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IKCIIEPUMEHTAJIBHAS OHEHKA 3ABUCUMOCTHU KAYECTBA
JAOPOKHbBIX OJEK/ OT YIINIOTHEHUSA
NX KAPBEPHBIMHU ABTOCAMOCBAJIAMH

Apedres C.A.

VYpanbckuii rocy1apcTBEHHBIH TOpHBIN yHUBepcuTeT, EkatepunOypr, Poccns

Auuomauuﬂ. B craTtee MMpUBEICHA TCXHOJOIUA YIUIOTHCHHS CJIOCB JOPOKHBIX OACK HA Kapbepax, MO3BOJIAIOMIAA

CYLICCTBCHHO IMOBBICUTH UX DKCIUTYATAllMOHHBIC CBOICTBA.

OmnmcaH ONBIT CTPOUTENHCTBA KaphepHBIX aBTONOpOr Ha Kapbepe OAO «VYpamacOecT» M pe3ysbTaThl BHEIPEHHS

MPEIJIOKEHHON TEXHOIOTUU.

BrImonHeHa olieHKa TPaHCTIOPTHO-IKCILTYaTallMOHHBIX CBOMCTB JIOPOYKHOTO MOKPBITHS Ha OMBITHOM y4YacTKe, MOCTpPO-
€HHOM C HCIOJb30BaHUEM TEXHOJIOTHHU YIJIOTHEHUS JOPOXKHBIX OJIEXK]T KaphEPHBIMHU aBTOCAMOCBATIaMH, UMEIOIIUMHUCS Ha
TOPHOM MPEANPUATHH, O€3 OTBJICUYCHHS HX OT PabOTHI, CBSI3aHHOM C TPAHCIIOPTHPOBAHUEM T'OPHOW MaCChI

YcTaHOBIIEHB! 3aKOHOMEPHOCTH, TO3BOJIIONINE OMPEIEIIATh KOJIMIECTBO POXOJOB aBTOCAMOCBAJIOB, HEOOXOINMOE
JUTSL TOCTYOYKEHUsSI TPeOYEMOH CTETeHH YIUTOTHEHHUS CJIOEB IOPOIKHOTO MOKPBITHS.

[IpenyosxeHHasT TEXHOJOTHS YIUIOTHEHHS M MOTYYEHHBIE 3aBHCUMOCTH MOTYT HCIIONB30BATHCS HA TOPHBIX MPEIPHS-
THSIX, SKCIDTYaTHPYIOMINX TEXHOJIOTMIESCKIE aBTOCAMOCBAEI, C IIENIBI0 OBBIIICHHS TEXHUKO-3KOHOMUYECKHX MTOKa3aTeei

PaboThI KapbepHOTO TPAHCIIOPTA.

Knroueevie cnoea: aBTOA0POra, Kapbep, YINIOTHECHUEC CIIOCB Z[OpO)KHOﬁ OACXKbI, TCXHOJIOTUA CTPOUTCIILCTBA aBTOA0-

pOr, KapbepHbIE aBTOCAMOCBAJIBI.

BBenenne

C 11eM1p10 TTOBHITIICHHS KaueCcTBa W DKCIUTyaTaIln-
OHHBIX CBOMCTB JIOPOXHBIX OJEXKJ Ha Kapbepax lie-
J1eCO00pa3HO MPUMEHATHh YIUIOTHEHHWE COCTaBIISIO-
mux ux cinoeB [1-6]. Ilpu yImIoTHEHHH MOTyYaroT
Oojee TPOYHYHD M TUIOTHYIO CTPYKTYpYy TpPYHTa,
CIIOCOOHYIO B JajbHEHIIIEM MPOTHBOCTOSTH BHEII-
HUM BO3JECUCTBUAM. HeymioTHeHHas AOpoXkKHas
onexma OBICTPO TepsieT CBOM MPOYHOCTHBIE CBOW-
cTBa, AedopMHUpyeTCs C 0Opa3oBaHHEM HEPOBHO-
CTell W KoJeHHOCTeH, TpeOyeT 4YacTOi MOJACHIKU
mieOHsl 711 BIpAaBHUBAHUS paboOyveil MOBEPXHOCTH,
3HAUUTENBHBIX 3aTpaT Ha COJEpKaHKue aBTOJ0por. B
CBSI3W C BO3pacTaHUEM IIOJHOM MacChl aBTOCaMO-
CBaJIOB HArpy3ka Ha JOPOKHYIO KOHCTPYKITHIO ITI0-
CTOSIHHO YBEJIMYMBAETCS, W BO3pACTaeT 3HAUYCHUE
YIUIOTHEHUSI KaK OAHOM W3 BaXKHEHIIMX ONepaluid
TIPU COOPYKEHUU JTOPOKHOU OHCIKIIBI.

B To ke BpeMs Ha OOJILIIIMHCTBE COBPEMEHHBIX
KapbepoB MPU CTPOUTEIHCTBE IOPOT HE MpeayCcMat-
puBaeTCsS TIPOBEICHHE CHEIUANBHBIX padoT TI0
VIUIOTHEHUIO JTOPOKHOW OACKIBI. A Tam, TJI€ OHO
MIPOBOJIUTCS, U1l BBIIOJHEHUSI €r0 HCIOJb3YEeTCs
JIOTIOJTHUTENIBHOE JIOPOTOCTOsIee 000pyIOBaHHE —
TPYHTOBBIC W ITHEBMOKOJIECHBIC KaTku. [Ipu sToM
NBIDKEHWE Ha YIUIOTHAEMBIX y4YacTKaX aBTOJOPOT

MEPEeKPBIBACTCS, U OHU HA JUIMTEJIbHBIN NEPHOJ HC-
KJIFOYaroTcs u3 padorsi [1, 7].

C 1enplo NOBBIIEHNS KadecTBa KapbePHBIX aB-
TOJIOPOT' M CHMIKEHHS 3aTpaT Ha MX CTPOUTEIBCTBO,
MpeUIo’KeHa TEXHOIIOTHS, KOTopasi MO3BOJISIET OCY-
HIECTBIIATh YIUIOTHEHHWE JOPOXKHBIX OJEKA C HC-
MOJIb30BaHUEM MMEIOLINXCS HA TPEANPUATHH Kapb-
EpHBIX aBTOCAMOCBAJIOB 0e3 OTBJICYEHHUSI WX OT pa-
0OTBI, CBA3aHHOH C TPAHCIOPTHPOBAHHEM TOPHOMN
Macchl U 0€3 OCYIIECTBIEHHSI JONOJHUTEIbHBIX 3a-
TpaT Ha crenualbHOe 000pyI0BaHUE.

AHau3 MOKa3bIBACT, UTO OOJBIITNE HATPY3KH HA
KOJIECO aBTOCaMOCBaJla M CYLIECTBEHHBIC pa3Mephl
aBTOIIMH OOYCIIOBIMBAIOT 3HAYUTEIHLHO YBEIUYCH-
HBIC IUIOMIAJ KOHTaKTa HMX C TOBEPXHOCTHIO
VIUIOTHSIEMOTO MaTepHaja MpH COU3MEPUMBIX IO
CPAaBHCHHIO C KAaTKaMH KOHTAKTHBIX JABJICHUSX.
OpnnoBpemenHo B 1,5-3,0 paza yBennmuuBaeTcs mpo-
JOJDKUTENBHOCTh KOHTakTa. Bee 3To oOecneunBaer
MOBBIILIEHHE B 2—3 pa3a IIyOWHBI aKTHBHOM 30HBI
YIJIOTHEHUS, MTO3BOJISIET CHU3UTh HE00X0IUMOE KO-
JIMYECTBO IIPOXOJOB IO OJHOMY MECTYy M 3HA4M-
TEJBHO TOBBICUTH MPOM3BOAMTEILHOCTh IpOIecca
ymiotHeHus. CornacHo pacyeraMm BO3ACHCTBHE
OOJIbLIETPY3HBIX aBTOMAILINH Ha TOPOKHYIO OJCKIY
WACHTUYHO ITHEBMATHYECKUM KaTKaM, M TIyOuHa
BO3eiCcTBHS MOXxeT gocturath 0,7-1,2 m [8-10].
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Ho st neificTBEHHOro M Ka4eCTBEHHOTO YIIJIOT-
HEHUS KapbepHBIMH aBTOCAMOCBaJIaMH HEOOXOINMO
coOJIoAaTh OMpeIeNeHHBI PEXUM JBIKEHUS aB-
TOMOOWIJIEH 1O YIUIOTHSIEMOMY YYacCTKy, PEXXUM H3-
MEHEHMSI 3arpy3KH aBTOCaMOCBAJIOB U PAaBHOMEPHOE
pacipenesneHue IB)KEHHMsI UX 10 IIMPUHE IIPOe3-
JKEl 4acTH aBTOJOPOTH.

Teopusi M TEXHOJIOTHYECKHE PAa3PadOTKH

TexHomoruss yIUIOTHEHUS JTOPOKHOM OJEXK]IbI
aBTOCaMOCBaJIaMH BKJIFOUAET TPU CTAAUU!

— MMOJKATKy Ha MaJIOW CKOPOCTH U C MUHUMAJIh-
HO# Harpy3Koii (yIUIOTHEHHE TIOBEPXHOCTHOTO CIIOSI
U pHIaHue eMy TpeOyeMoii IIIOTHOCTH);

— YKaTKy WIH HEMOCPEICTBEHHOE YIJIOTHEHHE
CIIOSI TOPOXKHOM onexkabl Ha riayouHy. (Tak kak
rryOnHa TpOpadOTKH  3aBUCHT OT  BEIWYHHEI
Harpy3kd M BpEMEHH €€ NpPUIOKEHHs, CKOpPOCTb
JIBUKEHHS aBTOCAaMOCBajla IO Yy4YacTKy M €ro 3a-
rpy3Ka JOJDKHBI MOBBIIIATHCS TOCTEHICHHO);

— PACKJIMHIIOBKY WMJI OKOHYATEIbHOE YIIJIOTHE-
Hue (MPOM3BOAMUTCS HA MHUHHUMAIbHOW CKOPOCTH C
MaKCHMaJIbHOU 3arpy3koil). IIpu 3TOM MPOMCXOIUT
3aBepiieHHe  (OPMHUPOBAaHUS  OKOHYATEIbHOW
CTPYKTYpBhl MaTepHajoB JOPOKHOW ONEXIbI U TO-
BEPXHOCTH MpPUIAETCd MaKCHUMallbHas POBHOCTh U
OPOYHOCTH (IIPH YIIOTHEHUH BEPXHETO CIIOS).

C 1enpro JOCTHXKEHHUS MAaKCUMaJIbHOM IUIOTHO-
CTH MaTepHajioB IOPOKHOM OAEKIBl M TOJIIIMHEI
YIUIOTHSEMOTO CJIOSl YKaThIBaThb Y4YacTOK JOJDKHBI
aBTOCAMOCBAJIbl MaKCHUMAaJIbHON TI'py30M0IHEMHO-
ctu. [lepexpbITHE MpenbIaynero Mpoxoaa MaIIHHbI
MOCEAYIOUIMM IPOXOJO0M IIPOU3BOIUTCS HA IIUPU-
HY OJHOT'O 3aIHEr0 Hapy>KHOTO KoJieca.

[Mpy aBO>KEHNMH MAILHMH TI0 YYacTKy 0e3 MCKIToue-
HUSL MX W3 TMpolecca TPAHCIOPTUPOBAHUS TOPHOM
Macchl IPOM3BOIUTCS IIOOUEPETHOE YIUIOTHEHHUE I10-
POKHSIKOBOM M Tpy30BOM TOJIOC JBM>KEHMS. BHauane
YIUIOTHAETCS MOPOXKHSKOBas nosoca. [lo Hel Ha mep-
BOW CTaAMU YIUIOTHEHUS CIEMYIOT MOPOKHHE Mallu-
HBI, a Ha 2-i 1 3-1 CTa K — TPYXEHbIE C HArpy3KOH.
Bo Bpewmsl yIUIOTHEHHSI MOPOKHSAKOBOM IIOJIOCHI IPy-
JKeHBIMH MalllMHAaMH Ha TPY30BYIO TOJIOCY HalpaBiisi-
ercsl IBIKEHUE TMOPOXHUX. 3aTpaTbl BPEMEHH B pe-
3yJIbTaTe CHIDKCHUS CKOPOCTEH [IBIDKCHHS Ha y4acTKe
YIUIOTHEHHSI U TIOTEpsl MPOU3BOAUTEIBHOCTH aBTOCA-
MOCBAJIOB HE3HAYUTENIbHBIE U 3aBUCST OT WHTEHCHUB-
HOCTH JIBUJKEHUSI 10 JAHHOMY YYacTKYy.

st anpobarmn IpeIoykeHHON TEXHOJIOTHH, C e
UCTIONB30BaHUEM OBLT TOCTPOSH OIBITHBIA YYaCTOK
KapbepHOI aBTOJOPOTH, PacHOJOKEHHBIM Ha 3amaj-
HOM OopTy meHTpanbHOro kapbepa OAO «Ypamac-
Oect» Ha cbesgie ¢ Top. +92 M Ha rop. +77 M.

OIHOBPEMEHHO C ONBITHBIM YYaCTKOM HCCIEN0-

BaHHUS BBINIOJNHAIUCh Ha KOHTPOJBHOM YYacTKe,
PAcCIIONIOKEHHOM Ha 3amajHoM OOpTy Kapbepa Ha
aBTOCHE3/IE ¢ rop. +2 M Ha rop. —13 M, Ha KOTOpOM
JOPOXKHBIE PabOTHl BBITIOTHSIIACH MO TEXHOJOTHH,
TPAaAUIMOHHO Hcnonb3yemMod B Kapbepe OAO
«YpanacOect» U He HpeAycMaTpHUBaloUIel MpoBe-
JICHHSI CTICITUAITLHBIX Pa0OT MO YIIOTHEHHIO.

[Ipoxoaka che3mga OCyHIeCTBISIIACH YKCKABATO-
pom BKI-8U. Tak kak 3KCKaBaTOp IPOIIET ChE3J C
HEBBIJICP)KAHHBIM TPOQUIEM, MPOU3BOIWINCH pa-
OOTBI IO €ro BeIpaBHUBAHUIO. [10TyIeHHBIN y4acTOK
nenuics Ha 3axatku jaiauHod 200 M M MIMpUHOM
paBHOM Y2 mmpuHbI ipoe3xei yacty. [lo oxHoi mo-
JIOBUHE 3aXBaTKH OCYIIECTBIISUIOCH IBHJKEHHE B
TPY30BOM W TOPOKHSKOBOM HAINpaBJICHWH, a Ha
BTOPOI OTCHITIAJICA M TUIAHUPOBAJICS BHIPABHUBAIO-
U CI0W M3 MEIKOPa3IpO0JICHHOM MOPO/IbI, KOTO-
Py pa3paBHHBAIM TYCEHHUYHBIM Oyibro3epom T-
25.01. 3aTem Ha TNepBOIl MOJOBWHE 3aXBaTKH Mpe-
KpalaJid JIBIXKCHUE TPAHCIOPTa, TPOU3BOAMIACH
OTCHITIKA U TUTAHUPOBKA BBIPABHHUBAIOIIETO CcJiosi. Ha
BTOPOH  TIOJIOBMHE, TIOCIE  MPEABAPUTEIHLHOTO
YBJIQKHEHUS, MPOU3BOAMIOCH YIJIOTHCHHE BhIPAaB-
HUBAIOIIETO CJIOS JBMXKYIIUMUCS aBTOMOOWISMU C
pETyIHpPOBaHNEM WX JIBUKCHHS MO CKOPOCTH M IO
IIFPUHE TTOJIOCH! ABIKEHUSI.

[lepen omepanueii ymioTHEHUs BO H30exaHUE
MPOKOJIOB U MOPE30B aBTOIIUH OTCHIMAJICS CIIOH W3
mebHs ¢pakiun +40 — +80 MM TonmuHON 5 cMm.
[MmanupoBaHue STOTO CJOS MPOU3BOIWI Tpeuzep
[13-98. Ilocne 3Toro cioi yBlIaXHsJICS MOJMBOMOEY-
Ho# MammHON benA3-540 IIM ¢ pacuerom 10 1 Bogp!
Ha 1 M. VIUIOTHEHMe BBIPABHHBAIOLIETO CIIOS TIPOH3-
BOJIMJIOCH 32 4 TIPOX0/1a TT0 OHOMY CIIEATY, M3 KOTOPBIX
2 ykaTbIBaMCh aBTocamocBanamu benA3-7555, a emnie
2 — aBrocamocBaniamut CAT 777F n benA3-75131. Tak
MMHTHPOBAIACH Pa3HAs CTEIICHbh HArPY3KH.

OTCBINIKA CIIOSI OCHOBAHHS MPOM3BOJMIACH aB-
TocamocBaiiamu benA3-7555 mo Bcell Iwromagu
Che3/la TAKUM 00pa3oM, YTO PACCTOSTHUE MEXKIY Ky-
yamu 1ieOHs ¢pakuuu +40 — +80 MM mocTerneHHo
BO3pacTano. ITo HEOOXOAUMO Ui HAWIydllIeH pa-
00THI Tpelinepa npu TuTaHupoBKe. [locnme oTchimkm
CJIOS. OCHOBAaHHSA MPOHM3BOIMWINCH PabOTHI O €ro
pa3paBHUBAHHUIO TyCEHWYHBIM Oyibmozepom JIOT-
320 u mnanupoBke rperiaepom /13-98.

VYIUIOTHEHHE €0 OCHOBaHUS MPOU3BOIHIOCH
npu aBwkeHnn MmammH benA3-75131, CAT-777F,
BenA3-7555 no ymioTHAEMOMY y4acTKy 0€3 MCKIIIO-
YeHHs UX U3 TPOoIecca TPAHCIIOPTUPOBAHMS TOPHOU
MacChl, TOOYEPEIHO MO TOPOXKHIKOBOH W TPY30BOM
nonocam. Ha 3aBepiuarorieil craauy yIsiOTHEHUs IIPo-
W3BOJIMJIACH OTCHINKA IICOHS KIMHIA (ppakuuu +5 —
+20 MM ¢ momomieio ckperiepa. [lapaurensHo c
YCTPOWCTBOM CJIOSi OCHOBAHHS BBITIOIHSUTUCH PaOOTHI
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no (GopMUpPOBAHHIO TOPOTHOTO Baia U3 APOOICHON
ropHo# Macchl Oynbao3epom J19T-320.

ITo mpuBeseHHOMY BBIIIE TPUHIMITY (GopMUpO-
Bajics CJOM MOKpBITUA. [TOKpBITHE OTCHINANOCH U3
mebns dpakmun +20 — +40 MM ¢ 3aKIMHKOH T11€0-
Hem +5 — +20 mm. TlokpbiTHE pa3paBHUBAIOCH U
VIUIOTHSUIOCh. Ha TOKpBITHE OTCHIMancs ¢ IMOMO-
IIBI0 TTecKopa3zOpaceiBaTens MeOeHb KIIMHEIl, KOTO-
pBIi 3aTE€M YIUTOTHSUICS aBTOCAMOCBATIAMHU.

Jlo u mocie CTpOUTENbCTBA OMBITHOTO YYacTKa
MPOBOJMIIACE OLICHKA ero TPaHCIIOPTHO-
IKCIUTyaTallHOHHBIX CBOWMCTB, KOTOPBHIC CpaBHHBA-
JUCh C aHAJOTMYHBIMH TTOKAa3aTeNsIMH BHIOPAHHOTO
KOHTPOJIBHOTO y4acTKa.

B kauecTBe KpUTEpPHEB CPABHEHUS OMBITHOTO H
KOHTPOJIBHOTO yYacTKOB MPHHSATA TUIOTHOCTh CIIOEB
JIOPOXKHOM OZEX/bl, KOTOpas omnpeaessiach ¢ Io-
Moteto 6amionHoro miotHomepa [16/1-KM, mpou-
HOCTBb JIOPOKHOM OJEKABI, ompenensiemMas ¢ IOMO-
HIBI0 BBICOKOTOUHOTO HUBenupa H-05, mpogonbHas
Y TIOTIEpEYHasi POBHOCTh M YKJIOHBI Ha TIOBEPXHOCTU
JOPOTH, OIpeAessieMble NpPU MOMOIIM JOPOKHON
peiiku PJIY-Konnop u musenupa SDL-50, u pabo-
TOCIIOCOOHOCTh JIOPOXKHON OJICK/IbI, OnpeesieMas
C TIOMOIIBI0 XPOHOMETPaXa.

O1eHKa TUIOTHOCTH, MMPOYHOCTH M POBHOCTH Ha
OMBITHOM YYacTKE OCYHIECTBIISUIACH 1O KaKAOMY
CIIOI0 W TIO JIOPOXHOM ojaexje B 1enoM. Ha koH-
TPOJILHOM YYacTKe Takas OIEHKa MpPOHM3BOJIMIACH
IO TOPOXKHOM OJEXKIE B LIETOM.

C nesbio ompeneseHus: KOJIM4ecTBa MpPOX0I0B,
HEOOXOAMMOTO IJIsi JOCTHKEHUSA TpedyeMoro Ko-
spduimenta ymnotaenus K, = 0,95, nposoauics
ot0op mpob mocie KaKABIX 2—3 MPOXOA0B MO OJI-
HOMY CIIeZly ¥ OCYIIECTBISJICS pacueT (akTuue-
CKOM IUIOTHOCTU. Pe3ynbTaThl pacueToB IpUBElE-
HBI B Tabnuue.

3aBucuUmoCTb NNOTHOCTH (P, T/CM3) OT KONMyecTBa
npoxoaoB no ogHomy creay (n, ed.)

CpenHsist nnoTHOCTb
Konuecreo npoxopios MO OMbITHOMY y4acTKy, r/cm3
1 1,72
2 2,04
4 2,11
6 2,21
8 2,35
10 2,41
12 2,53
15 2,55
18 2,64

[Mosry4eHHbIe 3HAYEHHUS MTO3BOJMIIA YCTAaHOBUTD
3aBHCHUMOCTh TUIOTHOCTH (p) OT KOJIMYECTBA MIPOXO-
JI0B aBTOocamocBaia (N), KoTopast IMEET BH/T

p=1,76*n%"

[TonyueHHass 3aBHCHMOCTh XapaKTepU3YeTCs
BBICOKHM 3Ha4YeHHEM KO3 (HUIIMEHTa KOPPETIIUU
R =0,977.

3aBHCUMOCTh KOX(QQHIMEHTA YIUIOTHEHHS [10-
POXKHOU OCKIBI OT KOJMYECTBA MPOXO/IOB aBTOCA-
MOCBAJIOB TIpUBEICHA Ha puUcC. 1.

W3 puUC.2 BHOHO, YTO OMNBITHBIA ywactok (1)
uMeeT Oosiee yCTOWYMBBIC MOKA3aTeIH IUIOTHOCTH,
4eM KOHTpousibHbIH (2). Benuumna koad¢unmenrta
Bapuaruu wiotHoctd 0,07 — mis onbitHOTO M 0,22 —
JUTS KOHTPOJILHOTO Y4aCTKa.

IMocre roaa sKcIUTyaTalu U3MEpPEHHS TUIOTHO-
CTH TPOBOJMIIUCH MMOBTOPHO. Pe3ynbTaThl 3THUX U3-
MepeHuil pUBEICHBI Ha PUC. 3.

Ky ‘/
K. =095 ?
0,9 — /.//V °
0.8 " s
'/

0.7 7

[ ]
0.6

0 3 6 9 12 15 18 n, e

Puc. 1. 3aBucumocTtb koadduumeHTa ynnotHeHus (Ky) OT konuyecTsa NpoxonoB no ogHoMy cneay (n, ed.)
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Puc. 2. M'pacdmk BapuaLmm nNOTHOCTH ONbITHOrO (1)
U KOHTPOMNbLHOrO (2) y4aCTKOB Ha MOMEHT CAaYM B IKCnnyaTauuto
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Puc. 3. I'pachmk Bapuaumm NNOTHOCTM ONbITHOTO (1) M KOHTPONBHOTO (2) y4acTKOB NOCIeE rofa aKcnnyarauumn

[IpoyHOCTH AOPOKHOM OJIEK/IBI OIIEHUBAJIACH MO
BEJIMYMHE yNPYro aedopManuu moj 3aJHUM KoJje-
coMm rpyxeHoro aBromoomist benA3-75131. B kax-
JIOH Touke (MecTe) MPOM3BOIMINCH HE MEHEE JBYX-
TpeX MOBTOPHBIX Hae3Z0B W u3MepeHuid. Ecnu pac-
XOXIEHUS MEXIYy BEIMYMHAMM OCaJOK INpHU JBYX
YCTaHOBKAaxX aBTOMOOWIS IPEBBIIATIH AOILYCTHMBbIE
3HAYCHMs], IPOU3BOJWIOCH €Ie OAHO M3MEPECHHE H
ONPEAEISIIOCh CPEHEE, HUCKIIOUUB PE3KO OTKJIOHS-
IOIIHECS 110 BETUYUHE U3MEPEHUS.

Ilepen wucmpiTaHneM MU TOCIE MPOU3BOAMIOCH
KOHTPOJIbHOE B3BEIIMBAaHHWE aBTOCAMOCBAJIa M MpO-
BepKa JaBJICHUS BO3/IyXa B IINHAX.

Ilo BenmumHe ympyroit medopmanuu ompere-
TsIcs (PaKTHYECKAH MOAYNb YIPYTOCTH TOPOKHOM
onexasl (E,, MIla) [2]:

_n p-D@A-p%)
4 | ’

rae p4 — xo3ppunuent Ilyaccona, nmpuHMMaeTcs
p=0,3; p — yaenbHOE AaBieHUe Ha mokpbiTue, Mlla,
MoJ JielicTBMEM KOTOpOro ToJjyuyeHa yIpyras Je-

Y

¢dopmanus, pasHas |, cm; D — nuamerp ormedaTtka
3aJIHETO KOJleca TPY>KEHOr0 aBTOMOOHIISL, CM.

VIensHOE TaBlICHHE Ha MOKPHITHE PACCUNTHIBA-
70¢h 110 popmyste [2]

p=L11F,,

rae Py — naBneHue Bo3ayxa B muHax, Mlla.
JuameTp oTmeyaTka 3aJHEr0 KOJeca rPy>KEHOTo
aBTOMOOWMIIS ompeessuics 1o Gopmyre [2]

40Q

D :
nh,

rne Q — Harpy3ka Ha 3aJHee CIIBOCHHOE KOJIeCO aB-
TOMOOWIJISA, KT' CHJIBI.

3aBUCHMOCTH (PaKTUIECKOTO MOMYJIS YIPYTOCTH
(Ey, MTIIa) ot KoJMYecTBa MPOXOJOB aBTOCAMOCBA-
JIOB 110 ofHOMY ciieay (N, e1.) puBeieHa Ha PUC. 4.

3aBUCHMOCTH (PaKTHIECKOTO MOIYJISI YIPYTOCTH
(E,, MIla) ot koiM4ecTBa IPOXOIOB aBTOCAMOCBA-
JIOB 110 OZTHOMY cJiefy (N, e1.) UMeeT BUJL
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— *n02 s dunmenta Bapuanuu moxyis ymnpyroctu 0,11 —
E =152,75*n"".
y Jutst onibITHOTO U 0,48 — 1711 KOHTPOJIBLHOTO yYacTKa.

W3 puc.5 BuaHO, 4TO OMBITHBIH ydacTok (1)
uMeerT OoJiee yCTOIUYMBBIE MMOKA3aTeld MOJYJIs

YIIPYrOCTH, YeM KOHTPOJbHbIH (2). Bemmunua xo- ~ OTHX M3MEpEHHH NpHBENeHbI Ha PUC. 6.
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Puc. 4. 3aBucumocThb ¢haktuueckoro mogyns ynpyroctu (Ey, MMa)
OT KOnn4yecTBa NPOXOA0B aBTOCAMOCBArIoB N0 0OgHOMY cneay (N, ea)
E, MIIa
350 340_-Laao
300 289 /\ ’., \ /-\ 263 276 289
250 22416 | N ~ A28 257
. 4
200 I, Moy, 292 \\ 2 200 241 ETP
/ ‘i T 2N
150 42 \ \ 121 ,e” | N
/ 135 b - " ‘\ 89 J"_B_ 109 96
100 129 \—_—' b X PR~ACH
50
0

0 20 40 60 80 100 120 140 160 180 L. M

Puc. 5. Mpacmk Bapraumm Mmogyns ynpyroctu onbITHOro (1)
1 KOHTPONbLHOTO (2) y4aCTKOB Ha MOMEHT CAaYM B IKCNnyaTauuto
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Puc. 6. M'pacdhmk Bapuaumm moayns ynpyroctu onbitHoro (1)
M KOHTPONbHOrO (2) y4acTKOB NOCne rofa B aKCnyaTaLuum
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PA3PABOTKA OJIE3EHbIX MCKOIAEMbIX

CpaBHeHHE Pe3yJIbTATOB HCIBITaHUH MTOKA3bIBACT,
YTO POBHOCTH ONBITHOTO YYACTKa 3HAYUTEIHHO BHIIIE
KOHTPOJILHOTO M cOCTaBisieT B cpeaneM 1-2 cm /10 m
npotuB 17-23 cm/10 M. To ke camoe HabOIaeTCs U
0 JIPYTUM TOKA3aTelsiM: BEIMYMHA YKJIOHA MPOIOTb-
HOTO M TONEPEYHOr0 TPOQHISL OMBITHOIO y4acTKa
MPaKTUYECKH HE W3MEHMIIACh, @ KOHTPOJIBHOTO OCTa-
JIach HA OYCHb HU3KOM YpOBHe, 5—78%o — s more-
peunoro, 78-84%o — A1 PO0IBHOIO TPOQHIISL.

[I710THOCTD OMBITHOTO Yy4YacTKa YBEIWYMJIach B
cpeaneM Ha 10%. PocT omHOpOAHOCTH YIIIOTHEHHUS
W TPOYHOCTH JIOPOXKHOM OJICXKIIBI TIPU NPUMEHEHUH
npeyiaraéMoil  TEXHOJIOTUM  MOJITBEPKIIACTCS
YMEHBIIEHHEM KO3(QQHIIMEHTa Bapualuyd MOIYJIS
YIPYTOCTH Ha ONBITHOM YYacTKE IO CPaBHEHHIO C
KOHTPOJIBHBIM B 3 pasa.

Hcnonp3oBaHue MpeIOKEHHON TEXHOJIOTHH
VIUIOTHEHHSI Ha OMBITHOM ydacTke miuHod 200 M
MO3BOJIMJIO COKPATHTh pacxoj meOHs, 3aTpadynBa-
€MOTI'0 Ha CoJepKaHHe U PEMOHT Jopor, Ha 4721 T
U TONYyYUTh 3KOHOMHYECKHH 3>PPeKT B pa3mepe
455,7 toIC. PYO.

3aKkI0ueHne

B pesynbrare mpoBeneHHs SKCIECPUMEHTAIBHBIX
pabot Ha kapbepe OAO «YpanacOecT» 0CyIIeCTBICHO
CTPOHTEIBCTBO C HCIONB30BAaHUEM pa3pabOTaHHOU
TEXHOJIOTUH YIUIOTHEHHUS TOPOXKHBIX OJIEXK]] OMBITHO-
ro Yydvacrka. DBEpImomHeHa OIGHKa TPaHCHIOPTHO-
AKCIUTYaTallMOHHBIX CBOWCTB JIOPOXKHOTO TTOKPBITHS H
3aBUCUMOCTH €TI0 XapaKTCPUCTUK Ha 3TOM YYaCTKE OT
YIUIOTHEHHUS KapbepHbIMH aBTOCaMOCBaJIaMH. Y cCTa-
HOBJICHBI 3aKOHOMEPHOCTH, TO3BOJISIONINE OMNpe/e-
JSITh KOJIMYECTBO TPOXOJIOB aBTOCAMOCBAIOB, HE00-
XOIMOE Ul JOCTIDKEHHS TpeOyeMod CTereHd
VILUIOTHEHHS CJIOCB JOPOMKHBIX OICHK]L.

[IpennoxenHas TEXHONOTHS YNJIOTHEHUS U IO-
JIy4E€HHBIE 3aBUCUMOCTH MOTYT UCIIOJIb30BATHCS HA
TOPHBIX NPEINPUATUAX, IKCILIYaTUPYIOIIHUX TEXHO-
JIOTHYECKHE aBTOCAMOCBAJIBI C LENbK IOBBIIICHUS
TEXHUKO-IKOHOMHUYECKHX IOKa3areied paboTsl Ka-
PBEPHOTO TPaHCIIOPTA.
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INFORMATION ABOUT THE PAPER IN ENGLISH

EXPERIMENTAL EVALUATION OF DEPENDENCE
OF PAVEMENT CHARACTERISTICS IN QUARRIES ON COMPACTION

OF ROADS WITH OPEN PIT DUMP TRUCKS

Arefiev Stepan Aleksandrovich — Teacher, Ural State Mining University, Yekaterinburg, Russia. Phone:

+7 (343) 257-22-44. E-mail: arefevsa@yandex.ru.

Abstract. The article contains the technology of pave-
ment layer compaction in quarries, significantly improving
performance characteristics of such pavements.

It describes the experience of road construction in a
quarry of OJSC Uralasbest and implementation results of
the proposed technology.

The author made an evaluation of transport and opera-
tional properties of the pavement on an experimental site
constructed by compacting the road pavement with open pit
dump trucks, which are available at the mining enterprise,
without distracting them from their operation related to

transportation of rock mass.

There were found the regularities allowing for determi-
nation of the necessary number of dump truck passes to
achieve a required degree of pavement compaction.

The proposed technology of compaction and the result-
ing dependences can be used at mining plants using dump
trucks, to improve technical and economic performance of
open pit vehicles.

Keywords: Road, quarry, pavement layer compaction,
construction of roads, open pit dump trucks.
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TPAHCNOPT. TPAHCNOPTHLIE TEXHONOMA

YK 65.40.21.5

UMHUTALUOHHAA MOJEJIb OUEHKH KAYECTBA IEPEJJAYU PEYN
B CETSAX OITIEPATUBHO-TEXHOJIOI'MYECKOHU CBA3U

HA KEJE3HOJOPOKHOM TPAHCIIOPTE"

Paxmanryinos A.H.', Mupcarmues O.A.2

! MaruuToropckuii rocymapcTBeHHbIN TexHuueckuil yuusepcuter uM. 1. Hocosa, Marauroropck, Poccus
? TamKeHTCKHH HHCTHTYT MEKCHEPOB XKETE3HOTOPOIKHOTO TpaHcnopta, TanrkenT, V36ekucran

Annomayus. IIpeacTaBIeHoO ONMCAHNAE COCTaBa M CTPYKTYPHI MMUTAIIMOHHON MOJIEIH IIPOLIECCOB MEPEAAUH PEUH B ce-
TSX OINEPATHBHO-TEXHOJIOTHYECKON CBS3M Ha JKEIE3HOIOPOXKHOM TpaHcropre. VIMHUTanMOHHas MOJENb MOCTPOEHa C HC-
TOJIB30BAHMEM CHCTEMHO-IMHAMHYECKOT0 TOIX0/Ia K MUMUTAILIMOHHOMY MOJICITMPOBAHHUIO U PEan30BaHa IIPY TOMOIIH HPO-
rpamMMHOro MHCTpyMeHTa AnyLogic. B ocHOBY pa3paboTaHHON MMHTALMOHHON MOJENH mosnoxeHa «E-Monens» pacuera
nokasaresisi Kayectsa repeaaun peun («R-dakropa»), MoguduIpoBaHHast IS YCIOBUH, ceUU(UYHBIX IS CeTei orepa-
TUBHO-TEXHOJIOTMYECKON CBSI3M Ha KEIEe3HOAOPOKHOM TpaHcmopre. IlpennaraeMas MMHTAIMOHHAs MOJENb MO3BOJISET
MIPOU3BOIUTE OTIEPATHBHYIO OIIEHKY M MPOTHO3 Ka4eCTBA MePEAadr PeUr B CETSIX PasiIMYHOro THIIA, KOH(UTYpaIuH, CTPYK-

TYpBl, a TAKKE IIPU U3MEHEHUSIX BHELIHUX YCIOBUI.

Kniouesvie cnosa: xauectBo mnepepauu peud, R-¢akrop, E-monens, MOS-oneHka, onepaTMBHO-TEXHOIOIHYECKas
CBSI3b, JKEJIE3HOIOPOXKHBIN TPAHCIIOPT, HIMHUTAIIMOHHOE MOJICIMPOBAHKE, CHCTEMHas IMHAMIKa, AnyLogic.

BBeaenne

ObecneueHne 0€30MACHOCTH M HAAEKHOCTU
OCYIIIECTBIICHUSI TIEPEBO30YHOIO IIPOLIECCA Ha JKEJe3-
HOZIOPOXXHOM TpAHCIIOPTE SBISIETCSI B HACTOSILUM
MOMEHT Ba)XKHEHIIMM TpeOoBaHHEM pbiHKA. OmHO U3
HarpapJIeHUH YIOBJIETBOPEHUsI 3TOr0 TpeOOBaHMUS
3aKII0YaeTcs B  COBEPIICHCTBOBAHMM CHCTEM H
CpelcTB o0ecreyeHNs] Ka4YeCTBeHHBIX KOMMYHHKALMI
B CHCTEMaXx yIIPaBJICHUS IIEPEBO3KAMHU.

Haubonee cunbHoe BiusiHUE HA 3(PEKTUBHOCTD
1 0e30IacHOCTh IEPEBO30YHOTO MpoIIecca OKa3biBa-
€T KauyecTBO CHUCTEM KOMMYHHKAILMH Ha KEJIE3HO-
JOPOXKHOM TpaHCIOpTe. JTO, B HEPBYIO OuYEpEb,
CBA3aHO CO CJIO)KHOH ypOBHEBOW CTPYKTYpOMl KOM-
MYHHMKAIIHOHHBIX CETed Ha JKEJIE3HOJOPOKHOM
TpPaHCIIOPTE, COCTOSIIEH M3 MEPBUYHBIX U BTOPHUY-
HbIX ceTell. [lepBUUHbIE CETM KOMMYHUKAIIUU NPEe]i-
CTaBIISIIOT COOOH COBOKYIHOCTh JIMHUH CBSI3H, CeTe-
BBIX CTaHIMM M CETEBBIX Y3JIOB, 00Opa3yIOLINX CETh
TPYIIOBBIX TPakTOB U KaHainoB. Ha ocHoBe mep-
BUYHBIX CETE€W CTPOSATCS BTOPUYHBIE CETH KOMMY-
HHUKallU{, B COCTaB KOTOPBIX BXOIAT. TeiedoHHas

" MccnenoBanue BRITIONHEHO MK nojyiepsxke Poccuiicko-
ro ®onga Oynmamenranbhsix Mccnenosanuii (PODN),
rpant Ne 14-38-50750.

ceTb OOIIEro MoJib30BaHuUs; CETh MepeJayd JaHHbBIX
JUISE aBTOMATU3WPOBAHHOW CHUCTEMbBI YIPABICHUS
JKEJIE3HOAOPOKHBIM TPAHCIIOPTOM; CETH OINEpaTHB-
Ho-TexHonornueckoit caszu (OTC).

Ha xadecTBO CBSI3M B ceTsAX ¢ MOJOOHOM CIIOX-
HOH CTPYKTYpOM OKa3bIBAE€T BIIMSHUE MHOXECTBO
¢axropoB. B craresax [1, 2] mpeacraBieH aHamus3
CYLIECTBYIOIIMX METOJMK OLIEHKH KayecTBa Iepe-
a9l PEYd B CETAX JKEIE3HOJOPOKHOW CBS3HM pas-
JUYHON KOH(pUTrypamuu W cocTaBa. Y CTaHOBJIEHO,
9TO Hambojee TOUYHBIC PE3yIbTAThI 00ECIEIMBAIOT
METOJIUKH, OCHOBAaHHbIC Ha KOMOWHHPOBaHUHU pac-
4eToB 00BeKkTHBHOTO TmoKasatens (R-daktop) c
cyowsekTuBHO# onenkoit (MOS) kadecTBa nepenayu
peun. g pacuera R-axropa ObLIM BBIOpaHBI pe-
KOMeHJanuu MexXIyHapOoTHOTO COr03a AJIEKTPOCBSI-
su (MCD) [3,4], ocHOBaHHBIE Ha HCIONb30BAHUN
TaK HasblBaeMoOW E-Monenu oneHkH KauecTBa nepe-
a9y pevd B CETAX CBs3H. J[aHHBIE peKOMEHIAINH
MCD 4BnstOTCS YHHMBEPCAIbHBIMA W TO3BOJISIOT
yUecTb BCE H3BECTHBIE (PaKTOpBI, OKa3bIBAIOLIHE
BIIMSIHAE Ha KAa4eCTBO IepeJadd pedu. DTO 3aTpya-
HSIET TPaKTUYECKOE WCIIONb30BaHUE CYIIECTBYIO-
[IUX METOJIUK MPUMEHUTEIHHO K yCIIOBHUSAM JKeJe3-
HOJIOPO’KHOTO TPaHCIOPTa, B YACTHOCTH IIJISl OIICH-
KM KadecTBa IEpe/laydl PeYd B CETSAX OIepaTHBHO-
TEXHOJIOrM4ecko cBsi3u. Ilpennaraemsiii  mpo-
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UmumayuoHHasa modenb OUEeHKU Ka4yecmea nepedaqu peyu e cemsax ...

PaxmaHzynoe A.H., Mupcazduee O.A.

TPaMMHBI WHCTPYMEHT, C OAHOM CTOPOHBI, YUUTHI-
BaeT (aKTOPbl, XapaKTEePHBbIE IS KEJIE3HOJIOPOXK-
HBIX CHCTEM CBS3H, @ C IPYrOd — IMO3BOJISIET IPOU3-
BOJWUTH OINEPATUBHYIO OLIEHKY KauecTBa Iepeladu
pedd, JaBaTh IMPOTHO3 KadyecTBa INMPH H3MEHEHUHU
napaMeTpoB CETeH M BHELIHUX YCJIOBHUH, AWArHO-
CTHPOBATh NPUUYMHBI YXYIIIEHUS Ka4eCTBa CBS3H.

OneHKa KayecTBa nmepeIavyn peun
Ha ocHoBe E-Moaenu

E-mMozmenp mpezcTaBiseT coOOM OmmMcaHue 3Ta-
JIOHHOTO COCJMHCHUS TIepearonieil U MPHUHUMAIO-
el CTOPOH, MpeaHa3HAUYCHHOTO Ul TIepeaadn pe-
un (puc. 1) [3, 8]. E-mozenp yuuThIBaeT MIMPOKHUIA
CrieKTp (haKTOPOB, BIMSIOLINX HA KA4yeCTBO Iepesa-
Y pEeYH, CBS3AHHBIX KaK C MPHUMCHSCMBIMH KOJe-
KaM{ M 3aJIep’)KKaMd B COBPEMEHHBIX CETSX C Ia-
KETHOM Tmepeaayeil JTaHHbBIX, TaK U C KKJIACCHYCCKHU-
ME» COOSIMH B TEIe(OHHBIX CETSIX — Pa3TUYHBIMH
[IyMaMH, «3XOM» U ToMy mogo6Hoe [8].

B certu cBs3u, onuceiBaeMoil E-monensio, ¢ mo-
Morpio uddepentmansibix cucreM (C) mpowc-

XOAMT TEPEX0 C IBYXIPOBOAHBIX TPAKTOB Ha dHe-
THIPEXTIPOBOJIHEIE U HA00OPOT, a TAKXKE OCYIIECTB-
JsieTCs KoaupoBanue (aHaaoro-uuppoBoe mpeodpa-
30BaHWe) W JeKkojupoBaHue (IH(ppPOaHATIOroBoe
npeoOpaszoBanue). TpakThl C aHAJOTOBBIMH CHIHA-
JIlaMH TIOKa3aHbl Ha PUC. 1 HempepbIBHOM JIMHUEH, a ¢
IUQppPOBBIME — MMyHKTUPHOW. B cepenune peueBoro
TpakTa Bbiaessiercs cranaapraas Touka 0 nb. Kaue-
CTBO CBSI3W OIICHMBAETCS HA NPUHUMAIOUICH CTO-
POHeE, TIe HAXOAUTCS CIYIIAIOIMNN a0OHEHT.

dakTopsl, nmpexactasBieHHsle B E-momenu, uc-
MOJIB3YIOTCS Npu pacyere R-¢akTopa, mpeacrasis-
IoIIero co0ol OOBEKTUBHBIN IMOKa3aTelb KayecTBa
nepenayn peud. Pacyer R-¢axTopa BBIMONHSAETCS
no GopmyriaM, MPEACTABIAIONIAM COOON aHAIUTH-
YEeCKHE 3aBUCHMOCTH Mekay ¢akropamu [3-6],
yauThiBaeMbiMu E-Monenbio. 3Hauenus R-daxropa
COMOCTAaBUMBI C  pe3yjibTaTaMd CyOBEKTHBHOU
MOS-onenkn (Mean Opinion Score) kauecTBa CBs-
3u. MOS-olieHKa pUMEHsIeTCs ISl IPEABAPUTENb-
HOU OLICHKH Ka4eCTBa CBS3H.

I[Ipunumaromas
Hepenaromas cTopona
cTOpOHA
< OLR >/ ‘
SLR > RLR >
Touka 0 1b i /
A Y
Ds-¢axrop AC ac
3aTyXaHue B3BEUICHHOT'O § Dr-¢axrop
SO | o
Komuarhsie | |
urymst Ps 3ajepikka B 4-POBOJIHOM Komuarubie
TpakTe B 00e ctoponst Tr urymsl Pr
<4 MackupoBka
| Koauy / P | MECTHOTO
L I s¢ppexra STMR
Iym B kanane Ne, | ArnmnapaTHbIH nokaszaTenb
MPUBEICHHBIH K UcKaxeHuH le MecTHbri ¢ dexT
Touke 0 1b Y CToiHYMBOCTD K TIOTEPSIM cnymaromero LSTR
naketos Bpl (LSTR= STMR+ Dr)
BeposiTHocTh nOTEpH NMAKETOB
Ppl
> CpenHsis 3a1epkka B 01HOM HanpasieHuu T I'pomkocTs 5x0
N rosopsiero TELR

AbcomotHas 3anepxka Ta

A

Hckaxenus kBantoBanusi qdu

®dakTop npeumyiecTsa A

SLR (Send Loudness Rating), RLR (Receive Loudness Rating) — yposnu epomxocmu coomeemcmeenno
Ha nepeoayy u npuem, Y4umléauue aKyCmuKo-31eKmpuiecKue Xapakmepucmuxi meie@onno2o annapa-

ma u samyxauue 8 mpakme nepedaiu peiu, ob;

OLR (Overall Loudness Rating) — o6wuii yposens epomxocmu mesxicoy cmanoapmHuiMu mo4Kamu y pma

2080pAWe20 Uy yxa cayuaoueo, 0b.

Puc. 1. Cxema E-mofenu oLeHKM KayecTBa nepesayn peyu B CETAX CBA3N
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HoctounctBamun MOS-oueHku sBisieTcs mpo-
CTOTa W OINEPAaTHBHOCTH €€ MPHUMEHEHHUs, OTCYT-
CTBHE HEOOXOIUMOCTH HCIOJIB30BAHUS CIICIHAIb-
HOH ammaparypsl, a COOTBETCTBEHHO, HU3KHE 3aTpa-
THI Ha OIIEHKY KauecTBa. OCHOBHOI HEIOCTaTOK Me-
TOIUKH, ocHOBaHHOH Ha MOS-oneHKe, 3aKm04aeT-
Csl B HEBO3MO)KHOCTH BBISIBIICHUSI TPUYHH CHUKCHUS
KadecTBa CBSI3W W CIIOKHOCTH BEIOOpa CIIOC000B
HOBBIIIEHU KadecTBa. HecMoTps Ha OTMEUYEHHbBIE
Henocratk, MOS-onenky 3¢ dekTuBHO HCmONB30-
BaTh AJIS1 KOHTPOJBHOM OLEHKH PE3yJIbTATOB pacde-
ToB R-daxTopa.

BzanmMocesi3p Mexy 3HaueHMsiMA R-dakropa u
MOS-olieHKH yCTaHABJIMBAETCS C HMCIIOJIb30BAHUEM
CIIe/TyOIIel CHCTEMBI ITPABHIL:

MOS=1 npu R <0;

MOS =1+0.0035*R +R *(R —60)* (100 ~R)*7*10™°® mpn 0 < R <100;

MOS =4.5 npu R >100.

Haubonee xapakTepHble COOTHOIICHHS 3Haue-
Huit R-akropa u MOS-o1ieHKH TNpencTaBICHBI B
Taobn. 1.

Tabnuua 1
PesynbTaThbl cpaBHEHUs 3Ha4YeHuIA R-hakTopa
n MOS-oueHKku

3HaveHHe 3Hauenne | Kateropus
MOS- |kayectBa nepe-| OueHka nonb3oBaTens
R-thakTopa
OLIEHKM Jaun peun
90<R<100 | 4,34-4,50 |Camas BbicOKas OueHb xopowas
80<R<90 | 4,03-4,34 Bbicokas Xopowas
YacTb nonb3oBatenein
70<R<80 | 3,60-4,03 CpegnHss OLeHNBaET Ka4eCTBO Kak
HeYyoBNEeTBOPUTENBHOE
MHorve nonb3oBatenu
60<R<70 | 3,10-3,60 Hu3skas OLIEHMBAIOT Ka4eCTBO Kak
HeYyaoBneTBOPUTENbHOE
[MouTn BCe nonb3oBaTenu
50<R<60 | 2,58-3,10 |Henpuemnemas| OLEHWNBAIOT KAYECTBO KaK
HEYO0BNETBOPUTENBHOE

B cooTBercTBUM € CYIIECTBYIOIIMMH METOIHU-
KaMH pacdeT R-¢pakropa IMpoOW3BOIUTCS IS CETEH
cBsa3u obOmiero HasHaueHWs. OMHAKO OTMEUYEHHBIE
BEIIIIE OCOOCHHOCTH ceTeil mepemaun peun B OTC
JIeJaloT aKTyaJbHOM 3a7ady aHalin3a BO3MOXHOCTU
MPUMEHEHUST JAHHOTO IIOKa3aTeNs IS KOJUde-
CTBEHHOM OLIEHKM KayecTBa KOMMYHHUKAIMH B CH-
CcTeMax YIMpaBICHUs Ha JKEIEe3HOJOPOXKHOM TpaHC-

nopre. KpoMe Toro, mpu ompenesneHuu KadecTBa
nepenaun peun B cetn OTC mo cpaBHEeHHio ¢ ce-
ThIO, paccMmarpuBaeMmoit B E-mozenu, Heob6xonmmo
YUHUTHIBATh CIEAYIOIINE OCOOCHHOCTH.

OnepatiBHOE PYKOBOJCTBO NEPEBO30YHBIM IPO-
LECCOM Ha MAaruCTPAIbHOM  KEJIe3HOJIOPOKHOM
TpaHCIIOPTE OCYLIECTBISIETCS OHUM IOE3HBIM JIUC-
[IETYEPOM B OTIEIEHUSIX JOPOT MM OAHHUM CMEHHBIM
MIOMOIIIHUKOM Ha4aJbHUKA OIEPAaTUBHO-PACTIOPSIN—
TENBHOTO OT/ENa CIyXObl mepeBo3ok aoporu. Cras-
MM YYacTKa, KOTOPBIMH PYKOBOAWT TOE3THOM IucC-
MeT4ep WM CMEHHbBIM HaYalbHUK, 00pa3yroT JUCIIeT-
yepckuid Kpyr. ['oocoBasi CBA3b B TpaHMIIAX AMCIIET-
YepCKOro Kpyra 00ecrieunuBaeTcsi IPUMEHEHHEM TPYTI-
[IOBOTO KaHajla, B KOTOPBIN MapajuiesIbHO MOAKII0Ya-

eTcsi MHOXECTBO a0o-

HEHTCKUX  YCTPOWCTB.
(1) I'pynmoBoi kaHam Mo-

KET HMMETb HECKOJIbKO

OTBETBIICHHH, 00pa3ys
JPEBOBUIIHYIO CTPYKTYpY. B mmdpoBoii cern peus me-
penaérest yepe3 cyMMaTophl, 00eCIEUMBAIOIIE TPYII-
MOBYIO CTPYKTYpy KaHaja, a TakkKe MOAKIIOUCHNE
MHOYKECTBA OTBETBIICHUH.

B cerm OTC pasroBop mexmy abOHEHTaMH
MPOMCXOAUT B MOJYAYIUIEKCHOM PEXHME, HPEAIo-
JIararolleM YIIpaBJICHUE HAINpaBIeHUEM Iepenayu
peun. Ilpu nepexone ¢ ofHOTO HaIpaBlIeHUs Tepe-
Jlauyy peud Ha JPyroe 4acTo UCIONIb3YHTCS LU(po-
Bble OOHAPYXWTEJIU PEUd, C IMOMOILIbI KOTOPBIX
Pa3rOBOPHBII TPaKT MEpeKIrodaeTcs B TpeOyeMoM
HaNpaBJICHUH NEPEAAYH.

Haxkoner, B cetu OTC kpome pexuma nepenadn
peyr OT TOYKM K TOYKe (pa3roBOp MEXIy THCIET-
YEepPOM U HCIOJHHUTEIEM) PEryJsipHO HCIOIb3YeTCs
peXuM KOH(EpeHI-CBSA3M, KOrna OAWH a0OHEHT
Kpyra TOBOPHUT, a BCE OCTajJbHbIe aDOHEHTHI 3TOTO
KpyTa €ro CIylaroT.

BcaencTteue ykasaHHBIX OCOOCHHOCTEH psin
MapaMeTpoB TpeJJaraeTcsi pacCYUTHIBATh HWHAUE,
4yeM 3To npenmnonaraet E-monens. K takum napa-
MEeTpaM OTHOCSTCS. YPOBEHb TPOMKOCTH 3Xa Yy
roopsamero — TELR, 3aryxanue B3BEmIEHHOTO
sxa — WEPL u cymmapHas MOIIHOCTh BceX WIy-
MoB B kaHaise B Touke 0 1b — NcC.

Hcnoab3oBaHue CHCTEMHO-THHAMHYECKOTO
moaxoaa ajs MoaAe/JIMpPOBaHUA KavdeCTBa
nepeaadu pevm B CETAX CBA3U

CHUCTeMHO-TMHAMUYECKUM MOAXO0A K MOCTpoe-
HUIO0 IMHUTAIMOHHBIX MOJIETIeH TpeCcTaBIseT Co0Oi
OTIFICAHUE B3aWMOCBSI3EH MEXIYy MHOXXECTBOM IIa-
pameTpoB (MEpPEMEHHBIX) HCCIEAYEMON CHCTEMBI B
nuHamuke. C MaTeMaTU4ecKOH TOYKU 3pPEHUsl CH-
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CTEeMHO-AMHAMHUYECKass MOJICNIb TPEACTABISET CO-
oot cucremy nuddepeHIMaTbHBIX YpaBHeHUH. [{u-
HaMHKa HCCIIEyeMOH CHCTEMBI, TO €CTh H3MEHEHHE
3HAYEHUI NEepEeMEHHBIX MOAEIH, ONHMCHIBACTCS MpU
HOMOIIH TTIOTOKOB, COCAMHSIONIMX HaKomuTenu (re-
peMeHHbIe). [IBa HaKOMUTENS, COCAMHEHHBIC MOTO-
KOM OTpE/eIeHHOW HHTEHCUBHOCTH, MOICIHPYIOT
YMCHBIICHUE 3HAU€HUsI IIEPEMEHHOM, COOTBETCTBY-
IOLIeH 3amacy B HAKONMTENE-UCTOYHUKE MOTOKA, U
YBEJIMYEHNE 3HAUYCHUs MEPEMEHHOH, COOTBETCTBY-
IoLIel 3amacy B HakKOIUTeJe-ToIydaTesie IOTOKa.
VHTEHCHMBHOCTH TIOTOKOB 32JIAI0TCSI MEPEMEHHBIMU
MOJIENTH, 3HAYEHUS] KOTOPHIX MOTYT HM3MEHSTHCS B
npolecce MoaenupoBanus [6, 7].

Onwucannbiii moaxox 3¢p¢GeKTUBEH MpyU MOJEIH-
POBaHUM Ipoliecca Mepeaadd peun B KaHauax CBs-
31, TIOCKOJIBKY MO3BOJISIET YUECTh CIOKHBIE B3aUMO-
CBSI3W MHOXKECTBa (PakTOpOB, BIMSIOUIMX Ha Kade-
CTBA CBSI3H, a TAKXKE TUHAMUKY 3THX (DAaKTOPOB.

B kxauecTBe MHCTpyMEHTa IIOCTPOEHUS CHUCTEM-
HO-IMHAMHUYECKOH MOJENH ceTeil mepeaad JaHHbIX
BeIOpana mporpamma AnylLogic, obnanatomas pas-
BUTBHIM TpadUuecKuM HWHTEPPEHCOM, MUPOKHUMU
BO3MOKHOCTSIMH TIPOBEACHUSI pa3HOOOPa3HBIX JKC-
NEPUMEHTOB C MOJENSAMHU U Mo3BoJsitomas 3ddex-
TUBHO CTPOUTH M MCCIIEAOBATh CIOXHBIE MOJENIU B
WHTEPAKTUBHOM pPEXUME.

Ha Tekymem sTane nocTpoeHUs] IMUTAIIMOHHOM
MOJIEJIM OLIEHKHM KadyecTBa Iepelaud peud B CeTsIX
OIEPAaTUBHO-TEXHOJOIMUECKON CBSA3U HA JKEJE3HO-
JOPOXXHOM TpaHcHopTe Obula pa3paboTaHa U BepH-
¢unypoBaHa cTaTHYecKas MOAETb pacyera 3Haue-
Huit R-dakropa. Takas monmenp BKioyaeT B ceOst
MIOCTOSIHHBIE, 3HAYCHHSI KOTOPHIX CIEUU(PUIHBI IS
cereit OTC, a Takke nepeMEHHbIE, 3HAYEHUS KOTO-
PBIX PACCUMTHIBAIOTCS 110 AHAINTHYECKUM 3aBUCH-
MOCTSIM, MPEICTaBICHHBIM B pekoMeHaanusx MCD
[3-5]. Hanpumep, pacyer BenuuuHbl 3P HEKTHBHOTO

amnmapatHoro mokasatens le-eff mpouwsBogutcs mo
crenyrolnei popmysie:

Ppl
LDI + B
BurstR

rae le — BenmumunHa noteps naketos; Bpl — Benuunna
YCTOHYMBOCTU K moTepsiM makero; Ppl — Bepost-
HOCTH TTOTepH MakeToB; BUrstR — mapamerp Bermiec-
KOB CpemHEeH IWHBI HAOII0JaeMBIX ITyJIbCAIMA B
[IOCJIEAOBATENBHOCTH  MOCTYNAMOIUX IAKETOB K
CpeIHEe! JJIMHE MMyJbCalluil.

B umuTanMoHHOM MOJENH, MOCTPOEHHOW B CH-
creme AnylLogic, 3aBucumocTh (2) TpeacTaBiseT
co00if M300pakeHNe CBSI3eH MEXTy MEPeMEHHOW H
le-eff u mocrosHHBIMH (B JaHHOM MpOCTEHIIIEM
npumepe) le, Bpl, Ppl u BurstR (puc. 2).

OOmmii BUJ CUCTEMHO-IUHAMUYECKOW MOAEIH,
UMHTHpPYIOIEH W3MeHeHus 3HaueHHs R-¢axtopa,
npejcTaBieH Ha puc. 3. PazpaboranHas Mojieib Uc-
MOJIB30BAaJIach I UCCIICAOBAHMS BIMSHUS HA Kade-
ctBO nepenayn peur B cetsix OTC pa3znuyHbix dak-
TOPOB, XapaKTEPHBIX IJISI CETEW KENE3HOAOPOKHOU
cBs3u. [lanbHeilliee pa3BUTUE MOJEIU MpELyCcMat-
pHUBaeT BBEJEHHE B HEE HAKOIIUTEIEH M IOTOKOB,
YTO TIO3BOJIUT MOZAETMPOBATH AMHAMHKY BHEIIHUX
(aKTOpOB, a TaKkXKe BBIABIATH KPUTHUECKHUE TSI Ka-
YeCcTBa CBSA3M COUYETAHUs ITUX (PAKTOPOB.

