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1. OBIIUE ITOJIOKEHUSA
1.1 eab mpoekTa Mo MOAYJII0

Ilenp mpoekTa MO MOZIYJIO 3aKJIIOYAETCS B 3aKPEIUICHUU IIOJYYEHHBIX B
JEKIMOHHBIX KypcaX, Ha INPaKkTUYECKUX U J1a0OpaTOPHBIX 3aHATUSAX 3HAHUM 110
[OCTPOEHUIO, OPTraHU3allMM U PacyeTy TEXHOJOTHYECKOIo Ipolecca MPOU3BOJICTBA
IIPOKATa M3 YEPHBIX U LBETHBIX METAJUIOB HA JMCTOBBIX CTAHAX C MCIIOJIb30BAHUEM
COBPEMEHHBIX AaBTOMAaTU3MPOBAHHBIX CPEACTB NPOrPAMMHPOBAHMS, pacdeTa U
IIPOEKTUPOBAHMUS.

JlaHHas1 Lenb NOCTUTAeTCsl IMYTEM CaMOCTOSITENIBHOIO PELICHHs] CTYIEHTOM C
WCIIOJIb30BAaHUEM COBPEMEHHBIX ABTOMAaTU3UPOBAHHBIX CPEACTB IPOTrPaMMHUPOBAHMS,
pacueTa M MNPOEKTUPOBAHUA KOHKPETHOM MNPAKTUYECKOM 3aJaud IO pPacyeTy
TEXHOJIOTMYECKUX, DJHEPrOCWIOBBIX M TEXHHKO-DKOHOMHUYECKHX IIOKa3arelen
npouecca NPOKAaTKM, a TakkKe B ONPEACIICHHH TEXHUYECKOW BO3MOXHOCTH
IPOM3BOJCTBA 3aJIAHHOIO BHJA MPOKATHOM NMPOAYKLIMM IO NPUHATOMY MapLIPYTY
nepopMali Ha KOHKPETHOM IIPOKATHOM CTaHE.

[IpoekT Mo MOAYNIO SBISAETCA MEXAUCLUIUIMHAPHBIM M OCHOBBIBACTCSA Ha
paHee M3y4YEHHBIX CTYJEHTaMH E€CTECTBEHHOHAYUYHBIX M 0OLIENpo(eCcCHOHAIbHBIX
Kypcax, JHCHMIUIMHAX  MOAYJs  «ABTOMAaTU3UPOBAaHHOE  IIPOCKTUPOBAHME
TEXHOJIOTMYECKHUX MalluH 1 00opyaoBanus», «lIporpammuoe obecneuenue CAIIPy,
«Maremarnueckoe MOJEIUPOBAHUE TEXHOJIOTUYECKUX IIPOLIECCOB
METAJUIyPTUYECKOTO  IPOM3BOJACTBA», A  TaKXKE  CMEXHBIX  JHUCLUIUIMH
«TexHomornueckne JIMHAA M KOMIUIEKCHl METAJUIyPTMUYECKUX NPOU3BOACTB» U
«Merammypruueckue MaliiHbl 1 000py10BaHHE.

1.2 TemaTHKa NpoeKTAa MO MOAYJIIO

B 3aBucumocTu oT cnenmanuzanuy o0y4eHUsl CTYAEHT BBIIOJIHAET MPOEKT 1O
MOJYJIIO Ha OJIHY U3 HUKEIIEPEUHUCICHHBIX TEM:

Tema 1. TexHonmorus M aBTOMAaTU3MPOBAHHBIM pacyeT SHEPrOCHIIOBBIX
IIApaMETPOB IIPOLECCA TOPSAYEH ITPOKATKH JINCTOB HA TOJICTOJUCTOBOM PEBEPCUBHOM
CTaHe.

Tema 2. TexHONOrMs W aBTOMAaTU3MPOBAHHBI pacyeT 3HEProCHIIOBBIX
[IApaMETPOB  IpoLecca  TIops4Yed  NPOKATKA  JUCTOB  HA  HENPEPHIBHOM
LIMPOKOIIOJIOCOBOM CTaHE.

Tema 3. TexHonorus © aBTOMAaTU3MPOBAHHBI pacyeT SHEPrOCHIIOBBIX
[IapamMeTpoB IIpolecca ropssuei MPOKaTKH JUCTOB Ha MOJYyHENPEPBIBHOM CTAHE.

Tema 4. TexHonorus M aBTOMAaTU3MPOBAHHBIM pacyeT SHEPrOCHIIOBBIX
[IapaMeTPOB MPOLECCa XOJIOIHOM IIPOKATKU JIMCTOB HA OJHOKIIETBEBOM PEBEPCHBHOM
CTaHe.

Tema 5. TexHonoruss © aBTOMATU3UPOBAHHBIM pAacCyeT >SHEPrOCHUIIOBBIX
[IapaMeTPOB IIpoLiecca XOJIOAHOW MPOKATKH JIMCTOB Ha HEIIPEPHIBHOM CTAHE.



MoryT ObITh CPOPMYTUPOBAHBI TOMOTHUTEIBHBIE TEMbI POEKTA IO MOAYIIO B
3aBHCHMOCTH OT CHeLMaIn3aluu 00y4eHuUs CTyJEHTOB.

1.3 Conep:xanue u opopmiieHHE MIPOEKTA MO0 MOAYJIIO

[IpoeKT 1Mo MOZYJIIO TOJKEH COAECPKATH:
TUTYNBHBIN JIUCT.
3agaHue Ha MPOEKT MO MOIYJIIO.
HcxonHble 1aHHbIE (B Pa3BEPHYTOM BHJIE C YUETOM TEXHHUYECKUX XaPAKTEPUCTHK
MEXaHUYECKOTO 000PYAOBAHUS U TJIABHBIX 3JIEKTPOABUTATENIEH CTAHA).
1. Onucanue TEXHOJOTHMYECKOro Mpolecca MPOU3BOJCTBA IPOKaTa HA KOHKPETHOM
CTaHe.
1.1.0nucanne TEXHOJOTUYECKOTO MPOLECCA HA CTAHE;
1.2. Texnuueckas XxapakTepUCTHKA 000PYIOBaHUS;
1.3.Cxema pacrosioxxeHus 000py0BaHUs CTaHa.
2. PacueT mapaMeTpoB TEXHOJIOTHYECKOTO MpoLiecca MPOKATKH.
2.1 Pacuet cxeMbl 00KaTHH;
2.2 Pacuer reomMeTpHuUeCKMX M JAe(POPMALMOHHBIX [MApaMETPOB ouara
nedopmanuu;
2.3. PacyeT KOHTaKTHBIX JABJIECHUN U YCUIIUS TPOKATKH;
2.4. PacyeT CKOpPOCTHOT'O pEKUMa MTPOKATKH;
2.5. Pacuet TemnepaTypHOro pexuma npoKaTKH;
2.6. PacyeT MOMEHTOB U MOUTHOCTH MPOKATKH.
3. PacueT TeXHHKO-3KOHOMHYECKUX MOKa3aTeNel paboThl MPOKATHOTO CTaHa.
13350:101158
B koHIIe nmpoekTa 1Mo MOJIyJII0 NPUBOJIATCS:
- rpaduK AaMelKoro JJjig JaHHOTO CTaHa,
- CKOpOCTHas AuarpaMmma IJiaBHOro NMpUBOJia CTaHa,
- Harpy3o04Hasl uarpaMma rjiaBHOTro MpUBO/Ia CTaHa.

TutynpHbIN TUCT 0dopmItsieTcs 1o o0pasily, MPUBEACHHOMY B IPHIIOKEHUH 1.

TunoBoe 3amaHue Ha MPOEKT MO MOAYII0 NPHUBOAUTCS B NPHIOKEHUH 2 U
3aMOJHAETCS MPENO0IaBATEIIEM.

[IpoekT Mo MOIyJIO BBIMOJHAETCS HAa CTaHJAPTHBIX JMcTax ¢opmata A4 c
pamMKaMH, COOTBETCTBYIOIIMMH O(GOPMIICHHIO TEKCTOBBIX JTOKyMEHTOB 1o EnnHoii
cucteme KoHcTpykTopckoir nokymentaimu (ECKJl). Odopmienue mnpoekrta 1o
MOJYNIO JIOJDKHO COOTBETCTBOBAaTh TPEOOBAaHHUSAM CTaHIAPTOB ISl TEKCTOBBIX
nokymeHToB. ['papuk AnaMenkoro, CKOpOCTHasi W Harpy3oudHas JuarpamMMbl
[JIaBHOTO TPHUBOJA MOTYT BBIMOJHATHCSA HA JIMCTaX OOJBIIETO pa3Mepa, UCXOHs U3
o0beMa MpeACTABICHHON HAa HUX MH(POPMALIUH.

HcxonHble  JaHHBIE W OCHOBHOE  COJIEp)KaHHE  pabOThl  JOJIKHO
COOTBETCTBOBATh MPUBEACHHBIM HIKE PEKOMEHAALMSM IO BBINOJHEHUIO IPOEKTa 10
MOJIYJIIO.



1.4 UcxonHble NaHHBbIE /151 BHINIOJHEHUS] IPOEKTA 10 MOTYJII0

WcxonHble JaHHbBIE [Tl BBIMOJIHEHUS IPOEKTA 110 MOAYJIIO BKIIFOUAIOT:

- JJaHHBIE 3a]]JaBaeMbl€ TIPENojaBaTeleM,

- JlaHHble, TPUHMMAaeMble HA OCHOBE TEXHUYECKUX XapaKTEPUCTHUK
KOHKPETHBIX MPOKATHBIX CTAHOB (CM. TabuIibl 1 — 3),

- JaHHBbIE TPUHHMAEMbIE IO JIUTEPATYPHBIM HCTOYHUKAM (OMHUCAHHE
TEXHOJOTMYECKUX  JIMHUH,  cocTaBa  OOOpYJOBaHHs U XapaKTEPUCTUK
TEXHOJIOTHYECKOI0 Mpoliecca Mpou3BoAcTBa (Onbnuorpaduyeckuili CucoK B KOHIIE
JAHHBIX METOJMYECKUX YKa3aHUM).

W cxXoHBIMU JaHHBIMHU JUJIS1 BBITIOJHEHHUS TPOEKTA IO MOYJIO SIBJISIFOTCS:

e Tum mMpoKaTHOro CTaHa WM paboyeill KIETH YKa3bIBAIOTCS MPENoAaBaTeiieM B
3aJIaHUU Ha MIPOEKT MO MOIYJIIO.

e Pa3mepbl MCXOAHOW 3aroTOBKU (TOJILIWHA, IIUPUHA, JHMHA) hy X by X Iy , MM;
pa3Mepbl MCXOJHOM 3aroTOBKM YKa3bIBAIOTCS IMpEMNojiaBaTelieM B 3aJaHUM Ha
IIPOEKT MO MOAYJIIO.

e PasMmeprl TOTOBOW MpoAyKIMH WM TonydaOpukara (TONIIMHA MpOKaTa WU
pa3Mephbl MONEPEYHOI0 CEYEHUs MOCJE n-Tr0 MPOXoaa WiH Kietu) h, wia h, X b, ,
MM; pa3Mepbl TOTOBOW TPOAYKUIMH WM TodydaOpukaTa yKa3bIBalOTCA
IpernojaBareyieM B 3a/IaHUU Ha MTPOEKT MO MOAYJIIO.

e (Cxema 00kaThii yKa3bpIBa€TCs MPENOJaBaTeIeM B 3aJIaHUU HA TPOEKT MO MOAYJIIO.

e Mapka crulaBa MpOKaThIBAEMOTO MeTajlla; MapKa CIUlaBa  YKa3bIBaeTcs
IIPENo/IaBaTesieM B 33/JaHUH HA MPOEKT IO MOIYJIIO.

e TemmnepaTypa HUCXOJHOTO HarpeBa MeTajia (i1 CTAHOB TOpsAYeld MPOKATKH)
YKa3bIBa€TCs IPENOJABATEIEM B 3aIaHUH HA ITPOEKT MO MOYJIIO.

e Pa3mepsl min KaauOpoOBKa BAJIKOB; UIsl JIUCTOINPOKATHBIX CTAHOB pa3Mephl BaJIKOB
OPUHUMAIOTCS U3 TMPEACTABICHHBIX HIDKE TEXHMUYECKUX XapaKTepUCTHUK psaa
cTaHOB (CM. TaOuIbl 1 — 3) W/WIKM U3 TUTEPATyPHBIX UCTOYHUKOB.

e [lapamMerpsl IJIaBHOTO MPHUBOJA KaXKIOM M3 pabO4YMX KIETe NPUHUMAIOTCS U3
MIPE/AICTABICHHBIX HI)KE TEXHUYECKHUX XapaKTepUCTUK psAda CTaHOB, TIJIABHBIX
anekTpoaBuratene (cMm. Tabnuusl 1 — 3) u/unm U3 TUTepaTypHbIX HICTOYHUKOB:

Tun 1 KoMMYecTBO IEKTPOABUTATENICH TITABHOTO MPUBOJA paboueit KIeTu;

CyMMapHasi MOIIHOCTb 3JIEKTPOJIBUraTeseil IIIaBHOIO IPUBOAA KIIETH;

HomuHanbHbIl KPyTAIIMA MOMEHT JJICKTPOJABUIATENIEHM TJIABHOTO MPUBOAA

KJIETH;

JomyctuMbiii  KO3(QGUIMEHT Teperpy3ku 3NEeKTPOJBUTATENEH TJIaBHOTO

npuBoa pabouel KIeTH;

YacToTa BpallleHHss POTOPA JJIEKTPOJIBUTATENS TJIABHOTO NPHBOAA KJIETU My, B

YCTAaHOBUBLIEMCS PEXKHUME;

ITepenaTo4HOE YHCIIO TIABHOTO IPUBOJA KIIETH Iy,

MaxoBblii MOMEHT WM MOMEHT MHEPLIMHM POTOPA AJIEKTPOJABUraTENS IIABHOTO

npuBoAa KieTH (cM. Tadimiry 8);

Y ckopeHus TJIaBHOTO MPUBOAA pabodel KJIeTH MpU MyCKe U TOPMOXKEHHUU.



o [Tapamerpsr pabGoumx KJIeTEH MNPUHUMAIOTCS W3 TMPEICTABICHHBIX HIKE
TEXHUYECKUX XapaKTepUCTUK psna cTaHoB (cMm. Tabmuiel 1 — 3) w/unu us
JUTEPATYPHBIX UCTOUYHUKOB:

MakcumanbHO JOMYCTUMOE YCUITNE, KOTOPOE MOKET BOCIIPUHUMATH KJIETh;

Cpennsis CKOpPOCTb MEPEMEIECHUS HAXUMHBIX BHUHTOB (IS PEBEPCUBHBIX

CTaHOB);

Paccrosinre Mexay KIETSIMH (711 MHOTOKJIETHEBBIX CTAHOB);

e VYCIIOBUS IPOKATKHU:

KonudecTBo mpoxo0B (pabouux KJIETeH 711 HEMPEPHIBHBIX CTAHOB) H;

KonuyecTBO OJHOBPEMEHHO MPOKATHIBAEMBIX 3arOTOBOK /V;

JIIMTEeNbHOCTh May3bl, HEOOXOAUMOM ISl OTBOJA OT KJIETU FOTOBOTO MpoKaTa

M TI0J1aY¥ CJIEYIOUIEH 3ar0TOBKH ,, ¢;

BenuuuHbl nepeaHero M 3aJHETO HATSXKEHHUS TMOJIOCHI NP MPOKATKE 67 U Oy

3a/1al0TCs MpenojaBaTeseM.

VYcaoBus MpOKAaTKH YKa3bIBAIOTCS MperojaBaTeleM B 3aJlaHUU Ha MPOEKT 10
MOJYIIIO.

JlommyckaeTcst UCIoJIb30BaHUE B KAUYECTBE UCXOMHBIX JAHHBIX JJIsI BHITIOJTHCHHUS
MPOEKTa TI0 MOJYJI0 HOPMATUBHO-TEXHHUYECKOW TOKyMEHTAIMu (HE WMEIOEH
rpudos 0 KOH(pHICHIIMATEHOCTH WCIIOJTH30BAHUS ) KOHKPETHBIX
METaJLTyprUYeCKUX 3aBOJIOB.

1.5 Ucnosib30BaHUE MAKETOB NMPUKJIATHBIX IPOrPaMM

[Ipy BBIMOJHEHWH BCETO MPOEKTa MOAYJIO WM €ro OTJEJbHBIX YacTel, ¢
IEJbI0 aBTOMATHU3AIlMU TMPOCKTUPOBAHUS TEXHOJIOTHUYECKOTO mpolecca Ha
OCHOBAaHUM TEOPUM MPOKATKH U PEKUMOB pabOThI 000pYyHOBaHUS, PEKOMEHIYETCS
WCIIONIB30BaTh CPEACTBA MPOTPAMMHUPOBAHUS ©  TpadUuecKOro TOCTPOCHHS,
KOTOPBIMU BiaieeT CTyAeHT. K TakuMm cpeacTBaM MOXHO OTHECTH IMPOTpPaMMHBIC
KOMILIEKCHI:

- Microsoft Excel,

- MahtCad,

- MahtLab,

- Komnac,

- AutoCad,

- IpyTue.
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ITponomxeHHe Tadm. 1
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Camap|eepcus| K | 560 | 1550 |2300| I'p | 1100 | 0-300-600 |TDKT| - |2 o 0,15 - | 25/- 2
M3 TJOO. 2100 | micTt CILIABREL

THHO KneTeHd: 3 - 3pxepHad, [ - apyxsanxoBad (JIYV0O), T - tpexpankoBas (IPHO), K - gerpipexsankoBad (KBAPTO).
THHO npHBOga: I'p - TPYIIIOBOH NPHEO] BANKOR KIeTH, HHEA. - HHOIHBHOAYATLHEIH OPHBO BATKOB KIIeTH.

THI IOQIMANTHHAKOR. CKOJI - CKONBECHHA, KaY. - KadeHHd, 1DKT - D0 MMHINHHKH HHIKOCTHOTO TPeHHA.

CokpameHHS OIPHHATEIE B TaOnHIIE:

HanmeHOBaHHe IpeaupHAaTHE: HIIM3 - HoBONMHIENKHH MeTAUIYPIHIeCKHH 3aB0, AMYPCTAJb - 3aB0] "AMypCTaIb",

Kup. OIIM - KHpOBCKHH 3aB0] 0 ofpaboTke NBeTHRIX MeTaATIOE, BCNIIQO - BepxHe-CangHHCKOE MeTalTyprHIecKoe

HOpoH3BOJACTBeHHOE 00begaHeHHE, CaMap©M3 - CaMapckHi MeTallIyprH9eckKHEH 3aB0/




2. METOJIMYECKHE YKA3AHMSA 1O BBITIOJHEHUIO MTPOEKTA
MO MOJIY.JIIO

2.1 Onncanue TEXHOJOTHYECKOI0 mpoiecca

BrlnonHeHne AaHHOTO pasziefia OCHOBBIBACTCS HA IIMPOKOM HMCMOJIb30BAHUU
JUTEPATYPHBIX HCTOYHHUKOB, COJIEPXKAIIUX ONMUCAHUE TEXHOJOTUYECKUX JIMHUN
MIPOKATHOTO MPOU3BOJCTBA (cM. Tabu. 1 u 2). [Jonmyckaercsi Takke NpUMEHEHUE s
COCTAaBJICHUSI JTAaHHOTO pas3fena TEXHOJOTMYECKUX HWHCTPYKIMHA U Apyrou
TEXHUYECKON JIOKYMEHTAIlMKM Ha MPOU3BOACTBO MPOKATHOW MPOAYKIMU B YCIOBHUSIX
KOHKPETHBIX MPOKATHBIX CTAHOB.

B manHOM paszene 10JKHBI OBITh OCBEIICHBI CISIYIONNE BOMTPOCH:
Ha3HAYEHUE CTAHA;
XapaKTEPUCTUKA UCXOTHOMN 3arOTOBKH;
XapaKTEPUCTUKA TOTOBOM MPOAYKIINH;
MOCJEA0BATEILHOCTh U PEKHUMBI OCYLIECTBICHUS OCHOBHBIX TEXHOJOTMYECKHUX
OnepaLmuii;
TEXHUYECKas XapaKTEPUCTHUKA OCHOBHOTO 00OpY/I0BaHUS CTaHa;
¢ cxema pacrnosoKeHus 000pyI0BaHUs CTaHA.

* & & o

<

2.2. Pacder cxeMbl 00kaTHA

Pacuer cxembl 00’KaTHH BBINOJHSIIOT B 3aBUCHMOCTH OT THIIA IMPOKATHOTO
CTaHa.
I[JI}I TOJICTOJIMCTOBOIO CTaHa, IIpU OTCYTCTBHUHU YIIHUPUTCIBHBIX IIPOXOJ0B,

TOJIIMHY TOJIOCKI MOCJIE KAKAOrO i—TO MPOXoJda ONPENENSIOT JIMOO W3 YCIOBHS
PaBHOMEPHOW BBITSDKKM IO MPOXoAaM, OO0 U3 YCIOBUS PAaBHOMEPHOTO
abcomoTHOrO 00atusi (MpU OOJBIION TONIIMHE 3aroToBKH). [l peBepCHUBHBIX
JWCTOBBIX CTAHOB XOJIOJHOW TPOKATKH JIUCTOB MPHHUMAETCS TOJILKO CXeMa
PaBHOMEPHOH BBITSIKKH IO IPOX0o1aM (YMCIIo MPOX0I0B He 6oree S ... 7, penko 9).

B cnydyae paBHOMEPHOCTH BBITSDKKM METajlla B KaXKIIOM INPOXOJE, METOAUKA
pacdera cxeMbl 00)KaTHil CIeayIomasl.

HaXOIL}IT O6H_IYIO BBITSIKKY ITIOJIOCHI 32 B IIPOXOA0B, CUATAA YIIHUPCHUEC I10JIOCHI
HE3HAYUTCIIbHBIM:

hy

A=t
h

n
I[anee BBIYUCJIAIOT CPCAHIOKO BBITSUKKY 3a ITIPOXO/I:

Aep=" 12

Tonmmuy TOJNOCH MOCHE KaKAOro I-Tro mpoxoga (32 MCKIIOYEHHEM
MOCTIETHETO) OMPEACISIIOT IO CIeIyrotei Gpopmyore:



B cnygae, ecnu mpuHUMAaeTCs cXe€Ma PaBHOMEPHBIX aOCOJIIOTHBIX O0XKaTHM,
BBIYHCIISIIOT Cpe/iHee 00KaTue 3a MPOXO:

hy—h
Ahgp= ———

A TOJIIMHY TIOJIOCH MOCJE KaKAOro I-To Mmpoxoia (3a HCKIHOYEHUEM
MIOCTIETHETO) OMPEACIISIIOT IO CIeIyrotei Gpopmyore:

hi=hi71*Ahcp , MM .

