MHHUCTEPCTBO OBPA30BAHNA 1 HAYKU POCCUNCKON ®EAEPALIMA
deiepanbHOE TOCYIAPCTBEHHOE BIO/DKETHOE 00pa30BaTeNbHOE YIPEHKCHAS
BBICLIIETO 00Pa30BaAHUS
«MarHATOrOpCKHit rocy/JapCTBEHHBIH TEXHHICCKHH YHUBEPCHTCT HM. I'.1. HocoBa»
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PABOYAS IPOT'PAMMA JUCHUILIAHBI

OCHOBBI HAYYHBIX VICCJIEJIOBAHUI

CrenuaibHOCTh
15.05.01 IIpoeKTHpOBaHKE TEXHOJOTHYECKUX MAIIMH 1 KOMIUICKCOB

Crenuanu3anus
ITpoeKTUPOBAHNE METAUTYPIUYECKUX MAIIMH ¥ KOMILJIEKCOB

YV pOBeHb BBICIIEr0 00pa30BaHus — CHEUATATET

dopma 00yueHust
Ounas

MerTannypruy, MaltiHOCTPOCHUS 1 MaTepranooopaboTKu

WnctutyT

Kadenpa IIpOEKTHPOBAHHS 1 SKCILTyaTalliH METaLTyPridecKuX Ma-
IIKMH 1 000PyI0BaHHS

Kypc 3

Cemectp 6

MarHuToropck
2017r.



PaGouas nporpaMma COCTaBJICHa Ha OCHOBC GI'OC BO 110 HarpaBIeHUIO TTOJINOTOBKH
(cermasibHocTH) 15.05.01 TIpoekTrpoBaHHe TEXHOJOIMHECKUX  MAlMH 1 KOMIIJIEKCOB,
yTBepiK/IeHHoro nprkazom MOuH Pd or 28.10.2016 Ne 1343.

PaGouasi MporpaMMa paccMOTpeHa W o1o0peHa Ha 3ace/laHnH kae/Ipbl MPOEKTHPOBA-
HUS W OKCIUTyaTaltny METAJIypPrHICCKHX MallliH 1 KOMIUICKCOB «19» susapst 2017r., 1po-
tokoa No 12.

3aB. Kaeapoi / A.I'. KopuyHos/

PaGouasi nporpaMma 0100peHa METOIMUECKOl KOMUCCHEH MHCTHTYTA MCTALTypPriu,
MALIMHOCTPOSHHS 1 MaTepraioodpaboTku «20» siHBaps 2017 r., npotokost Ne 4.

—

Ilpcnccnmcm,/ji’ri__ ~ /A.C. CaBuHOB/

Pabouas IporpamMmma COCTaBJICHA! JOUEHT; K.T.H,

PelieH3eHT: HAYQTBHUK [POEKTHO-KOHCTPYKTOPCKOTO
otnesta OO0 «MPK»

7,
(2

/ A.H. Haymos/



JIueT perucrpanuu u3MeHeHui 1 OO THeH

Paznen
IIPOTPaMMBI

Kpatkoe coneprxamme
U3MEHEHHS / TOIOTHEHUS

Jlata
Ne mporokona
3acellaHus
xadenpsl

Tloamnuce
3aB.

kadenpoit

Pazgen 8

AxTtyanuzanus NIEPEYHS
OCHOBHOM,  JIOIOJIHMTEJILHOM
JIUTEPATYPHl U JTUIICH3HOHHOTO
NIPOTPaMMHOT0 00eCIIeYeH s

02.09.2016.
IIporoxoin Nel

L

Pazmen 8

Axtyamzanus NIEPEYHS
OCHOBHOM,  JOIOJHHTEILHON
JIUTEPATYPHI U JIAICH3HOHHOIO
IIPOIPAMMHOTO 00eCIICUCHHMS

02.09.2017.
ITpoToxomr Nel

Paznen 8

AKXTyanuzarys TIEpEUHs
OCHOBHOM,  JIOIIOJIHHTEIHHOMN
JIATEPATypPhl U JUIICH3UOHHOIO
TIPOTPAaMMHOTO O0OeCIIeUeHHSI

04.09.2018.
ITpoToxon Nel

Pazgen 8

Axrtyanuzanus TIePEYHS
OCHOBHOM,  JIOIOJHHUTEILHOMN
JUTEPATYPHl ¥ JIUIIEH3HOHHOIO
IPOTPaMMHOT0 00eCIIeUeH s

04.09.20109.
IIpoTokou Nel

Paszgen 9

AKTyaJII/ISaHI/ISI MaTepuajIbHO-
TCXHUYCCKOI'O o0ecIeueHsI
JUCITUITIINHBI

04.09.2019.
[IpoTtoxom Nel

Pasmen 8

Axryanmusanus TIEPEYHS
OCHOBHOH,  JIOIOJHHTEIbHOMH
JUTEPATYPEl U JUIEH3UOHHOTO
IIPOrpaMMHOT0 00€CTICUeHHUSI

31.08.2020.
TIpotoxoin Nel




1 ]_[CJ'II/I OCBOCHUA JUCITUITINHBI

HensiMmu ocBoeHUST TUCTTUTUTHHBI « OCHOBBI HAYYHBIX UCCIICAOBAHUIND) SBIISIIOTCS:

— (¢opMUpOBaHUE y CTYJCHTOB CUCTEMBI 3HAaHUH 1O MpobIeMaM OpTaHU3alluU U TPOBEICHUS
HayYHBIX HCCJICIOBAHUI;

— W3yuYeHHUE OCHOBHBIX CIIOCOO0OB 00pPaOOTKH M aHAIN3a HAYYHO-TEXHUYECKOU HH(DOpMAIINY;

— HW3Yy4YeHHUE IKCIIEPUMEHTAJIBHBIX METOJOB MCCIICIOBAHMUS METALTYPTrUYCCKUX MAIuH U ar-
perartos;

— TpuOOpeTeHUE MPAKTUICCKUX HABBIKOB MTPOBEACHUS HAYUHBIX HCCIICOBAHUM;

— OBIAJCHHE JOCTATOYHBIM YpPOBHEM 0OIIENPO(ECCHOHATBHBIX H MPO(heCcCHOHATBHBIX
KoMrieTeHImi B cooTBeTcTBUU ¢ TpeboBanusmu PI'OC BO mo cnemmansaoctu 15.05.01
[IpoexTupoBaHue TEXHOJOTUYECKUX MAILIMH U KOMIUIEKCOB cnenuanu3auus [Ipoektuposa-
HUE METaJUTypPTHUECKUX MAIIUH U KOMILJIEKCOB.

2 MecTO IMCHHUILUIMHBI B CTPYKTYype 00pa3oBaTe/bHON NPOrpaMMbl
NOATOTOBKH CHEeNHAINCTA

Jucuunnuna b1.B.03 «OcHOBBI HayYHBIX MCCIIEJOBAHUI» BXOJUT B BapUaTUBHYIO 4aCTh
6s0ka 1 oOpa3oBaTenbHOM MPOrpamMMmBl.

JUst u3ydeHust TUCIMIIMHBI He0OXOIUMBI 3HAaHUs (YMEHUs, BiaJIeHHs), COPMHUPOBAHHBIE
B pesynbrate usydeHus: bl1.b.12 «Unxenepnas rpaduxa», b1.5.07 «Duszuka», b1.5.06
«Maremaruka», b1.B./IB.01.01 «BBenenue B cnenuanbHocTh», bl.b.16 «Metponorus,
CTaHJapTU3aLMs, CepTU(PUKAIIST 1 OCHOBBI B3aMMO3aMEHSEMOCTHY.

3HaHus (YMEHHMS, BIIaJICHU), TOJyYSHHbIE PU U3yYCHUH JTAHHON AUCIUILTUHBI OYIyT He-
o0xomumbl Tipu ocBoeHnu auctuiuinH: b1.B.02 «OcHoBwl Tpubomorun», b1.B.05 «IIpoekTupo-
BaHUE 000py/NOBaHMS LIEXOB CTaJCIUIaBUIBLHOTO Tpou3BoAcTBa», b1.B.06 «IIpoexTupoBanue
0o0Opy/I0BaHuUsl arjofOMeHHOro mpou3BoacTBay, b1.B.08 «IIpoexTupoBanue o0060pyIoBaHUS
IIPOKATHOTO M BOJOYWJIBHOTO Ipou3BojcTBay, b1.B./IB.06.01 «IIpoektupoBanue metamtypru-
YEeCKUX MOIbEMHO-TPAHCIIOPTHBIX MAIIUHY.

