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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Ne 1 (2 gaca).

Tema: «Havka 1 ee popMbI B y4eOHOM IIPOLIECCE U IIPOU3BOACTBEN
(ykazvleaemcs mema ekyuu 8 COOMEemMcmeauu ¢ padoueti NPOSPAMMOU OUCYUNTIUHBL)
1.1.1 Bonpocsl JieKum:

1. OcHOBHBIE IOHATHA.
2. Knaccuduxarnus Hayk.
3. HayuHo-uccrienoBarensckas paboTa CTYJIEHTOB.

1.1.2 Kparkoe coaep:kaHue BONPOCOB: (ME3UCHO UBLONCUMb OCHOBHOE COOEPICAHUE
paccmampusaemvlx 60npocos)

1. OcHOBHBIC TTOHSTHSI.

Hayka — cdepa uccienoBaTelbCKON JIEATEIbHOCTH, HAIllpaBJICHHAs Ha IOJYYCHHUE
HOBBIX 3HAHUH O MPHUPOJE, OOIISCTBE M MBIIUICHUW. B HacTosIiiee BpemMs pa3BUTHE HAayKH
CBSI3aHO C pas3JeJIeHHEeM H KOOIEepaluel HaydyHOro TpyJa, CO3JaHHMEeM Hay4YHBIX
YApEKICHUH, IKCTIEPUMEHTAIBHOTO U JIabOpaTOpHOTO 000pyAOBaHUs. SIBISSACH CIEACTBHEM
OOIIIECTBEHHOTO pa3JielICHUs Tpy/Ja, HayKa BO3ZHUKAET BCJEHI 3a OTJCJICHUEM YMCTBEHHOTO
TpyZa OT (PU3UUECKOTO M MPEBPAIICHUEM MO3HABATEIBHOMN NEATEIHPHOCTH B CIEIU(DHUICCKUN
pon 3aHATHH oco0oi rpymnmnsl moAeh. [losBaeHHMEe KPYymHOTO MAaNIMHHOTO IIPOHM3BOJICTBA
CO3/JaeT YCJOBHUs TPEBpAIlCHUS HAayKH B aKTHBHBIM (akTop caMoro Mmpou3BOJACTBA. B
YCIOBUSAX HAYYHO-TEXHUYECKOW PEBOIONUU TPOUCXOIUT KOPEHHAas IepecTpoiika HayKH,
yK€ HE TPOCTO CIEAYIONMEH 3a pa3BUTHEM TEXHHKH, a OOTOHSIONICH €€, CTaHOBSIIEHCS
BeAylllel CHJION mporpecca MarepualbHOro Npou3BoJcTBA. OKa3bpiBas CTUMYIUpPYIOIIEE
BO3JICHiCTBME Ha OOINECTBEHHOE MPOU3BOACTBO, HayKa NPOHU3BIBAET BCE (PaKTOPHI
oOmecTBeHHOW  ku3HM. HeoOXOIMMOCTh HAaydyHOTO TMOAX0Ja B  MaTepHAIBLHOM
MPOM3BOJCTBE, B DKOHOMHKE U B MOJUTHKE, B chepe ynpaBIeHHS U B CUCTeME 00pa3oBaHUS
3aCTaBIISIET HAYKy pa3BUBAThCS OoJjiee OBICTPBIMH TEMIIAMH, YE€M JIFOOYIO APYTYI0 OTpacib
JesITeTbHOCTH.

CoBpeMeHHOE 00IIEeCTBO BO BCEX €T0 AJIEMEHTAaX M BO BCEX BHUIAX €ro JCATCIHLHOCTH
MPOHHU3aHO BJIIMSHUEM HAayKH M TEXHUKHW. B Hamum AHW Hayka CTAaHOBHUTCS BO BCe OOJbIICH
Mepe NPOU3BOAUTECIBHON cHIION oOmecTBa. Bce dopMmbl GH3MYECKOTO M yMCTBEHHOTO
TpyJa: MEIUIIUHA, TPAHCIIOPT, CBSI3b, OBIT COBPEMEHHOTO YEJIOBEKa — HMCIBITHIBAIOT Ha cebe
r1yookoe mpeodpasyroiiee JeCTBUE HAyIHO-TEXHUYECKOTO IIporpecca.

2. Knaccugukanus Hayk.

Knaccudukammss Hayk — 3TO pacKphITHE WX B3aUMHOW CBS3M Ha OCHOBAaHUHU
OTIPECICHHBIX MPUHIIUIIOB U BHIPAKEHUE ITUX CBA3CH B BHJE JTOTHYECKH OOOCHOBAHHOTO
pacmloJIoKeHUsT WU psiga. MapKcucTckas kiaccuukamus HayK pacKpbIiBaeT B3aUMOCBS3b
€CTECTBCHHBIX, TEXHHYCCKHX, OOIECTBEHHBIX Hayk u ¢uiaocopuu. B ocHOBe »>ToH
Kiaccuukanum nexar crenuduyeckue OCOOCHHOCTH W3y4aeMbIX PA3IMYHBIMU HayKaMu
00beKTOB MaTepualbHOr0o Mupa. «Kinaccubukanus Hayk, U3 KOTOPBIX KaKIas aHATU3HPYET
OTIENbHYIO (OPMY JIBHKCHUS, SIBISETCS BMECTE C TeM KiaccH(UKalue, pacroiokeHneM
COTJIACHO BHYTPEHHE MPUCYIIEH UM MOCIEI0BATeIbHOCTH, CAMHUX 3THX (DOPM JIBMIKEHUS, U B
TOM UMEHHO U 3aKII0YACTCS €€ 3HAUCHUEY.

[Ipo6nema, knmaccupukKanwu HAYK - 3TO MpoOJieMa CTPYKTYpPhl BCEro HAyYHOTO
3HaHui. YTOOBI MPAaBUIBHO MOKAa3aTh €€ COBPEMEHHOE COCTOSHUE, a TeM 0oJiee TEHICHIIUU
€e TEepCHEeKTUBHOTO pPa3BUTHS, HEOOXOAWMO B3IJISIHYTh Ha HEE C HCTOPUYECKON TOUYKHU
3peHUS.

3. Hayuno-uccnenoBarenbckas paboTa CTYACHTOB.



OcHOBHO 3a7a4ueil BBICIIEH ITKOJBI B COBPEMEHHBIX YCIOBHSX SIBISETCS MOATOTOBKA
CIICI[MAJINCTOB BCECTOPOHHE PAa3BUTHIX, CIIOCOOHBIX HEMPEPHIBHO MOMOJHATh M yIIIyOJsSTh
CBOM 3HAHWs, IIOBBIIIATh HMACHHBIA, TEOPETHYCCKUH U TpOo(PecCHOHATbHBI YpOBEHb,
AKTUBHO Y4YacCTBOBaTh B YCKOPEHHH HAYYHO-TEXHHUYECKOrO Mporpecca. B 3TuUx 1mensax B
BBICIIICH IIKOJE IOCTOSHHO OCYIIECTBISIOTCS MEpPhI, HAIpaBJICHHbIC Ha IMOBBIIICHHUE
3¢ (PEeKTHBHOCTH y4eOHO-BOCITUTATEIILHOTO MPOIecca U HayIHO-HUCCIIeA0BATEIILCKOW paboThI
NyTeM HWHTErpalvyd Haykd, o0pa3oBaHUS M TIPOM3BOJCTBA, OIMEPATUBHOIO U THOKOTO
0OHOBJIEHUS cojepkaHus yueOHOro Mmarepuana. Oco0oe BHUMaHUE YIENSICTCS Pa3BUTHUIO
TBOPYECKUX CIIOCOOHOCTEW OyAYyIIMX CIEIUaTUCTOB IMyTEeM BHEAPCHUS aKTHUBHBIX (HopMm
o0y4yeHHs, MPHU3BAHHBIX (POPMHUPOBATH Y CTYACHTOB CAMOCTOSTEIHHOCTh U TBOPUYECKYIO
AKTUBHOCTH, OTBETCTBEHHBIM IMOJIXOJ K OBJAJCHUIO 3HAHUAMH. BO MHOTHX By3ax yxke
MMEETCS 3HAYUTEIbHBIA OMBIT B 3TOM HAIMpAaBJICHUU, B TOM 4YHUCIE C HUCIOJIb30BAHHEM
ABTOMATU3UPOBAHHBIX OOYYAIONIMX CHCTEM, TO3BOJSIONIMX BECTH namaior ¢ OBM.
BceBo3pacTaromiee 3HaueHHWE B JIeJI€ TMOBBIIICHUS KadecTBa IOJATOTOBKH CIEIUAIIACTA,
OTBEYAIONIETO TpeOOBaHUSIM HAyKH, TEXHUKHM W KYJIbTYpbl, MNpHOOpEeTaeT Hay4dHO-
HCcCIeA0BaTeNbCKast paboTa, BBIMOJHSAEMAs MPOo¢hecCOPCKO-MPENOaBaTeIILCKUM COCTABOM.
OHa uMeeT TPHEIUHYIO IeJb: PEIICHHE aKTyaJlbHbIX HAaYYHBIX M HapOIHOXO3SIMCTBEHHBIX
3a7a4, YJAyYIIEHHWE KadecTBa TMOATOTOBKHM OyIymUX CHEHMUATUCTOB IS HApPOIHOTO
XO035CTBA U TOBBINICHNWE KBAIH(HUKAIIUK NpenoAgaBaTeneii. UeM BbIllle HAyYHBIN MOTEHITUAI
By3a, TEM COJIep)KaTelibHEe U COBPEMEHHEee ero yueOHOo-MeToandeckas 0asa.

Pa3BuTue HaydHO-HCCIEAOBATENbCKONW pabOThl B BBHICIIUX YYCOHBIX 3aBEICHUSIX
CO3/1aJI0 YCIIOBHS ISl MIUPOKOTO MPHUBICYEHUSI CTYJIEHTOB K HAYYHBIM HCCICAOBAHUSIM —
BAXXHOTO (aKTOpa TMOBBINICHHUS KayeCTBa MOJATOTOBKU CHEIHAINCTOB B COOTBETCTBUU C
COBPEMEHHBIMU TPEOOBAaHHSIMU HAyYHO-TEXHHUYECKOW peBomtonuu. Eme B 20-x romax mpu
HEKOTOPHIX Kadeapax CTaldu Cco3[aBaThCs CTYACHYECKUE HaydHbIE KpPYXKKH, Hauboiee
TQJIAHTIWBBIE CTYJICHTHl CTald NPUHUMATh YyYacTHE B MCCIEIOBAHUAX, IMPOBOIUMBIX
Hay4YHO-TIEJJarOrHYeCKUMHU KOJIJIEKTUBAMH.

B nocnenHue rogpl Takoe ydyacTue CTyJACHTOB B HAYYHO-HCCIIEI0BATEIbCKOM paboTe
MepecTano yAOBIETBOPATH TPEOOBAHUAM, MPEIBIBISIEMBIM K BBICIICH IIKOJIE CTPAHBI CO
CTOPOHBI OYPHO Pa3BUBAIOIINXCSA HAYKH, TEXHUKH, MPOU3BOACTBA. BO3HUKIA 00 BEKTHBHAS
MOTPEOHOCTH B TOM, YTOOBI BCe OyAyIINe CIEIHUAIUCTHI B IPOIecCce O0YUEHUS TPOXOIUITU
IIKOJIY HAy9HO-TEXHUYECKOT'0 TBOPUECTBA, TAK KaK CaM XapaKTep Tpy/la CreruainucTa
HE3aBHCUMO OT TOTO, Ha KAKOM Y4acCTKe TPYAUTCS CIIEIUAIIUCT, BO BCe OOJbIIEH Mepe
CTaHOBHUTCS TBOPUYECKHUM U TPEOYET COOTBETCTBYIONIEH MOATOTOBKU. «OTHUM M3 OCHOBHBIX
CIOCOOOB Pa3BUTHS AaHATUTHYECKOTO U TBOPUYECKOTO MBIIIUICHUS JOJKHO CTATh
HETIPEMEHHOE Y4acTUEe CTYJACHTOB B HAYYHBIX UCCJIEOBAHUIX, PEAIbHBIX TPOSKTHBIX U
KOHCTPYKTOPCKO-TEXHOJOTHIYECKHUX pa3padoTKaxy», — roBoputTcs B OCHOBHBIX
HampaBJICHUAX TEPECTPOUKH BBICIIETO M CPEITHETO CIEIUaIbHOTO 00pa30BaHHS.

1. 2 Jleknus Ne 2 (2 gaca).

Tema: «O0Omas cxeMa X01a HAYYHOI'0 MCCIEIOBaHUI»

1.2.1 Bonpocsl JieKIum:

1. Obmas cTpyKTypa HUCCIeA0BaHUS.
2. CTpyKkTypa HayqHOU pabOTEHI.
3. AKTyaJIbHbIE METOJbI UCCIIECIOBAHUS.

1.2.2 Kparkoe cojaep:kaHue BONPOCOB: (ME3UCHO U3IONCUMb OCHOBHOE COOEPICAHUE
paccmampusaemvlx 60npocos)

1. O6mas cTpyKTypa UCCIIeI0OBaHUS.



Becp xoa HaydyHOro HCCIIEZOBaHHUS MOYKHO IMPEACTAaBUTHh B BUAE CIEAYIOLIEH JIOTUYECKOU
CXEMBI:

OO0ocHOBaHNE aKTyalIbHOCTH BBIOPAHHOMN TEMBI.

[TocTaHOBKA 11€M U KOHKPETHBIX 3a7a4 UCCIEJOBAHUS.

Onpenenenne o0bEeKTa U MPeAMETA UCCIET0BAHUS.

Br160op MeTO10B (METOMMKHN) IPOBEACHUS HCCACTOBAHUS.

Onucanue nporuecca uccie0BaHus.

OO0cyxJieHHE pe3yJbTaTOB UCCIICTOBAHUS.

dopmynTHUpOBaHUE BBIBOJOB U OI[EHKA MOTYYCHHBIX PE3YIbTATOB.

