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AHHOTAIUA

Hacrosmmit YMK][ npenHazHaueH B TIOMOIIb CTyJAeHTaM Bcex ¢Gopm
O0Oy4eHHs BJIEKTPOIHEPreTUUECKUX CHEUUATbHOCTEH MpPU W3YYEHUU JUCUUILIUHBI
«OCHOBBI HAy4YHBIX UCCIIETOBAHUI.

[Ipy ero HamMcaHWM YYWUTHIBATUCH PEKOMEHIAMM U3 TmoyoxkeHus «O0
yueOHO-METOIMYECKOM KOMILIeKkce aucuuiuinHby. YMK]] paspaOateiBaics Ha
OCHOBE  YTBEpPXKJICHHBIX B  YCTAHOBJIGHHOM  TmoOpsigke ['ocyaapCTBEHHOTO
00pa3oBaTEeNHLHOTO CTAH/IAPTA, TUIOBBIX YYEOHBIX IJIAHOB M pabOYeil MPOrpamMMbI
TUCITUTUINHBI, a Tak)Ke HOPMATHUBHBIX JOKYMEHTOB MUHHCTEpCTBA O0Opa3oBaHUS W
Hayku Poccuiickoit  ®emeparu MO BONMpocaM — OpraHW3alid  y49eOHO-
BOCIHUTATEIBHOTO MPOIIECCa.

JlanHast UCIUIUTMHA BBEJEHA B y4eOHBIN MiaH Kak oOmenpodeccruonanbHas,
noaTomy tunosas PenepanbHas NporpaMma OTCyTCTBYET.



1. PABOYASA ITPOT'PAMMA
Anst cnepuaabHOCTA 140101.65 - «TenioBble 3/IeKTpUYECKU e

CTaHI MU

1. HEJIA U 3AJAYN JUCHUITJIMHBI

[lenp W3ydYeHHUsS OUCUUIUIMHBI - HAYYWThCA MPUMEHATH Aanmnapar METOJ0B
HAay4YHBIX HCCJICIOBAaHUN W METOJIOB pEIICHHS HW300peTaTrebCcKuX 3aJad B
AJIEKTPOIHEPTETHUKE.

3agayaMy  M3Y4YEHUS JUCHUIUIMHBI SABJSIIOTCS OBJIAJEHHUE aJIrOpUTMaMHU
HAyYHBIX UCCIICIOBAHMM, TEOPUEH pellIeHUs] N300peTaTeIbCKUX 3a1a4.

OcHOBOM I  M3Yy4YEHUS JUCHUIUIUHBI SIBJISIIOTCA Kypchbl «MareMaTtukay,
«Duzukay, «dunocodusi», «MeToabl ONITUMHU3AIKNHN pacueToB HAa DBM»y.

2. MECTO JUCHUIUIMHBI B CTPYKTYPE OOII BIIO:
HucuunnuHa «OCHOBbI HAyYHBIX WCCIIEIOBaHHUI» BXOAUT B 0a30BYIO YacTh IMKIIA
OII.P.1 nns cnenmansHoct 140101.65.

MeToapl  OpraHuM3alMd  3KCIEpUMEHTa, (OPMUPOBaHUA, OOpabOTKH H
NPUMEHEHUS BEPOSITHOCTHOW M CTAaTHCTUYECKOM WH(OpMAalMKU W BBITOJHEHHS HA
JAaHHOW OCHOBE pPAacueTOB JJIEKTPUYECKUX HATPy30K, KauyecTBa 3JICKTPUUYECKOM
SHEPrUM, OLEHKH HAJIEKHOCTH, AITOPUTMHU3ALMN U IPOTPAMMHUPOBAHUS KOHKPETHBIX
3aja4 JIJIs pacueTHOro JKCIEpUMEHTa ¢ mnpuMmMeHeHneM OBM u BelpaboTKH Ha
TaKOM OCHOBE IPAKTHUYECKUX PEKOMEHJALMH 1O MHKEHEPHbIM  3ajayam
CIIEIIMAJILHOCTEN.

3. TPEBOBAHUA K PE3YJIBTATAM OCBOEHUA JUCLIUATIIMHBI

B pesynbprare u3ydyeHus OUCHUIUIMHBI B COOTBETCTBUHU C KBAJTH(PHKAIIMOHHON
XapaKTEPUCTUKON BBIITYCKHUKOB, CTYI€HTHI JOJIKHBI

3HATh!

- OpraHU3aIUI0 HAyYHO-UCCIIEI0BATEIbCKON ACSITEbHOCTH;

- HWCTOYHUKUA HAYyYHO-TEXHHUYECKON M MATeHTHOW MH(OpMAIMH, CHUCTEMbl HAYYHO-
TexHuueckon napopmaimu, ¥ JAK;

- QJIrOpUTM M OCHOBHBIE 3Talbl MPOBEICHUS HAYYHBIX HCCIICIOBAHUN; METOIbI
MaTeMaTHYeCKOT0 M (U3UYECKOTO MOJECIMPOBAHUS, OCHOBBI ~ MH)KEHEPHOTO
HKCIEPUMEHTA, METO/IbI TNIAHUPOBAHHUS SKCIIEPUMEHTA U PETPECCUOHHBIN aHAJN3,
TpeGoBaHus 10 0POPMIICHHIO PE3YyIHTATOB HAYUYHBIX HCCIIEIOBAHUN;

- KPHUTEPHHU OLIEHKHU Hay4HOUH pabOThl M CUCTEMY BHEJIPEHUS €€ Pe3yIbTaToB;

- 3aKOHOMEPHOCTH DAa3BUTHUA TEXHUYECKHUX CHUCTEM U TBOPYECKOTO MBILILICHUS,
IICUXOJIOTHYECKUE OCOOEHHOCTH TBOPYECTBA;

- COBPEMEHHbIE METOJIbl AKTHBU3AIMH TBOPYECTBA M MOMCKA HOBBIX TEXHUYECKUX
pElIeHUH, OCHOBHBIE NPUHIUIBI U TMPUEMBI MPEOJOJECHUS TEXHUYECKHX H
(bu3MUECKUX TMPOTUBOPEUH, METOJAbl aHAINW3a U CHHTE3a HOBOT'O TEXHHUYECKOTO
pEIICHNUS;

YMETh:



BbIOUpaTh TeMYy U OOBEKT HCCIEeIOBAHUS, COCTaBISATh AJITOPUTM HMCCIEIOBAHUN
NPUMEHHUTEIBHO K OyayIei cBoel crenualbHOCTH;
o(opMIIATH U 3aIMIIATh PE3YIbTAThl HAYYHBIX UCCIIEJOBAHUM;
ornpeneniaTth 3(pPeKTUBHOCTh HAY4YHOH pPabOThI, OPraHU30BHIBATH BHEAPCHHE €€
pe3yJbTaTOB;
MpPEeoJI0JIeBaTh MCUXOJIOTUYECKYI0O MHEPIUIO, MPUMEHATh Ha IMPaKTHKE METOJIbI
aKTUBHU3AI[H TBOPYECTBA, TOMCKA HOBBIX TEXHUUECKUX pPEIICHUN, aHaIU3UpOBATh
n300peTaTeNbcKue CUTYyalluu, pelaTh HW300peTaTeNbCcKUe 3a1auu;
pa3paboTaTh HOBOE TEXHHUECKOE PELICHHE M0 MPEIJI0KEHHON TEMaTHKE;

UMETh HaBBIKH:
npoBeaeHUsT MH()OPMALIMOHHOTO TMOUCKA, HAKOIJIEHUST M 00pabOTKH Hay4yHO-
TEXHUUYECKON HHPOpMAIIHH;
UCIIOJIb30BaHUSI METOJIOB TEOPETHUYECKHX HCCIENOBAHHUM, MaTeMaTH4YE€CKOro U
¢u3NIEeCKOro MOJEIMPOBAHNUS, TEOPHUH HWH)KEHEPHOTO AKCIIEPUMEHTa B 3ajaydax
AIIEKTPOIHEPTETUKHU.

nproOpecTy HaBBIKU: - MPAKTHUYECKON pean3alii METOA0B CHIDKEHUS TTIOMEX.

4. CTPYKTYPA 1 COAEPKAHUE TUCHUILIMHBI «OCHOBbI HAYYHbIX
NCCIELIOBAHNIN»

OO6m1ast TPyI0EMKOCTh JUCITUTIIMHBI COCcTaBisieT 80 4acoB Il CHIEIUATLHOCTH

140101.65 — TennoBble 3AEKTPUUECKUE CTAHLIUU.

No Paznen Bupl yueGHO# paboThI dopMmbl
/1 JTUCIIUILINHBI TEKYIIEro
Jlexuun | IIpaktryeck |  KOHTpOJIS
(gac.) | ue 3aHATUA
(dac.)

1 |Paznen 1 «<Hayuno- 6 4 TectupoBanue
HCCIIe0BAaTEIIHLCKAS .
NESITEIbHOCTD) bmun-onpoc Ha
Tema 1. HayuHo-TexHu4YeCKU JICKIIUSIX.
nporpecc (HTII) u unxxenepHas KonTtponbHas
eATEILHOCTE Tema 2. paborTa.
Opranu3zaius HayqHO-

HCCIIeIOBATENbCKOM pabOTHI.
Tema 3. Anroputm Hay4qHBIX
HUCCIIeI0OBaHUMH.

2 |Pa3zmen 2 « DKOHOMHKO- 26 12 TectupoBanue
MaTeMaTUYECKOU MOJIETMPOBAHUE .

B HaYYHBIX HCCJICIOBAHUSX) bnui-onpoc Ha
Tema 3. 3amauu Teopuu MoO00Us JIEKIUX.

KaK OCHOBa HAayYHO-TEXHHYECKOTO KoHTposnbHas
HKCTIEPUMEHTA. pabora.




Tema 4. DxcriepuMeHTalbHbIE
HCCJIEOBAHMS CUCTEM
OHEPTeTUKH.

Tema 5. MeToanl OITUMHU3AINA B
HAyYHBIX HCCIICIOBAHUSX.

5. COOEPXXAHME PA3AEJIOB 1 TEM JUCHUIIJIHbBI
5.1 JIEKIIMN

Paznen 1 «<Hayuno-uccnenoBarenbckas A€SITEIbHOCTEY

Tema 1. Hayuno-texunuyeckui nporpecc (HTII) u unkeHepHast 1esAITeJbHOCTb.
Pa3BuTne Hayku Ha coBpeMeHHOM 3Tamne. Mctopus Hayku u nzodperarensctBa. Ponb
sHepreTuku u pazsutue HTII. M3o0peTarenscTBO U HOBasg TexHUKA. Poiib HaydHOTO
U TEXHHYECKOrO0 TBOpPYECTBA B  MHXCHEPHOM  JCATENBHOCTH. 3HAYCHHE
KBAJIM(PUIIMPOBAHHOTO CIELUAIUCTA B XO35IMCTBEHHON JESATENIbHOCTH OOILECTBA.
Tema 2. Opranmszanus HAy4YHO-UCCJIE0BATEIbCKONH padoTbl. OpraHu3anoHHas
CTpyKTypa Hayku. [ImaHupoBaHHE HAYYHBIX MCCIENOBAHUN. YIIpaBICHUE HAYYHBIMU
UCCIIEI0BAHUSIMH, CBS3b C IPOU3BOACTBOM. CUCTEMA MOATOTOBKU U HCIIOIb30BaHUSA
Hay4YHO-TEXHMUYECKUX KaapoB. HayuHo-uccnenoBarenbckas paboTra B BY3e€.
Opranuzanus  y4eOHO-UCCIENOBATENbCKOW  paboThl  CTyJAeHTOB. HayuHble u
n300peTaTeNbCKie OOIECTBEHHBIE OPTaHU3AIIIH.

Tema 3. AIropuT™M Hay4HBbIX HccaenoBaHuil. CTpyKTypa HAyYHOTO UCCIEA0BAHMS.
Hayunas npo6nema, runoresa, Teopusi. CyIIHOCTb 3TalioB HAyYHOT'O MCCIIEIOBAHMUSL.
AHanM3 3TAaoB HAyYHOTO MCCIEAOBAHUA: OOBEKT HCCIENOBAaHUS, HAy4Has 3ajauya,
MOJI€JIb, MOCTaHOBKA HAy4YHOW 3aJauM, pPEIICHHUE, 3KCIEPUMEHTAJIbHAs IMPOBEPKA.
Bri0op 00bekTa uccienoBaHus. BpiOop HaywyHoOW 3agaud. VICTOUHMKM Hay4HbBIX
3a/1ay.

Pasznen 2 «IKOHOMHMKO-MATEMATHYECKOe MOJEJHPOBAHME B HAYYHBIX
HCCJIEI0BAHUAX)

Tema 1. 3amaum Teopum mNOAO0MS KAK OCHOBA HAYYHO-TEXHHYECKOIO
JKcnepuMenTa. Maremartnyeckoe MoaenupoBaHue. PU3NUECKOEe MOACINPOBAHUE.
Knaccupukauus wmonenupoBanus. JlBa acmekrta wmojenupoBaHus. IIpuHuumIGI
MOCTPOCHUS MOJieNel. 3a1auyll TEOpUH MoJ00UsS KaK OCHOBBI HAYYHO-TEXHUYECKOTO
skcriepuMmenTta. Teopembl monobus. IIpeoOpasoBanue KpuTepueB MOAOOHS H
KpUTEpUAJIbHOE OIMCAaHUE TMOJOOHBIX MpPOIECcCOB. MeToauka OmpeaeeHus
KpUTEPUEB MOAOOHUS CIOCOOOM MHTETpalbHbIX aHajoroB. OmpeaeneHue MaciiTadoB
MOJIEJIM Ha OCHOBE aHanu3a pa3MepHocTed. [locTaHoBKa Hay4yHOU 3a7auu. 3a1aud U
METO/bl TEOPETUUECKUX HccaeaoBaHui. [IpueMbl W METOABI YNPOILIECHUS PEIICHHS
ypaBHeHuH. lcnonp3oBaHME  MaTeMaTHYECKMX  METOAOB B HCCIEAOBAHUS
AEKTPOIHEPTETUKU. AHAIMTHYECKUE METOJbl. BepOoATHOCTHO-CTATUCTHUYECKUM
aHaJIN3.



Tema 2. DJkcnepuMeHTAJbHBbIE  HCCIACAOBAHUS  CHCTEM  JHEPreTHKH.
Knaccudukanus, tunbl U 3agaud  dSKcrnepumeHta. [locTaHOBKA HHXKEHEPHOTrO
skcriepuMenTa. OOpaboTka pe3yJabTaTOB SKCIHEPUMEHTANbHBIX HCCIEIOBAaHUN B
anekTposHepreTuke. IlmanupoBanue oSkcriepuMeHTa. [lonHbld W APOOHBIN
dakTopHBI  sKcriepuMeHT. PerpeccuonHslii  aHanu3. OlleHKa  aJIeKBaTHOCTH
TeopeTnueckux pemieHuit. OdopmiieHre pe3ynbTaToOB HAyYHBIX MCCIIEIOBAHUM.
Otuer, craths, [JOKIaJ, MOHOrpadus. 3amura  pe3yibTaToB  HAy4yHO-
HCCIIEIOBATEeNbCKOM paboThl. DP(HEKTUBHOCTh U KPUTEPHUH OIICHKU HAYYHOU PabOTHI.
Tema 3. Meroasl ONTHMH3AIMH B HAYYHBIX HCCJIEI0OBAHMAX. 3ajada
ONTHMU3ALIMHA, OCHOBHBIE TPUHIMUIBI MOCTPOCHUS LeJeBo (yHkuuu. MeTosl
auddepenuupoBanus ueneBod ¢ynkiuu. Ilpsimoit kmaccuuyeckuit meroa. Mertox
HEomnpeneneHHbIX MHOXuTened Jlarpamka. OOmas 3amada  MaTeMaTHYECKOTO
nporpaMmmMupoBaHusi. MeToasl JUHEHHOro nporpaMMupoBaHusi. CHMILIEKC-METO/.
TpancnoptHas 3amava. [IpaBuno ceepo-3anagHoro yria. [IpaBuno HaummeHbIIEro
AJIIEMEHTA.

5.2 IIPAKTUHYECKUE 3AHATUA

1. Iouck nayuynou undopmauuu. Pabora ¢ pedeparuBHbIMU KypHATaMH U HAYYHBIMU
CTaTbSIMH.

2. llpumeHeHHE METOMOB MAaTEMaTHUECKOTO M (PU3NYECKOTO MOJECIUPOBAHUS B
PEILEHNUH 3JIEKTPOIHEPIeTUIECKUX 33/1a4: METO/IMKA OMpEIEIeHUs] KPUTEPUEB MO100MS
Ha OCHOBE aHaJIM3a Pa3MEPHOCTEHN U CIIOCOOOM MHTETPAbHBIX aHAJIOTOB

3. [InanupoBanue ABYX(haKTOPHOTO IKCTIEPUMEHTA. PerpecCHoHHBIN aHATTH3.

4. IlnanupoBanue MHOrogaxkTopHoro sxcrnepumMenta. [locrpoerne OLKIL

5. Metoab! nuddepeHnrpoBanus 1eaeBoi (PyHKIHMH.

6. CUMILUIEKC-METOI.

7. TpancnopTHas 3a1aya.

6. CAMOCTOSATEJIBHAA PABOTA CTYAEHTOB

No | Nepazgena (Tembi) dopma (BU) CAMOCTOSTEIILHOM TpynoeMKoCTh
/11 TIUCLIUIUTHHBI paboThI B 4acax
Cemecmp 7

1 | Pa3nen 1 «Hayuno- |IloarotoBka K KOHTpoJupymoumemy| 16
HCCJIeI0BATENbCKASA | TECTY.

AeATeTbHOCTDH) brmuu-onpoc Ha JIEKIUsX.
BeicTymnenue ¢ Jokiagamu.

2 | Pa3nen 2 ITogroroBka K KOHTpoJupyromemy| 16
«MopenupoBanue B | TECTY.
HAYYHBIX bimn-onpoc Ha neKIusX.
HCCJIeJOBAHUAX) BricTyruienue ¢ nokinagamu.




7. OBPA3OBATEJIBHBIE TEXHOJIOT'IN

Haunyumet rapantueil riayOOKOrO W TPOYHOIO YCBOCHMS JHMCITUTLIMHBI
«OCHOBBI HAy4HBIX MCCIICIOBaHUI SBISETCS 3aMHTEPECOBAHHOCTH CTYJICHTOB B
npuobpeTeHun 3HaHuil. [loaToMy /U1 TIoAIep)KaHUSI MHTEpPECa CTYACHTOB U3YUYEHUSI
JAHHOW JUCIHUIUIMHBI HEO0OXOJIMMO HCIOJIB30BaTh pasjinuHble 00pa3oBaTEIbHbIE
TEXHOJIOTUU U 3aJeHCTBOBATh BCE aTpUOYTHI Mpoliecca HAyYHOTO MO3HAHUS.

[Ipu npenogaBaHuu JUCHMIUIMHBL «OCHOBBI HAy4YHBIX HCCJIEIOBaHUN»
UCIIONIb3yeTCs TeXHONIOTUs PaznensHoro oOy4deHusl.

[Ipy dYreHMM JneKUMM 10 JAHHOM JHUCLMUIUIMHE HCHOJIB3YEeTCS TaKOH
HEMMHUTAIMOHHBIN METOJ] aKTUBHOTO 0OydeHus, kak «[IpobGnemnas nmexrus». ['me
nepea M3ydeHueM Monyisi 00o3HadaeTcs mpoOjiema, Ha pelieHue KOTOopoil Oyaer
HAMNpaBJICH BECh NOCIEAYIOIIAN MaTepral MOLYJIS.

8. OLEHOYHBbIE CPEACTBA JULA TEKVYIIET'O KOHTPOJIA
YCIHEBAEMOCTH, TIPOMEXYTOUHOM ATTECTALIMU TIO MTOI'AM
OCBOEHNMA JUCHUIIJIMHBI 1 YUEBHO-METOANYECKOE OBECIIEHEHHME
CAMOCTOSTEJIBHOM PABOTEI CTYJEHTOB

8.1 KonTpoabnas padora

KonTponpHast paboTa BBITIONHAETCS B KOHIIE CEMECTPA MO BCEM MPOMICHHBIM
MOIyJsiIM cemecTpa. B  KOHTponpHOW paboTe COAEPXKUTCS UYEThIpe 3aJauu.
KonTtponpHast paboTa HampaBieHa Ha TMPOBEPKY YMEHUU CTYIACHTOB MPUMEHSITH
MOJIyYEHHbIE TEOPETUYECKUE 3HAHUSI B OTHOIICHHHM OMNPEEICHHON KOHKPETHOM
3aJ1a4H.

8.2 KonTpoampyrommi Tect

KonTponupyromnuii Tect npoBOAUTCS MO TEMaM COOTBETCTBYIOIMX MojyJiei. B
KaXXJOM TeCcTOBOM 3anaHuu oT 7 no 10 3amanuii. TecT BBISBISET TEOPETUUECKHUE
3HAHUA, TPAKTUYECKUE YMEHUS U aHATUTUYECKUE CIIOCOOHOCTH CTYIEHTOB.

8.2 Bompochsl Kk 3auery
1 Hayuno-texauueckuii nporpecc (HTII) u unxeHnepHas 1esiTeIbHOCTb.
2 Pa3BuTne HayKn Ha COBPEMEHHOM JTalle.
3. Hctopus Hayku U n300peTaTenbCTBa.
4 Pone snepretuku u passurue HTII.
5. H300peratenscTBO M HOBas TeXHHKA. Poib HAyyHOTO W TEXHUYECKOTO
TBOPYECTBA B MHKEHEPHOU JEATEIBHOCTH.

6. 3HavyeHWe KBATU(PUIIMPOBAHHOTO  CIICIMATUCTA B  XO3SHUCTBEHHOU
JeSTeIbHOCTH OOIIECTBA.

7. OpraHu3alMoHHAs CTPYKTypa HAYKH.

8.  IlmanmpoBaHME HAYYHBIX UCCIICOBAHUIA.

9.  VYmpaBineHHE HaAyIHBIMHU HCCIEAOBAHUSIMU, CBS3b C IPOU3BOICTBOM.

10. Cucrema IMOATOTOBKH U MUCITIOJIb30BAHUSA HAYUYHO-TCXHUYCCKHUX KaAPOB.

7



11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24.

25.
26.

27.

28.
29.

30.
31.

32.
33.
34.
35.
36.
37.

38.
39.
40.

41.
42.
43.

44,

Hayuno-uccnenoBarenbckas paboTta B By3e€.

Opranuzanusi yueOHO-HCCIIeIOBATENBCKON pabOThl CTYIEHTOB.

Hayunble n u3o0perarenbckue 0OIIeCTBEHHbIE OPTaHU3aI1H.

CTpyKkTypa Hay4HOI'O UCCIEOBAHUSI.

Hayunas npo6iema, runoresa, Teopusi.

CymHoCTb 3TaroB HAYYHOI'O UCCIEAOBaHUS.

AHanu3 3TanoB HAYYHOTO UCCJENOBAaHUS: OOBEKT UCCIEIOBAaHUS, HAyYHAas
3ajaya,  MOJENb,  IOCTAaHOBKAa  HAyYHOW  3aJadyd,  peIleHue,
SKCIIEpUMEHTaJIbHAas MPOBEPKA.

Br16op 06bekTa riccienoBanus. Berbop HaydHOM 3ama4m.

HcTouHnkn HaydHbIX 3a1a4.

MatemaTnueckoe MOJEIUPOBAHHUE.

DuU3nUEeCKOe MOJICIIUPOBAHUE.

Knaccudukanus mogenupoBanus. JIBa acekra MOJAEIMPOBAHUS.
[TpyuHLMIIBI TOCTPOEHUS MOJETIEH.

3amaun  Teopud  MOAOOMA  KAaK  OCHOBBI  HAYYHO-TEXHUYECKOTO
HKCIIEPUMEHTA.

Teopembl mo100usl.

[IpeoOpazoBanue KpUTEpUEB TNONOOMS M KpPUTEpPUAIbHOE OIMHUCAHUE
0I00HBIX TIPOLIECCOB.

Metonuka ompeaeneHuss KpUTEPUEB MOAOO0US CHOCOOOM HMHTErpajbHBIX
aHaJIOTOB.

Omnpenenenre MacmTaboB MOZENIM HA OCHOBE aHAIN3a Pa3MEPHOCTEH.
[locTaHoBKa HaydyHOM 3ajaud. 3aJadyd U METOJbl TEOPETHUYECKHX
HCCIIETOBAHUM.

IIpremsl 1 METOIBI YIIPOLIEHNUS PELIECHNS YPABHEHUN.

Hcnons3oBanue MaTEeMaTUYECKUX METOJI0B B UCCJIeI0BAHMUS
ANEKTPOIHEPTETUKHU.

AHanuTU4ecKue MEeTObl.

BeposiTHOCTHO-CTaTUCTUYECKUN aHATIU3.

DKcnepruMeHTAIbHbIE UCCIIEI0BAHMS CUCTEM SHEPIeTHKHU.

Knaccudukanus, TUnsl 1 3a1a41 SKCIIEPUMEHTA.

[TocTaHOBKA MHKEHEPHOTO IKCIIEPUMEHTA.

OOpaboTka  pe3ylnbTaTOB  JKCIEPUMEHTAIBHBIX  HCCIACAOBAHWN B
aneKkTposHepreTrke. [InannpoBanue skcepuMeHTa.

[TonHblit 1 APOOHBIN (PAaKTOPHBIN SKCTIEPUMEHT.

PerpeccnonnsIl ananms.

Odopmrnenne pe3ynbTaToB HAy4yHBIX HcclegoBanuidl. OT4er, CTaThs,
JOKJIa/1, MOHOTpadus.

3amura pe3ynbTaToB HAyYHO-UCCIAEA0BATEIbCKOM paOOTHI.

O DHEeKTUBHOCTH U KPUTEPUHU OIIEHKU HAYYHOU pabOThI.

3ajaya ONTUMHU3AIMK, OCHOBHBbIE TNPUHIIMIBI TMOCTPOCHMS LIETIEBOM

(GyHKIUH.
Mertoabl nuddepeHimpoBanus 1eJIeBON GyHKIIUH.
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45.  OOmas 3a1aya MaTEMaTHIECKOTO TPOTPaMMHUPOBAHUS.