3 Komnerenuun o0y4aromerocsi, popmupyemsolie B pe3yJbTaTe 0CBOCHHUS
AUCHHMILIMHBI M IVIAHMPYEMbIe Pe3yJibTaThl 00y4eHus!

B pesynbprate ocBoeHMsS TUCHHUILTUHBI «OCHOBBI Hay4HBIX UCCIIEIOBAHUI» O0YyYarOIIHACS
JOJDKEH 00J1aaTh CICTYIONTUMH KOMITETCHIIUSIMHU:

CTpyKTypHBII

SMeMeHT [Tnanupyemble pe3ynbTaTbl 00yUeHUsS
KOMIICTCHIUH

IIK-12 cnoco0HOCTBIO 00ecnieYHBATh MOACJIMPOBaHMe MAIIMH, 3JIEKTPONIPUBOI0B, THAPONIPUBOIOB, CPEICTB U/~
PONHEBMOABTOMATHKH, CUCTEM, PA3JIMYHBIX KOMILJIEKCOB, NMPOLECCOB, 000PYA0BAHUSA U TEXHHYECKHX 00bEKTOB,
M TEeXHOJOIMYeCKHX IMPOoLeccOB € MCMOJb30BAHHEM CTAHIAPTHBHIX MAKETOB, U CPEACTB ABTOMATH3UPOBAHHOIO
TPOEKTUPOBAHUSI, IPOBOAUTH IKCIIEPHUMEHTHI 110 33JaHHBIM MEeTOAMKAM C 00paboTKOIi H AHAIN30M pe3y/bTaToOB

3HaTh - MemoOuKu nposedenUs IKCHEPUMEHMO8,

- MemoOuKu npoeedeHUs: HAyUHbIX UCCIeO08AHUL,

- MemoObl OP2aHU3AYUU NIAHUPOBAHUSL IKCREPUMEHINOB;
- 100X00bl K 00pabomxe pe3yibmamos 3KCHepuUMeHma.

Vmerh - NAAHUPOBAMb OP2AHUZAYUIO DIKCNEPUMEHMA,

- 06pabamuléams HKCNePUMEHMANbHbIE OaHHbLE;

- NpPoB0OUMb HAYUHblE UCCIe008AHUL HA 3A0AHHYI0 MEMAMUKY,

- UCNONb3068aMb MEMOObl PUIULECKO20 MOOENUPOSAHUS NPU NPOBEOCHUU IKC-
nepumenma.

BHa)leTB - HaevlKamu npoeedeﬂuﬂ IKCNEPUMEHRMATbHBIX ucwzedoeanuzi;

- HAevblIKaAMu 06pa60m1<u pe3yibmamoe dKcnepumenma,

- Hasblkamu opcanusayui IKCNepumermailbHblx UCCIEe008AHULL MEMOOOM (])us'uue—
CKO2cO MO@eJZMpO@aHM}Z.
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4 CtpyKTypa U cojiepKaHue AUCITUTUITMHBI

O61mas TpyJ0eMKOCTh AUCHUIUTHHBI COCTaBISAET 3 3a4eTHhIX equHuI 108 akaj. yacoB, B TOM YHUCIIE:
— KOHTakTHas pabota — 51,95 akaz. yacos:

— aynutopHas — 51 akaj. yac;

— BHeayautopHas — 0,95 akaja. yacoB
— camocrosTenbHas padora — 56,05 akaj. 4acos.

AynuTtopHas =
KOHTaKTHas paboTa =3 JE
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(B akaj. yacax) T 5 T F
o, = ==l
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= = 28 ‘g ~
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<
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1. BBenenue B AUCIUTUIMHY 6 2 1IK-123y8
Hroro no pazueny 6 2
2. Dtamnbl OpraHu3alMy Hay4YHbIX UCCIeoBa-| 6 2 14 [ToaroToBka K TECTUPOBAHUIO TectupoBanue 1IK-123y6
HUU
HToro no pazneny 6 2 14 TecTupoBanue
3. AHaNTUTUYECKHUE METObl HayYHBIX UCCle-| 6
NOBaHUH
3.1. MaremaTuueckue METOJABI HCCIeNoBa-| 6 2 12/31 14 [Toaroroska [IpakTuueckas padota 1IK-123y8
HUS K MIpaKTU4ecKor paboTe
3.2. Cratnyeckuii 1 KHHETUYECKUN MOAXO0 K| 6 3 12/311 14 [ToaroroBka [IpakTuueckas padota T1IK-123y8
OTIpesIeNICHUIO MToKa3aTenei 0€30TKa3HOCTH U K MpaKkTU4ecKon padboTe
JIOJITOBEYHOCTH HArPY>KEHHBIX JleTaei
3.3. BeposITHOCTHO-CTaTUCTUUYECKUE METOABI| 6 3
WCCJICIOBAHMSI




AynuropHas
KOHTaKTHas paboTa
(B akaj. yacax)
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Hroro no pazaeny 6 8 24/61 28 IIpakTHyeckue padoTsl
4. MeTtoapl SKCIEPUMEHTAIBHBIX UCCIEAoBa-| 6
1502078
4.1. duznueckoe MOJAEITUPOBAHUE 6 6 12/61 | 14,05 [ToaroroBka [IpakTuueckas pabota 1IK-123y6
K MPaKTUIEeCKOU paboTe
HToro nmo pazneny 6 6 12/61 | 14,05 IIpakTnyeckas pabora
HToro 3a cemectp 6 | 18 34/12 | 56,05 3auer
n
HToro mo nucuuivinye 6 17 34/12 | 56,05 1IK-123y8
n

N — B ToM yncIIe, Yackl, OTBEICHHBIC HAa padOTy B HHTEPAKTUBHOHN (opme.




5 Odpa3oBareibHbIC 1 HHPOPMAIIMOHHBIE TEXHOJIOTHH

Jnst ycBO€HUs CTyJA€HTaMU 3HAHUW MO JUCHUIUIMHE «OCHOBBI HAYUYHBIX HCCIICIOBAHUN»
MPUMEHSIOTCS TPAJUIIMOHHAS TEXHOJIOTUS OOydeHHus, BKJIIOYamImas B ce0s OOBSICHEHHS
MIPENoIaBaTelis Ha JICKIUAX, CAMOCTOSTEIHHYIO pa0oTy ¢ YU4eOHOM M CIIPABOYHON JIMTEPATypOit
M0 TUCIUILIMHE, pa00Ty Ha MPAKTHYECKUX 3aHATUSIX U T.II.

B xoxe w3nokeHWs JNEKIMOHHOTO Marepuaia MCTOJIB3YIOTCS MPE3eHTAIMH, TUIaKaThl 10
TeMe 3aHSATUH, HarJsIIHbIe TocoOus. Ha 3aHITHSX CTYJIEHTHI BHIMOTHSIIOT 3aJaHUS Ha U3YYCHUE B
paMKax MporpaMMBbI Kypca TeM U TTpo0JieM, He BBIHOCUMBIX Ha JISKIIMH ¥ MPAKTHYECKUE 3aHITHS;
3aMOJIHAIOT BCJIE] 3a MPENoJaBaTeIeM CXEMbI, TaOJIUIbI TI0 M3y4aeMOW TeMaTHKe; MPUBOMASAT
coOCTBEHHBIC MPUMEPHI, OUCBUTHO MTOATBEPKIAIOIINE U3JIaraeMbIii MaTepHall.

Jis peanu3anuy MpeayCMOTPEHHBIX BUOB Y4eOHOW pabOThl B KauyecTBE 00pa30BaTEIbHBIX
TEXHOJIOTHI B TMpPENoJaBaHUK JUCIMIUIMHB « OCHOBBI HAYYHBIX HCCIEIOBAHHUI» HUCIIOJIB3YHOTCS
CReyUuaAIU3UPOaAHHble UHMEPAKMUGHbIE MEXHOI0ZUU:

o Jlexyus «obpammoii ceéa3u» — iekyusi-oeceoa, N1eKyus-OUcKyCCcusl.

*  Cemunap-ouckyccusi — KOJLIEKMUsHoe o00cydcoenue KaKkoco-1ubo CnopHoz20 8onpoca,
npobnembl, 8biAGIeHUE MHEHUL 8 cpYynne (Meicepynnosol ouanoe, OUCKYCCus Kak cnop-
ouanoe).

