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KIPICIIE

JuccepranMsijibIK KYMBICTBIH  ©3eKTijdiri. [lucceprauusuiblk — KyMbIC
Kazakcran PecnyOnukachlHBIH KIUMATTBIH ©3repyl JKOHE OPHBIKTHI J1aMy
caJlachlHJarbl MEMJICKETTIK CasCaThblH ICKE achIpy IICHOEPIHAE OpPBIHIAMIbI.
Kazakcran PecnyOnukacbiabin 2060 xblFa JeiHIT KeMipTeri OelTapanThiFbiHA
KOJ KeTki3y crpatermsichl («KazakcTan PecmyOnmkaceiabin 2060 xKbutra MeHiHT1
KeMipTeri OefTapanThIFbIHA KOJI )KETKI3Y CTpaTeTrusChIH OeKiTy Typanbdy Ka3zakcran
PecryOommkacer I[pesunentinin 2023 xputrbl 2 akmanmarsl Ne 121 YKapasireimen
oexiTinreH). JluccepTalysulbIK 3€pTTEY COHAaW-aK «YIJIbTPaAbIOBICTBIK >KOHE
Ja3epiiK  COYJCICHYMEH KONIK TEXHUKACBIHBIH IMaiaJaHbUIFaH Ta3gapbiH
TazapTyFa apHaIFaH KYPBUIFbIIAp MCH MaTEepHAIaPAbIH KOHCTPYKITUSACHIH, KYMBIC
PEXKUMIH €CENTey 9/IICTEMECIH d31pJiey» aTThl TPAHTTHIK K002 asiChIH/1a OPBIHIAJIIBI
(3eprrey Kazakcran Pecmy6nukacel FputbiM jkoHE sKOFapbl O11IM MUHHUCTPIIITIHIH
FouibiM  KOMUTETI TapanblHAaH Kap>KbUIaHIbIpbULAbl (TpanT Ne AP26197113),
29.09.2025 k. Ne 309/25-27 mapr).

XKon-KypbUIbIC, KapbepiiK >KOHE KOMMYHAJIBIK TEXHHKaJa KOJJAHBLUIATHIH
JM3eIb KO3FAJITKBIIITApbIH Maiganany Kartel Oemnmektep (PM), a3oT okcuarepi
(NOy), xemiprek oxcuai (CO) sxone kemipcyTtektep (HC) cHSKTBI 3UsSHIBI
3aTTapAblH eleyJl KeneMm e 0OeiHyIMeH Katap xxypel. Kas3ipri 3aManfbl OThIH Oepy
Kyhenepl MEH KaTalUTHKaJblK OedTapanTaHIbIPFBIITAPABIH  EHII3LIy1HE
KapamacTaH, ocipece, ayblp MaijajiaHy >KaFJaiyiapblHa, TOMEH KOHE aybICTIaIbl
KYKTeMelepie, COHai-aK TaMbIFaH KalalblK HHPPaKYPHUIBIMHAH THIC JKEpJIepae
YKYMBIC ICTEITIH apHailbl TEXHUKA YILIH aTMOC(EPATIBIK ayaHbIH JIACTaHYy Macelecl
©3EKTUIITH CaKTarl OThIP.

TpancnopT armocdepaHnsbl lacTayablH HET13r1 MOOUIIBI1 KO3epiHiH Oi1p1 OOJBII
TaObUIAbI. ¥JITTHIK JKOHE XaJIBIKAPAJIbIK KIMMATTHIK IIOTYyJApAbIH JIEPEKTEepIHE
coiikec, Kazakctan PecmyOnmMKachbiHBIH KOJIK CEKTOPHI TMApHHUKTIK Ta3daap/IbIH
JKaJITIbI IBIFAPBIHABUIAPBIHEIH TaMaMeH 8—11 %-bIH Kypal1bl, OHBIH 11T1H/1e 6aChIM
yJIec 1IITeH KaHy KO3FaJITKBIIITaphl 0ap aBTOMOOWIb KeJliriHe Tueciii. 2023 KbLTbl
KoJiK cekTopbiHaH OeiHreH CO: MIbIFapbIHABIIAPBIHBIH KoJIeMi maMamMeH 24 MiTH
ToHHa CO2-3KBUBAJICHTIH KypajJbl, OyJ >KYK KOJIrl, >KOJ-KYpPbUIbIC >KOHE
KOMMYHAJIIBIK TEXHHUKa CUSKTHI JU3EJIbMEH JKYMBIC ICTEHTIH TEXHUKAHBIH €JeyJIi
yieciH kepcereni. Ipi Kamamap MeH OHEPKOCINTIK arjoMepanusiiap sKaraaibiHa
MOOMJIBI JIacTaHy Ke3/epiHiH yieci 50 %-nan acazipl, ajl KOJIiK )KYKTEMEC1 JKOFaphbl
ke3eHuepae 70—-80 %-ra neitin xetei.

Jlu3enb KO3FalTKBIITAPBIHBIH Mai1ajJaHbUTFaH ra3gapblH Ta3adayIblH JoCTY P
xKyhenepi — kyie cysriiepi (DPF), cenexkTuBTI KaTalUTUKAJIBIK KaJIbIHA KEATIPY
xyrenept (SCR) jkoHe maiimanaHbUIFaH Ta3fapibl PEeHUPKYISAIUsIAy >Kyhenepi
(EGR) xofapbl KYHBIMEH, OTHIH CallaChlHa CE3IMTAABIFBIMEH, KbI3MET KOPCETYIIH
KYPACHTITIMEH JKOHE  IIBIFAPBIHIBUIAD  TEMIEpaTypachl TeOMeH  OoiFaH
XKaraannapaa THIMAUTITIHIH TOMEHIeyiMeH cunarraiaabl. byn ¢pakropnap onapasig
YKOJI-KYPBUTBIC J)KOHE KOMMYHAJBIK TEXHUKAA KOJAAHBUTYBIH IeKTel 1. OchiFan
OaiiaHbICTHI NalIaJaHbUIFAH ra3aap/bl Ta3anayAblH (PU3UKAJIBIK SAICTEPl epeKIIe
FBUTBIMU-TIPAKTUKAJIBIK KbI3bIFYIIBUIBIK TYIIPAJIbI.
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Tannay HoTwkenepi KepceTKeHIeH, (U3MKAIBIK OMICTEpHAiH  IIIHJE
yJIBTPaABIOBICTBIK KOHE Ja3epilik TEXHOJIOTHSIIAP €H YIKEH dJeyeTke ue, cededi
ojlapjla peareHTTEp MEH CY3Tiiey 3JEMEHTTEpl KOJAaHbUIMaWIbl, KYPBLIBIMBI
BIKITIAM JKOHE 9Cep €Ty MapaMeTpiIepiH UKeMIl TYpAe PETTeyre MyMKIHIIK Oeperi.
Amnaiina na3epiiik Kyhenepal naiiadaHbUTFaH ra3aap OpTacklHaa KOJIaHy >KOFaphl
SHEpPrusl TYTHIHYMEH, ONTUKAIBIK 3JIEMEHTTEP/IH JAETpaJalusChIMEeH, Kayinci3miK
NEH CEeHIMAUTIKTI KamTamachl3 €TYAIH KYpACNIUIriMeH OallaHbICThI emneyl
WHKEHEPJIIK KOHE MaijanaHy IiekTeysiepine Tan Oonanbl. OcbiFaH OalaHBICThI
Ka3ipri Ke3eHAe NaijalaHbUIFaH Ta3fapbl YJIbTPAIbIObICTBHIK OJICIIEH Ta3zanay
TUIMAUTIK, KOHCTPYKTHBTIK KapamalbIMABUIBIK >KOHE NaljanaHy CEHIMJIUIITIH
YHJIECTIPETIH €H TMEePCIEeKTUBAIIBI TOC1I OOJBIN TaObLIAbI, all YJIbTPAIbIOIC TEH
Ja3epi Oipiecin KojJlaHy KOChIMIIIA 3epTTeyJIep Il Tajlam eTe/.

3epTTey TrHMIOTE3achl JU3eJb KO3FAITKBIIITAPBIHBIH [IBIFAPBIHBUIAPBIH
TazapTry TUIMIUITIH  YJIbTPaAbIOBICTBIK —COYJENEHAIPTIITEPAIH KyaTbl MEH
KEHICTIKTE OpHAJACYbIH YTBHIMIbI TaHAAy AapKbUIbl TIK OaFbITTa OpHaJIacKaH
MOAYJBAIK  yJIbTPAAbIOBICTHIK OQCEHIETKIIITI KOJAAaHy €ce0lHEeH apTThIpy
MYMKIH/IIT1 0ap JeTeH OoJbKaMFa HeTi3aee/l.

JuccepTanMsJbIK 3epTTeyAiH MaKcaTbl — >XOJI-KYPBUIBIC JKOHE apHaMbI
TEXHHUKa/a KOJJAHBUIATHIH TU3€Tb KO3FAITKBIIITAPBIHBIH MIBIFAPBIHABIIAPbIHIAFbI
TYTIHACHYl a3aiiTy JKOHE YCaK JAHMCHepCTl OeNIIEKTepAlH TYHY THIMAUIIIH
apTTBIPyJbl  KaMTaMachl3 €TeTIH TIK OaFbpITTa OpHAJACKaH  MOJYJIbJIIK
YJIBTPaAbIOBICTBIK TIYIIUTENb KOHCTPYKIMACHIH 931pJiey KOHE OHBIH KYMBIC 1CTEY
3aHJIBUTBIKTAPBIH aHBIKTAY OOJIBIM TaObLIAbI.

Kolibutran MakcaTKa )eTy YIIH JuccepTaiusiga Kejaeci MiHaeTTep meiJii:

- aBTOKOJIIK KOHE KOJI-KYPBLITBIC TEXHUKACBIHAFbl TTU3EITh
KO3FaJITKBIIITAPbIHBIH KOHCTPYKIUSAJIAPHl MEH MalJaaHblIFaH Ta3apabl IIbIFapy
Kyienepine Tanaay >Kypri3iiai;

- yIbTPaAbIOBICTBIH a3 OpTAaChblHA ocep €TYIHIH (PM3MKAJIBIK MEXaHU3MIEPI
3epTTEI/IL;

- OeNIeKTepAlH KOaryJisilus TUIMIUITIHE dCep €TETIH YJIbTPaablObICTHIK
BIKITAJIJIBIH HET13T1 MapaMeTpiiepl aHbIKTaJIbI;

- TIK OaFbpITTa OpHAJIACKAH YJIbTPaAbIOBICTHIK O9CEHETKIIITEr1 OOIIeKTePA1H
KO3FaJIBICHI MEH 1pIJIEHY1H CUITAaTTAUThIH MAaTEMATHUKAJILIK MOJIEb 931pJICH/I];

- COYJIENCHIIPTIITEPAl KE3€H-KE3eHIMEH KOCY MYMKIHIIr 0ap MOIYJIBIIK
YIBTPAIBIOBICTBIK YKCIIEPUMEHTTIK CTEH]T )KacallJlbl;

- YABTPAABIOBICTHIK COYJICNCHIIPTIIITEPAIH CaHbl, KyaThl »XOHE OJIAPIBIH
YHIECIMIHIH TYTIHIEHYTE, MIBIFAPBIHABIIAD KYpaMblHA >KOHE TYHIBIPHUIATHIH
OeMIIeKTEep MaccachlHA OCEPIH aHBIKTAy OOWBIHINA YKCHEPUMEHTTIK 3epTTEyJIep
KYPTi3UIIL;

- DKCIIEPUMEHTTIK JepeKTep OHIEII, Ta3ajlay THIMAUIII OaraiaH/Ibl;

- JKOJ-KYPBUIBIC TEXHUKAChIHA YJBTPAJBIOBICTHIK OOCEHIETKIIITI EHT13Y/lIH
TEXHUKAJBIK-I)KOHOMHUKAJIBIK HET13/IEMEC] 5Kacall Ibl.

3epTTey HBICAHBI — apHalbl TEXHUKAHBIH JU3€JIb KO3FAITKBIIIBIHIAFbI
MOJIYJIBJIIK TJIYIIUTENBE YIbTPAABIOBICTBIK TEPOCITICTEP dCEpIHEH NaljaaHbUIFaH



ras3fap KypambIHIIAFbl KaTThl OOJIICKTEPIIH KOATYJSIUsIaHybl MEH TYHY (IIOTYy)
MPOIIECTEPIHE HETI3IETEH MIBIFAPBIHIBUIAPABI Ta3aIay JKyHeci OOJIBIT Ta0bLTA b,

3epTTey MOHI — MOAYJBAIK TIYLMIUTENIbJE YIAbTPAIABIOBICTHIK TepOemicTep i
OCepiHeH NaiJallaHbUTFaH Ta3JapAarbl KaTThl OOJIICKTEPIIiH KOaryJsIusIaHybl
MEH TYHY IpolecTepi OO TaObLIa b,

3eprrey aaicrepi luccepTanusuiblK KYMBICTa TEOPUSIIBIK Tayay OmicTepi,
aKyCTUKa JKOHE Tra3 JAMHAMHUKACHl ONICTEepl, MAaTeMaTHKAJIBIK MOJEIBICY,
HKCIIEPUMEHTTI KOCIapiay *oHE OHJEy, MaTeMaTUKaJIbIK CTaTUCTUKA 9JICTEpI,
COHJIali-aK TYTIHACHY/I1, aiiJalaHbUTFaH Ta3fgap KypaMbIHIaFbl KOMIIOHEHTTEP/I1H
KOHLIEHTPAIMSICBIH ~ KOHE  TYHFaH  OeJIIEKTEepIiH  MaccachblH  OJIICY/IH
AKCTIEPUMEHTTIK 9ICTeP1 KOIAaHBLIJIbI.

JluccepTanMsJIbIK dKYMBICTBIH FHUIBIMHU KAHAJIBIFbI MBIHAJIAPIAH TYPA/bI:

- YIbTPaABIOBICTHIK  COYJICTNEHAIPTIINTEPAIH KyaThlH KOHE KEHICTIKTE
OpHaJacCyblH YTHIMIBI TaHJAY JKaFJalbIHAA TiK OaFbITTa OpHAJACKaH MOIYJbIIK
YABTPAABIOBICTHIK O9CEHETKIIITI KOJIAaHy apKbUIbl JU3€JIb KO3FAITKBIIITAPhIHBIH
naijanaHbUIFaH ra3apblH Ta3ajiay TUIMAUITIH apTThIPy MYMKIHIIT] T9J€ICH/I1;

- aKyCTHKaJBIK KYIITEPAl €CKEPE OTBIPHII, TIK YIbTPAAbIOBICTHIK OPICTEr! ra3
OOJIIEKTEPIHIH KO3FAJIBICHIH CUMIATTAUTBIH MaTEMATUKAIBIK MOJACIb 931PJACH/IL;

- KOaryJsiuusi — MPOLIECTEPIH  KapKbIHAATY  YIIH  YJbTPaJblOBICTHIK
COYJICNICHIIPTIIITEPAl K€3€H-KE3eHIMEH KOCYIbIH THIMILIIT pacTaibl;

- KO3FaJITKBIIITHIH alHAITY KULTITIHE, YIbTPAABIOBICTHIK COYJICIEH I PTillITePAiH
KyaTblHa KOHE COYJEJCHAIPTIIITEp apachlHIAFbl KAIIBIKTHIKKA OalIaHBICTHI a3
TYTIHACHY KOPCETKIIITEPIHIH ©3TepiCiH CHUMATTAUTHIH PErpeCcCUSUIBIK TOYEeINIUTIK
HKCIIEPUMEHTTIK >KOJIMEH aJIbIH/IBI.

Koprayra yChIHBLIATBHIH FHLIBIMH epeskeJiep

Tik  KOMIIOHOBKaJarbl  MOJIYJBIIK  YIBTPAIbIOBICTHIK 0JCEHIETKIII
KOHCTPYKTHUBTIK oHE (DM3UKAJbIK TYPFbIIAH HETI3[ENIreH, OUTKEHI OJ AU3eib
KO3FAJITKBIIITAPI CTAIIMOHAPJIBIK KOHE KBa3HUCTAITMOHAPIIBIK PEXUMICPIC KYMBIC
ICTEreH  Ke3/le, ocipece, TOpU3OHTAIbAbl  ChbI30aJapMeH  CalbICThIpFaHAa
OeMIIeKTepAIH IpIJIeHYl MEH OJIAPAbIH TPABUTALMSIIBIK TYHYBl YIIIH HEFYPJIbIM
KOJIAMJIbI JKaFaiiapabl KaMTaMachi3 e€Te/l.

[Taitmananplarad  ra3gapibl  yJIBTPAABIOBICTHIK — Ta3ajaylblH  THIMIUTITI
YABTPAABIOBICTHIK SCEP/IH MapaMeTpJIepiHIH JKUBIHTHIFBIMEH aHBIKTAJIA bl, OHBIH
IIIIHIEe aKyCTUKAJBIK OPICTIH KyaThl MEH KEHICTIKTEe Tapaiybl, COHAail-ak Oip
ME3TUIZIE KYMBIC ICTEUTIH YIBTPAABIOBICTHIK COYJICICHIIPTIIITEPAIH CaHbl MEH
OJIApIbIH, KOMOMHAIIMACKHI €CKEePLIS/I].

Tik ynbTpagbIOBICTHIK OOCEHIETKIMITEr1 OONIMIEeKTepIIH KO3FalIbiChl MEH
KOAryJISIUSCHIH CUMATTAUTHIH O31PJICHIEH MATEMAaTHUKAIBIK MOJEbh YKCIIEPUMEHT
OapbichiHIIa OaliKayiFaH mporecTepai Oapabap Typae cumaTTaiabl, OV TYHFaH
OeJIIeKTep MacCcachbIHBIH apTybIMEH pacTanabl.

VY ABTpaabIOBICTHIK COYJIENCHIIPTIIITEPAl KE3€H-KE3€HIMEH >KOHE YiliecTipe
KOCy TaiJiajJaHbUIFaH ra3jap/ibl Tazajiay IpoleciH OackapyFa MYMKIHIIK Oepei
’KOHE JKYHEHIH dHEPrus TYThIHYbIH YTHIM/IbI IEHI €i/1€ CaKTal OTBIPHII, KOATyJISIIIUS
TUIMAUTITIH apTTHIPYIbl KAMTAMAacChI3 €Te/l.



XKon-KypbUIbIC TEXHUKACBIHIA MOAYJIbIIK YIbTPAAbIOBICTBIK OSCEHAETKIIITI
KOJIaHy TEK JKOJIOTHSUIBIK KaHa €MeC, COHBIMEH KaTtap aTMoc(hepaiblK ayaHbIH
JacTaHybIHAH TYBIHJIAUTHIH QJICYMETTIK-2KOHOMUKAJIBIK 3USHHBIH aJI/IbIH aTy JKOHE
JacTaymibl 3aTTap MIBIFAPBIHABLIAPHI YIIIH TOJEMAEPAIH a3ai0bl ApKbUIBI KOPIHETIH
HSKOHOMUKAJIBIK THIMIUTIKTI 716 KAMTaMachl3 eTe/Ii.

ABTOP KOpFaulbl

- KaTThI OOJITIIEKTePAIH KOAryJIAIHUICHl MEH TYHYHI €Ce01HCH IIbIFapbIHIBLIAPIbI
TazapTyFa apHaJIfaH, TIK TUOTI JU3€Jb KO3FAITKBIIIBIHA apHAIFaH MOIYJIBIIK
YIbTPABIOBICTHIK O9CEHIETKII KOHCTPYKIIHSICHI.

- Tik yIbTpamabIOBICTHIK OOCEHIETKIMITEer OOJIeKTepIiH KO3FalabiChl MEH
1piJIeHy1HIH MaTeMaTUKaJIBIK MOJICIII.

- YIbTpaablObICTHIK COYJICNEHAIPTIITEP/IIH CaHbl, KyaTbl >KOHE OJIapJbIH
yiuleciMIepiHiH TYTIHACHYTE, IIBIFAPbIHIBUIAD KYPaMbIHA KOHE TYHFaH OeJIIIeKTep
MaccachlHa 9CEPIH PACTANTHIH SKCIIEPUMEHTTIK 3€PTTEYJIEP/IIH HOTHKEIEPI.

- Jluzenpmi  KON-KYPBUIBIC TEXHHWKAChIHA AapHAFaH  YJIbTPAJBIOBICTHIK
0J3CEHAETKIIITI EHT13Y/I1H TEXHUKAJIBIK-DKOHOMHUKAJIBIK HET13eMECIHIH
HOTHKEJEp1, OHbIH MPAKTUKAJIBIK TYPFBIJIaH KOJJAAHBLTY TUIMILIITIH AJIETACHIL.



1 MOCEJIEHIH KAF TAWBI ’KOHE 3EPTTEY MIHJIETTEPI
1.1 ABTOKOJIIKTEPAIH AN3eJIbAIK KO3FAITKBIITAPHIHBIH KYPbLIbLICHI MEH
JKYMBIC PEKUMIH Tajaaay

Jln3enbaik KO3FAITKBIIT — OVJI iIIITEH JKaHy KO3FaJITKBIIIBIHBIH Oip TYpi, OHIA
OTBIHHBIH TYTAaHYbI ITWIMHAPIIEPICT] ayaHbIH KaTThl CHIFBUTYBI HOTHKECIHAC Taiaa
OOJaTBIH JKOFaphl TEMITEpaTypa dCEepiHEH Ky3ere acansl. KaHapMmail YHEMIUTITIHE,
CEHIMJIUIITIHE J>KOHE Y3aK KbI3MET €Ty Mep3iMiHe OailJIaHBICTBI OJ1 KOJIK
TEXHUKACBIH/IA KCHIHEH KOJIaHbLU1aab! [1].

Jlu3enbal KO3FAITKBIIITAP JKOFaphl KyaTThUIBIK, CEHIMIUTIK JKOHE YHEMILIIK
TaJial eTIJICTIH aybIp )KOHE KOCIOM TEXHUKAHBIH OapJIbIK AEPIIiK TypJIepiHIe KeHIHEeH
KOJTaHbLIaAbl. JIU3elb/ll KO3FaaTKBIIITAPMEH Ka0AbIKTaIFaH apHalbl TEXHUKAHBIH
¢H KeH TapayraH Typiepi (cyper — 1.1):

JKCKaBaropyiap, Oynbpao3epiep, Tuerimrep  (PpOHTaIbAbL,  AMBIPIBHI,
TEJCCKOMUSIIBIK), Tpeiaepiaep, TpakTopiap (aysUl IIapyalibIBIFBl  JKOHE
OHEPKACINTIK), CAMOCBAIIIAP MEH KaphePJIIK KYK KOIIKTEP1, KOMOaH1ap, KATOKTAP
MEH JKOJI-KYPBUIBIC MallMHaIapbl, KpaHaap (aBTOKpaHIAp, IIBIHXBIPTA0aHIbI
KpaHjaap), aBToOyCcTap MEH JKYK KOJIIKTepl, FeHepaTopyiap MEH KOoMIIpeccopiiap,
apHaiibl KeJikTep (epT CeHAlpy MallMHAJIAPbl, KOMMYHAJIJBIK TEXHHKA,
ABaKyaTopJiap).

Cyper 1.1 - luzenbi KO3FaaTKbIIITAPABIH KOJIJIAHY aiMaFbl

Jln3enb ik KO3FANTKBIIITHIH KYPBUIBICH OlpHEIIIe HET13T1 KYHenep/IeH TypaJibl:
WIMHAP-TIOPLIEHb TOOBI, OTBIH OYpKy »KyHeci, aya KaMTaMachl3 €Ty XKyhecl,
Maiay JKyHeci, CaTKbIHIATy JKYHecl JKOHE MaiJalaHblIFaH Ta3lapiAbl IIbIFapy
xyieci [2]. (cyper —1.2)



Cyper 1.2 - JIuzenbiiK KO3FITKBIII

Hunuuap-nopiieHb TOObI (MOPIIEHb, MWJIMHAP, MATYH >KOHE HIHI1 OLIIK)
YKYMBIC UKJIIH KaJBIITACTRIPYAa HET13T1 pei aTkapajsl. OChl TONTA ayaHbl ChHIFY,
OTBIH-aya KOCHACHIHBIH TYTaHYbI KOHE JKaHy YHEPTUACHIH MEXaHUKAJIBIK KYMBICKA
allHaNBIPY MPOLIECTEPI KY3ETe aChIpbLIaIbI.

OTbIH OYpKY XKyiieci aHy KaMepachlHa OTHIH/IBI dKOFAPhI KBICHIMMEH JKOHE /17T
MeJIIepie  KEeTKI3yAl KamTamachkl3 eredl. Kazipri 3amaHfbl  JU3ENBIK
KO3FalTKpITapaa kedinece Common Rail TexHooruscel KosgansLiansl [3], o1 6ip
LUK 11HJe OlpHele peT OypKyre MyMKIHIIK Oepenl. bys kocna Ty3uty mpolecid
OHTAWJIAHBIPHIN, YJBI 3aTTapAbIH O6JiHYIH a3alTaibl JXOHE KO3FAITKBIIITHIH
YHEMUTITH apTThIPabl.

Aya KamTamachI3 €Ty XyHecl HWIMHApJEepre Ta3apThbUIFaH >KoHE KeOiHece
QJIJIBIH aJjla CHIFBUIFAH ayaHbl JKeTKi3ell. TonTeipy K03 GUIMEHTIH apTThIpy YIIH
TypOOHa//1yB TIEH MHTEPKYJIEP KUl KOJIIAaHbUIA b, OYJI aya THIFbI3IbIFbIH KOOCUTIIL,
KyaT KOPCETKIITEPiH apTThIPyFa >KOHE OTHIH THUIMIUIITIH jKaKcapTyFa MYMKIHIIK
oepeni [4].

Maiinay >xyiieci TyHiCeTiH OOJIIEKTEP apachIHAAFbl YHKEIIC IIEH TO3Y/ bl a3alTy
KBI3METIH aTKapajbl, COHBIMEH KaTap KbUTyIbl OKETIM, XYMBIC TPOIECTEPIHIH
TYPaKTBUIBIFBIH KamTamachl3 erefi. CankplHAATy Kyleci KO3FalITKBIIITHIH
KBUTYJIBIK PEKHUMIH PETTEI, OHBIH KbI3bIN KETyiH OOJIBIpMAiibl JKOHE >KYMBIC
IUKJIIEPiHIH THIM/II ©TYi YIIIiH OHTAMIIBI TEMIIepaTypaHbl cakTaiasl [5].

[Talinananplarad ra3aapAbl WIbIFAPY Kyiecl MUIMHIPIEPIAEH KaHy OHIMIEPIH
IIBIFAPBIN, 3USHABI KaJABIKTapAbIH JCHreiiH ToMeHaeTyre apHairaH. Kaszipri
3aMaHFbl TU3ETbAIK KO3FAITKBIIITAPABIH MoAuUKasIapbiHaa Oy JKyiiere Kyie
cysrinepi (DPF) sxone karanutukanslk HeTpanuzaropiaap (SCR-xyitenepi) kipent
[6], omapapH KeMeriMeH XallbIKapalbIK YKOJOTHSUIBIK CTaHAAPTTApPFa Cail )KYMBIC
KaMTaMachl3 eTuiefl. ATanfaH OapiblK KyHenepliH >XyMmbicel 1.3-cyperrte
KOPCETIITEH.
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Cypert 1.3 - luzenbaik KO3FaJITKBIIITHIH XKYHenepi MEH MeXaHU3M/IEpiHIH
e3apa OaitIaHbICHI

bapnwik aTtanran >xyhenepaiH >KYMBICBIH YHJIECTIpYIl dJEKTPOHIBIK Oackapy
omorel (ECU) »xy3ere aceipambl. O HakTbhl YakbIT PEXKUMIHIE OTBIH OYpKYy
MIPOLIECiH, TYpOOYpJIeY KYHECIHIH )KYMBICBIH, COHJIali-aK Maijiay kKoHe CaJIKbIHAATY
KYHWENepIHIH TapaMeTpiiepiH perTeimi. byn mpomecTepmin  yHIeciMauTiria
KaMTaMachl3 €TiM, KO3FAITKBIIITHIH TaiJagaHy CEHIMIUIIMH apTThIpabl KOHE
KOpIIIaFaH OpTaFa 3USHJIbI 9CEPiH OapbhIHIIA a3alTaIbl.

KO3FanTKbIITBHIH KYMBICBI TOPT TaKTUIl LUKITE HETI3IENTeH: COpYy, ChIFY,
KYMBIC XKYpici xkoHe mbFapy (cyper — 1.4).

Copy TakTiciHAe IMWIMHAPre aya €Hri3uieNl, odaH KEWiH OJI ChIFbLIAIbI, Oy
TeMIIepaTypaHbIH alTapJIBIKTAM sKOFapblIaybiHa okenei. ChIFy TaKTICIHIH COHBIH/IA
OTBIH OYPK1JIEe/Il, OJ1 ©3/IIT1THEH TYTaHbIII, )KaHy HOTHKECIHJIE Mai1a O0JIFaH SHEPTHs
MEXaHUKANBIK JKYMBICKA alHalamel - OyJ KymbIc OKypici TakTticl. [lukn
naiamaHblUIFaH Ta3aap/isl HIBIFAPy MpoIeciMeH asKTanaasl [7].

KaGLIH}Iay KJIaItaHbI OTBIH UHXXCKTOPBI HIbIFapy KiiaraHbl

copy CBIFY OYpKy HIbIFapy

Cypert 1.4 — [luTeH KaHaThIH KO3FAITKBIIITHIH KYMBIC 1CT€Y MTPUHITUIII.
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Jlu3enbiK KO3FaITKBIIITHIH KYMBICHI K€31HI€ KYpaMbIH/Ia 3USH/ABI 3aTTap Oap
HIBIFAPBIHJIBIIAP TY3UIEAl: Kyie, a30T okcuarepi (NOx), kemiptek TOThIFBI (CO),
kemipcyrekrep (HC) sxoHe Oacka nma xocwuibictap [8]. Omapapl mibFapy xoHe
OeliTapanTaHapIpy YIIIH MaiialaHbUIFaH ra3aap bl MIbIFapy Kyhecl KONJaHbLIaIbl
(1.5-cyper). Byn kyiie wbIFapy KOJUICKTOPBIHAH, IIYJAbl OOCEHIETKIIITEH
(rmymmTens), TypOOKOoMIpeccopiaH (erep KapacThIpbUIFaH 0oJica), COHJaii-ak
AKOJIOTUSIIBIK DJIEMEHTTEpJeH Typaasl: kyie cysrici (DPF), karamutukanbik
HeUTpau3aTop, NaganaHbuIFaH ra3fgapasl penupkysusuiay xyiect (EGR) xone
CCJICKTUBTI KaTaJUTHKAJIbIK KaimblHa kedTipy okyideci (SCR). Aranran
KOMITOHCHTTEp 3USH/IbI 3aTTap MEH IIyAbIH JICHIeHiH enoyip Temenaereni [9].

1 - weIFapy KOJJIEKTOPSI, 2 - THIFBI3AAFBILI (MIPOKIAKa), 3 - OalIaHBICTBIPYIIBI TYTIK, 4 -
ro¢pa, 5 - TRIFBI3JIAFHINI, 6 - KATANU3aTOP, 7 - KbULY KAJIKaHbI (TEPMOIKpaH), § - pe3oHartop, 9 -
acna, 10 - Heri3ri AbIObIC O9CEHAETKINI (IIYIIUTENb).

Cyper 1.5 - lllpirapy xytiect

Jn3enbaik KO3FaJITKBIIITHIH )KYMBICHI OapbIChIHIA Kylie, a30T okcuarepi (NOy),
keMipTek ToTbiFbl (CO), kemipcyTekTep (HC), karThl 6enmexrep (PM2.5, PM10),
COHJlai-aK KYKIPT Auokcul (SO2) CHSKThI 3USH/bI IIbIFAPBIHABUIAPIBIH TY3UIY1 -
taburu KyObUTbIC [10]. KO3FaNTKBIMITHIH KYPBUIBICHI MEH JKYMBIC ICTEY PEKHUMI
OJIapJIbIH, Taija OoJIyblHA €JeyJll ocep eTelll. OPTYPJl KOHCTPYKUMSUIBIK >KOHE
naianany Gaxtopiaapsl KOpIlaFaH OpTaHbIH JIACTAHy JCHTCHiH HE TOMEHJIETY1, HE
KEpICIHIIIe, apTTHIPYbl MYMKIH.

KoHCTpYKIUSIBIK (akToOpiapAblH INIHAE CHIFY IOPEKECIHIH MaHBI3BI 30D -
OHBIH JKOFapbUIaybl OTHIHHBIH TOJBIFBIPAK >kKaHybiHa bIKHad erin, CO xone HC
IIBIFAPBIHABLIAPBIHBIH a3atobiHa okesesi [11]. Common Rail (cyper — 1.6) cuskTo
3aMaHayd OTBIH KYWeJepl MEH IMbe30-PopcyHKaaap OTHIHIBI JKOFAphl IOJTIKIICH
MeJIIIepeyal )koHe kot (azaibl OypKy/Ii KaMmTamachl3 eTe/l. by kocna Ty311y MeH
JKaHy camachlH >KaKCapThiN, Kyie MEH 0acka Ja 3USHAbl 3aTTapJblH TY3UTyiH
azarTanpl [12 ].
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1 — oTbIHIBI aliIalTBIH (KOPEKTEHIIPETIH) COPFBL, 2 — OTBIH CY3Tici, 3 — KoFapsl
KBICBIMJIBI OTBIH COPFBICHI, 4 — MOJIIIepIiey KiamaHbl, 5 — OTBIH paMITaChIHIAFbI KBICHIM
JIaT4Yuri, 6 — XKOFapbl KbICHIMJIbI aKKYMYJISITOP — OTBIH paMIachkl, 7 — KbICBIM peTTeriuli

(bakpuTay KJIamaHbl), 8§ — MHKEKTOpIIap.

Cypert 1.6 - Common Rail oTsiH xyiieci

’Kany kamepachIHBIH T€OMETPHSCHI Ja ©T€ MaHbBI3JIbI POJl aTKapaabl: OHbI
OHTAMJIaHIBIPY OTHIH MEH ayaHbIH KaKChIPAK apalacyblH KaMTaMachl3 e€Telll, OyJi
OTBIHHBIH TOJIBIFBIPAK KAHYBIHA JKOHE IIBIFAPBIHABLIAP/IBIH a3al0bIHA BIKIA €TE/I].
TypOoHanmyB MeH MHTEPKYJEPAl KOJJTaHY KO3FAITKBIIIKA TYCETIH aya KeJeMiH
apTTHIPHIN, HOTIKECiH e Kyiie MeH CO KOHIICHTPaUACHIH ToMeHaeTe 1. Jn3enpaik
KO3FaJITKBIIITHIH XKaHy Kamepasapsl 1.7-cypeTTe KopCeTireH.

Cyper 1.7 - lliteH xaHaTbIH TOPT TAKTLI1 KO3FAITKBIIITHIH KYMBIC ChI30aChI

XKorappiga aTtanFaH TEXHOJOTHSIAp KOCHA TY3ULy MPOLECIH aiTapiblKTai

JKaKCapThIIl, OTBIHHBIH TOJIBIFBIPAK KAHYBIH JKOHC KYP'IC MCH KOMipTCK TOTBIFbIHBIH,
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(CO) ty3umyiH a3alTyapl KaMTaMachl3 eTedl. Ajaiga, omapAbsiH Oenriial Oip
niekTeyaepi ae Oap. Melcanbl, TypOOHAAAyB TEH HMHTEPKYJIEpAl MainaiaHy
WIMHIPIEPIIH TOJTHIPBUTYBIH apTTHIPHIN, IIBIFApBIHABUIApAAFsl Kyitle mMeH CO
KOHIICHTPAIUSICBIH TOMEHJETe/l, OlpaKk COHBIMEH Oipre XaHy KaMepachbIHAaFrbl
KBICBIM MEH TeMIIepaTypaHbIH XKOFapbUlayblHa dKenedl. by e3 ke3erinae nu3enpai
HIBIFAPBIH/IBUIAPABIH €H YJIbl KOMIOHEHTTEpiHIH Oipi OOJbIN TaOBLIATBHIH a30T
okcuarepinid (NOy) Tty3uryin kymeiteni. CoHBIMEH KaTap, KO3FaJITKBIII
KOHCTPYKIUSICBIHBIH KYP/I€JICHY1 OHBIH KYHBIH apTThIPaJbl, all TypOOKOMITPECCOP
MEH ayaHbl CaJKbIHIATY Kyhenepi Maijay camachblHa *oHE TEXHUKAJBIK KbI3MET
KOPCETYTe KOFaphl TalanTap Kosiabl, Oy 63 K€3€T1H/Ie Maii1ajaHy MIbIFbIHIaPbIHBIH
ecyiHe ceben 00Jabl.

Common Rail oTbIH xkyiienepi MeH Mbe30-(popCyHKaNapAbl KOJIAAHY OTBIHIbI
JKOFapbl JIQJIKIEH MeJIepieyre *oHe Kell ¢azaibl OYpKyJl >Ky3ere achlpyra
MYMKIHIIK Oepenl, Oys KaHy KarJaljgapblH >KaKCapThIll, KaTThl O6JIIEKTEepIiH
TY3UTyiH a3zaitanpl. Anaiina, MyHJal xyienep AU3edb OTHIHBIHBIH CalachblHA ©Te
cesiMTasl OoJbin Kenenl. OThIHAA KYKIPTTIH, CYABbIH HEMEce MeEXaHUKaJIbIK
KocIajaap/iblH 00JIybl KbIMOAT OOJIIEKTEPAiH T€3 TO3YbIHA YKOHE ICTEH IIbIFYbIHA
okeneznl. CoHbIMEH KaTap, KYPbUIBIMIBIK KYPAEIUIIK MEeH KOHACY/IIH XKOFapbl KYHbI
KO3FAJITKBIIITHI MaliallaHy TaJlalTapblH endyip apTThipas [13].

XKany kamMepachIHBIH T€OMETPUACHIH OHTAWIaHABIPY OTHIHHBIH TOJBIK KaHybIHA
JKOHE IIBIFAPBIHJBUIAPIBIH  YBITTBUIBIFBIH TOMEHJETYTe€ dCep €TETIH HeTi3rl
dakTopiapasiH Oipi peTiHIE KapacThIpblIaabl. AJlaiifia OHBI iC XKY3IHIE XKy3ere
achIpy TEXHOJIOTHSUIBIK TYPFBIAAH KYpJEi: KOFapbl JOJIIKTET €cenTeysep MEH
OemmmiekTepIl OHACYAl Tajam erefl. bymaH OelleK, KO3FaITKBIIITHIH KOJIANCHI3
YKYMBIC PeKUMIEPIH/IE TIMNTI OHTAMIIBI KaMepa MillliHI JI€ )KePTUTKTI KbI3BII KETYTe
YKOHE a30T OKCUATEPIHIH TY3UTyIHIH KYIIetoiHe oKkeiyl MyMKiH. KocbiMina mektey
pETIHAE OTHIH camachl JAa MaHbI3Abl POJI aTKapajibl, ce0edl TOMEH COPTTHI IU3EIlb
KOJJIAHBUIFAH JKaFfaiila >kKaHy KaMepachlHbIH KETUIMIPUITeH KypbUIbIMbIHA
KapamacTaH, Kyie Ty3i1yi )KoFapsl AeHreiae Kanaasl [14].

Jln3enbaiK KO3FaNTKBIIITHIH KYMBIC PEXUMI dKOJOTHUSIIBIK KOPCETKIIITEP MEH
HIBIFAPBIHABUIAD KypaMblHA alTapiblkTail acep eredl. boc xypic pexumiHze
KO3FaJITKBIII alTapibIKTal )KyKTeMeCi3 )KYMBIC 1CTei11, OYJI ’KaHy KaMepachbIHIAFbl
TeMIIepaTypaHbIH TOMEHCYIMEH KOHE OTHIHHBIH TOTBIFY MPOLECIHIH OastyIaybIMeH
Karap >Kypeni. MyHnai jkarmaifia jkaHy TOJIBIK JKY3€re acmhaiiibl, HOTHKECIHIE
koMipcyTekTepaid (HC) xoHIEHTpanusIChl apThil, KO MeJIIepAe Kyhe Ty3UIeIl.
byn KkyObuiblc TeMeH TeMIeparypa Ke3iHIe XUMUSJIBIK peakUsuIapablH
OeJICeHITITT TOMEH/ T, OTBIHHBIH OTTEKIICH TOJIBIK SPEKETTeCIel, OHBIH Oip O6Iiri
YBITTBI KOCBLIBICTAp TYPiHIE aTMOCdepara IIbIFapbuTybIMeH TyciHaipinemi [15].

Ko3FanTKpIII JKOFaphbl )KYKTEMEMEH KYMBIC ICTeTEH Ke3/e, KepiCiHIIe, KaHy
KaMepachIHAAaFbl TeMmreparypa alTapiblKTail >korapbuiaiibl. byn kemipTexk mneH
CYTEKTiH HEFYPJIbIM TOJBIK TOTBHIFYbIHA BIKMAJ €Til, HOTH)KECIHIE Kyhe MeH
koMipTeK  TOTHIFbIHBIH  (CO)  KOHIEHTpauusIChIH TOMeHAeTedAl.  Auaiina
TeMIrepaTypaHblH KOFapbuiaybl a3oT okcuarepiHiH (NOy) Ty3u1y MOpoleciHiH
KYLICIOIMEH Katap xypeii. OnapablH KOHIEHTPALMCHI TEMIIEPATypa MEH KbIChIMFa
TiKeJel OalylaHbICThI, ce0ebl KoFaphl TEPMOJIUHAMUKAIIBIK MapaMeTpiiep Ke3iHJIe
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aya KypambIHJIaFbl a30T TIEH OTTEKTIH 63apa OPEKETTECY PEAKITUSACHI KbUTIaM AN Tl
Ocpunaiima, ®KOFaphl )KYKTeMe Ke3iHae KeitOip mactaymsl 3atTtapabiy (kyie, CO)
a3arobl Oacka 3usHABI 3aTTapabsiH (NOy) KeOeriMeH KaTap KYpei.

KO3FanTKBIITHIH TYPAKCHI3 )KYMBIC PEKUMIEP1, SFHU KCHETTCH YIeY MCH TEKEY
Ke3eHEePi, MIBIFAPBIHIBUIAPABIH YRITTEUIBIFBIHA epeKIle ocep eTedi. by correpme
KOcIa TY31Ty MEH jKaHy >KarJaiiaapbl TYpakchl3 OOJaabl: jKaHy KaMepachIHAFbl
KBICBIM ©3Tepe/ii, OThIH OYpPKYy MEH ayaMmeH apanacy Oipkenki Oommaiiael. MyHai
KYOBUIBICTAp 3USIH/BI 3aTTAP/AbIH, aTall alTKaHJa KyHEeH1H, KOMIPCYTEKTEP/IIH JKOHE
KOMIPTEK TOTBIFBIHBIH yaKbITIIA >KOFapbl KOHIIEHTPALUACHIH TyAbIpaabl. MyHail
IpolecTep KUl TOKTam, KalTa KO3FalIaThlH >KOHE KU1 TEXEY >KaCalThIH KalaJlbIK
JKarganiaapaa JKYMBIC ICTEHTIH KOJIKTEpre TOH, COHABIKTAH OYJ Mocele
METaIOJIUCTET] KOJIK YIIIiH aca 3eKTi 00J1bIn Ta0bbLIa 6! [16].

KO3FanTKbIIITHIH TEXHUKAJBIK O>Karjaiibl Ja IIbIFApPbIHIBUIAD JEHIeiiHe
ey acep erenl. OTbiH (OpCYHKAIAPBIHBIH TO3Ybl OTHIH OYPKY CamnachIHBIH
HalapJiayblHa 9KeJe/l1: OThIH TaMIIbLUIAPhI 1PLIEHII, OJIapbIH OyI1aHybl MEH ayaMeH
apajiacybl KUBIHAANABI, Oy Kyile Ty3UIyiH apTThipaibl. Aya >XoHE OTbIH
CY3TUIEPiHIH JJACTaHYbl OTTEK MEH OTHIHHBIH JKETKI3UTY1H IIEKTEW 1, HOTHXKECIHIE
TOJIBIK jkaHOay opbiH anajsl koHe CO MeH HC xonuenTpaunuscel apragsl. bypky
KYHeECIHAeTI akayiap - KbICBIMHBIH ayBITKybl HEMECE OTBIH OCPY TYPaKCHI3IIBIFHI -
Oy1 mnpouecti omaH opi kypaenenaipeai. Conpaii-ak, OYpKyIIH aiara 03y
OYpBIIIBIHBIH (OTIEPEKEHUE YTJIa BIPBICKA) PETTENyl i€ MaHbI3Abl (PaKTOp OOJIBII
TaObUIa Bl OYPKY THIM €pTe KYprisijice, TeMIepaTypa apThill, COHbIH callapblHaH
NOy mbIFapbIHABUIAPET KOOEHEl; al OypKy ThIM KEII KYPTi3ijce, OTHIH TOJIBIK
)aHOai, Kyiie MeH KOMIpCYTEKTEpIiH MOJIIIEP] Ooce/Ii.

TpakTopiiap MEH apHalibl TEXHUKAJIAPAbIH MMaiJajJaHblUIFaH ra3aapasl LMIbIFapy
KyMenepl KYpaMJIIbIK JKaFblHAH JKEHIT JKOHE JKYK aBTOMOOWIIBIEPIHIIE
KOJIZTAaHBUTATBIH KYyHenepre yKkcac, OUTKEH1 OJIapJIbIH J1a HET13r1 MOy Ibaepi Oipaei:
ToThIFy Katasmtuzatopsl (DOC), kyiie cysrici (DPF), cenekTuBTI KaTaTUTUKAIIBIK
oeiitapantanaeipy  kyieci  (SCR)  xoHe — malijanaHpuiFaH — Ta3gapiabl
pemupkyauusiiay kyileci (EGR). byn xyilenepain makcatsl na Oip - as3or
okcuarepi (NOx), xemipcyrekrep (HC), kemiprek TOThIFBI (CO) oHE KaTThI
oenmektep1iH (PM) KOHLIEHTpalMsIChIH HOPMATUBTIK JICHIEHTe eliH TOMEHIETY.
Aunaiifa ChIpTTall YKCACThIFbIHA KapaMacTaH, TPaKTOpJiap, SKCKaBaToOpJap MKOHE
0acka J1a JKOJICBI3 KEpJepre apHAIFaH TEXHUKAJApbIH KYMBIC €PEKIICITIKTEPIHE
OaliIaHbICTHI KYPBUIBIMJIBIK JKOHE MaiiajaHy aibIpMaIibuIbIKTaphl 6ap [17].

bipiamrigeH,  KO3FaITKBIINTAPABIH  JKYMBIC  PEKHMICPl  adTapibIKTai
epekmieneneii. Erep aBToMoOMIbep KYKTEME MEH KbUTIAMIBIKTBIH YHEM1 ©3repim
OTHIPAThIH JAWHAMUKAJIBIK KaFlaia >KYMBIC iCTece, TpaKTopjap MEH apHaibl
TEeXHUKa KoOIHEeCe TYPAKTHI KyaTTa HEMECe aifHbIMAJIbI JKYKTeMelep Ke3iHe TOMEH
allHanmpIMIapAa KYMBIC icTeimi. MyHaall okargaija IbIFapbIHIBLIAPIBIH
TeMIiepatypachl kyie cysruiepinid (DPF) naccuBTi perenepanusicbiHa ®ETKUTIKCI3
OO0JIBII, OJIAPBIH T3 O1TETyiHE OKEJIEI].

Exinmnigen, skydenepaiH opHaiacybl e3remie. ABTOMOOWUIIbIAEPAE Ta3zapTy
MOJIYJIbJIEPI IIbIFAPY KYHECIHIH TabaHbIHA BIKIIAM OJIOK TYpPiHAE OpHATBUIAbI, all
TpakToOpJiap MEH apHailbl TEXHUKAJA Y3aK KbI3MET €Ty MEP3IMIHE )KOHE TEXHUKAIIBIK
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KBI3MET KOPCETYIIH BIHFAUIBUIBIFBIHA €CENTENTeH 1pl MOIYIBIIK KYPBUIBIMIAD
KOJTaHbLIaApl. MyHIal MOIYJBASPAIH OJIIeMi MEH CaJIMarbl dJIICKaia YJIKEH:
MbIcanbl, aBTomMoOumbAeri SCR ikyleci OipHerne kujorpamm 0oJjica, TPaKTOp
HEMece 9KCKaBaTOpFa apHaJIFaH aHaJIOThl OHJIaFaH KHJIOTPaMMFa KEeTyl MYMKIiH.

YuriHmiieH, TpakTopiap MEH apHailbl TeXHUKaJap[blH MMaliJanaHy OpTachl
annekaiga ayeip. Onap mmaHbl, OaNIIBIKTBI, >KOFAphl BUIFAJIBUIBIKTAFbl YKOHE
TeMITepaTypa albIpMachl YIKEH xKarmaiapaa xymeic icterai. by EGR xyitecinin
Te3 01Telly KayIiH apTThIpajibl, KaTaIUu3aTOPIap IbiH TO3YbIH KbUIIaM/IaTa bl )KOHE
TeMmeH TeMriepatypana AdBlue pearenTiniy kpuctanganybiHa kapebl SCR xyliecine
KOCBIMIIIa KOpFay IapajlapblH KaXKeT eTe/Il.

TepriHIIiACH, HOPMATUBTIK TajanTap ga opTypii. ABToMoOubaep yiniH Euro-
5 xoHe FEuro-6 cranmapTTapbl KOJJaHBUIAAbI, OHAAQ  IIBIFAPBIHIBLIAP
rpaMM/KAJIOMETPMEH (I/KM) OJIIIIEHE 1, aJl TPAKTOPJIAp MEH apHalbl TEXHUKA YIITH
Eypomana Stage IV xone Stage V, an AKII-ta Tier 4 Final ctanmapTtTapsl
SHTI3UINeH, MYHJIa HOpMajlap IpamM/KujioBaTT-caraTneH (r/kBt-car) ecenrenei,
Oyl KO3FaITKBIITAPABIH MOTOCAFATTAPMEH OJIIIEHETIH YMBIC E€pEeKILIENITiH
kepcereni [18, 19].

Ocputaiilna, TpakTOpjap MEH apHaibl TEXHUKAJNapAblH ILIbIFApy KyWenepi
KypamMbl MEH MaKcCaThl >KarblHAaH aBTOMOOWJIb XKyiHelepiHe ykcac, Oipak aybIp
naijanany jkarfaillapbliHa, HIBIFAPBIHABUIAD KOJEMIHIH KONTIrIHE MoHE Y3aK
KYMBIC pexumiaepine OedimaenreH. Herisri  albpipMalibUIBIKTap — OJIAPABIH
ayKbIMBIHJIA, KYPBUIBIMJIBIK OpHAJacCybIHJA >KOHE MaijiajiaHy epeKIIeTIKTepIHIe
Oalikaymapl, COHABIKTAH SKOJIOTHSIBIK TalalTapJblH KYIICI01 KaraaibliHIa Oy
KyHenepl )KeTUIIIPY MAcelieci epeKIe 03eKTUTIKKE ue.

CoHbIMEH, IM3€NbIIK KO3FAITKBIIITBHIH DSKOJIOTHSUIBIK THIMIUIITT TE€K OHBIH
KOHCTPYKIUSIJIBIK SKETUIMIPUTY JCHTeWiHE FaHa eMec, COHBIMEH KaTap »KYMbIC
MIPOIIECTEPiHIH TYPAKTHUIBIFBIHA, OTBIH CallachlHA JKOHE MMal1ajaHy TaJlallTapbIHBIH
CaKTalyblHa Ja OaimaHpicThl. KO3FanTKpIl Jkacay calachIHOAFbl — eJeydl
YKETICTIKTEpre KapaMacTaH, Ka3ipri 3aMaHfbl TEXHUKAJIBIK MICIIIMIEp 11 e KaTaH
XaJbIKAPAJIBbIK SKOJOTUSIIBIK HOpMaIapra TOJIBIK COMKECTIKKE KOJI JKETKi3e aMai
oThIp. Tepic IKONOTUSIIBIK dcep/al OaphIHIlIa a3alTy TeK MalalaHbUIFaH ra3faapibl
TazapTy KyHenepiH ojJaH opi JaMbITY apKbLIbl MYMKIH OOJajbl, O©UTKEHI o7 OChI
JKYHWeNIep TEXHOJIOTHSUIBIK —IIEKTEYJIepAl ©OTem, JKalllbl JacTaHy JCHTCHiH
TeMeHnaeTyre Kaoinerri [20].

Ocpiran  OalaHBICTHl TaWJAIaHBUTFAH —Ta3apAblH  KYpPaMbIH, OJap/IbIH
(bU3HUKaIBIK JKOHE XUMHSUTBIK KACHETTEPIH, COHJAl-aK KOpIIaraH opTa MEH ajam
JICHCAYJIBIFBIHA dCEP €Ty MEXaHW3MIEPIH E€rKEeU-TeT e 3epTTey KaKeTTUIIr
epekie e3ekTimikke ue. KylieHiH, a30T OKCUATEPIHIH, KOMIPCYTEKTEPIiH, KOMIPTEK
TOTBIFBIHBIH, KYKIPT KOCBUIBICTAPBIHBIH JKOHE KATThI OOJIIEKTEPIiH CaHIBIK JKOHE
canajblK CHUIATTaMajapblH TYCIHY THIMII Ta3apTy OIICTEpIH HErI3Al TypAe
o3ipJieyre JKOHE JU3ENbAIK KO3FAITKBIIITAPABIH AKOJOTUSUIBIK KayIICI3IIriH
apTThIpyFa OarbITTAIFaH MHXXEHEPJTIK MIeHTiMIep KaObu1aayFa MyYMKIHIIK Oepei.
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1.2 [JIu3eablik KO3FAJITKBIIITAPAbIH MNalJAJAHBLIFAH Tra3lapbIHbIH
KYpaMbl M€H CHIIATTAMAJIAPBI

Jln3enbaik KO3FaNTKBIIITAPBIH IIBFAPBIHABIIAPEI Ta3 TOPI3Al KOHE KaTThl
JacTaFbIll 3aTTapAbIH KYpAENl KocmachkiHaH Typaabl. OmapJslH KOHIICHTPAIHSICHI
MEH KayINTiIrt KO3FAITKBIIITBHIH KYPBUIBICBIHA, OTBIHHBIH TYpPl MEH CamachlHa,
naiiianany >karJaiylapblHa JXKOHE TaszapTy »KylesepiHiH OoiyblHa OaillaHBICTHI
Oomnapl.

["a3 Topizni komnonentrepre azor okcunarepi (NOy), kemiptek TOThIFEI (CO),
conpaii-ak kemipcyrekrep (HC) xaransl. bynan 6acka, KypaMbIHIa YBITTHI €MEC,
OipaK >KbUIbDKAM ocepiH KymieHTeTiH KeMipKbIKeUl Tra3el (CO:2), conmaii-ax
KBIIITKBULJIBI KAHOBIPJIAp MEH TBHIHBIC ajy >KOJAAPBIHBIH TITIPKEHYIH TYFbI3aThIH
KyKipT okcuarepi (SO2) 6omansr [21].

XKanmeiranran gepekrepre colkec, TU3ebAIK KO3FAITKBIIITHIH Mai alaHblUIFaH
ra3fapbIHBIH KYpaMbl HET131HEH MBIHA/Ial YIECTEPACH TYPaibl: KOMIPKBIIIKBLT I'a3bl
(COz2) — mramamen 72—75 %, a3ot (N2) — 12—15 %, cy 6ys1 (H20) — 1011 %, Kanasix
ortek (O2) — 0,5-2 %, xxone 1 %-maH a3 OeJiri yBITTH JIACTAFBIINITAPFa THECUTI -
onapra CO, NOyx, HC, SO, H:S xone katte1 6enmektep (PM) xaransr (1.8-cyper)
[22].

Jlu3enbik KO3FaITKBIIITHIH MMai1alaHbUTFaH Ta31apbIHbIH
KYpaMbl

2% 1%

10%

HCO,

EN,
H,0

m0,

m CO, NOy, HC, SOy, H,S

Cyper 1.8 - [luzenbaik KO3FANTKBIIITHIH TalJalaHbUIFaH Ta3dapbIHBIH
KYPaMBbIHBIH AHarpaMMachl

XKanmpl anraHaa, KeJNIK CEKTOPBIHBIH ayara THWTI3ETIH OCEpIHIH 1UIHAEe
JU3EIBIIK KO3FAITKBIIITAP/IBIH Yiecl alphIKiia >korapbl. Kananbelk xarmainapaa
mu3enb kenikrepl NOy mbFapeiHabUIapbiHbiH aMamMeH 70 %-biH xoHe PMoa.s
oemnmekTepidiH 80 %-m1aH acTaMbIH TYABIPAIbI.

Byn nacTaymbuiapipiH 1IiHAE €H KaylnTiiepiHiy 0ipi - kemipTek TOThIFbI (CO).
O Tycci3 xoHe ricci3 ra3 00JIbIN Ta0bLIaAbl KOHE TOJIBIK KaHOay Ke31H/e TY31Ie/Il.
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AJtaM aF3achIH/Ia 0JI TEMOTJIOOMHMEH OHAl OalIaHbBICKIN, OTTEKTIH TaChIMAJIaHYbIH
TEXKEH 11, HOTIKECIHAE ayblp yJaHyFa, aj KOFapbl KOHIICHTpAIUsIAa eJIiMre JeiiH
OKeTyl MYMKIH.

Azot okcuarepi (NOx), HeriziHeH a30T MoHOOKcuAl (NO) MeH a30T JUOKCHII
(NOz2), K03FanTKbIII HUIUHAPIEPIHAC )KOFaphl TEMIIepaTypa Ke3iHae Ty3uieai. by
ra3zap THIHBIC ATy >KOJIIapbIH TITIPKEHIIPIN KaHa KoiMail, xep OeTiHe )KaKbIH 030H
MeH (OTOXMMHUSIIBIK TYMAaHHBIH TY3UIylHE KaThICalbl, COHBIH CajiapblHaH
KaJlajap/larbl aya JIaCTaHybl KYLIeHe/Il.

Kemipcyrekrep (HC) — »xanOaii KaJfaH OTBIH MEH MaWIbIH KaJIJIbIKTapHhI,
KaHIIEPOTCH/IIK KaCHETKE M€ KoHe TYTIHHIH (CMOITBIH) TY3UIyiHE J€ BIKIaN eTel.
OnapaplH 1IBIFapy ra3gapblHa OO0JIybl KO3FAITKBIIITHIH JKYMBIC THIMIUIITIHIH
TOMEH/IIT1H ’KOHE OTHIHHBIH TOJIBIK KaHOAFaHBIH KOPCETE/I].

Kyxkipt nuokcumi (SO2) KypambIHaa KYKIpT Oap OTBIHBI XKaFry Ke31HJe Ty311eIl
XKoHE aTMoc(depagarbl BUIFAJIMEH JPEKETTECIN, KYKIPTTI KBIIIKBUI TY3€Al — OJ
KBILIKBUIIBI )KaHOBIPJIAPIbIH HET13T1 KOMITOHEHTI 00JIbITT TaObL1abl. Byl ra3 ThiHbIC
almy OKyWeciHe 3USHIbI, OpoHX TyHIIylH (OpoHXOCHa3M) >KOHE CO3bLIMAIIbI
aypyJapAblH aCKbIHYbIH TYBIHAATYbl MYMKIH. Ka31pri [u3enb OThIHAAPHI KYKIPTTEH
TazapTy (mecyibdypanus) MpoOIECiHEH OTCe A€, OHBIH TY3UIylH TOJIBIKTAll KOO
opKalllaH MyMKIH 0oJia OepMeiii.

Kykiprti cyrek (H2S) a3 memnmepae 0es1iHI€HIMEH, OHbIH KOFaphl YBITThUIBIFbI
caJllapplHaH alTapibIKTall KayinTi OOJbIN TaObUIaAbl. ©31HE TOH OTKIp HICIMEH
epeKIIeNIeHeTIH Oy ra3 yjaHyra, 0ac aypyblHa >KOHE OPTaNbIK JKYHKe >KYHECIHIH
TeXeTyiHe aKenyi MyMKiH [23].

JleHcaynbIK YIIH €H YJIKEH Kayill KaTTbl OeJjmiexkTep/ieH TyblHaanasl (1.9-
CypeTTe KepCeTUIreH), acipece ycak aucnepcti ¢ppaxiusap (PM2.5), onap exneHiHn
TepeH OeJiiriHe eHe anajnbl. byn OesniiekTep KyieaeH, MeTall KOChUIbICTApbIHAH,
cynb(darrap MeH >KaHapMaWIbIH KaHYbl, KO3FAJITKBIIITHIH TO3Ybl KOHE MalIbIH
JKaHy KamepachlHa TYCyl Ke3iHJe maiiina 0ojaThiH Oacka J1a 3usH]Ibl KocTallapJaH
Typanbl. Onap au3enpAl KO3FaNTKBIITAPABIH IIbIFapy Ta3gapblHbIH €H KaylITi
Kypamzac 0esiri 60JibIn caHanabl, ce0ed1 THIHBIC ally )KYWECIHIH aypyJapblH XKoHE
KaTepJl ICIK aypyJapblH TybIHIATy KaOlJIETIHE He.

Omniiemi OOMBIHIIIA KATThl OOJIIEKTEp €K1 Heri3ri gppakuusira 6emineni: PM10
woHe PM2.5 (cyper 1.10). PM10 Genmekrepi (quamerpi 10 Mukpomerpre aeidiH)
HET131HEH THIHBIC aly JKYHECIHIH KOFapFbl OOJIKTEPIH/IE - MYPBIH-)KYTKBIHIIAKTA,
KEHIPJIEKTE KoHE OPOHXTap/a IIOTII, MBIPHIITH KAOBIKTHI TITIPKEHIIPE], )KOTeI
TYABIPAJIBI KOHE CO3BLIMAIIBI aypyIap/IblH aCKbIHYbIHA ceOer 00Jabl.

Enoyip xayinTici - ycak pgucnepcti PM2.5 OGemmekrtepi (muamerpi 2,5
MUKPOMETPTE JIeHiH), 0JIap OKICHIH TEPEH KabaTTapbiHa - allbBEOJIapra JACHiH eHill,
KaH aifHAJIBIM KYHeciHe Tycyl MyMKiH. by GenmektepiH acepi KypeKk-KaHTaMbIp
JKOHE TBHIHBIC ajy KYHECIHIH aypyJIapbIHBIH JlaMyblHa, COHJIaii-aK ME3TUICI3 eJIIM
KayMiHIH apTyblHA oKeJel. JM3enbaiK KO3FalITKBIIITApAbIH KAaTThl OOJIIeKTep
HIBIFAPBIH/IBLIAPBIHBIH €10Yip Oeuirid 1o ockl PM2.5 kypaiiasr [24].
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Cyper 1.9 - lu3zenpik KO3FaNTKIIITAP/IBIH MIBIFApy Ta3lapblHIaFbl KaTThI
OeeKTep

JJACY¥ (BO3) craructukacel OolbIHIIA, Kaja atMmocdepachiHmarsl PM2.5
JeHreiiHiy op KocbiMina +10 MKr/m3-Te apTybl XalbIK apachIHAAFbl ©JIM-KITIM
KayImiH 6—8 % apTThIpajbl.

PM10 PM2.5 PM1 PM0.1

PM10 - xofap¥bl ThIHBIC alTy KoJaapbl, PM2.5 -TeMeHTI1 ThIHBIC ajly >KOJIIaphl,
PM1 -exne anbBeonanapsl, PMO.1 - kan aitHanbIM Kyiieci )koHe OYKLT ar3a

Cypert 1.10 — JIuzenb1ik KO3FAITKBIIITAPABIH IIBIFAPY Ta3dapbIHAaFbl KATThI
OemIIeKTePAiH MOJIIIepi

Opranukanblk OemmekrepaeH Oenek, PM KypambiHga OelopraHUKaIbIK
KOCBUIBICTap Ja 0omazasl - Temip (Fe20s), Mpipsii (ZnO), mbic (CuO) xxoHe Oacka 1a
MeTaJIJT OKCUATEPl. bys 3aTTap KO3FaNTKBIII OOIIEKTEPIHIH TO3ybl HEMECE OThIH
MEH MalIbIH JacTaHybl HOTHXKECIH/IE IbIFApy ra3biHa Tyceal. OnapabiH Keidipeyi
YKOFaphl YBITTBUIBIKKA JKOHE KAHIIEPOTEHIIK KacHETTepre e, aj y3aK acep €TKEH
JKarJaiaa ar3aja )KUHAJbII, CO3bUIMAJIBI ylIaHyFa oKelayl MyMKiH [24].

CoHAbIKTaH JU3ENbJIK IBIFAPBIHBUIAPAAFbl  KATThl OOJIIEKTEp XaJbIK
JIEHCAYJIBIFBl MEH DKOJIOTHS YILIH eNeysl Kayin TeHaipeni. Omapasl THIMII TypJe
yCTay >KOHE KOHIICHTPAIUSICHIH a3aiiTy - aca MaHbI3Abl MIHAECTTEPAIH Oipi OOBIIT

TaOBUTABL.
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TyTiHAIK (IBIMHOCTB) - MU3ENBIIK KO3FAJITKBIIITHIH IIBIFAPY Ta3dapbIHAAFbI
KaTThl OOIIEKTEP/IiH, €H alAbIMEH KYHeHIH, TaCTaHy JeHIeiiH KOPCETEeTIH KEIISH/T1
KOPCETKIII >KOHE COHBIMEH KaTap OTHIHHBIH J>KaHy THIMIUNTIHIH HHIAKATOPHI
Oombim TabbuIaABl. O MIBIFAPY Ta3bIHAAFBI KyHe KOHIICHTPAIIUSCHIH CHUITATTANIbI
XKoHe Tailbi30eH (Kaparo JeHreii), MUIMTpaMM/M® TYpiHAE HEMece ONTHKAJIbIK
Kypanmap (omarmuMeTpiiep) apKpUibl emmieHeni. JKorapbl TYTIHIOIK IIIBIFapy
ra3fgapblHaarsl KarThl Oemmektepain (PM) apTelk MemmiepiH kepceTreai, Oy
OJIApJIbIH, YBITTBUIBIFBIH apTThIpaabl, cebebi Kyle OesIeKkTepl MOJIUIMKII XOII
HICTI KOMIPCYTEKTEp, ayblp METajjiap JKOHE »XaHOaraH KOMIPCYTEKTEp CHSKTHI
KaHIIEPOTEeH/IIK 3aTTapAbl 3 OeTiHae aacopOuusuiaiabl. Ko3FanTKbIl KYMBICHI
TYPFBICBIHAH TYTIHAIK JCHICHIHIH apTybl KOOiHE OTHIHHBIH TOJBIK >KaHOAFaHBIH
outmipeni. byn Hamap Oypkyre, OTTEriHIH >KETICHEYNIUTITiHE, aya MEH OThIH
KAThIHACKIHBIH OY3bUTYybIHA HEMECE OTBIH >KaOJbIFBIHBIH aKayblHA OalIaHBICTHI
00mybl MyMKiH. OcbUlaiillia, TYTIHIIK TE€K SKOJOTHSIIBIK KOPCETKII KaHa eMec,
COHBIMEH KaTap KO3FaJITKBIIITHIH TEXHUKAIBIK >KaFJaiblH OarajiayFa apHaJFaH
MaHbI3/Ibl JMATHOCTUKAJBIK Kypaa OoJbin TaObutafbl. TYTIHAIK JACHIeHiHIH
TOMEHICYl JKaHy TPOIECIHIH KaKCApFaHBIH XOHE YBITTHI IIBIFAPBIHIBLIAPABIH
azaifFaHblH  OUINIpeNl, COHJBIKTAaH OJ  ABTOKOJIKTEPAIH  AKOJOTHSIIBIK
CTaHJAapTTapFa COMKECTIrIH Oakbulay MEH cepTu(UKaTTay Ke3iHAE Heri3ri
napaMeTpIIepiH Oipi peTiHae KapacTeIpbliansl [25].

Eyponanbik Euro 53KOJOTHSUIBIK CTaHAAPTTAp CEPUSICHIHBIH HBOJIOIHUSCHI
aBTOMOOMJIb KOJIIKTEPIHIH, €H allIbIMEH JU3CNIbIIK KO3FAITKBIIITapIbIH, KOpIIaFraH
opTa MEH aJiaM JIeHCayJIbIFbIHA TEePIC 9CEPIH a3alTyFa OarbITTaJFaH TajanTap IbIH
OipTiHzen KataHaatburanbiH kepeereni (1.11-cyper).

Jirzeneni EeHT aETOMO DI ep Ol MEFAPEEHIBI2PE] DofErmua EURO cTangapTTapbHEE SEOMHOIIACE]
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Cyper 1.11 - Eyponansik Euro sKoJIOTHsIBIK CTaHIAPTTap CEPUSICHIHBIH
ABOJIOLMSICHI
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Anramkel Euro-1 sxome Euro-2 crammaptraper (1992-1997 xok.) Herisri
JacTaymibl 3aTTap OOWbIHINA OAacTamKhl MIEKTI MOHIEPAl Oenriiesni koHe ocipece
IIBIFAPY Ta3bIHBIH TYTIHIIK ACHTEWiH OaKbUIayabl KAMTBIIbI, OWTKECHI JTH3EITBIIK
HIBIFAPBIH/IBIIAP KYPaMbIH/A KO3Te KOPIHETIH Kyle Moepl Korapbl OOJIIbI.

Euro-3 xome Euro-4 keseninme (2000-2005 >xok.) kepceTkimTepai Oemy
KYPri3uial: KeMIpCyTeKTep jKeKe ecernke anbiHa 6actasl, am NOx nen CO OoiibIHIIa
HOpMasap KatanaaTeUiabl. COHBIMEH KaTap AU3ebAl KO3FAITKBIIITAP YIIIH KaTThI
oemmektepaid pykcar erumreH 1meri 0,05 r/km-men 0,025 r1/kM-re  aeiiH
TOMEHIETLIII].

TpakTopnap, 3KCKaBaTopyap >koHe Oacka Ja >KOJChI3 KepJie KOJJaHbLUIAThIH
apHaiibl TEXHUKAJIapFa apHaJiFaH dKOJOTHUSIIBIK HOpMaJlay >KOJI-KeJliK KypaiaapbiHa
KOJIaHBLJIAThIH CTaHJAPTTApJaH epekiieneHe/i. Erep sKeHT koHe KYK KeJIKTepl
yurin Euro-3, Euro-4, Euro-5 sxone Euro-6 crammapTTrapbl KOJIJIaHBLICA, aybLI
niapyanbUIblFbl MEH KYpbUIbIC TeXHUKachiHa Eypomana Stage (Drtam) xyiect, an
AKII-ta Tier xyieci (Kopmaran opranbl kopray areHTTiri - EPA a3ipneren)
KoJIIaHbLIa 6! [26].

Eyponana 1999 xeuinan Oactan ke3eH-kezeHiMeH Stage [-IV HopmatuBTepi
enrizuial, an 2019 xeigan Oacrtan xaHa Mmojaenpaepre, 2020-2021 xpuinapaax
Oactam OapJybIK *OJICBI3 TeXHUKara Stage V cTaHmapTel MIHAETTI Ooyiabl. by
cranaapt a3otr okcuarepi (NOy), kemipcytekTep (HC), kemiprek ToThiFbl (CO)
»oHe KaTThl OemiexTep (PM) misirapbiHIbUIapbiHa KOWBUIATHIH TaJaNTap bl e19yip
kKatagaaTTel. CoHBIMEH Karap anram peT Oemmekrep canbiHa (PN) mekrey
earizinai, o6ynm DOC, DPF xonme SCR cekinai kemenai Tazanay >Kyhenepi
KOJIIAaHY Il MiH/IE€TTI €TTI.

Eyponansik Stage crannaptrapeina AKII-raret Tier 1-4 xyiieci colikec kenei,
myHaa Tier 4 Final e3iHiH KataHaeirbl OoiibiHIa Stage IV/V neHreitine TeH xoHe
2014 xxpu1man OacTalr KOJaIaHbLIAbI.

Aiita kety kepek, TM/I ennepinae (onbiH iminae Kaszakcrtan men Peceiine)
Stage V cranmapThl i1 TiKeJel €HIi3UINeH *OK, COHABIKTAaH OTaHBIK TpaKTopiap
MEH apHalibl TEXHUKaJap YIIiH KeOiHe )KyMcakTay Tajanrtap - mamamer Euro-3 /
Euro-4 nexreitinge KoymaHblIaabl. AJlaiijla UMIOPTTANIAThIH TEXHUKA OHIIPIITECH
eJIIH CTaHAapTTapblHa cail 00yl THiC. MbICabl, OHIPTe JKETKI3UIETIH 3aMaHayu
John Deere nemece Fendt tpakTopnapsi, conpaii-ak Caterpillar, Komatsu »xone
Volvo skckaBatopnapslt DOC + DPF + SCR xyiienepiMen >ka0bpIKTaIFaH >KOHE
Stage V "emece Tier 4 Final ctanmapTel OoiibiHIIIA cCepTH(UKATTATIFAH.

ABTOMOOWIBIEpre apHainFaH Euro craHgapTTapblH JKOJICHI3 TEXHHUKara
apHanraH Stage/Tier cTaHmapTTapbIMEH CANBICTHIPFAHIA, OJIAPABIH TYTIKI MaKCAThI
Oip - KOpIIaraH opTara 3USHIBI dCEpl a3ailTy, ajiaifjia >KYMBIC KaFdailIapbIHbIH
EPEKIICITIKTEPIH €CKEPETIHAITIMEH epeKIIeIeHe/I.

Mpicanibl, aBTOMOOMIBAEpre apHanraH FEuro-6 crTaHaapThl Kejdeci IIeKTI
MOHJIep/Il OeNTiIeHIi:

NOx - 0,08 r/xkm, PM - 0,005 r/km, xoHe PN - 6,0 X 10!! Ooimek/kM.

AU 5KOJICBI3 TeXHUKa YiIiH Stage V ctangaptsl OoiibiHIa 56—130 kBT KyaTThl
KO3FaJTKBIIITAP YIIIH PYKCAT €TUINeH IIbIFapbIHbLIAD KeJIeciae:
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NOx £ 0,4 r/kBr-car, PM < 0,015 r/kBt-car, xxome PN < 1,0 x 10
oemmex/kBT-car [27].

Ocpunaiimna, albIPMAIIBUIBIK O©JIIIIEM OIpIIIKTEPIHAE KAaThIp: aBTOMOOWIIBIECD
YILIH - T/KM, aJI KOJIChI3 TEXHHKA YIIiH - T/KBT-car. by alfbipMaIibuibK OJapIsIH
naijanany epeKIeNiKTepiIMeH TYCIHAIPIISA1: KO KO KYPIill 6TKeH KAITbIKTHIK
OolbIHIIIa OaFrasiaHca, apHAWbl TEXHUKA - OHBIH KyaThl MEH KYMBIC yaKbIThIHA Kapai
OarayiaHaibl.

Kannel anraHga, *OJI JKOHE JKOJCHI3 KOJIKTepre apHaJFaH SKOJOTHSUIIBIK
HOpMaJapIblH KaTaHAaThUTYbl TEXHOJOTHUIAPIBIH O1pi3ICHAIPUTYiHE aJIbIl KeJIi:
Ka3ipri TaHJa aBTOMOOMIIBAEP/IC A€, TPAKTopap MEH dKCKaBaTopiap/a aa Oipaei
tazapty wmoayiapaepi - DOC, DPF, SCR xonganbutanbl. Amaiijga apHaiibl
TEXHUKAHBIH KYMBIC OKarjabiHga (KU1 TOMEH >KYKTeMe, IIaHIbl OpTa,
TeMIIepaTypaHbIH KYPT aybICybl) OYJ1 )KYHeNepIiH KeMIITIKTepl alKbIH OaiiKaiabl:
DPF xwui perenepanusiasl Kaxet ereni, SCR xkyiteci AdBlue canaceina ceszimran, an
KaTaJIn3aToOPJIapabl ayBICTRIPYABIH KYHBI ©Te KOoFaphl. OChl (akTopiap MyHIai
KYHWeENepiH maiTalaHbuUTybIH KbBIMOATTaTa b,

Texnonorusnelk  ceprnutic  Euro-5  crangapteiabi, (20092011 xok.)
SHTI3UTyIMEH OalKaijabl, OHJIa KATThl OOJIIEKTEP/IIH MaCCAJIbIK KOHIICHTPAIUSCHI
0,005 r/xkmM-re neiiid kypT TeMmenaeTuial. ConbiMeH KaTap Euro-5b ke3eHiHeH 6acTan
oenmekTep canbl (PN < 6,0 x 10" Oemiexk/kM) KOpCETKIlIl €Hr131111, Oy Ke3re
KOpDIHETIH TYTIHAIK OakplUlayJaH €H YcCaK JKOHE JICHCAyJIbIKKa aca KayilTi
OemmekTep 11 OarajgayFa Kerry i Oiaipii.

Keneci gamy keseHi Euro-6 cranmapteiMen (2014 »x. >koHE ofaH KeHiHTI
Ke3eHep) OailimaHbICTBl OOJNABI, MyHAA >KEHUT au3enbal kemikrep ymiH NOy
Hopmacel 0,08 r/km-re aeitin Temenaetuini, am PM men PN kepcerkimrepin
OakpLIay OapsIbIK KOJIK caHaTTaphbl YIiH MiHAeTTI 00isl (kecte 1.1).