3HaueHMs MePEeMEHHBIX UMUTAIIMOHHON MOIETH,
P  KOTOPBIX TPOBOAMIUCH €€ HCCIEN0BaHUS,
npejicTaBaeHsl B Tabn. 2. OCHOBHO# 3a1a4eii uccie-
JIOBaHMA OBUIO OMpezeNieHHe 3aBHUCHMOCTEN 3Haue-
HUll R-bakTopa OT ycinoBHiA, XapaKTepHBIX AJIS Ce-
teit OTP Ha Kele3HOTOPOKHOM TPaHCIIOPTE, U OT-
JUYHBIX OT MIEAJBHBIX YCIOBUH, MPEACTaBICHHBIX
B pexomerganun MCD — G.107 [3].

le-eff =le+(95—1le) (2)

ieeff=1e+(95-1e)*(ppl/((ppl/burstr)+bpl))

f?:'-- = -

@ ie

@ ppl (B burstr (B byl

Puc. 2. Mpumep ModenupoBaHus cBs3eii Mexay nepeMeHHOW U NOCTOSHHBIMU
B CUCTEMHO-OMHaMNYeCKON MOZENM OLIeHKM KayecTBa nepeaayun peyu
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O — IEPEMECHHBIC MOJCIIH,

@ — IIOCTOSIHHBIC MOJCIIH,

% — CBsI3M MKy 00BEKTAMH MOJIEIH.

ieeff

O ie\ S~

- @Y
;oA

— e ppl e burstr @ bpl

Puc. 3. CTpyKTypa UMUTaLIMOHHOW MoAenyu nccnefoBaHus R-chaktopa

3HaueHUs nepeMeHHbIX UMMTALMOHHOW MOAENM OLIeHKM KauecTBa nepeaayu peym
B ceTax OTC Ha xene3HOAOPOXHOM TpaHcnopTe

Tabnuua 2

3HaYeHNs 4MA KeNesHOLOPOXHOrO TPaHEnopTa

i 3HayeHns  |Mpenen u3ameHeHus kopek G.711
Mapametp Obostia Enuiua no pekoMeHaa- [Mo pekoMeHaaLmam ( )
HEHME | USMEPEHIA | am MCD MC3 Lncbpoaria- Lincposasi ceTb | MakeTHast ceTb
noroeast CeTb P
YpOBEHb IPOMKOCTH +7;
Ha nepegavy SLR Ab +8 0...+18 +4.45 7 7
YpOBEHb IPOMKOCTH +3
Ha MpYEM RLR ab +2 -5..+14 +045 +3 +3
+85, +85,
an=75a0Bb an=750Bb
YpOBEHb IPOMKOCTM «3X0» _ +66, C ynp. peybio; C ynp. peybio;
Yy TOBOpSILLErO TELR Ab +65 5..+65 an=564b +50 +50
an=40 b, an=40 ab,
Oes ynp. peybto | 63 ynp. peybto
+150 +150
3aTyxakue BaseleHHoro axa | WEPL il +110 -5..+110 +131 CYIP, B 000 || CYTP, EEAR:
Oe3 ynp. peybto | 6€e3 ynp. peybto
AnnapartHbli NokasaTernb 0
UCKaXXEHMUIN le - 0 0..40 0 0 ans kogeka G.711
BeposTHOCTL NOTEpH NakeToB Ppl % 0 0..20 0 0 1% - 5%
LLym B kaHane B Touke 0 oAb Nc nb -70 -80...-40 ~ ~ —23206?9;/026
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B cootBercTBHM ¢ pekomenmanueir G.107 [3,
5] B Mozjenu ObUIM MPHUHSITHI CIEAYIOIUE Tapa-
METpHI, HE 3aBHUCSIIHE OT YCIOBHUH >KEJIEe3HOIO-
POKHOTO TpaHCHOpPTa: MAaCKUPOBKA MECTHOTO
apdexra — STMR; mecTHbIl 3ddexT y caymraro-
mero — LSTR; D-dakrop mns tenedonHOTO ar-
nmapara npu nepenade — DS; D-dakrTop nns tene-
¢onnoro ammaparta mpu npuéme — Dr; kommue-
CTBO CIMHHIl MCKaKeHHs KBaHTOBaHUS — (du;
YCTOMYMBOCTH K MOTepsiM maketoB — Bpl; mapa-
MeTp myJibscauuil — BUrstR; moporosbiii mym Ha
cropone npuéma — Nfor; koMHaTHBIN mIyM Ha Tie-
penaromeit ctopoHe — PS; KOMHAaTHBIM IIymM Ha
npuHUMaloeil cropone — Pr; daktop mpeumy-
nrecTBa — A.

Hnsa ycnosuii nepenaun peun B ceTsix OTC Ha
JKEeNE3HOJOPOKHOM TPAaHCIOPTE B MOJENU ObuH
UCIIONIB30BAHbl  CIEAyIolne 3Ha4eHHs (Ipesesbl
M3MEHEHHs1) TIEPEMEHHBIX:

SLR — ypoBeHb TpoMKOcTH Ha mnepemauy. s
(hpoaHATOTOBOM CeTH MPUHUMAETCS PaBHBIM +7 b
— B nipsiMoM U +4.45 nb — B 00paTHOM HaIlpaBJICHHUH.
Jst dpoBoii ¥ TaKeTHO# ceTn mpuHsTO +7 Ab Kak B
NpsIMOM, TaK M B 0OPaTHOM HATIPABJICHUSIX;

RLR — ypoBenb rpomMkocTy Ha mpueM. st 1ud-
POaHaNoroBol CeTH NMPUHUMAETCS paBHBIM +3 1b — B
npsimoM u +0,45 1b — B oOpatHoM HampaBienud. Jms
U(poBOl U MaKeTHOW ceTd NpuHATO +3 1b Kak B
MPSIMOM, TaK M B OOPaTHOM HATIPABJICHUSIX;

TELR — ypoBeHb IPOMKOCTH «3X0» y TOBO-
psamero. [ns nudpoaHaloroBbIX CeTEH NPUHAT
+66 nb ¢ yueTtom no0OaBIEHUS MEPEXOTHOTO 3a-
tyxanus (an=56 nb). Jnst undpoBbIX ¥ MaKETHBIX
cereit TELR = +85 nb, ecnu nepenava ocymiecTs-
JISETCS C YIpaBJICHHEM pedbio U a, = 75 ab. Ecim
B 3THX XK€ CETsIX Iepenada OcyllecTBisercs 0e3
YOpaBJICHHUS PEeYblo, TO IMEPEXOJHOE 3aTyXaHue
a,=40 nb, a TELR = +50 nb. B pexume xoHpe-
peHu-cBs3u 3HaueHne |ELR 3aBucut ot xommde-
CTBa CTaHIUH, MOJKIIOYEHHBIX K TPYNIIOBOMY
KaHaly,

WEPL - 3artyxaHue B3BemeHHOTo dxa. Jlms
nu(pPOaHAIOTOBEIX CETEH MPUHATO 3HAYCHUE
+131 nb, nas UpPOBBIX U MAKETHBIX CETEH, ecnu
nepenaya OCYIIECTBIAETICA C YIPAaBJICHHEM pe-
ypto, WEPL = +150 nb, 0e3 ymnpaBieHus peubio
WEPL = +80 nb. B pexume KoH(epeHU-CBI3U
nokazatens [ELR 3aBucuT oT KonmnuyecTBa CTaH-
UH, TOJKIIOYEHHBIX K TPYNIIOBOMY KaHAIY,

le — anmapatHbIil MOKa3aTenb UCKaKEHUH. J[msa
IU(PPOAHAIOTOBBIX U HUPPOBBIX CETEH MPHUHAT PaB-
HBIM HYJIO, a JJISl AKETHBIX CETeil 3aBHCUT OT HC-
MOJIb3yeMoro Kozaeka — st koneka G.711 le = 0;

Ppl — BepositHoCTh moTepu maketoB. s ud-
POAHAIOTOBEIX U MU(PPOBBIX CETCH MPHUHITA PABHOM
HYJTIO, a JUIS TIAKETHBIX ceTert — ot 1 mo 5%);

Nc — mrym B kanase B Touke 0 nb. st nudpoana-
JIOTOBBIX W IU(POBBIX CETel PacCUMTHIBACTCS C y4e-
TOM KOJIMYECTBOM OTBETBICHHH B JIHCHETYEPCKOM
Kpyre, a st naketHoix cereit NC = —70 ab, npu wnc-
nonbs3oBanun VAD (Voice activity detector — nerek-
Top peueBoii aktuBHOCTH) 1 NC =—65 1B 6e3 VAD.

Hns  obecriedennsi HeoOXOAMMOTO  YPOBHSA
O0e3omacHocTH U 3(PHEKTUBHOCTU TEPEBO30K Ha
KEJIE3HOJOPO)KHOM  TPAaHCIOPTE CETH  CBS3H
JOJDKHBI IIepefaBaTh peub ¢ MMUHUMAJIbHBIM Bpe-
MEHEM 3a/ICpXKKH, IPU COXpaHEHUHW 3HaueHud R-
¢akropa He xyxe 70 u MOS-onenku He MeHee
3,6 (cMm. Tabn. 1). YBenuueHne BpeMeHH 3a/ICPIKKH
B Iepeave peyd MPUBOJIUT K YBEJINYCHHUIO 3aTpaT
BPEMEHU Ha NPHUHATHE U PEATH3ALUI0 PELICHUH
[0 YIpPaBICHHUIO IEPEBO30YHBIM IIPOLECCOM, a
TaKKe CHU)XAaeT YpOBEHb O€30MaCHOCTH MEPEBO-
30K (TmoOBBIIIaeT puck cb6oeB B paboTe W aBapwii).
VYBenuueHue BpeMEHHU 3aJIeP>KKU Iepelady CBs3a-
HO, TJIaBHBIM 00Opa3oM, C MOTepeil U 3alep>KKaMH
B Iepeaaye NakeToB JaHHBIX.

Js ycTaHOBIIEHUS! 3aBUCHMOCTEN MEXIYy Bpe-
MEHEM 3aJIep’KKH U 3HadeHueMm R-¢akrtopa ¢ uc-
MOJIE30BaHUEM Pa3pabOTaHHONW WMHUTAIIMOHHOW MO-
Jenu ObUTM TPOBEACHBI JKCIIEPUMEHTHI TIPU pas-
JMYHBIX yCIOBHsX (Tabn. 2), ¢ y4eToM HCMoabh30Ba-
Hus B cetr OTC pa3HBIX KOJEKOB, a TAaKXKe MPH HC-
MOJIb30BaHUM B CETH aJalTHUBHOTO M HEalalTUBHO-
ro cymmaropa ¢ VAD u 6e3 VAD. Pe3ynbraThl dKC-
MEPUMEHTOB TPEJICTaBICHBI Ha PUC. 4-6.

[Tony4yeHHbIE 3aBUCHMOCTH, a TaKke pa3pado-
TaHHas UMUTALUOHHAs MOJEIb MOTYT OBITH HC-
M0JIB30BaHbl ISl 3KCIPECC-OLIEHKM KayecTBa Ie-
penaun peuu B cetsix OTC Ha xene3HOI0pOKHOM
TPAHCIOPTE, IPU OTCYTCTBUH BO3MOXXHOCTHU IIPO-
BEJICHUS 3aMepOB pealbHbIX (hakTopoB. Mcmoms-
30BaHHbIe B Mojenu napameTpbl OTC cneunduy-
HBI JUIsl ceTel mepelayd peur Ha jKeJe3HOLOPOXK-
HOM TPaHCIOPTE, YTO MO3BOJISIET UCKIIOUYHTH TPY-
J0OeMKue pacueTsl 3HaueHuH R-dakropa 1mst KoH-
KPETHBIX yCIIOBHI.
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95
90
85
80
75
70
65
60

95
90
85
80
75
70
65
60

95
90 —
85
80
75

Kopek G.711

= = Kogek G.729
Z T R

65

60
136,6 166,3 206,3
T c

Puc. 4. U3meHeHune R-hakTopa OT BpeMeHU 3aAepKku nepeaadm peym,
npu1 UCnonbL30BaHMKM aganTMBHOro cymmaropa ¢ VAD

Kopek G.711
_____ = = Kogek G.729
136,6 166,3 206,3
T c

Puc. 5. U3smeHeHUe R-hakTopa OT BpeMeHM 3aepXKu nepeaayn peuwu,
Nnpu UCNoNb30BaHUM HeajanTUBHOrO cymmatopa ¢ VAD

Kopek G.711
= = Kopek G.729

136,6 166,3 206,3
T c

Puc. 6. UsmeHeHue R-chakTopa OT BpeMeHU 3afepiKKu nepeaayn peym,
npu UCNonbL30BaHMK aganTUBHOro cymmaropa 6e3 VAD
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3akuarouenue

Pa3paboTanHas cUCTEMHO-AMHAMHYECKAsT UMUTA-
LIMOHHAsl MOJIEIb OLIEHKU KayecTBa Iepenayd pedd B
CeTSIX CBSI3M IMO3BOJIET HAIIAHO IMPEACTABUTH B3au-
MOCBSI3b MapaMeTpoB E-monenu, onmceiBatomieit pak-
TOPBI, BIMSIOIINE HA Ka4eCTBO CBS3U, a TaKKe pac-
CUMTHIBATh 3Ha4deHUs R-(akTopa — mokazarens kadve-
CTBa Mepenau pedr IJisl pa3iniHbIX ycnoBuid. [Ipu-
MEHEeHHEe pa3paboTaHHON MMHUTALMOHHON MOJENH IS
ycinoBuil, cnem(UUHbIX A7 JKEJIE3HOIOPOXKHBIX Ce-
Tel CBSA3H, TOKa3ao 3(h(PEKTUBHOCTD HCIIOIb30BAHS
nokazarens «R-daktop» ais Takux ceredl. beum mo-
JIy4eHbl 3aBHCUMOCTH MEXIy BenmdunHOM R-¢axropa
U 33/Iep)KKaMd BPEMEHH B Iepefade pedd B CETIX
OTC, oKa3bIBAIOIMIMMHU BIIMSIHUE HA BpeMs TPUHSITHS
JCTieTYepaMy pellieHHi 10 YIPaBISHUIO MepeBO30Y-
HBIM IIPOLIECCOM.

PazBuTne noctpoeHHONH UMUTALIMOHHOW MOJENH
IpEeAIoaraeTcss BECTH B JBYX B3aUMOZOIOJIHSIO-
IIMX HampasjieHusix. llepBoe HampaBieHHE CBSI3aHO
C BBEJICHHEM B MOJIeNIb 00BEKTOB (HAKOIHTENCH H
KaHaJIOB), MO3BOJSIIONIMX MOJCIUPOBATh JTHHAMUKY
MapaMeTpoB BHEIIHEH cpeabl U MPOIECCOB, MPOKC-
XOJSIIUX B CETSAX CBSI3M, HA KAUECTBO Nepeiadn pe-
YH, a TAK)KE YYUTHIBATH B3aUMOBIIMSHHS, B YACTHO-
CTH 00OpaTHBIC CBS3M MEXAY 3TUMH MapaMeTpaMu.
Bropoe HampaBieHue mpeamnosiaraeT KOMOMHHPOBa-
HUE TOCTPOCHHOM CHCTEMHO-IMHAMUYECKOH MoJie-
JIM CeTeH CBA3M Ha JKEJIE3HOJOPOKHOM TPAHCIOPTE
C JMCKPETHO-COOBITUHHBIMU MMUTALIMOHHBIMU MO-
nensimu [10] sxenesnonopoxubix cranumii [9], Bxo-
JSIIMX B qUcrieTdepckuil kpyr. Takoe KOMOMHUPO-
BaHHE MOJIEJNeH, TMOAJEPKUBAEMOE IPOrPaMMOi
AnyLogiC, mo3BOJIHT OLECHHUTH BIUSHUE KayecTBa
nepenaun peun B ceTsx OTC Ha mokaszaTenu mepe-

BO30YHOTO IpoLiecca Ha KeJIe3HOJOPOKHOM TpaHC-
MopTe, OLUCHUTh PUCK BO3HHMKHOBEHHUS aBapHi M
c6oeB B pabore.
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Abstract. This article describes a composition and
structure of a simulation model of voice transmission in
operational and technological networks in railway
transport. The simulation model was built using a system
dynamics approach to simulation modeling and imple-
mented  with  simulation  programming  software
AnyLogic. The basis of the developed simulation model
is “E- model” of the voice transmission quality calcula-
tion (“R-factor”), modified for the conditions specific to
operational and technological communication networks in
railway transport. The proposed simulation model allows

for a rapid assessment and prediction of the speech quali-
ty in networks of different types, configurations, struc-
tures, as well as in case of changes in external conditions.

Keywords: Voice transmission quality, R-factor, E-
model, MOS-assessment, operational and technological
networks, railway transport, simulation modeling, system
dynamics, AnyLogic.
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METAJUTYPIUA YEPHbBIX, UBETHBLIX U PEAKUX METANNNOB

Apyxxos B.I'., Wupwoe M.FO., lpoxopoe U.E.

VIK 669.162.22-52

METOAbI OIIPEJAEJEHUSA PACXOJA T'OPAYEI'O AYTbS
HA OTAEJIBHO B3ATYIO ®YPMY B I'OPHE JOMEHHOMU IIEYHA

Hpyxxos B.I'., upmos M.IO., ITpoxopos H.E.
MarauToropckuii rocy1apcTBeHHbI Texunueckuit yuusepceurer um. I'.11. HocoBa, Maruuroropck, Poccust

Annomayus. PaccMoTpeHa 3HaYMMOCTh KOHTPOJISL M HAJIMYKME JIOCTOBEPHOH MH(BOPMAIMU O pacxoje AyThs o ¢yp-
MaM JoMeHHOH neur. O000IIEHBI pa3IMgHbIC METOIBI OIPENICIICHUS PAcX0/1a TOPSIETo AYThs HA OTICIBHO B3ATYIO QypMy,
MpUMEHsBINKECS B JoMeHHOM npou3BojctBe ¢ 30-x rogoB XX Beka, a Takke Mpe/cTaBieHa uX Kiaccupukarms. 3Ha4uu-
TENbHBIN MPAKTHIECKUI HHTEPEC B HACTOSIIIEE BpeMs U B OY/IyILEM MPEACTABISIOT PACX00MEPhI 03 BBOIA H3MEPSIOIIETO
YCTPOICTBA B MOTOK IyThsl. [Ipe/araeTcst UCMONb30BaTh TAKUE U3MEPUTEIbHBIC YCTPOWCTBA B CHCTEMaX aBTOMATHYECKOrO
pacnpenenenus ayths (CAPJI) o ¢pypMaM HOBOTO MOKOJIECHHSL.

Knrouesvie cnosa: HepaBHOMEPHOCTh PACIPEACICHUSA TyThsi MO (ypMaMm, DYTHEBOH PEXKUM, PAacXOi TOPSUCTO
IyThs IO ypMaM, pacxoOMephl, KiIacCu(pUKAIMI U3MEPUTEIBHBIX YCTPOICTB, CHCTEMa aBTOMATHYECKOTO pacipese-
JIeHUs. TyThs 10 PypMam, OTOOp CTaTHUECKOTO NaBieHHs Ha auddy3ope, KOIbIIEBOW BO3TyXOMPOBO, KAJIOPUMETD,

CAP/] HOBOTO ITOKOJICHHUSI.

BBenenne

HepaBHoMepHOCTE pacripefielicHust IyThsl IO
bypMaM JOMEHHOH Ne4Yn BBI3BAHA CIIETYIONINMH
NPUYUHAMH. OJHOCTOPOHHUI TOJBOJA TOPSYEro
OyThS K KOJBIIEBOMY BO3AYXOIPOBOIY, MOJBOJ
IyThs K KOJBIIEBOMY BO3IAYXOIPOBOAY B ABYX Me-
CTax, pasHas Ta30MNPOHHIAEMOCTh MAaTEpPHAIOB B
Haa(ypMEHHBIX 30HaX, reoMeTpHsl QypMEHHBIX py-
KaBoB u T.1. [1-3].

Hnst 3¢ dexTUBHOTO yrpaBieHUs JOMEHHBIM
IPOIIECCOM HEOOXOIUMO YCTaHOBHUTH MapaMeTphl
IyThEBOro pexxuma. Pacxon OyThsi — OCHOBHOU
MoKaszaTesb AYThEBOI'O PEKHMMa, KOTOPBIH OIpe-
JeJsieT HOpMaJbHYIO paOOTy MeYH U CIYXKHT IS
yIpaBIeHUS XOA0M Ieun «cHu3y». Otcrona cie-
OyeT peanbHas 3HAYUMOCTb KOHTPOJIA pacxoja
oyt no ¢ypmam [4]. Hammume nocroBepHO
uH(poOpMaIU O pacxoje MyThs, MOJaBaEMOro Ye-
pe3 Kaxayro QypMy JTOMEHHOW MEYH, MO3BOJSET
OpPraHHM30BaTh ONEPATUBHBIH TEXHOJIOTHYECKHU
KOHTPOJIb 32 PABHOMEPHOCTBIO €r0 MOCTYIUICHUS
M0 OKPYXXHOCTH HEYH M OCYIIECTBIATH yIpaBJe-
HUE TEXHOJOTHYECKHMM COCTOSHHEM JIOMEHHOU
IUTaBKU 3a CYET BBIPABHUBAHMS WM yCTaHOBKH
3aJaHHOTO0 COOTHOILIEHUSI OyThe—TOIUIMBHAS J0-
6aBka [4, 5].

OcHoBHAasl YaCTh

K pacxomomepam mnpeabsBIstoTCs TpeboBa-
HUS, YAOBIETBOPUTH KOTOPHIE COBMECTHO IOCTa-
TOYHO CJIO)KHO M HE BCETJa BO3MOXKHO: BBICOKAS
TOYHOCTh W3MEPEHHS, HANEKHOCTh, OBICTpOJEH-
CTBHE, HE3aBUCUMOCTb pPE3YIbTaTOB H3MEPECHHUS
OT U3MEHEHHS CPEIbl.

Yaie Bcero B MPOMBIIUIEHHOCTH PACXOJT YKUJIKO-
CTEH W Ta30B 3aMepseTcs C MOMOIIBIO PacXoJ0MEpPOB
MIEPEMEHHOTO TIepernaja JaBJIeHNs, OCHOBAaHHBIX Ha
COOTHOIIICHNH pacxoa U Tepenaja qaBienus. B 3aBu-
CHMOCTH OT TIPUHIMIA ACHCTBHS PAcXOIOMEpPHI MO-
Pa3IensIoTcsl Ha CIEAyIOIIMe KaTeropuH. C CyKaro-
IIMMH YCTPOWCTBaMH (CTaHIapTHBIC qUadparMsl, COI-
10 JlaBass, TpyOa Bentypu), neHTpobeskHbie (KOIeHo,
KOJIBIIEBOM y4YaCTOK TPyOBI), ¢ HAIOPHBIMH YCTPOU-
crBamu (TpyOka [Iuto m oTOOp craTthyeckoro Jasie-
HUS, IpeoOpazoBatens ¢ AuddepeHIHanbHON TPyOKoH
[Muro, HarmopHOE TTOBOPOTHOE KPBUIO C JBYMsI OTBEp-
crusimu)[6]. Ha pue. 1 npencrasiena KiacCHOUKAITHS
W3MEPUTEITLHBIX YCTPOMCTB.

Ha nomeHHBIX neyax u3MepUTeNbHbIE YCTPOUCTBA
MOYKHO KJIaCCH(UITMPOBATH CIEAYIOIINM 00pa3oM:

— YycTaHaBJHBaeMble BHYTPH (pypMeHHBIX
npudopoB. K HUM oOTHOCATCS ImaiiObl, coIIa,
Haropubele TpyOku Iluto u ap [1, 4, 7, 8]. Ilpu
OKCIUTyaTallid dTHX PAacXO0JOMEPOB  BBISBHIIKCH
CJIEAYIONINE HEIOCTATKH: YBEIUICHUE COMTPOTHBIIC—
HHUS TPOXOJY AYThbsi B (hypMEHHOM NpHOOpE, HpHU
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HEJ0CTaTOYHON MOIIHOCTH BO3AYXOIYBOK 3TO MpH-
BOAMJIO K CHWKEHHUIO MPOU3BOJUTENBHOCTH JOMEH-
HOW Teur W 5(P(EKTUBHOCTH BHEIPEHUS] CUCTEM
ABTOMATHYECKOTO paCHpe/ieieHus] AyThs Mo Qyp-
mam (CAP/I); BbIXOm U3 CTpOsS pacxoJOMEpOB
BCJIECTBHE PE3KOTO IOBBIMICHUS TEeMIIEPaTyPhl
OKpY’KaloIeH Cpenbl MPHU T'OPEHUH OTCACBIBAEMBIX
U3 TeYd TOPHOBBIX Ta30B BO BpPEMsI OCTAHOBOK J10-
MEHHOH TIeYH CO B3ATHEM €€ «Ha TATY»; U3MEHEHHE
CEUEHMSI CY’)KAIOIIUX YCTPOHCTB M3-3a a0pa3uBHOIO
JeHCTBUS YyacTUIl LU U JIP.;

-+ -_—
|

— 0e3 BBO/AA H3MepAIOLIETr0 YCTPOWCTBAa B
NMOTOK AyThsi. PaboOTHl B 3TOM HampaBlieHMH Haya-
JIUCH TOCTIE TOTO, KaK TPYIIa UcCclieloBaTeNel Mo/
pykoBoactBoM M.A. CredaHoBuya Npenyoxuia
OIIPEACIATh PACXOM AYThA MO (ypMam, HCHOIB3YS
3HAuYEHHWE Tiepernaaa JaBlcHU ero B auddysope
¢bypMeHHOro mpubopa Kak MECTHOM CONpPOTHBIIE-
uun [9, 10]. Takoii MeTon M3MEpEHMs U Pa3BHUTHE
€ro TpeACTaBISCT 3HAYUTENBHBIA MPAKTUYECKUH
HWHTEpEC B HACTOSAIIEE BpeMsl U B OyayIieM.

|
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Puc. 1. Pacxogomepbl nepeMeHHOro nepenaga AaBneHus:

a - cTaHpapTHas guadpparma; 6 - conno JlaBans; B - Tpy6a BeHTypwm; r - koneHo;
A - KONbLeBOMN y4acTokK TpyObl; € = Tpy6ka Muto u oT6op cTaTUyeckoro AaBneHUs;
X — npeobpasoBartens ¢ auddepeHumansHoi Tpyokon Muto;

3 = HanopHoe NOBOPOTHOE KPbINO € ABYMA OTBEPCTUAMM
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PaccmoTtpum Oonee moapoOHO HMCHOIB30BAHHE
WU3MEPUTENHHBIX YCTPOHUCTB B Pa3iIMyuHbIE TIEPUOIBI
BpPEMEHHU.

B 1930-x romax B CCCP mnpumensuics psn
OOLIETIPUHATBIX METOZOB HM3MEPEHHUs] KOJIMYeCTBa
ropsiuero AyThsl. YK€ TOT[a CUHTANOCh, 4TO OoJee
COBEPILECHHBIM CIIOCOOOM SIBJISICTCSI HEMOCPEACTBEH—
HOE M3MEpEeHHe KOJIMYECTBA IYThsl, TIOCTYIAIOIIETO B
JIOMCHHYIO TIeYb, YTO IIO3BOJUT OBICTPO YCTPAHSThH
HEJJOCTaTKH B XOJIE TICUH.

Tak, 3.11. HekpacoB B 1935 rogy na meun Ne 2
JIHeTIponeTpoBCKOTO 3aBOJla  METaLTypPTHYEeCKOro
000pyIOBaHMsI TPUMEHHJI pa3pe3Hoe COIulo, B
KOTOpOe ObUIO BCTaBJIeHa CTaHJapTHas auadparma.
OO0cy:)xrBaHrEe TaKOW (ypMBI MPAKTUYECKH OBLIO
Hey1oOHo. Oco0EHHO 3aTpyAHEHUS BO3HUKAIH MPH
cMeHe (ypMm, Korna NpUXOIWIOCH OTKIIOYATh OT
raiiobl HamopHele TPyOkw. B comna oueHb dacTo
nonagan  OUIaK, KOTOPBIH  CHJIBHO — HMCKaXKal
mokaszanus mpubopa [11].

VYcranoBka aunadparmel TpeOyeT OnpeaereHHbIX
YCIOBHH, OCOOCHHO HaIM4Ms MPSIMBIX YYacTKOB
BO3JIyXONpOBOJa A0 W mocie nuadparmel. Ha Bcex
meyax 3aBoja Rochling B 1935 rtomy Obuio
UCIIONIB30BAaHO TO OOCTOSTENILCTBO, YTO KOJBLIEBOH
BO3/IyXOIPOBOJT OBLT BBIIIE OCH (ypM TIOYTH Ha 6 M.
BeneactBue 3TOro MeXIy KOJIBIEBBIM BO3AYXO-
npoBofoM ©  (QYpPMEHHBIM pPYKaBOM  HMEJCS
BEPTUKAJILHBINA TPSIMOJMHENHBIN y4acTOK JUTMHOMN

3960 MM, B KOTOpBIi M ObUIa YCTaHOBJICHA
nuapparma [11].
B 1937 romy mOSBUIOCH NPEMIOKEHHE O

MPUMEHEHN B KaueCTBE M3MEPUTEIHHOIO yCTPOWCTBA
coma BeHTypW, pacuMTaHHOrO sl KOHKPETHBIX
ycnoBuid  omeHHOM meun Ne 3 J[HempoBckoro
MeTauTyprudeckoro komousara (puc. 2) [11].

+

R ——

pRE

Puc. 2. Conno BeHtypu

B 1938 rony A.H. Iloxsucues, C.K. Tpexkaino,
I''A. BonoBuk mpoBemu pso MCCIENOBaHUM Ha
JoMeHHoH eur Ne 1 3amopokcTaii, Ielibio KOTOPBIX
OBUIO BBICHUTB. KOJIMYECTBO AYThsl, IMOCTYMAIOIIETO

Ha Kaxaylo ¢ypMmy, a Takke BO3MOXKHOCTh
MPUMEHEHNSI  TPOCTEHIIMX B IPAKTHYECKOM
00CITy’)KMBaHUM  W3MEPUTENIBHBIX  ycTpoiictB. B

KauecTBe M3MEPHUTEIBHOTO yCTpoiicTBa Oblia BhIOpaHa
quadparMa, KOTopas — YCTAQHOBJIMBAJIACH — MEXIY
(raHIeM MOJBIKHOTO KOJIeHA U (IIaHIIEM C IIapOBOi

3aTOYKOM, LEHTPUPYIOLIMM  COILIO.
myThst ipu 3ToM joctrrana 800°C [12].

B 1946 romy ©Ha pgoMeHHOHM meun Ned
Ky3HemKoro MeTamurypradeckoro KOMOWHATa MpH—
MEHSUICS. METOJ] M3MEpEHHs KOJIMYecTBa BO3yXa,
MOCTYMAIOIIEro 4epe3 KaxIyr (ypMy € HCHOIb—
30BaHMEM HANOPHOW TPYOKH, HM300pakeHHOH Ha
puc. 3. CucremaTtndeckoe H3MEpEHHE IIepenaoB
naBiIeHUH 1o (ypMaM TO3BOJHMIIO OINPEAETHTH
KOJMYECTBO  BO3[yXa, MOCTYMAIOIIEro  4epes
Kaxpli pypmeHHbIl npudop [13].

Temneparypa

Puc. 3. Tpybka ana usmepeHus AMHaMU4ecKoro
Hanopa B cypme [13]

B Hos10pe 1961 rona Ha gomeHHoW meuu Kysz-
HEI[KOTO METaJUTyprudeckoro KomMOWHaTa Oblia
BHEJ[pEHa CHCTEMa aBTOMATHYECKOTO PEryJHpoBa-
HUS pacrpenencHus ayTbs no ¢pypmam (puc. 4). B
KayecTBE OPraHOB KOHTPOJS MPHUMEHEHbl HeoxJa-
KIaeMble YKOPOYCHHBIC W3MEPHUTEIbHBIC COILIA,
BBITIOJIHEHHBIE M3 KaporpodHoi cramu. OHU pas-
MeIaIuch Ha rpanune Aud@dy3opa U BepTUKAIBHO-
ro narpyOka. Takue H3MepHUTENbHBIE YCTpPOHCTBA
HAJICKHO paboTalyl TMpH TEMIeparype TOopsuero
ayTbs g0 1050°C [15,16].

Puc. 4. Cuctema aBTOMaTU4ECKOro pacnpegeneHus
AyTbA no chypmam [15]: 1 - uameputenbHoe conno;
2 — MOTbINbKOBBI KnanaH; 3 — Np1MBOA;

4 - BopooxnaxaaeMbin KOXyX
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Amnanoruunas koHctpykuust CAPJl Obuia BBe-
JIeHa Ha JOMEHHOH meun MakeeBCKOro MeTasutyp-
TMYECKOTo 3aBoja B gexadbpe 1963 roqa [15, 17, 18].

B 1965 romy mpoBeJeHbI HCHBITAHUS MTHEBMO-
METPOB KPBUIOBHIHOTO MPOQMiIs Ha JOMEHHOH Iie-
g Ne 1 HoBonmrenkoro MeTaurypruaeckoro 3aBo-
ma (cm. pue. 1, 3) [19].

B 1969 rony Ha MarHuToropckoM MeTajTypru-
YeCKOM KOMOWHATe HCCIeOBaHbl M3MEPHUTEIbHBIC
YCTPOMCTBA C LEIBI0 ONPEACICHUS] UX XapaKTepH-
CTHK ¥ BO3MOXHOCTH YCTOWYMBOW PabOTHI B OKWC-
muTensHON atMocdepe. [IpuMeHsTucs n3MepuTeNnh-
HBIE YCTpOMcTBa — yKOpOYEHHBIE coruia BeHTypw,
HECTaHIAPTHBIE COIUIa C TPOQUIEM KPUBH3HBI B
4eTBEpPTh Kpyra (COIJIO «4eTBEepTh KPyra») W Hero-
JIBWXKHOTO (pypMeHHoro coma. MccnenoBanue mos-
BOJIWJIO MPaBWILHO BBIOpATh MecTa oTOOpa JUIs W3-
MEpEHHUs IeperaioB AaBJIeHHH, 00ecIeunBarOIINX
MaKCHMaJbHYIO BEJIMYMHY IIE€PenagoB IpPH MHUHHU-
MaJIbHBIX TH/PABIMYECKUX TOTEPSX HAa H3MEpH-
tenmpHOM oprane [9, 10]. C »Toil TOukM 3peHus
HAWIyYIllie Pe3yNbTaThl Jal CIIOCO0 W3MEpeHuUs
nepenasa napieHnit Ha (quddys3ope) HemoABIKHOM
KoJieHe (hypMeHHoro mpubopa. JlaHHBIH MeTon n3-
MEpEeHUs pacxo/ia AyThs IPEICTABICH Ha PHUC. 5.

Pacxon myTest Ha N-pypmMe paccUUTHIBAICS IO
dopmye [9, 10]

Q, =kyAh,, (1)

rie Ahn — mepena Ha GypMeHHOM Kosene (mud-

dbyzope) n-it hpypmsr; Qn — pacxo AyThsl, M/MUH

Ha N-it pypme; K — xooddurment, onpenensemsrit
o opmyiie

Qu
> an

TIe Q n CyMMapHBI pacxoJl IyThs Ha TICUb,

k= (2)

M>/MHH.

Puc. 5. MecTa oTbopa cTaT4eckoro gaeneHus
Ha audchysope chypmeHHoro npudopa [9, 10]
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Taxoil MeTon mepcnekTuBeH. EcTh yxke Hapa-
OOTKM coBepIeHCTBOBaHUs ero: Ay Ha GpypMeHHOM

npubope 3amepsiercs B gomeHHoM 1exe OAO
«MMK» o ¢popmyne

AP =P,y — P

rme Api — mepemaja jAaBieHUs Ha N-it Qypme;

P, , — maBieHue ropsero ayThs OKOJIO MECTa BPE3-
KU TIPSIMOT'O BO3LyXOIIPOBOJIA TOPSUETO AYThsI B KOJIb-
1eBoH; [Jj — JaBIeHKME ropsS4ero Iy Tha Ha N-i Gypme.

OTO MO3BOIUIIO YMCHBUIUTE KOJUYECTBO MECT
0TOOpa UMITYIIBCOB.

B 1989 rony Ha momenHo# meun Ne 1 mertan-
Jyprudeckoro komouHara «KpHBOpOXKCTab» Mpo-
BOAWJIIUCH OJSKCICPUMCHTAIILHBIC HCCICAOBAaHUA C
[ENBI0  OIEHKH OKPYXXHOTO Tra3opacipe/eiicHus.
ITeur ObITa cHaOXkEeHAa yCTPOHCTBAMHU IS M3MEpE-
HUS TIepenaJioB JaBJICHUS MEXITY (QypMEHHBIMH pPy-
KaBaMU M OINpPEJCICHHBIMU (YETHIPHMS) TOYKAMHU
KOJIBIIEBOTO BO3IyXOIMpPOBOA, U300paKEHHBIMU Ha
puc. 6, KOTOpbIE COCTUHSUIUCH C TU(GMaHOMETPAMU
[20]. braromapst TakoMy OTOOPY CTATHYECKOTO JaB-
JIeHUsI TOBBICHIIACH TOYHOCTH AD;.

OmBIT  TEXHOJIOTOB-IOMEHIIUKOB  3amagHo-
Cubupckoro u HoBoimmenkoro MeTamrypradaecKux
komouHaroB (3CMK u HJIMK) mokasan HOBBIIIe-
HHUE TOYHOCTH 3aMEPOB PACXOJ0B IYThs HA KAKIYIO
bypMy ¢ yBeTUUEHHEM JuaMeTpa TpyOOK B MECTax
orbopa ummyibca ¢ 0,5 no 1 aroiima.

Puc. 6. PacnonoxeHue 1 yBsizka oT6opoB
CTaTM4YeCKOro AABMIEHNA Ha KOMNbLIEBOM
BO374yXOnpoBoze W BO3AYLHbIX (hypM 4OMEHHOK
neyn Nel «KpusopoxcTtanm» [20]: Mpl,
eI - ocb NpaBoM U NEeBOW YYryHHbIX NETOK;
1,2 ... 18 — oTOOpbI CTaTUMECKOTO AaBNEHUS
Ha pacTpy6e hypMeHHbIX NPUOOpPOB;

1,2, 3,4 — oTOOpbI CTaTM4ECKOrO AABNEHUA
Ha KonbLIeBOM BO3AyXONpPOBOAE ropsvero AyTba

Becmuuk MITY um. I'. N. Hocoea. 2015. Ne2




Memodbi onpedeneHus pacxoda 2opsiye2o Aymbsl Ha 0MOeIbHO 83IMYH ypMYy ...

Apyxxos B.I'., Wupwoe M.FO., lpoxopoe U.E.

B 1995 rony pa3pabotaH MpUHINIHAIEHO HOBBIH
MeTOoJi OECKOHTaKTHOT'O M3MEPEHHsI pacxojia ropsye-
ro AyThs 1O (pypMaM, CYIIHOCTb KOTOPOTO 3aKIr0ya-
€Tcsl B UCIOJIBb30BaHUH OXJIA’KAAaEMOM TOJIOBKH COTUIA
B KayecTBe KaJOpuUMeETpa. OKCIEPUMEHTAIBHOE
orpoOOBaHKe ATOr0 METOAA OCYILIECTBICHO Ha J0-
MeHHOU neyn Ne 4 komOuHara A30BCTajlb, IIOKA3aB
XOPOLIYIO Pe3yJabTaTUBHOCTh. 1lo3aHee 3TOT MeTon
npouies anpoOanuio Ha JOMEHHBIX IMe4ax AIT4eBCKO-
ro, Yepenoserkoro, KprBOpokckoro KoMOHHATOB,
3aBoJioB EHakmeBckoro u «TymauepMmer», MokazaB
IIOJIO’KUTENBHBIN pe3yiipTatT. IIpenMy1necTBoM 3TOro
METo[a, SIBJIsieTCs 6oiee HU3KUH ypOBEHb KaluTajlb-
HBIX 3aTpaT TEXHWYECKOI'0 HCIIOJHEHHS CHUCTEMBbI
KOHTpOJIs, Ooiee BBICOKAs  JKCIUTyaTallMOHHAS
HaJIe)KHOCTh JAaTYUKOB CHCTeMbl m3MepeHus. K He-
JOCTaTKaM OTHOCSITCS MHEPLUUOHHOCTb CHCTEMBI U
BO3MOKHOCTh NPUMEHEHUs! JIMIIb NPH HAMYUHM Ha
JIOMEHHOM Te4r BOJSHOTO OXJIAXKICHUs comen (yp-
MEHHBIX IPHOOpOB [21].

3akaouyeHne

IMocne 1969 roga merox U3MepeHUs: pacxoja ro-
psdgero IyThs Ha Kaxaylo ¢ypMmy 0Oe3 BBoma
YCTPOWCTBa BHYTPH (h)ypPMEHHOTO TMpHOOpa OKazalics
caMbIM HaJeXHbIM W 3PdexkTuBHBIM. OH Ccroco0—
CTBYET CHIDKCHHUIO CONPOTHBIICHUS NPOXOMY AYThs
3aCITy)KMBaeT JaJIbHEHIIEro pa3BUTHA B CHCTEMax
CAP]Il [22] moBOoro moxkoneHus. OCHOBHBIE ITyTH
COBEPILICHCTBOBAHHSI:

— BBIABUTH pAalMOHATBHBIE MecTa  OTOOpa
UMITYJIbCA JUTSI OTIPEJIeTICHUsI Pacxo/ia Iy Thsl Ha GypMy;

— YYHTHIBATh OIBIT TEXHOJOTOB-IOMEHIINKOB
3CMK u HJIMK;

— PETYISAPHO KOPPEKTHUPOBATh KOID(UITUEHTHI

(¢p-ner (1) u (2)).
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Abstract. This paper focuses on control and availability
of reliable information about a hot blast volume in tuyeres of
a blast furnace. The authors generalized various techniques
for measurement of a hot blast volume per tuyere, applied for
blast furnaces starting from the 1930’s, and presented their
classification. Flow rate meters, requiring no input of a meas-
uring device into a blast flow, are of considerable practical
interest at present and in future. It is proposed to use such
measuring devices in systems of automatic distribution of
blast (SADB) in tuyeres of a new generation.

Keywords: Unsteady distribution of blast in tuyeres,
blast mode, hot blast flow rate in tuyeres, flow rate me-
ters, classification of measuring devices, system of auto-
matic distribution of blast (SADB) in tuyeres, static pres-
sure tap in a diffuser, hot-blast circulating duct, calorime-
ter, SADB of a new generation.
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3 MarHuToropckuii MeTaJuTypruaeckuii komOuaat, Marauroropck, Poccus

Annomayus. Metan, IpUMEHAEMbIN U W3TOTOBJICHUS TIPYKUH M Peccop, TODKEH 001anaTh, KpoMe HeOOXOIMMOMN

MPOYHOCTH B YCIIOBUSIX CTaTHYECKOTO, JMHAMHUYECKOTrO MM HUKIMYECKOTO Harpy:K€HHH, JOCTATOYHO XOPOUIEH IIacTh4-
HOCTBIO, BBICOKHMHU TIPEENAaMH YIPYTOCTH U BBIHOCIMBOCTH M BBICOKOH peNlaKkcaliMoOHHOM cTolKocTh0. Ha kauecTBo npy-
JKMH U PECCOp BIMSET COCTOSIHME IOBEPXHOCTH NMPYTKOB. TpeOoBaHMs K KayecTBY IOBEPXHOCTH U IIyOMHE 00e3yriepo-
JKEHHOTO CJIOSI TOpsTYEKAaTaHOTO MpoKaTta Bce Ooiee yxecrodatores. K Hanbonee pacnpoctpanéHHbIM criocobam 00pbObI ©
pOCcTOM 00€3yIIIepOKEHHOTO CIIOSI MO’KHO OTHECTH YIpaBIsIEMbI HarpeB craid. Llenbio mccieoBanus sBisiercs obece-
YeHHEe MaKCUMaJIbHO BO3MOXKHOW PaBHOMEPHOCTH JeopMallii U, TEM CaMbIM, YMEHBILICHHE TOJIIHHBI 00e3yTIIepOKeHHO-
ro cios. B pabote npoBeieHa onTHMU3anus KaTMOpOBKU IPOMEKYTOUHBIX KJIETeH U MPOoBOJoUHOro Oioka. Ilpu nmpokartke
10 HOBOM cxeme JiehopMalii 3aCTPEBaHU He IIPOM30IILIO, HTOTOBBIE Pa3MEphl IIPOKATHIBAEMOTO KPYTJIOro Ipoduiis 1ua-
MeTpoM 14 MM HaXOMWJIMChH B TPEAeax CYIICCTBYIOIINX JOMycKoB Ha mpoaykuuto (+0,3 mM). Pesynsrarom npuMeHeHus
HOBOH KaJIMOPOBKH CTaJ0 MPOM3BOJCTBO IIPOKATa C BHICOKAM KadeCTBOM MOBEPXHOCTH, a B JANBHEHIIIEM U aBTOMOOMIIb-
HBIX IPYKUH, YIOBIETBOPSIONMX BHICOKMM 3KCIUTyaTallIOHHBIM TPeOOBaHMUSIM.

Kniouesvie cnosa: npyxuHHasA CTajb, 00e3yTIIEpPOKEHHBIN CIIOH, HEPaBHOMEPHOCTH JiehopMaliiy, KaTMOPOBKA BAJIKOB,

OBAJIbHOCTb CEYCHMUS, KAUCCTBO IIOBEPXHOCTHU.

BBenenne

W3BecTHO, 9TO MpYyKWHHAS CTallb — 3TO HU3KO-
JIETUPOBAaHHBIA CIIAB, CPETHEYTIEPOAUCTAs WIIH
BBICOKOYTJIEPOJIUCTas CTaJlb C TOBBIIIECHHBIM IIpe-
JISJIOM TEKy4YecTH. OTO MO3BOJISAET HU3JENUSAM U3
MPY>KUHHOM CTaIM BO3BPAIIATHECS K UCXOTHOU (hop-
Me, HECMOTPS Ha 3HAYNTENIbHBIA M3TU0 M CKPYyUHBa-
Hue. [IpyXuHBI ¥ peccopbl UCHBITHIBAIOT B paboTe
MHOTOKpAaTHBIE 3HAKOIIEPEMEHHBIE Harpy3ku M IO-
CJIe WX CHATHUS JOJDKHBI MOJIHOCTBIO BOCCTAHABIIH-
BaTh CBOM IIE€pBOHAYajJbHBIE pa3Mepbl. B cBs3u c
TaKUMH yCIOBUSMH pabOThl, METaJLI, IPUMEHSIEMBbIH
JUTST U3TOTOBIICHUS TPY>KUH U PEccop, MOIHKEH 00-
JaiaTh, KpOMe HEOOXOANMON MTPOYHOCTH B YCIOBH-
SIX CTaTU4ECKOro, JUHAMHUYECKOTO WM IUKIHYe-
CKOTO HarpykKeHHi, JOCTaTOYHO XOpOIIeH Ia-
CTHYHOCTBIO, BBICOKMMH MpPEIENaMu YIPYTOCTH H
BBIHOCJIMBOCTH U BBICOKOW PEJIAKCALMOHHON CTOM-
KOCTBIO, a TIpH paboTe B arpeccUBHBIX cpenax (ar-

Mocdepe mapa, MOPCKOM BOJIE U JIp.) JOJDKEH OBITH
TaKXe U KOPPO3IUOHHOCTONKHM.

Ha kadyecTBO MpYKUH M PECCOp BIHUACT COCTOS-
HUE TIOBEPXHOCTH MPYTKOB, MPOBOJIOKM U TIOJOC.
Hannune napyxHbIX nedekToB (TpelinH, 3aKaToB,
TUTEH, BOJIOCOBHH, PaKOBHH, 32yCEHIIEB, BJIABICHHON
OKaJIMHBI U JIp.), & TAKKe 00€3yrIIEPOKEHHOTO CIIOS
CHIDKAeT YIpyrue U IUKIMYECKHe CBOMCTBA MeTal-
na. [TosToMy panee B mpoliecce M3TOTOBICHHS IIPY-
KWH Hapy)KHbIe JEe(PEKThl Ha TIOBEPXHOCTU MPYTKOB
U MOJIOC YAAISIIUCH 3a4UCTKON WK NITH(OBaHKUEM, a
ryOrHa 00E€3yTrNIEPOKEHHOTO CJOSI PEerJIaMEHTHPO-
BaJIaCh TOCYJapPCTBEHHBIM CTaHIAPTOM Ha PECCOPHO-
MPYKUHHYIO CTaib. B HacTosiiee Bpems HauOosee
TIPUBJICKATENILHBIMU C TTO3MIUIA CHYDKEHHUST cebecTo-
UMOCTH SIBJISIFOTCSI TEXHOJIOTHMH, BKITFOYAIOIIHE MH-
HUMAaJIbHOE KOJIMYECTBO OINepanuil U 00ecreunBaro-
e pecypcocOepeskerre. CoBpeMEHHON TeHICHLH-
efl B M3rOTOBJICHUM IPY)KUH SIBIIACTCS IPUMCHCHHE
ropsi4eKaTaHoOro Mpokara 0e3 00TOUKH ITOBEPXHOCTH.
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B cBsi3u ¢ 3TUM TpeOOBaHUS K KauyeCTBY MOBEPXHO-
CTH ¥ TIIyOMHE 00€3yTIIEPOKEHHOTO CJI0sl TopsiyeKa-
TAHOTO TIPOKaTa Bce OoJiee y)KeCTOUaroTCS.

SIBrneHne 00€3yTIEepOKUBAHUS TTOBEPXHOCTH Me-
TaJlIa 3aKJIFOYAETCsl B TOM, YTO Ta3bl, HAXOJSIIUECS B
ICUr U COoACPXKAIIUEC OKUCIIUTEIIN, BCTYIIAIOT B XUMH-
YecKOe COCMHEHUE C YTIIePOJIOM, BXOSIIMM B CO-
cTaB cTaid. B pesynpTarte momy4arorcst ra3000pa3Hble
COEIMHEHUsI, KOTOPBIE BBINENSIIOTCS B arMocdepy, a
TIOBEPXHOCTHBINA CJIOW MeTayuia O0eIHSIeTCS YIiepo-
nom. C TedeHHeM BPEMEHH IIPU MOBTOPHBIX HAarpeBax
00e3yTIIepOKEHHBIA CIOM HAa MeTaule CTAaHOBUTCS
TOJIIE, TIPUYEM HHOTJA DTOT CIIOW COCTOUT Jaxe U3
YHUCTOTO Kene3a. BerencTBue 00e3yrneposKMBaHHs
MEXaHWYECKHe KayecTBa MOBEPXHOCTHOTO CIIOA 3Ha-
YUTEIFHO CHIDKAFOTCS U MOTYT
61)ITI) BBIABJICHBI TOJIBKO IIpH
CHEIUATBHOM HCCIICIOBAHHU.

Bo3moxkaocTn  obe3yrire-
poxkuBaHus (B TOH WIIM WHOM
Mepe) MOIBEPKEHBI BCE THITHI
CcTayield, W TOTOMY CIEIyeT
HUMCTH B BUZY, YTO OHO MOXET
CHIM)KATh KadecTBO JeTalieH,
W3TOTOBJICHHBIX W3  CTaJH
mobort mapku. [IpakTmuaecku
MOXHO CYHMTAaTh, YTO €CIH B
CTaJIAX C COJICPKAHUEM YTJie-
poma 0,20-0,25% Haguuue
00e3yTIepoKEHHOTO cIos
MOBEPXHOCTH OIACHO JIUIIb B OINPEICICHHBIX, CIIe-
[UANBHBIX CIydasX, TO y CTaled C CoJepKaHHeM
yraepoaa B 0,40-0,45% oHO 10/1KHO OBITH NPU3HA-
HO OTIACHBIM HEIOCTaTKOM, C KOTOPBIM BCerna
HEOOXOUMO CUUTATHCS TPH PEIICHHH BOTPOCca O
TEXHOJIOTMU IIPOU3BOJCTBA TOH WJIM MHOU JAETaH.
[ToBepxHOCTHOE 00€3yIiIepOKMBaHHE, 3apOXKIa-
Ioleecs eIie MpHu ropsiyeii MexaHudecko ooOpa-
0OTKEe CIHTKA, SBISETCA OJHUM U3 CEPhE3HBIX TO-
POKOB COBPEMEHHOTO MPOU3BOJICTBA CTalleH, 3Ha-
YUTENHFHO CHIDKAIOIIUX MPOYHOCTh CTAJIed TIpH
MepEMEHHBIX Harpy3Kax.

CrernieHb 00€3yIIIepOKUBaHUS U TJIyOUHY 00€e3yT-
JIEPOKEHHOTO CJIOSI MOYKHO OIPEACITUTh HECKOIBKUMHU
criocobamu, W3 KOTOPHIX HamOoJee pacipocTpaHeH-
HBIMH SIBIISIFOTCSI CIIEIYIOIINE. M3MEPEHNE TBEPIOCTH
TIOBEPXHOCTH 00pa3lia J0 HarpeBa u Mocje Hero B 3a-
JaHHoM arMochepe (TBEPAOCTh 3aBHCHUT OT COMEpKa-
HUS YIJIEPO/Ia) U AHAIM3 MHUKPOCTPYKTYPBI, BBISBIIS-
IOIUM KapTUHY MPOMCIIEAINMX B CTAJIM IpeBpalie-
Hui. BO3MOXHO, NPOBE/IEHUE XUMHUYECKHUX aHAIM30B
TIOCIIEIOBATEIIFHO CPE3aEMBIX CIIOEB METAILIA, a TAKKE
HaXOXKIEHHE M3MEHEHHs ero Macchl [1].

K wnambonee pacnpocTpanéHHBIM crHocobam
0OpBLOBI C POCTOM 00€3YTIIEPOKESHHOTO CIIOS MOKHO

OTHECTH: YIPaBIISIEMBbIi HAarpeB CTaJId U €ro 0co-
Oennoctu (puc. 1), BBIIUIABKY CTald C OMpEICiCH-
HBIM  XMMHYECKMM  COCTAaBOM  (JIerMpoBaHHE),
yIpaBJeHUe mpoueccoM 00pabOTKU CTaNIN J1aBIICHHU-
€M, TEPMHUYECKyI0 00pabOTKy TOTOBOHM TropsdyeKaTa-
HoW cranu [1] u ¢pusudeckue crnocoObl yCTpaHSHUS
00€3yTJIEpOKEHHOTO CIIOS.

Bce nepeunciieHHBIC CIIOCOOB! OTIMYAIOTCS Pa3-
TYHON 3P ()EKTHBHOCTHIO U M3Yy4eHBI HE OJAMHAKO-
BO, B CBSI3M C Pa3HOU CIOXHOCThIO. HammeHsbiuee
KOJIMYECTBO ITaTECHTOB HA M300PETEHHS M MOJIC3HBIC
MOJIENH, a TaKKe IMyOJIUKaluii MOKHO OOHAPYKHTh
MO TEMaTHKE YIpPaBJICHUS MPOLECCOM 00pabOTKH
JIaBJICHUEM C LIEJIBI0 CHIDKEHHS BEIMYMHBI 00e3yT-
JIEPOKEHHOTO CJIOS TIPY)KEHHBIX CTajei [2].

I'ny6una 00e3yr- Daxr TpeboBanus
JIEPOXKUBAHUS, MM T'OCT 1763-68
YacTHuHOTO 0,20 0,14
TTonuoro 0,06 0,03

Puc. 1. PeaynbTaThl NpoKaTku nocne ynpaenseMoro Harpesa

0€e3 n3MeHeHMs KanubpPOBKU

B cBs3u ¢ paHee Ha3BaHHBIM, 3aCIyKHBaeT OT-
JIeTbHOTO BHUMAHUS HCCIIEJOBAHHME PE3EPBOB ILIa-
CTHYEeCKOH AedopMaluy mpy NpoKaTKe B KAIMOpax.
Lenpio nccnempoBanus SABISIETCS 0OeclIeUeHUE MaK-
CHUMaJIbHO BO3MOKHOH PaBHOMEPHOCTH nedopma-
UM 1, TEM CaMbIM, YMEHbIICHUE TONLINHBI 00€3yT-
JIEPOKEHHOTO CIIOS.

TexHu4eckre M TEXHOJOTHYECKHE paspaﬁoTlm

[MpumenurensHo K ctany 170 Obimn paccmoTpe-
HBl CIEAYIOIIME BapUaHThl ONTUMH3ALMU KaIno-
POBKHM TIO KPUTEPHIO HEpaBHOMEPHOCTH Aedopma-
uun [3, 4] npu npokatke Kpyrioro npoduis aua-
MeTpoM 14 mmM:
1) ontumm3aims KaTuOPOBKH TPOBOJIOYHOIO
0JI0Ka MPU YBETMYCHUH CEYCHHS ITOJIKATa U PO-
CTE KOJUYECTBA IPOXOI0B B 0JI0KE ¢ 2-X 70 4-X;
2) onTUMH3ALKS KaJTUOPOBKU O0KMMHOM TPYII-
Bl KJIETEH C MOMyYeHHEM KBaIpaTHOTO CEUCHUS
Ha MMPOMEKYTOYHOM POJIbTaHre;
3) onTumH3aIHs KaTHOPOBKU YSPHOBOM TPYIIITBI
Kiieteit crana (kaeru Ne2—-8) ¢ ucnosnb3oBaHueM
CHUCTEMBI KaIHOPOB pOMO-KBaIparT;
4) MonenupoBaHHE MPOKATKH 3arOTOBKH yBE-
auyeHHoro cedenus (152x170 mm) B komOu-
HallMM C ONHMCAHHBIMU BBIIIE BapHaHTaMH Ka-
TUOPOBKH BAJTKOB.
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W3 paccMOTpeHHBIX BapUaHTOB PELICHHUS MOCTAB-
JICHHOW 3a/1aull HauOoJiee MEPCIIEKTUBHBIMU C TOYKU
3peHUs] CHIKEHHS TOJIIMHBI 00e3yTiiepoKeHHOro
CJI0A ABJIAIOTCA BapUaHThI, CBA3AHHBIC C YBEIIMUCHUEM
pa3Mepa 3aroTOBKHU U, KaK CJIEJICTBUE, C YBEIIMIECHUEM
cymmapHoro kodddurmenta BHITSDKKU. [Ipu sTom c
TOYKH 3pEHHsS MHUHFMHU3AIMK 3aTpaT Ha M3MEHEHHUE
TCXHOJIOTHMM U TIPOBECACHUE ONbITHBIX ITPOKATOK
Han0oJee NPENOYTUTENILHBIM SIBIISICTCS BapuaHT 1,
CBS3aHHBI C ONTUMH3ANMEH KaTMOPOBKH BAJIKOB
MPOBOJIOYHOTO O710Ka. OMBITHYIO TPOKATKY IO JIaH-
HOMY BapUaHTy KaJUOPOBKH BO3MOKHO HMPOBECTH C
MHUHUMAJIBPHBIMU 3aTpaTaMHi Ha MOATOTOBKY. Pe3yiib-
TaThl MPOKATKH C MPUMEHEHHWEM HOBOW KaTHMOPOBKH
MPE/ICTaBJICHBI Ha PUC. 2. HarmsimHo npociiekuBaeTcst
TIOJIOXKUTENBHOE BIUSHUE OT TPUMEHEHHS CKOPPEK-
THUPOBAHHOW KaTHOPOBKH, MO3BOJIMBIICH 00ECTICUUTh
Oosree paBHOMEpHYIO jJehOopMaIHio MeTajlia 1o cede-
HIIO. HenomycTnMo BBICOKHE 3HAUYSHUST KOHTPOIBHBIX
napaMeTpoB HaOIIOJAIOTCS B MECTax 3ajJeraHus Io-
BepXHOCTHBIX nedekToB. IlosTomy nmanpHeliime me-
PONPHSATHS TIO YIIYUIIEHHIO KauecTBa packara JIOK-
HbI 6BITB HarpaBJICHbl Ha MNPUMCHCHHC IIPOKATHBIX
BAJIKOB C yIYYIIIEHHBIM COCTOSIHUEM TIOBEPXHOCTH.

OcHOBHBIM KpuTepueM d(H(HEKTHBHOCTH KOp-
PEKIINU KanHOPOBKH SIBISIIACH BO3MOXHOCTH «BHI-
KaThIBaHUS» 00pa30BaBIIErocs 00e3yriepoKeHHOTO

CJIOSl BCIICJICTBHE peaiun3auu 0ojiee paBHOMEPHOM
nedopmaly MeTaia mpu npokaTke. B cymiecTBy-
IOIEM U PETYJISIPHO MPUMEHSIONIEMCS Yyxke OoJee
JBAJIATH JIET CTPYKTYPHO-MATPUYHOM IMOJIXOJE K
OIMMCAHUIO, aHANN3Y W MPOCKTUPOBAHHIO PEKHMOB
COPTOBOM MPOKATKH PABHOMEPHOCTH Jie(hOopMaIiiu B
Kamnopax pa3TUdIHON (OPMBI XapaKTepU3yeTcs: KO-
3} dunneHToM HepaBHOMEPHOCTHU Kiiep.

Crout 0c000 OTMETUTH, YTO BHICOKAsi HEPABHO-
MEpHOCTh JedopMariii B OOJIBINICH CTEIEeHH CIIO-
COOCTBYET M3HOCY MPOKATHBIX BAJIKOB M, KaK Clie/-
CTBHE, 00pa30BaHUI0 HOBBIX 30H IOBBIIICHHOW He-
PaBHOMEPHOCTH.

Bonee paBHOMepHas aedopmaiius MOXKET CIIO-
COOCTBOBATH JIyUIlICH BBIKATKE JAC(PEKTOB, KOTOpHIC
MOTJIM OBbITh OOpa30oBaHbl HA CTAJAMSX MOJTYUYCHHS
MeTaJia ¥ 3arOTOBKH M, YTO OCOOCHHO BaXKHO, IO-
JIOXKHUTENBHO BIMSET Ha paBHOMEpPHOE pacrpeselie-
HUe 00€3yTJIEpOKEHHOr0 CJIOS KaK 10 JUIMHE pacKa-
Ta, TaK W MO ero cedeHuto. CienoBaTenbHO, IS
CHIDKEHHUSI KOJM4YecTBa Ie()EKTOB M IMOBBIIICHHS
KayecTBa IOBEPXHOCTH IPOKATHOH MPOIYKIHH
HEO00X0JUMO O0eCreurBaTh Kak MOXKHO MEHBIIHI
YpOBEHb HepaBHOMepHOCTH naedopmanuu. Kpome
TOTO, YMCHBIICHHE BHYTPEHHHX  OCTATOYHBIX
HaNpPsOKEHUE 1103BOSUT Ooee 3 PEeKTHBHO UCTIONb-
30BaTh METAJUIONPOKAT B JAJILHEHIIIUX MepeIeax.

doto

I'myOnHa gacTiaHOTO
00e3yTiepoKUBaHNs, MM

I'myOuna momHOTO
00e3yTIIepoKUBaHUS, MM

0,12 0,02 gmunoii 0,7

0,23 (o medexry)

0,03 mmHoit 0,65 MM

Puc. 2. PesynbTaThbl NpokaTku nocne ynpaenseMoro Harpeea ¢ M3MeHeHueM KanubpoBkm
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W3 Bcex mpuYMH, BBI3BIBAIOLINX HEpaBHOMEp-
HOCTh AedopManni, OCOOCHHO 3HAYMMOMW SIBISIETCS
HECOOTBETCTBUE (OPMBI WHCTPYMEHTa (Gopme me-
¢dopmupyemoro Tena. [Ipu copToBoii mpokatke Ta-
KO€ HECOOTBETCTBUE HEN30EKHO CYIIIECTBYET.