6 YueOHO-MeTOANYECKOE 00ecTieueHre CAMOCTOSITeIbHON PadoThl 00y4aroIuXCs

[IpumepHBIif MepedyeHb BOMPOCOB C BapuUaHTaMH OTBETOB K TECTY MO BTOPOMY pa3leiy
TUCUIUTUTAHBL:
1. MaketrupoBaHue

1.1. ocHOBaHO Ha COOJIOJEHUU MEXAY OOBEKTOM W MOJENIbIO TOJIHKO T'€OMETpUYE-
CKOTO TOJ00Us U SBIAETCS TPyObIM MPHUONIKEHHWEM K pEalbHBIM SIBICHHUSIM U
IPOLIECCAM.

1.2. mpemycMmaTpuBaeT BOCCO3JaHHME B MOJENM TeX K€ CamblX (DU3MUECKHUX TOJEH,
KOTOpbIE JICHCTBYIOT B 00BEKTE, HO N3MEHEHHBIX 110 CBOUM a0COJIOTHBIM 3HaYe-
HUSIM B COOTBETCTBHH C MAcCIITa0OM MOJAETUPOBaHUS (KpUTEPUEM MOAO00MS).

1.3. mpemycmaTpuBaeT 3aMEHY B MOJIEJIH IO CPABHEHHUIO C OOBEKTOM OIHHX (hH3HUE-
ckux moned npyrumu. [Ipu 3TOM wHcmonb3yercs cpena, KOTopas BeneT ceds
AHAJIOTHYHO pealbHOMY OOBEKTY M OIUCHIBACTCS AHAIOTWYHBIMH MaTeMaThde-
CKHMMH 3aBHCUMOCTSIMH.

1.4. sBisgercs METONOM H3YYEHHUsS MPOIECCOB W SIBICHHH, IJIi KOTOPBIX H3BECTHO
MaTematuuyeckoe onucanue. OHo Oazupyercs Ha OOIIMX 3aKOHAX MPUPOABI U MPH-
MeHEeHUH (HOopMBI 3anucy ((hopMalIn3aIii) 3TUX 3aKOHOB JUII KOHKPETHOTO SIBJIE-
HUS WK Tporiecca. MoaenupoBaHue COCTOUT B BOCIIPOU3BEIEHUU COCTOSIHUS CH-
CTEMBI C COXpaHEHHUEM JIOTHUECKOW CTPYKTYpPBI B3aMOCBSI3M 3JIEMEHTOB, UX (H-
3UYECKOTO COJEP>KAaHUS U MOCIEeI0BAaTeIbHOCTH CMEHBI COCTOSIHUI BO BPEMEHHU.

2. ®OusnuecKoe MOJEITUPOBAHNE

2.1. ocHOBaHO Ha COOJIOACHUHM MEXIY OOBEKTOM U MOJENBI0 TOJBKO IeOMeTpHhye-
CKOTO TMOI00MsI M SBISAETCS TPYOBIM NPUOTMKEHHUEM K PEaNbHBIM SBICHHSAM U
MPOIECCAM.

2.2. mpemycMarpuBaeT BOCCO3JaHUE B MOJIEIM TE€X K€ CaMbIX (DU3UYECKUX TOJIEH,
KOTOpBIE AEUCTBYIOT B OOBEKTE, HO U3MEHEHHBIX IO CBOMM a0COIOTHBIM 3HAue-
HUSIM B COOTBETCTBUHU C MaCIITAOOM MOJIETUPOBAHUS (KPUTEPUEM MOA00MS).

2.3. mpemycmaTpuBaeT 3aMeHy B MOJENIU MO CPaBHEHHUIO C OOBEKTOM OJHUX (Pu3nye-
ckux moned napyrumu. Ilpm sTOM mMcmonb3yercsi cpenma, KOTopas BenmeT cels
AQHAJIOTUYHO peaTbHOMY OOBEKTY M OIKCHIBACTCS AHAJOTUYHBIMU MaTeMaTHue-
CKUMH 3aBHCUMOCTSIMH.

2.4. saBrIAeTCS METOJIOM H3yuUeHHUs IPOLIECCOB W SBJICHHM, ISl KOTOPBIX H3BECTHO
MareMaTHdeckoe onrcanue. OHoO O6a3upyeTcst Ha O0IMKX 3aKOHAX MPUPOIBI U IIPH-



MCHCHHH (I)OpMLI 3altucu ((I)OpMaJ'II/IBaI_II/II/I) OTUX 3aKOHOB JIs1 KOHKPETHOI'O SBJIC-
HU WK IIponecca. MOJIeJ'II/IPOBaHI/Ie COCTOHMT B BOCITPOMU3BCIACHUN COCTOAHUA CH-
CTCMbI C COXpPaHCHUCM JIOTUYECKOM CTPYKTYPBI B3aUMOCBA3U 3JICMCHTOB, UX (I)I/I-
SUYCCKOTO COACPIKAaHUA U MOCICI0OBATCIIBHOCTU CMCHBI COCTOSIHUH BO BpPEMCHHU.

3. AHanoroBoe MOAEIUPOBAHUE

3.1.

3.2

3.3.

3.4.

OCHOBAHO Ha COOJIOAECHUU MEXKAY OOBEKTOM M MOJEIBI0 TOJIBKO MeOMeTpude-
CKOTO TMOJ00ust U SBISETCS TPYOBIM HPUOTMKEHHUEM K PEalbHbIM SBICHUAM U
poreccam.

npeaycMaTpuBaeT BOCCO3/IaHME B MOJETH TeX XK€ caMbIX (PU3UUECKUX MOJeH,
KOTOpBIE JEHCTBYIOT B O0BEKTE, HO U3MEHEHHBIX 110 CBOMM aOCOJIIOTHBIM 3Haue-
HUSIM B COOTBETCTBUH C MacIITabOM MOJIEIMPOBAHUS (KpUTEPUEM MTOI00uS).
MpelycMaTpuBaeT 3aMEHy B MOJIENIM IO CPaBHEHHUIO C OOBEKTOM OJHHUX (puU3nye-
ckux noned apyrumu. Ilpum sToM wHcmonb3yercs cpena, KOTopas BeneT cels
AQHAJIOTUYHO pealbHOMY OOBEKTY M OIKCHIBACTCS aHAJOTUYHBIMU MaTeMaTHue-
CKHMMH 3aBUCHMOCTSIMH.

ABJIIETCS METOJIOM H3y4Y€HUS IMPOLIECCOB M SBJICHWM, JUIsI KOTOPBIX H3BECTHO
MaTteMaTHuyeckoe onucanue. OHo 6a3upyeTcst Ha O0IIMX 3aKOHAX MPUPOBI U MTPH-
MeHeHuH (popmbl 3anucu (popMain3alun) 3TUX 3aKOHOB ISl KOHKPETHOT'O SIBJIE-
HUS WIK Tporiecca. MoaenupoBaHue COCTOUT B BOCIIPOU3BEIEHUN COCTOSIHUS CHU-
CTEMBI C COXpaHEHHEM JIOTUYECKOU CTPYKTYphl B3aUMOCBSI3U 2JIEMEHTOB, UX (u-
3MUYECKOT0 COJAEPKAHUS U MOCIIEI0BATEILHOCTH CMEHBI COCTOSIHUI BO BPEMEHH.

4. MareMatnyeckoe MOJCINPOBAHNE

4.1.

4.2.

4.3.

OCHOBAHO Ha COOJIOACHUU MEXAY OOBEKTOM M MOJENBI0 TOJbKO IreoMeTpuye-
CKOTO NOoJ00Ms U SBISETCS IpyObIM NMPUONMKEHHEM K pealbHbIM SIBICHUSIM U
IIPOLIECCAM.

MpelycMaTpuBaeT BOCCO3JaHME B MOJENM TeX K€ caMblX (DU3MUECKUX IOJIEH,
KOTOpbIE JCHCTBYIOT B 00BbEKTE, HO N3MEHEHHBIX M0 CBOUM a0COJIIOTHBIM 3Haye-
HUSIM B COOTBETCTBHH C MACIITA0OM MOJICTUPOBAHUS (KPUTEpUEM MOA00Hs).
npeaycMaTpuBaeT 3aMeHy B MOJIENH 110 CPAaBHEHUIO ¢ 0OBEKTOM OAHUX (puszuye-
ckux mosieit npyrumu. Ilpu 3TOM wHcnonb3yercs cpefa, KOTopas BeleT cedst
aHAJIOTUYHO pealbHOMY OOBEKTY M OIUCHIBACTCS AHAIOTMYHBIMH MaTeMaTuye-
CKHMMH 3aBHCHMOCTSIMH.