Kecre 1.1 - lllbrapbutFan ra3gaparsl yiibl 3aTTapAblH MeJIIIEP]

KomnoHeHT Heri3ri ke3i Ocepi Hopwma (EURO-6)
NOx JKany temriepatypacblHblH | Y BITTBUIBIK, < 0,08 r/km (KeH1T
YKOFapbl OOITYBI KyHenepain Ty3inyi aBTOKOJIIKTEP)

CoO OTBIHHBIH TOJBIK XKaHOaybl | YIIaHABIPFBIII dCEp <0,5 r/xkm

HC Kanbaii kanraH OThIH Kanueporenaix <0,17 r/km
KacueT

PM (xytie Kany mpormieci, maif, Tozy | Karepmi icik, Teiabic | < 0,005 /KM

OemnmexTepi) any aypyJapbl

PN (6emmexrep | Kyiie, oTbIH MEH MaiiIbIH ThIHBIC Ay XKOHE <6,0 x 10"

CaHbl) MHUKpOOeIIeKTepi KYPEK-KaHTaMBbIp Oeumex/Kkm
Kylecl aypynapbl

Annpiaesl ctangapTTapaad (Euro-1 sxone Euro-2) aliblpMallibUIBIFRL - O KE3/1€
HETI3T1 KepCceTKIMTepAiH Oipi TYTIHAUIIK JeHreil OonaThiH (JKapbhIK arbIHBIHBIH
ancipey koadounuenti K, m™! 6ipairinge nemece Hartridge Smoke Unit (HSU)
nIKagachl OOMbIHINIA MalbI30eH emieHeTiH), Euro-6 cranmapTeiHaa Oy rmapaMmeTp
Tikesen perrenmeii. OHbIH OpHBIHA KaTaH CaHJIbIK KPUTEPUIIep SHI13111: KaTThl
oemmektepaiH maccackl (PM) Men onapapiH caHblHBIH (PN) Oakbuiaybl, Oy
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JU3EITbIIl KO3FAITKBIIITAPABIH JKOJOTHSIIBIK KayilCI3AiriH OaranayabplH Kas3ipri
3aMaHFbl TOCUTIH KOPCETE/Il.

M1 xome N1 (I xmacTel) caHaTBIHAAFBl KEHIJT aBTOMOOWIBACP MEH KEHLUI
KOMMEPITUSIIBIK KOMKTEp YIIiH Euro-6 cTanmapThl KaTThI OOJIIIEKTEPAIH MacCachlH
PM < 0,005 r/km xoHe omapasiH cadbiH PN < 6,0 x 10! Gemnmiex/kM-AeH acrayblH
oenrineimi. Al ayslp KOJIK Kypaiaapbl (KYK KOJIKTEpi MEH aBTOOycTap) YIIiH
CBIHAK IUMKIJAphIHAA KATThl OemIeKTepmaiH mmekTi maccanblk Mmedmmepi 0,01
r/kBT-car paeHreiiHme, coHbiIMeH Karap Oemmiektep canbl (PN) OolibiHIna na
HOpMaTUB  OekiTinemi. byn  kepceTkimrep  Ka3ipri  yakpITTa  JU3€lb
IIBIFAPBIHABUIAPBIHBIH,  SKOJIOTHSJIBIK — KayINCI3AIriH  OOBEeKTHBTI  Oaranayra
MYMKIHJIK O€peTiH Heri3ri KpuTepuiliep OoJbINl caHamaabl, cebedl onap TeK
KOpIHETIH KYWEHIH FaHa eMec, COHBIMEH Karap ajam JeHcayJblFbIHA €H KayIITi -
Ko3re KepiHOeWTiH ynbTpaxyka Oemmextepiain (PM2.5, PM10) wmemnmepin ne
OakbLIaNIbI.

Coran KapaMacTaH, TYTIHAUIK KOPCETKINIl I J€ MPaKTUKAJIbIK MaHbI3bIH
cakTall KeJeJl, acipece KeNIKTepAiH TEXHUKAIBIK Oaiikaysl ke3inae. O xaHapmaii
anmapaTypachIHBIH KYHIH OHE OTBHIHHBIH TOJBIK JKaHY JOPEKECIH Te3 aHBIKTayFa
MYMKIHJIK O€peTiH MaHbI3[Abl JHUATHOCTUKAIBIK MHapaMmeTp OOJbIN TaObLIaIbI.
TypOonanyBel 0ap AW3ENbAl KO3FAITKBIIITAP YIIIH PYKCAT €TUIN€H TYTIHAUIIK
kodppunmentt K < 1,5 m! (mamamen 40-50 % HSU), an HaggyBel KOK
Ko3ranTkeimrap yurd - K < 25 M (60-70 % HSU mamaceinna) Kypanjsl.
Ocpnaiima, Euro-6 ctangapTel KaTThl OOJIIEKTEP/I1H Maccachl MEH CaHbIHA CaH bIK
OakplIayFa OachIMIBIK Oepce Jie, TYTIHIAUIIK KOPCETKIII dji1 A¢ KO3FaITKBIIITHIH
HKOJIOTHUSIJIBIK KYHIH KeleH i Oaranay/ia MaHbI3/Ibl HHAUKATOP OOJIBIN Kaia Oepeni.

PM, PN 3xoHe TYTIHAUIIK MapaMeTpiepiH OIpIKTipin mMmainanany au3eib
IIBIFAPBIHBUIAPBIHBIH, YBITTBUIBIFEI MEH BIKTUMAJ KAYINTUIIT Typasibl HEFYPJIbIM
TOJIBIK TYCIHIK atyFa MyMKiHAiK Oepeal. Euro-6 HopMaTHBTEP1 HAKTHI SKOJIOTHSUIBIK
ocepAl KaTaH CaHIBIK KOPCETKIIITEp apKbUIbl Oaraiiaca, TYTIHAUIIK OJIapJIbIH
MPAKTUKAIBIK TOJBIKTAYBIIIBI PETIHAC KO3FAITKBIIITHIH HAKTHI KYMBIC JKaFIailbIH
cunartaiiibl. COHIBIKTaH IIbIFapy Tra3/lapblH Ta3ajay >KYWelepiH KeTUAipy
OapbIChIHIIa €K1 TOCUIAl Jie€ - 3aMaHayM CaHAbIK KPUTEpUMJIEp MEH AdCTYpii
TYTIHAUTIK KOPCETKIITEPIH - 6©3apa TOJBIKTHIPATHIH SKOJIOTHSUIBIK OaKbliay
KypaJiapbl PETiHC KapacThIPy KaXKeT.

1.3 lpiFapeiHabLIAPABLI a3aWTYABIH 3aMaHAyH JAiCTepi KOHe 0JIapAbIH
HIeKTeyJiepi

Jlu3enbaik  KO3FAITKBIITAPABIH IIBIFAPBIHIABUIAPHIH  a3alTYIbIH 3aMaHayu
oicTepiHe MaialaHbIIFaH Ta3apaarbl Kyiie, a30T OKCUATEP], KOMIPTET1 TOTHIFbI
JKOHE 0acka Ja 3USH/IbI 3aTTap/Abl a3ailTyra OaFbITTalIFaH OipKaTap TEXHOJIOTHsIap
kipenai. KeyekTi kepaMuKaJIbIK KypbhUIbIMAAFsl OemiekTepal (Conbly irinae PM2.5
xoHe PM10) ycTaliThIH jk0HE CaKTaMThIH Iu3eabAik Oemnmektepain cysrici (DPF)
eH kem KoJimaHbuiaael. Juzenpnaik Oemmexktep cysrici (DPF) - imreH »xaHaTbiH
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KO3FANTKBIIITA >KaHApMai JKaHy Ke3iHjae maima OonatelH Oesmektepil (Kyhie)
yCTayFa apHaJIFaH Copy JKyHeCiHIH Kypamaac Oeiri.

Huzenbuik  Oemmexktep cy3rici  (1.12-cyper) KaOblpramapbl — apKbLIbI
naiaTaHblIFaH Ta3/ap OTETIH KOINTEereH aybIChaibl XKaObIK apHajJapIaH TYPaThiH
KepaMUKaJbIK KEYEKTI CY3T1 3JIEMEHTI 0ap MeTallI KOpIyc: KaTThl Kyiie OemnmexkTepi
OeTiHIe JKOHE KEyeKTepiHIE OpHalacajbl, Ta3apThUIFAaH Ta3lap CHIPTKA
IIBIFAPBIIAIBI, Al JIACTAYIIBI 3aTTap JKMHAJIFAH Ke3lle, KbICBIM MEH TeMmIlepaTrypa
JKOFaphl TeMIiepaTtypana OelceH/II pereHepanus JaTYUKTePIiHEH OTeli. KbI3ABIPY,
oHBIH OapeichiHaa kyiie CO, KyHin KeTeni, cofaH KEWiH Cy3ri ©31HIH >KYMBICHIH
KaJmbiHa KeaTipenai [28].

Cyper 1.12 -JInzenbaik GemmeKTepIiH cy3rici

TuiMIUIITH caKTay YUIIH CY3Tl JKOFapbl TEMIEpATypaaa KUHAIFaH Kykenepai
KYHIIpio Tactay YVIIIH TYpPAaKThl pereHepalnusHbl KaxeT erefl. byn kylie
OemnmiekTepAiH WbIFapbIHAbUIApEIH 90-95% neliin azaiita anaabl, OipaK TYpPaKThl
pereHepanusiHibl KaKeT eTelll, TeMmIepaTypa KEeTKUIKCI3 OOJFaH Ke3ae OiTeimn
KaJIybl MYMKIH JKOHE COpY JKYHECiH/Ie KOChIMIIIA Kepi KbICHIM jkacaiibl [29].

CakrayJsibl KaTaTMTHKAIBIK TOTBIKChI3AaHabIpy (CKT) - Oyt a30T okcuaTepiHig
(NOx) mibIFapbIHABI Ta3gapblH Ta3apTy TEXHOJOTHICHL. O JHU3EIbIiK JKOHE
OHEPKACINTIK KOHABIPFbUIapAa KojmaHbuiansl. On a3or okcuarepin (N2) a3oTka
xoHe cyra (H2O) TOTBIKCHI3NaHaBIpY MPOIIECIHE HETI3/IeNTeH, OYJI 9JIETTe Cyhl Oap
epitigaiai (MouyeBuHa - AdBlue Hemece ammuak) karamusatop OeTiHIE KOJJIAHY
apKpLIBI XKy3ere aceipbuiansl (1.13-cyper) [30].

Cakraynpl KaTanuTHKalbIK TOTHIKChI3AaHAblpy (CKT) sxyiieci TopamnTap
KEILIEHIHeH Typazbl, Oya a30T okcunarepiHiH (NOy) MIbIFapbIHIbI Ta3JapblHIAFbl
MeJIIIEPIH a3ailTyra MyMKiHAIK Oeperi. XKyile TOTBIKCBI3IaH IbIPFbIL OPTrillTi, CYb
Oap epitiHaiHiH (32,5% MoueBuHa koHe 67,5% cy) 'koHEe TOMEH TeMmIiiepaTypaia
KPUCTAIJaHy bl OOJABIPMAUTHIH KBI3ABIPFRIINTApABl KaMTuabl. ComaH KeiiH
epITIH/1 J03ay1ay MOAYJiHE (MHXKEKTOp) KiOepijaei, 07 KaTaau3aTop ajibIHIaFbl
MIBIFAPBIHBUIAP TPAKTICIHE JOJ CybI Oap epiTiHal Oepemi. DIeKTpoHAbl O6acKapy
omorer (ObB) Temmeparypa, aya 1ibIFbIHBI Jk0HE NOy KOHIICHTPAIIUSCHI
JATYNKTEPIHIH KOpceTKImTepi Heri3inae 6ackapans [31].
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200 - 400 °C rtemmeparypana TUIPOIHU3 JKOHE BbIAbIpAy aliMarbIHAA Cybl Oap
epitigai ammuakka (NH3) sxore kemipKeimKeil ra3eiHa (CO2) BIABIPAIHL.

Ty3uireH aMMuak MIBIFAPBIHABI Ta3JapMeH OlpKeski apanacajbl, Oy KeWiHri
XUMUSIIBIK PEAKIUsIap YIITiH OHTANUIIBI JKaFaaiiap >kacaiibl.

JKytienin Heri3ri aneMeHTi - KaTanuTuKaislK 070k (CKP-katammsarop), oHma
a3oT okcuarepi (Nz) xone cy (HyO) apkpiibl a30TKa JEHiH TOTBHIKCHI3JaHAIbI.
Karanmuzatop KypambIHIa KepaMUKAJIBIK HEMECE METaul HETi3re CajbIHFaH
OesiceHal KOMMOHEHTTEp (BaHaIWM, TUTaH, MbIC Hemece 1eonut) Oap. JKyieHiH
JKYMBICBIH Oakpljay YIIH KaTaJu3aTop alJblH/a JKOHE KeiiH, conaaii-ak AdBlue
MeJIIIepiH OaKpIIAWTHIH TEMIIEpaTypa JaTYMKTEPl OPHATHIIFAH, OYJI peareHTTIH 1911
J03aJaHybIH KaMTaMmachl3 eTelll. DJEKTpoHAbl Oackapy Oiorel (Obb) OGapibik
naTuukTepaid kepcetkimrepin Tangan, CKT xyieciHiy THIM/II )KYMBIC 1CTEY1 YILIIH
kaxeTTi NH3/NOy oHTalIbl KaThIHACKIH CaKTal OTBIPBII, MOUEBHHAHBI Oepei [32].

CKT NOy memmepin 90% meiiid a3aiiTy bl KaAMTaMachl3 €Tei, OipaK peareHTTiH
Y3I1KC13 5KOHE JJT JI03aJIaHybIH Tajal eTe/ll, COHAail-aK OHbIH callachlHa Ce31MTall.
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Cyper 1.13 - Cakraysbl KaTQIUTUKAIBIK TOTBIKCHI3AAHABIPY KyHenepi

Tanrgamanbpl KaTaTUTUKAIBIK TOTHIKCBHI3IAHIBIPY KYHenepi

Toteikteipymisl Katanuzatop (DOC) - Oyn kanran kemipreri TOThiFbl (CO),
koMmipcyTektep (HC) oxome immiHapa KarTel OenImieKkTepai a3aiTy YIIiH
KongaHbuiaThlH KypbUFbl. On CO-abl COz-re, HC-ubi COy-re xoHE CcCyra
aitnHanapipanbl. ConbiMeH kKatap, DOC DPF-Ti maccuBTI pereHepanusiiayabl
JKeHuaereal. byn TuiMal okyie, Oipak oJIapAbIH THIMIUIITT TeMmIepaTypara
OailtaHbICThI XKoHE onap NOX-ke acep eTnen/i.

TOTBIKTBIPYIIBI KaTaMM3aTOp - OYJ KO3FANTKBIIITHIH IIbIFAPY JKyHeciHe
OpHATBIIFaH KYPBUIFBI, 0J1 METAJT HEMECe KepaMHUKAJIBIK KOPITYCTaH TYPaJibl, OHbIH
IIIIiHJe KOITereH ycak apHajapbl 0ap MOHOJUT opHailackaH. Kopryc Kbizyra
Te3IMI1 TOT OacmalThIH OOJIaTTaH >KacajifaH, OYJI OHBIH OCPIKTITIH JKOHE 1IIKI
AIIEMEHTTEP/Il TEPMUSUITBIK JKOHE MEXaHUKAIIBIK dCepiiep/IeH KOPFaybl KAMTaMachl3
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eTeai. MOHOIHT, KOpIMEePUT KepaMUKAChIHAH HEMeCe MeTasuT hoJIbrajaH )KacayraH,
VSUTBI KYPBUIBIMFA HWe, OyJ1 ra3 aFbIHBIHBIH MHHUMAJIILI KEACPTICIMEH KOHTAKT
aliMarblH YJIFalTanbl. ApHamapAslH O€Ti TOTHIKTBIPY pEaKIUsIapbiH Ky3ere
aceIpaThIH NIIaMMeH (washcoat), KypambIHIa aTIOMUHHNA TOTBIFBI, MBIC J>KOHE
IIUPKOHUH, COHa-aK 0JIaropoaAHbIA MeTanaap - iatuHa (Pt) skone nammaauii (Pd)
O0ap, ~okaOputran. Kopmyc TeH  MOHOMHMT — apachlHAA  THIFBI3IAFBIIITAP
OpHAJACTBIPBUIFaH, OYJI KBUTYJIBIK KCHEIOA1 OTEHl JKOHE Ta3 aFbIll KETyiHE KO
Ooepmeiii, OYJI KYPBUIFBIHBIH CEHIM/Il YKOHE THIMJl )KYMBICBIH KaMTaMachl3 €Te/l.
TOTBIKTBIPYIIIBI KATAIN3aTOPBIH KYMBICHI peakusiapra Herizaenrex [33].

[prrapbutaThlH  3UAHIIBI  KOMIIOHEHTTEPl OTTErIMEH TOTBIKTBIPY, Oy
KaTaJIM3aTOPABIH THIM/II )KYMBIC 1CTEY1 YIIIIH TemiepaTypanblH mamamer 250400
°C KeTyl KepeK.

[Tap raznapsin Kaiita aitHanbiMFa Ki0epy xyieci (EGR) sxany remneparypacbit
TOMEHJIETY apKbUIbl a30T okcuarepiniy (NOX) Ty3uUlyiH azaiTajabl, Oipak Oy Kipic
KYMECIHIH  JlacTaHyblHa JKOHE  KAaTThl  OeJIIEKTepJlH  MIbIFapbUIYbIHBIH
YKOFapbUIaybIHA OKEITyl MYMKIH.

[Tap ra3mapblH KaiiTa alHanmbIMFa KiOepy xkyheci (cyper 1.14) e3apa
OaitnanbpicThl kKommoHeHTTepAeH — EGR kiananbiHaH, CaldKbIHIATKBIIITAH,
MaHOMETPJICPACH, JATYUKTEPICH KOHE SJICKTPOHIBI OacKapy OJOTBHIHAH TYpajbl,
ojlap OipJecimn, MbIFApy KOJJIEKTOPBIHAH KIpIC KOJUIEKTOPbIHA Tap Tra3JIapbIHbIH
Oemirid 6epy/i peTTei i, Oy KO3FAITKBIIITHIH OPTYPJIl AKYMBIC PEKUMIIEPIHIE a30T
OKCUATEPIHIH TY3UTylH a3alTy VIIIH KailTa alHaibIMFa XIOEpyIiH OHTAMIIBI
JIEHI'e1H KaMTaMachI3 eTe/l.

Cyper 1.14 — T'aznapasl Kaiita aiiHanbIMFa K10epy xyieci

EGR xyiieciniH >KyMbIC PUHIIUTI MBIHAJA: MIBIFAPY KOJJIEKTOPHIHAH OOJIIHTCH
nmap rasjgapbelHBIH Oip Oeiniri, KakeT OoJFaH jkarmaijga, cainkbplHaaTbuibln, EGR
KJIallaHbl apKbLJIbl, OHJA O KaHa ayaMeH apaachll, xaHap Mail KOCIIaChIMEH KaHy
KaMepachblHIa TOMEH TemrmepaTypaaa kaHajael. OcblLiaifiia, a30T OKCHUATEPIHIH
TY3UTyl a3asjbl, al KailTa allHAIbIMFa JKi0epy Jope’keci KO3FANTKBIILITHIH JKYMBIC
peKUMiHE OaiIaHBICTBI JIEKTPOH B OacKapy OnorbiMeH perreneni [34].

26



Eypo 5—6 crangapTrapbiHa colikec TU3eNbAIK KO3FaITKbIITapaa Oy xynesnep
KeIeHai Typae Konnaneuiaasl. Tazapty 6ipringen xypeai: DOC CO xone HC-ubI
TOTBIKTBIPA/bI, DPF CapKbIHIbLIAPIbI YCTaubl, SCR NOx-TbI
OeiiTapantanasipaasl. bipak, MyHaal yilleciM SKOJOTHSIIBIK Ta3aIbIKTBIH JKOFaphl
JeHreliH KaMTaMachi3 erei [35].

byn TexHOMOrusIapaAbIH KOFapbl THUIMJLUIITIHE KapamacTaH, OJapAblH Kajlibl
HIeKTeyJepi Oap: >KOFaphl KYHBI, >KaOABIKTHIH KYPACNLIiri, ecKipreH yiaruiepre
WHTETpalldsyiay  KUBIHIBIKTAphl, ABTOKOIIKTI  MNaijanaHy  >KarjgaiiapbiHa
(TemmepaTypa, OJKYKTEME), COHJai-aK IIbIFapy JKYHEeCiHIH Maccachl MeEH
rabapuTTEpiHIH YJIFalObIHA OAMITaHBICTHI.

Kazipri  nuzenblik  KO3FaJITKBIITAPABl  Ta3apTy  TEXHOJIOTHUSIIAPBIHBIH
KEMIIIUTIKTEPl KOFapbhl KYHBIMEH FaHAa €MEC, COHBIMEH KaTap KOMIIOHEHTTEPiH
HIEKTEYJI1 KbI3MET €Ty Mep3iMIMEH Jie OaiaHbICThl. MbICalibl, KATThI OOJIIEeKTepre
apHasiran cysruiep (DPF) 90-95% neliin mibirapblHABUIAPABI a3aUTyFa MYMKIH/IIK
Oepeni, Oipak oJlapJbl YHEMI pereHepanusiiay >KoHe Tazajay KaxkeT. HaxrTol
naiiianany ke3inje onapasl naiganany kaxettiairi 100 000-200 000 km caiibiH, ain
Kaytagarel xaraaiiaa xuipek — op 100 000130 000 km caiiblH TybIHAANHIBI. TOJBIK
aybicTeipy 120 000-200 000 kM mpoOerTeH KeiliH, ajl ayblp *KYK KOJIKTepl MEH
apHaiibl TexHukanap yuriH 480 000-880 000 km mpoOerteH KeliH KaxeT OOybl
MyMKiH. JKeHin aBToMmoOunbaepre apHanrat xaHa DPF-tig kynasr 1000 nomnapaan
OacTanajpl, ajl TpaKTOpJIap, IKCKaBaTopap >koHe Oacka apHaibl TEXHUKAIAp YIIH
oyn 6ara 5 000-10 000 mommapra, keitne 15 000 momumapra geitin xetemi, Oy
aybICTBIPY/IbI ©T€ KbIMOAT Mpolieaypara aiHaasIpaasl [36].

CenexkTuBTI KaTanuTHKaIbIK Oevtapantanasipy (SCR) kyiteci, 6yn NOx
msiFapeIiHAbIapin - 80-90% neifiH  aszaiTazbpl, COHBIMEH Karap MaigaiaHy
KUBIHIBIKTApbIHAH ana emec. Typakrtel AdBlue peareHTiH (OTBIHHBIH >KaJIIlbl
KeJIeMiHIH opTaia ece0iMeH 3—5% WIbIFbIHBI) KOJAAHYIbl Tajlall €Te/l, OYJ1 Kbl
CallbIH KY3/AETeH JIUTP ’KOHE MBIHJaFaH J0JUIap KOCHIMIIA IIBIFBIHAAPFA SKeNe]i,
COHBIMEH KaTap OyJI ’YyHeHIH KbI3MET €Ty Mep3iMi mekTeyii. SCR-karanu3atopabl
tekcepy aaette op 200 000 mus (320 000 kM) Hemece mamamen 6 500 carat sKyMbIC
ICTer€HHEH KeiliH, ai xeKeyereH aneMenTrepal aysicthipy 300 000 munbaen (480
000 xm) keiiiH Kaxker Oonaapl. Kana SCR-kaTammzaTopJblH KYHBI KEHLI
aBromoOunpaepre apHairad 2 000-5 000 gosnapra, ajl KYK KOJTIKTEpl MEH apHabl
texHukanapra apHainrad 10 000—15 000 pomnapra TeH. Aybul IIapyallbUIBIFBI
TpakToOpJiappl MEH apHaiibl TexHukamapablH SCR kyiieciH maiimanany yimiH
peareHTTi KbUT 0OIBI caKTay >KoHE KYI0 KaxkeT, Oyn temmeparypa -11 °C Ttemen
OonFaH/a Ky3€ere achlpblIaIbl.

ToteikTeIpyibl  kKatanuzatopiap (DOC), CO xone HC kOHUEHTpaUUsIChIH
a3alTy YIIiH KoJianbuiathid, oprama ecenmned 200 000—400 000 muns (320 000—
640 000 kM) pecypcThl Kypaiibl, COaH KEeiiH oJapablH OCJICEH TN TOMEHACH .
Ounipymisiep DOC-TbI  «KENUIASHIIPUITEH MEp3iMIe» OpHajacTeipca Ja
aBTOMOOWJIBEP/IIH MaiilajaHy mapTTapbiHaa (KO TalFaMalThIH, MailIblH, TOMEH
TeMmrepaTrypajgapAblH IIbIFaThiH Jkyiere Tycyl) DOC kpI3MeT €Ty Mep3iMiH
KbIcKapTazabl. JKeHin aBromoomibaepre apHanrad DOC-TeiH oprtaimia KyHbl 8002
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000 mommapmbl, am TpakTopyiap MeH apHaibl TexHukanap ymrd 3 000 mommapsr
KYpau e, OYJ1 alTapibIKTall Kap>KbUIBIK )KYKTEME OOJIBIN TaObLIa IbI.

["a3mapap! KaiiTa aitHanbiMFa xi6epy xyiiect (EGR) xxany kesingeri NOx Ty3inyiH
azalTajnel, Olpak ©3iHIH MIEKTeyJepi Oap. Ocipece MaHIbl KaFaaiiapaa KYMBIC
ICTEMTIH TpakTOpiap MeH KypbUibic TexHukanapeiHna EGR xyiieci ere Te3
JacTaHanbl, Oy OHBI KMl Ta3apTyAbl HeMece aybICThIpyAbl Tajmanm eredi. Kipic
KOJUIEKTOPBIHAAFBl CapKbIpay MEH MaWblH >KUHATybl KO3FalITKbIITHIH [IOK-iH
TOMEH/ICTIII, OHBIH TO3YbIH Jkeaenaereai [37].

Ocpunaiima, DOC + DPF + SCR cusikthl OipikTipisireH sxyhenepis 31, Euro-5
xoHe Euro-6 TamanTapbiHa coiikec KeleTiH 0oJica J1a, KEMIIUTIKTEpre Hue: ojap
KbIMOAT, YHEM1 OTBIH MEH peareHTTEP/I1H canacbiHa 0aliIaHbICThI, COH/Iai -aK Her13T1
KOMITOHEHTTEP/IIH KbI3MET €Ty Mep3iMi mekteyini. byn ¢akropnap mnainanany
HIBIFBIH/IAPBIH aPTTHIPHIT, KOJIIK KYpaJJAapbIHBIH, dCipece aybll MIapyalllbUIbIFhI,
KYPBUIBIC XOHE Tay-KEH OHEPKICIOIHAET1, TYPAKThl EMEC PEXKUMACP/E, IAHA )KIHE
TOMEH TeMIlepaTypajlapJia >KYMBIC ICTEUTIH TEXHUKAHBIH KaJMbl CEHIMJIUIITIH
TOMEHETEI].

by nmpobnemainap AoCTypil TEXHOJIOTUSIIAPBIH IIEKTEYII1 QJICYETIH KOpCeTe i,
oJiap OapJibIK JKETICTIKTEpre KapaMacTaH, YHEPTUSHBI KO KaKET €TeTIH, KbIMOaT
KOHE opKalllaH Ja TypakTel emec. COHMIBIKTaH, )KaHa MEePCIEKTUBAJIBI MISITIMIEP/Il
13/1ey ©3€KT1 O0JbIll TaObUIAJbl, OJap (PU3HKAIBIK Ta3apTy 9MICTEpPIHE, MBICAJBI,
YJIBTPaAbIOBICTBIK, 3JEKTPOMMITYJIBCTIK 9cep €Ty, IUIa3MajblK TEXHOJIOTUAIAp,
Ja3epiik coylieNeHy >koHe T.0. Herizmenedi. MyHaal omicTep/iH apThIKIIBUIBIFBI
peareHTTep MEH KbIMOAT  aybICTHIPBUIATBIH ~ KOMIIOHEHTTEpHl  KOJJaHy
KOKCTTUTITIHIH KOKTBIFBIHJA, OYJI TaljajaHy IIBIFBIHAAPBIH alTapJIbIKTal
azaiitanpl.  CoHbIMEH  KaTap,  (U3MKAIBIK  SMICTep  KYpbUIFbUIAPbIH
BIKITAMIBLTBIFBIH JKOHE KOHCTPYKIUSCHIHBIH CAJIBICTBIPMAJIbl KaparnaibIMIbLTBIFbIH
KaMTamachl3 eTeil, Oyi ra3 Topi3Al Ae, KaTThl OeJlIeKTepre Je ocep eTyre
MYMKIHAIK Oepeni. 3amaHayd aBTOMOOWJIBAEpPIE, TPAKTOpJap MEH apHaibl
TEXHUKAJIap/ia, IIbIFapy aFblHbIHA KEIepriHi apTThIpMail XKoHE ocep eTy
napameTpJiepiH UKeM1 TypJle OpHaTyFa MyYMKIHAIK Oepe OThIPbIN, HHTErpalusiiay
aneyeti 6ap. MyHbIH 0op1 PUBHKAIBIK SICTEPl MEPCIEKTUBAIIBI Ta3apTy OaFbIThI
peTiHge, Kasipri xKyienepAaiH KeMIIUTIKTepIH *KOI0Fa )KoHEe aBTOMOOMIIb, COHJal-aK,
aybUl IIAPYallbUIbIFBl JKOHE OHEPKACINTIK KOJIKTepAiH TUIMAUIIIH apTThIpyFa
MYMKiHIiK 6epei [38].

1.4 TaliganaHbLIFaH Tra3gapAbl Ta3apTyAbIH (U3HKAIBIK JAiCTepPiH
TaJaay: Kasipri skargaibl, NATEHTTIK TEHJICHIUSJIAPbI KOHE NMPAKTHKAJIBIK
€Hri3y MYMKIHAIiKTepi

[TaiinananpuiFad  razgapasl  (GU3UMKANIBIK — Ta3apTy  OAICTEpl  XUMUSUIBIK
peareHTTepal KojjaHOal (u3MKalbIK MPOILeCTep MEH ajaHiaapibl IaimanaHyra
HerizaenreH Tocuiaep. KpiMOat kaTtamuzaTopiap/abl, HIBIFBIH MaTEPUAIIAPbIH KOHE
TYPaKThl TEXHUKAJBIK KbI3MET KOPCETYAl KAXET €TeTIH JOCTYPJl KaTAIUTHKAIBIK
TEXHOJIOTHsJIapJiaH albIpMAaIIbIIBIFbI, (PU3UKAJIBIK SICTEP CAJIBICTHIPMAJbl TYPJIC
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KapanawblM  JU3alHMEH, BbIKIIAM OJIIIEMMEH JKOHE€ TOMEH NaWJallaHy
IIBIFBIHIAPBIMEH CUITATTAJIAIBI.

Ex pmocTypni memiMaepaiH apachblHAa ra3iap KEYeKTI HEMECEe TaIIbIKThI
MeMOpaHa apKbUIbI OTETIH MEXaHUKAJIBIK CY3y OOJIbIN TaOblIaabl. Byl Tocia KaTThl
OemmexTepai (Kyie, maH, KyJi) YCTalIbl )KOHE MBICAJIbI, MaTa KOHE KEPAMHUKAJIBIK
cysruiepae, coHpaii-ak am3enpAl  Oemmektepai  cysritepae (DPF)  xysere
acwIpblIaabl. JlereamMen, Oyt 9/1ic THAPABIUKAJIBIK KEJEPTiH1 apTThIPAJIbl )KOHE CY3T1
AJIIEMEHTTEPIH YHEMI pereHepanusiiay/ibl HEeMece aybICThIPY/Abl Tanam eTejil, Oy
naijanany MbIFbIHIAPBIH aPTTHIPAIbI.

backa Tocis1 - HHEpIUSIIBIK 06Ty JKOHE Ta3 aFbIHBIHAH KaTThI OOJIIIEKTEpIl 00Ty
YIIIH OpTaJbIKTaH TEMKIII Kyl KOJAaHaThIH HUKIOHAap. by xkyilenep kapamaibim,
CEHIM/I1 JKOHE JIOPEKi Tazayay YIIH NMaigananbliaabl, 0Oipak ojap JAeHCAayJIbIKKa €H
YJIKEH Kayil TeHipeTiH ycak oemmekrepai (PM2.5) ycrayna nHamap.

@uU3MKaNBIK OMICTEpre COHBIMEH KaTap Ta3gapiabl CaKbIHIATYFa, OJap.IbIH
KOH/JICHCAI[UsJIaHybIHA HEMECE KAaTThl MaTepHaiiap/ibiH OCTIHE CIHY1HE HET13/1eJITeH
a7IcopOLMs XKoHE KOHJEHcalus npouectepl xaTtaasl. byn memimaep Oy MeH yinmna
KOCBUIBICTap/Ibl JKOIO/Ia TUIMJI, Olpak KeJeM/[ll, YPHEPTUSHbl KAKET €TETIH MKOHE
TYPaKThl TEXHUKAJIBIK KbI3MET KOpPCETy KAKETTUIIrIHE OallaHbICThl KOk
XKyHenepinae Koynany mekreydi [39].

COHFBI OHXBUIJIBIKTAp/1a Ka31pTi 3aMaHFbl (DU3UKAJIBIK TEXHOJIOTHIIAp OeNICeH/ Il
JAMBIT  KEJIe/Al: DJIEKTp OpiCciHAeri OeNeKTepiH arblHbIH HOHJAyFa >KOHE
TYHABIPDYFa HETI3JENTeH JJIEKTPOCTATUKAIBIK Ta3apTy (AIEKTPOCTATUKAIIBIK
CY3rijiep); JlacTayIlibl MOJIEKyJIalapbl BIIBIPATY JKOHE OOJIIEKTepAl YCTay YIIH
KbICKA MEp3iMJ1  JKOFaphl BOJBTTHI HMITYJIbCTap/Ibl KOJJAHATHIH 3JIEKTPO-
UMITYJIBCTIK ~ 9iicTep; OenceHal paaukangap Tnaiiga OONaThIH — IIa3MalibIK
texHosorusmap (O-, OH-, NO-) razmapablH TOTBIFY MPOIECTEPIH >KEIEIIETY;
COHBIMEH KaTap (GOTOXUMUSIIBIK PEaKIHUsIIapabl HEMece Kyie TOThIFybIH 0aCTalThIH
Ja3epiiik coyJieneHy. byn omictep 3epTXaHalbIK Karjaiia >Korapbl THIMIUIIKTI
KepceTeal, OipaK 931pre AU3allHHBIH KYPAEIUITIMEH, *OFapbl KyaT TYThIHYMEH
YKOHE pa3psijl HEMeCe CayJie IIbIFapy YIIH TYPAKTHI kKaFaai xacay KaKeTTUIIrIMeH
mektenrex [40].

YAbTpaabIOBICTEIK Ta3apTy OMICTEPl JIe epEKIe KBI3BIFYIIBUIBIK TYABIPAIbI.
OmnapapiH opeketi ycak Oemmextepain (PM2.5 sxone PM10) koaryasmusicbl MeH
IpUIEHYIH TYJBIPAaThIH JKOFapbl JKUUIIKTI aKyCTUKAIBIK TepOenmicTepaid manaa
OoJybIHA HET13/CNITEH, COJaH KeHiH oJlap OHal TyHOara Tycell HeMece YCTaabl.
CoHbIMEH KaTap, yJIbTPaIbIOBICTHIK AaFbIHHBIH TYpPOYIH3aIUACHIHA KOHE TOTBIFY
peaKIUsIIaphIHBIH OCJICEHIIPITYIHEe BIKMAT eTell, Oy Ta3 (as3acklH Ta3apTy
THIMALUTITIH apTTHIPAIbI.

[prrapeiaapl Ta3gapapl Tazalay VIIiH Jla3epiepli KOJIJaHy ra3 arbIHbIHA
ONTHUKANBIK SHEPrUsiHbI TiKeJed Oepy NpHUHIMIIHE Herizaeneni. byn sHeprus
(OTOXUMUSIIBIK, TIA3MAIBIK HEMECe TEPMHSUTBIK TTPOIECTeP Al HHITYKIIHSIIAIL, YIIbI
monekynanapabiH (NOx, CO, keMipcyTeKTep) blAbIpaybiHa, Kylie OeJeKTepiHIH
(PM) nectpykumsichiHa/OyJIaHybIHA HEMECE KaTaTUTUKAIBIK OCTTEpIiH OeICeHy1HE
okenedl. JlocTypal KaTaIMTUKANBIK HEWTpaiu3aTopiap MEH Cy3riiepMeH
CaJIbICTBIpFaH/a, JIa3epJiK OJICTep KbIMOAT Martepualiiapibl KoJigaHOa, ocep/i
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KBUIAAM 9p1 OaCKaphUIATHIH TYPAE KY3€Te achIpyFa sKoHE )KOFaphl CEJICKTUBTITIKKE
KOJI KETKI3yre MyMKIHJIIK Oepe/i.

Jlazep ocepiHiH (UBHMKANBIK MeXaHu3MJepl OipHelle Heri3ri mpoiecTepal
KAMTHIBI.

bipinmi npouecc — GpoToaucconnanys.

doroaucconmanusi (GOTOHHBIH JKYTBUTYBIH, MOJEKYJIAHBIH AJICKTPOHIBIK-
KO3FaH KYHTe OTYyiH JKOHE 3apsATap/IbIH KaiiTa 0eiiHyl MEH aTOMIap apachbIHAaFbl
TeOUTiC KYIITEPiHiH naiga 60TybiHa OaiIaHBICTh XUMUSUTBIK OalIaHbICTBIH Y3UTY1H
KaMTUTBIH Tpolectep Tiz0eri Oosbim TaObulaawl. HoTwkecinae ¢emro -
MUKOCEKYH/ITHIK YaKbIT IIKaJTachlHIa aToMJap, paJuKaigap HeMece HWOHAAp
Typigeri ¢parmMeHTTep Ty3uieni. DOTOH HHEPrusichl OJIAPJBIH 1ATrepiieMern,
TepOenMeni JKoHe aifHaIMallbl KO3FaIbICTaphl apachiHa KaiiTa OesiHe 1, ain SHeprus
JKETKUTIKTI OOJIFaH »Karjaija aBTOMOHM3AIMS KOHE EKIHII PETTIK peakiusiap
XKYpyl MyMKiH. blablpay nHHaMHKachl NOTEHLMAIIBIK KUCBIKTapbIH MIIIIHIMEH
aHBIKTANAbl KOHE TIKEIIeH HeMece KOHYCTBHIK KHBUIBICYIApabl KaMTUTHIH
MIPEATUCCOIMAITS  apKBUIBI  JKY3eTre acybl MYMKiH. DOTOIHUCCOIUAIUSIHBIH
TUIMJUTIT] JIa3ep COYJECIHIH TOJKBIH Y3BIHABIFBI MEH MAaKCaTThl MOJIEKYJIaHBIH
YKYTBLTY KOJIAFBIHBIH CIICKTPJIIK COMKECTITIHE, COH/Taif-aK ra3 OpTachlHA ONTUKAIIBIK
€HYy TepEeHITIHE Tayell, OYJI TepeH 1K OOJIIIeKTep MEH KOHICHCATThIH 00TybIMEH
HIEKTEIE].

Exinmii npoiiecc — iazepiiik miasma.

KyarTsl ummynbsCcTik naszepiep (okycra ra3apl MOHU3AlUsIAN, MUKpPOIUIa3Ma
ty3eni. Ilmazma OGoc sneKTpOHAAPIBI, WMOHAAIFAH aTOMAAPAbl KOHE KOFaphI
peakuusuibIK KaoineTTi pagukangapasl (O, OH xoune 1.0.) reHepanmsiiaiiasl. Onap
MHUKPOCEKYHATAp 1MNHAC KapKbIHIbI XUMUSUIBIK peakiusiiapra tycim, NOX meH
KeMipcyTeKTepi biabipaTaabl xkoHe CO TOTHIFYBIH KAMTaMAacChI3 €TE/Il.

Ty3uireH miasma ete xorapsl Temneparypamet (MuuioH K-re neiiin), sneprus
TBIFBI3BIFBIHBIH YJIKEH MOHIMEH, aWKbIH TEHIePIMCI3IITIMEH >OHE Y KBIMIBIK
TepOenmeni npouecTepAiH OOMybIMEH CHUIMATTAIANbl. DJIEKTPOHAADP ThIFBI3IBIFBI
YKETKUTIKTI O0JIFaH I, MJ1a3Ma J1a3epiiiK coyJieeHy Al aFbIIbICThIpa OacTaibl, Oy
OHBIH ONTUKAJIBIK KACUETTEPIH alKbIHIAMIbI.

[Mazmapaa Ty3uieTiH mia3Ma, COHAa-aK aca KYIITI epicTep JKaFlaiblH/Ia maiiaa
0OJaTBIH TUIa3Ma TYPJIEPi aXbIpaThUIAIbI, MYH/IAH JKaFaai1a >Korapbl SHEPTHUSIIBI
COyJIeJICHY/IIH TeHEeparusIchl MyMKiH. Jla3epiik TurazMaza 3HEPTUSHBI KYTY, KEH
CIEKTPIIIK JUAna3oHja COyJie IIBIFapy KOHE 3apsATaliFaH OOJIIeKTEp/l >KOFaphI
DHEPTUsIIapFa JeHiH YIeTy MpoIecTepl Kypemi.

Y mriHIm nporece — TepMOACCTPYKINS (GKEPTUTIKTI KbI3IBIPY ).

DHeprusHbl (PoKycTay Ke3iHAe ra3/blH HeMece Kyiie OemmexTepiHiH OeTiHIH
IIIaFBIH KOJIEMI KbICKA YaKbIT 1IIH/I€ KaTThI KbI3a bl, OVJI MUPOJIHU3Te (O6ImeKTepIiIH
OyJiaHybIHA) OKEJIIIl, Ta3 OHIMJCPiHIH opi Kapall TOTBIFYbIH XeHutere i [41].

[Iporiecc CBHIPTKBI 2HEPrUs KO31HEH (J1a3€pJIeH) DHEPIrUSHBbIH >KYTHUITYbIMEH
Oactanbll, TemIepaTypa TpaJudeHTI aWKblH OallKajaThlH BICTHIK aWMAaKThIH
KaJIbIlITacyblHa okenedl. bynm  aiimakra OaiimaneicTap — oncipen, — y3uIeml,
MOJIEKYJIAJbIK HEMECe KPHUCTAIIBIK KYPBUIBIM JECTPYKUHUSFa YIIbIpAabl, TOMEH
MOJIEKYJIaldbl OHIMJAEp Ty3ulin, ojap OynaHanbl. [IpouecTiH >KEpruliKTi CHUIAThI
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SHEPrUSHBIH  JKbUIYOTKI3TIIITIK apKbUIbl —TapajdyblHaH OYpheIH  OepiiyiMeH
anbikTaansl [42]. Tepmonectpykims (a3ainblK aybICyJapMEH, MEXaHUKAJIBIK
KEpHEYJICPMEH XKoHE MaTepHall KACHETTEPIHIH 63repyiMeH KaTap Kypyl MyMKiH.

[TpaxTukaga nazepaepain spTypii Typiaepi Konnansmaasi: Nd:Y AG-nazeprep,
dbemTocekyHATHIK Jazepiaep, COz-nazepriep, AMOATHI Ja3epiiep KOHE YIbTPaKYJITiH
(YK) nmazepnep. 1.2-xkecteme mazep Typiiepi MEH OJapbIH KOJAAHBLTY cajiajgapbl
KOPCETIITEH.

Kecre 1.2 - JIazep Typiiepi xoHe oJap IbIH KOJIJIAHBLTY caiajiapbl

Jlazep Typiepi Konpanbuty cananapsl
Nd:YAG -nazepiep — Marepuaigap sl ©HEPKICIINTIK OHACY
— Meaunuaa

— FeuieiMu 3epTreyiiep

— OCKEpH KOHE apHalbl TEXHOJIOTUsIap

— TenekoMMyHHKaLUsIAP )KOHE OJIIIEY TEXHUKACHI
— DIEKTPOHMKA KOHE MUKPOIJIEKTPOHUKA
DEeMTOCEKYHATBIK — MUuKpO - %9HE HAHOTEXHOJIOTHSLIIAp
nazepiuep — Menuunna sxoHe OHOJIOTHS

— Aca XKbpU1IaM CIEKTPOCKOIIHS

— I1na3zma (pu3uKachl )KOHE JKOFapbl
rapMoHukanapasiH reaepanusicel (HHG)

— [Ina3MansIK yaeTkimrep

— XuMmus xoHe (HOTOIMHAMUKA

— Marepuanrtany

— 3D-naHoeHIpIC

CO.-nazepnep — Marepuangapasl eHAeY

— OHEPKICII KOHE OHIIPIC

— MenunuHa

— FputbiMu 3eprTeynep

— OCKEpH KoHE apHalbl TEXHOJIOTUsIap

— AyblJ IIapyallbUIbIFbI

Juonatel nazepyiep KoHE | — ONTUKATBIK-TAIIIBIKTHI OailIaHbIC
YK-nazepnep — Jlazepiik Oachln MIbIFapy, IITPUX-KOJ CKaHepepi
— CD/DVD/Blu-ray xerexrepi

— MenunuHansIK Tepamnus (Jlazepiaik Tepanus,
0 TaTBMOJIOTHSI)

— FpuibIMu 5KCIIEpUMEHTTED, CIEKTPOCKOIIHS

Nd:YAG nazepinepi xoHe oJapAblH TYBIHIABUIAPHI (MMITYJIBCTIK XKOHE Y3/IKCi3
KYMBIC PSKHUMJICPIHIC) 3EpPTXaHAIBIK KOHABIPFBIIApAA IUTa3Ma Ty3y JKOHE
UMIYJBCTIK Oocepliep ’Kacay YIIiH KEHIHEH KOJJaaHbuIagel. DeMTOCEKyHATHIK
Ja3epiep aca >KOFaphl IIBIHJABIK KyaThIMEH JKOHE Ila3Ma TY3y THIMITITiIMEeH
epeKIIeIeHEe 1, allaiia OapAbIH KYHBI )KOFaphI )KOHE aBTOMOOUJIB/IIK JKaFIaiIapra
HHTEeTpanysiiay Kypaeii 00Jbin TaOblIabl.
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COz-nazepnep (1.15-cypeT) KbUTyJBIK dcepiep YIUIIH KOJaibl jK9HE JKOFaphl
KyaTKa ue, Oipak oJlap[bIH TOJKBIH Y3BIHABIFBI OipKaTap MoJieKyJanap OOWbIHILA
CHEKTPJIK CEICKTUBTUIIKTI MIEKTESHIi.

Cyper 1.15 — CO:-nazepuep

Huontel  nazepnep weH yabTpakyirin  (YK) mazepnep (1.16-cyper)
BIKIIAMBUIBIFBIMEH JKOHE SHEPTHUSIHBI TUIM/II TTalJaTaHybIMEH €PEKIIICIICHE]I.

Cypert 1.16 — YK nuana3zoHbIHIAFbI TUOMATHI JIa3epiiep

VYIbpTpakynriH = auamna3oH  OPraHMKAIBIK  KOCBUIBICTapABIH  JKOHE  a30T
OKCUATEPIHIH KelO1p TypJiepiHiH POTOAUCCOLMALMACH YILIH epekiie THimAal. Jlazep
TYPIH TaHJIay JKYTBUIy TajanTapbIMEH, JSHEPreTHKAJBbIK CHIIaTTaMalapMeH,
KYPBUIFBl ~ ©JIIEMJIECPIMEH JKOHE pYKCAaT eTUIETIH DJHEepPrusi TYThIHYbIMEH
aHBIKTAJIAIbI.

CoHbIMEH KaTap, 3epTXaHaNIbBIK JKaFaaigapa ra3iapra Jla3zep oCepiH KOJJaHy
OOWBIHIIIA SKCTIEPUMEHTTIK 3epTTeyJIepAiH HoTmkenepi Oap. Ocwl 3eprreysepre
coiikec [43], yinma opranukanbik KockuibicTap (¥ OK), oHBIH iTTiHAE KOMIPCYTEKTEP
MEH OJIapJblH TYBIHIBUIAPHI, ayaaa XoHe ra3z Topizai azorra 150-200 ppm
KOHIIeHTparusiga 185/254 HM TOJNKBIH Y3bIHABIKTAPBIMEH COYJICICHIIPETIH
3epTxaHaibIK Y K-peaktopia eHemin, oJapablH )KOUBITYbl MEH TYPJICHYIH JKyHeml
TYPIIE 3€pTTeY KYPTi3UIreH.

Ayanarsl YOK-Tbl k010 THIMALUTII ycTamy yakbiThl 53¢ Gonranma 13-97%
apanbiFbiHAa (oprama MoH1 80%) G0l dKOHE MOJIEKYJIATBIK MaCCaMEH opTalia OH
koppemnsaiusaabl kepeeTTi (R = 0,53). Op6ip ¥OK yiiH onapasl )kor0aarsl HOTOIN3
0eH (OTOOKCUTEHYIIH YJIeCTePl aHBIKTAJIIbI.
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CO: GoiipIHIIA KYPTi3UITeH Tannay HOTHXKeJepiHe caiikec, 3eprrenreH ¥ OK-
ThIH MuHepanaany nopexkeci 9-90 % apaneirpinga (opramia MoHi 41 %) OGosbim,
MOJIEKYJIAJIBIK MaccaMeH Tepic koppesiusara ue 6onasl (R = —0,63). 3eprTenren
¥YOK-TbIH KONIIUIri IMIBIFATBIH Ta3AapAa KaTThl OeJNIIEKTepHiH >KOFaphl
KOHIIEHTpAUSChIH KopceTTi: PMio ymrin 3—283 mr/m? sxone PMaz.s ymin 2—40 mr/m>.

Op6ip ¥OK ymrin kemiptekTik 6amanc YK-coyneneny kesinae YOK, CO: xone
PMio koHLeHTpauusiapbl HeriziHae Tanganabl. CoHmal-ak IIBIFATBHIH Tas3jaapiaa
KeHO1p opraHuKajbIK apalibIK KOChUIbICTAp MEeH 23—218 ppm KOHIEHTpalUsgaFrsl
030H aHbIKTanael. YK-tazamay omici ¥OK-Tel Jkoroma >KOFapbl THIMJIUTIKTI
KepceTkeHiMeH, oHbl ¥ OK-TaH ra3gapibl Ta3anay yuIiH KOJJaHap aljblHJa OHbIH
KeMIIUTIKTepIH, aTan aWTKaHJa MUHEpaljaHy JICHTeHiHIH TOMEHIIT1H, KaTTbl
OeJIICKTePAIH TY3UTyiH KOHE 030HHBIH O6TiHYiH eckepy KaxeT (cypert 1.17).

= CyBIIK ylIna OpraHuKabK q
Kpcpim YBIIK ylra op 4 Hme—

perreriu KocbuibicTap (YOK) N
CeiHama
aJty Teciri
(mopr)
= T )
Kpicsim
perTeriug Bl |
Aya/N, ® —_— —
(a3or ra3sei) -
)
Kpiceim Cynpi AFbIH enIerim  ApanacTipsirbiun Y IBTPAKYJITiH
perrerim  BUFAJIJIAH/IE]  ([BITBIH OJILLIETILL, peakTop

Cyper 1.17 - DKCIEpUMEHTTIK YJIbTPaKYIriH (oToAerpaaalys KyHeciHiH
CXEeMaJbIK TUarpaMmachl

Ocpiran  OalJIaHBICTBI  1MIKI  JKaHy  KO3FAJITKBIIITAPbIHAH  3USH/IBI
IIBIFAPBIHABUIAPAB a3aliTyFa OaFbITTAIFaH TIPKEITCH TEXHOJOTHSIIAPLI JKYHei
3epTTey OOJBIM TaOBUIATHIH IMalIajJaHbUIFAH Ta3faplbl Ta3apTy calachlHIa
MaTeHTTIK Tajjay >KYpridy epekiie MaHbI3¥fa ue. MyHnaid Tanjgay AocTypdi
KaTAJIMTUKAIIBIK JKOHE CY3y JKYHenepiH KOJJaHyFa HETI3JIeJTeH KOJIIaHbICTaFbl
mIeNnMAepl JKajlmbllayFa FaHa €MeC, COHBIMEH Karap (U3UKAIBIK Ta3apTy
OMICTEPIH JAMBITYABIH MEPCIIEKTUBAJIBIK OaFbITTAPBIH AaHBIKTAYFa MYMKIHIIK Oepe/ti
[44].

[TarentTik mony mexOepiaae 1982 xwimman 2025 >kpurFa JEHIHTI Ke3eH
KAMTHUTBIH 1IIKI KaHy KO3FaJNTKBIIITAPbIHAH IIBIFAPBIHABUIAPILI  a3aiTyFa
OarpITTaliFaH KYPBUIFBLJIAD MEH TEXHUKAIBIK IenriMaep kapanabl. Onap Oipre
JOCTYPJl KaTAIUTHUKANBIK OHE CYy3y JKyHeJepiHEeH ra3 arblHbIHA ocep eTY/IH
3aMaHayH (PU3UKAJIBIK dIICTEP TOCUIAEPIHIH IBOIIOIUACHIH Kopceredi (kecte 1.3).
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Kecre 1.3 - [laTeHTTIK 11051y HOTHXKENEP1

ITaTeut
HOMIpi

[TatenT aTaysl

ITaTent
XKapUsIaH-
FaH KYH

ITaTenT cxemacol

OHepTaOBICTHIH
CHUIIaTTaMachl

1

2

3

5

US2004022
8756A1

AyaHbl
Ta3epiiik
Tazanay,
3aJ1aJichI3JaH-
TBIPY KOHE
CTepUIM3a-
uusay
KOHIBIPFBICHI

[45]

18.11.2004

Jlazep coynenepin
KOJIJAaHATBIH aya Ta3ajay
xy#eci. JIazep coyneci

.| ayaHbIH ©TyiHE apHaJIFaH, eKi

JKaFbIHAH allIbIK KOPAIIThIH
1K1 66T apKBUTBI
OTETIHIEN ETIII
opHanacTeIpeiaasl. Jlazep
COyJIECiHIH KyaThbl Kopan
apKBUIbI OTETIH aya
aFbIHbIH/IA OOJIATBIH Ke3
KEeJreH MaH OeImeKTepiH,
TO3aH/Ibl, TATOTeHAEPI,
ayiepreHiepal Hemece
rasjiap/ipl XKOk0¥fa He
OeiiTapanTaHabIpyra
KETKUTIKTI. Aya aFbIHBIH
OarBITTAUTHIH KOPANTHIH
opOip meTiHae 1azep
COYJIECIHIH KOpPAITaH ChIPTKA
HIBIFybIHA O0J1 OEpMENTIH
aya neyekTopsl
OpHATbUIAbI.

Ocbl 6HEpTaOBbICTHI KY3€re
aCBIPY/IBIH EKIHII
ApPTHIKIIBUTBIKTHI HYCKACHI
aya aFbIHBIH Ta3ayay YILIiH
HKEJIyII TOPi3Al (BeepIlik)
Ja3ep coyleciH Koliany
00J1bIT TaOBUTABI. ATaNFaH
XKEJyIll Jla3ep coyeci aya
©TETIH KOPAITHIH 11I1HE
Oepiin, Koparn apKbUIbI
OTeTiH OapJBIK aya MiHJIETTI
TYP/ZI€ OCHI XKEeJyill Jla3ep
coyJieci apKbLIbl OTETIHACH
€Till OpPHAIACTHIPHUIAIBI.
Kopantsiyg op6ip merine
Ja3ep coyJienepiHiH ChIpTKa
IIBIFYBIH OOJIIBIPMANTHIH aya
neduexTopiapbl
OpHATBUIABI.

(19) KZ
(13) U (11)
3194

ITatigamaneli-
FaH ra3gapsl
YIBTPabIObIC-
THIK Ta3aJayFa

20.12.2017

[Taitgananpuiran ra3aapasl
YIBTPAIBIOBICTHIK Ta3ajlayFa
apHaJF¥aH KYPbUIFbI, OHbIH
KYpaMbIHa KOpPNyC,
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Kecre 1.3 xanracel

1

2

5

apHaJFaH
KypbUIrbl [46

natpyoxanap,
KOAryJISIIMSUIBIK Kamepanap,
YIIBTPAJABIOBICTHIK
TepOeicTepin
COYJICUIBIFAPFbILITAPHI,
YIIBTPaAbIOBICTHIK
TYPIACHAIPTIIITEDP, TECIKTEP,
YKOFapFbI XKOHE TOMEHT1
HIaFBUTBICTBIPFBIIITAD Kipei,
YKOHE OJ1 KeJiecl
epeKIIeNiKTepiMeH
cunaTTanajibl:
KOAryJIsIsUIBIK KaMepasap
OipiHiH apThIHAH Oipi
Ti30eKTel OpHATBUIFaH, all
KaMepallap/iaH HIbIFY
OemikTepiHe cy3riieymri
TOpJIap CHT131ITCH;
KOAryJIsIUSITBIK
KaMepaap/blH acThIHA
TOTIHIICPl )KUHAYFa
apHaJFaH, CYUBIKTHI TOTYTE
apHAIIFaH THIFBIH/IBI
TEeCiKTepl O0ap KUHAKTAYIIbI
CBIABIMIIBUTBIKTAP
OpHATBUIFaH.

¥ CBIHBIIBITT OTBIPFaH
nai1ansl MOIEbIIH
TEXHUKAJIBIK HOTHIKEC] 1IITEH
KaHy KO3FAJITKbIILITaphI
YKYMBIC 1CTE€TEH Ke37Ie KoK
KYpalnaapbIHbIH
9KOJIOTHSUIBIK KayIMCI3/IriH
apTThIpy O0JIBIN TaObLIAIbI.

(19) KZ
(13) U (11)
6568

Imren xany
KO3FaJITKBIIITA
PBHIHBIH
LIBIFAPBIH]IBLI
apbIH
YIBTPAIBIOBIC
TBIK KOJIMEH
Ta3aJalThIH
KUHAKTAy
KYPBUIFBICHI
[47]

06.09.2021

TTatigansl Mmonein
MalllMHaJIap/ibl )Kacay *KoHe
KOJIIK KypaJgapblH
naiijiajnany cajanapbiHa
KaTBICTHI J)KOHE 1IITEH XKaHy
KO3FAJITKBILITAPbIHBIH
IIBIFAPBIHIBUTAPIHBIH
KOpIIaraH OpTara 3UsTHIbI
oCepiH a3alTyFa apHaJFaH.
¥ chIHBUIFaH MTalaanbl
MOJICJIB/TIH MIETTyTe
OarpITTAIFaH MIHJIETI -
JKUHAKTAY BIABICHIHIA
KOAryJISIUSsUTBIK TTPOIECTEPAL
YIBTPAIBIOBICTHIK KOJIMEH
KYLLEHUTY apKbLIbI
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Kecre 1.3 xanracel

1 2

5

IIBIFAPBIHIBLTAPIAFbI
CYCHEHATENTeH KYKIipT
OeIIIeKTepiHiH MeIIepiH
azamTy.

[uren xany
KO3FaJITKBIIIITAPBIHBIH
IIBIFAPBIHIBUTAPBIH
YIBTPAIIOBICTHIK KOJIMEH
Ta3aJaluThIH KUHAKTAY
KYPBUIFBICHI )KHHAKTAY
BIJBICBIH KAMTHIBI JKOHE
MBbIHA epeKIIIeIiri oap:
JKUHAKTAY BIIBICBIHA
YIIBTPaABIOBICTBIK TEHEPATOP
OpHATBLIFaH, TOMEHT'1
OeJiriHae yabTpaablObICTHIK
TOJIKBIH AP IBI
IIaFbUTBICTHIPATHIH
pedeKTop OpHAIaCKaH,
YKUHAKTAY bIIBICHIHBIH
TOMEHT1 06JIir1 aabIHOAIIBI
OOJIBII JKacaJIFaH, ajl IILIFBIC
TECIT1H/IE aybICHIM KJIaraHbI
OpHATBIIFaH.

¥ CBIHBUTFAH Taii1ansl
MOJEIbIIH TEXHHKAJIBIK
HOTHIKECI — 1IITEH JKaHy
KO3FAJITKBIIITAPBI 0ap KOk
KYpaJITapbIHBIH KYMBICHI
KE31H/I€ KOJIOTUSIIIBIK
KAYIICI3IKT1 apTThIPY.

CN215295
274U

Ayansl 51azep
KOHJIBIPFBIMEH
tazanay [48]

24.12.2021

[Sv}

[Maiiganer Moaens na3epiik
KYpBUIFBICHI Oap aya
Ta3aJIaFbIIITEl CUIIATTANIbI,
OJ1 KOPITYCTBI, KOPITYCTHIH
ANIBIHFBI OOIITIHIE AllIbIK
aya KaOBUIIAFBIIITHI dKOHE
aya KaObLIJaFbIIITHIH
AJIIBIHFBI TOMEHT] OOJIiriHae
TYPaKThl OPHATBUIFAH EKiHIII
Ja3epiiK MaMIbl KAMTHIBL.
dro3emsmKabIH 1K1
KYBICBIHBIH KOFapFbI
Oeunirinze aya IblFapy Teciri
Oap. bipinmii xoHe exiH
Ja3epiiK mamaapaby
OpHAaJIaCyBIHBIH apKaChIHIA
nanganbl MOAEIb KYIITI
YKapBIK IIIAIIBIT, ayaHbl
TiKelel acep eTyre
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Kecre 1.3 xanracel

1 2 3 4 5

MYMKIHJIIK Oepe/i,
COHJIBIKTAH aJlaM Ke31MEH
ayaJiarbl MaH OeJIIEKTepiH
Kepyre 0omajsl, an
KOJIJIAaHYIIIbI Ta3aJIaFbIIITHIH
Ta3apTKBIII dCEPiH
WHTYUTHBTI TYpJIE Ce31HE
ananel. Aya KaObUTIaFbIIIKa
OpHATBUIFAaH EKIHIII JIa3epIliK
COyJIEe MIBIFAPFHIII
KOJIJIaHYIIIbIFa KOpIlIaFraH
OpTaIaFkl aya Carachel
TypaJbl aKknapar Oepirn KaHa
KolMai, Ka3ipri aya
Ta3aJarbIITapAbIH JIa3ePIIiK
KYPBUIFBICHI
0oJMaraHIbIKTaH, KOpILIaraH
OpTaJaFkl aya carachiH
UHTYUTHBTI Oaranait
AIIMaWTHIH/IBIFBI J)KOHE aya
IIBIFBICBIHIA TIAH MOJIIepi
OOMBIHIIIA CY3T1 SKPAHHBIH
KbI3MET €Ty Mep3IMiH
aHBIKTall aJIMauTHIH
Macemenep/Il meniei.
Ocpinaiima, cy3ri 5KpaHHbIH
KBI3MET €Ty Mep3iMi
asiKTaJFaHHaH KeHiH OHbI
YaKBITBIH/IA ayBICTBIPY
Mocesieci Je HIeNIiIei.

[TafimanaHplIFan ra3abl Ta3apTy KYPHUIFbLIAPbIHA MATEHTTIK IOy IBIH KaJIFAChI
A KOCBIMIIIACBIH/IA KENTIPUITEH.

KapacTelppulFaH TATEHTTEPJIH  IMIIHAC  KATAIMTHKAJIBIK JKOHE  CY3ri
KYPBUIFBIJIAPHl MEH CEJIEKTUBTI KaTAIUTUKABIK KaiambeiHa KenTipy (SCR) xkyitenepin
O1p Moysbae OIpiKTIpy MIEHTIMAEPl, COHA-aK aFbIHFA TO3IMIUTIKTI TOMEHICTYTE
JKOHE  KYPBUIBIMHBIH  TIOBBIICHUEAMIBUIBIFBIH ~ apTThIpyFa  OarbITTajFaH
APXUTEKTYPAJbIK OpHATACy HYCKAIAPhl YCHIHBLIIBI.

[TaTenTTepaiH skeke 0710Tbl (PU3UKAIBIK Ta3apTy SAICTepiHe apHaiFaH. OnapIbIH
ImmiHae ycak OeJeKTepIiH KOoaryJslUsIChblHA HETI3JCITeH YIbTPaaAblOBICTHIK
KYpBUIFBLIAP, COMaH KeiiH omapasl TyHABIPY KOHE YCTay €peKIle OpBIH allajbl.
KapamaiiblMm  aKyCTHUKaJbIK  KaMmepajlap MEH  pPEe30HaTopJyiap, COHAal-aK
COyJICJICHAIPTIIITEPi, MAFBUTBICTRIPFBIIITAPHI, Ka3bIK Mapalielb apHajJaphl KOHE
KYHBIH/IBI Ta37aphl Oap KOI KaMepassl )Kyienep Kapacteipbuiaabl [49].

Conpaii-ak, Ja3epiiK COyJeNleHyAl MIbIFapbIHABIIAPALl Ta3anay YIIiH
KOJITaHY Il CUTIATTANTHIH MATCHTTEP KapaCThIPBUIIBI, OHA 3USTHIBI KOCBUITBICTAPABI

37




JKOIOFA, KYKIPT KOHIEHTPAIMSCHIH TOMEHJIETYTE JKOHE Ta3/blH SKOJIOTHSIIBIK
TUIMIUTITIH apTTRIPYFa apHaJIFaH opTYPIIi TOCUIACP YCHIHBIIFaH.

CoHbIMEH KaTap, MOHJAHy MEH WHEPUMSIBIK arblHABl 06yl OIpiKTIpeTiH
MEKTPOLUCHTPUDYTAIBIK KOHE DIIEKTPOCTATHKAIBIK CY3TrUIep, COHIah - akK
JacTaymibl 3aTTapAbl OalIaHBICTHIPY VIIIH KOJAAHBIIATBIH CYy TYMAaHBIH HEMece
KOHJICHCAITUSHBI KOJITAHATHIH "IBIMKBUT" Ta3apTy 9JIicTepl KapacCThIPhLUIAIBI.

[onyna >KbuTy aqIMacTHIPFBINITAP MEH ©31H-031 KaJMbIHA KEATIPYIiH OpTYpJIi
HYCKaJjapbl 0ap naijaianbUIFas ra3ibl Kaiita eqjaey Kypouirbuiapsel (EGR), connaii-
aK KaTrajau3aTopjiap MEH CIHIPTIIITEepJiH NO JMArHOCT KYHMIH JuarHoCTUKaliay
xyienepi 6ap. CoHbIMEH Katap, Cy3Trijiepi MEH KYFbII CYUBIKTBHIKTAPhI Oap apHaiibl
O9CEHIETKIII KOHCTPYKIUSJIApblHA MATEHTTEP, COPFBIITHI KOCBIMILA Ta3apTy/Ibl
KaMTaMachl3 €TETIH KOIl CaThUIbl COPOIMSUIIBIK JKOHE TYMIPIIIKTI CY3T1 dJIEMEHTTEP1
OeniHenl.

Ocputaiiina, TaTEHTTIK IOy KIACCHKAIBIK KaTaJUTUKAIBIK-CY3y KYylelepiHeH
OacTan MHHOBALMSIIBIK (DPM3UKAIIBIK TEXHOJOTHSIIApFa JEHIHTI MIeIMAEPAIH KEH
ayKbIMBIH KepcCeTelll, OJapAblH INIHAEC YJIbTPAABIOBICTHIK OSJICTEP €H YJIKEH
nepcrekTuBanbl kepcereai. Onap agam aeHcayablFbiHa KayinTi PM2.5 sxone PM10
OeJIIIEKTEpiH YCTalm KaHa KOWMail, COHBIMEH KaTap TNaljJaJaHbUIFaH Ta3fa
TO3IMIUIIKTI  aWTapiblKTail  apTThipMai, Kemk  XoHe  ©HEpPKACINTIK
KO3FAJNTKBIITAPJBIH 3aMaHayl KOHCTPYKLUMsUIApbIHA OIpPIKTIpyre MYMKIHAIK
Oepei, Oys1 onapibIH Ooaliak 1amy OarbIThl PETIHE KOFaphI QJIEYETIH pacTailIbl.

[TaTenTTepre »Kypri3uireH Moy HETi31HIE MbIHA/Iail KOPCETKIITep OOMbIHIIA
tayaay xypriziani [50]:

[TaTeHTTIK 3epTTEYIiH TEPEHIITI:

D =Yk — Ymin = 2025 — 1982 = 43 orcoin

myHaa D — 3epTTey Tepenairi;
Y rex —aFBIMJIAFBI JKbIII;
Y min— €H aJIFAIIKbI MATCHT JKbLUTBI
[TaTeHTTEpAIH OpTAIlla KAChI:

A= %Z?=1(YTeK _ Yl) _ (2025—2010)+(2025—;;24)+---+(2025—1982) — 17,07 sxac

17 »acTaH acKaH MaTeHTTEPI1H YJIect:

Ny7+

13
Pire = (=) - 100% = 3 100% = 43,3%

[TarentTik Tanmay 1982 xwuiman 2025 xpiira JAediHri 43 SKbUIABIK KE3€HII
KaMThbIIbl, OyJ1 3epTTeylIijep MeH J3ipJeylIUIepAiH MaiJalaHbuIFaH Ta3iapiabl
Ta3apTy TaKbIpbIObIHA y3aK MEp3IMJIl KbI3bIFYIIBUIBIFBIH KepceTenl. AHBIKTaIFaH
naTeHTTepAlH oprama sxackl 17,07 >kacTel Kypaabl, ©TIHIMIAEP/IH Heri3ri Oeiri
1990-2000 >xputmapra sxatansl. 20 >kacTaH ackaH mateHTTepaiH yneci 43,3% - ra
xeTenl, Oy Genriiai Oip TEXHOJOTHUSIIBIK TOKBIPAYJIbl KOHE COHFBI JKbLIIApAarhl
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HIeTNMAEPIH XKaHapy KapKbIHBIHBIH TOMeHAeYiH KopceTemi. 2020 KpU1Tan KeiiHn
TIpKEIreH >KaHa o3ipjeMeNiep OKIIayJdaHFaH, Oyl OChl cajaja 3aMaHayu
KOJITaHOAITBI MIEIIIMIEP/IiH KOKTBIFBIH PacTalbl.

[Tarenttik reorpadust ['epmanus, XKamonums, AKII >xone Kerraitabig
KOIIOACIIBUIBIFBIH KepceTel. [pi aBTOpIbIK KYKBIK HenepiHiH KaTapbiHaa Bosch,
Toyota, Cummins, Hyundai, Ford, Siemens, Valeo xone Denso xommaHusiapsl,
COHJal-aK  KeJIK  OKOJOTHSCHIH  3€pTTEyMEH  O€NceHnal  ailHaJbICaThIH
YHUBEPCUTETTEp MEH FBUIBIMU YyilbiMaap Oap. COHFbI  OHXBULABIKTAPAFbI
TEXHOJIOTUSUIBIK TEHACHIMUIAp Ha3apAblH JOCTYPJl KAaTAIUTUKAIBIK OIICTEPJICH
(DOC, DPF, SCR) yabTpaablOBICTBIK, AJIEKTPOCTATUKANIBIK JKOHE THOPHUATI
oICTEeP/Il KOca ajlFaH/ia ,aKTaM KOHE dHEPIHUsHbl YHEMICUTIH (U3UKAJIBIK Ta3apTy
Kyienepine aybICybIH KopceTe/Il.

Tanmay xepceTkeHiel, (QU3MKAIBIK OJICTEDP apachlHAa YJIbTPAIbIOBICTHIK
TEXHOJIOTHSIJIAP €PEKITe KBI3BIFYIIBUIBIK TyAbIpaabl. OnapabiH apTHIKITBUTEIKTAPHI
peareHTTep MEH aybICThIPBIIATHIH CY3T1 AJIEMEHTTEPIHIH KOKETTUIITHIH 00IMayHhl,
AKCILTyaTaMIBLIBIK, TOMEH TaliJaiaHy MIBIFBIHIAPHI )KOHE 9Cep €Ty MapaMeTpJIepiH
(KMUTIK, KyaT, >YMBIC pEXHMI) HKeMIl perrey MyMKiHairi. ConHpaii-ak,
YIbTPAAbIOBICTHIK COYJENSHAIPTIITEPl IIbIFAPY >KYWECIHE IIbIFAThIH AaFbIHFA
TO3IMILTIKTI aWTapJbIKTall apTThIpMaid O1piKTIpyre 00aaabl, Oy 0Jap bl TEK KEHLT
JKOHE JKYK KOJIKTEpIHJe FaHa €MeC, COHBbIMEH KaTap TpaKTopjapaa,
HKCKaBaTopiiap/a *oHe 0acKa /1a apHaiibl TEXHUKA/a KOJIIaHyFa MYMKIHAIK Oepe/l.

Ocpunaiiima, Tangay  HOTIKeNepl  OOWBIHIIA — yIBTPAABIOBICTBIK  OJIIC
naiaJaHbUIFaH  Ta3dbl  Ta3apTyAblH (PU3MKAIBIK OMICTEpIHIH IIIHIET €H
MEPCIeKTUBAIBI  OOJIBINT TAaOBLIAABI JEeH KOPBITBIHABI JkacayFa Oomaael. O
THIMAUTIKTI, JW3alHHBIH KapanalbIMABUIBIFBIH JKOHE NaljanaHy CEHIMIUIITIH
OipikTipeni.

1.5 TlalipanaHbliiFaH ra3abl Ta3apry KyldeciHaeri yJabTpaablObICTBIK
0dceHaeTKIIUTEPAIH KOJIeHeH KOHCTPYKIUUAIAPbIHBIH THIMALTITIH Tajaaay

VY abTpaabIObICTHIK KOATYJISIIIUS PUHITUITIHE HET13/1eTeH KYPhUIFbLIAp TU3EIIhI1
KO3FaJITKBIIITAPAbIH TalJalaHblIFaH Ta3apbIHIaFel YCAK OOJIICeKTEep/IiH, COHBIH
ImiHAe KYWeHIH KYpaMblH THIMII a3aiiTyra apHanraH. OnapablH KYMBICHI
aAKyCTUKAJIBIK aFblHIAp MEH PaJUaIUsUIBIK KbICHBIMIIBI KYPAUTHIH KOFaphl KU UTIKTI
akyctukanbelK opicTi (20 x['m-TeH >xkorapbl) KypyFa Heri3nenreH. bym ocepiep
beepkHec kymTepi MeH 0acka aKyCTHKAJBIK dCEpJIEPIiH dcepiHeH OeeKTepIiH
YKAKBIHJACYbhl MEH COKTBHIFBICYBIHA BIKIAJT €Te/i, OYJI OJIap/IbIH KEHEIOIHE OKENE/I.
KoarynsuusiHpIH €H KOFapbl THIMIUTITIHE KOpIIaFaH OPTaHbIH TeMrepaTypachl 40-
80 °C OosraHga >KoHE YJBTPAJIBIOBICTBIK JKUUTIK MEH aMIUIMTYJIaChlH OHTANJIBI
TaHJIaFaH/1a KOJ JKEeTKi3IeAl. YJIKEH Maccachbl MEH MHEPIUICHl 0ap YIKEUTUIreH
OemIIeKTep ra3 arblHbIHAH TYCIM, KYPbUIFbUIAP/BIH KaObIpFaliapblHa OpHaIacabl.
MyHnaii Ta3apTy TEXHOJOTHSICHIH KOJIJJAaHYy PEareHTTEp/ll KaKeT eTmeidl, KyheHi
KETIPY/IIH >KOFaphl THIMJIUIITIH KOPCETEAl *KOHE OHbI KOJIJIAHBICTAFbI XKyienepre
OipikTipyre  Ooyiambl, OV  YJIbTPAAbIOBICTHIK  KOATyJSIIUSHBI  3USHJIBI
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MIBIFAPBIHABUIAPABl  a3aUTYIBIH 3aMaHayW >KOHE OKOJOTHSJIBIK Tasza oJliciHe
alHAJLIBIPAJIbI.

ABTOKOJIKTEep/IiH TMalJajaHbUIFaH Ta3fapblH  YIBTPAILIOBICTEIK Ta3apTy
caylachlH/a KeJiecl )KyMbICTap Oenrii, aram alTKaH/a TU3eIIb/Il KO3FAITKBIIITAP IbIH
naiaTaHblIFaH Ta3dapbIHBIH 3USHIBI KOMIIOHEHTTEPIH OeHTapanTaHIbIpy YIIiH
YIBTPAILIOBICTRIK ~ OOCEHACTKIITEPII Jkacay. byn OoceHmeTKimTep ycak
O6MIIeKTEPMIH KOAryJIAIHUIChIHA )KOHE OJAPbIH KSHIHHEH TYHIABIPHUTYBIHA BIKITAJ
€TETIH YJIbTPAABIOBICTBIK TEpOECIICTEP/IIH OCEPIHCH MalTalaHblIFaH Ta3aapaarbl
OenmekTep MeH 0acka 3WsTHIbI KOMIIOHEHTTEPIIH KOHIICHTPAIMSICHIH TOMEHICTYTE
apHaJFaH. YJbTPaJbIOBICTHIK OOCEHISTKIIITEP/II KOJIJIaHy TYTIHHIH IIBIFYBIH
azaiityra, poctypii Tazapty xyhenepine (DPF, SCR) xykreMeHi azaiiTyra >koHE
JTM3EITB/I1 IIBIFAPbIHABLIAP bl OeUTapanTaHABIPy TUIMILIITIH apTThIpYyFa MYMKIHIIK
6epeni, Oy LLbiFpic xyiieciHaeri Kepl KbICBIMIbI Al TapIbIKTall apTThipMaiiabl. by
KYMBICTApAbIH KbICKAILIA CUIIaTTaMachl kecte 1.4-Te KenTipijirex.

