiveness of the germination were also
high.

When analyzing the composition of Salsola oppositifolia plant extract, it
contains a number of flavonoids, isorhamnetin-3-O-glucoside and isorhamnetin-3-
O-rutinoxide from isoflavonoids; from organic acids, alkaloids such as
methylpalmitic acid, palmitic acid, 2-hydroxy-1-hydroxymethyl ethyl ether of
linoleic acid and tetrahydroisoquinoline were found.

Synthesis of IKMM-1 corrosion inhibitor based on monoethanolamine and
maleic anhydride. The productivity and structure of the reaction between
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monoethanolamine and maleic anhydride also depends on temperature, and this
process is an exothermic reaction, and the reaction was carried out at a temperature
lower than room temperature (8 and 10 °C). The reaction mechanism of the
interaction of monoethanolamine and maleic anhydride can be written as follows:

0 0
// H
H HC—C—N—C—C—OH
| O + 2H,N—C —C—OH —— ll Ha H
H, H20 H
HC—C—N—c—C—OH
o) \\ Hy Hy

The product obtained as a result of the reaction has the following
physicochemical properties: it is light-red, dark-polymeric, slowly soluble in water
at room temperature, and when heated, its solubility and dissolution rate increase
and it also dissolves well in acetone, toluene, ethanol, and methanol. The mass of
the resulting product was 92.35% of the main composition, and the rest of the
additives (water formed as a result of the reaction, unreacted initial substances
monoethanolamine and maleic anhydride) made up 5.65%.

Synthesis of IKPK-1 brand corrosion inhibitor based on p-phenylenediamine
and croton aldehyde. One of the most important parameters of this reaction is the
temperature, in which the temperature is kept between 5 and 10 °C. First, croton
aldehyde is allowed to cool for a few minutes, and then p-phenylenediamine is
slowly added while stirring. The general chemical reaction equation for this
reaction is as follows:

NH,

CH
o 8-10°C 2
+ 2 H3c—CH2 CHZ—C _)' CH CH,__NH NH_CH CH

NH, Our
research has shown that the most smtable ratlo in this reaction is 1.2 MoJb ratio,
which is slightly higher and the purity of the product is up to 92.45%.

As can be seen from the table, the highest productivity was achieved when the
temperature was in the range of 0-10 OC and the mole ratio of the starting materials
was 1:2, and these relationships are presented in Table 2.

Table 2
The yield of IKPK-1 inhibitor depends on the temperature and the mol
ratio of the starting materials

Crotonaldehyde+ | Temperature Yield % | Temperature °C | Yield %
ratio of p- °c

phenylenediamine
1:1 65.67 45.35
1:2 92.45 82.36
2:1 5+10 78.15 15<t 61.26
1:3 55.62 32.56
3:1 69.43 42.25
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Table 2 shows that with increasing temperature, the yield of the reaction also
decreased, however, due to the fact that the reaction was exothermic, the reaction
equilibrium shifted to the right when heat was removed from the system using
refrigerants.

The third chapter of the dissertation, entitled «Investigation of the main
regularities of corrosion inhibition of steel by crude corrosion inhibitor and
synthetically synthesized corrosion inhibitors» presents the results of
electrochemical and gravimetric research used to determine the inhibition
efficiency of synthesized corrosion inhibitors.

The main purpose of the work is to protect St20 steel from corrosion in
various acidic environments and circulating water systems of green corrosion
inhibitors obtained on the basis of plant extracts and corrosion inhibitors of IKPK-
1 and IKMM-1 brands.

As a working solution, solutions with the following composition were
obtained in the cooling system with 1 M HCI and water (the composition and
properties of the working water are as follows: total hardness 6.3 mg-eg/I, total
alkalinity 2.08 mg-eq/l, Ca?*-4.2 mg-eq/l, Mg**-2.1 mg-eq/l, HCO';-2.00 mg-eq/I,
CO,*0.08 mg-eq/l, pH=8-9. This composition is close to the composition of the
water in the cooling system of the "Shortan” gas complex) and the medium chosen
was 1 M HCI.

Green, IKPK-1 and IKMM-1 Corrosion Inhibitor was used to protect steel
from corrosion in a water cooling system and the results are shown in Table 3
below.

