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JIucr aktyanusanuu padoueii nporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00CcyKaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
y4eOHOM ToJly Ha 3aceJaHuu Kapeapbl DIEKTPOCHA0KESHUS TPOMBIIIIICHHBIX MPEATPUSTUN

[Iporokonm oT 20 1. Ne

3aB. kadeapoii A.B. EapraHOBa

Pabouas nmporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanm3anuu B 2027 - 2028
y4eOHOM rojy Ha 3aceJaHuu Kadeapbl DICKTPOCHAOKEHHS IPOMBIIIUICHHBIX MTPEIIPUSTHIA

[Ipotokom ot 20 r. Ne
3aB. kadeapoii A.B. Bapranosa

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peammsanuu B 2028 - 2029
y4eOHOM rojy Ha 3aceqaHuu Kadeapbl DICKTPOCHAOKEHHS MPOMBIIIUICHHBIX MTPEIIPUSTHIA

[Iporokom ot 20 1. Ne

3aB. kadenpoii A.B. Bapranona

Pabouast mporpamMma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzaruu B 2029 - 2030
y4eOHOM ToJTy Ha 3aceJaHuu Kapeapbl DIEKTPOCHA0KCHHS TPOMBIIIICHHBIX PEATPUSTHN

[Iporokomn ot 20 1. Ne

3aB. kadenpoii A.B. EapraHOBa

Pabouas mporpamma nepecmotpeHa, odcyxaeHa u ogoopena st peanuzanuu B 2030 - 2031
y4eOHOM roJly Ha 3aceaHuH Kadeapbl DIEeKTPOCHA0KEHUS TPOMBIIIJICHHBIX MPEATNPUATUI

IIporokomor 20 1. Ne

3aB. kadenpoit A.B. EapraHOBa




1 Iles1u ocBOEHUSI T CHMUTLTHHBI (MOLYJI51)

[lenpto OCBOCHMSI TUCIUIUIMHBI «BBeoeHHE B TEOPUIO OSKCICPUMEHTA» SBISCTCS
M3YYEHHE OCHOB HKCIEPUMEHTAJIbHBIX MCCIEJAOBAHUN M MAaTEMaTH4YECKOIO0 MOJAETUPOBAHUSA, a
Tak)Ke NMPUMEHEHHWE METOJOB TEOPHH IIAHUPOBAHUS JKCIEPUMEHTA TPU aHAIH3E PEKUMOB
paboThI ANEKTPOIHEPTETUYECKUX cUCTEeM. M3yueHne MUCIUIUIMHBI TaKKe MO3BOJIUT CTYJIEHTaM
BBIMOJIHATh MaTeMaTHYECKOE MOJICIMPOBAHUE PEXKUMOB PpPabOTHl AIIEKTPOIHEPTETUUECKUX
CUCTEM U O00pabOTKy OSKCHEpUMEHTAIbHBIX JAHHBIX TMpPU HANHCAHUU  BBITYCKHOM
KBAJTM(HUKAIIMOHHON paboThl OakanmaBpa. B nanpHeiimem, B mporecce mnpodeccHOHANTbHOM
JESTeIbHOCTH, 3HAHUS, MOJIyYCHHbIE B TPOIECCe M3YYEHHUs JaHHOM IUCHMILIUHBI, TO3BOJSAT
CIEIMANIMCTy-0aKanaBpy OmpeaensaTh JPQPEKTUBHBIE IPOU3BOJICTBEHHO-TEXHOIOTHUYCCKHE
PEXKUMBI PabOTHl 0OBEKTOB AJIEKTPOIHEPIETUKH U AJNEKTPOTEXHUKU. TakyKe 3TH 3HaHUS OyayT
MOJIE3HBI [T Pa3JIMYHBIX BUJAOB HAyYHO-UCCIIEI0BATEIbCKON IEATEIbHOCTH.

2 MecTo quCcHMIJIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTeIbHOI POrpaMMbl

HucuuiuinHa «BBeseHue B TEOPHIO SKCIEPUMEHTa» BXOAUT B YacTh Y4eOHOro IUIaHa,
dopMupyeMy0 y4acTHUKaMU 00pa30BaTeIbHbIX OTHOLIEHUI 00pa30BaTeIbHON NPOTrPaMMBbl.

Jnis  W3ydyeHus  JUCLUIUIMHBI ~ HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIQJICHUsA),
chOpMHUPOBAHHBIC B PE3YIIBTATE U3YyUCHHS AUCITUTUTUH/ IPAKTUK:

Marematuka

HNudopmatuka

3nanus (YMEHUsI, BIaJICHUs ), IOJYYCHHbIE NMPH M3YYCHUU TAHHOW TUCHUIUIMHBEI OyIIyT
HEO0XOIUMBI JUIsl U3yUCHUS UCHUILINH/TIPAKTHK:

MatemaTnuecKkoe MOIEIUPOBAHUE B JIEKTPOIHEPIETUIECKUX CUCTEMAX

[ToxroToBka K Mporeaype 3aliThl U 3alI1Ta BHITYCKHON KBaTH()PUKAIIMOHHOW paOOTHI

HanexxHocTb cucTeM 3J1eKTpOCHA0KEHUS

3 Komnerenuun odyyaromerocs, popMupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS1) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yUeHHu s

B pesynbrare ocBoeHMs TUCHUIUIMHBI (MOayJsi) «BBeneHne B TEOPHIO AKCIEPUMEHTa»
oOyyaromuiics JoKeH 001a1aTh CIeAYOIIMMU KOMIETEHIIUSIMHU:

KO,[[ HHJUKATOpa I/IHI[I/IKaTOp JOCTHIXKXCHHA KOMIICTCHIIMH

[IK-1 CnocobeH yuacTBOBaTh B IUIAHUPOBAHHWH, TOJATOTOBKE M BBIMOJHEHUU THUITOBBIX
AKCIIEPUMEHTAJIbHBIX HCCIEAOBAaHUN MO 33JaHHON MeTOoAuKe U 00pabdaThiBaTh PE3yNIbTATHI
DKCIIEPUMEHTOB

[K-1.1 Pa3pabaTbiBaeT TUIaH MEPONPHUATHII MO TMOBBILICHUIO HAAECKHOCTH U
HSKOHOMHYHOCTHU PabOThI JIEKTPOTEXHUUECKOr0 000PYI0BaHUS




4 CTpyKTYypa, 00bEM U coep KaHNe TUCUUTLTHHBI (MOIYJIs)
OO01mast TpyI0eMKOCTh TUCIUIUIMHEI COCTaBseT 3 3aueTHbIX equnul] 108 akax. yacos, B

TOM YHCJIC:

— KOHTaKTHas pabora — 6,4 akaj1. 4acoB:
— ayIuTOpHas — 6 aKajl. 4acoB;

— BHEAyIUTOPHAs —

0,4 axaz. 9acos;

— camocTosTenpHas pabota — 97,7 akaj. 4acos;
— B (hopMe nmpakTuydeckoit moaroroBku — 0 akaj. yac;

— MOJTOTOBKA K 3a4éTy — 3,9 akaj. yac

®dopma arTecTalum — 3a4eT.

AynutopHast I e
KOHTaKTHast pabora E 3 dopma TeKyIero
=
B aKajl. yacax g Bun KOHTPOJISL
Paznen/ Tema 2 ( a ) = . P Kon
> g ©| camocroATeNnbHON | yCIeBaeMOCTH H
JACIATUTAHBL = = . | xoMnerenn
Qo o pabdoTsl MPOMEKYTOTHON
nab. | mpakr. | € &
Tlek. - | HPAKT. | = Q aTTeCTAlUH
3aH. 3aH. | O &
1. OCHOBBI HAYYHBIX
UCCIIEI0BAaHUI B
JHEPreTHUecKHX  pacuerax H
METOIBl  IKCIEPUMEHTAIBHBIX
HCCJICJOBAHNI
CaMOCTOSITENIbHOE
11  OcHOBBI  HAayYHBIX H3y4YeHHE yueOHOU
UCCIIEI0BaHUI B| 3 5 JIUTEPATYPBI; Koncnekr IK-1.1
JHEPreTHKE KOHCIIEKTHPOBaHU
e
HWroro no pazngeny 5
2. Teopus nonooust u
MOJIETUPOBAHHS
CaMOCTOSITEIIbHOE
n3ydyeHue yueOHou
2.1 OCHOBHbIE TIOJOXKEHHS Y y
5 JIUTEPaTypBhl; Koncnexr IK-1.1
TEOPHH MOJ00HS
KOHCIIEKTHPOBaHU
e
3 CaMOCTOSITENIbHOE
n3ydyeHue yaeOHou
2.2 Teopembl To00US U X JUTEpPaTyphl;
I I/IMeHI::HI/Ie : pu KOcheETHyEB;HH Koncnexr
p P 0,5 1 5 P KontponbHas TIK-1.1
ONpeNeNieCHUH  KPUTEPUEB €; BBIMTOJIHEHHE
pabora (3amaya 1)
o100us 3ajga4u 1
KOHTPOJIbHOU
paboThI
HWroro no pazaeny 0,5 1 10
3. Teopus  mIaHUPOBAHUS
JKCIIEPUMEHTA
CaMOCTOSITENIbHOE
3.1 OcHOBHBIE MOHATHS M3y4deHHne yaeOHOn
TEOpUH riaHupoBaHus| 3 5 JIUTEPATYPHI; Koncnekr TK-1.1
IKCIIEPUMEHTA KOHCIIEKTHPOBaHU
e




CaMOCTOSITETTbHOE
n3ydeHue yuyeOHou

3.2 CraTucTuueckoe JIUTEPATYPHI;
OLICHHBAaHUE KOHCIIEKTUPOBAHU Koncnexr
0,5 5 P KontponbHas TIK-1.1
9KCIIEPUMEHTAIbHBIX €; BEIITOJTHEHNE
pabora (3anaua 2)
JIAHHBIX 3aja4n 2
KOHTPOJIBHON
paboThI
Uroro no pazneny 0,5 10
4. TInanupoBaHuss U oOpaboTKa
pe3ysnpTaToB  OZHO(MAKTOPHBIX
HKCIIEPUMEHTOB
CaMOCTOSITENIbHOE
n3ydyeHue yueOHon
4,1 Meron HaUMEHBIINX Y M
5 JIATEpaTyphl; Koncnekr TIK-1.1
KBAJIpaTOB
KOHCIIEKTHPOBaHU
e
. CaMOCTOSITETTbHOE
4.2 CHuMMeTpHYHBIHI .
ABHOMEPHBIN TU1aH M3yHeHHE yueOHOl
p P 3 5 JTUTEPATYPHI; Koncmekr TK-1.1
0/1HO(haKTOPHOTO
KOHCIIEKTHPOBAaHU
IKCIEPUMEHTA .
CaMOCTOSITEIbHOE
4.3 IIpoBepka o
H3ydeHHe yueOHOU
a/IeKBaTHOCTH
5 JTUTEPATYPHI; Koncmekr TK-1.1
PErpecCUOHHOTO
KOHCIIEKTHPOBAaHU
YpaBHEHHS .
Hroro no pazneny 15
5. OneMeHTbI MaTpUYHOH
anreOpsl B PErpecCHOHHOM
aHanIu3e
CaMOCTOSITETIbHOE
5.1 DnemeHTH MaTPUYHOMN H3y4YeHHEe yueOHOU
anreOpsl B perpeccMoHHoM| 3 7 JIUTEPaTypBhl; Koncnexr IK-1.1
aHanm3e KOHCIIEKTHPOBaHU
e
Wroro no pazneny 7
6.  JIByXypOBHEBbIC  IUIaHBI
MHOTO()aKTOPHBIX
SKCIEPUMCHTOB
CaMOCTOSITEITbHOE
6.1 JIByXypOBHEBBIH IUIaH U3yucHHUe y4eOHOMH
MIOJIHOTO (baxTopHOTO 0,5 5 JIUTEPATYPHI; Koncnekr IIK-1.1
JKCIEpUMEHTA TUMa 2N KOHCIIEKTHPOBAaH!
e
6.2 TIlpumenenune wmerTozna
3 CaMOCTOSITEIbHOE
HaWMEHBIIUX  KBAJPaTOB .
U3yucHHUe y4eOHOMH
UL COCTaBIICHHS
JIUTEPATyPHI;
PErpecCHOHHOTO KOHCHICKTHDOBAHMN Koncnekr
YpaBHEHHUSI. Ouenka 0,5 7 P KonTponbhas IK-1.1
€; BBIITOJTHEHHE
3HAYUMOCTH ero pabora (3anaqa 3)
3agauu 3
K03 GUIIIEHTOB, ero .
KOHTPOJIbHOM
a/IeKBaTHOCTH u
padoThI

paboTocnocodbHOCTH




6.3 poOueiii (hakTOPHBIH

CaMOCTOSTEIbHOE
H3ydeHHe yueOHOU

10 JIUTEPATYPHI; Koncnekr IK-1.1
9KCIIEPUMEHT
KOHCIIEKTHPOBaHU
e
. CaMOCTOSITETTbHOE
6.4 OpTroroHanbHbIN .
B — n3ydeHune yuyeOHou
p . 10 JIUTEPATYPHI; Koncmekr TK-1.1
KOMITO3UIIMOHHBIH IUIaH
KOHCIIEKTHPOBaHU
BTOPOTO MOPsAKa .
HWroro mo pasneny 32
7. 3auer
INonroroska
7.1 3auer 18,7 A 3auer TK-1.1
3a4eTy
Wroro no pazneny 18,7
Hroro 3a cemectp 97,7 3a4ET
Wroro no qucuuninnne 97,7 3a4er




5 O06pa3oBaTejibHbIE TEXHOJIOTHH

Jns  peanu3anuu  NPEIyCMOTPEHHBIX BHUJOB  yueOHOM paboTBl B KauecTBe
00pa30BaTeNbHBIX TEXHOJOIMM B MpPENoOJaBaHUM JUCLUUILIMHBI «BBeneHue B TEOpUIO
AKCIIEPUMEHTa» UCIOJIb3YIOTCS TPAAULIMOHHAS U MOAYJIbHO-KOMIIETEHTHOCTHAS TEXHOJIOTHH.

Ilepenaua HEOOXOAMMBIX TEOPETUYECKUX 3HAHUM M (HOPMHUPOBAHHE OCHOBHBIX
IpeJICTaBIeHUN 110 Kypcy «BBeneHue B Teoprio SKCIIEPUMEHTa» IIPOUCXOJUT C UCIIOIb30BAaHUEM
MYJIbTUMEIUHHOr0 000pYJ0BaHUS.

Jlekuuy TPOXOAAT B TpamuiuoHHOW ¢(opme, B ¢dopme JeKUUH-KOHCYIbTaUUH |
npobnemMHbIX Jekuuid. Teopernueckuil Marepuan Ha HPOOJEMHBIX JIEKIMSIX —SBISETCS
pe3yJbTaTOM YCBOCHHUS MOJYYEHHOW WH(POpPMAIMU MOCPEICTBOM IMOCTAHOBKH IMPOOIEMHOIO
BOIIpOCA M IIOMCKAa IIyTed ero pemeHus. B Xxone mnpoBeacHHs JIEKIMOHHBIX 3aHATUI
npexycMaTpuBaeTcs: 1) HMCIONb30BaHUE 3JIEKTPOHHOTO JEMOHCTPALMOHHOTO MaTepHana Io
TeMaM; 2) HCIOJb30BAHUE OJIEKTPOHHBIX YYEOHHKOB MO OT/ACIBHBIM TeMaM 3aHsATHi; 3)
AKTHUBHBIE U UHTEPaKTUBHBIE (OPMbI 00yUEHHUs: BApUATUBHBII ONPOC, AUCKYCCUH, YCTHBIN OIIPOC
UT.A.

