





OBIIASI XAPAKTEPMCTHUKA JUCCEPTAIIMOHHOM PABOTHI

AKTYaJIbHOCTh TeMbl HcciaeaoBanusi. Ha ceronHsmHuii JeHb CTAaHOBUTCS
OYEBMJIHO, YTO JUISl YCHEIIHOTO OOYy4YEeHHsS! CTYJEHTOB HEOOXOAMMO MpPUMEHEHUE
CUCTEM KOHTpPOJS 3HAHUW, KOTOpBHIE IMO3BOJSIOT ONPENENsATh HEAOCTATOK
MOJITOTOBJICHHOCTH 110 OMNpEACNEHHBIM TeMaM JMJii KOPPEKTHPOBKU y4deOHOU
Harpy3Kd U MOBbIIeHNS () ()EeKTUBHOCTH YU4EeOHOTO TIpoIiecca.

OCHOBHBIM METOJIOM KOHTPOJISI 3HAHUM SBIISIETCS MpsAMoe TectupoBanue. [lof
NPSIMBIM TECTUPOBAHHEM OyJieM TTOHUMAaTh METOJ, PU KOTOPOM CTPYKTypa TecTa He
3aBUCUT OT (DAKTUYECKHUX OTBETOB MCIBITYEMOTO, a OLEHKA 3HAHUN TECTUPYEMOIO
IPOUCXOAUT TOCJE MOJHOTO 3aBEpIIECHUs TecTa. PexuM npsMoro TeCTUPOBAHUS
3aJJ0)KEH B  OCHOBY  (YHKIMOHHPOBAHMS  TOJABJSAIONIETO  OOJBIIMHCTBA
CYLIECTBYIOIIMX CHCTEM OLIGHUBaHUS ypoBHsA 3HaHmii. [lpm Bcex cBoux
JIOCTOMHCTBaX TMpPsIMOE TECTUPOBAHWE HE JIMIIEHO HEJOCTATKOB, TaKWX Kak
¢uKCHpOBaHHOE KOJMYECTBO BOMPOCOB TeCTa W HHU3Kasg BOBJICUYECHHOCTH
TECTUpyeMOro (HEOOXOAMMOCTh OTBEYaTb Ha BOMPOCHI, HE COOTBETCTBYIOIIME
YPOBHIO ITOATOTOBJIEHHOCTH).

Jia pemieHust mpoOieM OpsIMOro TECTHpPOBaHMsI ObL1 pa3paboTaH METO.
aJaliTUBHOTO ~ TECTUPOBAHUA. AJAaNTUBHOE  TECTUPOBAHME -  TEXHOJIOTHUSA
TECTUPOBAHUS CIyIIaTeNed, TAe KaXAbld CIEeIyIONMiA BOMPOC MOAOUpaeTcs
ABTOMATUYECKH, MCXOAS M3 OTBETOB, MAHHBIX HAa MpPEIbIAyIIHe BOMPOCHL. Takoi
MPOIECC TECTUPOBAHHUS TO3BOJISET aIallTUPOBATHCS TOJ YPOBEHb 3HAHUN Ka)JI0TO
UCTIBITYEMOT'0 U TIPOIYCKATh CIHUIIKOM CJIOXHBIE WIIH JETKHE BOMPOCHI.

[IpoGiema cOCTOUT B TOM, YTO Ha JJAHHBI MOMEHT CHUCTEMBI C aJalTUBHBIM
TECTUPOBAHUEM JO CHUX MOP HAXOIATCSA HA CTAIUM CTAHOBJICHMS, a 3PPEKTUBHOCTD
MoJieJIel, KOTOpPBIE UCIIOJIb3YIOTCA B JAaHHBIX CUCTEMAaX, HE U3y4YeHa.

eab uccienoBaHus:

- COKpallleHHE BPEMEHHBIX MOTeph Y4eOHO-TPENno1aBaTeIbCKOTO COCTaBa Ha
pa3pabOTKy TECTOB;

- COKpallleHHuEe BPEMEHHBIX MTOTEPh TECTUPYEMOTO Ha MPOXOXKIECHUE TECTa,

- yBEJIMYEHUE BOBJIEYCHHOCTH W CHIDKCHHE BIMSIHHS Ha TECTUPYEMOIO
JIOTIONIHUTENBHBIX ~ (pakTOpoB  (MOTEpss HMHTEpeca, OTBJICUEHHE, YTOMJICHHE,
O€CITOKOMCTBO);

- yBEIMYEHUE TOYHOCTH PE3yIbTaTOB TECTUPOBAHMSI.