Pacyer cxembl O00XaTWi B UYEPHOBBIX TpyMIax KiIETed HEMPEpBIBHBIX U
ITOJIYHEIIPEPBIBHBIX ITOJIOCOBBIX CTAaHOB TOpPSYEM NPOKATKU JINCTA AHAJIOTUYEH
PACCMOTPEHHOMY BBILIE PACYETY JJIS1 TOJICTOJIMCTOBBIX CTAHOB.

B HenpepbIBHBIX Ipynnax KJIETEd CTAaHOB TOpPSYEN MPOKATKHU JUCTA TOJIIUHY

TOJIOCHI MOCJIE KAXIOM I~ KJIETH ONpPEIENAIOT, UCXOS U3 YCIOBUS PaBHOMEPHOM
(unu 3apaHee 3aJJaHHOMN) 3arpy3KH AJIEKTPOJIBUTATeNIeH IIaBHOTO MPUBOJIA KIIETEH MO
dbopmyne U.Mman:

h 0 h "

hi= 1 3MM 9

m
ity (17 By,
rae fi — xodpuIMeHT 3arpy3Ku KJIETH, ONPEAEISEMbIii KaK OTHOLIEHHE CyMMBI

HoTpebIsieMOll Ha TPOKaTKy MoInHocTd [V;, B kiersx ot mepsoi ( j = 1 ) 1o

paccmatpuBaeMoit ( j = i ), K 0oOIIEeHd MOIIHOCTH TPOKATKH, PACXOAyeMOW BCEMH
KJIETSIMUA YUCTOBOM TPYIIIIbIL:

i
)N
j=1
Bi=—
n
)N
j=1

(MomHOCTS [V BEIpakaeTcs B MPOLEHTAX WM JOJAX enuHuIpL, 32 100% nmm 3a 1,0
MPUHUMAETCS. MOLUTHOCTbH MEPBOM KIIETH);

m — ko3 PUIMEHT, pacCUUTHIBAEMBIN M0 popmyie:
0.21

m=0.30 +
n



[Ipu pacuere pexxknma OOXaTHIl B HEMPEPHIBHBIX TPYyMMax KJETe OOBIYHO
OPUHUMAIOT, YTO MOLIHOCTH pacxoayemasi Ha IMPOKATKy B Ka)KI0M KJIETH YUCTOBOM
IPYIIbl OJAWHAKOBA, 3a MCKIIOUYEHUEM JABYX-TPEX MOCIEIHHUX KIETEeW, rAe s
NOJIYYEHHUs MOJIOCHI TOYHBIX pa3MepoB €€ mnocreneHHo yMmenbmarT Ha 20..40 %
OTHOCHUTEIBHO MOIIIHOCTH IEPBOU KJIETH.

2.3 Pacuer reomerpu4yecKux M JAe()OPMALMOHHBIX NapaMeTpPOB o4ara
aegopmMannu

Pacuer mapameTpoB ovara aegopmManuu BEIyT MOCIECIOBATEIHHO IO KAKIOMY
npoxoay. MeToauky pacdeTra U €ero pe3yabTathl sl 1-ro npoxona (unu 1-it kineru)
MPUBOIAT B TEKCTE KypCOBOW pabOTHI, a PE3yJIbTAaThl pacyeTa MO0 BCEM OCTaJIbHBIM
npoxogaM (KJIeTsM) B HWTOroBoMl Tabmuie, oOpas3ell KOTOpPOM TIPUBEICH B
MPUIIOKEHHUH 3.

ITepBLIM pacUETHBIM IAPAMETPOM IS KaXA0ro i—ro mpoxopa (i—# KieTH)
ABIIsIETCS a0COMIOTHOE 00XKaTHE B JAHHOM MIPOXO/IE:

Ah;=h;

Jlaee HaXOIAT OTHOCUTENILHOE 00YKATHE TIOJIOCKHI [0 TOJIIUHE B I—M IIPOXOJE
(-1 knetn):

Ah;

fhi , MM .

&

i
hi_
ITociie 3TOro BEMMCIISAIOT CPEAHIOK BEICOTY odara ae(opMaiuu B i—M IIPOXOe
(-1 knetn):

N h; ~ h;
= MM .
cpi 2 ’
Ompenensior yroi 3axBara IoJjockl BaJKaMu B I—M npoxoze (i—i KieTu):
Ah ;
a.=arccos| 1 - ——
! D
p

rae D, — nuameTp pabodero Baska, MM.
Hanee wnHaxomsaT ko3(h(UIMEHTH TpeHHWs MeTaula IO BalKy B oOdyare

nedopmalyu B MOMEHT 3aXBaTa M3 ; U IIPYU YCTAHOBHMBIIEMCS PEXKUME TIPOKATKHU M), ;
C y4ETOM YyCJIOBHI Ae(OPMUPOBAHMS IS KaXIOro i—To Mpoxoia WM I—i KIETH.
Meronuka omnpezaenenus kodhduieHTa TpeHUsl pa3jinyHa IS ClydyaeB ropsyed u
XOJIOOHOM MPOKATKH.

Jist ciydast ropsyedl NpokaTku KOA((UIMEHThl TPEHUS BBIYUCISIOT I10
cneayromum Gopmynam B.I1. bBaxTunosa:

py=kyky k(1,05 - 0.0005-8;)



1723
rae k; — xod>(pQUIHUEHT, YyYUTHLIBAIOMIUN COCTOSHHE MOBEPXHOCTH M MaTepHall
BAJIKOB;

Ky =k, kyk '(0.55 - 0.00024-ti>

k; — ko3 hULHEnT, YIUTHIBAIOIIMIA CKOPOCTH TPOKATKH;

k; — xoaduimeHT, yIUTHIBAIONIMA XMUMHYECKHN COCTaB MPOKATHIBAEMOTO
METAILIA;
t; — Temrieparypa Metajuia B i-M npoxoje (i—it kietn), rpaz C.

s 1-ro nmpoxona ninu 1-1 Kietu Temrieparypa MeTajiia IPUHUMAETCS PaBHOU
TEMIIEPaType HCXOAHOTO HAarpeBa, IIPUBEINCHHOM B MCXOJHBIX JAHHBIX, IS
OCTAJIBHBIX MPOXOJOB (KJIETEH) TeMIlepaTypa MeTala ONpPEesieTCs N0 METOIUKE
MIPUBEJIEHHON B moapaszaene. 2.6 «Pacuer TeMneparypHoro pexxuma mpoKaTKm».

3nayenne kodduienta K; peKOMEHIyeTCs NPUHUMATH CIEAYIOUIUM B
3aBHCHMOCTH OT MaTepuaia Bajika u criocoba o0paboTKu ero paboueii mOBEpXHOCTH:

k;=0,9 - npu npokarke MeTaIa B 4yI'yHHBIX 3aKaJ€HHBIX BAJIKaX CO NUIM(OBAHHOM
OBEPXHOCTHIO;
k; = 1,0 - npu mpokaTke MeTaIa B YyTYHHBIX BAJIKaX ¢ TOYEHON MOBEPXHOCTHIO;

k; = 1,1.1,2 - npu npokatke MeTaiia B CTaJIbHBIX BalKaX O IUIM(GOBAHHOW MM
TOYEHOW MOBEPXHOCTHIO;

k; = 1,3.1,6 — npu mpokaTtke MeTajla B CTalbHBIX BajJKaXx C 3arpyOJIeHHOU
MMOBEPXHOCTHIO (HaceuKa, HaKaTKa, HarIaBKa).

3unauenne kodppunuenta K, peKkoMeHAyeTcs NPUHUMATh CIEAYIOIUM B
3aBHCUMOCTH OT CKOPOCTH MPOKATKU:

k= 1,0 - mpu ckopoctu npokatku 0..1 m/c;
k>=1,0..0,9 - npu ckopocTu ipokaTku 1..2 M/c;
k,=0,9..0,75 - npu ckopoctu mpokatku 2..2,5 M/c;
k>=0,75..0,65 - npu cKOpPOCTHU MPOKATKH 2,5..3 M/C;
k;=0,65..0,55 - npu cKOPOCTH MPOKATKH 3..4 M/C;
k,=0,55..0,5 - npu ckopocTH mpokatku 4..5 m/c;

k> = 0,5 - mpu ckopocT npokatku 6ojee 5 m/c.

3unauenne kodpdunuenta K3 peKkOMeHAyeTCs NPUHUMATh CIEAYIOIUM B
3aBHCHMOCTH OT THIIa TPOKATHIBAEMOT0 METaJjlIa:

k3 =1,0 — s yriepoaucThix cTajei;

k3= 1,1 — nns neneOypUTHBIX CTallEH;

k3= 1,3 — 1115 nepAUTHO-MAPTEHCUTHBIX CTANIEM;

k3= 1,4 — 11 ayCTEHUTHBIX CTAIIEH;

k3= 1,47 — g ayCTEHUTHBIX CTallel ¢ BKIIOUEHUAMH (eppuTa U J1eae0ypura ;
k3= 1,55 — g peppUTHBIX CTANIEN;

k3 =1,0 — 1 ayCTEHUTHBIX CTallEl ¢ BKIKOYEHUEM KapOUI0B;

k3=0,9 — 114 cru1aBoB HAa OCHOBE MEIM;



k;=1,5 — nis amOMUHHMEBBIX U TUTAHOBBIX CILUIABOB.

OkpyxHasi CKOpPOCTh BAJIKOB WM CKOPOCTb MPOKATKM B YCTAaHOBUBIIEMCS
peXuMe JUIsl PEBEPCUBHBIX CTAHOB I BCEX MPOXOJIOB OyJeT OJMHAKOBa U
BBIYUCIISIETCS] HA OCHOBAHUU MMAPAMETPOB IIIABHOTO MPUBOAA!

zn, -DP
V= —
.6&-1ﬂﬂﬂ-lﬂp
T1IE, My - 4ACTOTA BPAIICHUS POTOpA SIEKTPOABHMIATENS INIABHOTO NPHBOAA KJIETH B
YCTaHOBUBIIEMCS PEXUME, 00/MUH;
Iyp - IEPEAATOYHOE YHUCIIO TIIABHOTO IIPHUBOJIA KIIETH.

JInsi HempephIBHBIX CTAHOB CKOPOCTh MPOKATKHM B MEPBOM KIETH 3aJlaHa B
WUCXOJHBIX JIaHHBIX, [JI OCTaJbHBIX MPOXOJOB (KJIETE) CKOPOCTh MPOKATKU
ompeesaeTcsl 0 METOJUMKE MPUBEICHHOU B mojapaszaene. 2.4 «Pacduer ckopocTHOTO
pexKUMa MPOKATKI.

Jlns cioydast XOJIOAHOM TIPOKATKH YCJIOBHE 3axBara I10JIOCHI BajkaMU B
HayaJdbHbIH MOMEHT, KaK MpPaBUJIO, HE SBJAECTCS OrPAHUYHUTEIBHBIM (PaKTOPOM,
CJIeIOBaTEIbHO, HE TpeOyeTcs MpOBepKa YCJIOBHS HayajlbHOI'O 3axBaTa M pacyeT
kodpdunmenta Tpenus npu 3axpate. KoddduimeHT TpeHHS B YCTaHOBUBILIEMCS
pexXume ISl YCIOBUM XOJIOJHOW MpoKaTku HaxoAsaT nmo meroauke A.IL. I'pynesa c
Y4E€TOM CKOPOCTH MPOKATKU, COCTOSIHHS TOBEPXHOCTH BaJIKa U YCIOBUN CMAa3KH:

0.1-<Vi>2

2
21y
rae k, — ko5 ULUEHT, YUUTHIBAIOIINI KA4€CTBO 0OPa0OTKH IIOBEPXHOCTH BAJIKOB;

k. — x0ohpuimenT, yyuTHIBAIOMIMHI yCIOBHSA CMa3KH B oyare ae(hopMaliH.

3unauenne kodppunuenta K, pekoMeHIyeTcs NPUHUMATH CIEAYIONIUM B
3aBHCHMOCTH OT KadecTBa 00paOOTKH MOBEPXHOCTU BAJIKOB:

, M/cex ,

ﬂy i= kn'kc' 0.07 -

k, = 1,5 — 11 BankoB ¢ 00TOYEHHOM IIOBEPXHOCTBIO;
k, = 1,0 — 14 BankoB co MUIM(POBAHHOM ITIOBEPXHOCTLIO;
k, = 0,8 — 17151 BAJIKOB C MOJUPOBAHHOM TIOBEPXHOCTHIO.

3unauenne kKodppuinmenta K. peKOMEHIyeTCs NPUHUMATL CIEAYIOIUM B
3aBHCHUMOCTH OT YCJIOBHI CMa3Ku B ouare aedopmanun:

k.= 1,55 — npu npoKaTke Ha CyXHX YUCTHIX BAJIKaX;

k.= 1,0 — npu npokaTKe ¢ UCIOJIB30BAHMEM SMYJIbCHH, BOJIbI, KEPOCHHA;
k.= 1,35 — npu nmpokaTke ¢ UCIOJIb30BAHNEM MAIIMHHBIX Macell;

k.= 1,25 — npu npoKaTke ¢ MCIOIb30BAHUEM BEPETEHHOTO MACJIa;

k. = 0,9 — npu npokaTKe C HCIIOJB30BAHMUEM PACTHTEIBHBIX Macell (XJIOMKOBOTO,
MajibMOBOT'0, KACTOPOBOTO).

Jlanee ompezaenseM yribl TpeHUs NpH 3axBaTe f3 ; U B YCTAaHOBUBIIEMCS
pexume f, ; U1 KaXI0T0 i—T0 IPOX0J1a MK I—ii KieTH:

,63 i=arctg-<,u3 i> ,



JIns ycnoBuM XOJIOMHOM NIPOKATKH ONPEAEISIETCA TOJBKO YIOJl TPEHUS B
YCTaHOBUBULIEMCS PEKHUME:

,By i= arctg-<,uy i> ,
CJIC,ZIy}OHII/IM marom SABJIACTCA IMTPOBEPKaA yCJIOBI/IfI 3axBaTa I10JIOCHI BaAJIKaMU:
JIJIs HAYaJIbHOT'O MOMEHTA MIPOKATKH (TOJBKO MPU ropsiueil MpoKaTKe):

> O
'6 31 al ’
J1J1s1 YCTaHOBHUBIIIETOCS MIpOIliecca MPOKATKU:

2:pB piZ @

B ClIydyac, C€CJIM YCIOBHA 3axBaTa IIOJIOCHI BaJKaMHW HE BBIIOJIHAKOTCA,
H€O6XOI[I/IMO, 1100 H3MEHUTH YCJIIOBUA TPEHHUA B OYarce ,Z[e(l)OpMaHI/II/I, 3a CUET
M3MEHEHHUs KauecTBa 0OpabOTKH MOBEPXHOCTH, MaTepuaia BaJKOB U (WJIHM) YCIOBHI
CMa3KH, JIMOO CKOPPEKTUPOBATH CXEMy OOKaTHil B CTOPOHY YBEIMYEHHUS YHMCIIA
MMpOX0A0B 1 COOTBCTCTBYIOHICTO CHUKCHUA I[e(l)OpMaHI/II/I B KaJKIOM IIPOXOJC.

Jlanee HaxoauM HEUTpadbHBIA Yroa odara JaeGopManud M BEIUYUHY
OIICPCIKCHUA MCTAJlJIA. I[HH CTaHOB, OCYHICCTB/IOIOMUX IIPOKATKY MCTAJlJIa 663
HATSKEHUs (TOJICTOJINCTOBBIE CTAHbI, YEPHOBBIE IPYIIIbI KJIETEH HENPEPBIBHBIX U
IMOJIYHCIIPCPBIBHBIX ITOJIOCOBBIX CTAaHOB, 00KUMHBIE CTaHBbI, PEBEPCHUBHLIC,
IIOCJICI0BATCIBHBIC U JIMHENHBIE I'PYIIIIBI KJIETEUN 3arOTOBOYHBIX U COPTOBBIX CTaHOB),

HEMTPAJIBHBIN YroJl P; U ONEpEKeHHe MeTauia S; PaCCUUTBHIBAIOT MO CIEAYHOIIUM

COOTHOUIICHUAM.
<sin < ai>> 1- cos< ai>

y ;= arcsin - ,
2 .
2 uyi

DI’
Si=<1 - cos(;/i>>- h.-cos<;/i> -1
l

B muenom HatskeHue sBhsieTcs (aKTOPOM, CTAOMIM3UPYIONIMM IPOIIECC
MPOKATKA, HO TPH 3TOM IPOUCXOJHUT CMEIICHHE HEUTPATbHOTO CEYCHHS ouara
nedopmaruu. st cTaHOB, HA KOTOPBIX MPOKATKa MPOU3BOJIUTCS C UCTIOIb30BAHUEM
HATSDKEHUS ~ TOJIOCHI (HENPEpBIBHBIE TPYIMIBl KIETEH MIUPOKOMOJIOCOBBIX M
MTOJTYHETIPEPHIBHBIX CTAaHOB TOPSYEH MPOKATKUA, OJHO- W MHOTOKJIETHEBHIE CTaHBI

XOJIOJHOW MPOKATKH JIMCTA), HEUTPANbHBIN Yrojl P; ONpeaestoT no meroauke A.M.
[{ennkoBa ¢ y4ueTOM HEPAaBHOMEPHOTO PACIpPEACICHUS YACIbHBIX JABICHUM I10 AyTe
3aXBaTa U HATSHKEHUS MOJIOCHL:

hi hHi

y ;= arcsin - -1

h, ’
Ah R\

rae R — pangnyc pabodero Bajika, MM;
hy; — ToNIKHA TPOKATHLIBAEMOM MOJIOCHI B HEUTPAIILHOM CEYEHHH, MM.




Ornoutenvie hy; / h; Beuucasior o Gopmyie:

%‘N

LR L <§oi'5i - 1>'<9&1i'5i+ 1)'

h. §Ii-§i+ 1

e &g i— KOOPOUIMEHT 3aTHETO YIETLHOTO HATSHKEHHUS TIOJIOCHI;
&1 i— KOO PUIMEHT NEPENHETO YAETLHOTO HATSHKEHHUS TOJIOCHI;
0; — mapaMeTp ouara jJepopMaInuK, paCCYUTHIBAEMBIH 10 COOTHOIIEHUIO:

ﬂyi

§i= o
i

g\ —
2
KoadpunmeHTs é‘g i u é‘l ; ONPEIEIISIIOT, UCXOAs U3 3HAUCHUU 3aJHETO Gy ; U
Hepez[Hero (2 1li yI[eJ'IBHOFO HATIAXKCHUA ITOJIOCHI HpI/I HpOKaTKeI

Gy i
Spi=1 - o

S

Ori
§1i=1* o

S

YI[CJ'IBHOG HATAKCHUE Oy ; U O; ; IO MEXKICTBCBEIM IIPOMCKYTKaAM
YCTaHaBJIIMBAIOTCA B 3aBUCHMMOCTH OT IPEACIa TCKYUYCCTH IMPOKATBIBACMOI'0 METaJlIa

Oy ; C YYCTOM TEPMOMEXAaHMYECKUX (PAKTOPOB: YIPOUHEHHUS, TEMIEPATypbl H
CKOpOCTHU AehOpMaIIHH.

Ha cranax ropsiueii mpokaTKu BeJIMYMHA YAEIBHOTO MEXKKIETEBOI'O HATSAKEHUS
coctasisier (0,10..0,45) o, ;. BenuunHa yaenbHOTO HATSHXKEHUSI BO3PACTAET IO X0y
MPOKATKU, JOCTUras HauOOJbIIUX 3HAYEHUW B TMOCIEIHUX  MEXKKIETEBBIX
MpoMexyTKax (mpoxonax). boyiee BbICOKHE 3HAUEHUSI HATSXKEHUSI IPUHUMAIOTCS MIPU
MPOKATKE TOHKUX M IIMPOKUX TIOJIOC, a TaKXke IMpU TMPOKATKE IOJIOC U3
BBICOKOJIETUPOBAHHBIX CTAJICH U TPYIHOACHOPMHUPYEMBIX CIIJIaBOB.

Ha cranax xoyiogHOW MNPOKATKM BENWYMHA YAEJIBbHOIO  HATSHKEHMS
yMEHBIIIaeTCsl 1Mo Xxoay mnpokatku u coctaBisier (0,35..0,45) 6 ;. 118 TEepBBIX

MEXKKJIETEBBIX TPOMEKYTKOB Wi npoxoaoB u (0,20..0,25) 6 ;.- 1 nocaeaHux, 4To
00yCJIOBJIEHO YIIPOUYHEHUEM METAJIA.



CJ'IeIIYIOI]_II/IM 9TAIIOM pacydCTa ABJEICTCA OIPCACICHUC JIA KaXXKAO0I'0 IPOXoJaa

WM KJIETH JUIMHBI ovara jaedopmanuu ly., KOTOPYIO HAaxXOmAT B 3aBHCHMMOCTH OT
TEMIIEPATypbl IIPOKATHIBAEMOrO MeTayuia. /[[nsd yclnoBuUM ropsided IIPOKATKU €€
HaxOJAT TOJIBKO U3 FT€OMETPUYECKUX COOTHOIIECHUM:

lgi = /R - Ah; , MM ,

a U XOJIOJHOW TTPOKATKHA METOJIOM TTOCTIeI0BATEIbHBIX UTeparuil (MpuOIMKeHMI) ¢
Y4€TOM CILTIONTMBAHUS pab0Uyero Bajika B KOHTAKTHOM 30HE:

» MM,

2
.= ‘ . . + .
ldt R Ahz <x1 l> X1i
rie Xy — JUIMHA odara jaedopManuu B HAlpaBJIEHUM IPOKAaTKU 3a OCEBOM
IJIOCKOCTBIO BAJIKOB, KOTOPAas B CBOIO OYEPEb BEIYHUCIIAETCS U3 COOTHOLIEHMS !
X, ;=1.375 CRpcpi , MM

riae C — koHcTaHTa yrnpyrocTu pabodero Baika, 1/MIla;

Pepi — Cpe/lHEE KOHTAKTHOE JIaBJIeHHE B odare JedopManuu B i—M mpoxoze (i—i
kietu), MlTa.
KoncranTa ynpyroctr paboduero Bajika 3aBHCHT TOJBKO OT MEXaHHYECKHUX
CBOMCTB MaTepHala BajKa U MOXKET ObITh pacCcunTaHa 1o GopMmysie:

1 (mg)

7r-EB

C=8- , I/MIla ,

rae Mp— xo3pduument Ilyaccona (nmonepeunoit aegopmarn) pabodero Bajka;
Ep — monyns ynpyroctu pabodero Bajika.
Jlst cranbabix BasikoB Ep =210 000 MITa, ug=0,3 ;
st ayryHHbIX BakoB Ep = 100 000 MITa, g = 0,25 ;
JUTSL 9yTYHHBIX 3aKaleHHbIX BankoB Eg =126 000 MIla, ug = 0,25 ;

U1 TBEpAOCIUIaBHBIX BajkoB Ep = 651 000 MI1a, Hp=03.