Kecte 1.4 - ABTOMOOMIIBIEP/IIH TaliIallaHbIIFaH Ta3dapblH Ta3apTy CajlachIHAaFbl

TBIJIBIMH JKYMbBICTAP

Ne ABTOpBI MakaanbiH O3ipJICHIeH YKCIIEPUMEHTTIK KymbIc cunaTramacsl

aTaybl CTEH/I

1 2 3 4 5

1 | Kadyrov A, | (2021). OchI cTeHATETri YKCIEpH-
Sarsembekov, | Experimental MEHTTIK  3epTTEeYJIepAiH
B., Ganyukov | research  of g - : HOTIDKENIEPl  YJIbTPaIbl-
A, the coagula- J :g: @r _ i | OBICTBIK ocep eTy OeH3HH
Zhunusbekova | tion  process C e ﬁr :: M:P KO3FaJITKBIIITAPBIHBIH
Z., of exhaust nanmajaHpUIFaH — rasja-
Alikarimov K. | gases  under PBIHIAFBI 3USHIBI 3aTTap-

the influence JBIH ~ KOHIICHTPAIUSICHI-
of ultrasound. HBIH aTapIbIKTal
Communicati TOMEHJICYiHE, aran
ons-Scientific aitkanga CO2, CO, CH
letters of the xoHe O2 >KOFapbLIayblHA
University of BIKIIAJ €TETIHIH pacTaIbl
Zilina, 23(4),

B288-B298

[51].

2 | Kadyrov A., | (2022). OchI cTEeHATETi IKCIEpH-
Sarsembekov | Ultrasonic MEHTTIK  3epTTeyJepAiH
B., unit for HOTIDKENIEpl  yIbTpaIbl-
Ganyukov A., | reducing the OBICTBIK acep eTy
Suyunbaev S., | toxicity of IUA3ENBIIK  KO3FAITKBIILI-
Sinelnikov K. | diesel vehicle TapJblH  MaiaaHbUIFaH

exhaust ra3JaapbIHOarbl 3USAHIBI
gases. COMM 3aTTapAbplH ~ KOHIEHTpa-
UNICATION IUSCBHIHBIH aWTapIIbIKTal
S, 24(3), TOMEHJIeYiHE, aTarn
B189-B198 aritkanga CO2, CO, CH
[52] xoHe O2 KOFapblUIaybIHA,
COHIal-aK meringl 0em-
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Kecre 1.4 xanracel

1 2 3 4 5

IIEKTEePIH MAacCachIHbIH
apTyblHa BIKMAJI €TETIHIH
pactaasl. CoHpaii-ak, ras
TYTIHIHIH KepCEeTKimTepi
JKOHE perreymuri
napameTpIIep IiH OHTAMITBI
MOHJIEp1 AaHBIKTAJIIBI.

3 | Kadyrov A., | (2024). The
Bembenek M., | Influence of
Sarsembekov | the Frequency

Ochbl cTeHATEr1 JKCHepH-
MEHTTIK  3epTTeyJIepaiH
HOTHXKEJIEepPl  YJIbTpajbl-

B., of Ultrasound OBICTBIK KOHE JIa3epJIiK
Kukesheva A., | on the acep eTy OCH3HMH KO3FasT-
Nurkusheva S. | Exhaust Gas KBIIITAPbIHBIH  IMaiiana-

Purification HBUIFAH  ra3fapblHIarsl

Process in a SUSHIBI 3aTTapbiH
Diesel Car KOHIIEHTPALUACHIHBIH

Muffler. Appl alTapibIKTall TOMEHJIEYi-
ied He, aran aitkanga COa,
Sciences, 14( CO, CH xome O
12), 5027 JKOFapbUIayblHA  BIKMAN
[53]. eTeTiHiH pacTajsl [31]

Anaiiia, oChl )KYMBICTApABbIH OapiIbIFbIHAA KOIJACHEH TUITEr1 YKCIICPUMEHTTIK
CTeHATEp >Kacanipl. KeiyeHeH 5SKCHEepUMEHTTIK CTEHATEpAE MalanaHblIFad
raznap/abl TazapTy KesiHjae Oipkarap mekteysep Oap. Herisri mekreynepaiy Oipi-
yIbTPaAbIObICIIEH KOATYJISILMsAJIaHFaH OeILIEeKTep/IIH TYHOAaFa TYCyl KUbIH, O TKEHI
KOJJICHCH KYPBUIBIMIAFBI ayBIPJIBIK KYII OJapIbIH TiK OpHAJACyblHA KaparaH[a
TyHOara TycylHe THIMAI bIKOan etneiai. Horwxkecinge kyile Oesnekrepi
CYCIICH3UsAa Kalaabl JKOHE IMMaiajJaHbUIFaH Ta3 aFbIHBIMEH Oipre KO3Faybl
YKaJIFaCThIPaibl, OYJI JKaJIbl Ta3zajay TUIMIUITIH TemeHaeTenl. CoHbIMEH KaTap,
KOJJICHEH CTEHATE YJbTPAJbIObICTBIH Ta3 arblHbIHA OIpKeNKi ocep eTylH
KaMTaMachl3 €Ty KUbIH, O©UTKEHI Ta3/IbIH ChI3BIKTHIK KO3FAJIBICHI KE31H]Ie OHBI OHJICY
Oipkenki OonMalabl JKOHE KehOip OenmeKTepiiH >KYHeAeH IIbIKKaHFa JCHiH
KOAryJISIUSFa YaKbIThl OOJIMaN/IbI.

Conpaii-axk, KOJIICHEH 09ceHIeTKIIITEePAIH MaHBbI3/IbI HIEKTeY1
YIBTPAILIOBICTBIK COYJICICHIIPTIIITEPAIH OIpKeIKI OpHANACTHIPYABIH KYPASTLTIr
O0JbIN TaObLIAAbI. ¥3bIH MIIIIH JKOHE IIEKTEYJ 1K1 KEHICTIK OJapbl AKETKUIIKTI
MeJIIepie OpHaTyFa MYMKIHAIK Oepmeiini, Oys aFbIHABI KOIl CaTbUIbl OHJEY
MYMKIHJITIH a3aitanbl. HoTwkecinae yiabTpaablObICTHIK TEK Ta3fblH KEKeJIeTeH
aliMaKTapbplHa ocep eTell, all ycak OeJekTepaid Oip OeJiri HmIbIFapbIHALLIAp/A
CaKTaJIBII, KOATYJIAIHIFA YaKbIT )KOK.

[IporecTiH THIMILIIT OJlaH 9pi IIEKTeNeal OIpKeaKi eMec aKyCTHUKaJbIK epic.
ApHa reoOMeTpUsIChl MEH IIAFbUIBICATHIH OETTEP YIAbTPaAbIOBICTHIK KAPKbIHIBUIBIFBI
ToMeH "oyl aWmakTapabl" KacaiApl, an OipHEme CoyJeNeHIIPTIITePaiH
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KYMBICBIHJAFbl KeJepri KYIICUTIITeH MXOHE OJICIpereH ocep €Ty alMaKTapbiH
Kypaiiapl. MyHIai xarnaiiapaa aFbIHHBIH O1p 06JTiri ®KETKUTIKCI3 OHIeIeT.

KenneneH KypbUIbIMIApABIH TaFrbl Oip MpOOJIEMACHI-KOJIBIH OITEeIly Kaylii.
[Herinai OemmiekTep Oipkenki OemiHOEHII jKoHE KaObIprayapAa OipTiHAEH
KUHANAIpl, Oyl THAPABIMKAIBIK KAPCBUIBIKTHI apTThIpaibl KOHE IKYHEHIH
TUIMAUTITIH TeMmeHaeTeAl. TaOurm apeHaxablH OolMaybl JXKOHE ©31H-031 XYY
KarJanapl HallapiaTaabl, YHEMI TEXHHMKAJIBIK KbI3MET KOPCETYy MEH Tazajay/ibl
KaXXET eTe/Il.

Ocpunaiiia, yJabTpaAblOBICTBIK TEXHOJOTHUSUIAp aWTapJIbIKTall oJeyeTKe He
OONFaHBIMEH, OJIApABI JIOCTYPJIl KOJJEHEH cXemaiuapja KojjaHy Oipkarap
KYPBUIBIMJIBIK ~ (akTopjlapMeH IIEKTeNe/l: KoaryJsusilaHFaH OeJeKTepIiH
TYHABIPDY  KHUBIHIBIKTapbl, aKyCTUKAJIbIK OpICTIH  OIpKEJNKl  pa3MeNICTiri,
COyJICTICHAIPTIIITEP/IIH MIEKTEYII1 OPHAJIACYbI KOHE KOJABIH O1TeTy Kayri >KOFaphl.
OJICTIH TOJBIK QJIEYETIH ally YUIIH JKaHa OpHAJAaCy IIEHIIMAECpPIHE KOUly KaKeT.
AyBIpABIK ~ KYIIIHIH  9CEpIHEH OOJIEeKTepAlH THUIMAIPEK TYHABIPBUTYBIH,
COyJIETICHAIPTIIITEP/Il KO HYKTEJl OPHAIACTBIPY apKbUIbl OIPKENIKI aKyCTHKaJIbIK
aceplil, COHAA-aKk aBTOMATThl Ta3ajay >KyWeJepiH OIpIKTIpy MYMKIHAITIH
KaMTaMachl3 €TeTIH 09CEHIETKIIITEPAIH TIK HEMECE MOJYJIb/IIK KOHCTPYKIHUSIAPbI
CH IMEePCICKTUBAIBI O0JIBIT TaObLIaABI [54].

Ocputaiiina, KeJIIEHEH KOHCTPYKLUMUIApAbl NaijanaHy yJIbTpaablObICTHIK
TEXHOJIOTUSIHBIH QJIEYETIH IIEKTeIl. AKYCTUKAIBIK OpPICTIH OIpKeNIKi MOJIACTIr,
OOMIIeKTEPAIH TYHIBIPY TUIMAUIITIHIH JKETKUTIKCI3IT koHE OITeTy/iH >KOFapbl
Kaylm  OHBIH  TNPAKTUKAIBIK  THIMAUICIH  adTapiblKTailik  TOMEHIETE/Il.
Y AbTpaabIObICTHIK KOATYISAIUSHBIH aPTHIKIIBUIBIKTAPBIH KY3€Te achIpy YIIIiH jKaHa
OpHajacy menriMaepiHe KoIry KaxeT. AYbIpJbIK KYIIHIH oCEpiHEH OOIIeKTePaiH
TUIMIIIPEK TYHIBIPBUTYBIH, COYJEIEHIIPTIIITEepAl KOI HYKTENl OpHaJIacThIpy
apKbUIbI OIPKEJIKI aKyCTUKAJIBIK 9CEP/I1, COHJIali-aK aBTOMATThI Ta3ajay >KoHe Kyl
OakpLIay KYHENepiH eHri3y MYMKIHAITIH KaMTaMachl3 €TEeTiH TIFIHEH OarbITTaliFaH
O9CEHJIETKII KOHCTPYKIUSIAPhl €H MePCIeKTUBANIBI 00JIbIN TaObUIaabl. Jlu3aiiHab!
3aMaHayH SKOJOTHSUIBIK CTaHAAPTTApABIH aKyCTHKAIIBIK, a3POJINHAMUKAIBIK JKOHE
naiijanany TajanTapblHa OediMIey mNaiajlaHbUIFaH Tra3jgapabl Ta3apTyIblH
YIbTPAALIOBICTHIK TEXHOJOTUSIIAPBIH COTTI MPAKTUKAIBIK 1CKE aChIPYAbIH KaXKETTI
mapThl OOJIBINT TaObLTAIBI.

CoHpaii-ax, TIBIOBICTBI OIIPTIIITEePAIH TITIHEH OarbITTaJIFaH
KOHCTPYKIUSITIAPBIH TPaKTOpJiap/a, >KOJ-KYPBUIBIC >KOHE MaMaHIaHJbIPbUIFaH
TeXHUKaJa KoJjlaHFaH >keH. KeijmeHeH >KyWenepIeH aWbIpMaIlbUIBIFBI, TIK
KYPBUIBIMIAP aYBIPJBIK KYIIIHIH OCEpIHEH KOaryJsIHsUIaHFaH OeJeKTepIiH
TUIMIIIPEK TYHABIPBUTYBIH KamMTaMachl3 €Te/l, OWTKEHI MpoJiarc OarbIThl Tra3
aFbIHBIHBIH OaFBITHIHA COMKeEC Kee 1. byt kyiie armomepaTTapbIHbIH TAOWFH aFybIiHA
BIKITAJI €TE/l >KOHE OJIAPJIbIH KO3FaJlbICKa KailTa KaThICy MYMKIHJITIH a3alTajpbl.
CoHbIMEH KaTap, TIK OPbIHJAY YAbTPAbIOBICTHIK COYJIEAECHAIPTIIITEPAl KOPITYCTHIH
OUWiKTIriHE OIPKEJIKI OpHAJIACTHIPY bl JKEHUIAETE1, OYJI KOIl CaThUIbl aKyCTUKAIBIK
ocepAl JkoHe OeJIEeKTEpAiH Ke3€H-KE3€HIMEH YJIFAlObIH  KaJbIIITacThIpyFa
MYMKIiHI1K 6epeni. by memnrim PM2.5 sxone PM 10 ycak dpakuusiiiapbIHbIH TOJBIK
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KUHATYBIH KaMTaMachl3 €Tel KOHE MaiJalaHbUIFaH ra3aap/ bl Ta3apTyIbIH HKaJIIbl
THIMUTITIH apTThIpaab! [55].

[lafimanany TyYprBICBIHAH TIK OOCEHAETKIIITEp TpakTopiap MEH apHaiibl
xabOIpIKTap YIIiH OlpKaTap apTHIKIIBUIBIKTapra ue. JKorapsl maH MEH KapKbIHIbI
KYKTeMe >KardalbIHAa JCTYPIl KeJIeHeH Xkyienep OiTeldy KayIiHe YIIbIpaiiibl,
Oyl KUl TEXHUKAJIbIK KbI3MET KOPCETyAl KaKeT eTe/ll KoHe Maiganany
HIBIFBIHAAPBIH apTThIpagbl. TiK KYpPBUIBIM, KepiciHIIe, OeNIIeKTepaiH KUHATYbI
YKOHE KEHIHHEH KOMBUTYBI YILIH apHaibl aJIbIHOAIBI NAJJIETTEP HEMECE JPEHAMXIBIK
Kamepajap KaMTamachl3 €TUTyl MYMKIH IIeTIHAUIEpl ©3JIrHEH KOIOFa BIKIAJ
eTeqi. by memiM TeXHUKaIbIK KbI3MET KOPCETY KaKSTTUINH a3alTaabl >KoHE
KYPBUIFBIHBIH KbI3MET €Ty MEP31MiH 3y3apTajbl.

Conpaii-ak, MyHJ1ail TEXHUKaHbIH LIBIFApY JKylenepl naijananbuirad ra3aapisl
OIepaToOp/iaH KOHE KYMBIC allMaFrblHAH LIbIFApy YUIIH JKOFapbl OarbITTaJIFaH, Oy
yIBTPAABIOBICTRIK MOJYJBIIH TIK MHTErPAlUSCHIH KYPBUIBIMABIK >KaFbIHAH
BIHFAWJIBl €Tell. bysl perre KOHCTPYKUMSHBIHAKTAMBUIBIFBI CaKTanaabl, OITIpY
KYHeciHAer: Kepl KbIChIM YJIFailMaibl KOHE Ka3Ipri 3aMaHfbl SKOJOTHSIIBIK
CTaHJapTTapFa COMKECTIr KaMTaMachl3 €TLIe/Il.

Ocpinaiiima, TpakTopiap MEH apHaibl TEXHUKaJa WHTErpalusIaHFaH
yIBTPAABbIOBICTBIK —COyJEAeHAIprimTepl 0ap TIK OJCEeHAETKITEPl KOJIAaHy
KOJICHEH XYHelepAlH MIEKTeyJIepiH KOFa, 06NIIEeKTepAlH TYHAbIPY THUIMIUIITIH
apTThIpyFa, NMaijanaHy IIbIFBIHAAPBIH a3aiiTyFa KOHE IIbIFapbIHbUIAp OOWBIHILA
XaJNbIKApaJIbIK TajlanTapra COMKECTIKTI KaMTamachl3 €Tyre MYMKIHJIIK OepeTiH
HET13/ICJITeH YKOHE MEePCIICKTUBAIIBI IISIITIM OOJIBIT TaOBLIA IbI.

bipini 6esiM GoMbIHIIIA KOPBITHIHIBLIAP:

- JIM3ENBMIIK KO3FAITKBIIITHIH KOHCTPYKIHMSCHI, KYMBIC PEXHMI JKOHE
TEXHUKAJIBIK JKaii-KYW1 OTBIHHBIH KaHy THIMUIITIHE )KOHE 3USTH/IbI IIbIFapbIHAbLIAp
JIEHIeiliHe IIemyn acep erel, Oy OHbIH 3KOJIOTHSUIBIK KayINCI3IAIriH apTThIpy
YIIIH KO3FaJITKBIII >KYHENEpIH JKETUIAIpYre MoHe NaiJalaHbUIFaH ra3aapisbl
TazapTyFa KeleH Al TOCUIAl Tanan eTel;

-MU3ENb1I KO3FAITKBIIITAPABIH TalJalaHbUTFaH Ta3dapbl yJbl 3aTTap MEH
OeJIIeKTep 1iH KypAeal Kochackl OOJIBIN TaObLIaAbl, COHABIKTAH OJapiAbl THIMI1
Tazajlayabl )KOHE 3aMaHayd SKOJOTHSIIBIK CTaHIAPTTApbl CaKTayabl KaMTaMachl3
€Ty KOJIKTIH KOpIIaraH oOpTara >oHE ajaM JCHCAyJbIFbIHA 3HUSHABl JCepiH
a3alTyAbIH HET13T1 MapThl OOJBIT TAOBLIAIbL;

-MU3ENb/Il  KO3FAITKBIIITAPIBIH IIBIFAPBIHABIIAPEIH  A3aUTYBIH 3aMaHayH
JKyHesepl Korapbl THIMAUTIKKE KapaMacTaH KbIMOAT JKOHE TEXHHUKAJIBIK KbI3MET
KOpPCETY KHBIH OOJBIM Kajla Oepe/ll, COHIBIKTAaH NalJalaHbUTFaH Ta3fap/Ibl
Ta3apTyAblH (GUBHKAIBIK SICTEPIH JAMBITY JKOHE €HT13y SKOJOTHUSIIBIK Ta3albIKThI
apTTHIPY JKOHE MaimajiaHy IIBIFBIHIAPBIH a3alTy YIIH TEPCICKTUBAIBI OaFbIT
00JIBII TaOBIIA B,

-MaiiiaNaHbulFal  Ta3fbl Ta3apTyIblH YJIbTPAAbIOBICTHIK OJICI  KOFAPHI
TUIMJITIKT1, AU3alHHBIH KapanalbIMbUIBIFBIH JKOHE TOMEH TEXHUKAJIBbIK KbI3MET
KepceTyai  OipikTipeTiH  (U3MKAIBIK  TEXHOJOTHUsUIAp  apachlHIarbl  €H
NEePCHEKTUBAIBI OAFBIT OOJIBIT TAOBLIAIbL;
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-UHTETpalMsIaHFaH  yJIbTPaAbIObICTHIK  coyneneHaiprimrepi  Oap  TIK
OOCEHIETKIMTEp TPaKTOpJIap MEH apHaibl TEXHHWKAJap YIIIH €H THIMJII >KOHE
NEPCIIEKTUBANIBI IIeMIiM OOJbIl  TaObutagpl, Oyl OeJIIeKTepAiH TYHIBIPYBIH
XKaKcapTyAbl, Malanany MIBIFBIHAAPBIH a3alTyAbl KOHE 3aMaHayH SKOJIOTHSUIBIK
TajanTapra COMKeCTIKTI KaMTaMachl3 eTe/ll;

-TA3ENb11 KO3FAITKBIIITAPABIH SKOJOTHSUIBIK KAyITICI3IriH apTThIPY 3aMaHayH
bu3MKaNbIK Ta3apTy OMICTEpiH EHTI3y[l Tajam eTeldl, OJapAblH 1MIIHJE
YABTPAABIOBICTHIK TEXHOJIOTHSJIAP, dcipece OOJIeKTepai THIMII ajbill TacTayabl
KoHE Taianany MBIFBIHAAPBIH a3alTy bl KAMTaMachl3 €TeTiH MHTETpalHsIIaHFaH
coyJIeNIeHaIprimTepi 6ap TiK 09CEHIETKIIITEP TYPIHJIE YIKEH dJIeyeTKE He;

-3epTTeyiH MaKcaThl MEH MIHACTTEP1 HET13/IeITeH
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2 JTU3EJIBJAIK KO3FAJTKBIIITBHIH HAFII[AJIAHBIJIFAH
I'A3JIAPBIHBIH MATEMATUKAJIBIK MO/JEJIIH 3EPTTEY

2.1 YabTpaabiObICTBIH JCEPiHEeH MNalJaJaHbUIFAH Ta3lapabl Ta3apTy
npoueciHii pusukacol

VYbTpaAbIObICTEl  KOJJAHY apKbUIBl TMalAalaHbUIFAH Ta3lapiAbl Tasaay
KapKbIH/BI yJIbTPAAbIOBICTHIK TOJKBIHAAP Ta3 TOPI3[l OpTaMEeH >KOHE JacTayIlbl
OeJIIIIEeKTEPMEH OPEKETTECKEH Ke3Jie maiaa 00JaThlH aKyCTUKAIbIK-MEXaHUKAJIbIK
YKOHE XUMMSIIBIK TIPOLIECTEP/IIH KUBIHTHIFbIHA HET13/ICIITCH.

VYapTpanslObic  IU3EIbAIK  KO3FAITKBIIITHIH —MaialaHbUIFaH Tra3JdapblHbIH
(bU3UKAIBIK JKOHE XUMHSJIBIK KAacHETTepiHe aWTapibIKTald ocep eTyre KaoiieTTi
JKOFapbl JKHUTIKTI ceprimai TOdKbiH (omerre 20 kI xorapel) (2.1-cyper).
KapKkpIHIBI yIBTPaABIOBICTHIK TOJKBIHAAPIBIH Ta3 TOPI3/1 OpTa apKbUIbl Tapadybl
KYpJEeJl MPOLECTEP/l, COHBIH IIIIHAE CBI3BIKTBI €MEC aKyCTHUKAJBIK 9cepiepl,
KBUTy KOHE THAPOJMHAMHKAIBIK KYOBUIBICTAPILI JKOHE JIOKAIW3AIMsIaHFaH
TOTCHIIIE KBICKLIM MEH TeMIlepaTypa >KaFqaiiapblHaH TYBIHIAAFaH XWMHSUTBIK
e3repictepi TyabIpas [56].
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Cyper 2.1 - [laligananbliFad ra3aapabl Ta3apTy MPOILECiHIH (U3UKAChI
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1. AKyCTHKaNbIK-MEXaHUKAJIBIK MPOLECTEP: TOJKBIHAAPIBIH CHI3BIKTHIK €MeC
Tapaaybl, aKyCTUKAJIBIK aFbIH )KOHE PAJAUALIUAIIBIK KYIITEP, aKyCTUKAJIBIK KbI3ABIPY
KOHE SHEPTUSHBIH TUCCUMAIMSICHI, Ta3apIaFbl aKyCTHUKAJIBIK KaBUTALIUA.

1.1. TONKBIHHBIH CBI3BIKTHIK eMec Tapanybl. CTaTHKaNbIK ra3 KbICHBIMBIMEH
CaJIBICTBIPBUTATBIH JBIOBICTBHIK KBICHIM aMIUIUTYAAChIH/Ia TOJIKBIH CBHI3BIKTBI €MEC
Tapanaabl. [[pIObIC )KbUIIAaMIBIFBI KOpPIIaAFaH OPTaHBIH KEPTLIIKTI MapaMeTpiiepine
KBICBIM MEH TeMIiepaTypara OaillaHbICThI 00Jia GacTalIbl.

Cupek ailmakrapra KaparaHJa XbUIJaMbIpaK KO3FalaTblH KbICY alMaKTaphbl
TOJIKBIH MIIIHIHIH OypManaHyblH TyIbIpajabl. CuHycouaansl npoduib OipTiHIEe
apasblKk 0oJaAbl KOHE KapKBIHABUIBIKTBIH OJIaH opl >KOFApbUIAYBIMEH COKKBI
TOJIKBIHJIaPhl HEMECE MHUHHU-COKKBI (PpOHTTAPHI Maia 601aabl.

Hortuxecinne ra3 THIFBI3ABIFBIHBIH JKEPTUIIKTI OY3bUTYBIMEH Oipre >KypeTiH
KbICBIM MEH TeMIIepaTypaHbIH KOFapbl IPalueHTTEpP1 Naiina 6oaaabl.

1.2.  AxycTuUKanbplK aFblH JKOHE paguanusuiblk  Kymrep. KapKbiHIbl
yJIBTPaAbIOBICTBIH 9CEpIHEH Tra3fapja CTAlMOHAPJBIK aFbIHAApD - AKyCTHKAJIBIK
arplHIap maiiga Oosanpl. Onap OeIIeKTEepAiH aCUMMETPHUSIIBIK TepOemicTepiHe,
TYTKBIPJIBIK TI€H JKbULY OTKI3TIIUTIKTEpIKE OalJaHBICTBl TOJKBIH YHEPrUSCHIHBIH
JUCCHUIALIMACHIHA, COHJAi-aKk opTaiia KbICBIM TI'paJueHTTepiHe OalIaHBICTHI
Oomnasel (2.2-cyper).

Cyper 2.2 - AKyCTUKaJbIK aFblH

Hotmwxecinge rasga cexkyHAblHa OipHelle OHJaraH CaHTUMETpre JeHiHTi
KBUITaMIBIKIICH OaFbITTaIFaH HeMece KYHBIH/IBI aFbIH 1A Maiiaa 6omaapl. by areiH
nap aud@y3usIbIK  MpoIecTepl KYIMIEUTyre, >KbUTy alMacyIbl JKaKCcapTyFa,
KOMITOHEHTTEP/11 apajacThIpyFa )KOHE a3p030Jib OOJIIEKTEPIH TaChIMAJIayFa bIKITaJ
ereni [57].

1.3. AKyCTHKanblK  JKbUIBITY  JKOHE  DSHEPrUSIHBIH  JAUCCHUIAIUSCHI.
Y AbTpaabIOBICTHIK TOJKBIH SHEPTUSCHIHBIH Oip OeJiri TepOenmMerni ra3 KadaTrapsl,
KBUTYy OTKI3TIIITIK KOHE MOJICKYJIANBIK PellaKcalisl apachlHIarbl TYTKBIP YHKEIiC
apKbUIbl KbUTyFa aiHamaAbl. TypaKThl TOJKBIH TYHIHJEPIHJIEC KOHE aKyCTHUKAJIBIK
dbokycTapaa epekiie Kpl3plpy OalKanaibl.

by kbuly ocepi rasfblH opTalla TeMIIepaTypachIHBIH JKOFapbUIayblHA >KOHE
OHBIH TEPMOJIMHAMUKAJIBIK KACUETTEPIHIH ©3TepylHe OKee/Il.
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1.4. l'aznapaarbl akyCcTUKANBIK KaBuTalus. KaBuranus ofeTTe CyMbIK KyObLIbIC
peTiHIe KapacThIPBUIFAHBIMEH, Ta3 OpTachlHAAa MHUKPO TaMIIbLIap HeEMece
a’po3oibpaep OONFaH Ke3/le YKcac MporecTtep maima 00yl MyMKiH. MyHmait
MUKpPOOOJIIEKTepaiH TepOemicl KOHE OJlaH KEHiHT1 Kyaybl TeMmreparypa MeH
KBICBIMHBIH JKEpPrUTIKTI KYPT apTyblH TYABIPalbl, OipHEIIe MBIH KEJIbBHH MEH
oHmaraH arMmochepara keredl. bynm  TeTeHme karmaWnmap — XUMUSIIBIK
peaKIusIIapAbIH Taii1a 00ybIHa KOJIAHIIBI JKaFIai xacaibl [58].

2. KapkpIHabl yIbTPaIbIObICTBIH 9CEPIHEH XUMUSIIBIK MPOLIECTEP: TEPMUSIIBIK
ocepiiep JKOHE JKEepriuTiKTI anayjiap, paJuKaliabl >KOHE PEKOMOMHAIUSIIBIK
peakuusuiap, YJIbTPAAbIOBICTHIK MTUPOJIU3Il OeliceHalpy, IUIa3MaHbIH Maiina
O0omybIHAAFBI (DOTO - )KOHE DIEKTPOXUMHUSIIBIK dcepIiep.

VY abTpaabIObICTHIK XUMUSIIBIK SHEPTUSHBI TIKeJeH KaMTaMachl3 eTnem/al, 6ipax
ra3jia XMMUSUIBIK PEeaKIUsIapIblH KeH CHEKTpiH OacTtayra KabuJIeTTI HKCTpEeMalibl
YKEPrUTIKTI JKaFaaimap sxacaibl.

2.1. TepmusnblKk ocepiiep JKOHE HKEeprumkri anaymap. Karrtel Kbicy
aiiMakTapeigaa Ttemmepatrypa 1000-5000 K pgeiiiH, am  KbICBIM  KYy3JleT€H
aTMocQepara AeillH KeTeplTyl MYMKIH.

¥YKcac karaaiiap MoJIeKyJIallapblH AUCCOlMalvsianybiHa (Mbicaibl, O; - 1eH
20-ra, Np-nen 2N-re), HOHAaHyFa JKoHEe OenceHi OemeKTepaiH-paauKanaapbIH,
VWOHJAPJBIH JKOHE JJIEKTPOHIApAbIH TYy3UIyiHe bIKOan erenl. JKeuigaM xoHe
DHEPTUAHBI KAXKET €TETIH peakIiusiap MYMKIH OOJaThIH XUMHUSUIBIK OCJICEHII OpTa
naiiga 6omazasl [59].

2.2. Papukanapl )koHE PEKOMOMHAIUSIIBIK peakiusiiap. ['a3 cankpiHaaraH Ke3ze
KBICKA KOFaphl TEMIIEpaTypajblK UMIYJIbCTApAaH KeiliH maiina 6onran bencenmi
OemIIeKTep peakIusaFa TYCII, )KaHa KOCHUIBICTAP TY3€i.

ConbiMeH, ATOMJBIK >KOHE MOJICKYJIAJbIK OTTETIHIH ©3apa OpeKeTTecyi
030HHBIH Maiija 6onysiHa akeneni (O + O — O3), a30TThIH OTTETIMEH PEaKLUUAChI
a30T oOkcumiHiH Ty3utyiHe (N + O — NO), an cyrteri MeH THAPOKCUI
panuKaIIapbIiHBIH ©3apa opeKkeTTecyi cyabiH Ty3utyine okeneni (OH + H — H,0).

By mpoiiectep MHTEHCHUBTI YIbTPAIbIOBICTBIH OCEPIHEH ayaaarbl 030H MEH a30T
OKCHITEpiHIH Mmaiiaa 60aybiH Tycinmipeai [60].

2.3. YbTpaasiObICTBIK Uposu3Al OenceHaipy. OpraHuKalibIK KOCBUTBICTaPIbIH
OynapbIHBIH KAaTHICYBIMEH YIBTPAABIOBICTHIK OJapbIH TEPMUSUIBIK BIIBIPAYBIH
(muponu3) Gactaybl, TOTHIFY pEaKUUSTIAPbIH KEICNICTYl KOHE HAHOKOMIPTEKTI
KYPBUIBIMIAPIbIH Taii1a 00TybIHA BIKIAT €Tyl MyMKIH.

Mynnaii nporiectep HaHOOOJIIEKTEP/IIH YIbTPAILIOBICTHIK CHHTE3IH/IE JKOHE
ra3 (pasasblKk XUMUSIHBIH SpPTYPJIi Typiepinae Koyaanbuias! [61].

2.4. [Ina3maHbIH naiaa 00JIybIHAAFbl (POTO KOHE IIECKTPOXUMHUSIIBIK dcepJiep.

Jp1061cThIK KbIcbIM 150-170 nb-nmen sxorapel OoJiFaH Ke3/ie Ta3ja Miia3MaibiK
MUKPO30HJap Maiga OoMybl MYMKIH, OHAA AJIEKTPOHIBI COKKbl HOHU3AIHSICHI
ra3/bIH KapKbIPayhl )KYPEIi.

byn okarnmaiija MiIa3MOXUMUSJIBIK —TPOIECTEpre YKcac peakiusiapbl
oencenmipyre Oomnampl, Oyi yIbTPAALIOBICTHIK 9CEp/l Ta3faplarbl XUMUSIIBIK
TYpJICHAIpYIep i OacTayablH THIMII Kypaiisl eTefi [62].
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KapkpiHIBI yIBTPaABIOBICTHIK TOJKBIHIAAP Ta3 OPTACHIMEH OpPEKETTECKEHJIC
MEXaHUKAJBIK (CTAIMOHAPJIBIK €MEC KbICBIMJIAp, aFbIHAApP, COKKbI TOJKBIHIAPHI)
YKOHE XUMHSUTBIK (AMCCOIMAIINS, PAAUKAIIAPIABIH TY31Ty1, IIIa3MaJIbIK peaKIusiap)
MPOIIECTEPIH KypAesi TIpKeciMi Kype/ti.

byn yneTpamsiObICThl Ta3 GazaliblK peakIusiapasl OCICeHIIPYIiH, ayaHbI
Ta3apTyAblH, 3aTTap CHHTE3IHIH JXOHE IUIA3MOXWMUSHBIH KyaTThl KypasblHa
alHAJLIBIPAJIbI.

VY AbTpaabIOBICTHIK Ta3 OPTaChIHA dCEp €TKEeHJE Maiaa 001aThlH aKyCTUKAIBIK-
MEXaHUKAJBIK KOHE XUMUSIIBIK MTPOLIECTEp KONTEreH mapaMeTpiiepre 0aiiaHbICThI.
CoHbIKTaH OChI MapaMeTpiepIiH opKaNuChIChl TPOLIECTEPAIH KYpYIHE Kallaid ocep
CTETIHIH >KOHE OJIapJIbIH THUIMJIUITIH, COHBIH IIIHAE Ta3[bl Ta3apTy TUIMALUIITIH
Kajlail aHBIKTaHTBIHBIH CTKCH-TEIKEHIII KapacThIpFaH skeH [63].

2.2 Tazanay TuiMaijiirine dcep eTeTiH Heri3ri mapamMmerpJiep

KoarymsauusiHblH yabTPaabIOBICTHIK MPOLIECIHAE dCEp €Ty TUIMAUII OipKartap
HETri3rl MapaMeTpiepMeH aHbIKTanaabl. Onapra yabTpaablOBICTBIH KUUIIIT MEH
TOJIKBIH Y3BIHABIFBL, (OKyCc OpHBI ((PoKyc HykTeci), TepOenic aMIUIMTYHachl,
yIbTPAAbIOBICTHIK SHEPTUSHBIH THIFBI3ABIFBI MEH KyaThl JKOHE ocep €Ty
KApKBIH/IBUIBIFBI MEH YaKbITHI kKaTaabl. Kopliaran opTaHbIH TeMIepaTypachl MEH
KBICBIMBI, COHBIMEH KaTap YJbTPAIbIOBICTBIK OCep €Ty alMarbIHAa OpHaJIacKaH
JUCTIepCTi OOIIEeKTepIIH KOHIEHTPAIMAICHl Jla alTapibIKTail ocep eremi. by
napameTpiiep  YJAbTPAAbIOBICTHIK  TOJIKBIHIAPABIH  TapalybIHBIH  (DU3UKAIBIK
KACHETTEpIH JIe, OJIapIbIH JUCIEPCTI KYHEMEH e3apa dpEeKeTTecy MeXaHU3MIIEepiH
JIc aHBIKTaW b1 [64].

1.  VYnbTpanplOBICTBIK JKUIUIIK KOAryJjJsilksg MPOLECIHE TIKEJIeH JKoHe
aliTapsbIkTail ocep erenl. by acep OipHemie (U3MKaNbIK MEXaHU3MAEP aApPKbUIbI
KY3€Tre achIpbLIa/Ibl:

- aKyCTHKaJbIK KYIITep MEH OONIIEeKTepaiH KO3FAJIbICHl  apKbUIbI.
VY IbTpabIOBICTHIK, KOFaphl KHUITIKTI MEXaHUKAIBIK Tepoenictep (aperre 20 kl'u-
TEH KOFapbl) CEPHIMII OpTajia Tapajbll, OOMIBIK TOJKBIHIAPIBIH Maiiga 00TybIHA
okenenl (KpICcy xoHe KeHero (pazanapel). OChl TONKBIHAAPABIH 9CEPIHEH a’p030Jib
OemmiexTepi (MbICalbl, Kyie) aKyCTHKAJBIK aFbIHAAp MEH PaJHaIlHsUIbIK KbICHIMFa
yiibIpaiiapl. HoTmkecinae TazapTy npoleciHiH Keneci Ke3eHaepl Kypei:

- OemexTepIiH O1piryi (KoaryJsimsl): YAbTPaIbIObICTEIH 9CEPIHEH OOJIIICKTED
O1p-OipiHe KaKbIHAANIbI, COKTHIFBICAIBI )KOHE YIKEH OeJIeKkTepre OipiKTipiiei.
byn razmare! OenmiekTep/iH KOHIIEHTPAIUSICHIH TOMEHICTE/I.

- OeNIIeKTePAiH TYHOACHI: YIKEHTIITeH OOIIeKTEp aybIPJIbIK KYIIiHIH 9OCEpPIHEH
Tyce 6acTaiibl, OyJ1 oJlapbIH ra3 aFbIHBIHAH 0OTIHY1H KEHIIACTE 1.

- OeJIIeKTepAiH aKyCTHKAJIbIK aFbIHMEHMEIIBICYBl: AaKyCTHUKAJBIK aFblH
OemmekTepiiH Oenrium Oip OarbITTa KO3FallyblHA OKeJesl, Oy ojapibl apHaubl
Cy3rijiepre Hemece IIeriHal aiMakTapra OarbITTayFa MyMKIHIIK Oepeni [65].

brepkHecCTIH XeKe KylTepi
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beepkHecTiH OacTankbl Kymri (HeMece ObEpKHECTIH ajFalikbl ocepi) - Oyl
OIpTEeKTI eMec aKyCTHKaJbIK ©pICKe OpHaJacThIpbUIFaH keke besniiekke Hemece
KOMIPILIKKE 9Cep €TEeTiH KYIII, MbICAJIbI, TYPAKTHI IbIOBIC TOJKBIHBI.

by akyCTHKanmbIK KBICHIM YaKBITHIHAAFbI aifHBIMAIIBIHBIH OOJIIIEK KOJIEMiHIH
Mep3IM/I1 e3repyiMeH e3apa opeKeTTeCcyl HOTHXKECIHIe maiaa 0oiabl.

JIpIOBIC ©piciHae KBICBIM Y3IKCI3 ©3repil OThIPaabl, OYJI OpTaHbIH aybICTIaJbI
KBICY JKOHE CHPEK IMPOIeCcTepiH TyabIpaabl. OnapabH ocepiHeH Oemiek (MbICabI,
ra3 KeIipIiiri HeMece CYHBIKTHIK TaMIIIBICHI) ITyJIbcallusiiaHa 0acTaiIbl, SFHU OHBIH
KeJIeMl YaKbIT OOHBIHIIIA ©3repe/ii.

Erep akycTukanbIK KbICHIM KEHICTIKTE Oipkenki OesiHOece (TYHiHAEp MEH
TYyHiHJEep Oap TYPaKThl TOJKBIH CHSKTBI), OHJA OOJIIEKTIH op TYPJl >KaFbIHIAFbl
opramia KbIChIM dp Typii Oomanbl. Hotmxkecinge tepOenicTiH Oip Ke3eHIHAe
aKyCTUKAJIBIK OpICTiH Oenrui Oip aiiMarbiHa OarbITTalFaH allbIHFAH opTalia Kyl
benmiekke acep ere Oacraiiibl-keOiHECE TYWIHI€ HEMECE TYPAKThl TOJKbIHHBIH
TOJIKBIHABLIBIFBIHA [66].

bbepkHecTiH OacTankbl KYIIIHIH 9CEp €Ty OaFbIThl KbICBIMHBIH aybITKYbl MEH
OeJIIIeK KOJIEMIHIH e3repyl apachIHAarbl (Da3ablK albIpMalIbUIbIKKA OaiiJIaHbICTHI.

Erep Oemnmex KbICBIMMEH (azana myJibCcalusijiaHCca, O KbICHIM MaKCHMAJIJIbI
0O0MaThIH MyYKaFra Kapai >KbUDKUIBI.

Erep Tepbemnicrep ¢azara Kapcbl 00Jca, KO3FalIbIC TYPAKThl TOJNKbIH TyliHiHE
OarbITTaJIFaH, MYHJ1a KbICBIM MUHUMAJIIbI OOJIaIbI.

bbepkHecTiH OacTamkbl KyIIl JbIOBIC KBICBIMBIHBIH TPAJAUCHTIHE KOHE
OOMIIEKTIH KOJIeMIIK TepOeNiCTepiHIH aMIUIUTY/IaChlHA MPOMOPIIUOHAIIBI.

On TypakThl yJIbTPaAbIOBICTHIK OPICTETT OOMIIEKTEP/IIH KEHICTIKTIK TapalybiH
AHBIKTANIbI.

Mpeicast peTiHae a’po30Jb OOJIIEKTePIHIH KOAryJsiius MPOLECIH KeNTIpyre
Oonaabl: TYPAKTHl YJIbTPAAbIOBICTBIK OPICTIH OCEpIHEH TaMUIbLIap HeEMece
Kemipurikrep Oenrium Oip aiimakrapaa (TyHiHAEpIe HeMece TYHIpIIIKTEpIe)
JKUHAJabl, OYJ1 OJlapAbIH ra3 OpTachlHAH KOCTAIAP/IbIH IpUICHY1HE KoHEe TyHOara
TYCyiHe bIKHa eTei [67].

bbepkHeCTIH KalTanama KymTepi

brepkHecTiH ekiHu Kyl (Hemece ekiHill beepkHec addekTici) - Oy AbIObIC
OpICIHC OpHAJaCKaH €Ki MyJbCUPJIEHTeH OOJIIeKTep apachiHaa maijga 0oJaThiH
e3apa TapThUIbIC HEMECE UTEPY KYIIII.

by kyObutBIc opOip TepOeameni OeeKTiH aifHaTachIHIa KOpII OeeKTepre
acep eTeTiH KailTallaMa aKyCTHKAJIBIK OpiC )KacauThIHIbIFbIHA OaIaHBICTHI.

YabTpanblObICTEIH  OCepiHeH OemekTep (MbICaibl, Ta3 KOMipIIiKTepi)
TepOeIMeni KO3FaIbICTap KACAWbl )KOHE JBIOBIC TONKBIHAAPBIH IIbIFapaabl. by
TOJIKBIHJIAP CHIPTKBI aKyCTHUKAJIBIK OPICKE KabaTTacaabl )KOHE 03apa dpeKeTTece/Ii.

Erep ¢dazanma exi OemmiexTiH TepOenici maiijma 0ojca, ojapiAblH apachbiHIAFbI
KBICBIM TOMEH/ICHI1 J)KOHE OJap TapThliia OacTanIbl.

Erep omapaeiy antudazagarsl TepOenictepi 6ojica, O6IIEKTep apachbIHAFbI
KBICBIM apTajibl, OYJ1 OJIap/AbIH ©3apa UTEPUTYy1HE OKEeTe/i.

brepkHecTiH KalTajlaMa KYIIiHIH 11aMackl OipHelie ¢pakTopaapra OalIaHbICTHI:
OeJIIeKTEP apachIHAAFbl KAIBIKTHIK (O6IIeKTep HEeFypibIM KaKblH 0oJica, ©3apa
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OPEKETTECY COFYPJBIM KyIITi Ooyanel), onapasiH TepOemic  Qa3amapblHbIH
allBIpMAILIBUIBIFBI, YJIBTPAABIOBICTHIK OPICTIH aMIUTUTYJachl MEH JKHUIIT JKOHE
OenmiekTepAiH PU3UKAIBIK KACUETTEPl — OJIApAbIH PAINyCTaAPhl, THIFBI3IBIFBI XKOHE
3aT TYpi (ra3 HeMece CYHBIKTHIK).

ExiHmm peTTik Ky o1eTTe 6acTankbl KYIITEH a3 OOJFaHbIMEH, OJ1 KOaryJIsIus
MPOIIECTEPIHE MICTIYII P aTKapaabl — OOJIIEKTEPIiH JKaKbIHIACYBI KoHE Oip-
OipiHe sxa0bICysI [68].

CoHbIMEH, Ta3 arbIHJIAPBIH YJIbTPAABIOBICTHIK OHJIEY KE31HJE YCaK a’po30Jib
OenmiekTepl CUHXPOHABI TYpAEe IylibcalusiuiaHa OacTaiabl, aidl bbepkHECTIH
KaliTaama KyImTepi ojJap/AblH e3apa TapThUIybl MEH OIpiryiH TyAbipanbl. by
KOAaryJIsiUsSHbl T€3AETYre KOMEKTECE/l kKoHE ra3 opTachblHaH KOcCHajaapbl KEeTipy
THIMAUTITIH apTTHIPAIbI.

byn xymrep Oemmekrepai Oip-OipiHeH TapTajabl Hemece wutepeni. Kuimik
©3repre’ Keszie OOJIEKTEP/AIH e3apa JdpeKeTTecy cumaThl e3repesl. OHTaiibl
KUUTIKTE OOJIIIeKTEp PE30HAHCTBIK Kyire kertenl, Oyi onapAslH OIpiryiH
xeHuiaereni. COHABIKTAH YJIbTPAABIOBICTBIK KHULIIK JHANa30Hbl KOAryJISIUs
IIPOLIECIHE dcep ETei.

VY 1bTpaIbIOBICTHIK KU UTIKTIH KOaryJsinusaFa acepi 2. 1-kecreqe KeATipiiireH.

Kecre 2.1 - YbTpaapIObICTBIK KUK AHANTA30HbI

Kuinik quana3oHsl Koarynsira acepi
TeMeH KULTIKTED - YikeH OesiieKTepre acep eTei.
2040 kI’ - AKYCTHKaJIBIK KYII )KOFaphbI.

- bemmekrep Te3ipexk Ko3fajaabl kKoHE Oip-OipiHe
’KaOBICHINI KaJIa bl.

40-100 kI Kanmel konpgaHy YIIIH THIMII, OCHI JHAara3oHja
KOIITEreH 3epTTeyJIep Kypri3uiii

100-1000 I -¥cak Oemnmiekrepre (HaHO-MHKPOOOIIIIEKTepre) TUIM/II
acep eTei.

- ToNKbIH Y3bIHABIFBI HEFYPIBIM KbICKA O0JICa, acep eTy
aliMarbl COFYPJIBIM J9J1 OOJIabI.

- Koarymsmust sxymcak Kypeni, Oipak KyaTbl KOFapbl
00JTyBI KEpEK.

2.1-xectere CcoWKec, op JKMUIIK Ta3apTy TMPOIECIHAE op TYPdl DHEPrus
tuimaimirine we. Keibip kuimikrepae pe3oHaHC Takjga Oojagbl  JKOHE
yIBTPAILIOBICTRIK €H Kom ocep erefi. COHABIKTaH Ta3[blH KULIITT THIMII
nrarnasonia 6omysl kepek [69].

2. TonKBIH Y3BIHBIFBI-YIBTPAABIOBICTHIK TOJKBIHHBIH Oip TepOesic IUKIIHIE
OTETIH KaBIKTBIFBL. O Keneci popMysia OOMBIHINA aHBIKTATA b

A=c/f, 2.1)

MYHIa A — TOJKBIH Y3BbIHBIFHI (M),
C — OpTaJarsl JbIOBIC KBUIIAMIBIFHI (M/C),
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f —ynpTpanpObICTHIK )uimiK (I').

- TOJIKBIH Y3BIHIBIFBI HEFYPJIBIM KBICKA 00JICa, KOATYIISIUS 9CEPi COFYPIIBIM IO
KOHE JIOKaIM3aIMsUIaHFaH Ooyiafgbl. TONKBIH — Y3BIHABIFBI  YIBTPAIBIOBICTHIK
KUUTIKKE Tikened ocep eremi. KUIMIKTIH KOFapbUIaybIMEH TOJKBIH Y3BIHIBIFBI
azasnbl. by GemnmmexTepre acep eTyaiH 1071 (OKYChIH KaMTamMach3 eTefi. JKorapsl
KUITIKTI  YIBTPAIBIOBICTEIH TOJKBIH V3BIHIBIFBI KBICKA, COHIBIKTAH OJ YCaK
OeJIeKTepre TIKEIEH acep €Till, oJIapbIH O1piryiHe KOJIaMIIbI KaFaail skacaIbl.

3. ®okyc (poxkyc HYKTECI) - YIbTPaAbIOBICTHIK DSHEPrys MYMKIHIITIHIIE
IIOFBIPJIAaHFaH KeHICTIKTEr1 aiiMak. O ylIbTpaabIObICTBIK COYJICICHY A1 ONMTUKATBIK
JUH3a Hemece apHaibl reomeTpuschl Oap IlIeiFbic GeTTepi apKbUlbl OarbITTAY
HOTHIKECIH/IE Maiaa 0onampl.

®dokycTa yIbTPaabIOBICTHIK KbICBIM MEH SHEPTHsl THIFBI3JIBIFBl MaKCHUMAaJIJIbI
0onaabl. by GoKyCTBIK aiiMakTa KoaryJsiius IpoLeci €H KapKbIHbI )Kypeadl. Erep
b oKyc a’po30Jib OOJIIIEKTEPIHIH IMIOFBIPJIaHy ailMarbIHAa 00Jica, Ta3apTy TUIMILIIT]
aiTapibIkTail apTanael. DOOKYCTBIH OpPHBIH ©3TepTy apKBLIBI Ci3 Ta3 aFbIHBIHBIH
OpTYpJIi aiiMaKTapbIHA SCEp €TE aachl3.

@DOKyC HYKTEC] TOJIKbIH Y3bIH/IbIFbIHA TiKeJIeH OaliaHbICThI. TOJKBIH Y3bIH/IBIFbI
HEFYpJIbIM KbICKa 0o0Jica, POKYCTBIK HYKTE COFYPJBIM JI9J JKOHE KillpeK Ooaabl.
byn OemnmiekTepAiH KOFapbl JOJAIKTET1 OarbITTadybl MEH KOaryJisiusChiH
KaMTaMachl3 €Telll. YJIbTPaJbIObICTRIK OoceHmeTkimTe OipHeme ()OKYyCThIK
aliMaKTap/bl KYPY apKbUIbl Ta3farbl OpTYPJIl MeJIIepAeri OeeKkTepl HpicaHara
ary MYMKIHJIIT1 Oap.

4., VYapTpanslOblc aMIUIUTYAACHI-IBIOBICTRIK TepOemcTepaeri  KbICHIMHBIH
HEMEeCe OpBIH ayBICTHIPYABIH MaKCUMalIbl MoH1 (2.3-cypeT). byn koarymsius
MPOLIECIHE ©T€ MAHBI3MIBI dCEp €Telll, OUTKEH1 OJ1 YIbTPaAbIOBICTHIK IHEPTUSHBIH
KyaTbIH aHBIKTAMIBI.

AMIUTMTY1a HEFYPIIBIM JKOFaphl 00JIca, YIBTPAABIOBICTHIK TOJTKBIHHBIH KBICHIM
KYIL1 COFYpJbIM Ken 0osaabl. by Oenekrepre acep €TeTiH KYIITEPAiH apTybliHa
okenedl (MbIcalibl, paAualUsUIbIK KbIChIM, bbepkHec kymTepi). Hormxecinae
OOMIIeKTEP IiH arperanusi BIKTUMAJIBIFBl apTabl, SFHU KOATYJISIUS KbUTTAMIBIFbI
apransl [70].

AMILTHTYZA

/
Vf\ /.\ /\ KamBIKTBIK
T T U

Cypert 2.3 - YAbTpaapIObIC aMIUTUTY1ACHI

VY AbTpaabIObIC aMIUIUTYAACHIHBIH KOFapbUIaybIMEH aKyCTHKAJIBIK aFbIHIAP IbIH
KapKbIHABUIBIFBI J1a apTalabl. by arbiHIap a’po3onb OedmiekTepiH Oip HykTere
OaFpITTaliIbl JKOHE IIOFBIPIAHABIPAIbI, OYJ ONapAbIH JKHAl COKTBIFBICYBl MEH
KOAryJISILHUSIChIHA OKENEe/I1.

AMITIUTYANBIK AUANAa30HHBIH KOATYJISIUSAFa acepi 2.2-KecTe e KOpCeTIIreH.
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Kecre 2.2 - AMIuMTyAanslK AMana3oHHbIH KOAryJSIIUsIFa acepi

Ammmntyna nerreiii | Koarymsimusira ocepi

TemeHn amruUTyAachl | OJCI3 aKyCTUKAIIBIK KbICKIM — OOJIIIEKTEPre a3 acep eTy —
Oasty KoaryJisius

Oprara OHTalbl acep, COyJIeNeHY KbIChIMbI JKOHE TPaBUTALIMSIIBIK
aMILTUTYAAChI KYIITEP THIMII )KYMBIC 1CTEH/II

Korapsl Koarymsiust Te3 xypeai, 6ipak OenekTep/i 3aKbIMAaybl
aAMILIATY1aChl MYMKIH KaBUTaIUs KayTi >KOFaphbl

2.2-xecTere COWKEC aMIUIUTyAa KOaryJslus KapKbIHIbUIBIFBIH OacKapy/bIH
Heri3ri mapamerpi 0okl Tabbuiaabl. O KOAryJIsSIUsIIBIK OpTara, OeJeKTepIiH
MOJIIIIEpIHE JKOHE JKHUUIINHE OallIaHBICTBI PETTeNyl KepeK. YIbTpaablObic
aMIUTUTYJJAChIHBIH JKOFapbUIAybIMEH KOAryJsIHs Ipolieci OesceHipiieni, 0ipak
IIEKTI MOHHEH achlll KEeTce, jKaHaMa ocepliep maija 0oiybl MYMKIH (KaBUTalLus,
OemnmexkTepaiH 0y3bU1ybl). COHABIKTaAH aMIUIUTYIAJIbIK TapaMeTp MYKHUSAT TaHaTybl
kepek [71].

5. YapTpaapIObICTBIH SHEPTHUS THIFBI3ABIFBI KOATYJIISAINS MPOIIECIHE TIKEIeH acep
€TETIH MaHbI3/bl (PU3UKAIIBIK mapaMeTp Oousbll TaObutabl. Oa yJIbTPagbIObICTBIK
TOJIKBIH apKbUIbl OpTara OEpuIEeTIH 3HEPrusi MOJIIEPIH CUNATTAlAbl )KOHE 9NIETTE
Br/cm® nemece J[lx/cm® OipiikrepiMeH kepceriienl. Erep yabTpaablObICTHIK
OHEPTUSHBIH THIFBI3IBIFBI JKETKITIKCI3 O0Jsica, OOMIIEKTEep apachlHIaFbl OaillaHbIC
a1ci3 0oJajbl.

E=P/V, (2.2)

myHaa E — sHepruus teirbi3abirsl (B1/cm?),
P — »anmbl yIbTpagbiObICTHIK KyaTsl (BT),
V — eHjIeNIETIH OPTaHbIH KoJieMi (CM?).

SA¥HM, oOJ KOpIIaraH OpTaHbIH Oenrur Oip KeJieMiHEe KaHIIA DSHEprus
YKETKI3UIETIHIH KopceTeal. DHEePrus ThIFbI3IbIFBI HEFYPJIBIM JKOFaphl 00JIca, opTara
YIbTPAABIOBICTBIK YHEPTUSl COFYPJIBIM KON JKETKI3UIEeNl OHE YJIbTPaJblObICTHIK
TOJIKBIHJIAP TYABIPATbIH KYIUTEP COFYpPJIbIM Keml Ooisiajabl. byn OemniiekTepiH
KaKbIHIAaCyblHA JKOHE OJIApAbIH Te3 IKUHAIyblHA BIKNAN eTedl. OHeprus
TBHIFBI3ABIFBIHBIH KOATYJISIHsIFA ocepi 2.3-KecTeie KOpPCEeTUIreH.

Kecte 2.3 - DHEprusi THIFbI3IbIFBI

TemeH 3Heprus THIFbI3IBIFBI JKorapbl 2HEPTHUS THIFBI3/IBIFbI
AKYCTHUKAJBIK ©piC AJICi3 AKYCTHKaJBIK ©pIiC KYIITI
Bemmekrepre a3 acep ety Beniektepre KaTTel acep €Ty
Koarynsmus 6asty skypeni Koarynsmus te3 xypeni

¥ cak OemmexTep KOChIMaybl MyMKIH TinTi ycak 6emmexTep /1e KOChUIa b
KaBuranus 6aitkaiMaybl MyMKIiH KaBuranus naiiga 601ysl MyMKIH
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OHeprusi  THIFBI3ABIFBIHBIH ~ KOFApbUIaybl — JKEPriTIKTI  KBICBIM  MEH
TEMIEPATypaHblH >KOFapblIayblHa oKendeni. byn OemmekTepliH KHHETHKAIBIK
OHEPrHSCHIH  apTTHIPAJbl, OJIAPABIH COKTBIFBICY JKOHE arjioMepanusuiaHy
BIKTUMAJIBIFBIH aPTTHIPAIBI.

onerre Tuimal koarymsanus ymiH 0,1-1,5 Bt/cM® 3Heprust THIFBI3IBIFBI
KoJaHbpiaAbl. TinTi )KOFapbl MOHAEP KYHeHIH Oy3bpUTybIHA (IIaMajjaH ThIC KbI3BIT
KeTy, KOHCTPYKLUHSHBIH Oy3bUTybl) 9Kemyl MyMKiH. Ocbutaiiiia, yJIbTpaablObIC
OHEPTUACHIHBIH THIFBI3JBIFEI HEFYPJIBIM JKOFapbl 00Jica, KOATYISIUS COFYPIIBbIM
KBUIAM KOHE THUIMI1 Kypell. Ajaiifa, SHEPTUSHBIH ThIFbI3ABIFBIHBIH KOFaphI
JIEHTeill KopIllaraH opTara Tepic dcep €Telll, COHJBIKTAaH OHbl OHTAWMIIbI JACHIeH e
yCTay MaHbI3/IbI.

6. YnbpTpaIblObICTBIH dCep €Ty YaKbIThl. OCEp €Ty Y3aKTbIFbl KOAryJIsLUs
IpoIieciHe TiKeeh acep erelll, cedebl OelmmeKTepre acep eTeTiH KYIITEPIiH dcep
€Ty YakbpITBIH apTTHIpaAbl, OYJ OJapJblH arioMepalusIaHy bIKTUMAJIbIFbIH
YKOFapbUIaTabl. YIbTPAAbIOBICIIEH Y3aK 9CEP €TY, KOAryJISILHS MPOLECIH COFYPIIbIM
tuiMl erenl. HoTmxkecinae ayslp OemmekTep (MbIcaibl, Kyie) Te31peK Mere/l.

Erep TepOemic  yakbIThl  JKETKUIIKCI3 ~ Oojsica,  OOJIIEKTEP  TOJBIK
arioMepauusuiaHOaiiapl. HoTurkeciHae Koaryssiius TOJIBIK OOJIMaiibl, all ycak
OeJIIeKTep ayaja IIalblparn KeTyl MyMKiH.

JlereHMeH, TBHIM Y3aK ocep €Ty YAaKbIThl KOJIAKChI3, ceOedl OV SHEPTrUsHbI
IamMajiad ThIC TYTHIHYFaA dKOHE KYPBUIFBIHBIH KBI3bII KETY1HE OKEJEIl.

7. OpTtaHblH TeMmIiepaTypacbl MEH KbICBIMBI: OpPTaHbIH TeMIepaTypachl MEH
KBICBIMBI yIIBTPAABIOBICTBIK KOATyJIAIMs TPOIECIHAEC MaHBI3IbI POJl aTKapajbl,
OUTKEHl oJlap Ta3 OpTachIHIAFbl  OOJNIIEKTEePIiH  KO3FaJbIChIHA  JKOHE
YJIBTPaAbIOBICTBIK TOJIKBIHAAP/IBIH Tapaly CUIlaTTamMallapblHa dcep eTell.

TemnepaTypaHblH KOFapbliaybIMEH OOJIIEKTEp/IiH KMHETUKAJBIK YHEPIHSICHI
aptazpl, Oy onapAblH yAeyiHe oKejeni, Oyl Keiie COKTBIFBICY BIKTUMAJIbIFbIH
apTTRIpaAbl. AJaia, ThIM KOFapbl TEMIEPaTypa YIAbTPAABIOBICTHIK TYTKBIPJIBIKTHI
TOMEHAETe/1, OYJI yIbTPaAbIObICTBIK KbICHIM KYIUIHIH JICIPEYIHE SKEJEe/Il.

ThiM TOMeH TeMreparypaga OeIIeKTEepAIH KO3FaabiChl Oasynaiabl, Oy
KOAryJisIus TpoIleciH Oasynaranasl. Amaiiia, ®oFapbl TYTKBIPIBIKTHIH apKachIHIa
YIbTPAbIOBICTBIK KbICBIM OlIpKeIKi OeiHel.

KBICBIMHBIH ~ JKOFaphUIaybIMEH  Ta3AblH  THIFBI3NBIFBI  apTajbl  JKOHE
YIBTPAILIOBICTBIK TOJTKBIHHBIH TapATyhI JKaKcapaabl, OyJ1 OeJeKTepre acep eTeTiH
KYIITEP/IIH apTybIHA OKEIe/Il.

8. YnbTpanmblOBICTBIH KyaThl. YIbTPaAbIObICTBIH Kyatbl (P) - reneparop
HIBIFAPATBIH  TOJNIKBIHAAPABIH 3Heprusacbl. On  yaIbTPaAbIOBICTHIK TepOemicTep
apKBUIBI OOJIIIEKTEepTe OCPIIETIH YHEPTUS MOJIITIEPIH CUTIATTANIbI )KOHE KOATYJISIIIHS
TUIMJIJTITIH €19y1p apTThIPYyhl HEMECEe TOMEHIETY1 MYMKIH.

KyarTeiH >koFapbuiaybIMEH O6JIEKTEepre acep €TETIH KyITep (aKyCTHKaIbIK
KbICBIM, BbepKHECTIH Kylui) apTaabl, OYJ ONapJbIH COKTBHIFBICY BIKTHMAaJIbIFbIH
apTThIPAJIbI.

JKorapsl KyarTa raz Hemece a’po30Jib OesiekTepi 0ip-0ipiHe KaKbIH Al YJIKEH
arperartapra (KoaryJsarrapra) OipiKTipiuIel.
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KyaTTelH mamagan ThiC apTybl OesiekTepAiH Oy3bulyblHa (BIABIpaybIHA)
OKeJeNl JKOHE KOoaryJlusFa Tepic ocep eTeldl, COHbBIMEH KaTap Ta3apry
KYPBUIFBUIAPBIHBIH KBI3BII KETY1HE HEMECE 3aKbIMIATybIHA OKEIIE/T.

Ocplnaifia, KyaTTbl AYPHIC TaHJIay KOMIIOHEHTTEPAl THIM/II OIpIKTIpyre >KoHE
Ta3zapTy )KYHECIHIH TUIMIUTITIH apTThIpyFa MYMKiHIK Oepesi. COHIBIKTaH ap Kyiie
YILIiH OHTAWJIBI KyaT IEHI€iH SKCTIEPUMEHT apKbLIbI aHBIKTAy KepeK.

9. YnpTpaabIObICTIH KapKBbIHIBLIIBIFBI-OYJT YIBTPAABIOBICTHIK TOJKBIH apKBLIBI
OeplIeTIH PHEPTUS MOJIIIEPIHIH yaKbIT O1pJiriHaeri OeTiHIH ayJaHblHA KaThIHACHI.
(BT/cMm?) y1riH BaTTIIEH OJIIICHEI.

VY nbTpabIObICTHIH KaPKBIHABUIBIFI KeJieci (hopMyiia OOMbIHINA aHBIKTAJIAbI:

1=P/S (2.3)

MyHJa | —yIbTpagbIObICThIH KAPKBIHIBLIBIFHI,
P —ynbTpaapIObICTHIK TOJIKBIH KyaThl (BT),
S — TOJKBIH TapajaThIH aWMarkl (CM?).

KapKbIHABUIBIK KOATYJISAIIUSIFA KEJIeCiien acep eTe/i:

- Temen xapkpiHabUIbIKTa (0,1-1 Bt/cM?): koarynsmust 0Oasy Kypenl,
OOJIIEKTEPI1H JIC13 KO3FAIbIChIHA OalIaHBICThI 0AJKy TUIMJILIIT TOMEH.

- Oprama kapkbIiHAbUIBIKTa (1-10 B1/cM?): OesiiekTep apachlHIaFbl KO3FAJIbIC
KYIIEHIT, KOaryJsius TUIMI1 KYpel.

- Koraps! KapKeIHABLIBIKTA (10 BT/cM?-11€H jKOFaphl): ©T€ KYIITI KABUTAIHSUITBIK
JKOHE AaKyCTHKaJbIK aFbIHAap Tnakga Oosamel, Oy OeNIIeKTepliH  Te3
KOAJICCIICHITUSICHIHA YKOHE TINTI arperalysra oKeae/i.

KoarynsiussHeIH THIMII KapKBIHIBUIBIFBI 3€PTTEIICTIH OPTaHBIH KaCHETTEpIHE
OalinaHbICTBI, OipaK keI xaraaiaa 1-5 Bt/cm? nuana3oHsl THIM/II OOJIBIT caHaIa Ibl.

10. VYabTpanplObicTaFrbl  IUCHEPCTI  OOMIIEKTEPAIH KOHUEHTPALUsChl -
yABTPAABIObICKA VIIBIpaFaH OPTaHbIH KeJjieM OIpJiriHieri ycak OesIIeKTepiH
(MbICanbl, Kyile, IIaH, a’po30Jb) CaHbl HEMece Maccachl. byn KepceTkill
KOaryJisiiys MpoLeciHiH TUIMIUTITHE TIKENe acep eTeai:

- Erep OemekTep/iiH KOHIEHTPALMSACHI ThIM TOMEH 0o0Jica, oJapAblH Oip-
OipiMEH COKTBIFBICY BIKTUMAJIABIFbI TOMEHACH 1, OYJ1 Oasy KoaryJsiusra oKeJe/l.

- Erep koHIeHTpaius TBIM >KOFapbl 0OoJica, OOJIIEKTEp KOArysSIUsSHBI
KAIFACThIPa/bl, OV KYPBUIFBIHBIH >KYMBICBIHA KEIEpTi KENTIPETIH ThIM YIKEH
TY3UTIMIEPTE SKEIel.

Y AbTpaabIObICTHIK ©PICTET] TUCTIEPCTI OOIIEKTEPAIH KOHIIEHTPAIHSICHI JJIETTE
n aen OenriieHe i - Oy ra3 KeJieMiHiH Olpmiriaaeri OeIImeKTepiH CaHbl:

n=N/V (2.4)
MYHJIa N -06IeKTepaiH KOHIIEHTPALUACKHL, M >;
N -KapacThIpbUTIATHIH KOJIEMIET] OOIEKTEePIIH Kbl CaHbI;

V -oprama keisiem, m?
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Anaiifia, ynbTpaabIObICTRIK OPICKE YINIBIpaFraH Ke3/¢ KOHIICHTPAIUSACH YaKbIT
MeH KEHICTIKTE o3Trepesi, OUTKEH1 OOIIEKTep aKyCTUKAIBIK KYIITEPAIH dCepiHeH
Kosfananael. COHABIKTAH YIBTPAABIOBICTHIK KOATyJSIIHsS YIIH OeIIIeKTepIiH
KOHIICHTPAITUSICHI OHTANIIBI JCHTei1e OOTyhI KEPEK.

Y IbTpaAbIOBICTHIK KOATyJAlUs TMPOIeci HETI3rl mapamerpiepAiH Oip-OipiHe
OaiimaHbICBI MEH JIOWeKTI oCEepiHe HEeTI3EITeH HepPapXUsIbIK MPUHIIUIIKE
OarpIHAbL.

Heri3ri nenreiine sxyliene SHEPTrUsSHBIH OacTankbl Ke31 OOJBIN TaObLIATHIH
yAbTPaABIOLICTHIK KyaT (R) 6ap. YabTpaaplObICTHIK COyIeIeHY 1H KapKbIHIBUIBIFBI,
TepOeITic aMILTUTYIaChl, aKyCTHKAJIBIK KbICHIM JKOHE SHEPIHS THIFBI3IABIFBI CUSKTHI
cularTaMmanap TiKeldel Kyarka OaimanpicThl. JlemMek, KyaT OapibIK KeHiHTi
mpoliecTepAiH HeT131H Kypaiiasl (2.4-kecte).

Kecre 2.4 - YbTpaaplObICTBIK KOATYJISIUS TApaMETPJIEPiHiH OailIaHbIChI

[TapameTtp Kyarnen 6aiinanbic(P) backa napametpnep meH
KOaryJisiusiFa acepi
1 2 3
P - xyar Byt 6apinbik Oacka mapamerpiiep | Bykin skyHeHIH JaMybIH aHBIKTa IbI:
Toyen i 60MaThIH HeTi3T1 Tikene# A, I, p xxone E. acep eryain
sHeprus ke3i. OHbIH THIMJIUIITT HeMece, KepICIHIIe,
VIFAIOBIMEH KapKbIHBLIBIK, JIECTPYKTUBTI CUITAThI (KaBUTALIUA,
aAMILTUTYAChl, aKyCTUKAJIBIK KBI3BIIT KE€TY) KyaT JICHI'eliiH TaHIayFa
KBICBIMBI JKOHE DHEPTHs OaliJIaHBICTHI.
TBHIFBI3JIBIFBI APTA/IbI.
I - I =P /S xarbiHacel OOibIHIIIA KapKbIHIBUTBIK HEFYPIIBIM KOFaphI
KapKBIHJBUIBIFBI | KyaTKa OaliJIaHbICThI, MYH/IAFbI 0oJ1ca, paauausuIbIK KYIITep MEH

S-DOMHTEHTTIH ayJaHbl. TypakTsl
ayMaKTa KyaTThIH ©Cyl OpICTiH
KapKBIH/IBUTBIFBIH aPTTHIPAIBI.

aKyCTHKAJIBIK aFbIHAAP COFYPIIBIM
KYIITI O0J1ajibl, OeIIEeKTepAiH OpbIH
aybICTBIPY aMIUIUTYAAChl apTajabl. by
OJIap/IbIH COKTBIFBICYBIH T€3/1€TEI1
KOHE KOaryJIsus >KbUIIaMIbIFbIH
apTTHIPAJbI.

A - aMIIuTy1achl

Kyarmnen Tikeneit 0alaHBICTHI:
1P — TA. Tepberic
aAMIUTATYAAChI YIbTPAIBIOBICTHIH
ocepiHeH opTa OeIIeKTePIHIH
OPBIH ayBICTBIPY HIAMACHIH
KepceTesi.

AMIUTATY TAaCBIHBIH ©CY1 aKyCTUKAIIBIK
KBICBIMHBIH, KAPKBIHIBIIBIKTBIH )KOHE
bbepkHecTIH KyIITepiHiH apTyblHA
okeneni. by armomepariust
BIKTUMAJIJIBIFBIH apTTHIPabl, OipaK
TBIM YJIKEH MOHJIEp/ie KaBUTAIUS
naiina 60J1ysl MYMKIH.

P - aKyCTHKAaJIBIK
KbICBIM

AMITTUTYJAaChl MEH KU1
apKBLIbl aHBIKTANAbL:

p = pcwA. Kyat nexn
aAMIUTATYAaChl HEFYPIIBIM
KOFapbl 00JIca, aKyCTUKAIIBIK
KBICBIM COFYPJIBIM KOFapbl
0OoJ1aabl.

KpIChIM pamuanusiblk KYIITepal
KAJBINTACTHIPAIbI )KOHE
KaBUTALUSIIBIK dCEPIIECPAIH MOJIIEPiH
anbIKTaiiael. by beepknec
KYIITEPiHIH THIMJUTITIHE XKOHE
OeMIIeKTepAIH arjJoMepanusICbIHA
TIKEJeH ocep eTei.
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Kecre 2.4 xanracel

1 2 3
f - skmimiri JKoraps! xxuinmikrepae kedipek TOJIKBIH Y3BIHIBIFBIH A KOHE
KyaT KaXeT, OTKEeH1 KOFaphbl (OKYCTBIH CUNIAThIH aHBIKTANIbI.
YKULTIKT] TOJKBIHAAP OpTaja TemeH xuimikTep YJIKEH OOIIIeKTED
KYIITIpEK COHEI1 YIIiH THIM/I, )KOFapbl )KUUTIKTEp HAaHO
KOHE MUKPOOOIIIIEKTep YIIiH THIMII.
A - TOJIKBIH JKuiniken 0aiIaHBICTEL: A HerypIibIM a3 00Jica, KEHICTIKTIK
Y3bIH/IBIFbI A =c/ f. KyaT e3repreH ke3ue JIOKQJTM3AIIHSI )KOHE 9Ccep €Ty AQIIIITI
OpTaJarbl JbIOBIC KBULIAMIBIFBL | COFYPIIBIM JKOFapbl Oomaabl. Kpicka
apKBUIbI )KaHaMa TYpPJIE e3repyl | TOJKBIHAAp YCaK OeeKkTepre acep
MYMKIH(C). eTyre MYMKiHJIIK Oepeti.
dokycray TONKBIH Y3BIHABIFBI MEH Y IbTpanbIOBICTHIK SHEPTHSHBI
aMIUIUTYyAacbIiHa OalIaHbBICThI: OeJIeKTep JKUHAJIAThIH aiiMaKTa
KyaT HEFypJIbIM KOFaphl OoJica, | JToKanu3anusuiaiasl. bipHeme
(boKycTaFpl YHEPTUs (bOKYCTBHIK JaKTap/Ibl xKacay opTypi
KOHIICHTPAIIUSCHI COFYPJIBIM JIUCIIepCTi (hpaKkMsUIapMeH THIMTI
KYIITI OOJIa IbI. JKYMBIC iICTeyre MyMKIiHJIIK Oepe/ii.
E - sHeprus E =P/V epHerimen DHeprus THIFbI3ABIFBI HEFYPIIbIM
TBHIFBI3BIFBI aHBIKTANa/Ibl, MYHIAFBl V- JKOFapbl OoJica, armomMepanus
OpTaHbIH KeseMi. TypaKTsl COFYpJIBIM Te3 XKypeni. Anaiina,
KeJemJie KyaTTblH eCyl SJHeprusi | maMajaH ThIC MOHJEP
TBHIFBI3JIBIFBIH apTTHIPATIBI. KOaryJISTHTTap/IbIH KaBUTAIHSICHIH
Hemece OY3bUTYbIH TYBIPYbl MYMKIH.
t—ocep ety KyatTbiH ®orapbiiaysIMeH DKCIIO3UIIHS HEFYPIIBIM Y3aK 0oJica,
YaKBITBI OHTAMIIBI yaKbIT KbICKAPAIBL, KOAryJisius IOpexkKeci COFYPIIbIM
OUTKEeHI Mpoliecc Te3ipeK Korapbl Oosazbl. Anaiija, >Korapbl
Kypei. KyaTIleH Y3aK YaKbIT 9Cep €Ty KbI3bII
KETyTe ’oHE KyHere 3aKbIM KeNTipyi
MYMKIH.
T, Popr - C nbIOBICHIHBIH JKBULAAMIBIFBIH | YIBTPaAbIOBICTHIH Tapally lIapTTaphl
TeMIepaTypa MeH | ©3repTiHi3, SFHU TOJKbIH aHBIKTAJIAJbI: )KOFAPbI KbICBIMIA
KOpILIaraH Y3bIH/IBIFBIHA A JKOHE SHEPTUSHBIH Oepityi kaKcapabl,
OpTaHbIH SHEPIUsSHBIH TapaJlyblHa 3cep JKOFaphl TeMIlepaTypaja OpTaHbIH
KbICBIMBI eTiHi3. JKorapsl KbICBIMAA TYTKBIPIIBIFBI TOMEH IEI 11, OYI1 ocep
aMIUINTYIAaChIH YCTall TYPY eTy TUIMJIUIITH TOMEH/IETY1 MYMKIiH.
YIIIH YJIKEH KyaT KaKeT.
C- O3zapa opekerrecyaiH THIMALTIT | OHTaWIBI KOHIIEHTPAUS
OemmeKTepaiH KyarT IeH KapKbIHIUTBIKKA COKTBIFBICY/IBIH MaKCUMAJIJIBI
KOHIICHTPAUSCH | OalTaHBICTBI: YHEPTHS BIKTHMAJIJIBIFBIH KAMTaMachI3 €TEII.
KETKUITIKCI3 OOJIFaH Ke3ze TeMeH KOHIEHTpalusaaa KoaryJsuus
OeJIIIeKTep COKThIFbICTIAIbI, Oasty )Kypeii, TIM KOFapbl —
apThIK OOJFaH Ke3/1€ ThIM YJIKEH | KYPBUIFBIHBIH THIMALUIITT TOMEHICY1
aromeparTap nanaa 6osabl. MYMKiH.

