TEXHOJIOTHH

SPPDEKTUBHOCTL MIHHOBALIVIOHHOW!
TEXHOJOI N KPUOTEHHOIO BO3AENCTBYIA

KPUOFEHHAS OBPABOTKA B CPEQE TA300BPA3HOIO A3OTA SIBMAETCA VHHOBALIMOHHBIM ClMoCOBOM
PELLIEHWS PALA MPOM3BOAOCTBEHHbLIX 3AOAY, CBA3AHHbIX C MOBLILEHVIEM TBEPOOCTW, MPOYHOCTN,
N3HOCOCTOMKOCTY, LIMKIMMHYECKOW MPOYHOCTW, CTABMITNBALI TOYHBIX PABMEPOB, ®OPMVPOBAHVEM
B MOBEPXHOCTHbIX COAX OCTATOYHbBIX HAMPSXKEHWI COKATUSA 1 CHYXKEHVEM KOSDOULIMEHTA TPEHNA.
B JAHHOW PABOTE MPVBOAATCA OBEOCHOBAHHbBIE OT/INHNA DOOEKTUBHOCTV MPUMEHEHWNA KPUOTEHHOT O

YMPOYHEHUS OT TPAOULIMOHHBLIX METO4OB TEPMWUHECKOW OBPABOTKI. BHEOPEHWE KPI/|OI—E1—|HOI?1 OBPABOTKM
HA OTEYECTBEHHbIX MPEAMNPUATUAX MO3BONNT MOBbICKTE KAHECTBO, AKCMNYATALUMOHHBIV PECYPC,

KOHKYPEHTOCMNOCOBHOCTb BbIMYCKAEMOW TEXHUKNA.

KpuorenHas o6padoTka (KO) — nHHoBaumnoHHas TeXHONo-
rUS NMOBbILLEHUA Ka4ecTBa, KOHKYPEHTOCMOCOOHOCTH CoBpe-
MEHHOW TEXHWKM, OTHOCUTCS K TEPMUYECKMM B1AaM 06paboTKM
meTannuuecknx matepuanos. O6paboTka B anana3oHe Kpu-
OreHHbIX Temnepatyp oT 0° o muHyc 196°C B cpefie raso-
06pa3Horo asoTa cBs3aHa ¢ NoNMMOpHLIMU NpespaLLeHnaMm
B o6pabartbiBaeMom MaTepuane. OHa sBnseTcs 6e30nacHbIM,
BbICOKOMPOM3BOANTENbHBIM, SKOHOMUHHBLIM 1 SHEProaPdeK-
TUBHbIM CNOCOB0OM MOBbILLEHWS TBEPAOCTU, MPOYHOCTU, U3HO-
COCTOWMKOCTM, LIMKNNYECKON MPOYHOCTY, CTABMIN3aLMM TOHHBIX
pa3MepoB, (HOPMUPOBAHMA B NMOBEPXHOCTHbIX CIIOAX OCTATOM-
HbIX HAMPSKEHNI CKATUS 1 CHKEHNS KO3(hULIMEHTa TPeHNA.

B peaynbrare KpUOreHHOro BO3AecTBus U3MEHABTCH
CTPYKTYpHO-(ha30BbIf COCTaB, (PU3NHECKME, MEXaHNHECKME,
TEXHOMNOMMYECKME U SKCNIyaTaLMOHHbIE CBOMNCTBA CTanew.
Han6onbLuyto addekTMBHOCTL AaeT KO cTanu nocne 3axanku
V1 MPUMEHSIETCS C LIENbIO YNPOoYHeHUs. [N CHUXeHns TeMnepa-
TYPHbIX HANPSXKEHWI, BbI3BaHHbIX 3akasikor 1 KO, u nony4eHns
TpeByeMbIX MEXaHUYECKMX, (IUBNHECKUX W SKCTITyaTaLMOHHbBIX
CBOWCTB cTanbHble aeTanu nogsepratoT nocne KO oTnycky
(pmc. 1).