5. AHanmuTHYeCcKHe METOJIbl UCCIICIOBaHUI

5.1.

5.2.

MO3BOJISIIOT M3y4aTh MPOIIECCHl HA OCHOBE MaTeMaTHYECKUX MOJIeNel, KOTopbie
MOTYT OBITh MpPEACTABICHBI B BUAE (QYHKIMN, YpaBHEHUI, CUCTEM ypaBHEHMH, B
OCHOBHOM (D pepeHalIbHBIX WK UHTErpaibHbIX. OOBIUHO B HAayajle CO3Jal0T
rpyOyio Mojenb, KOTOPYIO 3aTeM, IOCie €€ HCCIelOBaHMs, YTOUHSIOT. Takas
MO/IEJb TIO3BOJISIET IOCTATOYHO MOJHO M3Yy4aTh (PU3NUECKYIO CYIIHOCTD SIBJICHUS.
MO3BOJISIIOT TNIyOOKO H3YyYWTh MPOLECCHl B MpeAenax TOYHOCTH TEXHUKH JKC-
MepUMEHTa, OCOOCHHO T€ MapaMeTphl, KOTOPbIe MPEICTABISIIOT HAMOOIBIINM HH-
tepec. OHAKO pe3yabTaThl KOHKPETHOT'O SKCIIEPUMEHTa HE MOTYT OBITh Pacmpo-
CTpaHEHBI Ha PYTOH MPOIIECC, NaKe BechMa OJM3KUH TTO CBOCH CYTH.

6. 3KCHepI/IMCHTaJILHBI€ METOJIbl UCCIICIOBaHUM

6.1.

6.2.

MO3BOJISIIOT M3y4aTh MPOIECCHl HA OCHOBE MaTEeMaTHUECKHUX MOJIENel, KOTopbie
MOTYT OBITh MpPEACTABICHBI B BUAE (QYHKIMN, YpaBHEHUI, CUCTEM ypaBHEHHH, B
OCHOBHOM (D epeHalIbHbIX WK UHTErpaibHbIX. OOBIUHO B HAayajle CO3Jal0T
rpyOyio Mojenb, KOTOPYIO 3aTeM, IOCle €€ HCCIelOBaHMs, YTOUHSIOT. Takas
MO/IEJTb TIO3BOJISIET IOCTATOYHO MOJTHO M3Yy4aTh (PU3NUECKYIO CYIIHOCTD SIBJIICHUS.
MO3BOJISIIOT TNIyOOKO H3YyYWTh MPOLECCHl B MpeAesaXx TOYHOCTH TEXHUKH JKC-
MepUMEHTa, OCOOCHHO T€ MapaMeTphl, KOTOPbIe MPEICTABISIIOT HAMOOIbIINI HH-
tepec. OHAKO pe3yabTaThl KOHKPETHOT'O SKCIIEPUMEHTa HE MOTYT OBbITh Pacmpo-
CTpaHEHBI Ha PYTOM MPOIIECC, NaKe BechMa OJM3KUH TTO CBOCH CYTH.

7. Dtambl HAYYHO-UCCIIE0BATENLCKOM paboThl (HeckonbKo sapuanmos omeema)



7.1.  ®opMyJIHNpPOBKa TEMbI
7.2.  ®opMyIupOBaHHE IEJIH U 3a]1a4 UCCIICIOBAHUS
7.3. MopnenupoBaHue
7.4.  DKCnepuMEHTAJIbHBIE UCCIEIOBAHUS
7.5.  Ananu3 u oopMmIIeHHE PE3yNIbTaTOB HAYYHBIX HCCIICTOBAHUMN
7.6.  BHenmpenue pe3yJbTaTOB U ONpeIeIeHNE YKOHOMUIECKON 2P (HEKTHBHOCTH

Hcxonnbie faHHbIe 118 NPAaKTHYeCKOH padoTbl HA TeMy «MaTeMaTH4ecKHe MeTObI

HCCJIeJ0BaHUA»
EavHnua BapuaunTt
HanmeHoBaHue napamertpa
usmepeHuns 1 2 3 4 5 6 7 8 9 10

Pactarusatowwan cuna H 1500 1400 1300 1200 1100 1050 1200 1350 1500 1650
AnameTp cTepxHA MM 5 5,25 5,5 5,75 6 6,25 6,5 6,75 7 7,25
LnHa CTepXHA m 0,75 0,765 0,78 0,795 0,81 0,825 0,84 0,855 0,87 0,885

HasHaueHHbIN pecypc CyTkun 12 14 16 18 20 22 20 18 16 14
MoZynb yrpyroctn MMa 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000
Mogynb cagura MMa 81000 81000 81000 81000 81000 81000 81000 81000 81000 81000
KoadduumeHT MyaccoHa 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29
TsepaocTb MaTepnana no Bukkepcy MnMa 1700 1700 1700 1700 1700 1700 1700 1700 1700 1700
MnoTHOCTL MaTepuana Kr/m® 7800 7800 7800 7800 7800 7800 7800 7800 7800 7800
Pabouas TemnepaTypa maTepuana CTepXHSA °C 55 55 55 55 55 55 55 55 55 55
DHTaNbNUA NNABNEHUA B KUAKOM COCTOAHUMU ,qm/mmz 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5
YAe/bHaA TeNNI0EMKOCT, MaTepuana (npu ow/(krec) | 470 470 470 470 470 470 470 470 470 470
Temnepatype 20-100 rpagycos)

KoagouuuenT MmHeliroro Tennosoro paclmpeny m/(m-°C) 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.120° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2:10° | 1,2.10°
matepuana getanu

SHeprUA aKTMBAUMM NIPOIECCa paspyLeHUs Ow/w® | 1,73:10° | 1,73:20° | 1,73-10° | 1,73-10% | 1,73-10° | 1,73-10" | 1,73-10° | 1,73-10° | 1,73-10% | 1,73-10°
MeXaTOMHbIX CBA3en

Ko3abdpuumeHT HepaBHOMepPHOCTM pacnpeeneHuns

BHYTPEHHEN 3Heprumn no o6bemy HarpysKeHHo M 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192
Aetanu

Yucno Asoragpo m? 0,86-10” | 0,86-10” | 0,86-10% | 0,86-10” | 0,86-10” | 0,86-10”° | 0,86-10”° | 0,86-10”° | 0,86-10”° | 0,86.10”
MocTosiHHas MnaHka DOx-c 6,626-10**(6,626-10**(6,626.10*|6,626-10| 6,626-10*| 6,626-10**| 6,626-10* [ 6,626.10**| 6,626.10°| 6,626.10*
YHUBepcanbHan ra3osas NOCTOAHHAA O/(m*-K) | 1,187.10° | 1,187.10° | 1,187.10° | 1,187-10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10°
MocToAHHaA bonblLMaHa Lok/K 1,38.10% | 1,38.10% | 1,38-10% | 1,38.10% | 1,38.10% | 1,38.102% | 1,38-10% | 1,38.10% | 1,38.1023 | 1,38-10°2

EavHuua BapuanTt
HanmeHoBaHue napametpa
usmepeHus 11 12 13 14 15 16 17 18 19 20

PacTaruBarolas cuna H 1700 1750 1800 1850 1900 1870 1840 1810 1780 1750
[AvnameTp cTepxKHA MM 7 6,75 6,5 6,25 6 5,75 5,5 5,25 5 4,75
[MHa CTepXKHA ™M 0,87 0,855 0,84 0,825 0,81 0,795 0,78 0,765 0,75 0,735
HasHaueHHbI1 pecypc CyTkun 12 10 8 6 9 12 15 18 21 24
Mogyb ynpyroctu MMa 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000
Moaynb cagura MMa 81000 81000 81000 81000 81000 81000 81000 81000 81000 81000
KoadbduuueHT MyaccoHa 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29
TBeppocTb MaTepuana no Bukkepcy MnMa 1700 1700 1700 1700 1700 1700 1700 1700 1700 1700
MNnoTHoCTb MaTepuana KI’/M3 7800 7800 7800 7800 7800 7800 7800 7800 7800 7800
Pabouan TemnepaTypa maTepuana CTepHA °C 55 55 55 55 55 55 55 55 55 55
JHTaNbNUA NNABNEHUA B XUAKOM COCTOAHUM ,D,)K/MMZ 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5
YAC/bHAA TENNIOEMKOCT, MaTepuana (npu Iw/(kr=C) | 470 470 470 470 470 470 470 470 470 470
Temnepatype 20-100 rpasycos)