Jlnuay owara nmedopmaruu B HAMpaBIIEHUU MPOKATKH 32 OCEBOM IMIIOCKOCTHIO
BAJIKOB MOJKHO BBIYMCJIMTH, €CJIM H3BECTHA BEJIMYMHA CPEHEr0 KOHTAKTHOTO
JABJICHWsI MeTauia B ouare jaedopmaiuu, KoTtopas moka He ompezeneHa. [loatomy
pacuer BeeTCs UTEPAllMOHHBIM METOIOM:

1. B mepBoM mNpuUOIMXKEHUM CUUTAOT, YTO YIOPYroe CIUIIONIMBAHUE BaJlka

npeHeOpexnMOo MaJlo U, cleJoBaTeNbHO, X ; = 0.

2. Jlanee, c yd4eTOM MPHUHATOTO JAOINYIICHUS, OIPEACNSIIOT BCE OCTaBIIHECS
nedopMallMOHHbIE U TEOMETPUYECKUE TMapaMeTphbl, COMPOTUBJICHUE MeTasula
nedopmali, KOHTAKTHOE JIaBJIEHWE U yCUIIME MTPOKaTKU (roapasnaen 2.4).

3. Cnenyrommii Imar MTEPalMOHHOIO pacyeTa HAYMHAIOT, NPHHAB Py PaBHBIM
CpeIHEeMY KOHTAKTHOMY JaBJICHUIO, TIOJyYEHHOMY Ha MPEABIAYIEM dTare pacyeTa.
CHoBa  BBUUCISIOT  AehOPMAIMOHHBIE W TEOMETPUYECKHE  MapaMeTphl,
COTMPOTHBIICHUE MeTauia AedopMaIiii, KOHTAKTHOE NIaBIICHUE U yCHIIUE TMPOKATKU
(monpaznen 2.4).



4. WtepalMOHHBII pacyeT 3aKaHYMBAIOT, €CJIM PA3HHULA YCWIMH MPOKATKH,
IIOJIyYEHHBIX B JABYX IIOCJIEIOBATEIbHBIX UTEPALMSIX HE ITpEBbIAeT 5% :

P, - Py

100 % <5 %

Pr_
rae P — ycunue npokatku, MH;
k — nomep urepanum.

Ecni 1aHHO€e yCiioBUe HE BBIMOJIHAECTCS, TO PACYET MPOJOJIKAKOT, IPUHAB P epi
PaBHBIM CpE€IHEMY KOHTAKTHOMY JaBJICHHUIO, MOJYYEHHOMY B XOJi€¢ MOCIEIHEN
UTEpaluu, U MOBTOPSIIOT MYyHKTHI 2,3,4 METOIMKY pacyera.

Janee, mis KaXa0ro npoxoja WM KIETH CTaHOB ropsiued MpPOKATKH JHUCTa
HAXOAT YIIMpPEHUE MeTauia rpu npokatke no popmyne b.I1. baxtuHosa:

Ah; E;
Ab; = 1,15\ lgi — —— T oMM
2 Hyi

[Ipyn X0JIOAHONM MPOKATKE JIMCTOB YIIMPEHUE MOJOCHl HE3HAYUTENBHO U UM

npeHeoperaror.

C YUCTOM YHIMPCHUA, HIMPUHA IMOJIOCHI IMOCJIC KaAXAOro Impoxoaa HIIN KICTH
COCTaBHUT:

bi=bi*1+Abi ,MM.
Cpenuss myprHa oyara Ae(popMaluy Ul KaXI0ro IPOX0/a Wi KIETH:
, b;_;+b;
cpi= Yy MM .

[lnomans ouvara paedopManvl WIA IUIONIAJb KOHTAKTHOW TOBEPXHOCTH
METajuia C BAJIKOM B KaXKJIOM MPOXOJE PACCUUTHIBAIOT U3 COOTHOIIECHUS:

2
Fi=lyib i :

PeanbHblii KO3(PUIMEHT BBHITSDKKK TMOJOCHI TPHU TPOKATKE I KaKIOTro
npoxoja (KJIeTH):

h; ;b;_,

i
h;b;

JInvHa nmojockl mociie Kax10ro npoxoa (KIeTun):

, MM

A

li=ﬂi.li71 » MM .

CpenHsisi CKOpOCTh JieopMaliid B KaXKJIOM Mpoxoje (KJIETH) HEe0OXOIUMO
PaCCUUTHIBATh TOJIBKO IS YCIIOBUHM TOpSTUYEH TIPOKATKH:

Vi-ei-103
u_ .=——  l/cek .
Lyi



[To pe3ynbratam TaHHOTO MOApa3/eia He0OX0AUMO CHOPMYITHPOBATH BHIBO O
BO3MOXHOCTH WJIM HEBO3MOXKHOCTH TPOM3BOJICTBA 3aJaHHOTO BHJIAa MPOKATHOM
NPOJYKIMHU MO YCIOBHIO 3aXBaTa MOJIOCH! BAJIKAMHU.

2.4 PacueT KOHTAKTHBIX JIaBJICHNH U YCHUJIUA MPOKATKH
Ycunue  OpoKaTKM — PAacCUMTHIBAETCS  KAaK — MPOU3BEJACHUE  CPEIIHETO

HOPMAJIBHOTO KOHTAKTHOI'O J4BJICHHWA Ha ILJIOoIanab KOHTaKTHOM IMOBCPXHOCTH
METajlyiIa C BaAJIKOM:

Fi
P.=p . — MH
/ cpl ’ ’
4 108
CpenHee HOpMalbHOE KOHTAaKTHOE JABJICHHE 3aBUCUT OT JBYX TIpynn

(hakTOpoB:

1. dakropsl, onpenensomue MEXaHNIECKUE CBOMCTBA METalla TIPH TIACTHYECKOM
nedopmaryu (CTETIeHb U CKOPOCTh AeopMariuu, TeMneparypa);

2. (¢akToppl, BAUSIOMNE HA XapaKTep HAIPSKEHHOTO COCTOSHHUS METajlyla B O4are
nedopmaii  (KOHTaKTHOE€ TPEHWE, BHEIIHME 30HbI, [IMPUHA TOJIOCHI,
HATSDKCHUE).

CoBOKyITHOE BJIMSIHUE HA3BaHHBIX (DAKTOPOB BBIpAXKAETCA CIEAYIONICH
hopMyIIOii:

Pepi=Jifg i'0g; Ml

rae j; — Kod(QQHUIMEHT HANPSHKEHHOTO COCTOSHUS MeTauia B odare aedopmaluu,
YUUTBHIBAIOIIMK BIUSIHHE BTOPOTO TJIABHOTO HAIIPSIKEHUS;

R, ; — KOOPOUUMEHT HANpPSKEHHOTO COCTOSIHUS MeTajuia B ouare aedopmaliu,
YYHUTHIBAIOIINI BIUSHUE APYTHUX (HAKTOPOB;

O ; — UICTUHHOE COMPOTHBIIeHHE MeTaia nedopmanuu, Mlla.

HctuHHOE compoTuBiIeHHE MeTawia nedopmanuu B mporeccax o0paboTKu
METaJUIOB JIaBJICHUEM, B IEPBYIO OYEPEIb, 3aBUCUT OT TEMIIEPATYPHOIO UHTEPBAIIA, B
KOTOPOM MPOUCXOTUT edopmains MeTaa;

e Xxo0JoaHas (Teriast) AedopManusi;

e ropsivas (HemoJyiHas ropsiyas) aedopmarms.

B kaxnoM wu3 Ha3BaHHBIX CJIy4aeB HCTUHHOE COINPOTHUBJICHHE MeTajljia
nedopMalii  HAXOASAT  HA  OCHOBAaHMU  DKCIEPUMEHTAIBHBIX  JaHHBIX,
NPEICTAaBICHHbIX B BHUAEC Tpa@UKOB WM aNMpOKCUMHUPYIOUIUX 3aBUCUMOCTEH ¢
Y4€TOM KOHKPETHBIX YCIOBHM MPOKATKH.

OcCHOBHBIM (PaKTOPOM, BIMSIONIMM Ha H3MEHEHHE MEXAHWYECKUX CBOMICTB
METaJUIOB M CIUIABOB B XOJIOAHOM COCTOSIHUM, SIBJIIETCSA CYMMAapHas CTEIEHb
oOxatust. C yBeIMYEHUEM CTENEHH AeQopMaiyi MPOUCXOIUT YIIPOUYHEHHE METalla,
OOyCIIOBJIEHHOE OTCYTCTBHEM IIPOLIECCOB PEKPUCTAUIM3AllMA U BO3BpaTa B €ro
cTpykType (puc. 1). MaTtematnueckas 3aBUCUMOCTb, alllTPOKCUMUPYIOIIAsk YCIOBHBIN

, MIla ,



MpeIe TeKy4eCTH MEeTaJlIa, B 3aBUCUMOCTH OT HAaKOIUICHHOW CTeTIeHH Jedopmarii,
MPEACTABIISACTCS B CIACAYIOIIEM BUJIE:

n
Osi= %02 " g-<32 i>
rae 6y, — 0a30BOe€ CONPOTHMBICHUE MeTaula JeQopMaluy B HEHAKICIIAHHOM
(otoxxenHoM) coctosinuu, MIla;
£ — Monayins ynpouyHenuns, Mlla;
N — CTEeNEeHb YIIPOYHEHHUS,

&y; — HAKOIUJICHHAS CTETIEHb J1e(hOpMaIlHH.
3HaueHuss KO3(PPUIMEHTOB AJsl Pa3lIuYHbIX CTale U CIUIaBOB NMPUBEICHBI B
tabmune 10. HakoruieHHas cremeHb jaepopManud B KaxaoM i—M mpoxone (I—id
KJIETH) OMpEeNesIeTCs] C YUeTOM JIMHEWHOTO 3aKOHA YIPOYHEHHUs MeTajia Mo JJIMHE
ouara nedopmaruu (BTOpPOE CilaraéMoe) W HAKOTUICHHOW CTereHH AchopMaiuy K

Hayaly JaHHOrO Mpoxoza (IepBoe claraeMoe):

i- 1

€

¢r it Z “k | T
k=1

B ycnoBusax ropsueir aedopManMyd MCTUHHOE COMPOTHBIICHHWE MeTaa
ne(OpMHUPOBAHUIO HAXOJAT C YYETOM COBMECTHOIO JIEWCTBHS YIPOUHSIOUIUX
IPOLIECCOB, YHMCJEHHO XapaKTepU3yeMbIX BEJIMYMHAMU CTEIEHHM U CKOPOCTH
nedopmaliu, U pasymnpovHsSIIOUMX MPOLIECCOB, UHTEHCUBHOCTh KOTOPBIX 3aBUCHUT OT
TeMriepaTypbl. Haunbobiee pacnpocTpaHeHue Moayyuil METO1 TEPMOMEXaHUYECKUX
koaddunrenToB, pazpadboranubiii B.M. 3io3unbiM. CoriacHo 3TOMYy METO.Y,

pacueTHOE 3HAYEHHE CONMPOTHUBIEHHS MeTalia Ae(GopMalii B KaxkI0M I—M MPOXOJIE
(-1 K1IeTH) ONPEAENSIOT 110 POPMYJIE:
Oyi=0,k, 'k, ky; Mla.

rie 6y — 0a30BO€ COMPOTHUBIECHHE MeTaula JedopMallui, TMPU MOCTOSTHHBIX
3HAYCHUSX TEPMOMEXAHUUECKHUX mapaMeTpoB (Hampumep, ipu € = 0,1, u =10 1/c t =
1000° C), MIla;

k, ; — nepopmanmonHbIi K03hPULIUEHT;

k, ; — cxopocTHOIt KO3 UIHEHT;

k; ; — TemnepaTypHbIii KO3)ULIHEHT.
3HayeHUs TePMOMEXaHUUECKUX KOI(PDOUIIMEHTOB HAXOIST, JUOO 10 rpadukam
(cMm. puc. 2), 60 Ha OCHOBAHUH ANMPOKCUMHUPYIOIIUX 3aBUCUMOCTEH:

. )
kg i=A1'<"3i> I kyi=Ay (4 kij=Ayze

rne A;, Ay, Az, my , m, , m3 ,— ko>3pPUIMEHTHI ANNPOKCUMALIHH.

m2 m3-t.

/



Tabmama 4
Tabauna ko3P PHNHEHTOR YPARHEHHA PerPeccHH, ONMACLIBAIMET
MeXaHHYeCKHe CBOHCTBA META/UIOE NPH X0JI0XHOH NedopMannH

Goz2 Goz
Cniae & n CoiaB 5 n
HCX , | Mna HCX , | Mna
MlIla Mlla
KOHCTpYKITHOHHEIE CTAIH 20X23H18 353 |166.8| 0,46
Ctl 255 | 13,0 | 0,73 XH75SMEBETHO | 530 | 71.6 | 0,65
Ct2 294 | 30,0 | 0,62 XH78T 491 | 69,7 | 0,58
08xn 226 | 33,9 | 0,60 ||11X11H2BZM® | 589 | 39.2 | 0,64

10 294 | 28,9 | 0,64 12X5MA 471 | 22,6 | 0,72

20 368 | 31,0 | 0.64 03X12H9M2C | 687 | 3.7 | 1,10

40 343 | 82,0 | 048 CHoenHAaIRHEIE CTAITH

45 343 | 85,0 | 048 1211 (311), 368 | 33.4 | 0.63

50 392 | 98,1 | 047 1212 (312)

35 491 (144.2) 0,43 1411 (311), 302 |100.9| 0.38
0912 314 | 57,9 | 046 1412 (3212) ' '
1012 343 | 43,2 | 0.59 1511 (241), 101 | 47.1 | 0.62
12I°C 491 | 98,1 | 0,34 1512 (342)

65I" 3oz | 1727 0,35 0X20H4AT'10 401 | 245 | 0.92
25XTCA 373 | 55,9 | 0.57 (HH3)
IOXTCA 466 | 84,4 | 0,45 0X17H5T9AE 580 | 57.9 | 0.69
HHCTpyMeHTANbHBIE CTATH (D11 55) ' '
VEA 383 | 17,7 | 0,84 X22HS5ATY 540 | 50.0 | 0.78
VEl'A 3oz |111.8| 044 (11 20) ' '
VoA 294 (1246 0,41 IH 659 687 | 3,7 | 1,10
V10 392 | 245 | 0,79 2H 712 387 | 353 | 0,62
VI10A 3oz | 62.8 | 0.60 2H 763 461 | 13,7 | 0,80
V12 540 | 26,5 | 0.76 JH 846 324 | 53,0 | 0,74
VI12A 608 | 7.5 | 1,03 2H 852 324 11903 | 0.26

Po 265 | 77.5 | 0.61 AMOMHHHEBEIE CIUTABEI

99X 343 | 88,3 | 049 A0D 18 277 | 0,74

50X DA 441 | 314 | 0.66 Al 50 6.3 | 0.62
BEICOKONETHPOBAHHEIE CTAIH AM 49 59 | 0,71
08X13 319 | 70,6 | 0.45 AMTr1 93 12,8 | 0.59
20X13H4AT9 334 | 17,7 | 0,84 AMT3 74 | 62,8 | 0,30
12X21HST 657 | 26,5 | 0,68 J1 86 | 343 | 041
10X14T°14H3T | 334 | 32,4 | 0,78 ACM 390 | 15,7 | 045
X14T'14H 294 | 91,2 | 0,62 AMISII 147 | 44.1 | 0,42
15X17AT14 441 | 35,3 | 0,86 || MeaHOIHHKOREIE CIUIARHI (IaTYHH)
17X18H9 589 | 37.3 | 0,70 MO 74 | 549 | 0,41
12X18H9T 402 | 23,5 | 0,91 JI90 226 | 284 | 0,52
J6X18H25C2 | 589 | 353 | 0,76 JISO 98 | 294 | 0,70




ITIpogomxkenne Tabu. 4

Goz2 Go2
Cniaas & n Cniae B n
HCX , Mna HCX, Mna
MIla MIla
JI70 118 | 19.6 | 0,78 THIAHOREIZ CILIAREI
JI68 118 | 35,3 | 0,62 Texmad. Ti 491 | 65,7 | 0,36
1162 147 | 30,4 | 0,65 Bt 1-1 412 | 51,0 | 0,48
7159 172 | 28.4 | 0,64 Bt 1-2 432 | 41,2 | 0,54
JTH65-5 280 | 43,2 | 0,53 BT 6 981 | 10,8 | 0,76
JIO62-1 196 | 74.6 | 0,43 Ot 4 628 | 23,5 | 0.68
JIO60-1 196 | 14,7 | 0,85 HMII-7 819 | 11,8 | 0.86
JIC63-3 172 | 18,6 | 0,73 HMII-1A 613 | 39,2 | 0.61
JIC60-1 147 | 54,9 | 0,51 JPYTHE CILIABEI
JIC59-1 172 | 68,7 | 0,37 Ni
LR ! 147 |134.4| 0,38
BpOH3BI H MENTEXHOPEI /habprraTHEL
MOHes
bpb2 392 | 304 | 0,75
: ' HMAEWVH28-25- | 196 | 111,8| 0.41
EpMI5 88 | 59,8 | 0,46 i T
MensxHOp 128 | 91,2 | 0,34 TaHTan 564 | 49,1 | 0,54
I.I'I_I[[I]l']lIII'I'II\'III HIMEHSHAH MEXAHHYECKHY CEOHCTE CILIABOB
Eﬂ IpH X0/10JH0H JedopManan
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Puc. 1




I'pajpukH TEpMOMEXaHHYECKHX KO3 pHIHECHTOR /A JaTYHH JI70
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C yd4eToM [aHHBIX aNMPOKCUMHPYIONIUX 3aBUCUMOCTEH (dopmyna s
OTIPENICJICHUS]  COMPOTHBJICHUS MeTallyla ropsyed  aedopmand  MPUHUMAET
CIECIYIOLIUN BU:

o, ;=A0, ,MITa .

JInsl TUTaHOBBIX CIUIABOB COOTHOLIEHUWE [UISl ONPEAENICHUS CONPOTHUBICHUS
MeTanga Topsiued AedopMalM  yYUTHIBAET HAJMYMe MaKCUMymMa Ha KpHUBOMU
YOPOYHEHUS U MPEACTABIIAECTCS OJHUM U3 JBYX BapuaHTOB (A wiu B):

mp; myg; m; myt;
Osi = O¢ - <5i) e : (uc!,,') e , MIIa (A)
-3
L

m;  mys; m; M4
Ogi = 0'0-(8,-) e’ l'(ucpi) 3o N Mila (B).

3HavyeHuss 0a30BOr0 COMPOTHUBIICHHS MeTauia aedopManuu 6y U KodPPUIIUEHTOB

armmpokcumanun A = A; x Ay x A3, m;, my , m3 , my [Uis pa3audHbIX CTaded U
CIUIaBOB IIPUBENICHBI B Tabnuax 5 u 6.
Koo>(ppuiuenTsl  HANPSHXKEHHOIO  COCTOSHHUS —~ 3aBHCAT  OT  COOTHOLIEHHIA
reOMETPUYECKHX IMAapaMeTPOB odvara Ae(opMaliM, yCIOBHH TPEHHMS U HATSKEHHS
T0JIOC TIPU [IPOKATKE.