KomnnekcHas cxema TepMu4eckor 06paboTKn CcHuxXa-
eT B CTPYKType CTanu Konm4ecTBO OCTaTO4HOro aycTeHnTa
(puc. 2). OxnaxpeHne [0 KpUoreHHbIX TeMnepaTyp No3BonseT
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Puc. 1. Cxema KOMMIEKCHOW TepMUYECKOI 06paboTKK B cO4ETaHNUM
¢ KO Ha 3aBepLuatoLei ctagum
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Puc. 2. Bnuanue temnepatypbl KO Ha cofep)xaHne octaTto4Horo
aycTeHuTa B 3aKaneHHou ctanu AISI D2 [2]
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YMEHBLLUTL KOSIMYECTBO ayCcTeHnTa B 2,5-3,5 pa3a, a B HEKOTO-
PbIX CTaNAX C BLICOKVM CofiepXaHnem yrnepopa fio 6 pas 11

3a cyeT 06pa3oBaHus B CTPYKTYpe cTanu 6onee Nernpo-
BAHHOIO MapTeHCUTA NOBbLILLEHHOW TBEPAOCTN NPU OXNax-
[EeHWN [0 KPUOreHHbIX Temnepartyp pacTeT TeepaocTs. KO
no3BonsieT NonyyaTh 60nee BbICOKYI0 TBEPAOCTb 3aKaneHHoM
ctanu (puc. 3), NpPakTU4EeCKN He OCTVXXMMYIO NPy ApYTuX
cnocofax TepMudeckoin 06paboTkm [3].
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Puc. 3. 3aBMCMMOCTb TBEPAOCTM OT TEMMEpaTypbl 3aKanku cTanun X1201
[10 1 nocne KpuoreHHow o6paboTku

3aMeTHble nameHeHus B peaynsrate KO npoucxopsT ¢ pas-
6pOCOM 3Ha4eHWit TBepAoCTW. Pa3bpoc TBEPAOCTM YMEHb-
waeTcsa B cpefiHeM B 3,4 pasa [1], Tak kak CTpyKTypa cTtanu
CTaHOBUTCS 605ee PaBHOBECHOW (pUC. 4), 4TO NONTOXWTENBHO
OTpaXaeTcs Ha CPOKe CIyXGbl 1 a6Pa3MBHON M3HOCOCTONKOCTM
nap TpeHus.
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Puc. 4. TucTOrpaMmbl pacnpefeneHus TeepaocTu cranu 4X5SMOC
no u nocne KO

Ons nony4eHus M3penuin ¢ pasnuyHbiMuU OU3MKO-
XMMUYECKMMM 1 MEXAHUYECKMMU CBOMCTBAMU Ha NOBEPXHOCTA
W1 B CEpALIEBMHE NCMONB3YIOT XUMUKO-TEPMUHECKYH0 06PaBOTKY
cTanu. N3-3a BHegpeHns H60MbLLIOro KonuyecTsa yriiepoaa
1 a30Ta B KPUCTANNIMYECKYHO PELLIETKY Xeneaa 06bem HUTPO-
LLleMeTOBaHHOro CrNosi PACTET, a B NOBEPXHOCTHOW 30He feTant
BO3HMKAIOT HAMPSXKEHUS CXaTMUs CIOXHOro xapakTepa. ocne
KpUOreHHON 06paboTKM CXMMatOLLIMe HanpsxeHns Ha rnyéuHe
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Puc. 5. PacnipepeneHne ocTaTo4HbIX HanpsHKeHui
B HUTPOLEMEHTOBaHHOM crnoe cTanu 20X3MB® nocne 3akanku n KO

okono 100 MKM yBENUYMBAKOTCA YU UMEIOT 61aronpusaTHbIN
XapakTtep pacnpepenenus (puc. 5). lNocne kproreHHoro Bo3-
[EenCTBNA BbICOKME MPOYHOCTb, TBEPAOCTL M 61aronpusiTHbIe
HanpshKeHWs cxaTus o6ecnevnBaloT HATPOLEMEHTOBAHHOMY
CNOO MOBbILLIEHHYKO N3HOCOCTOMKOCTb M KOHTAKTHYHO BBIHOCIIN-
BOCTb, & BCEN fieTaIM — BbICOKYHO YCTANOCTHYIO NPOYHOCTb [1].