46. MeToabl IMHEHHOTO TPOTrPaMMHUPOBAHUS.

47. CHUMIJIEKC-METO/I.

48. TpancnoptHas 3amada. [IpaBuio ceBepo-3anagHoro yria.
49. TpancnoptHas 3amada. [IpaBuio HaMMEHBIIIETO JIEMEHTA.

9. YYEBHO-METOIUYECKOE U HNHOOPMAIMOHHOE OBECIIEHEHUME
JUCHAIUIMHBI «OCHOBBI HAYUHBIX UCCIIEJOBAHUIN»

a) OCHOBHAf1 JINTEpaTypa:
1. Koxyxap, Bnagumup MakapoBuu. OCHOBBI HAYYHBIX UCCJIEIOBAHUI
[Tekcr] : yue6. mocobue / B. M. Koxyxap. - M. : [lamkoB u K, 2010. - 216 c.
2. bBepe:xxnoBa, Enena BukropoBHa. OCHOBBI yueOHO-HCCIIE10BATENbCKON
NeATEeIbHOCTH CTYJeHTOB [ Tekct] : yuel.: qon. Mun. o6p. P® / E. B. bepexunonsa, B.
B. Kpaesckuid. - 3-e u3g., crep. - M. : Akagemusi, 2007. - 128 c.
3. HIxkasap, Muxana @uiaunnoBu4. OCHOBBI HAYYHBIX UCCIeq0BaHuM [ Tekcr] :
yue0. nmocooue / M. @. Hkmsap. - 2-e uza. - M. : Jlamxko u K, 2008, 2009. - 244 c.

0) 10MOJTHUTEIbHAA JTUTEpPaTypa
1. OcHoBBI HAYUYHBIX HccaenoBanuil [Tekcr] : yueb.-MeTo 1. KOMIUIEKC IS CIIell.
140203, 140204, 140205, 140211, 140101 / AMI'Y, DH.(. ; coct. JI. A. I'ypuna. -
brnarosemenck : U3a-so Amyp. roc. yu-ta, 2007. - 78 c.
2. AHTOHOB, AJiekcanap BaagumupoBuy. Cucremssblii ananu3 [Tekcr] :
yueb. : pex. YMO / A. B. AHTOHOB. - 3-e u31., ctep. - M. : Beicr. mik., 2008. - 454 ¢
3. Ky3uenos, Urops HukosaeBuu. /{ucceprammonnsie padbotsl [Tekct] : MeTtoanka
NOJArOTOBKU U oopmiieHust: yued.-meron. nocodue / M. H. Ky3neuos. - 2-e uzn.,
nepepad. u por. - M. : lamkos u K, 2006. - 450 c.
4. Ky3neuos, Urops HukosnaeBuu. HayuHoe uccnenoanue [Tekcr] : meToauka
npoBeaenus u opopmienus / . H. Ky3nenos . - 3-e uzj., nepepad. u aoi. - M. :
JamkoB u K, 2008. - 458 c.
5. be3yrios, UBan I'puropreBry. OCHOBBI HAYYHOTO HCCaeq0BaHus [ TekcT] :
y4e0. mocodue J1sl aCnupaHTOB U CTyAeHTOB-AuIIoMmHukoB / W. I'. besyrnos, B. B.
Jle6enunckuii, A. W. be3yrnos. - M. : Akagemuueckuii [Tpoekt, 2008. - 195 c.
6. Jlynry, Koncrantun HukuroBuu. JIuneliHoe nporpammupoBanue [Tekcr] :
PYK. K pelIeHHIO 3a/1a4: yueb. mocodue: pek. Mun. oop. PO / K. H. Jlynry. - M. :
®dwusmatiut, 2005. - 128 c.
7. Ko03apb, Anexkcanap UBanoBuu. [Ipuknagnas maTemaTuyeckas CTaTUCTHKA
[TexcT] : mist UHXKEHEPOB U Hay4IHBIX paboTHUKOB / A. 1. Ko63aps. - M. :
®dwusmatiut, 2006. - 8§14 c.
8. Ky3HenoB, Anb0epT BacuiabseBnu. Beiciias matematuka. Matematnyeckoe
nporpammupoBanue [Tekcr] : yue6. / A. B. Ky3nenos, B. A. Cakosuy, H. 1. Xonos.
- 3-e u3n., crep. - CIIO. : Jlanb, 2010. - 352 c.
9. UccnenoBanue onepamuii B sxoHoMuke [TekcT] : yue6. mocodue : pek. MuH. o0p.
P® / nmon pen. H. I11. Kpemepa. - M. : Mapket JIC, 2007. - 408 c.



10. Cynuuknii, Bnagumup HukonaeBuy. MeTo bl CTATHCTHYECKOTO aHAIN3A B
ynpasieHuu [ Tekct] : yue6. mocodue / B.H. Cynuukuii. - M. : Jleno, 2002. - 520 c.

B) mnporpammHoe oboecnedyenne u UurepHer-pecypcesbi:

Ne | HammeHOBaHHe pecypca KparTkas xapakrepucTuka

1 | http://www.iglib.ru/ NutepHeT-OubInoTeka
o0Opa3oBaTeNnbHbIX U3/IaHUM, B
KOTOpPOH cOOpaHbI SJIEKTPOHHBIC
y4eOHHKH, CTIPABOYHBIC U YICOHbBIE
nocobust. Y 10OHBI MOKUCK MO
KJIFOUEBBIM CJIOBAM, OTJETHHBIM
TEMaM U OTPACIIAM 3HAHUM.

r) nepuoaudeckue u3ganus (mpodeccnoHalbHbIe )KyPHAJIbI)

. DNEKTPUYECTBO;

. I3Bectust PAH. DHepreTuka;

. DIIEKTPUYECKHE CTAHIUY;

. DIIEKTpUKa,

. Bectaux MOU;

. [IpoMbITIIEHHAS] SHEPTETHUKA;

. DIIEKTPOTEXHHKA,;

. IEEE Transaction on Power Systems;

. International Journal of Electrical Power & Energy Systems;
0. Energy Policy.

— O 0 1N LNk WIN
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2. PABOYAA ITPOT'PAMMA
Jns cnepuanbHOCTA 140106.65 - «JHeprooodecneyeHue
npeanpusTAN»

1. LIEJIA U 3AJIAYU JUCLIATIINHBI

HGHB HU3y4YCHUS JUCHUIUIMHBI - HAYUYUTHBCA IIPHUMCHATH arniapar MCETOJ0B
Hay4YHbIX I/ICCJ'ICILOBaHI/Iﬁ n MCTOAOB PpPCIICHUA I/1306peTaTeJ'IBCKI/IX 3agady B
QJICKTPOOHCPICTHUKE.

3a,Z[aanI/I HN3y4YCHUA JUCHHMIINIMHBI SBJIAIOTCS OBJIIQJICHHUC aJITOpUTMaMU
HAaY4YHBIX PICCJIC,Z[OBaHI/Iﬁ, TCOpPICﬁ pEeICHUA I/1306pCTaTCJIBCKI/IX 3aJa4.

OcHoBoM JJIAA M3Y4YCHUA OUCHUILIMHBI ABJIAIOTCSA KYPChI «MaTCMaTI/IKa»,
«Duzukay, «dunocodusy.

2. MECTO INCHUIUIMHBI B CTPYKTYPE OOII BIIO:
HucuunnuHa «OCHOBbI HAyYHBIX WCCIIEIOBaHHUI» BXOAUT B 0a30BYIO YacTh IHKIIA
OIII.P.1 nns cnenmansHocT 140106.65.

MeToapl OpraHuM3allMd  3KCIEpUMEHTa, (OPMUPOBaHUA, OOpabOTKH WU
NPUMEHEHUS BEPOSITHOCTHOW M CTAaTHCTUYECKOM HMH(OpMAalMM W BBINOJHEHHS HA
JAHHOW OCHOBE pPAacueTOB JJIEKTPUYECKUX HATrPy30K, KauyecTBa 3JICKTPUUYECKOM
SHEPrUH, OLIEHKU HAJIeKHOCTH, AITOPUTMHU3ALMU U IPOTPAMMUPOBAHMSI KOHKPETHBIX
3aja4 JJIs pacueTHOro JKCIEpUMEHTa ¢ mnpuMmMeHeHneM OBM u BelpaboTkHM Ha
TaKOM OCHOBE IPAKTUYECKUX PEKOMEHJALMHA 1O MHKEHEPHbIM  3ajayam
CIIEIIMAJILHOCTEN.

3. TPEBOBAHNA K PE3YJIBTATAM OCBOEHUA TCHUITJIMHBI

B pesynbprare mzydeHusi AUCHUILIMHBI B COOTBETCTBUU C KBaIM(UKAIIMOHHON
XapaKTEPUCTUKON BBITYCKHUKOB, CTYJAEHTBI TOJIKHBI

3HATh:

- OpPraHu3alyI0 HaAYYHO-UCCIIEIOBATEIbCKON IESITEIbHOCTH;

- HCTOYHUKHA HAYYHO-TEXHUYECKOW W MATEHTHOW MH(OpMAIMU, CUCTEMBI HAYYHO-
TexHuueckon uapopmarmu, ¥ J1K;

- QITOPUTM M OCHOBHBIE 3Talbl MPOBEJACHHS HAYYHBIX HCCICAOBAHUN;, METOMbI
MaTeMaTUYeCKOro W (PU3NYECKOTO MOJEIMPOBAHUS, OCHOBBI  HH)XCHEPHOTO
AKCIIEPUMEHTA, METO/Ibl TIJIAHUPOBAHUSI SKCIIEPUMEHTA U PErPECCUOHHBIN aHaAIuU3,
TpeboBaHUsI IO OPOPMIICHUIO PE3YIHTATOB HAYYHBIX UCCIICIOBAHUIA;

- KpUTEpPHUU OIEHKU HAy4YHOU pabOThl U CUCTEMY BHEJPEHUS €€ Pe3yJbTaTOB;

- 3aKOHOMEPHOCTH pAa3BUTUA TEXHUYECKHX CHCTEM M TBOPYECKOTO MBIIUICHUS,
MICUXO0JIOTUYECKHE OCOOCHHOCTH TBOPUYECTBA;

- COBPEMEHHbIE METOJibl AKTUBHU3ALMM TBOPUECTBA U MOUCKA HOBBIX TEXHUYECKHUX
pelIeHU, OCHOBHbBIC MPUHIMIBI U TMPUEMbl MPEOJOJICHUS TEXHUYECKUX U
(UBUYECKUX TIPOTUBOPEUHA, METOJbI aHAIKM3a U CHHTE3a HOBOTO TEXHUYECKOTO
pelieHus;

YMETh:

- BBIOMpaTh TeEMY M OOBEKT HMCCIIECIOBAHUSA, COCTABISATH AJTOPUTM HCCIICIOBAHHMA

MPUMEHUTENHHO K OyAyIel CBOSH CIEIMaIbHOCTH;
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- 0hOpMIIATH U 3alUIIATH PE3YIbTaThl HAYYHBIX UCCIIEIOBAHMUIA;

- ompeneniatb 3(pPeKTUBHOCTh HAY4YHOH pPabOThI, OPraHU30BHIBATH BHEAPEHHE €€
pe3yJbTaTOB;

- TPeoloJieBaTh ICHUXOJIOTMYECKYI0O WHEPLUIO, NMPUMEHATh Ha IMPAKTHKE METOJIbI
aKTUBHU3AI[MH TBOPYECTBA, TOMCKA HOBBIX TEXHUUECKUX pPEIICHUN, aHaIU3UpOBATh
M300peTaTeNIbCKue CUTYalluu, pelarbh M300peTaTesbCKue 3a/1a4H;

- pa3paboTaTh HOBOE TEXHMYECKOE PEUICHUE 110 NPEJIOKEHHON TeMaTHKe;

UMETh HaBBIKH:

- TpoBeneHUs WH()OPMALMOHHOTO TOUCKA, HAKOIUIEHHWS U O0pabOTKH HaydHO-
TEXHUUYECKON HHPOpMAIIHH;

- HUCIOJIb30BAaHUS METOJIOB TEOPETHUYECKHX HCCIEIOBaHHUM, MaTeMaTH4YE€CKOro U
(bu3MUECKOT0 MOAETUPOBAHNUSA, TEOPUN HWH)KEHEPHOTO IKCIEPUMEHTa B 3aJadax
AIIEKTPOIHEPTETUKH.

nproOpecTy HaBBIKU: - IPAKTHUECKON peaan3alii METOA0B CHIDKEHUS TIOMEX.

4. CTPYKTYPA U COAEP’KAHUE JUCHUIIJIMHBI «OCHOBBI HAYYHbBIX
UCCJIEJIOBAHUI»

OO6miast  TpyHOEMKOCTb  JUCHMILIMHBI  cocTaBisieT 150 wacoB s
crnenuasibHOCTH 140106.65 — DHEeproobecnieueHue MpeANPUSTUH.

Ne Pa3znen Bunsr yuebHoit paboThl dopmbl
n/m JUCUUTITUHBI TEKYILEro
Jlexuuun | IIpaktryeck |  KOHTpOJIS
(gac.) | ue 3aHATHUA
(dac.)

1 |Pazgen 1 «Hayuno- 6 4 TectupoBanue
UCCle10BaTeNnbCKas :
NEeSATETbHOCThY bru-onpoc Ha
Tema 1. HayuHo-TexHUYECKUI JICKIIUSIX.
nporpecc (HTII) u unxxenepHas KonTtponbHas
eATEILHOCTE Tema 2. paborTa.
Opranu3anus Hay4HO-

UCCIIEIOBATENBCKOM pabOTHI.
Tema 3. AITOpUTM Hay4YHBIX
VCCIICIOBAHMM.

2 |Pa3zmen 2 « DKOHOMHKO- 26 12 TectupoBanue
MaTEeMaTUYECKON MOJIEINPOBAHUE :

B HAYYHBIX HCCIICTOBAHUSIX) bmu-onpoc Ha
Tema 3. 3amaun Teopuw TOMOOUS JICKIIMSIX.

KaK OCHOBA HAay4YHO-TEXHHUYECKOIO KonTponbHas
IKCIIEPUMEHTA. padora.

Tema 4. DxcriepuMeHTalbHbIE

UCCJIeIOBAHUS CUCTEM

HHEPreTUKH.

Tema 5. Metoabsl onTUMU3AlIIU B
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HAaYYHBIX UCCICOAOBAHUAX.

5. COOEPXXAHME PA3AEJIOB 1 TEM JUCHUIIJIHbBI

5.1 JIEKIIMA
Paznen 1 «<Hayuno-uccnenoBarenbckas A€SITEIbHOCTEY
Tema 1. Hayuno-texunuyeckuii nporpecc (HTII) u unkeHepHast 1esAITeJbHOCTb.
PasBuTne Hayku Ha coBpeMeHHOM 3Tamne. Mcropus Hayku u nzodperarensctBa. Ponb
sHepreTuku u pazsutue HTII. M3o0peTarenscTBO U HOBasg TexHUKA. Poib HaydHOTO
U TEXHUYECKOr0 TBOPYECTBA B  MHKEHEPHOW  JEATEIbHOCTH. 3HAYCHHE
KBAJIM()ULIMPOBAHHOTO CIHEIMAUCTA B XO3UCTBEHHON JESATEIIbHOCTH 0OIIECTBA.
Tema 2. Opranmszanus HAy4YHO-UCCJIE0BATEIbCKONH padoTbl. OpraHu3anoHHas
CTpyKTypa Hayku. [lmaHupoBaHHE HAyYHBIX UCCIEIOBAHUN. YIIpaBICHUE HAYYHBIMU
UCCIIEI0BAHUSIMU, CBS3b C IPOU3BOACTBOM. CUCTEMA MOATOTOBKU U HCIIOIb30BaHUS
HayYHO-TEXHMUYECKUX KaapoB. HayuHo-uccnenoBarenbckas paboTra B BY3e€.
Opranuzanus  y4eOHO-HCCIENOBATENbCKOW  paboThl  CTyAeHTOB. HayuHble u
n300peTaTesbCKue OOLIECTBEHHBIE OPTraHU3aLUH.
Tema 3. AIropuT™M Hay4HbIX HccjaeqoBaHuil. CTpyKTypa HAy4YHOTO UCCIIEIOBAHMS.
Hayunas npobnema, runoresa, Teopusi. CyIIHOCTb 3TalioB HAyYHOTO MCCIIEIOBAHMUSL.
AHanM3 3TAaoB HAyYHOTO MCCIEAOBAHUA: OOBEKT HCCIENOBAaHUS, Hay4Has 3ajauya,
MOJEb, IOCTAHOBKA HAy4YHOW 3aJa4M, PELICHUE, SKCIIEPUMEHTAIbHAs IPOBEPKA.
Bri6op o0bekTa ucciaenoBanusi. BpiOop HayuHOU 3amauu. VMICTOYHHMKH Hay4HBIX
3a1ad.
Pazgen 2 «IKOHOMHMKO-MaTeMAaTH4YeCKOe MOJEJHPOBAHME B HAYYHBIX
HCCJIEeA0BAHUAX»
Tema 3. 3amaum Teopum mMOAO0MS KAK OCHOBA HAYYHO-TEXHHUYECKOI0O
JKcnepuMenTa. Maremartnyeckoe MoaenupoBaHue. PU3NUECKOE MOACINPOBAHUE.
Knaccupukauus wmonenupoBanus. JlBa acmekra wmojenupoBaHus. [IpuHLuMIBI
IOCTPOEHUs MoAenel. 3aladyl TEOPUH NOJ00Us KaK OCHOBBI HAyYHO-TEXHUYECKOTO
skcriepuMmenTa. Teopemsl nonodus. IIpeoOpa3oBaHue KpuTepueB MoOAOOHS WU
KpUTEpUaJIbHOE OIMCAaHUE TMOJOOHBIX MPOIECCOB. MeToauka OmpeaeeHus
KpUTEpUEB MOAOOHUS CIOCOOOM MHTETpaNbHbIX aHajoroB. OmpeaeneHue MaciiTadoB
MOJIEJIM Ha OCHOBE aHanu3a pa3MepHocTed. [locTaHoBKa Hay4yHOU 3a1auu. 3a1aud U
METO/bl TEOPETUUECKUX HccaeAoBaHUi. [IpueMbl W METOABI YNPOILIECHUS PEIICHHS
ypaBHeHuH. Mcnonp3oBaHME  MaTeMaTHYECKMX  METOAOB B HCCIEAOBAHUS
ANEKTPOSHEPTETUKU. AHAIUTHYECKHUE METOIbl. BepOoATHOCTHO-CTATUCTUYECKHIA
aHam3.
Tema 4. OJkcnepuMeHTAJIbHBIE  HCCIAEAOBAHUA  CHCTEM  JHEPreTHKH.
Knaccupukanus, Tunbel M 3amadu  dKcrepuMmeHTa. IlocTaHOBKAa WH)KEHEPHOTO
skcriepuMenTa. OOpaOoTKa pe3ysbTaTOB HKCIEPUMEHTAIBHBIX HCCIEI0BAaHUN B

13



anekTposHepreruke. IlmanupoBanme oskcrepumenta. [lomuelii u  ApOOHBIMA
¢dakTopHbIl 3KcnepuMeHT. PerpeccuonHbli  aHanu3. OIeHKa aJeKBaTHOCTU
TeopeTudeckux pemeHuil. O¢opMieHre pe3yabTaTOB HAyYHBIX MCCIEA0BAHUN.
Otuer, crarbsd, JOKJIaJ, MoHorpadgus. 3ammra  pe3yjbTaTOB  HAy4dHO-
UCCIIEI0BATENbCKON paboThl. DPPEKTUBHOCTh U KPUTEPUU OLICHKH HAYYHOH pabOThI.
Tema S. MeToabl ONTHMH3ANUM B HAYYHBIX HCCJIeI0BaHMSAX. 3ajaya
ONTHMU3ALMH, OCHOBHBIE MPUHIUIBI MOCTPOCHUS LEeaeBod (pyHKkuuu. MeToasl
auddepenuupoBanus ueneBod ¢ynkmuu. Ilpsimoit kmaccuuyeckuit meroa. Mertoa
HeompeneneHHbIX MHOXuTened Jlarpamka. OOmas 3amada  MaTeMaTHYECKOTO
nporpaMmmMupoBaHus. Metoasl JIUHEHHOro mnporpaMMupoBaHusi. CHMILIEKC-METO/.
TpancnoprHas 3amava. [IpaBuno cesepo-3anagHoro yrina. IIpaBuno HammeHbliero
DJIEMEHTA.

5.2 IIPAKTUYECKUE 3AHATUA

1. Ilouck Hay4Ho#l nHpOpMarun. Paborta ¢ pedepaTUBHBIMU KypHAJIaMU U HAyYHBIMU
CTaThSIMH.

2. llpumeHeHME METONOB MAaTEMAaTHUYECKOrO0 M (PU3MYECKOr0 MOJECIUPOBAHUS B
PELEHNN AJIEKTPOIHEPreTUYECKUX 33/1a4: METOJIMKA ONPENEIECHUs] KPUTEPUEB MOI00MS
Ha OCHOBE aHaJIM3a Pa3MEPHOCTEN U CIIOCOOOM MHTErPAJIbHBIX aHAJIOTOB

3. IInanupoBaHue 1ByX(haKTOPHOIO SKCIIEPUMEHTA. PerpeccOHHbIIN aHa3.

4. IlnanupoBanue MHOrogaxkTopHoro 3xcrnepumMenta. [locrpoerne OLKIIL

5. Metonawt quddepeHmpoBaHus 1IEIeBO (QyHKITUN.

6. CuMIUIEKC-METO/.

7. TpancniopTHas 3agada.

6. CAMOCTOATEJIbBHAA PABOTA CTYZAEHTOB

No | Nepaszgena (Tembl) dopma (BU) CAMOCTOSTEIILHOM TpynoeMKocCTh
/11 TIUCLIUIUTHHBI paboThI B 4acax
Cemecmp 7

1 | Pa3nea 1 «<Hayuno- |IloaroroBka k KOHTpoJupyromemy| 42
HCCJIeI0BATEbCKASA | TECTY.

AeSITeJIbHOCTbY bruu-onpoc Ha JIEKIUX.
BricTyruieHue ¢ noxnangamu.

2 | Paznen 2 ITogroroBka K KOHTpoJupyrouemy| 60
«MoaeaupoBanue B | TECTY.
HAYYHBIX bnuu-onpoc Ha JeKIusX.
HCCJIeTOBAHUSX» BricTymuienue ¢ Jokiaagamu.

14



7. ObBPA3ZOBATEJIbHBIE TEXHOJIOTI'MU

Haunyumeit rapantueil riayOOKOro M MPOYHOrO YCBOEHUS JMCLMIUIAHBI
«OCHOBBI Hay4HBIX HCCIEIOBAHUI SABISETCA 3aUHTEPECOBAHHOCTH CTYJIEHTOB B
npuoOpeTeHun 3HaHui. [loaToMy n71st moasiep kaHusl MHTEpeca CTYA€HTOB U3y4YeHUs
JAHHOW JUCUUIUIMHBL HEOOXOAMMO HCIOIb30BaTh pa3judHble 00pa3oBaTeNbHbIC
TEXHOJIOTUH U 33/IECTBOBATh BCE aTpUOYTHI MpoIlecca HAYYHOTO MO3HAHUS.

[Ipn npenogaBaHum OUCHMIUIMHBL «OCHOBBI HAy4YHBIX HCCJIEIOBAHUI»
UCIOJNIB3YeTCs TexHoNorus PaznensHoro oOydeHus.

[Ipy dYreHMM neKUMM 10 JAHHOM JHUCLMUIUIMHE HCHOJIB3YEeTCS TaKOH
HEMMUTAIMOHHBIN METOJ] aKTUBHOTO 00ydeHus, kak «[IpobGnemuas nexus». ['me
nepes U3ydyeHueM MOAYJs 0003HayaeTcsi mpolOsieMa, Ha pelieHHe KOTOpoul Oyzder
HaIIPaBJIEH BECH MOCIEAYOIMNA MATEPUAI MOTYJISL.

8. OLEHOYHBIE CPEJACTBA JIIA TEKYIIEI'O KOHTPOJIA
YCIEBAEMOCTH, TIPOMEXYTOUYHOM ATTECTALIMM IIO MTOI'AM
OCBOEHUA JUCHUATUIMHBI U YYHEBHO-METOANYECKOE OBECIIEYHEHME
CAMOCTOSTEJIBHOM PABOThBI CTYJEHTOB

8.1 KonTpoabnas padora

KonTponbHas paboTa BBINOJIHSAETCS B KOHIIE CEMECTpa MO BCEM IMPOMIEHHBIM
MOJYJIIM ceMecTpa. B KOHTpoJbHOM paboTe COAEPKHUTCA YeThIpe 3aJauu.
KouTponbHast paboTa HampaBjieHa Ha MPOBEPKY YMEHUU CTYJAEHTOB MPUMEHSThH
MOJYYCHHBIE TEOPETUYECKUE 3HAHHMS B OTHOLICHUHM OIPEAECICHHOM KOHKPETHOU
3a/1a4n.

8.2 Konrpoaupyrommii Tect

KonTtponmpyronmii TecT npoOBOAUTCS 110 TEMAM COOTBETCTBYIOIIUMX Moayieu. B
KaXJIOM TecToBOM 3amaHuud oT 7 no 10 3amanuii. TecT BBISIBISIET TEOPETUUYECKUE
3HAHUS, MPAKTUYECKUE YMEHUS U aHAJTUTUYECKHE CIOCOOHOCTHU CTY/IEHTOB.

8.2 Bompochsl Kk 3auery
50. Hayuno-texuuueckuit nporpecc (HTII) u urmxenepHas n1esaTeIbHOCTb.
51. Pa3BuTHe HayKu HA COBPEMEHHOM JTalle.
52.  Hcropus HayKu U ©300peTaTesIbCTRA.
53.  Ponb sHepretuku u pazsutue HTII.
54. WM3oOperaTenbCTBO M HOBasi TEXHHUKA. PoJib HAy4YHOTO U TEXHUYECKOIO
TBOPUYECTBA B MH)KECHEPHOU JESATEIBHOCTH.
55. 3HavyeHwe KBATU(UIMPOBAHHOTO  CIIEIMATUCTA B  XO3SHWCTBEHHOU
NIEATEIbHOCTH O0IIECTBA.
56. OpraHu3alHlOHHas CTPYKTYpa HayKH.
57.  IlnanmpoBaHHE HAYYHBIX UCCIIENOBAHUMN.
58.  YmpaBieHHE HayYHBIMH UCCJIEIOBAHUSAMU, CBSI3b C TPOU3BOJACTBOM.
59. Cuctema noAroTOBKHU U UCIOJIb30BaHUSI HAYYHO-TEXHUUECKUX KaJIPOB.
60. HayuHo-uccnenoBarenbckas paboTa B By3e.
61. Opranuszanus yueOHO-UCCIIeI0BaTEIbCKON PabOThI CTYAEHTOB.
62. Hayunble u nu3o6perarenbckue 0OIECTBEHHbIE OPTaHU3AIUH.
63. CrpyKTypa Hay4HOrO UCCIEIOBAHUS.
64. Hayunas npoOiema, ruroresa, TEOpHs.
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65.
66.