[Ipu npoBeneHNN MPAKTUUECKUX 3aHATUN UCHOJb3YIOTCS paboTa B KOMaHIE U METOJbI
IT.

CamocrosaTenbHas paboTa CTHMYJHUPYET CTYyIEHTOB IpH paboTe Ha MPAKTHYECKUX
3aHATHAX U [IPU IOATOTOBKE K UTOIOBOM aTTECTALIUN.

6 YueOHO-MeTOAMYeCKOE 0OOecnedeHue CaMOCTOSITeIbHOM padoThl 00y4aroMuXCs
[Ipencrasneno B npuioxenuu 1.

7 OueHoYHbIe CPeICTBA IJIf IPOBEIeHUs POMEKYTOUHOM aTTecTaluu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYecKOe H HH(POPMALIMOHHOE OfecnevyeHue TUCIUIIHHbBI (MOTYJIs1)

a) OcHOBHas JIUTEepaTypa:

1. Crenanos, I1. E. [InanupoBanue sKkcrepuMeHTa © yueOHO-MeToAnYecKoe mocodue /
I1. E. CrenanoB. — MockBa : MUCHUC, 2017. — 22 c. — Tekcr : anextponHslii // Jlaup :
JNIEKTPOHHO-OMOMMoTeunass cucrema. — URL: https://e.lanbook.com/book/108113 (mata
obpamienus: 21.03.2025). — Pexxum goctyna: Uist aBTOPH3. MOJIb30BATEIICH.

2. UYemnokxo, M. b. OcHoBsl HaydHOTO TBOpYecTBa / M. b. UenHOKOB. — 2-€ u31., cTep.
— Cankr-IlerepOypr : Jlawp, 2023. — 172 c¢. — ISBN 978-5-507-45764-9. — Texkcr :
AJIEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OMOIMOTEYHAS cucrema. — URL:
https://e.lanbook.com/book/282731 (mata oOpamienus: 21.03.2025). — Pexum goctymna: s
aBTOPH3. IIOJI30BATEIICH.

3. IlanoBa, E. A. BBenenune B Teopuio SKcmepuMeHTa | ydeOHOoe mocobme / E. A.
[TanoBa. — Marauroropck : MI'TY um. I'.1. Hocosa, 2020. — 55 c. — ISBN 978-5-9967-1922-8. —
Tekcr : onekrponnsii //  Jlame :© dnekTpoHHO-OMOiMoTewHas cuctema. — URL:
https://e.lanbook.com/book/162480 (mata oGpamenus: 21.03.2025). — Pexum moctyma: s
aBTOPH3. TIOJIH30BATEIIEH.

0) lomotHuTeEIBHASI TUTEpaTypa:

1. Kpynun, B. I'. Briciias maremaTtuka. Teopus BepOsSTHOCTEH, MaTeMaTHUecKas
CTaTHCTHKa, Ciayd4ailHble mporecchl. COOpPHMK 3a/Jay C pelleHusMH  : ydyeOHoe mocobue /
Kpymun B. I'. - MockBa : M3natensckuit nom MOU, 2019. - ISBN 978-5-383-01225-3. - Teker :
snexktporHei  // OBC  "KoncympranT  cTynmeHrta" : [caiT]. - URL :
https://www.studentlibrary.ru/book/ISBN9785383012253.htm| (marta o6pamienus: 21.03.2025).
- Pexxum nocTyma : o nmoamnucke.



https://e.lanbook.com/book/108113
https://e.lanbook.com/book/282731
https://e.lanbook.com/book/162480
https://www.studentlibrary.ru/book/ISBN9785383012253.html

2. bepukamBmwim, B.IIl. Cratuctudyeckas o00paboTka JaHHBIX, IUTAHUPOBAHHE
OKCIEpUMEHTAa M CIIydailHble TMpouecchl . yueOHuk s By3os/ B. . bepukamBunm,
C. II. OcbkuH. — 2-¢ u3x., ucnp. u non. — Mocksa : M3natensctBo FOpaiit, 2025. — 164 ¢. —
(Boiciee  oOpazoBanme). —  ISBN 978-5-534-09216-5. — Teker : 2neKTpoHHBIH //
Oo6pasoBarenbHas miatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/563721  (mara
obpamenusi: 21.03.2025).

B) MeToan4yeckue ykazaHusi:
Meroandeckue yka3zaHus JJIs CTYIeHTOB npuBeneHsl B [Ipunoxxenun 3 x PIT/I.

r) [Iporpammuoe odecnneuenne u UHTEepHeT-pecypcebl:

IIporpammHoe o0ecnieuenmne

HaumenoBanue o
o Ne orosopa Cpok neiicTBUS JTULEH3UU
MS Oﬁ.lce 2007 Ne 135 o1 17.09.2007 OeccpouHO
Professional
MathCAD v.15
Education J1-1662-13 o1 22.11.2013 OeccpodHo

University Edition

CBOOOHO pacipoCTpaHsIeMoe

LibreOffice o 0eccpouHo
Adobe Reader cBO6OAHO pa%TSOCTpaHaeMoe 0eccpouHo
FAR Manager CBOOO/THO pa(i_l['IgOCTpaHHeMOC Secepodro
Linux Calculate cBoGOHO p a(i_l;gOCTpaHHeMoe OeccpouHO

HpO(l)eCCI/IOHaJII)HbIe 0a3bl JAaHHbIX l/IHq)OpMaIII/[OHHbIe CIIPaBOYHBIC CUCTEMBI

Hazpanue kypca CchliIKa
HaI_[I/IOHaJIbHa}I I/IH(I)OpMaI_II/IOHHO-aHaJ'II/ITI/ILIeCKa}I
cucrema — Poccuiickuii MHIeKC HayYHOTO URL.: https://elibrary.ru/project_risc.asp
nutupoBanus (PVHIL)

DnekTpoHHas 6a3a MepruoanIecKuX n3nannii East
View Information Services, OO0 «MUBUC»

denepanbHOE rOCYAAPCTBEHHOE OI0IKETHOE

URL.: https://dlib.eastview.com/

yupexaeane «DenepanbHbIif HHCTUTYT URL.: http://www1.fips.ru/
IPOMBIIIICHHON COOCTBEHHOCTH

Poccuiickas ['ocynapcTBeHHas Oubnuorexa. URL:

Karanorn https://www.rsl.ru/ru/4readers/catalogues/

OnextpoHHble pecypcebl oubmuoreku MI'TY um.  |URL:
I".1. HocoBa https://host.megaprolib.net/MP0109/Web



https://urait.ru/bcode/563721
https://elibrary.ru/project_risc.asp
https://dlib.eastview.com/
http://www1.fips.ru/
https://www.rsl.ru/ru/4readers/catalogues/
https://host.megaprolib.net/MP0109/Web

9 MartepuajibHO-TeXHHYECKOE o0ecTiedeHne TUCHUMILITHHBI (MOYJIs1)

MarepuanbHO-TEXHHUECKOE 00ecreueHUe JUCIUTUINHBI BKITIOUACT:

1. VYuebHble aynuTOpUHM JUIA TNPOBEACHUS  3aHATHHA  JIGKIIMOHHOTO THMA  —
MYJIbTUMEAUIHbBIE CPEICTBA XPAHEHHUSI, TIepeau U MPeCTaBIeHUs UHPOPMAIIUH.

2. Y4eOHbIC ayAUTOPUM Ui TPOBEACHUS TMPAKTHUECKUX 3aHSATHHA, TPYIIOBBIX U
WHAUBUAYAIbHBIX KOHCYJIbTAIMMA, TEKYIIEro KOHTPOJIS U MPOMEKYTOYHON aTTecTalu — J0CKa,
MYJIbTUMEAUNHBIN IIPOEKTOP, KPAH.

3. llomemenust Juisi CcamMOCTOSITENIbHOM pabOThl OO0y4aromuMxcs — IEepPCOHaJIbHbIC
komieloTepsl ¢ maketom MS Office, Beixomom B MHTEpHET M € JOCTYyIIOM B AJIEKTPOHHYIO
nH(}OPMaLMOHHO-00pa30BaTEIbHYIO CPely YHUBEPCUTETA.

4. Tlomemienue i XpaHEHHS W NPOPHIAKTUYECKOTO OOCITY)KUBaHHUS Yy4eOHOTO
000pyTI0BaHUS — CTEIUIAXKHU, CEU(BI A1 XpaHEHUS y4eOHOTO 000pyA0BaHHMS.



NMPUJIOKEHME 1
(o0s3aTeNBHOR)

Yu4eGHO-MeTOIHYECKOE 00ecTIeYeHHE CAMOCTOATENBLHON PadoThI CTY1eHTOB

AyauTopHasi caMoCTOsITeNbHas padoTa CTYACHTOB Ha JICKIMOHHBIX M IPAKTUYECKHX
3aHATHUSAX BKIIOYAET B ceOsl:

1) peureHue 3a1a4 Ha MPAKTHYESCKUX 3aHATUSAX.

BHeayauTopHas camocTosiTeNbHAsE pa00Ta CTYICHTOB BKIIFOYACT B CEOsL:

1) 4yrenue u mpopadOTKa JEKIUOHHOTO MaTepHalia i PeKOMEH/I0BaHHOM JINTEPATYPHI;

2) KOHCIEKTHPOBAHUE,

3) BBINOJIHEHUE KOHTPOJIBHOI paboThL;

4) TOArOTOBKY K 3a4erTy.

3anaHus K NPAKTHYECKUM 3aHATHAM:

Tema 2.2

1. Haiitu kputepun mogo0ust AJ1s ONPEeIICHHs TapaMeTPOB MOEIIU TypOoreHepaTopa co
CJEIYIOIUMH XapaKTePUCTUKAMM:

U, =20kB;

P.. =320 MBT;

I, =10,2kA;

Riouer =0,0013 Om;

J=75T1-M%

m =257 .

HauasbHble yc1oBus =1c, 0 =3141/c.
Tema 3.2

1. PaccunTath qucnepcuio eIMHUYHOTO Sz(yk) U CPEIHETO S2(37) pe3yiabTaTa 1o 9

IMOBTOPHOCTAM OIIbITA.

K 1 2 3 4 5 6 7 8 9
U,xB| 35 | 36 | 37 | 40 | 36 | 39 | 35 | 38 | 37

2.B Ta6J'II/H_[e MMPUBCACHBI PE3YJIbTATHI 3aMEpa HAIIPSKCHUA, 5STAJIOHHBIM 3HAYCHUECM

5 . 2
Kotoporo asisiercas U=35 kB. Halitu nucnepcuto emMHUYHOTO S (yk) W CPETHETO

S2(37) pe3yabTarta.

K 1 2 3 4 5 6 7 8
Uk, xB | 36,9 | 37,2 | 384 392|368 | 37,4 | 33,8 | 39,0

3. lns Be1OOpkH u3 3amaun Nel ompenenuTh JOBEPUTEIBHBIN WHTEPBAI T€HEPATHHOTO
MaTEMaTUYECKOT0 OKUIAHMS U JUCTIEPCUU C BEPOSITHOCTHIO 90%.

4. PaccunTarh OLEHKHU JUCIIEPCUU €IUHUYHOTO U CpeaHero pesynbrara. [ BeiOopku I
MPOBEPUTH C BEPOSITHOCTHIO 0,95 paBHO 1M reHEPAIbHOE MATEMATUYECKOE 0KUIaHNE 3HAYCHUT0 X
(uucno O6ykB B pamuiuu x 10). [ns Bei6opku 11 moBepuTs rumoTe3y o paBeHCTBE TeHEpaIbHOM
nucriepcuu Y (BenuuuHy Y MPUHATH PaBHON HOMEPY KOMITBIOTEPA, 32 KOTOpBIM Bhl paboTtaere).

k |12 |34 |5|6|7][8]9|10/11]12|13]14|15/|16
ya [120]115]122]117]119]125|121|124|117/118| — | — | — | — |—|—




Vi | 25128 (3213130 (27 26|29 |32]30[26|29 28|29 30|32
yin [120]125]130]115]120|110]140/130|135|125|120|115|135|125| — | —
Yav| 68 |72 |73 169 |70 |72 | 71|69 | 7274|7369 68| —|—|—

5. O1EeHUTh ¢ BEPOSTHOCTHIO 95% OAHOPOIHBI JIM TUCIIEPCHUH.

u 1 2 3 4 5 6
S%(yw), B> | 240 | 140 | 180 | 212 80 150
fu 24 12 10 8 16 30

6. OHpe,I[CJ'II/ITI) C HAAC)KHOCTBIO p:0,95 HET JIM B IPCACTaBJICHHBIX 3KCIICPUMCHTAJIBHBIX
JaHHBIX pr6bIX omnbOoK. Ilocne HCKIIOYEHUsS BO3MOXKHBIX OIIHOOK MOJIYUYUTb OLCHKHU
MAaTCMAaTUYCCKOI'O O KUIaHUs U JUCIICPCHHA 1A K01 BLI60pKI/I.

u [k 11234567 [8]9/10][11]12
| 31/3le 30,6/37,2/38.4(39,2/38,6/37,4(388| — | — | — |—| —
I 3]’;; 120 | 80 |115(125|130|115|120(130(125| — |—| —
Il 3]’;;" 100| 28 |105| 50 | 95 | 100|110 |105|100(110(95|100

7. OnpefesuTh YUCIO MMOBTOPHOCTEN ONBITA JJIs HOJIYyYEHHs JOBEPUTEILHON OIIMHOKH,
paBHOI 8()7)=2%, ecu S?(yk)=8,2; f=1200.

8. JlaTh 3aKiIr0ueHIEe O BO3MOKHOM IPEUMYIIECTBE OJJHOTO KOMMYTAI[HOHHOTO armapara
repes APyruM IO TOKY JIEKTPOJAMHAMUUYECKON CTOMKOCTH HAa OCHOBE CIEAYIOLIUX PE3YJIbTATOB
HUCIILITAHUN

K 1 2 31415 6 718 9 |10
ik, KA | 88 | 92 | 89 | 93 | 90 | 91 | 90 | 88 | 90 | —
I, KA | 93 [ 92 | 89 |94 | 95|95 |94 |98 |96 |95

Tema 6.2
1. TToctpouts mwian [1OD 2" B 6e3pazMepHOM BBIPAKCHUH U B HATYPALHON Pa3MEpHOCTH

(aKTOPOB MO CIIEAYIONIIM TTapaMeTpam:

X0 =38 kB; X, =24 %; X, =0,6 m; X, =500 00/MuH;
M =6xB; X,=4%; A;=0,15M; A, =50 006/MHH.

