Y4eOHO-MeTOAHYECKHE PEKOMEHIAIUN 10 U3YYEHHIO U CHUIINHBI «O1eHKa
3¢ pexkTUBHOCTH NPOIECCOB 00PAOOTKH HBETHBIX CILIABOB JABJIEHHEM) JIJIsl

MaruCTpaHToB

[IpennazHayeHsl 1 CAMOCTOSITENBHOTO — M3YYEHMS  JUCLUIUIMHBI
MarucTpaHTaMu 3a04yHOM Qopmbl 00yueHus. l3yuyeHHWE OCHOBBIBaeTCS Ha
CaMOCTOSITENIbHOM paboTe MarucTpaHTOB, B TEUEHHE COOTBETCTBYIOLIETO CEMECTpa
(2), mo pexoMeHIANUsAM JTOKYMEHTAIIMH, BXOMSIICH B cOCTaB paboueil mporpamMmmbl
mucuuruinael  (PITJ]). WckmoueHne cocTaBisieT MpakTHUecKass ¢opma 3aHATHH,
KOTOpasi B 00s13aTEIbHOM MOPSJKE JOJKHA MPOBOJUTHCS B YCIOBHSIX JabopaTopuii u
CHEUaTN3UPOBAHHBIX KOMITBIOTEPHBIX KJIACCOB NPO(UIUpYyIoen Kapeapsl.

PekoMenpanuu omnpenensior MOpsAOK padoThl CTyJIEHTa MO TPEM BHJAM
npoluecca 00pa3oBaHus JUIsl THEBHON (GOpMBI 00yUYeHHUs, IPEAYCMOTPEHHBIM padoueit

MPOrpaMMON U3y4aeMOUN JUCLUIIINHBL:

1.  OCHOBHOTO — IO U3YYEHUIO JIEKIIMOHHOTO MaTepHaia,
2.  TPAKTHYECKOTO — B paMKaX MPAKTUYECKHUX ayTUTOPHBIX 3aHATHHA,
3. JOMOJHUTEIBHOTO — TOCPEICTBOM camocTosTenbHo padoTer (CP) ¢

oubnuorpaduyecKuM MaTEPHAIIOM U BBITIOJTHEHUIO TEKYIINX 3aJaHUi MPAKTUIECKOU
YacTH Y4eOHOM MPOTrpaMMBbl CAMOCTOSTEIBHO.

JIEKIITMOHHBIN MATEPAJI OMCUMIUIMHBI M3y4aeTCs B COOTBETCTBHUM C
paboueil mporpammoit aucturinHbl, Bxonasmed B YMKJI. Tematuueckuii cocrtaB
JCKIIMOHHOTO  MaTepualia,  MOJJICKANEr0  CaMOCTOSITEIbBHOMY  HM3yYCHHIO,
onpenensercs ¢dopmoit 3.1 paboueir mporpammel YMKJI. Cnemyer oOpaTuth
BHUMaHHE Ha TO, YTO IUIaH, B TOM 4YHUCJE, JEKIIMOHHOTO Matepuayia B (opme 3.1
MIPUBOJUTCS B COUYETAHWU CO CChUIKAMH Ha JIMTEpaTypHbIE UCTOUYHUKU (PopMbI O, B
KOTOPBIX JIAaHHBIC pa3lelbl Kypca U3JararoTcs B HaumOoJiee TOJTHOM BHJE.
CaMOKOHTPOJIb 3HAHMS JICKIIMOHHOTO MaTrepuana JUCIUIIIMHBI OCYIIECTBIISCTCS
MarucTpaHTOM TIO0 OIMOPHBIM BOMPOCAM JHUCIHIUIMHBI, COACPIKAIIUMCS B KOHIIC
paboueii TporpaMMbl, IO TIEPEYHIO BOIIPOCOB IK3aMCHAIMOHHBIX OMJIETOB, a TaK K¢

TECTOBLIX BOITPOCOB.



[TPAKTUYECKHUE 3AHATUA npu  camMOCTOSATENbHOM  MOATOTOBKE
BBITIOJHSIOTCS IO TPEOOBaHUSIM, aHAJOTHYHBIM BBITIOJIHEHHUIO JTA00PAaTOPHBIX padoT.
TemaTudeckuii MIaH MPAKTUICCKUX 3aHATUN TPUBOAUTCS B hopme 3.3 (TTOCPEACTBOM
o0o3HaueHuit popmsl 3.1), COOTBETCTBYIOIIEH pabouel MporpaMmbl, CO CChIIIKAaMU Ha
METOJIMICCKUE PYKOBOJICTBA B CIIHCKE JIUTEpaTypsl (popma 6).

Maructpantam cieayer oOpaTuTh BHUMaHW€ Ha TO, YTO MPOTOKOJIbI
MPaKTUYECKUX 3aHIATHH (KaK U Ja0OpPaTOPHBIX pad0T) MO MEPE UX BBINOJHEHUS WU B
KOHIIE ceMecTpa (10 COTJacOBAHMIO C MPENOoIaBaTeIeM) JOJKHBI ObITh MPOBEPEHBI U
3aBEpEHBI MpernoaaBaresieM. MarucTpaHT JAOMyCKaeTcs K cllaue 3a4€Ta WM dK3aMeHa
(bopma koHTpoJIsI ompenensercs paboyel MporpaMMoO JUCIUIUIMHBI) TOJBKO MPHU
YCJIOBUM BBITIOTHEHUS BCEX MPAKTHUECKUX (J1a0OpATOPHBIX) 3aHATHIA.

CAMOCTOSTEJIBHASA PABOTA (CP) wMaructpadTta ompenensercs
W3YYCHHEM TEM JHUCIHWIUIMHBI, BXO/JSIMIMX B COJACPXKAHUE JOTOJHUTEIHHOU
JIMTEpaTyphl paboueii mporpaMMbl AUCHUILIHHEI (popma 6).

[Ipaktnyeckue paboThl (B TOM 4HCIE JIA0OPATOPHOIO Xapakrepa) Mpu
CaMOCTOSITETLHOM ~ M3Y4YEHUHU  TPeOYIOT  00s3aTEIBbHOTO  MX  BBIIOJIHEHUS
(9KCTIEpUMEHTANIBHON YacTH) B JaOOPATOPHBIX YCIOBUSX, JIJISl YETO BpeMs OTPabOTKU
paboThl 3apaHee OroBapUBAETCS C JIEKTOPOM AWCIMILIAHBI M COTJIACOBBIBACTCS C
ayJIMTOPHBIM pacrucanueM Jlaboparopuii npodunupyromen kadenpsi. [Ipu stom, B
paMKax CcaMOCTOSITEIBHOTO W3Y4Y€HHWs, MAarucTpaHT JODKEH 3apaHee W3YyYHTh
TEOPETUYECKYI0 YacTb PaOOTHl CaMOCTOATEIHHO, TOJTOTOBHB IMPOTOKOJ PaOOTHI.
BrimonHenne Takoit paboThl B J1a0OPATOPHBIX YCIOBHUSIX CBOJMUTCS K TPOBEICHUIO
AKCIIEPUMEHTAILHON YaCTH W aHAIM3Y IMOJYyYEHHBIX SKCIICPUMCHTAIBHBIX IAHHBIX.

Tematuyeckuii mian padot npuBogutcs B ¢popme 3.1-3.3, COOTBETCTBYIOMICH
paboueii mporpaMMbl, CO CCHUIKAMH Ha METOJAMYECKHE PYKOBOJICTBA B CITHCKE
nauteparypsl (popma 6).