67.
68.
69.
70.
71.
72.
73.

74.
75.

76.

77.
78.

79.
80.

81.
82.
3.
&4.
85.
86.

87.
88.
89.

90.
91.
92.

93.
94.
95.
96.
97.
98.

CymHOCTb 3TaroB HAYYHOI'O UCCIEAOBAHUS.

AHanu3 3TanoB HAYYHOTO UCCJENOBAaHMS: OOBEKT MCCIEIOBAaHUS, HAyYHAas
3ajiayva, MOJIEJIb, NOCTAaHOBKAa  HAy4YHOW  3aJayd,  peEUICHUE,
AKCIIEpUMEHTAaJIbHAS ITPOBEPKA.

Bri6op o0bekTa uccnenoranus. Beioop HayuHOM 3a1aumn.

WcTouHMKY HAy4YHBIX 3a/a4.

MareMatnyeckoe MO/IeIMPOBaHUE.

DuU3nUEeCKOe MOJICIIUPOBAHUE.

Knaccudukanus monenupoBanus. J[Ba acrekra MoIeIMPOBAHUSL.
IIprHIMIIBI TOCTPOEHUS MOJIEIIEN.

3amaun  Teopum  MOAOOMS ~ KAaK  OCHOBBI  HAYYHO-TEXHUYECKOTO
JKCIIEPUMEHTA.

Teopembl mo100Ms.

[IpeoOpazoBanue KpUTEpUEB TNOMOOMS M KpPUTEpPUAIbHOE OINHUCAHUE
0I00HBIX TIPOLIECCOB.

Meronuka omnpeneneHus KpUTepueB Mmoao0usi crnocoOOM HHTErpajbHBIX
aHaJOroB.

Onpenenenre MacTaboB MOJIEIM HA OCHOBE aHAJIM3a Pa3MEPHOCTEH.
[loctaHoBka Hay4dyHOM 3ajaud. 3agauyd W METOJbl TEOPETUYECKHUX
HCCIIeJOBaHU.

IIpremsl 1 METOIBI YIIPOLIEHNS PELIECHNS] YPABHEHUN.

Hcnons3oBanue MaTEMaTUYECKHUX METOJI0B B UCCJIEI0BaHUS
AIEKTPOIHEPIETHKHU.

AHanUTHYECKUE METOIBL.

BeposATHOCTHO-CTATUCTUYECKUM aHAIU3.

DKCNepUMEHTAIbHBIE UCCIET0BAHNS CUCTEM SHEPIETHKU.

Knaccudukanus, TUnsl 1 3a1a4n SKCIIEPUMEHTA.

[TocTaHOBKA MHKEHEPHOTO IKCIIEPUMEHTA.

OOpaboTka  pe3ylbTaTOB  JKCIEPUMEHTAIbHBIX  HCCIEAOBAHMM B
aneKTposHepreTuke. [lnannpoBanue sKcriepuMeHTa.

[TonHbIi 1 APOOHBIN (HaKTOPHBINA SKCIIEPUMEHT.

Perpeccuonnbiil ananms.

Odopmiienre pe3yabTaTOB Hay4HbIX uccienoBanuil. OTuer, CTaThs,
JOKJIa1, MOHOTpadus.

3ammra pe3ynbTaToOB HAyYHO-UCCIEA0BATENIbCKON paOOTHI.

O PexTUBHOCTD U KPUTEPUHU OLIEHKH HAy4YHOUH pabOTHI.

3ajadya ONTHMM3ALUUM, OCHOBHBIE NPHUHIMUIBI TOCTPOEHUS LIEJIEBOU
GbyHKIUH.

MeTtoasl nuddepeHIpoBaHUS LIEIEBON QYHKINH.

OO61as 3aa4a MaTeMaTUYECKOTO MPOTPAMMUPOBAHUS.

MeToabl TMHEHHOTO MPOTPaMMUPOBAHUS.

CuMniieKkc-MeTO/I.

TpancnoptHas 3anava. [IpaBuiio ceBepo-3amaaHoro yria.

TpancnoptHas 3anava. [IpaBuiio HAMMEHBIIETO AJIEMEHTA.
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9. YUEBHO-METOAMWYECKOE U HNHO®OPMALMOHHOE OBECIIEYEHUE
JMCIUATUIMHBI «OCHOBBI HAVYHBIX NCCJIEJJOBAHU»

a) OCHOBHAsI JIUTepaTypa:
1. Koxkyxap, Bnagumup MakapoBuu. OCHOBBI Hay4YHBIX UCCIIEIOBAaHU
[TekcT] : yue6. mocobue / B. M. Koxyxap. - M. : Jlamkos u K, 2010. - 216 c.
2. bepe:xnoBa, Enena BukropoBHa. OCHOBBI y4eOHO-HCCIIEI0BATEIHCKON
nesTenbHOCTH CTyAeHTOB [ Tekcer] : yue6.: gorn. Mun. o6p. P® / E. B. bepexnona, B.
B. Kpaesckuid. - 3-e u3z., crep. - M. : Akaagemus, 2007. - 128 c.
3. kasip, Muxaua @uaunnosud. OCHOBBI HAYYHBIX Uccaea0BaHMM [ TekcT] :
yue6. mocobue / M. @. llkmsap. - 2-e uza. - M. : lamkos u K, 2008, 2009. - 244 c.

0) AOMOJTHUTEIbHAS JIUTEepaTypa
1. OcHoBBI HAY4YHBIX HccienoBaHuil [TekcT] : yued.-MeTo . KOMIUIEKC JJIA CIIEL.
140203, 140204, 140205, 140211, 140101 / AMI'Y, Dn.(. ; coct. JI. A. I'ypuna. -
bnarosemenck : M3n-so Amyp. roc. yu-ta, 2007. - 78 c.
2. AHTOHOB, Aslekcanap BiaaguMupoBuy. Cucremnbiii ananus [ Tekcr] :
yuae0. : pek. YMO / A. B. AHTOHOB. - 3-e u3a., crep. - M. : Beicmi. mik., 2008. - 454 ¢
3. Ky3neuoB, Urops HukosaeBuu. /{uccepranronnsie paboTsl [ Tekct] : MeToanka
MOATOTOBKHU U odopmiieHHs: yuebd.-meTo 1. mocodue / 1. H. Ky3nenos. - 2-e uzn.,
nepepad. u nom. - M. : Jlamkos u K, 2006. - 450 c.
4. Ky3nenon, Urops Hukosnaesuu. Hayunoe uccnenoBanue [TekcT] : meToanka
nposeneHus u opopmuenus / M. H. Kysnenos . - 3-e uza., nepepa0. u nom. - M. :
JamxkoB u K, 2008. - 458 c.
5. besyrioB, UBan I'puropseBuy. OcCHOBBI HAy4HOTr0 MccienoBanus [ Teker] :
yue0. mocoOue AJis aCIUPaHTOB U CTyneHToB-nuIioMHukoB / U. I'. besyrnos, B. B.
Jlebenunckuii, A. U. besyrmnos. - M. : Akanemuueckwii [Ipoekt, 2008. - 195 c.
6. Jlynry, Koncrantun HukuroBuu. JIuneliHoe nporpammupoBanue [Tekcr] :
PYK. K pellieHHIo 3a/1a4: yueo. mocodue: pek. MuH. oop. P® / K. H. Jlynry. - M. :
duzmatnur, 2005. - 128 c.
7. Ko63apb, Anexkcanap UBanoBuu. [Ipuknagnas maTemaTuyeckas CTaTUCTUKA
[TekcT] : miia uH>XEHEPOB M Hay4HBIX paboTHHKOB / A. V. Ko63aps. - M. :
duzmatnur, 2006. - 814 c.
8. Ky3HenoB, Aub0eptT BacunbeBud. Bricias mateMatuka. MatemaTuieckoe
nporpammupoBanue [Tekct] : yueb. / A. B. Ky3nenos, B. A. Cakosuy, H. 1. Xonoz.
- 3-e u3n., crep. - CIIO. : Jlans, 2010. - 352 c.
9. UccnenoBanue onepanuii B 5xoHoMuke [TekcT] : yued. mocobue : pek. MuH. o0p.
P® / mox pen. H. L. Kpemepa. - M. : Mapkert JIC, 2007. - 408 c.
10. Cynuukmii, Bnagumup HukonaeBuy. MeTo bl CTATHCTHYECKOTO aHAIN3A B
ynpasnenuu [Teker] : yue0. mocodue / B.H. Cynunkuii. - M. : Jleno, 2002. - 520 c.
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B) mnporpammMHoe od0ecnieueHue u UHTepHeT-pecypcsl:

Ne | HammeHOBaHuUe pecypca

KpaTkasi XxapakTepucTuka

1 http://www.iglib.ru/

NutepHeT-OubInoTeka
oOpa3oBaTeNbHbIX U3JaHUI, B
KOTOpOW cOOpaHbl AJIEKTPOHHbBIE
y4eOHUKH, CIIPABOYHBIE U YUeOHBIE
noco6ust. Y 10OHBII MOKUCK MO
KITFOYEBBIM CJIOBAM, OT/I€JIbHBIM
T€MaM U OTPACIIIM 3HAHUM.

r) nepuoandeckue u3ganus (mpodeccunoHalbHbIE )KYPHAJIbI)

. DNEKTPUYECTBO;

. U3Bectust PAH. DHepreTuka;
. DNEKTPUYECKHUE CTAHLINU;

. DNEKTPHUKA;

. Bectaux MOU;

. [IpombIIIeHHAs! SHEPTETHUKA;
. DIIEKTPOTEXHHKA;

— O 0 1N N KW

0. Energy Policy.

. IEEE Transaction on Power Systems;
. International Journal of Electrical Power & Energy Systems;
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3. KpaTKui KOHCIIEKT JIEKIIUM

Bsenenne

B cBoeM pa3Butnu Bo BpeMeHH J1t00ast OTpaciab HAyKH MPOXOAUT TPH OCHOBHBIX
JTana:

1. Coop dakros.

2. KauecTBEHHOE ONUCAHUE SIBJICHUM.

3. KonnyecTBeHHOE ONKMCAaHKUE U TPOTHO3UPOBAHUE SIBJICHUH.

Hayka oka3biBana, oka3blBaeT M OyJeT OKa3blBaTh OrPOMHOE BIIMSHUE Ha
pa3zBuTHe oOuiecTBa. [IpuBeay BBIAEPKKH O JlaTax HAY4YHBIX COOBITUMA U3 3aMETKHU
"[TonBeka, u3aMeHuBIIMe MUpP", onyOJUKOBaHHONW B 1996 I. eXeHeneIbHOU ra3eTon
"Ilouck" mo BepcusAM amepukaHckoro >xypHana "Popular Science" u ra3zersl
"MOCKOBCKHE HOBOCTH'", a BBl CaMH OIICHHTE HMX 3HAYMMOCTHL ISl CETOIHSIIHEH
KU3HHU:

1945 r. - ocymiecTBiIeHHE MAaHX3TTEHCKOIO IMPOEKTAa MPUHECIO 3eMIle NEPBBIE
aTOMHBIC OOMOBI;

1946 r. - B IlencuibBanckoM yHuBepcutete CIIIA co3naHa mepBas KpyIHas
OBM;

1947 r. - amepuKaHCKHE CHEHHAIUCTBI U300pear TPAH3UCTOP, CMEHMUBIIMMA
AJNEKTPOJIAMIIBI;

1951 r. - aMmepuKaHIIbl TPOJIEMOHCTPUPOBAIIU TIEPBBIA BUIEOMAarHUTO(OH;

1953 r. - Hayano0 3pbI IJIACTMACC;

1954 r. - B r. O6HuHCcKe (CCCP) Hayana neicTBOBATh MepBasi B MUPE aTOMHas
ANEKTPOCTAHLIUS;

1955 r. - Hayano 3pbl LIBETHOTO TEJICBUACHUS,

1957 r. - B CCCP 3amynieH nepBblii HCKyCCTBEHHBIN CITyTHUK 3€MJIH;

1960 r. - Hayano MaccoBOro MPUMEHEHUS CTUPAJIBHBIX TTOPOIIKOB;

1961 r. - moner B kocMoc nepBoro B Mupe kocMoHasta FOpus ["arapuna;

1967 r. - B FOAP caenanu nepByro onepanuro Mo Nepecaake cepana YeaoBeKy;

1969 r. - nepsblil uenosek Ha JIyHe - amepukanen Hun ApMcTpoHT;

1970 r. - 3apoxaeHre TEeHHOW UHKEHEPUH;

1971 r. - B CIIA co3nanu nepBblid NEPCOHATBHBIA KOMITBIOTED;

1975 1. - B Jloc-AHmXenece OTKPBUICA TIE€PBBIM Mara3wH, TOPTYIOIIHI
nepcoHabHBIMUA DBM;

1978 r. - B Benukobpuranuu poawnack Jlynza bpayH, nepssiii pebeHOK "u3
npoOupKu'"; HA4YaNIO 3Pbl KOMIAKT-AUCKOB;

1980 r. - HayaI0 MPOU3BOACTBA TEIE(HAKCOB;

1985 r. - mepeBOpOT B KpUMHUHANIUCTUKE: aHrianuaHuH Anexkc Jlxeddpuc
OTKpPBLI METOJ TeHHOH "makTunockonuu" nyrem ananusa JHK;

1994 r. - B CILIA OTKpBIT TON-KBApK.

bynymee uenoBeuecTBa TOXE omperdensercs — pa3ButueM Hayku. CynbOa
OyAylmIMX TOKOJEHUN 3€MIIIH 3aBHUCUT OT 3((EKTUBHOCTH M OMNEPATUBHOCTU
HAYYHBIX UCCIICOBAHUIN MO PEIICHUIO PA3IMYHbIX MPOOJIeM, HAalpUMep, CIASAYIOIIHX:

obenHeHue 030HOBOTO ¢J10s1 3eMyH ("030HOBBIE JBIPHI");
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norereHne knumara ("'mapHukoBbid dddekt", commkenne 3emau u ConHua u
ap.);

YXyALIEHUE 3KOJOTMUECKON 00CTaHOBKH Ha 3eMIIE;

yXyALIEHUE KauecTBa TeHO(OH/1a YEIOBEUYECTBA;

CTPEMUTENbHBIN POCT YUCIIEHHOCTH HACEIEHUs Ha 3eMJI€;

HcUepaHue pe3epBOB POCTa CEIBCKOX03AHCTBEHHOTO IPOM3BOACTBA MIPOYKTOB
NUTaHMS;

UCYEepIaHUE TPYIHOBOCIIOIHUMBIX PECYpPCOB: METAJUIMYECKUX pyA, HedTu,
MPUPOJIHOTO ra3a, KAMEHHOTO YTIJIS U JIp.

B coorBerctBuM ¢ 3akoHoM P® "O Hayke M TocyJapCTBEHHOM Hay4HO-
TEXHUYECKOHN MONUTHKE" Hay4dHasl JESTEIIbHOCTh B CTPAHE MOKET OCYIIECTBISITHCS
¢buznueckuMu nuuamu (rpaxaaHamu Poccun, THOCTpaHHBIMHU TpaKIaHAMM, JIULIAMU
0e3 TpakIaHCTBA) U IOPUIMYECKUMH JUIAMH (OpraHu3alusMu, TPEeIIpUIATUIMUA U
T.IL.).

OueBunHO, 4TO A (PEeKTUBHAS Hay4yHas AESITEIBbHOCTb BO3MOYKHA TOJIBKO IIPH
ycinoBuM ee  (puHaHcupoBaHusa. McTouHMkamMu — (MHAHCUPOBAaHUS  HAyYHOU
JESTEIbHOCTH B HAIE CTpaHe SABJISIOTCS:

1. T'ocynapcTBeHHBIN O010/KET (TOCOIOIKET).

2. CpencTBa IOpUINYECKUX U PU3NYECKUX JIHLL.

i (pUHAaHCUPOBAaHUS HAYYHOW AESITEIBHOCTH MOTYT HAIPaBJIATHCA CPENCTBA
U3 rocOr/KeTa pPa3UYHBIX YpOBHEH: (enepaqbHOr0 M MECTHBIX (00JIacTHOTO,
ropojackoro u T.1.). [loMuMo cpeACTB mpeanpuaTUid, OpraHu3aluii U QuUpM s
pa3BUTHS HAyKH UCHOJB3YIOTCS JCHEKHbIE M MHBIE CPEICTBA PAa3IMYHBIX
OTEUYECTBEHHBIX M 3apyOexxHbix ¢oHaoB (Poccuiickuii gona ¢GyHIaMeHTaNIbHBIX
uccnenoBauuii, ®oua Copoca u 1p.). [Ipu 3ToM pa3BuBaeTCs NMpaKTUKA BBIACICHUS
Ha KOHKYPCHOW OCHOBE Ul KOHKPETHOM HAay4HOM JEATEIbHOCTH IPAHTOB -
J€HEKHBIX U UHBIX CPE/ICTB, IEPEIaBAEMbIX OE3BO3ME3IHO U OE3BO3BPATHO.

VYnpaBieHue HaydyHOH JEATENbHOCTBIO B CTpPaHE OCYIIECTBISETCS HAa OCHOBE
COYETaHMsI PUHIUIIOB FOCYAAPCTBEHHOTO PETYJINPOBAHMS U CAMOYIIPABIICHUS.

dusnyeckue JMLIA W OPUAWYECKUE JIMLA HErocylapCTBEHHOH (HOpMBbI
COOCTBEHHOCTH HMMEIOT IPABO CAMOCTOATEIBHO OINpPEAENATh BCE ACIEKTbl CBOEH
Hay4YHOMU JESATENIbHOCTH, HE MPOTUBOPEYALIEH 3aKOHOJATEIbCTBY CTPAHBI.

Opranbel rocyJapCTBEHHOM BJIAcCTH B IpPeJeNax CBOMX IIOJHOMOYUM, HeE
HapYLIAIOIIUX CBOOOJY HAYYHOTO TBOPYECTBA, BBIMOJHSIOT CIEAYIOIINE OCHOBHBIC
(pyHKuMH ynpaB/jieHUsT HAYYHOH AeSITEeJbHOCTBHIO:

OTIPEETISIOT MPUOPUTETHBIE HAIIPABICHUS PA3BUTHUSI HAYKH U TEXHUKH;

o0ecneunBaroT dbopmupoBanue U (YHKIIMOHUPOBAHUE CHUCTEMBI
rOCyIapCTBEHHBIX HAYYHBIX OpraHU3aIui;

OCYIIECTBISIOT MEKOTPACIEBYIO0 KOOPAUHALIUIO HAYYHOH 1€ATEIbHOCTH;

OCYILECTBISIOT pa3padOTKy M peaM3allii0 HayYHbIX M HAyYHO-TEXHUUYECKHUX
POrpaMM U MPOEKTOB;

pa3BUBaIOT (OPMBI UHTETPALIMU HAYKU U TIPOU3BOCTBA;

OCYILECTBIISIOT PEATU3ALUI0 JOCTUKEHUM HAyKU U TEXHUKU;
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OCYIIECTBISIOT KOHTPOJb 3a 3(PPEKTUBHBIM HCHOIH30BAHUEM CYOBEKTaMU
HAY4YHOH JIeATENIbHOCTU TPEAOCTABICHHBIX WM TOCYAApCTBEHHBIX CPEICTB U
MMYIIIECTBA;

OCYILIECTBIISIIOT KOHTPOJIb 32 MOATOTOBKOM HAYYHBIX KaJIPOB.

bonee perambHas CTPyKTypa TOCYJapCTBEHHOTO YIIpaBIEHHUS HAay4yHOU
JeSITeIbHOCTHI0 MMEET CBOM OCOOCHHOCTH B paMKaxX pa3jIMYHBIX MHUHHUCTEPCTB,
BEJIOMCTB, akajeMuil Hayk. Hampumep, BO MHOTHX By3ax NajlbHEHIIas AeTaau3anus
ATOU CTPYKTYPBI MPEACTABISAETCS CXEMOM: PEKTOP - MPOPEKTOP MO HAYyIHOU padoTe -

HAy4YHO-HCCJeIoBaTeNbcKass 4acTh (cektop) - kadeapel (1aboparopun) -
uccienoBaTenu (MpernojaBaTesid, HaydyHble PaOOTHUKH, JOKTOPAHTHI, aCIUPAHTHI,
CTYJEHTHI).

Crnenupurka HaydyHOH JEATENbHOCTH TpeOyeT pabOTHUKOB, MMEIOIINUX
CHEIHATbHYI0 MPO(PECCHOHANbHYI0 MOArOTOBKY. ba3oBas HaydHas mMOATOTOBKa
KaJpOB OCYIIECTBIISIETCS B By3aX.

[Tocne ycnemHoro o0y4eHust B pOCCUHCKOM By3€ MOKHO IOJIyYUTh HaYaJIbHYIO
YUYEHYIO0 CTeNeHb W KBanudukaiuio OakanaBpa Hayk (OakamaBp XWMUHU, OakajgaBp
TEXHUYECKUX HAayK I[I0 pa3JUYHbIM HANpaBiICHUSIM U Jp.) U KBaIU(UKALMIO
JUIIOMUPOBAHHOTO CIELMAIUCTA M0 Pa3IMYHBIM CHELMATBHOCTAM (XUMHK, (DU3MK,
MH)XXEHEpP, MEHEeIKep M Jp.). OTH Yy4Y€Hble CTeNeHM U  KBaJu(UKaLUU
CBUJETEIBCTBYET O COOTBETCTBYIOIIMX 3HAHUSX M YMEHHUSX 4YEJIOBEKAa C BBICIIUM
npodeccuoHanTbHBIM 00pa30BaHUEM U B 00JIACTH HAYKH.

Hanuuue Beicmiero nmpogeccCuoHambHOTO 00pa3oBaHUsl MO3BOJISET MOJYYUTH B
By3€ 3a 2 roJia YYeHyIO CTEIEeHb I KBaTU(PUKALMIO MAarucTpa HayK IO pa3inyHbIM
HaIpaBJIEHUSAM (MarucTp XMMHH, MarucTp TEXHUYECKUX HAyK W T.I.) U 3a 3-4 roga
(mo ouHOW W 3aouHOM (opmam OOyUeHHS B ACHUPAHTYpE) — YUEHYIO CTENEHb
KaHJU/JaTa HayK [0 Pa3JIM4YHbIM CHELMATIBHOCTAM (KaHIWAAT XUMUYECKUX HayK,
KaHIU/1aT TEXHNYECKUX HAYK U T.I1.).

JIrob0i YenoBEK € BBICIIUM HPOPECCHOHATIBHBIM OOPA30BAHMEM MOXKET
MOJIyYUTh YYEHYIO0 CTENEeHb KaHJuAaTa HayKk 0e3 oOydyeHHs B acHHUpaHType MpH
YCIIOBUU TOATOTOBKM M YCIEUIHOW 3allUThl JUCCEPTALMU B JAHCCEPTALIOHHOM
COBETE, COCTAaB KOTOPOTO YTBEp)KIaeTcss BpICIIMM aTTeCTallMOHHBIM KOMHUTETOM
Poccuiickoit @enepanuu (BAK).

JIuiia, UMerOIIKE YYEHYIO CTENEeHb KaHAMJaTa HayK, MOTYT MOJYYUTh YUYEHYIO
CTETeHb JOKTOpa HAayK MO pa3IUYHbIM CHEHUAIBHOCTSM T1ocie oOydeHus B
JOKTOPAHType B T€UEHHE 3 JIET Uiu 0€3 TaKkoro o0ydyeHus MpHU yCIOBUU MOATOTOBKU
U YCIICITHOM 3alllUThl COOTBETCTBYIOIIEH AUCCEPTALMU B IUCCEPTALIUOHHOM COBETE.
JlonmyckaeTcsi NPUCYKJEHUE YUYEHOW CTENEHU MAOKTOpa HayK JMIaM C BBICHIMM
npo¢ecCUOHATBHBIM O0pa30BaHUEM, HE MMEIOIIMM YYEHOM CTENEeHH, 3a IIyOOKHe
npo(ecCUOHANIbHBIE 3HAHWSA W HAyyHblE JOCTHKEHHUS B OIPEAEICHHOW OTpaciu
HayKH.

AcnupaHTypa U JOKTOpPaHTypa pPELIEHUEM OPIaHOB IOCYAAPCTBEHHOW BIIACTU
OTKPBIBAIOTCSL HE TOJIBKO B By3aX, HO M B HAYUYHBIX OpraHU3aIUsX.
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Hannuwe y nun yueHsIx creneHel (0akanaBpa, MarucTpa, KaHauaaTa u T0KTopa
HayK) TOJTBEPXKJIAeTCsl COOTBETCTBYIOIIMMHU JIUIUIOMAMH  TOCYJIAPCTBEHHOTO
obpa3ra.

Jlutam, umeromumM riayOokue mpodeccroHalbHbIe 3HAHUS W JOCTH)KCHHUS HE
TOJBKO B HayKe, HO W B TMEJaroruke, OpraHaMu TOCYJAapCTBEHHOM BJIACTH
IIPUCBAMBAIOTCSl YUCHBIC 3BaHUS JIOIEHTa U Mpodeccopa COOTBETCTBYIONIUX Kadeap
BYy30B. BO3MOXHO NPUCBOEHNE YYEHBIX 3BAHUN CTApIIET0 HAYYHOTO COTPYAHUKA U
npodeccopa Mo pa3IMYHbIM CHEIUATLHOCTIM 32 Hay4YHbIC TOCTOKEeHHs. Hammuue y
JUI] yYEHBIX CTEMeHeW mpodeccopa, IOIEHTa, CTApIIeT0 HAYYHOTO COTPYIHHKA
MOATBEPKIAETCS aTTECTATAMU TOCYIapCTBEHHOTO 00pasIia.