Exinmn geHred skyiere €Hri3UINeH SHEPTUSHBIH TIKeJIeW KepiHicTepl OOJIbII
TaOBUIATHIH TYBIH Il (PU3UKAIBIK TTapaMeTpIIepaeH Typaibl. Onapra KyaTThIH ay/1aH

56



Oipaiirine OesliHyIMEH aHBIKTANIAThIH KapKbIHABUIBIK (I); opra OemiekTepiHiH
TepOeITic MaMachlH CUIATTANTHIH aMIUIUTYIAChI (A); aMIUTATY1achl MEH JKHUTITIHIH
TIKEJICH caaapbl OOJIBIT TAOBLIATHIH aKyCTUKAIBIK KBICHIM (P); COHAA-aK KyaTThIH
OHJICTIETIH OpPTa KoJEMiHE KaThIHACHIH OUTIIPETIH SHEPTHS THIFLI3ALIFHI (E) xkaTambl.
Ocwl mapaMeTpiep/iH KUBIHTBHIFBI JTUCIEPCTI OOJIIEKTEpPre MEXaHUKAIBIK dcep
ETETIH JKOHE OJIApABIH arjioMeparus MpoIecTepiH OacTalThiH "KyaT OJoTHI" Jemn
aTayajpl.

Y s JeHreil reOMeTpUsIIBIK KOHE TOJIKBIHABIK apameTpiiepal KaMTuibl. EH
anapiMeH, Oy kuimik (f) JKOHE TOJKBIH Y3BIHABIFBI (A), Kepl TOYeNIUTIKIEH
OaitnanbicThl (A = c¢/f), coHmaii-aKk TOJIKbIH Y3BIHIBIFBI MEH aMIUIMTY1aChIHBIH
TIPKECIMIMEH aHBIKTAJIATBhIH YIBTPAIALIOBICTHIK (oKyc. by neHreial "KeHICTIKTIK
O510K" fem cunarTayra 00J1aJbl, OUTKEH1 OJ1 ra3 KOJIEMIHAET1 JHEPTUSHBIH TapalyblH
aHBIKTAWABl JKOHE OPTYpPJl MeJiiepaeri OeJiekTepre ocep €Ty JIQIAIriH
AHBIKTANIBI.

TepTiHl AeHreWae TYy3€Ty (PYHKIMSACHIH OPBIHIAWTBIH OpTa JKOHE YaKbIT
napameTpiepi  opHamackad. Orapra KOaryJsius aFbIHBIHBIH — TOJIBIKTHIFBIH
AHBIKTAUTBIH OCEp €Ty YakbIThl (t); YJIBTPAIbIOBICTBIK TOJKBIHHBIH Tapary
KBUITAMIBIFBIHA KOHE JHEprusi Oepy JKarjaillapplHa ocep €TETiH OpTaHBIH
temneparypacbl MeH KbichiMbl (T, RSR); xoHe onapablH COKTBIFBICY
BIKTUMAJIIBIFBIH  JKOHE KOATyJSATTapAbIH TY3UTYy KbUIAAMABIFBIH aHBIKTAUTHIH
nucniepcti  Oemmektepaiy — koHneHTpauusicel  (C).  byn  mapamerprep
YIBTPAIBIOBICTRIK OPEKETTI KYIICHUTIN, SJCIPETiM, MPOIECTIH KYPYIHE OHTaNIIbI
HEMeECE KOJIAaUChI3 KaFaiap Kacau ajiaisbl.

Kepneki Typne mapamerpiepiiH e3apa OalIaHBICBIHBIH KYPBUIBIMBI Tpaduk-
cXema TYpiH/e YChIHBIIFaH.

| Xyar(P) |

KapkeHOBUIEIK (1) aMnauMTynace (A) 2HepIUs THIBSIOLTE (E)
|

Keicem (p)

BrepkxHec kymi

Kminmix (f) o TOJNKBIH Y3HHOBFEL (A)

|
L » dokycray€——m
I

Scep eTy YyakeTH (t) TeMnepaTypa MeH Koplma¥raH opTa KelCeME (T, Pcp)

Morepsiany (C) |

e KOATYIJIAOMAHBEE TUIMIOIJIITI

Cypert 2.4 - YabTpaapIObICTHIK KOATYJISIMS TapaMeTpIIepiHiH e3apa
0ailIaHbICBIHBIH KYPBUIBIMbI
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[Iprry nmeHrediHae HOTIKE WHAMKATOPHI KaJIBIITACAAbI-0apiIbIK aTaiFaH
napameTpIIepaiH KUBIHTHIK ©3apa OPEKETTeCYiHe OalJIaHBICThI KOATyJISIUSHBIH
taiMaTiri. Ockutaiina, yIbTpaablObICTRIK KyaT TOYENIUTIK KacKaJbIHBIH JaMybIH
AHBIKTAUTBHIH TYOIPJIIK MapaMeTp PETiHAE dPEKET €Te/l, aJl KajJFaH ACHTeHIep Kyl
OCEpiHEeH, DSHEPTHSHBIH KEHICTIKTIK JIOKAIM3AIMSICHI MEH CBIPTKBI JKaFmaiiap
apachIHIAFBl TENEe-TCHIIKTI KYpaibl.

Y IbTpaAbIOBICTRIK KOAryJIALUs TMPOIECi dcep €Ty TUIMIUIIIH aHBIKTAaHTBIH
e3apa OalJIaHBICTHI TapaMeTpiiep KelieHiHe OainanbicThl. Herisri  dakTop-
WHTEHCUBTUIIK, aMIUIUTYAAChl, aKyCTUKAIIBIK KbICHIMBI KOHE SHEPTHUS THIFbI3/IbIFbI
CUSIKTBl CUIaTTaMalapAbl KYpPaWUThIH YIbTPAAbIOBICTHIK KyaT. JKULUIIK, TOJNKBIH
Y3bIHJBIFBI JKOHE (DOKYC SHEPIUsHbIH TapalyblH KOHE OOJIIIeKTepre acep ery
JIOJIITIH aHBIKTaiabl. TemMiepaTypa, KbIChIM KoHE OOIIEeKTep/I1H KOHIICHTPAIIHUSICHI
KOaryJisilys KarFJalapblH peTTeii. bapiblk mapaMmerpiep/iH OHTaWbI yiiecimi
MUHHAMAJIIBI SHEPTUSI MIBIFBIHAAPBIMEH JKOHE IECTPYKTUBTI 9CEPIIePCi3 Ta3apTyAbIH
MaKCUMAJIJIbI  JOpeXeciH KamTamachi3 erenl. Ochulaiiia, yiabTpaablObICTHIK
KOaryJisiug THIMAUIT (U3MKAIBIK JKOHE KOpIIaraH opTa (paKTOPJIApbIHBIH
yiieciM/ii 9CepiMEH aHbIKTAJIAThIH TEHJECTIPUIreH *KYyiie O0JbIN TaObLIaabl.

2.3 AlaBIHFBI 3epTTeyJiepre moay

a3 OenmiexkTepiHiH  YIbTPAIBIOBICTHIK  KOATYJISIUSACHI  CallaChIHIAFbI
3epTTeysiepAiH Tapuxbl XX FaCBIPABIH Ipredii )KyMbICTapbIiHaH Oactay anaabl. ['a3
OOMIIeKTEPIHIH  YJIbTPAABIOBICTHIK KOATyJSIUSACHI  CallaChIHAAFbl  3€pTTEYJIep
Eyponanarel  Teopusinblk  HerizaepiaeH Oactan, AKI-tarel  konganOansl
AKCTIEpUMEHTTEpre, keiiHnipek Peceil Mmen KazakcTangarbl KelIeH1 WHXXEHEPIIIK
mienrMaepre  Kelly — apKbUIbl  OlpHemlmie  KeseHjaepnae okyprizuimi.  Herisri
3epTTeyepAiH reorpadusChbl MEH XPOHOJIOTHACHI 2.5-KeCcTe/1e KeNTIplIreH

Kecre 2.5 - I'eorpadus sxoHE 3epTTE€Y XPOHOJIOTHUSICHI

Kesennep |3eprreymrinep Ennep/Aiimaktap [PKyYMBICTBIH HETi3T1 OAFBITHI )KOHE CHITATHI
1 2 3 4

bacramys! |A. DiHIITElH, I'epmanus Heri3ri reopust. BpoyH Ko3rabICchl )koHE XKa-

XX raceip |M. Cmonyxosckuii |(LLBenapus), OBIK OpPTaJIaFbl KOATYJISALUS CaH IbIK TEOpHsI-
[Tonpma (EBpomna) (cbl 60bIHIIA KYMBIC (YIBTPAIBIOBICCHI3).

XX O. bpannar, I'epmanus IAKYyCTHMKaME€H TaHBICTBIPY. AKYCTHUKAJIBIK

FachIp 3. ©pennr, (EBpomna) KYIITEP/IiH KOAryJIsLIUsHbl KYILEHTy

opTachl X. I'mnpemanu KaO1JIeTIH KOPCETETIH aIFalIKbl

BKCIEPUMEHTTIK 3epTTeyiep (MbICaIb,
TeMeK1 TYTIHIHJE).

XX ®upwma "Ultrasonic |CILIA EpTte enepkocinTik Komgano6anap. JJomua
FacbIp Corporation" (©Hnepkacimn) ra3blH Ta3apTy KOHE KYKIPT KBIIIKBLIbI
OpTacsl TYMaH/Ibl )KaybIH-IIAMIBIH YIIiH aJFaIlKbl

OHEPKAICIMTIK aKyCTUKAJIBIK KOATYIISIUS
PKYHEJIepIH d31pJiey JKoHEe cay (MBICabI,
Hpro-JI>xepcune).
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Kecre 2.5 xanracel

1 2 3 4
1970- Volk Jr, Moroz, de |CLIA, Vcnaunus KonganOanbl pusnka. A3po3oibaepre
1990 k. |Sarabia, Jay (Kahannapik (Ky¥ie) yapTpaablObICTBIK KOATYIISIITUSHBIH
Cleckler, Said aKaJIeMUSIIBIK THIMIUTITIH S9KCIICPUMEHTAIIBI TYP/IC
Elghobashi, Feng |cextop) pacray, OeJIIEKTEPAiH KO3FaIbIC
Liu MeXaHU3MEPiH HAKThUIAY KOHE
[peaKcaIys napamMeTpiaepid eHrizy.(T*).
1982 x. |Yuneam Kmoiip, AKII (enepkacin) |Epre eHepkacinTik Koymany. Kamepana
Jlxopmx @punpux TYPAKThI TOJKBIHJAP TYABIPATHIH KOHE
OJIapABIH TYHIHAEpiHAC OomeKTep/ i
IOFBIPJTAHIBIPATEIH PE30HAHCTHI
AKYCTHKAJIBIK YHEPTHSHBI Nl JaaHbIIl
MHUKPOOOIIIIEKTEPAl TYHIBIPYIBIH
PHEPTHSHBI YHEMIECHTIH o/IiCi 931paeH .
1986 x. |Kypuno C.C., KCPO 3epTTeyiep eH KOFapbl TUIMILUTIKKE
Mannytuc P.U. ITMHAMUKAJIBIK )KUALTIKTI 0acKapy apKbLIbl
KOJI )KETKI31JICTIHIH KOPCETTi, OV
e3repMerti 0eJIIeKTepMEH Pe30HAHCTHI
caKTayra MYMKIHIIK Oepe/i KoHe Ka3ipri
3aMaHFbI OCHIMIENTII yIbTPaabIOBICTHIK
PKYHEJIep/IiH, COHBIH 1IIiHAC 1IITCH
PKAHATBIH KO3FAJITKBIIITHIH JBIOBICTHI
OILIPTIIITEPIHIH HEri31 OOIBIT TaObLIAIbI.
2000 — B.H. Xmenes nen |Poccus (bapuayn), |[MuteHcudukanusa. TuiMALTIKTI apTThIpY
2010 xok. |coasT., BF Ng Kprtaii / )Kahanap!  |yuiH yabTpaablObICTBIK XKOHE KYHbBIH/IbI
KOHE opinTecTep arbIHIapbIH (Peceil) OipikTipiiren
ocepIIepiH 3epTTey, COHAi-aK YCaK
OeIIIeKTepAl al/IbIH ala eHey 9JIICiH
konmany (PM2.5) (Kerraii/’Kahaupik).
2017- A.C. Kanpipos, Kazakcran WmxeHepiik OHTalIaHABIpy. AFBIH/IBI
2024 xox. |U.A. Ilaxk, (Kaparanmapi) YIbTPAABIOBICTHIK OIIIPTIIITePAiH
b.K. Capcembexos, MaTeMaTHKaJbIK YJITUIEpIH KYpY,
K.A. CuHEnbHUKOB TypOyJEeHTTUIIK ITeH brepkHec KymTepin
A.b. KykemeBa eCerKe aly ’KOHE TOJBIK ayKbIM/BI 1IITEH
PKAHATBIH KO3FAITKBIII
KOH/IBIPFBUTAPBIH/IAFBI YITLIEP/l TEKCEpy
OOolbIHIIA KeIeH/ 1 )KyMbIc. JKymbic
PEXXUMJIEPIH OHTAIIaHBIPY YILIH
OJIIIIEMCI3 YKCACTBIK KpUTEepHiliepi
E€HT131J111.
2024— A.C. Kanpipos, Kasakcran JKCIIEPUMEHT aBTOKOJIIK OQCEHIETKIIIIH I
2025 xx |Bb.K. Capcembekos, | (KaparaHipr) YIBTPABIOBIC TIEH JIA3epIliK CoyJIeNeHYdiH
M.C. HUcabaes, OIPIKTIPUITeH acepi Kylie OeIeKTepiHiH
A.b. Kykemena, KOAryJIsiusiCbl MEH TYHYBIH THIM/I1 TYpAE
B.A. KynaeB KYIIEHTETIHIH, COHa-aK aliJaTaHblIFaH

ra3jap/bl Ta3apTyFa bIKMAl eTeTiH
(hOTOXUMHMSUTBIK TTPOIIECTEPII 1CKE

KOCATbIHBIH KOPCETTI.
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Kecrere colikec KoaryJsiIMsHBIH aJFalllKbl KOHLIENIUSAIApblH DUHIITEHH MEH
CMOTyXOBCKHM TYKBIPBIMJIaFaH, OJ1ap OaFbITTAJIFaH a3 aFbIHBIHCHI3 )Ka0bIK OpTaja
OemnmIeKTepaiH KOCBUTYBIH KapacThipFaH. OnapsiH MOACIbASP] COKTHIFBICTAP MECH
arperaTTapJbplH TMaiga OO0y BIKTUMAJIBIFBIH CHIATTayFa MYMKIHIIK OepeTiH
OpOYHIBIK KO3FaJIbIC TIEH BIFBICY epicTepine cyienai. XX FachIpIIblH OpTachIHIA
bpannar, ®penar xone ['mpemManHd yabTpaablOBICTBIH OOJIIEKTEPAIH COKTHIFBICYBIH
e19yip JKbUIIaMIAaTaThIHBIH KOPCETIM, MaTeMAaTHKAIBIK MOJACIBIACP/l d3ipiey MeH
AKCTIIEPUMEHTTIK 3€pTTEYJIep KYPri3yIiH HeT131H KaJla ibl.

Kazipri 3aMaHfbl SKCIEPUMEHTTEp AYPHIC YHBIMAACTBHIPBUIFAH aKyCTHUKAJIBIK
epicTiH O6JIIEKTEp/IiH oJIIeMiH OlpHeIlIe ece YIFaiiTa ajJlaThIHBIH JKOHE ra3aap/ibl
Tazajay THIMAUINTIH 85-95 % neHreiine AeliH KamMTaMachl3 €TETIHIH KOpCETe/l.
Anaiijia KJIaCCUKAJIBIK TEOPHUSIAP CBHI3BIKTHIK €MEC aKyCTHUKAJBIK dCepiep/il JKoHe
imTeH kaHy KosranTKeiuTapbeiHblH (DKK) skymbic skarmaitmapeiHaarbl  Ta3
arbIHBIHBIH Kypaen quHaMmukachid eckepmeiial. Conasiktan DKK Oocenperkimrepi
YIIiH Ta3 JWHAMHKACHIH, AaKyCTHKAJIBIK KBICBIMJIBI KOHE TYpPOYJEHTTIK
TepOenicTepAl KAMTUTBIH KEHEUTUITEH MOJEThIEP KaXKeT.

[IpakTukanblk KoJJaHyFa OapbiHIIa KakblH 3eprreyiep Kadyrov A,
Sarsembekov B [51] enOekrepiHae YCHIHBUIFAH, OHAA 3€PTTECY HBICAHBI PETIHIE
arbIHJIbl  YJIBTPAJBIOBICTHIK OQCEHACTKIIITEPIH TOJBIK OJIIEeM/Il CTEeHITepl
KapacThIPbUTFaH. ABTOpJIap €Ki CeKITUSIIBI )KOHE METaJUT HyCKajap bl Koca ajlFaH/a,
CTEHATEP/IiH OipHele KOHCTPYKIUSACHIH a31pieni (2.5-cyper).

ATanFaH CTEHITEp/AE KYPri3UIreH HKCIEPUMEHTTEPMAIH HOTIKEIEPl aFbIHJIbI
YIBTPAALIOBICTRIK OJCEHIETKIMITIH KYMBIC EPEKIIETIKTepiH KEeHIeHAl Typhae
Oaraylayra >KOHE HaKThl Ta3 aFbIHBl JKaFJalbIHIA a’3pO30JIbIIK OeJIIeKTePaiH
KOAryJsiiuschl MEH TYHYBIHBIH THIMIUNTH aWKbIHAAWTBIH 3aHIbUIBIKTAP/IbI
aHbIKTayFa MYMKIHIIK Oepemi. CraTUKaNBIK HEMece KBa3UCTAIlMOHAPJIBIK
JKaFaiapa KYPri3iaeTiH KOITEreH 3epTXaHAJbIK 3epTTeyIEpPAECH
alBIPMAIIBUTBIFBI, OV JKYMBICTAp KO3FAITKBIITHIH JUHAMUKAIBIK IIBIFApy
TpakTICIHJErl OeNIUEKTepiH MIHE3-KYJKbIH CHUMATTal[bl, Oy  aJbIHFaH
HOTHKENEpl MHKEHEPIIIK TOKIpUOEre aHarypiIbIM JKaKbIH €TeIl.

Ocpl cTeHaTeplie KYPri3UIreH SKCHEPUMEHTTIK 3€pTTeYyJIepAiH HOTHXKEIEpiH
Tajajaay yIbTPAIbIOBICTBIK COYyJIe IIBIFAPFBINTHIH OaFaapiaaHybl KOaryJIsIus
MIPOIIECTEPIHE Iy Pej aTKapaThIHBIH KepceTeni. CH koHIEHTpasIChIHBIH
€H JKOFapbl TOMEHJCYl XOHE TYHFaH O6IIIEKTEepiIiH €H YJKEH Maccachl Coyle
IIBIFAPFBINITHIH,  OOMIBIK OpHalacybl Ke3iHie Oaiikanmaasl. MyHIail HOTIKE
aKyCTUKAJIBIK KbICBIMHBIH OOWJIBIK KYPAyIIBICKIHBIH aFbIH 1ITHAET] OOIIIeKTEPIiH
CAJIBICTBIPMAJTBI JKBUIIAMJIBIFBIHA CEpl Typajbl TEOPHSUIBIK TYXXbIphIMAamMaiapra
coiikec Kenemi. AKYCTHKAJBbIK TOJIKBIHHBIH OOWMIIBIK OarbiTTa Tapaiaybl bbepkHec
KYIIiHiH ~ OIpiHIII  TYpIHIH  OCEpIH  KYIIEHTIn, OemeKkTep apachlHIarbl
COKTBIFBICYJIAD  BIKTUMAJIBIFBIH ~ apTTHIPAIbl, Oy KO3FalbICTAFbl  Ta3/IaFbl
aKyCTUKAJIBIK KOATYJISIIASHBIH KOJIaHBICTAaFbl MOJICIIBCPIH pacTal/IbI.
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Cyper 2.5 — DKCIepUMEHTTIK HOJUMPONHICHHEH JKacalfaH YIbTPaabIObICTHIK
aBTOMOOMIIb OACEH IeTKIIII

Coyne IIBIFApFBINTHIH KOJIJIEHEH OpHAlacybl Ja TYHABIPY JIOpeKeciH
apTThIpabl, ajaia Oyi ocep aTapiblKTail ToMeH. byl ra3 aFbIHBIHBIH TypOYJIEHTTI
KarJalblHa aKyCTHUKaJIbIK ©pIC KYPBUIBIMBIHBIH TYPAKTBUIBIFBIHBIH TOMEH/CYIH
KOHE aKyCTUKAJIBIK SHEPTUSHBIH LIAIIBIPAY JAEHI€H1HIH KOFapbl OOIYbIH KepceTe Il
[51].

Exi coyine mbIFapfrblITHl KOJJAHy TYHFaH Kyile MacCachlHBIH €H >KOFapbl
MOH/IEpIH KaMTaMachl3 eTel. bys KbIChIM IOFbIpIaHybIHBIH KEHEHTUINeH aliMarblH
KaMTUTBIH KYpAeJl UHTep(EPEHUMUIBIK aKyCTHKAIbIK OPICTIH KaJbIITaCybIMEH
OailstaHbICThL. bipHenie TyHiHAep MEH MIOFBIPIaHyIbIH OO0JIybl 9PTYPJIl OJIIEMIET]
OeJIIeKTEP/I1H, COHBIH 1IIIHJE CYOMUKPOHABIK (hpaKkLMsIIapAbIH JKeJlel IpIIeHy1He
BIKIIAJT €Tefl, OYJ1 KOIDKUUIIKTI yJIbTPaAbIObICTBIK 9CEP €TYre apHalfaH aJlJIbIHFbI
3epTTeyJepAe 1€ atan oTUIreH.

Ocplnaiiia, anblHFaH HOTIDKEJEp aKyCTHKAJbIK MIBIFApBIHABIIAPIARI Ta3ajay
TUIMIUITIH OJAaH 9pl apTThIpy YIIH KOICAYyJCIbIFAPFBIITHl KyHenepaiH
NEPCIIEKTUBAJIBUIBIFBIH PACTaMIbI.

3epTTeyiep/e aHbIKTaIFaH MaHbI3/bl 3aHABUIBIKTAPAbIH 01p1 — KO3FaITKBIILITHIH
artnany >kumimiri 1000-nan 1250 aiin/MuH-TE JEHiH apTKaH Ke3Je KoaryJIsius
THIMAUTITIHIH ocyi. Ko3ranTKBIIT KYKTEMECIHIH apTyhI Mai1ajlaHbIIFaH Ta3aapaarsl
KaTThl OOJIIEKTep CaHBIHBIH KOOCIOIHE ajblll  KeJledl JKOHE KOaryJsius
OpPTAJILIKTAPBIHBIH, KOHIICHTPAITUSACH JKOFapbl OONFAHABIKTAH OOJIICKTEePAiH
IpiIeHyiH S>KeHUIAeTeni. Amnaiga Oyl ocep TEeK MOJMMEpil OoCeHICTKIMTEPe
Oalikasiazibl, a1 METaT 09CEHICTKIITEPAC Kepl TOYSIAUTIK TIPKEIEI].

AHBIKTaNFaH aWBIPMAIIBUIBIKTAD  AKYCTHKAIBIK  OPICTIH  JUHAMHKAIBIK
TYPAaKTBUIBIFBIMEH  TYCIHIIPLIEAl:  METall ~ KOPIyCTa  IIaFbUIBICYJIApAbIH
KAPKBIHJBUIBIFBl MEH UMIIEIAHCTHIK COMKECCI3IIKTepAIH OYy3bUTYbl TYpOYJIEHTTLIIK
apTKaH >KaFjaija TYPBI TYpFaH TOJKBIHHBIH OY3bUTYbIHA OKeNedl, Oy MeTall
CTEH/TETr1 SKCIEPUMEHTTIK 3epTTeyJiep OapbIChIHIA TIpKeNreH. bysl BepTHUKan bl
YIBTPAILIOBICTRIK OJCEHAETKII CTEHAIH JKo0amay Ke3iHJe Ta3JuHaMUKAIbIK
JKaFaiiap MEH MaTepuaifgapblH aKyCTHKAJIbIK KAaCUETTEPIH €CKepy KaKETTIrlH
KOpCETEi.

Exi pexxume e TyHFaH OellIeKkTep MacCachlHbIH €H KOFapbl MoH1 KipeGepicTeH
mramaMmeH 40 cM KalbIKThIKTa Oaiikanaabl. bysl MakcUMyM, bBIKTUMA, TYPbIT TYPFaH

TOJIKbIHHBIH KBICBIM HIOTBIPJIAPbI KAJIBIIITACATBIH, dKYCTUKAJIBIK KYPBUJIBIMHBIH €H
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TYpakThl aWMarblHAa Ccolikec Kkenenml. byn  opTypimi  coyne  HIBIFapFBINI
KOH(HUTypanmsuIapsl MEH KO3FaITKBIIITHIH JKYMBIC PEXUMIECP] YIIH MaKCUMyM
OpHaJaCybIHBIH alKBIH COMKEC KellyiMeH pacrtaiaabl. Jlemek, 09CeHIeTKIMTepaiH
V3BIHABIFBI MEH COYyJIe IIBIFAPFBINITAPABIH OpPHAJNACYhl aFbIH KbUIAAMIBIFbIHA,
KUITIKKE KOHE apHa T'€OMETPHUSACHIHA TOYENJII PEe30HAHCTHIK IMIAPTTapIbl €CKEepe
OTBIPHIIN k00aaHybl THIC [72].

Conpaii-ak MeTann O9CEHACTKIII CTEHAIHAE >XYPTi3UIreH SKCIEPUMEHTTIK
3epTTeyJiep Ta3 KypaMblHBIH e3repyi OoifblHIIA Kepl HoTmxkenepal kepcerti: CH
KOPCETKIITEPiHIH TeMeHjeyiHe KapamacTaH, CO KOHIICHTpaIusachl OOMBIHIIA
xKakcapy Oalkanmaiinel. byn «Merami-ra3z» 1miekapacblHAa —aKyCTHKAJbIK
TOJIKBIHJIAPABIH KYIITI MIAFbUIBICYbIHA, aFbIH 9CEPIHEH TYPBII TYPFaH TOJKbIHHBIH
OY3bLITybIHA JKOHE aKyCTHKAJBIK SHEPTUSHBIH alTapibIKTal MIalibipayblHa TIKEIeH
OaitanpicTel. Ochlnaiiina, KOPIyC MaTepuaibl aBTOMOOWIIb HIBIFAPBIH]IBUIAPHIH
yIbTPAAbIOBICTRIK OAICIEH Ta3zajay KYpPbUIFBUIAPBIH KOJJaHy MYMKIHIITIH
alKbIHAANTBIH menryuri (akTop O0ibI TaObLUIAIBI.

2.6-xecrene xoHe amarpammana (2.6-cyper) OacenaerkimTeri CH xone CO
KOHIICHTpAIUSTIaphl KOPCETUITEH.

Kecte 2.6 — Koszrantkpiuteiy 1000 aiin/mun pexuminaeri CH xone CO
KOHILICHTPALUSIAPHI
Y abTpaabIObICTB O9CEHIETKIIT )KYMBICHI CH (ppm.) CO (%)
Y abTpanpiobicchI3 50 1,2
VYbTpaasiobictieH (1 KenaeHeH coylie MIBIFapFhII) 31 1,2
VYbpTpaasiObiciieH (2 coyJie MIbIFapFbII) 29 1,6
VYabrpaasiobiciieH (1 OOMIBIK Coyie MIBIFapFbII) 27 1,2

byn Oaiikay MaHBI3BI, OWTKEHI CEPHUSIIBIK OOCEHISTKIITEPIH KOTIIILIIT
OonaTTaH JKacajaabl, ad OyJI KOCBIMINA WMHXXCHEPJIK MIeNNMAepal KaKeT eTedl:
aKyCTHKAJbIK  TYPFbIAAH  KEJICUIreH  1mKi  JkKaOBIHIApIbl, KOMIIO3UTTIK
KOHABIpMaJiap/ibl HeMece KOPITyC T€OMETPHUSICHIHBIH ©3Tellle HYCKATaphIH KOJIIaHy.

['a3 KOMIIOHEHTTEpiHIH TYOEresi opTypal MIHE3-KYIKbl Ja MPOLECTIH
aKyCTUKAJIBIK TaburaThiH pactaiiapl. CH KoOHIIEHTpamusacel aybslp KOMIpCYTeK
bpakiusIapbIHbIH IpIJIEHYl MEH TYHYBI HOTHKECiHAE ToMeHaeh 1, anx CO CUSKTHI
MOJIEKYJIAJIbIK Ta3fap KoaryJslus MpoLeciHe IC KYy3lHae yiblpamaiinsl. Kenoip
kekenered karpaisiapaa CO  KOHIEHTPAUMACBHIHBIH —a3fal  apTybl KOFapbl
KAPKBIHBUIBIKTAFbl  YIIBTPAIBIOBICTEIH OCEPIHEH OPTaHUKAIBIK KaJIIBIKTAPIbIH
1IIiHapa AeCTPYKIUSIaHybIMEH TYCIHAIPUTY1 MYMKIH.

Ocepunaiiima, yJabTpaablObIC KATThl OOJIIEKTEp MEH ayblp KOMIpCyTeKTepre
KATBICTBI JKOFapbl THUIMIIIIK KOPCETKEHIMEH, Ta3 Topi3/li KOMIOHEHTTEP/Il
Tazaynayzaa aepoec 91ic peTiHAe JKEeTKUTIKCI3 O0IBIN TaObLUIAIbI.
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u 1000 ajin/soae CH (ppm) Mun.

® 1000 ajie/syuas CO (%)

5 1,2 12 1.6 1,2
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p p P

GLICCLEY Gnicnen BricIen GBlcnen
(1 keae (2 cayaembi- (1 Goflabik
HEH Caye- FApFbLII) CavIenmbi
I BIFAPFBIN) ra_prum]

Cyper 2.6 — 1000 aitn/MuH wiHAl OUTIKTIH aifHATY KULIIT KE31HACT1
nainananbuirad ra3aapaarsl CH sxore CO KypaMbIHBIH THarpaMMachl.

KyprizuireH SKCHEpUMEHTTIK HOTHXKENEPl Talnay yJIbTPaIbIObICTBHIK OHJIEY
naijjananbUIFal raziapAarbl Kyhe OeJeKTepiHIH TYyHy THIMAUIriH 2-2,5 ece
apTThlpa aJaTbIHBIH KepceTeal. Auaiija HakThl aBTOMOOWJIBIIK THaiiianaHy
XKaraanmapeiHaa 09CEHISTKIIT KOHCTPYKIMSCHIH OHTAMIaHIBIPY ISy MaHbI3Fa
ue. AJIbIHFaH HOTHXKEJIepre CYMeHe OThIPBIMN, OaH 9p1 AAMBITYAbIH OlpHEIlIe HEeri3ri
OarbITTapbIH OOJIII KepceTyre 00Jab:

* aKyCTHKaJBIK KeIeprici ToeMeH HeMmece IIKI aeMmdepiiik xadblHaapsl 0ap
MaTepuasIapabl maianany;

* apHa TEOMETPHUSCHIH IYPHIC TaHAAay apKbUIbl TYPAKTHl TYpPFaH KoHE
KBa3UCTAIIMOHAPJIBIK TOJIKBIHIAP/AbI KAJIBIITACTHIPY;

* yIbTPAABIOBICTBIK CAyJI€ UIBIFAPFBIIITAPABIH CaHBIH JKOHE OJIapJAbIH
OaraapiaHyblH OHTAWJIaHABIPY;

* TMOJUAMCIEPCTI arbIHIAPMEH >KYMBIC ICTEY VIIIH KOIDKUITIKTI dicTepi
nanjajiany;

* YIBTPAIBIOBICTHIK dCEP €Ty aliMaFbIHIAFbl TYPOYJICHTTUTIKTI a3aiTy [73].

[MafimananpinFran raznapra  yJiabTPaIbIOBICTBIK dCE€p €Ty OHBIH JIa3epMEH
OIpIKTIpLTY1 KE31H 1€ alTapIbIKTail THiMI1 601ybl MyMKiH. KoMOuHanmsmanran acep
€Ty UICSICHI Ta3aJiayAbIH €Ki ©3apa TONBIKThIPATIH MEXaHU3MIH Oipiiece KogaHyFa
HET13EIr€eH.

Bipinmi ke3eHjae mnalganaHbUIFAH Ta3 aFbIHbIHA YJIBTPAJBIOBICTHIK COyJIe
KiOepineai, OJ aKyCTHUKaNbIK KbICHIM TyAbIpaabl. byn ycak OediekTep/iiH
arperanusiiaHyblHa, Kylie (pakuusuiapblHbIH 1p1 OeJmiekTepre OipiryiHe oKeJel.
BenmiexTep emeMiHiH YIIFAIObl OJap/ibl YCTayIbl KEHIUIACTIN, Ja3ep COyJIeCiHIH
KEWIHT1 9cep €Ty THIMAUIITIH apTThIpabl.

Exiami ke3eHae arperanusuianraH — OeJIIeKTepre Jia3epiiK  HMITYJIbC
OaFpITTaNaabl, OJ ONAPAbl KEPTUIIKTI TYPAE KbI3IBIPBIN, 3USHCHI3 Ta3 Tapi3al
OHIMJIEpre JCiH TONBIK JKaHy MPOILECIH KamTaMmachl3 erefdl. Jlazepnik coymeneny
XUMUSUIBIK TYPFBIIAH O€NceH/Al KOMIOHEHTTep MEH KYWeHl TOJBIK bIAbIpaTyFa
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KQXKETTI >KOFapbl TeMIlepaTypa MEH OJHEpPrusHbl KaMTaMachl3 €Tell, COHBIH
HOTIIKECIH/IE MallalaHbUTFaH Ta31apAblH YHITThUIBIFBI TOMEHICH/I1.

Y nbpTpaAbIObIC TIeH Ja3ep/ii O1piKTipin KoigaHy OeeKTep IiH arperaisuianybl
eceOlHeH OJapAblH TOJBIK JKaHy THIMAUICIH apTThIpajbl, Ja3ep KyaTblHa
KOMBLIATBIH Tanantapabl TeMenzaetenl (ipi Oenmexrepre acep €Ty KeHUIeil),
DHEPTUSHBIH OIpKENIKi TapaldyblHa BIKIAJ €TEMl KOHE ONTHUKAIBIK JJIEMEHTTEPIIH
TO3ybl MEH KbI3YbIH a3aiTajbl (2.7-Cyper).

VasTpaabiobic

Jlaszep

—

bipiry ToabIk kany
— —

Cypert 2.7 — YabpTpaasiObIC TIEH Jia3ep/ll KOJIIaHy MPOLIECiHIH ChI30achl

Hotmwxecinae ynbTpaabiObic—1a3ep KOMOMHAIIMSICHI TTai1aJlaHbUIFaH ra3aap bl
TazallayAblH HEFYPJbIM THIMII, OacKapbUIaThIH >KOHE KAyiIci3 >KYWECIH KYpyFra
MYMKIHIIK Oepeni. MyHBI pacTay MakcaTblHAa MakajiaJla YChIHBUIFAH ajlJblH aja
HKCIIEPUMEHTTIK 3€PTTEYJIEp KYPTri3UIIlL.

2.7-2.9-xectenepAae OCBhl  IKCHEPUMEHTTIK  3€pTTEYJEepIiH  HOTIKeJepl
KenTipiared, an 2.8-2.11-cyperrepae KO3FanTKbIITHIH aiHany xwuiiirine (1000,
1200 xone 1400 aiin/muH) OaitmanbicTel OocenaeTkimTeri CO: xoHe O:
KYpPaMbIHbIH, TYTIHIIK JCHTEWIHIH JKOHE JKUUIIKTIH ©3repy ToyelAUTKTepi
KOPCETUIreH. 3epTTeyJiep YJIbTPaAblObICTBIK dCEp €TyCl3 jKarjJaija >KoHE ocep
ke3inge (40, 25 xone 28 kI'1 xuULTIKTEpAE), Ja3epiiKk ocep Ke3iHjae, COHail-ak
yIBTPAIBIOBIC TIEH JIa3ep/aiH OIPIKTIPIIreH acepi )araalibIHaa Kyprizinai [74].

Kecte 2.7 — 1000 aiin/mMuH Ke3iHAE yIbTPAIABIOBIC TIEH JIa3ep dCEp €TYCi3 KOHE
ocepi JKaFAalbIHAFbl OISy HOTIKEIEPI.

Onmey Ocepci3 VYaetpa- Vabetpa- VYabprpa- Jlazepmen Jlazep
yakbIThl = 60 ObICIIEH ObICIIEH ObICIIEH JKOHE
ceK =25kl'n | =28 xk['nq | =40 xI'x V]l-tien
1 2 3 4 5 6 7
CH 0,00 0,00 0,00 0,00 0,00 0,00
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Kecre 2.7 xanracel

1 2 3 4 5 6 7
CO (%) 0,02 0,01 0,02 0,02 0,02 0,02
CO2 (%) 1,38 1,36 1,38 1,36 1,33 1,32
02 (%) 18,66 18,63 18,67 18,70 18,87 18,87
Tyringey (%) 0,9 0,7 0,7 0,8 0,6 0,8
Temneparypa 47,6 48 43 43,1 48,2 48
C)
blaranaeuibik 10% 10% 15% 15% 10% 10%
(%)

l'a3z xpuimam- | kipy 18 | kipy 18 Kipy 18 kipy 18 Kipy 18 Kipy 18

TBIFBI (M/C) wbiry 10.3 | meiry 10.3 | msiry 10.3 | msiry 10.3 | msiry 10.3 | meiry 10.3
bacennerkim 66-141 2100-2570 | 2400-2438 | 2800-2909 | 219-180 | 3600-3700
KipebepicineHn
150 MM Ka-
IIBIKTHIKTAFbI
xuinik f(I'm)
OTBIH 35 35 35 35 35 35
IBIFbIHbBI
(Ma/MuH)

Kecre 2.8 — 1200 aifn/MuH Ke3iH/I€ YIABTPAABIOBIC TICH Ja3ep acep €TyCi3 )KoHe acepi
KaFJalbIHAFbI OJIIICY HOTKENIEPi.

Oney Ocepci3 YabTpa- YabTpa- YabTpa- JlazepmeH Jlazep

yakpITBl = 60 OBICTICH ObICTICH ObICTICH JKOHE

ceK =25kI'g | =28 k['n | =40 k' V]I-nen
1 2 3 4 5 6 7

CH 0,00 0,00 0,00 0,00 0,00 0,00

CO (%) 0,02 0,02 0,02 0,02 0,02 0,02

CO; (%) 1,39 1,36 1,38 1,37 1,35 1,36

O2 (%) 18,97 18,98 18,97 18,97 19,01 19,01

Tyriagey (%) 3,1 2,9 2,8 2,9 2,5 2,5

Temneparypa 49 49,1 51,2 48,7 48,9 47.8

(°C)

blnranabuibik 10% 10% 12% 13% 10% 10%

(%)

I'a3 xpbuimam- | kipy 20,8 | kipy 20,8 | kipy 20,8 | kipy 20,8 | xipy 20,8 | kipy 20,8

JBIFBI (M/C) mbiry 11 | meiry 11 uibiry 11 uibiry 11 merFy 11 meiFy 11

bacennmerkim | 117-151 | 2200-2615 | 2450-2465 | 2915-2930 | 220-350 | 3650-3700

KipebepiciHeH

150 MM ka-

IIBIKTBIKTAF bl

xuinik f (')

OTBIH 50 50 50 50 50 50

IIBIF BIHBI

(M1/MUH)
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Kecre 2.9 — 1400 aitn/MuH Ke3iHI€ YIABTPAABbIOBIC TIEH Ja3€ep acep €TyCi3 )KoHe acepl
KaFJalbIH]IAFbl OJIIICY HOTHXKEIEPi.

Oney Ocepci3 VYabeTpa- VYabprpa- VYabprpa- Jlazepmen Jlazep
yakbIThl = 60 ObICTICH ObICTICH ObICTICH KOHE
CeK =25kl | f=28 k['n | =40kl V]I-nien
CH 0,02 0,02 0,02 0,02 0,04 0,04
CO (%) 0,01 0,01 0,01 0,01 0,01 0,01
CO2 (%) 1,40 1,39 1,40 1,40 1,38 1,40
02 (%) 18,56 18,50 18,56 18,53 18,43 18,36
Tyringey (%) 0,8 0,7 0,7 0,5 0,6 0,6
Temnepatypa 49,2 45,8 48 48,1 48 49,2
)

blaranapuibik 12% 12% 12% 12% 12% 12%
(%)

I'a3 xpurmam- | kipy 21,5 | kipy 21,5 | kipy 21,5 | kipy 21,5 | kipy 21,5 | kipy 21,5

JIBIFBI (M/C) meiry 12,9 | meiry 12,9 | meiry 12,9 | meiry 12,9 | meiry 12,9 | meiry 12,9
Bacennmerkim | 130-185 | 2351-2300 | 2455-2465 | 2920-2935 | 250-451 | 3750-3960
KipeOepiciHeH
150 MM ka-
UIBIKTBHIKTAF bl
xuiik f (')
OTBIH 65 65 65 65 65 65
IITBIFBIHBI
(M11/MUH)

1000 1050 1100 1150 1200 1250 1300
Ko3ranTRelINTHIH afiHATY KHELTIr, aiin/MaR

—e— acepcis —a— Y-Ablosicnen 40 kI'n
y-Iblobicnen 25 kI'n —o— Y-auibsicnen 28 k'
o~ JA3epMeH y-nbiobic 40 kI o :xoHe JazepMen

Cyper 2.8 — Ko3ranTKpIIITHIH aifHamy xuitirine 6ainansictel CO2
KYPaMbIHBIH dCEp €Tyci3 JKaFaaiaa koHe ynpTpanpiosic (40, 25, 28 kI'n), nasep,
COHal-aK oJap/AblH OIPIKTIPUIreH ocepi Ke31Her 03repy ToyeaiIir
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18,98 19,01

—e- acepcis
—o-y-abi0obicnen 40 kI'n
—o— y-abiobicnen 25 kI'n

18,56 —o— y-ablobicnen 28 kI'n
8,63 18,66
\ 1556 —o— 123epMeH
@ 18,53 o~ y-ab1obic 40 k'u xone J1azepMen
S 18,5
18,43
18,4
1000 1100 1200 1300 1400 1500

Ko3raarKplmThiH afHATY Kuijiri, alin/Mun

Cypert 2.9 — OrreriniH (O2) KypaMbIHBIH KO3FaNTKIIITHIH aifHATY KULUTITIHE

TOYeIIALIIT1
9.1
18.98 16,01
19 /‘13‘97 N 18,97

—e- acepcis
—o-y-abi0obicnen 40 kI'n
~o— y-Abiobicnen 25 kI'n

18,56 —o— y-ablobicnen 28 kI'n
\J 18,56 —o— JIa3epMeH
18,53 o~ y-ab1obic 40 kI'n xaue nazepMen
18,5
\N 18,43
184
1000 1100 1200 1300 1400 1500

Ko3raarkplmThIH affHAgY KAidiri, ain/Man

Cypert 2.10 — Iaitinananbuiran ra3gapablH TYTIHACHY JTCHIeH1HIH
KO3FAITKBIIITHIH alfHay KUUTITHE TOYEeAUIIr

18,98 19,01

—e- acepcis
—o-y-apiobicnen 40 kI'n
—o— y-abtobicnen 25 kI'n

18,56 —o— y-aAblobicnen 28 kI'n
186 18,63 18,66
: \ 1856 —o— Aa3epMeH
- 18,53 o~ y-apiobic 40 k' xoHe nazepMmen
X 18,5
18,43
18,4
1000 1100 1200 1300 1400 1500

Ko3raarkplmrbie alfHATY KBidiri, alta/Man

Cypet 2.11 — YbTpaablObICTBIK 09CEHISTKIMITET] )KHUTIKTIH KO3FaITKBIIITHIH
alHaJy KMUTITTHE TOYyeJIUTIr
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['padukrepae kentipuireH TayenauaikrepaeH O: KypamblHBIH apTybl Ke31HJE
CO: KOHIIEHTpAaIMsACH MEH TYTIHACHYIIH TOMCHJCYl NMalJalaHblIFaH Ta3fap/ibl
yJIbTPaAbIObIC TIEH JIa3ep KOMETIMEH Ta3alayAblH BIKTUMaJ THIMIUIITT Typajbl
TUTIOTE3aHbI PACTaUTHIHEI KopiHe . CoHmai-aK Ja3epiiK 9CepIiH YAbTPaIbIOBICIICH
CAJIBICTBIPFAHAA AaHAFYPABIM THIMIAI JKYMBIC ICTeWTiHI Oaiikamansl, cebebi
YKAPBIKTHIH TapaTy *KbLUIAAMIBIFBI THIOBIC )XBIIAAMIBIFBIHAH €0Yip KOFaphl. Jlazep
DHEPTUACH MaialaHbUTFaH Ta3fapIarkl KaTThl OeJIIeKTepre je3ae oepinemi, Oy
TYTIHJIEHY JACHTCHiHIH TOMEH/ICY1HE )KOHE OTTET1HIH MOJIIICPIHIH apTybIiHA OKEJIEI].

VYapTpanpiobic el snazepai OipikTipin Koiagany CO: MeniepiHiH €H >KOrapbl
JIEHTeiie TOMEH/ICYlH KaMTamachl3 erell. Alaija yJabTpaablObic TEH Jia3ep/iH
OIpIKTIPUITEH dcepi NIl TOJIBIK 3epPTTEIMEreH, COHJBIKTaH KOCBHIMIIA TEOPHSIIBIK
KOHE IKCIICPUMEHTTIK 3epTTeyiepai Kaxer etemi [42].

Conpaii-ak aBTopiap KamgeipoB A.C. xone CapcembekoB b.K. GoceHmerkimn
1IIIHAEr1 ra3 OOJIMIEeriHIH KO3FaJbIChIH CHUIIATTANMTHIH MaTEMATUKAIBIK MOJENIbIl
931pJIeTeH.

Ocpl MOZIENb aschlHAA Kylie OelIleriHe TOPT HETri3rl KYLITIH XKUBIHTBIK dCepi
BIKITAJI €TEe/I1, OJIAP IbIH 1IITH/IE:

— aybIpabIK Kymni (Fg) GeiiekTiH MaccachIMEH aHBIKTAJIaJbl )KOHE TIK TOMEH
OarbITTaJIFaH.

Fqe=mag. (2.5)

— aKyCTHUKaNBIK KbICKIM KYTIT1 (Fa): yIbTpaabIObICTHIK ©PICTEr1 KBICHIM IPaIEHTI
HoTHXeciHe maina 6onaapl (bbepkHec kyii). OChl KYIITIH 9CEpIHEH OOIIIEKTEp
TYpPaKThl JbIOBICTHIK TOJKBIHHBIH TYHIHIEPI MEH KECKIHJEpIHE JKBbUDKYFa
YMTBUIAJIBI, OYJT OJIapABIH MIOFBIPJIAHYbIHA XKOHE KeWIHT1 TYHYbIHA BIKIAT €TEe/Il.

F, = ntr’pAcwcosw(t — %), (2.6)
MYHJa p — aKYCTHKAJIbIK KbICBIMHBIH, aMILINTYAAaChI,
p — ra3ablH TbhIFbI3JAbIFbI,

C— ,Z[BI6BICTBIH Tapally KblI1daMIbIFbI.

— aFbIH KpIChIM Ky (Fp) maliganaHpuiFad ra3 KbICBIMBIHAH TYBIHIAHTBIH KYIIL,
OoJIIIeKT] 0ACEHIETKIMI 0C1 OOHBIMEH KBIIKBITAbL.

dZ

4p?’

MyHa P — malijalaHbUIFaH ra3 KbIChIMBI,
d — GeIIeKTiH AuaMeTpi,
D — GocenueTkiil quaMeTpi.
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— rungpoauHaMukanblk keaepri kKymni (Fc): CyHBIKTBIKTBIH (Ta3bIH) 1PKUTICTI
yhikenic kymii, CTOKC 3aHbI apKbUIBI CUTIATTANIA B )KOHE OOJIIIEKTIH ra3Fa KaThICTHI
KO3FaJILIChIHA KAPChI OPEKET €TE/Il.

_ omur ™
F. = 6mur - (2.8)

MYH/Ia [\ — Ta3IbIH JUHAMUKAIIBIK TYTKBIPIIBIFHI,
I — OOJIIEKTIH PaNYCHI.

benmexkTiH KO3FaJbICHIHBIH KOCHIHABI TeHACYI HBIOTOHBIH €KIHIII 3aHbI
OOWBIHIIIA MBIHA TYPJC JKa3bLIaIbI:

md?x = =

7 R+ -, (2.9)

benmekTiH TpaeKTOPUACHIH 3€pTTEy YUIIH KO3FaJbICTBIH Kbl TEHAEYl X
(arpiH OarbIThl OOMBIHINA) KOHE Y (BEpTUKAIb OAarbIT, TYHY OaFrbIThl) OCBHTEPI
OOMBIHIIIA KOMIIOHEHTTEP TYpPiHAe Oepiiii:

— X 0c1 OOMBIMEH KO3FaJIBIC:

+ 6nur% = Fp, (2.10)

—y oci OOMBIMEH KO3FaJIbIC:

md2

+ 6T[p.r— =mg + F,, (2.11)

Ocsl TeHEYIep eKIHIII PETTI ChI3BIKTHIK AU depeHITnaIablK TEHACYIEp OObIM
Tabbu1azel. [pkinic koadduiimenTi petinae 0=6mur/m eHri3iuIin, TYTKbIp KeAepTriHiH
acepi eCKepuIJii, HOTWXKECIHIE OJIApbIH aHATUTUKAIBIK IICIIIMACP] aJIbIHFaH:

F, F, —
x(t) = m—’;t + (xo — mgz)e ot (2.12)
Fq Fgq _
(0_g+t+(0’ﬁ;yﬂﬁ (2.13)

[lalinananpliFad  ra3  arbIHBIHJAFBl  Kyiie OeJlliekTepl YIIH  1pKUTIC
ko3 puimenti 0 ore a3 monre ue (mamamen 0,02 ¢ ). byn e % skcnonenmanIbIK
MYIIECIMEH CUNIATTANATBIH OTIENI PEKUMTIH OT€ T€3 OLIETIHIH, SFHU OeJIIeKTep
OipHeIIe CeKyHATaH KEWiH iC JKY31HJe TYPaKThl KO3FalbICKa ©TETIHIH KOpCceTe/l.
Ocsl ce0enTeH api Kapail KO3FaJIbICThIH TYPAKThl PEXUMIEP] KapacThIPbLIAIbI.

Typakrbl karjnaiia OeJIIeKTEpiH >KbUIIAMJBIKTAphl X JKOHE Y OChTepi
OOMBIMEH TYPAKThl MOHACP 11 KAOBLIIANTbI:
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— OOMIIBIK >KBUIIAM/IBIK (aFBIHMEH O1pTe TachIMaJIaHy KbUIAAMIBIFBI):

X~ emnur  6uD’ (2.14)
— BepTI/IKaJIBI[BIK KbIIIIAMABIK (T¥Hy )KBIHI[aMI[BIFBI):
_mg _rar
Y = o~ opp (2.15)

benmiektiH OoceHnmeTkill KaOBIpFachblHA THUIMII TYHYBl TeK OOJIIeKTiH
BEpTUKANIb OOWBIHINA ©Ty yakbIThl (t,=D/Vy) OocennmeTkimTeri 00y yaKbIThIHAH
(t=L / Vy) a3 Gouniran xafaaiiia FaHa sKy3ere acajibl. by TyHy THIMAUTITIHIH HET13T1

KpUTEpHUiliHE OKeIe/Ii:
V,/Vy>L/D. (2.16)

MyHJa L — 09CeHIEeTKII Y3bIH/IbIFBI,
D — oHbIH AuamMeTpi.

byn kputepuii OeiIIeKTEpAlH THUIMIlI TYHYbl YIIIH OJApPJbIH KOJJACHEH
XKBUITAMBIFbI (AyBIPJIBIK KYIIl MEH aKyCTUKAJIBIK 9CEP/IIH 9CEPIHEH TYbIHJANTHIH)
ra3 arblHBIHBIH OOMJIBIK KbUIJAM/BIFBIHAH KETKUIIKTI KOFaphl OOMybl KEPEKTIT1H
KopceTe/l.

[IpouecTiH MakpOCKONMSUIBIK OarachlH ajdy YIIIH Koaryiasuus (TyHY)
kodpdunmrenti K eHri3uigl, ol TYHFaH KYMEHIH MacCachlHBIH M JKajlmbl Ta3
MaccacblHa M KaTbIHAChl apKbUIbl aHBIKTANAbl, OYJI Ta3 KO3FAITKBII apKbLIbl t
YakbIT apaJIbIFbIH/1a 6TKEH KE3/I€ €CenTee 1.

K=m./m, (2.17)
["a3 Maccachl KO3FANTKBIII TapaMeTpJiepi apKbUTbI ObLIali OpHEKTENTeH:
m=Qpot, (2.18)

MyHAa Q — KaHy KaMepacbIHbIH KOJIEMI,
p — ra3/iblH THIFbI3/IbIFbI,
® — U1HJI1 OUTIKTIH alfHAITY KUTITI.

bacenneTkiimn apkpUIbl ra3 arbIHBIHBIH OTY YyakbIThl t=L/V, epHeriMen
aHBIKTANATBHIHBIH eckepin, K koadduiimenTinia COHFBI (HOPMYIIachl MIBIFAPBUIIBL:

K = TP (2.19)
LQpw

AJbIHFaH TEHJCYJIep MbIHA TYXKBIPBIMIAP/LI JKacayFa MYMKIHAIK Oepeni.
BoMnbIK KbuIAaMABIK Vi MaijalaHbUIFaH Ta3 KbICBIMBI P JkoHE OeexTep/iiH
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©JIIIEM] I ©CKEH CalbIH apTajbl, Oy onapAblH OSCEHAETKIII apKbUIbl KbUDKYBIH
teznereni. KepiciHmie, TYHYIbIH THIMAUITT Ta3AblH TYTKBIPJIBIFBL L KOHE
OacenaeTkim quameTpi D eckeH cailbin TomeHaei 1, cedebi exi GakTop na Vi sxoHe
V, KbIIIaMABIKTapbIH a3alTa/Ibl.

Fa Ky1i TiK *KbU1IaMABIK Vy MOHIH TiKeJeH apTThIpaibl, J1eMeK, OeJIIeKTepaiH
TyHybIHa Vy / V> D/L kputepuiii OoibIHIIA eneyJii acep eTel.

Koarymsammst koaddummmenti K Tyaranm kyie maccachl mc >KOHE OOMIIBIK
KBUITAMIBIK Vi 6CKEH CaliblH apTajibl, O1pakK KO3FaITKBIIITHIH KYMBIC KOJIeMl MEH
alfHaJy *KUIJIIT1 6CKEH CaibIH a3asabl. bys Taburu karmaii: ra3 aFbIHBIHBIH KOMTIT1
Oipaeit OemIeKTep yJIeCiH yCTan KaTy bl KHbIHAATaIbI.

KapacTteipbiiFan MaTeMaTUKAJIBIK MOJENb OOJIIEKTEPIIH MUKPOCKOMHUSIIBIK
cumaTTapbl MEH O KYWEHIH MAaKpOCKONUSJIBIK IapaMeTpiiepl  apachIHIaFrbl
OailJIaHBICTBI AHBIKTANABI: KO3FAITKBIIITAFBl KBICKIM, OOCEHACTKIII T€OMETPHUSICHI,
yIBTPAABIOBICTHIK oCep CHMATTapbl. byn Moaens yabTpaabIOBICTBHIK Tazalay IbIH
TUIMIUITIH ajAblH aja Oarajlayra >»XOHE aKyCTHUKAJIBIK ©pic IapaMeTpliepiH
OHTAWJIAHJBIPYFa MYMKIHAIK Oepe/il.

Anaiina, YCBHIHBUIFAaH MOJIEIBIEC MAaHBI3ABl IIEKTeyJep Oap, oJapiabl TiK
yIbTPAAbIOBICTRIK O9CEHIETKII CTEHJIH X)o0ajay Ke3lHAe KOJAaHyFa Keaepri
kenaripeni. EH 0acThIChl, MOJEIb TEK O6JIIEeKTEPAIH KOJJACHEH KO3FaIbIChlH
CUTIIATTalAbl, aybIPIBIK KYIIIHIH ocepiH eckepmeimi. Tik CTEHATE TpaBHTAIHS
OOMNIIEKTEP/IIH TPACKTOPHUSCHI MEH IKBbULAAMIBIFBIH €I9ylp e3reprel, 1pi
arJioMepaTTapAblH TYHY KapKbIHBIH apTTHIPAJIbl KOHE aKyCTHUKAJBIK KOAryJISIIHs
MexaHu3MiHe ocep erenl. by Qakrtop eckepiiMereHae ecenTepaiH oI
TOMEHJICH 11, OeJeKTepIiH KaObIprara HEMeECe TYHIBIPFBIIIKA TYCYIH JIYpPBIC
cUmnaTTay MYMKIH emec 00Jaipl.

Kochimina macene — yapTpaablObICTHIK Ta3anay/ IbIH JHEPTEeTUKAIBIK THIMILTITIH
CaHJbIK OarajlayFa apHaJFaH MOJCIBACPIIH KOKThIFbl. Kazipri Tanma
YIBTPAILIOBICTBIK COYJI€ MIBIFAPFBINTAP/BIH KyaThl, CaHbI, JKYMBIC PEXKHMI JKOHE
aucrepceTi  OemIeKTep KOHICHTPAIMSCHIHBIH HAKThl TOMEH/ACYl apachIHAAFbl
omM0Oeban ToyenauIKTep *OK. Byn sHeprus yHeMAeWTiH KyWenepal kolanaybl
KUbIHJATaAbl, ce0e0l KyaT MeH KUIIIK JUana3oHJapblH, COYJI€ MIbIFAPFBIIITAPIbIH
CaHbIH >KOHE OJIAPJbIH KEHICTIKTIK OpHAJACyblH OHTAIlNIbl TaHAayFa MYMKIHJIK
oepmeiii.

Ocsunaiima, Oy caianarbl 3epTTEyJep KapamabiM CTATUKAJBIK KOATyJISIIHS
MOJIeNIbJIepiHEH OQCEHIETKINITET] HAKThI Ta3 aFbIHbI JKaFAalbIH €CKePETIH Kypaeml
JKOHE IIIBIHAMBI MOJEIbACpre OTyiH KepceTemi. Koy JKeTKI3UIreH MpOorpeccke
KapaMacTaH, oJ1i Jie IMIeNIJIMEereH OlpHeIe Heri3ri FhUIBIMUA Macenienep 0ap:

- yIBTPaALIObICTHIK Ta3aayablH SHEPTETUKAIBIK THIMIUTITIH KyaT TIEH CoyJie

IIBIFAPFBIIT KOH(PUTYPAIUSCHIHBIH KSH JUala30HbIH/A CaHIbIK Oaranay;
- OeJmeKTepAiH TiK KO3FaJIbIChl MCH IPaBUTAIUSIIBIK TYHYBIH aKyCTHKAJBIK
KOHE a’POAMHAMUKAIIBIK KYIITEPMEH OIpIKTIPIN MAaTEeMATUKAIBIK CUIATTAY;
- yIbTPaAbIObICTBIH MapaMeTpiepl MEH KO3FAITKBIII >KYMBIC >KaFJalbIHIa
HAKThI Ta3ajay JopeKeci apachIHAaFbl KEIIeH 11 0aliIaHbICThl OPHATY.

Ochbiran 0alIaHBICTBI, FPaBUTAIIMS MEH 0acKa KYIITEP/IIH dCEPIH €CKEPETIH TiK

YABTPAABIOBICTRIK OOCEHACTKINI 1MNHAETT Ta3 OeJIIEeKTepiHIH KO3FaJbIChIH
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CUMATTalThIH MaTeMaTUKaJBIK MOJENb/1 d31piey KaxkeT. MyHaail MOJenbal Kypy
YIIIH MAaKcaTThl SKCHEPUMEHTTIK 3€pTTEyJiep KYPridy, TCOPHSUIBIK HOTHXKeNIepl
TEKCEpYy KOHE SKCIEPUMEHTTIK AepeKTepiAl eHAey Kepek. byn maiimamaHbiiran
razgapapl  yIAbTPAABIOBIC  apKBUIBI  OIPIKTIPUITeH TaszalayablH  THIMAUTITIH
€CENTEY/IiH FRIIBIMH HETI3/ICITCH 9JICIH KaJbIITACTHIPYFa JKOHE OOJIKaM JTOJIITIH
apTTBIpyFa MYMKIHAIK Oepei.

2.4 VYabTpaablObICTBHIK 0JCEHIETKIMITIH BePTHKAJIbL CTEHAIHAe Tra3
0eJIIeKTEPiHIH KO3FAJIbICHIHBIH MATEMATHKAJBIK MOJIEJIIH Kacay

YabTpanblOBbICTBIH ~ oCepiHEH  OJCEHAETKIINTeri  ra3  OeJIIeKTepiHIH
KOAryJISIUUACBHIHBIH ~ KYpJedl TMpOIECIH MaTeMaTUKaIbIK MOJENbACY  Kyie
OeJIIEeKTEPIHIH TYHJBIPY MEXaHU3MIH TOJIBIK CUIIATTAUTHIH KaTaH
JETEPMUHUPIICHTEH TOYEJNAUTIKTEpAl alyFa MYMKIHIIK Oepmeiini. byn mponecke
acep eTeTiH KenTereH (akTopiapra, COHBIH IIIIHAE Ta3 arbIHBIHBIH
cunaTTamaiapblHa, yJIbTPabIOBICTBIK TOJIKBIHIapAbIH AKyCTUKAJIBIK
napamMeTpiepine, OeJIEeKTEPAIH ©3apa dpPEKeTTeCy NMHAMUKAChIHA KOHE JbIOBIC
O9CEeHAETKIII 11IIHJIET] Ta3blH KO3Fally JKaFAailiappiHa OaliIaHbICTHI.

OcpiFaH  OailJIaHBICTBI  MATEMATUKAJBIK MOJIETBAl 3€pTTEY HOTHXKENIEpi
KEJNTIPUITeH *KOHE IKCIIEPUMEHT HOTHXKEJIEPIMEH TOJIBIKTHIPBUIFAH OOJIYbI KEPEK.
TyYHIBIPBUTFaH KYlie OOJIIEKTEPIHIH MACCACKIHBIH ©3repy CUTIAThIH aHATUTHKAIIBIK,
COJIaH KeWiH HKCIIEPUMEHTTIK Typ/ie aHbIKTay, K koarymsiusa kodhGUIHeHTIH KoHe
YIBTPAIBIOBICTBIK COYJICIITBIFAPFBIIITAP IBIH OHTAMIIBI YKYMBIC PEXKUMICPIH AaHBIKTAY
KaXKeT.

KenneHneH tunreri AbIOBICTBI O9CEHICTKIMITIH SKCIIEPUMEHTTIK CTCH IIH/IET] ra3
OeJIeKTepiHiH KO3FaIbICHIH CHITATTANTBIH MaTeMaTHKAIIBIK MOJIeNb Oenriii [75]:

-

md = F, + E, — E, (2.20)

= .

MYHJ1a F;[ - KbICBIM KYIIII;
= .
P;,B - YABTPABIOBICTHIK KBICHIM KYTIIL;

13)'C - TUJIPOIMHAMUKAJIBIK KEJIePri KYIIIi.
VYabTpaablOBICTBIK JBIOBICTBI  OQCEHACTKIIITIH KOJIACHEH CTCHMIHACTI Ta3
OemmIeKTepiHIH KO3FAIBICHIHBIH TudQepeHInanIbIK TeHACYI:

2,42
mx = MD# — nr?pAcwcosw (t — %) — 6mur %. (2.21)
Aunaiia, OyJ1 MOJIeNb/Il Kyiie OOJIIeKTepiHIH KO3FaJIbIC MEXaHU3MIH CUIATTay
YUIIH KOJIJaHy MYMKIH €MEC, OMTKEH1 OJ TEeK TPaBUTAIUSIIBIK dCEpJll €CKepMei
OeNILIEKTEepAIH KOJIJACHEH KO3FaNbICHIH KapacThIpaabl, OyJ TIK CTEHJITEri
KOAryJisilivsi TPOLECTEpIH CUIATTAy Ke31HJe MONIIKTIH OoJMayblHa OKeJel.
[eHbIHAA A2, TIK OAFBITTa ME ayBIPJBIK KYII1 O6JIIEKKe 9CEp eTe/ll, OHbI KO3FaJIbIC
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TEHJACYIHE KOCY KEpeK, OUTKEHI o OejIIeKTepAiH TYHIbIPY IUHAMHKAChIHA
alTapibIKTall ocep eTei.

XKorappina alThUIFaHIApFa CYyHEHE OTBIPHIN, AKCIHEPUMEHTTIK JBIOBICTHI
O9CEHIETKIMTIH TIK TYPIHAET Kyie OeIeKTepiHiH KO3FajbIChIH CHUMATTANTHIH
KeJleci TeHeY JKacasIbl:

= -

s — F —myg, (2.22)

ma = F, + "

MyHJa F,; — KO3FalTKBIII TapanblHAH 9CEP €TETIH KbICHIM KYIII;
5 — coynenmbFaprblliTepACH TYCETIH YAbTPAIBIOBICTHIK KbICHIM KYIIIi;
F. — runponnHamMukaisik keaepri Ky (CToke Kyi);
Mg — aybIPJIbIK KYLII;
m — Kyiie OeJIIeriHiH Maccachl;
g — epKiH Tycy yaeyi.

Ko3FanTkpIin TaparnbiHaH 9Cep €TETIH KbICHIM KYIIIi:

- nrid?p

Fy=—F7r— (2.23)
myHa d — Kipic maTpyOKaChIHBIH AHAMETPI;
D — GocenueTkii quaMeTpi;
P — GoceHaeTKIm KipiCiHeT1 KbICHIM;
CoynemblFapFpilll Kyi:
E,(x) = Asin(kx), (2.24)

MYHJIa A — COyJICIIbIFapFbIII aMIUTUTYAAChL, M

2T
k= ~ — TOJIKBIH CaHbl

Erep coynemmirapreimrep canbl N Ooubim, onap Oip-OipiHeH d KalIbIKTHIKTA
OpHATBIICA, OHJA YJIbTPAABIOBICTHIK OCEPJIIH HAKThI KYII Kelieci TOYyeNALTIKIECH
aHBIKTAJIAJIbI

Ea(x) = 3N, A; sin(k(x — x) + ¢ (2.25)

MYHJA X; = id — I-111i coyJeImbIFapFBIIITHIH OPHAIACY OPHBI;
; — dazambIK BIFBICY.

Kenepri kymmi:
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-

F. = —bY, = —6murd,, (2.26)

MyHIa b — kenepri ko uiueHTi;
O, — OeJIIeK XbIIIaM/IbI1bI,

Ko3ranTKpIIThIH HiHAI OUTITIHIH ailHaly CaHBIHBIH ©3Tepyl Ta3 arbIHbIHBIH
9@)(n) KpulIaMIbIFBIHA TPOTOPLIMOHANIBI dcep eTedl. Alaiijia opra Keueprici
OomIIeKTIH aOCOMIOTTIK >KbUITAMIBIFGIHA €MEC, OHBIH Ia3 arblHbIHA KATBICTHI
CaJIBICTBIPMAJIBI JKbUITAM/IbIFBIHA TOyenal. Erep Oemek razdoeH Oipre Kosrajca,
CaJIBICTBIPMAJIBI JKBIIAMJIBIK HOJITC TCH 00JIabl )KOHE KeACPTi KYIIi ocep eTIe .
An Oeiiek Ta3 aFblHBIHA KapChl KO3FaJFaH JKaFdaiija, oJ €H YJKCH KelIeprire
yiibipaiiibl. COHABIKTAH KeJAepri KYIIIH aHBIKTAaWTBIH TEHACY Kellecl Typle
’Ka3bLIaJIbl:

Frp = _b(ﬁq - ﬁr(n)) (227)

myHaa 9.(n) = k,, - n — ra3 arbIHbBI )KbUIIAM/IBIFBI;
N — KO3FAITKBIIITHIH aifHaITy caHbl (aliH/MUH),
k, — ra3z XpUIIaMABIFBIHBIH KO3FAJITKBIIITHIH aliHalTy CaHbIHA TOYEJJILIIK
K03 pUIEeHTI.
2.22-TeHpey JKOHE OHBIH Kypamjaac OeJikTepl Heri3iHAe BEepTHUKalb ABIOBIC
09CEeHETKIITE Kylie OOJIIeriHiH KO3FaJIbIChIH CUMATTAaUThIH AU depeHunanabK
TEHJCY KYPaCThIPBUIIBL:
md?x  mr2d?p

= + 2% Agsin(k(x — x) + ¢;) — b(9, — 9. (n)) —mg. (2.28)

dat? D2dt2

Erep Oemmiextep apachlHIaFbl KOATyJSIMs IMPOLECIH €CKEPCEK, OHAa JKEKe
OeMNIIeKTIH Maccachl M YakbITThIH GyHKOusIcel m(t) Oomanmbl, cebebi e3apa
opekeTTecy OapbIChiHIA OeuieKkTep OIpirin, OJIApAbIH OJIIIeMi MEH MacCachl
yIFasabl. Anaia Koaryssius OeIIIeKTepaiH opOip COKTHIFBICYBI KE3IHIE JKY3ere
aca Oepmell, OWTKEHI OHBIH BIKTUMAJIIABIFEI OOJIIEKTEPIIH KbIIIaMIbIFHI,
©JIIIEMI, Ta3 aFbIHBIHJAFbl KOHLEHTPALUACHI, OPTaHBIH TEMIIEPATypachl MKoHE
YJIbTPaAbIOBICTBIK KaOJBIKTBIH KapKbIHIBUIBIFBI CHUSIKTBI KONTEreH (hakTopiiapra
TOyeIl.

Ocpl KYOBUITBICTBI €CKEepY YIIIH KOAryJsiiusl bIKTUMAJIbIFbI V YFBIMbI €HT131I1,
OJI COKTBIFbICKAH OOJIIIEKTEP/IIH KaHJal YJIeCIHIe HAKThI O1pIry >Ky3ere acaTblHbIH
aHbIKTalAbL. JleMek, Oellek MaccachIHbIH YaKbIT OOMBIHIIA ©3repyl Kellecl TYpAeri
TEHACYMEH CHUMATTaIaIbl:

dm

— = vKn,, (2.29)

m(t) = my + vK fot n.dt, (2.30)
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d?x _ mr?d?p
dt?2  D2dt?

+ X1 A sin(k(x — x) + ¢;) — b(9 —
8,(m) —mg. (231)

(mo + vK fot ncdt)

AJbIHFaH TeHACY eKiHI peTTi auddepeHInanablK TeHACY O0JbIT TaObLIa/Ibl.
Onpl 1ICHIy YIIIH €KIHIIl PeTTi TeHJeyHl OIpiHIl peTTli TeHIEyJiep XKyHheciHe
TypJieHaipyre MyMkiHaik 6epetin Pynre-Kyrra onici konmanbuiabl. by onic Ditnep
OMICIMEH CaJIbICThIpFaH/Ia >KOFaphl JOJJIIKKE He, ceb0ebl op Kaaamjaa apajbik
ecenTeyJiep XKyprizy apKbUibl MoHAEP/I1 HaKThUIal Tyceai. CoHbIMEH KaTap, PyHre—
KyTTa omici mHTErpanablK mylienepi 6ap, Maccachl yakbIT OOWBIHILIA ©3TepeTiH
KOHE OPTaHbIH OEHCHI3BIK KEACPriCiH KAMTHTHIH OCUCHI3BIK TEHJIEYJIEP/l LICIIyTe
YKAKChl OCHIMJIENITEH, COHJIBIKTaH KOMBLIFaH €CeNTl MICUTyAiH THIMI1 TOCIl OOJIbIT
TaObLIa/Ibl.

Pynre-KyTTta oficiHe coifkec apajblK ecenTeyiep KYpri3uleTiH ailHbIMabLIap
SHT13I11:

X — OOJIIIEKTIH KOOPIUHATACHI;

dx .
9= i OOIIIEKTIH JKbIJIIaM/IbIFbL;

t :
m(t) = mgy+ VK [ o Ncdt— KOAryJSILUSHBI €CKEPIeH/IET] OOIIICK MaCcCachl.

Ochbian Keifin O1piHII PETTI TeHACYIIEp Kyiecl KypacThIPbUIAbI

@ _ 9
dt
dd 1 2gq2p ,
a ~ mo S + Bt Assin(k(x = x) + @) = b(9 = 9:(n)) — mg|
am vKn,
dt

(2.32)

Coman keitin 2.10-kectene OepinreH OacTamkpl MIapTTap MeEH OacTamkbl
JIepEeKTep SHT131I1.

Kecte 2.10 - bacranks! maptrap MeH 0acTankbl AEpPEeKTep

Ne bacranker maprrap Kepcetkimrep
JKoHE 0acTamKhl IepeKTep
1 2 3
1 | bacrankes! epexe x0=0 M
2 | BacTanksl )KbUIIaMIIBIK vo=0 M/c
3 | bacrankpl OeJiek Maccachl my=1-10"%kr
4 | aTerpanus Kagambl h=0,00001 ¢
5 | MogenbaeyaiH MaKCUMAIIbI t max=0,00004 ¢
YaKbIThI:
6 | KomekTopIbiH KbICHIM Paur=500 ITa
napameTpJiepi
7 | Koarymsiwust ko3 dummenTi K.=1-10"5 (emmemsi 6emmexrep yminl0®)
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Kecte 2.10 xasnracel

1 2 3
8 | Koarynsinusi bIKTUMAJIIBIFBI v=0,6321 (3xcrioHeHIMAanab! 3aHFa coiikec 1-e™K!)
9 | I'a3narsl Kyiie OenekTepiHiy ne = 1-10%1/x3 (qu3ensai merapy yrmin 10°-10°
KOHIICHTPALIUSICHI car/m®)
10 | YapTpaapIiOBICTHIK TepOeicTepIiH A=1-10"m
AMILIATY IACHI
11 | TONKBIHABIK CaHBI k = % (TonkeIH y3bIHBIFEL 0,017 M)
12 | I'azra Te3iMaLTIK KOIPPUITHEHTI b=1-10"°
13 | I'a3 arbIHBIHBIH KBUIAAMIBIK k, =0,01
KodhdurmeHTi
14 | Kyiie GemnmekTepiHiH painyChl r=1-10"%m
15 | Kipic KyOBIpBIHBIH AUAMETPI d=004m
16 | Ip1ObIc emiprim quamerpi D =0,09m
17 | AywIpabIK KYIIiHIH yaEY1 2=9,81 m/c?