HecoeprencTtBo cxeM KaanOpOBOK BaJIKOB
MPUBOJUT K YMEHBIIECHUIO CTETIEHH TOMOTETHYHO-
ct GopM geQopMUpYyeMOro Teina U WHCTPyMEHTa
[5, 6]. INoBbiieHure creneHu Mmoo0ust 3THUX Gopm
MO3BOJISIET CHHU3UTH HEPaBHOMEPHOCTH JedopMa-
. B GONBITMHCTBE CIydaeB COPTOBOU MPOKATKH
KaJMOPOBILMKAM MPHUXOIUTCS MMETh NIENI0 C HEro-
MoTeTHYHbIMH (hopMamu (pUcC. 3).

Bromames ceusHme ¥ '\\
(MeeTAIL, medopmETE Mos L '
Teno)

Kamifip (HHCTEVMEHT) |

Puc. 3. lpumep HeromoTeTMYHOM hOpMbI MeTanna
1 Kanubpa

CHmxeHne
IMO3BOJISCT:

— YMEHBIIUTH U3HOC MTPOKATHBIX BAJIKOB,;

— CHHU3UTh PAcX0Jl SHEPTUHU Ha MPOIECC MPOKaT-
KH METaJlia,;

— Mmoxy4nuTh Ooyiee paBHOMEPHO pachperenéH-
HBIE HATrpy3KH IMpH MPOKATKe 10 IIUPHHE, pacrpe-
Jeisis yCI/IJII/Iﬂ Ha HpOKaTHLIC BaJIKH,

— TMOBBICUTH CTAaOMJIBHOCTH MPOLIECCa IO KPUTe-
PUIO KTOYHOCTHY;

— TOJNIy9uTh Oo0Jiee TOYHBIC T'EOMETPUUECKHE
pasMepbl TOTOBO TTPOIYKITHH;

— MPOJUIATH CPOK CITY’KOBI MEXaHU3MOB TIPOKAT-
HBIX KJIETCH.

Ommpasicb Ha CTPYKTYPHO-MATPHYHBIN TOIXO],
JUI  OLICHKM HEPaBHOMEPHOCTH JieopMaiii MpH
(hopMOU3MEHEHNH METAJlIA B KAIMOPaX UCIIOJIB3YeTCs
ko3 GuIMEHT HepaBHOMEpHOCTH AeopManu K.

Kiep MOXKHO paccumThIBaTH Kak JUId IIpolecca
(hopMOHM3MEHEHHUST BHYTPH OJHOTO odara aedopma-
IIUY, TaK U JUIS IBYX PSIOM PACIOJIOKCHHBIX.

BenmmumHa cpeaHekBaapaTHUECKOrO OTKIOHSHUS
KOMITOHEHTa MAaTpHIBl (HOPMOM3MEHEHUSI KOJIde-
CTBEHHO MOXKET OTpakaTh HEPAaBHOMEPHOCTH (popmo-
W3MEHEHHsT Kak B OJHOM KaimOpe, Tak W B JBYX
CMEXHBIX. B 3TOM ciydae uHTErpanbHbIi K03hhuIm-
EHT HEepaBHOMEPHOCTH (hopMoM3MEHEeHus s nedop-

HEpaBHOMEPHOCTH JedopMaIiuu

Malliu MCTajlla B IBYX KaJ'II/I6an 6y):[eT HUMCTH BU

n - 2
) inj_lxlj
izﬂ: Mijahij —':1?
Kiep = - _
n B 2 n 2
Zl‘,(lij—lxlj) lekij—lxij
1= | A=
n n ’

rie K., — kooddunrent HepaBHOMEpHOCTH aedop-
MaIyy;, N — KOJIMYECTBO BEKTOPOB OIMUCHIBAIOIIUX
YETBEPTh CEYCHUsS KauOpa WM BXOJAIIETO ceue-
HUS METalia, A — COOTHOIIEHHE KaX/JIOr'0 BEKTOpa

BXOAAMICTO CCYEHUSA K BCKTOPY BBIXOIAAIICTO
(puc. 4).
Bekrop Bxoasmero e
Vi \
cevenus (a) P N
i \
/ \
// \\
/ \
/, \)

et
.

Bekrop kannbpa

a
b m (dpopmbi Ha Bexoze) (b)

Puc. 4. NMosicHeHuA k onpegeneHunto KoadduuueHta
HepaBHOMEPHOCTH aedopmanmm

Kak mokaseiBaeT mpakTHKa, IPUMEHEHUS KO-
(burmeHTa HepaBHOMEPHOCTH AeQOpMaIiy €ro 3Ha-
YEHUS JUIS Cilydasi COPTOBOM IPOKATKU U B pa3iuy-
HBIX CUCTEMaAX KaJII/I6pOB JOJIPKHBI Bapr/IpOBaTbCﬂ B
nuanasone ot 0,18 1o 0,30 [3].

Paznmuunble cucTEMBI KanmnOpoOB, OCOOEHHOCTH
nedopmanyy, ¢GopMa KaIHOPOB M pPETIAMEHTHPO-
BaHHBIC MIPU MPOKATKE 3a30PbI B OOJBIION CTENCHH
OKa3bIBAIOT BO3jcicTBUE Ha (POpMHpOBaHHS YHC-
JICHHOTO 3Ha4eHUus KodQQHIMeHTa HepaBHOMEPHO-
cTH e opMaInm.

JlJis OLleHKH MHTETpabHOTO 3HAUSHHS KO3 hu-
IUCHTAa HEPaBHOMEPHOCTH JedopMariiu pyKOBOJI-
CTBYIOTCSI KTACCHUECKUMH CTATHCTHUYECKHUMH TMapa-

www.vestnik.magtu.ru

31



OGEPAEOTKA METAJ/110B JABJIEHUEM

METpaMH U XapaKTEePUCTHKAMH, TAKUMH KaK CTaH-
JAPTHOE OTKJIOHCHHE, HAUMEHBINNE KBAAPaThl,
cpenHee apuMeTHIecKoe, MeuaHHas OleHKa U JIp.

Pe3y.m>TaT1,1 HCCJICJ0BAHUA

AHaM3 W CONOCTABICHHE HEPAaBHOMEPHOCTH
JneopMaly MeTasia Mpy MPOKATKE MO CYIIECTBY-
Iolel 1 HOBOM KaJHMOpOBKE MPOBOAMIM HA OCHOBE
TEXHOJIOTHUYECKUX PEKUMOB MPOKATKH Kpyra Jua-
MeTpoM 14 M.

Jns Beramcnenus ko3 QuUIeHTa HepaBHOMEP-
HOCTH Je(opMalMi BCe NPEACTaBICHHBIC (OPMBI
KaJuOpOB M TIPOMEXKYTOUHBIX CEUCHHH packara
MOJIBEPTaiCh OIU(PPOBKE HA OCHOBE CTPYKTYpPHO-
MaTPUYHOTO TIOAX0/IA.

Ha ocHOBe BBIYHCIICHHBIX KOA(P(PHIUCHTOB He-
paBHOMEPHOCTH JAe(hOpMalUU Ul TEXHOJIOTHYe-
ckux KapT (Ha3oBéM mx «IlltatHas KanuOpoBKa» U
«HoBas xanuOpoBKa») OBLIM MOCTPOEHBI JUArpam-
MBI pacHpeiesieHusl 3HauyeHud KoddduuueHTa He-
paBHOMEpHOCTH Ae(dOpMaIMU, KOTOPbIE IMPEaCTaB-
JICHBI Ha PUC. 5 1 6.

Takke paccunTaHbl CTATHCTUYECKUE XapaKTe-
PUCTHKHU AN MOJYYEHHBIX 3Ha4eHWH Ko dumm-
€HTOB HEPaBHOMEPHOCTH AeQOopMaIiui, KOTOphIC
npeacTaBieHbl B TabN. 1 u HeOOXOJMMbIC BETHYH-
HBI JIJIsl TleHeHaNpaBIeHHOW KOPPEKIIUU MEXKBall-
KOBBIX 3230pOB, o0ecleynBaronie mpeaynpexie-
HUe 1e(eKTOB pacKkaTa 1o TeOMETPUIECKHM ITOKa-
3aressim [7, 8].

HepaBHomepHOCTb AedopmalMm ANA WTATHOM KannbpoBKu
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0,300 %0078 0,283 0,283 g 974 0,287 0,285
0250 02 430E40,239 — oEz ) 0,2580,257
’ ] ] 0,2130,214
0,200 0163
0,150 0,134
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Puc. 5. Pacnpepenenue K., no npoxoaam ans «LLitaTHoM kanmopoBku»
HepasHomepHOCTb gedopmaumnm ana HOBOM KannbpoBKu
0.298[ |
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Puc. 6. Pacnpepenenue K., no npoxoaam ans «HoBow kanubpoBKu»
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Tabnuua 1
CraTucTUyecKne XapakTepucTUKM
AN OLEHKN HepaBHOMEPHOCTU AechopmaLum

LraTtHas karmbposka| Hosas kanubposka
XapaKTepucTuka Bce Mpoxoapb! Bce | Mpoxoabl
npoxogpl | ¢ 12 no 21 | npoxodpl | ¢ 12 no 21
Craupaptioe | 11a07 | 003273 | 0,04508 | 002939
OTKNOHEHNE
Cymma 145353 | 055050 | 1,31201 | 0,45910
KBagpaToB
Bapuauus 0,18171 | 0,12562 | 0,18320 | 0,12352
Cpennee 0,25905 | 0,26053 | 0,24605 | 0,23797
apudmeTHyeckoe
MenyaHa 0,27411 | 0,25680 | 0,24600 | 0,23812
Makcumym 0,32484 | 0,29948 | 0,32484 | 0,29013
MuumyMm 0,13357 | 0,21311 | 0,13357 | 0,20124
Paamax 0,19126 | 0,08648 | 0,19126 | 0,08943

AHanm3upysl TONy4YeHHBIC CBEICHUS, MOXKHO
CIeNaTh CIEAYIOIINE BEIBOIBI:

— CTaHJapTHOE OTKJIOHEHHE U cpeaHee apupme-
TUYECKOE 3HAUeHHE JJISl HOBOM KaJHMOPOBKM MEHb-
e, CleIoBaTeIhbHO, HEPAaBHOMEPHOCTH nedopMa-
UM CcTajla MeHblIe U Oonee cTaOWNBHOWH, O YEM
TaKXe CBU/ICTEILCTBYET BapHallHs,

— MeHblllee 3HaUYeHHE MEJHMaHbl JUIs HOBOW Ka-
JIMOPOBKHU CBHJICTEIILCTBYET 00 OOIIEM CHIDKEHUHU
YHUCIIOBBIX 3HAYCHHWH B BEIOOpKE KO3(PPHUIIMEHTOB
HEpaBHOMEpPHOCTHU AedopmManuy;

— cyMMa KBaJpaToB Ul 3Ha4yeHwi ¢ 12 mo 21
MPOXOJbI COKpaTniack Ha 16,6%, 4to Takxke curHa-
JTU3UPYET O COKPAIICHHH MAacCIITa00B MCCIETyEeMOM
BEJMYMHBI;

— MaKCHUMaJIbHbIE W MUHUMAIILHBIC 3HAYCHUS
JUTst IPOoX010B ¢ 12 1o 21 COKpaTHIIMCh, YTO CBHIE-
TEJICTBYET O CHW)KCHUM IHMKOB U KojleOaHUH He-
PaBHOMEPHOCTH B HOBOW KaJTMOPOBKE.

Ha ocHoBe npuBeaéHHON MH(MOpPMALMU MOXKHO
cenaTh BBIBOJI, UTO IMpejiaraeMasi KaauOpoBKa sIB-
nsietcst 6onee 3¢ (EeKTUBHONM ¢ TOYKH 3PEHUS TMOKa-
3aTells HEpaBHOMEPHOCTHU Ae(opMalnu.

CHmKeHne HepaBHOMEPHOCTH JeopMaIiu 1 e€
OoJee paBHOMEpPHOE pacIpellelieHne Mo MPOoXoiam
MO3BOJIMJIO TIOJYYUTh MPOAYKIMIO ¢ Oojiee paBHO-
MEpPHO pacrpenesieHHBIM 00e3yTIepoKeHHBIM CIIO-
€M, a CIIe/IOBATEeNbHO, U ¢ 0oJiee paBHOMEPHO pac-
NpeJeTICHHBIMA MEXaHUYeCKUMH CBOMCTBAMH I10-
BEPXHOCTH, YTO SBISIETCS KPUTHIECKH BAXKHBIM JIISI

YCIIOBUH 3KCIUTyaTalliy NPYy>KUHHOH CTalH.

[Ipu moxGope BO3MOXKHBIX PEXHUMOB Aedopma-
UM TIpeciie/IoBasach 1elb MUHUMAIBHOTO «BMeIla-
TENBCTBA» B CYIIECTBYIOIIYIO KaauOpOBKY. Takoi
MOJXO/ MO3BOJIAET CHU3UTH 3aTPaThl HA BHEAPEHHE
MOJYYEHHBIX PE3YJbTaTOB W YMEHBLIUTH BIUSHHE
(akTOpa  paccoriacoBaHHOCTH  CYIIECTBYIOILEH
TEXHOJIOTMM Y HOBBIX HHTEIPHPYEMBIX PEIICHUI.
WToroBslii MpenIoXKEHHbIM BapuUaHT W3MEHEHHUH
cxembl JeOopMaluy TO3BOJNMI €€ U MOBBICHUTh
YHHUBEPCAJIbHOCTh HCIOJBb30BaHMs TapKa BaJKOB
4yepe3 CO3/laHKhe YCIOBHH BO3MOKHOCTH TPOU3BOJI-
cTBa mpoduis Kpyr muameTpoMm 14 MM mo dacrto
peann3yeMol Ha CTaHe CXeMe NPOKaTKU Kpyra aua-
MeTpoM 6,5 MM, JOMOJHUTEIBHO K CYIIECTBYIOMIEH,
B JIBa pa3a pexe MIPUMEHIEMON cXeMe KPyT AUaMeT-
pom 5,5 mM. JlanHHOE MPEUMYIIECTBO CIIOCOOCTBYET
MOBBILIEHUIO 3PPEKTUBHOCTH MPOU3BOACTBA, CHH-
KEHUIO TEXHOJOTHYECKUX ITPOCTOEB MPH Mepexoax
C BBITIOJHECHUSI OJTHOTO 3aKa3a Ha JPYrod W IMO3BO-
JSIeT YNPOCTUTh PELIeHHE 3aJadyd ONTHMH3ALMU
napka Baikos [9].

Kpome toro, mpu nepexoje Ha HOBYIO Kanuo-
POBKY C 3aBepllieHHeM (OPMHPOBAaHUS TOTOBOTO
npoduias B 4eTBEPTOW MO3ULUU YHCTOBOTO IIPO-
BOJIOYHOro 0JIOKA, TO €CTh Ha BajJKax C YMEHb-
LIEHHBIM IHaMETPOM, IIPOU30ILII0 CHIKEHUE YCU-
WS 1 MOMEHTA MPOKATKU B CHJy TOTO, YTO JIHa-
MeTp BaJKoB B Oyoke B 1,5 pa3a MeHbIe U JMHA
ouara aedopManuy, a 3HAYMUT, M IUIOMIANb KOH-
TaKTa CHIKEHBI. B pe3synbTaTe naxe Hpu MOBBI-
HIGHUU CKopocTH mpokatku ¢ 15 no 18 (m/c) u
paboTe KiIeTell NpM MOHWUKEHHBIX 000poTax
Harpyska Ha KJIETH U MPHUBOJ HE MpeBBICHIA HO-
MUHAJIBHBIX 3HAUYCHWH, HAXOIsICh B JHAIa30HE
24-85% (momuuanpHas 3arpyska — 100%). Cpas-
HUTEIHHBIA aHANN3 3arPy3KH AJIEKTPOJBUTATENCH
TJIaBHBIX TPUBOJOB 1O MOMEHTY MPOKATKH JI0 U
nocJie MPUMEHEHHSI HOBOTO PeKuMa aeGopManuu
IUTsI KJIIETe YUCTOBOI'O OJI0Ka MpUBEIEH Ha puUC. 7.

[loBbIIeHHE CKOPOCTH TPOKAaTKH Kpyra naua-
MeTpoM 14 MM CBSI3aHO C MEPEHOCOM IOTYYCHUS
TOTOBOTO Mpoduiist 6ike K KOHIy (deTBeprast mo-
3T YUCTOBOIO JECATHUKIETEBOIO IPOBOJIOYHOIO
010Ka) cTaHa U HEOOXOAUMOCTBIO MTPOIOPIIHOHAb-
HOTO pocTa CKOpocTH. JlaHHBIA (akT He BIEUET 3a
c000H MOBBILICHNE TPON3BOJUTEIBHOCTH CTAHA.

IIpn mpokaTke Mo HOBOW cxeme nedopmanmu 3a-
CTpEBaHU HE POU30IILIO, HTOTOBBIE Pa3MepbI MPOKa-
TBIBAEMOTO KpYTJIOro npoduis auamerpoM 14 mMm B
OCHOBHOM HaxXOIWINCh B NpPEAeNax CyIIECTBYIOIINX
JOIycKoB Ha mpoaykiuio (+0,3 mm) (Tabn. 2).
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CUYB A (crapas kanuOpoBKa)
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Puc. 7. CpaBHeHMe 3arpy3kv aBuUratens npoBoOrIoYHOro 6noka

Tabnuua 2
Pa3mepbl 06pasua kpyra 14 u3 cranu mapku 60C2XA
nocre onbITHOW NPOKATKM

NapameTp 3HaueHve
[No BbIcOTE 14,0 mm
Mo WwmpuHe (Mo mapke 13,85 mm
* 1 14,0 mm
Mo guaroHanam > 14.2 um

* v
Pe3ynpraT cMemeHus «CToa» BBOJHOW apMaTyphl Ha
4-1i Mo3UIMH.

YBenuueHre BBITYCKa YUCTOBOTO KauuOpa, Tpo-
W3BEJICHHOE paHee C LEeNbl0 M30aBICHHs OT MEPHOIH-
YECKOro yca, B HEKOTOPOH CTENEHH CIOCOOCTBOBAJIO
pocTy oBaJIbHOCTU. TakuM 00pa3oM, JaHHOE PelleHUe
TOJBKO YaCTUYHO KOMIIEHCHPOBAIO BIMSHHUE peallb-
HOM NPUYHMHBI BOZHUKHOBEHUS NIEPHOIMUECKHUX KOJIe-
Oanuii packara. [loaToMy B KauecTBe OJHOTO W3 Me-
PONpPUATUIL U1 YMEHbIIEHHUS OBaJIbHOCTH I'OTOBOI'O
npoduIsi MOXKHO PEKOMEHIOBATh IOMCK M yCTpaHe-
HHE MEXAHWYECKOH NMPHYMHBI MEPHOIUUYECKHUX KOJle-
OaHMif packara ¢ 4aCTOTOH, PaBHOW OHOMY 00OpOTY
BaJIKa B YHCTOBOM KJIETH, M YMEHBIIIEHHE BBITyCKa
YHCTOBOTO Kaymbpa ¢ 24 1o 22 rpan.

3akiIoyenue

Ocy1ecTBIeHHBIN TIepexo]l Ha HeBhIpaOOTaHHbBIE
KaJMOpBI TIPH OIBITHOM ITPOKAaTKe Kpyra JUaMETPOM
14 MM B POMEKYTOUHOH TpyIIe KieTel 1 npuMeHe-
HHE HOBBIX PEKXUMOB 00XKaTHii B COBOKYITHOCTH C pa3-
paboTaHHBIMK KaTHMOPOBKAMHU W BBHITIOIHEHHUE OOJb-
IIMHCTBA TPEOOBaHMI MO XMMHYECKOMY COCTaBYy BBI-
TUIABJICHHOW CTaIM W CHELHUATM3UPOBAHHOMY PEKUMY
HarpeBa 3aroTOBKH ITO3BOJMIIO OOECHEUUTH BBICOKOE
KauecTBO MOBEPXHOCTH NPOKaTa M HEOOXOIMMBIE JKC-
TUTyaTallMOHHBIE XapPaKTePUCTHKU TOJBEPIHYTHIX FHC-
MIBITAHMSIM B KOMITAaHUN «My0ea» OTBITHBIX MPYKHH.

Takum oOpazom, pelieHHe HayIHO-TTPOU3BOI—
CTBEHHOM 33/1a4H TI0 TIPOM3BOICTBY COPTOBOTO IPOKa-
Ta CHEUUAIFHOTO HAa3HAYCHHS SIBISICTCS KOMILIEKCOM
MmeponpusaTuii 1 HoBoBBeaeHuid [10]. OnmHy W3 1eH-
TpaJIbHBIX POJIe UrpaeT HayYHbIA MHCTPYMEHT Iefie-
HAIpaBJICHHOW KOPPEKIMH KaJUOPOBKH TPOGHIIS,
o0ecreunBaroell CHUKEHUE HEPaBHOMEPHOCTH [ie-
¢dopmaru. Pe3ynbratoM nmpuMeHeHHs HOBOM KanuO-
POBKH CTaJIO TIPOM3BOJICTBO TIPOKATa C BRICOKUM Kave-
CTBOM TIOBEPXHOCTH, a B JAIBHEHIIIEM 1 aBTOMOOWIIb-
HBIX TPYKHH, YJOBIETBOPSIOMINX BBICOKAM DKCILTya-
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Abstract. Steel used to produce springs and carriage  ticity and endurance, and high relaxation resistance. The
springs should have the required strength under static, dy-  quality of springs and carriage springs depends on a surface
namic or cyclic loadings, good ductility, high limits of elas-  of rods. Requirements to the surface quality and depth of a
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decarburized layer of hot rolled products become stricter.
The most common methods for preventing a growth of the
decarburized layer include controlled steel heating. The aim
of the research is to provide maximum possible uniform
deformation and reduction of the decarburized layer thick-
ness. This article focuses on roll pass design optimization
for intermediate stands and a finishing high-speed rod
block. When rolling in a new pattern of deformation, we
had no sticking of metal in the stands and finished sizes of
rolled round long products with a diameter of 14 mm were
within the existing tolerances for products (+0.3 mm). A
new roll pass design resulted in production of rolled prod-
ucts with a high surface quality, and in future we will have
a possibility to produce automotive coil springs, satisfying
high performance requirements.

Keywords: Spring steel, decarburized layer, non-
uniform deformation, roll pass design, cross-section oval-
ity, surface quality.
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UccnedosaHue HanpshkeHuil 8 04azax deghopMayUL U OUeHKa U3HOCa 8aJTKO8 YHUBEPCaTTbHbIX Kitemell ...
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Jlexoe O.C., Tyes M.IO.

VCCJEJIOBAHUE HAIIPSIDKEHUH B OYAT'AX AE®@OPMALIMA
N OINIEHKA U3HOCA BAJIKOB YHUBEPCAJIBHBIX KJIETEU
ITPU TPOKATKE HIMPOKOITIOJIOYHBIX BAJIOK

JlexoB O.C., Tyes M.IO.

Poccuiickuii rocyjapcTBeHHbIH podeccuoHaIbHO-IIearoruueckuii yuusepeuret, ExarepunOypr, Poccus

Annomayus. PaccMoTpeHsl 0COOCHHOCTH M3HOCA BAJIKOB YHHUBEPCAIBHBIX KJIETEH NPH MPOKaTKe MIMPOKONOJIOY-
HBIX Oanok. IIpoBeneHo ucciaenoBaHne HAIPSKEHHO-IE(POPMUPOBAHHOTO COCTOSIHUS METaljia B IByX 30HaX oyara Jie-
(opmaru ipu GOpPMHUPOBAHUN CTEHKH M TIOJIKM Oaiku. Pesynbrarsl pacdéra mporecca NMpOKaTKH INPEICTaBICHBl B
BUJIE JIIOP pacipe/ieieHus] HOPMaJIbHBIX M KacaTelbHbIX HAIlpsHKEHUH MO JyraM 3axBaTa M LIMpuHE oyara jedopma-
MK OaKK ¢ TOPU30HTATBHBIMHI M BEPTHKAIBHBIMHU BaJKaMH. [IprBeIeHBI 3MIOPHI paciipeIeIeHUsI pa3HOCTH CKOpOCTeH
MeTasuia Oanky ¥ TOYeK TOPIEBOM MOBEPXHOCTH TOPU3OHTAIBHOTO BaJIKa B 30HE UX KOHTakTa. OnpeneeHsl IPUIUHbI U
3aKOHOMEPHOCTH PAaCIIpEeNICHNs] HOPMAIbHBIX M KacaTeNIbHBIX HANpPSDKCHWH B JBYX 30HaX odara AeopMaliy NpH
MPOKATKE MIMPOKOIOI04HON Oanku. IIpuBeneHsl pe3ynbTaThl SKCIEPUMEHTAILHOTO MCCIEIOBAaHMS M3HOCA TOPHU30H-
TaJIbHBIX OaHJAKUPOBAHHBIX BAJIKOB YHHBEPCAILHO-0aJI0YHOIO CTaHa MPH MPOKATKE ITMPOKOIOJIOYHBIX OaJIOK.

Kniouegvie cnosa: ynuBepcanbHas KI€Th, ITMPOKONOJIOYHAs Oanka, odar aedopMaryu, OaHIa)KUPOBAaHHBIH BaJIOK,

HOpMaJIbHBIC U KaCATCJIbHBIC HANIPAKEHHNA, U3HOC, CKOPOCTh METaJlJIa.

BBenenne

B pesynbraTe HMHTEHCHU(UKAIMH Mpolecca
MPOKATKH, PaCIIMPEHUS COPTAMEHTa IIUPOKOIIO-
JIOYHBIX 0aJIOK, HCIIOJIb30BAHHUS HEIPEPHIBHOIUTOM
3arOTOBKHM U TOBBIIICHUS TPEOOBAaHUS K KauyeCTBY
CTPOUTEIBHBIX MPOQIICH OCHOBHBIM YCIOBHEM
3¢ ()EeKTUBHOCTH YHUBEPCATHHO-0AIOYHOTO CTaHa
SIBJISICTCS yIIy4YIICHHE Ka4eCTBa BAJIKOB U YBEJIHYe-
HHe uX cToiikocTH. OCOOEHHOCTH H3HAIIWBAHUS
BaJIKOB B YHHBEPCAIbHO-0AJIOYHBIX CTAHOB COCTO-
UT B TOM, 4TO Mpoduib mpokara GopMHupyercs B
JIBYX 30Hax oyara JedopMaluu: CTeHKa OaJku — B
FOPHU30HTAJIBHBIX BajKaxX, a II0JIKA — B T'OPU30H-
TalbHBIX W BEPTUKAIBHBIX Bajikax. B oudare ne-
(dopManMu TPOUCXOAUT 3HAYUTEIHHOE pPaccoriia-
COBaHHE CKOPOCTEH CKOJBKCHHS MeTajlia Oaliku
OTHOCHUTEIBHO TOPUEBOM LWIMHIPUYECKON TI0-
BEPXHOCTH OOYKM TOPHU3OHTAJIBHOIO BalKa, 4YTO
MPUBOJUT K HEPABHOMEPHOMY M3HOCY BajKoB. [ 'o-
PY30HTAJIbHBIC BAJIKU BBIXOIST U3 CTPOSI B OCHOB-
HOM W3-32 HEPaBHOMEPHOT'O M3HOCA MX TOPIEBBIX
moBepxHocTeit. MssectHno [1-6], uro kadecTBO
MPOKATHBIX BAJIKOB B 3HAYMTEILHON Mepe omnpee-
JET KAa4eCTBO Mpokara — TpedyeMble MOTpeOu-
TEIBCKUE €r0 XapaKTePUCTHKH (TOYHOCTH pa3Me-
pOB, Ka4yeCTBO MOBEPXHOCTH) W KOHKYPEHTOCIO-
CcOOHOCTh. B CBfI3M € 3TUM BaXHO OMNPEICIUTH
HanpsHKEHHO-Te(OPMUPOBAHHOE COCTOSIHHE Me-
Tajuia B oyarax Jedopmaiuy npyu NpoKaTKe MIUpo-

KOTIOJIOYHOM OalKu B KIETAX YHHUBEPCAIBHO-
0aJIOYHOTO CTaHa, YTO MO3BOJHT OINPEHCIUTH Te-
YeHHEe MeTalula, YPOBEHb HOpPMaJbHBIX W Kaca-
TENbHBIX HAMpPSHKEHUU U paccorjiiacoBaHUE CKOPO-
CTEeW MeTaljia U TOYEK TOPIIEBOM MOBEPXHOCTU I'O-
PH30HTAIBHOTO BajiKa, a CIIEJOBATENILHO, MPOTHO-
3UPOBaTh U3HOC BAJIKOB.

MeToabl uccjie0BaHUA

MogenupoBaHue BBINOJHSAIOCE B 0O0BEMHON
MOCTAaHOBKE C WCIOJB30BAHUEM MPOrPaAaMMHOTO
npoaykra ANSYS [7]. Ynop caenan Ha omnpenerne-
HUE HanpsKEHHO-IEe(POPMHUPOBAHHOTO COCTOSHUS
U 3aKOHOMEPHOCTU TEYEHHs] MeTajula, BO3HUKAIO-
mero B ovare jaedopManuy Mpu MpOKaTKe OajKu
30L B rOopH30HTAJIBHBIX U BEPTHUKAIBHBIX BallKax
YHUBEpCANbHBIX KiIeTel 6anoyHoro crana Huxue-
TarmibCKOT0 METAJUTypru4ecKoro komounara. Pac-
CMaTpUBalIach MPOKaTKa IBYTAaBPOBOH 3arOTOBKH
mmnoi 30 M u3 cranmu 091'2. duamerpsl BepTH-
KallbHBIX W TOPHU3OHTAJIBHBIX BAJKOB IPUHSITHI
paBubiMu 1500 1 1000 MM COOTBETCTBEHHO.

[IpuHuMaeM, 4TO BepTUKAJIbHBIE BaJKH H3TO-
toBneHsl u3 ctanu 60XH. ['opusoHTadbHBIE BaJIKK
SBIISIIOTCS  OaHJOKUPOBaHHBIMU. BaHIax cocTouT
u3 JByX cio€B. MaTepuan HapyKHOro OaHfaxa —
crane 150XHM, BHyTpeHHero OaHIaxa — CTaib
100XHM. [IByxcnoiHBIN OaHJaK HacakeH Ha OCh
u3 cranu 60XH [1].

Marepuan 6anky B odare meopmariii HCIIBI-
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THIBAET YNPYromjlacTH4eckue nedopmannu, KOTo-
pBle JOCTUTAIOT KOHEUHbIX 3HaueHuH. Ilockombky
WX YPOBEHb BBICOK, TO TP ONMUCAHUU MOJICTH Ma-
Tepuasa Oankyd B odare AeQopManuy yduTeHa He
TONBKO (pu3nyeckas, HO U reoOMeTpUYecKas Helu-
HEWHOCTb. JlJIs BaJKOB NPUHUMAEM, YTO MaTEpH-
aj, U3 KOTOPOTO OHHM H3TOTOBIEHBI, MOABEPKEH
TOJIBKO yHpyrum nedopmanu-

AM ¥ HaNpsDKEHUSIM, MOYHHS-
omuMes 3akony I'yka. B oua-

rax JedopMamuu BaJKOB C
0ankoil TNpUHUMAeM  3aKOH
cyxoro Tpeausa Kymnona.

Urak, mpu ucclenOBaHUH
HanpspKEHHO-IehOpMU-

POBAHHOTO COCTOSIHUSI JIBYTaB-
poBOif OadKd W BaKOB TIpH
npokaTke OyneM TakKe MpeHe-
OperaTtb MHEPIHOHHBIMH U Mac-
COBBIMHU CHJIaMH, JiedopMupye-

MBI MaTepuall OaJKd CUMTaTh
HECXKMMAaEeMBbIM M W30TPOITHO
VIPOYHSIOIIMMCS, a MaTepual
BAJIKOB — TIOJAYHMHSIOIINMCS 3a- -
koHy ['yka. Ilpu 3anucu ypas-
HEHUH COCTOSIHUS OyneM Wc-
MOJB30BaTh CIy4ail MpOCTOro
HarpyeHusl.

B cootBercTBUM C IpUHS-
THIMU JIOTMYIICHUSAMH U UCXOM-
HBIMU JIaHHBIMH PacCUUTaHBI
3HAYEHUS CONPOTHBIICHHUS IJa-
cTHYecKol nedopmauuu s
CTCHKHU U IOJIKH OaJIKH, MOZYJIS
YIPYTroCTH MeTajlia 1 KodpduienTa Tpenus [1].

Ha puc. 1 B cucreme koopamnar XYZ npen-
CTaBJieHa pacuéTHas cxema od4ara JedopMaiuu
Opy OpOKaTKe JBYTaBpoBOW Oanku. Banku Ha
puc. 1 ne m3zobpaxensl. Ludpoit | ormeuena o6-
JacTh KOHTaKTa oyara JedopManuu Oalku ¢ TO-
puzoHTaNbHBIM BaskoM. Lludpoii |l oTmedena 00-
JacTh KOHTaKTa o4ara nedopmanuu Oaimku ¢ Bep-
TUKanbHBIM BankoM. Ludpoii Il oTmedyena vacte
MOBEPXHOCTH KOHTaKTa Oallki ¢ TOpLEBOH Mo-
BEPXHOCTBHIO TOPU30HTAJILHOIO Bajka. s yno6-
CTBa IIPEJCTABICHUS PE3ylIbTaTOB pacuéra Ha IO-
BepxHocTsx |, Il, Il uzobpakena paBHOMepHas
CeTKa JIMHUM.

Koneuno-sneMenTHass MOZIENIb OalKd W BalKOB
(opmupoBanachk u3 TpéxmepHbIX 20 U y3IOBBIX TBEp-

I

Puc. 1. PacyétHasa cxema oyara gechopmauum npu npokaTke

T
H17

norespHbIX 31ementoB SOLID186 [1]. Ha mosepxHo-
CTAX KOHTaKTa BAJKOB C OanKoil pa3MelleHbl KOH-
taktHble deMeHThl TAPGE170 u CONTAL74 [7].
3TO 2MEeMEHTHI KOHTAKTa THIA IIOBEPXHOCTH B IMO-
BEPXHOCTH» TO3BOIISIIOT ydecTh Oomnbinme aedopma-
1M, TMEPEeMEHHOCTh KOHTAKTHOTO B3aHMMOJACHCTBHS
(cMbIKaHUS-pa3MbIkanust) U KymoHOBO TpeHue.

E

(/

=

ABYTaBPOBOW 6anku

Pesynprarel pacuéra mporecca IpOKaTKU Hpe-
CTaBJICHBI B BHUJC DIIOP PACIPEACICHUS HOPMallhb-
HBIX U KacaTelIbHBIX HANPSHKSHHUH MO yraM 3axBaTa
U IIupuHe oyara jaedopmaiuu OalKd ¢ TOPHU30H-
TaJbHBIMU U BEPTUKAILHBIMHU BaJKaMu. Takxke Mpu-
BEJICHBI SITIOPBI PACHPENCICHUS PA3HOCTH CKOPO-
CTel MeTajuia OaJIkh M TOYEK TOPILIEBOM MOBEPXHO-
CTH TOPU30HTAJILHOTO BaJlka B 30HE UX KOHTaKTa B
HarnpasieHnn ocu mpokarku (OX).

Pesyspratel pacuéra 3THX HapaMeTpoB UL MPO-
xona 3 B kinetu 'YK 1 npuBenenst Ha puc. 2-5. Mak-
CHMAITbHBIE 3HAYEHHsT HOPMABHBIX M KacaTelbHBIX
HanpspKeHU B ouarax nedopmanuu 6ankyd ¢ BepTu-
KATBbHBIMH ¥ TOPU3OHTAILHBIMU BATKAMH JJISI TIPOXO-
na 5 B wietn 'YK 1 u s npoxoza 7 B xetn 'YK 2
JIaHEI B Tabnuue.
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Puc. 2. 9niopa KOHTaKTHbIX HOPManbHbIX (@) U KacaTenbHbIX HanpsxeHun (6) no ayre 3axsarta I
W WKpKWHe ovara aechopmanmm 6ankn ¢ ropu3oHTanbHbIM BankoM.
PacnonoxeHue nuHuii 1, 6-13 cMoTpm Ha puc. 1.

Mpokarka 6anku 30LL B I'YK1 (npoxopg 3). Temnepatypa npokartku 1040°C
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Puc. 3. 9niopa KOHTaKTHLIX HOPManbHbIX (@) U KacaTenbHbIX HanpsxeHun (6) no ayre 3axsarta
U WupuHe ovara Aedopmaumu 6anku ¢ BepTUKaNbHbIM BanKOM.
PacnonoxeHue nuHuiA 14-22 cMoTpm Ha puc. 1.
Mpoxkarka 6anku 30LL B I'YK1 (npoxopg 3). Temnepatypa npokartku 1040°C
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Puc. 4. Antopa KOHTaKTHbIX HOPManbHbIX (&) U KacaTenbHbIX HanpsXXeHUN (6) B 30He KOHTaKTa MeTanna
C TOpLIeBON NOBEPXHOCTLIO FOPU3OHTANLHOTO Basnka
(Ha pnuHe pyru 3axBarta o). PacnonoxeHue nuHuin 23-31 cMoTpu Ha puc. 1.
Mpoxkarka 6anku 30LL B I'YK1 (npoxopa 3). Temnepatypa npokartku 1040°C
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Puc. 5. 3niopbl pacnpegeneHns pasHOCTU CKOPOCTeN MeTanna U To4YeK TopLueBOn NOBEPXHOCTH
rOpPM3OHTanbLHOro Barka B 30He KOHTaKTa B HanpaBneHun ocu npokatkm (0X).
PacnonoxeHune nuHwiA 23-32 cMOTpK Ha puc. 1.

Mpokatka 6anku 30WL B I'YK1 (npoxopa 3). Temnepatypa npokatku 1040°C

AHanm3 pacu€THBIX JAaHHBIX MOKAa3bIBAaeT, YTO B
ouare neopMaly IBYTaBPOBOM 3arOTOBKH B TOPH-
3OHTAJIBHBIX M BEPTHKAIBHBIX BAJIKAaX YHUBEPCATBHOM
KJIETH peatn3yeTcsl OJaronpusaTHas ¢ MO3UINH Kade-
CTBa TpOKaTa CXeMa HANPSDKEHHOTO COCTOSIHUS C
npeobIagaHieM BBICOKHMX CKMMAOLUX HarpsiKeHUH
(cM. Tabnuuy). Hamprimep, HOpMalTbHBIC HANPSHKCHHS
B ouare JieopMaIvi ropU30HTATIBHBIX BAJIKOB Gy MPH
m3MeHeHnn Temmepatypbl Oamku ot 1040 mo 700°C

Bo3pacraer or 610 no 862 Mlla, a HOpMmaibHBEIC
HANpsDKEHNUST Ha KOHTAKTHOW IMOBEPXHOCTH BEPTH-
KaJILHOIO BaJIKa G, M3MeHsrorea ot 514 no 913 MlI]a.
BbIcOKHE CKUMAFOIIE HAMPSHKEHUST UMEIOT MECTO B
ovyare jaedopmariiid BYTaBpOBOW 3arOTOBKH U B
HAIpaBJICHUH JPYTUX ocell koopmuHat. Takas cxema
HANpPsHKEHHOTO COCTOSIHUSA B ovare Je(opMariyu 3aro-
TOBKH B YHHBEPCATLHOM KIIETH OY/IET CITOCOOCTBOBATH
MHTCHCUBHOM TPOpabOTKe JIMTOr0 METalIa 10 BCEMY
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UccnedoeaHue Hanpﬂ)KEHUlj 8 oYacax ded)opMauuu U OUyeHKa U3HOoca eallkoe yHueepcallbHbIX knemell ...

Jlexoe O.C., Tyes M.10.

CCUCHUIO OANKM C 3aBapUBaHHEM HECIUIOITHOCTEH U
I0p, MPEIXOTBPATUT PACKPBITHE ITOBEPXHOCTHBIX Tpe-
IIUH, T.C. IIO3BOJIUT HOJ'IyT-II/ITB 6am<1/1 BBICOKOI'O Kade-
ctBa. M3HOC TOPIEBOM MOBEPXHOCTH TOPU30HTAIIBHO-
rO BaJIKA, ONPEICIISIONINA KAauecTBO OaloK, 3aBHCHT
OT BCIIMYHWHBI KaCaTCIIbHBIX HaHpH)KeHI/II\/'I B 30HC KOH-
TakTa OOKOBOI MOBEPXHOCTH TOPU30HTAILHOTO BaJIKa
C TIOJIKOH OaJIKH.

3HaueHUsi MaKCUManbHbIX (KOHTAKTHbIX) HOPManbHBIX
¥ KacaTenbHbIX HaNpskeHU B ovarax gechopmauuu 6anku
C BepPTUKamNbHbLIM U FOPU3OHTaNbHLIM BanKami

HopMarbHble 1 kacaTenbHble
HaNPSKEHIS B 30HE KOHTaKTa Barnki
Homep C Bankamu
Homep n
BTaapM:;' KneTb | npoxo- | ropnsou- ;zm?gg;gggﬂ BepTUKab- Ig
P fa | TanbHbiM HbIM
yeTa NOBEPXHOCTb)
Ox I txy 0z I tzx 0 | tzx
MlMa
1 3 610 114 544 84 514 119 1040
VK1 -98 -104 -95
2 5 |627[-8 1 550 |85 I 5p8 |12 | g9
-101 -107 -98
92 101 108
3 540 3 640 104 573 102 900
110 120 130
4 |TYK2| 7 [648(S 770 (oo 688 [ 800
143 161 171
5 862 150 1028 197 913 162 700

[MonoxuTenpHbIC 3HAYCHUSI COOTBETCTBYIOT 30HE OTCTA-
BaHMs1, a OTPULATEIIbHBIC 3HAUCHHSI — 30HE ONEPEKEHHS B
odare nehopMaIuy.

BennunHa 3THX HamnpsHKEHUH CYIIECTBEHHO 3a-
BUCHUT OT Pa3HOCTH CKOPOCTEH MeTala M TOYeK
TOPIICBOI MOBEPXHOCTH TOPHU3OHTAIBLHOTO BOJIKA B
30HE KOHTaKTa M OT TeMIeparypsl Mmerayuia. Tak,
HarpuMmep, TP CHIDKCHUH TEMITepaTyphbl MeTajlia C
1040 mo 700°C BenmnumHA KacaTeNbHBIX HAaIpsDKE-
Hull usmensiercs ot 84 no 197 Mlla, a HopManbHbIC
HanpsDKEHUsl G, TPU 3TOM BO3pacTaroT oT 544 1o
1028 MlITa.

I'padukn M3MEHEHHs Pa3HOCTU CKOPOCTEH Me-
Tayia OajKy M TOYEK TOPLEBOM NOBEPXHOCTH TOPH-
30HTAJBHOrO Bajlka BAOJb ouara aedopmanuu |,
mokaszaHa Ha puUc. 5. HauGompIas pa3HOCTh CKOPO-
cTeid, paBHas 2,1 m/c, nmeet MecTo B Haubosee ya-
JAEHHBIX OT OCH MPOKATKU TOYKAX KOHTAKTA ITOJIKH
JIBYyTaBpa C OOKOBOW MOBEPXHOCTHIO TOPH30HTAIIB-
Horo Bayka. ['paduku (cM. puc. 4) ¢ yuérom rpadu-
KOB (CM. PUC. 5) TTO3BOJISICT OLICHUBATH 3aBUCHMOCTb
KacaTeJbHbIX HaNpSXKEHUH OT Pa3HOCTH CKOPOCTEU
MeTauia Oallki M TOYEK TOPLEBOW MOBEPXHOCTU
TOPU30HTAJIBHOTO Banka. M3 3Tux rpadukoB ciemy-
€T, YTO HET MPOMOPIIMOHATIBHON 3aBUCUMOCTH Kaca-
TEJIbHBIX HAINPSKEHUN OT pa3HOCTH CKOpPOCTEH, OA-
HAaKO IpHU 3TOM IIO BBICOTC IIOJIKHM KaCaTCJIbHBIC

HATPSOKCHUST  PACTIPE/ICNISIOTCS HEPAaBHOMEPHO U
u3MeHstores B auanaszoHe 25-100 MIla. IMpuuém
HauOOoJIbIlIee 3HAYCHUE KAacaTeNIbHBIX HANpPsDKCHUM
HAOMIOaeTCs B TOYKAX KOHTAKTa TOPILEBOW IMO-
BEPXHOCTH FOPH3OHTAIHHOTO BAJIKA C MOJKOW JIBY-
TaBpa, PaCIOJIOKEHHBIX BOJIHM3H CTEHKHU JIByTaBpA.

OrmbIT dKCIUTyaTallid BaJKOB HAa YHHUBEPCAIBHO-
6amounom crane HTMK mokazai, 9To TOpHU30HTANb-
HbIE BAJIKH BBIXOJIAT U3 CTPOSI B OCHOBHOM H3-32 U3HO-
ca UX TOPLEBBIX IOBEPXHOCTEH, HEPAaBHOMEPHOCTb
KOTOPOTO YBEJIMYMBACTCS TI0 MEpE YAAJICHHS OT IH-
JIMHJIPUYECKOM NOBEPXHOCTH Bajka. s M3ydeHus
XapakTepa M3HOca pabouyrX MOBEPXHOCTEH OaHIaxu-
POBaHHBIX TOPHU30HTAJILHBIX BaJIKOB IPOBCACHO CIIC-
MabHOe MccienoBanre [1]. 3amepbl H3HOCA BaJKOB
[IPOBOJWIMCH BO BTOPOM YHUBEPCAJIBHOM KIIETH IpU
npokarke Oanku 30K. 3amepbl M3HOCA TOPU3OHTAIB-
HBIX BAIKOB MPOBOAMIIKCEH MOCNIE TOTO, KaK HA YHH-
BepCalIbHO-0AI0UHOM cTaHe ObUI0 mpokatano 3120 T
oanok 30K. XapakTep n3HOCa TOPU30OHTAIBLHOIO BaJKa
B 'YK 2 nokazan Ha puc. 6.

B

Puc. 6. XapakTep u3Hoca BankoB BTOPOM
yHuBepcanbHoli knetn Y5C HTMK

Haunbonpimuii m3HOC TOPIEBOH MOBEPXHOCTH
BaJka, paBHbI 1,27 MM, HaOmIOAaeTCsS Ha PaccTos-
Hun 0,65 mivHBI MONKKA MBYTaBpa OT IHUJIHMHIPHYE-
CKOIl TIOBEPXHOCTH OOYKM BaJika. JDTO B KaKOW-TO
CTCTICHU TIOJITBEPKIACT PE3y/IbTaThl TEOPETUICCKO-
T'0 MCCIIEeOBaHMsI, IOCKOJBKY B 3TOW 00JacTH BeNH-
YMHA ~ KacaTelbHBIX  HANPSDKEHWH  JTOCTHTaeT
100MIIa, a pa3HOCTb CKOpPOCTEH MeTayia OalKu H
TOYEK TOPIIEBOH MOBEPXHOCTH TOPU30HTAIHEHOTO
BaJIka B 30HE KOHTaKTa paBHa 1,5 m/c, 4TO crocob-
CTBYET BBICOKOMY H3HOCY TOPLIEBOH MOBEPXHOCTH
TOPU30HTAJIBLHOIO BaJIKa.
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3akIoueHne

IMpoBeneHo  wWccienoBaHWE — HANPSHKEHHO-JIE-
(OPMHPOBAHHOTO COCTOSIHHS METallla B JABYX 30HAX
ouara sehopMalii U OICHKA M3HOCA TOPH30HTAIb-
HBIX BAJIKOB TPH MPOKATKE HIMPOKOIOJIOYHBIX OajIoK
Ha YHUBEPCAJIbHO-0aJIOUHOM CTaHE. Y CTaHOBJICHO,
YTO B 30HaX ouara jedopMalyiv JIBYTaBpOBOW 3aro-
TOBKH peaye3yeTcsl ONaronpusiTHas ¢ TO3MIHN Kave-
CTBA MPOKATa CXeMa HaNPsDKEHHOTO COCTOSHUS € TIpe-
o0NaJaHueM BBICOKMX CKUMAIOIMX HANpsDKEHHUH.
H3H0C TOpIIEBOI MOBEPXHOCTH TOPU30HTAILHOTO BaJI-
Ka CYIIECTBEHHO 3aBHCHUT OT Pa3HOCTH CKOPOCTEN Me-
Tajula ¥ TOYEK TOPIEBOW TMOBEPXHOCTH TOPU3OHTAITH-
HOTO BaJIKa B 30HE KOHTAKTa U OT TEMIICPATYpPhl Me-
Tayia. DKCIEePUMEHTAIbHBIM TYyTEM OMpe/esieHb 3a-
KOHOMEPHOCTH M BEJIMYMHA HM3HOCA TOPIEBOW IMO-
BEPXHOCTH TOPU3OHTAIBLHOTO BAJIKA.
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STUDY OF STRESSES IN DEFORMATION AREAS

AND EVALUATION OF WEAR OF ROLLS OF UNIVERSAL STANDS,

WHEN ROLLING WIDE-FLANGE BEAMS
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katerinburg, Russia. Phone: +7 343 341 79 40.
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Abstract. This paper examines special features of wear
of rolls of universal stands, when rolling wide-flange beams.
A stress and strain state of metal in two deformation zones,
when shaping beam walls and flanges was studied. The re-
sults of calculating a rolling process are represented in dia-
grams of the distribution of normal and tangential stresses
along arcs of contact and width of a beam deformation zone
with horizontal and edging rolls. The paper contains dia-
grams of the distribution of a difference in speeds of metal
of beams and points of a butt end of a horizontal roll in a
zone of their contact. Reasons and laws governing the distri-
bution of normal and tangential stresses in two deformation
zones, when rolling wide-flange beams, were determined.
Results of an experimental study of wear of horizontal com-
posite rolls of a universal beam mill, when rolling wide-
flange beams, are given.

Keywords: Universal stand, wide-flange beam, de-
formation zone, composite roll, normal and tangential
stresses, wear, speed of metal.
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UccnedoeaHue cumnoebix xapakmepucmuk npu 2ubke mpyo ...

Muporoe K.A., Koanoe A.B., liepkyHoe B.I"., Cysopos A.Jl.

YK 621.774.6

NCCIEJOBAHUE CNJIOBBIX XAPAKTEPUCTHUK
ITPU I'NBKE TPYb C OBKATBIBAHUEM, C NCIIOJIb3OBAHUEM
ABTOMATHU3UPOBAHHOI'O MOAYJIA U IIK

Muporos K.A.", Kosnos A.B.% Illepkyros B.I'.}, Cysopos A.J1.2

! IOxHO-Ypanbckuii rocyaapctBenHbiii yausepeutet (HIY), UensOunck, Poccus
2 Ounman FOxHO-Ypasbckoro rocyaapcTsenHoro yausepeutera (HUY), 3naroycr, Poceust

Annomayusn. B pabote npuBeCHBI PE3yIbTATHI HCCIICAOBAHUI TEXHOIOTHH XOJIOIHOM THOKU TpyO ¢ 0OKAaThIBAHH-
eM. Pa3paborano npucnocobnenue i uamMepenus ycwins rudku. C ucnonap3oBaHueM pa3paboTaHHON TabopaTopHO
YCTAaHOBKH M aBTOMATH3MPOBAHHOI'O MOYJISl SKCIEPHUMEHTAIBLHO OIMpPEICICHBl 3aBUCUMOCTH H3THOAIOIINX YCUIHIA OT

TCXHOJIOTUICCKUX PCIKNMOB TUOKH.

Knrouegvie cnosa: tnOka TpyO; SKCIEPUMEHTAIBHBIC HCCIICIOBAHMS,; aBTOMATH3MPOBAHHBI MOIYNb; JabopaTop-

Hasg YyCTaHOBKa, 1/I3r1/16a}0n11/1e ycuius.

BBenenne

I'ubxa TpyO — OcHOBHas oreparys TEXHOJIOTu4e-
CKOTO TIPOLIECCa M3TOTOBJICHUSI KPUBOJIMHEHHBIX JIe-
Taled TpyOOmpoBomoB. B COBpEeMEHHBIX HPOMBIII-
JICHHBIX YCIIOBHSIX OYCHb CJIO)KHO MPOW3BECTH Kaye-
CTBEHHYIO XOJIOJIHYIO THOKY TpyO Iuamerpom Ooliee
60 mM. B FOsxHO-YpaibckoM rocyiapcTBEHHOM YHU-
BepcUTeTe Ha Kadenpe TEeXHOIOTWH MAalInHOCTPOe-
HHSl, CTAaHKOB M MHCTPYMEHTOB pa3padoTaHa TEXHOJIO-
THsl XONOAHOU rHOKH TpyO ¢ oOkaTeiBanueM. [Ipume-
HEHHE TaKOW TEXHOJIOI'MH TIO3BOJISIET B 2—3 pa3a CHU-
3UTh yCHIWSI THOQ, a TAKKe MOJHOCTHIO UCKIIOUHTh
CIUTIONIMBAHME M YMEHBIIUTH To(hpooOpa3oBaHHE.
HoBast TexHOMOTUS TIO3BOJISIET COXPAHSTH PA3ITMYHBIC
BH/IbI TOKPBITHI, HAHECCHHbIC Ha BHYTPECHHIOK IIO-
BEPXHOCTH TPYOBI (pUC. 1).

/D
OoxamHas zonobka

s

——

=

il

Puc. 1. Cxema rubkm Tpy6 ¢ ob6KaTbiBaHMEM

/D
oMK 7 7;0_[,/5[7/

B ocHOBe maHHOM TEXHOJOTHH JICKHAT CO3JaHHUC
B m3rubaeMoi TpyOe mepeMeInaroneiics miacTuye-
CKOHU 30HBI, B KQJOH TOUKE KOTOpPOH MOJ BO3JAEH-
CTBHEM COCPEIOTOUYEHHBIX PaIUaIbHBIX CHJI BO3HH-
KalOT 3HAKOICPEMEHHBIC HW3THOHBIC HAMPSKCHHS
cTeHok TpyObl. Cxema nedopmaruu TpyOBI TIpH ee

OOKaThIBAHMU 10 HAPYXXKHOW IOBEPXHOCTH Mpe.-
craBiieHa Ha puc. 2 [1-3].

wapuk ookamHou 20/10bku

CIMEHKA Mok

Puc. 2. Cxema gechopmauu TpyObl
npu ooKaTbIBaHUM

MatepuaJjsbl 1 METOABI HCCIEI0BAHUS

Ha navansHOM 3Tare uccie0BaHus TeopeTHye-
CKH OBIJIO PAacCUNTAHO YCHIIHE, HEOOXOAMMOE s
ruOku TpyO Oe3 HCIoNb30BaHUS OOKAaTHOTO WH-
cTpyMeHTa. PacueTsl OblIM MPOU3BEACHBI HA OCHOBE
W3BECTHBIX 3aBHCUMOCTEH M3 YCIOBUS MPOYHOCTH
Mmarepuana TpyObl [4]. YcraHOBIE€HO, YTO W3rub
TpyOs! @ 60 MM ¢ TONMIMHON CTEHKH 3 MM H3 CTallk
20 (I'OCT 1050-88) maumHaeTcsi TPH BO3ACHCTBUH
Ha Heé monepeyHol cuibl, paBHoi P = 23000 H.

Jnis mony4YeHusl SKCIePUMEHTaIbHBIX JTaHHBIX
00 yCWIHAX TUOKHM IPHU PA3INIHBIX PEKUMAX ObI-
Ja CIpPOEKTUpOBaHA JabopaTopHas YCTaHOBKA.
Kunemarnueckast cxema 1abopaTopHON yCTaHOB-
KM IOKa3aHa Ha pUc. 3. Bpamienue ot asuraress 6
yepe3 peMEHHYI0 Iepeliady cOOOIaeTcsl YepBAKY
7, 4epBsK, B CBOIO OvYepe/b, MEpelacT BpalicHHE
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Ha YEpBAYHOE KOJECO, COCOUHEHHOE C ILIEMHON
nepenadeil 8, koropas BpamiaeT XOAOBOWH BHHT
nojauu TpyOsl 9. ['MaBHOE NBHIKEHUE OT AIEKTPO-
nBurarens 5 nepempaércs Ha 0OKaTHYIO TOJIOBKY 1.
[Tpu noMo1IM NPMKUMHOTO POJIMKA 3 MPOUCXOTUT
¢ukcanus TpyObI B HampaBisIoUIei 2 1 co3gaercs
usrudarouiee ycwime. TpyOa 4 ycraHaBiIuBaeTcs B
00KaTHYI0 TOJNOBKY 1, 7m0 ymopa B MOIarOIIHiA
BUHT 9. B mpmwxuMHON MeXaHW3M OBbLI YCTaHOB-
JIEH CepUUHBIN AUHAMOMeETp cxaTus moaenu J[C-
3. Paspaborano npucnocoOyieHre s KperieHus
JUHaMOMeTpa Ha ycTaHoBke (puc. 4).

X X

= -

Puc. 3. KnHematnyeckas cxema
nabopaTopHOI yCTaHOBKM

Puc. 4. JuHamMoMeTp Ha NPUXUMHOM PONIUKe

Ilocne mpoBeneHus NpenBapUTENbHBIX JKCIIe-
PUMEHTOB OBLT BBISBICH PSAJ HEJOCTATKOB, B 4acT-
HOCTH OTCYTCTBHME aBTOMAaTHYECKOI 3aIicu pe3yiib-
TatoB u3MepeHuil. [IpuMeHeHne aBTOMaTU3UPOBAH-
HOT'O YCTpPOMCTBAa PETUCTPALMM YCHUJIUS TO3BOJIMIIO
OBl pemuTh TaHHYI0 MpoOJIeMy, a TaKKe MOBBICUTH
TOYHOCTb U3MEPEHHUS.

ITpu pa3paboTke aBTOMAaTH3UPOBAHHOTO MOAYJIS
ObUIM PAacCMOTPEHbl OCHOBHBIC AHAIOTU M BHIBI

JaTYMKOB, KOTOpHIE B HUX HCIONB3YIOTCA. B mpen-
JIaraeMoM YCTpPOWCTBE 32 OCHOBY OBUIM B3SITHI T€H-
3omerpuueckre pesucropel KOS5I11-10-200, mox-
KITIOUYEHHBIE 10 cXeMe «4 aKTHBHBIX TEH30PE3UCTO-
pa». JlaHHas cxema MOAKIIOYEHHUS MPUMEHNMA IS
u3MepeHus nedopmanuu u3ruda. OHa TEPMOKOM-
MEHCHPOBAaHa M HCKJIIOYAeT TEMIIEPaTypHyIO II0-
TPEIIHOCTh Ka0es.

Jatunku 2 yCcTaHOBIICHBI Ha CKOOY TUHAMOMET-
pa 1 (puc. 5) ¢ ucnonezoBanueM kiest Mmapku b®-6.
OyHKIMOHANIbHASL CXeMa aBTOMATH3MPOBAaHHOTO

MOJTyJIsI TpeICTaBJIcHa Ha puUC. 6.

B oaHy amaroHaisbp MOCTOBOM CXEMBbI
MOJAaeTCsl TEePEeMEeHHOe HampshDKeHHe HO-
MuHanoM 7,5 B. C npyro# nuaronanau Mo-
CTa CHUMAaeTCs BBIXOJHOE HaNpsHKeHUE
(curnan), 3aBHCsIIEE OT cTemeHu medop-

™3 Mallii CKOOBI, ¢ HaKJI€EHHLIMU Ha Hee

TeH3ope3ucTopamMu. Tak Kak BBIXOJAHOM
CHTHAJl OYeHb MaJIEHbKUH (JecsaTeie H0n
MHKPOBOJIbTA), B CXEMY BCTPOEH oOIepa-
IAOHHBIN YCUIUTENh C KO3(P(OHIIMEHTOM
2 ycunenus K=100. I[anc;:e BEIXOI[HOf/i cur-
HaJl 1MOJIaeTCsl HA JIMHCHHBIA BXOJ 3BYKO-
BOW IIATHl MEPCOHAIBHOTO KOMIIBIOTEPA.
Jlns crabunusanuu HanpsOKCHUsT B CETH
WCIIOJB3YETCS CTAOMIIN3aTOpP HAINPSIKCHUS
monenmn UPOWER ACH-500 c¢ uudpo-

BBIM JUCIIJIICCM.

Puc. 5. Cxema KpenneHus aTYMKoB

Peructpanysi M3MeHEHUS] BBIXOJHOTO CHTHAJa
MPOU3BOJUTCS C ITOMOIIBIO TPOTPAMMHOTO obecre-
yenus Power Graph 2.2. [Tannas nporpamMma umeet
(dbyakmmio ocnmiuiorpada-caMonucIia U MO3BOJISIET
3aIUChIBATh W3MEHECHHUSI BXOJHOTO CHTHala C WH-
tepsasiom 110 0,2 c.

[Ipu moMomM WHIUKATOpPA YAaCOBOTO THIIA U aB-
TOMAaTH3UPOBAHHOTO MOJYJsl OBLI MOCTPOEH TapH-
poBOYHBIN rpaduk (puUc. 7).

