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MALINHOCTPOEHHUE

MPHTH 55.13.17
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A. A. bap3oe’, *B. C. lNy3akoe?

"MoCKOBCKHI TOCYT1apCTBEHHBIN YHUBEPCUTET UMEHH

M. B. JlomoHocoBa, Poccuiickas denepauus, r. Mocksa

2000 «bropo Dueprerukay, Poccuiickas Depeparys, r. Pamerckoe

MOLE/Ib TEXHNKO-39KOHOMUYECKOU ONTUMUIALNN
ASTAINOB ®OPMUPOBAHUS U SKCINIYATALINN
rnPonN3BOL4CTBEHHbBIX OB BEKTOB

Paspabomka u demanuzayus odbweco mamemamuyecku QOpMAIU308AHHOZO
n00X00a K MUHUMUZAYUU CYMMAPHBIX 3aMPam HA Pearu3ayuro Kiuesvlx dManog
JHCUSHEHHO20 YUKAA MAKUX NAPAMempUdecKu-6apuamueHblX CUcmem seisemcs
SHAYUMBIM, HO 80 MHO2OM JAMEHMHBIM PE3ePEOM NOBbIUEHUS UX QYHKYUOHATLHO2O
Kauecmea. Hanuuue 0anHO20 MUHUMYMA, KAK NPABULO, 00BACHAEMCA cledyloujel
NPOMUBOPe UBoL MmeHOeHyuell UsMeHeHUs. pe3yTbmupyrouell Cmoumocmu 3manog
CO30AHUA U IKCHLYAMAYUU CAMBIX PA3TUYHBIX CUCHEM, KOMOpAs 8 C8010 ouepeddb
3asucum om 3¢)PeKmusHOCMU NPUHUMAEMBIX KOHCMPYKIMOPCKO-MEXHON02UHEeCKUX
peuwenuti. Bonpoc o yerecoobpasnocmu macuimabHo2o0 npuMeHeHus Ha NPaKmukxe
JI00BIX KOHCMPYKMOPCKO-MEXHOIO0SUYECKUX peuleHUll UHHOBAYUOHHO20 XapaKkmepd,
3a peoKUM UCKTIOYeHUeM, He Modicem Obimb peuieH Oe3 NpeOuKamueHoU OYeHKU
UX MexHuKo-sKoHomuveckou s¢pgexmusnocmu. Ilosmomy paspabomka mooenell,
NO36ONAOWUX — OCYWeCm8UmMb  OAHHYI0  NPOEKMHO-He00X00UMYI0  Npoyueoypy,
ABNACMCA AKMYANLHO-3HAYUMOU OJI51 6CEX OMPAcell PedaibHOl IKOHOMUKU.

IIpeonoscena mooenb, NO360IAOWASL  OCYWECMBUMD  POPMATUZOBAHHYIO
npoyeoypy NOUCKA ONMUMANLHO2O COOMHOWEHUS Mexc0y 3ampamamu  Ha
Gopmuposanue u IKCHIYAMAyu0  NPoOU3800CMEeHHbIX  00vekmos.  Modenb
obecneuusaem 603MONCHOCMb — ONpeOdeNeHUs MUHUMANbHOU — YHKYUOHANbHO-
MEXHONO2UYECKOU  cebecmouMoCmu  OAHHbIX KII0YeGblX HSMAN08 MHCUSHEHHO20
YUKIA DMUX U MEXHUYECKU AHAN02UYHbIX 00bekmos. [Ipuseden npumep wucieHHOU
peanuzayuu Mooenu ¢ UCNOIb308AHUEM 8 KAYeCH8e ONMUMUZUPYEMO20 napamempa
VPOBHS MENN08bIX NOMEPb NPU MPAHCHOPMUPOBKE MENI0B0U IHEPSUU.

Kntouesvie crosa:  KOHCMPYKMOPCKO-MeXHUUeCKUe peuleHus; npeomem
PACCMOMpPeHUsl; IKCHEPMHO-KPUMEPUATbHBI AHATU3.

BBenenune

[Ipo6aema moucka pamuoOHAJIbHON COOTHOCUTEIBHOCTH MEXIY 3aTpaTaMmu
Ha 3Tamax CO3JaHus M KCIUIyaTaluHu CJIOXKHBIX (DU3UKO-TEXHUYECKUX CHCTEM
(aKTHYECKU CBOJUTCS K PEUICHHUIO CICAYIONIEH ONTHUMHU3AIMOHHO-CTOMMOCTHOM
3agaud [ 1-7]. HeoOxoaumo myTéM BapbUPOBAHUS OJJTHOTO MIJIM HECKOJIBKUX OCHOBHBIX
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(YHKINOHATIBHBIX TAPAMETPOB AHATU3UPYEMON CUCTEMBI 00€CTIEYNTh MUHUMAIIbHYIO
CYMMAapHY0 CTOUMOCTb OCHOBHBIX JTaIlOB €€ CO3aHMs U IIOCIIE Y IOIIECH SKCILTyaTaluy,
B TOM YHCJI€ PEMOHTHO-BOCCTAHOBHUTENBbHBIX paboT. K xapakTepHbIM mpuMepam
TAaKUX CUCTEM MOKHO OTHECTH COBOKYITHOCTH Pa3JIMYHBIX Y3JI0B TPEHMSI, HEKOTOPHIE
BBICOKOOTBETCTBEHHBIE CTPOUTENILHBIC M MHBIE KOHCTPYKIIUH, @ TAKXKE MHOT00Opasue
00BEKTOB NMPOMBIIUIEHHOCTH, HAIPUMEpP, HA UCTOYHUKAX T'€HEpaluu TEII0BOM
sHepruu u e€ TpaHcnopTa norpedurensM. [losromy paszpaboTka W neTamu3amus
o011ero MareMaTHYeCKd (pOpMann30BaHHOIO MOAX0/1a K MUHUMH3AIMKA CyMMapHBIX
3aTpar Ha peajl3alliio KJIFOUEBBIX ATANOB KU3HEHHOI'O LIMKJIA TAKMX [TapaMeTPUUECKU-
BAapUATUBHBIX CUCTEM SIBISETCS 3HAUYMMBIM, HO BO MHOTOM JIATEHTHBIM PE3EPBOM
HOBBIIIEHUS UX (PYHKIMOHAIBHOTO KauecTBa. [Ipnuém, Ham4ne 1aHHOTO MUHUMYMa,
KaK MpaBuiIo, OOBSICHIETCS CIEAYIOUIeH MPOTUBOPEYMBON TEHIACHIUEH M3MEHEHUS
PE3YJIBTUPYIOLEN CTOMMOCTHU 3TAllOB CO3/IaHUS M AKCIUIyaTallud CaMbIX Pa3JIMYHBIX
CUCTEM, KOTOpasi B CBOIO Ouepe/lb 3aBHUCUT OT 3((PEKTUBHOCTH MPUHUMAEMBIX
KOHCTpYKTOpCcKoO-TexHosoruueckux pemenuid (KTP). Hanpumep: HaneceHue
M3HOCOCTOMKUX NMOKPBITUM HAa KOHTAKTHBIE ITOBEPXHOCTH Y3JIOB TPEHMS IOBBILIAET
CTOMMOCTb UX U3TOTOBJIEHHS, HO CHI)KAET 3KCIUTyaTallMOHHBIE 3aTPAThl; IPUMEHEHHE
0oJiee Ka4eCTBEHHBIX CTPOUTEIbHO-IOPOKHBIX MAaTEpHUATIOB COMPOBOXKAAETCS
YBEJIIMYEHUEM CTOMMOCTH BO3BOJUMBIX OOBEKTOB, OJHAKO YMEHBILIAET 3aTpaThl Ha
PEMOHTHO-BOCCTaHOBHTEIbHbIE paObOThI U T.4. [Io3TOMY pa3zpaboTka MaTeMaTH4ecKOi
MOJE€JIM, NO3BOJAONIEN! KOMIUIEKCHO MUHUMHU3UPOBAaTh CTOUMOCThH 3TAIlOB
dbopMUPOBaHUS PA3TUIHBIX U3CIUN U/UITU 00BEKTOB, a TAKXKE TEKYIIYIO 3aTPaTHOCTh
uX (QYHKIIMOHUPOBAHMUS, PEACTABISIETCS aKTyaJbHOH, OCOOCHHO B Cllyyae aHaIu3a
NOTEHLMAA 0KMJIAEMOU Pe3yJIbTaTUBHOCTH NHHOBAIMOHHBIX KTP.

MarepuaJbl 1 METOABI

Bonpoc o nenecoodpazHocTH MacmITaOHOTO NPUMEHEHHs Ha MPAKTHKE JIFOOBIX
KTP nHHOBaIMOHHOTO XapakTepa, 3a PEIKUM HCKIIFOUYCHUEM, HE MOXKET ObITh pelieH
0e3 npeIMKaTUBHON OLIEHKU X TEXHUKO-IKOHOMHUYECKOH 3 dexTuBHOCTH. [ToaTomy
pa3paboTka Mojiesel, HO3BOJISIIOIIUX OCYIIECTBUTh JAHHYIO IPOEKTHO-HEOOXOUMYIO
MPOLEAYPY, ABIIETCSA AKTYyaIbHO-3HAYUMOM I BCEX OTPACiIE pEaibHOM SKOHOMUKH.
[IpuMeHUTENBHO K NPOMBIIIEHHBIM TEMJI03HEPreTUUECKUM CHUCTEMAaM Kak
XapaKTEPHOMY HAyKO- M TEXHOJIOTMYECKH EMKOMY npenmery paccmorpenus (I1P),
B KOTOPOM BO3MOXKHa KOMIUJIEKCHas peanu3anus (yHKIHOHAIbHO-BAPUATHBHOIO
NOTEHIMAIa PA3IHYHBIX (PU3UKO-TEXHUYECKUX MHHOBAIMNA, HEOOXOIUMO BBIACIHUTDH
JIBa YCJIOBHO HE3aBHUCHUMBIX JIOMHUHAHTHBIX CJIaraeMbIX B OOJIBIIMHCTBE TEXHUKO-
SKOHOMHYECKUX Mojeneil oleHKH 3((EeKTUBHOCTH YHHUBEPCAIHLHO MHOTOIJIAHOBBIX
u/unu crienuanu3upoBaHHbix KTP.

[lepBoe ciaraeMoe 3aTpaT Ha peaju3alUI0 Mpolecca TEeNIoCHaOKeHUs
norpeduTeseil HemoCcpPeJACTBEHHO CBA3aHO CO CTOMMOCTBIO I'€HEpaluu TeIIOBOM
SHEpruy, B YaCTHOCTHU IIEHOM HarpeBa TEIIOHOCUTENSI, 0OBIYHO MOATOTOBIEHHON /IS
3TOr0 TEXHUYECKH YHUCTOU BOABI. BTOopoe ciaraemoe 0OyCIIOBIEHO KaIUTaJIbHBIMU
3aTpaTaMu Ha CO3JJaHue MH(PPACTPYKTYPHI U TPAHCIIOPTa TEIUIOBOM sHepruu. [Ipuuém,
IepBOE cjaraeMoe SIBJISIETCS HEOOXOIUMBIM, a BTOPOE — (PAKTHUYECKH TOCTATOYHBIM
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yCIIOBHEM TeII000ecieueHHsI KOHKPETHBIX norpeduteneil. KimroueBbiM, 6e3yciioBHO
BBINOJIHSAEMBIM TPEOOBAaHHEM, K CUCTEME I'eHEepallii U TPAHCIOPTUPOBKU TEIJIOBOM
SHEPIHH SABJISETCS HATTMYKE Y TOTPEOUTENS TEINIOHOCUTEISI HE0OXO0AMMOM TeMIIepaTyphbl
u pacxoga. O4eBUIHO, YTO CHUIKEHHE TEIIONOTEPh MO IyTH TPAHCHOPTHUPOBKH
TEIUIOBOM 3HEpruu, a Takxke yseandenue KIIJ[ nponecca renepanuu Tema sBisitoTCs
OCHOBHBIMH pe3epBaMH IMOBBIIICHHUS TEXHUKO-?KOHOMUYECKON A(PPEKTUBHOCTH CUCTEM
TEIIOCHA0KEHHS B LIEJIOM.

AHanu3 moxasaj, 4To Hambosiee peaJMCTUYHBIM HAalpaBICHHEM CHUXEHHS
AKCIUIYaTallMOHHO-TEXHOJOITMYECKOW CTOMMOCTU TPAaHCIOpPTa TEIJIOBOW 3HEPTUU
HOTPEOUTEIIO CIIEAYET CYUTATh COBEPIICHCTBOBAHHE TEINIOCETEH IMyTeM MOBBIIICHUS
ux ¢pynkruonansHoro KIT[, KoTopblif HHTETrpaIbHO MOXKHO ONPEICTUTh KaK:

a=(t,-t)/l, (1)

rzie o~const—napamerp, KOMIUIEKCHO XapaKTepU3y Ol (yHKIMOHAIBHOE KaYeCTBO
CUCTEMBI TPAHCIIOPTa TEIUIOBOM YHEPIUH;

t, ¥ t, COOTBETCTBEHHO TEMIIEPATYPBI TEMJIOHOCUTEIIS HA HAYAJILHOM (MCXOHOM)
¥ KOHEYHOM Yy MOTpeOUTeNs yuyacTKax JaHHOU CHCTEMBI;

[/ — of1mas ATMHA WK TPOTSHKEHHOCTD TEIUIOTPACCHI.

Heo6xon1uMMO OTMETHUTH ClEAYIOIlee MPOTHBOPEUYUBOE 0OCTOATENBCTBO.
JlefcTBUTENBHO, CHUXKAsL TEILIONOTEPH 3a CUET MCIOJIB30BAHUS COOTBETCTBYIOLIUX
KTP, 1.e. yMeHbIIas o, CTOUMOCTh TEIJIOT€HEPALUH TaKXe OyJeT CHUXKAThCS.
[TosTOMy pemieHue 3aJayu rapaHTUPOBAHHOTO TEIJI0O00ECIeueHUus NoTpeOuTens
CTAHOBHUTCS BO3MOXHBIM IPU MCHbBIIEH BEIWYUHE U, U, KaK CIEICTBHE, IPH
MEHBIIEH CTOMMOCTH BBIPAOOTKH HCXOJHOM TENJIOBOW SHEPTUHU, NPU MPOUUX
PaBHBIX YCJIOBMAX TEIJOIHEPreTUUECKOro xapakrepa. OqHaKo, yMEHbIIEHHUE
OOBIYHO COIPOBOKJIAETCS POCTOM YPOBHS KalMTAJIbHBIX 3aTpaT Ha MPUMEHECHHE
COOTBETCTBYHOIMX MHHOBaMOHHBIX KTP, kak npaBuiio, 60yiee BRICOKOW CTOMMOCTH.
B cBs3u ¢ 3TUM MNOSBIsAETCS peaybHasi BO3MOXKHOCTb OIPEACIICHUS PallMOHAIbHON
C TEXHHUKO-D)KOHOMUYECKHUX MO3ULUA COOTHOCHUTEIBHOCTH MEXKAY UCXOIHBIMHU
3aTpaTaMy Ha CO3/JaHHE CHUCTEMBbI TEIIOCHAOXEHHUS U SKCIUTyaTallMOHHBIMHU
pacxozamu, 00yCIOBIEHHBIMU TPEOYEeMbIM YPOBHEM €€ TeIu1o(pyHKIIMOHAIBHOCTH.
B ¢opmannzoBaHHOM BHJE BBIIIEU3I0KEHHOE MOXHO MPEICTABUTh B BUJE MOJIEIH,
OTpa’karollel B3aUMOBIIHMsAHUE coBeplieHcTBa TpuMeHsaeMbix KTP u ux 3atpatHocThlo:

C(tH,a)zc_T-a“+cr-a'm, (2)

rze C(t,,o) —o01mas CTOMMOCTb TEHEPALIMHI M TPAHCIIOPTUPOBKHU MOTPEOUTEIIO TEIIOBON
SHEPTUH TPEOYEMOro YPOBHsI, KOTOPBIA ONpeenseTcs 3HauenueM t, B (1);

C, ¥ C, — COOTBETCTBEHHO KO3()PULMEHTBI, KOTOPBIE B HCXOHOM NPHOIKEHUH
KOHKPETU3UPYIOT BEJIMUYMHY 3aTpaT B CTOMMOCTHOM BBIpa)KEHUH Ha TeHepanuio (/) u
TpaHcnopTUPOBKY (7)) TEII0BOM SHEPTHUH;
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n ¥ m — COOTBETCTBEHHO IIapaMeTpbl pacCMaTpUBAaEMO MoJenu (2), KOTOpble
OTPaXKalOT B NPUHIUIIE HEMTUHEHHBIH XapaKTep CBA3H MEXIY KaueCTBOM I'€HEpaluu
TETI0BOM 3HEPTruH U 3(p(HeKTHBHOCTHIO €€ TOCTABKU MOTPEOUTEIIO, a TAKXKE CTOUMOCTBIO
ATUX KIIIOYEBBIX TEIIO3HEPTETUYECKUX MTPOLIECCOB.

3ameTuM, 4TO (—) B (2) mpu mapameTpe m O3HAdaeT peajbHO CYIIECTBYIOIIEE
00paTHO-NPONOPLHUOHATIFHOE BIUSHUE Ha KallUTaJIbHBIE 3aTPAThI IPU CTPOUTEIIHCTBE
TEIJIOTPAcC: YeM MEHBIIIE TETUIOBBIE TOTEPH, T.€. YeM MEHBIIIE 0, TEM 00JIee COBEPILICHHBI
UCTIONIb3YeMbIe ISl JOCTHXKEHHsI 3Toro cooTBeTcTBYyIomue KTP u onu, kak npasuio,
OO0JIbIIIE CTOST HA MPAKTHKE.

Takum 00pazom, B3anMOHaINpaBJIeHHOE U3MEHEHHE TIEPBOTO U BTOPOTO CIIaraeMbIX,
KaK QYHKIUH t,, IPENONPENETAIOT HamuIne MuaumymMa C(7,, ) a caMo BbIpaxeHue (2)
MOYHO pacCMaTPUBATh KaK LEJIEBYIO (DYHKINIO ONITUMU3ALIIH CTOUMOCTH 00eCTIeYeHUs
NIOTPEOUTEIIS TEMIOBON SHEPTHEN. 3aMETHM, YTO B BEIMYMHE €, HEOOXOIMMO YUHTHIBATH
yIIeNIbHBIE 3aTPaThl HA CO3/IaHKE BCEX KIIFOYEBBIX (DYHKIIMOHAIBHBIX JIEMEHTOB CUCTEMBI
TEIUIOCHA0KEHHUS, B YACTHOCTH MCXOJIHAsI CTOUMOCTb CTPOUTENIbCTBA TEIUIOTPACCHI
JIOJDKHA OBITH COOTHECEHA C PECypcoM e€ peaJrCTUYHON SKcruryatanuu. [Ipudem,
B CTPYKTYPY C, M C, HECJIIO)KHO BBECTU OTHOCHUTEJILHYI) CTOMMOCTH BBIIOJHEHHS
NJIaHOBO-NMPO(UIAKTUYECCKUX H/HIN PEMOHTHO-BOCCTAHOBUTEIBHBIX padoT,
ONpENENIEMYI0 TEXHUKO-3KOHOMUUYECKUM KadecTBOM Hucnoisb3yembix KTP, taxke
y4€CTh IKOHOMUYECKYI0 3HAUMMOCTh [IUKIMYHOCTH UX NPOBEICHUS.

Jns GyHKIMOHAIBHONW KOHKPETH3aIlMU CllaraeMbeIX Mojenu (2) mpoBenem
CIeAyIoIue A0CTaTOYHO o0mue paccyxaeHus. Ha mepBom srame aHanmuiza
paccMOTPHUM XapakTep U3MEHEHHS CTOMMOCTH TPAHCIOPTa TEIJIOBOW IHEpPruu
norpeburento. [Ipeanonoxxum, 4To ObUIO HCIIOIB30BAHO YPE3BbIUANHO AP PEKTHBHOE
KTP, oGecneunBatroiiee mMpakKTHIECKH MOJTHOE TEIIOCOEpEeKeHHE BhIPAOOTaHHOM
TEIUIOBOM PHEPTUU NpU €€ TpaHCIOopTe MOTpPeOUTeNto, T.e. a—( U COOTBETCTBEHHO
MMEET MECTO COOTHOIIEHUE: t, ~ t... Toraa BrojaHe O4EBUIHO, YTO CTOMMOCTH 3TOTO
KTP, nanpumep, npuMeHEHNE MHOTOCIONHOM 3KPaHHO-BAaKyyMHOMN H30JISLUHU
TpyOOIPOBOJOB TEeIUIOCETEH, OyAeT Upe3BbIUaifHO BBICOKA. B npyrom mosisspHoM
BapHaHTe, NpU (PaKTHUECKOM OTCYTCTBHU TEIIOM3OJSALUU CTOMMOCTB MPOKIAIKH
TAaKOM TEMJIOCETH COCTABUT MPAKTHUYECKU MOCTOSHHO-MUHHMAJIbHYIO BEIHYHHY,
OIpeNeIsieMyI0 TEILUIONPOBOAHOCTBIO OKPY’KaIOWIE cpenbl, HallpuMep, TPyHTa.
[TosTomMy 0OmIMii XapakTep MU3MEHEHHS BTOPOTO CJIaraeMoro Npu pocte OyaeT
UMETb BHJ, MPEACTABICHHBIA KpuBoi | Ha pucynke 1. OTIMYUTEIBHBIMH YepTaMU
JAaHHON 3aBUCHMOCTH SIBIISIIOTCA: PE3KOE BO3pACTaHUE 3aTpaT Ha peanu3aluio
BbICOKOO(QdekTuBHbIX KTP, obecneunBaromux Becbma mManoe 3Hadenne C . B (2) u
ACHMIITOTUYECKOE MaJIeHHE O MUHUMAJIbHOTO 3HAYEHUSI CTOMMOCTH CTPOUTENHCTBA
TEIIOTPACCHI TP UCTIOIH30BAHUU HU3KOKAYECTBEHHOW TETNIOU30JISALINY.
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Pucynok 1 — MI3MeHeHHe CyMMapHO CTOMMOCTH TEII000eCTIeYeH s
B 3aBUCUMOCTH OT (DYHKI[HOHAJILHOTO Ka4eCTBA TEIJIOCHAOKCHHUS:

1 — cTrouMocTh BBIpaOOTKH TEIJIOBOM 3HEPTUH € YYETOM TEIUIONOTEPD NpH €
JUCTaHIIMOHHO-BAPUATUBHON TPAHCIIOPTUPOBKE; 2 — U3MEHEHHUE YPOBHS TEILUIOBBIX
IIOTEPH B CTOUMOCTHOM BBIPAXKEHHH B 3aBUCUMOCTH OT TEXHUYECKOT'O COBEPILIEHCTBA
npunumaeMbix KTP; 3 — o0mue (cymmapHbie) pacxo/ibl Ha TEIIOCHA0KEHHE
KOHKPETHOI'0 OTPEOUTEsI TEIUIOBOM SHEPTUU B CTOMMOCTHOM BBIPAXKEHUU;

4 — nuHelHas anmnpoKCUMAIMsl CTOUMOCTHBIX 3aBUCUMOCTEH B 001acTh
olnpezAeseHus; 5 — pe3ynbTaTbl HUMUTAlMOHHOIO MOJIEIMPOBAHUSI METOAOM
Monre-Kapno; AC=C__ -C . — TeXHOJIOrHYECKH 00YCIOBIEHHbIH HHTEPBA
W3MEHEHUS TEIIOHEPIeTUYECKUX3aTPaT B CTOUMOCTHOM BBIPAKEHUH

Pe3yabTaTsl n 00CyKaeHTE

B cooTBeTcTBUM C pe3ysibTaTaMH JaHHOTO MPEABAPUTEIBLHOTO aHAIN3A BIUSHUS
o — cBoeoOpa3Horo kod3pduumueHTa TenIonoTepb, Ha BTOPOM ITame TEXHHKO-
YKOHOMHYECKOTO MOJCIUPOBAHUS PACCMOTPUM XapaKTep M3MEHEHHUS CTOUMOCTH
TeHepaluy TeIUIOBOM SHEepruu. B 3TOM ciydae, mpu MajoM W HU3KOM YPOBHE MOTEPh
NPU TPAHCIIOPTE TEIUIOBOM HEPTUM PacXoibl Ha €€ reHeparuio Oy1yT MUHUMAJIbHBI,
TaK KaK 3HaueHue ¢, OyIeT I0CTaTOUHO OIM3KO K TpeOyeMOii BEIMIUHE ¢, — TEMIIEPAType
TEIUIOHOCHUTENSl Y ToTpedutens. [Tpuyuém, mpu OONBIIMX TEIUIONOTEPSIX, H3MCHEHUE
3aTpaT Ha T'EHEPaIUI0 TeIla TaKXKe aCHMITOTUYECKH BO3PACTET JIO0 HEKOTOPOTO
MaKCMManbHOro 3HaueHus C ., IpM 3TOM 0OIIas TCHACHUMS U3MEHEHHs J0JDKHA
OTPENENAThCS HETMHEHHOM 3aBUCUMOCTBIO THIIA 2, KaK TTOKa3aHO Ha PUCYHKE 1.

Hcxonst U3 moMydeHHBIX ()EHOMEHOJOTHYECKUM MYyTEM (YHKIIMOHATBHBIX
KOHKPETHU3alliil B3aMMOHAIPABICHHOTO U3MEHCHHUS IIEPBOI'O U BTOPOTO CJIaraeMbIX
mozenu (1), oOmui BUI 3aBUCHMOCTH CTOMMOCTH Terioobecneuenus C(t, ) Oynet
OnpeAenaThcs KpuBoi 3 (pucyHke 1), KOTopas JOJDKHA UMETh JOCTATOYHO YETKO
BBIPAKCHHBI MHHUMYM, ONpEIE/IsICMblil ONTHMAIbHBIM 3HaYeHHeM a, . lIpudew,
YCJIOBHO Ha JJAHHOM HILTIOCTPATUBHOM PUCYHKE no3uius C . COBHAAET Ui KPUBBIX
1 1 2, XOTsl HA IPAKTUKE ITO JIUIIb YACTHBIH CITy4yail i3MEHEHUS (PYHKIIUH 3aTPaTHOCTH
ca) uc o)

13



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2022

OueBHIHO, YTO IS ONPECNCHHs KOHKPETHOTO 3HAYCHHS ¢, HEOOXOINMO
BBIIIOJIHEHHE YCIIOBHS TIOMCKA OKCTpeMyMa (min) uenesoi dpynkuun C(7, ), KOTOpOe
UMEET BUJI:

€)

Ipuseném mpumep peanusalii MPOLEAypsl MOUCKa «, . Jlis onpeneneHHOCTH
TIOJIOKMM, YTO C,~c, u n~m~1,0. Toraa, BHINOJIHUB TPUBHAILHBIE IPEOOPA30OBAHUS C
Y4ETOM JaHHBIX 3HAYEHUH C,,C .1 U M, U3 PEMIEHUS (3) OKOHIATENBHO MOy YHM:

o=1,0. 4)

KoHeuyHO, paccMOTpeHHBINM MpUMEP UMEET WILTIOCTPUPOBAHHBIM XapakTep U
mpu Oojiee peanruCTHYHOM BaphHaHTe pacuéra a, , B YAaCTHOCTH, B CIydac eCiH
CrzkchZ riae k>0,1 — koahGUIMeHT COOTHOCUTEIIEHOCTH MEXTY yI€TbHOM CTOUMOCTHIO
CO3[IaHUsI TEIJIOTPAHCIOPTHOW CUCTEMBI U HKCILUTYaTallUOHHBIMHU, T.€. TEKYIIUMH
3aTpaTaMiy Ha TerioreHepaimio, u3 (3) Oyaem uMeTh:

a=k'<1,0. (5)

[Ipuyem, (5) oTpaxaeT XOpoImIo HM3BECTHHIN ¢PakT, YTO cymMMapHas
CTOMMOCTH BBIPAOOTKHM U Mepeaadyd MOTPEOUTENI0 TEIIOBOW HEPTUM 3a MEPUOA
periIaMeHTHPOBAHHOTO CYIIECTBOBAHUS TEIIOTPAHCIIOPTHON HHPPACTPYKTYPhI JOKHA
IIPEBOCXOUTH 3aTpaThl Ha €€ CO3/laHue.

Takum obOpazom, monens Bunaa (2) U BeIpakeHue (3) MO3BOJSAIOT, B Cllydae
aJlcKBaTHOW YMCJIEHHOW KOHKPETHU3allMU, BXOIAIIUX B JaHHbIE COOTHOILICHUS
apaMeTpoB, HApUMED, PaCUETHO-CTATUCTUUECKUM ITyTEM OIPEIEIIUTh ONITUMATIbHBII
YPOBEHb TEIUIOBBIX MOTEPh B pacCMaTPUBAEMOM CTPYKType TEINIOCHAOXKEHUS IO
KPUTEPUI0 MUHHUMYMa CTOMMOCTHBIX 3aTpaT Ha obecreueHrue (pyHKIHOHUPOBAHUS
CUCTEMBI TeHEepallK U TPAHCIIOPTa TEIJIOBOM SHEPTUH MOTPEOUTEIIO.

HeoOxoquMo nmoauepkHyTh, 4TO OoJiee MpeICcTaBUTEIbHBIM, IO CPABHEHUIO
C mpeajaraemMoi JeTePMHUHU3UPOBAHHON TEIIOPHEPIreTUUECKOW MOJECIIBIO BHA
(2) u e€ BO3MOXKHBIX MOAU(DHUKAIINKI, CIETYET CUATATh BEPOSTHOCTHBIA MOAXOM K
OTIpeICNICHUIO ONTUMAJILHOTO 3HAYEHHS 110 SKOHOMUYECKOMY KPUTEPHUIO CTOUMOCTH
GYHKIMOHUPOBAHUS aHAIU3UPYEMOUN CHCTEMBbI TeliooO0ecnedyeHus Ha BceX
JTanax e€ »U3HEHHOTO IMKJa. JTO OOBSICHAETCS HEA0CTaTKaMHM KOHKPETU3aIMU
B 3aMKHYTOM YHCJIOBOM BHJI€ BCEX BXOASIINX B CTPYKTYpPY MOJENIH MapamMeTpoB
U TpyaHO(hOpManu3yeMbIX 3HAYUTEIbHBIM KOJUYECTBOM BO MHOT'OM JIATE€HTHBIX
B3aMMOCBs3ei Mex 1y HUMU. [1oaToMy nconb3yeM A paciupeHns QyHKIIMOHATBHBIX
BO3MO>KHOCTEH MpeAMKATUBHOTO MOJIEIMPOBAHUS BEPOSITHOCTHBIN MOAX 01, TOJIPOOHO
paccmotpenssiid B [8—11]. i 3TOro BO3MOXHBIM U (U3HYECKH 00YCIOBICHHBIM
TEIUIONOTEPSIM NPUAAJUM BEPOSTHOCTHBIA cMbIci. Hampumep, 1 HEKOTOPOTo
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3HAYECHMS (@ CTOMMOCTHBIE XapaKTEPUCTHKH B (2) ¢ (&) w/uin ¢ (o) OyayT o3Ha4aTh
BEPOATHOCTb JOCTHKEHHS aHATTM3UPYEMBIMH ITapaMeTPaMH CTPYKTYPHO-OMPeIeICHHBIX
3arpar, KOTOpbIe TOJKHBI COOTBETCTBOBATH KOHKPETHBIM IIEHOBBIM YpOBHsM. Toraa,
B COOTBETCTBHH C 3TUM HPEIIOJI0KEHHEM, OOIIEBEPOSITHOCTHBIE (PYHKIIMOHAIBHO-
CTOMMOCTHBIE 3aBUCHMOCTH B (2) MPUMYT BUJ:

P, ()=AC-[1-exp(-k.@)]+C__; (6)
P (a)=AC-exp(-k,)+C__ , (7)

rae k. ¥ k, — COOTBETCTBEHHO MapaMeTPhl, XapaKTEPU3YIOIHUE CTENEHD BIUSAHUSA Ha
3aBUCUMOCTH C,(0) U C,(0);

AC=C — C  — pEalMCTUYHbIA HHTEPBAI U3MEHEHHUS CIIAraeMbIX 3aTpar Ha
TerI000eceYeHne, Kak B rpa)uueckoM BHJIE IIOKa3aHO HA pUCYHKeE 1.

3ametuMm, 4to B (6) u (7) nmpoBeneHa COOTBETCTBYIOIIAs KBa3MHOPMHUPOBKA
napaMeTpoB, U3MEHSIONIasi MaclITad BapbUPOBAHUS BEPOSTHOCTHBIX MapaMeTpPOB.
B wactHocTH, nX cymma He npesbimiaet 3Hayenus: €, + C . 9TO COOTBETCTBYET
JIOTHYECKU (POPMATU30BAaHHOMY COJEpXKaHUI0 aHanuzupyemoro [1P B Buze TeXHUKO-
HKOHOMHUYECKHX XapaKTEPUCTUK CUCTEMBI T€HEPALIMHU U TPAHCIIOPTA TEIIOBOM SHEPTUU
KOHKPETHOMY MTOTPEOUTEITIO.

[Moxcranoka (6) u (7) B (3) mocie tuHeapu3auu JaéT clieyrolee 3HaueHHue O,

(8)

Wutepec npeacraBisger TOT (aKT, 4TO COIJIACHO MPUOIMKEHHOMY BBIPa)KEHHIO
(8), ocCHOBHOE BIHSIHHE Ha @, OKa3bIBAKOT HHTCHCUBHOCTH H3MCHEHHSI P (@) n P (o),
a He uX a0COJIIOTHBIE CTOMMOCTHbIE 3HAYCHHUS.

OCHOBHBIM NPEUMYLIECTBOM BEPOSITHOCTHO-CTOMMOCTHOTO aHaJIM3a MOJEIH
Bujaa (2) ¢ yuétom (6) u (7) sBAsSETCS BO3MOXKHOCTH MPOBEICHUS YUCICHHOTO
KBA3MAKCIEPUMEHTAILHOTO M3YUYEHUS BIHAHHUSA HUCXOJHBIX MapaMeTpOB Ha
PE3YyIBTUPYIOLIYI0O CTOMMOCTh TEIUIO00ECTICUeHUsI MyTEM pealn3alui CTaHIapTHON
oIl lypbl UMUTALIMOHHOTO MOJIETUPOBaHUs, Hanpumep MetogoM Monre-Kapio. Ha
pucyHKe 1 moka3zaH XapakTep TUIIOBOTO M3MEHEHHs TapaMeTpoB MoienH (2), a Takxke
HEKOTOpbI€ PAcUETHBIEC JAaHHbIC, MOJYYEHHbIE UMUTALMOHHBIM MOJECIUPOBAHUEM.
3aMeTHM, YTO B BEPOSITHOCTHOW NMOCTAHOBKE 3aJa4M OINpPEAEJIeHUs] CTOMMOCTH
TerIocHa0xeHus 6osee 3((HEeKTUBHO MOXKHO HCIIOJIb30BaTh PE3yJIbTaThl SKCIIEPTHO-
KpuTepHuagbHoro aHanuza (OKA) xapakrepa u3mMeHeHus 3aBucumocteii tumna (6) u (7),
a yuciennple 3Ha4enus C u C - 1UIs X KOHKPETU3MPYIOLIETO MacIITabMpOBaHUS
OTIPENIeNAI0TCS U3 UMEIOIUXCSl CTATUCTUYECKUX 0a3 JaHHBIX.

133 80: 1001181

B pe3ynbTaTte BBINOJHEHHOTO aHalM3a MOXHO HNPEMJIOXKHUTH ClIeyOIHi
ITOPUTM ONTUMH3ALMK CTOUMOCTHBIX 3aTpaT Ha PEATU3alMI0 BCEX KIIFOYEBBIX 3TAloOB
KU3HEHHOT'O IMKJIa TUIIOBBIX M MEPCHEKTUBHBIX CUCTEM TEIJIOCHAOXKEHHUs, KOTOPBIH
CBOJIUTCS K BBIMIOJIHEHUIO CIIEAYIOMIUX BBIYUCIUTEIbHBIX TO3ULIUI:
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1 ITo umeromMMcsl CTaTUCTUYECKUM JaHHBIM, a TAKXKE MCIOJb3Ys pe3yJbTaThl
OKA, onpezaensioTcss napaMeTpsl TeTEPMUHHUPOBAHHON Mojenu Tuna (2) u/uiM 1mo
CyTH €€ BEPOSATHOCTHOTO aHaiora ¢ y4éToM (yHKIIMOHAIBHBIX COOTHOILICHUH (6) u
(7). llpnuém, obecrieuuTh COMOCTABUMOCTh PE3YyJbTATOB MOJAEIUPOBAHUS MOXKHO
IIyTEM COOTBETCTBYIOLICH MOJEPHU3ALMHN UCXOAHBIX 3aBUCHUMOCTEH, HAIIpUMep, 3a
C4€T yTOUHEHMS TapaMeTpa B Mozeiu (2) B BUaE: , 4TO IIPAKTUYECKHU
COBMECTHUT JETEPMUHUPOBAHHOE M BEPOATHOCTHOE ONUCAHUE aHAJIU3UPYEMBIX
CTOMMOCTHBIX COOTHOILIEHUH.

2 o cranmapTHON NpoLEeaype MOUCKA HIKCTPEMAILHOTO (min) 3Ha4EHUs LIEIeBOI
¢dyHKLIMYU B BUJE MOJienH (2), a Takxke ¢ yU4ETOM e€ BepOSITHOCTHOM MHTEepIIpeTauu (6)
u (7) onpenensercst 3SKOHOMUYECKH ONTUMAaIbHOE 3HAUEHUE , KOTOPOMY COOTBETCTBYIOT
omnpenenennsie KTP no obecrieuennto paroHaisHO-0IYCTUMOTO YPOBHS TETIONOTEPb.

3 Tlony4yenHoe 3HaYEHHE «, MCIONB3YETCA I OLCHKHU 3 pexTUBHOCTH
IPUHUMAEMBIX IPOEKTHO-TEXHUYECKUX PEIIEHUH Ha PAaHHUX ATaIlax )KU3HEHHOT'O LIUKJIa
pa3IM4YHBIX 00BEKTOB TEIIOIHEPTETUIECKOTO POQHIIS.

Takum oOpa3zom, MO Mepe MHOTOKPAaTHOW U MO CYTH BepU(DUKALHMOHHOM
peanu3anuy, NpeagaraéMoro ajlropuTMa ornpeeaeHusl SJKOHOMUYECKH palliOHAJIbHBIX
KTP, nonyuyeHHsble pe3yibTaThl BOWAYT B COOTBETCTBYIOIIME TaOyIMpOBaHHBIE 0a3bl
JAHHBIX. DTH 0a3bl JaHHBIX, CO/IEPKAIe HEOOXOUMBbIE /IS IPEIMKATUBHBIX pacuéToB
CBEJ/ICHUS, CTAHYT OCHOBOM i pa3paOOTKH NMpPEeIMETHO KOHKPETH3UPOBAHHOM
BAJIMIMPOBAHHON MH)XEHEPHOW METOJAMKH OOOCHOBAaHHOIO BHIOOpPA MPOEKTHO-
TEXHUYECKUX PEUIeHHUH, KOTOopas MO Mepe HCIOJIb30BAHUS MOXET OBITh
aBTOMAaTU3UpPOBaHA IMyTEM CO3JaHUs LEJIEBOr0 MPOTPAMMHO-MAaTEMAaTHYECKOIO
npoxaykra. Ilpu atom ocoboe BHuManue cienyer yaeauts KTP nmo obGecnedenuro
pPECYpPCHBIX MapaMeTpoOB OOBEKTOB TEILIOCHAOKEHHUS, ONMPEACISIONNM 00pa3zoM
BIIMSIOIIUX HA UX TEXHUKO-3KOHOMHUYECKOE COBEPLIEHCTBO.

B 3aknmuyeHne OTMETHUM, YTO HpeAjaraeMblii MOIXO0J U, OCOOEHHO, ero
BEPOATHOCTHAsI UHTEPIIPETALINUS MOTYT OKa3aThCs IOCTATOUYHO PE3YJIbTaTUBHBIMU IIPU
TEXHUKO-D)KOHOMHUYECKOM aHAJIM3€ U ONTHUMH3ALUU 3aTPATHOCTU 3TAlOB CO3AAHUS U
(YHKLIMOHUPOBAHUS IPYTHX TEXHUYECKH CIOXKHBIX CUCTEM Pa3IMYHOrO HA3HAYEHUS,
B TOM YHCJIE C YYETOM UX PECYPCHO-IKCILUTYaTal[MOHHBIX IapaMETPOB.
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OHJIPICTIK OBBEKTIJIEPII KAJBIITACTBIPY
"KOHE TMAWJIAJAHY KE3EHJEPIH TEXHUKAJIBIK-
YKOHOMUKAJIBIK OHTAHJIAHBIPY MOJIEJI

Mynoati  napamemprik-eapuamuemi - dcyienepliy  OMIpRIK  YUKIIHIY — He2i3el
Ke3eHOepIH ICKe acbipyobly JHCANbL WUbIZLIHOAPBIH A3AUMYObIH JHCAINbL MAMEMAMUKATIbIK
opmanuzayusnanean mocinin 93ipney JicoHe HAKMbLIAY Mauwi3obl, Oipax KebiHece
011apObIY PYHKYUOHAIObL CANACHIH HCAKCAPIMYObIH HCACLIPHIH pe3epsi 60/bin mabbLiaobl.
byn munumymnely  60myvl, 90emme, Spmypai KHcylenepoi Kypy HcoHe NAuOWIaHy
Ke3eHOEePIHiH abIHeaH KyHbIH 032epmY0iH Kenec Kapama-KatublibiKmvl MeHOeHYUACHIMEH
mycinoipineoi, 6y 63 Kese2inoe KabvLiOAH2AH OU3ALUH HCOHE MEXHONOUATBIK UeiMoepoin
muimoinicine oatianvicmol. MHHOBAYUATLIK, CUNAMMASbL Ke3 KelleeH KOHCMPYKIMOP/IbIK-
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MEXHONOSUSIBIK, WeUIMOEPOT NPAKMUKAOA AYKbIMObL KOTOAHYOblH OPbIHObLIbIZLL MYPATIbL
Mocene, Cupex amaz0aiiapobl  KOCHA2aHOd, OAApOblY  MEXHUKATbIK-9KOHOMUKATBIK
muimoinicin npeduxamusmi bazanaycols wewinmeidi. COHObIKMAH, 0Cbl HCOOATbIK-
Kaoicemmi npoyedypamrsl dicyseze acvipyea MYMKIHOIK Oepemin moOenv0epdi o3ipiey
HAKMbL SKOHOMUKAHBIY OAPIbIK CANANAPLL YUliH MAHbI30b1 006N MAObLIAOYL.

Onoipic obvexminepin Katbinmacmolpy MeH nauoaiany wbleblH0apbl apacbiHOA2bl
OHMAILIb KAMBIHACMbL 130€)0il (hopManbObl RPOYEOYPACHIH JiCy3e2e ACbipyed MyMKIHOIK
bepemin Modemv ycviHblicaH. Mooenb 0cbl dcoHe MEXHUKAILIK JHCAebIHaH  YKCAC
00BeKMINepOiy OMIPIIK YUKTIHIY OCbl Heeizel Ke3eHOepiHiy MUHUMAanobl DYHKYUOHAIObL
JHCOHE MEXHONOSUATLIK KYHbIH QHbIKMAayea MyMKIHOIK 0Oepedi. JKvlny SHepeusacviH
MaceiManoay KesiHoe JHCbLTy WibieblHbl OeH2eUiHY OHMAIAHObIPLLIZAH Napamempi
peminoe MoOebOi CAHObIK ICKe ACbIPYObIH MbICAIbL KEMIPLIZEH.

Kinnmi ce30ep: KoHCcmpyKmopvlK - MeXHUKAIbIK weuimoep, Kapay HblcaHacwl,
Capanmamanblk-Kpumepuaniovlx maioday.

A. A. Barzov!, *V. S. Puzakov’
"Lomonosov Moscow State University, Russian Federation, Moscow.

’LLC «Bureau Energy», Russian Federation, Ramenskoye.
Material received on 17.03.22.

TECHNO-ECONOMIC OPTIMIZATION MODEL OF PRODUCTION
FACILITIES FORMATION AND OPERATION STAGES

The development and detailing of a general mathematically formalized approach
to minimizing the total costs of implementing key stages of the life cycle of such
parametric-variable systems is a significant, but largely latent reserve for improving
their functional quality. The existence of this minimum is usually explained by the
following contradictory trend of changing the resulting cost of the stages of creation
and operation of a wide variety of systems, which in turn depends on the effectiveness
of the design and technological decisions taken. The question of the feasibility of large-
scale application in practice of any design and technological solutions of an innovative
nature, with few exceptions, cannot be resolved without a predictive assessment of their
technical and economic efficiency. Therefore, the development of models that allow the
implementation of this design-necessary procedure is relevant for all sectors of the real
economy.

A model is proposed that enables to carry out a formalized procedure for finding
the optimal ratio between the costs of forming and operating production facilities. The
model allows you to determine the minimum functional and technological cost of these
key stages of the life cycle of these and technically similar objects. An example of a
numerical implementation of the model using the level of thermal losses during heat
energy transportation as an optimizable parameter is given.

Keywords: design and technical solutions; subject of consideration; expert-
criterion analysis.
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NUMERICAL 3D MODELING OF THE PROCESS
OF HIGH-SPEED SPRAYING

The article is devoted to the formation of a spray cloud after the interaction of an
ultrajet with an obstacle. Variants of different mutual arrangement of the ultrajet and
the surface on which the impact occurs are considered. Evaluation of the effectiveness
of the choice of angle is carried out by analyzing the values of the coverage area of
the target with a spray, set at a fixed distance from the impact site. It is accepted that
a large contact area of the spray with the target surface is the best possible result.

The research was carried out within the framework of the RFBR grants 18-29-

18081 and 19-38-90228\19, the grant of the President of the Russian Federation
for state support of the leading scientific schools of the Russian Federation
NSh-3778.2018.8 and grants from the Innovation Promotion Foundation under
the UMNIK-18 program in accordance with contract No. 14727GU/2019 and
No. 14549GU/2019.

Keywords: ultrajet treatment, suspension, mathematical modeling of the process,
technological parameters.

Introduction

At present, ultrajet processing (UJT) technologies are widely used both in machine
building and in other industries. To date, new areas of application of ultrajet technology
based on the well-known waterjet cutting of materials include the following: ultrajet
diagnostics of metals, ceramics, composite materials, processing (sterilization) of liquids,
and dispersion of hydrotechnological media.

The search for new areas of application is ongoing. So, the department of
SM-12 Bauman Moscow State Technical University planned a series of theoretical and
experimental work aimed at assessing the possibility of impregnating materials with a
spray. Now the task is set on the basis of general ideas, and in this article we will not
talk about concretization of technological ideas and potentially solvable practical issues.
We will proceed from the fact that the impregnation should provide the maximum area
of contact with the target. As a target, for example, a fabric stretched and installed in a
frame can be considered, as shown in the calculation diagram (Fig. 1).

By preliminary mathematical modeling of the process, it is possible to optimize
the parameters of the hydrosuspension and the conditions for the impact of the jet on
the surface of the workpieces, primarily by the criterion of the maximum area of tissue
coverage by the spray.
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In this work, the modeling takes into account and considers such parameters as the
density of the hydrosuspension, the diameter of the ultrajet, its velocity and the angle
of contact with the front surface of the workpiece (Fig. 1), as well as the physical and
mechanical characteristics of the surface of the processed material (fabric) [1-4].

The purpose of this work is to develop practical recommendations for increasing the
efficiency of processing by ultra-jet spraying. The task was solved numerically by means
of step-by-step modeling of the process using the equations of continuum mechanics in
the environment of the ANSYS Autodyn software package (License Number: 339001).

Material and methods

To study the considered technology of ultrajet surface spraying, we will use the
parametric scheme shown in Fig. 1.

Figure 1 — Parametric diagram of the surface UJF process
d — diameter, v — jet velocity, a — angle (0°, 30 °, 45 °, 60 °), t = time

The parametric scheme of the process under study is shown in fig. 1 and includes
an ultrajet with a diameter d flowing out of a focusing nozzle with a velocity V at an
angle o to a solid target. After the impact of the ultrajet on the target surface, a spray
cloud is formed, which is directed towards the impregnated sample. During the study,

the jet encounter angle with the workpiece was varied a = 0°, 30", 45", 60" and the
ultrajet velocity v= 0.6, 0.8, 1 km/s, p0 = 1.0 g/cm? [5-7]

The process of UJF can be described by the following system of differential
equations, presented in tensor form:

Law of conservation of mass:

dp ;
L4V IVi=0 (1)
d PV,

Law of conservation of momentum:
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dv, -
—~L=V.ac =0 2
P~ oy (2)
Law of energy conservation:
dE -
_— G‘,SU 3
dt Y 3
Equation of state of interacting media:
p=p(p.E); 4
Kinematic relations:
&, =(V.V,+V V)/2 ®)

Physical relationships in the form of Hooke’s law:
D,D" <2Y*/3 (6)
Stress tensor components:

9 ij:_pgij+Dij (7)

Where p — density, p — pressure, E — specific internal energy, t — current time, i;
j =X;y; z—the coordinates of the metric coordinate system, vi — he components of the
velocity vector, gij — the metric coefficients of the main basis of the chosen coordinate
system, gij = 1 for i =j and gij = 0 otherwise, cij — the components of the stress tensor,
Dij — the components of the stress deviator, E*ij — the strain rate tensor components.

The following relations were used as equations of state for interacting materials.
For water

where are the initial and current density, as well as the compressibility of water,
respectively; Al = 2.2 GPa, A2 =9.54 GPa, A3 = 14.57 GPa, B0 = 0.28, B1 = 0.28,
T1=2.2 GPa, T2 = 0 GPa are empirical coefficients.
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Table 1 — Physical and mechanical characteristics of the processed material

. . Volume modulus | Shear modulus G, | Yield strength Y,

3 > B
Number Material Density p, ,, g/cm K. GPa GPa GPa
1 Hard alloy 3,47-3,55 550 330 0.02

To solve the problem, it is also necessary to set the initial and boundary conditions.
For this, we will assume that the jet velocity at the initial moment of time is determined
by the value V = 0.8 km/s, which is assumed to be a constant value in the calculations.
The boundary conditions for the problem under consideration within the framework of
the parametric scheme (Fig. 1) can be divided into two groups. Namely: at the interface
between two interacting media (water-workpiece), in the presence of contact, the equality
of normal stresses and the impermeability condition are always satisfied, i.e.

oW-n =p=0c@ -nand VD n'=V® pn. 9
y J y J i i

The set spatial problem was solved numerically by the SPH (Smoothed Particle
Hydrodynamics) method in the ANSYS/AUTODYN.

Results and discussion

The results of the calculation according to the scheme of Fig. 1 are presented in fig.
2 for different interaction angles. The images are presented for the same time t=30 s.

t=30 pus, v=0.8 km/s

Figure 2 — The nature of ultrajet motion in the direction
of the barrier (target), its impact, decay and spray formation

The interest is not the process of interaction between the ultrajet and the target
surface, but the result — impregnation of the fabric material of the barrier with a spray.
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On fig. 3 shows images where the hatching indicates the area of contact S of the spray
and the fabric. Table 2 shows the numerical values of the areas for the considered
interaction angles [6—11].

Figure 3 — Results of modeling the area of interaction between
the spray and the tissue barrier

Table 2 — Simulation results - area of spray coverage of the tissue target surface

Angle The number of particles on the surface of carbon fiber Area
0° 123 95,667
30° 765 676,823
45° 889 817,543
60° 470 688, 791

It should be noted that the simulation results make it possible to identify both the
contact area and calculate the number of particles that interacted with the tissue target
(Fig. 4, 5).
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Figure 4 — Comparative results of modeling the number of particles
on the surface of carbon fabric at angles of 0°, 30°, 45°, 60°

Figure 5 — Comparative results of modeling the coverage area with a nano-containing
spray on the surface of carbon fabric at angles of 0°, 30°, 45°, 60°
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Conclusion

The results of 3D modeling showed images where the hatching indicates the area
of contact S of the spray and the fabric and the nature of ultrajet motion in the direction
of the barrier (target), its impact, decay and spray formation. The comparative analysis
results of modeling the number of particles on the surface of carbon fabric and area of
spray on the surface of carbon fabric at angles of 0°, 30°, 45°, 60° are considered. The
results show the maximum area and maximum number of particles on the surface of
carbon fabric found at angle 45°.
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"KOFAPBI )KbLIIAMJBIKTBI BYPKY ITPOIECIH
CAHJIBIK 3D MOJIEJILJIEY

Maxana ynempacmpyuoiy xeoepeiMeH opeKemmecyiHeH KeuiH waublpay
OyImuibIY nanioa OONYbIHA APHANZAH. YIbmMpacmpyMmHwbly JicoHe COKKbl nauda
bonamvin Oemmiy opmMypai 03apa OPHANACYLIHBIY HYCKANAPbl KAPACMBIPLLIAOYL.
Bypviuumul  manoay muimoinicin  b6azanay ocep emy OpHbIHAH OenliieHeeH
KawwblKmoikma Oencineneen Hvicanauwl Oypixxiwnen xammy atimasviivly MOHOEPIH
Manday apxwlivl Jcyzeze acvlpuliadbl. Bypikkiw nucmoaemmiy maxcammol Gemimen
YAKeH OQUIanbIC auMazbl eH HCAKChl Homudice 60abin mabwliaob.

3epmmey PODOU 18-29-18081 oncone 19-38-90228\19 epammmapul, Peceil
Deoepayusicor  Tlpesuoenminiy, Peceii Dedepayusicolnbly dicemeKuli  2blibiMu
Mekmenmepin Memiexemmix Konoayea apuanean HIII-3778.2018.8 epanmul sicone
No 147271V/2019 orcone Ne 145491'Yu/2019 kenicimumapmuina cotikec « YMHUK-18»
bazoapramacvl OOUBIHA UHHOBAYUALAP2A IHCOPOEMOECY KOPBIHLIY SPAHMMAPb
uwenbepinde opbiHOanObL.

Kinnmi ce3oep: yrompa azvinovl onoey, cycnen3us, npoyecmi MamemamuKaibiy
MoOdenvoey, MexHONI0USbIK napamempep.

*A, JI. Fanunoeckuii’, Yoco Mvo Xmem?, B. H. Koanakoé’®

MockoBCKuii TOCYTapCTBEHHBIN TeXHUYECKUI MHCTUTYT uMeHu H. O. baymana,
Poccuiickas ®@enepanus, r. Mocksa.

Marepuan noctynui B pegakiuto 17.03.22.

YUCJIEHHOE 3D-MOJAEJIMPOBAHUE
IMPOLECCA BBICOKOCKOPOCTHOI'O PACIIBIVIEHU A

Cmamuvsa nocesuena 06pazoganuio obnaka Opvize nocie 63aumMooeicmeus
yavmpacmpyu ¢ npensamcmeuem. Paccmompenvl 6apuanmol paziuiHo2o 63auUMHO20
PACNONOINCEHUSLYToMPACMPYU U NOBEPXHOCIU, HA KOMOPYIO npoucxooumyoap. OyeHka
appexmurocmu 6p160pa yera OCyWEeCmenaemes nymem aHamu3ad 3HA4eHutl 30Hbl
oxeama yenu pacnvliumenem, YCMaHOGIeHHOU HA GUKCUPOBAHHOM PACCIOAHUU O
Mmecma yoapa. Tlpunamo cuumamu, ymo 60abUAsL RAOWAOL KOHMAKMA PACHbLIUMENS
C Yenegoll NOBEPXHOCMbIO AGTAEMCA HAUTYUUUM BO3MOICHBIM PE3YTbMAamoM.

Uccnedosanue svinoaneno 6 pamkax epawmos PODOU 18-29-18081 u 19-38-
90228\19, epanma Ilpesudenma Poccuiickoii @edepayuu Ha 20CyO0apCmeEeHHYIO
no0oepiicky edywux Hayunvix wixon Poccuiickoni @edepayuu HIII-3778.2018.8
u epanmoe ®omoa codeilicmsuss unHosayusm no npoepamme «VMHUK-18» ¢
coomeemcmeuu ¢ Kohmpaxmom Ne 14727IV/2019 u Ne 14549'V/2019.

Knioueswvie cnosa: ynompacmpyiinas o6pabomka, cycnensus, Mamemamuyeckoe
MoOdenuposanue npoyeccd, mexHorocudecKue napamempol.
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PA3PABOTKA BEPOSITHOCTHOU-UMUTALMOHHON
MATEMATUYECKON MOAEJIN ®OPMUPOBAHUS MTAPAMETPOB
MOBPEXEHHOCTN OBPABOTAHHOU MOBEPXHOCTH

rnPY BYKPATHOM TEXHOJIOrMYECKOM BO3EACTBUN

Cnooicnocms  peuteHust npoodaeMbl Kauyecmea npu Mexanudeckou odpabomke
pe3aHuem cocmoum 8 HeoOXooumMocmu yuema OOIbULO2O KOIUYeCmBAd (haKmopos,
OKA3bIBAIOWUX BNUAHUE HA MEXHOL02UHECKUL NPOYECC U320MOGLEHUS U30ENUSL.

B omoil ceazu yenecoobpaznvim A6NsEMCA  NPUMEHEHUe BePOSMHOCHIHO-
CMamucmu4ecKux Memooos8 Uccie008anust, YHUSEPCAIbHOCHb KOMOPbIX NO36015em
pewams WwupoKull Kpye Hay4yHO-mexHUu4ecKux 3a0au.

Beposimrocmuwiti  nooxo0 k opmuposanuro cmenenu Oeghekmuocmu
NOBEPXHOCMHO20 CN0sL Npu  obpabomke pe3aHuem ¢ yuyemom ¢hakmopa
mexnonoeuveckol  uacredcmeennocmu (TH) Ha mnaw 632110  Aensiemcs
nepcneKmueHbIM Hanpaesnexuem uccnedosanus m.K. noseoasem
npoananuzuposams Hauboree odwue 3AKOHOMEPHOCMU KUHEMUKU npoyecca
He3a8UCUMO Om 0COOeHHOCmel (QU3UKO-MEXAHUYECKUX CBOUCME Mamepuaos,
memooa hopmoobpazosanus, ocobenHocmel KOHCMPYKYUU MEMALIopedtcyue2o
UHCMPYMeHmMA U M. 0.

B Oaunou pabome aemopamu pazpabomana UMUMAYUOHHAS MOOEIb
seposimHoCcmu pacnpeoenenus 0e@eKkmos 8 NOBePXHOCMHOM Cloe No 2iyOuHe npu
nOCIe008AMENLHOM —O8YKPAMHOM — MEXHOIOSUYECKOM B030€lCmeuU ¢  Y4emom
(akmopa mexHono2u4ecKkoll Hac1e0CmMEeHHOC.

Taxoice 6 pabome 3KCNEPUMEHMANLHO NOOMBEPICOCHO GIUSHUE YCAOBULL
npedsapumenbHo20  mexHorocuyeckoeo  gozoeiicmeus  TB1  na  ycrnosus
sbinonHenuss nociedyiowezo TB2, umo sensemcs npamblM KCNEPUMEHMATbHbIM
noomeepoicoenuem akmusHou poau ¢paxmopa TH npu mexanuueckou obpabomxe u
€20 GIUAHUSL HA pe3YTbmupyroujee COCMOosiHUe NOBPENCOEHHOCIU NOBEPXHOCHO20
cnos npu evinoanenuu TB2.

Knrouesvie cnosa: mounocmo, macumabHwill  pakmop, 8eposmHOCmHA
MOOenb, YUCIEeHHOe MOOeIUPOBaAHUe, (QYHKYUOHATLHO 3HAYUMOE MEXHOI0UYECKOe
803MYUeHUE, MEXHOIOSUYECKOe B030eliCmale.

BBenenne

Konkperusupyem Haim npeicTaBieHus o Gu3ndeckoil Moaenu popMUpOBaHUS

ne(EeKTOB B F€OMETPUUECKOM IapamMeTpe MOBEpXHOCTHOro ciosi oowveme (V), nmpu
BBITNIOJIHEHUH JIBYKPATHOI'O TEXHOJIOTHYECKOT0 Bo3aekcTeus (TB).
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OueBuaHO, pe3yAbTUPYIONIAS, KOHIICHTPALHSI 1e(EKTOB B T€OMETPUUECKOM
napamMeTpe MOBEPXHOCTHOTO CJosi — oobeme V, OyAeT ompenensiThess CyMMapHOM
— HHTErpajbHOW KOHIIEHTpaIueil AeeKToB, 00pa3yroNIuXCcs MPU BHITIOIHEHUU 2-X
MOCIe0BATEIbHBIX TEXHOIOTHYECKUX Bo3aeicTBuil TB) (pucyHoxk 1).

OcHogHoI OcHogHo OcHoBHoit OcHogHoM OcHogwHoi OcHosHoii

0 L} o o
0030&0&(.@ ’QO(:O.O £L3° 5% oo 3?.“0 o*h, ™
. & o4’ @ o * 4 . * %
100 060 O . < $Q 40 T 00 []
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Pucynok 1 — Pacnpenenenne nedekToB 1o riryOrHe TOBEPXHOCTHOTO
CJIOSI TIPH 2-X KPAaTHOM TEXHOJIOTMYECKOM BO3/ICHCTBUH

B sTom cnydae, pacnpeneneHue KOHIIEHTpAMU IePeKTOB, 00pa3yronIuxcs B
MOBEPXHOCTHOM CJIO€ MPHU JIBYKPATHOM TEXHOJOTHYECKOM BO3JEUCTBHH, OyIeT
XapaKTepru30BaThCs KaKOH-TN00 QyHKIUEH:

C=f(X,C, C, Co, P

rae Co, — HavaJbHAsE KOHIIEHTPALUs 1e()eKTOB;

C, C,— KOHLEHTpaluH A€PEKTOB MaTepHaga B Pe3yJIbTaTe TEXHOJIOTHYECKHX
Bo3JeicTBull coorBeTcTBeHHO TB1 1 TB2;

A — CTPYKTYpHO YYBCTBHUTENbHBIH KOA(UIHEHT POpPMBI anmpOKCUMHUPYIOIIEH
KpHUBOW Marepuana;

X — ToJIIIMHA TOBEPXHOCTHOTO CIIOS;

P — cunoBoii (hakTop TEXHOJIOTUIECKOTO BO3ICHCTBUSL.

Pacrnipenenenue koHIeHTpaIuu 1e(heKToB 0 KoopAuHaTaM X, Y B CIIEICTBUH i-TO
TEXHOJIOTHYECKOT0 BO3/IeUCTBHS B ToUke (0), IO reoMeTpruIecKoMy mapamerpy V, S,

L xopomio annpoxcHMHUpyeTcs ¢byHKIMEH (PUCYHOK 2).
Cx = [II /exp (2xX)] + Co (1)

Cy = [1I /exp (AxY)] + Co
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II=KxP xCo (2)
rae K — koo uumeHT nponopuoHaabHOCTH;
P, — cuioBoii (hakTop i-ro TEXHOJIOTMYECKOrO BO3AEHCTBHS.
I, — mpupOCT KOHIEHTPAUK IEPEKTOB B IOBEPXHOCTHOM CIIOE B CIEACTBHH i-I0

TEXHOJIOTMYECKOTr0 Bo3AeicTBUA 1pu X=0).

Cmax
Ci

Co
0 Co

Cmax Cx

Pucynok 2 — Pacnipeenenne KOHIEHTpAH JeQEKTOB

MaTtepuajibl H MeTOAbI

JleTanm3upyem BOIIPOCHI BIHMSHUS Ha ITOBPEKIEHHOCTH 00pad0TaHHO MOBEPXHOCTH
HEOJJHOKPATHOI'0 TEXHOJOIMYecKkoro Bo3zaeicTBus. [IpakTuueckoe MpuiioxKeHue
JTAHHOM 3a/1aud BEChbMa PACIPOCTPAHEHO B TEXHOJOTMH MEXaHUYECKOH 00paldOTKH,
IPOEKTUPOBAHUU PEKYILIETO HHCTPYMEHTA U B TOKE BpEMs HArJISAHO WILTIOCTPUPYET
METOAMKY MOCTPOCHHS TEXHOJIOTHYECKOTO Tporecca 0OpaboTKH B IIETIOM C YYETOM
(dakTopa TEXHOJIOTHUECKON HACIEACTBEHHOCTH [1].

AHanu3 paHee BBINOJHEHHBIX paboT [2—4], moKa3bIBa€T, UTO NPOLECCHI
IUIACTUYECKOTO e(pOPMUPOBAHUS, pa3pyLICHUS KPUCTAIUIMIECKUX TBEPABIX TET IMEIOT
BEPOSITHOCTHBIN XapakTep. DTO OOCTOSTENBLCTBO SBISETCS CIEICTBHEM CIYYaiHOTO
PacCIIOIOKEHUS TUCIIOKAIMIA U JIOKAJTBHBIX TE(PEKTOB B 00bEME KpHCTaILIA.

Pacnipenenenue 1eeKToB B TOBEPXHOCTHOM CJIO€ 3aBUCUT OT MHOTHX CIIy4alHbIX
(aKTOpOB M B KOHEYHOM HTOTE, CTAHOBHUTCS PE3yJIbTaTOM IPOSIBIICHUS OOJIBIIOTO YHCIIa
CIIy4alHBIX MaKpO-, MUKpPO-, 1 CYOMHKPOCKONUYECKUX MporeccoB [5—7]. [loatomy
JUIsL aHajiM3a paclupeniesieHus Ae(PEeKTOB B MOBEPXHOCTHOM CJIO€ IPH ABYKPATHOM
TEXHOJIOTUYIECKOM BO3/ICHCTBUU MPUMEHUM BEPOSTHOCTHBIA MOIXO/.

CornacHo yTBep)ACHHSM [ 8, 9], BEpOATHOCTh OTCYTCTBUS ASPEKTOB B 00beMe V
MOJKHO 3aIHcaTh Kak

P'(V) = exp(-Cx¥) 3)

Tak kak BEpOSATHOCTb OTCYTCTBUSL U NMPUCYTCTBUSA AEPEKTOB B F€OMETPUUECKOM
napaMeTpe MOBEPXHOCTHOTO CJIOSl — B 00beMe V mpeacTaBiseT MOJHYIO I'PYIILY
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coObITHii [10], TO BEpOATHOCTH IPUCYTCTBUS A€(PEKTOB B TEOMETPUUIECKOM ITapaMeTpe
MIOBEPXHOCTHOTO CJIOSl — B 00beMe V 3amuieTcst B BUJE:

P(V) =1 - exp(-CxV) 4)

OueBuaHO, 3TO ypaBHEeHUE (4) CIpaBeAJIMBO U JJIsi ONMUCAHUS BEPOSATHOCTH
NPUCYTCTBUS AE(EKTOB B TEOMETPUUYECKOM IMapaMETPe MOBEPXHOCTHOTO CIIOS —
wiomany (S) wiu anuue (L).

C—wumeet pasmepHocTb V!, S/, L, a pusuyeckuii cmbica C— cpeiHsisl KOHLICHTPAIHS
nedeKTOB B €IMHUIIE TEOMETPHUECKOTo napamerpa V, S, L npu ycinoBuu, 4To 1eheKThl
pPaBHOMEPHO pacmpeieNieHbI 10 TeOMEeTpUIecKoMy mapametpy V, S, L

Bripaenue (C V) B (4), npecTaBisier co60il CyMMapHOe KOTHIeCTBO 1e(eKTOB
— HavyanpHOTO Yncia nedektoB Co U BHECEHHOTO B TOBEPXHOCTHBIN CIIOH B pe3ysIbTaTe
JBYKPATHOTO TEXHOJIOTMYECKOTO BO3ACHCTBHUS.

Pe3yabTarsl H 00CyKaeHTE

MaremaTtudeckas mMojaellb GOpMHUPOBAHUS MapaMETPOB MOBPEXKIACHHOCTH
MOBEPXHOCTHOTO CJIOS MPU JABYKPATHOM TEXHOJIOTHYECKOM BO3JICHCTBUU MPHUBEICHA
HUKE.

[Iycts Cxl, sz — pacrmpezieneHue KOHIICHTpauu ae(ekToB mo koopauHate X B
MOBEPXHOCTHOM CJIO€ COOTBETCTBEHHO B Pe3yJIbTaTe 1-r0 U 2-T0 TEXHOJIOTUYECKOTO
BO3JICUCTBUS (PUCYHOK 3).

C., = [l /exp (AxX)] + Co (%)

rae 11,, 11, — MakcuMajibHOE 3HAYEHUE NPUPOCTA KOHIEHTPAUK Je()EKTOB Ha
noBepxHocTH obpasna X=0, mpu 3alaHHBIX TEPMO-CHIIOBBIX YCIOBUSAX 1-r0 U 2-TO
TEXHOJIOIMYECKOI0 BO3AEHCTBUS;

Co — HavasbHasA KOHIIEHTPALUs 1e()eKTOB B IOBEPXHOCTHOM CJIOE;

C .—MaKCUMaJIbHO JOMyCTUMAas KOHIEHTPaKs 1€()EKTOB B MOBEPXHOCTHOM CJIOE
10 paspymenus marepuana (ecmu C,,, C, > C wMarepual pa3pyriaercs);

A— k03¢ duneHt GopmMbl alpOKCUMHUPYIOLIEH KPUBOK.

C_,, C_,— TeKyuiye pacipeeicHue 3HaYEHNH KOHLICHTPAIUK neeKToB 1o riryOouHe
HOBEPXHOCTHOTO CJIOS (X), COOTBETCTBEHHO HOCJ€ 1-r0 U 2-ro TeXHOJIOIMYECKOTO
Bo3aericTeusa — TB1, TB2.

C_,= (K, xP,%xCo) xexp(-+*X) + Co

roe lll =Co XKIXP]
npu X=0; C_, =111 + Co,
P, P, — cuna JaBjeHHsl COOTBETCTBEHHO IIPH l-M u 2-M TexHOIOTHYECKOM

BO3JICUCTBUHU.
K, K, — k030 }uimenTs NponopuuoHaabHOCTH CUI0Boro BosaeikicTeus na C, C,,
C, C,=f(C, K, P) COOTBETCTBEHHO IIPH 1-M ¥ 2-M TEXHOJIOTHYECKOM BO3IECHCTBHM.
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111 = (KIXPIxCo) * exp(-A X X)— TeKylllee 3HAYE€HUE MPUPOCTA KOHLEHTPAILMH
NeEeKTOB IO IITyOHHE TOBEPXHOCTHOTO cJios (X), B pe3yabTare |1-ro TeXHOIOTHYECKOTOo
BO3JICHCTBUSL.

11,2 — Texymiee 3HaYE€HHE NPUPOCTA KOHUEHTPAUMU A€PEKTOB O IIyOHHE
MOBEPXHOCTHOTO ¢104 (X), B pe3yJIbTaTe 2-T0 TEXHOJIOTUYECKOTO BO3ICUCTBUSI.

C nenpio pereHus MOCTAaBICHHON 3a/1a4M MOCTYIIHM CIIEAYIOMUM 00pa3oM:

1 PacnpeneneHne KOHIEHTpAUUHU 1€(EKTOB B MOBEPXHOCTHOM CJIO€ Tociie 1-ro
TeXHOJI0rnueckoro Bo3aeiictsus TB1 ¢ yuetom 5 3anumiem kak

Cl= Co+Ill,=Co+ (KI*XPI%Co) x exp(-A*X)

2 CpoenaeM AONYyUIEHHE, YTO MPHUPOCT KOHIEHTpaUUH NePEKTOB MpHU 2-M
TEXHOJIOTUYECKOM BO3IEUCTBUU — [12, TIPOTIOPIMOHAJIEH IPUPOCTY KOHIEHTPALMH
Ne(eKTOB B IOBEPXHOCTHOM CJIO€ OT 1-rO TEXHOJIOTMYECKOTO BO3/ICHCTBHS paBHOMY

111, = (K, xP xCo) x exp(-A *xX);
3 C y4eToM NpUHATOTO JIOIMYIIEHHS PUPOCT KOHIEHTPALUH 1e(DEKTOB I10 ITyOuHe

MOBEPXHOCTHOTO CJ0s (X), B pe3ylibTaTe 2-T0 TEXHOJIOTUYECKOro Bo3aecTBust /12X
ONpeIETTUM KaK

2, =11, xK,xP,=(K,xP xCo) Xexp (-AxX) XK, x P,

CrnenoBaTenbHO, KOHIEHTpaUUsa 1e()EKTOB B MOBEPXHOCTHOM CJIOE MPH
IOCJIEA0BATEIILHOM JIBYKPAaTHOM TEXHOJOTMYECKOM BO3AEHCTBUU C yUETOM
TEXHOJIOTUYECKOW HACIEeICTBEHHOCTH OYIET ONPEeNsThCs Kak (6) cOracHO pUCYHOK 3
C2=Cl, +112 unu C2,= 111, + 112, +Co (6)

CrenaB oACTaHOBKM COTJIACHO PUCYHKY 3 MOJy4YUM

C2,=Cl,+ (KIXPI*xCo) X exp(-A*xX) xK2 x P2

C2,=C,+(KIxPI*xCo) *exp (-AxX) + (KIxPI1xCo) * exp(-A*X) xK2 x P2

C2,= Co +(KI*P1%xCo) x (I + K2xP2) x exp(-% *X)

Takxum o6pazom
Cl, = Co+ (KIXPIxCo) * exp(-4*X)
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C2,=Co + (KIxP1xCo) * (I + K2xP2) x exp(-AxX) (7)

Pucynok 3 — KonnenTpanus Ae)eKToB B IOBEPXHOCTHOM CJIO€
IIpHU MOCJICI0BATCIIBHOM IBYKPATHOM TCXHOJIOTHYCCKOM BOSI{ﬁﬁCTBI/II/I
C YYETOM TEXHOJIOTHYECKON HACIEACTBEHHOCTH

CrnenoBaTenbHO, BEPOSITHOCTh MMPUCYTCTBUS 1€PEKTOB B TOBEPXHOCTHOM CJIO€ 10
rryouse (X) ¢ yaerom (4) u (7) mpu mociie10BaTeIbHOM ABYKPATHOM TEXHOJIOTHYECKOM
BO3JICUCTBUH C YIETOM TEXHOJIOTHYECKON HACIIEICTBEHHOCTH 3aMuIIeM Kak (8)

P(V) =1 —exp {-[ Co + (KIxP1xCo) x(I + K2xP2) xexp(-1 xX)]xV}  (8)

C 1emnbo SKCIIEpUMEHTATFHON MTPOBEPKH, TIpeIaraeMoid MoAeIH (hOpMUPOBAHHS
MEXaHHYECKHX CBOMCTB MOBEPXHOCTHOTO CJIOSI C YYETOM TEXHOJOTHYECKOH
HACJIEICTBEHHOCTH, IIPU MEXaHNYECKON 00paboTKe pe3aHueM, /sl UCIIBITAHUN ObUTH
M3TOTOBJIEHBI JBa 00paslia U3 ctaju Mapku ctanb 45. Mccnenyemas moBepXHOCTb
KaXJ10T0 00pasia mojaseprajiach 00padoTKe CIEAYIOIMMM 00pa3oMm:

1 IIpeaBapuTenbHO Kax bl 00pa3er] moaBeprajics KOBKE.

2 3aTeM mccieayemasi MOBEpPXHOCTh KaXXJa0oro obpasia oOpabaTwsiBaiach
dbpe3epoBaHuEM.

3 Ha ¢pesepoBaHHON MOBEPXHOCTH KaXKIOr0 oOpasiia, MOATroTaBIMBAIIOCH
JIBa JIOKAJIbHBIX y4YacTKa, C ATOW LEJbI0 OJWH JOKAJIbHBIM YyYaCTOK HCCIEAYyEMOM
MOBEPXHOCTH ITOJIBEPTAJICS YIIPOYHEHHIO, & BTOPOI JIOKAITBHBIN YI9aCcTOK (ppe3epoBaHHUIO.

4 3arem, ucciieayeMble MOBEPXHOCTH M IEPBOTO U BTOPOTO JIOKAJIHHBIX YYaCTKOB,
KaXJI0TO 00pasiia, moABeprajach TEXHOIOTUUECKOMY BO3/IEHCTBHIO — 00pabOTKe TTpH
HEM3MEHHBIX peXuMax, oopaser| 1 — numndosanutio, oopazerr 2 — mazepHoit 00padoTKe.

Takum 00pa3om Ha UCCIIeTyeMOM MTOBEPXHOCTH KaKI0T0 00pasita opMHUPOBAIOCH
IO ABa JIOKAJBbHBIX y4YaCTKa C pPa3JMYHBIM NPCABAPUTCIBHBIM H OJWHAKOBBIM
OKOHYATCJIIBHBIM TEXHOJIOTHYCCKUM BOB)ICI\/’ICTBI/IGM.
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Ha 3akirounTensHOM 3Tare OCYIIECTBISIACH OLIEHKA MEXaHWYECKUX CBOMCTB
00paboTaHHBIX YYaCTKOB HCCIIEAYEMOI MOBEPXHOCTH IMYTEM HU3MEpPEHUs IIyOHHbI
IIPOHUKHOBEHUS MHJIEHTOPA, lIapHuKa auaMeTpoM K¥4,5MM, B TOBEPXHOCTHBIH CIIOH, C
HOCJIEIYIOIUM U3MEPEHUEM IMaMeTpa OTIeyaTKa 110l MUKPOCKOTIOM.

3aKIII0YEeHNE O MEXaHUYECKUX CBOMCTBAX HCCIIEIyEMbIX YYaCTKOB C YIIPOYHEHUEM
1 6€3 ynpouHEeHHs OCYIIECTBIISIIOCH HA OCHOBE CPAaBHUTENIHLHOTO aHAIN3A TOTYYEHHBIX
pe3ynbpTaToB. PesynbraThl npojenanHoi paboTsl MpeacTaBieHbl B Tabaune 1 u Ha
pucynke 4. KoadduuneHt xoppensiiuy 3Ha4eHUuil — rIyOMHbl IPOHUKHOBEHUS B
MOBEPXHOCTHBIN CJIOH, 1 AMaMETpa OTIIEYaTKOB UHACHTOPA, HCCIIEyEMbIX YYaCTKOB C
Pa3INYHBIM IPEIBAPUTENBHBIM (C YIPOUYHEHHEM U 0€3 YIIPOUHEHHs ) ¥ C OIMHAKOBBIM
OKOHYATEJIbHBIM TEXHOJIOIHYEeCKUM Bo3eiictBrueM coctaBun KK=0,9952.