B cucremMe roCymapCTBEHHBIX W OOIIECTBEHHBIX  aKageMUW  HAyK
MPEIyCMaTPUBAETCS NPUCBOCHUE YYEHBIX 3BAaHUW JCHUCTBUTEIBHOTO  YJICHA
(akazeMuKa) U 4ieHa-KOPPECIOHAEHTA COOTBETCTBYIOIINX aKaJeMUIl HayK.

I'ocynapcTBO MaTepuaabHO CTUMYJIMPYET MOBBIINIEHWE HAYYHOW KBal(pUKaIIMu
JIU1I, paboTaONIUX B TOCYJAPCTBEHHBIX CTPYKTYpax.

Jnss MOpanbHOrO CTUMYJUPOBAHUS HAYyYHOM JAESATEIBHOCTH W IPU3HAHMS
BBHICOKOW  HAyyHOW  KBaJIU(UKAIMK  OpraHaMyd  TOCYJapCTBEHHOW  BJIACTH
npeaycMaTpuBaeTCsl IMPUCBOCHHE paOOTHUKAM pa3IMYHBIX I[MOYETHBIX 3BaHUM,
Harnpumep:

3aCIIy»KEHHBIN AeaTernb Hayku Poccuiickon Penepannu;

3aCITy’>KEHHBIN JIesITeNIb HAYKU U TeXHUKU Pocculickon Denepanumu.

Opranusanus HAYYHO-HCCJIEA0BATENbCKOM PadoThl

Pa3BuTre HaydHO-HICCIIEIOBATENHCKONM pabOThl B BBICIIUX  YYCOHBIX
3aBEICHUAX CO3JaJ0 YCJIOBHS Uil IIMPOKOrO MPUBJICYECHUS CTYAEHTOB K HAYYHBIM
WCCIICIOBAaHUSIM — BaXXHOTO (DakTOpa TIOBBINICHHS KadyecTBa IMOJATOTOBKH
CHEIUATNCTOB B COOTBETCTBHM C COBPEMCHHBIMHU TPEOOBAaHMSIMH HAy4YHO-
TEXHUYECKOTO MpOorpecca.

3amayv, BBIJBUTAa€MbI€ COBPEMEHHBIM IPOM3BOACTBOM M  MPAKTUKOM,
HAaCTOJBKO CJIOKHBI, YTO HX pEIIeHHEe YacTo TpeOyeT TBOPUYECKOTO IIOMCKa,
UCCIIEIOBATEILCKUX HABBIKOB. B CBSI3M ¢ 3TUM COBpPEMEHHBIN CHEIUAIUCT B 001aCTH
SHEPIreTUKH JIOJIKEH BJIaJIETh HE TOJIBKO HEOOXOIUMOM CyMMOU (hyHIaMEHTAIbHBIX U
CIICLIMAJIbHBIX 3HAHWM, HO M ONPEAECICHHBIMM HABBIKAMU TBOPYECKOTO PEIICHUS
MPaKTUUYECKHUX BOIPOCOB, YMEHHEM HCIOJIb30BATh B CBOCH pabOTe BCE TO HOBOE, UTO
MOSABJISACTCS. B HAyKe M MPAKTUKE, IIOCTOSHHO COBEPIICHCTBOBATH  CBOO
KBATH(UKAIMIO, OBICTPO aNanTUPOBATHCA K YCJIOBHSM TMPOU3BOJCTBA. Bcee 3TH
KauecTBa HE0OOXOAMMO BOCHUTHIBATH B By3€. V1 BOCIIUTHIBAIOTCSI OHU Y€pe3 aKTUBHOE
y4acTue CTyJ€HTOB B HAYYHO-UCCIEA0BATEILCKOM padoTe.

CoBpeMEHHOE TIOHSTHE «HAYYHO-UCCIENOBaTeNbCKas paboTa CTYIACHTOBY
BKJIFOYAET B ce0s IBa B3aMMOCBSI3aHHBIX DJIEMEHTA:

- o0yueHHE CTyJCHTOB »JJEMEHTaM HCCIICIOBATEILCKOTO TpPyJa, MPUBUTHE WM
HAaBBIKOB 3TOT0 TPY/a;

- COOCTBEHHO Hay4YHbIE UCCIIEA0BAHUS, IPOBOIUMBIEC CTYJIEHTAMH IO/ PYKOBOJICTBOM
npodecCcopoB U IMpernoaBaTese.
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@opMbI U METO/bI IPUBJICUEHHUSI CTYJEHTOB K HAy4YHOMY TBOPYECTBY YCJIIOBHO
NOJIPa3JIESI0TCS HAa HAYYHO-UCCIIEIOBATENbCKYIO0 Pa00Ty, BKIIOUEHHYIO B yUEOHBIM
npolecc M, CleN0BaTelbHO, MPOBOJMMYI0O B y4yeOHOE BpeMsi B COOTBETCTBUM C
y4eOHBIMU IJIaHAMUA M Y4€OHBIMU MpPOrpaMMaMH (BKJIIOUEHHE HJIIEMEHTOB HAyYHbIX
UCCJIEIOBAHUN B paziuyHble BUIbl YYEOHBIX 3aHATHH, yueOHO-HCCIIe0BaTEIbCKAs
paboTa), a TakXke HAyYHO-UCCIEA0BATEbCKYI0 Pa0OTy, BBIIOJHIEMYIO CTyJACHTaMU
BO BHEYUEOHOE BpeMsl.

Hayuno-uccnenoBarensckas paboTa CTyACHTOB B MEPUO MTPOU3BOACTBEHHOM
MPAKTUKH YaCTO CBS3BIBAETCS C BHIMOJHEHUU HA MPOU3BOACTBE KOHKPETHBIX 3aHITUN
M0 TEMAaTHKE HAYYHO-HCCIEOBATEIBCKUX PaOOT, BBIMOTHSIEMBIX Kaeapol Wiu C
aHaJIM30M «Yy3KHX» MECT IPOU3BOJICTBA, C BHIIIOJHEHUEM 3a/1a4 COBEPIIICHCTBOBAHUS
TEXHOJIOTHYECKHX MPOIIECCOB, 000PYI0BaHUSI, HAYYHOU OpPTaHU3AIUHU TPYa, a TAKKE
co cOopoMm (pakTHYECKOTO MaTepuaia, €ro MEPBUYHOW OOpabOTKOW C IEJbIo
MCIIOJIb30BaHUS IPU KyPCOBOM U JIUINIOMHOM MPOEKTUPOBAHUHU.

AJITOPUTM HAY4YHBIX HCCJIE0BAHUM

Tepmun '"Hayunble wuccnemoBanus" (HWM) oxBaTeiBaeT Bce Mporecchl: OT
3apOXK/ICHMSI UJEU JI0 €€ BOIUIOIICHHS B BUJIE HOBBIX TEOPH, BEUIECTB, MATEPUAJIOB,
IPOJYKTOB, MPOILIECCOB, TEXHOJOIHH, YCTPONCTB, OOpa3lOB TEXHUKU M SIBISETCA
CHHOHMMOM T€pMHUHA "Hay4Hasi JeATEIbHOCTD' .

BrlnonHeHre Hay4YHbIX MCCIEIOBAHUN - 3TO, 0Opa3HO TOBOPS, 3JIEMEHTAPHBIMI
aKT B HayKe, TaK KaK TOJBKO C UX MOMOIIBIO MOXKET MPOU30UTH Tepexoj oT Oonee
HU3KOTO YPOBHS 3HAHHH K 00JIe€ BEICOKOMY.

HayuHnbie nccnenoBanus - 3TO MOCTOSIHHBIA BHJI YEJIOBECUECKOM JEATEIIBHOCTH,
TaK Kak 3aKOHBI (UI0CO(HH TOBOPSAT, YTO MUP TIO3HABAEM, 4 HAIIM HAYYHBIE 3HAHUS
€ro, HECMOTPS Ha X UCTUHHOCTb, SIBJIIFOTCS OTHOCUTEIIbHBIMH.

C dunocodpckux mO3UIUNA BCE METOAbI HAYYHBIX HMCCJIAET0OBAHUI MOXHO
YCIIOBHO DA3[eUTh HA CIEAYIOIIME TPYIIbl: BceoOuue (IEHCTBYIOLIME BO BCEX
00JacTsAX HayKM M HAa BCEX ATanax HAay4YHBIX HCCIEJI0BaHMI), oOmeHAy4YHbIe (T.c.
JUTSL BCEX OTpaciiell HayKu), YacTHbIe (T.€. JJI ONpPECICHHbIX HayK), ClieluaibHble
win cnenuduyeckue (I JaHHOM Hayku). Takoe paszjelneHre METOIOB BCerjaa
YCIIOBHO, TaK KakK MO MEpe pPa3BUTUS METOJa OH MOXKET NEPEeXOAUTh U3 OJHOU
KaTeropuu B JIPYTYIO.

K Bceobuiemy MeToly HayYHBIX MCCIIEOBAHUN OTHOCST MAaTEPUATUCTUUECKYIO
IUAJIEKTUKY, a K OOIINEHAayuYHbIM METOJaM - HabalooeHue, CpasHeHue, cuem,
usmMepenue, sKcnepumenm, obobwenue, abcmpazuposanue, GopmMaru3ayuIo, aHauu3,
cuHme3s, UHOYKYUIO, 0e0YKYUI0, AHAIO2UI0, MOOEIUPOBAHUe, U0earu3ayuro u op.

BOJBIIMHCTBO METOMOB HAYYHBIX HCCIIEIOBAHUN MOXHO MOApPAa3IeIuTh Ha
meopemuyeckue U IMRUpudecKue.

K smnupuvyeckum MeToaM OTHOCST HAOJII0leHNEe 1 IKCIIEPUMEHT.

[Ipoliecc HayyHOTO HCCIENOBAHUS BCEr/a MPOXOAUT OINPEICICHHbIE STaIlbl
BHE 3aBUCMMOCTH OT COZEp>KaHus, 00JIaCTU NEATETbHOCTH U JIMYHBIX CKIOHHOCTEH
uccienosarens. B aToM cMbiciie roBoputcs 00 alropuTMe Hay4yHOrO MCCIEI0BaHUS

(puc. 1).
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Puc. 1. AATOpuT™M HAy4YHOTO UCCIIEI0BAHUS

PaccMoTpuM CyITHOCTH KaXXA0TO U3 3TOTO TAMOB.
1.06vekm. Vmeetcst B BuAYy BBIOOpP OOBEKTa C BO3MOXKHBIMH OTPaHUYCHHUSIMH C
Y4€TOM JIBYX 00OCTOSITENIbCTB:

- IpaKTU4eCcKasi HEOOXOAUMOCTh HJIM BaXXHOCTh ONPEACTIEHHBIX O0BEKTOB;

- OTpaHNYEHUE BPEMEHHU.

BaxxHo oco3Hath, 4TO MOJ OOBEKTOM HAYYHOTO HCCJIEIOBAaHHUS HE CIEIyeT
MOHUMATh TIPEIMET WJIU BEIlb, KOTOPYIO MOXKHO «IOepKaTh pykamu». [Ipeamerom
HayKHd MOKET ObITh BeChbMa HeMaTepualibHas «CyOCTaHIUs», HAPUMED, aITOPUTM,
METO/]I, TPUHITHII.

2. 3adaua. Vimeercs B BUAY BbIOOp 3amaud. YMCIO pa3iUyHBIX 3a/ad, KOTOpPbIE
MO>KHO BBIJICJIUTh JIaXe Ha y>K€ BHIOPAHHOM OOBEKTE MCCIIEeI0BAHUS, IPAKTUYECKH HE
orpanndeHo. OJIHaKo, CYIIECTBYET YEThIPE TUIIA 33/1a4, B YeEM HE TPYJIHO yOeIUuThCs,
ecnu oOpaTUTh BHMMAaHHUE HAa TO, YTO JIOOOH OOBEKT HCCIEOBAaHUS YTO-IMOO
noTpedIsieT U 4yTO-T1100 BhIpAOATHIBACT. DTUMHU «UTO-THO0» MOTYT OBITh BEIIECTBO,
sHeprus win uapopmanus. Jr00oit 00beKT uccienoBanus (PUC. 2) UMEET «BXOJBI»
(X, X,,X;,....,Xy), «BBIXOJIBI» (1,%,.Y,,....Y,,), BHEmHHEe  BO3AECHUCTBUSA

(1,,1,,T,,...,T,) n npaBuno F npeoOpa3oBaHUs BXOAHBIX BEIMYUH B BHIXOJHBIE.

Puc. 2. OOBEKT UCCIEN0BAHUSA
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O003Ha4YMB COOTBETCTBYIOIIME COBOKYNHOCTH uepe3 X,Y,T, paboty mat000ro

00BEKTa MOXHO 3aIUCaTh B BUJIE

Y=F(X,T).

OrnpenenuM 4eThipe OCHOBHBIE 3aJa4M MPH UCCIEA0BaHUU JTI000T0 00BEKTA.

B 3amaue amanuza nanel BXOAHBIE BO3JEHCTBUSA U MPABUIIO UX MEepepabOTKH.
Heo6xoaumo HalTH BBIXOJIHOM pe3yIbTar.

B 3amaue cummesza na"Hpl BXOIHBIE BO3JEUCTBUS U HEOOXOIUMBIA BBIXOIHOU
pe3ynbTat. Heo6xoaumMo onpeaenuTs NpaBuiio U CTPYKTYpy OOBbEKTA.

B 3anmadue xoppexyuu nanel X u Tpebyemble «BbIXOAb» Y. TpeOyercs
ONPENEIIUTh TOJBKO HEKOTOPBIE MOMPAaBKU K X .

3agada ycmotiuueocmu COCTOUT B ONPEACICHUN pabOTOCIOCOOHOCTH CUCTEMBI
B pEaJIbHBIX YCIIOBUSIX.

3. Mooenb. OOBEKTHI MPUPOMBI CIUIIKOM CJIOXKHBI, YTOOBI TPOW3BOJIUTH HAa HUX
HETNOCPEACTBEHHO TEOPETHUYECKUE WIIM JKCIIEPUMEHTAIBbHBIE HccienoBanus. Hayka
paboTaeT He ¢ OOBEKTAaMH, & C HX MOJCISAMH, W JIAIIb PE3YyIbTaThl HAYYHBIX
MCCJICIOBAHMM MPOBEPSIOTCS HA 00HEKTaX.

4. ®opmynupoexka 3adayu. CHopMyIHpOBaTh WM TOCTABUTH 3a/ladyy — 3HAYUT
CTPOrO ONPEAEIHUTh CUCTEMY KOJMYECTBEHHBIX B3aMMOCBA3EH MEXAY 3aJaHHBIMH U
UCKOMBIMHM TEpEMEHHBIMU. 1Ipu 3TOM HEKOTOpbIE B3aMMOCBSA3M, BUJ KOTOPBIX HE
SCEH, JOMMYCTUMO 0003Ha4YaTh B BUJIe QYHKIMHN U (PYHKIIMOHAIIOB.

5. Pewenue. PelieHue 3aauu COCTOUT B PACKpPBITUM B3aWMOCBSI3€Ml NEPEMEHHBIX,
KOTOpbIE Ha JTafne [OCTAaHOBKM OBLIM  00O3HAUYEHBbl  HEOMpEJEICHHBIMU
3aBUCUMOCTSIMH, a Takke B (DAKTHYECKOM pEIIEHWH CHUCTEMBbl YpaBHEHUH,
MOJYYEHHBIX Ha 3TAre MOCTAHOBKH.

6. Ixcnepumenmanvnan npogepka. Hukakoe HaydHOE KCCIIEIOBAHUE HE MOXET
CUMTAThCS 3aBEPIICHHBIM 0€3 OSKCIEPUMCHTAIBHONW TMPOBEPKU PE3YIHTATOB.
OCHOBHBIMYM IPUYUHAMU 3TOTO ABJISIOTCS:

- OTCYTCTBHE YBEPEHHOCTH B JOCTATOYHOW TMOJHOTE IPUHITOM HAMU MOJEIH
00BEKTA;

- OTCYTCTBHE YBEPEHHOCTH B JIONYCTUMOCTH NMPEHEOPEKEHUM, ClIeTaHHBIX HA dTanax
NOCTAHOBKH 33J1a4 U €€ PEUICHUS;

- BO3MOXKHOCTb TMOSIBJICHUS OIHUOOK MPH BBIMOJHEHUU dTara perieHusl.

DKCIepUMEHTaIbHAsA MPOBEPKA MOXKET JaTh JIBa TPUHUIUIHAIBHBIX PA3JIMYHBIX
pe3yJbTar.

B mnepBoM cnydae pe3ynbTarhl SKCIEPUMEHTA MOATBEPKIAIOT TEOPHUIO C
JOCTATOYHOW JJIsl MPAKTUKH TOYHOCTHIO. MccnenoBaHne Mpy 3TOM MOXKET CUUTAThCS
3aKOHYEHHBIM, a €ro pe3yJbTaTbl NEpPENaBaTbCs 1 HWCNOJb30BAHUA, YTO
0003HAYEHO Ha PUC. 2 CIOBOM «J1a».

Bo BTOpOM ciiydyae MOXKET UMETh MECTO HEIMpUEMIIEMOE pacxoxacHue. [Ipu
TOM HEOOXOAWMMO TOBTOPUTH ITUKI WCCICIOBAHUN, UYTO OTPAXKEHO Ha pHC. 2
CTPEJIKOM MO 3Tany yTOYHEHUS] MOJEIH.
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MoaenupoBaHue B HAYYHbIX HCCJIEI0BAHUAX

[Ton ™MonmenupoBaHHEM TOHMMAETCSd HW3YYEHHE MOJEIUPYEMOro oOO0BeKTa
(opuruHana), 6azupyroiieecss Ha B3aMMOOHO3HAYHOM COOTBETCTBUU OIpPEACICHHOMN
4acTH CBOMCTB OpHUTHMHAJ]a M 3aMENIAIoNIer0 €ro MpPU HCCIeTOBaHMM OO0BEKTa U
BKJIFOYAIOIIETO B ce€0s MOCTPOSHUE MOJICTH, U3YYEHHUE €€ M TMEPEHOC MOJIYYEHHBIX
CBEJICHUI Ha MOJICIIMPYEMbI 00BEKT-OPUTHHAI.

ITonq MoOmENpI0 TOHMMAETCS BCIIOMOTATENILHBIM OOBEKT, HAXOIIIIUNCA B
OTIpENIETICHHOM COOTBETCTBUU C U3Y9aeMbIM 0OHEKTOM OPUTHHAIIOM.

[TonoOue TecHO CBs3aHO C Pa3BUTUEM METOJOJIOTUU MOJICIMPOBAHUS U KakK
Hay4YHOTO MOHSATHSI, U KaK IPUKIIATHOTO CPEACTBA UCCIICIOBAHMUS.

[Ipu 3TOM METOABI TEOPUH MOJOOUS HAYMHAIOT MPUMEHSITHCS HE TOIBKO IS
OpraHu3allid SKCIEPUMEHTa, 00pabOTKM M MHTEPHpETAlMd €ro pe3yJbTaToB, HO U
TUTsI TIOBBITICHUST () (PEKTUBHOCTH PEIICHUI B PACUETHO-BBIYUCIUTEIBHBIX 3a7a9ax U
3a7a4ax yrnpaBJICHHUS.

Teopus mogobust — 3T0 TEOpHs, Aaroiias BO3MOXKHOCTh YCTAHOBUTH HaJIMUUE
mo001e WY MO3BOJISIIONIAs pa3padboTaTh CIOCOOBI MOJIYYEHUS €TO0.

COOTHOIIIEHUA MEXAY MOJECIbI0 W OPUTMHAIOM, BBISIBICHHBIX TEOpHUEH
000MsI MOTYT OBITh Pa3IMYHBIMU: B BUJC MPOCTHIX MACHITAOHBIX COOTHOIIICHHH, B
BUJIC  CJIOXHBIX  (PYHKIIMOHAJIBHBIX  3aBUCUMOCTEH  Tpynm  mapameTpoB
COITOCTABJISIEMBIX OOBEKTOB.

OCHOBHBIE TOJIOKEHHUSI TEOPUHM TOAOOUSI OMPENENAIOT CBOMCTBA MOJOOHBIX
00BEKTOB HCCIIEIOBAHUA (CUCTEM, MPOLIECCOB, SIBJICHUI) U YKa3bIBAIOT TPEOOBAHMS,
MPU yJIOBJIETBOPCHUH KOTOPBIX OAWH M3 OOBEKTOB MOKET PacCMATPUBATHCS Kak
MOJEJIb IT0 OTHOIIEHHIO K OCTAJILHBIM.

XapaKkTepucCTUKOW TOJAOO0HBIX OOBEKTOB SIBIAIOTCS KPUTEPHH TMOAOOUS, C
MOMONIBI0 KOTOPBIX YCTAHABIMBAIOTCS 3aKOHOMEPHOCTH B3aMMOOJIHO3HAYHOTO
COOTBETCTBUS MO/JICJIA U OpUTHUHAJIA.

Kputepun nogoOust — 3To uaeHTUYHBIE TI0 (popMe anreOpandeckue 3amucu U
pPaBHBIC YHCJICHHO JUIS MOJOOHBIX OOBEKTOB Oe3pa3MepHbIC CTEIEHHBIE KOMILJIEKCHI
OTIPE/ICJICHHBIX TPYIII MApaMETPOB, XapaKTEPUIYIOIMIHUX ITH OOBEKTHI.

Crnioco0 ompeneneHusi KpUTEPUEB MOJ00MS MO0 U3BECTHOMY MaTeMaTHYECKOMY
OTIMCaHUIO TyTEM TMPHUBEACHUS €r0 K Oe3pa3MepHOMY BHUIY, TP KOTOPOM CHUMBOJIBI
nudepeHIIMpOBaHUS 1 UHTETPUPOBAHUS B BBIPAKEHUSAX [JII KPUTEPHUEB MOI00US
OIYCKAIOTCS, Ha3bIBAETCA MPABUIIOM UHTETPAJIbHBIX aHAJIOTOB.

Kpurepun nomobusi mogoOHBIX MPOIECCOB MOKHO TIOJYYUTh U B TOM CIIydae,
KOTJ]Ja HEU3BECTHbI MAaTeMaTHYECKHE OMUCAHMS MPOIECcCOB. JloKa3aTenbCcTBO 3TOTO
MOJIOKEHUSI KaK MaTeMaTHYEeCKOM TeopeMbl OBUIO JaHO PSIIOM  YYCHBIX.
[IpakTUueckoe ero cojepkaHue B TOM, 4TO JIIOOYI0 (yHKIIMOHATHHYIO 3aBUCUMOCTD,
MOJIYYCHHYIO M3 DKCIIEPUMEHTA WJIU pacueTa U UMEIONTYI0 B pa3MEPHBIX (DU3UIECKUX
napamMeTpax Pl,...,Pj,...,Pm BUJ]

F(B,...,P,..,P,)=0,

MO’KHO IIPEJCTABUTh KaK
F (m,my,...om, ,)=0,
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TI€ 7T,,7Ty,.es 7T, , - KDUTEPUU OJOOUS.

m

Jlig onpeneneHuss KpUTEPUEB OO0 B JaHHOM Cllydae IMPUMEHSETCS METOA
aHaun3a pasMEpHOCTEH (U3WYECKUX BENMYMH P, ONpelelsseMbIX Xapakrep

paccMaTpuBaeMoOro Ipolecca.
PaccmoTpuM  MeTOAMKY  OMNpeAesieHHs KPUTEpPUEB TOJMO00US IPaBUIOM
MHTErpajJbHBIX AaHAJIIOTOB Ha NpHUMEpPE MEePexXOJHOro mpolecca i(f) B Ienw,

O6pa3OBaHHOﬁ MMoCJICA0BATCIIbHBIM COCAMHCHHUEM 9JICMCHTOB C AKTHBHBIM
COIMPOTUBJICHUCM R , THAYKTUBHOCTBIO L 1 eMKOCTBIO C, KOTOpasa BKIIIOUACTCA Ha
HAIIPSKCHUC U , MCHAOIICCCA BO BPpECMCHU 110 CHHYCOUAAJIBHOMY 3daKOHY C yrHOBOﬁ
CKOpPOCTBIO .

ypaBHCHI/IC HCCIICAYCMOTI'O IMponecca NUMCCT BU/:

L4

dt

HCHOHBBY}I YKa3aHHOC IIPaBUJIO HCO6XO,III/IMO:

1.3anucarp HNCXOJHOC YPABHCHUC B BUJIC

20 :Z¢i =0,
i1

1 .
+—|idt +iR=usinwt .
C

T.C.
=0, +0, + @, + —Lﬁ+ljidt+iR—usina)t—0
(00 (01 ¢2 (03 (04 dt C )

2. OnyCTUTBh CUMBOJIBI CBSI3H «1», «-», «=» MEXK]Y YWICHAMHU ypaBHEHHs
di 1. : :
¢ =L—,0p, :—jzdt,% =iR,p, =usinwt.
dt C
3. HckmrouuTh U3 BbIpaXKECHUH @,0,,...,¢, HEOTHOPOIHbIE (QYHKLUU, NPUHIB B
Ka4eCTBE JONOIHUTEIbHBIX KPUTEPUEB I10100USI apryMEHThI 3THX (PYHKIIHNA:

@, =usinwt - sinwt - r, = ot;

*

@, =u.
4. OnycTuth B BBIPAKEHUSAX IS @, @,,...,, CUMBOJIBI TU(PGEPEHIUPOBAHUS U
) "x X
WHTETPUPOBAHUSA, CUMBOJIBI grag, div W T.J., 3aMEHSs F Ha —, jxdy Ha Xy |
'y
T.JI.
di . i
o =L——>¢ =L-,
dt t
o. 1J"dt—>(p* ! it
=—1i =—Iit.
> C e

5. 3aMeHHTh WICHBl YPaBHCHHS ¢,,@;, Npeodpa3oBaHHbIC HA dTamax 3 W 4, uX

*

* * sk
aHaJNoraMH @, ,; , 3aIUCATh BBIPAXKCHUS UL Pioeees Py seees @ 5eees @,
o, =L;, o, =Ell‘, @, =IR,p,=u.
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* * o
6. Pasnenmutb @,...,Q, ,....®; ..., HA KaKOH-TMOO ONMH W3 HHUX M 3alucarh

BBIPXKEHUS JI1 OCHOBHBIX KPHUTEpUEB MOAOOHMS B OAHOM W3 BO3MOXHBIX (hopm
3aIuUCH:

s @ Li .« @ it @, IR
7[1 :—*:—,7[2: *:—, 3: *:—'
¢, ut @, uC ®, u
7. JIoNOJHUTH MOMYYEHHYI0 CUCTEMY OCHOBHBIX KPUTEPHEB MOAOOUS KPUTEPUSMHU
noAo0usl, MOJIy4eHHBIMU Ha 3Tare 3:
Li it iR ~
T =— Ty =——, [, =—, T, =0r.
ut

PaccmoTpuM MeTOnMKYy oOmpeneneHuss KpUTEPUEB NOJ00MS MYyTEM aHajau3a

pa3MepHOCTEHN y4acTBYIOIIUX B Mpolecce PakTopoB:

1. BbusiBnenue mapamerpoB £,...,P,..., P, , XapakTepu3ylomux paccMaTpHBaeMblil

st m
IIPOLIECC U COOTHOLICHUE, OTPAKAIOIIKE CYILECTBCHHBIE CBSI3U MEXIY IapaMeTpamMmu
npouecca M JJEMEHTOB CHCTEMBI, B KOTOPOM 3TOT IIPOLIECC IPOTEKAET,
IpEeICTaBISIETCS MTOJIHOM (PYHKIIMOHAIBHON 3aBUCHMOCTBIO BUA:
f(B,.s Py, B)=0.
2. CocraBieHrue TOJHOM MaTpulbl Pa3MEpPHOCTEU HAH IUIsL  [TapaMeTpoB
R,...P,...bB,.
KosmnuecTBO CTPOK IOJHOM MAaTpUIBl Pa3MEPHOCTEU HAH COOTBETCTBYET

o0IeMy 9UCITy mapaMeTpoB 7, a KOJIWYECTBO CTOJIOIOB — YHCITy OCHOBHBIX €IMHHII
m3Mmepernst ¢g. CTpoku MaTpuilkl 00pa3yroTcs TMOKa3aTesIMU  CTETICHEeH TIpH

OCHOBHBIX CAWHHIAX HU3MCPCHHUA IIApaMCTPOB R,...,E,...,Pm - 3HA4YCHHAMH

a,p,..&, i=lm:
a B ... & \—=I[A]

HAH: a p ... ¢ |—~[B].

a, B, . & )—=>[P]

3. Onpejenenuie ynucia HE3aBUCUMbIX MApaMETPOB U YKCIIa KPUTEPHUEB TI0100USI.
Uucno k He3aBUCUMBIX IMapaMETPOB PAaBHO pPAHTy K TOJTHOW MaTPUILBI

pa3sMepHOCTEN HA , @ YUCIIO KPUTEPHEB NOA00USA Kk, - pa3sHOCTH MEXAy OOLIUM

YUCJIOM IMapaMEeTPOB 7 W YHCIIOM HE3ABUCUMBIX TAPAMETPOB.
4.0npeneneHue BBIPAXKEHUW Ul KpUTEpHEB NOAo0OUs 7,,...,7, , B KaKOH-INOO
dhopme 3anucw.