46

Becmuuk MITY um. I'. N. Hocoea. 2015. Ne2



UccnedoeaHue cumnoebix xapakmepucmuk npu 2ubke mpyo ...

Muporoe K.A., Koanoe A.B., liepkyHoe B.I"., Cysopos A.Jl.
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Puc. 7. Mpacdmk 3aBUCUMOCTM CUMIbI,
npvKnagbiBaeMon npu rudku Tpyo,
OT BbIXOAHOrO HanNpsKeHWs1 yCTPOUCTBA

[MTocne ycTaHOBKM aBTOMAaTU3UPOBAHHOTO MOJIY-
71 ObUTA MPOBEJICHA CEePHs SKCIIEPUMEHTOB C O0Ka-
ThIBaHHEM U3rubaemMoil TpyObl Ha Pa3IMYHBIX pe-
JKUMax THUOKH, TJIaBHBIMH M3 KOTOPBIX SIBISIFOTCS
HATAT, CO34aBaeMbIii OOKAaTHOH T'OJIOBKOHM, M CKO-
POCTH MPOAOJILHON TTIOAAYH TPYOBI.

B xauecTBe 00pasIoB JyIs MPOBEJCHUS DKCIIEPU-
MeHTa OBUTM WCIOJIB30BaHbl TPyObl u3 ctamu 20.
I'eomerpuyeckre mapaMeTpsl OOpa3loOB: JJIUMHA —
1200 mwm; quameTp — 60 MM; TONIIMHA CTEKU — 3 MM.

Pe3ynbpTaTthl M3MepeHHid NpeCTaBIEHBl B Ta0-
JuIie 1 B rpaduueckoM Buje Ha puc. 8, 9.
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Puc. 9. Mpadmk 3aBUCUMOCTM YCUNUA OT HaTAra

B YCTaHOBMBLUEMCS peXUMe rMOKM

[Ipu npoBeIeHNU CepUN FKCIIEPUMEHTOB 3aIUCh
MOKa3aHUM TPOM3BOAMIACE C JBYX NPUOOPOB: -
HaMOMETpa CKaTHsl, PACTIOIOKECHHOTO Ha YCTaHOB-
Ke, U pa3pabOTaHHOTO aBTOMATH3HPOBAHHOTO MO-
nyns. [locme o6paboTku pe3yinpTaToB OBLIO yCTa-
HOBJICHO, YTO CpPEIHSS ONMIMOKA PEeTUCTpAIlHii MOKa-
3aHUM C YCTPOWCTBA He mpeBbimaeT 2%.
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ONPEJAEJEHHUE OCTATOYHbIX HANPSXKEHUN
P OJHOOCHOM IVIACTUYECKOM JJE®OPMAIIUA
HUINHAPUYECKOI'O CTEPKHA

Tpodumos B.H., Kapmanos B.B., [1lanun FO.B., Koprnonos M.A.
[TepMckuii HAIMOHATBHBIN MCCIEN0BATENbCKUI MOIUTEXHUYECKUH yHUBEepcUTeT, [lepmb, Poccus

Annomauyusn. B cratbe paccMOTpeHa BO3MOXKHOCTh MPUMEHEHUS] TEOPEMBI O Pa3rpy3Ke JIsl ONPEIEIeHHs OCTaTOYHBIX
MaKpOHAPSDKCHUH NP IUIACTHYCCKON JeopMalyy IIMITMHAPHIECKOro crepxkHs. C HCI0Ib30BAHHEM METO/a PEHTTCHOB-

CKOH U(paKTOMETPHHU SKCIICPUMEHTATIBHO OMpPE/ICTICHbI OCTATOUHbBIC HAMPSDKCHUS HA TIOBEPXHOCTH CTEPIKHS. Pe3ynbTaThl
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OnpedeseHue 0cMamoYHbIX HanPSHKEHUU ...

Tpochumoe B.H., Kapmaroe B.B., lMaHuH 0.B., KopuoHoe M.A.

SKCIICPHIMEHTA MCIIOIB30BAHBI I TEOPETHIECKOTO pacyéTa OCTATOYHBIX HampshkeHHH. ClestaHpl BRIBOABI O BO3MOKHOCTH
MPUMEHEHHS TEOPEMBI O Pa3rPy3Ke AT TEOPETHIECKOTO OMPE ICTICHIS OCTAaTOYHBIX HAIPSDKEHHUH.
Knroueswie cnoea: octaTouHbIC HANIPSDKEHUS, PEHTTCHOBCKAs TH(DPAKTOMETPHS, TeOpeMa O pa3rpys3Ke.

BBenenne

IloBpllIEHNE HANEKHOCTH W3JACIUNA MAIIUHO-
cTpoeHus TpedyeT yu€ra Bc€ OONBIIEr0 KOIMIEeCTBA
MTapaMeTPOB, OKa3bIBAIONINX BIMSIHUE HA MX KCILTY-
ATAllMOHHBIX XapakTepucTUKU. ONHUM M3 TaKuX Ia-
paMeTpoB SABIAETCS] YPOBEHb OCTAaTOUHBIX Harpsbke-
Huit 1 pona (mo knaccudukarmu Jasunenkosa H.H.
[1], nanee RS; — residual stresses 1 mode).

OKCIEPUMEHTAIBHBIE METOABI  ONpEAEICHUs
RS; BecpMma Tpymo€MmKHe U Hallle BCEro SIBISIOTCA
paspymaronmMu  Metogamu [2]. ITostomy 60ib-
HIOW HHTEpeC MNPEeJCTaBISIOT TEOPEeTHYECKUE Me-
TOABI, KOTOPHIE OCHOBAaHBI HAa aHANIM3€ ypaBHEHUM
paBHOBECUSI WM HA JKBUBAJICHTHBIX BapHallMOH-
HBIX IPUHIUIAX.

B TO e BpeMsa HHTEHCUBHOE Pa3BUTHE TEXHUKHU
JUISL HEpa3pyLIAIoIIEr0o KOHTPOJI MEXaHUYECKHUX
XapaKTePUCTUK METAJUIOB MO3BOJISIET MPOBECTH IKC-
MEPUMEHTAIBHYIO OIIEHKY TEOPETHUECKHUX MOJIoXKe-
HUH, UCTIONB3YeMBIX JUId pacuéra RS;.

TeopeaneCKaﬂ 4acTb

PaccMOTprM HEKOTOpBIE TEOPETUUECKUE METOJIbI
Y pe3yJIbTaThl UX IPUMEHEHUS 11 onpezeneHust RS;.

OmgHMM W3 TEpBBIX METOJOB, IMO3BOJIIOUINX
BBIYUCIIATE OCTATOYHBIC HAIIPSAXKCHUA, OblIa Teo-
pema o pasrpyske [3]. s Beruncinenus RS; HeoO-
XO0OUMO K HAIIPSXKCHUAM, KOTOPBIC UMEIIUCH B TCJIC
OpH IMJIacTHYecKod aedopManuu mepes pasrpys-
KOH, mnpubaBUTh B anreOpPamdecKoOM CMBICIIE
HaIpsDKeHHs], KOTOphle OBUTH OBI B TeJe IO Aei-
CTBHEM BHEUIHEH HArpy3Kd MNPOTHUBOIOIOKHOTO
3HaKa, HO B MPEATOIIOKEHNH yIPYTUX CBOWCTB Te-
na. CymiecTBOBaHUE JOCTATOYHO OONBIIOTO KOJH-
YecTBa METOJIOB PEIICHHS YNPYrolIacTHYECKUX
3aja4 ONpeAeHIi PacIpOCTPAHEHHOCTh MpHMe-
HEHUS TeOpeMBI 0 pasrpy3ke. TeopeMa o pasrpyske
CIpaBeUINBa TOT/A, KOTJAa MPOLECC HArpyKEHUS
SIBIIICTCSL TIPOCTBIM WM HE BO3HHUKAIOT BTOPUYHBIC
IacTuieckue aedopmainu.

Jns ompeneneHus MOisl OCTATOYHBIX HarpsbKe-
HUH MOXXET OBITh WCIONB30BaH (DYHKITMOHAM, TIPEI-
noxennsiii Kotitepom B.T. [4]:

1
|=§'\_!.Aﬁjklo'ijo-kldv_'_\_/[aijgijdv’ @)

rae Aijkl — MaTpuia ynpyrux KOHCTaHT MaTepuana,

Gij — BUPTYaJIbHbIC OCTAaTOYHBIC HANPSKCHUS, V-

00BeM JeOpMUPYEMOTo TeJa; €jj — KOMIIOHCHTEI

TEH30pa IUIACTHYECKHUX JIe()OpMaIlHid.

IMpu wucnonb3oBanuu ¢yHkimonana (1) mia-
CTHYECKOE TE€YEeHHE MeTajlla MPe/oaraeTcsi u3o-
TepMuueckuM. Eciin ynpyrue KOHCTAHTBI MaTepu-
ama B mporecce aeopMaIiiid HE HU3MCHSIOTCS W
ne(GOpMUPOBAHHBIA MaTepHaj OCTAETCA H30TPOII-
HBIM, TO BapPIa].[HOHHBIﬁ IIPUHOHXII 3KBUBAJICHTCH
TEOpeMe O pasrpysKe i MIealbHOrO yIpyroria-
CTHYECKOT0 MaTepuala.

B pab6ore [5] mokaszaHa Teopema, OMpemEIsiO-
asi yCJIIOBHE BO3HMKHOBEHHs OCTATOYHBIX HaIpsi-
)KEHUHM, W II0Ka3aHO, YTO JeHCTBUTEIBHOE IIOJE
OCTATOYHBIX HANPSHKEHUH COOOMAeT MHHUMYM
(hyHKIIHOHATY:

* 1 - S * *
P(py ):,[( ECijilpijpkl +pgng o JAV, @)
v

-1

rae Cijkl — MaTpuUa yIpyrux KOHCTaHT Marepua-
*

ma; Pjj — BUPTYalbHbIE OCTATOYHBIE HATIPSKEHH,

77ijp ,775 — KOMITOHEHTHI TE€H30pa IUIACTUYECKON WU
TeMIepaTypHOl aedopmMarinu.

Permenns ¢ ucrnonp3oBanueM (GyHkunoHanos (1)
u (2) mpenmonararoT MPUMEHEHHE COOTHOIICHUI
MEXaHWKH KOHTHHYaJIbHBIX cpel. B peajabHbIX Me-
TajylaX CYIIECTBYIOT Pa3pbiBbl, CBS3aHHBIC C HAJU-
YHeM CTPYKTYPHBIX A€(PEKTOB — AUCIOKAIMAAM U UX
CKOTUIEHUSIM, CyOMUKPO- U MUKPOTPEITMHAMH, YTO
BEAET K HAKOIUICHHUIO JIATEHTHOU 3HEepruu. [loatomy
aBTOPHI paboTHI [6] MCIOIB30BANIN SHEPTETHIECKUI
MOJIXO/ ISl OnpesieNieHnss BeluuuHbl RSy, npunm-
Masl psiIl yCIOBHH:

— YCIIOBHE 3KBHUBAJICHTHOCTHU JIATEHTHOW SHEp-
THH U DHEPTUH OCTATOYHBIX HAnPsKeHUH U yep;

— DHeprusi ocTatouHbXx HanpsokeHud U, co-
CTaBJIET YaCTh DHEPIHH IUIACTHYECKOH nedopma-
i Uy,

Uocm:l/l'unﬂ; (3)

— IpeIBapUTENbHO 3aJaHa 3aBUCHUMOCThH pac-
npeneneuus RS; mo cedeHuio u3nenus B BUAE CTe-
TIEHHOTO Psa,;

— nedopmupyeMslii MaTepuan 10 W IOcie Jie-
(hopMannu U30TPOITHBIN.

Hcnone3yss COOTHOIIEHUS TEOPUU YNPYTOCTH,

www.vestnik.magtu.ru
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aBTOPBI PaboTHI [6] MpeAyoXWiIM METOAUKY OIpe-
JeNieHUs ~ KOMIIOHEHTOB  TEH30pa  OCTAaTOYHBIX
HaNpsDKEHUH B OCECHMMETPHYHBIX Telax.

ABTopsI paboTsl [6] mpuruManu y=const. To-
raa, B COOTBETCTBUHU ¢ (opmynoit (3), ¢ poctom
U,., noiwkHa Bospacrtars u BenmurHa U,ep,, 9TO HeE
BCErJa COOTBETCTBYET JKCIIEPUMEHTANbHBIM JaH-
HbIM. KoadouuueHnt ¢ nomxeH ObITh QyHKIUEH,
ONpEeneNsieMOl  yCIOBUSAMH  J1ehOpPMHUPOBAHUS,
HalpuMep MHTEHCHUBHOCTHIO nedopmaruu &, Ko-
TOpasi HEOJHOPOAHA 110 CEUYEHHUI0 eopmMupyemMo-
ro tena. Ilostomy anst ero ompeaeneHus: He00X0-
JUMO HMETh JOCTATOYHYIO JKCIEPUMEHTAIBHYIO
0a3y maHHBIX, YTO B HACTOSILEE BPEMS OTCYTCTBY-
er. Takxe OTMETHUM, YTO IIPU HCIOIb30BAHUHI
dopmybl (3) CIIOKHO BBIACIUTH JOJIO, ONpeie-
nsornyto suepruio RS;.

IIpuBemeHHBIN KpaTKuii 0030p TIO3BOJIAET ClIe-
JaTh CIEAYIOMHA BBIBOA O TOM, YTO Ui pacyéra
RS; MoxeT ObITH HCITOJIE30BaHA TEOpEMa O pasrpys-
Ke MpH COOTI0OACHUH psia YCIOBHIL:

— Harpy»>eHue SIBIISICTCS] TIPOCTHIM,;

— pasrpys3ka IMPOUCXOJUT OJHOBPEMEHHO BO
BCEX TOYKaX CeUeHUs 00pasia,

— OTCYTCTBYIOT BTOPWYHBIC IIACTUYECKUE Jie-
dhopmanuu;

— OTCYTCTBYIOT T€MIIepaTypHble AeopManuy.

Takue ycnoBHUs peanu3yroTcs MpH NpOBEACHUN
CTaHJAPTHBIX CTATUYECKUX MCIBITAHUN Ha OTHOOC-
HOE pacTsHKEHHE IPH KOMHATHON TeMIeparype.

B nanHOH cTaThe MNpPEONPHUHSATA MOMbBITKA
OLICHKM BO3MOXXHOCTH INPHUMEHEHHUS TEOPEMBI O
pasrpyske mpu OJHOOCHOH TuiacTudeckou aedop-
MAalU{ IIyTEM CPABHEHUS PACUYETHBIX U DKCIEPU-
MEHTaIBHBIX 3HaueHuil RS;, Bo3HHMKaromux B ce-
YeHUH LWJIMHAPUYECKOro o0pasua MmpH OJHOOC-
HOM PacCTSKEHUH.

B cooTBeTcTBUM € TeopeMoil O pasrpyske Juis
ompeneneHust RS; HeoOX0IUMO HMETh peEIIeHHE
TUTACTUYECKOH W yNpYyroil 3ajgaud O pacTsHKECHUU
obpa3sma.

ITpu oxgHOpomHOW TAacTHYecKoi Aedopmaryu
LIIMHIPUYECKOTO 00paslia OCeBbIE HAIPSHKECHUS
ompeaenstorest mo Gopmyne 6,=P/F (P — neiicty-
Iollas Harpyska, F — miomans nomnepeyHoro cede-
Hus 00pasna), a paguanbHble Or M OKPY)XHBIE O,
HaINpsHKEHUSI PaBHBI HYJTIO.

[To okoHYaHUM OTHOPOIHOW Aedopmarmu (mpu
JOCTH)KEHHHU TIpejieiia MPOYHOCTH Gp) 0Opasyercs
meiika (puc. 1), B obnacti KOTOPOi HampsuKEHHO-
JIeOpMUPOBAaHHOE COCTOSIHIE HEOJHOPOTHOE.

Puc. 1. Cxema wenkn obpasua

CytmiecTByeT psii pemieHHA IS OTpeeiICHUS
KOMIIOHEHTOB TE€H30pa HAIPSHKEHUI B HAMMEHbILEM
CEYCHUHU MIEWKH TUTACTUYECKU N1e(hOpMHUPOBAHHOTO
nwiMHAprdeckoro crepxxHs — JaBuaenkosa H.H. u
Cnupunonosoit H.U. [1], bpumkmena I1. [7], Ocr-
cemuna A.A. [8].

B nanHHOl cTaThe Ui ONpeAeieHns KOMIIOHEH-
TOB TEH30pa HaIpsSKEHUM B IIEHKe MpHU IUIacTU4e-
CKO#l nmedopMaluu MUIUHIPUYECKOTO 00pasna uc-
MoJIb30BaHo perieHue [1], koTopoe nmeer BT

2 2 r2 _r2
c, =0, 140 ' o,=0,=0,+——:(4)

2rR 2rR
— r _ 2
6,=0;|1+—|;6,=Plnur’,

4R

rae O 71 (e} 9 (0] ; — OCEBOE, OKPY>KHOC U paaualib-
HO€ HaIpPsHKEHUSA COOTBETCTBEHHO,; Oj — MHTEHCHUB-
HOCTbh HaNpPsDKEHUN; 62 — YCpEIHEHHOE MO ceue-

HUIO 00pa3la oceBoe HalpsDKEHHE; 1 — paanyc ce-
YeHus WeHkH; R — panuyc KpuBU3HBI €€ KOHTYpa B
MEpUIMOHATIBHOM CEUEHUH.

N3 dopmyn (4) criemyer, 9To Ha MOBEPXHOCTH
oOpasua paaualbHBIE W OKpPY)KHBIE HANPSDKEHUS
PaBHBI HYJIIO.

Jns  ompenesneHuss KOMIIOHEHTOB — TEH30pa
HaNpsDKEHUH MpH yIpyrou jedopMariiy UCIob3y-
em pemienue I'. Heitbepa [9].

[Ipeamnonaras, 4To B HAUMEHBIIEM CEYEHUH 00-
pasyroiiasi mpouiis MeHKkn uMeeT GopMmy OJIH3KYIO
Kk runep6one, I'. HeiiGep momy4nn cooTHOIICHHS ISt
oTpeieNIeHNsI KOMITOHEHTOB TeH30pa HalpsKEeHUH

B-aC B-A.

C, = + 35!

cosp  cos’PB

A A-B (a-2)C | (6)
G, =— +

cosp(L+cosp) cos’@  cosp
- = A +(oc—2)C—B
* cosp(L+cosp) cosp
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1+ cosp,

rae A=(o—1)(1+cosB,)C; C =_Z.

; 2
1-| —sinf,
gl

; cosp= =

| — xo3ddunuent Ilyaccona.

3KCﬂepI/IMeHTaJ'leafl HacTtb

Jnis mpoBesieHUs] IKCIIEPUMEHTa HCIIONb30Ba-
JMCH TIOJIMPOBAHHBIC IIMIMHAPUIECKUE 00pasIbl U3
cramu 45. Wsmepenne RS; mpoBoanioch peHtre-
HOBCKHM METOJIOM C HCIOJBb30BaHHEM POOOTH3HPO-
BaHHOTO w3MepuTenbHOoro komruiekca XSTRESS.
Ha puc. 2 npuBeieHa cxema H3MEPEHUI.

MapKEPOBKA

d 16 mm

P 2 £ § P

L=80 sv

Puc. 2. CxeMa KOHTPONbHbIX TOYeK
ansa uamepenunsa RS;

Tak kak MecTo Havajga oOpa3oBaHuUs MIEHKU 00-
pasiia MmpeIBapuTeNbHO HEM3BECTHO, TO OIpesele-
nue RS; npoBoaunocs B Toukax 1-6. ITociae obpaso-
BaHWs IIciku BenuuuHa RS; ompemensnace B
HAMMEHBIIIEM CCUCHUH IEHKU U B ONMMKAWIINX TOY-
Kax ¢ 00erX CTOPOH HICHKH.

Harpyxenue o0pa3ioB MPOBOIUIOCH TOCIEAO-
BaTENLHO B HECKOJIBKO ATAIOB!

Oran 1. OpHOpoaHas TuacTuyeckas aedopma-
st 6e3 0Oopa3oBanus Iekn (6,<6,).

Oran 2. [Tnactudeckas aedopMaius ¢ JOKaIHu-
3aIieii B 0011acTH ek (6,>6,)

Oran 3. [TnacTuyeckas aedopMarys 10 MOMEH-
Ta, OJIM3KOTO K pa3pylIeHUIo 00pasia.

IlocenoBaTenbHOCTh 3TaNoB  Ae(OPMUPOBAHUS
KOHTPOJTUPOBATIACH 1O BUY JHArpaMMbl PACTSDKCHUIS.
IMo oxoHYaHWMM KaXKIOro odTama Jae(opMUpOBAHUSI
ONPEICIISUTHCH TEOMETPHYECKHE TTapaMeTphbl HICHKH.

Ha puc. 3 mpuBeneHa cxema ONpeIeieHUs reo-
METPHYECKUX TapaMeTpPOB IIEHKH, HEOOXOIUMBIX
i pacu€ra RS;. OmpeneneHue Mnpou3BOIUIOCH
nyTeM umropTa ¢otorpaduu mMeWKu B Cpeay rpa-
¢uueckoro pemakropa KOMITAC 2D/3D u obpa-
OOTKM YBEIMYEHHOTO HM300paKeHHUsS B CIEAYIOUICH
MOCIEI0BATEILHOCTH:

— I10 3aMEPEHHOMY JECHCTBUTENBHOMY JUAMETPY

ek odpasma d .« ¥ pasmepy meiiku dy Ha doTo-

»sinf, =

;ou=2(1—-p); B=A-Ccos®B,;

1+(2—ou)cosp, + cos® B,

n

R : P - ycunue narpyxenus o6pasua;

rpaduu  (cm. puc. 3) ompenensics KOIPPHUIUCSHT
MacmrabupoBanus — L = dw /d 1

— 10 TPEM TOYKaM Ha KOHTYpe IICHKH Oompenae-
msicst paguyc R; okpyxHOCTH, Hanbosiee mpuiera-
IOIIEH K KOHTYPY LIEUKH;

— Ompedensulach NeiicTBUTENbHAS BEIUIMHA pa-
Jyca MpuJlerarolleil OKpy>)KHOCTH B HaUMEHBIIEM
ceueHHH meiku — R = Ry,

Puc. 3. Cxema onpeaeneHus reoMeTpu4ecKux
napameTpoB Lueikn obpasLa

PesynbTaThl pacuéra u 3KCIepuMeHTA

[Ipu mpoBeleHWU SKCIIEpUMEHTA HCIOJIb30Ba-
nuck 3 oOpasma. Pe3ynbraThl NpuBeJeHB B
1abn. 1-3 (unmexcer: 0 — HemehOpMHUPOBAHHBIIM
obpaseir; 1-3 — stanbl 1eGOpMUPOBAHUS).

Tabnuua 1
Pa3mepbI ceuveHmii 06pasuoB
flo aecpopmuposa- | 5 4 dran 2 Jran 3
Homep Hust
obpasua do vt | Fo, 2 ds, F1,2 dz, Fz,2 ds, Fs,2
MM | MM2 | MM | MM? | MM | MM
1 9,8 7539 |95(70,85|75 (44,18| 7,2 [40,72
2 9,8 75,39 |9,2|66,44]6,8 |36,32|6,5[33,18
3 9,8 7539 191(6501]73(41,85|7,1 (39,59
Tabnuua 2
OceBble HanpsxkeHMs B ceYeHUn obpasLoB

Homep Tan 17 JTan 27 Tan 37
obpasua | P, krc o, P, krc G, P, krc o,
1 2480 | 3432 3190 | 708,3 | 2900 698,7

2 2730 402,9 2880 778,0 2510 742,0

3 2750 | 414,8 2990 | 700,8 | 2670 661,6
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Tabnuua 3
PesynbTaThbl M3mepeHusi oceBbIX RS;
B KOHTPOJIbHbIX TOYKaX

Homep I7an RS, MMa
obpasua 1 2 3 4 5 | 6 |LWeika
heped. | — [-391,1]-402,1|-361,4|-390,3] - [-393,7
1 1 — 1199212061 ]232,3]2285] - | 21655
2 - | 554 | 547 | 647 | 641 | -] 943
3 - [-118,2] 503 | - - | -]-1293
heged. | - |-352,6]-296,2|-351,0]-270,8] |-317.7
) 1 — [1395]1225]146,6 | 146,0 | - | 1387
2 — 1908 ] 485|656 | 729 | - | 925
3 [261]829] - - - | -]-1083
neped. | — |-337,2|-328,2|-370,5|-383,8] - | -354,9
9 1 — [1159]1283[146,8]156,7 | - | 136,9
2 - 330439 [383]652]|-[-1154
3 [612] 45| - - - | -T-1297

[Mpumeuanue. st HeneOpPMUPOBAHHBIX U OJHOPOIHO
nedopmupoBanubix 00pazuoB (1 aJram) ompenensioch
CpezHee 3HaYCHHE OCTATOYHBIX HANpPSDKEHUH MO n3Mepe-
HUSIM B TOUYKax 2-5.

Tabnuua 4
FeomeTpuyeckne napameTpbl Wk 06pasLoB
ogg'\aﬂfﬁa Ou,MMm | di,MMm | p=dw/di| Rz, Mm R,MM
2 atan
1 75 63,25 0,118 209,24 24,69
2 6,8 54,73 0,124 135,52 16,81
3 7,3 44,94 0,162 143,39 23,23
3 aTan
1 72 43,58 0,165 117,56 19,39
2 6,5 56,70 0,114 127,12 14,57
3 71 62,29 0,116 166,81 19,28
Tabnuua 5
PacyéTHble 3HayeHus RS:
Homep MeT?ﬂ 1 atan” 2 aTan 3aTan
obpasua | pacuéra
7] | 3432 6821 0 [6674] 0
1 [9] - - | 7549 | 31,3 | 754,6 | 37,3
RS1 - - | =728 | -31,3 | 87,2 | -37,3
[7] 4029 | 0 | 740,1 0 725,0 0
2 9] - | - | 8457|450 | 8376 | 481
RS1 - - | -105,6 | -45,0 | -112,6 | -48,1
7] | 4148 6740 | 0 [6234] 0
3 [9] - - | 7484 | 31,9 | 740,1 | 14,1
RS: - - | =744 | -319|-116,3 | -14,1

Hanpsokenust onpenensiiucs mo Gopmyie 6;=P/F;.

AHaJIu3 pe3y/IbTATOB U BBIBO/IbI 10 padoTe

OTMETHM TOJTyYSHHBIE PE3YIJIbTATHI.

1. B UCXOIHOM COCTOSIHUM TIOCIIE MTOJITUPOBAHUS
Ha TIOBEPXHOCTH BCeX 00pasloB HaOIIOAAI0TCA
CKUMAIOIINE OCEBbIE OCTaTOYHBIC HANPSIKCHUS,
00yCIIOBJICHHbIE ~ (DMHHUIMTHOW  TEXHOJOTHYECKOM
ornepauuyen mpyu ux U3roTOBIEHUHU.

2. ITocie oHOPOTHOM TUTACTHYECKOH nedopma-

uu (3Tam 1) octarodHble HAMPSDKEHHS HA MOBEPX-
HOCTH pacTATHBAmOIIMe. B cOOTBETCTBUM C Teope-
MO# 0 pa3rpy3Ke OCTaTOUHBIC HAIIPSDKCHUS JOJDKHBI
OTCYTCTBOBATb.

3. Ilocne BTOPOTO M TPETHETO ATAIOB HArpyXke-
HUSl JKCIIEPHMEHTANbHBIE M PACUETHBIE 3HAYCHHS
OCTaTOYHBIX HAMPSKEHUH BO3PACTAIOT MO MOJYJIIO.
[Ipu 3TOM SKCIIEPUMEHTANBHBIC 3HAYCHUSI OCTATOY-
HBIX HANpPSOKCHWH UMEIOT OOJBINN MOMYITh ¥ BO3-
pacTaroT WHTEHCHBHEE, dYeM pacu€THble. 3HaK
HaIpsHKEHUH OTpULIATENbHBIN.

4. Tlo mepe yBenuueHUs CTEeeHU JedhopMaIun
Pa3HOCTh PACUYETHBIX U IKCIICPUMEHTAIBHBIX 3HAYC-
HHUWA OCTAaTOYHBIX HANPSKEHUN M3MEHSIOTCS CleNy-
FOIIIUM 00pazoMm:

— pa3HOCTh Pe3yIbTATOB AJIS IEPBOTO 00pasIa C
POCTOM CTEIeHU AedopMalliy yBEIHImwiIach ¢ 22,7
1o 32,5%;

— pa3HOCTh Pe3yIbTATOB AJII BTOPOTO o0pasia C
pOCTOM cTereHH aedopManuy yMeHbImmuiIacsk ¢ 14,1
1o 3,9%;

— pa3HOCTH PE3yJbTATOB AJII TPEThETO 0Opasia
C pocToM cTerneHu AedopMalnuy yMEHBINIWIACH C
35,5 o 10,0%.

AHaH3 MOyYeHHBIX PE3yIbTATOB ITOKA3EIBAET:

1. 3HaK 3KCIEPUMEHTAILHBIX U PACUETHRIX 3HA-
yennii RS; coBmagaer.

2. Tlocne oOpazoBaHusl IICHKH HAOJIOMACTCS HE-
KOTOpasi KOPPEJISILIHS TOTYISHHBIX 3HaUeHu RS;.

Cka3aHHOE CBHJETEIHCTBYET O BO3MOXXHOCTHU
MIPUMEHEHHUST TEOPEMBI O pa3rpy3Ke Jaxke IMpu OTHO-
CUTEJILHO OOJIBIINX IUIACTHYECKUX Jae(opMarusx.
OnHako MaHHBIA BBIBOJA TpeOyeT AallbHEHIEH mpo-
BEPKH Ha OONBIIMX MAPTUSX 00pPa3IoB U3 JTaHHOTO
MaTepHaia u Ipyrux MaTeprasos.

HecmoTpss Ha HEOMHO3HAYHOCTh, IOyYCHHEIC
pe3yabTaThl MO3BOJIAIOT CAETATh HEKOTOPHIE MPAKTHU-
Yeckne BBIBOABI. Hampumep, y ocecHMMeETpHYHBIX
MIPYTKOBBIX H3JIENUH, TONyYEHHBIX MPOKATKOW HIIH
BOJIOYEHHMEM, YacTo HabOIromaercsi cablIeBUIHOCTS,
KOTOPYIO HCHPABJISIOT MyTEM pPACTSDKEHHS C He-
OOJIBIIIMMU CTETICHSMH TUTACTHYECKON JeOpMAITHH.
[TonydeHHbIe B TaHHOW CTaThe pe3yJIbTaThl MOKa3bl-
BalOT, YTO B 3TOM CIJIyyac Ha MOBEPXHOCTH MPYTKOB
BO3HUKAIOT pactsaruBaromume RS;, uro siBisiercs: He-
OnmaronpuATHeIM (akTopoM. T M3MEHEHHs 3HaKa
RS; HEoOX0aMMO TPOBOAUTH JIOMIOIHHUTEIEHYIO 00-
paboTKy MOBEPXHOCTH MPYTKOB, HApUMep, HLUTH(O-
BaHHE U MOCIeIyIoIee MOJTUPOBAHUE.

Paboma svinonnena npu ¢unancosoii noooepoicke
Munucmepcmea obpazosanust u nayku P® (0ocosop
Ne 02G25.31.0016) 6 pamxax pearuzayuu ITocmanos-
nenust [pasumenvcmea P Ne218.
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Abstract. The article discusses the possibility of ap-
plying a theorem on unloading to determine residual mac-
roscopic stresses during plastic deformation of a cylindri-
cal rod. X-ray diffractometry was used to experimentally
determine residual stresses on a rod surface. The experi-
mental results were used for the theoretical calculation of
residual stresses. The authors made conclusions about the
possibility of applying the theorem on unloading for the
theoretical determination of residual stresses.

Keywords: Residual stresses, X-ray diffractometry,
theorem on unloading.
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TEXHOJIOr M O6PABOTKU MATEPUAJIOB

TEXHONOVXU OBPABOTKU MATEPVANOB

V]IK 621.74

NCCIEJOBAHUE 3ABUCUMOCTHU KAYECTBA
IMPUPOJHOT'O CKPBITOKPUCTAIVIMYECKOI'O I'PA®UTA

OT PEXXUMOB ITIOATOTOBKH"

bapanos B.H., loexxenko H.H., 'mnemanmuna T.P., JIsitkuna C.H1., Xygonoros C.A.

Cubupckuii henepanbubiii yausepcuteT, Kpacnosipck, Poccust

Annomayusa. B pabote uccnenoBany BIMSHAE BPEMEHH aKTUBAIMH, THIIA U COAEP)KaHUS TTOBEPXHOCTHO-aKTUBHBIX
BEILECTB Ha CPEIHHUN pa3Mep M OOIIYI0 MOBEPXHOCTh YAaCTHIl KPUCTALIMYECKOTO M CKPHITOKPHCTAJUINYECKOTO rpadu-
TOB Pa3JINYHBIX MECTOPOXKICHHUH, OTXO/IOB YIJIEPOICOCPIKAIINX MaTEpUalIOB B IIaHETAPHO-IIEHTPOOEIKHON MENTbHHUIIE
AT'O-2. IToka3aHo, 9YTO MaKCUMaJIbHAsl TUCTIEPCHOCTH TPa(pUTOB M YTIIEpOACOACpKAINX OTXOA0B AocTuraercs mpu 20
MUH aKTHUBalMu Oe3 J00aBIICHUs MMOBEPXHOCTHO-aKTHBHBIX BemlecTB. Hawbosiee 3¢h(HEKTHBHBIMH TIOBEPXHOCTHO-
aKTHBHBIMH BEIIECTBAMHU SIBIISIFOTCS I00ABKH, COJEPIKAIIMe B CBOEM coctaBe cyibporpynmsl. Conepxanne 100aBKU He

MOXET IpeBbImath 3%.

Knroueswvie cnoea: aktupanus, rpaur, CpeAHUN pa3Mep YacTHIl, oOmas MOBEPXHOCTh YAaCTHI], MOBEPXHOCTHO-
aKTUBHBIC BEIICCTBA, INIAHETAPHO-IICHTPOOe)KHast MenbHUIa A['O-2.

BBenenue

IToBbImIeHNE KadecTBa OTIHMBOK SIBISAETCS aKTy-
aJbHOM 3a7jaueil Ha BCEX 3Talax pa3BUTUS JIUTEHHO-
ro mpous3BoAcTBa. B Hactosmee Bpems Oonee 40%
OTJIMBOK TOJY4YalOT M3 YYT'yHa METOJOM JIHThS B
pazoBbie (GOPMEBI, B KOTOPEIX OoJbmias mxois medek-
TOB MMOBEPXHOCTU NPUXOAUTCA HaA ITpUTap.

Haubonee mocTymHBIM ¥ pacnpoCTpaHCHHBIM
CHocOOOM MPEeNOTBPALCHUS] TpHUrapa sBISETCS
NPUMEHEHHE MPOTUBONPHUTapHBIX MOKPBHITUH, B Ka-
YyeCcTBE OCHOBHBLIX HAIIOJHUTEJCH KOTOPBIX MJIA 4y-
TYHHOI'O M HCKOTOPBLIX BHUAOB IBCETHOI'O JIUThA HC-
HOJIB3YIOT YIJIepoacoepskaie matepuast [1-3].

YraepoaHsle MaTepualpl, Kak U IPYroe MHHe-
PaIbHOE ChIPbE, NPOXOAUT CTaJUH IOJITOTOBKU: APOO-
JIeHHe, U3MeJbUeHIe, o0oratieHne, KIacCH(pUKaIHIO 1
nepemenuBanue. Kaxaplii U3 3TUX MHPOLIECCOB OCY-
HIECTBIISIETCS HA CAMOCTOSATENHLHOM 00OPYIOBaHHH, U
MIEPEBOJI TAKUX IPOLIECCOB Ha 0oJiee BBICOKHI TEXHO-
JIOTMYECKUH yPOBEHb TpeOyeT IOMOJHUTEIBLHOIO 000-
PyZOBaHUs, SHEPro- M Tpyxo3aTpar. BeiOpanHas Oy
WCCIICIOBAHUI TEXHOJIOTHSI MEXAHOAKTHUBALMK M Me-
XaHOCHHTE3a YIJIEPOIHBIX MaTeprUaioB MO3BOJISIET TO-
clie IpoOJeHHsT BCe OCTaIbHBIE MPOLECCHI OCYIIIECTB-
JISITh B OJJHOM arperare — SHEProHANPSDKEHHONW «Melb-
HMUIIE-aKTUBaTOPE-CMECUTENE» ONPEIEIECHHOIO THIIA.
ITpn sTOM MaTepuan MOKHO HAHOCTPYKTYPUPOBAaTh U

* PaGoTa BBHITIONHEHA TOJ PYKOBOJACTBOM J-pa TEXH. HAyK,

pogh.

OCYIIECTBIISITh MEXaHOCHHTE3 PA3IMYHBIX KOMITO3H-
IHH ¢ BEICOKOM CTEMEHBIO UX TOMOreHu3anuu [4—6].

ITosToMy 1Ie7BI0 JTaHHON paboThl OBLTO HCCITe-
JIOBaTh BJIMSIHAE BPEMEHHM aKTHBAI[MH, THUIA U CO-
JIep)KaHUsl TTOBEPXHOCTHO-aKTHBHBIX BEIIECTB Ha
CpeZHU pa3Mep U OOIIYI0 MOBEPXHOCTh YIIIEPOJI-
COJICPIKAIINX MATEPUATIOB PA3IMIHOTO KPUCTAIIIO-
XHUMHYECKOTO CTPOCHHSI.

Matepuajbl 1 METOABI HCCIIE0OBAHUS

Jns wuccnenoBanuii ObITM BBIOpaHBI TpadUTHI
Horuuckoro (I'JIC-3), Kypeiickoro, 3aBaibeBCKOTo
(T'JI-1) u Sxyrckoro (98-K3) mecroposxaeHui; ot-
XO0J1bI HCKyCCTBEeHHBIX TpaduToB (1) u yriepoaHsix
marepuanoB (HOBOKy3HeIKHE MeTalypruuecKue
nuaku Mapok KKII-1 u KKII-2).

Kpucramnuueckuit rpagut I'JI-1 3aBanbeBckoro
mecropokaenus (TOCT 17022-81) mnpencrasisieT
co0ol TOHKOIUIaCTHHYATHIH rpadut. OcoOeHHo-
CTBIO TpaduTa SIBISETCS HAIMYHE CPOCTKOB €r0 C
npuMecsiMu (Harmpumep, ¢ Kajabiuuramu) [7].

I'padur mecropoxnenmii KpacHosipckoro kpas
(Horumuckoe (IOCT 17022-81) u Kypeiickoe) oTHO-
CHUTCSl K BBICOKO30JIbHBIM Tpa)MiTaM CKPBITOKPHCTAII-
nrdeckoro Tuma. OCHOBHBIM MHHEPAIOM B pynax
JIaHHBIX MECTOPOXK/ICHHUI sIBISIETCSl rpaduT, BTOPO-
CTCTICHHBIMU — HEPYJHBbIC MHHEPAJIb, CYIbQHIbI H
YIIIMCTOE BEUIECTBO. Hepy/Hble MUHEpabI IPe/ICTaB-
JIeHbl KBapIleM, IOJICBBIMH IIIATAMH, KaJbLHTOM,
xyoputoM. st rpadura I'JIC-2 Kypetickoro mecto-
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POXKACHUS COZlep)KaHNEe MUHEPATIOB KAJIBLIUTA U KBap-
1a Koneonercs B Mpokux npeneiax — 5-50% u mo-
KET COCTAaBIISITh TOJNIOBHHY HEPYIHBIX MUHEPAIOB.
PacTBopeHHast B cepHOiA Kucinote GpopMa coeTMHEHHI
xkenesa st Kypelickoro MecTopoXIeHUs JOCTUIaeT
3,62%, mys Horumckoro — 4,8% [8-10].

B Hacrosimee BpeMsi oXxpaHe OKpy»Karolen cpe-
Ibl OT pa3lMYHBIX 3arps3HEHUH yaenseTcs ocoboe
BHUMaHue. [TosToMy B paboTe ucciesoBamu OTX0IbI
nureiiHoro mpomseoactea OO0 «CubuncTpem» (T.
Kpacuosipck) — uckyccreennsiii rpagur (M), s
CpaBHEHHs OBUIM HCCIENOBaHBl NUIAKH METAJIyp-
ruyeckoro npousBoactsa mapok KKII-1 u KKII-2.
Conepxanue yriepona B nutake KKII-1 cocrasmser
42—60%, B nutake KKII-2 ~40%.

Ipupomueie rpadursr Hormuckoro, Kypeiickoro
U 3aBaJIbEBCKOIO MECTOPOXKACHUM aKTUBUPOBAIHCH
nocsie ux oOpaboTK Ha rpaUTOBBIX GadpHKax, B TO
BpeMs Kak rpaduThl SKyTCKOro MeCTOpOXKACHHI
npeBapUTENbHON 00pabOTKH He IPOXOAUIIH.

o

o

u @3Me%qa01gu, M%M

o

Cpe&HH
o

N
o

o

10 15 20
Bpéms akTuBaitin, MUH

a

B kauecTBe 3TaJIOHHBIX IS KPUCTAILTUIECKIX
rpaduToB Opanuchk KoJuIouIHble Tpadutsl 3aBa-
JBEBCKOTO MecTopoxaenus mapku C-3 (TY 113-
08-48-63-90) u TalrMHCKOTO MECTOPOKACHUS
mapku IT (IT'OCT 17022-81); mist CKPBITOKpH-
CTAJUTMYECKHX — MeYHAsI caxa.

Hccneyemble yriiepogHble MaTepuaibl H3Mellb-
YaJy B MEJIbHHIIC TUIAHETAPHO-IIEHTPOOSKHOTO THIIA
AT'O-2. Bpems u3MelnbueHUs BapbHpOBaoch ot 1 10
20 MuH. PeXuMBI MeXaHOAKTHUBAIMK TMPHPOIHBIX
rpaduTOB paccMOTpeHbI B padorax [7, 8, 11].

D¢ PEeKTUBHOCTh aKTHBAIlMM OLIEHUBAIU IO H3-
MEHEHHIO CPETHEro pa3Mepa 4acTHIl W oOmieHd mo-
BEPXHOCTH, MCCIICIOBAHHBIX MPU IMOMOIIH CBETOJIA-
3epHOro pacceBa B HOBOCHOMPCKOM HWHCTHTYTE
TBEPOTO TeJa.

Ha puc. 1 u 2 npencraBneHsl 3aBUCHMOCTH
cpemHero pasMepa W OOIIEH MMOBEPXHOCTH YaCTHIL
rpaguTOB  PA3TMYHOTO  KPHCTAJUIOXHMMHYECKOTO
CTPOCHUS OT BPEMEHH aKTHBAIHH.
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Puc. 1. 3aBucumocTb cpeaHero pasmepa (a) v odweit noBepxHocTH (6) YacTUL NPUPOAHbLIX rpacduToB
oT BpeMeHu aktuBaumm: 1 —1-1; 2 — Axytckun 98-K3; 3 — Axyrekuin 98-51; 4 —T11C-2; 5 - TJ1C-3
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Puc. 2. 3aBucMMocCTb cpeaHero pasmepa (a) u obuwei noBepxHocTH (6) YacTUL NPUPOAHLIX rpacduToB OT
Bpemenu aktuBauum: 1 — KKL-2; 2 - KKLU-1; 3- U
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3HayeHus] TapaMeTpOB 3TAIOHHBIX TI'paduTOB
npe/cTaBieHbI B Tabnuue.

HaHHble cBeTONa3epHoOro paccesa
ANA 3TanoHHbIX rpaduToB

CpepnHuii pa3mep
pacuThbl YACTHLL, MKM MoBepxHoCTb, cMZ/cm?
MeyHas caxa 1,3-14 48 000-64 738
C-3 57 14 284
n 57,6 2004

W3 npeacraBieHHBIX JaHHBIX BUHO, YTO B XO/€
AKTUBALMU O0O0INAsi MOBEPXHOCTh KPUCTATMUECKUX
rpauTOB YBEIMYUBACTCA B 2—06 pa3, CKPBITOKPH-
CTaJuIn4ecKkuX rpaduroB — B 4-6 pas, nmpu yMeHb-
IICHUU CPEIHEro pasmepa yactuil B 2—7 (s Kpu-
CTAJUTMYECKUX) U B 7—8 pa3 (Wi CKpbITOKpUCTAI-
JMYECKHX). M3MenpYeHHe CKPBITOKPUCTATITHICCKHUX
rpaUTOB TMPOUCXOJUT JIerde, 4eM KpHUCTaJInye-
CKHX, YTO CBSI3aHO C 0COOEHHOCTSMH HX CTPYKTYPHI.

CpaBHuBas 3Ha4Y€HUS CPEAHEro pasMepa M Io-
BEPXHOCTH YaCTHUI] CKPHITOKPUCTAJUINIECKOTO I'pa-
¢uTa pazIMYHBIX MECTOPOXKJICHHH, BUIHO, YTO HO-
TUHCKUH rpaduT U3Menb4aeTcs Jierde, 4eM Kypei-
CKuil: MaccoBoe paspyenue yactuy rpagura I'JIC-
3 npoucxoauT yepe3 5 MuH akruBaiuy, yactuil Ky-
peiickoro MectopoxaeHus — yepe3 10 MuH akTuBa-
UH. DTO MOKHO OOBSICHHUTH CIEAYIOUIM 00pa3oM.
MeTomoM onTHYECKOU meTporpaduul B KypeHCKOM
rpadure BBIAENEH YeNTyWdaThlii KPUCTAJUTMYECKHI
KOMITOHEHT, KOTOphIi npucytcTByeT U B ['JIC-3, HO
B 3HAYUTEIHLHO MEHBIIEM KOJIHMYECTBE, XOTS HEOM-
HOPOJHOCTh MHUKPOCTPYKTYPbI B HHUX MPaKTUYECKH
OMHAKoBa. 3a cueT OoJiee yMOpsIOUeHHONW CTPYK-
TYpBl KPHCTAUIMYECKHHA KOMIIOHEHT HM3MEJbyuaeTcs
tpyanee. llocie 20 MuMH akTuBauMM 3HAYEHHUS
CPEIHEro pa3Mepa M MOBEPXHOCTH YacTHI rpadura
['JIC-3 u3menpueHus] NpUOIMKAIOTCS K 3HAYCHUSM
MEeYHOM caku. 3HaueHUE MOBEPXHOCTH KypeHCKOro
rpaduTa MPUOIIKASTCS K 3HAYCHUIO TOBEPXHOCTH
NIEYHOH CakKy, IPU TOM 4TO pa3Mep 4acTHLl Irpadura
Oosplie, 4eM y meYHoi caxku B 1,7 pasa.

14

= =
© o )

Cpennuit pa3Mep 4acTHIl, MKM

o

Copneprkanue 106aBkH, %
a

CpaBHHBasi KpUCTaIHUeCKre Tpaduthl ¢ rpa-
¢uramu mapok C-3 u I1, MOXXHO OTMETHTB, UTO 3HA-
YCHHE MMOBEPXHOCTH BCEX IrpadUTOB MPUOIMKACTCS
K 3HaueHuto rpadura C-3 u OoJblle 3HAYCHHS T1O-
BepxHocTH [1 mpumepHo B 5 pas. [Ipu Tom urto pas-
Mep "acTui KoJutommHoro rpadura C-3 MeHbIe,
4eM y octanbHBIX B 1,5-4 pa3a, a rpadura I1 6oms-
e B 4-3 pasa.

B pesynbrare Toro, 4ro crpykrypa rpadura U
Haunboliee coBepIlleHHA, U3MENbYaTh UX 3HAYUTEIb-
HO TpyJHEe. NPU YMEHBIICHUU CPEIHETO pa3zMmepa
gacTull ¢ 62 10 22 MKM TIOBEPXHOCTh BO3PAaCTaeT C
2000 s10 6500 cm?/em’.

[oeepxuocts mutaka KKII-1 mpu wusmensueHun
Mensietcss Oonee 3HaumtenapHo (¢ 2023 mo 14500
cM?/em’) ¢ yMEHBIIIEHHEM CPEJHEro pasMepa JacTHIL C
79 1o 8 MKM. DTO MOXHO OOBACHHATH TEM, YTO ILUIAK
KKI-1 comepXuT MeHbIIE yIiiepoja, YeM IIIiaK
KKII-2. OtHOCHTENbHO HEOOJNBIIOE H3MEHEHHE II0-
Bepxnoctu (¢ 1600 1o 2200 cm”cm’) Meramtyprirde-
ckoro nuiaka KKII-2 mpoucxomut npu W3MEHEHHH
cpennero pasmepa gactuil ¢ 96 1o 81 Mxm.

Ha s¢dextuBHOCTh qUicTIEeprUpOBaHUS W aKTH-
Bal[MM MOXXHO BIIMSITh, U3MEHSS PEKUMBI U CPEIIbI
00paboOTKH, B YACTHOCTH, BBOJS IMOBEPXHOCTHO-
aktuBHbIe Bemiectsa ([TAB) [12, 13].

B pabote mapamiensHO M3ydanoch BIMSHHE Ha
M3MENIbYaeMOCTh HOTMHCKOTO TpaduTa pa3iHyHbIX
JI00ABOK C IIENBIO MOJYYSHHsT HE TOJBKO HAaMMEHb-
IEero pa3Mepa yactuil rpaduTa, HO U HAUMCHBILEH
HX aKTUBHOCTH.

B kauecTBe 100aBOK IPUMEHSUINCH CIIETYOIIHUE:
cunternueckoe MbuIo (C), MUrHOCYIb()OHAT TEXHHU-
yeckuii (JICT), soma (H,O), xkunxoe crexio (PKC),
srmincuukar (OTC), kapOOKCHIMETHIILEILTION03a
(KMLI) B xommuectBe or 1 mo 3%. M3menbueHue
MPOBOJIMIIOCH TAKXKE B IJIAHETAPHO-IIEHTPOOESIKHON
menpauLe AI'O-2 B teuenue 20 MuH.

W3MeHeHust cpeHero pasMmepa 4YacTHIl M IIO-
BEPXHOCTH B 3aBUCHMOCTH OT THIIa M MPOIICHTHOTO
coJiepKaHus I0OABKH MPeJICTaBICHBI Ha PUC. 3.
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Puc. 3. Bnusxue nob6aBok Ha u3menb4aemoctb HornHckoro rpacdmra: cpegHuii pasmep (a)
1 noBepxHocTb (6) yactuy: 1 - C; 2 - JICT; 3 - H,0; 4 - XC; 5- KMU; 6 - 3TC
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B pesynbraTe mMoMy4eHHBIX NAHHBIX MPEACTaB-
JICHHBIE JT0OaBKH MOKHO Pa3/IeUTh Ha 2 TPYIIIIHL:

— YMEHBIIAMIINE CPEIHUH pa3Mep YacTHIl H,
CJIeIOBATEeNbHO, YBEIMYHMBAIOIIAE ITOBEPXHOCTb.
910 mo6asku C, JICT, KMILI;

— HE OKa3bIBAIOIINE 3HAYUTECIBHOTO BIMSHUS Ha
reoMeTpuyYecKre mapaMeTpsl rpaduTa B mpolecce
ero akrusanuu. Oro — H,O, JKC, OTC.

Haumenpmmii pazmep yactui Horunckoro rpa-
¢uta npu u3MenbYeHUH ¢ 100aBKaMH IIEPBOM TPYyII-
nel gocturaercs ¢ 2% KMI] (6 MkM ¢ moBepxHO-
crbio 20358 cm?/em®) i JICT (7,2 MKM ¢ OBEPXHO-
cTeio 18386 cm?/cem’), n 3% C (5,3 MKM ¢ HOBepX-
HocTeio 21970 cv’/em®). Camoit memreBoit u3 mpes-
CTaBJICHHBIX J00aBOK, Ha CETOHSAIIHUHN JIeHb, SBIIS-
ercs C, a cieoBaTeNnbHO, €€ MOKHO PEKOMEHJIO-
BaTh JUISl IPUMEHEHUSI B IPOMBIIUICHHOCTH.

KMII u JICT siBnsitoTcsl OTXOAaMH JIepeBomepe-
pabaThIBarOIIEe MPOMBITUICHHOCTH. JI-1 — THmmg-
HBI OJHUTOMEp, T.€. MOJUMEpPHAas KOJUIOWIHAS CH-
CTeMa, CTPYKTYpHOE 3BEHO KOTOpPOH COIEPIKUT
CyAb(Orpymnmny u rugpokcuibHyto rpynmy. KMIL —
BBICOKOMOJIEKYJISIPHOE BEIIECTBO, TAKKE COJepiKa-
1iee Cyib(OrpyIIIIbL.

BepositHO, cympdorpynmnsl W TUIPOKCHUIBHEIE
TPyNIbl, TPHUCYTCTBYIOMIME B JTHX BEIIECTBAaX, B
npolecce aKkTUBAMU afcopOMPYIOTCS Ha IMOBEPX-
HOCTH 4acTul rpadurta u ocnalisiioT CBA3U MEXKIY
yacTHIaMu TrpaduTa, 9TO W TMPHUBOAWUT K TIOBHIIIIE-
HUIO WHTEHCHBHOCTH HW3MENbUYEHHS. DTO TPEAIo-
JIOKEHUE TOATBEPKAAET U TOT (akT, YTO AUCIEpC-
HOCTh rpa¢uTa, aktTuBupyemoro ¢ C, B cocTaBe Ko-
TOPOTO TIPUCYTCTBYIOT ~AIIKWICYIb(aThl, ANKHII-
CyJb(QOHATHl U AKWIONAMH/IBI, HE3HAYUTEILHO OT-
JTUYaeTCcsl OT TUCTIEPCHOCTH, AOCTHUTaeMOW TIPH aK-
tuBanuu rpadura c JICT.

OcobeHHOCThIO TpaduTa, aKTUBUPOBAHHOTO C BO-
JIOH, SIBIISIETCA TO, YTO B MPOLECCE aKTHUBALUH YacTb
MOPOIIIKa MPIIKIAET K IIapaM ¥ CTeHKaM IIMHIIPOB,
YTO TAKKe YMEHBIAET UHTCHCUBHOCTh U3MEITbUCHUSI.
Taxke MOXHO MpeAnosiararb, 4YT0 MEXaHHYECKHE
CBOMCTBa BIQXXHOTO Tpaduta CB3aHBI C 0Opa30BaHU-
€M KOaryJSIMOHHBIX CTPYKTYp M3 4acTull rpadura,
COCTMHEHHBIX MEXKITy COOOM TOHKOW MPOCIONKON BO-
1. Hanmenbmas a¢dexTuBHOCTh M3MeNbYeH s, Be-
pOsITHO, OyZIET COOTBETCTBOBATH HAWOOJBINEH ITPOU-
HOCTH KOAryJIAIMOHHOM CTPYKTYpPhI IIOPOLIKA.

B pa6ore [15] ormeuaercs, 4TO HaMMEHbIIAs
3G (GEKTUBHOCT, M3MEIBUCHHS COOTBETCTBYET 000-
JIOYKE BOJIBI B HECKOJIBKO HACHIIEHHBIX MOHOMOJIE-
KyJSIpHBIX cioeB. [lpu JanbHelnieM yBEJIWYEHUU
TOJIIMHBI TIPOCTIOEB BOJBI MEXIY YaCTUYKAMU IPO-
HACXOIUT OcTalJieHHe KOaryJSAIHOHHONH CTPYKTYPHI,
YTO W MPHBOJUT K TIOBBIIICHUIO WHTCHCUBHOCTH W3-
MenbueHusl. OITHOBPEMEHHO OOOJIOYKH BOJBI MOTYT

NPEeIOXPaHATh YaCTHULBI rpaduTa OT arperauuu. ITu
MPEINOI0KEHNST HAXOAATCS B TIOJIHOM COOTBETCTBHU
C TEOpHel KOoaryJsIOHHOTO CTPYKTYpOOOpa3zoBaHM,
COTJIACHO KOTOPOM MPOYHOCTh TaKUX CTPYKTYp
ompesiesisieTCs BaH-JIeP-BaalbCOBBIMU CHNIAMH, 3(-
(DeKTUBHOCTH JEHUCTBUSI KOTOPBIX PAacHpOCTPaHSIETCS
Ha HECKOJIBKO MOJICKYJISIPHBIX PaJIyCOB.

B otmuume or KML, JICT, C u Bomsl cpemHuit
pasMep 4dactull rpaduta, akTuBupoBanHOTO ¢ JKC 1
9TC, cocrasister 10-11 MKM, YTO MOKHO OOBsIC-
HUTHh OTCYTCTBHEM B HX COCTaBe Cyib(orpynn u
THJPOKCHIIBHBIX Tpyni. Heopranudeckoe CBs3yro-
miee XKC npencrarisier co0oii COSTUHEHHUE KBapIia ¢
COJIIMHU ILETOYHBIX MeTajuioB. Cessyromee OTC —
KPEMHUHOPraHHYECKOe CBA3YIOIIEee, MOJICKYIbI KO-
TOPOTO COCTOSIT M3 YEPEYIONIUXCS aTOMOB KHCIIO-
polda W KpeMHHs, OOpaMIIEHHBIX OpPTaHMYECKHMMU
pamukazamu: MetwibHbIMEA (—CHj), sTrnbHBIME (—
C,Hs), denonbabiMu (—CgHs) u apyrum.

3akao4yenune

Takum 00pa3om, B Xoze paOOTHI BHISBICHBI 3aBH-
CHMOCTH JIHCTIEPTUPYEMOCTH M CBOMCTB Tpadura OT
pPEeXUMOB 00pabOTKH B JHEPrOHANPSIKEHHBIX MeITb-
HHIAX IDIaHETAPHOTO TUIA U YCTAHOBJIEHO, YTO OINTH-
MAJTbHBIM BpEMEHEM aKTUBAIMH siBysiercs: 10 MuH.

[Tokazano, uto mpu aktuBamnmu rpadura ¢ [1AB,
COIEpXalluX B CBOEM COCTaBE€ THAPOKCUIBHBIC
TPyNIBl U Cyab(GOrpyIbl, CPEIHUNA pa3Mep 4acTHIL
cHKaercst ¢ 12 no 6—7 MKM Ipu yBeITUYEHHUH 00-
meir moepxHocT g0 13200 mo 18500-20400
em?/em®. Coneprkanme gactuil pasmepom 1-10 MM
B aKTHBHPOBAHHEIX rpadurax coctaBisieT 54—59%,
KO3 GUITMECHT IIEPOXOBATOCTU MOBEPXHOCTU U KO-
adpuruert Gopmel — no 2 6amta. Takue reomeTpu-
YeCKHe IapaMeTphl MO3BOJSIIOT IMPOTHO3UPOBATH
BBICOKHE DKCIUTyaTallHOHHbIE CBOWCTBA MPOTHBO-
NPUTAPHBIX TOKPBITHH Ha UX OCHOBE.
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kompleksnymi metodami aktivatsii : monografiya [Methods of im-
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TEXHOJIOI'MYECKASA OHEHKA BO3MOKHOCTH HOJIYYEHUA
BBICOKOITIOPUCTOI'O MATEPHAJIA U3 CTPYXKOBbBIX OTXOA0B
AJIIOMMHHUEBOI'O CIIVIABA A/131

3arupoB H.H., KoBanera A.A., OnbxoBuk A.S1., Kosans O.E.

Cubupckuii henepanbhbiii yauBepeuteT, Kpacnosipek, Pocenst

Annomayus. Ilokazana BO3MOXKHOCTh M3TOTOBJICHHSI IIOPHCTOTO MaTepralia Ha aTIlOMHHHEBON OCHOBE ITyTeM pea-
JHU3alK HanboJiee paluoHAIBHOM CXeMbl IepepadOTKH CTPYKKOBBIX OTXOIOB NPOHM3BOJICTBA, UCKIIIOYAIOIICH HX Iie-
pemiaB. B ee ocHOBe nekat IprueMbl, XapakTEepHBIE TSI TPOIIECCOB MOPOIIKOBOM METaJUTypriH 1 00paboTKH JaBlIeHNU-
eM, a TaK)ke 0a30BbIe NPUHIUIIBI, 3aJI0’)KEHHBIE B TEXHOJIOTHUH NOJTYyUeHHs TIEHOAIIOMIHUS. [laHa olleHKa YpOBHS 1OCTH-
raeMbIX MEXaHUUECKHX XapaKTEPUCTUK U XapakTepa c(hOPMUPOBAHHOM CTPYKTYpHI MaTepHana.

Kniouegvie cnoga: anroMnHIEBas CTPYKKa, OTXOJBI IPON3BOJICTBA, MEXaHUIECKOE JIETHPOBAaHNE, OPUKETHPOBAHHUE,

ropsivas SKCTpY3ud, BCIICHUBAHUE, TOPUCTOCTh, MCXaHUYCCKUEC CBOﬁCTBa, CTPYKTYypa.