Tabmuia 1 — Mexanndeckux CBOWCTBAaX UCCIENYEMBIX YYACTKOB C YIPOUHEHUEM U
0e3 ynpo4YHEeHUs

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

No | I'mybuna mynku MkM | Ne | Jluametp myHKU MKM | Ne | ['myOuHa JIYHKH MKM
VipO (-) | YnpO (+) VipO (-) | YnpO (+) VipO (-) | YnpO (+)
O6paser 1 Ob6paserr 1 Ob6paser 2
1 32,5 23 10 550 555 19 53,5 47
2 34,5 21 11 715 545 20 51 48,5
3 33 23 12 705 580 21 50 48,5
4 52,5 46 13 695 655 22 77 67,5
5 53,5 48,5 14 715 650 23 73 67,5
6 52,5 50 15 705 665 24 72,5 65,5
7 115 101 16 865 815 25 109 120
8 110 100 17 880 805 26 108 101,5
9 111 101 18 845 815 27 107,5 100
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Pucynok 4 — I'paduku 3aBUCUMOCTEH 3HAUEHU TTyOMHBI MPOHUKHOBEHHUS
MHJICHTOpAa B UCCIIEIYEMbIE YUYACTKU MOBEPXHOCTHOIO CJIOSl C PA3TUYHBIM
IpeABapUTEIbHBIM TEXHOJIOTHYECKUM BO3JEHCTBUEM

BoIBOaBI

1 Pa3paborana uMUTalIMOHHASI MOJIETh BEPOSTHOCTH pacipeieeHus
ne(heKTOB B IOBEPXHOCTHOM CJI0€ 10 Tiyoune (X) ¢ yaetoM (4) u (7) npu
MOCTIEI0BATEIbHOM JBYKPATHOM TEXHOJIOTUYECKOM BO3JICHCTBUU C YUETOM
(dakTopa TEXHOJIOTHYECKON HACIIEICTBEHHOCTH

P(V)=1—-exp{-[ C + (KIXPIXC)X(l + K,xXP,) %exp(-AxX))] *V}
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2 DKCHEPUMEHTAIbHO MOATBEPKACHO BIUSHHUE YCIOBUM MPEIBAPUTEIBLHOTO
TEXHOJIOTHYECKOTO BO3JICUCTBUS HA YCIIOBUS BBIIOHEHNS MocTeaytomiero. Kosddumment
KOPPEJSINK 3HAYCHUN - TTYOMHBI IPOHUKHOBEHHS MHICHTOpA, TUaMeTpa OTredyaTrka
Ha UCCIEAYEMbIX YYacTKaX MOBEPXHOCTHOTO CIIOS, C PA3IMYHBIM MPEIBAPUTEILHBIM
TEXHOJIOTHYECKUM Bo31iericTBreM, cocTaBuil KK=0,9952.
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*A.

EKI ECE TEXHOJIOTUAJIBIK OCEP ETY KE3IHJAE OHJAEJTI'EH
BETTIH BY3bIJTY HAPAMETPJIEPIH KAJIBIIITACTBIPY IBIH
BIKTUMAJIABI-UMUTALIUAJIBIK MATEMATHUKAJIBIK
MOJEJIIH 7 KACAY

Kecy apxwinet enoey kesinde cana mocenecin wiewlyoiy Kypoeniniei oHimOi
OHOIPYOiY MEXHONO2UANBIK NPOYECIHe dcep ememin KOnme2eH hakmopaaposl eckepy
Kasicemminicinen mypaovi.

Ocvizan bOatinanvicmvl oMOeOanmviabl 2blIbIMU-MEXHUKANbIK MIHOemmepOin
KeH ayKbIMbIH uleutyee MyMKIHOIK Oepemin bIKmuManobl-CmamucmuKaiblk 3epmmey
a0icmepin Koi0aHy opblHObl OOLbIN MAOBLIAOYL.

Texnonozusnvly  mynue2izoik  Kyanaywelivlk  ¢akmopein  (TT)  eckepe
ombIpbiN, Kecy apkblibl 6HOey Ke3iHOe bemki Kabammuvly aKayivlk 09pedtceci
Kanblnmacmeipyovly — bIKMumMaiobl  mocini, 0i30iy  olbimbl3uia, 3epmme)yoin
bonawakmol Oasbimvl 606N MAOBLIAOL, OUMKEHI 01 MAMEPUAIOApoObly Gu3uKa-
MEXAHUKANBIK KACUEeMMEPIHIY epeKuielikmepine, KAlblnmacmolpy o0icine, Memai
Kecemin Kypanovly KOHCMPYKYUSI epeKulenikmepine odicone m.0. Kapamacma,
npoyecc KUHEMUKACHIHbIY eH HCATNbL 3AHObLIBIKMAPbIH MAL0dyed MyMKIHOIK bepeoi.

byn orcymwicma  asémopaap mexHono2usAnvlK  mMynHei30ik - Kyaiayubliblk,
Gaxkmopwin eckepe OmuIpbin, €Ki pemmik MexXHONOSUANbIK OCepMeH Oemmik
Kabammazvl  akaynapoevly mepenoici OOUbIHWA MaApany  bIKMUMALObIZbIHbIH
MoOenboey MOOeNiH AHcacaobl.

Conoati-ax, orcymvic TOI-HIY andvlH-ana  MEXHONOSUANBIK 9cep  emy
AHCA2OAUNAPLIHBIH Ketinei TO2-Hiy orcymvic  dcaz0atiiapvlHa — SCepiH
IKCNEpUMEeHmanovl mypoe pacmaosl, byn exoey kesinoezi TT paxmopwinviy bencenoi
poiin scone ouviy TO2-0i opwvinday Kesinde bemki Kabammoly OY3bLLY HCA20AUbIHA
acepin mikenel IKCnepUMeRmmix pacmay 601vin maodwiiaobL.

Kinmmi ce30ep: 0ondik, macumabmol akmop, bIKMUMAIOblK MOOe, CAHObIK,
MoOenvoey, YHKYUOHATIObI MAHBI30bL MEXHOLOSUSILIK, OY3bLIbIC, MEXHOL0SUSILIK SCE.

1. Denchik', Zh. K. Mussina’, A. Zh. Kasenov’, L. R. Mussina’

1234Toraighyrov University,
Republic of Kazakhstan, Pavlodar.
Material received on 17.03.22.
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DEVELOPMENT OF A PROBABILISTIC SIMULATION
MATHEMATICAL MODEL FOR THE FORMATION
OF DAMAGE PARAMETERS OF A TREATED SURFACE
UNDER A TWO-TIME TECHNOLOGICAL IMPACT

The complexity of solving the problem of quality in machining by cutting lies in
the need to take into account a large number of factors that affect the technological
process of manufacturing a product.

In this regard, it is expedient to use probabilistic-statistical research methods, the
versatility of which allows solving a wide range of scientific and technical problems.

The probabilistic approach to the formation of the degree of defectiveness of the
surface layer during cutting, taking into account the factor of technological heredity
(TH), in our opinion, is a promising area of research, since it allows you to analyze
the most general laws of the process kinetics, regardless of the features of the physical
and mechanical properties of materials, the method of shaping, the design features of
the metal-cutting tool, etc.

In this paper, the authors have developed a simulation model of the probability
of the distribution of defects in the surface layer in depth with a sequential double
technological impact, taking into account the factor of technological heredity.

The work also experimentally confirmed the influence of the conditions of
the preliminary technological impact of TI1 on the conditions for performing the
subsequent TI2, which is a direct experimental confirmation of the active role of the
TH factor during machining and its influence on the resulting state of damage to the
surface layer during TI2.

Keywords: accuracy, scale factor, probabilistic model, numerical simulation,
functionally significant technological disturbance, technological impact.
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GEOMETRIC PARAMETERS OF A PEAKLESS CUTTING TOOL
IN THE INSTRUMENTAL COORDINATE SYSTEM

Processing of external surfaces with turning tools is the most common in the
total mass of tools, and occupies a special place in the technological process of
manufacturing machine parts. The issues of increasing productivity, accuracy and
reliability of the processing process have always been and remain relevant and
effective for metalworking.

The aim of the study is to improve the quality of processing of external cylindrical
surfaces with the development of a new processing method and the design of a
peakless turning through-hole cutter.

The idea of the work is to develop a new design of a lathe cutter for finishing and
a new processing method.

The analysis of methods and methods of processing external cylindrical surfaces,
parameters of the cut layer during cutting, geometry and designs of turning cutting
tools, led to the development of a new metal-cutting tool — a peakless turning cutting
tool for finishing. The new design improves cutting conditions and minimizes the
impact of adverse factors accompanying the cutting process.

Thus, a pass-through peakless cutter has one cutting edge, is simpler due to the
absence of an auxiliary back surface and top, has less complexity of manufacturing
and sharpening, and therefore requires less operating costs.

Keywords: geometry,; plane; construction; cutter; peakless; quality.

Introduction

The most expensive in terms of material consumption and energy consumption
belongs to the processing of cutting materials up to 60-75 % of the complexity of
manufacturing parts for all types of production — from individual to mass. The advantages
of cutting include versatility and flexibility: the ability to obtain surfaces of various
shapes, sizes and accuracy using a wide range of metal-cutting equipment, including
CNC.

The geometric parameters of metal-cutting tools, including turning tools,
significantly affect the accuracy and roughness of the outer surfaces.

One of the tasks is to create scientifically based methods and tools to improve the
accuracy of processing [1-7].

Materials and methods

There are three coordinate systems defined by GOST 25761-83: instrumental (ISC),
static (SSC), kinematic (KSK) [8].
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ISC — designed for the manufacture of cutting tools.

SSK —is designed to determine the geometric parameters of the cutting tool when
installing it on the machine.

KSK —is designed to determine the geometric parameters during its operation.

Each of the above coordinate systems ISC, SSK, KSK represents three mutually
perpendicular planes oriented in a certain way in space.

By analogy with a traditional through-hole cutter, the following surfaces of the
cutting part are distinguished in a peakless cutting tool (PCT): front, rear, auxiliary
rear [9-13].

The intersection of the surfaces forms certain faces, for example, the intersection
of the front and back forms a face, which is called the main section plane (MSP). The
intersection of the front and auxiliary rear surfaces forms an auxiliary cutting edge. In
accordance with this, we will select the above-mentioned surfaces for the PCT (Figure 1).

Figure 1 — Geometric parameters of the cutting part in the tool coordinate system

If the main section plane is drawn through point A of the MSP, and point A is set
along the axis of rotation of the workpiece, then we will call this secant plane the main
one (Figure 2). The figure shows the main section plane and the auxiliary section plane,
respectively to the left and right of the main secant plane.
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Figure 2 — Main and auxiliary secant planes

The installation of the PCT on a metal-cutting machine (MCM) is shown in Figure 3.

The PCT is installed so that the cutting edge is in a plane parallel to the axis of
rotation of the workpiece. The main cutting plane must be perpendicular to the axis of
rotation of the workpiece and pass through point A of the main cutting edge. In this
case, the point A of the main cutting edge is set along the line of centers. The left part
of the cutting edge and the right part of the cutting edge relative to the main cutting
plane should be free and not participate in the cutting process. Only a part of the cutting
edge is involved in the cutting process — the MSP, which is the left and right parts of
the cutting edge involved in cutting adjacent to point A.
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Figure 3 — Installation of a peakless cutting tool on the machine

Results and discussions

With further consideration and theoretical research, we will consider the BPR with
the following geometric parameters: angle of inclination A=30+50°, front angle y=0°,
relief angle o= 15°.

The ISC is oriented relative to the conventionally accepted velocity vector of the
main cutting movement perpendicular to the mounting plane and passing through the
considered point A of the main cutting edge (Figure 4).

The SSC is oriented relative to the velocity vector of the main cutting movement
passing through the considered point A of the main cutting edge and perpendicular to
the mounting surface of the metal-cutting tools when it is installed on the machine.

KSK is oriented relative to the resulting cutting feed vectors and cutting speed
passing through the considered point of the main cutting edge and perpendicular to the
the metal-cutting tools mounting surface on the MCM.

The effective velocity vector is understood as the sum of the vectors of the feed
rate and the cutting speed.
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Figure 4 — The direction of the conventionally accepted velocity vector
in the instrumental coordinate system

Let’s consider the position of the peakless cutting tool in the instrumental coordinate
system.

The tool coordinate system consists of three mutually perpendicular planes:
the reference plane, the cutting plane, the main section plane (Figure 5).

Figure 5 — Instrumental coordinate system of the BPR

In order to orient the ISC relative to the the metal-cutting tools, it is necessary to
position the main tool mounting surface perpendicular to the conventionally accepted
velocity vector of the main cutting movement V at the considered point (A) of its main
cutting edge.

The second coordinate plane (the cutting plane) passes perpendicular to the main
plane through the considered MSP point. The main secant instrumental plane is drawn
through the point under consideration (.) And on the MSP and is perpendicular to the
tool main plane and the cutting plane (Figure 5).

Next, we calculate the amount of displacement relative to the center line, the MSP
PCT, the length of the MSP, depending on the processing diameter and cutting depth.

In Figure 6, the letters are: ab — MSP, where a and b are the intersection points of
the MSP with the cylindrical surface being processed; D is the processing diameter,
R is the radius, ¢ is the cutting depth, L is the length of the main cutting edge, the sum
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of the right /. and left /, xi is the distance to an arbitrary coordinate secant plane, t/
is the excess or underestimation, respectively, of points (b) and (a) of the MSP above
the line of centers, /x, is the distance to the i~th section from (.) A in the direction of
the MSP, Ax, is the excess or underestimation of the MSP for the i-th section above the
line of centers.

Let’s choose an arbitrary point (.) B on the MSP, located at a distance Ix, from (.)
A along the MSP, having an excess over the line of centers 4x, and an offset along the
X axis from (.) A by Xi.

Calculate the values of the parameters Ix, hx, x,, [, h, x at different cutting depths.
Formulas for determining the above parameters are derived based on the laws of
geometry and are presented below (1-9).

h?=(R2-(R-)?, €y

l=h/sina, (2)

We will ask Al=1/n, n=1,2,3,...00 3)
X1=AX; (4)

X,=X,+Ax; (5)

Ax=Al-cosA; (6)

X=X _ +AX; 7

h,; = J IE.[- — xﬁf. (see the calculation scheme); (8)
1 =h /sina, (see the calculation scheme) )
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b

Figure 6 — Calculation scheme for determining the excess or underestimation
of an arbitrary contact point of the MSP above the center line

/L

The calculation results are shown in Table 1.

max
Table 1 — Results of calculations of geometric parameters 4, [, hx, Ix, x, at different e
cutting depth and machining diameter Figure 7 — Calculation scheme
t D A h / Al Ax X1 Ix1 h x1
0.1 50 30 2.23 4.47 1.49 1.29 1.29 1.49 0.74 o i ) .
0.2 50 30 316 6.31 210 182 182 210 1.05 Taking into account the analysis of the calculation scheme, we determine 4h, hx,
0.3 50 30 3.86 7.72 2.57 2.23 2.23 2.57 1.29 Rx, tx, by the following formulas:
0.4 50 30 4.45 8.91 2.97 2.57 2.57 2.97 1.48
0.5 50 30 4.97 9.95 3.32 2.87 2.87 3.32 1.66
0.6 50 30 5.44 10.89 3.63 3.14 3.14 3.63 1.81
0.7 50 30 5.87 11.75 3.92 3.39 3.39 3.92 1.96
0.8 50 30 6.27 12.55 4.18 3.62 3.62 4.18 2.09
0.9 50 30 6.64 13.30 4.43 3.83 3.83 4.43 2.22
1.0 50 30 7.00 14.00 4.67 4.04 4.04 4.67 2.33
t D A X2 Ix2 hxz X3 Ix3 hx3
0.1 50 30 2.58 2.98 1.49 3.87 4.47 2.23
0.2 50 30 3.64 4.21 2.10 5.47 6.31 3.16
03 50 30 4.46 5.15 2.57 6.69 7.72 3.86
0.4 50 30 5.14 5.94 2.97 7.71 8.91 4.45
0.5 50 30 5.74 6.63 3.32 8.62 9.95 4.97
0.6 50 30 6.29 7.26 3.63 9.43 10.89 5.44
0.7 50 30 6.79 7.83 3.92 1017 | 1175 5.87
0.8 50 30 7.24 8.37 4.18 1087 | 12.55 6.27
0.9 50 30 7.68 8.86 4.43 1151 | 13.30 6.64
1.0 50 30 8.08 9.33 4.67 12.12 | 14.00 7.00
We calculate the profile of the part processing during the operation of the PCT. where Rxi is the radius:
Consider the calculation scheme (Figure 7). h_ - height

Numerical values of the coordinates of the PCT processing profile are presented
in Table 2.
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Table 2 — Numerical values of the coordinates of the PCT processing profile

t 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

| 4.47 6.31 7.72 8.91 9.95 10.89 | 11.75 12.55 13.30 14.00

D 50.00 | 50.00 | 50.00 | 50.00 50.00 50.00 | 50.00 50.00 50.00 50.00

/ 30.00 | 30.00 | 30.00 | 30.00 30.00 30.00 | 30.00 30.00 30.00 30.00

R 25.00 | 25.00 | 25.00 [ 25.00 25.00 25.00 | 25.00 25.00 25.00 25.00

n 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

h 2.23 3.16 3.86 4.45 4.97 5.44 5.87 6.27 6.65 7.00
Ah=h/n| 0.45 0.63 0.77 0.89 0.99 1.09 1.17 1.25 1.33 1.40
Al 0.89 1.26 1.54 1.78 1.99 2.18 2.35 2.51 2.66 2.80
AX 0.77 1.09 1.34 1.54 1.72 1.89 2.03 2.17 2.30 2.42

Rx1 24.90 | 24.81 | 24.71 | 24.62 24.52 24.42 | 24.33 24.23 24.14 24.04
Rx2 24.92 | 24.83 | 24.75 | 24.66 24.58 24.50 | 24.41 24.33 24.25 24.16
Rx3 24.94 | 24.87 | 24.81 | 24.74 24.68 24.62 | 24.55 24.49 24.43 24.36
Rx4 24.96 | 24.93 | 24.89 | 24.86 24.82 24.79 | 24.75 24.71 24.68 24.64
Rx5 25.00 | 25.00 | 25.00 | 25.00 25.00 25.00 | 25.00 25.00 25.00 25.00
R-t 24.90 | 24.80 | 24.70 | 24.60 24.50 24.40 | 24.30 24.20 24.10 24.00

hx1 0.45 0.63 0.77 0.89 0.99 1.09 1.17 1.25 1.33 1.40
hx2 0.89 1.26 1.54 1.78 1.99 2.18 2.35 2.51 2.66 2.80
hx3 1.34 1.89 2.32 2.67 2.98 3.27 3.52 3.76 3.99 4.20
hxa 1.79 2.52 3.09 3.56 3.98 4.36 4.70 5.02 5.32 5.60
hxs 2.23 3.16 3.86 4.45 4.97 5.44 5.87 6.27 6.65 7.00
tx1 0.10 0.19 0.29 0.38 0.48 0.58 0.67 0.77 0.86 0.96
tx2 0.08 0.17 0.25 0.34 0.42 0.50 0.59 0.67 0.75 0.84
tx3 0.06 0.13 0.19 0.26 0.32 0.38 0.45 0.51 0.57 0.64
tx4 0.04 0.07 0.11 0.14 0.18 0.21 0.25 0.29 0.32 0.36
txs5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
X1 0.77 1.09 1.34 1.54 1.72 1.89 2.03 2.17 2.30 2.42
X2 1.55 2.19 2.68 3.09 3.45 3.77 4.07 4.35 4.61 4.85
X3 2.32 3.28 4.01 4.63 5.17 5.66 6.10 6.52 6.91 7.27
X4 3.10 4.37 5.35 6.17 6.89 7.54 8.14 8.69 9.21 9.70
X5 3.87 5.47 6.69 7.71 8.62 9.43 10.17 10.87 11.51 12.12

Thus, the instrumental and static coordinate systems for determining the geometric
parameters of the PCT and its position in them are considered.

To calculate the geometric parameters of the PCT (Ax, ax, yx) in the ISC and SSC,
dependences on D, ¢ and A were determined using the Excel mathematical appart.

Basic calculation schemes have been developed to determine the geometric
parameters /x,, x, Rx, Ix, depending on the auxiliary section under consideration, D,
tand 4.

Conclusions

In the instrumental coordinate system, the planes of the vertex-free cutting cutter and
its geometric parameters are determined, namely, the front and rear angles, the angle of
inclination of the cutting edge and the angles in the plan of the main and auxiliary, which
are zero. Due to this geometry of the cutter — the absence of the tip of the cutter — the
cutting conditions are improved and the effects of adverse factors accompanying the
cutting process are minimized and has less complexity of manufacturing and sharpening,
and therefore less operating costs will be required.
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Analysis of the shape of the cross-section of the cut layer and the calculated profile
of the treated surface, allow us to draw the following conclusions:

- ¢ (cutting depth) along the length of the MSP decreases from the maximum value
to zero;

- when turning the PCT, it is possible to use a feed value less than or equal to the
value of the projection of the MSP on the x axis;

- during the operation of the PCT, there will be a minimal force effect on the change
in the surface layer of the treated surface, and consequently a decrease in roughness
and an increase in the accuracy of the treated surface.
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ACHANTBIK KOOPJJUHATTAP ) KYUECIHJIEI'TI TOBECI3 ’KOHY
OTIIEJII KECKIIITIH TEOMETPUAJIBIK TIAPAMETPJIEPI

Maxanaoa mebeciz dcony emneni KecKiumiy 2eoMempusiivlK Napamempiepin
JHcoHe onapovly OPHANACYbIH AHLIKMAY2A APHAN2AH ACHANMIK JHCOHE CIMAMUKATLIK
KOOPOUHAMmMap Jcyueci KapacmulpulieaH.

Excel mamemamuxanvly Kapmacvli KOIOAHA OMbIPLIN UHCIPYMEHMANObL JHCOHE
CMAmMuKanblK Koopouramma meoecis srcory omneni keckivimiy (h , o, y ) 2eomempusnsix
napamempiepin ecenmey yuiin D, t dicone A moyenoinikmep aHbIKmanaovl

Kapacmuipvinwin omvipean D, t dicone ) Kocankl kumaea, bainanvicmot h , x, R ,
Ixi eeomempusiiblK, napamempiepin aHbIKmay YUl nPUHYURUAILObL eCenmey CXemanapbl
KYpacmulpblLiobl.

Kecineen xabammoiy xenoener KUMACbIHblY NIWIHIH JiCOHe OHOen2eH Oemmin
ecenmeinzer NPOGUIIH Manday Keieci KOpblmbiHObL HCaAcayaa MyMKIHOIK bepedi: Hezizei
Kecy dHcueciniy Y3biHOblebl OOUbIMEH KeCy mepenoiel MAKCUMAiObl MOHHEH Henze Oetiin
azasio0vl, mebeci3 HCOHY Omneil KeCKIWMmI HCOHY Ke3iHoe X 0CiHOe2l He2izel KeCy JHCUesitiy
NPOEKYUSICHIHBIY WAMACLIHAH A3 Hemece 02aH meH 0epiny MoHI KONOAHbLIYbl MyMKIH;
mebeciz JiCOHYy Omneni KeCKiui JHcyMblc icmeeeH Ke3le oHOenemin Oemmiy Oemki
Kabamuinbly 032¢pyiHe ey a3 Ky ocep emedi, COHObIKMAH 6HOeN2eH Oemmily Keldip-
OYObIpIbIZbL MOMEHOEYI JHcoHe 0910I2l APMMbIPYbL.

Hnempymenmanovl xoopounammap dicytiecinoe meooeciz Hcony omneini KecKiumiy
HCAZBIKMBIKMAPYL JHCIHE OHBIH 2e0MEMPUSTIBIK NAPAMEMPIEP, aman aumxanod anobiyebl
JHCOHEe apmKbl OYPLIUIMAD, KeCy HCUeiHiK Konbey Oypbllibl HcoHe NIAHOA2b] He2i3el HCoHe
KoMeKui Oypbluimap anblKmanaovl, onap Henee mey. OcblHOGU KeCKid 2e0MempusiHbiH
apKAcvLiHOa — KecKiul WbIHHbIY 00IMaybl — Kecy Npoyecin cyiemenoeimin Kecy
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ACAZOANAPLL  HCAKCAPAOLL JHCOHE KONAUCHI3 (PAKMopaapowbiy ocepin azaumaosl
JHCOHE Wbl2apy MeH Kaupayobly a3 eHOeK CbliblMObLIbI2bIHA Ue 601a0bl, COHObIKMAH
nanioanany yuin as wmwigblHoap Kascem 601aobl.

Kinmmi co30ep: ceomempusi, scasvlkmulk, Kypoliblmbl, KecKiul, mebecis, cana.

*M. K. Ochnanmaesg
[1d TOO «KSP Steel», Pecmyonuka Kazaxcraw, r. [TaBnogap.
Marepuan noctynui B pegakuuto 17.03.22.

IF'EOMETPUYECKHUE TAPAMETPbI BE3BEPIIMHHOI'O TIPOXOJAHOI'O
PE3IIA B THCTPYMEHTAJIbBHOM CUCTEME KOOPJIUHAT

B cmamve paccmompenvt uHCmpyMeHmanvbHas u CMAmMu4ecKkas CUCmembl
KOOpOUHAm O/l ONPeOesieHUsl 2eOMEMPUYECKUX NaApamempos 0e36epuUHHO20
NPOXOOH020 pe3ya U €20 NOIONCEHUE @ HUX.

s pacuéma ceomempuueckux napamempos 0Oe38epPUUHHOZ0 NPOXOOHO2O
pesya (h, o, y) 6 UHCMPYMEHMANLHOL U CIAMUYECKOU CUCTEMAX KOOPOUHAM
onpedenenvt 3agucumocmu om D, t u A ¢ ucnonv3oganuem MamemamuiecKoz
annapma Excel.

Paspabomanvl  npunyunuanvuvie pacuémuvie cxemvl Ol ONpeOeseHus.
2eomempuueckux napamempos h_, x, R , [ 6 sagucumocmu om paccmampusaemozo
gcnomozamenvHo2o cevenus, D, t u A.

Ananusz ghopmvl nonepeurozo ceuenus cpe3aemoo Ciost U paciemno2o npoguis
06pabomanHol NOGEePXHOCHU, NO3GOJISIIOM COeNamb Cledyrouue 6bl800bl: 2yOUHA
Ppe3aHus no ONuHe 2IABHOU pedcyujell KPOMKU YMEHbUAemcs ¢ MAKCUMATbHOO
3HAueHust 00 HYJsl, NPU MOYeHUU 6e36ePULUHHO2O NPOXOOHO2O0 Pe3yd 803MOICHO
npUMeHenue 8eIUUHbl NO0AYU MeHblUle UTU PAGHOE BelUdUHe NPOEKYUU 21a8HOU
pedcyweil. KpOMKU Ha ocb X, npu pabome 0e36epUUHHO20 NPOXOOHO20 pe3yd
OyOoem MUHUMATbHOE CUN080e 8030eUCMBUe HA UMEHEHUe NOBEPXHOCIHOZ0 ClOs
06pabamuléaemMoll NOGEPXHOCMU, A CLe008AMENbHO U CHUNICEHUE UePOX08AmMOCcmu
U nogvluleHue MOYHOCMU 00PAOOMAHHOU NOBEPXHOCMU.

B uncmpymenmanvhoii  cucmeme KoopOuHam — onpeoeieHvl  NIOCKOCHU
0e36epUUHHO20 NPOXOOHO20 Pe3ya U e20 2eoMempuyecKue napamempol, a UMEeHHO
nepeonull u 3a0HULL Yebl, Y20 HAKIOHA pedxcyujell KPOMKU U Yelbl 6 NIaHe 21aGHbLU
U 8CNOMOCAMENbHBI, KOMOopble pasHvl Hymio. Brazooaps wemy makoi 2eomempuu
pe3ya — omcymcemeusi GepUuLlbL pe3ya — YIYYUeHbl YCI08UsL Pe3aHUsl U C8EOeHbl K
MUHUMYMY 8030€CmBUs HeOLA2ONPUSIMHBIX PAKMOPOB, CONPOBOANCOAIOUWUX NPOYECC
PE3aHUsL U umMeem MEeHbULYIO mpyOoEMKOCIb U32OMOBNEHUsL U 3AMOYKU U NOIMOMY
nompe6yemcs Menbule 3ampam Ha SKCHIYAMayuio.

Knrouesvie cnosa: ceomempusi, ni0ckocmo, KOHCMpPYKYus, pesey, Oe36epuuHHbL,
Kawecmaeo.

51



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2022

METAJINIYPIrUs

MPHTH 53.49.19

https://doi.org/10.48081/PCTN7927

*B. B. ApbmamoHoe
CV «Jlenopraneprorasz» OAO «Opraneprorasy,
Poccuiickas ®enepanus, r. Cankt-IlerepOypr

MOJIYYEHUE PEMJIVK /151 METAJIIOrPA®UYECKNX
WUCCIIEOBAHWUA METOLOM LLEMEHTALMN

B pabome uccredosana mexnonocus noiyuerus MeOHbIX DPENAUK MEMOOOM
yemenmayuu uz pacmeopoe cyavgpama meou CuSO ,"5H 0, cepnoii kuciomor H,SO,
6 NPUCYMCMEUU NOBEPXHOCMHO—AKMUEH020 6eujecmea muomodesunvt (NH ) ,CS ons
npoBeOeHUsl HePA3PYULAIOWEe20 MEeMALI0SPAPUYECKO20 KOHMPOIS, 0eUcmeyioueco
IHepeemuyYecKo20 U Heghmezazo8020 060py008aAHUA.

IIposedenvl naanupogarntvle onvimsl N0 NOAYUEHUIO MEOHBIX PENNUK 3d cuem
Ppeakyuu KOHMAaxKmuno20 0oOMeHa (yemeHmayu) Ha nOBEPXHOCMU CIMANbHO20 WAUPA.
B pesynomame amux onvimog nomyueno ypagmeHue pezpeccuu, Noxaswvleaioujee
3a8UCUMOCIb NAPAMEMPA ONMUMUSAYUY — KAYECMBEO MEOHOU PENIUKU — O COCMABA
yemenmupylowje2o pacmeopa. Memodom Kpymozo B0cx0dcoeHusi onpeoeneH
ONMUMANLHYLIL COCMAB PACMEopa, 00ecneuueaowull 0caxcoeHue Ha no0GepXHOCmU
CMAnbHo20 wiauha MeOHOU peniuku, KOmopas adeK8amHo omobpadicaem
uccnedyemyo MUuKpoOCmpyKkmypy.

B kauecmee nesasucumvix nepemenuvix ((hakmopos) 6 ypagHeHuu pespeccuu
8b10PAHbBL KOHYEHMPAYUU X, - CuSO, HO, X,-HSO, X,— (NHZ)ZCS, 20e X, X,
X, — namypanvhvle snavenus paxmopos, /1, pynxkyuei omxkiuxa Y aensemes uacmo
NOBEPXHOCMU PENIUKU NAOWAObI0 1 cM?, MOUHO U A0EeK8AMHO BOCHPOU3BOOAUYASL
MUKPOCMPYKMYpPY wiaugha.

Amnanuz nomyyeHHo2o ypagHeMus pespeccuu NOKA3vleaem, 4mo Hauboavuiee
éausHue Ha pynxkyuo omkauka okasvieaem konyenmpayus CuSO,* H,0, 6 neckonvko
Mmenbuel cmenenu enusem konyenmpayus (NH ) ,CS, u menee 6ce2o — konyenmpayus
H,S0,

Kniouesvie cnoea: memannocpagus, uepaspywaiowusi KoHmMpoab, MeOHas
PeniuKd, yeMeHmayus, Cmaib.

BBenenne

KoHTpob MUKPOCTPYKTYPBI IEHCTBYIOIIETO SHEPTETUYECKOr0 U He(Tera3oBoro
000pyZ0BaHUS BO3MOKEH JBYMs CIIOCOOAMM: TPAJUIIMOHHON MeTaiiorpaduei u c
MPUMEHEHUEM METAJUTMYECKUX U HEMETAJUTMYECKUX perviuk [1-5].

KoHTposns MHUKPOCTPYKTYpPBl MeTallla Haubojiee HaNpsKEHHBIX y3JI0B
JOPOTOCTOSIIETO TEMI0IHEPTreTHYECKOr0 U Ta30TPaHCIOPTHOTO 000pYIOBaHUS
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IpOBOJAT Oe3 BhIpPE3KH 00pa3loB, T.e. Hepa3pylalomuMu Metogamu. [Ipumepamu
TaKUX MCCIEIOBaHUN SBISIOTCA paboThl [5—10].

OcHoBoIONararoUM AOKYMEHTOM, PErIaMEHTUPYIOIUM HNOPSAOK KOHTPOJIS
U NPOJUICHUS CPOKa CIyKObl OCHOBHBIX 3JIEMEHTOB TENJIOIHEPreTUUECKOro
o0opyioBaHUs, SABJISIETCA TUIIOBass MHCTPYKIUS [2—4]. DTa MHCTPYKIUS COJEPKUT
nepevyeHb 0053aTeNbHBIX K HCIIOTHEHUIO HOPMAaTUBHBIX JOKYMEHTOB, CPEIU KOTOPBIX
3HayaTcs U PEKOMEHJALMUM 10 Hepa3pyllarlleMy KOHTPOII MUKPOCTPYKTYPbI
MOCPEJICTBOM peruiuK (OTTUCKOB). CornacHo [2—4] mMarepuanioM peruimKu—OTTUCKA
CILYKHT IOJIUCTUPOIL.

CyumecTBEHHBIM HEJOCTAaTKOM IOJHUMEPHBIX PEIIMK SABJISAETCSH HHU3Kad
oTpakaTeJbHasi CHOCOOHOCTH NP U3YYEHUH X Ha METAJUIOr paUuecKoM MHUKPOCKOIIE
U, KaK CJIE/ICTBUE, IUI0Xasi KOHTPACTHOCTb 3JIEMEHTOB MUKPOCTPYKTYPbI TAKUX PEILIHK.

PagukanbHBIM pelIeHreM BOIPOca O MOBBIIIEHUIO OTpaXKaTeIbHON CIOCOOHOCTH
U KOHTPACTHOCTHU ABJISIETCS MOJYyUYEHUE METAUIMYECKUX pEIIUK. B mpakTuke
3JIEKTPOHHON MUKPOCKOIHHU U3BECTHBI CIIOCOOBI MOTYYEHUS METAJUINYECKUX PETUIMK
[7-11]. B wactHOCTH, B [102] KpaTKO yHOMHHAETCsI O BO3MOXXHOCTH IOJIYYECHUS
PEIUIUK TaJIbBAHUYECKUM OCAXKJIECHUEM U XMMHUUYECKMM BOCCTAHOBJIEHHMEM, XOTS
TEXHOJIOTHYECKUE MTOAPOOHOCTH 3TUX MPOIIECCOB HE IMPUBOJISATCS.

MarepuaJjbl 4 METOABI

B anextporuipoMeTaisypruu mupoKoe MPUMEHEHUE UMEET NIEKTPOIUTHUECKOE
MOJTyYeHUE MEeTallIa — TaK Ha3bIBAEMOE 3JIEKTPOOCAXKICHUE KOTOPOE SIBIISIETCS OOILIMPHOM
00JIaCThIO UCCIIEI0BaHUS TEOPETHUECKON U MPUKIIaHOM 31ekTpoxumud [11].

ABTOpOM OBUI HCCIIEIOBAH MPOLECC MOTYUYCHHUS MEIHBIX PEIUIMK [[eMEHTAIHEH.
HccnenoBanue NpOBOAUIM MOCPEACTBOM IUIAHUPOBAHUS MHOTO()AKTOPHOTO
skcnepuMmenTa (Meron bokca — Yunbcona). OOpasisl B 1a00paTOPHBIX OMBITAX
u3rotasnuBaiy u3 cranu 12X1M®, umeromnieit pepputo-copOUTHYIO MUKPOCTPYKTYPY
Oamma 5 mo mkane TexHudeckux ycioBuid [12]. Ilnomans moaAroTOBICHHBIX MO
OOIICNTPUHATON METOJIMKe HUTM(OB OCTaBaJIaCh MOCTOSHHOM M cocTaBisiia 4 cM?.
LlemeHTHpYIONIMI pacTBOp HA MOBEPXHOCTH IIIM(Aa HAHOCUIU TaMIOHOM. Bpewms
BBIJICP)KKU PacTBOpa Ha MOBEPXHOCTHU HutK(a Bo Beex omnbltax 1 munyta. [Tocie storo
HUTH( TPOMBIBAIIU BOJIOW U STUIIOBBIM CIIUPTOM H CYIIWIN (PUIBTPOBATBHOM OyMaroi.
OTtpenenue MEIHOW MJIEHKHU OT MOBEPXHOCTH IIIM(a MPOBOIMIN 1O U3BECTHOMY
METO/1Y, IPAKTUKYEMOMY B 3JIEKTPOHHON MUKPOCKOIIMH: Ha [IOBEPXHOCTD HAXOZSILETOCS
Ha nutMde MEAHOTrO Ocajika HAaHOCWIIM KOJUIOAMEBBIN pacTBop. Ilocie BhICBIXaHUS
KOJIJIOJUEBOI'O pacTBOpa OOpPa30BABIIMICS MOJMMEPHBIA CIOW-OCHOBY CHUMANHU CO
nuda nuHIeToM. BMecte ¢ monuMepHoit 0CHOBOM OT HutM(da JIerko oTaessIach U
MeHas IUIEHKa-perauka. B pesynpraTe mojiydanu CBOEro pojia KOMIIO3MIIMOHHBIN
Marepuai, COCTOAIIMM U3 IBYX CJIOEB-IIOJUMEPHOM OCHOBBI U IPUKPEIICHHON K
HEl MeIHOW IMJICHKHU-PEIUTUKU. Perinky nmpocMaTpuBaid Ha MeTaJiorpaduieckoM
Mukpockorne MUM-8M.

Kak moka3zanu npeaBapUTENbHBIE ONBITHI, B MPOLECCE LEMEHTAlUNU YacTh
MOBEPXHOCTH 1UTH(a paboTaeT aHOAOM, T.€. pacTpaBiuBaeTcs. OTHAKO BO BCEX CIIydasx
Y4aCcTh MOBEPXHOCTH NUTH(a IUIOIAABIO 10 KpaiiHeil Mepe 1 cM? paboTaeT TOJIBKO
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KaTOJIOM M COOTBETCTBYIOIAsl 3TOW YaCTH MOBEPXHOCTH HUIH(a MeAHas IJICHKa U
SIBIISIETCSI COOCTBEHHO PEIUTHKOM, T.€. B OOJIBILICH NI MEHBIIIEH CTENIEHH BOCIIPOU3BOIUT
MHKPOCTPYKTYPY CTaIu. MUKPOCKOIIMYECKOE PACCMOTPEHHE 3TOr0 1 cM? MOBEPXHOCTH
MEIHOH IIJIEHKU IIPOBOJMUIIH, UCIIONb3Ysl OKYJISP C MEPHOH CETKOW, Y4TO I03BOJISIIO
MPOKOHTPOJIUPOBATH KX/l MM” IOBEPXHOCTH PEILIMKH TUIOMAbI0 1 cM?.

B kauectBe mapamerpa ontuMmu3zanuu (QyHKIMM OTKIMKA) Y MPHUHATA 4acTh
HOBEPXHOCTH PEIUTMKH IUIOIIAABI0 | CM?, TOYHO, T.€. aJIeKBaTHO BOCIIPOM3BOJISILAS
MHKPOCTPYKTYpY nnda. Pasmeprnocts Y-50%. Eciu, Hanpumep, 50 MM? HOBEpXHOCTH
peIUTMKY TUToNIa b0 1 ¢M? aIeKBaTHO BOCHPOU3BOASAT MHKPOCTPYKTYpY LUTH(A, TO
Y=50 %.

Jlns onpeneneHusl ONTUMANIbHBIX YCIOBUH LIEMEHTALMOHHOTO OCaXKAEHUSA
MEIHBIX PEIUIMK HaMH ObUI peajr30BaH IMOJHBIN TPEX(PaKTOPHBIA IKCIIEPUMEHT 2°.
[Ipu 3TOM yuTeHBI JaHHBIE NIPEABAPUTENIBHBIX ONBITOB [§, 9], cOorinacHO KOTOpPHIM
LIEMEHTalUs AaeT Ha CTalld OCAaJ0K MEIM B BUJE IUIOTHOW KOMIIAKTHON IUIEHKH
TOJIBKO B JIOCTATOYHO KOHLUEHTPHPOBAHHBIX pacTBopax cyibdara meau CuSO, SH,O,
a HeOobIIME KONMMYECTBA cepHOM KucnoThl H,SO, crnoco6cTByIOT KpUcTaIM3aKuu
MeIM B KOMIAKTHOH (opMe. YUTEHO TakXke, 4TO B NMPUCYTCTBUU MOBEPXHOCTHO—
akTMBHOTO BemecTsa THoMoueBuHbl (NH,),CS kpucrammusyercs 6osee MIOTHBIA
MEJIKOKPUCTAJUIMYECKUN 0caloK Meau. 110 3T0oi nmpuynHe B KaueCcTBE HE3aBUCUMBIX
nepeMeHHbIX ((haxropos) BbiOpanbl koHuenTpauun X, — CuSO,5SH,0, X, — H,SO,
X, = (NH,),CS, rne X, X,, X, — HaTypajbHble 3HaueHUs (pakTopos, /1. MHTepBaml
BapbUPOBAaHUS M HaTypallbHbIe 3HaYeHUs (PAaKTOPOB HAa 6A30BOM, BEPXHEM U HIKHEM
YPOBHSIX MpUBEAEHBI B Tabiuie 1. Marpuia rmiaHupoBaHus IpUBEACHA B Ta0uIe 2.

VYka3zanHbele B Tabnuie | KoAWpOBaHHBIE 3HAUYECHUS (PAKTOPOB OIpPENEICHBI IO

bopmye

(1)

rae Xj — KogupoBaHHOE 3HaYeHHE (haKTopa;
Xj — HaTypaibHOE 3HaYeHHE (aKTOpa;
J — uHTEpBaN BapbUpOBAHUS;
j —HoMep (akropa.

B tabnuie 2 npuBeneHsl Takke pe3yIbTaThl PAaHIOMU3UPOBAHHBIX BO BPEMEHHU

onbITOB. Y' 1 Y" — 3HaueHMsI MapaMeTpa ONTUMU3ALMY JIBYX [TapaJIeIbHbIX ONBITAaX,
Y — cpenHee 3HaUYEHKE ITapaMeTpa ONITUMU3ALUHU B IBYX apAJUICIIbHBIX OIbITaX.
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Tabnuua 1 — HTepBanbl BAppUpOBaHUS U HATypaJIbHbIE 3HAYEHUS (PaKTOPOB

KonnenTpanus, r/n

VYcnosust onsITOB X, X, X,

BazoBblit (0CHOBHOIT) ypoBeHB 150 7,5 3

WHuTepBan BapbUpOBaHUS 100 7,5 3

BepxHuii ypoBeHb 250 15 6

Hwxauit ypoBeHb 50 0 0

Tabnuna 2 — MaTpulia IuIaHUPOBAHMSI U PE3YJIbTAThI ONBITOB

Ne onbITa X, X, X, Y’ Y” Y
1 -1 -1 +1 52 50 51
2 +1 -1 -1 60 62 61
3 -1 +1 -1 49 47 48
4 +1 +1 +1 68 72 70
5 -1 -1 -1 47 43 45
6 +1 -1 +1 78 82 80
7 -1 +1 +1 69 69 69
8 +1 +1 -1 78 78 78

Pe3yabTarsl U 00CyKIeHHE

brima ompepeneHa BOCIPOU3BOJUMOCTD ONBITOB W MPOBEJEHA MpOBEpKa
aJIEKBaTHOCTH MOJICJIM 1O CTaHAAPTHBIM MeToaukam [13].

HTtoroBoe ypaBHEHHE PETPECCUU UMEET CIICAYIOMINNA BHI:

Y=62,75+9,50X +3,50X,+4,75X ~1,75X,X,-2,00X X,-5,25X X, X, (2)

PaccmoTpuM, B Kakoii Mepe Kaxabli U3 (HakToOpoB (HE3aBUCUMBIX MEPEMEHHBIX )
BIIMSCT HA MapaMeTp onTuMHu3anuu (QyHKIHMIO OTKIHMKA). Bennmunna koadduimenta
perpeccuu — KOJIM4ecTBEHHas: Mepa 3Toro BiausHus. C yBelIndeHHeM KOHIICHTpAIuu
CuSO,'5H,0, H,SO, u (NH,),CS mapameTp ONTMMHU3AllMU BO3pPACTAET — Ha 3TO
YKa3bIBAIOT TOJIOKUTENbHBIE 3HAYEHUS KOdpduurenTos b, b, ub, U3 cpaBHeHus
3HAYEHUH 3THX K03 (DUITMEHTOB CIIeyeT TaKXKe, YTO HaUOOIIbIIIee BIUSHUE Ha (DYHKITHIO
OTKJIMKa OKa3bIBaeT haktop X, — KoHueHTpauus cyiabdpara meau CuSO, SH,O — piusnue
3TOrO0 (haKTOpa BABOE BhIIIE, 4eM BakTopa X, — KoHIeHTpamus TnomMouesutsl (NH,),CS,
¥ IOYTHU B TPH pasa BbILIE, 4YeM (hakTopa X, — KOHIEHTpalus cepHoit kuciorel H,SO,

3HaYuTENbHOE BIMSIHUE HA MapaMeTp ONTUMU3AIMH OKa3bIBAIOT Takke d(DPeKTh
B3aumoselcTeus. OgHaKo, B OTIMYHME OT HE3aBUCHUMBIX NMEpeMeHHBIX ((hakTOpoB),
BiusiHue 3¢ (PEeKTOB B3aMMOJICICTBUS HANMpaBJIE€HO HAa yMEHBbIIEHUE Mapamerpa
ONTHMHU3ALMK — Ha 9TO YKa3bIBAET 3HAK «MHHYC» nepe] Kodppuuuentamu b, ,, b, . u
b, , , IIpu 3T0M HaubosEe CUILHOE BIUSHHUE HA NAPAMETP ONTHUMH3AIMU OKAa3bIBAET
cosmectHoe aedcteue CuSO,'5SH O, HSO, u (NH,),CS (a3dpdexr B3aumoneiicTaus
X X X,) —xoopduiment b, . Gonee, 4eM B TpU pasa MPEBLIIIACT KOIPHUIHMEHTBI b,
u bH. OTMeTHM TaKkKe, 4TO COBMECTHOE BiaMsaHKe KoHleHTpaun CuSO, 5H, 0, H,SO,
1 (NH,),CS (3¢ ekt B3aumonerictsus X X X,) — 3aMETHO BBIIIE, Y€M KOHLIEHTPALMHA
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H,SO, u (NH,),CS B otnensnoctn (dakropsl X, u X,) — 9T0 CIEAYET U3 CPABHEHHUS
3HaYeHUH COOTBETCTBYIONINX KO3()(PULIMEHTOB B ypaBHEHUH PErPECCUU.

Takum 006pazom, B pe3ysbTaTe 3KCIEPHUMEHTOB MOIYYE€HO YPAaBHEHUE PETPECCHH
(2), xoTOpOE aEKBATHO OMUCHIBAET BHIOPAHHYIO MOJIEIb OIbITA MPU MPUHATHIX
MHTEpBaJlaX BApbHUPOBAHUS HE3aBUCUMBIX ITepeMeHHbIX. Hanbosee Bricokoe 3HaUeHne
napaMerpa ONTUMU3ALUU, KOTOPOE YAAJIOCh AOCTHYb, cocTaBisieT 80 % — B ombITe
Ne 6 (cm. Tabnuity 2). Kak yka3pIBanoch BbIIlIe, pEIUIMKA J0JKHA aJIEKBaTHO OTOOPaXaTh
UCCIIEyEMYIO MUKPOCTPYKTYPY — UM€sl B BUAY 3Ty IIPAKTHUECKYIO 3aJady, CIeIyeT
IIpU3HaTh, YTO 3HAYEHMsI apaMeTrpa ontumuzanuu 80 % He ABIIAETCS NPUEMIIEMBIM.
[TosToMy crenyeT OmbIThl MPOAOIKUTH, YTOOBI HAUTH O0Jiee ONTUMANIbHBIEC YCIOBUS
IIOJIyYEHUSI MEAHBIX PEIUIMK LIEMEHTAIUEM.

XoTs ypaBHEHHE perpeccuu (2) aJjeKBaTHO, OHO HE MOKET OBITh MCIIOJIB30BaHO
JUIS OTBICKaHMSI ONITUMAJIbHBIX YCIIOBH, IOCKOJIBKY 3TO HE JINHEHHOE ypaBHeHue [ 13].
Jlnist onipeienieHust 00J1aCTH ONTUMYMa JABHXKEHHEM I10 TPAUEHTY TpeOyeTcst TuHeHHas
aZiecKBaTHasi MOJIeTb. B cBsI3u ¢ 3TUM HE00X0IuMO, coriacHo pekoMeHaammsM [109],
IIPOBEPUTH Ha aJIEKBATHOCTh JIMHEIHYIO YacTh ypaBHEHHUS (2). 3anuIlIeM 3Ty 4acTb B
BUJIE OTAEJIBHOIO YPaBHEHMUSL:

Y=62,75+9,50X +3,50X +4,75X 3)

Pe3ynbraTel IpoBepKH JIMHEHHOTO ypaBHeHus (3) npuBeneHs! B Tabnuue 3. [Ipu
3T0M Y — MpecKa3aHHOE [0 ypaBHEHHIO (3) 3HAYCHHUE MapaMeTpa ONTHMHU3ALIL.

W3 nannbIx Tabmuuel 3 BUAHO, 40 F,  >F | cliesoBaTenbHO IMHEHHOE YPaBHEHHE
(3) sBnsiercst HeagekBaTHBIM. POPMATIBHBIM MPU3HAKOM HEaJIEKBATHOCTHU JIMHEHHOMN
MO/IEITU SIBJIAETCS TAKXKE 3HAYUMOCTh XOTS ObI OHOTO U3 3(h(hEeKTOB B3aUMOACHCTBHS
[13]. B Hamem ciyyae, KaK y>K€ yKa3bIBaJIOCh, 3HAUUMBIMHU OKa3aJIuCh TpH 3pdexra
B3auMojencTBus. Takum oOpa3oM, HeaJeKBATHOCTh JUHEHHOro ypaBHEeHHS (3)
HOATBEPXKAAeTCA M Mo KpuTepuio duinepa, ¥ 1Mo 3HAYUMOCTH KO3 PUIIUEHTOB
B3aUMOJICUCTBUS.

Tabmuua 3 — IIpoBepka ypaBHenus (6.11) Ha anekBaTHOCTh

Ne ompiTa Y Y Y-Y (Y-Y)> S.. Sy2 F . F s,
1 51 54,5 -3,5 12,25
2 61 64,0 -3,0 9
3 48 52,0 —4,0 16
4 70 80,5 -10,5 110,25 36,03 3,75 9,6 6,6
5 45 45,0 0 0
6 80 73,5 6,5 42,25
7 69 61,5 7,5 56,25
8 78 71,1 6,5 42,25

Z[J'ISI TOTO YTOOBI INOJIYYHUTb aJICKBATHOC JIMHEHHOE YpaBHCHHUEC, HYKHO IMIPOBECTU
BTOPYIO CEPUIO OIIBITOB, YMCHBIIINB IIPU 3TOM HHTCPBAJIbIl BApbUPOBAHNA HE3ABUCUMBIX
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nepeMeHHbIX [13]. Bropas cepusi onbITOB Oblila BBINOJIHEHA TaKXe C pean3anueit
HOJIHOTO TpeX(aKTOPHOro dKCIepuMeHTa 2°. MaTpulla IUIaHUPOBaHHUS U pacueTHas
MaTpHUlla BTOPOIl CEpUU OIBITOB aHAJIOIMYHBI IPEABIAYIIIUM MAaTPUYHBIM OmbITaM. 13
ypaBHenuii (2) u (3) cneayer, 4To HauOoOJbIlEE BIUSAHUE HA MTapaMeTp ONTHMHU3ALUU
okasbiBaeT (akrop X, B TO ke BpeMs H3BECTHO, YTO IPHU IIEMEHTALMOHHOM
BOCCTaHOBJIEHUH M€Y U3 CEPHOKHUCIIBIX PACTBOPOB KOMIIAKTHBIE IIOTHBIE IJIEHKU MEU
Ha CTAJIbHOM ITOBEPXHOCTH MOJIy4arOTCs IPEUMYILIECTBEHHO B MHTEPBaJI€ KOHIIEHTPALUi
CuSO,5H,0 180-250 r/n [11]. DT0 06CTOATENBCTBO YUTEHO PH BEIOOPE MHTEPBAIIA
BapbMpOBaHusA (akTopa X, BO BTOPOH CEPHH OIBITOB.

[Ipu mpoBereHUN epBOii CepUH ONBITOB OBLIIO 3aMEUEHO, YTO IPU KOHLIEHTPAIUAX
H,SO, Ha BepxHeM ypOBHE NMPOUCXOIHUT M3JIUIIHEES PACTPABIMBAHUE MOBEPXHOCTH
mkda. [1osToMy BO BTOPOH CEpHM ONBITOB HAaTypalbHOE 3Ha4eHUE (pakTopa X, Ha
BEPXHEM YPOBHE OBLIO YMEHBILICHO.

XOTs MOBEPXHOCTHO-aKTHUBHBIE BEIlECTBA OJarompuUsTHO BIHUSIIOT Ha
AIIEKTPOKPUCTAIUIU3ALIMIO ME/IU, OJTHAKO IIPY IPOBEICHUH IIEPBOI CEPHH OIBITOB OBLIO
3aMe4eHo, 4To npu KoHuenrpauuax (NH,),CS 5-6 r/n Mennble MIIEHKH CTaHOBSATCS
6oJiee XpyIKUMHU. ITO BHI3BAHO BHEIPEHHUEM aTOMOB CEpPbI B KPUCTAIUTMUECKYIO PEILIETKY
menu. [ToaTomy ObUTO IPUHATO pPElICHHE BO BTOPOM CEPUU ONBITOB CHU3UTH BEPXHUI
npenen koruenTpauuu (NH,),CS 1o 2 /1. Y clioBus IpOBEAEHHS M PE3YIILTaThl BTOPOK
CepUU ONBITOB MTPUBEACHBI HIKE (TaOauLbI 4 1 5).

Tabnuua 4 — nTepBaisl BapbUpOBaHUS U HATYpaJbHbIC 3HAUCHHS (PAKTOPOB BTOPOI
CEpHH OIIBITOB

KonnenTparus, r/i
VYcnoBus OnbITOB X, X, X,

BbazoBblit (OCHOBHOIT) YpOBEHB 220 2 2

WnuTepBan BapbUpOBaHUS 20 2 2

Bepxnuii ypoBens 240 4 4

HuxHuit ypoBeHb 200 0 0

Tabmmma 5 — Pe3ynbpTaTsl BTOPO CEpUU OMBITOB

Ne onbita Y’ Y” Y Ne onbita Y’ Y” Y
1 63 57 60 5 43 37 40
2 74 70 72 6 80 82 81
3 47 53 50 7 81 75 78
4 97 91 94 8 79 73 76

Bocnpon3BoauMOCTh OIIBITOB BTOPOM CEPUM IIPOBEIECHA TEMHU K€ METOJAMU, YTO
U B IIEpBOM cepuu omnbIToB [13].

Jlst Beex Koo hUIMEHTOB B3aUMOIEHCTBHUS CIPABEIMBO COOTHOIIEHUE T <T
CnenosarenbHo, Gpakropsl X, ,, X, ¥ X, , ABISAIOTCS HE3HAYUMBIMH. B CBs3HM ¢ 3THM

B pE3yJIbTaTe BTOPON CEPUM OIIBITOB I10JIYYEHO JIMHEMHOE YPABHEHUE PETPECCUU
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Y=69,0+12,0X +5,50X +9,5X, 4)

ITockonbky Bee 3¢ GeKThl B3aUMOACHCTBHS OKa3aIUCh HE3HAYUMBIMU, TPABOMEPHO
110J1araTh, 4YTO ypaBHEHUE (4) ABIIAETCS aJ€KBATHBIM.

JlaHHO€ ypaBHEHHE JONOJIHUTEIBHO IPOBEPEHO HA aJIEKBATHOCTH C IIOMOUIBIO
kpurepus duuiepa.

Ananu3 ypaBHeHus perpeccuu (4) mokasbplBaeT, YTO MHTEHCUBHOCTH BIHSHUS
KaX/10T0 13 (aKTOPOB TAKXKE OCTANIACh MIPEXKHEH: HanOobIlee BIUsSHIE Ha (QYyHKIIHIO
oTKIMKa OkasbiBaeT KoHueHTpauus CuSO, SH,O, B HECKOJIBKO MEHbLIEH CTENEeHH
BiusieT konuentpaus (NH,),CS, u menee Bcero — konnenrpanus H,SO,.

BoiBoaBI

1) Takum oOpa3oM, UCXO/S M3 aHAJTHM3a JJAHHBIX TEOPETUYECKON M MPHKIATHON
3JEKTPOXUMHH O IPOLECCE IEKTPOKPUCTAUIM3ALMUN METaja Ha 4y>KEpPOJHON
IIOJITIOXKKE, BBICKA3aHO IIPENIIONIOKEHUE O BOZMOXKHOCTH II0JIyYE€HUsI METAJUINYECKUX
PEIUINK 3JEKTPOOCAKIEHUEM, B YACTHOCTH, 32 CUET «BHYTPEHHEIO 3JIEKTPOIIN3a» —
peaxkiuy [EMEHTALNN.

2) IlpoBeneHsl NJIaHUPOBAHHBIE OIBITHI 110 MOJYYEHUIO MEIHBIX PEIUIMK 3a CUET
peaKIMy KOHTAKTHOTO OOMeHa (IIEMEHTAIlH) Ha IOBEPXHOCTH CTajbHOrO 1utuda. B
pe3yJbTaTe ATUX OINBITOB IIOJIyYEHO YPABHEHHUE PETPECCUH, ITOKA3BIBAIOILIEE 3aBUCUMOCTD
napaMeTpa ONTUMHU3aLUHU — KaY€CTBO METHON PEIIMKU — OT COCTaBa LIEMEHTUPYIOLIETO
pactBopa. MeTo10M KpyTOro BOCXOKAECHUS OIIPEIENIEH ONITUMAJIbHBII COCTAB pacTBOpa,
o0ecreynBaroInil OCaXICHHE HAa TTOBEPXHOCTH CTATBHOTO NUTH(a METHOM PEeIuKHy,
KOTOpas aIeKBaTHO OTOOpakaeT HCCIEyEMYI0 MUKPOCTPYKTYPY.
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HEMEHTTEY 9AICIMEH METAJIVIOT'PA®UAJIBIK
SEPTTEVYJIEP YIIIH PEIIVIMKAJIAP AJIY

HKymviema CuSO,5SH,0 moic cynopamvinoy, H SO, Kykipm KbluKblibiHblHY
epiminOinepinen  OY3bUIMAUMbIH — Memaiiocpapusivly  baxwviiay,  0eincenoi
OHEPLeMUKANBIK JiCOHEe MYHAU-2a3 JHcabOblKmapsl yuiiH Oemmix OeiceHOi 3am
(NH ) ,CS kambicybimen yemenmmey o0icimen MblC DenTUKANAPbIH ALY MEXHON02UACHL
3epmmenoi.

bonam wnugmiy bemindeci myiiicneni aimacy (yemenmmey) peaxyusicol
eceOiHeH MblC PEeniuKkalapvlh  any OOUbIHWA  HCOCHAPIAH2AH  Mmodicipubenep
arcypeizindi. Ocvl moicipubenepOiy HOMuUNCeCiHOe OHMAUNAHObIPY NAPAMEMPIHIY —
MbIC PENTUKACHIHbIY CANAChl — YeMmeHmmey epimiHOICIHIH KypamMbiHa moyenoiicin
Kepcememin peepeccus menoeyi anviHovl. Tik xemepiny o0iciMeH epimiHOIHIK
OHMAIbL KYypamvl AHLIKMANObL, Ol 3ePMMenceH MUKPOKYPbIIbIMObL HCeMKIIIKMI
mypoe Kepcememin MbiC peniuKacvinvly bonam canviiayvinvly Oemine amcayvii-
UWAWbIHObL KAMMAMACLL3 emeoi.

Pezpeccus  menoeyinoe moyenciz ainvimanviiap (gpaxmopnap) peminoe
X, — CuSO,5H,0, X, - HSO, X; — (NH,),CS ronyenmpayuanapvi mayoaiosL,
mynoazor X, X, X, - pakmopnapoviyy mabueu monoepi, 2 / 1, Y ocayan bepy
Gyuxyusicor 1 cm’ pennuxa 6eminiy 6onici 60abin MAdBLLIAOLL, MUKDPOKYPLLILIMObL
0071 JicoHe HcemKLniKkmi mypoe kebetimeoi uiiug.
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Anvirean peepeccus menoeyin manoay scayan oepy gynxyusaceina CuSO, 5H,0
konyenmpayusacel, (NH,) ,CS xonyenmpayuscer dipwama az acep emeoi, an H,SO
KOHYEHMPAayusicol a3 ocep emeoi.

Kinmmi ce30ep.: memannocpagus, Oy3viimaimviy OaKbLIAY, MblC PERIUKACH,
yemenmmey, boaam.
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*V. V. Artamonov
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Russian Federation, St. Petersburg.

Material received on 17.03.22.

OBTAINING REPLICAS FOR METALLOGRAPHIC
STUDIES BY CEMENTATION

The technology of obtaining copper replicas by cementation from solutions of
copper sulfate CuSO,5H,0, sulfuric acid H,SO, in the presence of the surfactant
thiourea (NH,) ,CS for non-destructive metallographic control, operating energy and
oil and gas equipment is investigated.

Planned experiments were carried out to obtain copper replicas due to the
reaction of contact exchange (cementation) on the surface of the steel strip. As a result
of these experiments, a regression equation was obtained showing the dependence of
the optimization parameter — the quality of the copper replica — on the composition
of the cementing solution. By the method of steep ascent, the optimal composition of
the solution was determined, which ensures the deposition of a copper replica on the
surface of the steel strip, which adequately reflects the microstructure under study.

The concentrations X, — CuSO,/5H,0, X, - H2S04’ X, - (NH,) ,CS are selected
as independent variables (factors) in the regression equation, where X, X, X are
the natural values of the factors, g/l, the response function Y is a part of the replica
surface area of 1 cm?, accurately and adequately reproducing the microstructure
the train.

Analysis of the obtained regression equation shows that the concentration of
CuSO,5H,0 has the greatest influence on the response function, the concentration
of (NH,),CS has a somewhat lesser effect, and the concentration of H,SO, has the
least.

Keywords: metallography, non-destructive testing, copper replica, cementation,
steel.
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*I1. O. bbikoe', M. XX. Tycynb6ekoea? [. P. A6consimosa®, U. 3. fetiepagh?
1-234TopaiireipoB yHuBepcuteT, Pecrydnuka Kazaxcras, r. [TaBnonap

moanenLMPOBAHUE CTAJIN 41151 TPON3BO/LJCTBA
BECLUOBHbIX TPYb

B pabome uccneoosana mexnonocus MOOUGUUUPOBAHUS HUZKONESUPOBAHHOU
cmanu eaHaouem He@hmsAHO20 CoOpmamenma Oasi NPOU3B0OCMEd DeCulo8HbIX mpyo
epynnol npounocmu E ¢ yenvro uckaouerus 0aibHelue2o npoyecca mepmMuieckoeo
VAPOUHEHUSL.

OKCnepuMeHmanbHblM — NymemM  GblAGNIEHO,  YMO  MOOUpuUyUposanue
HusKonecuposannou cmaau muna 3512 eanaouem npu 6viniaeke OOHOULIAKOBHIM
npoyeccom 6 0y2080il neyu ¢ 00800KOU HA dazpecame KOBUI-NeUb U KOBUEBOM
8aKyymamope s6usiemcs. Hauboiee ONMUMAIbHOLU NO CPAGHEHUI) C MUMAHOM UIU
KOMNIEKCOM MUMAH-8AHAOUT NO MAKPO- U MUKPOCHPYKIMYPE HeNnpepblGHOIUNMbIX
3aeomosok (HJI3).

Cpasnumenvhvlli  anaiuz — nokazan, — ymo  maxkpocmpykmypa — HII3
(mMoOuguyuposanue 8anaouem, MUMAHOM U KOMNIEKCOM MUMAH-8AHAOULL)
coomgemcmeytom CTO 007-2009, npu smom 3HaAYeHUue O0CBOU XUMUYECKOU
Heoonopoonocmu OXH (1,5 6anna) umeem o00unaxogoe 3HaueHue O 6CeX
obpazyoe HJI3, ruxeayuonnvle nonocku u mpewunst JIIIT no ceyenuro 3a20mosxu
umeem Haumernvuiee 3uavenue (0 6annos) onsi HJ/I3 mooughuyuposanrnoil sanaouem
(Haubonvwee (1 6ann) onsn HJI3 moouduyuposannou mumarom), ocegvie JIIT
umerom 3uauenue 1 6ann ons HJII3 mooupuyuposannoii xax eanaouem, max
u xomnaexcom Ti+V (ona HJI3 mooupuyuposannou Ti snauenue 0,5 oOanna),
3HayeHue Kpaegou moueunou saepsasnennocmu KT3 umerom 3uauenue 0,5 6anna
onst HJI3 moougpuyuposannou kax eanaduem, max u xomniexcom Ti+V (ona HII3
moouguyuposannou Ti snauenue 0 banna).

Knrouesvie cnosa: cmanv, Henpepvl6HOIUMAs 3A20MOBKA, MOOUDUKAMOP,
sanaoutl, becuwioguas mpyoa.

Beenenne

B Ka3axcrane eIMHCTBEHHBIM MPOU3BOJUTEIIEM CTAJIbHBIX OCCIIOBHBIX TPYO
HedTsiHOTO copTamenta siBisiercs: TOO «KSP Steel».

B Hacrosiee BpeMs TEXHOJOTHS MPOU3BOJCTBA OECIIOBHBIX TPYO TpyIIIbI
npoynoctd E TOO «KSP Steel» npegycMmTpuBaer tepmMuueckyro oo6paboOTKy
ropsyeKaTaHHbIX TPYO, YTO B CBOIO OUepe/ib TpeOyeT JONOIHUTEIBHOT0 000py 10BaHHS,
BPEMEHH, YEJIOBEUECKHX PECYpPCOB M 3HAUUTENIBHO YBEIMUYMUBAET TPYIOEMKOCTh U
cebecronmocTs mporiecca [1-4].
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ANbTepHATUBHBIM BapHAHTOM IOJIyUeHHs TPEOyeMbIX CBOMCTB ropsiyeKaTaHHbIX
TpyO rpynn npouyHoctu E sBiserca monudunupoBanue TpyOHBIX Mapok crajei
Pa3IMYHBIMH XUMUYECKHMH dJIEMEHTaMU (BaHAAUN, HUOOUH, TUTAH U IpYTHE).

B nacrosiiiee Bpems B Mupe pazpaboTaHbl MHOXKECTBO CIIOCOOOB M YCTPOMCTB /71t
IPOBEICHUS ONEPallui MOAUDUIIUPOBAHUS KHUIKOTO CTAIBHOTO pacijiaBa, U BCE OHU
00J1a1aX0T TEMH WU MHBIMH JIOCTOMHCTBAMU U HegocTtatkamu [3—10].

MonudunupoBanue, MUKpPOJETrUPOBAHUE U WHOKYJIHPOBAHUE XKUIAKOTO
pacruiaBa BO MHOTOM OIIpefieiieT OKOHYATEJIbHbII YpOBEHb CIY>KEOHBIX CBOICTB
MeTanaonpoaykuuu. [IpuMeHeHne onTUMaIbHBIX PEXUMOB MOIAU(PUIIUPOBAHUS
MO3BOJISIET CYIIECTBEHHO MOBBICUTH (PH3UUECKYIO OTHOPOIHOCTh METallIa, yIy4IlluTh
MaKpOCTPYKTYPY, IIOBBICUTh MEXaHUYECKUE CBOMCTBA U T.1. [3—5].

OCHOBHBIMHU KPUTEPUSMHU OLEHKH MOAU(DUKATOPOB cieryeT cunuTars [3]:

- TEPMOJMHAMHUYECKYI0 U KHHETUUYECKYI0 BO3MOXHOCTh PEarupoBaHUS C
KHCJIOPOJ/IOM, CEPOii, A30TOM U yTIIEPOJOM;

- PaCTBOPUMOCTb B JKUIKOU CTaJIH;

- TaBJIGHUE T1apa [PU TeMIIepaTypax CTaJleIUIaBUIbHBIX MPOLIECCOB;

- TOCTYITHOCTh K CTOUMOCTH.

MHorue 31eMeHThI IO MEXaHU3MY CBOETO BIMSHUS HA CTPYKTYPY METajlia MOTYT
OBITH YCJIOBHO OOBEIMHEHBI B /B rpynnbl MogudukatopoB [3]. K mepBoit rpymme
OTHOCSTCS TYroIIaBKHE METaUIbl (BaHAaIui, HUOOWH, TUTAH) WM UX COEIAUHEHHUS,
BBOJIMMBIE B paciuiaB (WM oOpa3yromuecss B paciljiaBe) B BBICOKOJAMCIEPCHOM
(MU KOMIOUIHO-TUCTIEPCHOHHOM) cocTossHUU. OOpa3oBaHue OONBIIOTO YHCIIA
[EHTPOB KPUCTALIM3ALUU 00€CIeUNBACT MOIYYCHHE MEIKO3EPHUCTON CTPYKTYpbI
U COINPOBOXKJAETCS MOBBIIMIEHHEM CBONCTB Metaiia. [Ipoucxonutr ynpouHeHue
MeTaJula IpYU HEKOTOPOM CHM)KEHUU TOKa3aTeNlel, XapaKTepH3yOIUX [IaCTHUECKUe
CBOMCTBa MeTaJu1a (OTHOCUTENIbHOE Y UIMHEHHE U cyxeHue). [lomyuenne HeoOxoumoit
OPOYHOCTHU CTAJU JOCTUTaeTcs Oarogaps BBEICHHUIO OJHOM MM HECKOJIBKUX
mukpono6asok V, Nb, Ti B cymmapuom kosmuuectBe no 0,10 % — 0,15 %.
HenpemenHoit 0cO6eHHOCTBIO0 MOIU(UKATOPOB BTOPOTO PO — THTUOUTOPOB COCTOUT
B TOM, YTO OHH MMEIOT OIPaHMYCHHYIO PaCTBOPUMOCTH B JXKuAKOU (paze. B mpouecce
3aTBEPACBAHUS OHU aJACOPOMPYIOTCS HAa MOBEPXHOCTH PACTYIIMX KPHUCTAJJIOB,
IIOHMKAasi CKOPOCTb POCTA I'PaHEN KPUCTAJLIOB MeTalIa. JIeicTBrE MaJIOpaCTBOPUMBIX
MOJIU(PHUKATOPOB HA CTPYKTYPY CBOJUTCS K TOPMOXKEHUIO CKOPOCTH POCTA KPUCTAIIIOB
BCJIEJCTBUE 00pa30BaHUs KOHLEHTPAIMOHHOTO MOrpaHU4YHOro cios. OgHako
CKOpPOCTb 3aTBEPJEBAHMs CTAIM HE YMEHbINACTCS. DTO 00BACHSAETCS 00pa3oBaHUEM
JIOTIOJTHUTEIBHBIX LIEHTPOB KPUCTAUIN3AIUH, HEYCTOMUMBOCTBIO (DPOHTA PACTYLINX
KpuctamioB. K 3To#l rpynmne oTHOCATCS B NEPBYIO OYEpeb LIEIOYHO3EMEIbHBIC
AIIEMEHTHI — KaJIbIIHA, MAarHUA, Oapuii.

Taxum 00pa3om, ucciie0BaHNE BIUSHUS MOAU(DULIUPOBAHUS CTATN PA3INIHBIMU
XUMHUYECKHMH 3JIEMEHTAaMH Ha CBOMCTBA O€CIIOBHBIX TpYO rpymmbl npouHocty E, uto
MO3BOJINT:

- OMpEEeIUTh ONTUMAIbHBIA XUMHUUYECKHI COCTaB BBIILJIABISEMON CTaIu IS
IPOM3BOJICTBA TPYO rpynmbl npoyHocTH E;
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- obecneuuTh rapaHTUPOBAHHOE MOTy4YeHUE (PU3UKO-MEXaHUIECKUX CBOMCTB TPYO
IpyMNIibl IPOYHOCTH E Ha JIMHUM ropsiuero npokara;

- CHU3UTH ce0ECTOMMOCTb POAYKIIH;

- UCKJTFOUUTH IPUMEHEHHE JOTIOJHUTEILHOT0 000PY10BaHUS ISl TEPMOOOPAOOTKH
TpyO.

MarepuaJjbl 1 METOABI

OO0BEKTOM HCCIIeIOBaHUS SBISUIACH TEXHOJIOTUS MOAUMDHUIIMPOBAHUS CTAJIH
pa3nUYHBIMU MOJM(UKATOpPAaMU HAa OCHOBE BAaHAJMs M THTaHA C LEJNbIO CHIKEHUS
3aTpar Ha MPOU3BOJICTBO CTAJILHBIX OECIIOBHBIX TPYO.

JUist SKCIIEpUMEHTAIBHBIX UCCIEA0BAaHUM HCII0JIb30Balach HU3KOJIETHPOBAHHAS
CTaJIb CIEIYIONIET0 XUMUIECKOro cocTaBa (Tabmuna 1).

Tabnnma 1 — XuMHUUeCKH cocTaB cTaiin, %

C Si Mn P, S, Cr Ni, | Mo Al Cu,
max max max max
0,34- | 0,15- | 1,25-] 0,020 | 0,020 | <0,25 | 0,25 | <0,08 | 0,0 0,25
0,37 0,35 1,50 1-0,05

B paGore ucnonp30Banu CleAyONe METOAbI HCCIEOBAHUS:

- onTUKO—AMuccHoHHad criekTpomeTpus 1o 'OCT 18895 Ha oNTHKO-3MHUCCHOHHOM
cnekrpomerpe PC-500;

- MeTaJuIOrpaUUECKUl METOA: MaKpO—1 MUKPOCTPYKTYpHBIN aHainu3sl o ['OCT
10243, I'OCT 8233, CTO-002-2017, CTO-007-2015.

BrimnaBka cranu ocymectsisiiack B ayroBoit neun (CII) emxoctsio 60 TOHH
OJIHOILIUTAKOBBIM IIPOLECCOM C JOBOAKOHM cTanu Ha arperate koBui-meub (AKII)
u koBumeBoM Bakyymarope (KB). [lyroBsie meun OblIM OCHAIleHbl CTEHOBBIMHU
ra30KUCIOPOAHBIMU TOpPEIKAMH, YIJIEPOJHBIMH HHXXEKTOPaMH, CUCTEMON
9KCIIEHTPUYHOT'0 JOHHOTO BBIITyCKa, CHCTEMOH noj1auu eppociuiaBoB. Y ctanoBka AKIT
ObuIa MpeIHa3HaYeHA: 1151 OKOHYATEIbHOM TOBOJKH CTAJIN 10 XUMHUECKOMY COCTaBY
U TeMuepaType; JAecynb(ypaluy cTaiu; yaaleH!s: HEMEeTaJUIMYECKUX BKIIOUYEHUH U
MO (PUIIUPOBAHUS; COTTIACOBaHUS PaOOTHI arperaToB MPH Pa3IMBKE CTAIU CEPUAMU Ha
MallliHax HeTpepbIBHOTO JUThs 3aroToBoK (MHJI3). KB ucnonb3oBancs s yaaneHus
pacTBOPEHHBIX ra30B U3 CTAJIN.

B kauecTBe MMXTOBBIX MATEPUAIIOB UCIIOIb30BAINCH:

- MeTaju10JIoM Kateropuu 1A, 2A, otxozas! nepenenbHbix yyactkos o 'OCT 2787,

- JUIsl HayTJIepOKUBAHUsI — YTIIepoJicoep Kaluii Matepuan pakuueit 0,5-2 mwm,
C cozepkaHueM yriaepoja He menee 93 %;

- IIUTaK00Opa3yIolIe MaTepUabl — U3BECTh CBEXKEOOONOKEHHAS C CO/IEpIKaHUEM
akTuBHBIX okHceil CaO+MgO ne menee 90 %, maBukosbii mmat o 'OCT 29220-91;

- PACKUCIIUTENH, JIETUpYIoLHe, MoanpuKaTopsl — heppocuirkomapraser; mo 'OCT
4756-91 (FeSiMn), peppocunummii mo 'OCT 1415-93 (FeSi— 65), cunukokanbIuii o
I'OCT 4762-71 (CK30), deppomapranen (FeMn — 80) mo 'OCT 4755-91, anromunuit
AB — 87 T'OCT 295-98 karanky amtromunueByro ['OCT 13843-78.
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B skcnepuMeHTax B KauecTBe MOJU(PHUKATOPA UCHOIB30BAT MOJU(PHUKATOPHI Ha
ocuose Ti, V, a Takxke kommieke Ti+V.

Pe3yabTaTsl n 00CyKIeHNE

KonnyecTtBo MaTepuanoB 1 mapaMeTpbl pa3iuBKH yKa3zaHbl B Tabnunax 2—10.