2.1lo mocTpoeHHOMY B TpeAblAyIled 3agaue IJIaHy BBINOJIHEHA CEpHUsl OIBITOB.
Pe3ynbTatsl npeacrabiensl B Ta0. PaccuntaTh KO3QPUIMEHTH! pErpecCHOHHOTO YPaBHEHUSI.
[lo pesymbratam IIPD 2* MOXHO MONYYMTH PErpECCHOHHOE YpaBHEHHE CIETYIOIIErO

BUaa:

y = bO +b1x1 + bZXZ +b3x3 +b4x4 + b12x1X2 + b13X1X3 + b14X1X4 +b23X2X3 + b24X2X4 +
+b34x3x4 + b123X1X2X3 + b124X1X2X4 + b234X2X3X4 + b134X1X3X4 +b1234X1X2X3X4'

PesynbTatsl sxciepruMeHTa



Y1u You Y3u Yau

46,5 |455 |46,6 | 455
61 63,3 |625 |61,6
67,7 |67 64 65,7
64,1 |63,7 |651 |63,6
534 |533 |536 |526
70,2 1689 [689 |70

71,3 691 |[686 |69,1
91,7 88,8 |90 88,6
716 |701 |704 |698

OO (N[O~ WINF|C

10 849 [858 [858 [864
11 88,8 |89 89,2 89,7
12 107,3 | 105,7 | 106 104,4
13 779 783 [789 [784
14 98,7 1944 1945 |937
15 933 935 934 |921
16 98,2 1987 ]98,2 [988

Bonpocs! /151 KOHCIEKTHPOBAHUS:

1. Yro Takoe Hayka? Ha xakue paznensl moapasiensercs COBpeMeHHas Hayka?

2. Uem xapakTepu3yeTcs HayqHOE HCCIIC0BaHNE?

3. OOmenornyeckue, TEOPETUYECKUE U IMITUPUIECKUE METO bl TO3HAHMSL.

4. Yro Takoe 3kcriepuMenT? Kakre 0COOCHHOCTH TPUCYIIH SKCIIEPUMEHTY ?

5. llepeuncnure craauu OCYIIECTBIEHHS SKcriepuMeHTa. Kakue BUABI SKCIEPUMEHTOB
CYIIECTBYIOT?

6. Uro Takoe MomenupoBaHue?

7. Yto mOHMMaeTcs TOJ OpUIMHAJIOM M Mojenbio? Ha3oBuTe yCIOBHUS CyIECTBOBAHHS
MO/JIEIH.

8. Uro Takoe mogodue. Buabl momoodust.

9. Kaxue 3aaun peraer Teopus mogooust?

10. Yro Takoe kputepuit mogoous?

11. Bugas! pakTOpOB B 3KCIIEPUMEHTE.

12. Cxema 3KCTIepIMEHTA («UEPHBIH SIIHKY ).

13. Yem oTnn4aroTCs MHTEPIOIALUOHHBIM U ONTUMHU3ALMOHHBIN SKCIIEPUMEHT?

14. Kakue TpeGoBaHuUs NPEABIBIAIOTCS K GYHKIIUU LIeTH U dakTopam?

15. Yto Ha3bIBaeTCs caydaiHbIM (DaKTOPOM B SKCIIEpUMEHTE?

16. Kak mpu 00pabOTKEe OKCHEPUMEHTAIBHBIX MJAaHHBIX HCIONB3YEeTCS KPUTEPHd
Crpronenra?

17. Kak ornieHUBaeTCsl OJTHOPOTHOCTH TUCIIEPCUI PE3YIIHTATOB OMBITOB?

18. Kakoii kpurepuii uCHOJB3yeTCS M BbIIBIEHHS OHIMOOK B  pe3yJbTarax
JKCIIEpUMEHTa?

19. Ha ocHoOBe Kakoil OIEHKHM MOXHO CYJUTh O BIIMSHUM M3MEHMBIIUXCS YCIOBUH
MIPOBE/ICHUS OMBITOB Ha PE3yJIbTaThl SKCTIEPUMEHTA?

20. Kak  wucmnonp3yercss METOA  HAUMEHBUIMX  KBaJApaToB  JUId  OIpEaesICHUs
K03 (HUIIMEHTOB PETPECCHOHHOTO YpaBHEHUS?

21. Kak cocraBisiercs miiaH 0AHO(paKTOPHOTO 3KCIIepuMeHTa?

22. Yto Takoe aJIeKBaTHOCTh PETPECCHOHHOTO YPAaBHEHHUS M KaK OHA OI[CHUBACTCS?

23. MeTo/1 HAaMMEHBIIUX KBaJpaToB B MaTPHYHOM (opMme.

24. Kak ompenenuth KO3GOUIMEHTBI PETPECCHOHHOTO  yPaBHEHHUS  HMCIOJIB3YS
MaTpUYHYIO (POpPMY 3alMCH METO/1a HAUMEHBIINX KBaAPaTOB?

25. YTto Takoe CHMMETPUYHOCTH TIJIaHa dKCIIepUMEHTa?

26. YTo Takoe OPTOrOHAIBHOCTH TJIaHa SKCIIEpUMEHTa?



27. AnTopuTM COCTaBJICHHsI TUTaHA TOJHOTO (haKTOPHOTO DKCIIEPUMEHTA THIA 2N MpHU
1r060M uymcie GakTopos.

28. OOmmii BUJ PETrPEeCCHOHHOTO YpPaBHEHHS, IIOJyYEHHOTO IO IUIaHY TIOJHOTO
(aKTOPHOTO IKCIEPUMEHTA THIIA 2n.

29. Kakoe perpeccCHOHHOE YPaBHEHHE CUUTACTCs paOOTOCTIOCOOHBIM?

30. Yro Ttakoe 1poOHBIi (haKTOPHBINA SKCIIEPUMEHT?

31. B kakom caydae 1eiecooOpa3HO TPHUMEHSTh IUIaHBI JIpPOOHOTO (haKTOPHOTO
JKCIIepUMeHTa?

32. Kak cocrapisieTcs Tuiad 1poOHOTo (pakTOpHOTO SKCIIEpUMEHTA?

33. Kak ompenenuts K03(pPUIMEHTH PErpecCHOHHOTO ypaBHEHHsS Ha OCHOBE IIaHA
IpoOHOTO (haKTOPHOTO IKCTIEPUMEHTA?

34. Yto Takoe reHepHupyroIIee COOTHOMECHUE?

35. Kakue koappuImeHTsl perpecCHOHHOTO YPaBHEHHS CYMTAIOTCS] 3HAUUMBIMU?

36. Kak orieHuTh a/IeKBaTHOCTh PEIPECCHOHHOTO YPaBHEHUS?

37. Kak cocTaBUTh OpPTOTOHAJBHBIN IEHTPAIbHBIA KOMITO3UIIMOHHBIN IIJIaH BTOPOTO
nopsiaka?

38. Uro Takoe «3BE3[HBIC TOYKW» OPTOTOHAIBHOI'O LEHTPAIBHOTO KOMITO3UIIHOHHOTO
IUTaHA BTOPOTO MOPSAIKA  KaK HAWTH WX KOOPHMHATHI?



KonTpoasHnas padora:
Bapuanr -1

3amaya Nel. Tema: «Teopusi mogoous»

Hccnenyercs dSNeKTpUYeCKHd (GUIBTP [ OYUCTKH Ta30B, KOTOPBIA COAEPKUT
IPOXOMHOI KaHanm B BuAe TpyOwl (Bbicota h, miomans S), depe3 KOTOpPBIA MPOIyCKaeTcs
3abIMJICHHBI Tra3 ¢ a0COJIOTHOM AMANIEKTPHUECKOW MPOHHUIAEMOCThI0 & . BHYTpH KaHama
HaXOJUTCs CTEPXKHEBOM 3JeKTpo. IIpu moaxiItoueHUN BBICOKOTO MOCTOSIHHOTO HanpsbkeHus U
IPOMCXOIUT MOHU3AIMS Ta3a, YaCTUIIBl 3arpA3HEHUN MPUOOPETAIOT 3apsii U MPUTATUBAIOTCS K
BHYTPEHHEH CTCHKE KaHaja. B 2IeKTpUuYecKyl0 Lelb BKIIOYEHO TOKOOTPAHMYMBAIOLIEE
cornpoTtuBieHue R Ha cirydail mpo6osi Ta30BOro MpOMEKyTKa.

[TapameTpsl HATYpPHOM YCTAaHOBKH:

U,=110«B;
R, =10 kOwm;
h,=5m;

S, =60 m°;

e, =107 ®/m.

HauanbHble ycnous (mapamMeTpsl IpoLecca):
[pu noxkioyernn ycraHoBku B MomeHT Bpemenu t, (0)=01c¢ ok i,(0)=0,014 u

sapsan Q,(0)=10" K.

Onpenenurs:
1) kpuTepuH TOAOOMS METOJOM aHalM3a Pa3MEPHOCTEH I CJEAYIOIIEro CIUCKA
cymectBennbix Bemmunn: U i R; t; S; ¢.

2) mapaMmeTpbl MOJIEIH, TOJOOHON HATYpaAIbHOM YCTaHOBKE.

3agaua Ne2. Tema: «IIpoBepka cTaTHCTHYECKHX THIIOTE3»
HmeeTtcs 1Be BEIOOPKU:

K 1 2 3 4 5 6 7 8 9 |10 | 11|12 | 13 | 14
X |12,5/11,210,3| 9,0 10,719,198 | 9,8 |11,3|10,5| 9,6 | 8,3 |10,6 10,1
X (17,2} 9,6 (10,1/10,8| 88 | 88 | 9,1 |10,6|12,6|10,7| 7,8 | 9,7 |12,0|11,4

Heo0xoaumo:

1) mpoBepUTH KaXKAyI0 BBIOOPKY Ha HAJHM4YUE IPyObIX OIIMOOK;

2) mpoBepUTH BHIOOPKU HA OJJHOPOJIHOCTH M HAWUTH HAWIYUIIYIO JUCIIEPCHIO;
3) OLIEHUTP TeHepaIbHOE MaT. OXKHIaHue Li/(X) C BEpPOSTHOCTBIO 95%);

4) mpoBEpHUTh THIIOTE3y O TOM, TeHEpaJlbHOE MaT. OkuaaHue (x) paBHO HOMEpY
BapHaHTa;

5) HalTH JOBEpUTEIbHBI HMHTEPBAl I'CHEPaIbHOW aucnepcud o(Xx) C BEPOSTHOCTBHIO
90%;

6) IPOBEPUTH TUIIOTE3Y O TOM, TeHepalbHas Aucrepcus o(x) paBHAa HOMEpY BapUaHTA.

3amaua Ne3. Tema: «PerpeccHOHHbBI AHAJIU3 U IVIAHUPOBAHHME IKCIIEPUMEHTOB»
Paccunrath napamMeTphbl MaTeMaTHYECKOHU MOACIN Ha OCHOBAaHUHN Ta6JII/ILIBI
SKCIIEPUMEHTAIBHBIX JAHHBIX U OLEHUTH €€ JOCTOBEPHOCTD.



95%.

Ne Bapbupyemble GakTopbl 3Hauenus QyHKIUM OTKINKA
omnbITa Xo X1 X2 Y1 Y2

1 1 10 15 260 264

2 1 2 15 420 418

3 1 10 5 -40 —-44

4 1 2 5 120 124
JUISL 9TOTO:

1) mocTpouTh KOAUPOBAHHYIO MATPUILY IUIAHUPOBAHUS SKCIIEPUMEHTA;

2) paccuuTaTh KO3 PHUIUEHTH YPaBHEHUSI PETPECCHH B KOAUPOBAHHOH (opme;

3) npoBepUTH aAEKBATHOCTb MOJIENIM HA OCHOBAHUU J1yOJIMPOBAHHUS OIIBITOB;
4) OUEHHUTH 3HAYUMOCTh KOA(PPHUIMEHTOB YPAaBHEHUS C JOBEPUTEIHHON BEPOSTHOCTHIO

3anaua Nel. Tema: «Teopusi mogoous»
Uccnenyerca aieKTpudecKUil QUIBTP Ul OUUCTKU Ta30B,
NPOXOJHOM KaHan B BHIE TPyObl (BbicoTa h, rmiomanp S), yepe3 KOTOPBIA IMPOIYCKAETCs
3a/IbIMJIEHHBIM ra3 ¢ aOCOJIIOTHOM JMAJIEKTPUUECKON NPOHUIAEMOCThIO & . BHyTpu kanana
HAXOJHUTCS CTEPKHEBOM 31eKTpol. [Ipy moaKIouYeHNN BBICOKOTO MOCTOSIHHOTO HampspkeHus U
IPOMCXOTUT MOHU3AIMS Ta3a, YaCTUIIBl 3arpSI3HEHUN MPUOOPETAIOT 3apsi U MPUTATHBAIOTCS K
BHYTpEHHEH CTeHKE KaHama. B 53JIeKTpuueckyio ILelb BKIIOYEHO TOKOOTPAHMYMBAIOIIEE
conpoTuBiieHne R Ha ciydaii mpo06osi ra30BOTO MPOMEKYTKA.

HavanbsHbie ycrnoBus (mapaMeTpsl mporiecca):

Bapuanr - 2

ITapameTpsl HATYpPHON YCTAaHOBKH:

U,=120«B;
R, =20 xOm;
h,=6m;

S, =60 m%;
g,=10"" ®/m.

[pu noxkimouennu yctaHoBku B MomeHnT Bpemenu t (0)=01c
sapan Q,(0)=10" K.

KOTOPBIA  COAEPKUT

tok 1,(0)=0,014 u

Onpenenuts:
1) kpuTepuH TOAOOMS METOJOM aHalM3a Pa3MEPHOCTEH I CJIEAYIOIIEro CIUCKA
cymectBennbix Bemmunn: U ; R; t;i; h; S.

2) mapaMeTpbl MOJIENH, TOT00OHON HAaTYpaIbHOW YCTaHOBKE.

3agaua Ne2. Tema: «IIpoBepka cTaTHCTHYECKHX THIIOTE3»

Wmeercs 1Be BEIOOPKU:

K 1 2 3 4 3) 6 7 8 9 |10 | 11|12 | 13 | 14
X | 7,164 |58[50(52(23|37|54[30/|46|6,7|47 |41 |47
Xk 6,749 170]155(32(38(35|54[39|50(55|51]|26]54

Heob6xoaumo:



1) mpoBEPHUTH KXY BEIOOPKY Ha HAIMYKE TPYOBIX OIMHUOOK;
2) IpOBEPUTH BIOOPKU HA OJJHOPOIHOCTh U HAUTH HAWIYUIIYIO JUCIIEPCHUIO;
3) oLleHUTH TeHepaIbHOE MaT. OXKHUIaHuEe Li/(X) C BEPOSTHOCTBIO 95%);

4) mpoBepHUTh THUIOTE3y O TOM, I'€HEpallbHOE MaT. OXujaHue (x) paBHO HOMEPY

BApUAHTA;

90%;

5) HaWTU JOBEPUTENBHBI WHTEPBAI T'€HEPAIBLHOW qucrepcud o(x) ¢ BEpPOSTHOCTHIO

6) IPOBEPHUTH TMIIOTE3Y O TOM, TeHepallbHas TUcTepcrsi o(x) paBHA HOMEPY BapHaHTA.

33[[3‘{21 Ne3. Tema: «Perpeccnonnmﬁ AHAJIN3 U INTAHUPOBAHUE IKCIICPUMEHTOB»

Paccuurats napamMeTphbl MaTeMaTHIECCKOM MOACIHN Ha OCHOBAaHHUH Ta6JII/ILIBI

OKCIICPUMCHTAJIbHBIX NTAHHBIX U OLCHUTDL €€ JOCTOBCPHOCTD.

95%.