Jlist onipeiesieHns BbIpaXXKEHU KpUTEPUEB MOJ00MS B UICXOAHONM 3aBUCUMOCTH

f(Bss Py, B)=0
napamerpbl  F,...,P,,...,P, ~ TeperpynmnupoBbIBAIOTCS M 3Ta  3aBUCUMOCTb

m

MMpCACTABIIACTCA B BUJIC
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f(P17"')Pj)"'7Pk7PkJrl,---,IDS,-..,Pm):0,
rne B,...P,..,P - He3aBucumble mnapamerpsl, b ,...P,...,P - 3aBUCUMBbIE
MapameTphl.

Hcxonubie (popMyiibl 71 BBIPAKEHUN KPHUTEPUEB MMOAOOUS, OO0IIee YHUCIIO
KOTOPBIX k_ =m —k nmeer BUJ:

B it L,
T = Pn_pa yees IT; = o yeers T, = -
A ) R o S &)
HeobOxomuMo HaWTH 3HAYEHUSA  X,,...,X, ;,.c.sZ)seersZ, , U3 CIEAYIOLIUX
BBIpAKCHUH
_ Dl,k+l _ Di,s _ Dm—k,m
X=X, =X,
D D D
rae D - omnpenenuTeNb MaTpPULbl PAa3MEPHOCTEN HE3aBUCHUMBIX MapaMETpPOB

R,...B,...,B; D, - onpeaenuTes, NOTy4YCHHbIN UX Ompeaenurens [ 3aMeHOH i -0u

CTPOKHU Ha CTPOKY, COOTBETCTBYIOILYIO (OpMyJie pa3MEPHOCTEH § -Io mapaMmerpa.
5. IlpeacraBieHue ONMCAHMS HMCCIEAYEMOTO IIpoliecca B BUAE KPUTEPUAIBHOIO
YpaBHEHUS:

w(r,....w, ,)=0.

OCHOBBI TEOPHM HHKEHEPHOI0 IKCIIEPUMEHTA

DKClepUMEHTAJIbHBIE HCCIIE0BAaHUsl CUCTEM dHepretuku. Knaccudukanus,
TAIIBI W 3aa4d  JKcrepuMeHTa. [locTaHOBKA MHKEHEPHOIO JKCIIEPUMEHTA.
O0paboTka pe3yabTaTOB dKCIEPUMEHTAIBHBIX UCCIEOBAHUM B AJIEKTPOIHEPIETUKE.
[InanupoBanue skcriepuMenTa. [lomHbIi W apOOHBINM (HAKTOPHBIM SKCIEPUMEHT.
Perpeccuonnsiii  aHanu3. OneHka aJeKBaTHOCTM TEOPETHUYECKUX  PELICHUM.
Odopmienue pe3yapTaTOB HAyyHBIX HcciaepoBaHui. OTyer, cTaThs, AOKJIA,
MoHorpagusa. 3ammra  pe3yJbTaTOB  HAy4YHO-UCCJIENAOBATEIBCKOW  pabOTBHI.
O} PeKTUBHOCTDh U KPUTEPUU OLICHKU HAYYHOU PabOTHI.

DOKcnepuMeHTaJIbHAasl TPOBEpPKa SBIIAETCA CaMblM TPYJOEMKMM M BEChbMa
OTBETCTBEHHBIM 3TAIOM aJTOPUTMa UCCIIETOBAHUS.

JUIs HMH)XEHEPHOTO UCCJENIOBAHUS XapaKTePHO OPraHMYECKOE COYETAHHE
AKCIIEPUMEHTAJIBHOTO U aHAJIMTHYECKOTO METOJOB MU3YUYEHHMS SIBJIEHUN M MPOLECCOB.
B ¢unocodckom cmbIciae SKCHEPUMEHT BBICTYNAET KAaK METOJ IO3HAHMS, MpPH
[IOMOIIIM KOTOPOr0 B KOHTPOJIMPYEMBIX U YIPABISEMBIX YCIOBHUSAX HCCIENYIOTCS
ABJICHUS AEUCTBUTEIBHOCTU. OOBIUHO SKCIIEPUMEHT OCYLIECTBIISIETCS HA OCHOBAaHUU
HEKOTOPOM TEOPUM, ONPEIACIAIOMENd IOCTAaHOBKY 3aJa4d W HMHTEPIPETALUIO
pE3ynbTaTOB 3KCIIepUMeEHTa. [IpoBeNeHHBIN dKCIEPUMEHT MOXKET CIYKUTh OCHOBOM
JAJBHEMILIEr0 pa3BUTUS TEOPUH, YTOUYHEHUS aHAJTUTUYECKOTO OIUCAHMS SIBJICHUS.

OKCIEpUMEHTBI AEJATCS Ha:

- KAYECTBEHHBIC;
- U3MEPUTENIbHBIE;
- IACCUBHBIE;
- AKTUBHBIE;
- HATYPHBIE;
- MOJIEJIbHBIE.
29



InanupoBaHyue SKCIEPUMEHTA PACCMATPUBACTCA KaK pas3iead MaTeMAaTUYECKON
CTaTUCTHKH, U3Y4arOIIUI PallMOHAIILHYIO OPTaHU3aIMI0 U3MEPEHUH, II0BEPKEHHBIX
CIIy4alHbIM OHIMOKaM.

3ajaya IUIAHMPOBAaHUA  ODKCIEPHMMEHTAa  3aKjroyaeTcss B pa3paboTke
ONTHMAaJBbHOW CXEMBI MCCIEIOBAHUS — BBIOOPE 3HAUYEHUM M3ydaeMbIX (PaKTOPOB H
KOJINYECTBO OIbITA. [IMaHMpOBaHUE DKCIEPUMEHTA NPUMEHSIOT U JUJI HaXOXKICHHS
MaTeMaTU4eCKOM MOJEIIM OOBEKTA U €€ DKCTPEMYMOB.

Obvexmom uccredoeanus Ha3bIBA€TCd H3ydaeMblil Ipouecc, (U3NYECKoe
SBIICHHE, arperar.

daxmopamu HaA3BIBAIOTCS HE3ABHCHMBIE BEJIMYMHBI, C MOMOIIBIO KOTOPBIX
MOKHO BO3JCHCTBOBATH HA MCCIEAYEMBIH OOBEKT MIIM (PAKTOPBI — 3TO IApaMeETPBI
IPOLIECCOB U CUCTEMBI.

3Ha4eHHsA, KOTOPbIE MOTYT IPUHUMATh (DAKTOPBI, HA3BIBAOTCS YPOGHAMU.

KoyimyecTBEHHO HalJEHHAs XapaKTEpUCTHKA IIpolecca — IIOKa3aTellb,
HanOoJee IONHO OTPAKAIOMIMM €ro CyHIHOCTh WM 3(PQPEKTUBHOCTb, HA3bIBAETCA
IapaMeTpoOM ONTUMH3ALUH NI QYHKIUEH OTKIIMKA.

MeTozbl NIaHUPOBAaHUS JKCIEPUMEHTA IO3BONIAIOT YCTAHOBUTH 3aBUCUMOCTh
MEXKAY psAIoM (PaKTOPOM M OJHHM IIapaMeTPOM ONTUMH3ALIUY.

B 3aBucMMOCTM OT TOIO, CKOJIBKO B OKCIEPUMEHTE PpacCMaTpUBAETCS
IepeMEHHbIX  (AKTOPOB, OH HA3bIBAETCA OJIHO-, [BYX-, MHOIO()aKTOPHBIM
DKCIEPUMEHTOM.

MHoOro(}hakTOpHbIN 3KCIIEPUMEHT IO3BOJISIET:
l.OIyYnTh MaTEMAaTHYECKYI0 MOJENb IPOLECCa, KOTOPYI0 MOKHO HCIOJIB30BaTh
IIPY YIIPaBJICHUY;

2. BCKPBITh OOBEKTUBHBIE 3aKOHOMEPHOCTH U MOIYYUTh HH(MOPMALUIO O IPOLECCE;
3. IpoOBEepUTH  AJCKBATHOCTb INPEACTABICHHA  PE3yJIbTaTOB  JKCIEPHMEHTA
OIIPEIENIEHHON HHTEPIOIAIIMOHHON 3aBUCUMOCTBIO.

IInanupoBaHue dKCHEPUMEHTA PE3KO IMOBBIIIAET TOYHOCTh U CHHXKAET 00BEM
DKCIIEPUMEHTAJIBHBIX HCCIECIOBAHUH, IO3BOJSAET HAXOAUTh ONTHMYM (DyHKIMH,
OIMCBIBAOLIEH ITPOLECC.

Conepxanue IUIAHUPOBAHUSA DKCIIEPUMEHTA MOXKHO IPOUJUIIOCTPUPOBATL Ha
IpUMeEpE «4EPHOIo sAIMKa» (puUcC. 3), B KayecTBE KOTOPOTO BBHICTYNAET OOBEKT,
UMEIOUIUNA 7 BXOHOB [X,,X,,...,X, | © M BBIXOHOB [}, V,,..., 1, |

Puc. 3. O0bexT uccnenoBaHus
Bxogamu MoryTt ObITh Kakue-HUOYb BHEIIHHUE JUIsl 00OBbEKTa BO3ACHCTBUS HIIN
napameTpbl €caMoOro OOBEKTa, a BBIXOJHBIMU BEJIMYMHAMU — COCTOSIHUE WIH
napameTpbl (KOJIMYECTBEHHbIE U KAYECTBEHHbIE XapPAKTEPUCTUKH O0BEKTA).
Hamnpumep, eciiu B kauecTBe 00bEKTa MCCIEIOBAaHUS pacCMaTpUBaTh CHCTEMBI
AJIEKTPOCHAOKEHUSI IPOMBILUIEHHBIX MPEANPUATUH, TO BXOJAMU  SIBIISIOTCS
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HaIpsHKeHUE, TOK, aKTUBHASI U PEAKTUBHASI COCTABIISIONIME MOIIHOCTH Ha TpaHUIIAX
0ayaHCOBOW MPHUHAIJICKHOCTH, a BBIXOJAMH — HANpsHDKEHHWE W TOK Y3Jia, BETBH,
MOKa3aTeau KadyecTBa DJICKTPUYECKOW JHEPTUU, MOTOKM AKTUBHOW M PEAKTUBHOM
MOII[HOCTH H T.[I.

OOBIYHO aHAIUTHYECKAS CBSI3b MEXKY BXOJOM M BBIXOJOM (MOJCIH O0OBEKTA)
HEU3BECTHA, a W3BECTHBI ()AKTOPBI X, M MOJJIEKAIUUE HMCCICIOBAHUIO BBIXOJHBIE

BCJIMYMHBIL Y.

OnpenenuM  OJHY BBIXOJHYIO BEJIMYMHY, SBISIONIYIOCS HEHU3BECTHOMN
dbyukiuen k£ HaxTopos:

Y= 1(x,%y,..0,X,). (1)

B sToMm ciiyuae 3amayamu rmiaHupoBaHus OyAyT:
1. PackpbiTHe MexaHU3Ma SIBIICHUSA, T.€. HAXOXKJICHUE aHATMTHYCCKOTO BBIPAKCHUSI,
KOTOpPOE B O0JIACTM BO3MOJKHBIX 3HAa4eHHUH (AKTOPOB X, JOCTATOYHO TOYHO

COBIIAJIa€T C HEM3BECTHOM 3aBUCUMOCTHIO (1);
2. OmpeneneHre SKCTpeMyMa OTKJIMKa B 001acTu ompeneneHus. Takue
AKCIIEPUMEHTHI Ha3bIBAIOTCS SKCTPEMAJIbHBIMU.
3. Be1bop Moaenu Uit onucaHusl 00bEKTa I ONPEAEICHHS TapaMeTPOB U3BECTHOM
(YHKIMOHAJIBHOM 3aBUCHMOCTH.

[TpucTynas K IaHUPOBAHUIO IKCIIEPUMEHTA HEOOXOIUMO BBIOPATh (PaKTOpPHI U
ONPEIEIUTH:
- UX BIUSHUE HA Y ;

- 3aBUCHMBbIE WM HE3aBUCHMBbIE NTAPaMETPBHI.

BriOpanHnbie GakTopbl JOJKHBI OBITH JOCTYIHBI U3BMEPEHUIO C TOYHOCTBIO Ha
MOPSIIOK  BBILLIE, YE€M M3MEpPEHUE BBIXOJHOM BeMMYMHbl. OHU JOJDKHBI OBITH
COBMECTHBI U HE3aBUCHMBI.

JInst  KaXkaoro OSKCIEpUMEHTa HYXHO BbIOpaTh HHTEpPBAJl BapbUPOBAHUS
(dbaxkTopoB [, SBIAIONIMNCA MOJOBUHOW PAa3HOCTH MEXKIY OOJbIIUM (BEPXHHM) U
MEHBIIINM (HM)KHUM) 3HAYCHUSIMH (paKTOpa:

[ — xmax — xmin .

m—1

Jns  ynobcTBa  3amucu  IJlaHA  OKCIEpUMEHTa U 00palboTKu
HKCIIEPUMEHTAIBHBIX JAHHBIX OOBIYHO MOJB3YIOTCS KOJMPOBAHHBIMU 3HAYCHUSAMHU
(bakTOpOB X, X, :

%= X ~ Xio ,

I

1

rae x, - ¢usndeckuil (akrop, x,, - HaTypadbHOE 3HauY€HUE (PAKTOpa Ha HYJIEBOM
YPOBHE, [, - HaTypajabHOE 3HaYCHNE HHTEPBaJIa BAPbUPOBAHUS.

[Ipu  mpoBeaeHHMM  MHOTO(AKTOPHBIX  DKCIIEPUMEHTOB  BBIOMpaeTcs
KJIACCUYECKUN WU (haKTOPHBIM IJIaH.

PaccmoTpum MeToauKy cocTaBiIeHUS IIJ1aHa JJIsl TPOBEAEHUS SKCIIEPUMEHTA Ha
npuMepe nojaHoro ¢gakropHoro skcnepumenta (I1DI). [IDOD — 3To IKCIEpUMEHT, B
KOTOPOM PEaIM3yIOTCs BCE BOZMOXHbIE KOMOMHAIIMK YPOBHEHN (PaKTOPOB.
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[Inan »skcnepuMmeHTa 3amaercd B BHAE TaOMMUbl MaTpuubl. Martpuna
IBYX(aKTOPHOI'O SKCIIEPUMEHTA IIpeicTaBIeHa Tabnuuel 4.

Tabnuya 4
MaTtpuua AByX(p)aKTOPHOI0 IKCIEPUMEHTA
No YPpOBHH NIEPEMEHHBIX OTKIUKHU
OIIBITA X, X, Vi Vo) Y
1 -1 -1 Y Vi Mij
2 +1 -1 Yai Y Vs
3 -1 +1
4 1 1 Va1 BEY) Vs,
Yar Vi Ve
4)

X, = 7000 ()%
BBens WKTUBHVIO I[IEPEMEHHVIO , =+1, aBHEHHUE MPOCTEUILIENA
NBYX(haKTOPHOU MOJIETU MIPEJCTABIIACTCS B BUJIE:

y=Bxy + Bx, + By, . (2)
Torna maTtpuila IIIAHUPOBAHUS SKCIIEPUMEHTA UMEET BUI:
No YPpOBHH IEPEMEHHBIX OTKIuKHU
OTmbITa X, X, X,
1 + - - N
+ + -
2 b
3 + - +
Vs
4 + + +
Vs

[lo ananorum (QUKTHBHYIO NEPEMEHHYI0 MOXHO BBECTH B JHO00H IUaH
AKCIIEPUMEHTA.
YpaBHeHne Mozenu (2) conepxuT HeusBecTHble Koapuuentsl . Eciu atu

KOG (QUIUEHTBI ONPEAETAIOTCS 0 CTATUCTHYECKUM JaHHBIM, TO Mbl UIMEEM JIEJI0 HE
c caMuMHu Kod(duiueHTamu, a ¢ UX OLEHKAMH, U, CIEJOBATENIbHO, IOJIy4aeM He
TOYHOE ypaBHEHUE (2), a €ro OLEHKY:

y=byx, +bx, +b,x,.

Jlsl OTBICKAaHMS OLEHOK b, HMPUMEHSIETCS METOJ HauMEHBLIMX KBaJIpaToB, a

caMa MpouUeaypa Ha3bIBAETCS PETPECCHOHHBIM AHATU30M.
3amavyu ONTMMHU3ANMH B HAYYHBIX MCCJIEI0BAHUAX

OnTuMu3alMOHHbIE 337a4yd B OOJIBIIMHCTBE CIIy4aeB (POPMYJIUPYIOTCS Kak
3a/1ayy MOMCKa SKCTPEMAJIbHBIX 3HaYE€HUN (PYHKIMU OTKIIMKA 00bEeKTa (MAKCUMYMOB
WM MUHUMYMOB). Hanpumep, HH)KE€HEpY 4acTO MPUXOAMTCS PEIIaTh 3a/lay IMOMCKa
ONTUMAJBHBIX  YCIIOBUM  NPOW3BOACTBA  MNPOAYKIMM C  MaKCHMMaJIbHOMU
MPOU3BOAUTEIBHOCTHIO HJIM MUHUMAJIBHOU CE0ECTOUMOCTBIO.

[loBeneHne 0ObEKTa BO MHOTUX CIIy4asiX IPUXOAUTCS ONUCHIBATh HECKOJIbKHUMHU
byHKuMsIME OTKIMKA. OUYeHb PEKO yIAaeTCsl HAWTU TaKOe COUYE€TaHME 3HAYEHUN BCEX
BIMSIOIIUX (DaKTOPOB, MPHU KOTOPOM JIOCTUTAIOTCS BCE JKEJIA€MbIE IKCTPEMYMBbI
GyHKUIMIA OTKJIMKA 00beKTa. BOJNBIIMHCTBO BIUAIOMIMX (PAKTOPOB MOKHO H3MEHSATH
TOJIKO B pEalbHBIX TMpeliesiax: KOHILEHTpPAlMd pEareHToB HE MOryT ObITh
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OTPULIATEIbHBIMHU, TEMIIEPATyphbl MPOLIECCOB HE MOTYT MPEBBINIATH OE€30MacHBIC
3HaueHus u T.1. MccienoBarento HyXHbI U peajbHble 3HAUYE€HUS (PYHKIMM OTKIIMKA
OoOBbEKTa: HEOTPULATENIbHBIE 3HAYEHUS BbIXOJA NPOAYKIMH, CTENEHH OYHCTKH,
cebecroumMoctd npoaykumm u ap. Ilosromy B OONBIIMHCTBE  CllyyaeB
ONTHMMM3AaLMOHHBIE 33Ja4d PEIIAIOT IPU YCIOBHM PAa3JIMYHBIX OIPAHWYEHUN Ha
BEJIMUMHY BIUAOMUX (PAKTOPOB M 3HAUEHUH (PYHKUIMH OTKIMKOB OOBEKTOB, T.€.
IPOBOJST OUCK PAUUOHATLHBIX 3HAYEHU BIUSIOIIUX (HAKTOPOB.

[Ipy TpagMIIMOHHOM NIOMCKE palMOHAIBHBIX YCJIOBHI CTaOMIM3UPYIOT BCE
(dakTopel, kpoMe oaHoro. Ilpm 3TomM 3avacTyro OOHapyKMBAaeTCi TOJBKO YaCTh
AKCTPEMAJIbHBIX 3HAYEHUN (PYHKIIMHU OTKJIMKA OOBEKTA (<JIOKAJIbHBIE) SKCTPEMYMBI).

JUis  mosiydenust OoJsiee MOJAHOW HMHPOPMALMM O TOBEACHUM OOBEKTa
PEKOMEHyeTCsl POBOAUTH MOMCK PALMOHAIBHBIX YCJIOBUH HpPH OJHOBPEMEHHOM
U3MEHEHUU  HECKOJbKMX  (PAKTOPOB,  MCHOJB3YysS  CHELUAIbHBIE  METOJBI
MaTEMaTUYECKOIO IIJIAHUPOBAHMS SKCIIEPUMEHTA.

Bce Meronbl MareMaTHYecKoOro IUIAHWPOBAaHUS JKCIEPUMEHTA ISl PEILICHHUS
ONTHMU3ALMOHHBIX 3a/Jay JEISAT Ha JBE TIPYIIbI: METOJAbI, TpPeOyroulue 3HaHWUN
YpPaBHEHUs perpeccuu (PyHKIHUU OTKIMKAa O0BEKTa, U METO/bI, HE TPEOYyIOIINE TaKuX
3HaHUMU.

K rpynnme mertonoB, TpeOyroomuMX 3HAHUNA YpaBHEHHS perpeccuu (yHKIUU
OTKJINKA 00BEKTa, OTHOCSTCSL:

METOJ KPYTOrO BOCXOXJECHMSI WJIM HAaUCKOPEHIIEro CIycKa MO MOBEPXHOCTH
(YHKLIHH OTKIIMKA OOBEKTA;

MeTOo/1 0000IEHHON PYHKIMU KENATETBHOCTH U JIp.

K npyroii rpynne MeTogoB OTHOCUTCS CUMILIEKC-METOL.

KopoTko paccMOTpHM CyTh HEKOTOPBIX M3 3THX METO/OB.

Memoo kpymozo 60CX0dicoenus uau Hauckopeuue2o Ccnycka no NnoGepXHOCHU
DYHKYUU OMKIUKA 00beKma

[IpuMeHeHHe JaHHOIO METO/Aa HAayMHAETCAd C IMOJIY4eHHMs (PYHKIMHM OTKJIIMKA

00BEKTa B BUJI€ UCXOJIHOTO YPAaBHEHUS perpeccuu. st 3Toro BoIOUPAIOT BIMSIOIINE

dakTopel ¥ oOnacTu uX uzMeHeHus (X O-, AXj), IUIaHUPYIOT M PEATU3YIOT IIIaH

AKCIIEPUMEHTA MIEPBOT0 UM BTOPOTO MOPSJIKA.

[locne HaxoXIEHHUS HMCXOAHOTO YPABHEHHUS PErpecCHM OIPENeIOT IIar M
HaIlpaBJIEHUE MOUCKA 3KCTpeMyMa (YHKLIHMH OTKJIMKa oObekTa. [[ns sToro oauH u3
(bakTOpPOB MPUHUMAIOT 32 0A30BBIM U ISl HETO BHIOMPAIOT IIAr ABUKEHUS, KOTOPBIH
JOJKEH OBbITh HE OOJIbIIE Iara BapbUpPOBaHUs 3TOro (akTopa MpU MOJYUYCHHH
MCXOIHOTO ypaBHeHHs perpeccuu (AX]) , Hampumep, eciii 3a 0a30BbIi (PaKTOp B3ATH

%
X\, TOo mis 6a3oBoro mara JBHKeHUs (AX| ) JOIKHO BBIIOJHATHCS COOTHOLICHHE

%
AX; <AX;.
[Ilaru ABMKEHUS OCTAIBHBIX (PAKTOPOB PACCUUTHIBAIOT CJIECIYIOLUIUM 00pa3oM:
A AxY b Ax
Y= > ;i =YD B
bax,”
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rae b; — nmnelinple >QdexTer (GakTOPOB (C_YYETOM HMX 3HAKOB!) B HMCXOIHOM
YpaBHEHUU PETPECCHH.