Copan KeHiH yakbITThIH 9pOip h Kagambl yiIriH Ko3()QPUUUEHTTEPIIH apaibIK
kepcetkimrepi ecentenei Ki, Ko, Ks, K4 Koarynsaiusael eckepe OTBIPBII, O6IIIEKTiH
KOOPAMHATHI, KbUIAAMJIBIFBI 5KOHE Maccachl YIIiH Keneci ¢popmyianap OOUbIHINIA:

KoaddummenT Ki:

k¥ =h-v, (2.33)
2q? .

kS =h- min [”Drzdtf + 2L, Ag sin(k (e, — X)) + @;) = b(9, — 9 (n)) — mg]
(2.34)
k" = hvKn, (2.35)

Koaddumnuent Ka:

k19
%C — h(vn + 71 (2.36)
1 2q%p , ki
kY =h- — [EDTZdtZ + YN A;sin (k (xn + 71 — xi) + (pl-) —
nt o
kY kT

b (ﬁn +E_ ﬂr(n)> ~g(m+5)]  @37)
k' = hvKn, (2.38)

Koaddurment Ks:

x K

£ = hv, + ) (2.39)
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Y= 1 [mria?p N . X
s=h ﬂ[mdtz + 2z 4 sin (k (xn+72—xi)+goi) _

my+
nt o

K% r
b (an +2 - z9r(n)> —g(m.+2)|  (240)
™ = hvKn, (2.41)
KoaddummenT Ka:
k¥ = h(v, + k) (2.42)
nr?d?p

1
My +k [ D2dt?

b (0 +k§ = 0:(n)) — g(my + K| (243)

ki =h- + XL Apsin (k(en, + k3 —x) + @) —
ki* = hvKn, (2.44)
Kosddummentrepai ecentereHHeH KeWiH Kenecl QopMynanap OoiiblHIIA

KOAryJISIIUSHBI €CKEPE OTHIPHII, OOIIIEKTIH KOOPAUHATACHIHBIH, KbUTAaMIBIFbl MEH
MacCCaChIHBIH KOPCETKIIITEP1 OeNTIICHII:

1
Xni1 = Xn + 2= (f +2K3 + 255 + k)

One1 = O += (k2 + 2k§ + 2k3 + k) (2.45)

1
Myt =My, + g(k’ln + 2kT + 2k + k)

Ecenrey Hotmwxkenepi 2.11-kecteqe KenTipiiareH

Kecte 2.11 - Kepcetkimrep/ii ecenTey HOTUXKEIEpi

VYakpIT (C) Koopaunara x (m) Keunmamabik v (m/c) Canmak(xr)
0 0 0 0
0,00001 —0,000002 —0,608884 0,000064
0,00002 —0,000016 —2,435372 0,0001270
0,00003 —0,000055 —5,479444 0,000191
0,00004 —0,000130 —9,741067 0,000254

Kyprizuiren ecenreymnepre coiikec, OOJIIEKTIH Maccachl YaKbIT 6T KeJie oce/l,
Oy Koarynsmusi TMPOIECiHIH OapbIChIH KOPCETeNml, SFHU OOJIIeK Ta3 arbIHBIHIA
0acka OeJIIEKTEpPMEH COKTBHIFBICKAH KE37Ie OJapbl KYTHIN anaabl. byi OHBIH
KOJIeM1 MEH MaCCaChIHBIH OIPTIHACT VIIFafObIHA OKEJe/l, ajl OyJI 3 Ke3eTiH/Ie OHBIH
JTMHAMHKAChIHA ocep eTei. Maccachl ©CKeH caiiblH OeJIIeK Te3ipek merel, cededi

OraH 9pPCKCT eTETIH I'paBUTAOUAIIBIK KYIOTCP MAaHBbI3AbIPAK 6OHaI[BI, aJl OpTajgarbl
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KeJIepri MacCaHbIH YIIFAlObIH 6TeH anMaiiipl. bys Te3neTinred meryai TyFbI3abl, 0J1
TOMEH Kapail KO3FaJIbICThl KOPCETETIH X KOOPAMHATACHIHBIH a3al0bIMEH pacTalafbl.
Coun yakpITTa OOJIIEKTIH KbUIIaMIbIFBl MOJIYJb OOWBIHILA TE3 ©Cedl, Oy TeMeH
Kapail KapKbIHABI YACYIiH OapbIChiH KepceTedl. JKpUaaMIbIKTBIH OCBIHAANW KYPT
eCcyl TEK TpaBUTAIMUIBIK TAapTHUIBICKA FaHAa €MeC, COHBIMEH KaTap MacCaHbIH
e3repyiHe OaillaHbICTBI, OWTKEHI 1ipi OeJIIeKTep MaccacblHa KaThICThHI
a’pOIMHAMUKAIBIK KEACPriHl a3 Ce31HeAl >KOHE CBIPTKBI KYIITEPIiH oCepiHEH
Te31peK IIeTril KeTeIl.

2.5 Moayabik yJIbTPaabIObICTHIK 03CeHAeTKIIITI THIMAI nmaiiganany yumiH
AU3AHH MEH APTTAPAbI CHIIATTANTHIH YKCACTBIK KPUTEpUilJIepiH Oenriiey

[MaiimananplFan ra3aapabl yIbTPAAbIOBICTHIK Ta3alay CTEHAIH/IE YABTPAIBIOBIC
ra3iblH aucnepcti ¢aszaceiHa (Kyiie OesilekTepi MEH a’po30Jib) 9CEp E€Te/ll.
VY IbTpaibIOBICTBHIK ©PICTIH 9CEPIHEH KEJECl MPOLIECTEP OPBIH AJIafbl:

- OemmIeKTepiH MOyl TepOenicTepi;

- OeJIIeKTep apachIHIAFBI CaIbICTHIPMAITBI JKBUIIAMIBIKTAPABIH apTYHI;

- COKTBIFBICY >KMLUIITIHIH KOFApPbLUIAYHI;

- ycak OeJeKTep iy ipi OeIIeKTepre KoaryisiiusiaHybl;

- a’pO30JIbJIIH TYHYBl JKOHE/HEMECE OHBIH ONTHUKAIBIK ThIFbI3/IBIFbIHBIH
TOMEH/ICYI.

Hortuxecinae arbiH KypaMbIHAAFbI TUCTIEPCTIK (Pa3aHbIH Maccachl apThIM, OHBIH
KeWiHT1 TyHybl Oaiikamanbl, OyJ Ta3[ablH TYTIHACHYIHIH a3aloblHA OKEeJe/ll.
KykemeBa A.B.-HbIH AuMcCCepTalMsIIBIK >KYMBICBIHIA TYTIHACHYIIH TOMEHIIEYIH
CHUITaTTANTBIH KeJIeC1 YKCACThIK KPUTEpHIl ayibiHFaH [76]:

_ D3
=

ky (2.46)

k1 kpuTepuiil OOMBIHIIA YIBTPAABIOBICTBIK Ta3alayAblH (PU3HKAIBIK THIMILIITI
KeJieci hakTopiiap TONTAPHIMEH aHBIKTAIAbI:

- DHEPreTHUKAaNbIK - Ta3zra OeplIeTIH YIAbTPaAbIObICTHIK SHEPTUS MOJIIIEPI;

- THIPOJWHAMHKAIBIK - 9Cep €Ty allMarbIHaH OTETIH ra3 Kejemi,

- TeOMETPHSIBIK - OeJICeH I alMaKThIH ©JIIeMIepI;

- KCHICTIKTIK - YJIbTPaJIbIObIC KO3/IEPIHIH KEHICTIKTE OpHAJIACYHI.

ATtanran axTopiap TONTAPBIHBIH Ta3ajay TUIMIUIITIHE 9CEPIH CUMATTay YIIiH
YKCACTBIK TEOPHUSCHI MEH OJIIEMAIK Tanaay ofici KoagaHsuiasl. Ockl dhakTopiap
TOOBIHA KIpETiH napameTpiiep 2.12-kecTene KenTipiires.

Bapnbik mapamerpiepaid Ky kpuTepuiiiepiHe TOyeALTIriH CUIaTTay YIIiH
KeJIeCcl TeHJeYJIep KYPacThIPbUIJIbI:

kl = f(P' Qr P, 197 Lr 5t imaxr imin)’ (247)
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Kecre 2.12 - AitHpIManbuIap

[TapameTpiiep benrinenyl | Onmem | OnmeMaiIik
Oipiri
DHEPreTUKaIbIK| Y IbTPaabIObIC KyaThl P Bt ML2T3
chakTopap
I'maponuuamu- | I'a3 TYTBIHYBI Q M3/c L3T?
KaJIbIK I'a3 TEIFBI3ABIFEI p Kr/M° ML
AFBIHHBIH ~ opTama 9 M/c LT
YKBbLIAM IBIFBI
['eomeTpusinbiK | AFbIH OOUBIHIAFbI L M L
OeiiceHal aMMaKTBIH
V3BIH/JIBIFBI
Kamam (coyunerbl- S M L
FAPFBINNITAD apachIH-
JIaFbl KAIIBIKTHIK)
KenicrikTik Typy yakbITbI t c t
Coyne  WIBIFApFBIII- Ai 1
Tap/IbIH OMIKTIK
OOMBIHIIIA OPHAIACYBI
CoyJie MIBIFapFBIIITAP- Imax 1
JIBIH, MaKCHMAaJIIb]
MYMKIH OpHAJIACYBI

2.47 Tenneyi OoiibIHIIIA TapaMeTpIiep CaHbl N=9, ain PU3NKAIBIK IIaMalapIbIH
HET13r1 enemMaepiHiH canbl k=3. m-reopema O0ibIHIIA YKCACTHIK KPUTEPHUIMIIEPIHIH
canbl: m=n—k =9 —3 =6 Oonanpl. COHABIKTAaH TEHACYMi IIENIy YIIiH 6
YKCAaCTBIK KpUTEPHUHIH aiy KaxeT. bys kputepuiinepal amy yIIiH Kelecl TeHACY
KYPaCThIPbLI/IBL:

T = @7y, 0y, 03, 4, s, ), (2.48)

MYHJIA TTq1, TT», T3, T4, s, TTg — OPOIP YKCACTBHIK KPUTCPUMIHHIH OCITIICHY1.
¥KcacTelK Kputepuiiepin ecentey ymida L, M, T Oapasik Herisri
OJIIIEM/ICPIH KAMTUTBIH KalTalaHaThIH aifHBIMaibUIap petinae O, p, $ TaHganabl.

Kanran aitHpIMabLIapABIH KOpceTKim -1-re TeH nen kaowuimanasl. ComaH KeiiH
opOip YKCACTBHIK KPUTCPUMIHIH KeKe TCHACY1 Keecl Typ/Ae YChIHbLIAIbI:

m, = p% Qb,9¢, P71, (2.49)
m, = p% QP,9¢, L1, (2.50)
w3 = p%, QP,9¢,s71, (2.51)
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m, = p%, QP,9¢t71, (2.52)
s = p%, QP,9¢, A7 Y, (2.53)
Te = p°, Q",9°¢, imax_l- (2.54)

11 OIpIHILI YKCACTBIK KPUTEPUIiiH €CenTey SICI YChIHbUIFaH:

(2.49) tenneyne adHBIMAIBLIAP ©3[CPIHIH OJIMIEMIIK (GopMyianapbIMEeH
aybICTHIPBUIABI. AWHBIMANBIIApABIH Oyl TYPJICHAIPYl OJapAbIH JopekenepiH
aHBIKTayFa MYMKIHIIK Oep/i, Oy ©3 Ke3eriHjae YKCaCThIK KpUTEPUUIIECPIH ITYPHIC
KaTbIHACTA TYKbIPbIMIayFa MYMKIHIIK Oep/ii.

m; = (ML), (L3T~HP, (LT Y (ML>T~3)71, (2.55)
Onmemepi Oipaeit gopexenep KepceTkimrepl 6ip KaTapFa KOCHUIIbI:
T = | ~3a+3b+c-27-b—c+3pra-1 (2.56)

Conan KeiliH Aopeke KOpCETKIIITEPIHIH KUbIHThIFBIHAH TEHACYJIEp Kyhecl
KYpacThIpbUIabl. KypacThIphIIaTBIH  YKCACTBIK KPUTEpHUl MEH MapaMmeTpliep
KATbIHACKI O1pre TeH 00Tyl YIIIiH, OJap IbIH JOPEKE KOPCETKIMTEPIHIH KOCHIHBICHI
HOJITe TEH /e KaObUIAaH bl

—3a+3b+c—-—2=0
—-b—-—c+3=0 |, (2.57)
a—1=0;

ATainFaH XYHeHIH mentiMi Oelrici3 mamanapIbiH MOHISPIH aHBIKTayFa *KOJI
amrtel. a = 1,b = 1,c = 2.

Jlopexe KepceTKimTepiHiH Ta0buFaH MoHAepiH (2.49) Tenaeyre KailTa Koro
apKbUIbI OIPIHIII YKCACTHIK KPUTEPHIll aHBIKTANIbI:

7, = 22 (2.58)

P

Opnan KeliH TT,-T KaIFaH KPUTEPUIIEPIH €CeNTey 9/1ICTEMEC] YChIHBLIAIbI:
Exinun kpurepuid:

m, = (ML™)%, (L3T~1?, (LT ()72, (2.59)
Ty = ] ~3a+3btc-1p-b-cpra (260)
—3a+3b+c—1=0
—b—c=0 , (2.61)
a=0;
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1 1
myHna a = 0,b =5,0= 3

77:2:

Y uriHm KpuTepUid:

Ty = (ML_g)a, (LBT_l)b, (LT—l)C (L)_l,
T3 = ] ~3a+3b+c—1T—-b—cpra

—3a+3b+c—-—1=0

Q1/219—(%)

L

—b—c=0
a=0;
Q1/219—(%)
T3 = —
1 1
myHnaa = 0,b = 51 C=—3

TepTiHII KpUTEPHIA:

my = (ML™%)%, (L*T™HP, (LT™H* (1) 7,

T, = ] ~3at3btc—b—c-1psa ’

—3a+3b+c=0

—b—c—1=0,
a=0;
1
_ Q /2
Tly = 193/215.

becinmni kputepuii:

ms = (ML™%)%, (LT~ (LT™H) (A) ™,

T = L—3a+3b+CT—b—C—11 ’

—3a+3b+c=0
—b—-—c=0

Tl =

ANTBIHILIBI KPUTEPUIA:

1

_ plbob

9bA;
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(2.63)

(2.64)

(2.65)

(2.66)

(2.67)

(2.68)

(2.69)

(2.70)

(2.71)

(2.72)

(2.73)

(2.74)



me = (ML™%)%, (L°T™H)°, (LT™H® (imax) ™ (2.75)

T = |—3at+3b+c—-b-c-1q ’ (2.76)
—3a+3b+c=0
—b—c=0 (2.78)
1
2/3be
Tg = ’;bimax. (2.79)

Hotmxecinae (2.48) Tenneyine colikec anThl YKCACTHIK KPUTEPHIll alIbIH]IbI

1 1
92 029" @ 01/29=@ Y2 ,%3bgb ,%/3bgh
<,0Q Q Q Q pr37Q° p’3Q7\ _ 0, (2.80)

P’ L ’ S '193/2t, 9bAL " 9P ax

AJBIHFaH YKCACTBIK KPUTEPUUIIEPIHIH CaHbl T-Te€OpEMara colikec Kenei. by
TEeHACYIIH AYPHIC KYPACTHIPBUIFAHBIH JKOHE ANBIHFAH YKCACTHIK KPUTEPUUTICPIHIH
yIbTPaAbIOBICTHIK Ta3ajay MOAYJIIHIH TUIMIUITIH OarajnayFa MYMKIHIIK O€peTiHIH
KOpCeTe/Il.

AJBIHFaH YKCAaCThIK KpUTEPUITIEPIHIH caHbl ThIM Keoll. KeiliHri ecenteynepai
KYpJACJIECHIIpMEY MaKcaTbIHAa OJIapJblH CaHbl ©3apa Oip-OipiHe KaThIHACTHIPY
apKbLIbl KbICKAPTHLIIBI.

Exinmmi >xoHe YUIHII KpUTEPHUIIep apachlHIaFbl KaThIHAC KapacCThIPBLIIBI.
Hortmxecinae keneci KpuTepuil allbIHAbL:

Q1/219—(%)
- < L
S —— (2.81)
01/29~@ s
L

OpaHn op1 OeciHILI KOHE aNTHIHILBI KPUTEPUIATIEP apachIHaFbl ©3apa KaTbIHAC
KAapacThIPbUIIbL:

p’/3bqb

9bi Ai

omar - = (2.82)
p /3 Qb lmax

9bai

Conan keitin anbiarad (2.81) xone (2.82) xputepuilnepiHiH keOeWTiHIICI
©3apa KapacTbIPbLIIbL:

L Ai LAi

S lmax S lmax

Hotmxecinae 6apiblk KbICKapTyJIapJaH KeHiH yIbTPaabIObIC 9CEpiHEH OYphIH
KOHE KEWIHT1 Tra3dblH TYTIHIAEHY KaTbIHAChIHA TOYeNl KeJieci YKCACThIK
KpUTEPUIAIIEp] abIH/IbI
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2 Y .
Do (200,00 L) (2.83)
1 U /2t Slmax
Kecte 2.13 — AnlbIHFaH KpUTEPHUIIED
Kpurepuii POu3uKaIbIK MOHI Kii Yiaken Tyringenyre
aMaJjiapaarpl mamajgapaarsl | dcepi D2/D:
dpeKeT eTy dpeKeT eTy
cunartel (1 < 1) | cunarel (7 > 1)
Ki - ["a3 arbIHBIHBIH YabpTpansiosic- AFBIH yIIbTpa- m < 1 ke3inge
IHEPreTUKAJBIK | DHEPTUACH MEH TBIK YHEPIHs JbIOBICTAH TYTIHICHYIIH
KpUTepHii; YIBTPAIBIOBICTBIK | aFbIHFA )KOHE SHEPTEeTUKANBIK | eAdyip
pQY? acep OeniiekTepre TYPFbIIaH TOMEHJICY1
P SHEPTUSCHIHBIH acep eTy YIIiH KYIITipeK; OaifKaJIajer; T
KATBIHACKHIH JKETKIIIKTI; YIBTPAABIOBIC > 1 ke3iHge
Kepcerei KapKbIH]IbI OemmiexTepre acepi ancis.
KOAryJIsIus acep eTin
yJIrepMen .
Kz - yakbIT- bemnmexkrepain benmekrepain I'a3 Oencenni T K 1 ke3inge
THPO- OenceHIl aliMaKkTa | yIbTPAAbIOBICTHIK | aifMaKTaH THIM TYTIHACHYAIH
AUHAMMKAJIBIK | yIbTpanslObicTiy | (Y]) epicTe y3aK | JKbULAaM ©TeAl; | TOMEHJIEYI €H
KpUTepPHii; (YD) acepinme YaKbIT OOJTYBI; KOaryJisinus YKOFaphl; T2 >>
Q2 00BN yITEpY- KOAryJSIUSHBIH | YIIiH YaKbIT 1 ke3iHze - ey
92t yarepmeyin KOFaphI KETKUTIKCI3. TOMEH.
CUTIATTAMUIBI. BIKTUMAJIJIBIFBL.
ks - AFBIH TpaeKkTopusi- | YIbTpaabIObIc bemmexrepre T3 OCKEH
reOMeTpHUSJIbIK- | Cbl OOMBIH/IAFbI (Y1) xeprijmikTi | ocep eTy y3aKk- | calblH
KEHICTIKTIK YIBTPAABIOBICTBIK | TYPAE 9Cep €Telll, | ThIFbl MEH Kal- | KoaryJsuus
KpHUTepui; (Y1) acepain OeunexTep TAJIAaHFBILTHIFBl | JOpexect
LAi TUIMJI Y3BIHJBIFBl | ©PICKE KbICKA apTajpbl. apThlIII,
Simax MeEH Y3JIKCI3[IriH | yaKbpITKa FaHa TYTIHAECHY
KepceTe. TYCe/l. TOMEHIeH .

3-tenaeyaid GyHKIUACHIHA colikec, Dy/D; KaTbIHAChl apKbUIbI KOPCETIIreH

TYTIHACHYIH CaJbICTBIpMajbl ©3repici KpuTepuanabl (Gopmana Ka3bUIFaH[a,
yATPAABIOBICTBIK SCEP/AlH HIBIFATBIH Ta3fa YHEPreTUKAIBIK, TUAPOIUHAMUKAIIBIK,

TE€OMETPUSIIBIK )KOHE KEHICTIKTIK (DAKTOPIapbIHBIH KUBIHTHIK BIKIAIbIH KOPCETE 1.
1-92

OyHKUMSHBIH O1piHILT apryMEeHTI P ra3 arbiHbI MeH yIIbTPabIOBICTHIK 9cep

apachlHIAFbl DHEPreTUKAIBIK KAaThIHACTHI cumaTTaiiapl. MyHnmarel pQ Ta3abiH
MaccCajblK aFbIHBIH, SFHU O€JICEHJl aiiMak apKbUIbl OIpJIIK YaKbITTa OTETIH ra3
MOJIIEpiH cumarTaiiasl, an 9% KeOeWTKimi arblH  HeMmece OeJIeKTepiH
WHEPILUSIChIH, KO3FaJbIC HeMece Tepoernic cumarTaMachiMeH OaillaHbICTBI
KepceTemi. P-re Geiry yiabTpaabIOBICTHIK SHEPTHUSMEH CalBICThIPFaH/Ia aFbIHHBIH
KaHIIAJIBIKThI YHEPTETUKAJIBIK «OKYKTEJITeHiH» kepcereni. Erep k; >> 1 Gonca, Oy
KpUTEpUN MOHMAEPIHAE aFblH YJIbTPAIbIObICKA YCTEMIIK €Te[l, KOHE TYTIHHEHY
TeMeHJIeyl anci3 Oaiikamanel. An ky << 1 OonFaHpaa, ynbTpaablObIC HHEPTHUSCHI
OeJeKTep 11H KapKbIHIbI KOAryJIsIUsIChl MEH TYTIHHIH alTapiibIKTal TOMEHCY1HEe
JKETKUTIKT1 OO1abl.
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1

Exinmn aprymeHT 53—//21 MPOLECTIH YaKbITIIA-THIPOJUHAMHUKAIBIK ACHEKTICIH
kepcereni. On ra3 arbIHBIHBIH KapKBIHJBI OTYIH aKyCTHUKAaJIBIK TepOeicTep/IiH
CUTIaTTaMaJIbIK KbUTAAMIBIFBI MEH Ta3/IbIH YIBTPAABIOBICTHIK 9CEp aiiMarbIHa 00Ty
yakpIThIMEH OaimaHbICThIpanbl. DU3MKANBIK TYPFBIAAH OYJ KpUTEpui Kyiie
OenmiekTepiHiy OenceHal aliMaK apKbpUIbl O©TY Ke3lHAE YJIbTPaabIObIc dcepiHe
yirepy-yirepmeyid kepceteni. OChl KaThIHACTHIH MOHI HEFYPJIBIM a3 Ooiica k, K 1,
YABTPAABIOBICTEIH OOJIIIIEKTEpPre ocepl y3aFbIpak >KOHE THIMJII, KOaryJisius
BIKTUMAJIJIBIFBI JKOFAphl KoHE TYTIH TeMeHieyl Oaikanmanel. Al k, > 1 Ke3iHze

KPUTEPUI oCep €Ty yaKbITHIHBIH )KETKUTIKCI3IT1H KOPCETE/I.
LA

Kpurepuiinig (bU3UKATBIK MOHI yJIBTPAABIOBICTBHIK OCEPAIH Ta3 aFbIHBI

Slmax
TPAEKTOPHACHI  OOMBIHZAFBI THIMII  Y3BIHABIFBIH  cumarraianl. O kail

TCOMETPUSIIBIK OJIIIIEM/IeP apKbLIbI eMec, OeJICeH/ 11 alMaKThIH HAKThI KaH 1ai 0eJIiri
yIBTPAILIOBICTHIK OPICIIEH KaMThUIFAaHBIHA Kapail ecenteneni. L/s MoHI e31iriHeH
OesceHIl aliMaK Y3bIHABIFBI OOMBIHINIA COYJICIIBIFAPFBIIITAD apPAChIHIAFBI MAPTTHI
WHTEPBAIIAPABIH KAHIIAChl OPHANTACATHIHBIH, SFHW YJIbTPAABIOBIC KO3IEPIHIH
TCOMETPHSUIBIK THIFBI3IBIFBIH KopceTedi. Allimax KOOSHUTKIIII OCBHI THIFBI3IBIKTHI
KEHICTIKTIK KaMTBUTY(bl €CKEPE OTBIPBIN TY3€TE/l, SFHU YJIbTPAAbIOBICTHIH HAKTHI
Oap OonFaH aiiMakThIH OMIKTIK OOMBIHILA YJIECIH KOPCETE].

ks MoHzAEp1 HOJITE JKaKbIH OOJFaH/IA, YIbTPAABIOBIC KEPTLIIKTI TYPAE dCep eTe/l
YKOHE TPAaCKTOPUSHBIH TEK IIEKTeyJl Oemirinae rana ocep ereni. COHABIKTaH Kyiie
OemmIeKTepi KbICKa YaKbITKa FaHa yJIbTPAAbIOBICKA VIIBIPANIBI, dKOHE Ta3ajaay acepi
a3 0oasbl. ks ©CKeH caiiblH, yIbTPaAbIObIC ocepiHie 00IaThIH AlMAKTHIH Y3bIH IBIFbI
apThITl, O6JIIIEKTepre ocep €Ty Y3arblpaK »oHE KaWTalaHblll JKy3ere acajisl,
HOTHKECIHIE KOATYJISIUS KAPKBIHABIPAK JKYPE/Il )KOHE TYTIH a3asijibl.

Ocpunaiima, ks KpuTepusichl FTeOMETPUSIIBIK (haKTOP MEH KO3JIepAiH KEHICTIKTIK
Tapainy (GakTOpbIH OIPIKTIPEl )KOHE OHBI YIBTPAIBIOBIC 9CEPIHIH TUIMII Y3bIH/IBIFbI
MEH Y3IIKCI3JIINH CUNATTAaWTBhIH KOPCETKIIl JeN KapacTelpyFa Oosanbl. by
KOpCEeTKII  OONIIEeKTEp/IH  aKyCTUKAJIbIK opicTe OO0y  yakbIThl  MEH
HIBIFAPBIHABUIAPABl YIBTPAABIOBIC apKbLUIBI THIM/I Ta3anay AJPEXKECIMEH TiKenel
OallIaHBICTHI.

Ocbunaiiiia, ka3pUlFaH KpUTEPUAIIIBI TOYCIIUTIK TYTIHICHYIIH TOMEHIEY1 TeK
Oip mapameTpre FaHa €MecC, YJbTPaJbIOBICTHIH SHEPreTUKAIBIK >KETKUIIKTLIITI,
ra3fplH ~ OejceHAl  allMak  apKbUIbl  OTy  YaKbITBl  MEH  KaFJaujapsl,
COYJICHIBIFAPFBIIITAPIBIH TEOMETPUSUIBIK THIFBI3IBIFB JKOHE  YIIBTPAIBIOBICTHIK
OpICTIH aFbIH TPACKTOPUACHl OOMBIHIAFHI KEHICTIKTIK KaMTBUTY JOPEKECIHIH
OipJieCKeH ocepiHe OallIaHbICThI €KEHIH KOPCETEII.

Exinmni 6esiM OOMBIHITIA KOPBITHIHIBLIAP:

VYAbTpaablObICTBIH 9CEPIMEH UIBIFAPBIHJBUIAD Ta3blH Ta3ajay MpPOLECIHIH
(bU3HUKaChIH TallayAblH HOTUXKECIH]IE YIbTPAbIObIC a3 OPTAChIHA €Kl HKAKThI dcep
€TETIHJIIN AaHBIKTAJNJLI: Oip JKaFbIHAH, OJ OOJIIEKTeP/IH MEXaHUKAJIBIK
KoaryJsiuuachbiH kedennereqi (bbepkHec Kyl JKOHE paguallUsIIBIK KbICHIM
OCepIMEH), aJl €KIHII >KaFblHAH — Ta3 KOCHACBIHBIH KYpPaMbIH ©3T€pTill, OHbIH
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TOKCUKTUTITIH a3alTyFa BIKMAJT EeTeTIH KEPTUTKTI XWMHSUIBIK aKTHBAIMSHBI
OacTalbl.

Kepcerinrenaeii, ynbTpaablObICTBIK KOAryJsinusi — Kypaeni, Oipak Oackapyra
OonaTeiH (U3HKA-TEXHUKAIBIK IPOIECC, OHBIH THIMIUIT e3apa OalIaHBICTHI
napaMeTplIepAiH KHUBIHTBIK 9CEPIMEH aHBIKTaNalbl: KUUIIK, aMIUTUTynda, Kyart,
DHEPTUs  THIFBI3NBIFBI, OHJEY  YaKbITBl, TEMIEparypa, KbICBIM  JKOHE
COYJICIIBIFAPFBIITAPIBIH KEHICTIKTErT OpHanacybl. Opbip (akTop aKyCTHUKAaIbIK
TOJIKBIHIAPBIH IUCIIEPCTI OPTAMEH ©3apa OPEKETTECY CUIIAThIHA AUTaPJIBIKTAM ocep
eTe/ll, KOAryJISIIUSUIBIK MPOIIECTEP/IIH OaFbIThl MEH KAPKbIHABUIBIFBIH aHBIKTANTbI.

VYabTpaabIObICIIEH MIBIFAPBIHIBUIAD Ta3blH Ta3ajay IPOLECIHE dcep EeTEeTIH
napameTpiiep UepapXusachl KaJIbIITACKII, OJIAPBIH ©3apa dCEepiH KOPCETETIH KapTa
YCBIHBUI/IBI, OYJI Ta3gap/blH JUCIEPCTI KypamMblHA JKOHE KO3ZFAITKBIIITHIH KYMbBIC
pexuMiHe OalIaHBICTBI YIBTPAABIOBICTHIK >KAOIBIKTBIH >KYMBIC PEXKUMICPIH
OeitiMaenin 0ackapyfra MpaKkTUKAJBIK HET13 Oepeii.

ANBIHFBI  3€pTTEyNiepAl  WIONY  yIBTPaAbIOBICTHIK  KOATYJSIUSHBIH
HIBIFAPBIHBLIAP Fa3bIH Ta3anay >KyHheJaepiHiH 3KOJOTUsUIBIK THIMAUIITIH apTThIpy1a
MEPCIEeKTUBANIBI  OAaFbIT EKEHJINH pacTaipl. MaTeMaTukaiblK MOACIbACP/Il
KETUINIPY SKOHE YJIbTPAABIOBICTBIK dCep MNapaMeTpiepiH OHTaWIaHABIPY >KaHa
OYBIHHBIH BIKIIaM, SHEPTUsl YHEMACHUTIH KOHE >KOFapbl THIMJL YJIbTPAIAbIOBICTBIK
O9CEHJETKIIITEPIH JKacayFa Her13 00 Ibl.

['paBUTALMSIHBI, CANBICTHIPMAIBI  KBUIJAMIBIKTBL KOHE YaKbIT OOWBIHIIIA
MacCCaHbIH ©3TepyiH €CKepe OTBIPHII, MIBIFAPBIHABLIAP Ta3 aFbIHBIHIA OOJIIEeKTIH
KO3FaJbICHIH CUMATTANUTBIH BEPTUKAIb MAaTEMATHUKAJIBIK MOJENb >Kacayllbl, Oy
KOaryJislus *KoHe KYHEeHIH Iery MPOLECiH JoJI CUIIaTTayabl )kakcapTThl. Kennenexn
MOJIe/IbI'€ KapaFaH ia, TITTHEH cxeMa OeJIIEKTep IIH KO3FaIBICHIHBIH JHHAMHKACHIH
HAKTBIPAK KOPCETE/l: Maccachl apTKaH CailblH TPABUTAIMSUIBIK OCep KYIIESHIM,
CaJIBICTBIPMAJTBI KeJIePTi a3alifaHIbIKTaH 16Ty >KbUIIAMIBIFBI ©CE/I.

Pynre—KyTra omiciH KOJJaHy apKbUIbl KO3FAIBICTBIH CBI3BIKTBIK €MecC
TEHJCYJEPIHIH  HAKThl  CaHABIK  MIeHNMAEpl  alblHAbL, OV  MOAEIBAI
yIbTPAIAbIOBICTBIK dCep MapaMeTpJiepiH Tallay >KOHE OHTAIIaHIbIPY YILIH THIM/II
Kypan eteai. EcenTeynepiiH caHAbIK CEHIMIUIINH KaMTaMachl3 €Ty YIIIH MOJIEb
AKCTIIEPUMEHTTIK JepeKTep OONBbIHIIA KATUOPIICHII, YIbTPaAbIOBICTHIK >Ka0IbIKTHIH
OHTaMJIBI )KYMBIC PEXKUMIEP] aHBIKTATA IbI.
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3 JAU3SEJBAI KO3FAJITKBIIITBIH YJIBTPABIBBICTBIK
BOCEH/AETKIII BEPTUKAJIb CTEHAIHIH K¥MbICBIH
IKCIIEPUMEHTTIK 3EPTTEY

3.1 DKcnepuMEeHTTiH MaKcaThl MeH MiHAeTTepi

DKCHEpUMEHTTIK 3epTTEeYJEPIiH MaKcaThl JHU3EbAI  KO3FaITKBIIITAPIbIH
naiaaHblIFaH Ta3dapblH Ta3apTy YIIIH TITIHEH OpHAJTAacKaH YIbTPaIbIOBICTHIK
OOCEHJIETKII BEPTHKAIb CTEHIIHIH )XYMBIC THIMIUTITIH SKCIEPUMEHTTIK TEKCEepy
OO0JIBITT TAOBLIAIEI.

3epTTey MiHAETTEpI:

COyJICIIBIFAPFBIINITAPABI K€3€H KEe3EHIMEH KOCY MYMKIHAIT 0ap BEpTHUKAIbII
O9CEHIETKINITI 931pIIey;

YIBTPAIBIOBICTHIK COYJICHIBIFAPFBIITAP,IBI KOCY/IbIH opTypii
KOMOMHAIUSJIAPBIMEH SKCIIEPUMEHTTEP CEPUSICBIH OpbIHAY (O1p OlpieH, JKYIINEH,
OapJbIFBIH OIp YaKbITTa);

YIBTPAILIOBICTBIK COYJICTIBIFAPFBIIITAPIBIH OPTYPJI KOMOMHAIUSIAPBl MEH
KYyaTThUIBIFBI TTAlJaJJaHbUTFaH TYTIHIE KaJlail 9Cep €TEeTIHIH aHbIKTAY;

BEPTUKAJIBJ1 OOCEHAETKII CTeHA >XyMbIc icten TypraH ke3ne COz, O:
KOHLIEHTPALUSACHIHBIH JKOHE IIOTIH/I Kyile OeJIIeKTEepiHiH MacCaChIHbIH ©3repylH
Oaranay;

BEPTUKANBl  OOCEHACTKIINTIH  JAU3aliHBl  KOJJCHEH  CTEHATEPMEH
CaJIBICTRIpFaHAa OOJIIEKTePAIH KOAryJAlHsIChl MEH TYHIBIPYBIHBIH >KOFaphI
THIMAUTITIH KaMTaMmachl3 €Tell JIeTeH THUIOTe3aHbl pacTay HeMece KOKKa
meirapy[51].

3.2 YabTpaablObICTHIK 03CEHIETKIII MEeH 6JIIeYy alnapaTypachiH J3ipJiey

3epTTey MIHJIETTEPIHE COUKEC YJIbTPAIbIOBICTHIK TEpPOETICTEP/IH SCEpPIHECH
naiamaHplIFaH  Ta3fapibl  Ta3apTy  MPOIECTEPiH  3epTTEyre  apHaJIFaH
YJIBTPaABIOBICTBIK OCEHICTKIII XKacasl [77].

CteHa KOPHYChl BICTBIKKA TO3IMII JKOHE XUMHSUJIBIK HMHEPTTI MOJUMEPJI
MaTepHaJIaH jKacaJlFaH, )KOFapbl TEMIIEPAaTyPaHbIH Y3aK YaKbIT ocep €TYiHE YKOHE
naiaaHblIFaH ra3iapAarbl arpecCUBTI KOMIOHEHTTEpre To3iMail. by matepuan
OJIAPJIBIH, TEPMHUSIIBIK TYPAKTHUIBIFBIH, XUMUSUTBIK TO3IMILIITIH 5KOHE MEXaHUKAJIBIK
OHIMJIUIITIH €CKepe OTBHIPHIN TaHAalAbl. [ImacTMaccaHbl KOMaHy KOHIBIPFBIHBIH
CEHIMIUTITT MEH OEpIKTITIH FaHa €MeC, COHBIMEH KaTap »OFaphl TEMIIepaTypasbl
opTaja >KYMBIC ICTETEHJIE KOPIYCTHIH Je(OpMAIUsIChl, Ta3[blH aFybl >KOHE
TePMETUKAIBIKTBIH OY3bITY BIKTUMAJIIBIFBIH OO IBIPMAiIbI.

Crena WWIMHAP TOPI3i, 1Kl quametpi 102 MM xoHe xkammbl ouiktiri 1300 MM
(3.1-cyper), OyJ1 ra3 arbIHBIHBIH HAKThHI MalAaIaHbLIFAH ra3/ibl IIBIFAPY JKYHECIHIH
KaraaiibIHa YKCAC TIK KO3FAJIBICKIH MOJIJIbJICYTe MYMKIHIIK Oepe/i.

Y abTpagbIObICTHIK KaOABIK SKCIEPUMEHTTIK CTEHATIH HET13I1 3JIEMEHTI OOJIbIT
TaObUIa/Ibl JKOHE MaiJaNaHbLUIFAaH Ta3 aFbIHBIHA OCEP €TETIH >KOFapbhl JKHUTIKTI
aKyCTHUKAJIBIK TepOeTCTEP Il J)KacayFa apHaIFaH
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Cyper - 3.1 - JIuzenb/1i KO3FAITKBIIITBIH MOJTYJIBIK YIABTPAIbIOBICTHIK
O9CceHIeTKIII

VYAbTpaabIOBbICTHIK JKAOABIK KYHECl DJIEKTP SHEPTHUSICHIHBIH MEXaHUKAIBIK
TepOenicTepre aHaJyblH J>KOHE OJapJblH Ta3 oOpTachlHA THUIMII OepulylH
KaMTaMachl3 €TETIH ©3apa OallIaHbICTBI DJIEMEHTTEP KEIICHIH KaMTHUJIbI.
Mexanukaneik Tepoemictep 18-gen 100 kl'u-ke AeMiHTT >KUUTIKTEple TMaiina
0oJ1aIbl.

JKytieHiH KypaMbIHa YIBTPAIbIOBICTHIK COYJICHIBIFAPFRIIITAD, MTHE303JICKTPIIIK
TYPJACHAIPTiIITEP,  PE30HAHCTHIK  TOJIKbIH  OTKI3TiITEp  (COHOTPOHAAD),
YIIBTPaABIOBICTBIK CUTHAII TEHEPATOPBI, COMKECTEHTIPY OJIOTHI Kipei.

Y AbTpaabIOBICTHIK KYWEHIH HET13T1 )KYMBIC CUTIaTTaMajlapbl KeJeCiIeH: KYMBIC
KULTIT1, O1p apHAHBIH MIBIFRIC KyaThl — 100 BT, coynembirapreimrap canbl — Oip-
Oipiner 170 MM apasibIKTa TITIHEH OPHATBUIFAH aIThl JaHa, TYPJEHIIPTIIl TYpi -
ayaMeH CaJIKbIHJAThUTFaH mbe30aeKkTpiiik (PZT). XKyite y31ikci3 »oHe UMITYJIbCTIK
KYMBIC PeKUMIEPIH KON b, TYpaKTaHILIPFhIN apKbuIsl 220 B, 50 'y xeminen
KyaT aJlaJbl OHE KOPITYCTHIH CBHIPTKBI CalKbIHAaybl ke3iHae 250 °C netiinri
TEeMITepaTypajia >KYMBIC ICTEyTe apHaJIFaH.

VY AbTpaAbIOBICTHIK COYJICIIBIFAPFBILLITAP AJIEKTP SHEPTUACHIH JKOFAPhl )KULTIKTI
MEXaHUKAJBIK TepOemicTepre aHanabIpy PyHKIMUICHIH OpbIHAANbI (3.2-CypeT).

CoynenplFaprbIlIThIH ~ HEri3ri  OCJICeHNI  AJIEMEHTI-KOPFAChlH  TUTaHAThI
UUMPKOHATBl ~ CHUAKTHI  MbE30KEpPAMHMKAIBIK  MaTepuainfapjaH  >KacallFaH
MbE303JIEKTPIIIK TYpAeHAiprim. /[u3ailH COHBIMEH KaTap aKyCTUKAJIBIK SHEPTUSHBIH
ra3 oOpTachlHAa MHUHUMAJJbl IIBIFBIHMEH >KOHE TepOenic aMIUIUTYIAChIHbIH
JKOFapblIaybIMeH  OepllylH  KaMTamachl3  €TeTIH  PE30HAHCTHIK  TOJIKBIH
OTKI3TIIITEPAl MaimanaHaabl. YJIbTPAIbIOBICTRHIK CUTHAI TEHEPATOphl OepiireH
KUUTIK TIeH aMIUTUTYAadaFbl )KOFapbl KULIIKTI AJIEKTPIIK UMITYJIbCTAPAbl KYPauIbl,
aJl COMKECTEHAIpY OJIOTHI SHEPTUS IIBIFBIHBIH a3aiiTa OTHIPHIN, TEHEPATOP MEH
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COYJICIIBIFAPFBIITHIH SJEKTPIIK MapaMeTpliepiHiH OHTaWIbl KOHBIOTAIMSICHIH
KaMTamMachi3 eteni [78-79].

Cypert - 3.2 - YIbTpaabIObICTBIK COYJICIIBIFAPFBIIII

OpOip CoyJIeUIbIFAPFbIII HUIMHAPIIK CTEH ] KOPIYCBIHBIH OYyilip KaObIpFachiHa
OpHATBUIAJBI, OYJI Ta3 aFbIHBIHA aKyCTUKAJIBIK HEPTUSHBIH paJualibl €HT131TyiH
KaMTamachi3 ereni. MyHIal KOHCTPYKTHBTI IICHIIM OYKIJT KYMBIC KOJEMIHJE
JBIOBICTBIK KBICBIMHBIH OIpKEIKI ©pICiH KalbIITacThIpyFa BIKMAT eTell, Oy
OOMNIIEKTEPIIH KOATYJSIUACHI MEH TYHABIPY NPOIECTEPiHIH THUIMII KYPYIHIH
KaXeTTi mapThl 0oJbin TabbiIaas! [80].

YAbTpaabIOBICTEIK  COYJICHIBIFAPFRIITAPABIH,  JKYMBIC ~ MPUHIMI  Kepi
MbE303JIEKTPIIIK 9Cepre HETr13/IeNINeH: allHbIMAJIbI 3JIEKTP KEpHEyl OepuIreH Ke3[e
MbE303JIEMEHT OHbl MEXaHUKAJIBIK TepOemnicTepre aitHanabipaasl. Oaerre 20-40 kI
JIMana3oHbIHAA OOJAThIH KYMEHIH PE30HAHCTBHIK JKUUIIKTEPIHE KETKEHIE, ra3s
OpTachlHAa a’po30Jib OOJIIEKTEPIHE 9Cep €TETIH TYPAKThI YIbTPAIbIOBICTHIK
TOJKBIH Taiia Oonaabl. YIbTPaabIOBICTHIK oCep €Ty alMarbIHAa OeJeKkTepre
aKyCTUKAJIBIK KbICBIM MEH TYTKbIP YHKEIIC KYIITEPiHIH ailHbIMAJIbLIAPhI SCEp €Tel,
OyJ1 onapabIH >KaKbIHIACYbIHA, COKTHIFBICYBIHA YKOHE KCHIHHCH KOaryJIsAIHsIChIHA
okeneni. Hormxkecinze aybIpiablK Kyl MEH WHEPIHSUIBIK OCEPIiH OCEpiHEH
KaObIprajapra HEMece KOHABIPFBIHBIH TOMEHT1 OOJiriHe TYCETIH YJIKEUTUIreH
arperaTtap naiaa 6omasasr [81-82].

YAbTpaabIOBICTHIK  COYJIEHIBIFAPFBIINTAPABIH  TYPAKTHl JKOHE CHHXPOH]IBI
YKYMBICBIH KaMTaMachl3 eTy yiriH 18-45 k['11 quana3oHbIHAA KUUTIKTI )KOHE 9p apHa
ymria 100 BT-ka AeiiHri mBIFBIC KyaThIH PETTEYy MYMKIHIITT 0ap 3JIeKTPOHIbI
TeHepaTop KOJAaHbBIIA IbI.

JKaOnpIKTBl CTEHAKE KOCY YIIIH KOINKaHaJIJIbl COMKECTeHAIpPY OJIOThI
KOJIAHBLIa/Ibl, OJI TAyesci3 OacKapyMeH aiThbl COYJIEHIBIFAPFBIIITHI Oip yaKbITTa
KYMBIC icTeyre MYyMKIiHAIK Oepemi [83-84]. ViubTpaablOBICTBIK TeHEPATOPIbIH
TEeXHUKaJBIK cunartamanapsl (3.3-cyper) 3.1-kecreqie KenTipijireH

88



Cypet — 3.3 - YbTpaablObICTBIK TEHEPATOP

Kipic kepneyi - 220 BOJbT, COyJEUIBIFAPFBINTEPAbIH KyaTbl-100 BartT,
YIBTPALIOBICTBIK TOJKBIHAAPIBIH Maiiaa 6oty sxkuiniri-40 kl'.

Kecre 3.1 - ['eHepaTopibIH TEXHUKAJIBIK CUIIATTaMaJIapbl

No | TTapameTtp MarbIHACHI

1 | Kyar kepHeyi 220 B aitHpIMaJbl TOK

2 | Kyar 100 Br

3 | XKyMbIc KuULIIT1 20, 28,40 xI'n1

4 | CankplHgaTy Takragarsl paaratop (KbUTY TapaTKBIIII)

5 | Kopray KbI3bIN KETYJI€H KOpFray, aCKbIH KEPHEYJIEH KOpray
6 | Kyar mapamerpi Kangamael pertey / caHnbIK 0ackapy

KypbuibIMABIK JKaFbIHAH TeHepaTop - Oyy Kenecl TYWIHAEPAl KaMTHUTHIH
KoN(yHKITMOHATIBI JIEKTPOHIBI OJIOK:

- 220 B, 50 I';y TypakThl KepHEYAl KaMTaMachl3 €TETIH KyaT Ke31 (3KeTUIiK 070K
HEMeCe UMITYJIbCTIK TYPIASHIIPTII), COAaH KeHIH TYPaKTaHABIPY KOHE CY3y.

- KBapm pe3onHatopeiHa HeMece caHABIK KULTIK cuHTe3aropbiHa (DDS)
HET13/IeJINeH KOFaphl )KUUTIKTI TepOeic reHeparopsl. O 18-45 xI'11 auana3oHbIHIA
PETTENETIH KUITIKTET1 TYPAKThl CUTHAIIBI KYPaUIbI.

- CurHan amMIumTyJachlH TMBE302JIEKTPIIK TYPJICHIIPTIIITEP Al KO3ABIPY YIIH
YKETKUTIKTI MOHJIEpTe JCHiH apTThIpaThIH KyaT KymieuTkimnt (0ip apuara 100 BaTT-Ka
NeHiH).

- PeakTuBTI IIBIFBIHIAAPABI a3alUTyFa KOHE KYIICUTKINI MEH MbE303JEKTPIIIK
COYJICIIBIFAPFBINI  apachlHAAFbl ~ OHTAMIIBI  DHEPTETUKAIBIK  KOHBIOTAIIMSHBI
KaMTaMachl3 €Tyre apHaJiFaH COUKECTIK OJIOTHI.

-  MUuUKpOKOHTpOJIJIEp/IE 1CKE AaCBIPbUIFaH, TEHEpalMsulay MapaMmeTpiepi
peTTey/il, Pe30HAHCTHIK JKaFAainapabl OaKblIay bl XKOHE HKaOABIKTHI IIaMaJIaH ThIC
KYKTEMEJIEpJIEH KOPFay bl KYy3€re achlpaTblH Oackapy >KoHEe MOHUTOPHUHT KyHecl

[85].
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['eHepaTtopblH  SJIEKTPOHABIK CXEMachl JKYKTEME CHITaTTaMaJlapbIHBIH
e3repyiHe OailIaHbICTBl KHUUIIKTI aBTOMATThl TYpJe PETTEeyAl KaMTaMmachl3 eTe[l
(MBICAJbI, COYJICIIBIFAPFHIII KbI3FaH Ke3/1€ HEMECe OPTaHbIH aKyCTHKAJBIK KeJepricl
e3reprenie). bys pe3oHaHCTHIK pexXuMIe KYMBIC icTeyre MYMKIHIK Oepeii, oHa
naianel ocepiH €H YIKeH KOA((UIMEHTIHE XOHE SHEPTHsSHBIH MHHUMAJIbI
IIBIFBIHAAPBIHA KOJI JKeTKi3te i [86-87].

['enepatopabl 6ackapy KOJIMEH 7€, aBTOMATThl TYPJE /€ KY3€re achbIpbLIajbl.
KipicTipiiaren MUKpOIpOIIECCOPIIBIK KYHe MbIHAJIapAbl KaMTaMachl3 eTe/i:

- puckpettiiri 0,1 k[ qefiHr )KUUTIKTI pETTEY;

- IIBIFBIC KyaThIH OIPKEJNKI PETTey;

YKYMBIC PEXXHUMIH TaHaay (Y3A1KC13, UMITYJIbCTIK, MOAYJIAIMSIaHFaH);
HIBIFBIC CUTHAJIBIHBIH TTapaMeTpIIepiH eey (KepHey, TOK, (pa3albIKBUTHICY);
TOTEHIIIE JKaFJaiyiap Ke31HAe aybITKYyJIapAbl OEKITy KoHE aBTOMATThI TYPJe
elIipy (KbI3BII KETY, IIIaMaJIaH ThIC )KYKTEME, KbICKa TYWBIKTAITY).

Kuinmik  cumarraManapblHBIH —~ TYPAKTBUIBIFBIH ~ KaMTaMachl3 €Ty  VIIiH
TeHEePaTOPIbIH KYpPaMbIHJa TEPMOCTAOMIM3aIIMS JKYHEC] JKOHE JKOFaphl JOJIIKTET1
KBapLThl TIPEK T€HEPATOPbl KOJJAHbUIAIbl, Oy JKUUTIKTIH TYpPakTbulblFblH +0,1%
HIET1H/IE CaKTayFa MYMKIHJIK Oepei.

DIEKTPIIiK MmapaMeTpiiep TYPFBICBIHAH TEHEPATOP/IbIH THITIK CHUMIATTaMalaphl
KeJeciaei:

- KYMBIC XUUIITiHIH Auana3oHsl: 18-45 kI

- bIFy KyaTsl: Oip apaara 100 Bt geifin;

- CBIBBIKTHIK emec Oypmaiay koaddunmenti: 1 % - gan acnaiinsr;

- KOHBEpPCHSHBIH THiMaLTri: 85 %-ra neiin;

- Temreparypa auamnas3ossl: 0-meH +250 °C-ka JeiiH (CoyIembIFapFbIIITEPaIH

CBIPTKBI CAJIKBIH/IAYbI OOJIFAH KE3/1E);

- TOYEJICI3 apHaJlap CaHbl: 6-Fa JIeliiH, mapaMeTpiep/l )KeKe PeTTey MYMKIHIIT

Oap [88-89].

['enepaTopIbIH MOJYJIBIIK apXUTEKTypachl 0ap, O OFaH KbI3MET KOPCETY/IIH
BIHFAUJIBUIBIFBIH XKOHE (DYHKIIMOHAIBUIBIKTEI KEHEUTY MYMKIHITH Oepeal. OpOip
apHa gaepOec >KYMBIC iCTeil, Oyl >KeKe COyJeLIbIFapFbIIITep YIIIH OPTYpIi
KUUTIKTEp MEH KyaTTapJbl OpHaTyFa MYMKIHIIK Oepeni, CTEHATIH opTypJi
aliMaKTapblHJa TETEPOreHl aKyCTHKAJBIK opic >kacailapl. MyHIail HKEeMIUTIK
YIBTPAILIOBICTBIK MapaMeTpIIepAiH OOJIIeKTEepAiH KOaryJsaiusichl MEH TYHIBIPY
npoIeCTEPiHe dCEPiH 3epTTeye 6Te MaHbI3abI O0saas! [90].

Conpaii-ak, KYpPBUIBIMHBIH HETI31H/I€ KOHBICTaHFaH OOJIIEeKTep/l >KUHAyFa
apHaJIFaH aJbIHOABI MAJUIET KApaCThIPBUIIABI, OYJI KYPBUIFBIHBI Ta3apTy MPOIIECIH
xeH1aeTTi. CTEHATIH Kipic JKOHE MIBIFBIC KYOBIpaaphl ¢iaHenTi KOChUTBICTAPMEH
YKaOIbIKTaNIFaH, OYJI KYHUEHIH THIFBI3ABIFBIH KOHE JU3EIbI1 KO3FAITKBIIITAPBIH op
TYPJTi TANITEPIMEH MHTETPAIUsIaHy IbIH bIHFAHIBIIBIFEIH KAMTAMAaChI3 eTe/Ii.

[TafimanaHplIFaH Ta3 KOCIACHIHBIH CalalbIK JKOHE CaHIBIK KYPaMbIH aHBIKTAy
yurin "Uudpakap" raz ananuzaropiapsl naiaananbuiasl (3.4-cyper).
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Cyper - 3.4 - «<udpakap» razaHaanzaTopbl

Nudpakp3pin  Ta3 aHaIM3aTOpJapbl KO3ZFAJITKBIIITAPMEH MaiIanaHblUIFaH
raznapaarsl kemipreri okcuii (CO) MeH KeMipCyTeKTep/iH (TeKCaHFa eCenTereH/Ie)
KOJIEMJIIK YJIECIH OJIIIeyTre apHaiIFaH. ['a3 aHaau3aTopiapbiH/ia KO3FaITKIIITapAbIH
WiH1 OUTITiHIH aifHaIy >KMUITIH JKOHE KO3FaJTKBIII MAaWBIHBIH TEMIIEpaTypachiH
eJIeyre apHairad apHa 6ap[91].

Nuppakap M-2.01-HiH HET13r1 apTHIKIIBUIBIKTAPHI:

- KOPCETKITEPiH KOFapbl TYPAKThLIBIFbl MEH CEHIMJILIIT;

- KIIIKEHTal UHEePIIUS;

- JIK-men RS-232 GalinaHbICHI,

- kommblorepmed USB, Bluetooth Gaitnansicsl (MIHIETTI emec);

- TaXOMETPJIIH CE3IMTAIIJILIFBIH PETTEY MYMKIH/IIT1;

- JepOec KOMMBIOTEP/Ie Ta3 aHAIM3ATOP KOPCETKIMTEPiH rpaduKaIbiK KOPCETy
YKOHE OHJISY YIIIH OaFaapiaMaiblK KacaKTama;

- Tra3 aHaJIM3aTopiiapbl, CbIHAMAaHBI KYKa Ta3zajay Cy3riuiepi YIIiH apHaubl
931pJICHTE€H aybICHIMIbI KOJIIAHY.

3.2-xecrene uHbpakp3bulr M-2.01 ra3 aHanM3aTOPBIHBIH HETI3r TEXHUKAIBIK
cUmarramaiapbl kenripiares [92].

Kecre 3.2 - MWuadpake3bul ra3 a”anmmzatopiapsl M-2.01  TeXHUKaJIbIK
cunaTTaMaapbl

Ne Moneinn M-2.01

1 2 3

1 | Acnan ceiabiObl (I'OCT 352033-2003 6oiibiHIIIA) I

2 | CO xeyieMIlIK YJIECIH OJIIEY THUana30Hbl 0..5%

3 | Ommeynepain  pykcar  erumreH  abcomtorti | £0,05% (0...1,25%)

KATEJNITHIH IIEKTepl

4 | OmeynepAiH pykcar eTuireH canblcThipMansl | +4% (1,25...5%)
KATCNIKTEPIHIH MIEKTePl

5 | CH kenemik yJeciH eJiey quana3oHbl 0...2000 ppm

6 | SN emmemaepiHiH pykcar eTuireH abcomorti | £12% (0...240

KaTeJIriHIH [eKTepi ppm)
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Kecre 3.2 xanracel

1 2 3

7 | SH enmeynepiHiH pykKcaT eTiIreH caiblcThipManbl | +5% (240...2000
KATCIIKTEPIHIH MEKTepl ppm)

8 | CO, keseMJIIK YJIECIH oJIIIey Aana3oHbl 0..16 %

9 | CO, emmempepiHiH pykcar eruireH abcomorti | £0,5% (0...12,5%)
KATEJITiHIH IEKTepi

10 | CO, eJIITIIEMICPIHIH pYKcaT erinren | +4% (12...16%)
CaJIBICTBIPMAJIBI KATETIKTEPIHIH MIEeKTepl

11 | O, keaeMIIK YJIECIH OJIIIIey THana30Hbl 0..21%

12 | O, emmemaepiHiH pykcar etiren adcomotti | +0,1% (0...3,3%)
KATEJITHIH IEKTepl

13 | ©Ommeynepain pykcar eTumreH caibicThipManbl | +4% (3,3...21%)
KaTeaikTepiHiy mekTepl O,

14 | NOxX keJeMIiK YJIeCIH OJIIIey JUana30HbI -

15 | A apThIK aya KOAD(PHUIMEHTIH €CENTey s

16 | Apthik aya ko3¢ dunuenTiHiyg emey auanazonsi A | 0...2

17 | MaiinplH TeMnepaTypachiH eJIIey Kok

18 | Winai O1miKTiH alfHATY KUUTITIH eJeyre apHanrad | Ms
apHa

19 | AitHamy KULTITIH eJIIey TUarma30H1aphl 0...1200 aiin/mMun

0...6000 aita/MunH

20 | ©Ommemaepain  JKOFapFbl  IIETiHE  KENTIpiAreH +2,5%
pYKcaT €TUITeH KaTeJiK eKTepl

21 | KoHaeHcaTThl aBTOMATTHI TYPJIE aFbI3y Us

22 | Henjik aBTOKYpPACThIpY Us

23 | LTK >kx0HEe MOTOp ChIHAKTAPBIMEH JKYMBIC Us

24 | HakTbl yaKpITTaFbl KipiKTipUITeH NPUHTEP Kok

25 | Apnanap yuiiH KkepceTkimrepai oenrineyre pykcat | 30 cex
etiared yaksIT meri CO, CH, CO..

26 | Apnanap yuiiH kepceTkimTep/al oenruieyre pykcar | 60 cek
eTiareH yaksIT meri O,, NO.

27 | 20°C TemmepaTypaga KbI3ABIPY YaKbIThI-APTHIK 30 MmuH
eMec

28 | I'a3 anHanM3aTOPBIHBIH KyaThl 12/220 B

29 | bac tapTyra apHaJiFaH opTalia >KyMbIC 10000 car

30 | Kei3meT mep3imi 10 xbL1

31 | TyThIHBUIATHIH KyaT apThIK eMeC 30 Bt

32 | Canmarel (HETTO) 7 KT

33 | Ommemuepi(1LIxI'xB) 280 x 320 x 170 mm

"Undpakpieul 2.01" raz aHamuzaTopbl CHEKTPIIH WH(PAKBI3bUT aliMarblH/a
Y31KC13 ONTHKAJIBIK-a0COPOLMSIIBIK 9ICTICH )KYMBIC 1CTEH I )KoHe TalaJaHbUIFaH
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ra3fapAblH, COHBIH INNHAEC JU3ENbAI  KOFAITKBINTAPABIH  Ta3IapbIHBIH
YBITTBUIBIFBIH OaKplIayFa apHaiaraH. KypbeUTFbl n-rekcaHFa ecenTereHe KeMipTeri
okcuai (CO) men xemipcytektepain (CH) xoHIEHTpanwsChiH emmeimi. TyTik
apKbUIbl MaiAaaHbUTFAH Ta3/IbIH YITICI BUTFAJ MEH Kyie OeJImeKTepiH KeTipeTiH
CY3Tiiep MEH KEeNTIPTiluTep apKbUIbl OTEeTIH KypbulFbiFa Oepinemi. ['a3
aHAJIM3aTOPBIHBIH 1IITHAE KbI3ABIPHUIFAH KO3/IeH MH(PAKBI3bLI COyJie 3epTTENeTiH
KOCIIaMEH TOJNTHIPbUIFaH ra3 aitMarbiHa xioepineni. Co xone CH monexymnanapsi
Oenriui 61p TOJKBIH Y3bIHABIFBIHAFBI COYJIeNIePIl TaHAaMalbl TYPJE CiHIpedl, coaaH
KeWiH oscipereH cayie WHGPaKbI3bUl JAETEKTOpPJIapMEH >Ka3blLIajlbl, OJapIbIH
opKaiiceichl Oenriiai Oip rasra Oeitimueneni. byrep—JlamOGepr—bep 3aHbpIMeH
CUIIATTaJFaH  COyJIeJIeHy  KapKbIHABUIBIFBIHBIH ~ TOMEHJICYl  TallJlaHAThIH
KOMITOHEHTTIH KOHIEHTPAIMAChIHA MPOMOPIUOHANALI. AJBIHFAH CHUTHAJIIAP
KYIIEHTLIe 1, SJIEKTPOHUKAMEH OHJENE/l KOHE TUCIUICHTe IIbIFaphUIaThIH JKOHE
KOMITBIOTEPre HEMECE TMArHOCTUKAJIBIK KEIlIEHTe Oepiilyl MyMKIH CaHABIK MOHEPre
typiaenaipiieni. Kypeuirbl CO sxone CH ymrin exi apHaibl KyieH1 naijganaHajsl,
TEMIIEpaTypa MEH KbICBIMHBIH 9CEepiH OOJpIpMay YIIIH KOMIICHCAIMSUIBIK apHACHI
O0ap, HeNIl aBTOMATThl TYpAE TY3€TYy (DYHKIMSACBIMEH JKOHE ©31H-031
JTMarHOCTHKANAY JKyHeciMeH ka0 IbIKTaIFaH )KOHE TOMEH KOHIICHTPAILIUAFa JKOFaphl
CE3IMTaJIBIKIICH €pEeKIIeeHe 1, OYJI OHbl JTU3EIbAl KO3FAITKBIIITAPMEH >KYMBIC
icTereHie acipece TUIM/1 eTe/l.

Ocpunaiiina, 931pJIGHNeH BEPTKAIbAl YIbTPAALIOBICTHIK OJCEHIETKINI CTEHII
COYJICHIBIFAPFBIIITAPBIH KyaThIHBIH, OJIAPABIH apaChIHAAFbl KAIIBIKTHIKTHIH KOHE
KO3FANTKBIIITHIH KYMBIC PEXHUMIHIH TalJalaHbUIFaH TYTIHHIH TOMEHJEY
JIOpPEeKECIHE  OoCepiH  3epTreyre  OarbITTalfaH  OlpKartap  AKCHEPUMEHTTIK
TOXKIpuOEnepre MyMKIHAIK Oep/I.

3.3 DKCIIepUMEHT KYPri3iJIeTiH Heri3ri TeXHuKa

DKCHEPUMEHTTIK 3€PTTEYJIep KYPri3y/lIH HET13I1 TEXHUKACHI PETIHAE KyaThl 59
kBt JI-240 TepT TakTiLm OM3ENbII KO3FAITKBINIMEH xabmpikramran MT3-80
TpakTophl Nangananbuibl [93]. bysl KO3FanTKbIII ©31HIH TapalyblHa, CEHIMIUIITIHE
JKOHE KOCBIMINIA >KaOJBIKTHI OPHATYJIbIH BIHFAMIBUIBIFBIHA OaiIaHBICTBI CHIHAK
00BEKTICI peTiHJIC TaH 11 IbI.

OKCHEpUMEHTTI  JKy3ere achlpy VIIIH  TPakTOpFa  yJIbTPAIBIOBICTHIK
COYJICHIBIFAPFBIIITAPEI  0ap DKCHEPUMEHTTIK CTEHI OpHAThUIABL  JKamrmsl
HKCTIICPUMEHTTIK 0a3a MBIHAJIAPAbI KAMTHIIBI:

- BICTBIKKA TO3IMJII MaTepHaJIaH >KacaJlFaH JKOHE KO3FAITKBIIITHIH MIBIFATHIH
KYHeCiHEe CaIbIHFaH JKYMBIC KaMepachl;

- aKyCTHUKaJbIK epicTi Oipkesiki TapaTy yuriH 170 MM KagamMMeH KaMepaHbIH
BEpPTUKAJIb oci OolbIMEH OPHAJIACTBIPBUIFaH YIbTPAIBIOBICTBIK
COyJICUIBIFAPFBIIITAD;

- 20-40 xI'm XuiJgiK JMana3oOHbIHAA COYJICIIBIFAPFBIINTAPABIH KYMBICHIH
KamTaMachI3 eTeTiH Kyatbl 100 BT neifinri yabTpaablObICTIK T€HEPATOP;
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- TEeMIIepaTypa MEH KbICHIM JaTUYMUKTEPI, COHTAN-aK TMaiTalaHbUTFaH Ta3aap IbIH
KYpaMbIH OaKpljayFa apHaAJIFaH Ta3 aHAIM3aTOpIaphl.

MT3-80 TpakTOpblH SKCHEPUMEHTTIK 0a3za peTiHae NaijaTaHy Iu3ebIi
KO3FAITKBIIITH TalJalaHyIbIH HAKTHl >KaFdaillapblHAa 3€pTTEyJep JKyprizyre
MYMKIHIIK Oep/i, OyJl ajblHFaH HOTHXKENIEPAIH IYPBICTBIFBI MEH MPaKTUKAIBIK
OaFBITTBUIBIFBIH KAMTAMAaCHI3 €TTI.

MT3-80 moHraakThl TPaKTOPbl ©TKEH FachblpAa MHHCK TpaKTOp 3aybIThIHAA
HIBIFapbLIa 0acTa bl )KOHE OHBIH OH/IIpICi a1 Je kanFacyaa. by mogens "MT3-50"
- MEH aJIMaCTBIPBUIIBI )KOHE OIPITyIiH )KOFAphl JCHI'C€HIMEH epeKIIeIeHe Il - Heri3T1
TyHiHAEep MeH OemmiekTep i mamamen 70% - bl cakTaJlFaH HeMece >KaHapThUIFaH.
KypbUTbIMABIK XKaFblHAH TPAKTOP JISCTYPJIl TYPAE KacaJFaH: KO3FaITKbIII alAbIHEbI
JKarblHJla OpHAJACKaH, apTKbl JOHrEJIEKTEp aljbIHFbl JOHTEICKTEpre KaparaHia
€/19yIp YJIKEH, )KETEK apTKbl OChTE JKY3€Te aChIPbLIAIbI.

byrinri Tanna MT3-80 KO3FaNTKBIIITHI ICKE KOCY TYPIMEH, Oepisiic KOpaObIHBIH
EPEKIIETIKTEPIMEH JKOHE CBIPTKbl JHM3alH HJIEMEHTTEPIMEH EpEeKIIeICHETIH
OipHeme mMonudukanuana mbeirapbuiaael (3.5-cyper). TyseTynepre kapamacTaH,
YKaJIMbl OpHANAacy KIJIACCUKAJIBIK OOJBIN Kajla Oepjil: YJIKEH apTKbl AOHTEJIEKTED,
KapThIJIai JKaKTayJbl KaHKA JU3aiHbI KoHE (DYHKIIMOHAIIBIK KaparmaibIMIbUIBIK

[94].

Cypert 3.5 - MT3-80 tpakTopsl

Kyar 6more1-80 ar kyrniHe MediHr1 KyaTThl JaMbITAThIH TIKEJICH KaHapMaii
KyatbiH J1 -240 nusenbai Ko3ranTKeIbel [95]. Icke Kocy aiekTp crapTepiMeH, ai
xaHapteutrad J| -240J1 HyckachiHIa - KapOIOpaTop KYPBUIFBICHIHBIH KOMETIMEH
JKy3ere acbipbuiaibl. 3.6-cyperrte [l -240 qu3enbai KO3FaaTKBIIIbI KOPCETIITEH.
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[minic IN3EIIbIIH KYMBICBIHAH Tipii
Dmiricy OWUITiHIH — TeXerimTi

aMOpTHU3aTOpJIapMEH KaObIKTaJIFaH.
KaMTaMachl3 ETUITEH, OJl OIIIPUIreHHEeH KeWiH aWHamyAsl TOKTaTaabl. by
OepimicTepai OHall aybICTBIpyFa MYMKIHIIK Oeperi koHe Oepiiic KOpaOBIHBIH

KBI3MET €Ty Mep3iMiH y3apTaabl [96].

MT3-80 TpaKTOPBIHBIH TEXHUKAIBIK CUIIATTaManapsl 3.3-KecTeie KeATIpiareH

TOMEHJIETETIH

Kecte 3.3 - MT3-80 TpakTOpbIHBIH TEXHUKAJBIK CUITATTaMAaJIaphl

1 JKantiel y3pIHIBIFHI (AIABIHFEI 0a/TacT KOK), MM | 3850

2 EHi, MM 1970

3 KaOuHaHbIH OMIKTIT1, MM 2780

4 TeHT OMIKTIT1, MM 2765

5 TpakTop Heri3i, MM 2370

6 Kon, mm:

7 AJITBIHFBI TOHTCIICKTEPIC 1350—1850
8 ApPTKBI TIOHTCICKTEPL 1400—2100
9 Kepai Tazapty, MM 465

10 | EH ki aifHay paJinychl, M 3,8

11 | [Taiimamany cajqMarbl, KT 3770

12 | Illuna emmemaepi(cTaHmapr):

13 | AnnpIHFBI JOHTEICKTED 9,0—20

14 | ApTKbI TOHTEIEKTEP 15,5R38

Cypert 3.6 - [1-240 nu3enb/i KO3FaITKBIIIBI

J-240 nuzenbai KO3FaNTKBIIIBIHBIH TEXHUKAIBIK CUIMaTTamaiapsl 3.4 kecrene

KEJITIpUIreH
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Kecte 3.4 -J1-240 nu3enb/l KO3FaITKBIIIBIHBIH TEXHUKAJIBIK CUITATTaMAaJIAPhl

1 | Yonr - 240

2 | Kyar, kBt (i1.c.) 60 (81)

3 | Homunange! aitnay >kuifiri, 06/MuH 2200

4 | HuwmHaapaep caHsbl 4

5 | Huwmanp nuameTpi / mOpiieHb COKKBICHI, MM 110/125

6 | XKymebic kemeMi, 1 475

7 | Makcumanasl MoMeHT 1400 06/mun, H.M (krc.m) 290 (29,6)

8 | HomuHanme1 KyaTtsl 6ap OTBIHHBIH MEHIITIKTI IITBIFBIHBI, 220 (162)
r/kBt.4. (r/1.c.4.)

9 | AliHaiy MOMEHTIiHIH KOp K03 dummenti, %o 15

10 | XKanapMaii GarsIHbIH CHIMBIM/IBLIBIFBI, JT 130

DKCNEPUMEHTTIK 0a3aHbl AallbIHAAN, KAKETT1 KaOJbIKThl OpHATKAHHAH KEWiH
omnepausIapAblH  PETTUITH, KO3FaNTKBIIITHIH JKYMBIC PEXUMIEPIH KOHE
©JIIEHETIH MapaMeTpIep/l TIpKey TOPTIOIH KAMTUTBIH SKCIIEPUMEHTTIK 3€pTTEyJIep
KYPri3zy ofiCTEMEC] KacallJIbl.

3.4 DKCIIepUMEHTTIK 3epTTeyJiep KYPprisy daicremeci

DKCHEPUMEHTTIK 3epTTEYIIep KYPri3y 91iCTeMEC] AU3EIb 1 KO3FAITKbIIITap IbIH
naifjanaHbUIFaH  Ta3fapblH  Ta3apTyFa apHaJIFaH yJIbTPaAbIOBICTHIK JBIOBIC
OLIIPTillTIH BEPTUKAIb CTEHIIHIH THIMAUIIH 3KCHEPUMEHTTIK TEKCepy
MaKcaTbhIHa d31pJAEH/II.

DKcnepuMeHTTepIl OacTtamac OYpBIH KOHABIPFBIHBIH OapiblK TYHIHIAEPIHIH
KYMBIC KaOUIETTLIIIT1 TEKCEPLIJIl, COHBIH 1IITHAE:

- YIBTPaabIOBICTHIK Kyne (renepatop, TYPJICHIIPTILITED KOHE
COYJICUIBIFAPFHIIITAD);

- OJIIey XoHe OaKplIay >Ka0IbIKTaPhI.

Ko3FanTKpIII TYPAKTHI )KBUTY PEKUMIHE KOMBUIABL. Opl Kapa yiIbTPaIbIOBICTHIK
COyJICHIBIFAPFBIITApFA KyaT O€peTiH yIbTPAIbIOBICTHIK TE€HEpPaTOp KOCHUIIBI.
Y abTpanbObICThIH KYMBIC )KULTIT 40 KI 11, 9p coynembiraprbIThiH KyaThbl 100 BaTT
6onapl. KyarTeiH ocepiH Tayijay YIIH op TYypJii OICEeH 1 COyeIIbIFapFhIIITAPMEH
(6ipaen anteira feiin) 6ipKaTap SKCIEPUMEHTTEP KYPTi3UIIi.

[TapameTtpraepai Oakplmay ~ TeMIeparypa  JIaT4YMKTEpiH, COHal-aK
naiinananbuirad  razgapaarbl CO;, Oz KOHIEHTpAIUSICBIH, TYTIH MEH KyHe
KOPCETKIIITEepiH aHBIKTayFa apHaJFaH Ta3 aHAJIM3aTOPJapblH KaMTUTBIH OIIIIey
ammapaTrypachl KEIIeHIHIH KOMETIMEH JKY3eTe achIpbUIJIbI.

["a3 arpIHBI TOMEHHEH >KOFaphl Kapail, CTeHATIH OuikTiri OoibiHIma 170 MM-1e
OpHAJIACKaH COYJICUIBIFAPFBIITADP IIBIFAPATHIH AJThl YJIbTPAJBIOBICTHIK 9CEP €TY
aiimarbIHaH oTTi [97].

bipkarap skcnepuMEHTTEp asKTaJFaHHAH KEHiH CTEHATI CaJKbIHIATy >KOHE
KaMepaHbIH 11IKi OeTiH TyHOanapAaH Ta3apTy *KYPri3iiii.
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AJBIHFAaH HOTHXKENIepre CYMeHe OTBIPHIN, THIMILIIKKE, KYWEHIH MAacCalbIK
yiecine, TyTiare, CO: xkoHe O: KOHIEHTpALMSIChIHA TPAPHUKANBIK TOYEIAUIIKTED
canpiaabpl. CoHpal-ak, YJIbTPaABIOBICTHIK ocepre JACHiH JKOHE OJaH KeHiHTi
emmemMaep OOWBIHIIA OONIMIEKTePAIH TapadyblHA CaJBICTBIPMAIbl  Tajaay
KYPri3iiai, Oy KoaryJsius 19peKecin Oaramayra MYMKIHJIIK Oep/ii.

OKCIIEpUMEHTTIK 3€pTTEyNiep YII KE3€HJE KYPTi3Uidi, ONapAblH OpPKaKlChICHI
naiiianaHblIFaH ra3aap/bl Ta3apTy Ke3iHe yIbTPaabIOBICTBIK CTEH]T KYMBICHIHBIH
THIMAUTITIH ~ CUNATTAaWTBIH JKEKE IapaMeTpiiepAi 3epTreyre OarbITTalFaH.
KesenuepaiH MoMeKTI OpbIHAATYBl TYTIH, KOMIPKBIIIKBII Ta3bl MEH OTTEriHIH
KYpaMbl, COHJai-aK TYHABIPBUIFAH Kyiie mMaccachl OOHWBIHIIA Ta3apTy AOPEKECiH
’KaH-)KaKThl Oaraayra MyMKiHaik Oepai [98].

OkcnepumeHT 3.5 xoHe 3.6 KecTeneplie YCHIHBUIFAH aliJblH-ajla KacajlfaH
YKOCTapFa CoMKec Kyprizuiil

Kecre 3.5 - TyTiHal, KOMIPKBIIIKBLT Ta3blH JKOHE OTTETIH aHBIKTayFa apHalFaH
HKCIIEPUMEHT KOCIIAPBI

Ne XKyprizinerin ypaictep
Ypamic-

TEp

1 2

JlaMBIHABIK KE3CH]
1 Moaynbaik yiIbTpaablObICTBIK AU3Eb1 KOZFAITKBIIITHI
KYPacTBIPBIHBI3
2 "MHppakp3pu1" ra3 aHATU3aTOPBIH KOCHIHBI3
3 MT3 80.1 tpaktopsiabiy J[-240 nu3enbal KO3FaITKbIIIBIHBIH IBIFATHIH

KYOBIpBIHA KCTIEPUMEHTTIK MOAYJIBAIK YIBTPAIBIOBICTHIK
09CEeHAETKIIIIH KOChIHbI3

4 VY AbTpaibIOBICTHIK TEHEPATOPIbI YIABTPAABIOBICTHIK O9CEHIETKIIIKE
OpHATBUTFaH yJIbTPAAbIOBICTHIK COYJICIIBIFAPFBIIITAPFa KOCHIHBI3

3) Ko3FanTKBIITHI 1CKE KOCBIHBI3 KOHE OHBI JKYMBIC TEMITepaTypachiHa
JeN1H KbI3JbIPBIHBI3

1 Ke3eH yIbTPabIOBICTHIK 9CEPCi3 TYTIH/II AHBIKTAY
6 Mopynbaik YIABTPAABIOBICTHIK 09CeH e TKIIITET] TYTIHHIH,

KOMIPKBIIITKBUT Ta3bIHBIH JKOHE OTTET1HIH 63TepyiH OJIIICHI3.

7 1-240 mu3enbmi Ko3raTKeITEIH nigAl oiuririaiyg 1000, 1500, 2000
ailH./MHH. Ke31H€ 5 MUHYT 1II1HJE YIbTPaabIObICTBIH 9CEPIHCI3
OKCIIEPUMEHT KACaHbI3.

8 AJIBIHFaH HOTHIKEIEP/l )Ka3y KoHe OHACY
2 Ke3eF yJIbTPaAbIOBICTBIH 9CEPIMEH TYTIHAEY Al aHBIKTAY
9 MoaynbaiK yIbTPaablObICTBIK O9CEHISTKIIITEr1 TYTIHHIH, OTTET1HIH

KOHE KOMIPKBIIIIKBUT Ta3bIHBIH ©3TEPYiH OJIIICHI3.
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Kecte 3.5 xanracel

1 2

10 J-240 mu3enbai Ko3ranTKeIITHIH HigAl oitiriaiyg 1000, 1500, 2000
ailH/MUH. Ke3iHe YIbTPaJAbIOBICTHIK COYJICIIBIFAPFBIIITAPMEH 5 MUHYT
IIH/IE YIBTPaIbIOBICTHIK SCEp €Ty apKbUIbI SKCIIEPUMEHT JKacaHbI3.