y6okoe oxnaxgeHne MeTannn4ecknx getanemn npmso-
OWT K cTabunuaauum nx pasmepos. [laHHoe ABfieHne HaLusio
LUMPOKOE NPUMEHEHME ANA BbICOKOTOUHbIX AeTanen ua cranu,
LIBETHBIX ¥ creumanbHbIX CrIaBoB M YyryHoB. K Takum fetansam
OTHOCSHT NiocKonaparnsesibHble KOHLEBbIE Mepb! AfINHbI, Kanu-
6pbl, MEPUTESBHbIE STANOHbI, TOYHBIV PEXYLLNIA NHCTPYMEHT,
LTamnbl, NPecc-opMbl, LLIAPUKK, POSIMKK U KOMbLia MOALLNM-
HMKOB Ka4eHWsi, 4eTanmn TOHHbIX MEXaHM3MOB 1 NPMO0OPOB [4].

MeTannu4yeckne getanu o6nagaroT NOBbILLEHHOW CKITOHHO-
CTbtO K HAKOMNEHWIO BHYTPEHHMX HANPSXKEHWI Mpy TepMuye-
CKOW, KPUOTEHHOW 1 MEXaHN4eCKon 06paboTke, YTO NPMBOAUT
K U3MEHEHWNIO Pa3MepoB MpU UX N3rOTOBJIEHUN, XPaHEHUN
n akcnnyatauum. OTHOCUTENBHOE N3MEHeHNe pa3mMepos B pe-
3ynbTaTe KPMOreHHOro BO3AENCTBUSA B MEHbLLIEN CTEMEHN 3aBU-
CUT OT PEXUMOB TEPMUHECKON 06pabOTKM, UMEET MOCTOAHHYIO
HanpaBfIEHHOCTb Ha YBENMYEHNE N KONEONeTCs B MEHbLUEM
amanasoHe ot 0,2 oo 0,3%, 4em npu 3akanke (puc. 6).

KO siBnaeTtcs 6onee ahPeKTMBHLIM CPeACTBOM BIINAHUA
Ha NOCTOSIHCTBO KOHChMrypaummn 1 pa3mepos aetanem ¢ gony-
ckamu B guanasoHe ¢ 5 no 11 kganurer.
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Puc. 6. UameHeHune AnuHbI o6pa3sua us ctanu X121 B 3aBUCMMOCTHN
OT TemnepaTypbl 3akanku ao u nocne KO
N

OxnaxaeHue cTanu 4o TemMnepatypbl MiuHyc 180°C no
cxeme KOMIMJIEKCHOM TeEpMMYecko o6paboTkm (puc. 1) Beget
K 3Ha4MTENBHOMY POCTY YMcna kapbuaos. BnvsHue Temnepaty-
pbl KO 1 3aKkanku Ha Konm4ecTBO MEeNKOAMCMEPCHbIX Kapbuaos
B cTann X12M® npefcrasneHo Ha puc. 7.

BnusiHne Temnepatypbl KO Ha ypoBeHb naHoca ctanm
X12M® npu pa3nu4Hbix TemnepaTypax 3akasnku npeacras-
neHo Ha puc. 8. CnenyeT 0TMeTUTb, 4To KO 0HO3HAYHO Mo-
BbILLAET M3HOCOCTOMKOCTL cTany X12M®, 3akaneHHon npu
pasnuyHbix Temnepartypax. lNpuyem HanbonbLLMI NPUPOCT
W3HOCOCTOMKOCTU YCTAHOBMEH B pe3yfibTaTe 3KCNepuMeHToB
npu Temnepatype MuHyc 196°C. MpnpocT N3HOCOCTONKOCTU
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Puc. 7. Bnuaxue temnepatypbl KO ctann X12M® Ha Konu4yecTso
Kap6upos [5]
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Puc. 8. Bnusinne Temnepatypbl KO Ha ypoBeHb n3Hoca ctanu X12M® [5]

ctann X12M® B pesynbrate KO coctasngeT ot 11 go 14%
npu pasnunyHbIX Temnepartypax 3akasnku.