BBenenne

OnHoll W3 3a7ay, CTOSIIUX Mepe] MPOU3BOJ-
CTBCHHUKAMH, 3aHSATHIMH B cdepe MpOU3BOACTBA
MPECCOBAaHHOHN NMPOAYKLHMH U3 aJIOMHUHHUEBBIX CILIA-
BOB, SIBJISIETCS paloOHallbHAs TiepepaboTka obpasy-
IOLIMXCSI Ha OTpE/CICHHBIX Mepeenax, CBsI3aHHBIX
C pEe3KOoWM MeTaia, CTPYXKKOBBIX OTX0/I0B. Yem
MeJlb4€e CTPYXKKa, TeM TEeXHMYECKH TpyIHEe, dHep-
TeTUYeCKH 3aTpaTHee, MaTepUalbHO, C TOYKH 3pe-
HUSl BBIXOJa TOAHOro, OecmepcrleKTUBHEE M, Kak
CJIEJICTBUE JTOTr0, DKOHOMHUYECKH HEBBITOJIHEE Iie-
pepabarbIBaTh €€ MyTeM MeperiaBku. B 3Toii cBs3H,
panee B pabotax [1, 2], ObUT pacCMOTpPEH MOIXO,
OCHOBaHHBIH Ha IMPeJBapUTEIHHOM KOMIIAKTHPOBa-
HUH CTpyKKku cmiaBa AJI31 B OpukeTs! ¢ mocieny-
IOIIEH 3KCTPY3UEH UX Yepe3 MaTpuily C 3aJaHHbIMU
pa3Mepamu U (GopMmoii paboyero OTBEpCTUS METO-
JIOM COBMEUICHHO# NpokaTku-npeccoBanus [3]. B
pe3yibTaTe ObUIM TIONYYESHBI MIPECC-U3/IENUs U TPO-
BOJIOKA M3 MPAKTUYECKH OECIIOPHCTOr0 aHU30TPOII-
HOT'O CTPYKTYPHO HEOJHOPOAHOTO MaTepuaia,
CBOWCTBAa KOTOPOTo 00YCJIOBJIEHBI OPUEHTUPOBAHHU-

€M BOJIOKOH (BBITSHYTBIX CTPYXEK) B OJHOM
Hanpasiennn. OqHako Oojee 1erecoo0pa3HbIM, Ha
HAIll B3IJISL, SIBJISICTCS M3bICKAHHME JOCTATOYHO J0-
CTYHHBIX CIIOCOOOB MEpepadOTKU aTFOMHUHUEBON
CTPY’)XKH B BBICOKOIIOPUCTBIE TIOTy(haOpUKaTHI,
HanOoyiee OYEBUIHBIM W3 KOTOPBIX MpEAIoaraet
UCIIOJIb30BAaHKUE B CBOW OCHOBE OOILIMX TEXHOJOTHU-
YEeCKUX MPHHIMIIOB MOJIYYCHHS] TaK Ha3bIBAEMOrO
MICHOATFOMUHUS U3 BTOPUYHOTO ChIpbs [4].

Martepuaibl 1 METOABI HCCJIETOBAHUSA

Ienbto paboOTHI ABJSLIOCH COCTABICHHUE M MPaK-
THYECKOE ONMPOOOBAHHE MNPUHIHUIUAIBHOW CXEMBbI
nepepabOTKH  CTPYXKKH (OMHIIOK) aJTFOMHHHUEBOTO
crutaBa AJI31, oOpasyromielicsi Ipu pe3Ke mpecco-
BaHHBIX Mpoduiiel, B BHICOKOTIOPUCTHIC TOTyhad-
pHKaTBl MPOM3BONILHOI (opMbl. B KadecTBe mopo-
(opa perreHo ObLIO UCTIONH30BATh MPOMBIIIICHHBIH
ruapua Thtana TiH,, I KOTOporo copepikaHue
BOJZIOpPOJa B A3Toi (hease COCTABJISCT MO 00BEMY
oonpiie 60% (~4 mac %), a Temmeparypa WHTEH-
CHBHOTO Pa3JIOKeHUs (ICTHAPHUPOBAHMUS) HAXOUTCSI
B untepsaie 650-700°C.
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CmMenBaHue aTlFOMUHUEBON CTPY)KKU M TIOPOIIKA
THAPY/A TUTaHA MPOW3BOAWIIM B IUIAHETAPHOM MIApo-
Boit Mespamile Retsch PM400 B 3 srama ¢ pasHbMu
naTepBanamu BpemeHu — 5, 30 u 50 mun. [IpenBapu-
TEJBHBIE YKCIIEPUMEHTHI M aHAIN3 UMEIOIINXCS B JIH-
TepaTrype CBEICHUH 10 3TOMY BOMPOCY MOKa3allH, YTO
W3-32 CYILECTBOBAHMS BBICOKOH BEPOSITHOCTH TOJTyUe-
HHS MaTepraa Co CBSI3aHHBIMU MEXTy cOO0H mopaMu
BMECTO H30JIMPOBAHHBIX COAEPKaHHE BBOIMUMOTO B
ATFOMHHHEBYIO OCHOBY THpuzaa TuTana (mopodopa)
He JOIDKHO TpeBbimaTh 2% (0 Macce), KOTopoe u
6pu10 TPUHATO B pabote. B aTom cirydae, pu obecrie-
YeHNH 3aJaHHOTO TEMIIEPaTypHOTO PEKHMa BCICHH-
BaHWs1, BBIICISIOIIMICS BOIOPO/] HE YCIIEBAET PacTBO-
PHUTBCS B MaTPHIHOM pacillaBe W CO3JaeT JIOCTaToy-
HOe JaBiieHHe Juisi oOpasoBaHus rop. Ilocnemyromiee
obicTpoe oxnaxaenue (50°C/MuH) HE daeT Imy3bIpb-
KaM BCIUTBITH HA MIOBEPXHOCTB, «3aMOPa’KHBAs» BBICO-
KYIO TIOPHCTOCTb.

KomnaktupoBanue  cMmecu  aJrOMUHHEBOM
CTPYXKH C mopomkoM TiH, mpoBoxmiu oIHOCTO-
POHHUM TOpSYMM MPECCOBAaHHEM IPHU HarpeBe
npecc-popmel g0 Temnepatypsl 400+20°C. [laB-
JICHUE TPECCOBaHUS BO BCEX CIy4asX COCTABIISIO
200 MIIa, BpeMs BBIAEPKKH MO HArpy3KOH pas-
HsUT0Ch 5 MuH. [losrydeHHbIe KOHCOIMANPOBAHHEIE
IPECCOBKH MM (HOpMy HMIMHIPOB AHAMETPOM
40 mm u BeicOoTOM 30 MM.

Xoa JalbHENIIUX SKCIEPUMEHTOB IOKa3ay, 4uTo
TIBITATHCS TIPOBOJIUTH TIPOIIECC BCIICHUBAHUSI TIPECCO-
BOK B YHCTOM BHUJIE HE IMEET CMBICIIA, T.K. B pe3yJIbTa-
TE peaTu3yeMOro MHTEHCHBHOIO TEIUIOBOTO BO3JIEH-
CTBUsI 00pa3oBaHKe NOp B MaTepuaje He MPOUCXOINT,
a HaOIIo/IaeTCs NI YacTUYHOE IOATUIABICHUE OT-
JIeBHBIX (PparMeHTOB aTIOMUHHEBON CTPYXKKH, KOTO-
poe BbIpaXkaeTcsl B TIOSIBJICHHM KarlelieK paciiaBa Ha
TIOBEPXHOCTH TIPECCOBKU. JTO TOBOPHUT O TOM, UTO
CTENEHb CBS3HOCTH YACTHI[ CTPYXKH C TIOPOIIKOM
TiH, y mpeccoBok mociie OOBIMHOTO TOPSYEro KOM-
NAaKTUPOBAaHMS el HEJOCTAaTOYHA Ui TOTO, YTOOBI
o0ecrieunTs NMpoTeKkaHne TpeOyeMbIX IJisi 00pa3oBa-
HUSL TIOp TIPOLIECCOB. Y CHIINTH YKa3aHHBIE CBSI3H MOX-
HO, OCYIIECTBIISISI JAIBHEHIIYIO TOPSYYIO IUIacTHYe-
CKYI0 JlehopMaInio MpeccoBOK, HAPUMED SKCTPY3HIO
UX Yepe3 MaTpully ¢ 3aJaHHBIM PaOb0YNM OTBEPCTHEM.

VYuuThIBast, YTO IPH SKCTPY3UH ATFOMUHHEBBIX 3a-
TOTOBOK MOXHO OOECTICUUTh M30TEPMUYECKUE YCIIO-
BUsI 1e(OPMHUPOBAHMS, B SKCIIEPUMEHTAX PECCOBKY
U3 CMECH JIFOMUHHUEBOI CTPYKKH M TIOPOILKA THAPH-
Jla THTaHa, C TpEeIBAPUTEILHO HAaHECEHHOW Ha BCE
KOHTAaKTHBIE TIOBEPXHOCTH C MHCTPYMEHTOM CMa3KOH,
TI0CIIe TIOMEIICHNS €€ B KOHTEHHEep HarpeBajii BMECTe

C HMHCTPYMEHTAIbHOM OCHACTKOM, CMOHTHPOBAaHHOMU
Ha CTOJIe BEPTHKAILHOTO THIPABIMYECKOTO IIpecca
yeumieM 1 MH, no temmeparypsr nopsiaka 450°C.
INocne yero ocymiecTBIsLIM HENOCPEACTBEHHO IIPO-
Iecc IKCTpy3ud. B Xome ee maBieHwWe OT TpaBepCHI
Tpecca 4epes3 MyaHCOH U Tpecc-11aidy mepemaeTcs: Ha
MPECCOBKY, IMPOUCXOIUT €€ PACIIPECCOBKA U BBIIABIIH-
BaHWE Yepe3 OYKO MATpPHLBI C OCTAaBICHHUEM Mpecc-
ocTaTka BBICOTOW OPHUEHTHPOBOYHO 5—7 mm. [lanee
Mpecc-u3/Ieiie OTIEISI0T OT MPecc-ocTaTtka W OXJia-
KJIAFOT Ha BO3/TyXE.

B pabGote akcTpy3ueil monydanu TpYTKHA JUa-
MeTpamu 6 MM (KO PUITEHT BBITSDKKH L TIPH 3TOM
npuOIM3uTeIbHO cocTaisut 56), 8 mm (u~32) u 12
MM (u~14). TIpu 5TOM HE3aBHCHMO OT TOTO, C KAKMM
KOA(DPUITMEHTOM BBITSHKKHA OCYIIIECTBIISETCS TOPSI-
Yasi SKCTPY3HsI M KaKoe BpeMs CMEIINBAaHUS TPUHS-
TO Tpu (GOPMHUPOBAHUH CMECH TEpea TOPSIYUM
MPEeCcCOBaHUEM, TMPYTKA MOTYT SKCTPYIHUPOBATHCS
MO OTMCAaHHOMY BBIIIIE TEXHOJIOTUYECKOMY PEKUMY
JIOCTaTOYHO yCTONYNBO.

[ocme KCTpy3UH OT MOITYYEHHBIX TPYTKOB OTOH-
pauch 00pasiibl, Ha KOTOPBIX M3y4ald MEXaHUIeCKUe
XapaKTEePUCTHKN MaTepralla U ero CTPYKTYpHBIE OCO-
oernoctr. Ilpu BEIOOpPE MecTa BBIPE3KH OOpasIoB €
JIMHIPUYECKUX 00pa3LoB Ha CXKaTHE C TOCTPOCHUEM
rpadu4ecKoll 3aBUCUMOCTH «HANPSDKCHUE TEUCHUS —
CTETICHb Jie(hopMalliK CABUTA MpHU Cxatuu». Harps-
KEHHE TEUYCHHS G PACCUMTBHIBAIA JICTICHHEM TEKY-
IMX 3HAYCHWH ycwius aedopMHupoBaHus P Ha IUIo-
afb TMOMEPEeYHOro CeYeHust F B COOTBETCTBYIOMIMIA
MOMEHT BPEMEHH: O, = P/F.

Crerrens  medopmanuy caBura HAXOIWIHM II0

dopmyne ) = \/§ |n%, rae hp 1 h — BeIcOTA OCaXH-

BaeMOro oOpasta 10 W mocje AeOpPMHUPOBAHHS C
oTpeaesIeHHbIM 00)KaTHEM COOTBETCTBEHHO.

Camo cxxarre 00pasioB, HaYaabHAsT BEICOTA KOTO-
pbix cocrapisuia hg=8,5-10 MM, ocyrecTBasiin Ha
YHUBEPCATIBHON 3JIEKTPOMEXaHHIECKON HCIbITaTelhb-
Hoit mammHe LFM-400 ¢ ycraHOBNEeHHBIMH Ha Hel
IUTOCKUMH OoMKkaMH. Bech X0 UCHBITAHUSA BBIBOIUII-
s Ha 9KpaH JHCIUIeS ¥ B KOHEYHOM UTOTE PErvuCTpH-
poBasics ¥ O(QOPMILSIICS COOTBETCTBYIOIIMM CIICIH-
anbHBIM NpoTokonoM. [locne o6paboTky Bcex mpoTo-
KOJIOB TIOJTyY€HHBIE Pe3yJIbTaThl OBUTH CIPYIITUPOBA-
HBI B BUJIC YKa3aHHBIX BBIIIE 3aBUCUMOCTEH OTJEITHHO
JUTs pa3HBIX 3HaYeHUH KOA((ULMEHTOB BBITSDKKH IIPU
aKCTpy3uu (pUC. 1, @) U pa3HOro BpeMeHH MepeMeIIn-
BaHWSI KOMIIOHEHTOB TPH TPUTOTOBJICHHU CMECHU Tie-
pexn ropstunM nipeccoBanueM (puc. 1, 6).
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Puc. 1. U3ameHeHMe NPOYHOCTHbIX XapaKkTepMCTUK 06pa3L 0B NpyTKOB,
NOMNyYeHHbIX: a — C pa3HbIM 3Ha4YeHNeM Ko3hpULMeHTa BbITAXKM | (Bpems nepemelumBaHus
npv popMUpPoOBaHMM MCXOJHON cMecK cocTaBnsano 30 MUH); 6 — u3 cmecelt, ChOPMMPOBAHHbIX
Npu pa3HOM BPEMeHU nepeMelLMBaHuA t (auameTp npyTka cocTaBnsan 12 Mm)

W3 puc.1,a BuIHO, YTO HAMOOJBIIMM COTIPO-
THUBIICHHEM aedopMaryu obragaeT npyTok D8 mm,
MOJMYYCHHBIH ¢ KOA(GUIMEHTOM BBITSKKA H=32.
Ilo-BuauMOMy, IMEHHO IIPU 3TOU BBITSKKE yIaeTcs
obecnieynTh HanOOJIee YCTOWYMBBIC CBS3H MEKIY
OTAENBHBIMH YaCTHUI[AMU AJIOMUHHEBOW CTPYKKH,
OTIPEACIAIONIMMHE OOIIYI0 MPOYHOCTH (OpMHUpPYe-
MBIX MPECC-U3ACIUN.

Bpems mepemeninBaHus IPH COCTABICHUH CMe-
CH aJIIOMHHHEBOI CTPYKKH C TOPOIIKOM THAPHIA
THTaHa, BIWSHUE KOTOPOrO MOKa3aHo Ha puc. 1,6,
NPUHLIUIAAIBHOTO 3HAYCHHS HA YpPOBEHb IPOY-
HOCTHBIX XapaKTePHCTHK MpecC-U3IeHid He OKa3bl-
BACT, MOCKOJIBbKY HAHOOJBIINE 3HAUCHUS UX TPHXO-
JSITCS HA MUHHMAQJIBHO TIPHHATOE B paboTe Bpems
HepeMeIBaHys, paBHOE 5 MUH.

XapakTepHas MHKPOCTPYKTYpa MOJYyYSHHBIX
npecc-u3eNuii Ha TpUMEpe rOpsYerpecCOBaHHOTO
npytka 12 MM npuBeneHa Ha pUC. 2. Buano, uto
Marepuai npyTka o0jiajaeT HEeKOTOPOW OCTaTOYHOI
HOPUCTOCTBIO, TIPHYEM DPACHOJIOKEHHE TOp M WX
BEJINYMHA JIOCTATOYHO HEOTHOPOIHBI.

[Mocnenyronyto cTajuio MOIy4YeHHs BBICOKOIIO-
PHUCTOTO AaJIOMUHMS — BCIEHHBAHHE IpeKypcopa
MPOBOIMIN ¢ MoMomsio ropenku Namilux, miams
KOTOpOil obecreuuBaeT HEOOXOOUMOE TEILIOBOE
BO3/ACHCTBHE IJIs1 JOCTIIKEHUS TpeOyeMoil Temepa-
TYpPbI IPU BBICOKOI CKOPOCTH Harpena.

Puc. 2. MukpocTpykTypa npytka 12 mm
B nonepeyHoMm (a) u npogonsHom (6)
HanpaBneHusx, x 200
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MojenupoBaHue Tpolecca BCIICHUBAHHS MPO-
W3BOJIMIIM Ha 00pasiiax mpecc-u3aeiui, Kak U paHee
MOJIyYEHHBIX C Pa3HbIM 3HaueHHEM Kod(duiMeHTa
BBITSOKKH U ¢ HUCTIOJIb30BAHUEM JJISl TPUTOTOBICHUS
cMecell pasHOro BpeMEHH TMepememuBanusi. Ha
pvc. 3 IS HaTJISAAHOCTH TPUBEACHBI OOIIHME BHIBI
00pas3IoB Mpecc-u3eauil 10 U MOCIe OCYIIECTBIIe-
HHS TIPOIECcCa BCIICHUBAHHS.

0

Puc. 3. BHewHwii Bug 06pa3sLoB npecc-u3aenmii
nocre rops4en 3KCTPy3uu (a) M oCyLLeCTBNEHUA
npouecca BcneHuBaHus (6)

YCcTaHOBIIGHO, YTO B TPOIECCE WHTEHCHBHOTO
BBICOKOTEMIIEPATYPHOTO BO3/ICHCTBHsI 00Opasel pas-
Oyxaer, OJHOBPEMEHHO Tepssi HJIMHAPHYECKYIO
¢dopmy. ITpu 3TOM, KaK BUIAHO U3 TPUBEACHHOTO Ha
puc.4 paspesa oOpasua mpecc-u3IeNus, Iocie
BCIICHHBAHHSI BBIICIISIONIMIACS BOJOPOJ HE yCIeBa-
eT chopMHUPOBATH TMOIHOCTHIO CHEPUUECKUE TOPHI,
a pacTBOPSCTCS B YKUIKOM ATIOMHUHHU C TMOCTCIY-
roteit ero quddysueii u3 odpasa.

Hanuuue OTHOCHUTENBHO OOJBIIMX 1O pa3Me-
pamM MTyCTOT W WX KpalHsAs HEPaBHOMEPHOCTh
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pacnpesiesieHus 10 CEYCHHUIO OOBSICHAIOTCS HaJIH-
yueM B 00beMe Mpecc-u3eiusl KPYIHbIX U HeO-
HOPOIHBIX CKOIMIEHUHN gacTuil TiH,;, U3 KOTOPBIX
MOMEHTAIbHO oOpasyercs OOJbIIOE KOJIMYECTBO
raza. Ilpm »>TOM BBIOEIAIOIMIICA BOIOPOX HE
yCIeBaeT BeCh PAacTBOPUTHCS B MaTpHIle, B pe-
3yJAbTaTE YEro MOPHI MOJIYYaloTCsl CPAaBHUTEIBHO
OONBIIMMH U HE COBCEM MPaBWIbHOU GopMbI. bo-
Jiee HarjsiAHO 3TO MPOCIEKUBaeTCs Ha (QoTorpa-
¢uUAX MHKPOCTPYKTYP OTHACIBHBIX oOOxacTeit
[IpeCcC-U3JeNUsl I0Ciie BCIEHUBAHUS, KOTOpHIE
MIpUBEICHBI HA PUC. 5.

Puc. 4. MonepeyHblit pas3pes odpasua
npecc-m3genus nocne BCNeHMBaHUA

[Tockonpky B paboTe cTaBWiIach 3ajada — CO-
3/1aTh MOJICNIb BBICOKOMOPKUCTOIO MaTepuana Ha OC-
HOBE ATIOMUHUS TPEINOI0KUTENEHO KOHCTPYKIH-
OHHOTO Ha3HAYeHWs, OblJa TMPOM3BEJCHA OIEHKA
MPOYHOCTHBIX XAPAKTEPUCTHK 00pas3IioB TMpecc-
W3eUi moclie BCIeHHWBaHMs Ha cxkatue. Iloctpo-
€HHBIE TI0 PEe3yJbTATOM MPOBEACHHBIX HMCIBITAHUI
JMarpaMMbl B TEX K€ KOOpJAWHATAX «HAIPSDKEHHE
TEYEHUS] — CTeleHb JieOpMaIlik CABHra» B 3aBU-
CUMOCTH OT YIMOMHUHABIIUXCS PaHee BapbUPYEMbIX
nmapamMeTpoB TPUBEICHBI Ha PUC. 6.

W3 ananusa npuBeAeHHBIX Ha puc. 6 rpadu-
KOB CIIEJIyeT, YTO C YBEJIHMYCHHEM CTCICHH [e-
(dbopManuu caBUTA TPU CXKATHH, OJHOBPEMEHHO C
3aKPBITHEM MYCTOT, MPOUCXOIUT POCT COMPOTHB-
JieHus MaTtepuana aehopMalii, KOTOPhIH OTYeT-
JIUBO TPOSIBISETCS MOCJE JOCTHKCHUS BETUIHUHBI
A 3navenuit nopsiaka 1,5-2,0. IIpu atom, kak u
paHee, HaUOOJIBIIICH MPOYHOCTHIO 00JIaJAOT BhI-
COKOTIOPUCTBhIC 00pa3Ibl MPYTKOB, MOJIYYEHHBIC
mpu koddduimente BHTHKKH p=32 (puc. 6, a).
BpeMs mepeMeniuBaHus IMO-TIPEKHEMY CyIIe-
CTBEHHOTO BIIMSIHHS HA MPOYHOCTh HE OKAa3bIBACT

(puc. 6, 6).
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Puc. 5. MukpocTpyKTypbI NOnepeyHoro ceveHusi oTaenbHbIX obnacTei npecc-u3aenus nocne BcneHuBanus, x 200
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Puc. 6. U3MeHeHMe NPOYHOCTHLIX XapaKTepPUCTMK 06pa3LoB NPYTKOB NOCHE BCNEHUBAHMUA:
a — NoNyYeHHbIX ¢ Pa3HbIM 3HaYeHNEeM KO3 hULIMEHTa BbITKKM |;
0 — NONy4YeHHbIX U3 cMeceid, ChOPMUPOBAHHLIX NPU Pa3HOM BPEMEHM NepeMeLunBaHus t

3akaIoueHmne

Takum 00pa3om, MO pe3yjbTaTaM MPOBEICHHBIX
HCCIIEN0BaHUI MOXKHO CJIENaTh CIEIYIOMINE BBIBOJIBL

1. JIns mosmyuyeHus: BBICOKOIIOPUCTOIO MaTepua-
Jla HA OCHOBE AJIOMHUHHS MOXHO B psAJie CIydaeB
HCIIOJIb30BaTh CTPY’KKOBBIE OTXOJbI MPOU3BOJCTBA,
OTBEYAIOLINE ONpENeICHHBIM TpeOOBaHUAM TIO
COPTHOCTH M CTETIEHHU 3arpsI3HEHHOCTH.

2. CMemmBaHUE CTPYKKOBBIX AITIOMHHHEBBIX

www.vestnik.magtu.ru

OTXOJZIOB M MOpoobpasyromiero mnopomika TiH,, co-
Jep)KaHue KOTOPOTO HE JOJDKHO MpeBbImaTh 2%,
nesiecoobpasHee MPOU3BOJUTH B BBICOKOIHEPTETH-
YeCKHX MENbHHLAX, THIa TUIaHETapHOH, obecneyn-
Balollell yCTOHYMBOE MPOHHUKHOBEHHE YacTHUI] MO-
pOIIKa B MAaTPUYHBIH CITJIaB.

3. KommnakTtupoBHUE chHOPMHPOBAHHON cMecH
HEOOX0/IMMO MPOBOANTH MPU TEMIIEpaTypax He HHU-
xe 300-350°C. Ilpm sTOM naBlIeHHWE TOPSYETO
MpeccoBaHus TOJKHO ObITh He Hibke 180-200 MIla,
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9TO 00ECIEUYNBACT IMOJYyYEHHUE MPECCOBOK OTHOCH-
TenbHOU TOTHOCThEO 90-95%.

4. JIns vHTEHCU(UKALMU MpoIlecca B3aMMHOTO
MPOHUKHOBEHHMSI YaCTHUI[ MMOPOIIKA BEIIeCTBA — MO-
podopa B MaTpUYHBIA CIUIAB, CIIOCOOCTBYIOIIETO
Jy4IIeMy TPOTEKAHHIO TMPOIecca MOCICIYIOIEro
BCTIICHUBAHUsI, MPECCOBKH PEKOMEHIYETCS IMOJBEP-
raTh JOTOJHHUTEIBHON TOpsiueii SKCTPY3UU C KO-
(DUIMCHTOM BBITSDKKH, JICKAIIEM B MHTEPBAJIC 3HA-
yennit ot 30 mo 40.

5. HarpeB npekypcopa BBbIIIEe TEMIIEPATYpbl pa3-
noxenus mopodopa (TiH,) mpu BeIOpaHHOM TeMIie-
PaTypHO-CKOPOCTHOM PEKMME Jy4Ile MPOU3BOIUTD
B COOTBETCTBYIOIICH (opme [uisi 0Opa3oBaHHS IO-
puctoil ctpykrypsl. Ilpu 3TOM Temneparypa Bcne-
HUBaHUS JIOJIKHA HAXOIUTHCS BBINIE TEMIIEPATYPHI
JTUKBUIYyCa MAaTPUYHOTO CIUIaBa, & CKOPOCTh HAarpe-
Ba JIOJDKHA COCTaBIATh nopsika 150-200°C/muH.

[Tpu cobmogeHnn BceX MEPEYUCICHHBIX YCIO-
BUW TIPEJIOKCHHAS TEXHOJIOTHS IO3BOJIUT IOJY-

YaTh BBHICOKOIOPUCTHIN allOMHUHUN C MOPUCTOCTHIO
ot 20 no 40%, pasmepamu nop ot 1,0 mo 3,0 Mmm u
MPOYHOCTRIO MaTepHraia nopsiaka ot 20 go 40 MIla.
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CHUHTE3 U HCCJIEJJOBAHUE HAHOYACTHIL CEPEBPA
1 BO3MOKHOCTb UX NCITIOJIb30OBAHU S
B IIUIIIEBOM YITIAKOBKE

Komnsna JI.I'., Mensauk H.JL., Ebumonsa FO.1O., Kpemuera A.B.

MarsauTtoropckuii rocyapcTBeHHbIN Texunueckuit yauusepceurer um. .. HocoBa, MaruuToropck, Poccust

Annomanyusn. B pabote viccie0BaHbl YCIOBUS CUHTE3a 30JIel HAHOYACTHUI] cepedpa MPU XUMHYECKOM BOCCTAHOBIICHUN
HHTpaTa cepedpa roK030i. MeToaMu ONTHYECKOM CIEKTPOCKOINH, IIEKTPOHHOMN CIIEKTPOCKOITHH, CHHXPOHHOTO TePMH-
YeCKOro aHajIn3a MPOoBeJeHb! (PU3MKO-XMMHYECKHE UCCIIEJOBAaHNSI CHHTE3UPOBAaHHBIX 30J1ei HaHOuacThI] cepedpa. Ha cnek-
Tpe TOTJIOUICHIUS (PUKCUpyeTCsT BRIPaKEHHBIH MaKCUMyM TIpH JTrHE BOTHBEI 430 HM, YTO COOTBETCTBYET YacTHIIAM cepedpa
pazmepamu 10 50 HM. MeToamM CKaHHUpPYIOLIEH 3JIEKTPOHHOW MHMKPOCKOIIMHM M MHKPOPEHTI€HOCIEKTPAILHOTO aHaIn3a
00OHapy»KEeHBI HAHOYACTHIIBI cepedpa ¢ pasmepamu 10 50 HM. Takke BCTpeuaroTcs 00jee KpyITHbIe arperarbl pasMepaMu 10
160 um. Ha xpusoit TI'/ACK muk mpu temmeparype 961°C, cooTBEeTCTBYIONMI TEMIlepaType IUIaBIcHus cepedpa, OTCyT-
CTBYET, YTO MOATBEPXKIACT 00pa30BaHNEe HAHOKPUCTAILTIUECKUX (aMOP(hHBIX) CTPYKTYp cepebpa. BiusiHue HaHOUacTHIT ce-
pedpa Ha CPOK XpaHEHHsI CBEKETO MOJIOKA MCCJIEI0OBAIM HA OCHOBE KHCIOTHOCTH MOJIOKA. YCTaHOBJICHO, YTO B YIIAKOBKE,
coJieprKalliei HAHOYACTHIBI cepedpa, KUCIOTHOCTh MOJIOKA HAPACTAET MEJICHHEE.

Knrouesvie cnosa: nurpar cepedpa, IiIr0K03a, HAHOYACTHUIIBI, ONITHYECKUN CIIEKTP TOTJIOIIEHHUS], YIIAKOBKA, KUCIIOT-

HOCTb MOJIOKA, CPOK XpaHCHUA.

BBenenne

PazButHe coBpeMEeHHOI TEXHUKH HEBO3MOXKHO 0€3
CO3/JaHUSI MaTepUaIoB HOBOIO IMOKOJIEHUS C 3apaHee
3a7laHHBIMU CcBOMCTBaMU. OmHUM W3 MyTeH penieHus
9TOM 3a7auu SIBISIETCA TOJydeHHEe KOMIO3UIIMOHHBIX
MaTepualioB, COAEPKAIIMX HAHOUACTHLIBI cepedpa.

[IpoBenenHble (yHIAMEHTANBHBIE HCCIEIOBA-
Husg [1, 2] mokaszany, 4TO HAHOYACTHIBI cepedpa
00/1aat0T YHUKAJIBHBIMH ONTHYECKUMH CBOWCTBA-
MH, OOYCJIOBJIEHHBIMH IOBEPXHOCTHBIM IUIA3MOH-
HBIM pE30HaHCOM, BBICOKOPA3BUTOM MOBEPXHOCTHIO,
KaTaIUTUYECKOW aKTUBHOCTBIO U Ap. OIHO U3 LieH-
HBIX CBOWCTB HaHOcepeOpa — 3TO BhIpakeHHast Ono-
Joruyeckas aHTUOAaKTepualbHas aKTHMBHOCTh, OJa-
rofapsi 4eMy HaHOYaCTHIBI cepedpa MOTYT IpuMe-
HATBCSL B JKOJOTMUECKHX M MEIUIMHCKHUX IIeJsX,
HanpuMmep 11 00e33apaKuBaHus MUTHEBOM BOJBI, B
MUIIEBBIX YIIAKOBOYHBIX MaTepHallax.

MatepuaJbl 1 METOABI UCCIETOBAHUS

MeToibl TIOTy4eHHsI HAHOYACTHUI] MOXKHO pasJie-
JUTh HA PU3UUECKUE H XUMUYecKue. B ¢pusnueckux
METoJax HAHOYaCTUIEI O00pa3yloTCs BCIEICTBUE

U3MENbUCHUS. OOJNBUIMX METAUIMYECKHX YaCTHIl C
MOMOIIBIO KOJUIOWJIHBIX MEJBHUI] WIU YIbTPa3By-
KOBOTO JMCIIEPTHPOBAHMS, 2 B XUMHUYECKHX METO-
JlaX HAHOYACTHIIBI MTOJYYAIOT B PE3yJIbTaTe XUMUYEC-
CKOTO BOCCT@HOBJICHHsI B PacTBOPE MOHOB MeTal-
J0B. B KadecTBe BOCCTaHOBHUTENEH HCIONIB3YIOT:
OOprUIpUj HATPUSA, THAPA3WH, I[MTPAT HATPHS,
TIIIOKO3Y, aCKOPOMHOBYIO KHCIOTY | Ap. Jlyist moiy-
YeHHsI HAaHOYACTHIl cepedpa MUPOKO HCIOIb3YeTCs
murpatHeiid Meron (Meron TypkeBuua) [2]. Otium-
yuTeNnbHas 4Yepra Merona TypkeBHYa COCTOUT B
TOM, YTO LUTPAT-aHHOH BBICTYIAET OJHOBPEMECHHO
B Ka4eCTBE BOCCTAHOBHTENS M CTAOMIIM3UPYIOIIETO
arenta. Ha HaualpHOM 3Tare BOCCTaHOBJICHHS MPO-
ucxomuT obpasoBanue kiactepoB (Agx B o0Iiem
Bujie). B MoMeHT 00pa3zoBanus kiactepsl Agy B3au-
MOJIEHCTBYIOT ¢ ItuTparoMm (Cit), u mocie 3Toro mpo-
UCXOIMT UX 00BbEIHHEHHE B OOJiee KPYIHBIC YaCTH-
upl. [Ipu moctmwkenun Kputudeckoro pasmepa (50—
100 aromor wmiam 1-1,5 HM) pocT KIacTepoB mo Me-
XaHU3MY KOHJCHCAIMU TMPAKTHUSCKH MPEKpaIaeT-
cs. JlanpHeWInii pocT 4YacTUI] MPOUCXOAUT B pe-
3yJbTaTe BOCCTAHOBJICHHS HMOHOB cepedpa Ha Tmo-
BepxHOCTH Kiactepa. OOpasyromyecs Mo TaKOMY

www.vestnik.magtu.ru
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HAHOMATEPUAJIbI U HAHOTEXHOITOI MU

MEXaHU3My HaHOYACTHIBI cepebpa
HE CKJIOHHBI K arperauud, HMEKT
chepuueckyro GopMy M y3koe pac-
npeJieNiCHNE MO pa3Mepam.

Peakiuro BOCCTaHOBIICHHSI MPOBOJAT B pa3iiny-
HbIX ycioBusx [1, 2]. Ilpu 3ToM BakHOE 3HAYCHHUE
UMeeT cTaduIn3anusl HaHOYacTHIl cepedpa, Tak Kak
MOCJIeTHHE TTOIBEPTaloTCsl OBICTPOMY OKHUCIICHUIO U
JIETKO arperupyrr B pactBopax. Haubonee Hamex-
Hasg craOWau3anus KJIACTEPOB TNPOUCXOAUT TIPH
NPOMEKYTOYHBIX ~ KOHIEHTparusx 1urpara (1-
5)-10~* moms- " [2].

Ienb pa®oTHI 3aKIrOYANACh B TMO-
JMyYeHUH CTaOWIBHBIX 30JIeH, cozaep-
JKaIIMX HAHOYACTHIIBI cepedpa, U uc-
clie/IoBaHNe UX (PU3UKO-XUMHUYECKUX CBOMCTB.

1 pocTuKeHWs MOCTaBJICHHOM LieNu pela-
JIMCH CICAYIOIIUE 3a/1aUH:

— CHHTE3 HaHOYaCTHII cepedpa;

— HCCJIEJJOBAHKME COCTAaBA U CBOWCTB 30JIEH, CO-
JeprKaIuX HAHOYACTHUIIBI cepedpa;

— WCCIICTOBAaHUE BIMSHUS HAHOUYACTHUI[ cepedpa
Ha KHUCJIOTHOCTh MOJIOKA.

CuHTe3 HaHOYACTHIL cepedpa MPOBOIUIIN ITyTEM
BOCCTaHOBJICHUS] BOJTHOTO PacTBOpa HUTpATa ceped-
pa (AgNQO;). B kauecTBe BOCCTAHOBHUTENS HCIOJb-
3oBa rmoko3y (CeHi,06). Xumuueckoe BoccTa-
HOBJICHHE €CTh MHOTO(aKTOPHBII MpoIlece U 3aBH-
CHT OT 1o100pa Mapbl OKKCIUTEIb-BOCCTAHOBHUTED,
UX KOHIIEHTPALUH M yCIOBHI OCYILECTBICHHS TIPO-
necca. OnTUMalbHbIE KOHIIGHTPALUH HCXOIHBIX
pacTBOpOB ObUTH yCTaHOBIEHBI B paboTax [5, 6].

'unpo3ob HaHodacTHI] cepeOpa (BOCCTAaHOBH-
Tenb — TJr0K03a) rotoBwm cmemenrem 0,0001 M
pactBopa Hutpara cepedpa u 0,05 M pacteopa ritto-
KO3bI B cooTHomeHnn o0bemoB 1:1. Bce pacTBopsr
TOTOBWJIM Ha OMIUCTIUTHPOBAHHON BoJie. OOpaboTKy
CMECH TIPOBOJIMIIM PACTBOPOM THIPOKCHAA aMMOHUS
(1,25%) mo pH 8-9, Tak Kak pa3mepsl HAaHOYACTHII
cepebpa 3aBucar or pH cpensr [1]. TTocme sxcmo3u-
1y ipu Temreparype 96-98°C B teuenne 120 muHyT
TIOJTYYCHHBIN 307b CTAOWIN3HPOBAIM C HCTIONB30BA-
HUEM TOKOB BBICOKOH yacToThbl. Ilosmy4yeHHbI 301b
UMEET SPKO-XKEITYIO OKPACKY.

Jnst mosy4yeHus: HaHOYaCTHI cepedpa MpUMEHSI-
ercs peakuus Toitenca [2]:

2AgNO; +

[Ag(NH3)2]"(aq) + RCHO(ag) — Ag(s) + RCOOH(aq),

rae RCHO — anpaerua uinu yrieBos.

AMMHaYHBI KOMIUIEKC OKcuia cepedpa obOpa-
3yeTcsl TpU B3aUMOJCHCTBUM HHUTpaTa cepebpa ¢
aMMHUAKOM:

D-rioko3a

AgNO3 + 3NH;3-H,0 = [Ag(NH3)2]OH +NH4NO; + 2H,0.

['mroxo3a siBIsieTCS OAHOBPEMEHHO BOCCTaHO-
BHTENEM U crabmmn3aTopoM. [IponykT okucneHus
[JIFOKO3BI — TJIFOKOHOBAs KUCI0Ta MOXKET aJicopOu-
pOBAaThCS Ha MOBEPXHOCTH HAHOYACTHUIL U KOHTPO-
JIAPOBATh MX POCT. B AaHHBIX yCIOBHIX 00Opasy-
IOIMecs HAHOYACTHIIBI cepeOpa He CKJIOHHEI K ar-
perauuu.

[Ipeanonaraemasi cxema NPOTEKAHUS XHMHUE-
CKOM peaKkuuu:

+ 2Ag + 2HNO,.

D-rimokoHoBast KUCIIOTa

Jns ucciaenoBaHuss HAHOKOMIIO3UTOB HCIOJb-
30BajICsl KOMIUIEKC (PU3MKO-XMMUYECKUX METOMOB!
ONTUYECKAsI CIEKTPOCKONHs B BHANMOA B YD 00-
nactsax (cmextpodoromerp CD-26), snexTpoHHAs
mukpockomnust (Mukpockon JSM 6490 LV), mukpo-
PEHTT€HOCIIEKTPaJbHbBIM  aHaauM3, CHUHXPOHHBIN
TEPMUYCCKUIl aHanu3 (CHHXPOHHBIH TEpMOAaHAJHU-
3atop — STA 449 F3 Jupiter ® kommaHuu
NETZSCH).

XapakTepHOM YEpTOM HAHOYACTHUL SBISAETCS
CHUJIBHOE U crHeuru(UYecKoe B3aMMOJICHCTBUE C
DJICKTPOMArHUTHBIM H3IydeHueM. (OCOOEHHOCTHIO
CIIEKTPOB TOTJIONICHUS] HAHOYACTHUI] pa3MepoM 0o-
Jiee 2 HM SIBJISICTCS TIPUCYTCTBHE MIMPOKOM MOJOCHI
MOBEPXHOCTHO-IUTa3MOHHOrO pe3onanca (IITTP) B
BUIUMOW OO0JIaCTH WM B TIpWIETAroled K Hel
ommkHelr Y ®-o0mactu. CrieKTpaibHBI MaKCUMyM
BOym3n 400 HM cootBerctByet [IIIP m3omuposan-
HBIX U c1ab0 B3aUMOIEHCTBYIOLIMX HAHOYACTHIL Ce-
pebpa [2]. CriexTps! morsomienns AQ-THAPO30IIsT PErn-
CTPUpPOBAIIM MPU KOMHATHOW TeMIieparype B o0JiacTu
300-600 um. Ha cnekrpe mnornomienust (puc. 1) ¢uk-
CHpYeTCsl BEIPOKEHHBI MaKCUMyM TIPH JUTMHE BOJHBI
430 um. OOpazyromuecs: HAaHOYaCTULBI CIIOCOOHBI Cy-
LIECTBOBATH NPOAOKUTENBFHOE BPEMS. IOCIE JKCIIO-
3WIMH B TedeHHe 5, 13 CyTOK CIEeKTp MOTIIOICHHUS 30-
JIsI IPAKTUYECKH HE U3MEHSIETCS, YTO CBUICTENIBCTBYET
00 OTCYTCTBHMHM aKTHBHOMW arperanu 4acTull. Maxkcu-
MyM Tipu JyirHe BOJHBI 430 HM COOTBETCTBYET YacTH-
1aM cepedpa pazmepamu 10 50 um [2].

MeTooM CKaHHPYIOWIEH 3JIEKTPOHHOW MHKPO-
CKONMH ToNTy4YeHb! (oTorpaduu HaHOYACTHUIL cepedpa
(puc. 2). Hapsimy ¢ pasmepamu HaHOYACTHI]
no 50 HM BcTpedaroTcs Ooliee KpYITHEIE
arperartbl pazmepamu 10 160 HM.

Ha pwuc. 3 mpencraBieHo pacnpeneieHne HaHO-
YyacTHIl cepedpa: YacTHUIBl OJCBEYHBAIOTCA B TEX
007acTax, B KOTOPBIX OHU HEMOCPEICTBEHHO IpU-
CYTCTBYIOT.
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Puc. 1. CneKTpbI NOrNoweHns 30ons:
1 — cBeXenpuUroToBNEHHbIN 30Mb; 2 — 30Mb (5 CYTOK);
3 - 30nb (13 cyTOK); 4 — HeCTAOUNU3NPOBAHHbIN 3011b

. -
pedad” ¥

Puc. 2. U3o06paxeHune HaHoyacTuL cepedpa,
nony4YeHHOe METOAOM CKaHUpYHOLLEN
3NEKTPOHHON MUKPOCKONUK

i T R

Puc. 3. Pacnpepenexune HaHo4vacTuy cepebpa

CocraB 307151 MCCIEAOBAJIHM C HCIOJIb30BAHUEM
MHUKPOPEHTTEHOCHIEKTPAIBHOTO aHann3a. Kak BUIIHO
U3 PUC. 4, Ha CHeKTpax MPHCYTCTBYET YTIIEPO] M
KUCJIOPOJ, OTHOCSIIHECS K HUCXOJHOMY YTJIIEBOIOPO-

Ny — rmoko3e. Hanmudue aqroMUHHS ¥ MEIH B CIICK-
Tpe OTHOCHUTCS K MOJJIOKKE Mpudopa, Ha KOTOPYIO
HAHOCWIIM 30J1b. [IpHcyTCcTBHE B 00pasiie 3015 cepe-
Opa monTBepkIaeT 00pa3oBaHUE €r0 HAHOYACTHII.

FT BMeKTHOHHOE HZ0BpaKeHHs 1

a

DJjleMeHT Becosoii, % ArtomHBIHA, %
C 33,78 59,28
¢] 6,45 8,49
Al 34,79 27,17
Cu 1,32 0,44
Ag 23,67 4,62
Uroru 100,00

B

Puc. 4. U3o0paxeHue (a), cnekTp (6)
U pe3ynbTaTthl (B) MUKPOPEHTreHOCNeKTpanbHOro
aHanu3a 3ons cepebpa

KpuBasi CHHXPOHHOTO TEPMHUYECKOTO aHaIH3a
301151 IpesicTaBiIeHa Ha puc. 5. Ilo Mepe moBbIIICHUS
TEMITEpaTyphl IOTEPS. MacChl CBSI3aHA C UCTIAPEHHEM
BOJIbl U OpraHUYeCKUX KoMIoHeHTOB. CojepkaHue
Boabl coctaisieT 23,30%, 1 OHa MOTHOCTHIO HCTIAPS-
ercst ipu 99°C. ConeprkaHne OpraHUIECKHX KOMIIO-
HeHTOB — 59,91%, U OHM MOJNHOCTBIO pa3jararoTcs
mpu 139 °C. ITuk npu temneparype 961°C (temme-
patypa tuiaBienus cepebpa) ma kpusoit TI/JICK
oTcyTcTByeT. ITOCKONIBKY Y HaHOKPHCTAJUTHYECKHX
(aMOp(HBIX) CTPYKTYp HET SPKO BBIPAKCHHOTO IH-
Ka TUIaBJICHUS, TaK KaK UM MpPaKTHYECKU HE TpeOy-
eTCsl DHEprWu Ha pa3pylIeHWEe KPHCTAJUIMYECKOM
pEUIETKH, TO MOYKHO MPEAINOJIOKUTh — B PacTBOpPE
MPUCYTCTBYIOT IMEHHO HAaHOYACTHIIBI cepedpa.
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Puc. 5. KpuBasi CHHXpOHHOIO TEPMUYECKOro aH

HoBoli o0nmacTpi0 pa3BUTHA YMAKOBOYHOW OT-
paciu SBISIIOTCS «aKTHBHBIC YIMAKOBKW». 3alaHue
«aKTUBHOW YNAaKOBKU» — HalpaBJICHHOE BO3EH-
CTBHE Ha MPOAYKT 1 obecrieueHns: 60Jiee BHICOKOTO
€ro KauecTBa, a TaKkKe JUIs MPOJUICHHS TIEPHO/Ia CTa-
OWJIBHOCTH W TPHIOAHOCTH K moTpedienuro. Jms
YCIIENTHOTO PYHKIIMOHUPOBAHHS «aKTUBHOM YIMaKOB-
KU», 3aMEIJICHUSI TIOpYM TPOJAYKTa W TPOJJICHHUS
CpOKa €ro XpaHCHUs HEOOXOAUMBI OaKTEPHUIIHIHAS
cpela BHYTPH YIIAKOBKH, & TaKXKe OMNpeieieHHas
TeMIlepatypa W Jpyrue YCIOBUS XpaHEHHsS YIaKo-
BaHHOTO MPOJAyKTa. ABTOpBI uccienoBanus [7] mo-
JMYYMIA W ONUCAIN CBOWCTBA MHIIEBHIX YMAKOBOY-
HBIX MaTepUalOB Ha OCHOBE MPHPOIHBIX MOJIUMEPOB,
o0yafaomux aHTUOAKTEPUAIFHBIMA — CBOMCTBaMU
Oaromapst cepedpocoepxaeMy HaHOKOMITO3HUTY.

Brusiaue HaHOwacTHIl cepeOpa Ha CPOK XpaHe-
HUS CBEXKEro MOJIOKA MCCICOBATIM HA OCHOBE KHC-
goTHOCTH MoJioka [8]. TToBbilieHHE KHUCIOTHOCTH
CBSI3aHO C pacUICTICHUEM JIAKTO3bl, HAKOILUICHHEM
MOJIOYHOM W JAPYTMX OPraHWYeCKUX KHCIOT U BBI-
pakaetcs B rpamycax TepHepa — KOTHYECTBOM MIT
0,1 u pacrBopa rumpokcuna Hatpust (NaOH), Heo6-
XOOUMOTO Ul HEUTpaau3alud KHUCIOT, COAepKa-
muxcs B 100 ma monoka. HecBexxee MOJIOKO MMeEET
KHCJIOTHOCTB 23 1 Ooiee.

[IpoObI cBexkero Moioka MOMeNIalich B IUIa-
crukoBbie mosumnponuieHoBbie ([1I1) koHTEeHHEpBHI,
Ha JIHO KOTOPBIX MPEIBAPUTEIBHO HAHOCWIH 30Jb
HaHovacTHIl cepedpa. Tlocne IKCIMO3UIUHU MTPH TEM-

anusa 3ons cepedpa (BOCCTAHOBUTENDb — FMIOKO3a)

neparype (4-6) °C, 4TO COOTBETCTBYET YCIOBHSIM
XPaHEeHHs B TOPrOBBIX CETSIX, ONMPEACISUIN KHCIIOT-
HOCTBH MOJIOKa (CM. Tabnuuy).

Tabnuua
Pe3ynbTaTbl onpeaeneHusi KUCNOTHOCTU MOJIOKa
no TepHepy

JKenosmums 3 cyTok | 5 cyTok | 7 cyTok | 10 cyTok |14 cyToK

[M-koHTeNHEp 17 18 18 22 47

MMN-koHTeNHep + 30mb| 17 17 18 19 30

B macTukoBoM KOHTEHHEpPE ¢ MOKPBITHEM, CO-
JepKalliM HaHOYaCTHIIBI cepedpa, KHCIOTHOCTH
MOJIOKa HapacTaeT MEAJICHHEEe, YeM y KOHTpOIIb-
HOM MpOOEHI.

BrIBOABI:

— OImpeneseHbl OCHOBHBIE NapaMeTphl CHHTE3a
30JIell HAHOYACTHIl cepebpa (Temreparypa, KOHICH-
Tpawus paCTBOPOB HUTpaTa cepedpa  IITFOKO3bI);

— CHHTE3MpOBaHBl HAHOUYACTHIBI cepebpa, To-
JMy4eHHbIE BOCCTAHOBJICHHEM pacTBOpa HHUTpaTa
cepeOpa TITII0K030H;

— TPOBENIEHBI HCCIIEOBAHMS COCTaBa 30J1ei. YcTa-
HOBJIEHO, YTO NIPY BOCCTAHOBJICHWH TIIIOKO30H 0Opa-
3yI0TCSI HAHOYACTHILIBI cepeOpa pasmepoM 110 50 Hu;

— IPOBEJICHBI UCCIIEIOBaHUS TI0 BIMSIHUIO HAHO-
yacTull cepeOpa Ha CPOK XpaHEHHs MOJIOKa. YcTa-
HOBJICHO, YTO B TUIACTHKOBOM KOHTEHHEPE C MOKPHI-
THEM, COZEpKallUM HaHOYACTHIBI cepedpa, KHc-
JIOTHOCTH MOJIOKA HapacTaeT MeJlJICHHEe.
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Abstract. We researched conditions of synthesis of sil-
ver nanoparticle sols by chemical reduction of silver nitrate
with glucose. Optical spectroscopy, electron spectroscopy,
and synchronous thermal analysis were applied to conduct
physical-chemical research on synthesized silver nanoparti-
cle sols. An absorption spectrum recorded the expressed
maximum, when the wavelength was 430 nanometers that
corresponds to silver nanoparticle sizes of up to 50 nanome-
ters. Scanning electron microscopy and X-ray microanalysis
determined silver nanoparticles of up to 50 nanometers. Fur-
thermore, larger aggregates of up to 160 nanometers were
found. The TG/DSC curve showed no peak at 961°C (silver
melting temperature), confirming that silver nanocrystalline
(amorphous) structures were formed. The effect of silver
nanoparticles on a shelf life of fresh milk was studied on the
basis of milk acidity. It was found that in the packaging con-
taining silver nanoparticles milk acidity grew slower.

Keywords: Silver nitrate, glucose, nanoparticles, optical
absorption spectrum, packaging, shelf life.
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CTAHOAPTU3ALNA, CEPTUOUKALINA U YTIPABIIEHWE KAYECTBOM

CTAHOAPTU3IALUA, CEPTUOUKALUA
W YNIPABNEHWUE KAMECTBOM

V]IK 658.562.3

OIIBIT UCCJIEJOBAHUMSA KAYECTBA 3AI'OTOBKHA

N COPTOBOI'O ITPOKATA B CUCTEME
MEHE/J/KMEHTA KAUYECTBA (CMK)
METAJIJIYPTUYECKOI'O 3ABOJIA XOCE MAPTHU (KYBA)

Tynynosa H.A.}, T'yappa Xoce Anonco 2, Jlepannosckuii C.A.", Kursun JI.1.}, Capanua C.10.!

! MaruuToropekuii rocynapcTBeHHbI TexHudeckuii yausepeuteT uM. .M. Hocosa, MaruuToropck, Poccus
2 Meramnyprugecknit 3aBox Xoce Maptu (José Marti), Kyba

Annomavusn. Jnsi COBepPIICHCTBOBAHMSA U Pa3BUTH METAJUTYPIHUECKIX 3aBOJIOB HEOOXOIUMO TIOCTOSHHOE pellre-
HUS BOIIPOCA YIPABICHUS KaueCTBOM MPOTYKIUHU. POCT kadecTBa MpOM3BOAUMON MPOTYKIMU SIBISETCS 00s83aTENbHON
COCTaBJIAIONICH COBPEMEHHOI'O PhIHKA METAJUIONpoKaTa. B mpakTuke pemeHus BOIPOCOB KaueCcTBa JOCTATOUYHO 4a-CTO
MPUMEHSETCS OAXO0/ K KOMIUIEKCHOM OLIEHKE COCTOSHUSI CUCTEMbl MEHEXXKMEHTa KauecTBa MOCPEJCTBOM ayau-Ta. B
JIaHHOW CTaTbe€ paccMaTpUBAETCSl OIBIT NPOBEICHUS ayJIuTa CHUCTEMbl MEHEPKMEHTA KauyecTBa METaJUlypruie-CKOro
3aBoga Xoce MapTu 1 npuBOIUTCS HH(OPMAIS O MPUHATHIX HA OCHOBE ayIWTa peleHuIX. B mociexyromeM miann-
pyeTcss COTPYAHHUYECTBO € 3TUM IPEAIPUATHEM B PAMKaX €r0 CYIECTBEHHOW PEKOHCTPYKLUH C LEJIBIO MOBBI-IIEHUS

3 PEKTUBHOCTH ITPOU3BOACTBA.

Knrouesvie cnosa. cucrema MCEHCDKMCHTaA Kadyc€CTBa, TEXHOJIOTHYSCKUN ayJInT, Ka4eCTBO 3aroTOBKU H TOTOBOM
COpTOHpOKaTHOﬁ NPOAYKIIMH, KOHTPOJIb Ka4Y€CTBa, COPTOBA IIPOKATKA.

BBeaenne

B 2014 roxy npombminenHoi rpymnmoi ACINOX
(Ky6a) ObLTO TIPUHATO PEIICHHE BBITOIHUTE MOTHBINA
LUKJ TIPEANPOEKTHBIX paboOT B COCTaBE TEXHOJIOTHYE-
CKOro ayzmura 3aBoja Xoce MapTh U pa3paboTKu
O00CHOBaHMS MHBECTUIIMI B MOJCPHHU3ALIIIO 3aBOJIA C
UEJBI0 TOBBIIICHUIO 3(QEKTHBHOCTH MPOU3BOJICTBA.
JlaHHBIN TIPOEKT BOIIIEN B YHCIO NMPHOPHTETHBIX IS
(hMHAHCHUPOBaHUS B paMKaX MEKIPaBUTEIILCTBEHHON
kpemutHO# ymauK (Poccust — Ky6a).

B cents6pe 2014 roxa rpynmna u3 10 cneruanu-
ctoB PD (Bxirouas crermanuctoB MI'TY um. I'.1.
Hocoga) npoBena o6cnenoBanue (TeXHOIOTHUCCKUIM
ayJIuT) MeETaUIypruuecKoro 3aBoja Xoce Maprw,
MMEIOIIETO B KAYeCTBE OCHOBHBIX TEXHOJOTHUECKUX
nepeaesoB NPOU3BOACTBO CTAIN U3 METATUIECKO-
ro soma Ha JCII-70, HenpeprIBHYIO Pa3IUBKYy COp-
TOBOM 3aroToBKU (MMPUMEPHO MOPOBHY — MEpPEIeIib-
HOW M TOBapHOM 3arOTOBKH) M MPOKATKY COPTOBOTO
npokara (IPerMyYIIIECTBEHHO apMaTyphl) Ha CTaHax
350 u 250. OgHM U3 OOBEKTOB ayJuTa SBISIACH
cucrema MeHemkmenrta kadectsa (CMK) 3aBoma, a
TaKXe METOJIbl U CPEACTBA KOHTPOJIS KayecTBa Mpo-
nykiun. [lomyueHHble Tpemsi aBTOpaMH CTaThH
HETIOCPEJICTBEHHO Ha 3aBoje Xoce MapTu JaHHbIE
OBUTH TTO31THEE 00pabOTaAHBI TPYIIIOHN CIIEITHAIIICTOB
MI'TVY, BXoasnux B aBTOpckuil kommekTus [1-11].

B okTts6pe 2014 ronma pe3ynbTaThl aynuTa U Io-
Ny4eHHbIE HA WX OCHOBE PEKOMEHIAIMH ObUIH
MpeaCTaBICHbl PYKOBOJCTBY 3aBoAa. bruin mpoaHa-
JIU3UPOBAHBI 4 BapraHTa PEKOHCTPYKIHH (yBeTHue-
HUe npou3BoiacTBa ¢ aerictByromux 120-130 Thic.T
/ron no BexnuuHbl oT 210 mo 420 TtwIC. T/rOR TO
x)uakor craau u ot 120 mo 350 ThIC. T/TOA 1O TIPO-
KaTy B COOTBETCTBUHM C TEXHHYCCKUM 3aJlaHUCM Ha
paboty). B pesynbrare Obun BbIOpaH 4-if BapuaHT
pexoHcTpyKimu 420 ThIC. T/TOJ 1O KUIAKOM CTaIN U
350 TBIC. T/TON TIO MIPOKATY.

B manHO# cTarthe mpemcTaBiIeHBl HambOoJiee BakK-
HBIE PE3yNLTATHl TEXHOJIOTHYECKOTO ayJInTa B 00JIacTH
KOHTpoJist KadectBa mponykuun u CMK u cootsert-
CTBYIOIIIME PEKOMEH/IALUH 10 PA3BUTHIO U COBEPLICH-
CTBOBAHUIO YIPaBJICHUS Ka4eCTBOM Ha 3aBoje [3].

Hccaenopanue cymecTBYHOIEro COCTOSHUS
CMK u ypoBHSI KOHTPOJISI KaYyecTBAa NPOIYKIMHA

HccnenoBanre mMpoBOAMIOCH MyTEM HEMOCPE-
CTBEHHOTO HaOmroneHust 3a mporenypamu CMK B
nexax M Ja0opaTopusaX 3aBoJa, a TAKXKe aHaIN3a
JTOKYMEHTOB M MCXOJHBIX IaHHBIX, CTPYIIIHPOBAH-
HBIX 110 18 mo3uuusiM (B 4aCTHOCTH, NEPEUCHb U3-
MEpUTENBHOro 000pyIOBaHHs J1abOpaTOpHid, pe-
3yJbTaThl BHYTpeHHEro ayauta 3a 2014 r., BelIepk-
KH U3 OTYEeTa [0 KaYeCTBY O KOJINYECTBE NePEKTOB
(B TonHax) 3a 2013 1o cranemIaBUIBHOMY LEXy W

70

Becmuuk MITY um. I'. N. Hocoea. 2015. Ne2



Onbim uccnedoeaHust Kayecmea 3a20mMoeKuU U C0pPmMoeo2o npoKkama ...

Tynynoea H.A., l'yappa Xoce AnoHco, JleeaHdoeckutii C.A. u dp.

MO0 TMPOKATHEIM IIeXaM, MIpoleaypa «YTpaBlieHHE
HECOOTBETCTBYIOIICH MPOIYKIIHEH» H Jp.).

B xoze BBIOOpOYHOrO ayauTa OBLIO YCTaHOBIIE-
HO CJIe/IyIOIIIee.

Ha 3aBone pa3paboTaHa u BHeIpeHa CHCTEMa Me-
HemkMenta kadectsa (CMK), oHa B JOCTaTOYHOM CTe-
TIeHN JOKYMEHTHPOBAHA ¥ TPOIILIA CEPTUPHKAIHIO B
2010 r. Ha COOTBETCTBUE MEKIYHAPOAHOMY CTAaHIAPTY
MCO 9001:2008 B rocymapctBeHHOM oprate (6ropo)
o crangapruzaimn (ceprudukar ot 13.07.20101.) u B
MexIyHapoaHoM Oropo «Bureau Veritas» (ceprudu-
kar 13.04.2010 r.), ogHaKo JaHHBIE CePTU(HHKATHI YKe
He paeidcTByroT. CrienpanucTaMu 3aBOA TOTOBHTCS
«repeceprudukanms» CMK B 2015 T.

[Tpu 5TOM He BBISBIIEHO, YTO OJMH M3 Hanbolee
BaXHBIX HokyMeHTOoB CMK — PykoBoacTBo 1mo ka-
gectey (Manual de la Calidad), orpaxkaromux
cTpykTypHyt0 cxemy CMK — mopsiiok, mocnenoBa-
TEJILHOCTh, B3aUMOCBSI3U MIPOLIECCOB, HOMEHKIIATYPY
nokymenTarmu CMK, opraHu3aniioHHYIO CTPYKTY-
py 3aBojma (YKpPYITHEHHO), SIBJISETCS YIPaBISIEMBIM
JIOKYMEHTOM, T.€. He YCTaHOBJIEHO KTO ero pa3paba-
TBIBAET, COTJIACOBBIBACT, YTBEPXKIACT, KOTJa Tepe-
CMaTpUBAIOT, KaK €r0 YYUTHIBAIOT, BHOCUTCS U3Me-
HEHHs W JIPYTHE TPOIEIYpPhl, MO3BOISIONINE UMETh
AKTyaJIbHYIO PEIaKIIHUIO.

Ha npeanpusatun umeercss «OTnen ynpasieHHs
Ka4yeCTBOM», KOTOPBIA KOOPAWHUPYET IEATEILHOCTD
o pokymentupoBanuio CMK, opranmzammu padot
M0 Ka4ecTBY M KOHTPOJIO KadecTBa. B xoxe uccie-
JIOBaHUSl HE BBIABJIICHO, YTO MPEICTABISET cOOOM
JOKYMEHT, SIBIISIIOLIMKACS Ppe3yabTaTOM PEBH3HUU
CMK co cTOpOHBI pYKOBOJICTBA, U KaK OICHUBACTCS
BBINIOJIHEHHE pEIIEHUN mnpeasiaymei pesusuu. He
BbIsIBJIEHO Hannune B CMK Takux JOKYMEHTOB, Kak
«IIpukaspl IO Ka4eCcTBY.