Tabnuna 2 — XuMudeckuit coctaB ctanu Ha Boimycke u3 JCII

Tum Xumuueckuit cocraB Ha Beintycke u3 ACII, % Temneparypa
Moaudu- . Ha BBIITyCKE
KaTopa C Si Mn P S N Cu Mo u3 JICH, °oC
Ti 0,07 | 0,01 | 0,05 | 0.009 | 0,040 | 0,0059 | 0,19 | 0,01 1619
Ti+V 0,06 | 0,01 | 0,06 | 0,005 | 0,035 | 0,0064 | 0,18 | 0,02 1625
Vv 0,09 | 0,01 | 0,05 | 0,007 | 0,028 | 0,0041 | 0,15 | 0,01 1625

Tabmuma 3 — KonnaecTBo, mpucaXxnuBaeMbIX MaTeprasioB B KoBII Ha Beimycke u3 JICIL, kr

Tun monudu- Ca0 FeSiMn Al aymmKoBbIit Hayruepoxuparens
Karopa
Ti 304 1002 52 126
Tit+V 304 988 51 128
% 304 1016 51 122

Tabnuua 4 — KonnyectBo Matepuanos nogasaeMsix Ha AKII, kr

T Hayraepo-
MouGu- CaO CaF2 FeSiMn yrep Al xaranka, M FeV
JKMBAaTEIb
Karopa
Ti 708 100 454 98 170 -
Ti+V 710 106 306 106 201 107
A\ 710 108 342 134 184 120

Ta6muma 5 — [Tapamerpsr 06padoTku Ha AKII

Tur JUTUTEBHOCTD CTOMKOCTB CTalb- TeMIepaTypa MeTaa
HaXOXKICHHS KOBILIA, KOJI - BO nepe OTIpaBKoi Ha
Moauukaropa o
MeTaia B KOBIIE, MUH. TUIABOK Bakyymarop, °C
Ti 69 55 1670
Ti+V 63 49 1678
v 71 8 1660
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Tabmuua 6 — [TapameTprl 00pabOTKH B KOBIIEBOM BaKyyMaTope

KOJI-BO MPHCaKIUBAEMBIX o6mas
TUI JIATEIBbHOCTh JIOCTUTHYTOE MaTepuajioB B KOBIII Ha JUTUTEIBHOCTh
Moau(du- | BaKyyMHpOBaHHS, | paspspKEHHE, BaKyyMaTope, M 00paboTkH Ha
Karopa MHH mbar MOCJIe BAKYyMHPOBAHU BaKyyMaTope,
SiCa FeTi MHH

Ti 17 0,82 120 651 56

Ti+V 16 0,98 126 902 58

\Y 18 0,93 148 - 53

Tabnua 7 — X¥MUYECKUI COCTaB CTaJIM Mocie 00paboTKK Ha KOBIIEBOM BaKyyMarope,%o
THUII

MonGu- XUMHUYECKUN COCTAB CTAJIM MOCIIE BAKYyMHUPOBaHUS
Karopa
C Si Mn P S Cr v Ca Al N Ti
Ti 0,33 | 0,30 | 1,39 | 0,010 | 0,011 | 0,08 - 0,0028 | 0,033 | 0,0086 | 0,027

Ti+V 0,35 | 0,33 | 1,39 | 0,009 | 0,010 | 0,06 | 0,066 | 0,0032 | 0,032 | 0.0082 | 0,040
\Y% 0,33 | 0,31 | 1,38 0,010 | 0,008 | 0,10 | 0,086 | 0,0036 | 0,036 | 0,0071 -

Ta6muma 8 — [Tapamerpsr paznmusku Ha MHJI3

Teniena Temnepatypa metaiia B
™I :4;)5 | Temnepa- cedeHue MpomKoBe, °C BpeMs
Mogudu- | mpom. Typa 3aroTOBKH Cp-TIeperpes pa3IuBKH,
JMKBHIYyCA, Ha4ajo KOHeI[ MeTaia,
KaTtopa KOBIIIA, o D, mm o MUH
oC C Pa3IUBKH | Pa3IUBKU Hax t
mukBuyc, °C
Ti 1200 1497 210 1525 1523 27 93
Ti+V 1178 1497 210 1521 1515 21 83
\ 1212 1498 210 1524 1516 22 86

Tabnuna 9 — XuMU4YeCcKHii cocTaB cTaliv, %

THII C Si | Mn P S Cr Ni Al Cu Ti Mo \%
MO TU(H-
Karopa

Ti 0,34 10,31 1,37 {0,010 {0,009 [0,10 |0,12 |0,028 |0,17 |0,028 |0,018 |0,001
Ti+V (0,34 10,32 |1,38 {0,010 | 0,007 |0,12 |0,11 0,029 |0,14 |0,0034 {0,017 {0,086

v 0,34 /10,33 | 1,40 10,009 {0,010 0,09 |0,13 10,027 |0,16 (0,049 |0,02 0,072

Tabmuua 10 — Onucanue MaKpOCTPYKTYPBI 3arOTOBOK

T 3axmrouenue gaboparopuu AHanu3 MakpOCTPYKTYPBbI, Oasut
0l
momugu- | CTO007- | o | o HH4' , | OXH. it KT3.
Karopa 2009 = ¢ 3ar Ho Jlo 3 mo ceu-to | OceBbIe o2
1o 3 1o 2 10 3/m0 2
Ti COOTB 2 11 0 1,5 1 0,5 0
Ti+V COOTB 3 10 3 1,5 0,5 1 0,5
A" COOTB 1 12 3 1,5 0 1 0,5
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Amnanuz makpoctpyktypsl HJI3 nmokassiBaeT, 4To BCE 3arOTOBKH COOTBETCTBYIOT
CTO 007-2009, npu stom 3nauenne OXH (1,5 6anna) uMeer oMHAKOBOE 3HAYCHHE
1utst Beex oopasio HJI3, JITIT mo ceyeHuo 3aroTOBKM MMEET HaUMEHBIIIee 3HAUCHUE
(0 6amnoB) mis HJI3 mogudunupoBannoi BaHagueM (Hambomnbmiee (1 Oamr) ans
HJI3 mogudunupoBannoii Tutanom), oceBbie JIIIT umeror 3nauenue 1 Gamn s
HJI3 monudunupoBanHoil Kak BaHaaueM, Tak U Komrmiekcom Ti+V (mis HJI3
moaudunupoannoit Ti 3nauenue 0,5 6amna), sHauenne KT3 umerot 3nagenue 0,5
6amna st HJI3 moaudunupoBaHHoil Kak BaHagueM, Tak U KoMiuiekcoM Ti+V (s
HJI3 momudummposannoit Ti 3nauenue 0 Oamna).

Taxum o6pazom, ananu3z MukpocTpykTypsl HJI3 mokaseiBaet, uro HJI3 u3 cramu
MOIU(HUIIMPOBAHHON BaHAIMEM UMeEET OoJiee MEJIKOE U paBHOMEpPHOE 3epHO (pepputa

U TIEPJIUTA [10 CEYEHUIO 3ar0TOBKHU 110 cpaBHEHUIO ¢ apyrumu HII3.

BrIBOabI

1 ITpoBeneHbl 3KCIIEpUMEHTAIIBHBIE UCCIIE0BAHMS 110 BBIIIIIABKE HU3KOJIETHPOBAHHON
cranu tuna 351°2 ¢ npumMeHeHneM B kauecTBe Moaupukaropos Ti, V u komruiekca Ti+V.

2 AHaiu3 MakpOCTPYKTYpbl HEIPEPHIBHOJIUTHIX 3arOTOBOK II0Ka3ajl, YTO BCE
3arotoBku cooTBeTcTBYI0T CTO 007-2009, mpu stom 3nadenne OXH (1,5 Ganna)
UMeeT OJIMHAKOBOE 3HaUeHue Tt Bcex oOpasmoB HJI3, JITIT no ceueHunro 3aroToBKu
umeeT HauMeHbliee 3Hauenue (0 6amos) ans HJI3 momudunmpoBanHoi BaHaaueM
(maubomnsbiee (1 6amr) ms HII3 moguduupoBanHoii Tutanom), ocesbie JIIIT nmeror
3Hayenue 1 6amr ans HJI3 monudunmpoBanHoi Kak BaHAJAWEM, TaK U KOMIUIEKCOM
Ti+V (ans HIJI3 monudunuposannoii Ti 3Hauenue 0,5 6anna), 3Hauenue KT3 umerot
3navyenue 0,5 6amna g HJI3 moauduumpoBaHHO# Kak BaHAIUEM, TaK U KOMIUIEKCOM
Ti+V (ansa HJI3 mogudunuposannoii Ti 3Hauenue 0 6amia).

3 Takum 00pa3oM, MOXKHO CJeJaTh BBIBOJABI, YTO Hamboyee MpUEMIIEMBbIM
MouduKaTopoM i npousBojcTBa HJI3 U3 Hu3konerupoBanHoi ctamu tuna 35072
sBIsieTca BaHaaui. KomuaecTBo mpucaxkxuBaeMoro BaHaaus cocrasisier 0,5 Kr/ToHHY
CTaJIN.
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Marepuan 6acnara 17.03.22 Tycri.

KIKCI3 KYBbIPJIAP/IbI OHAIPY YIIIH BOJIATTbBI
MOAUNPUKALIUATIAY

JKymvicma mepmusiivix OepikmeHOipyOiy 00ar opi npoyecin 6010bipmay yuin E
Oepikmix moObIHbIH JHCIKCI3 KYyOblpapvlH OHOIPY YWIH MYHAU COPMBIHLIY 8AHAOUI
meoMeH aezipieHzer 601ammyl MOOUPUKAYUALAY TMEXHOTI02UACH] 3epmmenoi.

Taorcipubenix scormen 35Mn2 munmi moemen aezipaernzer bonammuol 6aHAOUUMEH
MoOupurayusnay 0o2avl newime Oip uiakmol npoyeccnen baixkvimy Kesinoe, Lllenex
newi men Llenex saxyymamopvinoa y30iKci3 KyUubli2an 0aublHOAMALapObly MAKPO-
JHCOHE MUKPOKYDBLIbIMbL OOUbIHUIA MUMAHMEH HeMece MUMAaH-6aHAOULl KeueHIMeH
CanblCmolp2anOa He2ypiviM OHmMaiiivl 006N MAObLIAMbIHbL AHBIKMALOb.

Canvicmvipmanst manoay YK/] Mmakpoxypolivimul (6aHaoutiMeH, MumaHmeH JcoHe
muman-eanaouti xKewienimen moougpuxayusnay) CTO 007-2009 cotikec reneminin
Kepcemmi, Oy1 pemme XUMUSIbIK OipmeKcizoiciniy oceoti moui (1,5 bann) bapnuix
YKJ/[ yneinepi ywin 6ipoeii monee ue, 0atiblHOaMAaHbIH KUMACHL OOUbIHIUA TUKBAYUSTBIK,
arconakmap scapvikmapvl moouduxayusnanean eanaouti YK/ ywin ey meomenei
momnee (0 bann) ue (moouguxayusnanzan mumanumen YK/ ywin ey scoeapuot (1 6ann),
OCLMIK TUKBAYUSIIK HCONAKMAP MEH HCAPLIKMAP 6aHAOULIMEH Oe, ti+V KeueHimen Oe
mooughuxayusnanean HJI3 ywin 1 6ann moni bap (moouguxayusinanzan Ti HJI3 ywin
0,5 bann momi 6ap), wemxi Hykmenix racmanyvinviy MoHi 0,5 oann moui oap.

Kinmmi ce30ep: bonam, y30ixciz xyuvlizan OauviHoama, Moougpuramop,
saHaoutl, HCiKciz Kyovip.

*P. O. Bykov', M. Zh. Tussupbekova’, D. R. Absolyamova’, I. E. Deygraf*
1234Toraighyrov University,

Republic of Kazakhstan, Pavlodar.
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MODIFICATION OF STEEL FOR THE PRODUCTION
OF SEAMLESS PIPES

The paper studies the technology of modifying low-alloy steel with vanadium of
oil grade for the production of seamless pipes of strength group E in order to exclude
the further process of thermal hardening.

1t has been experimentally revealed that the modification of low-alloy steel type
35G2 with vanadium during smelting by a single-slag process in an arc furnace
with finishing on a ladle-furnace unit and a ladle degasser is the most optimal in
comparison with titanium or a titanium-vanadium complex in terms of the macro-
and microstructure of continuously cast billets (CWB) .

Comparative analysis showed that the macrostructure of the CWB (modification
with vanadium, titanium and titanium-vanadium complex) correspond to STO 007-
2009, while the value of the basic chemical inhomogeneity of the OHN (1.5 points)
has the same value for all samples of the CWB, liquation stripes and cracks of the
LPT across the workpiece section has the lowest value (0 points) for CW modified
with vanadium (the highest (1 point) for CW modified with titanium), axial LPT have
a value of 1 point for CW modified with both vanadium and the Ti + V complex (for
CW modified with Ti, the value 0.5 points), the value of the edge point contamination
of CTZ has a value of 0.5 points for the CW modified with both vanadium and the
Ti + V complex (for the CW modified with Ti, the value is 0 points).

Keywords: steel, continuously cast billet, modifier, vanadium, seamless pipe.
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PREDICTING STEEL MECHANICAL PROPERTIES
USING COMPUTER MODELING IN DEFORM 3D

This article presents the results of heat-treated low-alloy steel microstructure
research using the Deform 3D program, which allows determining the optimal
technological parameters of steel hardening. The object of research is pipe steel
grade 12CrMoV. To determine and evaluate the heat treatment parameters affecting
the increase in mechanical properties, the results of modeling in the specified
program were used. To compare the results, we used the method for determining the
mechanical properties during tensile testing (GOST 1497-84).

In order to determine the technological parameters of heat treatment for
obtaining pipes of a high strength group, the mode of thermal cyclic hardening of
steel was simulated, followed by low-temperature tempering, which allows obtaining
properties at the level of: tensile strength — not less than 931 MPa, yield strength — in
the range 862—1034 MPa, elongation — not less than 9.0 %.

The values of the mode parameters were selected according to the
recommendations: heating temperature — 860 °C; tempering temperature — 150 °C.
The results of modeling the heat treatment process were confirmed by tensile tests,
as a result of which mechanical properties were obtained. tensile strength — 1093
MPa, yield point — 937 MPa and relative elongation — 11.4 %, corresponding to the
property values of the Q125 strength group.

Keywords: Thermal cyclic treatment, modeling, hardening, microstructure,
mechanical properties.

Introduction

Heat treatment of steels is a complex process that requires the determination of
the following technological parameters: heating temperature, holding time, tempering
temperature, cooling rate. The optimal mode of heat treatment makes it possible to
save energy and time resources of the plant. To increase the efficiency and confirm the
reliability of the proposed technological parameters, simulation is used in computer
simulation systems such as Deform, Simufact Forming, Q-Form.

In this research, the Deform program was used for modeling, as the most reliable one
[1-2]. The specified program uses the Heat Treatment module, which outputs the results
of mechanical properties, phase composition, grain size, and structure inhomogeneity
in the postprocessor.

The aim of this work is to determine the dependence of the structure formation and
mechanical properties on temperature parameters, as well as to determine the optimal

71



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2022

heat treatment mode for the production of the Q125 strength group according to the
API standard for steel grade 12CrMoV.

Materials and methods

The object of research is pipe steel grade 12CrMoV with indicators according to
[3]. To determine and evaluate the heat treatment parameters affecting the increase in
mechanical properties, the results of modeling in the specified program were used. To
compare the results, we used the method for determining the mechanical properties
during tensile testing (GOST 1497-84) [4-7].

In order to determine the technological parameters of heat treatment for obtaining
pipes of a high strength group, the mode of thermal cyclic hardening of steel was
simulated, followed by low-temperature tempering, which allows obtaining properties
at the level of: tensile strength — not less than 931 MPa, yield strength — in the range
862—-1034 MPa, elongation — not less than 9.0 %.

The values of the mode parameters were selected according to the recommendations:
heating temperature — 860 °C (critical point of phase transformation Ac3) [3]; tempering
temperature — 150 °C (temperature of preservation of the martensite structure for steel
12CrMoV) [3]; heating time — according to the recommendations [8]; holding time
during heating for hardening — 1.5-2 minutes per 1 mm of section [3]; holding time
during vacation — 1 hour [9]; cooling rate during quenching — 150 °C/s (thermokinetic
diagram for steel 12CrMoV); cooling time in air after tempering — according to [10].

Results and discussion

As a result of modeling, according to the scheme shown in Figure 1, the following
results were obtained (where 1 is the number of quenching cycles):

Microstructure. Figure 2 shows the microstructure at different heat treatment modes:
from one quenching cycle and higher, followed by low tempering.

Figure 1 — Heat treatment scheme
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Analyzing the microstructures, it can be seen that the largest amount of martensite
was recorded during three quenching cycles. The values of the graphs indicate that
during one quenching cycle followed by tempering from the pipe core to the surface,
the amount of martensite is from 72.3 to 98.7 %, with increasing cycles, this amount
accordingly increases from 78.3 to 98.8 % of martensite and further at three cycles from
85.4 to 99.2 %. However, with four cycles, a gradual decrease occurs - from 81.9 to
99.0 %, which tentatively suggests a decrease in strength properties, since a decrease
in the martensite phase causes an increase in troostite, which has a lower hardness and,
accordingly, the strength of steel. In addition, a decrease in the amount of the martensite
phase with four quenching cycles gives a recommendation that it is unreasonable to
further increase the cycles of thermal cycling.

Hardness. Figure 3 shows the hardness results for various thermal cycling modes.
It can be seen that the average value of hardness between the center and the surface of
the pipe is 53.0 HRC, which is the maximum, which is revealed during three quenching
cycles. At the same time, an increase in hardness from one cycle to three is confirmed
by the analysis of the results of the microstructure in terms of the number of phase
components.
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b)

c)
Figure 2 — Microstructure of 12CrMoV steel at 1-3 hardening cycles
(a —one cycle; b — two cycles; ¢ — three cycles)

Figure 3 — Hardness of 12CrMoV steel at 4 hardening cycles

Mechanical properties. To determine the parameters normalized by the API 5CT
standard, namely the tensile strength, yield strength and relative elongation, the tensile
stress of a standard 12CrMoV steel sample made was modeled in Deform 3D Forming,
as shown in Figure 4. At the same time, the material was used from the thermal cooling
database at the last step in each mode. As a result, the data were obtained, the values
of which are indicated in Table 1.

Figure 4 — Simulated tensile test of a 12CrMV steel sample
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Table 1 — Simulated tensile test results

Indicator 1 cycle 2 cycles 3 cycles 4 cycles
Tensile strength, MPa 925 997 1080 975
Yield strength, MPa 745 848 928 825
Elongation,% 10,1 10,8 11,1 9,8

To confirm the results of computer simulation of heat treatment in the Deform
3D HT program, samples were cut from a tubing with a diameter of 88.9 mm and a
wall thickness of 12 mm from 12CrMoV steel, obtained using the current production
technology of «KSP Steel» LLP. that is, from one quench cycle followed by low
tempering to four cycles, three specimens were processed according to the heat treatment
scheme in Figure 1. After the treatment, all specimens were tensile tested to determine
mechanical properties. At the same time, the results shown in Figure 5 were obtained
(0 cycles corresponds to the initial state of the metal).

Figure 5 — Tensile test of steel 12CrMV

As can be seen from Figure 5, the maximum mechanical properties, namely the
tensile strength equal to 1093 MPa, the yield strength — 937 MPa and the relative
elongation — 11.4 % are observed during three quenching cycles followed by tempering.
Three samples were used for each mode and the graph shows average values, the results
obtained correspond to the Q125 strength group according to API 5 CT standard. The
relative error of the calculated and experimental data ranges from 0.96 to 4.04 %. This
confirms the sufficient accuracy and efficiency of computer modeling in the Deform
3D HT environment for predicting mechanical properties during heat treatment of steel.

Conclusions

1 Computer modeling in the Deform 3D HT environment makes it possible to
effectively predict the mechanical properties of steels, depending on the technological
parameters and heat treatment modes for steel hardening;
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2 Comparing the results of tensile tests of computer simulation in Deform 3D and
the actual, the relative calculation error does not exceed 4.04 %;

3 The results of computer modeling and the performed mechanical tests confirm
the effectiveness of the thermal cycling modes use for obtaining pipes of strength group
Q125 from steel 12CrMoV: the number of cycles — 3, heating temperature — 860 °C,
tempering temperature — 150 °C, cooling rate — 150 °C/sec.
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oHoenzeH MOMeH KOCbIHObLIAH2AH OONammovly MUKDOKYDOLILIMbIH — 3epmmey
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Ilpeocmasnenvl pesyrvmamul uccnedosanus MUKPOCIMPYKIMYpbl
MepmooOPabOmManHoOl HU3KONE2UPOBAHHOU CIMATU C UCNOTL30BAHUEM NPOSPAMMbL
Deform 3D, noseonsoweil onpedeiumsv —ONMUMATbHbIE — MEXHOAOUYECKUE
napamempul ynpounenus cmaiu. OO0beKmom ucciedosanus aeusemcs mpyouas
cmano mapxu 12CrMV. [{ns onpedenenus u oyeHKU napamempos mepmooopabomxi,
BIUAIOUJUX HA NOBBIULEHUE MEXAHUYECKUX CEOUCE, ObLIU UCHOIb308AHYL PE3VTbMAMbl
MOOenUpoBanUs 8 YKA3aHHo npozpamme. [ CpagHeHus pe3yavmamos UCHoIb30841U
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MemMoO onpeodenenus MexaHuueckux coUCME Npu UCNLIMAHUU HA PACTHAICEHUE NO
T'OCT 1497-84.

C yenvio onpedenenus MeXHOLO2UYECKUX NAPAMEPO8 MepMooOpabomxu
0N nonyuenuss mpyo epynnvi 8bICOKOU NPOYHOCTIU ObLT CMOOETUPOBAH DENCUM
MEPMOYUKTULECKO20 YNPOUHEHUS CIMANU C NOCAe0YIOUWUM HUSKOMEMNePAmyPHbIM
OMNYCKOM, KOMOPYLIL NO380SIeTN HOLYYUMb CEOUCNEA HA YPOGHE: npedel NPOYHOCHU
npu pacmsidcenuu — He menee 931 Mlla, npeden mexyuecmu — @ Ouanasowe
862-1034 Mlla, omuocumenvhoe yonunenue — He menee 9,0 %. 3nauenus
napamempos MOOeIuposanusi Ovliu 6bI0paHbl 8 COOMBGEMCMEUU C VHemoM
Xumuueckoeo cocmasa cmanu: memnepamypa nacpesa — 860 °C , memnepamypa
omnycka — 150 °C. Pe3zyrbmamul MoOenuposanus npoyecca mepmooopadbomru
ObLIU NOOMEEPIHCOEHD UCHLIMAHUAMU HA PACHAdICEHUe, 6 pe3yabimame KOMOpblX
ObLIU NOTYYEHbl MeXaHudecKue c8oUCmed: npeden NPOYHOCMU NPU PACANCEHUU —
1093 Mlla, npeden mexyuecmu — 937 Mlla u omnocumenvroe yorunenue — 11, 4%,
coomeemcmeyoujue 3Ha4eHusIM ceoticma epynnvl npounocmu Q125.

Kniouesvie  crosa:  mepmoyuxnuyeckas — obpabomxa,  MoOenuposauue,
VApOUHeHUe, MUKPOCIMPYKIMYPA, MeXaHuyeckue coucmad.
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AHAJIN3 TEPMOANHAMUWYECKNX PACYETOB BbIlNJIABKA
KPEMHWU-AJTTFOMUHNUA- XPOMOBOI'O ®EPPOCITJIABA,
BbIMNOJIHEHHbLIX C UCIMOJIb3OBAHUEM
NMPOIrPAMMHOITO KOMITIIEKCA «TEPPA»

B cmamve npusedenvt pezyibmamvl mepMOOUHAMUYECKUX UCCIEO08AHUL
BbLINJABKY — KPEMHUU-AIOMUHULI-XPOMOBO2O  (DeppoCniasa ¢  NPUMEHEeHUeM
npoepammuoeo komniexca « TEPPAy (IIK «Teppay).

B ocnose npoepammuozo komniexca « TERRA» ucnonvzosan memoo noaHO20
mepmoounamuieckozo mooenuposanus (I1TM) memannypauueckux npoyeccos.

Ilpoyecc e6vinnagku KOMHUIEKCHO20 chaasa antomocunukoxpoma (PACX —
JHceneso0, amoMUHULL, KPeMHUL, XPOM) S8IAemcs OOHOCMAOULIHBIM U OECULTIAKOBbIM,
KOMOPYbIll 3aKAI0YAEMCs 8 NOTHOM 80CCHIAHOGIEHUU OKCUOO8 MUHEPATbHOU Yacmu
yens. 3ona yens, cocmosauwas npeumywecmeerHo u3 Kkpemuezema (00 55—60 %) u
enunozema (00 30-33 %) aensanace UCMOYHUKOM KPEMHUSL U ANOMUHUS 68 CHIASe.

B pesynomame uccireoosanuii Oviiu ycmanoeieHvl 0CHOGHBIE CYUWECMBYIouue
KOHOEHCUPOBaHHble U 2a308ble (ha3bl (CaSin, C Sio, Cr,C2, AZZSin, Fe,C, SiC,
Cr5Si, A1203, CrSi, CaAZO4, CrSi,, CO, Cr, Si, Al, Fe). C nomowpto Komniekchotl
npoepammel « TEPPAy 6viiu onpedenienbl cOCMAagbl MEMAITUYECKOU, WIAKOBOU U
2a30801 (a3zvl U NOOMEEPICOEHBl UX MEMNEPAMYPHBLE USMEHEHUS.

Taxum obpaszom, ¢ nomowvio IIK «Teppay namu Ovinu usyyensi obpazosanue,
nepexoo u yoanenue pasHuIX (as, KOmopvle 8 Cymme COCmAasisem cocmag
NOJYYEHHO20 MEMANNA U3 UCCAEOYEeMbIX MAMEPUAILO8.

Jlannvle ucciedosanus maxice MO2ym CayAcums UCHOYHUKOM OJisl ONpeoeieHus
memnepamypbli 60CCMAHOBNIEHUS U NIABLEHUS MEMALLA NPU BbINIABKE PA3IUYHBIX
Mapox eppocniagos.

Kniouesvie cnoea: mepmoounamuueckuti anHanu3, KOHOEHCUPOBAHHbIE a3l
2azogvie  asvi, MEPMOOUHAMUYECKOE  MOOETUPOBAHUE,  ATIOMOCUIUKOXPOM,
BbICOKO30IbHYINL  Y207b,  NPOSPAMMHLIIL — KOMHUAEKC,  MepMOOUHAMUYECKUL
ucciedo8anus.

Beenenne

[Ipouiecc BBHIMIIABKH KOMILIEKCHOTO cIUiaBa aimomocuinukoxpoma (DACX —
KeJe30, aIIOMUHUN, KPEMHUH, XpOM) SBIISI€TCS OJHOCTAJUIHBIM U OECIUIAKOBBIM.
Cnoco6 monyuenuss PACX 3akiro4aeTrcss B MOJTHOM BOCCTAHOBJICHHHM OKCHUJIOB
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MUHEpPaJIbHONU YacTH yriid. Takoi MeTo BeJJeHHs TUIaBKU CIIOCOOCTBYET BHICOKOMY
MCIIOJIb30BAaHUI0 KOMIIOHEHTOB HIMXThI, @ IPUMEHEHNE HU3KOCOPTHBIX AECLIEBBIX
BBICOKO30JIBHBIX YIJIEH MO3BOJISIET MOIYYHUTh CIUIAB C HU3KOW ce0ECTOMMOCTBIO, a
TaK)Xe MOBBICUTH KAYECTBO CILJIaBa IIyTeM CTaOMIIM3aMH X0/1a IIPOLIECCa U MOBBIIICHUS
IIPOU3BOAUTEIBLHOCTH [IEYH 3 CUET BHICOKOIO 3JIEKTPOCOIIPOTUBIIEHHSI IPUMEHSAEMOTO
yTIisi, 00€CIeYUBaIOLIETro ITyOOKYI0 MOCAIKy 3JEKTPOIOB IJIaBWIBHON mevyu. 3o0ia
YT, COCTOSLIAs MPEUMYIIECTBEHHO U3 KpeMHe3eMa (110 55—60 %) u rmuHo3ema (10
30-33 %) siBiIsIeTCA UCTOUHMKOM KPEMHUS M allOMUHUS B cruiase [1-3].

MarepuaJjbl 1 METOABI

PacueT TepMoarHaMHUECKOr0 paBHOBECHS IPOU3BOJIBHBIX MHOTOKOMIIOHEHTHBIX
CHUCTEM 3aKJIIYAaETCs B ONPEAEIECHHUU BCEX PABHOBECHBIX MapaMETpPOB,
TEPMOJUHAMUYECKUX CBOMCTB, a TaKXKe€ XMMHUYECKOTOo M (a3zoBOro cocTapa.
[Ipu moctatoyHO BBICOKOH TemmepaType, Korja JIFoOble M3MEHEHHS COCTOSHUS
COIIPOBOKIAIOTCA (Pa30BBIMU, MOTUMOP(PHBIMHA U XUMHUYECKUMH IIPEBPAILICHUSMH, 3T
3aJjaua HeM3MepruMo OoJiee CII0’KHA, YeM B IOCTAHOBKE KJIACCHYECKOH TEPMOINHAMUKH.
Opnako Onaronapsi TOMY, 4TO (pyHIaMEHTaJIbHbIE TEPMOJUHAMHYECKUE 3aKOHBI
OCTAIOTCS CIPAaBEJIMBBIMU ISl JIIOOBIX CHCTEM, UX HPAaBUIBHOE MPUMEHEHHE
MO3BOJISIET PEIIUTh 3aJauy pacyeTa TEPMOJUHAMUYECKOIO PAaBHOBECHs B OOIIEM
cinyuae. PaccMoTpenue B paMkax €IMHOIO MOJAX0/a CYIIECTBEHHO PAa3IMYaAr0IINXCs
IPOLIECCOB M COCTOSIHUM BO3MOXHO TOJIBKO IPY H3BECTHOMN (hOpMaIn3aliii MOJEILHOTO
ONMMCAaHMs U3y4yaeMbIX 00beKTOB. JItobas paccmaTpuBaemas Te€pMOJAMHAMHYECKAsS
cuctema Oy/IeT XapaKTepru30BaThCsl OTHOCUTEIBHBIM U a0COIIOTHBIM COJIEpKaHHEM B
HEH XUMUYECKHX IeMEHTOB (MOJIb/KT). [To yCcoBUIO OHO OCTaeTCs HEM3MEHHBIM IIPU
YCTaHOBJIEHUH PABHOBECHSI OT IPOU3BOJIBHOTO COCTOSIHUS U SIBJISIETCS JOCTATOUYHBIM
JUTSL OTIMCAHMS CUCTEMBI, KAaK MaTepuaabHOTO 00bekTa [4, 5.

Jlnst aHanu3a yriaieTepMUUYECKOr0 B3aMMOJEHCTBUS MCIOJB30BaH METOJ
IIOJIHOTO TepMOoAMHaMuueckoro moaenuposanus (IITM) metamnyprudeckux
IIpOLIECCOB, peann30BaHHbIA B KoMmnbloTepHOoil cucteme — IIK «TEPPA» [6].
Jlns TepMOJMHAMUUYECKHX PAacueTOB BBHIIJIABKH altoMocuinkoxpoma (PACX)
OBl MCIOJIB30BAH METOJ| MOJHOTO TEPMOJMHAMHUUYECKOTO MOJAEIHPOBAHUS
Metamryprudeckux mnpomecco (IITM) B mporpammuom komiuiekce « TEPPAY,
OCHOBaHHBIM Ha MPUHLMIIE MAKCUMYMa SHTPOIMH U YUYUTHIBAIOILUNA BCE U3BECTHBIE
CBOMCTBA pearupyrolnux KOMIOHEHTOB, COCTaBIAIOIIUX TEPMOJUHAMHYECKYIO
cuctemy. IIporpammusrii komiieke « TEPPA» paspa6oran B MI'TY um. baymana u
aJanTUPOBaH JUJI pacyeTa paBHOBECHM B MHOTOKOMIIOHEHTHBIX METaJULyprUu4eCKuX
cucremax MHctutyrom Metammyprun ¥YpO PAH. B coorBercTBuu ¢ METOIUKOM
pacyeToB B KAa4eCTBE PAaBHOBECHOI'O NMPHU3HAETCS COCTAB, OTBEYAIOLIUMN YCIOBHUIO
MaKCUMyMa 3HTPOIIMHU U30JIMPOBAHHON CHUCTEMBI.

PaBHOBeCHOE COCTOSIHUE ONUCHIBAETCSL:

- COCTaBOM CHUCTEMBI (B MOJISIX, KT, Mac. %, MapluaibHbIX JaBICHUX);

- HaOOpOM HIECTH TEPMOJMHAMHYECKHUX MapaMeTpoOB CHCTEMBbI: 1) oOmum
nasiieaueM P, atm; 2) Temmnieparypoii T, K; 3) o6bemom V, M%; 4) moJIHOM BHYTpeHHEH
sueprueit U, JIxx; 5) nonnoit sutansnueii 1, [x; 6) surponmeit S, JIx/K.
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Bce ocTanbHble XapaKTEpUCTHUKU PACCUUTBHIBAIOTCS IO HM3BECTHBIM
TEPMOAMHAMHUYECKUM COOTHOILLIEHUSIM, KOTOPBIE UCIIOIb3YOTCS BO BCEX COBPEMEHHBIX
uccienoBanusx [7—15]. UcxoaupIiMu JaHHBIMU AJIs pacueTa sIBJISIFOTCS:

- UICXOJHBIA COCTaB CUCTEMBI (TP BOCCTAHOBJIEHUU PYJ - 3TO COCTAB IIHUXTHI);

- JIBa U3 LIECTU NEPEUYMCIECHHBIX BBIIIE MapaMeTpoB, Hanpumep, P=1 atm,
T=1873K;

- TeMIepaTypHble 3aBUCUMOCTHU NOJHOHN 3HTansnuu | u s3uTponum S
UHIMBHU/yaJIbHBIX BEIIECTB (3TH CBEICHHS 3aJI0’KEHBI B 6a3y TEPMOJAMHAMUYECKUX
ma"HHbIX KoMIuiekca « TEPPAY.

Jlns ycTaHOBJIEHHS ONTUMAaJbHOIO TEMIEPATYpPHOIO pPEeXHMMa IJIABKU
AITIOMOCUIIMKOXPOMa ObLUIO MPOBEIEHO KOMITBIOTEPHOE MOJEIMPOBaHIE YKA3aHHOTO
npolecca ¢ IpuMeHeHneM nporpammHaoro komiiekca « TEPPA». B ocHoBe mporpaMMel
3aJI0K€H METOJ| MOJIHOTO TepMmoaumHamuueckoro anamusa (IITA), ocHOBaHHBIH
Ha NPUHIUIIE MAKCUMyMa 3HTPONMHU U YUHUTHIBAIOUIMN BCE U3BECTHBHIE CBOICTBA
pearupyroumux KOMIOHEHTOB, COCTABIISIIOLIMX TEPMOJIUHAMUYECKYIO cucTemy [7]. B
Ka4yeCTBE UCXOJHOT0 00BEKTa OB BEIOPAH MPOLIECC BBHIIUIABKU aJTIOMOCHINKOXpOMa
C IPUMEHEHHMEM BBICOKO30JIBHBIX YIVIEH U XpPOMHMTOI'O METAJJIOKOHIIEHTpaTa, a
napaMeTpsl IIpolecca — TeMIEpaTypa, J1aBJIE€HUE U XMMUYECKUN COCTaB LIMXTHI
— IPaKTUYECKH COOTBETCTBOBAJIM IlapaMeTpaM peanbHOTro mnpouecca. [lonHoe
TepMmoanHamMuieckoe monaenupobanue (IITM) fuist BRIIIIAaBKH aTFOMOCHIHKOXpOMaA
nposeaeHo B unTepBaiie remmnepatyp 1000-2500 °C ¢ marom 100 °C u npu naBieHun
P = 0,1MIIa. KonuuecTBo yriepozaa il BOCCTAHOBJIEHUS BEAYIIUX KOMIOHEHTOB
paccuuTaHo mocrexuomeTpuu|§].

TexHnueckuil aHaJIN3 U XUMHYECKHE COCTaBbl 30J1bl BBICOKO30JBHOIO YIJIA,
MeCTOpOKIeHUS «BOopibDy KBapLUTa U XPOMUTOIO METAJUIOKOHLIEHTPATa IIPECTABIICHBI
B Tabnuue 1. B cooTBeTcTBUU € TpeOoBaHMEM CMeCh LHIMXTOBBIX MaTepHasioB OblLia
paccuntana Ha 100 % BceX KOMIIOHEHTOB, COEJUHEHUN U 3JIEMEHTOB.

CoctaB MMXTHI OBUT CIEAYIOMINNA: OOPIUHCKUI BBICOKO30JIbHBINH yrosib — 100 Kr,
KBapuuT — 20 Kr, XpOMUTOBBIN METAIIFIOKOHLEHTPAT — 35 KT.

I'paduku U3MEHEHUs COCTaBa pa3IMYHBIX KOHACHCUPOBAHHBIX (ha3 MpeICTaBICHbI
Ha puc. 1-2.

AHanu3 KpuBBIX U3 rpaduka, NPeACTaBICHHOIO Ha PUCYHKe 1, IOKa3bIBaeT
00pa30BaHMsl, U HEKOTOPbIE U3MEHEHU COACP KaHUs COCTaBa KOHJCHCUPOBAHHbIX (a3
IIPY IJIaBKE AJIFOMOCHIIMKOXPOMA IIPOUCXOAIINX B TeMIlepaTypHoM untepsaie 1000—
2500 °C. 13 rpaduka BUTHO, YTO KOHIICHTPAIMI HEKOTOPBIX KOHIEHCUPOBAaHHBIX (a3
B uHTepBasie temreparyp 1000—-1500 °C umeet crabuibHOE COAEp KaHUE, TOTOM PE3KO
yMeHbIaeTcs U ucueszaet. K BplieHa3BaHHBIM (pa3zaM OTHOCSTCS: CyOOKCHI KPEMHUS

Si0, (15,93 %), xkapbun xpoma Cr,C, (16,91 %), a Taxxe rpadur C (19,35 %).
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Tabmuua 1 — TexHuueckuit aHanu3 1 XAMHYECKUI COCTAB 307151 BEICOKO30IbHOTO YIS,

KBapuura 1 XpoOMHUTOBOTO MCTAJJIOKOHIICHTPATa

Marepran ConeprxaHue KOMIIAaHEHTOB, Mac., %o
TexHuyeckuit aHaIN3
A° V. C
. 59,2 16,89 23,5
BEICOKO30MBHEIH Yroh XUMUYECKHUI COCTaB OCTaTKa 30JIbI
MecTopoxaeHus «bopibn -
Fe,O, | SiO, | AlLO, CaO MgO P,O, S
2,3 73,78 | 21,52 0,58 0,34 0,1 0,34
Ksapuur 0,51 | 0,51 0,51 0,51 0,51 0,51 0,51
XPpOMUTOBBIH Cr Si C S P
MCTaJIOKOHIIEHTPAT 61,59 | 61,59 61,59 61,59 61,59

Pucynok 1 — Ilepexon ocHOBHBIX (ha3 B KOHJEHCUPOBAHHYIO a3y
IpU yBEJIMYEHUH TeMIIepaTyphbl

Cy0oxcu KpeMHUs1 00pa3yeTcsi IPEeuMYIIECTBEHHO PY B3aUMOICHCTBUH BBICIIIETO
okcuna ¢ kpemHueM. OJIHaKO MPOTEKaHHE ATOW peaklMH BO3MOXKHO TOJBKO MpPH
temriepatype Boiie 1713 °C. [Ipu 370l TeMiiepaType HaUMHAET [IABUTHCSI KDEMHE3EM,
U PACILJIAaBJICHHBIN OKCHUJT HAXOAUTCA B 00Jiee TECHOM KOHTaKTe C KpEMHHEM B METaILJIE.
Cy0oxcu KpeMHUs 00pa3yeTcsi BOCCTaHOBIICHHEM KpeMHe3eMa OKUCHIO YTIIepo/ia v IPH
JUCCOLMAIuu KpeMHe3eMa. Jlanee OH BCTYMaeT B peakIMIo C yIriIepoaoM U o0paszyeTcs
kapoun (pucyHnok 1). Kpome toro, kapoun kpeMHusi 00pazyeTcsi 1 HelmocpeICTBEHHO
IIpU BOCCTAHOBJIEHUHU KpeMHe3zeMa yriepoaoM. [Ipu temnepatype 1593 K Bo3moxHO
BOCCTaHOBJIEHUE MYJUIMTa. Y IepxKanue metacuinkara Kanbuus (CaSiO,) rakxke, 10
1500 °C umeeT cTabmiibHOE cojeprKaHue W HaxoauTcs B mpeaenax 13,98—-14,85 %,
3arem Temneparype 1700 °C nannas ¢aza moJHOCThIO HCUE3aeT.
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Pucynok 2 — I'paduk u3mMeHeHus: coJepKaHusi KOMIIOHEHTOB OT TeMIepaTypbl
IIPU BBIIUIABKE AIFOMOCHIINKOXPOMA

[Ipu cOBMECTHOM BOCCTAHOBJIEHHH OKCHJOB XpOMa, KPEMHHS M aTIOMHHUS
HOSIBISAIOTCA (PAKTOPBI, KOTOPBIE O0JETYal0T MPOIECC MOTYYEHUsT KOMIUIEKCHOTO
CIUIaBa AIIOMOCHIHKOXpoMa. [l ompeneneHus B3aMMHOTO BJIMSHUS KOMIIOHEHTOB
HIMXTHI U IPOMEKYTOUHBIX MPOAYKTOB MPOIIECCa Ha X0/ BOCCTAHOBUTEIHHOH IJIABKU
11eN1eCO000pa3HO paccMOTPETh B3aumoekicTere Mexy kapoumamu SiC, C.C,, AL,C, n
okcugamu SiO, n AL O, mo peakiusam:

13A1,C, + 1/28i0, = 4/3A1 + 1/2Si + CO (1)
1/3ALC, + 1/3AL,0, = 2A1 + CO (2)

SiC + 1/2 SiO, = 3/2Si + CO 3)

SiC + 1/3AL,0, = Si + 2/3A1 + CO (4)
1/3Cr,C, + 1/2Si0, = 7/3Cr + 1/2Si + CO (5)
1/3Cr,C, + 1/3AL0, = 7/3Cr + 2/3Al + CO (6)

WnTencuBHoe BoccTaHoBIeHHE KpeMHesema (Si0,) yriepooM HauYMHAETCs MPH
temnepatype 1600 °C. B mpoaykTax BOCCTaHOBJICHUS MOSABJISETCS KPEMHUM B BUJIE
kapbunos (SiC, SiC,, Si,C).

Kak BuaHo m3 rpaduka (pucyHok 1), npu temneparype 1900 °C naGmromaercs
pe3kuii moabeMm Kpuoit SiC m, Ha000poT, mageHue JuHUU CO UYTO yKa3bIBaeT Ha
OCYIIECTBIICHUE CIICAYIONIEH peaKIIHii:

SiOZTB + 3CtB = SiCtB + 2CO
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Jlasiee ¢ MOBBIIEHHEM TEMIIEPATYPBI COXPAHSETCS IPOAOJDKEHHUE peakuuu Si0,"
+ CtB = {Si0} + CO, u o0ycnaBiuBaeT MosiBICHUE HOBBIX [9]:

Si0, 1B + Sixx = 28i0 (7)
SiOr + SiCTB = 2Six + CO (8)
SiOr + C = Six + CO (9)
Si0, + SiC = Six +Si0 +CO (10)

[Tpu Temneparype 1600 °C moMUMO BOCCTAHOBJICHUS OKCHJIOB KPEMHHUS U JKeJie3a
IPOUCXOIUT BOCCTaHOBIIEHKE TiHO3eMa (Al O,)

CuinKaThl ATIOMUHUS TIPH BRICOKMX TEMIIEPATy pax HAYMHAKOT pasiaratbest Ha AL O,
1 Si0, un pearupyror ¢ yriaepogoM. Takoe e npeBpaienue OyIeT IMpeTepreBaTh
U MHUHEpaJibHasl 4acTh YIJIeH, B KOTOPOI COAEPKUTCS 3HAUUTENbHOE KOJIMYECTBO
kaonuauTa (Al[S14010](OH)S).

Hanee ¢ nopeiienreM temnepatypsbl Boiiie 1800 °C uayT peakiuu 1o ciaeayromen
cXeMme:

2ALO,, +9C_=ALC, +6CO (11)
2ALC,, +3Si0, = 8Al + 3Si_+6CO (12)
2/3AL0, +2SiC + Fe = 4/3Al_+ 2SiFe + 2CO (13)
ALO,, +2C=ALO +2CO (14)

ALO,, +3C=2Al +3CO (15)

ALO, + SiC = ALO + SiO +CO (16)

Kak Bugno u3 peakuuu (15), npyu NOBHIIIEHHOM COJEPKAaHIUH KPEMHE3eMa B IIUXTE
KapOWI sSUTFOMHHHUS HEYCTOMYUB U CPS3Y B3aUMOJICHCTBYET C KPEMHE3EMOM, IIPH 3TOM
00pa3yroT KpeMHEATIOMUHUEBBIH CIIIaB.

[Ipu BOCCTAHOBICHUU OKHUCHU SITIOMUHHS YTIEpOJIOM 00psizyeTcs cyOoKcHua
SUTFOMUHMSA 110 peakusm [10,11]:

ALO, +C =2AI0 + CO (17)
ALO, +2C = ALO + 2CO (18)

Pe3yabTaThl H 00CyxK/IeHHe

[To pe3ymbpTaTamMm TEpMOJIMHAMHYECKOTO aHAIH3a, MPOBEACHHOW B padore [12]
cienyet, uto obpazoBanue AlO Mano BEpOSATHO, YTO M MOATBEPIKIACTCS NTaHHBIMHU
nTA. Iosenenne AlLO, Ha060pOT, BO3MOKHO Hapsay ¢ oOpa3oBaHHeEM KapOujaa u
METAJUINYECKOTO ATFOMUHHUSL.
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ITockonbKy nomy4eHue aTroMOCHIMKOXPOMA - IIPOLIECC BBICOKOTEMIIEPATYP-HbIH, TO
pOJIb CyOOKCHIOB B HEM siBisieTcst cymiecTBeHHOM. Cybokena AlO meHee nmpoueH, ueM
CO, nostomy razoo6pasusiiif AlO B mpucyrcTBun CO BoccTaHaBIUBACTCS YTIIIEPOAOM.
Hpyroii cybokcun amomunnst Al,O kak coenunenue 6osee mpounoe, yem CO, npoxoaur
4epes3 CJIOM IIMXTh HEBOCCTAHOBJIEHHBIM U YXOJUT € OTXOASIIUMHU ra3aMi. ITUM MO>KHO
OOBSICHUTB BBICOKHE MTOTEPH ATIOMUHUS MPH IJIABKE aTFOMOCHIMKOXPOMA.

U3 rpaduxka (pucynok 1) BuaHo, 4to, B uHTEpBasie Temieparyp 1500-2100 °C,
BCE€ JKEJIE30, BOCCTAHOBJIEHHBIM U3 30Jbl YIVI1 U MOCTYNAIOIUN U3 OTCEBOB B BUJE
METAJUIMYECKOTO JKeje3a cpa3y ke MepeBOAUTCA B Oosiee CTaOUIBHOE COCTOSIHUE -
xapoun xenesa (Fe,C), conepxanne kotoporo k 2100 °C pe3ko CHMKAETCS 3a CYET
00pa30BaHus CHIMLIUIOB jKeJe3a.

BrIBOabI

B cBs3u co cnenudpuxoit nporpammsl « TEPPAY snemenTapubie KpeMHUN U
QIIOMUHHUNA OTHECEHBI K ra30Boi (haze, BCIEICTBHE MX IMOBBIIICHHOW JIETy4yeCTH IpU
temiepatypax 6onee 1800 °C, mosToMy aBTOpaMu B COOTBETCTBHH C PEalbHBIM
IPOLIECCOM BO3TOHSIOLIMECS KPEMHUI 1 aJTFOMUHUI OTHECEHBI K KOH/IEHCUPOBAHHOM (paze
oOpazyrorierocs cruiaBa (pucyHok 2). CTaObuiibHOE YBEITHMYCHUE COJICPKAHUS KPEMHHS
U QIIOMUHMSA, TIPU BOCCTAHOBJICHUH UX OKCHOB YIJIEPOJIOM, B CUCTeMe HaOIr01aeTcst
nociie 1900 °C. MakcumalibHOE UX COZAEp)KaHHe OTMEUYEHO IpU TeMIIepaTypax Oosee
2500 °C u cocrasisteT Si 53,32 %; 34,89 % Al; 49,69 % Cr; 52,59 % Fe.
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Maxanaoa «TEPPA» bazoapnamacsl KoMe2iMeH Jrcypeisineen Owmcxuit 'AY, Poccuiickas ®enepanus, r. OMck

MepMOOUHAMUKATLIK — 3epmmeyiepliy — Homuoiceaiepi Keamipineen. 3epmmey
Homudceci OOUbIHWA Heli3IHeH KOLOAHbICHaabl KOHOCHCUPNEH2EH JiCoHe 243
¢azanapwi (CaSi03, C, SiOZ, C3C2, AZZSiOy Fe3C, SiC, erSiy A1203, CrSi, CaAlZO4,
CrSiz, CO, Cr, Si, Al, Fe) gypoinovl. Kewenoi « TEPPA» b6azoapramacet apKulisl
MeMannovlK, KOJNCObIK JiCOHe 2a30blK Kypamobl (azanapvl aHLIKMANObl JiCoHe
onapovly memnepamypaza oatiianvicmol o32epicmepi OeKiminoi.

Ocvunatiwa, « TEPPA» 6azoapramanvlk Keweniniy Komezimen 3epmmenemin B af’””Oﬁ cmanve npedcmagneno OnmuMaibHble KOMHECmeo U Kaiecmso
Mamepuandapoar  alblHAMbIH —~ Memaiiobly — Kypambl — JCUBIHMBIK — KOJIEMIHOe nuwesol  npoOyKyuu, @ - makxce  ONMUMATOHAS.  CIPYKMYPA  NUMAHUS,
Kypacmulpbiiamoin opmypii  Kel3blkmel  azanapoviy  emneninyin - oicome obecneyusaiowue 300p06be  HACENEHUs, COCMAGISAION  NPOOOBOILCMEEHHYIO
orcotiviybir Gizben sepmmendi. Byn sepmmeynepoen anvinzar monivemmep op bezonacnocms cmpanvl. JanHvle NOCMYIamvl HAULIU C60E OMPAdiCeHUue 8 NOCIAHUY
mypii  (heppokopeimnanapobiy, Mapkaiapei GarKbimy Kesinoe momkcui30amy npe3udenma o npodoeozzbcm@euﬁoﬁu oesonacnocmu PK, 20e ocobo noouépkuyma
memnepamypaculi Jycone 6aiKy memMnepamypacbli aHblKmayaa MymKinoik 6epeoi. BADICHOCTb CIEOYIOUIUX HANPAGTEHULL:

Kinmmi co30ep: mepmoounHamuxansix manoay, Konoencupienzer pazanap, 2as - co30aHue HOBbIX MEXHOA02UU 21YOOKOU U KOMNIEKCHOU nepepadbomku
Gazanap, mepmMoOUHAMUKALBIK, MOOeIbOey, aNIOMOCUTUKOXPOM, HCO2apbl KOMID, NnpPOO0EOTLCMEEHHO20 COIPA.

baz0apramansix Kewien, mepmMoOUHAMUKATbIK 3epmmeyaep. B daunnoii cmamve maroice ykazamo, umo opmupoganue 300p08020 muna
numanusi nompeoyem:

- pazsumus QYHOAMEHMAIbHLIX U NPUKIAOHLIX HAYYHBIX UCCIe008AHUl,
N0 MeOUKo-6UOI0cUYeCKoll oyenKe, 0e30NACHOCMU HOBLIX UCMOYHUKOS NUuwu U
UHZPeOUeHMO8, GHeOPeHUsi UHHOBAYUOHHBIX MEXHOA02UU, GKIIOUAIOWUX Ouo- u
HAHOMEXHOL02UU, THEXHOIO2UU OP2AHUYECKO20 NPOU3B00CHBA NUWEEbIX NPOOYKINOG
U NPOOOBOTLCMBEHHO2O CbIPbSL, HAPAWUBAHUS NPOU3BOOCHIBA HOBbIX 0O02AUYEHHDIX,
OUEeMUYeCKUX U QYHKYUOHATbHBIX RULYEBLIX NPOOYKMOG.

Baoscnuvim  nanpagnenuem 20cy0apcmeeHHol NOIUMUKY THAK Jice  S67Is1emcs
COBEPUIEHCMBOBAHUE U PA3GUMUE  HAYYHO-THEXHUYECKO20 — CONPOBONCOCHUs
odesmenvrnocmu AIIK, umo nawtno ceoé ompadicenue 8 doxymenme «O Cmpamezuu

KOMIMJIEKCHbIA AHAJIN3 COBPEMEHHbIX ACIMEKTOB
MHHOBALWW U OLJEHKA MNMEPCIEKTUB TEXHOJIOIMMA
CrELNATIN3NPOBAHHbBIX MOJIOYHbIX NMPOL4YKTOB
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ANALYSIS OF THE THERMODYNAMIC CALCULATIONS
OF MELTING SILICON-ALUMINUM-CHROMIUM ALLOY,
MADE WITH THE USE OF SOFTWARE COMPLEX «TERRA»

In the article are given the results of the thermodynamic experiments were
incorporated in the TERRA document. The results of the research have been based
on ocnovoynye quenching and gasification phases (CaSiO,, C, SiO, C,C, ALSiO,
Fe3C, SiC, Cr5Si3, AZZO3, CrSi, CaAlZO4, CrSiZ, CO, Cr, Si, Al, Fe). With the help of
the Troms program, the components of the metal, slag and gas phase were determined
and confirmed by the temperature changes.

In this way, with the help of the program complex Terra we learned from the
formation, transformation and removal of various interesting phases, which make up
the sum of the composed metal of the studied material. It is also possible to find out
how to heat the temperature and to improve the temperature of the ferroalloys.

Keywords. thermodynamic analysis, condensed phase, gas phase, thermodynamic
modeling, aluminosilicochrome, high-ash coal, the software, thermodynamic studies.

HayyHo-mexHonrocuveckoeo passumus Pecnyonuxu Kazaxcmany, 20e @ uucne
npUOpUMemos YKA3amvl maxue, KAk Nepexo0 K BblCOKONPOOYKMUGHOMY U
IKONOSUHECKU YUCTIOMY A2PO- U AKBAXO3SAUCMBY, PA3PAOOMKA U BHeOpenue CUcmem
PAYUOHATBHO20 NPUMEHEHUsT CPeOCmE XUMUUeCKOU U OUOI0SUHeCKOl 3aujumvl
CENbCKOXO3SAUCMBEHHBIX PACMEHUU U JICUGOMHBIX, XpaHeHue u 3Ipgexmusnas
nepepabomKa  CenbCKOXO3AUCMEEHHOU NPOOYKYUU, Cco30anue Oe30NaACHbIX U
KAYeCTBEHHbIX, 8 MOM YUCTe QYHKYUOHATbHBIX RPOOYKIOG HUMAHUSL.

Kniouesvie crosa: monoko kozve, cneyuanusuposanuvlil MOIOUHbIL NPOOYKHI,
PYHKYUOHATIbHBIE UHESPEOUEHMbL, UCCAEO0BANUSL.
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Beenenune

OcHOBHBIC 33Ja4¥ TOCYJapCTBEHHON MOJHUTHKH B 00JacTH oOecmedeHus
IPOJOBOJILCTBEHHOW Oe3omacHoCcTH HaceneHus KasaxcraHa W MyTH WX PEIICHUS
B COBPEMEHHBIX COLHAIbHO-dKOHOMHUYEeCKUX ycnoBusax AIIK sBusercs ogqHum
U3 KPYNHEHIIUX M KMU3HEHHO Ba)XXHBIX CEKTOPOB Ka3aXCTAHCKOW SKOHOMHKH.
Db PekTUBHOCTh €r0 PYHKIHMOHUPOBAHUS OKAa3bIBACT pEIIAOIIee BIUSHUE Ha
HaAEXKHOE MPOJIOBOILCTBEHHOE 00ECIeUeHne M KU3HEHHBIH ypOBEHb HACEICHHS
ctpasbl. [luTtanue sBIsSETCS BaXKHEWIIUM (PaKTOPOM, HHTETPHUPYIOIINM 3/10POBHE
YeroBeKa C MOMEHTA 3a4aTHs M B TEUCHHE Bcel KH3HH. HemomHolleHHOe MUTaHne
BO BceX ero (opmax, BKIOYas HelOeJaHne, HeAOCTaTOYHOCTh MUKPOHYTPHEHTOB
WM W30BITOYHOE MOTpeOIeHne, He TOJIBKO 3aTParuBaeT 3/I0POBbE M OJIAaronoiyyue
JFO/IeH, HeraTUBHO BIIWSS Ha (PU3MYECKOe M YMCTBEHHOE pa3BUTHE, YTPOXKasi IMMYHHON
CHCTEME, CHIKasi yCTOMYMBOCTh K MH()EKIIMOHHBIM 3a00JI€BaHUSM, TOBBIIIAs PHCK
HEMH(EKIIMOHHBIX 3a00JIeBaHUH, TPEISATCTBYS pealu3aliy MOTEHINAala JIUYHOCTH
U CHIDKAsl TPOM3BOJUTEIHHOCTh TPY/Ia, HO U JIOXKUTCS TSDKEIBIM OpEMEHEM B BHJIE
COLMAIIbHO-9)KOHOMHYECKUX U3JIEPKEK Ha OTJENBHBIX JIFOAEH, CEMbIO U TOCYAapCTBO.
BaxxHyto poib B 00ecrieueHHH 310pOBbsI YEJIOBEKa UTPAET KaueCTBO U OE30MacHOCTh
NUIIEBBIX MPOJAYKTOB. TOJIBKO ONTHMAJbHBIE KOJWYECTBO M Ka4eCTBO MHUIIEBOM
HNPOAYKINH, a TAK)KE ONITUMAIIbHAS CTPYKTYpa MUTAHUS, 00ECTIEYHBAIOIINE 30POBHE
HACEJICHUsI, COCTABJISIOT IPOJAOBOILCTBEHHYIO O€301MacHOCTh cTpaHsl [1, ¢. 5.

Posib MOJOYHBIX TPOAYKTOB B MHUTAHUU YEJIOBEKa HEBO3MOXHO MEPEOLEHUTH.
OHu, ¢ OAHON CTOPOHBI, M3HAYAIBHO 00JIAJAIOT MOJIE3HBIMH CBOMCTBAMHU B CHITY
0COOEHHOCTEH cocTaBa M CBOWCTB CHIPbS, M3 KOTOPOTO M3rOTABIMBAIOTCS, C IPYTroi
— OTHOCSTCS K TPYIIE MPOAYKTOB MOBCEAHEBHOTO MOTPEOICHUSI U COMPOBOXKIAIOT
YyeJIOBEKa B TEYEHHE BCEU ero ku3Hu. MuHucrepcTBoM 3apaBooxpaHeHus PK
yTBepXKIeHbl «PekoMeHIauu mo parroHAIbHBIM HOPMaM MOTPEOIeHUsS MHILEBhIX
IPOAYKTOB, OTBEYAIOIINX COBPEMEHHBIM TPEOOBAHUSAM 3/I0POBOrO MUTAHUA» B
KOTOPOM caMoe€ OOJbIIOE KOJMYECTBO (KI/TOJ/4EOBEK) MPUXOIUTCSA HA TPYIITy
npoayKTOB «MOJIOKO M MOJIOKOTIPOIYKTED), BCETO B Iepecuére Ha MOJIOKO — 32,5, B
YHclie KOTOPBIX J10J1 TBOpora ¢ M.J.k. 9-18 % u tBopora ¢ M.1.5x. 0-9 % cocrasnser
9 1 10 KT, COOTBETCTBEHHO [2, C.5].

MaTtepuajibl H MeTOAbI

B kauecTBe 00BEKTOB HCCIIEIOBAIIUCE:

- MOJI0KO K03b€ cbipoe o 'OCT 32940-2014;

- pacTUTeNbHbIE KOMIIOHEHTHI, BATAMUHHBIA KOMILJIEKC.

[Ipy BBIMOJHEHUH SKCIEPUMEHTAIBHBIX U aHATUTHYECKUX HCCIEIOBAaHHUI
UCIOJIb30BAaH KOMIUIEKC OOLIENPHHSTHIX U CTaHIAPTHBIX METOJOB: XUMUYECKHUX,
MHUKPOOHOJIOTHYECKUX U OPTaHOJENTHYECKHX [3, ¢.2].

Ornpenensinu:

- MUKPOOHMOJIOTHYECKHE MMOKA3aTeNH: 00IIee KOJMUYECTBO MHUKPOOPTAaHU3MOB H
KOJIMYECTBO COMAaTHYECKUX KieToK, Thic./cM® (TOCT 23453-90).

[ToBTOPHOCTB AKCIIEPUMEHTOB 3—5-KpaTHasl.
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Pe3yabTaThl H 00CYXKIEHUSA

TBOPOXHBIN MPOAYKT HA OCHOBE KO3bEr0 MOJIOKA ISl CIEIHATN3UPOBAHHOTO
MUTaHHUS TOTOBUTCS CIIEAYIOIIM 00pa3oM: Ha IIEPBOM 3Tarie s IPOU3BOJICTBA TBOPOTa
MOJIOKO HOPMAJIU3YIOT, UCTIOJIB3YsI METO]] OCAKICHHUS MOJIOYHOTO Caxapa, OIy4YeHHYIO
CcMech ToJIorpeBaioT 10 Temreparypsl 40—45 °C u nepememnBaioT B TeueHuu 10 MuH,
nacrepu3sytor npu temreparype 80—85 °C ¢ Beigepkkoit 5—10 mun. U oxmmaxmaroT 10
temrepatypbl 3742 °C. 3aTeM BHOCAT 3aKBacKy, B KaueCTBE KOTOPOW HCIIOJIB3YIOT
npeaBapUTENbHO aKTHUBU3UPOBAHHBIN Npemnapar JieueOHO-TPOPUIaAKTHIECKOTO
Ha3zHadyeHus «Yolactisy — CottageCheese (comepxkamyro: Lactococcus (lactis
subsp. Lactis, lactis subsp. Cremoris, lactis subsp. lactis biovar. diacetylactis), u
(bepMeHTHPYIOT B TeueHue 4—6 4acoB 0 00pa3oBaHMs JOCTATOYHO TNIOTHOTO CIyCTKa
¥ akTUBHOU KucIOTHOCTH pH 4,0—4,55. [lomy4ueHHBIN CTYCTOK pa3pe3atoT Ha KyOUKH C
pa3MepoM rpaHeii 2 CM 1 OCTaBIISIOT B IIOKO€E Ha | yac Ju1st Hanbosiee OJIHOT0 OTAETICHUS
CBIBOPOTKH. 3aT€M CHIBOPOTKY CIMBAIOT, a TBOPOT MOJBEPralOT CaMOIPECCOBAHUIO U
npeccoBanno. OTIPECCOBAHHBIM TBOPOT CMEIIUBAIOT B aCENTHUYECKUX YCIOBHUSX C
(pPYKTOBO-ATOHBIM MIOPE, U3 SITOJ] YePHHUKHU U sI0JI0KA, KOTOPOE TOTOBST TPAAUITHOHHBIM
CHOCOOOM: YEPHHUKY U SIOJIOKH TIIATETFHO MOIOT U MEPETHPAIOT B MIOPE, T00aBISIOT
OTBap LIMIOBHHKA, TIEPEMEIINBAIOT U A00aBIIOT (pykTo3y. [lomydennyio cmech
nepeMeniuBaoT B TedeHun 10—15 MuH, 10 oxnaxkmaroT g0 temreparypsl 612 °C,
(acyroT, ynakoBbIBaIOT U XpaHsAT rpu Temmeparype 4+2 °C [4, c.3].

B tabnune 1 mpuBeneHa npeaBapuTeIbHAs PELENTypa TBOPOKHOTO MPOAYKTa Ha
OCHOBE KO3bETr0 MOJIOKA JJIsl CIIEHUAIM3UPOBAHHOTO TUTAHUSI.

Tabnwuia 1 — TBOpOXKHBIHM MPOAYKT HA OCHOBE KO3ET0 MOJIOKA JJIs1 CTICIIUATU3UPOBAHHOTO
IIUTaHUuA

Penentypa na 1000 kr
HanmenoBanue KOMIIOHEHTOB 1
TBOpOr NOJIy4EeHHBIN € UCIIOIB30BAHUEM
MpE/IBAPUTENLHO AKTHBH3UPOBAHHOTO Mpernapara. 900
nedeOHo-TIpodunakTryeckoro Ha3HaueHus «Yolactis» —
CottageCheese
dpyKTo3a 30
OTBap IMIOBHUKA 20

B Ta6J'II/II_Ie 2 NPUBCACHBI OPIraHOJICITUYCCKHEC ITIOKA3aTCIIU TBOPOIKHOT'O ITPOAYKTA
Ha OCHOBE€ KO3bCT'O MOJIOKA IS CIICHUAIM3UPOBAHHOI'O ITUTAHUA.
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Tab6nuia 2 — OpranosienTHyeckue NoKa3aTeIl TBOPOKHOTO IMTPOITYKT Ha OCHOBE KO3bETr0
MOJIOKA JIJISl CIIELIMAJIM3UPOBAHHOTO TUTAHUS

HaumenoBanue XapakTepucTUKa
noKasaTeJsen Peuenrypa
Bremnwnii By,
OnHopoaHasi, HEeXKHAsI, MaXKyLIasCs
KOHCHUCTEHIIMS
Bxkyc u 3anax YUucThli, KUCIIOMOJIOYHBIH, C JIETKUM CJIaJIKUM [IPUBKYCOM
[[BeT CaeT10-(h10IeTOBBI PAaBHOMEPHBIN IO BCEH Macce

AHanu3 opraHOJENTHYECKUX MTOKA3aTeNei MOKAa3bIBACT, YTO TBOPOIKHBIA MPOIYKT
Ha OCHOBE KO3bETO MOJIOKA JIJIS CIICIIUATH3UPOBAHHOTO MUTAHUS 00J1aaeT BEHICOKHMH
OpPraHOJIEITUYECKUMU TIOKa3aTessaMH [5, c.7].

B tabmure 3 npuBeieHbl MEKPOOHUOJIOTUYECKHE TTOKA3aTe Il TBOPOIKHOTO MPOTYKTa
HAa OCHOBE KO3HET0 MOJIOKA JIJISl CTICIIHATU3UPOBAHHOTO TTUTAHMSI.

Tabnuia 3 — MUKpOOHOIOTHYECKHE TTOKAa3aTeH TBOPOYKHOTO IMPOAYKTa Ha OCHOBE
KO3bETO MOJIOKA ISl CTICIIHATM3UPOBAHHOTO TUTAHHS

. XapakTepucTuka
HanmMmeHnoBaHue mmokasaTeneu
Penentypa
BI'KITIB 0,01 T He nonyckarorcs

ITaTorenunie MHUKpPOOpPIraHu3MBbl, B TOM YHUCIIC

He nonyckarorcs
CaJIbMOHEJUIBI B 25 T MPOJYKTa

Cradunokokku S.aureus B 0,1 r npoaykTa He nomyckarores
Monourokucibie Mukpoopraausmel, KOE/r, He MeHee 110"
ITpobuotnueckue mukpoopranu3mel, KOE/T, He MeHee 1108

Hpoxoku, KOE/T, He 6onee 50

ITnecenn, KOE/r, e 6onee 50

AHanu3 MUKpOOHOJIOTUYECKUX TOKa3aTellel MOKa3hIBaeT, TBOPOKHBIN MPOAYKT
Ha OCHOBE KO3bETO MOJIOKA JIJIS CTICUATHM3UPOBAHHOTO MUTAHUS 00J1a7aeT BEICOKUMHU
MPOOMOTUYECKUMH CBOMCTBAMH, YTO TMOBBIIIAET €T0 Je4eOHO-MPOPIIAKTHIECKHE
cBoiicTBa [7, . 6].

BoiBoabI

TBOPOXHBIM MPOAYKT HA OCHOBE KO3BEr0 MOJIOKA JJIs CHELHUAIU3UPOBAHHOTO
MATaHUS 00JIaJaeT BEICOKOM MUIIIEBOM IIEHHOCTHIO 33 CYCT UCIIOJIB30BAHMS B €I0 COCTaBe
TBOpOTa Ha OCHOBE KO3bETO MOJIOKA, (PPYKTO3BI, OTBApa MIMIIOBHUKA, KOTOPBIE COIEPKAT
00JIBIIIOE KOJTMYECTBO BOJIOPACTBOPUMBIX U JKUPOPACTBOPUMBIX BUTaMUHOB: B || C, A,
E, mukpo- u makposnemenToB: Ca, P, Mg, K, Na, Fe [9, c. 3].

JlaHHBII TBOPOKHBIN IPOTYKT HA OCHOBE KO3HETO MOJIOKA JUIs1 CIIELMAIIM3UPOBAHHOTO
MUTAaHUS PEKOMEHIyeTCs JUIsl CIEUAIN3UPOBAHHOTO TUTAHUs, B YACTHOCTH, JIFOJISIM,
CTpaJaronIiuM JUCOaKTepHUO30M, CaXapHBIM TUA0ETOM, TaK KaK HAJIMYHE B €T0 COCTAaBE
BUTAMHUHOB, MAaKpPO- 1 MUKPOAJIEMEHTOB POONOTHYECKOI MUKPO(IOPHI, CIIOCOOCTBYIOT
YIIy4IIEHUIO Pa00OThl IMMYHHOU U MUIIEBApUTEIHHON CUCTEM OpraHU3Ma.

122

94

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

CIIMCOK HMCIIOJIb3OBAHHbBIX NCTOYHUKOB

1 Ilocnanmue Ilpesunenta Pecnyonuku Kazaxcrtam H. HazapbaeBa Hapony
Kazaxcrana: ConpanbHO-35KOHOMHUYECKast MOACPHHU3AIMS — ITIaBHBIN BEKTOP Pa3BUTHUS
Kazaxcrana ot 27 sauBaps 2012 roxa // www.akorda.kz.

2 Ko3zoBojcto B Kazaxcrane. — 2015 [Dnextponnsiii pecypc] URL: hnp://www.
kazportal.kz/kozovodstvo-v-kazahstane.

3 lllernnuna E. M. , Xonapesa 3. P. lccienoBanus coctaBa 1 CBOMCTB MOJIOKA,
HOJTY4EHHBIX OT pa3HbIX opoj ko3 // Becthuk ATAY.—2014. Ne4 (114).—C. 159-163.
—ISSN 1996—4277.

4 T'aBpunoBa H. b. buorexHosiornueckrue acnekTbl MPOU3BOJCTBA TBOPOKHOTO
IpOayKTa Ha OCHOBE Ko3bero mosioka / H. b. 'aBpusosa, M. B. Temep6aeBa // BectHuk
Omckoro 'AY. —2017. —Ne3 (27). — C. 144-145.

5 Temerbayeva M. B. Technology of Sour Milk Product for Elderly Nutrition.
/I Research Journal of Pharmaceutical, Biological and Chemical Sciences.
—ISSN 0975-8585, — 2018, RJPBCS 9(1). — P. 291.

6 Temep0aeBa M. licnonp3oBaHuE MOJIOKA Pa3IMYHbIX CEIbCKOX03IMCTBEHHBIX
KUBOTHBIX JJIs1 IPOU3BOACTBA pepMeHTHPOBaHHBIX IpoayKkToB / H. b. 'aBpuinosa, M.

B. Temep0Oaesa // Monounast nmpoM-ctb. — 2018. — Ne 10. — C.4648;
7 I'apuiioBa H. b., ArudaeBa A. /K. IlepcrnekTUBbI UCIIOJIB30BAHUS KO3bETO

MOJIOKa /17151 TPOM3BOICTBA MPOAYKTa crienuanu3upoBanHoro nuranus // H. b. ['aBpuiosa,
A.X. ArubaeBa // VIHHOBallMOHHBIE TEXHOJIOTUH B ITUIIIEBON MPOMBIIUICHHOCTH: HAyKa,
obOpazoBaHue W MPou3BOACTBO : VI MexayHap. Hay4.-TexH. KoH(].— Boponex. —2019.
—C. 505-5009.

8 Temep0aeBa M. B. [lepcriekTUBHbBIE HANIPABJIECHUS U COCTOSHUE TPOU3BOCTBA
KHCJIOMOJIOUHBIX ITPOIYKTOB HA OCHOBE KO3bET0 MOJIOKA JJIsl CIIEUATU3UPOBAHHOTO
nutanus B Pecriyonnke Kazaxcran / M. B. Temep6aesa., H. b. 'aBpuniosa // Hayunsie
WHHOBAIIUU — arpapHOMY MPOU3BOCTBY : CO. CT. MEXIyHap. Hayd.-1pak. KoHd. (21
despansg 2018 roga). — Omck : U3a-so ®I'BOY BO OMI'AY uwm. I1. A. CronsimuHa.—
2018. —C. 1432-1436.

9 I'aspusioBa H. Bb., ArubaeBa A. K. IlepcrieKTHBBI UCIIOJIB30BAHUS KO3BETO
MOJIOKa JUIs IPOM3BOICTBA ITPOIyKTa criennanu3npoBannoro nuranus / H. b. I'aBpuiiosa,
A. XK. ArubaeBa // IHHOBallMOHHBIE TEXHOJOTMU B MUIIEBOH MPOMBIIUIEHHOCTH :
Hayka, oOpa3oBaHHe U MPOU3BOACTBO : VI MexnyHap. Hay4.-TexH. KoH(D.— BopoHex.
—2019. - C.505-509.

10 Ko3zbipesa, C. FO. O nonb3e ko3pero mosoka/ C. FO. Kozsipesa, Y. H. [lImanoBa
// TeXHOMOTUs ¥ MPOLYKTHI 3J0POBOT0 MUTAHUS : MAaTEPHUAJIBl MEX/yHAp. HAYY.-[IPAKT.
koH(., Capatos, 2007 / ®I'OY BIIO «CapatoBckuii 'AY»; peaxoi. : A. B. I'onyGesa.
— Caparos, 2007. — C. 62.

95



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2022 HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

REFERENCES *A. JK. Azubaesa', H. b. I'aspunosa®
'TopalifbIpOB YHUBEPCHUTETI,

Kazakcran Pecniy6nmkacer, [TaBinogap k.
?OMOBI MEMJICKETTIK arpapiiblK YHUBEPCHTET,
Peceit ®enepanusicer, OMOBHI K.

Marepuan 6acnara 17.03.22 Tycri.

1 Address of the President of the Republic of Kazakhstan N. Nazarbayev to the
people of Kazakhstan: Socio-economic modernization - the main vector of development
of Kazakhstan dated January 27, 2012 // [electronic resourse]. — www.akorda.kz .

2 Goat breeding in Kazakhstan. — 2015 [Electronic resource] URL: www.kazportal.

kz/kozovodstvo v kazahstane.

3 Shchetinina E. M., Khodareva Z. R. Study of the composition and properties
of milk from different breeds of goats // Herald of UTAU. —2014. — Ne 4 (114). — P.
159-163. — ISSN 1996-4277.

4 Gavrilova N. B. Biotechnological aspects of the production of cheese products
based on goat’s milk / N. B. Gavrilova, M. V. Temerbayeva // Bulletin of Omskogo
GAU. —2017. — Ne3 (27). — P. 144-145.

5 Temerbayeva M. Technology of Sour Milk Product for Elderly Nutrition. //
Research Journal of Pharmaceutical, Biological and Chemical Sciences. —ISSN: 0975-
8585.-2018. —RJPBCS 9(1). — P. 291.

6 Temerbaeva M. V. The use of milk of various farm animals for the production
of fermented products / N. B. Gavrilova, M. V. Temerbaeva // Dairy industry. — 2018.
—No. 10. — P. 46-48.

7 Gavrilova N. B., Agibayeva A. Zh. Prospects of using goat’s milk for the
production of a specialized food product / N. B. Gavrilova, A. Zh. Agibayeva //
Innovative technologies in the food industry: science, education and production:
VI International Scientific and Technical conf. —Voronezh. —2019. — P. 505-509.

8 Temerbayeva M. V. Promising directions and state of production of fermented
dairy products based on goat’s milk for specialized nutrition in the Republic of Kazakhstan
/M. V. Temerbayeva ., N. B. Gavrilova // Scientific innovations — agricultural production
: sat. art.international scientific-practical. conf. (February 21, 2018). — Omsk : Publishing
House of the P. A. Stolypin OmGAU.— 2018. — P. 1432-1436.

9 Gavrilova N. B., Agibayeva A. Zh. Prospects of using goat’s milk for the
production of a specialized food product / N. B. Gavrilova, A. Zh. Agibayeva //
Innovative technologies in the food industry : science, education and production :
Vijdunar. sci.-tech. conf. — Voronezh. — 2019. — P. 505-5009.

10 Kozyreva, S. Yu. About the benefits of goat’s milk / S. Yu. Kozyreva,
I. N. Shmanova // Technology and healthy food products: materials of the International

NHHOBAIMAJIAPABIH 3AMAHAYU ACHHEKTIVIEPIH KEIHEH /I
TAJJAY  KOHE MAMAHJIAHBIPBIVIFAH CYT OHIM/JIEPI
TEXHOJIOT'UAJTAPBIHBIH IIEPCIIEKTUBAJIAPBIH BAFAJIAY

byn makanaoa mamax oHiMOepiHiH OWMAUILI CAHbL MEH CANACHI, COHOAU-
aK XAnbIKmuly OeHCAYIbleblH KAMMAMACH3 ememin MamMakmanyovly OWmailivl
KYpblIbiMbl  €l0iH  a3blK-myaik Kayincizoiein xypauowvl. byn nocmyrammap
Ipesudoenmmin KP azvix-mynix Kayincizoiei mypanvt Kondayvinoa kepinic manmet,
OHOA MbIHAOAN OA2bIMMAPObIH MAHLI30bLIbIZL ePeKULe aman eminoi:

- A3bIK-MYNIK WUKI3AMbIH Mepey JicoHe KewleHOl Kauma OoHOeyoiH Hcand
mexHonocusnapuin Kypy. byn maxanaoa conoaui-ax mamaxmanyovly caiayammol
MYPiH KaTbINMACmulpy MbIHAAAPObl MAAAn emeoi:

- Jlcaya mamax, Kezoepi MeH uHepeOueHmmepoiy Kayincizoiein MeouyuHaIblK-
buonoeusnvlK, bazanay 6otviHua ipeeni Jdcone KoI0aHOANbl eblibiMU 3epmme)nepoi
oameimy, OUO-HCOHE HAHOMEXHONO2UANAPObL, MAMAK OHIMOepi MeH a3blK-MYJiK
WUKI3ammapslH OP2AHUKALbIK OHOIPY MEXHON02UANAPIH KAMMUMbIH UHHOBAYUALBIK
MEXHOI02UANAPObL eH2I3Y, JHCAHA OAlLIMbLIZAH, OUEMATbIK HCOHE (DYHKYUOHALObIK
Mamax, eHIMOEpiHiy OHOIDICIH ya2aiimy.