O0ocHOBaHNE aKTyaJIbHOCTH BBIODAHHOW TEMbl — HaydalbHBIA d3Tam JIOOOTO
ucciefoBaHusd. B mpuMeHeHMM K JUCCepTalluU TMOHATHE "aKTyalbHOCTb" HMEET OAHY
ocoOeHHOCTh. JuccepTanusi, Kak yKe YKa3blBalIOCh, ABISETCS KBaTu(GUKAIMOHHON paboToil,
U TO, KaK €€ aBTOp yMeeT BhIOpaTh TeMY M HACKOJBHKO MPABHJIBHO OH ATy TEMY MMOHUMAEeT U
OIIEHUBAET C TOYKHU 3PEHUS] CBOEBPEMEHHOCTH U COLMAJIBbHOW 3HAYMMOCTH, XapaKTepHU3yeT
€ro Hay4HYI0 3pesocTh U MpohecCHOHATbHYIO TOATOTOBIEHHOCTD.

OcBelnieHue akTyaJlbHOCTU JOJKHO OBITH HE MHOTOCIOBHBIM. HaunmHath ee onucaHue
13 JajgeKa HeT ocoboit HeoOXomammocTH. J[ocTaTouHOo B mpenenax OJHOW MAITUHOIMHCHOM
CTpPaHHUIIBl MOKa3aTh TJaBHOE — CYTh NPOOJIEMHOHN cHUTyalnH, W3 4Yero u OyAeT BHUAHA
aKTyaJbHOCTh TeMbl. TakuM o0Opa3oM, GOpMyJIHpPOBKA MPOOJIEMHON CHUTyalluM — OYCHB
Ba)KHAs 4yacTh BBeJAEHHUs. [109TOMY MMeEET CMBICH OCTAaHOBHUTHCS Ia MOHATHH "mpobiema”
Oosiee MoapoOHO.

Jlroboe HaydYHOE WUCCIENOBAaHUE TMPOBOJIUTCS [JIsS TOTO, 4YTOOBI TPEOAOJIEThH
OTpeeNICHHbIE TPYAHOCTH B TMpoOllecCe IO3HAHUS HOBBIX SBICHHH, OOBSICHUTH paHEe
HEU3BECTHBIEC (DAKTHI WUIIM BBISIBHUTH HETOJHOTY CTAapbIX CIOCOOOB OOBSICHEHUS] M3BECTHBIX
dakToB. DTH TpyAHOCTH B Haumbojee OTYETAMBOU GopMe TMPOSBISIOT cebs B Tak
Ha3bIBa€MbIX NMPOOJIEMHBIX CUTYalUAX, KOTJla CYIIECTBYIOLee HAyYHOE 3HAHUE OKa3bIBAETCS
HEJIOCTaTOYHBIM JUISl PELICHUS] HOBBIX 3a/1a4 MO3HAHUS.

[Ipobiema Bcerga BO3HUKAET TOTJa, KOTJa CTapoe 3HAHHE YK€ OOHApYKHIJIO CBOIO
HECOCTOATENLHOCTh, @ HOBOE 3HAHUE €Ile HEe MPUHSIO pa3BUTON (opMmbl. Takum obOpaszom,
npobiieMa B Hayke — 3TO NPOTUBOpPEUYMBAs CUTyalus, TpeOyiollas CBOETro pa3pelieHHUs.
Takast cuTyanus yamie BCEro BO3HHMKAET B PE3yJbTaTe OTKPBHITHS HOBBIX (DAKTOB, KOTOpHIE
SIBHO HE YKJIQJBIBAIOTCS B PAMKH MPEKHUX TEOPETUUECKUX MPEACTABICHUH, T.€. KOTJAa HHU
OJ/HA U3 TEOPHUH HE MOXKET OOBSICHUTH BHOBh OOHAPYKEHHBIC (PAKTHI.

[IpaBuiibHAs TOCTAHOBKA U siCHAas (OPMYIHUPOBKA HOBBIX MPOOIEM HEPEIKO UMEET He
MEHbIIIee 3HAUCHHE, YeM pelieHne ux camux. [1o cymecTBy, UMEHHO BBIOODP MpoOieM, eciau
HE [EIUKOM, TO B 0YCHb OOJNBIION CTEMEHU OMPENENSIET CTPATETUI0 UCCIEOBAHUS BOOOIIE
U HalpaBJICHUE HAYYHOTO TMOMCKa B ocobeHHOCTHU. He cinydaiiHO MPUHATO CYUTATh, YTO
chopMynupoBaTh HayuyHyI0 MpoOJieMy — 3HAUUT MOKa3aTh YMEHHE OTACIHUThH IJIaBHOE OT
BTOPOCTENEHHOTO, BBIICHUTH TO, YTO YK€ H3BECTHO M YTO IIOKa HEHU3BECTHO HAyKe O
npeaMeTe UCCIeIOBaHMUS.

TakuMm 00pa3om, eciii COMCKATENI0 yIaeTcsl MoKa3aTh, IJie MPOXOJUT TPaHUIA MEXIY
3HAHWEM W HE3HaHUEM O MpeIMeTe HCCIEJOBaHHSA, TO €My ObIBaeT HETPYAHO YETKO U
OJIHO3HAYHO ONpEJeIuTh HayuyHYI0 HpoOjieMy, a cleloBaTelbHO, U cHopMyIupoBaTh ee
CYTb.

Nk W~

OtnenbHbIE NUCCEPTALlMOHHBIE MCCIEIOBAHUS CTAaBIT LIEIbIO PAa3BUTHUE MOJIOKEHUH,
BBIIBUHYTBHIX TOW WM WHOW Hay4HOU MIKOIOH. TeMbl Takux auccepTaluii MOTYT OBITh
OYCHBb y3KUMHU, YTO OTHIOJb HE YMaJseT UX aKTyalnbHOCTU. Lenb mogo0HbIX paboT COCTOUT
B PEIIEHUH YaCTHBIX BOMPOCOB B paMKaX TOW WIIM MHOW Y€ JOCTATOYHO anmpoOHpOBaHHOMN
KOHIlenuuu. TakuM o0pa3oM, aKTyalbHOCTh TAaKUX HAyYHBIX PabOT B IEIOM CIEayeT
OLICHUBATh C TOYKHU 3pEHUSA TOW KOHLENTYaJbHOM YCTAaHOBKH, KOTOPOW MNPUIAEPKHUBAETCS
IUCCEepTaHT, WJIM TOrO0 HAay4dHOTO BKJIaJa, KOTOPBIH OH BHOCUT B pa3paboTKy oOuiei
KOHLEMIHH.

Mexnay TeMm, couckaTeld 4yacTo u30eraroT OpaTh y3KHE TE€Mbl. JTO HENpPaBUIIBHO.
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Jeno B ToMm, 94TO pabOTHI, MOCBAIICHHBIC ITUPOKUM TEMaM, YaCTO OBIBAIOT MOBEPXHOCTHBIMU
1 Majio CaMOCTOSITSIBHBIMH. Y3Kas e TeMa IpopabdaTeiBaeTcs Oosee TiryboKo M AeTalbHO.
Bravane kaxkeTcs, 4TO OHa HACTOJBKO y3Ka, 4TO W MHcaTh He O uyeM. Ho mo wmepe
03HAKOMJICHHS ¢ MaTepHaJIOM 3TO OIACCHUE UCUYE3aeT, UCCICIOBATEIII0 OTKPBIBAIOTCS TaKUe
CTOPOHBI MPOOJIEMBI, 0 KOTOPBIX OH PaHbBIIEC U HE MMOI03PEBa.

AKTyanbHbIE Hay4YHbIC PCIICHUsS, JIe)KAIUEe B OCHOBE IUCCEPTAIMOHHOW pabOTHI,
MOTYT paccMaTPUBATHCA KakK 3asBKH Ia M300PETCHUS M OTKPBITHS, €CIIM OHH OTIUYAIOTCS
HOBHU3HOU M JAIOT MOJOXUTEIbHBINA dPPEKT.

2. CtpykTypa Hay4HO# pabOTHI.

Ot 1oKa3aTenbCTBA AKTYaJIbHOCTH BBIOPAHHOM TEMBI JIOTHYHO TIICPEHTH K
GbOpMYITUPOBKE IEIH MPEIANMPUHUMAEMOTO HCCIEIOBaHMs, a TaKXKe yKa3aTh Ha KOHKPETHBIE
3a71a4d, KOTOPBIC MPEACTOUT PEIIaTh B COOTBETCTBUU C ATOM IMEIbI0. DTO OOBIYHO AeIaeTcs
B ¢dopMe mepednciaeHus (M3yYUTh..., OMUCATh..., YCTAHOBUTH..., BBISICHUTH..., BBIBECTH
dbopMyny U T.11.).

DopMyIUPOBKH ITHUX 3aJad HEOOXOAWMO JeiaTh KaK MOXXHO Oojee TImaTeabHo,
IMOCKOJIbKY OIIMCAaHHUEC HUX PCIICHHUA JOJIDKHO COCTAaBUTHL COACPIKAHHUC I'JIaB HHCCGpTaHHOHHOﬁ
pa6OTBI. OTO Ba)XXHO TAKXE U IMOTOMY, YTO 3aroJIOBKMU TaKUX IJIaB POXKAANOTCA MMCHHO H3
bopMyIHPOBOK 3a7a4 TPEATPUHUMAEMOTO UCCIEOBAHMUS.

Hanee GpopmynupyrTcs 00beKT U mpeaMeT uccienoBanus. OOBEKT — 3TO Mpolece
WU SIBIICHUE, TOpPOXJalollee MPOOJIEMHYI0 CHUTyallMl0 ©u H30paHHOE Ui HW3Yy4YeHHS.
HPGI[MGT — OTO TO, YTO HAXOAUTCA B I'paHHUIIAX O6’beKTa.

OOBEKT M MpeAMEeT HMCCIEIOBaHUS KaK KaTeTOpHH HAyYHOTO IPOIlecca COOTHOCSTCS
MEXIy cO00M Kak oOImee u yacTHOe. B 00beKkTe BHIACISIETCS Ta €r0 4acTh, KOTOPas CIYKHUT
NpeIMETOM HCclieoBaHus. VMEHHO Ha HEro M HampaBJIeHO OCHOBHOE BHHMaHUE
JTHUCCEPTaHTa, UMEHHO MPEAMET UCCICAOBAHUS OMPEICISIET TEMY NUCCEPTAIMOHHON pabOTHI,
KoTOpas 0003HavaeTCs Ha TUTYJILHOM JIUCTE KaK €e 3arjaBue.

3. AKTyaJlbHbIE METOJIbI UCCIIEOBAHUS.

OdyeHb BaXHBIM JTallOM HAyYHOTO HCCIIEJOBAHUS SBISIETCS BBHIOOP METOJ0B
UCCIIeIOBaHUsS, KOTOpPHIE CIyKaT MHCTPYMEHTOM B NOOBIBaHHM (haKTUYECKOTO MaTepuaia,
SIBJISISICH HEOOXOMMBIM yCIOBHUEM JIOCTH)KCHUS MOCTaBICHHOW B TaKO# paboTe 1enu.

Onucanue npoiiecca UCCIAETOBAHNUS — OCHOBHAs 4acTh JNUCCEPTAIMOHHOW paboThI, B
KOTOPOM OCBEIIAIOTCA METOAMKA U TEXHUKA MCCIEIOBAHUS C UCIOJb30BAHUEM JIOTHYECKUX
3aKOHOB U MPaBUJL.

OuyeHb BaXHBIN ITAI X0Jla HAYYHOTO HCCIEAOBAHUSI — OOCYXKJIEHHE €r0 Pe3ylbTaToB,
KOTOpOE BeIeTCs Ha 3acelaHusx mnpoduiupyomux kadeap, y4YeHBIX COBETOB, Ha
3acelaHUsIX, TH€ JdaeTcd MpeABapuTeNbHAas OLEHKAa TEOPETUYECKOM U MpaKTUYeCKO
IEHHOCTH JUCCEPTALNU U KOJJIEKTUBHBIN OT3bIB.

3aKIIOYUTEIBHBIM 3TallOM XOJa HAayYHOrO HCCIENOBAHUS SBISIIOTCS  BBIBOJBI,
KOTOpBIE COAEepKaT TO HOBOE U CYIIECTBEHHOE, YTO COCTABJISET HAay4YHbIE U MPAKTHUYECKHE
pe3yabTaThl MIPOBEACHHON TUCCEPTAIIMOHHON PaOOTHI.

1. 3 JIexknust Ne 3 (2 gaca).

Tema: «TeopeTnueckre U METOAMYECKHE OCHOBEI MPOBEJICHUS MHOTO()aKTOPHBIX
DKCIIEPUMEHTOB»
1.3.1 Bonpocsl JieKnum:

1. OO1mue moI0XKeHUS.
2. OCHOBHBIE HJIEW TEOPUH TIIIAHUPOBAHHS.
3. MaremaTnuyeckue MOJIEIH.



1.3.2 Kparkoe coiep:kaHue BOMPOCOB: (Me3UCHO U3I0ACUMb OCHOBHOE COOepICaAHUe
paccmampusaemvix 60npocos)

1. O6mwme moIoKEeHHUS.

Bricokas MPOU3BOAUTEIBHOCTD u Ka4eCTBO MEXaHUYECKOMI 00paboTku
Jneraneil mpu MHUHUMAIBbHON ce0eCTOMMOCTH MOTYT OBITh JOCTHTHYTBHI MPH YCIOBUU, YTO
texHonornueckud mnpouecc (TIl), HMHCTpYMEHT W pEXKUMBI pe3aHUs  SBISIOTCS
ONTUMAJIBHBIMU ISl JAHHBIX YCIOBUN 00paObOTKH.

[Tox onTuManbHBIMM pEeKMMaMH MOHHMAIOT Takoe coueTaHue 3HaueHuil ¢paktopos TII,
MPU KOTOPBIX 0KUJAETCA HAWJIyulllee 3HaUeHHE MmapaMeTpa ONTUMHU3ALINY.

B xauecTBe mapamerpoB ontuMu3anuu T1I MOTYT OBITh IPUHSTHI:

a) IOKa3aTelu KauyecTBa 00paboOTKH(TOYHOCTH, IIEPOXOBATOCTD, U T.1I.);

0) moKaszaTeau MPOU3BOIUTEIBHOCTH B C€0CCTOMMOCTH 00PabOTKH;

B) IOKAa3aTeM CTOMKOCTH PEXYIIETO0 MHCTPYMEHTa, YCHJIHS, TEMIIEpaTypa pe3aHus u
IpyTHE.