Ko3¢4UUMENT MHEHKOrO TeMnoBOro paciuMpenis m/(m-°C) 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.20° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10°
maTepuana getanm

Sreprua arTvBaLny fipouecca paspyluenvia Aw/m® | 1,73:10° | 1,73-10° | 1,73-10° | 1,73-10" | 1,73-10° | 1,73-10" | 1,73-10"° | 1,73-10" | 1,73-10" | 1,73-10"
MeXAaTOMHbIX CBA3EN

KoadpuumeHT HepaBHOMEPHOCTH pacnpeseneHuns
BHYTPEHHEe sHeprum no o6bemy HarpyKeHHoW 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192
Aetanu
Yucno Asoragpo m3 0,86-10” | 0,86-10” | 0,86-10% | 0,86-10* | 0,86-10* | 0,86-10*° | 0,86-10*° | 0,86-10*° | 0,86-10*° | 0,86-10%
MoctosHHan MnaHka Oox.c 6,626-10°%|6,626-10%*|6,626-10*|6,626-10%*|6,626-10%*|6,626-10* | 6,626-10*( 6,626-10**| 6,626-10 | 6,626-10>*
YHUBepcanbHan ra3osas NOCTOAHHAA Oxx/(m*-K) | 1,187.10° | 1,187.10° | 1,187.10° | 1,187-10° | 1,187-10° | 1,187.10° | 1,187.10° | 1,187-10° | 1,187.10° | 1,187-10°
MoctosiHHan bonbumaHa Dow/K 1,38-10% | 1,38.10% | 1,38-10% | 1,38-10% | 1,38-10% | 1,38-10% | 1,38-10% | 1,38.10% | 1,38.10% | 1,38.10%
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EauHMua BapuaHTt
HaumeHosaHue napametpa

usmepeHua 21 22 23 24 25 26 27 28 29 30
PacTarusatowan cuna H 1720 1690 1550 1410 1270 1480 1690 1900 2110 2320
[nametp cTepxHa MM 45 4,25 45 4,75 5 525 55 5,75 6 6,25
AnvHa cTepxHA M 0,72 0,7 0,75 0,775 0,8 0,825 0,85 0,875 09 0,925
HasHaueHHbIN pecypc CyTkun 27 30 33 36 30 24 18 12 6 12
Mogaynb ynpyroctn MnMa 210000 210000 210000 210000 210000 210000 210000 210000 210000 210000
Mogaynb casura MMa 81000 81000 81000 81000 81000 81000 81000 81000 81000 81000
KoadduumeHT MyaccoHa 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29
TsepaocTb MaTepuana no Bukkepcy Mna 1700 1700 1700 1700 1700 1700 1700 1700 1700 1700
MNnoTHOCTb MaTepuana Kr/m? 7800 7800 7800 7800 7800 7800 7800 7800 7800 7800
Pabouan TemnepaTypa maTepuana CTepsKHA °C 55 55 55 55 55 55 55 55 55 55
JHTaNbNUA NNABNEHUA B XUAKOM COCTOAHUM ,D,)«/MM3 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5
YaenbHan Tenn0emKocTb MaTepuana (npu

Lo/ (kr-°C) 470 470 470 470 470 470 470 470 470 470

Temnepatype 20-100 rpasycos)

KoadppuLMEHT IMHENHOTO TENNOBOTO PacLUMPEHUs
MmaTepuana aetanu

Heprua akTMBaLIMYM NpoLiecca paspyLieHna
MeXaTOMHbIX CBA3e

KoadpuuneHT HepaBHOMEPHOCTH pacrnpeseneHuns

m/(m-°C) 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10°

O/m® 1,73-10%° | 1,73-10% | 1,73-10° | 1,73-10% | 1,73-10% | 1,73-10%° | 1,73-10" | 1,73-10%° | 1,73-10"° | 1,73-10%

BHYTPEHHEN 3Heprun no o6beMyY HarpyKeHHOW 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192
netanv

Yucno Asoragpo m3 0,86-10%* | 0,86-10% | 0,86-10*° | 0,86-10% | 0,86-10% | 0,86-10%° | 0,86-10*° | 0,86-10* | 0,86-10%° | 0,86-10%°
MNoctosHHan MnaHka Ox-c 6,626-10°%(6,626-10*|6,626-10**| 6,626-10**| 6,626-10*| 6,626.10**| 6,626-10**| 6,626-10**| 6,626-10**| 6,626-103*
YHUBepcanbHan ra3osas NOCTOAHHAA Ox/(m*-K) | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10°
MoctosHHas bonbumaHa Lox/K 1,38.10% | 1,38.10% | 1,38.10% | 1,38.10% | 1,38.102%* | 1,38.10% | 1,38.10% | 1,38.10% | 1,38.10°% | 1,38.10%*

Hcxoanblie naHHbIE AJ8 NPAKTHYeCKOH padoThl HA TeMy «CTaTU4ecKHil 1 KHHeTHYe-
CKMI MOAXO0J K ONpele/IeHUI0 NMoKa3aTejed 0e30TKA3HOCTH W 0JIOBEYHOCTH HATPYKEH-
HBIX JeTaJjei»

EavHuua Bapuant
HanmeHoBaHue napameTtpa
usmepeHusa 1 2 3 4 5 6 7 8 9 10
1500, 2000, 1200, 1800, 1700, 2100,
M3rubatowasn cuna H 2150, 2300 1400 1300 1200 1900, 2200 1050 1200 1350 2250, 2400 1650
1200, 1450, 1100, 1250, 1250, 1550,
PacTarusatowan cuna H 1700 1700, 1950 1800 1850 1900 1500, 2150 1840 1810 1780 1600, 1750
AnameTp cTepHA MM 35 25,25 25,5 35,75 29 26,25 36,5 27,75 29 31,25
[Lanka crepiHs M 075 0,765 078 %7 g': 08 g1 0,825 o84 [O7° g'gi 080 g7 0,885
HasHaueHHbII pecypc CyTkun 4 6 8 10 8 6 5 4 3 2
Moaynb ynpyroctu MnMa 210000 210000 210000 210000 210000 210000 210000 210000 210000 210000
Mogaynb casura MnMa 81000 81000 81000 81000 81000 81000 81000 81000 81000 81000
KoadduumeHT MyaccoHa 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29
1200, 1400, 1340, 1480,

TBepfocTb maTepuana no Bukkepcy MMa 1800 1600 1900, 2500 1200 1000 1250 1950, 2100 2150 2600 3050
MnoTHOCTb MaTepnana KI’/M3 7800 7800 7800 7800 7800 7800 7800 7800 7800 7800
Pabouan TemnepaTtypa matepuana CTepHA °C 55 35 25 45 20 40 15 50 15 20
SHTaNbNUA NNABNEHUA B KUAKOM COCTOAHUN ,El.»(/mw\3 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5
Y,

/AeNbHaR TeMNOEMKOCTL MaTepuana (npy /(o) | 470 470 470 470 470 470 470 470 470 470

Temnepatype 20-100 rpagycos)

KoadPpuLmMeHT NMHEeNHOro TENN0BOTO pacluMpeHus
maTepuana getanu

DHeprua aKTMBaLMM NpoLLecca paspyLieHns
MEXaTOMHbIX CBA3e

KoaddpuumeHT HepaBHOMEPHOCTU pacnpeaeneHus

m/(m-°C) 1,2-10° 1,2.10° 1,2.10° | 1,2.10% | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10°

Oox/m® 1,73-10%° | 1,73-10%° | 1,73-10%° | 1,73-10' | 1,73-10% | 1,73-10% | 1,73-10%° | 1,73-10'° | 1,73-10% | 1,73-10%

BHYTPEHHel 3Hepru no o6beMy HarpyKeHHo 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192
aetanu