Memnexemmik cascammuoly Mmanwbl30bl Oazvimvl AOK Kvizmemin 2vliblMu-
MEXHUKALIK, Cytiemenoeyoi xncemindipy gwcone oamvlmy OOvbin mabvliaovl, Oy
«Kazaxcman Pecnyonuxacoinviy ebliblMu-mexnonrocuanuly, amy cmpamezuscol
Mypanvly Kysicamma KepiHic manmol, OHOA 0ACHIMOLIKMAD KAMAPLIHOA JHCo2apbl
OHIMOI JHCOHE IKONOSUANBIK, MA3A A2pO-2a KOWLY KOPCEMIiNeeH HCOHe OUONOSUSTBIK
Kopeay Kypanoapuli YmwlMObl KOJAOAHY JCYUeCiH 93ipaey JicoHe eHei3y, aybll
wWapyaubliviebl OHIMOEPIH CAKMAy MHcoHe MuimMoi Kauma eHOey, KaVincis JicoHe
cananvl, OHLIY WiHOe DYHKYUOHATObIK MAMAK, OHIMOEPIH Jcacay.

Kinmmi ce30ep. ewki cymi, MamManoaHObIpbli2an cym OHiMi, QYHKYUOHAIObL
unepeduenmmep, 3epmmeyiep.

scientific and practical conference. — Saratov, 2007 / FGOU VPO «Saratov GAUy;
editorial board : A. V. Golubeva. — Saratov, 2007. — P. 62.
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COMPREHENSIVE ANALYSIS OF MODERN ASPECTS
OF INNOVATION AND EVALUATION OF THE PROSPECTS
OF SPECIALIZED DAIRY PRODUCTS TECHNOLOGIES

This article presents the optimal quantity and quality of food products, as
well as the optimal structure of nutrition, ensuring the health of the population,
constitute the food security of the country. These postulates are reflected in the
President’s address on food security of the Republic of Kazakhstan, where the
importance of the following areas is emphasized:

- creation of new technologies for deep and complex processing of food raw
materials.

This article also states that the formation of a healthy type of diet will require:

- the development of fundamental and applied scientific research on the
biomedical assessment of the safety of new food sources and ingredients, the
introduction of innovative technologies, including bio- and nanotechnology,
technologies for organic food production and food raw materials, increasing the
production of new enriched, dietary and functional foods.

An important direction of state policy is also the improvement and
development of scientific and technical support for the activities of the agro-
industrial complex, which is reflected in the document “On the Strategy of
Scientific and Technological Development of the Republic of Kazakhstan”,
where among the priorities are such as the transition to highly productive and
environmentally friendly agro- development and implementation of systems for
the rational use of chemical and biological protection of agricultural plants
and animals, storage and efficient processing of agricultural products, the
creation of safe and high-quality, including functional food products.

Keywords: goat’s milk, specialized dairy product, functional ingredients,
research.
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ELLKI CYTIHEH AJIbIHFAH AKYbI3[bl ©HIMHIH
CAKTAY KABIIETINIIH 3EPTTEY

byn maxanaoa cakmay npoyecinde Oaiivii 6HiMOe2] WUKIZAMMbIY MA2AMObIK,
JHCOHe OUONOUANBIK KYHOBLIbIZLIH OApbIHWA CaAKMayobl KaMmMamacsl3 ememin,
OMAaHObIK MYyKbIMObl ewKinepoiy cymin enOeyOiy opmypii o0iCmepiHiy OHbIH
Kacuemmepine 9cepiH  aHMbIKMAy OOUbIHWIA —JHCYPRi3iiceH  2blLiblMU-3epmmey
HCYMBICINAPBIHBIY HOMUIICENEPT HCAPUSTAHAH.

Iasnooap aiimazvinoa ewxinepdiy wHezizei canvt Tayier Aamail nyxoeas,
3QAHEHCKAsL CUSIKMbL MYKbIMOAPMEH YCHIHbLI2AH, HCEPIINiKmI 6ativipabl mMyKblMObL
ewKinep Kon.

Anavida ewki Cyminiy MEXHOAOSUSIBIK ePeKWeNiKMePiH, WUKI3ammbly,
MEXHON02USNBIK napamempaepoiy, annapamypaivl pecimoeyoiy OaublH OHIMHIH
CanacviHa 9cepin auamvliH 3epmmeyJiep WeKmeyni CUNamKa ue HoHe OHvlY He2izinoe
OHIMOepOiy MUuimOi OHOIDICIH Kypyea MyMKIHOIK Oepmeoi.

AKybl3 OHIMOEDIHIY, HCAHYAPIAPOAH ANLIHAMbBIH OACKa 0a mamax, eHimoepi
cusKmol, 6HOIpywioen camvin anywbiaa Oetinei mizbekme cakmany Kabiiemminiei
Konmezen Kameprepmen, OIpiHwii Ke3ekme MUKpOOUOIOUANBIK KamepiepMeH
batinanvicmol. beneini 6ip xopcemxiwmepi Oap ©OHiM pemiHOe AKybl3 OHIMIH
KAIbINMAacmulpy Kypoei OUOXuUMUALbIK y pOicmepoe uaablHaz3aaapoblly KAmvlCyblMeH
arcyseze acvipvinaovl. Cym KblUKbLIOb MUKpOaopa cymmiy KOMHOHEHmmepiH
OHIMHIY OP2AHOIENMUKAILIK, KOPCEMKIUMEPIH, OHbIH KOPEKMIK JCOHE OUOL0SUSIbIK
KYHODBLIbIZbIH  MYOblpaAmblH  KOCbLIblcapaa mypieHdipedi, adam OeHCayIvleblHd
Kayinmi MuKpoopeanuzmoepoiy 0amyvl Yulin KOAQULbl Hca20all #cacaiovl.

JKoeapvida — aumwiieanoapea  cyliene  Omulpbln, — cakmay — npoyecinoe
OP2AHONCNMUKANLIK,  (QUBUKA-XUMUAILIK, — JICOHE — MUKPOOUONOSUANLIK — cana
KOpcemKiumepiniy  632epy OUHAMUKACHIH MAI0ay apKblibl aKybl3 OHIMIMIK
AHCAPAMOBLIBIK MEP3IMI AHBIKMATOUL.

Kinmmi ce30ep: ewxi cymi, mepMusivik 6HOEY pedlcumoepi, auiblmKbl
0aKbIIOApsl, KOA2YAAYUS, CUHEPE3UC, AKVbI3 OHIMI, NICemiH JHCoHe CAKMANAMbIH
arcazoaiinap, cakmay Kabiremi

Kipicne

CoOHFBI YaKbITTa €IKI CYTIHEH OHIM OHIIPYTe IETeH KbI3BIFYIIBUIBIK OapIIbIK jKepie
apThIn Keneni. Eniki cyTiHe Heri3enreH eHiMaepre JereH KbI3bIFYIIBUIBIK CUBIP CYTiHE
KaparaHjaa 5 ece Te3 ciHeli, OaKTepHIMITIK KacHeTKe He, iCiKKe Kapchl acepi Oap,
acKazaH CeJIIHIH YXOFapbl KbIIIKBUIABIFbI, OPOHX AEMIKIIECi, KOJIUT, MUTPEH, OaysbIp,
YHKBI €31 j)koHe T KaOBIHBIH aypyJiaphl YIIiH OH acep ereai [1,2].
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Kasipri 3aMaHFbl TaMaK ©HIMAEPiH OHAIPYAIH OaCTbI Macenenepain Oipi-eHipic neH
cakTay MPOLECIHE OJIApbIH calachlH KaMTaMmachl3 eTy. CyT eHIMIEPiH CaKTay YaKbIThI
KbICKa Ke3eHMEH IIeKTeseal. MyHbIH Taburu cedeli — aKybI3-Ka3enH 11 OyKTeHUTiH CyT
OaKTepHsIapsbl.

CyT-aKyblI3 eHIMIEpiH OHIIpy i€ CYTTIH carachl yJIKeH MoHTe ne. OHbIH XUMHSIIBIK
KYpaMbl MEH KacueTTepi KeOiHece OHIiPiCTIH TEXHOJIOTUSIIBIK TapaMeTpiiepiH, aKybl3
OHIM/JIEPi1HIH KOATYJISIUACH MEH KETUTyiHiH MUKPOOUOIOTUSIIBIK )KOHE OMOXUMUSIITBIK
epEeKILEINIKTEPiH, JalblH OHIMHIH OPraHOJENTHKAIBIK CHUIaTTaMalapblH, HIMKI3aTThI
TYTBIHY/IbI )K0HE 0aCKa KOPCeTKIIITep 1l aHBIKTA/IbI.

AKyBbI3/1ap CYTTIH Heri3ri Kypampaac 0eiiri OOibIN caHalaabl, ajl Heri3ri (akrop
— Ka3euH MeJIIepi: Ka3enH MOJILIEpiHiH KOFapbhlUIaybIMEH KanblHi MeH (ochop
MeJIIIepi apTa/ibl, KaH YIObI )KeAEIJICH 11, TPOMOTBIH THIFBI3/IBIFbI )KOHE OHBIH CHHEPE3re
KaOUIeTTiIirl apraapl, CYTTiH OapiblK (DU3MKAJIBIK JKOHE XUMHSUIBIK KOPCETKIITepi
XKaKcapabl.aKybl3 ©HIMAEPIH OHAIpyTre apHaJIFaH IIUKI3aT PeTiHAe.

AIIBITY Ke31HJAe Ka3eHH CYT aKybI3bl aMUHKBIIIKBUIAPEl MEH HENTHITEepre
OesiHe 1, OJIapIbIH CIHY JKbULAAMIBIFBI 2—3 €ce HKOFaphl.

Byn akybI3bIH KypaMmblHa OalaHBICTBI CYT JKOHE CYT ©HIMJepl TaFraMJbIK
KYHIBUIBIKKA Oail eHiMaep OOIbIT caHalaIbl.

Wurpenuentrepain 6acTankbl Kyii jkoHE ONap/AblH KaThIHACHI, TEXHOJIOTHSIIBIK
olepanusUIapAbIH PETTUIIr, TEPMUSUIBIK OHJICY PeXKUMICPIH CaKTay OHIMHIH CalabIK
KOPCETKILITEPiHIH 63repyiHe alTapiabIKTai acep eTe/ll, COHIBIKTaH OChI (DaKTOpIIapIbIH
cakTaixy KaOijeTiHe dcepiH 3epTTey a3bIK TYJIIK OHIIPY TEXHOJOTHSCHIHBIH ©3€KT1
MiHJIeTi OoJbIn TaObLIaab! [3,4].

Tamak eHIMIEpiHIH caKTajdy KaOlleTiH oJapiblH Kypambl MEH KaCHETTEpPiHIH
0acTarnKbl KOPCETKILITEPiHIH MOHI OOMbIHIIIA Oenriii 61p HAKTHI XKaF 1ainapaa oxap i
OeNriieHreH cakTay Mep3imi ilIiH/e e3repiccis3 Kally KaOiaeTi peTiHie KapacThIpFaH >KoH.

Kes-kenren eHiMHIH, OHBIH IHIiHAE aKybl3 ©HIMJEPiHIH camackl MEH CaKTally
KaOUIeTiH eHIMHIH KaHJail eKeHIH aHBIKTaWThIH KPUTEPUIIIEp KUBIHTBIFBI PETiH/IE
aHbIKTayFa 0oJaabl:

- KO TP 021/2011 «Tamak eHimaepiHiH Kayincizairi Typans» xxoHe KO TP
033/2013 «CyT >x0He CYT eHIMJIEPiHIH KayiIlCi3Air Typajbhy OCNrijIeHreH Kayimnci3aik
TajantapbiHa colikec Kenei [5,6].

- HOPMAaTHUBTIK JKOHE/HEeMece TeXHUKAJIBIK KYXXaTTapAblH TajlalTapbIMEH
AHBIKTANATBIH COMKECTEHAIPY, OHBIH 1MIIHJE OPraHOJENTUKAIBIK KOPCETKIIITEpre
COHKeC KeJel;

- OeNriJeHreH KapamMIbUTBIK Mep3iMi IITiHAe caKTayFa KaOileTTi.

AKYBI3 OHIMAEPIH OHAIPYIH COTTUII HET13r1 IIHUKI3aTThl AYPHIC TAHAAYFa XKOHE

OHBIH canacblHa OalIaHbICTHI.
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3epTTey MaTepuaJIapbl MeH dicTepi

3epTTey 00BeKTiIepi: aKybI3-KOMIpPCY IIMKI3aThI (CYT CapbICYHI, Maiiia TapThUTFaH
Ounaii keberi, a3pIKTHIK Oypirak yHbI, KyHOarsic KyHxkapa), mpoOHOTHKAIBIK
YHBITKBLUIAP, TYPAKTaHABIPYIIBI KEIMICHAEDP, OCIMIIK Maiyiapsl, perenTypanap,
TEXHOJOTHSUIBIK TPOIECC, OHILY MapaMeTpiiepi, a3bIKTHIK KOCTaJapIblH CamaiblK
KOPCETKIIITePl ®KOHE CAaKTATy KaOlIeTTIIIr, a3bIKTHIK OHIMICPIIH OPraHOJIETITHKAIIBIK,
(U3UKATBIK-XUMUSITBIK, MUKPOOHOJIOTUSUTBIK KOPCETKIIITEPIHIH 63repy ANHAMHUKACHI.

3eprTeysep CYT eHIMIepiHe apHAIFaH CAHUTAPIIBIK-TUTHEHAITBIK TaTanTap HeTi3iHae
KeJleci KopceTKiTep OONBIHIIA KYPri3iimi:

- MEMCT 3624-92 6oiibIHIIIa TUTPIICHETIH KBIIIKBIIBIKTH aHBIKTAY )

- MEMCT 5867-90 6oiibIHIIIa MaiIbIH CaTMAKTHIK YJIECIH aHBIKTAY;

- MEMCT 23327-98 GoifbIHIIA aKybI3JbIH CAIMAKTHIK YJIECIH aHBIKTAY;

- pH-meTpaeri Gencenai KIIKBUIABIKTE aHbIKTay (pH-121);

- MEMCT 3626-73 OolipIHIIa BUTFAT MEH KYPFaK 3aTThIH CaJIMaKTBIK YJIECIH
AHBIKTAY.

AJIBIHFAH HITHIKeJIepAi TAJIKbLIAY

CoOHFBI YaKbITTA €Ki CYTIHEH OHIM OHIIPYTEe IETeH KbI3BIFYIIBUIBIK OapiIbIK jKepie
apThIn Keneni. Emiki cyTine Heri3nenreH eHiMaepre qereH KbI3bIFYIIBUTBIK CUBIP CYTiHE
KaparaHaa 5 ece Te3 CiHeli, OaKTepHUIMITIK KacueTKe He, iCiKKe Kapchl acepi Oap,
acKa3aH COJIHIH JKOFaphbl KBIIKBUIBIFBI, OPOHX JEMIKIIeCi, KOJIUT, MUTPEH, 0aysIp,
YHKBI 031 j)koHe 6T KaOBIHBIH aypyJiaphl YIIIiH OH acep etei [7,8].

Anaiiga emki CYTiHIH TEXHOJOTHSJIBIK €peKIIeNiKTepiH, MHUKI3aTThIH,
TEXHOJIOTHSUTBIK MapaMeTpiiepliH, annapaTypajblK peciMAeyaiH AaiblH OHIMHIH
camachlHA 9CEpIiH allaThiH 3epPTTEYJIep MICKTEeYJIl CUMATKa Ue KOHE OHBIH HETi3iHe
OHIMJIEpIH THIM/II OHIIPICIH KypyFa MYMKIHIIK OepMe/ti.

[NaBnogap aliMarbeIHAA SIIKLTEP/IiH HEeTi3r1 caHbl Taysbl AnTail myxoBasi, 3aaHeHCKast
CUSIKTBI TYKBIMJIAPMEH YCBIHBUIFAH, XKEPrUTIKTI OalBIPFBI TYKBIMJIBI €IIKUIEep KOIl.
Emki cyTiHiH ipiKTeNreH YATUIEpiHiH (H3UKA-XUMUSIIBIK KOPCETKIIITEPIH 3epTTey
HOTHXKeJepi 1-kecTene KenTipiiren

Kecre 1 — Emki cyTTiH opTaiia XUMHUSUIBIK KypaMbl

Kb mepzimuepi .

CyT Kypamsl —— — Oprama 6enri
Cy, % 88,76+ 0,04 89,46+ 0,04 88,61+ 0,04
Kyprak 3artap, % 14,02 £ 0,11 13,54 £ 0,11 13,28 £0,11
Maii, % 5,67 £0,06 5,78 £ 0,06 5,725 £ 0,06
AKkybi3, % 4,78 £ 0,05 4,0 £0,05 4,89+ 0,03

Emiki cyTinaeri Kyprak 3aTTap/IbIH MOJIIIEP1 Op TYPJIl YaKbIT apaIbIFbIH/IA ©3T€PETiHI
aHbIKTANABl. KypFak 3aTTapablH €H KOIl MOJIIIepl ®Ka3Fbl KE3eH e CYTTe Ke3/1ece/I.
Oprama anraHja, ojlap Maili MEH aKybI3JIbIH ©3repyiHeH Typaasl. Mail OoiibIHIIa
’Ka3Fbl )KoHE KOKTEMI1 Ke3€H1e MaKCUMAaJIIbl )KOHE MUHUMAJIbI KypaM apachbIH/IaFbl
aitpipmamibuibikTap 0,11 %, akys13 6oiibiHma — 0,22 % Kypansl.
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XKorapsiaa 6asuaanransl eckepe oToipbin, «KazsAKOF3» XKILC CD mamanaapbl
caKkTay MpOIIECiHJE NailblH OHIMAET] IUKI3aTThIH TaFaMIbIK JXOHE OHMOIOTHSIIBIK
KYH/JBUIBIFBIH OapblHIIAa CaKTay bl KAMTAaMachl3 €TEeTiH aOOpUTEHIIK TYKBIMJIbI
SIIKUIeP/IiH CYTiH OHJICY/IiH 9PTYPJIi TOCUIIEPiHIH OHBIH KACUETTEepiHE dCEPIH AaHBIKTAY
OoIBIHIIIA 3epTTEYIIep KYpri3ei.

TexHONMOrUAHBIH MOH1 MbIHA/1A: ajibiMeH t=93+ 2 °C TemnepaTypa/ia TepMOKaJIbLIUIHA
KOAryJisiusicbl 6ap aKkybl3 YIOBI €LIKI CYTIHEH aJbIHAJIbl, COJIaH KEHiH CYT KBIIKBLIbI
MeH OuduIo0aKTepusIIapbIH Ta3a JaKbUIIapPbIHAH TYPATHIH IPOOMOTUKAIBIK aIlIbITKbI
budunakr-AJl ameiTbuiaasl. by anmmbITKbl O€ICEH/1 TYP/E allbITa bl

Emiki cyTiHeH anbplHFaH MPOOMOTHUKAIBIK aKybI3 eHiMiHIH TexHonoruscsl 11IKO,
Cewmeii K., «I1BIT» XKIIC cyT enaey KocinOpHBIHBIH OHIIPICTIK JKaF1aibIHAa OHIMHIH
TOXKIpUOEIiK MAapTUSACHIH IIBIFApa OTHIPHII alpOOAIHSIIAH/IbI.

Emki cyTiHeH mpoOMOTUKANIBIK aKybl3 ©HIMIHIH CaKTajly Mep3iMiH FBUIBIMHU
HET13/1ey YILIiH OPraHOJENTUKAIBIK, (PU3NKA-XUMHSIIBIK KOHE MUKPOOUOIOTUSIBIK
KepceTkimTepai O6aranaypl KAMTUTBIH KeIIEH Il 3epTTeyiep Kypriziiai. OHIMHIH
yiarinepi 4+ 2 °C temmneparypaja cakTailgbl. OHIMHIH CamacblHBIH ©3TepyiHe
CaJIKBIH/IATy TEMIIEPaTypachl MEH OHBI CAKTAY Y3aKTHIFbI 9CEep €TETiH1 aHbIKTAJIbI.

OpraHoyienTHKAIBIK KepceTKimTep OOMbIHIIA OHIMHIH TOXIpUOEiK YiAriciH 0ec
TOYJIIK O0MbI cakTay Ke3iH/Ie Tepic JMHAMHKA aHBIKTAJIFaH JKOK. 6 KYHIK caKkTay Ke3iHe
CBIPTKBI Hic OaliKamabl.

bakpinay ynaricinne (cy30e mactachl) OpraHOJIENTHUKAIBIK KOPCETKIIITEPAiH
e3repyi oM MEH HiCTiH e3repyiHe OallaHbICThl 5 KYHIre OalKasabl, HIMHIH CalabIK
KOPCETKIIITEePi JIe ©3Trepi.

Huarpamma 1 — AKybI3JIbl ©HIMHIH cakKTay Ke3iHAeri pu3uKo-XUMUSIbIK
KOPCETKIIITEPiHIH JUHAMHKACHI
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Kontp onbHb1it BenkoBblil npogy kT

1-auarpammaan KepiHin Typranaii, 4+2 °C temmeparypaza cakray MporeciHe
OHIMJIET1 )koHe OaKbljay HYCKACBIHJAFbl KATThl 3aTTapJIbIH MAacCCaJIBIK YJIECIHIH
JKOFapblIaybl OaifKaJJbl, COHBIMEH KaTap THTPJCHETIH KBIIIKbUIIBIKTBIH IIaMaJlbl
e3repyi 6aiikanaabl. KelIKbUIIBIKTEIH 03repyl CTaHmapTTa OeNTiIeHTeH HopMa IeT1H/e
650 Tounaman 75 °T-Ka meiid e3repi.
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Kypambiaga 6udunobakTepusiaapsl 6ap mpoOHMOTHKAJIBIK ©HIMAEp Tipi
MUKPOOPraHU3MACPAIH KypaMbl OOMBIHIIA cTaHAApTTaIFaH OOJybl Kepek, oUTKeH1
npoOHOTHUKATBIK OaKTEepHUsIaApAbIH OMIpIICHAITT MPOOMOTHKANIBIK OeNICeHIITIKTI
OIIIICeY/IiH HeTi3/1e]reH Oipiri 0obim TadbIaas! [9].

Bbyn ¢yHKIMSHBI KaMTaMachl3 €Ty YIIiH MPOOHOTUKTEP OHIMII TYTBIHY Ke3iHJe
eMipIIeH O0JIybl KepeK jKoHe CiHy JKoHE CiHY IMpOLECiHe eMIPIICHITTH CaKTaybl
kepek [10,11].

Ocwiran OaitnanbicTl 013 4+2 °C Temmeparypaja cakTay NpOLECIHJC
OoudunobakTepusIap CaHbIHBIH ©3repyi OOMbIHILA 3epTTEYIIEp KYPIi3diK.

Kecre 2 — Cakray mponeccinae 0udpunodakrepusiap CaHbIHBIH ©3repyi

Caxkray yakpIThl, CaF
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B0,0lr
Jpoxoxunep, He Oonee 63 32 44 26 31 18 23 11 14 6
KOE/r 100
Kereprennep, He Goree - - - - - - - - - -
KOE/r 50

2-KEeCTEeHIH JACPEeKTEPIHEH KOPIM OThIPFAHBIMBI3AAM, OYKIJI caKTay Mep3iMi 1IIiH/Ie
TaJJIaHAThIH OHIMJICP IiH TYKBIM KyaJlaybIHBIH TOMEH/ICY1 OaHKaIbl, aJl CYT KbIIITKBLIBI
OakTepusiapsl MeH OnduIoOaKTepHusIapAblH €H KapKbIHAB ToMeHaeyl 120 carar
CaKTaFraHHaH KeH1H OHIMHIH TOXIpHOeiK yariciHae OalKauibl.

CaxrayaeiH OapibIK Ke3eHiHJe Mukpoopranusmaepaid canbl 033/2013 KO TP
coiikec kemai. Cakray Mep3iMiHIH COHBIH/Ia OHIMJIET] CYT KbIIIKbUIbI OaKTepUsIIapbIHBIH
moiiepi keminge 1*10° KOE / r kypaabl.
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AUIBITKBI MEH 3€H CaHbIPAyKyJIaKTapbIHBIH KYpPaMbl PETJIaMEHTTEIreH JeHIeiIeH
acmaiiapl. OHiM Kayincizairinig kepcetkimrepi “HanDxC” AK “Cemeit” punnanbiHbIH
OHIMJIEp/Ii ChIHAY JKOHIHJET] aKKPEIUTTEIreH 3epTXaHalapblHAa 3€PTTENIreH.

JlepekTepai Tanaail OThIPBII, BIKTUMAIT KayilTi 3aTTap IbIH KOpCeTKITepi OoibIHIIA
eHiM 033/2013 KO TP ranantapsina coiikec Kemei Jen KOPBIThIHABI )KacayFa 0oapl.
OpraHosienTHKAIBIK, PU3HKa-XUMUSIIBIK )KOHE MUKPOOHOJIOTUSUITBIK KOPCETKIIITEP I1H
carachIH Oaranay HoTHXKesepi OOMbIHIA TPOOUOTHKAIIBIK aKybI3 O©HIMIHIH KapaM/IbUIbIK
Mep3iMi - 5 KYH YCBIHBUIIBI.

KopbIThIHABI

Cananbl Oaranay MeH Ooskayda ©HIMHIH KeNULAEHJIPUIreH Kayimci3irid
KaMTaMachl3 €TeTIH caKTay Mep3iMi MEH IIapTTapbl CUSKTHI HAKTHI carla KepceTKimTepi
YJIKEH peJi aTKapapl.

Cakray mpoueciHie OpraHoJeNnTUKalblK, (U3UKa-XUMUSIIBIK XKoHE
MHUKPOOHOJIOTHSUIIBIK cala KOPCETKIIITEPiHiH e3repy TUHAMUKACHIH TaJlay apKbLIbI
aKybI3 OHIMIHIH >KapaMIbUIBIK Mep3iMi aHbIKTaidAbl. Eniki cyTiHe HerizgenreH
NpOOMOTHUKANIBIK aKybl3 ©HIMIHIH CaKTay Mep3iMi cakTay TeMmIlepaTypachblHa
(442) °C 5 xyHI1 Kypaubl.
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HNCCIEJOBAHUE XPAHUMOCIIOCOBHOCTH
BEJIKOBOI'O IPOAYKTA KO3bEI'O MOJIOKA

B oOannoii cmamve onybnuxosanvl pezyibmamvl NPOGEOEHHHIX HAYYHO-
UCCe008aAMENbCKUX PAOOM NO BbIAGIEHUIO BIUAHUSL PA3TUYHBIX CNOCO008 00pabomKu
MOIOKA KO3 ADOPULEHHBIX NOPOO HA €20 C8OUCMEA, 00eCneuusaruux MaKkCUMaibHoe
COXpaHeHue nuwesol U OUOIO2UYECKOU YEHHOCMU CbiPbs 8 20MOBOM NPOOYKME 8
npoyecce XpaHenusl.

B Ilagrooapckom pecuone ocrnosHoe noconogve K03 NpeoCmasieno maKumu
nopooamu Kax, 2OpHO-AIMANCKAs NYX06as, 3AAHEHCKAsl, 6 OobueM Koaudecmae
KO3bl MECMHOU abopueHHOU NOpoObL.

Oonako uccredo6anus, packpwvieaiowe MmMexHoaI0cudecKue ocobeHHoCmu
KO3b€20 MOIOKA, GIUAHUSL CbIPbS, MEXHOIOSUYEeCKUX NAPAMEempOo8, annapamypHozo
ohopMmeHUs HA Kauecmao 20MoBbIX NPOOYKIMO8 HOCAM 02PAHUYEHHbII Xapakmep U
He NO360AUIU CO30amb IPPEKMUBHO20 NPOU3BOOCTNEA NPOOYKINO8 HA €20 OCHO8e.

Cnocobnocmv  6e1K08bIX NPOOYKMO8, KAK U Opyeux nuujesvix npooyKmos
HCUBOMHO20 NPOUCXONCOCHUS, XPAHUMBCA 8 Yenouke Om HNpousgooumens 0o
NOKYNAMENS C8A3AHA COMHOSUMU PUCKAMU, B NEPEYIO 0YEPEOb MUKPOOUOIOSULECKUMUL.
Dopmuposanie OeKo80UNPOOYKYUUKAK NPOOYKMA C ONPEOeLeHHbIMUNOKAZAMENSIMU
OCYUecmeasnemcs 8 CIOJNCHBIX OUOXUMUYECKUX Npoyeccax ¢ yuacmuem MAblx
Op2aHU3MO8.

Monounokucias muxpogropa npeobpasyem KoMNOHEeHMbl MOLOKA 8 COCOUHEHUS,
KOmMOopble co30ar0m opeaHoienmudeckue nokazameni npooyKma, e20 NUmamenbHyio
U OUONOSUYECKYIO YEHHOCMDb, CO30al0m OAA2ONpUsmHble YCA06us O pa3gumus
MUKPOOP2AHUZMO8, ONACHBIX 0151 300P0BbS UeL08eKd.

Hcxoos u3  @ulueusnoncenno2o, onpeoeneHvl CpoKu 200HOCU 0enK08020
npooyKma nymém aHanu3a OUHAMUKU USMEHEHUs Op2aHOAeNnMUYecKux, @Qusuxo-
XUMUYECKUX U MUKPOOUOTOSUYECKUX NOKA3ameell Kauecmea 6 npoyecce XpaHeHus.

Kniouesvie cnosa: xosve MONOKo, pedcumvl mepmoodOpabomru, 3aK8acoyHbvle
KYIbMYypol, C8EpMbléanUe, CUHEPe3Uc, OenKosvll npoOyKm, YCl08Usl CO3PeBanHUs U
Xpanenus, XpaHumocnocoOHOCHb.

RESEARCH OF STORAGE CAPACITY
OF GOAT MILK PROTEIN PRODUCT

This article publishes the results of the research work carried out to identify the
influence of various methods of processing the milk of goats of aboriginal breeds on
its properties, ensuring maximum preservation of the nutritional and biological value
of raw materials in the finished product during storage.

In the Pavlodar region, the main livestock of goats is represented by such breeds
as the Gorno-Altai downy, Zaanenskaya, in a larger number of goats of the local
aboriginal breed.

However, studies revealing the technological features of goat’s milk, the
influence of raw materials, technological parameters, hardware design on the
quality of finished products are limited and have not allowed to create an effective
production of products based on it. The ability of protein products, as well as other
food products of animal origin, to be stored in the chain from the manufacturer to
the buyer is associated with many risks, primarily microbiological. The formation
of protein products as a product with certain indicators is carried out in complex
biochemical processes involving small organisms.

Lactic acid microflora converts milk components into compounds that create
organoleptic characteristics of the product, its nutritional and biological value, create
favorable conditions for the development of microorganisms that are dangerous to
human health.

Based on the above, the shelf life of the protein product was determined
by analyzing the dynamics of changes in organoleptic, physico-chemical and
microbiological quality indicators during storage.

Keywords: goat’s milk, heat treatment modes, starter cultures, coagulation,
syneresis, protein product.
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TECHNOLOGIES FOR PRODUCING COTTAGE CHEESE
WITH PROBIOTIC PROPERTIES

The article pays special attention to the envichment of cottage cheese with probiotic
cultures. Therapeutically significant level of content of probiotic microorganisms in
cottagecheese determines its functional purpose. Currently, curd products with probiotic
microorganisms are not sufficiently represented in the trade network, which actualizes
the conduct of scientific research on the development of a line of such products. The
choice of enriching cottage cheese with propionic acid bacteria is due to antagonistic
properties, which are expressed in the suppression of the development of pathogenic
and conditionally pathogenic microflora. Another important feature of them is the
ability to produce vitamin B12, which is involved in the regulation of hematopoiesis,
prevents the destruction of red blood cells and fatty degeneration of internal organs,
and also provides a coating of nerve fibers with a myelin sheath. The article presents
the results of studies of the microbiological and physico-chemical properties of the
finished product, as well as those requiring energy purposes.

Keywords: in cottage cheese, probiotic microorganisms, functional nutrition,
microflora.

Introductions

Nutrition is one of the most important environmental factors affecting the human
body. It is known that a person receives everything necessary for his life, except oxygen,
from food. Food is the starting material for the construction and renewal of human
body cells and determines the state of human health. In the charter of the World Health
Organization (WHO), health is interpreted as «a human condition that is characterized
not only by the absence of diseases or physical defects, but complete physical, mental
and social well-being». The theory of adequate nutrition was formulated in the 80s of
the twentieth century, when new scientific results were obtained in the field of digestive
physiology, food biochemistry, microbiology, and new digestive mechanisms were
discovered. A significant contribution to the development of this theory was made
by Academician A. M. Ugolev, head of the Laboratory of Nutrition Physiology at the
I. P. Pavlov Institute of Physiology in St. Petersburg. The theory of adequate nutrition
absorbed everything valuable that was in the theory of balanced nutrition, and was
its further development [1]. A full and healthy diet is one of the most important and
necessary conditions for preserving the life and health of the nation. In recent years,
a new direction has been developed in the science of nutrition — functional nutrition.
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There is no single formula for ensuring good health. But there are key components
that allow you to maintain good health and longevity. These are regular sports, rest
and a balanced diet

The first thing to realize when learning the principles of a balanced diet is that, in
addition to the well-known basic macro- and microelements, different foods also contain
a variety of useful phytonutrients (chemicals or compounds of plant origin that do not
belong to vitamins and minerals). That’s why it’s so important to diversify your diet,
especially foods containing vitamins and minerals.

All the most important life processes in our body take place with the participation
of vitamins and minerals. Moreover, the body itself is not able to produce them
independently, so the body must receive vitamins and minerals daily with food or from
food additives.

Judging by global trends, it is clear that a healthy lifestyle has become popular. Many
people began to understand that proper nutrition and physical activity are important
for health. Playing sports has become popular among those who are engaged in their
body and correspond to the modern image of a successful person, this image includes
visual appeal.

Food for the body is the primary factor. The healthier and more correct it is, the
better the performance will be and this will help all internal systems to live longer. It
is not surprising that athletes pay a lot of attention to their diet — after all, endurance,
muscle volume, and, therefore, the result depend on it.

For those who do sports just for the sake of health and pleasure, it is enough to
properly balance the main nutrients — proteins, carbohydrates, fats, get enough minerals
and vitamins, as well as liquids.

Unfortunately, the not very high quality of modern products and the low content
of important elements in them leads to the fact that we do not receive the right amount.
Vitamins and minerals play an important role at many stages of our life, and for those
who do sports, they are especially important.

The creation of therapeutic and preventive dairy products is most widely carried out
by the branch institutes of the Russian Agricultural Academy, specialists of educational
branch universities, dairy industry enterprises [2].

Dairy products occupy a significant niche in the field of food products. One of the
most common dairy products is cottage cheese. It is attractive to producers because it does
not require maturation, i.e. it provides a quick turnover of funds, is less demanding on
the quality of milk, can be stored frozen for a long time. The difficulty in the production
process of obtaining cottage cheese is its dehydration and cooling. The hardware
design of these operations is quite cumbersome and energy-intensive. And if large
enterprises have the opportunity to use automated lines using membrane methods, then
for most cottage cheese producers it is necessary to solve these problems using existing
equipment, supplementing them with the necessary devices. Nevertheless, interest in
the production of cottage cheese is growing. To a certain extent, this is facilitated by the
growth of consumer interest in this product. The fact is that cottage cheese is available
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in a very wide range. There are various types of packages with a wide range in the mass
fraction of fat, in the unit weight of the package, with various fillers, flavor enhancers.

In 2015, the volume of purchases of cottage cheese and cottage cheese products
per Russian consumer amounted to almost 9 kg, which is 0,7 kg more than in 2011.
According to experts, the physiological rate of consumption of cottage cheese should
be about 18 kg per year per person. This circumstance gives grounds to say that the
consumption of cottage cheese in the country will grow in the long term.

In 2016-2020, retail sales of cottage cheese and cottage cheese products in Russia
will continue to grow by 2-3 % annually [3].

From the point of view of technology, cottage cheese is interesting because it can
be easily combined with flavoring additives and can be portioned into various consumer
containers. From a consumer point of view, this product is high in calories, contains a
large amount of proteins, including easily digestible, can be used both directly in food
and in the preparation of various dishes. Unlike cheeses, the protein composition of which
is mostly represented by casein, cottage cheese, due to high-temperature processing,
contains whey proteins to a greater extent. Whey proteins are globular proteins and are
hydrophilic colloids. Due to the strong hydrate shell and high dispersion, they are in a
state of stable colloidal solution. During temperature treatment, they begin to denature,
followed by aggregation and deposition on casein [4, 5].

Materials and methods of research

The implementation of the plan of experimental, analytical research and
mathematical data processing were carried out in the laboratories of the Federal State
Budgetary Scientific Institution Federal Altai Scientific Center for Agrobiotechnology
department of the Siberian Research Institute of Cheese Making (Barnaul).

In the work, in the process of implementing the tasks of the experiment, methods
published in the specialized literature were used that satisfy the research goals. To
determine the physico-chemical, microbiological and organoleptic parameters of raw
materials and finished products, generally accepted and standard methods of analysis,
methods of mathematical modeling and processing of experimental data, etc. were used.

The parameters of the properties of the strains and the finished product were
determined by standard methods: antagonistic activity by diffusion method according
to TU 9229-026-04610209-94, the number of lactic acid microorganisms according to
GOST 33951-16, the number of bifidobacteria according to GOST R 56139-14, active
acidity by potentiometric method according to GOST 32892-14.

Results and discussions.

The amino acid composition of whey proteins is closest to the composition of
human muscle tissue, and in terms of the content of essential amino acids (lysine,
tryptophan, methionine, threonine) and branched chain amino acids (valine, leucine and
isoleucine), they surpass all other proteins of animal and vegetable origin [6]. In addition,
approximately 14 % of whey proteins are in the form of hydrolysis products, which are
the initiators of digestion and participate in the synthesis of most vital enzymes and
hormones [7]. Analysis of the spectrum of cottage cheese products produced leads to
the conclusion that there is a very small number of cottage cheese products belonging
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to the category of probiotic products. The vast majority have the form of sweet cheeses
with fruit and other confectionery additives. High-temperature processing of the milk
mixture during the preparation of cottage cheese largely ensures the guarantee of sanitary
indicators, extends the shelf life of the product. On the other hand, such technology
practically destroys microflora, which may contain useful microflora and, first of all,
microflora with probiotic properties. Microbiological indicators of cottage cheese in
relation to extraneous microflora should correspond to the values given in Table 1.

Table 1 — Microbiological indicators of cottage cheese

The name of the indicator The norm at the end of the
expiration date
Coliforms, in 0,01 g not allowed
S. aureus, in 0,1 g not allowed
Pathogenic microorganisms, including salmonella, in 25 g not allowed
Yeast, CFU/g, no more 100
Mold, CFU/g, no more 50

The curd mass can be obtained with a different mass fraction of fat and at humidity
(66 + 1) % can contain up to 13 % proteins in its composition. This is almost half of all
dry substances in the finished product. Enriching the curd mass with useful microflora
will allow you to obtain a product that has a number of valuable properties, both in terms
of its nutritional value and in terms of the availability of functional properties in relation
to probiotic indicators. Based on modern requirements, a product belonging to the group
of therapeutic and prophylactic products should contain a therapeutically significant
amount of useful probiotic microflora (dose) in its composition. It is expressed by the
number of colony-forming microorganisms in 1 gram of the product. This value varies
depending on the type of microorganisms from 105 to 107 CFU/g.

Such a number of microflora can be obtained by adding the necessary amount
to the product. Using a concentrate of microorganisms (starter culture) containing
108 CFU/g, it is possible to obtain a product with probiotic properties. Such a product
can be used for daily use, with virtually no age restrictions. The technology of production
of such a product at the first stage can represent the usual sequence of operations for
the preparation of curd mass with the specified parameters. After cooling, it can be
combined with the necessary amount of bacterial preparation. To ensure the number
of microflora in the product at the level of 106 CFU/g, it is necessary to add about 1 %
of the pharmaceutical preparation. Such technology can be implemented on the serial
equipment available at the dairy factory.

It may be of interest that several products can be made from one production of curd
mass by adding various probiotics and flavor enhancers of natural origin. Such flavor
enriching agents can be fruit juices and their concentrates. In some cases, it is possible to
combine both probiotics and flavor enhancers. At the same time, the compatibility of the
components should be taken into account, since the habitat has a great influence on the
preservation of microflora (acidity, the presence of inhibitors, mineral composition, etc.).
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The technology of cottage cheese products has been sufficiently developed and is
widely used, but, as mentioned earlier, the range of probiotic products is very poor.
And therefore, the problem of enriching cottage cheese products requires a solution.
Its solution should begin with the creation of a product containing living microflora.
At the first stage, this will make it possible to study the features of such production,
identify the vulnerabilities of the technology and formulate specific requirements for the
production technology of a product containing useful microflora. You can start working
with the use of microflora containing propionic acid bacteria (PAB). These bacteria
are producers of vitamin B12, which is necessary for the vital activity of the body [8,
9]. The presence of such microflora enriches the taste range of the product and at the
same time does not increase the acidity during storage.

Propionic acid bacteria (PAB) have a variety of practical applications. Therefore,
the biology of the PAB is under the constant «sight» of specialists of different profiles.
The international thematic symposium «Propionibacteriay is regularly held. In various
studies, considerable attention has been paid to the role of cobalt and cobalamin (true
vitamin B12) in the biosynthesis of corrinoids, compounds of the vitamin B12 group.
Propionic acid bacteria are used to enrich fermented milk products with vitamin B12,
both in pure form and in the form of a concentrate prepared on whey [10].

The approximate composition of such a product is presented in Table 2.

Table 2 — The content of the main components and the energy value of the curd product

Indicators Content in the curd product

Mass fraction of dry substances, % 33,0
Mass fraction of fat, %, 2,0

Mass fraction of carbohydrates, %, 10,0
Mass fraction of protein, %, not less 13,0
Mass fraction of carotenoids, mg/100 g, not less 0,27
Mass fraction of minerals, % 2,8

Vitamin E, mg /100 g, not less 1,81
Vitamin C, mg /100 g, not less 5,32
Vitamin B1, mg /100 g, not less 0,09
Vitamin B2, mg /100 g, not less 0,22
Vitamin B6, mg /100 g, not less 0,12
Energy value, kcal per 100 g of product 107,5

The number of propionic acid bacteria in the product is not less than 106 CFU/g.
The shelf life of the product is 72 hours (3 days).

Conclusions

One of the directions of enriching food products, including cottage cheese, is the
use of sourdough, which includes propionic acid microorganisms.

Propionic acid bacteria (PAB) have a variety of practical applications. Therefore,
the biology of the PAB is under the constant «sight» of specialists of different profiles.
The international thematic symposium «Propionibacteria» is regularly held. In various
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studies, considerable attention has been paid to the role of cobalt and cobalamin (true
vitamin B12) in the biosynthesis of corrinoids, compounds of the vitamin B12 group.

The presence of such a curd product on the shelves of stores will reveal the interest
of customers and choose the direction of further development of the production of
therapeutic and preventive products.
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IMPOBJIOTTBIK KACUETTEPI AP
CY3BE OHAIPY TEXHOJIOTUAJIAPBI

Maxanada cy3deni npobuomuxanvlx 0aKblIOapMen Oaivimyeaa epexuie Hazap
ayoapuinaovl. Cyz6edeci npoOUOMUKAIbIK MUKDOOPSAHUSMOED KYPAMbBIHbIY eMOIK
ManvI30bl OeHeelii OHblY QYHKYUOHATObIK MAKCAmbIH aHblKmaiiovl. Kaszipei yaxvimma
NPOOUOMUKATBIK,  MUKPOOpeaHusmoepi oap cy3be euimoepi cayda Hcenicinoe
JHCEMKINIKCI3  YCHIHbLIZAH, Oyl OCLIHOAU 6HIMOep celicin o3ipaey OOoublHua
ablIblMU  3epmmeynep ocypeizyoi  ezexmenodipedi. Cy30eHi nponuoH KblUKbLIbL
baxmepusiapviMer  Oaibimyovl MAROay NAMO2EHOIK JHCOHe ONNOPMYHUCIK
MUKDOPDIOPAHBIY OAMYbIH TENCEUMIH aHma2oHUCMIK Kacuemmepze OailaHbICTNb.
Onapoviy maevl 6ip mManwl30bl epekutenici — B12 eumamunin wwizapy xabinemi,
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YCOBEPLUEHCTBOBAHUE TEXHOJIO MU MOCJIEYEOPOYHOU

INMEPEPABOTKU KYKYPY3bl C PABPABOTKOU UHHOBALJMOHHOIO

MOJIOTUIIbHOIO YCTPOUCTBA

01 2eMON0330i pemmeyze Kamuvlcadvl, IpUmMpoyummepoiy OY3vlIVblHA HCOHE K]
aa3anapobiy MAati 0Y3bl1YbIHA JHCO DepMeliol, COHbIMEH Kamap JHcytiKe maaublKmapoit
MUenun KabvizblMer dcabyovl Kammamacwels emedi. Maxanaoa Oaivii OHIMHIH
MUKPOOUOTOSUATBIK, JICOHE (PUBUKA-XUMUALLIK KACUEMMEPIH, COHOQU-aK dHepeus
MaKcammapviu Kaxcem ememinoepoi 3epmme)y Homuoicenepi bepineen.

Tyuinoi ce30ep: cyzdede, npoOUOMUKATBIK MUKDOOPESAHUBMOED, PYHKYUOHATObIK
Mamaxmany, Muxpoguopa.

*A. A. Maiiopoe
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Poccuiickas ®@enepanus, r. bapnayi.

Marepuan noctynuin B pegaxkuuio 17.03.22.

TEXHOJIOI'MHU ITPOU3BOJICTBA TBOPOT'A
C MIPOBMOTUYECKUSAMHU CBOUCTBAMHU

B cmamve ocoboe eumumanue  yoeisiemcs — obozaujenuro  meopoza
npobuomuyeckumu Kyiomypamu. Tepanesmuiecku 3HaUUMbll YPOBEHb COOEPHCAHUSL
NPOOUOMUYECKUX MUKPOOPSAHUIMOS8 8 ThBOpO2e Onpeodeisiem e20 (YHKYUOHATbHOE
HaszHaueHue. B nacmosuee epems meopodicHvie NPOOYKMvl ¢ NPOOUOMUYECKUMU
MUKPOOP2AHUSMAMU  HEOOCMAMOYHO NpeoCcmasiensl 8 MOop2080l Cemu, Ymo
aKmyanusupyem nposedeHe HAYYHbIX UCCAe008anull no paspabomxe IUHENKU
maxou npodyxyuu. Buibop oboeawenis meopoea nponuoHoBOKUCIBIMU OAKmMepusmu
00yco61en  AHMA2OHUCMUYECKUMU —CBOUCMBAMU, KOMOPblE BbIPANCAIOMCA 8
NOOABNEeHUU DPA3BUMUSL NAMOLEHHOU U YCI08HO-NAMO2eHHOU Mukpogropsl. Ewue
OOHOU  BAJICHOU UX OCOOEHHOCMbIO SGIAeMCsl CHOCOOHOCMb  8bIPAOAMBIEAMD
sumamun B12, komopuiii yuacmeyem 6 pe2yayuu Kposemeopenus, npedomspauidem
paspywierie spumpoyumos u JHCUpogyio 0e2eHepayuro GHYMpeHHUX OpeaHos, a
makace obecneuugaem MNOKPbIMUE HEPEHbIX BOIOKOH MUETUHOBOU 000I0UKOLL.
B cmamve npeocmaenenvi pezyrvmamuvl UCCI€008AHUN MUKPOOUOIOSUHECKUX U
DUBUKO-XUMUYECKUX CBOLICE 20M08020 NPOOYKMA, d MAaKdice mex, KOmopbwle
mpebyIom dHepeemu4ecKux yeel.

Kniouesvie  cnoséa: 6 meopoce, npobuomuueckue - MUKPOOPSAHUZMYL,
@yHryuonanvHoe numanue, MUKpog.iopa.

114

O0HO u3 6edywux mecm cpeou 3epHOBbIX U KOPMOBbIX KVIbMYp 3aHuMaem
KVKypy3a. M3 nee npouszeoosm okono 3500 6uoos npodykyuu. dma Kyavmypa umeem
OonvbULOe 3HAUeHUe KAK 8bICOKO dHEP2eMUYecKull KOpm OJis 8cex 8UO08 HCUBOMHBIX U
nmuy. B npoyecce npouzso0cmea 3epHa KyKypy3bl Hauboiee mpyooemMKuM sA6aaemcs
coop ypoowcas — 60..80 % om obwux mpyodozampam. B nocneonee naubonee
MpPYOOeMKUM IMANoM cOOpa KyKypy3vl SGIAEMcs 0OMOIOM HOYAMKO8, KAYECEo
KOMOPO20 Xapaxmepu3syemcsi 08yMs OCHOBHbIMU NOKA3ATNENSIMU — MPABMUPOBAHUEM
3epHA U HeOOMOLOMOM NOYAMKOS.

Ha oannviii momenm paspabomaro 60avuLoe KOIUYECmeo MOIOMULOK PA3TUYHBIX
no ApUHYURAM U MexHorocuueckumu cxemamu obmonoma. Cywecmeayiowue
MOTOMUTKY  UMEIOM  OONBULYIO NPOU3BOOUMENLHOCMb U NPEOHASHAYEHbl O
00MONOMA 3HAYUMETLHBIX 00bEMO8 NOYamK08 KyKypy3vl. OOHako & cmpykmype
BLIPAWUBANUS KYKYPY3bl 3HAYUMENbHOE MECmO 3aHUMAalm Hebobuile Nocegvl 6
yacmuom cekmope. Ilocie cbopa nouamkog KyKypy3vl Ux 0OMOIAYUBAION 8PYUHYIO
WU U320MABIUBAIOM PASHOOOPA3HBIE pYUHbIE U MexaHuueckue moromuaku. Kpome
moeo, 6 Hacmosyee 8pems, K020a euje HeOOCMAamouHo U3yuena puuueckas npupooa
npoyecca 0OMONOMA MOLOMUIKAMU KYKYPY3bl U HEOOCMAMOUYHO paspabomaua
ux meopus, pacnpeoeieHue MOJOMULIOK NO HPUHYUNY O0OMOAOMA YOapoM Uiy
nepemupanuem s61Aemcst He NOJIHbIM.

B céa3u c omum 6 cmamuve 060cHo8ana KOHCMPYKMUBHO-MEXHOIOSULECKAS CXeMa
Mano2abapumuol MOIOMUIKYU, obecneyusaiowel 00MoI0m NoYamKo8 KyKypy3vl 6
obepmie npu MUHUMATbHOM MPAGMUPOSaHuU 3epen. B pezyiomame meopemuieckux
UCCIe008anull  YCIMAHOGACHbl  PAYUOHANbHBIE — 3HAYEHUS  KOHCHPYKMUBHO-
MEXHOIOSUYECKUX Napamempos paspadomaHHo20 MONOMUILHO20 YCMPOUCMEA:
enaxcuocmo noyamxos 12...22 %, wacmoma epawjerust MOIOMUIbHO20 bapabana
300...400 mun'; svicoma 3yoves 12...18 mm; wae 3y60e8 3...8 mm.

Kniouesvie cnosa: Kykypyza, nouamox, MOLOMUIKA, O0OMOIOM, CeMeHd,
mpasmuposanue, d¢h@exmueHocmo.

BBenenune

O06paboTka MOYaTKOB CEMEHHOM KyKypy3bl ITocjie yOOPKH OJTHA U3 BaKHEHUIIHX U

JYHEPreTUYECKUX OIEepaLUil.
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B texHomorusx mociney0opodHoil 00pabOTKH ypoxKas KyKypy3bl Haubolee
Ba)KHBIE U SHEPrOEMKUE — OYMCTKA U OOMOJIOT TOYATKOB. AHAIMTUUECKUE MaTepuasbl
CBUICTENBCTBYIOT 00 OTCYTCTBUH B HACTOSAIIIEE BPEMsI MAILIKH, 00ECTICUYMBAIOIIIX OOMOJIOT
MIOYATKOB KyKypy3bl B 00€pTKe ¢ COOMIOEHHEM NPEeIbBIAEMbIX TpeOoBaHUi [2].

W3BecTHBIC HAa JaHHBIH MOMEHT KOHCTPYKIMM KYKYPY3HBIX MOJOTHIOK
XapaKTEepPU3YIOTCS BBICOKON 3HEPrOEMKOCTHIO, UMEIOT HU3KU IPOU3BOAUTEIHLHOCTD U
3 PEeKTUBHOCTHIO COPTUPOBAHUS KOHEYHOT'O MPOTyKTa Ha (hpakiwu. [TpuHimm ux paGoTs!
OCHOBaH Ha C)KaTHU 3€PEH, YTO CONPOBOXKIAETCA UX TpaBMHpoBaHHEeM. Kpome Toro,
MOJIOTHJIbHBIE YCTPOICTBA HE CIOCOOHBI 0OMOJIAUUBATh MOYATKH KYKYpPYy3bl B 00EpTKE.

Kaxk u3BecTHO, TpaBMUPOBAHHBIN CEMEHHOW MaTepuajl CHUXKAET ypOXKanHOCTb
CEJIbCKOXO35IMCTBEHHBIX KYJIbTYpP, BCIEICTBUE YETr0 UMEET MECTO 3HAUMTEJIbHbIN
He000p 3epHa. Kak ciencTBue — cyiiecTBeHHbIE TOTEPH BCETO 36pHOBOTO IPOU3BOICTBA
Poccuu [1; 5; 6;9; 10; 11; 21].

Cnenyer OTMETUTbh, YTO TPAaBMUPOBAHHUE CEMSIH 0CO00 3aMETHO BIHUSET Ha
YPOXXKaHOCTh B XOJOJHBIC U BJIAXKHBIE BECEHHHE NEPUOJIbI, KOTOPHIE XapaKTEePHbI
it CeBepo-KaBKa3CKOIO PETMOHA, SBIISIONIEIHCS OCHOBHBIM NMPOU3BOAUTEIEM CEMSH
KYKYypY3bl.

MarepuaJjbl 1 METOABI

B cBsI3U C M3J0KEHHBIM, YCOBEPLICHCTBOBAHHE TEXHOJIOTUU MOCIEYOOPOUHOI
nepepaboTKU KyKypy3bl ¢ pa3padOTKO HHHOBAIIMOHHOTO MOJIOTHJIBHOTO YCTPOMCTBA,
MO3BOJIAIOIIETO 00OMOJIaYMBaTh MOYATKU KYKYpy3bl B 00€pTKE C MUHMMAaJIbHBIM
TPaBMHUPOBAHUEM CEMSH SBIISCTCS aKTyalbHOM.

[Ipunuun paboThl U3BECTHBIX YCTPOWCTB Jisi 0OMOJIOTA ypoKasi KyKypy3bl
3aKJII0YAETCs B TOM, YTO MIPOUCXOJUT 3aTATMBAaHUE B paboyee MPOCTPAHCTBO MEXKIY
O6apabaHOM M J€KOH, U OJTHOBPEMEHHOE €€ CKaTue, KOTOPOE COMPOBOXKIAETCS
TPaBMHUPOBAHUEM 3E€PEH, B PE3yJIbTATE YETO CHMUXKAETCA UX BCXOXKeCTh [4; 12; 15; 18].

HakonneHHBIH ONBIT MOKa3bIBAE€T, YTO BaJbIOBBIE MOJIOTHIKH Oojee
11€JIeCO00Pa3HO MCII0JIb30BATh B MPOIIECCE CEJIEKIIUU U IIEPBUYHOTO CEMEHOBO/ICTBA.
OnHako 3TH MOJIOTUIIKUA HE CIIOCOOHBI 0OMOJIaYMBaTh MOYATKH KyKYypY3bl B 00epTKe
[3;7;13; 14; 16; 17].

W3 ananu3a crnoco6oB, yCTPOHCTB U pabo4YMX OpraHOB IPOOMIIOK MOYATKOB
KyKypY3bl U HAyYHBIX TPY/JIOB YUEHBIX OBLIO yCTAaHOBJICHO, YTO BIUSHUE KOHCTPYKLIUU
pabouyux OpPraHoB MOJIOTHJIKH Ha MPOU3BOAUTEIBHOCTH, 3aTPaThl MOIIHOCTU Ha
00MOJIOT, a TaKKe KayecTBO OOMOJIOYEHHOTO 3epHa M M3Y4YEHHs UX HEJOCTATOYHO.
[TosTOMy BO3HHKIIA HEOOXOAUMOCTH JINOO MOAEPHUBAIINH CYIIECTBYIOIINX MOJIOTHJIIOK,
1100 pa3pabOTKU HOBBIX KOHCTPYKIMH, a TAKKE ONTHMH3ALUN X T€OMETPUUECKUX
apaMeTPOB U PEKUMOB IKCILTyaTaIHH.

B cBs3M ¢ BBIIIEHU3I0KEHHBIM, BBIJIBUHYTAa Hay4yHas THIIOTE3a: IMOBBIIICHUE
KayecTBa 0OMOJIOTa KYKYpY3HBIX IMOYaTKOB MOKHO JOCTHYb IIyTE€M OIpeaelIeHUs
OINTHMAJIbHBIX TAPAMETPOB U PEKUMOB 3KCILTyaTallui MAIIOTa0apUTHOTO MOJIOTHIIEHOT'O
YCTPOHCTBA, 00ECIIEUNBAIOIIETO BbIJIABIMBAHUE 3€PEH KyKYPY3bl U3 MIOYAaTKa CHIIAMHU
TPEHUSI MEKAY MOYaTKaMU M HHEPLMOHHBIMU CHJIAMH.
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Pe3yJabTaThl M 00CYKIeHHE
[Mpeanaraemasi MOJIOTHIIKA TIPEICTABIICHA Ha puC. 1.

Pucynok 1 — Cxema MOJIOTHIIKH:

1 — crolika; 2 — ocHOBaHue; 3 — nepemMbluka; 4 — IpUBOA; 5 — MyJIbT YIIPaBJICHMUS;
6 — BaJ pUBOJA; 7 — IIKKUB BEAYIIHA; 8 — BEHTWIATOP; 9 — My(dra; 10 — pemeHHas
nepeaaya; 11 — mkuB BegoMbid; 12 — Bai; 13 — MOAMIMUITHUKOBBIN y3€IT;

14 — obmomnaunBaromuii 6apabdan; 15 — numuHApUUecKuii OapadaH;

16, 20, 21 —3y0bs1; 17 —ctepxkenb; 18, 19 — maser; 22 — BeIpe3

VYcnoBHO paznenuM mporecc ooMonora Ha Tpu ¢assl. [lepBas daza — 3arpyska
MIOYaTKOB B IIPHEMHBIN OyHKep. Bropast ¢a3a— moyaTku pacrosaratoTcst Ha IOBEpXHOCTH
JIFICKa MOJIOTHJIBHOTO anmapara. B Tedenue 31oii pa3pl mpoucxo it 0OMOJIOT TOYaTKOB.
B xoHI1e 3101 (ha3bl 00MOTOYSHHBIN MaTepHall IOJaeTcs Ha BRITPY3KY. TpeThs (aza —
00MOJIOUEHHBII MaTeprall BEITPYKAETCS U3 MOJIOTUIILHOTO YCTPOICTBA.

B xoze BTopoii pazsl (puc. 2) moyaTK, KOTOphIe HOCTYIHIIA Ha TUCK MOJIOTHIIEHOTO
anmapara B pe3yJjbTaTe JeHCTBHUS LEHTPOOEKHBIX CHUJI, 3AMOJHSIIOT MOJOCTh
LWIMHIpUYECKOro OapabaHa.
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Pucynok 2 — [Iponecc ABMKEeHUs oYaTKa Mo MOBEPXHOCTU JUCKA

B nanHOM ciydae mporiecc 00MOJIOTa HE 3aBUCUT OT B3aMMHOTO PACIIOIOKCHHUS
MOYaTKOB. /[onyCTHUM, 4TO ITOYATOK NMOAAETCS HA JUCK, KOTOPBII HE UMEET HAaYaJIbHON
ckopoctu. Torma ABrkeHue nmovyarka OyJeT MpOUCXOIUTh MO IEHCTBUEM CUJT TPCHHUS
F ¥ IEHTPOOEKHBIX CHUIT P

F=fmg (1)

R =m Ua)z (2)

rae, /i — KooQGUIMEHT TPEHUS B CUCTEME «3E€PHO-IMCKY;
m —Macca I04aTka, Kr;
€ — YCKOpPEHHE CUJIBI TSHDKECTH, M/C?;
7, — paCCTOSTHHE MEXTy IICHTPOM JMCKa ¥ TOYKOH KOHTAKTa IT0YaTKa C JJUCKOM, M;
@ — yTIIOBasi CKOPOCTh BpaIlleHHs TUCKa, c-1.

VYpaBHEeHHE paBHOBECHs TOUKH M, TaKOBO:

P-F=0 3)

VYuutsiBas Beipakenus (1) u (2) u3 ypaBHeHus (3) umeeM:
mr,o*—f mg=0 4)

Ortcrona yrioBasi CKOPOCTh BpallleHHsI Iucka OyJeT paBHa:

o= |18 5)

r

o
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C y4yeTom TOro, 4TO

(6)

MMOJIy4YHM 3aBUCHUMOCTD JJIA pacu€Ta MUHHUMAJIBHOI'O YHUCJlIa O60pOTOB JHUCKa:

(7)

[Ipu npeBbIlIeHUN 3TOrO 3HAYEHUsI IOYaTKU OYyIyT MepeMeIiaTbcs MOBEPXHOCTH
JIMCKa 110 TPACKTOPUH, UMEIOLLeH cripanesuHyo Gopmy S . [Tocne Berpeun nmovarka
¢ 3y0OOM BO3MO>KHBI /IBa BapUaHTa: MJIM [TOYATOK JIBHXKETCS BJIOJIb 3y0a, MIIH IPOUCXOIUT
YOPYTUi yjiap. 9T BapUaHThI ONPEAEIISAIOTCS BETUYMHOMN YITIOBOM CKOPOCTH IUCKA U
(bU3UKO-MEXaHUYECKUMHU CBOMCTBaMH modatka [8; 19; 20].

Ha nouartoxk, 1BH>KyIIUICS 110 IOBEPXHOCTH JUCKA, IEUCTBYIOT CIEAYIOIIAE CUIIbI

(puc. 3):
- TSDKECTH:
G=mg (®)
- IGHTPOOEIKHAS
P =mre’ 9)
- TPEHHUSL:
F=fmg (10)
- Kopuomnuca:
F =2moV, (11)

rie, Vr — CKOPOCTb OTHOCHUTCJIIBHOI'O ABMIXXCHHUS I10YAaTKa, Mm/c.

PI/IcyHOK 3 —Cxema ﬂeﬁCTBYIOHlHX Ha Imo4aToK CHJI
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JIBr>KeHHeE [ToYaTKa B HalpaBJIeHUH 3yObeB Oy1eT OMUChIBAaThCS U (HhepeHITATEHBIM
ypaBHEHHEM BUA:

mé=P, —F-F, (12)

VYyuuteiBas Beipakenus (9), (10) u (11), umeem:

(13)
501041
E=ro’ - f,g-2wé (14)
C y4yeTom TOrO, 4TO
r=ge+r, (15)
rae, & — MyTh MOYaTKa BIOJb 3yObEB, M,
MOXXHO 3aIlncarhb.
(16)
501041
E=0’c+a’r, - f,g - 2f,0é (17)
501050
E+2fwé—we=wr, — fg (18)

XapaKTepUCTUYECKOE YPABHEHME JIEBOM YaCTH JIMHEMHOIO HEOJHOPOJHOIO
ypaBHEHHUs BTOporo nopsaka (18) umeer Bua:

(19)

KOpHHMI/I ABJIAIOTCA 3HAUCHU, PACCYUTBIBACMBIC 110 BBIPAKCHUAM:

A =oli+ 17 - 1)) (20)
2 =—alfT+ 7+ 1) @)

Taxum o6pazom, ob6mM pemeHreM ypaBHeHus (18) TakoBo:
g=Ce" +Ce™ (22)

rae, C;, u C, — Ipou3BONIbHbIE MOCTOSHHBIE.
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YacTHoe pemeHne qudQepeHIaIbHOro YpaBHEHHs ONPENSIUTCS P & = B ¢
yaetom Toro, uto € =0 u & = 0. Umeem:

w’B=r,0’ - fig (23)
N3 (23) umeem:
B=r, —fl—‘zg (24)
a

Torna ¢ yuerom (24) nuddepennuanpaoe ypapHenue (18) nepenuiiem B BUje:

Sig (25)
(4

g=Ce" +Ce™ +r —

flg 1 Mt Aot
=S — (e —2e™)|-1 26
g (0)2 ro 242 11( 26 le ) ( )

Takum 00pa3om, CKOPOCTh OTHOCUTEIBHOTO JIBI)KCHHS IMOYaTKa BIOJIb 3yObEB
MOJIOTHJIBHOTO amnrmapara OyJ1eT paBHa:

é = Vr :(fl—;g—lf'oj —21/12 (el‘t —6/12[)
0] A, =4 (27)

HpI/I NEPpCMCIICHNUUN TMOYAaTKOB IO CCKTOPAM K KpasdM MOJIOTWJIBHOI'O allrapara,
OHHU TIpU COIIPUKOCHOBCHHUH C 3y6LSIMI/I nepeMCIIa0TCA BBEPX, ONPOKUABIBAIOTCA,
BCJICACTBUC UCT'O IPOUCXOJUT 3AIMOJIHCHUEC ITPOCTPAHCTBA MCIKAY 3allIUTHBIM KOKYXOM
" anrmapaToMm.

OOMoII0T OCYHICCTBIIACTCA B pE3YJILTATC TOI'O, UTO [MOYATKH COBCPIIAIOT CJIOKHOC
JBIDKEHHE MOJ BO3JCHCTBUEM CHII TPCHUSA U CUJI, BOBHUKAIOMIUX TIPHU UX B3aMMHOM
3alCIIJICHUH. KpOMC TOr'0, MOYATKHU MMOBOPAYMUBAIOTCA BOKPYT CBOEH ocH H 3y6BeB

(puc. 4).
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Pucyhnok 4 — Cxema AeHCTBYIOIUX CHJI IPU OOMOJIOTE ITOYATKOB

B nporecce 06MONIOTa BO3HUKAIOT CHlbl 1] 1 B, paBHBIE:
P =F+F, (28)

P,=P+G (29)

Pa3pymienue 3epHOBOI HOXKU MIPOU3OHAET MPHU COOIIOICHUH YCIOBHUS:

(30)

D dexTHBHOCTE 00MOJIOTA TOYATKOB OMPEIEIIAETCS HANPaBICHUEM IIEHTPOOESIKHOM
CWJIBI, IPUYEM, YEM OHHM OJIMXKEe K Kparo Jucka, TeM Oosbiue ee BausHue [20]. B
cily4ae JeWCTBUS LIEHTPOOEKHOM CHIIBI BBIIIE LIEHTpa MoYyaTKa, Ipouecc oOMoioTa
CYILLIECTBEHHO MHTEHCU(PUIIUPYETCSI, YTO UMEEM MECTO IPU YCIOBUH:

r,<a<d, (31)

rae, ¥, u d, — COOTBETCTBEHHO, PaJIUyC M AUAMETP [0YaTKa, M.

OOpyI111eHHBIE 3epPHA BBICHINAIOTCS Yepe3 LIeb MEKAY AUCKOM U LIMJIMHAPHYECKUM
O0apabaHOM U IO BBITPY3HOMY KeJ00y MOCTYyHaloT Ha JalbHEUITyr0 00paboTKy, a
CTEp>KHU Yepe3 BhIMPY3HOE OKHO yJasitoTCs U3 anmnapara (puc. 5). [Ipu aTom crepixeHb
Maccoi m JABUXKETCS BOJ IeHCTBUEM CHIIBI TsKeCTH G 1 CHIIBI COITPOTUBIIEHUS BO3/lyXa
R, 1o ypaBHEHHUIO:

mX =-R (X) (32)
Cuna R paBHa:
R =kZLF(x) (33)
g

rze, k — KoapPUIHMEHT CONPOTUBIICHNS BO3AYXa;
¥ — YACJTbHBIN BeC BO3/lyXa, KI/M?;
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F —MuzeneBo ceueHue CTepKHs, KOTOPOE PaBHO:

7Zd2
F=—= (34)
4
e, d,. — AMameTp cTepiKHs, M.
Pucynok 5 — Cxema K yCTaHOBJIEHUIO TaJIbHOCTH TI0JIETa CTEPKHSI

U3 ypaBHenus (32) umeem:

, (35)
rae, k, — KO3 PHUIHMEHT MapyCHOCTH:

(36)

PemuMm ypaBHenue (35) MeTOIOM MOHMKEHUS ero nopsaka. J{is 3Toro npuMem

X =V .Borom ClIydae:
(37)

IToacrasus (37) B (35), momyunm:

50048

(38)
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Paznensem nepeMeHHbIe:

39)
Pesynbrar unterpupoBanus ypasuenue (39):
WIn ’
, (40)
rae, C, — mpou3BosIbHAs IOCTOSHHASL.
[Totenuupys (40), momyunm:
V=Ce. (41)

Hocrosiunas C, onpenenurcst ¢ yuerom toro, uto npu X = 0 ckopocTs crepikHs
V' =V . Taxum 06pa3oM, ypaBHEHHE MOJIETA CTEPIKHS B OKOHYATENIBHOM BUJIE TAKOBO:

V=Ve"* (42)

OmnpeiennM JanbHOCTB rosieta crepskns X . [l oToro 3anunieM ypaBHeHue (42)
B cleAyromien gpopme:

I
(43)
B pe3yibTaTe HHTErPUPOBAHUS HMEEM:
1
—e" =V 1+ C, (44)
k, ’
rae, C, — IPOU3BOIbHAS TIOCTOSHHASL.
TMocrosuuas C, onpexeurcanpn [ =0 u X =0:
1
C = k_ (45)
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VYuursiBas (45), ypaBHeHue (44) 3anuiuercs B BUAE:

L ghr = Vit L (46)
k k -

n n
OCYIJ.IGCTBI/IB HCKOTOPBIC npeo6pa30BaHI/1;1, OTCHOJIa TOJIYUUM:

(47)

Bripaxenue (47) mo3BOJISIET MOJTYYUTh YpaBHEHUE JAIIBHOCTH TIOJIETAa CTEPIKHS:

(48)

HpeHe6pera51 COIIPOTHUBJICHHUEM BO31yXa, BpEMs IMAICHUS CTCPIKHSA 6y,Z[CT paBHO:

t= |— (49)
rac, h — BBICOTA MMAaACHUA CTCPIKHSA, M.

C y4derom 3TOro, ypaBHEHHE JAJIbHOCTH I10JIETA CTEPHKHS MPUMET BUJ:

(50)

3epHO KyKypy3bl MOKHO CUMTaTh HE BIOJHE yHpyrum Tenom [19, 20], moatomy
MaKCHMAaJIbHYIO CUJTY €ro yapa o 3yObs MOKHO pacCYUTATh MO BHIPAKEHUIO:

(1)

rae, PyH u P — CHIIBI, COOTBETCTBEHHO, yIPYTOM U IIIaCTUYECKOM nepopmaruu, H.

’

Hcnonp3ys nomysMnuprudeckie METOIbI OLIEHKU CHITBI yJIapa U YUUTHIBAst BBICOKHE
YIPYTrue CBOMCTBA KYKYPY3HBIX 3€PEH, CHJIOW IJIACTHYECKOU aedopMaIiiu MOXKHO
npeHedpeusb. C y4eToM 3TOTr0, 3aBUCUMOCTH (51) mepenuiercs B BUE:

(52)

b

rae, (P — ynpyro-reoMeTpuideckuii Ko3ppuuueHT, paBHbIA.

"R

(33)
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rae, E v E, — MOIyJH ypyrocTH, COOTBETCTBEHHO, 3€pHa U MaTepuaia 3y0a, Ila;

Hi g M2 — xorpdunuents [lyaccoHa, COOTBETCTBEHHO, 3epHA M MaTepHaa 3y0a;
ZK — CyMMapHas KPHBH3HA B OKPECTHOCTH KOHTAaKTa 3epHa  3y0a, M;

k — xosdduument, onpenensemMpiii GU3NKO-MEXaHHYECKMMHU CBOMCTBAMM 3€PHA;
— TJIaBHBIE PaInyChl KPUBU3HBI 3€PHA, M.

Taxum oGpa3om, MakcuMasbHas cujia yaapa OyJeT paBHa:

(54)

rae, B, — mupuHa 3epHa, M;

a u ) —xo3pdunuentsl, onpeaensemble pU3NKO-MeXaHHUECKUMH CBOWCTBAMH
3epHa.
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Marepuan noctynuin B peaakimio 17.03.22.

*3. JI. Xarememoesa', 1O. A. Illexuxaueé?®, JI. M. Xaxxcmemoé®, JI. 3. Illakuxaueea’
1234KabapanHo-bankap MEMIICKETTIK arpapiiblK yHUBEPCHUTETI,

Peceit denepanuscel, Hanpuuk K.

Marepuan 6acnara 17.03.22 Tycri.

KAHAJIBIK BACKAPY KYPBIUIFBIHBIH O3IPJIEY APKbBIJIbI
JKYT'EPI JACTBIFbIH OPBIHJIAH KEWIH OHJEY
TEXHOJIOTI'UACBIH XKXETIJIAIPY

JloH0i dicone scemuton OaKblIOapbliHbly APACbIHOA JcemeKuli OpbiHOapobly Oipi-
arcyeepi. Ooan 3500-2e sncyvix onim myprepi ondipinedi. Byn modenuem dicanyapaap
MeH KycmapOvly 6apivlk mypaepi Yulin d#o2apbl IHEPSEMUKANbIK JHceM peminoe
yaKeH manwizea ue. JKyzepi 0oHiH 6HOIpY npoyecinoe e2in dcuHay Kon yaxulimmol
anaovi-60.. XKamnwr enbex wwizbinoapuinvly 80%. CoHebl yaxblmma dicyeepini
HCUHAYOBIH eH KON YAKbIMMbl Kadicem ememin Ke3eni-KyaaKxmapovl Oacmuipy, OHbIH
canacwl exi Hezi3el KOpCemKiner Cunammanaobl — ACMbIKMblY 3AKbIMOAHYbL JHCOHE
KYIaKmapobvly O0IMaybl.

Kasipei yaxweimma 6acmuipy npunyunmepi MeH MeXHOIOSUANBIK CXEMANAPbl
botiviHwa spmypii 6acmulp2blutmapobly YIKeH caubl dcacanovl. Kondaumvicmaewl
bacmulpaviiumap  yIKeH OHIMOINIKKe ue JicoHe Jicyz2epiniy e0ayip KelemiH
bacmuipyea apuanzan. Anaiioa, dcyzepi ocipy KypolIbIMbIHOA JceKe CeKmopoazvl
wasvli 0aKbLIOAp Mauwli30bl OpblH anaovl. JKyeepiniy Kyiakmapvli HCUHA2AHHAH
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KeliH onap KoIMeH bacmuipbliadbl Hemece opmypii KOAMEH JHCOHE MEeXAHUKANbIK CTPOUTEIJIbLCTBO

bacmuipavruumap sicacanadvi. CoHviMen Kamap, Kasipei yaxvlmma jcy2epi bacmuvipy

NPOYeCiHiy PUUKATLIK MAOU2amMbl 9L HCEMKINIKMI 3ePMMEIME2eH HCOHE ONAPOLIH MPHTHU 67.09.33

MeopusCybl HCEMKINIKCI3 0aMblean Ke3oe, 0acmulpabliimapobl COKKbIMEH Hemece

yeimymen bacmulpy npuHyuni 6oubiHwa 661y MoIbIK emMec. https://doi.ore/10.48081/VYTHS5824

Ocvlean batiianblcmpl, MAKAIA0A OSHOT MUHUMATIObL HCAPAKAMNEH OPAYbIUMA
arcyeepi  Kynakmapolh  6acmulpyobl  KAMMAMACHL3 ememin wazvli  2abapummi
bacmuip2blumolyy  KypbliblMObIK JCOHE MEXHOIOSUSIbIK CXEeMACbl He2i30e2eH.
Teopusinvlx 3epmmeynep HOMuUdNCECIHOe d3ipNeHeeH 6ACmblpy Kypbli2blCbIHbIH

*[]. B. Bnadumupoe’, J1. J1. Bynbiea? B. I'. Hukughopoea®,
A. A. Axmemoea*, N. MeHeHOec lMudan®

KYPbUILIMObIK-MEXHOIOSUSIbIK, NAPAMEMPIePiHiy YMbIMObl MOHOepi 6enineHoi: "**4Topaiireipos yHusepcutet, Pecriy6mnuka Kazaxcran, r. [laBnonap;
CcOObIKMapovly vineanoviiviebl 12...22 %; bacmuipy 6apadanvinbly AUHALY HCUiniel *Ilonurexnuueckuil yausepcurer, Mcnanus, r. Mazgpun
300...400 mun-1; micmepoiy ouixmiei 12...18 mm,; micmepoiy kadamol 3...8 mm..
Kinmmi co30ep: scyzepi, kKynak, bacmoipavliu, bacmuipavlid, MYKbIM, dHCAPaAKam, SIYEUCTbIA BETOH HA OCHOBE 30J1bl 3KUBACTY3CKOWU rP3C-2
MUIMOLNIK.
%7, Khazhmetova', Yu. Shekikhachev?, L. Khazhmetov’, L. Shekikhacheva® B cmamve npedcmagnenvt cocmasvl A4EUCHBIX OEMOHO8 ABMOKIABHO20

meepoeHusi Ha ocHoee 30abl-yHoc Okubacmysckou [POC-2 u KOMWIEKCHOU

1.234K abardino-Balkarian State Agrarian University, Russian Federation, Nalchik. s
amomocooepicaujeti 000aA6KuU.

Material received on 17.03.22.

IMPROVEMENT OF TECHNOLOGY OF POST-HARVEST
CORN PROCESSING WITH DEVELOPMENT
OF INNOVATIVE THRESHING DEVICE

One of the leading places among grain and fodder crops is corn. About 3,500
types of products are produced from it. This crop is of great importance as a high-
energy feed for all kinds of animals and birds. In the process of corn grain production,
harvesting is the most labor—intensive - 60...80 % of the total labor costs. Recently,
the most labor-intensive stage of corn harvesting is the threshing of cobs, the quality
of which is characterized by two main indicators - grain injury and under-threshing
of cobs. At the moment, a large number of threshing machines have been developed
that differ in the principles and technological schemes of threshing.

The existing threshing machines have high productivity and are designed
for threshing significant volumes of corn cobs. However, in the structure of corn
cultivation, a significant place is occupied by small crops in the private sector. After
the corn cobs are harvested, they are threshed by hand or a variety of manual and
mechanical threshing machines are made. In addition, at present, when the physical
nature of the corn threshing process has not been sufficiently studied and their theory
has not been sufficiently developed, the distribution of threshing machines according
to the principle of threshing by impact or grinding is not complete.

In this regard, the article substantiates the design and technological scheme of a
small-sized threshing machine that ensures the threshing of corn cobs in a wrapper
with minimal injury to the grains. As a result of theoretical studies, rational values
of the design and technological parameters of the developed threshing device have
been established: the humidity of the ears is 12...22 %, the rotation frequency of the
threshing drum is 300... 400 min’; the height of the teeth is 12...18 mm, the pitch of
the teeth is 3...8 mm..