B xauectBe ¢aktopoB TII moryr paccmarpuBaTbCcsi (U3MYECKHE U MEXAHHYCCKUE
XapaKTEePUCTUKU MaTepuajIoB o00pabaThiBaeMOW 3aroTOBKM M HWHCTPYMEHTA, DJIEMEHTHI
PEKUMOB pe3aHusi, FEOMETPUHU PEXYIIEro HHCTpyMmeHTta, npumensemsie COTC u T.1.

Pemenne 3amaun  onrtumusanuu TII Ha mnpakThke 3aTPyJHEHO HEIOCTAaTOYHOU
uHopmanuelr o6 uMcciaeayeMOM Mpolecce W HaauyueM OOJNBIIOro 4ucia (GakTopoB X;,
BIIMSIONIUX HA TapaMeTPbl ONTUMHU3ALNH VY.

OTH 00CTOATENHCTBA MPAKTHUYECKUA HUCKIIOYAIOT TEOPETUUYECKUN MYTh PEIICHUS 3aJadyu
onTUMH3auK KOHKpeTHBIX TII. DKcmepuMeHTadbHBIM MNyTh pPEIICHHS JOTOW 3aJaydu
CTaHOBUTCS HamboJiee pealbHbIM C HCIOJb30BAHUEM IPOTPECCUBHBIX METOJOB TEOPHUHU
ITAHUPOBAHUS MHOT'O- (PaKTOPHBIX dKciepuMeHTOB (MDD).

Hcnonp30BaHuEe ASTHUX METOJIOB TO3BOJSET HE TOJBKO IOCTPOUTh MaTEeMaTUYECKHUE
Moenu ucnosb3dyembix TII B BUae ypaBHEHUN:

yj = f(X1;X2...Xn) (1)

HO U BBITIOJHUTH ONITUMH3AIMIO TTAPAMETPOB yi IPH MPOBEJACHUH YKCIIEPUMEHTOB.

M®5 B orauume OT Kiaccuueckoro (l-dakTopHOro) MeToAa TO3BOJSAET
OJTHOBPEMEHHO YYHTBIBATh BCE MHOXKECTBO JIEUCTBYIOIMHX (HAKTOPOB, MPH 3TOM B KaXKIOM
OTBITC BAapbUPYIOT OJHOBPEMEHHO BCe (PaKTOpPHI Ha pPa3HBIX YPOBHSIX B COOTBETCTBHHU C
OPUHATBIM TUIaHOM. [Ipw 3TOM OONBIIMHCTBO pa3paboTaHHBIX MIaHOB M®D sBISIOTCS
ONTHUMAJIbHBIMHU KaK 10 YHCTY OMBITOB, TaK U MO TOYHOCTH IKCTIEPUMEHTA.

2. OCHOBHBIE HJIEH TEOPUH TIIAHUPOBAHUS.

OcHOBHBIE UlieU Teopuu MiIaHupoBanus MDD coctosAaT B cienyroniem. Mcecnenyemplii
TII mpexacraBisieTcs B BUAE «UYEPHOrO» sfIIMKA - pUC. 1 , Ha BXOJE KOTOPOTO HUMEETCs
MHOKeCTBO (akTopoB X| X2, ... X,,, @ BRIXOJl XapaKTEPU3yETCs MTapaMeTpaMu yi, ya,... V.

Hckomble mapaMeTp NpeACTaBISIOT B BUJIE PA3JIOKEHUS B paa Telsiopa no cTeneHsm
(GbakTOpOB, MPHU 3TOM OLEHKU KOIP(DUIIMEHTOB psAlla HAXOJAT B PE3yJbTaTe CTATUCTUYECKOM
00paboTKu 3apaHee CIUIAHUPOBAHHOTO U mpoBeaé¢HHOro M®D. B wurore momydaroT
ypaBHEHHE perpeccui (GyHKIHIO OTKIUKA):

—_ —_——
— & S
V'=Dbp + Zbix; + Zb;j X; X + Zbj; Xi2 + .. (2)



KOTOPOE U ABJISAECTCA MaTeMaTU4YECKOU MoJeNblo ucciegyemoro TII

Teoperndyeckoir OCHOBOW MJIsI HaXO0XICHUS KOd(DPUIIUEHTOB by, bi, bij, bjj ciyxut
METOJ] HAaMMEHBIIUX KBAAPAaTOB, I KOPPEKTHOTO MPUMEHEHUS KOTOPOro HEOOXOIUMO
cobmomate psan npeanocbuiok [1]. Ham anmanm3 moxaszam, drto gis OonprmmHcTBa TII
npeumyuiectBaMu MO gBas0TCA:

a) 4€TKUH MJaH MPOBEACHUS KCIIEPUMEHTA;

6) obpabotka pe3ynbratoB M®PD ¢opmannu3oBaHa, B CBA3M C 4eM €€ BO3MOXKHO
npoBoauTh Ha DBM;

B) C YBEIMYEHUEM YKClia ()aKTOPOB TOYHOCTH IKCIIEPUMEHTA MOBBIIIACTCS;

I) YUCIIO HEOOXOAWMBIX ONBITOB CHmkaeTrcs B 3... 10 pa3 mo CpaBHEHUIO C
KJIACCUYECKUM METOJIOM (TIPHU OJIMHAKOBOW TOYHOCTH 00OUX METOJIOB);

1) TI0 aHAJUTHUYECKOW 3aBUCHMOCTH (2), MOJIy4EeHHOW mpu oOpaboTKe Pe3yIbTaTOB
M®D, MoIeHO OIEHUTH BIUSHUE KAXJOTO U3 (PAKTOPOB Xj, HA UCCIECNYEMbIH mapameTrp Vi,
YTO CO3/aéT MPEANOCHUIKHU JIJIs YIPaBICHUS U onTUMU3auuu ucciaegyemoro TII.

OtMeuenHbie mpeumymecTBa MDD ompeaenstioT BBICOKYIO 3G()EKTUBHOCTh HX
INPUMEHEHUS B MIPAKTUKE TEXHOJIOTUH MAIIMHOCTPOCHUHU U APYTUX OTPACISIX MTPOU3BOJICTBA.

HccnenoBanus moka3any MUPOKHUI CIIEKTP BO3MOXKHBIX obnacteit mpuMmenenus MDD
B TEXHOJIOTUM MAIIMHOCTPOEHMUsA, B dYacTHOCTH MDD HCHOJB3YIOT MJs peHIeHUs
CIEAYIOUIUX MPAKTUUECKUX 3a/1a4:

a) TEXHOJIOTMM METaJJIOB M KOMIIO3UIIMOHHBIX MaTepuanoB (IuThé, oOpaboTka
JABIICHUEM, IMOPOIIKOBAST METALTYPTHS, POU3BOJCTBO OMMETAIIIOB U T.1I.);

0) cBapku (NMPaKTUYECKH BCE BUBI), CKICUBAaHHUSA, TEPMOOOpPaOOTKH, HAHECCHUS
IIOKPBITUH, U T.[.;

B) 00paboTKH pe3aHueM (MpaKTUYECKU BCE €€ BUIIbI);

r) pa3paboTku u BHeApeHUs HeTpanunuoHHbX TII (mractudyeckoe nedopmupoBanue,
pOTallMOHHAs BBITSDKKA, BUOpamuoHHas o0paboTka, TepModpukimonHas o0paboTka,
aMeKTpodu3nIecKre METOAbI 0OPAOOTKH | T.1.)

B nacrosimee Bpems aBTOp pacmojaraeT 0aHKOM JaHHBIX, conepkamuMm 6omee 300
npuMepoB TmpuMeHeHuss M®PD B TEXHOJOTHH MAIIMHOCTPOCHHS € JPYTHX OTPaCIAX
MPOMBIIIJIEHHOCTH.

3. MaremaTu4yeckue MOJECIIH.

Ham  anmanu3  mokaszan, 4ro  Haubosee  HIMPOKO  MpPU  3TOM  IpUMe-
HSIOT CIEAYIOIIME IJIaHbl 1 METOBI TEOPHUH IaHupoBanus M®DO:

1) mmanel mepBoro mopsiaka: I[IPD (momHoro ¢dakrtopHOTrOo HKCcmepumenTa) u DD
(mpoOHOTO (haKTOPHOTO IKCIIEPUMEHTA);

2) nmnaasl BTroporo mopsaaka: OLIKII (opToroHambHOr0 MEHTPAILHOTO KOMITO3HIIHOHHOTO
niana) U PLKII (poroTabenbHOTO EHTPAIHHOTO KOMITO3UIIMOHHOTO TIJIaHA);

3) onTumuzauus MeTogoM KpyTtoro BocxoxaeHudA(KB) wunm  cummiexkcHoro
nnanupoBanusi(CII).

ECHI/I oXugacMas MmareMaTnucckKkass MOI€JIb UMECT BUIL.
y'i =bgy + Zb; x; + Zbij X X; 3)

TO pekomenayercs mwian [1DD tuma 25, rae 2 - 4uciao YpoBHEW BaphUPOBAHUS KAXKIOTO
U3 (aKkTOpoOB, K - YUCIO (PaKTOPOB.
Ecnu MmatemaTuueckast MOJICNIb OKHUIACTCS B BUJIC:
y' = by + Zb;x; (4)
TO JOMYyCTUMO OTpaHU4YUThCs IaHoM DD tuma 25P e p - uucio (¢GHaxKTopos,
pUPABHEH-
HBIX K B3aMMOJICUCTBUIO (AIPUOPHO HE3HAUYUMOMY) APYTUX (PaKTOPOB.
Ecnu MmatemaTnueckas Mojiellb OKMIA€TCS B BUJIE:
y' =by+ Zb;x; + Zbij Xj Xj +Zbiixi2 (5)



to npumeHstoT niaHbl OLIKII nnm PLKII. OTu nnanel crpost Ha ocHoBe II®PD ¢
n00aBIIEHHEM OIBITOB B IIEHTPE IUIaHA U B «3BE3HBIX)» TOYKAX (MX KOOPJAWHATH HAXOMAT 1O
COOTBETCTBYIOIUM (HOPMYIIam).
OnTtumunzanus merogom KB npous3BoauTcss Ha OCHOBE MaTeMaTHYeCKON MOJENIN BUAA
(3) wmm (4) ¢ mocHeAyrOIMUM ABM)XEHHEM B HaMpPaBICHUU TPAJUEHTA HCCIEIYyeMOTO
napameTrpa. Meron CII He TpeOyeT mpeaBapuUTEIBHOIO MOJYYEHHUsS MOJENIH Ipolecca U
npeanoiaraeT IoclieloBaTeIbHOE JBWXKEHHE B  HANpaBJIC€HHUH, MPOTHUBOIOJIONKHOM
HauXyJUuIeMy 3Ha4YeHUIO MapaMeTpa, MOJIyYeHHOMY B MPEABIAYIEH CepUH OIBITOB.

1. 4 Jlexknus Ne 4 (2 yaca).

Tema: «MeTOAUKA CTATUCTUYECKON 00Pa0OTKHU SKCHEPUMEHTAIBLHBIX JAHHBIX»

1.4.1 Bonpochl JieKum:

1. Metoasl cTaTucTUYECKONH 00pabOTKH Pe3yIbTaTOB IKCIICPUMEHTA.
2. MeTopl BTOPUYHOHN CTaTUCTHYECKONH 00pabOTKH PE3yIbTaTOB SKCIIEPUMEHTA.
3. Meroauka 00pabOTKH IKCIIEPUMEHTAIBHBIX JaHHBIX.
1.4.2 Kparkoe coaep:kaHue BONPOCOB: (ME3UCHO U3IONCUMb OCHOBHOE COOEPICAHUE
paccmampusaemulx 60npocos)

1. MeToasl cTaTUCTUYECKOH 00paOOTKHU pe3yabTaTOB IKCIICPUMEHTA.

MeTtonaMu CTaTUCTUUYECKOH 0OpabOTKM pe3ylbTaTOB JKCIEPUMEHTA HA3BIBAIOTCS
MaTeMaTUYeCKHUEe MPUEMBI, (GOPMYIBI, CIOCOOBI KOTWYECTBEHHBIX PACYeTOB, C IMOMOIIBIO
KOTOPBIX IIOKAa3aTCJIU, IMOJIYy4YaCMbIC B XOA€ OKCIICPUMCHTA, MOXXHO OGOGH.I&TB, INpUBOOUTH B
CUCTEMY, BBISIBJISISI CKPBITBIE B HUX 3aKOHOMEPHOCTH. Peub AT 0 TaKMX 3aKOHOMEPHOCTSIX
CTATUCTUYECKOTO XapaKTepa, KOTOPHIE CYIIECTBYIOT MEXAY MU3Yy4aeMbIMH B dKCHEPUMEHTE
NepEeMEHHBIMH BETUIMHAMHU.

HekoTopble U3 METOJIOB MAaTEMaTUKO-CTATUCTHYECKOTO aHaN3a MO3BOJISIOT BEIYUCIISITh
TaK Ha3bIBaeMble OJIEMEHTApHbIE MAaTEMaTHYEeCKHE CTATHCTHKH, XapaKTepU3YIOIIne
BBIOOPOYHOE pacmpenesicHue JJaHHBIX, HApUMEp BBIOOPOYHOE CpeaHee, BBIOOpOUYHAS
JUCIICpCUA, MOJa, MCAHWaHa U PAOd APYIUX. Nurnie METOAbI MaTeMaTU4eCcKou CTaTUCTHUKHU,
HApUMEp JAUCHEPCUOHHBIA AaHAJIW3, PErPECCHOHHBIM aHAJM3, IMO3BOJSAIOT CYIAUTh O
TUHAMUKE HW3MEHEHHS OTIEIbHBIX CTATHUCTUK BBIOOpKU. C MOMOIIBIO TPEThEH T'PYIIIBI
METOJIOB, CKa)XeM, KOPPEISIHOHHOTO aHalin3a, (PaKTOPHOTO aHaJIN3a, METOJIOB CPaBHEHHS
BBI60pO‘IHBIX JAaHHBIX, MOXHO JOCTOBCPHO CYAUTDH 0 CTaTUCTUYCCKUX CBA34X,
CYHCCTBYHOIIIUX MCXKAY IMNMCPCMCHHBIMU BCIWYUMHAMH, KOTOPBLIC HCCICAYIOT B JaHHOM
IKCTIEPUMEHTE.

