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BbIBOP OINTUMAJIbHbIX MACCOIrABAPUTHbIX XAPAKTEPUCTUK
TPEXCTYINEHYATOMN PAKETbI-HOCUTEJSI CPEQHEIO KITACCA

B dannou cmamve paccmampugaemcs 6b100p ONMUMATbHBIX MACCO2AOAPUMHBIX
Xapakmepucmux — mpexcmyneHuamou paxkemvl-Hocumens CcpeodHe20  Kiaccd,
npeoHasHauenHo2o OJis 8b18600a NONE3HOU Hazpy3Ku 00 7,6 m. Bnepevie onpedenernul
KOHCMpPYKmMuUeHbvle napamempusl MoniusHvlx bakos, pabomarowux na monause CIII -
HCUOKULL KUCTOPOO, Makdice onpeodeieHd ONMUMAalbHas CMapmosds MAcca paKemsl-
HOCumens u e2o 2eoMempuiecKue XapaKmepucmuxiu.

Cmamus cocmoum u3 mpex OCHOBHbIX uacmell: onpeodeiienue HOMpeOHOU
Xapaxkmepucmuyeckol CKOPOCMU pAKembvl-HOCUMeNsl N0  3A0AHHbIM  JIeTMHbIM
Xapakmepucmuxkam,  ONMUMATbHbIE — XAPAKMEPUCMUKY — OMHOWEHUe  Maccol
Ppaxkemmuvix 6I0K08 K Macce NOAE3HOU Hazpy3Ke npu nomowu npozpammel Mathcad;
onpeodenenue Macco2adbapumHbix XapaKxmepucmuKk Camou paKemol-HOCUMens.

Bnepsbie 6b11u onpedenenst maccoeabapumubule u 2eomempuyecKkue napamempol
pakemul-HOCUmeNs ¢ UCHONb30BAHUEM HOB8020 BUOA MONIUBA — CHCUNCEHHbIL
NPUPOOHBILL 2a3 U HCUOKULL KUCIOPOO. 110 3a0aHHbIM TemHbIM XAPAKMEPUCTIUKAM
pakemuvl-Hocumesnss U MACCbl NONE3HOU HAZPY3KU 6nepevle YOdloCh Onpedenums
CMapmosyro  MAaccy paKemvl-HOCUMeIsa, MAacco2abapumusle Xapakmepucmuxu
MONIUBHBIX OAKO8, NPUOOPHBIX, XBOCHOBbIX OMICEKO8 PAKEeMHbIX OJOKAX Nepeol,
8Mopotl U mpemveli CmMyneHy, a maxdyice obvem 20106H020 obmexkamens. Bce smo
N03680UNO CKOHCMPYUPOBAMb HOBYI0, NPOCMEUUY0 MpexcmyneH4amylo pakemy-
HOcumens, KOmopoe MOJCem 6ble0OUMb HA OKONO3EMHYI0 OpOUmMY MNONe3HYI0
Hazpy3Kky 00 7,6 m ¢ kocmoopoma «baiikonypy.

Kuwouegvle cnosa: paxema-rHocumenb, MONIUBO, CHCUNCEHHBIU NPUPOOHDbILU
2as, YHKYus oepanuyenus, noie3Has Hazpy3Kd, XapaKmepucmuieckds cKopoCcmy,
OKOJI03eMHas opouma.

BBenenue.

PazButHe pakeTHO-KOCMUYECKOM TeXHUKH B Kazaxcrane coBmecTHO ¢ PO sBisiercst
Han0OoJIee aKTyaIbHBIM HAIIPABIICHUEM JJIsI KCCIIETIOBAHMS B 00J1aCTH KOCMOCA, CUCTEMBI
TEJIEKOMMYHHUKAIIMOHHBIX CBS3€H, TUCTAHITMOHHOTO 30HIUPOBAHMSI 3EMITH TEPPUTOPHUH.
K coxanenuto, Ha cerogHsAIIHMN 1eHb, KazaxcTaHckas KocMUYeCKast OTPaciib HAXOIUTCS
HE B CaMOM OJIarONPHUATHOM TOJIOKEHHH B MUPE BUAY OTCYTCTBHS COOCTBEHHOTO
MIPOU3BOCTBA PaKeTa-HOCUTEIICH, KOCMHUYECKHUX alnapaToB, HA3eMHBIX KOMIUIEKCOB U
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T.1. [lo mpuuune Toro, yto Kazaxcran pacnonaraer HanuuueM kocmopoma baiikonyp
[1-3], cnenyeT Kak MOKHO OOJIbIIE yACTSITh BHUMAHUS K Pa3BUTHUIO JaHHOW OTPACIH.

JlaHHas cTaThs MOCBSAIIEHA K KOHCTPYKTUBHOMY MCCIIEI0BAHUIO PAKETHI-HOCUTEIIS
(manee, PH), B yacTHOCTH K OnpeACTICHHUIO IEPBOHAYATBHOTO O0JIMKA TPEXCTYEHYATOI
PH ¢ npuMenenuem HOBOTO BHUJA TOIUIMBA «CXKMKEHHbIN mpupoaubiid ra3 (CIIT)
— JKUJKHUM KHUCIIOPOJ», KOTOPOE B UCTOPUU KOCMHUYECKON OTPACIHU 10 CEH JACHb HE
NPUMEHSTUCH. cnonb30BaHue TaKOT0 BUAA TOIUTHBA 00YCIIOBICHO HE TOJIBKO HATUYHUEM
Ha Teppuropun Kazaxcrana 3anacoB npupoHoro rasa (Kapayaranak, Tenrus, Kamaran
U T.1.), HO U OyJeT UCHOJIb30BaThCs B KaUECTBE AIbTEPHATUBHON 3aMEHBI BMECTO
TOKCUYHBIX BHJIOB TOIUIMB, HallpuMep, FEeNTUII, TUMETWITHApa3uH, KkepocuH T-1,
npumenseMbix B PH Coro3 2.1 (Poccus), Falcon Heavy (CIIIA), LauncherOne (CLLA),
Nuri (FOxxnas Kopest), Firefly Alpha (CIIA) u 1.4. [4-7].

CraThs COCTOMT M3 YETHIpEX OCHOBHBIX YacTeil: ompeieseHHe MOTPeOHOM
XapakTepuctTuiyeckoir ckopoctu PH; BrIBOJ ypaBHEHMI (YHKIMM OTpaHHYEHUS B
pa3BEpPHYTOM BU/JE; OIIPEIEIIEHUE TApAMETPOB OTHOLIEHUH MACChI TOIIJIMBA B PAKETHBIX
onokax (manee, Pb) k macce mosne3Hoi Harpy3ke npu momoiy nporpammel Mathcad;
oIpezieJieHue ONTUMAJIBHBIX MaccoradapuTHbeIX napameTpoB Pb u craproBoii maccel PH.

Mertobl 1 MaTepUaIbIL.

[ToTtpebnas xapakrepuctuueckas ckopocts PH. OHa U3 COCTaBIAIOMNX BEIUYHH,
HeoOXouMoM i onpezeneHust Mmaccel Pb siBisiercs moTpedHas xapakTepucTHyecKas
ckopocTh [8, 9]. OnHa omnpenenseTcs Kak CymMMa BCEX COCTaBHBIX CKOPOCTEH IO
CIIEAYIOIEMY BBIPAKECHHUIO:

(1.1)

isa
rae V'’ — uneanbHas notpebHas XapaKTEPUCTUUECKAsS CKOPOCTD;

AV — moTepu ckopoCTH HA IPEOIONCHHE CHITBI TAKECTH SEMIIH;

AV, _ MOTEPHU CKOPOCTH Ha MPEOI0JICHUE a3POIMHAMUIECKIX CHJT COITPOTUBIICHHUS,

AVP — HOTCPU CKOPOCTU OT NPOTUBOAABJICHUSA Ha CPE3C COILIA ABUTATCIIA,
I[J'ISI pacuCToOB NPUHUMACTCS CPECAHCC 3HAUYCHUEC CYMMBbI BCCX MMOTCPb:
AV, + AV, +AV, =450 m/c.

W neanbHyro XapakTepUCTUYECKYIO CKOPOCTb MPeJICTaBIIstoIIee B BhIpaxkeHuu (1.1)
IpeCTaBisieT COO0H CKOPOCTh, MPH KOTOPOM HE YUUTBIBAIOTCS IMOTEPH:

(1.2)

10
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rac — I'paBUTallMOHHAA ITOCTOSAHHAA 3GMJII/I;
R, — pamuyc 3em;

7o = Hpp + R, — PAIAyC-BEKTOP OIOPHOH (KpYroBoi) OpOMTEL. DTO paccTOSHHE
OT IIEHTpa 3eMJTH JI0 OKOJI03eMHOI 0pOuTHI KA;
Hoo — BbICOTA OTOPHOI OPOUTHL.

Jlnist BBIBO/IA MOJIE3HOW HArpy3KH Ha OKOJIO3EMHYIO KPYTOBYIO OpOUTY BBICOTOM
200 kM moTpebOHas XxapaKTepUCTHUECKas CKOPOCTh cocTaBiseT 7580 m/c, 4To
NpUOIM3UTENBHO PaBHAETCS MepBoi KocMuyeckoi ckopoctu [10, 11].

BriBoa 1meneBoil GyHKIIMU U cocTaBieHUEe (QYHKUHU OTpaAaHUYECHUH s
tpéxcrynendaroit PH. [ Toro, 4ToObl moay4uTh (PyHKIMIO OrpaHuYeHUH HE00X0TUMO
BBIIIOJIHUTH CJIEAYIONIEE ycioBue. PacnosiaraeMasl XapakTepUCTHUECKAss CKOPOCTh
PH nomxHa 6bITh paBHa (min Oouiblie) TOTPEOHON XapaKTepUCTUYECKOH CKOPOCTH,
HEOOXOJMMOM JIJIS BBIBOJIA TOJIE3HOW HArpy3Kd Ha OpOHUTY: , OTCIOJIa
CIENyeT,

(1.3)

Ha ocnoBanuu ¢popmyisl Llnonkosckoro:
(1.4)

rae, WiWy-W, n Z1,%22,--%Z, — ynenbHble UMIYJIbCH U yucia [{nonakoBckoro
COOTBETCTBYIOIUX CTYHNEHEH.

CnenoBatenbHO, ¢ yueToM (1.4) GpyHKuMo orpaHuueHui MOKHO 3aIicaTh B 001EM
BUJE:

(1.5)

B ananuTHuecKuX BBIYMCICHUAX KOHKPETHO /Ui TpexcTyneHdaroi PH ¢ynkiuio
OTpaHMYEHHUs] MPUPABHUBAEM HYJIO, B BUAY PaBEHCTBA MEXJAY NOTpeOHON U
pacrojaraeMbIX CKOpOCTE:

(1.6)

J111s1 TOro 4yTOOBI MOTYYHUTH LENEBYIO (DYHKIMIO U (PYHKIIUIO OTPAaHUYEHUH B TOJTHOM
(bopMyIHpOBKE MPOBEAEM HEKOTOPhIE MAaTEMAaTHUYECKUE BBIBOJIBI.
B kauecTBe MCXOIHOHN 3aBUCUMOCTHU MCIOJIb3YEM OTHOLIEHHE CTAPTOBOM MacChl

PH m, x macce none3Hoi Harpy3ku "y :

11
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_my
Po="" (1.7)

Mgy

CraproByto Maccy PH MOXHO nipeZICTaBUTh B BUAE CIEAYIOIIENH CYMMBbI:

(1.8)
rae "'or — macca oJe3Hou HarpysKy;
Mg; — macca i-ro Pb;
N — kxonuuecto PB unu cryneneii B PH.
[MoncraBnss Beipaxenwue (1.8) B (1.7), momydnm:
(1.9)

Maccy 0110ka monsITaeMcsi BBIPa3uTh U3 CIEIYIOIIET0 H3BECTHOTO COOTHOIICHUS
JUUIS1 KOHCTPYKTHUBHOM XapakTepucTuku Phb:

Mg,
s, =

Comg, —my, (1.10)

rue My, — macca tomnusa i-ro PB.

My

Pemas sto YpaBHCHHUC OTHOCHUTCIIBHO i, HOJIYUUM:

§;
”'TEFZ—S _lmﬂ. (111)

[Moxacrasnss Beipaxenue (1.11) B (1.9), momyuum:

(1.12)
BBenem o0o3HaueHme
my,
X, =——
i (1.13)
U ipuBesieM Beipaxenue (1.12) k Buny:
(1.14)

12
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Taxum 06pa3zom, MOTYyYEHHOE BBIPAYKEHHE MPEICTABIISET COO0I 1e1eBast PyHKIUS
J1s1 MHoroctynenyaron PH:

N

Py =1+ — o (1.15)

5 —

i=l “;

rme N — xommuectBo Pb B PH;
S.
! — KOHCTpPYKTHBHas xapakrtepuctuka Pb.
[Tockonbky urcno [{noNKOBCKOTO €CTh OTHOIIIEHHE HauYadIbHOW MAcChl CTYTIEHU K

Macce CTyINEeHH Mociie BIPaOOTKH TOIUIHBA, TO MOKHO ¢ yueToM (1.7) u (1.13) moxkHO
3aIucarh:

(1.16)
C yuerom (1.15) okOHUATENBHO MOTYYUM:

(1.17)
s tpexcrynenuaroit PH (N =3) nepsas crynens i :

(1.18)

Taxke MOKHO BBIPa3HUTh Yepe3 NapaMeTpoB x; YUCIIO [{MonKOBCKOro [1st BTOpO
crynenu PH:

(1.19)

13
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s tperbelt ctynenu PH:

(1.20)

IMoactaBnss Beipaxkenus (1.18), (1.19) u (1.20) B (1.6), monyyaeM QyHKIIUIO
OTpaHUYEHUN B Pa3BEPHYTOM BHUJE:

(1.15)

Kpowme toro, cieayeT cocTaBUTh GYHKIMH OTPaHUYEHUM, UCXOS U3 PeaIn3yEeMBbIX B
HacTosIIee BpeMs 3HaueHnH uncen L{noaKoBcKoro (10 CTaTUCTUKE) MITH U3 GPU3MUECKUX
cooOpakeHHI. ITO MOTYT ObITh, HAIPUMEP, CIIEIYIOIINE OIPAaHUYCHHS:

z, >1..150 z,>1..10: z;>1..7 (1.16)

PesynbraTel u 00CyxaeHUs

[Iporokon pacuera Ha mporpamme Mathcad. B mpoTokose pacdyera npuHIMaeTCs
ClelyloUIue MUCXOJHble 3HaueHUs. KOHCTPYKTUBHBIE XapaKTEPUCTUKU AT
TpexcTyneHyaroro PH cpennero kmacca co cXeMOW «CMEIIAHHOE COEJUHEHUE)
IpUHUMAETCS 3HAYEHUN J1s iepBoi ctynenu 10, Bropoii crynenu 20 v TpeTel CTyneHu
3,5[12].

VY nenpHblil umiynbe 11 Torusa CIII - )kuakuii Kucaopo1 paBHSIETCS B yCIOBUSIX
3emuu 3145 m/c (321 ¢) u B mycrote 3488 M/c (356 ¢) [13, 14].

Jlnst onTuMH3aMy COOTHOLIEHUS HAaYaJIbHOM Macchl Pb k Macce 1mosie3Hoi Harpy3ku
NPUHUMAETCS U3 KOHCTPYKTUBHBIX COOOpaKEHUI HAYaJIbHBIX BAPbUPYEMbIX 3HAYCHU I
x,=20, x,= 10; x,= 3,8 qust mannoro tuna PH.

KoHcTpyKTHBHBIE XapaKTEPUCTUKH:

S$1:=10 S§2:=20 8§3:=35

Macca none3Hoit Harpy3Ku:

mpm :=7.6
Vx :=7580

TlorpebHas xapakTepucTHIECKasi CKOPOCTh, M/C:

14
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VY nenbHbIN UMITYJIbC, M/C:

W1:=3145 W2:=3488 W?2:=3488

HavansHbie BapbUPYyEMBIC 3HAUCHUS:

X1:=23 X2:=6
eneBast pyHKIINSA

Orpannuenus 1o yuciam [{rnonkoBckoro
- Pb nepBoii cTynenu:

S1 S2 S3

- X1+ - X2+ .
S1-1 S2-1 S3-1

S x4 52y 3 x3ix
S1-1 §2-1 53-1

51 - X1+ 52 X2+ 53 - X3
S1-1 S2-1 S3-1 <15

1+ S - X1+ 52 X2+ 53 - X3-X1

S1-1 §2-1 S§3-1

1+ X3

>1;

1

1+

- Pb BTOpOI CcTyneuu:

32 x2+-22x3 452 X249 x3

$2-1 """ 83-1 o1 S2-1 S3-1°" _10
22242 x3ox2 1+ 52 x2s B3x3oxo
s2-1 777 8341 s2-1 "7 531

1+

- Pb tpeTbent cTynenu:
53 - X3 1+ 53
-X3-X3 1+

1+

1+

OrpaHudeHue 1o CKOpOCTH AJIsl NEPBOM CTYIIEHU:

| S1 S2 S3 Y3

+S1 1-)(1+S2 1-X2+S3 1-
W1-In 5 %) 93 =3000
I+— X1+ - X2+ - X3-X1
S1-1 S2-1 S3-1

Orpanuuenue no obuemy yuciy LlnonakoBckoro:

15
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S1 S2 Y2 S3

I B T R e W B
Vx—W1-In 51 ) 3
1+ X1+ x2+-—2 . x3-x1
S1—1 S2-1 S3-1
1+ 92 x4 93 x3 1+ 9% x3
—W2-In ng—l S§3—1 —W3-In S§3_1 <0
1+ X2+ X3-X2 1+ X3-X3
$2-1 S3-1 S3-1

OyHKIMSI MUHUMU3A1IHA:

Takum oOpa3om IyTeM ONTHUMH3aLMK HaudajdbHbIX Macc Pb mepBoii, BTOpoil u
TPETHEH CTYIIEHU K MACCe MOJIE3HON HArpy3Ku cocTaBuiy X =33, x,=11 u x,=4,18.

Craprosas macca PH. Ilocnie onpezienienus ONTUMaIbHBIX IAPAMETPOB X, X, U X,
IIPU 3aJIaHHBIX KOHCTPYKTUBHBIX XapaKTEPUCTUKAX, OIIPEJIEISIFOTCS MacChl TOIUIMBA B
Pb u craprosas macca PH [15-19].

Macca TormimBa i-ro pakeTHOro 6J0Ka:

My, = Mg X, (1.17)

Kaxnas macca Pb B PH xapakrepusyercs KOHCTPYKTUBHBIMU XapaKTEPUCTUKAMU
Y 3aBUCHUT OT COJIEPKaHUs B HEM MacChl TOIUIMBA!

T

G " (1.18)

Mg, =

Macca koHcTpykiuu Pb xapakrepusyercs koHcTpykiuei Pb 6e3 conepxanus B
HeM ToruiiBa. OHa onpeAenseTcs Kak pa3HOCTh Mexay Macchl Pb u orcyTcTBHE B HEM
TOIUIMBA!

My =g, —my, (1.19)
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IIpu cmemannoM coenuuenuii Pb B PH nepsas ctynens cocrout u3 nsyx Pb.
Otu Pb coenunstorcs napamwiensHo k Pb BTopoii ctynenu, Bropas cryneHb Pb
COEIMHSETCS MOCJIEeI0OBATEIbHO C MEepBOil cTymneHblo. Takum 00pa3oM, B mepBOi
CTYIIEHHM MaccCy TOIUIMBA CIIEAYET paclpeAeauTb Mex 1y 1ByMs Pb (110 KOHCTpYKTUBHBIM
xapakTepucTikam o6a 3tux Pb paBHbl):

_ _ My
My =My, =

rae "1 — macca TOITMBaA B TIEPBOM CTYIICHH.

Torpa, st nepBou cTyneHu Maccsl Pb 1 KOHCTpyKIMU ONpenensoTes:

CTapTOBaH macca PH OonpeacIsICTCA KaK CyMMa COCTABJIAIOIIUX Pb u macchl
TOJIE3HOM HarpysKu:

(1.20)

HpI/I HU3BCCTHBIX 3HAUCHUAX COCTABIAIKOIINX MaACC PH Aa€T BO3MOXHOCTH
OIIPEACIINTE TCOMCTPHUICCKUC ITaAPAMCTPHI.

PCSYJ'IBTaTBI BBIYUCIIEHUH ONMTHUMAJIBLHBIX MaccC PB, HOTpe6HOFO KOJIMYECCTBA

TOIINIMBA, KOHCTPYKIUH U HayaJIbHOM MacChl B MMpcaACTaBJICHLI B Ta6J'II/II_[e 1.

Ta6mmma 1 — MaccoBbie xapaktepuctuku PH

I'eomerpuueckue napametrpsl PH. O6bem PH ompenensercst uz coobpakeHuii
MaccoBbIx xaparepuctuk PB. Hampumep, nins PH cpennero kmacca 06bém ero Wy
olpenieNsIeTcs: Kak cyMMa 00beMoB cocTaBHBIX yacteid PH u mone3Hoi Harpy3ku:

Weg = W+ Wy + Wy + W,

17
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rie Wro — 00bEM, 3aHMMAaEMBIH MOJIE3HON HATPY3KOI;
51 — 006éMel PB nepsoii cryneny;

W2 W3 — 06BbEMBI, BTOPOil M TPETHY CTYIEHH;

Ob6vem PE nepsoti cmynenu. B o0beme nepoii crynenu B AByx Pb pacnionararorcs
10 OJIHOMY TOIUIUBHBIX OTCEKOB 7o M MO OJHOMY XBOCTOBHIX OTCEKOB Wiy, TiiE
pacroyararoTcs pakeTHble ABUraTeld. B cBOW ouyepeab B TOIUIMBHOM OTCEKE
pacnojaraercsi o 0JAHOMy 0aKy roproYero ¥ OKHCIUTEIS:

Wer1 =Ws12 =Wro11 + Wio1s
rae Mros — 06BEM, 3aHHMAEMbIii TOTUTHBHBIM OTCEKOM B IIEPBOM CTYIICHH;

Wio11 — 00BEM, 3aHUMAEMBI XBOCTOBBIM OTCeKoM (¢ J1VY);

Ob6vem PF smopoti cmynenu. O0BbeM BTOPOH CTYNEHH COCTOUT U3 OJTHOTO
TOIUIMBHOTO OTCeKa Wy,, M OIHOTO XBOCTOBOTO OTCEKa /o2 :

Wy =Wror +Wios

T2

rae W, —o00beM TOIUTMBHOTO OTCEKa BTOPOH CTYIICHH;
W0, — 06BEM XBOCTOBOTO OTCEKA BTOPOH CTYIIEHH.

Obwvem PB mpemveti cmynenu. [lpu pacuere o0bema Pb TpeTbeli crynenu cnemayer
IIPUHATH OAVH NIEPEXOAHON OTCEK CIIyXKalleH IJIs1 COCJUHEHUSI CO BTOPOU CTYIIECHBIO,
110 OZIHOMY TOIUIMBHOMY U XBOCTOBOMY OTCEKY:

e 0 — 00bEM MIEPEXOIHOIO OTCEKA.

a3 _ 0ObEM TOILUIMBHOTO OTCEKA TPETHEH CTYTIEHH.

93 _ 0GbeM XBOCTOBOTO OTCEKA TPETHEN CTYIIEHH.

O6beM romoBHoro obtekarens. OObeM MOJIE3HON HArpy3KH OIpeaesseTcs Mo

BBIPAKCHUIO:
m
7  —_@H
HHH -

o (1.21)

rne Pz — CpeaHsist ITIOTHOCTH MOJIE3HOW HATrPy3KH.

CpenHsisi IIOTHOCTH MOJIE3HON HArpy3Kd 3aBUCUT OT €€ Ha3HaueHus. B mepBom
NpUOIMKEHUH MOXKHO NMPHUHATH CIENYIOIINE 3HAYCHUS ITOW IIOTHOCTH: JJIS
KOCMHYECKHX KOMIUIEKCOB, BBIIOJIHSAIONIMX MEXIJIAaHETHBIE MOJIETHl B Ipejeaax
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150...300 kr/m*; 17151 KOCMUYECKUX armapaToB, QyHKIMOHUPYIOMINX HA OpOHTaxX 3eMIin
—300...700 xr/n’.

O0BeM roJoBHOT0 00TEKaTENsl 3aBUCUT OT MACCHI ITOJIE3HOM HAarpy3Ku:

Wro =kro W (1.22)
rae Kro — k0> (HIMEHT, yINTHIBAIOLINH HEMOMHOTY 3aMOMHEHHS TOJOBHOTO
oOTekareJs MoJIe3HON Harpy3Ko;

Way — 00bEM IOJIE3HON HArpy3KH.

s KA 3oH1upoBanust 3eMin MO>KHO TIPUHSITh kro =1 ,5...2,0, a 111 MEXKIUTAaHETHBIX
KOCMHYECKHX KOMIUIEKCOB, COCTOSIIIETO U3 Pa3rOHHOT0 OJIOKa, a1aliTEPOB U HECKOJIBKHUX
CIlyTHHKOB, 3amyckaeMbIx oanoi PH npunumaercs b, = 2,0...3,0.

Jst KA 6e3 pasronHoro 0s10ka, (GyHKIIMOHHPYIONIUX HA OKOJO3EMHON OopOuTe
TJIOTHOCTD MOJE3HOM HArpy3KU MPUHUMAETCS CpeJHee 3HauyeHHue Pmy =500 KI/ M’

a K03((HUIMEHT TOJIOBHOTO 00TEeKaTeNsl IPUHUMAETCS CpeJHee 3HaUCHUe kro =175,
JUInHa TOJOBHOTO OOTEKaTelNsl BHIOMPAETCS U3 FEOMETPUUYECKUX COOOpaskeHUi
rabapUTHBIX pa3MepoB MoJie3HOM Harpy3ku. [Ipumem ams pacuera KA ¢ nuamerpom
JUInHa TOJOBHOTO OOTEKaTelNsl BHIOMPAETCS U3 FEOMETPUUYECKUX COOOpaskeHUi
pa3MepoB IOJIE3HOM HArpy3ku D, =2.5..3.0 M.

;AT

ro —

D, (1.23)

O6beM npubopHBIX 0TceKoB. OObeM MPUOOPHBIX OTCEKOB CIIEIyEeT PACCUNTHIBATH
TONBKO Juis mocnenueit crynenu PH. O6beM nmpubopHOro orceka, yCTaHOBIEHHOTO B
oaHoMm u3 Pb nocnenuux cryneneit PH, onpenensercs:

m
W, =—2¢
o oo (l .24)

rzie o — Macca MpUOOPHOTO OTCEKa;
Pro — CpeAHAs IMJIOTHOCTh MPUOOPHOTO OTCEeKa, KOTOopasi AJsl MPUOOPOB CUCTEMBI
ynpaieHus Bropoii crynenu PH cocrasmisier B cpeanem 225 kr/m’.

Macca npu60pHOro OTCeKa:
My = oM (1 25)

rJie 70 — OTHOCHTEIbHAsE Macca MPUOOPHOro oTceka o craructuke pasua 0,0008;

M, — craproBas macca PH.

C ydeTom craproBoit maccel PH B Tabnuie 2 mpencTtaBieHbl ONTHMaIbHbBIC
00BEMHO-MACCOBBIE XapaKTEPUCTUKH cOCTaBHBIX yacTeil PH.
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Tabmuua 2 — O6beMHO-MaccoBbIe Xapakrepuctuku PH

O0BeM TOINIMBHBIX OTCEKOB. OOBEM TOILUIMBHBIX OTCEKOB Kaxkgoro Pb MoxkHO
OTIpPEACIIUTh UCXO/SI U3 U3BECTHBIX 3HAYCHUN 00beMa TOIUIHBA:

=k

i e (1 26)
rae Wr, — o6beM Tonnusa i-if cryneny;
ky; — KO ULUEHT, YINTHIBAIONIMI TPEBBINIEHHE 00BEMA TOIUIMBHOIO OTCEKA
HaJl 00BEMOM TOILTUBA.

Koaddurment ki XapaKTepHU3yeT CTENEHb COBEPIICHCTBA TOIJIMBHOIO OTCEKA U
MpeICTaBISIET COO0M OTHOIIEHHE 00BEMa TOIUTMBHOTO OTCEKA K 00beMY KOMIIOHEHTOB
TOILIMBA, PACIIOJIO)KEHHBIX B ’TOM OTCEKE:

(1.27)

rac Wo 1 Wr — 00bEMBI OKUCIUTEIS U ropro4ero COOTBETCTBCHHO.

Koodduupent Ar; 3aBucuT 0T GopMbI 6AKOB, OT HATHYHS B 0AKAX TOHHEIBHBIX
TpyOOIPOBOIOB, MIAPOB-0ATUIOHOB /I XpAaHEHUS Ta3a HAJIyBa, APYroil apMaTypbl

0aKoB M Tak Jajnee. 3Ha4eHUs 3TOro K03 GUIIMEHTA JIeXkKAT B Ipeieax kr;=1,15...1,3.
st Pb mepBoii, BTOpoii ¥ TpeTheli CTyNIeHH IPUMEM CpeHee 3HaueHue KoddduimenTa
kT,‘ = 1,2

OO0beM TomMBa i-i CTYIIEHU MOKHO OIPEACTUTh U3 3HAYCHU MacChl TOILINBA B
Pb u cpenHel mioTHOCTH.

My,
W, =210 (1.28)

.prp

rje Pei — CpeaHss TUIOTHOCTh TOIINBA i-i CTYTICHH.

Cpenssisi TUIOTHOCTH TOIUIMBA OIPEAEIAETCA ¢ yuyeToM Koddduuuenrta k mpu
W3BECTHBIX 3HAYCHHUSX IJIOTHOCTEN BEIECTB:

(1.29)

A€ Po- U Pr — INIOTHOCTH OKUCIIUTEIS U TOPIOYETO COOTBETCTBEHHO;
k- KOB(b(l)I/II_II/ICHT OTHOIICHUSA MACChl OKHUCIIUTCIIA K MAaCCC€ IrOprovcTro.
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ITo cratuctuxe k = 3,5 ana xomnoHeHToB TormauBa CIIT-kuakuii KUCIOpPO.
[1I0THOCTD KMAKOTO KHUCIOPOMA: Pox =1141xrAr’ | CIII: pr =450 xrac [20]. Takum
oOpa3om, 15 gaHHoro Buja tomauBa CIII-kuakuil Kuciopoj cpeaHsis MIOTHOCTb
COCTABHIIO P =850 xr/ar’,

Pe3ynbraThl 00BEMHBIX XapaKTEPUCTHK TOIUIMBA U 3aHUMAaEMbIX O00ObeMaMHU

TOIUIMBHBIX OTCEKOB B Pb npcaAcCTaBJICHLI B Ta6J'II/IHe 3.

Tabnuna 3 — O6beMHbIE XapaKTEPUCTUKH TOTUIMBHBIX 0TcekoB PH

O0beM XBOCTOBBIX U MEPEXOAHBIX 0TcekoB. CymMMapHbI 00beM, 3aHMMAaEeMbIi
XBOCTOBBIMHU U IEPEXOIHBIMU OTCEKAMHU C IBUTATEIbHBIMU YCTAHOBKAMH BCEX CTYTIEHEH
PH, paccunTsiBaeTcs B iepBoM NPHOIMKEHUN KaK J0JIs1 OT 00beMa BCeil pakeThl, TO €CTh

(1.30)

rae ko = 0,15 — craTuctudeckuii KO3 GULIUEHT, TOKA3BIBAIOLINI, KAKYIO JOJIIO
00BbeMa 3aHUMAIOT XBOCTOBBIE U IIEPEXOAHbIE OTCeKkH 0T o0bema PH.

Jnsa tpexctynenuatoi PH cpennero kmacca ompenaeneHsl 4eTbipe o0bema
TOTUTMBHBIX OTCEKOB, OJIMH MPUOOPHBIA OTCEK M OJWMH TOJIOBHOM oOTekarenb. Takum
oOpa3om, u3 BelpaskeHuu (1.29) oo6vem PH pasen:

[Moacranss uuciaeHHble 3HaYeHUN omnpeneauMm "= . Torma cymMmapHbI 00beM
XBOCTOBBIX U TIEPEXOIHBIX OTCEKOB PABHACTCS:

I'eomerpuueckue pasmepst PH. /I tpexcrynenuaroro PH o cBoei koHCTpyKIUU
NpUHUMAEM JUaMeTp NepBOi W BTOpoi cTymeHu paBHbIMH. OObem Pb paBen
IIPOU3BEICHHUIO IUIOLIAH CEYEHUs KOpITyCca Ha €0 JJIMHY:
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i
7D,

L (1.31)

Wes, = 1

ITo npototuny PH «Coro3 5.3» otHOcHuTenbHOE ynnuHenue Pb nepBoii ctynenu:
4 =Les [Des =95 gt BTOPO#t % = Les, [Des, =115y TpeTheil CTYNEHU 4 =Les, [Dps, =4.5 .
Torga Beipaxenue (1.31) MOKHO PEACTaBUTH B CJIEIYIOLIEM BUE: .

B Ttpexcrynenuarom PH mMeercst 4eTelpe XBOCTOBBIX OTCEKOB, /iBa U3 HUX B
IIEPBOM CTYIEHHU, ONUH BO BTOPOW CTYIIEHH W YETBEPTHIA B TPETbEH CTymHeHU. i
HepBoil cTyneHn 00beM XBOCTOBBIX O0TceKkoB Ut 1ByX Pb 3anumaer 50 % ot cymMbl
XBOCTOBBIX U NEPEXOTHBIX OTCEKOB, [ BTOPOIl CTYyIIEHH 00beM XBOCTOBOTO OTCEKa
3aHUMaeT 25 %, s Tperbei ctynenu 15 %, ocranpHoe 10 % 3aHMMaeT nepexonHoi
orcek. C ydyeToM Toro, 4To Kaxapiii Pb cocTouT U3 TONMIMBHOTO U XBOCTOBOI'O OTCEKA
orpeieNnseTcss uX cymMmapHbiit 00beM Phb:

IIpu u3BecTHBIX 3HAYCHUAX AUAMETPOB Pb M OTHOCHUTENBHBIX YIJIMHEHUU
onpenensitorcst AMUHbI PbLes = 4D s,

O6wem PH onpeznensercs kak cymma coctapistomux PB, ronoBaoro oorekarens
U IIEPEXOJHOr0 OTCEKa!

Jmza tpexcrynenyaroro PH cocrout u3 Pb BTOpoi, TpeThel CTyIIEHH € TOJIOBHBIM
oOTekartesneM, a IUPUHA ero COCTOUT U3 IMaMeTPOB MEPBbIX ABYX cTymneHei PH.
Pe3ynbraThl pacyeToB reOMETPUUECKUX TapaMeTPOB MIPUBEICHBI B TAOIUIIBI 4 11 5.

Tabnuua 4 — O6beMHO-TabapUTHBIE XapaKTepUCTUKU Pb 1 cocTaBHBIX OTCEKOB

Tabmuua 5 — O6beMHO-TabapuTHBIE XapakTepucTuku PH

Ilo pesynbraTam pacuera npHUBEAEH dCKU3 TpexcryneHuarod PH, koropoe
npeacTaBiaeHo Ha pucyHke 1. Ciegyer OTMETUTh, YTO AAHHBIM pacyeT HOCHUT
NPpHOJIMKEHHBIH XapaKTep JUIs Olpe IeNIeHus TIEPBOHAYATIBHOT0 O0JIMKA TPEXCTYTIEHYATOT O
PH crioco6HbIi BEIBOIUTE Ha OKOJIO3EMHYIO OPOUTY TOJE3HYIO HArPYy3Ky 110 7,6 T.
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VYuuThiBas TOT axT, yTo B peanabHocT PH pa3paboTarorcs 1ienbIMu HHCTUTYTaMHU,
HAy4YHO-CTPYKTYPHBIMH OJpPA3/ICIICHUsIMHU, B HEH HEe OBLIM YYTEHbI MHOXECTBO
(bakTOpOB, a UMEHHO IPOYHOCTHBIE XaPAKTEPUCTHKH KOHCTPYKLIMH, CXEMBI pa3/ieIeHuUs
crynenei Pb, aBToMaTHueckoe oTaeIeHre roJIOBHOTO 00TEKaTeNs U CUCTEMbI BEIBOJA
KA Ha opOuty, KperieHus: TOILUIMBHBIX 0aKOB, pa3MelleHne MpUOOPHOTro OTCeKa U
MHOTI'O€ JPYro€ BUAY UX CII0KHOCTH.
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Pucynok 1 — Tpexcrynenuarsiii PH cpennero knacca

1 — ronoBHON OOTEeKaTeNh C MOJE3HOW HArpy3kou; 2, 3 — Oaku OKHCIUTENS U
TOPIOYEro TPEThel CTyNeHu; 4 — mepexoqHoi oTcek; 5, 7, 8, 10 — Oaku oKuciIuTeNs
U TOPIOYETO MEepBOil CTyIeHH; 6, 9 — 0aKu OKUCIUTENS U TOPIOYETr0 BTOPOU CTYIICHH,
11 — XBOCTOBBIEC OTCEKH

BriBOaBI.

BrepBrie ObutH OTpesiesieHbl MaccoradapuTHBIE W TE€OMETPUUYECKUE TapaMeTphl
PH ¢ ucnonp3zoBanueM HOBOI'O BHJA TOIUIMBA — CKHKEHHBIM NMPUPOIHBIN Ta3 U
)unakui kucinopon. I1o 3aganHbIM JeTHBIM xapakrepuctukam PH u maccel monesnou
HArpy3KH BIIEPBBIC YIAIOCh OMPEIEIUTh CTapToBYO Maccy PH, maccorabaputHbie
XapaKTEePUCTUKHU TOIUIMBHBIX 0aKOB, MPHOOPHBIX, XBOCTOBBIX OTCEKOB Pb mepBoii,
BTOPOI U TPEThEH CTYIIEHH, a TaK)Ke 00BEM TOJIOBHOTO 00Tekarest. Bce 3To mo3Bommio
CKOHCTPYHUPOBATh HOBYIO, IPOCTENINYI0 TpexcryneHdaryrwo PH, kotopoe Moxer
BBIBOJNTH HA OKOJO3EMHYIO OpOUTY MOJIE3HYIO0 HAarpy3ky 1o 7,6 T ¢ KocMoapoma
«balikoHyp».
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YII CATBUIBI OPTA KJIACTBI 3bIMBIPAH TACBIFBIIITBIH
OHTAWJIBI MACCAJIBIK CUTIATTAMAJIAPBIH TAHJIAY

Byn maxanaoa naiioansr srcykmemeni 7,6 monnaza Oeiiin wivleapyea apHanieam
yw camolivl opma Oeneeuni 3bIMblpaH MACLISbIWMbIY OHMAIbLL  MACCATBIK
CUNAMMAaMAanapbin mayoay Kapacmulpuli2at. aieaul pem cyuvimvlieai mabuau a3
- cyublK ommezi OMbIHLIMEH JHCYMbIC iCmelimin OmvliH 6aKMAapbIHblY KYpblIbIMObIK
napamempepi aHblKmandvl, COHbIMEH KAMAP 3bIMbIPAH MACLISbIUMbIY OYMALLIb]
bacmankbl MAccacsl Hcone OHbIY 2eOMEMPUSILIK, CUNAMMAMALAPbL AHBIKIMATIObL.

Maxana yw wneeizei Oenikmen mypaovl: OepineeH yuily Cunammamaiapsl
OOUBIHIA 3LIMBIDAH MACHIZLIUMBIY KANCEMMI CUNAMMAMATBIK IHCHIIOAMObI2bIH
anvikmay; oymaiinvl cunammamanapvl Mathcad 6azoapramaceinviy KomezimeH
36IMBIPAH OIOKMAPBIHLIY MACCACHIMBIY NANUOATbL HCYKMEMe MACCACIHA KAMBIHACYL
ecenmey,; 3bIMbIPAH MACLISHIUINBIY MACCANBIK-2COMEMPUATBLIK  napamempnepoi
AHLIKMAY.

Aneaw pem omulHHBIY Jlcaya MYpiH-CyUblmulIcan mabuau 2azobl AHCoHe
CYUbIK OmmeziH KON0AHa OMbIPbIN, 3bIMbIPAH MACLIZLIUMbIY MACCATLIK IHCOHE
2COMEMPUATBIK, napamempiepi anvlkmanovl. 3bIMblpaH macvlebliumsly Oepineen
YWy Cunammamanapolia Jcone natodivl JHCyKmeme MaccacblHa colikec aneaul
pem  3bIMbIPAH  MACLISLIUMBY — OACMANKbl  MACCACHIH, OMblH  OAKMAPBIHLIY,
acnanmolx, OIpiHW, eKiHWI JHCOHe YWiHWI camblOazbl 3bIMbIPAH OIOKMAPLIHLIY
KYUpbIK OONiKmepiniy maccanvlx 2abapummix CUnammamanapulti, coHoau-ax oac
KAnmamausly KOLeMin AHbIKMay2a MyMKiHOiK myovl. Mynuviy 60pi « batikonvip»eapvliiu
ainazvinan 7,6 mMOHHA2a Oeuin nauoanbl JHCYKMeMeHi Jcep opoumacvlna uivleapa
anameli Jicana, KapanaublM Yul Cambllbl 3bIMbIPAH MACHIZLIUMbL  Jicacayed
MYMKIHOIK 6epOi.

Kinmmi co30ep: 3oimbipan macwvliaviid, OmvliH, CYUblmblLI2aH maduau 2a3, uiexmey
yHKYUsICLL, NATOANbL JHCYKImeMe, CUNAMMAMANBIK HCLLIOAMObIK, JHcep OpOUMACHL.
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CHOICE OF OPTIMAL WEIGHT AND DIMENSIONAL
CHARACTERISTICS OF A THREE-STAGE
MIDDLE-CLASS LAUNCH ROCKET

This article discusses the choice of optimal small-sized characteristics of a
three-stage medium-class launch vehicle designed to launch a payload of up to 7.6
tons. characteristics.

The article consists of three main parts: determination of the required
characteristic speed of the launch vehicle according to the given flight characteristics;
optimal characteristics of the ratio of the mass of rocket blocks to the mass of
the payload using the Mathcad program; determination of the weight and size
characteristics of the launch vehicle itself.

For the first time, the mass-dimensional and geometric parameters of the launch
vehicle were determined using a new type of fuel — liquefied natural gas and liquid
oxygen. According to the specified flight characteristics of the launch vehicle and the
payload mass, it was possible for the first time to determine the launch mass of the
launch vehicle, the weight and size characteristics of the fuel tanks, instrument, tail
compartments of the rocket blocks of the first, second and third stages, as well as the
volume of the head fairing. All this made it possible to design a new, simplest three-
stage launch vehicle that can launch a payload of up to 7.6 tons from the Baikonur
cosmodrome into near-Earth orbit.

Keywords: launch vehicle, propellant, liquefied natural gas, constraint function,

payload, characteristic velocity, near-Earth orbit.
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PRECISION OF HOLE PROCESSING BY REAMER-BROACHING

To process holes in bushings, flanges, pulleys and other similar parts, various
types of metal-cutting tools are used: drills, countersinks, reamers, broaches, and
others. The use of a particular tool depends on the required accuracy, roughness and
type of production.

Unfavorable cutting conditions cause an increase in the mechanical load on
the blade section, where the chips separate from the main layer of material and its
deformation, which is accompanied by significant heat release and low tool life.

This article proposes the processing of high-precision holes - areamer-broaching,
the design of which is confirmed by the patents of the Republic of Kazakhstan, and
structurally combines the features of a reamer and a broach. This design provides
favorable cutting conditions, which contributes to high machining accuracy and low
surface roughness.

In cross-section, the profile of the helical teeth of the reamer-broaching can
be of the following versions: standard profile of the reamer teeth, equal-wide tooth
profile, like a broach with a helical equal-wide tooth, cutting-deforming.

The results of production testing of samples are given, the analysis shows that the
accuracy of the diametrical dimensions of the holes after processing with a reamer-
broaching increased by 1.2 quality compared to a machine standard reamer; the
roughness decreased by 1, 2 classes.

Keywords: processing, hole, accuracy, quality, roughness, reamer, broach.

Introduction

One of the urgent problems of mechanical engineering is the processing of holes,
which are subject to high requirements for the accuracy of size, shape and location.

Hole processing is carried out with metal-cutting tools: drills, countersinks, reamers,
broaches, boring cutters, blocks and boring heads. Depending on the requirements for
the accuracy of the holes, appropriate tools are used. Drilling and countersinking are
preliminary operations, the rest are finishing operations.

When processing holes in body parts, bushings, flanges and similar machine parts,
countersinking and unfolding operations are widely used. However, the countersink, the
most common tool for processing holes after drilling, casting, forging, like any other
tool with a short and therefore mechanically and thermally heavily loaded cutting part,
has a limited cutting speed and relatively low durability. Wear is concentrated in the
local area along a small length of the cutting part.

The unfolding is carried out with significantly lower cutting speeds, however, the
cutting part also has a relatively short length and undergoes significant wear during
operation. The reamer has small cutting edges in length that are constantly in operation,
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and the penetration of coolant into the cutting zone, where the material being cut at
a high cutting temperature and a greater degree of deformation is in conditions of
comprehensive hydrostatic compression, is difficult, which contributes to an increase in
the intensity of wear. In addition, the rigidity of the spindle assembly of drilling machines
is insufficient. With a large length of the processed hole, a longer length of the cutting
tool, for this reason, the processing accuracy decreases and the roughness increases.

Materials and methods

Unwrapping and broaching are finishing operations. The disadvantage of unfolding
is that the cutting work is focused on a relatively short cutting part and does not correct
or poorly corrects the position and shape of the axis.

Unfavorable cutting conditions cause an increase in the mechanical load on the
blade section, where the chips are separated from the main layer of the material and
its deformation occurs, which is accompanied by significant heat generation, although
less than during countersinking. Mechanical and thermal stresses lead to a relatively
low resistance of cutting tools [1-10].

At the Department of Mechanical Engineering and Standardization, the analysis
of methods and methods of processing cylindrical holes, parameters of the cut layer
during cutting, geometry and designs of existing metal—cutting tools (reamers, broaches,
combined tools) has been carried out, new metal-cutting tools have been developed to
improve processing accuracy, surface quality of parts and productivity, patents of the
Republic of Kazakhstan have been obtained [11-14].

Results and discussion

The advantages of broaching are used in the new design of the cutting tool: relatively
low cutting speed, processing quality (size accuracy, roughness), reduction of abrasion.

Scanning-broaching allows to significantly reduce the breakdown of holes that
occurs when processing with drills and countersinks, as well as to reduce the roughness
of the treated surface and increase the durability of the tools themselves [4-5].

The sweep-broach is structurally constructed according to the following principle:
in the axial section it has design features corresponding to the broach: the front shank,
neck, front and rear guides, cutting and calibrating parts, and in the cross section the
signs of the sweep: the shape and number of teeth, the geometry of the cutting part, and
when working it rotates like a sweep (figure 1).
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Figure 1 — 3D model of the sweep-broach

In cross-section, the profile of the helical teeth of the sweep-broach can be of the
following versions: the standard profile of the teeth of the sweep, the equi-wide profile
of the teeth, like a broach with a helical equi-wide tooth, cutting-deforming [13].

The use of an equidistant profile of teeth allows you to increase the durability of
the sweep-broach, the number of overflows, and, consequently, to increase the service
life due to overflowing along the back surface, unlike broaching with circular teeth,
and recreate the state of the back surface after overflowing to the state of a new tool,
which improves the quality of processing.

The use of a cutting-deforming profile allows for the cutting process and surface
plastic deformation. The formation of the treated surface of the cylinder is carried out by
the smoothing tape f, however, a sharp transition from a deformed to a non-deformable
state can cause a deterioration in the quality of the treated surface. To eliminate this
phenomenon, an angle of £<10° was introduced after the ribbon, providing a smooth
transition from the deformed to the undeformed state of the treated surface to improve
its quality.

The material of the cutting part of the sweep-broach can be both high-speed steel
R6MS5 and others, and soldered plates of a hard alloy.

The sweep-broach makes it possible to increase the efficiency of hole processing
compared to stretching and unfolding by combining in one tool the signs of the sweep
and broach: increasing durability, the total resource of the tool, the possibility of re-
drawing the sweep-broach along the back surface and improving the quality of the
surface to be processed, reducing the temperature and specific load on the cutting edges
in the cutting zone; execution with cutting and deforming teeth provides an increase in
the quality of processing.

The processing of the holes of machine parts with a sweep-broach is carried out on
a lathe in the following ways: by fixing the sweep-broach in the chuck and on the lathe
support with the left or right direction of the screw chip grooves [14].

The sweep-broach processing scheme when installing the workpiece on the lathe
support is more acceptable, because the error from the clamping forces of the lathe
chuck is excluded, which affects the shape of the hole being processed.
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To exclude the influence of geometric errors of the machine (radial runout of the
spindle, wear of the frame guides, etc.), a floating chuck has been developed, installed
in the chuck of the machine, and a device for installing the workpiece in the tool holder
on the caliper has also been developed.

Figure 2 shows the scheme of processing by a sweep-broach of a cylindrical hole on
a screw-cutting machine, where 1 is a sweep—broach, 2 is the workpiece, 3 is the chuck
of a screw-cutting machine, 4 is a device for installing the workpiece, 5 is a floating
chuck, V is the direction of rotation of the sweep—broach, S — the feed direction of the
workpiece.

Figure 2 — The scheme of processing by a sweep-broach

When equipping mass production, a simpler special aggregate machine can be used
for this operation.

Prototypes of the sweep-broach were manufactured at the machine-building
enterprise of the city of Pavlodar «FormatMachCompany» LLP and tested in the
educational and production workshops of the Faculty of Engineering at the Department
of «Mechanical Engineering and Standardization» (Figure 3).
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Figure 3 — Prototypes of the sweep-broach

Production tests were carried out at «The Plant of Non—Standardized Equipment»
LLP by comparing the results of hole processing with a machine standard sweep and
- sweep-broach.

Conclusions

The results of production tests of samples processed with metal—cutting tools -
machine standard sweep and sweep-broach are respectively as follows:

1) the accuracy of the diametrical dimensions of the holes according to 7—8 quality,
the roughness of the surface of the holes corresponds to grades 9 and 10.

2) the accuracy of the diametrical dimensions of the holes according to the 67
accuracy quality, the roughness of the surface of the holes corresponds to the 10 and
11 roughness classes.

The analysis of the results shows that the accuracy of the diametrical dimensions
of the holes after processing by the sweep-broach increased by 1-2 quality compared
to the machine standard sweep; the roughness decreased by 1-2 classes.
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TECIKTEPII YHFBIJIAFBIII-TAPTAKOHFBIIITNTEH OHAEY A9JIAITT

Tonkenepoezi, epnemexmepoeci, mezepaepdesi Jicone backa 0a yKcac
bonwekmepoeei mecikmepoi 6yoey Yulin Memasi Kecemin Kypanoapovly opKaHoau
mypaepi KonoanuLiaobl: Oypauliap, YHeilep, ¢ YHebliasblumap, mapmaicoHabluumap
arcone backanap. Ocvl Hemece 6acka Kypanovl KOIOAHy Kadxcemmi 0d10iKKe, Kedip-
Oy ObIPIBIKKA JHCOHE OHOIPIC MYypiHe OAlLIAHbLCIbL.

