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®OPMUPOBAHUE MEXAHUYECKUX CBOICTB
HU3KOJETUPOBAHHOI CTAJU 1JI1 ABTOMOBUJECTPOEHUS
B ITIPOLECCE XOJJOAHOTI'O U TOPAYEIo JE®@OPMUPOBAHU A

Bpa6ome npoanaau3uposano e8ausdnHue xpoma, 6anHaAduUs U MUMANna Ha MexXanu1ecKue céolUcmea cmaiu
C UCNOJIb30BAHUEM CIAMUCMULECK020 Memo0d njaanuposanusl aKkmueHozo dKkcnepumenma. Yemanosnenwol
3AKOHOMEPHOCMU USMEHECHUA MEXAHUUECKUX ceolicme om GAUAHUSA Jle2UPYrouwux 3j1emMenmos u coomeemc-
B6EHHO 6bl6paH peicomeuayemuﬁ onmumanvholil xumureckuil cocmaeé cmanu. Haubonee cunvio mexanuue-
cKue ceolicmea cmanu 3a8ucsm om coaepmauuﬂ 6 cmaJju xpoma u mumana. 3amemno erusHue coomuouie-
HUs KoJjquvecmea xpoma u mumana. Hpeacmaeﬂeuue pe3yabvmamos IKCnepumeHimoes 6 eude nounoma 6mo-
poii cmenenu 0Kka3ajiocob onpaeaauubw — 3HAMUMENbHASA YACMb HEJIUHEUHBIX UIeH08 3HAUUMO Omautaen -

Cs1 O0m HYJiA.

Kmouesvie crasa: HU3KOJleeuposanias Cmav, je2upyroujue d1emennovl; XUMUMECKULL COCMAB; MEXAHUUECKUe CBOLICMBA;

Mmemoobt nianuposanus

Beenenue

Pacmupenue npou3BOACTBA JUCTOBOIO IIPOKATa
cTajiell pasIMYHbIX KIACCOB ONPENEIAETCS HE TOJIBKO
UX TEXHOJIOTOTMYHOCTBHIO, HO N OIITUMAJIbHBIM CcOYeTa-
HUEeM XUMUYECKOTO COCTaBa CTalid M AedOpPMaIOH-
HBIX PEKIMOB KOHTPOJIUPYEMON IIPOKATKU. B aBTOMO-
OUJIECTPOEHNHU TIPH M3TOTOBJIEHUU KOJECHBIX CTajeil
Hpe[['bHBﬂHeTCH TIOBBIIIICHHbIC Tpe6OBaHI/Iﬂ, CBsI3aHbIC
C IIPOYHOCTBHIO M BA3KOCTBIO, OOJIBLIINMHI HAIPY3KaMU
Ha HEMOAPECCOPEHHYIO YaCTh aBTOMOOBLIIS, 9TO IPUBO-
AUT K YBEJIMYCHHIO IIpeje/a MPOYHOCTU 10 Gy =
= 400...500 MIIa, KCU=0,78 M/I:x /M.

Onepanyuy 3aBUBKU CBapKU KPOMOK IUJIMHIPA,
mpohUIUPOBAHNS, Pa3Hadn 1 0OKIMa TOJLKHBI 00ec-
Ie4mnBaTbhCA BBICOKUMU IJIACTUYCCKUMU CBOIl/)ICTBaMI/I n
yaapuoii Baskoct. OcobeHHO 3TO KacaeTcsl CBApHOIO
mBa o0evaliky, T.K. OHa 0OecIeunBaeT KaueCTBO 0001a.

Bosuukaet He0OXOMMOCTD OI[EHKH CTAJIU HE TOJTh-
KO C TOYKU 3PEHMs JKCILUTyaTallud M3Aeauil, HO U C
TOYKU 3peHI/IH TEXHOJIOTUU HpOI/ISBO[[CTBa.

Mean
WccnenoBanusi MexaHUUECKUX CBOMCTB HU3KOJIE-
FMPOBAHHON CTaJM /I aBTOMOOWJIECTPOEHUS TIpU
XOJIOJTHO# U ropstueil 06pabOTKL.

