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(OAO HITO «IIHIHTMALL)

MeTopn, pa3paboTkm TEXHONOrMK
NpPOV3BOACTBA KY3HEYHbIX CIIUTKOB

I OCTOSHHBII POCT MACCOraGapHTHBIX K He-

TatoB n TOB ¢

CThIBA CITMTKOB Maccoii oT 3 Kr

v B Zeraneii conp
aeTes COOTBTCTBYIOLUIM POCTOM MACCHI TPEGYEMBIX Ky3-
HEUHBIX CIHTKOB, TIPH 5TOM OCBOEHHE TIPOH3BOICTBA 1I0GOT0
HOBOIO CATMTKA,  OCOBEHHO KPYITHOTO, TpeBYeT MpOBeTeHHs:
OMPEaeIeHHOrO 0BBEMa OMBITHBIX  HCCIIETOBATECKHX pa-
GOT 1 TIOCTOSHHOIO TEXHOOTHYECKOTO

10 290 T M3 PASTHYHBIX MapOK CTATH, & TAKKC PE3yBTATOR
UX MeTaTorpaduieckoro uceezosans [1-10].

Cornacho paspaGotantomy criewmanerasu LIHUNT-
MALLI MeTOAY HCXOHAs! TEXHOOTHS! OTUMH3HPYETCS C 1ie-

B BO CJMTKOB B Ha-
weii ctpate u patee B CCCP npoMcXoamsio npyu Henocpea-
cTBeHHOM HayuHoM yuactun OAO HITO «LITHUUTMALL.
XPOHOIOTII MPOH3BOZICTBA KPYITHBIX CUTKOB Ha MALIMHO-
CTPOHTEIbHBIX MPEANPHUATHAX MpEACTABTEHa B Taon. |.

B X0le MHOTOIETHEr0 BLITONHEHNS MPOTPAMM 110 pas-
PAGOTKe TEXHOMIOTHH MPOH3BONICTBA KAKIOFO HOBOTO Kpyr-
Horo cantka B OAO HIO «LITHUMTMALL> 6bin cosnan

10 e Habonee abdeKTHBHOMO BapHAHTa,
OGeCTIEUHBAIONICTO 3aTaHHbIC SHAYCHIS XAPAKTEPHCTHK Ka-
4eCTBA CANTKA NPH HauG0/ice GIIATOMPHSTHOM COMETAHMI
TeXHOOTHUECKIX 1 SKOHOMIECKHX (hakTopos. TTpu 9ToM
101 XaPAKTEPHCTHKAMH KAUeCTBA CIHTKA TIOHMMAIOT €ro
(DU3INECKYIO, XHMHHECKYIO H CTPYKTYPHYIO OAHOPOHOCTS,
KAzas H3 KOTODBIX OMMCHIBACTCS CHOMM HAGOPOM KpiTE-
puies (tab1.2).

BLIGOp HCXOIHOTO BAPUAHTA TEXHOJIOTHH OCHOBAH Ha

KOMIUIEKCHBIH MeTO MPOCKTHPOBaHIis! TEXHOTOTHI MPOU3~ onire 1t pna
BOJCTBA KPYITHBIX KY3HEUHBIX CIIITKOB, it Ha e~ P it 1 MeTommK, B
H Pe3yAb-  OTEMECTBEHHOI 1 MHPOBOI IPAKTHKE POM3BOICTBA CTATBHBIX
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Ta6auua I

HOii TEXHOJIOTHM, OTHAKO TIDH WX MCTIONB30BAHMH ClIeAyer

OTIMBKM camTkon MMeTh B BHA, YTO B HEKOTOPBIX CAYYasX NIOTPENIHOCTb 110~
JIy4AEMOTO C TOMOILIBIO TOIOGHBIX METOIMK TPOTHO3a 10~
Teomerpieckie o
CTHTAET HEIOMyCTHMBIX 3HaueHit. [105ToMy Takue MeTo-
Macca SapaKIepUCTHIN MHsroto-
Tox i MKW CAYeT MCTIONb30BATH I LTSl BHGOPA HCXOTHOTO
ST H/p| Ko TpyGeim, | BUTETE BApHAHTA TEXHOJIOTHH M BBHIABICHMS HANPABNEHMIl ee co-
HOCTB, % % BEPLICHCTBOBAHMSA, @ AAIbHEiilliask MPOBepKa U ONTMMU3A-
= 1151 BLIGPAHHOM TEXHOMOTHH TIPOM3BOIICTBA CMTKOB I0/KHA
1952( 80 | 18| 350 198 HKM3 6BITH OGAIATEABHO 3
pOrpaMMHOM YUHTHIBAIOLIEM BECh
Tonsit 3 cnek] npu
1953 2 2,5’ 20 25,0 V3T™M J P}
AT JUist ONITUMM3ALIMH 1 OLEHKH S(EKTHBHOCTH BBIGPaH-
| Toms#t |- e Hoii Textonornu 5 OAO HITO «LIHUATMALLI» paspaGotas
1955 2,5’ 30 250 Bappukanst " i
CuTOK, 60 VHHUKA/IBHBIH POrpaMMHBI KoMmrieKe «KpyrHbiif CUTOK».
72| 235 | 16| 147 o T e
3ason (M3) TeopeTu4yeckue OCHOBbI MeToAa
1973) 142 1.0 16,0 254 u3 TIporpammHBiii KoMILIeKe «KpynHbiii c1MTOK» Ghit crie-
1981 290 0 135 %2 3 UHATBHO CO3MAH /LTS MOAETUPOBAHMS 3ATBEPACBAHNS KpyIl-
s & HBIX CUTKOB. TIDEHMYIIECTBOM IaHHOH NPOrPaMMbi MO
1984 360 13 13,6 212 n3 CPABHEHHIO C CYIIECTBYIOUIMH AHATOTHIHBIMH POTPaMM-
HBIMH ( st D
1992) 420 1.2 14;1 40 3 BaHHsI INTEHbIX IIPOLIECCOB) ABISETCS BOMOKHOCTb yueTa
—| s0 |12 14,0 2,0 Tpoekt npuwecei, -

* YKasaHo OTHOMICHHE BLICOTL TeNla CANTKA K CpEaHeli TonumHe
cTeHKH.