Ne Bapbupyemble HakTopbl 3Hauenus QyHKIUM OTKINKA
ombITa Xo X1 X2 Y1 Y2

1 1 16 6 127 129

2 1 4 6 79 75

3 1 16 2 95 91

4 1 4 2 47 45
JUTISL 9TOTO:

1) HOCTpOUTH KOAMPOBAHHYIO MaTPUILy INIAHUPOBAHUS SKCIIEPUMEHTA;

2) paccuuTath K03(h(PUIMEHTHI YpaBHEHUSI PETPECCUU B KOJIMPOBAHHOM QopMme;

3) npoBepHTH aAEKBATHOCTh MOJIENIM HA OCHOBAHUU JyOJIMPOBAHHUS OIBITOB,;

4) OLIEHUTh 3HAYMMOCTh KO3((UIIMEHTOB ypaBHEHHUS C JOBEPUTEIBHON BEPOSITHOCTHIO

BapuanTt — 3

3agaua Nel. Tema: «Teopusi mogodus»
Hccnenyercs 5SneKTpUYeCKUd (GUIBTP s OUYUCTKM Ta30B, KOTOPBIA COAEPKUT

NPOXOJHOW KaHal B BHJE TpyObl (BbicoTa h, miomams S), depe3 KOTOPBIH MpOIMyCKaeTcs
3a/IbIMIIGHHBIN Ta3 ¢ aOCONIOTHON IMAIEKTPHUECKON MPOHUIAEMOCThI0 & . BHyTpu kaHama
HaXOJIUTCA CTEPKHEBOM AEKTPo. [Ipu moakiIoueHn BBICOKOTO MOCTOSIHHOTO HarpsikeHus U
MPOUCXOIUT MOHU3AIMS Ta3a, YaCTHUIIbl 3arPS3HEHUN MPUOOPETAIOT 3apsia U MPHUTATUBAIOTCSA K
BHYTPEHHEH CTEHKE KaHaja. B JJIeKTpHuYecKyr IeMb BKIIOUYEHO TOKOOTPAaHUYHBAIOIIECE
conpotuiieHre R Ha ciyuaii mpo6osi ra30BOr0 MPOMEKYTKA.

[TapameTpsl HATYpHOH YCTaHOBKHU:

U,=100«B;
R, =5k0wm;
h,=4wm;

S, =60 m";

g, =10"" d/m.

HavanpHbie ycnoBus (mmapaMeTpsl mporiecca):
[pu noxkmouennn ycranoBku B momeHT Bpemenu t (0)=01c¢ rtok 1,(0)=0,014 u

sapan Q,(0)=10"° Kx.



Ornpenenurs:

1) kpuTepuu TOAOOMS METOJOM aHaKM3a Pa3MEPHOCTEH IS CIEAYIOIIEro CIHCKa

cymecTBeHHbIX Beamumd: 1 R; t; Q; S; h.

2) TmapaMeTphl MOJIENH, MOI00OHON HATYpaIbHOW YCTaHOBKE.

3amaua Ne2. Tema: «IIpoBepka cTaTUCTHYECKUX THIIOTE3)
Nmeetcs nBe BIOOPKHU:

k 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14
X1k [222,41220,7|1223,8[237,3|235,4/215,6[223,0[217,1|216,8[228,0[227,01200,1221,7|206,7
Xok  [207,5]215,1|1218,1{218,8|209,4/241,6[218,0[224,7231,2228,3|213,6(214,8/236,8|222,9
Heo0xoaumo:

1) npoBepUTH KaXk1yt0 BBIOOPKY Ha HAJIM4YME IPyObIX OIINOOK;

2) IpoBepUTH BEIOOPKH Ha OAHOPOJAHOCTb M HAWTH HAWJIyULIyIO AUCIIEPCHUIO;

3) OLICHUTD TeHepalIbHOE MaT.0KUAaHUEe £(X) C BEpOSTHOCTBIO 95%);

4) TpoBepUTH THUIOTE3y O TOM, TE€HepaJbHOe MaT.okuaaHue g(x) paBHO HOMeEpY
BapHaHTa;

5) HallTH JOBEPUTEIbHBI MHTEPBAI I'€HEPAIbHOW aucnepcuu o(Xx) C BEPOSTHOCTBHIO
90%;

6) MPOBEPUTH THIIOTE3Y O TOM, TeHepallbHast Aucnepcus o(x) paBHa HOMEpy BapuaHTa.

3agaua Ne3. Tema: «PerpeccnoHHBINH aHATU3 U IVIAHMPOBAHHME IKCIIEPHUMEHTOB)
Paccunrath napamMeTphbl MaTeMaTHYEeCKOH MOACIn Ha OCHOBaHHH Ta6J'[I/IHI>I
AKCIEPUMEHTAJIbHBIX JaHHBIX U OLEHUTH €€ JOCTOBEPHOCTD.

95%.

Ne Bapbupyemble hakTopbl 3Ha4yeHus QYHKIMHA OTKIHKA
OombITa Xo X1 X2 Y1 Y2

1 1 25 14 240 238

2 1 15 14 160 158

3 1 25 6 224 220

4 1 15 6 144 146
JUISL ATOTO:

1) mocTpouTh KOAUPOBAHHYIO MATPUILY IUIAHUPOBAHUSI SKCIIEPUMEHTA;
2) paccuuTaTh KO3 PHUIUEHTH YPaBHEHUSI PETPECCUU B KOJAUPOBAHHOHN (opme;
3) npoBepUTh aIeKBATHOCTHh MOJIESIM HA OCHOBAHUU JyOIMPOBAHUS OIBITOB;

4) OIICHUTH 3HAYHMMOCTD KOE)(I)(I)I/II_II/IGHTOB YpaBHCHUA C I[OBCpHTGHBHOﬁ BCPOATHOCTBIO



Bonpocsl 1J1s1 IpoBeeHus! 3a4eTa:

1. TlonsTHe Hay4YHOTO 3HAHUS.

2. Meropl, HCHIONb3yEeMbIE HAa TEOPETUUECKOM U SMIIUPUYECKOM YPOBHE MCCIIEIOBAHHU.

3. Teopwus 3kcriepuMeHTa M €€ COCTAaBHbBIE YacTH: MOJCIMPOBAHUE, TEOPHsI TTIAHUPOBAHUS
9KCIIEpPUMEHTa, 00paboTKa pe3yIbTaToB.

4. MopnenupoBaHue B  HAay4YHBIX HCCJICIOBAHUAK;, TIOHATHE MOJEIHU;  BUABI
MOJICIIUPOBAHMSL.

5. Tlonsitue o0000meHHOW mnepemeHHoi. Kpurepun momobus. IlpeacraBnenue
pEe3yJIbTATOB SKCIIEPUMEHTA B KpUTEPHUAIbHOH (hopme.

6. Ilepmas Teopema momobus (reopema HetoroHa-beprpana).

7. Bropas Teopema monoous (n-reopema).

8. Tpetbs Teopema noaoous.

9. OmnpeneneHve KpUTEpUEB MOAOOMS IO M3BECTHBIM YpPaBHEHUAM (PU3UUECKOTO
npouecca. Meroa MHTETpabHbIX aHAJIOTOB.

10. IlpaBwmia npeodpa3oBaHUsi KPUTEPUEB MTOAO0HS.

11. Onpenenenne KpUTEprEB MOO0OMS 1O CHUCKY CYIIECTBEHHBIX BETUYHUH H3Y4aeMOTO
¢duznueckoro npouecca. AHanu3 pazmMepHocteid. Meron Panest.

12. Enuaunel  u3MepeHuss ¥ pa3MepHocTH ¢usudeckux BenuunmH. Cucrema CH.
[TepBrYHbIE U BTOPUUYHBIE BEIMYHUHBI.

13. OnpenenurenbHple ypaBHEHHs W (OPMYIBI pa3MEpHOCTEH BTOPUYHBIX BEIUYHH
cucreMbl CHU.

14. DxcniepuMeHT U (aKTOPHI SKCIIEPUMEHTA (HEU3MEHHBIE, BAPbUPYEMBIE U CITy9aifHbIE).
@yHKUMY neau. Bocnpon3BoauMocTh SKCIIEpUMEHTA.

15. VpoBau  dakrtopa. DakropHOEe  MPOCTPaHCTBO.  [IOBEpXHOCTH  OTKIIMKA.
OnHodakTOpHBIE U MHOTO()AKTOPHBIE SKCIIEPUMEHTHI. [1acCUBHBIN M aKTUBHBIN HKCIIEPUMEHT.

16. 3agaun, pemraeMple € MOMOMIBIO  DKCIIEPHUMEHTA: HWHTEPIOJSIAOHHBIE H
sKCTpeMalibHble. TpeGoBaHus, NpeabsaBiIsieMble K (hakTopaM U (PyHKIMU LEIH.

17. Cnyuaiinple BenumuuHbl. DyHKIUU pacnpeneneHusd. llapamerpsl pacnpeneneHus
CJIy4aiiHbIX BEJTMYHH.

18. Craructuyeckue coBokynHoctd. CraHAapTHOE HOpPMalbHOE paclpesciicHue.
Perienue oCHOBHBIX 3a/1a4 MaTEMaTHUYECKOM CTaTUCTUKU.

19. Kpurepwuii Oumepa.

20. Pacnipenenenue CThIOEHTA.

21. Pacnpenenenne [Tupcona.

22. Kpurepuii Koxpena

23. IIpoBepka BEIOOPKH Ha MOI03PUTEITBHOCTb.

24. Tlonubiit (axropHsblii skcriepuMeHT. KoaupoBanue ¢akropos. IlocTpoeHue miaHoB
tumna 2". Marpuria manuposanus 110D 2",

25. OcHoBHBI€ cBO¥icTBa MaTpHibl [1DD.

26. Beraucienue kosduipienToB perpeccun B [10D.

27. IIpoBepka agekBaTHOCTH Mojeneit [1DD.

28. OpToroHaipHOE IEHTpAIbHOS KoMITO3uIMoHHOe TutanupoBanue (OLIKIT). Marpura
ianupoBanust OLIKII. OcHoBuble cBoiicTBa. OOpaboTtka pesyiabraroB OLIKII.

29. PoroTabenbHOe 1eHTpalbHOE KoMIO3uIInoHHOoe TutanupoBanue (PLIKIT).

30. [ApoOuslii phakTopHBIH 3KcTIepuMeHT (D).

31. [naHrpOBaHUE SKCTPEMATBHOTO YKCIIEPUMEHTA.

32. CUMILJIEKCHBIN METO/I.

33. MeToa HaMMEHBITNX KBaJIPaTOB.

34. Ypasuenue perpeccun. Onpenenenue kodpduimentoB perpeccunt N-¢pakTopHOTO
9KCHEPUMEHTA.

35. Perpeccuonnsiit ananus. [IpoBepka KO3 PHUIMEHTOB PErpeccHy Ha 3HAYUMOCTb.

36. IIpoBepka aieKBaTHOCTH MOJICIIH.



37. OueHka mpeacKa3aTeNbHBIX CBOWCTB YypaBHEHUs perpeccuu. JlucrnepcroHHBIN
aHaJIN3.



MNMPUJIOKEHHE 2
(o0s3aTenbHOE)

OueHoYHBIE cpe/ICTBA /1Js NIPOBe/IeHUsI MPOMEKYTOUHOMH aTTecTaluu
a) [lnannpyemble pe3yabTaThl 00y4eHHsI H OLIEHOYHBIE CPEICTBA /IJIs POBEIeHUs] MPOMEKYTOYHOM ATTeCTAIlUM:

Kon Nunukatop AoCTHXEHUS

OneHouHble CpeacTBa
HHAUKATOopa KOMIICTCHIIN

IIK-1: Cnoco0eH y4acTBOBaTh B INIAHUPOBAHMH, MOATOTOBKE M BbINOJHEHNH THIOBbIX IKCIIEPUMEHTAJBHBIX MCCJICI0BAHUI 10 32IaHHOM
METOIMKeE U 00padaThiBaTh Pe3yJbTAThl IKCIIEPUMEHTOB

IK-1.1 Pa3zpabarbpiBaer TJ1aH Bomnpochl 1151 KOHCTIEKTHPOBAHMS :

MEpOIPUATHI o 1. Yo takoe Hayka? Ha xakue pazaesnsl mopas3ieisieTcs COBpeMeHHas HayKa?
MTOBBIIICHUIO 2. Yem xapakTepu3yeTcsi HAy4HOE HcciejoBaHue?
HaJICKHOCTH u 3. OOmIenoruveckue, TeOPETUICCKUE U SMITUPUICCKUE METO B TIO3HAHHS.
SKOHOMHUYHOCTU PaOOTHI 4. Yo takoe skcriepuMenT? Kakre 0cOOEHHOCTH MPUCYIIH SKCIIEPUMEHTY ?
AIEKTPOTEXHUYECKOTO 5. Ilepeuncnure craguu OCyIIECTBICHUS IKCIepuMenTa. Kakue BUIbI SKCIIEPUMEHTOB CYIIECTBYIOT?
o0opyaoBaHus 6. Uro Takoe MoaeIMpoBaHKE?
7. YTO MOHMMAETCs 10T OPUTHHAIOM U Mojienbio? Ha3oBuTe yCIioBuS CyIIECTBOBAHMS MOJICIH.
8. Uro Takoe momobue. Buasl momodusi.
9. Kakwue 3amaun pemraer Teopust moaoous?

10. Yto Takoe kputepuit mogoous?

11. Buabl pakTopoB B IKCHIEPUMEHTE.

12. Cxema sKkcriepuMeHTa («UEPHBIH ALIUKY).

13. Yem oTIMYArOTCS MHTEPTIOSIIIMOHHBIN U ONITUMH3AIMOHHBIN SKCIIEPUMEHT?

14. Kakue TpebGoBaHMs MPEIbIBIAIOTCA K GYHKINU 1eH U pakTopam?

15. YUro Ha3biBaeTcs ciayyailHbIM (paKTOpOM B IKCIIEpUMEHTE?

16. Kak mpu 00paboTke SKCIIepUMEHTAIbHBIX JaHHBIX UCHOJB3yeTcst Kpurepuil CThrogeHTa?

17. Kak onieHMBaETCsl OJTHOPOTHOCTH AUCTIEPCUN PE3YTHTATOB OIBITOB?

18. Kakoii kpuTepuit HCIIONB3yeTCs TS BBISIBICHUS OLIMOOK B pe3ysbTaTax dKCIepuMeHTa’?

19. Ha ocHOBe Kakoi OIIEHKH MOKHO CYAHTH O BIMSIHUW W3MEHUBIINXCS YCIOBUI MPOBEICHUS OIBITOB
Ha pe3yJIbTaThl dKCIIepuMeHTa?

20.Kak wcnomp3yercss MeETOJl HAaWMEHBIIUX KBaJpaTOB IS  ONpeleNieHus KOd(PPHUIMEHTOB
PErPECCUOHHOTO YpaBHEHUs?




21. Kak cocraBinsieTcs miaH 0IHO(aKTOPHOTO dKCIIepUMEHTA?

22.YT0 Takoe aJleKBaTHOCTh PErPECCUOHHOIO YpaBHEHUS U KaK OHA OIlCHUBAeTCs?

23. MeTo 1 HaMMEHBIINX KBAJIPAaTOB B MATPUUHOI (hopme.

24. Kax ornpeie’uTh KOAPPUIIUEHTHl PErPECCUOHHOT0 YpaBHEHUS UCIIOJIB3YS MATPUUHYIO (popMy 3amucu
METO/a HAUMEHBIINX KBAAPaTOB?

25. YT0 Takoe CUMMETPUYHOCTD I1JIaHa SKCIIEpUMEHTa?

26. Yto Takoe OpTOTOHAIBHOCTD IUIaHA SKCIIEPUMEHTA?

27. ANTOpUTM COCTaBJICHUS IJIaHa MOJHOTO ()aKTOPHOTO IKCIEPUMEHTa THMa 2n Mpu JoOOM uucie
(hakTopoB.

28.O0umii BUA PErpecCUOHHOTO YpPaBHEHUS, MOJIYUYEHHOTO M0 TIUIaHy IMOJHOTO (aKTOPHOTO
9KCIIEPUMEHTA TUIIA 21.