[Iporokonsl pabotel odopmisitorcs Ha juctax ¢dopmata A4 umm A5 B
PYKOIIMCHOM WJIA MEeYaTHOM BujE (pabouee mosie JOJKHO UMETh pazMepsl 170%250

uwmu 110x170 mm, neBoe mone-25 mm). Ilo corjmacoBaHuio ¢ JIGKTOPOM Kypca



JOMyCcKaeTcsi O(QOpPMIISTh TMPOTOKONBI B YYCHHYECKUX TETPAIsiX CTaHAapTHOTO
obOpasma. [IpoTtokon kaxkmod pabOTHI MOJDKEH COCTOSATH W3. TEMBI, IETU PabOTHI;
KpPaTKUX TEOPETHUYCCKHUX CBEICHWH; IMOPSIKA BBITIOJHEHHS,; PE3yJIbTATOB aHAIKM3a W
BBIBOJIOB. Bce HeoOXoawMble WIDTIIOCTpalud K  paboTe  JMOJDKHBI  OBITh
IPOHYMEpPOBaHKl W HMMETh Ha3BaHWUE, a B COOTBETCTBYIOIIMX MeECTaX TEKCTa
MPOTOKOJIa HEOOXOAMMO CChUIATHCS HA COOTBETCTBYIOUIMH PUCYHOK WM TaOJIHILY.
[lepen 3ammToii pabOT BCE MPOTOKOJIBI CIIMBAIOTCS (€CIM OHU OBLIU TOATOTOBJICHBI
pa3fenbHO JOpyr OT JApyra), B MOPSJKE UX CJIEJOBaHUS B TEUYCHHE CEMecTpa ¢
00s3aTeTbHBIM  O(POPMIICHHEM THUTYJIBHOTO JIMCTAa. THUTYNBHBIA JIMCT JIOJDKEH
comepkaTh: Ha3BaHWE MUHHCTEPCTBA, Ha3BaHWE By3a, Ha3BaHUE Kadempsl,
HAaUMCHOBAaHHWE JUCIUIUIMHBI, GaMuwink OakajgaBpa | TPENoAaBaTelis, O]
PYKOBOJICTBOM KOTOPOTO BBHITIOJTHEHBI PabOTHI, @ TAK)KE Ha3BaHUE TOPOIa H YIEOHOTO

roaa.

Pacnincanue KOHTPOJII  IIPCIIOAABATCIICM  CAMOCTOATCIIBHOI'O  M3YUYCHMH:A
AUCHUIIIIMHBI CTYACHTOM COJACPKUTCA B ACKAHATC COOTBCTCTBYIOIICTO (baKyJIBTeTa u

Ha UHPOPMAITMOHHOM CTeH/Ie Npodunupyronien kaheapsl.



IIJTIAH
KOHCIIEKTA JICKIUI 110 JUCHHUIIHHE
«Ouenka 3¢ PpexkTHBHOCTH NpoLECcCOB 00pPa00OTKH HBETHBIX CILJIABOB
AaBJIeHHeM» (/151 MATUCTPOB)

1. BBeaenue.

1.1. OG30p pacnpocTpaHEHHBIX BApUAHTOB OLEHKH 3((HEKTUBHOCTHU MPOIIECCOB
OM/I.

2.2. OcHOBHBIC 3a7a4u O1leHKH 3 deKkTHBHOCTH mporieccoB OM/I.

2.3. HanpaBneHust pa3BUTHA U MEPCIIEKTUBBI METOJIUK OLICHKH 3(PHEKTUBHOCTH
nporeccoB OM/I.

2. Ouenka >ppexTuBHocTd npoueccoB O/ mo cooTBeTcTBHIO H3IEJIMI
TpedoBanusaM I'OCT.

2.1. I'opstuast 00bEMHAs ITAMIIOBKA U KOBKA.
2.2. XonoxgHas oObEMHAs IITAMIIOBKA.

2.3. XoJlogHas TUCTOBAs IITAMIIOBKA.

2.4. CrienBUAbI IITAMIIOBKH.

3. OneHka 3¢ pekTUBHOCTH OpraHusanum cxem npoueccoB O/l mo crenenu
OTHOCHUTEJIbHOU (CPABHUTEJILHOM) PALIMOHAJILHOCTH.

3.1. DkoHOMUS 3HEPrO3aTpaT HA peanu3aiuio nporecca OM/I.

3.2. DKOHOMUS METAIIO3AaTpaT HA U3TOTOBJIEHUE MOKOBOK.

3.3. CpaBHUTEIBHBIN aHAIN3 MAKPOCTPYKTYPhI MOKOBOK HECKOJIBKUX MPOIECCOB
HITAMIIOBKH 10 KOCBEHHBIM MTOKa3aTENSIM.

4. Owunenka »>3¢pdexTuBHOCTH cXxem mnpoumeccoB OJ Ha ocHOBe
KOJIUYECTBEHHOH KPUTEPUATbHON OLECHKM:

4.1. YcnoBHbIE HOPMBI paclpeeeH!s] HEPABHOMEPHOCTH 1€(OPMUPOBAHHOTO
COCTOSIHUS 110 CEYEHHUIO TTOKOBOK B 3aBUCUMOCTHU OT TTOKa3aTesel CI0KHOCTH UX
reOMETPUYECKON (HOPMBI;

4.2. OCHOBHBIC PEKOMEH/IAINH 110 OpTraHu3auu 3 (PEKTUBHBIX MPOIECCOB
ITAMIIOBKU U3]ICJIUH.

HamonHenne JeKIMOHHOTO Marepuaia IjlaHa KOHCIEKTa JICKIUH MOApOOHO
paccMaTpUBAETCS B COICPKAHUN yUSOHBIX TTOCOOUH:

OCHOBHbIX.

BoBuenko, A.B. CoBepiICHCTBOBAHME TEXHOJOTUU MPOLECCOB OOBEMHOM
IITAMIOBKMA HA OCHOBE MPUMEHEHUSI TPAaHUYHO-3JIEMEHTHBIX Pacy€ToB: MOHOTpadus



/ A.B. BoBuenko. — PoctoB H//]: U3natensckuii nentp AI'TY, 2011. — 264c.

PesnuxoB HO.H. Ontummzanus TEXHOJIOTUYECKUX MPOIECCOB 00pabOTKU
MeTauioB naBineHueM: yde6. mocoowme / FO.H. Pe3nuxoB, Bb.C. Mopo3,
A.B. BoBuenko. — PoctoB-#//1: U3narensckuii ieatp AI'TY, 2002.—94c.

BoBuenko A.B. MeToasl HEMHEWHOTO U AMHAMHYECKOTO ITPOTPAMMUPOBAHUS
B pacuérax IMpoleccoB 00pabOTKM METauIOB JaBlieHHeM: yuel. mocobue /
A.B. BoBuenko. — Pocros-#//1; 3narensckuii neatp AI'TY, 2015.-103c.

OONONHUMENIbHBIX.

Pe3nukoB, FO.H. MonenupoBaHne TEXHOJOTMYECKHX MPOLECCOB Ky3HEYHO-
ITAMIOBOYHOTO TpousBojacTBa: yueb. mocoowe / FO.H. PesnuxoB. — P. w//l.:
N3parensckuit uentp AI'TY, 1994.— 94c.

Pe3nukoB FO.H. Teopusi 00paOOTKH META/IOB JAaBJICHUEM: TEKCT JEKIUH /
IO.H. Pe3nukoB, A.B. BoBuenko. — PoctoB-u//l: U3znarenwckuit uentp AI'TY,
2010.-96c¢.

Pe3nuxkoB 1O.H. NmxenepHnas MexaHuka TBEpAOro Ttena: ydeb. mocobue /
IO.H. Pe3nukos, E.A. E¢ppemoBa, A.B. Bouenko. — P. v//].: U3garenbckuit ieHTp
AI'TY, 1998.-167c.



MeToaunuyeckue peKOMeH AU
(MpaKTHYEeCKHE 3AHATHSHA)