Ta6anua 2
XapakTepHCTHKH KatecTsa CAMTKA W KDHTEDHH HX OIIEHKH

HOE BAMSHHE HA XHMHUECKYIO, (DH3HUECKYIO H CTPYKTYHYIO
HEOHOPOAHOCTH CIIUTKA, A TAKKE KOIHYECTBEHHAs OLEeHKA
Pa3MepoB 30HbI i MKBaLMK 1
JIUTOi MaKpO- M MUKPOCTDYKTYPHI.

IMomumo 3TOrO mpumeHeHue nporpammbl «KpymHbiit
CAMTOK» MO3BOASET:

CJTUTKOB ¥ OTTMBOK OTBETCTBEHHOTO HasHaueHms. B yacTHo-
CTH, HAKOTLIEHHBIiA OMTIT MO3BOASIET MOA0OPATS TEXHONOTH-
YeCKMe W KOHCTPYKTOPCKHE PEIICHIS, 3HAUHTEIBHO YMEHb-
warouie 06beM 30HbI 0CEBOI PHIXIOCTH B canTKe. Hannuue
NOTOGHBIX METOMHK CYLIECTBCHHO YCKOPSET BHIGOP HCXOI-

. T T
KavecTBa Kputepun ouenku PAKTePUCTHKH KauecTBa CIMTKOB M Ha OCHOBaHUM 3TOT0
emka ONTHMU3HPOBATS PEXHM PATHBKH;
oy © DACCUMTHIBATH MOl TEMNIEPATYP B CANTKE B PAITHIHEIC
(30P); MOMEHTBI BpeMeHH;
0BTeM, MPOTKCHHOCTS, MAKCHMATbHE © DACCUMTHIBATH TEMIOhH3MUECKHE XaPAKTEPHCTHKH MPO~
o:’:;:::ﬁ:::b nonepeunbiii pasviep 30P; Liecca 3aTBepIeBaHHsT (CKOPOCTh OXTAXICHHS, CKOPOCTh
MaKcHMaTbHbiii pasmep nop 30P; KPUCTA/IN3ALIMN, TPAIMEHT TEMIIEPATYPbl);
OBeM YCa104HO PAKOBHHEL 1 €@ MOTOKeHIe o PACCUMTHIBATH CKOPOCTH KOHBSKTHBHBIX TIOTOKOB Me-
B e Tallia B Hipollecce 3ATBEPIEBAHIS CHTKA;
MANa3oH M3MEHEHHsA KOHLEHTPaLMK L ¢ yueToM
soms i) Shewérmon (e e scero, Bepst MHOTOKOBILICBO/i DAMIMBKM C IMtbeDEHUMPOBAHHEIM
¥ yrnepona); CONEPXAHMEM METMpYIOLIHX THKBATOB B MeTALIe Das-
Xumuueckas o
otopomocTy | HUHIHE/OTCYTCTBIIE 30HS BHEUCHTpeHHOl JMMHBIX KOBILEH;
JTHKBAUHH, £€ YIICHHOOTE 0T TIOBEpAHOCTA, ® YUMTBIBATH 3aTBEPIEBAHME CIMTKA B MPOLIECCE 3ATUBKH
CAMTKA, IPOTSKEHHOCTS, MONepeNHBili pasyep Sabiaiinione
 ILIOTHOCTS WIKypoB
o pasory ropa co-
Crpyktyphas | PAIMEp CTPYKTYPHBIX 301 KpaTHTh TPYZ03ATPATEl Ha PaspaGoTKy TEXHOMOTHI pas-
OIHOPOTHOCTS | paccTosiHHe MEALY OCAMII AEHIPHTOB MBK.
it K| it canTok» anro-

PHTM pactera IWHAMMKH OXTAKICHHs C/MTKA OCHOBAH Ha
pelieHMH i
TETUIONPOBOAHOCTH:

Vpc‘(;—f div(A-grad T) + g, 1)
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e V. — o0beM a/eMeHTapHOil sueiiki, M'; ¢, — Ter-
stota Kpuctanmsaun (yaursisaerca npn T = [Tr; Ts]),
Br; T — temneparypa, K; p — mnotsoers, kr/m’; € —
Tennoemkocth, JLk/(kr - K); T — Bpems, c.
list pacuere nipiMeci

Ha MOZIETb PABHOBECHOI KPHCTATH3ALINH, B COOTBETCTBUM
¢ KOTOpOii 10151 TBepIoft a3l B sueiike (17) M KOHUEH-
Tpauis npumecit B Heit (CL()) MOIYT GhiTh paccuTaHbl
110 CTEAYIOMINM BHIDAKEHMSN:

Ci = CS
SN /18 2
" = Ly —CSq )
CLy = A 3
(e (3)
tae Cloy, Oy, CLjs) — HasaThHas, TeKylLas B TBPION (ha-

3¢ 1 TeKyluas B KUAKOI ase KOHUEHTPALAS pHMeCH i, %.
OCHOBOI! U151 CO3IAHMS MATEMATHYECKOH BEPOSTHOCTHOI

Mozen pactiera 30HBI LIHYPOB

AMKBALUTH SBASETCS TeOPIst (HOPMHPOBAHIIA LIHYPOB 110 Me-

XaHH3MY 30HHOM ILIABKI ¢ TeMTIEpATyDHEIM rpazmeHToM [7].

Pacuer ycanki Gasupyercs Ha HCTIONb30BAHMM KOIDDHH-
LUMEHTa 0BHLEMHOIH YCAIKH, XaPAKTEPH3YIOWIEro OTHOCHTEIb-
HOE M3MEHEHME 0BbeMa METALIA TIPH OXIaXICHHM/HATpeBe
Ha 1°C. Yealka CTanu npH OXTAXICHHH KHIKOTO MeTal-
Ja, TIPH TIEPEXO/ie M3 KMIKOTO COCTOSIHUS B TBEPIOE H TIPH
OXTaKICHUM TBEPIOi (hasbi XapaKTep3yeTcs KoabbHiHeH-
TaMU OBBEMHOM YCAIKH (L, &L_s, M QS

KoHKpeTHOe 3HaueHHe KodbMULHEHTOB a W &L_s
3aBUCHUT OT coctasa ctanu. M3Menenne obbema Metaiia 3a
Bpems AT B 2eMeHTApHOI! siueiiKe, TeMrepaTypa KoTopoit
BbILIIE TEMIIEPATYPbI JIMKBIYC, ONPEACISTIOT 110 CIeAyioLeii
bopmye:

AVz = AV, = VT-AT _ yT-AT .