JIJ1sl TOCTHKEHUsI MOCTABJIEHHBIX 1ieJieii He00X0AMMO PEelIUTh CJIeAyIolue
3a/1a4M UCCJIeI0BAHUS:

- MIPOBECTH aHAIIN3 CYIIECTBYIOIINX CUCTEM aIallTUBHOTO TECTUPOBAHUS U
BBISIBUTH MEPCIIEKTUBHBIE HAMIPABJICHUS B 00JIACTH UX Pa3BUTHS,



- UCCJIEIOBATh IPUMEHEHNE MaTeMaTuyeckux mojeneit reopun IRT B cu-
CTeMax aJallTMBHOIO TECTUPOBAHUS;

- CIPOEKTHPOBATh U pa3padoTaTh CUCTEMY aJJallTUBHOIO TECTUPOBAHUS HA
ocHOBe HanOosee 3(pPEeKTUBHON MaTEeMaTUYECKONH MOJICIIH.

O0beKTOM HCCIe0BAHMS SBIISIOTCS METOJIBI M MOJIETTN KOHTPOJIS 3HAHUM.

IIpeamMeroMm  mccjieq0oBaHUs  SBISIIOTCS  TEXHOJOTHMH  AJAalTUBHOTO
TECTUPOBAHUSI.

MeTtonojiornyeckue OCHOBbI M MeTOAbI HCCJEIOBAHMS: Jisi PpEUICHUS
MOCTABJICHHBIX 33/1aM HCIIOJIb30BAJINCh METOABl MATEMAaTUYECKOTO MOJECIHPOBAHUSA,
CUCTEMHOTI'0 aHAJIN3a, CTATHCTHYECKOr0 aHAJIN3a U YUCIICHHBIE METOBI.

XPpOHOJIOTHYECKHEe PAMKH HCCJIeN0BAaHUA onpeaessitores nepuoaom ¢ 2020
rojaa no 2022 ronay.

Nudopmanuonnyro  0a3y  HMcCIeJOBaHUsI  COCTABWIM  MaTepHallbl
OINyOJIMKOBAaHHBIX HCCJIEIOBAaHUI OTEYECTBEHHBIX ABTOPOB, OPUEHTUPOBAHHBIX Ha
ONMCAHUE MAaTEMATUYECKUX MOJEIEH I CUCTEM aAallTUBHOTO TECTUPOBAHHUSI.

HayuyHnasi HOBH3HA npeayiaraeMbIX HCCJIEI0BAHNN 3aK/JII0YACTCH:

1 B HaxoxaeHuu HauOosiee 3p(heKkTUBHON Maremartudeckord monenu IRT g
aHaiM3a U no00pa BOIIPOCOB B CUCTEMAX aJalTUBHOTO TECTUPOBAHMUS,

2 B aBTOPCKOM aJITOPUTME POXOXKIACHUS aAalTUBHOIO TECTUPOBAHMUSL.

JIOCTOBEPHOCTH Pe3yJIbTATOB HCCJIEI0BAHMSA TI0TBEPKIAACTC:

1 mpakTHueckoM peanu3alMed U YCHEIIHbIM IPUMEHEHUEM CHUCTEMbI
aJlaliTUBHOTO TECTUPOBAaHUS Y4YalllUXCsl, CO3JaHHONM Ha OCHOBE pa3pabOTaHHOIO
NOJIX0/1a;

2 BBIYMCIIUTEIBHBIMU AKCIIEPUMEHTAMH, MOATBEPAUBIIUMU d(HPEKTUBHOCTD U
MPEUMYILECTBA CO3JAHHBIX YMCIEHHBIX METOJOB HMJCHTU(PHUKALMU BEPOATHOCTHBIX
MOJENEN.