[IpakTUueckoe 3aHATHE — OJHA U3 BaXKHBIX (OpM yudeOHOTO mpoIecca B Kypce
«Onenka 3(pPeKTUBHOCTH MPOIECCOB 00paOOTKHU IBETHHIX CILJIABOB JaBiieHHeM». Ha
3aHSATHS BBIHOCATCS HaWOoJiee BaXKHBIE M CJOXKHBIE BOMPOCHI MPAKTUYECKOTO
NpPUMEHEHUs 3HAaHUW U3 OO0JACTH TEOpeTHYecKoro (JIeKIMOHHOr0) Kypca, 0e3
KOTOpPBIX pa3zo0parbcsi B MaTepualie AUCIHUIUIMHBL 3aTPyIHUTENBHO. 3aHATUSA
OPUEHTUPYIOT MAarvCTPaHTOB Ha TBOPYECKUH MOJAXOA K H3YUYEHUIO HU3JIOAKEHHOIO
JEKIMOHHOTO Marepuana. Ocoboe 3HaueHHe NOpH NOATOTOBKE K IPaKTUYECKUM
3aHATUAM TPUAACTCS CaMOCTOSITEIbHOM paboTe ¢ MCTOYHUKAMU U y4eOHOM
nutepatypou. IIpakTuueckre 3aHSATHS HAIPABISAIOT MAaruCTPAHTOB HA KOMILUIEKCHOE
pPacCMOTpPEHHE BCEX BOIMPOC Kypca ONTUMHU3ALUYU MPOLECCOB 00paOOTKU JTABICHHUEM.
OHU [1al0T BO3MOXKHOCTH CTyAeHTaM 3((PEKTUBHO ycBauBaTh y4eOHbIE MaTepUaIbI,
OBJIaJICBaTh TMEPBOMCTOUYHMKAMH M HAy4YHOW JIUTEPATYpOH, MOMOTAIOT Pa3BUBATH
KpUTEpPUAIbHOE MBIIIUICHHE B BOIMPOCAX TMPUHATUS Pa3HOOOpPA3HBIX CXEMHO-
MPOCKTHBIX PEIICHUN, MPUOOPETaTh HABBIKK MOTHBUPOBAHHOTO OOOCHOBAHUS
BBIOPaHHOM TOUYKH 3pEHUSI B TEXHUYECKUX BOIpocax. [ JTaBHBIM yCJIIOBUEM yCBOEHUS
Kypca SIBJIIETCA TIIATEIbHAS MMOATOTOBKA CTYICHTA K KQXKA0MY 3aHSTHUIO.

[ToaAroToBKY K 3aHATHIO CIEAYET BECTH B CICAYIOLIEM MOPSAKE:

- BHUMATEJIbHO O3HAKOMUTHCS C IUIAHOM 3aHSTHS, CIIMCKOM PEKOMEHIOBAHHON
JUTEPaATypPbl, METOOUYECKUMU PEKOMEHIAIUSMY;

- MPOYMUTATh KOHCIEKT JIEKIIMM MO TEME€ IUIAHOBOTO 3aHSTHUS, AKIEHTUPYS
BHUMAaHHE Ha COJIEP)KAaHMH OCHOBHOTO Marepuaia, HEOOXOIUMOTO JJIsi OCBOCHUS
MMOCTaBJICHHBIX 1ICJICH;

- B@XHEWIIIMM HTAroM padOThl MPU MOATOTOBKE K MPAKTUYECKOMY 3aHSITHIO
ABJISIETCA M3YYEHHE PEKOMEHIOBAHHOM K KAXKJIOW TEME JUTEpATypbl. MicTouHMKH 1
JUTEpaTypa ONTUMU3AIUU TEXHOJOTUYECKUX TPOIECCOB OOpPaOOTKU TaBJICHUEM
SIBJISIIOTCSL OCHOBOM JIOCTOBEPHBIX 3HaHUH. [lomorps 0OydaronuMes mpy MOArOTOBKE
K 3aHSTUSM OKaKET PEeKOMEHAyeMas JuTepaTypa, ykazaHHas B pasnene 6 «Paboueii
MPOTPaMMBbD».

[Ipu pabGore Hag PEKOMEHJAOBAaHHBIMHU MCTOUYHMKAMH U JIUTEPATYpOit
HEO0OXO0JIMMO MOMHHUTh, YTO HEJIOCTATOYHO OTPAHUYUBATHLCS OETJIBIM 03HAKOMJICHHUEM
WJIA IPOCMOTPOM TEKCTA.

Ha ocHOBe wW3yuyeHUs WCTOYHUKOB JUTEPATYpPhl HEOOXOAMMO MOATOTOBHUTH
KOHCIIEKT WJIM TTPOTOKOJ, 0()OPMHB COOTBETCTBYIOIIME 3aMMICH B HEM.

Haubonee TpymoeMkol 4YacThlo, HO COBEPIICHHO HEOOXOAUMOM, st
MOATOTOBKM K CEMUHAPY SBIsETCA KOHCIEKTHpoBaHue. KoHcnekTtuBHas ¢opma



3amucu TpeOyeT He TOJbKO (UKcallui HauboJiee BaXKHBIX MOJIOKEHUN UCTOYHHKA, HO
u (Qukcanuu U METOJOJOTMYECKUX IIOJIOKEHHM W J0Ka3arelbcTB. Hepenko B
KOHCIIEKTe (UKCHPYIOTCS W COOCTBEHHBIC 3aMEYaHUS W BOMPOCHI, KOTOPHIC B
JagbHeWIleM 00CyXIat0TCsl Ha JICKIIMOHHOM WJIM MTPAKTUYECKOM 3aHSTHSX.

Koncrnekr cocraBisieTcs B MOCIEA0BATENBHOCTH, MPEAYCMOTPEHHON ILIAHOM
KaXJ0M JIEKIIMOHHOW T€MbI, BRIHOCUMOM Ha MPAKTUYECKOE 3aHATHE.

K kaxgomy HpakTHYECKOMY 3aHATHIO PEKOMEHAYIOTCS BapUaHThl 3aJIaHUIA,
KOTOpBIE CJIETYET BBIMOJIHATH MO METOJMKE MATEPUATIOB COMPOBOKICHUS KaXKI0T0 U3

HUX.
Ha mpakTtruecknx 3aHITHSIX O0aKaiaBp JOJIKEH:
- MPUHUMATH aKTHBHOE YJaCTHE B 00CY)KJICHUH BOIIPOCOB 3aHSTHUS;
- BHUMATEJIBHO CIEIUTh 3a OOCYKICHUEM pPacCMaTPUBAEMBIX OCOOECHHOCTEU
TEM;

- YMETb BECTH IIOJIEMHUKY C OIIIOHEHTAMU U MOTUBHPOBAHHO JI0KA3BIBATh CBOIO
TOYKY 3PECHHUS.

[IpuoOpereHHble  3HAHUS W HABBIKM  [OBBIIIAIOT  [O3HABATEJIbHYIO
NEesATEIbHOCTh, JAlOT BO3MOXHOCTH OakanmaBpaM (hOpMHUpPOBAaTH CBOM YMEHHUS H
HABBIKHM, aHAIM3UPOBATh (DAKTHI, MCHOJb30BaTh HAYYHbIE HWCTOYHHKH, J€1aTh
00OCHOBaHHBIE BBIBOJbI, MPUOOPETATh HABBIKM W 3HAaHUA I Takod (OpPMBI
O0Oy4eHHMS U1 KOHTPOJISL, KaK TECTUPOBAHHUE.

TeMbl NPAKTHYECKUX 3AHATHMI:

1. N3yyenne Biusinus 3¢¢exkra ApodHOCTH aedopMANUM U CKOPOCTH
nepopManvu Ha 3HEPromorpedIeHHe NMPoOUecca MTAMIOBKH IO pe3yJbTaTaM
YHUCJIEHHOT0 MOJAEJTUPOBAHUS.

Henb pabotbl. M3yuuTh XapakTep BIMSHUS TEXHOJOTHYECKOW IPOOHOCTU U

ckopocTtu AedhopMali Ha SHEPronoTpedaeHne nporuecca MTaMIOBKH MOKOBOK.

2. U3yuyenue BausHus 3¢dexra apodHOCTH AedopMALMH M CKOPOCTH
aegpopManMu Ha pacnpeaejeHue 1e()OPMHUPOBAHHOIO COCTOSIHUS BHYTPHU
MOKOBOK I10 Pe3yJibTaTaM YUCJICHHOI0 MOAeJTUPOBAHUS.

Ilenp pabotel. M3yunTh XapakTep BIHSHHUS TEXHOJOTHYECKOU IPOOHOCTH U

CKOPOCTH JAe(opMali Ha HEPABHOMEPHOCTh paclpeaeseHus 1e(hopMUPOBAHHOIO
COCTOSIHUSA B IIOKOBKaX.



3. U3ydyeHue MeTOAMK pacyéra IHepro3aTpar Ha MTAMIIOBKY IOKOBOK IO
pe3yabTaTaM YMCJICHHOT0 MOAeJTUPOBAHHUS.
Lenb paboTel. M3yunTh METOAMKY pacu€Ta KOJIMYECTBEHHBIX IOKa3aTeseH,

XapaKTepU3yIOIINX  HEPABHOMEPHOCTh  pacmpeaesieHuss  AeQOopMHUPOBAHHOTO
COCTOSIHUA B TOTOBBIX MOKOBKaX.