Koo puiueHT HanpssKeHHOTO COCTOSHHMS, YYUTHIBAIONIMN BIIUSHUE BTOPOIO

[JIABHOTO HAIPSUKEHHS J; 3aBUCHUT OT COOTHONIEHHs CPEeJHEN INMPHUHBI K CpeIHEi
BBICOTE o4ara JiehopMariui ¥ MpUHUMAET CIEAYIOINE 3HAUCHMUS:
TSI IPOKATKH Y3KUX TI0JIOC (TpexmepHast nedopmarius):

b

Hyibepi cpi 0.465
Ji=1+ A o< :
I by, hepi ty i
JUISL IPOKATKU IIMPOKUX 1oJIoC (Tuiockas aedopmarius):
j:= i= 1.155 bcpi 0.465
1l 2 >

KoapduuueHt HanpsyKeHHOTO COCTOSIHUA Mg YUYUTHIBACT IENBIA  psif
(bakTOpOB, U €ro MPEACTABIAIOT MPOU3BEIEHUEM YeThIpeX Kod((PUIINEeHTOB:

Nogi = Npi*N]oi N2gi N300,
rae My ; — KoOOQPUIUMEHT HAPSHKEHHOTO COCTOSIHUS MeTaylia B o4are Jaedopmariui,
YUUTBHIBAIOIIMA HW3MEHEHHE BIMSHHS BHEIIHETO TPEHUS B CBSI3M C YIIUPEHHEM
TIOJIOCHI;

N}, i — KO3hPUIMEHT HAPsHKEHHOTO COCTOSIHUSA METallla B oyare jJepopMaliuu,
YUUTBHIBAIOIIMK BIMSIHHE BHEIIHETO TPEHUS,



Tabmara 5

Tabmna ko3 PHNHEHTOB YPaBHeHHA PerpPecCcHH, ONHCHIBAIOMET0
MeXaHHYECKHE CBOICTEA META/LUIOB NpPH ropayiei nedopmanun

Ko3(pipHnHeATEI pErpecCHH

¥ CJI0BHA DOIYICHHA
K03 PHIHEATOR perpeccHH

CKOpOCT
Cnnae TEMIEPa- P CTENEeHE
Gy, b Aedop-
A my | mp; | m; | Typa, nedop-
Mila an C mpel| i
™ 1/cex
¥riaepoaHcTbie CTAH
Ct3 8.569 | 84,4 |0,2217 | 0,1453 | 0,0029 | 900-1200 | 0,1-100 | 0,05-0,5
Cté6 9.968 | 90,3 |0,2485 |0,1535|0,0032 | 900-1200| 0,1-100 | 0.05-0,5
08 k1 4,711 | 82,4 |0,2258 |0,1573 | 0,0024 | 700-1200 | 0,01-100 | 0,05-0,5
20 6.852 | 83,4 |0,2337 (0,1473 | 0,0028 | 900-1200 | 0,1-100 | 0.05-0,5
45 15,11 | 86,3 | 0,252 | 0,143 | 0,0025 | 800-1200 | 0,1-100 | 0,05-0.4
JIETHPOBAHHLIE CTAIH
12XH3A 23,00 | 98,1 | 0,252 | 0,143 | 0,0029 | 900-1200| 0,1-100 | 0.05-0.4
40X13 39.451106.,9| 0,280 | 0,087 |0,0033 |900-1200 | 0,1-100 | 0,05-0,4
X17H2 62.95|109,9| 0,280 | 0,087 | 0,0037 | 900-1200| 0,1-100 | 0.05-0.4
12X18H9T | 26,64 |119,7| 0,280 | 0,087 |0,0028 |900-1200 | 0,1-100 | 0,05-0,4
XH78T 45.41(192,3| 0,350 | 0,098 | 0,0032 | 900-1200| 0,1-100 |0,05-0,25
XH75MEBTHO | 49,55 (217.8| 0,350 | 0,098 [ 0,0032 |900-1200 | 0.,1-100 |0,05-0,25
XH70KD 50,00 |260,9| 0,350 | 0,098 |0.,0033 |900-1200| 0,1-100 |0,05-0,25
ATIOMHHHEBLIE CILIABEI
A00 3.54 | 35,3 | 0.219 |0,0943 | 0,0047 | 300-500 | 0.5-60 | 0.05-0.5
AM 1.64 | 47,1 | 0,215 | 0,090 (0.0028 | 300-500 | 0,5-60 | 0,05-0.5
J16 2.65 | 89.3 | 0,183 | 0,100 |0,0039 | 300-450 | 0.5-60 | 0,05-0,5
AMT6 2,01 |103,0| 0,233 | 0,103 |[0,0035| 300-450 | 0,5-60 | 0,05-0,5
MenHbsIe CIIABEL
Memn M1 0.81 | 93.2 | 0,374 | 0,101 | 0,0022 | 450-950 | 0.2-40 0,1-0.8
Jlatyss JI70 | 1,12 |107,9| 0,483 | 0,133 | 0,0036 | 450-850 | 0,2-40 0.1-0.8




Tabmuma 6

Tabauna ko3pPuMeHTOB yPpaBHEHUIT perpeccuu, ONMUChIBAKIUX

MeXaHUYeCKUe CBOMCTBA TUTAHOBLIX CILIABOB NPH ropsiyeii gepopmanuu

KoaddummenTsr perpeccun YcnoBus nonydeHust | Tum
- 1\(/)[-10'131 M m; ms my rpsz’[ C IZC’K & 1&);51:1
Br1-0| 597 |0,2725|-0,5228 | 0,0756 | 1,700 ?ggd (}63’6_ 0’8’57_ B
OT4 | 12,1 |0,0552]-0,0031 0,1307| 1,501 ?f)g(; ‘;’ga O(’)TS_ B
Br3-1| 182 |0,1275|-0,5881|0.2103| 1701 | 07 Og(éfo‘ 0(3}8_ B
Brs-1| 65 |03195|-0,8584 |0,2131| 3,034 81%%5 ‘;’11’; O(’)TS_ B
Br6 |988140,1444 | -0,8223 | 0,1147 | -0,0069 Z?gd 010010‘ 0’8’56‘ A
Br8 | 8864 |0,1958 | -0,6516 | 0,2326 | -0,0044 ??(3)0 ‘;’3,6 O(’)}S_ A
Bro | 26 |0,1233-03890 0,1805| 1.440 | SO0 ‘;’g,(; 0(3}8_ B
Br14 | 347 |0,1483|-0,5492 | 0,0565| 1,240 ?‘;86 ‘1636‘ 0’8’57‘ B
Br20 | 27 |03327|-0,9963 |0,2340| 1,639 Zf)g(; 2155‘ O(’)TS_ B
Br22 | 7512 | 0,1683 | -0,6501 | 0,2329 | -0,004 Zggd 52’4?,6 Oﬂo‘ A
TC6 | 3112 |0,0048 | -0,2594 | 0,1137 | -0,0028 ?(2)86 0’71’56‘ 06(,)71_ A

N3, ; — KO3 (PUIIMEHT HAPSHKEHHOTO COCTOSIHUSI METaljia B ouare JedopMaiui,
YUUTBHIBAIOUIHN BIMSHAE BHEIIHUX 30H;

N3, ; — K03 (PUIMEHT HAMPSHKEHHOTO COCTOSTHUS MeTalljia B oyare aeopmarium,

YUHTHIBAIOIIUH BIMSHUE HATSKCHUS WIIH TIOAIIOPA.

Ko>ppuuuenT HampsyKEHHOTO COCTOSHMS MeTajula B odare ae(popMalyy,
VUNTHIBAIOIIUIM W3MEHEHHE BIIMAHHMS BHEIIHETO TPEHHMS B CBS3M C YIIMPEHHEM
OJIOCHI Mp, ; YYUTBHIBAIOT TOJBKO IPH IPOKATKE CPABHUTENHHO Y3KHMX IOJIOC.
KputepueM 5TOro ABISETCS OTHOLIEHWE CPEJHEH NIMPUHEI IOJOCHI K JJIMHE OYara
nepopmarmn. Ecmu b/ 14> 5,0 , 10 np ; = 1,0 , ecmt bepi/ 14.< 5,0 , T0 Ry ;
BBIYUCIISIFOT CJIEIYIONTUM 00pa3oM:

] 3bepi ~ Lgi Lii
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Koaddurment HampsmkeHHOTO COCTOSIHHMS MeTauia B odare jaedopmariu,

YUUTBHIBAIOIINIA BIMSHUE BHEITHETO TPEHUS M, ; YYUTHIBAIOT TOJBKO MPHU MPOKATKE
CPaBHHTEJIHHO HH3KHX IIOJIOC, XapaKTePU3YEeMbIM OTHOIICHHWEM JUIMHBI oOdYara
negopMaIuu K ero CpeIHei BRICOTE:

ect Ly / hepi. <1,0 ,To Ry =1,0;
ecit Ly; / hepi. > 1,0, Torna:

Koadduiment HampsskeHHOTO COCTOSHMSI MeTamia B ouare aedopmaliu,

VUUTBHIBAIOIIMI BJMSHME BHELIHUX 30H My, ; YYUTHIBAIOT TOJLKO IPU IPOKATKE
BBICOKHX II0JIOC, XapPaKTEPU3yeMbIM OTHOLIEHUEM JUIMHEI odara ae(opMalyu K ero
CpEIHEN BBICOTE:

ecut Ly / Bepi. > 1,0 ,TO 36 =1,0;

ecit Ly; / hepi. < 1,0, Torna:
-0.4

L

"20i%|

cpi

Koaddumment HampsskeHHOTO COCTOSIHHMS MeTauia B odare jaedopmariu,
YVYHUTHIBAIOIINI BIMSHUE HATSHKEHUS WIH MOJIOPA, YUUTHIBAIOT TOJBKO JJIS CTAHOB,
MPOKATKa IMOJIOC HAa KOTOPBIX, MPOU3BOJUTCS C HaTsHKeHUEM. [Ipw 3TOM BenmndmHa
kod(puIeHTa HaMPsHKEHHOTO COCTOSHUSI YYUTHIBAET KaK TEpPeIHee, TaK U 3aJHEe
HaTSHKEHUE:

Soit S1i
n30' i=f

IIpu oTcyTcTBUM HATSHKEHUS B3, ;= 1,0 .

PaccuntanHoe 3Ha4YeHWE YCUIUSA TPOKATKM HEOOXOJWMO CpPaBHUTH C
JIOMIyCKaeMbIM yCHJIMEM, YyKa3aHHbBIM B TEXHUYECKOM XapaKTEpUCTUKE pabouei
kietd. [Ipy OTCYTCTBHMM YMCIIOBOTO 3HAYEHMS JAHHOTO Tapamerpa ero MOKHO
OTIPENICNIUTh, UCXOIS U3 MPOYHOCTH BaJIKOB.

J{ns AByX- TPEXBAJKOBBIX JIUCTOBBIX CTAHOB OTPAHUYMBAIONIMMU (HhaKTOpAMHU
SIBJISIFOTCSL TIPOYHOCTh BAJKOB B cepeauHe OOYKM pabodero Bajika WJIU B MECTE
nepexoja menkn Bajika B 60uky. [lomyckaemoe ycuire mMpoKaTKU, paCCUNTAHHOE U3
YCJIOBHSI TIPOYHOCTH B cepenuHe OOYKH, MpeHeOperas HANpsHKCHUSMH KPyUCHHS
BCJIEJICTBUE UX MAJIOCTH:

] (D 3, .10 6
P=0787< ) |10

,MH ,

2-<L - ls> = by

rzie |6 | — JomyckaeMoe SKBUBAJICHTHOE HaIpshKeHHe MaTepuana Baika, Mlla;
L — nyivna Gouxu Banka, MM;



[, — nnuHa meliky Banka, MM.

JlommyckaeMoe YCHIME MPOKATKH, PACCYMTAHHOE U3 YCJIOBHMS IMPOYHOCTU B
MeCTe Mepexo/ia MeWKu pabouero Bajka B 00UKY ¢ yUETOM HANPSIKEHUN KPyYEHUS U
KOHIEHTPAIMU HAIPSKEHUI B CTYIIEHYATOM [IEPEXOJIE:

JUIS CTAJIbHBIX BAJIKOB:

0.787-(d V- o |-10°°
‘P‘: < P> MH |

(K, -ls>2 + 0-75'<’d'V/'kr >2

JJI1 9YyT'YHHBIX BAJIKOB!

d 3, .10 6
Pl <p> |10 .

0.955-<kJ 'ls> . 0.796- <k -l>2 . <ld"»”'kr >2

c s

rae dp — MaMeTp Ielku paboyero Bajaka, MM;

ky; , k; — >pdexTrBHBIE KOXDDOUIMEHTH KOHIIEHTPAIIMH HANPSHKEHUH B MECTE
CTYIIEHYATOr 0 Mepexo/ia MEeWKH BaJika B O0OUKY;

W — K03 (HULIMEHT TIieya MPUIIOKEHHUS PaBHOICHCTBYIOIICH YCUITUS IPOKATKH;

l; — HanGospias auMHa oyara aepopMalu 1o IPOXOJaM, MM.
D¢ddextuBHBIE KOIDPUITUEHTH KOHIICHTPAIMKA HANPSDKEHUH BO3PACTAIOT C
yBEIIMYCHUEM TIepernaja JMaMeTpOB, YMEHBIICHHEM paJyca CONPATAIOICH rajaTely,

POCTOM NPOYHOCTHLIX CBOWCTB MeTallla Bajka u coctasisior kK, = 1,35.2,65, k, =
1,30..2,40.

[Ipu pacudere AOMycKaeMOro yCWIMSI MPOKATKU AJisl KIETH PEKOMEHIYETCS
NpUHUMATh KOO(DPUIIMEHT TUIeda MPUIOKEHUS PABHOJCHCTBYIONIEH paBHBIM
0,45..0,5 nns ycnoBui ropsudeit npokatku, u 0,25..0,4 npu XOJIOJHOW TPOKATKE
(MeHbIIIMe 3HaYEHUsI OTHOCATCS K MPOKAaTKe 00Jiee TOHKUX M0JIOC).

JIns 4eThIpeXxBaJKOBBIX JIMCTOBBIX CTAHOB MPAKTUYECKH IMOJHOCTHIO YCHUIIHE
MPOKATKU BOCIIPUHUMAETCS OMOPHBIMU BaJIKAMH, M OTPAHUYUBAIOIIUMH (HaKTOpaMHu
SIBJISIFOTCSL MPOYHOCTh BAJIKOB B CEPEIMHE OOYKH OIMOPHOTO BajKa WJIM B MECTE
nepexojia ek Bajika B 00uky. JlormyckaeMoe ycuiive MpoKaTKu, paCCUMTaHHOE U3
YCJIOBUS TIPOYHOCTH B CEPEMHE OOUKHU:

3 _
0.787°(D,,, o106
P|- . MH |,
L+ 2
S
rac Don — AUaMCETP OIIOPHOTIO BaJIKa, MM;
JlomyckaeMoe YCWJIME TIPOKATKH, PACCUYMTAHHOE W3 YCJIOBHMS NPOYHOCTH B
MecCTe TIepexoja INEWKH OIOPHOTO Bajka B OOYKY C YYETOM KOHIIEHTDPALMH
HaHpH}KeHI/Iﬁ B CTYIICHYAaTOM IICPEXOC:

0.393-<d0n>3- o|-100
P|= ,MH .
k_ -l

o s




Jlnst 0O)KUMHBIX M COPTOBBIX CTAHOB PABHOACHCTBYIOIIAS YCHIIUS TPOKATKH
CMelleHa OTHOCHUTENbHO IIEHTpa BaJlka W IMOATOMY IIEWKH Ballka 3arpyKeHbI
HepaBHOMepHO. Hanbonee omacHble HampsbkeHHs] OyyT BO3HHMKATh B IIEHKE Bajka
HamOoJiee OJIM3KO PaACIONIOKEHHON K paccMaTpuBaeMoMy KanuOpy. B atom ciyuae,
JIOIYCKAeMO€ YCUJIME MPOKATKH, PACCUUTAHHOE U3 YCJIOBHUSl MPOYHOCTH B MECTE
nepexoja Mmenku (pacoHHOro Bajika B O0UKY C y4€TOM KOHILIEHTPALlMU HAINpPSKEHUH B
CTYIIEHYaTOM Nepexoie, OyIeT COCTaBIATh:

0.981-<dp>3- | (L v 1g)10°8

L+l ¢, MH

i€ Cp — PACCTOSHUE OT LIEHTPA KamuOpa 10 CepeanHbI OMKaNIIEH TT0JIMITHUKOBOM
OIIOPBI, MM .

JlnaMeTpsl IeeK BAJIKOB IPUHUMAIOT PaBHBIMH:

d, = (0,55..0,63) D), — nnst 06XKMMHBIX ¥ COPTOBBIX CTAHOB,

d,=(0,70..0,75) D, ; d,, = (0,60..0,80) D,,, — 11 IUCTOBBLIX CTAHOB.
bonpmive 3HaYeHUsT OTHOCATCS K BaJKaM YCTAHOBJICHHBIM Ha MOIIMITHUKAX
KUJKOCTHOTO TPEHUS.

JlnvHa WIeWKW BajKOB NPUHUMAETCS MPUOJIM3UTEIHHO PABHOW JHAMETPY
HICHKHU.

3HaueHMs] JOIMYCKAEMBIX HAIpPSOKEHUH Uil pa3iu4HbIX MaTepHaliOB, W3
KOTOPBIX U3rOTaBIMBAIOTCS padoure BajKu, IPUBEIACHBI B TaOIuIE 7.

Jns kaxmaoil paboueil KiIeTH B KadyecTBE JOMYyCKAeMOTo YCWIIHS MPOKATKU
NPUHUMAETCSl HAUMEHBILIEE U3 PACCUNTAHHBIX 3HAUEHUI B cepe/luHe OOUYKU U B MECTE
nepexo/a MEeHKH Bajlka B O0UKY.

ITo pe3ynbraraM JaHHOTO MoApaseaa Heo0X0AUMO c(OPMYJIMPOBATH BHIBOJ O
BO3MOXXHOCTH MJIM HEBO3MOXKHOCTM IPOM3BOJCTBA 3aJaHHOIO BHJA IIPOKATHOU
IOPOAYKLIHUHU TI0 YCIOBHIO OTCYTCTBMSI MEpPErpy3Ku paboyeil KIeTu cTaHa MO YCHIIUIO
IIPOKATKU.

Pl-

Tabnuma 7
JlomyckaeMble HANPSIZKEHUS] MATEPUAJIOB BAJIKOB MPOKATHBIX CTAHOB
[Ipenen Jomyckaemoe Jomyckaemoe
Bua maTepuana BajakoB IPOYHOCTH, HDKBUBAJICHTHOE HaIpsHKEHHE
MIla HAIPSDKEHUE, KPY4YEHHUS,
MIla MIla
1. UyryHHbIE BJIKU 350..400 70..80 56..64
2. UyryHHbI€ JErMPOBaHHbIE 400..450 80..90 64..72
BAJIKU
3. CTanbpHbIE JIUTHIE BAJIKH 500..600 100..120 58..70
4. KoBaHbl€ BaJIKU U3 600..650 120..130 70..75
YTJIEPOAUCTOMN CTaIH
5. KoBaHble BaJIku U3 700..750 140..150 81..87
JIETUPOBAHHOM CTaJIN

* I[OHyCKaeMBIe HaIMpsKCHUA TPUBCACHBI UCXOA U3 MATUKPATHOTO 3allaca MPOYHOCTH.




2.5 PacyeT CKOPOCTHOIO pe;KMMA NMPOKATKH

Meronukn  pacyeta  CKOPOCTHOIO  pPEKHMMa IPOKATKHM  CYIIECTBEHHO
pa3nuyaroTcsa JUIsl PEBEPCUBHBIX, JIMHEHHBIX, IOCIEAOBATENbHBIX M HENPEPBIBHBIX
CTaHOB, IO3TOMY OHM OYJyT HU3JI0’KEHBI IPYT 3a IPYTOM.

IIpu BbBIOOpPE CKOPOCTHOIO peXHMa IPOKAaTKM Ha PEBEPCHUBHBIX CTAaHAX
CTpEMATCA O0ECIEeYUTh MUHUMAIbHBIA PUTM (LMKJI) MPOKATKH, 4TO OOECIEeUYUT
MaKCUMaJbHYIO POU3BOIUTEIBHOCTD.

XapakTep M3MEHEHHs] CKOPOCTH MPOKATKM WJIM YacTOThl BPAILEHHS BAJIKOB
ONPENEIAECTCS TEXHUYECKON XapAKTEPUCTUKON NMPUBOJAA U JUIMHOW MPOKATHIBAEMOMN
MOJIOCKl U MOKET OBITh TPEYTrOoJbHBIM WM TpamneneuaanbHeiM (puc. 3). B olmiem
cilydae, pu AOCTaTOYHOMW JJIMHE IOJIOCHI, XapaKTEP WU3MEHEHUSI CKOPOCTH (4aCTOTHI
BpallleHUsl BaJKOB) HMEET TpamneueujanbHyl0o (opMy U BKIIOYAET CIEAYIOIIHNEe
BpPEMEHHBIE NEpUOIbl (CM. cxeMy ckopocTHoro pexuma Ne III Ha puc. 3):

1. TloBblmeHME 4ACTOTHI BPAILLEHUS] BAJIIKOB OT HYJIS WJIM CKOPOCTH XOJIOCTOTO XOAa

R, 10 CKOPOCTH 3axBaTa M3, PU KOTOPOH MOJOCY 3aJal0T B BAJIKK U HAYMHAIOT
ee nedopMainuio. DTOT MEPUOJ HA3bIBAlOT PA3TOHOM TJIABHOTO MpuBOAa 0Oe3

MOJIOCHl U 0003HAYAIOT fpy. ITOT BPEMEHHON MHTEpPBal HE BXOJIUT B MAIIMHHOE
BpEMs IPOKATKH U SIBIISIETCS YACTBIO MAY3BI.
2. Ilocne 3axBaTa 4acTOTy BpAILEHHUS BaJKOB YBEJIWYMBAKOT 1O MaKCUMaJIbHOI'O

3Ha4YCHUA ny. O9ToT IEPpUOJa HA3bIBAKOT PA3TOHOM IJIABHOI'O ITpUBOAA ¢ MCTAJIJIOM U

0003HaYaroT 7p.
3. JIoCTUTHYB MaKCHMAaJbHOTO 3HAYCHHS CKOPOCTH, MPOKATKY BEAYT MPH YacCTOTE

BpalllCHHA BaJIKOB paBHOI\/'I ny. OTOT IepuoJ Ha3bIBAIOT HpOKaTKOﬁ Ha

YCTAHOBHBILENCS CKOPOCTH ¥ 0003HAYAIOT Eycyy .
4. Crnenyromuid TEPHOJT XapaKTepU3yeTcss TOPMOXKEHUEM (3aMEeJICHHEM) CKOPOCTH

IIPOKATKHU U 4aCTOThI BpAIlICHUA BAJIKOB 1O YPOBHA Hp, IIPH KOTOPOM IIPOUCXOJUT
BI>I6pOC METalla M3 BaJKOB KJIETH. OTOT IEpuoJa Ha3bIBAIOT HpOKaTKOﬁ C

TOPMOXKEHHEM (3aMeJJICHuEeM) U 0003HavaroT 7.
5. TlocnenHunii nEPUOL COOTBETCTBYET AANBHENIIEMY CHHYKEHUIO YaCTOThI BPALLICHUS

BaJIKOB OT CKOpPOCTU BBIOpOCAa Mp [0 HMX TMOJIHOW OCTAHOBKM WM CKOPOCTHU
XOJIOCTOIO0 XO0Ja Myy. ODTOT NMEPHOJ HA3bIBAIOT TOPMOXKEHUEM (3aMENJIEHUEM)
cTaHa 0e3 MeTajyla B Bajkax M 0003HayaroT f7y. DTOT BPEMEHHOW MHTEpBajl HE
BXOJUT B MAIIMHHOE BPEMS ITPOKATKU U SBJISIETCS YACTHIO NAY3bI.

[Tay3pr wmexny npoxomamu I,; 3aBUCAT OT COOTHOILICHHUS BpPEMEHU
peBEpCUPOBAHHUS SJEKTPOABUTATENS CTaHA fpgp, BPEMEHU cpabaThIBaHUS HAXKUMHOTO
yCTpOMCTBA [y, BPEMEHM Ha PEBEPCUPOBAHUE pacKaTa pOJIbIaHIaMHM, KaHTOBKY
packaTa M IepeMelleHue (yCTaHOBKY) packara B IONEPEYHOM HANpPABICHUM IIPU
IIOMOILY MaHUIyJIATOpa fxp.