Kecyoiy xonaiiceiz orcasoatinapvl Keckiut Kypanobly JiCY3iHiH yuacKeciHoe
MEXAHUKATIBIK, HCYKMEMEHIH JHCO2APbIIAYbIHA 9Keaedl, OHOa MAmepuaiobly He2isei
Kabamvinan Oeninin, oHblY Oepopmayuscel nanda Oo0nadvi, Oy AUMAPIBIKMAL
JHCHLIY WIbI2APYMEH HCOHE KYPALObIY MOMEH MYPAKMbLIbI2LIMEH Dipee JHcypeoi.

byn maxanaoa orcoeaper  0ondikmezi mecikmepOi 6HOEY YCHIHLIIAObL —
YH2bLIARIU-MAPMANACOH2bIW, OHbIH Ousatinbl KP namenmmepimen pacmanaam scomne
YHEbLIAY MeH Mapmanicouyovly bencinepin KoHcmpykmuemi mypoe ipikmipedi. byn
KOHCMPYKYUsi KecyOiy KOAQabl H#ca20ailapblH KamMmamacel3 emeodi, Oy enoeyoin
arco2apul 0ondicike JcoHe beminiy Kedip-0yOblpiblablHd bIKNAL emeoi.

Kenoenen kumada yHavliazvlui-mapmasiconeviue  OypaHoaivl  micmepiniy
npoguni Keneci sxcacaybinoa 601yl MyMKIH: YH2bLIA2bIUWL MICMEPIHIY CMAHOAPMMbl
npoghuni, 6ypanoanst mey micmi mapmanicoHabii CUSKmMvl micmepoiy SKUEALeHmmi
npoguni, kecy-oegpopmayusinay.

Yneinepoi endipicmik cvinay nomuoicenepi keimipinieen, manday KepcemrkeHoel,
CaybLIAYIapObiy OUAMEMPIIK OIUEMOePIHIH 001012i Y H2bLIA2bIU-MAPMANCOH2bIUNEH
oHOeyOeH KelliH MAWUHATBIK CIMAHOapmmuyl YHeblidzblunen canvicmoipeanoa 1, 2
Keanumemxe ecmi, Kedip-6youvipavix 1, 2 colHbINKA a3atiobl.

Kinmmi ce3z0ep: enoey, mecik, 0ondix, xeanumem, Kedip-0yobip, YH2blia2blil,
MAapmMariCcoyebiiu.
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TOYHOCTBb OBPABOTKHU OTBEPCTUM PA3BEPTKOM-IIPOTSI)KKOMN

36

s obpabomku omeepcmuii 0 6MYAKAX, QAAHYAX, WKUBAX U OPYeUX NOOOOHBIX
0emansax NPUMEHSIOMC PAa3IudHble MUnbl MEeMAIIoOPeNCYWUx UHCMPYMEHMO8:
c6Epaa, 3eHKepbl, Pa3eepmKu, npomsdicku u opyeue. Ilpumenenue moeo uiu uHo2o
UHCIMpYMeHma 3a8ucum om mpedyemMol MOYHOCMU, WePOXO8amoCcmy Uumuna
npouseo0cmaa.

Hebnazonpusmuvle ycnogus pesanusi 6vi3u18ai0m NOGbIUEHUE MEXAHUYECKOU
HAaepy3KU HA Y4acmke 1e36uUs, HA KOMOPOM HPOUCXOOUM OMOeNeHUe CHMPYIHCKU
OM OCHOBHO20 ClO Mamepuanra u ezo Oeopmayui, 4mo CORPOBOHCOAEMCs
SHAYUMETLHLIM MENI08blOeIeHUeM U HUZKOU CMOUKOCIU UHCIMPYMEHmA.

B oannoti cmamve npeonacaemcs 06pabomka 6blCOKOMOUHBIX OMEEPCMUL —
PA3BEPMKOU-NPOMANCKOU, KOHCMPYKYUSL KOMOPOU noomeepaicoeHa namenmamu PK,
U KOHCMPYKMUBHO coyemaem 6 cebe NPpUsHaKu pazeeépmiu u npomsicku. /lannas
KOHCMpYKyust obecneuugaem 61a20npusimuvie YCa08Us pe3anus, 4o cnocoocmayem
8bICOKOU MOYHOCMU 0OPAGOMKY U HUBKOU WEPOXOBATNOCTY NOBEPXHOCTIU.

B nonepeunom ceuenuu npoghurs eunmosvix 3y66e€8 pazeEPMKU-HPOMAINCKU
Modcem Oblmb CLeOYIOUUX UCNOHEHULL: CIAHOAPMHBIN NPOPULL 3Y0be8 pazeeépmii,
PABHOWUPOKULL NPpopunb 3y0bes, KAK Vy NPOMANCKU C GUHMOBLIM DABHOUUDOKUM
3y00M, pedcyuje-0ehopmupyrowuil.

Tlpugedenvl pesyrvmamovl HPOU3BGOOCHBEHHBIX UCHBIMAHULL 00PA3Y08, AHAIU3
NOKA3bI8AeM, YO MOYHOCHb OUAMEMPATLHBIX PAZMEPO8 OMBEPCMULL NOCe 00pabOmMKY
PA3BEPMKOU-NPOMSNCKOU YBEUYUNACH Ha 1, 2 Kéanumema no CpagHeHuro ¢ MAUUHHOL
CMAHOAPMHOU PA36EPMKON, UEPOX0BAMOCHb YMeHbuunacy Ha 1, 2 knacca.

Kniouesvie  cnosa: obpabomxa, omeepcmue, MOYHOCb,  KEATUMEN,
wepoxo8amocmn, pa3eépmKa, NPOMINCKA.

FTAMP 55.33.99

X. H. A6inkatbip', *A. T. TypOanuee?, A. T. Anbneucog?
3Satbayev University, Kazakctan Pecnyonukacsl, AjMaThl K.,
ZKazak >xomjiap KaTelHacTap yHuBepcuTeTi, Kaszakcran PecriyOmukacsl, AJMaThI K.

METAJI1 BYAbIMOAPBIHbIH 3KCIITYATALMANBIK KACUETTEPIHE
KANQbIK KEPHEY/EPLIH &CEPI

byn makanaoa xanovlx xepreyiepOin MoHI, KANObIK KepHeyiepoiy Memajil
OYUbIMOApbIHBIY NAUOAIAHY Kacuemmepine ocepi JcoHe KaAoblK KepHeyiepoiH
3UAHObL ocepaepi Kapacmulpvliobl. Toxcipubenik sepmmeynep MeH NPAKMUKALbIK
mooicipube HeliziHOe Kbicy KalOblK KepHeyiepi wapuiay 6epikmicin apmmulpalbl,
an co3vlny KanoblK KepHeyiepi KONaucvi3 ocep ememini anvlkmanovi. Kanowik
KepHeynepoiy me3iMOiliKKe ocepi Mamepuanlovly MEeXAHUKALIK Kacuemmepine
JcoHe KepHey Kyuiniy cunamvina baunanvicmel. Mawuna dcacay-6yn kes-kencew
0bvexm ywin dicobanayoan enoipicke Oetlinei mocenenepoi uweuryoiy s0icmepi MeH
npuHyunmepin Konoany. Mawuna sicacay canacvinoaabl MAManoap KypblibiMOapOblH
CeHiMOI, KayIinciz JcoHe muimoi, COHbIMeH Kamap bocexeee Kabiremmi bOazameH
JHCYyMbiC icmeliminine Keniiodik bepe Omblpbin, 63 HCYMbICHIHA PUIUKA NPUHYUNMEDTH
KOLOAHYMEH MAnoay r#acamobwl.

Oneprocinmiy Hezizel canraiapvinvly 0Ipi —Mawuua  Jcacay, o1 Oapivlk
eHiMOepOiy wamamern 35 % ynecine ue. Mawuna sxcacayoviy oamy OeHeelli XauviK
APy aubLIbIZbIHLIY OAPILIK CANANAPLIHOARYL 2bLILIMU-MexXHUKanvlk npoepecc (FTI1)
Oeneetiin  aukbiHOQUObl. Mawuna dcacay 6apavlk canaiapovl MAWUHAIAPMEH,
MEXHONIOSUANBIK, ~ HCAOOLIKMAPMEH  JHCOHE  KYpALoapMmeH KAMMAMACLI3 — emyee
MYMKIHOIK bepedi. Cmanox xcacay —Kasipei onemoezi FTI-nvl anblKmaiimoit JHcoHe
Oinixminiei Jco2apvl MAMAHOAPObl HCOHEe Heli3iHeH endeci 0ambl2aH 6HepKOCInmi
Kaoicem ememin MAauwuHa JHeacayovly He2isei canacyl.

Bepixmix nen mozyea mesimoinix mocenenepi MAwura Heacayoaavl pecypcmol
Kammamacwlz emyoiy Hezizei moceneci 60vin mabwvliadvl. ConobiKkmarn bepikmikmi,
mo3syaa me3iMOLNIKmi JicoHe CeHIMOLIKmI ecenmeyoiy 3amanayu s0icmepi mypaivl
mepen Oinim Kadxcem.

Onimuiy  bepikmiei MmeH ceHimOiniei ocobanay KeseHinOe OenecileHeol.
Koncempyxyusicol, oavivinoay mexnonocuscel, TKK sicypeizy scone natioaianvliamoit
mamepuanoap e3apa bainanvicmuvl dicone wapmmac 6onyel muic. byn ocana
bonuekmep MeH MAUUHALAPObL HCACAY NPoYyeciniy OyKin mizoecin KypyoulH He2i3i.
Mawunanrapovl modepruzayusaLay Kesinoe mexk Mamepuaiobl, KypblibiMObl Hemece
MEeXHONI02UAHBL 2aHA epixmi mypoe e3zepmyze dicon bepirmenioi. byn wapmmapow
OPbIHOAMAY MAWUHANAPObIY CANACLIHA KOULLIAMbIH OapivlK OacKka maianmap
MeH — enueMuapmmapobl  asmomammel  mypoe MoHci3 emedi. bonwexmep
MamepuanoapvlHbly, 6emKi KabamvlHblY CUNAMMAMAAPbL OHIM OenueKmepiniy
natioanany Kacuemmepine wewlyuti scep emeoi.

Kinmmi ce3zdep: repneynep, Kanowlk Kepreyiep, mo3sy, eHoey, Oedopmayus,
uiny, srcapelkuiar, Ooaam, co3uluy.
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Kipicne

Kangeix kepueynep (KK) — ceIpTKbl KymTep O0iaMaraH Ke3/e ICHEHIH ilIiHe
TEHAECTIpUIreH cepiiMi nedopmanus xoHe oFaH colikec kepHeyiep. KK yaksiT
OOMBIHIIIA CAKTAIaIbL.

Jlokanuzanus JapexeciHe OaiaHBICThl KaJAbIK KEPHEYAIH MbIHAZal Typiepi
XKbIPATHUIAIBL:

— OYKiJI IeHeHiH enem/iepiMeH Oip peTTi Keslemae TeHecTipiieTiH 1-mmi Typaeri
KaJJBIK KepHEYyep (MaKpOCKOMMSUIBIK ); KOJIAaHBICTAFbI 9JIiCTep HeTi3iHeH 1-11i Typaeri
KaJIIBIK KEpHEYIepAl Oaranansl;

— TYHipIIiK eimemMaepiMeH Oip peTTi Keiemjae TEeHECTIpIAeTiH 2-I1i TUITeri
(MHKpPOCKOMUSAIBIK) KaJIJbIK KepHEyJep; PeHTTeHOrpadUsIbIK dJicTepMeH
alKBIHIAIa]Ibl;

— aTOMJIBIK-KPUCTAJIBIK TOPABIH OIIIEMAEePIMEH Oip peTTi KoJeM/le TEHEeCTIPIIeTiH
3-11i TUNTEr1 KalAbIK KepHeyiep (CyOMHKPOCKONHUSIIBIK OypMasaHymap).

KK maitna GonmybsiHbIH Heri3ri ce0ebi — JAeHeHIH opTypii aiiMaKTapbIHIAFbI
Y3BIHIBIKTHIH (KOJIEMHIH) 9pTYPJIi Jopeske/ie e3repyine OaiiaHbICThI JeopMalusiianFal
KYHAiH opTeKTiiiri. byn epTekTinikTiy ce6e6i1 MpIHaIap 00Iybl MYMKIH: TeMIIEpaTypa
I'paJIieHTI, MBICAJIBI, KATTHI KbI3/IBIPY HEMECE CANIKbIHATY Ke3iH 1€ (TepMUSIIBIK Hemece
TEMIIepaTypajblK KepHEeyJep); AeHEHIH 8pTYpl KypbUIbIM/BIK HEMECe KOHCTPYKTUBTI
KOMIIOHEHTTEPiHIH (reTeporeHi KypbUIbIMIap, Oumetanaap *oHe T.0.) >KbUTYJIBIK
KEHEIOIHIH OpTEKTUIr; (a3anbIK Typiaenynep ((hazaiablk KepHeyJep); MIaCTHKAIBIK
nedhopMaIusHBIH OPTEKTUIIT (0ETKI KabaTTaH KeHiHT1 KaJABIK KEPHEY).

Kanabik kepHeynep/IiH ocepiHeH KUCat0, MOJIIIEP IiH 63repyi, TIMTi dKOUBLTY CUSKTHI
cangapsl 60Iybl MYMKIH.

Kanaelk kepHeylep e3apa Teme-TeHIIKTe 00Jybl, ajl ojap TYABIPAaThIH
neopmanusiap pykcar eTiIeTiH MeJIIIepIEeH acraybl THIC.

Kanaplk kepHeysep eHaey, Naiiianany )XxoHe TINTi cakTay Ke31He OHIMHIH MiHe3-
KYJIKbIHA ocep ereni. Kanaslk kepHeysep aareOpaiblK TYpAe >KYMBICIIbI, CHIPTKbBI
KOJIJaHBUIFaH KePHEYJIEePMEH KOCBIIBII, OJapAbl KYIIEHTY1 HEMece dJICIpeTyl MyMKiH.
OJeTTe, CO3bUTY Ke31HJer1 KaJAbIK KepHeyJIep eH KayinTi 00kl Tabbuiajsl, OUTKEH1
oJIap CHIPTKBI KYKTEMeJIepieH 00IaThIH CO3bLTY KepHEYJIepiMeH OipikTipiiarenae, Oy
KYKTeMelep a3 001ybl MyMKiH 0oJica Ja, KOUBUTYFa 9KeJIe/i.

Y11 ochTiK Kepiityieri co3bUTy KepHeyJepi acipece KayinTi. benrini 6onrangai, yur
OCBTIK KEPHEYET1 KepHeY Kyl H «KaTaHy OOJbIN TaObLIa Ibl, OUTKEHI IIIACTHKAIBIK
aFbIHJBI TYJBIPATHIH BIFBICY KEpHEYJepl ©Te a3 HeMece HeJre TeH, HOTHXKECiH/e
CBIHFBIII ChIHY YIIH KOJAMIBI JKaFaaiinap xacanaasl. Kanabik kepHeyIep HKeMILTir
TOMEH KOphITIIAJIap/IaH JKacaliFaH OyHbIMAap/ia )oHe TeMIepaTyPaHbIH TOMEH/IEyIMEH
CBIHFBIII OOJIBIN KeTeTiH OyibIMaap/a 1a epeKiie KayinTi.

XKorapsl KanablK KepHEyJep Ke3iHe NeCTPyKIUs KoOiHece mamMalbl amMa aFsl
KYKTeMellepJeH (dcipece COKKbI JKYKTeMeJepiHJie) OpblH ajaasl. MacelneH,
MBICaJIbl, 00JIaT KyHMallapblHIaFbl KapbIKTap OJIapAbl MHEBMATHUKAJIBIK OagramMeH
JKOHE TIMTI KbICTa TApThUIyJaH Ta3apTKaHIa maiiga 00aybl MYMKIH (KaJIbIKTapFra
TEPMUSUIBIK KEePHEYJIEpIiH KOChUTybIHAa OalIaHbICThl). MINTIMITIIT TOMEH alfOMUHUN
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KOpBITIIAJapbIHAH JKAaCAIFaH KapThUlail Y3A1KCi3 KyHMaslapIblH ipi KyiHMaapbl, KYO
asgKTaJIFaHHAH KeiiH 0ipa3 yaKbITTaH KeWiH Ke3/1eHCOK IIaFblH COKKbIIApJaH HeMece
COKKBUIapIaH XKONbUTYbI MYMKIiH; JlecTpykuus Ke3iH e 06 IiHeTIH CepIiMIi SHEPTUSHBIH
YJIKEH/III1 COHIIAJIBIK, CaJIMaFbl JKY3/1€TeH KHJIOrpaMM KyHMaHbIH Oip Oesiri KymTi
YKapBIKIIAKIIEH Y31UIiM, OipHeIIe MeTp KalIbIKThIKKA YIIBII KeTe .

JloHeKepaeHreH KOHCTPYKIMsTIapAaFbl KalIbIK CO3bLIY KEepHEeyJepi Keiiie ayblp
amattapra okenesi. JloHEeKepJIeHIeH KeIipiep/iH KoHE TOJBIK 1OHEKEPICHIeH
KeMmenepiH Oy3blIybl KeOiHece 1CTEH LIBIFYFa KaKblH YIKEH KaJlJbIK KepHEYyJIepIiH
KopiHiciMeH OaiimaHbICThl. TOJNBIK NOHEKEPICHTeH KeMelep, KAIJABIK CO3BLIY
KepHeyJepiHeH, OOJIMaIIbl CHIPTKbI (PaKTOpJIapAbIH dCEpiHEeH, MBICANbI, HalyOaHbl
MY3/1aH Ta3apTy Ke3iHJle JJOMFa COFyJlaH KyJIaFaH >karaainap Oap.

Bertik KabaTTaparkl CO3bLTY KaJIbIK KEpPHEYJIEp1, dcipece, aybICIallbl dKYKTEMe e
JKYMBIC ICTEUTIH OOJIIEKTep YIIIiH 3USH/IbI, O©UTKEHI MYH/Iail KEPHEYJIep IIapIay by
OY3bUTYbIHA BIKIAJT €TEe/I.

Kanapik kepHEyIep/IiH 3UsSH/IbI 9Cepi METaIBIH KAIIbl XUMUSIIBIK OSNICeH IUTITHIH
JKOFapblIayblHaH Kepineai. Co3buTy Ke3iHAer KaIIbIK KepHEeYIepAiH aCepiHeH TYHip
apajbIK KOPPO3HUSAHBIH KYIIE01 (3Ke3/11H MayChIM/IBIK KPEKHHTI1) 9cipece 3UsIHIbL.

Kanapik kepueynepi Oap metanga opTyp:ai Oenrinepneri cepmimai aedopmarus
altmakrapsl Oonaapl. Erep ci3 eHiMII Kecil TacTacaHbl3 HEMECe OHBIH OeTKI KabaThiH
KeciI ajicaHpl3 (COHBIMEH KaTap KaH aFbI3CaHbI3), MAaKPOCTPECCTEP/Il CepIiMIl TYpAE
xeHugetyre Oonanasl. Kanaslk kepHeyJepaiH mamMackl MeH OeNriCiH aHBIKTayAbIH
MEXaHUKAJBIK 9/1iCTepl albIHFaH cepriMIl AedopMarsiapbl eJIIeyre Heri3aeareH
(kepHeysep nedopMmanysIapaH ecenTenel).

Kannelk kepHeysep eHiMAI eHJIeY, NalijanaHy HeMece KoiMaaa cakray Kes3iH[e
ninriHHIH Oy3bUTybIHA (OYTUTY1HE) )KOHE eIIeMACPiHIH 63repyiHe oKeryl MyMKiH. Metait
OyibIMAAPBIHBIH Je(hOPMAIMACHI II1IKI KYLITEp MEH MOMEHTTEp/IH Tere-TeHAIr Oy3bUFaH
Ke37Ie MeTaija naiia OoJaTelH HUTy XeHe Oypaiy aegopMaiMsChIHbIH HOTHKECIH/IE
naiiga 6onaasl. Kecy ke3inze acipece xui skoHe KyIITI OypMmaraHynap naiiga 0osasl,
OUTKEHI MeTaJl1 KaOaThIH KO0 KAJJIBIK KepHEYJIeP/IiH Tere-TeHAIrH Oy3a/bl.

Marepuannap MeH aaicrep

BemnmexTepi cakray Ke3iH/e eJeMIepAiH 63/IrHeH e3repyi JkoHe 1eGopManusicbl
oJapJbpIH 00CaHCYbI Ke31HJeT1 KaJlIbIK KepHeysepaiH Oipre-0ipTe KaiiTa OesiHyiHe
OaiinmanbIcThl Oonaabl. Kepueynep/in penakcanus (a3aiTy) KbUIIaMABIFBI OJapbIH
OacTarKpl JeHreline OaliIaHbICThI: OJ1 HEFYPIIBIM 5KOFaphl 00JICa, PETaKCalts COFYPIIbIM
Te3ipeK Kypeli. byibIM KMMachIHBIH opTYpii OemiKTepiHae KaJlablK KepHeyJIepIiH
HramMachl 9pTypii OOJNFaHABIKTaH, 0eJMe TeMIepaTypachblHaa oJapblH 0OocaHCy
KBUIIaMIBIFBIHBIH T€H eMec OoyblHa OaIaHBICTBI 1IIKI KYIITEp MEH MOMEHTTEPIIH
OacTarnkpl Tene-TeHiri Oy3putazabl. by xkarmaiiia Kanaslk KepHeyJep Kaifta Oemineni,
KaHa Tene-TeHAIK Kyl opHarbuiagel. COFbUTY IIaMachl HEFYPJIBIM YIIKEH OoJica,
CEKIIUSHBIH dPTYPIl ydacKelepiHeri KalablK KepHeyIepIiH 00CaHCy IopEeKeCiHiH
afBIPMAIIBUIBIFBl COFYPIIBIM KOII JK9HE UUTy Ke3iHae OYHBIMHBIH KaTTBUIBIFBI TOMEH
Oouazipl. Keiae, MalMHaIap/bl )KUHAFaHHAH KeiiH, OypbIH Oip-OipiHe 19171 OpHAThUIFaH
Ty#iceTiH OemiKTepae pyKcaT eTiIMENTIH 00C OpbIHAAp HEMECE ThIFBI3IBIK Maiiia 001a bl
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JXKyMbIC KepHeyIepiHeH aJbIHBII TacTallFaH OaKbUIaHATHIH KaJABIK KEpHEYyJIepIl
KYPY apKbUIbI METaJIJIbIH OHIMAUIIK KaCUeTTepiH apTThipyFa 6omaasl. Kebinece 6eTki
KabaTTa ChIFbIM/AYILIBI KATIBIK KEPHEYIIEp 9J1eHi xKacaa ipl, OyJ1 KayilTi CO3bLTY )KyMbIC
KepHeyJiepiH azaiitagsl. Ockl MaKcaTTa MeTalIapbl OHACY, a30TTay KoHe Oacka Ja
OetTepai eHIey TYpJiepi KOJIJaHbLIabI.

Toxipubenik 3epTTeyiep MeH MPAKTUKAIBIK ToXKipuOe HEeri3iHAe KbICY KaJlJbIK
KepHeyJiepi mapuiay OepikTiriH apTThIpaabl, ajl CO3bUTY KaJIJIBIK KEpHEYJIIepl KoJIaichI3
dcep €TeTiHI aHBIKTAJIBI.

Kanaplk KepHeynepaiH Te3IMIUIIKKe acepl MaTepHalblH MEXaHUKAJBIK
KacueTTepiHe KoHe KepHey KYHiHIH cumatbiHa OaiinaHbICcThl. beTki KabaTTarbl
alTapibIKTall KbICY KepHeyJepl Ke3iHae mapiiay OepiKTiriHiH >KOFapbhluIaybl a3
IUIACTUKAJIBIK MaTepUaIAap YIIiH )KoHE KepHEY KOHIIEHTPaIUACHIH/1a KoOipeK KopiHe .
KeiiGip enney Typrepine ToH OeTTiK KabaTTapIarbl KaaAbIK KePHEYJIEep/IiH [IIaMackl MEH
OenriciHiH KYpT ©3repyiMeH, 9JIeTTe TETIKTIH KaXy OepiKTIriH aHbIKTalThIH akTop 10
TEpeHAIKTeT1 OeTTiK KabaTTarbl KAJIJBIK KepHeysep OoJbIil Ta0bIIabl. ... 20 MUKpOH.

Conpaii-ak, erep *KyKTeMe Ke31H/1e KaJIbIK KepHEeYIep/Il )KeHUTIETeTiH ITaCTUKAIBIK
neopmanusiap naiga 0oJaThIH KEpPHEY/IIH KOFapbUIayBbIHBIH KeM JereH e OipHene
LUK 00JICca, KAJIBIK KePHEYJIEpIiH TO3IMIUTIKKE acepi KopiHOeyl MYMKIH eKeHiH ecTe
ycTaraH xeH [1].

Keiibip xarnaiinapaa, acipece OEpikTiri »orapbl HEMece KUBIH JOHEKEPJICHIeH
MaTepuangapabl OIpTEKTI HeMece reTeporeH1i KOMOMHANusAAa T9HeKepiey Ke3iHe
JIOHEKepJiey KepHeyJiepi KOChUIBICTap IbIH COHFBI KaCUETTEpiHe Tepic acep erei. Omap
JIOHEKEPIICHI €H JKIK TIEH JKbLTY 9Cep €TeTiH alMaKThIH KYpPBUIBIMBIHBIH HAIIApIIaybl )KOHE
IUIACTUKACHIHBIH KOFATybl CUSKTBI, )KapbIKTapFa, all 0acka KoJaicel3 (hakropiap (TeMeH
TeMIeparypaiap, KepHeyAl KOHIeHTpaTopiap) OOJFaH >Karaaiiia - KypbUIBIMHBIH
CBIHFBIII ChIHYBIHA dKenei. Ilicipy akaynapsl (KeyeKTep, IUIaK KOCBIH/BLIAPHI KOHE
T.0.) KepHEYAl KOHILIEHTpaTOpiap peTiHae KbizMeT etei. Onap KalIblK KepHeyIepIiH
3USHJIBI OCEPIH KYLIEHTEIl, acipece aybIcnanbl )KxyKTemenepMeH. Kanaslk kepueysep
KOHCTPYKIUSHBIH KAaTTBUIBIFBIH TOMEHJETYl MYMKiH, COHBIMEH KaTap *YMBIC
KYKTeMesepi OoilMaraH Ke3Zle /i€ KeIIIKTIpUIreH ChIHyFa alTapibIKTail acep erenl
(MBICaJIbI, TUTAH MEH IMPKOHUI HET131H/IET1 KOPhITIaTapAaH KacallFaH I9HEKEPIICHIeH
KOCBUIBICTapAaFbl THIPHUATI TYpJeHAipyaep ke3inae). Kanabik kepHeynep OonraH
JKaFaaiia JoHEKEPICHIeH KOChUTBICTAP IbIH KOPPO3USFa TOIIMALIITT TOMEH/IEY1 MYMKiH
(mbicansl, OT4 KopeITHackiHAA XOHE T.0.) [2, 3]

BetTik co3buTy KaiablK KepHeysepi TYHIpIIiK apajablK KOPPO3USHBIH J1aMybIHBIH
MaHpbI3/1bl (PAaKTOPBI pETiH e KapaCThIPbLIAIbI, MBICAIIBI, KOPPO3UsAFa TO31M/I1 OonaTTapaa
MKOHE JKe3/IeT1 KepHeyJli KOppO3usi KPEeKHHTIH/IE.

Kywmbicrapna [4, 5] xe3aiH KPEKUHT KYOBUIBICH JKETKUTIKTI TYpAE >KaH-KAKTHI
KapacThlpbuiraH. JKacaH bl 3epTXaHajbIK OpTa/ia HEMeCe allbIK ayasa *e3/11 KpeKUHTKe
ChIHAY KE31HJIe JKapbhIKTap OpKalllaH CO3bLIy KepHeyJsepi acep eTeTiH OeTTiH coi
xepraepinge Oactanansl. Kepicinime, KbICy KepHeysepi 0ap ydackenep KpeKHHIKe
Te3imi 60sbl. JleMek, ke3/1iH KOPPO3HMUIBIK KPEKHUHT1 Ke31H/1e KaphIKTapAbIH Haiia
00umysl yiIiH OyHbIMIapabIH OeTiHae O1piHIII TEKTI CO3bLTY KEpHEYJIepl KaKeT.
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Co3bLTy KepHEYIJIEpiHiH )KOFapbUIayhl Ke3 YATUIepiH/e )KapbIKTap naiiia 6osraHIa
HEMECEe OJIap ICTeH IIBIKKAHFA JICHIH ChIHAY YaKbITHIHBIH KbICKAPYbIHA OKETIE/Ii.

by daxrini anFam pet 1880 sxbuibl A. B. PyTKOBCKHiT aHBIKTa/1bI XKOHE KapHsLIa b,
OJI alIBIK ayaJia OipHeIIe XKY3AeTreH CHApSATaP IbIH KAPBUTYBIH ChIHAN OTBIPHIII, «3aKbIM
MeTajia 3UsH bl KEpHEYJIep CaKTalaThiH KaObIKIanapaa 00aabhy 1€l TalThl XKIHE «
3aKbIMIaHy HEFYPIIBIM MaHbI3/Ibl 00JICa, COFYPIIBIM HIMeNeHic Kyelieni. XKypriziiaren
ToXIpUOENep CO3bUlY KEpHEYIHIH JKOFAphlIaybIMEH ChIHAK Y3aKTBIFBIHBIH a3al0bIH
pactansl. CoiHakThIH Oactanksl coTinae 80 MIla co3buly kepHeyiH TyIblpaThliH
KOJIJAaHBUIFAH KYIITIH CEpiHeH KYWIIpIAreH ke3/eH xacaiaraH xonakrap 20 Mlla-
ra Kaparanzaa 11 ece xpurgam icteH MWBIKTBL. CyperTe. 1-CypeTrTe >Ke3/iH CO3bLLY
YPAICiHIH KO3 PHUIMEHTIHIH CO3bLIY KepHEyiHe Toyenaiiiri kepceriiren. Kyitnipren
xKe3 xonakTap ceiHanraH, 10 % NH3 kypamsingarst Cu (OH) 2 KaHBIKKaH epiTiHIiCiHE
CaJIBIHBII, KEPUTyTe YIIbIpaFraH.
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Bactankkl kepHey, Mla

Cyper 1 — Xesai xapsin xi0epyre 6eHiMAITIK CO3BLTY
KEepHEYiHIH aMachlHa OAMIaHBICTHI

1-Cyperre, cbIHAY Y3aKTBIFBIHBIH KEPi [IIaMAChI JKE3/11H YKapbUIBIT KeTy OeHiMALTIriHIH
KpUTEpHiii peTinae nainananpuiagsl. KpeknHrke ce3iMTanaplK KOdQUIHEeHTI 1en
aTanaThH OyJl MOH YITUIepaiH OeTiHIe aiFalKbl )KapbIKTap maiaa 6onranma 100-ai
CBIHAK Y3aKTHIFbIHA (MUHYTIIEH ) 06Ty apKbLIbI aHbIKTaa bl. boObLIEeB A.B. x)oHe Oacka
FaJIBIMJIAp CO3BLTY KEpHEYJiepi OoIMaraH Ke3/1e ’Ke3/1iH KPeKHHT1 MYMKIiH eMecC JIeTeH
TYXKBIPBIM xacaipl [S—7]. TinTi «co3buTy KepHEYIHCI3 jKe3/11 KPEKUH JKaF TailiapbiH
MYKHST KapacThIpFaHHBIH ©31H/1e, MYH/ail CepiH MIBIHBIMEH OOJFaHbl AHBIKTAJIIBI.
MaceneH, MbICaibl, TOJBIK KalTa KPUCTAIAAHABIPBUIFAH KYWAIpyre yiiblparaH
JK€3 TaCHaCBhIHBIH XKapBUIYbl )KOHE OHBIH OpaMIapbIHBIH KOJAHCBI3 XKarmaiiapaa
KEWIHHEH CaKTaJIybl OHBIH OPOIIMHT TEIITEPIHIe KYHIIPYIHEH XoHe OYKTey Ke3iHe
OHJIaFBI KePHEYJIEP/IiH Maiaa O0oNyblHAH TybIHAaFaH. [lon con cebenti KyHaipuireH

41



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2023

’Ke3 JKOJIaKTapJlaH OpajFaH CaKUHajJap >KapbUIbIl Ketyre Oedim Oosasl. Opamupapia
KYHIIPUITeH k€3 CBIMHBIH JKapblUTybl KaTyIIKaJdapAblH OCbTEPl KOJIZICHEHIHEH KaybIH-
IIANIBIHHAH KOpFaJIMaFaH capaii/ia cCakTalyblHaH KOHE 63 CaJIMaFbIMEH Opam/1a CO3bLTY
KepHEYJEepiHiH naiaa 00mybslHaH OOIBL.

Kennener nedopmariuist 0arFbIThIH/A KAPBIKIIAKTHIK YPAici OOMIIBIK OarbITTaFbIFa
KaparaHJa JKOFapbl: CAJIKbIH MJICKTENTreH XKe3/1H KOJJACHEH XOJaKTapbl OOMIBIK
KOJIaKTapFa KaparaHaa a3 Te31MIl.

XKeznen xacanran OemnmiekTepai HeMece OyHbIMIapabl CEHIMAI KOCBUIY YLIiH
«kenepri 6ap» 6acka OGesiekTepMeH OIpiKTIpy ©Te YJIKEeH Kayin OoJibln TaObuiajpbl,
eiTKeH1 Oy, MBICAJIbl, HaTPOHJAAPAbIH MOUBIHAAPBIHIA HEMECE IIEKTPIiK
KYPBUIFBUTAP/IbIH JKe3/ICH JKacallFaH « TepPMUHAIIAPBIHAA» CO3bLTY KEPHEYIHE dKeNe .
KapCBUIBIK.

XKeznen xacanran xapTbutail GpadpukaTTapasl (TYTIKTEp, KOJAKTap, ChIMIAp)
cepimnmenep KoHe CepIiMAL Ce3Till 3JIEMEHTTEp PeTiH/e Maiiianany Ke3iHae 1 CO3bLTY
KepHeyJiepi naiiia 6osazpl.

Metann OyibIMIapbIHAAFbl KAJIABIK KEpHEYJIEepiH NEHICHiH KoHEe TapalyblH
TUiMal Oakpulay TYHipIikTi apaislk kopposusira (TBK) te3imai koppo3usira Te3iMal
ayCTEHMTTI OOaTTaH jkacayFaH KyObIpyiap MeH ChIMJIap bl OHAIPY/iH ©3€KTi Maceneci
60:bIm TabbIaAR!. benrim 6onrannait, HTMT nukmine pIcThIK AeGopmanusaad KeiiHn
HIYHKBIPFA JKoHE TYHIPIIIK apaliblK KOPPO3HUsFa TOIMAUTIKTI apTTHIPYAbIH €H YJIKEH
acepi b6acrankpl mmxTaaan oankeiTeuFad 0,05 % C 6onarra 6aiikanassr [8].

HaTu:kesiep ’xaHe TaIKbLIAY

OPTYpJli SAICTEPMEH aJBIHFAH HOTHIKEJIEPAl CAJBICTBIPY KelleCi KOPBITHIHbIFA
oKene/ll. AyCTEHHUTTI XpOM-HHUKEIbI1 O0IaTTap bl )KOFAPhI Ta3a IMXTaaH OATKBITKAH/IA,
XKK-Fa Te31MAUTIKTI apTThIpy YILIiH KOMipTEriHiH MeJIIIEpiH a3aiTy KaxeT. Erep ToT
OacmaiThIH XpOM-HUKENb/II O0JIaTTapAbl ady/IblH ap3aH 9iCiHE KYT1HCEK — KoMl
mMxTagaH 0ankeiTy, onaa X T T nukiinae 00IaTThIH PETTENETIH BICTHIK Je(OpMaIsIChIH
Konaany apkbutbl XKK-Fa Te3iMaiTiKTiH Oip/ei sKoFapblIayblHa KOJ XKeTKizyre 00a bl

Kocnamnap 6oitpinmna komimri Taza HTMT GonatTel naiiananran ke3ue 601aTThiH
ICC-re OeitiMainirin ToeMeHAeTy ocepine kKeMmipreriniyg menmepi 0,1 % neiiin
YKOFapbUIaFaH/1a Ja KOJI XKeTKi3yre 60s1aipl, 0yJ1 OipiHIIiIEeH, OChI KJIaCTaFbl OoIaTTapab
OHJIIPY/1 )KeHUIIeTe 11, eKIHIIIIeH, OJIapIbIH KYILIiHIH XOFaphl ACHI€HiH aHbIKTAIbI .

AycTeHuTTI 60aTTapAbIH KepHeyi Kopposusira Te3imaiiiri INK-1 KoHIpIpFbICH
apkbUIbI KaitHaral 42 % MgCl2 epitinaicinge (bp = 154°C) 3eprrenai [6]. CeiHakTap
LIM-4 V ynrinepiniz 0ip OCbTIK Keplly CXeMachl )KoHE TYPaKThl )KYKTEMEH1 KOJIaHy
OoiibiHIIa KYpriziai. Kepaey mesnmepi 6eame TemnepaTypachlHaa ajiablH ajla CO3bLTY
CBIHAKTaPbIHBIH HOTIXKEJEep1 OOMbIHIIA aHBIKTaNIbL, Oy peTTe 60 60,2 Genrimi 6ip Gesiri
6oubin TabbuTagbL. JKykreme + 10 H goniknen opHATBULABL. Or iCTEH IIBIFY YaKbIThI
Ka3bUIJbl; KEpHEYJl KOPPO3Usl KPEKUHTIHE TO3IMILIIK CHUIATTaMachl CTaHIAPTThHI
ayBITKY/Ibl €CKEpPE OTBIPHII, OCHI OHJICYACH KEiiH YIII YIIri YIIiH Gp OpTalla MoHI peTiHIe
Kabbu1aan bl Ocbuiaiima, 264 MIla (0,7 60,2) TeH kepHey OoJFaH >kaF1aiiia kemipTeri
memmepi 0,1% OonaThiH K9AIMI1 MIUXTalaH OalKBITBUIFAH TEPMOMEXaHUKAIBIK
kataiTeuirad Kh18 N12 T 6onateiabiz kepHeyi koppos3us kpekunrine (CKK) ceinakTap
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KE31H/I€ ChIHY YaKBIThI. ) KaJbIITHI HIBIHJIAIFAH KYHMEH calbICThIpFaHa 2,5 ece ocTi
(264 MlIla meiHnanran 6omnar yuis 1,2 60,2).

Konmanbutatein kepHey neHreuinge, moicansl, 1,2 60,2 (o = 450 Mlla) neitin,
CKK xenepricinig MyH1aii ecyi 6aiikanmaabl. bICThIK eHenreH 601aTThIH ICTEH HIBIFY
yaKbIThI IIBIHAANFaH OoJlaTKa KaparaHaa KbicKa Oomabl. OiTkeHi 1,2 60,2 kepHey
Ke3iHae O0JIaTThIH MeXaHHKaJbIK KacueTTtepin aHblKTaiTeiH HTMT ke3inne OypsiH
JKacaJIFaH 1K KypbUIBIMHBIH Oy3bUIybIHA SKEJIETIH IUIACTHKAJIBIK aFbIH IpoLecTepl
JTAMUIBL.

Conppikran SCC kenepricin 6acka MEXaHHKAJIBIK KACUETTEPMEH, aTall alTKaH/a,
neopmanusFa Te3IMALTIK CHITaTTaMaIapbIMeH 0ipre KapacThlpy Kepek.

HIsinaanFas xoHe bICTHIK AedopMmanusianFad Kh18 H12 T 6onaTeiHbIH KepHEYITi
KOPPO3UsAFa KPEKUHTKE TO3IM/IUIIMH 3epTTey HOTHXKEIEPiH CAIBICTHIPY Tpa(HKaIbIK
TYpAE CypeTTe KOpCceTiirex 2.

TypakTbl KOJAaHBUIATHIH KEPHEYJIEPAIH OPEKeTi ayCTEeHUTTIK XPOM-HHUKENb/1
GonaTTapAbIH KOPPO3USUIBIK KPEKUHT'1 Ke31H1€ TPAHCT PaHYIISAPIIBIK ChIHYIbI aHBIKTATHIH
Heri3ri ¢akropiapablH O0ipi 60sbn TabblIankl. XKapbIKTIH Haiiga 00y caThICBIHIA
KEepHeyJIep JKepriuTiKTi IIacTUKAIBIK Je(opMalusHbIH JEHICHiH )KoHE COHBIMEH
Oipre yari 6eTiHaeri KOpFaHbIC KaOBIKIIACHIHBIH KEPriliKTI Oy3bUTybIH aHBIKTANIbI.
Koppo3ust chI3aThIHBIH Tapalybl OHBIH YIIBIHBIH aJIBIHIAFbI INIACTUKAIIBIK PeIaKcalus
MPOIECTePIMEH OAMTaHBICTHI.
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2-cypet — llIsIHIaTFaH )koHE BICTBIK OHJEITEH 00JIaT
X18 H12 T xepHeyi KOppo3usi KpEKUHT1HE TO3IMILTIT:

I — crangaprtel kataro 1060 °C, 1 car, cyna cankpIHAATY;

II - BTMO: tep = 900 °C, £ =20 %;

III - BTMO: tep = 900 °C, € = 60 %;

IV — BTMO: cankpsiaaaty ¢ 1115 °C no t}mb =900 °C, € = 60 %;
V - BTMO: tep — 1050 °C, € = 60 %;

VI — BTMO: o™ 1050 °C, e =60 %

JKanmel xxarnaiina, KepHey JSHreHiHIH dKOFapblIaybIMEH )KOHE arpECCUBTI OPTaHBIH
O1p Me3riIIe dpeKeT eTyiMeH OeJICEeH I OPTABIKTAPIbIH CaHbI apTHIM, METAJIT OCTIHET1
KOPPO3USIIBIK JKAPBIKTAPIBIH Taii1a 00TybIHA )KOHE JaMybIHa BIKITAJ CTEII.
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[aiina GonFaH >kapbIKIIAK JOHHIH TePEHAIT HE KaH1ali KapKbIHbUIBIKIICH TapalaThIHbI
OHBIH YIIbIHA Iprejiec KeJleMIer MIACTUKAIBIK pelaKcallysl aFbIHBIMEH aHBIKTaJIa bl

KopsIThIHABLIAD

XKypriziiren 3eprreyiepre cyiieHe oTbIpbin, [9—14] aBTOpiapsl ayCTEHUTTIK
XPOM-HUKEINb/II 00JaTTap/IblH KepHEYJl KOPPO3Hs KPEKHHTIHE TO3IMILTIrT OepiKTiK
MeH WINTIMTIKTIH KOJAWIBl YAJIECIMIMEH aHBIKTAJIaabl JETeH KOPBITHIHIBIFA KEIIi.
Ocplnaiiina, 6epiireH arpecCuBTI OpPTa YIIIH KepHEYIIl KOPPO3Hsl KPEKHHIT O0IaTThIH
KOPPO3UAJIBIK KaCHETTEepiHe KaparaH/a MEXaHUKaJbIK cUIaTTama OoJIbII TaOblIa Ibl.

Bonat KyObIpapabIH canachlHa KaJIbIK KepHEYJIepAiH OOTybIHbIH, [IIaMachl MEH
TapaJxybIHbIH 9CEpPiH aBTOpJIap erken-Terkeini 3eprrereH [3]. Kanasik kepHeynepai
€cernKe any oHe Oakpuiay MeTaul OyWbIMAApPBIHBIH CalachIHbIH KaJbIITACYbIHBIH
YKaJIbl KYPbUIBIMBIH/IA KaH/1ail OpPBIH aJaThIHBI KOPCETITeH.

Kanner Metamn OyHbIMAapbIHBIH camachkl (HOJIIIK JEHIel) MEeXaHUKAIBIK
KacHeTTepiMeH, CHIPTKbI OCTIHIH callaChIMEH KoHE MTPOKATTHIH oJemaepiMet (OipiHmi
JIGHrei) cunaTTaiabl.

KacuerrepaiH €H Kell caHbIHA dJIETTE XUMUSUIBIK KYpaMbIMEH, MEXaHUKaJIbIK
KaCHUEeTTEepIMEH, KYPhUIBIMBIMEH JKOHE 1IIKI aKayJapbIMEH CHUIIATTaJaThIH METaJJIbIH
carachl aTaJpl, Keiie apHaiibl KacCHeTTep KOCBIMINA KepceTiieal (eKiHI AeHren).
O3 ke3erinae, OyJl KacUETTEp/AiH dpKaiChIChl KaCHETTep/l CaHJIbIK CHIATTANTHIH
KeKe KapamaiblM cara KepCeTKIIITepiHe bLabIpaybl MyMKiH. [lnacTukanslk Hemece
TEPMUSUIBIK OHJICY IIH dPTYPIIl NpOLeCTEepiHeH KeHiH MeTan1a KajlablK KepHeyJIepIiH
naiiza 6orysl OypbIHHAH Oerii, ajaiia KajaablK KepHEYyJep carna KopCceTKITepiHe
KOpPCEeTIIMETeH.

OHIMHIH 6MipJIiK HIMKITIHIH 9PTYPJIi Ke3€HAEPIHAET1 KYPBUIBIM/IBIK-TEXHOJIOT USUIBIK
(baxTopIapbIH )KOHE KYKTEME TAPUXBIHBIH OCPIKTIK CUIIaTTaMaIapblHA dCEPIH eCKepe
oteipsln, KJIC xoHe KanJIblK KepHEYyJIep/i ecenrtey cXxemachl a3ipyieHai, Oy apTypii
TEXHOJOTHUIBIK OIepalusiap Mpouecinae TYBIHIaUThIH KepHEYJIepIiH Tapainy
JyarpaMMaiapblH allyFa MYMKIHAIK Oepeai (eTmeni ekreirepMeH KOCBUIBICTap aiy,
KOpPFaHbIC ’Ka0BbIHAAPBIH HOHBIK-TUIa3MaJIbIK OYpKY, MeTalap/bl KbICBIMMEH OHJIEY
nporecrepi xoHe T. 0.). KOHCTpYKTUBTI (akTopiapibl ecKepe OTBIPHII, aybICTIabl
KoHaeipy kesinge KJIK ecenreysepi opeiHaanibl. #/d_apakaTbIHAChl KOFapbLIaFaH
cailbIH, CaKUHA/IaFbl CAJIBICTBIPMAIIbl KEPHEYJIEePAiH MOHI TOMEHICHTIHI aHBIKTAIbI.
[InactuHana canbiCTRIPMasbl KEpHEYJIEP Korapbutaiael t/d = (0,15 + 0,27) 8,6-nan
10,5 % - Fa geifin, coaH KeliH TOMEHeYy OaiiKkaiaabl.
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BJIUAHUE OCTATOUYHBIX HAIPSI)KEHUI HA
3KCILTYATAIIMOHHBIE CBOMCTBA METAJIJIMYECKUX U3IEJIUA

B oannoii cmamve paccmompenvt 3HaueHus: OCMAMOYHbIX HANPSINCEHUTL, GUSHUE
OCTNAMOYHBIX HANPANCEHUU HA IKCNIYAMAYUOHHBIE CEOUCBA MEeMALIULeCKUX
uzdenuii u 6peonHoe 6o3delicmeue OCmamouHvix Hanpsoicenutl. Ha ocnoee
IKCHEPUMEHMATILHBIX UCCTEO08AHUTL U NPAKMUYECKO20 ONbIMA ObLIO 0OHAPYHCEHO,
UMO OCMAMOYHbIE HANPAICEHUS CHCAMUSL YEETUNUBAION YCMALOCHYIO NPOYHOCHID,
a ocmamounvie HANPANCEHUs. PACHANCEHUs. OKA3bIBAIOM  HeONA20NpUsmHOoe
6030eiicmaue. Brusnue ocmamounvlx HAnpsjicenutl HA CONPOMUGNEHUE 3A6UCUM
OM MEXAHUYECKUX CEOUCIE MaAMEPUaid U XapaKxmepa HAnpsIiCeHHo20 COCMOSIHUSL
Mawunocmpoenue-smo npumenenue Memooos U NPUHYUNOE peulenus 3a0ay
om NpPOeKmuposanus 00 Npou3eoocmea 0is nobo2o obwvekma. Cneyuanucmol 8
06aaCMU MAUWUHOCTRPOEHUSL AHATIUIUPYIOM C8010 PABOMY C NPUMEHEeHUEM NPUHYUNOS
Qusuxu, eapanmupys,, 4mo KoHcmpykyuu 6yoym pabomams HA0eHCHO, HE30NACHO U
appexmueHo, a maxice o KOHKYPEHMOCNOCOOHBIM YEeHaM.

O0HOTL U3 OCHOBHBIX OMPACEl NPOMBIULEHHOCU SGTAEMC MAUUHOCIPOEHUE,
Ha 00710 KOMOpo2o npuxooumcst okono 35 % ecetl npodykyuu. Yposenv pazsumus
MAUUHOCMPOEHUsL ONpedesisiem YPo6eHs HayuHo-mexuuyeckozo npozpecca (HTTI) o
8CeEX OMPACIAX HAPOOHO20 Xo3aticmed. Mawunocmpoenue nosgonsem obecnedums

48

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2023

6ce ompaciu MAUUHAMU, MEeXHOL02UYECKUM 060PYOOSaHUEM U UHCIPYMEHMAMU.
Cmanxocmpoenue-oCHO8HAsL OMpAcib Mauunocmpoenus, onpeoensiiowas HTII 6
COBPEMEHHOM Mupe U mpedyiouds 6blCOKOKEANUPUYUPOBAHHBIX CHEYUAIUCTNOE U
NPeUMYUeCmMEEeHHO PA3GUMOL NPOMbIUAEHHOCMU cmpanbl. Bonpocwt npounocmu
U UBHOCOCMOUKOCU SINAIOMCA OCHOBHBIMU NPOOIEMAMU Pecypcoobecneyetus 6
mawunocmpoeruu. Ioasmomy Heobxo0umbl 21yH0KUe SHAHUSL COBPEMEHHBIX MEMO008
paciema nPOYHOCMU, U3HOCOCMOUKOCIU U HAOEHCHOCHIU.

Ipounocms u  HadedxcHOCMb  U30EUs.  YCMAHAGIUBAIOMCS HA  dmane
npoexmuposanus. Koncmpykyus, mexuonocus uzeomoenenus, npogeoenue TO
U UCHONb3YeMble MAMEPUAIbl OOJNHCHbL ObiMb 63AUMOCEA3AHbBL U 00YCIOBNEHDL.
Omo ocHosa nocmpoenusi 6cell YenouKu npoyecca co30anusi HO8blx Oemanell u
mawun. Tlpu moodepruzayuu mawiun He OONYCKAEMCS NPOU3BOTbHOE UMEHEHUE
MONLKO MaAmMepuand, KOHCMpyKyuu uiu mexuono2uu. Hesvinonnenue smux ycioguii
asmomamuuecku coenaem 8ce ocmaibhvle Mpebosanus U Kpumepuu K Kauecmeay
MAUWUH HeCyujecmeeHHbiMU. Xapakmepucmuky H08epXHOCHHO20 CLOSi MAMEPUANO8
Ooemanell OKA3bIBAIOM peularoujee GIUAHUE HA OIKCHIAYAMAYUOHHbIE CEOUCEA
Odemanneti uz0enusl.

Kmiouesvie crosa: nanpscenust, 0cmamoutvle HANPINCEHUS, U3HOC, 06pabomka,
Odepopmayus, uzeub, mpewunda, cmaib, pAcmsiceHue.
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THE EFFECT OF RESIDUAL STRESSES ON THE OPERATIONAL
PROPERTIES OF METAL PRODUCT

This article discusses the values of residual stresses, the effect of residual stresses
on the operational properties of metal products and the harmful effects of residual
stresses. Based on experimental studies and practical experience, it was found that
residual compression stresses increase fatigue strength, and residual tensile stresses
have an adverse effect. The effect of residual stresses on resistance depends on the
mechanical properties of the material and the nature of the stress state. Mechanical
engineering is the application of methods and principles for solving problems from
design to production for any object. Specialists in the field of mechanical engineering
analyze their work using the principles of physics, ensuring that the structures will
work reliably, safely and efficiently, as well as at competitive prices.