Table 3
Corrosion inhibition coefficient (y), total surface coverage (0),
protection level (Z) values of green, IKPK-1 and IKMM-1 for 1M HCI at
different temperatures and for 360 hours

Inhibitor | 1 gy | ¢, (mg/) | K,gr/(sm?hour) | v Z, (%) 0
i 1,75 i i i
Green 200 0,398 6,07 | 7356 | 0,7356
inhibitor | 333 400 0,292 716 | 8092 | 0,8092
600 0,179 11,78 | 91,15 | 0,9115
1000 0,124 1311 | 9482 | 0,9482
i 1,75 i i i
100 0,5612 725 | 7924 | 0,7924
IKPK-1 | 333 200 0,3562 1156 | 7392 | 0,7392
300 0,2502 1481 | 94,15 | 0,9415
400 0,2234 1496 | 9422 | 0,9422
i 1,75 i i
100 0,5612 725 | 8112 | 08112
IKMM-1 | 333 200 0,3562 11,56 | 86,24 | 0,8624
300 0,2502 1481 | 91,01 | 0,9101
400 0,2234 14,96 | 9356 | 0,9356
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Table 3 presents the results of the gravimetric method of the effectiveness of
three types of corrosion inhibitors on steel inhibition in 1M HCI at a temperature of
60 OC. The efficiency of green corrosion inhibitor was 94,82%, IKPK-1 was
94,22%, and IKMM-1 was 93,56%.

Results of electrochemical studies. Electrochemical initialization was
performed with an apparatus containing a noise module with an input range of 2.5
V, a maximum potential resolution of 760 mV, and a potential accuracy of 300 uB.
All obtained data were edited and summarized using the ORIGIN LAB software.

log ifimA/sm)

Suw

—_— 200 mgfl
E(V/Ag/AgCI) 200 me/l
— GO0 Mgl n 5

— 1000 m g/l

Pic. 2. Polarization curves for steel grade St20 recorded for 2 h at 298+1
Kin 1 M HCI with different concentrations of green corrosion inhibitor.

The results of the electrochemical study are presented in the table. 4.
Table-4.
Efficiency of Green Corrosion Inhibitor Obtained by Polarization Curve
Method in 1 M HCI solution at 298+1

Inhibitor C, (mg/l) | i (mA/sm®) r 0 1, (%)
Water - 0,98+0,11 — — -

200 0,21+0,08 4,66 78,29 0,7829

Green 400 0,15+0,05 6,53 84,46 0,8446

inhibitor 600 0,11+0,03 8,91 88,51 0,8851

1000 0,067+0.001 | 14,63 92,47 0,94,47

In Table 4, the corrosion current value of the solution with and without green
corrosion inhibitor decreased from 0.98+0.11 i,(mA/cm?) to 0,067+0.001
i,(mA/cm?). According to the results obtained by the electrochemical method, the
effectiveness of the green corrosion inhibitor in graded water was 92.47%.

Adsorption isotherms and thermodynamics. 200, 400, 600 and 1000 mg/I of
Salsola oppositifolia plant extract, and IKPK-1 and IKMM-1 brand corrosion
inhibitors at concentrations of 100, 200, 300 and 400 mg/l are inhibitory and
Various parameters such as activation energy (Ea), enthalpy (AH) and entropy (AS)
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in solutions without inhibitors are also widely used in interpretation with Arrhenius
graph.

The activation energy and enthalpy values were obtained by calculating the
transition state values in solutions with and without inhibitors of different
concentrations. These plots give the slopes(slope =AHa/2.303R) and intercepts
(intercept=[logRNA+(ASa 2.303R)]), which gives the value of AHa in inhibitor and
non-inhibitor solutions.

A higher activation energy indicates physical adsorption, and if it does not
change or decreases, it indicates chemical adsorption.

Kinetic parameters such as activation energies, enthalpy and entropy of the
steel surface in environments without and with inhibitors were studied using the
Arrhenius equation in graded water and 1M HCI medium of corrosion inhibitors.

In this case, E, values were found as a function of 1000/T of IgW in mediums
without and with inhibitors.