11 AJBIHFaH HOTWIKEJEP/Il Ka3y )KOHE OHILY

Kecre 3.6 - Kyiie MaccachlH aHbIKTAyY YIIIiH SKCIEPUMEHT JKYPri3y KocHapbl

Ne Kyprizinetin ypaicrep
Ypaic
-Tep
1 2
JlaMBIHABIK KE3CH]
1 MonaynbaiK yiabTpaablObICTIK AU3€IIb/1 KO3FAITKBIIITHI
KYPacTBIPBIHbBI3
2 MT3 80.1 tpaktopsiabiy J[-240 nu3enbal KO3FaITKbIIIBIHBIH IIBIFATHIH
KYOBIpBIHA KCIIEPUMEHTTIK MOAYJIBAIK YIBTPAIBIOBICTHIK
09CEHIETKIMITI KOCBIHBI3
3 Huametpi 100 MM Kara3 mapakTapblH JalbIHIaHbI3
4 | YbpTpaapIObICTBIK T€HEPATOPIbI YIBTPAIBIOBICTHIK O9CEHAETKIIITKE
OpHATBUIFAH YJIbTPAABIOBICTHIK COYJICIIBIFAPFBINITAPFa KOCHIHBI3
5 Kara3z mapakrapblH HOMIpJIey jK9HE OJIapbIH MacCaChIHBIH OacTanKbl
IIIaMaChIH OJIIIEY
6 KO3FanTKBITITHI i1CKE KOCBIHBI3 KOHE OHBI )KYMBIC TeMITepaTypachiHa
JeH1H KbI3IbIPBIHBI3
1 Ke3eH ynbTpabIObICTBIK 9CEepCi3 Kyile MaccachlH aHbIKTay
7 Monynbaik yabTpaablObICTRIK O9CEHIETKIII OpHATacyblHa COMKEC KaFas
napakTapblH TOCEY
8 J1-240 mu3enbal Ko3ranTKeIITRIH M1l oumiriaig 1000, 1500, 2000
aliH./MUH. Ke31HAE 5 MUHYT 1IIH/AE YIbTPaIbIOBICTBIH 9CEPIHCI3
AKCIIEPUMEHT KacCaHbI3.
9 AJIBIHFaH HOTHIXKEIEP/l )Ka3y KoHEe OHICY
2 Ke3€H yJIbTPabIObICTBIH CEPIMEH KY€ MacCachlH aHBIKTAY
10 Monynbaik yIbTpaabIObICTHIK O9CEHIETKIIITE OpHAIACYBIHA COMKEC
Kara3 mapakTapbliH TOCEY
11 1-240 mu3enbmi Ko3ranTKeIITEIH nigAl oiuririaiyg 1000, 1500, 2000
allH/MUH. Ke31H/€ YIbTPaAbIObICTHIK COYJICIIBIFAPFHIIITAPMEH 5 MUHYT
IIIH/IE YIBTPAIbIOBICTHIK SCEP €Ty apKbUIbI SKCIIEPUMEHT >KacaHbI3.
12 AJTBIHFaH HOTWKEJIEP/Il a3y KOHE OHJICY
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DKCHEepUMEHTTIK  3epTTeysiepAl Kyprizy mporeci 3.6-3.7 cyperrepae
YCBHIHBLIFaH

Cyper 3.6 - MT3-80 TpakTOpbiHa AU3ENb/II KO3FAITKBIIITHIH YIbTPAIBIOBICTHIK
09CEeHIETKIMITI KOCY IMpoIIeci

Cypet 3.7 - MT3-80 TpakTOpbIHA JU3€IIb/II KO3FAITKBIIITHIH YJIBTPAIbIOBICTHIK
COHJIIPTIIIIH KOCY
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Kecrte 3.7 - 1000, 1500 »xone 2000 aifH/MUH Ke31HE COYICIIBIFAPFIIITAPIBI KOCY
KOCIapbl MEH TOPTIOi

No | VabTpaasio Kocbiny Kepcetkimrep

TOXI BICTBIK CoynensirapreIITap

pube | coynembl- | Nel | No2 | Ne3 | Ne4 | No5 | Ne6 | Tytin | COz, | O, | Kyite
FapFbILLI- D, % % % | macca
Tap.IbIH CBI
yilnecimi

1 y/1-ChI3 - - - - - -

2 ly/n +

3 3y/n +

4 6 y/n +

5 1-3 y/n + +

6 1-6 y/n + +

7 3-6 y/n + +

8 1-3-6 y/n + + +

9 OGapmeiIky/m | + | + | + | + | + | +

ToxipuOe >xkocmapbl YIbTPAABIOBICTHIK COYJEHIBIFAPFBINITAPALI dp TYpPIi
yineciMaepae Ke3eH-Ke3eHIMeH Kocyabl ke3aeai, oy onapabiH 1000, 1500 xoHe
2000 aiiH/MUH KO3FAJITKBIII aifHAJIBIMAAPBIHBIH CaHbl ©3TE€PreH Ke3ie AU3EIIbJIIK
KO3FaITKBIITHIH TYTiH, CO2, O ’oHe mailijlaJlaHbUIFAaH Ta3/lap MacCaChIHbIH
KOPCETKILITEPIHE 9CEPIH aHbIKTayFa MYMKIHAIK Oep/il.

Heri3ri kagam (Oakpuiay eJiieMi): yabTPaAbIOBICTBIK 9CEPCI3 KOPCETKIIITED
Tipkenal (Nel toxipube). byn kepcerkimTepiH OacTankbl MOHAEPIH aHBIKTayFa
YKOHE OHBI OaKblIay MOHI PETIHJIE Mai1aJaHyFa MyMKIH]IIK Oep/il.

CoynembIFapreIITAPAbIH, ~ KEKE KOCBUIBIMBI: KEKE  COYJICIIbIFAPFBIIITAD
Ke3eKTecin Kochbubl (Taxkipuoenep Ne2, No3, No4), Oy oapAblH opKaiChIChIHBIH
OOMIIEKTEPIIH KOATYJISIHUS TPOIECIHE KOCKAH YJIECIH >XOHE KOPCETKIMITEPAiH
e3repyiH Oaramayra MyMKiHIik Oepai [53].

Apanac OaiijaHbIC: €Kl HEMECE OJIaH J1a KOl COYJICIIBIFaPFBIIITAPIBIH dPTYPIIi
yinecimaepi KochUiabl (Toxipubenep Neo5, Ne6, No7, No8) kepceTkimTepiH
TOMEH/ICY1HE 9Cep €TETIH €H THIM/II KOMOMHAIMSIAPbl AHBIKTAY MaKCaThIH/IA.

Makcumanpl KyaT pexuMi: cOHFbl Ke3eHae (Ne9 Taxipube) OapiblK alThl
yIbTPAIALIOBICTRIK — COYyJICIUBIFAPFBIITAP OIp yaKbITTa 1ICKE€ KOCBUIABL, Oy
MaKCHUMAJIJIbl aKyCTHUKAJIBIK OCEPIiH THUIMILIITIH Oarajayra *oHe TYTIHHIH IIEKTI
TOMEHJICYIHE KOJI KETKI3y Il TeKCepyre MyMKiHIiK oepai [53].

By xocnap KaxeTTi ToxipuOenep1iH 0apiblK TI3IMIH KYPrizyre sKoHe AU3eIIbI1
KO3FANTKBIIITHIH ~ TaWJalaHblIFAaH  Ta3JapblHAAFbl  Kylle — OOJIIeKTepiHiH
KOAryJISIUSICHl MEH TYHABIPY MPOLECIHE YIbTPAIbIOBICTHIK 9CEPIiH dCepl Typasbl
CEHIM/I1 HOTHXKeepre KOJI KEeTKI3yre MyMKIHIIK Oep/i.

DKCHEpUMEHTTIK 3ePTTEYIEP/IIH KOCIaphl MEH TOPTIOIHE COWKEC OHBIH HET13T1
Ke3eHJIepi:
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Bipinmn ke3eH-TYTIHHIH KOPCETKIIITEPIH aHbIKTay. Omniey ra3 yarici apKbUIbl
OTETIH aphIK AFbIHBIHBIH KAPKBIHIBUIBIFBIHBIH ©3TePYIH Ka3aThIH ONTHKAJIBIK
TYTIH OJIIIETIMTIH KoMeTIMeH Xypri3uial. CeiHaManmap yiabTPaIbIOBICTHIK dCepTe
JeiH XKoHEe OJaH KEHiH ajbIHIbl, OYJ YJIbTPaAbIOBICTHIK OHACY HOTHKECIHIE
TYTIHHIH CaJbICTBIPMAIIBI TOMEHICY1H aHBIKTayFa MYMKIH/IK Oep/Ii.

ATNBIHFAH JEpeKTepal Tajjay TYTIHAI a3aiTy THIMAUITIHIH KyaT TIeH
yJIBTPaAbIOBICTBIK dCEpre TOYEAUTITIH aHbIKTayFa MYMKIH/IK Oepi.

ExiHmmn ke3eH-ra3 KOMIIOHEHTTEPIHIH KOHIICHTPAIUSCHIHBIH KOPCETKIITEPiH
anbikTay (CO2 xoHe O2).

Oniiey yJabTpaAbIOBICTBIK dcepre JAEHiH >KOHE OAaH KeWiH Kyprizuiml. by
aKyCTHUKAJIBIK OPICTIH Ta3 KOMIIOHEHTTEPIHIH apakKaTbIHACBIHA dCEp ETETIHHITrH
Oaranayra, COHJai-aK NalJallaHbUIFaH Ta3/lblH KYpamblH e3repTyre KaOiJleTTi
KaHaMa XUMUSUIBIK peaKIUsiap/IblH )KOKThIFbIHA KO3 KETKI3yTe MYMKIHIIK Oep/Ii.

YunHmn Ke3eH-Kyile MaccachblH aHbIKTay. 3€pTTEYIIH COHFbl KE3CHIHJE
YABTPAABIOBICTBIK OHJIEY IMPOIECIHAC MalJalaHblIFaH arblHHAH OeJHETIH
OeJieKkTep/ll CaHABIK Oaranay >Kypri3uigl. On VIIiH aiablH-ajila JailbIHAAJIFaH
Kara3/bl SKCTICPUMEHTKE JICHiH )KOHE KCHiH OJIIeyre Heri3ereH TPaBUMETPHSITBIK
QMIIC KOJITAHBUIIEL.

AK cy3ri Kara3pl KOaryJSIIUsUTaHFaH Kyie OeJImIeKTepi TYHIBIPBUIFaH CTCHIT
HayachlHAa OPHATBUIABL. DKCIIEPUMEHT asKTAFaHHAH KEHiH Kara3 MYKUST aJIBIHBIII,
aHaJTuTUKaNBIK Tapasbutapaa 0,1 mr gommiknen emmenal (3.8-cyper). Toxipubere
JEeWIHT1 KoHe KeWIHrl Kara3 MacCalapblHbIH aWbIpMAIIbLIBIFEI T'a3 aFbIHBIHAH
aJIBIHFaH KYie MOJIIepiH aHbIKTayFa MYMKIH/IK OepIi.

Cyper 3.8 - Kara3 napakrapbiH JalbIHAay JKOHE OJIIIIeYy Mpolieci
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DKCnepuMEeHT HOTIKeNePi 3.8-KecTere Ka3bUIbl.

Kecre 3.8 - DkcriepuMeHT HOTHXKENEpl

Ne | Aumaneim | Y]] yitnecimi OJIIeHeTiH mapaMeTpIiep

(altH / MUH) CO2 % 02, % D, % Meaxa
1 1000 y/1 -ChI3 1,98 17,9 3,8 0,64
2 1 y/n 1,94 17,98 3,1 0,642
3 3y/n 1,84 17,14 3,4 0,645
4 6 y/n 1,82 18,19 3,6 0,65
5 1-3y/n 1,8 18,22 2,7 0,66
6 1-6 y/n 1,77 18,29 2,9 0,662
7 3-6 y/n 1,8 18,26 3 0,667
8 1-3-6 y/n 1,79 18,33 2,6 0,67
9 bapawik y/n 1,73 18,43 2,5 0,68
10 1500 y/1 -ChI3 2,22 17,92 4,7 0,66
11 1 y/n 2,18 17,96 3,5 0,661
12 3y/n 2,06 18,2 3,9 0,663
13 6 y/n 2,03 18,3 4 0,665
14 1-3y/n 2 18,31 3,3 0,672
15 1-6 y/n 1,98 18,32 3,5 0,675
16 3-6 y/n 2,01 18,38 3,7 0,68
17 1-3-6 y/n 1,96 18,4 3,1 0,69
18 bapawik y/n 1,9 18,48 3 0,71
19 2000 y/1 -CBhI3 2,36 17,95 9,6 0,69
20 1y/n 2,3 17,98 7,3 0,7
21 3y/n 2,2 18,4 7,6 0,672
22 6y/n 2,18 18,45 7,8 0,675
23 1-3 y/n 2,15 18,46 7,2 0,7
24 1-6 y/n 2,12 18,48 7,3 0,713
25 3-6 y/n 2,14 18,49 7,4 0,72
26 1-3-6 y/n 2,1 18,46 7,2 0,73
27 bapnwik y/n 2,05 18,53 7 0,75

Opl Kapaill canbICTBIpy, aJblHFaH HOTHXenepal xa3y (3.9-cyper) xoHe
YIABTPAABIOBICCHI3 dKOHE OHBIH 9CEPIHEH AEPEKTEP/Il OHILY JKYPIi3UIIl.
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Cyper 3.9 - AanbIHFaH HOTHXKENEPIl Kazy

Hortmxkenepain CEHIMAIUIITIH apTTHIPY YIIIH opOip ChIHAK PEXUMI KEMiHAE YIII
peT KaiTajmaHnabl. AJIBIHFaH MOIIMETTEp OpTalla MOHJEP/l AHBIKTAyMEH >KOHE
eJIIey KaTeNKTepiH OarajJayMeH CTaTUCTUKANIBIK OHCY/ICH OTTi

3.5 ANBIHFAH HITHKeJIEPi Taaaay

DKCNEPUMEHTTIK 3epTTEYJEP/IiH HOTHKeNIepl OOMBIHINA KO3FAITKBIIITHIH UIHI
oimiriaiy aHanmeiMbl 1000, 1500 >xone 2000 aiin/MHH caHIAPBIHBIH MOHI Ke31HIE
YIBTPAILIOBICTRIK ~ COYJICHIBIFAPFBIINTAPABIH,  KOCBUIYBI ~ MEH  YiJIeCIMiHE
OailJIaHBICThI KOMIPKBIIIKBUI T'a3bl MEH OTTET1HIH, TYHIBIPbUIFaH KYile MEH TYTIHHIH

e3repy rpaduKTEpi KacaIbl.
- s w1000 aifn/man rezingie
w1500 afin/MAH Kezinge
w2000 ajin/MHE Kedinae

yia-en1z 3vin 1-3 y/n 1-3-6 v/ GapasIk v/
1vin 6yin 1-6 v/n 36y

25

CO; KepceTKiwi, %

Caynempirapreimrap yhaecimi

Cypert 3.10 - CoynembIraprelTapablH YiJIeciMiHe OaliIaHbICTHI
KOMIPKBIIIKBLT T'a3bIHBIH KOPCETKIIITEPIH 63repTy
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peeTrimi, ¥

0; ke

18 | g - w1000 aiin/MEH Ke3ingie
. w1500 aifn/MuA Kesinze
17
165 2000 aiin/MBH Kezinge
16

y/a-chis 3yin 3yt 136ya  Gapamik via

1via 6y/n 1-6v/a 36y

CoynemsIrapruimrap yilaecivi

Cyper 3.11 - CoyneuibIraprolTapibly YilJieciMiHe OaliIaHBICTHI OTTETIHIH
KOPCETKIIITEPIHIH 03repyi

OKCIEPUMEHTTIK 3epTTeyJIepIiH HOTHXKeENepl YIBTPAIBIOBICTHIK
COYJICHIBIFAPFBIIITEPl  KOJJAaHy  TNalJalaHbUIFaH  rasuapAblH  KypaMblHA
aliTapibIKTai acep eTeTiHAIrH kopceTTi. CO2 KOHIIEHTPAMSCHIHBIH 03repy rpaduri
OPTYpPJl  COyJICHIBIFAPFBIINTAD  KOMOMHAUMSUIAPBIH  TaljganaHy  Ke3iHje
KO3FITKBIIITHIH alHaAJIy CaHBIHBIH opOip MOHIHJE KOMIPKBIIIKbUT Ta3bIHbIH
TOMEHJIEY TEHJCHUMUSIChIH KopceTedl. YIbTpaablObICTHIK acep ernecteH, CO:
KOHIICHTPAITUSACH MaKCUMAJIIbl MOHIAEpPre w©e, OyJI IMaimajaHbUIFaH Ta3gapia
OOJaThIH TOTBIFY IMPOLIECTEPIHIH KETKUIIKCI3 KapKbIHIBUIBIFBIH KepceTenl. JKeke
COYJICHIBIFAPFBIIITAP MEH OJIAPABIH KOMOWHAIUSIAPHI, MbIcasbl, 1-6 xoHe 1-3-6
COyJICHIBIFAPFBIITAphl  KOocbutFaH Kke3ne, (CO: KOHIIGHTpAIlUsACHl TOMEHJEH
OacTaiizpl, O1paK MaKCHUMAaJIJIbI dcepre 0apIibIK COyJICUIBIFAPFBIIITAP bl O1p YaKbITTa
KOJJIAaHFaH Ke3Jle FaHa KOJ JKeTKI3UIeNl, OyJI Kypaem yJIbTpaablObICTHIK 9Cep €Ty
apKBUIbI TOTHIFY MPOIECTEPIHIH KOFaPbIJIAybIH PACTaMIbI.

¥Kcac TeHIEHIUA OapiblK COyJICHIBIFAPFRIIITAPABl  MaiiaiaHFaH  Ke3Je
OTTETIHIH MakcUMayJibl Mejiiepi OckituireH O: KOHIEHTPAIUSICBIHBIH ©3Tepy
rpaduringe Oalkanaabl. YIIBTPaAbIOBICTBHIK OCEPCI3 OTTETIHIH JEHrell OHBIH
dCEepiHEH TOMEH OOJIBIN Kajlaabl, Oy ra3 OpTachlHIa XUMHUSUITBIK PEaKIMsUTapbIH a3
KapKBIH/IBI )KYPYiH KepceTreni. XKeke coyrembraprelmTapabpl KOCKaHIa, e3repicTep
YKEPTUTIKT1 00BN TaObLIaAbl, Oipak Oip yakbITTa OlpHEIIe COyJICIIbIFAPFBIIITAP/IbI
naiiananran ke3ae Q2 JeHreil TypakThl TYpe apTajibl, OV JacTayibl 3aTTap IbIH
TOTBIFY MPOIIECTEPIHIH JKaKCapFaHbIH pacTal/Ibl.

JKyprizinren 3eprreynep nalaaiaHbUIFaH Ta3aapabl YIAbTPAIBIOBICTHIK Ta3apTy
OJIapJbIH KypamblHa OH ocep eTEeTIHAINH pacTaiapl. CoyJembIFapFhIITapiabl
YKEKeJeH MmaiiiajJaHy ra3 OpTaChIHBIH OHIMIUTITIH )KaKCcapTyFa Jia bIKIaJ eTel, Oipak
€H YJIKEH ocepre OapiblK COyJCHMIbIFAPFBIITAPAbl JKaH-)KAKThl KOCY apKbUIBI KOJI
KETKI31Iea1. byt 3usHABI 3aTTapIbIH MIBIFAPBIHABIIAPEIH a3aUTYyAbl dKOHE OJIAPABIH
TOTBIFY THIMAUIITIH apTTHIPYJbl KaMTaMachl3 €TETIH MaiJallaHbUIFaH ra3fapibl
TazapTy  TPOLECTEpiHAEC  YJIbTPAABIOBICTHIK  TEXHOJIOTHSHBI  KOJIJIAHYIBIH
OPBIHIBUIBIFBIH PACTANIBI.
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DKCHEPUMEHTTIK 3ePTTEYIEeP/IIH HOTIKEIEpl OOMBIHITIA KO3FAITKBIIITHIH HIHI1
Ouririnig aiHaneiM cadbiHBIH 1000, 1500 sxone 2000 aiiH/MUH MOHIEp! Ke3iHIE
COYJICIIBIFAPFBIITAPABIH  YiJIeciMiHe  OalJIaHBICTBI  TYHIBIPBUIFaH  Ky#e
MacCacChIHBIH 03repy rpaduri xxacanasl (3.12-cyper).

0.76
—
. 0.74
a2
b 0.72
2 o7 - B ]
S 68 | |
=
=, 0.66
f 0.64 I = 1000 afin/MuH
«<
; g = 1500 aita/Mun
=L
- 0.6
0.58 2000 aita/MuaB
via- 5 o
ChI3 1y 6y/a 13
3y/a - 16 36 136

y/a HapabIK

v/a

v/a via v

YasrpaasiobicTap yiaecimi

Cyper 3.12 - CoynembIiraprplIITapAbIH YilJieciMiHe OaliIaHbICTHI TYHFAH KYiie
MacCacChIHBIH ©3repyi

Ko3ranTkeITelH HiHAl OLTiTiHIH aitHany canblHBIH 1000-HaH 2000 aiftH/MUH-TE
JeHiH YJIFalObIMEH OapiblK KYMBIC PEXKUMACPIHIEC TYHABIPBUIFAH Kyle
MacCaChbIHBIH JKalmbl eocyl Oaiikanmaapl, OV TIYIIMTENb apKbUIbl OTETIH
naiiaJaHbUIFaH Ta3ap KeJEMIHIH YJIFaroblHAa OailaHbICTBL. Y IBTPAJABIOBICTHIK
COYJICHIBIFAPFBIITAPBIH KOCBUTYBI Ta3/lbl Ta3apTy MPOIECIHAC YIbTPAIbIOBICTHIK
TOJIKBIHJIAPABIH TUIMAUIIIH PACTAUTBIH YIbTPAIbIOBICTHIK 9CEpP E€TIEUTIH KYMBIC
PEXKUMIMEH CAJIBICTBIPFaH/Ia TYHJIBIPbUIFAH KYHEHIH alTapiblKTail ©CylHe oKeJeIl.
bencenai coyemblrapFhIITapAbIH CaHbl apTKaH CallbIH Ta3ajlay TUIMAUIIT apTabl,
OWI ocipece €Kl JKOHE VI COyJICIIBIFAPFBIIITHI O1p YakbITTa NaiajaHfaH Ke3Je
Oaiikanaabl *koHE OapibIK yIbTPAAbIOBICTBIK COYJICHIBIFAPFBIITAPIbI O1p YaKbITTa
KOCKaHJa Kyde MOJIIepIHIH  MaKCUMalJbl ©CYlHE KOJ  JKETKI3UIei.
CoynembIFaprbIITapIbIH opTypIi KOMOUMHaIMSIapbIHBIH TUIMILUTITTHIH
alBIPMAIIBUIBGIFBl  AMHAIIBIM  CAHBIHBIH apTYbIMEH AaWKBIHBIpAK OoJyiagbel, OV
KOaryJisus MpOIeCTEPIHIH KOFaphUIAybIH JKOHE Ta3IapblH KaPKbIH/IbI aF bIHBIH/A
YIBTPAILIOBICTBIK CEPIIH THIMILTITIH pacTalIbI.

Ocplnaifia, SKCIIEpUMEHTTIK JAepeKTep NaiilianaHblIFaH ra3aap/bl Ta3apTyAablH
VCBIHBUIFAH OJICIHIH THIMIUITH pacTaabl. YJIbTPAAbIOBICTBIK OHILY KYiie
OOMIIeKTEPIHIH KOATYJISIHACH MEH T€3 TYHABIPHUTYBIHA BIKIA €TiM, OJIAPBIH T'a3
OpTachIHAAFbl KYpaMblH a3alTThl. JKyprizuireH TaxipuoOenep yiabTpaablObICTHIK
COYJICIIBIFAPFBINITAP KOCBUIFAH KE€37I€ TYHABIPBUTFAH KY€ MacCaChIHBIH YJIFalObIH
TIpKedl, OYJI yJIbTPaIbIOBICTBIH 9CEPIHEH OOJIIEKTEPAIH YIKEUTY KoHE TYHJIBIPY
IPOILECTEPIHIH MKOFapblUIayblH Kepceredi [83].
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TyTiHHIH ~ e3repyilH  KepceTeTiH  TIpaduKTe  CoyJeUIbIFapFbIIITapIbIH
KOJIJIaHBLIAThIH KOMOMHALIMSACHIHA OailIaHbICTHI KO3FAITKBIIITHIH aifHAITy CaHbIHBIH
OapIBIK MOHICPIH/IC OHBIH TOMEHCY TeHIACHITUACH Oaiikamans! (3.13-cyper).
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YasTpaasiobicTap yilaecimi

Cypert 3.13 - CoynembIFaprelTapablH YilJieCiMiHe 0aliIaHbICTHI TYTiH
KOPCETKILITEPIHIH 63repyil

¥YChIHBUIFAH KeCTeNepAe €H YJKeH TYTIH YIbTPaAblOBICTHIK 9CEpPCi3
KO3FaJITKBIIITHIH KYMBICBIHIA OalKaaasl, OYJ1 OOJIIEKTEePAiH YIbTPaIbIOBICTHIK
KOaryJisuschl 00JIMaraH Ke3J1€ JIaCTayIIbl IIbIFAPBIHIBUIAP/IBIH )KOFAPhl IEHIeH1H
pactaiiasl. JXKeke coynembirapreimTapabl Kocy kesinge (Nel, Ne3, Ne6) TyTiHHIH
mamanbl TOMEHJeyl Oaiikanazipl, OlpaKk ocepi MmaMaibl OOJIBIT Kajaibl, OVl
yIbTPAAbIOBICTBIK OCEP/AIH OpHAJacybIMEH TYCIHAIpUIENl — Tra3 arbIHbIHJAA
KOaryJIAIUsFa YIIbIpaMaFaH aiMaKTap Kaaa bl

TyTiHHIH aWTapibIKTail TeMeHzaeyl Oip yaKbITTa €Kl HeMece OJaH Ja Ken
COyJICIIBIFAPFRIITAPALI KOCKaHAa Oactananpl. 1-3, 1-6, 3-6 komOuHaIMsAIApHI Ta3
TYTIHIHIH alKblH TOMEHJEYIH KepceTeadl, OyJl ra3 arblHbIHAA YIbTPAIbIOBICTHIK
ocepaiH Oipkenki TapainyblH kepceTeai. CoHbIMEH KaTap, Yyl OeJceHal
coynembirapreimta Aa (1-3-6) TyriHHIH Oenrimi Oip nmeHredi Kamaabl, Oy
aKyCTUKAJIBIK 9CEP/Il OJ[aH 9pi KYIIEHTY KQKETTUIIIH KOPCETE/I.

Jlactanyipig eH TOMEHT1 JIEHTrel OapIIbIK YIBTPATBIOBICTHIK
COyJICHIBIFAPFRIITAp Olp yakbITTa KOCBUIFaH Ke3ae Oomanbl. byn pexumme
IIBIFATBIH aFBIHHBIH OYK1J KOJIEMIHE 9Ccep €TETIH OIPKENKI yJIbTPaIbIOBICTHIK Opic
Kacananapl, Oyi1 Kyiie OeIIeKTepiHiH MaKCUMAJIIbl KOATYJISIHSICHIH KOHE OJIapAbIH
TUIMII TYHABIPBUTYBIH KAMTaMacChI3 €TEIi.

Conpaii-ak, KO3FaaTKBIIITEIH TOMeH >KbL1aamMabiFel 1000 aitn/MuH OonraHaa, ra3
arbIHbI 0asty KO3Fanazbl, OYJ1 yIbTPaAbIObICTBIK TOJKBIHAAPIBIH O6JIIIeKTEPre dcep
€Ty YaKbIThIH apTThIPAbl, OJIAPABIH TUIM/II KOATYJISILUACHIHA BIKIAT €TE/IL.

Ko3FanTKpIIITHIH OpTallla alHaly >KbUIAaMIbIFbIHAA, aMaMeH 1500 aitn/muH,
arblH SKbUIIAMJIBIFBI apThil, OOJIIEKTePIH YIbTPaAbIOBICTHIK OPICIEH >KaHACy
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yakbIThIH a3aiTaabl. COHbIMEH KaTap, TypOYJIEHTTUIIK apTaabl, Oyi1 Oip KaFbIHAaH
ra3fiblH apajacyblHa BbIKIAT €Tell >KOHE OOJIIeKTepAiH YJIbTPaabIObICTHIK
TOJIKBIH/IAPMEH OPEKETTECY BIKTUMAIIBIFBIH apTTHIPAIbI, OipaK €KIHIII YKaFbIHAH
OJIapJIBIH KOATYJISIIMIChIHA KeAEePTi KeNnTipyl MyMKiH. OcbIFaH KapamacTaH, 0apIibIK
COYJICHIBIFAPFBIIITAP TOJBIK KOCBHUIFAH Ke37l¢ TYTIHHIH alTapibIKTall TOMEHIEY1
OailikasiaJibl, IET€HMEH 9Cep TOMEH alfHaJIbIMAapFa KaparaHaa OHIlIA alKbIH eMeC.

KO3FanTKBIITHIH KOFaphl KbLIAaMAbIFbIMeH, mamamen 2000 aiiH/muH, Ta3
arbIHBI ©TE KbUIAM 00JIaJlbl, OYJI YIBTPAIBIOBICTHIK YKCIO3UIINS YAKBITHIH €19Y1p
KbICKapTaabl. by xkarmaiiia TypOyJIeHTTUIIK KYIIenin, OOMImeKTepAiH Xa0TUKAIBIK
KO3FaJIbICBIH  TYABIpabl, OYJ OJIapAblH KOAryJSIHMAChIHA BIKOAT €Tyl g,
KaJIbIITaCKaH arperarrapAbl Oy3ybl Ja MYMKiH. TyTIHHIH MakKCUMaJabl
TOMEHJICYIHE OapibIK COYJCHIBIFAPFBIIITAD KOCBUIFAH Ke3/1€ KOJ KEeTKI3UIel,
OUTKeH1 Oyl yJIbTPaJbIOBICTHIK OPICHEH €H KyaTThl XKoHE OIPKENKi KaOy/Ibl
KaMTaMachl3 €Te/ll.

CoHbIKTaH >KOFapbl allHaIbIMAAPA Ta3/bl Ta3apTy TUIMILUIITIH apTThIPY YIUIIiH
COYJICHIBIFAPFBIIITAPIBIH KyaThIH apTTHIPY, OJIAPABIH OPHAIACYBIH HEMECE OJIap IbIH
apachIHIAFbl KAIIBIKTBIKTHI OHTANIAHABIPY JKOHE KON CaThUIbl Ta3lbl OHACYIl
KapacThIPy YCHIHBLIABI.

Ocbutaiiia, yJabTpaabIOBICTBl KOJAAHY Ta3fgapAblH TYTIHIHIH aWTapJbIKTan
TOMEHJEYIHE oKeyell, Oyl onapAapl Ta3apTy MPOLECIHAE OHBbIH THIMAUITH
pacTaisl.

3.6 DKCIIepUMEHTTIK 3epTTeyJiepAiH HOTHKeJIePiH 6Haey

OKCHEpUMEHTTIK 3epTTEYJIepAiH HOTIKeNIepl OONBbIHIIA PETrpeCcCUsIIBIK-
KOPPETSALUSIIBIK Talfay >KYPTri3iiili, OHbIH OapbIChIHIA KO3FAITKBIIITHIH aiHaTY
CaHbIHAH, YIBTPAIBIOBICTHIK COYIICIIBIFAPFBIIITAP/IBIH KyaThIHAH KOHE apaChIHIaF bl
KAIIBIKTBIKTaH Ta3 TYTIHIHIH KOPCETKIIITEPIHIH ©3repylH CHUNaTTalTbIH Kol
OJIIIIEM/I1 pErpeCcCus TEH Y1 Kacall Ibl.

D=91,7879+(-0,1175) N+23,2307 -L+(-0,0263) n-+0,0001 N2+(0,0394) -

N-L-(10)""N -n+(20,5010) 4+(-0,0016) L n+(10) " n? (3.1)

Perpeccusi TeHneyiHEeH anbIHFaH JAETEPMHUHANMS KOI(PPUITMEHTIHIH MOHI
(R?>=0,9715) kem emmemai perpeccus MOAENl NalJalaHBUFAH ra3 TYTiHIiHIH
KO3FAITKBIIITHIH aifHally CaHbIHA, KyaTblHa J>KOHE KAIIBIKTHIFBIHA TOYENIUTIriH
KaKChl CUTIATTAUTHIHBIH KOpCeTedi. byJl MOJIeNb OCHI MIEKTepIe Ta3anay MpoIeciH
cunaTTay yIIiH CeHIMII.

CoHpaii-ak, ajnbIHFaH Koppedsanus kodpduuueHTinid MoHi (1=0,98) 6oipkanran
MOJIeJTb MEH HAaKThl JKCIEPUMEHTTIK MOHIEP apachIHAAFbl KYIITiI CBI3BIKTHIK
OaiimaHpICTRl KopceTeni. Mojenb KO3FaNTKBIITHIH aifHaly CaHbl, KyaTbl MeEH
KAILIBIKTBIFBI ©3repreH Ke3/1€ TYTIHHIH ©3repyiH A9JI CUTIaTTalIbl.

AJIBIHFaH perpeccus TeHJIEy1HEe COMKEC COyNIeIIbIFapFIILITAP bl KOCYABIH 9pOip
KOMOHMHALIMACH! YIIIH TYTIH MOHIEPl aHBIKTAJAbI. AJBIHFaH TYTIH MOHJAEPIHIH
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HET131H]1e 0JIap/IbIH AKCIIEPUMEHTTIK MOHIEP/IeH aybITKYbI (%) ecenteneni. Ecenrey

HOTIKeTepi 3.9-kecTeie KeNnTipiireH.

Kecre 3.9 - TyTiHHIH 3KCHEpPUMEHTTIK XoHE OOJDKaMIbl MOHIEpl (perpeccus
TeH/eyl OOMBIHIIIA)

Avinan | Y] Tytin Y] (N) | Yasrpanasr- TyTin AYBITKY,
pIMIAp | YHJeci- | (Toxi- KyaTtbl, | OBICTBIK (perpec- | (%)
(aitm /| mi puoe Br CoyJIEHIbIFap- | CHs
MUH) OOMBIH- FBIILITAP TeHJIeY1
mia), (D) apachIHIarbl | OOMBIH-
KAIIBIKTHIK mra), (D)
1 1000 | V[ oK 79 - - 79,68 0,86
2 1 73 100 0,17 73,69 0,95
3 3 77 100 0,34 76,27 0,94
4 6 79 100 0,85 76,88 2,67
5 1-3 69 200 0,34 69,16 0,23
6 1-6 70 200 0,85 71,78 2,54
7 3-6 71 200 0,51 71,22 0,31
8 1-3-6 67 300 0,85 67,97 1,45
9 bapbik 66 600 0,85 64,314 2,55
YA
10 | 1500 | YU xok 87 - - 84,3 3,1
11 1 78 100 0,17 78,86 1,1
12 3 80 100 0,34 81,29 1,62
13 6 81 100 0,85 81,5 0,62
14 1-3 74 200 0,34 74,86 1,17
15 1-6 78 200 0,85 77,08 1,17
16 3-6 80 200 0,51 76,79 4,01
17 1-3-6 72 300 0,85 73,95 2,71
18 Bbapmbik 71 600 0,85 712,32 1,87
YA
19 | 2000 | VI xok 96 - - 96,03 0,03
20 1 90 100 0,17 91,13 1,25
21 3 91 100 0,34 93,43 2,67
22 6 92 100 0,85 93,24 1,35
23 1-3 89 200 0,34 87,68 1,48
24 1-6 90 200 0,85 89,49 0,55
25 3-6 91 200 0,51 89,47 1,67
26 1-3-6 89 300 0,85 87,04 2,19
27 bapbik 87 600 0,85 87,45 0,52

YA
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3.9-kecrere colikec KYBIKTay KaTeCl opTallia €CEeIIeH PerpeccHs MOJCIIHIH
OomKaMaapbl SKCIIEPUMEHTTIK aepektepraeH 1,54% aybITKbiFaHbiH Kepcereni. Ex
YIIKeH aybsITKy "3-6" komOuHammsicel yirid 1500 aita/mun (4,01 %), an eq azer — 2000
aitn/mun xargaiina, on tek 0,03% xypanabl. B¥n y.]'IBTpan[BI6BICTBIK acep ery
napameTpiiepine OalIaHBICTBI TYTIHHIH ©3TepyiH OoJDKay YIIH PEerpecCHsITbIK
MOJIEIIb/II KOJITaHyFa OOJIaThIHIBIFBIH JOJIEACH 1. bysl KaTe KepceTkinn MOAETbIIH
JOJIITIH MIEKTEUTIH SKCIEPUMEHTTIK TOKIpUOENIep/IiH a3 CaHBIMEH OaiJIaHBICTHI.

CoHBIKTaH KYBIKTAay KaTECIH a3ailTy YIIIH 3KCIEPUMEHTTIK TOKIpuOeiep CaHbIH
keOeiTy Kaxer [83].

1000 aifin/MaR
T‘i"l'ill..’lﬂ (aKcme-
pI!MEIlT OoHBIHIIA)
Tﬂ'iu.:le:r' (perpeccus
Terevi folibiHIna)
1-6

V-cuz 1 ~ 1-3-6 Bapawix V]

2 8 5

3

wh
=]

Tyrisney kepcerkiun, D (%)
= B8 2 3

=

VaeTpaOBUIBICTRI CaVISTSHIIPTIITep Yil1eciMi

Cyper 3.14 - 1000 aita/mMuH Ke3iHIETi ra3 TYTiHIHIH SKCIIEPUMEHTTIK JKOHE
perpeccus TeHJEyIMEH €CENTeNreH MOHIEP] apachlHaFrbl KOPCETKIIITEPI

;; " i/
~ 80 1500 alp/MHAEA
.5 m
‘g T".'T]-H.'IW [:lhﬂlﬁ‘
o Pll\‘I!HEIT Golisiama)
2 50
2 4w
g T\Tln:u}‘ (perpeccuns
E 20 Teraevi bolinimma)
= 10

0

Vil-ewmz 1 . 6 136 Bapamx Y][

VIbTpalBlaBICT CaVIeTeHAIPriTep yilTecini

Cyper 3.15 - 1500 aitn/mMuH Ke31HIET1 ra3 TYTIHIHIH SKCIIEPUMEHTTIK JKOHE
perpeccusi TEHICYIMEH €CENTeNIreH MOH/EP1 apachlHAAFbl KOPCETKIIITEPl
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0%
o6
2000 afin/MHBH
04

Tyringev (3xcne-

|| T
pHEMeHT DofibIHIIA)

58
o6 ~ Tyriaaey (perpeccas

~ Temaeyi DofiniHIna)
£4
82

1-6

V-cwiz 1 1-3-6 Bapawmk V]I

Tymaney xkepcerki, 1D (%)
=
=

VaETpaGRIIBICTE CavIeTeHIIprimTep yit1eciMi

Cypert 3.16 - 2 000 aitn/MuH Ke31HJer1 ra3 TyTIHIHIH SKCIIEPUMEHTTIK JKOHE
perpeccust TeHJIEyIMEH eCeITeIreH MOHIEp1 apachIHAaFbl KOPCETKIIITEPI

3.14-3.16 cypertepaeri rpaduk perpeccust Mol TMalWJalaHbUIFaH Ta3Jlbl
yJIbTPaAbIOBICIIEH Ta3apTy MPOLECIH KaHUIAIBIKTBl JoJI CHUINATTAUTHIHBIH JKOHE
HKCIEPUMEHTTIK JEPEKTEP TEOPHSUIBIK €CENTEYIEPMEH Kalail CalbICThIPbLIATHIHBIH
Kepcetenl. Perpeccus TeHIeyIMEH CalbICThIPY €CENTEY MOAETIHIH 3KCIEPUMEHTTIK
MOJIIMETTEPre CoMKeC KENETIHAINH KOepCeTedl, €Al aybITKybl Oap. AYBITKY
JACTaHYJbIH TETEPOreHAUIIrT HeMece OJapAbl JKOK JIMHAMUKAChl CHUSKTbI
HKCIIEPUMEHTTIK JKaFAailiap MOJIENbE TOJBIK €CKEPIIIMEreHIIKTEH O0Tybl MYMKIH.
['padukrep COHbIMEH KaTap VYJIBTPAABIOBICTHIH  OIpKENKI ocep €TYyiHIH
MaHBI3JIbUIBIFBIH KOpceTell. OUTKEHI, IKCIIEPUMEHTTIK CTEHATIH OYKUT Y3bIH]IbIFbI
OOMBIHIIIA YIBTPAIBIOBICTHIH OIpKENKI ocep €Tyl TYTIH KOPCETKIMITEPiHIH TOMEH
MOHJIEPIH aJlyFa MYMKIHIIK Oepei.

CoHIBIKTaH YCBIHBUIFAH PETrPeCcCUsUIBIK MOJAENBIl TazapTy HOTHXKENIEpiH
Oorkay YIIiH maiiananyra Oomanbl. Amnaijga, MaKCUMAaNIbl Ta3apTy ocepiHe KO
KETKI3Y YILIIH COyJICHIbIFApFBILITAp apAChIHAAFbl KAIIBIKTHIK KOHE OJapblH KyaThl
CUSIKTBl TIapaMeTpiiepll OJaH opl OHTAWIAHABIPY KaXKeT, OWUTKEeHI Keuoip
XKaraannapaa onapAblH apachlHIaFbl KAlIbIKTHIKTBI a3alTy KaKChl HOTHXKe Oepenl
[83].

CoynembIraprpllITap apachblHAAFbl KAIIBIKTBHIK TapaMeTpiepiHiH OHTaNIbI
MOHJIEPIH KOHE OJap/bIH KyaThIH aHBIKTAY YILIH PETPECCHUSIIBIK MOJIEIb HET131HIe
TEHJEyre MaTeMaTUKaIbIK Tangay »acaiabl. JKyprizuireH Tanjgay aHalbIMaap
caHbIHBIH (n), KyaTThIH (N) KoHE COyJICIIbIFAPFIIITAP apachIHAAFbl KAIIBIKTHIKTHIH
(L) esrepictepi tyTiHHIH (D) KepceTkimiTepiHe Kajlail ocep €TETIHIH aHbIKTayFa
MYMKIHJIIK Oep/i.

Ocwr Tanmmayra coiikec n, N, koHe L esrepren kesme D TyTiHIHIH e3repy
KapKbIHBIH aHBIKTayFa MYMKIHIIK OepeTiH TeHAeyJlepAiH IlIiHapa TYbIHIbLIAPbI
aHBIKTAJIbL:

Kyatsl Oovibrama (N):

110



Z_z =0,0394 - L+ 0,0002 - N —0,1175, (3.2)

KAIIBIKTBIK OotbIHIIA (L):

‘;_LL’ = —41,002 - L + 0,0394 - N — 0,0016 - n + 23,2307, (3.3)

altHaJBIMIAp caHbl OOMBIHIIA (N):

ab

= = -0.0016 - L — 0.0263, (3.4)

AJTbIHFaH TybIHABLIApFa colikec, N KyaTbIHbIH JKOFapbUIayhl TYTIHAL a3aiiTaabl
(Tepic CBIBBIKTHIK MYyIIEHIH apkaceiHaa -0,1175). Anaitna, Oyn ocep 1-aiH yikeH
MOHJIEpIHJIE a3asiyibl, oiTKeH1 e3apa apekertecy (0,0394 L) acepai ancipereni. L
apakalllbIKTBIFbI TYTIHTE KaTThI Tepic acep ereni (-41,002;L).

AMHanpIMIapabIH KeOerl TYTIHAI a3alTalbl, Oipak ocepi oci3, OUTKEeHl
koapummentrep a3 (-0.0016 xone -0.0263). KalIbIKTHIKIIEH ©3apa 9peKeTTecy
conbiMeH Katap (-0.0016 jL-) TyTiH KepceTKIITEepiHe MaMalbl 3Cep ETel.

Opl Kapail TeHACYJIepIH KPUTHKAJIBIK HYKTEIEpl aHBIKTaIAbId Z—i = ( xoHe
dD

dD
—=0.—=0.
dL dn

Tenneynep *yHeciH memnry:

0,0394-L+0,0002-N—-0,1175=0
—41,002-L +0,0394-N —0,0016 - n + 23.2307 = 0. (3.5)
—0.0016-L —0.0263 =0

napameTpJiepiH MaHbBI3[Ibl MOHJIEPIH aiyFa MYMKIHAIK Oepmi: N=3825,69,
L=16,4375, n=529958,23.

JlereHMeH, KPUTHKAIBIK HYKTEJEPIiH MOHJAEpl HAaKThI IWAIa30HIApAaH ThIC,
Oyn HYKTeHI (U3MKalbIK TYpFbIAaH MaHb3Abl emec eteal. byn skarmaiiga
KPUTHKAJIBIK HYKTE MPAKTUKAIBIK KoJigaHblIManbl. Cebebi perpeccust mojeri
IICKTEYJT AUana3oHAaFbl MapaMeTpiIepi CHITATTal b, ajl MAaTeMAaTHKAJIBIK Tajaaay
AKCTpPEMAaIIbl MOHICPII MIbIFApaIbl.

TenaeyaiH eKiHII TybIHIBICHI KPUTHUKAJIBIK HYKTCHIH CUTIAThIH CUTIATTaNIbI:

KyaThbl OOMBIHIIIA:

d?D
KaIBIKTHIK OOMBIHIIA:
d?D
E = —41,002, (37)



aifHaNBIMIap CaHbl OOMBIHIIA:

d?p
— = 0, (3.8)
2
2D — 0,0394, (3.9)
dNdL
@D _ g 3.10
dNdn ' (3.10)
2
LD — _0,0016. (3.11)
dLdn
Ecenrenren aHbIKTarbIITapJbIH MOHIHE coiikec H= - -0,00000305 ox Tepic

(h<0), byn TyHy HykTeciH kepceteai. byn dyHKIMS Kem OarbITThI 9peKeT eTel
nereral ouimipeni. TyHy Hykteci mapametrpiepaiy (N, L, n) Tyridare oprtypii
OarpITTa KapaMma-Kapchl 9CEp €TETIHIH PacTaiibl )KOHE Tene-TEeHIIKTI 13/1ey Kepek.
Ocpunaiiia, MakcUMaJbl — Ta3apTy  TUIMIUIITNIHE  KOJM  JKETKI3y  YIIIH
COYJICHIBIFAPFBIIITAP apaChIHAAFbl L KAIIBIKTBIFBIH OHTAMIAHBIPY KAXKET, OUTKEH1
THIM a3 >KOHE ThIM YJIKEH MOHJIEp MaiilajlaHbUTFaH TYTIHHIH )KOFapblUIayblHA JKETyl
MyMKiH. CoHbIMEH KaTap, N KyaTbIHbIH OCEPIH €CKEpYy MaHbI3[bl, O1paK OHBIH
VIFAIObl COYJICIIBIFAPFBIITAP/IbIH OHTAWIBl OpPHANACYBIMEH TEHECTIPUIyl Kepek.
byn L kambIKThiFbl MEH N KyaTbl apachlHJarbl TEME-TEHIIK TYTIHIl a3alTyIbIH
Heri3ri (akTopbl OOMBIN TaOBUIANBI, all N alHAIBIMAAPBIHBIH CaHbl MPOIECTIH
TUIMAUTITIHE allTapJIbIKTall ocep eTnen .

JKorapbina aiThUIFaHIAPIbIH HET131HC KOHE TCHACYIIEp KyHeciHe caiikec (3.5)
L >xone N mapamerpiiepiHiH OHTalIbl MOHJICPIH aHBIKTAY YIIIH KeJecl TeHACYJIep
XKyiieci OOMBIHINIA ecernTey JKYPri3iil:

0,0394-L+0,0002-N—-0,1175=0
—41,002-L + 0,0394 -900 — 0,0016 - n + 23.2307 =0

TpakTopnap >KYMBIC Ke31HIE KO3FAJITKBIIITHIH alHAly >KUUITIHIH KeH
ayKbIMBIHJIA KYMBIC 1CTEM11, OJ1 OPBIHAAJATHIH TaricbipMalapra OaitnanbicTel 800-
nen 2200 aiin/MuH-Te neiin e3repei. JKyKkTepai TachiManaay 5KoHe KOJT KO3FaIbIChI
CHUSIKTBI KOJIIK )KYMBICTapbl )KOFaphI aitHabIMIapMeH cunatrtana bl - 1800-nen 2200
aliH/MHWH. COHBIMEH KaTap, eTiCTIK, eTICTIK KOHE €TiC CUSIKTHI JaJabIK )KYMBICTAP/IbI
OphIHAay Ke3iHae oHTaiibl nuanason 1400-1800 aitH/MuH Kypanasl, Oyl
YKaHApMaWAbIH YHEMJ IIBIFBIHBI KE31HJE KaXKETTI TapTyAbl KamMTamachi3 €TyTre
MYMKIHJIIK Oepei.

OcbiHbl  eckepe  OoThIpbin, 1800  aiflH/MMH  KYMBIC  PEXHUMIHJE
COYJICUIBIFAPFBIIITAD  apachbIHAAFbl  KyaT TI€H  KAlIbIKTBIKTBIH ~ OHTAMJIbI
napaMeTpJepiH ecenrtey Kypriziagl. Hotmxkecinae keiaeci MOHAEP albIHAbL: KyaT N
= 319,35 Brt, coynemblFaprplliTap apachlHAarbl KambIKTHIK L = 1,361 M. Oyn
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napameTpiiep KO3FAITKBIITHIH OCpUIreH XYMBIC JXaFJalblHAA MMaiganaHbUIFaH
TYTIHHIH THIMJII TOMEHCY1H KaMTaMachl3 €Te/Il.

AJBIHFaH JEpeKTepAl Tanjnay KepCeTKeHJAeW, MaliJalaHbuFal ra3aap/sl
YIBTPAALIOBICTRIK ~ Ta3apTyIOblH  THIMAUIINT  KeOiHece  yIbTPaablOBICTHIK
coyJenbIFapreImTapAsiH (N) KyaTblHa JKOHE OJIAPJBIH apachIHAAFbl KAIIBIKTHIKKA
(L) GaitnanbicThl. KO3FalTKBIIITHIH alHANY >KbUIAAMIBIFBIHBIH JKOFapbLUIaybIMEH
naiJaTaHplIFAaH Ta3/1ap aFbIHBIHBIH JKBUITAMIBIFBI apTaabl, OV OemeKTepIin
yIbTPAILIOBICTHIK TOJKBIHIAPMEH OPEKETTECY YaKbITHIHBIH TOMEHICYIH 6TeY YIIIH
yIBTPAILIOBICTBIK 9CEp €Ty KyaTblH apTThipynbl KaxkeT etedi. CoHbIMEH KaTap,
JKOFaphl aFrblH O KbUIAMJIBIFBIMEH COYJICHIBIFAPFBIITAP AapachbIHAAFbl OHTANJIBI
KAIIBIKTBIK a3asi/ibl, OUTKEHI TBHIFbI3 OpHaiacy OeJIeKTepre THIMII 9cep eTyre
MYMKIHJIK Oepejii, oJap/AblH KOAryJsIUsIChI3 IbIOBIC OIIPTIITEH MIBIFYbIHA KOJ
oepmeiini [27].

Ecenreynepre coiikec, 1800 aitH/MuUH THIMII 9cep €Ty YIIiH OHTalbI KyaT N =
319,35 Bt kypaiiabl. OCbIHBI €CKEPE OTBIPHII, €K1 COYJICIIBIFAPFBIIITHI Al JalaHFaH
Ke3/I€ OJIap/blH SPKaKChICBIHBIH KyaThl lamameH 160 Batt O6omysl kepek. Aunaiina,
naijanaHbUIFaH Ta3gap aFbIHbIH O1PKEIKI KAMTY JKOHE KOAryJIsus 9CEpIH KYIIEUTy
yiriH apkaiiceickl 0,8—0,9 M kambikThikTa opHaThuirad 100-110 Bart KyaThiMeH
YKYMBIC ICTEUTIH YII COYJICIIBIFAPFBIIITI KOJIaHFaH keH. bys Kyiie OenlieKTepiH
CaThUIbl OHJICY/Il KY3€re achlpyFa MYMKIHIIK Oepelil, oJiapra 9p TypJil JAeHreie
acep eTell KoHE OJIapIbIH TYHBIPY THIMIUIITIH apTThIPAIb.

ConbIMEH KaTap, TYTIHII OapblHIA a3alTy YIIH ABIOBICTHI OIIIPTIIITIH
JIA3aiHBIH yIBTPAABIOBICTHIK TOJIKBIHAAPABIH JKHUIITT MEH aMIUTUTYIAChIH PETTEY
apKBUIBI XKaKcapTyFa 00aabl, OYJI KO3FAITKBIIITHIH OPTYPJIi KYMBIC PeKUMICPIHE
oeitimaenyal  kamTtamacei3  erenl. CoOHBIMEH  Karap, TIK  KYPbUIbIMIA
COyJICIIBIFAPFBIINTAPABIH  OlpHEIe JICHreWiH MakjalaHy KoaryJsiusiaHFaH
OeJIIeKTeP I1H KallTalaH aFbIHFa TYCylHE YKOJ OepMeit, ra3napabl Ke3eH-Ke3eHIMEH
TazapTyra MyMKIHAIK Oepe/l.

MyHpaii mapamerpiiept O6ap AbIObIC OUIIPrilITI NalJalaHy TeK KEHUI
aBTOMOOWJIBACP VIIiH FaHA €MeC, COHBIMEH KaTap 3USHIBI IIBIFAPBIHIBLIAPIbI
a3aiiTy Macelecl ©3eKTI OONbIl Kajga OepeTiH KYK KOJiri, aybullapyaulbUlbIK
TEXHUKACHI )KOHE CTAIIMOHAPJIBIK TU3€JTb KOHABIPFBIJIAPHI YIIIH € MaHbI3IbI OOJTYBI
MyMKiH. COHBIMEH Karap, COYJCIIBIFapFIIITAPALIH KyaThIH J>KOHE OJIApIbIH
OpHaJacCyblH JXYMBIC >KarJaWblHA KAapall PETTEeW OTBIPHIN, KO3FAITKBIIITAP]IBIH
OpTYpJL TYpJepl YIIiH Au3aiHAbel Oeilimaeyre Oosanbl. byn ynbTpagbIOBICTBIK
JBIOBIC OIMIPTIMITI KOJIK MEeH ©OHEPKACINTIK KOoJaaHOamapablH KEH ayKbIMBIHIA
naiaTaHbUIFaH TYTIHAI a3aiTy YIIH UKEMJ1 JKOHE MEePCIEKTUBAIIBI MISHTM eTe/l

[27].

Y i 6es1iM OOMbIHIIIA KOPBITHIHIBLIAP:

Kyprizuiren Toxipubenep AU3ENbAl KO3FAITKBIIUTAPIbIH MNailialaHbUIFaH
razJlapblH Ta3apTy YIIIH YJbTPaJAbIOBICTBIK TepOETiCTepAiH THIMIUIITIH pacTajbl.
O3IPJICHTeH YJIbTPAABIOBICTBIK JIBIOBIC OIIPTIIITIH TIK CTEHAIHAET1 ChIHAKTap
COYJICHIBIFAPFBIITAP/BIH KO JACHIeHIIl OpHaIacybl OOJIIEKTEPAIH KOaryIsusiChl
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MEH TYHJBIPY MPOIECTEPiH KYIIEUTE OTHIPHII, I'a3 aFbIHBIHA JOMEKTI ocep €TeTiHIH
KOPCETTI.

Hotmxenep yIIbTPabIOBICTHIK COYJICILIBIFapPFBIIITAPABIH KOCBLITYbI
naiinanansuFad TYTiHHIH 30-35% - Fa TeMeHAeyiHe, OTTET1 KOHIIEHTPAIUSICHIHBIH
»orapruiaybiaa (O2) )xoHe KOMIPKBIIKBUT ra3siHbIH (CO2) TOMEHIeYi1HE OKENICTIHIH
KOpCeTTi, OyJI OTHIHHBIH >KaHY TOJIBIKTHIFBIHBIH >KOFapbLIAybIH KOHE >KaHOaraH
OemIIeKTeP/IiH a3al0bIH KOPCETE]. ,

En ynken ocepre 40 kI'1 sxone 100 BT kyaT mapamerpiepi 6ap OapibIK ajaThl
COYJICHIBIFAPFBIIITEI O1p yaKbITTa KOCY apKbUIBI KOJ SKETKI3LIeal, OV KyHeHIH
TUIMJII TYHABIPBUTYBIH >KOHE KO3FAITKBIIITBIH OPTYPIl KYMBIC PEKUMACPIHIIE
(1000-2000 atin/MuH) ra3gapablH KYpaMbIH TYPAKTaHIBIPY/Ibl KAMTaMAacChI3 CTE/II.

MT3-80 tpaktopbiuabiH J1-240 nu3enbli KO3FaITKBIIIBIHBIH HAKTBl KYMBIC
JKaFalblHIa YJIbTPAAbIOBICTBIK TEpPOEHICTEpIH MPAKTUKAIBIK  KOJJIAHBLTYbI
AKCIEPUMEHTANIBI TYpA€ pacTaiabl. Tik CTEHJ IU3aliHbl KOJJICHEH >XyhelepMeH
CaJIBICThIpFaH/a Ta3ajnay THIMAUIITIH apTThIpa OTBIPHII, aKyCTUKAJIBIK SHEPTUSHBIH
OMIKTIKKE O1pKEJIKI TapalyblH KAMTaMachI3 €Te/Il.

Ochbunaiimia, Keaeci KOPhIThIHABLIAP JKacayra 00abl:

VYIbTpaAbIOBICTRIK ~ COYJEIIBIFAPFBINNTAD  NalaNaHblIFaH  ra3gap/IblH
YBITTBUIBIFBIH aWTApIIBIKTAl TOMEHIETE/];

CTeHATIH BepTHUKANb/l AU3aWHBI OOJIIEKTEPAIH KOAryJsUusiChl MEH TYHIBIPY
MPOLIECTEPIHIH KAPKBIH/IbI KYPY1 YIIIH OHTANIBL;

O3IpJIEHTeH CTEH]l JW3EJb/Al KO3FAITKBIIITAPIbIH MaiialaHbUFaH Ta3IapbiH
Ta3apTy YIIiH OHEPKICINTE KoHE Ko1K KOHABIPFhUIAPBIHIAA KOTaHbLIA alajIbl.

Tyracraii anranga, HOTHXKENIEP TU3ENbIl KO3FAITKBIIITAPIbI AKOJIOTHUSIIBIK
JKAHFBIPTY JKOHE 3USHJBI 3aTTap IIBIFAPBIHABLIAPBIH a3alTy VIIIH OJIapAbIH
QJIEyeTIH KOpCeTe OTBHIPHIN, Ta3 Ta3apTy >KyHelepiHae YIbTPaabIObICTHIK
TEXHOJOTHSIIAPAbI KOJaHy MEePCIeKTUBACHIH pacTaiiIbl.

DKCTHEpUMEHTTIK JACPEKTEep MEH OPBIHAAIFAH PErpecCHsUIBIK KOPPEISAIUIIBIK
Tajaaay yAbTPAJBIOBICTBIK 9CEp JU3ENbJIK KO3FAITKBIIITHIH TYTIH UIBIFYbIH
alTapibIKTail TOMEHJETeTIHIH pactanbl. Jlerepmunainus kodpduuuenti 0,9715
JKOHE opTalia XybIKTay Katemiri 1,54% OonaThlH Keml eJIeMJl PerpecCHUsIbIK
MOJIeTIb  YIBTPAABIOBICTHIK — COYJICHIBIFAPFBIINTAPBIH ~ KyaThIHBIH,  OJapJIbIH
apachIHJaFbl KAIIBIKTBIKTBIH KOHE KO3FAITKBIIITHIH aiHaTy >KUUTITIHIH TYTIH
JIEHTeiiHe ocepiH CeHIMIl Typnae Kepcereni. lmmHapa TysIHABLIAPIBI 3EPTTEY
COYJICHIBIFAPFBIIITAPLIH KyaThl MEH OJIAPJIbIH apachIHAFbl KAIIBIKTHIK IICTIIYIII
dakTopiap eKeHIH KOpPCETTi, ajl alfHaIBIMIAp CAaHBIHBIH dcepl auTapJbIKTal as.
Monens 1800 aiiH/MHUH peXUMIHIH OHTAMIIBI MTApaMeTPIICPiH aHBIKTayFa MYMKIHIIK
oepmi: kyarer 319,35 Bt xoHe kKambikThiFel 1,361 M.  OipHemie
COYJICHIBIFAPFBIIITAPALI  MMAlIajlaHy >KOHE OJIapJbl YTHIMJIBI  OPHAJACTBIPY
OemIIeKTepAiH TYHIBIPY THIMIUIITIH apTThIpaThiHbl KepceTiireH. COHbIMEH KaTtap,
KYMBIC ayKBIMBIH KEHEUTY KOHE MYMKIH CBHI3BIKTBIK €MEC MPOLIECTEP/II eCenKe aty
YIIIH KOCBIMILIA 3€PTTEYJIEP KYPTi3y KaxkeT.
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4 YIABTPAABIBBICTBIK BOCEHAETKIIITIH TUIMIALJIIITT K9HE
TEXHUKAJIBIK-OKOHOMMKAJIBIK HEI'T3/IEMECI

4.1 KazaKCTaHHBIH K0JI-KYPbLIbIC TEXHUKACHI APKiHe YJIbTPAAbIObICTBIK
09CEeHAeTKILUTI eHri3yIiH IKOHOMHUKAJIBIK THIMILIIIIH ecenrey

Y AbTpaabIOBICTHIK  OOCEHIETKIMITI C€HTI3YMIH AKOHOMHKAIBIK THIMIUIITIH
Oaranay ymriH Heri3ri HeicaH pertianae Caterpillar C9.3 ACERT ko3ranTKpIIIBIMEH
)abaeikTanran Cat 12M3 aBtorpeiiaepi Tangasabpl. Ko3ralTKBIITHIH KbhICKAIA
TEXHUKANBIK cunarramanapsl 4.1-kectene [99] kenripinaren. 3eprrey OapbIChIHAA
aTajdFaH KOBFAITKBIIITHIH  MaijanaHy peKUMIEpPl MEH IIbIFapbIHAbBLIAD
KOPCETKIITEPl TaJJaHbIN, YCHIHBUIFAH KYPBUIFBIHBI €HTI3yA1H TEXHHUKAJIBIK-
PKOHOMHUKAJIBIK 9cepl OaraIaH/Ibl.

Kecte - 4.1 - Caterpillar C9.3 ACERT KO3FaITKBIILITHIH TEXHUKAIBIK
cunaTTamasapbl
Kepcertkiln aTaysl MoHi
1 2
Tuimai kyat (1-1mi Gepinic) - madgansl | 133 kBt
KosranTkeim moaemi Cat® C9.3 ACERT™
[TopiieHbIiK XKypic 149 Mmm
HomuHnanasl KyaTTarbl aiHaTY 2000 aita/muH
KBUTTAMIBIFBI
VHP Plus-6epinic kopaObi-Ta3a Kyar- | 141 kBt
ajra, 2-11l

TomnbIK KETEeKTI Kyie Kocyibl: Oepuric | 164 kBt
KOpaO®bl - Mai1ansl Kyar - ajFa 6epiiic
Kopaos! - 2-1mi

TonbIK XKEeTeKTI Kyie Kocynbl: Oepuric | 172 kBt
KOpaO®bl - Mai1ansl Kyar - ajFa 6epiiic
- 4-1mi

TosbIK xKeTeKT1 Kyie Kocynsl: Oepimic | 149 kBt
KOpaOsl - Mai1aibl Kyart - ajFa oepijic
KopaOsI - 1-mmi

bazaneik kyat (1-111 6epinic) - Taza - 133 kBt
MeTpuKaJbIK
TomnbIK xKeTeKTI Oepistic Kopaobl 160 kBt

eIIIpiITeH: OepiTic KOpalsl - ManiaIbl
Kyar - ajra - 4-mi

JKoraps! Kopiiaran opra 1400 aitn/muH
TEMIIEpaTypPaChl - KEJJIETKIII
AKBULTAMIBIFBI - CTAHAAPTTHI

Ecenreynep 4.2-kectefe KepceTuUIreHen, Kenecl rnapaMmeTpiepAiH 0acTarKsbl
MOH/IEpIH MaiiagaHbIm XKYPri3ui.
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Kecrte 4.2 — EcenTeynin 6acTankbl mapameTpiaepi

YKYMBIC YaKBIThI

Kepcertkinn benri MoHi jxoHe O1pJKTepi
ABTOTpelaepAiH opraiia Q 12 n/car
CaFaTTHIK OTBIH HIBIFBIHBI
JIn3eab/IiK OTHIHHEBIH p 0,84 xr/n
TBIFBI3JIBIFBI
bip aBTOTpeiinepai KbULIBIK T e 1800 car/xbIn

JIbIOBICIIBIHEI OPHATY ] PE— 0,5
QIILIHAAFEI CAJILICTEIPMAJIb]
JIAaCTaHy JeHrem1

JIBIOBICIIIBIHBI OpHATYAaH Hieitinri 0,35
KEWIHT1 CaJIbICThIPMAJIbI JIACTAHY

JIEHTEM1

JlacTaylIbIHBIH TYPIH KOHE K 1,26

YKYMBIC JKaF TalJIapbIH €CEIKE
ay YIIiH OIpIKTIpUIreH

K03 puimeHT

OMuCCHUsIFa CalbIK CTaBKACHI H,« 3538,8 Tr/T
Jlu3enb1iK OTBIHHBIH OpTallia Crus 320 tr/n
KYHBI

Ecenrey Kabu6omnaes b., Kykemes A., Kaasipo A., Kproukos E., KapcakoBa
A. «ABTOKOIIKTEPre A3JIEKTPJIK HMMIYJIbCTIK JbIOBIC OLIIPrilITEepAl EHII3Y/1H
DKOJIOTUSIIBIK ~ JKOHE JKOHOMHUKANBIK  OpbIHABUIBIFEy  [100] makamaceiHma

YCBIHBUIFAH Tajaay SICI HET131He KYPri3uiil.

Ocel onmicHamara COWMKEC, YCBIHBUIFAH YJIbTPAAbIOBICTHIK O9CEHAETKIIITI
€HT'13y/11 €CKEPE OTHIPHIN, OTHIH YHEM/IEY 11 aHBIKTAY YILIH €CEeNTeYy KYPri3uiiil:

3 — QXAXC,C[H3XT)K]:)I.H
OTBIH 1000

MyHIa A — OTBIH YHEMJICY/IIH €CeNTiK MmaibI3bl (%o-0¢H).
A:AD XKKOS(b

MyHJia AD — TYTiHHIH NalbI3AbIK TOMEHEY],
Kxosp - TY3eTYy KO3hDunmenTi, Kiory=0,6
Opl  Kapail, yIbTPaABIOBICTHIK  OOCEHJETKINITI  OpHATIAC
IIBIFAPBIHBUIAPABIH MACCACHI €CETTEI/I:

M- ... _ QXpXAeitin Txoin
JeuiH — 1000
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myHaa: Q — Cat 12M3 aBtorpeiiepiHiH OTBIH IIBIFBIHBI, JI/CaF;

p- AU3ETbIIK OTBIHHBIH THIFBI3ALIFRI, KT/1T (0,84 Kr/M);

Hieiiin - YIBTPATBIOBICTHIK ABIOBICTHI ONIIPTIIITI OPHATY AJIBIHIA JACTaHY
nenreiii (0,5);

T xun - @BTOTPEHIEPTIH KBUIIBIK KYMBIC YaKbITHI, CaFar.

ComaH KeliH yIbTpaabIOBICTBIK ABIOBICTHI OUIIPTIIITI OpHATKAaHHAH KeWiH
HIBIFAPBIHIBUIAP IBIH MacCcachl €CenTeNe i

. QX pX Mxeitin Tcoin
M}ceﬁiH - 1000 (44)

MYHIA! yeiiin — YJIBTPAIBIOBICTBIK ABIOBICTHI OIIIPTIIITI OpHATKAHHAH KEHIHT1
nactany aeHreiti (0,35).

JKorapsiia aifTeuIFaHiapra CyieHe OThIPBIIN, COJIaH KEeHH MIbIFapbIHIbLIAP IbIH
Maccachl KAHIIAJIBIKTEI a3aiFaHbl AHBIKTAJIIBI:

AM = Mz[eﬁiH - MKeﬁiH (45)

OpHaTYFa IIGﬁiH KOHC OJJaH KEeH1H HbIFapbIHAbLIAPYA CAJIBIK CTABKACBIH TOJICY:

Hz[eﬁiH = M;[eﬁiH X Hak X K, (46)
erf?{iH = MkeﬁiH X H3K X Ka (47)
All = Hnel‘z’liH - HKeﬁiH (48)

myHaa: H,. — mibIFapeIiHABUIApFa CabIK CTaBKachl, TeHre/T (Oenrun Oip OThIH
TypiHiH 1 TonHacs! yunis — 0,9 AEK, on 3538,80 TeHre)
K — sxuHakTanrad Ko3(QpuuueHT.
AJl WIBIFAPBIHABUIAPBI  A3aUTYJIbIH HSKOHOMUKAJBIK 3HUSHBI TOMEHJEriaei
OoJaanl:

D, =AM x C, (4.9)

myHaa: C, — 1 TOHHA HIBIFApBIHABUIAPJAH OO0JIATEIH SKOHOMHKAIBLIK 3usH (1Y
xoHe JlyHuexxy3unik 0aHk epekTepl OOUBIHIIA).

Kazakcranmarel ayaHbIH JIACTaHYbIHAH KEJIT€H SKOHOMHKAIBIK IIBFBH $10
MJIpA =~ 5 TPUJUTMOH TEHT€H1 KypaiIbl.

JKb1 caliblH OH MUJUITMOH TOHHA JIACTAYIIBI 3aTTApP IIBIFAPLIAIbI.

Jlemexk, xKalmbl SKOHOMUKAIBIK 9CEP:

9)}(3}11]],1 = AH + 93 + 90TLIH - CeHF (4'10)

AT THIMIUTIK KOAPPUITUESHTI:
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K, = Oxanmm / CeHr (411)

Ochbl omicTeMeH] maijanaHa OTBIPHIMN, 013 KOCIMOPBIHHBIH YHEMJCYIH, ©TeIy
MEp3IMiH JKOHE YCHIHBUIFAH YJIBTPAIBbIOBICTHIK JBIOBIC OIIIPrillliH  EHTi3YIiH
QJIEyMETTIK-DKOHOMUKAJIBIK dCepiH ecenTeAik. Tememaep MeH jKaHap-Karapmain
YHEMJIEY Il €CeNTeCeK, KOCIMOPHIHHBIH YHEMICYI:

9KQC = AH + 9OTI)IH (4.12)
Conpa ereny Mep3imi:
TOK = CCHF / 3K9C (4'13)

OJIEYMETTIK-DKOHOMUKAJIBIK 9Cep JIeN KOFaM MEH 3KOHOMHUKA YIIIH >KbUIIBIK
YKUBIHTBIK MMaiIaHbl TYCIHEMI3, aTan alTKaH/a:

sy = AIl + 35 + Dorgm (4.14)

Cat 12M3 aBrorpeiaepiaep mnapki YUIiH YJIbTPaJablObICTBIK O9CEHAETKINIAL
CHII3Y/JIH SKaJIbl QJIEYMETTIK-DKOHOMHUKAJIBIK dcepl IIaMaMeH XbUiblHAa 1,5
MUJUTMOH TEHT'€H1 Kypauibl.

’obaHbl KOFaM MEH MEMJIEKET TYPFBICBIHAH KapacThIpa OTHIPHII, KaJIbl aiiaa
MEH HIBIFBIHAAPABI CATBICTHIPY KYPTi3UIIL:

Keys = e / CeHr (415)

SArHu, yIbTpaabIOBICTBIK O9CEHIETKIIII €HT13yTe calblHFaH apOip 1 TeHre yiiH
YKaJIIbI KOFaM >KbUT CAalibIH KaHIIA TeHIere XKYbIK Maia aJaThIHbIH Ta0aMBbI3.

Erep D¢y -TIH OYKLI KBULABIK Maiiachkl TyTacTail anfaHa SKOHOMHUKara acep
eTell e eCENTeCeK, OH/IA JJIEYMETTIK-9KOHOMUKAJIBIK OTETY MEep3iMi:

Tox = Ceur / Dens (4.16)

¥3aK Mep3iM/Ii 9JICyMETTIK-9KOHOMHUKAIBIK HOTHXKE. Y IbTPaIbIOBICTHIK TLIOBIC
euIiprimTiy Kpi3MeT ety mep3imi 10 xpin [101]:

Tow =10 " Deyy — Cenr (4.17)

YabTpaabIObICTEl  OMIIPTIITIH THIMAUINTIHIH €cenTeyyiep HoTmxkenepi 4.3-
KeCTee KeITIPIITCH.
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Kecte 4.3 — VYnapTpangblOBICTBIK JIBIOBICTHEI  OOCEHICTKIMTIH  THIMAUTITIH
eCenTeyJIePiHIH HOTHXKENEpl

Kepcerkim MoHi
OpHaty anapIHIaFb! MIBIFAPBIHIBLIAP IBIH
Maccachl (M eiiin ) 9,072 T
OpHaTKaHHAH KeHiHri 3MuccHst Maccachl (Meiiin) 6,3504 T
A3alThUIFaH mbIFapbIHabLIap (AM) 2,7216 T
Bypoiarsl ToaeM (I i) 40451,032 Tr
Keitinari tenem (geiix) 28315,72 tr
DxoHoMMsIFa apHasiFaH TejieM (All) 12135,312 tr
DKOHOMMKAIBIK 3USTHHBIH aJIZIbIH bl (9;) 1360800 Tr
Kanapmaii yaemzey (Vorum) 124416 1r
Icke achIpy KyHBI (Ceyr) 720000 tr
CoHFBI SKOHOMHUKAIBIK 9CCP (Dxcami) 777351,312 1r
Tuimainik pakropsl (K,) 1,08
Tenemaep MeH xaHapMalFa YHEMALY iac 136551,3121r/%)bL1
Otey mep3imi (To) 5,25 Kbl
OJIEYMETTIK-9KOHOMHUKAIIBIK acep (Dey») 1497351,312 1r
JKanne! maiina Men mbirbiHAap (Kes) 2,08 Tr
OJIEYMETTIK-9KOHOMUKAIBIK oTerny Mep3imi (T 0,48 xpLa

4.3-kecTere Ccolkec, YIbTPaAbIOBICTHIK OOCEHIETKINIAI OpHATY KOpIaraH
opTara JacTayllbl 3aTTap/blH IIbIFAPBIHABUIAPEIH aWTapJIBIKTal a3alTajbl HKOHE
PKOHOMHUKAJBIK ocep eresi. IIprrapelHabLUIapaplH OaikaaFraH TOMEHACY1 KbUIbIHA
2,7216 TOHHaHBI Kypailipl, caiblK yHemzeyi mamameH 12 135,312 TteHreni
KYpalbl, SJKOHOMUKAJBIK 3aJIaliIbIH aiabiH any mamamen 1 360 800 TeHreni
Kypaiiabl, oTbiH YHeMaeyl mamameHn 101 088 ToHHaHBI Kypailibl, ajl *almbl acep
mamameHn 754 023,312 TeHreHi Kypanasl, skalmbl eHrizy KyHsl mamamen 720 000
teHreni kypaiael (K,=1,08). AyanbslH nacTaHyblHaH OOJIATBIH 3KOHOMHKAJBIK
3aNaiiblH aNJbIH anyAbl eckepe oTwiphin, Cat 12M3 aBrorpeiinepine apHayiFaH
YABTPAABIOBICTHIK OOCEHACTKIMII €HTI3YIH Kbl QJICYMETTIK-2KOHOMUKAIIBIK
acepi KbIIbIHA TTamMaMmeH 1,5 MuwunoH TeHreHi Kypaiasl. Icke aceipyra 720 000
TEHIe KaNUTAIJIbIK WHBECTUIIMS CaJbIHFAH Ke3Jle oJIEyMETTIK-DKOHOMHUKAIIBIK
THIMITIK KodhpummenTi K., ~2.08-re xxerei, an eTeny Mep3iMi 6 aiiiad acriaif/ibl.
Kyrienin 10 KpUIABIK KbI3MET €Ty Mep3iMmi IHIiHAEC KUHAKTaJFaH OJICyMETTIK-
YKOHOMUKANBIK maina 14 253 513,12 TeHremen acanmbl, OV apHailbl MaKcaTTaFbl
XKaOABIKTapFa yIbTPaABIOBICTHIK OQCEHIETKIMIIEP Al €HT13Y/I1H KOFaphl SJICyMETTIK
MaHBI3/IBUTBIFBl MEH OPBIHIBLIBIFBIH KOPCETE/II.