aTT-5T +.T7), (8)
e AVy — cymmapHasi ycalika MeTauia iueiKi BCIeICTBHE
ee oxtaxaenus 3a spemss AT, m’; AV, — ycanka KuaKoit
(basbl stueiiKi BCTGICTBHE ee oxTakieHns 3a Bpems AT, %5
VT-AT _ omem mkoﬁ a3l B sueiike B MpeabUIYLLMAIL
MOMEHT BpEMeHIH, M &t — Kuﬂd)d)nuuem 06BEMHO# yeankn
MeTanna, IO e, /rpaﬂ L) T _ temmeparypa

Ha kaxiom ware npouecca 3at

TEIIOGH3IECKIE XapaKTEPHCTHKI TTPOLIECCA H HA GA3e ITHX
1apaMeTPOB — BePOSTHOCTH 0BPA30BAHMS LIHYPOB, LIS Ye-
ro Hero3yeTcs ccTema ypasHeHHit (4)~(7):

Zy
A=y )
@Kil(1-9)
E I*[l+(lf({))-(lfy%)} 5
Vs
[ ﬁ
Y/ -
BRIk L —y® &
p(0) = [ ple) d=, )
me AuB —

Hoit wotem; AT, _g — TeMTepaTypHBIil MHTEPBa 3aTBep-
nepanns, °C; € — CKOPOCTh OXaxeHs, °C/MIH; a —
051 MEXOCHBIX Y4acTKoB; (G — TeMMepaTypHblii rpau-
HT, °C/cm: Y — monst Xuakoit dassl B mByxdasHoii 06-
JlacTH, IO e1.; O M OG — MMCHepcHn Bemuunt & u G
K; — ycnoBHbiit addekTHBHbIH KO3 DULIMEHT pacnipenee-
HIS 3MEMEHTa 7, IO e1L; fi — KO3(hMHIMEHT aKTHBHOCTH
aeMenTa i B — KodiuuvenT Maccoriepenoca deMeH-
Tai; VS u ViE — obvem xmnkm?l 1 TBepIIOii (a3 B mpeneniax
paceMaTpuBaeNoii sieliki, M35 p(z) — BepOATHOCT, OGpa-
30BaHIS WIHYDA.
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Puc. 1. Cxema pasbueku cautka




Takum 06pasoM, B pacyeTHbIif aIrOpUTM MPOTPAMMHOTO
Komruiekca «KpyIHbIii CIUTOK»> 3a/10KeH GOMBILION 0GbEM
TEOPETHUECKIX M3BICKAHML, UTO BEITOIHO OTIHYAET €r0 OT
TPECTABNICHHBIX HA PHIHKE AHATIOTOB KOMILICGKCHOCTBIO pac-

3a%a4 u 10 yuera o
KomuecTBa npu npouec-

© NPOOMKHTEBHOCTE 1T CKOPOCTS JATHBKH METATTA B
HIOKHUILY;

© BpeMS 10 3ACHINKH 3EPKATA METALTA yTemstioneii cye-
Chi0, YCTAHOBKH KPBILLIKIL.

COB, @ 3HAMNT, MAKCHMATTBHOI TOHOCTBIO NIPOTHO3 3Have-
HUi{ OLEHMBAEMBIX XapAKTEPUCTHK KAYECTBA METAIA.
Tlepet pacueToM MpOrpaMMa AETHT H3YIAEMyIo TerLio-

n "
npeanoxeHHon moaenu

CoOTBTCTBHE PACHETHBIX ZAHHbIX, MOMYHACMBIX TpH

BYIO CHCTEMY C YUETOM 3azaun Ha
0GbeMbI-B10KH (pHe. 1). U131 WLTHHAPHUECKOTO CATKA Ter-
T00GMeH B yrioBoii TeyreTsyer.
VAI0BbIE TOUKH, B KOTOPBIX PACCUHTBIBAIOTCA TeMICPATYPEL,
DACTIONIOKEHBI 110 YI/IAM SIeMeHTOB PasGuBKM. Pacripere-
JIeHHbIE TETIOBBIE CBSI3H, CYIECTBYIOLIME B PEAILHOM Teje,
MeEXIY Y310~

BBIMU TOUKAMH.
Jlas pacuera mpolecca 3aTBEPICBAHMS B NPOTpaMME
«KpynHbiii cauTok» 3anarb Ha-

B nporpamme «K CTUTOK», Pe3yJb-
TaTaM SKCIIEPHMEHTATBHBIX HCCIICIOBAHMIE TepMOrpacpo-
BAHMS, OLCHKH W pu3meckoii
CTH NOATBOPKICHA TIPH AHATH3E AECATKOB CIHTKOB MACCOH
or 0,5 kr 10 390 .

Ta6auua 3
Xummseckuit cocras cram 25XH3M®A, %

rCIMn‘ P‘S ICr‘Ni‘Si‘Mo‘V‘Cu‘

YaTbHbIe YCIOBHSI:

© EOMETPUYECKHE Pa3Mephi PANTHBOUHOI OCHACTKHM (HAOX-

HULIbI, NPHOBUIBHOIN HAICTABKH, TMOUIOHA 110 YepTexaM);

. bl Hu u
TEMIOM30NSILIMOHHBIX MATEPHATIOB, CTANEl U UYTYHOB;

 BpeMS, 110 HCTEUCHIH KOTOPOTO 110CIe OKOHYAHIsT Pas-
JMBKH GYIET IPOM3BEACHO YTEIUIeHHE JePKAIA MeTaIa
B npHOBLIH;

TeMMIepaTypy MeTa/LIa NIepel PasMBKOi;
TeMINEpATypy OCHACTKH (M3MOKHHLIA, HAICTABKA, TTOUIOH);

® YPOBEHb MeTaJL

© XUMHNECKI COCTAB 3IHBAEMOTO METAIIA;

1 B pHGHLTI;

TeMepaTypy OKpyXaioleii cpes;

IO,ZJ ] 0,38 ‘ 0,010 ‘ 0,011 ] 1,58 ‘ 3,46 ‘ 0,008 ‘ 0,41 ‘ 0.09W

TpHBenem mpiMep NMOZOGHOI NMPOBEPKI Wisi CAHTKA

waccoii 142 T (oM. pic. 2) 13 crani 25XH3M®A (ta6a. 3).
TeMneparypsi Ha moBep

et manokHmubL. Ha pic. 26 MOKa3aHBl OKCTIePHMEHTATb-

Huie (MYHKTHPHAs! AMHIA) 1 pacueTHbIe (CTLTOUIHAS AWHIs)