10 4 1000/T, (K1)
- 0.0l ——r———++—r—+—+—rr—rr—"—TTr T
= 3 31 3.2 33 34 3.5
e
&
E
z
K] =
1 =
M3P5 31 315 31 325 33 335 34 345 2
- = 0,001 4
=0 1000/T, (K ]) y=32095x + 12,224 ) ”E : ]
R2 = 0.9902 Grademiy = ]
y=-01332x +08037 TV 50
RE=10,0857 200 mg/1 ~
y=ol comms S R R
019 . . RI= 0947 me/ o Grademiy R2=0,9902 y =-0,011x + 0.0417
T gy y= D166T% + 06713 - e 2 =
oV ! , | RI=09857y=- 5%+ 0,002
B2 = 09686 600 mg/1 0.0001 200mg/l R?*=009857 y =-0.0005z +0,0027
¥=-0.0718x +03083 ; 400mg/l R2=0947 ¥ =-0.0005x+0.0024
R2=00917 @ 1000 mg/l E
600 mg/l R*=09686 ¥= -0,0006x +0,0023
0.01 - ©1000mg/llRz=0.0917 vy =-0,0002x +0,0011

Pic. 3. (a) Arrhenius and (b) intermediate state curves of the system with
green inhibitor incorporated

According to the results presented in Table 5, the value of Ea was 41.96
(kJ/mol™) in solutions without inhibitor, this value increased when the inhibitor
was added to the solution, and 88.19 (kJ/mol™) when the concentration reached
1000 mg/l 1) formed. Also, the value of ASa took a positive value of 101.25
kJ/mol-1 in the solution without inhibitor, but with the addition of the inhibitor to
the solution, this value decreased to negative -75.21 (kJ/mol™), how small this
value is depends on the concentration of the corrosion inhibitor. depends on the
fact that association is higher than dissociation in the system, which indicates that a
stable complex is formed between the inhibitor and the metal. The obtained results
are presented in Table 5 below

This is association is higher than dissociation in the system, which indicates
that a stable complex is formed between the inhibitor and the metal. The average
energy difference between activation energy and enthalpy for samples without
inhibitor and with different concentrations of inhibitor was approximately 2.67 kJ,
which confirms the inhibition and adsorption process of St20 steel during melting.
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Table-5

Values of activation parameters for steel St20 in graded water without
inhibitor and in presence of green inhibitor

Inhibitor } 1
concentration | E,(kJ/mol™) AH, (I1<J/mol ASa (le/mol E,—AH,
) K"

mg/I

0.0 41.96 38.4 101.25 2.94
200 54.24 51.43 -18.36 2.71
400 63.42 60.93 -23.12 2,64
600 75.21 72.62 -52.36 2.59
1000 88.19 85.72 -75.21 2.47

Adsorption isotherms.

Temkin (pic. 4a), Frumkin (pic. 4b) and Langmuir (pic. 4c) isotherms of
green corrosion inhibitor are also plotted. According to the obtained results,
comparing the values of Frumkin, Temkin and Langmuir isotherms, the value of
Langmuir isotherm is higher than 0.99, which indicates that it is consistent with the
experimental data for the calculation of thermodynamic parameters.

Langmuir, Frumkin and isotherms for green corrosion inhibitors were also
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Pic. 4. (a) Temkin, (b) Frumkin, and (c) Langmuir isotherms, and (d)
temperature dependence of AGOadS
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Temkin isotherm (0,986; 0,9809; 0,9817; 0,9889;);) and Frumkin (0,9623;
0,971; 0,9741; 0,9807;) values of the correlation coefficient at different
temperatures were obtained. We can see from Figures 3a and 3b that the values of
the correlation coefficients of the Frumkin and Temkin adsorption isotherms are
not close to 1, indicating that the adsorption process does not follow these
isotherms. The thermodynamic parameters of the green corrosion inhibitor
obtained on the basis of these isotherms are presented in Table 6

Table-6
Thermodynamic parameters of green corrosion inhibitor
AGads AHads, ASadsy (K}K/MOJIB
Temperature | Ka, KK/Mob (xXK/mo1p) K)
303 357,2 -23,11
313 433,1 -25,32
323 490,7 -26,41 1539 1214
333 580,6 -28,21

Then the values of K45 were calculated based on the intersection of Langmuir
isotherms. It follows from the values of Kads that the adsorption of green
corrosion inhibitor on the metal surface is superior to all desorption. To conclude
from the data in Table 6.

The values of AG%4 were obtained in the range of 303—333 K, and the results
gave values from negative -23.11 kJ/mol to -28.21 kJ/mol, so that the adsorption of
the green corrosion inhibitor on the metal surface is self confirms that it will
happen.

Study of surface morphology of steel using scanning electron microscope and
atomic force microscope.