NccaenoBanue
WN3BecTHBI MapKy HU3KOJETMPOBaHHOW cTamm [1],
KOTOPBIE TI03BOJISIIOT B ITPoTiecce 06pabOTKY yIyUIuTh
MIPOYHOCTHBIE XAPAKTEPUCTUKU Marepuasia. V3sect-
Hasl HU3KOJIETMpoBaHHas cTasib [1], B coctaB KOTOpOit
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BXOAUT: YIJIEPO, KPEMHUM, MapraHell, XpOM, HUKEJb,
aJiloMuHuii, Menb, ¢docdop, aszor, maruumii, P3M
ocTasibHOE kese30. HeoctaTkoM aTOl cTanu sIBJIsieT-
CSI CHIDKEHUE MEXaHUYECKUX XapaKTEPUCTUK CBAPHOTO
IIBa B PE3yJbTaTe MOJYyUYeHUS 3aKaJOUHBIX CTPYKTYP.
BBenenne B cocTaB ctanm Kasiblius, TUTaHA, BOIb(hpa-
Ma, HIOOUSI CTIOCOOCTBOBAJIO YCTPAHEHUIO HETATUBHO-
TO BIUSHUS 3aKAJTOYHBIX CTPYKTYP ,IIPU 3TOM B 30HE
TEPMUYECKOTO BJUSHUS CBAPHOTO IIBA CHIKAETCS
YPOBEHb YIAAPHOU BSI3KOCTH.

JlJist KOJIECHOTO TIPOU3BOJICTBA pazpaboTaHa BBICO-
KOITPOYHAS MapKa HU3KOJETUPOBAHHON CTaJH, B OCHO-
Be KOTOPOW HMCIOJIb30BAaH YTJIEPOJ, MapraHeil, KpeM-
HUit, TuTaH, hochop, BaHaaui, HuoOuii, xpom [2].

Ucnionp3yss MeTos TIAaHUPOBAHMS 9KCHEPUMEHTA
[3], ocyriecTBIéH SKCIIEpUMEHT U OTIpejie/ieHa 3aBUCH-
MOCTD psI/la MEXaHNYECKUX XapaKTePUCTUK TIpejiiarae-
MOIf CTJIN B 3aBUCHUMOCTH OT €€ XMMIUECKOTO COCTABA:
npenen npodnoctu (6y), MIla, mpenena tekydectu
(0;), Mlla, yrapnoii Baskoctu (KCU), M/Ix/m?%, oT-
HOCHTeIbHOTO yamunenus (J.), %.

Mexanunueckue UCIbITAHUS TIPOBOANJINCD B XOJIOI-
HOM COCTOSSHUM TIPU OJHOOCHOM PACTSSKEHUU WCITHI-
TeiBaeMoit Mogenu MTP-100 , corstacuo TOCT 1497-84.

B kauectBe He3aBUCUMBIX TIepeMeHHbIX 6bIJII/I
BBIOpaHbI: cojiep:kaHue B cTamn xpoma (X,), conepxa-
H1€ B cTaay BaHaaua (X,), coaepKaHue B CTall TUTaHa
(X,). B mponecce noucka onTuManibHOTO COCTaBa CILIA-
Ba B WH/YKIIMOHHON I€YM C OCHOBHOH (hyTEepOBKOIA
eMKOCTBIO 50 KT ObLIH TPOBEIEHBI JIAOOPATOPHBIE TLIAB-
KU1 CTaJIn. HOJIy‘{eHHI)Ie OTJIMBKHN KOBaJIN Ha 3al'OTOBKUN
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pazmepoM 10x80x120 MM, ¢ TTOCIEIYIONUM TPOKATKOM
B ropstueM coctostauu. B Tabi. 1 mpeacraBieHbl Mexa-
HUYECKUE XaPaKTEPUCTUKH UCCIIEyEeMOI CTAIH.

WNutepBasbl 1 ypoBHU U3MeHEHUS (HaKTOPOB MpU-
BesieHbl B TabJ1. 2. JIJist COKpAIeHUsT YMCIa OMBITOB U
npenoJarasg HeJTMHEeHHbIN XapakTep (GYyHKITUI OTKIIHN-
Ka, B paboTe UCIIONB30BAIN CHMMETPUUHBII KOMITO3H-
IIMOHHBIN TIJIaH BTOPOTO Topsika [3].
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OlIEHKA a/IeKBATHOCTH Mojesu 1o kpurtepuio Duiepa
[IPe/ICTaBJIeHbI B Ta0I. 3.

[Mocse ompenencanss K0a(hHUITMEHTOB ypaBHEHUI
perpeccuu, ObLI TOJYYeH PsII YPAaBHEHUH, KOTOPbIE
MOKa3bIBAIOT 3aBUCHUMOCTb MEXaHWYECKUX CBOWCTB
CTaJIN OT COZIEPsKAHUS JIETUPYIOMINX 3I€MEHTOB.