Yucno Asoragpo m3 0,86-10® | 0,86-10® | 0,86-10% | 0,86-10% | 0,86-10%° | 0,86-10%° | 0,86-10% | 0,86-10% | 0,86-10% | 0,86-10%°
MocTosaHHan MnaHka Ox-c 6,626-10* | 6,626-103* | 6,626-103* | 6,626-10%*| 6,626-10"*| 6,626-10*| 6,626-10"*(6,626-10*| 6,626-10°*| 6,626-10"*
YHuBepcanbHas ra3oBas nocToAHHan Ow/(m*-K) | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10° | 1,187.10°
MocToAHHaa bonbuymaHa Dok/K 1,38.10% | 1,38.102 | 1,38.10°% | 1,38-10% | 1,38.10% | 1,38-102 | 1,38-102 | 1,38.10% | 1,38-10% | 1,38.103
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EavHuua Bapuant
HaumeHoBaHue napametpa
u3mepeHus 11 12 13 14 15 16 17 18 19 20
1200, 1800, 1700, 2100, 1230, 1600,
W3rmbatowas cuna H 1500 1400 ETREPE 1200 1100 SR ET 1200 1350 1500 R
1100, 1250, 1250, 1550,
PacTaruBatowan cuna H 1700 1750 1800 1500, 2150 1900 1870 1600, 1750 1810 1780 1750
[AnameTp cTepHA MM 32 33,75 32,5 31,25 30,5 28,75 31,5 29,25 32 31,75
[LHa cTepsHs M 0,87 °'7°g'$°'85 0,84 0,825 0,81 0,795 0,78 0765 %77 g:i 084l 735
HasHaueHHbIN1 pecypc CyTkun 4 6 8 10 8 6 5 4 3 2
Mogynb ynpyroctn Mrla 210000 | 210000 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000 | 210000
Mogynb cagura Mra 81000 81000 81000 81000 81000 81000 81000 81000 81000 81000
KoadpduumeHT MyaccoHa 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29 0,29
1300, 1500, 1340, 1580, 1100, 1500,
TsepaocTb maTepuana no Bukkepcy MMa 1900, 2700 1350 1450 1550 1950, 2200 1950 2150 1700, 2500 2550 2750
TNnoTHOCTL MaTepuana Kr/m 7800 7800 7800 7800 7800 7800 7800 7800 7800 7800
Pabouas TemnepaTypa matepuasa CTepsKHSA °C 55 35 25 45 20 30 40 50 15 20
SHTaNbNMA NAABAEHUA B XKUAKOM COCTOAHUN ,D,)«/MM3 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5 10,5
v,
/AebHan TENIoeMKOCTb MaTepuana (npy /(o) | 470 470 470 470 470 470 470 470 470 470
Temnepatype 20-100 rpagycos)
Koa MLUEHT IMHEMHOTO TENI0BOrO pacluMpeHms
b P P m/(m-°C) 1,2-10° 1,2.10° 1,2.10° 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10° | 1,2.10°
maTtepuana getanm
DHeprua akTMBaLMKM NpoLecca paspyleHma
P Hav pou paspy Oox/m3 1,73-10%° | 1,73-10° | 1,73-10% | 1,73-10'° | 1,73-10% | 1,73-10% | 1,73-10%° | 1,73-10'° | 1,73-10%° | 1,73-10%
MEXXAaTOMHbIX CBA3EN
KoapduumeHT HepaBHOMEPHOCTH pacnpeaeneHus
BHYTPEHHEeI 3Heprum no o6bEMY HarpyeHHOMN 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192 0,192
Aetanu
Uncno Asoraapo 'S 0,86-10” | 0,86-10° | 0,86.10% | 0,86.10® | 0,86-10% | 0,86-10® | 0,86-10% | 0,86.10%* | 0,86-10% | 0,86.10*
MocTtoAHHasA MnaHka fk-c 6,626-10** | 6,626.10**| 6,626-10** | 6,626.10*| 6,626-10**|6,626.10| 6,626.10*6,626.10**| 6,626.10** | 6,626.10°*
YHMBEpCa/IbHaA ra308as NOCTOAHHAA [Oox/(m*-K) | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187-10° | 1,187.10°
MocToAHHas BonbumaHa Dox/K 1,38.10% | 1,38.10% | 1,38.10% | 1,38.10%* | 1,38.10% | 1,38.10% | 1,38.10% [ 1,38.10% | 1,38.10% | 1,38.10°%
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7 OneHo4YHbIE cpeacrea AJid MpoBEeaACHUS l'lpOMe)KyTO‘IHOi/i aTrTeCTallun

a) HnaﬂnpyeMble pPe3yJabTaThbl Oﬁy‘lel{l/lﬂ 1 OICHOYHBIC CPpeACTBA AJIA IPOBECACHUSA HpOMe)KyTO‘lHOﬁ aTrreCcranum:

CtpyKTypHBIi
HJIEMEHT
KOMIICTECHITHH

[Tnanupyemble pe3ynbTaTbl 00y4eHuUs

OneHouHble CpeacTBa

IIK-12 crmoco0HOCTHIO 00ecIeYuBaTh MOAC/IMPOBAHUEC MAIIUH, 3JICEKTPOIIPUBOAOB, THAPOINIPHUBOA0B, CPEACTB 'HIPOITHEBMOABTOMATHKH, CUCTEM, pa3-
JUYHBIX KOMILJIEKCOB, ITPOIIECCOB, oﬁopy/]()BaHnﬂ H TEXHHYECKHX 00bEeKTOB H TEXHOJOTHYECKUX npoueccoB ¢ HCMOJb30BAHUEM CTAHAAPTHBIX IMAKETOB
1 CPEJACTB aBTOMATH3UPOBAHHOI'O IPOCKTUPOBAHUSA, IPOBOAUTDL IKCIICPUMCEHTLI 110 3aIaHHBIM METOAUKAM C OﬁpﬁﬁOTKOﬁ H AaHAJIU30M PE3YJAbLTATOB

3HaTh

MemMOoOUKYU NPoGedeHUsl IKCNEPUMEHMO8;
MemoOUKU NPoBeOdeHUsl HAYUHBLX UCCTIe00-
8aHULL,

MemMOoObl OP2AHU3AYUU NIAHUPOBAHUSL IKC-
nepuMeHmos;

n00X00bl K 00pabomke pe3yibmamos IKC-
nepumeHma.

1.

LRI R LD

HepequL TCOPCTUUCCKHUX BOIIPOCOB K 3a4UCTY:

. [lonsiTe WHTENIEKTyaIbHOM COOCTBEHHOCTH, MPOMBIIUIEHHAs COOCTBEHHOCTh U €€
1.
12.
13.

14.
15.

MeTobl SKCIIEpUMEHTAIbHBIX NCCIIEA0BAHMI.

MeTobl TEOPETHUECKUX UCCIIEI0BAHNN.

MonenupoBanue, kiaccupuKkalus METOI0B MOJEIUPOBAHHUS.
Knaccugukanus MaTreMaTH4ecKux METOJIOB UCCIICOBAHUS.
AHaNMUTHYECKUE METObl UCCIIEIOBAHMUS.
BeposITHOCTHO-CTOXaCTUYECKNE METO/IbI NCCIIEI0OBAHUS
MeTtob! puU3HMUEcKOro MoIEIUpPOBAHUS.

Kpurepun nogo6ust u Mmacitabbl MOJICIUPOBAHUSL.
Cratuctuueckass 00paboTKa pe3ysbTaTOB dKCIepuMeHTa. MeTo/l HauMEeHbIINX KBaJpa-
TOB

BU/IBI

IInanupoBanue skcnepuMeHTa. Moxenu mnepBoro m BToporo nopsaka. Iloctpoenue
PErPECCUOHHBIX YPaBHEHUM.

WnxenepHplil skcriepuMeHT. DakTopsl B AKCIEPUMEHTE. YMEHbllIeHHe Halbopa Ie-
pPEMEHHBIX. AHAIN3 pa3MEPHOCTEN.

OmmOku 3KCcTIepuMenTa, ux pacnpeaeneHue. OneHKa UCTUHHOTO 3HAYEHUS! U3MepseMoi
BEJIMYMHBI.