The degree of scanning of the surface morphology of the St20 steel sample
was studied using high-resolution atomic force microscopy (AFM) and scanning
electron microscopy (SEM).

Phein e« 16928

Pic. 5a. The initial state Pic. 5b. Condition of Pic. 5c. condition of

of the steel surface steel surface in inhibitor steel surface in solution
solution without inhibitor

34



When the surface morphology of the steel sample in solutions with and
without inhibitor was studied by scanning electron microscope (SEM), the surface
of the steel obtained in the environment with inhibitor (Fig. 5b) was similar to the
original steel sample (Fig. 5a), but in solutions without inhibitor (Fig. 5¢) we can
see that the corrosion process is at a high level.

Also, the surface morphology of the St20 steel sample was studied using an
atomic force microscope (AFM), which is a very high-resolution scanning type.
AFM has a nano-micro scale scan level and is a high-precision state-of-the-art
device for studying the effects of inhibitors and their effects on the formation and
prevention of corrosion at the metal/melt interface.

Pic. 6. Micrograph of surface morphology of St20 steel sample in 1 M
hydrochloric acid solution without inhibitor, taken by atomic force
microscope

Pic. 7. A 3D micrograph of the structure of a steel surface inhibited by
green corrosion corrosion inhibitor in 1 M HCI solution taken under an
atomic force microscope.

In these pictures 6 and 7, we can see that the size of the convex peaks in the
non-inhibitor solution is 350 nm, compared to 100 in the inhibited sample, when
the St20 steel surface is studied and analyzed at a size of 4.5x4.5 mm. we can see
that the size of the depressions in the non-incubated sample is 140 nm and in the
annealed sample it is 55 nm. It follows from this that the high number of peaks in
the non-inhibited sample indicates a high level of corrosion, and the small size of
the peaks in the inhibited solutions indicates that corrosion has slowed down.

The fourth chapter of the dissertation, which entitled "*Economic efficiency
and technological scheme of synthesis of corrosion inhibitors™ describes the
production technologies of corrosion inhibitors.
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Table 7

Technical and economic indicators of production of corrosion inhibitors

Green inhibitor | KMM-1, IKPK-1,
soum soum

Raw materials 5 650 00 29 100 250 23242 750
Salary 900 000 300 000 300 000
féﬂ/?)'e social payment 100 000 45 000 45000
Additional costs 600 000 100 000 100 000
Unforeseen expenses 300 000 90 000 100 000
Profitability, 5% 300 000 1700 000 1209 637
VAT, 15% 1507000 | 3571 200 3553912 5
Total 9257000 | 33331450 28 956299 5
Cost of 1 kg of product, 9 257.000 33 331,450 28 956,99
soums

We can see that the price of corrosion inhibitors obtained as a result of our
research is economically effective when compared with the price of foreign
Universal brand corrosion inhibitor, which is used at the same time in many
imported industrial enterprises.

Table-8
Price structure of foreign Universal brand corrosion inhibitor
The name of Unit of The The price of Total
Ne o . one unit, amount,
the inhibitor measure guantity
soum.m soums
1 Universal kg 1000 38447 38447000
Jami: 38447000

29 190 000 (Green inhibitor), 5 115 550 (IKMM-1) and 9 490 100 ( IKPK-1)
million soums can profit.

The technology of obtaining a green corrosion inhibitor does not require any
high temperature and pressure, and the used extra reagent (methanol) can be
returned to the process (after one-time cleaning). It is worth noting that one of the
most important aspects is that no environmentally harmful waste is generated.

Principle technology of synthesis of corrosion inhibitors.

The principle technological scheme of production of green corrosion inhibitor
from the Salsola oppositifolia plant is presented in Pic. 8.

Dispenser 1 contains a certain amount of propanol-1, which is slowly
introduced into the stream. In the 3" reactor, the temperature is 80-85 °C, where
the extraction process takes place. The duration of the process is 8-12 hours, and
the process is constantly stirred using the 2" electric motor. After the process is
completed, the temperature of the reactor is cooled down to a temperature of 25 °C.
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1-doser (Propanol-1 1); 2-electric engine, 3.5-reactor; 4th filter; 6— condensed secondary
propanol-1 I; 7- pump; 8-finaly product;
Pic. 8. Production scheme of green corrosion inhibitor
The obtained primary product is filtered in the 4™ filter and sent to the 5"

reactor. In reactor 5, the temperature is slightly higher than in reactor 3, and it is
heated to 95-100 °C.