4. U3yuyeHne MeTOIUK ONMpeaeeHHsI KOJTHYeCTBEHHOH OIeHKH MoKa3aTeJsi
pacnpeaeleHusi HEPABHOMEPHOCTH 1e()OPMUPOBAHHOIO COCTOSTHUSI B MOKOBKAX
Mo pe3yabTaTaM YMCJIEHHOT0 MOJEJTMPOBAHMS.

Llenp pabotrel. M3y4uTh METOAWKY pacyéTa KOJWYECTBEHHBIX IOKa3aTeseH,

XapaKTepU3yIOIIMX  HEPABHOMEPHOCTh  pacmpeaeneHuss  AeQOopMHUpPOBAHHOTO
COCTOSIHUA B TOTOBBIX MOKOBKaX.

S. H3y4yeHue MeTOAMK YIPAaBJIEHHA JHEPronorpedieHHeM IPOLECCOB
OTKPBITON 00bEMHON IITAMIIOBKH OpraHu3anueil cxem (popmMooOpa3oBaHUA H
CHMKeHHEM MeTajl103aTpar 1o pe3yjbTaTaM YMCJIEeHHOr0 MOAETMPOBAHMS.

Lenb pabotel. M3yunTth BausHUE cxeM (popMOOOpa30BaHUS FOTOBBIX ITOKOBOK
Ha SHEPromnoTpeliIeHne U METauIoNnoTpeOiIeHne B Mpoleccax OTKPHITOW 00BEMHOMN

mMTaMIIOBKH.

6. U3ydyeHHe MeTOAMKH KPUTEPUAIbHOI KOJIUYECTBEHHOH OIleHKU YPOBHA
HEPABHOMEPHOCTH  paclpelesieHUs]  HAKOIUICHHOI0  AeGOpMHPOBAHHOIO
COCTOSIHUSI BHYTPH IOKOBOK IMOCJe Tropsiyel 00beMHOH IITAMIIOBKHM 110
pe3yJibTaTaM YMCJIECHHOI'0 MOACJTUPOBAHMS.

Lenp pabGotrel. M3yunTh METONMKY OILIEHKH YPOBHA HEPABHOMEPHOCTHU

pacnpeneneHuss HAKOIUIEHHOW nedopmaruu 1Mo o0bEMY TOTOBBIX TIOKOBOK B
3aBUCUMOCTH OT CTEIIEHU UX T€OMETPUUECKOMN CIIOKHOCTH.
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MeToamyeckme yKkasaHusi K Kypcy NpaKTUUYECKMX 3aHSTUI No
ancunnamHe «OueHka 3(ddEKTMBHOCTU MNpoueccoB 06paboTkm
LIBETHBIX CNJIABOB AaBfieHMeM», — PocToB-Ha-[loHy: [JoHCKOM roc.
TexH. yH-T, 2018.—13c.

MeToanYecKue yKasaHus npeaHasHaueHbl AN MarMcTpaHToB AHEBHOM
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PABOTA N@1
UncneHHoe MoaenpoBaHUe NPOLIECCOB NJIAaCTUUECKON Ae-
¢opmaunmn MeTogoM rpaHMYHbIX 3JIEMEHTOB [1,2,7]

Uenb paboTbl: M3yunTb METOAMKY pacdéTa npouecca niactuye-
ckoi pgedopMaumm C MpPUMEHEHUEM METOAA rPaHWYHbLIX 3/IEMEHTOB
(MIN3) n paccuntaTbh NepeMelleHnst U HanpsXKeHUst B FPaHUYHbIX U
BHYTPEHHMX TOYKax paccmaTpvBaeMoro aeopMmpyemMoro Tena.

MaTtepuanbl, MHCTpYMEHT, 060pyi0BaHue.

1. YcnoBua 3agay O pacTsXXeHWW MNOCKOro KOJibLa BHYTpeH-
HWUM YCWIIMEM, OCAZKe MOJIOChl U KBaApaTHOM 3arOTOBKM.

2.  YHnuBepcanbHas nporpaMma BEM_PL(2D)! [8], peanv3oBaH-
Hasi Ha OCHOBE YMC/IEHHOMO0 METOAA rPaHMYHbIX 351IEMEHTOB [9].

3. MK wn npuHTtep.

Obwire cBeneHus.

3ajava pacyéta KMHEMaTU4eCKUX M CWIOBbIX NMapameTpoB Mpo-
ueccoB 06paboTkM MeTansoB AaBfeHNEM ABNSETCA (DU3NYECKN HENn-
HEMHON W MOXeEeT 6bITb 3anMcaHa B BWAE CYMMbl JIMHEWHOro L(u) v
HenuHelHoro N(u) onepaTtopos [10]:

LU)+NU)=P, (3.1)

roe P— HekoTopasi u3BecTHas yHKLUus.

NTepaumoHHbIM  NPOLIECC OCHOBLIBAETCS Ha  MpeAcTaB/EHUN
ypaBHeHus (3.1) B Buge

LU) =P - N(U ) (3.2)
3a/aBasiCb HayallbHbIM 3HauveHneM U, (B yacTHocTu, U,y =0)

PelleHve NoBTOpSIETCS A0 AOCTUXEHUS TpebyeMol TOYHOCTU Be-
NUYunHbl U,

Ons pelieHns nuHenHo-ynpyron 3agaun (L(U)), COOTBETCTBYIO-
el paccMaTpuBaeMoK, NPUMEHSIETCA rPaHNYHO-3/IEMEHTHOE YpaBHe-
Hue (TWY) [9, C.219]

* *
Cijuj + [ Pjjuidl” = | piuial”, (3.3)
rae Pj =0jiNj— youmsa B TOUKax rpaHmupl, OnpeaensiemMble KoMno-

HEHTAMMN TEH30pa Hal'lpﬂ)KeHMl‘;I N HanpaBnsawwWnMMn KOCMHYCaMn K
BHeELLHel HOpMasnu, u; — NepeMELLEHNUA Ha rpaHnLEe, a peAKO UCNOJb-

! BEM - ot Boundary Element Method (METOA rpaHNUHbIX 3NEMEHTOB)
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3yembli B OM/[l BHEMHTErpasnbHbIi YSieH, ONpeaensieT nepeMelleHve
Tena B NPOCTPaHCTBE KakK Lenoro.

B HacTosweM pelueHnn NCNonb3yeTcs U3BECTHas aHaNorms Mex-
Ay TEYEHMEM HEOKMMAeMOW BSA3KOM XXWAKOCTM U YNpyro-
aedopMnpyemMbiM HeCkMMaeMbiM TenoMm (koad. lMyaccoHa v =0.5).
bnarogaps TakoMy NOAXOAY BENWYMHbLI U; PaBHbl CKOPOCTAM MAacTu-
YeCcKOoro TeYeHUs B UCKOMbIX TOYKaxX Ha rpaHuue obnacrtu.

[ns NpakTU4ecKoro peweHusl uHTerpansl ypaBHenus (3.3) pac-
cMaTpmBaloTCs 6e3 BHEMHTErPanbHOMO YieHa M 3aMeHsIITCS CyMMaMu
HOpMasbHbIX M KacaTeSlbHbIX KOMMOHEHT HanpshKeHWn U nepemelle-
HWIM, OEACTBYIOWMX YXXE€ Ha AWUCKPETHBIX 3/IEMEHTAX FpaHuuUbl — Ha
rpaHuyHbIX anemeHTax (M) [11]:

N . N . N . N .

Yud [odr+ Sul [opdr= Yol [ugdr+Yo) Jundr 3.4
j=1 AFJ j=1 AI_'J j=1 AFJ j=1 AFJ
roe N—uucno M, A7 — ux nnowagas.

Bxoasiwme B ypaBHeHus (3.3) un (3.4) BENMYMHBI CO 3BE310UKaMu
nonaratoTcs W3BECTHbIMKM, B YaCTHOCTM, onpeaenstowmmmcs dyHaa-
MeHTasnbHbIM peweHneM KenbeuHa [9, C.207]. ns pelueHus Henu-
HeiHoM 3apaun nnactudeckon paedopmaunm (AM(U)) wcnonblyetcs
UTEPaLMOHHBIN UMK, NOAYMHSIOWMINCS 3aBUCUMOCTU:

k(@™ Ha"=f"", (3.5)

OAauH 13 cnocoboB peanusaunn MeToaa ynpyrx pelleHuin — pac-
YET Ha OCHOBE anropuTMa NepeMeHHOW BSI3KOCTW, NMePeMEHHLIX napa-
METPOB YNpPYyroctu v BeIMYMH NONPaBOK K UCXOAHbIM AaHHbIM. B 3TOM
C/ly4yae COOTBETCTBYIOLME 3aBUCUMOCTN UMEIOT BUA:

U(Dn+1= U@)a+AU(ID)y, (3.6)
roe AU(I), — BenMuMHa nonpaBku, y4uTbiBaloWas uU3MeHeHue Koad-
purumMeHTa XEeCTKOCTU UM napaMeTpoB YMNpyroctu npu gopmMonsme-
HeHWUN.