Keywords: corn, cob, threshing machine, threshing, seeds, injury, efficiency.
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B cmamve npucymcmgyiom — epaguxu - 2a300emOHHbIX  uz0eautl ¢
anomocooepaicaweli. 000a8KoU U CpaGHeHUue ¢ OObIYHLIM COCMABOM CMecl,
MabaUYbl XUMUYECKUX COCMABOSG CbIPbsl, Pe3yIbMambl UCHLIMAHULL HA NPOYHOCHD,
NIOMHOCHb U MOPO30CMOUKOCIb, NPUBEOEHbl OCHOBHblE (OUIUKO-MEXAHUYEeCKUe
XapaKmepucmuKy CoipbegblX MAmMepuanos u npediazaemvlx OemoHos.

Omxoovl  om  coicueanuss yeneti IKUOACMY3CKO20 Y20lbHO20 baccelnd
COCMABNAIOM MHO2Ue MULTUOHBL TOHH exCe200H0. 301a-YHOC, Viasiusaemdas 6
INEKMPOPUILMPAX NbLAb, AGTIAEMCS OOHUM U3 CAMBIX «NONYISAPHLIXY 00BEKMOo8
uccnedosanust 6 IKOAOSUYECKOM HANPABIEHUU, KOMOPOMY HOCGAUEHbl MHO2Ue
uccneoosamenvckue pabomot 6 cmpanax CHI u 3a pybesxcom. Cesazano smo ¢ mem,
YUMo 02POMHBIE MACCHL OMX0008 HAKANIUBAIOMCS 60IU3U ME2ANONUCO8, OMUYHCOAsL
00pocyI0 NPULOPOOHYIO 3eMII0 C MeHOeHYUel HeUHEUH020 pocma U CYujeCmeerHo
CHUJICASL DbIHOYHYIO YEeHHOCMb Onuznexcawell 3eMiu u cmpoerutl. 30100meansl
mpedyIom 02pOMHBIX 3AMPAM HA COOEPAHCAHUE OMX0008 HPOMBIULIEHHOCHIU.

AKmyanbHOCMbIo 9MO cmambvl AGNAeMCsl peuleHue IKOI0SULeCKUx npodiem
pecuona, a makoice NOAGIAEMC BOIMOICHOCHb NOJVYEHUs. 2A30CUIUKAmMA Npu
MUHUMATOHOM COOEPIICAHUU 8 Demone yemeHma, KaKk camoeo 00po20Cmosue2o
KOMNOHeHmA.

Kniouesvie  cnosa:  3ona-ynoc,  aweucmuiii  6emoH,  KOMWIEKCHAA
anomocoodepacauas 006asKa, NPOYHOCHb, HIOMHOCHb, MOPO30CIMOUKOCHLb.

BBenenue

enpro HacTosIEH PaOOTHI MOTyUYEHHE Ta30CHIINKAaTa C HAMMEHBIIEH BO3MOKHON
MJIOTHOCTHIO U HAMOOJBIIIEH TPOYHOCTHIO M3/CIHMA, T.€. TIPU HAUOOJBIIIEM 3HAYCHUH
K03(PUIMeHTa KOHCTPYKTUBHOTO KadyeCTBa, yJAOBIECTBOPSIONIETO TPEOOBAHHUSIM
CTaH/IapTa IO IIOTHOCTH, TPOYHOCTH U MOPO30CTOMKOCTH U3IETUH.

Hayunast HoBU3HA pabOTHI 3aKJIIOYAETCS B U3YUCHUU BIUSHUS KOMIUJIEKCHOU
ajroMocoiepKallieil 100aBK1 Ha MPOYHOCTh U MOPO30CTONKOCTbH SIUEUCTOr0 OETOHA C
3051011 Dkudacrysckoit ['POC-2.
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MaTtepuanabl H MeTOABI HCCJIEI0BAHNI

OOBEKTOM HCCIeNOBaHUS SIBIAETCA SUYCHCTHIH 30J00€TOH C KOMILIEKCHOM
alroMocojepkamnieil qo6aBkoil. B pabore ObuUM MPUHATH CTaHJAPTHBIE METOBI
uccnenoanuit Ha mpouHocTh ['OCT 18105-12 u Mmoposocroiikocts TOCT 31359-2013 [1].

Boga nns npurorosnenus 0eToHOB ynoBieTBopsiet TpedoBanusm ['OCT 23732-13
[2]. Boxy nmpumMeHsiiiu U3 00111eit MarucTpaiu u nojgorpesainu Ao temmnepatypsi 50 0C [3].

[TnoTHOCTH 00pa3noB onpenemnsuu no cragaaptaoit meroauke CT PK 10180 [4].

OOpa3tp! ObUIM UCTIBITAHBI HA Tpenes mpoyHocTy mpu cxatun no OCT 18105-12
[5]. UcnpiTanue mpoBoawmiin Ha oOpasmax-kybax pasmepom 10x10x10 cMm [6] Ha
TUAPABINYECKOM UcTibiTaTenbHOM npecce [IT'M-1000 MI-4.

Tabmuua 1 — Xumuueckuii cocTaB mopTIaHALIEMEHTa

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

Tlecox 4

0 1 115 | 1080 | 215 1411

YaCTHBIC OCTAaTKH, I'

YaCTHBIC OCTAaTKH, % 0’0 0’1 8’2 76’5 15’2 100

TIOJIHBIE OCTATKH, Y% 0 0 82 | 84,8 | 100 0 0,93

Tabmuna 3 — Xumuueckuit coctas 301161 DkubacTy3ckoit [ POC-2

Conepsxanue okCcuaoB, %

Si0, | Fe,0, | ALO, | CaO | MgO | K,O | Na,0 | TiO, | FeO | SO, | P,O, | MnO | n.i.n

2 2 3

65,0 | 3,50 | 28,0 | 1,00 | 0,40 | 0,56 | 0,26 | 0,20 | 0,70 | 0,60 | 0,40 | 0,30 | 2.30

ConeprkaHue OKHCIOB, %

Tabmuia 4 — XuMU4YeCKU coCcTaB runca AKTIOOMHCKOTO THUIICOBOTO 3aBOJA

CaO SiO AiO, | Fe,O, | MgO | NaO K,0 SO ILILI BCETO

2 3

Conepxanue oKCUaoB, %

61,92 | 20,66 4,60 4,61 2,91 0.73 0.74 2.53 1,3 100

B kxadecTBe KpeMHE3eMHCTHIX KOMIIOHEHTOB /ISl Ta300€TOHA M Ta30CHIIMKATa
npumMensu necok kBapuebiii TOO Sputnik GPS u Kapacopckoro mecropoxieHui,
30J1a cyxoro otoopa Dxubacty3ckoi [ POC-2. XapakrepucTtruka 3epHOBOTO COCTaBa
ITHX MaTepHaIOB NpeACTaBIcHa B Ta0IHIE 2.

Tabmuia 2 — XapakTepucTuka 3epHOBOTO COCTaBa MECKOB
Howmepa cut, MM Bcero Monynb

5 ‘ 2,5 ‘ 1,25 ‘0,63 ‘ 0315 ‘ 0,14 ‘5014 KPYIHOCTH

Iecox TOO Sputnik GPS
90 | 140 | 370 | 225 | 400 | 195 | 30 | 1360
10 | 27 [ 17 ] 29 14 2 100
10 | 38 | 54 | 83 98 | 100 0 2.83

[Tecok Kapacopckoro mecTopoxaeHus

YaCTHBIC OCTATKH, I

YacTHBIE OCTaTKH, %o

IIOJIHBIC OCTAaTKH, %

ITecok 1

20 18 200 | 1190 | 126 | 1554

YaCTHBIC OCTATKH, I

YaCTHBIC OCTAaTKH, % 1.3 1,2 12,9 1 76,6 | 8,1 100

HOJIHBIE OCTATKH, % 1 2 15,3 | 91,9 | 100 0 1,11

Ilecok 2

0 2 180 | 1165 | 59 1406

YaCTHBIC OCTATKH, I

YaCTHBIC OCTAaTKH, % 0’0 0’1 12’8 82’9 4’2 100

IOJHBIE OCTATKH, Y% 0 0 12,9 | 95,8 | 100 0 1,09

Ilecok 3

20 45 850 560 12 1487

YaCTHBIC OCTAaTKH, I

4aCTHBIE OCTATKH, Y% 1,3 |30 572 | 37,7 | 08 100

TIOJIHBIE OCTATKH, %0 0 0 1 4 61,5 | 99,2 | 100 0 1,66
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CaO SO SiO MgO ILILIT

3 2

32,56 46,51 - - 20,93

Tabnuma 5 — XUMHUYECKHH COCTAaB M3BECTH MalKamHCKOTO MECTOPOXKIACHUS
[TaBiogapckoii ooactu

XHUMHUUYECKUN COCTaB Hopwma nns uzBectu, %, mo macce
CJTa0OTHIPABINICCKON CHJIBHOTU/IPABITUYECKOMN
Axtusable CaO+MgO:
- He Oosee 65 40
- HE MeHee 60 5
AxtuBHBI MgO, HE OoItee 6 6
CO,, ne Gonee 6 5

B kauecTBe KOMILJIEKCHON altOMOCOJIepKalle J00aBKU MPUMEHSUINCH MyIpa
ITATI-1 ¢ ynenbHol moBepxHOCTBIO 7000 cM?*/T, UCTHHHOM MIOTHOCTHIO 2500 Kr/M?,
HACBIMHOW TIOTHOCTBIO ¢ 600 Kr/mM* conepkaHueM akTHBHOTO amoMuHus 82 % u
cyneprutactudukarop C-3.

Tabmuna 6 — XuMudeckuit cocras cynepruiactudukaropa C-3

XHUMUYECKHI COCTaB % COOTHOIIICHHE COETUHEHNH
Cynbdar HaTpust 8
Cynb(pUpOBaHHBIE TOJIMKOHAEHCATHI 82
Bnara 10
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Pe3yabTaTsl M 00Cy:KI1€HUE

CocTaB 7151 MPUTOTOBIICHUST 00PA3IOB MPEACTABICHBI B TAOIUIIE 7, a pe3yIbTaThl
UCIILITAHUSA — B Ta0IIMLE 8.

Tabnuna 7 — CocTaB AJis UCIIBITAHUSL HA MOPO30CTOMKOCTh

Howmep cocraa Pacxoy MaTepuaioB Ha M® Ta3030I0CHITUKATA, KI' B/B
LIEMEHT | M3BECTh | 30114 aJFOMOCOeprKaLIas THIIC
Jo0aBKka
173 124 124 502 2,75 12 1,73
168 88 88 395 1,75 9 1,86
169 103 103 415 2,25 11 1,57

Tabnuna 8 — Pe3ynbTaTsl HcnbITaHUS 00pa3l0B HA MOPO30CTONKOCTh

KonuuecTso Macca, [pounocTs, mIla [pumeyanue Pucynok 1 — 3aBucUMOCTD npeziesa MPOYHOCTH TP CHKATUH
IHUKJIOB Ne o6pasua Ne o6pasua (BHCIIHUIT BHI) OT KOJIMYCCTBA UKJIOB 3aMOPAKUBAHUSI-OTTANBAHUS
3aMOpaXKUBaHUSA- 1 ) 3 1 > 3
OTTauBaHUS cp cp
KOHTPOJILHBIH 685 700 | 692 | 692 | 4,09 | 4,01 | 4,17 | 4,09 | yribl ¥ CTOPOHEI Jlns monmydeHus: CpaBHUTENbHBIX PE3YyJIbTAaTOB OBLIM IMPOBEJEHbBI UCHBITAHUS
06pa3Los ABTOKJIABHOTO Ta3030J100€TOHA. Pe3yibTaThl HCIIBITAHUIM 11O TUIOTHOCTH, TPOYHOCTH TIPU
DOBHBIC coxatud [9] u KodpPUIHEHTY KOHCTPYKTUBHOT'O KauecTBa MPECTAaBICHBI B TaOJIUIE
5 990 1005 | 1030 | 1010 | 3,48 | 3,63 | 3,33 | 3,55 | BHEHIHMI BUI HE 9 1 Ha pHCYHKax 1-4.
10 1001 | 1005 | 1003 | 1003 | 3,44 | 3,74 | 3,09 | 3,42 MSMEHUIICA
15 996 | 998 | 1000 | 998 | 3,68 | 3,02 | 5,34 | 3,38 Tabmuia 9 — Pe3ynbraTsl UCIIBITAHU Ta30307100€TOHA
20 985 994 | 989 | 989 | 3,02 | 2,83 | 4,18 | 3,34
Howmep Bun Cpennss IIpenen K.K.K | Mapka | Knacc
25 984 980 | 982 | 982 | 3,60 | 3,00 | 4,17 | 3,59 HIETyIIaTCcs 6 6
- COCTaBa | HAMOJHUTENS | TUIOTHOCTD, | IPOYHOCTH NIPU eToHa | OeroHa
30 970 974 | 978 | 974 | 3,91 | 3,88 | 3,94 | 3,91 KI/M3 CKATHH, KT/CM>
35 968 970 | 966 | 968 | 2,52 | 4,19 | 3,85 | 3,52 21 30114 1174 28.5 2.43 25 1.5
40 957 963 960 960 3,30 2,31 4,29 3,30 HavdaJli 22 1379 63’4 3’60 50 3 5
45 960 955 | 950 | 955 | 3,39 | 2,66 | 4,09 | 3,38 | OChIIATHCA yIIIbI 26 949 18.6 1’96 25 1.5
50 955 953 | 957 | 955 | 2,43 | 1,56 | 3,30 | 2,43 30 1413 67’5 3’77 50 35
71 933 10,0 1,07 10 0,75
Ha ocHoBanuu MOJYUYCHHBIX PE3YyJIbTAaTOB ObLIa MOCTPOCHA 3aBUCUMOCTD INPOYHOCTHU 72 926 13.6 1.47 15 1
IPY CKAaTHH OT KOJIMYECTBA IIUKJIOB 3aMOpaskuBaHusA-oTTanBanus [ 7]. Ilo TpeboBanmsim 73 1013 16,9 1,67 15 1
crangapta [8] oOpa3ibl UCHBITHIBAIM BO BIAYXHOM COCTOSHUU IOCJIE OTTaWBaHHUS 57 792 7.9 0,99 5 0,35
B BOJIE, IO9TOMY MOBBIMIAOIUN K03 dunueHT cocrapuser 1,15. 3aBucuUMOCTb 58 741 6,3 0,85 5 0,35
IIpejiesia MPOYHOCTH IIPH CKATUHU OT KOJIMYECTBA LIUKIIOB 3aMOPAKUBAHUSA-OTTAUBAHUS 59 600 4.5 0,75 5 0,35
IIPE/ICTABJICHA HA PUCYHKE. 60 493 45 0,91 5 0,35
74 740 5,3 0,72 5 0,35
75 818 7,3 0,90 5 0,35
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PucyHnok 2 — 3aBUCUMOCTD IUIOTHOCTH T'a300€TOHA OT KOJIMYECTBA LIEMEHTa
1 BHUJa HAIIOJJHUTCIIA

PucyHok 3 — 3aBUCHUMOCTb IPOYHOCTH NIPU CKAaTUU Ta300€TOHA
OT KOJIMYECTBA [IEMEHTA U BUJa HATIOJHUTES

136

Pucynok 4 — 3aBUCHMOCTB K.K.K. ra300€TOHA OT KOJMYECTBA LIEMEHTA

1 BUJa HAIIOJIHUTCIIA

Tabnuua 10 — Pe3ynbTarsl ucnsiTanus 00pas3oB U3 ra3030100eToHa

Howmep Bun Cpennsas [Ipenen K.K.K | Mapka | Kiacc
COCTaBa | HAMOJHUTENS | TUIOTHOCTH, KI/ | TIPOYHOCTH MPH b6eroHa | GeToHa
M CKATUH, KT/cM>

51 3011 903 10,2 1.13 10 0,75
52 668 12,4 1.86 10 0.75
53 968 32,9 3.40 35 2,5
54 860 11,4 1,33 10 0,75
55 838 10,5 1,25 10 0,75
56 945 18,6 1,97 25 1,5

PesynbraThl McnbplTaHUs ra3o0eroHa (pacuer cocraBa no bapanoBy A. T. u
byxesuuy I'. A.) [10] npencraBnens! B Tabnune 10 u Ha pucyHkax 5-6.

PucyHnoxk 5 — 3aBUCHMOCTD IIJIOTHOCTH Ta300€TOHA OT BUA
M KOJIMYECTBA HAIOIHUTEIIS
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PI/ICYHOK 6 — 3aBHCUMOCTbD MMPOYHOCTHU razo0eToHa OT BuUIa
1 KOJIMYCCTBA HAIIOJJHUTCIIA

BreiBOoabI

HccnenoBanbl pU3MKO-TEXHUUECKUE CBOMCTBA CHIPhEBBIX MAaTEPUAJIOB, OETOHHBIX
cMecel M siYEHCThIX OETOHOB C HCIOJIB30BAHUEM B KaueCTBE MEJKOTO 3allOJIHUTENS
neckoB MectopoxxaeHuit [1aBnomapckoit o6sactu u 30161 Jkubactysckoit [POC-2.

OmnpeneneHbl ONTUMANIbHBIE COCTABBI SYEHCTOr0 I'a3030JI00€TOHA U Ta30CHIINKaTa
IWIOTHOCTBIO 650—750 kr/M°, mpourOoCTHIO 2,0-5,0 MIa, K03(hhHITHEHT KOHCTPYKTUBHOTO
kauecTtBa — 1,5-4.

AHanu3 NMOJy4YEHHBIX PE3yJbTAaTOB MOKAa3all, YTO yBEJIMYEHUE IJIOTHOCTH U
HNPOYHOCTH HCCIIeyEeMBIX 00pa31I0B MOBBILIAET X MOPO30CTOMKOCTh. OOpa3Isl MapKu
D600-D700 Bbiaepkanu TpeOOBaHMS CTaHAAPTa U MOPO30CTOMKOCTH cocTaBmia 35
LIUKJIOB, ITpH noTepu 1o Macce 4,2 %.

VY CTaHOBJIEHO ONTHMAJIBHOE COAEP)KAHME KOMIUIEKCHOM aJOMOCOJEpIKaIEH
no6aBku B cMmecH 1,75-2,75 % Ha INIOTHOCTH U IPOYHOCTHBIE XapaKTEPUCTUKNA OETOHOB.

CIIMCOK HMCITIOJIb3OBAHHbBIX UCTOYHHUKOB

1 'OCT 31359-2013 Mop030CTOMKOCTD, LIUKJIBL.

2 T'OCT 23732-13 Boja /u1st 6ETOHOB U CTPOUTENIBHBIX PACTBOPOB.

3 beronsl Ha ocHOBE 30Jbl U HUIaka TOC U KOMIUIEKCHOE UX HCIOJb30BaHUE B
crpoutenbeTBe. COOpHUK JOKIIa10B BeecorozHoi koHpepeHu o oo1e pegakumeit
[TaBnenxo C. 1. B 2-x Tomax. — HoBoky3Henk, 2016.

4 CT PK 10180 beronsl. MeToasl onpeieieHUs: IPOYHOCTH.

5TOCT 18105-12 berons!. [IpaBuna KOHTPOJIS U OLEHKH IPOYHOCTH.

6 baxenos 0. M., lllyoenkun II. ®., IBopkun JI. U. [Ipumenenune
IIPOMBIIIIEHHBIX OTXOI0B B IIPOU3BOJICTBE CTPOUTEIBHBIX MaTepuanos. — M : UACB,
2015.
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7 Bomxencknii A. B., Bypos 0. C., Bunorpanos b. H. berons! u nznenus us
LIJIAKOB U 30JIbHBIX MaTepuanos. — M : UACB, 2013.

8 I'asueB Y. A., AxpamoB X. A. OTX0/1bl IPOMBIIUIEHHOCTH B IIPOU3BOJICTBE
CTPOUTEINIBHBIX MaTEpUasoB U uzaenui. —TamkeHt, 2014.

9 beronsl Ha ocHOBe 3041 U HuIakoB TOC s HeCcymUX U OTrpa)JarolIux
KOHCTPYKLIMH B MOHOJUTHOM U cOopHOM ucnionHenkH / [TaBnenko C. U., Cepenkun
O. JI., Pextun U. B. u ap. // Dxonoruueckue npoOieMbl nepepadoTKH BTOPHUHBIX
PECYPCOB B CTPOUTENBbHBIE MaTEpHUAIIbl U U3enus : Te3uchl AokIan0B BeecorozHoro
HayuyHoro cosemanus. T.2 —Ywura, 2016. — C.155-157.

10 BapanoBa A. A. BiusHue minactu(ukaTopoB Ha CBOWCTBA LIEMEHTHOTO TECTa
/bapanoBa A. A., [Tonskosa E. O., Xos6omenko O. B. // CoBpeMeHHbIE TEXHOJIOTUU
U HayuyHO-TexHHueckuil mporpecc. T. 1. Ne 1. — Anrapck : M3garensctBo AHrapckoi
rocyapCcTBEHHOM TexHUUecKoH akagemuu, 2017. — C. 30.
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*/I. B. Braoumupoé', JI. JI. Bynviza’, B. I. Huxugoposa’, A. A. Axmemoesa’, Waste from coal burning in the Ekibastuz coal basin amounts to many millions
H. Menenoec IHuoan’ of tons annually. Fly ash, dust captured in electrofilters, is one of the most «populary
1234TopaifFbpoB yHuBepeuterti, Kasakcran PecyGimkacst, [lasnoaap ; objects of research in the environmental field, to which many research works in

the CIS countries and abroad are devoted. This is due to the fact that huge masses
of waste accumulate near megacities, alienating expensive suburban land with a
tendency of nonlinear growth and significantly reducing the market value of nearby
land and buildings. Ash dumps require huge costs for the maintenance of industrial
waste.

The relevance of this article is to solve the environmental problems of the region,
as well as the possibility of obtaining silicate gas with a minimum content of cement
in concrete, as the most expensive component.

Keywords: Fly ash, cellular concrete, complex aluminum-containing additive,
strength, density, frost resistance.

TlonuTeXHUKAIBIK yHUBEpCUTET, Vicmanust, Maapun K.
Marepuan 6acnara 17.03.22 tycri.

EKIBACTY3/bIH I'POC-2 KYJI HEI'I3IHAET'T KYBICTbBI BETOH

Maxanaoa Exidacmys 'POC-2 kyn wwizapy Hezizinde agmoxiasmsl KamaroObly
KYbICmbl O€MOHOAPLIHBIY KYypamoapsbl JHCoHe aNIOMOChl 6ap KeweHOl KoCchanap
YCbIHbLI2AH.

Maxkanada amomunutl  Kocnacvl 6Oap 2azoanzan  OemoH — OHIMOepiHiH
epagpuxmepi dicoHe KOCNauvly o0emmel KypaMbIMeH CAlblCmblpy, WUKI3Ammbly
XUMUSLTILIK, KYDAMbBIHbIY Kecmeliepl, Oepikmik, mulebl30blK HcoHe asizad me3iMOiniK
CHIHAKMAPBIHLIY HOMUJICENEPl, WUKI3am NeH YCuIHbLI2aH 0emoHOapobly Hezisel
DUBUKATBIK JHCOHE MEXAHUKANBIK CUNAMMAMALAPbL KEAMIPiiceH.

Exibacmys xemip 6acceuniniy KoMIpiH dicazy KalObIKMapbl JiCbUL CAUbIH
MUITUOHOA2AH MOHHAHBL Kypauovl. Lllay-moszay snexmp cy3einepinen anblHAMbIH
KYJI-YHOC 3KON02UATLIK, OAZbImmazbl ey MAaublMdl 3epmmey 00beKminepiniy 0ipi
boavin mabwiiaosl, oean TMJI] endepinde sicone uiem endepoe KonmezeHn 3epmmey
arcymvicmapel apuanean. bByn meeanonucmepdiy sicanvinoa yiKeH KaioublKmapovly
HCUHATIYBING, KbIMOAM  KANA MAHBIHOASHl  Jcepaepol  Chi3bIKMbIK eMmec  ocy
MeHOeHYUACLIMEH UeNIKIEH Wbl2apy2a HCOHE HCAKLIH Hcepiiep MeH 2UMapammapobly
HAPBLIKMbIK, KYHbIH e0oyip memenoemyee Oaiianvicmol. Kyn yiiinoinepi eneprocin
KATObIKIMAPBIH YCMAY YWIH YIKEeH WbleblHOapObl Maian emeoi.

byn maxananely e3exminiei anumakmuly 9KONOUANLIK MOceNenepin uieuty
Oonvin MadwvLIAOl, COHLIMEH Kamap ey KblMOam KOMNOHeHm peminde bemonoazvl
yeMeHmMmIiKy MUHUMALObL KYPAMbIMEH 2A3 CUTUKAMBIH Ay2d 601a0bl.

Kinmmi co30ep: xyn, Kyvicmovl Oemon, xeuwieHOi antoMuHuil Kypamowvl KOCHd,
Oepikmik, mvl2vl30blK, asi3ed MOIMOLNIK.

*D. V. Viadimirov', L. L. Bulyga’, V. G. Nikiforova’, A. A. Ahmetova’,
I. Menendes Pidal’
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CELLULAR CONCRETE BASED ON ASH OF EKIBASTUZ GRES-2

The article presents the compositions of autoclave-hardened cellular concretes
based on fly ash of Ekibastuz GRES-2 and a complex aluminum-containing additive.

The article contains graphs of aerated concrete products with an aluminum-
containing additive and a comparison with the usual composition of the mixture,
tables of chemical compositions of raw materials, test results for strength, density and
frost resistance, the main physical and mechanical characteristics of raw materials
and the proposed concretes.
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STUDY OF DAMAGE TO VAE CROSS CROSSING

The paper considers issues related to the reliability of railway switches. In
particular, the quality of the steel used in the switch elements is investigated. The
Latvian Railway operates more than 1,500 level crossings of profile 60 E1. According
to the regulatory documentation of the Railway Administration, the planned repair
of the transition to the main roads will be carried out with a transverse tonnage of
> 450 million tons. But on average, after the total passage of 115 million tons, there
are blurring of borders and cracks at the crossings. After melting, the crucifix should,
on average, pass a total load of no more than 10 million tons. The core of these
transitions is polymetallic, consisting of two-component steel. The crucifix is made of
350 HT grade tracked steel with a carbon content of 0.72—0.77 %. The surface with
a thickness of about 20 mm is made of Hadfield steel.

Keywords: steel, Hadfild steel, electrodes, current, transverse, wear, crouts,
sparning threshold, defrosting of detachment, the carbon equivalent.

Introduction

The transition of rolling stock from one road to another shall consist of bodywork
equipment connecting and/or crossing the roads. Road coupling shall be carried out
with crossings (Figure 1) and crossings with road crossings [1]

Figure 1 — Simple switch-over scheme:
1 — threshold; 2 — axle; 3 — tipping threshold; 4 — core;
5 — cross-crossing top; 6 — counter-threshold [13]
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Figure 2 — VAE cross scheme:
1 — kicking rails; 2 — mathematical centre; 3 — core;
4 — crucifixion tail; 5 — harmful expanse [13]

All elements of the crossing and road crossing are of equal importance, but
the crossover (Figure 2) moves between the switches and the crossings is a «weak
element» because of the “most difficult” function. The crossing rail heads cross each
other, enabling the wheel to move freely along a continuous rolling surface. A rigid
displacement path along the edges of the crucifixion core and the working sides of the
wing rails shall be provided to the wheel with the rim by an anti-rail (Figure 1), the
wheel being closely connected to the wheelset’s axis in firmly defined dimensions.
The Latvian railway operates mainly crossings with rigid parts (Figure 2), which also
include VAE crossings and, in rare cases, crossings with moving flexible cores which,
with their moving parts, «close» the harmful expanse.

Latvian railway purchased approximately 1500 60E1 track-profile Austrian
crossings with pointed VAE crossings for EU funds. VAE crucifixion is a assembled
cross. Its main elements are one core and two wing rails. The intersection point of the
edges of the core work is called the mathematical center of the crucifixion core. The
angle formed by the edges of the core work is referred to as the crossing angle. After
this, a unified cross mark is defined as the ratio of width to length, so it is about 1/11,
1/9 and 1/6 VAE crouts and, in very rare cases, uses VAE cross crossings with a level
of non-standard cross. The narrowest place between the wings is called the neck of the
crucifixion, but the distance from the neck of the cross to the actual core of the crucifix
is called the harmful expanse [2].

VAE core crotch is polymetallic, i.e. it consists of two-made steel which is connected
to one another. The crucifix base is made of track steel mark 350HT with a carbon content
0f 0.72-0.77 %. The surface of approximately 20 mm is made of Gadfild steel [3].

During the lifetime of the crucifixion, the VAE crucifixion has a variety of defects,
but on average, after 115 million tonnes of gross passage, the crossings have marginal
wear and cracks.

Materials and methods

1 Damage to VAE crouts

1.1 Failure of the core of the crucifixions

In most cases, following the gross passage of 20—40 million tonnes for the new
VAE crossings in the wheel crossing area from the wing rail to the core, in the harmful
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expanse, there are shallow and deep shortages (Figure 3). When the wheel shifts these
unevenings result in the dynamic forces of the impact leading to calamation, detachment

and cracks in a highly alloy manganese layer [4].

Figure 3 — Core fissures of VAE cross 60E1 1/11

Longitudinal cracks and fractures for VAE crossings on Latvian railways [12]
are most commonly observed on the main roads (Figure 4) at loadload of more than

30 million tonnes gross per year.

Figure 4 — Breaking of the core of the VAE cross 60E1 1/11
and cracks at the Alotene station

In Latvian railways, it is not always timely that floodings are drowned, resulting
in scarves (Figure 5), later breaking them down and the roughness begins to spread
throughout the size of the core. From the vibrations caused by unevenings, the crucifixion
gradually collapses and becomes unusable.
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Figure 5 — VAE cross-over R-65 1/11 core burst at the yard station

In addition to insufficient maintenance: too wide anti-rail trays, worn counter
rails and narrowed road widths, the rim of the wheel may remove the end of the core

(Figure 6).

Figure 6 — Breakage of the end of the core of VAE cross R-65 1/9
at the Skirotavas station

By releasing approximately 115 million tonnes of gross cargo and independently
operating THE VAE cross, a worn crucifixion sedli (Figure 7), visible as a hole from
a distance of 15 m, occurs on the core and on the wing.

Figure 7 — VAE cross R-65 1/11 worn core at the Aizkraukle station
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1.2 Failure of VAE crossing malfunction

Similarly, as the pelling, detachment and cracking of VAE cores (Figure 3) is
common, the rolling surface of the winging rails is also damaged (Figure 8). The
characteristic zone of the defect is the harmful expanse.

Figure 8 — VAE cross 60E1 1/11 cracks at Slampes station
Rebuilding the wing threshold in melting is not always as successful as it was

originally expected. Non-welding causes deep and long longitudinal detachment cracks
(Figure 9).

Figure 9 — VAE cross-cross R-65 1/11 detachment at Slampes station
Similarly to the lack of timely tapping of cores, there is no timely polishing of

the winging rails for how connected these operations are. Similar problems arise with
splinters (Figure 10).

Figure 10 — VAE cross R-65 1/11 at the Skirotavas station
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Crossroads often form at the beginning of the harmful cracks (Figure 11).

Figure 11 — VAE cross, R-65 1/11 cross-slide, Aizkraukle station

2 Technical problems caused by vae crossing damage and measures to be taken
to take the problems

The VAE crossing with its fixed parts is considered to be a road roughness that
causes a sudden change in the wheel support trajectory when the train is running at
high speed. These are mainly vertical dynamic loads between 200 and 400 kN [6]. Very
often VAE crossings do not withstand the cyclic loads of 25 tons of wheels on trains
in circulation on Latvian railway.

Shallow cracks and unevenness in the railway are corrected by grinding the damaged
or uneven layer [9]. Due to grinding, the core rapidly loses its valuable layer of high-alloy
manganese, which leads to service restrictions. For example, if the specified train speed
is 120 km / h, the vertical wear or defect depth shall not exceed 5 mm. When the wear
or crack depth is reached — 10 mm, the speed is reduced to 40 km / h, but after reaching
more than 12 mm, the operation of VAE crossings is not allowed in accordance with
Latvian railway regulations [5]. Inspection of the crossroads at the Latvian Railway
shows that the grinding works of the crossing are not carried out in time, grinding up
the surges and small cracks in their initial stage of development. In order to prevent the
crossing from reaching a very defective condition, the operating parts perform melting
of the damaged or worn parts by electric arc welding in a planned manner. In Latvian
Railways, according to the regulations, the crossings are melted only up to a defect
depth of 13 mm from the project surface, but deeper ones are replaced [7].

3 VAE crossing damage statistics

3.1 Technical information on statistics

Statistics are provided for all pointed VAE crossings on the Latvian railway with
an angle of 1/11, 1/9 and 1/6 and the European track mark 60E1, which were put on
the road together with the new Austrian type switches in the period from 01.07.2003.
—30.12.2021.

In order to reflect the topicality of this problem, SJISC «Latvian railway» will look
at the cross-melting statistics of the Railway Administration and the Jelgava operation
part of the period from 2018 to 2021 [14].
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Figure 12 — Statistics of melting of the cross core and wing rail
for the period from 2018 to 2021

On Figure 12 we can see how the melting statistics is gradually starting to decrease
from 743 melted crosses in 2018 to 419 molten crosses in 2021. Track management
for the structure. Jelgava operation parts are one of the number of crossings for the
Latvian railway and damaged crossings. According to the smelting statistics (Figure
12), the average smelting statistics for the last three years from 2019 to 2021 in Jelgava
consisted of the repair of 20 damaged crossings with welding complexes «PALLAS»
and « GENSET», although in 2018 32 damaged crosses were melted. However, smelting
technology remains one of the current methods of extending the service life of the cross
in Latvia and abroad.

Results and discussion

Research projects. RTU Transport Institute studied the melting of VAE crossings
in Latvian railway. During the field observations of RTU Transport Institute, one VAE
cross was melted in Garozas st. switch No. 3, as well as in the RTU certified laboratory,
metallography was performed on other fused samples of VAE cores and wing rails.

Relative welding quality criterion. The weldability of steels is characterized by the
indirect carbon equivalent of weldability of metals [8]. The carbon equivalent of VAE
crossings is calculated:

(1)

where C — carbon content in hundredths of a percent;
Mn, Ni, Cr, V amount of chemical elements, %.

This formula and the like are purely empirical and their reliability is quite relative
[8]. Steel welds with C up to 0.25, satisfactory —0.25-0.35, limited weld — 0.35-0.45
and poorly welded if the carbon equivalent is greater than 0.45. The carbon equivalent
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of the manganese core of the VAE crosses is unfavorable — from 0.45 to 0.46. The core
of the cross must not be overheated by more than 200 °C.

Investigations of VAE cross core melting field conditions at Garozas station.
23.11.2021. the core of the VAE cross was fused with a vertical wear of 6 mm. At the
crust station, switch no. During the melting of 3 cores, some deviations from the work
technology were found, namely, the core temperature was not monitored often enough
by the thermometer by a manual touch welder, and the applied welding current could be
in a wide range, inaccurately related to the electrode diameter. any remaining moisture
was not dried with the burner.

After melting 25.11.2021. irregularities with hollow recesses formed at the depth of
0.8 mm (Figure 13) on the surface of the core, which was reported to the road master.

Figure 13 — VAE cross 60E1 1/11 core recesses at the Carozas station

One month after melting, longitudinal cracks appeared in the core [11] and
defectoscopists determined that the defect had become dangerous, so 27.12.2021.
melting was repeated, this time drying any residual moisture after paint defectoscopy
and strictly observing the temperature regime during welding. However, in the first
days after melting, non-weld inclusions 2 mm in diameter were discovered, leading to
a longitudinal crack of about 90 mm (Figure 14).

Figure 14 — VAE cross 60E1 1/11 core longitudinal crack at Carozas station
The operation department decided to melt the VAE core for the third time —

23.02.2022. VAE cross cores 08.03.2022. showed long and small cracks during color
defectoscopy (Figure 15). Spider was replaced as planned.
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Figure 15 — VAE cross 60E1 1/11 core longitudinal crack at Crust station

Investigations of VAE cross wing rail melting field conditions at Crust station. The
melting of the wing rail coincided with the melting of the core and took place on the
same day. 23.11.2021 the wing rail was melted for the first time. Melting was performed
with a reverse polarity current of 140 A using an OK83.29 electrode with a diameter
of 5 mm. The current for an electrode of this diameter is not the most optimal, despite
the fact that the instructions for the current range from 110 to 220 A. During melting,
the temperature regime of the wing rail, which had to be between 350 and 400°C, was
not always observed. Probably a month after melting, defectoscopes with an ultrasonic
defectoscope found dangerous internal cracks in the wing rail. The wing rail was remelted
on the same day as the core was melted —27.12.2021. This time the temperature regime
was fully observed, but the welding current was increased to 195 A, using exactly the
same electrodes as before, evaporating any residual moisture after paint defectoscopy.
No defects were found in the melting of the wing rail during subsequent observations.

Laboratory studies of melting of experienced VAE cores. For the experimental
studies of smelting, the railway provided two previously used VAE cross cores, which
were smelted in small sections separated by workshop conditions using different
electrodes and currents.

Using the OK86.28 electrode (diameter —4 mm, I =155 A) in Sample 1, welding and
melting were very successful. The electrodes were used dried and glued several times.

In Sample 2, the electrodes were pre-dried and annealed only once. Using the
0OKS86.28 electrode (diameter — 4 mm, [ = 155 A), the welding was even better than
the first sample.

In sample 3, the UTP BMC electrode (diameter 4 mm, [ = 160 A) was pre-dried and
annealed several times before melting. There was an inclusion in the alloy, although
the fusion of the molten layer was very good.

The current of sample 4 for the UTP BMC electrode with a diameter of 4 mm was
increased to 165 A. An electrode that had only been dried and annealed was used. The
core had no inclusions, the welding was successful.

By increasing the current to 180 A (electrode UTP BMC, diameter 4 mm), once the
electrode was glued, the welding was very good without inclusions and cracks.

In all cases, the heating of the core did not exceed 200°C.

Conclusions of experienced VAE core melting. All core samples were fused with
very good results under workshop conditions. Increasing the melting current improves
the welding quality of the molten layer and the base layer. Although increasing the
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current in this case also increases the heating, it is necessary to wait periodically for
the core to cool during melting. Recommended current for electrodes OK 86.28 —
from 38—40 A per 1 mm electrode diameter, UTP BMC — from 38.2-40.2 A per 1 mm
electrode diameter. The hardness of the hammer-melted VAE core layer ranged from
512 to 580 HB. The electrode UTP BMC hardness was on average higher in all cases
than 45-80 HB. The melt hardness of single glow electrodes was on average higher
than 15-23 HB. Welding with higher seams using electrodes with a larger diameter of
4-5 mm will give better results than melting with thin and wider seams.

Laboratory studies of experienced VAE wing rail melting. In the RTU laboratory
at the Department of Railway Engineering, the previously fused 7 wing rail samples
provided by the railway were studied. Electrodes OK86.28, CNII4, UTP BMC were
used, as well as the welding current was changed. The given electrodes did not give a
good result, because according to the railway technical regulations they are intended
only for melting of manganese cores [7].

For example, when welding the wing rail (sample 1) with Tubrodur semi-automatic
powder wire OK 15.41 (diameter 1.6 mm, I =105 A), the welding proved unsuccessful.
This is explained by the fact that the melting was not carried out in a gaseous medium
but in an atmospheric environment. At the melting limit, metallography showed large
oxide and the like. inclusions of unacceptable harmful elements. The boundary between
incomplete welding was visible between the fused and the base layer.

The wing rail sample 2, welded with an electrode OK83.28 (I = 140 A, electrode
diameter 4 mm, heating temperature — 400°C), collapsed in the laboratory along the
boundary between melting and base layer. Melting was better in some places, but it
had a lot of inclusions.

Welding of the wing rail (sample 3) with manual fusion using the electrode UTP
BMC, but a wide non-welding crack was visible for the coating layer of the electrode
—OK74.78. Electrodes UTP BMC and OK74.78 do not mate with each other due to the
molten material. UTP BMC is intended for high manganese steel (only for VAE core),
but OK74.78 only as a base layer for rail melting [7].

When the CNII-4 electrode was applied by hand-melting, a crack was also visible
between the welded layer and the base layer, but it was less pronounced than in the
previous samples. There were even fewer inclusions in the molten layer than in the rail
layer. CNII-4 electrodes (Russian production) are also intended only for melting high
manganese steel.

The OK86.28 electrode was used in Sample 6. Welding was successful by
completely welding the base layer and the molten layer. However, the electrode used
is for melting manganese-containing steel [7].

The melting of the 7th sample with the UTP BMC electrode (diameter 4 mm,
=160 A) was also welded cleanly, without porous inclusions and cracks. The fusible
layer even turned out to be cleaner than the rail material.

Conclusions

The average service life of the VAE crossover, including smelting, is 148 million.
t gross. The melting of VAE crossings begins when the VAE crossing has reached an
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average of 115 million. t gross. The average depth of the ground defect for the core
and the wing rail [10] during the first melting is about 10 mm. Starting the restoration
of switches with the melting method, the average time between meltings is 10 million.
t gross, which, for example, in a section such as Jelgava — Krustpils on the main road
at an average annual load of 37 mln. t gross / year, means that the VAE will withstand
no more than 3.2 months on average. In the absolute majority of cases, one core and
one wing rail were always melted in one day. And only in rare cases is fused only one
of the elements, or all three - both the wing rails and the core. Before replacing the
VAE cross, each cross is melted on average 45 times. In addition, 30 % of the time
(i.e. almost a month before the regular melting) between the melting of the crossings
on the main roads, the speed limit of 60—25 km / h is constantly applied, depending on
the size of the damage. From the beginning of VAE operation, Jelgava operation part 4
crossings 1/11 have been replaced with crossings with moving flexible cores of the same
manufacturer on the main roads. At the remaining 121 VAE crossing operation sites
as of 15.03.2022. 98 crosses have never been fused, 6 of which have reached 165-215
million. t gross tonnage released. But 23 crosses have been melted, 12 of which have
reached 155-205 million. t gross tonnage released.

The number of all VAE crossings in operation is heterogeneous by age groups.
The sample included crosses of almost all depreciation levels in the range from 0 to
215 million. t gross.

When evaluating the defects of the fusible crosses, the average depth of the defect
for the core and wing rail is approximately — 12 mm, the length of the grinding —
400450 mm.

The average load of VAE in the operating part of Jelgava is 26 mln. t gross per year.

It is very important to keep the temperature of the fusible wing rail within the
recommended temperature range of 385-400°C [8]. This criterion must be observed with
particular caution in winter, as the wing rail loses heat rapidly. When using an electrode,
the recommended current is 38—40 A per mm of electrode diameter. Welding depends
on the technological performance of the welding work. The choice of an appropriate
electrode for both the wing rail and the core is important [7].
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N3YYEHUE YIIEPBA OT HIEPEKPECTHOI'O IEPECEYEHUSA VAE

B cmamve paccmampusaromes  onpocwl, C8A3aHHbIE C  HAOEHCHOCHBIO
JHCENIEZHOOOPOIICHBIX CPENIOUHBIX NePe8o008. B uacmuocmu, ucciedyemcs Kauecmeo
CMAnU, UCNOIL3YEMOU 8 INIEMEHMAX JHCEeNE3HOOOPOICHBIX nepesodos. Jlameutickas
Jrcenesnas dopoea sxcnayamupyem 6oaee 1500 dicene3no0opodicHvlx nepee30os
npoguns 60 El. Coenacho Hopmamuenou OokymeHmayuu XenesHo00podCHOU
AOMUHUCMPAYUU, 3ANTAHUPOBAHHBII PEMOHM NEPeX00ad K OCHOBHbIM 00po2am Oyoem
npPOBOOUMBCsL ¢ NONEPEUHbIM MOHHAdNCeM Donee 450 MUIIUOHO08 MOHH.
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Ho 6 cpeonem, nocne o6we2o npoxosicoenus 115 munnuonos momnn, Ha nepexooax MPHTHU 73.31.41
HabOoaemces pasmvimue epanuy u mpewunsl. Ilocne ceapxu coedutnenue 00ICHO, 8
cpednem, gvloepaicams 00wy Hazpy3ky He bonee 10 munnuonos moun. Cepoyesuna https://doi.ore/10.48081/WTHOQ5642
IMUX NEePexo008 NOTUMEMANIULECKAs, COCMOSMAs U3 08YXKOMNOHEHMHOU CIAU.
Pacnamue useomoeneno uz cmanu mapxku 350 HT ¢ codepocanuem yenepooa 0,72—
0,77 %. Iosepxrnocms monyunoil oxkono 20 mm uzeomosnena uz cmaau Hadfield.
Kmouesvle crnosa: cmanw, cmans [H0guioa, 31ekmpoovi, MoK, HONEpeyHbll,
USHOC, KpYHeHUs, Nopoe UCKPOOOPA308aHUS, PAZMOPAIICUBAHUE OMCIOEHUS,
YenepoOHblil IKGUBANEHM.

*P. 1O. 3apunoe’, H. C. Cembaeg? 9. C. Mawum®, b. C. Kanusiwee?*,
3. P. AbunbouHoe®

12345TopaiirelpoB yHuBepcureT, Pecriyonuka Kaszaxcran, r. [TaBnogap

PA3PABOTKA YYEGEHOIO CTEHAA AUATHOCTHKM
*I1, Taspunos’, B. Heanos’, JI. opGaues’ PYJIEBOIO YIPABJIEHUS] U [TOGBECKN ABTOMOBMIIST

123 TaTBus, Pura K.

Marepuan Gacrara 17.03.22 Tycri. B oaunou pabome paccmampusaemcs 60npOC OUAZHOCMUKU  PYIEEO2O

VAPAGIeHUsl U NOOBECKU JIecK0BO20 ABMOMOOUNS 8 YCL08UAX YHeOHOU 1abopamopuu
C  Yembl NpoBeOeHUs  HAYYHO-UCCIeO08AMENbCKUX  pabom — 00yYaruumMucs.
Moodepuuzayuu u 06HOGIEHUIO KOMIAEKCA YHeOH020 000PYO08AHUSL GLINOHAECMCI C
Yenvio UzyyeHus: 00VUAWUMUCT KOHCMPYKYUU, NPUHYUNG PAOOMbL U OUACHOCIUKU
V3108 asmomodunei. B kauecmee 6azvl 0nsi cOOpKU yuebOHO20 cmeHOd 8blOpaHa
nepeomsist noogecka ¢ pynegvim ynpasienuem asmomoouns Ford Scorpio. Cucmema
PY1e8020 Yynpasienusi OaHHO20 A8MOMOOUNS UMeem PeeuHyl0 PYIegylo nepeoay.
He3zasucumas noosecka nepeoHux Koiec cocmoum u3 NONepeyHbix polideos, CMoeK
Maxgepcona c 8uHmMOBLIMU NPYICUHAMU U MENECKONUYECKUMU 2A30HANOIHEHHLIMU
AMOPMU3AMOPAMU, A MAKIHCE CMAOUTUZAMOPA NONEPEUHOU YCMOUYUBOCTU.

Ha paspabamvieaemom cmenoe 6 yueOHbIX yensix NIAHUPYEmcs npo8oOUMb
nabopamopHvle U npakmuyeckue pabomvl NO ONPeOeleHur0 odma pyieeoco
Koneca, pabomul 2UOPOYCUTUMENS, PA3BATI-CXOHNCOEHUSA XO0080U YACTHU ABMOMOOUIS,
UMUMayuu U UCCIeO008AHULL GIUAHUS KAYeCmed OO0PONCHO20 NOKPbIMUsL HA
HAOENHCHOCIb NOOBECKU U PY1e6020 Mexanusma. OnpeoesieHbl OCHOG8HbIE KOMNOHEHMbl
0711 cOOpKU YuebHO20 1abOPaAMOPHO2O CMEHOA.

Ha oannom smane ycmanosnenvl epynnvl napamempos, KOmMopwvle OOJNCHb
OouazHoCmupogamucsi Ha paspabamvleaemom cmenoe. OmpadiceHvl Mamepuasl,
UCNONb3yeMble HA NePBOHAYAILHOM dmane pabomvl 6 pPAMKAX KOMWIEKCHOU
Mazucmepckou ouccepmayui.

Knrouesvie cnoea: pyneeoe ynpasienue, noogecka, nogm, 2u0pasiuyeckutl
yeunumenv, CmeHo, OUACHOCMUKA.

VAE AMKACIIAJIBI TI3BEJAEH KEJTIPUITEH 3USH/IBI 3EPTTEY

Maxanaoa  memipoicon — basbimmamanvt  OYpMAIapovbly  CeHiMOIniciHe
baliianvicmvl Mocenenep Kapacmulpbliadbl. Aman atimxanod, memipicon ayoapma
anemenmmepinde Koaoanviiamein borammuiy canacvl sepmmenedi. Jlameus memip
arconvt 1500 E60 [lpoghunvoi memipocon emkendepin natioaranaovl. Temip amcon
OKIMWLINI2IHIH HOPMAMUBMIK KYHCAMMAMACHIHA COlKeC Hezizel dcondapaa Keutyoi
JHcocnapnanaan Honoey Kendeney mouHadicoOen 450 Mumiuon mouHaoan acmam
Jrcypeizinemin 601aobi.

bipax opmawa anzanoa, owcarner 115 muinuon moHHA emKeHHeH KeliH,
emxenoepoe OYIbIHablD WEeKAPaLap MeH HCapblkmap 0auxaiaosl. [[onexepaeyoen
Kelin Kocwliblc opmawia ecenner 10 MUIIUOH MOHHAOAH ACNAUMBIH JiCATNbI
arcykmemeze memen Oepyi kepex. byn emynepoin o3ezi exi komnonenmmi bonamman
mypamuin noaumemann o6oavin maowviiadvl. Aukeuu 350-0,72 % xemipmezi b6ap
HT mapranvr 6onamman scacanean. Kanviyovizol wamamen 20 mm 6emi Hadfield
bonamman sHcacan2an.

Kinmmi ce30ep.: Bonam, 1'30¢und 6oramel, snekmpoomap, mox, KOIOEHEH,
mo3sy, Oypany, YWKbiH weai, KabblpuaKmawy, Kemipmeei IK6UBAICHMI.

Beenenne

OnHuMH U3 3HAYMMBIX (PaKTOPOB Ipoliecca 00ydeHHs SBISIOTCS 00pa3oBaTeIbHbIC
TEXHOJIOTUH, COCTOSIHAE MaTepUATIbHO-TEXHUYECKOM Oa3bl M MaTEpPUAIbHO-TEXHUYECKOE
oOecrnieueHne yueOHbIX 3aBeaeHuil. s 3pPekTUBHOTO OKazaHusi 0Opa3oBaTeIbHON
YCIYTH BY3 JOJDKEH 00J1aaTh HEOOXOAMMON MaTepuaIbHO-TEXHUUYECKOH 0a3oii,
OTBEYArOIell COBPEMEHHOMY YPOBHIO PAa3BUTHUS IPOU3BOIUTENbHBIX cuil. OCHaIeHne
By3a JIOJDKHO YYHUTHIBaTh Pa3BUTHE HAYYHO-TEXHHUECKOTO MpOrpecca, BO3MOKHOCTh
ONEPEKAIOICH MOArOTOBKH KaapoB [1].

W3 BeicTymnienus I'naBel rocygapersa Kaceim-)Komapra TokaeBa Ha 3aceqaHuu
Maxunuca Ilapnamenta Pecyonuku Kazaxcran 11 saBaps 2022 roaa [2] cuuraem
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HEOOXOIMMBIM BBIICIIUTH CIEYIOIIEE: «...MPUOPUTET HYKHO OTAATh TEXHHUYECKUM
npodeccusm. Ilpencront B3pacTuTh HOBOE OKOJIECHUE HHXKEHEPOB, TPOMBIIIIICHHUKOBY.
Jns TOCTHPKEeHNUS 3TUX 1ieTIeld HOMHMO ITPOYEro HeoOX0JMMO Ka4eCTBEHHOE OOHOBIICHHE
MaTepHabHO-TEXHUYECKOM 0a3bl C BBICOKUM 00beMOM (uHaHcupoBaHus. [lomumo
rOCyJJapCTBEHHBIX MPOrpaMM MojiepHHu3aius 0azbl BY3amu MoXeT mpou3BOAUTHCS
CaMOCTOSITEINILHO.

Ha ¢axynprere nmxenepun HAO «TopaiirelpoB yHHBepcUTET» Ben&TCs paboTa
10 MOJIEPHU3ALIMU U OOHOBIICHHIO KOMILIEKCA y4eOHOT0 000pYA0BaHUS ISl U3YUEHUS
CTYACHTAaMH KOHCTPYKIMH, IPUHIIUIIA paOOTHI U TMArHOCTUKHU Y3JI0B aBTOMOOMJICH.

MarepuaJjbl 1 METOABI

B kagectBe 0a3bl 11 cOOpPKHM yueOHOTO CTEH/1a BhIOpaHa MepeaHssl MOIBECKa C
pyJaeBbIM yrpasineHueM aBTomoOmis Ford Scorpio. Cuctema pyseBoro ynpaBieHUs
JAHHOTO aBTOMOOWJIS MMEET peeuHylo pyseBylo nepenauy (PucyHnok 1). bezomachas
pyjieBas KOJOHKAa MMEET COCTOSIIIMN M3 JBYX YacTeil Baj pyJeBOro Kojeca ¢
KpeCTOOOpa3HbIM IIAPHUPOM, a TAKXKe Je(POpPMHUPYEMBIM KOXKYXOM BaJla, 3aKPETJICHHBIM
O[] TIepeIHEH MaHEeNbI0 U CKUMAEMBIM B CIIydae JIOOOBOI'O CTOJIKHOBEHHUS.

Pucynok 1 — PyneBoe ynpasnenue Ford Scorpio

Pucynok 2 — Ilepeanss noasecka Ford Scorpio

HezaBrcrumasi moaBecka NCPEAHUX KOJICC (PI/ICYHOK 2) COCTOUT U3 MOIICPCUHBIX PbIYAIrOB,
CTOCK MaK(I)epCOHa C BUHTOBLIMU IIPYKUHAMU U TCJICCKOITNMYCCKUMU I'a30HAIIOJIHCHHBIMU
AMOPTU3aTOPAMHU, a TAKIKEC CTa6I/IJ'II/ISaTOpa HOHepeHHOﬁ YCTOP’I‘II/IBOCTI/I.

O6e AaMOPTU3allOHHBIC CTOMKHU CBSI3aHBI C KY30BOM U IMOBOPOTHBIMHU KYyJIaKaMU
OosTaMH. HOBOpOTHI:Ie KYJIaKHW HAIIPABJIAOTCS TOIICPECYHBIMU pblYaraMiu U3 aJltOMUHUS,
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KOTOpbIE CBsI3aHbI ¢ OAJIKOM NepeaHel noaBecku. banaka yepe3 ruipoonopsl cBsizaHa
0oJITaMu ¢ JHUIIEM aBTOMOOWMIISL.

INonsecka Mak®epcon (McPherson) siBisieTcsi caMbIM pacpOCTPaHEHHBIM BUIOM
HE3aBUCUMOH IMOABECKH, KOTOPHIN MPUMEHSAETCS Ha MepeJHell OCH aBTOMOOWMIIS.
ITIo cBoeit koHCTpyKIMH noaBecka Mak®@epCcoH SABIIAETCS Pa3BUTUEM IIOJBECKH Ha
JBOMHBIX IIOIIEPEUHBIX pblYarax, B KOTOpPOM BEPXHUMU IONEPEYHBIN phlUar 3aMEHEH Ha
aMOPTHU3aTOPHYIO CTOMKY.

[Moxsecka Mak®epcon (Pucynok 3) uMeer cienyroiiee ycTpoicTso [3]:

- IOJPaMHUK;

- IIONIEPEYHBIN phIyar;

- IOBOPOTHBIN KYyJIaK;

- AMOpTHU3AaTOPHAs CTOMKA;

- cTabMIM3aTop NOMEPEYHON YCTOHYUBOCTH.

Pucynok 3 — Cxema nogsecku Mak®epcoH:

1 — mapoBas onopa; 2 — crynuua; 3 — TOpMO3HOM IUCK; 4 — 3alIUTHBIN KOXKYX;
5 — HOBOPOTHBIN phIuar; 6 — HUWKHSSL ONOpPHAs Yallka; 7 — Npy>KHHA MOJBECKHU;
8 — 3aIIUTHBINA YeXO0JI TENECKOMNYECKO CTOUKH; 9 — Oydep cxarus;

10 — BepxHss onopHas yaimika; 11 — moJMUITHUK BEPXHEN OMOPHI;

12 — BepxHsist onopa ctoiku; 13 — raiika mroka;14 — mtok; 15 — omopa Oydepa
cxkatus; 16 — Temeckonuueckas cTouka; 17 — raiika; 18 — SKCIEHTPUKOBBII O0T;
19 — noBopoTHBIN Kynak; 20 — BaJ mIpHUBOJia IEPEAHETo Koneca; 21 — 3aluTHbIN
4yexoJ1 MapHupa; 22 — Hapy>KHbIA MIApHUP BaJia; 23 — HUKHUUM pblyar

OO611y10 MPOBEPKY TEXHHUUECKOTO COCTOSIHUS PYJIEBOTO YIPABICHUS IPOU3BOJAAT
M0 CyMMapHO# Beln4yuHe T0(Ta U yCUIHI0, HE0OX0IUMOMY JUIS TIOBOPOTA PYJIEBOTO
kosneca. CyMMapHasi BeJIHurHa JI0(TOB PYyJIEBOro KoJieca CKIAAbIBAETCS U3 BETHUNHBI
T0(TOB B MOAMIUITHUKAX CTYMHI] IEPEIHUX KOJEC M COCNUHEHUAX (IIKBOPHEBBIX,
HIAPHUPHBIX PYJIEBBIX TAT, PHIYArOB U SJIEMEHTOB PYJIEBOr0 MexaHu3ma) [4].
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HHcTpyMeHTaIbHBIE IPOBEPKHU pyJieBOro yrpasieHus. [Ipu HeoOXoaumocTu uim st
KOHTPOJISL BBITIOJHSAIOT OO0 IPOBEPKY PYJIEBOTO YIPABJIECHHUS C [IOMOIIIBIO CIIELMAIBHOTO
o0opyznoBanusa — modromepoB. Haubonee mupokoe pacnpocTpaHeHUe MOJIYyUHITN
modromep mexannueckuii K 524 (pucynok 4) u anexrponnsiii UCJI-401 (Poccus).

Pucynok 4 — O6muii Bug mexanudeckoro modromepa K 524:

1,2 — pa3aBM>KHBIE KPOHIITEHHBI COOTBETCTBEHHO BEPXHUI U HUYKHUM;
3 — ynopsl KpOHIITENHOB; 4 — IepeABIKHAs KAPETKA; 5 — CTEPKEHb
HAIpPaBJIAIOMNN; 6 — 32KUM KapeTKH; 7 — IIKajla yriIoMepHasi;

8 — maiiba ppukmonHas; 9 — HUTH pe3unoBast; 10 — mpucoc;

11 — npyxuHHBIN tuHAMOMETp; 12 — nanda yctaHOBOYHas;

13 — KpoHIUTENH AMHaMOMETpa; 14 — BUHT CTONOPHBIN;

15 — BopoTok npuxuma; 16 — npuxkum; 17 — KOO NOKUMHOE;
18 — pyneBoe koneco.

MeToa U3MepeHuss CyMMapHOTO JIIoTa PyJeBOro YNpPaBJICHUS 3aKITI0YAeTCs
B ONpEIEJICHUH yIJla MOBOPOTA PYyJIEBOTO KoJjeca IO YIJIOBOW mIKaje JrodToMepa
MeXy IBYMs (DUKCHPOBAHHBIMH TOJIOKEHUSMHU, ONPEIEIIEMbIMUA MPUIOKEHUEM
K Harpy304HOMY YCTpPOMCTBY MoodepeqHO B 00OMX HAINpaBIEHUSAX OJUHAKOBBIX
YCHUJIUH, perJjaMeHTHPYEMBIX B 3aBHCHMOCTH OT COOCTBEHHOM MacChl aBTOMOOWIIA,
NpUXOSIIEICs Ha yIIpaBisieMble KoJéca.

Bomnpocamu 1HarHoCTUKU pyJE€BOTO YNPaBICHUS U MOJABECKH aBTOMOOWIISA
3aHUMAIIUCH B paboTax 3apyO0eKHbIX YUEHBIX [5—6].

PazpabaTpiBaeMblii aBTOpaMHU CTEHJ| BKJIIOYAET B ceOs JBE COBEPIICHHO pa3HbIE
CHUCTEMBbI, MpeAHa3HauYCHHbIE IJII HE3aBUCHUMOI'0 JTUAaTHOCTUPOBAHUS PYJEBBIX
MEXaHU3MOB C TU/PABIMYECKUM YCHIIUTENIEM W HOJBECKH aBTOMOOMIs. braromaps
TAKOMY pa3/IeJICHHIO Ha CTEHJE €CTh BO3MOXKHOCTH HCIBITAHHUS OTIEIBHO B3SATHIX
KOMITOHEHTOB.

B nepBoii noacucreme peaanzoBaHa BO3SMOKHOCT JUTS HCIIBITAHHS THAPABIMIECKOTO
YCHJINTENS PYJIEBOTO ympaBieHUs u modra B pyiaeBoMm kosece. s mpoBeneHus
JIMarHOCTHKH U3/IENHE MOIKITIOYAl0T K HATOPHOM T'MPaBINYECKOM JIMHUH, JJIsI KOHTPOJIS
YPOBHSI IaBJICHUS U TOTOKA XKUIKOCTH IPH UCTIBITAHUAX B IOJICHCTEME UCTIONIb3YIOTCS
3aMuparolIye U peryIupyoie 3JIeMEHThI, YTOOBI OIPEIEINUTh ITOJIHBIN X0/1 30JIOTHUKA
pactipenenurens. JlanHas mocucTeMa MO3BOJISIET ONPEAEIATh TAKKE HATMYME BHEIITHUX
yTeuek paboueit )KUKOCTH, a TaKKe (PUKCUPYET BHYTPEHHHUE YTEUKH.
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Bropas noacucrema npegHazHadeHa A1 JMarHOCTUKYU Pa3Bajl-CXO0KIEHUS KOJIEC.
370 moJcUcTEMA BKJIIOUAET B ce0sI MPOBEPKY U HACTPOMKY CIIEIYIOUINX MapaMeTpOB:

- Pa3Bana — yruia HakJI0Ha KoJjieca 110 OTHOLIEHUIO K JOPOrE;

- CxoxaeHus — yria paclojioKeHUsl KOJIEC 110 OTHOUIEHUIO K HaIlpaBJICHUIO
JBUKECHMUS,

- Kacrepa — yria pacnosnoxeHust ocu oBopoTa.

EnuHnnamu n3amepeHus yrioB pacloyloKEeHUs KOJIEC SIBIISIOTCS IpaslyChbl U MUHYTHI
(oouH rpaxyc COAEPKUT IECTHAECAT MUHYT).

Bces undopmaryst, momydeHnHasi B Ipolecce TMarHoCTUKY Ha 3TOM JJAHHOM CTEeH/JIe
MO3BOJIUT CYAUTH O PAOOTOCIIOCOOHOCTH B L1EJIOM Beel iepeineit moasecku. [lono0HbIe
CTEH[IbI pa3pabaThIBAINCh PaHHEE, UX MApaMeTphl H3y4eHbl B paboTax [7-9].

Pucynox 6 — [Ipeanonaraembrii o0muil BU CTEHIA

CreHp 17151 UCTIBITAHUS PYJIEBOTO YIIPABJICHUS COCTOUT U3 CJIETYIOIINUX YacTei:

- Pama, usrotosnenHas u3 6aok NpoQHILHOTO CEUEHUs], Ha KOTOPOH MOHTHPYIOTCS
BCE KOMIIOHEHTBI, U MEXaHU3MbI HY>KHBIE IS TOTO, YTOOBI CTEH (PYHKIIMOHUPOBAL.

- Y3761 IEpeIHEN MOJIBECKU TPAHCTIOPTHOTO CPEACTBA KOMITOHOBKH DOp/1, KOTOpPHIE
MPUKPETUISIOTCS K paMe UCIIBITaTeIbHOTO CTEHAA.

- Harpy3ouHble a51eMeHThI BKJIIOYaroIue B ce0sl BUHTHI CO MITOKaMU. Takxe npu
UX MTOMOIIY MPUKIIAJAbIBAETCS HArpy3Ka Ha KoJieca.

- PyneBoe ynpaBiieHue TpaHCIIOPTHOTO CPEACTBA 3aAHETIPUBOIHON KOMIIOHOBKH,
COCTOSILIIEE U3 PYJIEBOTO MEXaHHU3Ma, PYJIEeBOro Baja, PyJeBOro Kojeca M pyJeBOi
Tparneuuu.

- 'mapaBnnyeckuii yCHIIMTENb, B COCTaB KOTOPOTO BXOAST CUJIOBOW IUJIUHIP,
pacrpeaenuTelnb, THIPOHACOC U AJEKTpoABUTaTeNb. Kopnyc CHUI0OBOro LUIMHIpA
bukcupyeTcs Ha pamMe HCIBITATEIbHOTO CTEHJA, €ro IITOK C MOMOIIbI0 HIapHHUpa
COBMEIIICH C MonepeyHo Tiaroil. ['muponacoc pukcupyercs Ha paMe W IPUBOIUTCS B
JIBIDKEHHUE ITOCPEACTBOM 3JIEKTPOIBUTATENs, KOTOPBIN TOKE MOHTHPYETCS Ha paMe CTEeH/1a.
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- DieKkTpuyueckasi CXxemMa U3MEpEeHHA, COCTOsIIAast U3 0J0Ka MUTAHUS, YCUITUTENs,
M3MEPUTENEHO-PETUCTPUPYIOIIEH armapaTypbl AJis U3MepeHws o Ta pyJIeBoro Koieca
Y yTpaBJIsieMbIX KOJIEC Ha MPUOOPHOH JTOCKe.

Pe3yabTaTsl M 00Cy:KI€HUE

OrnpeneneHre pacyeTHbIX PEKUMOB M BBIXOAHBIX ITapaMeTpoB cTeH1a. B mpouecce
JKCILTyaTallid aBTOMOOUIISI MaKCUMaJlbHBIE HArPy3KH B PYJIEBOM yIpaBICHHU
peanu3yroTcs B HECKOJIBKUX CUTYyalusix [3, 5], KOTOpble MOXHO BOCCO3]1aTh, UCIIOJIB3YS
npennoxxeHHsbiii crena (Tabmuma 1).

Tabnuna 1 — Onucanue pacueTHBIX CIy4aeB HArpy>KE€HUs pYyJIEBOI'O YIpPaBICHHS
COBMECTHO C HE3aBHUCUMOU IOABECKON

Pacuernsrit cyqait™ [Momoxenne xomec** MoMeHT, pa3BHBaEMBbIi
PYJIEBBIM MEXaHH3MOM

Y1op neBoro Koseca B IPETATCTBHE ITpaBoe xoxeco BeIBEIICHO, | MaKkCHMAaIbHBIN

C MaKkCHMaJIbHOH CHIIONH Ha PyJICBOM JIeBOE - Ha XOJIE COKATHS TIOJIO>KUTETBHBIN

Kojece TIOJIBECKH MaKCHMATbHBL
OTPULIATENbHBII

Ynop npasoro koseca B 60paiop ¢ JleBoe koneco BeIBENIEHO, | MakcHMaIbHBIN

MaKCHMaJIbHOM CHJION Ha PyJIEeBOM IIPaBOE - HA XOJI€ CKATHSA TIOJIO>KUTETbHBIN

KoJece MIOJIBECKU MakcuMaIbHbIH
OTpHIATENBHBII

*[lonoxkeHue Koyec MPOU3BOIBHO
** Komneca moBopaynBarOTCs C MOCTOSIHHON CKOPOCTBIO 0 3aKOHY YITPABJICHUS.

B crenne onucaHHbIe BBIIIE pAaCUETHBIE PEKUMBI 33JAIOTCS CUCTEMOM CHUIl U
MOMEHTOB, JEUCTBYIOUIMX Ha KOJIECO W PYJIEBYIO COIIKY, a YTOJI IOBOPOTA KOJIEC U
MOJIO’KEHUE TAT U IIAPHUPOB PYJIEBOTO MEXaHNU3MA 33/1al0TCS IPUHYTUTEIBHBIM YTJIOM
MOBOPOTA OMIOPHOM IUIONIAIKU. [leTanu pyieBoro ynpapieHHs Harpy>KeHbl MOMEHTOM,
MPWIOKEHHBIM Ha pyseBoi comke (PucyHOK 7). D1eMEHThI MOJABECKH HArpyKEHBI
BEPTHUKAJIbHOW HArpy3KOH B IMSTHE KOHTAKTa KOJIEC C OMOPHOM MOBEpXHOCTHIO [10].
Cuibl, AeCTBYIONINE B PYJIEBBIX TATAX, MOTYT JAOMOJHUTENILHO HATPYKaTh IMOJABECKY
ABTOMOOWIISI UJTH pa3rpy>KaTh €€ B 3aBUCUMOCTH OT 3HaKa MPHII0KEHHOTro MoMeHTa [ 11].

PucyHok 7 — PacueTHas cxeMa pyJieBOro yIpaBJeHUs
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YcunuTenb pyieBoro ynpaBiIeHHs HUCIBITBHIBACTCS HAa CTEHJE B J1a00OpaTOPHBIX
YCIIOBHSAX MJIM Ha aBTOMOOMIIE B YCIIOBHUSX HKCIUTyaTallUH.

B cooTBeTCTBHM C YCTaHOBJICHHBIMU OLICHOYHBIMH ITapaMETPaMU U KPUTEPUSMHU
ONpPEAENAIOT €ro XapakTepucTuku. OTAebHbIE 3JIEMEHThl YCUIIUTENIeH MOXKHO
UCTIBITHIBATh HA TOM XK€ KOMIUIEKCHOM CTEHJE, YTO U YCHJIUTENIb B cOOpe, MU Ha
CrenaibHbIX cTeHAax. OTaebHbIE UCTIBITAHUS IPOU3BOIAT IPH MTOMOIIH CIIEIUATBHBIX
npuOOPOB U YCTPOUCTB.

(~ I. 3aBHCHMOCTE MOMCHTA HA BamMy COIIKH M, or mMoMecHTA Ha

BroaHoM  Bany M, PpyICBOro  MexaHMiMa  npe padoTraiiem
— Perynuposounsic = rrapoyednmrence: M. = (M),

2. 3aBHCHMOCTE JABICHHA B HANOPHON 4acTH rHAPOCHCTEMEL 7 OT
_ MOMEHTA HA BXOAHOM Baly: p = [ (M,).

3 3aBHCHMOCTh CROPOCTH BBIXOIAHOIO 3BEHA OT COMNPOTHBICHHA
NOBOPOTY YIPABIAEMBIX KOJIEC.

Jlisa pyJaeporo MexaHmiMa ¢ FHIAPOYCHIHTEIEM HHTEIPAIbHOIO
runa w, = flM.,), rae . YIA0BaA CKOpPOCTL Basia cowkm, M,
HOMHHANBHELI MOMEHT HA BANY COLLKH.

Jins npyrux KOMIOHOBOYHBIX cXeM o = f(F,), rie v — cKOpoCThb

—— Harpysouubie —-<

nepeMenieHs  INTOKa  UHIHHApa  THIpoycHiauTens,
\_ HOMHHAJIBHOE YCHIIHE HA IITOKE.
(" 1. Mexannueckuii KIJL 1] pyiesoro smexannsma ¢ FHIPOYCH-

JIHTCEIICM.

2. BuyrpeHHee TPEHHE B PYICBOM MEXaHH3IME.

— DHeprernueckne —-C: 3. Ilporepka paboTocnocobHOCTH PYICBONO MEXAHHIMA € BLIKIIO-
HCHHBIM I'H,’I[‘btl}-‘l,‘H_'lllIUJIL.‘.\L |'Iil|'_lU|IEIS| HHIAKOCTE CIINTA:
M, = 250=xR. npn n, = 0,5 oblc, R, CpeAHMi paanye oboaa
\_ PYJICBOIO KOJCca.

Mexanuueckmi _"[I()It]'l' PYNCBOTD MCXAHMIMA ),

(1.
2. Yupyrui MexaHuueckuil o pyineBoro MeXaHuIMa @,
— Kunnemarnueckne [~ 3. MnapasiHueckuii 10QT pyIeBoro MexaHHuimMa ¢,.
4.
5.

y[]p}-’l'OCTb PYIEeBOro MEXAHH3IMA .
Yrnosoe NepeiarnoiHOC OTHOIICHHE PYJIICBOIO MEXAaHH3IMA { B

1. Hapysubie yreusu anakocti O = f(p). p = 1.25 paus.
2. Ilpoeepka paboToCcnOco0OHOCTH PYJIEBOI0 MEXAHM3IMA ¢ paboTalo-
muM ruapoyeunuTtenesm: M, = M., npu n, =05 oblc, ny 1 My,

CEOpOCThE BPALLCHWA H HOMHHAIBHBII MOMEHT Hil BXOJHOM BaITY.
Mmapasnuueckne 3. ConpoTHBISHHE MPOTEKAHMK) JKHIKOCTH B PYJICBOM MEXAHHIME C
— (oDImme IHJIPOYCHIMTENEM AP=Pay — P T P, P — JAABICHUS HA BXO/IC
HCTLITAHMS ) H BEIXOAC H3 FTHAPOYCHIHTECIA COOTBCTCTBCHHO.

4. lleHTpHpOBAHKHE 30J0THHKA PAcpeae/iHTe s,

5. BuyrpeHHHe yTeukH xuakocTu Oy = f(p), p = 0.9 pas.

6. ”|‘|UIN.‘|3K(! Pilﬁ{\'l'ﬁl.‘[1(3‘-.'Uﬁllk'll."F'll BEIKJTHOYATES FNHIAPOYCHIAHTES B
\_ KpaiiHux nonomeHuax, p =02 poa..

(1. Hacocw: paGouan xapaktepuernka O = f(p).

2. Pacnpenenurenn: - BHYTpeHHHS yreuskn O, = f(p), p = 0.9 poos.
- HAPY#KHBIC (BHCIIHKUC) yTeukH O, =7 (), p = 1.25 prux.

3. Perynaropel pacxoja: -pacxo Ha Beixoae peryiasropa O, = (p).
- BHYTpPEHHHE yTeuku O = [(p), p = 0.9 p ...
- JaBJeHHE CpadaThIBAHMA NIPEIOXPaHHTENBHOIO KIAMAHA Popgs.

4, Hpnuaaper: - BHYTpeHHHS yTeuky O, = (P 2 = 0.9 poas.

\_ - HApY#KHBIC (BHEIIHKME) yTeuku O, = (), p = 1.25 poas.

I'napasnuygeckne
— lll()').’]l,.‘}lﬁ}l'l'lil,[L‘ —<
I1|’_‘1I]:I'1'¢'_1EI'HSI}

PI/IcyHOK 8— SKCHepI/IMeHTaHBHO OMPCACIIICMBIC ITaPpaMETPhI U XaPaAKTCPUCTHUKHU
PYJIEBOro MexaHnsma ¢ ruApaBJINICCKUM YCUIIUTCIIEM
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B cooTBeTcTBUY C TpaBUiIaMH, TPEOOBAHUSMHU CTAHJAPTOB, PETTIAMEHTUPYIOIIUMHI
HOPSAJIOK IPOBEICHHS UCIBITAaHUHM, pa3padaThIBaeMblil CTEH] IOJDKEH MO3BOJISATH
9KCIIEPUMEHTAIIBHO OIIPE/IEIIUTH [TAPAMETPhl U XapaKTEPUCTUKH, TOKa3aHHbIE HA PUCYHKE 8.
JUis BBIMOJHEHUS 3TUX TpeOOoBaHUN HEOOXOAUMO pa3paboTaTh JOMOIHUTENbHbBIE
MEXAHU3Mbl UMUTALIMH JOPOKHBIX yCIOBHII.

BoiBoabI

Ha ocHOBaHUU U37I0)KEHHOI'O MOKHO CAEJIATh CIEAYIOIINE BbIBOIBIL:

- B KauecTBe 0a30BOro y3j1a — IepeiHel MOBECKH C PYJICBBIM yIIPaBICHUEM IS
CO3/IaHUS Y4eOHOTr0 CTEH/IA [IeNIecO00pa3Ho BHIOPATh MOABECKY HE3aBUCUMYIO IIOABECKY
co crorikamu Mak®epcoH ¢ ruapaBIM4YECKUM YCHUIIMTEIIEM PYJIEBOIO YIIPaBICHUS;

- CTEHJI fBJISIETCS YHUBEPCAJIbHBIM — 3TO O3HAYaeT, YTO B HEM peajau30BaHa
BO3MO>KHOCTb UCIBITAHUI PYJIEBBIX MEXAHU3MOB C THAPABIMYECKUMH YCUIUTEISIMH,
BBIIIOJIHEHHBIMU 110 BCEM HM3BECTHBIM KOMIIOHOBOYHBIM CXeMaM (MHTETpajbHOM,
HAIOJIOBUHY MHTETPAIbHOM U HEUTPAJIbHON)

- CTeHJ JaeT BO3MOXHOCTh IPOBEJEHUS KOMIUIEKca paboT MO M3Yy4YEHHUIO,
JMAarHOCTHKE U PEMOHTY IO/IBECKU U PYJIEBOTO YIPaBJIECHUS aBTOMOOHJIS.
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DEVELOPMENT OF A TRAINING STAND FOR VEHICLE
STEERING AND SUSPENSION DIAGNOSTICS

In this paper, the issue of diagnostics of steering and suspension of a passenger
car in the conditions of a training laboratory for the purpose of conducting research
by students is considered. Modernization and updating of the complex of educational
equipment is carried out in order to study the design, principle of operation and

Marepuan noctynui B pegakuuto 17.03.22.

*P. 10. 3apunoé’, H. C. Cembaes’, 9. Mowim A’., Kanuawes b. C°., diagnostics of car components by students. The front suspension with steering control

3. JI. Abunvounos’ of the Ford Scorpio car was chosen as the base for the assembly of the training stand.

1.2343TopalirpipoB yHuBepcuTeTi, Kazakcran PecriyOmukacel, [1aBioaap k. The steering system of this car has a rack-and-pinion steering gear. The independent

Marepuan 6acnara 17.03.22 Tycri. suspension of the front wheels consists of wishbones, MacPherson struts with helical
springs and telescopic gas-filled shock absorbers, as well as a stabilizer bar.