KPUBHIC 3ABHCHMOCTH TOMTICATYPhI OT BpeMcHH. OMeBHI-

HO, UTO OGIIMIi XapaKTep KPUBBIX COBMANACT, A PASTHIHE B

" ™
Takim 0GPasoN, COMOCTABICHHE PE3YILTTOB pacueta
c Jram Tepmo-

rpadMpoBatieM CHTKa Maccoif 142 T, noKasaio ix xopottiee
conazere. OTKIOHEHHs LIS YKA3AHHbIX TEMIEPATYp Ha-

45
Z
o N 2 4,0
%hmr-ﬁs ° =,
\ N E £
g
§ g % 1 B %3.0
\ N § :
N\ :
> s & 2 l22,5
= ——pacuer
V== 20 [N
k \\ 15
10 15 20 25 30 35 40 02 025 03 035 04
Sosusu Conepxanue ymeposa, %
a 2 6
Puc. 2. CnuTok Maccoi 142 T: a) YepTex OCHACTKU CO CXeMOit Tepmonap; 6) Tepmor
B) pacnpegenexue yrnepoaa; CrloLHbIe nHMN — pacuyera; TMHAN — AaHHble
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Puc. 3. Crurok Maccoi 142 T: a) cepHbii 0TNEaToK NPOAONILHOTD TemnneTa;
paxosyHy 1 30P

6) )

xomATes B pas6poca
TEMIIEpaTyp C MOMOLIBIO XPOMENb-aIOME/IeBBIX TepMOnap
¥ TIOTCHLIMOMETPA.

Ha puc.2¢ pacyeTHbie 1
TA/IbHBIE JaHHbIE PACIpPENeTeHusi YIJepola Mo OcH Tena
cnka. T1 y b "

Puc. 4. Pacnionoxenve 3LUB/ & cruTke
Maccoit 80 T ua cranu 15X2HM®A: cnesa
akTuieckoe, Crpasa — pesynsTaThl
MoAenmMposanns

B CIMTKE OCEBOIl PHIVIOCTH), TAK M KOTHSECTREHHO. DT0
TOBOPHT O TOM, HTO IKCTIEPHMEHTATBHO TOJyCHHbIC IaH-
HbIE JI0CTATOUHO XOPOLLIO KOPPEUPYIOT C PACUETHBIMH, CO-
OTBETCTBEHHO, 3al0XeHHas B nporpammy «KpymHbiit ciu-
TOK» MATEMATHYECKas MOIEIIb ABISCTCS AeKBATHOI.
Takum 06PasoM, COMOCTABIEHHE IKCHEPUMEHTATBHBIX

DACUETHBIX PE3YILTATOB MOKHO CYHTATh " p: B nporpamve «K| CAMTOK> JaHHBIX
HOI HE TO/IBKO KAYeCTBEHHO, HO  KOIMUCCTBEHHO. TI0KA3a/10 XOPOLIYIO CXOAMMOCTh ¥ JOKA3a/I0 TeM CaMBIM
Ha pric. 36 nokasatst npo- i MozeH.
Liecca 3aTBepIeBa s CUTKA Maccoﬁ 142
B Tabn. 4
HBIX 1 JaHHBIX P il SOMEY

yeanouHbIX 1e)eKTOB, KOTOpbIe, KaK BUIHO, COBMANAIOT Kak
(1 pacuer, noKasaTH HaTHIE

Tabauua 4
CpaBHeHHeE FEOMETDIECKIX XADAKTEPHCTHK YCATOUMBIX 1eheKTOR
IKCEPHMEHTATHHBIX 1 PACHETHbIX JAHHBIX /LTS CANTKA MaAcCOi 142 T

Tapaverps!,

WHYPOB BHELEHTPEHHO IKBaLuu

Tporpamma «KpymHBIii CIMTOK» MO3BOJISET MPOTHO3M-
POBATh MECTOPACIIONOKEHHE B Te/le C/MTKA 30HbI LIHYPOB
BHeLeHTpeHHo# mnKBatuan (3IBI). B ocHosy pacyera npyu
TOM T0I0XKeHa TeopHst 0BPA3OBAHHS LIHYPOB N0 MeXaHU3-
MY 30HHOJi ILIABKH C TeMNIEpaTypHbIM rpaauentom [7).

AJITODHTM pacueTa MONOKEHHS 30HbI BHELEHTPEHHO!
JMKBALMM GbUT CO3MAH C YUETOM TYGOKMX M A0CKOHATb-

TayGitka ycanoutoit
DaKOBHHb

Paccrosite o yeanouwoit
paKoBHHBI 10 Tena caNTKa

~330

TlpoTsikerHOCT 30t

510 550 8
YeanouHoit nopictocTi

1lInpuna 30Hb! yeanouHoit
nopuctocti

135 140 4

HBIX BIMSHMS HA e PasMephi Pa3TMuHBIX
TexHOMOTHYECKUX (PAKTODOB M COCTABA Pa3THBACMOIE CTA-
0, 2 umenHHo (cmoco6a p:
smst) [10] m kpemmns [, 11, 12, a Takoke Ter10Boii padoTht
camtka [2,5,6).
TIpHMep pe3yIbTaToB pacteTa KOOPANHAT 30Hb BHELICH-
TPEeHHOI JMKBALIMM B CIHTKE Maccoii 80 T MoKasaH Ha puc. 4.
Kax BUIHO, CPABHEHME PACYETHBIX 1 POBEPEHHBIX KC-
TIepUMEHTATbHO pasmepos 3ILBJI nokasbiBaeT yIOBJIETBO-

: obue pasepbi 30HbI




LLIHYPOB BHELEHTPEHHOI JIHKBALIH IOCTATOHO TOUHO COB-
nazaior ¢ HBIMM; €CTh pasmuune
B HANPABICHHN PACTIONOKSHMS WIHYPOB B BEPXHeil YacTh
CIIUTKA 1 KONMUECTBE LHYPOB, OHAKO TO Pa3IHHHe MOKHO
CYNTATH HE3HAYHTENBHBIM, TAK KAK OHO MPHHUMITHATEHO
He BIMACT Ha Obllee KauecTBO CIMTKA M TEXHONOTHIO ero

Ba. [MaBHbIMK ukamu 3LUBJT 8-
JISIOTCS MMEHHO ce TaGapuTHBIA pasvep H YIaIeHHOCTb
OT OBEPXHOCTH CIITKA, MIOCKOJBKY MMEHHO 3TH KDHTEpUH
OMpenessIoT BOSMOXKHOCTD BLIXOA@ LIHYPOB Ha MOBEPXHOCTH
M3EUS i ero OTOPAKOBKY; 110 IAHHBIM KPHTEPUSIM COBIa-
JZIeHUE J10CTATOUHO TOUHOE.