PaccMOTpeHHbI MOAX0A COOTBETCTBYET METOAY YMpyruX pelue-
HUI A.A.nblolvHa, Npy KOTOPOM Heynpyrasi 3aja4a CBOAUTCS K Mo-
CnefoBaTeNlbHOCTY PeLleHMn ynpyrux. TeXHOMormyeckue 3agauv o
6onblwmx AedopMaumsix Mpu BbICOKOM TeMnepaType [AO/MKHbl pac-
CMaTPMBATbCS KaK 3afla4yM O TEYEHUWN HENIMHENHO-BSIBKOWN XXMUAKOCTH,
NOSTOMYy paspeluatolume ypaBHeHus Ans 3agady obpaboTku mMeTannos
[aBfeHWeM 3arucbliBalOTCd aHaNoOrMyHO TOMY, KakK 3TO MPUHSATO B
rmapoavHaMuke:

He UL” +O_,j =—Fi; l]i’i =0, (37)
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rA€ KOMMOHEHTbI MACCOBOW CUJbl B KaXKAOW AYelike BHYTpPEHHel 06-
NacTu onpeaensTCs Kak

Fi =—Uc a)Au, (38)

1
U =G ==E - HauanbHoe 3HauyeHue ko3dduLMEHTa xecTKoCcTY; G -
¢ 3

E Oj .
———; E- mogynb lOHra E=—1; Au; -
2(1+V) &
onepatop Jlannaca Ans CKOPOCTM MepeMelueHns; () - napametp,
XapaKTepU3YIOWMIi yMeHbLIeHNe KO3(hMUUMEHTA KECTKOCTU B MPo-
uecce AeOPMUPOBaHUS, CBS3aHHOE C HESIMHEMHOCTBLIO 3aBUCMMOCTY
o; = (&) ans pedopMUpyeMbIX MaTepuanos

moaynb cagura G =

w=1-*. (3.9)
He
B kauyectBe XapaKTepPWUCTUKM BS3KOCTU Yxe aedopMMpyemMoro
METasfla MCMosb30BaH M3BECTHbIM B TeOpuuM 06paboTKM MeTasnioB
AaBNEHNEM KO3(P@PUUMNEHT XKECTKOCTU
_1lo;
3]
roe o; — UHTEHCMBHOCTb HanpsiKeHWI; é‘i — WHTEHCMBHOCTb CKOpPO-

cTeit aecbopmaLmii.

Kak y>xe ynoMuHasnoch Bbille, pacyeTbl BbINOHAKTCA MO MeToay
ynpyrux pewenuii A.A. UnblolinHa, C MCNOSIb30BaHUEM COBMELLEHMS
NHEeapu3yoLWNX anropuTMOB MEPEMEHHON BSI3KOCTU M NMEPEMEHHbIX
nMapaMeTpoB YNpyroctu B Buae Bblpaxkenuin N.A. buprepa [12,13]:

(3.10)

3 1 1-2vj1 1
Y= , 2 E. . 29

200 g B o, 2 B PV gy,
1. SEj1¥-1-2vj_1 1+1—2Vj—1 1

12y Ejy 2%
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MocnenoBaTeNbHOCTb BbIUUCIIEHWIA, B CBA3M C 3TUM, MOXHO reo-
METPUYECKN NpeACTaBMTb TaK, KakK 3TO cAeNaHo Ha puc.3.1 ¢ yyeToMm
dopmynbl (3.11). 3aech, ANs KaXxaoro TEKYLEro UTEPALMOHHOMO 3Ha-
yeHus gedopMaumm M CKOPOCTU aedopMaunn HaxoasTcs nocsieaoBsa-
TENbHO: BEIMUYNHA YNPYIrOro HaMpsXEHNS; HEYNPYIrOro HaMPSXXEHNS C
YYETOM BENNYMHBI €r0 U3MEHEHUS — MO PEONIOMNMYECKOMY YPaBHEHUIO
nedopMupyeMoro MeTansia U3BECTHOM MapKu; BblI3BaHHOE 3TUM siBJie-
HMEeM n3MeHeHue koadduumenTa xectkoctn (3.10), moayns ynpyro-
ctv (£) v oCTanbHbIX 3HaYeHWii NapameTpoB BblpaxkeHuin (3.11), oT-
pakalolleecss Ha BeNMUYMHAX o. Ha cneaytowein ntepaumm n B cneay-
IOLLEM NPUBNMKEHNM NPOLIECC NMOBTOPSIETCS], HO Y>K€ OT HOBbIX 3Ha4ye-
HWI napameTpoB (3.11) 1 nonaraetcsl, 4To

E, =&, HAg,. (3.12)

Kak BuaHO 13 puc.3.1, npouecc nocneaoBaTenbHbIX Npubnmxe-
HWIM (MTEPALMOHHBIN MPOLECC) CXOAMTCS K TOYHOMY 3HAYeHuo ae-

dopmaummn &, , €cnn GYHKUMS HENpepbiBHa, @ CKOPOCTb CXOANMOCTH

CyLLeCTBEHHO 3aBUCUT OT BuMaa ¢yHkumn. Ecnn matepuan obnagaet
60MbWMM YNPOYHEHUEM, T.€. KpUBasi Masio OTKJIOHSIETCS OT MpPsIMOA
o=FE¢ (Mnn, 4TOo TO Xe camoe, PyHKUMs w(e) - Mana), To yxe 3-4
NpubAMXKEHNs AalOT AOCTAaTOMHO TOYHOE 3HayeHue aedopMaumun. U
HaobopoT, ecnn MaTepuan obnagaeT ManabiM YNPOYHEHUEM, TO MOXET
noTpeboBaTbCA 3HAUUTENBHOE YNCNO UTepaumin (NPUBNMXEHWUIA) YTO-

6bl MOMYYNTb 3HAYEHUe

Oit AecopMauuii ¢ Tpebyemon
G \\”Oy,,ﬁy TOYHOCTbIO [14].

O o j"’@,oew CnegyeT  OTMETUTD,
Gg | e YTO pacCMOTpeHHast Me-

TOAMKa SIBNSIETCA YHUBEpP-
CcanbHOW WM NpurogHa Aans
pacyéTa MOKOBOK t060M
KOHpUrypauuu.
O606wWwéHHas  6nok-
CXema anroputMa rpaHuu-
' i ! ng‘l HO-3/IEMEHTHOrO pacyéTta
&1 €y &3 €n1 €] HenmHelHoM 3agaum
Puc. 3.1 I'pacbnyeckas nHTeprperaums npo-  (hopMOM3MEHEHUS MpUBE-
LleCCa nocneaoBaTesbHbIX I'IpVIGJ'IVI)KeHVIVI JeHa Ha lec.3.2.
(MTepauMoHHOro npouecca) no anropuTMy
nepemMeHHbIX napaMeTpoB YMpyroctm




MNopsaoK BbIMNOAHEHWUS PaboThl.

1. U3yunTb METOAMKY FPaHUYHO-3NIEMEHTHOMO pacyéTa

2. Ha ocHoBe nporpaMMHOro pelleHns 3afa4y O pacTsHKeHuu
MJIOCKOrO KOMbL@ BHYTPEHHWMM YCUMIMEM M OCaAKe MOMOChl MONyYUTb
[aHHble 0 AedopMUpPOBaHMM 3aaHHbIX TeN Noja AECTBUMEM paccMaT-

Ha4alio
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11 pacnewarka pe3ynbTaToB pacyéra

Puc.3.2 bnok-cxema anropytMa pacdéta 3agayum OpMON3MEHEHUS



pPUBAEMOr0 HarpyxeHwusl.