1.2 raw materials. 3-reactor for chemical reaction. 4-compressor, 5-drum oven type
dryer. The 6th derivative is the exhaust pipe. 7. Preparing the product for packaging.
Pic 9. Production of corrosion inhibitors of the IKPK-1 and IKMM-1 brands

In the 1% reactor, the raw material is croton aldehyde or monoethanolamine,
from which it is poured into the reactor to carry out the 3™ reaction, where it is
cooled to the required temperature. Next, p-phenylenediamine or maleic anhydride
is introduced into the 3™ reactor, which is mechanically stirred in a small amount
in the 2" mixer. The 4th compressor is responsible for delivering the high-
viscosity thick substance produced in the 3™ reactor to the 5" drum oven type
dryer. The generated steam or gases formed in furnace 5 are discharged through
outlet 6. 7. For packaging the resulting product.
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Conclusions

1. A green corrosion inhibitor was obtained based on Salsola oppositifolia
plant extract, and optimal conditions for the synthesis of IKPK-1 and IKMM-1
brand corrosion inhibitors based on maleic anhydride, monoethanolamine, p-
phenylenediamine and croton aldehydes were determined.

2. The structure of the obtained green and synthesized corrosion inhibitors
was confirmed by IR-spectroscopy and physico-chemical methods.

3. The inhibition efficiency of corrosion inhibitors was explained using
electrochemical and gravimetric methods, and the mechanism of inhibition was
explained by the Kinetic parameters and thermodynamic (activation energy,
enthalpy and entropy) parameters of the adsorption process.

4. The morphology of the metal surface structure was investigated by
scanning an electron microscope and atomic force microscope. It was found that
the size of the convex peaks in the solution without inhibitor was 350 nm and 100
nm in the inhibited sample, and the size of the depressions in the uninhibited
sample was 140 nm and 55 nm in the inhibited sample.

5. Based on the results of the gravimetric and electrochemical method of
corrosion inhibitors in aqueous circulation systems and various acidic aggressive
environments, it was shown that the green corrosion inhibitor is 97.86%, IKPK-1
IS 94.85%, and IKMM-1 is 93.86%.

6. The technology of obtaining green corrosion inhibitor and IKPK-1 and
IKMM-1 corrosion inhibitors based on plant extract was developed. The obtained
corrosion inhibitors were recommended for use in the prevention of corrosion of
metal structures in water circulation cooling systems of "Mubarak” LLC and
"Navoi mining-metallurgical combine".
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BBE/IEHUE (anHoTanus aucceprauuu 1okropa ¢pusiaocodpuu (PhD)

Heabio wucciegoBaHUsA SBIICTCA pa3padOTKa TEXHOJOTUU TOTYUCHHS
3¢ (EKTUBHBIX HKOJOTMYECKH O€30MacCHBIX MHTUOMTOPOB KOPPO3UMH HA OCHOBE
pPaCTUTENBHBIX JKCTPAKTOB M MOHO3TAHOJAMHHA, MAaJEMHOBOTO AaHTUIpHUAA, II-
dbeHuneHaAnaMuHa 1 KPOTOHOBOTO aJIbJIETH/A.

B kauyecTBe 00beKTa HCCIEA0OBAHMS ObUIA B3SIThl MHTUOUTOPHI KOPPO3UH HA
OCHOBE DJKCcTpakTa pacreHus Salsola  oppositifolia, MoHO3TaHOTaAMUHA,
MaJEeuHOBOTO aHTUApHaa, N-GeHUJIECHANaMUHA U KPOTOHOBOIO aJbJCTH/IA,
CTaJIbHBIX MaTEPHUAJIOB B KUCIIBIX U BOJHBIX 0OOPOTHBIX CHCTEMAX.