Otuersl mo kavectBy 3a 2013, 2014 rr. otpa-
JKAIOT HETIOJIHYI0 KapTUHY BHJOB M KOJIMYECTBa Jie-
¢exToB mpoaykumu. Hampumep, He mpeacTaBieHBI
JAaHHBIE TI0 TAKOMY e()eKTy 3arOTOBOK, KaK IMy3bIpH
(TophI), XOTsI, MO CJIOBaM COTPYAHHKOB, OHH CO-
CTaBISIIOT BECOMYIO JIOJIO.

Crnenyer OTMETUTh, YTO MHOTHE IPOLECCHI
CMK ¢aktudeckn AEWCTBYIOT TOJBKO JUIS JKC-
HOPTHO# TpoAyKimu (TONBKO st 3arotoBku). Ta-
KM 00pa3oM, IMPOW3BOJCTBO IPOKaTa HE IIOIHO-
cteio ynpasisiercss CMK.

CMK 3aBopa He mpemycMaTpuBaeT HATUIHAS Ta-
KUX JIOKyMEHTOB, Kak JloikHOCTHBIE (paboune) 1H-
CTPYKIIUHU, YTO 3aTPYAHSET JJIsi BHOBb IMOCTYIIHB-
MUX PabOTHUKOB TMOHWMAaHHE TOTO, KaKWE IOJIK-
HOCTHBIE ¥ (YHKIIMOHAIIbHBIE 0053aHHOCTH U TIpaBa
32 HUM 3aKPETUICHBL.

Ha mpennpusitun mMeeTcsi JOKyMEHT, OITHCHIBa-
oM paboTy ¢ HECOOTBETCTBYIOIEH MPOIYKIIMEH —
P-08-03 «KoHTpoJb HECOOTBETCTBYIOLICH MPOIYK-
n». OJHAKO BBI3BIBAJIO COMHEHHE BO3MOXKHOCTH U
KOPPEKTHOCTh OTHECEHWS NPOAYKIMH K TOIHOW WITH

HECOOTBETCTBYIOIIEH, TaK KaK KOHTPOJIEPHI KayecTBa
Ha CBOMX pabO4MX MecTax IpH OIpENeNICHUH Kaue-
CTBEHHBIX XapaKTEPHCTUK MPOAYKIHH 3a4acTyiO HC-
MOJNB3YIOT TOJBKO BH3yallbHBIA ocMoTp. CpemcTsa
W3MEPEHUH €CJIi U UMEIOTCs], TO He HAaXOZSTCS B pe-
KM€ UCIIONB30BaHUS», T.€. UX HET B HAJIMYUM Y KOH-
TpoJiepa Py OCYIIECTBICHUH KOHTPOJIA IIapaMeTPOB.

B MoMeHT mpoBeieHus! ayAuTa Ha «TOYKE KOH-
TPOJIS» B CTaJCIJIaBUIBHOM LiEXe KOHTpoJiepa Ha
MOCTY HE 0Ka3aJ0Ch, COOTBETCTBEHHO HE MPEJICTaB-
JSIOCH BO3MOXKHBIM OIIEHUTH €ro paboTy, B TOM
quciIe C JAOKyMEHTalueH, KOTOPYIO OH JIOJDKEH 3a-
nonHATh. CaMoro paboyero Mecta Takke MPesICTaB-
JIeHO He ObUIO, KaK W, BIPOYEM, JOKYMEHTOB, PETH-
CTPUPYIOIIUX MMOKa3aTeIN KauecTBa 3aroToBoK. Ox-
HaKO OTMEYaloch, 4YTO HMEETCS NOKYMEHT, I/
(GUKCUPYIOTCS TIOKAa3aTeNM KadecTBa W KOTOPBII
OTIIPABIISIETCS B IVIABHBIN «O()UC KauecTBay.

Cknag — MecTo, TAe XpaHUTCS HECOOTBETCTBY-
Iolas NPOLyKIHs, NPEACTaBIeH K OCMOTpPY st
aynuTa He ObLI.

IMponiecc MapKUPOBKU TOJHOM M HECOOTBETCTBY-
IOIIEH TIPOAYKIINN BEACTCS CIEAYIONIUM 00pa3oM: Ha
3ar0TOBKax MEJIOM yKa3bIBaeTCs HOMEp IUIABKH, Map-
Ka CTajd, AJMHA, KOJIMYECTBO IITYK B mapruu. Ecin
3aroTOBKa, OpaKOBaHHAs — €€ TIOMEYAIOT 3HAKOM <« X».
OnHako TOAHBIE M HECOOTBETCBYIOIINE 3arOTOBKU
HaxOJSITCsl OYEHb OJIM3KO APYT K IPYTy — BEPOSTHOCTh
BO3HUKHOBEHUSI ITyTAQHUIIB» C TIONMAJIAaHUEM Opako-
BaHHBIX 3aT'OTOBOK B IPOKATKY WJIM OTTPY3KY B yCIIO-
BUSIX IPOM3BOJICTBA OYCHD BEJIMKA.

s uneHTuuKauMy TOTOBOTO IpOKaTa HC-
MoJIb3yeTCst cucTeMa «oupok». KonTtponep paznens-
€T POAYKIIMIO Ha: TOJIHYI0, 2 COPT, 3 COPT, HECOOT-
BETCTBYIOLLYIO M AKCIOPTHYIO. Jls mocneaHeit 3a-
MOJIHSIETCS] CIIeLajbHas COIPOBOIUTEIbHAS Kap-
TOYKA, [T OCTAIBHOM — 3aKperuiseTcs OupKa.

He mnomydeHo BHATHBIX TMOSCHEHHH IO KaKHM
MMEHHO TOKa3aTeIsiM NPOAYKLIHIO OTHOCAT K Ooree
HU3KOMY COPTY ¥ B KAKOM JIOKYMEHTE TO MPOIHCAHO.

[posepsitor 100% mnpomyKnuu, MOCTaBISIEMOH
Ha dkcropT, U 10% mponykiyu U3 nmapTuu, UAyIen
B IIPOKATHBIE LIEXa.

Hns sxcnopTupyemMoil MpoAyKUWK CHEUHAIUCT
MHCIIEKTOpa 3aloJIHACT «INCT mnepenadn» (cepTu-
(uKaT Ka4ecTBa), B KOTOPOM YKa3aHbI CIICAYIOIINE
JaHHBIE. CTPaHa-3aKa3ulK, TEOMETPUUECKUE pa3Me-
PBl, MapKa cTaJld, HOMEp ILIaBKH, KOJIUYECTBO 3aro-
TOBOK, OOIIMI BeC, CTOMMOCTD B Ieco. JlaHHBIH 110-
KyMEHT CKpEIUICH IeYaThlo. AHAJIOTMYHBIA JOKY-
MEHT 3aIOJHSETCS JJIsl TOTHON TMPOYKIIUH.

B CMK cymiecTByIOT *KypHaiibl, KOTOpbIE BEIYT
pasmble paboune — peructpsl [4,5]. B Hux 3aHOCATCS
Pe3yJbTaThl UX IPOM3BOJICTBEHHOM AESITENBHOCTH WIH
JesTensHocTH noapasaenenus. [lo ¢axry oxasanocs,
YTO MHOTHE W3 TaKHX PErMcTpOB 3allOJHEHBl HE B
TIOJIHOM Mepe — MHOTHE CTPOKH/CTOJIOLBI ITyCThIe; He-
KOTOPBIE JKypHAIIBI BOOOIIIE OTCYTCTBYIOT Ha pabodem
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MecTe (Ha MOMEHT ay[HTa); HEKOTOPBIC MOBTOPSIOT
MH(OPMALIUIO C APYTHX JOKYMEHTOB.

Bonblnyto  CIOKHOCTE TIPE/ICTABISIET Tiepenada
JIAHHBIX IO PEe3yJIbTaTaM JEsATEIbHOCTH TOjpa3/iee-
HHI APYyrHM TOJpa3/IeNieHHsIM, OJJHA U Ta ke HHDOp-
Marsi TyOonmpyercss B pasHBIX JTOKYMEHTaX, a CKO-
POCTh Tiepenayy JAHHBIX M 3HAYMMON MH(pOpMAIIN
OYeHb HHU3Kas. B mydiem ciyyae naHHbBIE TiepenatoTcs
no TenedoHy, B XyIleM — JOCTABISIOTCS TMEIIKOM B
IMyHKT Ha3HaueHus. KpaitHe oTpuiiatenbHO cKa3biBaeT-
CsI OTCYTCTBHE JIEKTPOHHOTO IOKyMEHTO000POTa.

B x0€e TeXHOIOTHYECKOTO ayiuTa MPOBEPSIINCH
7a00paTOpuy XMMaHaJ W33, MEXWCIBITAHHH ¥ Me-
tanorpadun. Llenn B o61acTi kauecTBa KaxI0u 13
Tpex JlabopaTopuii He YCTAaHOBJEHBI. BHINMBIX
MIPU3HAKOB KAaNTHOPOBKM WJIM MOBEPKH HCHBITATEINb-
HOTO-M3MEPHUTETHFHOT0 000pyI0BaHHS BCeX abopa-
Topuii 0OHapyxeHo He Obuto. IleproamyHOCTH Ka-
TMOpPOBKM M TOBEPKM TEPCOHA] HE 3HAET, HO B
CMK wumeercst DOKyMEHT, KOTOPBIA peryaupyer
JeATeIILHOCTD 110 KAIMOPOBKE CPEACTB N3MEPEHUH U
WCIBITATENIEHOTO 000PYAOBAHUS.

YcTaHOBNIEHO, YTO U3 TpeX J1abOpaTopHii KOH-
Tposis (XMMaHalM3a, MEXHCIBITAaHUH M MeETalio-
rpadun) (akTHueckn paboTaeT TOJBKO OJHA — Jia-
Oopatopusi xuMaHanu3a. Pabora ocTainbHBIX J1a0o-
paTOpI/II‘/'I BbI3BIBACT COMHCHUSA B CBA3U C COCTOAHU-
€M H3MEpHUTENIFHOTO 000PYIOBAHHS U OTCYTCTBHEM
NPU3HAKOB €r0 PETYISPHOTO HCIOIB30BAHMSL

AHaaIN3 Ka4ecTBA MPOAYKIIUH

CraTUCTHYECKUE METOIBI AJ1s1 00pabOTKU U aHa-
7132 MHPOPMAIMU MPAKTHYECKU HE UCIIOIb3YIOTCH,
32 UCKJIFOYCHUEM MPOCTEHIINX JHArPAMM.

[Mony4eHHble M3 Pa3HBIX WCTOYHUKOB HA 3aBOC
JIaHHBIC O MPAKTUYECKUX METOIMKAX (DHKCAIIMU BUIOB
Opaka M aHajM3a MPUYMH Opaka HE COBMaaloT. BbI-
3bIBAaCT TPEBOTY TO, YTO JaXKe NPH (PUKCAIMU BUIIOB
Opaka W OmpeNeNICHUN MPUYUH X BO3HUKHOBCHHS HE
MOJIy4eHO YETKHX OTBETOB 00 OpraHM3alid KOppeK-
THPYIOIIHMX ¥ MPEIYNPEKIAIONIHX TCHCTBUH.

BriOopouHasi mpoBepka MPaKTHYECKOH pabOThI
yuyacTka KOHTpoJIsa Ha cTaHe 250 mokasana: mpakTide-
cKas paboTa Mo KOHTpPOJTIO KauecTBa Benercs. Hopma-
THBHAs JOKYMEHTAIUs, MO KOTOPOW pabOTar0T KOH-
TPOJIEpBI, MPEIOCTaBICHA Ha KAXKIBIN BUJT IPOTYKIHH.
W3mepsiembie nedexTsl nmpoduiist (auamerp, BbICOTA
pebpa, mposoaBHOE PeOpo U T.A.) OIEHUBAIOTCS Ha
paboueM MecTe KOHTposepa BU3yaIbHBIM METOJIOM U C
MOMOIIHI0 TAKUX CPENICTB W3MEPEHHs, KaK INTaHTeH-
LMPKYJb, Bechl. [IpoObl OTOMpalOTCsl COTsIacCHO METO-
JuKe oTOopa. JJokymMeHTarus, OTpaxaromas pe3yJibra-
Thl pabOThI MepcoHana (3amucH 10 KadyecTBy), ObLIa
npescraBieHa — JKypHalnl KOHTpPOJSI XapaKTEpHCTHUK
kauectsa. [Iporecc uaeHTUPUKALNK TPOIYKIUH TIPO-
UCXOJIUT CBOCBPEMEHHO — KOHTPOJIEP pas3ieiseT Mpo-
IYKITIO HA TOIHYIO, 2 COPT, 3 COPT, HECOOTBETCTBY-
IOLIYIO U 9KCTIIOPTHYIO — BemaeTcs: oupka. Mecrto, rae

XPaHUTCS HECOOTBETCTBYIOIIAS MPOMYKIMS HE Tpea-
CTaBIICHO. 3aIOJIHCHHYIO JIOKYMCHTAIMIO MO PE3YJib-
TaraM KOHTPOJISI HA y4YacTKe W OTOOpaHHBIE MPOOBI
KOHTpOJIep MEMKOM Tepenaer B Jaboparopuro. Onepa-
TUBHBINA BBIBOJI. CHICTeMa KOHTpOJIs Ha cTaHe 250 ymo-
BJICTBOPHTEIHHA.

OrieHKa KagecTBa 3aroTOBOK M ITPOKaTa ObLIa Tpo-
BEJICHa METOJIOM CHCTEMATH3allMK JIAaHHBIX, COZepIKa-
IMXcs B TabiMIAX M3 OTYETOB 1m0 KadectBy 2013-
2014 rr. v nipezicTaBiaeHus B Buzie rpadukos (puc. 1-6).

U3 rpadukoB Ha puUC. 1-3 oOHapykeHHBIX Jnedek-
ToB 32 2013 m 2014 rr. BUIHO, YTO OCHOBHBLIMU
npobaeMaMul TIpH TIPOM3BOACTBE 3arOTOBKH SIBIISIFOTCS
BOIPOCHI 00ECTICYEHHsI TEOMETPHH U O00eCTICUEeHHs
JUTHHBI 3arOTOBOK TP MOPE3Ke Ha MEpHBbIC JUTHHBI,
YTO CBSI3aHO C HHU3KUM TEXHHKO-TEXHOJOTHICCKHM
YPOBHEM CYIIECTBYIOLIETO MpOM3BOACTBA. HecMoTpst
Ha cHmwkeHue nedektoB B 2014 r., WcIoab30BaHUE
npeanpusTieM UHQOPMAIMH O KauecTBE 3arOTOBOK
sBisieTcst He monHbM. Tak, 11st 9 heKTuBHOrO KOH-
TpOJdss HEOOXOAMMO NPHMEHATH OoJiee MIMPOKUIA
CTIEKTp TOKa3aTeNell KauyecTBa, B YACTHOCTH: XUMH-
Y4eCKHi cocTaB, ne(eKThl pasiuBku (Kak BHEIIHHE,
Tak W BHYTPEHHHE) ¢ OAUIbHOW CHCTEMOM OIICHKH,
OLIEHKa BHYTPEHHHX CBOMCTB 3arOTOBOK, TaKHX KaK
HEPaBHOMEPHOCTD paclpeAeeHIs] XUMHYECKUX dJie-
MEHTOB I10 CEYCHUIO.

Cremyer OTMETHTh HECOOTBETCTBUE MH(OpMALNK
CTICIMAIIMCTOB, CUYUTAIOIINX OCHOBHBIMHU BHIaMH Opa-
Ka T10 3ar0TOBKE POMOOBUIIHOCTD ¥ MOPBI (My3bIPH), U
JIAHHBIX OTYETOB IT0 Ka4eCTBY, IJIE 3TO HE OTPaKEHO.

Wupopmarnusi, npeacTaBleHHas MPEANPHITHEM, O
YacTO BCTPEUAKONIMXCS JeeKTax MpOKaTHOM Mpo-
nykuun (pUc. 4-6) mo3BossieT yOenauThesl B TOM, YTO Ha
JICUCTBYIOIMX TPOKATHBIX CTAaHAX MMEETCS HeJocTa-
TOYHBIN KOHTPOJIb KaueCTBa TOTOBOM MPOIYKIIUH.

B wactHOCTH, BHAHO, YTO TpeMs KIFOUYEBBIMU
npoOjeMaMu TIPOU3BOJICTBA TIPOKATa  SIBISIFOTCS:
PoOJIEMBI ¢ COOITIOIEHNEM UTOTOBOIM (POpMBI (T€o-
MeTpuH) packara [6, 7]; mpoOneMsl ¢ opranu3aueit
MPOU3BO/ICTBA MPOMYKIIMU 3aJaHHONH MEpHOH IH-
HBI ¥ 0TOpaKOBKa BO BTOPOii copr [8, 9].

W3 oTyera mo KauecTBy NPOKATHBIX IIEXOB HE
cle/lyeT aHalu3 Opaka MO0 MEXaHHYECKUM CBOWM-
ctBaM (mpezeny TEKy4ecTH, Mpeneiy MPOYHOCTH,
OTHOCHTEIIbHOMY Y/UIMHEHHIO | T.1.). He sicHo, Kak
UCIIOJNIB3YIOTCS PEe3YJIbTaThl M3MEPEHHUN ITHUX Tapa-
METPOB, KOTOpHIE, 10 CIIOBaM CHEIHATHCTOB Ja0o-
paTopuu, IPOBOIATCS.

MHorue 3aa4d KOHTPOJISI KadyecTBa 3arOTOBKH
W TOTOBOTO TpOKAaTa HE PENICHbI HAa MPEINPUSATHA
MO MPHUYUHE OTCYTCTBUS BO3MOXKHOCTH TPOBEICHUS
OT/ICNBbHBIX UCIBITAHUN, OTCYTCTBUSI HEOOXOAUMOTO
ombiTa. Bce 3TM 3agauyu MOXKHO PELIMTH TOCPEA-
CTBOM KOMILIEKCHOM MOJIepHU3AINN TPOU3BOICTBA,
nabopatopuii U CHCTEMBI MEHEDKMEHTA KaueCTBa.
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Onbim uccnedoeaHusl ka4ecmea 3a20MOBKU U COPMO8020 NPOKama ... Tynynoea H.A., l'yappa Xoce AnoHco, JleeaHdosckuli C.A. u dp.
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Puc. 1. Buabi neekToB HeNpepbIBHO-NUTLIX 3ar0TOBOK U TOHHaX AeeKTHbIX 3aroTOBOK
Ha npuMepe NPOU3BOACTBEHHbIX AaHHbIX 2013 T.
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Puc. 2. Bugbl ,qe(*)eKTOB HenpepbIBHO-JIUTbLIX 3aroTOBOK U TOHHAX Ae(‘beKTHbIX 3aroToBoK
Ha npumMmepe Npou3BoACTBEHHbIX AaHHLIX BOCbMU MecCsLieB 2014 r.
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Puc. 3. CpaBHMTENbHbIN aHanM3 KONWYECTBA YYUTbIBaeMbIX AeeKTOB HeNpepbIBHO-NUTLIX 3ar0TOBOK
U TOHHaX Aed)eKTHbIX 3arotoBok B 2013 u 2014 rr.
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Puc. 4. Buabl gedekToB roToBOro npokaTtka U ToHHaXx aedheKTHON npoayKLmMn

Ha npuMepe NPOU3BOACTBEHHbIX AaHHbIX 2013 T.
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Puc. 5. Buabl pedheKToB roToBOro NpokaTka U TOHHaX AedeKTHOW NpoayKLumum
Ha npumepe NPOM3BOACTBEHHbIX AAHHbLIX BOCbMM MecsaueB 2014 r.
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Puc. 6. CpaBHUTENbHbI aHaNKU3 KONUYECTBa YYUTbIBaeMbIX AedeKTOB rOTOBOro NpokaTa

U TOHHaX aedeKkTHOU npoaykumu B 2013 u 2014 rr.
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Onbim uccnedoeaHust Kayecmea 3a20mMoeKuU U C0pPmMoeo2o npoKkama ...

Tynynoea H.A., l'yappa Xoce AnoHco, JleeaHdoeckutii C.A. u dp.

IIyTi coBepIeHCTBOBaHUS KOHTPOJIS Ka4ecTBa
u opranuzauun CMK Ha 3aBoge Xoce MapTu

YuuTbiBasg BbIOpaHHBIA BapUaHT MOJAEPHHU3ALUHU
3aBoja (4-i BapuanT: 420 THIC. T B TOM KUIKOH CTAITH
1 350 ThICSAY T B TOJ] MPOM3BOIMMOTO MPOKATa) CIIeIy-
€T PACCMOTPETh CIEAYIOLIUI IIEpeUYeHb MEPOIIPUATHH.

Cosepuwencmeosanue  cucmemsl  MeHeOdHc-
MEHMA Kauecmea npeonpuamus

¢ PyKoBOICTBY IIpeNpHATHS B3ATh 10J KOHTPOJIb!

O MoJy4YeHue JeHCTBYIOIEro ceprudukaTa Ha
cootBerctBre CMK cranmapty MCO 9001, a Taxxke
MOJy4YeHUe ACUCTBYIONMHUX cepTH(UKATOB HA TPO-
JYKIIUIO;

O aKTyaJM3aluio Leneid B o0jacTu KadecTBa
NOJpa3eICHUN 1 BCETrO MPEIIPHUSITHS.

e Y COBEPIIECHCTBOBATE!

O CUCTEMY aKTyalu3alliil BHYTPEHHHX W BHEII-
HHUX IOKYMEHTOB,;

O cuUCTEMY KOHTPOJISI IPOLYKIHHU yBEINUYECHHEM
JIOJIM IPOBEPSIEMOH MPOAYKIIHH,

O MapK KOHTPOJILHO-MU3MEPHUTEILHOIO 000pyI0-
BaHUs (MJIK 3aMEHUTD [IETTUKOM);

O CHCTEMYy BBISBICHHS CBHJCTEIBCTB MOBEP-
KW/KannOpOBKH CPEICTB U3MEPEHHS U UCIBITATEILHO-
ro 00opynoBaHus 11 o0ecredeHns e€ IPO3pauHOCTH;

O CUCTEMY YIIPaBJICHUS HECOOTBETCTBYIOIIEH
IIPOyKLUEH;

O mpoliecc MPOBEPKH KOMIIETEHTHOCTH KOHTPO-
JIEpOB IO KAa4eCTBY M 3HAHUS MUMH HOPMAaTHBHOM
JOKYMEHTAIlUH YBEIUIEHUEM YacTOThl IPOBEPKY;

O CUCTEMY TOBBILICHUS! 3aMHTEPECOBAHHOCTH U
BOBJICYEHHOCTH Pa0OTHHKOB B IpOLEcChl obecre-
YEeHHUS M COBEPILEHCTBOBAHUS KaueCTBa NPOLYKIINH;

O mporiecc «3aKymKu», BO3MOXKHO, YKECTOUHTh
OIICHKY MOCTaBIIHKA.

e PazpaboTath 1 BHEPUTH:

0 dopmy «IIpoTOKOJI O3HAKOMIICHUS C MOIUTH-
KO# B 00J1acTH KauecTBa»,

O oTué€THBIN HokyMeHT o pem3un CMK co cro-
POHBI PYKOBOJICTBA;

0 dopmy «IIpHKa3bl MO KaYECTBY»;

O nowkHOCTHBIE  (paboune) WHCTpyKuuu (C
NPUBJICUYCHUEM CAMUX PaOOTHHUKOB);

O MOJTHOLCHHYIO CUCTEMY JJIEKTPOHHOTO JIOKY-
MEHTO000POTA;

O CHUCTEMY OTCJIC)KMBAaHHUS U BBIIOJIHEHUS KOP-
PEKTHPYIONIMX NEHCTBUI MO pe3ybTaTaM BHYTpEH-
HUX ayAUTOB,

O IIPAaKTUKY OLICHKM HPUYUH BO3HUKHOBEHUS
TOTO WIIK HHOTO BUJIa JIe(eKTa.

e [IpuBHECTH B JOKYMEHTHI:

O IPU3HAKU YNPaBISIEMOCTH U OOpaTHOW CBS3U
(moamucwn, mevaTd, AaThl YTBEpXKACHHUS, (GaMHIHN
pa3pabOTYNKOB M OTBETCTBEHHBIX 32 MPOLIECC U T.I1.);

O TpeOOBaHUs K UCIOJIb30BAHUIO CHCTEMBI KOH-
TPOJISL KAYeCTBa MPOU3BOJCTBEHHBIX POLIECCOB,;

O OTHOCALIMECS K OT4ETAM MO KadecTBY OOib-
IIyI0 OOBEKTHBHOCTh U BO3MOXKHOCTH OTCJIEKHBA-
HUS peaKiny Ha CYOPMUPOBAHHBIC 3aMEUaHHSI.

e VckimtounTb:

O nyOnmupoBaHMe OJHOW M TOW ke MH(OpMAIHN
B pa3HBIX (popMax TOKyMEHTOB;

O mepefadyy JAaHHBIX MEXIy LleXaMu U jadopa-
TOPHUSIMH B OpPMATE IIEIIKOMY,

O OO0s13Hb HaKa3aHHA 32 HECOOTBETCTBUS, BBISB-
JICHHBIC BO BHYTPCHHHUX ayJqUTax.

e PeKOMEHI0BATh 3aKa34HKY:

(0] IMPUHATH MEPBI MO MOBBINICHUIO 00BEKTHUBHO-
CTH OTUYETA 10 KAYECTBY;

O pa3paboTaTh ¥ BHEIPHUTH CHCTEMYy OOHapy-
KEHUS, ydeTa W KiacCUpUKaud BUIOB Opaka |
€ro IMPHUYHH.

IIpn ycnoBuM BHEAPEHHS HOBOTO MPOHM3BO-
CTBEHHOTO IIeXa U COOTBETCTBYIOIIETO YPOBHs 000-
PYIOBaHHS U TEXHOJIOTUH HEOOXOMUMO:

® ONpeC/INTh, HICHTH(GHUIIMPOBATL M OIKCAThH

BCE HOBBIE MPOIIECCHI;

® pa3paboTaTh KOMIUIEKC HEOOXOIMMOW JIOKY-

MEHTalMu [JIs1 KaXJOro Ipolecca, KaxKIou

onepanuu, Kaxa0u npoueaypsl;

® pacIpe/lelnTh OTBETCTBEHHOCTh B OOJIACTH Ka-

YEeCTBa;

® BHECTH HM3MEHEHHS B CTPYKTYpY IOKyMEHTa-

mmn CMK © opraHu3anuoHHYIO CTPYKTYPY

NIPEAIIPUATHS,

e 00y4HTh IEPCOHAN HOBBIM METOJaM KOHTPOJIS

M BEJICHUS OTYCTHOCTH;

® pacCIIUPUTH O0JIACTh WCIONB30BAaHHUS HHCTPY-

MEHTOB yTIPaBJICHHUS KAYECTBOM.

Mooepnuzayus nabopamopuii

Ilpn mOATOTOBKE NPOHM3BOJCTBA CTAIH BAXKHO
3HATh MOKA3aTeNlM Ka4yecTBa ChIPbs (JIOMa, IIMXTHI H
T.I.). B mporiecce mMpou3BOACTBA CTATH HEOOXOAUMO
BECTH TEKYILIMH KOHTPOJb. [locie pa3iuBku HEOOXO-
MO YOEIUTBCS B XMMHUYECKOM COCTABE CTallH, CO-
CTOSIHMU AC(EKTOB PA3IMBKH, MEXAaHUYECKUX U Me-
Taiutorpadudeckux cBoicTax. [y aToro HyxHO 00-
nee 3¢deKkTHBHO Hcmonb30BaTh UMetoreecs [10, 11]
Y, TIPYU HEOOXOJMMOCTH, TO100paTh JOMOJHUTEIIHLHOS
WCTIBITaTeNbHOE 000pymoBaHue. PaccMoTpiM ocobeH-
HOCTH COBEpIIICHCTBOBAHUSA J1a0OpaToOpHON  Oa3bl
NpEeNPUATHS IPU MOJIEPHU3AIMH TIPOU3BOJICTBA.

s Bcero pabotaroiero B 1abopaTopuu HHKe-
HEpPHOTO TepcoHana OymeT HeoOXOIUMO IPOBECTH
JIOTIOJTHUTENIbHOE O0Yy4eHHeE.

Jlabopamopusa xumuieckoeo cocmasa.

JlaGopatopusi NpeAnpHUATHs Ha JaHHBI MOMEHT
HUMEeT CIIEKTPOMETp aToMHOU abcopOuuu. OmHako
Ha COBPEMEHHBIX IMPEANPUATHIX PEKOMEHIYETCS
MNPUMCHATH HE TOJIBKO CHCKTpaHLHBIﬁ, HO U OMUC-
CHUOHHBIN aHAU3.

Bx0/1HO# KOHTpPOJIb Ha TAHHOM JTalle JIOJDKEH:

® BKJIIOYATh HCCJIEIOBAHUE. CHIPbs (J0Ma WK
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PYIbI), PACKUCIUTENCH, NUTaKa, JETUPYIONUX
3JIEMEHTOB, YIJIs U IIpoUee;

® [IPOBOAUTHCS JUIsi TOTOBOH mpoaykuuu (cis-
0OB) HE 3aBHCHUMO OT €€ JajbHEHIIero nmpume-
HeHus (MIPOKATKM Ha CTaHaxX WM TPOJKH
cis60B mokymatessim) [12].

Pexomenmyetrcss paccMOTpeTb  BO3MOXKHOCTB
NpUOOPETeHNsT TMOPTAaTUBHBIX MPUOOPOB XHMHYE-
CKOT'0 aHaJM3a JUIS MOBBIIICHHUS] KOHTPOJIS KauyecTBa
MPOU3BOIMMOM MPOITYKIIHH.

Jlabopamopusa memannocpaguu

B ciyuae npeobnaganus (mo oobémMam mpous-
BOJICTBA) MPOAYKIMH B BHE CTaJbHOTO MpPOKATa
HEOO0XoMUMO oOecreunBaTh KauyeCTBEHHBIH MeTa-
sorpauuecKuii KOHTPOJIb.

s 9TOro HEOoOXOMUMO: OTPEMOHTHUPOBATH W
HACTPOWTH CYIIECTBYIOININH MeTauiorpadudecKuii
MHUKPOCKOIT WJIM KYIHTh HOBBIH; NMpUOOpecTH mpo-
rpammuoe obecrieuenust ([10) anst aBTOMaTH3anuu
nporecca OINEeHKH (ha30BBIX COCTOSHUI MeETaia,
CHUCTEMATH3UPOBATh NPOIIECC XpaHEHUs HH(popMa-
MU ¢ TpeOOBaHMSIMH HOPMATHUBHBIX TOKYMEHTOB
Pa3IMYHBIX YPOBHEH; IJIsi KOHTPOJIs AeeKTOB pas-
JUBKH pekoMeHayeTcs mpuodpectu I10, mpenna-
3HA4YEeHHOE JJIsl YCTaHOBJIEHUS! OalmbHOCTU aedek-
TOB, YTO MO3BOJIUTH CHATH OTY 3a/1a4y C YEIOBEKa.

Jlabopamopus Mexanuyeckux ucnblmanuil

OcHOBHOI 00BEM HCIBITAHUN MEXaHHMYECKUX
CBOMCTB OyJeT BO3JaraThCsi Ha TOTOBBIM CTAJILHOM
npokar. PekoMeHmanuu i yirydieHust GyHKIHO-
HUPOBAHUS JJAOOPATOPHUU:

® JUIsl OIICHOK MEXaHUYECKHMX CBOHCTB HEOOXO-
JUMO HMETh. H3MEpHUTEb(H) TBEPAOCTH s
Pa3IMYHBIX IIKaJd TBEPAOCTH, MAIIUHY JJIS UC-
MBITAHUN Ha YJApHYIO BS3KOCTB;

® 3aMEHUTHh YCTapeBLIYIO Pa3pPbIBHYIO MAIUHY
(20-50 1) u perymspHO cieauTh 3a paboToCIIO-
COOHOCTBIO M TOYHOCTBIO CYIIECTBYIOMICH Ma-
HIMHBI KATalCKOTO MPOU3BOACTBA,

® IPOW3BOJIUTH PETYJSPHYIO MOBEPKY M KauO-
POBKY HCIIBITATEIIBHOTO 000PYAOBaHHS,

® BECTU CTPOTUH yYeT BCEX MPOM3BOAMMBIX HC-
MIBITAHAI POy KITHH.

Pexomenoayuu no KOHmMpoOI0 Kavecmea

O0BEéM MPOJYKIMH, TMPOU3BOAMMON CTaHAMHU
MocIie TIAHUPYEMOH PEeKOHCTPYKUUH, Oynet 74,2 u
83,3% (0T 00BEMa BHIILIABIAEMOM CTAIN) COOTBET-
CTBEHHO, CJIJIOBATEIILHO, TIOTPEOUTEIIO B OOJIBIIICH
CTereHn OyAeT MHTEPECHO KaueCTBO POU3BOANMO-
ro TIpoKara.

[TosTOMy B mporecce MOJIEpHHU3AINN IPOU3BO/I-
CTBa CJIEIyeT:

® UHTErpUpOBATh B MpoIecc mpoduiemeps! (mpu-
OOpBI ISl U3MEPEHWI CEe4YeHUs] MpOoKaTa Hero-
CPEJICTBEHHO B pabOTArOIIeil TMHUN CTaHa);

® HCOOXOJMMO BBECTH CHUCTEMbI y4eTa W KOH-
TPOJII TEOMETPUYECKUX pa3MepoB CisI00B,

npousBoguMbix Ha MHJI3. Cnsa6b1, moctyna-
IOLIME B XOJOJHOM COCTOSIHUM B TI€YH MPOKAT-
HBIX CTaHOB, JIOJDKHBI 0053aTENBHO IOJABEP-
raThCsl U3MEPEHHSAM W KOHTPOJIIO T€OMETPHU
(OpMBI CeueHHs, YTO Ba)KHO AJISI UCKIIIOYCHUS
(cokparrieHust) pOMOOBH/IHOM 3arOTOBKH.

C nenplo ONepaTMBHOIO W3Y4EHUS! NPUYMH BO3-
HUKHOBEHHUS JIe(DEKTOB M OTKIOHEHUH MHCIOIb3YIOT
NPUHIMIT CKBO3HOTO TPOCIICKUBAHUS JABMKCHUSI Me-
tamia [13] Ha Bcex cramusax ero mpowsBoicTBa. s
3TOr0 HEOOXOIUMO BBECTH CTPOTYIO JHCIUIUTHHY IO
y4€TY ¥ MAPKUPOBKE MPOKATa, CHHXPOHH3UPOBAHHYIO
C KOPIOpaTUBHON HHPOPMAITMOHHOH CHCTEMOH.

PasBuTHe cucTeMbl MEHEKMEHTa KadecTBa pe-
KOMEHJyeTcsl HayaTh C NMPUMEHECHUSI CTaHJapTHHIX,
MEXIYHApOIHBIX METOJIOB YNPABICHUS Ka4eCTBOM.
Tarxke pEKOMEHAYETCS HCIOJIb30BaTh H3BECTHBIC
CTaTUCTUYECKHE METObI

® OIICHKA OMNHCATEeNbHBIX CTATUCTUK C LEIbI0
0011ero U3y4eHHs BBIOOPKH;

® aHaMM3 BO3MOXKHOCTEH W YIPABISIEMOCTH TIPO-
ecca;

® 3y4YCHHE XapaKTEepUCTUK KadyecTBa Ipolecca
(HampuMmep, MHIEKC MPHUTOJHOCTA W HWHIEKC
BOCIIPOHM3BOJMMOCTH IPOLIECCa);

® IS TIOMCKa KOPPEISILUA MeXIy napamMeTrpamu
PEKOMEHIyeTCSl HCIIOJIB30BaTh KOPPEIISIIUOH-
HbIA aHaju3, MapHbIH M MHOXECTBEHHBIN pe-
TPECCUOHHBIN aHAIU3;

e [Tt TIpoBeneHUS 3PHEKTHBHOTO BHIOOPOUHOTO
KOHTPOJISI TI0 KOJIMYECTBEHHBIM M Ka4eCTBEH-
HBEIM TIpU3HaKaM HEOOXOAUMO OOYYHTH dTOMY
TIepCcCoHA JIabopaTOPHiA;

e Ul OLICHMBAaHMS BBIXOJA HECOOTBETCTBYIOLLEH
MPOAYKIUA MOYXHO TPUMEHSTh CTATUCTHICCKHIA
TOJTIX0J] Ha OCHOBe pacnpenenenus ['aycca;

e Ul TIPEICKa3aHWs MapaMeTpoB (XapakTepH-
CTHK) Ipoliecca M KauyecTBa MPOJYKIUH PEKO-
MEHJIyeTCsl MCIONb30BaTh HEWpOCeTeBOe Mpo-
rpaMMHpPOBaHHE.

Crnenyer MOMHHTB, 4TO JUisi 3QQPEKTHBHOW pa-
OOTBI CTATHCTHYECKHX METOJOB Ha MPEANPHUITUN
HY»XHO 00ecreuynTh KauecTBeHHYIO (3)(DEKTHBHYIO)
paboTy cHCTeMbl MEHEIKMEHTa KauecTBa, I03BO-
JSIOILYI0 cOOMpaTh M MOATOTAaBIMBATh KaYeCTBEH-
HBIE MICXO/HBIE JaHHBIC.

3akiarouenue

IIpoexkT MoaepHuzauuu 3aBoja Xoce Mapty,
nonmyunBni B anpene 2015 roga onobpenue Mex-
npaBuTeNbCTBeHHON KoMuccuu «Poccust — Kyba» u
BKITIOUCHHBI B YHCIIO MPOEKTOB, (PMHAHCHPYEMBIX
B paMKax KpPEeOUTHON JMHUH, TPEAOCTaBIIEMON
Poccuiickoii @enepanueil, UMEET XOPOIIYIO MeEp-
CHEKTHBY Uil peaau3allid MPOTrpaMMbl TEXHHUYE-
CKOT'0 U TEXHOJIOTUYECKOTO IIEPEBOOPYKEHUSI U pe-
alIM3allud  BCEX BHIIICONHCAHHBIX MEPONPUSITHH,
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Abstract. To improve and develop metallurgical
plants, it is required to continuously settle an issue on
product quality control. The growth of the product quality
is an essential part of a modern steel products market. In
practice, quality issues are often settled by applying an
integrated evaluation of the quality management system
through audits. The article deals with experience of a
quality management system audit at the Jose Marti Metal-
lurgical Plant and provides information about solutions
adopted as a result of such audit. In future we intend to
cooperate with this plant as part of its significant revamp-
ing to increase its production efficiency.

Keywords: Quality management system, process au-
dit, quality of billets and finished long products, quality
control, section rolling.
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VJIK 006.05

INOUCK KOHCEHCYCA MEZKJAY IOTPEBUTEJIEM
N ITPOU3BOAUTEJIEM — BA’KHBIN OTAII
ITPU PASBPABOTKE HOPMATUBHBIX TOKYMEHTOB

Hanwmora 10.B., [Nonskoa M.A., Pyous I'.111.
MarsauToropckuit rocy1apcTBeHHbIN TexHnueckuit yauusepceureT uM. .M. HocoBa, MaruuToropck, Poccust.

Annomayus. IIpenyoxeH aIropuT™ IpoLEeypbl COMKEHNS O3UINI TTOTPEOUTEINS M H3TOTOBUTEIS, OCHOBAaHHBIN
Ha HCIIOJIb30BaHUN (DYHKIIMOHAIBHO-IIENEBOTO aHAIN3a M MOAXOAOB KBAJMMETPHU AJSl YCTAHOBICHHS B3aHMMOCBS3H
MOTpeONTENbCKUX (QYHKIMH W TpeOOBaHMH HOPMATHUBHBIX JIOKYMEHTOB Ha NPOAYKIHIO. B KadecTBe mpuMepa BeIOpaH
OJIMH M3 PaclpoCTPaHEHHBIX BHJOB METH30B — OOJT MAIIMHOCTPOUTEIBHBIN. Y CTAHOBIICHO, YTO OJJHO CBOHCTBO O0iTa
MOXET 00ecleyrBaTh BHIIIOJHEHHE PAa3IMUHbBIX MMOTPEOUTENBCKUX (QYHKIMH. DTO ClIeAyeT YyUYUTHIBaTh NPOU3BOIUTEIIIO
MeTamtonpoaykuuu. Ilpeanaraemslii moaxoa MO3BONIAET COKPATUTh BpeMs NMOMCKAa KOMIPOMUCCHBIX PELIEHUH Ha Imep-
BOM CTaauu pa3pabOTKH CTAaHIAPTOB — MOMCKA KOHCEHCYCa MEKAY IOTpeOUTENIeM U Tpou3BoAnuTeneM. PazpaboTaHHbIH
AITOPHUTM SIBIISIETCS] YHUBEPCAIBHBIM M MOXET OBITh MCIOJIB30BAH /IS JIFOOBIX BUAOB IIPOTYKIIHH.

Knrwouesvie cnoga. cranmapTusaiysi, Hay9HbIE OCHOBBI, IMPOTHUIOJNOTHSA, CTaHIAPT, MOTPEOUTEIBCKHE (YHKIIUH,

Tp€6OBaHI/IH H3roTOBUTEIIA, KOHCCHCYC, 601t MaH.IPIHOCTpOHTeJ'ILHBIfI.

BBenenne

CrangapTusalys pacCMaTpUBaeTCsl Kak MpakTHie-
CKasl IESATeIbHOCTD U KaK 4acTh CUCTEMBI YIIPABICHUSL.
CraHgapTuzaiiisi Kak TpaKTUYecKas JIesTeIbHOCTh
3aKJIF0YaeTcs B pa3paboTke, BHEAPEHUH 1 IPUMEHEHHN
HOPMATHBHBIX JOKYMEHTOB M HaJ30p€ 3a BBITOJIHEHHU-
eM TpeOOBaHMA, MPAaBUII U HOPM, M3JIOKEHHBIX B HUX
[1]. Cranmaprusaimsi Kak COCTaBHAsl 4acTh yIpaBJie-
HUSI OMMPAETCsl Ha KOMIUIEKC OCHOBOIIOJIAralomuX J0-
KyMEHTOB B O0O0JIACTM TEXHMYECCKOW TOJUTUKU U
yIIpaBIeHUs KadecTBOM MpOAyKIwH. B mocremHee
BpeMsI CO3peJio TIOHWMaHKe, YTO CTaHAAPTH3AIHS BbI-
JIETsIeTC HE TOJNBKO MPAaKTHYECKOH NESITENbHOCTBIO U
YaCTBIO0 CUCTEMBI YIIPABJICHNUS, HO U OTJ/ICILHBIM Hay4-
HBbIM HanpaeiieHueM. CTaHAapTU3anusi Kak HayKa BbI-
SBJISIET, 0000IaeT M aHAIM3UPYET 3aKOHOMEPHOCTH,
BIMSIOIIME HAa T€ WM JpPYrHe W3MEHEHHs] KadecTBa
TOBapa, pa3BUBAcT U OOOCHOBBIBAET HOPMBI U TpeboO-
BaHMs K 00bekTaM cranaaprusanud [2]. Ho cranmap-
TU3aLMs, TPEKAE BCEro, cUcTeMa WieH, MPUHIIMIIOB,
METO/IOB, MPABHJI, HOPM, KOTOpBIE 00pa3yloT Hay4HO-

TEOPETUYECKUE OCHOBBI CTaHAAPTU3ALMK; COBOKYII-
HOCTb JIOKYMEHTOB II0 CTaHIAPTU3aLMU — B IEPBYIO
ouepeslb CTaHAapPTOB, CO3/7aBa€MBbIX Ha OCHOBE O3THX
uzeit u MeronoB. TakuM 00pa3oM, OJTHUM U3 BaKHEH-
IIMX YCIOBUM pa3BUTUSL CTaHAAPTU3AIMU SIBISCTCA
JaTbHEHTIIast pa3padoTKa €€ HAyIHBIX OCHOB, PEIICHUE
OOJIBILIOrO YKCIIA KPYIHBIX U CIIOYKHBIX TEOPETUIECKHUX
MpoOJIeM TEXHUYECKOTO, 3KOHOMHYECKOTO, COIHAb-
HOTO W MPaBOBOIO XapakTepa, ONPENeNsIOIIUX CTaH-
JIapTHU3AIMIO KaK HayKy [3-5].

MeToasbl uccjIeI0BaHUA

OnHo#t m3 oOmmpHEHIIMX chep CTaHAAPTH3AINN
ABJISIETCSI pa3paboTKa CTaHJapTOB Ha NPOMBILIIICHHYIO
npoayKuuro. OOBIYHBIM METOIOM PELICHHS TAKHX 3a-
Jiad SBJISIETCS CEepusl IEPErOBOPOB MEXKAY MOTpeduTe-
JSIMU ¥ TIPOU3BOUTEISIMH, TIPUBOJISIIASI K COTJIACOBa-
HUIO CTaHJapTa KaK KOMIIPOMHCCA MEXY CTOPOHAMM.
OtmeTnM npo0IeMbl, KOTOPBIE PEILAtOTCs IIPU 3TOM.

[lepBoe. Ilorpedburens Gopmymnupyer TpeOoBa-
HUS K TPOAYKUMH B BHAC THOTPEOUTENBCKUX
CBOWCTB, a W3rOTOBUTENb JOJDKCH NMPH MPOU3BOA-
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CTBE MPOAYKLUHUH PYKOBOACTBOBATHCS KOHKPETHBIMU
(PU3UKO-XUMUYECKUMHU, TEOMETPHYECKUMU H JApY-
TUMHU U3MEPSAEMBIMU TTOKa3aTENSIMU.

Btopoe. KoHkpeTHBIN CTaHIApPT COTJIaCOBBIBA-
€TCs KaK ONTHMAalIbHOE COYeTaHre TPeOOBaHMUs T0-
TpeOuTenss U BO3MOXHOCTEH m3rotoputens. OmqHa-
KO IPUHUUIIBI ONTUMHU3ALMU B HACTOALLIEE BpEMs
HEe pa3paboTaHbl, a TOJbKO MHTETPUPOBAHO BHIpa-
JKEHbI B TE3UCE O HENOIMYCTUMOCTH CO3JaHMs Ipe-
MATCTBUA TPOU3BOACTBY M OOpaIIeHHIO

nerneBoro aHamsza [7, 8]. KonmuecTBeHHas oneHka
CTeNeHH OJM30CTH TIO3WIMI CTOPOH MPOBOAWTCS Ha
OCHOBEC KBaHHMeTpPI‘IeCKOﬁ OIICHKM Ka4deCTBa IIPO-
aykupn [9-11]. D10 mMo3BOISAET MEPelTH K 3aBepiiia-
IOIIel CTaguy — COMVDKEHMS TTO3UIUKA CTOPOH IyTEM
BBIOOpA KOMITPOMHCCHOTO Ui CTOPOH YPOBHS Iapa-
MeTpoB npoAyKuuu. Cleayer 3aMeTUTh, YTO JaHHBIA
MO/IXOJl YHUBEPCAJIbHBINA, MOXKET HUCIOIb30BATHCS IS
JF000T0 BH/Ja METAIUTONPOLYKIHH.

MPOAYKITNH, BBITIOJHEHUIO pabOT M OKa3a-

IloTpedurentekie
(pynkim (I1D)

Onenka
CTEIICHII

Pazgenenie [ID
10 CTAaIILAM

Enmnnaa
TadIImA

HUIO YCIyr' B OobIIeH CTCIICHHU, YCM I3TO
MHHHMAJIBHO HGO6XO}_'[I/IMO JJIs BBITIOJTHCHU S

COTTTacOBaHIIA HOT])CSII’ICIIL— OMIr3OCTII

CKOfi haswt

neneit u3 crateu 11 denepanpbHOro 3aKoHa
«O TexHHWYECKOM peryiaupoBaHuU». [lnd

TpedoBaHIt
1I3TOTOBIITEILT

CTOpPOH

YCTpaHCHHS TaHHOW MPOOIIEMBI HEOOXOIUMO
BBECTH TaKyl0 MpOIEAYypy, Kak pearbHOe
COTJIACOBAaHME HHTEPECOB CTOPOH C IIOMO-
HIBI0 METOJIAa COTIacoBaHUs depe3 (QyHKIIHIO
OLICHKM KauecTBa KakK IeJIeBOM (QyHKUIUHU
ONTHUMM3ANUHU. DTO MPUBEAET K MCIIOIb30BaA-
HUIO OOIICTIPUHSITHIX HOPMATHBHBIX JOKY-
MEHTOB B MPOU3BOJICTBE, YCTPAHECHHIO MEXK-
JTYHapOIHBIX 0aphepOB B TOPTOBIIE, a TAKKE
K B3aMMOINOHMMAHUIO MEXIy IOCTaBIIMKa-
MU ¥ TTOKYaTEISIMH.

Hcxons u3 3T0TO0, HA MyTH Pa3BUTHS HAyY-
HBIX OCHOB CTaHIAPTH3ALMN HEOOXOAMMO pEIIHUThH
3amaqy pa3pabOTKH METOAOB TpaHC(OpMaIiH MOTpe-
OUTENBCKUX CBOMCTB M3IEHS B HOPMHUpPYEMbIE TOKa-
3areny u3rotoBurensi. OAHUM U3 MEPCTICKTUBHBIX HA
aToM TyTH Hapsiny ¢ Metonamu QFD sBnsercs meton
(byHKIMOHAIBHO-TIeNIeBOro aHanm3a [6]. Torma cOmnu-
JKEHHE TIO3UIMI TTOTPEOUTENSI U U3TOTOBHUTENSI MOKHO
Oyner chopMyIHpoBaTh Kak 3aJady ONTHMH3ALUH B
MIPOCTPAHCTBE CBOMCTB M3ACIUNA C KOMIUIEKCHOM
OLICHKOM KauecTBa KaK I1eIeBOH (PYHKIINH.

3HaunTeNbHAs YacTh CTaHAAPTU3ALMUA — 3TO CO-
TJIacOBaHUe MO3ULINIA TOTpeOUTeNs U U3rotoButens. B
cootBercTBUU ¢ D3 «O TEXHUYIECKOM pETyJIHPOBa-
HUW» JUIS Pean3aliy Leliel CTaHaapTH3aliy Ipety-
CMOTPEHO pELICHUE OCHOBHBIX 3afad, MPUYEM OJHOU
U3 MIEPBBIX SIBISIETCS 00ECIeUCHNE B3aUMOIIOHUMAHHUS
MEXIy pa3pabOTUMKaMH, W3TOTOBHUTEISMH, IPOJIaB-
aM{ | TIOTpeOUTeNsIMU (3aKa3uMKaMK) MPOAYKIMH U
yeryr. CTaHIapThl SIBJISFOTCS CPEICTBOM JIOCTYDKEHHS
JaHHOTO cornacus. HeoOXomMMocTh co31aHuss HOBOTO
armapara CTaHIapTU3aIMH, KOTOPBIH OyIeT NpHBO-
JIUTh K KOHCEHCYCY TpeOOBaHMs moTpeduTeseii u Bo3-
MO>KHOCTH U3TOTOBUTENIEH, Ha3pena TaBHO.

Ha pucyHKe mpencTaBiieHBl CTaauM MpoIecca co-
TJIACOBAHMS TO3ULHMK TTOTPEOUTENSI W M3TOTOBHUTEIIS.
Ha mepBom stamne mpezmaraercss Bce TpeOOBaHUS 110~
Tpeburens (nanee norpeburensckue Gyaxmmn (I1D))
U TpeOoBaHMs (BO3MOKHOCTH) M3TOTOBHUTEIS IPOIYK-
MY O0BEIMHUTEL B €OUHYIO Tabmuiy. Jlaiee 1eneco-
00pa3Ho pasgenuTh 11D 1o craawsM MOTPEOHUTENb-
CKOM (ha3pl, HCIONB3YysT METOA (PYHKIHOHAIBHO-

1
CTaIIs
Commxene

IO
CTOPOH

HopmaTtieaerit
TJOKyMeHT

MocnenoBaTenbHOCTL NpoLieAYpPbI COrNacoBaHUsA NO3NLUN

noTpebuTens n M3roToBUTENs Npu paspaboTke
HOPMaTMBHOrO AOKYMEHTA Ha NPOAYKLMIO

PaccMoTpum mepByro crajguio mporeaypsl corna-
COBaHHUS — COCTaBJICHUE €TMHON TaOJHIIBI COTIIacOBa-
mus [1® u TpeOoBaHMIT M3rOTOBUTENS HA METAUIO-
TIPOAYKITHIO. B kadecTBe 00BHEKTA MICCIIEIOBAHMS OBLT
BbIOpaH OONT MaIlIMHOCTPOUTENLHEIN. B naHHOM wc-
CIIeIOBAaHUY MBI PACCMATPHUBAIN COOTBETCTBUE XapaK-
TEpUCTHK OonTa TpeboBaHUsIM NOTpeOuTeNs 0e3 ydyera
TEXHOJIOTMH ero m3roToBieHus. Kpome toro, pac-
CMaTpuBas XapaKTEPUCTHUKH OOIITa, IOJpa3yMeBaeMm,
9r0 OOJNT HCHONB3yeTcss B OONTOBOM COEIMHEHUH
(KOMIUTEKTyeTCs TaliKo# M I1ai0oit), UCXOs U3 TOTO,
YTO MOTPEOUTENS MHTEPECYET OONT HE KaKk CaMOCTOsI-
TeJIbHOE METHU3HOE W3JeNNe, a KaK CTPYKTypHas co-
CTaBIISIONIAsT OOJITOBOTO COEAWHEHUS], CITYKAIIEeTO /IS
CKpEeTJICHUs] HECKOJIBKIX JIETalIe VM BBIONHSIOIIE-
ro Apyrue QyHKIHH.

Jiist Toro 9To0BI COCTAaBHUThH SAMHYIO TAOIUILy 3a-
BHUCUMOCTHU TpeOoBaHuii u3roroputeis u [1d, HeoOxo-
JIMMO OTIPEZENUTH OCHOBHBIE XapaKTEPUCTHKU OoJTa
(Tabn. 1). BonT xapakTepusyeTcs CIeIYIONMME Tapa-
METpPaMH: TEOMETPHUSI TOJIOBKH, TEOMETPHUS CTEPIKHS,
MEXaHWYECKHEe CBOHCTBA, MaTepPHAIl OCHOBBI, MaTepHall
TTOKPBITHS, Macca, KOMIUTEKTAINs TAWKOH M TITai0oH.
Bce xapakTepucTHKH, 32 UCKITIOYCHUEM MAacChl, SIBIIS-
I0TCSI TPYTIIOBBIMH ITOKa3aTessiMu [9].

B 1abn. 2 mpuBeneHsl IEHCTBYIONINE B HACTOS-
iee BpeMsl CTaHAapThl Ha OOJIT MAlIMHOCTPOUTENb-
Hbli KiaaccoB Tounoctd A u B o TOCT 7805-70 u
7798-70 coorBerctBerno [12]. Kpome Toro, npuse-
JIeHBl CTaHIApPTHI, HA KOTOPHIE MMEIOTCS CCHUIKH B
I'OCT 7805-70 un 7798-70.
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Tabnuua 1
XapaktepucTtuku 6onta u ero notTpeduTenbckue PyHkLUmn
XapakrepucTukv 6onTos
s ofES<btoS|seEEsbos|e3s 5455 |83
MoTpebuTenseke hyHKLM £Eo28c22353|8588csa58|238g58|5E(8(838
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=382 g¥ Z-—3F g¥ 2=o = =c CEE
CobupaemocTb . . .
YCTOMYMBOCTD K paspyLUeHuto . . . . . .
YCTORYMBOCTb K pacTArMBatoLLmMm/CxMMatoLLmm Aedopmanmsm . . . .
YCTOYMBOCTb K CABUIOBbIM AedhopMaLmsam . . . . .
MHoropasoBas 3aTsxka . . . . .
TeepgocTb B .
KoppoanoHHas CToMKocTb . .
JlerkocbeMHoOCTb . . .
B3anmosameHsemocTb . . .
OTCyTCTBME CAMOOTBUHYUBAHMS . . .
ConpsieHue C MHCTPYMEHTOM . .
KomnakTHoCTb . . . .
TNerkocTb 6onTa . . . . | .
OCTETUYECKI BIT . . . . | .
IMpumeuanue. Toukamu 0003HAYCHBI COOTBETCTBUE XAPAKTECPUCTHK 0OJITA €r0 MOTPEOUTECITBECKUM (DYHKITHSIM.
Tabnuua 2

MapameTpbl 6ONTOB U COOTBETCTBYHOWMIA HOPMATUBHBLIN BOKYMEHT

lMapameTpel bonTtoB

HopmaTnBHbI JOKYMEHT

HoM1HanbHbI uameTp pesbbbl, Lwar pessObl, AMaMeTp CTEPXKHS, PasMep «mog
KtoY», BbICOTA roNnoBkK, AUaMeTp OMMCaHHOM OKPYXHOCTU, OuameTp OTBEPCTUA
B CTEPKHE U FONIOBKE, PACCTOSHIE OT OMOPHOIA MOBEPXHOCTY 10 OCY OTBEPCTUS
B roroBke, AnuHa pe3sbbl, anuHa 6onTa, knace To4HOCTH, Macca 6onta

[OCT 7798-70. BonTbl C WECTUrpaHHO ronoBKOM knacca To4HoCTH B. KoH-
CTPYKUWS M pa3Mepbl
[OCT 7805-70. BonTbl C WECTUrpaHHO ronoBKoM knacca TouHocTH A. KoH-
CTPYKUWS M pa3Mepbl

HomuHanbHas nnowanab nonepeyHoro ceveHna

[OCT 1759.0-87. BonTbl, BUHTbI, LINUIBKK 1 Taiikn. TeXHUYECKWE YCNoBMS

MexaHuyeckue CBOICTBA, MaTepuan 0CHOBHOMO MeTanna

IOCT P 52627-2006. BonTbl, BUHTbI U WNUNbKK. MexaHuyeckue CBOMCTRA W
METOAbI UCTIbITaHNI

®opmbl 1 anameTp KoHLoB 6onToB

[OCT 12414-94. KoHub! 6051T0B, BUHTOB 1 Lununex. Pasmepsl

Pasmepbl pagvycoB Nog ronoskoil 6onTos

[OCT 24670-81. BonTbl, BUHTbI U Lypynbl. Pagnychbl nog ronoskow

OcHoBHble pa3mepbl pe3bibl METPUYECKON — CPEAHMIA AUAMETP, BHYTPEH-
HWi [MaMeTp, BHYTPEHHWIA AaMeTp No AHY BNaauHb

FOCT 24705-2004. OcHOBHblEe HOPMbI B3auMo3aMeHsieMocTi. Peabba meTpu-
yeckast. OCHOBHbIE pasvepbl

Cb6er pe3bbbl, Heopes, NPoToYka

IOCT 27148-86. U3nenus kpenexHble. Boixon pesbbbl, coeru, Heopess! 1
npoToykW. Pasmepbl

Mons AOMYCKOB BHYTPEHHEN M HAPYXKHOI Pe3bbbl, CTENeHb TOYHOCTH, OT-
KIOHEHWs1, Cpe3 o BMagmuHe HapyXHOIM pe3bbbl, rpyNMbl U 3HAYEHNS ANVH
CBUHYMBAHMS. [lonyck HAPYKHOTO W CPeaHero AuameTpa HapyxHoM pessbbl,
HIWKHEE W1 BEPXHEee OTKMOHEeHWNe AnameTpa HapyXHO pesbobl.

CTeneHb TOYHOCTU, HAaUMEHBLUWIA PaaKyC KPUBU3HEI

FOCT 16093-2004. OcHOBHblEe HOPMbI B3auMo3aMeHsieMocTi. Peabba meTpu-
yeckasi. fonycku. Mocagky ¢ 3a30pom

MeTtann 6onta

[MokpbITHe

MwHUManbHas TOMLMHA NOKPbITUS
MakcumarbHas TONLLMHa NOKPbITUS:

[OCT 9.303-84. EanHas cuctema 3awuThbl OT KOPPO3uM W cTapeHus. Mokpbl-
TUS MeTannMyeckne N HemeTannuyeckue HeopraHudeckue. Obime Tpebosa-
HUs K BbIOOpY

LUepOXOBaTOCTb NOBEPXHOCTU

[OCT 9378-93. ObpasLibl LepoxoBaTOCTH NOBEPXHOCTY (CpaBHeHMst). Obuyme
TEXHUYECKWE YCTIOoBUS

YnakoBka, TPaHCTIOPTUPOBKa W XpaHeHue

IOCT 18160-72. U3penus kpenexHble. YnakoBka. Mapkuposka. TpaHcnopTy-
pOBaHWE 1 XpaHeHue

3HaueHve TemMnepaTypbl BO3AyXa Npy aKCnyaraumuu, abcomntotHast 1 0THO-
cuTenbHas BNaXHOCTL

[OCT 15150-69. MawwwHbI, npubopb! 1 apyrue TexHuyeckue uspenus. Menon-
HEHWS! Ans pasniyHbIX KNUMaTUYeCckuX paioHoB. Kateropuu, ycrosust skcnmy-
aTauuu, XpaHeHUs! M TPaHCNIOPTUPOBaHMS B YacTW BO3LENCTBUS KuMaTuye-
CKIX (paKTOpOB BHELLHEN cpesb!