B pesyzbrate pacuetoB OBIIN TOTYIEHBI CITEMYIO-
e ypaBHeHUA:

Tabauna 1.
IJKCrnepUMEHTAbHbIE MEXaAHHYECKHE XapaKTEPUCTHKH CTAJIH
Mexanndeckrie XapaKTepuCTHKN
[Tpennoskennast cramib -
G, Mlla G, MIla S, % KCU, M/Ix/m?
1 427 321 33 0,85
2 525 473 25 0,65
3 502 345 30,5 0,95
4 503 451 28 0,90
5 413 309 29,5 0,55
6 575 496 18 0,45
7 499 443 29,5 0,80
MPOTOTHI 760 265 34 0,80
Tabsnuma 2.
MaxkTopsI HCCIEI0BAHHS
Daxrops
XapakTepucTika -
Cr, % Mac. V, % mac. Ti, % mac.
Kon X, X, X,
OCHOBHOI ypOBEHb 0,15 0,15 0,15
VuTepBas BApbUPOBAHUS 0,05 0,05 0,05
Husxnuit ypoBenb 0,10 0,10 0,10
Bepxumnii ypoBenn 0,20 0,20 0,20
Tabauna 3.
IIpoBepka pe3ybTaTOB PErPECCHBHOTO aHATH3A HA 3HAYMMOCTD U a/IEKBAaTHOCTh
OyHKINN OTKINKA
[Tapametp Y, Y, Y, Y,
Ab 2,55 2,55 0,015 0,25
t-KpuTepuii 2,78 2,78 2,78 2,78
F-xpurepwuii 6,09>4,39 6,26>5,61 6,16>4,88 6,26>4,79

[l BceX XapaKTePUCTHUK UCIOJIb30BAIOCH ypaBHe-
HUE PETPECCUr 2-0To MOPSIKa.

Manbreiinas 06paboTKa 9KCIIEPUMEHTAIBHDIX JIaH-
HBIX 1 ONITUMU3AUA XUMUYIECKOTO COCTaBa IMPOBOIN-
JIUCh C TMOMOIIBIO TMaKeTa MPUKIAMHBIX MPOrPAMM
"Statistica”, 4yTO TO3BOJUIO MOBBICUTH A(PHEKTUB-
HOCTh UCCJIEI0OBAHUI B HECKOIBKO Pas.

Yucnennble 3HaueHns KOaGhPUITMEHTOB perpeccun
N UX 3HAUYUMOCTD, OIpe/ieJIEeHbl C Y4€TOM pPa3/Indud
JIUCTIEPCUT JIJIST KQKJI0M (DYHKIIUKM OTKJIMKA, a TaKyKe
[poBepKa 3HaunMoctu 1o Kpurepuio CThiomeHTa U

6, =824 —-7385Cr — 991V +1627Ti + 23222Cr*~
— 9417Ti% +4200CrV + 4200CrTi + 4200VTi;

o, = 716 — 9636Cr + 162V + 2586Ti +32983Cr? —
—2153V2 — 11033Ti2 + 2900CrV + 2900CrTi + 2900V'Ti;

KCU =0,52+9,52Cr — 1,63V — 2,67Ti — 31,78Cr?>+
+12,22Ti% + 7,0CrV — 10,0CrTi;

8. = 32 + 280Cr — 161V — 115Ti — 1206Cr?> +
+ 353Ti?2 +735CrV — 215CrTi + 65VTi.

Jlist OlleHKU aJIeKBaTHOCTU ypPaBHEHUE ObLI MPoO-
M3Be/leH pacyeT Mo TOJYYeHHBIM YPaBHEHUSIM perpec-
CUU JUJIT OCHOBHOTO YPOBHSI XHMHMYECKOTO COCTaBa
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craju. Pe3ysbraThl pacyeToB OBLIH COMOCTABIEHBI €
AKCIIEPUMEHTATIBHBIMU JJaHHBIMU, [lOrpentHocTs Mex-
JIy PACUETHBIMU U 9KCIIEPUMEHTAIbHBIMU 3HAYEHUSIMU
(OyHKITMHT OTKJINKA He TIPeBhITaeT 2%.