Tpumenenne nporpammbl «KpyrHblit CMTOK» 1103BO-
JISleT AHAIM3MPOBAT BIAMSHHE XMMHMUECKOTO COCTABA CTali
11 DOPMBI CIIMTKA HA PA3BHTHE BHELEHTPEHHOM TUKBALIAM,
Tak, UCC/EI0BAUE BAMAHMS Cepbi 1 ochopa Ha pasmephi
3IUBJI B cuTKax U3 OGbIYHOIM HM3KOJIETMPOBAHHOM CTAMN
ima 35X2HM®MA 10Ka3ai10, 4TO MM YMEHbIICHHH CONep-
JKaHUSI KaXI0r0 M3 9TUX aemeHToB ot 0,040 10 0,005% npo-
MCXOIMT M3MEHEHUE MPENe/bHOTO AMaMeTpa CJIMTKA, TpH
KOTOPOM IIHYPhI elme He oGpasyiotcs: ot 700 My (mpu

1,5) o 1500 MM B cramix, coepXaumx MeHee
0,05% kpemHus.

B cantkax u3 conepxaeii okono 0,3% Si cramm co-
OTBETCTBYIOUIHE TPEAC/bHBIE 3HAYEHHS AMAMETPA CIUTKA
cocrasastior 300 1 1000 Mv. MeHbLnii KpuTHUeCKHii pas-
Mep CAMTKOB M3 CTATH C GO/bILIAM COZIEPKAHMEM KDeMHIs

JIpyroii xa 1Kol (hopMBI CAMTKA,
joliteil BOIMOKHOCT HaTMuusi 1 pasmep 3LIBJ, spasercs
OTHOLICHHE BHICOTHI Tella CAMTKA K €r0 CPEIHeMy AMaMeT-
py — H/D. Tpumenenne nporpammbl «Kpynubiii ciurok»
U1 aHATH3A BAMSIHMSL STOMl XapAaKTEPHCTHKH Ha Pasviephi
3LIBJI nokasano, uTo yMeHbiieHve Benunkbl H/D ot 2
10 1 MpUBOANT K HOI
HOCTH 30HBI LIHYPOB 110 BBICOTE CMTKA H YBEIHUCHHIO €
OTHOCHTE/IbHOI LIMPUHBL B 1,5 pasa B cauTKe Maccoii 40 T
v B 1,3 pasa B camTke Maccoit 300 T.

MeHbluee usvenerne xapakrepuctik 3LIBI B Gonee
KDYITHOM CIIHTKE, KaK GbUIO CKA3aHo Bbille, OGYCIOBICHO
€ro Gonbllleii TErUIOBOI MHEPUMOHHOCTBIO, YMEHbIICHHE
BepTHKATBHOI w 3IIBJT npu
H/D cB3aHO C yBeTHHEHMEM OTHOCHTEBHOI BHICOTE CIUT-
Ka, Ha KOTOPYIO PACTIPOCTPAHAETCA 3AXOaKHBAIONIEE Kei-
CTBUE NO/IOHA. YBeMUeHH e TIONepeyHoTo pasmepa 3LLIBJ
npy ymenbiierun H/D CBA3aHO ¢ POCTOM OTHOCHTENBHOI
JI0MM pamiyca CMTKA, HA MPOTSIKEHMH KOTOOH 3aTBepie-
BaHie MPOTEKaeT B YCIOBUSIX, GIIATOMPUATHBIX JUTsi (hOPMH-
posatms 3LIBIL

Takum 06pasom, nporpamma «KpyrnHblii cIMTOK», B yacT-
HOCTH MOZYTb UIS MPOTHO3MpOBaHMsi pasmepos 3LLIBJI,
103BOMAET OCYWICCTBUTS Pa3paboTKy (BOPMbI CANTKA, Na-
PaMeTPOB OCHACTKH, TEXHOJIOTHM PAITMBKM TIPH 3ATAHHBIX
COePKAHMSIX TPHUMECeH C LENbl0 MUHMMM3ALMK pasMe-
DOB 30HBI LIHYPOB H HCKITIOYEHMS BOIMOXKHOCTH €¢ BBIXOIA

€ro BAMSHHS Ha 3aT
(nonpo6ee om. [1,4,5, 11, 14]).

WsyueHine BIMAHMS KOHYCHOCTH Ha napamerphi 3LLIBJT
110KA310, 4TO YBEMUCHHE TOii XapaKkTepUCTHKH OT 4 10
16% BbI3bIBACT YBEAMUEHNE TIOLIAM 30HBI LIHYPOB B 2 pasa
B CIMTKax amametpom 1500 MM u B 1,5 pasa B cauTKax
mavepom 3000 Mu.

MeHbliee BMAHNE KOHYCHOCTH Ha pasmep 3LIBIT B
CMTKe GOMbLIEH MAcChl , CEIOBATENbHO, IMAMETA 00y~
cnoBIeHO ueCKHX
XapaKTEPHCTUK 3aTBEpACBAHMS NP U3MEHEHUH DA3MEpOB
3aTBepEBAIONIET0 OGBEKTA: MPU CeYEHUSX IPHMEPHO 110 | M
OTKJIOHEHHE PA3MEPOB OT 3AAHHbIX B Ty WIH HHYIO CTOPOHY
BBI3LIBACT PE3KOE it
u JX CTPYKTYDBI; 11O Mepe yBe-
JIMUEHUS CeYCHNs M3VIEHEHHE TETLIOMUIMYECKHX NapaveT-
OB 3aTBEpIEBAHMS MPUOOPETACT ACHMITOTHYECKMI XapaK-
Tep. JIpyruMH CIOBaMH, YeM KpyIHee CIMTOK, TeM caGee
XapaKTep 3aTBEPAEBAHNS M OTPAXAIOLIAs €rO CTPYKTYpa 3a-
BUCST OT Pasviepos.