One of the main industries is mechanical engineering, which accounts for
about 35 % of all production. The level of development of mechanical engineering
determines the level of scientific and technological progress (STP) in all sectors
of the national economy. Mechanical engineering makes it possible to provide
all industries with machines, technological equipment and tools. Machine tool
construction is the main branch of mechanical engineering that defines the scientific
and technological progress in the modern world and requives highly qualified
specialists and a predominantly developed industry of the country. The issues of
strength and wear resistance are the main problems of resource supply in mechanical
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engineering. Therefore, deep knowledge of modern methods of calculating strength,
wear resistance and reliability is necessary.

One of the main industries is mechanical engineering, which accounts for
about 35% of all production. The level of development of mechanical engineering
determines the level of scientific and technological progress (STP) in all sectors
of the national economy. Mechanical engineering makes it possible to provide
all industries with machines, technological equipment and tools. Machine tool
construction is the main branch of mechanical engineering that defines the scientific
and technological progress in the modern world and requires highly qualified
specialists and a predominantly developed industry of the country. The issues of
strength and wear resistance are the main problems of resource supply in mechanical
engineering. Therefore, deep knowledge of modern methods of calculating strength,
wear resistance and reliability is necessary.

The strength and reliability of the product are established at the design stage.
The design, manufacturing technology, maintenance and materials used must be
interconnected and conditioned. This is the basis for building the entire chain of the
process of creating new parts and machines. During the modernization of machines,
arbitrary changes in only the material, design or technology are not allowed. Failure
to comply with these conditions will automatically make all other requirements and
criteria for the quality of machines irrelevant. The characteristics of the surface layer
of the materials of the parts have a decisive influence on the operational properties
of the parts of the product.

Keywords: stresses, residual stresses, wear, processing, deformation, bending,
crack, steel, stretching.
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STRENGTHENING THE DESIGN OF SCREW
DEVICES IN HORIZONTAL MACHINES

Methods of reducing the metal consumption and increasing the structural strength
of screw devices through the use of tubular shafts with amplifiers in dangerous
sections are proposed. The review of the study shows that the modernization of the
design of horizontal machines with screw devices was previously carried out and
there is a positive experience in the development of such structures. The configuration
of the shafts of mechanical gears usually provides the necessary rigidity of the
structure. The load part of such shafis is thickened, less loaded on the shank has
a thinned configuration with a smaller volume of material assigned to it. Due to
the use of a special annular bandage pressed onto the screw shaft, the composite
shaft is reinforced, representing a solid structure of hollow cylinders interconnected
by guaranteed tension. The reduction of metal consumption is ensured by reducing
the mass of the shaft, only dangerous sections are reinforced with bandages, which
makes it possible to significantly facilitate the design of screw devices and increase
the energy efficiency of the machine as a whole.

Keywords: horizontal machine, screw device, shaft, annular insert, fit,
strength, rigidity.

Introduction

The configuration of mechanical transmission shafts usually provides the necessary
structural rigidity. The loading part of such shafts is thickened, the less loaded part on
the shank has a thinned configuration with a smaller volume of material assigned to it
[1,2]. In horizontal machines, shafts of a solid or tubular section are used in the form
of smooth cylindrical bodies with parts of a screw or blade type fixed to them [3]. Due
to the large length and dimensions, the weight of screw devices can be significant, and
taking into account external loads, the shaft can deform more than the permissible values
[4]. Normal stress amplitudes during rotation also contribute to the occurrence of fatigue
damage to the shaft. To reduce deflections, the diameter of the shaft and the thickness
of the walls in the tubular section are increased, however, in this case, the weight loads
acting on the shaft increase [5,6]. In this regard, this paper discusses methods for reducing
the metal consumption of shafts in long horizontal machines while maintaining stiffness
and strength parameters. This reduces energy and material consumption, and reduces
the load on the shaft supports. Machines with large longitudinal dimensions include
horizontal agitated reactors; transport pipes; screw conveyors; horizontal mixers; drum
machines, etc.

A method for reducing stresses and, as a result, increasing the strength of thick-
walled cylinders by replacing a solid cylinder with a composite one connected with an
interference fit was proposed back in the last century by Academician A.V. Gadolin [5]
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. In accordance with this idea, in [7] for a horizontal reactor with a stirrer, during the
operation of which problems arose due to insufficient rigidity of a hollow shaft 9 meters
long, it was proposed to strengthen its design with an external short annular insert. It is
installed in the zone of the most dangerous section of the shaft, i.e. between the supports
in the place of its greatest deflection. The effect of stress concentration that occurs on
the stepped sections of the shaft is eliminated by the use of smooth transition sections.
After the pressing and welding work, the residual stresses in the pipe are removed due
to the tempering process of the part.

Materials and methods

Taking into account the results of the above studies, in order to reduce the metal
consumption of screw conveyors, it is proposed to carry out a similar modernization
of the design of screw devices. Horizontal conveyor shown in Figure 1 for transporting
raw sand with bulk density p=1,6 t/m’, performance 40 t/h, conveyor length 20 m, screw
speed 40 rpm, screw diameter 500 mm according to calculations [7, 8] has a torque on
the screw shaft T =2107 Nm. For the investigated screw conveyor with a total length
L=20 m, the chute is divided by means of intermediate outboard bearings into five
sections, each of which has a length of 4m. The propeller shaft is considered as a split
shaft and is calculated for twisting torque T, bending from a transverse load distributed
along the length F,__and bending under its own weight.

Figure 1 — General view of the horizontal screw conveyor

1 — drive; 2 — end supports (head and tail); 3 — suspension supports;
4 — screw.

According to the recommendations, the deflection of the screw should not exceed
40 % of the gap between the screw and the groove, which is usually 8—10mm. Therefore,
the allowable deflection value is assumed to be no more than v__ = 3—4 mm. The load
from the transverse force distributed along the length of the shaft F/L = 2T /KLD =
=2.2107/0.7 20. 0,5=602 N/m, per section of the shaft 602/5=120,4 N/m.

For the input data, the calculation was made according to the program of the service
of building structures Build All Rights Reserved, the results of which are presented in
table 1.
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Table 1 — Results of the calculation of shafts of solid and annular cross-section for

strength and rigidity

S, mm d/d,, mm/|I , mm?/|m,kg v .mm g Nmm |6, MPa M, Nm

mm mm*

8,5 80/63 1236720 59,9 3,64 0,150 17,47 540
13,5 90/-63 2446111 101,74 2,55 0,255 31,53 1714
15,5 94/63 3057632 | 120 2,29 0,300 27.73 1804
18,5 100 /63 4133370 | 148,7 1.98 0,372 23,56 1948

0 90 3218991 199,7 3,2 0,499 17,31 1238

It should be noted that, in terms of strength, the considered shafts have sufficient
safety margins, both in terms of torsional and bending stresses. However, the rigidity
criteria for them are not so unambiguous. According to the above data for the shaft in
the conveyor chute, the allowable deflection should not exceed 3mm. For a solid section
shaft with a diameter of 90 mm, the maximum deflection is 3,2 mm, the load from its
own weight is 0,499 N/mm. In order to reduce the metal consumption of the structure,
it is recommended to use tubular shafts instead of solid section shafts. According to the
calculations from the profiles submitted for consideration, the smallest deflection v =1,98
mm has a hollow shaft with an outer diameter of d=100 mm, however, it corresponds
to an increase in weight.

As shown in Figure 2, to reduce the weight of the screw, it is proposed to use a
hollow shaft with a diameter of d=80 mm. To strengthen the structure of shaft 1, a
bushing 2 with an outer diameter of d=100 mm is pressed in the middle. The width of
the female insert is assumed to be equal to the screw pitch H=0.4m.

Figure 2 — Hollow Shaft Auger
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1 - support pin; 2 - coil; 3 - hollow shaft; 4 - leading pin; 5-sleeve.

When the screw deflects, the diagram of the bending moment Mx is superimposed
on the uniform diagram of the landing pressure (Figure 3).

Figure 3 — Diagram of pressures in the connection during bending

The diagram of pressure pl from the moment of bending changes according to a
linear law, the highest pressure in the joint

p,=4M_ /2Wy-7t [1]

where 4/m — multiplier that takes into account the crescent shape of the pressure
change;

W, = b*(d-d,) /6 — moment of resistance to bending of the diameter section of the
bushing;

b- the length of the shaft section for landing, equal to the pitch of the screw 0.4 m.

W.=(0,10-0,08). 0,4%/6=0,00053 m?
Then, according to the calculated data of table 1 for a pipe 80/63 with M =540 Nm
p,=4.540/2.0,00053 .3,14=648960 Pa

The pressure diagram p1 from the moment of bending, changing according to a linear
law, has a negative value on one of the sides of the sleeve and contributes to a decrease
in the total pressure [9, 10]. On the seating surface, it decreases to 0,25p (p1 = 0,25p)
and tightness in the pipe connection will not be guaranteed. Based on this condition,
the preload pressure must be at least p=p1/0,25=648960/0,25=2595841 Pa. According
to this pressure, according to the method known in engineering calculations [11], the
interference is determined and the fit is selected. The section of the shaft under the
bushing perceives the pressure from the bending moment, the pressure is redistributed
- on one side of the bushing it is added with the preload pressure, on the other side it is
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taken away. The pressure difference must guarantee the impossibility of opening the
joint of the parts to be joined.

Refined calculations of the stepped shaft according to the Vereshchagin rule
for rods of variable cross section [11] showed that the deformation of the shaft axis
takes place along its edges, i.e. on the sections of the shaft up to the bushing, and in
the middle part, reinforced by the cross section of the bushing, it practically does
not deform. In this regard, the proposed design should have a shaft deflection to the
bushing not exceeding the allowable value (Figure 2), in this case [v] =3,0mm. The
z-coordinate of the shaft to the bushing can be determined by the formula

v =q(2lz® —z* — 132)/24El, < [V] [2]

According to calculations using this formula, z= 1,8 m, for a symmetrical location
of the sleeve relative to the middle of the shaft, its width is determined by the formula
b=1-2z=0,4m.

Results and discussion

According to the results of the refined calculation of the hollow shaft and bushing,
carried out for the load and unit diagrams for shaft sections with two values of the
moments of inertia, the deflection was determined on both sides of the shaft to the
bushing, which is v=2,8 mm, and in the middle of the shaft 3.0 mm. Thus, the bending
deformation of the structure is less than for a smooth shaft with parameters 80/63, where
it is 3.64 mm. Pipe weight d/d1 =80/63 with an insert 100/80 and a width of 0.4 m is
599 +0.222.400 = 687,8 N, which is less than the weight of the pipe closest to it with
parameters d/d1 =90/63 (tablel), which is equal to 1017 N. The weight difference is
329 N, for a conveyor with five sections, the savings in the weight of the pipe material
will be 1645 N. In addition to saving material, a decrease in the energy load of engines
and a decrease in loads in bearing assemblies are expected.

Conclusions

Thus, according to this technique, it is possible to strengthen tubular shafts in
horizontal machines, and with small transverse loads from external forces, to replace
shafts of a solid section with shafts with an annular section.
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KOJIIEHEH MAIIIMHAJIAPJIA BYPAHJIAJIBI KYPBLIFBLIAPIBIH
KOHCTPYKIUSICHIH KYIIENATY

Memann ynemoiniein apmuipy oicoHe Kayinmi Kumanapoa Kyuieumxiwmep
apxulavl  Kyowipavl Oinikmepli KONOAHY ApKblLibl OYPAHOAIbl  KYypPbli2blidpOblH
KYPbLILIMObIK Oepikmizin apmmulpy 90icmepi ycvlHbli2aH. bypanoansl Kypulizbliapsl
bap kenoeHen MauuHanapoObly KOHCMPYKYUSCHIH HCAHbIPMY OYPbIH JHCYP2i3iNeeHiH
JHCOHE OCLIHOAU KOHCMPYKYUSAAAPObL 93ipJiey0e OH moxcipubeci bap eKeHin Kopcemmi.
Mexanukanvix, Oepinic 6inikmepiniy KoHueypayuscol, soemme, KypblLIbLMHbIH
Kaoicemmi KammblibleblH Kammamacwlz emeli. Mynoail oOinikmepoiy oscykmeme
bonici KanviyOamovlizawn, OLIKKe A3 JiCYKMeleeH, 02an OepileeH Mamepuaiobly a3
Kenemimer JiciHiuke Kongueypayusza ue. bypanoarnuviy Oinicine bacviiean apHaiiv
CaKUHAbl Man2blumsl Koroamyea oananvicmul Kypama 6inixk Kyweiuminin, Oip-
Oipine KenindeHOipineen mapmy apKblibl KOCbLI2AH KYblC YUIUHOPIEPOiH MYymac
KYpbLIbiMbl 001611 MadbLIAObL.
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KamMmamacwlz emineodi, mex Kayinmi 60aimoep maneblimapmeH Kyueumineoi, oyn
Oypanoanvl Kypoulizbliapobly OU3AUHbIH e0oyip JiceHindemedi JcoHe mymacmail
aneanoa MAWUHAHbIY IHEP2Ust MUIMOLTIZIH apMmMblpadbi.

Tyuinoi ceszoep. kendeney mawiuna, OYpaHOaivl Kypuliebl, OLNIK, CAKUHALbL
Kipicmipy, colkecmix, Oepikmik, KammolblK,.
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YCUJIEHUE KOHCTPYKIUHU IIHEKOBBIX YCTPOWCTB B
I'OPU30OHTAJIBHBIX MAIIIMHAX

CHudiceHue MemanioemMKocmuy Nnpu  COXPAHEHUU NPOYHOCMU — UHEKOBbIX
YCMPOUCME MOJICHO 0Decneyums nPUMeHeHUueM mpyouamvix 6ai08 ¢ yCUIUMenamu
6 onacuvlx ceueHusx. Mooepnuzayusi KOHCMPYKYUU WHEKOBbIX YCMPOUCME 8
20PU3OHMATILHBIX MAWUHAX C ONUHHBIMU NYCIOMENbIMU 8AAMU PAHEe NPOBOOULAC
U UMeemcs NONONCUMENbHLIIL ONbIM 6 NPUMEHEHUe MAKUX KOHCMPYKYUl.
Kongpueypayus eanos mexanuuecxux nepeday, 006viuHo, obecnewusaem Heobxo0umyio
arcecmrkocms kKoncmpykyuu. Haepyszounas uacms maxkux eanoe ymonujena, menee
3A2PYICEHHASL HA XBOCMOBUKE UMEem VMOHYEHHYI0 KOHQUSYpayuio ¢ MeHbUUM
00beMOM OMHECEHHO20 HA Hee MAMepuand. YcuneHHulil 6an npedcmasisiem cobou
YeNbHYI0 KOHCMPYKYUIO NYCMOMENbIX YUTUHOPOS, COCOUHEHHbIX MencOy coboll
eapanmuposannvim - Hamseom. CHUdICeHUe MemanioemKocmy 00ecnedueaemcs
YMeHbUIeHUeM MACCbl 8aNd, DAHOANCAMU HA HUX YCUTUBAIOMCS ONACHblE CeHeHUs,
Umo no3goJigem 3HAYUMEIbHO 001e2yums KOHCMPYKYUU WHEKOGbIX YCMPOUCme U
NOBLICUMb IHEPEMUUECKYIO IPPEKMUBHOCIIb MAUUHBL 8 YETOM.

Kntouesvie cnosa: 2opuzoHmanvHas MawluHa, WHEKOB0E YCMPOUCMEO, 6al,
KOIbYeBAsl 6CMABKA, NOCAOKA, NPOYHOCb, HCECMKOCHIb.
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PA3PABOTKA MHOIOHOMEHKIJIATYPHbIX
MEXAHOOBPABATBIBAROLNX NMPON3BOACTB C TIPUMEHEHUEM
CUCTEM ABTOMATU3NPOBAHHOI O NPOEKTUPOBAHWA

Ilpu  mMpaouyuoHHbIX Memooax U320MmosleHUsi 3A0aHHble MOYHOCMHbLE
napamempuvl  NPOOYKYUU  OOCMUSAIOMCS  YCIONCHEHUEM — MEXHOI02UHeCKO20
060pY006aHUsA U UCNONBb30BAHUEM UHPOPMAYUOHHBIX U USMEPUMETLHBIX MEXHOL02UIL.
O0Hako 6 Hacmosiwee 8pems PYHKYUOHATbHASL MOYHOCIb BbICOKOMOYHBIX U30eUlL
npes3ouia mo4HOCmyb 0bpabamvleaoujezo u cOOPoOUHO20 000PYO08aAHUL NOYMU
Ha Nopsiook. Dmo npugeno K 8O3HUKHOBEHUIO NpoOIemMbl O0CMUNCEHUsS. 3A0AHHbIX
IKCNIYAMAYUOHHBIX XAPAKMEPUCTNUK BbICOKOMOYHBIX U30ETULL.

Hmenno nosmomy HeoOX00UMO npoGedeHusi UCCied08anuil no  CO30aHUIO
n00X0008 K NPOEKMUPOBAHUIO PAYUOHATILHLIX MEXHOIOSUYECKUX HNPOYeccos
useomosneHus Odemanel, Komopwvle npu nocieoyioujeli coopke obecneuam
MAKCUMATILHO  803MONCHOE KOAUYECMBO COOPOUHBIX KOMNIIEKMOS8, 4MO 8 C80I0
0uepedb NOLOHCUMENLHO CKANCEMCSL HA CHUINCEHUU He3A8ePULeHHO20 NPOU3B0OCMEA.

IIpeonazaemces npoekmuposanue MHOZOHOMEHKIAMYPHBIX MEXHOL02ULECKUX
npoyeccos MexaHooobpabamvlearuux npPousso0cme O0iisi 8blICOKOMOYHBIX U30eNUll
UCNONb3YSL  BO3MOJICHOCU — COBPEMEHHbIX — CUCTEM — A8MOMAMU3UPOBAHHO20
NPOEKMUPOBAHUSL.

Ha ocnoge nonyuennou ceazu copmuposeana cmpykmypa —CuUcmemvl
A6MOMAMUUPOBAHHOZ0 NPOEKMUPOBAHUS ¢ Yuemom mpehoeanuil K cOopke 8
3a6UCUMOCIIU OM CKLAOBIBAIOWENICS. NPOU3BOOCMEEHHOU CUMYayuu 6blOUpams u3
MHOICECBA MEXHOI02UYECKUX NPOYECCO8 MEXAHUUECKOU 00PAOOMKU PAYUOHAIbHbIE
sapuanmvl. Ymo, 6 c6010 ouepedsb, NO36015€m CHUUMb MPYOOEMKOCb, 8PeMs
U320MOBIEHUS U CeDeCMOUMOCHIb, NOBLLCUNb KAYECMBO U MOYHOCHb BbICOKOMOYHbIX
uz0enutl, COKpamums 8pems u mpyooemMKOCmb NPU MexHON02ULEeCKOU NO020MOBKU
npou3Bo0Ccmaa.

Knrouesvie cnosa: mexnonoeuueckuil npoyecc, paspabomka, —cucmemd
ABMOMAMU3UPOBAHHOZ0 NPOEKMUPOBAHUSL, MPYOOEMKOCMb, CeDeCmOoUMOCnib.

BBenenune

IIepen MalIMHOCTPOUTENBHBIM IIPOU3BOACTBOM CTOUT 33124 BBIITYCKA B KOPOTKUN
CPOK HEOOIBIINMH MAPTUAMHU MPOIYKIIHUHU BHICOKOH ()yHKIIMOHATIBHON TouyHOCTH. [Ipn
TPaJULIMOHHBIX METOIaX U3rOTOBJICHH 3aJAHHBIE TOYHOCTHBIE IIapaMETPhI POy KLIUU
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JIOCTUTAIOTCS YCIOKHEHHEM TEXHOJIOIMYECKOTo 00OpYZAOBaHUS M MCHOJIb30BAHUEM
UH()OPMAIIMOHHBIX M U3MEPUTENBHBIX TeXHOJIOrui. OIHAKO B HACTOSIIEE BpeMs
(GYHKIMOHAIbHAS TOUHOCTH BEICOKOTOYHBIX M3/IeHiA (TPUOOPOB M MAIIINH ) TPEB30IILIA
TOYHOCTHh 00pabaTHIBAIOIIETO M COOPOYHOTO 0OOPYIOBAaHUI MOYTH HA MOPSAIOK. ITO
MPHUBENIO K BOBHUKHOBEHHUIO MPOOIEMbI JOCTHKCHHS 33/IaHHBIX JKCILTyaTallMOHHBIX
XapaKTEpUCTHK BBICOKOTOUYHBIX u3Aenui [1].

Ha pucynke | mpezactaBieHbl CyIIECTBYIOIIHE METOABI JOCTH)KEHUS TOYHOCTHU
cOOpKH (TOYHOCTH 3aMBIKAIOIIETO 3BEHA).

Meroapt
JIOCTHKEHUS.
TOYHOCTH COOPKH
(3aMbIKaroIIero
3BEHA)

]
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Martepuanbl 1 MeTOABI

Kak BuiHO 13 IpHBeAEHHBIX IOCIIEI0BATEILHOCTEN, TPAAULIOHHOE IPOEKTUPOBAHUE
TII mexaHmueckoii 00paboTKH 1 COOPKU HOCHUT CyOBEKTHBHBIN XapaKTep U BO MHOT'OM
3aBUCHUT OT JIMYHOCTHBIX TUIIOBBIX IOJXO/I0B K PEIICHUIO IOCTaBICHHBIX 33/1a4.

Texnomnor He crOCOOEH PacCMOTPETH BCE BO3MOKHBIE BAPUAHTBI U3TOTOBJICHHS JeTalel
U cCOOpKH M3IeNMii U BRIOpaTh W3 HUX HambOolsiee panuoHanbHble. [Ipexae Bcero, 3To
CBSI3aHO C BpPEMEHHBIMH OTPAaHUYEHUSMHA U (PU3HOJIOTMUIECKUMH OCOOEHHOCTSIMH, KOTOPBIE
HE MO3BOJISIOT YEJIOBEKY KOHKYPUPOBATh C COBPEMEHHOM BBIUYMCIIUTENILHON TEXHUKOH T10
OBICTPOAEHCTBHIO IPHHATHS PEIeHUH U 00beMy 00pabaThIBaeMoi HH(OPMAIHH.

3/1ech CTOUT IMOSICHUTD, YTO K€ CJIENYEeT MOHUMAaTh NoJ pauuroHanbHbiMu TII B
nanHo# padore. Parmonansabie TIT mexanmueckoit 00padboTku —3t0 Takue TI1, koTopsie
o0ecrnieuynBarOT TpeOyeMble TOYHOCTh U Ka4eCTBO M3TOTOBJICHUS ACTAlICH U IIPU ATOM

v

v

v

v

v

Merton nomHoi
B3aMMO3aMe-
HAEMOCTH JieTaieii

Meron HenomHoi
B3aMMO3aMeHsIe-
MOCTH JleTanei

Meron noxbopa uinu
CeJIeKTHBHas cOopKa

Merton
MHIMBU/yAIbHOH
HPHIOHKH

Meron
peryJMpoBaHHs
(MpUMEHEHHE KOM-
TIGHCATOPOB)

Pucynox 1 — MeToabl OCTH)XEHUSI TOYHOCTH COOPKU
(TOYHOCTH 3aMBIKAIOLIETO 3BE€HA)

JlaHHBIE METO/BI TIOCTHYKEHUSI TOYHOCTH COOPKH HE SBISIOTCS YHHBEPCAILHBIMH,
3aBUCST OT TUIIA IPOU3BO/ICTBA U KOHCTPYKTUBHBIX OCOOEHHOCTEN U3rOTaBIMBAEMBIX
uznenuii. Hanbonee panuoHaIbHBIMA METOJIaMH JOCTHXKEHUS TOUYHOCTH COOPKH
BBICOKOTOUYHBIX H3JIETUI SBISIOTCS COOpKa ¢ HETOJHON B3aMMO3aMEHSEMOCTBHIO
U TPYNIOBOM B3aMMO3aMEHSEMOCTBIO (CEIEKTHBHAsE cOOpKa). ITO CBS3aHO C TEM,
YTO NMPUMEHEHUE METOAOB MPUIOHKU U PETYIMPOBKH INPUBOJUT K 3HAYUTEIBHOMY
YBEJIMUYEHUIO CII0KHOCTH U3TOTOBJIEHUS U C€0ECTOMMOCTH U3/1ETUI.

Kpowme Toro, mpu u3roToBIeHUH NOAOOHBIX U3/IENNii, B OCHOBHOM, B UX KOHCTPYKIIUU
OTCYTCTBYET BO3MOXHOCTb IIPELyCMOTPETh UCTIOIb30BAHUE IPUTOHKH U PETYIHMPOBKH,
B CBSI3U, C YEM IPUMEHSIOTCS MPOU3BOACTBEHHbBIE IPUEMBI JOCTH)KEHHUSI TOYHOCTH,
CBSI3aHHBIE C JOBOJIOUYHBIMU Pa0OTaMH, YTO HETaTUBHO CKa3bIBAETCS HA JJIUTEIILHOCTH U
CTOMMOCTH cOOpoYHOro IUKIa. Ho mpriMeHeHne MeToa HeMoIHO M B3auMO3aMEHSIEMOCTH
U CEJIEKTUBHOM COOPKH MOKET MIPUBECTH K YBEITUUEHHUIO KOJIMYECTBA HEKOMIUIEKTHBIX
JeTanel, a, CleJOBaTeIbHO, U K YBEJIIMYEHHIO HE3aBEPIIEHHOTO IPOU3BOJCTBA, YTO
TaK)Ke HETraTUBHO MOYKET CKa3aThCsl HA CE0ECTOMMOCTH KOHEYHOTO M3/IEIHS.

HmeHnHO mosTOMy HE00XO0IMMO MPOBEACHHSI UCCIIEIOBAHHIA MO CO3JAHUIO TIOAXO0I0B
K IPOEKTUPOBAHUIO PAllMOHAIBHBIX TeXHOJIornueckux mpoueccos (TI) uzrorosnenus
JieTajeid, KOTopbIe PH Mocenyromeil cOopke odecrneyaT MaKCUMaJIbHO BO3MOXHOE
KOJINYECTBO COOPOYHBIX KOMIUIEKTOB, YTO B CBOIO OYEpe/lb MOJOKHUTEIHHO CKaXKETCS
Ha CHIYKEHUU HE3aBEPILEHHOr0 MPOU3BOJICTBA.

Kpome Toro, Ha 3KcIiIyaTallMOHHBIE XapaKTEPUCTUKU KOHEYHOI'O0 M3JENIHs
BIHSIOT pazpaborannsie TII m3roroBneHus ero 3neMeHTOB (netaneit). Ha pucyHke
2 mpencTaBieHbl dTambl mpoektupoBanus TII mexanudyeckoir 0OpabOTKU AeTaneld u
COOpKH M3ENHI PU TPAAUIIMOHHON MOCIIEIOBATEIFHOCTH Pa3pabOTKH.
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00J1aJa10T MUHUMAJIBHOM TEXHOJIOTHUYECKOH Ce0ECTOMMOCTERIO.

Oransl pazpadorku TII Mexanuueckoit
06paboTku neraneii B oduiem cirydae

Oransl pazpadorku TII cOopku u3nemmii
B o01ieM cirydae

Iosryyenne MCXOAHBIX IAHHBIX LSt ITosyyenne MCXOAHBIX JIAHHBIX JUIst
TIPOEKTHPOBAHHSI TPOEKTHPOBAHHS
AHanM3 HCXOIHBIX JAHHBIX I AHanu3 TeXHHYECKNX TpeOoBaHMii,
paspaGorku TIT BBISIBIICHHE TEXHOJIOTMYECKUX 3a/1a4,
L BBIOOP METOJIOB M CPEICTB KOHTPOJIS
BriGop sieficTByionIero THOBOro u i
rpynmnosoro TII, a npu nx orcyTcTBIH — PacueT TakTa BBIyCKA M YCTAHOBIIEHHE
MoMCK aHajora eaunuanoro TIT MeT0/1a paGoThI (OTOYHBIA,
L HEIIOTOYHBbII)
Bri6op 3aroToBKM M METO/I0B €€ i
HOJTy4CHUA Bri60p opraHu3aMoHHOI (HOpMEI
L cOopk (CTauMOHapHas, MOJBUKHAS)
‘ Bri6op TexHonornyeckux 6a3 ‘ i
L TeXHOIOrHYeCKUii aHaIN3 COOPOUHBIX
uepTexeil 1 pabounx yeprexeil ¢ TOUKH
‘ Pazpaborka MapuipyTa 06paboTKH ‘ 3peHHs TeXHOJIOIHYHOCTH KOHCTPYKIIMH
L u3Aenus
‘ PaspaGoTka onepanuit TIT ‘ ¢
L Bribop merona obecneuenns 3a1aHHO#H
TOYHOCTH
‘ Hopmuposanue TIT ‘ i
L ‘ BrI60p MapmIpyTHO# TEXHONIOTHHI ‘
Pa3paGoTka MepONPUSTHIA 110 TEXHHKE ¢
Ge3omacHoOCTH
L ‘ TTocTpoenne oneparuit ‘
OKOHOMHYECKAs! OLEHKa
paspaboransoro TIT Bri60p 1 pa3paboTka HEOOXOMUMBIX HIs
L BeInosHeHus Texnponecca CTO
OdopmiteHne TEXHOIOTHIECKON
JOKYMEHTAIHH TexHHYECKOEe HOPMUPOBAHHE
cOOpOUHBIX paboT
Pacuer TeXHHKO-9KOHOMHYECKHX
nokasaTesei mpomecca cOOpPKH U OLEHKa
BapHAHTOB
OdopmiteHHE TEXHOIOTHIECKON
JIOKYMEHTalH1

Pucynok 2 — Oransl pazpabotku TII mexanndeckoit 06paboTku

nerasnei u cOOpKu U3AEHii B o01IeM ciryyae
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TexHosmornueckas cedecTouMOCTsL — 3T0 cebectoumocts TII Mexannuyeckoi
o0paboTku neraneit. JIrobast TexHOIOrHYecKast ce0eCTOMMOCTh CTex CKJIaJbIBAcTCs U3
HECKOJIBKMX ITapaMeTpos [2, 3].

rne M3 — MaTepHuabHbIe 3aTPaThl, HEMOCPEACTBEHHO CBSI3aHHBIE C IPOU3BOACTBOM
NPOAYKIMH (B HAILIEM cIydae ¢ MeXaHMYecKoi 00paboTKoi neraneii).

K HuM otHOCSATCSH:

- OCHOBHBIE MaTepHaJbl, ChIpbe, Moay(padpUKaThl U T.11.;

- OT — pacxonpl, CBSI3aHHBIE C OIUIATOM TPyJa OCHOBHBIX MPOU3BOJCTBEHHBIX
pabouux;

- PCD0 — 310 KOMITJIEKCHBII TapaMeTp, KOTOPbIil BKIIOYAET B ce0si aMOPTH3ALIHIO
000pyIOBaHUS, PACcX0/l MaTepUaAIOB, HEOOXOJUMBIX Ul yX0/a 32 000pyI0OBaHUEM,
3apaboTHasi IU1aTa pabounx, 00CITy>KUBAIOLIUX JAHHOE TEXHOJIOTHYECcKoe 000pyA0BaHuE,
pacxo/pl Ha TOIJIMBO M SHEPTHIO JUIsl 000pyIOBaHMUS.

BnusiHne MatepuaibHBIX 3aTpaT, HEIIOCPEACTBEHHO CBSI3aHHBIE C IIPOU3BOICTBOM
OPOAYKLMHU, HA TEXHOJOTHYECKYIO0 ce0eCTOMMOCTh B JJAHHOH paboTe paccMOTPEHO
He OyJeT, T.K. Ha JaHHBIH mapaMeTp B OOJibLIei CTENeHH BIMsIET ce0eCTOMMOCTh
MaTepHaia, U3 KOTOpOro M3roTaBIMBACTCS U3ZEIUE U CIIOCOO MOTYYECHUSI UCXOTHON
3aroToBkd. OCHOBHOW MaTepual U MaTepUalIbl-3aMEHUTENN IS U3TOTOBIICHHS
U37IeNus, KaK IPaBUJI0, CTPOTO PErIaMEeHTHPOBAHbI TPEOOBAHUSIMHI KOHCTPYKTOPCKOM
nokyMeHTauu. Croco0 mojyuyeHus UCXOJHOW 3aTOTOBKM BO MHOTOM 33aBHCHUT OT
KOHCTPYKTUBHBIX OCOOEHHOCTEH M3rOTaBIMBAEMOTO M3JECNIUS M TEXHOJIOTHMYECKUX
BO3MOKHOCTEH IPEANIPUATHUSA.

Ha nBa npyrux napamerpa BO MHOTOM OKa3bIBa€T BIMAHUE BpeMs peanusanuu T11
(HanpuMep, BIUSET Ha OILIATy TPy/a IPOU3BOICTBEHHBIX PAOOUMX, paCX0/Ibl HA TOILIMBO
¥ HEPTHIO JUIs 000PYOBAHUS U T.[I.) U KOJIMYECTBO TEXHOJIOTMYECKOT0 000pYy10BaHuS,
3ajeiicTBoBaHHOTO A1 peanu3auuu TI1 [3-5]

rje t — OCHOBHOE TEXHOJIOTHYECKOE BPEMS;

N — KOJINYECTBO MIPEIMETOB TPYyla B NApTUU;

T — NOArOTOBUTEILHO-3aKIIOYUTENBHOE BPEMS;
t _— BCIIOMOTaTeIbHOE BPEMS;

t - — BpeMs 00CTy)KMBaHUA paboYero MecTa,

T — Bpewmst IepephIBOB U OT/BIXA.
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Kak BuaHO U3 QopMyInbl, CHU3UTh BpeMEHHbIE 3aTpaThl Ha peanu3aunuio TII
MO>KHO 32 CYET YMEHBIICHUS KOJINYECTBA TEXHOJIIOrMYECKUX onepauuii BHyTpu TII u
TEXHOJIOTUYECKUX [IEPEX0/I0B BHYTPH TEXHOJIOTUUYECKUX OTEPAIIHA.

KonnuecTBo TEXHOIOrH4ecKoro 000pyA0BaHusl, 3a/1€H{CTBOBAHHOTO JUTS PeaTU3aLuH
TII, MmoxeT OBITh OTPA)KEHO TAaKUM MapaMeTpoM, Kak K03(puLueHT 0aHOPOIHOCTH
TEXHOJIOTHYECKOTO 000PYI0BAHUS (Wom) [2-5]. Jannbrii K03)PUIHEHT IPEaCTaBIIET
co00if OTHOILIEHHE KOJUYECTBA OJHOPOJHOTO TEXHOJOTHYECKOI0 000PYJOBAaHUS K
o011eMy KOJIM4YecTBY 000pyAOBaHus, 3aieiicTBOBaHHOMY Iipu peanuzauuu TII

Janupie kpuTepun: Konnuectso onepaiwit TIT usrorosienus neraneit (W ); obuee
KOJIM4ECTBO TEXHOJIOTMYECKUX NIEPEXOA0B I Kaxa0oro u3 TII u3rorosneHus neraieu
(Wnep); OJIHOPOJTHOCTH TEXHOJIOTHIecKoro obopymoBanus (W .. ) B JabHEHIIEM OyayT
IpUMEHEHBI JUTs BbIOopa parmonanbHbeix TIL

Kpome Toro, He00X0AUMO OTMETHUTb, YTO NPU TPAJAULIHUOHHOM IPOSKTHPOBAHUU
TII mexanudeckoii 0OpabOTKH U COOPKH HEBO3MOXKEH YUYET PEalbHOIO COCTOSHUS
NPOHU3BOJICTBEHHOW CUCTEMbI HA MOMEHT U3TOTOBJICHUS JeTaIel Wi COOPKH H3/1EIHH.
310 cBs3aHo ¢ TeM, uro TII mexanudyeckoir 00pabOTKH MM COOPKH MPOEKTUPYIOTCS
na srane TIIIL

Tak)ke CTOUT OTMETUTH, UTO IPHU TPAAUIMOHHOM mnpoekTupoBaHuu TII
MEXaHUYECKOW 00pabOTKH JeTaneil OTCYTCTBYET y4eT TpeOOBaHUU MOCIeAyomeit
cOOpKH, a BOIPOCHI, CBA3aHHBIE C TOUHOCTHIO COOMPAEMOT0 M3IENUs, PEIIaloTCs B
xoze npoektupoBanus TII cOopku. DTO MPUBOAUT K HEOOXOTUMOCTH MPUMEHEHUS
pPa3IMYHBIX MPOU3BOACTBEHHBIX IIPUEMOB, HalpuMep, JOBOJOYHBIX padoT, YTO
HEraTUBHO CKA3bIBAETCS HA BPEMEHHU U3TOTOBJICHHS U CTOUMOCTH KOHEYHOT'O U31ETIH.

Takxe npu paccMoTpeHHH Bompoca npoextuposanus TII mexaHumueckoin
00paboTKH AeTanei i BRICOKOTOYHBIX U3AETHI HEOOXOAMMO H3yYHTh BOZMOKHOCTH
COBPEMEHHBIX cHcTeM aBToMaTu3upoBaHHoro npoexktuposanus TII (CAIIP-TII). Bee
cyumectBytomue CAIIP-TII MokHO yCIOBHO pa3/ienTh HAa TPU IPYIIIbL:

- MHOTO()YHKITMOHAIBHBIE CPEIBI 17151 COBMECTHOM pa3padbotku TII;

- CUCTEMBI C JIEMEHTaMU aBTOMAaTU4YeCKOro npoekruposanus T1I;

- cHUCTeéMa aBTOMATU3UPOBAHHOIO IUIAHUPOBAHUSI MHOTOHOMEHKIATypHbIX TI1.

OTtaenpHbIE IPEICTaBUTENN JAaHHBIX TPYIIII [IPEICTABICHBI HA PUCYHKE 3, a aHAINU3
UX MMPEUMYIIECTB M HEJJOCTATKOB CBECH B Tadumity 1 [4-10].

JlaHHBII aHaIU3 [10KA3bIBAET, YTO YPOBEHb aBTOMaTu3auuu oospmnHeTBa CAIIP-
TII ocraercsa kpaiine Hu3kuM. Tonpko CAIINTII obecneunBaeTr MHOTOBapuaHTHOE
IIPOEKTUPOBAHUE TEXHOJIOrMYeckux onepanui u TII B aBTOMaTHY4ECKOM pEXRUME
C YYETOM pPEaJbHOI'0 COCTOSIHUS NMPOU3BOJACTBEHHON cucTteMmbl. OJHAKO BO BCEX
PAaCCMOTPEHHBIX CUCTEMAaxX OTCYTCTBYET yUeT TpeOOBaHUI COOPKU IPH MPOEKTUPOBAHUU
TexHosoruueckux oneparuii U TI1 mexanumueckoit 00pabOTKH AeTaneH.

OTI
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Pucynok 3 — IIpumeps! otaensHbix npeacrasureneii CAIIP-TII no rpynmnam

Pe3yabTaTsl M 00Cy:KIeHUSA
Ha ocHOBE BBIITOJTHEHHOTO aHAJIM3a METOJOB JIOCTHIXKEHUS TOYHOCTH (Tabauia
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3 CAIITII - BO3MOXHOCT b- OTCYTCTBHE y4eTa TpeOOBaHUI COOPKH.
MHOTOBAapUAaHTHOTO
NPOEKTUPOBAHUS
TEXHOJOTHYECKHUX
onepauui u TII B
ABTOMATHYECKOM PEXKHME;
- y4eT peallbHOrO
COCTOSSHH A
NPOU3BOACTBEHHON

CUCTEMBI

1) mpu cOopke, 3TanoB pazpadborku TII mpu TpagulIMOHHOM HTPOEKTUPOBAHHUH U
Bo3MoxHOcTel coBpeMeHHbIX CAIIATII MoxxHO chenath BBIBOJ, YTO HEOOXOIUMO
IIPOBEICHNE UCCIIEA0BAHUM 110 CO3/IaHUIO ITOIXO0/I0B K IPOEKTUPOBAHUIO PALIMOHATIBHBIX
TII mexannveckoit 00pabOTKH AeTaseii 11 BLICOKOTOYHBIX M3/IENINI, 00eCIIeUnBAIOIINX
BBITOJIHEHHE TPEOOBAHUI MOCIEAYIOIIeH COOPKU 1 YUYUTHIBAIOIINX PEATbHOE COCTOSHUE
IIPOU3BOJICTBEHHOU CUCTEMBI.

Tabmuna 1 — AHanmu3 nperuMyIecTB U HelocTaTKoB, oTAenbHBIX CATIP-TII o rpynmnam

pynmna CAIIP-TII

peuMyIIecTBa

€I0CTAaTKH

I €PTHUKAIb - o0OecmedeHH e- OTCYTCTBHE BO3MOKHOCTH ITPOEKTUPOBAHUS
Tgxﬁgﬁ(m aBTOMAaTH3 an u Il B aBTOMaTHYECKOM PEKHUME;
%Elgﬁg;g%) paboT co cIpaBOYHOMN- OTCYTCTBHE y4eTa peaJbHOI'0 COCTOSHHS
ADEM IMoKyMeHTanrel 1 6a3aMHUNpPON3BOACTBEHHON CUCTEMBI;

IMaHHBIX 000pYIOBAaHUS H- OTCYTCTBHE ydeTa TpeboBaHHN COOPKH.
OCHACTKH
2 NATTA - BO3MOXHOCT b-CJI0HO€ YCTAHOBJIEHHE B3aMOCBSI3EH1 MEXKTY

NPOEKTUPOBAHHUS
TEXHOIOTHNYECCKHX
onepauut u TII B
ABTOMAaTHYECKOM PEXKUME.

KOHCTPYKTOPCKUMHU U TE€XHOJOTHYECKHUMHU
BJIEMEHTaMU;

- OTCYTCTBME€ MHOTOBapHaHTHOTO
MPOEKTUPOBAHUS TEXHOJOTHYECKUX
oneparuii u TII;

- OTCYTCTBHE Yyu€Ta PEAJIbHOI'O0 COCTOSIHUS
[MPOU3BOJICTBEHHOW CUCTEMBI;

- OTCYTCTRHE y4eTa TpeOOoBaHHN COOPKU

64

[Ipennaraercss KOMIUIEKCHBIN MOIX0/ (KOMILIEKC MPOEKTHBIX MPOIELyp), KOTOPBIii
OCHOBBIBA€TCSI Ha YCTAHOBJIEHUM CBSI3M MEXAY TEXHOJOTHYECKOW MOATrOTOBKOI
MexaH000pabaThIBAIOIIETO U COOPOYHOrO0 MPOU3BOJCTB, C YUETOM OTPaHUYCHHUI,
HaKJIa/IbIBAEMBIX TPEOOBaHUSAMU COOPKH, M PEaTbHO CKJIA/IbIBAIOIIEICS TPOU3BOACTBEHHOM
cutyanuu [11-19]. B obmiem Buie cBsi3b NpeICTaB/IeHa HA PUCYHKE 4.

Pucynok 4 — CBsi3b MeX/1y TEXHOJIOTUYECKOM MOATOTOBKOM
MeXaHo00pabaThIBAIOLIETO U COOPOUYHOTO MPOU3BOICTB

Ha ocHoBe mosiyueHHOU cBs3u chOpMHUpPOBaHA CTPYKTypa CHUCTEMBI yueTa
TpeboBanuii k cOopke npu npoexkrupoBanuu TI1 mexannueckoit 06padotku (CTCTIIM).
JlanHast cuctema o3BOJIAET B 3aBUCMMOCTH OT CKJIAJbIBAIOILIEHCS IPOU3BOICTBEHHOMN
cuTyauuu BeIOMpaTh U3 MHOXkecTBa TII Mexanmueckoil oOpabOTKHU JeTayel,
nosnyyeHHbIX B CAIInTII, paunoHanspHble BapUaHTHI, YYUTHIBAIOLIME TPeOOBaHUS
nocieayome coopku. Uto, B CBOIO 0Yepeib, TO3BOJSET CHU3UTH TPYIOEMKOCTH,
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BPEMSI H3TOTOBJICHUS M C€0ECTOMMOCTb, TOBBICUTH KAYECTBO M TOUHOCTH BEICOKOTOUHBIX
U3JIeIIUHI, COKPATUTh BpeMs U TpyA0eMKOCTh pu TIIII.

Ha pucynke 5 Hamu o603Ha4eHo mecto, kotopoe 3auumaer CTCTIIM B cTpykrype
CAIInTIL

Pucynok 5 — Ctpykrypa CAIInTII u mecto, kotopoe B Heit 3anumaer CTCTIIM

Crpykrypa CTCTIIM (B 001mieM Bujie MpeacTaBieHa Ha pUCYHKE 6) BKIIOYAET B
ce0sl TpU YKPYTTHEHHBIX 0JIOKa MPOEKTHBIX MPOLEAYP:

- aHaJIN3 TpeOOBaHUil K cOOpPKE BHICOKOTOYHBIX U3/IEIINH;

- aHanm3 BO3MOKHBIX TTI 06paboTku aeTaneit, BXOASIINX B BBICOKOTOYHBIC H3/IEINHS;

- BBIOOD parmoHanbHbIX T, 06ecreunBaromx BeITOTHEHNE TPeOOBAHH COOPKH.

JUis kaxgoro 010Ka MPOEKTHBIX Mpoleayp Obuir c(OpPMHPOBAHBI 3TAIbl UX
peanu3aium, IpeaCcTaBICHHbIC ajee.
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KOHCTPYKTOPCKHIT
Pa3MepHEIH aHATH3
CGOPOYHOTO H3JIEMH
(cocraenenne rpajor
COTpsKeHHI cGopO-HOI
]
HcxonmHble NaHHbIe CFHHITE) ]
s l |
KOHCTPYKTOPCKOTO | CocTaeneHHe BapHAHTOB
Pa3sMepHOTO aHanH3a ] 0GoGmeHHRIX TpadoB (Tpad sl
1:p bos (rp SIJ Omnpenenenie
& CONpAKeHHH cGOPOHOH
KoHcTpyKTOpCKHit TS TEeXHOIOTHYECKIX
pasMepHEIIt aHATH3 HeTaneit, MPOLECCOB 05 PaGOTKH
+ obmHe rpadr pasMepos =
YUaCTEYIOIIHX B cOOpKe i IeTaneit,
BAPHAHTEI Ipados
(coctarmnenne o0mux rpadoe 00ecIIeYHEBAOIIIX
TEXHOIOTHIECKOTO
pasMepoE) EBIIOIHEHHE
PasMEpHOTO 2
& TpeGoBaHHi cOOPKH
AHANN3A KaKIOH JIeTaH,
3aneficTBOBaHHOMH B cOOPKe)
|
VCxOIHBIE NaHHBIE |
. KoHCTpYKTOpCKHMIT BEIGOP palHOHANEHBIX
TeXHOIOTHIECKOTO = =
PasMepHEIIt aHAITH3 eTaneii, TEeXHOIOTHYECKHX
PasMepHOTO aHalH3a
YHacTBYIOIIHX B cOopKe MPOLIECCOB
(CATLII-TIT)
(coctarmnenue oGunx rpados 0GpaGoTKH 3NEMEHTOB
pasMepoB) M3

Pucynxke 6 — Ctpykrypa CTCTIIM, chopMupoBaHHas HA OCHOBE CBSI3H MEXKIY
TIIIT mexanooOpabaThIBAIOLIETO U COOPOUHOTO MTPOU3BOJICTB

BrIBOabI

[IpoBeneHHBIN aHAIN3 METOAOB JOCTHIKEHHS TOYHOCTH NpHU cOOpKE, ITaroB
pa3pabotku TII mpu TpaIUIIMOHHOM MPOSKTUPOBAHUH U BO3MOKHOCTEH COBPEMEHHBIX
CAIInTII noka3an, 4To HEOOXOJUMO MPOBEACHUE UCCIEIOBAHUN MO CO3JAHUIO
NOJXO0J0B K NPOEKTUPOBaHUIO pamuoHanbHeIX TII mMexanuyeckoir o6pabOTKH
JeTanel A BBICOKOTOUHBIX M3JIENHid, 00eCIeYHBAIOIINX BHIMOJTHEHHE TpeOOBaHUI
nocjeayonei cOOpKH M yYUTHIBAIOIIUX peaTbHOE COCTOSHUE MPOU3BOACTBEHHOM
CUCTEMBI.

Ha ocHOBE yCTaHOBJIEHHOU CBSI3HM MEXIY TEXHOJOTMYECKOW MOATOTOBKOMU
oOpabaTpiBapmero u cOOPOYHOrO MPOU3BOJCTB BBHICOKOTOYHBIX H3JIEIUN
chopMupoOBaHa CTPYKTYpa CUCTEMBI yueTa TpeOOoBaHui K COOpKE IPU MTPOSKTUPOBAHUHI
TII mexanudeckoii 00pabOTKH.
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Marepuan noctynuin B pegakuuto B 02.02.23

I. C. I'ymapog'*, C. I Mumun’

'M. OrtemicoB atbiHaarsl bateic Kazakctan MEMJIEKETTIK YHHBEPCUTETI,
Opain, Kazakcran Pecybnukacsl

21O. A. T'arapun ateiaarsl CapaToB MEMJICKETTIK TEXHUKAIBIK YHHBEPCUTETI,
Capatos, Peceit denepanuscol

Marepuan 02.02.23 Gacnara TYCTI.

ABTOMATTAHJBIPBLIFAH ’KOBAJIAY )KYHEJIEPIH KOJIJJAHA
OTBIPBIIL, KOII MEHKJIATYPAJIbBI MEXAHUKAJIBIK OHJAEY
OHIIPICTEPIH 93IPJIEY

Onoipicmiy docmypni o0icmepimen OHIMHIY Oepineen 0o10IiK napamempiepine
MEXHONOSUANBIK,  HCADOLIKMbIY KYPOENeHYl JiCoHe aKNapammvl JICOHe Ouey
MEXHONO2USNAPbIH KOAOAHY APKbLIbL KO JcemKizinedi. [ecenmen, Kazipei yakpimma
arco2apuvl 0ondixmeei OHIMOEPOiH QYHKYUOHANOBIK 0d1012i OHOEY JHCOHE KYPACMbIPY
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2HCabOLIKMAapbibly 0ondiciHen Oepnik acvln mycmi. byn oicozapul dondikmeei
OHIMOepOil bepineen nanoanany Cunammamaniapovina Koi Jcemxisy npobremacvina
oKenol.

Conovikman boenuwexmepdi onoipyoiy ymvimMObl MEXHOAOLUSILIK HPOYEeCmepiH
Jrc0banay mocinoepin Kypy OoUblHWa 3epmmeyiep Jcypeizy Kasxcem, oaap Keuinei
Kypacmolpy Ke3iHoe Kypacmuipy HCUbIHMbIKIMAPLIHLIY el KON CAHbIH KAMMAMACHI3
emeoi, by 63 Keze2inoe AAKMAIMazan eHOIpicmiy momenoeyine oy acep emeoi.

3amanayu asmomammanObipbli2an HcOOANAY JHCYUeNePIHIH MYMKIHOIKmMepiH
natidanana omwipvin, 0910i2i  dHcozsapvl OHiMOepee apnanean Mexanukanvik
enoey OHOIpIiCMepIiHiy KONMOOCHUemmi MeXHOL0SUSIbIK Npoyecmepin dcobanay
YCbIHBLIAODL.