YacTHbIMU CiIy4yassMHU SIBISIFOTCS TPEYTOJIBHBIE CXEMbl M3MEHEHHMSI 4YaCTOTHI
BpAalllCHWsI BAJIKOB. B JaHHBIX CXeMax OTCYTCTBYET II€pUOJ IIPOKATKH Ha
YCTaHOBUBLIEHCS CKOPOCTH.



JAHAarpaMMbl CKOpocTel H KPYTHIIHI MOMEHTOB Ha BAJIY
NIEKTPONBHIATE/IA JJIfl PEBEPCHBHLIX NPOKATHLIX CTAHOB

CKOpPOCTHAA JHATPAMMA

A n
VCTAHOBHBEITAACH CKOPOCTE OPOKATKH
CEOpOCTE 3AXBATA H Bmﬁpoca
MOJIOCHI n L
2
A JHATrpaMMa KPYTAINHX MOMEHTORE Ha BATY JEKTPONBHI ATEHE £
M,
f
T
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[Ipu HEe3HAUUTENHHOU JJIMHE pacKaTa, 9YTO XapaKTEPHO ISl IEPBBIX MPOXOIOB,
MOJKET BO3HHMKATh CX€Ma CKOPOCTHOTO pexkmma Ne I, cocrosimias TOJIBKO U3 TpeX
XapaKTEePHBIX Y4acTKoB (puc. 3):

1. Pa3ron riaBHOTO IMpuBOJIa 0e3 I0JIOCHI tpo - IMOBBIICHHUEC YaCTOTHLI BpallCHUSA

BAJIKOB OT HYJISl HJIM CKOPOCTH XOJIOCTOTO XOAa My, 4O CKOPOCTHU 3axBaTa M3, IpU
KOTOPOH MOJIOCY 3aJ]at0T B BaJIKU U HAUMHAIOT €€ Ae(popMaLuio.

2. Pa3ron rmaBHOTO npuBoJaa C MCTAJJIOM tPI — IOBBIICHHUC YaCTOTHI BPAIICHUA
BAJIKOB OT CKOPOCTH 3axBaTa M3 N0 MAKCHUMAJIbHOI'O 3HAYCHUA M,,,, , KOTOPOC

HHKE YCTAHOBUBIIEHCS CKOPOCTH M, B TeyeHue paccMaTpuBaeMoro BpEMEHHOTO
MHTEpBaia MPOKAThIBAETCS BCS MOJ0OCA.

3. Topmoxxkenue (3amemyieHne) craHa 0e3 MeTauia B Bajikax Iry; - CHIDKCHHE
YacTOThl BpAICHUS BAJIKOB OT MAaKCUMAaJIbHOM CKOPOCTHU My, 10 UX TOJIHOU
OCTaHOBKH WJIM CKOPOCTH XOJOCTOTO XOAa Hyy.

IIpy yBenuyeHMHM [UIMHBI packara B MOCIEAYIOIIHUX IPOXOJAaX MOXKET
BO3HUKATh CXeMa CKOpOCTHOTO pexkuma Ne I, cocrosmas n3 4eTbIpex XapaKTEPHBIX
y4acTKoB (puc. 3):

1. Pasron rmaBHoro mpuBoga 6€3 MOJOCH fpy - MOBBIIIEHHUE YACTOTHI BpallCHUs
BAJIKOB OT HYJISI WJIM CKOPOCTH XOJIOCTOTO X0Ja My, A0 CKOPOCTH 3axBaTa M3, IIpU
KOTOPOH MOJIOCY 3a/1al0T B BAJIKW U HAUMHAIOT €€ 1ePOopMalItIO.

2. Pa3roH rJIaBHOTO NPUBOAA C METALIOM Ipy — TOBBIINIEHUE YAaCTOTHI BPAIICHUS
BAJIKOB OT CKOPOCTM 3axBaTa M3 J0 MAaKCUMAaJbHOIO 3HAYEHUS PABHOTO
YCTaHOBUBIIIEUCS CKOPOCTH M), .

3. Ilpokatka Cc TOPMOXXEHHEM (3aMEIJICHMEM) CKOPOCTH TMPOKATKH M YaCTOTHI
BpalllEHHUs BajKOB OT MAaKCHUMAaJbHOTO 3HAYEHHUs, PAaBHOTO YCTAaHOBUBIIEHCS
CKOPOCTU My, JIO YPOBHs Mpgj, TIPU KOTOPOM IPOMCXOAUT BBIOPOC MeTauia u3
BaJKOB kieTh. CKOPOCTh BHIOpOCa MeTajuia Mg, BHIIIE, YEM B TpameleuaalbHON
CXEME CKOPOCTHOTO PEXUMA M p.

4. TopmoxxkeHue (3aMejieHHE) cTaHa 0e3 MeTalyla B Bajkax frgy; - CHI)KEHHE
4acTOThI BpAIllEHUsI BAJIKOB OT CKOPOCTU BBIOpOCA Mpy 10 UX MOJTHOW OCTAHOBKHU
WJIM CKOPOCTH XOJIOCTOTO XO1A Myy..

Bnauane onpenesnsitor HOMEp CXeMbl CKOPOCTHOTO pekuma (puc. 3) Ha OCHOBE
CpaBHEHHUs1 OOIIed JUIMHBI TIOJIOCBI W 4YacTedl JJWHBI TOJOCHI, KOTOpPBIE
MPOKATBHIBAKOTCS B MEPUOIBI pa3roHa U TopmoxkeHusd 1o cxeme Ne [II. J{nunbl yacrei
IIOJIOCHI, KOTOPBIE MOKHO IPOKATaTh 3a MEPHUOJBI Pa3roHa U TOPMOKEHUS TJIABHOTO
MPUBOJAA C METAIUIOM MO cXeMe CKOPOCTHOTO pexxkuma Ne [1I:

rr-Dp-(1+Si) (n3+ny) (ny—n3)

L . — . . D ’
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rne dp , Ay — YIJOBBIE YCKOPEHHS TJIABHOTO TPUBOJA MPOKATHOW KIIETH
COOTBETCTBEHHO MPH pa3roHe U TOPMOKEHUH, (00/MUH)/C.

BennuuHbl yIIIOBBIX YCKOPEHUH ITaBHOTO MPUBOJIA 3aBUCST OT TUIA U PEKUMA
paboThHI cTaHa. YCKOpPEHHsI CTPEMATCS MPUHATh HAUOOJIee BBICOKUMH, TaK KakK 3TO
MPUBOJUT K TOBBIIIEHUIO TIPOU3BOJUTEIBHOCTH ITPOKATHOTO CTAaHA.

JUJI1 TOJICTONMCTOBBIX M OOXHMMHBIX NMPOKATHBIX CTAHOB 3HAUYEHHS YTIJIOBBIX
YCKOPEHHI COCTABIISIOT:

pu pasrone dp = 25..75 (06/MuH)/c;

npu Topmoxkernu dy = 40..95 (06/mMun)/c.

B pabGortax B.A. TsaryHoBa moka3aHO, YTO C TOYKH 3PEHHS MHHHUMAJIbHOIO
HarpeBa JJICKTpOABUTATeIs (MHHHMAJIBLHOTO CpPETHEKBAIPATUIHOTO MOMEHTA)
YCKOPEHUS IIPH Pa3roHe U TOPMOKEHHUH JIOJKHBI OBITh OJIMHAKOBBI.

[Tpr mpenBapUTENLHBIX pacdyeTax 4acToTa BpAIlCHUs BAJKOB, MPU KOTOPOH

MIPOUCXONUT BBIOPOC TIOJIOCHI Mg, OOBIYHO TMTPUHUMACTCS PABHOM YaCTOTE BPAIICHHUS
BAJIKOB, NpPU KOTOPOW MPOMCXOAUT 3axBaT MoJjiocel M3, u coctaBisier 30..70 %

YacTOTHI BpAIIEHUS BallKa IMPHW YCTAHOBUBLIEMCS MPOLECCE MPOKATKU M,. B cBotO
ouepe/ib, YaCTOTY BpAIEHUS BAJIKOB B YCTAHOBUBIIEMCS PEKHUME HAXOIAT, UCXOJS
U3 OCHOBHOW CKOPOCTH DJJEKTPOABHUraTessi NpUBOAAa BaldkoB (cM. Tabm. 8) u
IIEpEaTOYHOrO YHMCIIA PUBOJA.

Cxema Ne [ ckOpoCTHOro pekumMa BO3HHMKA€T, €CIU JUIMHA MOJOCHI IOCHE
[IPOXO0JIa MEHBIIE JUIMHBI IIOJIOCHI, KOTOPYK0 MOXHO IPOKAaTaTh 3a BpPEMs pa3roHa
IJ1IaBHOTO TpuBoja ¢ MetaiuioM no cxeme Ne I1I:

Li<Lp; | mm .

Cxema No II CKOPOCTHOI'O PCXKHMMa BO3HHUKACT, €CJIHM AJWMHA I10JOCBI IIOCJIC
Impoxoaga OoubIIIe AJIUHBI 49aCTH IIOJIOChI, KOTOPYIO MOXXHO IIPOKATaThb 3a BPCMA
pasroHa rjiiaBHOro mnmpuBoaa ¢ METAJLIOM IIO CXEMC Ne IH, HO MCHBIIC CYMMBI AJIWH
JacTeu IIOJIOCBI, KOTOPBLIC MOXXHO IIPOKATAThb 3a BpPEMsS pasroHa MU TOPMOKCHHA
IJIaBHOI'O IMpuBOJga ¢ METAJUIOM:

LPi<ll.<LPi + LTi , MM .

Cxema Ne III ckopocTHOro pekuma BO3HUKAET, €CJIA JJIMHA TOJOCHl MOCIEe
poxo/1a OOJIBIIIE CYMMBI IJTMH YacTeH MOJIOCHI, KOTOPhIE MOXKHO MTPOKATATh 32 BPEMsI
pas3roHa ¥ TOPMOXKEHHUS IJIaBHOT'O MTPUBOJA C METAIUIOM:

Li>Lp; ~ Ly am

B npuBeieHHBIX COOTHOIICHUSAX HEOOXOIUMO TaK)Ke YUYUTHIBATh BOZMOXKHOCTD
OJTHOBPEMEHHOM MPOKATKH JIBYX WJIA TPEX CIUTKOB. B 3TOM ciyuae, s OaydeHUs
MOJIHOW JUTMHBI TOJIOCHI, JJIMHY OJIHOTO packaTa HEOOXOJIUMO YMHOXUTh Ha YHUCIIO
OJITHOBPEMEHHO MPOKATHIBAEMBIX 3arOTOBOK.

Jlaee paccUMTBHIBAIOT IMTEIBHOCTh XAPAKTEPHBIX YYACTKOB CKOPOCTHOIO
pex)uMa MpOKaTKu. [IuTensHOCTh pa3roHa riiaBHOro MpuBoJia 0€3 MOJIOCHI ABJISIETCS
MMOCTOSIHHOM JIJIs1 BCEX MTPOXOJIOB U BBIYUCIISIETCS U3 COOTHOLICHHUS:

n,-n,..
t pp=— CeK .
ap



TaGmema 8

TexHHYeCKan XAPpAKTEPHCTHEA EJ[EICI'pﬂIIB]IfﬂTEJIEﬁ NpOKATHEIX CTAHOB

HomMH- =
YacToTa . |MaxXOBBIH| JTomyckae-
THO 3nexTpo- |MOMHOCTE, | BpalmieHHA Haﬂhmﬂi MOMEHT | MEIH KO3(-
JIBHTATENA KBT poTopa, ?ﬁ;{tﬁ? AKOPA, (hHITHEHT
00/MEH — KH* M Heperpy3kH
3NeKTpOIBHTATENH cepHH 11
I1-26-140 10175 0-65-90 14907 4624.0 2.5
I1-25-150 9100 0-68-70 12750 34324 2.3
11-24-160-9K 7250 0-65-90 1069.0 29421 2.3
3nekTpoaBHTaTenH cepHH ITBK
ITEK-380/125 7400 0-60-90 1176.,8 44622 2.3
ITEK-250/145 4600 0-70-120 627.8 1324 .4 ¥
ITBK-215/65 2000 0-125-300 153.0 365.1 225
ITEK-180/95 1840 0-100-275 176.1 284.5 2,25
ITBK-120/70 1600 0-400-650 38.3 320.8 225
ITEK-180/65 1100 0-100-220 105,0 162.8 23
2ITBEK-285/120 4560 0-80-180 5502 18149 2
ITIEK-215/55 3200 0-250-420 1225 320.8 2,25
ITEK-250/160 3320 0-50-120 637,7 15107 2.5
ITBK-285/45 2100 0-90-180 2237 819.1 25
ITEK-180/45 1200 0-200-500 57.4 1373 225
3NeKTPOJBHTAaTeNH cepHH MII
2MII-7000-60 2x4800 0-60-100 1520,6 26978 2,5
MII-12000-65 3800 0-65-70 12945 4413.1 2.5
MII-11000-65 8100 0-60-90 1081,7 29421 2,5
ZMII-8700-60 2x3200 0-60-120 1030,1 2158.2 2.5
MII-7900-70 5800 0-70-120 730.6 1686,8 2:5
MII-7500-60 5500 0-60-120 379.0 2697.8 2.5
MII-7000-50 5100 0-50-120 981.,0 3776.9 2.5
MII-6500-50 4300 0-50-120 382.9 3776.9 2.5
MIT-6200-80 4600 0-80-160 545.4 2550,6 2.5
MII-5700-100 4200 0-100-200 402,2 941.8 2.5
MII-5000-110 3700 0-110-220 318.8 1569.6 7ok
MIT-4000-40 2900 0-40-80 702.4 23544 2.5
MII-3500-30 2600 0-30-60 819.1 2648.7 Pk
MII-3100-75 2300 0-75-150 290.4 1618.7 2.5
MII-3000-100 2200 0-100-200 2099 1618,7 2.5




ITpomomxenHe Tabn. 8

HoMH- ”
JacToTa ., |MaxoBBIH | TTomyckae-
THI 3nekTpo- |MOIMHOCTS, | BpaleHHA Ham'mmu MOMEHT | MBIH K03~
JBHTATENA KBT poTtopa, xﬁzﬂjﬁ AKOPA, | (HITHEHT
06/MHEH B kH*M® | Ieperpyskn
MII-2500-80 1800 0-80-160 220,7 608.2 25
MII-1800-200 1300 0-200-360 63,3 147.2 2.5
MIT-1700-400 1250 0-400-750 299 63.8 25
MII-1500-300 1100 0-300-600 35,0 63,8 2.5
MII-1200-400 880 0-400-750 21,1 19,6 2.5
MII-1000-530 735 0-530-1000 13,2 8.8 2.5
MII-735-750 540 0-735-1500 6.9 5.9 2.1
MII-600-300 440 0-300-600 14,0 10,3 25
MII-500-280 370 0-280-750 12.6 9.8 25
MII-350-450 250 0-450-900 5.4 4.4 2.1
MII-250-400 180 0-400-800 4.4 3.8 2,0
3NeKTpoaBHraTenH cepaH MC-320 (CHHEXpOHHEIE)
324-20/10 6550 600 104.3 184.4 -
324-16/10 5400 600 86.0 1521 -
324-18/12 5400 500 103.2 1933 -
324-15/12 4420 500 84.5 165.8 -
324-12/10 4050 600 64,5 119,7 -
323-18/8 3850 750 49,0 63,3 -
324-12/12 3450 500 65,9 138,3 -
324-10/10 3380 600 53.8 104,0 -
323-14/8 3050 750 38,9 51,5 -
322-16/6 2700 1000 25,8 19,1 -
324-8/10 2670 600 425 877 -
324-12/16 2600 375 66,2 156,0 -
323-11/8 2300 750 29,3 42,7 -
324-12/20 1970 300 62,7 176,6 -
322-12/6 1920 4000 4.6 15,2 -
323-10/10 1900 600 30,3 43,5 -
323-7/8 1500 750 19,1 30,9 -
322-8/6 1370 1000 13,1 11,3 -
322-7/6 1170 1000 11,2 10,3 -
321-7/6 750 1000 7.2 4,7 -




[Ipu ocTaHOBKE MPHUBOJIA B MIEPUOJIBI [1ay3 YACTOTY BPALICHHs XOJOCTOro X0oaa

Ny, CleqyeT NpPUHUMATh paBHON Hym0. B Tom ciydae, eciu B NepuoAsl may3
MIPOM3BOJUTCS BpAIllEHUE BAJKOB HA MOHWKEHHOW CKOPOCTHU Il PABHOMEPHOTO UX
OXJIXKJCHHsI, TO BEJIWYMHA YACTOTHI BPAILIECHHUS XOJOCTOrO XOJa, KaK MPaBHIIO, HE
npesbimaet 10 % oT ycTaHOBHUBIIEHCS 4YaCTOTHI BPAILEHUS.

JIMmuTenpHOCTh pa3roHa TJIaBHOTO MPUBOJAA C METAJUIOM SIBISIETCA NMOCTOSTHHOU
JUI T€X IPOXOJ0B, BUJI CKOPOCTHOTO peKUMa KOTOPBIX, COOTBETCTBYET cxemam Ne I
u I1I:

_ Y 3 , CEK .

I[J'IH CKOPOCTHOI'o pCxKuma Ne I B KaXXJI0M IIPpOXOoAC AJMUTCIbHOCTL pPa3roHa
rIaBHOro npuBoJa € MCTAJZIOM, B TCUCHHUEC KOTOPOTI'O IIPOKATHLIBACTCS BCs I10JIOCA,
OIpCACIIAIOT U3 BbIPAKCHUA!

1
tPIz—a—P- (n3) +ﬂ'-DP-(1+Si)_ap , CEK .

3a JaHHBI BPEMEHHOW HWHTEpPBajl B JAHHOM MPOXOJE 4YacTOTa BpPALLICHUS

BAJIKOB BO3PACTET OT CKOPOCTH 3axBaTa M3 10 MAaKCUMAJIbHOTO 3HAYCHUS Mgy i
KOTOPO€ HIXKE yCTAHOBUBLIEHCS CKOPOCTHU My,

Byaxi = N3 +ap-tpy; ,00/MuH .
Jns ckopoctHoro pexuma Ne | IIUTENBHOCTH TOPMOXKEHHS (3aMeEIJICHUS)

cTtaHa 0e3 MeTa/ula B BajKaX OT MAKCHUMAJbHOW CKOPOCTH M4y j 10 WX TIOTHOM
OCTaHOBKH WJIM CKOPOCTH XOJOCTOTO X0Ja My BBIYUCIISIOT IO opmyJie:

n n

maxi "'xx
tT0 1i= p , CEK .
T
Jlns  ckopoctHoro pexkumma Ne I B KaXaoM IPOXoJe JJIMTENLHOCTh
TOPMOXEHUS (3aMe/jIeHus]) CKOPOCTH NMPOKATKUA U 4YacTOTHI BPALIEHUS BAJIKOB OT

MaKCHMAJIbHOTO 3HAYCHHUS, PABHOTO YCTaHOBHBIIEHCSI CKOPOCTH My, 10 YPOBHS Mg ;
OpU KOTOPOM MPOMCXOAUT BBIOPOC MeTaljla M3 BajKOB KJIETH HAaXOIAT U3
COOTHOILICHHUS:

L O PP T U TR
"“ar ar g JZ'-DP-(I-I—S,')

CoOCTBEHHO YacToTa BpallCHUs BaJIKOB, IIpHU KOTOpOfI B JaHHOM IIpOXO0Ac
HpOHSOﬁI{@T BBI6pOC METajliia COCTaBUT:

, CEK .

Hns  cxopoctHoro pexuma Ne [l B KaxaOM MPOXOAE IUTEIbHOCTh
TOPMOXEHUS (3aMeJIeHMs]) cTaHa 0e3 MeTalla B BaJIkaX OT CKOPOCTH BbIOpoca Mp; ;



0 HMX IIOJIHOW OCTAHOBKM WJIM CKOPOCTH XOJOCTOTO XOAa My, OIPEHEISAIOT W3
BBIPAKCHHUS:

Mpai = Mxx
tT02i=a— , CeK .
T
IIpokaTka Ha YCTaHOBHUBLIEHCS CKOPOCTHM XapakTepHa TOJIBKO  JUIA
ckopoctHoro pexkuma Ne III. JIMTENBHOCTH JAHHOTO BPEMEHHOIO HHTEPBAJIA
BBIYHCIISAIOT O hopmyJie:

60 (Ii = Lpj — L3) - inp
Hnsa ckopoctHoro pexkuma Ne Il quTENbHOCTh MPOKATKA C TOPMOKEHHUEM

(BaMCI[JICHI/IeM), B TCUYCHUC KOTOpOﬁ IMPOUCXOAUT CHMIKCHHUC YaCTOTbl BpalllCHUSA

BAJIKOB OT YCTAHOBHMBHICTOCA 3HAYCHUSA ny JI0 YpOBHsI Hp, 6y,HeT OCTaBaTbCA
MMOCTOSIHHOM AJI1 BCEX MPOXOA0B U COCTABHUT!

Lyi = , CEK .

tT=T , CeK .
T
Taxxe mis ckopoctHoro pexxuma Ne III Oyaer ocraBaThesi MOCTOSSHHOM U
JUTUTEIIbHOCTh TOPMOXKEHHUs (3aMEJIeHMsI) cTaHa 0e3 MeTaijia B BallkaX, B TCUCHHE
KOTOPOM YacToTa BpaIllEHUs BAJIKOB CHU3HMTCS OT CKOPOCTH BbIOpoca Hp 10 HX

IIOJTHOM OCTAaHOBKHU WJIM CKOPOCTH XOJIOCTOI'O XO04a My :

g~ Ny
tT0= - , CCK .
ar

CormnacHo TpoiiHOMY ycioBui0 B.A. TsAryHoBa Ha peBEpCUBHBIX CTaHAX IS
o0ecrieyeHrss MUHUMAIbHOM JJIUTENBHOCTH TMay3bl MEXKAY NpoXoJamMu U
COOTBETCTBYIOIIETO  MOBBIIICHHUS  MPOU3BOAUTEIBHOCTH  CTaHa  HEOOXOJUMO
COBMEILATh OINEpalil PEBEPCHUPOBAHUS TJABHOTO TMpuBOAAa Ipgpp, OTPAaOOTKU
HaXMMHOTO YCTPOMCTBa Iy, PEBEPCUPOBAHMS pPacKaTa pPOJbraHIaAMH, KaHTOBKH
packaTa M nepeMeleHus (yCTaHOBKHM) pacKkaTa B IONEPEYHOM HANPABICHUH IPH
[IOMOIIM MaHumyJsitopa fxp :

trep = tuy = Ikp, CeK

JIIMTENBHOCTD ONEPaIi PEBEPCHPOBAHUS TJIABHOTO MPUBOJIA CTAHa MOCIE I -
ro npoxoaa st ckopoctHoro pexxuma Ne III onpenensercs u3 BeIpaXeHUs:

nxx nxx

"
ap 41
Hns cxopoctHbix pexkumMoB Ne I u Il B mpuBegenHoit Qopmysne BmecTo
JUIMTEIbHOCTH TOPMOXEHUSl TJIaBHOTO TpuBoAa 0Oe3 Meramia Iy ClenyeT
MOJICTABJISATh COOTBETCTBYIOIINE BPEMEHHBIE UHTEPBANBI 797 ; U L7192 .