MakcumanbHble KpyTALLMe 3aTSKKN COEANHEHIA C HOMUHANBHBIMU Ana-
MeTpamm pe3bbbl 0T 6 [0 24 Um

OCT 37.001.050-73. 3atsikka pe3bb0oBbIx CoeanHeHnn. HopMbl 3aTsikki

Pe3y.11|>TaT1>1 HCCJICI0OBAHUA U UX oﬁcymz[e}me

B T1abn. 3 mpuBenmeHsl pesynbrarhl aHammza [1D
MAaIITMHOCTPOUTEIHHOIO 0O0JNTa B COOTBETCTBUH C pe-
TTIAMEHTUPYEMBIMH B CTaHAApTax TpeOOBaHUAMHU.
JlaHHBI aHANW3 NO3BOJISET CAENATh BBIBOJ, YTO OIHO

M TO K€ CBOMCTBO 00JITa MOJKET 00€CIIeUMBATh BBI-
nojiHeHue pa3nuyHbiX [1D. D10 cregyer yuuThIBaTh
MIPOU3BOIUTEINIO JTAHHOTO BHJA IIPOMYKIUH, T.K. pe-
TJIaMEHTHpYeMbIC CBOMCTBa 0oNTa MOTYT OBITH 00Oec-
MICUCHBI KaK HCIIOJIb30BAHUEM DPA3JIMYHBIX HCXOIHBIX
MaTepualioB, TaK U Pa3IMYHBIMU TEXHOJIOTMYCCKUMHU
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nprueMaMi. Tak, OJHUM U3 TIPUMEPOB SBISETCS pa3-  KJIACC MPOYHOCTH OOJITOB, YTO JOCTATOYHO CIIOMKHO
paboTaHHask TEXHOJIOTHS TPOM3BOJICTBA BBICOKOMPOY-  OOCCHEUHTH ISl JAHHBIX MapOK CTall TPaUIMOH-
HbIX 001T0B M16 u3 yriuepoaucthix ctanedt 20 u 45  HbIMuH MeTomamu 0OpabOTKH. DTO OOBSICHSACTCS Je-
MOCJIE PABHOKAHAILHOTO YIJIOBOTO MPECCOBAHUSA Me-  (POPMAIMOHHBIM HM3MENBUCHHEM CTPYKTYPHI MaTepHa-
TOZIOM XOJIOMHOM BbICAIKU. Pe3ynbTaThl MCMbITAHMN  Jia OONTOB U (OPMHUPOBaHHEM B HeM YM3 CTPYKTYphbI
MOKa3aJd, YTO WCIOIb30BAHKUE YIBTPAMEIKO3EPHHA-  T10 BCeMy cedeHmro u3nerms [13-15].

cteix (YM3) crasieil MOKET CYIIECTBEHHO MOBBICHTh

Tabnuua 3
Ennnas Tabnuua cornacoBaHusA NOTpedUTENbLCKUX (PYHKLMIA MALIMHOCTPOUTENbLHOTO 60MTa M Tpe6oBaHuMIA CTaHAAPTOB
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HomuHanbHbIn AuameTp pesbbbl . . . . . o | . o [ o] o
Llar pesbbbl . . . . o | o . . o |
[lnameTp cTepxHs . . . . . o | e . . o | .
Pa3mep «nog knto4» . B . . . o | o . . o |
BbicoTa ronosku . . . . . o | . .« | o[
@ |[Auamerp onucaHHoR OKpYXHOCTU . . . . . o | . o | o] e
£ |Pa3svepbl paguyca nog ronoskoii 6onta . . . . . o | . . o | o
S AvameTp oKpyXHOCTH, 06pa3oBaHHOM Npy conpsxe- | . . . . . . . L.
S |HvM ranTenu c onopHoi NNIOCKOCTbI0 rofosky BonTa
o |[nmHa pessbbl . . . . . ] o . o]
& |OnvHa BonTa . . . . . o | o . . . |
= [vameTp KoHLoB 6onToB . . . . . o | e . . o | e
§ [lonyck HapyHOro auameTpa HapyHol pesbobl . . . . . o | e . . o | o
@  |[lonyck cpeaHero anameTpa HapyxHow pe3bbbl . . . . . o | . o [ o] e
§ HuwxHee OTKNOHeHWe auameTpa HapyKHoi pesblbl . . . . . o | e . . o |
%_ BepxHee 0TKNOHeHWe AnamMeTpa HapyXHoW pe3bbbl | ¢ . . . . o | . o [ o]
5 |HaumeHbLmni pagmyc KpMBM3HLI . . . . . o | e . . o |
§ [nvHa cBuHYMBaAHMS . . . . . o | . .« | o] e
—  |CpepHuin guameTp pesbobl . . . . . D . o [ o] e
BHyTpeHHWin AnameTp pe3sbbl . . . . . o | e . . . |
BHyTpeHHMiA fuameTp no AHY BNaguHbl . . . . . I . o« o] e
Cber . . . . . . . . N . .
Hepopes . . . . . . . . . . .
lpoTouka . . . . . o | . . . |
® HoMWHanbHbIM Npefen NPOYHOCTY Ha pacTsxeHne . . . . . .
2 MuHUManbHbIN Npefen NPOYHOCTU Ha PaCcTSKEHWE . . . . . .
o TeepaocTb no Bukkepcy . . . . . .
§ Teepgoctb no bpuHennio . . . . . .
8 3 |TeepnocTs no Poksenny . . . . . .
§ % HanpsixeHne o npo6Hoit Harpy3ku . . . . . .
% B |YcnosHbI Npegen Teky4ectu . . . . . .
ag’ OTHOCHTENbHOE YANMHEHWE nocne paspbiBa . . . . . .
§ OTHOCHTENbHOE CY)XEHWE NMOLLAAM Nocne paspbiBa . . . . . .
2 YpnapHas BA3KOCTb . . . . . .
MuHWUManbHas paspyLuaowas Harpyska . . . . . .
MaTtepnan ocHoBHOrO MeTanna . . . . . . | .
MwH1ManbHas TONLUMHA NOKPLITUS . . . N
MakcumanbHas ToMLLMHa NOKPbITUS . . . o | .
[pynna ycrioBui aKkcnyataLyum, XpaHeHus . .
Macca 6onTa o |
LLlepoxoBaTocTb NOBEpXHOCTH BorTa . . . . .
KomnnekTauws rakon . . . . . o | . . . o | o
Komnnekrauus wanbon . . . . . o | . . . o |
KoHcTpykTuBHOE 1cnonHexue Gonta . . . . . o | . . o [ o] e
MakcumanbHble KpyTsLLMe 3aTSHKKU COEAMHEHNI . . . .
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3akuarouenue

CyIecTBEeHHBIM IBIDKUTENIEM Pa3BUTHS KOHKY-
PEHTHBIX IPEUMYIIECTB MPOU3BOIUTENCH CTAHOBUTCS
BO3MOXKHOCTb IIOCJIETHUX OINEPAaTHBHO M a/ICKBATHO
pearupoBath Ha TpeOoBaHus norpedurens. Ilpudyem B
MOCTIGZIHAE TOJBI KOHBIOHKTYpa TOTPEOHTEIBCKOTO
pBIHKA TOCTOSHHO M3MeHseTcs. B cBsi3u ¢ 3THMM Ha
NEpBbIi IUIaH BBICTYHAIOT BOIPOCHI HE TOJIBKO
obecredeHns] KauecTBa IPOLYKIMU KaK COOTBETCTBUE
TpeOOBaHUAM JIEUCTBYIOIMX CTAHIAPTOB, HO TaKKe
CIOCOOHOCTh  TPEANPUATHS  JOCTATOYHO  OBICTPO
pearupoBaTb Ha HU3MeHeHe TpeOGoBaHMH pbiHKA. C
JIPYroil  CTOPOHBI, TOTPEOUTENh MPOAYKIMH KaK
YUYaCTHHK Ipolecca pa3pabOTKU CTaHAAPTOB B CBOIO
oyepenb NOIDKEH YUUTBATh TEXHUKO-TEXHOIOTHYECKHE

BO3MOXHOCTH  NPOU3BOJUTEILS. [Ipennaraemeprii
MOAXOJ  TIO3BOJIUT  COKpaTUTh BpeMs  IOHCKa
KOMIIPOMHUCCHBIX ~pEIICHHH Ha TEpBOM  CTaauu

Pa3paboTKH CTaHAAPTOB — IMOWCKa KOHCECYCa MEXIY
MOTPEOUTENIEM U ITPOU3BOTUTEIIEM.

Paboma nposedena npu punarcosoi noooepoicke
Munobprayku  Poccuu 6  pamkax — peamuzayuu
KOMWIEKCHO20 npoexma no CO30aHUIo
BbICOKOMEXHONOSUUHO20 NPOU3BOOCEA € YHaCmuem
svicue2o oopazosamenvho2o yupesicoenus ([ocosop
M 02.G25.31.0040), a maxkace cocyoapcmeenno2o
sadanust Munobprayxu Poccuu Ne 11.1525.2014K om
18 wrons 2014 2.
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Abstract. This paper offers an algorithm of how to bring
together views of consumers and manufacturers that has
been based on a functionally-oriented analysis and ap-
proaches of qualimetry for establishing the relationship of
the consumer functions and requirements of regulatory doc-
uments for products. As an example, we chose one of the
most common types of metalware — a hexagon head bolt. It
was established that one feature of such bolts provided vari-
ous consumer functions. A manufacturer of steel products
should consider this fact. The offered approach allowed us to
reduce time for searching compromise solutions at the first
stage of standards development — reaching a consensus be-
tween a consumer and a manufacturer. This algorithm is
multipurpose and can be used for all types of products.

Keywords: Standardization, scientific bases, pro-
typology, standard, consumer functions, manufacturer’s
requirements, consensus, hexagon head bolt.
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Annomayus. PaccMOTpEeHBI OIXOb! K PELICHHUIO 3a/ladd ONpEeAeieHUs] HACHTH(GUIMPYEMOCTH TapaMeTpoB JIH-
HEeWHBIX JUHAMUYECKHX CHCTeM. llcciienoBaHbl OpUTHHANBHBIE KPUTEPUHM BBIYHMCICHHUS MEPhl WACHTU(QHUIUPYEMOCTH
KOHKPETHBIX I1apaMeTpOB MOJIENIN JMHAMHUYECKOr0 OOBEKTa Ha OCHOBE MCIOJIB30BAHUS CKAULIPHOrO mojaxona. Jdex-
TUBHOCTb KPHUTEPUEB MEPHI MACHTU(HUINPYEMOCTH IPOIEMOHCTPHPOBAaHA IyTEM aHAIN3a KadeCcTBAa HICHTHU(HUKALIH
TPaBUTALlMOHHOTO YCKOPEHUS B MOJENAX MOTPEIIHOCTEe MHEepIUalIbHON HaBUTAI[MOHHON CHCTEMBI JIEeTaTeIbHOro am-

napara.

Knrwouessle cnosa: Moaens TMHAMUYECKOTO 00BEKTA, HACHTU(GUIMPYEMOCTh, KA4eCTBO MICHTU(PHKAIINN, KPUTEPUH

CTETIeH! HACHTU(HUIIPYEMOCTH.

BBenenne

Pemienne 3amad ympaBiieHUS JUHAMUYCCKUMU
pa3IMYHBIMU OOBEKTaMH TPEIONIaraeT HCIOJIb30-
BaHHEC MATEMAaTHYECKOW MOJEIN HCCICAyEeMOro
npouecca. MareMaTHyeckue MOJEIH, TONTyYCHHbIE
Ha OCHOBE (U3MUYCCKUX WIM KaKUX-THOO APYrux
3aKOHOB, B MPAKTHUCCKUX MPHIOKEHUAX, KaK IMpa-
BUJIO, HE BCErJa TOYHO OTPaXKAIT MCCIELyeMble
nporiecchl. [103TOMy /Uil yTOYHEHHS CTPYKTYpPBI M
napaMeTpoB MaTeMaTHYECKONH MOJCIH HPUMEHSFOT-
sl pa3IMYHbIC adropuT™Mbl uaeHTudukamu [1-3] u
QITOPUTMBI MIOCTPOCHHST MOJIeNield. AJTOPUTMBI Ta-
paMeTpUUYeCcKON MICHTU(HKALNK MO3BOJISIOT OIpe-
JICTITh OTACJIBHBIC TapaMeTPbl MaTPUIBI MOJEIH,
KOTOpasi 3aJjaHa anpropH. B kauecTBe alrOpuTMOB
HOCTPOCHHSI MOJIEJIel 4acTO HCIONB3YITCS ajro-
PHUTMBI CAMOOPTaHU3AIMU, HEHPOHHBIE CETU U IeHe-
THYECKHE aJTOPUTMBI.

B mpouecce QpyHKIMOHUPOBAaHUS AMHAMHUYE-
CKOr0 00BEKTa B MEHSIOLIMXCS YCIOBHAX HEKOTO-
pble MapaMeTpsl MOJENell MOTYT CYIIECTBEHHO
U3MEHSATHCS, MOITOMY HX HEOOXOIUMO Ompese-
JSTh C TIOMOIIbIO AJTOPUTMOB HACHTU(DUKAIMH.
To4HOCTH OmpeseseHUs] MapaMeTpOB MOJCIH 3a-
BHCHUT OT CBOWCTB MATPHIIBI MOJCIH U TOYHOCTH
anroput™Ma WaeHTUHUKamMu. Bribop ucmonbiye-

MOT'O QJITOPUTMAa HACHTU(DHUKAIIUU OMpPEneIsaeTCs
U3 COOOpaKCHHH BO3MOMKHOCTEH peaiau3anuu B
MMEIONIEMCSl BBIYKMCIIMTENIC U 0COOCHHOCTEH Mpo-
EKTUPYEeMOro 00bekTa. TOYHOCTHBIC XapaKTepH-
CTUKH Hauboliee MOMYyISPHBIX AITOPUTMOB HJICH-
TU(QUKAMN U3BECTHBL. lcciaenoBaHne KOHKpET-
HBIX MOJICJICH Ha MpeIMeT KayecTBa UACHTU(DHKA-
o1 napaMeTpoB IMPOBOAUIINCH ONBITHBIM ITYTEM,
U B 00IIeM cllyyae MPUMEHEHHE TaKOTo IMOIX0/a
TpeOyeT MPOBEACHHS CEPUU CIIOXKHBIX JOPOTOCTO-
AMUX SKCIICPHUMEHTOB.

JIpyrum crmoco0OM pelieHHs 3aaaqyu OTpejie-
JICHUs KadyecTBa WACHTH(UKAIUU SBISICTCS aHa-
JUTHYECKUHN MONXO0J — pa3paboTka KpUTEepUs Me-
pBl MJIM CTENEHW HWACHTUPUIHpPyeMocTH. B oT-
KPBITBIX MyOJIMKAUAX HH(POPMAIUS O YUCICHHBIX
KPUTEPHSIX CTENEeHH HUACHTU(PUIHPYEMOCTH OT-
cytctByeT. Muccnenyem 3agady npUHITUITHAIEHON
BO3MOXHOCTH HJCHTU(GUKALMK, a 3aTeM IMepei-
JIeM K pacCMOTpPEHHIO Bompoca kadectBa (d3ddek-
TUBHOCTH) MICHTH()UKALINH.

Kpurtepun uaentudpunupyemoctu. Ilapamer-
puyeckasi WACHTU(PHIUPYEMOCTh MPEACTABISET CO-
00i1 BO3MOKHOCTh OIPEIEIICHUS MapaMeTPOB Mare-
MaTHYECKOH MOJIEIN CHCTEMBI M0 pPe3yJbTaTaM H3-
MCPECHUA OHpe}leHéHHLIX BbIXOAHBIX BCJIWYHNH B TEC-
YeHHE HEKOTOPOro MHTepBajia BpeMeHHu. [lapamer-
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PBI, BEKTOP KOTOPBIX B JalbHeHIeM 0003HadaeTcs
yepes @, OTJIMYACTCSl OT KOOPAHHAT (BEKTOpP X) CKO-
pocTbr0 M3MeHeHus. Ilapamerpsl cuuTaroTcs Men-
JIEHHO U3MEHSIOIUMUCS BEIIMYMHAMU, 4 B HJ€alb-

HOM CIIy4ae MOCTOSHHBIMHE (a = O).

B cooTBeTcTBHE € 3THM M 3aJa4d NMapaMeTpH-
YEeCKO MICHTUPHUINPYEMOCTH HEMPEPBIBHOTO TPO-
LlecCa ypaBHEHMsI 3aIIUChIBAIOTCS B BUJIE

x = f(x,u,a,t);
a=0_0;
z=h(x,u,a,t).

Oyukuust U = u(t) B 3amaue uaeHTHGUIEPYEMO-
CTH CYMTAETCS W3BECTHOH (TOYHO H3MEPACMOIA).
Yro kacaercs BekrTopa coctostHust X = X(t), To oH
MOXKET CUHTaThCs MO0 HEM3BECTHBIM (TOJJIEXKa-
UM OMpPEIETIEHUI0 10 HAOIIOICHUIO TOU K€ BEK-
TOPHOW BEJTMYHMHBI Z), THOO HEMOCPEACTBEHHO TOY-
HO W3MepsieMbIM. JlaHHOE YCIOBHE OTHOCHTCS K
Clly4yaro, KOTJIa JOJDKHO OINPENCSThCS YCIIOBHE
HaOJII0aeMOCTH KaK X, TaK W 4, 9TO W SIBJISETCS
YCIOBHEM HIECHTHOUIIMPYEMOCTH.

W3BeCTHBI pa3iHyHbIe CIIOCOOBI OIpEIeIeHHs
Mepbl (CTENEeHN) UICHTU(PUIMPYEMOCTH WIIH yCII0-
BUSI ONIPEETUMOCTH.

Croco0, npemnokennsiii H.A. bamonunsmm [1],
MO3BOJISICT OMPENCIUTh MPUHIUITHATEHYIO BO3MOX-
HOCTb OCYIIECTBIICHUS TIPOLIEAYPHI HACHTH()UKAIHH.

Mojens TMHENHOW ONHOPOAHOW CUCTEMBI UMeE-
€T BUJI

X = AX,

rie Bektop coctosuus X € R", X, = X(0).

JluneitHasi oJHOpOJIHAsE cCHUCTEMa Ha3bIBaeTcCA
MOJHOCTh UIACHTU(DHUIIUPEMON 10 BEKTOPY COCTO-
SIHUS, €CIM TpPH 33JaHHOM BEKTOpE, Ha4YalbHBIX
YCIIOBHSIX Xo MAaTpHIIa TapaMeTpoB A MOKET OBITH
OJIHO3HAYHO BOCCTAaHOBJICHA 3a KOHEYHBIH OTpe-
30K BPEMEHHU HICHTH(UKAIMH [0 OJHOI BpeMeH-
HOW mocnenoBaTenbHOoCTH X=X(t). MHaue, mapa
(A,Xp) TOTHOCTBHIO MACHTU(DUIMPYESMA HIH HICH-
TUUIUpyeMa BIIOJHE, KOTJa MHOXKECTBO IMap
(A_,Xo), 00BeAUHEHHBIX OOIIHOCTHIO HHTETPAIb-
Ho#t kpuBoit X=X(t), Xo=X(0), BEIpOXKHaETCA B TOY-
Ky A_=A. B npoTuBHOM cily4yae napa HEHJCHTH-
¢dunupyema.

HeobOxomumoe 1 ToCTaTouHOE yCIOBUE TOJHON
UIEeHTUDHUITUPYEMOCTH Tapbl (A,Xg) COCTOHT B Ciie-
JYIOIIEM

Rank[W,]= Rank[x,, Ax,, A’X,,..., A" x,]=n.

W, — MaTpuiia HAeHTUDHUIUPYEMOCTH.

JanHBIl MeTON mpenmoiaraeT OmpeielicHIe
(hyHIaMEeHTATFHOW BO3MOXXHOCTH HJICHTHU(DUKAIIH
MapaMeTpoB TUHAMHYCCKON CHCTEMBI.

N3Becten meron, npeanokeHHbll A.B. bana-
KpHIIHAHOM [2], OCHOBaHHBI Ha KOHKPETHOM KpH-
TEPUU UACHTUDUITUPYEMOCTH.

3agaHa TUHEHHasa MOJIC]Ib CUTHAIA,

v, =Cx, +N_;

1
X,,1 = AX, +BU,. @
B — HemsBectHas matpuna Nxp, A u C — uzBecr-
HbIE MaTpHIBI NxN U MxN, Uy, — BXOAHAS MOCIEN0-
BarenbHOCTh Px1, M3BecTHa M HaOmIomaema mIucC-
repcust Oenoro mryma.
ITyctb

L Z =CA"x, +CK_B.

Crnenoarensho, v, =L . Z+N, .

Onenka 0e3ycIOBHOTO MaKCHMyMa HpaBJOIO-
no6ust (OBMII) 3amaercst BeIpakeHHEM

Z, =E[Z]|v,,...0] = (A;rlmn)fli L v,.(3)

zn: AC'CA Z A'IC’CK,
R, =2 LL = ln ln
! zll KiC'CAl 21: K[C'CK,

OBMII sBnsiercss acMMOTOTHYECKH 3()(HEKTHB-
HOM oueHKoU. KauecTBO TakuX OLIEHOK aCUMIITOTH-
YECKH HE 3aBUCHUT OT HA4YaJIbHBIX JUCTICPCUH.

st onenkm (3) HY»XHO HCIONB30BaTh BCE MMe-
IOIIUECS TaHHBIE W, KPOME TOTO, JOMOTHUTEIhHAs
TPYAHOCTh COCTOUT B HEOOXOIMMOCTH OICHHUBAHHS
Ha4aJIbHOT'O COCTOSIHUS. Temneps MOCTPOUM OIICHKY,
KOTOpasi SIBISIETCS TOCIIENOBATEIbHON, MM «TEKy-
Iei», ¥ KOTopast He UCTIOIb3yeT KaKyro-Ti00 OleH-
Ky CcOCTOsiHUSA. J[st ATOoM 1emu HeoOXoIuMo Tpe-
MOJIOKUTh, YTO BBIMOJHEHO CIEAYIOIIEE «YCIOBUE
OTIPEIICTTIMOCTHY.

VYcnoBue onpenenuMoctd (KpUTEpUil UIICHTH-
GHUIMPYEMOCTH) 3aKITI0YaeTCs B TOM, YTO IpEae
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N —w

- 1 N * *
lim Wz K,C,CK, cymecrByer 1 HEBBIPOK/ICH.
1

VYcnoBrue ONpenearMOCTH TakKe HAKIAIbIBAeT
OTrpaHMYEHHE Ha BXOJIHYIO MOCJIEeI0BaTENbHOCTh, TO
€CTb IIPU BBIIIOJIHCHHUU YCJIOBHA OIPECACINMOCTH (I/I
YCTOWYMBOCTH MATPHIbI A) KOBapHAI[HOHHAs Mart-

pinia E[(B-B,)(B-B,)]1—>0

mpu N—co.

Brraucienne uaeHTHGUIUPYEMOCTH 110 TaHHON
METOAMKE MPEATOaraeT CI0KHbIE MaTeEMaTHIECKIE
BBIYUCIICHHS, TIO3TOMY NPAaKTHYECKOE NMPHUMEHEHHE
€ro 3aTpyAHUTEIBHO.

Hpyroii u3BecTHBI croco® TpesmnoiaraeT wuc-
MOJIb30BAaHUE  KPUTEPHsT HUIACHTU(PHLUPYEMOCTH,
npemioxxernoro C.A. AiiBazsHom [3].

PaccMmoTpum HekoTophie HamboJee BaXKHBIE TH-
bl orpannueHuil. [Ipeanonaraercs, 4To anpuopHbIE
OTpaHUYEHHUS SBJISIOTCS JINHEHHBIMU OTHOPOAHBIMU
¢yHkuusAIMH, KO3(QPUUIUEHTBI MaTpUIBl A MOTYT
OBITh OJHO3HAYHO BOCCTAHOBICHBI II0 MATPHIIE
npuBeaeHHoN Gopmer I1.

[lycts |k — enuanyHas MmaTpuna nopsaaka KxK.

17
Beenem o6o3naueane W =

MTOTPETTHOCTH

k

Cootnormrenue BIT+I'=0 mexay cTpykTypHO# 1
MPUBEJICHHOW (POPMOM TEreph MOXKET OBITh 3aIuca-
Ho B Bume AW=0.

A — marpuna nopsiaka GX(GxK); W — marpuna
nopsiaka (G+K)xK. Nmeromras panr K.

ITycts 0y D=0, roe ®-marpuna 3 G+K crpok,
UMEIOIasi CTOJBKO CTOJNOIOB, CKOJBKO OTrpaHHYe-
Huii. Hanpumep, mycTh anmpuopu U3BECTHO, YTO KO-
s ¢urment P1,=0. Torma oguH U3 CTOJOIOB MaTt-
puniel @ umeeT BUL (0,1,0,...,O)T. Torma symeMeHTHI
BEKTOpa Ol; SIBISIOTCS PEIICHUEM CHUCTEMbI ypaBHE-
Huit oy [WP]=0.

B cuny npasuna Hopmamuzanuu (B13=0) mis
UACHTU(DUIIUPYEMOCTH TEPBOI0 YpPaBHEHHS HEOO-
XOJMMO M JIOCTATOYHO, YTOOBI IIPOCTPAHCTBO pellie-
HUI CUCTEMBI OBLIIO OJJHOMEPHBIM, T.C.

rank[Wd]=G+K-1. 4)

ITycts L — umcno orpannuenuit. Torma [W®] co-
nepxut K+L cTon6uoB u mis BemonHenus (4) HeoO-
xoaumo, utoObl L>G-1, To ecth it uaeHTHOUIHPY-
€MOCTH KaKOro-Im0o W3 YpaBHEHHWH HEO0OXOIMMO,
YyTOOBI YMCJIO OTPAaHUYCHHUI OBbUIO HE MEHBIIE YHhCia
YpaBHEHHI MOJIC/TH, YMEHBIICHHOTO Ha STHHUILY.

Ecnu MMeroTcsl TOJNBKO MCKITIOYAIOIINE OrpaHu-

YeHUusl, T.e. ampuopHas MHPOPMAIHs O PaBEHCTBE
HYJIIO HEKOTOpBIX KO3()(UIIMEHTOB, TO HEOOXOIM-
MO€ YCIIOBHE WACHTH()UIUPYEMOCTH OMpEAeTICHHO-
IO ypaBHEHHUS TAKOBO: YHCIIO HEU3BECTHBIX, UCKITIO-
YCHHBIX U3 YPAaBHEHHMS, TOJKHO OBITH IO MEHbLICH
Mepe PaBHO YMCIly YpaBHEHUN MUHYC equHuna. 11o-
clleIHee MOXKET CPOPMYIUPOBAHO CICAYIOUIMM 00-
pa3oM:! UYHCIIO MCKIIOYEHHBIX M3 ypPaBHEHHUS 5K30-
TCHHBIX TEPEMEHHBIX JOJDKHO OBITh HE MEHBIIEe
YHciIa YY9acTBYIOIIMX B HEM HIOTCHHBIX MEPEMEH-
HBIX, YMEHBIIIEHHOTO Ha CJIMHUILY.

ChopMmyaupoBaHHbIE HEOOXOIUMBIC YCIOBHUS
(Tak Ha3pIBacMbIC MIPaBUIIA TOPSIKA) B CHIY CBO-
€l IPOCTOTHI SIBISIIOTCSI BECbMa MOJIE3HBIMU HIpPHU
petieHnn TpoOJieMbl UACHTUPHUIMPYEMOCTH, TO-
CKOJIBKY IpU TOCTPOECHHU MOJEIH OHH I03BOJIS-
10T Cpa3y BBISIBUTb HEUAECHTU(ULUPYEMBIE YpaB-
HeHusi. OAHAKO STH YCIOBHS MOTYT OKa3aTbCs
JAJeKUMHU OT JOCTaTo4YHbIX. HeoOxomumoe u 1o-
craTouHoe ycimoBue (4) He TOAUTCS IS MPOBEPKH
UACHTUPUIUPYEMOCTH MOJEIH, IOCKOJIBKY Tpe-
Oyer moctpoenust marpunsl II. Tem He meHee u3
HEro MOKHO HM3BJI€Yb KPUTEPHI HICHTUPUIUpYE-
MOCTH U B TEpMHUHAX CTPYyKTypHOU hopmsbl (mpa-
BHJIO paHra).

IlepBoe ypaBHEHHE CHUCTEMBI HACHTU(QUIMpPYE-
MO TOrJia W TOJNbKO Torma, koraa rank(Ad)=G-1.
DTO yTBEp)KIE€HHE MOXET OBITh BBIBEIEHO HETO-
cpencrtBenHo u3 (5), HO €ro MOXHO MOJYYHUTH U3
C000paKeHNH, CBSI3aHHBIX C MHBAPUAHTHOCTBIO KO-
3G PUIMEHTOB NIPU YMHOXKEHHH CTPYKTYpHOU (op-
MBI Ha JIOMTYCTUMBIE MATPHIIBL.

BrimieynoMsiHyTBIE ~ METOJ  MIIEHTH(UKAIIH
MOJIXOAUT, CKOpee, Ul TEOPETHUECKUX a0OCTpaKT-
HBIX 3a]ad.

Cnoco0 BBIYHCJIEHHMSI CTeleHW WAeHTH(HU-
HUPYEMOCTH NMapaMeTPOB HA OCHOBE CKAJISIPHO-
ro moaxoxa [4]. PaccMoTpum MareMaTHYeCKylo
MOJENIb HMCCIEAYEMOro JIMHAMUYECKOro OOBEKTa,
KOTOpast UMEET CIIEAYIOIUN BUL!

X, = DX 4 +W, 4, (5)

IZie Xk.1 — BEKTOP COCTOSIHUSA; Wi.; — BEKTOP BXOZHO-
ro mwyma; @ — marpuna MoJesu.
YacTh BeKTOpa COCTOSIHUSA U3MEPSIETCS:

z, = Hx, +v,, (6)

IA€ Zx — BEKTOp U3MepeHul; H — marpuna usmepe-
HUH; Vi — BEKTOpP U3MEPUTENBHOIO IIyMa.

JUia onpeneneHus HEU3BECTHBIX I1apaMeETPOB
1eJIeCO00Pa3HO HCIMOJIBb30BaTh AJTOPUTMBI OLICHHU-
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Banus [4,5], Hanpumep ¢unbTp Kanmana wimm ero
NpsMBbIe aIalTHBHBIE MOAN(DUKALIH.

Cyautb 0 Mepe HASHTU(PUIIUPYEMOCTH MOYKHO
MO JIBYM XapaKTEpPUCTHUKaM: TOYHOCTH HACHTHU(H-
Kallui ¥ BpeMeHH cxomumoctd. Kpurepuii, mo xo-
TOPOMY OIPEEISeTCsl CTeNeHb WACHTHPHIIUPYEMO-
ctu, umeet Buj [5]

. PIr
I 0*" 7
T (7)

0

rae Py — nmucriepcusi HadajapbHOTO 3HAYCHUS HEIIO-
CPEACTBEHHO H3MEPSIEMOM KOMIIOHEHTHI BEKTOpa
UACHTU(UITUPYEMBIX [TapaMeTPOB a.

B cnyuae, xorna He yaaeTcs TOUHO OMpPENCTUTh
HaYaJbHOE 3HAYECHHE NWCIIEPCUH OMIMOKH OIlEHUBA-
HUSI, MOXHO BOCIIOJIb30BaTbCS KPUTEPUEM CTEIEHU
UACHTU(UITUPYEMOCTH BHUIA

u M [(a‘)zjr
M[ ()" ]r"

3necs M[(a")%] — aucnepens HPOU3BOIBHON i-#
KOMITOHEHTBI BeKkTopa mapamerpo a; M[(Z)7] -
JIMCTIEPCHsT HEMIOCPEICTBEHHO H3MEpSAEMON KOMIIO-
HEHTHI BEKTOpa mapametpos; I = M[V?] — mucnepcus
HCXOHOTO H3MEPUTEIBHOTO IIyMa,;

14 (8)

= K= MIOLYTF +4MI0) TRy k=) — k- MO T)

— MUCTIEPCHUs TIPUBEICHHOTO U3MEPUTEIHLHOTO MIyMa.

B kpurtepusx creneHd HIACHTUQUIMPYESMOCTH
(7) u (8) mepoii kauecTBa HACHTU(DUKALIUH SBIISCTCS
cKaisgp. JTa OCOOCHHOCTh IMO3BOJSET MPOBOJIHUTH
CpaBHEHHE CTeTeHeH WICHTHOUIUPYEMOCTH KOM-
MOHEHT BEKTOPOB MapaMeTPOB MATPHUI[ Pa3IUIHBIX
00BEKTOB.

Takum o0Opa3oM, (hopMaTH30BaHHBIC 3aBHCHMO-
ctu (7), (8) ucmonb3yroTcs Ui ONpenesicHus CTe-
MICHH WICHTUPHUIIMPYEMOCTH MapaMeTPOB MATPHUIIBI
®. Jlucniepcusi UCXOJHOTO U3MEPUTENBHOTO IIyMa
OIpeeNseTcss U3 MPAKTUUYSCKUX COOOpakeHHH B
COOTBETCTBHU C PEIKUMOM PAOOTHI H3MEPHTEILHON
CHCTEMbI WJIM MPUHUMACTCSl 3HAYCHHE U3 MacropTa
U3MEpHUTENbHOro npubopa. OmpeaeneHHbIe CI0X-
HOCTH BO3HUKAIOT NMPH BBIYUCICHUH MPUBEIACHHOTO
u3MepuTenbHOro myma. OJHaKO MpU UCIONB30Ba-
HUM MaTPHIBI MOJICITH MCCIIEAYEMON CUCTEMBI CKa-
JISIPHOTO aJIaNITUBHOTO AJITOPUTMA OICHUBAHUS MPH
UAEHTH(PHUKAIIMK TT1apaMETPOB JUCIIEPCHS TIPHBE-
JICHHOTO H3MEPUTEIHHOTO IMIyMa BBIYHCISCTCS Ha
KaXJIOM I1are ()yHKIIMOHUPOBAHUS aJITOPUTMA.

C 1NOMOLIBIO YHMCIECHHBIX KpPUTEPHEB MOXKHO
ONpEeNICTNTh Ka4eCTBO HMACHTU(PUKALMH KOHKPETHBIX
MapaMeTpoB MAaTPHIBl MOJCITH JUHAMUYECKOTO 00b-
exta. O KadecTBe WASHTUDHUKAIUH WIH dPPEKTUBHO-
CTH WACHTHU()UKALUKM MOXKHO CyOWUTh IO JBYM Xapak-
TEPUCTHUKAM: TOYHOCTH M BPEMEHH HICHTHU(PHKAIIMH.
Wmeercst BBUYy MakCUMaJIbHO JAOCTHKMMas TOYHOCTh
AACHTH(PUKANA 1 HEOOXOAMMOE BPeMs JI0 JOCTHXKE-
HUS 33JaHHOW TOYHOCTH UICHTH()UKALIIH.

Paccmotpum B KauecTBe mpuMepa W3BECTHBIE MO-
JIENIA TIOTPEUTHOCTEN MHEPIUAIbHOW HaBUTAlIMOHHOM
cucrembl (MHC) [4]. Onpenenum creneHb uaeHTudu-
LUPYEMOCTH MapaMeTpa MaTpHLIbI, COAEPXKaILero g —
IpaBUTAllMOHHOE YCKOpeHue. B mpouecce morera g
MEHSIeTCsl IPH W3MEHEHUH BBICOTHI TosieTa. [loaTomy
anproproe 3HaucHne 9,8 Mm/c? Tpebyercs yTOUHSTH
MPY U3MEHEHUH BBICOTHI nosieta JIA.

CHavana paccMOTPUM MOJIETb OJHOTO TOPH30H-
TajpHOro MH(popmanmonHoro kanana UHC [4]. Cre-
MeHb WICHTU(QUIIMPYEMOCTH ( JOCTHTaeT 3HAYCHHS
0,001. 3atem mcciemyeM MOENb, COCTABICHHYIO IS
Tpex kaHamoB MHC. Dta Mopens BKIIIOYAeT mepe-
KPECTHBIE CBSI3M MEKIY MH(OPMALMOHHBIMH KaHala-
mu [4]. B 3TOM citydyae creneHb MICHTU(UIUpYEMO-
CTH HCCIIELYyEeMOro IapameTpa yBEJIMYMBAaeTCS U CO-
crapmsier 0,003. B coorBerctBum ¢ kputeprem (8)
sddexTuBHOCTh MAeHTU(PUKAIMK ( OyOeT BBILE B
Cllydac UCIIONB30BaHUS — Oolee
MoApOOHOM Mopenu. JTOT pe-
3yJbTaT MOATBEPKAACTCS PE3yJib-
TaTaMd MaTeMaTHYeCKOro Moje-
JIMPOBaHUSL.

1000 A

gravitational acceleration [m?/min)

0 0.2 04 0.6 0.8 1 12 14 16 18 2
tine [min]

Pe3yanaTbI MaTemaTu4yeckoro moaenunpoBaHma
CKansapHoro anroputma VlneHTVI(bVIKaLWIVI.

Ha pucyHke BBeneHwl ciexyrommue oOo3HadYe-
Hus: 1 — oleHKa mapamerpa § ¢ MOMOIIBIO CKa-
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UccnedosaHue cmeneHu udeHMUgULUPYeMocmu napamempoe OUHaMUYecKuX cucmem

Heycbinun K.A., lMponemapckuti A.B., KysHeyoe U.A.

JISPHOTO QJITOPUTMA UICHTH(PUKAINHI C UCIIOJIB30-
BaHueM Mozenu oxHoro kanaiaa MHC, 2 — onenka
mapamMeTpa ( IpU HCIOJIb30BAaHUU MOJETH TPEX
kananoB MHC.

Kak BHUIHO W3 TpaduKoB, TOYHOCTh HACHTU(U-
Kalli{ TP HMCIIOJIb30BAHUHM MOJENH MOTPENTHOCTEH
st Tpex kananoB MHC na 12% Bblme, uem TOY-
HOCTh WJICHTU(UKAIUU TPU UCTOIH30BAHUH MOJIC-
T TIOTpenrHocTel oaHoro kanana MHC.

3aKkIoueHne

UccnenoBanHble YUCIEHHBIE KPUTEPUHU CTENIEHU
UACHTU(OUIIUPYEMOCTH KOHKPETHBIX IapaMeTpOB
MaTpHUIbI MOJEIU JUHAMUYECKOTO O0BEKTa HMMe-
10T SCHBIA (DU3UYCCKUM CMBIC], OTIIMYAOTCS TpPO-
CTOTOM, YHHBEPCATIbHOCTbIO, O3BOJISIIOT BBIYUCIIATH

Ka4€CTBO I/IZ[GHTI/I(i)I/IKaLII/II/I napamMeTpoB B BUAC CKa-
Jigpa " y,I[O6HBI Ipu HCIOJb30BAHUN B IMPAKTUYC-
CKHX IMPUIIOKCHHUAX.
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Abstract. This article analyzes approaches to a
problem of determining the identifiability degree of
linear dynamic system parameters. The authors studied
original criteria for calculation of the identifiability
degree of specific parameters of a dynamic object
model applying a scalar approach. Efficiency of crite-
ria for the identifiability degree was demonstrated by
analyzing the quality of identification of the gravita-
tional acceleration in error models of an aircraft iner-
tial navigation system.
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OHEPIETUKA METAJINTYPIUN, SHEPI OCBEPEXEHUE U SNIEKTPOTEXHUYECKWUE KOMITIIEKCbI

JHEPTETUKA METANNYPIWW, SHEPT'OCBEPEXEHUE
W ANEKTPOTEXHU4ECKVE KOMIMNEKCHI

YK 621.365.22+681.515.4

AHAJIN3 PA3JIMYHBIX BAPUAHTOB IOCTPOEHUA CUCTEM
ABTOMATHYECKOI'O YINPABJIEHHUS HIEPEMEINEHUEM
IJIEKTPOJOB AYI'OBbBIX CTAJIEIIVNTIABHUJIBHBIX ITEHEU

N YCTAHOBOK KOBUI-ITEYDb

Huxonaes A.A., Kopaumos I'.I1., Tymymos IL.I"., [loBenurnia E.B.

Marnuroropckuii rocyaapcTBeHHbIN TexHnueckuit yauusepcurer um. .. HocoBa, Maruuroropck, Poccust

Annomayus. B ctatbe pacCMOTpEeHbI pa3iHUYHbIE BapHaHTHI MOCTPOCHUS CHCTEM aBTOMAaTHYECKOTO YIPABICHUS
MEpEMEIIEHHEM SJIEKTPOJIOB JTYyTOBBIX CTAICIUIABMIBHBIX Ie€Ueii N yCTAaHOBOK KOBII-TIeYb. JIJIsi KaXJOH CHCTEMBI Mpo-
BeJICHA OLIeHKA NT0Ka3aTeseil kauecTBa peryJIupOBaHus, BbIIENEHB! IPEUMYIIECTBA U HEOCTATKU, ONPEAETICHBI YCIOBHS

9KCILTyaTalluy Ha JICHCTBYIOIIEM ITPOU3BO/ICTBE.

KaroueBble cjioBa: AYyroBasd CTaJICTJIaBUJIbHAA ME€4Yb, YCTAHOBKA KOBHI-TICYb, CUCTEMAa aBTOMATHUYCCKOI'0 yHpaBJic-
HUS MICPEMCIICHUCM BJICKTPOJA0B, a[[aHTI/IBHHﬁ PEryIsATOp UMIICAAHCA, THAPONPHUBOA HEPEMECIICHUA DJICKTPOJOB.

BBenenne

B macrosimee Bpemsi MPOUCXOAMT IOCTEIIECH-
HOC 3aMEIICHUE KHUCIOPOIHO-KOHBEPTEPHOTO H
MapTEHOBCKOT'O TMPOM3BOJCTB 3JICKTpOCTajeIa-
BWIBHBIM. JlaHHBIN (pakT 0OycliaBIMBaeT MosBIIE-
HUC Ha PBIHKE PA3IMYHBIX MPOHM3BOJUTEICH Me-
TaJUTypru4eckoro o0Opya0BaHUs AYTOBBIX CTale-
mwiaBuIbHEIX meuedt (JJCII) u ycTaHOBOK KOBII-
meus (VKII). Kak mpaBmiio, Kaxabli POU3BOIHU-
Telb B KOMIUICKTE C OCHOBHBIM O0OpPYJOBaHUEM
MOCTaBJISICT CUCTEMY aBTOMATHYECKOTO YIpaBJie-
HUS MIEpEeMEIICHUEM IeKTPo0B. [Ipu 3TOM ajiro-
PHTMBI PETYJIUPOBAHUS IS KaXKIOW CHCTEMBI MO-
I'yT OBITH PA3JINYHBI.

HaunOosee mMpOKYI0 HW3BECTHOCTh HA POCCHIA-
CKUX METALTyPTHUSCKUX MPEANPUATHAX MOTYUHITH
CHCTEMBI YIPABJICHUS TIOJIOKEHHUEM DJIEKTPOIOB
ARCOS u HIREG, xotopble HCHONB3YIOTCS B DJIEK-
tpoctanemiasiwibioM 1exe (ICIIL) OAO «MMK»
(r. Marunutoropck, Poccusi) u DCIIL] 3A0 «MMK
Metalurji» (r. Uckennepyn, Typuus). B kauectBe ux
anbTepHaTHBBI MOXKHO BbLIenuTs SIMETAL Simelt,
MeltNet Ferrotron n E.M.P.E.R.E. OcroBHbIC cBerie-
HHSL O TIPOM3BOJMTENSIX M MapamMeTpax perympoBa-
HUSL TS TAHHBIX CHCTEM TIPUBE/ICHBI B Tabn. 1.

Taxoxe B HEKOTOPBIX CTAPLIX aHAJIOT'OBBIX CHUCTEC-
Max yIpaBleHUs B Ka4ecTBE MapaMerpa peryiupo-
BaHUS WCHONB30BacsA au(epeHInanbHbI  apa-
metp D = U,y — alare [1], e Uy, — dasnoe Hamps-
XKeHue, |larc — TOK Ayru, a — koadduumeHT npomnop-
[IMOHAJTLHOCTH. J[aHHBIH CTIOCO0 B HACTOSIIEE BPEMs
ycTapen ¥ MPaKTHIECKH He TTPUMEHSETCS.

Tabnuua 1
OcHOBHble CBefileHUs 0 CUCTeMaxX ynpaBrneHus
nepemeweHnem anekrpogos ACIM v YK,
MCMONb3yeMbIX Ha OTeYeCTBEHHbIX
mMeTannypruyeckux npeanpuaTUax

Cuctema ynpaenenus | lNponssogutens Mapametp
peryn1poBaHus
HIREG anieli Automa- | AGMUTaHC BTOPUYHOIO
tion, tanna | koHTypa ACM (YKI) Yoq
VIMneaaHc BTOPUYHOTO
ARCOS, ArCOS Light koHTypa ICM (YKM) Zag,

Ha No3aHUX ctagnax

Siemens VAI, | nnaBku — akTMBHOE CO-
. 'epmaHus NpOTUBIEHNE ANeKTpUYe-
SIMETAL Simelt CKOW YT Rarc; B HEKOTO-
PbIX CRy4asix — Hanpsbxe-
Hve ayrv Uarc
Ferrotron, IMnepaHc BTOpUYHOTO
™
DECTEQ™ MeliNet lepmaHus  |koHTypa ACM (YKI) Zog
Amec Spie, |/mnegaHc BTopuuyHOro
EMPERE ®paHuus koHTypa ACTT (YKI) Z2g
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AHanu3 pasnuyHbIX 8apuaHmoe NOCMPOEHUSI CUCMEM ...

Hukonaes A.A., Kopnunos I'.I1., Tynynoe I1.I",, losenuya E.B.

Breibop anropurMa peryiaupoBaHUs, aganTHpPO-
BaHHOTO TMOJ KOHKPETHBIC IPOU3BOICTBEHHBIC
YCIIOBUSI, SIBIISIETCS aKTyallbHOW 3amaveid, KoTopas
TpeOyeT MpOBEJeHHsT KOMIJIEKCHOTO aHanu3a ¢ Ie-
JbIO BBIAETICHUS IPEUMYLIECTB M HEAOCTATKOB pas-
JUYHBIX CUCTEM. B NaHHON cTaTbe PacCMOTPEHBI
CHUCTEMBl perynupoBaHus HampspkeHus ayru Uagc,
conpoTuBneHust AyTH Rarc, Toka nyru lagc, umme-
naHca ¢asbl Zyy U agmuranca ¢asbl Y,y NPUMEHH-
tenbho K JICTT-250 3A0 «MMK Metalurjix.

1. Onucanue MaTeMaTHYECKO MOJeIH
3nekTpuyeckoro kourypa JACII-250 ¢
THAPONPHBOIOM TepeMelleHUsT YJIEKTPOI0B

B kaudecTBe 00BEKTa HCCIICOBaHMS BhIOpaHa
camasi MOII[HAas B MHpPE JyroBas CTajeriaBHIbHAS
neus JICII-250, ¢pynkimonupyromas B SCIIL 3A0
«MMK Metalurji» B r. Hckennepyn (Typrms).
Cxema 3aMelleHHsl AJIEKTPUIECKOTO KOHTYpa IMpH-
BeJieHa Ha puc. 1.

CxeMa 3aMeIleHHs DBIIEKTPUYECKOrO KOHTYpa
BKJIFOYaeT B ceOst: 1) akTHBHOE COINPOTHBIICHHE H
WHAYKTUBHOCTh nutaromieit cetn 34,5 kB Rs u L,
COIIPOTHBIICHUE W HHIYKTUBHOCTH KOPOTKOHW CETH
Re u Ly, a Takoke mpuBeAEHHBIE K BTOPUYHON 00-
MOTKE COMpPOTHUBJICHUS M WHAYKTHBHOCTU TEYHOTO
TpaHcopmaTopa u peakropa R,, R,,, L,, L. Dnexk-
TpUYecKas Jyra TMpeICTaBIsCTCS HEITUHEHHBIM
TudepeHIMaIbHBIM  YpaBHEHHEM  MTHOBEHHOM
npoBOJAMMOCTH — ypaBHenueM Kaccu [2]. Jlnst mo-
BBIIIICHNS TOYHOCTH PAcCUETOB B CXEME 3aMEIICHUS
TaKKE MOXET OBbITh yuTeHa B3aWMHAs WHIYKIHS
Mexy (pasamu KopoTkoit cetr M.

B miporiecce mccnienoBanus UCMOIb30BaHBI (aK-
TUYECKUE MapaMeTpbl 3JEKTPHUYECKOTO KOHTYpa
JCII-250, coorBercTByomue 10-i cTymneHn meyHo-
ro Tpancdopmaropa 1 6 CTYNeHH peakTopa:

[TuTaromas cethb

[TeuHoii TpaHchopMaTop U peakTop

R, =0,029 MOm, L, =0,00395 MI's,
R, =0,00215 MOm, L, = 0,00108 MT's,
R =0,27MOMm, L =0,0135 mI'H,
Rs= 0,1 MOwm, Lg=0,0032 M.

CocraB  CTpyKTYpHO#H cxembl TpéxdasHoro
ANEKTPUYECKOTO KOHTYpa Ha MPUMEPE CBEPXMOII-
moit JICII moapo6uo omucan B [2]. OOuuit moaxoxn
K TIOCTPOEHHIO CTPYKTYPHOH CXE€MBI M MOAPOOHOE
HCCIIEIOBAaHNUE CHUCTEMbI THAPONPHUBOJA MepeMelie-
Hust AnekTpozoB (puc. 2) JICIT-250 mpuBesieHbI B
[3-5].

CTpyKTypHasi cXeMa SJIEKTPUYECKOTO KOHTYpa
(puc. 3) oanoit (asel ocHOBbIBacTCs Ha muddepeH-
uansHOM ypaBHenun Kaccu

0 d9arc(t) [ Uirc () 3
ARCT

> 119arc (), €
Earc

rne ®Oprc — TEIUIOBAs MOCTOSHHAS BPEMEHHU AYTH,
KOTOpasi U3MEHSETCSl B TCUCHUE TUIABKHU B TIpejiesiax
0,2-5 mc; garc(t) — mpoBomumocTs ayrH; Uarc(t) —
HanpspkeHue IyrH; Eagc=o+PLagc — mpotrBo3(C
nyrd, tiae 0=40 B — naneHue HanpsbkeHUs HA aHO-
HO-KaToJHOM obnactu anektpona, f=1 B/mMm — rpa-
TUCHT HATIPSDKEHISI CTONI0A MyTH, Larc — JUTMHA TYTH.

Takke B MoOJeNH DIEKTPUYECKOH  AYTH
YYUTBIBACTCS HaYaIbHAS POBOJAUMOCTD JaRCo-

Ha ocHoBe paHee mpoOBEAEHHBIX UCCIEAOBAHUM
Obuta pa3paboraHa oO0Ias CTPYKTYpHas CXeMa,
BKITIOYaromas B ce0s Kak CHUCTEMYy THUAPOIPHBONA
MepPEMEIIEHUs IICKTPOIOB (C y4ETOM HETMHEHHBIX
CBOICTB CepBOKJIANaHa), TaKk M TPEX(a3HbIi dJIeK-
tpuueckuii Koutyp JICII-250 (puc. 4).

KopoTkas ceTb  DnekTpuYecKue AyrH

| | | | | I ‘

! : | } } 1l Oared |

| X s Rot | ! Ko pa Rupipt | | Reca X e L] |

| * |

Aog },A/W\ Qﬁ{ T YT ;ﬁ “ i igﬁ fW‘\i : / |

! 1

Ungs | Uncs i Ungr | UAcr ARG, | |Uzpg Uaac, Mee N 9 Arce i

} Xsa Res | } X mp-+pB Rmp +pB } } Rch XKCB } : }

BO}{ LYY ‘{ LYY [ 1‘{ I— */mﬁ'_i%

I LI L M [ ‘

! I ! AC !

Uges | | L |Yser| | X avee i Uzec i Mec i i O arce }
| \

v } v Xsc RSC : v v } mp +pC Rm[}+ »C }v v } } : }

Col— Y/ Y YN ! LYY : ‘ = !

Puc. 1. Cxema 3ameLueHus TpéxdasHoro anekTpuyeckoro koHtypa fCIM-250
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Cepeoknanas
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Puc. 2. CTpykTypHasa cxema ruaponpueoaa nepemeLieHus anexktpoga ogHon gasbi [ICM-250
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Puc. 3. CTpykTypHas cxema ogHon ¢a3sbi [ICI Ha ocHoBe ypaBHeHus Kaccu
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Puc. 4. CtpykTypHas cxema anektpuyeckoro kontypa [ICIN-250 ¢ ruaponpuBoaom nepeMeLleHns 3NeKTpoaos
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AHanu3 pasnuyHbIX 8apuaHmoe NOCMPOEHUSI CUCMEM ...

Hukonaes A.A., Kopnunos I'.I1., Tynynoe I1.I",, losenuya E.B.

Ha ocHOBaHMM AaHHBIX PETUCTPOrpaMM TOKOB U
MOIIIHOCTH JIyTH, IPUBEIAEHHBIX B cTaThe [6], MOXHO
CYIUTH O TOM, 4TO pa3paboTaHHAasl CTPYKTypHas cxe-
Ma TO3BOJISIET HPOBOJUTH KAaYECTBEHHYIO OLICHKY
MPOLIECCOB, MPOUCXOAAIINX B PEaTbHOM O0BEKTE.

[anHast cTpykTypHasi cxema I03BOJISIET IPOU3-
BECTH MaTEeMaTHYECKOE MOJEIMPOBAHUE C IENbIO
MOJYYEHHUS] CTATMYECKUX XapaKTePUCTUK OOBEKTa
PETYJIMPOBaHUA MO KaXJIOMY U3 ISATH NapaMeTpOB:
HanpspkeHue 1yrd  Uprc, CONpPOTHBICHHE AYTU
Rarc, TOK OyT# larc, umnenanc §assl Z,y 1 aaMu-
TaHC Qasbl Y,y Ha oCHOBaHMM 3THX XapaKTEpUCTUK
MOYKHO ITOJIyYUTh apaMeTpPbl PETyIIsITOPOB.

2. CTaTn4ecKkue XapaKkTePUCTHKH 00bEKTA
peryJiMpoBaHMs IPH MCIOJIb30BAHUHU
Pa3JIM4YHbIX TUIIOB 00PaTHBIX CBSI3EH

Takue mapamerpsl, Kak aAMUTaHC Yy, UMIIEIAHC
Z,4, HanpsokeHne Uprc M aKTUBHOE CONPOTHUBIICHUE
Iyrd Rarc HEBO3MOXKHO H3MEPHTh HampsAMyro. B cu-
CTeMe YIIpaBJICHHUs OHU MOTYT OBITh BBIYMCIICHBI KOC-
BEHHO, HAa OCHOBE TPSAMBIX HU3MEpeHUH (ha3HBIX
HaMpsDKEeHW HA BTOPHYHON 0OOMOTKE TIEYHOT'O TpaHC-
(bopMaTopa UZay U2b, UZC U TOKOB OYyT'M iARCAa iARCB!
iarcc (M3MEPSIFOTCS € TOMOIIBIO MTOSICOB POroBCKOTO).

3anumieM BBIPKCHHE JUISi aKTUBHOW MOIIHO-
CTH (a3bl:

1 T
0

MOI]_IHOCTB (I)aSLI BKJIIOYaeT B ceOsl aKTHUBHBIE
IOTCPU U MOIITHOCTD OYyTH:

2 2
P, =Parc + AP, = IarcRare + 1arcRie- ()
W3 BeIpaskeHus (3) BBIpa3HM COPOTUBIIEHHE IyTH.

2
P2 — IARCRKC 4)
14 '
ARC

RARC =

Hcnone3ys dhopmyiy (4), onpeneniM BeIpaxe-
HUE IS HANIPSDKEHUS AYTH:

Yo _ 1 ©)

| Arc Yzq)

OrmetuM, uto Gopmysist (4) u (5) MO3BONISIOT BbI-
YUCIIUTh HANPSDKCHHUE M COMPOTHBIICHUE JIYTH C JOITy-
CTHMOM MOTPEIHOCTBIO TIPH YCIIOBUH, YTO TOK AyTH
(azHoe HanpsbkeHUe ONU3KU K CHHYycouAanbHbIM. [1o-
9TOMY PEryJIMPOBAHHE JaHHBIX MAPaMETPOB BO3MOXK-
HO TOJIBKO Ha MO3IHUX CTAANSX IUIaBKH, KOT/Ia TeruIo-
Bas MOCTOSIHHAS BPEMEHHU JYTU JOCTATOYHO BEJIHKA, &
K03(pPHUIMEHT MCKaXKEHHS] CHHYCOUIATIEHOCTH KPUBOM
Toka ayrd K, (um B 3apyOexHOM 00O3HaYeHHH —
THD) oTHOCHUTEIBHO HU3KHI:

12, +12
K =3O o )
IARC(1)

rze lg) — MoCcTOsHHAs COCTABISIONIAs TOKA TyTH; |y —
JICHCTBYIOIlCe 3HAYCHUE BBICIIMX TapMOHUK TOKa
ayrH; larcq) — ZAelicTByrommee 3Hadenue 1-ii rapmo-
HUKH TOKA TYTH.

Ha pwuc. 5 npencrasnen rpaduk m3menenns K, B
teuenue wiaBku s JCIT-180.

B cratee [4] ommcaH ycoBepIIEHCTBOBAHHBIN
amantuBHeId perymsarop ummenanca JCIT u AIIK,
CTPYKTYpHasi CXeMa KOTOpOTo TIpeACTaBIicHa Ha PUC. 6.

OOmiast CTpyKTypa pPeryiIsaTopa COXpaHseTcsl BHE
3aBHCUMOCTH OT IapaMeTpa peryiupoBaHus. M3me-
HEHMSAM TIOJBEPraroTCs TOJBKO JIMHEAPU3YIOIINE
XapaKTePUCTUKH, TPEAHA3HAUCHHBIC IS KOMIICH-
caru Ko3(pUIMEHTa YCUICHUS 00bEeKTa, KOTOPHIi
ofpeensieTcs Kak IepBas MPOU3BOAHAS OT CTaTH-
YeCKOi XapaKTepUCTUKH IO JUTHHE JTYTH.

B mpomecce MareMaTH4eckoro MOJEIHUPOBA-
HUS OBLIM TOJYYECHBI CTATHYECKUE XapaKTEPHCTH-
KW JUIS HalpsDKEHUS JTyTH, aKTUBHOTO CONPOTHUB-
JIEHUsl AYTH, TOKa YT, UMIIeJlaHCca W aJIMUTaHCa
¢da3sl U xapakTepuCcTUKH Kod(hduuueHTta ycuie-
HUSL 00OBeKTa B KakiaoM ciydae (puc.7). s
yA00CTBa CpaBHEHHS OCHOBHBIE MapaMeTphbl JlaH-
HBIX XapaKTEPHCTUK CBeJeHbI B Tabn. 2. Ha ocHo-
BaHHH TOJYYCHHBIX CTATHYECKHX XapPaKTEPUCTHK
OblTM  pa3paboTaHBl CHUCTEMBI PEryJIHPOBAHUS
Uare, Rare, lare, Zo¢, Y2g. s Kak 100 U3 HUX 10~

2
U “1. R _ P, — IArcR e (5) yueHsl rpaQMKM MEepeXOIHBIX IPOLECCOB, OTpPa-
ARC ™ "ARCTARC | Arc ' XKAIOIIME PEAKIUI0 CHCTEMBI Ha YIPaBJIAIOLIEE
BO3JIEHCTBHE U BO3MYIIAIOIIEE BO3IECHCTBHE B BU-
TaK)Ke HpI/IBCI[éM (bopMyHy UId UMIIeJaHca U e Cﬂyan/IHOFO N3MCHCHUIA JJINHBI aAyru
aIMUTAHCA; ALARCBO3M =+100MM B (1)336 <A» (pMc. 8)
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Puc. 7. CTaTyeckue xapakTepuCTUKK M XapaKTepuCTUKK KoadhpuumeHTa ycuneHus obbekta perynupoBaHus
ANA PasnUyHbIX NapameTpoB perynupoBaHna: Ussc—au 6; Rarc—BU T, larc— AN €; Zop — KN 3; Yop — U UK

Tabnuua 2
OcHOBHble napaMeTpbl CTaTUYECKMX XapaKTepPUCTUK 00bEeKTa perynupoBaHus
Perynupyemas koopguHata
HaumeHoBaHWe napameTpa Unnc Rarc e 2 Voo

TennoBasi NOCTOsIHHAsH BpEMEHU yrn Oarc 3,5Mc 3,5Mc 3,5mMc 1,5mc 1,5mc
3HayeHWe napameTpa Npu KPUTUHECKON Larc 1240 B 134 MOm 6,8 kKA 4,3 MOM 54Cm
3HayeHve napameTpa npm K3 40B 0,34 MOm 143 kA 183 MOm 230 Cm
MakcumanbHbIn koadhuumeHT yeunenns OP 0,97 B/mm 2,2 MOM/MM -0,03 kKA/MM 2,5 MOM/MM -0,132 Cm/mMm
MwHuManbHbIi koadduumreHT yeunenns OP 0,78 B/mm 0,006 MOm/MMm -0,29 kA/Mm 0,002 MOm/MMm -0,243 Cm/mm
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Puc. 8. Peakuus cuctem perynupoBanus Uarc, Rarc, lare, Zag, Yoo
Ha Bo3MyLyaKoLiee U ynpaBnsiolee Bo3aencTemue
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B Tabn.2 mnpuBeneHbl OCHOBHBIC MOKA3aTEINH
KadyecTBa PEryJIMpOBaHMs IS KaXKIOW CHCTEMBI.
OneHka BIUSHUSA OAHOM (a3bl Ha APYTYIO IPOU3BO-
JIUTCS Ha OCHOBAHUU JIBYX KOA((QUIIMEHTOB B3aUM-
HOTO BIUsiHUS (a3:

K _ AL prever s .
B3VIIP — AL— ,
ARCYCT A 9)

K _ ALARCMAX B,C
B3BO3M — AL !
ARCMAX A

rae Kpsymp — KO3 GuIieHT, XapakTepu3yIomuii BITU-
STHUEe W3MEHEHHS! YCTAaHOBUBILIETOCS 3HAYCHUS JUTHHBI
nyrd ¢a3pl «A» Ha W3MEHEHHE YCTaHOBHBIIETOCS
3HadeHus H AyT (a3 «B» u «C»; Kgzpogm — KO-
(UIMEHT, OTPAXKAIOIINI CTETICHb BIIUSIHUAS MIHOBCH-
HOTO M3MEHEHHS JUIMHBI TyTU a3kl «A» Ha MaKCH-
MaJTbHYIO BEJTMYMHY OTKIIOHEHWS IUTUHBI JyTH (a3
«B» 1 «C» OT yCTaHOBHBIIIETOCST 3HAYCHHSL.