B pesynbrate KO cHxaeTcst KOa(ULMEHT TPEHNS cTanm
Kak Mpu CyXOM TPeHuM, Tak 1 npu paboTe B yC0BUAX CMa3-
Ku. B pexuvme ppeTTvHr — naHalumeaHus B pesynerate KO
o06pasuoB 13 yny4dweHHorn ctann 38XMA no ctanu LLX15 ko-
3 DULMEHT TPeHUs1 cHM3uNICcsA Ha 50% (puc. 9) [1], npu aTom
YCTaHOBJEHO MOBbILLEHWE N3HOCOCTONKOCTY CTaNbHOMO yNpo4-
HEeHHOro obpasua.
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Puc. 9. NameHeHne Ko3hhULIMEHTA TPEHUSI BO BPEMEHM YNyHLIEHHON
ctanu 38XMA no ctanu LUX15 go un nocne KO

MoBblLeHe abpa3nBHOM M3HOCOCTONKOCTU B pe3yribTa-
T€ KPUOTreHHOro BO34eNCTBMSA YCTaHOBNEHO OJ1A BCeX rpymnn
KOHCTPYKLMOHHbIX, HEPXXABELLMX U MHCTPYMEHTanbHbIX CTa-
nein. KO ctanu 9XC obecneyvBaeT NoBbiLLEHNE abpa3nBHON
n3HococTonkoct B 1,29-1,43 pasa B uccnegyemon obnactm
pa3smepa abpasmsa (P400—P240) no cpaBHeHWIO C Tpaau-
LMOHHON TepmoobpaboTkon (puc. 10). AbpasnsHas M3HOCO-
CTOVKOCTb 06pasLoB 13 ctanm 9XC ¢ HanbonbLuen Jo6aBeH-
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Puc. 10. 3aBMCMMOCTb M3HOCOCTOWKOCTU cTanei 9XC, P6M5, X12M® ot
TEXHONOrMmn AONONHUTENIbHON 06Pa6oTKU NPU 3ePHUCTOCTU abpa3susa
P400: TO — TepMmuyeckas o6pabotka; TO+KO — kpnoreHHas o6paboTka:
PVD — HaHeceHue U3HOCOCTOMKOro nokpbitus; PVD+KO — KpuoreHHas
06pa6oTka M3HOCOCTOWKOrO MOKPbITUS

HOWM CTOMMOCTbIO, ¢ PVD-NokpbITveM 1 gononHutensHon KO
(PVD+KO) Bbiwe B 1,83-1,86 pa3 B nccnegyemon obnactu
pa3mepa abpasvsa (P400-P240) no cpaBHEHWIO C TepMuye-
CK1 06paboTaHHbIMK 06pasuamm u B 1,2—1,56 pas BbiLle No
cpaBHeHuo ¢ PVD—nokpbITveM. AHanormyHble pesynsrathbl
YBENUYEHWs1 UBHOCOCTOMKOCTY JaeT KpUOreHHoe ynpovHeHve
ctaneit P6M5 n X12M® [6].

AyCTEHUTHO-MapTEHCUTHbIE CTanu AN NOBbILLEHWS Mexa-
HUYecKunx cBoicTs nogsepratoT KO nocne 3akasnku, mexaHuye-
CKOW 06pabOoTKM 1 NiacTuyeckomn gecopmanmu. MexaHuyeckue
ceoncTea ctanu 20X17H2 nocne 3akankm n KO npusefeHbl
Ha puc. 11.
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Puc. 11. MexaHu4yeckue csoiictsa ctanu 20X17H2 go n nocne KO
a) npeaen NPOYHOCTH; 6) YCIOBHbLIN Npeaen TeKy4ecTu;
B) OTHOCUTENIbHOE YANMHEHWE: §) yAapHas BA3KOCTb.

Ecnu nocne Takon 06paboTKu KONMYECTBO MapTeHcuTa
npesbiwaeT 40%, TO NNACTUYHOCTL CTann 3aMeTHO YMeHb-
LiaeTcs, a NPOYHOCTb CYLLIECTBEHHO BO3pacTaeT.