Veemuerne pasmepos 3LLIBJT npy yBeamueHun KoHyc-
HOCTH OGYC/IOBTEHO CyKEHUeM HIKHeH YacTH CTMTKA W
DACHIMDEHMEM O BEPXHEH acTH ¢ COOTBETCTBYIOUIMM H3-

ceyeHmsi 1 HeCKIX
npouecca 3at — rpanuenTa TeM-
MepaTyphi U CKOpOCTH MpOIBIKeHHA (PoHTa. B HukHeit
YaCTU CIIUTKA aGCOMIOTHBIE 3HAUCHHS CKOPOCTH M TPAleH-
Ta BO3ACTAIOT, B BEXHeil — YObIBAIOT. IT0 0OYCIABIMBACT
Y BBEpX 1t ee
TAK Kak 06pa3soBaHue 3TOii 30HbI 00/1CrYACTCS MPH CHIKE-
HHYM CKOPOCTH 1 IPAIHEHTA TeMIIePATYpEI.

Ha b M3IEITHSE.

AHanus BAUSIHUS reoMeTpun CnuTka
Ha ero GpM3U4ECKyI0 HEOAHOPOAHOCTE

C eNbIo KOHYECTBEHHOM OLIEHKH BIMAHMS FEOMETPHI
CAMTKA HA €ro (PU3NYECKYI0 HEOAHOPOAHOCTb C MCMONB30-
BaHMeM NPOrpaMMbl «KpyMHbiil CMTOK» GbUT PACCMOTPEH
BYX(haKTOPHBIii MIaH BTOPOTO MOpPAAKa, B KOTOPOM B Kaue-
CTBE BapbHPYeMBIX APAMETPOB GbLTH BHGPAHE! KOHYCHOCTh

OBvem nop, cvd

Puc. 5. BIWsHUE KOHYCHOCTH CRUTKA 1 OTHOWeHNs H /D
Ha 06beM YCaNl0HOM PLIXIOCTH

ISSN 0131-1336. TSUKE/OE MAIIMHOCTPOEHHE. 2012. N7 [ 43]



cantka (/) 1 OTHOWICHNUE BBICOTHI Te/Ia CIIMTKA K €TO Cpesi-
Hemy avaverpy (H/D), a B KauecTBe (hyHKLIMM OTKINKE —
00BEM yCalOuHOI PBIXJIOCTH; Macca ClIMTKa 65 T; pasnBae-
Mast cranb — 1SX2HM®A.

Tlo nosyyeHHbIM TOYKaM GBLIO P

BaHHs JIUTOH CTPYKTYPHI CATKOB PASHYHON MACCHI H CTIO-
co6oB ux nonyuenms. Ha puc. 6 npusesies npuMep nayuennus
M3MEHEHUs] PACCTOSIHMS MEXI1Y OCSIMMU IEHIPHTOB TIO ceue-
HItIo CIMTKOB Maccoii 142, 27,6 1 12 1.

perpeccu:

Vin = —45,0 — 6,34 1\+108~%

2
+0464 - K2+ 12,7+ (%) g )

it 10 IaHHOMY
npeJcTaB/ieHa Ha puc. 5.

W3 puc. 5 BuaHo, yem meHbie otHomenue H/D n uem
GoJiblile KOHYCHOCTD, TeM MOPHCTOCTh MeHblie. Takas WH-
(hOPMALIS MOKET GbITh HCHIOTH30BAHA TP PA3PABOTKE re0-
METPHH CJIMTKA C FapaHTHPOBAHHO TUIOTHOI OCEBOI 30HOIA.

AHanus BAUAHUSA reoMeTpun CnmTKa
Ha ero CTPYKTYPHYIO HEOAHOPOAHOCTE

Kax 6b110 ckasaro, 8 OAO HITO «LIHUMTMAIL> Ha-
KOIUIeH JOCTATONHO GOMBIION 0GbeM PesyTBTaTOR HCCTelo-

IaHHbIe YIOT O TOM, YTO
Haubosee AMCTIEPCHOI CTPYKTYpa SIBISIETCSl B NPHIIOBEPX-
HOCTHOM CJI0€; 110 Mepe YAICHHs! OT MOBEPXHOCTH 110 OTIpe-
npezena MEXI1Y OCAMH

€51, COOTBETCTBEHHO, CTPYKTYpa IpybeeT, U HaKoHell, B Oce-
BOI1 YacTH
paccTosiust. [o/106HOe M3MeHEH e MapaMeTpoB CTPYKTYphI
COOTBETCTBYET PAIMAIBLHOMY M3MEHEHHIO CKOPOCTH OX7a-
KICHUS.

M3 2KenepuMeHTaTbHBIX JAHHBIX CIEIYET, YTO MapamMeTp
JICHIPUTHOI CTPYKTYPbl 3aBHCUT OT YIATCHHOCTH OT MO~
BEPXHOCTH. YUMTHIBAS B3aMMOCBS3b IapaMeTpoB CTPYKTY-

pbl co M CBSI3b it ¢ ce-
YeHHEM 3aTBepICBAIOLIEr0 00beKTa (YeM Gorbille CedeHHue,
Tem CKOPOCTh ), ¢

nporpamMmbl «KpymiHblii caUTOK» ObUT MpOBeleH Marema-
THUCCKMIT AHATH3 BIMSTHISI YIAIEHHOCTH OT MMOBEPXHOCTH
u otHowenust H/D Ha napameTpbl JIMTOH CTPYKTYPBI.

5 1800
i R F
<1500 ~ - . o 3nn 1275500
£ 1400 & 2 30 127550u/4
1300 ~ o ] M
S1to
§ie8
g 800
: 700
$ 600 !
£ 300 [ oBepuice cevene
E 480 | o cpemnee cesenme |
E %88 " ® Humnee cevenme = =

O Es

0 10 20 30 40 50 60 70 80 90:
PaccTosHMe oT ocH CAuTKa, %

10 20 30 40 50 60 70 80 90
Paccrosikme of ocu CauTKa, %

10 20 30 40 50 60 70 80 90
PaccroaHue oT ocu cuTKa, %

a 2 6

Puc. 6. VlaveHenie PAcCTOSHUS MeXay OCAMI N0 CeYeHMIo CIUTKOB PA3nuanoii maccs: a) 142 T; 6) 27,6 T;

8) cnutok BN maccon 12 T CKOPOCTH. 350, 550 n 950 kr/4)
i | i =
H o | i
g % g § =
2 =z 3: 0
i g1 im ]
i = is