29. Kakoe perpeccCuoHHOE ypaBHEHHE cuuTaeTcs paboTocrnocoOHbIM?

30. Yro takoe qpoOHBIi (haKTOPHBINA SKCTIEPUMEHT?

31. B kakoM citydae 1enecoodpazHo MPUMEHSTH MIIaHbl JPOOHOTO (haKTOPHOTO IKCIEpUMEHTa?

32. Kak cocraBisiercs miaH ApoOHOTo (aKTOPHOTO 3KCTIepUMEHTa?

33.Kak onpeaenuts K03()OUIUEHTBI PErPEeCCHOHHOIO YPaBHEHUS HA OCHOBE IUIaHA JPOOHOTrO
(hakTOpHOrO IKCHepUMeHTa?

34.Yro Takoe reHepupyrollee COOTHOLIeHHE?

35. Kakne k03¢ HUIUEHTHI PEerpecCHOHHOTO YPABHEHUS CYMTAIOTCS 3HAYUMBIMHE?

36. Kax o1ieHUTh a/1eKBaTHOCTh PErPECCUOHHOTO YPABHEHUS ?

37.Kak cocTaBUTh OPTOTOHAIBHBIN IEHTPATBHBIN KOMIIO3UIIMOHHBIN TUIaH BTOPOTO MOpsIKa?

38.Uro Takoe «3BE€3HbIE TOYKU» OPTOrOHAIBHOTO IEHTPAJIHHOIO KOMIO3MLIMOHHOTO IUIaHA BTOPOTO
MopsiIKa U Kak HAaTH UX KOOPIWHATHI?

IIpakTHyeckue 3agaHus:
1. HaiiTi kputepun mo1o0us Ui OINpeIesIeHUs MapaMeTpoB MOJIENH TypOoreHepaTopa co CleAyoIMU
XapaKTepUCTHKAMMU:




U, =20xkB;
P.. =320 MBr;
I, =10,2 kA;
Roer = 0,0013 Oni;
J=75T1 M
m=257T.

HavansHbie yclioBus ty=1c, o, =3141/c .

2 2=
2. PaccunTarh JMCIEPCHIO eIUMHHYHOrO S°(y,) U cpeanero S°(Y) pesyibrara mo 9 MOBTOPHOCTAM
OITIBITA.

K 1 2 3 4 5 6 7 8 9
Uw,xB| 35 | 36 | 37 | 40 | 36 | 39 | 35 | 38 | 37

3. B Tabnuie npuBeneHsl pe3ynbTaThl 3aMepa HAPSHKEHUS, STAIOHHBIM 3HAaYEHUEM KOTOPOTO SIBIISETCS
T . 2 2=
U=35 xB. Haiitn gucniepcuto exuunyHoro S™(y,) u cpepnero S°(y) pesynbrara.

K 1 2 3 4 5 6 7 8
Uk, xB | 36,9 | 37,2 | 384 | 392 | 36,8 | 37,4 | 33,8 | 39,0

4. JTns Be1OOpKH U3 3a1a49u Ne3 onpeeTuTh JOBEPUTEIBHBI HHTEPBAJ T€HEPAITBHOTO MAaTEMaTHIECKOTO
OKUJAHUS U JUCIIEPCUU C BEPOSTHOCTHIO 90%.

5. Paccuntarh OLIEHKH JMCIIEPCUU €IMHUYHOTO U cpeaHero pesynbrata. Jlns BeiOopku I mpoBeputs ¢
BeposiTHOCTRIO (0,95 paBHO 1M TeHEpaTbHOE MAaTEeMAaTHYECKOE OXKHJIaHWe 3HadYeHHio X (4ucio OykB B
dbamunuu x 10). s BeiOopk# I moBeputh runoTe3y o paBeHCTBE reHepaabHOM Aucnepcuu Y (Beauuuny Y
MIPUHATH PaBHOW HOMEpPY KOMITBIOTEPA, 32 KOTOPBIM BrI paboraere).

K 112,34 |56 [7[8]9]10]11)12]13|14]|15/16
ya |120]115|122|117|119|125|121|124|117|/118| — | — | — | — |—|—
Vi | 25128132 (31]130]27 (26|29 |32|30]26|29]|28|29|30/32




yian [1201125/130/115]120|110{140]130/135|125]120|115|135]|125| —|—
Yeiv| 68 | 72 | 7369707217169 |72 |74]73]69[68|—|—|—

6. OLIEHUTH C BEPOATHOCTHIO 95% OTHOPOIHBI JIK TUCIICPCHUH.

u 1 2 3 4 5 6
S%(yw), B> | 240 | 140 | 180 | 212 80 150
f, 24 12 10 8 16 30

7. Onpenenutsb ¢ HaAEKHOCThIO p=0,95 HET 11 B IPEJICTaBICHHBIX SKCIIEPUMEHTAIbHBIX JAHHBIX TPYOBIX
omnOok. Ilocne MCKIOUEHUS BO3MOXKHBIX OIIMOOK MOJYYHUTh OLIGHKM MAaTeMaTHYECKOIO OXKUJaHUS U
JMCTIEPCHU JIJIST KQKJIOW BBIOOPKH.

u |k 1 2 3 4 5 6 7 1819 ]10]11]12
| |y, Br [39,6/37,2|38,4[39,2/386(374|388 —| —| —|[—| —
Iy, Br |[120| 80 | 115|125|130|115|120|130|125| — |—| —
I {ykm, Br | 100 | 28 | 105| 50 | 95 | 100 | 110 |105]100/110]95|100

8. OmpenenuTh YMCIO MOBTOPHOCTEH OMBITA /IS TIOXYYEHUS! JOBEPUTEIHHOW OIMOKH, paBHON 8()7)
=2%, ecu S?(yk)=8,2; f=1200.

9. JlaTh 3aKiIr04€HHE O BO3MOXKHOM MPEUMYIIECTBE OAHOTO KOMMYTAIMOHHOTO anmnapaTa rnepes I1pyrum
10 TOKY 2JIEKTPOJIMHAMHYECKON CTOMKOCTH Ha OCHOBE CIIEYIOLIUX PE3YyJIbTaTOB UCIIBITAHUI.

K 1|2 31415 6 7 8 | 9 |10
ki, KA | 88 [ 92 | 89 193 | 90 | 91 | 90 | 88 | 90 | —
Ik, KA | 93 [ 92 | 89 |94 | 95| 95|94 98|96 |95

17. Toctpouts mian [1OD 2" B 6e3pa3MepHOM BBIPAKEHUHU U B HATYPAIIbHOM pa3MEepHOCTH (aKTOPOB 10
CIIEAYIOUIMM ITapaMeTpam:




X0 =38kB; Xy, =24 %; Xy =0,6 M; X5 =500 06/MuH;
A =6xB; X, =4%; Ak, =0,15m; %, =50 06/MuH.

18. [Io moctpoeHHOMY B TMpeAbLAyIIeH 3a7aue IJIaHy BBIIOJIHEHA CEpHsl OMBITOB. Pe3ynbTaTsl
npeacTaBieHsl B Ta0. PaccuntaTs K03 (OUIIMEHTH PErpecCHOHHOTO YPaBHEHHUS.
ITo pesynpratam I1PD 24 MOKHO IIOTYUHTH PErPECCHOHHOE YPaBHEHHE CIIEIYIONIEro BH/A:

y =D +0,X +0,X, +bX; +b,X, b, X X, 05X X + 0y X X, 4Dy X, Xg + Dy X, X, +
03, X3 X, D13 XX, X 550X X Xy Dy, XX Xy + By X X X, + D150 X X, XX,
PGByHLTaTBI 3KCHepI/IMeHTa

Y1u You Yau Yau
46,5 45,5 46,6 455
61 63,3 62,5 61,6
67,7 67 64 65,7
64,1 63,7 65,1 63,6
534 |53,3 |536 |526
70,2 68,9 |689 |70
71,3 69,1 68,6 69,1
91,7 88,8 |90 88,6
9 71,6 70,1 70,4 69,8
10 849 [858 |858 |864
11 88,8 89 89,2 89,7
12 107,3 | 105,7 | 106 104,4
13 77,9 78,3 78,9 78,4
14 98,7 94,4 94,5 93,7
15 933 935 |934 |921
16 98,2 98,7 98,2 98,8

O INO | WIN|F|C

KonTtpoJubHnas padora:

Bapuant —1




3apauya Nel. Tema: «Teopust mogoous»

Hccnenyercs 3neKTpUYecKuil (PUIbTp Ul OUMCTKU I'a30B, KOTOPBIHA COAEPKUT MPOXOTHON KaHaJl B BUJE
TpyObl (BbIcOTa h, TUIOmAne S), uyepe3 KOTOPBIM MPOIyCKAeTCs 3aJbIMICHHBIA Ta3 C a0COJIIOTHON
IUAJIEKTPUYECKOM IMpOHUIIAEMOCThI0 & . BHyTpum kaHanma HaxoauTcs cTep)kHeBoM anektpon. Ilpu
MOJIKJIFOYEHUH BBICOKOTO IIOCTOSHHOIO HampsbkeHus U IpOMCXOOUT MOHU3alMs Tasza, 4YacTUIlbl
3arps3HEHUH MPUOOPETAIOT 3apsia U MPUTATUBAIOTCS K BHYTPEHHEH CTEHKE KaHaia. B anekTpudeckyto 1mernp
BKJIFOYEHO TOKOOIpaHUUYUBAlOIIee CONPOTUBIEHHE R Ha ciyvail mpo6osi ra30BOro NpoMeKyTKa.

[TapameTpsl HATYpPHOM YCTaHOBKH:

U, =110«3B;
R, =10 kOwm;
h, =5m;

S, =60 m°;

g, =10"" d/m.

HauaspHble ycnoBus (IapaMeTpsl mporecca):
[pu monxmouennn ycranoBku B MomeHT Bpemenu 1 (0)=0lc Tox 1,(0)=0014 wu 3apsn

Q,(0)=10" Kx.

Onpenenurs:
1) KPUTEPHHU TI0J00Ms METOIOM aHaIM3a Pa3sMEPHOCTEN Ul CIIEAYIOIIEr0 CIMCKA CYIIECTBEHHBIX
BemmuuH: U 1; R; t;S; ¢.

2) mapaMeTpsl MOJIENH, TOTOOHON HATYpalIbHOW YCTaHOBKE.

3agaua Ne2. Tema: «IIpoBepka cTaTHCTHYECKHX THIIOTE3»
Nmeetcs nBe BHIOOPKHU:

k 1 2 3 4 5 6 7 8 9 |10| 11|12 | 13 | 14
Xk |12,5/11,210,3| 9,0 |10,7{ 9,198 | 9,8 {11,3/10,5| 9,6 | 8,3 |10,6|10,1




| Xa 17,2/ 9,6 [10,1/10,8] 8,8 | 8,8 | 9,1 [10,6(12,6(10,7] 7.8 | 9,7 [12,0]11,4]

HeoOxonumo:

1) mpoBEPHUTH KaXKAYIO BEIOOPKY Ha HAIMYHE TPYOBIX OITHOOK;

2) npoBEPUTH BIOOPKU HA OJJHOPOIHOCTh U HAUTH HAWIYUIIYIO JUCIIEPCHUIO;
3) OoLEHHUTH reHepanbHoe MaT.okuganue L(x) ¢ BeposATHOCTBIO 95%;

4) NpOBEPHUTH MMIIOTE3Y O TOM, TEHEPAIBHOE MAT.OKUIaHke L/(X) paBHO HOMEPY BapHaHTa;
5) HaliTu JOBEPUTENLHBIN HHTEPBAJ IeHEPAIbHON qucrepcun o(Xx) ¢ BeposTHOCTBIO 90%;
6) IPOBEPUTH TUIIOTE3Y O TOM, FeHepabHas Jucrepcus o(X) paBHA HOMEPY BapHaHTA.

3agaua Ne3. Tema: «PerpeccnoHHbBINH aHATU3 U IVIAHMPOBAHME IKCIIEPUMEHTOB)
PaccuuTath mapameTpbl MaTEMaTHUECKOM MOJIENTM HA OCHOBAaHUU TAOJIUIIbl SKCIIEPUMEHTAIBHBIX IAHHBIX
U OLEHUTH €€ JOCTOBEPHOCTb.

Ne Bapbupyembie GakTopsl 3naueHust HYHKIIUU OTKIIMKA
OmbITa Xo X1 X2 Y1 Y2

1 1 10 15 260 264

2 1 2 15 420 418

3 1 10 5 —40 —44

4 1 2 5 120 124

JUISL 9TOTO:

1) nocTpoUTh KOAUPOBAHHYIO MATPUILY IUIAHUPOBAHUSI SKCIIEPUMEHTA;

2) paccuuTaTh KO3 PHUIHMEHTH YPaBHEHUSI PETPECCUU B KOIMPOBAHHOM (popme;

3) MpOBEPUTH a/IEKBATHOCTh MOJICIA HA OCHOBAHHH JyOJIMPOBAHHUS OIBITOB;

4) OLIeHUTH 3HAYUMOCTH KO (PHUIIMEHTOB YPAaBHEHUS C IOBEPUTEIHHON BEPOSITHOCTBIO 95%.

Bapuant — 2
3agaua Nel. Tema: «Teopusi nogoous»

Hccnenyercs aneKTpudecKuil GUIbTP sl OYUCTKU Ia30B, KOTOPBIM COAEPKUT MTPOXOTHON KaHal B BUJIE
TpyObl (BbicoTa N, muomane S), yepe3 KOTOPBIM MPOMyCKAaeTCsl 3aJbIMICHHBIA Ta3 C a0COJIOTHOM




JMAJIEKTPUYECKOM TMPOHUIIAEMOCTBIO & . BHYTpHM KaHajla HaXOIUTCS CTEpPKHEBOM anekrtpon. Ilpu
MOAKIIOUYEHUH BBICOKOTO TOCTOSSHHOTO HampspkeHuss U MpOUCXOJUT HMOHM3AIUsl Tas3a, YacTHUIbI
3arpsi3HEHUH MPUOOPETAIOT 3apsil U MPUTATUBAIOTCS K BHYTPEHHEH CTEHKE KaHaja. B anekrpudeckyto 1enb
BKJIFOYEHO TOKOOTpAaHMYUBAIOIIEE CONPOTHUBIICHHE R Ha ciydaii mpo6osi ra30BOro mpoMeKyTKa.
[TapameTpsl HATYpHOU YCTaHOBKH:

U, =120 xB;
R, =20 kOwm;
h,=6m;

S, =60 m°;

g, =10"" ®/m.

HavanbHbie ycinoBus (mmapaMeTpsl Mporiecca):
[lpu moakmroyennn ycranoBkun B MomeHT Bpemenu t (0)=01c rtok 1,(0)=0014 wu 3apsn

Q (0)=10" K.

Ornpenenurs:
1) xkpuTepuu MOAOGHS METOIOM aHATIH3A PA3MEPHOCTEHN JUIS CIICYIOIIETO CITICKA CYIIECTBEHHBIX BEIHYNH:
U:; R;t;i; h; S.

2) mapaMeTpbl MOJIENH, TIOJOOHOMN HATYPANTbHON YCTAHOBKE.