Anvinean daiinanvic He2izinde Kypacmuipyaa KOUbLIAmMulH Malanmapovl eckepe
OMBIPbIN, ABMOMAMMAHOBIPBII2AH HCOOANAY HCYUECIHIY KYPbLIbIMbl KATbINMACKAH
eHOIpicmik  Jcaz0atiea  OAUAAHBICIIbL  MEXAHUKALIK, —~ OHOEYOIH — KONme2eH
MEXHOIOUANBIK, NPOYECmEPIHeH YMblMObl HYCKAIapovl manoay Kepek. byn o3
Ke3eziHoe eHOEeK CullbIMObLIbIZbIH, OHOIPIC YAKbIMbL MEH KYHbIH mMoMeHOemyee,
Jrco2apul 0ondikmezi OHIMOepOiy canacvl MeH 0910iciH apmmuvlpyad, 6HOIpicmi
MEXHON02USIBIK OAUbIHOAY Ke3iHoe Yaxvlm nen eyOex CuliblMObLIbI2bIH A3aimyead
MYMKIHOIK OepeOi.

Kinmmi ce3dep: mexnonozusnvix npoyecc, a3ipiey, agmomMammaHoblpulLI2aH
arcobanay ancyiieci, enbex ColiblMObLIbLEbL, 63IHOIK KYHbI.

*G. S. Gumarov', S. G. Mitin?

"West Kazakhstan state University named after M. Utemisov,
Uralsk, Kazakhstan of Republic

*Yuri Gagarin State Technical University of Saratov, Saratov, Russia

DEVELOPMENT OF MULTIPLE MECHANCLATURE MACHINING
PRODUCTIONS USING AUTOMATED DESIGN SYSTEMS

With traditional manufacturing methods, the specified accuracy parameters of
products are achieved by the complication of technological equipment and the use
of information and measurement technologies. However, at present, the functional
accuracy of high-precision products has surpassed the accuracy of processing and
assembly equipment by almost an order of magnitude. This led to the problem of
achieving the specified performance characteristics of high-precision products.

That is why it is necessary to conduct research on the creation of approaches to
the design of rational technological processes for the manufacture of parts, which,
during subsequent assembly, will provide the maximum possible number of assembly
kits, which in turn will have a positive impact on reducing work-in-progress.

1tis proposed to design multi-nomenclature technological processes of machining
industries for high-precision products using the capabilities of modern computer-
aided design systems.

Based on the obtained connection, the structure of the computer-aided design
system is formed, taking into account the assembly requirements, depending on
the current production situation, rational options are chosen from a variety of
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technological processes of mechanical processing. This, in turn, reduces the labor
intensity, manufacturing time and cost, improves the quality and accuracy of high-
precision products, reduces the time and labor intensity during technological
preparation of production.

Keywords: technological process, development, computer-aided design system,
labor intensity, cost.
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*0O. T. Kaupé6ali', A. B. Mazdyb6au?, C. U. [JepeesicuH®
123TopaiireipoB yHuBepcureT, Pecriyonuka Kazaxcran, r. [1aBinogap

PA3PABOTKA KOHCTPYKLNN UHCTPYMEHTA 4J151 O6OPYOBAHUA
10 NEPEPABOTKE TBEPLbIX OTXO4OB

Ilocre cpasnumenvHo2o ananusa pasiuyHblx 060pPYO0BAHUL NepepabomKu
meepobiX OmMX0008, KOHCMPYKYUU UHCMPYMEHMO8, HAOM00eHUe 3a UX padboyumu
npoyeccamu npuseio K 6bl800Y O MOM, YMO OHU UMEIOM HUSKULL YPOBEHb
pecypcochepedicenus U uHAWU8AIoMcs He payuoHaIbHO. B npoyecce iumepamyproeo
0030pa ObL1 8bIAGIEH OOCMAMOYHO BLICOKUL CHPOC HA PA3OOPHBII UHCIPYMEHM 015
060pyoosanus no nepepabomie meeépovix omxo008. Pazpaboman paboyuil npoexm
PpazboprHo2o uncmpymenma 0isi 060py008aHus no nepepabomre meépovlx OmMxo008.
3amem 6vLna paspabomana MemoouKa IKCHEPUMEHMANbHBIX UCCIe008AHUL NO
onpeoeneHulo ONMUMAIbHbIX KOHCMPYKMUBHBIX NAPAMempOos UHCIMPYMEHma OJis
060pyoosanus no nepepabomie meePObIX OMX0008, U320MOBAEHbL U UCHbIMAHbL 30
MOOenU UHCMPYMEHmMOs 01 000py00sanus no nepepabomke meepovbix Omx0008 8
PasnuuHelx eapuayusx. Mcneimanus nokazanu ycmouuugy pabomy pazdopHoeo
UHCIMPYMEHmMA npu nepepabomxe Memaiiuieckol cmpyxcku cmaau 45. B 0annoi
cmamuve npedCmasien paboyutinpoeKmpazd OpHO20 UHCMPYMEHMA 0s1000py008aHUs
no nepepabomke meEpObIX OMX0008 U pa3zpabOMAHHbIL AN2OPUMM pacyema
KOHCMPYKMUBHBIX NAPAMEMPO8 UHCMPYMEHMA, KOMOPbIU BHECEH 8 NPOSPAMMY
NPOEKMUPOBAHUSL UHCIMPYMEHMA 051 000pY008aHUs. NO nepepadbomre meeépovix
omx0006 6 Microsoft Office Excel. Dma npoepamma no36onsem cKOHCMpyuposans
MOOeb UHCMPYMEHMA 8 COOMEEMCMEUU ¢ KOHCHMPYKMUBHbIMU NAPAMempami,
MEXHUYECKUMU — XAPAKMEPUCmuKamu  000py0o8anus,  nompeoHocmsamu U
BO3MOACHOCMAMU OESAMENbHOCU.

Kouesvie cnosa: nepepabomka TBO, ymunuzayus, TBO, meépovie omxoobwi,
uHcmpymenm.

BBenenne

B mupe npeyiararores 1 pa3padbaThiBalOTCS BCEBO3MOXKHBIE CTPATETUH BTOPUYHOM
nepepaboTku. B peanbHOe BpeMsi OOJBIION MPOrpecc JOCTUTHYT B MEXaHUYECKOU H
XUMHUYECKOU mepepaboTke, HO OHU OTIMYAIOTCS IO CTENEHU PaclpOCTPaHEHHOCTH,
1o cOOCTBEHHBIM ILTIOCaM M Aedexkram. MexaHnueckas nepepaboTka ¢ MOJIEePKKON
HaJIJIEKAIIKX YCTAHOBOK rapaHTHPYET HECTIOKHOE BTOPUUHOE BHEIPEHUE TEX XKE CAMBIX
MaTEPUAJIOB C yUE€TOM KO€-KaKMX yTpaT B UX CBOMCTBAX.

B Kazaxcrane ckonuiocs ctoibko ThO, uro ¢ 2019 rona Biactu He pa3pemniu
3aXOpPOHEHHME Ha MYCOPHBIX IMOJIMI'OHAX IJIACTMAacChl, Oymaru u crtekiya 0e3
MOJITOTOBUTENILHOM COPTUPOBKH. JIaHHON MEpOl MUHUCTEPCTBO SHEPTETUKHU MPOOYeET
YBEIUYUTH CTETEHb MepepadOTKU OTXOJ0B M BBECTU pa3feibHBIH cOOp Mycopa
HaCEJICHUSI.
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Kaxneiit rox B Kaszaxcrane nossiuserca 5-6 muH. o TEO. B onmxaiimme
rofIbl CTOMT >KJaTh HapaliuBaHus pazmepoB oOpazoBanus ThO 3a cuer yBenuueHus
HOMEHKJIATYpbl IPOJOBOJIBCTBEHHBIX U HENPOJOBOJBCTBEHHBIX NPOJYKTOB,
ACCOPTUMEHTA U OOJIMKOB YIAKOBKH Ul HUX, IOAbEMa YPOBHS KU3HU HACEJICHUS.

[To utoram nposenenubix ucciaenosanuit TOO «Omnepatop POIIl» onpenenen
Mopdomnoruueckuit cocras ThO [1]:

1) IMumessie otxoasl — 31.1 %;

2) Maxkymnarypa — 25.2 %;

3) [omumep (ruractmacca) — 11.2 %;

4) Crexmo — 6.1 %;

5) Mertamibt — 3.4 %;

6) [Ipoune — 23 %.

B pa6ore [2] npoaHanu3upoBaHbl IPUMEHSEMBbIE YCTPOUCTBA, 000pYyIOBaHHUS TS
NpoOaeHus TBEPABIX OTXOAOB U CYLIECTBYIOUINE KOHCTPYKLUUH MHCTPYMEHTOB IS
nepepabotku THO.

B xadecTBe OCHOBHOHM JJi HMCcleqOBaHUs Oblia BeIOpaHa KOHCTPYKIIUS
JIByXBajipHOTO 1Ipenepa cepur DB npoussoactsa OO0 «MTHOEJIKO» [3].

a) 6)
Pucynok 1 — JIByxBanbHblii mpeaep DB-5: a — Bux cnepenu; 6 — Bua c3aau

MaTepua.m)l H METObI

Tak kak, IpUHLMUII PE3KU OCYIIECTBIsETCS Moj yrioMm 90°, yriael Mexnay
MOBEPXHOCTSIMHU JIE3BUHN U TOPU3OHTANIBIO, BEPTUKAJIBIO — IPsIMbIE (PUCYHOK 2, a) [4].
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a) 0)
Pucynok 2 — KprokooOpasHblif HOX /715 mpeaepa

a - TIPUHIIMII PE3KH; O - pacpoCcTpaHEHHBIH KPIOKOOOPa3HBIiA
Jiist pa3paboTKu HOXa OBLT B3SIT 32 OCHOBY KPIOKOOOPA3HBIN HOXK C 6-TH yTOJILHBIM

MIOCAIOYHBIM OTBEPCTHEM (PUCYHOK 2, 0).
Jle3Bus umerot TBEpROCcTh S8HRC, BBICOKYIO N3HOCOYCTOWYMBOCTD KPOMOK.

B)

Pucynok 3 — 3D monenu Hoxa

a - HOXX CO CMCHHBIMHU JIC3BUSAMU, 0 - KOJIBIIO; B - HOXKU U KOJIbIIa Ha POTOPE;
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Mesx 1y HOKaMH yCTaHaBJIMBAIOTCS IUCTAHIMOHHBIE KOJIbI[Aa MEHBIIIETO JIHaMeTpa,
KOTOpBIEC MpU COOpPKE JBYX POTOPOB CO3JAIOT OMPEJCICHHOE MEPEKPHITHE MEXKITY
HOXaMH poTopa (pUCYHOK 3, 0).

bnaronaps MHOrorpaHHOMY CEpACYHHUKY POTOPA HOXKU KPETISITCS B ONPEIETICHHOM
HOpsAJIKE, KOTOPBIN MO3BOJIAET KAKJOMY MOCIEAYIOIIeMY HOXY B Habope HMETh
paauagbHOE YIIOBOE CMEIIEHHWE OTHOCHTENBHO mpeapiaymiero. Uro obecnednBaer
OoJiee HaJIEKHYIO (PUKCALNIO U HEOOXOUMBII pazmep ApoOieHus (pUCyHOK 3, B).

PesynbTarel u 00CyxkaeHNE

[Iporpamma npoeKTHpOBaHUS UHCTPYMEHTA JUIsl 000PYOBaHUS MO MepepadboTKe
TBEP/BIX OTXOJIOB MPEJICTaBlIeHA HAa PUCYHKE 4, I/le YUCIIOBbIC SYEHKU C TOJICTHIMHU
BHEITHUMU I'PaHUILIaMH — BBOJHBIE JaHHbIE; TPOUNE YUCIIOBBIC STUCHKH UMEIOT (DYHKLIUIO

McxonHble AgaHHbIE ‘BbICOTa nesBuA 14,8 mm ‘
|Pacc‘ro;mv|e Meay UeHTpamu Banos | 81,95|MM | ‘LUVIDWHG nessuA 5,0 mm ‘
|,EI,V|aMETp BNWMCaHHOTO KpyTa | 32|MM | ‘Tc’””"'””a N1e3BNA 8,000235 mm ‘

MameTp AUMCTAHUMOHHOIO KoAbLa 55,9 mm

|,E|,J114Ha rpaHu 6-yronbHuKa | 18,4?521|MM | "D' Pa 4 4 ‘

‘LlJHpHHa LOWUCTaHUWMOHHOIO KOMbLa 6,0 mm ‘

PacyeT napameTpoB MHCTRYMEHTA:

‘MaKCMMaﬂbelﬁ AWameTp roIoBKU BUHTa 3,0 mm ‘
|Hapy>ﬂHblﬁ AWameTp Kopnyca Homa 106,0 mm |

‘,.D,wameTp roJ0BKM BUHTA | 3|MM ‘
|BHyTpeHHHﬁ AvameTp Kopnyca Homa 76,4 mm |

‘MﬂKCWMaJ‘IbHaH BbICOTA rO/I0OBKM BUHTA | O,Qﬁlmm ‘
|MVIH. LLmpwrHa Kopnyca Hoxka 5,0 mm |

‘,.D,wameTp BUHTa | Ml.ﬁlMM ‘
|LIJv1pm—|a Kopnyca Hoxa 5| nm

‘,D,J‘IHHB pe3bbbl BUHTA | 9|MM
|OCTaTD'—IHaH A/IMHa nocAe BUHTA 4,618803 mm |

‘MaKCMMaﬂbHaﬂ ANWHa BUHTa 17,00023 mm ‘
|,EI,J1V|Ha pebpa kpenneHuna (rMNoTeHy3a) | 16|MM |

‘,D,J‘IHHB BUHTa 14| nmam ‘
| Pebpo KpenneHua (kaTeT) | BlMM

‘anGWHa pesbboBoro oTEepcTMA Kopnyca  7,999765 mMm ‘
|,ﬂ,J'IHHa KpenaeHusa 13,85641 mm |

Pucynok 4 — [IporpamMmma mpoeKTUpOBaHMsI HHCTPYMEHTA /71l 000pyI0BaHUs IO
nepepaboTke TBEPABIX OTXO0JI0B

Ucxonubie naHHble:

— paccTosIHME MEXy IIEeHTpaMu BaJoB d ;

— MOCaJI0YHOE OTBEPCTUE HOXA U KOJIbIIA (UaMETp BIIMCAHHOTO KpyTa) 4, ;
— JUIMHA TPaHU 6-TPaHHKKA (OCAJ0YHOTO OTBEPCTHS) v .
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a) 0)

PucyHnoxk 5 — Pacuer Hapy’KHOTO quameTrpa KopIryca HOXa
a - pacCTOsTHUE MEXIY LIEHTPaMU BaJiOB; O - HAPYKHBIN JUAMETP KOPITyca HOXKa
Pacuer Hapy»xkHOro nuamerpa kopmyca Hoxa D,

2 L0773

5

Orcrona

a) 0)

PucyHnok 6 — Pacuer BHyTpeHHEro AuaMeTpa KopIyca Hoxa

a - IMaMeTp BIIUCAHHOIO Kpyra; O - BHyTPEHHUI TuaMeTp KopIyca Hoxa

Pacuer BHyTpeHHEro AuaMeTpa Kopiryca Hoxka Ls
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9 0.4186
DS
Otcrona
D, ~ d,
0,4186

PacueT MUHMMAJIbHOM IIUPUHBI KOPITYCa HOXKA Jusn

o

=2~ 0,047
D

H

Otcrona

b, ~D,x0,047

[[InpuHa Kopmyca HOXa MOAOUPAETCS ¢ yI€TOM MUHUMAJILHOM MIUPUHBI KOpITyca

HOXa.

a) 0)

Pucynok 7 - PacueT ocTaTOYHON JJIMHBI I10CIIE BUHTA

a - pacueT; O - TPeyroJIbHUK pacdyeTa OCTaTOYHOU JITMHBI TIOCJIC BUHTA

Pacuer ocraTouHOit JJINHBI I10CJIC BUHTA Locm
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Pucynok 8 — TpeyronbHuK pacuera JJIMHBI KPETJIEHUSA
Pacuer mmmHbI KperuteHns
!:\ = ]}-:’x I}ié
rae /,, - JuHa pedpa KperuieHus (TUIoTeHy3a);
I - peOpo KperieHus (Karer).
a) 6)
Pucynox 9 — PacyeT BbICOTHI JIE3BUS
a - rabapuTHbBIE pa3Mephbl JIe3BUsI; O - pacueTHbIE
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Pacuert BeICOTBI TE3BUS H,

!
!

[ ]
[

Pacuet mupuns! ne3sus b,

Irac bﬂ - HIMPHUHA HOXKA.
PacueTt TONIIUHEI JIE3BUSA 5,

Orcrona

rae I, - nIuHa KpersieHHus..

e
L

Pucynok 10 — Pacuer auamerpa JUCTaHIIMOHHOTO KOJBIA

Pacuet nuameTpa AuCTaHIMOHHOTO KOjbIla L,

D, =(a—D7" —1)x2

Pacuer mmpuHbl IUCTAHIIMOHHOTO KOJIbIIA b,

80

b =b +1

JluaMeTp ToJ0OBKM BUHTA NOAOHMpAETCSA C yUETOM MAKCHUMaJIbHOIO AHaMeTpa
rosioBku BuHTa 1 ['OCT 17475-80 (BuHTBI C MOTAfHON TOJIOBKOM KJIACCOB TOYHOCTHU
A u B). MakcumanbHas BbIcOTa roioBku BuUHTa noaodupaercs uz ['OCT 17475-
80 (BuHThl ¢ mortaiiHO# royioBKOM KjiaccoB TOUHOCTH A u B) B cooTBeTCTBHM C
BBIOpaHHBIM JuameTpoM BUHTA. [mamerp BuHTa noxdupaercs u3 OCT 17475-80
(BuHTBI ¢ moTaitHO TOJTIOBKOH KJIACCOB TOYHOCTH A M B) B COOTBETCTBHY C BRIOpaHHOM
MaKCHUMaJIbHOU BBICOTOM rOJIOBKM BUHTA. [[imrHa pe3r0s1 BuHTa ogoupaercs uz 'OCT
17475-80 (BuHTHI ¢ TOTaltHON IOJI0BKOW KJIaCCOB TOUHOCTU A U B) B cOOTBETCTBUM C
BbIOpaHHBIM JMAMETPOM BHUHTA.

Pacyer MakCMMAalIbHOM JJIMHBI BUHTA I,

e

=s,+1,

7

rae e - tMHA pe3sObl BUHTA.

JlnrHa BUHTA MOIOUpPACTCS C YYETOM MAaKCUMalbHOUM JiuHbI BUHTA U 13 [[OCT
17475-80 (BUHTBI ¢ MOTalfHOM TOJIOBKO# KJIaCCOB TOYHOCTH A 1 B) B COOTBETCTBHUU C
BBIOpPAHHBIM TUAMETPOM BHHTA.

LAnuna buwma s

Ii

1=

Pucynok 11 — Pacuer rimyOuHBI pe300BOTO OTBEPCTHS KOPITyca

Pacuer riTy6HHBI pe3b00BOTO OTBEPCTHS KOpIyca /'

h,=1,—s,+2

rae I, - nuMHa BUHTA.

BrIBOaBI

[Tocne pa3paboTku MOET HHCTPYMEHTA, MOSBUIACH TPOOIIeMa TPOSKTUPOBAHUS
WHCTPYMEHTOB B 3aBHCHUMOCTH OT KOHCTPYKTHUBHBIX MapaMETPOB M TEXHUYECKHUX
XapakTepucTuk obopynoBanuii. s permenns 3Tol mpoOIeMsl OblIa co3JaHa
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nporpamMma NMpoeKTUPOBAHUS MHCTPYMEHTa sl 000pyJIOBaHUS MO mepepaboTke
TBEPABIX 0TX010B B Microsoft Office Excel. [lepen pacuerom B mporpamme HE0OOXOAUMO
3HATh CIIEAYIOIINE HCXOHBIE JAHHBIE 000PYI0BaHMS:

— paccTosiHME MEXY LIECHTPaMHU BaJIOB;

— [10CaJI0YHOE OTBEPCTUE HOXKA U KOJIBIIA (IMAaMETp BIMCAHHOTO KPyra);

— JUIMHA TPaHu 6-rpaHHUKA (II0CaJI0YHOTO OTBEPCTHSA).

Jlanee cucTeMa pacCYMTHIBACT BCE KOHCTPYKTHBHBIC MapamMeTphl U BBIIAET
ONTUMAJIbHbIE KOHCTPYKTHUBHBIE XapaKTepHCTUKU. OmpenelieHHbIe mapaMeTpbl
H0JIH30BATENI0 HEOOXOIUMO YKa3aTh C yUETOM JaHHBIX, IPEIOCTaBICHHBIX CHCTEMOH,
OHHU — YHCJIOBbIE SYEHKH C TOJCTHIMHM BHEIIHUMH IPaHULAMH. A MPOYUE YUCIOBBIE
SYCHKH - PYHKLUH.

Taxum 06pazom, mporpaMma 1o3BoJIsieT CKOHCTPYHUPOBATH ONITUMAIIbHBIE MO/IEIH
UHCTPYMEHTOB JJI Pa3HBIX pa3MepoB 00OpYyIOBaHUU MO mepepaboTKe OTXOJ0B,
HOJCTparBasi CBOM MapaMeTphl MO JIF0ObIe TOTPEOHOCTH U BO3MOXKHOCTH.
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KATTBI KAJJABIKTAPIBI KAITA OHJIEY JKABJABIFBIHA
APHAJIFAH KYPAJIJIBIH KYPBLJIBIMBIH O3IPJIEY

Kammul xandvikmapowvl xavma oHOeyOiy opmypii dHcabObIKMApulH, Kypdji-
CauManoapobly KOHCMPYKYUSAAPBIH CATICTNBIPMANLL MAA0ay0an Keuin onapovly
ACYMbIC npoyecmepin 6aKvliay 01apovly pecypc yHemoey Oeneelli MoMeH HCoHe
ymuiMObl mo30atiobl Oecer KOPblmblHObI2A Keadi. Q0ebu wony 6apulcblHOA KAmmbl
MYPMBICTHBIK KATOBIKIMAPObL KAMa oHoey HabO0bIKMapvlHa apHAL2aH HCUHATMATb
Kypanaa cypamvic aumapivikmail scozapvl 6010vl. Kammul Kanovikmapowvl Kaima
OHOEY HCabObIebIHA APHAN2AH HCUHATIMATbL KYPATObIH HCYMbIC HCOOACHl 93IPAeHO.
Cooan Ketiin Kammbl MypMbICIMbIK KATObIKMAapObl Kama eyoey Hcaboblkmapvl Yulin
KYPanovlly OBMAiiisl Ky puliblMObIK NApaMempepin AHbIKMAy YUWin 9KChepUMenmmix
3epmmey o0icmemeci JHcacanovl, 9p Mypii 6apuaAyUsIapoq Kammul mypMulCImblK
Kanoblkmapovl Kaima oH0eyHcabOblKmapblHa apHai2an Kypanioapowviy 3D modenvoepi
arcacanovl dicone coinandvl. Colnaxmap 45 6oramman sHcacanzan Memanl HeoHKAChiH
Kaiima eyoey Ke3inoe JHCUHATMANbL KYypanoblly mypaKmul JHCyMulcblH Kopcemmi. byn
Maxkanada Kammovl Kai0bIKMapovl Kauma oHoeyee apHaiean iHcabobiKKa apHaieaH
HCUHAAMATBL KYPANOblY Jcymbic dcobacwl dicone Microsoft Office Excel-0e kammul
Kanoblkmapovl Kauma eHoeyee apHalean HeaboblKkmul jcobanay 6az0apiamacbina
eHeizineen Kypanovly Ou3aln napamempaepin ecenmey aneopummi ycvinvlieau. byn
bazoaprama Kypanobiy MOOenin OU3aiii napamempiepine, HeadOblKmuvll MeXHUKALbIK,
CURamMmMamanapviua, Kblamemmiy Kaxjcemminikmepi men MyMKIHOIKmepine colikec
Jrcacayea MymKiHOix bepeoi.

Kinmmi coz0ep: KTK enoey, kooeze sicapamy, KTK, kammul Kanovikmap, Kypa..

O. T. Kairbay*, A. V. Mazdubay, S. 1. Derevyagin
Toraighyrov university, Republic of Kazakhstan, Pavlodar
Material received on 02.02.23

DESIGN DEVELOPMENT OF A TOOL FOR SOLID
WASTE PROCESSING EQUIPMENT

After a comparative analysis of various solid waste processing equipment, tool
designs, monitoring of their work processes led to the conclusion that they have a
low level of resource conservation and do not wear out rationally. In the course of
the literature review, a sufficiently high demand for a collapsible tool for solid waste
processing equipment was revealed. A working draft of a collapsible tool for solid
waste processing equipment has been developed. Then a method of experimental
research was developed to determine the optimal design parameters of a tool for
solid waste processing equipment, 3D models of tools for solid waste processing
equipment in various variations were manufactured and tested. Tests have shown
the stable operation of the collapsible tool during the processing of metal shavings
of steel 45. This article presents a working draft of a collapsible tool for solid
waste processing equipment and a developed algorithm for calculating the design
parameters of the tool, which is included in the tool design program for solid waste
processing equipment in Microsoft Office Excel. This program allows you to design
a tool model in accordance with the design parameters, technical characteristics of
the equipment, needs and capabilities of the activity.

Keywords: MSW recycling, utilization, MSW, solid waste, tool.
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METAJIJNIYPIrUs

MPHTH 53.31.21
DOI xxxxxxx
A. A. EceHzanueg’, *E. KebezeH?, b. C. KenamaHoe?®
AKTIOOWHCKHWH pernoHaNbHbIH yHIBepcuTeT nMeHn K. XKybaHoBa,
Pecrryonuka KazaxcraH, . Akto0e

NCCJIE4OBAHUA NMPOLIECCOB BbICOKOTEMIEPATYPHOIO
TBEPJO®A3HOIO BOCCTAHOBJIEHUSI XPOMOBOM Pybl
C UCI10JIb3OBAHUEM [J151 BOCCTAHOBIJIEHUA YTTIA
MECTOPOXXOEHWA LLYBAPKOJIb

Haxonnennvie k nacmoswemy 6pemenu Oanuvle O MEPMOOUHAMUKE U
KUHemuKe 80CCMAHOBIEHUs MBEPOLIX OKCUOO08 MEMANN08 YenepooCO0epHCAujumu
Mamepuanamu cGUOeMenbCmaYIon 0 Ype3gbluaiiHOU CIOICHOCIU IMO20 Npoyeccd.
Ilpoyecc 6occmanosnenus AGNAEMCs COBOKYNHOCMBIO MHOSUX B3AUMOCEA3AHHBIX
cmaoutl,  3a8UCUMOCTIU O CEOUCIE BEUECMEA U Y COGUIL (OasNeHue, meMnepamypd,
KOHYEeHmpayuu 2a306 U KOHOEHCUPOBAHHBIX PACMBOPOS, HAUYUE NPOMEIICYMOYHBIX
gewecms, NPOOYKmMo8 60CCMANOBIEHUS, NOJIHOMbL 60CCIMANHOBIEHUS, NOPUCTNOCTU,
KPYNHOCMU KYCK08; 08UdCeHUus 2azos u op.). Bedywas ponv cmaoduii mooxcem
MEHAMbCSL, YMO He NO360IAEm CHOPMUPOBAMb OUHO20 MEXAHUIMA BOCCIMAHOBNCHUS,
CHPAaseonuBo20 60 6CeX CYUASIX.

Cmambsi nocesuena usy4yeHuio npoyeccos meepoodhaznozo 80cCmaHo61eHus
Xpomo8oll pyobl C UCHONB30GAHUEM OJIsl BOCCIMAHOGNECHUS Veld MeCHOPONCOCHUS
LIyb6aprons. BnosicHumenbHOU3anUCKe npusooumcsiOnuUCanue MemoouKunposeoeHUsl
1a00PAMOPHBIX UCCAEO08ANUL, PACHEm WUXMOBLIX MAMEPUANO8 U Pe3VIbmambl
uccne0osanuli 6 8ude mabauy u Ha2isaoHblX pucyukos. Ilpedcmasnenst pesyivmamol
meepoopasHo2o0 80CCMAHOBIEHUSL XPOMA U3 XPOMOPYOHO20 Konyenmpama (Cr203
- 52,8 %) npu memnepamypax 1450 °C, 1500 °C u 1600 °C. IIpedcmagnenvi
OaHuble NO GIUAHUIO BPEMEHU BLIOEPIHCKU HA CMENeHb GOCCMAHOBIEHUS XPOMA.
Mamepuanvl cmamvu MOHCEM UCHONL30BAMBCA UHICEHEPAMU-MEMATIYP2AMU U
HAYYHBIMU PAOOMHUKAMY 3AHUMAIOWUMUCS NPOYECCamu YayuuleHus mexHonro2uu
npouze00cmea gheppoxpoma.

Kniouesvie cnosa: xpom, eoccmanognenuss, 6pems 6blOEPHCKU, XPOMOPYOHbL
KOHYeHmpam, pacyem wuxmal

BBenenune

BoccraHnoBieHue 3J1eMEHTOB M3 OKCHUJIOB OTHOCHUTCS K 4YHCIy Haubolee
pacpOCTPaHEHHBIX U CIOKHBIX BUAOB METAJUTYPrUYECKUX mporeccoB. OT riryOUHbI
MMOHUMAaHUS 3TUX MPOIIECCOB BO MHOT'OM 3aBUCST MHTCHCU(PDUKALIHS ¥ CO3/TaHNE HOBBIX
3(phEeKTUBHBIX TEXHOJOTUH NEepepabOTKU PYIHOTO ChIPhS. 3HAKOMCTBO M aHAJIU3
3HAYUTEIBLHOTO KOJWYECTBA PadOT MO TEPMOJIWHAMHUKE, KHHETHKE U MEXaHU3MY
BOCCTAHOBJICHHSI DJIEMEHTOB U3 XPOMCOJEpKAIIUX MaTepUaaoB MOKa3alu, 4YTO
CYILIECTBYIOT pa3HbIe B3MJISJbI MO 3TUM BompocaM. HakomieHHble K HaCTOSIIEMY
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BPEMEHM JIAHHBIE O TEPMOJIMHAMUKE U KUHETUKE BOCCTAHOBJIIEHUS TBEPJBIX OKCHUJOB
METAJIJIOB YTIIEPOACOAECPKAIIUMU MaTepUalaMHi CBUAETEIbCTBYIOT O UPE3BbIUANHON
CJIO’KHOCTH 3TOro mpouecca. [Iporecc BocCTaHOBIEHMS SBISETCS COBOKYIHOCTBIO
MHOTHX B3aUMOCBSI3aHHBIX CTaJIUi, B 3aBUCUMOCTH OT CBOMCTB BELIECTBA U YCIOBUI.
Benymas posib ctaanii MOKET MEHSATBHCS, YTO HE MO3BOJIAET C(HOPMHUPOBATH €TUHOTO
MeXaHHM3Ma BOCCTAHOBJIEHUS, CIIPABEUIMBOIO BO BCEX CIIydasX.

BonpocamMu ucnosib30BaHUS METANJIU30BAHHBIX XPOMUTOBBIX MaTEpHaJIOB
(oxaThIlIel, OpUKETOB) MHOTHE TO/Ibl 3aHUMAIINCH pa3InyHble uccienosarenu [1-10].
HauGonee BeposTHBIN MEXaHU3M BOCCTAHOBIICHUS XpOMa M XkKeJie3a U3 XPOMUTOBBIX Py
TBEPJIBIM YIJIEPOAUCTHIM BOCCTAHOBUTENIEM OMUCHIBAETCA ra30(hazHO-TBepao(a3HOM
CXEeMOH C ydyacTHeM HEyCTOMUYMBBIX ra3000pa3HbIX yacTull. HemocpeacTBEeHHBIM
BOCCTaHOBMTEJIEM OKCHJIOB SIBIISIFOTCS aTOMBI YIVIEPOJA, KOTOPbIE JOCTABIISIOTCS K
IIOBEPXHOCTHU 3€PEH XPOMMTA 110 TPEUIMHAM B 3€pHaX U [1OpaM BMELIAOLIEN TTOPOJIbI
ra3000pa3HbIMHU YTIIEPOICOIEPKAIMME MoJieKynamH. [lepeHocurkamu yriepoia MOryT
ObITh HeyCTOHUMBBIE MOJIEKYJIbI M pagukaisl: C.0,, CH,, CH,, CH,, CH u ap., koTopbie
B PE3YyJIbTaTE MHOI'OKPAaTHOI'O IOBTOPEHUS aKTOB paclaja U COEAMHEHHUS SBIISIOTCS
scTa)eTHHIM MEXaHU3MOM, JIOCTABJISIOIMM XUMHUECKU aKTUBHBIE aTOMBI YIJIEpo/ia B
ri1yOb KycKa py/isl. Bropas yacTb JaHHON CXEMBI ITPEIOoIaraeT, YT0 BOCCTAHOBJICHUE
3JIEMEHTOB JOCTABJICHHBIM K OKCHJaM YIJIEPOJOM, IPOUCXOIUT 3a cueT auddysuu
KaTHOHOB U aHMOHOB B PEIIETKE XPOMUTA T10 HAIIPABJICHUIO K [IOBEPXHOCTH 3€PHA, T.
€. ABIseTCS TBEPA0(]A3HBIM U MOXKET UMETh AEKTPOXUMUYECKYIO IPUPOY.

MarepuaJjbl 1 METOABI

Onucana MeTOIMKA IPOBEACHUS SKCIIEPUMEHTOB C XapaKTEPUCTUKON 1ab0paTOpHO-
UCCIIEI0BATENBCKOro 00opyaoBanus. B tabmumax 1 u 2 npeacraBieHbl XUMUUECKUH
COCTaB PYJHBIX MaTEpUAIOB U TEXHUYECKUI COCTaB BOCCTAHOBUTEIIEH.

Pacuer pacxona BOCCTAaHOBUTEIJIEH Pa3HOIO TUIIA

Pacuet coctaBa muxTsl BeinosnHseM Ha 100r XpoMOBOTO ChIpbSI.

Tabmuua 1 — Xumuueckuit cocraB pyanbix matepuanos (UXJI Axt3®), %

Hamveropanme | COACPKAHHE KOMIOHEHTOB

pyaHOTO
MarepHana

Cr,0, | Sio CaO | MgO |ALO, |FeO |C S w

2

XpoMOBBH |
KOHIEHTpAT
J0®-1 AI'OK
(0-3 Mm)

52,8 6,4 0,3 19,6 7,5 12,3 0,05 0,01 0,24

TexHuueckuii aHaJIM3 BOCCTAHOBUTEJICH M aHAJIU3 30JIbHOM YaCTH MPEACTABIICH B
tabnure 2. [Ipu pacuerax NpUHSATHI CISAYIOIINAE YCITOBHS:

CreneHb BOCCTAHOBJIEHUS XpOMa B pacyeTe HE 3aKjIaJbIBaeTCs, CBBIIIC
CTEXMOMETPUUYECKH HEOOXOMMOTO ISl BOCCTAHOBUTENS KOI(PPHUIIMESHT MPUHUMACTCS
1,2. Crenenn BoccTaHOBICHUS *kefe3a, %o — 100.
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Tabmmna 2 — TexHuYecKUi aHajan3 BOCCTAHOBHUTEIEH, XMMHUYECKUI COCTAaB 30JbHOM
yacTu, %

HaumMeHOBaHmHe | |E€XHUYECKUN aHATHU3 XHUMHYECKHH COCTaB 30JIbI

MarepHana WV A |s P ALO, | Fe,0, | SiO, | TiO, | MgO | CaO

2 2
YV r o 1 b
[1lyGapKomsekuii 7,6 42,3 4,1 0,225 | 0,008 | 18,3 6,4 46,7 - 4,7 5,9

Meronuka pacuera. MeToanka pacuera CTEXHOMETPHIECKH HEOOXOIUMOTO
KOJIMYECTBA BOCCTAHOBUTEJIS IOKa3aHa Ha MPUMEPE XPOMOBOT'O KOHIIEHTpaTa (Tabymma
1).

[ToTpebHOCTH B yriepoae st BocctaHoBieHuss 100r XxpoMoBOro KOHIEHTpATa
COCTaBHT:

Peaxnus Pacuer Komuuectso C, kr
Cr,0, +3C=2 Cr + 3CO (52,8 -0,85) -36/152= 10,63
FeO+C=Fe+ CO (12,3) - 12/72= 2,05

Hroro 12,68

YacTp yrieposa BOCCTAaHOBUTENS MONIET Ha BOCCTAHOBJIEHHE OKCHUIOB 30JIBI.
[ToaTomy coneprkanue akTHBHOTO yriieposia Oy et Hvke. OTHaKO, YIUTHIBAs CTICU(UKY
npolecca, OTIMYAIOLIEHCS OT 3JIEKTPOIIEYHON MJIAaBKH OTCYTCTBHEM >KUJIKON (pa3bl U
KpaiiHe MaJlbIM COJIepKaHUEM OKCHJIOB >Kejie3a B 30JbHOM 4acTH BOCCTaHOBUTEIS
ko3 puument uzdrpiTKa (K ) B pacyerax ¢ yuerom yrapa npuHaT pasubiM 1,2. Torna
¢ yuerom K . KOMM4ECTBO HEOOXOIMMOTO TBEPAOTrO yriepoaa cocrasut 15,22kr. B
nepecyere Ha LIlyGapkoibCcKoro yriasi 3T0 3HaY€HHEe COCTaBUT, T 15,22-100/45,77=33,24,
rae, snauenue 45,77 — C_ B yrue (C_=100-A-V-S-P-W).

[TomyuenHoe 3HaueHue pacxona kokca Ha 100r KoHIIeHTpaTa 3aHOCUM B TaOIHILy 3.

Ta6muma 3 — CooTHOIIEHHE MaTepuajIoB B OpUKETe JJIS TIOJHOTO BOCCTAHOBIICHUS
Xpoma, T

Bapuant | Marepuan Bec

) Konnentpar (Cr,0,-52,8%) I OK ¢paxuus ucxoxnas 0-3 mm 100
yrouib Llybapkonbckuit 33,24

5 Konnentpar (Cr,0,-52,8%) I OK ¢paxuus monoras menee 0,074 mm 100
yrouib Llybapkonbckuit 33,24

N3rotoBneHune onbITHBIX OPUKETOB sl TOTHOTO BOCCTAHOBJICHUS XPOMA U3 PY/IbI

OO6mue ycnoBus - Bce BocCTaHOBUTENU UMEIOT (pakiuio menee 0,074 mwm; —
COOTHOIIICHHE BOCCTAHOBHUTEIIS U PY/IbI HE 3aBUCUT OT (PPAKIIHOHHOTO COCTaBa MCXOHBIX
MaTepUasoB; — MO KaXIOMY BapUaHTy U3TOTOBWIH 4 OprKeTa (OpUEHTUPOBOYHBIN BEC
oxHoro Opuketa 150T1.); - 00111€€ KOTMUECTBO 00pa3iioB — 16; - mogdop BIaXKHOCTH CMECH
YCTaHABIIMBAETCS OMBITHBIM MyTeM; — CyIlIKa OPUKETOB Ha BO3JyXe B €CTECTBEHHBIX
YCIIOBUSIX HE MeHee 1 CyTOK; — IMOCIIe MOJIHOM CYIIKH OPUKETHI 3arpy>Kat0TCs B IeYb AT
00paboTku. M3roroBieHrne OpUKETOB IMPOU3BOIUIOCH HA IPOMBIILICHHOM nipecce [1-50.
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PasMmepsr ¢popmbl mist mpeccoBanus obpasnos - 100x100%x30 mm. Pexum
NpeBAPUTETFHOTO BOCCTAHOBIIEHHS [T BCEX BAPUAHTOB ILIMXTOBOK: - TEMITEpATypa 00Kura
1450, 1500 u 1600 °C; - gnurensHOCT OOXuUra IpH padoueit Temmneparype - 10 MuHyT,
20 munyT, 30 MunyT, 60 MUHYT, 90 MUHYT, 120 MUHYT; - 00pa31bI 3arpyKAIUCH B I€Yb
C MOMEHTA €€ BKJIIOYEHHS; - /IS OMBITOB HUCTIONIb30BAINCH ATYHIIOBBIE TUIIIU, 3aKPbITHIC
KPBILIKOM U3 JIETKOBECHOT'0 [IIaMOTa ISl yMEHBIICHHUS OKUCIICHHS; - JUTMTEIIbHOCTD HarpeBa
neyn ¢ oOpas3liaMy BCEX BapUaHTOB JI0 paboueii Temrepatypsl 1 4ac; - oXJaxkJIeHHE 10
KOMHATHOM TeMIIepaTypbl BMECTE C MIEYbIO BO BCEX BAPUAHTAX OITBITOB.

XUMHUECKUI aHaIN3 BCeX 00pa3loB MPOBOAMIN HA CIEIYIOIINE KOMIIOHEHTHI:
Cr ., Cr,0,. Xumnveckuii ananu3 o0pas3ioB B ONBITAX ¢ MAaKCHMMaJlbHBIM
BOCCTaHOBJIEHMEM XPOMa IIPOBOIMIIM Ha cneayromue komnonentsl: Cr, Cr,0,, Si0,,
MgO, AlL,O,, CaO, Femer, FeO, C, P, S. Ouenky cTeneHn BOCCTAHOBIIEHHS IPOU3BOANIIN
CPaBHUTENBHBIM 00pa30M 10 coziepxkanuio Cr  Ha OCHOBE PE3yJIbTaTOB XUMUYECKOTO
aHaJM3a C XpOMOM, BBEJICHHBIM C PYAHBIM MaTEPUAJIOM.

Pe3yabTarsl H 00CyKaeHNE

B Tabnuuax 4, 5 u 6 npencTaBieHbl pe3yIbTaThl TBEPI0(Pa3HOTO BOCCTAHOBICHUS
xpoma u3 xpomopyaHoro kouuenrpara (Cr,0, — 52,8 %) npu temneparypax 1450
°C, 1500 °C u 1600 °C. B tabnune 9 npeacraBieHbl JaHHbIE 110 BIUSHUAIO BPEMEHH
BBIJIEP>KKH Ha CTETIEHb BOCCTaHOBJIEHUs XpoMa npu Temneparype 1450 °C npu pa3Hbix
(bpakuusax KOHIIEHTpaTa U BUJaX BOCCTAHOBUTEIIS.

Tabnuua 4 — PesynbraTsl TBEpA0(]Aa3HOr0 BOCCTAHOBICHUS XpoMa M3 KOHIIEHTpaTa
(Cr,0, — 52,8 %) mpu Temneparype 1450 °C, %

BeiepxkKa, MaccoBas n01% U | BapuaHTHI IIHXTOBOK
MHIHYT CTCIICHb BOCCTAHOBJICHHS [ KoHmeHnTpaT 0-3 MM M | KoHIEHTpaT MeHee 0,074 MM U yToib
Xpoma yrounb [ly6apkons [Iy6apkonsb
Cr,0, 06m 44,8 48,4
10 Crmer 6,8 13,7
C T e nmn e H b 222 44
BOCCTAHOBIICHHUA
Cr,0,06m 52,8 49,5
20 Crmer 13,1 15,7
C t e n e H b 36,3 264
BOCCTAHOBIICHHUA
Cr,0, 06m 48,5 51,7
30 Crmer 13,0 20,2
C T e m e H b 399 571
BOCCTAHOBIICHHUA
Cr,0, 06t 48,5 52,6
60 CrwMer 14,2 21.5
C T e nm e H b 423 59.7
BOCCTAHOBIICHHUA
Cr,0, 06my 51,5 534
90 Crmer 19,0 21.6
C T e n e H b 53.9 so.1
BOCCTAHOBIICHHUSA
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Cr,0, 06mr 53,7 54,3
Crmer 23,5 25.0
(B:OCCTTaHiRﬂZHM: et 64,0 67,3

Tabnuua 5 — Pe3ynbraTsl TBEpA0(]a3HOrO BOCCTAHOBIEHUS XpoMa M3 KOHILIEHTpaTa
(Cr,0,— 52,8 %) mpu Temneparype 1500°C, %

MaccoBas=

BapuaHThl NIUXTOBOK

Brinepika, | 101% M CTENEHb | Koypentpar 0-3 MM u yroab | Konuentpat menee 0,074 MM u
MHHYT BOCCTAHOBICHUA | [IyGapkoms yroms LlyGapkors

Xpoma

Cr,0, 0611 47,3 50,8
10 Crwmer 10,2 18,0

CTtemneHOb 315 51.8

BOCCTAHOBIICHHS

Cr,0, 061 48,5 51,8
20 Crwmer 14,6 19,6

CTtemnmeHO©b 440 553

BOCCTAHOBICHHS

Cr,0, 06mm 52,4 54,5
30 Crmer 20,6 25,4

CrtemneHO©sH 57.5 68.1

BOCCTAHOBICHHS

Cr,0, 06m 553 56,3
60 Crmer 22,0 28,5

CTteneHG5H 58.1 74,0

BOCCTAHOBIEHHS

Cr,0, 061y 53,0 54,5
90 Crmer 223 27.4

CTteneHG>H 61,5 735

BOCCTAHOBIEHUS

Cr,0, 061y 55,4 56,2
120 Crmer 25,0 25,5

CrteneHGHSH 66.0 663

BOCCTAHOBIICHUA

Tabmuua 6 — PesynbraTsl TBep0()a3HOTO BOCCTAHOBJICHUS
(Cr )0, - 52,8 %) npu temneparype 1600°C, %

XpoMa U3 KOHLCHTpATa

M a c c o B a 4 | BapuaHTbl IUXTOBOK

Boinepikka, | 1014 M CTENEHb | Kogpentpar 0-3 MM u yroabs | Konuenrpar menee 0,074 MM u

MHHYT BOCCTAHOBICHHUS | [[[yGapkons yroms LlyGapkois
Xpoma
Cr,0, 0611 53,2 56,5

10 Crmer 20,0 27,8
C T e neH B 54.9 719
BOCCTAHOBIICHHS
Cr,0, 06 55,2 56,9

20 Crmer 22,3 23,6
CTenmeH B 59,0 60,6
BOCCTAHOBIICHHS
Cr,0, 06my 55,5 57,2

30 Crmer 20,0 27,0
C T eneH B 52.7 69.0
BOCCTAHOBICHUS
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Cr,0, 06111 58,2 59,7
60 Crmer 20,9 24,0
C T e n e H b 525 58.7
BOCCTAHOBICHUSA
Cr,0, 0611 59,1 62,6
90 CrMer 23,8 26,6
CTemenblqggs 62,10
BOCCTAHOBJICHUA
Cr,0, 0611 58,6 62,8
120 Crmer 23,0 26,6
C Tt e nme H b 574 619
BOCCTAHOBJICHUA

Tabnuna 7 — BiusHue BpeMEHU BBIICP)KKH Ha CTENICHb BOCCTAHOBJICHHUS XpOMa TPU
temneparype 1450 °C npu pa3HbIX (HpakIusX KOHIIEHTPATA U THUIIA BOCCTAHOBUTEISI, %o

Konuentpar Kounuentpar menee 0,074 MM u yronsp

Bpemst BLUEPAKKH, | .3\ 1 yroms 1ly6apkons Ily6apkone

MHHYT CreneHp BOCCTaHOBIEHUS, %

10 22,2 41,4

20 36,3 46,4

30 39,2 57,1

60 42,8 59,7

90 53,9 59,1

120 64,0 67,3

Ha PUCYHKE 1 MokazaHo 3aBHCHMOCTH CTEIIEH! BOCCTAHOBJICHUS Xpoma OoT (bpaKHI/II/I

xpomopyauoro konuenrpara (Cr,0, - 52,8 %) npu remneparype 1450 °C ¢ usmeHeHuem
BpEMEHU BBIIEPKKHU MpH ucrosb3oBanuu Lllybapkonbckoro yris. [Ipeumymecta
MOJIOTOTO KOHIIEHTpATa /i BOCCTAHOBUTEJICH HE BHI3bIBAET COMHEHUIl, 0COOCHHO
MIPH JUIUTEIILHOCTH BBIZEpKKH MeHee 90 munyT. [lpu Bemepxkkax Oosee 90 MuHyT
MPEUMYIIECTBA MOJOTOIO KOHIIEHTpATa COXPAHSIOTCS, HO C MEHbIIEH pa3Hulel B
CTETIeHH BOCCTAHOBIICHUSI.

Pucynox 1 — 3aBHCHMOCTB CTETIEHH BOCCTAHOBIIEHUS XpoMa OT (ppaKiuu
xpomopyHoro koHueHntpara (Cr203 - 52,8 %) npu temneparype 1450 °C ¢

M3MEHEHUEM BPEMEHHU BbIAECPKKHU IpU ucnosb3oBanuu [lybapkosibckoro yris
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CoBceM Jpyras KapTuHa IIPU paCCMOTPEHUH BOCCTAHOBUTEINIBHBIX IIPOLIECCOB IS
MOJIOTOT0 KOHILIEHTpaTa npu Temnepatype onbsitoB 1500 °C. B Tabnuue 8 noka3aHbl
3aBUCUMOCTH CTEIEHU BOCCTAHOBIIEHUS XpoMOpyiHOTo KoHueHrpara (Cr,0, — 52,8 %)
dpaxun menee 0,074 mm 1 0-3 MM 0T BpeMeHH BbIIepKKH 1pu Temmepatype 1500 °C.

Tabnuua 8§ — BnusHue BpeMeHHU BBIIEP)KKU HA CTEIICHb BOCCTAHOBJICHUS XpOMa IPU
temmneparype 1500 °C npu pa3HbIX (Pppakiusx KOHIIEHTpATa U TUIIa BOCCTAaHOBUTESA, %0

B p e m s | KoHueHTpar Konnentpar menee 0,074 MM u yronsn
Be gepxKu, 0-3MMuyrons lllybapkonn LTyGapkonn

MHHYT CrerneHp BOCCTAHOBIICHHS

10 31,5 51,8

20 44 55,3

30 57,5 68,1

60 58,1 74,0

90 61,5 73,5

120 66,0 66,3

Ha pucynke 2 npeacraBieHa 3aBUCUMOCTh CTEIIEHH BOCCTAHOBJIEHHUS Xpoma OT
¢pakunu xpomopyanoro konuenrpara (Cr,0, — 52,8 %) npu temneparype 1500 °C
C U3MEHEHHMEM BPEMEHH BBIJEPKKHU Npu Hcnoyib3oBanuu Ilybapkonbckoro yris.
3aBHCHMOCTH TI0 XapaKTepy Takue ke, kKak mpu temmneparype 1450 °C. Heobxomumo
OTJIaTh MPEANOYTEHHE MOJOTOMY MaTepHaiy JUlsl YIy4dlIeHHs] BOCCTAHOBUTEIbHBIX
IPOILIECCOB.