Bce MeTonpl MaTeMaTHKO-CTaTUCTUYECKOTO aHAIN3a YCIIOBHO JEJSATCS Ha MEPBUYHBIC U
BTOpHYHbIC. [IepBHYHBIMU HA3bIBAIOT METOMABI, C TOMOIIBID KOTOPBHIX MOXHO MOJYYHTh
MOKa3aTeNH, HEMOCPEICTBEHHO OTPaXKAIONUEe PE3yJIbTaThl MPOU3BOIUMBIX B SKCHEPUMEHTE
u3MepeHnii. COOTBETCTBEHHO MO/ MEPBUYHBIMU CTATUCTHYECKUMU MOKA3aTEIIMU UMECIOTCS
B BHJIY T€, KOTOPBIC MIPUMEHSIOTCS B CAMHUX ICUXOJUATHOCTHYECKUX METOJUKAX U SBIISTFOTCS
UTOTOM HayaJdbHOW CTAaTUCTHYECKOH OOpabOTKH pPE3ylabTAaTOB ICHUXOJUATHOCTUKH.
BTopuuHBIME HA3BIBAIOTCS METOJABI CTATHCTUYECKON 0OpabOTKH, C MOMOIIBI0 KOTOPBIX Ha
62136 NEPBUYHBIX JAHHBIX BBIABIIAIOT CKPBITHIC B HUX CTATUCTHUYCCKHUEC 3aKOHOMCPHOCTH.

K nmepBUYHBIM METO/IaM CTATHCTUYECKON 00pabOTKU OTHOCAT, HAIIPUMED,
ompejiesIieHue BEIOOPOUYHOM CpelHEN BETUUMHBI, BRIOOPOYHON THCIIEPCUHU, BBIOOPOYHOM
MOJIbI U BBIGOpO‘IHOfI MCEAUAHBI. B gucno BTOPHUYHBLIX MCTOJ0B OGBI‘IHO BKJIFOYAKOT
KOPPEISAIHOHHBINA aHaJN3, PErPECCHOHHBINA aHAIN3, METOJIbI CPaBHEHUS IIEPBHYHBIX
CTaTUCTUK Yy IBYX HJIM HCCKOJIbKHUX BBI60pOK.

2. MeTo bl BTOPUYHON CTATUCTUYECKOM 00pabOTKH Pe3ylbTaTOB KCIIEPUMEHTA.



C moMombi0 BTOPUYHBIX METOJOB CTATHCTUUYECKON 00pabOTKH IKCHEPUMEHTATBHBIX
JAHHBIX HEMOCPEICTBEHHO MPOBEPSAIOTCSA, NOKA3bIBAIOTCS HIIM ONPOBEPTarOTCsl TUIOTE3HI,
CBSI3aHHBIE C OJKCIEPUMEHTOM. OTH METOJAbl, KaK IMpPaBUIIO, CJIOXXKHEE, YEeM METOJIbI
MEePBUYHOM CTAaTUCTHYECKONM 00paboTkHM, W TpeOYIOT OT HCCIeIOBaTeNsl XOpoIIeH
MOATOTOBKH B 00JIACTHU 3JIEMEHTApHOM MaTeMaTUKHU U CTaTUCTUKHU.

OO6cyxaaeMyro TpyIIy METOJI0B MOXKHO pa3JeIuTh Ha HECKOIbKO MOATPYII:

1. PerpeccuoHHO€ UCUHCIICHUE.

2. MeToasl CpaBHEHUSI MEXAY COOON NBYX WU HECKOIBKUX AJIEMEHTAPHBIX CTATHCTUK
(cpenHUX, AUCTIEPCUMA U T.I1.), OTHOCSIIUXCS K PA3HBIM BBIOOPKAM.

3. MCTO,Z[BI YCTAaHOBJICHHUA CTATHCTUYCCKHUX B3aHUMOCBS3eH MCXKAY ICPCMCHHBIMU,
HaIpuMep UX KOppessauu Apyr ¢ ApYTroM.

4. Metonbl BBISBJICHHSI BHYTPEHHEM CTaTUCTUYECKOW CTPYKTYPhl SMIUPUUECKUX
JNaHHBIX (Hampumep, GakTopHbIN aHanu3). PaccMOoTpuM KakIyio U3 BBIJCICHHBIX MOATPYIIII
METOJIOB BTOPUYHON CTATHCTUYECKOW 00pabOTKU Ha IpUMEpax.

3. MeTtoauka 00pabOTKU SKCIIEPUMEHTAIbHBIX JaHHBIX.

Bces npouenypa o0paboTKH SKCIIEPUMEHTAIBHBIX JTAHHBIX MOXET OBITh pa3jciicHa Ha
nBa dTama. Ha mepBoM NMPOU3BOAUTCS NMEpBUYHAS 00padOTKa CBEJCHUMU, MOJTYYCHHBIX MPH
MPOBEACHUN OKCIIEPUMEHTAa I10 XHMHUYECKOMY pPaBHOBECHIO, C IICJIbIO ONpPEACIACHUS
3HAYCHUHW KOHCTAHT paBHOBecHs. K 3TOMy ke dTaly OTHOCHTCS W CTaTHCTHYECKAsS
00paboTKa JaHHBIX, TO3BOJISAIONIAS] TPOBECTH BHIOPAKOBKY OMIMOOYHBIX CBEACHUN.

Ha BTOpoM »3Tame mnoJiydeHHBIC 3HAYCHUS KOHCTAHT pPAaBHOBECHS IOJBEPraloTCs
aHAJIM3Y C IEJIbI0 HEIOCPEICTBEHHOIO ONMPEACICHUS POJIH dHTAIBIIUHHOTO H SHTPOIUUHOTO
(aKTOpPOB B PaBHOBECUHU IMO3UIIMOHHOW HM30MEPHU3AIMU HM3yYaeMbIX BEIICCTB U BBIPAOOTKH
MOJIX0JI0B K MIPOTHO3UPOBAHHUIO PABHOBECHS MPEBPALICHUN POJICTBEHHBIX CTPYKTYP.

Hckmouenne TpyObIX OMMOOK BHYTPH CEPUU ONpPEICICHUI KOHCTAHTHI PaBHOBECHS.
Jlnsg kaxaod TeMmmepaTypbl HCCICAOBAHUS CEPUSMH CUYUTAIM OIBITBHI, Pa3IdyaroIuecs
MEXay co0oil b0 COCTaBOM WCXOJHOW CMECH, JU00 KOJMYSCTBOM KaTalu3aTopa.
OTOpakoBKYy MPOMAaxoB B CEPUSIX MPOBOIMIM C UCIOIb30BAHUEM KPHUTEPUS - HAMOOIBIIETO
10 a0COTIOTHOW BEJIUYUHE HOPMHPOBAHHOT'O BHIOOPOYHOTO OTKIIOHCHUS

£(K;,57) = Ekes) Sf(x‘f),

Pacuer cpeanero apudmernuyeckoro 3Hau€HUsI KOHCTAHTHI PAaBHOBECUS U TUCIEPCUU
BOCIIPOU3BOJUMOCTH B CEPHUSX MOCIE UCKIIOYEHUS IPyObIX OMIMOOK:

1 1
K., =—3K:, St =——3%(K;— K, ;)*
x,] n, i 0j n; — 1 2 X7

ComnocraBieHue aUCHEpPCHl BOCHPOU3BOJAMMOCTH KOHCTAaHT PAaBHOBECHUS B CEPHUIX
Opu OJHOW TeMmieparype. OTa CcTaaus JUCIEPCHOHHOTO aHaju3a SBJsSETCS BechbMa
MOJIE3HOW, TakK KakKk T[O03BOJSET KOHTPOJMPOBAThH OMMUOKUH  BOCIPOU3BOJUMOCTH,
BO3HHUKAIOIIME Ha BCEX JTamax MOJy4YeHHUs dKcIepuMeHTaibHOW mHbopmauuu. [IpoBepky
paBCHCTBaA ;[chepcm‘/'l BOCIIPOU3BOAMMOCTHU B CCPHUAX BBIINOJHAIN IO ABYM KPUTCPHUAM:
dumepa - €CIM 4YHUCIO CepUid PaBHAIOCH ABYM M bapTierrta - Korja KOJHYECTBO CEpUid
INpECBbIIIAJIO ABA. Ecau HYJb-TUIIOTC3a BBINOJHAIACH, TO JUCIICPCUIO BOCIIPOU3BOAUMOCTHU
BBIYUCIISIIN 110 cleayrolei popmyie:

St=(26)" 25

Jlns  Bcex  WM3Yy4YEHHBIX B  JaHHOW  paboTe  TMpeBpalleHUH  AUCHEpPCUH
BOCIIPOM3BOJUMOCTH KOHCTAaHT PAaBHOBECHUS B CEPUSIX OBLIN OJHOPOJIHBI.
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[IpoBepKy 3HAYMMOCTH PACXOXKIACHUSI CPEIHUX 3HAYCHUUW KOHCTAHT PABHOBECHUS B

cepusi-.
g2_ Lwj (K _ )2
2 x,J x
m—1
52

JIJ1s1 5TOro BBIUMCIISIIN AUCTIEPCUTO ©'2 ;

ITpoBepky rUmoTE3bl PAaBEHCTBA CPEAHUX 3HAYCHUN KOHCTAHT PABHOBECHUS B CEPUIX
MPOBOJWJIM C MOMOIIBIO pacnpeaeneHus @umepa. Eciu Hylb-runore3a BbIMOIHSIACH, TO
BBIYUCJIAINA CBOOAHYXO TUCIICPCHUIO

ng{fj_ ST f, -S3)
fi+fz

¢ uncnoMm creneHeit ceobonsl f= fi . fo. Ha aTom 06paboTka 3aKaHYMBAIACK.

2. METOANYECKHUE YKA3AHUSA
IO MPOBEJEHHUIO TIPAKTUYECKUX 3AHSITUI
2.1 lIpakTuyeckoe 3ansaTre Ne 1 ( 2 yaca).

Tema: «ArpoTeXxHUYECKas OI[EHKA YCIOBHH U PE3YIbTaTOB pabOThI CEIbCKOX03sIICTBEHHBIX
arperaToB»
2.1.1 3apanue nis padoThbI:

1. Onpenenenue TBEPAOCTH MOYBBHI.
2. Onpenenenuie riayOuHBl 00PaOOTKH TTOYBHI.
3. Onpenenenne TBEPAOCTH METAIIOB.

3.1.2 Kparkoe onucanue MpoOBOAUMOIO 3aHATHSA:

OO01mas XxapakTepUCTHKA BHEIIHUX YCJIOBHH

OaHuM U3 yCIOBHMI NPaBHJIBHOTO IJIAHUPOBAHUS U TMPOBEACHUS HUCHBITAHUH C. X.
TEXHUKH SIBIIAECTCS HaJW4He IOCTOBEPHON HMH(POpPMALUM O MPUPOIHO-NPOU3BOJICTBEHHBIX
YCIIOBUSAX, KOTOpPbIE OTHOCATCA K OOBEKTUBHBIM (haKTOpaM YCIOBHS IPOBENCHUS
UCHBITAHWH, KOTOpPHIE B 3HAYMTEIBHOW Mepe ONpeAeNsioT o0Iue 3aKOHOMEPHOCTH
HKCIITYaTallMOHHO-TEXHOJIOTHYECKHUX MPOLECCOB PabOTHI.

B mnepByio odepenp HEOOXOAMMO YUYUTHIBATH TJIaBHBIC (AKTOPHI, XapaKTEPU3YIOIINE
IPUPOJHO-KIMMATHUYECKHE U MPOU3BOJCTBEHHBIC YCIIOBHSA, KOTOPHIE BIHSAIOT HA TATOBBIC
cBOMcTBa W pabodee CONPOTHBICHHWE MAIINH, TEXHOJOTHIO BBIIOJHEHUS pabodero
mpoliecca u peKuMbI paboThI arperaTos.

Bonpmioe BiusiHME Ha mTOKas3aTenu pabOThl MOOMIIBHBIX arperaToB HMEIOT TakKue
(bakTOphl  TPUPOJHO-NPOU3BOACTBEHHBIX M  METEOKJIMMATHYECKUX  YCIOBHH, Kak
¢du3nUIecKoe COCTOSHUE MOYBBI U 00pabaTbiBaeMoi OMOJIOTHYECKONH MAacChl KOTOPbIE, MUKPO
- ¥ Makpopenbed moneil u uccaeaoBaTeNbCKUX YIaCTKOB, UX Pa3Mephl, U T. II.

CrarucTuueckuil aHajdu3 yKa3aHHBIX (DAKTOpPOB MOXKET OBITh NMPOBEJCH Ha MpUMEpe
OTJCNBbHBIX THIHMYHBIX PAaliOHOB M 00JacTel MOYBEHHO-KJIMMAaTHYECKUX 30H HA OCHOBE
MHOTOJIETHETr0 cOOpa MaTeprajIoB U MPOBEACHUS CIIEINATbHBIX UCCICJOBAHMH.

B cBa3u ¢ OonpmiuM 00BEMOM HEOOXOAUMBIX JAHHBIX, KOJHYECTBO H MECTO
OlpeieNeHUsl MoKa3aTesleld He0OOX0ANMO IUIAHMPOBATh METOJOM CIIy4ailHBIX HCHBITAaHUH,
MCIOJB30BAaTh HPH 3TOM TAaONUIly CIIy4ailHBIX YHCEN, yYUTHIBAas MPU 3TOM TUIHUYIHBIC
YCIIOBUS U UX KpaiHHE (IKCTPEeMalIbHbIC) OTKIOHCHHUS.

CtpyKTypa U coaepKaHue arpOTeXHUYECKON OIICHKH.

ATpOTEXHUYECKYI0 OLEHKY INpPHU HCIBITAHHBIX MAIlMH HEOOXOJMMO IPOBOAMUTH B
ONTHMAaJIbHbIE arpOTEXHUUYECKHE CPOKH, KOTOPHIE YCTAHOBJIECHBI JJIsi JAaHHON 30HBI YOOpKHU
C. X. KynbTypsl. [Ipuyem oOmias xapakTepUCTHKa JaHHOW KyIbTYphl TOJKHA OTBEYATh
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MOKAa3aTeIsIM XapaKTEPUCTUKH KYJIbTYPBI, KOTOpble yCTaHOBJIEHHbIe B T3 Ha pa3paboTKy
MAIlIMHBI, KOTOPas NPOXOJUT UCIBITAHUE.