'pEBi=tP0 " 'T0 " , CeK .



B cnydae ecnu peBepcupoBaHUE MPOUCXOAUT C OCTAHOBKOW MPHUBOAA, TO B
NPUBEACHHBIX BbILIE (hOpMyJax cieayeT NPUHUMATh YaCTOTY BpallleHHUs BaJIKOB Ha

XOJIOCTOM XOJ1y My, PABHOM HYJIIO.

JIIMTENBHOCT OTPAbOTKM HAaXXHMHOT'O YCTPOWCTBA IMOCIIE OKOHYAHUS I - TO
[IPOXOZa, B PE3yJIbTATE YEro MPOUCXOAUT YCTAHOBKA MEXKBAJIKOBOI'O 3a3opa i

caexyroero I +1- ro npoxoza, BEIUUCISIETCS 10 POPMYIIE:
Ah i+ 1
fmyi=—p, ek,
HY

raie Vyy — cpemnsist CKOpOCTh MepeMelieHuss Bajika (HaXHMHOTO YCTPOWCTBA),
NpUHUMAaeMas Ha OCHOBAaHUHM TEXHUYECKON XapaKTEPUCTUKH CTaHa, MM/C.

[Io oxOHYaHMM MOCHEIHETO M - TO MPOXOJAa PACTBOP BAJIKOB YBEJINYUBAETCS
10 pa3Mepa COOTBETCTBYIOIIErO MEPBOMY NPOXOAYy JJIs Hayalda MPOKATKH
clenyromero packara. JUIMTeaIbHOCTh BBIIOJHEHUS JAHHOM ONepalii COCTABIISAET:

h, - h,

"Hyn = , CEK .

VHY
JmMTeNbHOCTh pPEBEPCUPOBAHUA pacKaTa POJIBIAHTaMU I CKOPOCTHOIO

pexxuma Ne III noacuuTeiBarOT HAa OCHOBAHMM NPEAEIBHOTO  YCKOPEHHS,

HCKJIFOYAIOLIETO MPOCKAIb3bIBAHUE MEXKIY MMOJIOCOM U POJIUKAMH POJIbIaHra:

D
tep:= _r. +
KPi= <”3 "B> , CeK
60-u-g
rae # — ko3 HUIUEHT TPEHUS MEXTy MOJIOCON U POIMKAMH POJIbIaHra;

g — yckopeHue cBoOoaHoro naaexus (9810 MM/c?).
s ckopoctHbix pesxkxuMoB Ne [ u I B mpuBeneHHOM Gopmysie BMECTO YacTOTHI

BpallleHUsl BaJKOB, MPH KOTOPOM MPOUCXOJUT BHIOPOC TOJOCH Hp, CIEIyET

MOJICTABJISITH COOTBETCTBYIOIIUE YHCIIAa 00OPOTOB BAIKOB Mgy i U Hp2j .
PexomenayeTcss mpuUHUMATh CIENyIOLUIME 3HauyeHus Kod@uimeHta TpeHuUs
MEXKy MOJIOCOM U POJIMKAaMU POJIbIaHTa:

M =0,15..0,20 — 11 X0JI0AHOTO METaJIA;

M = 0,3 — 11 ropsiuero mMeraia.
JlnuTenbHOCT, May3bl C y4E€TOM KaHTOBKM packara cocrtasisier 3,5..4.,0
CEKYHJIBI.

Ecnum mmrenbHOCTh pPEBEPCHPOBAHMS TJIABHOTO INPUBOAA fppp TIPEBBIIIAET
BpeMsi OTpaOOTKH HaKUMHOTO YCTPOMCTBA fyy W NIUTEILHOCTb PEBEPCHUPOBAHUS

packara poJbranraMm M KaHTOBKH tI(Pa TO OCTAHOBKHU TIJIABHOT'O IIpHUBOIA pa60qel”4
KIJIICTH HJIN €TI0 pa6OTBI Ha CKOpPOCTH XOJIOCTOIO XOIa HC 6YI[CT, a MJIMTCIIBHOCTD

aysbl mociie I - ro nmpoxoza Oyser paBHa HyIo £, ; = 0.
B ciywae, xorga MIMTENBHOCTH PEBEPCUPOBAHUS IJIABHOIO IpuBOAA Ippp
MEHBIIIE BPEMEHM OTPa0OTKM HAXUMHOIO YCTpOMCTBa fyy WM JUIMTEIBHOCTU



pPEBEPCUPOBAHUSI pacKaTa POJIbraHTaMU W KAHTOBKU fxp, TO JJIATEIBHOCTH May3bl
(OCTaHOBKM MPUBOJA WJIM €T0 PAOOTHI HA CKOPOCTH XOJIOCTOTO XOJa) TOCIIe KaXI0T0
[ - TO MIpOXOja, KPOMe MOCIEIHEro M - ro OydeT ONpenelsThCs PasHOCTHIO
HAMOOJIBIIEr0 U3 YKa3aHHBIX BPEMEHHBIX MPOMEKYTKOB U BPEMEHH PEBEPCUPOBAHUS

IpEB :
Ini = twyi-1pEBi, CCK, (ecmn, = fpyi > Ikpi),
twi = tkpi-1tpEBi, CCK, (ecnn, = fyy;i < Ixpi).
JIIMTeNbHOCTh TIay3bl MO OKOHYaHMM TIOCIENHEro M - IO IIpoXoja

onpeAcisI€TCA Ha OCHOBAHMKM CpPAaBHCHHA OJIMTCIBHOCTHU pa6OTBI Ha>XUMHOT'O

yCTpOMCTBA fyy , IUIsl YCTAHOBKHM KajaubOpa 1-ro mpoxoja ¥ AJUTEIBHOCTH May3bl,
HEOOXOAMMOW IJIi OTBOJAA OT KJIETH TOTOBOTO packaTa W TMOJAYU CIIEAYOIICH

3aroTOBKU I, ¢ :
thn = tuyn-1tpEBn > CEK, (ecmm, = tyy; > t,9),

tun = two-1PEB N, CCK, (ean,:tHYi < tn0)-

JmuTensHOCTh May3bl, HEOOXOIUMOM Il OTBOAA OT KJIETH TOTOBOIO MpOKaTa
U TIOJa4M CIEAYIOIIeH 3aroToBKu I, ¢ 3aBHCHT OT cloco0a HarpeBa W TMOJAYH
3arOTOBOK, IUJITAHUPOBKU CTaHA, MPOTSKEHHOCTH W CKOPOCTH TMOJAIONIMX U
OTBOJIAIIMX POJIBTAHTOB. B Tex ciydasx, Korja BcoMoraTelibHOe 000pyJOBaHUE HE
ABIETCA ‘“‘y3KMM MECTOM”, T.€. HE CAEP)KMBAeT MPOU3BOAUTEIBHOCTh pabodyeit
KJIETH, JJIUTEJIbHOCTh JaHHOM may3bl cocTaBisieT 3,5..4,5 cexkyHabl (A1 00KUMHBIX
CTaHOB).

HOI[ MalllMHHBIM  BPEMCHCM  IIPOKATKKM IMOHHMAIOT BpPEMA IIPOKATKH

(HaxO’K/IEHHs) TIOJIOCHI B BaJIKax craHa. s Kaxaoro I - To Mpoxoja JIUTEILHOCT
MaIIMHHOTO BpeMeHH OoOpaboTKM packara B palouell KJIETH MOJCYUTHIBAIOT IIO
CJIEYIOIIUM COOTHOILIEHUSM B 3aBUCUMOCTH OT CXE€MBI CKOPOCTHOTO PEKHUMA:

tyawi = tpri » CEK (nna ckopoctHOro pexkuma Ne [ ),
tyawi= tp T try; , cex (ansa ckopoctHOro pexxkuma Ne 1),
byaw i = tp T 1,; T tr , cex (as ckopoctHOTO pexkuma Ne I1T),

[Tonnas JJIIUTCIBbHOCTD i - IO IMpoxoaa OMpeaACIsACTCA CYMMOﬁ COCTaBJIAOIINX
€TI0 BpCMCHHbBIX HHTCPBAJIOB:

Lipi = tppttpritipitt,,cek (mnsa ckopoctHOro pexkuma Ne [ ),
Lypi = tpptitptip;tir;t1t,;, cex (anackopoctHoro pexuma Ne II'),
tnpi = tpy + tp + ty,' + tr + try + t,;, CeK (I[J'Iﬂ CKOPOCTHOTI'O pCKHUMa Ne III

);

Jlns peBepCUBHBIX OJHOKJIETHEBBIX CTAHOB JJIUTEIBHOCTh PUTMA MPOKATKH,
OTNPE/CNSIEMOT0 KaK BpeMsi MEXIYy OJMHAKOBBIMA MOMEHTaMH OOpabOTKHU IBYX
MOCIIEZIOBATEIbHBIX PACKATOB, COBIAJAET C JJIUTEIbHOCTHIO LMKJIA MPOKATKH, T.€.
BpEMEHEM MOJTHON 00pabOTKU OJHOM 3arOTOBKH:



Ha ocHOBaHMM BBIMOJTHEHHOTO pacdera CTpoutcs rpaduk AmaMenkoro amis
OJIHOKJIETHEBOI'O CTaHa (pHC. 3), KOTOPBIM MOKa3bIBAET 3aTPAThl MAIIMHHOTO BPEMEHH
Y BPEMEHHM May3 Ha MIPOKATKY B Ka)KJIOM IIPOXO/IE.

Cxema CKOPOCTHOTO peXHMa MNPOKATKA Ha OJHOKIETHEBOM PEBEPCUBHOM
CTaHE XOJOJHOW MNPOKATKH JHUCTOB INpUBEAEHA Ha pucCyHKe 4. OTiMunMe AaHHOMN
CXEMBbI OT MPEABIAYLIEH COCTOMT B TOM, YTO BHAuYaJie OCYIIECTBISETCS 3allpaBKa
NEpPEeHET0 KOHIA MOJIOCHKI B MOTAJIKYy Ha MOHMXKEHHOM (3alpaBOYHON) CKOPOCTH
BeTMYMHA KOTOpOH cocTamiseT 1,5..2,5 M/c, a 3areM HauyWHAETCS PEBEPCUBHAS
npokaTtka. JUIMTETbHOCTh MPOKATKM HA 3alpaBOYHON CKOPOCTH OIpPEAEIISIETCS
PacCTOSTHUEM, KOTOPOE JODKEH MPOUTH TIEPEIHUNM KOHEIT MOJI0CH OT pabodeil KIeTH
70 MOTAJIKM, a TaKke HEO0OXOJMMOCTHIO co37aHusi Ha Oapabane mortamku 1,5..2,0
BUTKOB /I HAJIEKHOW (PUKCAIMU TIOJIOCHI TpU JajdbHEHIIeld MpokaTke C
HaTsDKeHHeM. PaccrtosHue oT paboueill KJIeTH OT MOTalKd M jAuaMmerp Oapabana
MOTAJIKA YCTaHABJIMBAKOTCA HA OCHOBE MMEIOLIEHCS TJIAHUPOBKU IMPOKATHOIO CTaHa
U TEXHUYECKON XapaKTEepUCTHUKU MOTalIKu. COOCTBEHHO MPOKATKA MPOU3BOAUTCS
IpU 3HAYEHUSAX CKOpOCTeH B ycTaHOoBHBIIEMcs pexume 10 20..40 M/c, a BeTUYUHBI
YCKOPEHHI TJaBHOTO NpHBOJa pabodeil KIeTH MpU pa3roHe U TOPMOKEHHUH
COCTaBJIAIOT:

npu pasrone dp = 5,0..9,5 (06/mun)/c;

npu Topmoxxkenuu a7 = 7,0..10,5 (o6/mun)/c.

(CxeMa CKOpPOCTHOIO peXHMa MPOKATKHM HAa MHOTIOKJIETHEBOM HENPEPHIBHOM
CTaHE XOJIOJAHOW MPOKATKHU JIMCTOB IPUBEJIEHA HAa pUCYHKe 4. JTa cXeMa MO CBOEH
CTPYKTYpPE M METOJMKE pacuera aHaJOTMYHa OJHOKJIETbEBOMY CTaHy, Ha KOTOPOM
OCYLIECTBJISIETCS  TOJBKO  OJMH  mpoxof. JUIMTENbHOCTH  NPOKAaTKM  Ha
YCTAaHOBHUBUIEHCSA CKOPOCTH TAKKE OMNPENEIAETCS PACCTOSHHUEM, KOTOPOE HOJIKEH
OPOWTH TEpeAHUN KOHEeIl MOJOoChl OT padodell KJIeTH A0 MOTajJKHh, a TaKxKe
HEOOXOIUMOCThIO co3/1aHusl Ha Oapabane motanku 1,5..2,0 BUTKOB AJisi HaJEKHOU
¢uKcalMu TOJIOCHI TMpU JajbHEHIIel mnpokatke ¢ HaTsKeHueM. Pacrpenenenue
CKOpPOCTEM MPOKATKM MO KJIETSIM HENPEPHIBHOIO CTaHA JIOJHKHO COOTBETCTBOBATH
YCIIOBUIO TMOCTOSTHCTBA CEKYHJIHBIX OOBbEMOB METalla, MPOXOASIIMX YEPE3 OCEBYIO

V.-<1 - S.)-/l

i i i+ 1

Vi, = < +1> , M/CEK .

L 1+Si

IIOCKOCTh BAJIKOB KaXKJI0M M3 KJICTCH:

Jng  cTaHOB JIMHEWHOTO, MOCJIEAOBATEIIBHOTO W HEMNPEPHIBHOTO THUIIOB
IIPOKaTKa MPOMCXOJIUT C MOCTOSHHOW CKOPOCTHIO WM C HEOOJBIIUM YCKOPEHHEM,
KaK IS HEMPEphIBHBIX IMPOKOIOJIOCOBBIX CTaHOB (puc. 5, 6). Jlua ycnoBuit
MPOKATKKM C TIOCTOSSHHOM CKOpPOCTBIO, [UJIUTEJBHOCTh MAIIMHHOTO BPEMEHHU
00paboTKH MpoKaTa B JJIOOOM U3 MPOXOJI0B COCTABUT:

JmaTenbHOCTh may3 MEXIy NOpoXOoJaMu Il  KaXJIOoro TWIla CTaHa
OTIPEIEISIETCS €T0 TUTAHUPOBKOU U PEXKHUMOM PAOOTHI.
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V JAHATPaMMBI CKGPGCTeﬁ H MOMCHTORB JNA HEIIPEPBRIBHOTO CTAHA
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CxiemMa pacnojIo:keHHA 000pYNOBAHHA H rpadHK ANaMenKoro IJIA NOCIeN0BATE/NbHLIX H HENPEPLIBHLIX IPYI
CxeMa pacnionoxeHHs 000pyJOBaHHA HellpephIBHOTO MHPOKONONOCOROT0 cTaHa 2000 HoronHIenkoro
MeTALTYPTrHIECKOT0 3aBOJa

TepHOBAN IPyIma KieTel (HocIegoBaTehHEoe PacuoIo ke ne)
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AHATPaMMBI CKOpPOCTei H MOMEHTOR 3IeKTPOABHraTe/ieli HelpephIBHLIX IPYNI JTHCTOBBLIX CTAHOB ropayei
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2.6 Pacyer TeMnepaTypHOro pe:kuMa npoKaTKu

[Tpu pacuere M3MEHEHUH TeMIepaTypbl METallla TIPU MPOKATKEe HEOOXOAMMO
YUUTBIBATh CICAYIONINE (PaKTOPHI:
1. IMagenne TemmepaTypbl BCIEACTBHE KOHTAKTa MOJIOCHI C BalKaMU B KaKIOM
nponycke (npoxone) Aty ;
2. Ilagenme TemmepaTypsl Ha pabOYMX W PACKATHBIX POJIBTAaHTax, 00YCIOBJICHHOE
KOHBEKLUEN U M3JyUYEHUEM, B TIEPUOIBI [IAy3 MEKILY IPOKATKOM At ;
3. IIpupoct TeMiepaTypbl MOJIOCHI BCIIEACTBHE IIACTHYECKOM nepopmaryu AL, .

Temneparypy, KOTOpyr HMeeT packaT B Hauane I+] — ro mpomycka
(mpoxoja), pacCUMTHIBAIOT W3 ypaBHEHHUs OajaHca MOTeph TeIla W IMPUPOCTa
TeMIepaTypbl OT JAe(pOPMALMOHHOTO pa3orpeBa C Y4YETOM TeMIlepaTyphl B

t =t (Atgy - Atyy) « Aty rpaxC

MPEABIAYLIEM ITPOXOE:
[Tagenne Temmeparypbl BCIEICTBUE KOHTAKTA C BAJKAMHU BBIYMCISIETCS IO

dbopmyine FO. /1. XKenesznona:
B nanHo# hopMyIie BeTUUMHY apKKOCHHYCA CIIEAYeT MOCTABIATh B paJiiaHax.

Ahi

R-arccos| 1 - ——

2R i

-<ti : 60>- S

Aho *

1l

[Tanenne TemmepaTypbl MEXIY NPOIYCKAMH, YUYUTHIBAIOIIEE TJIABHBIM

O6p8,30M I/I3JIy‘I€HI/IC, HO C HOHpaBKOﬁ Ha KOHBCKIIMKO WU Termonepe):[aqy TCIlJIa
JIeTajIsiM POJIbTaHTa U MPOBOJIOK paccuuThIBaOT no Gopmysie I'.I1. MiBaHioBa:

1000
Atyyi=T; - 3 ,mpan C .

102
AtBi=1.83 10

100

riae T; — abcomroTHas TeMIeparypa ImoJIoChl B JaHHOM Tpoxoze, rpai K.
[Ipupoct Temneparypbl BCIEACTBHE MIACTUUECKON AedOpMaIKi BHIYUCIISAETCS
no ¢opmyne FO. /1. XKenesznona:

h;

h;
B  nganHoit  ¢dopmyne 3HAUYeHHME CpPEIHEr0  KOHTAaKTHOIO  JIaBJICHHUS
noJicTaBisieTcs B paamepHoctu MlIa.

At =0.42 -pcpi-log ,rpan C .



2.7 PacyeT MOMEHTOB U MOIIIHOCTH NPOKATKHU

MOMEHT NpOKaTKH OINPENEIAET 3arpy3Ky IVIABHBIX JIMHUM MPOKATHBIX CTAHOB

U DIJIEKTPOJBUIaTENEel NpUBOAA BaJIKOB. MOMEHT MPOKATKH, NOABOAMMBINA OT

[JIaBHBIX DJIEKTPOJBUTATENe paboueld KieTh B OO0IIeM cllydae, B pa3JIMyYHbIC

nepuoabl MNPOKATKH, HANpPaBIECH Ha IPEOJOJEHUE CIEAYIOIINX CONPOTHUBICHUI

BPALLEHUIO 3JIEMEHTOB TVIABHOTO MPUBOJIA:

% MOMEHTa NPOKATKH, T.€. MOMEHTA MpPEIMATCTBYIOMIETO BPAIICHUIO BaJKOB CO
CTOPOHBI TPOKATHIBAEMOM MOJIOCHI;

% MOMEHTA CHWJI TPEHUS B MOJIIUITHUKOBBIX OMOpax pabodell KJIeTH MpU JeHCTBUH
Ha HEe yCUJIUA MPOKATKH;

** MOMEHTa J00aBOYHBIX CUJI TPEHHUS B BJIEMEHTAX TJIaBHOW JIMHUM MPOKATHOIO
ctaHa  (MMUHACTSX,  IMIECTePEHHBIX  KIETSIX,  peaykropax,  mydrax,
IPOMEKYTOUYHBIX BaJlaX U OMOPaXx);

¢ JTMHAMUYECKOTO MOMEHTAa, CBSI3aHHOTO C PAa3rOHOM M TOPMOKEHHEM 3JIEMEHTOB
TJIABHOM JIMHUU CTaHA.

CyMMapHbIii MOMEHT TPOKaTKA JJs JIBYX BajKOB, HEOOXOIUMBIN IS

NPEOJI0JICHUsST COMNPOTUBIICHUS AePOPMUPYEMOM TOJOCHI C YYETOM BIIUSHUS

nepeaHero M 3aAHCro HATOKCHUA I KaXKA0ro i —TIo IMpoxoaa HIN KICTH
BBIYHUCIACTCA 110 CICAYIOMIEMY COOTHOIICHUIO!

—2-P.-ys.- / _ . ¢
M, i=2Pyryily~ Qg Q) (R hy) . xHw,
rae W; — KodQPUIMENT IIeya IPUIOKEHNS PABHOIEHCTBYIONIEN YCHIIHS IPOKATKY;
(Qy; — BenMuMHA 3aHETO HATsKeHHs nonockl, MITa;

() ; — BeNMUMHA IIEPETHETO HATSHKEHMUS ostockl, MITa.