Cpok cnyx6bl Aetanew, paboTaroLLmx Npu NepeMeHHbIX
(UMKNMYEeCKMX) Harpyskax, MoxeT 6biTb yBenmyeH KO, cos-
JatoLlein B NOBEPXHOCTHbIX CNOAX OCTATO4HbIE HAMPsXXeHWs
cxatus. PecypcHblii Kpenex (LLnuabku, 60MTbl) rpynmbl NpoY-
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a) 6)
Puc. 12. YBenuueHme LMKAM4ecKor NPOYHOCTH NPYXWH (a) M pecypcHoro
kpenexa (6) B pesynbrate KO
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HocTn 10,9 gosmkeH BblaepXuBaTb Nocne 3akanky 1 oTnycka
He meHee 200 TbiCAY UMKMOB HarpyXeHus, a B pesysnbraTe
KPWOTEHHOr0 YNPOYHEHUS YNCIIO LIMKIIOB [0 paspyLueHns [o-
cTurno 375 Tbicsy UMKoB (puc. 12).

Opyroii npumep BnnaHua KO Ha LMKIMYECKYH NPOYHOCTb
NPY>XWH. YMcno UmMKNoB [O paspyLUeHns napTum NpyXuH 13
cTanu 65 10 KpuoreHHomn o6paboTku coctasnan 120 Tbicay
LMKIOB, a No pe3ynbTaTaM KPUOreHHOro ynpoYyHeHus —
270 TbICAY UMKIOB. YBenmyeHne LUMKIN4eCcKom Npo4HOCTH
B pesynbrate KO coctasuno 225% [1].

YBenuyeHus nepmoga CTOMKOCTM U CyMMapHOro pecypca
paboTbl MHCTpyMeHTa fobmsatoTcst KO. Cpok cnyx6bl 3aXuM-
HbIX LaHr na ctanm 9XC ¢ KO nossicuncst Ha 50% [1]. Cton-
KOCTb opesbl MofynbHoOM 13 ctanu P6M5 ¢ PVD-nokpbiTvem
N KPUOTEHHbIM YNPOYHEHNEM YBESINYNIAch OPUEHTVPOBOYHO
B 2 pasa Nnpuv U3roTOBMIEHWM LMNLEBbLIX Banos. Pesynbra-
Thl MPOMBILLSIEHHOrO 9KCNepumeHTa no BauaHuio KO nocne
3aKasku 1 HA3KOro OTNyCKa Ha CTOMKOCTb U pecypc BankoB
Typronosok TOCA npefcTasneHbl B Tabnuue 1.

Ta6nuua 1. BnusHue KO Ha CTOWKOCTb Bankos [7]

CTOMKOCTb BaskoB,

TeeppocTb, HRC

CocTosHNe Bankos

T npokaTta
[0 NepeToqKn

Bes kpunoreHHon 60-64 90
06paboTKN*
Mocne KpnoreHHowm 65-69 197
06paboTKn™*
Mocne nepsow 65-69 170
nepeToHKn

*MpodunmposaHue Tpy6bl U3 /K NONOCHI
**MpodomnuposaHme Tpy6bl U3 X/K, I/K 1 TpaBfieHo Nosoch!

KO MHCTpyMeHTanbHbIX CTanemn cnocobHa CyLlecTBeHHo
YBENUYUTL SKCMyaTaumoHHbIn pecypc B 1,5-2,0 pasa n 1em
cambIM 06ecrneynTb HoBble NOTPEBUTENBCKNE CBONCTBA, CHU-
XEHNe n3aepxxeKk Npon3soacTea u ce6ecTonMmocT N3roTos-
neHvs aetanein ynpoYHeHHbIM MHCTPYMEHTOM [6].

KO nosBonseT pewumnTb 3agady obecrnedeHuns paBHoMep-
HOTO M3HOCA Y MIHOBEHHOMO paccevBaHusa Tensa, NoBbICUTb
pecypc 1 OyHKLMOHAMBHYIO HAAEeXHOCTb 6apabaHHbIX 1 anc-
KOBbIX TOPMO30B U Kak creficTBue obecne4nTtb 6e30nacHoCTb
aBTOMOOBWIILHOMO TPaHcnopTa.