JIBuKeHue K SKCTpeMyMy (YHKIIMM OTKIMKA OOBEKTa HAYMHAIOT M3 LEHTpa
IUTaHa SKCIEPUMEHTA, HWCIOJb30BAHHOTO NP TMOJIYYEHUU HCXOJHOTO YpPaBHEHMUS

perpeccun (X = xY ,xj=0).

[Ipu noucke wmakcumyma GQyHKIMH OTKIMKAa OOBEKTa (MeTox KpPYyTOro
BOCXO:KIE€HMS) ISl ONPEICICHUs YCIOBHI NMPOBENCHUS MOCIEAYIOUIETO OIBITa K
KOOpJMHATAM IMPEAbIAYIIETO ONbiTa B ()aKTOPHOM MPOCTPAHCTBE HNPUOABISAIOT MIATH
IBWKEHUS M0 KaxaoMy (akropy. [Ipu noucke munumyma (MeTox HAUCKOpeIIero
CIyCKA) K3 KOOPJIMHAT MPEAbIIYIIEro ONbITa BBIYUTAIOT IIATH JIBUXKECHUS.

JIBMKEHUE K SKCTPEMYMY MPEKPAIIAIOT B CACTYIONINX CIydasx:

1. 3nadenust PyHKIIMKM OTKIMKA 00BEKTa WM XOTS Obl OJTHOTO (haKTOpa BBILIUIH
3a Mpeebl JOMYCTUMBIX 3HAUCHHH.

2. Hatinen skcTpeMyM (BO3MOXHO, JIOKQJIBHBIN) PYHKIIMHM OTKJIMKA 00BEKTA.

B mepBoMm ciywae onmTuMm3anuio 3akaH4uBaioT. Bo BTopom ciyyae mpoBOIST
JOTIOJIHUTEIbHBIE JKCIIEPUMEHTHI M0 MOJYyYEHUI0 HOBOTO YPaBHEHHUS PErPEecCHU B
o0jacTu OOHApYKEHHOTO 3KCTpEMyMa U TMOWCKY HOBOTO JKCTpEMyMa Ha OCHOBE
HOBOTO YPaBHEHHUS PETPECCHH.

K memocraTkaM MeToJa KpyTOTO BOCXOXKICHHUS WJIM HAUCKOPEUIIETro CITycKa
CJIeyeT OTHECTH AOCTATOYHO OOJBIIOE YHUCIIO SKCIIEPUMEHTOB IIPU €TI0 peanu3aliu.
Cumnnexc-memoo

Ha3Banue Meroja mnpou30LHUIO OT Ha3BaHUS TE€OMETPUYECKON (UTYpHI
"peryispHbId CHUMIUIEKC", T.€. TPABWIbHBIA BBIMYKJIbIH MHOTOrpaHHUK. Ecmu
UCCIIEyeTCsl BIUSHHE Ha CBOMCTBO o0OBekTa Kk QakrtopoB, TO (akTopHOE
IPOCTPAHCTBO MOXKHO 3a7aTh B BUAE peryisipHoro cumiuiekca c¢ (k+1) BepuiuHoil.
Tak, nanpumep, 11 1Byx ¢paktopoB (k=2) dhakTopHOE MPOCTPAHCTBO MOKHO 33/1aTh
B BH/JI€ MPABUIIBHOTO TPEYTOJIbHUKA (IIPAaBUIBHBIN MHOTOTPAHHUK C 3 BEpPIIMHAMM), A
st Tpex ¢akropoB (k=3) — B Buae terpa’apa (IpaBUIIbHBII MHOTOTPaHHUK C 4
BEpPLIMHAMMU).

Pa3paboTansl mpocThie B TMOCTPOCHUH MATPHUIBI IUJIAHOB JKCIEPHUMEHTa C
MCIIOJIb30BaHUEM JUISI HCCIIEAOBAHNUN (PAKTOPHOTO MPOCTPAHCTBA B BUAE PETYIISPHBIX
CHUMILIEKCOB, LIEHTP KOTOPBIX COBMAJaeT C LEHTPOM (PaKTOPHOTO MPOCTPAHCTBA C
KOAMPOBAaHHBIMU 3HAUYCHUSAMHU (PAKTOPOB (T.€. KOPAUHATHI IIEHTPA HAYAJIBHOTO TIJIaHa
DKCIIEPUMEHTA 33/1a10TCs KakK X = 0) ¥ 0JlHa U3 BEPIIMH MCXOJHOIO CUMILIEKCA JIEKHUT
HAa OJHOM U3 KOOPAMHATHBIX OCEM H3TOro mnpocTtpancTBa. [ns Takoro ciydas
NOCTPOEHUE IJIaHA SKCIIEPUMEHTa HAYMHAeTCsl ¢ MaTpullbl E (MaTpuilbl HCXOAHOTO
CUMIUIEKC-TIJIaHa C KOJUPOBAHHBIMU 3HAYEHUSIMU (PakTOpoB, Tab. 22):

Jlanubie TabJ1. MOKa3bIBAOT, YTO YMCJIO OMBITOB B MCXOJHOM CHUMILIEKC-TJIAHE
Bcerga Ha equHuiry oosbiie (N = k+1), ueM uncio ucciaeayemsix HaxkTopos k.
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Tabnuya
Hcxoonwtit cumniiekc-nian IKCHepUMEeHma ¢ KoOOUpOo8aHHbIMU
3HAUEHUAMU PAKMOPOs

Homep Kooupoeannwie 3nauenusn gpaxmopoes y
oneimai |Xx; X X3 eee | X; cee | Xz Xk

1 €1 () €3 €; €x-1 €x

2 - 161 () €3 €; €x-1 €x

3 0 -2e, e e €k ex

4 0 0 -3e; e €k ex
ce 0 0 0 cee €; €x-1 €x
j+1 0 0 0 0 -j €; €xk-1 €x
. 0 0 0 0 0 cee €x-1 €k

k 0 0 0 0 0 0 -(k-Der.; | ex
k+1 0 0 0 0 0 0 0 -key

KonkpeTHbIe 1M(DPOBEIEC 3HAYEHHS €j PACCYMTBIBAIOTCS 10 (hOpMyIIe

1
2j(j+1)

[Tocme 3aBeprieHUsT OSKCIEPUMEHTA IO HMCXOJHOMY CHMIUICKC-TUIAHY
OIICHUBAIOT TIOJIYYCHHBIC 3HAYEHUS OTKJIMKA OOBEKTAa M OMPEACISIOT HOMEP OIBITA
(h) ¢ HaumxymmuMm IS ucclenoBareiis 3HaYeHueM ) (MUHUMAJIbHBIM WM
MaKCHUMaJIbHbIM B 3aBHUCUMOCTH OT wenu ontumuzanuu). [lo koopauHaram
HAUXY/IIETO OIbITa PACCUUTHIBAIOT KOOPAMHATHI HOBOTO MOMOJHUTENbHOTO (K+2)
OTbITA:

k+1 .
>+
J
(k+2) _ 5 (c) _ (h) . \(c)_i=l
J J J 7
[Tocne peanuzanuu HOBOro ombita (k+2) BHOBb aHAIU3UPYIOT 3HAYCHHUS ) U

X npui#h.

€clii 3HaueHue y(k+2) Jdydile 3Ha4YeHUs y(h), CHOBa OIPEACTSAIOT HOMED
HAMXY/IIEr0 ONbITA BO BCEH COBOKYITHOCTH MPOBEACHHBIX OINBITOB (HCKIIOYas U3
paccMOTpeHHsi OmbIT h) W pacCUMTHIBAIOT  KOOPAUHATHI  CJIETYIOLIETO
nononHuTeabHOro (k+3) ombita. Eciu HOBBI ONBIT HE MPHUBOAMT K MOJIYYECHUIO
JYYIIETO 3HAYEHHS ), TO SKCIIEPUMEHTHI 3aKaHYMBAIOT U 32 PALIMOHAIBHOE 3HAYCHUE
(GakTOpOB TPUHHUMAIOT KOOPAMHATHI OIBITa, B KOTOPOM IOJyYEHO HaWIy4llee
3HA4YEeHUE ).

JIOCTOMHCTBA CUMILIEKC- METOA:

1. DKOHOMHOE YHCIIO OMBITOB U3-3a HEOOA3aTEIHLHOCTH UX MOBTOPEHHUS.

2. BO3MOXHOCTh YBETMYEHHS YHUCIA HCCIEIyeMbIX (DaKTOpOB Ha JTHOOOM
JTarne ucciaenoBaHuil 0e3 3HAUUTEIbHOTO YBEJIIMYCHHS YMCia ONBITOB.

3. BO3MOXHOCTh NpPH ONTHMU3ALKUU OJHOTO CBOWCTBA OOBEKTAa YUYUTHIBATH
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W3MEHEHUs APYTUX CBOUCTB.

4. BO3MOXHOCTb MOJTyYEHHS YPaBHEHUS PErPECCUU MO0 CUMIUIEKC-TUIaHaM TpU
k=4a-1,rne apasno 1,2,3, ...n.

Henocratky cUMILIEKC- METO/A:

1. Tlo3BoJsieT HalTH TOJIBKO OJUH IKCTPEMYM (DYHKIIMHM OTKJIMKAa OOBEKTa, U
IJISL TIOMCKA IPYTUX SKCTPEMYMOB HEOOXOIUMO MOBTOPSITH peaM3alliio UCXOIHOTO
CUMILJICKC-TIJIaHa B APYToi 001acTH (PaKTOPHOTO MPOCTPAHCTBA.

2. D¢ deKTUBHOCTh MOUCKA IKCTPEMYMOB (YHKIIUU OTKJIMKA OOBEKTA 3aBUCHUT
OT BEJIMYMHBI BHIOPaHHOTO UHTEPBajIa BApbUPOBAaHUS (DaKTOPOB.

Jlis moucka BCeX BO3MOXKHBIX JSKCTPEMYMOB (DYHKIHM OTKIMKAa OOBEKTa
MPOBOSAT UCCIEOBAaHUE €€ MOBEPXHOCTH MO YPABHEHUIO PETPECCUU B CTaHAAPTHOM
KaHOHUYECKOM BHUJIE.

[Ipu mepexone ot 7a0OPATOPHBIX YCIOBHI K MPOMBIIUIEHHBIM PE3YJIbTaThI
MCCIIEIOBAaHUM JIOBOJILHO YacTO TJIOXO BOCIPOM3BOJATCS B OCHOBHOM H3-32 PE3KO
YBEITMYHBAIOIIETOCS yucna ciydailHeix  (aktopoB. IlosTomMy mpuxomurTcs
HPOJI0JKATH HKCIIEPUMEHTHI U TIPU MPOMBIIIJICHHOM MPOU3BOCTBE MPOAYKIIUH.

C wmenpl0 YMEHBIICHHS JIOJMM BBIMYCKa OpakOBaHHOW MPOAYKIHUU IPH
MPOMBIIIJICHHBIX SKCIEPUMEHTAX MPUMEHSIOT HEOObIINE NHTEPBAIIBI BAPbUPOBAHUS
(dakTOpoB 1O CpaBHEHUIO C J1a0OpaTOPHBIMH  HUCCleAOBaHUSAMH. llmaHbl
HNPOMBIIIJICHHBIX HSKCHEPUMEHTOB COCTABIAIOT TakUM 0OOpa3oM, 4TOOBI IyTeM
OCTOPO’KHOTO HW3MEHEHHs (DaKTOpPOB MONYy4YUTh HHGMOpPMALHUIO 00 H3MEHEHUSIX
OTKJIMKAa 00BbEKTa U TIPU STOM BBIITYCTUTh KAYECTBEHHYIO TPOIYKIIHIO.

Takoil moAXON K TIUJIAHUPOBAHUIO MPOMBIIUICHHBIX AKCIEPUMEHTOB ObLI
npenioxed bokcoM u mosyunn Ha3BaHue "MeTOA 3BOJIIOLMOHHOTO TIIAHUPOBAHHMS
JKCIIEpUMEHTA".

OnHOM H3 YacTO BCTPEYAIOIIMXCS 3a4ad XO3AWCTBEHHOTO YIIPaBIICHUS
SBIISIETCS 3ajlaya Mo pa3padoTKe PalMOHAIBHOTO IJIaHAa TPAHCIIOPTHBIX MEPEBO3OK.
OcHOBHas 1elb  OpraHM3allid TEPeBO30K — MHMHUMH3AIUS 3arparT Ha UX
BBINIOJIHEHHE. B 3KOHOMUKO-MaTeMaTHYECKOM MOJICTIMPOBAHUY ATa 3a/1a4a MOJIydnia
Ha3BaHWe  TpaHCHOpTHOM  3amauun. OnHa  dopmynupyercs  mis  3ajgad
AIIEKTPOIHEPIETUKU CIEAYIOIUM O00pa3oM: HMeeTCsl /1 IyHKTOB IPOM3BOJICTBA
AIIEKTPO’HEPTUM U m TYHKTOB TMOTpeOsieHus. 3anaHbl 00BEMBI MPOU3BOJCTBA
NEKTPOSHEPTUM @; I K&KIOTO MYHKTA U pasMepbl NOTPEOIeHUsS b, NI KaKA0To

noTpebnenus. M3BecTHa CTOMMOCTB TPaH3UTa ¢; W3 i - TO MyHKTa B j -il. Tpebyercst

COCTaBUTh HanOOJIee IKOHOMHYECKYIO CXEMY TPaH3HUTA.

Marematuueckass (QopMyJIHpOBKA TPaHCHOPTHOM 3aauu B oOIEM BUIE —
TpeOyeTcs MEPEBE3TU ONPEACICHHOE KOJIMYECTBO OJHOPOJAHOIO Tpy3a U3 1 IyHKTOB
OTIPABJICHUS B M ITYHKTOB Ha3HAYEHUSI.

Brenewm crnenytouue 0003HauE€HUS

I - YKCJIO IYHKTOB OTIIPABJICHUS;

M - YUCJIO MMYHKTOB HA3HAUYCHUS;

a; - 001Iee YnCIo Ipy3a B i - M IIyHKTE OTIIPABIICHNUS;

b, - - obuiee 4ncio rpysa, HEOOXOAMMOE B j -M IyHKTE Ha3HAYCHUS;
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C, - 3aTpaThl Ha TPAHCIOPTUPOBKY EAMHHIBI IPy3a U3 M3 [ - IO IYHKTA

OTHPABJICHUSA B j -l MyHKT Ha3HAYCHUS;
Z - COBOKYIIHBIE 3aTpaThl HA TPAHCIIOPTUPOBKY BCETO IPy3a;

xij - HICXOOHO HCHU3BCCTHOC YUCJIO I'Py3a, KOTOPOC IMCPCBO3UTCA U3 IIYHKTA I B

IIYHKT J .
ITomy4dnm mMozenb JIMHEMHOTO TPOTPAMMUPOBAHUS:

n m
2=3"3¢.x, - min,

=l j=1

xl.j>0.

TpancnoptHas 3a7a4a SIBIIAETCS 3agavyen JINHENHOTO
IPOrPpaMMUPOBAHUS C /1 + M OTPAHUYEHUSIMU U C 71 + m HEU3BECTHBIMU. Ee pelieHne
MOXKET OBITh MOJIYYEHO C IMOMOIIbI0 MpaBWUJ HAUMEHBIIEro 3JEMEHTa U CEBEpO-
3amaJHoTo yrJa.

MeToabl AKTHBH3ALMH TBOPYECKOI'0 MpoLecca

«300peTeHre 1EeNIUKOM 3aBUCUT OT 3HaHUW». Benukuil yueHbiii Anb0OepT
OWHIITEHH B OJHON M3 cBoMX paboT nucan: «be3 3HaHMS HeNnb3sl U300peTaTh, Kak
HEJb3sl cllaraTh CTUXHM, HE 3Hasg s3bIKa». [IpUMEHSs TOUHYIO MaTeMaTHYECKYIO
TEPMHUHOJIOTUIO, MOXXHO CKa3aTh, YTO HallMuWe 3HAHUW — YCJIOBHUE, HEOOXOIUMOE
IUI M300peTaTeNbeTBa, HO elle HegocTtaTouHoe. Ecnu Obl yenex 3aBuceN TOJIBKO OT
3HaHUU, OOJIbIIE BCEro M300peTeHHil Aenanu Obl akaJeMHKH, 3aTeM mpodeccopa,
3aTeM KaHJIWJAThl TEXHUYECKUX HayK W T. A. B Ku3HM Ke ObIBaeT HWHaYe:
KpyIHEHIIe n300pETeHUsT HEPEIKO MENAI0TCS PSAIOBBIMH PabOYMMU, TEXHUKAMH,
nmxenepamu.Bece o0bsicHsieTcst mpocTo. ECTh 3amaun, uisi pelieHusi KOTOPhIX BaXeH
HE CTOJIbKO OOmmMii O00BEM 3HAHWM, CKOJIBKO JIE€TaJbHOE 3HAKOMCTBO C
OCOOEHHOCTSIMU M TOHKOCTSMH JJAHHOTO Y4YacTKa MPOM3BOJCTBA. B Takux ciydasx
IJIABHOE — KOHKPETHBIN TPOU3BOICTBEHHBIN ONBIT. BBIBAET U TaK, YTO JI PELICHUS
3a/1auu TpeOyIOTCS HE KalUTaJbHbIE 3HaHUS B JAHHOW 00JaCTH TEXHHUKH, a JOBOJBHO
OOBbIYHbBIE, HO «IIOCTOPOHHUEY 3HaHMs. HykeH nHO# moaxox K 3ajaye, MpUBJICUCHHE
UHBIX, IYCTh BEChbMa CKPOMHBIX, HO HOBBIX [JIi JIaHHOM OO0JIACTH TEXHUYECKHUX
CPEACTB.

«M3oOpereHne 3aBUCHUT TOJBKO OT JKCIEPUMEHTOB». 3aIluIasi 3Ty TOYKY
3peHus, JIOOST CChUIAThCS HAa OnucoHA. B momckax ycTOWYMBOTO BOJIOCKA IS
ANMEKTPUIECKON JTaMIouku DaucoH mpoxenan 8 000 ombIToB. DTO OBUIA JOBOJBHO
OECCUCTEMHBIC ONBITHI: DJIMCOH WCIBITHIBAT BCE MAaTEPHAIbI, KOTOPBIE TOJBKO
MOXHO OBLJIO MCHBITaTh. bblla MpoBepeHa Nake HUTh, MOJy4YeHHass OOYrJIMBaHUEM
BOJIOCKA, BBIPBAaHHOIO U3 OOpOABl COTpyJIHHUKA jabopatopuu. Pabotas Hax
HIEJTOYHBIM aKKyMYJISITOpoM, DucoH noctaBuia 50 CO0 onbITOB...
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Ha npotsbkeHnHn ncTOpHM 4YeloBedecTBa TEXHUKA HENPEPBIBHO 0OOramaiach
HOBBIMHM M HOBBIMH NpUEeMaMH H300peraTenscTBa. Eciu copMynnpoBath KOPOTKO,
3TO OBUT MYTh OT CJAYYAllHOTO OTKPHIBATEIbCTBA K CO3HATEJILHOMY H
IVIAHOMEPHOMY pelIeHUI0 HOBBLIX TeXHMYECKHMX 3aaa4d. B pasHbix oTpacisax
TEXHUKU JIIOJU TO-pa3HOMY IPOJBUHYJIHMCH Ha 3TOM NyTH. ECTh Takue ortpaciu
TEXHUKHU, B KOTOPBIX OTKPBITUA M W300pETEHMs ENAIOTCS MOYTH IutlaHoMmepHo. U
€CTh OTPACJIM TEXHUKH, T BCE €Ile NMPeoOIagacT 3IEMEHT CIy4YalHOCTH.

Hesamonro no cmeptn 3HamenuThii pusuk HeroToH ckazan: «He 3Haro, yem s
MOTY Ka3aTbCsi MHUPY, HO caM ce0e i KaXyCh TOJIbKO MaJlbYMKOM, HTPAIOIIUM Ha
MOpPCKOM Oepery, pa3BlIEKalolUMCsS TE€M, YTO OT HOpbI JI0 BPEMEHU OTBICKHUBAIO
KaMmelek Ooyiee IBETHCTHIN, 4eM OOBIKHOBEHHO, WJIM KpPAacHYI0 pPakOBHHY, B TO
BpeMs, KaK BEJMKUIA OKEaH UCTUHBI PACCTHIIAETCS MEPEA0 MHOM HEMCCIIEI0BAaHHBIMY.

Co BpeMeHn HpIOTOHA «OK€aH HUCTHH» NEPECEUYEH BO MHOTMX HANPABIICHUAX, U
yU€HbIE HU3BJICKIM M3 €ro TiNyOuH yIuBUTEIbHbIE Haxoiku. WccnemoBanue mupa
npoJoJKaeTcs U Tenepb. M kaxablid pas, Korja yueHble JoOaBIAIOT K TOMY, 4TO yKe
U3BECTHO O MHUpE, YTO-HUOYIb HOBOE, OHM COBEPINAIOT OTKpbITUE. OTKPBHITHEM
NPU3HAETCS YCTAHOBJIEHHWE HEU3BECTHBIX paHee OOBEKTUBHO CYIIECTBYIOIINX
3aKOHOMEpPHOCTEH, CBOWCTB W sBJICHMM MaTepuanbHoro Mmupa. Camo 1o cebe
OTKPBITHE €IIE HE BBI3BIBAET TEXHUYECKOIO IMporpecca. Tak, Hanmpumep, OTKPBITHE
MakcBeIIoM 3JIEKTPOMarHuTHOM MPUPOABI CBETA UMEJO TEOPETUUYECKOE 3HAUYEHUE.
3atem I'eply OTKpbUI 3JIEKTPOMAarHUTHBIE BOJIHBI JJIMHHEE CBETOBbIX. Ho 3TH
BAKHEUINME OTKPBITUSA TOJIBKO TOI/A OKAa3ajdd HEMNOCPEACTBEHHOE BIIMSHUE Ha
TEXHUKY CBSI3M M HA MHOTME ITPOU3BOACTBEHHBIE Ipouecchl, koraa Ilonos nzodpen
MEePEAATYNK W NPUEMHUK 3JIEKTPOMAarHUTHBIX BOJIH. OAMCOH OTKPBUI TEIJIOBYIO
AMUCCHIO 3JIeKTpoHOB. Ho nuib 6maronapst psaay n3o0peTeHuit, cieJaHHbIX IpYTUMH
JIOABMH, 3TO OTKPBITHE OBUIO MCMOJIB30BAHO I PETYIUPOBAHMS OOJBIINX TOKOB
MajblM HalpssKEHHWEM W B KOHLE KOHIIOB JIETJIO B OCHOBY COBPEMEHHOM
PAIUOTEXHUKH.

OTKpBITHS PaCHIMPSIOT TOPU3OHT H300peTarenied, BOOPYXKAIOT UX HOBBIMU
CBEJICHUSIMU O MaTepuaiax, M3 KOTOPBIX CO3AAIOTCS MAIIMHBI M MPUOOPHI, O
3aKOHOMEPHOCTSIX, KOTOPBIM MOAYUHSIETCS] pad0Ta MAIIIKH.

Pa3BuTHe Hayku cO37a€T BO3MOXKHOCTH JUISI TIOSIBJICHUSI HOBBIX M300pETECHUM.
N300peTeHus ke IBUratoT BIEpe]l TEXHUKY.

N300peTeHne — 3To CyIIeCTBEHHO HOBOE PEIICHHE TEXHUYECKOM 3a1a4u.

OnHako He BCsIKash HOBHU3HA JENaeT MPEAJIOKeHHE H300peTeHHeM: HOBHU3HA
JOJHKHA COYETAThCS C MOJIE3HOCTHIO, C MOJIOXKUTEIBHBIM 3()DPEKTOM.

B namre Bpemsi TpyAHO YAMBHUTH HAEEH YHpPaBIECHUS KAKUM-JIHOO MPOLIECCOM.
JIrobast wumes 00 ympaBIE€HMH YEM-TO, CETOJHS €lIe HEYIpPaBIIIEMbIM,
BOCIPUHUMAETCSl CIIOKOWHO: pa3zbepeMcs, HaileM CpeacTBa yIpaBieHUsA, Oyaem
ynpasisaTh. 1 TOJBKO Haes ynpaBjieHUs TBOPYECKMM INPOLECCOM, KaK MPaBUIIO,
BBI3BIBAET PE3KOE CONMPOTUBIEHHUE. BOT TUNMMYHOE BbICKa3biBaHWE. [IpuHAIIEHKUT
oHO Apamatypry B.Po3oBy: "Kak M3BeCTHO, akT TBOpYECTBa HENMpPOHU3BOJIeH. OH He
NOKOPEH [JaX€ OYEHb MOIIHOMY BOJIEBOMY YCWIHK WIA KaT€rOpUYECKOMY
noBeJieHHI0... Kak HM mapaJoKcajabHO, HO XYAOKHHK B MOMEHT TBOPUYECKOI'O aKTa
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Kak Obl HE MBICITUT, MBICIb YOBET TBOpUecTBO... Kak MHE KakeTcs, XYJOKHUK
MBICJIUT IO MOMEHTa TBOPYECTBA U IOCJE HETro, BO BPEMsi CaMOI'o akTa TBOPUYECTBA
pednexkcun ObITb HE JO0JKHO. ClOXKHEe, KOHEYHO, OOCTOUT JeNI0 C Hay4YHbIM
TBOpuecTBOM. HOo M OHO cecTpa XyA0)KECTBEHHOMY, BO3MOXHO, AK€ pOAHAs.
Heckonbko neT Hazanm B OJHOM cTaThe s MpodYes 3aMeyaHHE O TOM, 4YTO
NEPBOMCTOYHUKOM BEIUYAMIIMX JOCTMKEHUH M OTKpPBITUH BO Bcex cdepax
KyJbTYpbl, HayKH, TEXHUKH M HMCKYCCTBa SIBJIICTCS BHE3alMHOE U 0€3 BUAUMOMU
MIPUYHHBI BO3HHKAIOIIEE 03apeHHUe. 910 U €CTh TBOPYECTBO".
OObIyHasi TEXHOJOTHS MPOM3BOJACTBA HOBBIX HJAEH OCHOBaHA Ha MeToAe Mpod u
omudbok: "A ecnu cnenatb Tak?.. He momydaercs... MoxeT ObITh, MOMpOOOBATH BOT
tak?.." MeTroa 3TOT CTOJIb XK€ JAPEBHUM, Kak U cam uejoBek. [IpaBma, 3a gonryio
HCTOPHUIO YEJIOBEYECTBA OBUIM B HETO BHECEHBI HEKOTOPHIE YCOBEPIICHCTBOBAHMS:
MBI TENepb HE JENaeM SBHO HeEJEenblX Mpo0 (XOTS KIOYOM K 3ajJadye HHOraa
OKa3bIBACTCS TO, YTO KaXKETCSd HaM HEJENbIM), HAay4YWJIUChb BECTH MBICIECHHBIC
AKCIIEPUMEHTBl — OHMU OBICTpEe BEIIECTBEHHbIX, HAy4YWJIUCh HABAJIUBAThCS Ha
TPYJIHbIE 33]1a4l KOJUIEKTUBHO... Ho cyTh MeToma ocranack Heu3smMeHHou. M ctout nu
YIUBISATBHCS, YTO TOHSATHE "TBOPYECTBO" HEPEAKO COBMAJAET B  HAIlEeM
NPEICTAaBICHUU C TEXHOJIOTHEW pelleHUs TBOPUYECKUX 3aJad METOAOM Npod u
omu6ok? "CuactnuBblii ciydait", "tamant", "TeprnenuBbiii Tepebop BapUaHTOB",
"o3apeHue" — OSTU TMOHATUSA, NPUCYIIHNE OJHOM OMNpPENENIEHHON TEeXHOJOTHH,
MIPUITHICHIBAIOTCS TBOPUYECTBY BOOOIIIE.