Benuuunbl NnepeaAHero 1 3aJHCTO HATSHKCHUM JJIA KaxKA0Tro i —T0 IIpoxoJa Uin
KIICTH PaCCUUTBIBAIOT 4YCPC3 YACIBHLIC HATHKCHHUA MW IUIOINaAXW IMOIICPEUYHOIO
CCUCHMUA ITOJIOC Ha BXOAC U HA BBIXOJC Oo4Uara ,ZIC(bOpMaHI/II/IZ

= . A7 - . .10° 0
Qoi‘hizbi1<1 §0i>o-si10 , MlIla ,

chobl1- & Ve 108
Q,;=hyby(1- & ;)0 /10° | MM .
Jlnst  ciaydast ropsded TMPOKATKM  KOI(DOHUIMEHT IuUieda PUIIOKCHUS
PaBHOECHUCTBYIOIIECH YCHIIHS IIPOKATKH MOYXHO OMPEIEIHUTH 1Mo (hopMyJie:

/

di

Y;=0498 - 0.0283- .
cpi

[Ipy Xxo0MOaHOW MpOKATKE JUCTOB, KOAI(PPUIMEHT miieya MPUIIOKEHUS
paBHOJICHCTBYOIEH HaxoauTcs B npeaenax 0,25 ... 0,4 (ueM ToHBIIIE MOAMOCA, TEM
MeHbIIIe KO UITMEHT 3a CUET CIUTIOIIMBAHUS BaJIKOB).

MomeHT cuin  TpeHus B TOMIIMITHUKOBBIX OMOpax paboyux BaJIKOB
PacCUMTHIBACTCS B 3aBUCHMOCTU OT THUIA pabodeil kieTu. B ABYyXBalKOBBIX KIIETAX
YO u xnersax tuna TPHUO ycunue npokaTku BOCIIPUHUMAETCS MOALINUITHUKOBBIMU
omopamMud paboOYMX BaJKOB, a B YeThIpexBaIKOBbIX KieTsx KBAPTO —



MOJAIIMIIHUKAMU  OMOPHBIX BajkoB. CyMMmapHbli MOMEHT CHJI TpPEHHS B
TOJUIMITHAKOBBIX OTIOPaX BCEX BAIKOB KIETH JJIsl KKIOTO  —TO TPOXO0/1a MM KIETH
MOYKHO HaWTH 110 COOTHOLLICHUSIM:

JUTsL KileTel 6e3 OHOpHBIX BAJIKOB:

= kH*Mm
P /, no’ p ’
JUTSL Y€TBIPEXBAIKOBBIX KJIETEHU:

*
l’l0! ano on’KHM=

r1€ frno — KO)OUIMEHTH TPEHUS B MOAMIMITHUKOBBIX OIOpPAaX BAaJKOB, KOTOPHIE
[IPUHUMAIOT B 3aBUCUMOCTH OT THIIA IIOALIUITHUKOBOIO Yy3JIa:

ﬁ,o = 0,04...0,08 — ngId9 TOMIIUIIHUKOB CKOJBXKEHUS C HEMeTaJNIMYeCKUMH
(TEKCTOIUTOBBIMU ) BKJIA IbIIIIAMM;

ﬁ,o =0,06...0,1 — 1151 TOANIUITHUKOB CKOJIBKEHUS ¢ OPOH30BBIMHU BKJIA IbIIIIAMH;
fno=0,002...0,005 — 11 pOJUKOBBIX MOAIINITHUKOB KAYEHHUS;

fro=0,001...0,005 — 1st O MIIUITHUKOB *kuaKOCTHOTO Tpenus (IDKT).

Pa3meps meek BajakoB ObUTH OTIpE/ICIICHBI paHee B mojpasaeie 2.4.

[To cymMe pacCUYMTaHHBIX MOMEHTOB NMPOKATKM M MOMEHTOB CHJI TPEHHUS B
MOJIIIMITHAUKOBBIX y3JIaX BalKOB IPOBEPSIOT BBIOJHEHHWE YCIIOBUS TMPOYHOCTH
BAJIKOB 110 HANPSDKEHUSM KPYUCHHUS:

175 padouunx kierert YO u TPUO (npuBoHbIe paboune BaiKu):

‘ M‘ npi Mnoi , KH*™
st pabounx kieteit KBAPTO (nmpuBoanbie pabouue BajkH):
DP
‘M‘ npi " Mnoi. kH*m ,
on

st pabounx kieteit KBAPTO (nmpuBoaHbIE OMOPHBIE BAJIKH):

on
‘M‘ np1D+Mn0i , kH*Mm
V4

JlormyckaeMplil CKPyYMBAIOIIAKN MOMEHT BAaJIKOB, PACCUUTHIBACTCS U3 YCIOBHUS
MIPOYHOCTH B MECTE Mepexoja Mmedkn padodyero Bajika B MPHUBOIHON KOHIIEBUK C
YYETOM HANPSOKCHUM KPYYEHUs] W KOHUCHTPAUMU HANPSIKEHUM B CTYNEHYATOM
Iepexoe:

JUTS IPUBOJHOTO KOHIIEBUKA KPYTJIOTO NONEPEYHOTO CEUEHUS:

0.196-<dnp>3- r|-107°6

k

T
JJIA IPUBOJHOI'O KOHIICBUKA Tpe(i)OBOI‘O MONCpPEYHOTO CCUCHUA:

0.0706-<dnp>3' |-10°6

, kKH*m |

M| =

kH*Mm
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JJ1 IPUBOJJHOT'O KOHIICBUKA C JIONACTBIO JJIs1 YHUBCPCAJIbHOT'O IIIMUHICIIA:

M| =0.7-<Snp

rac dnp - HapymeIﬁ AWaMETPp MMPHUBOAHOTO KOHIICBHMKA BaJIKa, MM,

S np — TOJILIMHA JIONIACTH MO/l YHUBEPCAIBHBIH IIIMHIEIb TIPUBOJIHOTO KOHIICBUKA
BaJIKa, MM;

|T | — momyckaemoe HanpsiKeHHe KpydeHus MaTepuana Banka, Mlla;

k., — >dpdextuBHbIi KO>)(UIMEHT KOHIEHTPALUMHM HANPKEHUH B MECTE
CTYIIEHYATOT O MEPEX0/1a MIEUKHU BAJIKa B MPUBOJHOW KOHIECBUK.
HapyxxHbiii guaMeTrp TPUBOJAHOTO KOHIIEBHKA MPOKATHOTO Balika, Kak

npasuio, cocrasiser dy,, = 0,9 d,, , a Tomuuna nonactu S, = (0,25..0,28) D), .
3HaueHUs JAO0MYyCKACMBIX HANPSHKEHUH KPYYCHHS JUIS Pa3IMIHBIX MAaTepPHAIIOB
BaJIKOB IIPUBEJICHBI B Ta0uLe 7.
DddexTuBHBIT KOIDPUITUEHT KOHIIEHTPAIIMN HATPSHKCHUA B 3aBUCUMOCTH OT
nepenajga IAAMETPOB, paauyca COMNPATAOIIECH TalTeNd, MPOYHOCTHBIX CBOMCTB

meraia Banka cocrasuser k, = 1,30..2,40.

[TpuBeneHHbIH K Baly 3JEKTPOJBUTATENSI MOMEHT JOOABOUHBIX CHII TPEHUS,
BO3HMKAIOIINK B MEXaHUYECKHUX NEPENAIOIINX FIEMEHTaX [NIABHOW JIMHUU IPUBOA
(mmuHIeTH, MecTepeHHas KIeTh, PEIyKTOPhI, My ThI, TPOMEKYTOUHBIE BaJIbI U
T.J.), OOBIYHO PACCUUTHIBAIOT YEPE3 K.I.JI. MEXaHUYECKOM Mepejaur C y4eTOM TOTO,
KaKHe BAJIKH SBJIAIOTCS MPUBOIHBIME paboune uinu onopHsie (111 cranoB KBAPTO):

15 padouunx kierert JIYO u TPUO (npuBoHbIe paboune BaiKu):

M _ 1 y .ani " Mnoi , kKH*M |
nepi -~ i
nep np
st pabounx kieteit KBAPTO (npuBoanbie pabouue BajikH):
D
p
ani " Mnoi . D
1 on *
M .= — 7l , kH*™m
nepi i
nep np
st pabounx kieteit KBAPTO (nmpuBoaHbIE OMOPHBIE BAJIKH):
D on
ani ' D i Mnoi
Mmool P H*
nepi~ i > KM,
\ Tnep np

TI€ Hpep — OOLIMHA K.ILJ. MEXaHUYECKOU IEPENAYM OT HJIEKTPOJBUIATENIEH IO BAJIKOB
MPOKATHOT'O CTaHa.



IIpy n3BECTHOM COCTaBe I'JIaBHOW JIMHUM IMPOKATHOM KIIETH, BKIIIOYAOLIEH I
AJIEMEHTOB, OOIIMI K.II.J. IEpeJady ONPEAEIIAIOT IO U3BECTHOMY COOTHOIICHHIO, KaK
IIPOU3BEAECHUE K.I1./I. OTACIBbHBIX Y3JIOB:

m
nnep= H 77j
j=1

Pexomenayercs mnpuHMMATh ~ ClemylomMe  3Ha4YeHHWs — KOA(HUIMEHTOB
MOJIE3HOTO JIEMCTBUSL YCTPOMCTB, BXOJSIIMX B COCTAB TJIABHOW JIMHUU MPOKATHOIO
cTaHa:

7 =0,94..0,96 — nyist TpeoBBIX MINUHAEIEH;

1 =0,96..0,98 — nyist 3yOUaThIX MIMUHEIEH;

7 =0,96..0,98 — ny1s1 yHMBEpCATBHBIX IINUHEIEN IPU yIile HaKJIoHa He Oosee 3°;

1 =0,94..0,96 — ny1s1 yHMBEpCANBHBIX IUMUHAEIEH IPU yTiie HakJIoHa Ooiiee 3°;

7 =0,96..0,98 — 1 MmIECTEPEHHBIX KIETEW U OHOCTYIEHYATBIX PETYKTOPOB;

n = 092..094 — nns KOMOMHUPOBAHHBIX IIECTEPEHHBIX KIETEH - PEIyKTOPOB U
MHOTOCTYNIE€HYAThIX PEAYKTOPOB;

1 =0,98..0,99 — st MyQT ¥ IPOMEKYTOUHBIX BAJIOB.
CyMMapHBbIil CTaTUYECKUI MOMEHT Ha Bajly 3JEKTPOABUIATEIIS, BO3HUKAIOIIHIMA
B [IPOLIECCE MPOKATKH MOJOCHI, HAXOJAT TAKKE C YYETOM CXEMbI IPUBO/IA BAJIKOB:
175 padouunx kiereit YO u TPUO (npuBoaHbIe paboune BaiKu):

M npi M noi .
‘]Wcmi= i i nepi ° kH*™ ,
np
15t pabouunx kierert KBAPTO (nmpuBoaHble paboune BaIKu):
D
p
M npi M noi’ D
M on M kH*M
cmi™ ; " Muepi ’
np
st pabounx kieteit KBAPTO (nmpuBoaHbIE OMOPHBIE BAJIKH):
D on
M npi ' D M noi
p *
M= ; " Mnepi » KH*M
np

B nepuoasl may3 Mexay NpPOKaTKOM BaJKW, KaK IPAaBWJIO, BPAILAIOTCA Ha
MOHM>KEHHOU CKOPOCTH JIJIsi 00ECIICUSHHS PeKUMa OXJIAXKICHUS, a BO3HUKAIOUIUN Ha
BaJly 3JIEKTPOJBUTATENs] MOMEHT - MOMEHT XOJOCTOTO XOJa, HEOOXOAMMBIN Iis
BpaLIEHUs 3JIEMEHTOB IJIaBHOI'O MPHUBOJIA CTaHA U BaJKOB MPUHUMAETCS paBHBIM 5%
HOMHUHAJIbHOIO MOMEHTA BCEX 3JEKTPOJIBUraTese! TJIABHOIO MTPUBOA:



Mxx = 0.05 .MHOM N KH*M )

rne Myoy - HOMUHAIBHBI MOMEHT BCEX JJIEKTPOJBHUrAaTENICH INIABHOTO MPHBO/IA,
MPUHUMAEMBbIIl HA OCHOBAHUHU UX MACMOPTHOM XapaKTepUCTHKHU, KH*M.

TexHuueckass XapakTepUCTUKA >SJEKTPOABUIATENICH, NPUMEHSIEMBIX IS
NpHUBOJA paboUuuX KIIETEH MPOKATHBIX CTAHOB, MPUBEJEHA B Ta0uIIe 8.

B ciywyae ecnum CKOpOCTh BAJIKOB H3MEHSIETCS B IPOLIECCE NPOKATKU (3TO
CIPAaBEUIMBO Il PEBEPCUBHBIX IIPOKATHBIX CTAHOB, HENPEPBIBHBIX I'PYIII KIETEH
IIUPOKOIIONIOCOBBIX CTAaHOB IIPU IPOKATKE C YCKOPEHUEM), HEOOXOAMMO TaKkKe
ONpENeNiATh AUHAMUYECKHE MOMEHTBI, JEWCTBYIOIIME B IIEPUOJ  pa3roHa

TOPMOXKCHUA.
]_—[I/IHaMI/I‘lCCKI/Iﬁ MOMCHT IIPH pa3roHe IJJaBHOW JIMHUM CTaHa:
2
2G-D
=" *
P 375 a P ) kH*m )
]_—[I/IHaMI/I‘lCCKI/Iﬁ MOMCHT ITPH TOPMOKCHHUH IJIaBHOM JIMHUY CTaHA:
2
XG-D .
= ‘a , kKH*m ,
T=
375

rae 2GD’ - IIPUBEICHHBIM K BAJIy JJIEKTPOABUTATENS MAXOBBIM MOMEHT TIJIABHOU
JINHUU TTPOKATHOM KJIETH, kH*M .

IIpuBeneHHBIN K Baly 3JEKTPOABUrATENsI MaXOBbIiI MOMEHT IJIABHOW JIMHUU
IMPOKATHOM  KJIETH  BKIIOYAET CYMMApHBIM  MaxOBbIdi  MOMEHT  SIKOpEH
ANEKTPOABUTATENIEH M MaxOBbli MOMEHT JPYrUX BpallalolIUXCs JeTalien
nepeaaroniero Mexanusma (pabouue, OMOpHBIC, MECTEPEHHBIC BAJIKH, IIIITHHJICIH,
MIPOMEKYTOUHBIE BaJIbl, My(THI):

2G:D°=G(D,)" + G(D,,,)" s

¥ v . . 2
rne G(D,)” — cymmapHbIii MaX0OBBIi MOMEHT SIKOpEH dieKTpoBuraTeseii, KH*m;

G(Dnep)z — MPUBEACHHBIN K Bally 3JEKTPOJBUIaTeNisi MaXOBbIH MOMEHT JPYTUX
BpAILAIONIKXCS [eTaneil mepeaomero Mexannsma, KH*m’.

MaxoBbIii MOMEHT SIKOPSl AJIEKTPOABUTATENS IPUHUMAETCS HA OCHOBAHUM €T0
NacHOPTHOM XapaKTepUCTUKH, MPUBEICHHON B Tabiuiie 8.

[IpuBeneHHbII K Bally DJEKTPOJABUIATENs] MaxXOBBII MOMEHT JPYIHX
BpPALIAIOIIMXCS JIETAJEd NEPENarolIero MEXaHW3Ma TIJIAaBHOW JIMHHUM MPOKATHOTO
cTtaHa, kak mpaBwio, cocrtaBiseT 10.20% oT MaxoBOro MOMEHTa SIKOPS
sanexktpoaBurarensi. C yd4eToM 3TOro MPUBEACHHBIM K Bally 3JIEKTPOJBUTATENS
CYMMAapHbIi MaxOBbldi MOMEHT TJIABHOW JIMHUM TMPOKATHOW KIETH MOKHO
ONPEAECTUTH U3 COOTHOILLICHUS:

3G-D*=(1.1.1.2)- G'<D0>2

Takum oOpa3om, paccuMTaHbl BCE COCTABJISIONIME KPYTSIIETO MOMEHTa Ha
BaJly QJIEKTPOJABHMrarTeis. OTO MO3BOJIIET IOCTPOUTh, HAa OCHOBAHUHM paHEe
HalJeHHOro rpaduka CKOpPOCTEH TiIaBHOro mnpuBoAa (puc. 3), COOTBETCTBYIOIIYIO

2
, kKH*M" |




eMy JharpamMmy KpyTAIIuX MOMeHTOB (puc. 3). Kpyrdiine MOMEHTBI B pa3inyHbIE
BpPEMEHHBIE MEePUO bl PadOTHI MPUBOJA OYIYT COCTABISATS:

* TIpu ocTaHoBNeHHOM TipuBone M, =0, kH*m ;
* 1pu Xonoctom xozae M, = M, , kH*M ;
* TIpH pa3roHe npuBoja 6e3 metamia B Bankax M, =M.+ Mp ,xH*m ;
* TIpH pa3roHe mpuBoja ¢ MeTamiom B Bankax My, ; = M.+ M., ; + Mp , xH*m ;
* TIpH ycTaHoBuBIIeMcs nponecce npokatku M, ; = My + M, ; , kH*M ;
* TIPH TOPMOXKEHUHM TIpHBOAA ¢ MeTamioM B Bankax M, ; = M.+ M., ; — M,
Hm ;
kH*M ;

* TIpH TOPMOXKEHHH nprBoja 0e3 Meranna B Bankax M, = My, — My, kH*Mm .

[Tocne omnpeneneHus 3arpy3Kd IMPHBOJHOIO 3JIEKTPOABUTATENS IO BCEM
IPOXOJaM IIPOBEPSIOT DJIEKTPOABUraTelb Ha HArpeB IO CpeIHEKBaIPATUIHOMY
MOMEHTY, SKBUBAJIEHTHOMY TOKY SKODS:

My
2
M.>
EZ (M),
M = ,J=1 i , KH*Mm ,
cp
mycm Mpr My,
Z z.ycmj " kPT' z <TPj " z.Tj> " kna' z z.naj
=1 j=1 j=1

rae M., — KOIMYECTBO YYACTKOB NMPOKATKH HA YCTAHOBHUBILICHCS CKOPOCTH 32
BpEMS PUTMA;

Tyem j — IUIMTEIBHOCTH BEICHHS TPOIECCA TMPOKATKH HA YCTAHOBUBILICHCS
CKOPOCTH Ha KaXKJIOM U3 y4aCTKOB, CEK;

M py — KOTMYECTBO YYaCTKOB PAa3TOHA M TOPMOXKEHUS 32 BPEMsl PUTMA MPOKATKU
(Kak ¢ MeTaJljIoM, TaK U 0€3 Hero);

Tp jo Tr j— JJIMTCIIBHOCTL BCACHHA IIPOLHECCAa IIPOKATKHM Ha KaXJI0OM M3
XapaKTCPHBIX YHACTKOB pa3roHa U TOPMOIKCHUA, CCK;

kpr — xo>pduuueHT, YUUTHIBAIOMIUN YXyIIIEHHE YCIOBHM OXJIAXKIECHUS
OOMOTOK DJIEKTPOABUIATENS B MEPUOIBI Pa3roHa M TOPMOXKEHHS;, PEKOMEHIYETCS
npunumars Kpr = 0,75;

m,, — KOJMYECTBO YyYAaCTKOB I1ay3 M pabOThl CTaHa Ha IIOHUKEHHOI,
3aIPaBOYHON CKOPOCTH ¥ CKOPOCTH XOJOCTOTO XOJ1a 32 BPEMSI PUTMA,;

Tpa j— AJIATENBHOCTL BEJIEHUS MPOLIECCA IPOKATKH HA KAXJIOM H3 XapaKTEPHBIX
Y4acTKOB May3 U pabOThl CTaHa Ha MOHM)KEHHOH, 3aIIPaBOYHON CKOPOCTH U CKOPOCTH
XO0JIOCTOTO X0/1a, CEK;

k., — x0>pPUIHMEHT, yIUTHIBAIOIINI YX Y IIICHAE YCIOBUM OXJIaX ICHUSI 0OMOTOK
AIIEKTPOJBUTATENS B TMEPUONBI May3, pabOThl HA TOHMKEHHOW, 3alpaBOYHOMN
CKOPOCTH M CKOPOCTH XOJIOCTOT'O X0/1a; PEKOMEH IyeTcs ipuHuMars Kpr = 0,5;



my — o011ee YMCIIO XapaKTEPHBIX YYaCTKOB M3MEHEHHUS CKOPOCTEH U MOMEHTOB
3a BpeMsl pUTMa MPOKaTKU;

M; , Tj — COOTBETCTBEHHO , KpYTAIIMH MOMEHT IPHBOJA HA KakKIOM
XapaKTEpPHOM ydacTke, KH*M u ero nnuTenbHOCTD, CEK.

CpenHeKkBaIpaTUYHbIE MOMEHT PACCUUTHIBAETCS JJI BCEX KIIETEW IMPOKATHOIO
CTaHa UMEIOINX WHAUBHUIYAJIbHBIN ITPUBOJL KJIETH.

J1 HenmpephIBHBIX MIUPOKOMOJIOCOBBIX CTAHOB, OCYIIECTBIISIOIIMUX MPOKATKY C
YCKOPEHUEM 11 KOMIICHCALIMW OCTBIBAaHUS IIOJIOCHI, JUIUTEIBHOCTh HA3BAaHHOIO
MEpUOA CIEAYEeT OTHOCUTh K YCTAHOBUBIIEMYCA IIPOLECCY MPOKATKH, T.K.
YCKOPEHHE HAYMHAETCS TOCHe JOCTIKECHHs pabodyell CKOPOCTH, a BeJIWYWHA
YCKOPEHHUsI CYIIECTBEHHO HMXKE, YE€M YCKOPEHHME TMPHUBOJA IPU pPa3roHe OT
3ampaBOYHOM J10 pabouel CKOPOCTH.

BennunHa paccUMTaHHOTO 3KBUBAJEHTHOIO CPEIHEKBAIPATUYHOIO MOMEHTA
HE JOJDKHA IMPEBBIIATh CYMMapHOTO HOMHUHAJIBHOTO MOMEHTA JJIEKTPOABUTrATEIEH
[JIaBHOTO MPUBOJIA JAHHOW KJIETH, B ATOM cliydyae He OyAeT MPOUCXOJUTh Meperpen
ANEKTPOJABUTATEISA:

Mcp <Muom , xH*M ,

Ha  ocHOBaHMM  TNOCTPOEHHOM  AuarpaMMbl  MOMEHTOB  MPHUBOAA
ANEKTPOABUTATENb TAKXKE IMPOBEPSIIOT MO meperpyske. [ns sroro mo aguarpamme
MOMEHTOB HaXOJT MAKCUMAaJIbHBIN KPYTAIIMHA MOMEHT MPUBOJIA U CPABHUBAIOT €T0 C
HOMHUHAJIBHBIM KPYTSIIUM MOMEHTOM 3JIEKTPOJIBUraTessi, onpenessis KodhduineHt
NEPErPy3KHU:

max

ﬂnep=7 : ;tnep '
HOM

Paccunrtannbiii  kod((UIMEHT Teperpy3kd He JIOJDKEH TPEBBINATH
JIOITyCKAaeMOTO KOX((GULMEHTA TIEPETPY3KH |Ayep| I JTAHHOTO SIEKTPOIBHUIATEIS,
yKa3aHHOTO B €r0 MacMOPTHOM XapaKTepUCTHKE (CM. TaldI. §).