3apauya Ne2. Tema: «IIpoBepka cTaTHCTHYECKHX IMIIOTE3)
Hmeercs 1Be BEIOOPKU:

k 1 2 3 4 5 6 7 8 9 |10 |11 |12 | 13 | 14
Xk | 71164 58|50(52(23|37|54(30/|46|6,7 |47 |41 |47
Xk |67(149]70|55(32[38|35|54[39|50|55|51|26|54

Heobxoaumo:
1) npoBepHUTH KaXKIyI0 BBIOOPKY Ha HAJIMUKE IPyObIX OIHOOK;




2) MIPOBEPUTH BHIOOPKH HAa OJTHOPOJHOCTh U HAWTH HAMIYYLIYIO TUCIIEPCHUIO;
3) OLIEHUTH FeHEPAILHOE MaT. OkuAanue L4(X) ¢ BEpOATHOCTBIO 95%;

4) NpOBEPHUTH MMIIOTE3Y O TOM, TEHEPAIBHOE MaT. OkKAaHue L(X) PaBHO HOMEPY BAPHAHTA;
5) HaliTh JOBEPUTENLHBIA HHTEPBAJ T'eHEPAIBHON qucriepcun o(Xx) ¢ BeposTHOCTBIO 90%;
6) IPOBEPUTH TUIIOTE3Y O TOM, FeHepaIbHas qucrepcus o(X) paBHA HOMEPY BAPHMAHTA.

3agaua Ne3. Tema: «PerpeccnoHHBINH aHATU3 U IVIAHMPOBAHME IKCIIEPUMEHTOB)
PaccuuTath mapameTpbl MaTEMaTHUECKOM MOJIENTM HA OCHOBAaHUHU TAOJIUIIbl SKCIIEPUMEHTAIBHBIX IAHHBIX
U OLEHUTH €€ JOCTOBEPHOCTb.

Ne Bapbupyembie GakTopsl 3naueHust HYHKIIUU OTKIIMKA
onbITa Xo X1 X2 Y1 Y2

1 1 16 6 127 129

2 1 4 6 79 75

3 1 16 2 95 91

4 1 4 2 47 45

JUIs ATOTO:

1) HOCTPOUTH KOAMPOBAHHYIO MAaTPUILY TNIAHUPOBAHUS IKCIIEPUMEHTA;

2) paccuuTaTh K03(h(PUIIMEHTHI YPaBHEHUSI PETPECCUM B KOJUPOBAHHOU (popme;

3) npoBepHUTH aAEKBAaTHOCTh MOJIENIM HA OCHOBAaHUU JyOJIUPOBAHHUS OTIBITOB,;

4) OoLleHUTh 3HAUUMOCTb KO3()(PUIIMEHTOB YpaBHEHHS C JOBEPUTEIBHON BEPOSATHOCTHIO 95%.

Bapuant — 3

3agaua Nel. Tema: «Teopusi nogoous»

Hccnenyercs aneKTpUYecKuii GUIbTp Ul OYMCTKU T'a30B, KOTOPBINA COJEPKUT MPOXOTHON KaHaJl B BUJE
TpyObl (BbIcOTa h, TUIOmane S), yepe3 KOTOPBIH MPOIMYCKAETCS 3aJbIMICHHBIH Ta3 C a0CONIOTHON
JIUDJIEKTPUYECKON MNPOHMIAEMOCTBI0O & . BHyTpu kaHanma HaxoauTcs cTepkHEBOW snekTpon. I[lpm
MOJIKJIIOYEHUH BBICOKOTO TOCTOSHHOTO HampsokeHus U TpPOMCXOMUT HMOHU3AIMs Tasza, 4YacTHUIlbI
3arpsi3HeHUI MPHOOPETAIOT 3apsi/l M MPUTATUBAIOTCS K BHYTPEHHEH CTEHKE KaHasa. B anekTpuueckyto 1enb




BKJIFOYEHO TOKOOTpPaHMYUBAIOIIIEE CONPOTHUBIICHHE R Ha ciyyaii mpo6osi ra30BOro mpoMeKyTKa.
[TapameTpbl HATYpHOU YCTaHOBKH:

U, =100 xB;
R, =5x0wm;
h,=4m;

S, =60 m°;

g, =10"" d/m.

HavanbHbie ycinoBus (mmapaMeTpsl mpoiiecca):
[lpu mnoakmoyeHun ycranoBku B MomeHT Bpemenun [,(0)=01c Tox 1,(0)=0014 wu 3apsn

Q,(0)=10" K.

Ornpenenurs:

1) kpurepuu MOJOOMS METOAOM aHAIM3a Pa3MEPHOCTEN UIS CIEAYIOIIETO CIMCKA CYNIECTBEHHBIX
senmunn: 1; R; t; Q; S; h.

2) TmapaMeTphbl MOJEIH, TOJ00HOM HATYpaIbHOM YCTaHOBKE.

3agaua Ne2. Tema: «IIpoBepka cTaTHCTHYECKHX THIIOTE3»
Nmeetcs nBe BHIOOPKHU:

k 1 2 3 4 5 6 7 8 9 |10 |11 |12 | 13 | 14
Xk [222,4220,7|223,8/237,3|235,41215,6223,01217,1|216,8/228,01227,0[200,1|221,7]206,7
Xok  |207,5(215,1]218,1/218,8]209,4{241,6/218,01224,7]231,2|228,3213,6{214,8/236,8222,9

Heob6xonumo:

1) mpoBepHUTH KaXKIyl0 BBIOOPKY Ha HAJTM4KE IPyObIX OMHOOK;

2) IpoBepUTH BEIOOPKH HA OAHOPOJAHOCTb U HAWTH HAWITYULIYIO AUCIIEPCHUIO;
3) OlleHUTH reHepanbHOoe MaT.oskuaanue L(X) ¢ BepoATHOCTBIO 95%:;




4) NpOBEPHUTH MMIIOTE3Y O TOM, T€HEPAIBHOE MAT.OKUIaHKe L/(X) paBHO HOMEPY BapHaHTa;
5) HaliTU JOBEPUTENLHBINA MHTEPBAJ T€HEPAIbHON quctepcuu o(Xx) ¢ BepoaTHOCTBIO 90%;
6) IPOBEPUTH TUIIOTE3Y O TOM, FeHEpaIbHas JUcIepcus o(X) paBHA HOMEPY BAPHMAHTA.

3anaqa Ne3. Tema: «Perpeccnonnuifl AHAJIN3 U INIAHUPOBAHUE IKCIICPUMEHTOB»
Paccumnrath nmapaMeETphuI MaTeMaTHIeCKOMI MOACIN Ha OCHOBAaHUU Ta6J'II/II_[BI OKCIICPUMCEHTAJIBHBIX TaHHBIX
1 OOCHUTD €€ JOCTOBCPHOCTD.

No Bapbupyembie GakTopsl 3naueHust QYHKIIUU OTKIIMKA
OIbITa Xo X1 X2 Y1 Y2

1 1 25 14 240 238

2 1 15 14 160 158

3 1 25 6 224 220

4 1 15 6 144 146

JUIs ATOTO:

1) HOCTPOUTH KOAMPOBAHHYIO MATPHILy INIAHUPOBAHUS SKCIIEPUMEHTA;

2) paccuuTaTh K03(h(PUIMEHTHI YpaBHEHUSI PETPECCUM B KOJUPOBAHHOU popme;

3) npoBepHUTH aAEKBATHOCTh MOJIENIM HA OCHOBaHUU JyOJIUPOBAHHUS OIIBITOB,;

4) OoLleHUTh 3HAUUMOCTb KO3()(PUIIMEHTOB YpaBHEHHSI C JOBEPUTENBHON BEPOSATHOCTHIO 95%.

Bonpocs! /151 IpoBeAeHusI 3a4eTa:

1. TloHsATHE Hay4yHOTO 3HAHMS.

2. Meropl, MCTIONB3yEeMBIE HA TEOPETUIECKOM U SMITUPUIECKOM YPOBHE HCCIIEIOBAHHSI.

3. Teopus skcniepMeHTa M €€ COCTaBHbIE YacTH: MOJICTMPOBAHUE, TEOPUsl TNIAHUPOBAHUS YKCIIEPUMEHTA,
00paloTKa pe3yIbTaToB.

4. MopnenupoBaHue B HAyYHBIX HCCIICIOBAHUSX; TOHATHE MOJICIH; BUBI MOACTHPOBAHHUS.

5. Monsrue o0000menHoit mnepemenHol. Kpurepun mnonobus. IlpeacraBieHue pe3yibTaToB
HKCIIEPUMEHTa B KPUTEPUATBHOH (hopme.

6. Ilepas Teopema nogo6us (teopema Hototona-beptpana).

7. Bropas Teopema nomobus (n-reopema).




8. Tpetps Teopema noaoousi.

9. Ompenenenve KpUTEPUEB MOAOOMS IO M3BECTHBIM YpaBHEHUSAM (u3nueckoro mpouecca. Meroa
MHTETPAJIbHBIX aHAJIOTOB.

10. IlpaBuia npeobpa3oBaHusi KPUTEPUEB MTOTOOUSI.

11. Onpenenenne KpUTEpUeB MOAOOHS MO CIHUCKY CYHIECTBEHHBIX BEJIMYMH MU3y4aeMOro (pU3HYecKOro
npouecca. AHanu3 pasmepHocteid. Meron Pasest.

12. Enununsl u3MepeHus u pazMepHoctd pusmueckux BennunH. Cucrema CU. IlepBudHbie 1 BTOpHYHBIE
BEJIMYUHBI.

13. OnpenenutensHble YpaBHEHUS U (HOPMYITBI PA3MEPHOCTEW BTOPUUHBIX BeU4nH cuctemMbl CH.

14. OxcniepuMeHT U (GakTOpbl HKCHEpUMEHTa (HEeM3MEHHBIE, BapbUpyeMble U ciydaiiHble). DyHKIMH
uenu. BocnponzBoauMocTh IKCIIEPUMEHTA.

15. VpoBuu ¢akropa. dakropHoe mnpocTpaHcTBO. IloBepxHocTh OTKIMKA. OpHOGAKTOpPHBIE U
MHOTO()aKTOpHBIE IKCTIEPUMEHTHI. [1acCUBHBIN M aKTUBHBIN SKCIIEPUMEHT.

16.3agaun, pemaemble € TOMOLIBI SKCIEPUMEHTA: HWHTEPIOSLUOHHBIE M 3KCTpPEMaJIbHBIE.
TpeboBanwust, npeapsBisieMble K GakToOpaM U QYHKIUH IIETIH.

17. Cnyyvaiinbie BenuuuHbl. QDyHKUMU pacnpeneneHus. [lapameTpbl pacnpeneneHus CiaydalHbIX
BEJIMYMH.

18. CraTuctuyeckue coBOKynHocTH. CTaHIapTHOE HOpPMalbHOE paclipeielieHne. PeleHre OCHOBHBIX
3a/1a4 MaTEMaTUYECKON CTaTUCTUKH.

19. Kpurepuii @uiepa.

20. Pactipenenenue CThIoICHTA.

21. Pacnpenenenue ITupcona.

22. Kputepuit Koxpena

23. [IpoBepka BEIOOPKH Ha MOA03PUTEIBHOCTD.

24. Tonublii pakTopHbIi 9KciepumenT. Komuposanue Gpakropos. [Toctpoenne mianos tuma 2". Matpuia
wianuposanus [1OD 2"

25. OcHOBHEIE cBO¥icTBa MaTpuIlb! [1DD.

26. Boruncnenue ko3¢ purmenton perpeccuu B [1D3.

27. IIpoBepka agekBaTHOCTH Mojeneit [1DD.

28. OpToroHainpHOE LIEHTpajIbHOE KoMIo3ulmonHoe mianupoBanue (OLIKII). Marpuna mianupoBanus
OLIKTII. OcHoBHble cBoiicTBa. O6paboTka pesynpraToB OLIKII.

29. PoroTabenpHoe IIeHTpaibHOE KoMno3uironHoe mianuposanue (PIIKII).




30. ApoOusrii pakTopHbIit 3kcriepuMeHT (D).

31. [InanupoBaHue SKCTPEMAIBHOTO SKCIIEPUMEHTA.

32. CUMIUIEKCHBIN METO]I.

33. MeToa HAaMMEHBIITUX KBAJPATOB.

34. Ypauenue perpeccun. Onpeneneaue kodpdunrentoB perpeccuu N-pakTopHOTO 3KCTIEpUMEHTA.
35. Perpeccronnsiii ananu3. [IpoBepka KO3 GUIMEHTOB perpeccuy Ha 3HAYUMOCTh.

36. [IpoBepka aeKBaTHOCTH MOJICIIH.

37. OueHka mpejcka3aTeIbHbIX CBOWCTB YPaBHEHUs perpeccuu. JJucnepcHoHHbIN aHaIN3.




0) Ilopsimok mpoBedeHUs MPOMEKYTOYHOM ATTECTALMHU, NMOKA3ATeJIHM M KPUTEPHU
OLlCHUBAHUS:

[IpomexyTouHas aTTecTalus MO NUCUHUIUIMHE «BBeleHHe B TEOPUIO IKCIIEPUMEHTa»
BKJTIOYAET TEOPETHUECKUE BOIIPOCHI, TO3BOJISIOLINE OLIEHUTh YPOBEHb YCBOCHHS 00YJaIOLIMHUCS
3HAHUU, U MPAKTUYECKUE 3a/IaHuUs, BBIBISAIONINE CHOPMUPOBAHHOCTH KOMIIETEHIIHM, TPOBOIUTCS
B hopme 3auera.

3aueT MO JAHHOW IUCHUIUIMHE MPOBOAMTCA B YCTHOW (opMe MO WHAUBUAYAIbHBIM
3aJJaHHsIM, KOTOpPbIE BKIIIOYAIOT B ce0s1 2 TEOPETUUECKUX BOIPOCA.

Kpurepum ouenku:

— «32YTEeHO0» — CTYJIEHT JI0JDKEH 3HaTh MaTEMAaTUYECKUH alnnapar TEOPUU BEPOSTHOCTEN U
MaTeMaTUYeCKON CTATUCTHKH, METOJIbl IUIAHUPOBAHUS IKCIEPUMEHTATIbHBIX HCCIECIOBAHUN U
YMETb UX IPUMEHSATh B PEIICHUHA KOHKPETHOMU 3a/1a4u;

— «He 32a4TeHO0» — CTYJCHT HEe MOKET MOKa3aTh 3HAHUS HA YPOBHE BOCIIPOU3BEACHHUS U
00BSICHEHUS PIH(bOpMaI_[I/II/I, HC MOXCT MMOKAa3aTh HHTCIVICKTYAJIbHBIC HABBIKHA PCIICHUS IIPOCTHIX
3ajad.



MPUJIOKEHHUE 3
(o0s3aTenBbHOR)

MeToauuecKue YKa3aHus AJd CTYACHTOB

1. Anroputm onpejiesieHUusl KPUTEPHEB MOT00Ms METO0M HHTErPAJIbHBIX AHAJIOTOB
PaccMoTpuM B KadecTBe NpHMEpa IMEPEeXOAHbIA mpolecc u3MeHeHuss Toka i(t) B
aNeKTpuueckoil nenu (puc. 2.4), oOpa3oBaHHON IMOCIEA0BATEILHBIM COSIUHEHUEM AKTUBHOIO
conporuBiieHus R =40 Om, wnayktuBHOocTH L =20TH m emxoctn C = 0,5 Mx®, koTOphIC

MOJIKJIFOUEHBI K UCTOYHUKY MOCcTossHHOTO HampspkeHus U = 100 B. Hawanbnsie ycnous: t =1 c,
Q=2 107 Ki, =2 pan/c.