ABTOMOBWIBAIH PYJIbJIIK BACKAPYbI MEH ACIIACBIH Laboratory and practical work is planned to be carried out on the developed

TMATHOCTHUKAJIAY OKY KOHJIBIPFBICBIH JKOBAJIAY stand for educational purposes to determine the steering wheel backlash, the

operation of the power steering, the camber of the chassis of the car, simulation and
research of the influence of the quality of the road surface on the reliability of the
suspension and steering mechanism. The main components for the assembly of the
educational laboratory stand are determined.

At this stage, groups of parameters have been established that should be
diagnosed at the stand being developed. The materials used at the initial stage of
work within the framework of a comprehensive master's thesis are reflected.

Keywords: steering, suspension, backlash, hydraulic booster, stand, diagnostics.

Byn orcympicma 6inim anyuivliapobiy ebliblMUu-3epmmey HCyMblCHAPbIH HCYypPei3y
MAKCamviHOa OKY 3ePMXAHACHL HCA20AUBIHOA HCEHIL ABMOMOOUNLOTH PYIbOIK OaAcKapy
MeH acnacvli OUaCHOCMuKanay moceneci Kapacmuipovliaovl. OKy oHcaboblKmapsl
KEWEHIH JICaablpmy —JiCOoHe  Jicanapmy  OiniM — aryubliapobly — demomMoOub
MopanmapwiHbly KYPblLIbICbIH, HCYMbIC NPUHYUNIH HCOHE OUACHOCTUKACHIH 3epoeiey
Maxcamvinoa opuiHoanadvl. OKy KOHOLIP2bICHIH Kypacmulpy Yulit Heei3 peminde Ford
Scorpio asmomobuniniy ardvinesl pyavoik acnacsl mayoanovl. byn asmomobunvoiy
PYAbOIK backapywl petika pyavoix Oepinicke ue. An0biHabl 00H2ANIAKMAPOblY MOYeLCi3
acnacwl KendeHey uinoepoeH, bypanoanvl cepinneni Maxgepcon mipexmepinen
JHCOHE MENeCKONUSIbIK, 2a30eH MONMbIPbLI2AH AMOPMU3AMOPAAPOAH, COHOAU-AK
MYPaKmanoblpablman mypaovl.

O3ipienin  JHcamKan KOHObIP2blod 0Ky MAKCAMbIHOA DPYIb 00H2eaeliHil
JOPMbIH, 2UOPABTUKANBIK, KYUEUMKIWMIY JHCYMbICHIH, a8MOMOOUNLOIY dcypic
OoniciHIY KY1ayblH aHBIKMAY, Hcol 6emi canacviHbly dcna MeH pyib MeXaHUusMIiHIH
CeHiMOiniciHe ocepin MoOenvoey JicoHe 3epmmey  OOUbIHWA — 3ePMXAHANbIK
JHCOHe  madiCcipubenix rcymvicmap Hcypeizy owocnapianyod. OKy 3epmxXaHanbli
KOHOBIP2bICHIH KyPACMubIpYOblH He2i3ei KOMNOHEHMMeEPL AHbIKMALObL.
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*A. Hypxxayoe
TopaiirsipoB yHuBepcureti, Kazakcran Pecybnukacst, [TaBnogap k.

ABTOMOBMWIIbAIH KAPKbIHbl KO3FAJIbICbIH 3EPTTEY

Aemomobunb0iy  MapmywsbliblK-2ColI0aMObIK,  Kacuemmepi  OipHeuie
Kepcemkiwmepimen — bazananadvl.  «Aemokenix  Kypanoapvl.  HblL10amowiK
cananapvly ammsl Memaekemmik CmMaHOAPMuIHOA ABMOMOOUNLOIY HCHLIOAMOBIK
Kacuemmepiiy MAaKCUMAan JHCulioamovlabl, Oencini dcon bemimer K032ai2aHOdebl
KapKbIHObL  KO32AIbICLIHbIY — YaKblmbl,  OelleiieHeeH  JICbLIOAMObIKKA — OeliiHel
KaPKbIHOAYbIHBIY YAKbIMbL CEKLN0I KOPCemKiumepin Heone KapKblHObl KO32ANblChbl
MEH KO32aNbICMAH eKNiHIMeH WbI2YbIHbIY CURAMMAMACHIH  CANbIN  WbI2YObLH
moxcpube HCOAbIMEH AHLIKMAYOblY Mocindepi anvikmanwvin sxcasviiean. ConvimeH
Kamap, agmomoounbOi JCoLI0AMObIKMbL Me3 6Cipy Kabiiemi (npuemucmocms) OHblH
MaApmMyUbLIbIK-JCOLI0AMObIK KACUemmepin 0asanaiumoit He2l3ei KopCcemKiumepitiy
0ipi 601611 madwvLIAOBL. All, ABMOMOOUTLOTH (KAPKHIHOAN KO32AbIN Kelin, eKNiHIMeH
KO32aIbICMAH WbI2YbIHbIY (PA320H-8bl0E2) CUNAMMAMACHLY OHbIH HCLLIOAMOLIKMbL
mes3 ocipy Kabineminiy cunammamacst 60abin maowviiadsl. OHbly 0Cbl CUNAMMAMACHL
apKbLIbL ABMOMOOUNLOIY Oepinicmepin o32epme OMmbIPbIN, CAMBLIAN KAPKbIHObL
KO32QIbICbIH, KAPKbIHObL  KO32ANbICIHBLY — JCONbIHbIY — Y3bIHObI2bIH, OelzileHeeH
Jrcon  beminiy  yuackecinoezi OenziieHeeH JHCbLIOAMObIKKA OeliHel KapKbiHObl
KO32Q/IbICHIHbIY YAKLIMbIH JHCOHe M.0. aubikman anyea 60aaovi. Apuaiivl o0ebuem
Ke30epiHoe  a8mMoOMOOUIbOIY — MAPMYUBLILIK-JICOLIOAMObIK — KACUemMepiHiK
KOpCemKiumepin —aHblKmMayovly, Meopusivlk dicordapsl  basHoanzan. bipax,
asmopnapobly aumyviHuld, 6y KOpcemriuumepoi meopusiiiblK HCOAMEH AHbIKMAYObl
meK canoblk mocindepdi Kordanvin, IEM ocopoemimen 2ana opwvinoayza 601adsi
Oen myoicbipbimoanzan. Maxanada asmomoounbOiyy OPHLIHAH JHCHLIJNHCHIN, KAPKbIHObL
KO032A/Ib1CbL CUNAMMAMACHIHbIY KOPCEMKIumepin aHAIUMuK JHCOIMeH AHbIKMAYOblH
MeopUsIbIK, AHCON0apbl Hezizoenin OasHOanovl, npoyecmiy meyoeynepi Kypoliobl
JHCOHE OHBIH NAPAMEMPIEPIH AHLIKMAUMbIH POPMYIANAPBL HCAZBLILIA UUbI2APBLIObL.
basnoanzan meopusinvlk 3epmmeyOin  OypvicmbiablH  0d1el0etimin  ecenmeyiep
OpPbIHOANObL.

Kinmmi  co30ep: asmomoOunvOiy Maxcuman Hcvlioamoviabl, KAPKbIHObL
KO032Q/IbLCbIHbIH YAKbIMbL, MAPMYULbLILIK-HCLLIOAMObIK, Kacuemmepi, KapKblHOAYOblH
AHCHLIOAMOBIK, CUNAMIMAMACHL, MAPMY Kyuli OA1Iancyl, OUHAMUKATILIK, (haKmop.

Kipicne

ABTOMOOMIIBAIH KapKbIHABl KO3FAIBICBIHBIH CHIATTaMachl J€ll KO3FaJbIC
KBUIAMIBIFBIHBIH KOHE KAPKbIHIbI KO3FAJIBbICBIHBIH YaKbITBIHBIH OHBIH JKOJ
Y3bIH/IBIFBIHAH TOYEJUIIIH KOPCETeTIH KUCHIK ChI3BIKTap rpadurid airagsl. Con
CeK1NJIi, aBTOMOOMIIBAIH KapKbIHAAIN KO3FaJbIN KEJNil, eKMiHIMEH KO3FaJbICTaH
IIBIFYBIHBIH CUIATTaMAachl 1€l OHBIH JKbUIJAMJIBIFBIHBIH, KO3FAJIBICTAH IIBIFYBIHBIH
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YaKBITBIHBIH KOJIbI Y3bIH/IBIFEIHAH TOYEIAUTIT1H KOPCETETIH KUCHIK CBI3BIKTAap Tpadurin
aitansl [ 1-3]. ABTOMOOUIIBAIH KapKBIHIBI KO3FAIIBICH )KOHE OJ1aH IIBIFYBI ac(albTTi-
OETOH/IBI TETiC K01 OETIH/Ie OPBIHIABII, ChIHaaAbl. O YIIiH aBTOMOOUIIB/II TOMEHT'1
Oepiyic caThIChIHAH JKOFAapFbUIApbIHA OIPTIHIEH OTKi3€ OTHIPHIN, OEriIeHreH aKThIK
KBUTAAMJIBIKKA KETKEHIIIEe KO3FAIBICTa OONFBI3a b 14, COIaH KeHiH OEpiTiCiH aFBITHII
TacTar, aBTOMOOWIIb TOKTaFaHFa JIeHiH ©31HIH MHEPUUACHIMEH XYprizeni. OlerTe,
KapKbIH/Ibl KO3FAIBICTBIH aKTHIK KBUIIAMIBIFEI, JEMEK, KO3FAJIbICTAH IILIFYbIHBIH
Oacrankel )euaaMabFel 100 kv/car-ka (27,8 m/c) TeH 00IChIH et KaObuinaHaast [4—7].

Marepuannap MeH aaicrep

3epTTey/i )KeKe aBTOMOOMIIh KO3FAIILICIHA KATBICTHI OPBIHIAMBI3. ABTOMOOMIIBIIH
KAapKbIHbl KO3FAIBICHIHBIH KOHE KO3FAIBICTAH IIBIFYBIHBIH ©37€piHE COMKECTI TapTy
KyIli 6aJaHChl TEHACYJIEPIH TOMEHT1 TYP/E >Ka3blll IIbIFaMbI3:

(1

MyHzaFbl G — aBTOMOOMIIB/IIH CaJIMaFrbl;

F,—xanama (meHOepIIiK) TapTy KyIii,

F,— aya kezmepricinin Ky,

g — calMakK KYLIIHIH YIeyi;

t — YaKpIT;

W — 5KoJ1 OeTi KeJepriciHiH KenTipiireH ko3 puuneHTi;

0,— aBTOMOOWJIB/IIH -I1Ii CATHICHI ICKE KOCHUIFAH/IAFbl KO3FAJILICHI KE31H/IE aHHAITYILIbI
MaccaJapblH ecenke airy Kod()(OUIuenTi;

0, — KO3FaJbICTaH ©3 EKMIHIMEH LIBIFY Ke3iHJe aBTOMOOMJIbIIH (KOJIIKTIK
MAalIMHAHBIH) alHATBICTAaFBI MacCcallapblH ecenKke amy Ko uimueHTi.

bynan epi kapail aBTOMOOMJIBIH (KOIIKTIK MallMHAHBIH) ©31HIH €KIIHIMEH
KO3FaJIBICTAaH ILIBIFYbl KO3FaJbIChIHA KaTBICThl apaMETpJIEpiHIH ©3/epIHe COUKECTI
opinTi Oenruiemenepine «b» MHACKCIH OekiTin Oepir OThIpaThIH OoaMbI3 [8—12].

Kanpimracmaras )KyMbIC pesxuMi (KapKbIH/IAIl, HeMece 09CEHICT KO3FATyhl) Ke3iH/1e
KO3FaybIlll MOMEHTIHIH TOMEH/I€yl MapJbIMChI3 KIIIKEHE OOJYbIH €CKEpe OTBIPHII,
0, xoHe 8, KodQHIUMEHTTEPIHIH MOHAEPIH TOMEHETT (opMyanap/bl KOJIIaHbIII,
AHBIKTaMBI3:

(2)
MYHaFbl ikn.k — k1161 caThICHI KOCBUTFAHAFbl OEpiIic KOPAOBIHBIH OEpiIiC CaHbI;
o, u o, u —kodppuumenrrep. 6,=0,03...0,05; ¢,=0,04...0,06.
(1) TenneyiHeH aBTOMOOWIIBIIH KapKBIH/IBI KO3FAIbICHIHBIH YICY1H
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3)

Typinje tabambis. Mynnarel D=(F, —F )/8, G — nuHamMukanbik Gakrop (alHaIbICTaFbI
Maccajap Ha3apra ajbIHFaH).

TeopusibIK 3epTTey /i Opi Kapaii )KaJFacThIpy MaKCaThIH/IA )KOHE 1IITEH KaHYIIbI
KO3FAyBIIITAPAbIH KbUIIAMABIK CHIATTaMaJapblH IIaMaal CaJiblll IIbIFy YIIiH
napaMeTpiep apachblHIAFbl KapbIM-KaTBIHACTAPIbI KOPCETETIH TOMEHAET1 Oenrimi
TEeHACYIEePi KOJIJaHAMBI3:

(4)

()

(6)

(7)

MYH/JIaFbl a,b,c — MOH/Iep1 KO3FaybIIITHIH (MOTOP/BIH) TYpl MEH KYpPBhUIbICHIHA TOYE/1
6omateiH K03 punmeHTTED;

P,  — KO3FayBIIITBHIH MAKCHMAaIl KyaThl;

P, *oHe 0,~ KO3FaybILIThIH KyaThIHbIH )KOHE OLTITIHIH alHAIIBIC KbUTIaMIbIFbIHBIH
aFbIMJIaFbl MOHIEPI;

M, KoHe @ — KO3FayBIIITHIH MaKCHMall KyaTblHa COMKec OOJIFaH MOMEHTI XoHe
OLIIriHIH aifHAJIBIC KBIUIIAMIbIFEI;

T~ aBTOMOOMJIB/IiH YKETEKIIi TOHFAIAFbIHBIH JMHAMUKAIIBIK PaJHyCHI;

A — aBTOMOOWJIB/IIH MaHAal ajjibl ayJaHbl;

1 — TPAaHCMHCCHUSHBIH OEPLITIC CaHbI;

N~ TpancMuccusHbig 1TOK;

k — aya keziepricinin koddpuuuenti.

Ko3FayBIITEIH CHIPTKBI CHIIATTAMACBIHBIH KHCHIKCHI3BIKTAPBIHBIH apachlHaa
MbIHaAai OalmaHbIcTap 6ap:

ORON Oomranga, P=P,  Gomamel,

ORON bosrrana, P, (w,) QyHKIMSCH SKCTpeMyMFa ue 60J1ajibl, SFHHA

0= Ooxranaa, M, (®,) GyHKIHMACH SKCTpEMyMFa 1€ 00JIa/Ibl, SFHU

0 M.max
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byn epHexTepaeri ® KO3FaybIIITHIH Makcumail M MOMEHTIHE CoHKec
.. Mmax "V 0.max

00J1aThIH KO3FayBIII OUTITHIH aiHAIBICHIHBIH OYPBIIITHIK KbUIJaM/IbIFbL.

Bysl COHFBITAPBIHBIH CaH MOHJEPl aBTOMOOMIIB/IH JKOHE KO3FaybIIIBIHBIH
TEXHUKAJIBIK CUMaTTaMaapbiHa OenrineHin Oepiaren 6osasl.

Xorapeina atanran OalimanplcTap sl )koHe (4) meH (5) TeHaeynepin eckepim, a, b
XKoHe ¢, KO3 PUITMEHTTEePiHIH CaH MOHJIEPIH aHBIKTAY IIapTTapbl TOMEH/IET1 TeHAeYIep
XKYyHecl TypiHAe OpHEKTENI MbIFAapbUIIbL:

(8)

Ochbl TeHAey eIl MIeNTi, XoHe KO3 OUIIMEHTEePiHIH CaH MOH/IEPIH aHBIKTANTHIH
(dbopMyJIagapbIH OIBIFAPHIT AJIAMBI3:

)
MYH/IaFbI — KO3FayBIIITBIH alHAJIBIC JKBUIAAMIBIFBI OOWBIHIIA
OeriMaenynIinik Ko3pUIHEHTI.
(4)...(9) epuekTepin eckepir, (3) TeHOLYiH
(10)

TYpIiHE KEATIpEeMis.

Byn epuekrepzeri F, xanama tapry xyinineHn Oacka nmapameTpiepaeri k uaaekci
OepiJtic caThICBIHBIH HOMIPIH KOPCETE/I.
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TpancMuCCHCHIHBIH K-1TTBI CATBICHI ICKE KOCBUTFAHAaFbl aBTOMOOWIIB IIH KAPKBIH/IbI
KO3FaJIbICHIHBIH 3TAIbIHIAFbl yaKbITHH (10) TeHIeyiHEeH aHBIKTalMBbI3:

(11)

Mynpaarel v, JKoHE V,, — aBTOMOOMJIBIIH K-HIbI 3TambIHAAFbl KAaPKBIHIbI
KO3FJIBICBIHBIH OaCBhIH/IaFbl )KOHE asFbIH/IaFbl )KbUITIAM/IBIKTApHhI.

ABTOMOOWIIBTIH -IITBI ATAITBIH/IAFbI KAPKBIH]IBI KO3FAIBICBIHBIH JKOJT Y3bIH BIFBIHBIH
TEeHJEY1H

(12)

OpHETIHEH

(13)

TYpiHzae Taybin anambli3. AKeIpeiHaa (11) xene (13) epHekTepiH MHTErpajjaail,
aTaJIFaH IapameTpliepli aHBIKTAHTHIH (pOpMyJIanapabl a3blll, IIBIFAPbIN AJJIBIK;

erep 6oJca, oH/Ia
(14)
(15)
erep 6osica, oHIa
(16)
(17)
byn dopmynamapaa
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AiiTa keTeTiH Oip KOUT — aBTOMOOMIIB/IIH TYPFaH OPBIHBIHAH KBUDKBII KO3FaTybl
OHBIH TBHIHBIII KaJBIIBIHAH KO3FAJIBIC KAJIbINbIHA KOlTyl 00JbIl TaOblIaabl. OAETTe,
JICHEHIH KO3FaJbIC OETiHJe OpBIHBIHJA TYPYHI OJIApJbIH apachiHja naiiaa 0oJiaThiH
THIHBIII KaJBIIBIHAAFBl YHKENICl KYIIl dcepi HOTHXKECIHIEe KaMTaMachl3 eTilehl.
JleHe TBHIHBIII KaJbIIBIHAH KO3FANBICKA MIEKCI3 KINIKEHE yaKbIT apachlHAa OTe]l.
JleHe KO3FaJIBICBIHBIH OacTanKbl KO3FAJbIC JKbUIIAM/IBIFbl KAaHIIAIBIKTHI KilIKEHE
OosFaHBIMEH KeHiH Kapail OarbITTaaFaH MHEPIHs KYLIl ©Te YJIKeH OOJIBII IIbIFaIbI.
MyHBI JeHEeHIH THIHBIII KAIBIIBIHAAFBI YHKENiC KYIIiHIH OHBIH KO3FaIbIChl Ke31HIer1
yiikelnic KyLIiHEeH YJKeH OoJaThIHIABIFBIHBIH Oip ceOebi aen ecenteyre 0onaabl.
KeikTik MalmmHaHBIH OPBIHBIHAH JKBUDKBIFAH ME3ETIHET] )KOHE KO3FAIBbICHI KE31HIeT1
TeHceNny Ko3(puuueHTTepiHin alblpMalIbUIBIFBIH OCBIFAH YKCac TYCIHAIpyTe
0omnanpl. COHABIKTaH, KO3FAyBIIIBIHBIH KyaThl )KETKITIKTI OOJIFaH KaFJaiiIbIH ©31H1e
ABTOMOOMIIB/IIH, HeMece OacKa Oip KOMiKTIK MalllMHAHBIH, TYPFaH OPBIHBIHAH KBIIKBITT
KO3FaJIBINl KeTyl 5K0JI OETIMEH ycTacybl OOHBIHINA aHBIKTAJATHIH MaKCHMal KYIIiHe
TeH OOJaThIH )KaHaMa TapTy KYLIiHIH d8cepl HOTMXKECIHEC FaHa MYMKIH Oosajpl 1en
KaObu1IayFa 00Ia k.

ABTOMOOUJIB/IIH OPHBIHAH >KBUDKBII, KAPKBIHBI KO3FAITybl OHBIH KO3FAYBIIIBIHBIH
KYMBIC PEKUMIHE JKOHE XKYPri3yIliHiH epeKLIeNiKTepl MEH dpeKeTiHe OaiIaHbICThI
0omaabl. ABTOMOOUIIBIIH KAPKBIH Bl KO3FAIIBICHI €H TOMEHT1 Oepiici icke KOChIIFaHIa
KO3FayBIII O1JIiri OPHBIKTEI MUHUMAJ alHAaJBIC JKBUIIAM/IBIFBIMEH aifHAIIBIN, KOHE
KO3FaybIIITHIH )KYMBICHI OHBIH CHIPTKbI CUIIATTAMACHIHA COMKEC OOJIBI TYPFaH ME3ETTEH
Oacrananpl gen KaObuinaiimMbl3. Ko3raybll OUTITIHIH OPHBIKTHI MHHMMAJ aiHAJIbIC
JKBUIAAMJIBIFBI OHBIH TEXHUKAJBIK CHUIIaTTaMachlHIa 197 OenrineHin Oepinmmeiiai. bi3
OCBI JKbUIIaM/IBIKTHI KalChIO1p K-111b1 Oepiic caThIChI (91€TTe, OipiHILi OepiTic CaThIChI)
1CKe KOCBUIFaH /1a aBTOMOOMJIB/I1H OPHBIHAH >KbIJDKBII, KO3FAJIBII KETE aJlaThIH IbIFBIHBIH
MYMKIHJIIT1 IIapThIHaH aHBIKTalbIK. COHA ’KaHaMa TapTy KYLIi

(18)

0oJTFaH/1a aBTOMOOWIIb OPBIHBIHAH JKBUDKBIT KO3FAJIBII KETEIl 1T YUFapyFa OoJabl.
Mynnarel ¢ — ycracy K03GQUUHUEHTi, A, — MKETEKII JOHFAIaKTapIblH KXYKTEIy
KOd(UILIUEHTI, 0L — epre KOTepiiay OYPHIIIbL.

Conrbl TeHIEY/I1 eckepit, (5), (6) )koHe TapTy KyIIi 6aJaHChl TeH ey epi OOMbIHIIA
ABTOMOOWJIB/IIH OPBIHBIHAH YKBUDKBIN KO3FAJIBIN KETYiHIH IIAPTBIH TOMEHETI TYpIe
OPHEKTEII IIBIFAPBII aJlaMbl3:

(19)

Byn Tenaeyni o, mamachiHa KaThICTBI MIEHIIII, KO3FAYBIII OLIIr aiHaIbIChIHBIH
OPHBIKTHI MUHUMAJI OYPBIIITHIK KbUTAAM/IBIFBIH aHBIKTaUTHIH ()OPMYJIaHbI MBIHA TYPC
HIBIFAPBII AJTAMBI3:
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(20)

KosranbicTa ekiHIl dKOFapFbl CAThIHBI KOCY K€31H/1€ aBTOMOOUIIBA1H >KbLTIAM/IbIFbI
KaKChIOIp AV I1amMachiHa TOMEHIEUTIHI Oenrisi. 3epTTeyIep HOTUKECIHAE OepiTiCTEH
Oepimicke oty yakpIThl t =0,8...1,5 cexynke co3buiazibl ekeH [2]. By ke3ae aBToMoOuib
©31HIH EKITIHIMEH KO3FaJbIC YCTiHae 0oaapl. COHABIKTAH aBTOMOOMIIBIIH TapTy KYIIIi
OayraHChl TEHCY1H ObLTAMIIA YKa3bIIT IITBIFAMBI3:

21)

by TenneyneH aBTOMOOMITh KO3FAIBICHI KbIIIaM/IBIFBIHBIH Y/IeYi (0acenaeyi)
(22)

ABTOMOOWIIB/IIH 63 EKIIHIMEH KO3FaTybIHBIH >KbUIIaMIBIFbI

(23)

MYHJIAFBI V,  — OepuTicTi ©3repTy Ke31HJIeT1 KO3FaIbICTBIH 0aCTaIKbl KbUIIaMIBIFbI.
Ve i, DYI@H @BTOMOOWIIB OEPLITIC KOPAObl aFbITHLIBIN TACTAFAH/IAFbI 63 EKITIHIMEH
KO3FaJIBICBIHBIH KbUTJAMBIFBIH TAYbIT Ty YIIH KepeK OOJIaThIH TEHJACY/l TOMEHTI

TYPZE Ka3blIl IbIFapaMbI3:

(24)

t=t_nen ani, (24) TEHAEYIH WEMICEK, aBTOMOOUIbIH K-111i 6epiTic caThIChIHAH
(k+1)-um carpichiHA KOMIKEHAET1 OacTanmKbl KO3FAIBIC KbUIIAMIBIFBIHBIH ITaMaChIH
Tayblll OepeTiH POpMyJIaHbl Ka3bIll LIBIFAPAMBbI3:

(25)

HaTu:kesiep MeH TaJKbLIaY

CeiiTin, 3epTTeyaepiMi3IiH HOTIKECIHIE aBTOMOOUIIBIIH KAPKBIH/IBI KO3FATBICHIH
CHIIATTANTHIH )KOHE OHBIH KOPCETKIIITEPiH aHBIKTaHTHIH TEHEYJIEp MEH (hopMyiaap/bl
JIOJIENJIETT TIBIFBII, aHBIKTAN alablK. Mbicanbl, (14)...(17) xone (25) dhopmymnanapbl
OOMBIHIIIA KapKBIHBI KO3FAIBICTBIH 9pOip TANbIHBIH JKOHE TOJIBIKTAl KapKbIH]IbI
KO3FaJIBICTBIH ©31HIH YaKbITHl MEH aBTOMOOMJIB/IIH XKYPIll ©TETTIH >KOJI Y3bIHIBIFBIH
TayblIn aja anambi3. A, (11) xxene (13) renaeynepi Ooiibiama Mathad 6arnapiamMacsin
Jla KOJIAAHBIN, KapKBIHIbI KO3FaJIBICTBIH MapaMeTpiepi apachlHIaFbl e3apa
OaiiaHbICTapBIHBIH IPA(UKTEPIH CHI3BIN IIBIFBII, CaparnTal, 3epTTeyre 0ouaibl.
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KypacTteipbinFan TeHIeyaep MEH kKa3blll MIBIFAPBUIFAH GopMyliadapblH
JTYPBICTBIFBIH TEKCEPY YILIiH, OCbI ©pHEKTep i Kosganbin, BA3 21051 aBromoOmIIiHIH
KapKbIH/IBl KO3FAJBICBIHBIH KOPCETKIMITepl aHBIKTANBIHABI (1-111 KecTe) xKoHe
cunartamacel (1-mi cyper) canbslHBIN MWBIKTE. EcenTey mapaMmerpiep MeH
nramMajapAblH TOMEHAET1 caH MaHJAepl KaObuinansln, opeiHAanael: 2101 momenai
KO3FaybIlIbl OPHATBUIFAH aBTOMOOMIBAIH canmarbl G =10600 H (kyprisymi men
MAacCaXMPAIH canmMaKTapbi Kockanaa 12100 H), Oinirinin o =586 ¢! (5600 aitn/
MUH) OONFaH alHAIbBIC KBUIJAMIBIFBIHA COUKECTI KO3FAyBIIITHIH MaKCUMall KyaThbl
43,2 kBT, MakcuMal KyaTblHa COMKECT1 KO3FaybIll MOMEHTI Mp=73,72 HwM, Ko3raysIiu
Oinirinin o =355,87 ¢! (3400 aiin/Mun) OonFan aliHAIIBIC KBUIIAM/IBIFbIHA COHKECTI
KO3FaybIIITBIH MakcuMan MoMeHTi M, =85 Hw, Oepistic KopaObIHbIH CaThLIaPbIHbIH
Oepimic cangapsl i =3,67,1 ,=2,10,1 .=1,36,1 =1 Gac GepimicTin Oepinic caHbl
i =43 aya xenepricinin kodpduuuenti k =0,2 H-c**M™, Tpancmuccusnbiy ITOK
N, =0,92, muHanapbIHbIH enmremzaepi 165/80 R13, aBToMmoOMIbAIH MaH 1A ajibl ay1aHbI
A=1,359 M?, achanpTTanFan xoi OeTiHiH Keaepriciniy kodddumuenti y=0,013,
xkodpdunuentrep 6,=0,03, ©,=0,04. ConbIMEH KaTap, >Ka3bUIBII IIBIFAPBLIFAH
dopmynanapbiMbI3 OoiibIHIIA a, b, ¢, KO3hHULHEHTTEPiHIH XoHEe apbip Oepiiic
CaTBIChIHA COMKECTI iT )KOHE O, IIaMaJIapbiHbIH CaH MOHJIEpl aHBIKTAIIBL. OJeouer
KO3JIepiH/Ie MOJIMETTepre Coilke aBTOMOOWIIBIIH KapKBIHIbI KO3FAJBICHI KE31He
Oepiytic caThIChIH ©3TepTyre KETeTiH YakKbIT 1,1 c-ke TeH 00k KaObUIIaH/Ibl.

3epTTey Ke3iHJe Ka3blll LIbIFapblIFal (Gopmyanap OolbliHIIa aHbIKTanFaH BA3
21051 aBTOMOOMITIHIH CaThUTAI KAPKBIH/IBI KO3FAIBICHIHBIH YaKbIT Y3aKTHIFbI MEH OHBIH
TEXHUKAJIBIK CUTIaTaMaJIapbIH/Ia aliKbIHIATBIT OCpUITreH YaKbIThIHAH aiibipMach! 1...4 %
nramMachIHaa 00kl By YCHIHBUIBIT OTBIPFAH aBTOMOOWMIIBTIH (KOTIKTIK MAlTHHAHBIH)
KApKBIHbI KO3FAIBICBIH TEOPHUS TYPFBICBIHAH 3€PTTEYiHIH jKOHE JKa3blIl IIBIFAPBLUIFAH
TeHIeyIep MeH (popMyanapablH JYPhIC €KeHIIT1H A9JIeAeHIl.

Kecre 1 — BA3 21051 aBTOMOOMIIIHIH KapKbIH/IbI KO3FAJIBICHIHBIH ITapaMeTpiIepiHiH
ecenTeyMeH TaOblUIFaH caH MOHEP1

Bepinic t,c | v,M/c|s,M w, 1/c Bepinic t,c | v,M/c|s,M w, 1/c
CaTHICHI CaTBICHI
0 0 0 0 6,78 14,362 | 44,169 | 374,951
0,67 1,664 0,496 117,2 . 7,722 15,979 |58,614 417,16
E 1,097 3,327 1,546 |2344 E 8,688 17,596 |74,829 |459,37
'L% 1,451 4,991 3,012 351,6 E 9,685 19,212 |93,18 501,58
1,788 16,654 4974 4688 10,733 120,829 | 114,186 |543,79
2,15 8,318 7,688 586 11,862 22,446 | 138,612 |586
3,67 8,144 11,51 | 328,305 12,843 | 22,272 | 147,081 | 427,54
3,823 19,422 15,604 |379,844 — 13,929 23,378 | 169,577 448,76
E 4286 110,701 |20,262 |431,383 ‘E 14,836 24,483 |193,687 |469,99
5 4,757 111,979 |25,597 |482,92 3 15,872 25,589 219,618 |491,21
5246 |13258 |31,778 |534.46 = 16,9843 26,694 | 247,626 |512.44
577 14,536 39,057 |586 17,959 27,80 278,032 | 533,66
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Cyper 1 —BA3 21051 aBTOMOOWITIHIH KapKBIH/IbI KO3FAJIBICHIHBIH JKbUIIaMIBIK
CHIIATTaMAacChl: a — JKOJIbI OOMBIHINA; O — JKBUIAAMJIBIK OOMBIHIIIA

KopbITbIHABI

TyxbpIpeIMIamManap:

- KapOropaTopJIbl KO3FAYBIIITHIH CHIPTKbI CUIIATTaAMAaChIHAAFbI KyaT KUCHIKCHI3bIFBIHBIH
KOA(PUIIHMEHTTEPIH aHBIKTayFa MYMKIHIK O€peTiH TeH ey Iep Kyieci KypacThIpbLIIbI
YKOHE OHBIH LIEMIIMI1 peTiHJe KOAPPUIUEHTTEPA1 aHBIKTAUTHIH (hopMyJIajap >Ka3bUIbIIl
nIbIFapbuIIbl. by kapOropaTop:bl KO3FaybIIITHIH CHIPTKbI CUITATTAMACHIH TOJIBIFBIMEH
TEOPUSUIBIK JKOJIJIbI Al JalIaHbIIl, ChI3BII HIBIFYFAa MYMKIH/IK Oepent;

- KapOIOpaTopIIbl KO3FAYBIIITH aBTOMOOWIIBIIH O O1p CaThICHI ICKE KOCBUTFaH 1A
KApKbIHbl KO3FAJIyBbIHBIH OacTajblll K€Tyl MYMKIH OOJIaThIHJal KO3FaybIll OLTITHIH
allHaJIBICBIHBIH MUHUMAJT OYPBIIITHIK KbLI1IaMAbIFbIH aHBIKTANTHIH IIAPThI YChIHBUIFAH;

- KapOopaTopibl KO3FAYBIIITHIH 01111 allHAJIBICHIHBIH MUHUMAaJI OYPBILITHIK
JKBUIAAM/IBIFbIH aHBIKTAUTBIH (DOpPMYJIa Ka3bUIbII IIBIFAPbLIFAH;

- aBTOMOOUJIBJIIH KapKbIHJbl KO3FAJBICHl K€31HJE€ OHBIH KapOopaTopJbl
KO3FayBILIBIHBIH CBIPTKbI CUITATTaMachl OOMBIHIIA )KaHAMA TapTy KYLIIH )KOHE KO3FaJIbIC
KBUIAAM/IBIFbIH aHBIKTAUTBIH (hOpMyIIaap »Ka3bUIbI MIBIFAPbLIFAH;

- aBTOMOOMJIB/TIH KAPKBIH bl KO3FAJIBICHl CUITaTTaAMACBIHBIH HET13T1 KOPCETKIITepl
00JIBINT TaOBLIATHIH YaKbIThl MEH KOJI Y3bIH/BIFbIH QHAIUTUK >KOJIMEH AHBIKTAWTHIH
(dopMynanap Ka3bpUIbII HIbIFAPbUIFaH;

- 3epTTey >KOJJIapPbIHBIH, XKa3bUIbII IIBIFAPbUIFAH TEHACYJIEP MEH (hopMyIaaap IbIH
nypbicTeiFbl BA3 21051 aBTOMOOMIIHE KAThICTHl OPBIHJAJIIFAH €CENTeYJIepAlH
HoTHXKenepiH BA3 Moaesni aBTOMOOMIbAEPIHIH TEXHUKAJBIK CHUIIaTTamMajlapblH/Ia
KOPCETIJIT€H KapKbIHJAbl KO3FaJbIChl TapaMeTpJiepiHIH CaHJbIK MOHJAEpIMEH
CaJIBICTBIPBLIBIIL, 1QJIEIACHI€H;

- OpBIH/IAJIFaH 3ePTTEY/IIH HOTIDKEIEPIH aBTOMOOIIBTIH OCTJICHT €H KbITIaM/IbIKKa
JeNIHI1 KapKbIHAbl KO3FAJIBICBIHBIH YaKbIThl MEH >KOJ Y3bIHIBIFbIH aHBIKTAIl aiy,
aBTOMOOWJIB/IIH Maccachl, XKYT1, KOJI Karaaiiaapbl CeKUIIl xKoHe Oacka Ja apTypii
(akTopapabIH KapKbIH bl KO3FAJIbICKA TUT13€TIH 8CEPIH 3€PTTEI, caparnTay, IPOLEeCTIH
YKBUIAAM/IBIK CUIIATTAMAChIH CaJIbII HIBIFBII, TaJJay YILIIH KOJ1aHyFa 00Jaibl;

- OpBIHJAAJIFAH 3€pPTTEYIIH HOTHUXKEJIepl KaHaJaH >KacalIbIHbIIN IIBIFAThIH
aBTOMOOMJIB/IIH €CENTeyJIepl, Ko0aaybl, )KeTUIIPY1 )KOHE OHAIPICKE EHAIpY dTalnTaphbl
Ke31H/1€ TEXHUKAJIBIK CUIIaTTaMaJIapblH aHbIKTAy/1a KOJIaHbLUIA aJIbIHAbI.
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NCCIEJOBAHME ITPOLECCA PA3I'OHA ABTOMOBWJIA

Ts2080-ckopocmHbie c80UCMEA ABMOMOOUNEN OYEHUBATOMCA PAOOM NOKA3AMEell.
B I'ocyoapcmeennom cmandapme — «Aemompancnopmuvie cpeocmea. Ckopocmmuvle
cBolicmeay npusedenvl Memoovl OYeHKU NYymeM UCHbIMAHUL Makux noxasamenei u
XApaKmepucmux CKOPOCMHbIX C80LICME a8MOMOOUNel, KAK MAKCUMATbHAS CKOPOCHID,
BPEMA PA32OHA HA 3A0AHHOM NYMU, BPEMAPA320HA 00 3A0AHHOU CKOPOCHIU, CKOPOCMHAS
Xapaxmepucmuxa pazeon — gvioee u opyaue. OCHOBHbLIMU OYEHOYHBIMU NOKA3AMENAMU
MA2060-CKOPOCMHBIX — CBOUCME  ABMOMOOULel  AGAIOMCS  XAPAKIMEPUCTUKY
npuemucmocmu. OCHOBHOUXAPAKINEPUCMUKOU NPUEMUCIOCTHU ABMOMOOUIAABTIAEMC S
xapaxmepucmuka «Pazeon — evlbezy, pacnonozas Komopou MOXCHO OYEHUMb PA320H
Ha gvlcutell U npeoulecmayiouux nepedayax, Onpedeiums 6pemsi pa3eoHd Ha YYacmKax
onpeoeneHHol ONuHbl, 6peMsl pazeoHa 00 3d0aHHOU cKopocmu. B aumepamyphvix
UCMOYHUKAX U OPY2UX USLONHCEHBI HYMU TNeOPEemU1ecko2o onpedenetus nokasameneu
MA2060-CKOPOCMHBIX CBOUCME asmomoouns. B nux asmopamu pexomenoyemcs
peuwams 3a0a4u no onpeoeseHuio MmaKux noxasamenel, KaxK 8pems u nymov paszeoud,
a Makdice XapaKmepucmuky pazeond, KaxK npasuio, 4ucienHviM memooom Ha SBM.
B cmamuve uznoswcenvi meopemuueckue 8bIKIa0KU NO AHATUMUYECKOMY ONPeOeeHUIo
Xapaxmepucmuk pazeona agmomoounel c nepekiouenuem nepeoay o6e3 npumeHenus
yucrenHvlx Memooos. IllpasunvHocms  6vbiGedenublx opmyn Ona  onpedeneHus
napamempos pazeoHa agmomooOuis 00Ka3ana pacuemamu.

Knrouegvie cnosa: maxcumanvhas ckopocms asmomoOuns, epems pazeona
aBMOMOOUNIA, MA2080-CKOPOCHHbIE CBOUCMBA, CKOPOCMHASL XAPAKMEPUCTUKA
Ppaszeona, maeosulil OANAHC, OUHAMUKATBIK PAKMOP.

*A. Nurzhauov
Toraighyrov university, Republic of Kazakhstan, Pavlodar.
Material received on 17.03.22.

INVESTIGATION OF THE SPEED-UP OF THE CAR

Motor vehicles properties are evaluated by indicators. The State Standard
describes the methods of evaluation with way of tests of indicators and characteristics
of traction-speed car properties such as the maximum speed, the time of the speed-
up at given path, acceleration up to a given speed, the velocity-characteristic of the
«speed-up—run-out» and others. The characteristic of car speed-up—run-out are the
main estimates of the traction-speed car properties. Using this characteristic, we can
appreciate the acceleration, the time and the path on higher transfer and prior to it,
determine their on the sections of way up to a given speed. In the re and etc. outlined
ways of the theoretical determination of indicators of traction-speed properties of
car. Author encourages pursuing the goal of definition of indicators such as time
and the path of car speed-up, also the characteristics of the run-out, usually on a
computer with numerical method. Below we will present the method of the theoretical
calculations of speed-up of cars with manual transmission with analytical formulas.

Keywords: max speed of the car, acceleration time, traction and speed properties,
acceleration speed characteristic, traction balance, dynamic factor.
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ENSURING THE SAFETY OF VEHICLES

Some choose to devote all their lives to serving the master. It is a magnificent
church. Your organization, effectiveness, and sheer goodness are respected by all
who sincerely seek understanding. These actions are the only territory available to
drivers a move can be safely driven. The parameters of a car operation, which safely
features traffic, were determined. The value of consular performance parameters
is defined to different levels of Traffic Safety. In order to the proposed quality
parameters of operation of the vehicle can be used to control the security mode of the
traffic by the truck drivers and traffic police, the computer must be used to calculate
separately the case study that it is possible to the exit of the three indicators of the
quality of the driving, which is called the safety of driving mode: high-speed is the
average speed ratio of the average maximum exposure to the vehicle of the average
amount of acceleration are known, which is called the index of the quality of the
driving, from the moment of the start of the journey.

Keywords: safety system, traffic accident, maneuver process, traffic flow, safe
mode, safe driving limits.

Introduction

It is considered to improve the road conditions, improve the speed and stability,the
stability and control of the car, called the movement, security features, increase security
systems driving-vehicles (records of the host). But this opinion was the opposite of
an accident in the road accident (Muhammad). The average value of operating costs,
before the accident, a vehicle driver, car and truck, automotive, light in relations with the
1:0.7:0.5,respectively. When comparing the performance before the time in the traffic
safety of the driver, the light was involved, it turned out that the wheels of vehicles, in
which he makes the move with your high-performance in the time before the accident,
and the fourth 9.

Driving style and an estimate of the accident. To understand the cause of this
phenomenon it is necessary to examine a mechanism of occurrence. Traffic accident
happened when I could not complete the necessary battles to prevent residents, Road
operations, or in the process of combat performance, the vehicle is [1].

Materials and methods

Above it seems because we will addition to the border guards of the security
parameters of the vehicle movement, which controls the driver: speed, apart. Consider
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how the reliable control of the vehicle changes when increasing the speed of the floor
adjusting conditions.

During the receipt of an obstacle, increases the machine’s reliability of the speed
will change as shown in Figure 1 with a solid line.

Figure 1 — The dependence of the reliability of the maneuver «braking» on the speed
of its execution at a given distance from the obstacle: _ initial safety conditions;

after increasing V_ and V to V'  and V' appropriately

fe fe

As the brakes are not over safe, reliable vehicle control is equal to one. Once polished
independence and intent begins at reasonable speed of accident, that equity against
the day=1-the device appears, does not have the control of the situation of the car. At
limited speed, control of reliable vehicles will become zero, and estimate of the accident
will become one. If the feature of the road land, the feature of the car will give birth to
a driver will be trained into some of the efficiency of complex accumulation, reducing
the credibility of the wheel will be variable to rights, shown in Figure 1 on top [2].

Results and discussion

Also, because we want to experience a corresponding growth in credit, but this as an
increase in conditions occurred, the increase in driving. «Truck drivers» increase speed
without exceeding this new independent speed. The projects focus on the development
of green, which attracts drivers to battle machines in addition to their safe territory,
increasing the speed of the situation to green, relevant reporters at the level of risk.
Similar diagrams can be made for items cuts over floor space which are closed at a
fixed speed from the start of the floor. Similar changes can also be scheduled for the
avoidance status of obstacles, the arrival bezel, along the kilometers. Of those mentioned
three key conclusions to follow. Firstly, it is possible to propose safe driving in the
only way: not to over-speed safe, to reduce the intervals associated with safe values.
In the second stage, road conditions, improve the speed and stability, the stability and
reliability of the vehicle, does the security of being in the range that drivers can safely
drive does not increase. Third, it is only possible to improve traffic safety by reducing
the number of drivers in the traffic flow that exceeds the safety border. To reduce the
number of drivers so that it is necessary to solve two problems. First, it is necessary to
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drive with information you can know what the chosen pattern of travel is safe or not.
But this is not enough, because the «drivers wheel» will go beyond the boundaries of
security is due to the tool not pay the readings. In the commander of such drivers to
change the form of your driving, according to the reading instrument, it is essential that
these readers can be used by the authorities control traffic can be used to monitor the
driving of the foundation, quality control machine, explain the security of driving mode.
Research has been done to allow three indicators, the management of the vehicle, which
provides quality, safety, a movement movement: high-speed, average speed, relative
speed, maximum acceleration, speed, with a maximum of operating speed, also taking
the acceleration of the car from one computer to the name. Constant indicators of the
quality of vehicle control are measured from the start of the journey. The minimum
driving cycle is 5 km [3].

Let us consider what alternatives that indicators have been announced. Firstly, let
us note that the selection of speed building indicator is clear and does not require any
special. The value is limited by traffic rules.

Material value speed estimates the level of speed changes during the trip. Affordable
small value increase based on the vehicle speed to the average speed of traffic flow. In
the result of the study, which showed that transport more than the vehicle speed from
average speed of traffic flow in both directions, average time lower than before the
accident[6]. The Irish are as small as the value of being close to one. In this regard, your
side values should be limited not only from below, but also from above [4].

Ben accelerates character increases density increases vehicle speed changes.
Increased sales are adversely affected by Traffic Safety (Grandmaster). To emphasize
the harmful effects on the flow of traffic by analogy with signal dangerous in Space
Radio, called noise, Maxwell is called the acceleration noise. This requires the rod
from the top.

Due to the use of this idea of the things that disrupt the Momentum Index, a
comprehensive developed, which features influence the speed and suit the flooring
on the characteristics (land) of the car in the security move, Asian. High speed block
acceleration which can be made by car to accelerate from a location with maximum
speed km/h and after the rear of the high speed reduction wheel which has stopped the
car to this property. This figure is said to be an accelerated thing. The amount of noise
acceleration of the structure for a machine is calculated, which affects the average time
before the accident occurs. According to the calculation, the graph was scheduled based
on the specific time performance before a crash increases the structure’s acceleration
value in Figure 2 [5].
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S,reic.km/ATIT

Structural acceleration noise, m/s?
Figure 2 — Dependence of average operating time before an accident
on the value of structural acceleration noise

Accordingly can be seen from a chart in the storm. 2, the owner of a structure leads
to a fall in medium time before the accident increases. In other words, the increase in
car features is called the security feature function, which leads to a decrease in the
safety of the Prince.

Monitor wheel values depending on different traffic levels for security. Research
has done the possibility to define, as in the case of the first value quality car control
indicator that corresponds to different levels of popularity. 60 + 10 km highway —
90+10+10 kilometers due to the Highway/10+10+10 km-on the highway / Highway
— 10+10+10 miles, on the Highway — 110 + 10 km / together...60) km / h, drive will be
fined. If the maximum speed is more than 60 km/play, the driver will be punished by
taking his driver’s license [6].

Identification of the value of speed factors corresponding to different levels of
driving test results is used by users and literature analysis is carried out. In the process
of evaluating passengers running the course of different kilometers. Drivers using
economic and security methods. According to the results of the three-dimensional
measures were made worth extending while driving in the city and on the high way.
Premium internet, usually to the value of the Dragon, about the state of security in the
cities, which significantly and in looking for the value of the internet is the function
equal to 0.45,0.75 and 0.8, respectively. This is the upper boundary of the sector, which
is predicted in the occurrence. More than 0.05. For cities, the neighborhood was equal
0,75, for Highway — 0,9, for free time 0,95. This ensures the transfer of the boundaries
ofthe KV, in punishment, is also a punishment in the form of a driving license gathered,
on average, a combination of the passengers with high speed from high speed, that
during this period, from both the launch line use. Evaluation of dangerous levels of
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emergency parties is carried out due to the value of Max mutant slowdown fun vehicle
involved in conflict situations. Depending on the value of deceleration, three friends
are discrimination conflicts : light, medium and important. In [7], the equation is given,
which allows us to cross the assessment level of conflict conditions to an average time
before the incident. After the vehicle speed is distributed by close law with regular
expansion, knowing the maximum speed value, it is possible to calculate the standard
accelerated value of the average deck value of the formula:
6 C = Max/man, man/s =

As aresult of the analysis and the implementation of our Value Noise is identified,
corresponding to the mode, traffic safe, which is necessary for the implementation
of punishment, forms of traffic that your necessary as a combination of a driver’s
License Act.

For the following traffic is received in the value of sound acceleration: safe hole-
not a safe mode—75 M /2; in the form of wheels that are laid under the penalty that is
- (1,0... 1,25) Male/2; driving mode, under which the driver was deprived of the right
to drive-more than 1,25 m / [8].

The amount of acceleration performance for traffic: security mode-not more than
0.6; fine mode (0.75...1.0) Man / 2; patterns, which exclude the driving holder from the
driver’s license-no more than 1.0 M /2.

The principle of community involvement in conservation and management is
an example of community-based Heritage Management also owns Luang namta
province...0.75) sand/2; forms, corresponding to the loss of driver’s license-no more
than 0.75m/ Us 2 [9].

Overall, from the results of the defined values of the quality indicators, driving,
passenger, why that conclusion can be found in the need to use the actions of the
government in connection with the driver made is given in Table 1.

Table 1-Quality indicators of delivery of passengers driving related to security driving
modes and driving mode requires penalties on drivers driving [10]

Metrics City Highway Magistral
safe penalty | divest- safe penalty | divest- | safe penalty | divest- | divest-
ment ment ment ment
nghest 60+10 60+(20...60) 60+(>60) 90+10 90+(20...60) 90+(>60) l 1 0+10 1 l O+(40...60) 1 l 0+(>60) 1 l 0+
Speed (>60)
Vmax,
km/h
Speed | 0,45... | 0,35... |lessthan| 0,75... | 0,65... |lessthan| 0,8... | 0,7...0,6 | less than | less
coeff. 0,75 0,25 0,25 0,9 0,55 0,55 0,95 0,6 than
kv 0,6
Accele- | less than| 1,0... over |lessthan| 0,75... |over 1,0 | less 0,5... Ooree boitee
rating 0,75 1,25 1,25 0,6 1,0 than 0,75 0,75 0,75
noise oj, 0,4
M/c?
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Conclusion

Analysis allows us to draw the following conclusions.

1 Road safety can’t be with the tools, characteristics of the increase, therefore,
improved road conditions increased the speed and quality control, stability, and control
of the vehicle increases the safety of the road, not to be, but only extend the boundaries
that the driver can safely work car;

2 Safety motion of the system features of the drivers, thus increasing road safety
is possible only by reducing the number of drivers in traffic flow, which the modes
beyond the boundaries of safety;

3 There is a need, but not enough to reduce the number of drivers who exceed the
boundaries of security, driving information about the quality of the drives required for
the further Declaration, Form, move, based on the safety receive;

4 Necessary and sufficient conditions for reducing the number of drivers beyond
the boundaries of safe driving, to use information about the quality of driving by road
control, road powerful that monitor compliance with the drivers, safety, and penalties
in case of violation of the conditions of security;

5 For Driver Road authorities and control information about the quality of driving,
computer routes must become the standard equipment of the car.
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BE3OITACHOCTb TPAHCIIOPTHBIX CPEACTB

Ananuz mexanuueckux coovimuili Ha 0opoze Obll NPoBedeH, U OblI0 NOKA3AHO,
YUMo yayyueHue OOPOJCHLIX YCI08Ull U NOBbIUEHUEe Kauyecmed U CKOPOCmu
B0COCHUSL, A MAKIICE CMADUTLHOCHb U CNOCOOHOCTb KOHMPOIUPOBAMb NOGBIULAIOM
0e30nacHocms 00POACHO2O OBUMNCEHUS. MU MePbl MOILKO NOKAZLIGAIO MECHIHbIe
2panuybl 3a npedevl 6e30NaACH020 80dHCOeHUs Booumens. Kauecmeennvie napamempoi
IKCHAYAMayuy  MPAHCHOPMHO20 — CPeOCmed  ONpeOdensiomcs — onpedeneHuem
bezonacnocmu  00podcHo20 Osudcenus. Onpedensemcs 3HAYEHUe NAPAMEMPOS
Kayecmea IKCRLyamayuy mpaucnopmHo2o cpeocmed, KOmopoe COOmeemcmayem
PA3TUYHBIM YPOBHAM 0OE30NACHOCIU OO0POANCHO20 O8UdNCeHUs. s onpedeneHusl
npeonodceHUll 0 Kavecmee YCmpoucmad, UCHOIb3YeM020 015k KOHMPOJisi 6€30NACHbIX
PeACUMOB BOACOEHUS BOOUMENEM U COMPYOHUKAMU OOPOHCHOU NOTUYUU, KOMAbIOMED
Q0IICEH  CTYIHCUMb CIAHOAPMHBIM ABMOMOOULEM O pAcHemd UCHOLb3YeMbIX
napamempos. Ilpogedennvie uUCCI€008aHU NO360AUIU HAM ONpPeOelums mpu
noKazameJis Kauecmasa Kojecd, NPUHUMAs 60 6HUMAHUE MEeXHUYECKYI0 Oe30nacHOCb
PeACUMA BOAHCOCHUS. BbICOKOE COOMHOUEHIUE CKOPOCMEl, MAKCUMATbHASL CKOPOCTHY,
HA3b18AeMAsl MAKCUMATLHOU CKOPOCbIO Nepeoavl, Hazvleaemas MAaKCUMATbHOU
CKOpOCmbIO  nepedayu, GelUuduHa YCKOPeHus Keaopama, cpedHee 3HAYEHUe,
cozoaiowee wiym, yckopenue ¢ meopuu Ogudicenus. Ilocmosnnvle uHOUKAMOpbl
UBMEPSIIOM KA4eCmB0 80NHCOCHUsL C CaMO20 HAYANA NOE30KU.

Kniouesvie cnoea: 6e3onacnocms  cucmemvl,  0OPOICHO-MPAHCHOPMHOE
npoucuiecmaue, npoyecc 6bINOIHEHUsA MAHe8PA, MPAaHCHOPMHbLIL NOTOK, Oe30NACHbL
PedcUM, epanuybl 6e30NACHO20 OBUNHCEHUS.
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UCCJIEQOBAHUE BIIUSIHNS TPUMECEW B CbIPbE
HA PABOTY KATAJIN3ATOPA lPOLJECCA
r’MgPOOYUCTKN HEDTSHbBIX ®PAKLUNUA

B cmambe onucano 603modcHoe 6030eticmeue npumecell, maKux Kax cOeOuHeHus
cepul, a30ma, MbIUbIKA, HUKES, 6AHAOUS, KDEMHUSA, COOEPIHCAUUXCS 8 UCTIONb3YEMOM
cohipbe HA pabomy Kamanuzamopa npoyecca cUOpOOHUCKU HeDMAHbIX DpaKyuil.
TIpeocmaginenvl pesynbmamvl SKCNEPUMEHMA, 8 X00e KOMOPO20 PACCMAMPUBANACH
VCMAHOBKA 2UOPOOYUCHIKY 6 DediCUMe NOJYYEHUsl  2UOPOOUUUEHHO20 OU3ETbHO2O0
monausa. Yxazanvl napamempul, He0OX00uUMble OISl OYeHKU pabomvl KAMaiuzamopa,
K KOMOPbIM OMHOCIMCS CPeOHEeB38eUEHHAsT MeMNepamypa no peakmopy, pacxoo
CMeces020 Colpbsl U UHOUBUOY ATIbHBIX KOMHOHEHNO8, CMECeB0e Chlpbe U UHOUBUOYATbHbIE
KOMNOHEHMbL: COOEPIHCAHUe Cepbl U a30ma, NIOMHOCHb, (DPAKYUOHHBIN COCMAS,
cooepoicanue  apoMamuyecKux —CcoeOuHeHull, codepiicanue npumecell, 6OpomHoe
YUCIO U Yyemarogoe yucio. Hccnedosano enusnue npumeceil 8 UCHOIb3yeMoM Cblpbe
Ha Kobanbmmonuboenoswili kamanuzamop TK-570. B pabome omobpadicenvl
Pe3VIbmamol IKCHEPUMEHMATLHBIX UCHBIMAHULL N0 ONPEedeNeHUI0 CEPOCOOEPHCALLUX,
azomecooepircamux, Memaiio-coo0eplIcaujux npumecell, CcpeoHeco0 COOepPICAHUs
APOMAMUYECKUX COeOUHEHULl 6 Cbipbe, Pe3VIbmamvl onpedenenus: QpaKyuoHHo2o
cocmasa  Coipbsi. I'paghuuecku  nokaszano  codepoicanue  A30MCOOEPAHCAUYUX,
cepocodepoicawux — npumecell 6 cbipbe 3a nepuod ucnvimanuti. C npumenenuem
KUHemuyeckou mooeau Oisi KoOarbmMoaub0eHo8020 KAmanuzamopa no OaHHbIM
HOPMANU308AHHOU CPEOHEB3BEULCHHOT MEeMNePAmypbl ObLIA ONpedeienHd €20 CKOPOCMb
oe3axmueayuu 015 OYeHKU 8030elCmaUs npumecell, COOePHCAUUXCL 8 CbIpbe.

Kniouesvie cnosa: npumecu 6 cvlpve, de3akmugayus Kamamzamopd, npoyecc
2UOPOOYUCIIKY,  Cepocodepicayue  npumecu,  azomcooepocawjue  NPuMect,
Memaniocooepicawue RPUMeCH.

BBenenue

[IpouieccoM, Ha mpuMepe KOTOPOTo OBLIM MCCIIEI0BAHBI HETATUBHBIE BIUSHUA
pUMecel B ChIpbe, SBIISETCS MPOILECC TUAPOOUNCTKU HEPTIHBIX (pakiuii. ColpbeM
npolecca sIBISIFOTCsl OEH3MHOBbIE, KEPOCUHOBBIE U JU3EIbHbBIE (PPAKIIIH.

NmenHO B 3TUX Qpakiusx B HAMOOIBUINX KOJIMYECTBAX KOHLEHTPUPYIOTCS
Ccepo-, a30TOPraHuYeCKUe U JPyrue ONacHble COCAUHEHHUS, IPUBHOCHUMBIE IIPH
n00bIYe, MOJTOTOBKE U TPAHCIIOPTUPOBKE HEDTH.
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B MupoBo#l nmpakTuke A npouecca TMAPOOYUCTKH AU3EIBHOIO TOIJIHBA
Haubonplmiee pacnpoCTpaHEHHUE MOJNYYHIU KOOanbT-MOJIHOJIEHOBEHIE,
HHUKEJIbMOJIMOICHOBBIE U CMEIIaHHbIE HUKETbKOOAIbT-MOINOIC€HOBBIE KaTaTU3aTOPHI.
HaunbGonee pacnpoctpaHeH KOOalIbTMOINO-AEHOBBIM KaTaaU3aToOp T'HIAPOOYUCTKU
(24 % CoO u 9-15 % MoO’) [1].

AKTUBHOCTb KaTaJIU3aTOPOB KATAIUTUYECKHUX IIPOLIECCOB B XOJ€E IKCIUTYaTallUH
IIOCTENIEHHO CHMIKAETCS M3-3a HAKOIUIEHUS HEYIAJsE€MbIX KaTalUu3aTOPHBIX s/I0B,
OTJIO)KEHUH KOKCA, BCIIEACTBUE BIUSHUS IPUMECEH, COJIEPIKALLUXCS B UCIIOIB3YEMOM
CBIpbE.

MarepuaJibl 1 METOABI

CoennHenus cepsl U a30Ta SIBJIIOTCS KaTalu3aTOpHBIMHU siiaMu. CoeTMHEHNS Cepbl
THIPUPYIOTCS Ha KaTalu3aTopax ¢ 00pa3oBaHHEM CEPOBOAOPO/IA, aICOPOIHS KOTOPOTO
IPUBOJAUT K MOAABICHHUIO TUAPUPYIOUIEH (YHKIMHU KaTalu3aTtopa U ero ObICTpoMy
3aKOKCOBBIBAHHMIO. A30TCOJIepXKALIUE OCHOBAHUS CIIOCOOCTBYIOT J1€3aKTHUBAIUU
KaTaJIn3aTopa MOCPEICTBOM MPEANOYTUTENLHON acOpOLMN Ha aKTHUBHBIX LIEHTPAx
U 3aMEISIOT IpOIecC aKTUBAIMK Bojopoaa. Kpome toro, mmurenbHas aacopOIus
a30TCOAEPKALUX COEIUMHEHNHN YMEHBIIAET AOCTYII APYTUM PEArUPYyOIIMM MOJIEKYJIaM
K KaTaJIUTUYECKUM LieHTpaM. 1Ipu HenmpoIOomKUTENPHOM BO3IEUCTBUM COECIMHEHUMN
cepbl W a30Ta BO3MOXKHA MOJIHASI peaKTUBALMs KaTaiuzaTopa [2].

K HeynansieMbIM KaTajau3aTOPHBIM siJaM OTHOCSITCS COEAMHEHMS MBIIIbSKA,
HUKEJS, MEX U CBHMHIIA, KOTOPhIE MOTYT COZEpKaTbcs B Chlpbe. HakarmumBasich Ha
MOBEPXHOCTH KaTalu3aTOpa, 3TU COCAMHEHUS HAPYUIAIOT THIPUPYIOUIYI0 (DYHKIIHIO
KaTanu3aropa. Karaiauszaropsl, OTpaBiIeHHbIEC MeTaNIaMH, OBICTPO 3aKOKCOBBIBAIOTCS U
II0CJIE PETEHEPALIMU HE BOCCTAHABIIMBAIOT CBOEH aKTUBHOCTU. BiIMsAHME TaKKX METAILIOB,
KaK HHUKeJlb M BaHaJUi, COAEPKALIMXCSA B ChIPhE W/WIM OCEBIIMX HAa KAaTalIU3aTop B
npoliecce nepepadoTKU ChIPbsI, IPOSBISIETCS B 04€Hb HEOIaronpusATHOM BO3ICHCTBUU
Ha aKTMBHOCTb KaTaJIM3aTOPA U CEIEKTUBHOCTD ITIPOM3BO/ICTBA IIPOAYKTOB U B CTOJIb XK€
BPEIHOM BO3JICHCTBHHU HA CPOK CIYXObI KaTaau3aTopa. MeTasuibl B ChIpbe PUBOIAT
K 3a0MBaHUIO MOpP, OJOKMPOBKE AKTHBHBIX LEHTPOB; YMEHBIIAIOT MEXaHUYECKYIO
POYHOCTH KaTaln3aTopa, OKa3bIBalOT HEOJIArONPUATHOE BO3/ICHCTBIE HA CTAOMIBHOCTh
Y KPUCTAJUIMYHOCTh Katanu3aropa [3,4].

Taxe OTpULIATENIBHBIM BO3IECHCTBUEM Ha KATaIU3aTOP SBISAETCS KPEMHHUM.
Kpemuuii sBasieTcst CHIIbHBIM KaTAIUTUYECKUM $10M, HEOOPAaTUMO OTPABJISIOIIUM
aKTHUBHBIE LIEHTPHI Karanu3aropa. [IpeBbllieHne HOpM MO COAEpPHKAHUIO KPEMHUS B
CBIPbE MOXKET IIPUBECTH K ITPEIKAECBPEMEHHOMY 3aII0JIHEHUIO KaTaJIN3aTOPOB 3aILUTHBIX
CJIOEB-JIOBYILIEK KPEMHHUsI U MIPOCKOKY KPEMHHs B CJIOMl OCHOBHOI'O KaTajau3aropa.
[Ipockok kpemMHUA 1 HakoIIEHHE Beero 1 % macc. KpeMHHUsI Ha OCHOBHOM KaTaJln3aTope
IPUBOJUT K YBEIUYECHHUIO CKOPOCTH JE€3aKTUBALIMU U COKPAIICHUIO ero paboThl B
JIOJITCOCPOYHOMU MepcreKkTuse [5].

K mapamerpam, HEOOXOAMMBIM ISl OLIEHKH PaOOTHl KaTaau3aTopa OTHOCSTCS
pabouue ycnoBus (CpeHEB3BELICHHAs TEMIIEPATypa 10 PEAKTOPY, PACX0 CMECEBOTO
CBIPbSl U MHJIMBUyaJIbHBIX KOMIIOHEHTOB, pacX0/bl IIPOAYKTOB U ra30B, 1aBJICHUE HA
BXO/JIE U BBIXOJIE U3 PEAKTOPOB); CMECEBOE ChIPhE M MHIUBUAYaIbHbIE KOMIIOHEHTBI
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(comepx)aHHe cepbl M a30Ta, MJIOTHOCTb, (PPaKIMOHHBIMN COCTaB, COAEpKaHUE
apoOMaTUYECKUX COeIMHEHHH, CO/Iep)KaHle pUMeceil, OpOMHOE YHCIIO U IIETaHOBOE
YHCII0); CBOMCTBA MPOAYKTOBBIX (pakuuii [6].

B nmepuon nmpoBoaAuMMOro 3KCHEPUMEHTAa yCTAHOBKA THAPOOYUCTKH
HKCIUTyaTUPOBANIACH B PEXKHUME MOTYUYCHUSI TUIPOOUYHIIECHHOTO TU3EIbHOTO TOIIUBA.
CeIppeBasi cMech Oblia MpEACTaBICHA CIEAYIOUIMMHA KOMIOHEHTAMHU: MPSIMOTOHHOE
JIM3€IbHOE TOIUINBO, JISTKUI Ta301iIb U OEH3UH C yCTAHOBKH 3aME/IJIEHHOT 0 KOKCOBAHUS,
JETKUH Ta30MIb KAaTaJUTUYECKOTO KPEKHUHIa, AU3EIbHOE TOIUIMBO C YCTAaHOBKHU
THPOOYHCTKH BAKyyMHOT0 Ta30iiys1. [IpruMeHseMblii KaTaau3aTop NpeCTaBisieT COO0M
Ko0OanpT™MONINO1eHOBbIH KaTanu3aTop TK-570, o6nanaromumii BHICOKOH aKTHBHOCTBIO
B THipoobeccepuBanui [7].

CKOpOCTb /1€3aKTUBALIMY KaTaJIN3aTopa B X0J1€ UCIIBITAHUN ONPEeIsIach UCXOAS
U3 JMHAMUKHU PAa3BUTHs CPEIHEB3BELICHHOW TeMIepaTypbl, CKOPPEKTUPOBAHHOM
C NMPUMEHEHUEM KMHETHYECKON MOJENH JJIsl KaTaau3aTOpOB JAaHHOW CEpHH, T.€.
HOPMAaJIN30BAHHOM OTHOCHTEIBHO MPOEKTHBIX PA0OYHMX NapaMETPOB U CBOIMCTB CHIPHSI.

Onuum u3 pakTOpOB, KOTOPBIE MOTYT HPHUBECTH K POCTY J€3aKTHUBALUH
KaTaJln3aTopa sIBJIIETCS IOBBILIEHUE COAEPKAHNS a30TCOAEPIKAILNX, CEPOCOAECPIKALIMX,
METAJJIOCOAEPKAILUX IPUMECEN B CHIPbEBOM cMecH [8].

Pe3yabTarsl n 00CyKaeHNE

B xome mpoBoIuMOro 3KCHEpUMEHTA OBLIM MOJYUYEHBI CIEAYIOIIUE TaHHBIE O
CBOMCTBAX ChIPbEBOM CMECH:

a) coiepKaHKUEe CEPO- U a30TCOAEPKALUX ITPUMECEN B CHIPHE;

0) hpakMOHHBIN COCTAB U TNIOTHOCTH CHIPHS;

B) COZIEp)KaHUE apOMATHUECKUX YTIIEBOJOPOIOB B CHIPhE;

r) conepkanue metawioB (Ni, V).

Conepxxanue cepocogepxamux (1o meroauke uzmepenuss ASTM D4629) u
azoTcoAepxkaumux npumeceit (mo meronuke usmepenuss ASTM D5453) B ceipbe
npuBegeHo B Tabnune 1. CpegHee 3HaueHHE (PAKIUOHHOTO COCTaBa CHIPbs (IO
Mmetoauke nzmepennst ASTM D86) u cpennee coneprkaHie apoMaTH4eCKUX COEMHEHUM
0 MecCsIIIaM SKCIIEpUMEHTa yKa3aHo B Tabmuue 2 [9].

Tabnuna 1 — Coneprxanue cepo-, a30TCOACPKAIIUX PUMECEH B CHIPHE

[lepuon HopmanuzoBannas | IlnoTHOCTB Coaepxanue Conepxanue
CPEIHEB3BELICHHAs! | CBIPbS, KI/ | CEpPOCOAEpKAIIMX | a30TCOAEPIKAIIUX
temneparypa °C M npumMecel, % Macc. | HpHUMeceH, ppm
SIHBAph 331,39 836,68 0, 7916 214,33
¢beBpanb 324,18 837,47 0, 7261 239,18
MapT 336,68 836,63 0, 6577 199,53
anpelb 340,97 839,06 0,7318 234,60
Maii 336,05 836,45 0,7914 160,32

[Ipumeuanue — [lanHbple mpeacTaBiAOT co00M cpenHee 3HAUYECHHUE 32 YKa3aHHBIM IMEPHOA
(3a Mail Mecs11 ycTaHOBKA 3KCILTyaTHpoBainoch 10 nHel BeiaeacTBHe MIIaHOBOW OCTAHOBKH)
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CpenHsisi INIOTHOCTH CBHIPbs cocTaBmia 837 Kr/M’, cpejiHee coJepKaHhe Cepbl —
0,73 % wMacc, Ipu MakcUMaJabHOM cojepskaHuu cepsl 1,17 % macc., uTo sBisieTcs
HeOIaronpuATHBIM (PaKTOPOM SKCILUTyaTalluu ycTaHOBKH. CpeiHee coiepikaHue a30Ta
B CMECH B CpPEJHEM cOCTaBmWIIO 216 ppm Macc., Ipy MaKCUMaJIbHOM 3Ha4€HUuU 10 292
Macc. ppm, 4To ABISETCS HEOIArONPUATHBIM (PaKTOPOM IKCIUTyaTallui yCTaHOBKH [9].

Tabnuua 2 — Apomatuyeckuii, GpaKIIMOHHBIN COCTAB CHIPHS
Ilepuon | ApomMaruyeckuil coctaB DpaKIUOHHBIN COCTaB

Moo, Hu, ITomu, | 0%, °C | 10%, °C|30%, °C | 50%, °C|90%, °C| 100%, °C
macc.% | macc.% | macc.%
ssaBapb | 20,53 3,42 0 74,8 197,27 | 243,1 | 266,83 | 324,67 | 352,97
tdeBpans | 23,11 4,59 0 74,15 | 193,89 | 246,81 | 271,04 | 332,30 | 358,81
MapT 21,44 4,42 0 75,47 | 196,53 238 263,9 | 328,07 | 354,93
ampens | 23,11 4,49 0 76 202,9 246,4 270,2 330,9 356,83
Mai 21,03 4,95 0 83,8 198,6 240,4 264 327,9 3554

[Ipumeuanne — JlaHHBIE IPEICTABIAIOT COO0I cpeHee 3HAUCHUE 32 YKAa3aHHBIN IIePHO
(3a Maif MecsIl yCTaHOBKA SKCILTyaTHpoBaiock 10 mHeH BCiaeacTBHe INIAHOBOI OCTaHOBKH )

Conepsxanusi BaHaIus1, HUKEJSI B COCTaBE CHIPhsI 3a MEPUO/I IKCIIEPUMEHTATBHBIX
UCNIBITAHUN TpakTU4yecku He oOHapyskeHo. [lo meronuke usmepenus UOP 389
coaepxkanue Hukens cocrasuino 0,002 ppm, conepxkanne Banaaus menee 0,001 ppm.

Copepxanue cepo- W a30TCOAEPIKAIIUX MPUMECed 3a MEepHo] HCIBITAHUN

MpeACTaBiIeHo Ha pucyHKax 1,2. C mOMOIIBI0 MPEACTAaBIECHHBIX JUArPaMM MOYHO
HarJIAIHO HAOJII0/aTh pa3Inyus 3HAUEHHUM COJlep KaHMs CEpO- U a30TCOAEpPKALINX
MIPUMECEN B 3aBUCUMOCTH OT NIEPUOAA UCIIBITAHUIA.
K nesaktuBaruu karamm3zatopa MOXKET MPUBECTU MPUBOAUT: 00Opa30BaHUE KOKCa Ha
MOBEPXHOCTH KaTaJIM3aTopa; OTPABJIICHHE KaTalnu3aTopa KaTATHUTHYCCKUMU SITaMHU;
MOBBILICHHUE COAECPKAHUSI CEPO-, U A30TOCOIEPKALUX COETUHEHUH B CHIPEBOI CMECH;
aBapUHBIEC OCTAHOBKH, CTIOCOOHBIC MPUBECTH K JI€3aKTUBAIIUYU KaTaau3aropa u Jip.

Pucynok 1 — Conep:kanue cepocoepx aniux npuMecei B Chipbe
3a IEPUOJ UCTIBITAHUI
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Pucynok 2 — Conep:kanue a30TcoiepKaliux mpumMeceil B ChIpbe
3a IEPUOJ UCIIBITAHUI

ITo xapakTepy U3MEHEHHI HOPMAJIN30BAaHHOW CPEIHEB3BEIICHHON TEMIIEPATyPbl
MOJKHO OIIPEAEINUTh CKOPOCTh H€3aKTHBALUM KaranuszaTtopa. HopmamuszoBaHHas
TeMIIepaTypa pacCYUTHIBACTCS HA OCHOBAHHUM CPEIHEB3BELICHHON TEMIIEpaTypbl
C y4eTOM M3MEHEHMH paboumuX YCIOBUH U CBOMCTB ChIpheBOil cMecu. CKOpPOCTH
J€3aKTUBALIMM KaTaju3aTopa ONPEAEeNsAeTCd UCXOAs U3 JUHAMHUKU Pa3BUTHUSA
CPEIHEB3BEIICHHON TEMIIEPATYPbL, CKOPPEKTUPOBAHHOMU C IPUMEHEHUEM KHHETUYECKON
MOJIEJH, T.€. HOPMAJIN30BAHHOM OTHOCHTEIBHO MPOEKTHHIX pabouux MmapameTpoB U
CBOMCTB CBIPbSI.

CKOpOCTB 1€3aKTHBALIMY KaTAJIN3aTOPA ONPEAEIIAETCS KaK Yrojl HAKJIOHA TMHEHHON
(71M00 HPKCHOHEHIMAIBHOMN) JIMHUYU TPEHAA, IPOBEICHHOM MO0 OTHOILICHUIO K KPUBOIA,
OIMUCBIBAIOLIEH U3MEHEHUE HOPMAIM30BAHHON CPEJHEB3BELICHHON TEMIIEPATypbl BO
BpeMeHu (pucyHok 3) [7].
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Pucynok 3 — Onpeznenenne CKOPOCTH J1€3aKTUBAIIMH KOOATBTMOINOIEHOBOTO
karanuzaTopa TK-570
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Habmiogaemasi ckOpocTh J€3aKTUBAIMM KaTaau3aTopa B MEPHOJ SKCIIEPUMEHTa
cocrtaBuia He 6omee 0,7 °C/mecsir.

[oBbllIeHHOE COAEPKAHNE A30TCOAEPKAIIUX PUMECEH IPUBOIUT K yBETUUECHUIO
OCTaTOYHOT'O COAEPIKAaHUS Cephl B IPOAYKTE, YTO TPEOYET MOBBILICHUS PEAKIIMOHHON
TEMIIEpaTyphbl ISl COXpaHEHHs] KaueCcTBa MPOAYKTa M MPUBOJIUT K SKOHOMUYECKUM
notepsiM. CoeiMHEeHUs a30Ta CIOCOOHBI MHTMOMPOBATh PEAKIIK I'HAPO00ECCepUBAHUS U
HACBILICHUS apOMAaTHYECKUX COSAMHEHUM, 4TO IPUBOAUT K HEOOXOJMMOCTH YBEITMUYCHUS
pabouux Temmeparyp AJs MOJIy4eHUs MPOAYKIHUU TpeOyeMOoro KauecTBa, a Takke K
YCKOPEHHIO JIe3aKTUBAIIMH KaTaJH3aTOPa U COKPALLICHUIO TeMIIepaTypHOT0 HHTEpBaJia
9KCIUTyaTalluil YCTAaHOBKH.

BriBoabI

Bo BpeMs mpoOBEIEHHOTO 3KCHEPUMEHTa KaTalu3aTop THAPOOUYUCTKH
JIEMOHCTPUPOBAJI CTAaOMIBHYIO padOTy, OHAKO, HEKOTOPOE YTSDKEJICHHUE ChIPhEBBIX
CBOWCTB, BIMSHUE IPUMECEH B ChIPhE MPUBEIIO K HEOOIBIIIOMY MOBBIILICHHIO CKOPOCTH
JIe3aKTUBAIIHH.

[To mosry4eHHBIM 3KCHEPUMEHTANbHBIM JTaHHBIM ObliIa OMpejesieHa CKOPOCTh
Jie3aKTUBAIMK KoOanbTMonnbieHoBoro karainuzaropa TK-570, koTopast coctaBuiia
0,7 °C/mecsu. B xoze sxcniepuMenTa Ha0Ir01a710Ch MAaKCUMAIIbHOE COJIEPYKAHUU CEPbI
1,17 % macc., a3ota— 292 macc. ppm, 4To SBJISIETCS HEOIAroNpUsATHBIMH (PaKTOpaMH
JKCIUTyaTanuu ycraHoBkH. Cepocojaepxkaliue MpUMecH MPUBOAAT K MOJaBICHHUIO
THIIpUpYIOLIeH QyHKIIMH KaTalau3aTopa 1 ero ObICTPOMY 3aKOKCOBBIBaHUIO. BinsHue
COGZIMHEHUI a30Ta MPUBOAUT K HEOOXOJUMOCTH yBEITUUYEHUS pabounx TeMIeparyp, a
TaKXKe K YCKOPEHHIO J1e3aKTHUBAIlMH KaTaJu3aTopa U COKPAIEHHIO TeMIIEPaTypHOIro
MHTEpBaJIa SKCIUTyaTallid yCTaHOBKH.