OKBHUBAJICHTHYI0 ~ CPEJIHEKBAJIPATUUYHYI0  MOIIHOCTH  3JIEKTPOJBUTATEIS
BBIYUCIISIIOT HA OCHOBE SKBHBAJICHTHOTO CPEAHEKBAIPATUYHOTO MOMEHTA U CKOPOCTH
AIIEKTPOBUTATEIISI B YCTAHOBUBIIEMCS PEKUME:

My em

N =Mcp'7§N , KBT.

cp 30 nacn

3HaueHHE PACCUMTAHHOW HKBHBAJIEHTHOW MOILHOCTH HE JOJDKHO IPEBBINIATH
CyMMAapHOM IaCIIOPTHOM MOLTHOCTH JIEKTPOABUIATENEN TJIABHOTO IIPUBOJA JAHHOM
ket IV, 40, (cM. TGO 8).

ITo pe3ynbraraM JaHHOTO MoApaseaa He00X0AUMO c(OPMYJIMPOBATH BHIBOJ O
BO3MOXXHOCTH MJIM HEBO3MOXKHOCTM IPOM3BOJCTBA 3aJaHHOIO BHJA IIPOKATHOU
IIPOAYKIUH 110 CIEAYIOIIUM yCIOBUSIM:

® [eperpys3Ke IJIaBHOTO IPUBOJA CTaHA 10 MOMEHTY ITPOKATKU;
® HArpeBy IVIABHOI'O DJIEKTPOJABUIATEIS CTAHA;
® IIeperpy3Ke ITIaBHOTO JICKTPOJBUTATENS CTaHA 110 KPYTSIIEMY MOMEHTY;



® [eperpys3Ke rJIaBHOTO AJIEKTPOABUTATENS CTaHA [0 MOITHOCTH.

2.8 Pacyer TeXHHKO-IKOHOMHMYECKHUX IMOKa3aTeJed padOThl MPOKATHOIO
cTaHa

IIpu pacyerax npOU3BOAUTEILHOCTH IIPOKATHBIX CTAHOB Pa3JIMYAIOT IIOHATHUS:
¢ TEXHUYECKU BO3MOXKHOW 4aCOBOM MPOU3BOJUTEILHOCTH 10 UCXOIHOU 3arOTOBKE;
¢ [PAKTUYECKH BO3MOXXHOM YacCOBOM MPOU3BOAUTEIBHOCTH IO HCXOLHOU

3aroTOBKE;
¢ [PAKTUYECKU BO3MOXKHOW YaCOBOM MTPOU3BOAUTEIIBHOCTH 10 TOTOBOMY MPOKATY;
¢ T0J0BOW NPOU3BOJAUTEIBHOCTH.

TexHHueckn BO3MOXHAasi 4YacoBas IPOU3BOAUTEIBHOCTb II0 HCXOJIHOU
3aroTOBKE IIPU IIPOKATKE 3aJTaHHOTO BUA IIPOKATHOM ITPOLYKIIUU:

G
0
Aqp=3600-"  tjaac |
P
rine Gy — macca MCXOIHOM 3arOTOBKH, T;
Tp — puT™M IIPOKATKHM JUIA PACCMATPUBAEMOTO BU/Ia TIPOKATHOM MTPOAYKIIUH, CEK.
Pur™m mpokaTky ObLI paccuuTaH paHee B pasuene 2.5 «Pacuer CKOPOCTHOIO
peKrMa NPpOKATKN).
Maccy HCXOI[HOﬁ 34aroTOBKM HAXOAHWM, HMCXOJOSA M3 INNIOTHOCTHU MaTcpualia U
3aJJaHHBIX PA3MEPOB UCXOIHOM 3aTOTOBKU:
phybyl,

0 1000

o 3
rac p — IIOTHOCTh MaT€puaia HCXOOJHOU 3arOTOBKH, T/CM”.
PeKOMeH,Z[yeTC}I IIPUHUMATDH CIACAYIOIHNEC 3HAYCHUS IIJIOTHOCTH MAaTCPUAJIOB:

’Tﬂ

— CTaJIM YTJIEPOJIUCTHIE, JIETUPOBAHHBIC, KOPPO3HMOHHO-CTOMKHE - P = 7,82 X 10°
/oM’

— CTaJIM XapOIPOYHEBIE - P = 8,2 X 10 t/em’ ;

— QJIFOMUHUEBBIE CIUIABBI - P = 2,72 X 10 t/em’ ;

— THTaHOBBIE CIUIABHI - P = 4,5 T/cM” ;

— JIaTyHH (MEIHO-LMHKOBBIE CIUIaBHI) - P = §,5 x10° t/em’ ;

— OpOH3BI OJIOBSIHUCTHIE- P = 8,7 X 10 t/em’ ;

— OpoH3bI aMOMHHUEBBIE P = 7,5..8,2 X 10 t/em’® ;

—  Gpom3sI kpemHHUCThIE P = 7,4 x 10° T/em’ ;

— MarHHeBble cIuIaBkl - Pp = 1,78 x 10° 1/em’ ;

— HUKEJIEBBIE CIIJIaBbI (B TOM YHUCIIE MEHO-HUKENEBBIE) P = 8,8 X 107 /e’ .



HpaKTI/I‘-IeCKI/I BO3MOJKHas 4YacoBas IMPOU3BOJUTCIBHOCTL 110 I/ICXOI[HOfI
3aroTOBKC Y4YHWUTBIBACT CHHXXCHHC TIIPOHU3BOAUTCIIBHOCTH CTaHa OTHOCHUTCIBHO
TEXHUYECKH BO3MOXKHOM M3-3a MEJIKHUX Pa3IMYHBIX HEPETUCTPUPYCMBIX 3aACPIKCK:

G0
A B=360"'T'ku , T/4ac

p

rae k, — k03pHULHEHT UCTIOIb30BaHMS CTAHA.

Kosddumment wncmonp3oBaHus cCTaHa YCTAHABIWBAETCS MO MPAKTUYECKUM
JaHHBIM PpalOOThl HaWOOJIEE TMPOU3BOJUTEIBHBIX CTAHOB JAHHOTO THMA. OTOT
KOO (PUITMEHT HEOAMHAKOB i PA3IWYHBIX CTAaHOB M HWMEET TEHIICHIUIO K
YBEJIIMYEHHUIO 33 CYET BHOCHUMBIX YCOBEPIICHCTBOBAHUM, YIYUIIEHUS OpraHU3alUuu
Tpy/la, KaueCcTBa PEMOHTA M 0OCITY)KUBaHUS 000PYI0BaHMSI, CHIPKEHUS €TO OTKA30B.

[To ganubiM ['mmpome3a peKOMEHAYETCS NPUHUMATh CIEIYIOIIUE 3HAYEHUS
Kod(puIeHTa UCIIOJIH30BAHUS CTAHA:

* k, = 090 a1 HenpepulBHBIX U IOJYHENPEPLIBHLIX IPYII  KIETEH
IITUPOKOIIOIOCOBBIX CTAHOB TOpSYEH NPOKATKU, JISI OOKUMHBIX CTaHOB, IS
HETPEPBIBHBIX COPTOMPOKATHBIX U POBOJIOYHBIX CTAHOB;

* .k, = 0,85 115 TOJCTOJMCTOBBIX CTAHOB, a TAKXkKe OAIOYHBIX KPYIIHO- CPEIHE- U
MEJIKOCOPTHBIX CTAHOB C JINHEHHBIM PACIOIOKEHUEM KIIETEH;

* K, = 0,75 10 HENPEPHIBHBIX JIUCTOBBIX CTAHOB IPH TOPAYEH MPOKATKE MOJIOCHI
TOJIIIIMHON MEHEE 2 MM.

[IpakTdyeckn BO3MOXHAs YacoBash MPOU3BOJIUTEIBHOCTh IO TOTOBOMY
pPOKAaTy VYYUTHIBAET BO3BpaTHbIE M OE3BO3BpAaTHbIE TOTEPHM MeETala B
TEXHOJOTUYECKOM IPOIIECCE:

G0
AH P= 3600kku , T/qac ,
pp
rie kp — o0uuit ko3 dUIMEeHT pacxoaa MeTalla, ONpeaesieMblii KaK TPOU3BEICHUE
K02 PUITMEHTOB pacxo/ia 1Mo OTACITHHBIM TEXHOJOTHUECKIM OTIePAITHSIM:

kp = kne .ko 'kok'kokp .kk'knp ’

rae k,, — xodhduIueHT pacxoga MeTaia IIpY HarpeBe B medax (yrap, OKaJuHa)
INPUHAMAETCS B 3aBUCUMOCTH OT THIIA HAIPEBaTEIbHOIO yCTpoiicTBa paBHbIM K, =
1,01..1,03;

k, — xo>dduuuenT pacxoma MeTajua BCIEICTBHE O0pa30BaHHMs BTOPHYHOU
OKaJIMHBI [IPY IPOKaTKe npuHuMaercs pasabim k, = 1,001..1,002;

k,, — xooddumeHT pacxoa MeTasia BCIEACTBUE 0OPE3KH MEPEIHETO U 3aIHETO
KOHIIOB TOJIOCHI TEpe]l MPOKATKOM B HEMPEPBHIBHOW Tpymme KieTedl (TOJIbKO s

HENPEPLIBHBIX CTAHOB) NpUHKUMaeTcs paBHbIM K, = 1,01..1,02;
K o1p — KOO GUIIMEHT pacxo/ia MeTaIa BCISACTBUE 00PE3KU KPOMOK MOJIOCHI HPH
OT/IEJIOYHBIX ONEPALUAX IIPHHUMACTCS PaBHBIM Ko, = 1,05..1,1 (1 HEmpepeIBHEIX



U MOJIYHETPEPBIBHBIX IIIMPOKOTIOIOCOBBIX CTAHOB 00pEe3Ka KPOMOK HE TMPOU3BOIAUTCS
koxp =1,0);

k, — xoopduiment pacxoaa MeTasia BCIEACTBHE OOPE3KH TIEPEIAHETO U 3aHETO
KOHIIOB I10JIOCHI ITOCJIE TIPOKATKU MTPH OTAEIOYHBIX ONEepalsaX NPUHUMAETCS PaBHbIM
k.=1,05.1,1;

k,, — x03ddunmeHT pacxoa MeTaa, y4uTHIBAIOMIMI HEOOXOMMMOCTh 0TOOpa
npo6 Il MEXaHWYECKHMX HCIIbITaHWi, NpuHMMaercs paBHbIM K, = 1,001..1,02
(OonplMe 3HAYEHUS JUIs IPOKATKU HA TOJICTOJIMCTOBBIX CTAHAX).

["'010BYIO TPOU3BOAUTENBHOCTS IPOKATHOTO CTaHA OMPENEISIOT HA OCHOBAaHUU
4aCcOBOI MPOU3BOAUTEIHLHOCTH U TOI0BOTO (POH/Ia paboUuero BpeMeHHU:

Ap =Ag pTr , T/Ton ,

rne Iy — romoBoit ¢oung pabouero Bpemenu ((akTHueckoe BpeMs pPabOThI)
MPOKATHOT'O CTaHa 3a roJi, yac.

['omoBoii  ¢oHng pabouero BpeMEHM BBIUUCISAIOT 10  CJIEAYIOIIEMY
COOTHOILIEHUIO:

(100 - K77y )
Tr =24'<THO “ T >=24'TH0M' 700 , uac ,

rac THOM — HOMHHAJIbHOC BPCMs1 pa6OTI>I IMPOKAaTHOI'O CTaHa 3a oA, CyT,

Ty  — UIMTENBHOCTH IUTAHOBBIX IMPOCTOCB MPOKATHOTO CTaHa 3a TOJ
(nepeBaJiku, epefaya CMeH U T.1.), CYT;
Kpgn — xoddduumeHT IUIaHOBBIX TMPOCTOEB MPOKATHOTO CTaHa 3a TOJ
OIpe/eIieMBbI B IPOLIEHTAaX OT HOMUHAIBHOI'O BPEMEHH pabOThI cTaHa, % .
HomunanesHoe Bpemsi paboThl CTaHa HAxXOMAT KakK pa3HUILy KaJIeHIApPHOTO
BPEMEHH U JUIUTEIBHOCTU KAaMUTANbHBIX U MJIAHOBO-TIPEAYIPEIUTEIbHBIX PEMOHTOB:

Thom=3%5 = Tppym | cyr |

rac TPEM — AJIUTCJIbHOCTh PEMOHTOB IMPOKATHOT'O CTaHa 3a o, CyT.

HopMmartuBHbie 3Ha4YeHHs BPEMEHM Ha PEMOHThI W TUIAHOBBIE IPOCTOU
npeACcTaBiieHbl B Ta0uIe 9.

2.9 BuiBoabI
B BBIBOjax mpoekTa mo MOS0 HEOOXOAWMO OIEHUTH B IIEJIOM, C YU4E€TOM paHee

c(hOpMYIMPOBAHHBIX 3aKIIOYCHUN TIO0 pasnenaMmM, BO3MOXKHOCTh IPOU3BOJICTBA
3aIaHHOTO BHJIa MPOKATHOM MPOYKIIMHU HA pACCMAaTPUBAEMOM CTaHE.



Tabmura 9

HopmaTtuBbl 1J151 pacyeTa rogoBoro (posjaa padboyero BpeMeH CTaHA

Jlnurens- Koadd.
Tun npokatHoro craHa HOCTE TITaHOBBIX
PEMOHTOB, | MPOCTOEB, %o
cyr

1. BaromMunru 16 8,0

2. Cnsa6uHrn 16 10,0

3. HenpepbIBHO-3arOTOBOYHBIE CTaHbI 16 10,0

4. PenbcoOaouHbIi, KPYITHO- CPETHECOPTHBIN JTUHEHHBIC CTaHBI 20 18,0

5. CopTOBbIE HEMPEPBHIBHBIE U MTOJTYHENPEPHIBHBIE CTAHbI 16 16,0

6. MesIKoCOpTHBIE HENPEPHIBHBIE U NIOJYHENIPEPHIBHBIE CTaHbI 20 12,0

7. HITpuricoBbie CTaHbI 16 13,0

8. JInucToBble CTaHbl TOPsIUYEH NPOKATKH 27 13,0

9. JIuctoBble CTaHBI XOJOJHOM MPOKATKU TPEX- U 27 10,0

YEeTHIPEXKIIETHEBBIC, U IPECCUPOBOYHBIE

10. JIucToBble CTaHb! XOJIOAHONW NPOKATKY MATUKIIETHEBBIE 27 7,5




3.3AIIUTA NPOEKTA IO MOAYJIIO

3aKOHYEHHBIH MPOEKT MO MOAYJII0 O(opMiIsieTCsI B COOTBETCTBUU C
TpeOOBaHMUSIMHU, NPHUBEAECHHBIMU BbIe (cM. pazgen 1 «OOmue TMOJI0XKESHHS),
MOJMUCHIBAECTCS CTYICHTOM, NPEJICTABIIACTCS HA MOANUCH PYKOBOJUTEIIO MIPOCKTA U
Jajnee rnepeaaeTcs A 3alUThl B KOMUCCHUU.
[IpoekT mo MoyNI0 OLEHUBAETCS MO NATUOATBHOM cucteme. OleHKa IpoeKTa
0 MOJTYJIIO YIYUTBIBAET:
® COOTBETCTBHE IMPOEKTa IO MOAYJTI0 3aJaHUI0 B IIEJIOM M €ro OTIACIbHBIM
pazzenam;

® CTEIEeHb JJOCTOBEPHOCTH TMOJTYYCHHBIX PE3YyIbTaTOB;

® PaBUJIBHOCTh MPUMEHEHHSI PACUETHBIX COOTHOIICHH M BhIOOpAa HOPMATHBHBIX
K03 bULIMEHTOB;

® TIOJIHOTY MCTIOJIB30BAHMS MPOTPAMMHBIX KOMITJIEKCOB ISl pacyeTa mapaMeTpoOB;

® Ka4ecTBO 0()OPMIICHHUS MPOEKTA;

® OTBETHI MPH 3aIUTE IPOEKTA 10 MOAYIIO.

B nponecce 3amuThl CTYJEHT AEMOHCTPUPYET Ha KOMIBIOTEPHOU TEXHUKE
BJIaJICHUE MPOTPAMMHBIMU KOMILUIEKCAMH pacyeTa v MPOEKTUPOBAHUSI.

OTMeTKa O BBIIOJIHEHUH TIPOEKTa IO MOMIYJTI0 3aHOCHTCS B BEIOMOCTH
akagemudeckod rpynmsl (uau BPC) u B 3a4€THYIO0 KHUXKKY CTYJIE€HTa, B TOM YHUCJE
AIIEKTPOHHYIO.

[Ipy momy4deHUu CTYACHTOM HEYIOBIETBOPUTEIHLHON OIEHKH €My BBIIACTCS
HOBBIM BapwaHT 3aJaHUsl HA TMPOEKT MO MOIYJ0, a 3alliTa €€ MPOU3BOJIUTCSA B
KOMHCCHUH, Ha3HAYAEMOU 3aBEAYIOMNUM Kaheapon.
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Ilpunoscenue 1
MUHHCTEPCTBO HAYKHU U BhICIIET0 oOpa3oBaHus PO
['ocynapcTBeHHOE 00pa30BaTEIbHOE YUPEXKICHUE BBICHIETO 00pa30BaHUS
YPAJIbCKUHU OEJEPAJIBHBIN YHUBEPCUTET
umenu nepsoro Ilpesuaenra Poccuu b.H. Eabuuna
NHCTUTYT HOBBIX MAaTEPUAIIOB U TEXHOJIOTHI
Kadenpa «Merajurypruyeckue 1 poOTOPHbIe MAIIUHBD»

[IpoexT mo MoyIro
MIPUHAT C OLEHKOMN

200 T

INPOEKT

10 MOIYJII0

«ABTOMATU3MPOBAHHOE MPOEKTHPOBAHUE
TE€XHOJIOTHYECKUX MAIIUH U 000Py10BAHUS

Tema :

Crynent damvmmma U.0.
I'pynma Ne rpynmnsl
PyxoBoautens npoekra ®amunusa 1.0.

I'opon T'on



Ilpunooscenue 2

MuHHCTEpCTBO HAyKH U BhIcHIero oOpa3oBanusi PO
DPI'AOY BO «Ypaabckuii ¢peaepaibHbIi YHUBEPCUTET
umenu nepsoro Ilpesuaenra Poccuu b.H. Eabuuna»
HNHCTUTYT HOBBIX MaTEpPUAIOB U TEXHOJIOTUIA
Kadenpa «Metamypruueckre u poTOPHbIC MAIITMHBD

SAAAHMUE
Ha MPOEKT 10 MOIYJIIO
«ABTOMATH3HPOBAHHOE IPOEKTHPOBAHHME TEXHOJIOTHYECKHX MALIUH H 000PYA0BaAHUS»

CrynenTy rpynnbi Ne
Pamuiausa U.0.

Tema

Hcxoanbie JaHHDBIE:
Bapuant Ne

e Tum npokaTHOTO CTaHa WM pabodei KIETH

e Pa3Mepsl HCXOAHOM 3arOTOBKH (TOJILMHA, IIUPUHA, JUIMHA), MM
ho X bo X lo =

e Pa3mepsl roTOBOM POMYKIIMK WK TToTyhadpukarta (TOJIIIUHA TpoKaTa WA pa3Mephl
MOTIEPEYHOT0 CEYEHUS MTOCIIE H-TO MPOX0/1a UK KIETH), MM h, wiu (h, X b,) =
Cxema o0xkatuii

Mapka criaBa IpoKaThIBaeMOro MeTauia
TemnepaTypa UCXOHOTO HarpeBa MeTasuia
Pa3meps! unu kanuOpoBKa BaJIkOB
KonnyecTBo nmpoxoioB (pabounx Kiereit) n
KonnuecTBO 0THOBPEMEHHO MPOKATHIBAEMBIX 3arOTOBOK /V
JlnTenbHOCTh May3bl, HEOOXOAUMOM /A7l 0TBOJIA OT KJIETHU FOTOBOTO MPOKATa U MOIa4uu
CIEAYIOIIEH 3aTOTOBKH Ty , CEK

Coaep:xxaHue nmpoeKra:

OmnucaHue TEXHOIOTUIECKOTO Mpoliecca MPOU3BOACTBA IPOKaTa Ha KOHKPETHOM CTaHE.
Pacuer napaMeTpoB TEXHOJIOTMYECKOTO IIPOIiecca MPOKATKH.
2.1 PacueT cxeMbI 00KaTHIi;
2.2 Pacyer reoMeTpHUECKUX U Je(QOPMAIOHHBIX TIApaMETPOB
ouara eopmManum;
2.3. PacueT KOHTAaKTHBIX JaBJICHUN M yCUIMA IPOKATKHU;
2.4. PacueT cKOPOCTHOTO peXuMa MPOKATKH;
2.5. PacueT TeMnepaTypHOTro peskrMa NpOKaTKH;
2.6. PacueT MOMEHTOB ¥ MOIITHOCTH MPOKATKH.
3. Pacuer TeXHMKO-3KOHOMMYECKHX ITOKa3aTee paboThl MPOKATHOIO CTAHA.
BriBogsl.
[Tpunoxenus:
Hmoecosas mabnuya peyriomamos pacuema.
TI'pagux Aoameyxoeo.
Jluaepamma cxopocmeil u MOMEHMOB.

[N I

3amanue BbIAAN
Harta




Ilpunoxcenue 3

Tadauna pe3y/1bTATOB pacueTa

3HAYeHHA IIapaMeTPOB IO IMPOoXoaaM
O0o3HaveHHe | Pa3sMepHOCTE

(K1eTAM)
mapaMeTpa mapaMeTpa
e T 1 2 3 Sey N
h; MM 180 160 140 100

Ah; MM 20 20 20 20