[Toka3zaTenu arpOTEXHUYECKOW OLIEHKU NPU UCHBITAHUU C. X. MAIUH MOYKHO YCIIOBHO
MIOJICJINTh HAa TP OCHOBHBIE TPYIIbI, KOTOPbIE UMEIOT TAKYIO CTPYKTYPY:

1) mepBasi XapakTepU3yeT TEXHOJOTMYECKHE BO3MOXXHOCTH MAIIMHBI, K KOTOPBIM
OTHOCATCA:

A) npeaeabHble M0Ka3aTelu arpoTeXHu4eckoro (oHa;

b) nokazarenu pexxuMoB pabOThl MaIlIUHBL;

B) [IOKa3aTelIM TEXHOJOIMYECKMX XapaKTEPUCTUK YCIOBUM  INpPOBEAECHUS
UCIIBITAaHUH, HAmpUMEp, BIAXKHOCTH 00pabaThIBa€MOro Marepuala, 3aCOPEHHOCThH MOJI
COpHSIKaMH, IIJIOTHOCTb W HEPOBHOCTb IIOYBBI, CKOPOCTb JBM)KEHHUS, IPONYCKHas
CIIOCOOHOCTH, YPOXKAHHOCTh KYJABTYPHI U T. 1.

2) BTOpas XapaKTEpHU3yeT KaueCTBO BBHIIOJHEHUS] MAIIMHON TEXHOJOIMYECKOTO
Ipouecca B TUMNHYHBIX 30HAJBHBIX YCIOBHUSAX MPU ONTUMAIBHBIX M JONYCTHUMBIX
MpeJeabHbIX peXUMax paboThl, KOTOPOE PETIAMEHTUPYIOTCS HMCXOJIHBIMU TPeOOBaHUSIMU
Ha KQKJbIM TUN MAaIlIMHBIL;

3) TpeThA XapaKTepu3yer MMOKa3aTeln CTaOUIBHOCTH BBITIOJIHEHUE
TEXHOJIOTUYECKOT0 POLecCa B Pa3HbIX 30HAJIBHBIX U HKCIIJIYaTALMOHHBIX YCIOBUSX.

ArpoTexHuyecKkas OIlleHKa MalllMHbl BKJIIOYaeT B cebe MpoBeJeHUE TaKuX BHUIOB

pabor:
1) OIpEIETICHUE YCIOBUN NIPOBEICHUS UCIIBITAHUM;
2) BBIOOP PEXXMMOB pabOTHI;
3) olnpeeseHue moKas3aTeineil kauecTBa paboTHl.
K ycinoBusiM npoBeaeHUs UCIIBITAHUM OTHOCSTCS:
1) METPOJIOTHUYECKHUE YCIOBUS, T. €. TEMIIEpPATypa BO3/1yXa, OTHOCUTENIbHAS BJIaXXHOCTh
BO3/1yXa, 0CaJIKU, CKOPOCTh BETpa, aTMOC(epHOe AaBICHHUE;
2) XapaKTEPUCTUKH TIOJS WM y4acTKa, T. €. peabed moiss (ydacTka), MUKpoperbed

y4aCTKa, 3aCOPEHHOCTD ITOCEBOB U MOYBHLI COPHAKAMH U KaMHAMH, TOJIIMHA I1JIaCTa A€pHA U
CTEIEHb CBA3AHHOCTHU JIEPHA;

3) XapaKTEpPUCTHUKA IIOYBBI, T. €. TUIl IIOYBBl U HA3BaHHWE 10 MEXaHUYECKOMY COCTaBY,
(pakLMOHHBII COCTaB MOYBBI, BJIAXHOCTb M INIOTHOCTh IMOYBBI B 3aJlaHHOM ILJIacTe,
IJIOTHOCTB IOYBBI;

4) XapaKTepUCTUKA KYJIbTYpBI, T. €. Ha3BaHUE KYJIbTYPBI, YPOXKAWHOCTb KYJIbTYpbI Ha
noJie WJIM YydacTKe, crnenuuyeckue IOoKazaTelu s OTACNIbHBIX KYJIbTYp, Hampumep,
3€pPHOBBIC - BBICOTA, BJIIAKHOCTb CKOLIIEHHOTO BaJIKa U T. 1.;

5) KOPHEIUIOJbI - OTKJIOHEHHE KOPHEIUIONOB OT OCEBOM JIMHUU PsAKA, PACIOIOXKEHUE
T0JIOBOK OTHOCUTEJIBHO ITOBEPXHOCTHU MOYBBI, UHTEPBAJ MEXKY PACTEHUSMHU U T. 1.;
6) IIOCEBHON MaTepuall - BIAXHOCTb CEMSH, UX (PaKLMOHHBIN COCTaB, 3aCOPEHHOCTh

MOCTOPOHHUMHU MPUMECAMH U T. II.
[Tpu BeIOOPE peXKMMOB pabOTHI OMPEAEINISAIOT TPAHUIBI U3MEHEHHUS:

1) CKOPOCTH JBWKEHHUS MAIIMHBI WJIM arperara;
2) r1youHy X0/1a pabounX OpraHoB;
3) KMHEMAaTH4YeCKHe, THAPABINYECKHE WM JJIEKTPUUYECKUE PEKUMBI pabOThl, €ClIu OHU

Ipe1yCMOTPEHBl U3MEHSIeMbIMU B T3, HampuMep: TPaHULBI U3MEHEHHs YITIOBOH CKOPOCTH
oOpamieHuss MOJOTHJIBHOrO OapabaHa, poTropHoro OapabaHa ¢Qpe3bl, OUTEpPHOro Bana
OUHCTUTENS TOJOBOK KOPHEIUIONOB, AaMIUIMTYJy pPEHIETHOTO COCTOSHUS, T'PAHHIIBI
U3MEHEHUs paboyux AaBiICHUN T'UAPOMOTOPOB U T. 1.;

4) ¢u3MUEeCKUX BEIMYMH 3a4E€THBIX YYaCTKOB JUISl MCHBITAHUM Uin oO0beMa MaTepuala,
KOTOPBIN MOCTynaeT Ha 00paboTKy H T. II.;

5) KOJIMYECTBO IMpo0, KOTOpBIE HEOOXOAMMO B3STh NPH NMPOBEACHWH HCIBITAHUN Ha
OJTHOM pEXKHME;

6) U APYTUX CHeHU(UYECKUX BEINYHH, KOTOPBIE XapaKTEpHBI IS PEKUMOB PaOOTHI

JAHHOTO THUIAa HCIBITHIBAEMON MAalIWHBI, HAllpUMEpP, PACCTOSIHUE MEPEeBO3KU COOPAHHOTO
12



Marepuana u T. [I.
K moxkazarensam kadecTBa pabOTHl OTHOCAT (DYHKIIMOHAJIBHBIC IMOKA3aTeJM KadecTBa
BBITTOJIHEHUS] TEXHOJIOTHYECKOTO MpOoIiecca.
2.1.3 Pe3yabTaThl U BHIBO/BI:

Hamnucate oT4eT M caenath BBIBOJBI 10 MPEACTABICHHON WHPOPMAIMH B MPAKTUICCKON
pabore.

2.2 lIpakTuyeckoe 3ansaTre Ne 2 ( 2 yaca).

Tema: «MeToayka U3rOTOBIEHUS TEH30IaTUNKOBY
2.2.1 3apanue nis padoThbI:

1. XapakTepuCTUKH TEH30PE3UCTOPOB.

2. MeTOI[I/IKa HU3IroTOBJICHHUS TCH304aTUYNKOB.

3. [IpoBepka kauecTBa U3TOTOBIEHUS TEH30/IaTYMKOB.
2.2.2 Kparkoe onucaHue poBoAMMOro 3aHATHS:

B KOHCTpYKIIMU AIEKTPOHHBIX BECOB MPUMEHSIOTCS TEH30JATYMKHU PA3JIMYHBIX THUIIOB:
TEH30PE3UCTOPHBIN, WHIYKTUBHBIH, €MKOCTHOM, ONITUKO-TOJISIPU3AILIMOHHBIN,
MbE302JICKTPUUECKUM, BOJIOKOHHO-ONTHYeCKUi. Haubonpmyo mNOmyaspHOCTh Cpeau
MPOU3BOAUTENEH JJIEKTPOHHBIX BECOB TMOJYYMJIM TEH30PE3UCTOPHBIE NAaTUYUKU WU
TEH30JJaTYUKHU.

TeH3omatunk (TEH30PE3UCTOPHBIM JATUYMK) - TMpeoOpa3oBaTeNb CHUJIbI, HW3MEPSIONIUN
Maccy METOJ0M IpeoOpa3oBaHUs U3MEPSIEMOU BEIUYHUHBI (MACChl) B APYTYIO U3MEPSAEMYIO
BEIMYHUHY (BBIXOAHON CHUTHAN) C YYETOM BIUSHUS CUIIBI TSHDKECTH U BBITATKHBAIOIICH CUITBI
BO3/yXa, ICHUCTBYIOIHNX HA B3BEIIMBAEMBI OOBEKT.

Tenzongatuuk (puc. 1) coctout us:

Pucynox I -KoncTpykuus TeH304aTUnKa

1. Ynopyruii 31€eMEeHT - Tel0 BOCHPUHHMMAIOLIEE HArpy3Ky, HW3rOTaBJIMBACTCS
NPEUMYIIECTBEHHO M3  JIETUPOBAHHBIX  YIJIEPOAUCTBIX  CTaled  IpeaBapUTENIbHO
TepMO0OpaboTaHHbIE, IJIs MOJIYYEHUs CTAOMIIbHBIX XapakTepucTUK. KOHCTPYKTUBHO MOXKET
OBITb HW3TOTOBJEH B BHJAE CTEpKHS, KOJIbIIa, TeJd BpameHus, KoHconu. Ilupokoe
pacrpocTpaHeHHe MOMYyYHJId KOHCTPYKIIMH B BUJIE CTEPIKHS (MIIM HECKOIBKHUX CTEpIKHEH);

2. Tenzopesuctop - (GONBrOBBIH MM TNPOBOJOYHBIM PE3UCTOP, NPUKICCHHBIH K
YOPYTOMY 3JIEMEHTY (CTEpXKEHb), U3MEHSIOIMNI CBOE CONPOTHUBIECHHUE IMPONOPLUOHAIBHO
nedopMaly ynpyroro 3JeMeHTa, KOTopas B CBOIO o4epe/lb NPONOPLHOHAIbHA Harpy3Ke;

3. Kopnyc npmatumka - mnpenHazHaueH Ui 3alUTBl  YOPYroro DJJ€MEHTa H
TEH30PE3UCTOPA OT MEXAHMYECKUX MOBPEKICHUN M BIUSHUSA OKpYyXawueil cpenbl. Umeet
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paznuunoe ucnonnenue IP (IngressProtectionRating) B cOOTBETCTBUM € MEXIyHApOIHBIM
crannaptoM [EC60529 (DIN40050, 'OCT 14254-96);

4, ['epmernynblii BBOA (KaOCIBHBIM pa3beM) - TpEIHA3HAYEH IS TOJKIIOYCHUS
TEH30JaT-4YUKa KO BTOPUYHOMY IpUOOpPY (BECOBON WMHIMKATOP, AJNEKTPOHHBIA YCUIUTENb,
AIIIT) mpu momotu kabesnsi. Bo3M0XKHBI BapuaHThI MOJIKIIOYCHUS 110 6-TH U 4-X TPOBOTHOM
cxeMe. TeH30JaTYMKU KOMILUIEKTYIOTCS, KaOelsiMU pa3IM4HOM JJIMHHBI, CYHIECTBYIOT
KOHCTPYKIIMH C BO3MOXHOCTBHIO 3aMeHbl kaOens. Ha Puc.2 oToOpakeHa KOHCTPYKIIHS
TEH30/IaTYMKa C YIPYTUM 3JIEMEHTOM B BHJI€ KOJbIa 1M03.1.

5. Unwurt - HanpsiKeHUue NUTaHus U3MEPUTEIbHOTO MOCTA, Kak MPaBUJIO B UHTEpBaiIax 3-
30B HampsokeHHsT TEPEeMEHHOTO WM TMOCTOSHHOTO ToOKa, UCHUITH - HampsiKeHHe
n3MepuTenbHON nuaroHanu mocta, Rl, R2, R3, R4 - conporuBneHus niaed u3MepUTEITLHOTO
MocTa, RK- noGaBouHOe compoTHBIEHHE, HEOOXOAUMOE Il KOMIIEHCAllMUd HW3MEHEHUS
TeMIepaTypbl OKpYKarolieil cpebl U BHIpaBHUBAHUS YyBCTBUTEIbHOCTH.

Pucynox 1 - Moct Yurcrona

UyBCTBUTEIBHOCTh - 3TO OTHOILIEHWE BBIXOJHOTO HampsbkeHue curHana Ucurn [MB
(Munu- BoabT)] K BXOAHOMY HamNpsDKEHUIO MUTAHHS TeH30MeTpuueckoro mocta Unut [B
(BonbT)]. Kak mnpaBuimo, B MAacHOPTHBIX JaHHBIX K TEH30/JaTYMKYy YYBCTBUTEIBHOCTD
(momuHanbpHast) obo3zHauaercs Cn. K mpumepy, ecnu ykazano Cn=2MB/B u HOMUHambHas
Harpy3ka Emax=10T (ToHH), TO cieayeT moHumath, uTo npu Unut=10B u BO37elcTBUHN
rpy3a maccoii 1 1., Ucura=2mB.

B mHacrosmee BpeMs CyHIeCTByeT MHOXXECTBO HapaOOTOK B 00JIacTH TEH30METPHUH,
TEXHOJIOTHSX W3TOTOBJICHHS TEH30PE3WCTOPOB M  TEH30JaTYMKOB. Hopmupyrommm
JOKYMEHTOM JIJIsi TPOU3BOAMUTENS TEH301aTUUKOB siBiisieTcs Pexomennanuun MO3M (OIML)
P60 (R60). [IpousBoauTenu BECOBOTO 00OpYAOBaHUSA MPUMEHSIOT B KOHCTPYKIHUAX CBOUX
BECOB PA3JIMYHBIC THUIBI TEH30JaTYUKOB, B 3aBHCUMOCTH OT IpEIHA3HAUCHHS H YCIOBUH
JKCITyaTallul BECOBOTO 000pYI0BaHMUS.