4.2 Caterpillar C9.3 ACERT ywiH yJabTpaabIObICTBIK 0dCEHICTKILUTIH
IKOHOMHMKAJIBIK HEri3i ’koHe TEXHUKAJIBIK TAJANTaAPbI

VYapTpanslObICTRIK  O9ceHAeTKINIIH ~KoHCTpyKiusackl  800-900°C  npeitinri
IIBIFATBIH Ta3 TEMIIEpaTypachblHa apHAJFaH BICTHIKKA TO3IMJII 0OJIaT KOPITYCIICH
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EpeKIIeNIeHe ll. Y IbTPaIbIOBICTHIK COYJICIIBIFAPFBINITAD TIKEJCH Tra3 arbIHBIHBIH
CBIPTHIH/IA, KOPIYyC KaObIpralapblHIa HEMece OKIIayJiaHFaH pPE30HATop
KaMmepajapblHIa OPHAIACTHIPBUIAABI, OYJI >KOFaphl TeMIIepaTypajbl OpTaMeH
TiKeel OalaHBICCHI3 AaKYCTHUKAIBIK BIHTATAHIBIPYIABl KaMTaMachl3 €TE[Il.
[TepdopanmsiianFad TYTIKTEp Ta3 aFbIHBIH OacKapaabl KOHE OHBIH aKyCTHUKAIBIK
OpICTEPMEH ©3apa OpPEKETTeCYiH KamTamachi3 erefi. JKbUIy OKIIayJIaFbIIn
MaTepuasaap ce3iMTall AIEMEHTTEP IIH KbI3bII KETyiHE K01 OepMen/i.

Y abTpaabIiObICTHIK 0O9CEHIETKIIIKE KeJecl Tajanrap KOUBLIAJIBI:
TEeMIIepaTypaHblH TYPAKTBUIBIFBI, KEpl KbICHIMFA MHUHHUMAJJILI dCEp, HDHEPrus
THIMJIUTIT] KOHE COYJICIIBIFAPFBIIITAPABIH TOMEH KyaT TYTHIHYBI, TIPLITe TO3IMILIIK
YKOHE KOPPO3USIFa TO3IMILTIK.

VY apTpaabiObICTHIK 09CEHIETKINITI Naiianany KeHXoaakThl mryasl 10-20 n1b-ra
azaiTapl, MIBIFAPY )KYUECIHIH MIPIIIIH a3alTa bl )KOHE KYPBUIFBIHBI KAJIAJIBIK OpTajia
YKYMBIC ICTEUTIH aybIp KYKTEMEN ka0 qpIKTapia naianaHyfa MyMKIH]IIK Oepel.

VYabTpaaplObICTEIK ~ OOCEHAETKINITI  JKacaraH  Ke3Jle  MailjanaHblUIFraH
MaTepuangapAblH KyHbIH eckepy KaxkeT. Ocel makcarta Caterpillar C9.3 ACERT
Euro-4 meirapelHabUIap KIACBIHIAFBI KO3FAITKBIIIIEH *)a0ablkTamran Cat 12M3
aBTOrpeiliepiHe apHAIFaH CTAaHIAPTTHl OQCEHACTKIIITIH KOMIIOHEHTTEP1 HET131H/Ie
CCeNTEeTeH MaTepUaIapAblH IraMaMeH KyHbl ecenteni [101].

VY abTpabIOBICTBIK O9CEHIETKIITI KYpAaCTBIPYIbIH almbl KyHbI OlpHeme
Kypamaac 6emnikrepaeH Typaabl: AISI 304/430 toT 6GacnailTeiH OoJIaTTaH *KacalaFaH
koprnyc (45 000-60 000 Tenre), kyarst 100-300 Bt xone xwuimiri 20-40 kI
yIbTPAIbIObICTHIK coyiemmbirapreiil (240 000-420 000 TeHre), yabTpaablObICTHIK
redeparop (60 000-120 000 tenre), KyaT ke3i xoHe Oackapy anemenTTepi (20 000-
40 000 Tenre), nemmndepik xoHe Aipii okmaynarsi anemerTrep (15 000-20 000
TEHre), OCKITKIIITEP JKOHE KypacThIpy >kKymbicTaphl (mmamamer 10 000 TeHre) sxoHe
KakeT OoJiraH sxarnaiina cysri aneMenti (30 000-50 000 teHre), Oy »Kammbl KYHbBI
mamamed 420 000-720 000 TeHreH1 Kypaubl.

Huzenbai Oemmiextep cy3riuiepidiH KyHbl opTa ecenmeH 1 500 000 teHreni
Kypaiiapl. MyHnail rpeiiaepaert msirapy mMoayiiH DPF-nen aybicTblpy Hemece
xeuey 4 500 000 HeMece oJ1aH J1a Kol IIbIFbIHFA oKeyi MymKkiH [102].

KopbIThiHABIIANH KeJle, YJIbTPaIbIOBICTHIK OOCEHACTKINI ap3aH >KOHE THIMJII
HISNIM Jien aTyFa 00J1abl.

Caterpillar C9.3 ACERT ymmiin yneTpaablObICTBIK 09CEHIETKIMKE KONBUIATHIH
texuukanelk Tamantap Caterpillar C9.3 ACERT Ko3raiTKBINIBIHA apHAJIFaH
yIbTpaablObICTRIK OoceHaeTkim 100-1000 T’y >xyMbIC XKuULTITT JAUana3oHBIHIA
(IM3enb NTYBIHBIH €CTUIETIH HET13T1 JUana3oHbl) MIBIFATHIH Ta3ap IblH 1Ty JEeHICHiH
keminge 25-30 nb TemeHaeTyal KaMTaMachl3 €Tyl KepeK, all YJIbTPaJablOBICTHIK
«mki  xyre» 20-40 kI'm nuanasonbiHAa kKeminae S5-10 mxm  TepOermic
aMIUTUTYJACBIMEH JKYMBIC iCTE€yl KEpeK, OV MIBIFAThIH Ta3fap/Iarbl aKyCTHKAJIBIK
HIBIHJAP MEH pe30HaHCTapAbl Oacyibl KaMTaMachl3 e€Tefll. baceHAeTKITIH 6TKIZY
Kabutetri 355 kBT AeiiHri KyaTThl KO3FAJITKBIIITBIH IIBIFATHIH Ta3fap/blH aFblH
KpuiaMmabirbiHa colikec kemyl kepek (C9.3 ACERT wmakcumanabl KYMBIC
nuarna3onsl: 280-355 kBt) [103]. KypbutFelHbI MaiigaiaHy Ke3iHe )KOFaphbl KyaTThI
JM3eIbIl KO3FAJITKBIIITAP/IbIH IIBIFATBIH Ta3 jKyWesepl YIIH KaJbllIThl pPYKCAT
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€TUIreH KBICBIMJIBI €CKEPE OTBIPHIII, IIBIFATHIH Ta3MapbiH Kepl KbIchiMbIH 10 klla-
JIaH acTaNTBIH JACHTEHIe YCTay KepeK (KO3FAITKBIIITHIH >KYMBICBIH CaKTay YIIIH
pykcaT etiireH MakcuMmamabl MoH). Kypeuirel —10°C-tan +50°C-ka  jmeitinTi
KOpIIaFaH oOpTa TeMIepaTypachlHIa MKYMBIC ICTEyl, MalJalaHbUIFaH Ta37blH
temneparypacbin ~ 550°C-ka  neiiin  kerepyl  (kykreme kesinge  C9.3
KO3FANTKBIIIBIHBIH ~ OpTamia  MYMKIH  OOJaThlH ~ MaKCHUMaJbl  IIBIFapy
TEMIIepaTypachl) JKOHE Kopmyc TemmeparypacbkiHga +200°C-ka  geiinTi
TBIFBI3/IBIKTHI )KOHE TYPAKThI aKyCTUKAJIBIK OHIMIUTIKTI KAMTaMachl3 €Tyl KEpeK.
boceHneTKIMTIH UMITYJIBCTIK CE3TilI XyheciHe +5% TypaKThUIBIFBI KoHE SA
JeiH xKyMmbIc TOrbl 6ap 24 B typakTthl Tok Ke3imeH (C9.3-yineciMai TEHI3 JKoHE
OHEPKICINTIK KOHABIPFBUIAPJAFEl OJCTTEr1 OOPTTHIK JKENi) JKYMBIC 1CTEHTIH
MbE303JIEKTPIIIK HEMECE MATHUTOCTPUKTUBTI YIBTPAABIOBICTHIK TYPICHIIPTIII Kipyl
kepek. ['eneparop y3akteirbl 10-50 Mkc >xone xuimiri 2040 k' OonaThiH,
KUUTIKTI PE30HAHCKA aBTOMATTBI TYPAE PETTEY KOHE KO3FAITKBIII KYKTEMECIHE
OailJIaHBICTBI MAKCUMAJIJBI OACY/IbI CAaKTay MYMKIH/Ir O0ap OelAruIeHreH MiIiHIET1
(cuHYCcOMAaNbl) TYPAKThl YIBTPAABIOBICTHIK HMMITYJIBCTAPABl JKAcaybl KEpEK.
DNEKTPOHMABIK MOJYJIb KBI3bII KETYACH, IIaMaJaH THIC TOKTaH, PE30HAHCTHIK
JETEKTOpJIayAaH )KOHE JIEKTPOMATHUTTIK KEACPTiIepAeH KOPFayIbl KAMTYBI KEPEK.
baceHneTkim KOpHychl BICTBIKKA OHE KOPpPO3UsAFa Te31MAl TOT OacmaiThIH
oonattan (mbicanbl, AISI 316 Hemece oran Oamama), ki auddyszopraap MeH
OarbITTayIlIBUIAD arpecCUBTI IIBIFAPY OpTAchlHA KOHE >KOFAphl TeMIlepaTypara
TO3IMI1 BICTBIKKA TO3iMai TOT OacmalTeiH OojaTTaH jkKacaldybl Kepek.
YapTpanbiobicThIK TypaeHAiprimTep PZT nbe3037eKTpIiik KepaMuKachblHaH HEMece
MarHUTOCTPUKTHUBTI KopbITHamapaan (Meicanbl, Terfenol-D) sxacamysl kepek.
THIFBI3AAFBINT DJIEMEHTTEP TEMIIEpaTypara KoHE IIbIFapy Ta3dapbIHbIH XUMUSITBIK
KypamMblHa TO3IMJ1 BICTBIKKAa Te3iMi (ropanacromepiiepacH (Mbicaibl, Viton)
HeMmece 0a3anbT TallIbIKTAPhIHAH >KAacalybl KepeK. ATpPEecCHBTI oOpTajia yY3aK
Mep31M/I1 )KYMBIC 1CTE€Yl KAMTaMachl3 €Ty YILIH KOPITYCTBIH ChIPTKbI O€T1 BICTHIKKA
TO3IMI1 KOPPO3UsiFa KapcChl KAOBIHMEH HEMECE OKCHJ| TUICHKAChIMEH >KaObLIybl
kepek. bacenaeTkiuaiH reomMeTpusuiblK mnapamerpiiepi C9.3 KO3FaITKbIIIBIHBIH
OopHajacyblHa colikec Kenyl kepek. C9.3 craHmapTThl KOH(UIypauuschiHAA
Y3bIHJBIFBI ~1125 MM, eHi ~791 MM skoHe OuikTiri ~1068 MM GosranasikTan [104],
09CEeHETKINIII Y3bIHIBIFBI (HEMECE KalMbl Y3bIHABIFE + HIbIFapy KyObIpsl) 800—
1000 MMm-geH acmaWThIHAAW eTim, anx guaMeTpi (HeMece JKalllbl KeJJICHEH
eJemMepi) KyObIpyiap CTaHAAPTTHI MIBIFAPY JKYWECIHIH MIBIFBIC CaHbUIAyJIapbiHA
colikec KeNeTiHaeW eTim »o0anay YCHIHBUIAABI (MBICANIBI, IIBIFAPY KYHECIHIH
MOJIeNIiHEe OalIaHBICTBI KIPIC/MIBIFBIC KYOBIPBIHBIH auameTpi @ 60-90 wmm).
bocenneTkimTiy caiMarbl, MYMKIHAITIHIIE, KO3FAITKBIII OSKITKIITEPIHE IIaMaiaH
TBIC JXYKTeMme Tycipmey ymiiH 25-40 kr-HaH acmaybsl Kepek. ki reomerpus
(apuanap,  nuddysopnap, Kamepa  KOHE  YIBTPAIBIOBICTHIK  JBIOBIC
OarpITTayIBUIAPHI) KbICBIMHBIH MUHUMAJIJIBI 5KOFATybIH cakTai oThIphI, 20—40 k't
JMana3oHblHA OHTAWIAHABIPBUIFAH PE30HAHCTHIK alMaKTapibl Kacaybl Kepek.
bepikTiri MeH OEpiKTIK TYPFBICHIHAH OOCEHJETKIII CTaHIAPTThl KO3FAITKBIIITHIH
XKpuTy nukaepiae kemingae 5000 caraT KpI3MET €Ty MEp3IMIH KaMTamachl3 eTyl,
600°C neliHri Temmeparypa IIbIHAApbiHA (IIIKI KOMIOHEHTTEp), JIPLI
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KYKTeMenepiHe (Iu3enbAl KO3FANTKbILTapFa ToOH) JKOHE MaijalaHbUIFaH
ra3fiapablH arpeccuBTI ocepiHe ToTen Oepyi kKepek. JIoHeKepIeHreH KOCBUIBICTAp
MeH OEKITKIIITep mapiiay OEpiKTITiHIH JJIENICHIeH JeHTeline ue 00Iybl Kepek.
DNeKTPOHABIK OJIOKTHI CHIPTTa OpHATY YIiH [P 67 HeMece ofaH »oFapbl, all 11IiH/e
opHaty yuriH IP 54 Gomysl kepek, Oy maHHAH, KOHACHCAIUSIAAH, IIAIIBIpayAaH
YKOHE JIPUIACH KOpFayabl KaMmTamachl3 etefdi. bocenaetkim C9.3 KO3FaaTKBIIIBIHA
CTaHJAPTThl KO3FAITKBIIITHl HEMECE IIbIFapy >KYHECiH OpHATy HYKTeIepiH
naijananblIl, KaKkChIpak (raHenTep/il HeMece KbICKBIIITapabl MaigalaHbll, A1pii
OKIIAYJIAFBIIIBIMEH (IpiJ OKIIAyJIaFbllll OCKITKIIITEp HEeMece pPEe3CHKEe-MeTalll
KBICKBIIITAP) MIPUIAIH KaKTayFa/KOPIyCcKa ©TyiHEe K01 OepMey YIIIH OpHATBLIYbI
Kepek. bekiTkimrep arpeccuBTi opTara Te3IMJl BICTBIKKA Te3iMJi OoJjlaTTaH
Kacalaybl KepeK. YIbTPaAblOBICTHIK KYHEHIH AJIEKTPJIIK KOCBUIBIMBI CTaHIIAPTThI
KOCKBIIITap/bl (MbIcaibl, 24 B eHepKkocinTiK KOCKBIIITAp) MalgalaHbIIl
IKpaHIajIFaH KaOelbMeH jkacalybl Kepek. | eHepaTop TeXHUKAIIBIK KbI3MET KOPCETY
YIIIH KOJDKETIMAl, O1pak KbUTy MEH KYMbIC (DaKTOpJIApbIHAH KOPFAJFaH XKepJe
OpHanacybl Kepek. TeXHHKaJblK KbI3MET KOpCeTy YUIIH €pKIH KOJ KETKI3Yl
KaMTaMachl3 €Til, O9CEHIETKIMTIH OapiblK JKarblHaH alHanacbiHga keminae 150
MM 00c opbIH 001y Kepek [105].

Juzenpal  KO3FANTKBINIKA  ApHAJFaH  YJIbTPAAbIOBICTBIK  OSCEHIETKIIITI
xo0anaraH Ke3Jie, aijajlaHblIFaH ra3 aFbIHbIHA MUHUMAIIbI KEIEPT1H1, KEPTITIKTI
TypOyJIEHTTUIIKTIH OOJMayblH >KOHE IIIKI apHa OONBIMEH KBICHBIMHBIH OlpKeNKi
TapaJyblH KaMTaMachl3 €Ty YIIIH OHTaWIbl adpOJIMHAMUKANIBIK CHIIATTaMallapibl
KaMTamachi3 eTy KaxeT. JKoba cTaHmapTThl O9CEHIETKIIIMEH CaJIBICThIpFaHaa Kepi
KBICBIMJIBI A TapJIBIKTall apTThIpMai ra3 aFbIHBIH KaMTaMachl3 €Tyl KepeK, ajl 1Kl
KOMITOHEHTTEp - Oerimrep, KaMmepanap >KoHE YIbTPaJbIOBICTHIK TepOenicTepMeH
OpEKETTECETIH alMaKTap - TYPaKThl Ta3-AMHAMUKAIBIK PEKUMIl CaKTail OTBIPHII,
myael 0acy ocepiH KyWIEUTy YIIIH >KoOajaHybl KepeK. AFbIH KOJIBIHBIH
TE€OMETPUSACH] KOJJIEHEH KMMaHbIH TEriC e3repyiH, OTKIp KUEKTepAilH OoJMaybliH
KOHE KO3FANTKBIII KYOBIpIIapbIMEH OHTANIIBI TypaJlaHyblH KAMTaMacChI3 €Tyl KepeK,
IIYJIbl KYIIEUTETIH aKyCTUKAJIBIK PE30HAHCTAPAbl OO ABIPMANIBI.

BoceHneTKIMTIH ANEeKTPJIK HUMITYJIbCTIK JKyHecl IIPUIAIH >KOFapblIaysbl,
TEMIIEPaTypaHbIH ayBITKYbI )KOHE arpeCCHBTI MaiianaHblIFaH Ta3gapblH oCepiHe
yIIbIpay JKaFdaibIH/Ia TYPAKThI )KYMBIC 1CTEY/11 KaMTaMachl3 €Ty YIIIH *k00anaHybl
KEepeK. YIbTPaAbIOBICTHIK TYPJACHAIPTIIITED OCENTUICHTeH IUara3oHIa TYPaKThI
KUUTIKTET1 TepOemicTepii TyAbIPYbl KEPEK, HIybl 0acy THIMIUITIH MaKCUMAaJIIbI
JIEHTei/Ie yCTal Typy YIIH Pe30HAHCTHIK HYKTETe€ aBTOMATTHI TYpJe OeHiMIENTEH.
DNEKTPOHABIK ~ HWMIYJbCTI  TEHEpamusuiay  MOAYJl  KyaT  CHUTHAJIBIHBIH
TYPAKTBUIBIFBIH, KUUTIK-aMIUTUTY/1a TTapaMeTpIepiHiH ISJITIH KOHE TEPMUSIIBIK
UK KE3lHJE KbhICKA TYHUBIKTAyAaH, KEPHEYIIH KypT ©3TepylHeH IKOoHE
KOMIIOHEHTTEP/IIH TO3ybIHAH KOPFayabl KaMTaMachl3 eTyi kepek. Kabembaep MeH
KOCKBIIITap AP MEH TeMIIepaTypara To3IMAUTIK TajdanTapbiHa cail 00J1ybl, TOKTHIH
arblIll KETY1HE KO0JI OepMey1 )KOHE KYPBUIFBIHBIH KbI3MET €Ty Mep3iMi 1IIiHAe CeHIM/I1
OaitnanbIcTa O0TYBI KEPEK.

KypbuiFbl1aFbl KOPFAHBIC Iapaiapbl MEXAHUKAJIBIK, KBLTYJIBIK AKOHE AJIEKTPIIIK
KayIMCi3MIKTI KaMTaMachl3 €Tyl Kepek. boceHJeTKil KOpIyChl  >KOFapbl
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TEeMIepaTypara, KOppO3usiFa KOHE AIpLI KYKTeMeNepiHe Te31Mal MaTepuaniapaan
Kacaldybl KEpeK, KYMBIC IIBIFBIC KBICHIMBIHIA TEPMETHUKAIBIK THIFBI3AAYIbI
KaMTaMachl3 €Tyl KepeK. DIEKTPOHUKA YKOHE YJIbTPaABIOBICTHIK TYPJICHIIPTIIITED
KBI3BIIT KETYACH JKOHE TIKEJIeH KbUTy aFblHBIHA VINBIpAyJaH KOpFay YIIiH
KaJIKaHTapMEH KOHE JKbUTY TapaTaThlH 2JIEMEHTTEPMEH KOPFalybl Kepek. Kyphutrp
BUTFAJIJIaH, IMAHHAH J>KOHE arpecCHBTI XHMHSUIBIK KOCBUIBICTap/iaH KOPFay bl
KaMTaMachl3 €Tyl Kepek, Oy Taman eTineTiH [P KopraHbic pedTHHTIHE COWKec
keneni. bekiTy xyiieci kaOAbIKKa HEMece KO3FalNTKbIII KOPITYChIHA IIaMajaH ThIC
TIpUIAiH  OepiayiHe xoy1 OepMeyl JKoHE JIWHAMHMKAJBIK J>KYKTeMeJep Ke3lHIe
KYPBUIFBIHBIH TYPaKThUIBIFBIH KaMTaMachl3 €Tyl kepek. COHbIMEH KaTap, *KyHeH1H
PE30HaHChl HEMece IaMaJiaH ThIC JKYKTEINyl KaraablHaa OJIOKTay *KoHE ©31H-031
JIMAarHOCTHKAJIAy [apanapbl KapacTeIpbLTysl Kepek [106].

KypbUTFBIHBIH ACTETHKAChl 3aMaHAayd OHEPKOCINTIK AW3aiH TajamnTapbiHa,
COHBIH IMTIHJE VKBIMTH CHIPTKBI KOPITYCKa, Ta3a JIOHEKEPJICYTe JKOHE IIBIFBIHKBI
HEMece OTKIp 3JEMEHTTEp/IIH OoJMayblHa COMKEC Keilyl KepeK. boceHaeTKIIIiH
CBIPTKBI O€T1 OIpKEJIKI KOPFaHbIC >KAObIHbIHA >KOHE MUHUMAIKCTIK JU3aiiHFa He
00MyBl Kepek, OyJT KO3FalITKBIIIKA HEMEce MallliHa OpHaJIacyblHa Yilecimi
WHTErpalusiiayFa MYMKIHAIK Oepell. BoceHeTKIMIiH CBhIPTKBI TYpl ©HIMHIH
TEXHOJIOTUSUIBIK JKETICTIKTEPIH KOPCETIN, A OHIIPICTI, MaTepualiapblHbIH
CalachlH JKOHE YIIBTPAIBIOBICTHIK KYWCHIH JKOFapbl TEXHOJOTHSIIBIK CUTIATHIH aTall
oTyl kepek. Kaxker OonraH karjnaija, ChIPTKbI JU3aiiH CEPHSUIBIK KO3FaJITKBIII
KOMITOHEHTTEPIMEH BHU3yas/ibl OIpIKTIpyre MYMKIHIIK Oepyl Hemece >XaObIK
OHJIIPYIIIICIHIH KOPIIOPATUBTIK CTUIIIHE COWKEC KEeyl KEPEK.

Juzenbai KO3FAITKBIITHIH yJIBTPAIBIOBICTHIK OOCEHICTKIIIIH ChIHAY JKOHE
camacblH Oakbulay OHBIH (YHKIMOHAJIBIFBIH, CEHIMJUIIIH oHE XKobaay
TajanTapblHA COWKECTITIH KaMmTamachi3 €Tyl Kepek. Kipic Tekcepy Ke3eHiHJe
MaTepuaiapabiH, JIOHEKEPJICHTCH KOCBUTBICTaP/IbIH, YIBTPAIBIOBICTHIK
TYPJCHAIPTIIITEPAIH KOHE AJIEKTPOHIBIK KOMIIOHEHTTEP/IIH Carachl TEKCepuiel,
COHBIH IHIHAE BU3yalJbl TEKCEPY, TECOMETPUSIIBIK OJIIIey KOHE COMKECTIK
cepTU(UKATTAPBIH TEKCEPY XKYPrizuie/i. IAESKTPOHIBIK MOAYIbIAEP, UMITYJIbCTIK
reHeparopiiap *oHe Kadesb Kenijiepl KepHey aybITKyJapblHa TO3IMALTIKKE, KbICKa
TYUBIKTATYbIH 00JIMaybIHA KOHE AYPBIC KOChUTYbIHA TEKCEPIEIi.

OYHKIMOHAJBIK ChIHAYFa YJIbTPAAbIOBICTHIK XYWEHIH CTaHAAPTThI KULIIK
JMANa30HbIHAA JKYMBIC 1CT€Y KaOUIeTIH TeKcepy, TepOemic TeHepalusiChIHbIH
TYPAKTBUIBIFBIH Oaranay KoHE PE30HAHCTHIK PEKUMIe aBTOMATTHI TYPJI€ PETTEY/IIH
JTYPBICTBIFBI  Kipeml. JKUUTK-aMIIUTYIadblK — CHIATTaMallapbl  TaJaHaJlbl,
TYPJCHIIPTIIITED PATUANUSIBIK OIPKETKITIKKE *KOHE Mapas3uTTIK TepOericTepIiH
OonmmayblHa TEKCepiieai, COHAal-aK >KYWEHIH Y3aK Mep3iMIl Y3HIKCI3 KYMBIC
KE31HJIe KOPCETUITeH MapaMeTpiepil cakray Kabumeri Texcepinemi. lyasr 6acy
TUIMIUIITIH pactay YUIIH KOHABIPFbIAA aKyCTHKAJIBIK CBIHAK KYypriziienal, 0oc
KYpiC, HOMHHAIIBI JXKYKTEME >KOHE IWHAMHUKAIIBIK OTIIEeNI TpoIlecTepai Koca
alFaH/a, OPTYPJl AM3EIB1 KO3FAITKBIII KYMBIC PEXKUMACPIHACT1 1Ty JACHIeiepi
eJeHe 1. ['a3-1MHaMUKaNbIK ChIHAK 09CEHACTKIMIIIH Kepl KbICHIMBbIH OaKbLIaMIbI,
arbIHHBIH OIPKENKUIITiH Oaranaiibl JKOHE KO3FaJITKBIIITHIH KYMBICBIHA KEIEpri
KEJITIpyl MYMKIH JKEpPriIiKTi TypOyJEHTTUIIK alMaKTapblHBIH  OOJIMayblH
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KaMTamach3 eTefll. TepMUSIIBIK ChIHAK COHBIMEH KaTap »KOFaphl TEMIIepaTypaibl
razapra ocep eTyi, IUKIAIK KbI3IbIPY MEH CATKBIHIATYbI, TEPMUSIIBIK Ipeiid
KE31HJIe AJICKTPOHUKAHBIH KYMBICHIH Oarajiay bl )KoHE KOPITyC TIeH 1K Kypamac
MaTepHaIIapAblH TEPMUSIIBIK TYPAKTHUIBIFBIH TEKCEPYTI KAMTHUIBI.

MexaHuKanbIK OEpIKTIK MEH 1P ChIHAFBI KYPBUIFBIHBI KEH JAUANa3oHIbl Jipi
KUITIKTEPIHE, COKKBl KYKTEMEJEPIHE KOHE KO3FAITKBIIITHIH V3aK MeEp3iMIi
KYMBICHI Ke3iHJIe OCKITy >KHHAKTApPBIHBIH TYPAKTHUIBIFBIH Oarayiayabl TEKCEPY/Il
KamTuabl. Kopiyc neH eTKenaepAiH ThIFbI3bIFbl APTHIK KbICKIM HEMECE T'a3 arblll
KETYlH aHBIKTay >KaOJbIKTaphIH IMaiIalIaHbIll TeKcepiiaeai, Oy aFblll KETYyJEepIiH
00JIMaybIH KOHE )KYMBIC KbICBIMBIHBIH JKOFATYBIH PACTaN/IbI.

Camanbl OakbulayFa JOypbiC KYpPacThIpyAbl, KaOelb KOCBUIBICTAPBIHBIH
TYTACTBIFBIH, 1Kl OTKEJJEPIIH Ta3aJbIFbIH OHE KOPFAHBIC >KaObIHIAPBIHBIH
camachlH MIHJETTI Typlie TeKcepy Kipeai. OpOip OJOK 3JEKTPIIIK ChIHAKTaH OTYI,
KeM JiereHjie OeNriIeHreH yakbIT imiHAe (YHKIIMOHAIABI JKYMBIC ICTEYl KOHE
AJIEKTP OKIIayJiay, Kayirnci3aiK )KOHE AJEKTPOMArHUTTIK YAJIECIMIUTIK TaJlanTapblHa
cait 6oirysl kepek [107].

KypbUTbIMABIK JKaFbIHAH, ABIOBIC OOCEHIETKIII TYPaKThl Ta3-THHAMHKAIIBIK
YKaFIalapabl KOHE YIbTPaAbIOBICTBIK SPEKETTI KAMTaMachl3 €TETIH TYTIKTEPEH,
mudy3oprapaan xKoHE PE30HATOPIBIK KaMepaaapaH TYPAaThiH BICTBIKKA TO3IM/II
OonaTTaH JKacalfaH KeIl Kamepalbl KypbUIFbl OoJbin  TaObutanel. Herisri
KOMITOHEHTTEP/I1H (PYHKIIMOHAIIBIK MaKcaThl 4.4-KecTe/ie KOPCEeTUIreH.

Kecte 4.4 — VYapTpaablOBICTBIK OOCEHISTKIMITIH HETI3r1 KOHCTPYKITUSIIBIK
JIEMEHTTEPI
XKabapikTap Makcar Marepuan Temneparypara
TO3IMALTIK
Bocennerkim Teirp3nanran  apHa, | AISI 304/316 600 °C neiiin
KOPITYCBI PE30HAHCTHIK
aliMaKTapIbIH
KaJIBINTACYbI
YabTpaneiobicTeik | 20-40 kl'iy | PZT, Tepdenoin- | 150 °C neitin
coyJe YIBTPATLIOBICTHI D
IITBIFAPFBIIITAP reHepanmsiay
Pe3onaTopbik AKYCTHKAJIBIK Tor OGacnaittein | 500-600°C
Kamepasap TOJKBIHAAPABI ooJar hi(S37 0051
KYLLEUTY
[Tepdopanusinanran | bipkenki  arbiHHBIH | ToT Oacnaitein | 600 °C neliin
TYTIKTEp KAJIBIITACYbI 0onat
Kbuty okiaynay DIIeKTPOHbI KOopFay | bazanbt 800 °C neitin
TaJIIIBIKTAPHI

JlnzaiiH MuUHUMAaNIbl aFblH KEIEPriCiH eCKepe OTHIPhIN jKacajfaH, cebeO1
MIBIFAPY  JKYHECIHIH  a’pOAMHAMUKACHIHIAFBl  ©3TEpICTEp  KO3FAITKBIIITHIH
TUIMITITIHE Tikenew ocep eremi. bocenmerkim 10 xlla-man acmaiiTeiH Kepi
KBICBIMJIBI YCTaIl TYPYHI Kepek, oyt 280-355 kBt kyarreuisikrarst Caterpillar C9.3
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ACERT pauzenbi KO3FaNTKBIIIbBI YIIIH PYKCAT €TIIT€H MOHJEPre CoWKec Kemel.
Teric kenaeHeH KMMa aybICyJIapblHa JKOHE JKEPTUTIKTI TypOYJICHTTUTIKTI TYIBIPYbI
MYMKIH OTKIp XHEKTEp/Il >KOIOFa €peKIlle Ha3ap ayAdapbuiajbl. YIbTPaIbIObICTHIK
COYJICHIBIFAPFBIIITAP TEK TYPAKTHl Ta3-TUHAMUKAIBIK JKaFaaiiapaa FaHa THIMI1
KYMBIC 1CTEUTIHIIKTEH, KYPBUIFBIHBIH 1Kl OpHAJIAaCybl PE30HAHCTHIK Kamepasap
09CEeHIETKIITIH OYKIJ Y3bIHBIFEI OOMBIHIIIA aFbIHFA O1PKENKi 9Cep eTEeTIHACH eTil
oHrtaimaHaeIpeUTFan [108].

KypbuiFblHbI 0/1aH 9pi sk00aliay yiiH ko0anbik memimMaepaiy Caterpillar C9.3
ACERT ko3ranTKbIIIBIHBIH NalaiaHy TajanTapblHAa KaTaH COHMKEC Kelyl KaKeT.
bacenperkim 550°C neitiHri maijanaHbUIFaH Ta3 TeMIepaTypachlHIa >KYMBIC
icTeyiH KamTamach3 eTyl xoHe 600°C neliHri KpiCKa Mep3imMil TeMmIiiepaTypara
ToTen Oepyl Kepek, OyJ1 KOpIyc MeH 1IIKI KypaMJac MaTepHuaigapabl TaHaay bl
aHBIKTAJIbl. AKYCTHUKAIBIK oHIMALTIK TanantapbiHa 100—1000 'y nuama3zoHbIHAAFbI
mryasl 25-30 nb-ra azaitty mymkinairi, conaaii-ak 20—40 k' )KuiJ1ikTeri )xoHe S—
10 MxM TepOenic aMIUIUTY1achkl 0ap yJAbTPaablOBICTHIK )KYHEHIH TYPAKThI dKYMBICHIH
KaMTamachl3 €Ty MyMKiHairi ae kipeai. Kypeuirbsl 00pTTHIK 24 B TypakThl TOK
JKETICIHEH KyaT ajajpl, ajl YIbTPaAbIOBICTEIK TeHEPATOP KO3FAITKBIIITHIH KYMBIC
peXUMIHE KapaMacTaH, XUUIIMH PE30HAHCKA aBTOMATTHI TYPAE PETTEYl *KoHE
napamMeTpiIepaiH TYPAKTBUIBIFBIH KaMTaMmachl3 €Tyl KepeK. AybIp KypbLIbIC
TEXHUKACHIHBIH JKYMBIC JKaFIaiJIapbIH €CKEPE OTBIPHIN, SJIEKTPOHIBIK MOIYJIb
opHaTy opHbIHa OaitnanbicTel [P67 HeMece P54 KopraHbIC pEHTHUHTTEPIHE COMKEC
KelIyl KepeK. bBoCeHIeTKIMTIH JKalIbl eImeMAepl OHBIH aBTOTPEeHIEpIiH
CTaHJApPTThl KOH(PUTYpaIMsChIHA MHTETpaIUsIaHyblH KaMTaMachl3 €Ty VIIH
TaHaanaabl: oHbIH Y3bIHABIFEI 800—1000 MM-/IeH acnaybl Kepek, KyObIp JuaMeTpi
CTaHJApPTTHI IIBIFApy XKyieciHiH emmemaepine (60-90 mm) coiikec Kemyl Kepek
KoHe canmarbl 25—40 Kr-HaH acmaybl KepeK, OChUIaiIna OCeKITKIIITepre maMajiaH
TBIC )KYKTEME TYCY/IeH aynak 0osajsl. by napamerpriep 69CEHAETKIIITIH 3ayBITTHIK
OpHATYy JKOHE KbI3MET KOPCETy TajanTapblHa COMKECTITH KaMTaMachl3 eTel,
COHJIali-aK KO3FaJITKBIIITHIH KOHCTPYKITUSIChIHA Keaepri KenTipMmei
MHTErpalysiayFa MyMKIHAIK Oepe/il.

bacenneTkimTi ©HAIpY Ke31HJe KYPbUIFbI alTapibIKTail AIpUT )KyKTeMelepiHe
YKOHE MEP3IMJI1 TEPMUSIIBIK [IUKJIITE YVIIBIPAUTHIHBIKTAH, MaiifalaHy CEHIMIUIITIHE
epeKile Hazap aynapbuiaabl. byn Qaktopmap skorapbl camajibl JdoHEKepJeyl,
YKOFaphl KEpHEYJIl aliMakTapAbl KOIOJbI JKOHE BICTBIKKA TO3IMJII MaTepUaIIapibl
naiamanyIel Tajaamn eTedl. Y IbTpaablObICTHIK KYyiie kem nerenzae S000 carat 0oiib
CEHIMJII JKYMBIC 1CTEYl KepeK, OYJI OHEPKICITITIK KAOABIKTAPIbIH SJCTTET1 )KOHIEY
apalbIKTapbiHa coiikec keneni. CamaHbl OakpuIay JKOHE ChIHAY MaTepuajjgap MEH
KOCBUIBICTap/IbI KIpiC TEKCEpYJIeH OacTam, aKyCTUKANIbBIK, Ta3-THHAMUKAIIBIK, J1piT
JKOHE TEPMHSUIBIK ChIHAKTApPMEH asKTaJdaThIH OipHeIe Ke3eHIepal KaMTHIbI.
Ky¥ieHiH wryael aszaiTy, OIpUIAlL ycTam TYpY, aFblll KETYAIH ThIFbI3IbIFbIH
KaMTaMachl3 €Ty JKOHE YJIbTPaJIbIOBICTHIK CUTHAJI )KUUTIT1H aBTOMATTHI TYPJIE PETTEY
Kabutetri texcepuneni. CbhlHAK HOTHIKENEpl >KYMBICKA OCKITY YIIIH Heri3 OOoJIbII
TaOBUIATHIH XaTTamManapja ska3buiajibl. CBhIHAKTHIH KEIIeH]II CHUIAThl >KOOAHBIH
KAyI[CI3AIK TajanTapbl MEH TMaiijlajaHy cuMaTTamMallapblHa COMKeC KelyiH
KaMmtamachi3 eresi [109].
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Ocplnaiiiia, 931paeHIN )KaTKaH YIbTPaIbIObICTHIK O9CEHAESTKIII TEXHOIOTHSIIBIK
xKeTicTikTepai, yHemaumikTi skoHe Caterpillar C9.3 ACERT  mgusenbmi
KO3FAITKBIIIBIHBIH KYMBIC JKaFJailiapplHa JKOFapbl Jdpexene Oeiimuenyl
OipikTipemi. CunaTrTasFaH >KOOANBIK IMICHIIMIAEP MEH TEXHUKAIBIK IMapameTpiiep
KO3FAITKBIIITHIH a3 JWHAMUKAChIHA MUHHUMAIIbl 9CEp €T€ OTBIPHIN, TYPaKThI
KYMBICTBI, Iy JCHTeHiH TOMEHIETY/l *oHE MaiJalaHbUIFaH Ta3Japibl iiHapa
Ta3apTyapl KaMTaMachl3 €Tedl, Oyl OHBI ayblp >KOJ KYPBUIBIC TE€XHHUKACBHIHBIH
HKOJIOTHSUIBIK KYHEIepiH )KaHAPTYAbIH IePCIEKTHBAIIBI DJIEMEHTIHE alfHAIIBIPAIBL.

4.3 ApHaiibl TeXHUKAFa APHAJFAH BEPTHKAJIb IbIOBIC 0JdCeHIeTKIIITI
OPHATY, TEXHMKAJBIK KbI3MET KOPCETY KIHE KOH/IeY

Jln3enbl KO3FaNTKBIIITHIH BEPhTKANIb YIbTPAIbIOBICTHIK O9CEHAETKIII - Iy bl
azaiTyra >KOHE MaillaJlaHbUIFaH Ta3/apblH Ta3apTylbl >KaKcapTyra apHaJFaH
MaMaHJIaHJbIPBUIFaH KYPBUIFbl. BOCEHAETKIII - dKOFaphl TEMIEPATYPaad, KbIChIM/IA
JKOHE IIBIFAPY Ta3JapblHbIH XUMUSJIBIK OEJICEHIUIINHE JKYMBIC 1CTEH allaThlH
BICTBIKKA TO3IMJ1I MaTepHaJIJaH JKacajfaH TIK LWIMHIAPIIK KOpmyc. AJTbI
YIBTPAAbIOBICTBIK COYJIEIIBIFAPFBIII KOPIYCTBIH CBIPTKbI O€TiHE OIp TIK CBI3BIK
OOMBIMEH OpPHATBHUIBII, MIOFBIPJIAHFAH, JKOFAPbl >KHUIKTI AKyCTHUKAJIBIK aFbIHJIbI
xacaiinpl. by opHanacy yMmbIC aliMarblH OIpKEJNIKl yJIbTPaAblOBICTHIK KaMTY/Ibl
KaMTaMachl3 €Te/l J>KOHE COYJICHIBIFAPFBINT AJIEMEHTTEPIH KYTIl YCTaybl
KEHUIIETe 1.

KypbUTFBIHBIH KYMBIC MPUHIMII YJIBTPAAbIOBICTHIK a3 aFbIHBIH Ta3apTy MEH
aKyCTUKAJIBIK ~ IIyAbl 0acy  YiJIeCIMIHE  HETI3NENTreH.  YJIbTPaIbIOBICTHIK
COyJICIIbIFApPFBIITAD OJap AapKblUIbl OTETIH NaijanaHbUIFaH  ra3fapiblH
KYpPBUIBIMBIHA 9CEp €TETIH JKOFapbl IKUUIIKTI TepOemicTepll TyAbIpajbl,
MUKPOOOJIIEKTEPAIH JUCCOLMALMACH MEH arJOMepalusChIH XKaKcapTabl, KyleH1
TUIMJIIPEK KETIpyre bIKNaJl €Te/l KOHE Ta3apTy AdpexeciH apTThipasibl. COHbIMEH
KaTap, yJabTPaJAblObIC aKyCTHKaIBIK TOJIKbIHIApABI OenceHAl Typnae Oacy yuiiH
aHTu(azaIbIK TepOenicTepal TyAbIpaabl, MIbIFapy KYWECIHIH KalMbl Iy AEHIeHiH
teMeHaereni. [{umuuapaiy imki OeTi KOChIMINA CIHIPTIII >KOHE OarbITTayUIbI
AIIEMEHTTEPMEH >KaOAbIKTaJFaH, OyJl aFbIHHBIH OIpKEJKl TapajlyblHa KOHE
aKyCTUKAJIBIK PEXKUMII TYPAKTAHIBIPYFa KaF1ail KacanIbl.

KopnycteiH ToMeHri Oesirine OpHATHUIFaH Kyie )KHHAY Hayachl KYPBUIFBIHBIH
epekieniri 0osbin Tadbuiabl. Oa yabTpaablObICTHIK CIYJIETICHY apKbUIbI OOJIIHTeH
KATThl OOJIIEKTepl KUHAyFa KbI3MET €Telll, OJapJblH KOpIIaraH opTara KaWTa
HIBIFAPBUTYBIHA YKOJT OepMen/Ii.

KypbUTFbIHBIH JU3aliHbl MEH >KYMBIC NPUHIUIIH TYCIHY OHBI KOJJAaHYAbIH
MPaKTUKAJIBIK aCTIEKTUICPIH 3epTTEyTe Kollyre MyMKIHIK Oepeni. Jlypric opHaty
KOHE YHEMl1 TEXHHUKAJIBbIK KbI3MET KOpCETy YJbTPaAblObICTBIK O9CEHIETKIIITIH
KOFapbl THUIMJAUTITIH, OHBIH Y3aK KbI3MET €Ty MEp3iMiH JKOHE Iaifjajany
KayIMcCi3/irH KaMTaMachl3 €Ty I1H HET13T1 pakTopiaapsl 00JIbIN TabbLIa b1, TOMEH e
013 KYpBUIFBIHBI KOJ-KYPBUIBIC TEXHUKajJapblHA OpHATy IpPOLELYpPachlH, COJaH
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KeWiH TEeXHUKAJBIK KbI3MET KOPCETY KOHE KOHJEY TajalTapblH erKel-Terxeilnl
cunarraimMbi3 [110].

XKonm  KypbUIbICBI ~ TEXHUKajJapblHA TIK  yJbTPAABIOBICTBHIK  JAU3ENb]I1
KO3FAITKBIIITHIH JBIOBIC O9CEHIETKIIIIH OPHATY XKaOIbIKTHI JalibIHAAY, CTAHAAPTTHI
OJOKTHI ajblll TacTtay, >kKaHa TIK MMIUHAPIIK KOPIYCTHl OpHATy >KOHE
yJIBTPaAbIOBICTBIK COYJICHIBIFAPFBINI KYHECIH KOCY CHUSKTBI Ti30€KTI TEXHHMKAJIBIK
IPOLECTI OPBIHAANIBL. AJIBIMEH, WIBIFapy XKyhecl ailMarblHIarbl 0OC OpBIH
OarayiaHa bl )KOHE OoJialak J6I0bIC OLIIPTIIITIH 0eKITYy HYKTeC1 KaTaH TiK KOPITYCThI
KaMTaMachl3 €Ty VIIIH aHbIKTajnazsl. OchlgaH KeHiH KO3FaJTKBIII OIIipiIel,
TOJIBIFBIMEH CYBITBUIA/Ibl KOHE CTAHAAPTTHI JIBIOBIC OIIIPTIII aJbIHAbI: KOPFAHBIC
KAKIaKTaphl aJIbIHBIN TacTallaJbl, OEKITY OONTTaphl MEH KBICKBILITAphl 0OCATHLIA/IbI,
HIBIFApy KYOBIPBIHBIH (hIaHEeIll aXKbIPAaThLIAIbl )KOHE €CK1 JBIOBIC OIIIPTIIl MYKHUST
IBIHBIN  TacTanajbpl. bocaTbuiFaH TwIbIFapy KYOBIPI MYKHST —Ta3ajaHajbl,
nedopManusacel TeKcepiieal, KaxeT OOJFaH »Karjaiija ajgantep TaHIadalbl *KOHE
THIFBI3 THIFBI3AIFAHBIH KAMTaMachl3 €Ty YIIIH KOCBUIATHIH (IaHENKE BICTHIKKA
TO31M/11 THIFbI3JAFbIII OPHATHLIAAbL. Opl Kapald, YChIHBUIFAH TiK YJIbTPaablObICTHIK
JBIOBIC OIIIPTilITI OpHATYJbl OAacTalMbI3: LWIMHAPIIK KOPIYC KaTaH TITIHEH
OaFpITTaJIFaH, KipiC KYOBIPbl KOJIKTIH IIbIFapy KYOBIPDHIMEH TypalaHFaH >KOHE
(bnaHenneH HeMece KYMEHTUIreH KbICKbIIITapMeH OekiTiareH. CoaaH KeiliH Kopiyc
KOJIKTIH paMachlHa JIpia OEKITKIIITEpIH NaiJalaHblll MBIKTan OeKiTiiaeai, Oy
TIFIHEH OpHAJAaCKaH aliThl CBHIPTKBI YJIBTPAABIOBICTBIK COYJICHIBIFAPFIIITAP IBIH
JKYMBICBIHA PE30HAHCTHIK TEpPOCTICTepiH ocepiH a3zalTyFa MYMKIHAIK Oepel.
CoynembIFaprbIil JKOJIBIHIAA KeAepri KENTIPEeTIH KOMIOHEHTTEP JKOK EKEeHIHE KO3
JKETKI3TreHHEH KeHiH, 013 JJIEeKTPJIIK OpHATyAbl OacTailMbI3: KyaT KaOenblepiH
BICTBIKKAa TO3IMJIl OTKI3TIIIKE KAJIFAaWMBI3, COYJICHIBIFAPFBIITAPAbI  OacKapy
OJIOTBIHA KOCaMbI3, KYPBUIFbIHBI KOPFaJIFaH >Kepre OpHaTaMmbl3, KOPIYCThI Kepre
KOCaMbI3 KOHE DJICKTPIIK CXeMara ColKec ChIMaapiabl Tekcepemis. OpHaTKaHHAH
KeiH 013 Au3eNbll KO3FaITKBIIITEI 00C KYpICTE€ ChIHAKTAH OTKI3€Mi3, MIBIFBII
KETyJep/ll, aya HIbIFbIN KETYJEpIH >KOHE JIpl OKIIAyJayblH TEKCEpEeMi3 MKoHE
yIbTPaAbIOBICTHIK MOIYIBAECPAIH Oackapy OJOTbl apKbLIbl ICKE€ KOChUIFAHbIHA KO3
*eTkizemis. Erep mapamerpiep TypakTbl 00Jica, ®KbUTY KAJIKAHbI OPHATHLIAIbI )KOHE
OocenaeTKim akbIpbl OekiTiaenl. COHFbI Ke3€eH - 0acTanKbl TEXHUKAIBIK KbI3MET
KOPCETY: ’KYMBICThIH aJFallKbl OIpHEIIe caraThlHAH KeWiH Kyie TabaHbIH Ta3aniay,
OCKITKIIITep MEH AIpia OEKITKIIMTEPIH TEKCepy, KaOenb KOIIAPbIHBIH KaFJalbIH
KOHE KOpITyC TemIieparypachbiH Oaranay. KanbInThl KyMbIC pacTanfaHHaH KeWiH,
KYPBUIFBI TOJIBIK OPHATBUTFAH OOJBIN caHanmazbl. JKoJI KYphUIBICH TEXHUKAJIAPhIHA
OpHATBUIFAH MOXYJIBAIK TIK YJIBTPAABIOBICTHIK JAU3EIBAI  KO3FAITKBIIITHIH
O9CEHIETKINIIHE TEXHUKAIBIK KbI3MET KOPCETY JKOHE JKOHACY KYHENl TypHe *KoHe
TeK OUTIKTI MaMaHJapMEH J>Ky3ere achipbliaabl. KyMbeIcThl Oactamac OYpBIH,
KOHJBIPFBI KyaTTaH a)KbIPaThIIaAbl, KO3FAITKBIII TOKTATHUIAIbI, IIBIFAPY Kyheci
Kayimnciz TemrepaTypara JeiiH CalKbIHAATBUIAAbI, KYPBUIFBI KO3FaJIbICTaH
KOpFaJiajibl, ajl KbI3METKEPJIep KOPFAHbIC KYpalJIapbIH: OTKA TO3IM/II KOJFaNTapbl,
KayIMCi3iK KOe3UIIIPIKTEPiH, peCHUpaTop/Ibl >KOHE KOPFAHBIII KUIMACPIH KHE/l.
KyHaenikTi anfamkbl TEXHUKAJIbIK KbI3MET KOpCeTy OOCEHIETKIIl KOPIYChIH
KapbIKTapra, KOPPO3UsFa »OHE MEXaHMKAJIbIK 3aKbIMAapra Ke30€H TeKcepyil,
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OEKITKIITep MEH [ipin OEeKITKIIITEpiHIH CEeHIMIUIIH TeKcepydl, (maHemnTi
KOCBIJIBICTAp MEH aJaNTeplIepAiH THIFBI3IBIFBIH TEKCEPYAl, KaOelb >KOJIaapbl MEH
KOPFaHBIC OTKI3TIIITEPIH TEKCEpyIl *koHe Oackapy OJOTBIHBIH TYTaCTBIFBI MEH
Kepre TYWBIKTAIYBIH TEKCepyll KaMmTuasl. Erep mibirapy razgapblHBIH IIBIFBII
KeTyl, (pranenTeperi KoMipTeri meriHIepi Hemece 0ocaraH OOJNITTap aHBIKTAJICA,
KYMBIC TOKTATBUIA/bl )KOHE aHBIKTAJIFaH aKayJap Ty3eTiieai: OCKITKIITep TapTy
CTaHJapTTapblHA COMKEC MOMEHT KUITIMEH TapThbUIa[bl >KOHE 3aKbIMIaJIFaH
AIIEMEHTTEP aybICThIPbLIA/IBI.

Kytie xuHay Tabarbl YHEMI Ta3ajaHa/bl: IIaH KOIl KWHAJIFaH Karaaiga KyH
callblH HEMece €Kl aybIChIMa O1p PET, all KAJIBINTHI JKaF/aaiiia anra calblH 00JIaIbl.
Kyhie cankpiHAaraHHaH KeHiH Tabak albIHBIN TacTajajbl, Kyhe Kayilci3 »KOoro
npoueaypajiapblHa COWKEC alIbIHBII TacTanajbl, THIFbI3JAIFaH KOHTEHHEpJiepae
KUHaAJIabpl, ai TabaKk MeH Topjap KaxkeT OoNFaH Karjaiga Koppo3usFa
YIIBIpAMANThIH ~ EpPITKIIINEH KybUIaabl. Tabak TMeH TopaapAapl  KENTipid,
TBHIFBI3JIAFBIIITAPABIH [IBIFBII KETYyl TeKcepiienal. Top cy3ruiepi MEH ajjblH aja
cy3ruiep Olp yakbITTa TEKCEpPUIIN, aFbIH bUIJAMJIBIFbl TOMEHAETECH Karnanja
KaHAJIapbIMEH aybICTBIPBLIAIBI.

Y IbTpambIOBICTHIK COYJICTIBIFAPFRIMITEI KOCTAPILl Tekcepy opoOip 250-500
KO3FaJTKBIII CaraThlHJA JKYpPri3uienl: Keaepri eJleHe/l, >XapbhlKIIaKTap/ablH,
KOPPO3USIHBIH XKOHE KOPITYCThIH 3aKbIMAaHYbIHBIH BU3yallIbl TEKCEPY1 KYPrizuiel,
OeKiTKIITep MeH Kabenb KIpICTepiHIH Karjnaibl OaranaHaabl. AKayJibl
COYJICHIBIFAPFBIMITAP JKEKE aybICTBIPBUIAIBI: OacKkapy OJIOTBIHIAFBI THICTI apHa
KBIPAThUIA b, TYPACHIIPTINT aJbIHBII TACTANAbl, THIFBI3IAFBIIITAPABI HKOHE
YCBIHBUIFAH TapTy MOMEHTTEpiH OakplIall OTBHIPHIN, jKaHAa MOJYJb OPHATHLIAJIBI.
OneKTpoHABIK Oackapy OJOThl JKbUTy/JaH, bUIFAJIJaH JKOHE COKKbIAaH KOpFaslFaH
xepae opHamacanbl. KyHACNIKTI TEXHUKAIbIK KBI3MET KOPCETY Ke3iHIe
KOPEKTEHIPY KEPHEY1, CAKTAaHABIPFBILI NIEH PEJie TYTACTBIFbI, TYHICIIE KYil, )Kepre
KOCY Ti130€KTepi *KoHE TemIlepaTypa MEH JUArHOCTUKAJBIK CEHCOPJIAPJbIH TYPhIC
KYMBICBI Tekcepineni. Erep aywsITKynmap aHbIKTalca, akayidbl KOMIIOHEHTTEP
aybICTBIPBUTAIBI JKOHE KaKeT OOJIFaH jKaFmaiija >KyheHiH KOHQUTYpamuschl MeH
napameTpJiepl caKTaiaibl.

KpI3MeT kepceTyieH KeHiHr JuarHoCcTUKa O1p MUKIIE KYPri3uie/ii: KyaT KaTa
KOCBLIa/bl, OacKapy OJIOTBIHBIH WHIWKATOPJIAPhl TEKCEpiIedi, YIbTPaablObICTHIK
COYyJICHIBIFAPFBINT  apHANaphl  Oip-Oipien Tekcepisiedi, CHUHXpOHJAy OoJFaH
xKarmaiina (asza OaramaHanbl JKOHE NIy JEHTeil MEH IMIbIFapy IMapaMerpepi
KO3FaJITKBIIITHI ICKE KOCY aJIIbIHIA )KOHE OJ1aH KeliH enmeneni. Erep kepcerkimirep
Colikec KelMmece, IIbIFapyAblH Kepi KbICBIMBI MaHOMETPMEH OJIIICeHEl; Kepi
KbICBIMHBIH ~ JKOFapbulaybl  OITE€AreH  HeMece  Jyphic  OpHaThUIMaraH
KOMITCHCATOPJIapAbl KepceTesl, Ta3ajmaylbl HEMece peTTeyll KakKeT eTe/ll.
THIFBI3ABIKTEI KJIMbIHA KEJITIPY YIIIH BICTBIKKA TO3IMII THIFBI3IAFBIINITAPD MEH
TeceMmIep KOJOaHbUIaAbl, AepopmanusuiaHFaH  (QIiaHenTep MEH KEHEHTy
KOCBUIBICTaphl aybICTHIPBLIAAbI, aJ1 UKEMJI1 KOCKBILITAp KYMBIC TEMIIEPATYpachl MEH
JIpUT KYKTEMEJIEpiHe COMKeC KeJIeTIH KaHaIapbIMEH aJIMAacThIpbLIaabl. KopmycThiH
nedopmalusckl HeMece aWTapiIbIKTail KOppo3Wsl >KardalblHIa KYpPbUIFBIHBI
MaMaHJIaHJbIPBUIFAaH MEKEME/IE KOH/IEY HEMECE KOPITYCThI TOJBIFBIMEH aybICTHIPY
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KaxeT. JloHekepieyre TeK MaTepuaiiapAblH TeMIlepaTypara TO3IMIUTIT CaKTaIFaH
KOHE KaKeT OOJIFaH Karmaia KeWiHT1 TepMUSIIBIK OHACY KYPTi3UIreH »Karmanaa
raHa pykcar erijem [111].

D7eKTp KOCBUIBIMIAPBIH KYTill ycTayra keminze [P67 kopranbic peiTunrici 6ap
KOCKBIIITAp/Abl TMaijalaHy, KOHTAaKTUIEpAl KOppO3Usfa KapChbl areHTTepMEH
Mep3IMAl OHJACY, KOCBUIBIMIAPIBIH THIFBI3ABIFBIH TEKCEPY >KOHE OKIIAYJIaFbIIll
3aKbIMJIAJIFaH KaFaaiina kabenb 0eKTepiH aybICThIPY Kipedl. TeXHUKAIBIK KbI3MET
KOpCeTy KypHaJIbl Y3I1KCI3 KYPri3iaeai, oHAa KYHJEp, KO3FAITKBIII caraTTapbl,
OpBIHAANIFAaH JKYMBICTap, IIy MEH KbICBIMIBI OJIIIeYy HOTHXKENepl >KOHe
KOMITOHEHTTEP/IIH  aybICTBIPBUTYBl JKa3bliafbl. KYMBIC CTaHIApTTaphl MEH
TajanTapblHA COMKECTITIH pacTay VIIIH KyXaTTamMa MEH KOMIIOHEHTTEP/IIH
cepruduKaTrTapsl cakTaiaabl. KaTaH sKOJOTHSUIBIK TajanTapbl O0ap alMakrapjia
KbI3MET KOPCETY Ke31HJIe¢ KYHEHI KOI JKEPTiTiKTI epexkenepre CouKec Ky3ere
acChIPBLIA/IbI.

Kypaeni xeHzey Ke3iHA€ ThIFbI3IAFbIIITAP, TOPJAP, UKEMIl KOCKBIIITAP KOHE
OexiTkimTep Oip yakKbITTa aybICTHIphUIAJAbI. backa TUNTEri CoyIEHIbIFAPFBIII
OpHAaTKaHJla HeMece apHa KOH(MUTypalusChlH ©3repTKeHie Oackapy OJ0rbl
KOH(UTypalMsUIaHbin, KaiTta kanuOpieHyl kepek. Ke3 kenreH >keHIEyJeH KeiiH
KEIIeH/I1 KayINCi3 K TeKCepyl KYypriziiaeai:

- JKYMBIC TeMIIepaTypachlH/a aFbIll KeTyJIepAl TeKcepy,

- IIP1J1 pe30HAHCTAPBIHBIH 0OJIMaYBI,

- aBTOMATTHI OaCKapy AMEMEHTTEPIHIH JIYPHIC KYMBIC 1CTEY],

- IaMaJIaH ThIC KYKTEMEJIEH KOpFay,

- [Ty ICHTeIepi JKoHe MIbIFapy mapameTpraepi.

Kypneni akaynap 6osnraH xkaraaiaa, oHIipyIIiHIH KbI3MET KOPCETY OpTabIFbIHA
HeMece cepTu(dUKATTAIFaH KOHICY MEeKeMeciHe xabapiacajsl, ce0edl pYKCaTChI3
YOH/1eY KYPBUIFbIHBIH 3KOJOTUSIIBIK OHIMJIUTITIH OY3Yybl )KOHE KEMUIAIKTI )KapaMChI3
€Tyl MYMKIH.

4.4 YKcacThIK KpUTepHiijiepi Herizinge apHaiibl TEXHUKAJIAPFa apHAJIFaH
MOIYJIbAIK YJIbTPAABIOBICTHIK OiceHJeTKIIUTIH KOHCTPYKTHUBTIK
napamMeTpJiepi MeH KYMbIC KAFIAHJIAPBIH ecenTey diCiHiH MbICAJIbI

OJICTIH MaKcaThl — OPHATBUIFAH KPUTEPHUAIIBI TOYCIIUTIKTEH MOJYJIbIIK
YIBTPATLIOBICTHIK O9CEHIETKIMITIH HAKThI KOHCTPYKIUSIIBIK JKOHE YHEPTEeTUKAIIBIK
napameTpiIepiH ecenTeyre Koumry.

KaxxerTi ynbTpaasiObICTHIK KyaTThl ecentey (ki kputepuiii O0UbIHIIIA)
ki xpuTepuiii Ta3 arbIHBIHBIH €H ayblp PEKUMIHAC (Qmax) YIBTPAIBIOBICTHIK dCEp
YIIIH KQXKETTI KyaTThl aHbIKTayFa MYMKIHAIK Oepe/i.:

k=22 5 p =22, p=268Br (4.18)

1
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Ocep eTy YyaKbIThIH JKoHE OeJIcCeH Il aliMaK Y3bIHABIFbIH aHbIKTay (k2 KpuTepuii
OOMBIHIIIA)

k2 epHeriHeH ra3fblH yJIbTPAABIOBIC aiMarblHAa OOJYy YIIIH KaKETTI yaKbIT
aHBIKTAJIA/IbI:

1 1
_ Q /2 _ Q /2 _

CojaH KeliH yaKpIT O€JICeH 11 allMaKThIH THIM/II Y3bIH/IBIFbIHA ayBICTHIPBLIAIBI,
ra3 KaHaJibl OOMBIHIAFEI OpTAIlla aFbIH JKBUIIAMIBIFBIH €CKEPE OTHIPHIIT

)
9 = , (4.20)

MyHJa A - KaHaJJAbIH KOJACHEH KMMACBHIHBIH ayJIaHbIH €CKEPE OTBIPHIMN, KeJecl
OPHEKTI allaMbl3

L,
t="20>Lopp =0t = Lygy =0,5214 m (4.21)

Kputepuii k3 cBA3bIBaET JIMHY aKTUBHOW 30HBI, IIar YCTAHOBKH U3TydyaTelen
Y CTENEHb 0XBATA CEYEHUS YJIBTPA3BYKOBBIM I10JIEM

AnbiHFaH MOH Lmax pYKcaT eTIIreH Y3bIHIBIKIEH calbICThipbuiabpl. Kaxer
OoJiraH Karjaiiia, KyaT HeMece COyJICIIBIFapPFBIITAPABIH KEHICTIKTIK THIFBI3/IBIFBI
TY3€TiIe/].

Monyabaep CaHbIH JK9HE OJIAapPAbIH OPHATY KaJaMblH aHbIKTAy (ks
KpUTepuiii 00 bIHIIA)

ks xpuTepwmiii OenceHal aiiMak Y3bIHABIFbIH, COYJICIIBIFAPFBIIITAPBIH OpHATY
KaJlaMbIH KOHE YJbTPAJbIOBICTHIK ©PIC apKbUIbl KUMAHBIH KaMTBULY JOpPEKECIH

OailJIaHbICTHIPAIbI:
LAi

k3:

Slmax

Ochi1an MOAYJIbJIEPl OPHATY KaJaMbl aHBIKTAJIA b

LAi
s == (4.22)
ImaxKs3
ar OeJICeH/TI aMaKTBIH Y3bIHBIFbI OONBIHIAFBI MOAYJIBICD CaHbBI
L
Nz§—>Nz3 (4.23)

Tananm eTiAreH TYTIH TOMEHJIEYlH KamTaMachl3 eTeTiH ks MoH1 TaHJaJIbll,
MOAYJIBACP/IIH OpPHAJIACYbl aHBIKTAJIa/IbI.

Monyiabaep 00ibIHIIA KyaTThI 00J1y

JKanmbl KakeT KyaT MOyJIbJIep apachiHaa OeJiHe ]!
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PC M
PMo,qym: =—= (424)

N

TexHUKAJNBIK TancbIipMa KYpy

XKyprizinren ecenrteynepre CyleHe OTBIPBIN, TEXHUKAJIBIK TarChblpMara
TOMEH/IET1 TaJanTap KOChLIa Ibl:

- OCNT1JIEHTeH PeXKUMIEPIe TYTIH 1 a3alTy bl TaJlall eTe/ll;

- JKaJIbl YIbTPaIbIOBICTHIK KyaT Peyy;

- Pyonym O1p MOAYJIIHIH KyaThbl;

- L,¢¢ Oesicen i aliMarbIHbIH TUIM/I1 Y3bIH/IBIFBL;

- N MoJyJibJiep CaHbl )KOHE OJIap]ibl OpPHATY KaJaMbl S;

- MUHAMAJIIbI KCHICTIKTIK KaMTy KO3 PHUIeHTi Al/imax;

- YABTPAALIOBICTHIH KYMBIC JKH1TIT1 TUAMa30HbI;

- QIIIIIEM/TIK JKOHE OTIePAIMSUIBIK IIEKTEYIep.

Ocputaiilia YChIHBUIFAH 9/ICTEME YJIBTPAABIOBICTHIK KOAryJIALHs MPOLECIHIH
(bU3HUKaIBIK KPUTEPUAIIIK MOJEIIHEH MOIYJIBJIIK O9CEHIETKIIITIH KOHCTPYKTUBTIK
YKOHE DHEPreTUKAIIBIK MapaMeTpIIEpiH €CenTeyre TIKeJIel eTyre MyMKIHIIK Oepel
KOHE OHBIH >K00anaybIHAAaFbl TEXHHUKAIBIK TallCBIPMAHBIH OapiblK TapMaKTapbIH
HKCIIEPUMEHTTIK TYPJI€ PACTAJIFaH YKCACTBIK KpUTEpPUIJIEp] HETi31HAE Heri3aeyre
MYMKIHJIIK Oepe/i.

TepriHi 667iM OOMBIHIIA KOPBITHIHIBLIAP:

Kyprizuiren Tanmay HOTHXKECIHIE YIbTPAIbIOBICTHIK OOCEHIETKIIITI KOJI-
KYPBUIBIC JKOHE apHaibl TEXHHWKA NapKiHIAE KOJJAHYIbIH TEXHUKAJBIK KOHE
PKOHOMMKAJIBIK TYPFBIZaH HET13/1eJTeH] ToeACH .

KazakcTaHHBIH  KOJ-KYPBUIBIC ~ TEXHWKACHl TapKi VIIH  ecenTeyiep
yIbTPAABIOBICTRIK 9CEp/l KOJJAaHy apKbUIbl TYTIHAIK TEH KaTThl OeJleKTep
KOHIICHTPAITUSCHIH TOMCHIECTYMEH Karap, Kapchl KBICBIMIBI a3alTy eceOiHeH
YKaHapMal IIbIFbIHBIH KbICKAPTYFa MYMKIH/IIK O€pETIHIH KOPCETTI.

ApHalibl TeXHHMKa YIIIH BEpTUKAJIb OpHAlackaH OJCEHIETKIIITI KOJIJIaHy
KOHCTPYKTHBTIK TYPFbIJAaH THIMAI Oo0ibll TaObUIafbl, ceb6edl on  1pieHreH
OOJIIIIEeKTEP/IIH TPABUTAIUSIIBIK TYHYBIH JKCHUIACTEAl, MOAYJIBIIK KYPBHUIBIMIBI
OpHAJaCThIPyFa KOJAWIBl JKOHE TEXHUKAIBIK KbI3MET KOPCETY YAepiciH
OHTAMIaHIbIPAIBI.

¥KCacThIK KpUTEpHUUIEpl HETI3IHJE YCHIHBUIFAH €CEeNTey oOJICI MOJYJbJIIK
YIBTPATLIOBICTHIK O9CEHETKIMITIH KOHCTPYKTUBTIK MapaMeTpIiepiH (MO b CaHbl,
KyaThl, OpHaJacy KaJaaMbl, OCJIICEH/II aifMaK Y3bIH IBIFbBI) dKOHE KYMBIC JKaFJaiIapbiH
WHKEHEPJIIK TYPFBIAH HETI3JCNIreH TYpAEC aHbIKTayFa MYMKIHIIK Oepemi. Oic
oM0ebamn cumaTtka He >KOHE OpTYpJll KyaTTarbl JU3EbAl KO3FAITKBIIITapFa
OeliiMaene ajabl.

Ocbunaitima, yabTpaAbIObICTBIK OOCEHIETKIIITI apHailbl TEXHUKaJa KOJJIAHY
AKOJIOTHSUIIBIK KAYINCI3IKTI apTThIPYMEH KaTap, SKOHOMMKAJIBIK THIM/II IIEIIM
OoJIbINT TaObLIAABl JKOHE OHBI OHIIPICTIK JEHreHJe €Hr13y FhUIBIMU-TEXHHUKAJIBIK
TYPFBIIaH OPBIHJBI IEN KOPBITHIH/BI KacayFa 00Jabl.
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KOPBITHIHBI

Huccepranusi  KOJ-KYPbUIBIC ~ JKOHE  apHailbl TEXHUKAHBIH  JU3EJIbI1
KO3FAITKBIIITAPBIHBIH TaldalaHbUIFAaH Ta3JapblHAAFbl TYTIHACHYAI TOMEHICTY
JKOHE YCaK JUCIIEePCT] OONIIEeKTepAiH TYHY THIMIUIITIH apTThIPYIbl KaMTaMachl3
€TETIH BEPTUKAIBA1 MO/TYJIbJIIK YIBTPAABIOBICTHIK O9CEHAETKIMITIH
KOHCTPYKUMSCHIH 931pJIeyTe KOHE OHBIH KYMBIC ICTeY 3aHIBUIBIKTAPbIH aHBIKTAyFa
OarbITTaJIFaH, FEUIBIMU HET13/IEITeH dKaHa HOTHXKEJIEePl KaMTU/IbI.

JluccepTalysuIbIK 3epTTey HOTH KEIepl OOMBIHINA HET13T1 KOPBITHIHBLIAP:

- JU3ETBbAl  KO3FANTKBIILITAPIbIH KOHCTPYKIMSUIAPBl, OJApAbIH  KYMBIC
pexXUMIEPl JKOHE MaiiallaHbUIFaH Ta3apAblH KYpaMbl TalJaHbIM, KOJIJIAHBICTAFbI
KAaTAJIMTUKAJIBIK JKoHE Cy3rutik TazapTy xkyhenepidiy (DOC, DPF, SCR, EGR) xon-
KYPBUIBIC JKOHE Kaphepilik TEXHHUKA >KaFjailbiHIa OipkaTap eseysi mnaijanany
HIEKTEYJIepIHE M€ EKEHJIrl aHbIKTANAbl. bysn mekreynep oJapAblH >KOFapbl
KYHBIMEH, THIMAUTITIHIH IIBIFAPbIHIBUIAP TEMIIEPATYpPAChIHA TOYEIAUTITIMEH, OTHIH
MEH pEareHT camnachlHa CE31IMTANJILIFBIMEH, TYPAKThl PEreHepalns KaKeTTUTIrIMEH
KOHE IIEKTEYJIl PECYPCIICH OaIaHbICTHI;

- TmaljallaHbUTFaH Ta3lapibl Ta3apTylblH (QU3MKAIBIK OMICTEpIHE Taljay
YKYPTi31UIiI, peareHTTEP MEH CY3I'1 AJIEMEHTTEPIH KAKET €THEHTIH YIbTPaIbIObICTHIK
JKOHE JIa3epJliK OMICTEpAiH oJIeyeTl JKOFapbl eKeHAIr kepceTinal. Jlazepiik
KyHenepl nu3ellb KO3FAITKBIIITAPBIHBIH IIBIFAPY OPTAChIHAA MPAKTUKAIIBIK 1CKE
acelpy aWTapibIKTall HHXXEHEPJIK >KoHE mMaijanaHy IIeKTeyJepiIMeH (KOFaphl
DHEPrus TYTHIHY, OINTHUKAIBIK DJEMEHTTEPMAIH JIerpajalusichl, Kayirci3miK
TajanTapbl) OalgaHBICTBI eKeHAIr aHbIKTamapl. COHBIMEH Karap, OJapabl
yABTPAABIObICTIEH OIPIKTIPIN KOJJaHy OoJalliak 3epTTeyJepAiH MepPCreKTUBAIBIK
OarpITHI PETIHAC alKBIHIAJIIbI;

- MOZYJIBJIIK YJBTPAJbIOBICTHIK OQCEHAETKIIITIH TIK KOMIIOHOBKACHI KOJICHEH
cyibanmapMeH  CajbICThIpFaHJa OeJIIEeKTEpAlH  KOaryJsuusIchbl MEH TYHY
MEXaHU3MJIEPIH ICKEe achlpy YVIIIH HEFYPJbIM KOJIAMIBI JKaFrjgail KacallThIHbBI
YKOHIHJET1 TUII0TE3a YChIHBUIBIN, PacTajabl;

- YIBTPaAbIOBICTHIH TTAHATAHBIIFAH Ta3japFa 9Cep €Ty MPOIECIHIH (PU3HKACHI
KapacTBIPbUIABL. YIBTPAIbIOBICTHIK 9CEP — MEXAHUKAIBIK XOHE aKyCTHKAJIBIK
BIKIAJI/IbIH KEIIEH 1 9cepi ece0lHEeH KATThl OOIIEKTEP IIH KOAryJIsaHsIChl MEH TYHY
mporecTepl  KapKbIHAAHATBIH, HOTIDXKECIHAE Ta3 OPTACBIHBIH  YBITTHUIBIFBI
TOMEHJICUTIH OacKapbUIaThlH  (PU3MKATBIK TPOIECC EKEHAIrT  aHBIKTaJIbI.
Y AbTpaabIOBICTHIK 9CEPiH HETI3T1 MmapaMeTpiIepiHiH HEePapXHsIChl MEH OJIapAbIH
e3apa  BIKMAJBIHBIH  3aHJBUIBIKTAphl  OCNTUICHIN, VYCHIHBUIFAH  MOJYJBIK
yIbTPAIALIOBICTRIK OQCEHAETKIIITIH KYMBIC Karujaajgapbl MEH KOHCTPYKTHBTIK
KOMIIOHOBKACBHIH HET13/Iey/11H TEOPHUSIIBIK 0a3achl peTiHIE KbI3MET €TTi;

- MaTeMaTUKaJIbIK MOJIENbJCYy HOTHXeJIepl TIK OOCEHIETKIII KaraaibIHAa
yIbTPAAbIOBICTHIK  acep Ke3iHAe OeeKkTep KOaryJsSUUsChIHBIH — OJapiblH

MacCachIHbIH yaKbIT OOWBIHINA apTyblHA OKEJETIHIH, Oy 63 KE3€TiHAE aybIPJIbIK
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KYIIHIH POeJiH KYIIEHTIN, IpijieHreH OeNIIeKTepAiH aFblH OaFbITBIMEH KEeAel
TYHYBIH KaMTamachl3 €TETIHIH KOPCETTi. YIbTPaAbIOBICTHIK KBICHIM, OpPTaHBIH
KeJeprici, Tra3 afblHBIHBIH O KbULIAMJIBIFBl  KOHE OeJIleK MacCachIHbIH
©3repMENIITiH Oip ME3Tije ecKepy OHBIH AMHAMUKACHIH Oapabap cumarrayra
MYMKIHJIIK O€peTiHi )KoHEe TIK KOMIIOHOBKAHBIH KOATyJISIMS MPOIECIHIH KapKbIH/IbI
IPaBUTALMSUIIBIK TYHYFA OTYIH KAMTaMacChl3 €TETiH1 aHBIKTAJJIbI;

- YKCACTBIK TEOpPHUACHI MEH OJIIEeMJIK Talgay OMIICTEepiH KOJIJaHy apKbLIbl
MOJYJIBIK  YABTPAAbIOBICTHIK OOCEHACSTKIIITIH THIMAI KYMBIC IIapTTapblH
aHBIKTayFa MYMKIHAIK O€peTiH YII YKCACTBIK KpUTepuiti ambiHAabl. OnapibiH
HET131HA€ KYPBUIFBIHBIH KOHCTPYKTHBTIK >KOHE JHEPTeTHKAJbIK IMapameTpiepiH
€CenTey 9ICTEMEC] KAJIbINTACThIPBUIbI, OFAH YJIBTPAIbIOBICTBIH KaXKE€TTI KyaTblH,
OenceHal aiMaKThIH Y3bIHABIFBIH, MOAYJIBACPAIH KaJaMbl MEH CaHBIH aHBIKTAY
Kipeni,

- OeJICeH/Il CoyeNeHAIPTIIITEP/IH CaHbIH, OJIAPJIbIH KYaThlH KOHE KEHICTIKTIK
OpHaJacyblH ©3TrepTyre MYMKIHIIK O€peTiH ToXKIpUOeNK TIK MOJIYJIbJIK
YIBTPAILIOBICTBIK CTEH]T 931pJIEHII, JabIHIAIbI;

- Ta3apTy TUIMIUIITI TEK YJIbTPaAbIOBICTHIK KyaTKa FaHa eMeC, COHBIMEH KaTap
COYJICJICHAIPTIINTEP/IIH ~ KEHICTIKTIK ~ KOMIIOHOBKAChblHa  KOHE  OJIapJbIH
KOMOUMHAIMsAJIApblHA TOYyeNJIl EKEHMIr ToXIPUOENIiK TypAe aHBIKTAJIIbl, OV
MOAYJIBAIK KOCY MPHUHIIMII XKaFIalbIHAa KOaryJsiuus NpoLEeCciHIH OacKapblIaThIHBIH
OIS AEH I,

- KO3FAJITKBIIUTBHIH alHAIy KU, YIBTPaAbIOBICTBIK CAYJEIECHIIPTIILTEPAIH
KyaThbl, OJIApJbIH apachlHIaFbl KAaIIBIKTHIK >KOHE MaiialaHbUIFaH Ta3lapablH
TYTIHACHY KOPCETKIII apachIHIAaFbl PETPECCUSIIBIK TOYCNIITIKTEP albIHAbI, OyII
KO3FAJITKBIIITBIH SPTYPIl KYMBIC PEXKUMAEPIHJE Ta3apTy TUIMIUITIH OoJkayFra
MYMKIHJIIK Oepei;

- TEXHHUKAJIbIK-DKOHOMHKAJBIK HETI3IEME YJIbTPaAblObICTBIK O9CEHAETKIIITI
KOJI-KYPBUIBIC TEXHHUKACHI MapKiHE €HTri3y JacTayllbl 3aTTap UIbIFapbIHABLIAPHI
YIIIH TeJeMaepil a3aiTy, TazapTy XKyHWelepiHe KbI3MET KOPCETY IIbIFbIHIAPBIH
KBICKApTy, O3IpJIEMEHIH OTEeNIMIUIT, Maljalany KapanalbIMIbUIBIFBl KOHE
QIIEyMETTIK-?KOHOMUKAJBIK THIMAUIIKTI apTThIpy €ce0lHEeH SKOHOMMKANBIK acep
OepeTiHIH KOpCeTTI;

- TEOPHSUIBIK KaFuJaNapAblH, MaTEeMaTHKANBIK MOJENbIACY/IIH, YKCACTBIK
KPUTEPUMIICPIHIH, TOXKIPUOSTIK ACPEKTEPIIH KOHE TEXHHKAIBIK-IKOHOMHKAIIBIK
€CEeNTePIH KUBIHTBIFbI 931PJCHIC€H MOIYIbAIK YIBTPAABIOBICTHIK OQCEHICTKIIITIH
KOJIK TEXHUKACBHIHBIH TalJallaHbUTFaH Ta3JapblH Ta3apTy YIIIH FHUIBIMU
HETI3/ICJITCHIH JKOHE TMPAKTUKAJIBIK TYPFbIAAH KOJJaHyFa JKapaMJbl eKEeHIH
TTQJIEIIIEH .
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KOCBIMIIA A

Kecte A - [llaiigamanbpuiran ras3aapibl Ta3apTy KYpPbUIFBUIApPhIHA apHaJFaH
MaTeHTTepre Moy
ITaTent ITaTent ITaTent ITaTenTt cxemacehl OHepTaOBICTHIH
HOMIpi aTaybl KapusiaH- CUIIATTaMaChl
FaH KYH
1 2 3 &)
SU 912231 | Aspo3soiib 15.03.1982 TeXHOMOTHUSIIBIK Tra31apaarbl
Al OemeKkTepin KaTThl HEMeCce CYMBIK
KOAryJISIHSUT OemmexTepai
ayra KoaryJisiusuiayra apHaJFaH
apHaJIFaH KYPBUIFBI O€NTiJIi, OHBIH
KYPBLIFbI imiHge ra3 Kipicine
KOCBUIFaH oHE KaMepaHbIH
YKOFapFbI KaKMarbIH/A
OpHanacKaH JIbIObIC
T€HEPATOPHI )KOHE JTBIOBICTHIK
Kamepaja tepoernicrepai
KOPCETYT€ HKOHE TYPAKTHI
TOJIKBIH JKacayFa apHaJlFaH
peduextop 6ap. Kepcerinren
pediekTop KaMepaHbIH
TOMCHT1 KaKIaFrbIiHa
OeKiTiNreH.
US4485622 | lren 04.12.1984 [brapblHabl Ta3/bl Ta3apTy
A KaHATBIH KYPBUIFBICHI KeM JereHjie 0ip
KO3FaJITKBIIIT IIBIFAPBIHABI  Ta3  aFbIHBI
BIH apHACBhIH, IIBIFAPBIHIBI Ta3
i 1aaHbUTF arbIHBI apHacChIHIA
aH TrasJIapbiH OpHasackaH, KBLTY
Tasajnayra CBIMBIM/IBUIBIFBI  OPTYpPIl €Kl
apHaJFaH CY3Il D3JEMEHTIHEH TYpPaThlH
KYPBLIFbI KeM JIereH1e o1p
OenexTepai KUHAY
AJIEMEHTIH KOHE Cy3ri
AIIEMEHTTEPIHIH  apachblHAa

TBIFBI3 JKaHacaThIHIAN eTim
OpHANACTBIPbUIFaH KbI3JBIPY
KYPBUIFBICHIH KAMTHU/IBL.
JKbuly CHIMBIMIBIIBIFBI TOMEH

CY3rl D3JEMEHTI  KbI3AbIpY
KYpPBUIFBICBIHBIH ~ JKOFapFBbI
KaFbpIH/A, an KBLTY
CBHIHBIM/IBLTBIFBI KOFaphbl
Cy3ri  DJIIEMEHTI  TOMEHTI

arbICTa OpHAJIaCKaH. >KBIJ'Iy
CI)IﬁBIMI[I)IJ'IBIFBI TOMCH CYSFi

AIIEMEHTI KbI3JIBIPY
KYPBUIFBICBIMEH TE3
KbI3ABIPBUIAABI, Al  JKBUIY

CBIﬁBIMHBIHBIFBI TOMCH CY3Fi
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Kecrte A xanracel

1

5

AJIEMEHTIHEH IIBIKKAH JKBLTY
KBLTY CBIABIM/IBUTBIFBI
JKOFapbl Cy3ri JJIEMEHTIHE
oepineni. benmexkrepai
JKUHAY DJIEMEHTI >KUHANTBIH
OapIIbIK OemmexTep i
JKOFapPhI JKbUTYy THIMIUTITIMEH
)aryra 0oaipl.