Hcnonbsys naker nporpamMm MatLab, mocrpoerst
TpexMepHbIe MOJIeJIN, KOTOPbIe YIIPOIIAIOT NCCIel0Ba-
HU€ 3aBUCUMOCTH MKy TPYTTION (hakTOPOB U Uccie-
JIyeMbIMK B 3TOI paboTe MeXaHU4eCKUMHU CBOMCTBaMU
(puc. 1-4)

Ha puc. 1, 2 mokazano, 4To ¢ U3BMeHeHNeM XuMuJe-
CKOTO COCTaBa U3MEHSFOTCS MEXaHUIECKIe XapaKTepH-
CTUKU CTaJIl. BI/II[H])I TEHICHIIUU yBeJII/I‘IeHI/IH Hpe/:[eJIa
MIPOYHOCTH U TeKyuyecTu. Hampumep, npu cojiep:kannmu
Tiu Cr 0,2% u 0,14% CcOOTBETCTBEHHO UMEET MECTO
MakcuMasibHoe 3Hadenne 6, = 500 MIla u T.71.

Ha puc. 3, 4 mokazano uameHeHume yjapHoil BSI3KO-
CTU 1 OTHOCUTEJIbHOTO yI[JII/IHeHI/IH OT TeX Ke XruMuue-
ckux asemenToB. [Tpu snavenun Tin Cr 0,16% u 0,2%,
KCU = 0,8 M/Ix/m>

Puc. 1. OnTnMusanums XMMIYECKOro cOCTaBa CTaIn ¢ npefesaom npounoctu (Op)

Puc. 2. OHTI/IMI/ISHLII/I?I XUMUWYECKOro coCTaBa CTau C IIPEAEJIOM TEKYyYEeCTU (GT)

Puc. 3. OnTuMusanust XUMHYECKOTO COCTaBa CTAJIU C Y/IaPHON BSIBKOCTBIO
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Puc. 4. OHTI/IMHS&L[I/IFI XMMHYECKOI'0o COCTaBa CTa/JIN € OTHOCUTEJIbHOTO Y/IJIMHEHWA

XUMHUUYECKUN COCTaB CTajdu TIpPeACTaBICH B
1abs1. 4, pn aTom 6, = 407 Mlla, o, = 323 MIla,
KCU = 0,78 M/lxx/m?, 6,= 27,5%.

N3 ananmsa pucyHkoB 1—4 BUIHO, YTO CUJIbHEE BCETO
MeXaHYeCKe CBOMCTBA CTAJIN 3aBUCUT OT COMEPKAHUS
B CTAJIM XPOMA U TUTaHA. 3aMeTHO BJIUSET UX COOTHOIIIe-
nus. [IpeacraBiennie pe3yabTaToOB 9KCIIEPUMEHTA TTOJIN-
HOMOM BTOPOH CTEMEHU OKa3aJOCh OIMPABIAHHBIM —
3HAUUTEbHAS YaCTh HEJTMHEHHBIX YIEHOB 3/1eCh 3HAUU-
MO oTamdaetcs oT Hys. [lo pesyasraTam onTUMU3aIum
PEKOMEH/IOBAaH ONTUMATbHBIN XUMUYECKUU COCTaB
cramm, % mac.: yraepona — 0,10, kpemumuit — 0,31, xpom —
0,1, Barazuii — 0,13, turan — 0,12 (tabu. 5).

Wcnpitanus cranu B TopAaYEM COCTOAHUU ITPOBOAN-
joch Ha coBpementnoM Itactomerpe Gleeble 3800 u
nunaroMerpe. Paboune mapaMeTpsl IIACTOMETPA:

temrrepatypa t = 20...1700 °C,

CKOPOCTH JIBMzKeHus nyancona 10 2000 mm/cek,

Jiorapugm pedopmaiinu:

€, =001.12%e =001.015.

JlJis1 yTOUHEeHsT TeMIIepaTypHOrO pesKuMa Ucclie-
JOBaHUU OBLT TIPOBEIEH HKCIIEPUMEHT 10 OIpesesie-
HUIO TeMIlepaTyp Touek nepexozga Ar, u Ar, Juis jan-
HOU MapKu CTaJiv, KOTOPbIe COOTBeTCTBOBAMU 724 °C 1
898,6 °C (puc. 5). Pazmepsl 00pasiioB COOTBETCTBOBA-
i dx h=25x5um.

Tabauna 4.

XuMHYECKHIi COCTaB CTaH, % Mac

0,15

0,15

0,15

Tabauna 5.