3. CoenaTtb BbIBOAbLI MO paboTte o
Xapaktepe (OPMON3MEHEHUSI TPaHWUY-
HOMO KOHTYpa W BHYTPEHHMX SHYEEK.

YcnoBus 3agaHui.
3AO0AHUE 1. 3apgada O pactsxke-
HAM  MIOCKOrO0  KOJSibLA BHYTPEHHUM
ycunueM puc.3.3.
Pasmepbl konbua: r=20 MM ¥
4 R=40 MM; mMaTepuan — anlOMUHWEBBIN
Puc.3.3 K3apaye o pactske-  crinas /116 npu t=400°C; rpaHuyHble
HUW TINOCKOTO KoNbLa ycnosvm' HOpMasibHoe HanpﬂmeHwe Ha

40
BHYTPEHHEM KOHTYpe O =0, In— =9.8- In2—0 -6.8- "% 2 , kaca-
MM

TeNbHOE HanpshkeHue G Ha BHyTpeHHeﬁ NOBEPXHOCTW OTCYTCTBYET;
Ha Hapy>HOM KoHType cp=05=0.

Hwmxe npuBoauTcs npuMep 3anofiHeHust dalina MCXOAHbIX AaH-
HbIX A48 334a4M O PaCTSH>KEHMM MSIOCKOro CBMHLIOBOrO KOJbLA C yKa-
3aHMEM NPUHSATLIX B HEM (DOpPMATOB MpeacTaBneHns uucen (cnpaea
no TekcTy). bonee nogpobHO MOPSAOK 3anofHEHWUS aHaNOMMYHbIX
(halinoB paccMOTpPeH B METOAMYECKUX yKa3aHusx [7,15].

Il I4 4I5 2Fi12.4 4I4

0 14 16 38 2 3 1800.0000 0.4500 2 0 0 O
1 40.0000 0.0000 0 0 I5 2F10.4 2I5
2 38.6370 10.3527 0 0
3 34.6410 20.0000 0 0
4  31.7341  24.3505 0 0
5  28.2842  28.2842 0 0
6 24.3505 31.7341 0 0
7  20.0000 34.6410 0 0
8 10.3527  38.6370 0 0
9 0.0000  40.0000 0 2

10 0.0000  20.0000 0 2
11 5.1764 19.3185 0 0
12 10.0000 17.3205 0 0
13 14.1421 14.1421 0 0
14 17.3205 10.0000 0 0
15 19.3185 5.1764 0 0
16  20.0000 0.0000 0 1
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17 30.0000 0.0000 0 1
18 28.9778 7.7646 0 0
19 25.9808 15.0000 0 0
20 21.2132 21.2132 0 0
21 15.0000 25.9808 0 0
22 7.7646 28.9778 0 0
23 0.0000 30.0000 0 2
24 35.0000 0.0000 0 1
25 33.8074 9.0587 0 0
26 30.3109 17.5000 0 0
27 24.7487 24.7487 0 0
28 17.5000 30.3109 0 0
29 9.0587 33.8074 0 0
30 0.0000 35.0000 0 2
31 37.5000 0.0000 0 1
32 36.2222 9.7057 0 0
33 32.4759 18.7500 0 0
34 26.5165 26.5165 0 0
35 18.7500 32.4759 0 0
36 9.7057 36.2222 0 0
37 0.0000 37.5000 0 2
38 38.7500 0.0000 0 1
39 37.4296 10.0292 0 0
40 33.5585 19.3750 0 0
41 27.4004 27.4004 0 0
42 19.3750 33.5585 0 0
43 10.0292 37.4296 0 0
44 0.0000 38.7500 0 2
45 0.0000 17.5000 0 2
46 2.0000 17.5000 0 0
47 4.0000 17.5000 0 0
48 2.0000 19.5000 0 0
49 2.0000 15.5000 0 0
50 15.5000 2.0000 0 0
51 17.5000 2.0000 0 0
52 19.5000 2.0000 0 0
53 17.5000 4.0000 0 0
54 17.5000 0.0000 0 1
1 1 2

2 2 3

3 3 4

4 4 5

5 5 6

6 6 7

7 7 8

8 8 9

9 10 11

315



10 11 12
11 12 13
12 13 14
13 14 15
14 15 16
0 16
1 0.0000 0.0000
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000
6 0.0000 0.0000
7 0.0000 0.0000
8 0.0000 0.0000
9 0.0000 0.0000
10 0.0000 2.0000
11 0.5176 1.9318
12 1.0000 1.7320
13 1.4142 1.4142
14 1.7320 1.0000
15 1.9318 0.5176
16 2.0000 0.0000
45 47 49 0.0000
16.00 .4500 .0000
50 52 54 0.0000
16.00 .4500 .0000

215
I5 2F104 2I5
I5 2F104

5I4 4F8.4 F8.2 F/4 Fi12.4

4.0000 4.0000

4.0000 4.0000

3AOAHUE 2. 3apgava 06 ocaake nonocel (puc.3.4) U3 aHanorny-
HOro MaTepvana, HaxoAsLWerocs B aHalIorMYHOM TeMMepaTypHOM pe-
XuMe. HapyXHbI KOHTYp onucaH 52 rpaHW4YHbIMKM 3MeMeHTaMu, a

/\y

\\

3

4(5

10

11112|13

14

15[16|17|18

19

<

42

Puc. 3.4 K 3apaye 06 ocaake nonocol

BHYTPeHHAS  obnacTb
pa3buta Ha 20 s4yeek.

TpeHne Ha KOH-
TAKTHOM  MOBEPXHOCTM
- MakcumasnbHoe
(u/2=1.8, us=0); 60-
KOBasl rpaHuWyHas no-
BEPXHOCTb — (C€BO6OA-
Hasa (c,=cs=0).

Pe3ynbTaThl aHaA/IMTUYECKMX pELLeHNs 3adaHuin 1 n 2 comep-

aTtca B pabotax [16] n [17], cOOTBETCTBEHHO.
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3AOAHUVE 3. 3apgava 06 ocagke 3aroToBKM KBagpaTHOro none-
pPEYHOro CeYeHus U3 aHasorM4YHOro MaTtepuasna ocagoyHbIMU NAUTAMU

A Y,MM c yrnybnennem (puc.3.5), Haxo-
e et [SLIEerocs B aHanorMyHOM TeM-
30 L nepaTypHOM pexume. Hapy>XHblii

KOHTYp onucaH 14 rpaHuUyHbIMU
3N1eMeHTaM1, a BHYTPEHHSs 06-

20 nactb pa3buta Ha 36 sueek.
TpeHue Ha KOHTaKTHOM Mo-
10 BEPXHOCTM —  MaKCUMMasbHOe

(un/2=1.8, us=0); bokoBas rpa-
X,MM HW4YHas MOBEpXHOCTb — CBOGOA-

10 20 30 40  Had (0n=0s=0).

Puc. 3.5 K 3apaye N93 06 ocaake

CoaepxxaHue oT4éTa.
OTYéET 0 BbINOIHEHUN pabOThl AO/MKEH BKIOYATL:
Ha3saHue paboTbl.
Llenb paboTbl.
MNepeyeHb MaTepuanos, MHCTPYMEHTOB U 060pyaOBaHMS.
KpaTkune TeopeTuyeckune cseeHus.
Ycnosus 3agady, pewaembix M.
PacneuaTku aina ncxoaHbIX AaHHbLIX M daina pesynbTaToB
pacuyéTta nocne AOCTUXXEHUS CXOAMMOCTU C TOYHbIM peLleHneM.
7. KapTuHbl 4eopMUPOBaHHOIO COCTOSHUS MPaHNYHOIO KOHTY-
pa U BHYTPEHHUX SYeeK CeYeHUs U3aenus.
8. BbiBOapbI Mo paborte.

ounkwne=
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1.0011me cBeaeHus

Huctumnuna «Otenka 3¢p¢GeKTHBHOCTH MPOIECCOB 00paOOTKH IIBETHBIX CILJIa-
BOB JIABJICHUEM)» OTHOCHUTCS K IIUKJTYy CIEHUANIbHBIX JUCHUILIUH. [Iporpamma no auc-
IIUTIJIMHE COCTaBJIEHA B COOTBETCTBHMU C OCHOBHOM Mpo(ecCHOHAIBbHON 00pa3oBa-
TeJIBHOUM Mporpammoi, copmupoBaHHoii Ha ocHOBe denepanbHOr0 rocyaapcTBEH-
HOTO 00pa30BaTEIBHOTO CTaHJAPTa BBHICIIETO 00pa30BaHus MO HAIMPABJICHUIO TOJrO-
ToBKH 15.04.02 TexHOJIOTHYECKHE MAIITMHBI M 000PY/I0BaHHUE.