K R
—
3;  —
—_u
c L
I 12288

Hns ompenenenuss  KpUTepueB 1mogoOMsi M pacdera MapaMeTpoB  MOJEIH
paccMaTpuBaEeMoOro KoyeOaTelIbHOTO KOHTYpa HCIONB3Ysl METOJ] WHTETPAbHBIX aHaJlOTOB
1eJ1€c000Pa3HO MPHUAEPKUBATHCS CIIEYIOLIEH 110CIIeJ0BATEIbHOCTU AEMCTBUMA:

1. 3anucaTh ypaBHEHHE, OMHUCHIBAIOIIEE MTEPEXOAHBIN IPOIECC:

d? RdQ 1Q U, sin ot.
dt dt
2. OImyCTHTh CUMBOJIBI CBSI3H (+, —, =) MEXY WICHAMH ypaBHEHHS:
d’Q . dQ
=L—=; =U, sin ot.
¢ = at2 » P2 = d i Q ¢, =U,

3. MckItouuTh U3 MOJTyYSHHBIX BBIpaK€HUI HeoTHOpoJHbIe PyHKIMHU. K HE0THOPOJHBIM
OTHOCATCS (YHKIUMU CYMMBl U Pa3HOCTH, JOrapu(pMUYECKUE, TPUTOHOMETPUUYECKUE U
noka3aTeabHble (PYHKIUH.

B nonyueHHBIX B 1.3 BBIpaXEHUSX COJCPKUTCS HEOIHOPOAHAS (YHKIIHUS s1n0)t.
WckmounM eé M3 BBIPAKEHHS (4 3aMEHUB 3Ty (YHKIHMIO €8 HHTErpajlbHbIM aHAloOroM ¢ 4.
AprymMeHT HEOAHOPOJHON (DYHKIIMH 3aMUIIeM KaK JTONOJHUTENbHbIN KpUTEepHil Mogo0us.

* .
¢, =Ug; 1, =sinwt.

4.Bo Bcex TNOIYYEHHBIX BBIPAXEHHUAX OIYCTHTh CHMBOJBI JU(PHEpEeHIIMPOBAHNS,
UHTETPUPOBAaHMUS M JpPyrue OJHOPOAHBIE (DYHKLIMH, 3aMEHUB UX IPOCTHIMU CTEIIEHHBIMU
byHKIUSIMHI

~_pQ ~_Q
t C’

5. Paznenuth nomydeHHbIe GYHKIIUH HAa OMH U3 YWICHOB YPABHEHHS 1 3aITUCATh KPUTEPUH
noo0us B BUJIe Oe3pa3MepHBIX CTEIIEHHBIX KOMILIEKCOB!



L @ _LQ e RQ. e Q

1 * s b — Tk s L3 * .
Dy Uot2 ¢, Ut 9o, UC

JIOTIOTHUTE TONYYCHHYIO CHCTEMY OCHOBHBIX KPUTEPHEB MOIO0OMS TOMOTHUTEIHHBIM,
MOJTYYEHHOM B 11. 3.

T, =sinot.
6. BeraucanTh BEMMIMHBI MACIITAOHBIX KOA((PHUIIMEHTOB:

LQ 20-2:107°

T, = = =4-107%;
YUt? 100-12
-5
. RQ _40-2 1(3 _8.10°:
Ut  100-1
Q 2107

b 2

7[3: = 5 =
U,C 100-0,5-10
m,=ot=2-1=2.

7. 3agaguM napameTpsl MoJenu. Yucio mnapaMeTpoB MOJENH, KOTOPhIE MOXKHO 33]aTh
IPOU3BOJIBHO, OIPENENAETCS YUCIOM CTEHEHEH CBOOOIBL:

f=n-m,

rze N — o01iee Y1cio NepeMeHHbIX, XapaKTePU3YIOLINX UCCIETyEeMbI MpoIiecc;
M — YUCTIO0 KPUTEPHUEB MOA0OUS.

PaccmarpuBaembiil B mprMepe Ipoliece OnuchiBaeTess M = 7 nepeMeHHbIMU. B 1.6 Ob11n
ompezeneHsl N = 4 kputepus noaoodus. Toraa yucio creneHneit CBoOOAbI MOTYYUTCS:

f=7-4=3.

T.e. 3 mapameTpa MOZEIN MOTYT OBITH ONpPEAETIeHbl IPOU3BOJILHO, @ OCTAJIbHBIE HYKHO
OTIPENIEIUTh C MTOMOIIBIO KPUTEPUEB 110100U .
[Tpumem cnenyromue napamerpsl MOAEIH:

U, =220B;C,, =10°®; L, =2 Tw.

9. 3Has KpUTCpUn HO,Z[O6I/I}I U MnapaMeTpbl MOJCIIN, NPUHATBIC B II. 8, Oonpeacinmm
OCTAJIBHBIC MMapaMETPbl MOACIIN.

Qy =1UyCy =0,4-10-10° =410 °Ku;

. . _8
ty = Ly Qu =‘/ 2:4 10_6 =0,045¢;
Uym, V10-4-10
_mUyty  8-107°.10-0,045

Q = 210° =90 Om.

Ru

T, 2
_Ma_ 2 A4 4 page.
M= 70,045 paie

M, =ot=2-1=2.



2. AITOpUTM ompe/ieeHUs] KpuTepueB NOJ00Us METOI0M aHAJIHN3a pa3MepHoOcTeil
BrIsBUTH TapaMeTpbl, XapaKTepU3yIOIIUe paccMaTpUBaEeMbIil poiiece

f(i,tR,.LLC,u,w)=0; m=7.

1. CoctaBuTh NOJNHYIO MaTPULly pa3MEpHOCTEN A 1JIs TapaMeTpPOB.

i]=[LM°T° 1]

[
-] (2 S AT
[Rl=[LmT17] 2 1 -3 2|>[R]
[L]=[CM'T2I7] A=|2 1 -2 -2|>[L]
I -2 -1 4 2 —)[C]
[c]=LL"m T1|0] 0 0 1 0[]t
[]=[r M 7] 0 0 -1 0)>[nl
[

o]=[LM°T1°]

2. OnpenenuTh YUCIIO HE3aBUCUMBIX ITAPaMETPOB M YKCIIa KPUTEPHUEB MOA00US.

2.1.]Ins1 3TOTO HMCKIIOYUTH MU MATPUIBI A MPOMOPIUOHAIBHBIC W JIMHEHHO 3aBUCHMBIC
CTPOKH H CTOJIOIIBL.

Ilepsas cmpoxa nonyuaemcs eviuumanuem mpemovei u3 emopou. Illecmas cmpoxka —
cymma mpemowetl u namou. Lllecmas u cedvmas cmpoxu nponopyuonaivHul. Buluepkusaem no
O0OHOU CMPOKeE U3 KAHCOOU NOTYUUBULEUCSL 2PYNNbL 3ABUCUMbBIX CMPOK. AHANO2UYHO ROCMYNAem co
cmonbyamu.

0—0—0—1 [l]

2 1 -3 -1 —>[u] 5 1 -3 _ —>[u]

2 1 -3 2 —>[R] 5 1 -3 _ —>[R]
A=l2 1 -2 2 —>[L] A= 5 1 —9 _ —>[L]

-2 -1 4 2 —>[C] o 1 4 —>[C]

—6—3+—06-| > [t]

0O 0 -1 0 —>[w]

2.2.0mnpenenuTh MaKCUMaIILHOE YHUCIIO JTUHEHHO HE3aBUCUMBIX CTPOK (CTOJOIOB), T.C.
PAHT MaTpPHUIIBL.



Musop K-ro nopsiaka
HE PaBeH HyJI0
k=2..n

A

MO3KHO COCTaBHTh
OKaMMJIAIOINE MUHOPBI?

— Dl£+l = _k, DI:I+1 = ,Ek =
D/, =|D, D\ =D,]

\ J \

rg A=k [IpoBepHTh OKaHMIIAIOIINE
HeT

MutOpsI (K+1)-ro nopsiaka. na

Cpenu HUX €CTh XOTs Obl

OJIMH HE PABHBIN HYIIO?

Y

[rgA=k] =

AJIFOpI/ITM OIIPCACIICHUA paHra MaTPHIIbI

AJTOPUTM OIpEEICHHs paHTa MaTPUIILl IPUBEJCH HAa pPUCYHKE. B COOTBETCTBUM ¢ HUM
BBIZICJIMM B MaTpUIle A¥ MHHOP pa3MepHOCThIO K=2 He paBHBIH HYIIIO.

-3 -2

=6-4=2=+0.
-2 -2

K nmaHHOMy MHHOPY MOYKHO COCTaBUTh OKaWMIISIOIINE MHUHOPBI pa3MepHOCThIO K+1=3 n
IIPOBEPUTH UX HA PABEHCTBO HYJIIO:

3 -1
D/=fl -3 —2=120.
2 -2

Mo’KHO Take COCTaBUTh OKaMIIAroIui MUHOp D)’ , HO Tak kKak MuHOp D, oOkasaiics He

PaBHBIM HYJIIO, TO 3TO JICHCTBHE HE UMEET CMBICIIA.

CocTaBUTh OKaWMIISIOIIME MHUHOPBI YETBEPTOrOo MOpPsAKa HEBO3MOXKHO, 3HAYHT, B
COOTBETCTBUH C JITOPUTMOM, PAHT MaTPHUIIBl IgA*=3.

HaiiieHHBIN paHr MaTpulbl ONpenesisseT YHUCIO He3aBUCHMBIX MapaMeTpoB. B Hamem
ciydae 3To 0yayT U, R u L, KOTOpbIM COOTBETCTBYIOT IIEPBBIE TPU CTPOKU MaTpUllbl A*.

3. OnpenenuTs 4YMCI0 KPUTEPUEB OJOOUS:

k,=m-k=7-3=4,

rie M — o0Iiee YHUCIo MmapaMeTpoB; K — 4HUCIIO He3aBUCUMBIX MTapaMETpPOB.
4. 3anucatb BbIpRXXEHUS JUIs ONpeeTIeHUs KpUTepHeB mmo1oous. B obmem Buse:

P
T = k+1 ,

'R

Trac P1...Px — He3aBHCHUMBIC nmapamMeTphbI; Pk+1 — ocTranbHbIe nmapaMeTpBhl.

B i _ c
nl_uX1RY1L11 > T _quRYzLZz >
R ®

Ty=———> =
u® R L= u“RY



5. Onpenenuth MoKa3aTeau CTeneHel Xi, Vi 1 Zi.
Tak kak kpuTepuil momobus sBuseTcs Oe3pasMEpHBIM, TO PA3MEPHOCTH YUCIUTENS U

3HaMCHATENISI B BBIPAKEHUAX KPUTEPUEB IMOJO0MSA JOKHBI OBITH paBHBI. Tak s KpUTEpHUS
nonoous m1

nJIn

[i]=[ul* [RT*[L]"

[CMeTo ] =[PMT I P [ EMT 2 ] [ PMT 22 )

IIpupaBHsB MoOKa3aTenu CTENEHEH NPU OJHOMMEHHBIX €AVHHUIAX U3MEPEHUs B JICBOU U

MIPaBOM YaCTAX YpaBHEHHS MOJIYYUM CUCTEMY YPaBHEHHIA

m

(3.3):

0=2x +2y, +2z7;

O=x+Yy,+17;
0=-3x, -3y, -2z,
1=—x -2y, -2z,.

PemuB 31y cucreMy ypaBHeHuil noimyunM x =1y, =-1 7z =0. Torga kpurepuii nmonpoodus

i iR
ulR®  u

T

OcranbHbIC KpUTCpUU HO,Z[06I/I$I ONPCACIIAOTCA aHAJIOTHUYHO.

3. Cmamucmuueckasa 00padomka IKCnepUMEeHmaaIbHbIX OAHHBIX
Wmeetcst 1Be BEIOOPKU

k |1 ]2 ]3] 4]5
yi | 12 |11 | 10| 9 |10
ya | 17 | 9 | 10 | 10 | 8

Heobxonumo:

1) npoBepUTH KAy BHIOOPKY Ha HATWYKE IPYOBIX OLIHOOK;

2) IPOBEPUTH BHIOOPKH HAa OTHOPOJHOCTh U HAWTH HAMJIYYIIYIO TUCIIEPCHIO;

3) olleHUTH reHepalibHOE MaTeMaThudeckoe oxunanue [(y) ¢ BEepOSITHOCTBIO 95%;

4) pOBEPUTH TMITOTE3y O TOM, FCHEPATbHOE MaTeMaTHUECKOe OXKUaaHue (Y) paBHO 5;
5) HaiiTu 1OBEepHUTENBLHBIN HHTEPBAJ I'eHepalbHOU nuctepcud 6(Y) ¢ BeposTHOCThI0 90%;
6) MpoBEpUTH THIIOTE3Y O TOM, TeHepalibHas Aucnepcus o(y) paBHa 5.

OnpenenuM MaTeMaTHYeCKOE OKHMJIAaHHWE CIyYalHOW BEJMYMHBI KaXKJOW BBIOOPKH IO

n

zxkl
%, = Hn 212+11+20+9+10 _10.4:

%, :17+9+150+1O+8 108,




Paccuntaem nucnepcuro ciydaiHoi BenmuuuHbl 1o (3.7). Jms sToro ompeaenum
OTKJIOHEHUS CIIy4ailHOH BEIMYMHBI OT cpenHero 3HaueHus mo (3.12). Jlns mepBoil BBIOOpKH
HOJYYHM:

AY11=Y11 _91 =12-10,4=1,6

u T.11. OcTanpHbIe 3HAYCHUS CBEIEM B TaOIUILY.

k 1 2 3 4 5
Yik 12 11 10 9 10
Ay | 16 06 04 | 14 | 04

PaccunTaeM kBazipaThl OTKJIIOHEHHUI CIIy4alHOW BEJIMYMHBI OT CPEIHETO 3HAUYCHUS
2 2
(AY1.1) =16°=2,56

U T.1. OcTanbHbIe 3HAYCHUS CBEJIEM B TAOJIHILY.

k 1 2 3 4 5
Yik 12 11 10 9 10
Ay | 16 06 04 | 14 | 04

(Ayn)? | 256 | 036 | 016 | 1,96 | 0,16

SZ(Ylk)

Onpenenum nucnepcuto 1o (3.17):

n
éylk _ 2,56+0,36+0,16+1,96+0,16

n-1

AHamoruuHo OIpeaciiuM TUCIICPCUTO BTOpOfI BLI60pI(I/I. Pacuer IMPEACTaBJICH B Ta6n1/1ue.

k 1 2 3 4 5
Yok 17 9 10 10 8
Ayak 6,2 -1,8 -0,8 -0,8 -2,8

(Ay2)* | 38,44 3,24 0,64 0,64 7,84

=13.

Z Y2k

n
- 38,44+3,24+0,64+0,64+7,84
SZ(ka) k=1

n-1 4

=12,7.

[IpoBepky BBIOOpPOK Ha Hamuuue TPYObIX OMMOOK TPOBEAEM TIO KPUTEPHIO
MAaKCUMAJIBHOTO OTKJIOHCHMHS. 21.]'[5[ 9TOI'0 BBIACIUM «IIOAO3PUTCIBHBIC) 3HAUYCHUA. B nepBoﬁ
BBIOOpPKE 3TO Y11=12 (T.K. €ro OTKJIOHEHHE OT CPEIHET0 MO MOAYIIO SBISETCS MaKCUMAJIbHBIM
AY1max=Ay11= 1,6). Bo BTOpOi1 BBIOOpKE «TO103pUTENBHOE» 3HAUCHUE Y2.1=17 (AY2max=AY2.1=
6,2).