OnTuMaibHbIE TIOKa3aTed MeEXaHHYECKHX CBOMCTB paSpaGOTaHHOﬁ HI/I3KOJICI‘I/Ip0BaHHOﬁ CTaju

Mexanuyeckue CBOMCTBa

Oy, MIla O, MIla

KCU, M/Ix/m? 3., %

407 323

0,78 27,5

Puc. 5. /lunarorpamma o6pasiia

IIpu wccaeoBaHUM Ha IJIACTOMETPE, OOpasIlbI
pazmepom d x h=10 x 12 MM moMemnagnuch B Kamepy,
BHYTPU KOTOPOU OTKAYUBAJICS BO3AYX W CO3/ABAJICS
BAKyyM JIJIsI MCKJIOYEHUs] OKUCJAEHUs MeTaJlia.
Ymupasiienue mIacTOMETPOM OCYIIIECTBIISLIOCH CIIEIH-
AJIbHBIMM KOMIIBIOTEPHBIMU IIpOTpaMMaMU 110 TEMIIE-
paType, ckopoctu u crerenu medopmarmu. Yepes
oTipezieJieHHbIE TTPOMEXYTKU BpPEMEHH B IPOIECCE
HarpyskeHust (PUKCUPOBAJINCH HAMPSLKEHUE TeKyde-
ctu u Jjorapudmudeckast aepopmaiust. B Tabua. 6
npe/acTaBJeHbl TEepMOMEXaHNYECUKEe IIapaMeTpPbl
neopMUPYyeMbIX 00pas3IoB.

Ha puc. 6, 7 npejicraBjieHbl JuarpaMMbl CKaTHST
06pa3IoB MPH PA3HBIX TEMIIEPATYPAX, TOKA3BIBAIOIINX
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Tabuma 6.
IMapamerps nedopmaiun
O6pasiibt 1 2 3 4 5
Temreparypa, °C 770 800 850 900 950
Cxopoctb fedopmaruu, ¢! 10
Crenens nedopmarun 0,01..1,2

Puc. 6. 3aBucnMocTbh HANpPSKEHMU OT HAYaJIbHOW CTajNK
nedopmannmu

3aBUCUMOCTD HANIPSIKEHUS TEKYYeCTH OT Jiorapudmu-
4ecKol jiechopMaItum CxKaTusl, Ha pa3HbIX aTanax ¢Gop-
MousMeHeHus1. [loBe/ieHne KPUBBIX MPU Pa3HBIX TeM-
meparypax u gebopmanusax pasmoe. B mpoiecce
HAYATBHOTO HATPY)KEHUS C yBEJUYEHUEM TEMIIEPaTy-
PBI HAIPSDKEHUsT TEKYYeCTH YMEHBIIAIOTCS ST BCEX
KPUBBIX, pucC. 7. B mocraemyiomemM Bepxuss kpusas 1
OITyCKAETCsl HIKE OCTAIbHBIX, a HIDKHSS KPUBas 5
3aHUMAET B KOHEYHON CTAIUH MOJIOKeHne MeKIY Kpu-
BbIMU 4 1 2, puc. 6. TemriepatypHasi Kpubas 3 3aHuMa-
et Bepxuee nosoxenue (T = 850 °C), X0Ts1 MUHUMAIb-
Hoe 3nauenuie temmeparypst 770 °C.Takoe pactiosioxke-
HUE KPUBBIX HE COOTBETCTBYET OOIIETIPHHITOMY TOJIO-
JKEHUIO, KOTJIa ¢ YBEJIMIEHHEM TeMIiepaTypbl 00paboT-
KU HANPsDKeHUe TeKy4eCcTH cHIKaercst. B mantnom ciy-
Yae 9TO BBIMOJHIETCS TOJBKO B HAYAIBHOU CTaquu
dbopmonsmenenns 1o pedopmanun -0,05. Ha ykasan-
HOM ILJIACTOMETPE 3aBUCUMOCTH MPECTABIEHHBIE PUC.
6, 7 IPOBEPSIIINCH HECKOJIBKO Pa3. YBeJInyeHue Harpsi-
JKEHUST TEKydeCTH TPU OOJIBIIEN TeMIleparype U CHU-
JKEHUE TP MEHbIIIEN — SIBJISIETCST 0COOEHHOCTRIO TIPe/I-
JlaraeMoil MapKu CcTajiu. ITO MOKET OBbITh 00BSICHEHO
BJINSTHUEM TEPMOMEXaHNYECKUX TTAPAMETPOB TIPOIlecca
Ha CTPYKTYPHO-(ha30BbIe MIPeBpalleHrs B MaTepuase B
aByxdasznoil obmactu (o + v). Ipu Goabiux gedop-
MAITSIX Pa3HOI CKOPOCTBIO pa3ynpodnens das.