IIpu yBenuueHuM colepKaHus IPUMECEH B CBIPbEBOM CMECH CYLIECTBYET PUCK
OOJBLIEr0 YBEJIMUYEHUS CKOPOCTH JE3aKTUBALMH KaTallu3aTopa B JIOJTOCPOYHOM
NEepCHEeKTHBE. YBEIHMUEHHE CKOPOCTHU JIE3aKTUBAIIMHU MOXKET NMPUBECTU K CHIKCHHIO
AKTUBHOCTH U CEJIEKTUBHOCTH KaTaJIM3aTopa B MPOLIECCE €ro IKCILTyaTaIHH.
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MYHAN ®PAKIUSATIAPBI TUJIPOTA3AJIAY ITPOIECIHIH,
KATAJIN3ATOPBIHBIH K¥YMbICHI YIIIH HINKI3ATTAPIJAFbBI
KOCHAJIAPJABIH OCEPIH 3EPTTEY

Maxanaoa MyHail ppakyusiapvin euopomasapmy npoyeciuiy
KAmMaau3amopblHbly HCYMbICbIHA KOJIOAHBLIAMbIH WUKI3AmM KYypamblHOA2bl KyKipm,
a30m, MblUbSK, HUKeIb, 8AHAOULL, KPEMHUL KOCBLIbICMAPbl CUSKMbL KOCNALAPObLH
BIKMUMANL 9cepi CUNAmman2an. IKCNePUMEHmmiy HOMudiCenepli YCblHblIObl, OHbIH
bapuichinda 2UOpOmMaA3apmli2an OU3enb OMbIHbIK Ay PENCUMIHOE cUuOpOmazapmy
KOHObIP2bICHL  Kapacmuipuliovl.  Kamanuzamopovly  dcymvicbln  6azanay  yulin
Kasicemmi napamempiiep KOpcemiieeH, oiapad peakmop 60UbIHuA OpMaia 61ueH2eH
memnepamypa, KOCna WuKi3amol MeH JHceKe KOMNOHeHMmMepPOiH ubleblHbl, KOCNA
WUKI3ambl MeH diceke Komnonenmmep. Kykipm nen azommuiy Kypamvl, moi2bl30bi2bl,
DpakyusnbIK Kypamol, Xou Uicmi KOCbLIbICMAPObIY KYPAMbl, KOCHALAPObIY KYPAMb,
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STUDY OF THE EFFECT OF IMPURITIES IN RAW MATERIALS
FOR THE OPERATION OF THE CATALYST OF THE PROCESS
OF HYDROTREATMENT OF OIL FRACTIONS

The article describes the possible effect of impurities, such as compounds of
sulfur, nitrogen, arsenic, nickel, vanadium, silicon contained in the raw materials
used on the operation of the catalyst for the hydrotreating of oil fractions. The
results of an experiment during which a hydrotreating unit was considered in the
mode of obtaining hydrotreated diesel fuel are presented. The parameters necessary
to evaluate the operation of the catalyst are indicated, which include the weighted
average temperature of the reactor, the consumption of mixed raw materials and
individual components, mixed raw materials and individual components: sulfur and
nitrogen content, density, fractional composition, aromatic compounds content,
impurity content, bromine number and cetane number. The effect of impurities in the
raw materials used on the cobalt-molybdenum catalyst TK-570 has been investigated.
The paper presents the results of experimental tests to determine sulfur-containing,
nitrogen-containing, metal-containing impurities, the average content of aromatic
compounds in raw materials, the results of determining the fractional composition
of raw materials. Graphically shows the content of nitrogen-containing, sulfur-
containing impurities in the raw materials during the test period. Using a kinetic
model for a cobalt-molybdenum catalyst, according to the normalized weighted
average temperature, its decontamination rate was determined to assess the impact
of impurities contained in the raw materials.

Keywords: impurities in feedstock, catalyst deactivation, hydrotreating process,
sulfur-containing impurities, nitrogen-containing impurities, metal-containing
impurities.
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1.234KopKbIT ATa aThIHIaFbl KpI3bUTOpAa YHUBEPCHUTETI,

Kazakcran Pecrry6nukacer Kei3puiopaa K.

KYKIPT KbILLUKbI1bl ©HAIPICIHOEN TEXHUKAJIbIK
XYWEJIEPLIH CEHIMAINITIH APTTBIPY

Kazaxcmanoa wuxizammapool 6HOIpYy KOaeMi JiCbll OMKeH Calibli KapPKblHObL
oecyoe. Xumuxko-mexHoI02Usi CANACbLIHbIY MEeXHUKAILIK JHCylenepin nauoananyobly
CeHIMOINIK OeHeelll oHOIpicmiy muimoiniein apmmulpy, OHOIPICMIK WbI2bIHOAPObL
asaumymen mixeneti OAUIAHBICMbL, MbICANI2A IHEPSEMUKATLIK PECYPCMAapad HCOHe
JHCOHOEY, KAINbIHA KeIMIPY HCYMbICMAPBIHA JHCOHe mazbl 0a 0AcKd HCYyMbICmAp.
An Oyn oscymvicmap 6HepKOCin KOHObIP2bLIAPLIHLIY MEXHUKALbIK Ha20albliHd,
S2HU KOHOLIP2bLIAP CeHIMOLNiei MeH MEeXHUKANLIK OUAeHOCMUKA ddicmemenepin
apmmulipyaa OQUIaHbICIbL IC WAPAnapobl 0Ypuic JHcypeizyee bailianblcmol 601a0bL1.

Mynoati  orcazoauioa  XUMUKO-MEXHOA02USA — CANACLIHOA — KOAOAHbLIAMbIH
adicmemenep MeH MEXHUKAIbIK HcabOblKmapobl dHcemindipyee apHaizau 2uliblMu
alcymulcmapobl  0aublHOay Mmocenenepi myvlHOauovl. Ouodipicmix o0bbekminepoin
CceHiMOiniel MeH Kayincizoicin apmmulpy0dzabl 2blIbIMHbIY PO epeKiie, COHObIKMAH
XUMUKO-MEXHONIO2UANLIK Jcylierepoesi anammapovly aiOblH aly 63eKmi mocene
bonvin  mabvinadel. Texnuxanvik oicylienepliyy CeHimMOinicin  aHbLIKMAy Yulin
bacmankpl oauiemoepoiy (QUIUKANBLIK MOHIH — WbI2blH, KblCbIM, MeMnepamypa,
INEKMPAIK  oauemoepoi Oiny Kaxcem. Xumuxo-mexHor02usiiblk KOHObIP2bLAAPbL
JHCYMBICIMAPLIHLIY CEHIMOLNIZIH AHbIKMAYOLIY 03iHe MoK OipHeuie Kacuemmepi oap.
Yaxen xenicmixme opHanackau scymvlc opulHOApsl, ayvlp mabusu dwcaz2iainap,
wapmmapel 632epin MypamvlH MeXHOLOUALAD, MYPAKMbL HCYMbIC HCACAUMBIH
KOHOvIpebliapovl icmen wwvizapaovl. Con cebenmi ceHiMOINIK napamempiaepin
Jlcopamanoay Kesinoe icmen utbl2yobl Mooeaboey YIKeH Poib amKapaobl.

Kinmmi ce30ep: kyKipm KbluKblLIbl, AOAY COpanmapwvl, XUMUKO-MEXHOIOSUALTbIK,
azpecammap, CeHIMOLNIK, KYKipm KblKbLIbl OHOIPICI.

Kipicne

TexHUKaIbIK KyHeIepaiH CEHIMIUTITH aHbIKTay YIIiH 0acTanKbl eJIIIeMIepIiH
(GU3UKAIBIK MOHIH — IIBIFBIH, KBICHIM, TEMIIEpaTypa, IEKTPIIK eymeMaepal oiry
KakeT. CeHIMAUTIKTIH HET13T1 KOPCETKIITEpiHE Y3aK KYMBIC Kacaybl, ICTEH IIBIKIAYHI,
YKOHJIEYTe KaOIIETTUTIN KoHE caKTamybl xKaTaasl [1].

Kaszipri yakpiTTa, eHOEK KarjgaijlapblH OHTANUIAHABIPY KXKOHE KOCIMOPHIH
00BEKTUIePIHIH JaMybIH 00JDKAY YIIIH, ITUKI3aT OH1IPY MEH TaChIMaJIJay MPOIECTEPiH
MOJIeNIbJIey YIIIH JAaMbIFaH MaTeMaTHKaJbIK ajicTep 6ap. COHABIKTaH *KYMBICTHIH
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MaKcaThl XUMHUKO-TEXHOJIOTUSIIBIK KYHeIepIiH )KyMBIC skacay MYMKIHIIUIIT1H OaFanay
9JicTeMeCiHIH JXaHa JJIEMEHTTepiH maiibiHaay Ooinbin TaObimanel.Kasipri kesme
KOHJIBIPFBIIAPABIH CEHIMIUIITIH aHBIKTAy YIIIH CTaTHCTHKAJBIK dAICTEP KEHIHEH
naiiananeiaabl. KOHABIPFBIHBIH KYMBIC MIHJETIHE Kapaill j)koHe KOHCTPYKIUSHBIH
naiianaHyblHa jkeHe epekienirine cai ceniMautk (C) OipHemie Kacuerrepre ue:
Icren mbiknaymbuibik (1L), y3ak xymeic ictey (¥ K1), xenneyre kabinertinik (JKK),
TypakThulbIK (T), ssFHU

C=f(ILL, ¥KI,XK,T) (1)

CTaTHCTHKAIBIK MOJENBJCYAIH HETI3T1 ecenTepiHe Ke3IeHCOK caHIapbIH
3aHBUIBIKTAPbl MEH MapaMeTpiepiHiH Tapaixybl >KaTaJbl, MbICAIFa OOIIIEKTEp MEH
KYHEHIH 1CTEH LIBIKIal )KYMBIC 5Kacaybl, ICTCH LIBIFY aFbIHbI, )XOHJIEYT€ CypaHbICTap
YKOHE TaFbl 0acKa OOJIbII TaObLIAABL. [CTEH IIBIFY Typasbl CTATUCTUKAIIBIK MAaTepUaTIAPIbI
OHJIeY HerTi3iHze, [2,3] )KYMBICTBIH aBTOPJIApbl KOHIBIPFBUIAPBIH TYPl MEH 3KYMBIC
yKacay IIapThIHA COMKEC ICTeH MIBIKITai >KYMBIC KacaybIHbIH MYMKIH 3aHIbUTBIKTApbIHBIH
TapaJxyblH aHBIKTaabl. MyHAal albIHFaH CTAaTUCTHKAJIBIK 3aHABUIBIKTAp, >Kyienepi
urepyze naijianany CeHIMIUTITIH apTThIpy YIUiH, KOHABIPFBUIAPABIH KAJFaH 5KYMBIC
Kacay MYMKIHIIUTITH )KopaMaiiayFa, KOHABIPFBUIAPAbI AJIJIbIH aja )KeH/IEyTe XKoHe
0acka J1a TEXHUKAJBIK YHBIMIACTBIPY IC IIapajiapblH XKYPrizyre MyMKIHIIUTIK Oepeni.
[4] XKymbicTa XUMUS calachIHIAFBl OHJIpicTe K00anbIK xocnapiapbiH Tek 70%
OpbIHAAFaHAApPbl Typaslbl MAJIMETTep KeATipinren. MyHnail xariaiiblH Heris3ri
cebenTepl OHAIPICTIH KEHETTEH KOCIAPChI3 TOKTAI KAJTybl OOJIBII TaObLIa bl

CeHIMIUTIK TEOPUSICHIHBIH BIKTUMAJJIBIK CHIIATHI-TEXHUKAIBIK O0BEKT ©31HIH
HOPMATHBTI KbI3MET ’acay yaKbITHIHBIH KOl 06JIIMIH/IE TYPBIC )KYMBIC XKacay Ke3eHiH e
00Japl 1, ICTEH IIBIKIAY YaKbIThl KE€3JeHCOK OKHMFa O0JIabl.

MyHan 6acka Iapiiay MEH KapTal Ke3eHiHJe dpOip OObeKTiHIH ICTEH IIBIFY
YaKbITBIH OOJKayFa 00Jabl, SFHU OJ1 Ke3/IeHCOK JKaF/Iaii emMec, all 3aH/Ibl CUIIAThI 0ap,
Oipak Ta 7971 ICTEH IIBIFY YaKbITBIH aliTa aTMaFaHIbIKTaH, OJ1 Ja Ke3/1eHCOK CaH OOJIBII
ecenrreneni [5].

OKuFaHbIH BIKTUMAJIBIFBI JIETT OPBIHAATATHIH OKUFaHbIH, OapJIbIK MYMKIH OKHFa
caHbIHa 0eJIreHre TeH MOH/II aiTaMBbl3.

P= N/N (2)

MyHnna N1 — YKaiiTel OKUFanap canbl; N — OapiblK OKHFaIap CaHbl.

AKMKAT OKMFaJIapJblH CAHBIHBIH BIKTUMAJABIFBI TeH 1, OOJIMaNTBIH OKMFaHBIH
BIKTUMaJBIFEl TeH 0. COHABIKTAH Ke3 KEeJTeH Ke3/1eHCOK OKHUFaHbIH bIKTUMAaJIbIFbI
0 men 1 apanbiFbiHga 60mansl. JKyHeHIH JKanmbl CEHIMILUIT, XYyie KypaMbIHIaFbl
3JIEMEHTTEP/I1H CEHIM/IUTITHEH XoHe OJapblH JKyiere Kochbuly 9iciHe OaiaHbICThI
0omnanpl. COHBPIMEH HET13T1 MaKcaT—KEKe AIEMEHTTEP/IIH CEHIMIUTITIH aHBIKTAI, COJ
apKbUIBI OYKLT )KYHEHIH KOpPCeTKIIITEPiH aHbIKTAy. DJIeMEHTTep OalIaHbICHIHBIH €Ki
TYpi Oap [5—6] : Ti30ekreit xoHe mapaiensai. Ti30exreil OaitnanpicTa XyiieHiH Oip
AJIEMEHTIHIH ICTEeH HIBIFYBI OYKUI )KYHEHIH ICTEeH MIBIFybIHA 9Kenei. Erep i anemMeHTTeH
TYpaThIH XKYHEHIH opOip 3JIEMEHTIHIH 1CTEH MIBIKIAM dKYMBIC )Kacaybl TOYeJICi3 OKHFa
6osica, oHa OYKLI J)KYHEHIH 1CTeH LIBIKMAM jkacay bIKTUMAJIbIFbl TCH:

P.()=P ()P, (t) ...*P ()=II"_ P(1) 3)
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Erep m sneMeHTTEH TypaTblH KYHEHIH opOip 3JIEeMEHTIHIH ICTEH IIbIKmai
KYMBIC Kacaybl TOYyeJCi3 OKura 0oJjica, xoHe OYKiN KyHeHIH mapaiienb KOChUIFaH
JJIEMEHTTEPiHIH CeHIMILTIr Oipaeit 6oiica, OHIa OHBIH BIKTUMAJJIBIFbI TCH:

P (O=1-[1-P@®)]" 4

Ecenik koo duuuenti K ten:

K=(m-r)/r (5)
MYHJIa, M — KYHeaeri aeMeHTTepI1H >Kalbl CaHbl;

7 — KQJIBINITHI ’KYMBIC jKacay YIIiH KaKET 3JIEMEHTTEp CaHbl.

ConbIMeH, )XKCHULACTUITCH Pe3epBTIH CEHIMAUIIr TOJBIK KYKTEITeH pe3epBTIH
CEHIMJIUIITIHEH apThIK 00Jica, TONBIK JKYKTEIMETeHIIKI KEHUIIETUIreHTe KaparaHaa
XKorapel 60mansl [7-8]. ApTBIK 3aTTap/bl HII3IeH Ke3[e KaXEeTTi CeHIMIUIIKTI aiy
YIIiH KaHIIa Pe3epBTIK AJIEMEHTTEP KAXKET JereH Cypak Tyasbl. TOJNBIK KYKTEIreH
pe3epBTep YIIiH, Oy ecenti Oipaeil dMeMEeHTTEepIiH Napajuiels OaillaHbIChl OPHET]
KOMETIMEH LIeleMi3:

(6)
MYHJa, X — JIEMEHTTEP/IIH KaKeTTi CaHbI;

Pc (t) — xxylieHiH CeHIMIUTIK MOHi;

Pa(t) — amemeHTTEpIiH CEHIMILTITI.

CoHbIMeH:

X=In[1- Pc (t)]/ In[1- Pa(t)], (6)X TiH meHrenexkrercH OYyTiH MOHIH aly Kepek.
Kesneiicok MoHAEpAIH TapallybIHBIH aHAJIUTHKAJIBIK OPHETIH jkKacay ©Te KHBIH,
COHJIBIKTAH KoOanay Ke3iHJe maijgananyra Oy oaictep OapiblK yaKbITTa XKapai
Oepmeiini. Herizinme ke3neicok MoHACPAIH Tapaly 3aHIbUTBIFI OSIITLTI 00JICa, 3epTTeI
OTBHIPFaH OOBEKTIHIH ICTEH MIBIKIAM )KYMBIC KacaybIHbIH BIKTUMAJIIBIFBIH aHBIKTAY IbI
MaTeMaTHKaJbIK TYPAE KOPCETy aca KMbIH eMec. by xarnanaa:

(7)

myHza, R — cenimuinik, srnam 6enrimi 6ip X >X  apanbirbinaa X Ke3A€HCOK CaHbIH
AHBIKTAY BIKTMMAJIIBIFDI, IFHH, CEHIMALTIKTI ecentey Oip X Hemece Oipnente X, X,
...X Ke3JIENCOK CaHIapbIHBIH TEOPHUSIIBIK Y3/KCI3 JKOHE UCKPETTI BIKTUMAJIBIFbIHBIH
THIFBI3/IBIFBIH aHBIKTAY Kepek. Ecenrrey ymriH f(X) TapanyblH aHBIKTay KEpeK.

XUMUKO-TEXHOJIOTUIIBIK TPOIIECTEP Il MOJIEIb/ICY KOHE ONTHUMU3ALMIIAY Typasbl
JKYMBICTap/ia €Kl Ke3eH1 aTtan kepceTyre 6osaabl. bactankeia onap cxeMaHbIH )KeKe
anmnaparTapblHa OaiJIaHBICThI JaMU/Ibl (pEaKTopIIap, PEKTUPUKALUSAIBIK KOJIOHHAJIAP
*oHe T.0.). bipakTa, XUMUSUIBIK TEXHOJIOTUSHBIH IpoliecTepi 0ip-0ipiMeH OailyiaHbIChII
©3 apa dcepiIeCeTIH anmnapaTTap/iaH )koHe yAepicTepieH Typajibl. backa annaparrapmen
OalllaHBICBIH €cCKepMeil, Oip FaHa anmaparTsl ONTUMH3aLMsUIAY, TPOLECTI THIM/I
peXUMIre dKeJIMeyl MYMKIH.

Marepuannap MeH aaicrep:

A. H. BaiikoxuHHbIH [9] KyMbICTapblHa MaTeMaTUKAJIBIK dJICTEPMEH
TEXHOJIOTHSUIBIK IPOLECTIH ONTUMAaJIb/bl PEXKUMIH €CENTeyre apHalFaH. byl FbUIbIMU
eHOeKkTep/e apOip HEri3ri Ke3eHHIH, KYMBICTaFbl XUMUSJIBIK pEaKkTOpiiapMeH Koca
#K00aJaFbUIaphIHBIH J]a CTAaTUCTUKAJBIK, KBa3UCTAaTUKAJBIK KOHE JUHAMHKAJIBIK
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ONTUMH3AIMIIAY CUITaTTaMaapsl OepiareH. byn skymMbIcTapaa exi onTUMHU3anusiay
dJlici — 0OBEKTIHI 13/1ey KOHE MaTEMaTHKAJIBIK MOJENb apKbUIbl ONTHMH3AIMIIAY
anici 6epinren. Ecenrtey mbicansl petinne, «Kazatemenepkoacim» AK  Kpi3sutopna
00:1bICHl, JKaHaKOpFaH ayJaHbIHIAFbI KYKIPT KbIIIKBUIBIH HIBIFAPATHIH 3aYbIT aJIbIHIbI.
Kazakcran PecmyOnukacsiHaa KyKipT KbIIKBUIBIH OHIIPETIH OipeH Oip KoCiHOpbIH
«CK3-U» XUIC Gonbin cananansl. byn mekeme «Kazaromnpom AK ypan enaipy
eHipiciniH 6ipereiii 6ombin ecenreneni. « CK3-Uy» JKILC kypaMbiHa KYKIPT KbIIIKBLTBI
IIEXbl, SHEPIrOKOMILUIEKC, KOMEKIII OeimMaep, KyH 3JeKTpocTaHIMsCH Kipeai. KykipT
KBIIIKBIIBIH a1y IPOLECIHIH TEXHOIOTUSIIBIK OTepalisiiapbl TOMEHJIET1/IeH caTbuiapaaH
typaznsl (Cyper 1) [10]:

- KYKIPTTI ra3ap/ibl MIaH MEH 3USAH/Ibl KOCTIaJapAaH XKyy XKoHe Ta3apTy;

- ra3fAapAabl KenTipy;

- KYKIPTTi aHTUAPUATIH KYKipPT aHTUAPUIIHE TOTHIFYBI;

- KYKIPT aHTUJPUIIHIH CIHIPITYi;

- KYKIPT KBIIIKBIIBIH KOMMaay jKoHe IKCIECTULIHSIIAY.

OcBbl KYKIPT KBIIIKBUIBIH OHAIPY YIIIH KOHABIPFBI-O1pKaTapisl KOC TYPICHIIPY,
Koc abcopbarusiiay (DCDA) Monsanto Enviro-Chem (MECS) 6ip me3rine ;Korapsl
KBICBIMJIAFbI KbI3ABIPHUIFaH Oy OHAIpETIH KOHABIPFBIHEI Oinaipeni. Ecenti eHIMALTIK
1500 Mt (100 % H,SO,) Toynirine 24 carar. Kymbic enimuiniri 50-110 % ecenrinen
6omy mymkin. Temmneparypacet 40°C rpagyc kezaeri 93-98 % KoOHIEHTpallUsICHIMEH
OHJIIPIJIETIH KBIIKBLUT OHIMI, CYHBIK xkoHe Tycci3. Konnpipre1 400°C TemmepaTypaiarbl
XKOHE JKOFapFbl KbICBIMIBIFBI 43 Oap (aT™M) KbeI3aslpbulFad Oy eHnuipeni. Ecenti
enimairiri 80 000 kr/car. IIpouecc 99,7 % TuiMaiLTiriMeH KYKipTiH KOC TOTBIFBIH,
KYKIPT KBIIKBUIBIHA TYPJICHAIPYre MYMKIHAIK Oepei.

TexHOMOrHUANBIK IPOLECTIH HETI3T1 KaJaMIapbl-KYKIPTTiH KOC TOThIFbIH (SO,) any
YIIiH, aya OpTachIHAa KYKIipTTi (S) *ary, KYKIpT ymokcuai maiaa 6oy (SO,) yuriw,
KYKiPTTiH KOC TOTBIFbIH OTTeTiMeH (O,) KoCy *oHe KYKIpT KbimKbLisl 6ap (H,SO,)
epiTingi amy yurin onsl cymen H, O Kocy Goubin tabbutast (2-cyper). by kesne keneci
XUMUSIIBIK PEAKIMs OTeIl:

SO, + H/O — H,SO, CeIpTKbI XaFbIHAH TOTBIKTBIPY KYPallbl KOPLIAFaH OpTara
JKbUTY WIBIFBIHBIH a3aiiTy YIIIH MUHEpaJbl )KYH TOCEHIIITEpl MEH alllOMUHUM
napakrapbiMeH oKaysanrad. Kykipr nnoxcuainin (SO,) tpuokcuke (SO,) TOTBIFYbI
peakuus OOWbIHILIA BaHAAUM KaTaJu3aTOPbIHBIH KaThICYbIMEH XKYpeai:
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Cypert 2 — KyKipT KbIIIKBUIBIH OHIPY TEXHOJIOTUACHIHBIH OJIOK-CXEMACHI
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CBIPTKBI XKaFbIHAH, TOTBIKTHIPY KYPaJibl KOPIIaFaH OpTaFa XKbUTy IIBIFBIHBIH 32Ty
YILIiH MHUHEPAJIbI )KYH TOCEHIIITEP] MEH aJTIOMUHUHN TUIACTHHATAPMEH OKIIAyJIaHFaH.
KykipT nuokcuainig (SO,) tpuokcunke (SO,) TOTBIFYbI peaKiys OOMBIHIIIA BaHAUI
KaTaJIn3aTOPBIHBIH KAThICYBIMEH XKYpPe/li:

Bananuiifiyg OaiimaHpic MaccajdapblHBIH O€JICeHI KOMIIOHEHTI — BaHAJIUU
niearookcral V2035 0ol Ta0bu1aael. Ta3a BaHauiil HEHTOOKCUIII OJICI3 KATATHTUKAIBIK
OeJICeHIUTIKKE e, O1paK CUITLII MeTalapablH KaThICYbIMEH KYPT apTaibl. TOTBHIFY
PEaKIMSICBIHBIH MEXaHU3MI KeJleCl TYPE YCHIHBUTYBI MYMKIH:

[wki 3aT KeIIKeLUIABIFBIH S03V2 xykTerimn skoHe mHek koHBerep SOOSR1
xemeriven Kaxerri koneminae Ca(OH), kocy ecebimen Oeirapanranansl. KykipT
KBIIIKBUIBI KAJABIFBIH OeHTapanTaHIbIpy Kejecl CYHBIK azama OTeTiH peakius

Kypei:

Befitapantanapipynad KeiiiH HaTpui Cynb(haThl maiiaa 601aabl, OHbI CY3Y KOJIBIMEH
xosanel. [laliganaHplIaTeIH MaTepuall KeJeMi CTEXHOMETPHUKAIIBIKTAH €Ki ece acybl
tric. COHABIKTaH OacTamkel KYKipT OepyaiH KpurnamabiFsel ecedimen FS (kr/car)
OHBIH KbIKBUIABIFEL (M H,SO, (KI/Kr GapibIrbl) ) Ke3iHIE, KaabIUKi THIPOTOTHIFEI
HIBIFBIHBIH  KYpaybl THIC:

OHpa, nmaiimanaHblIaThIH
XUMHUKATTBIH MOJIEKYJISIPIIBIK CAIMaFbI.

Harnaxesep xaHe TaIKbLIAay

Makananga ALFA LAVAL miacTUHAIBIK KbUTY aMaCTBIPFBIIIBIMEH KBIIIKBLT
eHipiciHiH 540 GJIOTBIHBIH KBIIIKBUIBIH CATKBIHAATY KapacThpblIrad. by skarmaiina
napajuiesib PeKUM/IE KYMBIC ICTEY YIIIH YKCac >KbULy aJMAacTBIPFBIIITHI CAThIN aja
OTBIPBII, CATKBIHIATY/IbIH TEXHOJOTHSUIBIK CXEMAaChIH ©3TrepTil, TYHIH I KaliTa Kypy
JKOHE KEHEWTY KapacTbIpbliaabl. CXeMaHbIH e3repyl €Kl JKbUly aJIMacCThIPFBIIITHIH
CYMBIKTBIKTapBIHBIH (KBIILIKBUIIBIH, TPAIUPHIAAFbl CYJbIH) KIPyl MEH IIBIFYBIHBIH
e3apa aMacyblHaH TYpajbl. ¥ CHIHBIC 3ayBITTHI Y3aK YaKbITKA TOKTATIIall XUMUSIIBIK
TazajayFa apHaJIFaH KbLTy aIMAaCThIPFBIITAPBIH TI30€KTEPIH KE3EK-Ke3€K MIbIFapyFa
JKOHE JKOHJEY Ke31HJEe CYMBIKTBHIKTApAbIH Kepl aFbIHBIMEH KOCHIMIIIA MEXaHUKAJIBIK
Ta3apTy YIIiH OJap/bl aybICThIpyFa MYMKIHIK Oepeni (3-cypeT). ¥ cpiabic 540-010KKa
TeMmIepaTypaiblK xykreMeHl 10—15 rpagycka TeMeHIeTy ece0lHEH ToyJiriHe
KocbiMiia 50 ToHHA KBIIKBLUT oHAIpyTe, 540-010K KyObIpnapsiabH, A,B,C,J[ cakray
KoliManapelHblH, Allb-Fa KbIIIKBLT OTKI3riMTIH, 540-copantapabiH xoHe Allb-ra
KBIIIKbBUT aiijiay KyObIpiaapbhlHBIH KOPPO3HUsl KapKbIHBIH TOMEHJIETYTe MYMKIHJIIK
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6epeni. ¥cbIHbIC TyTacTai anranaa 540 TyiiHre TeMepaTypasblK )KYKTEMEHI a3aiTyFa
OarbITTAIFaH, OUTKEHI TEXHOJOTUSIIBIK periaMeHTTiH Oy3butybl 540 copFbLiapbl
MEH COPFBILITAFbI KyObIpJIap/AbIH iCTE€H LIBIFYbIHA OKEN/i, OYJI TOTEHIIIE JKaF1ail MeH
KBIIIKBUIJBIH TOTUTY1H Ty IbIpaibl. COpFbUIAP/IBIH alfHATIBIM KYHECIHIET1 KbIIIKbUIBIH
TemriiepaTypacsl xxa3zaa 90 rpagyc Llenbcuiire neiiin, (HopMa 65 rpatyc) )xoHe OHAIPICTIK
KBIIKBLT 45 rpanycka neitin (Hopma 40 rpagyc) xetenai. SlFau Oyi 3aybITTHI KUl
TOKTATBII, KYObIpIapAbl aybICTBIPHIIL, 3aYBITTHIH OHIMAUTIITTH TOMEHAETYTE TYpa KEJ/Il.
CraTucTuKara cylieHe KeJICEK Ka3/IbIH BICTBIK Ke3eHiHAe (MayChIM, LIUIJIE, TaMbI3)
XKaOJBIKTBIH TEMIIEPaTypajbIK aybITKyJapFa €H >KOFapbl Ce3IMTAABIFbI OaiiKanabl.
2018 xpiaplH  ka3siHAa 92 sxyMbic KyHiHAe 114 804 TOHHA KBIMIKBIT OHAIPLIIL,
ToyJliriHne oprama eHiMaLTK 1248 Torna. 2019 xbU1IbIH Ka3bl, 74 )KYMBIC KYHI MAMBIP
— MaycChIM aillapbIH/Ia 3ayBITTHI JKOHJACYre OaimanpIcThl, 113 633 TOHHA KBIIKBLT
OHJIpLIL, TOYJIirine oprama eHiMAUTIK 1535 TonHa. 2019 XKbUIIBIH Ka3bl, 57 )KYMBIC
KYHI, 3ayBITTBIH IIiJIe-TaMbI3 aiiflapbIHIa XKOH/eyre OaliIaHbICThI XKOHE KoHManapaa
aBapHSUIBIK JIeHTeiepre OaillaHbICThI )KOHACY aJABIHAAFHl alTa ecKepiIMEereHe,
87 396 ToHHA KBIIIKbUI OHAIPUII, TOYJIIriHe opTamia eHiMautik 1533 Tonna. JKasrel
yaKbITTa TOYJIiriHe 286 TOHHAFA OHIMALTIKTIH apTybl KYMOH Ty IbIpaibl. Erep xxeHneyai
€CKepe OTBIPHIIL, XKa3/bIH KYMbIC KYHJEepiHiH canbl 60 0oJica, OH/Ia 3aybIT OHIMIUIIT]
286 x 60=17100 ToHHaFa >Kalmbl 6CYl BIKTHMAaJ. 3ayBITTHIH OHIMIUTITIHE 0acKa Ja
dakTopnap acep €TKeHIIKTEH, KYKIPT XYKTeMeciH ecenreyre Oomajsl. JKobanbIk
eHiMIiTIri caraThiHa 20,5 ToHHA KYKipT (Toyirine 1640 ToHHA KBIIKBLT) OOJFaH Ke3Jie,
BICTBIK aya paibIHaa Toyiirine eHiMAUTIr 80—120 ToHHA KBIIIKBUIFA HEMECE OpTa
ecenrieH 100 Tonnara TeMmenaerineni. TyHre Kapaid eHIMIUIIKTI apTThIPFaH/IBIKTaH,
0,5 koo duureHTi KaxeT, ssFHU Tayirine 50 ToHHa HaKTH ociM. JKa3 6oiibl 60 KYH
(>xa3Fpl Ke3eHze xocnapisl xeHaey 30 kyH) Tek ycwiHbic ecebinern 3000 ToHHa
KBIIIKBLIFa 6CiM Oepei.

Cypert 3 — OnuipictiH 540 OGJIOTBIHIAFBI KBIIIKBUIIAPIBI CATKBIHIAATY CXEMaChl

Copanrapasid, 540 TYHiHHIH KYOBIpJApBIHBIH KOHE KBIIIKbUT KOMMaTapbIHBIH
KBI3MET €Ty MEP3IMiHIH YJIFAIOBIH €CKEPMEMIi3, OMTKEH] oJlap KBIIIKbUT OHIIPICIHIH
THIMAUTITIHEH alTapiblkTaii TomeH. CoHaai-aK, 2 KbUTy aqMacTBIPFBIIITHIH 00Tyl
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3ayBITTHl TOKTAYChI3 )KYyyFa, oJlapAbl Oip anrara maiijajany cXeMmachblHaH ajblll,
Ke3eKIeH Ta3apTyra MyMKiHAiK 0epeni (Kecte-1). KpIIKbUT MEH CaTKBIHIATKBIII CY BT
Oepy cxeMachl )KeH/Iey Ke31H/1€ JKbUTy aJIMaCTBhIPFBIILITAPbIH KYHBUTYBI OJap/abl ©31H-
031 TazapTyFa MYMKIHJIIK Oepe/ii, OTKeH1 CYWBIKTBIK aFbIHIApbl OAFBITTHI KEpiCiHILE
e3repteai. KopeIThIHIBUIANM KeNle KYTIAeTiH SKOHOMHKAJBIK TYPFBIIAH 2 eceaeit
naiia Gonajpl )KOHE YaKbIT IIBIFBIHBIH €19Yip azaiiTambi3. [laligananynery OipiHI
JKBUTBIHIAFBl YCHIHBICTBIH SKOHOMHKAIIBIK THIMJIUIIT IIIaMaMeH eCenTeNe/i:

3000 x 21 000 - 25 000 000 - 1 000 000= 37 000 000 Tenre

3000 ToHHa KBIIKBUTABIH ©31HAIK KyHBL: 7 800 x 3 000 = 23 400 000 TeHre

DKOHOMHUKAJIBIK THIMILIIK

Bipinmi sxbuisl : 37 000 000 — 23 400 000 = 13 600 000 Tenre

Exinmi xsutra 3 000 x 21 000 - 3000 x 7 800 = 39 600 000 Tenre

Mynpaarst 21000 TeHre TOHHA KBIIIKBUIIBIH OpTAallla KYHbI

25000 000 - ALFA LAVAL >buTy anmMacTBIPFBIIBIHBIH KYHBI

1 000 000 — >xaGABIKTHI MOHTAXK/IAyFa apHAJIFAH [IBIFBIH/IAD

1-kecTeHi capanTaii Kene ToMeHAeTiei Macenepal Oaiikayra 0oabl.

1 Kaitnay kaGaThIHOAFbl KYKIPT KOJIYeIaHBIHbIH KaiiHay Temmeparypacsl 1100
+ 10°C, erep ocel Temmneparypa 1100°C Tan achlln KeTce IIUKI3aTTHIH XKAHBII KETill,
aBapUsUIBIK CUTYaIUsAFa 9KEIII )KYHEHIH y3aK yaKbIT TYpBIIT KaTyblHA 9KEITyl MYMKIiH.
Erep temmepatypa 1080°C Gosnca KyKipT IHOKCHAL OOiHYIHIH KbUIIAMIBIF a3ast
Oacram, KbI3bIpy I'a3bIHAAFbl KOHLIEHTPAIMICH TOMEHACH OacTar, TOTbIFY OeJiMiHIH
*KyMbIcbIHa ocepil turizeni (Kecre 1).

2 Toteiry GemimiHe Kipep alabIHAAFbl KYKIPTTIH KypaMbl, KbI3IbIpY O6iMiHIH
YKYMBICBIHBIH CalachblHa YJIKEH 9Cep eTel.

3 ToTeIFy anmapaThl KaTaau3aTOpbIHbIH [-V-KabaThIHAAFBl  TEMIIEpaTypachl
OipiHIIIIeH aKTUBTI 3aTTapbIH JIECTPYKLIHUICHI 9CEPIHEH, KaTaln3aTOP/IbIH Oy3bLTybIHA
OaiiimaHbICTHI 00JICa, EKIHILIAEH KaTaaIH3aTOP/AbIH XKaHy TeMIIepaTypachiHa OailIaHbICThI
OoJaasl.

Kectel — bepinren mapamerpiepaiy MoHaepi

No ATaysl Ommemi | MoHi | HOpMa
1 | Ilemreri KaiiHaraH KaOaTTHIH TeMIIepaTypachl °C 1100 |+
_ 10
2 | KyKipT AMOKCHUIIHIH TOTBIFY OOiMIiHIET % 10,5 |+
MeJtepi 0,25
3 | Totweiry anmapaTsiHbIH [-KaOaThIHIAFbI TA3/IBIH °C 620 |+
TeMIepaTypachl 25
4 | Toteiry anmnapaTbIHbIH 11-KabaThIHIAFBI ra3/IbIH 0C 520 |+
TEMIIEpaTypachl 25
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5 |Toteiry annapatsiabliy [1I-KabaTbIHAFBI Ta3bIH 0C 470 |+
TEMIIepaTypachl 2

6 | Torbiry anmapaTbiHbIH [V-KabaThIHIAFbI Ta3/1bIH 0C 460 |+
TEMIIEPATyPAChI 25

8 | AGcopOuuMsHBIH eKiHII OacmangarbIHaH KEHiHT1 | yieci 0,012 +0,0035
ra3/iarbl KyKipT TPUOKCHIIHIH MaccCallbIK YiIeci

9 | AGcopOuusHBIH eKiHII OacmangarblHaH KEHiHT1 | yieci 0,069 +0,0053
ras3/iarbl KYKipT AMOKCHUIIHIH MacCalbIK yJeci

4 AOGCOpOIMSHBIH E€KIHII CaThICBIHAH KEWIHT1 Ta3Jarbl KYKIPTTIH JUOKCUII MEH
TPUOKCHJIIHIH MaccalbIK YJecl TOTBIFy MeH abcopOuusi 6eiMIepiHiH KYMBICHIHBIH
camachlHa YJIKeH ocepiH Turizenl. [IInki3aTThiH KaXKeTTi OHIMIe aifHATybIH allKbIH 1Al Ibl,
SAFHU OYKUT )KYHEHIH >KYMBICBIH aHBIKTaN/Ibl.

KopbITbIHABI

- KOMIIBIOTEPIIIK OaFgapiamManap apKbUIbl KOHABIPFBUIAD MEH KaOJbIKTapIbIH
CEHIMJIUJTIK JICHTeH1H apTThIPY;

- )KyHenep/iH OHIMIUIITHIH KUl ©3repyiHe 0alaHbICThl >KaObIKTap CEHIMIUTIT]
MEH TeXHUKAJIBIK )Kal-KYH1H JUArHOCTUKAJIAY d/IICTEPIH €CKEPY;

- ALFA LAV AL nnacTHHAJIBIK KbUTY aIMaCTBIPFBILIBIH (KbILKbUT OHAIpiciHIH 540
OJIOTBIHBIH KBIIIKBUIBIH CAJIKBIHJATY) Mapajljiesib peXKUM/IE XKYMBIC ICTEY YIIIH yKcac
JKBUTY aJIMACTBIPFBIIITHI NaliAalaHbll, CAJKbIHAATY/IbIH TEXHOJIOTHSUIIBIK CXEMAaChIH
e3repTin, TYHIHAl KaiiTa Kypy KoHe KEHEUTY UJIesChl YChIHbUI/IBI;

- Karanuzatopasl anMacTeIpy Ke31HAET1 KOHBEPTOPABIH KallaKIIachlH
aybICTBIPY/IBIH TUIMI (MaTE€pHANABIK IIBIFbIH, YaKbIT) 8/11C1 YCHIHBUIBI.

- DKOHOMUKAJIBIK THIMAUTIK O1piHIT kbUTel 13 600 000 TeHre Oosica, eKiHII KbUTFa
39 600 000 TeHre 601MaK.
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*I1. A. Tanxcapukoé’, I'. b. Amanzenvouesa’, A. XK. Tneyoepzen’, A. H. Baiuikoaycun’ IMPROVING THE RELIABILITY OF TECHNICAL SYSTEMS
134K p13nop AMHCKUI yHUBepcUTeT nMeHH KOpKbIT ATa, FOR THE PRODUCTION OF SULFURIC ACID
Pecny6iinka Kazaxcraw, r. Keizbutopaa.
Marepuan noctynui B pegakuuio 17.03.22. Production of raw materials in Kazakhstan is growing rapidly every year. The
level of reliability of operation of technical systems of the Chemical and technological
MOBBILIEHUE HAJIE)KHOCTH TEXHUYECKUX CUCTEM industry is directly related to increasing production efficiency, reducing production
MMPOU3BOICTBA CEPHOM KHCJIOTBI costs, for example, for energy resources and repair and restoration work and other

work. And these works will depend on the correct implementation of measures
related to the technical condition of industrial installations, that is, increasing the
reliability of installations and technical diagnostic techniques.

In these conditions, questions arise about the preparation of scientific
papers on the improvement of methods and technical equipment used in the field
of chemical technologies. The role of science in improving the reliability and
safety of production facilities is special, therefore, the prevention of accidents
in chemical and technological systems is an urgent problem. To determine the
reliability of technical systems, it is necessary to know the physical values of
the initial parameters - flow, pressure, temperature, electrical parameters. The
determination of the reliability of the operation of Chemical processing plants has
several characteristic properties. Workplaces located in large spaces, difficult
natural conditions, technologies with changing conditions, disable permanently
operating installations. Therefore, failure modeling plays an important role in
predicting reliability parameters.

Keywords: sulfuric acid, injection pumps, chemical-technological units,
reliability, sulfuric acid production.

Obvembr  npousgoocmea cvipbsi 6 Kazaxcmane ¢ Kaxicovim 2000M
CMpeMumenvHo pacmym. Ypogenb HAOe’CHOCMU IKCNIYAMAayuu MexHu4eckux
cucmem Xumuxo-mexHoi02u4eckoll Ompaciu Hanpsamyro Ces3aHvl ¢ NO8bluleHUeM
appexmusHocmu  npou3BOOCMEd, CHUdNCEHUEM NPOU3BOOCHBEEHHBIX 3ampam,
Hanpumep, Ha IHepeemuuecKue pecypcvbl U PEeMOHMHO-80CCTNAHOGUMENbHBIE
pabomvl u opyeue pabomovl. A 3mu pabomvl 6yOym 3a8ucemv om NPASULLHO20
npogedeHUss  MEpONPUAMULL, — CEA3AHHLIX ¢ EeXHUYeCKUM  COCMOAHUEeM
NPOMBIUTIEHHBIX YCIMAHOBOK, MO eCMb NOBbIULEHUEM HAOEIHCHOCU YCMAHOB0K U
MemoouUK mexHu4eckou OUAeHOCMUKU.

B omux ycnosusx eoznuxaiom 6onpocvl no020moeKU HAYUHBIX padom no
COBEPUEHCTNBOBAHUIO MEMOOUK U TEeXHUYECKO020 000pYO08aHUs, NPUMEHSEeMbIX
6 obnacmu Xxumuxo-mexuonoeuu. Ponv mayku 6 nosviuienuu HadelicHocmu u
bezonacHocmu npouU3B00CMEEHHBIX 00BEKMO8 0cobasl, NOIMOMY NPOPUIAKMUKA
agapuil 8  XUMUKO-THEXHOLOSUYeCKUX — CUCTNeMAX  A6ISAemcss — aKmyaibHOU
npobaemoi. [ns onpedeneHuss HA0eHCHOCMU MEXHUYECKUX CUcCmem HeoOX00UMo
3HamMb uautecKue 3HAYEHUS UCXOOHBIX NAPAMEMPO8 — pacxood, 0deleHusl,
memMnepamypbul, INeKmpuieckux napamempos. Onpeoenenue Ha0eIsCHOCuU pabomvl
Xumurxo-mexHono2uueckux yCmaHo80K umeem HeCKOIbKO XApaKmepHvlX C8OUCMS.
Pabouue mecma, pacnonosicennvie na OOMLWUX NPOCMPAHCIMBAX, MdiCETbLE
NPUPOOHBIE YCA0BUSA, MEXHOLO2UU C USMEHAIOWUMUCS YCTIOBUAMY, BbIBOO0SM U3
Cmposi NOCMOSIHHO Oelicmaylowjue ycmanogku. Tloosmomy npu npocHo3upoeaHuu
napamempos HadeNCHOCmU OOIbULYIO POTb Uepaem MoOeauposanue OmKa308.

Kniouegvie cnosa: cepnas kucnoma, HacHemamenbHvle HACOCHI, XUMUKO-
mexHoL02u4ecKue YCMaH08KU, HA0eHCHOCMb, NPOU3BOOCBO CEPHOLL KUCIOMMbL.

*P. A. Tanzharikov', G. B. Amangeldieva’, A. J.Tleubergen’, A. N. Baikozhin*
Korkyt Ata Kyzylorda University, Republic of Kazakhstan, Kyzylorda.
Material received on 17.03.22.
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A. XK. TonezeHosa’
1-2345TopaiireipoB yHuBepcureT, Pecriyonuka Kazaxcran, r. [TaBnogap

OMNPEAQENIEHNE TEXHOJIOTMYECKUX CBONCTB TEXHOIEHHbIX
OTXOAOB MNPEQMNPUSITUA SHEPITETUKN U METAJIITYPIr U
MABJIOJAPCKOIO PErMOHA

Kax nam uzeecmmno, ucnonvzosanue noboUHbIX nPOOYKMOE NPOMbIULIEHHOCU
upessLIYaliHO  BAJNCHO, MAK KAk obecneyusaem npou3eoo0cmeo  0Ooeamvim
UCTHOYHUKOM O€Ue8o20 U YACMO Yoce NOO20MOGIEHHO20 Cblpbsl, NPUBOOUM K
IKOHOMUU ~ KANUMATIbHBIX  GJLONCEHUT, NPEOHA3HAYEHHbIX Ol CMPOUMENbCmEd
npeonpusamuil, 000b18AIOWUX U NEPEPADAMBIBAIOWJUX CbIPLE, U NOBLIULEHUI) YPOBHSL UX
peHmabenbHOCmU, 8blC8000NHCOCHUI) 3HAYUMENbHbIX NI0WAOE 3eMeNIbHbIX Y20O0Ull
U CHUJICEHUN) CMmeneHu 3azpsisHenus oxpydcarowei cpedvl. Ilocredosamenvroe
nosblUleHUe YPOBHS UCNOIb308AHUSL HODOYHBIX RPOMBIULIEHHBIX NPOOYKIOE S6IAEMCSL
savicHetiwell 3a0ayetl 20Cy0apCmeeHH020 3HAYeHUs.

O0no u3 Hauboee NePCneKMUBHbIX HANPAGICHUN YIMUIUZAYUU NPOMBIULTEHHbIX
0mMX0008 — UX UCHOIL30BAHUE 8 NPOU3BOOCBE CIPOUMETLHBIX MAMEPUANOE8, UMO
nozeonsiem 0o 40 % yooseremeopums nompebrnocmu 8 covipwve. llpumenenue omxo0os
npomvluinenHocmu nozgoasem Ha 10-30 % cnuzume 3ampamel Ha U320mMoGieHUe
CMPOUMENbHBIX MAMEPUATLO8 NO CPABHEHUIO C NPOU3BOOCMBOM UX U3 HPUPOOHO2O
CbIPbSL, IKOHOMUSL KANUMALbHBIX 610d4CEHULL npu 3mom cocmaensiem 35—50 %.

B oannoti cmamve 6wty ucciedo8anvl Ciedyoujue MeXHOSEHHble OMX00bl
sHepeemuxu u memannypeuu Pecnyonuxu Kazaxcman:

- 30na-ynoca ¢ Ilasnooapckoii TOIL]-1;

- kpacuwiti winam ¢ AO «Amomunuii Kazaxcmanay,

- smopuunblii memannypeudeckuii uiiax ¢ AKII « KSP Steely (npoyecc eneneunotl
obpabomxu pacniasa).

Lenvio uccnedosanusi 6vii0 onpedeneHue NPUSOOHOCU OAHHLIX BUO08
MEXHO2EHHbIX OMX0008 Npeonpusimuil Mmemairypeuu u snepeemuxu I[lagrooapckozo
PecUOHA K UX BO3MOJNCHOMY UCHONIb30BAHUIO 6 NPOU3BOOCHI8e CMPOUMENbHOU
Kepamuxi.

Knoueguvle cnosa: npomviuiientvlie omxoobl, NOpUCmocms, npounocms, TOI],
BMOPUYHBLIL MEMATTYPSULECKULL ULTAK, MONTUBHO-IHEP2eMUYeCKULL KOMNIEKC.

BBenenue

Esxeronno Ha teroanekrpoueHTpaisix (TOLl) o0pasyroTcs ThicS4H TOHH OTXO/IOB,
KOTOPBIE COCTOSIT B OCHOBHOM U3 HEPACTBOPUMBIX OKCUIOB, THIPOKCHIOB, KApOOHATOB
JKese3a, KallbliUsl, MarHus U SIBJIIFOTCS. HEHHBIM XUMHYECKUM ChIpbEM [ 1, 2].

YTunuzauusi 0TX0J0B TOPHO-METAIUTYPrUYECKOr0 U TOIJIMBHO-IHEPTETUYECKOTO
KOMIUIEKCOB B MPOMBIIIJIEHHOCTH CTPOUTENbHBIX MAaTEpUANIOB PEUIAET HE TOJBKO
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HKOJIOTUYECKUE, HO MU 3KOHOMHYECKHE 3aJa4yH, NOCKOJBbKY CHIPhE U3 OTXOIOB IS
IIPOM3BOJICTBA CTEHOBOM KEpaMUKHU B 2—3 pa3a JelIeBiie, 4ueM npupoHoe [3].

VYronbHas neTyyas 30jJa MJIM KaK ceiiyac Ha3bpIBAalOT €ro — 30Jia-yHoOcCa,
IPOMBIIIJICHHBIH TOOOYHBINA MPOAYKT, 00pazyeTcs MpH CKUTAaHUM YT Ha TEIUIOBBIX
AJIEKTPOCTAHLUAX. DTO OJMH U3 CAMBIX CJIOXHBIX aHTPOIIOTEHHBIX MaT€pPHaJIOB, U €T0
HETPaBUJIBHOE yIAJIEHHE CTaJI0 POOIeMOii OKpY KaroIlei cpe bl U MPUBETIO K pacTpaTe
U3BJIEKAEMBIX pecypcoB [4].

B nacTosmiee BpeMs HeMallo HayYHBIX paboOT MOCBAIIEHO mepepaboTke
HPOMBIIJICHHBIX OTXOJOB M MOJYYEHHI0O HA OCHOBE HHUX MHOXECTBA BHUJOB
CTPOUTENBHBIX MAaTE€PHUAJIOB, OTIIMYAIOIIUXCS MO0 KAUECTBEHHBIM U KOJINYECTBEHHBIM
cocTaBaM IPUMEHSEMBIX MaTEPUATIOB.

Hanpumep, yueHsiMu pa3paboTaHbl TEXHOJIOTHH MOJXYYEHHs] BBICOKOIPOYHOTO
Kkepam3uTta u3 kpacHoro nutama (KII), netydeii 30161 U GeHTOHHTA 6€3 KaKUX-THOO
JOPYTUX XUMUYECKHX 100aBOK IMyTeM JBYXATAITHOI'O Ipoliecca criekanus [5].

BOKCUTOBBII 1UTaM MPH OMPEACICHHBIX YCIOBUSAX aKTUBALUU MOXKET MPOSIBIISAThH
CaMOCTOSITEJIbHbIE BSKYIIUE CBOMCTBA [6].

B npoBeseHHBIX HaMM HCCIIEIOBAHHUAX HMPUMEHSIOTCS TEXHOTEHHBIE OTXOJIbI
SHEPreTHKU 1 MeTayurypruu Pecny6nuku Kazaxcran:

- 301a-yHoca ¢ ITaBnogapckoii TOLI-1;

- kpacHbIi mutam ¢ AO «AmomuHuil Kazaxcrana»;

- BTopruHbIi MeTaiutyprudeckuit nutak ¢ AKIT «KSP Steel» (mpornecc BHeneuHoi
00paboTKu paciiaBa).

HccnenoBanue TeXHOTEHHBIX OTXOJ0B COCTOSIIO U3 CIEAYIOLINX CTaIUi:

- MOATOTOBKA 00Pa3IIoB;

- 00XHUT MaTepHasoB;

- pacyeT BOAONOIIIOMIEHHS MAaTePUAJIOB;

- pacyeT MPOYHOCTHBIX CBOMCTB MaTEPUAIOB.

3071a-yHOCa MpeacTaBiseT cO00M OTXOJ OT CXKUTaHHS DKUOACTY3CKUX yTriei
[TaBmogapcKUX TEMJIOBBIX 3JEKTPOCTAaHUMH. XUMHYECKUN cocTaB U (Pa3oBo-
MHUHEPaJIOTHYECKUN COCTaB 30716l IPUBEACHBI B Tabmumax 1-2 [7].

Tabnuna 1 — Xumuueckuit coctaB 30ibl-yHoca [TaBnonapckoit TOLI-1, %.
Sio ALO, |TiO Fe O, |CaO MgO K,0 Na,0 |P,O, MnO

2 2

60,6 28,6 1,4 5,4 2 0,5 0,5 0,2 0,7 0,1

Tabnuna 2 — ®a30Bo-MUHEPATIOTUYECKUI COCTaB 301, Mac. % yCpeIHEHHBIH)

3o51a u3 Crexnodasa | AmopdusoBannoe | Oxcuabl | ITonesoit | Kopynn, | Kanpuur | Yriucrsie
OTBaJIOB TJIMHUCTOE )KeJesa 1mar, MYJUINT, YaCTHULIbI
BEILECTBO KBap1L, KpHCTO-

MHUPOKCEH |  Gamut

ago- 30 25 9 10 7 8 11
napckue TOLL
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HNcnonp3dyeMass B TEXHOJOTHUYECKOM IIpolLiecce 30Jjla-yHoca (pucyHokl)
XapaKTepu3yeTcs MEJIKOI 3epHUCTOM (ppaKiuei.

Pucynok 1 — 3ona-ynoca ¢ [laBnogapckoit TOLI-1

Cornacao I'OCTam 25818-91 [8] u 25592-91 [9] , conepxaHue OKCcHUIa KaJbLUs
CaO B 30JIbHOM COCTaBJIAIOUIEH 30JI0ILJIAKOBOM CMECH U B MEJIKO3EPHUCTON CMECH
noJkHO ObITh He Ooree 10 % mo macce. Conepskanue okcuaa Maraust MgO B 3051bHOI
COCTABJISIONIEH 30JIOIUIAKOBON CMECH U B MEJIKO3EPHHCTOM CMECH JIOJDKHO OBITh HE
6omee 5 % mo macce. CojiepykaHue CEPHUCTBIX M CEPHOKHUCIIBIX COSAMHEHUN B ITepecueTe
Ha SO, B 30JIbHOM M IIAKOBOHM COCTABIISIONIMX 30JI0LUITAKOBON CMECH JIOJDKHO OBITH
He Oonee 3 % mo macce, B TOM uucie cynbhuaHon cepel — He Oonee 1 % mo macce.
Coneprkanue MENTOYHBIX OKCHIOB HATPHs U Kaius B mepecuere Ha Na O B 301bHOM
COCTABJISIONIEH 30JIOIUIAKOBON CMECH U B MEJIKO3EPHUCTOW CMECH JIOJKHO OBITh HE
6omee 3 % mo Macce.

BokcuroBsiii nutam [1aBinogapckoro anroMUHHEBOTO 3aBO/IA SBIISETCS MOMYTHBIM
IPOJYKTOM MPOU3BOACTBA IuHO3eMa A, O, U BKIKOYAETCA B COCTAB PELENTYPhI
OCTOHHBIX CMece. XMMHUECKUH ¥ MUHEPAJOTUYECKHI COCTaB OOKCHUTOBOTO IIamMa
npuBeeHbI B Tabmunax 3—4 [7].

Tabnuua 3 — XuMHUYeCKHii cocTaB 00KCUTOBOTO IIaMa [TaBioaapckoro alfoMMHAEBOTO
3aBoja, %
FeO, | ALO, | CaO Si0, TiO CO, | NaO | MgO

27-33 4,0-5,0 39-44 19-21 2,0 0,8-1,0 0,9-1,5 0,3-1,2

Tabnuna 4 — MuHepanoru4eckuii coctaB 60KCUTOBOTO HuiaMa, %

o = o) g ON

. 3 = an N3 =
- = X o : )
o Q = 8 - Om ON
= ) 8 =g C. C. e
|5 g zf | % & =R
i = ) g ~ -

O~ | £3 = | 25§ 29 = g o 5 5 S
< O = 2 = ISEES o) O o < o o —_
S a £ 5 ) 2 a e z g N = = <
Qo = o o o % s 5 F S = = o < bt
= Z follle: = RN = < = = = = S
= g5 g ¢ 5 E| 3 E = S = £ = E
=9 | 2% § |EEg| £3 g 2 g9 8 2 S
Sg | EE O |gEg ke : | g8 2| 5 & ¢
08 | <E £ |2 &3 &3 2 S¢ =~ & = &
4-40 10-30 0-30 5-20 2-20 0-20 2-15 0-15 2-10 0-5 0-5
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[To BHemrHeMy BuAy OokcuTOBBIM nutam (PucyHox 2) mpeactaBiseTr coOoii
CpeIHE3ePHHCTHIH IECOK OexKeBaTO-0yporo IBETa ¢ BKIIFOUCHUSIMHU JIETKOPACCHITAIOIINXCS
KOMbBEB Pa3IMYHON BETUYHHBL.

Pucynok 2 — Kpachsiii nutam ¢ AO «Amomunnii Kazaxcranay

OTBanbHBIN UTaM TNIMHO3eMHOTO mpou3BoacTBa AO «AmoMmunuii Kazaxcrana»
10 XMMHUYECKOMY COCTaBY NpEJCTABJIEH NMPEUMYILIECTBEHHO OKCHAAMHU KPEMHUS,
ATIOMUHMS, JKeJie3a U KaJbIus, Ha JOJII0 KOTOPBIX mpuxoautcs 6osee 80 % macchbl
MaTtepuana. ['paHyJIoMeTprIecKuii COCTaB OTBAILHOTO IIIaMa o Gpakiusam: (+1) MM
~5 %; (-0,053) MM ~ 30 %.

Bropuunsiii Mmeramnyprudeckui mutak ¢ AKIT «KSP Steel» mpencrasnser
cO0OM MOPHUCTHIH MOPOIIOK CEPOTo IBETA, HAOIIOIAETCS TOPUCTAst MEKPOCTPYKTYpa,
OTMEUAETCs HATMYKE 3aKPUCTAIUIN30BaHHOM CTEKIIOBUIHOM cocTapsitoie (PucyHok 3).

Pucynok 3 — Bropuunsiii Mmetamurypruyeckuii nutak ¢ AKII «KSP Steel»

Bypble BKIIOYCHHS CBUICTENBCTBYIOT O HAJTHMYUKM OKCHUJIA JKejie3a. XUMHUUCCKUN
cocTaB BTopu4HOro metamryprudeckoro maka ¢ AKIT «KSP Steel» mpusenen B
tabmure 5 [7].

Tabnuna 5 — Xumudeckuii coctaB metayutyprudeckoro maka ¢ AKIT «KSP Steel», %
Fe Sio ALO, Ca0 MgO MnO S

00 2

28-35,9 12,1 -18,9 1,9-4,8 | 21,1-24,6 | 6,9—-20,2 5,1-8,2 0,03 -0,04
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MarepuaJjbl 1 METOABI

B paGote ObLIM MCCIIEAOBaHBI CIEAYIONIME TEXHOICHHBIE OTXObl SHEPIeTUKHU U
metautypruu Pecyonuku Kazaxcran:

- 30;1a-yHoca ¢ ITaBnogapckoit TOLI-1;

- kpacHbIi nutam ¢ AO «AmoMmunuil Kazaxcrana»;

- BTOpruHbIi MeTayutyprudeckuit nutak ¢ AKIT «KSP Steel» (mpouecc Bueneunoi
00paboTKu paciuiaBa).

OcHoBHbIE anmnaparsl A U3MEIbYEHHS, TOHKOI'O II0MOJIa U CUTOBOIO aHAIU3a
CBIpBS, IPUMEHSAEMBIE B UCCIIEI0OBAHUU:

- mekoBas apoduika J(I1I-1;

- MallIMHa 1j1g TOHKoro rmomoia MII-4/1;

- IpuOOp ISt OTpeIeTICHUs 3€PHOBOT'O COCTAaBA.

[IpuroroBunu pactBop ¢ kapOokcuia-metun neutonozon (KML), cmysxamuit
pacTBOpOM-CBs3KOM. [1oaydeHHBI ¢ KPaCHBIMU IIJIAKOM, LUIAKOM M 30JI0M-yHOCA
Maccy NPUBOAMIIN O OJHOPOJIHOCTH, NPOBes uepe3 cuto. Onpeaenniy BIaKHOCTb
MOJTy4EHHBIX 00pa3IoB, KOTOpas cocTaBuia ¢ 305o0i-yHoca 10,1 %, KpacHBIM IIJITaMOM
— 12 %, mmakom — 10 %.

Jlanee Ha yHHBepcainbHOW ucnsiTaTenbHol MamuHe WDW-200 npeccoBanu
u3MmenbueHHble 10 (pakuuu 0,063 ceipbeBble MaTEpHaNbl U MOJYYHIN 00pa3Lbl
MaTepUajoB B BHJIE TAOJIETOK U HWIHHIPOB (PUCYHOK 4).

Pucynok 4 — O6pa3ipl TabJIeTOK U WIHHIPOB CO MUTAKOM, 30510i-yHOCca 1 KI1I

[TomyuenHsle 00pa3ibl ¢ HCXOIHBIM MaTEPHUaIOM OTIPABWIM HA OOXUT, TIe B
mydenpHoi meun «Snol-6,7/1300» ucciaenoBaiu moBeaeHne 00pas3IoB MPU PA3TUIHBIX
3HAYCHUSX TEMIepaTypbl HarpeBa M BBIICPIKKH.

B pe3ynbpTare 00kHra ChIpheBhIX MAaTEPHAJIOB C KPACHBIM IIUIAMOM, 30JI0H-yHOCA
U METAJUIyprUYeCKUM IUIAKOM YCTaHOBJIEHO, YTO OOpa3lbl MOKa3aal pa3IHyYHbIe
nokazarenn. TemnepaTypa o0xura MaTepuaioB B ey Obuta B mpenenax 950—-1300
C. TIpy MOBBIIICHUY TEMIIEPATYPbI 00PA3LIbI C 30JI0H-YHOCA CTAHOBHIIIMCH TIOPUCTHIC,
MEHSUICS IIBET ¥ MPOYHOCTh. OOpasipl ¢ KPaCHBIM IIJIJAMOM YMEHBIIAINCH B BECEe U
no oobemMy, a B mpeneiax 1200—1300 °C npeBpaTHINCh B CTEKIOBHAHYIO (HopMy.
OO0pa3iipl ¢ MeTaILTYprudeckuM muiakom B mpeaenax 950—1000 °C He u3MEHSUTHCH, a ¢
HOBBILICHUEM TeMneparypsl, a uMeHHO 1100 °C Hauamu pactpeckuBatbes. Haumnas ¢
1150 1 o 1300 °C 006pa3siibl ¢ METAILTYPrHYECKUM [IJTAKOM MPEBPATHIINCH B HCXOIHOE
HOPOIIKO0Opa3Hoe COCTOsIHUE. Pe3ynbTaThl 000¥0OKEHHBIX 00pa3lioB MpPECTaBICHbI
Ha pUCYHKax 5—7.
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Pucynok 5 — Pe3ynbTarhl 005kHra ChIpheBbIX MaTepUaioB (TabIeTKH)

Pucynox 6 — Pe3ynbrarsl 00uTa CHIPEBBIX MATEPUATIOB (IIMJTHH/IPHI)

Pucynox 7 — [Iporecc o0xura chIpbeBBIX MaTEpUATIOB
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Pe3yabTarhsl 1 00CyKaeHHE

ITocne o6xwura colpbeBbIX 00Pa3LOB MPOBEIU pacyeT BOJOMOTIOLICHUS
HOJIy4eHHBIX MaTepuajnoB coriiacHo Meroguku [10]. Pacuer BomonoriomeHnus c
o0pa3iaMu KpacHOTO IjIaMa, IIjaKa M 30JIbl-yHOCa [TOKa3aJll, 4YTO BOJOIMOIJIOIIEHNE
Iu1st 00pa3LoB ¢ TeMmneparypoii ooxura B npenenax 950-1150 °C ymensiaercsi. Ha
pucyHke 12 npexacraBieH rpaduk u3MeHeHHs BOJOIOIIIOIEHUS 00pa30B C KPAaCHBIM
uutamMmoM. Bozgonoronienue o0pasuos ¢ temneparypoit odxura 950 °C cocraBui B
cpentem 41,1 %, koraa obpaser; ¢ Temnepatypoir ooxura 1150 °C cocraBun Bcero
b 2,5 %. DT0 TOBOPUT, UTO BOAOIOIJIOIIEHHE C TIOBBILIEHUEM TEMIIEPATYPbl 00KUra
yMeHblIaercs. Takue e Mmoka3aTesd MMokKa3aln o0paslibl ¢ 30J10H-yHOCA U IIJTaKOM,
I'7ie BOJOIOIJIONICHHE TAaKXKe YMEHBIIATOCh C MOBBIILIEHUEM TeMIlepaTypbl 00XHra
(pucynok 8-10).

Pucynok 8 — I'pacuk BogonormomnieHuss 00pas3oB ¢ KpaCHbIM IJIAMOM

Pucynok 9 — I'paduk BogomnoriomeHus: 00pas3IoB ¢ 30J10iH-yHOCa
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Pucynok 10 — I'paduk Boonoromnienus o0pas3noB ¢ METAUTY PrU4ecKUM IITaKOM
Ha rugpasnnueckom npecce I11I'M-100MI'4 onpenenuiny npo4HOCTHBIE CBOWCTBA
MOJIYYEeHHBIX 00pa3lioB B BUJE LMUIUHIAPOB. Pe3ynbTaThl MPOYHOCTHBIX CBOMCTB

MpeICTaBICHBI TabIuIax 6—§.

Tabnuua 6 — Pe3ynbTaThl IPOYHOCTHBIX CBOMCTB Ha cxkatue oopasisl n3 KIII

Ne T, °C Syﬂ., cMm? F, xH R, MIIa
1 1000 2,3 1,83 1,13
2 1000 2,3 1,59 0,94
3 1100 1,8 5,46 3,36
4 1100 1,8 8,26 5,08
5 1100 1,8 8,90 5,48
6 1000 2,3 1,7 1,05
7 1100 1,8 17,11 10,53
8 1100 1,8 13,43 8,27
9 1100 1,8 6,43 3,96
10 1150 1,8 21,84 13,44

Tabnuna 7 — Pe3ynbpTaThl NIPOYHOCTHBIX CBOWCTB Ha c)kaTwe 00pa3mbl U3
METaJTyprUYecKoro IjaKa

Ne 1 2 3 4 5 6 7 8
T, °C 1000 1000 1000 1200 1200 1000 1300 1300
S, cMm? | 3,14 3,14 3,14 3,14 3,14 3,14 3,14 3,14
F, xH 0,023 0,10 0,13 - - 0,19 0,32 -
R,MIla | 0,018 0,062 0,078 - - 0,12 0,20 -
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Tabmuua 8 — Pe3ynbTaTsl IPOYHOCTHBIX CBOMCTB Ha CXKaTHe 00pasLibl U3 30JIbI-yHOCA

Ne T, °C Syﬂ‘, cm? F, xH R, MIla
1 1200 2,83 0,079 0,013
2 1200 2,83 0,11 0,068
3 1300 2,54 1,09 0,670
4 1300 2,27 0,94 0,577
5 1300 2,83 1,06 0,652
6 1300 2,27 1,28 0,784
7 1300 2,83 0,469 0,076
8 1300 2,54 0,77 0,475
9 1300 2,83 1,37 0,844

BriBoabI

Taxum o0pa3om, B X0/1€ SKCIIEPUMEHTAIILHON pabOThI MPEACTAaBIEH XUMUYECKUN
U (a30BO-MHUHEPATIOTUYECKUI COCTaB UCCIIEyEMbIX TEXHOI€HHBIX OTXO0/I0B.

B xone uccnenosanus, ObUIM JOCTUTHYTHI CIEAYIOLIUE PE3yIbTAThI:

- ObUT IPOBEIEH O0XKUT UCXOIHBIX ChIPbEBBIX MAaTEPUAIIOB, II€ ObUIN OIpeIeICHbI
ONTUMAaJIbHbIE TEMIIEPATypPHBIE TapaMeTPhl 00KUTa;

- onpeJieneHbl PU3NKO-XUMHUYECKHE CBOMCTBAa 00pa31IoB:

- BOJIOIIOIJIOLCHHE;

- ycajaxka;

- IPOYHOCTHBIE CBOMCTBA.

Takum 00pa3om, B xojze onpeneneHus (U3NKO-XUMUUYECKUX U MPOYHOCTHBIX
CBOMCTB [TOJTy4E€HHBIX 00pa31l0B HAa OCHOBE OTX0/10B METAJUTYPIrUH U IPOMBIIIIJIEHHOCTH
Kazaxctana MOXHO yTBepXJaTh, 4YTO TEXHOTEHHBIE OTXOJbl HNpPEANPUATUHN
MEeTaJuUlypruu u 3HepreTuku [laBimogapckoro peruoHa, coaepiKaiue B CBOEM
COCTaB€ JI0CTaTOYHOE KOJIMYECTBO OKCHUJOB KPEMHUS, KaJblLUs, AJIFOMUHUSA U AP.
OKCHJIOB, IIPEACTABIISIIOT COOOM MPUTOJHOCTh K UX BO3MOXXHOMY MCIOJIb30BaHUIO B
IPOU3BOJACTBE CTPOUTEILHON KEPAMUKH.
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MABJIOJAP OBJBICBIHBIH JHEPTETHKA KOHE METAJLTYPTHS
KOCIIOPBIH/IAPBIHBIH TEXHOJOTUSIIIBIK KAJJIBIKTAPBIHBIH
TEXHOJIOTHUSLUIBIK KACUETTEPIH AHBIKTAY

Oneprocinmiy dcanama 6HIMOepiH NAUOAIaHy eme MAaHbl30bl, OUMKEHI O]
OHOIPICMI ap3aH JHCoHe JHCU OAUbIHOAN2AH WUKIZammbly Oall KO3iMeH KaMmMAamacyl3
emedi; WUKI3ammyvl OHOIPEmiH JHCOHE OHOCUMIH KOCINOPLIHOAPObIH KYDbLIbICHIHA
apHan2aH Kypoeni canbimoapobl yHemoey2e JCoHe 01apOblH peHmabenbOLliK OeHeeliin
apmmuipyad; JHcepoiy e0dyip ayoaHoapviH bocamyeaa JHcoHe KOPUAazaH OPHAHbIH
aacmauy Oopedcecin memendemyee okenedi. JKawama eownepkocin OHIMOepiH
natioanany OeHeelin O09UeKmi apmmulpy MeMIeKemmiK Manbizvbl 6ap Manwi30bl
MiHOem 6onvln mabwbLIaobl.

Oneprocinmik KaioblKmapowl Kaoeze Heapamyowly HeaypiviM NepCcneKmueabl
bazvimmapvinbiy OIpi — 01APObL KYPLLIbIC MAMepuaidapsbl 6HOIpicinOe natudaiamy,
oy wuxizamra 0ezen kaxcemminikmi 40 %-2a Oetlin Kanazammanowvipyaa MyMKiHOIK
bepedi. Oneprocin Kan0bIKmapvlH NAUOAIAHY KYPbLIblC MAMEPUaloapulh maouau
WUKI3amman  6HOIPYMEH CANbICIMbIP2aHod 0aapobl OaublHOAY2a HCYMCANANbIH
wvlebinoapovt 10-30 %-ea azavimyza mymkinOix Oepedi, Oyn pemme Kypoeni
canvimoapost yuemoey 35—50 %-0vl Kypaiiowi.

byn  maxanaoa  Kazakcman — PecnyOniuKacviHbly — 9HepeemuKa — JHCoHe
MEMANLYPSUSHBIH KelleCi MeXHO2eHOT KANObIKMapvl 3epmmenoi:
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DETERMINATION OF TECHNOLOGICAL PROPERTIES
OF TECHNOGENIC WASTE FROM ENERGY AND METALLURGY
ENTERPRISES OF THE PAVLODAR REGION

As we know, the use of by-products of industry is extremely important, as it
provides production with a rich source of cheap and often already prepared raw
materials; leads to savings in capital investments intended for the construction of
enterprises that extract and process raw materials and increase their profitability;
freeing up significant areas of land and reducing the degree of environmental
pollution. The consistent increase in the level of use of by-products of industrial
production is the most important task of national importance.

One of the most promising areas of industrial waste disposal is their use in
the production of building materials, which allows up to 40% to meet the needs for
raw materials. The use of industrial waste makes it possible to reduce the cost of
manufacturing construction materials by 10—30% compared to their production from
natural raw materials, while saving capital investments is 35-50%.

In this article, the following technogenic wastes of energy and metallurgy of the
Republic of Kazakhstan were investigated:

- fly ash from Paviodar CHP-1;

- red sludge from JSC «Aluminum of Kazakhstany;

- secondary metallurgical slag with automatic transmission “KSP Steel” (the
process of out-of-furnace treatment of the melt).

The purpose of the study was to determine the suitability of these types of man-
made waste from metallurgy and energy enterprises of the Pavlodar region for their
possible use in the production of construction ceramics.

Keywords: industrial waste, porosity, strength, thermal power plant, secondary
metallurgical slag, fuel and energy complex.
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TOKTAFAHOB TOJIEYFA3bIl TOKII¥YIIbI

Kbicka emipOasiHIbIK aHBIKTaMa

TokraranoB Teneyra3zsl TeOKiNTYIbl TEXHUKA FHUIBIMIAAPBIHBIH KaHIUAATHI,
npodeccop, METaJUTyprus, MallluHa)Xkacay oHe KoK (paKyJIbTeTiHIH AeKaHblI.

Teneyrazsl Texinynsl Lbirsic-Kazakctan (0ypeiarbl Cemeit) o6nbichl, XKana-
Cewmetii aynanbiHblH CapbiOynak aybutbiHAa 1947 skpUIIbIH 8-1111 aKMaHbIHA AYHUETE
kenreH. 1963 >xputbl 3HAMEHKa OpTa MEKTEOIH ToMoM/Iall, eHOEK >KOJIBIH 3HaMEHKa
COBXO3bIHJIa TPAKTOPUCT-MOTOpHUCTEH OacTaraH. 1964 xbuibl [laBnogap HHIyCTpUAIIBIK
WHCTUTYTBhIHA OKYFa TYCIM, OHBI OITIpreHHEH KeiiH HHCTUTYTThIH ABTOMOOWIIb KOHE
TpakTop KadeapachlHa aCCUCTEHTTIK KbI3METKe KaObuiaaHaapl. TokTaraHoB Teneyrasbl
Texinynbl 6i311H yHUBEpCcUTETTE 43-1111 OKY KBUIBIH OTKEPII OTHIP.

1975 sxb1161 Mackey1iH aBTOMEXaHUKAIBIK MHCTUTY THIHBIH KYH/II3T1 aCTIUPAaHTyPachIHAA
ME3TLTIHEH OYPBIH JMCCEePTAIMSCHIH KOPFan OiTip/i. 1976 KbUIIbIH MIUTIC aiibIHIa TEXHUKA
FBUIBIMAAPBIHBIH KaHAUIATHI gopexeci, it 1980 sxbuThl To1eHT aTtarbl oepinai. 19691972
KBUTIAPBIH/IA aCCUCTEHT, 1976—1983 aFa OKbITYIIIBL, IOIIEHT KbI3METTEpiH aTKapabl. 1983
YKBUTbI MHCTUTYTTBIH MApTHsI YUBIMBIHBIH XaTIIBICHIHA CAlJIaH IBL.

1987 >xputbl OamamManbIK Heri3ze kaHaaaH, MalmHaxacay %oHe TEXHOIOTHSITBIK
MexaHuKa (GakyJIbTeTTEpiH OipiKTipyMeH KypbulFaH MamHaxacay (hakylbTeTiHe
JIeKaH OOJIBIN CaijIaH/bI.

1987-2001 xpinaapsl GakynsTeT AeKaHbl. MalnHaxkacay, MainHaxacay xKoHe
KYpBUIBIC, TeXHUKAIBIK OKY-OHIpiC KeIIEHAEPiHIH JUPEKTOPHI OOIBI.
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2001-2003 xpuinap apanbsireinaa «KemikTik mamuHaxkacay» kadeapacbiH
Oackappbl.

2003 >xpU1IaH OCHI Ke3eHre Aeilin MeTamryprus, MallnHa)xxacay >XKoHe KeJliK
(axkyIbTeTiHIH JeKaHbl OOJIBIN KbI3MET aTKapbl.

ToxraranoB Teneyrazbl Texuryinel MarmHaxacay (pakyJIbTeTiHIH ipre TaChIH KIaCKaH
YKOHE OHBIH JIaMbIIT 6CyiHE KOIl eHOeK CIHIpreH YHUBEPCUTET apAarepiepiHix Oipi.

WHCcTUTYTTaFBl alFalKel CTYAEHTTIK KypacTelpy Korambl (CKK) mammuaxacay
daxynbrerinae Teneyraszpl TOKITYIBIHBIH YCHIHBICBIMEH JKOHE TiKeNel KaThICybIMEH
emipre kenzi. CKK kanara, 067bIcKa KaXKETT1 9pTY Il MEXaHU3M/IEPIiH, MAIIMHATIAP IbIH
xo0aapbiH sxacaibpl. Teneyrassl TokTaraHoBTHIH OaciibuibiFbiMeH K700 TpakTopbiHaH
xoHe yi1 JKBH-6 TunTi opak MalmHanapbelHaH TYpPaThIH arperar *&00aJIaHblIl Kacal bl
On xem xbpinap YcreHka aynanslHbIH K. Mapkc konxo3sinaa (kasipri ['anumkoe)
HanaaJIaHbIIIbL

Teneyra3pl Texkinynsl HHCTUTYTTa 1980 XBLIBI alIbUIFaH «OHEPKACINTIK
TpaKTOpJApAbIH KYIITIK OepiliciH 3epTTeyre apHajFaH» OIpiHII CallalbIK FhIIBIMU
3epTTey 3epTXaHAChIH alllyFa 30p eHOEK CIHIpI.