Mpeicne yOuBaer TBopuecTBO, roBoput B.Po3os. Jla, mpu pabore meTomom
npo6 u omuboK ObIBaeT U Takoe. HeynmpasisieMasi MbICIIb B CHITY TICHXOJIOTHYECKOM
MHEPLHUU YBOAMT OT, Ka3aJoCh Obl, OUYEBUIAHON UCH. A eCJH YNPABJIATH MbICJIAbIO?
Mpe1 BBENM OJMH NMPHEM YIpaBiieHUs (Aenaid "MMBOPOT-HABBIBOPOT'), U OH Hayal
JaBaTh HOBbIE TEXHUYECKHUE UIEU— MPOJIYKLHUIO, KOTOpas HUYEM HE OTJIMYAETCA OT
MOJIYYEHHOU B pe3yibTaTe o3apeHus. [loToM Mbl HCHONB30Bad COYETAHHE TPEX
npuéMOB — U OKa3aJOCh, YTO TAaKOE COYETAaHHWE KAayeCTBEHHO CHJIbHEE OJHOIO
npuéma: Mbl MOJYYHJIA HEUTO OoJibliiee, 4yeM Ha€T 03apeHue, — Yy Hac MOSBUIICS
METO/I, IO3BOJISIONINM pa3BOPAYMBATH KAKYyIO-TO OJIHY CXEMYy B "MPOCTPAHCTBO
cxem". Hy a ecimu mpuémoB u meromoB y Hac Oymer 100, 200 umu 1 0007?..
[Tpuémsbl nzBecTHsl 1aBHO. U oueBUHAS MBICIB "ueM O0JIbllle MPUEMOB, TeM Jiydiie"
OpUXOAWIIa B TOJIOBY MHOrMM. Ho ¢ yBennyeHuem uucia nmpuéMoB OBICTPO pacTeT
HEOIPEJEICHHOCTh UX MpUMEHEeHMs: oOmamarens komwiekuuu B 1 000 mpuémon
BBIHY’KJIEH ObLI1 OBl peliaTh 3aJady BCE TEM € METOAOM Mpo0 W OmHMOOK, Hayraj
nepedupas NpuEMBI.

[IpuémMbl — orpomMHas cwia, €ciii 3HaTh, KOI/Ia M KaK HMX HCIOJIb30BaTh.
HeoOxoaumbl Teopusi M1 MeTOAMKA, MO3BOJIIOIIME MPENAapUpPOBATh TBOPUYECKYIO
3amauy, noOupatbes A0 €€ TIyOWMHHOW CYINTHOCTH W TOYHO OMPEAENsITh, KOTJAa H
Kakoi MpuEM MCHONB30BaTh. JJIsl MOCTPOEHUS TEOPUHU PEIICHUS MHKEHEPHBIX 3a7a4
(0 Hayke MbI TIOTOBOPHUM TO3KE), HY>KHO MPUHATDH MOCTYJIAT: TEXHUYECKHe CHCTEMbI
Pa3BUBAKOTCH 3aKOHOMEPHO; 3TH 3aKOHOMEPHOCTH MOKHO MO3HATh H
HCIO0JIb30BATh JIJIsl CO3HATEJIBLHOI0 pelleHus TBOPYECKHUX 3a/1a4.

Ecnu pemenwe 3amad — 93TO MOPOUECC BBISBICHUS U MPEOJOTICHUS

39



MPOTUBOPEYHI, MOKHO C(HOpPMYyIUpOBaTh TpeOOBaHUS K TEOPUM PEIICHUS 3a/aad.
Teopus nomxHa:

. JaTh YETKYH IporpaMMmy OOpabOTKH 3ajauM, MO3BOJISIONIYIO Iar 3a
maroM JoouparbCs 10 (PU3UYECKOrO0 MPOTHUBOpPEYMs, CIpsATaHHOro B "Heapax'
3aJ1auM;

. yKa3aTh, KaKu€ UMEHHO NPHUEMBI CIEAYyeT MPUMEHATh AJs YCTPAHEHUs
TE€X WIA UHBIX NPOTHUBOpPEUYMH (pazymeeTcs, Hajo MMETh OOLIMPHBINA (DOHA Takux
MPUEMOB);

. o0Oeperarh OT NCUXOJIOTUYECKUX MOMEX, U MPEXKIE BCETO OT BTOPIKEHHUS

MeTo/1a TpoO M OIMOOK, KOTOPKI Oy/IeT BIaMbIBaThCS B XOJ PEIICHUS, HaBA3bIBas
nyctsle mpoOsl ("'JlaBaiiTe B3BemMBaTh Jamisbl!.. AX, HET Hy>)KHOM TouHOocTH?.. Torga
JlaBaiiTe MPOCBEYMBATH JIAMITbI pEHTreHoM!..").

[TocTpouTh TEOPHUIO pelIEHUs TBOPYECKHUX 3a7ad BecbMa HempocTo. CkaxeM,
Ul co3ianusi (oHa MPUEMOB HYKHO TMEPEBOPOUIUTH COTHHM THICSAY NMATEHTOB U
aBTOPCKUX CBUIETENBCTB, OTOOPATH IECATKHU THICSY CHJIBHBIX PEIIEHUN U TIATEIHHO
ux uccienoBaTb. Ho MHOro€ yXe caenaHo

CrnenyeT OTMETHTb, 4YTO TEXHUYECKHME CHCTEMBI  Pa3BUBAKOTCA  IIO
ONPENIECIICHHBIM 3aKOHaM. DTH 3aKOHBI MOYKHO MTO3HATh U UCITOJIB30BATh JJISI PEIICHHS
n300peTaTenbCckuX 3anad "'mo ¢opmynam", T. €. HA OCHOBE HAYyYHOH TEOpHH, a HE
O0eccucteMHblM nepebopom BapuaHtoB. C  HekoTopeiMH "QopmynamMu" MbI
MMO3HAaKOMMJIUCh, paccMaTpuBas MPUHLMIBI OJHOTO M3 pA3[eloB TEOpUH -
BEIMOJIBHOIO aHAM3a. 3a/ada COJIEPKUT TEXHUYECKOE MPOTHUBOpPEUHE (a B IIIyOHHE
€ro CIpSATaHO MPOTUBOpeUre PU3nUecKoe), mo3ToMy CyTh "dopMyn" B TOM, YTO OHU
JAI0T IIpaBujIa NPEOAO0JIEHUS TPOTUBOPEUHIA.

Hu otnenbHble mpaBuia, HU HAOOP MPaBHJI €LIE HE TAPAHTUPYIOT YCIEIIHOTO
pemenus 3anadn. HeoOxonmMo OOBEIMHUTH TpaBHIa B IKECTKYIO CHCTEMY H
CHAOAUTH ATy cHUCTEeMy 'OpaBWiamMu MpPOTHB HapymieHus mpaBui'. HyxHa
porpamMma, 3acTaBJISIONIas MOCIEI0BATEIbHO IPUMEHSTh MPaBUIIa U JeNiaTh 3TO 0e3
OTKJIOHEHUM U OIIHOOK.

Takass mporpamma, pa3paboTaHHass B Hallled CTpaHe, MOJydusia Ha3BaHUE
ajiropuT™Ma pemienusi u3ooperareabckux 3agad (APU3). [lepsoie Mogudukanmu
APU3 mnossunuch eme B 40-x romax; c¢ Tex mnop APU3 cucrematuuecku
coBeplieHCTBOBaycsi, W HbiHemHUM APWU3-77 pabotaer BIOIHE HAJIEKHO.
APU3 penut mponecc penieHus 3aJadd Ha ceMb 3TanoB (yactei). Kaxnapni stan
OCYULIECTBJISIETCS MOCTENEeHHO - no maraM. "Jlectnuna" APU3 umeer u "mepuna" -
IpaBuja BBIIIOJIHEHHs] 1IaroB. Eciin HapylIeHO TO WIM MHOE IpaBWio, yepe3 2-3
mrara onrOKa CTaHOBHUTCS SIBHOM: GopmynupoBku "He cThikytoTca'. APU3 cuabxen
OOIHMPHBIM (DOHAOM CKATOM, CHPECCOBAHHOW HH(POpPMAIMH, MOJYyYEHHOU MyTeM
aHaJIM3a JAECATKOB THICSY IMATEHTHBIX OMUCAHUN.

N3BecTHO, YTO NPaBUIBHO IOCTABUTh 3aJady - 3HAYUT HAIlOJIOBUHY €€
pemuTb. OOBIYHO K€ MPUXOJIUTCS UMETh JeN0 ¢ 3amaded "ChIpoil", HEUETKO WIIU
BOBCE HEBEPHO CHopMyinHpoBaHHOU. [[03TOMY, B CYHIHOCTH, MPOLECC HAXOXKICHUS
pelIeHUs] B 3HAUUTEJIbHON MEPE COCTOUT B TOM, YTOOBI IEPEOCMBICIUTh U U3MEHUTH
€€ yCJIOBHS, SICHO TIPEACTaBUTh ce0e KOHeUHYIO 11elb. "Chipas" 3a1a4a (ee Ha3bIBalOT
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CUTYaLIMEN) COAEP>KUT JINIIb YKa3aHUE HA Ty WM UHYI0 TEXHHUYECKYIO CUCTEMY (HIIH
4acTh CUCTEMbI) U MPUCYLIUN 3TOW cucTeme HepocTaTok. OnHa M Ta K€ CUTyalus
MO’KET OBITh IPEBpAIllCHa B MHOXECTBO Pa3jIMYHBIX 3a1ady. BoszpmeM, Hampumep,
Takylo curyanuro: "llapycHble cyna mnepeaBurarorcs ¢ Malod CKOpocTbro. Kak
ObITE?" DTy CHUTyallMIO MOYKHO MEPEBECTH B psJ 3a7ad: Kak YJIy4IIUTh HApyCHOE
OCHAll[CHHE, KaK yMEHBIINUTh CONPOTUBJIEHHE BOJbBI, KaK BOOOIIE OOOHTUCH 0e3
napycoB u T. A. llpu pabore meromom mnpoO M OMMOOK MBICIHb CTHXUIHO
MEPECKAKMBAET OT OJHOM 3a7auM K JApyroi. A ObIBaeT U Xy>Ke: BEIOPAB OJIHY 3a/auy,
YeJI0OBEK YHMOpPHO MepedupaeT BapuaHT 3a BapUAHTOM, HE 3aMeyas, 4yTO B3ATa HE Ta
3amaya. B APU3 ectb HajexHble IpaBWwia MEPEXoJa OT CUTyallMd K 3aaade. B
YaCTHOCTH, KaXK/1asi CUTyallls CHadaja JOJDKHA ObITh IepeBE/IcHa B MUHM-3a/1a4y 110
MPUHIIMITY: BCE OCTaeTcsa 0e3 M3MEHEHH, HO MCYe3aeT TOT OTPUIATENbHBIN (hakTOp,
KOTOpBIM yKa3aH B CHTyallud (WM TOSBISIETCS TPEeOyeMbli MOJIOXKUTEIbHBIHN
¢dakrop). Ecnn naxe cuTyanns OTHOCUTCS K O€3HAJEKHO YCTapeBILEH TEXHUYECKOU
CUCTEME, BCE PaBHO CHauaja LeJIeco00pa3sHO paccMOTpeTh MUHHU-3aady. Ha 3ameny
TEXHUUYECKON CUCTEMbl HEM30EKHO YHIYT MHOTHE TOJbl, IO3TOMY IOJIE3HO UMETh
IIyCThb YaCTUYHOE, BPEMEHHOE, HO JIETKO BHEAPSEMOE pelieHue. A pelieHue MHUHU-
3a/lauyM BCErZa JIETKO BHEIPUTH: ATO IPENOIPEACICHO CAMOW CYyThbI0 MUHHU-33]1a4u.
B ycnoBusx 3amaum (gaxke MMHH-33Ja4M) OOBIYHO YKa3bIBAETCS TEXHUYECKAs
CUCTEMA, K KOTOPOM OTHOCHUTCS 33jJ1a4ya: B I10JI€ 3pEHUS [TONAAAr0T JIMIIHUE dJIEMEHTBI
CUCTEMBI, @ UHOI'/1a, HA0OOOPOT, HE XBATAET HYKHBIX 3J€MeHTOB. [loaTOMY OT 3a7aun
HAJ0 TEperTH K €€ MOAeIM - BBIICIUTH Mapy D3JIEMEHTOB, KOH(DIUKT MEXIY
KOTOPBIMU TOPOXKAAET 3a1ady. 3aTeM CIEAyeT ONpPEAeUTh TOT 3JIEMEHT Maphl,
KOTOpBIM JOKEH OBITh M3MEHEH, W Ty 30HY JJIEMEHTa, B KOTOpoM 'mpsiuercs"
¢buznyeckoe NpoTUBOpEUNeE.

Ouenb BaxHbId Mmar Ha 3ToM nytu - onpenenenue MKP (mpeanbHOro
KOHEYHOI'0 pe3ynbTara), T. €. uaeajgbHoro pemeHus. Jlrobas 3amava B NpUHLMIE
MMeEeT MHOKECTBO OTBETOB. HO Hawiydmnii OTBET BCETa OJMH: 3TO TaKOH OTBET, B
KOTOPOM TpeOyeMblil pe3yiapTaT [OCTUraeTcsi caM cobOoi, "Oe3 Huyero", 0e3
IEPECTPOMKHU CHUCTEMBI, 0€3 3aTpaTbl MaTepUajoB, SHEPTUHU, CPEACTB, CIOBHO IO
MaHOBEHMIO BOJIIEOHOM Majoyku. Paszymeercs, peaJibHO TOCTHYb Takoro Hjeana
HeBO3MOXKHO. MKP ciykuT MaskoMm, MO3BOJISIIOIIMM OPHEHTHPOBATHCA HAa CaMoOe
Jdydiiee U3 peuieHuil. PeanbHoe pelieHue TOKHO OBbITh MaKCUMAalIbHO OJIM3KUM K
ujeainy, a 4ToObl 3TOro T0OUTHCS, HY’)KHO cTpeMuTbest K MKP.

MeToabl IOMCKA HOBBIX TEXHMYECKHUX pPeLeHu i

Pa3paboTka BemosbHOTO aHaNMM3a HavaTa ObLTa UMEHHO C BBISBJICHUS 0COOOU
pom ¢omonei (pabora .M. XwurTeeBoil ObUTa BBIMOJHEHA IIOCJIE TOSIBICHUS
BEMOJBHOIO aHainu3a). BBIICHWIOCh, YTO MHOTHME CIOXHBIE H300pETAaTENbCKUE
3aJjayd  yAAeTCs peIIUTh IEePeX0oJAOM OT HE(IMONbHBIX TEXHHUYECKUX CHCTEM
K (p3n0JbHBIM. Jlaxe B TeX cilydasix, KOrja M0 yCJIOBHUSAM 3a/layl HaJ0 HUCIIOJIb30BaTh
SABHO HE (DEppOMArHUTHbIE OOBEKTHI, 3TH OOBEKTHl MOIYT OBITb COEIUHEHBI
¢ (peppOMAarHUTHBIMU YaCTULIAMH. DTO OOCTOSATENBCTBO J€NAET (PIMOIBHBIE CUCTEMBI
BECbMa IIUPOKO MPUMEHMMBIMU: MHOTME CHUCTEMBI MOXXHO IPEBPATUTH B (PIMOJH,
a3TO 3HAYMUT, YTO UM MOXXHO NPUJATh MpUCylIue (AMNOIAIM CBOWCTBA - TMOKOCTD,
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MOJABUKHOCTb, YIIPaBISIEMOCTb.

Xopomuii mpumMep - 3aMeTka « MarHuTHBIE CIEABD> B )KypHAJIE «3HAHHE-CUIIA»
No 7-1973, ctp.7: «bopb0a 3a 4MCTOTY IJIAHETHI IPUOOPETAET BCe OOBIIUN pa3Max.
Oco0eHHO Ba)KHO, YTOOBI TaHKEPHI, NepeBo3sme HedTh, He 3arps3Hsau Boay. Ho
KaK MpPOCIEANTb, YTOObI MOCJIE MbBIThS TPIOMOB-TAHKOB TPSI3HYIO BOJY HE CIMBAJIH
3a 00pT, a mepekayrBajiM B eMKOCTH Ha Oepery? Kak yCTaHOBUTH JIMYHOCTb
HapymuTens? BoTr ogHo u3 mpemioxenuid. B HedTh moamemmBaioT HEOOJbIIOE
KOJIMYECTBO KEJIE3HOr0 MOPOIIKa, HAMAarHUYEHHOTO TaK, YTO pa3Hble MapTHU €ro
OTJIMYAIOTCSA MO MAarHUTHBIM CBOMCTBaM. ['py3 TaHKepa OKa3bIBA€TCS MOMEYEHHBIM.
Tenepp, ecnm NpPOMBIBOYHAS BOJa C OCTaTkamu HedTm Oymer cimra B MOpeE,
HapYyIIUTENS JIETKO OOHAPYKUTHY.

@310 MOTYT OTIAMYATHCA APYr OT Jpyra YacTHOCTSMH, OJHAKO y BCEX
domosieir  ecth  oOmue  mpu3HakW.  Kaxkaeii  ¢GoAmonb  BKIIOYAET  MOJIe
(371eKTPOMArHUTHOE, MarHUTHOE ), (peppOMarHUTHBIE YaCTHIIBI 1 BHELIHIOKO Cpeny,
C KOTOpOW OHU B3auMOAECHCTBYIOT. B a. ¢. 156133 BHemHel cpeoi sSBISIETCS MbLIb;
a.c. 155500 - CJIOU Bozbl, mpUiIerarommii K CTeHKaM TPYOBL.

Ho ecnu moxxer ObITh pa3Has cpena, TO MOYEMY HE MOTYT OBbITh W pa3HbIE
noysi? ODJIEKTPOMAarHUTHOE TOJIE XOPOIIO TEM, YTO AaKTUBHO B3aMMOJIEHCTBYET
¢ ¢peppoMarHUTHBIMM YacTuliaMu. MokHO mojo0path u npyrue mapbel. Hampumep,
yIbTpadUOIETOBBIA CBET W JIOMUHECHUPYIONIUE YacTullbl. TakuM oOpazoM, Kpome
¢domoneit, MOTyT OBITh U BEMOJIM - CUCTEMbI, BKJIIOYAIOIINE MO (JI00bIe), BEIIeCTBa
(;r00bIe) U cpenpl (TF00BIE).

JIt000i1 TeXHUYECKUI OOBEKT SHEPreTHKU TaKKE€ MOYKHO pacCMAaTpUBATh Kak
BEILIECTBO, Haxojsmeecs B Hekoel cpene. Ilpm sTom Bcerma mpoucxoguT (WiH
JOJDKHO TIPOMCXOJINTh) KAaKOE-TO B3aUMOJCUCTBHE MEXAY JaHHBIM OOBEKTOM
U CPEeIOM WJIM MEXAYy NaHHBIM OOBEKTOM U APYTHMMH OOBEKTaMHU (BEIIECTBAMH).
Takoe  B3auMopeiicTBUE  HEHU30EXKHO  COMPOBOXKIAETCs (MM JOJDKHO
COMPOBOXKIATHCS) SHEPTETUUECKUM OOMEHOM, IMOATOMY B CUCTEME BCEra €CTh I0JIe
-3JICKTPOMarHuTHOE, OINTHUYECKOE, TPABUTALMOHHOE, TEIJIOBOE, MEXAHUYECKOE.
WNHpIMH  coBaMH, JIIOOOM TEXHUYECKHH OOBEKT, JaHHBIM B 3ajade, MOKHO
paccMaTpuBaTh KaKk CUCTEMY BEMOJIBHYIO MJIM MOTYIIYIO CTaTh BemoJibHOW. OTCron1a
YHUBEPCAIBHOCTh BEMOJIBHOTO MOJX0/a: Pa3BUTHE TEXHUUECKUX CUCTEM HUIET JIHOO
NyTeM Tepexoja HEBEMOJIbHBIX CUCTEM B BEIMOJIbHBIC, TUOO PAa3BUTHUEM OT MPOCTHIX
BEMOJIBHBIX CUCTEM K 00JI€€ CIIOKHBIM.

4. METOANYECKHUE YKA3ZAHUSA K IPAKTUYECKUM
SAHATUAM

Ilenvy npoeedenun npakmuueckux 3aHAmMUN - HAYYATh CTYJEHTOB
IPAKTUYECKOMY HCIIOJIb30BAHUIO OCHOBHBIX METOJIOB HAYYHBIX HCCJIEIOBaHUM,
METOJaM aHaju3a W300peTaTeNbCKUX CHUTyalluii W 3a4ay, BO3HUKAIOIIHUX B
AJIEKTPOIHEPIEeTUKE, TPUEMAM CHHTE3a HOBOI'O TEXHMUYECKOIO PELICHMs], IpaBUIaM
o(opMIIEHNS MTOJyUYEHHBIX HAYYHBIX PE3YyJIbTATOB U N300PETATEIBCKUX PELICHUH.

3aoauu nposedenusn npakmuueckux 3aHAMuUl.
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B pesynbpraTe npoBeaeHNs MPAKTUUECKUX 3aHATUN CTYAEHTHI JOJKHBI 3HATD:

- OCHOBHBIE JIOTMUECKHE OIEpalluy, MpaBuUiIa MOCTPOCHUS (AaHTOIPAMM,
IPUEMBI PEOI0JIEHUS ICUXOJIOIMUYECKON NHEPLIUY;

- OyTH TOUCKA HEOOXOAMMOW HAay4HOW M TEXHHYECKOH JMTepaTyphl,
IOpUEMbl CKOpPOUTEHMs, IpaBWIa HAKAIJIMBaHUS M CHCTEMAaTU3allud HaydHOU
uHdopMamu;

- METOJ| TIOCTPOEHUsI MAaTEMaTHUYECKONH MOJEIH, METOAUKY ONpeAesICHUs
MacmTaboB (PU3MUECKOW MOJENM Ha OCHOBE aHAIM3a Pa3MEpPHOCTEH MapameTpos,
ITOpUTM (PU3MUECKOTO MOJIEINPOBAHNUS OCHOBHBIX MPOILIECCOB U 3JIEMEHTOB CHCTEM
ANEKTPOCHAOKEHUS;

- MOJIHBIM M JAPOOHBIN (DAKTOPHBIM HKCIEPUMEHT, METOJ TMPOBEACHUS
PErPECCUOHHOTO AHAIN3A;

- OCHOBHBIE ~METOJbl AaKTHUBU3AllMM TBOPYECTBA, MPUMEHSEMBIE B
AJIEKTPOIHEPI € TUKE;

- TUIIBl NPOTUBOPEUYMII M MpaBuia HUX YCTpaHEeHUs Ha Oa3e (OHIOB
IBPUCTUYECKUX ITPUEMOB U CTAH/IAPTOB;

- BEIOJIbHBIM aHaNM3 W €ro IPUMEHEHUE K JJIEKTPOIHEPreTUYECKUM
3aJa4aM, aJITOPUTM CUHTE3a HOBOI'O TEXHUYECKOTO PEIICHNUS;

- Kak o(pOpMHUTh 3asiBKy Ha H300peTeHHe, mpaBuia o(opmIIeHUs
pall.peasIoKEHNUS;

YMETb:

- IPUMEHSTH IPUEMBbl YCTPAHEHHSI IICUXOJIOTUYECKON WHEPIINH, Pa3BUBATh
(danTa3uIo0, peuaTh NPOCTHIE JIOTUYECKUE 3a]auH;

- paboTaTh ¢ KaTajoroMm, pedepaTuBHBIMU >KypHajJaMH W TAaTEHTHOM
uHpopMalnvelt, MpoBOAUTH  OubOnuorpaduveckuii W MATEHTHBIM  TOWCK,
KOHCIIEKTUPOBATh HAYYHYIO TUTEPATYPY, A€IaTh BHIITUCKY;

- COCTaBJISITh MAaTEMaTHYECKHME MOJEIM U ONPENeNsITh MAacIuTadbl
¢u3nueckux MoOJeNe Ha OCHOBE aHalu3a pPa3MEPHOCTEN (PU3NYECKUX BEIUYHH
CUCTEM 3JIEKTPOCHAOKEHUS U UX DJIEMEHTOB;

- IPUMEHATh METO/bl IUIAHUPOBAHMS SKCIEPUMEHTAa U PErPECCUOHHBIN
aHaJIN3 K KOHKPETHBIM 3JIEKTPOIHEPTETUUECKUM OOBEKTaM;

- UCIOJb30BaTh METOAbl AKTUBM3AllMM TBOPUYECTBA JJI1 PELICHUS
N300peTaTeNbCKUX 3a1a4;

- POBOANTH aHAIM3 M300pETaTeNbCKON 3a/layl, BBIBISTH HACATBHBIN
KOHEYHBIN pe3yibTaT U MPOTUBOPEUHS], YCTPAHATh MPOTUBOPEUHS C MOMOIIBI0 (poHAA
HBPUCTUYECKUX MMPUEMOB U CTAHAAPTOB U BEIMOJIBHOTO aHAIN3a;

- pemarthb n300peTaTeNbCKIe 3aJauH, BO3HUKAIOIIINE B
AIIEKTPOIHEPIeTUKE;

- oOopMIIATH pall. MPEII0KEHUS U 3asIBKU Ha U300pETEHHUS.
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5. METOAUYECKHUE YKA3AHHAA 110 BbINOJTHEHHUIO
JOMAIIHUX 3AJAHUU U KOHTPOJIBHbBIX PABOT.