IIpakTHyeckasi 3HAYMMOCTh M LEHHOCTh IMOJIYYEHHBIX pPe3yJbTAaTOB
HCCIEeOBAHMSA 3aKJIIOYAeTCsl B TOM, 4YTO pPa3pabOTaHHOE HAyYHO-METOJIUYECKOE
CONPOBOXKJIEHHE W  NPOrpaMMHO-MHCTPYMEHTAJIbHAsI ~ cpeAa  aJalTUBHOIO
TECTUPOBAHUSI MOTYT OBITh IPUMEHEHBI B YYEOHOM MPOIIECCE U UCIOIb30BAHbI IS
KOHTPOJISI 3HAHUI BO BCEX YPOBHSIX 00pa30BaHMUS.

OcHOBHBIE 10JIO’KEHUSI, BBIHOCUMbIE HA 3alIUTY:

1 aBTOpCKHUIA aNTOPUTM HNPOXOKIEHUS aJaNTUBHOTO TECTUPOBAHMS,

2 MIPOTrPaMMHBIN KOMIUIEKC CUCTEMBI aJallTUBHOT'O TECTUPOBAHUS YUaIIUXCSl.

AnpobGauust  pe3yabraToB. Pe3ynprarel  paboThl  JOKJIAgbIBaIach U
oocyxmamuck Ha V Bcepoccuiickoll HalMOHaIBLHOM HAydHOW KOH(pepeHuu
MOJIOABIX YUEHBIX «MOJ0/IeKb U HayKa: aKTyaJlbHbIE MPOOJIEMbl (PyHIaMEHTAIIbHBIX
Y MIPUKJIAJHBIX UCCIICIOBAHUI.



O0béM U CTPYKTYpa AMCCEPTALMOHHOM PadOThI: AUCCEpPTALUS BKIIOYAET B
ceOsi BBeJCHUE, TPU OCHOBHBIC TIJIaBbl, 3aKIIOYEHUE, CIUCOK HCIOIb3yEeMOM
JaUTepaTypsl U onHO npuioxkenne. O0béM quccepramuu coctaBisier 91 crpanwmiry.
Texct pabGotsl comepxkutr 1 tabmuuy u 43 pucyHka. Jlns HamucaHusi pabOThI
UCI0JIb30BaN0Ch 30 HICTOYHUKOB JIUTEPATYPHI.

OCHOBHOE COIEP KXAHUE PABOTbI

Bo BBegennu 1aHo 000OCHOBAaHME aKTyaJbHOCTH M XapaKTEPUCTHUKA PabOTHI,
chOpMyITUPOBAHBI TIE]Ib U 3aJa4M, YKa3aHbl METOJIbI WCCIEAOBAHUS, MPEACTABICHBI
OCHOBHBIC TIOJIOKCHHUS, TIOKa3aHa HaydyHas HOBW3HA W TMpaKTHYECKas 3HAYMMOCTb,
omucaHa CTPyKTypa paboThI.

B nepBoii riaBe paccMOTpeHa KOHIEMIUS, AITOPUTMBI U OCHOBHBIE MOJIETTH
CUCTEM aJalnTUBHOrO TecTupoBaHus. [IpoBenéH aHanMM3 OCHOBHBIX ATaloB
MIPOBE/ICHUSI AJJANITUBHOIO TeCTa U Mpolecc GopMUPOBAHUS TeCTOBOU 0a3bl. OnrcaH
npoiiecca (popMUPOBaHUS U CTPYKTYpPUpPOBaHUs Oa3bl BOIPOCOB ISl MPOBEICHUS
aIanTHBHOTO TecTHUpoBaHWs. [lpuBenéH 0a30BBIA  aNTOPUTM  TPOXOKICHHUS
aTIAITHBHOTO TECTA.

ANTOPUTM  BaphUPYIOIMIETO  AJaNTHBHOTO  TECTUPOBAHHS  SIBJISCTCS
3aIMKJICHHBIM U BBIMOJIHSAETCS 10 JTOCTUKEHUSI OCTaHABIIMBAIONIETO yciaoBus. Cxema
OIMMCHIBAOIIIAS IAHHBIN TIPOIIECC MPEICTABICHA Ha PUCYHKE 1.