PucyHok 2 — 3aBUCHMOCTD CTETIEHH BOCCTAHOBIICHUS XpOMa OT hpaKiiuu
xpomopyanoro konuenrpara (Cr,O, — 52,8 %) npu temneparype 1500 °C ¢
U3MEHEHUEM BPEMEHHU BbLACPKKHU IpU ucnosb3oBanuu [lydapkosnbckoro yris

B Ta6J'H/IH€ 9 MMPEACTABJICHEI JAHHBIC 110 BIIMAHUIO BPEMCHH BBIACPKKH HA CTCIICHD

BOCCTaHOBJIeHUs xpoma ripu TemnepaType 1600 °C npu pa3HbIX (pakiusxX KOHIIEHTpaTa
U BUJIaX BOCCTAHOBUTEJIS.
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Tabnuua 9 — BiusHue BpeMEHHU BBIIEP)KKU Ha CTENICHb BOCCTAHOBJICHUSI XpOMa MpU
temmneparype 1600 °C mpu pa3HbIX (ppaxiysx KOHIIEHTpaTa U TUIIa BOCCTAaHOBUTEIS, %0

B pe M s Meﬁmm menee 0,074 MM W yroub
BBIOJEpKKHU, U= PKOITh

MUHYT CrerneHp BOCCTAHOBIICHHUS

10 54,9 71,9

20 59,0 60,6

30 52,7 69,0

60 52,5 58,7

90 58,8 62,1

120 57,4 61,9

Ha pucynke 3 noka3aHo 3aBUCIMOCTb CTEIIEHH BOCCTaHOBJIEHHSI XpoMa OT (paKIuu
xpomopyanoro konuenrpara (Cr,0, — 52,8 %) npu remneparype 1600 °C ¢ usmenennem
BpEMEHU BBIAEPKKHU MpH ucrnosb3oBanuu lllybapkonbckoro yris. [Ipeumyiectsa
mootoro [1lyGapkobckoro KOHIIEHTpaTa He BbI3bIBaeT coMmHeHM. Ha pucynke 4 u B
tabnuie 10 mokazaHbl 3aBUCIMOCTH CTEIIEHH BOCCTAHOBJIEHUS XpoMa JIJIsl KOHIIEHTpaTa
¢dpaxun menee 0,074 MM OT TeMIiepaTypbl U BpEMEHU BBIIEPKKH. DTH 3aBUCHMOCTH
MOJTBEpK1at0T mpeumMyiiectsa yris Llybapkos.

Tabmuna 10 — Bnusinue Temneparypsl U BpeMEHH BBIZIEPIKKU Ha CTETIEHb BOCCTaHOBJICHUS
Xpoma Jyts KoHIeHTpara ¢pakiuu meree 0,074MM mpu pa3HbIX TUTIAX BOCCTAHOBUTETS, %o

BpeMs BHEIAEPKKH, Konnentpar menee 0,074 mm u yrous [1ly6apkons
MHUHYT CreneHb BOCCTaHOBJIECHUS
1450 °C 1500 °C 1600 °C

10 41,4 51,8 71,9

20 46,4 55,3 60,6

30 57,1 68,1 69,0

60 59,7 74,0 58,7

90 59,1 73,5 62,1
120 67,3 66,3 61,9

B nenom, npu remneparype 1500 °C npeumyiectsa yris Ly6apkob nIposiBiIstoTCs
Oonee penbedHO.
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Pucynok 3 — 3aBHCHMOCTB CTEIIEHH BOCCTaHOBIIEHHS XpoMa OT (ppaKiuu
xpomopyanoro konuenrpara (Cr,0, — 52,8 %) npu temnepatype 1600 °C ¢
U3MEHEHHEM BPEMEHH BBIIEP’KKU IpU Ucnonb3oBaHuM Lllybapkoabckoro yris

PucyHok 4 — 3aBUCUMOCTB CTETIEHH BOCCTAHOBIIEHHUS XpOMa I KOHI[EHTpaTa
¢dpakuun meree 0,074 MM OT TeMIepaTypbl 1 BPDEMEHHU BBIJICPIKKH
MIPU Pa3HbIX THUaX BOCCTAHOBUTEIS

BriBoabl

OO1111e BBIBOJBI IO pe3yJIbTaTaM UCCIIEOBAHMIA:

1 Ilenecoobpa3Ho MpUMEHATh KOHIIEHTPAT U yroiib MecTopoxkaeHus [1lybapkons
B MOJIOTOM COCTOSTHHH 110 dpakiuu Meree 0,074 mm;

2 OntumansHas Temieparypa BocctaHoBieHus 1500 °C ¢ ucnoap30BaHUEM YIS
mecropoxaeHus [lly6apkons ¢ Beiaepkkoit okosio 60 munyT. [Ipn 3THX mapamerpax
JIOCTUTaeTCsl MAKCUMaJIbHAsl CTETIEHb BOCCTAHOBIIEHUS XpOMa, paBHOU 74 %.
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KATTBI ®A3AJIbI KAJIIIBIHA KEJITIPY NPOUECTEPIH 3EPTTEY

Komipmeei b0ap mamepuanoapmern memanoapoviy Kammsl OKCUOMEPIH
MOMBIKCHI30AHOBIPYOLIY  MEPMOOUHAMUKACHL  MeH KUHEeMUKACLL Mypansl  OCbl
VaKblmKa 0etin HCUHAKMAl2an Oepekmep Oyanpoyecmin eme Kypoeninicin kopcemeol.
Kannvina kenmipy npoyeci 3ammuiy Kacuemmepi MeH Hcaz0aiiapvlHa OAUIaHbICHIbL
Konmezen 03apa OaiaHblCmbl Ke3eH0epOil JHcUblHmMblabl 00JbIn MadLLIAObL (KbICbIM,
memnepamypa, 2azoap men KOHOeHCAYUusIanaan epimindinepoiy KOHYEHMPaYUsICol,
apanvlK, 3ammapovly, KAINbIHA Kemipy OHIMOEpIiHiy OOLybl; KAINbIHA Keamipyoiy
MONbLIKMblebl; KeyeKminik, Kecekmepoiy Meoaulepi, 2a30apobll KO032AlblCbl HCOHE
m.0.). Kesenoepoiy owcemexuii poni eseepyi MymKiH, Oyn Oapavik dcazoainapod
a0inemmi KainvlHa Keamipyoiy OipbiHeail MEXaHusMin Kypyaa MyMKIHOIK 6epmetioi.

Maxana lllybapren ke opHbIHOG2bl KOMIPOT KAINBIHA KEAMIPY YUliH XPOM KEeHIH
Kammul azanvl Kainvina Keamipy npoyecmepin sepmmeyee apuanean. Tycindipme
acazbaoa 3epmxaHanvlK 3epmmeynep HCypeizy ooicmemeciniy Cunammamacyl,
WUXTNA  Mamepuanoapvinvly ecebi JicoHe Kecmenep MeH KOpPHeKi cypemmep
mypindezi 3epmmey Homudicenepi keamipinedi. 1450 °C, 1500 °C acone 1600 °C
memnepamypaoa xpom konyenmpamotnan (Cr,0, — 52,8 %) xpommuwviy Kammol
Gazanvl MOMBIKCLI30AHY HOmMuUdICenepi ycvlubliean. Maxananvly mamepuanoapvit
G eppoxpom 6HOIPICIHIK MEXHONIO2USCHIH HCAKCAPMY RPOYECMEPIMEH AUHATILICATNbIH
Memaniypemep MeH ablIbMU KblsMemkepep KoN0ana anaobl.

Kinmmi ce30ep: Xxpom, Kamnwlna Keamipy, YCmMay yakblmvl, XpoMOpYO
Konyenmpamel, LLluxmansl ecenmey.

IIYBAPKOJI KEH OPHBIHBIH KOMIPIH KAJIIIBIHA KEJITIPY YHIIH
IMAHJAJAHA OTBIPBITI XPOM KEHIH ’KOFAPHI TEMITEPATYPAJIBI
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REDUCTION OF CHROMIUM ORE USING COAL OF SHUBARKOL
DEPOSIT FOR REDUCTION

The data accumulated to date on the thermodynamics and kinetics of the reduction
of solid metal oxides by carbon-containing materials indicate the extreme complexity
of this process. The reduction process is a combination of many interrelated stages,
depending on the properties of the substance and conditions (pressure, temperature,
concentrations of gases and condensed solutions; the presence of intermediate
substances, reduction products, completeness of reduction; porosity, size of pieces;
movement of gases, etc.). The leading role of the stages can change, which does not
allow the formation of a single recovery mechanism that is fair in all cases.

The article is devoted to the study of the processes of solid-phase reduction of
chromium ore using coal from the Shubarkol deposit for reduction. The explanatory
note provides a description of the methodology for conducting laboratory studies,
the calculation of charge materials and the results of studies in the form of tables
and illustrative drawings. The results of solid-phase reduction of chromium from
chromium ore concentrate (Cr,0,—52.8 %) at temperatures of 1450 °C, 1500 °C and
1600 °C are presented. Data on the effect of holding time on the degree of chromium
reduction are presented. The materials of the article can be used by metallurgical
engineers and scientists involved in the processes of improving the technology of
ferrochromium production.

Keywords: chromium, recovery, holding time, chromium ore concentrate,
charge calculation.
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KO. U. llladpuH', *A. B. Bo2zomosioe?
'TOO «Bexrop», Peciyonuka Kazaxcran, r. [1aBinonap
*TopaiireipoB yHuBepcuteT, Pecriyonuka Kazaxcran, 1. [1aBnogap

MOBBILEHNE MPON3BOAUTEIIbHOCTU MHAOYKLMNOHHbIX NMEYEN
rPU IMNJ1IABKE AJTIOMUHUEBBbIX CI1JIABOB
B YCJIOBUSIX TOO «BEKTOP».

Ilpedocmasnenvl 0cobeHHOCMU MEXHOA02UU NPUSOMOBLCHUS CNIABA OIS TUTHBIX
aniomunuegvix ouckos 6 ycrosusx TOO «Bexmopy. I[1oOpobno onucan npoyecc
NOO020MOBKYU WUXMBL U COCMAB UUXTHOBLIX MAMEPUATO8 015 NIAGKU ANIOMUHUCEIX
CNAAB08 8 UHOYKYUOHHBIX MULETbHBIX NeYax.

Ilpusedenvt pe3ynomamvl HPOBECOSHHBIX NPOMBIULIECHHBIX IKCNEPUMEHTNOE
no Heumpanuzayuu npocmoes neul, CEA3AHHLIX C ONCUOAHUEM CIUBA MEemaid.
bvina nocmasnena 3adaua onpedenenus onmuManrbHOU MEXHOIOSUY WUXINOGKU U
svinaaeky memania. Ilo pesynomamam sxcnepumenma paspabomana mexHonro2us
HenpepuleHoll U P GeKmusHou pabomul UHOYKYUOHHBIX MULETbHBIX neyell.

IIposedena maxoice cepusi IKCNEPUMEHMATLHBIX NAABOK C YEabl0 BblAGLeHUs
PA3HUYbl NPOU3BOOUMENLHOCU NeYell N0 PASHbIM MEXHONO2USM WUXTNOGKU U
nasneHus.

B ycnosusx npouzsoocmea npeonpusmus TOO «Bexmop» ¢ noMowbio 6Hecenus
UBMEHEHUs. 8 MEXHON02UI0 WUXIMOBKU U GbINJIAGKU MEMALIA 8 UHOYKYUOHHBIX Neyax
ObLIO DOCUSHYMO NOGblLUEeHUe npou3gooumenvrocmu na 1.2 monn 3a cymxu. Takoice
ObLIU C8EOEHbl K MUHUMYMY NPOCTNOU Neyell NO NPUdUHe 0JHCUOAHUS CIUBA MEMATIA.
Ilpu pabome, coenacho wmamuol MeEXHOA02UU, NPOU3BOOUMENTLHOCb O08YX
UHOYKYUOHHBIX neyeli He npegbiiiana 28 moun. Ilocne 6Hedpenus dKCnepumeHmanibHol
MEeXHOI02UYU NPOU3BOOUMENBHOCG 08VX UHOYKYUOHHBIX MULETbHBIX Neyell 3a CYmKU
nosvicuaacs 00 30 moHu HUOK020 Memarid.

Kniouesvie cnosa: anomunuegvle cniasvi, iumuvle OUCKU, NIAGKA, UHOYKYUOHHAS
neuv, NPoU380OUMENbHOCHY.

Beeaenne

Ha HexOTOpBIX MeTamIypru4eCcKux INPOU3BOACTBAX JTUMUTUPYIOIIUM 3BEHOM
IIPOU3BOACTBEHHBIX MOITHOCTEN SABJISICTCS IUIABUIBHBIA y4aCTOK, KOTOPBIA HE BCEraa
MOXET 00eCeYUTh JIUTEHHBIN y4acTOK TPeOyeMbIM KOJUYECTBOM >KUIKOTO CIIABA.
[IpuunHO MOTYT CIYy)KHTh HECKOJIBKO (DaKTOPOB: OTHOCHTEJIBHO MaJIbli 00BEM
IUIaBUJIBHBIX TI€4EH; YBEIMYEHHOE BPEMS IIPUTOTOBIICHHUS CIUIABA; BBIXOJ U3 CTPOS
IUTaBWIBHBIX arperaToB MO NPUYHMHE U3HOCA (PYTEPOBKH H Jp.

Bpewms, 3arpaunBaeMoe Ha IPUTOTOBIICHHs CIUIABA, 3aBUCUT OT XapaKTEPUCTHUK
IUIABUWIBHBIX arperaToB, a TAKXKE OT BUIA LIUXTOBBIX MaTepUaioB. BaxKHBIMU ABIIIOTCS
CIEYIOIHAE XapaKTEePUCTUKHU LIUXTOBBIX MATEPUANIOB: INIOTHOCTh U XUMHUYECKUHI
COCTaB.
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[1n10THOCTD MIMXTHI HAIPSIMYIO BIIMSAET HAa CKOPOCTH IUIABJICHUS, a XUMHUYECKUN
COCTaB CIOCOOEH B 3HAYMTEIBHOIN Mepe NOBIHUATh HA JUIMTEIBHOCTD IPUTOTOBIICHUS
ciaBa. Ecinyd MCMONb30BaTh MHUXTY, XUMHUYECKUHA COCTAaB KOTOPOM IOJHOCTBHIO
COBIAJAET C TpeOyeMbIM CIUIaBOM, TO JUIUTENBHOCTh MPUTOTOBJICHUS CIIaBa OyJeT
MUHUMAJIBHOH, a €CIM XMMHUUYECKUN COCTaB M0/Ipa3yMEBAET IIOJHOE HECOOTBETCTBHE
TpeOyeMOMy COCTaBY, TO JUIUTEIILHOCTh IIPUTOTOBJICHHUS CIJIaBa BO3PACTAET B Pa3bl.

CymiecTByeT MHOXECTBO CLIOCOOOB MOBBICUTH ITPOU3BOAUTEIIBHOCTD IIABHIIBHBIX
arperaroB 3a CUET BHECEHUSI U3MEHEHU I B TEXHOJIOTMIO IPUTOTOBJIEHUS CIulaBa. [lanee
IPEICTaBIEHbI HECKOJIBKO AKCIIEPUMEHTAIIBHO MOATBEPKAEHHBIX CIIOCOOOB MOBBILIICHUS
IPOU3BOJUTEIBHOCTH HHAYKIMOHHBIX NTedel B ycnoBusax npeanpusarus TOO «BekTtopy.

MarepuaJjbl 1 METOABI

Ha nanublii MOMEHT B paboTe MCHOJIB3YIOTCS JBE WHAYKIIMOHHBIC THUTEJIbHbIC
neyn émkocThio 600 kr [1]. IIpu cranpapthoit muxTtoBke (180 xr crpyxku u 420
KI' OpaKkOBaHHBIX aBTOMOOWIIBHBIX JTUCKOB) JUIMTEIHHOCTh TUIABKU COCTaBIseT |
yac U 15 MuHyT, 6€3 HEOOXOIMMOCTH KOPPEKTHUPOBKH XHMHUYECKOTO cocTaBa. Ilpu
TAaKOM pexXuMe paboThl MeYu CIoCOOHBI 00ecreYrBaTh METAUIOM TPH JHUTEHHbBIE
MaluHbl €MKOCTHI0 700 KI' ¢ MEpUOAMYHOCTHIO 3aIMBKH OJUH pa3 B jaBa ydaca. [Ipu
9TOM, €CJIH 3aIlyCTUTh B paboTy YeTBEPTYIO JUTEHHYIO MAIIMHY, TO MeTauia Oyaer
HEJOCTAaTOYHO B BUJY TOTO, YTO B CPEHEM Ka)</1ast TUTEHHAsI MaIllMHA BhIpabaThIBacT
okosio 200-350 xr (B 3aBHCHUMOCTH OT AMaMeTpa W MCIOTHEHUS AWCKA) >KUIKOTO
CIUIaBa 3a OJIMH 4yac. YUUThIBass OCOOEHHOCTH CTPOCHUS JIMTEHHBIX MALIMH HU3KOTO
JTaBJICHMSI, B HArpeBaTeJIbHBIX KaMepaXx BCer/a J0JKEH MOIEPKUBATHCS HECHUKAEMbIN
YPOBEHb METAJIa, COCTABIAIOMMN 0K0IO 250 Kr, 4TO MpenoTBpaIlaeT OroJICHUE
METaJIIONOAAOIIEH TPYOBbl U MOCIeAyIONIHiA 3a00p Bo3myxa [2].

[Ipu BHECEeHNU U3MEHEHUH B peXKUM paOOThI MJIABUIIBHBIX [T€4eii U KOPPEKTUPOBKU
IIMXTOBKU MO>KHO 3HaUUTEJIBHO IIOBBICUTH IPOU3BOJUTENBHOCTD, KOTOPask MIO3BOJIUT
OJTHOBPEMEHHO 3aIlyCTUTh B pabOTy YeThIpe JTUTEHHBIX MAIIUHBI.

B nepByto oueper HEOOXOIUMO YBETUUUTh KOJTUYECTBO IIMXTHI C TOBBIILICHHOMN
IUIOTHOCTBIO, 3arpy>KaeMoi B Hayajle U cepeauHe MiaBku [3]. B poau Takoi MHXThI
BBICTYNAET U3MEJIbUEHHAs U POCYIICHHAS ATIOMUHUEBAs CTPYKKa, KOTOpas SIBISIETCS
pe3yIbTaTOM OTX0JI0B 00padaThIBaIOIIMX CTAHKOB. ONTUMAIBHBIM OYAET yBEIMUECHUE
JIOJIM CTPY’KKH OT 00111ero oo0bEMa MUXTHI B 1Ba pa3a, a uMeHHO co 180 kr g0 360 kr
[4]. CBs13aHO 3TO € TEM, YTO [0 YPOBHS BBILIE IIOJIOBUHBI TUT €IS [1€YH, BUXPEBBIE TOKH,
CO03/1aBaeMbIe HHAYKTOPOM, UIMEIOT MAKCUMAIIbHYTO A3 (EKTUBHOCTH [5]. 3a cuéT 3TOTO
Oosee IOTHAs MIMXTa OyIeT pacIUIaBIIThC MAaKCUMaIbHO 3¢ (GeKTUBHO. Bhiie 3Toro
YPOBHSI BUXPEBBIE TOKH TEPSIIOT CBOIO MOILIHOCTD M IUIABJIEHHE IIPOUCXOIUT YXKE 3a
c4€T HarpeBa >kKMJIKOro MeTajlila B TUT€JIE IIEUH, TOI1a IPOU3BOAUTCS 3arpy3Ka MEHee
IUIOTHOM IIMXTHI JJIs NPEAOTBPAIECHUs 3aMep3aHus 3epKana MeTtaia. B kauecTse
MeHee IUIOTHOMU IUXThI IPEKPACHO MOJXOJUT OpaKoBaHHAS IIPOYKIIUS aBTOMOOHIIBHBIX
JIUCKOB [6].

[locne HanonHeHUs e4uu U JocTHKEeHNs Temnepatypsl B 710-720°C npousBoautcs
0TOOp MpOOHBI € LENbI0 ONpeAeTIeHUs XMMUYECKOro coctaBa cruiaa. [locie orbopa
npoObl MeTaul B MEYH MPOJO0JDKAaeT HarpeBarhes a0 Temieparypsl 800-850°C.
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JlanHas TemnepaTypa HEOOX0aUMa /s TMKBUIAIUH TEIJIOBBIX MOTEPh B CIEACTBUU
NOCIEAYIOIUX MAaHUITYJIALUHN, CBSI3aHHBIX C MOBBIIIEHUEM IIPOU3BOJUTEIBHOCTH.

IIpu cinenoBaHMM NaHHOM TEXHOJOTMU BBIINIABKH, METAJI TOTOB K BBIIIYCKY B
pa3IMBOYHBIA KOBHI yxe yepe3 60—65 MHHYT, OHAKO B CBSI3U C HEOOXOIUMOCTHIO
Harpesa 10 temreparyp 800—-850°C cakoHomuieHHble 10-15 MMHYT 3aTpaunBaroTCs
Ha HarpeB MeTaJuIa.

Pe3yabTarsl n 00CyKaeHTE

[lepen HayaIOM 3KCIEPUMEHTAIBHOM IJIAaBKH B PA3JIMBOYHBIN KOBII ObLIH
MOMEIIIeHbI OpakoBaHHbIE JUCKH 0011ei maccoit 50 kr. Ha MOMEHT BbllTycka MeTaia
U3 MeYu TeMmIeparypa OUCKOB M (DyTEpOBKM BHYTPH KOBIIA COCTaBJIsLIa OKOJIO
110-130 °C [7]. Boinyck MeTasia Npou3BOAUICS B CIEAYIOIIEM MOPSIKE:

[IpousBoaurcs Beinyck Meraiia Maccoi 306 Kr ¢ MHAyKUMOHHOU meun Nel B
Pa3IMBOYHBIN KOBIIL, TJIe HAXOAMINCH OpakoBaHHbIE qUCKU Maccoi 50 kr. ITocie Beimycka
MeTalljia, B MEPBYIO MeuYb OBLIO JOMOJHUTENbHO 3arpykeHo 100 xr OpakoBaHHBIX
JUCKOB, IOCJE Yero rneyb OblIa BKIIOYEHA Ha MOJHYIO MOIIHOCTH. Cpasy mocie
BBIIYCKA pa3JIMBOYHBIN KOBII IIEpecTaBiseTcs moa neub Ne 2, mocse 4ero onepanyu
HOBTOPSIOTCS. 3aJIMBIIMK IPHU IOMOIIM BUJIOYHOI'O NOTPy3UHKAa TPAHCIOPTUPYET
pa3IMBOYHBIA KOBILI C METaIOM (656 KI') HAa y4acTOK Jiera3alyy cIjiaBa.

UYepes 15 MUHYT 3aIuBUIMK 3aKaHYMBAET JEra3allii0 MeTala U OTIPaBIISIETCS
Ha JIMTEHHBIN y4acTOK I HAIIOJHEHHUs JIMTEHHBIX Ileyed. B TedeHuu Bcero 3Toro
BPEMEHM Ha IUIABUJIBHOM y4YacTKE IIPOM3BOJAUTCS paciulaB JONOIHUTENbHBIX 100 Kr
B Ka)KJIOM 1euu u HarpeB Metaiuia 1o teMieparypsl 740-750 °C. 3anuBka TUTEHHBIX
neyeil B cperHeM 3aHumaet ot 10 1o 15 munyT. I1o okoHUaHUIO pa3aIuBKU METaLIA IO
JIMTEWHBIM I€4aM, 3JIMBILIMK BHOBb 3arpy>kaeT B KOBII 50 KI' JUCKOB ¥ yCTaHABIMBAET
KoBUI oA neyb Nel Ju1st BellTycka MeTaiuia. BTopoil BeIITyCK IPOM3BOAUTCS «HACYXO»
¢ obeux meven.

Takum o6pa3zom oOmias Macca XUJIKOTO CIUIaBa cocTaBuia 1,5 TOHHBI IpHU
MaKCHUMaJIbHOM €MKOCTH ABYX Ieueil Bcero 1,2 TOHHBI. J[aHHBIE AKCIIEPUMEHTA Ha
MOMEHT II€pPBOI'0 BBIITyCKa MpeICTaBIeHbI B Tabuuie 1.

Tabnuua 1 — JlaHHbIe SKCIIEpUMEHTA IIEPBOTO BBIITyCKa METaIa

Macca cnuBa, kr | Macca B koBuue, K | TemmnepaTypa ciusa, °C ng MIIEpATypa B KOBILC, [otepu temua, °C
CnuB mMetaiia ¢ meun Nel

306 | 50 | 850 110 | 180

CnuB Metainia ¢ medu Ne2

300 | 356 | 850 | 670 | 98

Hroro

KMracca B KOBILE, | o ;l"CeMnepaTypa B KOBIIE, | )

ITocne 0O6paboTKK MeTasIa Ha y4acTKe Aera3allid KOHeYHas TeMIIepaTypa COCTaBUIIa
707 °C, uto ABISETCS ONTUMAJIBHON TeMIEpaTypou s JUThS, TaK Kak JAMAMa3oH
peKoMeHayeMBIX TemnepaTyp cocrasisieT 695705 °C.
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3a cuéT BpICOKOH TemmnepaTypsl B neyax (850 °C) pacniaBieHue JOMOIHUTEIBHO
3arpyxeHHblx 100 xr auckoB u HarpeB 1o Ttemneparyp 750-760 °C 3zaimér 25-30
MuHyT. [locne 3arpy3ku gonosHuTenbHbIX 100 KT B eub TeMIiepatrypa IMOHU3HUTCS C
850 °C 1o 646 °C, ogHako 3a c4€T UHAYKLIUU METaJU1 OyIeT MOCTOSTHHO HAarpeBaThesi CO
CKOpOCTBIO 0K0JIO 4-6 °c/MuH. Takum o0pa3oM 3a 25-30 MUHYT TeMIepaTypa MeTaia
coctaBut 740750 °C, 4T0 03BOJIUT IPOU3BECTH IOBTOPHBIM BBIITYCK METaJLJIA C IBYX
neueil. /laHHbIe HA MOMEHT BTOPOT'O BBIITyCKa MPEJICTaBICHBI B TA0IHUIIE 2.

Tabnuua 2 — JlaHHbIe SKCIIEpUMEHTA BTOPOT'O BBIITyCKa MeTaslIa

Macca cnuBa, Kr Macca B koB1ue, kr | Temnepatypa ciusa, °C Temnepatypa B | Ilotepu temna, °C
kogie, °C

Cnus MeTaia ¢ meun Nel

394 | 50 | 742 312 11
CnuB Metama ¢ meqn Ne2

400 | 444 | 740 | 729 6
Hroro

Macca B KOBII€, KT ‘ 794 ‘ Temmepatypa B koBie, °C ‘ 734

Y4uTHIBas TO, YTO KOBII XOPOIIO IPOrPET METAJNIOM, IIOTEPH TEILJIA CYIIECTBEHHO
COKPaTUJINCH IO CPAaBHEHHUIO C IEPBBIM BhIITyckoM MeTaiia. [Tocie o6paboTku merania
Ha ydacTKe Jerazallly TemrepaTypa ciiaBa coctaBuia 699 °C. Takum obOpazom,
HOJTy4eHa YBETHMUYECHHYIO TPOM3BOAUTENLHOCTD IeUei 3a CUET UX HENPEPbIBHOU pabOTHI.
Ilo cTapoit TEXHOIOIMH, €YU TOOYEPETHO CINBAIUCH «HACYXO», B PE3YJIBTATE YETO
neyb Ne 2 mpocTanBajia B 0KUAaHUH BCE TO BpeMsi, KOTOpOe ObLIO 3aTpaveHO Ha 3aJIUBKY
JUTEUHBIX MAIIVH.

CornacHo NMoJy4eHHBIM JaHHBIM, 3a 6 4acoB 45 MUHYT IO HOBOM M CTapoy
TEXHOJIOTUM JOCTUTHYTa pa3Hasi MPOU3BOJUTEIBHOCTh. 3a JAHHBIA IIPOMEXKYTOK
BPEMEHH I10 CTapOi TEXHOJIOIMHU OBUIO BBIIUIABJIEHO 6 MJIaBOK ¢ 0011eil Maccoil MeTaa
paBHO# 7200 kr. IIpon3BOAUTENBHOCTh HOBOM TEXHOJOTHHM IPEBOCXOIUT CTAPYHO
TeXHOJI0rHI0 Ha 300 KI )KUAKOr o CIUIaBa 3a [Tk IU1aBOK. HecMOTps Ha HeCyIeCTBEHHBIH
IPUPOCT NPOU3BOAUTEIBHOCTH, ATOTO IOCTATOYHO JUIs 3aITyCKa OJHOBPEMEHHO YETBIPEX
nuTenHbIX MamuH [8—10].

BoiBoabI

1 IIpuBeaeHsl pe3ybTaThl NPOBEAEHHBIX 3KCIEPUMEHTAIbHBIX IMIaBOK
AJFOMUHUEBBIX CIJIABOB B MHAYKIIMOHHBIX Il€Yax MO YCOBEPUIEHCTBOBAHHOU
TEXHOJOTHUH.

2 Wcnionb30BaHUE N3MEHEHHOM TEXHOJIOTMH KCIUTYaTallud MHAYKIIMOHHBIX Ieuel
MO3BOJISIET TIOBBICUTH OOIIYIO MPOU3BOAUTEIHHOCTh MIABUIBHBIX arperaToB MyTEM
JIMKBUJIALIMK TIPOCTOEB II€UYEH, CBA3aHHBIX C O’KUIAHUEM BBIITYyCKa METAJLIIA.
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«BEKTOP» )KIIIC KAFJTAWBIHJIA ATIOMUHUN
KOPBITITAJIAPBIH BAJIKBITY KE3IHJAE WHJIYKIUSJIBIK
NEITEPAIH OHIMILJIITTH APTTBIPY

«Bexmopy KUIC orcazoaiivinoa  Kyuvliean auiOMUHUiL  OUCKinepi  YuliH
KOPbIMNAaHbl 0atibIHOAy mexHON02UACHIHbIY epeKulenikmepi ycvinvlizan. Kyuviiean
Ouckinepoi 6HOIpY YuiH UHOYKYUSIbIK MU2elb NeUmMepPin WUXMAidy npoyeci moivlk
cunammanean. Llluxmanvl oauibinoay npoyeci dHcoHe aANIOMUHUL KOPbIMNANAPLIH
bankvimyaa apuanean WUXma Mamepuaroapulibly Kypamvl e2oiceli meacelni

cunammaiieaH

Memanowr  mezyoi kymyee Oailianvicmvl  newmiy  MOKMAN — KATYblH
betimapanmanovlpy OOUbIHULA HCYPRI3IIcEH OHEPKACINMIK IKCNEpUMeHmmepoiy
Homuoicenepi xeamipineen. Bacmankpioa memanovl 6anrKpimy MeH WUXMATAYOLIH
OHMALLIbl MEXHOIOSUACHIH AHLIKMAY MIHOemi KOUbLIO0bl. DKChepUMEenm Homuicenepi
OOUbIHWA UHOYKYUSIBIK, MU2elb NeWmepiniy Y30IKCi3 JicoHe mMuiMoi Jcymbic icmey

MEXHON02USCHL HCACANODL.

Conoaii-ax, opmypai wuxmanay jHcone OANKblmYy mMeXHOL02ULIAPbl OOUbIHUUA
newmep 6HIMOINICIHIY AULIPMAUBLIbIZLIH AHBIKMAY MAKCAMBIHOA IKCHEPUMEHIMMIK

bankpimynap cepusicol Heypeizinoi.

«Bexmopy JKIIC kocinopHuinbly  6HOIpIC  2ca20aUbIHOA  UHOYKYUSIBIK
newmepoe mMemanovl OANKbIMY MeH WUXMALAY MeXHON02UACbINA 032epicmep eH2i3y
apxulLibl moynicine Kocoimuia 1,2 monna xeneminoe OHIMOINIKMI apmmuipyaa Kol
aicemxizindi. Conoaui-ak, memann meeinyin Kymy cebedinen newmepOiy moKkman
Kanyvl azaumuvliovl. LlImammolx mexunonocusiaa colkec Jdcymvic icmezen Ke3oe exi
UHOYKYUSILIK, Reumiy OHIMOLIel moynicine 28 MOHHAOAH ACnadbl. DKCnepUMEHMMIK
MEXHONO2USIHbL €HZI32eHHEH KeUiH eKi UHOYKYUSIbIK Mu2eib NeuiHiy OHIMOLIl

maoynicine 30 mouHa cylivik Memanza Oeuin ocmi.

Kinmmi ce30ep: antomunuii Kopulmnanapvl, KYuvbli2an OUCKinep, Oanikbimy,

UHOYKYUATILIK, neld, OHIMOLTIK.
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INDUCTION FURNACES PRODUCTIVITY INCREASING DURING
MELTING ALUMINUM ALLOYS IN THE
CONDITIONS OF VECTOR LLP

The features alloy preparation technology for cast aluminium discs in the
conditions of Vector LLP are presented. Mixing induction crucible furnaces process
for the production of cast discs is described in detail.

Industrial experiments results of conducted to neutralize furnace downtime
associated with the expectation of metal discharge are presented. The task was
set to determine the optimal technology for mixing and smelting metal. Based on
experiment results, the technology of continuous and efficient induction crucible
furnaces operation has been developed.

A series of experimental melts was also carried out in order to identify the
difference in furnace performance according to different charging and melting
technologies. By making changes to the technology of charging and smelting metal
in induction furnaces in the production conditions of the enterprise “Vector” LLP an
increase in productivity by 1.2 tons per day was achieved.

Furnace downtime was also minimized due to the expectation of metal draining.
When working according to standard technology, the productivity of two induction
furnaces did not exceed 28 tons. After experimental technology introduction, the two
induction crucible furnaces productivity increased to 30 tons of liquid metal per day.

Keywords: aluminium alloys, alloy wheels, melting, induction furnace,
productivity.
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THE USAGE OF PETROLEUM COKE AS A REDUCING AGENT IN THE
SINTERING BRANCH IN THE PRODUCTION OF ALUMINA

This article presents the results of studies on the possibility of using an alternative
type of reducing agent used in the sintering branch instead of a reducing mixture of
Kuznetsk anthracite and Shubarkol coke.

The given comparative characteristics of the reducing mixture currently used at
Aluminum of Kazakhstan JSC and the proposed alternative — petroleum coke, show
the possibility of the latter in its application: petroleum coke, in comparison with the
used reducing agents, is characterized by a low level of ash content (0.2 % vs. 15.8
%) and reduced working physical moisture (5.0 % vs. 11.2 %), as well as high lower
calorific value (7900 kcal/kg vs. 5863 kcal/kg) and high carbon content (88.0 % vs.
75.1 %).

Two compositions of the slurry charge were prepared for the experiments using
the compared reducing agents: a mixture of Kuznetsk anthracite and Shubarkol coke,
as well as petroleum coke.

During the experiment, a decrease in the specific consumption of the proposed
reducing agent per unit of sinter by 7.4 % was revealed due to the reduced moisture
content in the tested petroleum coke in comparison with the reduction mixture used.
There is also an increase in the content of AI203 to 88.9 % and Na20O to 96.1 %.

Keywords: aluminum production, reducing agent, sintering branch, aluminate
solution, alumina, red sludge.

Introduction

To date, due to the deterioration of the quality of raw materials in the aluminum
industry, special attention is paid to the regulation of the composition of charge materials,
in particular, in the sintering branch, for the full extraction of the necessary components
Al203 and Na20 and their transfer to an aluminate solution [1-5]..

One of the indicators influencing the quality of the resulting aluminate solution is
the selection of a reducing agent that is part of the sintering charge [6-8].

At the moment, a reducing mixture consisting of anthracite from the Kuznetsk coal
basin and coke from Shubarkol Komir JSC is used as a reducing agent for the sintering
charge [9,10].

Materials and methods

As an alternative to the reducing agent, it was proposed to use petroleum coke from
UPNK-PV LLP.

The chemical composition of the reducing agents is given in Table 1.
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Table 1 — The chemical composition of the reducing agents
The chemical composition
Wp ‘ Wa ‘ Aa ‘ Va ‘ S Qr Qdaf Corg
Name
% kcal/kg %
Reducing agents used: anthracite and coke
Anthracite | 10.6 0.9 14.7 2.9 0.2 5863 7953 75.1
Coke 11.7 0.3 16.8 2.9 0.4 5496 7761 75.1
Test petroleum coke
Petroleum | 5.0 0.5 0.2 8.3 1.5 7900 8 600 88.0
coke

For comparison, two compositions of slurry charge were used as feedstock, using
as a reducing agent:

anthracite from the Kuznetsk coal basin and coke from Shubarkol Komir JSC;

test petroleum coke from UPNK-PV LLP.

During the laboratory experiment, a charge was prepared from the dry components
that make up the sintering charge of the Pavlodar Alumina Plant in the following dosages
given in Table 2:

HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2023
Table 3 — Composition of sinter and leaching sludge

Sinter Standard leaching sludge

Sieve charac- | Chemical analysis Modules Content Extraction

teristic

-1 mm ALO, |FeO, |SO, st | Mg |Na,O |ALO, |NaO |ALO, |S O
g sludge
z % % en. % % %
Charge|39.0 19.3 168 (3.3 |1.091 [2.081|1.01 |3.87 95.4 86.7 7.0
Nel
Charge|26.6 19.8 16.7 |33 1.110 |2.100 | 0.98 |3.41 96.1 88.9 10.1
No2

Results and discussions.

During the experiment, a decrease in the specific consumption of the reducing
agent was revealed due to the reduced moisture content in the tested petroleum coke in
comparison with the reduction mixture used. Data on the specific consumption of the
reducing agent per ton of sinter are given in Table 4:

Table 4 — Specific consumption of the reducing agent

Table 2 — Initial charge

Name Charge Nel Charge No2
ar ar

Red sludge 75.00 75.00

Limestone 46.00 45.40

Soda ash Achinsk 8.00 7.70

Bauxite 9.10 9.20

Reductant 3.30 2.65

Total 141.40 139.95

Name Amount of| Amount of| Amountofreducing | Specific consumption of
charge, gram | sinter, gram | agent, gram reducing agent, gram per gram
of sinter
Reducing mixture of Pavlodar | 141.4 128.55 33 0.0257
Alumina Plant
Petroleum coke 139.95 111.43 2.65 0.0238

Conclusion.

The use of petroleum coke has a number of advantages over the reducing agents used:
— petroleum coke, in comparison with the used reducing agents, is characterized

Charge Ne 1 was made taking into account the reducing agent used, charge No 2
was made taking into account the tested petroleum coke.

The raw material was thoroughly crushed and, based on the calculated dosages
measured on laboratory scales, mixed in preheated corundum cups.

Then the resulting charge was placed in a laboratory high-temperature furnace and
sintered at a temperature of 1140 °C for two hours.

The resulting product was slowly cooled in the furnace, and then in the air, to room
temperature.

The products of each experimental sintering were crushed and leached with an
alkaline solution at a temperature of 70 °C. The results of sintering of the charge and
sludge of standard leaching are presented in Table 3:
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by a low ash content (0.2 % vs. 15.8 %) and reduced working physical moisture (5.0
% vs. 11.2 %), as well as a high lower heat of combustion (7900 kcal/kg vs. 5863 kcal/
kg) and a high carbon content (88.0 % vs. 75.1 %);

—the specific consumption of petroleum coke per unit of sinter was reduced by 7.4
% in comparison with the reducing agent used (0.0238 g/g vs. 0.0257 g/g);

— the results of laboratory standard leaching of sinters indicate an increased
extraction of useful components when using petroleum coke for the preparation of the
charge: up to 88.9 % for A1203; up to 96.1 % for Na20.

Thus, the use of petroleum coke with UPNK-PV LLP as a reducing agent will
improve the technical and economic indicators of the sintering process, as well as
increase the degree of extraction of useful components.
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AJIOMUHMN TOTBIFBIH OHAIPYIE KAKTAY TAPMAFBIHIA
TOTBIKCBI3IAH/ILIPFBIII PETIHAE MYHA KOKCBIH ANIATIAHY

byn  maxanaoa  Kysmeyx  ammpayumi  men  Illybapxen  Kokc
MOMBIKCHI30AHObIP2bIUU KOCHACBIHBIY OPHBIHA KAKMAY MaAPMA2blHOA KOJIOAHbLIAMbIH
MOMBIKCHI30AHObIP2LIUUMbBIY, DAAMA MYPIH KOA0AHY MYMKIHOIeT mypaivl 3epmmey
Homudicenepi KeamipiiceH.

byeinei xyni «Kazaxcman anomunutiiy AK-0a xonoanviiamuln KainviHa
Kenmipy KOCHACBIHbIY HCOHE YCbIHbLIAMbIH 0anama — MyHatl KOKCbIHbIY KelmipinzeH
CAnbICMBIPMATLL  CURAMMAMALAPLL  OHBIY  KOLOAHBITY MYMKIHOICIH Kepcemeoi:
MYHQAll KOKCbl NAOANAHBLIAMbIH MOMBIKCLI30AHObIP2LIUUINAPMER CANbICMbIP2AHOA
Ky Kypamvinvly memen Oeneetiimen (0,2 % 15,8 %-2a xapcol) owcone scymulc
Qusukanvi viizanrviibly momenoeyivern (5,0 % 11,2 %-ea xapcol) cunammanaovl,
coHOaul-ax, dcozapvl memen dcany dcwiaywl (7900 kxan/xe 5863 kran/xe-ea Kapcot)
atcone acoeapul kemipmezi (88,0 % 75,1 %-ea kapcol);

DKcnepumenmmep dHCypeizy YUiH CATbICMbIPMATbLL MOMBIKCLI30AHObIPSLIUMAPObL
KONOaHA OMbIPbIN, WAAMObL WUXMAHBIY eKi Kypamvl OatibiHoanovl: Kysneyx
anmpayumi men LLIybapreon Koxc Kocnacwl, cOnoatl-ax MyHal KOKCbL.

Dkcnepumenm 0OapeiCbIHOA CHIHANAMBIH MYHALl KOKC KYPAMbIHOG2bL bLI2AIObIY
azaiovia  OQUIAHBICIBL  KOMOAHbLIAMbIH — MOMBIKCHI30AHObIp2bI  KOCHAMEH
CabICbIP2AHOA  YCHIHBII2AH — THOMBIKCHI30AHOIPSbIUMbIY — KYUedCceHmeK  Oipricine
WAKKaHOazbl Yecmix uibleblHbinbl 7,4 Yo-2a memenoeyi anvikmanowt. Conoati-ax, AI203
Kypamvinwiy 88,9 Yo-2a orcone Na2 O-noiy 96,1 Yo-2a Oeiin srcozapvliaysl 6aiKaiaobi.

Kinmmi ce3dep: anomunuii  6HOIpici, MOMBIKCHI30AHOLIPEbIUL, — KAKMAY
mapmazvl, AOMUHUL epimiHOICI, 2TUHO3EeM, Kbl3bLL WIAM.

*/I. b. Tonvimoekosal, A. M. Aybaxupoe2, X. b. Temipmac3
1,2,3TopaiireipoB yauBepcurer, Pecriybnmka Kazaxcran, r. [TaBnomap
Marepuan noctynui B pegakmuio 02.02.23.

NCITOJIb3OBAHUE HE®TAHOTI'O KOKCA B KAYECTBE
BOCCTAHOBUTEJISA B BETBU CIIEKAHUA
IMPU IMMTPOU3BOJACTBE IN''"IMHO3EMA

B 0annoii cmamve npedcmasnenvt pe3yibmamol UCCIE008AHUL BO3MONCHOCU
UCNIONIb308AHUSL  AILIMEPHAMUBHO20 8UOA BOCCMAHOBUMENS, NPUMEHSAIOWE20Cs 6
6emeU CHEeKaHUusi 63aMeH eoccmanogumenvHol cmecu Kysneyxoeo ammpayuma u
xokca Lllybapxony.

Ilpusedennvie  cpasnumenvHvle XAPAKMEPUCMUKU — HPUMEHSIOWelcs  Ha
ce2oonauHul 0env na AO «Amomunuti Kazaxcmanay 6occmanogumensboll cmecu
U npednazaemoul albmMepHAmuUEbl — HeQhMAH020 KOKCA, NOKA3bIEAION 803MONCHOCDb
NOCIeOHe20 6 €20 NPUMEHEHUU. KOKC HeMSHOU 6 CPAGHEeHUU C UCHONb3YeMbIMU
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B80CCMAHOBUMENAMU XAPAKIMEPUIYEMCS HUSKUM YPOBHEM COOEPAHCAHUS 301bHOCHU
(0,2 % npomus 15,8 %) u nonusicennou paboueti gusuneckou enazoii (5,0 % npomus
11,2 %), a maxoice svicoxoui Huzuel meniomou ceopanus (7900 xkxan/ke npomug 5
863 kxan/ke) u svicoxum cooepaicarnuem yeaepooa (88,0 % npomus 75,1 %),

s npogedenus sxcnepumenmos Oviiy noO20MosieHbl 08a COCABA ULIAMOBOU
WUXTBL ¢ NPUMEHEHUeM CPABHUBAeMbIX Goccmanogumenei. cmecv Kysmneykozo
anmpayuma u koxca LLlybapkons, a maxice Hegpmano2o Koxca.

B npoyecce sxcnepumenma 6v110 6v18671€HO CHUdNCEHUE YOETbHO2O PACX00a
npeoaazaemoz20 60CCMAanosumens Ha eOuHuyy cnexa Ha 7,4 % u3-3a yMenvuenHozo
cooepaicanus 61a2u 8 UCNBIMYEMOM HeDMAHOM KOKCe 8 CPABHEHUU C UCTIONb3YeMOU
80CCMAHOBUMENbHOU  cMecblo. Taxaice ommeyaemcst NoGvlUeHUEe COOEPHCAHUS
AlI203 00 88,9 % u Na20 oo 96,1 %.

Kniouesvie cnosa: anomunuegoe npousgo0cmeo, 60CCMAHOGUMEND, 6ENEb
CHeKanusl, aTtOMUHAMHBIL PACEOD, 2IUHO3EM, KPACHBLIL WIIAM.
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INVESTIGATION OF THE INFLUENCE OF VARIOUS FACTORS ON THE
ELECTRICAL RESISTIVITY OF THE CHARGE DURING FERROSILICON
ALUMINIUM SMELTING

This paper presents the results of a study on the change in the electrical resistivity
of charge mixtures for smelting ferrosilicon aluminum and the possibility of using
iron sands in the composition of the charge. Traditionally, iron shavings, a by-
product of metal cutting, are a part of the charge mixture for producing ferrosilicon
aluminium. In this paper, two charges were selected for comparison. The first charge
was a mixture of high-ash coal, quartzite and iron shavings. The second charge was
a mixture of high ash coal, quartzite and iron sand. The task set in this study was to
compare the resistivity of the components of the experimental mixture consisting of
high-ash coal, quartzite and iron shavings and the possibility of obtaining ferrosilicon
aluminium from the mixture based on iron shavings. The results of the research
have shown the possibility of replacing steel chips with metallized iron ore sinter,
which can significantly reduce the consumption of scarce steel chips in the ferroalloy
industry. Iron-ore sands, in turn, are an anthropogenic waste of alumina production.
Thus, their involvement in processing can also partially solve the environmental
problems of Paviodar region.

Keywords: ferroalloy, electrical resistivity, steel shavings, ash, high ash coal.

Introduction

The operation of ferroalloy furnaces depends to a large extent on the immersion
depth of the electrodes in the charge [1], which improves the technical and economic
performance of the processes. At high sitting electrodes the melting zone moves upwards
that sharply worsens a course of process: thermal losses with head gases increase,
maintenance of the overheated grate becomes difficult, the temperature of the furnace
increases that creates additional difficulties at release of metal and slag, extraction of
the basic elements reduces because of the raised flight. At a constant secondary voltage,
the depth of immersion of electrodes depends on the total resistance of the furnace
bath, which in turn depends on the nature of the ores used, the type of their preparation
(sintering, pelletising, briquetting) [2], the fractional composition of the materials and
the type of reducing agents.

The method of charge materials preparation, the type of pelletised materials, is
reflected in the electrical resistance of the charge [3, 4]. The electrical resistance of
the charge, when non-isothermal heating to high temperatures, largely depends on the
chemical and mineralogical composition of the charge, as well as on the processes of
phase transformations in the sample [5].

The efficiency of the furnace depends on the working resistance of the furnace,
which also depends on the resistivity of the furnace charge [6]. As a result, it is necessary
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to conduct research on the electrical resistance of pellet charge materials. The study of
the electrical resistance of charge materials and charges was carried out by the method
described in the work of Zhuchkov V. 1., which allows determining the electrical
resistance of materials and charges at temperatures up to 1800 °C in the bulk layer while
recording the degree of their softening (shrinkage). At present, this method is used by
many researchers to determine the electrical resistivity of materials and charges [7, 8].

Comparative studies on the variation of resistivity of charge mixtures for the
melting of ferrosilicon aluminium were carried out. The electrical resistivity of selected
components and the whole charge mixture was measured during the experiment. All
factors affecting the charge resistance were monitored: temperature, aggregate state, and
degree of reduction of materials. In order to explain the reasons for changes in electrical
resistance, the volume of materials was monitored continuously.

When measuring the electrical resistance of the charge materials, the fractional
composition of the charge materials was selected in proportion to the coarseness of
the components of the charge materials used in the production conditions, the limits of
which were reduced by an order of magnitude.

Materials and methods of research

The charge materials used were high-ash coal from the Molodezhny Coal Mine
(Borly UD), and quartzite was used as charge materials. The difference between the
experimental and comparative charge consisted in the use of metallized agglomerate
from iron sands in the first case, and in the composition of the comparative mixture
traditionally used steel chips. High ash coal in 1-5 mm fractions had the following
technical composition: ash content — 56.8 %; volatile components — 17.2 %, humidity
— 1.0 %. Ashes were composed of 58.9 % silica and 37.2 % aluminium oxide. The pilot
charge mixture consisted of 67.8 % high ash coal, 12.3 % metallised agglomerate and
19.8 % quartzite.

The measurements were carried out on a pilot laboratory setup with the possibility
of conducting experiments in the temperature range 22—1600 °C according to the method
[3]. The measurements were carried out at DC voltage equal to 5 Vwith fixing of current
values depending on temperature.

Results and discussions

The results of comparative studies in the form of resistivity and conductivity vs.
temperature are shown in Figures 1 and 2. The plots are presented for the temperature
interval 850—1200 °C, which is typical for the upper layers of the charge during melting
of ferrosilicon aluminium.
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Figure 1 — Temperature dependence of electrical resistivity of comparative and
experimental charge mixtures for melting ferrosilicon aluminium

As can be seen from the results of measurements at temperatures up to 950 °C the
electrical resistance of experimental charge with sinter is slightly lower than that of
traditional charge with steel chips. This is explained by the fact that the composition
of metallized sinter contains small amounts of sintered relatively fusible mixtures
containing iron compounds, in particular fayalite (Fe,SiO,).

Figure 2 — Temperature dependence of specific conductivity of comparative and
experimental charge mixtures for smelting ferrosilicon aluminium
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Further after reduction of iron at temperatures above 1000 °C the electrical resistivity
of comparative and experimental charge mixtures equalizes. This shows the principal
possibility of replacing steel chips with metallized iron sinter, which can significantly
reduce the consumption of scarce steel chips in the ferroalloy industry.

The presence of iron sands [4] up to 15-25 % in total oxides of silicon and aluminium
in the sinter obtained from waste alumina production [9, 10, 11] will not have a significant
negative impact in the smelting of FA, as they are the main components of the charge.