JKoraprbl OKy OpBIHIApBIH OHTAIIAHABIPY, XKeKeleneHaipy ke3inae TokraraHoB
Teneyra3sl TOKUTYIBIHBIH TaOaHIBUIBIFBIHBIH, KOFAM MYJIZIECIH KOPFay/la KOPCETKEH
KITepIIriHiH HOTHXKECIHAE (DaKyJIbTETTIH MaTepPHAIIbIK HET131 CaKTaJbIN KaJlbl.

byrinri Tanga MMxK® yHuBepcuTETTErl CTYACHTEPMEH MAruCTpaHTTap CaHbI
OoiibiHIIA eH YikeH yxbIM.Dakynbrerte 1200 apTHIK CTYASHTTEp MEH MaruCTpaHTTap
oKubl. OnapaplH MBIHHAH apTHIFBI KYHI3T1 Oemime.

Conrbl oH kb1 itmiHAe MMOKK® T. ToKTaFaHOBTBIH )KETEKIILTINIMEH (PaKyJIbTeTThIH
MaTepHUaAblK HETi131H HBIFAUTHIN JAAMBITYyJa JKOHE OKBITYUIBUIAPABIH OUTIKTUIITIH
apTThIpy OaFbITTBHIHAA eyieyli icTep aTKapbulapl. DakyabTETTE YII KOMIBIOTEPIIIK
KJIacc KyMbIC icTeiii. Onapapia 6ipey 25 opbIHABIK. YT ASPICTIK Ay JUTOPHUs OHJIAH
pexxuMiHae cabak eTKi3yre KaeTTi Kypaj kababiKTapMmeH xadapikranraH. L[Bb
CTaHOKTAp 3€PTXaHAChI, KYIO, YCTAJIBIK — KbICBIM/IAIl OHJICUTIH )KOHE OJIbIICYTe KaXKeTTl
TeXHHUKaJIap 3epTXaHaapbl )kKoHe T.0. 3epTXaHajap allbUIbII OKY 1CIH/IE MaiilalaHbUTy Ia.
@akynpTeT «MyHaiira3 ici» MaMaH/IbIFbI OOiTHIIIa GaKaaBpIap bl JAUBIHAAY 1Bl UTEPII,
aJlaFallKbl TYJEKTepre YJIKEH eMipre xoJjjama Oepe 6actaapl. ANFamKkbl TYJIEKTEp
apacsinan Maructpiaapas! K. M. Cor6aeB atbianars! Ka3ak yiITTBIK yHUBEPCUTETIHIIE,
KOJIJTaMaMEH OKBITHII, OMBUIFBI OKY XKBUIBIHJAA yCTa3Jap KaTapblHa KaObLIAaabl.
@akyapTeT 2-111 yAeMelIl MHIYCTpUaIbIbl MEMIICKETTIK OaFapiaMaHbl OpbIHIAYyFa
KApKBIHBI aT CAJIBICHII, eTiMI3/IIH JaMblyHa KOKETTI MaMaHAap JaiblHAay1a KAKChI
KOPCETKIIITepre KOJ JKeTKi31I OTHIp.

@akyJbTETTE KOFAapFbl OUTIKTI OKBITYWIBUIAP JaibIHAAY >KOCHapJibl TYypAe
atkapbutyaa. COHFBI OH KbUI KOJIEMiHJE €Ki KiCl TeXHHKa FhUIBIMBIHBIH JOKTOPHI,
TOFBI3 KiCl TEXHUKA FHUIBIMBIHBIH KaHUAAThI aTaFbIH aJjibl, YII Kici PhD mokTopibik
JMCCEePTALUACHIH KOPFaabl, YII Kicl JOKTapaHTypara TYCill OKbII Kyp. JKy3re xybIK
KiCl MaruCTpIIbIK JUCCEPTALMSACHIH KOPFabl. OKBITYIIBUIAPABIH 55 % FBUIBIMH aTaK
napesxeci 0ap agaMaap, ajn KaJlFaHIapbl MaruCTpIIiK Jepexe uesiepi.
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@akynbTeT OKBITYIIbUIaph! e3/1epiniy OutikTutikrepin AKIL, Anrmus, IlIBeitnapus,
IBerws, XKanonwst, Cunramyp >xeHe 6acka esnjepre OapbI TaFbUIbIMAAMA/IaH ©Til KEJl.
DaxybTeT CTyIeHTEp] aKaIeMHSUIBIK YTKBIPIIBIK OaF1apiaMachl OOMBIHINA aJTbIC KOHE KAaKbIH
miereniepre OaphIn OKbI KEJiI »KaTblp. AMepUKaHbIH, EBponanbiH, Peceliiin OKbITYIIBI —
FaIbIMIaphI (haKyJIbTETKE YHEME KEJTiIl JIOpic OKBIIL, 3epTTEY KYMBICTApbIH KYPrizy/e.

Teneyrasbl Texkinmyist 100 apThIK FEUIBIMU KOHE FHIIBIMU-9/11CTEMEITIK )KYMBICTAP
nadpiHaan meiFapasl. Oa KbIMPMara JKYbIK OKY KYPaJbIHBIH aBTOPBI. AJIFalIKbI
ABTOMOOWIIb CaJachIHBIH OpBICINA-Ka3aKiia TePMUHOIOTHSIIBIK co3iri, Kemik xoHe
MallHa jKacay cajlaJlapblHbIH TEPMHUHOJOTHUSUIBIK OpBICIIA-Ka3aKila TYCiHAipMe
co3miktepi T. TokraraHOBTHIH O6acKapybIMEH JAWBIHAABIN OacHaaH IBIKTHI.

CoBerrep OnarbpiHza jKacalaThlH TPAKTOPJIApFA apHAJFaH TipKec My(QTachlH
yinectipin, KypacThIphII jk00anayFa, ChlHayFa KaTbICThI.

Eremenni Kazakcran enine apHairaH, 6acka ejepne YKCAaCTBIFBI )KOK aMOeban
JOHFAJTaKThl XKYK cajdyFa apHairaH Kopabsl Oap 0,9 ki1 TpakTopablH >K00achiH
MmammHaxkacay ¢akynpTeTi T. ToKkTaraHOBTBIH OacIIbUIBIFBIMEH jkacanbl. by xoba
OipHellle HHHOBAMSJIBIK KOHKYPCTApAbIH XKYJAerepi Ooibl.

Teneyra3bl TOKUTYIBIHBIH FRUIBIMU €HOET1HIH HoTIXKec [1aBnonap nuaycTpuansl,
AnTail OJTUTEXHUKAIIBIK MHCTUTYTTapbliHAa, Antail MoTop, I1aBinogap Tpakrop sxacay
xoHe Yebokcapsl arperaT 3aybITTapbinaa sxone Yenabineri HATU ¢unuansinga
KOJIJaHBIC TAlTHI.

Teneyra3pl Texinylbl KOFaMIBIK KyMbICTapFa OeJiceHe KaThICHII, ©3 YJIEeCiH
MOJIBIHAH KOCHII KYp. O ay1aHIbIK KeHECTIiH JemyTaThl 6oibl. [1aBnogap oOmbICEIHBIH
KOCIMIKEPITIK KOHE OHEPKACIN JermapTaMeHT] FhUIBIMUA TEXHUKAJBIK KEHECIHIH MYIIEC],
[TaBnogap 006JsBICH MalIMHA KacaylIbUIAPBIHBIH 3aHAbI TYJFaJapbIHBbIH OipJecTiri,
KaybIMJIaCTBIFBIHBIH Npe3usienTi, KP MamuHa jkacaymsiiap KOFaMbIHBIH MYLIECI.
KazakcTaHHBIH MallMHa jkacay KemleHiH nambiTyFa apHainrad 2003-2005 xox.
OaFaapiiaMachlH jKacayFa KaTbICThI.

TokrtaranoB Teneyraszpl TOKITYIBIHBIH FHUIBIMA ©HEPTANKBIIITHIK, FHUIBIMHU-
dJIICTEMEIIK JKYMBICTaphl MEH KOFaMBIK eMipJeri OenceHauiri yurid OipHemie peT
WHIyCTPHUAIAbl HHCTUTYTBIHBIH KYPMET TaKTachiHa cypeTi UmiHAl. « COmMamncTik
KaPBICTAPABIH KEHIMIa3bl» OENriCiMEeH, OOJBICTHIK XaJIbIK JEMyTaTTapbl KEHECIHIH,
Ka3CCP-xorapsl oKy Munuctpiirinia, KP binim xeHe FbUIBIM MHHHUCTPJIITIHIH
rpamMoTaiapbIMeH Mapanarranabl, Maxyctpuanasl nHCTUTYTThIH, KasCCP xorapsl oKy
munucTpiiridig, C. Topaiirbsipos ateiHgars! [IMY-1pIH aKiiaail ChIATBIKTAPbIHBIH HETepi.

Oun «ExOexTeri KaxbIpabIFbDy MeaniMeH, «Ka3akcran koHcTuTynusicbiHa 10 xKbun»
ro6uneitnik Mmeganimer, « CCCP xoraprbl MekTeOiHIH y371iri», «KP 611iM canachiHbIH
KypMeTTi Kbi3meTkepi», «KP KypmerTi mamnna sxacaymsicbl», [1aBrnonap KamachIHBIH
«KypmeTTi azamate», «Kypmerti Metamnypr», «KypMeTTi aBTOKeIIKII» JeTreH
TecOenriiepiMeH, yHUBEpCUTETKE CiHipreH 30p enoderi yuiH C. TopaliFpIpoB aTbIHAAFbI
OipHere « AnTbiH MeaaniMmeny, «llaBmogap o6abickiHa 75 *KbUT», «bl. ATTBIHCAPURY,
«O06npIc annpiHAa CiHipreH 30p eHOeri ymrin» keHe «Kazakcran PecmyOmmkacel
Teyencizairine 25 xbum», «Kazakcran Pecnybnukacel Toeyencizairine 30 xblm»
MelaiblapbIMEH MapanaTTajiFaH.
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TOKTAI'AHOB THOJIEYTA3bl TOKUJ10BUY

Kparkas 6uorpaduyeckasi cnpaBka

TokraranoB Troneyrassl TokunoBuY, Ka3ax, KaHAUJIAT TEXHUYECKUX HAYK,
npodeccop, aekaH (akyabTeTa METAIIyPruu, MAIIMHOCTPOCHUS U TPAHCIOPTa
[TaBogapckoro rocynapcTBeHHOro ynusepcurera uM. C. Topaiireiposa.

Tokraranos Troneyrassl Tokunosuy ponuics 8 despans 1947 romy B cene CapOynak
Kana-Cemelickoro paitona CemunanaTuHcKou, HbiIHE BocTtouHo-Ka3zaxcranckoit
o0nacTH.

TpynoBy0 AeATEIbHOCTh Ha4yall MOCIE OKOHYAHUS 3HAMEHCKOW CpeHEN IIKOJIbI
B 1963 rogy TpakTOpuCTOM-MOTOPUCTOM B cOoBX03€¢ 3HameHckuil. B 1964 rony
MOCTYIWJI Ha MEPBBII Kypc MalIMHOCTPOUTENbHOTO (akynbrera [laBiomapckoro
uHAycTpuaabHoro unctutyta (I1I1MHN).

[Tocne okoHuaHuss UHAYCTpUAIbHOTO UHCTUTYTA B 1969 roay T. T. Tokraranos
OBLJT HAITPaBJICH Ha JOJHKHOCTh accucTeHTa Kadenpsl ABToMoOunu u TpakTopsl [TAN.
Bces tpynoBas nestenbHOCTh TokTaranoBa Troneyrassl TokuinoBrua cBA3aHa ¢ OHUM
By3oM — [TMW/IIT'Y.

B 1975 rony oxkoHYMJI O4YHYIO aCIUPAHTYPY MOCKOBCKOTO aBTOMEXaHUYECKOTO
MHCTUTYTa C JIOCPOYHOM 3alIMTON KaHauAaTCKOM aucceprauuu. B utone 1976 rona
eMy IpHCYXeHa yu€Has CTeNeHb KaHauaaTa Texundeckux Hayk. B 1980 rony BAKom
CCCP npucBoeHo yuéHoe 3BaHHe AoleHTa. 1969-1972 rr. — accucteHT Kadeapsl
ABTtomoOuH 1 TpakTopsl (AT), 1975-1983 rr. — crapmmii npernogaBaTeilb, TOIECHT
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kapeaper AT. B 1983 rony T. T. Tokrarano nz6pan ocBOOOXAEHHBIM CEKpeTapéM
IapTKOMa UHAYCTPUAJIbHOTO HHCTUTYTA.

B 1987 rony no KoHKypcy Ha albTepHATHBHOM OCHOBE ObLT N30paH IeKaHOM BHOBb
00pa30BaHHOT0 MAITTHOCTPOUTENILHOTO (DaKyJIbTETa CO3AaHHOTO Ty TEM 00bEMHEHUS
JBYX (paKyJIbTETOB: MAIIMHOCTPOUTENHFHOI'O M MEXaHUKO-TEXHOJIOTUYECKOTO.

C 1987 mo 2001 roxsr paboran nekaHOM (akyiabTeTa, JUPEKTOPOM ydeOHO-
IIPOM3BOJCTBEHHOI'O KOMIUIEKCA 10 MAILIMHOCTPOEHUIO, UHCTUTYTa MAlIMHOCTPOECHHUS
Y CTPOMUTEIBCTBA, TEXHUUECKOIO KOMIUIEKCA.

B 2001-2003 rr. sBasancsa 3aBenyrwoumuM kadeapoir «TpancmoprHOe
MAaIIMHOCTPOEHUEN.

C 2003 rona mo HacTtosuee BpeMs — JeKaH (pakyiabTeTa MEeTaLUIypruH,
MAaIIMHOCTPOEHUS U TPaHCIOPTA.

Toxraranos Troneyrasel TOKMIOBUY OJIUH U3 BETEPAHOB YHUBEPCUTETA, BHECILIUI
3HAYUTENbHBINA BKJIAJ B CTAHOBJICHHUE U Pa3BUTUE MAITHHOCTPOUTEIILHOTO (DaKyJIbTeTa.
[lepBoe ctyaenuyeckoe koHcTpykTopckoe 6topo (CKB) B ITMU 6b110 co31aH0 MO €ro
WHUIMATHBE Ha Maridaxe.

ITon pykoBonctBoM T. T. TokraranoBa B CKb Obuin pa3zpaboTanbl pa3iuyHble
MeXaHMU3MBI U1 Hy k]I Topoa 1 o0mactu. IlInpoko3axBaTHbIii arperat Ha 0a3e TpakTopa
K-700 u tpéx >xatok JKBH-6, pazpadorannsiii B CKb, Ob11 U3rOTOBIIEH U 10JIT0€ BpeMs
JKCILTyaTupoBajcs B Kojixo3e uM. K. Mapkca (ubiHe ['anuikoe) YcneHckoro paiioHa.
Ha marepuanax xo3g0roBopHoii Tembl, Beinosisssiieiics B CKb, 6bu1a noarorosnexa
Y 3alIMILIEHa KaHAUIaTCKas JUCCepTalusl.

IIpu aktuBHOM yuactuu Troneyrassl TokwmnoBuua B 1980 roxy B IIMU 6bla
cO3/laHa OTpaclieBas Hay4yHO-UCclenoBaTeNbcKkas taboparopus «MccienoBanus
TPAaHCMHUCCUI MPOMBIIIJIEHHBIX TPAKTOPOB» CO IITATOM 15 €AMHMI] U €KErOJIHbIM
00bEMOM (prHAHCHPOBaHUs OoJIee TOTYMIIIHOHA pyOIIeH.

B roxasl onTUMH3alUM U aKTUBHOW NMPUBATH3ALMU BY30BCKHUX OOBEKTOB
NPUHIUINAIBHOCTh U YMEHHE OTCTAWBaTh MHTEPECHI KOJJIEKTUBA IIO3BOJIMIO
TokraranoBy T. T. coxpaHuTh MaTepuabHyio 0a3y dakynbreTa.

B nactosmee Bpems @®MMuT camblii KpynHBIH (aKyJIbTET MO YHCICHHOCTH
CTYJIeHTOB U MaructpaHToB. Ha ¢akynerere 6onee 1200 oOyuarommxcs, U3 HUX
6onee 1000 yuurcs o ounoit popme oOyuenus. [locnegaue 10 ner DMMuT nox
pykoBoacTtBoM T. TokTaraHoBa 3HAUUTEIBHO YKPEIWI U Pa3BUJI MaTepHUAIbHYIO
6a3y. @axkynpTeT UMEET TPU KOMIBIOTEPHBIX KJacca, OJIMH U3 HUX Ha 25 pabounx
MECTa, a TaKXe TPHU JEKLUHOHHBIX ayAUTOPUMN, KOTOPBIE MMO3BOJSIOT IPOBOJUTH
3aHATHS B pexume onnaiiH. Co3gansl nabopatopuun crankoB ¢ UIIY, nuteitHbii,
Ky3HEYHO-IIPECCOBbIE JabopaTopuH, J1abOpaTOPUu U3MEPUTEIBHOW TEXHUKH U T.[.
Ha ¢axynprere HayaTa moAroToBKa 6axkaiaBpoB 1o crnenuanbHocTH «HedTerazoBoe
neno». IlepBble TpU BBINYCKHHMKA 3TOW CIELMAIBbHOCTH IIOCJIE 3aBEPIICHUS
maructpatypsl B KasHTY nmenu K. M. CatnaeBa Hauanu B TeKy1ieM y4eOHOM oty
Ie1arorMyecKyro AeaTenbHOCTh Ha kadenpe MuHI /. @akynabpTeT akTHBHO y4acTBYET
B [TOATOTOBKE KaipoB 1o nporpamme ['TIMNP-2. Ha ¢akynbrere yaenseTcs 60ab10e
BHUMaHHe npodeccruonanbHoi noaroroske IIIC. 3a mocnennue roasl, ABa 4eaoBeka

224

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

CTaJIM JOKTOpPaMH TEXHUUECKUX HAYyK, IEBSITH YEJIOBEK — KAHAMIATaMH TEXHUUECKUX
HayK, TpOe 3allMTHIN aucceprauuu aoktopa PhD. Tpu denoBeka moctynmmiu u
ydarcs B JOKTOpaHType. OK0JI0 cTa 4eI0BEK 3aLIUTHIA MAaTUCTEPCKUE TUCCEPTALIUN.
OcreneneHHocTh Ha (hakynpTeTe coctaBisieT 55 %. IlpenogaBarenu ¢akyiabTeTa
npoxoaat craxupoBku B CLHIA, Aurnuu, [lIseiuapumn, IlIsenuu, Anonun, Cunramnype,
Yexuu u Apyrux cTpaHax, a CTYJAEHTHI €KErOJHO BBIE3XKAlT [0 MpOorpamMMe
aKaJeMHYEeCKOH MOOMJIBHOCTH B CTpaHbl OJIMKHEro W JajbHEro 3apyOexsns. Ha
(akynbTeT PEryJsIpHO MPUE3KAIOT JUIsl YTEHUS JICKUUN U MIPOBEICHUSI COBMECTHBIX
Hay4HbIX MCCIIEI0BaHUN yueHble U3 Amepuku, EBpons! u Poccun.

B pesyinbraTe Hay4HOM M II€JAarOrMYECKON AEATENbHOCTH TOKTaraHoBBIM
Troneyrassl TokuioBUuYeM MOATOTOBJICHO M omyOiaukoBaHo Oosee 100 HaydHBIX
U METOJMYeCKUX pabor. OH aBTOp OKOJO JBAIATH Y4eOHBIX MOCOOMI U MEPBOTO
PYCCKO-Ka3aXxCKOT0 TEPMHUHOJIOTHYECKOro cioBaps mno aBromobuism. [log ero
PYKOBOJCTBOM IOATOTOBJIEHBI ¥ M3/JaHbl J1BA TOJIKOBBIX TEPMUHOJIOTHYECKUX CIIOBApPs
[0 MAIIMHOCTPOEHUIO U TpaHcnopty. TokraranoB T. T. oauH u3 pa3pabOTUYMKOB
YHU(PULIUPOBAHHON KOHCTPYKIIUH MY(T CLEIUICHHS I TPAKTOPOB, BBITYCKABIIMXCS
B CoBetrckoM Coroze. Ilox pykoBoactBom Tronmeyrasel TokunoBuuya Ha (akyiabTeTe
pa3paboTaHa KOHCTPYKIIMS YHUBEPCAIBHOI'O KOJIECHOTO TpakTopa Ki. 0,9 ¢ rpy3oBoit
wiaTopMoi, He UMEIOIIeH aHanora B Mupe. Pe3ynbraTsl ero Hay4HbIX paboT ObLTH
BHeApeHbl B IlaBinonapckoM MHAYCTpUAIbHOM U AJITAaliCKOM MOJUTEXHUYECKOM
MHCTUTYTaX, Ha Anraiickom MOTOpHOM, [1aBrogapckom TpakTopHOM U Yebokcapckom
arperaTHoOM 3aBojax U Ha YensOunckom ¢unuane HATH.

Troneyraspl TOKUIOBHY aKTHBHO Y4acTBYET B OOIIECTBEHHOH XH3HU rOpoJa,
obnacty u ctpanbl. M30upacs nemyrarom paiionnoro CoBera, BISETCS WICHOM Hay4HO-
TexHuuyeckoro Coera AenapraMeHTa MPeJIPUHUMATENIbCTBA U IPOMBILUIEHHOCTU
[TaBrnogapckoit 061acTH, mpe3u1eHToM (Ha 00IeCTBEHHBIX Havyanax) accouuanuu OIOJI
maruHocTpouTteneii [1aBnogapckoii o6nactu, wieHoM Coro3a mamnHoctpouteneit PK,
ydacTBoBaJ B pa3zpaborke [IporpaMmbl pa3BUTHs MAITMHOCTPOUTEIIBHOTO KOMILIEKCA
Kaszaxcrana Ha nepuon 2003—2005 roas!.

Tokraranos Troneyrasel TOKWIOBUY 3a Pe3yJIbTAaThl, JOCTUTHYTBIE B HAy4HO-
Ie/1aroruueckoi, n300peTaTenbCKOi, HayuHO-METOUYECKON paboTe, 32 aKTUBHYIO
OOIIECTBEHHYIO JIEATEIbHOCTh HEOJHOKPATHO 3aHOCHIICS Ha AocKy mnodera [ITMU u
Harpaxujancs 3HakoM «Ilobeaurens conuanucTUYeCKOro COpeBHOBaHU», [loueTHIMU
rpamotramu obncoBnpoda, obmactHoro CoBeTa HapOAHBIX JAenyTaToB, MUHBY3a
Ka3CCP, MOH PK, npemusimu IIaBnogapckoro nHaycTpuaabHOro MHCTUTYTa, MUHBY3a
Ka3zCCP, III'Y um. C. Topaiireiposa.

On HarpaxJeH Menanpio «3a TPyJAOBYIO A00JeCTb», I00UIEHHON Meaabio
«Kazakcran Koncrurynusiceina 10 xpu1», HarpyaHbIMH 3HaKaMu «OTIMYHUK
Beiciieil mkoiabl CCCPy», «Ka3zakcran PecnybmukaceiHblH Ois1iM Oepy iCiHIH
KYPMETT1 KbI3MeTKepi», «KypMeTTi MammHa xacayisicby, «KypMeTTi Metamrypr»,
«KypmerTi aBTOK6OuMIKIIY», 3010TON Menanbio nMenn CynranmaxmyTta Topairsiposa,
menansmu «75-net [1aBnogapckoii oomactuy, «bl. AnteiHCapun», «3a 3aciyru nepea
[TaBnomapckoii o0macteion u «Kazakcran PeciyOnukace! Toyencizairine 25 xbu».
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA U TEXHUKA KA3AXCTAHA»

PenakiuonHas KoOJulerusi MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOIIUMU
MpaBUJIaMU TIPU MOATOTOBKE CTaThel JJIs OMyOJIMKOBAHUS B JKypHAaJe.

Hayunble ctathu, mpeacTaBiaseMble B PelaKIMIO )KypHaua AOJKHBI ObITH
ohopMIIeHBI COrlIacHO 0a30BbIM H3JaTENbCKUM CTaHAApPTaM MO O0(GOPMICHUIO
crateir B coorBeTcTBUM ¢ [[OCT 7.5-98 «XKypHnainbl, cOopHUKH, HHDOPMAIIMOHHBIE
uznanus. Mznarensckoe opopmiieHne MyOIMKYyeMbIX MaTepuasioBy, MPUCTATEHHBIX
oubmmorpaduueckux cricko B cooTBeTcTBHM ¢ 'OCT 7.1-2003 «bubdmuorpaduueckas
3anuck. bubnnorpadudeckoe onucanue. OO1He TpeOOBAHUS U ITPABUIIA COCTABICHHSD.

* B Homep AomyckaeTcsi He 0oJiee 0JJHOM PYKOIKUCH OT OJIHOTO aBTOpa JINOO TOro
K€ aBTOpa B COCTaBE KOJIJICKTUBA COABTOPOB.

* KonnyecTBO COAaBTOPOB OJHOM CTaThu HE Oosee 5.

* CrerneHb OpUTHHAILHOCTH CTAaThU JOJKHA COCTABIATH HE MeHee 60 % (coriacHo
PEIICHUIO PeIaKIIMOHHOM KOJIICTHH).

* HampaBiisieMble CTaTbU HE JOJKHBI OBITh paHee OMmyOIMKOBaHbI, HE IOMYCKAeTCs
nocieayroliee orny0IMKOBaHHE B IPYTUX KypHaIaX, B TOM YHCIIE IEPEBOJIbI HA IPYTHE
S3BIKH.

* PemeHre 0 IPUHATUU PYKONHUCH K OMYyOJIMKOBAHHIO MPUHHUMAETCS MOCIHE
MPOBEJCHUS MPOIIEyPhbl peLEH3UPOBAHHUS.

* JIBoitHOE perieH3upoBaHue (CIenoe) MPOBOAUTCS KOH(PHIEHITUAIBHO, aBTOPY HE
CO00IIIaeTCsl UMS PELEH3EHTA, a PEIICH3EHTY — UMS aBTOpa CTaThH.

* KButaHius 06 oruiate npeIocTaBIIseTcs Mocie MPUHATHS CTaTel K My OIuKaIuu.
Croumocts myOauKanuu B xxypHaie 3a crpanuiry 1000 (ogHa Thicsiya) TEHTe.

* moxtopantam HAO «TopaiirelpoB yHUBEpPCUTET» U HHOCTPAHHBIM aBTOpam (6e3
Ka3aXCTaHCKUX COAaBTOPOB) MyOJIUKalIKs B XKypHasle OecIIaTHO.

*Ecnu cTaThsl OTKJIOHEHA aHTUIUIArHaTOM WIIH PEIIEH3€HTOM CTaThsl BO3BPAILlAeTCs
aBTOpYy Ha JA0pabOTKy. ABTOp MOKET MOBTOPHO OTHPAaBHUTH CTaThIO HA aHTHUILIArHaT
WM perieH3eH3upoBanue 1 pa3. OTBETCTBEHHOCTH 32 COJIep KaHUe CTaThH HECET aBTOP.

Penakuus He 3aHUMAETCs TUTEPATYPHOUN U CTUIIMCTUYECKOM 00pabOTKOM CTAaThU.

Crarbu, opopMiIeHHbIE ¢ HAPYIIEeHHEM TPeOOBaAHMH, K NMyOJHKANUU He
NPUHUMAIOTCA M BO3BPAIIAIOTCS AaBTOPaM.

JlaToil mocTynieHus CTaThM CUHTAETCS JaTa MOJydeHUS peJakiueil ee
OKOHYATEJIbHOTO BapHaHTA.

Cratpu myonuKkyroTcs o Mepe nocryruienus. JKypHan dopmupyercs ucxonas u3
KonuuecTBa He Oosnee 30 crareil B 0THOM HOMEpE.

Ilepuogu4HOCTH U3IAHUA )KYPHAJIOB — 4 pa3a B roj (e:keKBapTajibHO).

Cpoxu nogayu cTaTbu:

- mepBbId kBapTa 10 10 gespans;

- BTOpoi kBaptai 10 10 mas;

- TpeTuit kBapTan a0 10 aBrycra;

- yeTBepThIi KBapTai 10 10 HOSOps.
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Hayunslii ;xypHan «BectHuk TopalrelpoB yHuBepcurteray, «Hayka u TexHuka
Kazaxcrana» BbIITyCKaeTCsl C IEPUOINYHOCTBIO 4 pa3a B O/l B CETEBOM (JIEKTPOHHOM)
¢dopmare B cieayroNue yCTAHOBIEHHBIE CPOKU BBIX0OJ[a HOMEPOB JKypHaJIa:

- IEpBBI HOMED BbIyckaeTcs 10 30 MapTa TEKYyILIEro roja;

- BTOpoit HoMep — 110 30 utoHs;

- Tpetuit Homep — 10 30 ceHTs0ps;

- yeTBepTHIi HOMep — 10 30 nexadps.

CraTbio (37IEKTPOHHYIO BEPCHIO M KBUTAHIIMH 00 OIUIaTe) CIeIyeT HAalpaBJIsATh Ha
calrax:

- https://vestnik.tou.edu.kz/

- http://stk.tou.edu.kz/

JU1s mojauu CTaThy Ha MMy OJIMKAIMI0 HEOOXOAMMO MPOUTH PErUCTPALIUIO Ha CalTe.

ABTOp, KOTOpBI BHEC HAMOOJNBIINI MHTEIICKTYaIbHBIA BKJIAJ B MOJATOTOBKY
pykonucu (Ipu ABYX M OoJjiee COaBTOpax), sIBJISETCS aBTOPOM-KOPPECHIOHACHTOM U
o0o3HauvaeTcs «*».

ABTOpBI U3 pa3HBIX yueOHBIX 3aBe/ICHUI yKa3bIBaOTCS nuppamu '

Jlii ocy1ecTBIEHUS IPOLEAYPBI IBOMHOTO PELIEH3UPOBaHUS (CJIENIOT0), aBTOpam
HEOOXOIMMO OTIPABIATH BAa BapUaHTa CTAThbU: MEPBBIA — C yKa3aHHEM JIMYHBIX
JTAHHBIX, BTOPOU — 0€3 YKa3aHuUs JIMUHBIX JaHHBIX. [Ipu HapyIIeHuH IPUHIUIIA CIIETIOTO
PELICH3UPOBAHUs CTaThsl HE PACCMATPUBAETCSL.

CraTbu 10/1KHBI OBITH 0)OPMIIEHBI B CTPOIOM COOTBETCTBHH
€O CJIEeAYIOIHMMH NIPABHJIAMM:

— B xypHanbl IpUHUMAIOTCS CTaThU MO BCEM HAaYYHBIM HAIPaBICHUSM, B
3JIEKTPOHHOM BapuaHTE CO BCEMHU MaTepuallaMH B TEKCTOBOM penaktope «Microsoft
Office Word (97, 2000, 2007, 2010) ans Windows» (B ¢popmarax .doc, .docx, .rtf).

— O61muit 00beM CTaThbu, BKIIIOYAsi aHHOTAIUHU, TUTEPATyPy, TAOIUILIbI, PUCYHKU U
MaTeMaTH4ecKue GOpMyIIbl TOJHDKEH COCTABIISATH He MeHee 7 M He 0oJiee 12 cTpaHuIy
Ne4aTHOro Tekcra. [lona cmpanuy — 30 mm co ecex cmopon aucma, Texcm cmamovu:
keaenb — 14 nynkmos, eapnumypa — Times New Roman (015 pycckoeo, anenutickozo u
Hemeykoeo s3vik08), KZ Times New Roman (015 Ka3axckoeo s3viKa).

CTpyKkTypa Hay4yHOH CcTaThbH BKJIIOYAET Ha3BaHUE, aHHOTALMS, KIIOUYEBBIE
CJIOBa, OCHOBHBIE IOJIOKEHHUS, BBEJCHUE, MaTepUalbl U METOJbI, PE3yJIbTaThl U
00CyXJeHHe, 3aKJII0YEHHUE, BBIBOJIBI, HHPOPMALNIO O (PMHAHCUPOBAHUHU (IIPU
HAJIMYMH), CHUCOK MCIIOJIb30BAHHBIX UCTOYHHUKOB (JTUTEPATypbl) K KaXJOH CTaTbe,
BKJIIOUYAsi POMaHU3UPOBAHHBIN (TPaHCIUTEPUPOBAHHBIN JTATHHCKUM an(aBUTOM)
BapHaHT HAITUCAHMU UCTOYHMUKOB HA KUPWLIHIIE (HA Ka3aXCKOM U PYCCKOM SI3bIKaX)
em. I'OCT 7.79-2000 (MCO 9-95) Ilpasuna mpanciumepayuu KUpUiio8cK020 NUCbMa
JAMUHCKUM alpasumom.

Cmampusn 0on1dicHa cooeprcamp:

1. MPHTH (MexrocynapCTBEeHHBIH pyOpUKAaTOp HaAyYHOH TEXHHYECKOU
UH(pOpPMALIUN);
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2. DOI—nocine MPHTMU B BepxHEM IipaBoM yIity (IpUCBAaNBAETCS U 3aII0JIHAETCS
penakiuen xKypHana);

3. Nuamumansl (UM, oTyecTBO) @amMuiius aBTopa (-0B) — Ha Ka3aXCKOM, PyCCKOM
Y aHTJIMHCKOM SI3bIKaX (KUPHBIM HIPUPTOM, 110 LIEHTPY);

ABTOp, KOTOPBIM BHEC HAMOOJIBIINN WHTEIJICKTYalbHBIH BKJIaJ B MOJITOTOBKY
pykonucu (Ipu OBYX U Oojiee COaBTOpPAax), SABISAETCS aBTOPOM-KOPPECIIOHAEHTOM U
o0o3Hayaercs «*».

ABTOpBI U3 pa3HBIX yueOHBIX 3aBEICHUI YKa3bIBAOTCS Huppamu ',

4. A¢pdunauanus (opranuzanus (Mecto paboTsl (yuedbl)), cTpaHa, ropoj) — Ha
Ka3aXCKOM, PYCCKOM H aHTTIUICKOM si3bikax. [TomHblie nanublie 00 addunuanny aBTopoB
NPECTaBISIOTCS B KOHIIE XKy pHaa;

5. Ha3zBaHHe CTaTbM JOJDKHO OTPaXXaTh COJEp)KaHUE CTaThbU, TEMATUKY U
pe3yibTaThl IPOBEACHHOI0 HAYYHOT'0 UCcciieloBaHus. B Ha3BaHue cTaThil HEOOXOAMMO
BJIOKUTh HH(POPMATUBHOCTD, IPUBJIEKATEIBHOCT U YHUKAJIBHOCTH (He Oostee 12 cios,
INPOMHUCHBIMUA OYKBaMH, KUPHBIM HIPU(PTOM, IO ILEHTPY, Ha TPeX fA3bIKAaX: PYCCKHUH,
Ka3aXCKUM, aHTVIMACKUI JTM00 HEMELIKHUI);

6. AHHOTAIMS —KpaTKas XapaKTepUCTUKA HA3HAYCHUS], COIEPKAHUSL, BUIA, (POPMBI
U IpyTrux 0COOEHHOCTEH cTaThu. Jl0JIKHA OTpakaTb OCHOBHBIE U IIEHHBIE, 10 MHEHHIO
aBTOPA, 3Tarlbl, 00bEKTHI, UX PU3HAKU U BBIBOIbI IPOBEACHHOT0 HccieaoBanus. Jlaercs
Ha Ka3aXCKOM, PYCCKOM U aHTJUICKOM JTMOO HEMEIKOM sI3bIKaxX (PEKOMEHIyeMbIi
00BEM aHHOTAIIUU HA sI3bIKe MyOnuKkanuu — He MeHee 150, He 6onee 300 cioB, Kypcus,
HEKUPHBIM IPU(TOM, Keriab — 12 MyHKTOB, a03alHbIil OTCTYH ciieBa U cipasa 1 cm,
cM. oOpasen);

7. KniouyeBble c1oBa — Ha0Op CIIOB, OTPaXKAIOIIUX COJAEpPKAHHUE TEKCTa B
TepMUHAX O00BEKTa, HAYYHOM OTpAciIM U METOAOB HccienoBaHus (0hOpMIAIOTCS
Ha TpeX A3bIKax: PYCCKHMH, Ka3axXCKUU, aHTTUUCKUI Tu00 HEMEUKHil; KeTlb —
12 myHKTOB, KypcuB, OTCTYIN clieBa-crpaBa — 1 cM.). PekoMeHnayemoe KOIu4ecTBO
KJIIOYEBBIX CIIOB — 5-8, KOJIMYECTBO CIIOB BHYTPH KJIIO4YEBOH (hpa3sl — HEe Oonee 3.
3anarTcsd B MOPAJKE MX 3HAUMMOCTH, T.€. CAMOE Ba)KHOE KJIKOYEBOE CIOBO CTATbU
JOJKHO OBITH TIEPBBIM B CHHCKE (CM. oOpasen);

8. OCHOBHOMH TEKCT CTATBH U3J1aracTcs B OIPEIEICHHON NI0CIE10BaTENbHOCTH
€ro 4acTeil, BKIII0YaeT B ceOs:

- BBenenmne (ab3am 1 cM 1o JIeBOMY Kpalo, KUPHBIMH OyKBaMu, KErjib —
14 nynkroB). OG0ocHOBaHHE BHIOOpA TE€MBbI; aKTYaJbHOCTh TEMBI HIJIM MPOOJIEMBI.
AKTYanpHOCTh TE€MbI ONpENEeseTcss OOIMM MHTEPECOM K M3yUYEHHOCTH JAHHOTO
00BEKTa, HO OTCYTCTBHEM HCUEPIIBIBAIOIIUX OTBETOB Ha MMEIOIIMECS BOIIPOCHI, OHA
JIOKa3bIBACTCS TEOPETUYECKON HITU MPAKTHUECKON 3HAUMMOCTBIO TEMBI.

- MaTtepuaJbl 1 MeTOABI (ab3ay 1 cm no 1e6oMy Kpaio, HCUpHuiMu OYK8AMU, Ke2llb
— 14 nynxmos). JI0omKHBI COCTOSITh U3 OIIMCAHUS MAaTEPUAJIOB M X0/1a pabOThI, a TAKXKE
MOJTHOT'O OMUCAHUS UCIIOJIb30BAaHHBIX METO/IOB.

- PesyabTaTbl H 00cyxaeHue (ab3zay I cm no n1e60my Kparo, HCUPHLIMU
oykeamu, xeenv — 14 nynkmos). IlpuBogutcs aHamu3 U 0OCYXJIEHUE MOTYyUYEHHBIX
BaMU pe3yJibTaToOB HcciieqoBaHus. [IpuBoaATCS BBIBOJBI MO MOJTYYEHHBIM B XOJ€

240

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2022

UCCIICIOBAaHUS Pe3ysIbTaTaM, PacKpbIBaeTCs OCHOBHAS CyTh. M 3TO OJMH U3 caMbIX
BA)XXHBIX pa3/iesioB cTaThb. B HEM HE0OX0AMMO MPOBECTH aHATIU3 PE3YIBTATOB CBOCH
paboThI U 00CYKAECHUE COOTBETCTBYIOIIMX PE3yJIbTATOB B CPABHEHHH C IIPEBIAY MU
paboTamMu, aHaIKU3aMHU U BBIBOJIAMH.

- Undopmanmio o ¢punancupoBanuu (npu Haimuyuu) (ab3ar 1 cM mo geBomy
Kparo, )XUPHBIMU OyKBaMH, KETJIb — 14 IyHKTOB).

- BoiBoabI (ab3ay I cm no nesomy Kpaio, JHCUPHLIMU OYK8AMU, Ke2lb —
14 nynkmos).

BriBonbl — 006001I€eHNE U TTOJIBEICHUE UTOTOB pabdOTHl HAa JaHHOM D3TaIle;
HOJTBEPXKIEHNE HCTUHHOCTH BBIABUIA€MOI0 YTBEP)KICHHS, BEICKA3aHHOTO aBTOPOM,
U 3aKJIOYEHHE aBTOpa 00 M3MEHEHHUU HAyYHOTO 3HAHUS C YUYETOM IOJYyYECHHBIX
pe3ynbTaToB. BRIBOABI HE JOJIKHBI OBITh a0CTPAaKTHBIMH, OHH JOJKHBI OBITH
UCIIOJIb30BaHBI 17151 0000IIEHUs pe3yIbTaTOB UCCIIEOBAHUS B TOM WIM HHOIM HAyYHOH
00J1aCTH, C ONMCAHUEM MPEATIOKEHUN WM BO3MOXXHOCTEHN JajbHENIIe paboThlI.

- CnMcOK MCNOJIb30BAHHBIX MCTOYHMKOB (CKUPHBIMU OyKBaMH, Kerjib —
14 myHKTOB, B IIGHTPE) BKJIIOYAET B CEO:

CraThsl U CIUCOK HCIOJIb30BAHHBIX MCTOUYHUKOB JOJDKHBI OBITH O(OPMIICHBI B
cootBercTBUU ¢ ['OCT 7.5-98; 'OCT 7.1-2003 (cMm. obpaszer).

OuyepelHOCTh UCTOYHUKOB ONIpeaesieTcs CIeAyIomUM o0pa3oM: cHavala
HOCJIeI0BATEIbHBIE CCHUIKH, T.€. HCTOYHUKH Ha KOTOPBIE BBl CChLIAETECH 10 0YePETHOCTH
B CaMO#l cTaThe. 3aTeM JIONOJIHUTEIbHBIE UCTOYHUKH, Ha KOTOPBIX HET CCBUIOK, T.C.
UCTOYHHMKH, KOTOpPBIE HE MUMEIHU MECTO B CTAaThe, HO PEKOMEH/IOBaHbl BAMH YUTATEIISIM
JUISL O3HAKOMJICHHSI, KaK CMEXHbIE PabOTHI, TPOBOMMBIE apajuiesibHO. O0bem He MeHee
10, ne 6onee yem 20 naumenoganuti (CCbUIIKU U MPUMEYAHUSI B CTaThbe 0003HAYAIOTCS
CKBO3HOM HyMepaliel 1 3aKII04aroTCsl B KBaJpaTHbIe CKOOKH), IPEMMYIIECTBEHHO 3a
nociennue 10-15 ner.

B ciydae HanmuMs B CHIMCKE UCIOJIB30BAHHBIX HICTOUHUKOB pabOT Ha KUPHUIUIULIE
(Ha Ka3aXCKOM M PYCCKOM S3bIKaX), HEOOXOIUMO MPEACTaBUTh CIIMCOK JIUTEPATYPHI B
JByX BapuaHTax: 1) B opuruHaie (yKa3blBalOTCs UCTOUHHUKH Ha PyCCKOM, Ka3aXCKOM
U aHTJIMHCKOM JIMOO HEMELIKOM SI3bIKaX); 2) pOMaHU3UPOBAHHBIN BapUaHT HAIMCAHUS
MCTOYHHMKOB Ha KUPWITHILIE (HA KA3aXCKOM U PyCCKOM S3bIKaX ), TO €CTh TPAHCIUTEPALIUS
natuackuM andasutom. cm. I OCT 7.79-2000 (MCO 9-95) IIpasuna mpanciumepayuu
KUPUTIOBCKO20 RUCLMA JIAMUHCKUM ANDABUMOM.

Onanaiin cepsuc Tpancnumepayus no 'OCTy — https://transliteration-online.ru/

IIpaBuiia TpaHcAUTEPALMM KHPUJIOBCKOI0 MUCbMA
JIATHHCKHMM aJI()aBUTOM

Pomanu3zuposannslit Cnucoxk 1umepamypul 00J1HCEH 6bl2IA0EMb C1EOYIOUUM
o6pazom: aBTOp(-bl) (TpaHCIUTEPALUS TUOO AHTIIOA3BIYHBIN BAPUAHT IIPU €0 HATTUYHN)
— Ha3BaHHE CTAThH B TPAHCIUTEPUPOBAHHOM BapuaHTe — [IIepEBOJI HA3BaHUs CTaThU
Ha aHIVIMACKUN SA3BIK B KBAJPATHBIX CKOOKaxX| — Ha3BaHHE Ka3aXOS3BIYHOTO JHOO
PYCCKOSI3BIYHOTO UCTOYHMKA (TPAHCIUTEpALUs, JINOO aHTIINICKOE Ha3BaHUE IPU €ro
HAJIMYMK) — BBIXOJIHBIC IaHHBIE C 0003HAYEHUSIMH HA aHTJIMHCKOM SI3bIKE.
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C. K. AHmukeeea®*, C. K. Kcembaeega
TopaiireipoB yHuBepcuteT, Pecriyonuka Kazaxcran, r. [TaBnogap

TEOPETUYECKAS MOLEJTIb ®OPMUPOBAHUA
KOMIMETEHLYNA COLNAJIbHbIX PABOTHUKOB
YEPE3 KYPCbI MOBbILUEHWST KBAJTIMOUKALINN

B oannou cmamve npedcmaesnena meopemuueckas mMooenv opmMuposanus
JIUYHOCMHBIX U NPOGHeCcCUOHAIbHBIX KOMNEMEHYUL COYUAIbHBIX PAOOMHUKO8 Yepe3
KYPCbl NOBbIUEHUS KBATUDUKAYUU, KOMOPAsL pA3PAOOMAHA 8 PAMKAX OOKMOPCKOU
ouccepmayuu « Dopmuposanue TUIHOCMHBIX U NPOPECCUOHATbHBIX KOMNemeHYULL
COYUANBHBIX PAOOMHUKO Yepe3 KYPCbl NOBblUeHUs Kearudurayuuy. B cmamoe
npUBOOAmMcs nedazo2udecKue acnekmsl camo2o npoyecca MooenuposaHusl,
nepevucienvl 3mansvl nedazocuyecko2o mooeauposarnus. Ilpeocmasnernoi
MemoOo02UYeCKUll, NPOYECCYalIbHbIUL (MEXHOL0SUYEeCKULL) U UHCIPYMEHMAIbHBL
YPOBHU MOOenu, ee yelb, MOHUMOPUHE CHOPMUPOBAHHOCNU UCKOMBIX
KOMNemeHyull, a makice pe3yibmam. B mooenu noxazamvi komnemeHmHoCmHulii,
JIUYHOCMHO-0OPUEHMUPOBAHHBLU U NPAKMUKO-OPUESHMUPOBAHHDIL Nedazo2uiecKue
Nn00X00bl, 3AKOHOMEPHOCIU, NPUHYUNDL, VCA08USL HOPMUPOBAHUS BbIOPAHHBIX
KOMNemeHyutl, ONUCaHvl 3mansl peanru3ayuy npoyecca Gopmuposarus, ypoeHu
chopmuposannocmu TUYHOCMHBIX U NPOPECCUOHATbHBIX KOMnemeHyul. B
pazoene npaKkmuieckol no02omoeKu npeodiazaemcs UHmepaKkmueHas paboma
8 cucmeme ciyuiamenb-npenooasamens-2pynnda, noopasymesarnujas 1uyHoe
yuacmue Kaxircoo20 Cneyuanicma, a makice OmKpvlmue nepeoo 8 Haulel Cmpate
Pecnybauxancrkoeo obwecmeennoco ooveounenus «Hayuonanvuwiii anvsnc
npohecCUOHANbHBIX COYUATILHBIX PADOMHUKO8». [[aHHas MOOeb N0Opa3ymesaem
noo coboll danvHelluee CoOBEPUIEHCINBOBAHUE U CAMOCMOSIMENbHOe PA36Umue
JIUYHOCMHBIX U NPOPECCUOHANbHBIX KOMNEeMeHYULL COYUATIbHBIX PAOOMHUKO8. DMO
n0380.J5em y8udemsb 8 MoOeaU 3P HexmueHocmsb pearuzayu Kypcos no8bIUEeHUs
Keanupuxayuu, popmol, Memoowvl u cpedcmsa padbomol.

Kntouesvie cnosa: meopemuueckas mooenvb, KomnemeHyuu, nogvliuieHue
Keanugpurkayuu, coyuaivbuvle pabomHuKu.

BBenenue

CormmanpHast paboTa — OTHOCUTEIIEHO HOBAsI JTsI Hatel cTpanbl mpodeccust. [Toatomy
00yueHre COIMAIbHBIX PAOOTHHUKOB Ha COBPEMEHHOW CTAIMHM HE XapaKTepU3yeTCs
HaJIMYMEM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
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HaXOIWJIX OBl BEIpAXKEHHUE B (JOPMYJIMPOBKE MEJAarorn4eckux Iesnei, B coJepKaHuu,
TEXHOJIOTUSX y4eOHOT0 Iporecca.

IIpooonoicenue mexcma nybIUKyemM020 Mamepuad

MarepuaJjbl 1 METOABI

Teopernueckuil aHaau3 HAYYHOM IICUXOJIOTO-IIEIArOrMYECKON U CIEUHATbHOU
JUTEPATYPHI IO MPOOIIEME UCCIIEIOBAHUS; aHAIN3 3aKOHOAATEIbHBIX 1 HOPMATUBHBIX
JOKYMEHTOB IO OTKPBITHIO OOLIECTBEHHBIX O0OBEAMHEHUN; aHAIU3 COACPIKAHUS
OporpamMM KYpPCOB MOBBIIIEHUS KBaJIU(PUKALUHU COIUATbHBIX PaOOTHUKOB;
MOJICJIMPOBAHKE; aHAIN3 U 0000IIEHHE NIeJarOrMYECKOr0 OMbITa; ONMPOCHBIE METObI
(6ecena, aHKeTHpOBAaHUE, HHTEPBBIOMPOBAHUE); HAOIIOACHHE; aHAIU3 MPOTYKTOB
JeSITEIBHOCTH CIIELUAINCTOB; SKCIIEPUMEHT, METOJIbI MaTeMaTHYECKOW CTaTHCTUKU
110 00pabOTKe IKCIIEPUMEHTAIBHBIX JTaHHBIX.

IIpooonoicenue mexcma nybIUKyemM020 Mamepuad

Pe3yabTaTsl M 00Cy:KI€HUE

YToOb! MOHATh OOBEKTUBHBIE 3aKOHOMEPHOCTH, JISKAIIMEe B OCHOBE Ipoliecca
(¢hopMuUpOBaHHUSA M PA3BUTHS JIMYHOCTHBIX U MPO(PECCHOHATBHBIX KOMIETEHIINH
COLIMAJIbHBIX PAa0OTHUKOB Yepe3 KypChl MOBBIIIEHUS KBATU(PHUKAIMH, HEOOXOAUMO
YETKO MPE/ICTaBIATh ce0e UX MOICIb.

IIpoooncenue mexcma nybIUKyemMo020 Mmamepuad

BriBOaBI

Takum 00pa3oM, Ha OCHOBAHUM BBIIIEU3IIOKEHHOTO MOXHO CJI€JaTh BBIBOJ O
TOM, YTO TEOpPETUYECKast MOJIeNIb (POPMHUPOBAHUS JIMYHOCTHBIX U MPO(HECCHOHATBHBIX
KOMIETEHIIUH COIMAIBHBIX PA0OOTHUKOB Yepe3 KypChl MOBBIMICHUS KBaTU(pUKALUU
COJICPKHT TPU YPOBHS €€ peaan3aliu.

IIpooonoicenue mexcma nybIUKyemMo020 Mmamepuad
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*C. K. Aumuxeesa, C. K. Kcembaesa
TopaliFbIpOB YHUBEPCUTET,
Kazakcran Pecniy6nukacst, [1aBnogap k.

THEORETICAL MODEL OF FORMATION COMPETENCIES OF SOCIAL
WORKERS THROUGH PROFESSIONAL DEVELOPMENT COURSES

BIVIIKTIJIIKTI APTTBIPY KYPCTAPBI APKbIJIbI OJIEYMETTIK

KBIBMETKEPJIEPAIH KY¥3IPETTIJIIKTEPIH KAJIBIIITACTBIPY JIBIH

TEOPUAJIBIK MOJEJIT

byn maxanaoa «Oneymemmik Kvizmemxepiepoiy OINIKMINi2iH apmmuipy
KYPCMapbl apKbLibl MYI2a1blK HCOHe KOCIou Ky3Ipemminikmepin Kaiblnmacmuipy»
00KMOpAbIK ouccepmayus weybepinde 93ipiieHeen OLIKMIIiKmi apmmosipy
Kypcmapwvl apKblibl oleyMemmiK Kbl3MemKepaepoiy myn2anvlk HcoHe Kociou
Ky3vlpemminicin KaiblnmacmouipyOvlly Meopusivblk MOOeal YCblHblI2AH.
Maxkanaoa modenvoey npoyeciniy nedazo2uKkaiblk acnekmiiepi, nedazo2uKansl
MoOenboeyolin Kezenoepi keimipineen. Mooenvoiy 90iCHAMANbIK, NPOYECCyarobiK
(MexHoN02UANBIK) HCOHE ACNAnMulK OeHeeunepi, OHbIY MAaKcambl, Kaxicemmi
Ky3vipemmepOoil Kanibinmacy MOHUMOPUH2I, COHOAU-AK HOMUNCECT YCIHBLI2AH.
Mooenvoe Ky3vipemminikke, mynzaza 6a2blmman2an HcoHe Npakmukaad
bazvimmanaan nedazo2uKalblk mociioep, mayoaizan Kysvipemmepoi
Kanblnmacmulpy 3aHObLILIKMAPsl, KA2UOAmmapbl, Wapmmapsbl KOpcemieeH
Kanblnmacy npoyecit icke acvlpy KezeHoepi, dceKe HeoHe Kociou Ky3vlpemmepoin
Kanvinmacy Oeneeunepi cunammanzat. IIpaxmukaneix 0aublHObIK 0OaIMiHOe
MbIKOAYUbI-OKbIMYUbI-MON HCYUeCiHOe UHMEPAKMUBMI HCYMbIC YCbIHbLIAO,
01 Op MAMAHHBIY HCeKe KAMbICYbIH, COHOAU-aK enimizoe aneauikvl «Kociou
oneyMemmik Kbizmemkepaepoiy YImmulK albaHCbLy PeCHYOIUKANbIK KO2AMObIK,
Oiprecmiciniy awbliyvin 0i10ipedi. Byn moodens oneymemmik Kvlzmemkepiepoin
JiceKe JHCoHe KaciOu Ky3vipemmepin 00aH dpi dHcemindipyoi dcoHe moYecis
damvimyoul 6indipedi. Byn moodenvoe OLNiKkminikmi apmmulpy KYpCmapviy icKe
acvlpyObly MUIMOLLIZIH, HCYMBLC HBICAHOAPL, d0iCmepi MeH KYypanioapbii Kepyee

This article presents a theoretical model for the formation of personal and
professional competencies of social workers through advanced training courses,
which was developed in the framework of the doctoral dissertation «Formation
of personal and professional competencies of social workers through advanced
training courses». The article presents the pedagogical aspects of the modeling
process itself, and lists the stages of pedagogical modeling. The methodological,
procedural (technological) and instrumental levels of the model, its purpose,
monitoring the formation of the required competencies, as well as the result
are presented. The model shows competence-based, personality-oriented and
practice-oriented pedagogical approaches, patterns, principles, conditions for
the formation of selected competencies; describes the stages of the formation
process, the levels of formation of personal and professional competencies. The
practical training section offers interactive work in the listener-teacher-group
system, which implies the personal participation of each specialist, as well as the
opening of the first Republican public Association in our country, the national
Alliance of professional social workers. This model implies further improvement
and independent development of personal and professional competencies of social
workers. This allows you to see in the model the effectiveness of the implementation
of advanced training courses, forms, methods and means of work.

Keywords: theoretical model, competencies, professional development, social
workers.

Caenenust 00 aBTopax

Ha ka3zaxckom si3bIke Ha PYCCKOM SI3BIKE Ha anrnumiickoM si3bike

MYMKIHOIK Oepeoi.

Kinmmi ce30ep: meopusiivlk MoOen, Ky3ublpemminix, Oiikminikmi apmmuipy,

oneymMemmix KbizMemrepiep.
*S. K. Antikeyeva, S. K. Ksembaeva

Toraighyrov University,
Republic of Kazakhstan, Pavlodar
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NMyBIINMKALNOHHAS 3TUKA
HAYYHbIX XXYPHAJIOB HAO «TOPAWIbIPOB YHUBEPCUTET»
«BECTHUK TOPAUIbIPOB YHUBEPCUTETA»,
«HAYKA U TEXHUKA KA3AXCTAHA», «KPAEBELJEHUE»

Penakumonnas kosierus Hay4yHbIx xKypHanoB HAO «TopailrblpoB yHUBEPCUTET»
«BectHuk TopaiirelpoB yHuBepcureray, «Hayka u texnuka Kazaxcrana» v Hay4dHO-
nomnysipHoro xypHaia «KpaeBeneHue» B cBoel MpodecCHOHATbHON JIEeATEIbHOCTH
MPUICPKUBAIOTCS IPUHIMIIOB 1 HOpM [ lyOIMKaIioHHOM STUKY HayYHBIX xKypHaoB HAO
«TopaiireipoB ynusepcuret». [lybnukannonHas 3Tuka pa3padoTaHa B COOTBETCTBUU C
MEXTyHapOIHOM MyOIMKAIIMOHHOM 3TH4ecKoi HopMoit KomuTera o my0nMKainoHHOM
stuke (COPE), atnueckumu npunimnamu nmyonukanuu xxypHanoB Scopus (Elsevier),
Konekca akanemuueckoit uectHocTt HAO «TopalirblpoB YHUBEPCUTETY.

[TyOnukanmoHHas STUKa ONpeesisieT HOPMBIL, IPUHIIUIIBI M CTAHJAPTHI 3ITUYECKOTO
MOBE/ICHUS PEAAKTOPOB, PEIIEH3EHTOB M aBTOPOB, MEPHI MO BHISIBICHUIO KOH(MINKTOB
MHTEpPECOB, HEATUYHOTO MOBEJCHHUS, HHCTPYKIIUHU MO U3BATUIO (PETPaKIUN),
UCIIPABJICHUIO U OIPOBEPKEHUIO CTATHH.

Bce yuactHuku mponecca myOiauKanuu, coOMI0AaI0T MPUHLIHUIBI, HOPMBI H
CTaHAapTHl MyOIUKAIMOHHOMN STHUKH.

KauecTBo HayyHOro *xypHana obecrneynBaeTcsi UCIMOJTHEHUEM MPUHIIUIIOB
YUYaCTHUKOB Mpollecca NyOJMKalUuKu: paBEeHCTBA BCEX aBTOPOB, NPUHIIUI
KOH(UIACHIIMATFHOCTH, OJIHOKPATHBIE MyOIMKAIMK, aBTOPCTBA PYyKOMHUCH, TPUHIIMIT
OPUTHHAIILHOCTHU, MPUHIUN MMOATBEPKACHUS UCTOYHUKOB, IPUHIIUI O0BEKTUBHOCTH
Y CBOEBPEMEHHOCTH PELICH3UPOBAHUSI.

[IpaBa u 00s13aHHOCTH YJICHOB PEJAKIIMOHHBIX KOJUIETUN HAYYHBIX >KYpPHAJIOB
HAO «TopaiirsipoB yauBepcute» « Bectuk TopalreipoB yHuBepcuteTay, «Hayka u
texHuka Kazaxcrana» v HayuyHoO-NonyJisipHOro xxypHaiia «Kpaeseaenue» onpezeneHsl
CO CMK 8.12.3-20 YnpaBneHue Hay4YHO-U3AATEIBCKOMN €S TEIbHOCTHIO.

IIpaBa u 00S13aHHOCTH PeLIEeH3EHTOB

Penien3enTsl Hay4HbIX )XypHaIoB «BectHuk TopalireipoB yHHBepcuTeTa», «Hayka
u TexHuka Kazaxcrana», HaydyHO-nomyJsipHOTO kypHana «KpaeseneHuey, 00s13aHbI
PYKOBOJICTBOBATHCSI IPUHIIUIIOM OOBEKTUBHOCTH.

[lepconanbHast KpUTHKA B aipec aBTOpa(-0B) pyKOMKCH HeonmycTuMa. Perien3ent
JIOJKEH apryMEHTHPOBATh CBOU 3aMeUaHMs K 000CHOBBIBATH CBOE PELICHHUE O IPHUHITUU
PYKOIIMCH WJIN O €€ OTKIIOHECHHH.

HauunonanbHOCTB, penuruo3Has NpUHAIJIEKHOCTh, MOJIUTHYECKUE WU HHBIE
B3IJISA/IBI aBTOPA(-0B) HE IOJIKHBI IPUHUMATHCS BO BHUMAHHE U YYUTHIBATHCS B IIPOLIECCE
PEIeH3UPOBaHUS PYKOITUCH PELEH3EHTOM(-aMH).

DKcnepTHasl OLIEHKa, COCTaBIIEHHAs] PELIEH3EHTOM JOJDKHA CIIOCOOCTBOBATH
HPUHATHIO PELICHHUS PeAAaKIMEeH O MyOIUKaIIUY ¥ IOMOTaTh aBTOPY YIYUIIUTh PYKOIHCH.
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Pemienne o MpUHATUU PYKONUCH K ITyOJIMKalMU, BO3BpALIEHUE PabOThl aBTOPY
Ha M3MEHEHHE WIH J0paboTKy, Ju00 pemeHre o0 OTKIOHEHHM OT MyOJIuKaiuu
NPUHUMAETCS PEeAKOIUIETHEN OMUPAsCh Ha PEe3yJIbTaThl PELIEH3UPOBAHMUS.

[IpuHIMIT CBOEBPEMEHHOCTH pELieH3UpOoBaHUs. PeleH3eHT 00s13aH MpeJOCTaBUTh
PELIEH3UI0 B CPOK, OIpPE/IEICHHbIN pefaKiueil, Ho He no3aHee 2-4 Heaellb ¢ MOMEHTa
NOJTy4eHHsl PYKOIMCH Ha pelieH3upoBaHue. Ecin paccMOTpeHne cTaThi U MOJArOTOBKA
PELICH3UU B HA3HAUE€HHbIE CPOKH HEBO3MOYKHBI, TO PELIEH3EHT JOJDKEH He3aMeITTUTENIbHO
YBEIOMHUTBH 00 3TOM HAYy4YHOTO PEIaKTOpa.

PerieH3eHT, KOTOPBIN CUMUTAET, YTO €ro KBaJH(HUKAIMI HE COOTBETCTBYET MO0
HEJI0CTaTOYHA ISl MPUHATHUS PEIIeHUs] MPH PEeLeH3MPOBAHUM IPEIOCTABICHHON
PYKOITUCH JIOJDKEH HE3aMeIJIUTENbHO COOOIUTh 00 3TOM HAYYHOMY PEIAKTOpy U
0TKAa3aTbCsl OT PELEH3UPOBAHHS PYKOIIHCH.

[MpuHnun KOHPUAEHUUATBHOCTH CO CTOPOHBI peleH3eHTa. Pykomnucs,
NpeIOCTaBIEHHAs PELIEH3CHTY Ha PEICH3UPOBAaHUE JOJKHA PacCMaTPUBATHCS Kak
KOH(HICHIIMATIBHBIN MaTepua. PerieH3eHT uMeeT npaBo JIEMOHCTPUPOBATH €€ U/1ITu
00CYX/1aTh C IPYTHUMH JIMIIaMHU TOJIBKO MOCTIE MOJIy4YEHHUsS] TUCbMEHHOTO Pa3peIieHus
CO CTOPOHBI HAYYHOTO PEIAKTOPa >KypHasla U/1iu aBTOpa(-0B).

Wudopmanust 1 uaen HaydyHOU paOOTHI, MOJTYUYCHHbIE B XOJ€ PELEH3UPOBAHUSI
U obecrieyeHus MyOJIMKAlMOHHOI'O MPOIlecca, He JOJDKHBI ObITh MCIOJIb30BaHbI
peLeH3eHTOM(-aMu) [T TOJyYeHUs TMYHON BBITOIBI.

[TpuHLIKIT TOATBEPXKIEHUSI UCTOYHUKOB. PelleH3eHT TOoJKeH yKa3aTh Hay4dHbIE
paboThl, KOTOpbIE OKa3ajlu Obl BIMSHHE Ha HCCIEIOBATEIbCKHE PE3yIbTaThl
paccMaTpuBaeMOi pyKOINKCH, HO He OBbLIM HMpHUBEAECHBI aBTOpoM(-amu). Taxxke
PELICH3EHT 00s13aH 00pPaTUTh BHUMaHKUE HAYYHOT'O peJaKTopa Ha 3HAYMTEIIEHOE CXO/ICTBO
WINA COBMAJICHUE MEXJy paccMaTpUBAaEMOM PYKOIHCHIO U paHee OIyOIMKOBaHHOMN
paboToii, 0 KOTOPOM €My M3BECTHO.

Ecnu y perieH3eHTa UMEIOTCS JOCTAaTOUYHBIE OCHOBAHUS 110J1araTh, YTO B PyKOIIUCH
COJCPXKHTCS TUIaruaT, HEeKOPPEKTHbIE 3aMMCTBOBAHUS, JIOKHBIE U c(paOpUKOBaHHBIE
MaTepHalbl UM pe3ysIbTaThl HCCIEIOBaHUSA, TO OH HE JIOJDKEH JOMYCTHTh PYKOIUCh
K MyOJIMKaIMK U POMH(GOPMHUPOBATH HAYYHOI'O PEaKTOpa XKypHala O BBIIBICHHBIX
HapyIEHUSIX MPUHIIMIIOB, CTAHIAPTOB U HOPM IyOJIMKAIIMOHHON U HAYYHOM 3THKU.

IIpaBa n 00s13aHHOCTH ABTOPOB

[TyGnukannonHas 3TUKa 6a3upyeTcst Ha COOIOICHUH TPUHITUIIOB!

OpHOKpaTHOCTH MyOnuKanuu. ABTOP(-bl) TApaHTUPYIOT YTO MpEACTaBICHHAS
B PEIAKIMIO PYKOIHUCh CTaTby He ObLIa MpEeJCTaBIeHa JJIsi PACCMOTPEHUs B Jpyrue
uznanus. [IpeacraBieHne pyKOMUCH €IMHOBPEMEHHO B HECKOJIBKHMX KypHanax/
U3IAaHUSAX HEIPUEMIIEMO U SIBJISIETCS TPyObIM HapyIlIeHUEeM HPUHIUIIOB, CTAHIApPTOB
¥ HOpPM IyOJIMKAIIMOHHOW ATHUKH.

ABTOpCTBO pykonucu. JInmo, KoTopoe BHECIO HAUOOBIINI HHTEIUIEKTYaTbHBIN
BKJIa/l B TIOATOTOBKY pYKONHCH (TIpH IBYX M 0ojee coaBTOpax), ABISETCS aBTOPOM-
KOPPECIIOHJIEHTOM U YKa3bIBAa€TCsI IEPBBIM B CIIUCKE aBTOPOB.
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J171st KK [10¥ CTaThU IOJKEH OBITh HA3HAYEH aBTOP ISl KOPPECIOHACHITUH, KOTOPBIA
OTBEYAET 32 OATOTOBKY (pUHAIILHON BEPCUU CTaThH, KOMMYHHKAIIUIO C PEIKOJUICTHEH,
JIOJDKEH 00€CIeYUTh BKJIIOUYEHHE BCEX YUYACTHHKOB MCCIIEAOBAaHUS (IPU KOJIUYECTBE
aBTOPOB 00Jiee OJTHOT0), BHECIIUX B HETO JOCTaTOYHBIN BKJIAJ, B CIICOK aBTOPOB, a
TaKXe MOJy4YUTh 000pEHHE OKOHYATEIbHON BEpCUH PYKOITUCH OT BCEX aBTOPOB JJIs
IpeCTaBICHUs B PelaKLUIO s MyOsnkanuu. Bee aBTopbl, yka3aHHbIE B pyKOITUCH/
CTaThe, HECYT OTBETCTBEHHOCTD 3a COJIEpKAHNE PaOOTHI.

[IpuHuun opuruHanbHOCTU. ABTOP(-bl) FAapaHTUPYET, YTO PE3YJIbTATHI
UCCJIeI0BAHMS, U3JI0KEHHBIE B PYKOIHCH, TPEICTABISIOT CO00M OpUTHHATIBHYIO
CaMOCTOSITEIbHYIO Pa0OTy, 1 HE COJIepKaT HEKOPPEKTHBIX 3aMMCTBOBAHUII U IJ1aruara,
KOTOpbIE MOTYT OBITh BBISIBJICHBI B IIpOIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTB 32 ITyOJIMKAIHIO CTaTeH C IPpU3HAKaMU HESTHYHOTO
HOBEJICHHU, IJlaruaTa, caMoIjaruara, CaMoOUUTUPOBaHUs, panbcudukanuu,
(adpukanuy, UCKaXKEHUs JAHHBIX, JOXKHOTO aBTOPCTBA, AyOIUpOBaHMS, KOH(IUKTA
UHTEPECOB 1 OOMaHa.

[IpuHIIUTT MOATBEPKACHUS MCTOYHUKOB. ABTOP(BI) 0043yeTCs NMpPaBUIBHO
yKa3pIBaTh HAYYHbIE U MHBIE UCTOYHUKH, KOTOPHIE OH(M) MCIOJIb30BaAI(M) B XOAE
ucclieloBaHus. B cilydae HCIonb30BaHUs KaKUX-THOO YacTell 4yXux padoT W/WiH
3aMMCTBOBAaHUS YTBEPXKJICHHUH JPYroro aBTOpa(-oB) B PYKOIHMCH JOJIKHBI OBITh
yKa3zaHbl Oubnuorpaduyeckie CChbUIKM C YKa3aHHEM aBTOpa(-OB) MEPBOMCTOYHUKA.
Wudopmaryst, noxydeHHas U3 COMHUTEIBHBIX HICTOYHUKOB HE JOJDKHA UCTIOJIb30BATHCS
npu 0(hOPMIICHUU PYKOITUCH.

B ciydae, eciau y pelieH3eHTOB, HAYYHOT'O PEAAaKTOpa, WICHA(-0B) PEIKOIIICTUH
KypHaja BO3HUKAIOT COMHEHHUS MOJJIUHHOCTU U JOCTOBEPHOCTH pPE3yIbTAaTOB
UCCIIEI0BaHMsL, aBTOP(-bl) JOJDKHBI NIPEIOCTABUTh JOMOIHUTEIbHBIE MAaTepHaIIbl IS
HOJTBEPKICHUS PE3yIbTaTOB WU (PAKTOB, IPUBOJUMBIX B PYKOIIHCH.

Hcnpasnenue ommbOK B mporiecce MyOauKanuu. B ciyyae BBISBIEHUS OMIMOOK
U HETOYHOCTeH B paboTe Ha JM00O0M cTaguu MyOIMKAMOHHOIO MPOLIECcCa aBTOPHI
0053yI0TCSI B CPOYHOM TOPSIIKE COOOIIUTH 00 3TOM HAyYHOMY PEIaKTOpy U OKa3aTh
IIOMOIIb B YCTPaHEHUH WJIM UCTIPABJICHUH OIINOKH JUTs Iy OJIMKAIMY Ha caiiTe )KypHajia
cootBercTByOmIe kKoppekuu (Erratum mmu Corrigendum) ¢ komMeHTapusimu. B
cirydae oOHapy>KeHus TpyObIX OMMOO0K, KOTOPhIE HEBO3MOKHO UCIIPABHUTh, aBTOP(-bI)
JOJKEH(-HbI) OTO3BaTh PYKOIHCH/CTAThIO.

[puHwn coOmroaeHnus MyOIUKAIIMOHHOW 3TUKH. ABTOPBI 00sS3aHBI COOTIOAATH
3THYECKHUE HOPMBI, CBSA3aHHbIE C KPUTHUKON MM 3aMEYaHUSMHU B OTHOLICHUU
HCCIIEJOBAHUN, & TAKXXE B OTHOLIEHHM B3aUMOJECHCTBHUS C PENAKLHUEN IO MOBOLY
peneH3upoBaHus U myonukanuu. HecoOutoieHne 3THUECKUX MPUHLUIIOB aBTOPaMHU
pacLeHnBaeTcss Kak rpy0oe HapylIeHHE STHKU IMyOJIMKalil U 1aeT OCHOBAaHUE IS
CHSTHS PYKOIHCHU C PELICH3UPOBAHUS H/UIIH 1Ty OIHKAIUH.

Kondaukr uarepecon
Kondguukr uarepecos, mo onpeaenenuto Komurera no myOauKannoOHHON 3THKE
(COPE), 310 KOH()IUKTHBIE CUTYallUH, B KOTOPHIX aBTOPBI, PELEH3CHTHI WIH YJICHbI
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PENKOJUIETUU UMEIOT HESBHBIE MHTEPECHI, COCOOHBIC MOBIUATH HA MX CYKJIEHUS
KacaTeJbHO MyOJsuKyeMoro matepuana. KOHQIIMKT MHTepecoB MOSBISIETCS, KOTaa
UMeIOTCs (PUHAHCOBBIC, JIMYHBIE WU MPO(ECCHOHANBHBIE YCIOBHS, KOTOPbIE MOTYT
HOBJIHATH HA HAYYHOE CY)KJICHUE PELICH3eHTa 1 WICHOB PEJIKOJUIETHH, U, KaK pe3ysbTaT,
Ha pellleHHe PeIKOJIJIETUH OTHOCUTEIBHO MyOIUKAIIUH PYKOIIHCH.

['maBHBINA peAaKkTOp, WIEH PEAKOUIETHH M PELEH3EHTHl JOJDKHBI ONMOBECTHTH O
HNOTEHIUAIEHOM KOH(IMKTE HHTEPECOB, KOTOPHIA MOXKET KaK-TO MOBJIHMATH Ha peLLICHNE
pelaKIMOHHON KOJIIeTHH. YIeHbI peAKOIIIET U JOJDKHBI 0TKA3aThCsl OT PACCMOTPEHUS
PYKOIIMCH, €CJIH OHU COCTOAT B KAKMX-JINOO KOHKYPEHTHBIX OTHOILIECHHSIX, CBA3aHHBIX
C pe3yJbTaTaMM MCCIIEOBAHUS aBTOPA(-0B) PYKOIHKCH, JTUOO €CIIM CYIIECTBYET HHON
KOH(JIUKT UHTEPECOB.

[Ipu nmogaue pyKoNnucH Ha pacCMOTPEHUE B KypHaJI, aBTOP(-bI) 3a4BIISIET O TOM, YTO
B COJIEp’KaHUM PYKOITUMCH YKa3aHbl BCE MCTOUHUKU (DUHAHCUPOBAHUS UCCIICAOBAHMS;
TaK)Xe yKa3bIBalOT, KAKME€ UMEIOTCS KOMMepUecKHue, (puHaHCOBbIE, TUYHBIE WU
npodeccruoHaIbHbIe (PaKTOPbI, KOTOPBIE MOTTM ObI CO3AaTh KOH(IUKT UHTEPECOB B
OTHOLICHUH MOAAHHON Ha pACCMOTPEHUE PYKOIUCH. ABTOP(bI), B TUCbME MPU HATTMYUH
KOH(JIMKTAa HHTEPECOB, MOTYT YKa3aTh YUECHBIX, KOTOpPBIE, IO UX MHEHHIO, HE CMOTYT
00BEKTHBHO OLICHUTh UX PYKOIHCH.

PerieH3eHT He JOKEH paccMaTpUBaTh PYKOMHMCH, KOTOPHIE MOTYT MOCIY>KUTh
NPUYUHAMH KOH(IIUKTAa HHTEPECOB, IPOUCTEKAIOIIETO 13 KOHKYPEHIHHU, COTPYJHUYECTBA
WIN IPYTHX OTHOLICHUH ¢ KeM-JIMO0 U3 aBTOPOB, UMEIOIUX OTHOLICHHE K PYKOIIHCH.

B cnyuae Hanumuus KOH(QJIUKTAa HHTEPECOB C COJEpKAaHUEM PYKOIMHCH,
OTBETCTBEHHBIN CEKpeTaph JOKEH M3BECTUTh 00 3TOM IJIABHOTO PEIAaKTOpa, IMOCIe
Yero pyKOIHCh IepeaeTCs IPyroMy peLeH3eHTY.

CymecTBoBaHHE KOH(MIUKTa HHTEPECOB MEXAY y4YaCTHHKAMHU B Ipoliecce
paccMOTPEeHHUs U PELICH3UPOBAHUS HE 3HAYHT, YTO PYKOIHCH OYyJEeT OTKJIOHEHA.

Bcewm 3anHTepecoBaHHBIM JIMLIAM HEOOXOIMMO, 110 MEpPEe BO3MOXHOCTU H30€rath
BO3HUKHOBEHHS KOH(IUKTA HHTEPECOB B JIFOOBIX BAPHALIHSAX HAa BCEX ATAMax ITyOTMKALIIH.
B cityuae BO3HUKHOBEHHS KaKOT0-TH00 KOH(IMKTAa HHTEPECOB TOT, KTO OOHAPYKHJII 3TOT
KOH(JIMKT, TOJDKEH He3aMEeUIUTEIbHO OMOBECTUTh 00 3TOM penakimio. To e camoe
KacaeTcs JIIOOBIX APYTUX HApYIIEHHH IPUHIIUIIOB, CTAHAAPTOB U HOPM ITy OJIMKAIIMOHHOM
Y HAYYHOU 3THUKH.

HesTnuHoe noseaenue

HesTH4yHBIM MOBEIEHUEM CUUTAIOTCS JIEMCTBHUS aBTOPOB, PEIAKTOPOB HIIU
u3/aTeNs, B ciIy4yae cCaMOCTOSATENILHOTO MPEAOCTaBICHHS PELIEH3UH Ha COOCTBEHHBIE
CTaThH, B CIy4ae JOTOBOPHOTO U JIOKHOTO PELIEH3UPOBAHUS, B YCIOBUAX OOpaIIeHus
K areHTCKUM yCJIyram JUisl MyOJMKaluK pe3yjbTaTOB HAyYHOTO HCCIIEIOBAHMUS,
JKeaBTOpCTBa, panbcudukauuu u GpabpuKanuu pe3ynabTaTOB MCCIEJOBaHUS,
nyOJIMKanus HeIOCTOBEPHBIX IICEB/I0-HAYYHBIX TEKCTOB, MIEpeaun PyKOIHUCH CTaTel
B JIpyTrue u3ianus 6e3 paspelieHus: aBTOpoB, epeiadl MaTepHajIoB aBTOPOB TPETHUM
JIMLIaM, YCJIOBHS KOT/1a HApYILICHbI aBTOPCKHUE MPaBa M MPUHIIMITBI KOH(UIEHINATBHOCTH
PElaKLIMOHHBIX MPOLIECCOB, B CIIyyae MAaHUITYJISALUU C IUTHPOBAHUEM, IIJIATHATOM.
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