ITomMuMo 3TOrO, MPOU3BOAMIACH OIICHKA BpeMe-
HM HapacTaHus l,,,, BPEMEHHU JOCTHKEHUS 2% 30HBI
OT KOOPJIMHATHI 3aaHus {,r, a TaKKe MaKCHUMallb-
HOE OTKJIOHCHHE OT YCTAaHOBHBIIETOCS 3HAYCHUS
Kak I0 YMPaBJISIONIEMY, TaK U M0 BO3MYIIAIOIIEMY
BO3JIeiicTBHIO A. Pe3ynbTaThl mpuBeieHs! B Tabn. 3.

HWcxozs U3 TaHHBIX, MPUBEAEHHBIX B TabN. 3, MOK-
HO ClieJlaTh BBIBOJ, YTO HAWTYYIIMMU TOKA3aTeISIMU
KadyecTBa 00J1ajaeT CHCTeMa pPEryJHpOBaHHUs Harps-
skeHust 1yri. HeoOXoaumMo OTMETHTb, YTO Ha MPAKTHKE
JIaHHBINA Ccroco0 HCTomb3yeTcs peko. [lepexos k pe-
T'YJIMPOBAHHIO HATPSDKEHUS U AKTUBHOTO COMPOTHBIIC-
HUsI IyTH OOYCJIOBJICH HEOOXOIUMOCTBIO IOJUICpHKa-
HUS TOCTOSTHHOMN [UTHHBI yTH (Yero TpyaHee JOOUThCS
B CIIy4ac PEryaupoOBaHUs aJMHTaHCA W HMMIICIAHCA).
Kak akTHBHOE CONPOTHBICHHE, TaK M HAIPSDKCHUC
JIyTH BO3MOKHO BBIYMCIIUTH JOCTATOYHO TOUHO TOJBKO
Ha TO3IHUX CTAIAWsAX IUIaBKH, Koriaa Kod((UIMEeHT
HCKa)keHHUs ToKa K| MaJi, a TeroBast OCTOSHHAS Bpe-
MEHH OyTH Oarc JOCTATOYHO Benuka. OJJHAKO MPaKTH-
YeCKM Ha BCEM JHama3oHe UIUH JyT KOd((HUIMEHT
ycuiieHus XxapakTepucTuku Rarc=f(Larc) 3HAUHTETBHO
Menbie, 4eM y XapakrepucTuku Uprc=f(Larc). D10
03HAYaeT, YTO OJHA M Ta K€ MOIPELIHOCTh BBHIUKCIIC-
HUS 0, mporopiroHanbHas K, B ciydae perymnmpona-
Hust Uprc TIpUBEAET K OOJTBINICH TTOTPEIITHOCTH OTpeie-
neHusi Lage, ueM B ciydae perymupoBanus Ragc. [1o-
3TOMY Ha TPAKTHKE ISl TOIJICPIKAHHUS MOCTOSIHHON
JUTHHBI JIyTH Yalle OOpaIlaroTcs K PEryJIUPOBAHHIO
Rarc, HECMOTpSI Ha HECKOJIBKO XY/IIIHE TOKAa3aTeH
Ka4yeCcTBa PEryJIMPOBaHUSI.

Tabnuua 3
MokasaTenu kayecTBa cucteM perynupoBanus Uarc, larc,Zap, Yo
®asa Mapametp Uarc Rarc larc Zog Yo
Aymp +200B +2,8 MOm -18,3 kA +2,6 MOm -37,4Cm
° A thap 1c 1c 5¢ 1,75¢ 1,75¢
é toer 08¢ 1,65¢ 44¢ 15¢ 15¢
S A Q) -158B -0,02 MOM 6,1 KA -0,02 MOm 1Cm
g (-0,28%) (<0,43%) (5,3%) (-0,28%) (0,7%)
P B thap 1,35¢ 2¢ 9¢ 17¢ 17¢
GQEJ’ tper - - 7c - -
g Kssyrp 0,018 0,026 0,98 0,016 0,016
g A) -38B 0,2 MOM -3KA 0,1 MOMm -2,3Cm
£ (<0,7%) (4,3%) (=2,62%) (1,4%) (-1,64%)
C thap l4c l4c 44c¢c l4c 1,25¢
tper - 25¢ 3¢ - -
Ksaynp 0,036 0,18 1,16 0,2 0,2
= A () 89B 2,15 MOm -9 kA 1,9 MOm -18Cm
o (12%) (29%) (7,86%) (25,6%) (-17,5%)
S A tup 085¢ 08¢ 41c 08¢ 08¢
£ fper 18¢c 2¢c 32¢ 2¢ 225¢
ﬂ A -7B 0,1 MmOm 3,25 KA 0,1 MOm -2,3Cm
2 ©) (-1,3%) (2,2%) (2,8%) (1,35%) (-1,6%)
S B thap 05¢ 15¢ 35¢ 16¢ 16¢
% tper - - 24c¢ - -
% Ks3Boam 0,018 0,05 0,3 0,05 0,05
% NG (:21%50) 0,25 MOM (5,4%) (_‘g o )| o2uomm ‘E‘_'g’o/f)”
E] C thap 04c 0,6¢c 15¢ 05¢c 05¢c
3 toer 0,025 ¢ 18¢c 6¢c 15¢ 1,75¢
o KB3Boam 0,018 0,14 0,4 0,14 0,14
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CucteMsl perynupoBaHus Z,p U Y3 obnana-
IOT TPaKTUYECKU DKBUBAJICHTHBIMHU MOKa3aTels-
MU KadecTBa peryiupoBanus. Ho cienyer oTme-
TUTH, YTO KO((UIUEHT YCHIICHUS CTaTHYECKOM
xapakTepucTuku Z,4,=f(Larc) pes3ko Bo3pacraer,
HauuHasg co 3HadeHus Larc = 800 MM u Z,,=12
MOM, B TO BpeMs Kak KOd((QHUIHMEHT yCHICHHS
xapakrepuctuku Y,,=f(Larc) ocTaérest Omu30K K
NOCTOSTHHOMY 3HAaueHUI0 Ha BCEM JMama3oHe
Larc. TeMm He MeHee 3TO HE co3Aa€T CyIIECTBEH-
HOTO TIPEHMYIIECTBA MIM HEJOCTAaTKa JUIsl TOH
WM WHOW CHUCTEMBI, MIOCKOJIBKY YY4aCTOK PE3KOr0
BO3pacTaHus KOd(PQPUIMEHTa YCHICHHS XapaKTe-
puctuku Z,y = f(Larc) 9ale Bcero JeXur 3a mpe-
JieJaMH HCTIOIb3yEeMOTO Ha MPaKTUKE JUanazoHa
peTyJInpOBaHUS.

Hanxymmmmy mokasaTensmMu KadecTBa 00J1aaeT
CHCTEMa PeryiaupoBaHusi TOka ayru. Toku ¢a3 cBs-
3aHBI BBIpOXKEHUEM iarc atiarc 8tiarc =0 D10 co3na-
eT OOoJbIlNe CIOKHOCTH JUIS WHAWBUIYaIbHOTO pe-
TYJIMPOBAaHMs, TMOCKOJIBKY HM3MEHEHHE TOKa OJIHOM
(a3pl MPUBOAMT K CUIBHOMY H3MEHEHHIO TOKa B
IBYX npyrux ¢aszax (kod(huimeHT B3aMMHOTO BJIH-
sHus (ha3 630K K 1). DTO MPUBOIKUT K HEYCTOWYH-
BOCTU CHCTEMBI, OTPaHWYEHHOCTH JMAIla30Ha pery-
JMPOBAaHUS M HHU3KOMY OBICTpOnCHCTBUIO. Takum
00pa3oM, TOK JyrH HEXKeJlaTelbHO NMPUMEHSTh B Ka-
YeCTBE MapamMeTpa PeryIupOBaHuUs Ul TPEXPA3HOTO
anektpudeckoro koutypa JCIT wmm YKIIL

BrIBoabI

1. B Hacrosmee BpeMs CyIIECTBYIOT Pa3jiny-
HBIE CHUCTEMBI aBTOMaTHYECKOI'O YIpPaBICHHUS Iie-
pemenennem snektponos JCIT u YKII. Otnuan-
TEIbHOM OCOOEHHOCTBIO 3TUX CHCTEM SBISETCS
UCIIOIb30BAHUE PA3IUYHBIX JJIEKTPUYECKHUX IIa-
paMeTpoB B KadyecTBE peryjJnpyeMoil mnepemeH-
Ho#l. Hanbonee pacnpocTpaHeHHBIM MapamMeTpoM
peryJIupoBaHus ABISIETCS MOJHOE COMPOTHUBIICHHE
dassl anekTpuueckoro koutypa (ummnenanc) JCIT
(YKII) Z54, paccanTaHHOE AJIsI BTOPHYHOM CTOPO-
HBI [IEYEHOTO TpaHchopMaTopa Ha OCHOBE H3Me-
peHunit ha3HBIX HaNpsDKEHWH U TOKOB. Mcmonb3o-
BaHME [AHHOTO mapaMerpa oOecHneyuBaeT Ipo-
L[ecC peryJaupoBaHUs ¢ MUHUMAJIbHBIM BIUSHUEM
onHOH (a3sl Ha OPYTYIO, YTO MO3BOJIACT MOJJAEP-
XKuBaTh cTaOminbHBIH pexum paborer JCII Ha
HayaJIbHOHM CTauu paclulaBiIeHus WMUXThl. Hemo-
CTaTKOM CHCTEM, MCHONB3YIOIUX Z)y, ABIAETCA
OTCYTCTBHE KOHTPOJIA 3a JUIMHOM 3JEKTPUUYECKOH
JIyTH, YTO IpPHU CHJIBHBIX OTKJIOHEHUSIX HampshKe-
HUA B NHUTAOIIEW CETH, HANpuUMep INpPH OTCYT-

CTBUH B CUCTEME IIEKTPOCHAOKEHUS CTATHYECKO-
ro tupuctoproro kommencaropa (CTK), moxer
MPUBECTH K HEONTUMAIbHBIM JJICKTPUUYCCKUM pe-
kumaMm J[CII m YKII. AHagoruyHeIMH 110 JWHAa-
MHYECKHM IIOKa3aTelsIM  SBJISIOTCS  CHUCTEMBI
yIpaBJieHUS, B KOTOPHIX HCIOJIB3YIOT B Ka4ECTBE
peryJiupyeMoro mapaMeTpa TOJIHYI0 IIPOBOJIU-
moctb a3 JCII (YKII) (axmuranc) Yoy,

2. Vcnonp3oBaHre B KaYECTBE PEryIHPYEMbIX
MmapaMeTpoOB HAIPSDKCHUS JIIEKTPUYECKON Iyru
Uarc WM aKTHBHOTO COMPOTHBIICHUSA IyTH Rarc
MO3BOJISIET OCYIIECTBIISITh KOHTPOJIb 32 IJIMHAMU
AJEKTPUUYECKUX NIYT, 9YTO OYeHb BAXKHO HA KOHEY-
HeIX craausx miaaBku B JCII, korma myru ropar
Ha XUJIKUH MeTajul B IUIaKOBOM ciioe. KOoHTpoIb
IUTAHBI IYTH B TaHHOM CJIydYae TO3BOJISIET MCKITIO-
YUTHh MEPETPEBBI BOAOOXIIAKIAEMBIX TaHETEH TIe-
gy, o0ecrneynTh MakcuMmanbHbIH TeruioBor KIIJ]
OyTH M CO3[aTh HAWIYYIINA DJIEKTPUUYSCKHHA pe-
XKUM, TIPU KOTOPOM KOIPPUITUEHT MHTEHCUBHOCTH
HarpeBa MeTauia OyJeT MaKCHMallbHO BO3MOX-
HbeIM. To ’xe caMoe OTHOCHUTCS W K yCTaHOBKaM
VYKII, rae TeXHOJOTHYECKUI MPOIEecC OCYIIECTB-
JSETCS TOJIBKO Ha Xuako BanHe. OmHAKO Cyliie-
CTBYIOT CEphE3HBIC OTPaHWYCHHS Ha HCIOJIH30Ba-
Hue napaMeTpoB Uarc U Rarc. OOyCIOBIICHBI OHH
TEM, YTO JJIsl IOJIYYeHUsI CUTHaJIa 00paTHON CBS3H
1m0 Uarc Wi Rarc HEOOXOIMMO MHPOBOIUTH BBI-
YUCIICHUS 3HAYCHUH ATHX MapaMeTPOB Ha OCHOBE
MaTeMaTHYeCKOH MOJENH DJIIEKTPUIECKOTO KOH-
typa JCII, T.x. mpsiMoe u3MepeHne He JTOCTYIHO.
KiroueBbiMM TapamMeTpamMu B MaTeMaTUUYECKOU
MOJIENTH SIBIISTFOTCSI aKTUBHBIE W WHIYKTHBHBIE CO-
MIPOTHUBJICHUSI KOPOTKOW CETH, HU3MEpSEMBIE TPH
MPOBEJCHUU OIBITa KOPOTKOTO 3aMblkaHUs. [lpu
pabore JICIT (YKII) 3HayeHUst 3TUX MapamMeTpoB
MCHSIOTCA H3-32 Pa3JIMYHOTO TapMOHHYECKOTO
coctaBa Toka. Kpome Toro, B mporecce paboThI
ey U3MEHSETCS TPaJWeHT HANPSDKeHHS CTOoJI0a
JIyTH, 9YTO TOXKE CKA3hIBACTCS HA MU3MCHEHUU JJIU-
HBI Larc. DTO AeaeT BO3MOKHBIM MCIIOIb30BAHUS
Uarc 1 Rarc B KadecTBe perynupyemMbIX IepeMeH-
HBIX TOJBKO Ha KOHEYHBIX CTaIWsAX IUIABKH B
JCII, roe 3HaueHue KOA(DQUIMEHTA HCKAXKCHUS
TOKa MHUHHUMAJIbHOE W TMPOIECC TOPEHUS IYyTH
ycToiunBbIi. Takke 3TH mapaMeTpbl MOTYT OBITH
WCIIONB30BaHBI TIPU YIIPABIECHUU JJIEKTPUICCKUMHU
pexxumamu Y KII.

3. Hanbonee HecTaOMIBHON SBIAETCS CHCTEMA
ABTOMAaTHYECKOTO PETYIUPOBAHUS TOKa SJIEKTPHU-
yeckod nyru. Kak mokasanu uccieqoBaHUs, NMpHU
WCIIONB30BaHUU larc B KauecTBe pETyIUpyeMoro
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AHanu3 pasnuyHbIX 8apuaHmoe NOCMPOEHUSI CUCMEM ...

Hukonaes A.A., Kopnunos I'.I1., Tynynoe I1.I",, losenuya E.B.

rmapaMeTpa HWMEET MECTO HauOOoJbIlIee BIUSHUC
¢az JICIT (YKII) apyr Ha apyra. B cooTBeTcTBUM
Cc 9TuM, o0ecmeunTh CTabWIBHBINA IMPOIecC pac-
miaBieHuss metawia B Tpexdaznoit JCII ¢ wuc-
MOJTb30BAHUEM CUCTEMBI MPSMOT0 PETYIUPOBAHUS
TOKOB JAYT HE€ IMpeJCTaBiseTcs BO3MOXHBIM. B
KadyecTBE MCKJIIOYEHHSI MOXKHO paccMaTpHUBaTh
omxHO(a3HBIE JIIEKTPOIYTOBBIE YCTAHOBKHA MAaJoOu
MOIITHOCTH, TJe NpoOjieMa B3aWMMHOTO BIUSHHUS
a3 oTCyTCTBYET.

4. B paszpaboranHoi crnenuamucramu OI'BOY
BIIO «MI'TY» cucteme aBTOMaTHYECKOTO YTIpaB-
neHus nepeMenieHueM aekTpoaos «PAIIYTA ITK»
WCIIONIB3yeTCS YCOBEPIICHCTBOBAHHBIN aJallTHBHBIHN
perynarop umnenasca. [Ipu ycrnoBum ncnosib3oBa-
HUS OJI0Ka KOPPEKIIMH TI0 OTKIIOHEHUIO HAIPSIKEHHS
Ha TIEPBUYHONW OOMOTKE TpaHChopMaropa crucTeMa
pEeryJIMPOBaHUs MMIIeJIaHCa 00eCIevYnBaeT MpUeM-
JIEMYI0 TOYHOCTh PETyIUPOBaHUS JUIMHBI AYTH Ha
OCHOBHBIX CTaJIUSAX TUTABKH.
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BbecyemeHmHble nopusogaHHble KOMNO3uyuu Muprok O.A

CTPOUTENBHLIE MATEPUAIDI
WU CTPOUTENBHLIE TEXHONOIUA

VJIK 666.9.043.2
BECIHEMEHTHBIE IIOPU30BAHHBIE KOMITIO3UIIUHA

Mupiok O.A.

Pynunenckuii unnycrpuanbHblii ”HCTUTYT, Pynubiit, Kazaxcran

Annomayusa. CtaTbs MOCBAIICHA MCCIEAOBAHUIO TOPU3ALIMKA KOMIIO3UIIMH HAa OCHOBE PacTBOPOB wieniouei. M3ydeHo
BIIMSIHAE COCTABA ILEIOYHOTO PacTBOpa Ha CTPYKTYPY MEHOMACCHI. Y CTAHOBIICHA MMOBBIIICHHASI YCTONYMBOCTD MIEHBI U3 pac-
tBopoB Na20(SiO2)n. [Noka3aHa 3aBHCHMOCTH cBOMCTB eHoMacch! ot nobaBki NaOH B pacteop Na20(SiO2)n. BrisiBnieHa
HPEINOYTHTEIHOCTh CHHTETHYECKUX [IEHOOOpa3oBaTeseil Ha (H)OPMHUPOBAHHUE ITOPHCTON CTPYKTYPBI IICIOYCCHIHKATHBIX
koMIo3uimid. [Toka3aHa BO3MOXXHOCTb JOMOMHUTEIBHON TOPU3ALMK IEHOMACCHI 33 CYET ra3000pasyroieil T00aBKy M Iy-
CTOTENbIX TPaHyJI. BrIsBIICHHBIE 0COOCHHOCTH TIOPU3AIIMH MOJIOKEHBI B OCHOBY TEXHOJIOTHI OCCIIEMEHTHBIX TEHOOETOHOB.

Knroueswie cnosa: mMECJI0YCCUIINKATHBIC KOMITIO3HIIUH, 06paSOBaHI/Ie Iop, NeHoMacca, CTpykrypa.

BBenenne

SlqencThiii 0ETOH BBITOAHO OTIIMYASTCS MHOT000-
pa3reM HOMEHKJIATYPhI W3JICNUiA, TOCTYITHOCTHIO ChI-
pbeBOI 0a3bl, CPABHUTEIIHLHOW IPOCTOTOM TEXHOJIOTUH,
3KOJIOTUYHOCTHIO. JlanmbHelee pa3BUTHE TEXHOIOTHU
STYEUCTBIX OETOHOB HEPA3PHIBHO CBA3AHO C PEIICHUEM
aKTyaJIbHOW TPOOJIEMBI — YITyUIlIEHHEM MPOYHOCTHBIX
u TeH.HO(bI/I?,I/I‘-IeCKI/IX CBOICTB 3a CYET OIITUMHU3AITN
CTPYKTYphl. PellieHue 3Toi CII0KHOM TEXHOJOruue-
CKOH TIpOOJIEMBI TIPETyCMaTPHBAET BOBJIEUCHHE B TIPO-
W3BOJICTBO SYEHCTHIX OETOHOB MaTepHajioB, 00ecHeyn-
BaIOIUX 00pa30BaHKE 3aMKHYTOW MEJIKOW MIOPHCTOCTH
1 (OPMHUPOBAHUE TPOYHOTO KapKaca MEKIOPOBBIX
neperopofoK. JlokazaHa BO3MOXXHOCTh M IIENECO00-
Pa3HOCTh CHHTE3a OSCIIEMEHTHBIX KOMITO3HITHIA, KOTO-
pble Oraroaapst 0COOEHHOCTSM XapaKTepa TBEP/ICHUS U
(ha3oBOro cocrapa r'MIpaTHBIX 00pa3oBaHUi oOOecre-
YaT BBICOKOTIOPHUCTYIO CTPYKTYPY, MPEBBIIAIOINIYIO 110
MPOYHOCTH IIEMEHTHBIE aHaorH [1].

[lepcreKTUBHBI MIEIOYCCHUIIMKATHBIC BSXKYIIHUE,
KOTOPBIC 3aTBOPSIOT INEIOYHBIMH PAcTBOPAMU, aK-
TUBU3HUPYIONUMH TBEPJIEHHE TOPOIIKOBOTO HAIIOII-
aurens [2-7]. JKuakoe cTekiIo — TpaauIMOHHAS OC-
HOBa KOMIIO3MIIMIA — COOTBETCTBYET TPEOOBAHHSIM
CBIPBEBOM OOECIICUCHHOCTH M MAaJIO3HEPTOSMKHUX
TeXHOJIOTUM. B KadecTBe HAIMOJHUTENS IIEI0YECH-
JUKATHBIX BSDKYIIUX HCIONB3YIOT CHJIMKATHBIE H
AIIOMOCHJIMKaTHBIE MaTepuaisl [5—10].

[Topuzauusa — onpenenstoias CTaausi TEXHOJIOTU-
YECKOr'0 MPOLECCA MOMYUEHUS TYEUCTBIX MATEPUAIIOB.

Ienv pabomwsl — ViccaenOBaHNC BIUSHUS BEIIIC-
CTBEHHOTO COCTaBa CBHIPHLEBOH cMecH Ha (OpMHUPO-
BaHUE CTPYKTYPbl BBICOKOIIOPUCTHIX IIEIOYECUIIH-
KaTHBIX KOMITO3HIIH.

Teopml, MaTepualibl U METOAbI HCCJICA0BAHMSA,
TEXHHUYCCKHEC H TEXHOJIOITHYECCKHUE pa3paﬁoTKn

OOBEKTOM HCCIIEIOBAHMS TTOCITYKIIN IIETOYECH-
JIMKATHbIC KOMIIO3UIIMH, COJCPIKAINE TEXHOTCHHbIN
HAITOJTHUTEND (METAIUTYPIHIECKHE IIITAKH, CTEKI000).

B kauecTBe mIen0uecoepKAIINX 3aTBOPUTEIICH
UCIIONB30BAI  BOJHBIC PACTBOPHI THIPOOKCHIA
uatpus NaOH (mrotrocts 1200 xr/m°), kapGonata
natpus Na,CO; (mmornocts 1200 kr/m®); xmaxoe
crexio (miotHocTs 1250 Kr/m’).

Jlnst mopu3anil Mace WCIHOJIB30BAIM MOBEPX-
HOCTHO-aKTHUBHBIE BEIIECTBA DA3IUYHOTO TPOKC-
XOJKICHHS: TMPOTEHHOBBIA MCHOKOHIIEHTPAT «YHH-
nop», MeHo00pa3oBaTel Ha CHHTETHUCCKON OCHOBE
«Fairy» u «Zelle — 1».

[llenouecuIMKaTHBIC MIEHOMACCHI TOTOBUIIM OJI-
HOCTAJIMIHBIM METOJIOM: CYCIEH3HIO U3 BCEX KOMIIO-
HEHTOB BCIICHUBAIN B CMECHUTENIE MUKCEPHOTO THIIA B
teyerne 2 muH. CKOpOCTh BpallleHHs Baja C Jioma-
crsvu 800-1000 o6/muH. [TpeAmnouTHTENBHOCTL O1-
HOCTaIMitHOTO MeTona oOycioBieHa (GopMupoBaHU-
€M YCTOMYHMBOM MEJIKOM MOPUCTOCTU IEHOMACCHI.
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Jns momydeHWs KOMIIO3MLIMK HCHOIb30BAIN
IIEeJIOYHbIE 3aTBOPHUTENH, COCTaB KOTOPHIX BIHUSET
Ha CKOPOCTh ¥ MTOKa3aTeH TBEPACHHSI BSKYIIIETO.

CBoiicTBa MEHOMACCHI OLICHUBAJIH 110 KPATHOCTH
U 1iotHocTd. OOpasubl MEHOOETOHa pa3MepoM
40x40x40 MM TBepzeIH B HOPMAIIBHBIX YCIOBUSIX.

Jnst cpaBHEHUS MOJYYCHHBIX T€H HCIOJIB30-
BaHa BU3yaJbHas OLEHKAa KPYIMHOCTH, OJHOPOI-
HOCTH M YCTOHYHMBOCTH BO BpeMeHU. MenKkuMu
o0o3HaueHsl meHB ¢ pasmepoMm siueek 0,5 mw;
KpYIHBIMU — Oonee 1 MM.

OJHOPOJHOCTh TIOPHUCTON CTPYKTYpPBI OXapakte-
pH30BaHa PaBHOMEPHBIM paclpeze/icHHeM Mop B Mac-
ce, OTCYTCTBHEM KPYITHBIX BO3AYIIHBIX MTOJOCTEH.

YCTOWUYHUBOCTh MEHOMACChl OIIEHEHAa MO Mpo-
JOJDKUTENIBHOCTH  COXPAaHEHUs] IIePBOHAYAIBEHOTO
oObeMa: BBICOKash yCTOMUMBOCTH — He Menee 30
MUH; HHU3Kas — pa3pylIaeTcsi BCKOpe IMociie M3BJe-
YEHUS U3 CMECHUTEIIS.

Pe3yabTaThl nccjieq0BaHus U UX 00CYKIEHUE

HccnenoBanbl nieHbl, 00pa30BaHHbIE HA OCHOBE
BOJHBIX pPAacTBOPOB THIPOOKCHAA M KapOOHaTa
HaTpUs, JXUIKOTO crekia. [leHooOpasoBatenu ao-
OaBmsn B kommdectBe 2%. PactBOp ruapookcuaa
HaTpus mwioTHOCTEIO 1200 Kr/M° He BCIIEHUBAJICH,
MO3TOMY HCIOJIB30BAJIA €T0 B COUYETAHUU C BOJOH B
PaBHBIX COOTHOIIEHUX (Tabn. 1).

Tabnuua 1
BnusHue coctaBa wenoyvyecopepxailero pacreopa
Ha CBOWCTBA NeHbl

KauecTBeHHas
MeHoob-| KpaT- |[noTHOCTY| XapaKTepuCTUKa NeHbl
Cocras pasoBa- | HOCTb NeHbI OpHopog-
Pacteopa | * reny neHbl kr/M®  |Pasmep|  HOCTb yeToiu-
BOCTb
nop1cTOCTy
Fairy> | 16 goo | KPym- | Heomwopom- | o
Hble Hasi
NaOH: Felle
BOAa 1y 8,5 130  |Menkue | OgHopogHas | Bbicokas
(D YHu- Cpep- | HeogHopog-
¢ 7,5 150 peq AHOPOA CpegHsia
nop» HWe Hasi
«Fairy» | 2,0 50 | KPym- | Heomwopo- CpegHsis
Hble Hast
«Zelle - OueHb

Na.COs » 8,0 150 MeTKe OpHopopHas | Boicokas
- 2,5 480 |Meniue| MEORHOPOR | 1o
nop» Hasi

) OvueHb
«Fairy» 7,0 180 VerKie OpHopogHas | Boicokas
) «Zelle -

Naz20(SiOz) » 6,5 190  |[Menkue| OaHopoaHas | Bbicokas
«YHu- 65 190 Cpeg- | HeopHopog- Coeppss
nop» Hue Hast

Ucnons3oBanne IIPOTECUHOBOT'O H6H006p8.30BaT6-

A8 «YHUIOpP» Ul BCEX MCCIEAYEMBIX ILEJOYHBIX
pacTBOpoB He oOecneyrBaeT MeHbl TPeOyeMol CTpyK-
TypBI U ycTorumBOoCTH. IleHa u3 pactBopa kapOoHara
HATPUsI U «YHHUTIOpa» pa3pyIllaeTcs MOYTH MITHOBSHHO
HoCJIe OTKIIFOYEHHsI cMecuTens. Vcronp3oBanue mpo-
TEHHOBOTO MEHO00pa30BaTeNs «YHHIIOP» COMPOBOXK-
JIaeTcsl KoaryJSIMOHHBIMU TIpoIieccaMyd U oOpa3oBa-
HHEM CTYCTKOB B JKHIKOM crekie. [lena, oOpazoBaH-
Hasg C NPUMEHEHWEM «YHHIOpa», HEOTHOPOAHA MO
CTPYKTYype M BecbMa HeycToitunsa. [IpoTenHOBBIE 10-
BCPXHOCTHO-aKTHBHBIE BEIIECTBA KATHOHHOTO I
am(OTepHOTO TUTA, KaK MPaBIJIO, YXPPEKTUBHBI TOJb-
KO B c1a0OKHUCIION cpeze.

CocTosiHHE TIeH Ha OCHOBE CHHTETHYECKOTO TIe-
HooOpazoBaTenst «Fairy» HEOJHO3HAYHO: MeIKas
CTPYKTypa ¥ BBICOKasl YCTOMYHMBOCTH ITIEHBI — H3
KHIKOTO CTEKJIa, KPyITHOIOPUCTas JIETKO pa3py1ia-
emas reHa — Ha ocHoBe pactBopa NaOH.

LemnecooOpa3HOCTh TpPUMEHEHHS CHHTETHYE-
CKHX MEeH000pa3oBaTenel MoATBEPIHIN HCIBITAHH

pactBopoB  «Na,O(SiOy)p:

NaOH»; «Na,O(SiOy)n: Na,COs». Ilena Ha ocHOBE

CHHTETHYECKOro MmeHooOpaszoBaresisi Fairy BbIroaHO
OTIIMYAETCS MEIKOMOPUCTHIM CTPOCHUEM, HH3KOU
IUIOTHOCTBIO W YCTOMYMBOCTHIO. [Ipennmoururens-
HOCTh CHHTETHYECKHX IIEHOOOpa3oBaTeliel Jyis
KHUIKOTO CTEKJIa OOyCIIOBICHA WX aHUOHHBIM WIIH
HEMOHOTCHHBIM THIIOM. Takue meHooOpa3oBaTenu
COJIEpP’KaT HATPUEBBIC COJIM ATKWICYIb(POHATOB H
anKuI0eH30CcyIbPOKUCIOT U Haubosee 3PdekTus-
Hbl B o0actu pH = 7,0-10,5.

[IpouHOCTHBIE MTOKA3aTENN MIETOYECHUITUKATHOTO
BSDKYIIETO, 3aTBOPEHHOTO PACTBOPAMHU Pa3IHUIHOTO
COCTaBa, pacrojararoTcs B TOPSJKE BO3paCTaHHS

Na,CO3;—NaOH—Na,O(SiOy)y. Hccnenosanus
MOKAa3aJId MPEANOYTHTEIBHOCTh 3aTBOPEHHS KOM-

KOMOMHHMPOBAHHBIX

ounnpoBanubiM pactBopoM Na,O(SiO,)n u NaOH,
KOTOpBIA 00ecreYnBaeT yCKOPEHHE TBEPIACHUS Bs-
KYIIETO0 M TOBBIIICHWE IOKa3aTeled HPOYHOCTH.
[Ipu noGaBiieHNH THUAPOOKCHIA HATPHS B HKUIKOES
CTEKJIO TIPOCIICKHUBACTCS TEHACHIMS YMEHBIICHUS
BCIICHUBAEMOCTH MAaCChI: CHIDKEHHE KpPaTHOCTH H
[IOBBIILIEHUE INIOTHOCTH IIEHBI.

Oco0EeHHOCTh HCCIIEAYEMBIX KOMITO3UIUN — UC-
[IOJIb30BAHUE VI 3aTBOPEHHUS JKUIKOCTH C PEryiu-
PYEMBIM COCTaBOM U IUIOTHOCTBIO. JKHIKOE CTEKIIO
BBIMOJIHSIET 1B€ (PYHKIHMH: B COYETAHHH C IEHO00-
pasoBaresieM SBIAETCSI KOMIOHEHTOM TEXHUYECKOU
MEeHbBl U OJHOBPEMEHHO KOMIIOHEHTOM IIEI0YecH-
JIMKaTHOTO BSDKYILETO.
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ComnocraBieHrne XapaKTEePUCTHK MEH, MOTy4eH-
HBIX TIPH PaBHBIX YCJIOBUSX Ha OCHOBE PA3JIMYHBIX
KHUKOCTEH, BBISIBIJIO MOHIKEHHYIO KPaTHOCTH (BO-
na — 12, )KHUIKOe CTEKIIO — 5) ¥ MOBBIIIEHHYIO CPe-
HIOIO TUIOTHOCTB (Boza — 80 Kr/M°, XKHIKOE CTEKIIO —
200 kr/M°) TIeHBI M3 KHIKOro cTekia. Mcredenne
JKUJIKOCTU W3 TIEHBI B Pe3yJibTaTe CHHEPE3Hca B Tie-
HOMAccax OTIMYAIOCh HE3HAYUTEIBHO.

UccnenoBanue neHsl, 00pa3oBaHHOM U3 KHIKO-
IO CTEKJIa Pa3JIMYHOTO COCTOSIHHS, CBHJIETEIHCTBYET

o mpennoututensHocTH pactBopa  Na,0(SiOy)p
miotHocTeio 1200-1300 kr/m®, mpu kKoTOpOIt 0Gpa-
3yeTcs MeHa HEOOXOMMOro KayeCcTBa U JIOCTUTACT-
Csl TEXHOJIOTHYECKH O0OCHOBaHHAs CKOPOCTh TBEp-
JCHUA MaTepuaia. IloBrIlIeHHBIE 3HAUEHUS ILJIOT-
HOCTH JKHIKOTO CTEKJIa CHIDKAIOT BBIXOJ MEHOMAc-
CBI, MPH HU3KUX 3HAYCHHSAX TUIOTHOCTH — MEHJICH-
HOE YIPOYHEHHE CTPYKTYPBhI OETOHA.
[TenouecHIMKATHBIE KOMIIO3HMIIMHA COCTOST M3
JKUJIKOTO CTEKJIa W MOPOIIKOOOPa3HOrO HATIOIHHUTEIS
(MeTaLTyprudecKoro muiaka wim 0osi cTekia), KOTo-
pBIid BIMSET HA PEOJIOTMYECKUE CBOWMCTBA 1 BCIIEHUBA-
eMocTh Maccel. /i mopuzanuy 1eI04eCUIIMKaTHOU
KOMITO3UIIMK HCIIOJB30BaH MeHooOpasoBarens Fairy.
VYBesuueHne J0J1M HAMOMHHUTENS 3aKOHOMEPHO TMOBbI-
IIaeT TUIOTHOCTh MACCHI 3@ CYET YMEHBIICHHUS TTOPU3Y-
emMoctd Marepuana (Tabn.2 u 3). Jlns momaydeHus
CTOWKOM K CeTMMEHTAIMH TEHOMACCHI ¢ HU3KUMH 3HA-
YEHMSMHU IUIOTHOCTU COOTHOIIEHHE KHIKOE CTEKIIO:
HATIOJIHUTEIIBY  I1EJIECO00pa3sHO TMPUHATH  PAaBHBIM
«1:1,85-1:2,00». KomMno3unuu u3 Crekiiodos MeHee
YYBCTBUTEBHBI K H3MEHEHHIO JIOJIM HATIOTHUTEIISL.
CTpyKTypa MeHOOETOHA YyBCTBUTEIbHA K U3Me-
HEHHIO BEIECTBEHHOTO cocTaBa (HOPMOBOYHOU
maccel. ComocTaBieHHe TOKa3aTelieil IuiaKolie-
JIOYHBIX KOMITO3UIIMHA HA CHHTETHYECKHUX TIEHOOOpa-
30BaTeNsAX Pa3IMYHOTO THIA BBISIBUIIO, YTO MCIOJb-
3oBanue «Zelle — 1» mpu mpovyrx paBHBIX YCIOBHIX
MPUTOTOBJICHUST MTEHOMACChl 0becmeunBaeT hopMu-

pOBaHHE YKPYITHEHHBIX SYECK CO CPEIHUM pa3me-
pom 0,8 — 1,0 mm (puc. 1) U HNOHWKEHHYIO ILIOT-
HOCTh MaTepuaia. [IeHOOeTOH Ha OCHOBE MeETaytyp-
TMYECKOr0 MUIAKa XapaKTEePH3yeTCss MEHBIIMMHU TI0
pasmMepy sueiikaMH M0 CPAaBHEHHIO C KOMITO3UTOM Ha
OCHOBE CTeKsI000s1 (PUC. 2). [Ijsi akTHBU3AIMK TBEP-
JCHUST METAJUTypPrHYecKOro IUIaka I[eecoo0pa3Ho
BBEJICHHE JIOMOJHUTENIBHOTO IIETIOYHOr0 KOMITOHEHTA
(20% NaOH). J[lobGapieHue THAPOOKCHIA HATPHS
YIUIOTHSICT CTPYKTYPY KaMHsI BSDKYILETO, YBEIHINBAsI
J0JTE0 aMOp(HO# «CKIIeHBaroLIei» Maccol (pUc. 3).

Tabnuua 2
BnusiHve gonu wnaka Ha CBOMCTBa
Nopu30BaHHOIo MaTepuana

Kugkoe MpoyHoCTb Npm
; KpaTHoCTb [noTHOCTb
CTEKNO: cxatum
neHomacchl | neHobeToHa, Kr/m3
Lnak neHobetoHa, MMa

1.1,45 6,4 260 0,3
1:1,65 6,3 320 0,4
1.1,85 6,1 350 0,5
1:2,00 5,8 460 0,7

Tabnuua 3
BnusHue aonu CcTeknobos Ha cBOUCTBa
nopu3oBaHHOro Matepuana

XKuakoe cTekno: | KpaTtHocTb fnotHocTs MpodHocTe npw
» neHobeToHa, oxatumn
creknobon neHomacchl
Kr/m3 neHobeToHa, MMa
1:145 51 400 0,8
1:1,65 5.2 420 10
1:185 51 430 11
1:2,00 5,0 480 12

J7s  TOBBIINIEHMST  TEIIO3AIUTHBIX CBOMCTB
KOMITO3UIIMH HCCIeIOBaHA BO3MOKHOCTE JIOTIOIHH-
TEBHON MOPU3AIIMH C TIOMOIIBI0 Ta3000Pa3yIOIIETO
KOMIIOHEHTA.

Puc. 1. Komnosuumm ¢ ucnonb3oBaHWeM pa3NMYHbIX NeHOObpa3oBaTenen
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0% NaOH

20KV X1,000

10um 12 60 30Pa

P

20% NaOH o = Lo Foa

20kV  X4,0007" 10um &« 10 60 28Pa

Puc. 3. Bnusinne ruapooKcuaa HaTpUs Ha CTPYKTYPY LNAKOLENOYHOTO KaMHS

TpaauuuoHHBI ra3000pa3oBaTeib SYEHCTHIX
0ETOHOB — ANIOMUHHUEBAs MyJpa — CHOCOOCH OIHO-
BPEMEHHO UIPaTh POJIb BOJAOYIPOUHSIOLIETO OTBEp-
JUTeNs, Tak Kak MPOAYKTHl €ro B3aUMOJEHCTBHUS C
JKUJIKAM CTEKJIOM JOTIONHUTEIBHO MOAU(DUIUPYIOT
IEeJI0YHO-CHJINKATHYI0 MaTpHIly, IOBBIIIAs €€ BO-
JocToMKOCTh, ONHAKO IOBBIINIEHHAs 3aBUCHMOCTb
KUHETHKH Ta30BBIIEICHUSI OT COCTOSHHS ChIPhEBON
CMECH U MOBEPXHOCTH MOpo0oOpa3oBatessi, J0pOro-
BU3HA IOPOIIKAa OOYCIOBHIN IOHCK JAPYroro raso-
o0pa3ymoiiero KoMmmnoneHnta. B kadectse nmopoobpa-
30BaTeNd HCIOJB30BAaH KOHIIEHTPUPOBAHHBIMA BOJ-
HBII pacTBOp mepekucu Bopopoaa H,O, (texuuue-
CKHIi Iepruiposib, KoHienrpaims 37%). 'az006pa-
3oBaHue ¢ yyactueM H,;O, He3aBUCHMO OT 3HaYCHHUS
PH cpenpl, pu pa3noXeHWU OPU3aTOPa BHIACISIET-
Cs1 HETOKCUYHBIA U HETOPIOYUI KUCIOPOI.

["a3000pa3oBarenb BIMBAIM B CHIPHEBYIO MaccCy
nepesn BereHuBaHueM. CocTaB KOMITO3MIIMM Xapak-
TEPU30BAJICS] COOTHOLIEHNUEM <OKHJIKOE CTEKJIO: CTEK-
71060i1 — 1:2». ["a30BbIAEIEHIE TPOUCXOIUIIO B TeUe-
Hre 30-40 MuH noclie 3armonHeHust OpMbl BCIIGHEH-
HOM MAaccoil, YCKOpSUJIOCh MpH TEIUIOBOM BO3JEH-

creuu (temmeparypa 30°C). CooTHOLICHHE YPOBHE#
MaccChl 10 M TOCJIe HACHIIIEHHS Ta30M XapaKTepU30-
Bai KO3()(HUIIMEHTOM BCITyYMBAHHS, KOTOPBI pac-
CUMTHIBAITH TI0 3aBEPIICHUIO TOpU3aliu. BemyunBa-
HHE MAacChl, BO3pACTAIOLICe MPU YBEIUYCHHH [OJTH
MEePEKUCH BOJIOPO/Ia, 3aBUCUT OT BHJA MMEHOOOpa3o-
Batesst (puc. 4). TlonwkeHHble 3HAUEHNST KO3(duIm-
€HTa BCITyYHBaHUS cMmecH Ha ocHoBe Zelle —1 o0y-
CIIOBJICHBI, MTO-BUIUMOMY, MCHBIIICH Ta30yIep:KHBa-
FOIEH CIIOCOOHOCTBIO TIEHOMACCHL. DTO MOATBEPXK/Ia-
er «mepdopaiys»  MEKIOPOBBIX  IEPETOPOIOK
(puc. 5), KoTOpasi yCHUIMBAETCS C MOBBIIICHHEM KOH-
HEeHTpalu razoo0paszoBarens. [loatomy coaepxa-
HHE MEPEKHUCH BOIOPOJA B CMECH CIICIyeT OrpaHHu-
gnth 1,75-2,25%. BhisiBieHO, 4TO NpeBapuTeIbHbIN
MOJIOTPEB KHUIKOTO CTEKIIa (POPMHUPYET MEJIKYIO PaB-
HOMEPHO PaCIpPeICICHHYIO TOPHCTOCTb.

JI1st TIOJTydeHUSI BBICOKOITOPHCTHIX MIEHOTa30I1e-
JIOYECHIMKATHBIX KOMITO3HIMIA B CBIPHEBYIO MAacCy
BBOJIMJIM TyCTOTENbIe MUKpocdepsl. JlobaBiienue 10
10% mopH30BaHHOTO HAIMOJIHUTEIS — MUKpOChEepsI
M03BOJISIET PETYIMPOBATH XapakTep CTPYKTYPHI Iiie-
JIOYECHIMKATHBIX STYEUCTHIX KOMITO3HIHIA (PUC. 6).
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Tabnuua 4
CBoncTBa NneHora3o6eToHa Ha OCHOBe CTEKN060s
Bua KoHueHTpauwus H202 KpatHocTb Koacbdpuument CpenHsis NNOTHOCTb
neHooobpasosarens B cmecH, % neHomaccsl BCNy4mnBaHusl, % neHorasobeToHa, kr/m?
0 - 500
0,75 14 440
1,25 20 400
Fai ' 4

a 1,75 > 28 340
2,25 42 280
2,75 57 230
0 - 480
0,75 10 420
Zelle-1 L25 5,6 18 380
1,75 22 340
2,25 31 270
2,75 37 210

10kV. X100 .-100p._m% 10 59 SEI 10 59's_|=____,_|_

Puc. 5. MMKpoCTpyKTYpa LLeNoYecunmkaTHOro neHorazo6eToHa

www.vestnik.magtu.ru 105



CTPOUTEIIbHBIE MATEPUAJIbI U CTPOUTEIIbHBIE TEXHOIIOMMN

Puc. 6. MMKpOCTpyKTYpa LenoYecunmkaTHOro neHorazo6eToHa ¢ MUKpocdepoi

TBepaeHue OECLEMEHTHBIX LIEI0YECHITNKATHBIX
KOMITO3UIIMK BO3MOKHO IO OECHpOrpeBHON TEXHO-
JIOTMH, OXHAKO JJsl oOecredeHUs] CTa0WIN3aluu
BBICOKOIIOPUCTOM CTPYKTYpBI SUEUCTBIX MaTepHua-
JIOB B TEXHOJIOTHYECKH HEOOXOAMMBIA HepHon Iie-
J1eco00pa3HO OCYIIECTBIIATh TEIJIOBYI0 00pabOTKY B
BO3AYIIHBIX YCIOBHUsX mpu Temmepatype 50-60°C.
Ycenosusa TBCPACHUA ITIOPU30BAHHLIX KOMHO3I/IHI/II>1
ClIeAyeT Ha3Ha4yaTh C y4eTOM (PakTOpOB BIUSHUS Ha
IPOLIECCHl CTPYKTYpOOOpa3oBaHUs. IJIOTHOCTH 3a-
TBOPUTEINS]; JUCIEPCHOCTh IOPOIIKOBBIX KOMIIO-
HEHTOB; COCTaB TEXHOI'€HHOI'O HAIIOJIHUTENS U Be-
IIECTBEHHBIM COCTaB BSXKYILETO.

Pesynbratel HeciaenoBaHUM MOJ0KEHBI B OCHOBY
TEXHOJIOTHYECKOTO MPOEKTUPOBAHUS NPOU3BOJCTBA
10 BBIITYCKY I/I3,ZICJ'II/II71 nu3 GeCHeMeHTHLIX SAYCUCTBIX
OCTOHOB.

Pa3zpaOorana TexHoOJOTHYECKass CXeMa MpPOM3-
BOJICTBA OECHEMEHTHBIX SYEHCTBIX M3/ACIHN Ha OC-
HOBE JKUJIKOT'O CTEKJIa U TEXHOTEHHOT'O HaloJIHHTe-
51 — TopomKooOpasHoro crexsobos. lenouecum-
KaTHbIC STYCHCThIE MaTepHaIbl PEKOMEHIOBAHBI IS
Tpex TPYIN NEHOra3o0CTOHHBIX H3IENUi: OJ0oKH,
na30rpeOHeBbIE ITUTHI; CKOPITYIIBL.

IloAroTOBUTENIBHBINM 3TAIl BKIIOYAET IMOMOJI
CTEeKJIO00sI 10 COCTOSIHUSI MOPOIIKAa M HMPUTOTOBIIE-
HHUE PacTBOPA >KUAKOIO CTEKJIA M3 CyXOro IMOPOIIKa
CHJIMKAT-TIIBIOBI.

B texHomornueckoil cxeme MpeaycCMOTPEHO IpHU-
TOTOBJICHHE II€HOTa300€TOHHBIX JIMTBIX CMECEH 110
ofHocTaguitHOW TexHosornu. Cyxue KOMITOHEHTBI
cMecH JOOaBISIIOT B KUAKOE CTEKIIO C IIEHOOOpa3oBa-
TeleM M rasooOpasoBateneM. Ilpomecc mnopusarmu
OCYIIECTBIISIETC B TypOYyJEHTHO-KaBUTAIIMOHHOM
cMecHTeNne, CHaOKEHHOM JIONACTSAMH MHHHMAJIbHOTO
a3pOIMHAMUYECKOTO COMPOTHUBIIEHUS.

dopmoBaHHe OIOKOB OCYIIECTBISIETCSl TIO pe3a-
TENbHOM TEXHOJOIMU Ha KOHBeWepHoU junuu. [lazo-
rpeOHeBbIe TUIUTHL (DOPMYIOT B KAaCCETHBIX (opmax.
CKOpITyTbl M3rOTABIMBAIOT B CIICIMAIBHBIX HHIUBU-
JyalibHBbIX (pOopMax Ha MOTYKOHBEHPHOW JIMHUH.

OtdopMOBaHHBIE TIEHOTa300€TOHHBIE — H3/EIIHS
MOZIBEpraeTcs TeIIoBOi 00paboTKe B KOHBEKTUBHOU
cyumike pu temneparype 50°C B TeueHue 8 u.

TeXHUKO-9KOHOMHYECKUE pPacueThl MOATBEP.IU-
1 3(h(GEeKTUBHOCTh MPOU3BOJCTBA U MPUMEHEHUS
OCCIICMEHTHBIX SYCHCTHIX OCTOHOB. AHAaIHM3 YYB-
CTBUTEJIGHOCTH TIOKa3all BBICOKYH) YCTOHYHMBOCTH
MPOEKTa K M3MEHEHHIO MOTPEOHOCTH B WHBECTHUIIH-
SIX © CYMMapHOTO TTOJIOKUTEIEHOTO JCHEKHOTO TI0-
ToKa. MHIeKe NpruOBLIFHOCTH JUTS MIEN0YeCHIINKAT-
HBIX KOMIIO3UTOB — 3,298.

AHanu3 mokaszaTeneil nmpuObUIM, peHTa0eIbHO-
ctH ¥ 9Q(HEKTUBHOCTH HHBECTHIIUI CBHICTEIBCTRY-
€T O TOM, YTO WHHOBAIIMOHHBII MPOEKT 0 TEXHOJIO-
Ui OCCIICMEHTHBIX SIYCUCTBIX OCTOHOB CIEAYeT
cyntath 3G(GEKTUBHBIM M PEKOMEHI0BATh IS pea-
JIU3AIUN Ha TIPOU3BOJICTBE.

BriBoabI

INokazana BO3MOXHOCTh W JIOKa3aHa IIeNeco00-
PAa3HOCTh MOJYYEHUS] BBICOKOINOPUCTBIX KOMIIO3ULUA
Ha OCHOBE OECIIeMEHTHBIX MIETOYECHIINKATHBIX MaTe-
pHAJIOB, COMIEPKAIUX TEXHOI'€HHBIN HATIOTHUTEb.

BrusiBrieHs!  crmocoObl  yBENMUEHHS TOPHUCTOCTH
OCCIIEMCHTHBIX KOMIIO3UIIMH 32 CYET IOATAITHOTO
JIOTIONTHUTENEHOTO ~ BBEJCHUS  MOPOOOPa3YIOIINX
KOMITOHEHTOB.  VIcmonb30BaHME  MHHOBAllMOHHBIX
MIPUEMOB KOMIUICKCHOW TOpU3alMi  00ECIIeUnBacT
(hopMHpOBaHHE YCTOHYMBOM MOIMMOJIAILHON IMTOPH-
CTOCTH ¥ CIIOCOOCTBYET TOBBLIMICHHIO TEIDIO3aIINT-
HBIX CBOMCTB IIETOYCCUINKATHBIX KOMITO3UIIUA.
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INFORMATION ABOUT THE PAPER IN ENGLISH

POROUS CEMENT-FREE COMPOSITIONS

Miryuk Olga Aleksandrovna — D.Sc. (Eng.), Professor, Head of the Department of Construction and Construction
Materials Science, Rudny Industrial Institute Republican State Enterprise Operating on the Basis of Economic Control
Rights, Rudny, Kazakhstan. Phone: +7 (71431) 5-07-03. E-mail: psm58@mail.ru.

Abstract. This article is devoted to the formation of
porous compositions based on alkali solutions. The effect
of an alkali solution composition on foam mass was stud-
ied. The augmented stability of foam from Na,O(SiO,),
solutions was revealed. The dependence of foam mass
properties on the addition of NaOH into Na,O(SiO,), so-
lution was shown. It was revealed that synthetic foaming
agents were preferable to form a porous structure of alka-
li-silicate compositions. It was shown that additional for-
mation of porous foam mass was possible due to the addi-
tion of gas-forming agents and hollow granules. The re-
vealed features of the formation of porous compositions
served as a basis for a cement-free foam concrete manu-
facturing process.

Keywords: Alkali-silicate compositions, pore for-
mation, foam mass, structure.
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YBAXKAEMBIE KOJUJIET'UA!

Ms! npurnamaeM Bac k yuacTuio B HalleM XypHalle B KadeCTBE aBTOPOB, peKJIaMOaTeel U YuTaTeIeH.
Kypuan hopmupyercs 1o paszenam, OTpaXkaloliiM OCHOBHBIE HAllPaBJICHUs] HAYYHOH NesTenbHOCTH yueHblXx MI'TY,

B YaCTHOCTH.
— PA3PABOTKA MOJIE3HBIX UCKOITAEMBIX.

— METAJLJIYPT Ul YEPHBIX, IBETHBIX U PEJIKUX METAJIJIOB.

— OBPABOTKA METAJIJIOB JIABJJEHUEM.
— JINTEMHOE MPOU3BOJICTBO
— TEXHOJIOT'UU OBPABOTKU MATEPUAJIOB.

— MATEPUAJIOBEJEHUE U TEPMUYECKASI OGPABOTKA METAJLJIOB.
— CTAHJIAPTU3ALIMA, CEPTUDPUKAIIMA U YIIPABJEHUE KAYECTBOM.

— MOJIEJTMPOBAHUE METAJUTYPTUUYECKHUX MPOIECCOB.

— HOBBIE TEXHOJOTMYECKHUE MPOLIECCHI U OBOPYJIOBAHUE.

— DHEPTETUKA METAJUIYPTUH, SHEPTOCBEPEXKEHUE U DJIEKTPOTEXHUUYECKUE KOMILJIEKCBI.
— YIIPABJIEHUE, ABTOMATHU3ALIUS U UHOOPMAIIMOHHBIE TEXHOJIOT MU B METAJIJTYPTUU.

— CTPOUTEJILHBIE MATEPHUAJIBI U CTPOUTEJILHBIE TEXHOJIOTMHU B METAJTYPTUU.

— DKOJIOT Ul METAJUTYPTHYECKOM OTPACJIM.
— 9KOHOMMKA, YIIPABJIEHUE W PHIHOK ITPOAYKIIAU.

— CTPATETUS PA3BUTHS, MOJATOTOBKA U OBYYEHUE CINIEIIUAJIMCTOB.

— NH®OPMAILIMA U ap.

TPEBOBAHMUSA K CTATBAM, IPUHUMAEMBIM K ITYBJINKALIUN

1. HPEABAPUTEJIBHBIE DJIEMEHTBI CTATbU
(Ha PyCCKOM M AHTJIUHCKOM SI3BIKAX)

1.1. HaumenoBaunue cratbu (He 6osee 15 cioB). JIOIKHO Kpat-
KO OTpa)kaThb COJEp)KaHue CTaThbd. He pexoMeHIyeTcs HCIOJb-
30BaTh COKpalleHus: 1 ab0OpeBUaTypHI.
1.2. Appuasiumsi. YkaspiBaetcst haMuiius, UMs, OTIECTBO aB-
TOPOB (TpaHCIHUTEpaLHs), yUeHas CTEICHb, 3BaHHE, JIOJDKHOCT,
HOJIHOEe Ha3BaHWE OpraHu3amud (ee OMHUIMATEHO MPHHSTHINA
QHTJIMICKUA BapuaHT), aJpec SJICKTPOHHON IOYTHI XOTS OBl
OJTHOTO U3 aBTOPOB.
1.3. Aunoranus (100-250 cnos). Bkirouaer rumoresy, Leinb,
9KCIIEPUMEHTHI 1 METO/bI, OCHOBHBIE PE3yJIbTaThl, HPUMEHEHHE
pE3yJIbTaTOB MCCIIEAOBAHUS B MPOMBINIICHHOCTH (H3/araercsi B
HPOLIE/IIEM BPEMEHH).

Onnaiin-nepeson 3anpemaercs!
1.4. KimoueBble ci10Ba: ot 5 10 15 OCHOBHBIX TEPMHHOB.

2. CTPYKTYPA OCHOBHOM YACTHU CTATBH

2.1. Beenenue (II0CTaHOBKA MPOOIIEMBbI)

2.2. Teopusi, MAaTEPHAJIBI M METO/IBI HCCJIEIOBAHHUSI, TEXHH-
YecKHe M TeXHOJIOTHYeCKHe Pa3paboTKu

2.3. Pe3yabTaThbl HCCIIEIOBAHUS U UX 00CY:K/IeHHE

2.4, 3aki04eHue (BbIBOJIBL)

2.5. Cnucok JiMTepaTyphl (Ha pyCCKOM U aHIJIHACKOM SI3BIKAX)

3. TPEBOBAHMSA K O®OPMJIEHUIO CTATEM

3.1. Pexomennyemslit 00beM cTaTbu — 6-8 cTp.

3.2. Tekcr cratby, cBeleHHs 00 aBTOpax, aHHOTALMs KIIOUEBBIC
CIIOBa M CIIHMCOK JIMTEPAaTypbl MPEICTABISIOTCS HA SJIEKTPOHHOM
HocuTelie B Bujie (aitna, cosmannoro cpeacreamu Microsoft Word,
1 paclevaTkoil Ha CTaHAapTHBIX JHCTax Oymarn gopmara A4.

[Ipu Habope crareu B Microsoft Word pekomenmyroTest ciie-

JYIOIINE YCTaHOBKH:

e mpudt — Times New Roman, pasmep — 14 nt, MexcTpou-
HBIA MHTEpBAJl — OJUHAPHBIN, IEPEHOC CJIOB — aBTOMAaTHye-
CKUM;

e 1pu BcTaBKe ()OPMYJI HCIONIB30BaTh BCTPOSHHBIH PENaKTOp
dopmyn Microsoft Equation co cranmaprHbIME yCTaHOBKa-
MH, IPUMEHSETCS TOJIBKO CKBO3HAs! HyMEpaLlys;

e puUCYHKHU U (oTorpaduu, BCTaBICHHbIE B JOKYMEHT, OJK-
HbI OBITh YETKO BBINOJIHEHBI, J0IyCKATh NepeMeleHne B TeK-
CT€ U BO3MOXXHOCTh W3MEHEHUSI Pa3MepoB (TOJIIUHBI JTHHUI
U pa3Mepbl 0003HAYEHWI NOJDKHBI OOECIeurBaTh YETKOCTD
NPH YMEHBIICHUH PUCYHKA /10 PALMOHATBHBIX Pa3MepoB), B
¢dopmarax *.TIF, *JPG, ¢ paspeructrem ne menee 300 dpi,
B&W — mis yepHo-Genbix wutmoctpanmii, Grayscale — mist
MOJIyTOHOB. MaKCHMaJIbHBIH pa3Mep PUCYHKA C TIOJIITUCHIO —
150%x235 MmM. B Tekcre crathbu JOMDKHBI OBITH HOIPHCYHOU-
HBIE ITOJIITICH B MECTaxX pa3MelleHust pUCyHKoB. Hanprmep:

Puc. 4. Pacuémmnas 3asucumocmo W(t)=l/lqo
om epemenu u yoarénnocmu K3 om 66160006
ACUHXPOHHO20 08USAMEISL

e  TabJaMUbl HyMEpYIOTCs, €CIIH UX YHUCIIO Oosiee OAHOU. 3aro-
JIOBOK HEOOXOANM, KOT/[a TabJIHI[a UMEET CAMOCTOSTEIIHLHOE
3HaveHue, 0e3 3aroJI0BKa JAlOT TAOIUIIEI BCIIOMOTaTeIIBHOTO
Xapaxrepa.

3.3. TIpu HOArOTOBKE PYKOMHCH HEOOXOIMMO PYKOBOJICTBO-

BaThcs MexyHaponHoi cucremoit enuant CH.

4. TOKYMEHTBI, IPUJIATAEMBIE K CTATBE

4.1. Peuensus.
4.2. DKkcnepTHOE 3aKJIH0YeHHe O BO3MOXXHOCTH OITy OJIMKOBaHHSI.
4.3. loroBop.

Buumanue! [Tyonukanus crareii siBnsercs OecratHoi. [IpenMyniecTBo omyOaMKOBaHUs MPEIOCTABIAETCS aBTOpaM 1

YUpeXIeHUsIM, 0()OPMHBIINM MOJIUCKY Ha )KypHAJL.

Cratbn mpoxoadaT o0s13aTenLHOe HayYHOC PCUCH3MPOBAHUEC.

Penakuns ocraBmiseT 3a co00i MpaBO OTKIIOHATH CTATHH, HE OTBEYAIOIINE YKa3aHHBIM TPEOOBAHHAM.

ITo Bompocam mybnmkanuu crareit oopamarscs: 455000, r. Marautoropcek, mp. Jlenuna, 38. Marautoropckuii rocy-
JIapCTBEHHBIN TEXHUYECKUN yHUBEpcuTeT, Penkomierus xypHana «Bectnuk MI'TY» M.B. Uykuny.

Tenedbonsr: (3519) 29-85-26, 22-14-93.

E-mail: rio_mgtu@mail.ru; vestnik@magtu.ru (c ykazaunuem temsl coobuienus «Bectauk MI'TY »).
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