Ot BBIOOpa THUMA TEH30JaT4YUKa, y3Jla BCTPOMKHU, KOHCTPYKLUMH MIaTGOpPMBI, KadyecTBa
dbyHnamenTa (OCHOBaHHUs) BECOB 3aBHCHUT HAJIE)KHOCTh M KadyeCTBEHHas pabora, KoTopas
HEBO3MOXKHa 0e3 BTOPUYHBIX IpeoOpazoBaTesell CUTHalla WM BECOBBIX HHAMKATOPOB
(TepMHuHAIIOB).

2.2.3 Pe3yabTaThl U BHIBO/IbI:

Hammcatp oT4eT u crnenaTh BBIBOABI MO MPEACTABICHHON HH(POPMAIMKN B MPAKTHICCKOM
pabore.
2.3 [IpakTuyeckoe 3ansaTue Ne 3 ( 2 yaca).

Tema: «MeTtoauka mpoBeaeHUS JJAOOPATOPHBIX U MOJEBBIX IKCTIEPUMEHTOB)
2.3.1 3apanue nis padoThbI:

1. TpeboBaHus K OJIEBBIM UCTIBITAHUAM MAIIHH.

2. XapaKTEpUCTUKHU SKCIIEPUMEHTAIbHON TEXHUKH.
3. MeTonuka npoBeAEHUs UCIIBITAHUM.

2.3.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:
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DKCIEpUMEHTOM MBI Ha3bIBAEM TY YaCTh UCCIEIOBAHUS, KOTOPAs 3aKIIOYACTCS B TOM,
YTO UCCIEN0BaTeNlb OCYIIECTBISIET MAaHUIYJIUPOBAHHE NEPEMEHHBIMU, M HaOII0IaeT
3¢ PexkTsl MPOU3BOJMMBIE 3THUM BO3JEHCTBHEM Ha Jpyrue INepeMeHHble. DKCIEPUMEHT
MOXET OBbITh MHOTOMEPHBIM B CIEAYIOUIUX JBYX OTHOIIeHUsAX. [I1aH sxcneprumMeHTa MOXeT
cojepxarb 0Oojee 4YeM OJIHYy «HE3aBUCHUMYIO» ImepeMeHHyto. Mnu Oonee uyem onHY
«3aBUCHUMYIO» IEPEMEHHYIO.

[lenpio BCSAKOTO JKCIEPUMEHTA SIBJISETCS MPOBEpKA TUIOTE3 O MPUYUHHOU CBSI3U
MEXy SIBICHUSMH: HCCIEAOBATENb CO3JaeT FJIM U3BICKUBAET OMPEICICHHYI CUTYAIHIO,
NPUBOJUT B JCHCTBHE THNOTETUYECKYI0 MPUYMHY W HaOIIOJaeT 3a HM3MCHEHUSMHU B
€CTECTBEHHOM XOJ€ COOBITHH, (UKCUPYET HMX COOTBETCTBHE WJIM HECOOTBETCTBUE
MPEINOI0KEHUSAM, THIIOTE3aM.

Camo mo cebe MOHITHE <«OKCIEPUMEHT» O3Ha4yaeT JACHCTBHE, HANpaBIEHHOE Ha
CO3JIaHHE YCIOBUU B IENAX OCYIISCTBICHUS TOTO WU HMHOTO SBJICHUS M MO BO3MOXHOCTHU
Hanbojee YacToro, T. €. HE OCJIOXHIEMOIro IpPYyrUMHU sBIeHHSIMU. OCHOBHOI 1€NbIO
SKCIEPUMEHTA SIBJISIIOTCS BBISIBJIEHHE CBOWCTB HCCIEAYEMBIX OOBEKTOB, MpPOBEpPKa
CIPaBEeAJIMBOCTU THUIOTE3 UM Ha OTOM OCHOBE IIMPOKOE U TIyOOKO€ H3YYEHHE TEMBbl
Hay4YHOTO HCCJEJOBaHHUS.

[TocTaHOoBKa M oOpraHu3anus SKCIEPUMEHTa ONpPEAEsSIOTCS €ero Ha3HAYCHUEM.
DKCIEpUMEHTBI, KOTOpBbIE€ MPOBOMASTCA B PA3NUYHBIX OTpPACISIX HAyKW, SABISIOTCS
XUMHYECKUMH, OMOIIOTUIECKUMU, (PU3HIECKUMU, TICUXOJIOTHUYECKUMH, COIUATBLHBIMUA H T.
n. Onu paznuuaroTcs 1O crnocody (GOpMHUPOBAHHS YCIOBUH (€CTECTBEHHBIX H
HUCKYCCTBEHHBIX); MO IeNsM HccieqoBaHus (mpeoOpasyromue, KOHCTaTUPYIOIIUE,
KOHTPOJHUPYIOIIME,  TOUCKOBBIE,  peHIalolHe); IO  OpraHu3alud  MPOBEACHUS
(mabopatopHble, HATypHBIC, IIOJIEBbIC, MPOU3BOJCTBEHHBIE U T.II.); MO CTPYKTYype
M3y4aeMbIX O0BEKTOB U SBICHHH (IIPOCTBIC, CIOXKHBIC); IO XapaKTepy BHEIIHUX BO3JEHCT-
BUH Ha OOBEKT HCCIeNOBaHMs (BEUIECTBEHHBIC, YHEpPreTHYecKrue, NHPOPMAIIMOHHBIE); IO
XapakTepy B3aUMOJIEHCTBUSA CPEACTBA IKCIEPUMEHTAIBHOTO HCCIEAOBAaHUS C OOBEKTOM
uccinenoBaHus (OOBIUHBIA M MOJENbHBIN);, MO TUIY MOJENEH, HCCIEeNyeMbIX B
SKCHEpPUMEHTE (MaTepUalbHbII W MBICICHHBINH); 1O KOHTPOJHUPYEMBIM BEIMYMHAM
(maccuBHBI W AaKTHBHBIN); IO YHUCIy BapbuUpyeMbIx (akTopoB (omHO(AKTOPHBIN U
MHOTO(AKTOPHBIN); M0 XapaKTepy U3y4aeMbIX OOBEKTOB HJIM SBJICHHUH (TEXHOJIOTHYECKHUE,
cormoMeTrpuueckue) u T. n. Koneuno, nis knaccupuKaluu MOTYT OBITh HCIOJB30BaHBI U
JIpyrye MpU3HAKH.

N3 uyucna Ha3BaHHBIX TMPU3HAKOB ECTECTBEHHBIH OSKCIEPUMEHT IMpPEAnojaraet
MPOBEJICHUE OMBITOB B €CTECTBEHHBIX YCIOBHUSX CYIIECTBOBAHUS OOBEKTAa UCCICIOBAHUS
(dame Bcero WCHONB3YyeTCS B OWOJIOTUYECKUX, CONHATbHBIX, MEIaroru4eckux u
MCUXOJOTHYECKNX HayKax). VICKyCCTBEHHBIN JKCIEPUMEHT mpejnonaraet (GopMupoBaHue
HCKYCCTBEHHBIX YCIOBHH (IIUPOKO MPUMEHSETCSI B €CTECTBEHHBIX M TEXHUYECKUX HayKax).

[IpeoOpa3yromuii (CO3UIATEIBHBIN) SKCIEPUMEHT BKJIIOYAET AKTHUBHOE H3MCHCHHE
CTPYKTYpHl U QYHKIHH 00BbEKTa UCCIAEJOBAHUS B COOTBETCTBUU C BBIIBUHYTOM TUIOTE30M,
dbopMUpOBaHHE HOBBIX CBSI3€H M OTHONICHHI MEXIYy KOMIOHEHTaMH OO0BEKTa WU MEXKIY,
uccienyeMbpiM OOBEKTOM M JpPYyrUMH OOBeKTamu. McciaemoBarenb B COOTBETCTBHUU CO
BCKPBITBIMH TEHACHUIHMSAMU pPa3BUTHS OOBEKTAa HCCIENOBAHUS MPEIHAMEPEHHO CO37aeT
YCIIOBUSI, KOTOPBIE JOJIKHBI CIIOCOOCTBOBATH (DOPMHPOBAHUIO HOBBIX CBOWCTB M KAadeCTB
o0bekTa. KoHcTaTupyIOmuii 3KCIEPUMEHT HCIONIB3YeTCs ISl MPOBEPKU OIMPEIeIeHHBIX
MPEAIOIOKEHUH.

B mnpouecce 3TOro skcnepuMeHTa KOHCTATUPYETCS HaJu4yue OIMpEeNesIeHHOM CBSI3U
MEXIy BO3JEHCTBUEM Ha OOBEKT HCCIENOBAaHUSA U PE3yJIbTAaTOM, BBISBISIETCA Hajluyue
onpenaeneHHbIX (akToB. KoHTponupyoomuil >KCIepUMEHT CBOJAMUTCA K KOHTPOJIO 3a
pe3yJbTaTaMU BHEIIHHUX BO3JEHCTBHI Ha OOBEKT MCCIENOBAHUS C YYETOM €r0o COCTOSIHUS,
XapaxkTepa BO3JAEHCTBHS U okugaeMoro 3¢ dekra.

[TouckoBbIll AKCHEPUMEHT MPOBOJAMTCS B TOM cllydae, €clid 3aTpyAHEHa
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kiaccuukanus (akTOpoB, BIUSAIOIMIMX Ha HM3y4aeMOE SIBJICHHE BCJIEACTBUE OTCYTCTBUS
JOCTATOYHBIX MpeABapUTEIbHBIX (ampHOpHBIX) AaHHBIX. [lo pe3yapraTaM MHOUCKOBOTO
SKCIEPUMEHTA YCTAHABJIMBAETCS 3HAYUMOCTh (DAKTOPOB, OCYHIECTBIISIETCS OTCEHMBAHUE
HE3HAYUMBIX.

Pemaromuii 3KCIEPUMEHT CTAaBUTCA ISl NPOBEPKHM CHPABEIIMBOCTH OCHOBHBIX
MOJOKEHUN (PyHIaMEHTaNbHBIX TEOPUH B TOM cllydae, KOrJa JB€ MM HECKOIbKO THIIOTE3
OJIMHAKOBO COrJIACYKOTCS CO MHOTMMH SIBIEHHUSIMH. OTO COIVIaCHE€ MNPUBOJHUT K
3aTPYIHEHUIO, KAKY0 UMEHHO M3 THUIIOTE3 CYUTATh NPABWILHON. Pemarommui 3KkcnepuMenT
JaeT Takue GakThl, KOTOPHIE COTJIACYIOTCS C OJTHON M3 TUIIOTE3 U MPOTUBOPEYAT APYTOH.

[IpumepoM pemraroniero SJKCIEpUMEHTa CIy>KaT ONBITHL IO IPOBEPKE CIPABEAIMBOCTH
HBIOTOHOBCKOI TEOpPHH MCTEUEHUs CBETA M BOJHOOOpa3HOW Teopuu ['1oiirenca. ITu OMBITHI
ObLTH TOCTaBleHbl (paHiy3ckuM ydeHbIM Dyko (1819—1868). Oum kacanuchp Bompoca o
CKOPOCTH pPacupoCTpaHEHMs CBe€Ta BHYTpU IHpo3pauHbix Teil. CoryiacHo rumnorese
HCTEUEHUS, CKOPOCTh CBETAa BHYTPHU TAaKUX TeJd AOJKHA ObITh Oojblie, yeM B mycrore. Ho
@dyko CBOMMH OMBITAMHU J0Ka3al oOpaTHoe, T. €. 4TO B MEHEee IUIOTHOW cpelie CKOPOCTh
cBeTa Oompmrasi. TOT onbIT DyKO U OBLUT TEM PEIIAIOIIUM OIBITOM, KOTOPBIA PEIIU CIIOp
MEXIy JAByMs Tunore3aMu (B HacTosimee BpeMsi rumore3a [loiireHca 3ameHeHa
3JIEKTPOMAarHUTHOM TUIIOTE301 MakcBeia).

ApyruM npuMepoM pemarmniero SKCIEPUMEHTa MOXET CIYKHUTb CIHOP MEXIY
IItonemeem n KonepHukoMm o asuxeHuu 3emun. Pemaromuii onblT dyko ¢ MasTHUKOM
OKOHYATEJbHO PEILIN CIOp B M0Jb3y Teopun KonepHuka.

JlabopaTOpHBI  HKCIEPUMEHT TMPOBOJUTCA B  JIaOOPAaTOPHBIX  YCIOBHUSX C
NPUMEHEHHUEM THUIIOBBIX MPUOOPOB, CHEIHUATIBHBIX MOJACIUPYIOMINX YCTaHOBOK, CTEHIOB,
o0opynoBaHus u T. Yaie Bcero B 1a00paTopHOM HKCIIEPUMEHTE U3YYaeTCsl HE caM 00BEKT,
a ero oOpasem, OHTOT OHKCIEPUMEHT TO3BOJSET J0OpOKaueCTBEHHO, C Tpedyemon
ITOBTOPHOCTBHIO M3YUYWUTh BIIMSHUE OJHHUX XapAKTEPUCTHUK MPU BAPbUPOBAHUM JAPYTHUX,
MOJYYUTh XOPOILIYI0 Hay4dHyl HHGOpMALHMI0 C MUHUMAaJbHBIMH 3aTpaTaMd BPEMEHH U
pecypcoB. OgHAKO TaKOW IKCIEPUMEHT HE BCErJla MOJHOCTHIO MOJICIUPYET PEATbHBIN X0
M3y4aeMoro IIpoliecca, IMO3TOMY BO3HHMKAeT MOTPEOHOCTh B MPOBEACHUU HATYPHOTO
sKcrepuMenTa. HaTypHbI 3KcniepuMeHT 1 NMpOBOIUTCA B €CTECTBEHHBIX YCIOBHUSIX U Ha
peanbHbIX 00BbEKTax. DTOT BUJA dKCIEPUMEHTA YacTO MCIOJIb3YETCsl B MPOLIECCE HATYPHBIX
UCIIBITAHUHN U3TOTOBJIIEHHBIX CUCTEM.