Conclusions

It should be noted that steel chips contain 1.5-2.5 % of manganese, chromium
and non-ferrous metals which will be completely transferred to the melted FSA. In the
pilot agglomerate there are practically no impurities of these elements, so the melted
ferrosilicon aluminium will be pure for these impurities.
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NCCIEJOBAHME BJIAHUSA PA3JIMYHBIX ®AKTOPOB HA YJIEJBHOE
II. C. Bapbanos IJIEKTPUYECKOE COITPOTUBJIEHUSA HIUXTHI
BpHO TeXHONOTHsIIBIK YHUBEpCHUTETI, bpHo K., Uex Pecnybnukacsl ITPHU BBIIIJIABKE ®EPPOCUINKOAJIIOMUHUA

Marepuan 02.02.23 Gacnara TYCTI.
B Oannoii cmamve npueoodsmcs pezyiomamvl UCCIEO08AHUS NO U3YYEHUIO

OEPPOCHUJIUKO AJIIOMI/IHI/Iﬁ,Hl BAJIKBITY KE3IHJE IIUXTAHBIH, UBMeHeHUsl YOeNbHO2O DIeKMPUYECK020 CONPOMUBTEHUS WUXMOBbIX cMecell 075
MEHIUIKTI SJIEKTP KEJEPI'ICIHE OPTYPJII BBINIABKY  (PEPPOCUTUKOATIOMUHUS U  BO3MONCHOCHU NPUMEHEHUs. 8 COCmaege
®AKTOPJIAPIBIH OCEPIH 3EPTTEY WUXTHBL, JiCeNe3UCTNbIX neckos. Tpaouyuonno 8 cocmas wuxmovl 0isi NOAYYeHUs

PeEPPOCUNUKOATIOMUNUSL  8XOOUM  JICELE3HAS  CIPYICKA, NOOOUHBILL  NPOOYKIN
o0bpabomku memania pesanuem. B oannoti pabome 015 cpasHenus ObLu GblOPaAHbL
06e Hasecku wuxmol. Ilepsas Hagecka npeocmasisia co00l CMeCh 8bICOKO30IbHO20
Velsl, K8apyuma u jceie3Hol cmpyscku. Bmopas nagecka - cmech 8b1COK03016HO20
Yers, Keapyuma U JHCene3sUCmblX neckog. 3adaua, NOCMAGIEHHAs 8 OAHHOM
uccnedo8anull, 3aKI0YAIACH 8 CPABHEHUU YOCTbHO20 CONPOMUBTEHUS KOMNOHEHMO8
IKCHEPUMEHMATLHO20 COCMABA WUXMbL COCMOSIYEl U3 BbICOKO30IbHO20 Ve,
K8apyuma u HCene3ucmoix neckog npedyiodCeHHbIX 8 Kauecmee 3amenvl 0euyumHou
JHCENe3HOU CMPYIHCKU, U BOZMOICHOCHU NOJYHEHUS (DEPPOCUTUKOATIOMUHUS U3
WUXTBL HA OCHOBE JiCene3UCTnblX neckos. Pezyismamul uccredoganuii nokazanu
NPUHYUNUATILHYTO 803MOICHOCHIb 3AMEHbL CIATbHOU CINPYHCKU HA MEMAITU308AHHL
JHCene30pPYOHbLIL a2ioMepam, Ymo MONCEm CYWECMBeHHO CHU3UMb nompebieHue
oeuyumnoil CmanbHOU CMPYJICKU 8 (eppochiasHot ompaciu. XKenesucmole necku
8 CB0I0 0uepedb, ABNAIOMC MEXHOLEHHbIM OMX000M HPOU3BOOCMBA 2AUHO3EMA.
Takum obpazom, gogneueHue ux 6 nepepadbomKy MoHcem maKice YaCMuyHO peuums
u axonocudeckue npodaemul Ilagnodapcrozo pecuona.

Kniouesvie cnosa: eppocnnas, yoenvHoe snekmpuyeckoe CONpomugieHue,
CMANbHASL CMPYIICKA, 301d, BbICOKO30NbHBIL Y2OTb.

byn maxanada ¢peppocunuxoantomunutioi  6arkvimysa apHai2aH wWuUxma
KOCHANAPUIHbIY, MEHWIKMI 3JIeKMp KeOepiCiHiy 632epyiH JCoHe WUXMA, KyPaAMbIHOA
memipni 6ap Kymoapowl KOLOAHYy MYMKIHOIIH 3epmmey OOUblHWA 3epmme)y
Homudicenepi Keamipineen. [locmypni odicher (eppoCulruKoarioMutull anry yulin
WUXMAHBIY KYPAMbIHA MEMIp JHCOHKANAPbl, Memandbl KeCIn-jcouvln oHOeyOiH
Jrcanama ouimi Kipeoi. Byn sicymvicma canvicmulpy YuiiH exi oaueH0i mayoaniobl.
Bipinwi oicozapvl kyn0i kemip, Keapyum dHcoHe mMeMip IHCOHKANAPLIHLIY KOCHACH
bondvl. Exinwi emuenOi-xyni odicozapvbl KOMIp, KeApyum JCOHe KYPAMbIHOA
memipi 6ap xymoapowvly Kocnacwl. byn zepmmeyoe Koiiviiean mindem manuivl
memip JHCOHKANAPBIH AIMACMbIPY PemiHoe YCbIHbLI2AH Kyl Ho2apbl KOMIPOEH,
K8apyummeH JHCOHe KypamblHOA memipi 0ap KyMOApblHaH Mypamuvli WUXmMAHbLY
IKCNEPUMEHMMIK KYPAMBIHOA2bl KOMNOHEHMMEPOil MEHWIKMI Keoep2iCiH HcoHe
KYPAMbIHOA meMipi 6ap KyMOapwlHa He2i30e2eH WUXmaoaH heppoCcuiukoaroMuHulL
any MyMKiHOI2IH canvicmbulpy 6010bl. 3epmmey Homudicenepi OOIam HCOHKANAPLIH
MEMAanOauobIipbLI2an — Memip  pyoanvl — a2lomMepamid — ayblCmulpyobly — Hezisel
MYMKIHOIZIH Kepcemmi, Oy ¢heppoKopvimna 6HepKociOiHOe manubl boaram
JHCOHKANAPLIH  MYMbIHYObl  AUMAPALIKMAl  memeHoemyi Mymkin. Kypamwvinoa
memipi 6ap Kymoap, 63 KezeziHoe, ATIOMUHUL MOMbI2bIH OHOIPYOIH MEXHO2EHOIK
Kanowvikmapsl 6016in maodwiiadvl. Ocvlaatiuwa, 01apovl Kauma onoeyee mapmy
Tasnooap exipiniy 3x0102UATBIK NPOOIEMANAPBIH 0 IWIHAPA weuie alaobl.

Kinmmi ce30ep: ¢peppoxopeimna, snexmp kedepeici, bonam HcoyKaiapul, Kyu,
KYPAMBIHOA KYJI HCO2apbl KOMIP.
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CHUXXEHWE SMUNCCHUUN QUCTIEPCHbBIX YACTUL]
C OTPABOTABLUNMU TA3SAMU ON3IEJTIEN

Bpeouvie oucnepcuvie wacmuywt (Particulate Matter - PM), codepocawuecs 6
cmecu ompabomasuiux 2az06 (OI) 0sucameneil 6HympeHHe20 c2opanus u 6030yxd, 8
omauuue 0m 2a3000paA3HbLIX BPEOHBIX BEUJeCME, HAXOOAMCS 8 PA3TUUHOM A2Pe2amHbIM
cocmosnue. mgépoom u dcuokom. Hanuuue sicudxux vacmuy cés3aHo ¢ Konoencayueu
YaACmu Heceopesuiux y2neeo00po008 MONIUEA U CMA30UHO20 MACla 6CNe0Cmeue
nonudicenus memnepamypel O’ npu ux pasdoagnenuu 6030yxom. A naruuue meepowix
gewecma onpeoensemcs 8blopocom He MONbKO Cadicu, HO MEepoblx Cyibhamos,
a Makdice Yacmu Heceopesuiux yenee000po008 Monauea U MAcia 8Cle0Cmeue ux
KoHOencayuu. Ilpu smom 600y, HAxX00AWYIOCS 8 OMPabomMasuwux 2a3ax, 8 cocmas
PM ne exmouarom, yumo obecneuugaemcs mepmocmamupogaHuem Quibmpos, Ha
Komopwix ocadxcoaromesi PM, 0o u nocne ucnoimanuil.

Oonako 8 Xx00e CMaHOAPMU308AHHO20  (SPABUMEMPUYECKO20) Memodd
usmepenus cooepoicanusi PM 6 ompabomaswiux 2azax He803MOJICHO 0becneuums
udenmugurayuro smux cocmasgniowux. Ilosmomy uacmo noo OucnepcHviMu
yacmuyamu noopazymesaom MmMonvbKo caxcy (meépowiil yenepod). Kpome mozo,
GRUSIHUE PEAHCUMA pabOmMbL 08UAMENS HA PA3TUYHbIE COCMABNAIOWUE He UOEHNUYHO!
ecnu KOHYEHMPayusi Caxcu 6 Ompabomasuiux 2a3ax nPonoOpYUOHAIbHA HAspy3Ke, Mo
Hanudue JHCUOKUX COCMABIAIOuUX 60ee XapakmepHo OJisi PEdCUMO8 MALbIX HASPY30K.

Ilooobuvie ynpowenus He obecnewam papabomKy YereHanpaeieHHbIX
Meponpusmuii no CHudicenuio amuccuu PM, nockonvky mne 6yoym npunamsl 80
GHUMAHUE, C OOHOI CIOPOHDL, 6CE UX OCHOBHbIE COCMABTAIOWUE, A C OPY20Ti CMOPOHDBL
— gnuUAHUE pedcuma pabomsl 08ueameris.

Knoueguvle cnosa: ouzenvhwviil 0sueamens, ompabomaguiue 2azvl, OUCHEPCHble
yacmuywl, caica, meépovie Cyibphamol, y2ie8000poobl.

BBenenne

Jlo 1989 r. cornmacHo MeXIyHapOIHBIM W HAallMOHAJIbHBIM CTaHAApTaM JJIs
JTOOBIX TUIIOB JIBUTATeNIei BHYTPEHHETO CTOPAHHsI PErJIaMEeHTHPOBAIIU COJIEP>KAaHUE B
otpaboraBmux razax (OI') Tompko razoo0pa3HbIx BpeqHbix BemlecTB (BB): okcuaos
azora NOx, okcuga yriepoga CO u cymmapssix yriesogoponos CnHm. A mis
IU3esei, KpoMe TOro, - ellle U TaKoh (U3MYecKUuil MoKazaTeiab Kak « HEMPO3PauHOCTh
OI'», HazpiBaeMbIil «abIMHOCTE OI». Onnako B 1989 r. B CILA, B 1992 r. B EBpone
u Snonun, a B 2000 r. u B Poccun HONOIHUTENBHO BBEIN HOpMY Ha aMuccuto ¢ OI
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mu3eneii emre ogaoro BB - mucniepcHbix actui (Particle Matter - PM). Jlns apurateneit
C NPUHYAMTEIBHBIM BOCIJIAMEHEHUEM 3TO I10Ka3aTelb HOPMHPOBAHHUIO IOKA HE
HOJUICKHT, XOTS TaKasi BO3MOXKHOCTb IPOpadaThIBaeTCs.

JlucrniepcHble 4acTUIIBl YacTO Ha3bIBAIOT «TBEPJABIMHM YAaCTULIAMU», U IMOJ 3TUM
[0JIpa3yMeBaroT TOJIBKO caxy (TBEpAbIH yriepox). Ha camoM gerne, cocTaBisitoliMMU
PM kpome caxu sBJISAIOTCS HE TOJBKO JPYTHE TBEPABIE BEIIECTBA, HO U XKUAKUE.
Hanuuune xuakux BELIECTB CBSA3aHO C KOHJEHCAIMEW YaCTH HECTOPEBUIMX TOILJIMBA U
CMa304HOro Maciya (YIriIeBoJopobl ¢ yrinepoausiMu rpynmnamu ot C, no C ., T.e. OT
NIEHTaHa U BBIIIE) BCIEACTBUE MOHMKEHUs Temmeparypbl Ol mpu ux pazbaBieHun
BO3aAyX0M. Bony, Haxosmrytocst B OI', B coctaB PM He BKIIIOUAtOT (3TO 0OecneunBaeTcs
MOCPEJICTBOM BBIJICPKUBaHUSA (PUIBTPOB B TEpPMOCTaTe O U MOCIE UCHIBITAHUN MPU
NOCTOSIHHOM BiakHOCTH). Hanmmuue ske TBep/bIX BELIECTB OINpPENesieTcsl BHIOpOCOM
HE TOJIBKO Ca)kKd, HO TBEPIBIX CyNIb(}aToB, a TAaK)KEe YaCTH HECTOPEBIIMX TOILUIUBA U
macia (yriieBoJOpOIbl € yriIepoaHbIMU Tpynnamu oT C . ¥ BBIIIE) BCIEACTBHE MX
KOHJEHcaluu. Bce ykasaHHbIE )KMJIKHE U TBEPJbIE YITIEBOAOPOIbI HOCIT Ha3BaHUE
TsDKEJbIX yriaeBoaoponos C H, .

CrangaptuzoBaHHblil MeTo n3MepeHus amuccu PM ¢ OI' — rpaBumeTpuyecKuii:
COTJIACHO €My OINpeAeNsieTCs] pa3HHIla B Bece (QHIBTPOB 0 M MOCIE MPOIYCKAaHHUs
yepes Hux cmecu Ol u Bo3myxa (T.€. 10 | MMOCJe UCTIbITaHuid [Burarens). [lpu stom
TeMIlepaTypa cCMecu He J1oJbkHa npeBbimath 325 K (52 °C), yTo UMUTUPYET NpoLecc
paz0asnenuss OI' mpu ux BBHIOpOCE U3 BBITYCKHOrO TpyOONpoBojaa ABUTATENS B
atMocdepy. braromaps Takoit MmeTonuke Ha QUIBTPaxX OCENAIOT BCe HEra3ooOpa3Hble
BelecTBa, cogeprkamuecs B OI'. Takum 00pa3zoM, AUCTIEPCHBIE YACTHUIIBI — 3TO TBEPAbIE
U KHUJIKHE BellecTBa, Haxomsamuecs B cmecu OI' ¢ BO31yXoM IIpH BBILLIEYKa3aHHOU
TEMIIEpaType CMECH.

Hcrounuku Hammuus B Ol caky M TSOKENBIX YIJIEBOJOPOJOB — HEMOJIHOCTHIO
CTrOpeBLINE TOIUIUBO U CMAa304YHOE Macia, T.. IPHYMHA - HECOBEPILIEHCTBO pabouero
npoliecca AU3es, a TAKKE HATMYME Macila Ha CTEHKaX HWIMHAPA B 30HE BbIIIIE BEPXHETO
HOPIIHEBOr0 KOJbLA (II€ OHO MOJBEPraeTcsi BO3JEHCTBUIO BBICOKUX TEMIIEPATYP
BCJIEJICTBHE CrOpaHus TOIIuBa). [Ipyu 3ToM miomniaib KOHTAKTa IOBEPXHOCTH LIMIIMHIPA
C TOpAYMMHU NPOYKTaMU CTOPAHUs 3aBUCUT OT epeMelleHNs nopuiHs. Yto kacaercs
TBEPJIBIX CyNb(HATOB, TO OHM 00pa3yrOTCs MPHU B3aUMOACHCTBUH IPOJAYKTOB CrOpaHUs
Ccephl, CofieprKallieiics B TOIUIMBE, C 0apreM U KJIbILIEM, BXOIAIINMH B COCTAB MOIOIIMX
npucagok Kk maciaM. Kpome toro, B OI' mpucyTCTBYIOT U Ipyrye TBEpAbIE BEIIECTBA:
IPOAYKTBI U3HOCA AETaJIEH ABUraTesl, 30J1a ¥ KOKC TOILIMBA M Maclla; HO UX CO/IEp/KaHUe
10 CPAaBHEHUIO C BBILIENIEPEYMCIEHHBIMH COCTABIISIOIUMU HE3HAUUTEIIBHO.

VYayuimeHue 3KOJOTUYECKHUX MOKa3aTeseil JBUraTeNei, a Takke O0OBbEKTOB, Ha
KOTOPBIX 3TH JIBUTATEIN YCTAHOBIICHBI, 0a3UPYETCs Ha aHAIM3€E BIUSHUS Pa3IHYHBIX
(bakTOpOB (KOHCTPYKTUBHBIX M PErYJIMPOBOYHBIX) HAa BHIOPOC TOro Wiu MHOro BB.
CnoXHOCTh pelieHMs] YKa3aHHOM 3a7auu B oTHouleHuu PM cBs3aHa, BO-IIEPBBIX, C
pa3Hoo0OpazrueM (PU3NIECKUX M XMMUYECKHX ITOKa3aTeNei UX COCTABIISIONIMX (B OTIINYHE
0T ra3o00pa3Hbix BB); BO-BTOPBIX, C pa3InyHbIM XapaKTEPOM BIUSHUS PEKUMa paObOThI
JIBUTATENS HA 3TH COCTAaBJISIOLINE; B-TPETbUX, C IPOTUBOIOJIOKHBIM PEarupOBaHUEM
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Ha pa3IMYHbIe MEPOIPUATHS 10 CPABHEHUIO C IIPOLIECCOM 00pa30BaHMUs U PA3II0KEHUS
NOX; 1 B-4€TBEpTHIX, C HEBO3MOKHOCTBIO BBISBIEHUs cocTaBisfomux PM npu
IIPOBEJICHUH OLICHKH UX YMUCCHM CTaHIapTU30BaHHBIM IPABUMETPUUECKUM METOIOM.
[Tocnennee 06CTOATENHCTBO MOXKHO OOOWTH MOCPEACTBOM NPHUMEHEHUs, HapUMep,
xpoMmarorpa)oB ¥ Macc-CIEKTPOMETPOB, HO 3TH CHOCOOBI OYEHBb JTOPOrOCTOSIIN
U JUIMTeNbHbl. ONepaTUBHOCTD XK€ aHAJIM3a MOJIY4YaeMbIX pe3yJbTaTOB BO MHOI'OM
oIpezessieT 3aTpaThl BPEMEHHU U CPEJCTB HA IIPOBEIEHUE UCCIEA0BAHNM.

Ouenka smuccuu BB ¢ OI' npon3BoauTcss Ha OCHOBaHUM UCIIBITAHUMN JIBUTATENs
0o T.H. «ucubelTaTeNbHbIM HuKIamM» (ML) — cOBOKYyNMHOCTH peXHUMOB pabOTHI,
IpPEeCTaBISAIOMNX COOON coueTaHHe Pa3IMUHBIX YaCTOT BPAICHUs KOJICHYATOI0 Bajia
u Harpy3ok. Haubonee u3BecTHsl ucnbiTanus o WL, Bxmrodaromum 8 u 13 pexxuMoB:
IIepBBIE — JUIS ClIy4asi IPUMEHEHHUs IBUraTeJIed Ha BHEAOPOKHOM CAMOXOIHON TEXHUKE
(BACT: TpakTopsl, CTPOUTEIHHO-IOPOKHBIE, KOMMYHAJIBHBIE U T.I1. MALLIHHBI ), BTOPbIE
— JUIsl aBTOMOOMJIBHOTO TpaHCIIOpTa MOJIHOW Maccoil 6oree 3,5 1. Ilpu npoBenenun
JIOBOJIOYHBIX MCCIIEA0BAaHUN IBUraTellss CHUMaroT coTHU M1 (AnuTenbHOCT KaXK10ro
—1,5...2,0 gaca) npu usmepeHuu BrIOpOCOB razoobpasnbix BB. A mpu omenke
smuccun PM no6asnsieTcs BpeMsi, HEOOXO0JUMOE AJIsl BBIIEPKKU (PUIIBTPOB JI0 U ITOCIIE
VCIBITAHUM, JUIS IIPEABAPUTEIBHBIX U3MEPEHUN pacxoja Bo3ayXa (I HaCTPOUKH
crenieHu pazbasienuss OI' Ha KaXJIoM pexume, Juid nposeneHus: camoro ML, ms
B3BEIIMBaHMA (PUIIBTPOB J10 U NOCIIE UCTIBITaHUN. Takum 00pa3oM, IPOAOIKUTEIILHOCTD
OJIHOKPAaTHOI'O MCHBITaHUsA 10 oueHke smuccud PM ¢ OI' o cranzapTu3oBaHHOMY
UL ne menee 8,0 yacos. M B urore Oyner noixy4eHa 0JJHO 3HAYCHUE — UHTETPAJIbHOE
st Becero MII. DTo He MO3BONMT BBIABUTH HU PEXHUMBI pabOThl JBUraTesns, HU
COCTaBJIAIOLIUE TUCIIEPCHBIX YACTHII, KOTOPbIE BHOCSAT OCHOBHOM BKJIa/1 B BIOpoc PM.
Co0TBeTCTBEHHO, HEBO3MOXHO OyIeT pa3paboTaTh IeJIeHANPaBICHHbBIE MEPOIPUATHUS
0 YJIYYILIEHUIO DKOJIOTUYECKUX XapPAKTEPUCTUK ABUTATEISL.

MarepuaJibl 1 METOABI

Ha ocHoBanuu aHanu3za autepaTypHbIX AaHHbIX [1...10], a Takxke pe3yiabTaToB
COOCTBEHHBIX HCCIICOBAHMIA 1O OIIEHKE CTEIIEHH pacia/ia CyMMapHbBIX YTII€BOAOPOI0B
Ha oTAedbHble rpynnsl [11], aBTopom Oblia pazpaboraHa Mojenb 00pa3oBaHHS
JaucrnepcHbIX yacTull B motoke Ol co crnenyronmmu gonyuieHusmu [12]:

— JIUCIIEPCHBIE YACTHUIBI COCTOST U3 TPEX OCHOBHBIX KOMIOHEHTOB: caxu C,
TBEP/BIX CyIb(paToB MSO, u Tsoxensix yriesogoponos C H,;

— caxxeconeprkanue C mpornoprruoHaIbHO 3HAYEHHUIO IBIMHOCTH N 0TpabOTaBIIMX
ra3os;

— o0pasoBanue TBEPABIX CyIb(paToB MSO, NponopuuoHaabHO pacxoy TOILIMBA
G,, comepkanuIo Ceprl S B TOIJIUBE U CTENEHH KOHBEPCUH MPOJIYKTOB CIOPAHUS CEPBI;

— nonist Tshkenbix yriesoaoponos C H B cymmapueix C H - 3aBUCHT OT pexumMa
paboThI IM3€Ns1, KOTOPBIA HACHTUGUUHUPYETCSA TEMIIEPATYPOI OTPabOTABLIMX Ia30B t ;

— maddepeHIpOBaHNE UCTOYHUKOB TSOKENBIX yriaesogoponos C H, (ot Tormisa
CH, , uor cmazounoro macia CH ) onpenensiercs ypoBHeM pacxoza macia Ha yrap Gwm;

- HEONpPEeeNEHHOCTh Pa3paboTaHHOM MOJieNn 00yCIaBIMBAETCS COJIEPKAHUEM B
OI 3011bI ¥ KOKCa TOILIMBA, MEXaHUYECKUX IIPUMECEN B MaciaxX, IPOAYKTOB U3HOCA
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JeTanei qpuraress, a Takke npuHsatiueM 100% xoHBepcuH NPOLYyKTOB CrOPaHUsl CEPbI
B TBep/bIe CyIb(aThI.

OOwumii BuA 3aBUCUMOCTH KOHIIGHTPALUU JUcTepcHbIX yacTuil B OI' oT ypoBHS
aeiMHOCTH OI', MaccoBOro copep kaHust Cepbl B TOIUIMBE, KOHLEHTPALUN CYMMApHBIX
YIJIEBOAOPOAOB M peKUMa pabOTHI IBUrATENs BBITJISIUT CIAEAYIOIIUM 00pa3oM:

PM =f (N) + (S, G )+ f,(CH, , CH_, t, G ).

oil’

Pe3yabTarsl n 00CyKaeHNE

B kauecTBe mpumepa HIDKE TPHUBEACHBI Pe3yJbTaThl UCIBITAHUI JU3EIsl THUITA
34H10,5/12,0 HoMuHaNbHON MOIIHOCTHIO 36,0 KBT C 11eNbI0 BBISBICHUS! KPUTHIHBIX
peXUMOB U cocTaBiisitoux PM Ha urorosyto smuccuto PM ¢ Ol (pucyHok 1).

Ha ocHoBanuu pacueTHoO# oleHKH SMUcCHU PM 10 KOCBEHHBIM JaHHBIM OBLIO
OTIPEJICIICHO, YTO OCHOBHOHM BKJIAJ B 3MHCCHUIO BHOCST TSDKEIBIC YTJIEBOJOPOJBI OT
macia CH_ (48,0 % ot utorosoro BeiOpoca), BIMSHUE TBEPABIX CyibhaToB MSO, mouTu
B 2 pasa cinabee (25,9 %), eme menpmuii Bkiaa BHOCAT caxka C (16,5%) u Tsokenbie
yrnesogopobt o Tormba CH, | (9,6 %) (pucynok 1, a). [Tono6nas kapTuHa ykas3pisaeT
Ha OOJIBIIION pacxo/a Macia Ha yrap.

Pucynoxk 1 — Ouenka goneBoro BiausHus coctaBisronmx PM (a) u (0) u pexxuma
paboThI ABUTATENA (B) HA YMUCCHUIO TUCIIEPCHBIX YaCTHUI] IPH UCTIBITAHUAX IO
8-ctynenuaromy 1ukiy [Ipasmn EOK OOH Ne 96-01.
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Ha pucynke 1, B npuBeaeHsl pe3yabTaThl OLIEHKH BIUSHUS KaX10I0 U3 BOCBMHU
pexumMoB ucnbiTanuii ML; xapakrepuctuka ykazanaoro UL npencrasnena B radnuue 1.

Tabmuua 1 — CtynenuaTsiit ucnsiTarensbbli ki qusenei BJICT o IpaBunam EQK
OOH Ne96-01

HomunanpHblli ckopocTHOH | Ne . .
Ne pexxuma ITpoMeKyTOUHBIH CKOPOCTHON PEXKHUM
pexuM peKUMA - -
Nel HOMHHaJbHast MOIHOCTE N~ | Ne5 HaHOOIBIINN KPYTALIMA MOMEHT M,
Ne2 75% N Ne6 75% M
HOM np
Ne3 50% N Ne7 50% M
HOM p
Neq 10% NHOM Ne® MHUHHMAJIbHBIE 000POTHI XOJIOCTOTO X012

Cornacno IIpaBunam EDOK OOH Ne96-01, UL BkitoUaeT TpU CKOPOCTHBIX
peXHUMa: COOTBETCTBYIOLINI HOMUHAIBbHOM MottHOCTH (Ne 1...Ne 4), mpomexyTOUHBII
(Ne 5...Ne 7) u MUHMMAJIBHBIX 000pOTOB X0s10cToro XoAa (Ne 8). IlepBbie 1Ba CKOPOCTHBIX
peXHMa BKJIIOYAIOT B c€0sl HECKOJIBKO Pa3IMUHBIX HArPY304YHBIX peXUMOB. [Ipu aToM
IIPOMEKYTOUYHBIM CKOPOCTHOM PEXHUM MOXKET COBIIAJaTh C YaCTOTOW BpAIICHUS
KOJICHYaTOr'0 BaJjla, COOTBETCTBYIOIEH MaKCUMaIbHOMY KPYTALIEMY MOMEHTY, B TOM
ciIy4ae, €CJM TOCJEIHSs JISKUT B auamnazone ot 75 % mo 60 % oT HOMHUHAJIBHOTO
CKOPOCTHOI'O pexXrma. B mpoTUBHOM cilydae MPOMEXYTOUHAs YaCTOTa MPUHUMAETCS
paBHO# OrpKaiieMy 3HAYEHHUIO TPAHUIBI Ararna3ona (T.e. mbo 75 %, mubdo 60 % ot
HOMMHAJIbHOM), B CBSI3U C YEM PEXKUM MAKCUMAJIBHOTO KPYTALIETO MOMEHTa MOXET
YUUTBIBATBCS, @ MOXKET U HE yUUTHIBATHCS.

[TomoGHOE pa3sHOOOpa3He PeKUMOB paOOTHI ABUTATENS PEAONpEeIsieT O0IbIIOi
pa3zbpoc xapaKTepUCTHK MPOLIECCOB TOIIMBONOAAUN U razooOMeHa. Bee aTo Bener k
HEUICHTUYHOCTH XapaKTepa IPOTEeKaHUs paboyero rnpoiecca Ha KaxJ/10M U3 peXUMOB
NI, yTo cBsi3aHO ¢ pa3HBIMU KOJIMYECTBAMHU MOJABAaEMbIX TOIUIMBA M BO3IYIIHOTO
3apsija, 1aBJICHUSIMH U TEMIIEpaTypaMy BO3IyIIHOTO 3apsiia (0COOEHHO AJIs IBUTATENsS
C HaJZTyBOM ), ITPOJOJIKUTEILHOCTBIO U MAKCUMAJIbHBIM JIaBJIEHUEM BIPHICKUBAEMOTO
TOIIMBA, C OOJIBIINM JMANa30HOM M3MEHEHUS TEMIEpaTyp MPOIYyKTOB CrOPAHUS U
T.4. CJeICTBUEM BCEro MEPEUUCICHHOro OyAeT pa3iMyHOE MPOTEKAaHUE MPOLECCOB
00pa3oBaHMs M Pa30KEHUs BPEAHBIX BELIECTB B LWIMHApE ABuratens. U3 storo
BBITEKAET U HEOOXOAMMOCTh y4eTa OCOOCHHOCTEH Ka)JIO0Tro M3 PEKHMOB pabOTHI
JBUTATENS IpU pa3paboTKe MEPONPUATUI O CHIbKEHHUIO BbiOpoca BB ¢ OI'.

CornacHo MoJTy4eHHBIM JaHHBIM (CM. puc.1B), HanOoJIblIee BIUSIHNE HA UTOTOBBII
BbIOpoc PM okazan pexum HoMuHaiIbHONW MOIIHOCTH (Ne 1) — moutu 20 %; peKumsl
No 2...Ne 5 oka3pIBalOT MPAKTUYECKU OJJMHAKOBOE BIUSIHUE — 110 14...16 % KaxbIif;
¥ TOJIBKO peXUMBI Ne 6...Ne 8 mMeroT HanMeHbInee BiusiHue — He Oonee 20 % BmecTe
B35IThl€. DTH JIaHHBIE MHTEPECHBI TE€M, YTO 3aMETHO OTIMYAIOIIHECS MEXITY co00il
pexxuMbl Ne 2...Ne 5 BHOCAT 0JTMHAKOBBIH BKJIaJ], XOTS CPEM HUX €CTh KaK PEKUM MaJIon
Harpy3ku (Ne 4), Tak u pexxum HaubosblIero kpyramero Momenta (Ne 5). I[lonobnas
KapTUHA CBUJETENIbCTBYET O MOCTEIIEHHOM M3MEHEHMM CTENEHU BIMSHMS KaXXI0ro
U3 KOMIIOHEHTOB B 3aBHCHUMOCTU OT pPE€XHMa; COOTBETCTBEHHO M MEPONPUITHS IO
CHIDKEHHIO CyMMapHOTO BbIOpoca PM TOJIKHBI YYUTBIBATH 3TH OCOOEHHOCTH.
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Jlannele pucyHka 1, 6 HONOJHAIOT aHanu3: Ha pexxumax Ne3 u, ocobenHo, Ned
(mo cpaBHenuto ¢ Ne 2 u No 5) mposiBasieTcsi BIUSIHUE TSKEJBIX YTII€BOJAOPOJIOB
OT TOIJIMBA, a Ha pexxume Ne 5 — pexxume HauOOJIBIIETO KPYTALIEI0O MOMEHTa
(otHOocutenbHO Ne 2...Ne 4) — caxu. Ilocie ycTpanenus npo6yieMbl MOBBIIIEHHOTO
pacxoja Macia Ha yrap (4To OTMEYEHO BBIIIE), ObUIH Pa3pabOTaHbl MEPOIPUSATHS 110
camkennto smuccun C u CH, | ¢ OI': HecMOTpst Ha TO, 4TO 062 KOMIIOHEHTA MPEICTABIIAIOT
co00# MPOIYKTHl HEMOJIHOTO CrOpaHus, CHUKEHUE UX IMHUCCUHU 00eCleynBaIoch
Pa3TUYHBIME MyTAMH. YTO KacaeTcs TBEPABIX CyIb(paroB, TO 3TO CBUAETEIbCTBYET O
HEYJIOBJIETBOPUTEIILHOM Y/AEIBHOM PAaCXO/€ TOIUINBA, [IOCKOJIBKY COAEPIKaHUE CEPBI B
TOIUIUBE MIOCTOSIHHO, TO BEIOPOC MSO, mporopiMoHaen pacxo/1y TOILIMBA.

Crenyer oOpaTUTh BHUMaHME Ha TO, YTO B CIy4ae OTCYTCTBUS pa30MEHUS SMUCCHH
TSDKEJIBIX YTJIEBOJOPO/IOB [0 UCTOYHUKAM (TOILIMBO M Macia), BECh UX BBHIOPOC ObLI
OBl OTHECEH Ha CUeT TOIUIMBA (UTO XapaKTepHO Ul paga Mojeneit oopasoBanus PM
B nu3ensix [1...3]). XoTs Bkiaa HEMOJHOTHI CrOPAaHUsI TOIIMBA 3aMETEH TOJIBKO Ha
pexxumax Masiblx Harpy3ok — Ne 4 u Ne 8. Takum 0Opa3oM, y4deT rpynmnoBoro cocraBa
YIJIEBOJOPOAOB, COJAEpKAIIMXCS B OTPabOTAaBIIMX ra3ax MO3BOJUT 00ECHEeUYUTh
CEJIEKTUBHBIN MOA00p KaTaTu3aTOPOB JJIsi OKUCIUTENbHBIX HEUTpaau3aTopos [13].

[pumenenue pa3zpabOTaHHON METOJUKHU OLIEHKU SMUCCHH PM 1103BOINITI0 IPEATIOKUTH
U peaM30Bath IeJIeHanpaBieHHbIe MepoIpusTHs 1o goBoake auzens 3YH10,5/12,0, uro
o0ecIieumIo CHIKEHHE YIEIBbHOTO BhIOpoca aucnepcHbix yactull ¢ Ol 6onee yem B 2
paza (¢ 0,58 10 0,26 r/xBtu). IIpn 3TOM XapakTep BIUSHUS OTACIBHBIX KOMIIOHEHTOB U
PEKMMOB Ha UTOTOBBIN BEIOpOC PM cyliecTBeHHO U3MEHMIICS (PUCYHOK 2).

B nepByro ouepenp cieayer OTMETUTh HE TOJIBKO CHWXKEHME JOJIEBOTO BIIMSHUE
TSDKEJIBIX YITIEBOJOPOAOB Macia Ha Becex pexkumax ML, Ho 1 TsKenbIX yriieBoiopo1oB
tomuBa Ha pexume Ne 4 (¢ 50 go 10 %). IIpu »3TOM, ecTecTBEHHO, BO3POCIIO
OTHOCHUTEJIBHOE BIIMSHUE SMUCCUU CaKU U, OCOOCHHO, TBEPABIX CYJIb(ATOB — IIOYTH B
2 paza kaxaplid. OJHaKO aOCOMIOTHBIE 3HAYCHUSI SMUCCUHM BCEX KOMIIOHEHTOB, KpOME
BbIOpoca MSO, (00yCIIOBIIEHHOE YBETMYEHHEM YIETBHOTO PACX0/1a TOIUINBA), CHU3UIIUC,
4TO U 00ecreyrnsIo oolIee yIydIIeHHe SKOJIOTHUECKHIX IToKa3aTeeil JBUraTes.
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PucyHok 2 — Pe3ynbpTar 10BOJKH AU3EIA

BriBoabI

Pa3paboTka MeponpuATHH MO CHIKEHUIO YMUCCHH THCIEPCHBIX YaCTHUIl C
0TpabOTaBIIMMHK Ta3aMH JIBUTATENIEH BHYTPEHHETO CTOpaHHsI BO3MOXHA TOJBKO TPH
HaMIUK WHQPOpMAaIMi 00 OCHOBHBIX COCTABIIIONINX JUCIEPCHBIX YAaCTHII, a TaKKe
0 CTETICH! BJIMSIHUS KaXXI0TO M3 PEKUMOB HCIIBITATEIIEHOTO IUKJIA Ha YMHUCCHIO ATHX
COCTaBJISFOIIHUX.

OCcoOEHHOCTH CTaHAAPTH30BAHHOTO TPAaBUMETPUUYECKOTO METO/a U3MEPCHHS
YAETBHOTO BBHIOpOCA TUCHEPCHBIX YAaCTHIl C OTPA0OTABIIMMHU Ta3aMH AHW3eieil He
MO3BOJISIIOT BBISIBUTH JIMMUTHPYIONIME PEXUMBI - PEKAMBI HCTIBITAHUHA, BHOCSIIIHE
OCHOBHOH BKJIJ] B HTOTOBBIN BBIOPOC JHMCIIEPCHBIX YACTHII, a TAaK)Ke HE TO3BOJISIFOT
OLICHUTH JIOJICBOM BKJIA] COCTABIIIIONINX TUCIIEPCHBIX YAaCTUI] B HHTETPAIbHOE 3HAYCHHE
WX DMHCCHUH;

OTHOCHUTENBHBIH COCTaB IUCHEPCHBIX YAaCTHUIl - COJEPKAHUE TIKEIBIX
YTIIEBOJOPOJIOB, CAXKH M TBEPABIX CYJIb()aTOB - M3MEHSAETCS B IIMPOKUX IpEeax:
20...80%,10...50% u 5...30 %, cOOTBETCTBEHHO, U 00YCIIOBIIEHO XapaKTEPUCTHUKAMH
CHCTEM TOIUIMBOIIOAYN U Ta3000MeHa, a TaK)Ke OpTraHU3aIfeld cMeceo0pa3oBaHus B
KaMepe CrOpaHws.

OMmuccus TBEPIBIX CyIb(PAaTOB MPOIOPIIHOHATBHA COJICPKAHUIO B TOIIBE CEPHI,
a TaKk)Ke COo/IepPIKaHUIo OapHs M KaJIBIUS B MOIOIINX MPHCAIKaX K Macliam;

CHWXEHUIO SMUCCHH Ca)KH CIIOCOOCTBYET MOBBIIICHNE CTETICHW TOMOTCHU3AINH
TOTIJTMBOBO3AYIIIHOM CMECH B XO/I€ TTPOIIECCOB TOTLTMBOITOIAYH M CMETIICHHSI B KaMepe
CTOpaHus;
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VYdeT rpynmnoBoro cocraBa yrieBoA0pOI0B, COJIEPHKAIIMXCS B OTPAOOTABILINX ra3ax
MO3BOJIUT 00ECIIEYUTh CEJIEKTHUBHBIA MOAOOp KAaTaM3aTOPOB JUJISl OKUCIUTEIbHBIX
HEUTPaAJIU3aTOPOB.
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REDUCTION OF THE EMISSION OF DISPERSED PARTICLES WITH
DIESEL EXHAUST GASES

Harmful dispersed particles (Particulate Matter - PM) contained in the mixture
of exhaust gases of internal combustion engines and air, unlike gaseous harmful
substances, are in a different state of aggregation: solid and liquid. The presence
of liquid particles is associated with the condensation of part of the unburned
hydrocarbons of the fuel and lubricating oil due to a decrease in the temperature
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of the exhaust gases when they are diluted with air. And the presence of solids is SRSTI 73.49.23

determined by the emission of not only soot, but solid sulfates, as well as part of the

unburned hydrocarbons of the fuel and oil due to their condensation. At the same DOI
time, the water in the exhaust gases is not included in the composition of the PM,

which is ensured by thermostqting the filters on which th_e PM is d_eposi.ted before *R. Yu. Zaripov', P. Gavrilovs?, R. B. Mukanov?, S. A. Miller",

and after the tests. However, in the course of a standardized (gravimetric) method A. A. Sadykov®

for measuring the content of PM in exhaust gases, it is impossible to ensure the iy
identification of these components. Therefore, often only soot (solid carbon) is meant
by dispersed particles. In addition, the influence of the engine operating mode on
various components is not identical: if the soot concentration in the exhaust gases
is proportional to the load, then the presence of liquid components is more typical DEVELOPMENT OF THE CONCEPT OF A HYBRID POWER PLANT
for low load modes. Such simplifications will not ensure the development of targeted BASED ON A CAR

measures to reduce PM emissions, since, on the one hand, all their main components

1343Torighyrov University, Republic of Kazakhstan, Pavlodar
’Riga Technical university, Institute of railway transport, Latvia, Riga

will not be taken into account, and on the other hand, the influence of the engine
operating mode.

Keywords: diesel engine, exhaust gases, dispersed particles, soot, solid sulfates,
hydrocarbons.

The article reflects information about the current state of development of car
designs with a hybrid power plant. The authors are conducting research work to
create a prototype of an energy-efficient hybrid power plant based on a passenger
car. The result of the work is an increase in the environmental safety of cars and

efficiency. The basic schematic diagrams of hybrid power systems of passenger cars
have been studied. Hybrid drive options included a version for rear-wheel drive and
all-wheel drive layouts. The power plant of a hybrid car with a parallel, sequential
and series-parallel construction scheme is considered. Taking into account the
advantages and disadvantages of all types of hybrid car drive schemes, the most
suitable one has been selected.

A small-sized car «Okay» was chosen as the base for the project. The car is
modified to all-wheel drive, the electric motor is installed on the rear axle.

The article contains a brief traction and dynamic calculation of an electric
vehicle. According to the calculation results, an electric motor was selected.

The technical solution is to develop an independent rear suspension with a
subframe for mounting a gearbox with an electric motor and using hinges of equal
angular velocities, which increases the cost of its design, but is the optimal solution
for implementing such a scheme.

Keywords: hybrid power plant, drive, electric motor, transmission, generator, car

Introduction

The transportation sector significantly contributes to the Earths’ GHG emissions,
which is the primary driver of climate change [1].

The total amount of harmful substances emitted into the atmosphere by automotive
equipment is more than three times higher than the emissions of industrial enterprises [2-3].

In recent years, the automotive industry has shown increasing interest in cars with
hybrid or electric powerplant. One of the most prominent representatives of hybrid cars
of domestic development can be noted the family of concept cars of the brand «E»,
which are a sequential hybrid car with an electric transmission with combined power
from a generator rotated by a gas-gasoline internal combustion engine and a capacitive
energy storage [1-3].

Most often, in hybrid cars, the electric motor operates during a period of mixed loads,
and at steady loads, the internal combustion engine enters into operation, providing, with

130 131



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2023

the help of a generator, recharging batteries. At the same time, a hybrid car can be forced
to work only on an internal combustion engine or an electric motor, and in modes with
the required maximum power, use both power units. This determines the convenience
of'its operation. However, hybrid cars have their drawbacks, the main of which are the
complexity and high cost of the design, which does not justify the efficiency at the output
from using such a scheme. Nevertheless, almost every automaker has hybrid versions
or individual models using a hybrid powerplant in the line of manufactured cars.

At the Faculty of Engineering of the «Toraigyrov University», within the framework
of experimental design development, together with students and undergraduates, work is
being carried out on the topic «Development of electric drive units for the implementation
of the concept of a hybrid power plant based on a car».

Materials and metods

There are several schemes for the layout of power drives of hybrid cars, such as:
serial, parallel and series-parallel [4].

With a sequential scheme, the drive to the wheels of the car is carried out only with
the help of an electric motor, and the internal combustion engine works to generate
electricity used by the first. The main advantages of this scheme are: the operation of
the internal combustion engine with minimal fuel consumption and ease of control of
the power plant. However, such a scheme has too low efficiency and provides for the
mandatory use of two traction electric motors. The schematic diagram of a serial hybrid
drive is shown in Figure 1 [4].

Figure 1 — Schematic diagram of a serial hybrid drive

In the parallel scheme of a hybrid car, the internal combustion engine and the electric
motor are connected to the wheels of the car by means of a common transmission. The
power supply for the electric motor is provided by a rechargeable battery. The advantages
of this scheme are: higher efficiency than in a sequential circuit, as well as the possibility
of autonomous operation, both on the internal combustion engine and on the electric
motor. The disadvantages are: mandatory use in the transmission drive (sometimes its
complication) and the impossibility of continuous operation of the internal combustion
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engine in the mode of minimum fuel consumption. The schematic diagram of a parallel
hybrid drive is shown in Figure 2 [4].

Figure 2 — Schematic diagram of a parallel hybrid drive

In the case of a series-parallel hybrid drive circuit (Figure 3), the internal combustion
engine, the generator and the transmission output shaft, which is connected to the drive
shafts of the driving wheels and to which the traction motor transmits energy, are
connected via a planetary transmission, while the internal combustion engine operates
at a constant minimum fuel consumption mode, and the speed of the transmission output
shaft is regulated by changing the speed of rotation of the shaft of the traction motor due
to the appropriate control, at the same time, it is necessary to synchronously control the
power on the generator shaft to ensure constant operation of the internal combustion
engine with minimal fuel consumption and minimal toxicity [4].

Figure 3 — Schematic diagram of a series-parallel hybrid drive

The advantages of the series-parallel hybrid scheme include high efficiency in the
transmission of energy from the internal combustion engine to the drive wheels and the

133



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2023

possibility of its operation in a constant mode of maximum efficiency and environmental
friendliness. Disadvantages — a complex transmission with the mandatory introduction
of a planetary transmission into its design and a complex control system for the entire
drive. The schematic diagram of a series-parallel hybrid drive is shown in Figure 3.

As a base for the prototype, an OKA car was taken (Figure 4) with a VAZ-11113
engine — a 0.7-liter gasoline engine with a capacity of 33 hp.

«Okay» is a representative of an «especially small class» (segment «A» according
to European standards): it is 3,200 mm long, 1,420 mm wide, and 1,400 mm high.

Figure 4 — The appearance of the car body for prototyping

The wheelbase of the car is 2180 mm, and its ground clearance is 150 mm. The
machine weighs from 635 to 660 kg, depending on the version, and its gross weight
does not exceed one ton.

Taking into account the advantages and disadvantages of all types of hybrid car
drive schemes, it is necessary to choose the most suitable one. It is necessary to analyze
each scheme for the feasibility of application, based on the requirements of the use of
vehicles and compliance with the optimal economic component when introduced into
production [5].

You can start the analysis with a serial hybrid drive circuit. The key factor in the
application of this scheme is the mandatory use of two high-power electric motors in
the drive of the car, as well as batteries of increased energy intensity. To implement
such a design, it is necessary to redesign most of the main components of the car. The
main disadvantage of using such a scheme on the projected car will be the possibility
of its operation on only one type of drive - electric. This causes its unreliability, in
case of failure of the drive electric motors. Also, the use of such a scheme requires a
significant change in the layout solutions in the car and the development of many nodes
from scratch [5-7].

The next circuit is a parallel hybrid drive circuit. This scheme has proven itself well
in use on commercial transport. It is possible to leave almost all nodes unchanged and
implement the drive in several ways, depending on the purpose of the car.

With the help of the controller, it is necessary to set the algorithm for the operation
of'this scheme, which will consist in the fact that in transient modes (urban operation at
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speeds up to 60 km / h), the wheel drive will be implemented using an electric motor,
and the internal combustion engine, in turn, will operate at idle, disconnected from
the transmission, providing recharging the battery pack. Under steady-state conditions
(operation along the highway with maximum efficiency and environmental friendliness),
the internal combustion engine will enter into operation. The electric motor will work in
generator mode, recharging the battery. It is also necessary to implement the possibility
of regenerative braking and the maximum power mode (joint operation of the internal
combustion engine and electric motor), with the possibility of forced activation.

This scheme is suitable for rear-wheel drive layout of the car. The advantages of
the scheme are the relative ease of implementation and minimal production costs in
comparison with other schemes [8].

The second variation of the parallel circuit application may be suitable for all-wheel
drive modification of this car. The rear drive axle of a modified OKA car can be used
as the basis for the rear wheel drive. To it, through the angular gearbox, connect an
electric motor, the body of which will be fixed on this bridge. The algorithm of operation
can be implemented in the same way as in the above scheme with a front-wheel drive
layout. However, a significant disadvantage of such a scheme is an increase in the
unsprung mass of the front suspension, since it will increase by a mass equal to the
connected electric motor. The solution is to develop an independent suspension with
a subframe for mounting a gearbox with an electric motor and using hinges of equal
angular velocities, which increases the cost of its design, but is the optimal solution for
implementing such a scheme. Another disadvantage of using a dependent drive axle is
the inevitable increase in the clearance of the car, due to the proximity of the crankcase
of the front axle to the engine tray. This, in turn, leads to an undesirable increase in the
loading height of the car and an increase in the height of the center of gravity, which
will have the worst effect on handling.

The use of a series-parallel circuit, which, although it has the highest efficiency
of power use, is impractical in this car, because it requires a radical change in all the
components of the car and the development of a planetary gear to combine the drives. In
addition, it is difficult to implement in the on-board version of the car and will entail the
irrational use of the cargo compartment or will require significant processing of the cabin.

Traction and dynamic calculation of an electric vehicle.

Determination of the traction and speed properties of the car is necessary when
designing new models, as well as when choosing types of cars in accordance with
different operating conditions [9-10]. This problem is solved by the methods of the
theory of the automobile - the science of operational properties, which characterize
the possibility of effective use of the car in certain conditions and allow us to assess to
what extent its design meets these conditions.

When starting the calculation, you should first study the relevant sections of the
theory of the car, master the methods of analyzing such characteristics of the car as
power and power balances, dynamic characteristics, etc.

Results and Discussion
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To select the required engine power, it is necessary to calculate the dynamic
parameters

Initial data

Car type - rear-wheel drive passenger car of the especially small class

Wheel formula - 4x2

Number of people - n =1 (people)

Length = 3200 mm.

Width = 1420 mm.

Height = 1400 mm.

Curb weight =m 650 kg.

Tire dimension : 135/80R12

Air resistance coefficient — C = 0.3

Rolling resistance coefficient — f, = 0.013

Coefficient depending on the slope of the road —a _=0.25

Maximum speed - V=30 km/h

The maximum speed of the motor shaft @2 418 s7(4000 rpm)

Transmission efficiency — Mer = 0,85

Determination of the total mass of the car

(1)

M, — curb weight of the vehicle

M, — weight of a person (75 kg.)

M, — weight of cargo per person

n —number of people in an electric car

Determination of the static radius of the wheel
e = 05-d+A-H (2)
where d = 12 — is the landing diameter, inches (= 0.304 m)
A =0.92 — is the coefficient of vertical deformation of tires, depending on the
specifics of the tires used
H/B = 65 —is the height of the tire profile relative to its width, %
B=65-0.175=0.114 — is the height of the tire profile, m

Tee = 0,5-0,304 +0,8-0,114 = 0,243 m

Determination of the coefficient of streamlining
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- (3)

0,3-0,293
= =019

where C_— is the air resistance coefficient
p = 1.293 — air density under standard conditions
Calculation of rolling resistance coefficient

VZ
02
f=0,013" (1 + 2000) = 0,023

First, the power of the electric motor is determined at the highest speed of the
electric vehicle , taking into account the efficiency of the transmission according to the
power balance formula

YV — is the coefficient of road resistance at the maximum speed of the car.
For light cars, the road resistance coefficient is assumed to be equal to the rolling
coefficient at maximum speed.

YV = f = 0,023

G, = mg — is the total weight of the car,
p = 1,293 — is the air density under normal conditions

Conclusion

The basic schematic diagrams of hybrid power systems of passenger cars have been
studied. Hybrid drive options included a version for rear-wheel drive and all-wheel drive
layouts. The power plant of a hybrid car with a parallel, sequential and series-parallel
construction scheme is considered. Taking into account the advantages and disadvantages
of all types of hybrid car drive schemes, the most suitable one has been selected.
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According to the calculations obtained, an electric motor can be selected. We have
selected an electric motor HPM-10KW with liquid cooling. The motor is controlled by
a VECS500 sine controller for a 10 kW BLDC motor. This model is designed to control
the operation of a BLDC motor, or a 10 kW brushless electric motor. It is equipped
with reliable protection against moisture, overload and overheating. It is installed on
almost any type of electric transport: bicycles, motorcycles, cars, boats, golf carts and
even tricycles.
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*P. IO. 3apunoé’, I1. I'aspunoé’, P. b. Mykanoé’, C. A. Munnep?,

A. A. Cadvikos®

1345TopalireipoB yHuBepcuTeTi, [TaBnonap k., Kasakcran PecryOmukach
’Pura TeXHUKaJIBIK YHUBEPCUTETI, TeMipiKOJI KOJIiri HHCTUTYThI, Pura, JlaTBus

2UOPUOHOLL CUTOBOLL YCIMAHOBKU HA Da3e 1e2K08020 asmomoouis. Pezyromamom pabomoi
AGTSICMCSL NOBBIUEHUE IKONOSUUECKOL De30NACHOCIU A8MOMOOUTEL U IKOHOMUYHOCHIU.
H3yuenvl ocHosHvle NPpUHYUNUATLHBIE CXeMbl PAdOMbl 2UOPUOHBIX IHEPLEMUYECKUX
cucmem Jleekogulx agmomoounell.  Bapuanmel eubpudnozo npusooa GKmOUUIU 6

cebsi eepcuio Ost 3A40HENPUBOOHOL U NOTHONPUBOOHOU KOMNOHOBOK. Paccmompena
CUNIOBAsL YCMAHOBKA 2UOPUOHO20 ABMOMOOUNSL ¢ NAPATIETbHOU, NOC1e008aAMeNbHOU
U NOCIe008AMENbHO-NAPALIENbHOU  cXeMol nocmpoenus. Ilpunumas 6 pacuem
00COUHCMBA U HEOOCMAMKU 6CEX MUNO8 CXeM NPUBooa cUOPUOHBIX asmomodunel
nodobpana Hauboee noOXoo0auast U3 HUXx.