PacueTHOE 3HaueHME KpUTCpUusd MAaKCUMAJIBHOI'0 OTKJIIOHCHUA JIA HepBOfI BBI60pKI/I 110

(3.13)

|Ay1max| 16 5

S Y1k \/_

=1,56.



CrpaBodHOEe 3HAYCHHUE KPUTEPUS MAKCHMAIbLHOTO OTKJIOHEHHUS Uil BBIOOPKH U3 5
3HadeHuit npu o.=0,95 mo tabm. 3.3 cocraBusgeT max=1,87.

[Tomyuum r=1,56 < rmax=1,87 = ommobOK B 1aHHOI BEIOOPKE HET.

[TpoBepum BTOpYIO BBIOOPKY. /151 Hee

6,2 5

_JlT

JlanHas BBIOOpKA MMEET TOT e 00BEM, UTO U TIEpBas, a 3HAYUT IMmax=1,87.
[Momyanm r=1,94 > rmax=1,87 = 3HaueHue X21=17 sBIsieTCs OMMOKON M JTOJDKHO OBITH
UCKJTFOUCHO.

|Ay2 max |
Y2k

=194.

k — 2 3 4 S
Yk - 9 10 10 8

[lepecunTaem [ist MOTYYUBIIEHCS BHIOOPKH MAaTEMAaTUUYECKOE 0XKHUIAHUE U TUCTIEPCHIO.
Maremarnueckoe OXXKUIaHUE:

7, = 9+10+10+8 _9 25,
5
Hucnepcust
g2 (Yo ) = 0,0625+0,5625+0,5625+1,5625 _ 0,92.
3

Kk — 2 3 4 5

Xok - 9 10 10 8
A1k — -0,25 0,75 0,75 -1,25
(Aw)? — 0,0625 | 0,5625 | 0,5625 | 1,5625

[TpoBepuM, HE OCTANIOCH JIH B BBIOOPKE OMIMOOK. «I10/103pUTEIBHBIMY B JAHHOM CITydac
sBisieTcst Y15=7 (T.K. €ro OTKJIIOHEHHE OT CPEIHEro MO MOJYIIO SIBISIETCS MaKCHMAalbHBIM
Ay1.max=|AY15|= 1,25). Kputepuii MaKCHMaIbHOTO OTKJIOHEHUSI:

[1,25]

"~ ez Va1

CrpaBodHOEe 3HAYEHHE KPUTEPUS MAKCHMAIbHOTO OTKIOHEHUS JUIsi BBIOOpKM u3 4
srHaueHui mpu o=0,95 rmax=1,69.

[MTomryanm r=0,3 < max=1,69 = ommbOOK B JTaHHO BEIOOPKE HET.

[Tocne uckIrO4YeHUs TPyObIX OMIMOOK IPOBEPHM BEIOOPKH HA OJJTHOPOIHOCTb.

K 1 2 3 4 |5
Xk [ 12 |11 |10 9 |10
Xok - 9 |10 )10 | 8

Tak kak BEIOOPKH TeTIepb UMEIOT Pa3HOE YKCIIO 3HAYEHHH, TO ISl aHAIU3a OHOPOIHOCTH
Bocnojb3zyemcs kpurepuem @umepa. Ero pacuernoe 3HaueHue no (3.18):



2

(ylk) — 113
?(yy) 0,92

F=

Sz(yuk)max —142
S ALz,

S
2 =
(yUk )min S
Tabmuunoe 3HaueHue kputepus Pumepa mist o=0,95 u yucma cremneHer CBOOOBI

yucaurensa f1=4 u suamenarens f,=3 no radi. 3.5 F=9,1.
T.x. F=1,42 < F,=9,1, nucniepcuy OTHOPOIHBI M BBIOOPKH MOYKHO OOBEIMHUTD.

K 1 2 3 4 |56 71819
Yik 12 111 10| 9 |10| 9 |10 /10| 8

Paccunraem Hamnydiyro aucnepcuto 1o (3.15) u mareMaTH4ecKoe OKuJaHue:

2 f
2; (y“)”::L34+0923

S?(yy ) =41~ PR
2
u=1
_ 12+11+10-4+9-2+8
X = =9,9.

9

OrneHuM JOBEPUTEIIBHBI HHTEPBA TEHEPATBLHOTO MATEMATHYECKOTO OXKUITAHUS C
BeposaTHOCThIO 95% 1o (3.4). Kpurepuii Crpromerta mo 1abm. 3.1 mna =8 u 0=0,95 pasen
t0,05:8=2,31.

Torna:

2,31-4/0,92
=99+——"— Y '~ —-99+112;
#(Y) 5

9,9-1,24 < 1u(x)<9,9+1,24.
8,76 < u1(x) <11,0L.

OneHuM JOBEPUTENBHBIM HHTEpPBal TE€HEPATbHOTO MaTeMAaTHUYECKOTO OKUIAHUS C
BepossTHOCTBIO 90% 1o (3.11). Ilo cipaBoyHBIM AaHHBIM M3 TaOJ. 3.2 ompenenuM KpUTEepUi
[Mupcona. T.x. 0=0,9, To f=1-0=1-0,9=0,1. Toraa ans f=8 u B/2=0,05 momyuum X§ 00s —19,5,a

s 1-p/2=0,95 nomyuum Xé 0.95 =2:13.

TenepL IMPOBCPHUM, PABHO JIK T'CHCPAJIBHOC MATCMATHYCCKOC OXUIAAHUC 5. I[.IISI 9TOro
IMPUMEM TUITOTE3bI:

Ho: p(y)=5
Ho: p(y)#5

Omnpenenum pacueTHoe 3HaueHHE KpuTepHst CTbIOJeHTA!

y—r(y) _0.9-5]

p \/Szr(]y) \/1,;4

=12,98.




Ecau BrImonnasercs HCPaBCHCTBO

_t(l,f S tp S t(l,f y

TO runore3a Ho npuHuMaercsa. B npoTUBHOM cilydae OHa OTBEpPracTcsl.
T.k. 0,958 = 2,31 U HEPABEHCTBO

—2,31<12,98< 2,31,

ABJIIETCS HEBEPHBIM, TO TUIIOTE3a /{0 OTBEPraercs. ¢ BEPOATHOCTBIO 95% reHepanbHOE
MaTeMaTUYeCKOE OXKHUJIaHUEe HE PaBHO 5.

[TpoBepum, paBHa JI1 TeHEpalIbHAs quctepcus 5. s 3Toro Heo0X0MMO TaKKe MPUHSATH
TUIIOTE3bI

Ho: o(y)=5
Ho: o(y)#5
[TpoBepuM ciieyroliee HepaBeHCTBO
s?(y) f
2 2
Xt1p2 S~ SXip2s
B/ o2 (y) B/
1,14-8

2,73£?S15,5;
2,73<1,84<15,5.

OueBUHO, YTO HEPABEHCTBO HE BBINOJIHSETCS, a 3HAUYUT T€HepajbHasi TUCIIEPCUsl HE
paBHa 5.

4. HJIaHI/IPOBaHI/[e IKCIIEpUMEHTA

Paccuurtath nmapaMeTpbl MaTeMaTH4EeCKOMH MOACIN Ha OCHOBAaHUHU T8.6J'II/II_U:>I
SKCHCPUMCHTAJIBHBIX JAHHBIX U OLICHUTL €€ JOCTOBCPHOCTD.

3HaueHus QyHKINU

Ne Bapwupyemsbie hakTopsl OTKHEIL
OIIBITa Xq X, X Y. Y,
1 1 4 12 24 26
2 1 1 12 14 19
3 1 4 3 -16 -15

4 1 1 3 2 5
IJIA 3TOTO:

1) mocTpouTh KOAUPOBAHHYIO MATPUILY IUIAHUPOBAHUSI SKCIIEPUMEHTA;
2) paccuutath K03(h(PUIMEHTHI ypaBHEHUS PETPECCUH B KOJUPOBAHHOU hopme;
3) npoBepUTh aIeKBATHOCTh MOJIESIM HA OCHOBAHUU TyOIMPOBAHUS OIBITOB;

4) OLIEHUTh 3HAYMMOCTh KO3((UINEHTOB ypaBHEHHUS C JOBEPUTEIILHON BEPOSITHOCTHIO
95%.

1. CocraBuM Marpuily TIJJAHUPOBAHUS DKCIIEPUMEHTa B KOTOpPOH Bce (hakTophl
IPECTaBIEHbI B KOAUPOBAHHOM BHUJIE.



Ne Xo X1 X2 X1X2 Y1 Y2 y
1 1 1 1 1 24 26 25
2 1 -1 1 -1 14 19 16,5
3 1 1 -1 -1 16 15 15,5
4 1 -1 -1 1 2 5 3,5

Tao0muma 1

B 1abn. 1 mis KaXI0ro U3 YeTHIPEX OIBITOB OINPEENICHO cpelHee 3HaueHUe (YHKLIUU

OTKJIMKA ) KakK

Tak B TIICPBOM OIIBITC ITOJYUUM:

24+ 26
2

7= =25,

OcrasnbHble 3HAYCHUS ONpeIeeHbl aHATIOTUYHO.
2. Paccumtaem k0d(pPHUIMEHTHI JUHEHHOTO PETPECCHOHHOTO

y=b, +bx +b,x, +b,xX, M0 Gpopmymne

N
Z Xiu yu
— u=1 .

b; N
ITomyuum:
b, - 1-25+1-16,54£—11-15,5+1'315 =15,125,
- 1-25—1-16,5;1'155_1'3'5 5,125,
b, = 1~25+1-16,5—41~15,5—1'3v5 — 5,625,
b, - 1.25_1.16,5:11-15,5+1-3,5 —_0,875.

[Toxy4uuM perpeccuoHHOE ypaBHEHHE:

§ =15,125+5,125x, +5,625x, — 0,875 X,.

3. OueHuM 3HAYMMOCTb KOAPPHUIIMEHTOB PErPECCHOHHOIO YPaBHEHHUSI.

ypaBHEHUs BHUAA

3HAYUMBIMU CYUTAIOTCS T€ KOAPGUIIUEHTHI, BEIMUYNHA KOTOPBIX [0 MOJYJIFO0 OO0JIbIIE OMINOKH, C
KOTOpOH 3TH KOo3(p@uuMeHTs ObulM ompeneneHbl. [ BBIMOJHEHHUsS NMPOBEPKH 3HAYUMOCTH

K03 PuImeHToB HE0OXO0IUMO CENATh CIEAYIOIIee:
a) JUIsl KaXA0ro U-TO OMBITa PACCUUTATh IUCIIEPCUIO PE3YIbTATOB

(yku - yu)2
1

)=

1€ M — YMCJIO ITOBTOPOB KAXJOI'O OIIBITA,

24— 25)% + (26— 25)?
Sz(ykl):( )2_§_ ) =2,




_ 2 _ 2 _ 2 _ 2
Sz(yk2)=(14 16,5);(119 165° 1,5 Sz(yks):(m 15,5)2115 155° o

2-3,5)* +(5-3,5)°
§% () = & )2_2 ) _45.

Pesynbrathl cBegem B TaoI. 2.

TaOnuua 2

2
Ne | Xo X1 X2 | XiX2 | Y1 Y2 y Sk)(y

1] 1 1 1 1 24 | 26 | 25 2

16,

2|1 -1 1 -1 |14 | 19 5 125
15,

3| 1 1 -1 (-1 ] 16 | 15 5 05

41 1 -1 ] -1 1 2 5 | 3545

06) IIpoBepum moJgydeHHBIE AUCHEPCUM HA OJAHOPOIHOCTH. JlJisi ATOr0 BOCHOJIB3yeMCS
kputepueM KoxpeHa, Tak Kak AUCTIEPCUH UMEIOT OJIMHAKOBOE YHCJIO CTEIeHEH CBOOO/IBI.
PacuetHoOe 3HaueHue kpurepus

S (Vi) 12,5
ZN:SZ T 24125405445

=1

G, = =0,64.

[To cripaBOYHBIM JAHHBIM JUISL YETHIPEX AMCIEPCHN C YHCIOM CTeneHed cBobojbl f=1
kpurepuii Koxpena G:=0,999.

G, =0,64<G, =0,999,

SHAYUT JUCIICPCHUN OJHOPOIHEI.

B) OmnpenenuM cpeIHEB3BEIICHHYIO AUCIIEPCHIO

N
Zsz(yku)
()= =2+12,5+40,5+4,5=4,875'

f=N(m-1)=4(2-1)=4.

1") Paccuutaem AUCTICPCUIO BOCIIPONU3BOAUMOCTU

S$*(%i) _4,785
m

s2(y)= =2,44.;

n) Omnpenenum qucrnepcuio KodhHUIMEeHTOB

S (y
Sz(bi):ﬂzﬁzolm)g_
N 4

e) OmmOka onpeneneHus K03(Q(HUIMEHTOB PErPECCUOHHOTO YPaBHEHHUS



g(bl):'{mf ~S(b|)=2,78~ 0,609 =2,167.
t0,95,4 =278 ’

Bee ko3¢ uuueHTsl perpeccCHOHHOrO ypaBHEHMsI, KOTOPbIE 10 MOJAYJIIO OKa3aJuCh
meHblie (bj), cunTaroTcss He3HAYUMBIMH U JTOJKHBI OBITh HCKITFOUCHBI UX YPaBHCHHSI.
B Hamiem cirydae He3HaAYMMbBIM OKa3aics |b,|=0,875<¢(b ) =2,167.

[Tocne ero UCKIIOYEHUSI PETPECCUOHHOE YpaBHEHUE TPUMET BU/I;

¥ =15,125+5,125x, +5,625x,.

4. Tlocme UCKIIOYEHUS HE3HAYMMbIX KO3(Q(UIMEHTOB IPOBEPUM aJEKBATHOCTb
IIOJIy4E€HHOI'O PErPECCMOHHOTO YpaBHeHus. [ls aToro:

a) ONpeAeTIHM JAUCHEPCHUIO aIeKBAaTHOCTHU. [l 3TOro He00OX0AMMO PacCUUTATh 3HAUECHUS
(GYHKIMM OTKJIMKA, OJIYYEHHbIE TI0 PETPECCHOHHOMY YPaBHEHUIO:

§, =15,125+5,125-1+5,625-1= 25,875;
§, =15,125+5,125-(~1)+5,625-1=15,625;
§, =15,125+5,125-1+ 5,625 (~1) = 14,625;
§, =15,125+5,125-(~1)+5,625-(~1) = 4,375,

]_II/ICHepCI/II/I AJCKBATHOCTHU.
N2
Z(Yk - yk)
SZ — k=1 —
an N _ N r
25,875—-25)" +(15,625-16,5)" +(14,625-15,5) +(4,375-4,5
2 2 2 2 )
4-3 -
=3,0625.

rae N' — 4nciao 3HaYuMBIX K03()PHUIIMEHTOB PErPECCUOHHOTIO YPAaBHEHUS.
Yucno creneHel cBOOOIbI AUCTIEPCUU aJIEKBATHOCTH

far=N-N'=4-3=1.
06) mpoBepUM  OJHOPOJHOCTb  JUCIEPCUM  aJeKBaTHOCTH U JAMUCIEPCUHU

BOCITPOHU3BOJUMOCTH 11O KPUTCPUIO @Hmepa. Ecnu oan OKaXyTCd OAHOPOAHBIMH, TO YPABHCHUC
aZACKBAaTHO.

SZ
Fooou 30025 )5
PUSE(y) 2,44
[To cnpaBounbIM HaHHbIM s f.o=1 u f=4 F,=244,583.
F, =126 <F, =224,583, 3Ha4UT ypaBHEHUE a/ICKBATHO.