AO KpUOTreHHOM 0BpaboTkm

J&f'\\

Puc. 13. MuKpocTpyKTypa ceporo 4yryHa go v nocne KO
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PesynbraTbl uccnegoBaHus MUKPOCTPYKTYPbI UCCRenyeMbIX
TOPMO3HbIX AUCKOB 80 1 nocne KO npusefeHbl Ha puc. 13.
B pesynsrate KpMoreHHOro BO34encTBMA Ha BCeX Uccneay-
eMbIX YyryHax pasmep BKNto4eHui rpadgmra seipoc ¢ 90 go
180 MKM.

Ha puc. 14 npefcraeneHa 3aBMCMMOCTb BINAHWA pa3mepa
BKIIOYEHWI rpadhmTa B CTPYKTYype HyryHa TOPMO3HbIX ANCKOB
Ha abpasvBHbIN N3HOC.
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Puc. 14. Bnusinue pa3amepa BKIOYeHUN rpachuTa B CTPYKTYpe YyryHa Ha
abpa3unBHbIA U3HOC

Oo KO oTeyecTBeHHble TOpMO3Hble aucku B, C, D
(puc. 14) ycTynatoT YyPOBHIO M3HOCOCTONKOCTU 3apybexHOro
TOpMO3HOro aucka A ot 8 no 19%. B peaynsrarte KpMoreHHoro
BO30EeNCTBNSA M3HOCOCTOMKOCTb TOPMO3HbIX AnckoB B, D npe-
BbILLAET M3HOCOCTOMKOCTb AncKa A B UCXOOHOM COCTOSHWUM Ha
31 1 8% cooTBeTcTBEHHO. TopMo3HoM Anck C B pedynsraTte
KPVOreHHOMO YNPOYHEHNSI MMEET CONOCTaBUMbIN YPOBEHb U3-
HOCOCTONKOCTM C TOPMO3HBIM OUCKOM A B UICXOHOM COCTOSHWM
[8]. KO oTeuvecTtBeHHbIX anckos (B, C 1 D) nossonseT [octuyb
1 NPEB30NTUN YPOBEHL N3HOCOCTOMKOCTU 3apybexXHOro aHanora
(amck A) B UICXOQHOM COCTOSIHUM.

Taknum 06pa3oM, oxnaxkaeHve getanen O KPUOreHHbIX
TemnepaTyp No3BONseT:

— 3HaYUTESIbHO YMEHbLUNTL KONMYECTBO ayCTeHUTA, yBe-
NINHYUTB YUCNO MENIKOAMCTNEPCHbIX KApOWAO0B B CTPYKType CTa-
1, NoAy4nTb 60nee BbICOKYI C YMEHbLLUEHHbIM Pa3bépoCcoMm
TBEPZOCTb;

TEXHOJIOTHH

— ob6ecne4vnTb MeHbLLMIA Anana3oH OTHOCUTESIbHOrO n3me-
HEeHWs pa3MepoB BbICOKOTO4YHbIX AeTaneu, 4em npu 3akarske;

— CHW3UTb KO3 MPULIMEHT TPEHUS CTanu, Kak npu cyxom
TPEHUW, TaK 1 Npu paboTe B YCNOBUAX CMa3Ku;

— MOBbICMTb abpa3nBHY0 M3HOCOCTONKOCTb BCEX IPynn
KOHCTPYKLMOHHbIX, HEPXXaBEIOLLMX N MHCTPYMEHTanbHbIX CTa-
nen, B TOM 4ucrne feTarnern ¢ UBHOCOCTOMKMM MOKPbLITUEM;

— TMOBbLICUTb NPOYHOCTb, TBEPOOCTb HEPXABEIOLLNX
ayCTEHUTHO-MapPTEHCUTHbLIX CTanen;

— YBEJIMYUTb LMKIIMYECKYIO MPOYHOCTb MPY>XWUH, YIPYrnx
3/1EMEHTOB, PECYPCHOr0 Kpenexa;

— YBENNYNUTL SKCMNyaTaumoHHbIA pecypc MeTannoobpa-
6aTbiBaOLLEr0 MHCTPYMEHTA 1 FOpHOA06bLIBAOLLEr0 060PY-
[oBaHus;

— [OCTUYb W NPEB3ONTM YPOBEHb N3HOCOCTONKOCTH
TOPMO3HbIX aBTOMOOUIBbHbLIX AUCKOB BEAYLLMX 3apyOeXHbIX
6peHaos.
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