B kauecmee 6aszvi Ons npoexma  6biOpaH MAN02AOAPUMHBIL AGMOMOOUTD
«Oxay. Asmomobuns Mooupuyuposarn 00 NOIHO2O NPUBOIA, INEKMPOOBULAMENb
VCMAaHABIUBACTNCS HA 3A0HION0 OCD.

Cmamoss  cooepoicum  Kpamkuii mMs208blli U OUHAMUYECKUL — pacuem
anexmpomoouis. Ilo pezyremamam pacuema noooOpan 1eKmpoogueamend.

Texnuueckum pewenuem s81emcs paspabomra He3agucuMoll 3a0netl no08ecKu
¢ NOOPAMHUKOM OISl Kpenjenuss peOyKmopa ¢ 21eKmpoMOmMopoM U NPUMEHeHUeM
UWAPHUPOB PABHBIX Y2I0BbIX CKOPOCHIEH, YO YOOPOICAen ee KOHCMPYKYUIO, 0OHAKO
ABNACMCS ONMUMATLHBIM PeUeHUeM 0151 pearu3ayuu maxKou cxemol.

Kniouesvie cnosa: cubpuonas cunosas ycmanoeka, npugoo, d1eKmpoosueameib,
MPAHCMUCCUS, 2EHEPAMOP, ABIMOMOOUTD.

Marepuan 02.02.23 Gacmara TYCTi.

ABTOMOBWJIb HET'T3IHJAE T'MBPUATI DHEPT'ETUKAJIBIK
KOH/ABIPFbI TY XBIPBIMJIAMACBIH 93IPJIEY

Maxanada cubpuomi snexmp KoHObIP2bICHL OAP ABMOMOOUTL KYPULILIMOADbIHBIY
Kasipel 0amy dHcaz0ativl mypaivl aknapam oepineen. A6mopaap siHcenin agmomoouy
Heeizinde dHepaust YHeMOeUmin cubpuomi 31eKmp KOHObIPblCbIHbIY NPOMOMUNIH
Jcacay OOUBIHUA  2LLILIMU-3EPMMEY  HCYMBICIAPLIH  JHCypeizedi.  JKymvicmoly
HOMuUCECI  A8MOMOOUNLOEPOIH  IKONOSUSIBIK — KAYIncizoiel MeH  YHeMOLliciH
apmmuipy 601bin madwiiadvl. KeHin aemomoourb0epoiy 2ubpuomi SHePeemuKaiblx
Jicylienepiniy Heeizel cxemanapvl 3epmmendi. 'ubpuomi asmomoouns onyusiapol
apmxwl [oyeanaxmul dcone mopm 00OH2aNaKmbl OpHALACY bl Kammulovl. Tlapanieny,
CEPUALTBIKIHCOHE CEPUSLIBIK NAPAILIENb OPHAMY CXEMACHL 6ap 2ubpuomi asmomoounboiy
Kyam KOHObIp2avlcyl Kapacmuipvlizan. [ ubpuomi agmomoounv0epoiy ocemex
CXeMANAPLIHLIY  OApIbIK, MYpPAEPiHiY  apMulKUbLILIKMAPbL MEH KeMUINIKmepin
eckepe omulpuln, 0AAPOLIH TWIHOE2l el KOIAUIbLCbl MAHOANA0bL.

JKobanwiy neeizi peminde wazbin koaemoi «Oxay asmoxenici mayoanovl.
Aemokenix monviK dcemexKe Oelin 032epminzeH, 2NeKmp KO32aNMKblUlbl APMKbl
OCbKe OpHAMbLIZAH.

Maxanaoa snexmpomobunsOiy mapmy HoHe OUHAMUKATLIK ecenmeyaepi KblCKauia
cunammarnean. Ecenmey nomuoicenepi OOUbIHUA 91eKMP KO32aNMKbIULbl MAHOAL0bL.

Texnuxanvix wewin-oepinic KopabvlH 21eKmp KO32aNMKbIbIMEH OeKimyee
ApHAN2aH KOCAIKbL JCAKMAYbl 6ap moyeiciz apmrbl CYCNEeH3UsHbl d3Ipiey JHCoHe
OHbIY KYPLLILIMbIH KbIMOQMMAamamvlt, 0ipax MyHOAU cXeMamnbvl icy3eze acvblpyovly
OHMAUAbL wewiMi Oobln MAOLLIAMbIH OYPLIUMBIK JHCHLIOAMObIKMApsl  Oipoetl
6YbLIHOAPOLL KONOAHY.

Kinmmi ce30ep: eubpuomi Kyam 6102bl, sicemex, 21eKmp Ko32aimKblulbl, Oepinic
Kopabul, 2eHepamop, asmomooub.

*P. IO. 3apunoé’, I1. I'aspunoé’, P. b. Mykanoé’, C. A. Munnep?, A. A. Caovikos®
1343TopaiireipoB YHHBepcuTeT, r. [laBnonap, Pecryonuka Kazaxcran

’PryKCKU TEXHUYECKHI YHUBEPCHUTET,

HHCTHUTYT KeNe3HONOPOKHOrO TpaHcnopra, Pura, JIatsus

Marepuan noctynun B penakiuio 02.02.23

PA3PABOTKA KOHIEIIUA T'MBPUTHON CHJIOBOM
YCTAHOBKH HA BA3E ABTOMOBUJIA

B cmamve ompadicenvi  ceedenuss 0 COBPEMEHHOM COCMOSHUU  PA3GUMUS
KOHCIMPYKYUIL asmomoouietl ¢ eubpuoHotl Cuiogoll YCmanoekou. Aemopamu eedemcst
HAYYHO-UCCIe008AMENbCKASL pabOma NO CO30AHUIO0 NPOMOMUNA FHEP2OIPHEKMUBHOU
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A. Hypxayoe

TopaiirsipoB YHausepcuret, Pecriyonuka Kazaxcran, r. [TaBnogap
UCCJIEQOBAHMUE NPOLECCA BbIBEI'A ABTOMOBUIIA

B cmamve paccmompen npoyecc evibeca agmomobuns. Cocmagnenuvl ypagHeHus
osudicenusl, onucvlearoujue npoyecc evibeca 00UHOUH020 asmomoouns. Tlonyyenv
YPasHeHUs 3a8UCUMOCTEl MeXHCOYy OCHOBHLIMU NApAMempamu npoyecca evibecd
asmomoouna, Komopbvie NO360IAI0N NOCMPOUNb CKOPOCHHbIE XAPAKMEPUCIUKU
ebibe2a asmMomooUs, 6e3 UCNONb308ANUS YUCTICHHBIX MemMO0008. Bvigedenvi hopmynvi
0151 AHATUMUYECKO20 ONnpeoeNienus 3HaveHull OCHOBHbIX NoKazamenei evlbeca —
epemenu, OnuHbl nymu u Opyeux napamempos. Iloomeepiicoena npasuibHOCmb
NPOBEOEHHBIX MeOPeMmMUYecKUx Uccie008anull U  KOPPEKMHOCHb BbleOEHHbIX
ypasuenuii u  @opmyn. Onpedenenvl OKOHUAMENbHbIE pACUEMHbIE 3HAYEHUS.
noxasamenel npoyecca 8vlbeca asMOMOOUNA, A MAKdiCe NOCMPOeHbl papuKu
CKOPOCHHBIX Xapakmepucmux 0anHo2o npoyecca. [lpedcmasnenvl )yHKyuonaivHvie
3asucuMocmu mexcoy napamempamu eévibeca agmomoobuns. Ilonyuennvie ypasHenus
u popmynel MO2ym 6blmb NPUMEHEHbI 8 NPOBEOEHUU MEOPEMUUECKUX UCCEO08AHUL
U aHanU3A GIUAHUSA HA Npoyecc 6vlbeca A8MOMOOUNA PA3HLIX HAKmopos,
Hanpumep, Macca agmomoouis, O0POACHbIE YCI08Us U Op., A MaKice MOZym Obimb
UCNONb3068aHYL 0151 NOCMPOEHUS 2PAPUKOE CKOPOCMHOU XAPaAKMepucmuKy vibeza
6 QYHKYUAX He MOILKO Om 6peMeHU U nymu, HO U om opyzux napamempos. Kpome
mMo2o, pe3yibmamyl UCCIe008AHUL MOHCHO OYOem NPUMeHUMb 6 NPeOsapuUmenIbHoM
cocmasnenuy mexHU4ecKux XapaKkmepucmuk 6Ho8b co30a8aemo20 agmomoouIs Ha
IMANax pacyema, KOHCMPYUPOBAHUs, NPOEKMUPOBAHUSA U O0800KU €20 KOHCMPYKYUU.

Kniouegvie crosa: ckopocms agmomoouns, epems evibeca agmomoous, nymo
sblbe2a, CKOPOCMHAS XapaKkmepucmuxa evloeca, msaeoebviil OAIaHC.

Beenenne

XapakTepUCTUKU TPUEMUCTOCTH OTHOCSATCSI K OCHOBHBIM OLIEHOYHBIM II0KA3aTENSIM
TSATOBO-CKOPOCTHBIX CBOMCTB aBTOMOOMIIEH. OCHOBHOM XapaKTEPUCTUKON IPHEMHUCTOCTH
aBTOMOOWJIS SIBJISIETCS XapaKTepuCcTHKa «Pa3ron — BeIOET», paciiooras KOTOpOil MOYKHO
OLIEHUTH IpoIecC BbIOera, KOTOPBI pacCMaTpUBAECTCS B JAHHOW CTAaThe.

B T'OCT 22576-90 (CT COB 6893—89) — «ABTOTpaHCIIOPTHBIE CPEICTBA.
CxopocTtHble cBOMCTBa» [1] mpuBeneHbl METOJBI OLEHKHU IIyTEM HCIBITAHUNA TaKUX
HOKa3aTesieil 1 XapaKTepUCTUK CKOPOCTHBIX CBOWCTB aBTOMOOMIICH, KaK MaKCHMalIbHAs
CKOPOCTb, BpEMs pa3roHa Ha 3aJlaHHOM IIyTH, BpEMsl pa3roHa J0 3aJJaHHOW CKOPOCTH,
CKOpPOCTHAs XapaKTepUCTHUKA pa3roH — BBIOET U Ipyrue. B mureparypHbIX HCTOYHHUKAX
[2, 3, 4] 1 1pyrux U3J105KEHBI IIyTH TEOPETUYECKOT0 ONPEEIIEHUS II0Ka3aTeel TSIroBo-
CKOPOCTHBIX CBOMCTB aBTOMOOMIIA. OJHAKO, B HUX aBTOPbI PEKOMEHAYIOT pelaTh
3aJa4u 1O ONpEIEICHUIO MTOKa3aTeneil pa3rona 1 BplOera aBTOMOOMIISA, KaK MIPAaBUJIO,
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Ha OBM uncnennpiM MeToaoM. Huxke HaMu ITpeicTaBiIeHbl TEOPETUUECKUE BBIKIAIKH
[0 AHAJTUTHYECKOMY ONPEACTICHUIO XapaKTEPUCTHK BbIOETa aBTOMOOHIIS.

Briber aBToMOOMIIS OCYIIECTBIIIETCS MOCIIE pa3roHa. Pasron ocymecTsisercs Ha
POBHO OBEPXHOCTH ITyTH C ac(albTOOCTOHHBIM MOKPHITHEM I1OCIIEA0BATEIbHBIMU
nepexoJaMy C HU3IIKUX CKOPOCTEH Ha BBICIIME JIO AOCTHXKEHMs yCTaHOBJICHHOM
KOHEYHOH CKOPOCTH pasroHa, IOCje Yero Ajs mepexoaa Ha BhIOEr BBIKIIOYAETCS
nepeaaya ¥ aBTOMOOMIIb IBMXKETCS IO MHEPLUH A0 0cTaHOBKH. OObIYHO ckopocTh 100
KM/4ac (27,8 M/c) mpuHUMAaETCs 32 KOHEUHYIO IIPU pa3roHe ¥ HauyalbHYIO [IPH BhIOETE.

Marepuanisl 1 METOBI

CxopocTHasi xapakTepHCTHKa BbiOera aBTOMOOUIA MpeacTaBisieT co0oi
3aBHCHUMOCTH MEXAY TAKMMHU ITapaMeTpaMH Ipolecca, Kak CKOpOCTh aBTOMOOMIIA Vb,
Bpems Boibera Ib u 1myTh BbIGETa Sb.

3anuiieM ypaBHEHHE TATOBOro OajaHca OAMHOYHOTO aBTOMOOMIIS Ui OOLIEero
ciydast

)
Fk:djgkaa—l—FB—l—kTGa', (1)

rae G, — BEC aBTOMOOHIIS;

F,— xacatenbHas (OKpy»KHas) CUJIa TATH;

F,— cuna conpoTHBJIEHHs BO3/yXa;

g — YCKOPEHHUE CUIIBI TSKECTH;

t — BpeMms;

Or — KOd(p(UIMEHT ydyeTa BPAIAONNXCS MACC ABTOMOOHIIS TIPH BKIIOYCHHOI
-0l mepenaue;

Y— npuBeICHHBIH KOIPPUIMEHT COMPOTHBIICHHS JTOPOTH;

V — CKOPOCTb JIBHIKEHHSI aBTOMOOHJISL.

IIpu BeIOETE IPUHMMAEM V =V, K ABTOMOOWJIb JIBHIKETCS 3aMELIEHHO I10 HHEPIHH.
YpaBHEHUE TBMKEHUSI aBTOMOOMIISI IPUMET BUJ

; )

rae 0, — kodpduuMEenT yueTa Bpamaromuxcs Macc IpH BbOere, T.e MpH
BBIKJTIOYCHHOH KOpOOKe mepeay.

[IpuHumas BO BHHMaHHUE TO, YTO YMEHbIIEHHE MOMEHTA JIBUTATENs MPHU
HEYCTAaHOBMBILUXCS peXHUMax (pa3roHe WM BbIOEre) HUYTOKHO Majo, 3HAUCHHE
K03(puIMeHTa yueTa BpallaoluXcs MacC aBTOMOOMIIS U BbIOEre omnpeiessieM 1o

bopmyie

8, =1+ 0y, 3)
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rae 71 — ko3P UIUEHT, 3HaYeHIE KOTOPOTO MPHU BhIOEre aBTOMOOWIISI BHIOMPAETCS B
npeaenaxo; = 0,03...0,05 [2].
W3 ypaBHeHus (2) HaXoAuM 3aMeIJIeHIe aBTOMOOWIIS P BeIOEre

; (4)

Ckopoctb Vb IBMKEHUS aBTOMOOWJISI, BpeMs M IITh TIPU BBIOETE OIpeeNsieM 13
YpaBHEHUM:

: (5)

, (0)

: (7)

2t — v, (8)

rAe WHACKCH «H.b»u «k.b» — COOTBETCTBEHHO yKa3bIBAIOT HAa HaYaIbHBIC U
KOHEYHBIE 3HAYCHUS MTapaMETPOB MPHU BHIOETE aBTOMOOKIISL.

N3 Beipaxenuii (5-8), npousBens HEOOXOAUMBIE MATEMATUYECKUE OMEpaIluu U
WHTETPUPOBAHUE, YUUTHIBAsI HayaJbHbIC U KOHEUHBIC YCIIOBUS, HAMU IOJIYYEHBI B
OKOHYATEIILHOM BHJIe (DOPMYJIBI, YCTAHABIMBAKOIINE (YHKIINOHATHHBIC 3aBUCUMOCTH
napaMeTpoB BbIOETAa aBTOMOOMIISI OT BpEMEHU M MEXKAY COOOM, a TAaK)Ke UX KOHCUHBIC
3HAYCHMUS:

; )

; (10)

; (11)

144

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2023

; (12)

; (13)

(14)

Pe3yabTarsl U 00CyKIeHHE

Takum 06pa3om, BbIBeAEHBI GOPMYJbI, 1O KOTOPHIM MOKHO T€OPETHUYECKHU
HCCIIEIOBATh MpoIlecc BblOera aBToMoOuIsl, 0€3 MpUMEHEHUs! YHCIEHHBIX METOJOB.
CrnenyeTr OTMETHUTD, UTO Hapsly C 3TUMHU aBTOPOM ObLIN MPOBEACHBI TEOPETHUECKHE
uccaenaoBanus pasrona aromoousst BA3 21051. M3BecTHO, 4TO pa3roH aBTOMOOHIIS
OCYILECTBIISIETCS C MEPEKIoUeHneM nepeaad. Bo BpeMs mepekiiioueHus nepenad
JBIKEHUE aBTOMOOWIIS CX0XKE C €ro BhIOEroM B T€YEHHE KOPOTKOr0 MPOMEXYyTKa
BpeMeHH. [loaTomy npu cocTaBieHNH ypaBHEHU U ONIpeIeSICHUN TapaMeTPOB IBHYKEHUS
B IIEPUO/BI MEPEKITIOUEHHS Nepeay Mpu pa3roHe ObLIN MCIIONIb30BaHbl MOJIO0KEHUS,
OTNMCaHHbBIC B JTAaHHOU cTaThe. [1oApOOHOCTH U pe3ynbTaThl ATUX HCCICIOBAHHI B
COOTBETCTBUU C Ha3BaHWEM JIaHHOM CTaThbU U C YUETOM OTPAaHMYEHHOCTH €€ oObema
3ech He mpencraBiieHbl. CpaBHEHHE MOTYYEHHBIX PACYETHBIX 3HAUEHUU BPEMEHHU
pasrona aBromoOuns BA3 21051 npu BapuuMpoBaHUM 3HAYECHUU MMapamMeTpoB,
BXOJISINX B IIOJy4YEHHbIEC YpaBHEHUSI U (POPMYJIBI, C €r0 3HAUEHUSIMU, IPUBEIEHHBIMU
B TEXHHUUYECKHX XapaKTEPUCTHUKaxX aBToMoOwmieir momenu BA3, mamo pasHuily B
npeJenax OAHOr0-4eThIPeX MPOLEHTOB, YTO JOKAa3bIBAeT KOPPEKTHOCTH MPOBEACHHBIX
TEOPETUYECKHUX UCCIIEJOBAHUN U TPABUIIBHOCTD MOJTYYEHHBIX AaHATTUTHYECKUX GOpMYIT
KaK JJIs pa3roHa, TaK M JJIs BBIOEra aBTOMOOMITS.

Ucnonb3ys 3Ti popMyIIbl MOKHO HCCIIEI0BATh BIMSIHUE Pa3IMYHbIX TapaMeTPOB
Ha TpoIecc BrIOETa aBTOMOOWJISA, MOCTPOUTH TpapuuecKrue 3aBUCUMOCTH MEXITY
napamMeTpaMu, XapakTepHU3yIOIIHe MPOIEecC BbIOera, U MPUHATH COOTBETCTBYIOIINE
pelIeHus MO YIYyYIIEHUIO 3TOr0 IMpolecca.

Hwxe onpeenensl pacueTHbIe 3HaUeHHs TIOKa3aTesel mpolecca Bbioera aBToMOOMIIS
BA3 21051 (tabmuiel 1-3) 1 mOCTpOCHBI HEKOTOPBIE TpadUKH XapaKTEPUCTUK ITOTO
nporiecca (pucynku la, 16, 1B), KOTOpble MOTYT OBITh MCIIOJIB30BAHBI JJI aHAIM3a
mporiecca BeiOera aBToMoOmWIs. B pacderax ObutM MPUHATHI CIACAYIOIINE 3HAUYCHHS
napameTpoB aBToMoOmiIst BA3 21051, B3sThie U3 TEXHUYECKHX XapaKTEPUCTUK
aBTOMOOWJIS, M BEJIMYUH, BXOJSIIUX B BBIBEJIEHHBIE ()OPMYIIBI: BEC CHAPSIKEHHOTO
aBroMoOms Ga = 10600 H, ro6osas miomaasaBromodmis A = 1,359 M*koaunueHt
CONpOTUBIEHUS BO3ayxa k, =02H-c?-m* npupeneHHBIH KodpPUIHEHT
compoTuBieHus goporu ¥ = 0,013 (gopora ¢ achaabTOOETOHHBIM MOKPHITHEM),
o; = 0,03. B tabnunax 1-3 mpuBeaeHbl ONpeIesieHHbIE paCUYETHBIM ITyTEM 3HAYCHUS
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napaMmeTpoB BblOera aBromoOmis BA3 21051, na pucynkax la, 16, 1BmocTpoenst
rpa(uKy 3aBUCUMOCTH MEX/Ty HEKOTOPBIMHU ITapaMeTpaMu CKOPOCTHOM XapaKTEPUCTUKU
BbIOETA.

Tabmuua 1 —3Hauenus nmapameTpoB BeiOera aBromoOmiss BA3 21051 onpeneneHusie
pPacyYeTHBIM ITyTEM

Tabmuua 2 —3Hauenus: napameTpoB BeiOera aBromoouist BA3 21051 onpenenenusie
pacueTHBIM ITyTEM

Tabnuua 3 —3Hauenus napameTpoB BeiOera apromoouist BA3 21051 onpenenenusie
pacueTHBIM ITyTEM
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Pucynok 1 — I'paduku 3aBUCUMOCTH MEXy HEKOTOPBIMU [TapaMeTpaMu
CKOPOCTHOM XapaKTepUCTUKH BbIOETa

BriBoabI

Teopernueckue ucciieJoBaHus Ipollecca BpiOera aBTOMOOMIS U aHAJIU3
MOJIYYEHHBIX PE3YJIBTATOB IMO3BOJISIOT CIEIATh CIEAYOIINE BBIBOBI:

— COCTaBJIEHbl YpaBHEHUS, OMMCHIBAIOIINE MTPOLIECC BbIOEra aBTOMOOUIIS;

— IIOJTy4€HbI YPaBHEHUS 3aBUCHMOCTEN MEKTy OCHOBHBIMU ITapaMeTpaMH IpoLecca
BbIOEra aBTOMOOMIISL, IIO3BOJISIONINE TOCTPOUTH CKOPOCTHBIE XapaKTEPUCTHUKH BblOera
aBTOMOOWIISL, HE Mpuderas K MPUMEHEHHIO YHCICHHBIX METO/I0B;

— BBIBEJICHBI (OPMYJIbI JUISl aHATUTUYECKOTO OIpeaeaeHusl 6e3 MpuMeHeHus
YHUCJICHHBIX METOJIOB OKOHYATEJIbHBIX 3HAUEHUN OCHOBHBIX IMOKazaTejeil BbiOera —
BPEMEHH, ITyTH U CKOPOCTH;

— JI0Ka3aHa KOPPEKTHOCTh NMPOBEAEHHBIX TEOPETHUYECKUX HMCCIEJOBAHUU H
MPAaBHJIBHOCTh MOJYYEHHBIX YpPaBHEHUNH W (OPMYJ MyTEM CPaBHEHHUS pPE3yJIbTaTOB
MPOBEJICHHBIX PACUYETOB OTHOCUTENHHO K aBTOMOOMWII0 BA3 21051 ¢ maHHBIMHU €T0
TEXHUYECKON U CKOPOCTHON XapaKTEPUCTHK;

— OINpeAeNeHbl OKOHYATEIbHbBIE PACUCTHBIE 3HAUCHUS IOKA3aTelned mporecca
BbiOera aBTomoousist BA3 21051 u moctpoens! rpaduku CKOPOCTHBIX XapaKTEPUCTUK
ATOrO MPOLECCa;

— MOJTyYEHHBIE YpaBHEHUSI U (OPMYJIBI MOTYT OBITh IPUMEHEHBI K ONPEIETICHUIO
pacyeTHBIM ITyTEM MOKa3aTeseil U XapaKTepUCTHK CKOPOCTHBIX CBOMCTB aBTOMOOMIIEH,
npeaycmotpeHHbix B ['OCT 22576-90 (CT COB 6893-89) — «ABTOTpaHCTIOPTHEIE
cpenctBa. CKOpOCTHBIE CBOMCTBaY;
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— [IOJTyYSHHbIE ypaBHEHUS K (POPMYJIIBI MOTYT OBITh UCIIOJIb30BAaHbI B IPOBEACHUHU
TEOPETUYECKHUX MCCIICOBAHUI U aHAJIM3a BIMSHUS Ha MPOIEcC BbIOera aBTOMOOMIIS
pa3InYHbIX (PAaKTOPOB, TAKUX KaK Macca aBTOMOOWIIS, JOPOKHbIE YCIOBUS U JIp., AT
HOCTPOCHUS IPahUKOB CKOPOCTHOM XapaKTEPUCTUKHU BbIOEra B QyHKUHUSAX HE TOJIBKO
OT BPEMEHH U IIyTH, HO U OT APYTUX NapaMeTpOB;

— W3JI0)KEHHBIE MOJOXKEHUS MOTYT OBITh MCIOJB30BAaHBI B MPEABAPUTEIBHOM
COCTaBJICHUH TEXHUUECKHX XapaKTEPUCTHK BHOBb CO3/1aBAEMOT'0 aBTOMOOMJISI HA ATaax
pacuera, KOHCTPYHUPOBAHUSA, TPOCKTUPOBAHUS U JIOBOJKH €r0 KOHCTPYKIIUH.
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ABTOMOBWJIBJAIH MOTOPBI OLHIPUI'EH COTTEH BACTAII TOJIBIK INVESTIGATION OF THE PROCESS OF VEHICLE RUNNING-OUT

TOKTAFAHFA JIEVIH OHBIH WTHEPIIUS BOMBIHIIIA KO3FAJIBIC
YPAICIH 3EPTTEY

Maxkanada aemomobunvoiy Momopvl owlipineen commen 0Oacman moabik
moKmazanaa OelliH OHbIY UHEepYust OOUbIHWA Kos2aavlc ypoici (apvl Kapail
epKin orcypici)kapacmuipwiiadvl. bip asmomobunvOiy epkin ocypici npoyeciu
CUNammatimvli  K032anblc menoeynepi Kypacmvlpulizan. Aemomoounvoiy epKiu
Jrcypici npoyeciniy Heeizel napamempiiepi apacvlHOazbl Moyerdilik meHoeynepi
AnbIHObL, 0AAp CAHOBIK 90icmepli Koa0anbau, asmomoOunvOiy epKiH JHcypici
HCLLIOAMOBISHIHBIY,  CURAMMAMANLAPLIH  Kypyead MYMKIHOIK Oepedi. Dopmynanap
Hezi32l KOpblmblHObL KOPCeMKIUMEPOiH — VAKLIMMbIY, HCOLObIH Y3bIHObIZbIHBIH HCOHE
backa napamempaepoiy MOHOEPIH AHATUMUKAILIK AHBIKMAY YWIH Wbl2apbliaobl.
JKypeizineen meopusnvlx, 3epmmeynepoiy 0ypblcmbiabl HCoHe anblHeaH meHoeyiep
MeH Gopmynanapoviy Oypbicmblebl pacmanaovl. Aemomoobunvoiy epkin Jucypici
npoyeci Kopcemxiumepiniy CoHabl ecenmik MOHOEPi AHLIKMAAAObL, COHbIMEH KAmap
0Cbl NPoYecminy HCbLIOAMOBIK, CUNAIMIMAMALAPLIHBIY SpaAduKmepi KypacmulpulLiaobl.
Aemokenikmiy epkin Jicypici napamempiepi  apacvlHoda2bl  QYHKYUOHAIOBIK
moyendinikmep Oepineen. AnviHzan menoeyiep MmeH Hopmyrarapovl meopusivik
sepmmeynepoe  JHcoHe  A8MOMOOUNLOIY  epKiH  Jicypici  npoyecine  opmypii
axmopnapoely ocepin mandayoa Koaoawyea 001advl, MbICAlbl, AGMOMOOUL
Maccacwl, HCo Heazoaivl AHcone m.o., COHOAU-AK HCLIOAMOBIK CUNATNIMAMACHIH CATLY
YWiH meK Yaxplm new Hcor0bl 2aHa emec, COHbIMeH Kamap 6acka napamempnepoiy
Qdyuxyusnapvinoa naioananyaa 601a0evl. ConbiMeH Kamap, 3epmmey HomudiIceiepin
ecenmey, JHcobANAY JHCOHe OHBIY KYPHLIBIMbIH Jcdcay Ke3eHoepinoe JHcaHaoaH
arcacanean asmomooOUIbOIH MEeXHUKATbIK CUNAMMAMANAPBIH Al0bIH ald 0aiblHOay0a
Konoanyzaa 601aowl.

Kinmmi ce30ep: asmomoounv sHcolioamovlebl, a8momooburvoiy epKin Jicypic
VaKuimul, epKin JHCYpic HCObl, ePKIH JCYPIC HCLLIOAMOBIZLIHBIY CUNAMMAMACH,
mapmy mene-meHoiei.

150

The article considers the process of car run-out. The motion equations describing
the run-out process of a single car are composed. Equations of dependencies
between the main parameters of the car run-out process are obtained, which allow
constructing the speed characteristics of the car run-out without using numerical
methods. Formulas are derived for the analytical determination of the values of the
main rundown indicators - time, path length and other parameters. The correctness
of the conducted theoretical studies and the correctness of the derived equations
and formulas are confirmed. The final calculated values of the indicators of the
car run-out process are determined, and graphs of the speed characteristics of this
process are also constructed. The functional dependencies between the car run-out
parameters are presented. The resulting equations and formulas can be used in
theoretical studies and analysis of the influence of various factors on the car run-out
process, for example, car mass, road conditions, etc., and can also be used to plot
the speed characteristic of the run-out in functions not only of time and path, but
also on other parameters. In addition, the results of the study can be applied in the
preliminary preparation of the technical characteristics of a newly created car at the
stages of calculation, design, design and development of its design.

Keywords: vehicle speed, vehicle run-out time, run-out path, run-out speed
characteristic, traction balance.

151



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 1, 2023

MPHTU 73.31.41
DOI
A. M. BuHusizoe', A. C. eHucoe?
'BanagHo KazaxcTaHCKuii MHHOBAIIMOHHO-TEXHOJIIOTHYECKUI YHUBEPCHUTET,
Pecnybnuka Kazaxcran, r. Ypanbck
*CapaToBCKUl TOCYAapCTBCHHbBII TEXHUYECKUI YHUBEPCUTET
umenu ['arapuna 0. A., Poccus, r. Caparos

TPEBOBAHUA K AUATHOCTUYECKUM NMAPAMETPAM
PABOTAIOLErO MOTOPHOI'O MACIJIA QU3EJIbHOIO ABUIATEJIA

Ilposeden ananuz coomeemcmeuss OCHOBHBIX OUASHOCMUYECKUX NAPAMEMpPO8
MOMOPHBIX MACE, MAKUX KAK WEeTOUHOe HUCTIO, 83KOCTb, IOTMHOCIb, MeMNepamypa
scnviuku.  Onpedenenvl epanuybl 00paA306 HeUCnpasHocmeu Oguecameneti 1o
U36ECMHBIM 6 pe3ybmame IKCHAYAMAayuu 3A6UCUMOCAM U  HOPMAMUBAM
napamempos pabomaiowezo macia. Ilocmpoenvl epanuyvi 06pazos cocmosHu
(neucnpagnocmeti) no 06vEMy macia 8 Kapmepe, NO WEI0UHOMY YUCTY MACAd, NO
BA3KOCTU MACAA, NO memnepamype 6cnvluku macia. I1o npusedénuvim OanHvim
nocmpoero o6pasvl HeucnpasHocmeil ¢ koopournamax V— C, a 3amem 8 KOOpouHamax
n—C, n—t . Hcxoonsimu dannsimu 015t ROCMPOeHUs 00pa306 NOCLYICUNIO nPedeiiblible
3HAYEHUs Napamempos u UcxooHvle. [ nepeoco OUaCHOCMUIecKo20 napamempa
— 00bEMa MACAA CONPSdICEHHBIIL Napamemp — WelouHoe YUcio, 20e YKA3amvl ce
coomeemcmeayrouue Heucnpagnocmu. Ilpu nopme no amoii nape OUASHOCMUYECKUX
napamempos HeucnpasHOCMy Onpeodeaemcs 6 nape napamempos 1 - t, no smot dice
Mmemoouxe. Om 3mo2o u cmpoumces areopumm ouaecHocmuposanus. Ilo pezynomamam
BLIYUCTEHUSL  NAPAMEMPO8  OUACHOCIMUPOBAHUSL U CPEOHeKBAOPAMUUECKO20
OMKNOHEHUs NOAYUeHbl ux nozpewnocmu. C yuémom amoeo nocmpoenul 2paguiecku
obpasvl HeucnpasHocmell ¢ 0ogepumenvrol geposmuocmoro 0,8. ObozHauenvl
OCHOBHble O0ONYCHUMbIE ZPAHUYbl 00pA306 OUASHOCTHUYECKUX napamempos. Bce
JuazHoCmudeckue napamempsbl. MOJ}CHO CYUMANG UHDOPMAMUBHBIMU U OOKA3AHO
4mMo OaHHvle OUASHOCUYECKUE NAPAMempPbl OMEe4aiom OCHOBHLIM MPebOBANUAM.

Kniouesvie cnosa: agmomodunvhvie ousenvivie dsueament, MOMopHvle MACid,
WeN0UHOE YUCTO, BA3KOCb, NIOMHOCMb, 00beM, YPOBEeHb, 00pPA3bl HEUCHPABHOCTELL.

Beenenune

Amnanu3 nHPOPMaTHBHOCTHU TapamMeTpoB padoTatomiero Macia (IIPM) mpoBeneH o
pe3yabTaTam, BBIIIOJHEHHBIX COBMECTHO HcciieqoBanuii [ 1]. Ha pucynke 1 npuBeneHsl
3aBHCHUMOCTH IapaMeTPOB pabOTAIOIIEro Maciaa OT HapaOOTKH.

Kpussle annpokcuMUpOBaIu MOJIMHOMOM TPETHEN CTENEHM, @ HAa YYacTKE 0
TOYKHU Tepernda MOKHO MCIOJIb30BATh CHUKAIOIIYIOCS SKCIIOHEHTY WU JINHEHHYIO
3aBucuMocTh. CTtabuiau3anus napaMeTpoB Maclia HacTylaeT Hmpu HapaboTke
4000 xm. OnTuManbHasi NEPUOAUYHOCTD AUATHOCTUPOBAHMSI OIIPENEISIETCS C YUETOM
HOTPEIIHOCTH U3MEPEHNUSI U MHTEHCUBHOCTH U3MEHEHUS ITapaMeTpa Maciia B IIpoliecce
JKCILTyaTalu.
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n, ecm t
C, Mz KOH/z 25

5 200
1, msic km i 5 10 15 20
5, ket 1, mwic am

254 w0007 1%+ 0,167% - 1,50405x + 554,18
R = 0,9816

20
L meic.xm

Pucynok 1 — U3smenenue menounoro yucia C, BI3KOCTH 1], TEMIIEPATYPhI BCIIBIIIKH
t , INIOTHOCTH P B IPOLIECCE paboThl MOTOPHOT'O Macia
o asromoomwiiiMm KAMA3-EBPO

WNHudopmMaTUBHOCTS TapaMETPOB OLIEHUBAIN N0 (opMyJie

So — Sk
AS =""—"%.100% (1)
SO
rae S, — Ha4YanbHOE, a S, KoHeuHoe 3Hauenue [TPM.
B cootBeTcTBHY € [T0JIy4€HHBIMU JaHHBIMU (PUCYHOK 1) CyIIECTBEHHO B Ipoliecce
AKCIUTyaTalluy U3MEHSIOTCS TaKHe OKa3aTelH, KaK pacXo/1 Macia, BA3KOCTb, LIEJI0YHOE
yrcno. OcTanbHble H3MEHSIOTCS He3HAaYUTEeNbHO (Tabmuma 1).

Taonuua 1 — Vsmenenue [1PM 3a 4 Teic. KM

IIPM Y, Yy AY, %
O6BEéM Macia, 1 34 18 47,2
[lenouynoe yuciio 15 13,2 10,4
IInoTHOCTE 884 880 0,45
TemmepaTypa BCIIBILIKU 230 214 6,96
Bs3kocTh 10,2 8,1 20,59

N3 tabmurer 1 m3meneHnst ocHOBHBIX [IPM B HaYalTbHBIN TIEPUO/T €r0 UCTIOTB30BaHUS
(1o 4 THIC. KM) BHJIHO, YTO HanboJiee 3HAYMMO U3MEHSIOTCS CIICAYIONINE MapaMeTphl:
YpOBEHb MacJa, IeJI0YHOE YHCIIO0, BI3KOCTh, TeMIepaTypa BCIbIIKH. [Ipu n3BecTHBIX
3HAYEHMUSIX AUArHOCTUYECKOTO IMapaMeTpa B Hayaje HCIIOJIb30BAHUS Macia IpaHuIly
00pa3oB HEUCTIPABHOCTEH JBUTATEISI ONIPEACIIIET MHTEHCUBHOCTh u3MeHeHus [1PM B
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IIpOLIECCE UCTIOIb30BaHusA. OHa onpeesieT U KOHEUHOE 3HaY€HUE JUarHOCTUYECKOTO
napameTpa npu 000CHOBaHHOM HapaOOTKe 10 AMArHOCTHUPOBAHUSI.

Lenb paboThI — SKIEPUMEHTAIIBHO 10Ka3aTh, YTO BCE AUATHOCTUUECKHE TapaMeTPhl
OTBEYAIOT OCHOBHBIM TPEOOBAHMIM JMArHOCTUYECKUM MapaMerpaMm paboTaromero
Maciia aBTOMOOMIIBHBIX TU3ENIbHBIX JIBUraTEJICH.

MeToasbl uccaegoBanuii. OnpeneauM rpaHulbl 00pa3oB HEUCIPABHOCTEH
JBUTATEJIEHN 110 U3BECTHBIM B PE3yJIbTATE IKCILTyaTalluy 3aBUCUMOCTSIM U HOpMaTUBaM
[IPM. Ilo ypoBHIO Macia B KapTepe (pPUCYHOK 2, a) 32 UCXOAHBIA YPOBEHb IIPUMEM
YPOBEHb, COOTBETCTBYIOIIECH BepXHEil MeTKe Ha Macion3MepuTenbHoM myne. O0bémM
Macja B KapTepe Mpu 3ToM cocTaBisieT 34 1 [2] 1 BO3pacTaHUe ero CBUJIETEIbCTBYET
0 HewcrpaBHOCTH ToruIMBHOH anmapatypsl (HTA). Ha pucynke 2, a 3to obnacts 1.
[Ipu 3TOM M3-3a IJI0XOr0 pacNbUIMBAHUS TOILIMBA OHO IIONAJAET B KApTEp, yBEIUUNBAs
00BEM Macia.

JlomycTuMOe CHHKEHHE YPOBHSI Maciia B KapTepe u3-3a yrapa, He 6oiee 1% ot
pacxona torumBa [2]. [Ipu HopmaTuBHOM pacxone torumBa 40 1/100 xm [2] 3T0
JIOITyCTUMOE CHIDKEHHE K 4 ThIC. KM cocTaBiiseT 16 11, (o0macts 2 Ha pucyHke 2,a). [Ipu
OoubIIeM pacxo/1e HaOII0IAI0TCS HEAOIMYCTUMBIE YTEUKH, KOTOPBIE CIIEAYET YCTPAHUTh
npu TO no pe3yinbratam ocMoTpa (061acTh 3 Ha pUCYHKE 2,a).

Pucynok 2 — a) ['panuiibl 00pa3oB cOCTOSHUH (HEUCIIPaBHOCTEH) 10 00BEMY Maciia B
kaptepe; 0) ['panuisl 06pa3oB COCTOSIHHIM M0 MIETOYHOMY YKCTY Macia; B) ['paHuIisl
00pa3oB COCTOSHUII 110 BSI3KOCTU Macia; r) [ paHuib 06pa3oB cOCTOSIHUINA 1O
TeMIIepaType BCIBILIKU Macia

1 — nencnpaBHocTh TomMBHOM anmapaTtypsl (HTA); 2 — pacxon macna Ha yrap;
3 — yreuku Macia; 4 — HopMma; 5 — IEperpeB ABUrarels; 6 — 3aCOpeHue MacIsIHbIX
¢GuIIBTPOB; 7 — 3acOpEHHE BITyCKHOTO TPaKTa
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Bropoii 1o 3HauuMOCTH U3MEHEHUS TAPAMETP ATO LIETOYHOE YUCIIO, HAYaJIbHOE
3HaueHue kotoporo 15 [1]. JlonmycTuMoe 3Ha4eHHE IETI0YHOI0 YUCIIA IPU OTCYTCTBUU
HEHCIIpaBHOCTEW npu HapaboTke Macia 4 Teic. kM 12,5 [1], (06macth 4 Ha pHCyHKE
2,6). bonee HHTEHCHBHOE CHIKEHHE LIIEIOYHOTO YUCIIA CBUAETENBCTBYET O IIEpErpeBne
nBurarens (00iacte 5 Ha pucyHKe 2,0).

Cnenyromuil no 3HaUMMOCTH U3MEHEHUs IapaMeTp 3TO BSI3KOCTh HAYaJIbHOE
3HaueHue koroporo 10 cCr [2]. lonmycTUMOe 3HauY€HUE BSI3KOCTH IIPU OTCYTCTBUU
HEUCHpaBHOCTeH npu HapaboTke Macia 4 Teic. kM § cCr [2], (06macTh 4 Ha PUCYHKE
2,B). bonee unTeHCUBHOE CHI)KEHUE Bs3KocTH cBuaeTenbeTByeT 0 HTA (0o6nacts 1 Ha
pucynke 2,0). Emé naTeHcuBHee CHIKAeTCst BA3KOCTh U3-3a HApYIIEHHS TePMETHYHOCTH
BITYCKHOT'O TpakTa (00sacTb 7 Ha pucyHke 2,B). Bo3pactaHue BSI3KOCTH CBUIETEIBCTBYET
0 3acopeHHH (PUIBTPOB CMA30YHON cHCTEMBI (00JacTh 6 Ha pUCYHKE 2,B).

Ilo Temnepatype Bcnbliku Takxke onpenensercs HTA. Eciu temneparypa
BCIBIIIKM Macja He U3MEHSETCs, TO 3TO HOopMa. Eciau TeMmepaTypa BCHBIIIKH
U3MEHMIIach (CHU3MIIACh) 3a Bpemsi paboTsl ¢ 230 10 215 oC, To 310 HTA (06macts 4 Ha
pucyske 2,r). OcTajabHble TapaMeTphl padoTarOIIEro Macia JyOIupytoT HEUCIIPAaBHOCTH
aBurarens (puCyHoK 2,1).

o npuBeAEHHBIM JAHHBIM ITOCTPOUM 00pa3bl HEUCTIpaBHOCTEN B KoopauHaTtax V—-C,
a 3areM B KoopanHaTax N—C McXOAHBIMH JAHHBIMU JIJIsl TOCTPOEHHSI 00Pa30B CIIy>KaT
IIpe/ieTIbHbIE 3HAYEHMsI TapaMeTPOB U UCXOJHBIE. [ epBOro JUarHOCTUYECKOTO
napamerpa — o0bE€Ma Maciaa CONpsHKEHHBIN MapamMeTp — MIEJIOYHOE YHUCIO (PUCYHOK
3a, 0), r;1e yKa3aHbl BCE COOTBETCTBYIOIIME HEUCTIPABHOCTH. [Ipy HOpMe 10 3ToM mape
JIMArHOCTHYECKUX TIAPAMETPOB HEUCTIPABHOCTH ONPEIENISAETCS B [IAPE MApaMeETPOB Nt
TI0 ATOM e METOIUKe (PUCYHOK 3B). OT 3TOT0 M CTPOUTCS AJITOPUTM JUATHOCTHPOBAHHS.

Jlanuble 006pa3bl MOCTPOEHBI MO CPEAHHUM 3HAYEHUSIM, HOITOMY HMEIOT
JIOBEpUTENIbHYIO BepoATHOCTH 0,5. JIjisi MOBBILIEHUS] JOBEPUTEIbHONU BEPOSTHOCTHU
HEO0OXO0IMMO COKPAaTUTh 00JIaCTh HEHCIPABHOCTEH. DTO MOXHO CAENaTh C
ucnosb3oBaHueM kputepust CtbrozieHTa t. [lorpenHocTs qUarHoCTHYECKUX IapaMeTPOB
IPU 3TOM oInpezesseTcs no popmyie

t > 2
E=1——

VN @
rne t — kpurepuii CTeiofieHTa, S — Mepa paccenBanusi, N — KOJIUYECTBO OOBEKTOB

U3MEPECHUM.

I[Io pe3ynpTaTaM BBIYHCIEHHS HapaMeTpPOB JAMArHOCTUPOBAHHUS U
CPEIHEKBAIPATUYECKOTO OTKJIOHEHHS MOJyYMIA UX MOrperHocTh. C yuéToM 3TOro
Ha pucyHKax 3a, 30, 3B MyHKTUPHBIMU JTHHUSAMHI 0003Ha4EHbI 00pa3bl HEUCIIPABHOCTEH
C JI0BEpUTENBHOM BepoSITHOCTHIO 0,8.
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Pucynok 3 — a) O6pa3bl HeucnpaBHocTel B koopanHatax V—C; 6) O6passl
HeHcIpaBHOCTEN B KoopauHatax N—C; B)
OOGpaspl HEMCIIPABHOCTEN B KOOPAMHATAX Mt

TpeOGoBaHMs K JMarHOCTUUECKUM ITapaMeTpam: 0JTHO3HAYHOCTb, YyBCTBUTEIILHOCTb,
CTaOMIBHOCTh U UHPOPMATUBHOCTH. TpeboBaHME OJHO3HAYHOCTH XapaKTEPHU3YyeTCs
OTCYTCTBHUEM DKCTPEMyMa B 3aBUCHUMOCTH JUArHOCTHYECKOI0 IapaMeTpa OT
CTPYKTypHOro. Takue KOppeslsIlMOHHbIE 3aBUCUMOCTH IOJIYYEHBI 11 OCHOBHBIX
JIMarHOCTUYECKUX MapaMeTpoB MO COOPAHHBIM CTATHCTUYECKHM JIAaHHBIM (PUCYHOK
4). N3 pucyHka 4 BUAHO, YTO BCE MapaMeTpPbl OJHO3HAYHBI U UMEIOT BBICOKYIO
qyBCTBUTEIBHOCTH CYAS 0 yrinoBoMy koaddunmenty. [Tapamerp nocroBeproct R?
CBHUJIETEJICTBYET O XOPOILeH CTaOMIBHOCTH JUATHOCTHUECKUX MAapaMeTPOB.
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Pucynox 4 — a) Koppensunonnsie 3aBucumoctu V—C; 0) Koppensunonnsie
3apucuMocT N—C; B) Koppensunonusie 3aBucUMOCTH T—

PesynpraTthl u obcyxaenus. THbopMaTUBHOCTh AMArHOCTHUYECKOTO MapameTpa
OLIEHUBAETCS MOBHIIIEHUEM BEPOSTHOCTH COCTOSIHHS O0BEKTa TUarHOCTUPOBAHHUS MTOCTIE
JTUArHOCTHPOBaHUS. Ero MOXHO OIIEHHTH 1O pe3yjbTaTaM aHalu3a pacrpeaeseHuit
JUarHOCTUYECKOTO MapaMeTpa MO HUCIPAaBHBIM M HEUCHPABHBIM O00BEKTaAM
JTUArHOCTUpPOBaHUA. Takue pacrpeaeseHus MOJy4YeHbI M0 pe3yJbTaTaM U3MEpeHUi
YKa3aHHBIX JJUAarHOCTUYECKHUX MTapaMeTPOB MO UCTIPABHBIM M HEUCTIPABHBIM JIBUTATEISIM.
Jls OlleHKH 3HAUYMMOCTH pas3fuuMs CpeAHHMX 3HaueHuil sl u s2, a, ciaemnoBaTeNbHO,
nH(OpMaTUBHOCTH TIapameTpa S onpeaenuiu kpurepuit CteroaeHTa [6,7]

_15:=5i]
s, 1
n, My
I7le G — Cpe/iHAsA BeTUYMHA CPEeTHEKBAIPATHUECKUX OTKIOHEHUN;
n, n, — 00beM BEIOOPOK.

t

Takum oOpa3om, pe3yabTaThl OLICHOK MTPUBEAEHBI B Ta0nuiie 2.

Tabnuna 2 — OueHku HHOOPMATUBHOCTH TUATHOCTUYECKUX apaMeTpOB

Jlnarnoctuueckue

[1apaMeTpsl 5 %2 ° ° b p
OO0BéM Macia B 34.8 24.6 11,4 8,2 18,2 1.67
Kaprepe

Illenounoe uncno | 14,5 12,2 4.5 39 16,5 1,67
Bs3kocThb 9,7 8,1 3,2 2,6 15,8 1,67
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ITpumeyanue Kk Tabimue 2: t— pacyeTHbIi KpuTepuil CTBIONEHTA, t,, — KDUTHIECKUH
kputepuii CTblo/IeHTa IpU AOBEPUTENBHOM BeposiTHOCTH 0,9.

BoiBoabl. Kak BuHO 13 TabmuIs! 2, pasnuuue S1 U S2 3HAUYMMO C JOBEPHTENBHOIM
BepoATHOCTHIO 0,9 u BeIIE. TO €CTh BCE ATH AMArHOCTUYECKUE MapaMeTpbl MOKHO
cuuTaTh MH(pOpMATUBHBIMU. TakuMm 00pa3oMm, Bce AMATHOCTUYECKHUE HapameTpbl
OTBEYAIOT OCHOBHBIM TPEOOBAHHSIM.