A

US4558565

[imren
>KaHaATbIH
KO3FaITKbIII
ThIH,
nauiajaHblJIF
aH rasjapblH
TasapTyfa
apHaJIFaH
KYPBILJIFbI

17.12.1985

ABTOKOJIKTIH HEMece
OCBIFaH YKCac KYpPBUIFBIHBIH
imTeH JKaHy
KO3FaJITKBIIIBIHAH IIBIFATHIH
MIBIFATBIH ra3gaapaarbl
OeJIIeKTep/al KUHAyFa KOHE
JKaryFa apHaJfaH IIbIFaThIH
ra3jibl Ta3apTy KYPBUIFBICHI

CUIIATTaJIFaH. Kyppuirsl
LIBIFaThIH ra3zapaaH
OemmexTepai KUHayFa
apHaJfaH  KO3FAJITKBIILITHIH
HIBIFATBIH a3  KaHaJbIHJA
OpHaJacKaH Cy3ri
DJIEMEHTIHEH, JKUHaIFaH
OenexTepai TYTaHJBIPY

KOHE Kary VIIH CY3ri
AJIEMEHTIHIH KipiC YIIBIHAA
HEeMece KaHBIH]IA
OpHaJIaCKaH AIIEKTPIIIK
KBI3JIBIPY DJIEMEHTIHEH, CY3T1
AJIEMEHTIH KaJlllblHA KENTIpy
Ke31HJIe IIBIFATHIH ra3aapablH
KOILILIITH Ccysri
AJIEMEHTIHEH OTKi30el oTKIZy
YIIIiH CY3Ti JIEMEHTIHIH Kipic
KOHE TIIBIFBIC JKaKTaphIMEH

OalllaHbICaThIH Ccysri
JJIEMEHTIHEH as
TUAPABIIUKATIBIK KeJeprici

Oap  ailfHanMma  apHajaH,
aifHaJIMa apHaHBbI allly Hemece
xaly  apkpulbl  aifHaIMa
apHara KOHE Cy3ri
AIIEMEHTIHE TYCETIH
IIBIFATHIH ras3jiap/bH
MeJTIIepiH Oackapyra
apHaJfaH aillHaJIMa apHazaa
OpHaJIaCKaH KJIaraH
KypajJblHaH  JKQHE  CY3ri
3JIEMEHTI KaJIIbIHA
KENTIPUITeH Ke3/e JKUHAIFaH
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OenmiekTepAl  JKary  YIIiH
CY3I'l DJIEMEHTIHE €H KaXKeTTI
OTTEeri MOJIIEpiH KETKi3yre
KETKUTIKTI HIBIFATBIH
ra3iapIplH a3  MeJIIepiH
OTKI3y YIIIH  KJIanmaHHBIH
alllbUTybIH OackapaTbIH
KJamaH 0ackapy KypasiblHaH
TYpaJbl.

JP 05-
240024 A

Juzennal
KO3FaJITKBIILT
BIH
nafaIaHbUIF
aH Ta3bIH
TazapTy
KYPBUIFBICHI.

17.09.1993

Cyari KaKIaHbIHBIH
TEMIIEPATyPACHIHBIH
JKEPTUTIKTI KOFapbLUIaybIH
aHBIKTayFa  JKOHE  OHBIH
3aKbIMJIaHYbIHBIH aNJIBIH
aJlyFa percHepamus Ke3iHze
JKarbUIFAaH OTBIH MOJIIepiH
0akpuIay apKbUIBI MYMKIHJIIK
O6ap. Cysri kakmaHel 3
IU3ENbIl KO3FAITKBIITEIH 11
HmiblFapy  KyOBIpbIHA 19
KOCBUIFAaH, KbI3JbIpFbI 4
CY3ri KakIaHBIHBIH 3 Kipic
KarbIHa Kapama-Kapchl
OpHaJackaH, aj TeMrepaTrypa
JATYUr] 27 CY3ri
KaKmaHbIHBIH 3 ajjblHA
OpPHATBUIFaH. Cyzri
KAaKNaHbIHBIH 3 IIBIFBIC
YKAFBIHBIH 1IIIHJET1 OPTaJIbIK
OeisikTe, apanblK OeJiKTe
KoHe nepudepusbK OemiKTe
OpHaJacKaH ylI TemrepaTrypa
matuuri 29, 30 sxome 31
KO3FAITKBIIITHIH KYMBIC
KarmalmapelHa JKOHE CY3Ti
KaKIaHBIHBIH 3 Kipic
JKaFbIHBIH TeMITepaTypachiHa
0aiiaHBICTBl KBI3ABIPFBIIIKA
4 xocbutFaH. OTBIH TIBIFBIHBI
OaKbpUIaHAIbL, al CY3ri
1IHAeT1 TeMnepaTrypa
KOTEPLIiM, OenriieHTeH
MOHHEH  aChlll  KETKCHJIEC,
OTBIH IIBIFBIHBI A3a5/IbI.

US5180406
A

Juzenn i
KO3FaJITKBIIII-
TBIH IIBIFAPy
0oCeHIETKIIIII

19.01.1993

Ju3enbi  KO3FAITKBIIITAPFA
apHaJFaH JKaKCapThUIFaH
IIBIFAPy  Ta3blH  OIIIPTIII
OIETTe CONaKINa ITIIHII,
KoJIJICHEH KaMepachl 0ap
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KOPITyCTaH, KOPITYCTBI
KOFaprbl  JKOHE  TOMEHT1
KaMmepaliapra OeneTiH
KaJIKaJlaH, KOPITYCTBIH THICTI
JKOFApFbl ~ KOHE  TOMEHTI
KaMmepaslapblHa — aliHaJIMallbl
TYpIE OpHATBUIFaH, OMICTTE
MUAJTUHAPIIK el OipiHIIi
JKOHE eKIHI Cy3riieplieH,
OipiHII KOHE eKIHIII
CY3TUIepIiH altHAITY BIH
KaMTaMachl3 €TETiH DJEKTP
KO3FaITKBIIIBI CHSIKTBI
CBIPTKBI alHaIy KypaJbIHaH
JKOHE KOPITYCTBHIH TOMEHT1
KaMepachblH imriHapa
TONTHIPATBIH JKOHE OipiHI
CY3riHIH TOMeEHri OeiriH
imiHapa OaTBIPATBIH CILATLII
Ta3apTKbIIl  CYHBIKTHIKTAH
TYPaIbL. [ erFapslIaThiH
ra3fgap KOPIYCTBIH TOMEHT1
KaMmepachlHa KIpiC apKbUIbI
Kipeli KoHe  Ta3apTKBIII
CYMBIKTBIKIIEH  CIHJIPUITEeH
OipiHIII  Cy3riHiH  acOect
JKEHIHEH eTen, ol
naiijanaHplIFaH  ra3gapaaH
KeMIpTeri HIeT1HAUIEPIH
KeTipeni. [IbrFapslIaThiH
ra3jap €KiHIIl CY3TiHIH ILIIiHe
OHbI OIpiHIII CY3TiHIH 1MIKi
KaFbIMCH OailTaHBICTHIPATHIH
CBIPTKBI  KYOBIp  apKbLIBI
Kipedl, OHJa eKIHII CY3ri
naianaHelUIFaH  Ta3lapbl
OJlaH opl TazapTalbl >KOHE
OHJa epireH  Ta3apTKBIII
CYWBIKTBIKTBI IIBIFAPAJIbI, OJ
KallKaJgarbl JPEHaX apKbUIbI
TOMEHT1 Kamepara
KanuTapblUIa/Ibl.
[[IsrrapeuiaThiH raszap
KOPITYCTBIH KOFapPFBI
KaMepachlHAH MIBIFBIC TECIT1
apKBLIIBI IIBIFAIBI.

1C1

RU201311

Iiirren sxana-
TBIH KO3FaJIT-
KBIIITBIH MHaii-

30.05.1994

Konnaubinysi: MalInHa
J)Kacayla, aram  aWTKaH[a,
IIITEH JKaHATBIH KO3FalIT-
KBILITAPIbIH IIbIFAThIH I'a3/1a-
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JaJIaHblIIFaH
ras3iapbiH
Tazajnayra
apHaJIFaH

KYPBUIFBI

"

bIH  INAWBIPIBI  a’3p0O30JIb
OarapesuiapblHaH KOHE YJIbI
KAHIIEPOTEH/I  MOJIUIUKIIL
KOMIPCYTEKTEp/ICH HIbIFAThIH
KYOBIpMCH Tazajiayra
apHajJfaH  KYpbUIFbUIapAa.
Onepradbic IIBIFATHIH
ra3aapabl Tazanay
TUIMAUTITIH apTTBIPyFa >KOHE
OHBl aBTOMOOWJIb, XUMHUS,
METaJLTYPTHs, TaMmax,
OMOIOTHSIIBIK, KYPBUIBIC
JKoHe Oacka Jga caianmapaa
KOJIJIaHy MYMKIHIIKTEPiH
KEeHEeHTyre MyMKiHJiK Oeperi.
OHepTaOBICTHIH MOHI:
KO3FAITKBIIITHIH ~ IIBIFATHIH
ra3plHbIH 1IIKI KaMepachiH
Tazanayra apHaJIFaH,
IIBIFATBIH KYOBIPJBIH TYCIHE
OosiFaH, KEYEeKTi
KepaMHUKaJblK MaTepualgaH
KacaJlFaH Cy3Tl  DJIEMEHTI
JKOHE  CY3rl  DJIEMEHTIHIH
yCTiHE OpHAJIACTBIPBUIFaH
KOHE OFaH KOCBLIFaH
CYMBIKTHIK CaJbIHFAH BIIBICHI
0ap KYpBUIFbI, ©HEPTaOBICKA
coiikec, TECUIreH TYTIKIEH
JKaOIBIKTAJIFaH, Cy3ri
JJIEMEHTI  KO3FAJITKBIIITHIH
IIBIFATHIH KYOBIpBIHA
MIEPIICHIUKYJISIP OpPHATBUIFaH
HWIMHIP TYPIHAE KacajraH,
cys3ri AJIEMEHTIHIH
HWIMHJIPIHE TEPIICHIUKYIISP
OpHAJIACTHIPBUTFAH TECIITEH
TYTIKTI Kypanapl.

RU214356
9C1

Tmrren
JKaHaThIH
KO3FaITKBIIIT
BIH
nagaIaHbIIF
aH ras/iapblH
Tazanayra
apHaJIFraH

KYPBUIFbI

27.12.1999

OHepTadbIC aBTOMOOWIIH
OHEpKICiOiHe KATBICTHI.
OHepTaOBICTHIH MaKcaThl -
naiiaaHbUIFaH ra3zbl
Ta3apTyAbIH JKOFapbI
Jopexeci Oap 1mTeH XaHy
KO3FaITKBIIITBIH xKacay.
Kypbuirs! exi OeiikTeH, Kipic
KOHE WIBIFBIC KYOBIPHIHAH
TYPAThIH KOPIYCTaH TYPaIbl.
AmOMUHUI  YTIHAUIEpIMEH
TONTHIPBUIFaH KOPITyC 0eiri
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CBIPTKBI JKOHE 1K1
TYTIKTEpMEH KaOJIbIKTaJIFaH.
TyTtikTep apachIHAAFbI
KEHICTIK TBIFBI3AJIFAH JKOHE
imiHapa ymma CyMbIKTHIKIICH
TOJITHIPBLUIFaH. Koprmyc
OemikTepi apachIHAAFbI
CBIPTKBI  TYTIKTIH  CBHIPTKBI
OeTi OOMIBIK KaOBIpFasapMeH
*aOapikTanFad. KypraTkem
KabaTTapsl, MeTasI
OKCHJITEPiHIH KOCIAChl JKOHE
OelceHipiireH  KeMipaeH
JKacaJFaH  CiHiprim — Gap
Koprmyc Oeiriri  ambIHOAIBI
JKOHE 1MIKI TYTIKTIH YIIIbIHA
opHaThUIAABI. lmITEeH JKaHy
KO3FAITKBIIIBIHAH IIBIFATHIH
MaiiTaJIaHbLIFaH raszap
[IyIIATENb  KOHE  Kipic
KYOBIPBI ~ apKBUIBI  KOPITYC
OeJliriHe eHell XOHE MeETall
TOp MEH ATIOMUHUN
YTiHZUIEpl apKbUIbl KYiie MeH
KOpFachbIHHAH Ta3apThUIa/IbI.
Coman keifiH ra3map aya
KaMmepachlHa €HEell XKoHE 11TK1
TYTIK apKBLIBI OTiIl,
KAapKbIH/IbI
CaJIKbIHATHLIA/IbI, coJlaH
KeWIH  oylap  KYpFaTKbIII
KabaTTaphl, MeTal
OKCcUITEpl JKOHE
OerncenaipiiareH KeMip
apKbUIBl ©Teli. TexXHUKaIBIK
HOTHKE: naiganaHbUIFad
ra3aapabl Ta3apTy/IbIH
YKOFapbLUIAYBI

US2001011
453A1

KosranTkpImr
TBIH
nagaIaHbIIF
aH ra3gapbiH
TazapTy
KYPBUIFbLIAP
Bl

09.08.2001

[pFapelHIBI TA31BI Ta3apTy
KYPBUIFBICH OTTET1 KOHIICHT-
parsaChIH  aHBIKTAFBIIITAH
(11) Oepiiren OKY
CHUTHAJJIapblHA HETI3/IeITeH
OipiHmIi XKOHE eKIHIII
aHBIKTAMAJIBIK ~ yaKBITTap/a
NOX ciHipeTiH MaTepuaJMeH
KOHE  OTTETiHI  CIHIPETIH
MaTepUaIMeH CiHipiareH
NOX neH oTTeridiy OipiHmIi
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JKOHE eKiHII CiHIpY
Memmepine  koHe  NOX
MeJIepiH  OarajaylibIMEeH
(23) aJIbIHFaH NOx
MeJIIepiHiH OipiHIII JKoHe
eKIHIII ecenTeNreH
MoHepiHe HerizaenreH NOX
CIHIpeTiH MaTepHaIbiH
TO3YbIH aHBIKTAayFa apHAJIFaH
TO3y MeJTIIepiH
aHbIKTaFbplITaH (24) Typabl.

US6357227 | Iiuten xany
Bl KO3FaJITKBIIII
BIHBIH
Nan1anaHblUIF
aH
ra3gapblHiaF
bl JTJaCTayLIbI
3aTTapibly
IIBIFAPbIH/IBI
JapbIH
azairty
Kyhecl MeH
onici

19.03.2002

KanneiHa kentipy areHTiHiH
KaTBICYbBIMEH
KO3FaJITKBILITHIH
naiilanaHpUiFal  Ta3JapbiH
TazapTryFra apHaJFaH
HIBIFATBIH KYOBIPFa KOCBUIFaH
KaTaJINTUKAJIBIK
TypieHziprimi Oap imTeH
JKAHATBIH  KO3FAJITKBILITHIH
HIBIFAapy JKyieci COHBIMEH
Karap KOHJIeHCaT
KHHAFBIIIBIH KAMTH/IBI, OFaH
naiiiananplUIFaH raszjiap
KaTaJINTUKAIIBIK
TYpJIEHAIPrilTeH OypbIH
OarpiTTananel.  Komekrop
naiianaHpliFaH  rasjapJaH
BUTFaJIJIBI
KOHJICHCALMSUTANABI, CYMBIK
Cy KOHJIEHCATBhIH TY3€[l, OJ
pesepByapaa xkuHaiajasl. Cy
KOH/ICHCATHI
TOTBIKCBI3JAH/BIPFBIN  TY3€
aJIaThIH peareHTIieH
apanacThIpbUIAIB, ain
peareHTTiH CyJbl epiTiHIICI
KaTaJINTUKAIIBIK
TYPACHAIPrilITeH OypbIH
naiananplUFal rasjapra
eHri3inesni.

RU218700 | IlIsirapeuiran
0C1 ra3iapel Ky-
HieJieH Tasap-
TyFa JKoHE
IN3ENbBIIK
KO3FaJTKBIII-
TBIH Iy 1B
azaiTyra

10.08.2002

MamuHa kacay; JAM3eNbAl
KO3FANTKbIIUTAp. Ma3MyHBI:
naiananplUFal raszjap
PE30HAHCTHIK KamMmepara,
COJlaH KEWiH aKyCTHUKAaJBIK
OCITWJUIATOPBI  0ap KEHEUTY
KamepacelHa Tyceni. J{piObic
TOJIKbIHJIAPbIHBIH 9CEPIHEH
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apHaJFaH
KYPBLUIFbI

naiganaHpUIFaH Tra3japaarbl
KAJIKBIMAaIbI Kyiie
OenmekTepi Tepbene
Oacraiibl. Kyiie
OeIIEKTEePiHIH  COKTBIFBICY
CaHbl aWTapJIbIKTall apTajbl
JKOHE OemnekTep
KOaryJIsIUsUIaHbIII,
YJIKEHIpEeK Kyie OemmeKTepin
TY3€/Il. byn  amektprik
HEHTPUPYTAITBIK cysrize
naifjanaHplIFaH  Ta3aapabl
KEHiHTi Ta3apTy/bl
auTapIbIKTal  KEHUIICTE/I.
Cyarizge TOXK
AIIEKTPOATAPBIHBIH
JKaHBIHIaF bl Kyiie
OemmmekTepi o3 OeTiHIE OH
WOHJIAPJBI CIHIPII, OH 3aps
amanel.  byn  Oemmekrtep
AIIEKTPIIK JKOHE
HeHTpUuyranslK KyWITepIiH
ocepiHeH TYHJIBIPY
KaMmepachlHa aybICaibl.
AyBIpIBIK ~ KYIIIHIH ~ JKOHE
Cy3ri oci OarbITBIHIA
KO3FaIaThIH aFBIHHBIH
ocepiHeH Kyiie OemnmiekTepi
MaiJaJIaHbUIFaH  ra3fgapaad
OesliHTeH  Kylle  JKMHayFa
apHaJIFraH KOHTEHWHEpre
OarpiTTananel. TaszapTeUIFaH
ra3gap UIbIFapy KyObIpblHA
OarpITTananbl. TexXHUKaIBIK
HOTHXKE: MaiTaJIaHbLTFaH
ra3fpl KyileneH Ta3apTyablH
TUIMIUITIH ~ apTThipy. 1
KapFhIC.

US2004216
699A1

Iren
’KaHATBIH
KO3FaITKBILIT
apIbIH
UIBIFAPBIH/IbI
JapbIH
azaiTy afici
MEH
KYPBUIFBICHI

04.11.2004

byn enepralbic imIKi >XaHy
KO3FaJITKBIIIBIHAH IIBIFAThIH
rasmapapl  Ta3apTy OJICIHE
KATBICTBI, OHJIa BUIFAJIJIBI aya
1ITK1 YKaHy KO3FAITKBIIITBIHBIH
aHy KamepacblHa Oepinefi.

Ocipece IU3enbal
KO3FaJITKBILI irmiHapa
KyaTHeH JKYMBIC  iCTETeH

KE3AC a30T MHIbIFapbIHAbLIA-
PBIH THIMJII a3alTy JKOHE
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omicTi opOip HAKTHI KOIJIaHY
MEH KO3FaJITKBIIITHI
napjanady TajanTapblHa Il
perTeyai  KamMTamachl3 €Ty
YIIiH, ©HepTa0bICKa ColKec,
ra3 OeH Cy TYMaHBIHBIH
Kocmacel Oypikkim Oacer (3)
apKbUIBI JKaHy KaMepachlHa
amapaTelH  KEHicTikke (2)
oepimeni. byn omicti imki
KaHy KO3FAJITKBIIIBIHA
alTapIIbIKTal e3repicrep
SHT13Y/IIH KaXKET1 )KOK IIaFrbIH
KEHICTIKKE OpHaTyfa
00aThIH KYPBUIFBIHBI
naiananelll  OHAM  Ky3ere
aceIpyFra 6omaabsl. OHepTadbIC
COHBIMEH KaTap IMIKi >KaHy
KO3FAITKBIIIBIHAH TIBIFATHIH
ra3iapsl Tazapryra
apHaJFaH KYPBUIFBIFa
KATBICTBIL.

1C2

RU227005

Tmrren
’KaHaThIH
KO3FaJITKBIIIT
BIH
nargaTaHbIIF
aH ra3gapblH
Tazanay oici
MCH
KYPBUIFBICHI

20.02.2006

byn eneprabeic nu3enbai
KO3FaJITKBILITAP/IbIH
naiilaanpiFal  Ta3JapbiH
TazapTyFa KaTbICTBl. OJIiC
nailananpiFal  ra3gapablH
Oipinwi 6emirine 10-300 6ap
KBICBIMMEH Cy  TYMaHBIH
IIalIbIN, OYPIKKIII aFbIHHBIH
KaHBIHJIAa BAaKyyM >KacayJibl
KOHE naiiiananplUIFaH
ra3gapapiH  OipiHIm  OeiriH
OYpIKKIII aFbIHFa COPY/JIBI,
nailaaHbFal  ra3aapablH
eKiHIm Oexirin  Oypikkim
arplHHAH aWHAJBIT  OTETiH
apHa apKbUIbl OaFbITTAY]IbI,
nailaaHbUFal  ra3aapablH
arbIHbIHA KeJIEpTiHi peTTeyi
KaMTH/IBI. Kypbutrst
KOpITyCTaH, KOpITyC illiHJe
OpHAJIaCKaH KyOBbIp/iaH,
KYpBUIFBIHBI  IIITEH JKaHy
KO3FaJITKBIIITBIHBIH
TapMaKTaJIFaH KYOBIpbIHA
OpHAaTyFa apHajiFaH OEKITKIII
KYpBUIFBUIAp/IaH, KOPIYC NIEH
KYOBIp apacbeiHa Oip-OipiHeH
KAIIBIKTBIKTA IIICHOEP
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TYPiHAE TipeK KYpbUIBIMBIHA
OpHATBUIFaH OYpPIKKIIIT
Oacrapman TYpabl.
KyObipabiH OipiHIT yIIbIHIA
Ta3apThUIFaH NaiiTanaHblUIFaH
ra3fapbiH arbIHBIH
KYOBIPJIBIH eKIHIIT1
YIIBIHAAFBl HIBIFBIC TECITiHE
OarpITTayFa apHaJFaH TeCiK
oap. bypikkim Oactap
peaxius KaMepaJlapblH
KYpalThIH KYOBIpJIapabIg
inriHge opHanackaH. Peakmus
KaMmepasiapblHa

naigaaHbUIFaH  Ta3JapIblH
arbIHBIH OYPIKKIII OacTapablH
copy aiiMarblHA OarpITTayFa
apHaJIFaH Kipic Teciri Oap
JKOHE peakIus eHIMAepiH
KeTipyre apHailfaH KyObIpra
KOCBIJIFaH. TexHuKansK
HOTHKE: naiananbplUIFan
ra3jpl Ta3apTyabl )KaKCcapTy.

WQ0200810
2561A1

[Isrrapputran
ra3Jpl
Ta3apry
KYPBUIFBICHI

28.08.2008

[brFapelHabl TA30BI Ta3apTy
KYPBUIFBICHI, OHJIa
KOPIyCThIH (7) HIBIFBICHIHBIH
OYHipiHZAErl LIBIFBIC apHACHI
(12) KOPITyCTbIH (7)
IIBIFBICBIHA KOCBUIFaH.
[IsrFeIC apHachl (12)
KOPITYCTBIH (7 OCiHE
HEepHEHIUKY ISP OarpITTa
co3putanbl, an kopmyc (7)
naianaHblUIFaH razaapsi (3)
KYPBUIFBI ~ apKbUTBI ~ OTKI3y
apKbUIBl Ta3apTyFa apHalFaH
KEeHWIHI1 OHJey KYpPbUIFBICHI

petinze OeniexTep
Cy3riciMeH (5)
xaOapikTanFas. LLbFapbIH bl
ra3abl Tazapry
KYPBUIFBICHIHBIH OYKiI
KOHCTPYKIUSCHIHBIH Ta3/IbIH
HIBIFyBbIHA TO3IMIUTITIH

apTTBIpMail  BIKIIAMJIBIFBIH
KaMTaMmachl3 €Ty  YUIH
KYpPBUIFBI ~ KOpIyCTHIH  (7)
IIBIFBIC CaHBLIAYbIHBIH
QJIIIBIH aJla aHBIKTAJIFaH
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OeJliriH CaHbUIAYbIH COHFBI
OeTiHeH (7a) JKOHE
koprnycTelH  (7)  ILIBIFBIC
CaHbUIAYbIHBIH CBIPTKBI
nepudepusblk O6erineH (7b)
alfblH  ana  aHbIKTaJFaH
KAaIIBIKTHIKTA KAyl
TaCTalThIH HIBIFBIC
KaMepachbIMEH (11)
KaOAbIKTaJIFaH, MYHJa
KoprycTtaH (7) LIBIFBIC YKOHE
koprmyctad (7) IIBIFBICTBIH
OyHipiHAETi MIBIFBIC KaHAJBI
(12) mbirpic kamepacol (11)
apKbUIbI KOCBUIFaH.

9C2

RU237340

ABTOKOIIK
naraIaHbIIF
aH ra3jaap.bl
OemekTepae
H Ta3apTyra
apHaJFaH
KYPBUIFBI

20.11.2009

ABTOK®JIIK IIBIFAPbIH/IBI
ra3fapblH OesniekTepaeH
TazapryFra apHaJIFaH,
aBTOKOJIIK IBIFAPBIH/IBI
KYObIpbIHA OpHATBUIFaH,
KOPITyCBI MEH  CaKWHAJIBI
HIMPEK TOJIKBIHIBI PE30HATOP
TYpiHE JKacaliraH
aKyCTHKaJIBIK PpPE30HaTOp/IaH
TYpaThIH, aBTOMOOMIIb
IIBIFAPBIHJIBI rasiapbiH
OeieKkTepaeH TazapTyFa
apHaJIFaH KYPBUIFbI, MYHJa
KYppUIFBI ~ Oip  JKarbIHaH
CaKUHaJIbI OUBIFBI Oap
IaFBUTBICTBIPFBIII

KaKIaKIeH *aOblIFaH,
KOPIYCTBIH 1ITTH/E CAKUHAIIBI
OUBIFBI Oap UTEPY CAKHMHACHI
OpHAJIACKaH, UTEPY CAKHHACHI
MEH KaKMaKTBIH apachlHa
ATUHIPITIK JKEH
OpHAJIACTBIPBUIFAaH,  IIUPEK
TOJIKBIHIIBI ~ PE30HATOP/BIH
CaKUHAJbl KYBICBIH JKEHHIH
1K1 KYBICBIMEH
OaiilIaHBICTBIPATBIH TECIKTEPI
0ap, a KOpIyCThIH YIIIBI MEH

UTepy CaKMHACHl apachblH/a
KOPIYCTHIH meHoepi
OoiibIMEeH Ta3apThUIFaH
IIBIFapBIH/IBI ra3bIHBIH

IIBIFyBbIHA apHAJFAH TECIKTEp
KaTapbl OPHAJIACKAH.
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RU239245
6C2

[Taitgananpul
FaH Ta3/ibl
Tazanay ofiici
MeEH
KYPBUIFBICHI

20.06.2010

[brFapelHaBl TA3IBI Ta3apTy
KYPBUIFBICHI

TOTBIKCHI3JaH IBIPFBIIITHI
oepyre apHaJIFaH
KypbutFbad, Oipinmi NOx
CIHIPY-TOTBIKCHI3IaHIbIPFBIIII
KaTaJau3aTOpPbIHAH HKOHE
KOHTEHWHepIe Ti30eKTei
OpHaJlaCKaH eKIHII  CY3Ti
KaTaJau3aTOpbIHAH KOHE
IIBIFAPBIHJIBI Ta3 aFBIHBIHBIH
OaFpITBIH ©3TepPTYyTe apHAIIFaH
KYPBUIFBIIAaH TYPaJbl, MYHJA
uibiFapeIH bl ra3 NOX ciHipy-
TOTBIKCHI3IaH Bl PFBIIII
KaTaJau3aTOpbIHAH CY3ri
KaTaJu3aTOPbIHA  KAJIBIITHI
aFbIH TPOLIECIHIE arajbl, ai
TOTBIKCHI3IaH I PFBIIII
KOCBUIFaH IIBIFAPBIHIBI Ta3
arbIH OaFpIThI Ccy3ri
KaTaJau3aTOpbIHAH NOx
CIHIPY-TOTBIKCHI3IaH IbIPF BIIII
KaTaJnu3aToOpbIHA Kapama-
Kapcel ~ OaFbpITTa  e3repin
aranpl.  LlbrrapeiHael  Ta3
cys3ri KaTaJn3aTOPBIHBIH
peaxius KBLTYbIMEH
KBI3/IBIPBLUIATBIH/IBIKTAH,
NOx CiHIpY-
TOTBIKCHI3IaH IBI PFBIIIT
KaTaJn3aTOpPbIH TOMEH
TEMIIEpaTypajia MIbFAPBIHIBI
ra3farbl KYKIpTIIeH yIaHyaaH
KaJIIbIHA KeNTipyre OoJajbl.
byn cy3ri karanm3aTOpbIHBIH
KBI3BIII KeTyiHe HKOJI
oepmeiini. Ocpinaiimia,
KYKIpTIEH ylaHyJaH
KaJIlbIHA KeNTipyai
KaKcapTyFa  JKOHE  CY3rTi
KaTaJnu3aTOPBIHBIH OY3bLTYbI
MEH CBhIHYbIHA JKOJI Oepmeyre
0omabl.

US7820123
B2

ITaitmanagein
FaH rasabl
TazapTyra
apHaJiFaH
KYPBUIFBI

26.10.2010

[TaiimananbpuiFan  ra3aap/bl
Ta3apTy KYPBUIFBICHI PETiHJIE
KOMIPCYTEKTEpli Ta3apTaThIH
YIII KOMIOHEHTTI KaTaJu3aTo-
pBI, KOMIPTET1 OKCHII >KOHE
a30T OKCHUJIi TEOPHSIIBIKKA
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JKaKbIH apakaTblHACTa
naiaJaHblIFaH  Ta3IapablH
Kipic JKarbIH/A, an
aJICOPOIUSIBIK KaTaIu3aTop
KeMipcyTekTepii aacopOrus-
Jay YIIiH THIMAI II€OJUTOM-
MEH KaMTaMachl3 €TLIreH
TOPBIH/Ia OpHAJACKaH Maiiia-
JIaHBLIFaH ra3faapabiH

OaphICHI.
WO0201012 | liuren 28.10.2010 N4 = | OHepTabbIC IMITEH >KAHATHIH
3409A1 JKAHATBHIH . “D—EP J 3 ' | KO3FaJITKBIILITHIH (10)
KO3FAITKBIIIT [ Q@—DD HailalaHbUIFaH  ra3JapblH
BIH | D“i Typbokommpeccopmer  (50)
naiganaHblUIF [ KaiiTa aifHaJIIBIpy SJiCi MEH
aH ra3JapbiH KYPBUIFBICHIHA KATBICTBHL.
PELUPKYIISAIU Bipinmii cankerHaaTkeI (82)
say ofici OipiHII CaJKBIHIATKBIIITHIH
MeH (82) Oipinmi  Ti30erineH
KYPBUIFBICHI OTETIH KalTapbLIaThIH

KyObIpabIH (3) maiiganaHbll-
FaH Ta3/1apbl MEH TYpOOKOMII-
peccopasig (50) TypOuHackI-
HbIH (54) TOMEHri arbIChIH-
JIaFbl IIBIFBIC KYOBIPBIHBIH (2)
naiganaHbplUIFaH ra3zapbl
apacblHIa OipiHII
CaAJKBIHIATKBIIITEIH (82)
eKIHII TI30E€TIHEH OTeTIH
HIBIFBIC  KYOBIPBIHIAFBL  (2)
nailaanbiFal  ra3gapablH
aFbIHBIHBIH O0MmKaM/IBI
OarpITBIHA KATBICTBI  KBLTY
alMacysibl Ky3ere aceIipyra
apHasFraH. byn  xarnmaiina
OipiHII CaTKBIHIATKBIIITHIH
(82) OipiHm »XoHE eKIHIII
Tiz30eKTepi

TypooxommpeccopabiH  (50)
TypOMHACBHIHBIH (54) >KOFaphbl

aFBICHIH/TaFbI TOTBIFY
KaTaJau3aTopbIHIa (32)
TY3UIreH azor
TUOKCUATEPIMEH (NO)
Ta3apThLIa/Ibl, Oy
naianaHeUIFaH  Ta3JapblH

mbIFapy KYOBIpBIHIAFBL (2)
0OmKaMIbI OarbIThIHA
KATBICTBIL.

154




Kecrte A xanracel

1 2 3 5
RU l'a3 20.04.2012 byn eneprabbic Tay-KeH,
2447926 arbIHIAPBIH]T XUMUSA JKOHE KBLTY
C2 a Oeryie HHEPreTUKachl  caJjlaJlapbIH-
OesekTep i JIaFbl  TEXHOJIOTHSJIBIK IIPO-
KOAryJISIUSUT 1ecTep Ke3inae naiina 6oiran
ay ofici acnaybl Oerye OeeKkTepaeH

ra3gapaspl Ta3zapTyFa KaTbiC-
Thl. ["a3mapapl acnainel 6erne
OeJIEKTepACH Ta3apTy oici
OemmexkTepal KyObIp oOciHe
NEPICHIUKYJISIP alHaIAThIH
CBI3BIK OOWBIMEH HIOFBIPIIAH-
FaH cepriMJIi TepoericTepre
YIIBIPATYAbl KAMTU/IbI, OHBIH
Y3BIHJIBIFBI KYOBIp TUAMETPI-
He coiikec kenemi. Ceprimui
TepbernicTep OOWMIBIK TepoOe-
JiCTEepal OPBIHAANTBIH JKOHE
aKyCTHKAQJIBIK OCh OOWBIMEH
aifHaNaTBIH JKOHE SJIEKTPOH-
IBIK TCHEPATOPMEH IKYMBIC
ICTeUTIH MbE303JIEKTPIIIK
TYPJACHAIPTileH KO3/bIPbI-
nanpl. CeprmimMai tepbemicTep
MEXaHHUKAIIBIK ~ AYMUTTEPMEH
HIBIFAPBUIAABI KOHE LIOFBIP-
JaHaIbl, OJN aTajFaH TypJiie-
HAIPrilIKe aKyCTUKAIbIK TYP-
JIe KOCBUTFaH JKOHE KaIaMIbIK
©3repeTiH  KaJbIHABIFBI Oap
TIKOYpPBIIITHI TJIACTMHA TY-
piHAe JKy3ere achIpbLIabl.
[lnactuna  Heri3ri  ociHe
KaTtelcThl 30-man 20 xl'm-ke
JIEeHInT1 Qrara3oHgarsl Heri3-
Il KHUUTIKTIH €CEeNiK XKULUTIKTE-
piHae wuiny TepOemicTepiH
OpBIHIANBI. ATanFaH Tiac-
TUHAHBIH €Ki KaFbIMCH Iaiiia
Oonran  TepbOemicrep  Oip
yaKbITTa IIIOFBIPJTAHA]IBL.
DOMUTTEp arblHbIHA KaparaH
JKarplHAa  mmaWga — OoJiFad
TepOernicTep oFaH OarbITTa-
FaH, [IAFBUIBICAIBI  JKOHE
SMUTTEP OOMUJIBIK ONIEeMiHEH
ayajgarbl  yJIbTPaablOBICTBIK
TepbemnicTep iy TOJIKBIH
Y3bIH/BIFBIHBIH  KapThIChIHA
€CeJIiK aCaThIH KAIIBIKTHIKTHI
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Kypinn  eTeni. TeXHUKAIBIK
HOTHOKE:  YJIbTPAIbIOBICTHIK
KOaryJisiius TUIMIUTITIHIH
apTyBhl.

EP2597279
Al

Jluzenb ik
KO3FaJITKBIIIT
apJIbIH
naiaJIaHbUIF
aH ra3gapbiH
Tazanay oici
JKOHE
KYPBUIFBICHI

29.05.2013

(10)

= =

(307

(30)

(10)

A

-
-_.

KypbLiarbt KeMipTeri
TOTBIFBIH, KOMIPCYTEKTEPIi
JKOHE azoT OKCHJIIH
TOTBIKTBIPYFa apHaJiFaH
JIU3€Tb  OTHIHBIHBIH TOTBIFY
KaTaJau3aTopbl  OpHATbUIFaH
mblFapy  KyosipeiH  (10)
Kamtuael.  Kypeuirer — (30)
Ta3apThUIATHIH  IIBIFAPBIHIBI
rasra aMMHaK Hemece Oacka
KOCBUIBICTHI KOCyFa
apHajJfaH, oOJ  aMMHaKKa
piAbIpaiabl.  KaTanuTukaibik
OeJICeHIIpIITeH  OeJeKTep
Cy3rici  a30T  OKCHATEPIH
a30TKa JeliH CEeJIEKTUBTI
KaTaJTUTHKAJIBIK
TOTBIKCHI3IaHABIPATHIH
KaTaJIUTUKAJIBIK Oencenai
MaTepuaiiaH TYpaThIH
KaOblpFa  afFbIHABI  CY3Ti
HEri3iMeH  JKaOJbIKTaIFaH.
Jlu3ens  KO3FAITKBIIIBIHBIH
HIBIFAPBIH/IBI  Ta3/1apbIHIAFbI
KeMIpTeri TOTBIFbIH,
KeMipCyTeKTep/i, azoT
OKCUATEpPIH  JKOHE  Kyke
OeunIeKTepiH
TOTBIKCBI3JAHABIPY  OJIICIHE
TOYEJICi3 Tajal eHTi31ITeH.

CN104128
047B

AKyCTHKaJBbI
K
arjaomMepaTop
MEH
LUKJIOH b
Oemy
CUHEPTHUSCHI:
yCaK
OeekTepai
KeTipyre
apHaJFaH

KYPBUIFBI
MEH JIiC

02.03.2016

OHeprabdbic aKyCTHKAJbIK
KOAryJIsIusl MEH IUKIOH]IBIK
OomynmiH OIpIKKEH OpEeKeTIH
KOJJlaHa  OTBIPBIN,  YCaK
OenekTepai KeTipyre
apHaJIFAaH  KYPBUIFBI ~ MEH
omicti  amanel.  KypbuaFsl
opOip MIS KYHECiHIH
TEPMHUHAIIIBIK KYMBIC
CTaHUHUSChIHA EHT13UIreH
KOHE  JKaHAJaH  aJIbIHFaH
KECKiHJlepre KepiHOEHTIH cy
Oenriiepin KOCy  YIIiH
KonmaHbiagpl.  JKYMBICTHI
Oackapy JKOHE KeCKiH/I1 OHIeY
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TYTacCTBIKTBI 0ackapy JKoHE
KECKIHJII OHJCY TYTaCTBIKTBI
aHBIKTAyAbl KOHE JKAJIFaH-
IOBIKTBIH ~ JIOKAJIM3AIMSCHIH
Tangaypl KAMTaMachl3 eTei.
TexXHUKaIBIK 2miC  KECKIH
Ma3MYHBIHBIH  TYTaCTHIFBIH
TEKCEpy JKOHE  KECKIHHIH
JKATFAHBIK ariMarbIH
aHbIKTay YIIIH AaK[IaparThl
Oackapy JKyHeciHe eHTri3UIreH
KoHe OipikTipiareH. HakTsbr
icke aceIpya omicTi
WHTETPAIUSUIaHFaH  CHIPTKbI
ammaparTelK Kypajl peTiHzae
iCKe aceIpyfa 0OoJ1aabl.
Kypbutrbiabig OYKin Ti30erin
ICKe achlpy €Ki MOJIyJbre
Oemineni:  OipiHmici  cy
oenrici  TypiHAE  KECKiH
aTpudyTTaphl TypaJIbl
aKmapar Kacay YIIiH
TYIIHYCKa KECKIH/1
naianaHyabl KaMTHIBL, aj
cy Oenrici Typaibl akmapar
Ke3JIENCOK mudprayiaH
KEeWIH TYNHYCKAa KECKIHre
eHrizineni, Oyn1 apHa OTKi3y
KaOlJIeTiH  apTTeipMail  cy
OenriciH KepiHOEHTIH eTesi.
Exinmi monyne - cy 6Genrici
0ap MeIUIIMHAIBIK KECKIHHEH
KaObuIIay  JKarbIHIAFBl  CY
OenriciH amy, Ol KeCKiHHIH
TYTACTBIFBIH aHBIKTAH ayajbl
KOHE KECKIHHIH OypMaiany
anMarblH aHBIKTAW  ajrajbl,
Oynr opi Kapaih memim
KaObuImay  yIIiH  CeHiMi
KOJ1J1ay KOPCETE/I.

4B2

US1075326

ABTOKOIIKTI
H 1IITEH
KaHy
KO3FaJITKBIIII
bIHA
apHaJFaH
copy xymeci

25.08.2020

ABTOKOIIKTIH IMITEH >XKaHy
KO3FAITKBIIIBIHA ~ apHAJIFaH
HIbIFapy xKyhect, ol
MBIHATIAPIBI KAMTHU/IBI:
aBTOMOOWJIBJIIH 1IITEH >KaHY
KO3FAITKBIIIBIHBIH COJI JKaK
UATTUHIPIICP TOOBIHA
KOCBLIFaH HeMece
KOCBUIATBIH COJI JKaK LIbIFapy
SKOJIBI KOHE aBTOMOOMIIBIIH
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IITeH XaHy KO3FAJITKBIIIBI-
HBIH OH JKaK UWIMHJIPIIEP
TOObIHA KOCBUIFaH HEMece
KOCBUIATBIH OH JKaK ILIBIFapy
JKOJIbI, MYH/IAFBI COJI XKOHE OH
KaK  IIBIFApy  JKOJIIApBI,
oJ1apAbIH OPKaMCHICHI
KYOBIpJIBIH ~ KipiC  TECIriH
AHBIKTANTBIH ~TapMaKTaJFaH
KYpbUIBIMHAH, aTtMocdepara
TiKeJIel Hemece JKaHama
TYpAe  ambUIaThlH  KeM
JieTeH/ie O1p IIBIFBIC TECITIHeH
JKOHE aTajfaH COJ JKOHE OH
KaK ~ IIBIFapy  HKOJJApbIH
KOCaTBIH KaJIFaylIbl TECIKTEH
TYpaabl, MyHJa aTaJfaH
JKaNFaymel — Tecikrep — Oip-
OipiMeH artanraH >KaJFayIlbl
TECIKTEpICH TOMEH OpHayac-
KaH Kbl  [IBIFapbIHJIBI
ra3plH Ta3apTy >KoHE/Hemece
JBIOBICTHI OII1IPY KYPBUIFBICHI
apKbLIBI JKaIFaHFaH, OChLIAM-
111a aTaJIFaH KaJFaylbl TECIK-
TEpJIeH IIbIFAThIH IIBIFAPBIH-
Il Ta3 aFbIHJAPBI  JKAJIIBI
HIBIFAPBIH/IBI Ta3bIH Ta3apTy
KoHe/HeMece JBIOBICTHI
elIipy KYPBUIFBICHIHA
OIpIKTIpLIei.

6C1

RU275950

Y bpTpaasiOb!
CTBIK
KOAryJIsIIHs
ofici

15.11.2021

byn eHepTaObIC KaTThl JKoHE
CYHBIK OemmexTepiAiH Oerje
KocCTaJapblHaH ra3gapasl
KOFapbl KapKBIHIBI YJIbTpa-
JBIOBICTBIK Tepbenicrepre
YIIBIpaTy apKbUIBl Ta3apTy
TEXHOJIOTUsIapbIHa, aTar
alTKaHma, 2,5 MKM-AEH KIIl
OeuIeKTepAl  yIbTpaabIObIC-
TBIK KOaryJsuusiaay ojicTe-
piHe KaTbhICTBL. YIIBTpaibl-
OBICTBIK ~KOATYJISAIHS  OicCi
Oerne OemmexTepi Oap ras
arbIHBIH €K1 OETTIH apachlHaH
OTKI3YyAl KaMTHUIBI, OJIAPJbIH
0ipi yIbTPabIOBICTHIK TEPOE-
JicTep/i MIBIFApaIbl )KOHE
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TYABIPAJIBI, aJl CKIHIITICI aFbIH
apKbUIBI OTKEH TepOemcTep/Ii
[IaFBUTBICTRIPABL.  YIIbTpa-
IBIOBICTBIK TepoenicTep
WU TipiiAeyIi miacTuHa-
MEH [IbIFapbUIajibl, OHBIH
JKA3bIK  COyJIe IIIBIFapaThiH
Oetinae TepOenicTep i Mak-
CUMyMJIappl MEH  MUHU-
MyMmaapbl maiga  Gosanbl,
oJlap IJIACTHHA MaTepUaIbIH-
JIaFbl UUITIIT TepOeTicTepIiH
TOJIKBIH Y3bIHJIBIFBIHBIH Kap-
TBICBIHA ~ COWKEC  KeJIeTiH
KalIBIKTBIKTa Oip-OipiHeH 22
k[ xuurikre xone 140-150
b KapKbIHIBIIBIKTa K€3EKTE-
cim oTeIpaabl. ['a3 aFrbIHBI OHBI
[IaFUTBICTHIPFBIIIT 0eTTiH
opTanblK OeliriHe  eHrizy
XKoHE  OeTTepliH  HIEeTKi
OeiKTEpiHEe Tapaly apKbLIbI
naiga O6omanpl. TeXHUKAJBIK
HOTHXKE: TepOenicTep aMIUIu-
TYJaChIHBIH apTybl, COyJie
HIBIFAPATBIH KOHE IIAFbLIBIC-
TBIPAThIH O€TTEep apachiHAa
KYMBIH aFbIHIAPBIHBIH Maiiaa
001yl eceOIHeH KoaryJisius
THIMIUTITIH 3-10 ecere
apTThIpY, Oy opOip
OeJIIeKKEe YIbTPAABIOBICTHIK
acep Ty YaKbITBIH apTThIpyFa
KOHE CyOMHMKPOH b OOJIIIeK-
Tep  KOHIICHTPAIHSICHIHBIH
KEPrilikTi ecy aiMakTapblH
Kacayra MyMKIHJIK Oepei.

KP2021001
3820A

Ko xuinikTi
IBIOBIC
TOJKBIHEI
APKBLITBI
KOHICHCAIIHS
KOHE YCaK
OeunmexTepai
JKOTO XKyiHeci

27.10.2021

Ocrl eHepTabbIC ycaK
OemmexTepi KOAaryJISIHs
apKBUIBI  JKOIO  JKYHeciH
YCBIHA/BI, OHBIH  INIHJE
Tazajmay alMarblHAa —YycCaK
OemIeKTepAl KoaryJsusiay
YIIIiH €Ki HeMece OJIaH J1a Kol

OpTYpJi  TOMEH O KHUIIKTI
IBIOBIC  KO3JIepiHEe  Colikec
KEJETIH TOMEH  KHUUIIKTI
JIBIOBIC TOJIKBIHAPBIH

IIBIFAPaThIH TOMEH KHULITIKTI
JIBIOBIC TOJKBIHAAPBIHBIH
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reHeparopsl 6ap, OcbuIalIIa
opTypii KuidikTepi Oap exi
HEMece OJaH Jia KeIl TOMEH
JKULITIKTI IBIOBIC
TOJIKBIHIAPBIH  TIaii1amaHbIIl
OpTYpJi  eJmeMzaeri - ycak
OemmexTepai  Oip yakbITTa
KOaryJisiusuiay apKblIbl YCaK
OeIeKTepAl KoaryJsausiay
THIMIUTITIH anTapIIbIKTal
apTTBIPAABl JKOHE KbIMOAT
OHJICY arcHTTEpIH HeMmece
JKOFapel THIMII Cy3Tijepai
nangaianoan ycakK
OenmekTepai OHAl  KOIOJIBI
KaMTaMachl3 eTe/Ii.

RU280729
5C1

Y abTpanbiobt
CTBIK T'a3]IbI
Tasanay ofiici

13.11.2023

by eneprabnic Oeryie KarThl
OemexTepai

YIBTPaAbIOBICTBIK

Tepoenicrepre YIIBIpATy
apKbUIBI  JKOIOFa apHaJiFaH
ra3zbl TazapTy

TEXHOJIOTHUSIaphl  CcajlachlHA,
aram aWTkaHzaa, 2,5 MKM-JIeH
Kl OenuekTepai
YIBTPAABIOBICTHIK

KOaryJsmusuiay — 9IiCTepiHe
KaTBICTBl. Y IIbTPabIOBICTHIK
ra3qpl Tazapry opici Oerje
OemnmiexkTepi 6ap ra3 arbIHBIH
€Kl Teric O€TTIH apachlHAaH
OTKEH Ke3Jzie
YIABTPAABIOBICTHIK

TepOernicTepre  YIIbIPaTyibl
KaMTHABI, OJapablH  Oipi

uirin-repoenment JIICK
TYpiHZAE, al EeKIHIIICI aFblH
apKbUIBI OTEeTIH
TepoemicTepai

IIaFBUTBICTBIPA/IbI. Cy

TECIKT€p AapKbUIBl HUITIII-
TepOenMeni JUCKIHIH CcoyJe
HIbIFapaThlH OeTiHe Oepineni,

oy TepOernicTepre
OalJIaHBICTBI  TUCTICPCUSHBI
KaMTaMachI3 ereni, an

YABTPABIOBICTHIK TepOeric-
TEp AMCIIEPCTi CY OYITHI
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apKbUIBl COyJie UIBIFAPATHIH
JKoHE IaFBUTBICTHIPATHIH
OerTep apachlHIa KO3FallFaH
ke3ae Oerye OGesmiekrepi 6ap
ra3 arblHbIHA oCep eTei.
VY AbTpaabIObICTHIK acep
cayie [IBIFAPATHIH
IUTACTUHAHBIH ~ MaKCHMaJbl
Tepberic aliMaKTapbIHBIH
Tepoeic aMILTUTY 1aChl
keMinzme 12 MM OoJaThIH
keMigne 22 kIl xulmkre
JKysere  acelppuiagbl.  ['a3
arbIHbI OHBI TY31UJIECTiH
OpTagarbl yIbTPAIBIOBICTHIK
TepOemcTepIiH 3-5
JKapThuiai TOJIKBIH
Y3BIHJIBIFBIHA TCH, OipaK 0/1aH
aCIIalThIH KaIIbIKTHIKTA
OpHaJIacKaH coyne
[IBIFAPATHIH JKOHE
AFBUIBICTBIPATBIH  OCTTEP
apaChIHJIAFbl CITUPAITBIIBI JKOJT
OoMBIMEH TaHT €HITHAJIIbI
Typae €HT13y apKbUIbI
KaJbIITacaabl. Berne
OemnmiekTepAl  CIHIpreH Cy
OemmexkTepi  Oap  aFblH
LIaFBUIBICTBIPATBIH  OeTTerl
OpTalbIK  TECIK  apKbUIbI
JKOMBIIaabl. ¥ CHIHBIIFAH dIC
Oenrii SmICTIH KOoaryJsius
tuiMarirines 10 ece acein
TyceTiH 1-nmeH 2,5 MHKpoHFa
JeiiH KOAaryJisnus
THIMIUTITIHE KOJI KETKI3EI].

0C1

RU280729

l'a3
arbIHBIHAH
ycaK
OeunmexTepai
JKMHayFa
apHaJFaH
armapar

13.11.2023

byn eHeprabbic KaTThl KoHE
CYMBIK OemmiekTepiH Oerae
KOCTIaJlapbIHaH ras3iap.sl
YIIBTPaBIOBICTBIK —TepOertic-
Tepre  YIBIpaTy  apKbUIBI
TazapTyFa apHajJfaH KypbUI-
FbUIapFa, aTam aWTKaH[a,
JKOFaphl JHCIIEpCTi OeIeK-
TepaiH (emmeMi 2,5 MKM-JIeH
a3) yJIbTPaIbIOBICTHIK KOAry-
JSIMUSCHIHA apHaJFaH
KYpbUIFbUIapFa KaThICThL. ['a3

161




Kecrte A xanracel

1

aFbIHBIHAH JKOFapbI
JIACTIEPCTI OemmexTepai
ycTram — alyra  apHaJfaH
KYpbUIFbI TOMEH Kapail IaH-
ra3  arplHBIHA  apHAJIFaH
TaHTeHLMAIAbl  aifHaIMaJbl
KYPBUIFBIJIaH, arbIHFa
apHaJIFaH ooy
KaMepachlHaH, )KOFaphl Kapait
[IaH-Ta3 arblHbIHA apHAJIFaH
OypFBUIAYBIIITAH,  JKOFAPBI
Kapail IaH-ra3  arbIHbIHA
apHaJFaH ooy Kame-
pacblHaH, IIbIFapy KYOBI-
pBIHAH JKOHE IIaH-Ta3 aFbIH-
JapblHa ocep €Ty  YIIiH
YIBTPaIBIOBICTHIK —TepOertic-
Tep/ii TeHepalusiiiayra apHa-
FAaH KYPBUIFBIJIAH  TYPAbl.
TemeH Kapall KoHE XKOFaphbl
Kapail  maH  MEH  ra3
aFbIHIApBIH O6Iyre apHalFaH

Kamepasuap 01p-0ipiHIH
I HIe KOaKCHAIIBI
OpHAJIACKaH opTypi

JMaMeTpli KybIC HUIHHAPIIEP
TYpiHIE KkacairaH. TemeH
Kapail IIaH MEH Ta3 aFbIHbIH
0oy KaMepachIHBIH 1K1
KaOBIpFachl MEH  JKOFaphl
Kapail 11aH MEH ra3 arbIHbIH
0esly KaMepachIHBIH CBHIPTKBI
KaObIpFachl apachIHAAFbI
KaIIBIKTHIK, COHJal-aK
JKOFappl Kapail IIaH MEH ras
arbIHbIH 061y KaMepachIHBIH
ITK1 TMaMeTpl MaH MEH ras
opTachlHIa Maija OoJaThIH
YIBTPAABIOBICTHIK TepOeic-
TEpIiH TOJIKBIH Y3bIHJBIFbI-
HBIH KapTHICBIHA €CEJICHTEH.
Y bTpanblObICTHIK TepOertic-
TepAl TeHepanusiay YIIiH
KOJITAaHBUIATBIH ~KYPBUIFBI -
KOFapbl Kapail OarbITTasFaH
IIaH MEH Ta3 arbIHBIH Oemy
KaMmepachl, 0J1 METaJIJT UUITIII-
OipiT  IWIMHAPI  peTiHze
KacalFaH, MEXaHUKaJbIK
YKOHE aKyCTUKAJIBIK TYPAE
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Kecrte A xanracel

1

5

CaThUIBl ©3repMeNi CBHIPTKBI
auaMeTpi O0ap KoHE TOMEH
Kapail OarbITTaJIFaH I1aH MEH
ra3 arbIHBIH 06y Kamepachl-
HBIH Y3bIHJBIFBIHBIH YIITEH
eKICIHEH AacCMaWlThIH Mbe303-
JEKTPIIK  TYPIACHIIpTillKe
KOCBUIFaH.

JP1761368
S

ABTOKOIIKTI
H
nanaIaHbIIF
aH Ta3bIH
Tazapryra
apHaJIFaH
KYPBUIFBI

25.01.2024

U A N

benmekrepai ycrayra
apHaJIFaH Nai1anaHbUFaH
ra3jpl Ta3apTy KYPBUIFBICHI
peTiHae OeIeKTep cy3ric
Oap maiganaHbUIFaH ra3abl
tazapTkeim (Oynan opi DPF
(6emmiekrep cy3rici) nen
arasajel) xxacaysl. TazapTy
KYPBUIFBICH peTinge Nox
KaJIIbIHA KENTIpy
KaTaJIn3aTopbl HEMece
)uHaKkTaaFaH NOX KaJlbiHa
KENTIpy KaTaau3aTopbl
cusakTel DeNOx
KaTaJn3aTOpbIMEH
KaOJIBIKTaIFaH KYPBUIFBI
KaCaJJIbL.

CN120520
682A

Kemnix
HIBIFapy
KYObIpJapbIH
a JKapamIpl
KOMIPTEKTI
KeTipy
cy3rici

22.08.2025

&
&

Ocpbl eHepTaObIC aBTOMOOWIIH
HIBIFapy KYOBIpIapbIHBIH
TEXHUKAJBIK CaJachblHA JKOHE,
aram alTKaHja, aBTOMOOWIIL
HIBIFapy KYObIpiapbiHa
xKapaMJbl KOMIPTEKTI KETipy
CY3riCiHE KAaTbICTbl, OHBIH
ImKI  KaObIpracel  Cy3ri
apHacblH Kaiita OaFrpITTay
MeXaHU3MIMEH

*aOJpIKTaNFaH Cy3rl Herisri
KYOBIpbIHAH TYpaJpl,
MYHJaFbl ~ Cy3rl  Heri3ri
KYOBIpBI CY3T1 HEri3ri KyObIp
KOPITyCBbIHAH TYpajbl, OHBIH
aNIBIHFBl  KaFBIHAA  CY3Ti
9KpaHJapblHAa apHaJFaH YUI
YAMIBIK JKOHE CY3T1 HEri3ri

KYObIp KOpHYCBIHBIH  1IIIKi
KaOBIPFaCHIHBIH QIJIBIHFBI
KarplHBIH ~ Oip  JKarbIHA
OCKITUITeH, cy3ri

OKpaHJapbiHa apHaJifaH COJI
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Kecrte A xanracel

1

5

XKOHE  OH
TypaJlaHFaH
OaiTaHBICTRIPYLIBI TUCK Oap.
Herisri cy3ri KOpITyChIHBIH
apTKBI JKaFbl CY3TiHIH apTKBI
KaKIarblHa OEKITIAreH, ai
CY3TiHIH apTKbl KaKITaFbIHBIH
1K1 KaOBIPFaChIHBIH
QJJBIHFBI JKaFbl YII JKaKThI
KyObIpra OekiTinren. Ochbl
eHepTalbIC ABTOMOOWITH
HIBIFapy raszjiapblHaH
KOMIPTEKTI KeTipyAiH
YKOFaphI THIMOL
TEXHOJIOTUSICBIH HETI3r1 Cy3ri
MEH Cy3Il apHachlH Kaiita
OarpITTay MEXaHU3MIH
naiianany apkKbUIbl JKy3ere
acelpanbl. byn keMipTekTiH
KUHAITybIHAH TYybIH/IaFaH
Hallap MIBIFapy camachkl MEH
KaTaJINTUKAJIBIK
TYPJACHAIPTiIITIH 3aKbIMIAHY
MoceJIeNIepiH TUIMII HIenIyre
MYMKiHJiIK Oepeni. Koceimina
HmIbIFapy KYOBIpBIH Oackapy
MEXaHU3MIHIH
MHHOBAIMSUIBIK JAU3aiHBIHBIH
apKacelHIa OYJ1 TEXHOJIOTHUS
HIBIFApy  MpoueciH  y30ei
Cy3ri YAIBIKTapbIH
aBTOMATTBI TYpAe
aybICTBIpyFa MYMKIHJIK
oepei.

YALIBIKTapMEH

1C2

RU216503

Tmrren
’KaHaThIH
KO3FaJITKBIIIT
apJbIH
nagaIaHbIIF
aH ra3gapbiH
1ITIK1 Ta3anay
omici

10.04.2001

A

MarmmumHa jxacay >KOHE KeOJiK
TEXHHUKAChl, IIITEH IKaHy
KO3FAINTKBIIITApbl. OHepTa-
ObIC IIITEH >XKaHy KO3FalT-
KBITIIBIHBIH )KYMBICHIH KYTIICH-
Ty YIIiH aya-OTbIH KOCIAcChl-
Ha ocep eTy/iH e3apa Oaiina-
HBICTHI CHHTE31H KaMTaMachI3
ereni. JKany kamepanapbiH
Jarbl  OTHIH  KOCIACHIHBIH
TYTaHy  WUMITYJbCTapbIHBIH
KyaTblH JKOHE Y3aKTBIFbIH
apTThIPy  apKbUIbl  1HITEH
KaHy KO3FAITKBIIIBIHBIH
naigaJaHbUIFaH ra3gapbiH.
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Kecrte A xanracel

1

5

imreH Tazapry onici
KeJECIIeH Typajpbl: OTHIH
KOCIachl OapiibIK pexUMIEP-
JIe€ KO3FAJITKBIIITHIH TYPAKThI
JKYMBICBIH CaKTall OTBIPHIII,
nailaaHbUFal  ra3aapabiH

MHUHHUMAJIIbI YBITTBUTBIFBI
KaMTaMachl3 €TUITEHIe JIeHiH
JKaHapMman KOCIaChIHBIH

arpIHbIHA OYPBIIINEH KaOblLI-
Jay OJKOJIbBIHA OaKbUIaHATHIH
KOCBIMIIIA aya aFbIHBIH CHT13y
apKpUIBl a3asasl. KapOropa-
TOPJIBI IIITEH JKaHy KO3FaJIT-
KBIIITApBIHIA aTMOcdepanan
KOCBIMIIIA aya aFbIHbl OTHIH-
aya KOCHACHIHBIH aFbIHBIHA
NEePIEHIUKYJISAP KapOroparop
Jpocceb KIIamaHbl acThIHIA
Oepineni. TeXHUKAIBIK HOTH-
Ke: maianany MyMKIiHJIIKTe-
piH KCHEUTY, MmaljaaHbUIFaH
ra3aapbiH VBITTBUTBIFBIH
a3anry.
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KOCBIMIIIA O

ABTOPJIBIK KYKBIKIIEH KOPFAJIATBIH OOBEKTIIEPTe KYKBIKTAPIIH MEMIICKETTIK
TI3UJIIMIHE MOTIMETTEP/I1 €HT13y Typajibl KyaJliK
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KOCBIMILIA B

«T'opKomTpanc Kaparanap» sxayankepiiiIiri meKTeyi CepiKTecTirine
JUCCEePTAIUSTHBIH HOTHKETIEPIH €HT13y Typajbl aKkT

«YTBEPXJIAIO»
Jupekrop
TOO «I"opKomTpanc roposia
P HIBI»
;R aop PH B M.A.

2026 r.

AKT
O BHEAPECHHM Pe3yJIbTATOB JIHCCePTAIIMOHHON paboThi
AokTopanTa Jliocenbaesa E.111., NpeJCTaBIeHHOH Ha
COHCKaHHe cTenenu aokropa puaocopun PhD

Msl,  HmKenoanucasimecs, ampexrop TOO  «'opKomTpanc ropoaa
Kaparanabi»  BumaranGeros Mapar  AfitGaiiesuy npeacrasuteny  HAO
«Kaparanauuckuit Texnuyeckuit yHHBepcHTeT UMeHH AObinkaca CaruHoBa», B
‘mue pykosopurens HUPJ{ .., npodeccopa-uccnenosarens Kazpiposa A.C.,
PhD, accucrenta npodeccopa Kykemosoii A.B. u ucnonuurens HWP/I nokropanra
Jiocenbaea E.LL, cocraBunu Hactosumii akt nepenadu npeanpuituio TOO
«lI"opKomTpanc ropoaa Kaparanasi» TeXHH4YeCkoro 3aiaHns u peKOMeHauui ‘Ha
Pa3paboTKy KOHCTPYKLMH W HCCIIE/I0BARME PABOTHI MOAYIHHOTO YJIbTPa3sByKOBOI'O
IJIYUIATENS U3eIbHOTO ABKIaTes.

B janpHeHiieM He  NOUIGKMT  B3BLICKAHMIO  JICHEIKHBIX CpeAcTB ¢
TOO «'opKomTpanc roposa Kaparanas» 3a ucnonp3oBanue TEXHHYECKOro

3a/aHus Ha paspaGoTKy KOHCTPYKUMH MOJY/IBHOIO yAbTPasByKOBOIO raylMTens
J3EJILHOTO JIBUTATENs M BHEJIPEHHE MX HA MPEANPHATHH.

IHayunbie pykosoaurenu HUP [ / a%// Kaapipos A.C.
L%c&z Kykewesa A.B.
4 .

Ucnonuurens HAPJ| % Jocendaes E.11I.
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KOCBIMIIA B

JluccepTalusuIbIK KYMBICTBIH HOTHXKEJIEPIH OKY MPOIECIHE SHT13y Typalbl aKT

BEKITEMIH

«Obinkac CarsIHOB ATBIH/IAF b
Kaparanib! TCXHHKIBIK
yuusepeuteriny KeAK
Backapma mymeci -

FhuibiMu-3eprTey KyMBICHI HOTHKEIEPIH
OKY YJepiciie eHrisy Typaisl
AKT

Ocpr axtiMen 8D07102 — «Konik, KoJik TEXHHKACH! Xkane TeXHOAOrHAMapsD OiniM Oepy
Garnapnamackl Goiibima ¢unocopns goktopsl (PhD) mopesecin amy ymin ychiHbUIFam
JuocenGaes  Epmex  Illymnumbexynbmbin  «/lu3ensai  KOIFITKBUNTHIH  MOAYJIBIIK
YALTPaALIOBICTBIK  OdCeHACTKIIHIN  KYpPBUIBIMBIH  93ipiey  JKoHE JKYMBICBIH  3€pTTeY»
TAKbIPBIOBIHAAFB! JIMCCCPTALMANBIK JKYMBICHIHBIN HATIOKeepi «O0iiKac CarbiHOB aThiH/arbl
Kaparaune texuukansix ynusepcureriy KeAK-uei «Kemik TeXHHKACH! KOHE JIOTHCTHKAIBIK
Ayiienep» kadeapaceiaa oKy y/epicinae naiaananblbm OTHIPFaHbIH pacTaiiMbI3.

Oxky vyaepicin yiieiMuacTeipy enbepinge «Kenik TeXHHKachlHbi  IHCPreTHKATLIK
KOHIBIPrLUIAp) MoHI GOMBIHINA JOPICTIK XOHE 3epTXaHILIK cabaKrapasl eTKi3y Oapeichiiia
«Ju3enBi KO3FaATKBIITEIH MOAYIBAIK YIBTPAABIOBICTHIK GaCCHACTKIMIHIH KypBUIBIMBIH 33ipiiey
JKIHE JKYMBICHIH 3CPTTCY» TAKbIPHIOBIH/AFE! IOKTOPIIBIK AHCCEPTALMAHBIH 3¢PTTEY HITHIKECPIH
TANIaY KOPLITHLIHABLIAPE! eHri3iimi. Atan afitkanjaa, 6B07106 - «Kenik, ke TEXHHKACH! HKaHe
TexHoMOrHANapE GiniM Gepy OaraapnamacsiHbie 2-Kype GakanaBpuar GintiM atymsUiapst Yiuid
«lIUTeH KaHATBIH KO3FANTKBINTAPBIHBIN TCXHHKATBIK JKOHE DKOHOMMKANBIK KOPCETKilITepi.
Illpirapsuiran rasaapabii YLITTBUIBIFEL XKJHE TEpic acepiti asaiTy dicTepi Kopuiaran oprara
acepi» aTTHI AapicTiK cabaKTap/IbiH KOCHIMINA TaKbIPBUITaph OKY YACpiciHe eHrisin.

Hapic Nel3 amayoi:

«lumen  Jdcanamosin  KO32QAMKLILIMAPOIHOIN  IMEXHUKAABIK  JHCIHE  IKOHOMUKATBIK
kopcemriwimepi. LLIvizapsiazan 2a30apobin yoimmstablesl Jcane mepic acepdi azatimy adicmepi
Kopuiazan opmaza acepi»

Koickawa aunomavus: Liwnop-nopuens mobut (nopuiens, YUIUHOP, wamyn Jeane uindi
OiniK) HCyMbIC YUrAin Kanenmacmetpyoa wewywi pen amxapaobt. Onoiy weezinoe ayanst coiey
yoepici, ombin-aya KOCRAcoinblly mMymanybt JCone JCany INePRUACLIH MEXANUKATBIK HCYMbICKA
GUHANOBIPY ACY3€2e UCHIPLINAObL.

Omoin 6ypKy cysieci ombinObl HCAHy KAMEPACHING JICO2APbL KbICLIMMEN Jicdlle oan
Monwepaey apkvib: Gepyoi Kammamaceis emeoi. Kazipei samanebi Ouzenvdi Koszaimspiumapoa
xobine Common Rail mexnonozuacet Koroansiaadu, 6yn Gip rcymuic yurni apeicsinoa Gipneuwe
pem Gypryee MyMKiNOiK Gepedi. Homuowcecinde Kocna mysiny )"()epit':i _ql;matlanIOUpumaOb:,
Yoimmblavik Oeneeui moMenOeiol Jcane KoI2aNMKLIUIMbIK OMbiH yHeMOini2i apmaf)u.

Ayasen 2cabovikmay cytieci yuaunopaepae maapmolizan api Kken dicazoaiioa ardein ara
ColzbLIZaN ayanbl JFcemkisyze xcayan bepeoi. Tormwuipy xoa([)([)uque‘mniu apmmuipy MaKcamuinoa
mypooONadoye unmepKyepmen bipee xeninen Koadawsiradet. byn saApAOMblY mueb.x:«)t.u{b{u
yreaumyza, Kyam KOpCemKiumepin apmmuvlpy2a JIcaHe KO3EAIMKoimbilf Ombilt muimdinizin

olaKeapmyea MymKinoix epeoi.
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Enzizyoiy muimoiniei:

Oxky Matepuanbiia  «lmImen  JKaHaThil  KO3FAITKGILITAPRIHBIN TEXHHKQIBIK  KHC
AKOHOMHKANBIK KopeeTKiurrepi. LIbrapbuiran ra3nap/bii ybITTbUIBIFS] AKIHE TEPIC acepii asaity
onicTepi  Kopuiaran oprara  acepi»  TaKbpbUITaphbiH eHrizy CTYJACHTTEPAIN AM3CHIBI
KO3FAITKBILITAP/ILIH KOHCTPY KIHSUILIK apamMeTpriepi MeH JKyMbIC peKHMJIEPiH Tanjay Golpmia
OPHBIKTHI GLAIMJICPi MCH NPAKTHKAILIK Jar/bUIapbIH KalbIITaCTHIpyFa piknan erti. CoOHbIMEH
Katap, Oyl TONBIKTBIPYJIap ONAPIbIH SHEPrHs THIMZUAITH QPTTHIPY/IbIH KIHE IKONOTHAILIK
Kayinci3AiKTi KaMTaMachl3 eTy il 3amanayn aJlicTepin Teper TyCiHyiHE MyMKIH/IK Gepal. .

Enizy opnvt smen mep3zimi; JInccepraumsibik AKyMbICTHIH narukenepi 6B07106 - «Kenmix,
KoMK TEXHHKACHl KaHe Texwonmoruwsnape Ginim Oepy OarzapiamachiibIi GakasaspHar
CTY/ICHTTEpIHIH JKYMBIC OKYy Oarjapiamachiia cailikec 2-KypeThii 4-cemectpinie «ObinKac
CarpioB ateiiaarsl Kaparanisl TEXHUKILIK YHHBEPCHTETIN KeAK-upm «Koslik TEXHHKAChI
JKaNe NOIHCTHKAIBIK Kyiienep» kadeapachinaa oKy yepicite eHri3ini.

Enzizy nvicanvi: «KoaiKk TeXHHKACLINBIN HEPreTHKAIBIK KOHALIPFLIIAPLD nomi
Goiibinma «lITeH KAHATHI KOIFANTKBIITAPLINBIN TEXHHKAABIK JKIHE IKOHOMHKAILIR
wopeerkimTepi. IIbIFapLIAFaH rasgapabin eI TThUILIFBI KIHE Tepic acepai azaiTy apicrepi
KOPIIAFAN OPTAFA 3CCP» TAKBIPHIOLINA 19pic cabaKTapbin OTKizY.

U1 mupexTopsl, /

PhD, kaypiMaacTeIpbLIFan W/

npodeccop (aouent) c 5 B.JI. Cynees
N /

KJIxHD daxyabrerinin AeKaHbl,

PhD cHY 3.K. KrssuiGacsa

KTxJDK kadenpa Menrepyuici, 7

PhD, xaybIMARCTHIPBUIFAH \/;Z /

npogeccop (JIOUEHT) ' H.B. Xapxenos

FuuibiMe Keneciiep:

KTxJDK xadeapachiibin / /M

T.F.1L., npoeccop-3epTreymi /. g A.C. Kazpipos

KTxJIK kadenpaceiubliy :

PhD, npodeccop accHCTEHTi 7 rees A.B. Kykemesa

JloxTopant ﬁ E.IIL JTiocenbaes
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KOCBIMIIA T

Moaynbaik yiabTpaablObICTRIK O9CEHIETKINT ChI30achl
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