[{enpro qUCHMIUIMHBI SBISETCS 00YUYEHHE MAaruCTPaHTOB 3a04HOM (HOPMBI yMe-
HUIO ¥ HaBBIKaM OIEHUBATh d(PPEKTHBHOCTh TEXHOJIOTHIECKUX TPOIIECCOB U perlie-
HUN B oOnactu o6pabotku naBiaeHueM (OJl) Kak ¢ MO3UIMA WX COOTBETCTBUS JICH-
CTBYIOIIUM TpPEeOOBAaHUSIM U HOpMaM, TaK M MOKa3aTeJsIM MEPCHEKTHUBHOM paruo-
HAJIBHOCTH (OTHOCUTENIBHON) U ONITUMAJILHOCTH IO KOPPEKTHO MCHOJIB3yEeMbIM TTOKa-
3aTeIsIM.

B 3amaun qucHMIUIMHBL BXOJIUT JTOCTUKEHUE YMEHUS MAaruCTpaMH MPOBOJUTH
onieHKy mponeccoB O/ mo mokaszaTensiM CTENEHU UX MPOEKTHOW pallMOHAIIBHOCTH U
ONTUMAJBLHOCTU IO TAaKUM MapaMeTpamM, Kak METajsilo- W JHepro3arpaThl Ha HEMO-
CPEACTBEHHYIO pealii3alliio MpoIecca U MOBBIIIEHUE TPOYHOCTHBIX U AKCIUTyaTallu-
OHHBIX XapaKTEPUCTUK U3JCTUN BCIEACTBUE TPeOyeMOro pacnpeeseHust o ux 00b-
&My negopManiioHHOTO ympoyHeHus. OTMEUYEHHOE JIOCTUTAETCs KaK MOCPEICTBOM
MPUMEHEHUSI COBPEMEHHBIX PACUYETHBIX METOAOB JUIsl ompeneneHus: 3(h()EeKTUBHBIX
TEXHOJIOTUYECKUX PEKUMOB OOpabOTKH, TaK M B pe3yjbTaTe PACCMOTPEHHs KOH-
CTPYKTUBHOCTH NPUHUMAEMBIX PEIICHHUI: TEXHOJOTMYECKUX, TEXHUYECKUX U HKC-
MJTyaTallMOHHBIX XapaKTePUCTHK, MacCOrabapUTHBIX U HIKOHOMUYECKHUX MOoKazaTesei
u TIp.

JucuumirHa 6a3upyeTcs Ha 3HAHUSX MaruCTPaHTOB, MOJTYUYECHHBIX MPU U3y4e-
HUU TakuX 0a30BBIX NUCHUIUIMH KaK « Te€XHOJIOTHs KOBKM U OOBEMHOM IIITaMITOBKI)
u «TexHomorus TUCTOBOM IITaMIOBKN», «Ky3HEUHO-IITaMIIOBOYHOE 00OpYI0Ba-
HUE.

JucrumninHa u3ydaeTcsl CTyJICHTaMH 3a04YHOTO OTJHeJeHus B 2 cemecTpe. B
MpoIIeCCe U3YYSHHUS AUCIUIIIMHBI BBIMOJHICTCS OJlHa KOHTpoJibHas padota. [lo auc-
[UTJIMHE YUTAKOTCA 0030pHBIC JICKIIUU, TPOBOASATCS MPAKTUYECKUE 3aHITHS.

N3yueHue TUCUUIUIIMHBI 3aBEPIIACTCS 3aUYETOM.

2. Paboyas mporpamma

2.1 Bgeoenue.
2.1.1. OG30p pacnpocTpaHEHHBIX BApUAHTOB OIEHKH 3(P(HEKTUBHOCTH MPOIIECCOB
OM/I.



2.1.2.

2.1.3.
2.14.

2.15.
2.2.1.
2.2.2.
2.2.3.
2.24.

2.2.5.
2.2.6.

2.3.1.
2.3.2.
2.3.3.
2.34.
2.3.5.

2.3.6.

24.1.

24.2.

2.4.3.

244,
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CpaBuenue tpeboBanuit 'OCT k u3genusim o0IIero 1 OTBETCTBEHHOTO HA3Ha-

YEHHI

OcHoBHbI€ 331a4uu olieHKH ¢ dexTruBHOCTH TporieccoB OM/]

HampaBneHusi pa3BUTHS U TEPCIEKTUBBI METOAMK OICHKUA A(H(PEKTUBHOCTH

nponeccoB OM/]

PaszButne kputepueB oueHku mnpouneccoB OMJI

2.2 Oyenxa 3gpgpekmusnocmu npoyeccoé O/ no coomeemcmauio uzoenul
mpebosanusm I'OCT.

["opsiyas 00BEMHAS MITAMIIOBKA U KOBKA

N3rotoBneHne NOKOBOK MIECTEPEH

XonoaHast 00bEMHAsSI IITAMIIOBKA

Xo50/1Has TUCTOBAs IITAMITOBKA

N3roTtoBnenue netaneit riry0oKoi BRITSHKKOM

CrnenranbHbIE BUJBI I TAMITOBKH

2.3 Oyenxa 3¢ppexmusnocmu opeanuzayuu cxem npoyeccos O/ no cmenenu
OMHOCUMENbHOU (CPABHUMENbHOU) PAYUOHATLHOCTIU.

DKOHOMMS SHEpPro3aTpar Ha peann3anuto npouecca OM/]

CHukeHre MOTpeOHBIX YCWIIHA U paboThl 1eOpMUPOBaAHUS

DKOHOMUS METAI03aTpaT Ha U3TOTOBIIEHHUE TOKOBOK

CHumxeHue pa3mMepoB 00JI0sl O PAIMOHATBHBIX 3HAYEHUMN: MPUYUHBI U CIIE/I-

CTBUSA

CpaBHUTENBHBIN aHATN3 MAKPOCTPYKTYPHI MOKOBOK HECKOJIBKUX IMPOIIECCOB

IIITAaMIIOBKH

O1neHKa MaKpOCTPYKTYpPbl U KPUTEPHUH, €€ 3aMEHSIONINE Ha CTAUAX MPOCKTH-

pOBaHUA TEXHOJIOTUI

2.4 Oyenka sghpgpexmusrnocmu cxem npoyeccog O] Ha OCHO8e KOIUYECMBEHHOL
KpUumepuaibHou OYeHKU

YcaoBHBIE HOPMBI pacipeesieHrss HEpaBHOMEPHOCTH J1Ie(hOPMUPOBAHHOTO CO-

CTOSIHUS 10 CEYEHUIO TOKOBOK B 3aBUCUMOCTH OT TOKa3aTeJel CIIOAKHOCTU UX

reoMeTpru4YecKor (hopMbl

CraTtucTryeckue MOJeNu, ONpeleNsiolie npeaeiabl HepaBHOMEPHOCTH pac-

npeeieHUs] HAKOTUICHHOM JieopMaiiii BHYTPH TTOKOBOK

OcCHOBHBIE pEKOMEHJIalUK 10 opraHu3aiuu 3GPEKTUBHBIX MPOLIECCOB IITaM-

MTOBKH U3/IEIIAN

Jonomuaenne tpedoBanuii 'OCTa pexoMeHIausIMU 10 TOBBIMICHUIO Y Pek-

TUBHOCTH nporieccoB OM/I.
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. 1
3. 3agaHus K KOHTPOJBLHOM paboTe

Bapuant Ne 1.

1.IToHsiTHE ONTHMAJBHBIX W PAIMOHATBHBIX PEIICHUH B OlEHKE 3(P(PEKTUBHOCTH
nporecco O/] [1,8].

2.ITpuMepbl ONTHMH3ANKU TPOLECCOB 0OpPabOTKH METAJUIOB JIABICHHEM METOIOM
JMHEHHOTO MpoTrpaMMHpoBaHus (mpuBecty He MeHee 3) [1].