B 3aBucumocTH OT MecTa NpPOBEIECHMS MWCIBITAHUW HATypHbIE SKCIEPUMEHTHI
MOJpa3ieNA0TCs. Ha IMPOU3BOJCTBEHHBIE, IIOJIEBBIE, IOJUTOHHBIE, MOJYHAaTYpHbIE U T. II.
HatypHblii 3KCIIepuMeHT Bcerja TpeOyeT TIIATEeIbHOTO MPOAYyMBIBaHUS U TUIAHMPOBAHMS,
panMoHAIBHOTO TON0Opa METOAOB ucciefoBaHusA. IIpakThuuecku BO BcexX Ciydasx
OCHOBHasi Hay4Has MpoOJieMa HATYpHOTO SKCHEPUMEHTa — OO0ECIeYUuTh JOCTATOYHOE
COOTBETCTBHE (aJ€KBATHOCTh) YCJIOBHUM SKCIIEPUMEHTA pPEajbHON CHUTyallMid, B KOTOPOH
Oyner paboTaTh BIOCIEACTBUHU cO3JaBaeMblii 00beKT. [l03TOMY HEeHTpaIbHBIMU 3aJadaMu
HATYpHOTO JKCIEPHUMEHTA SBIAIOTCS: W3YYEHHE XapaKTEPUCTHUK BO3JACHCTBUS Cpeabl Ha
UCTIBITYeMbId OOBEKT; HACHTU(PUKAIUMA CTATUCTHUYECKUX M JAUHAMHYECKHX IapaMeTpoB
o0bekTa; oreHka 3()PeKTUBHOCTH (GYHKIIMOHUPOBAHUS OOBEKTa W MPOBEpPKa €ro Ha
COOTBETCTBHUE 3aJJaHHBIM TPeOOBaHUSIM.

2.3.3 Pe3yabTarhl U BHIBOJBI:

Hanmcatpe oT4eT u caenath BBIBOJBI 0 MPEACTABICHHOW HHPOPMALIUU B MIPAKTHYECKON
pabore.
2.4 llpakTuyeckoe 3ansaTue Ne 4 ( 2 yaca).

Tema: «[IoUCK ONTUMAIBHOTO PELICHUS OIHOMAKTOPHON 3a1aUn»
(yxasvieaemcs mema npakmuyecko2o 3aHAmusi 8 COOMeemcmeul ¢ paboudeti npocpammott
OUCYUNTUHDL)
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2.4.1 3apanue nis padoThbI:

1. AHaJTUTUYECKUN BapUaHT.
2. I'padmyeckuit BapuaHt.
3. IlporpamMmMHBbIif BapuaHT.
2.4.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHS:

[TomyuenHnass  Mojaenp  NO3BOJAET  HAWTH  ONTHUMAJbHBIM  YPOBEHb  3aTpar
obecreunBalOmMMil  MaKCHUMaJIbHBIH  ypOBEHb  peHTabeNpbHOCTH. [l 3TOrO  MOXKHO
BOCHoab30BaThes cpeacTBamu Excel mento Cepsuc / [louck pemenus.

OtkpsiB JIuct Kaurn Excel, u BeIOpaB B kauecTBe 1eeBoi suciiku $HS$2, 3anecem B
Hee ¢popmyny = 13,418 + 4,939 « x- 0,21 « x?. AxtuBu3upyem «PaBHOU MakcHUMalbHOMY
3HAYCHHIO». B KauecTBe MHTEpBalia M3MEHEMbIX 3HaUCHH siueek ykaxkeMm $H$4 u BBenem B

HEe HayaJlbHOE 3HA4YCHHUE IMOUCKa paBHoe 5. HaxaB KHONKY «BBIOIHHUTE» mOIy4YUM
pemenue (puc. 1 u 2).

L -
-4 Ha
o . |
i =T TSR AT e
o Fpewss verpeT g B 1
4 | i ¥
I :
| T g o [z = |
N RSP . : T_
I
158 —
AL ‘
Pirc. 1 — Peyynsrarsd pemenns
A =N Mt #0830 PGS SN e 7 N et M ] I Jo=
1 1w - amTRATH PRACKFLE, TeiC. pyb. i
"7 |y - yposeus penmaGoncreciv, B[Lancoan nusdics (Padrabianeuoce) ¥ = A2 4713
| QagmenrmeTs prrTalnTname 0T
|
3 FPUBHST FATPAT pRCYPCa
4 ! [ = ¥ VIZMEHAR SHEYERra A4k [3ampate) X = 11,7619
E 1 il id i
- 2 | T T AT =
E 2 : g% ::I;n: [ TR EHY DalLmRIE . Bs of Par s Ko
= T N B itk .
- L T R e B
] 72 | a2 | FiCoopageme vefnsceon pasmd] | Moo |
2 14 a0 | ™ FOCC T SHOEE T MCXNOUHSE SHas imHem | s q
13 | El 1E 3H A= T ':
a1 10 18 =5 i CH | e Coppanime mussapeni.. | Crpasea | |
151 Cpen. 5.0 EERCIM | e e ——————
16 | P il bog oK1
i7__b0 bl -
1 1343 154 Eir ]
[SETTRELET (EF)
peEHTAbERe=OCTe CRGAVE
e aTe © HanemmnG TR 090 B
npagonax ot 40 au 44 5 %, nge
ypoaHa satpar 11,76 yomrammis
191 SEMHUL W3 rekTap
Puc. 2 — Peavieratsl pemenns (MpoloDKenHe)

Takum o0Opa3om, ¢ HaAEKHOCTHIO 95% MOXKHO OXKHMJIATh, UTO MPH YPOBHE 3aTpar

paBHOM 11,762 peHTa0eNbHOCTH HE BBIHIET3a MPEICIIBI
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y = 13,418 +4,939-x-0,21-x~ =+¢, -§, = 42,472+2,31 « 1,117 (noBepUTEIbHBII

HHTEPBAI).
Kputepuii CtbrosieHTa f,, MOKHO ONPEAETUTH ¢ HOMOIIBIO GyHKIMHU JlucTa

2.4.3 Pe3yabTaThl U BHIBO/IbI:

Hammcatp oT4eT n caenath BBIBOJBI IO NMPEICTABICHHON MHPOPMAIMH B MPAKTUIECKON
pabore.

2.5 lIpakTuyeckoe 3ansaTue Ne 5 (2 yaca).

Tema: «HTEepOpeTaIus pe3yabTaTOB MHOTO(PAKTOPHBIX IKCIIEPUMEHTOB
(ykazvleaemcs mema npaKmu4eckKoeo 3aHsmus 8 COOMeemcmsuu ¢ paboyeti npocpammon
OUCYUNTUHDL)
2.5.1 3aganue njst padoThI:

1. BuyTpurpymnmnosas 1ucrepcusl.
2.MexrpynnoBasi TUCTIEPCHs.
3.00mas gucnepcusi.
2.5.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS

B HacTtosimiee BpemMs MHOXKECTBEHHasi perpeccuss - OIWH M3 Haubolee
pacmpoCcTpaHeHHBIX METOJ0B MojenupoBanus. OCHOBHAS I1eJb MHOKECTBEHHOU perpeccuu
- IOCTPOUTH MOJIENb C OOJIBIINM YUCIOM (DAKTOPOB, ONMPEAETUB MPU S3TOM BIUSHHUE KaXKI0TO
U3 HUX B OTJEIBHOCTH, a TAaKKE€ COBOKYIMHOE WX BO3JCHCTBHE Ha MOKa3aTellb KayecTBa
GYHKIHMOHUPOBAHUS 00BEKTA HCCICIOBAHMS.

[TocTpoeHue ypaBHEHHS MHOXXECTBEHHOW pErpeccHM HAYMHACTCA C pEIICHUs
Bompoca o cunenudukanuu moaenu. Crnenudukanus BKIOYaeT B ce0s ABa Kpyra BOIPOCOB:
oTOOp (aKTOPOB U BBHIOOP BUJIa YPaBHEHHUS PETPECCUM.

Dakmopsl, 6KIIOUAEMble 80 MHONCECMBEEHHYIO Ppe2pecculo, OOINCHbL 0meeuamsy
credyruum mpebosanusim.

1. OHHU AOJKHBI OBITH KOIMYECTBEHHO U3MepUMBbI. Eciii HE00X0AUMO BKIIOYUTH
B MOJEJIb KaueCTBEHHBIH ()aKTOpP, HE HMEIOUIMN KOJWYECTBEHHOTO H3MEPEHHS, TO eMY
HY)XKHO TPHUAATh KOJUYECTBEHHYIO OINpPEJEICHHOCTh (HAampuMep, B MOJEIU YpPOXKaWHOCTH
Ka4eCcTBO MOYBHI 3aJaeTcs B BUJEe OAIIIOB; B MOJEIH CTOUMOCTA OOBEKTOB HEABUKUMOCTHU
YUYUTBHIBAETCS MECTO HAXOXKJICHHUS HEIBUKUMOCTH: PalOHBI MOTYT OBITh MPOPAHKUPOBAHBI).

2. ®dakTopbl HE JOJDKHBI OBITH KOPPEIMPOBAHBI U TeM OoJee HaXOIHUThCA B
TOYHOW JIMHEMHOM CBS3H.

BkiroyeHue B MoJenb (hakTOPOB C BBICOKOM Koppensanueil, koraa Ry < Rx1x2 nns
3aBUCUMOCTU y=a+bl-x1+b2-x2+e MOXKET MPUBECTU K HEKEIATCIbHBIM MOCIEACTBUIM —
cUCTeMa HOPMalTbHBIX YPAaBHEHUM MOXKET OKa3aThCs IUIOXO OOYCIOBJICHHOW M TMOBIEYb 3a
c0o00# HEYyCTOWUYMBOCTh U HEHAJIC)KHOCTH OIEHOK KOA(P(HHUITMEHTOB pETPECCUH.

Ecnu mexnay ¢gakTopamMu CymecTBYET BBICOKAs KOPPENSIUs, TO HEIb3s OMPEACIHTh
X H30JIMPOBAHHOE BIUSHUE Ha pE3yJbTaTUBHBIM IMOKa3aTedb M IMapaMeTpbl ypaBHEHUS
perpeccum OKa3bIBAIOTCS He-unmepnpemupyemovimu. Tak, B ypaBHeHUU y=a+bl-x1+b2-x2+e

npeamnonaraeTcs, 4ro QakTopbl X1, W X, HE3aBUCUMBI APYr OT Apyra, TO €CTh
K03 pureHT

koppensuuu rx1x2=0 Torma MOXHO TOBOPHUTH, 4YTO MapaMeTp b/ U3MEpsAET CHIYy
BIIASTHUS

¢daktopa x1 Ha pe3ynbTaT )y MpU HEU3MEHHOM 3HaueHHM (QakTtopa x,. Ecnu xe
rx1x2=1, To ¢ u3menenuem ¢axropa x/, GakTop X, 4. MOXKET OCTABATHCA HEU3MEHHBIM.
Orciona bl v HeAb3d UHTEPIPETUPOBATH KaK IMOKA3aTEIU Pa3JAeIbHOTO BIUSHUSA X1 1 X2 Ha
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y
Bxitouaembie BO MHOXKECTBEHHYIO PErpecchio GakTOpbl TOIKHBI 00BSICHUTH BapUaLUIO

HE3aBHCUMOHN mepeMeHHoW. Ecnu crpoutcss mMoaens ¢ HabopoMm x (GakTOpoOB, TO ISl HEe
paccuuThIBaeTCA MOKasaTedb JeTepMuHanud K, = R? . KOTOpHI (QUKCHPYET I0JIIO
OOBSICHEHHOW BapHWalMd pPe3ylIbTAaTHBHOIO TMpPU3HAKa 3a CUYET pacCMaTpUBAaEMBIX B
perpeccuu k pakTopoB.

BisiHHE IpYrHX, HEYYTCHHBIX B MOJCHH (DAKTOPOB OlEHHBaeTcs Kak 1 — R’ ¢
COOTBETCTBYIOIIEH OCTATOYHOU AuUcCIiepcuei (3nech R- kodhPuuueHT MHOKECTBEHHOM
KOpPENSALNHN).

[Ipu nmomosHWUTENBPHOM BKJIIOUEHHMH B perpeccuto k + 1 dakropa kodddumment
JleTepMUHAIMY JOJ)KEH BO3PacTaTh, a OCTaTOYHas AUCHepcHs ymeHbmaThes. Ilpu RE L, =
2 2 2
R m Sicv1 = Sk
Ha,Z[O HUMCTb B BUAY, UTO HUCIIPpABJICHHAA OCTAaTOYHAA AUCIICPCUSA A ocm BBIYUCIIACTCA

N
no ®opmyne: Soct = Doct X ~

N )2
_ Z:j=1 (y] _yjpa('ll

N

D ocm

L - 9ucio onpeaenseMblX BBIOOPOYHBIX KOA(P(HUIMEHTOB B MAaTEMaTHYECKOW MOJIEIH
(m1s ogHO(pakTOpHOM MOomenu L = 2);

(N - L) - 4ucno creneHeit cB0OOOIbI,

Docm -octatouyHas aucnepcus;

y j - HabmomaeMoe ((akThueckoe) 3HAUCHHE MapaMeTpa ONTHMHU3AIKU B j - OM
HaOJII0IeHUU (OTIBITE);

V j pacu - paccumTaHHOE TO MOJENHM 3HAUYEHUE MapamMeTpa ONTUMH3AIUU s
YCIOBUM j - Oro HaOIIOICHHUS.