[IpoBepka HOpMaATBHOCTH pachpeieneHnss. MeTo bl HCKITIOUEHHS TPYOBIX OIMOOK.
ITpoBepka craTrcTHueckux runore3. CpaBHeHHe cpenHux 3HadeHu. Kpurepuii CTbro-




CtpyKTypHBII

AJIIEMEHT [Tnanupyemble pe3yabTaThl O0yUeHUS OneHoyHbIE CPECTBA
KOMIICTCHITHH
JICHTA.
16. CpaBHenue Byx aucnepcuid. Kpurepuii @umiepa.
YmeTh NIAHUPOBAMb Op2anu3ayuio skcnepumen-  |[[Ipumep 3agaHus 0 TEMAaTHKE METOJ TEH30METPHUU:
ma; 1. H3rotoBieHue TEH30/IaTUHKA.
obpabamuleams IKCnEPUMEHMAIbHblEe OAH- 2. COop 2MEKTPUIECKON CXEMBI U MOAKITIOUCHUE TEH30/JaTYUKOB.
Hble; 3. TlpoBeneHue SKCIEPUMEHTAIBHBIX HUCCIIEAOBAHUN HArpyKEHHOCTH 3JEMEHTOB MeETall-
nPOBOOUMb HAYYHbIE UCCTIe008AHUS HA 3d- JYPrHYECKUX MAIldH METOJOM TEH30METPUU Ha TMpUMepe Ok HCIBITHIBACMOW Ha
OaHHYI0 MEMAMUKY; M3rU0 UM KpydeHHUE.
UCNONIBL3068aMb Memoobl (husuyecko2o mooe-|[Ipumep 3aaad MpH BHIOIHEHUH MpPaKTUYeCKOW paboThl «OleHKa JOJITOBEYHCOTH HArpy»KeH-
JIUPOBAHUA NPU NPOBEOEHUU IKCHEPUMEHMA. [HOTO CTEPXKHS C UCIIOIb30BAHUEM METO/a TEH30METPUIN:
1. Pas3pabortarh miiaH 3KCIIEPUMEHTA IO OIICHKE HArPYKCHHOCTH CTEP)KHS TIPH UCTIBITAHUH
Ha M3rH0 U KpydeHHE.
2. CoOparb EKTPUICCKYIO CXEMY U IMOATOTOBHTH K TEH30IaTYHKH K TTOIKITFOYCHHIO.
3. TlpoBecTH sKCHEpUMEHTaJIbHBIC HCCIEIOBAHUS HATPYKEHHOCTH CTEPXHS IOJIBEPIKCH-
HOMY M3THOBI U KPYUYEHHUIO.
4. TlocTpouTh TapHUpPOBOYHBIN TpaduK MO pe3yabTaTaM IKCIIEPUMEHTA.
5. TlpoBecTu aHanmM3 pe3ysbTaTOB SKCIIEPUMEHTA U OMPEIACTUTh (PYHKIIHMIO OIMMCHIBAIOIIYIO
MIOJTyYEHHBIC PE3YIIBTAThl DKCIIEPUMEHTA.
Brnanets HABbLIKAMU NPOBEOEHUs] IKCNEPUMEHMATlbA

HbIX UCCTIe008AHULL,

HABbLIKAMU 0OpPAbOMKU  pe3yIbmamos IKCA
nepumeHma,

HABLIKAMU OP2AHU3AYUU IKCNEPUMEHMATbA
HBIX UCCTIeO08AHUL MEMOOOM PUULECKO2O0

MOOeUPOBAHUSL.

[ lepeuensb npakmuueckux 3a0aHuiL:

1.

2.

OdopmieHreM pe3ynbTaToB Hay4yHBIX HcclieoBaHMN 1o Teme «llpumeHenune merona
TEH30METPUH JJIs1 OLIEHKH pab0TOCIIOCOOHOCTH JAeTajed MeTaJulypriuecKuX MalluHy.
OdopmienreM pe3ysibTaTOB HAy4YHBIX HccienoBaHui no Teme «Cratuctudeckas oopa-
00TKa pe3ysbTaToOB HKCIEPUMEHTa» B MpakTHYeckol pabore «OleHKa HarpykKeHHOCTH
pOJbraHra MeToI0M (pU3MYECKOr0 MOJCITUPOBAHIS.

14



0) [lopsiioK NpoBeeHUsI MPOMEKYTOYHOM aTTeCTALMU, IOKA3aTeJIM U KPUTEPUH olle-
HUBAHUA:

[IpomexxyTounast aTrecTaus 1Mo AUCHUIUIMHE «OCHOBBI Hay4YHBIX MCCIEIOBAHMID) BKIIIO-
qacT TCOPETUUCCKUC BOIIPOCHI, IMMO3BOJIAIONINE OLICHUTE YPOBCHb YCBOCHUSA O6y‘IaIOH_[I/IMI/IC$I 3Ha-
HUH, U Ta0OpaTopHbIE 3a/IaHusl, BBIABISIONIME CTENEHb CPOPMUPOBAHHOCTH YMEHUH U Biaje-
HUH, TPOBOUTCS B (hopMme 3auera.

Iloxkazamenu u Kpumepuu oyeHueéanusn zauema.

HA OIEHKY <«3aumeHo» - OOydJalOUIMiCS JEMOHCTPUPYET BBICOKHH  ypOBEHBb
c(hOpMUPOBAHHOCTH KOMIICTCHITH, BCECTOPOHHEE, CHCTEMAaTHYECKOE U TITyOOKOE 3HAHHE
y4eOHOro Marepuaia, CBOOOJHO BBIMIOJNHSCT TPAKTUYCCKUE 3aJaHUs, CBOOOIHO
OIICpUPYET 3HAHUAMU, YMCHUAMH, IIPUMCHACT UX B CUTyallUAX MOBBIIIIEHHON CJI0KHOCTH.
Ha OIICHKY «He 3aumeHo» - OOyYarolIuiics JEeMOHCTpHpyeT 3HaHus He Ooyiee 20%
TEOPETHUYECKOT0 MaTepuaya, JOMyCKaeT CYIIeCTBEHHBbIC OIMMOKH, HE MOXXET IMOKa3aTh
WHTEIICKTYaJIbHbIC HABBIKH PEIICHUS TIPOCTHIX 3a/1a4.

8 YueOHo-MeTOMMUYeCcKOe U HH(POPMALTMOHHOE OOecTiedeHne TUCHUIITUHBI (MOILYJIs)

a) OcHoBHas JIUTEpaTypa:

1.

Metonpl Hay4HBIX HCCienoBaHul : yueOHoe mocobue / H. WM. Bapeimaukosa, E. C.
Baiickpo6oBa, A. P. Umbupaua, M. M. Nmmyparosa ; MI'TY. - Marauroropck :

MITY, 2015. - 1 omekrpon. ont. guck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?
name=1155.pdf&show=dcatalogues/1/1121182/1155.pdf&view=true (mara

obpammenusi: 04.10.2019). - MakpooObeKT. - TEeKCT : AEeKTPOHHBIH.

0) JlonoJiHNTeE/IbHAS JINTEpATypa:

1.

Jlorynoga, O. C. OcHOBHBIE 3TaIlbl pa3paO0OTKH HAyYHBIX CTaTel: yueOHOe rmocodue /
O. C. JlorynoBa, E. A. Unbuna ; MI'TY. - Maruutoropck : MI'TY, 2017. - 1

AJIEKTPOH. OTIT. JTUCK (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?
name=3138.pdf&show=dcatalogues/1/1136410/3138.pdf&view=true (mara

obpamenusi: 04.10.2019). - MakpooObeKT. - TeKCT : AIeKTPOHHBIH.

Metononorusi Hay4HbIX HccieaoBaHui. [locTaHOBKa M MpoOBeaEHUE HKCIEPUMEHTA :
yaebHoe mocobue / [P. P. [lema, P. H. AmMupos, M. B. Xapuenko, E. A. Cnenosa] ;
MI'TY. - Maraurtoropck : MI'TY, 2017. - 1 anektpon. ont. auck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?
name=2943.pdf&show=dcatalogues/1/1134720/2943 .pdf&view=true (mara
obpamenusi: 04.10.2019). - MakpooObeKT. - TeKCT : AIeKTPOHHBIH.

OCHOBBI HAYYHBIX UCCJIEIOBaHUA. METOM0IOTHS U METObI : yueOHoe rmocodue / P.P.
Hema, A.B. Spocnasues, C.II. HedenseB, P.H. Amupos ; MI'TY. - Marauroropck:
MITY, 2015. - 1 o;ekrpon. onr. auck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?
name=44.pdf&show=dcatalogues/1/1123518/44.pdf&view=true (mara oOpaleHuUs;:
04.10.2019). - MakpooOBeKT. - TeKCT : 37eKTPOHHBIA.

OpexoBa, H. H. OcHOBBI HayYHBIX HCCJICIOBAHUN : MpakTUKyM [y By30B]| / H. H.
OpexoBa, O. E. I'opioBa, H. B. ®aneeBa ; MarHuToropckuii roc. TEXHU4ECKUM yH-T
uM. I'. 1. HocoBa. - Marnutoropck : MI'TY um. I'. . Hocosa, 2020. - 1 CD-ROM. -
3arn. ¢ Tutyn. skpana. - URL : https://magtu.informsystema.ru/uploader/fileUpload?
name=4958.pdf&show=dcatalogues/1/1537189/4958. pdf&view=true (mata oOparre-
Hust: 09.10.2020). - MakpooOwekT. - TekcT : amekTpoHHbIH. - CBeIEHUS TOCTYIHBI
taxxe Ha CD-ROM.