Ncrounuk GuHAHCUPOBAHHS MCCIEAOBAHUNA — aBTOTPAHCTIOPTHOE MPEINPHUITHE
00O «T"a3mpom Tpancra3 Caparosy (r. Caparos), Poccus.
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JIN3EJBII KO3FAJNTKBIIITHIH JKYMBIC ICTEATIH MOTOP
MAMWBIHBIH TUATHOCTUKAJBIK
MMAPAMETPJEPIHE KOUBITATBHIH TAJATITAP

Momop mavinapvinely Hezizei OUACHOCMUKALLIK NAPAMEMPIePIiHiy CLIMLIK
camvl, MyMKbIPIbISHl, Mblebl30bl2bl, MYMAHY MEMREePamypacsl CUSAKMbl COUKeCmici
manoay acypeizindi. Kymvic icmen mypaan Mai napamempiepiHiy HOpmMamusmepimer
mayendiikmepin natoaiany Homudxcecinoe Oeneini Ko32aImKblumap aKaylapblHblY
natioa 6ony wexkapanapvin anvikmay. Kapmepoezi mail konemi 60tiviHua, MAuObly
cinmini camvl OOUbIHWIA, MAUObIY MYMKbLIPAbI2bl OOUbIHULA, MAUOLIY MYMAaHy
memnepamypacsl 6otiviHua Kyinep (akayiap) oetinenepiniy wexapaiapvl CanbiHObl.
Kenmipineen depexmep botivinua V—Croopounamanapuvinoa, aicooanxeiiny—C, n—
t, KOOpOUHAmManapslioa aKkaynapovly oetinenepi canviiovl. bipinuii OuazHocmukansix
napamemp — mail Koaemi Yuiin socynmackan napamemp — cinminix Cau, onoa 6apivix
muicmi akayiap Kepcemineen. JuacHOCMuKanvly napamempaepoiy ocvl icyoObl
botivinwa Hopma Ke3inoe aKayivlk 0cbl s0icmeme OOUbLHWLA 1] - { NApaMempaepiniy
aHcybwr Ooubinwa anvikmanaovl. OcblOaH OUASHOCMUKA ANCOPUMMI  KYPbLIaObl.
Huaznocmukanvix napamempaepoi JicoHe Opmauiad Keaopammoulk ayblmKyObl
ecenmey Homudicenepi OolviHuwa onapoviy Kameaikmepi anvinovl. OcbiHbl eckepe
omuipuin, 0,8 CeHIMOINIK IKMUMAObIZLL OAP aKaAyIapObly epapuKraivlk belinenepi
canviHObl. J{uazHocmukanvlx napamempiep KecKiHOepiniy He2izel pyKcam eminieeH
wexapanapuvl Kopcemineen. bapavix OuaeHoCMuKanvlK napamempaepoi aknapammaolx,
Oden canayaa 601a0bl AHcoHe b)Y OUASHOCIMUKATBIK napaMempaep Heaizel maianmapead
cotixec keneminoiei 0onen0eHol.

Kinmmi coe30ep: aemomobunvoix ouzenvoi Ko32aimKbiuUmap, MOmop Mauiapbl,
CIIMINIK CaHbl, MYymMKbIPAbI2bl, Mbl2bl30blabl, Koaemi, OeHeell, aKayIblKmapObly
natioa 6onyvl.
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REQUIREMENTS FOR DIAGNOSTIC PARAMETERS
OF RUNNING DIESEL ENGINE OIL

The analysis of compliance of the main diagnostic parameters of motor oils, such
as the base number, viscosity, density, flash point, is carried out. The boundaries of
the images of engine malfunctions are determined according to the dependencies
and standards of the parameters of the working oil known as a result of operation.
The boundaries of the images of states (malfunctions) are constructed by the volume
of oil in the crankcase, by the alkaline number of oil, by the viscosity of the oil, by
the flash point of the oil. Based on the above data, fault images are constructed
in coordinates V— C, and then in coordinates n — C, n — t. The initial data for the
construction of images were the limit values of the parameters and the initial ones.
For the first diagnostic parameter — the volume of oil, the conjugate parameter is
an alkaline number, where all relevant malfunctions are indicated. At the norm
for this pair of diagnostic parameters, the malfunction is determined in a pair of
parameters n - t, by the same method. From this, the diagnostic algorithm is built.
Based on the results of calculating the diagnostic parameters and the standard
deviation, their errors were obtained. With this in mind, fault images are graphically
constructed with a confidence probability of 0.8. The main permissible boundaries
of images of diagnostic parameters are indicated. All diagnostic parameters can be
considered informative and it is proved that these diagnostic parameters meet the
basic requirements.

Keywords: automotive diesel engines, engine oils, base number, viscosity,
density, volume, level, fault images.
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THE ALGORITHM FOR CALCULATING THE FATIGUE RESISTANCE OF
THE GONDOLA WAGON BODY

In this paper, the issue of performing strength calculations is considered, the
object of the study are the bodies of freight railway gondola wagons.

An algorithm has been developed for modeling the processes of interaction of
gondola wagons to assess the fatigue strength of the structure under the action of
longitudinal loading. Controlled operational tests based on constant monitoring
of the use and change of the technical condition of gondola wagons, intermediate
and annual full-scale survey with measurements of the values characterizing the
condition of the basic units and parts of wagons,; generalizations, working out the
technical conclusion - allow us to solve the issues raised and, first of all, confirm the
correctness of the numerical values of the inter-repair standards.

The accumulated experience of examining the technical condition of freight
gondolas during commission inspections and analyzing the data obtained made it
possible to clarify and supplement the instructions for the operation and maintenance
of gondolas. The solution of the problem is reduced to determining the calculated
values of the stress amplitudes in each interval of the longitudinal forces. This is
possible only as a result of solving the problem of dynamic calculation of the body of
a freight railway gondola.

The presented algorithms make it possible to calculate, and also to design the
bodies of gondola wagons, to make changes to the instructions for the production and
repair of freight wagons.

Keywords: gondola wagon, fatigue, loading, dynamic stress, calculating.

Introduction

Experience in the operation of rolling stock shows that a significant part of the details
of wagons is damaged due to stresses that occur during dynamic loads. Therefore, there
is a need to study the dynamic loading in the calculation of wagons.

Dynamic loading of wagons is understood in the broad sense of the word, i.e. in the
sense of not only determining dynamic stresses, but also all other dynamic characteristics
(amplitudes and frequencies of movements and accelerations). In many studies, it has
been revealed that if the frequencies and amplitudes of dynamic movements are known,
then it is easy to perform calculations to determine the dynamic stresses of parts and
assemblies of wagons [1].

As a rule, the absolute majority of wagon designs are designed on the basis of
static calculation, taking into account the maximum coefficient of dynamics. With this
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approach, the vibration stresses arising in the structure, as well as the frequencies and
forms of vibrations of the structural elements remain unexplored.

Analysis of the technical condition of freight wagons shows that the structure of the
gondola car body works under conditions of prolonged and intense exposure to dynamic
loads. The process of gradual accumulation of damage in the material of parts under the
influence of variable stresses, leading to a change in the properties of the material, the
formation, development of cracks and destruction of the part is called material fatigue.

Materials and methods

Fatigue refers to the property of a material to collapse after repeated exposure
to alternating stresses. The ability of the material to withstand repeated exposure to
alternating stresses without destruction is called endurance [2].

The norms for calculating wagons [3] recommend calculating fatigue resistance
based on the margin coefficient. Figure 1 shows the algorithm for calculating the margin
coefficient. This is a rather complicated procedure that can be conditionally divided into
two independent calculations (according to the left and right branches of the algorithm).

Figure 1 — Procedure for calculating the fatigue margin coefficient

The left branch is the calculation of the endurance limit (by amplitude) the
considered part with a symmetrical cycle and steady-state loading mode based on test
N_. Calculation on this branch does not depend on external influence. The calculated
value of the endurance limit of the structure node is determined by the dependence of
block 2, which is determined by:

— the average value of the endurance limit of the part (block 4);

— the quantile of the distribution corresponding to the one-sided probability (it is
assumed that N is a random variable having a normal distribution law) (block 5);

— coefficient of variation of the endurance limit (block 6).
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For the transverse beams of the gondola frame during automatic (semi-automatic)
welding, we obtain:

- for intermediate beams

- for box-section beams =107.37 (103.5 ) MPa.

Results and discussion

The right branch is a procedure for calculating the calculated magnitude of the
amplitude of the dynamic voltage of a conditional symmetrical cycle, reduced to the
base N , equivalent in damaging effect to the real mode of operational random stresses
for the design life of the part.

For a discontinuous distribution function of voltage amplitudes, we have

(1

where m is the exponent in the equation of the fatigue curve in amplitudes;

N, — the total number of cycles of dynamic stresses over the estimated service life;
N, — the base number of cycles;

gq;— voltage amplitude level;

Pi —the probability of occurrence of an amplitude with the level Fa.r

In one year of operation, the gondola car receives about 25,000 longitudinal
collisions with different intervals of forces [3].

The histogram (Figure 2) shows the interval of forces and the number of cycles of
action of longitudinal forces in this interval. In this case, with a service life of 22 years,
N, = 550,000 = 0.55 x 106 cycles, and with a service life of 32 years N_ = 800,000 =
0.8x 106 cycles. For the base number of cycles for car bodies, it is recommended to
take the value N, = 107.

7201 7076

0-04 04 08 120 16- 20 24 28 32- 36
08 12 16 20 24 28 32 38 40

Figure 2 — Numerical indicators of the action of longitudinal forces on the wagon

164

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 1, 2023

Figure 3 shows the probability Pi of the occurrence of forces of this level in the
form of a histogram.
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Figure 3 — Probability of occurrence of forces of this level

The further solution of the problem is reduced to determining the calculated values
of the stress amplitudes Zai in each interval of the action of longitudinal forces. This
1s possible only as a result of solving the problem of dynamic calculation of the car
body. Dynamic transient analysis is used to obtain a system response to the impact of
a time-varying forcing load. The right branch of the computational process is shown

in Figure 4.

Figure 5 — Algorithm for calculating the calculated magnitude
of the dynamic voltage amplitude
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Conclusions

A methodology has been developed for assessing the reliability of the gondola car
body, experimental parts and assemblies for a small number of objects operated in a
permanent experimental train.

The accumulated experience of examining the technical condition of gondola wagons
during commission inspections and analyzing the data obtained made it possible to
clarify and supplement the instructions for the operation of gondola wagons.

The presented algorithms make it possible to calculate and design the bodies of
gondola wagons, make changes to the instructions for the production and repair of
freight wagons.

Controlled operational tests based on constant monitoring of the use and change of
the technical condition of gondola wagons; intermediate and annual full-scale survey
with measurements of the values characterizing the condition of the basic units and
parts of the wagons; generalizations, working out the technical conclusion - allow us to
solve the issues raised and, first of all, confirm the correctness of the numerical values
of the inter-repair standards.
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123453 oFaphl 3JEKTPOHHKA )KOHE KOMMYHHUKAIHS KOJUIEIKI,
r. [TaBnonap, Kazakcran Pecrybnukacst

Marepwuan 02.02.23 Gacmara TYCTi.

JKAPTBLIAY BATOH KOPITY CHIHBIH, IIIAPIIIAY
KEJAEPTICIH ECEINITEY AJITOPUTMI

Byn sicymvicma bepixmix ecenmeynepin scypeizy moceneci Kapacmulpuliaobl,
3epmmey 00beKmMici JHCYK MeMIPHCON IHCAPMLIAL 8A2OHOAPBIHLIY UWAHAKMAPYL
bonvin madbwvLIadvl.

Boiinwix oicykmeme kezinoe KypoliblMHbIN wiapuiay Oepikmizin 6azanay yuti
aHcapmuliail 86a20HOAPObIY 03apa opeKemmecy npoyecmepin Mooervoey aneopummi
grcacanosl. Kapmoiiail 6aconoapoviy NAUOALAHBLLYbL MEH MEXHUKAILIK JHCall -
KYUiHiy 632epyin yoaiivl 6aKuliay He2izinoe OaKbliayddabl NAudAIaHy ColHAKmMapol,
68A20HOAPObIY OA3ANBIK MOPANMAPbL MEH DONUEKMEPIHIH HCA-KYUIH CUNAMMAlimblH
wWamanapovl oeauiell Omvlpbli, apPANbIK HCOHE HCbLI CAUbIH2bL 3AMMAll mexcepy;
MEXHUKANLIK, ~ KOPbIMBIHObIHLL  JHCANBLIAY, NbICLIKMAY-KOUbLI2an —Mocenenepoi
wieutyee oicoHe OIPIHWI Ke3eKme JHCOHOeY apaiblK HOPMAmMuemepoiy CAHObIK
MOHOEPIHIY OYPbICMbl2blH PACMAyed MYMKIHOIK Oepedi.

Komuccusanvix mexcepynep scone anvinzan d0epekmepoi manday Kezinoe JHCyK
AHCAPMBLIA 8ACOHOAPLIHBIY MEXHUKATLIK HCAU-KYUIH meKcepyoil HCUHAKMAN2aH
mooicipubeci dcapmuiial 6a20HOAPObl NAUOALAHY HCOHE 0Japad Kbl3Mem KOpCemy
JHCOHIHOE2] HYCKAYILIKMAaPObl HAKMbLIAY2Ad HCOHE MOIbIKMbIPY2a MYMKIHOIK Oepoi.
Moceneni wiewy 60tnbix KyuimepOiy op ocep emy apanvlebliodsbl KepHeyiep
AMAIUMYOACLIHbIY — €CEeNMIK  MOHOepIH anblKkmayea Oelin a3asaovl. bByn ocyx
MEMIPICON HCAPMBLIAU BALOHBIHLIY KOPHYCHIH OUHAMUKATLIK ecenmey Moceneci
uteuty HomudiceciHoe 2aHa MyMKiH 601a0bl.

¥cvinvinzan Ancopummoep ecenmeyee , COHOAU-AK HCApMbLIAU 8A20HOAPObIH
KOPRYyCmapuli dicobanayed, HCyK 8a20HOAPbIH OHOIDY HCOHE JHCOHOEY IHCOHIHOell
HYCKAYIbIKKA 632epicmep eHeizyee MyMKIHOIK Oepeoi.

Tyiiindi co30ep: arcapmuliail 6a20H, WapuLay, Jcykmeme, OUHAMUKATLIK KepHeY,
ecenmey
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AJITOPUTM PACYETA COIIPOTUBJIEHUA
YCTAJIOCTH KY30BA IIOJITYBAT'OHA

B oaunnoti pabome paccmampugaemcsi 60npoc GbINOIHEHUST NPOYHOCHHBIX
pacuemos,  00beKMOM  UCCIE008AHUSL  BbICMIYRAIOM  KY3084  2PY306blX
HCENEZHOOOPOICHBIX NOTYBALOHOS.

Paspaboman  ancopumm  modenuposanusi  npoyeccos - 83auUMOoOelCmaeus.
NONYBACOHO8 OISl OYEHKU YCMAIOCMHOU NPOYHOCMU KOHCMPYKYUU NPpU Oeticmeuu
nPo0oNbHO20 HacpyceHust. TIoOKOHmMpPOIbHbIE FKCNIYAMAYUOHHBLE UCRBIMAHUS HA
OCHO8€ NOCMOAHHO2O CNeHCEHUS. 3d UCNONb30BAHUEM U USMEHEHUEM MEXHUYECKO20
COCMOSAHUSL  NOTYBAZOHOB,  NPOMEJNCYIMOUHO20 U €)Ce200HO20 — HAMYPHO20
06C1e006aHUsL ¢ 3AMEPAMU  GENUYUH, XAPAKMEPUIYIOWUX COCMOsIHUE 0a308blX
V37108 U Oemarnell 6a20HO8, 00006ueHus, OMpadoOmMKU MEXHUYECKO20 3AKIIOYEHUS. -
NO3BOJIAIOM Pewams NOCMAGIeHHble 6ONPOCHL U 8 NEPEYIO 0Yepedb, NOOMEEPOUNtb
NPABUTLHOCHIb YUCTICHHBIX 3HAYEHUL MENCPEMOHMHBIX HOPMAMUBOS.

Haxonnennviti  onvim 006¢1e008anusi MeXHUYECKO20 COCMOSHUAL  2PY308bIX
NONYBACOHO8 NPU KOMUCCUOHHBIX OCMOMPAX U AHAIU3A NOTYYAEMBIX OAHHBIX
NO3GONUNUYMOYHUMb U OONOTHUMb UHCIMPYKYUU RO IKCIIYAMAYUU U OOCILYICUBAHUIO
nonysaconos. Peuwienue 3a0auu c600umcs K ONpeoeieHuto pacuemHblX 3HAYeHull
AMNAUMYO HANPSNHCEHUU 8 KANCOOM UHMEPSALe Oelcmeusi NPOOOJbHbIX CUL. Dmo
BO3MOICHO MOILKO 6 Pe3YbMame peuerus: 3a0a4u OUHAMUYECKO20 paciema Ky308a
2PY308020 HCENE3HOOOPOINHCHO2O NOTYBALOHA.

IIpeocmasnennvle aneopummuvl NO360IIOM NPOUIEECMU PACYEM , d MKICE
KOHCMPYUPOBAHUE KY30808 NOLYE6ACOHOS8, GHOCUNMb USMEHEHUs 6 UHCMPYKYUU no
npouU3800CmMEY U PEMOHMY 2PY308bIX BA2OHOB.

Kntouesvie crosa: nonysacom, ycmaniocmo, HASPYICEHHOCMb, OUHAMUUECKOE
Hanpsicenue, pacyem.
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA U TEXHUKA KA3AXCTAHA»

PenakiuonHas KoOJulerusi MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOIIUMU
npaBWJIaMU MPH NOATOTOBKE cTaTel Jyisi OMyOJIMKOBAHUS B XKypHAJIE.

Hayunsie cTaThy, peicTaBisieMble B peIAKIHIO KypHaa JOJKHbI ObITh 0OPMIICHBI
coryiacHo 0a30BBIM M3/IATEIBCKUM CTaHIapTaM MO O(hOPMIICHHIO CTaTei B COOTBETCTBUH
¢ 'OCT 7.5-98 «XKypnansl, cOopHHKH, HHPOPMAIIMOHHBIE M3aHus. M3aarensckoe
oopmIieHHE MyOINKYEMBbIX MaTEPHAIOBY, MPUCTATEHHBIX OUOTHOrpadUIecKuX CIIMCKOB
B cootrBercTBHM ¢ ['OCT 7.1-2003 «bubnmorpaduueckas 3amvcek. bubmmorpadudeckoe
ornucanue. O6mue TpeOOBaHUs U MPABUIIA COCTABIICHUS.

*B Homep aomyckaeTcsi He 00Jiee OIHOI PYKONUCH OT OIHOT'0 aBTOPA JIU00 TOro
’Ke aBTOPa B COCTaBe KOJIJIEKTHBA COABTOPOB.

*Kosmm4ecTBO COABTOPOB OHOI CTAaTHU He OoJiee S.

*CTeneHb OPUTHHAJIBHOCTH CTATHH JI0JLKHA COCTABJIATHL He MeHee 60 %.

*HanpasiisieMble CTATbH He 10/KHBI ObITh PaHee OIy0JIMKOBAHBI, He 10Ty CKAeTCS
nocjenaymiiee onmyoJMKOBaHHE B APYTHX KyPHAJIAX, B TOM YHCJIe IlePeBo/IbI HA APyrue
SI3BIKH.

*PemieHne 0 NPUHATHH PYKONHCH K ONMYOJMKOBAHMIO MPUHUMAaETCH MOCje
NpoBe/IeHHs] MPOoLeAYPhI pelleH3UPOBAHMS.

*PeneH3upoBaHue MPOBOAUTCS KOH(PHIEHIHAIBHO («IBYCTOPOHHee Cjernoe
pelleH3UPOBaHNe)»), aBTOPY He co001IaeTcs UMsI PelieH3eHTA, a PelleH3eHTy — UM
aBTOPA CTATHMU.

*CTaThby OTHPABJATH BMeCTe ¢ KBUTaHIUeH 00 oriaTe. CTOMMOCTb Iy OJIMKAIIAA
B ’)KypHaJie 3a ctpanuiry 1000 (oqHa Thicsiua) TeHre, BKJIIOYAs CTATHH MAarUCTPAHTOB
U IOKTOPAHTOB B COABTOPCTBE C JIULIAMH C Y4€HOil cTeneHbIo.

* Omiara 3a cTaTbl0 He BO3BpallaeTcs B cJydae, eC/iM CTAThSI OTKJIOHEHA
AHTHUILIATHATOM HWJIM PelleH3eHTOM. ABTOP MOKeT NOBTOPHO OTHPABUTH CTATHIO HA
AHTHUILIATHAT WIN peleH3eH3upoBanue 1 pas.

CraTby 10KHBI OBITH 0()OPMIIEHBI B CTPOTOM COOTBETCTBUHU
€O CJIeAYIOIIHMH MPABIJIAMH:

— B >xypHaJIbl IPUHUMAIOTCSL CTATHH 110 BCEM HAYYHBIM HAIPaBJICHHUSIM, HAOpaHHBIC
Ha KOMITBIOTEPE, HalleyaTaHHbIE HA OJIHOW CTOPOHE JIMCTa ¢ IosisiMu 30 MM CO BCEX CTOPOH
JIUCTA, 3JICKTPOHHBIN HOCHTEIIh CO BCEMU MaTepHaiaMU B TEKCTOBOM peziakTope «Microsoft
Office Word (97, 2000, 2007, 2010) it WINDOWSy.

— O0uwii 00beM CTaThU, BKJIFOUYAs aHHOTAIIWH, JINTEPATypy, TaOJIHUIIbI, PUCYHKH U
MareMaTiyeckue (POpMyJibl He JOJDKEH MPEBHIIIATh 12 CTPAHMIL IeYaTHOT0 TeKCTa. Texcm
cmamvu. ke2nb — 14 nynkmos, caprumypa — Times New Roman (0151 pyccko2o, aHenuiickozo
u Hemeyxoeo s3vikos), KZ Times New Roman (01151 Kazaxckozo sA3vika).

CTpyKTypa Hay4HOW CTaThW BKJIFOYACT Ha3BaHHME, AHHOTAIMH, KIIFOUEBBIC CIIOBA,
OCHOBHBIC TOJIOKEHHUSI, BBEJICHHE, MaTCPHAIbI U METObI, PE3yJbTaThl U 00CYKICHHE,
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3aKJIIOUEHUE, BBIBOBI, HHPOpPMAINIO 0 (UHAHCUPOBAHUU (IIPU HAJIMYUU), CIIHCOK
JIATEPaTypbl (MCTIONB3YEMBIX HICTOUHHUKOB) K KXKII0M CTaThe, BKIIF0Uasi POMaHU3UPOBAHHBIH
(TpaHCIUTEPUPOBAHHBIN JTATUHCKUM aj(aBUTOM) BapHaHT HANMCAHUS MCTOYHUKOB HA
KUPUJUTHLE (HA Ka3aXCKOM U pyccKoM si3bIkax) cM. [ OCT 7.79-2000 (MCO 9-95) Ilpasuna
MPAnCIUmepayuy KUpUII08CK020 NUCbMA JIAMUHCKUM ANPaABUMOM.

Cratbs 107KHA COAEpIKaTh:

1 MPHTMH (MexrocynapCTBEHHBIH pyOpHUKAaTOp HaAyYHON TEXHHYECKOU
uH(popMaImn);

2 DOI — nociie MPHTHU B BepxHEM npaBoM yrity (IIPHCBAaMBAETCS U 3aMOJIHSETCS
penakuueit xKypHaia);

3  ®@amuiusi, UMs, 0T4eCTBO (TIOTHOCTHIO) aBTOPA (-OB) — HA Ka3aXCKOM, PYCCKOM
Y QHTJIMHACKOM SI3BIKAX (HCUPHBIM UPUDMOM, NO YeHmpy),

4 'Y4eHasi cTeneHb, y4eHOe 3BaHHeE;

5 Addnamanus (haxynbTeT WM HHOE CTPYKTYpPHOE NOAPA3/IeIeHHE, OpraHn3aus
(MecTo paboThI (YueOsl)), FOpO, MOYTOBBINA MHIEKC, CTPaHa) — Ha Ka3aXCKOM, PyCCKOM U
AHTJIMHCKOM SI3BIKaX;

6 E-mail;

7 Ha3paHme cTATBHU JI0JDKHO OTPAXKaTh COJICPYKAHNE CTATb, TEMATUKY U PE3yJIbTaThl
NPOBEICHHOTO HAYYHOTO HCClieIoBaHMsA. B Ha3zBaHue craTbu HEOOXOAUMO BIIOXKHTH
UH()OPMATUBHOCTB, IPUBJIEKATEIBHOCTD U YHUKAIILHOCTD (He bosiee 12 cnos, nponucHvimu
OYK6aAMU, IHCUPHBIM WUPUDMOM, NO YEHMPY, HA MPexX A3bIKAX: PYCCKUU, KA3aXCKUI,
aHenuticKutl 1ubo Hemeykuil),

8 AHHOTaUUs — KpaTKas XapaKTepUCTHKA HA3HAUYEHNS, COJCPKaHusl, BUa, POpMbI
U JpYruX 0coOEHHOCTEN cTaThH. JloikHA OTpakaTh OCHOBHBIE M IIEHHBIE, [0 MHEHHUIO
aBTOpa, ITaIbl, 00BEKTHI, MX MPU3HAKU U BBIBOIBI IPOBEICHHOTO HccienoBanus. Jlaercs
Ha Ka3aXxCKOM, PyCCKOM U aHIJIMMCKOM JIMOO HEMEIIKOM SI3bIKaX (pexomeHOyemblil 00bem
annomayuu — ve metee 150, ne 6onee 300 cnos, Kypcus, HeHCUPHBLIM WUPUDMOM, Ke2lb —
12 nynkmos, absaymwiii omcmyn ciesa u cnpasa 1 cm, cm. oopazeuy);

9 KuroueBble ¢J10Ba — HAOOP CIIOB, OTPAXKAIOIIUX COJEPYKAHUE TEKCTa B TEPMHHAX
00BEeKTa, HAYYHOH OTPACIN U METO/IOB UCCIIEAOBAHUS (0OPMAAIOMCI HA MPeX A3bIKAX:
PYCCKUl, KA3AXCKUU, aHTUNICKULL TUO0 HemeyKull, ke2nb — 12 nyHkmos, Kypcus, omcmyn
cnesa-cnpasa — 1 cm.). PekoMeHryeMoe KOJIMYECTBO KITFOUEBBIX CIIOB — 5-8, KOJIMYECTBO
CJIOB BHYTPH KJIF0UeBOM (hpasel — He Oosee 3. 3agatorcs B MOPAIKE UX 3HAYMMOCTH, T.€.
caMoe BayKHOE KITIOYEBOE CJIOBO CTAaThU JIOJKHO OBITh IMIEPBBIM B CITUCKE (CM. 0Opaszely);

10 OCHOBHO¥ TEKCT CTATHH U3J1aracTcsl B ONPEAEIICHHON MI0CIIEA0BATEILHOCTH ET0
yacTel, BKIIOYAET B ceOs:

- Beenenne / Kipicne / Introduction (a63ay 1 cm no nesomy kparo, scuprvimu 6ykeamu,
keanb — 14 nynkmog). OG0CHOBaHHE BHIOOPA TEMBI; AKTYAJIBHOCTh TEMBI HITH MPOOJIEMBI.
AKTyaJIbHOCTb TEMBI OTIPEAEIISAETCS OOIMM HHTEPECOM K H3yUEHHOCTH IaHHOTO OOBEKTa,
HO OTCYTCTBHEM HCUEPITBIBAIOIINX OTBETOB HA MMEIOIIMECS BOIIPOCHI, OHA JJOKa3bIBACTCS
TEOPETUYECKOMN UM NIPAKTUYECKOM 3HAYMMOCTBIO TEMBI.
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- Martepuassl 1 MeTOABI (ab3ay I cvm no iesomy Kparo, HCupHuimu Oykeamu, keeib — 14
NYHKMOo8). JJOIKHBI COCTOSTH U3 ONMCAHUS MaTEPUAIOB U X0J1a pabOThI, @ TAKXKE ITOJTHOTO
OITMCAHHUS UCTIONb30BAHHBIX METO/IOB.

- Pe3yabTatsl M o0cy:kaAeHue (ab3ay 1 cm no 1esomy Kparo, HcupHvimu OyKeamu,
Keanb — 14 nynkmos). IIpuBoIUTCS aHATIM3 U 00CYKICHUE MTOTyYSHHBIX BAMU PE3YJIHTaTOB
uccieioBanus. [IpHBOISTCS BEIBOBI 11O MOTYYEHHBIM B XOZI€ HCCIIEIOBAHUS PE3yIbTaTaM,
PaCKpBIBACTCSI OCHOBHAS CyTh. M 3TO OJMH M3 caMbIX Ba)KHBIX Pa3ZeioB cTaTbi. B HeM
HE00XO0/IMMO IIPOBECTH aHATU3 Pe3yJIbTaTOB CBOEH paOOThI M 00CY X IEHUE COOTBETCTBYIOIIMX
Pe3yJIbTaTOB B CPAaBHEHHH C MPEIBLIYIIIMMH paboTaMu, aHATN3aMH U BBIBOJIAMH.

- Andopmanmio o puHaAHCHPOBAHUY (npu Hanuyuu) (ab3ay 1 cm no aesomy Kpaio,
JHCUPHBIMU OYK8aAMU, Ke2llb — 14 nyHKmos).

- BoiBoabl / KopwiTeiaabl / Conclusion (a63ay 1 cm no nesomy kpaio, sHcupHuimu
oykeamu, keeib — 14 nynkmos).

Br1B0161 — 000011IEHIE 1 [TO/IBEICHHUE UTOTOB paOOTHI Ha JAHHOM 3Tarle; OATBEPIKIICHHE
UCTHHHOCTH BBIJJBUTa€MOTO YTBEPKICHUSI, BHICKa3aHHOT'O aBTOPOM, 1 3aKJII0YEHHE aBTOpa
00 N3MEHEHNN HAYYHOT'0 3HAHHS C yYETOM MOTYyYEHHBIX PE3YyJIbTaTOB. BBIBOIBI HE JOKHBI
OBITh aOCTPaKTHBIMHU, OHU JOJDKHBI OBITh MCIOJB30BAHBI Il OOOOICHUS Pe3yIbTaTOB
UCCIIeIOBaHUS B TOM WJIM MHOM Hay4yHOH 00JacTH, C ONMHMCAHHEM MPEIIOKEHUN WU
BO3MOXHOCTEH JabHenIIeil paboThl.

- Cnucok Mcnob30BaHHBIX McTOYHNKOB / [laiinananran nepexrtep Tisimi /
References (orcupnvimu 6ykeamu, keenv — 14 nynkmos, 8 yenmpe) BKIIIOYAET B CEOsL:

CraThsl U CHUCOK HCIIOJIB30BAHHBIX MCTOUYHUKOB JIOJDKHBI OBITH O(OpPMIICHBI B
cootBerctBH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cm. obpasey,).

OuyepelHOCTh UCTOYHUKOB ONpeaeNseTcs CIeAyIOmUM 00pa3oM: cHavala
HOCTIeJOBAaTEIbHbIE CCHUTKH, T.€. ICTOUHUKU Ha KOTOPBIE BBI CChIIIAETECH IT0 0UEPETHOCTH
B CaMoOil cTaThe. 3aTeM JIOTOIHHUTEIbHBIE UCTOYHUKHM, Ha KOTOPHIX HET CCBHUIOK, T.C.
UCTOYHHUKH, KOTOPBIE HE MMEI MECTO B CTaThe, HO PEKOMEH/I0BaHbI BAMH YHMTATEISIM
JUTS1 O3HAKOMJICHUS, KaK CMEXKHBIE pabOTBhI, IPOBOIMMBIE MapauienbHo. O0beM He MeHee
10 ne 6onee yem 20 HaMMEHOBAHUH (CCHUIKM U NPUMEYAHHS B CTaThe 0003HAYAIOTCS
CKBO3HOUM HyMepaluel M 3aKII0YaroTcs B KBaJpaTHBIE CKOOKH). B ciiyuae Hamuuws B
CITHCKE HCTIONIb30BaHHBIX HICTOYHHKOB padoT, PE/ICTaBICHHBIX Ha KUPUILTHLIE, HEOOXOAUMO
NPEJICTaBUTh CIIHCOK JIMTEPATYphl B JBYX BapHaHTaX: MEPBbIi — B OpUTHUHAJIE, BTOPOM
— POMaHU3UPOBAHHBIN (TpaHCIUTEpALUs JJATUHCKUM al(haBUTOM) BapUaHT HAIUCAHHS
MCTOYHHMKOB Ha KUPWJUTHILIE (Ha Ka3aXCKOM M PyCcCKoM si3bikax) cv. [ OCT 7.79-2000 (MCO
9-95) IIpasuna mpanciumepayuu KUpUIo8CKO20 NUCLMA TAMUHCKUM Al agUMOM.

PoMaHu3MpOBaHHBII CITUCOK JINTEPATYPHI JOJHKEH BBITTIACTH CACAYIONIM 00pa3oM:

aBTOp(-bl) (TpaHCIUTEPALIMS) — Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapUaHTE
— [mepeBo/1 Ha3BaHUS CTAaThH HA aHTJIMMCKUIA SI3bIK B KBA/IPaTHBIX CKOOKaX | — Ha3BaHUE
Ka3aXO0s3bIYHOT0 JINOO PYCCKOA3BIYHOTO UCTOYHUKA (TPaHCIUTEPALHs, TUO0 aHTTTHHCKOE
Ha3BaHME — €CJIU €CTh) — BBIXO/IHBIEC JaHHbIE ¢ 0003HAUCHUSIMHU HA aHTJIUICKOM SI3bIKE.

11 AnmocTpanun, nepevyeHb PUCYHKOB U IOJPUCYHOYHBIE HAANMCU K HUM
NPE/ICTABISAIOT 10 TEKCTY CTaThU. B 3JeKTPOHHOM BepCUU PUCYHKH M WIUTIOCTPALUU
npencrasisitorcs B popmare TIF unu JPG ¢ pasperennem He menee 300 dpi.
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12 MartemaTudeckue (popmy.ibl 100KHBI ObITH HAOpaHb! B Microsoft Equation Editor
(kaxxnast popmyiia — OUH OOBEKT).

Ha oresbHOM cTpanuue (ocje craTbu)
B 3/1eKTpOHHOM BapuaHTe NMPUBOAATCH NMOJIHbIE IOYTOBbIE a/ipeca, HOMepa
cJ1yke0HOI0 U IoMalHero Tejaed)oHoB. e-mail (Homep TesiehoHA 1151 CBA3U
pPeJaKIMY ¢ ABTOPAMM, He MYOJMKYIOTCS);

CeBeenus 00 aBTopax

Ha ka3axckoM si3bIke Ha pycckom si3bike Ha anrymiickoMm si3bIke
Damuiist Umst OtuecTBO (MMOJTHOCTHIO)
JIOIKHOCTD, Y4€Has CTEIeHb, 3BaHUE
Opranusanus
T'opon
Nupexc
Crpana
E-mail
Tenedon
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HNndopmauns 1151 aBTOPOB

Penakums He 3aHMMAETCS JIUTEPATYPHOI U CTHIIMCTHYECKOH 00pa00TKOM CTATHH.

Ecnu crathst OTKIOHEHA aHTUIUIArMAaTOM WM PELEH3EHTOM CTaThs BO3BPAIAETCS
aBTOpY Ha J0pabOTKy. ABTOp MOKET MTOBTOPHO OTIPABUTH CTaThIO HA AHTHUILIArUaT WK
peuen3en3upoBanue 1 pas. 3a conepikaHue CTaTbu HECET OTBETCTBEHHOCTH ABTOP.

Cratbu, 0OpMJICHHBIC ¢ HADYIICHHEM TPeOOBaHMM, K NYOJUKALMH HE
NPUHUMAIOTCS ¥ BO3BPAIAIOTCSH ABTOPaM.

JlaToil mocTymIeHHs CTaTbU CUUTAETCS IaTa MOTYYESHUs peIaKIMEN €€ OKOHYATEITbHOTO
BapUaHTa.

Cratbu my0IMKYIOTCS [0 MEepe NOCTYTICHHUSI.

Iepuoan4HOCTH U3IAHMS )KYPHAJIOB — YeThIPe pPa3a B rojl (e;keKBapTAJIbHO)

Cpoku nojauu CTaThu:

- iepBbIi kBapTai 110 10 deppais;

- BTopo# kBaptai 110 10 mas;

- Tpetuid kBapTai a0 10 aBrycra;

- 4YeTBepThI KBapTai 70 10 HOSOpsI.

CraTbu OTHPABJISITH BMECTe ¢ KBUTaHIUeH 00 omiaTte. CTOMMOCTHITY OJTMKAIAN
B KypHase 3a crpanuiyy 1000 (omHa ThICsS4a) TEHTe, BKIIOYAs CTAaTbU MaruCTPaHTOB U
JOKTOPAHTOB B COABTOPCTBE C JIUL[AMU C YYEHOU CTEEHBIO.

CraTb10 (3J1eKTPOHHYIO BEPCHIO, H KBUTAHIMU 00 O1J1aTe) cJiedyeT HANPaBJIATh
Ha noyurty: nitk.tou.edu.kz. /I nonayu cratbu HA MyOJMKALMIO HEOOXOIMMO IPOHTH
perucTpanuio Ha caire.

140008, Pecnny6smnka Kazaxcran, r. IlaBionap, yi. Jlomosa, 64,
HAO «TopaiirblpoB YHUBEPCUTETY,

MznarenscrBo «Toraighyrov University», kao. 137.

Ten. 8 (7182) 67-36-69, (BHyTp. 1147).

E-mail: nitk.tou.edu.kz.

Hamm pekBU3UTHI:
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HAO «TopaiirblpoB YHUBEPCUTET» HAO «TopaiirblpoB YHUBEPCHTET» Hpunoxenne kaspi.kz Irarexu —

PHH 451800030073 PHH 451800030073 Obpasopanne —Onnara sa BY3e —

BUH 990140004654 BUH 990140004654 3anomnsere see rpadui (8 rpagpe Parynprer
yKkaxure «3a nyO0iIuKauMi0 B HAYYHOM

AO «Jysan Bank» AO «Hapopanslii bank Ka3axcrana» KYPHAIC, HASBAHHE KyPHATA H CCPHHY)

WK KZ57998FTB00 00003310 NHK KZ156010241000003308

BUK TSESKZK A BMK HSBKKZKX

Koe 16 Koée 16

Kon 16 Kon 16

KHIT 861 KHIT 861
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C. K. Aumukeesa
TopaiireipoB yauBepcuteT, Pecrryonuka Kazaxcran, r. [laBmomap

TEOPETUYECKASI MOAEJIb ®OPMUPOBAHUS KOMITETEHLNA
COLNAJIbHBbIX PABOTHUKOB YEPE3 KYPCbI NOBbILLIEHWUA
KBAJINOUKALUNN

B Oannout cmamve npedcmasnena meopemuveckas mooenb HOpMUpPoBaHus
JUYHOCMHBIX U NPOPECCUOHATLHBIX KOMNEMEHYUL COYUATbHBIX PAOOMHUKOG Yepes
KYPCbl NOBbIUUEHUS K8ATUDUKAYUU, KOMOPAsi pa3pabomana 6 pamxax 0OKmMopcKou
ouccepmayuu « Dopmuposanue TUUHOCMHBIX U NPOPECCUOHATLHBIX KOMNEeMeHYUl
COYUANBHBIX PAOOMHUKOS Hepe3 Kypcbl Noeblulenusi Keanugurxayuuy. B cmamve
npueoodsmcs.  nedazosuyeckue  ACnekmvl  Camo20 Npoyecca  MOOeIUpO8aHusl,
nepeyucienvl  omanvl  nedazozuieckozo  mooenuposanus.  IIpedcmagnenvi
MEMOOON02UHECKUL, NPOYECCYATbHBII (MEXHOI02UYEeCKUT) U UHCIPYMEHMANbHbLI
VPOGHU — MOOenu, ee yelb, MOHUMOPUHZ  CHOPMUPOBAHHOCTIU — UCKOMBIX
KoMnemenyuil, a maxoice pe3yiomam. B moodenru nokasanvl KomnemeHmHocmuwiil,
JIUYHOCMHO-OPUESHMUPOBAHNBIN U NPAKMUKO-OPUEHMUPOBAHHbII NedazocuiecKue
n00X00bl, 3AKOHOMEPHOCHMU, NPUHYUNBL, VCI08US QOPMUPOSAHUS GbIOPAHHBIX
KOMNnemenyutl, OnUCAHbl dMANbl Peanu3ayuu npoyecca GopmMuposanus, ypoeHu
chopmuposanHocmu IUYHOCIMHBIX U NPOPECCUOHATBHBIX KoMnemenyull. B pazoene
NPAKMUYECKol NoO2OMOBKU NPeddeaemcs. UHMepaKmusHas paboma 6 cucmeme
cryuiamenb-npenooasamenb-epynna, noopasymMesaiouds IUHHoe yuacmue Kaxicoo2o
CHeyuanucma, a makdice OMKpvlmue nepeo2o 6 Haueli cmpamne Pecnybnuxanckozo
o0bwecmeenno2o  0bwvedunenus «Hayuonanrbnvlli  anvsiHc  npogheccuoHanrbHbIX
coyuanvublx  pabomuuxos». Jannas mooenvb noopasymesaem noo  coboul
oanvHeliuee COBEPUIEHCMBOBAHUE U CAMOCMOSIMENbHOE DA3GUMUE TUYHOCHIHBIX
U NpopecCUOHANbHBIX KOMREMEHYU COYUATbHLIX PADOMHUK08. Dmo no380isem
y8udems 8 MOOenU IPHEeKMUSHOCMb pedru3ayuu Kypcos nosblueHUs Keatugurayuu,
Ghopmol, MemoObl u cpedcmsea pabomoi.

Kniouesvie cnosa: meopemuueckas mooenb, KOMHEMEHYUY, HNOBbIUEHUE
Keanuguxayuu, coyuanbivie pabomHuKuy.

BBenenue
CormmanbsHast paboTa — 0OTHOCHUTEIIEHO HOBAsI JTs Hatlel cTpanbl mpodeccust. [Toatomy
00yueHre COIMAIbHBIX PAOOTHUKOB Ha COBPEMEHHOW CTAJIMHM HE XapaKTepU3yeTCs
HaJIMYMEeM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
HaxXOJIUIU Obl BEIPAKCHHE B (POPMYITHPOBKE MEJArOTHICCKUX 1IEIeH, B COJIepKaHUH,
TEXHOJIOTHSIX YYeOHOTO mporiecca.
Ipooonicenue mekcma nyoauKyemo20 mamepuand
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MaTepua.m,l " ME€TOoAbI

Teopernueckuil aHaau3 HAYYHOUW IMCUXOJIOTO-IIEIarOrnyeCKOrd U ClelHaIbHON
JUTEpaTyphl O IpobiieMe HCCe0BaHNs; aHAJIN3 3aKOHOAATEIbHBIX U HOPMATHUBHBIX
JOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX O0BEJUHEHUN; aHAIU3 COAEP KaHUS
IporpaMM KypCOB IMOBBIIIEHUS KBadU(UKALUU COLMAIbHBIX paOOTHUKOB;
MOJIEJIMPOBAHUE; aHAINU3 U 00001eHNE EAArOTUYECKOTO OIbITA; OMPOCHBIE METO/IbI
(6ecena, aHKeTUpOBaHUE, UHTEPBBIOUPOBAHKE); HAOIIOIEHUE; aHAJIU3 MPOIYKTOB
JeSTEIIbHOCTH CHEIHAIMCTOB; HKCIIEPUMEHT, METO/Abl MaTEMAaTUUYECKONH CTaTUCTHUKU
1o 00paboTKe IKCIEPUMEHTAIBHBIX JTAHHBIX.

IIpodonsicenue mexcma nybauKyemo2o mamepuana
Pe3y.]'leaT])I H 06cy>lc21e}me
UT00B! MOHATH OOBEKTUBHBIC 3aKOHOMEPHOCTH, JIE)KAIlUEe B OCHOBE Ipollecca

GbOopMUPOBAHUSA U PA3BUTHUSA JTUIHOCTHBIX M MPO(ECCUOHATBHBIX KOMIETEHIUN
COIIMAJIbHBIX PA0OTHUKOB Y€pe3 KypChl MOBBIMICHHUS KBAIU(PUKAIIUN, HEOOXOIUMO
YETKO MPEICTABIATH ce0€ X MOJIETb.

IIpodonsicenue mexcma nybauKyemo2o mamepuana

BoiBoabI

Takum oOpa3oM, Ha OCHOBAHMHM BBIIIEU3IOKEHHOTO MOXHO CJEJIaTh BBIBOJ O
TOM, YTO TEOpPETHUYECKast MO/I€Tb (POPMUPOBAHHUS JTMUYHOCTHBIX U MPOPECCUOHATBHBIX
KOMIIETEHIIUN COLMAIbHBIX PAaOOTHUKOB Uepe3 KypChl NOBBIILIEHUS KBaTU(UKALIUU
COAEPIKUT TPU YPOBHS €€ pealu3aruu.

IIpooondcenue mexcma nyoauKyemo20 mamepuana
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C. K. AHTHKeEeBa
TopaiirsipoB yHuBepcuteT, Kazakcran Pecriyonukacel, [1aBnonap K.

BLIIKTLTIKTI APTTBIPY KYPCTAPBI APKBLIBI OJIEYMETTIK
KBbI3BMETKEPJIEPAIH KY3IPETTIIIKTEPIH KAJIBIIITACTBIPY JIBIH
TEOPUSLIILIK MOJIEJI

byn makanaoa «Oneymemmix KbizmemrepaepOiy OLIKmMiniein  apmmuolpy
Kypcmapul apKblibl Mylediblk JHCOHEe KOCIOU Ky3ipemmiiikmepin Kaibinmacmoipy»
00KMOpIbIK, — ouccepmayust  wenbepinde o3ipieHeen  OLIKmIinlikmi  apmmolpy
KYpCmapvl  apKblibl  oleyMemmiK Kbi3MemKepaepoiy Mmyasanvlk JicoHe Kociou
KY3vlpemminiein Kaielnmacmulpyovly meopusnvly, mooeni ycvinviiean. Maxarada
MoOenboey npoyeciniy neda2ocuKanblk ACneKminepi, nedazocsukaiblk Mo0eib0eyoiy
Kezeyoepi keamipineeH. MooenvOiy 90iCHaMAIbIK, NPOYECCyanloblk (MEXHOI0SUTbIK)
JHCOHe  acnanmoelk OeHeellepi, OHblH MaKcamvl, Kaxcemmi Ky3vipemmepoin

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.
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THEORETICAL MODEL OF FORMATION COMPETENCIES OF
SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

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
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ITy0nukanuoHHas ITHKA HAYYHBIX )KYPHAJIOB
«BecTtHuk TopaiirbIpoB yHUBEpPCUTETAY,
«KpaeBenenne», «Hayka u Trexuuka Kazaxcrana»

PenaknnonHas kosurerus XKypHalloB «BecTHuK ToOpalrslpoB YHUBEPCUTET»,
«Kpaesenenue» u «Hayka u Texauka Kazaxcrana» B cBoelt paboTe mpuaepKuBacTcs
MEXIYHApPOJHBIX CTaHIAPTOB IO 3THUKE HAaYUYHBIX MyOJMKAIMH U YyUYUTHIBAET
UH(QOPMALMOHHBIE CAITHI BETyINX MEKIYHAPOIHBIX JKypPHAIIOB.

Penaknunonnas koyierus )KypHaia, a TaKKe JIMLA, yYaCTBYIOIIHUE B U3aTEILCKOM
IpOIIeCcCe B LIEIISIX 00ECTICUeHHsI BRICOKOTO Ka4eCTBA HAYYHBIX ITyOJIMKAIINiA, BO M30eKaHNe
HE0OPOCOBECTHON NMPAKTHKHU B IyOJMKAIMOHHON JIEATEIHHOCTH (MCIIOIh30BaHHUE
HEJIOCTOBEPHBIX CBEJIEHUN, U3rOTOBJICHUE JAHHBIX, IJaruaTr u Jp.), o0ecrneueHus
OOIIECTBEHHOTO MPU3HAHMS HAayYHBIX JTOCTM)KEHUH 00s3aHBI COONIOATh ITUYECKUE
HOPMBI U CTAHAAPTBHI, IPUHSITHIE MEKTyHAPOIHBIM COOOIIIECTBOM U IPEIIPUHUMATD BCE
pa3yMHbIE€ MEpBI IS IPEJOTBPAILECHUS TAKUX HAPYILLIEHUIA.

PenakirionHas Kouierust HU B KOEM CIIydae He OOLIPSET HEIIPaBOMEPHOE IIOBEJICHHE
(TTaruaT, MaHUIY AL, (haTbCH(UKAINS) M IPUIIOKUT BCE CHITBI [T IPEIOTBPALLICHUS
HACTYIUIEHUS MOJOOHBIX ciay4aeB. B ciydae, ecnu peaakiMOHHOW KOJUIETMM CTAHET
U3BECTHO O JIFOOBIX HEMPaBOMEPHBIX JEHCTBHUAX B OTHOIICHHH OITyOJIMKOBAaHHOW CTAThU
B JKypHaJI€ WIH B CJIy4ae OTPULIATEIBHOIO PE3yJIbTaTa SKCIIEPTU3bI PEAKOIUIETUH CTaThs
OTKJIOHSIETCSI OT Iy OJIMKALUK.

PenakunoHHasi KOJUIETHsI HE JOJDKHA PAacKpbIBaTh MH(OpPMAIMIO O MPHUHITHIX
K OIyOJIMKOBAHHMIO PYKOIHCEH TPETHUM JIUIAM, HE SBIISIOIMIMMCS PEIECH3EHTaMH,
HNOTEHIMAJIbHBIMU PELIEH3EHTaMH, WIEHaMU PEJAaKLMOHHON KOJUIETHH, paOOTHUKaMU
tunorpaduu. HeormyOmukoBaHHbIe TaHHBIE, TIOyUYEHHbIE U3 PYKONHUCEW, HE JIOJDKHBI
UCTIONIb30BaThCS B JIMYHBIX HCCIIEIOBATENLCKHUX HENsX 0e3 MMCHbMEHHOTO Pa3peuieHus
aBTopa.

OTBeTCTBEHHOCTH IKCIEPTOB (pPeleH3eHTOB)

PeneH3eHTHl MOJKHBI AaBaTh OOBEKTHBHBIE CYXJEHHUS M yKa3blBaTh Ha
COOTBETCTBYIOLINE ONMyOIMKOBaHHBIE PabOTHI, KOTOpPHIE emie He MUTUpYrTcsa. K
peleH3HpYyEMBIM CTaThsIM clieyeT oOpamarbcsi KoH(HuIeHnInansHo. Pernen3eHTs
OyIyT BEIOpaHBI TAKMM 00pa30M, YTOOBI HE OBLII0 KOH(DIMKTA MHTEPECOB B OTHOIIICHUH
UCCIIEIOBAaHMS, aBTOPOB U / WJIM CIIOHCOPOB MCCIICOBAHMS.

OTBeTCTBEHHOCTH ABTOPOB

OTBETCTBEHHOCTB 3a COZIepKaHue pabOThHI HECET aBTOP. ABTOPHI 00s13aHBI BHOCUTD
UCIIPABJICHUS, IOSICHEHUS, OIIPOBEP)KEHUS U U3BUHEHUS, €CJIN TaKUE UMEIOTCSI.

ABTOp HE JTOJIKEH MPENCTABIATh CTAThIO, UIEHTUYHYIO paHEE OIyOJIMKOBAaHHOM
B IpyroM XypHasie.B 4acTHOCTH, HE MPUHUMAIOTCS NIEPEBOJIbI HA aHVIMHCKUM 1100
HEMEIKUH S3bIK CTaTe|, y’Ke OIyOJMKOBAaHHBIX Ha IPYTOM SI3BIKE.

B citydae oOHapyskeHHs B pYKOIIMCH CTaThU CYIIECTBEHHBIX OIIMOOK aBTOP JOJKEH
COOOIIUTH 00 ITOM PeaKTOPy pasziesia 40 MOMEHTA MOJIITUCH B TIeUaTh OPUTMHAI-MaKeTa

188

HOMeEpa XypHasa. B NpoTHBHOM ciyuyae aBTOp JIOJIKEH 3a CBOM CUET MCIIPAaBUTH BCE
KPUTHYECKHE 3aMEUaHUsl.

Hampasiisis cTaThlo B )KypHal, aBTOp OCO3HAET YKa3aHHYIO CTENIEHb IIEPCOHAILHON
OTBETCTBEHHOCTH, YTO OTPA)KAETCs B NMUCbMEHHOM OOpAIllEeHUU B PEIAKLHOHHYIO
kosuteruto JKypHana.
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