Bapuant Ne 2

1.MeTouKN OIIGHKH TI'€OMETPUYECKON CIIOKHOCTH IOKOBOK W M0Jy(haOpHuKaTos
(paccMOTpeTh HE MEHEE JBYX BapUaHTOB) M MX NMPUMEHCHHE B TEXHOJOTHMUYECKUX U
CTaTUCTHYECKUX pacuéTax OICHKH 3PPEKTUBHOCTH MPOIIECCOB OOBEMHOM IITaMIIOB-
xu [2,4,7,3].

2.ITpumep onrumusanuu (HopM 3aroTOBOK Ha OCHOBE aJITOPUTMa OOpaTHOW MPOTOH-
KH, U3TOTABJIMBAEMBIX BBITSDKKOW M3 JIICTOBOTO MaTepHalia: TEXHOJOTHYeCKas HjIes
I0JIX0J1a, METOJI OTIPECIICHHUS U Tpecieayembie e [1].

Bapuant Ne 3

1.Ilpumenenue metoga AePOPMUPYEMOr0O MHOTOIPAHHHKA B ONTHMH3ALUOHHBIX
pacueTax TeUCHHs MeTajlla Ipu peccoBanuu [1].
2. [Ipumep MHOTOIIArOBOM ONTHMHU3AINU TPOIIecca 0OBEMHOM ITAMIIOBKH TI0 TTOKa-

3aTeJIsIM PAaBHOMEPHOCTH PACIIPEICICHHs HAKOIJICHHOIO 1e(OpPMHUPOBAHHOIO COCTO-
suus [8,1,2].

Bapuant Ne 4

1.Meton nepBUYHOI O1IEHKU d(PPEKTUBHOCTU TpoIiecca 0OBEMHON MITAMIIOBKU T10-
KOBOK I10 TIOKAa3aTeN0 HEPaBHOMEPHOCTH pacIpesiejeHHs] HaKOIIEHHOTO JiehopMu-
POBAHHOT'O COCTOSIHUS, IO pe3yJbTaTaM SKCIIEPUMEHTOB U MaTeMaTUYECKOro MoJe-
naupoBanus [2].

2.ITpumep MHOTOIIATOBOM ONTUMHU3ALMU TIPOIecca OObEMHON MITAMIIOBKH IO dHEP-
TOCHJIOBBIM Mokazateisim [8,1,2].

Bapuant Ne 5

1.BapuaHTbl METOJMK M KPUTEPUEB OLEHKHM HEPABHOMEPHOCTH pACHPEACICHUS
HAKOILJICHHOTO JIe()OPMUPOBAHHOTO COCTOSTHUSI BHYTPH TIOKOBOK [2].

2. Tlpumep oJHOIIATOBOM ONTHUMU3AIMHU TIPoIlecca 0OBEMHON MITAMIIOBKUA MMOKOBKH,
CO CJIOKHOM (hopMoii TorepeyHoro ceueHus [8,1].

Bapuant Ne 6

1.0OnTuMuzarmst ObICTPOACHCTBUS peKuMa pabOThl PEBEPCUBHOTO MPOKATHOTO CTaHa

[8,5].

1BHVIMAHVIE! BapuaHT KOHTPOsIbHO paboTbl BbiIGMpaeTcs COrnacHO NOPAAKOBOMY HoMepy da-
MuUAuM ctyaeHTa B cnucke rpynnbl (N21+:10). B cnyyae, ecnm HOMep B CMUCKE MpeBbillaeT Ko-
NINYECTBO BapuaHTOB KOHTPOJIbHOW paboTbl, TO 3apaHMe BblAAETCA npenoAaBaTesieM CTYAEHTY
UHAMBUAYAJILHO.
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2 Ilpumep ompenenenus 3PQPEKTUBHBIX YCIOBUN pealn3aliy ONepanuii Ky3HEUHON
BBITSDKKH TPYTKOB paJHalIbHO-BBIPE3HBIMH O0iiKaMu (0 pe3yiapTaTaM YHCICHHOTO
MoIeTupoBanus) [2].

Bapuant Ne 7

1.0Ontumu3anus ObICTPOAEHCTBHS POJIbraHra B OJHOM IIPOIYCKE PEBEPCHBHOIO CTa-
Ha [8,6].

2. ITpumep onieHKH 3 (HEKTHBHOCTH MIPOIECCa MHOTOKAHAIBHOIO IPECCOBAHMUS 10 pe-
3ylIbTaTaM MPSMOr0 YHCIEHHOTO MOAEIHPOBAHMS: IIEIH, 3a1a4d U Pe3yIbTaThl HC-
cienoBanmii [2,13]

Bapuant Ne 8

1. OcHOBHBIC TEPMHUHBI, OOIINE TOJIOKEHUS U NPUHIHUIBI dPPEKTHBHON OpraHm3a-
IIUM B TPOKATHOM Tpou3BoIcTBE [8].

2.Ilpumep oneHkn 3(h(HEKTUBHOCTH TMpoIecca ICKTPOBBICAJAKH YTOJIIECHHNA 110 pe-
3yJbTaTaM MPSMOTO YHUCICHHOTO MOJICIMPOBAHUS: €M TEXHOJOTHH, 3a7a4H, OC-
HOBHBIC ITPOOJIEMBI U pe3yJIbTaThl HCcienoBanui [2,6].

Bapuant Ne 9

1.3agaya onTUMaIBHOTO pachnpeneieHus aedopmanuii MeXIy BOJIOKAaMHU MHOTIO-
KPaTHOTO MPOBOJIOKOBOJIOYHIILHOTO cTaHa [8,5].

2 Ilpumep oneHku 3pPeKTUBHOCTU Tporiecca 0OBEMHON MTAMIIOBKH MO KPUTEPHUIO
OTHOCHUTEJIbHOW MPOTSKEHHOCTH CTaJuM JOLITAMIIOBKH ((pa3bl OJHOHANPABICHHOIO
TCUCHHS METAJUIa B PyYbe OTKPBITOTO IITAMIIA): METObI POTHO3UPOBAHMUS, MIPECIIe-
JTyeMbI€ 111U U OCHOBHBIC PE3yJIbTaThI [2].

Bapuant Ne 10

1.0OcHOBHBIE pacu€THBIE 3aBUCUMOCTH METOJ/Ia XOJIOJHOW OOKaTKu TpyO Ha OMNpaBK:
aHaJIM3 MPSAMOTO U 00paTHOTO mporiecca ookaTku [9].

2.0011mMe MoJIOKEHUSI U MPUHIUIBI 3(H(PEKTUBHOTO MPOEKTUPOBAHUS BOJIOUYUILHOTO
IIPOM3BOJICTBA: OCHOBHBIC IMOHSATHS, TCPMUHBI, METO/IbI MPEABAPUTEIIBHON OLICHKH U
Pa3HOBUIHOCTH TEXHOJOTHYECKHX criocooos [8,15].

PGKOMGH}IaHI/II/I K BBITTIOJJHCHHUIO KOHTPOJBbHBIX 3aI[aHI/II\/'I

B mporiecce BhITIOIHEHHSI 3a]]JaHU KOHTPOJILHOW pabOThI CTYJEHT OJDKEH Y4H-
THIBATh, YTO PEKOMEH]IYEMbIE€ CCHUIKM Ha JINTEPATYPHbIE UCTOYHUKU K KaXKIOMY M3
BOIIPOCOB SIBJISIOTCS JIUIITL TIEPBUYHON MH(POpManuei (mepBUYHBIMA NCTOYHUKAMHU).
J71st TOATOTOBKY TOJTHOTO OTBETA HAa BOMPOCHI 3a/IaHUM, CTYJIEHTY HEOOXOAMMO U3Y-
YUTh HE TOJIBKO JINTEPATYPY, HA KOTOPYIO CCHUIAIOTCS ABTOPHI IEPBUYHOTIO UCTOYHH-
Ka, HO U MOJTOTOBUTh CAMOCTOSITEIbHBIN JIUTEPATYPHBIN 0030p MO TEMATUKE aHAHU-
3UpPYyeMOro 3ajaHust (BOmpoca).
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B pekoMeH1yeMoM nepedHe JIMTepaTypbl IPUBOJATCS TAKKE UICTOYHUKH, CCHUIIKU
Ha KOTOpBIE B 3a/laHUSIX K KOHTPOJBHON pabore oTcyTcTBYIOT. OHU coaepxkar 4a-
CTHYHBIEC JaHHBIE, OTHOCSIIMECS K TeMaM paboueil mporpaMmbl JUCHUTIINHBIL.
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