Breimonnenue JOMAIlTHUX BaI[aHI/Iﬁ N KOHTPOJIBHBIX pa60T npeaycMaTpuBacT
HCIIOJIB30BAHHUEC TCOPCTUYCCKOI'O MaTtcpualia, U3y4YCHHOI'O Ha JICKIOHWHU, IMMPUMCHCHHC
3HaHHﬁ, YMGHI/Iﬁ N HABBIKOB, ITOJIYYCHHBIX HA IIPAKTHYCCKUX 3aHATHUAX.

6. METOANYECKHUE YKA3ZAHUSA 1O NTIPUMEHEHHIO
COBPEMEHHBIX THO®OPMAIIMOHHbBIX TEXHOJIOTHHA JJIA
HPENNIOJABAHUSA YYEBHOU JUCIIUIIJINHBI.

Pa3Butne WHPOPMAIIMOHHBIX M TEIEKOMMYHHKAIIMOHHBIX TEXHOJOTUH B
Poccun moBblimiaer TpeboBaHus K Mpo(hecCHOHATBbHOM MOArOTOBKE CTyAeHTOB. OT
OyoylmMX  CHEUUAJIUCTOB  TPeOYIOTCS  BCECTOPOHHUE  3HAHMS,  Pa3BUTHIC
KOMMYHUKATHBHBIE  HaBBIKM, YMEHHE paboTaTb B  YCJIOBUSIX  MHUPOBOIO
UH(pOPMAIIMOHHOTO  mpocTpaHcTBa.  CucrteMa  METOAOB,  CIOCOOOB U
MHCTPYMEHTAIIbHBIX CPEJCTB cOOpa, Mepeaadn, HaKoIIeHUs, 00pabOTKH, XpaHEeHHUs,
NpeicTaBlieHuss M UcHoJib3oBaHusi uMH(opMmanmu Ha 0aze UT-uHbpacTpyKTyphl
CTAHOBUTCS JOMUHHUPYIOIIMM 3BEHOM B HAJECKHOM (DYHKIIMOHMPOBAHUU CHUCTEM
SHEpPreTuku. B CBA3M ¢ 3TUM HMHPOPMALMOHHAA KOMIIETEHTHOCTb SIBIISIETCS
KOMIIOHEHTOM MNPO(EeCCHOHATBLHON KOMIETEHTHOCTH CIEHUATUCTa SHEPTeTUIECKOTO
npoduis.

[Ton wuHPOPMAIIMOHHON KOMIETEHTHOCTHIO TMOHHUMAIOTCS OCHOBaHHBIE Ha
3HAaHUAX, YMEHHUSAX M HaBBIKAX U OMbBITE CHOCOOHOCTH M TOTOBHOCTH CTYACHTA
rpaMOTHO HM3BJIEKaTh M 00pabaThiBaTh MHGOPMAIUIO, KPUTHUECKU €€ OLEHUBATH U
MPOAYKTHUBHO MCIOJIb30BaTh, CO3/1aBaTh HOBYIO MH(POPMAIINIO, MPUHUMATh HA OCHOBE
uHpopmanmu 3hPeKTUBHBIE pEIIeHUs, CBOOOJHO OPHUEHTUPOBATHCA B cdepe
COBPEMEHHBIX HMH()OPMAIMOHHBIX TEXHOJOTMM M HUCHOJIb30BaTh WX JUIS PEIICHUS
UHKEHEPHBIX 3aJlady. YPOBEHb WH(OOPMAIMOHHOW KOMIETEHTHOCTH CHEIHAINCTa
onpenenseTcs 3HaHUusAMU 00 MHpopmanuu, HHPOPMAIMOHHBIX IMpoIleccax, MOJEIIX
U TEXHOJIOTUAX; YMEHUSIMH U HAaBbIKAMU MIPUMEHEHHUS CPEJCTB U METOA0B 00pabOTKU
M aHanu3a uHOpManuMM B pa3MYHBIX BHUJAX JACSATENbHOCTH; YMEHUIMHU
UCII0JIb30BaTh COBPEMEHHbIE MH(OPMAIIMOHHBIE TEXHOJOTUU B 00pa30BATENbHON U
npo(hecCHOHABHON NIeATENbHOCTIX; MUPOBO33PEHUECKUM BHJICHUEM OKPYIKAIOIIETO
MHUpa KaK OTKPBITON HH(POPMAITMOHHON CHCTEMBI.

CuctemMbl SHEPreTHUKM HCHBITAIOT MOTPEOHOCTh B HMHXKEHEPHBIX Kajapax,
BOCHPUHUMAIOIIUX W BIQACKOIIMX  MPUKIAAHBIMH  HHPOPMAIMOHHBIMH
TEXHOJOTHSAMHU. YMeHHs paboTaTh ¢ nH(opMalMen, pemarh 3aa4n MPOU3BOACTBA U
OKCIUTyaTallul  OOBEKTOB  HSHEPreTUKM  C  IIUPOKUM  HCIOJIh30BaHHEM
UH(OPMAIIMOHHBIX  TEXHOJOTUH  OmnpeAensioT A(P(PEKTUBHOCTh  JEATEIbHOCTH
MHKEHEPA B YCIOBHUSIX KOHKYPEHTOCIIOCOOHBIX PHIHOYHBIX OTHOIIEHUH.

Cka3zaHHoe TpeOyeT TMOBBIIIEHUS YpPOBHA HWH(POPMAIMOHHOM KYJIBTYpbI
CHEIHUATINCTOB B O0JACTH 3HEPreTHKH, NEPECTPONKU HHKEHEPHOro o0pa3oBaHUs B
HampaBieHU (GopMHUpOBaHUA HHPOpMaMOHHON KommeTeHTHocTH. [lepexon
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WH)XCHEpHOMY OOpa3oBaHMI0O HAa OCHOBE COBPEMEHHBIX HH(POPMAIMOHHBIX
TEXHOJIOTHI paccMaTpUBAETCs KaK HEOOXOJUMOE YCIOBHE OOECredyeHHUs KayecTBa
OTEUECTBEHHOI0 00pa3oBaHMs, MHGOPMATHU3AIUS CTAHOBUTCS OJHUM U3 BEAYUIUX
HaIpaBJIeHUI pa3BUTHUS BbICIIEro oOpazoBanus B Poccun.

[Ton wundopmartuzammeit oOpa3zoBaHUs MOHUMAETCS KOMILIEKC COIMATbHO-
neJaroruyeckux MpeoOpa3oBaHMd, CBS3aHHBIX C HAChIIEHHEM 00pa30BaTENIbHbIX
cucteM MHGOPMAIIMOHHON TIPOYKIMEN CpellcTBaMHU U TexHoJioruen (rpeuy. techne —
HUCKYCCTBO, MAacTE€pCTBO, YMEHHE;, JIOTMsI — HayKa, 3HAHUE, YYEHHE).
HNudpopmatuzanus o6pazoBaHus 00ECIICUNBALT:

- peanmu3auio uael pa3BUBAIOIIETO O0yUEHUs, aKTUBHU3AIMIO TO3HABATEIHHON
NEeATEIbHOCTH, TOBBIIIEHUE TBOPYECKOM W HMHTEIUIEKTYaJIbHOM COCTABIISIFOLIUX
y4eOHOU ACSITEIBHOCTH;

- COBEpILEHCTBOBaHUE (OPM, METOJOB M TEXHOJIOTHI OpraHU3aluu y4eOHOTO
npolecca, 00ecTeurBaONINX OBIAJCHUEM YMEHHEM CaMOCTOSATEIbHO MPHUOOpPETaTh
HOBBIE 3HAHUS;

- OTIEPAaTUBHBIA KOHTPOJb 33 YCBOCHHEM 3HAHUM, (POPMHUPOBAHUEM HABBIKOB U
yMEeHUH, 00bEKTUBHYIO OLEHKY U XOPOLIYI0 HH(POPMUPOBAHHOCTh KaK CTYJIEHTA, TaK
U TIPEToaBaTeNs;

- TIOBBIIIEHUE MOTHUBAIIMM OCBOCHUSI HMH(POPMALMOHHBIX TEXHOJOTUMA ISt
3¢ (PEeKTUBHOTO MPUMEHEHUS B TPOPECCUOHAIBHON JEATEIHHOCTH;

- UHTErpalMi0 pa3IW4HbIX BHUAOB JEATEIBHOCTH B pPaMKax €IUHOM
METO/I0JIOTUH, OCHOBAaHHOW Ha MPUMEHEHUN MHPOPMAIIMOHHBIX TEXHOJIOTUM;

- YBEJIMYEHUE CTENEHH JOCTYIMHOCTH OOpa30BaHUs 3a CUET PAa3BUTHUS CPEICTB
TEJEKOMMYHUKALIMI U CUCTEMbI JUCTAHIIMOHHOI'O 00YYEHUS;

- CO3JaHME E€AMHOr0 MH(POPMAIMOHHOTO 00pa30BaTEIBLHOTO MPOCTPAHCTBA,
MHTETPAINIO HAllMOHATFHOM CUCTEMBI 00pa30BaHuUs B HAYYHYIO, IPOU3BOJCTBEHHYIO
UHQPACTPYKTYDY.

Peanuzanus wunedr wmHbopmaTuzauud o00pa30BaHMs CBSi3aHA C PEIIEHUEM
KOMILJIEKCA 3a7a4, K KOTOPbIM OTHOCSTCS: (OPMHUpPOBAHHWE HOBOW MapaJUrMbl
oOpa3oBaHMsl, OCHOBaHHOM Ha COBEpIIEHCTBOBAHMM MaTepUalbHOW  0Oa3bl
UHQPACTPYKTYphl HHPOpPMATU3AMU U UHPOPMALIMOHHON Cpelibl By30B; MOATOTOBKA
npenojaBaresnei, o0JagaonMX BEICOKOW HHPOPMAIIMOHHON KYJIbTYpOH, TOTOBBIX U
YMEIOUIUX MPUMEHSATh HOBbIE MH(OPMAIIMOHHBIE TEXHOJIOTHH B Ipoliecce 00ydeHus,
aKTMBHO Y4YaCTBYIOIIMX B Ipolecce nHpopmatuzanuu odpasoBanus. s pemeHus
YKa3aHHBIX 3a7lad HEOOXOAMMBI - ONTUMHU3ALMS OOydeHHus, pa3paboTKa CHCTEMBI
oOyd4eHMs, TO3BOJIIONINE pean30BaTh OOpa30BaTEIbHBIM IMOTEHIIMAT HOBBIX
MH(POPMALIMOHHBIX TEXHOJIOTHIA.

Pa3pabotka Meronuyeckoil cucteMbl U 3(PPEKTUBHON TEXHOIOTHH OOYUECHUS
JOJDKHA OCYIIECTBIISITHCS C YYETOM TEHAEHUMN 00pa30BaHUs HA OCHOBE ICHUXOJIOTO-
NeJarornuyeckux  Teopud W TOoAXOoJ0B. Mertogonorudeckoi  0a3oil  mpu
IPOEKTUPOBAHUM U KOHCTPYUPOBAHMHM METOJAMYECKOM CHUCTEMbl MH()OPMALMOHHOM
KOMIIETEHTHOCTH  OyAYIIEro CHeHUaTucTa MOTYT CIYXUTh CHUCTEMHBIM H
KOMITETEHTHOCTHBIN MOAXO0/AbI B 00pa30BaHUH.
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CucteMHBId MOAXOJ TO3BOJIIET OpPraHU30BaTh B3aWMOCBS3b 3JIEMEHTOB
METOJUYECKOW  CHUCTeMBl M OOeCHne4YWTh  HEMpPEepBIBHOCTH  OOYYCHWS,
MEXIUCIUTUTMHAPHBIA CBSI3U M T.A. KOMIETEHTHOCTHBIN IMOAXOJA TO3BOJIIET HA
OCHOBE MOJICNU JESATEIILHOCTH CICIHATUCTa ONPEACTUTh CTPYKTYPY U COJAEpIKaHHE
KOMIIETEHTHOCTH CHEIHaIMCTa, pa3padoTaTh CHUCTEMY LieJiel W 3aaad Jjisl JTaroB
00yueHust, 00ecreunTh 0TOOp CoJepKaHUs O0yUCHHUSI.

Takum o00pa3oM BO3MOXKHA TMOATOTOBKA HWHIXCHEPOB, CIOCOOHBIX K
b pexTuBHOMY pelLIeHUI0 npodeccCuoHaTbHBIX 3a/1a4 B YCIOBUSX
MH(OPMALIMOHHOTO MPOCTPAHCTBA.

7. METOANYECKHUE YKA3AHUSA ITIPOPECCOPCKO-
MPEMNOJABATEJIBCKOMY COCTABY O OPTAHU3AIINU
MEKCECCHOHHOTI'O 1 SK3AMEHAIIMOHHOI'O KOHTPO.JISI
3SHAHUM CTYJIEHTOB

K MexceccroHHOM (popme KOHTPOJIS 3HAHUI OTHOCUTCS:
- Onuu-ompoc Ha JIEKUMSX, MPAKTUYECKUX 3aHATUAX MO NPOHIEHHOMY
MaTepualy;
- BelcTynnenue ¢ JokiagoM 1o TeMaM, YKa3aHHBIM B pabouux mporpammax
JUCLUIUIVHBI.
KoMiuieKThI JOMalIHUX 32JaHU .
Jlomamnee 3aganue Nel
CocTaBUTh MAaTEMAaTHYECKYI0 MOJEIb HAa OCHOBE aHalIHW3a pPa3MEpPHOCTEH Ui
nanbHeiero ucciaenoBanuss Ha OBM: mepexogHoil mpoLecc pacnpoCTpaHEHHUS
BOJIHBI HAINpSOKEHUS MO JJIMHHOW JIMHUM TpPH BKJIOYEHUU €€ Ha IOCTOSHHOE
HaIpsOKEHUE.
Jomarnnee 3aganue No2
CocTaBUTh MAaTeMAaTHYECKYI0 MOJENb HAa OCHOBE MHTETPAIBHBIX AHAJIOTOB JUIS
nanpHennero uccienoBanus Ha OBM. Omnpenenuts KpuTepuu 1moao0usi BOJIHOBOTO
ypaBHeHus lpeaunrepa

h L dy
—— A — ,e,z,t =ih -
v —U(x,e,z,t)y =1 .

JlomamHee 3aganue Ne3.
Hccnenosats BIUsHHAE Ha CBOMCTBO y YeThIpex (hakTopos X (k = 4) n onucats
WX 3aBUCUMOCTb YPaBHEHHEM PErPECCHH B BUJIE CIICIYIONIETO HETMHEHHOTO
nosmHoma (L = 11):
)7 = bo +b1x1 +b2)€2 +b3)€3 +b4)€4 +b12)€1)€2 +b13)€1)€3 +
+ D14 X1X4 + Dys3xoxs + Doaxoxs + bgxsxy.
CoctaBuTs miax [ 10D
Jomarnee 3aganue Nod
OnpenenuTs MUHUMYM I1eJ1€BON (DYHKIIMHA CUMILIEKC-METOI0OM
F(x,x,,x;,x,)=12x, +12x, +12x, +12x, &> min,
MIPU OTPAHUYCHUSIX
12x, + x, + 5x, <350,
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Tx, +3x, +4x, <100,
8x, +11x, <500.

8. ®OHJI TECTOBBIX U KOHTPOJIbHBIX 3AJTAHUM IS
OLIEHKHN KAYECTBA 3HAHUM IO JTUCHUIIJIMHE
3amada 1
BriOpats  onTUManbHYH0 ~ MOIIHOCTh  KOHJEHCATOPHBIX  OaTaped B
pacupenenuTeIbHOM  AJIEKTPUYECKOM  CeTH,  O0O0ECHEeYMBAIOLIYI0  MHUHUMYM
npuBeAeHHbIX 3aTpar. [[puHATs cTouMocTh kKoMnieHcauuu 1 kBap Ha ctopone HH TII
K, paBHoil 11 pyO/kBap, cymmapHsle exerognele oruncieHus i BK paBHbIM

E=0.22, croumocts 1 kBt morepp - C,=70 py06/kBt-rox. JIOII BbimonHeHs!

npoBogamu  AC-35; mnorepu yuuTBIBaTH B JIMHUAX, TpaHcdopMaropax M
KOHJICHCAaTopax. Y ienbHble notepy B KonaeHcatopax AP =0,0045 kBt/ksap.

BapuanThsl 3a1aHus BBIOMPAIOTCSA C MOMOILBIO TaOIMUIBI U cXeMbl. B Tabmuie
yKa3aHbl HOMepa IMYHKTOB, B KOTOPBIX IIpeanojaraercs ycraHoBka bK mius ganHOro
BapuaHTa (B OCTAJbHBIX NyHKTax cuuTarth, 4ro BK He ycranaBiauBatorcs. B
UCKJIFOUYAEMBbIX ITYHKTAaX Harpy3Ky HE yYHTBHIBAaTh, YUUTHIBATh TOJIBKO JUHUU. Kpome
TOr0, TaM YKa3aH HOMEp IYHKTa, B KOTOPOM IO YCJIOBHSM PEKHMa HANPSKEHUS
HeoOxoaumo ¢ nomombio bK moBbIcHTh ypOBEeHb HampsKeHHs Ha BenuuuHy AU,
YKa3aHHYIO B coceHel rpade.

3ajmadyy  pemmuTh  KJACCMYECKMM  METOJAOM  ONPENEIEHUS  YCIOBHOTO
sKcTpeMmyMa, metoaoM Jlarpanka. B mocnenneM yuecTs HEOOXOAMMOCTH OBBIIICHUS
HanpspbkeHue Ha muHax HH 3aganHoro nysnkra.

24 1630
KBA
5
2,5 3,0 T
630 220-i300
KBA
1,8 1 3,5 2 2,8 3 6
. 1
T N 2
250 400 400 300-i400
KBA KBA kBA 4
1T —
400 300-i200
lJ_ lJ_ lJ_ kBA
— T .
150-i200 200-i300 250-i250
T
180-i300

Puc. Cxema pacnpenesieHHON ceTh
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Tabnuya
Tabauna BApuaHTOB 3a1a4M

Howmep Howmep nynkTOB Ucknrouaembie [ToBbICHTH
BapUaHTa VYcranoBku BK IyHTBI HaIPSKEHHE
nyHkra | AU, %
1 1 2 6 1,5
2 2 3 4 1,8
3 3 1 7 2,0
4 2 1 3 1,7
5 2 1 7 1,5
6 4 2 4 1,4
7 1 3 5 1,5
8 2 3 2 1,2
9 3 2 6 1,8
3agaua 2

BriOpats  MomHocTH  0GaTapeil  KOHIEHCATOPOB Ha  MPOMBIIUIEHHOM
OPEeANnpUsTAN, UCXOJ U3 MUHUMYMa KalMTAJIbHBIX BIIOKEHUH, COOMIOAas MpU 3TOM
cienyroume TpeOoBaHus:

A) mnonanepxuBaTh Ha TpaHUlle OalaHCOBOM NPUHAAJEKHOCTH 3a/laHHOE
SHeprocucreMoi 3HaueHne Q. ;

b) tpancdopmartopsl TII HE HOKHBI IEpErpyKaThCs;

B) cymmapnas momHOCTh Oarapeil KOHAEHCATOPOB HE JOJKHA IPEBBIIIATH
CyMMapHOW peakTUBHON HArpy3Ku NOTpEOUTENEH CETH.

Croumocth Oatapeit konjaeHcaTopoB Ha HampspkeHus 10 kB u 0,4 kB
cocTaBiseT cooTBeTcTBEHHO K, =4 pyO/kBap u K, =11 pyO/kBap.

I[Ipu pemieHun 3amaud  OpeAyCMOTPETh YCTAaHOBKY JBYX  Oartapei
KOHieHcaTopoB Ha ctopoHe 0,4 kB u 1Byx — Ha ctopone 10 kB.

3aiauy peuuTh CUMILIEKC-METOI0M.

WcxoiHble TaHHbIE TPUBEACHBI B TAOIHIIE

Tabnuya
HcxoaHble JaHHBIE K 3a/1a4e

Howmep [TapameTpsl TpanchopMaTopoB U HArPY30K 0,
BapUaHTa Srs B, xBt | O, xBap Sy, P, , kBt 0,,
kBA kBA KBap

1 630 490 520 400 320 300 390

2 630 500 500 630 510 480 333

3 400 300 320 400 280 350 280

4 400 250 340 250 150 240 245

S 250 180 220 250 210 190 130

6 250 200 180 160 140 110 160

7 160 130 130 160 120 140 165
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8 1000 800 800 630 550 500 650
9 1000 850 850 1000 700 800 480
3axauya 3

TpancnoprHas 3agada. imeercs 3 myHKTa IPOU3BOACTBA 3JIEKTPOIHEPTUU 7, U

5 ITYHKTa HOTpC6JICHI/IH mj . 3aI[aHBI 00BEMBI IIPOU3BOACTBA JJICKTPOSHCPINN a; IJIA

K&XJI0TO [IYHKTa M pasMepbl NoTpebiieHus b, JUis Kaxaoro norpedieHuns. M3pecrHa

CTOMMOCTH TPaH3HWTa ¢, W3 i - ro MyHKTa B j-ii. TpeOyercst cocraButh Hanboiee

9KOHOMHYCCKYIO CXEMY TpPaH3UTA. Pemuts MpaBHJIOM HAWMMCHLIICTIO J3JICMCHTA,
IMPaBHUJIOM «KCCBCPO-3aAIlIaHOTO YIJIa».

Bapuanm-1

Bl B2 B3 B4 B5 Hanuune
Al 2 4 5 5 3 120
A2 1 6 6 180
A3 4 5 1 10 9 230
[ToTpebHOCTH 70 120 105 125 | 110 530
Bapuanm-2
Bl B2 B3 B4 B5 Hanuune
Al 2 4 5 7 9 1000
A2 1 6 3 5 4 4000
A3 6 3 2 1 10 2000
[ToTpebHOCTH 450 650 3200 500 |2200 7000
Bapuanm-3
Bl B2 B3 B4 B5 Hanuune
Al 21 4 12 7 9 150
A2 11 16 5 13 200
A3 15 3 2 10 10 150
[ToTpebHOCTH 80 110 60 140 | 110 500
Bapuanm-4
Bl B2 B3 B4 B5 Hanuune
Al 11 4 15 7 2 350
A2 20 9 7 14 5 350
A3 18 10 3 8 6 300
[TorpebHOCTH 180 220 230 270 1100 1000
Bapuanm-35
Bl B2 B3 B4 B5 Hanuuue
Al 7 4 20 3 15 225
A2 12 3 14 10 20 250
A3 18 15 25 11 15 125
[ToTpebHOCTH 150 110 135 85 120 600
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3amaua 4

Howmep
BapuaHTa

CocTaBuTh MATEMAaTHUECKYIO MOJENb VISl TaJIbHEUIIIETO HCCIIeI0BaHUs
Ha DBM, ompeaenuTh KpUTEpUM TMOJ00MS W MaciiTaObl MOJACIH Ha
OCHOBE METOJIa aHajdu3a pa3MEpPHOCTEW, Ha OCHOBE IMpaBHiIa
WHTETpaJIbHBIX aHAJIOTOB

[Toctpoutrs MoOAens JaBUHOOOpA3HOTO MpoOOs  H30IsTOpa B
3aBUCHMOCTH OT TEMIIEPATYPBI OKPYKAKOIIEN CPEBI

OI_IeHI/ITB mponecc BBIHYXKACHHBIX MCXaHHNYCCKHUX KOHe6aHHﬁ,
BO3HHKAOINX npur BKJIFOUYCHHNH (OTKJ'IIO‘-IGHI/II/I) MaCJIIHOI'O
BBIKJIFOYATCJIA

HOCTpOI/ITL MOJICJIb IIOTCPb pCaKTHBHOﬁ MOIDHOCTH B ACHMHXPOHHOM
ABUT'AaTCJIC IIPHU UIBMCHCHHH I1apaMCTPOB CCTU

[ToctpouTs MoOAENIb 3aBUCUMOCTH TEIUIOBOIO pEXUMa OOMOTOK
TpaHchopmaTopa npu KOPOTKOM 3aMbIKAHUH HA BBOJIE

CocTaBuUTh MaTEMaTUYECKYIO MOJENb KOJIBIEBOU 3JI. CETH, COCTOSIIEH
u3 5 aByxTpaHcQOpMaTOpHBIX MOACTaHIMM, coeanHeHHbix JIDIT 110
kB 114 nccnegoBaHusi HOTOKOB MOITHOCTH U ITOTEPh HA YYACTKAX CETH

OnpenenuTh MEXaHUYECKOE YCUJIME, JCUCTBYIOIIEE HAa OOMOTKH
TpaHchopMaTopa Npu NepexoJHOM MPOIECcCce

OHCHI/ITB 4aCTOTY U MOMCHT Ha BalJly CHHXPOHHOIO IABUTATCIIA IIPHU
HN3MCHCHUU ITaPaAMCTPOB CCTU

OHCHI/ITB BJIIMSIHUE WUCKAXKCHUM HAIIPAKCHUA Ha PCIKUM pa6OTBI I'PpYIIIIbI
ACMHXPOHHBIX I[BI/IFaTeJIeﬁ

OuEeHHUTh BIUSIHUE 3JIEKTPOMArHUTHOTO moJisi, co3gaBaemoro JIOII, Ha
notepu B JIDII

3amaua 5

[IpuMeHUTH CTAaTUCTHYCCKHI METO/I (hakTOpHOTO TJIaHUPOBAHUS
OKCIIEPUMEHTAa W pacyeTa K OIICHKE CTaTHYECKOM YCTOMYMBOCTH DJICKTPUYECKHUX
cucreM. CucreMa COIEpKUT Ba SKBUBAJIECHTHBIX reHepaTopa /|, u I, , paboTarommx

Ha o0ITyr0 HArpy3Ky (pwuc. ).

M

O-@D—

T1 T1 T2 e

Puc. DxBuBaneHTHAs cXeMa CHCTEMBI
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