Huxriee ceverme Cpepriee cevenme BepxHee cevenme

Puc. 7. Bnusrue otHowenus H/D Tena cauTka (npu K = 10%) Ha AMCNIEPCHOCTS NUTOM GTPYKTYPH GAUTKA MACCOi 65 T
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P 1 pacuera s yxe
YNOMMHABLINXCS CAMTKOB MAcCoii 65 T PAsTMYHOIi reoMeT-
UM pUBEICH Ha puc. 7.

s
perpeccuyt Tina (1), NO3BONSIOLIME PACCYUTATD MEKOCHBIE
DPACCTOAHMUSI B IOHHOM CPETHEM M BEPXHEM CeYeHHsIX CANTKA
Maccoii 0KoJio 65 T u3 cranu Tuna 15X2HM®A:

P E Y ay?
LD d R +e D

3nayeHns JaHHOTO anst
JIOHHOTO, CPEIHEro M MOANPHOLLIBHOTO CeYeHMil mpyBene-
HBI B Ta0J1. 5.

d=a+b

=

Bpews satnepiesani, 4

ARG Orowene H/J{
Kooppmuenrrst ypasenus (1)
115 PASTHANBIX Cenent it CAMTKA
a b o d e Puc. 8. Brustue otHowenws H/D 1 KoHYCHOCTH Tena canTka
Ha NPOAONKATENEHOCTS ATBEPAEBAHHS CIUTKA MACCOR 65 T U3
xownoe | 405 | 153 | 046 | —00225 | —708 bl
cpeasee | 611 | —1,8 | 315 | —00554 | —457
Ananus enusiHus reoMmeTpumu cnmTka
e | 645 | 579 | 192 | 00456 | 712
Ha ero y

M3 npencTaBieHHbIX Ha pHC. 7 TPadUKOB BHAHO, TO
CMTOK ¢ MeHbiM 3Hauennem H/D xapaktepusyetcsi 6o-
Jlee rpy6oiA MTOM CTpYKTYpOit. Hambornee KpymHoii feH-
DUTHas CTPYKTYpa SIBJSCTCA B MOANPHOLLILHOI HACTH CIHT-
Ka. Paziinune MEKIy IUCTIEPCHOCTHIO CTPYKTYDBI B OIHHA-

Tporpamva «KpymHBIH CIMTOK» TO3BOMSET MPOAHAIN-
3MPOBATD BMSIHHE TEXHOMOTHUECKHX NMAPAMETPOB H FeoMeT-
PHH CZUTKA HA €TO XHMHYECKYIO HEOTHOPOIHOCTb.

OGoblieH e HMEIOLIHXCS B OTKDHITOM MeYaTH M Hapa-
GotanHbiX B Teuenne Gonee 50 ner 8 OAO HIIO «LIHM-
WTMALL> 3 Heon-

KOBBIX CEMEHHX CITUTKOB D P
OT JIOHHOM YacTH K MOANPHObLILHOI.

Hamnane 0 CTpyKTYpHOii
CTH CIMTKOB MO3BOJISIET YCOBEPIICHCTBOBATS TEXHOTOTHIO MX

TBA M ONT

KY3HEYHBIX CTMTKOB MOKa3bIBAET, YTO B 0OIIeM
cllydae conepKaHme JMKBATOB 10 PAIMyCy CUTKA OT Mepu-
(epun K UEHTPY YMEHBLIACTCS B AOHHOI 4aCTH; TI0-pa3HOMY
BEJIeT Ce6sl B CPE/IHEM CEUCHHH M CYIIECTBEHHO BO3PACTacT

npoteccel
HO#t M TepMUYecKOit 06paboTKH.

AHanu3a BNMSHUS reOMeTPUMN CnnTka
Ha ero 3ar

C uenonb3oBaHneM nporpamvbi «KpyIHBbIil CIHTOK>
GHUI0 MCCTEOBAHO BIUSHHE [COMETPHH CIWTKA Ha Mpo-
JIOJKUTENIBHOCTD €ro 3aTBepaeBaHms (puc. 8).

PesybTaThl pacteTa MOKasaii Xopolliee COBIAICHHE ¢

B CEUEHMH; TIPH 3TOM COLEPXAHHE TPUMe-
CH B TIPUIOBEPXHOCTHBIX CIOSIX CANTKA, KAK PABIIO, C1aG0
(Ha 10-15% oTH.) Bo3pactaet cHu3y BBepx (pic. 10).

Il Gortee TOMHOI KOMHHCCTREHHO! OLCHKH BIMAKWA
TCOMETPHH Ha XIMHIECKYIO HEOTHOPOTHOCTb GbUT HCTIOMb-
30BaH ABYX(PAKTOPHBIii MIaH BTOPOrO MOPAIKA, B KOTOPOM
B KayecTse y KO-
HycHoCTs cuTka (K) 1 OTHOICHHE BHICOTH Te/la CTHTKA
K ero cpeasemy mnavetpy (H/D), a B Kauectse (yHK-
LMK OTKIIMKA — KOHUEHTPALMsl YIZIEpOia B OCEBOIi YacTh

dakTiyecKn Ha cmtka [C]. Macca ciutka 65 T; pasiMBaemas cranh —

B To e BpeMsi OHM OTKDBIBAIOT BO3MOKHOCTH copepiier-  1SX2HM®A.

CTBOBAHMUSI TEILIOBOI PAGOTH CIMTKOB, HX n B 6b110 MOYYEHO ypas-

TEXHOJIOTHH Pa3TMBKM B uejioM. Tak, HanMune noaobHoro Henue 2-if crenenn (10). [Lisi cpaBHEHUs 3TOFO MHTEPMONS-

poza TIOBBICHTE ¥ IAHHBIX O TOYEYHOM PacTIpeieNieHHM

HOCTH 06 cBoiicTB  yraeposa, ¢ nporpamvbi «K;

CIMTKA M BBISIBUTH METO/IbI ONTHMU3ALIMN TEXHONOTHH €ro CIMTOK», GbUT paccumTan Koadybuument koppenstmi (kyop)
i Ha puc.8 pa- W MOMyUeHO Y ero or .

duk T haKTHUECKH Ha  eMbIX (11). 3navente ko, XapakTepusyer pas-

TOM HITH HHOM i TeNbHO-  GPOC KOHUEHTPALIHMIf YIJIEPOa OTHOCHTEBHOTO €ro CpeiHe-

CTH BLUIEPXKH CAHTKA TIPH OXTAKICHHH NEpel KOBKO/i
CKOPPEKTHDOBAT C LIEbIO €€ ONTHMI3ALILI i COKPALLCHHS
pacxona rasa Ha AabHeHLIHi Tiepee.