Puc. 7. 3aBUCHMOCTD HANPSDKEHWI OT HOJIHO# cTazny fepopmarun

Berapiaennsie  0co6eHHOCTH  (POPMOU3MEHEH IS
MOTYT GBITh UCIOIB30BAHbI TIPK pazpaboTke gedopma-
IIMOHHBIX, CKOPOCTHBIX M TEMIIEPATYPHLIX PEKNMOB
00pabOTKY IIpe/IaraeMoil MapKu CTaJIu.

BsiBoibI:

1. PaspaboTana 1 uccjaeqoBaHa HOBas MapKa HH3-
KOJIETMPOBAHHON CTAJIN JIJIs1 KOJIECHOTO TIPOU3BOJICTBA.

2. PexoMeHyeMbIil ONTUMAJbHBIN XUMWYECKUI
coCTaB cTasn, Mac. % : yraepoxa — 0,10, kpemamnit — 0,31,
xpoMm — 0,1, Banaawmit — 0,13, turan — 0,12,

3. BbisgBieHbl 0COOEHHOCTH ILIACTUYECKOTO (hop-
MOU3MEHEHUsT HOBOW MapKU CTaJu B YCJIOBUSX TOPSI-
veil 06paboTKU.
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FORMATION OF MECHANICAL PROPERTIES LOW ALLOY STEELS FOR
THE AUTOMOTIVE INDUSTRY IN COLD AND HOT DEFORMATION

In this paper we analyzed the effect of chromium, vanadium and titanium on the mechanical properties of
steel using the statistical method of planning an active experiment. Established patterns of changes in the
mechanical properties of the degree of alloying steel. The optimum chemical composition of the steel. Established
that the mechanical properties of steel strongly depends on the content of chromium and titanium steel.
Noticeably affect the ratio between the quantity of chromium and titanium. Presentation of the results of the
experiment a second degree polynomial proved justified - a significant part of the nonlinear terms is significant-
ly different from zero.

Keywords: low-alloy steel; alloying elements; chemical composition; mechanical properties; planning methods
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KOMIIO3NIMOHHDBIE CETYATBIE KOHNYECKHUE KOHCTPYRIINN
B KOPIIYCAX TU/IPOAKYCTUYECKHUX CTAHITUI

Paccmompennvt npednosxcenus no co30anuto Kopnyca AKOPHoU euopoaxKycmumecKoi Cmanuyuu U3 KomMno3u-
UuoHn020 mamepuana. Kopnyc mosxcem 6otmo 6vtnonnen u3 yuaunHopumeckux u KOHUMECKUX Cemuamolx KOMno-
SUUUOHHBIX 000J10YeK, HIMO NO3BOTLAEM CHUSUMD OOUULL 8€C CMAHUUL, NOBLICUNTL NPOUHOCHL KOHCMPYKUWU U
yeeaurums 0aIbHOCMb 0CliCMEUss CMAHUUU 3A CHEM ONMUMUAUUY NAPAMEMPOE 36YKOB020 NOJISL.

Kmouesvie cnasa: sudpoaxycmuueckas cmanyusi; KOpnyc; KOMNOSUYUOHHASL 000I0UKA; KOHUYECKAS. KOHCIMPYKUUS,
eudpoakycmuxa; pacuodyil; 36yKo6oe noe; cemuamasi Cmpyxkmypa

B cymoctpoenuum s U3TOTOBJIEHUS KOPITYCOB, ITO CBSI3AHO C UX BBICOKOU IMPOYHOCTBIO U MaJIbIM
nanyb, KOHTeHepoB, 000J04YeK M JAPYIUX KOH-  yEeJbHBIM BECOM .
CprKHI/Iﬁ YaCTO TPUMEHAIOT KOMIIO3UIIMOHHDBIE KpOMe TOTO, ITOJIMMEPHbIE KOMITO3UITMOHHDBIE MaTe-
MaTepHUAaIbL. pHAITBI HA OCHOBE YTJIEPOANCTOrO BOJOKHA 0OIa1a10T 1
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