OnpeneneHne
HAYAALHON INoabop :
{anpuopHoi) OYECPEAHOTO ﬂpcmnwﬂwmm -
OLIEHKH YPOBHA JaNaHuA
MOANOTORICHROCTH
Brixon
43 BRAITTMEMOLO CpasneHne
Te ANOCTCPHOPHOH
CTHPOBAHHA,

LIKATHPOBIHHE OLCHKH AnocrepHopHan
OlEHKH YpoBHs WAH JPYIBX OUEHKA YPOBHS
OArOTOBA e napaMeTpoB NOJANOBRIEHHOCTH

EHHOCTH :
¢ OCTARHANTHBAIOUHM
Mﬂ NMPpEILARICEHHA WTepHeM
HCIITHTYEMOMY spuTp

PucyHnox 1 - AIropuT™M BapbUpYIOIIET0 MHOTOILIArOBOTO TECTUPOBAHUS

Ha mnepsBoM osrame omnpenensercs anpuOpHBIA WA HAYAIbHBIA YPOBEHb
MOJATOTOBKM TECTUPYEMOTro. JTO HEOOXOAMMO CAeNaTh AJisi BhIOOpa ONTHUMAabHOU
CIIO)KHOCTH TIpHU Hauaje TecTupoBaHHMs. Ha BTOpoMm sTame mpouCXOAUT MOI00p U
npenbsBICHUE 3aJaHus TecTupyemMoMy. Ha TpeTbem sTame mpoucxoaut oOpaboTka
OTBETa OT TECTUPYEMOI0O M YCTAHOBKA AalOCTEPUOPHOM OLIEHKU YPOBHSA
IIOATOTOBJIEHHOCTH. Ha 4eTBEPTOM 3Tame NMpOMCXOAWT CPAaBHEHHUE alOCTEPUOPHOU
OLIGHKM M JPYruX KpPUTEPUEB C OCTAHABIMBAIOUIMM KpUTepHeM (Bpems
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TECTUPOBAHUS, MUHUMAaJbHAsE U MaKCHUMajlbHasl CJIOKHOCTb Tecta). Ecnu ycioBue
OCTAHOBKH HE BBINOJHEHO, TO IPOLECC TECTUPOBAHUS BO3BPALAETCS B TPETHUM 3TAIl U
IIPOUCXOAUT NMOAOOP O4YEepEAHOr0o Bonpoca. Eciu ycioBre OCTaHOBKY BBIINOJIHEHO, TO
IIPOLIECC TECTUPOBAHUS MEPEXOJUT B MATHIA 3Tall — MIKAJUPOBAHUS OLICHKU YPOBHS
3HAHMI U NIPEJOCTABICHUE PE3YJIBTATOB TECTA.

Kaxxapiii 5Tan anroputMa MOKET ObITh pealn30BaH yHHKAJIbHBIM 00pa3oM B
3aBUCUMOCTH OT BHJIa CTPATETMU U UMEIOIIUXCS TEXHOJIOIMYECKUX BO3MOYKHOCTEM.
Cy1iecTByOIIME CUCTEMBI, PEATM3YIOIIUE JAHHBIN aJITOPUTM, SBIIIFOTCS 3aKPBITBIMU
Y 3TO HE MO3BOJISET UX MPOAHAIM3UPOBATb.

Ha pucynke 2 u300pa)keHbl TPAaeKTOPHH aJalNTUBHOTO TECTUPOBAHUSA TPEX
y4Yalmxcs, HaYMHABIIUX CBOM BXOJ B aJlaliTUBHbIC TECTUPOBAHMS O€3 BBITOIHEHHUS
IIPOTECT TECTA.

Tlepprilt yueHUK

Bropo# yyeHHK

Tperuit yaeHUX

Pucynok 2 - Busyanuzanus nHANBUAYATBHBIX TPACKTOPUI HCIIBITYEMBIX

CII0KHOCTh IIPEAOCTABISAEMBIX 33JaHUM HAa PUCYHKE 2 OIpeleseHa BBICOTON
aomMaHoH. [IpoIomKUTENBHOCTD TECTUPOBAHUSA U KOJIMYECTBO BOIIPOCOB OINPEAEIICHO
JUTMHOW JIoMaHo#. Jlyis Bu3yanbHOTO yA0OCTBa TPAGKTOPUU TECTUPOBAHHUS Ha
rpauke oToOpaXkaroTcs Kak Hermepecekaromuecs JoManblie TuHuu. [Ipu npaBuisHOM
OTBET€ Ha TECTOBBIM BONPOC JiIOMaHas JIMHHUS Ha Tpaduke BO3pacTaeT, Mpu
HEIpaBUIbLHOM OTBETE - YOBIBAET.