[Ipu weOonpmiom 4uucie HaOMOAeHUNH N yBEIWUYCHHE YHCIA OMPEACIAeMbIX
K03 punueHToB L 4ucio creneHeid cBOOOABI ISl MCIPABICHHOW OCTATOYHOW IUCHIEPCUU
(N — L) MOXeT pe3Ko YMEHBUIUTCA, W HUCIpaBICHHAs OCTAaTOYHAs JUCIEPCHUS PE3KO
BO3pacTeT. DTO MPUBEACT K CHIDKCHHIO 3HAUMMOCTH KO3(P(UIMEHTOB PETrpeccuu 3a CYET
MOBBIIICHUS OMIMOOK MPU UX ONPEACICHUHU METOJO0M HAMMEHbIIMX KBaApaToB, U K MOTEpe
aJIeKBaTHOCTH MAaTeMaTH4YeCKOM MOJENH B LIEeJIOM, TaK Kak B KadecTBE KpUTEpUs s
NPOBEPKH aJCKBAaTHOCTHM MaTEeMaTHYECKOW MoJenu MpUHATA clydallHas BeJIMYMHA,

pactpenenenHas 1o 3akoHy @umepa-CHenekopa, HabmogaeMoe3HauyeHUEe KOTOPOM
S§
BbIUMCIAETCS 10 popmyne F; = =

ino

OnpenensoT UCIPaBICHHYIO BHIOOPOUYHYIO (PaKTOPHYIO AUCHEPCHIO 1O hopMyJIe:
S3=Dgp-==

rae: N - uucno Habmogenuii;Dd = Do-Docr

k1, - uucno creneneit ceo0oAbl st GpakTopHOU nucnepcuu, k1, = ky - ko,

kl,=(N-1)-(N-L) =L-1;

L - uncno kodhPUIHEHTOB B MATEMAaTHIECKON MOJICIH;

k 9 = N -1 - gucno creneHei cBOOOBI s 00 TUCTIEPCHM;

k; =N - L -4ucno creneHeit cBOOOIbI AJIsl OCTATOYHOUN AUCIIEPCHH.

N3 Tabnuipl KpUTHYECKUX TOUCK pacupeaencHus duiiepa A1 YpOBHS 3HAYUMOCTH d
U 4yucja crerneHeil cBobonapl 1 gaktopHoil (BepxHeit) aucnepcun kl, = L — 1, u uncna
cTenmeHerd CBOOOIBI Il OCTAaTOYHOM (HWXKHeW) aucmepeun k; = N - L, Oepercs
KpuTHYecKoe 3Hauenue Fy (a,k1,k2)

Ecnu nabmromaemoe 3HaueHue F, MeHbine kputudeckoro Fj (é,k1,k2)To Her
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OCHOBAaHHH OTBEPTHYTh THIIOTE3Y O PABEHCTBE I'€HEPaIbHBIX TUCIEPCUH, TO €CTh JUCIIEPCHS
OCTaTOYHasi cou3MepuMa (Mayio OTIWYaeTcs) OT aucrepcuu (dakropHoil. CiemoBaTenbHO,
pacceMBaHNe pe3ylIbTAaTOB HAONIOACHUS 3a CYET HM3MEHEHUs YPOBHS (PAKTOpOB paBHO
pacceuBaHuIo, 00yCIIOBIGHHOMY  CIy4alHBIMM  TNpPUYMHAMH U HETOYHOCTHIO
MaTeMaTUYeCKON MOJENH, MO3TOMY, HET OCHOBAHUM, MPUHATH THMOTE3y 00 aqeKBaTHOCTHU
MaTEMaTHUYECKON MOJICIIH.

Ecnu wnabmromaemoe 3HaueHue Fy Oonbiie kputudeckoro, Fi (d,k1,k2) To
MaTteMaTuyeckas Mojesb Mpu3HaeTcs aaekBarHoil. [Ipu3HaBas rumorte3y aJeKBAaTHOM, MBI
PUCKYEM C BEPOSITHOCTBHIO @ COBEPUIUTH OIIHMOKY MEPBOTO poOJa, TO €CTh OTOPOCUTH
3aBEJIOMO CIPaBEJJIMBYIO THUIOTE3y O paBEHCTBE (HAKTOPHOW W OCTATOYHOW HOHCIEpCUid
(IpUHATH HeaJeKBAaTHYIO MaTEeMAaTHUYECKYIO0 MOJEINb aIeKBAaTHOM).

2.5.3 Pe3yabTarhbl U BHIBOJBI:

Hanwmcatpe oT4eT u caenath BBIBOJBI IO MPEACTABICHHOW HHPOPMALIMU B MPAKTHYECKON
pabore.

2.6 IlpakTuyeckoe 3ansaTue Ne 6 ( 2 yaca).

Tema: «llocTpoeHre KPUBOJIMHCHHON MOJICIIID»
(ykazvleaemcs mema nPaKmu4ecko20 3aHamus 8 COOMEemcmasuu ¢ paboueti npocpammon
OUCYUNTIUHDL)
2.6.1 3ananue nuis padoThbI:

1. Perpeccus.

2. JluHus perpeccuu.

3. TloxbGop K03 HUITMEHTOB MOJIEITH.

2.6.2 Kparkoe onucanue nmpoBoAMMOro 3aHATHS:

Jlns noctpoeHus Mojenr Buaa y=a0+al xx+a2x x% cOCTABHM CHCTEMY

HOPMaJbHBIX JTUHEHHBIX ypaBHeHHid. [l sToro npuMeM x1=x2 u x2=x2 . YToOHI Me-
TOJIOM HAaWMMEHBIIIUX KBaJAPaTOB HaWTHU BhIOOpouYHBIC KOdbduumentsr (al,al m a2 ) , He-
00X0AMMO MUHHMM3UPOBATh CYMMY KBaJpaTOB OTKJIOHEHHUH pe3yJabTaTOB HAONIOACHUH OT
pe3ylbTaTOB pacuera Mo MOJENH, TO €CTh U3 YCIOBUS:

2i=1( yi — a0x0j — alx1j — a2x2j )"2—Min

rae N - uucio HaOJIroIeHAH.

IIpupaBHUBas HYJIIO YaCTHBIE IPOU3BOAHBIC OT 3TOM CYMMBI KBaJIpaTOB OTKJIOHECHUH,

B35ThI€ 10 HEU3BECTHHIM KO3 punuentam al,alu a, ; MOTy4YUM CHUCTEMY TaK Ha3bl-
BAEMBIX HOPMAJIbHBIX YPABHEHUM:

ag+ta; X X +a, x x> =y ag x X +a | x x* a2 xx3=x x y ao

ex?+ajex +ta, e x'=x"y.

Torga nust Hamero npumepa 3Ta CUCTEMa IPUMET BUJ

N X x? X’ x* y Xey 2

| 0 0 0 0 14 0 0

2 2 4 8 16 22 44 88

3 4 16 64 256 29 116 464
4 6 36 216 129 35 210 1260
5 8 64 512 409 40 320 2560
6 10 100 100 100 44 440 4400
7 12 144 172 207 42 504 6048
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8 14 196 274 384 40 560 7840
9 16 256 409 655 38 608 9728
10 18 324 583 104 35 630 1133
Cpe 9 114 162 245 33,9 343, 4372

ap+9a,+114 ap = 33,9

9ap +114 a, + 1620 a, =343 ,2

114 a9 + 1620 a, + 24532 ,8a, = 4372 ,8

Pemias koropyto, nomyunma o =13,42; a, = 4,94; a,=— 0,21.

2.6.3 Pe3yabTaThl U BHIBOJBI:

Hamucate oT4eT M caenath BBIBOJBI 10 MPEACTABICHHON WHPOPMAIMH B MPAKTUICCKON
pabore.

2.7 llpakTuyeckoe 3anaTue Ne 7 ( 2 yaca).

Tema: «IlocTpoenne KpuBoIUHEHHON Moaenn. Perpeccnonnas craTucTrka. JIucrnepcuoOHHBIM
aHaJIn3.»
(ykazvleaemcs mema nPaKmu4ecko20 3aHamus 8 COOMEemcmasuu ¢ paboueti npocpammon
OUCYUNTIUHDL)
2.7.1 3apnanue nis padoThbI:

1. HMutepBanbHas OLEHKA.
. Craructudeckas npoBepKa rUnoTes.
3. Koadpounuent CtpronenTa.
2.7.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

YpaBHEHUE perpeccuu

Y=4,887+1,955X+0,01929X"2

S =3,29937 R-Sq = 91,5% R-Sq (adj) = 89,8%

HUctounuk DF SS MS F P

Perpeccus 2 1174,06 587,032 53,93 0,000 Error 10 108,8610,886

Total 12 1282,92
WcTounuk DF SS F P
JInueHbIi 1 1172,98 117,36 0,000

[TapaGommueckuii 1 1,08 0,10 0,759

Dta mepBas CIOXKHAs MOJENb, C PErPECCHOHHBIM YPaBHEHHEM W CO 3Ha4YeHUEeM R-
kBagpat (91,5%), koropas mpeBbimaer npeapiaymyr Ha 0,1%. Ho Tak kak pasHuia
HE3HAYUTENbHAsA MBI C JISTKOCTBIO MOXKEM HCIIOJIb30BaTh IEPBYIO, MPOCTYIO, JIMHECHHYIO
MOJICb.

Kybuueckast mosenp

YpaBHEHUE perpeccuu

Y=11,73-1,597X+0,4989X"2-0,01860X"3

S =3,31121 R-Sq = 92,3% R-Sq (adj) -89,7%

HUctounnk DF SS MS FP

Perpeccus 3 1184,25 394,749 36,00 0,000 Error 9 98,68 10,964
Total 12 1282,92

HUcTounuk DF SS FP

JIMHEHHBIN 11172,98117,36 0,000

[TapaGonmmueckuit 1 1,08 0,100,759

Kybuuecknii 1 10,18 0,93 0,360

XoTs Ko3(h(PUIMEHT JeTepMUHALMM MOKa3blBaeT HAWIYYIIYl0 MOJeNb, p-value
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napaboauyecKoi 1 KyOuYecKod MoJIeNu He MO3BOJISIIOT UCIOJIb30BaTh UX KaK MOIXOIAIIYIO
MOJIEJIb.

Fittead L s Pt
PrinTe, T m 1105 15T M, K
o 0,36 Prrm, X2 - Q01863 Mas, TF0

1 40 " R LT
ney R
15 - LRIV

=
i

THICHHAA KPHROJIMHEHHAT MOICTL KyOHYeckKas

Sewttarpdot of FITEY we Siman, ¥

K=0,1

KoppensunonHnas matpuua.

1,00000 0,95619 0,94400 0,95619 1,00000 0,98367 0,94400 0,98367 1,00000

JlaHHas MaTpula MOKa3bIBaIOT, 4TO 00a MPEAUKTOpPA CYIIECTBEHHO BIUSIOT HA HAII
Y, HO Koppemsnus MEXIy  HpeIUKTOpaMH  BBICOKas H  €CTh  Impobiema
MyJTbTHKOJUICHHAPHOCTH. 1103TOMY MBI Gy/eM paccMaTpuBaTh Mogedb Y=bl+b2*x+b3*e”x,
10 OTAETBHOCTH:

Y=bl+b2*x,

Y=e"x, Y=bl+b2*x,

Perpeccuonnoe ypaBHeHHE:

Y=3,91+2,27X

[Mpenuxrop Coef SE Coef T P
Koncranra 3,909 1,880 2,08 0,062

X 2,2736 0,2099 10,83 0,000

S =3,16143 R-Sq = 91,4% R-Sq(adj) = 90,7%
HcTounuk DF SS MS F P
Perpeccus 1 1173,01173,0 117,36 0,000
Residual Error 11109,9 10,0

Total 12 12829

Y=a0+al*e"x Perpeccuonnoe ypaBHEHHUE:

Y =-0,22+9,18¢"x

[Mpenuktop Coef SE Coef T P

Koncranra -0,220 2,534 -0,09 0,932 e’x 9,1849 0,9680 9,49 0,000
S = 3,56333 R-Sq = 89,1% R-Sq (adj) = 88,1%
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HcTounuk DF SS MS F P

Perpeccus 1 1143,3 1143,390,04 0,000
Residual Error 11139,7 12,7
Total 12 1282,9

Koadpdumment pmeTrepMUHANNU  OKCIOHCHIIMATBLHOW  MOJENH  BBICOKHH, HO
npeioKeHHas JIMHeilHasg Moiesib UMeeT 0oJiee BBICOKHE MOKa3aTeu.

Scatterplot of FITS3 ws X

-
——

Jluneiinspiii-nor yt=bl+b2* (xt) +et
YpaBHEHUE pETPECCUU:

Y =- 5,442 + 33,24 logten (X)

S - 4,33584 R-Sq = 83,9% R-Sq (adj) = 82,4%
R-kxBaapat HuXke yeM npeablayne Moaemu.
HUctounuk DF SS MS F P
Perpeccus 1 1076,13 1076,13 57,24 0,000
Error 11 206,79 18,80

Total 12 1282,92

Fitted Line Plat
¥ = - 5442 + 33,24 logten{X)

a0 - s 4,335
-5 3,50
=) A-Sni )] 02, %
..-o-"""'__-'_'-'_
304 —
e

Jloro6parnas In (yt) =bl+b2/xt+et
YpaBHEHUE perpeccuu:
In (Y)=1,570- 1,508 1/x
S =0,108659 R-Sq = 78,8% R-Sq (adj)= 76,8%
HcTounuk DF SS MS FP
Perpeccus 1 0,481603 0,48160340,79 0,000
Error 11 0,129875 0,011807
Total 12 0,611478
BriBog. Kospdunuent gerepmuHanuu oObsICHAET MU3MEHEHUS B Y BCETO JHUIIb Ha
78,8% wn3menenuii B X. [lo oTHOIIEHHWIO K APYTUM MOJIENISIM, TIOKa3aTelb HEe BBICOKUM. Fie
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paccMmaTrpuBaeM.

Fitted Line Plot

[Ipn paccMoTpeHUM JIMHEHMHBIX U KPUBOJIMHEWHBIX MOJEINEH, MOJIYyYEHO HECKOJIbKO
MojieNiell ¢ BBICOKMMH TOKa3zaTelsiMu R-kBagpaT. DTo Monenu JuHEHHas, napaboanyeckas,
KyOWdeckas, SKCIOHCHI[MAIbHAs W HECKOJBbKO Jor-mojeineii. Bce mokaszarenu R-kBagpar
HAaXOJUIUCh B mpenenax 88 m 92, mosTomy Moaenu ObUIM Oojiee UM MEHEEe PAaBHO3HAUHBI.
N3 Bcex mepeuynclieHHbIX, camas JierKas MOJENb 3TO JUHEHHas MOoJeab, KpOME 3TOro OHa
uMeeT kKodpunment nerepmuHanuu (91,4%), oObsACHSIONNN N3MEHEHHS B Y U3MECHEHUSAMU
B X, ABJISIONMIUICSA OJHUM U3 BHICOKHX.

2.7.3 Pe3yabTarhbl U BHIBOJBI:

Hanmcatpe oT4eT u caenath BBIBOJBI O MPEACTABICHHOW MHPOPMALIMU B MIPAKTHYECKON
pabore.

24