1O CONCPKAHIA AU BHIOPAHHOI BHICOTH CMTKA SHAUCHHS.
Takoke GHUIO IOTYHEHO YPABHEHHE JABHCHMOCTH AGCOTIOT-
HOFO AMAIa30Ha HIMCHEHMA KOHIEHTpawH yrepora A[C]
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Puc. 9. BavsiHMe reOMeTpHM CANTKa Ha €ro XMMUYECKYI0 HEOAHOPOAHOCTL

Conepanie npivcct, %

VAGIGHROCTS g8
ot nosepxiocTH,

5
Beicota Tena ciuTKa,
nom e

nom e

Puc. 10. O6Lian kapTuHa PacTpeENieHvisi IMKBaTa B CAUTKE B
OCEeBOM ¥ (mns cnvTkos,

1z [C] — KOHLEHTpauWs YIIepoia B OCeBOI YaCTH CHTKA,
%; kyop — Koadbuiment koppensawmn, non. ex; A[C] —
MaNA30H M3MEHEHNs KOHUCHTPALWH YI/IEpOsa Mo BhicoTe
oceBoi yacTi cuTKa, % abe.

I3 Mo/lyueHHbIX Pe3yIBTATOB BUIHO, UTO AMANA30H W3-
MEHEHHS COJEpKAHMS VIEpOIa 1O BBICOTE OCEBOH 4a-

CTH cauTKa npu Y

H/D wcrato npu

Pastpoc (. ) yraepona

etest © Wy coor-

Howenna H/D, T.c. TpH TAKHX W3MEHEHIAX TEOMETPHI
CJINTKA HA KPUBOH yrepoaa

KOMHHECTBO IOKATLHbIX IKCTPEMYMOB, CB3AHHBIX C «3aXBa-
TOM> KIIKOFO MeTalTa B Tefle CTMTKA (HCKITIOUEHHE BO3-
MOKHOCTH €ro MEpeMCLIHBAHIS C PACTIOTATAIONIIMCS BHILIE
pacnaaBow).

Kpui-
4ECKH OLICHHT [COMETPIIO CHTKOB Ha MpeaMeT oGecriete-
HHsL 3Q1QHHOI XHMHUECKOH OIHOPOIHOCTH.

KOTOpbiX OBECTIENBABT HanM4Me YCAOBHUiA A5 HANPABNEHHOTO
3aTBEPAEBAHIR U MCKNIOAET YCNOBHS AR GOPMIPOBAHNS WHY-
POB BHELIBHTPEHHOI NMKBaLWM)

ot ccnenopanHIX Mapavetpos (12). Thaduki, wutocTpi-
DYIOLLIVE BLIABTEHHEIC 3ABHCHMOCTH, MPHBEICHE! Ha PHC. 9.

H

[C] = 0,0892+40,70- 10 - H +51,94- 107"+ e

—~98.20-107* - H - % +39,20- 107 H? +

2
+93,59-107¢ - (%) , (10)
Fyop = 0,9791 + 82,67 107 - % +26,18-1074- K —
2
~0,0076 - (g) — 44411070 K2, (11

A[C] = 0,046 — 00173 - % —83,33- K +

2
+26,67-107%- (%) +1042-107° - K2, (12)

B OAO HITO «IHUMTMALL> paspaGotan Komrieke-
HbIil METOI aHaIW3a KayecTBa CIMTKOB, B TOM 4MCIe
KpYMHBIX. MeTOR OCHOBAH HA HCTIOMB30BAHHI KOMITBIO-
TepHoro u TATbHbIX JiaH-
HbiX, npu n
¢ Tepmorpachmpora-
HUEM OCTHIBAHIA CATKOB PASTHIHOI Macchi oT 0,5 KX
10 290 T, M HX MCTALIOTPAQUIECKOTO UCCTENOBAH.
MeTon BKTOuaeT BEIGOP WCXOHOTO BAPHAHT TeXHO-
ormm w1 ero B
TIPOTPAMMHOM KOMILTEKCe.
MeTon 103B0AsIeT MpOAHATH3NpOBAT BANSIHHE COCTABA
W TEXHOTIOTHH BBITLTGBKU 1 PAINBKH, KOHGHTYpAIMH
CANTKA HA €0 KAUCCTBO I BHIGPATH UX ONTHMATBHbIC
3HaueHUsl B 3aBUCHMOCTH OT MCTIO/Ib3YeMOi OCHAacTKH,
MapKH CTaT # KOHKPETHBIX YCIOBHUIf PAXIHBKIL; Ha 0C-
HOBE aHATN3a MPOCKTHPYEMOIl 1 haKTHUECKOll TeXHO-
orim camTka mpor ero Ka-
wecrso. [TpHyeHenue MeToaa i mporpavybl «KpymHbiit
CJIMTOK» MO3BOJISACT:

)

© KOJIMUECTBEHHO OLCHHBATH XHMHYECKYIO, (DH3UIECKYIO
H CTPYKTYPHYIO HEOIHODOIHOCTb CAHTKA;
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® mipor

LUEHTPEHHOIT JIMKBALH;

WHYPOB BHE-

© BbISIBIATh BIMSHHUE TEXHONOTHYECKMX (haKTOPOB Ha Xa-
PAKTEPUCTHKH KAueCTBa CAMTKOB 1 Ha OCHOBAHMH 3T0-
O — ONTHMH3UPOBATH PEXHM PAIHBKH;

® DACCUMTHIBATH TOJIs TEMTIEPATYP M CKOPOCTh KOHBEK-
TUBHBIX NIOTOKOB META/Ia B MPOLCECCE 3aTBEPICBAHMNS
CIIMTKA;

. ¢ yueroum

PasIUBKH C

COfiepXXaHHeM JIETHDYIOUIMX JIMKBATOB B META/IE Pas-
JIMYHBIX KOBLUEI;

© YUHTHIBATH 3ATBEICBAHNE CAUTKA B MPOLECCE SATHBKH
PACIIaBa B MATOXHULLY;

o

Maxapos M. H. Viceenioar e napaveTpoB npObLIi Ha Kitke-
TUIKY 32TBepACBAHIUL CTAH 1 (IOPMHPOBAHHE YCAIOMHBIX Je-
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