B) MeToauyecKue yKa3aHus:
1. Aayno B.I1., XXupkun F0.B. Anmynos A.B. JlabopatopHblii IPaKTUKYM I10 TUCIUILIH -


https://magtu.informsystema.ru/uploader/fileUpload?name=4958.pdf&show=dcatalogues/1/1537189/4958.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=4958.pdf&show=dcatalogues/1/1537189/4958.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=44.pdf&show=dcatalogues/1/1123518/44.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=44.pdf&show=dcatalogues/1/1123518/44.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2943.pdf&show=dcatalogues/1/1134720/2943.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2943.pdf&show=dcatalogues/1/1134720/2943.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3138.pdf&show=dcatalogues/1/1136410/3138.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3138.pdf&show=dcatalogues/1/1136410/3138.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=1155.pdf&show=dcatalogues/1/1121182/1155.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=1155.pdf&show=dcatalogues/1/1121182/1155.pdf&view=true

He «MccnenoBanue MammuH U 000PYJ0BaHUS METALTYPrU4eCKOTO MPOU3BOACTBaAY, U.l.
Marnutoropck: MI'TY, 2013.

2. AanynoB B.I1., Onmun H.B., AanynoB A.B. JlabopaTopHbIif IpakTUKyM MO JUCIMILIH -

3.

He «MccnenoBanue MaluH U 000PYJOBaHUS METAIITYPrUUeCKOro MPOU3BOACTBAY, 4.2.
Maruuroropck: MI'TY, 2009. — 38c.

AnnynoB B.I1. UccnenoBanue MamuH U 000pyA0BaHUS METAJUTYPTHYECKOTO MMPOU3BO/I-
CTBA: PaCUETHBIN NMPAKTUKYM IJIs CTyE€HTOB cnenuanbsHocTu 150404.65 «Meramnypru-
YyecKue MalllvHbl 1 00opynoBanue». Maruuroropcek: M3n-so Marauroropek. ['oc. TexH.
yH-Ta uM. .. Hocosa, 2013. 78 c.

4. Aanynios, B.I1. U3ydenue, pacueT u uccienoBaHie IPUBOJOB MPOKATHBIX CTAHOB: y4yeo-

Hoe mocobue / B.IL. Anmynos, A.B. AxuynoB (mi.), A.B. Aunmynos; MITVY. -
Maruauroropck, 2009. - 86 c.. wum., cxemb, Tabn. - URL: https:/
magtu.informsystema.ru/uploader/fileUpload?name=268.pdf&show=dcatalogues/
1/1060892/268.pdf&view=true (mara oOpamenus: 04.10.2019). - MakpooOBEKT. -
TekcT: 271eKTpOHHBIH.

r) IlporpamMuoe o0ecnieuenne u UHTEepHET-pecypChl:

HepequL MPOrpaMMHOI0 o0ecnevyeHus HGO6XOI[I/IMOI‘O Ipu MU3Y4YCHUU OUCHUILIAHBI
MMpEaACTaBJICH HUXKE B BU/IC Ta6J'II/IHBI.

HaumenoBanue 11O Ne norosopa Cpoxk neiicTBus JIUIEH3UH
MS Office 2007 Ne 135 ot 17.09.2007 Beccpouro
Professional
MS Office 2007 J-135 ot 17.09.2007 Beccpouno
‘;OPII\(;[ WinMachine 11-262-12 ot 15.02.2012 Beccpouro
7Zip CBoOoaHo pacnpoctpansemoe I10 beccpouno
STATISTICA B.6 K-139-08 ot 22.12.2008 beccpouno
FAR-Manager CBoOoaHo pacnpocrpansemoe 110 beccpouno

Ilepeuenr HEOOXOaMMBIX UHTEpHET-PECYPCOB:

1.

2.

3.

9]

10.

HanmonaneHasi wuH(OpMAIMOHHO-aHAJIWTHYECKAass cUcTeMa — Poccuiickuii WHIEKC
HayyHoro nutupoBanus (PUHLL). — URL: https://elibrary.ru/
ITouckoBass  cuctema  Axamemumss  Google  (Google  Scholar). -  URL:

https://scholar.google.com/
HNudopmannonnas cucrema — EnuHOe OKHO J0CTyma K HH(GOPMAIIMOHHBIM peCypcaM. —

URL: http://window.edu.ru/

@enepalibHOE TOCYJAapCTBEHHOE OromKkeTHoe yupexiaeHue «DenepaibHblii HHCTUTYT
poMBIIIIeHHOH cobcTBeHHOCTH». — URL: https://www . fips.ru/

O6pazoBatenpHbiil mopTast PI'BOY BIIO «MI'TY um. I''. HocoBay http://Ims.magtu.ru
Poccuiickas ['ocynapcrBennas OoubMoTeKa. Karanoru
https://www.rsl.ru/ru/4readers/catalogues/

MexayHapoaHasi HayKoOMeTpudeckas pedepaTHBHAs U IIOJHOTEKCTOBas 0a3a JTaHHBIX
Hay4HbIX u3ganuii « Web of science» http://webofscience.com

MexayHnaponnass 0a3a HayyHBIX MaTepHalioB B oO0JacTH (PU3MYECKHX HAyK U
uHXUHUpUHTa SpringerMaterials http://materials.springer.com/

MexnyHapoaHas pedepaTuBHaAs U TMOJHOTEKCTOBAas CIIpaBovyHas 0a3a MaHHBIX HAYYHBIX
u3nanuit «Springer Nature» https://www.nature.com/siteindex

ApxuB  HayuHbBIX KypHaJIoB  «HamuoHampHBIH  3JIEKTPOHHO-WH(GOPMAIIMOHHBIHI
koHnopruym» (HIT HOMUKOH) https://archive.neicon.ru/xmlui/
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https://archive.neicon.ru/xmlui/
https://www.nature.com/siteindex
http://materials.springer.com/
http://webofscience.com/
https://www.rsl.ru/ru/4readers/catalogues/
http://lms.magtu.ru/
https://www1.fips.ru/
http://window.edu.ru/
https://scholar.google.com/
https://elibrary.ru/
https://magtu.informsystema.ru/uploader/fileUpload?name=268.pdf&show=dcatalogues/1/1060892/268.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=268.pdf&show=dcatalogues/1/1060892/268.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=268.pdf&show=dcatalogues/1/1060892/268.pdf&view=true

11. Dnextponnas 6a3a mepuoandeckux u3ganuii East View Information Services, OOO
«IBUC» https://dlib.eastview.com/

9 MatepuaibHO-TEXHUYECKOE 00eCTIeYeHIE TUCITUTUINHBI (MOIYIIS)

MaTepI/IaJ'[I)HO-TeXHI/I'—IeCKOG obecnieyeHue JUCIHUIIIINHBI BKIIFOYACT!

Tun u Ha3BaHUe ayauTOPUM OcHalleHue ayJuTopuu
Y4eOHble ayAUTOPUH [T IpoBe- | MyJbTUMEAUIAHBIE CPEACTBA XpaHEHHS, Iepeladyd |
JICHUS 3aHATHH JEKIIMOHHOIO TUIIA | IPEJCTABICHUs HHPOPMALIUU
VY4eOHble ayauTopun Uit poBe- | Jlocka, MyJIbTUMEIUIHBIN TPOEKTOP, SKpaH

JICHUS IPAKTUYECKUX 3aHATHH,
IPYIIIOBBIX U MHIUBHyJIbHBIX
KOHCYJIbTAIWH, TEKYILEr0 KOHTPO-
JI1 ¥ IPOMEKYTOUHOM aTTeCTalluu

[Tepconanbuble koMmmnbroTepsl ¢ naketoM MS Office, BbI-

[TomemieHus A1l CaMOCTOSITENb- XOJIOM B MHTEPHET U C JOCTYIIOM B 3JIEKTPOHHYIO

HOU paboThl 00yUaIOIIUXCS UH(POPMALIMOHHYI0-00pa30BaTENbHYI0 CPELy YHHBEpPCH-
TeTa

ITomemenue s XxpaHEHUs U Crennaxku A1 XpaHeHUs1 y4eOHO-HAITIAIHBIX TOCOOUN U

MPOPHIAKTHIECKOTO 00CTY)XHBa- | y4eOHO-METOIUYECKON JOKYMEHTAITUH.
HUsl yueOHOro 000pyA0BaHuUs
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