HayuyHasi HOBH3HA HCCJIeI0BAHMSA 3aKIIIOYAETCS B CIETYIOIIEM:

OmpeJeNneHbl ONTUMAJIbHBIE YCIOBUS NPHUMEHEHHUS SKCTPAaKTa pPAacTEHHS
Salsola oppositifolia B kauecTBe «MHIHOMTOpPA 3€JIEHON KOPPO3UM» MJIsl 3AIUTHI
METaJIOB OT KOPPO3UHU;

YCTaHOBJICHBl MEXAHHM3MBI JIEHCTBUS BBICOKOI(DPEKTUBHBIX WHTHOUTOPOB
koppo3un UKIIK-1 1 UKMM-1 Ha oCHOBE MOHO3TaHOJIAMHHA, MAaJEUHOBOIO
aHruIpuaa, n-(peHuIeHIMaMriaa 1 KPOTOHOBOTO ajlbJAeTna;

OIIPEJIEJICHA CTENEHb 3aIUThl METAUIOB OT KOPPO3UM B CUCTEME BOASHOIO
OXJAKJIEHUS U B PA3JIUYHBIX KHUCIBIX Cpelax TMOJYyYEeHHbIX WHTHOUTOPOB
KOPpO3HH;

MEXaHHU3M UHTUOUPOBAHUS u 3¢ (HEKTUBHOCTH UHTHOUPOBAHUS
UHTUOUTOpaMU KOPPO3UU ONpPENETICHbl KMHETUYECKUMH, TEPMOAMHAMUYECKUMH,
TPaBUMETPUUECKUMH U DJIEKTPOXUMHUUECKUMHU METOIaMU;

MOP(OJOTUYECKHE  U3MEHEHHMS  IMOBEPXHOCTU  OTOXOKEHHOW  CTalld
onpenensuii o MukpodoTtorpapusM, MOJYYEHHBIM METOJAMU PACTPOBOTrO
AJIEKTPOHHOTI'O MUKPOCKOIA U @aTOMHO-CHUJIOBOTO MUKPOCKOIA;

pa3paboTaHa »HKOJOTMYECKM YHUCTas TEXHOJIOTHS TOJYYEHHS «3€JEHOTr0
uHruouropa kopposun» u uHruoutopoB koppozun HMKIIK-1 u UKMM-1 wu3
pactrenus Salsola oppositifolia.

BHenpenne pe3yJbTaToB HccjaenoBaHusa. Ha ocHoBaHMM  Hay4HO-
MPAKTUYECKUX  PE3yJbTaTOB, TIOJYYEHHBIX IO  TEXHOJOTUU  TOJYYCHUS
UHTHUOUTOPOB KOPPO3UU HAa OCHOBE PACTUTENBHBIX IKCTPAKTOB M CHHTETHUYECKUX
COCIMHEHUN:

TEXHOJIOTHSI MOJTYYSHHs] CHHTE3UPOBAHHOTO HHIMOUTOpa KOPPO3UU BKIFOUEHA
B «Ilepedyennr mepcrneKTUBHBIX pa3padoTok s BHeApenus B 2022-2025 romax»
000 «Myb6apakckuit ['TI3» AO «Y36eknedteras» (cnpaBka OO0 «Mybapakckuid
['TI3» Nel07/GK-04 ot 8 ampenst 2022 roga). B pesynprare ynanoch 3alUTUTh
CTaJIbHbIE MaTepUasbl OT KOPPO3UH B CUCTEMaX BHYTPEHHEW IUPKYIISIIUN BOIBI U
OXJIQXKICHUS;

TEXHOJIOTHUS TOJYYeHUS! MHTHUOUTOPOB 3€JIE€HOM KOpPPO3UH, HCIOIb3YyEMBIX
Opy  3alUTe METAVIOKOHCTPYKIMI OT Koppo3uu, BKkiIoueHa B «llepeueHb
MEpPCIeKTUBHBIX pa3paboTok s BHeapenus B 2022-2025 romax» AO
«HaBowulickuii ropHO-MeTaJLTyprudeckuii komouHat» (cnpaBka AO «HaBouiickuii
ropHo-Metauryprudeckuid komouHat» Ne 23.01.01-07/343 ot 11 mas 2022 1.). B
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pe3ynbTate TMOSBUJIACH BO3MOXKHOCTh 3alllUTUTh OT KOPPO3HH CTajbHBIC
KOHCTPYKITUH, TICPEIAONINe U HAKAIUIMBAIOIINE arpeCCUBHBIC KHCIIOTHO-COJICHBIC
CTOYHBIC BOJIBI, 00Pa3yOIIMECs TIPH KUCIOTHON IPOMBIBKE.

Ctpykrypa u o0beM auccepramum. Juccepramusi COCTOMT U3 BBEJICHMUS,
YEThIpEX TJIaB, 3aKIIOYEHMs], CIHCKa JIUTEpaTypbl W NpwiokeHui. OO0beM
nuccepranuu coctaiser 108 crpanuir.
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