HanexHocTh B TakoM TECTHPOBAHMU OyAET 3aBHCETh OT COBOKYITHOCTH
¢daktopoB. K HUM OTHOCSATCA: BBICOKAsl CTETIEHb BAPUATUBHOCTH TECTOBBIX 3a/IaHHH,
KAaK II0 YPOBHIO CJIOKHOCTH, TaK U IO THUILY; HAJIIMYNAE PELEH3CHTOB Ui NPOBEPKHU
KayecTBa 3a/laHui; Hamuuue (OKyC TPYMIbl Ui NPaBHIBHOTO paclpeiesieHus
3aJaHUM 1O YPOBHIO CIIOKHOCTH. Ha HageXHOCTh TakkKe BIHAET KadeCTBO
HAYaJIbHOTO KOHTPOJIA (HAaJU4YMe WM OTCYTCTBHE MPOKTOP TecTa) U BhIOpaHHas
MaTeMaTH4YECKasi MOJEIb ATAIITUBHOIO TECTUPOBAHUS.

Bo BTOpoii raase omuceiBaerca teopusi IRT, npuBoasTcs maremaTudeckue
MOJIEJI, OCHOBAHHbIE HAa JaHHOW Teopuu. [IpuBencHHbIE MaTEMAaTUYECKUE MOJEIIN
CpPaBHMBAIOTCSI TI0 KPUTEPHUIO BEJIMYMHBI MOdy4daemblx 3HaHuil. Hawubonee



sbdexTuBHAsS MaTeMaTH4ecKas MOJIeJb HWHTErpupyeTcss B 0a30BbId aJrOPUTM
aJIaNTHBHOTO TECTUPOBAHMUS.

Ha ceronusmauii neHs npu pa3paboTke CHCTEM aJalTHBHOTO TECTUPOBAHUE
HauOoJIbIIIee PACIIPOCTPAHEHUE TTOTyYnyIa TEOPUs TECTOBBIX 3a/1aHUM (B HajdbHEHIIEM
- IRT), koropas ONHMCBHIBaCT CBA3b MEXKIY YPOBHEM 3HAHHH WCIBITYEMbBIX U
pe3yJbTaTaMu BBITIOJHEHUS TECTOB, YTO MO3BOJISIET OMPENEIUTh YpOBEHb 3HAHHIA
HE3aBUCUMO OT CJIOKHOCTH 3aJJaHUM.

OcHoBHoe Ha3HaueHue amnmapata IRT 3akmtouaercss B ToM, 4TOOBI 0OECIEYUTh
3¢ (deKTUBHOE MPOTHO3UPOBAHHE PE3yJNbTaTOB TECTHUPOBAHUS JUIS  3aJaHUS
paznuuHoro ypoBHsi cioxkHOcTH. CorsacHO IRT BeposSTHOCTH MPaBHIBHOTO OTBETA
Ha 3a/IaHHE€ HCIBITYEMOTO C BBICOKMM YPOBHEM 3HAHUUM JOJDKHA OBITH OOJbIIE
BEPOSITHOCTU MPABUJILHOTO OTBETA Y UCIBITYEMOTO C HU3KUM ypOBHEM 3HaHM. Uem
BBHIIIIE YPOBEHb 3HAHMM, T€M BBIIIE BEPOSITHOCTHh MPABWILHOIO OTBETA Ha 3aJlaHUE
JTAHHOTO YpOBHS cioxkHOCTH. OcobeHHocTh mpuMeHeHus1 IRT 3akitouaercs B TOM,
YTO OTBETHl MHOXKECTBA HCIBITYEMBIX Ha MHOXECTBO 3aJlaHUi  TecTa
MPOTHO3UPYIOTCSI HA OCHOBE MAaTEMAaTUYECKUX MOJIENIEH, MPU HATHYUU SMITUPUIECKU
MOJlyYeHHOM MAaTpPUIBI HMCXOJHBIX TECTOBBIX OaIOB. DMIHMPUYECKUH Crocod
MOJly4YeHUs] MaTPUIlbl  HCXOJHBIX TECTOBBIX OauioB  mpeamojaraet s
pacrpeiesieHdss BOIIPOCOB IO YPOBHSAM CIIO)KHOCTH Ha OCHOBE BBITIOJHEHUS HX
TECTOBOM Tpynmnoi. TpaguIIMOHHO 3a MPaBWIbHBIA OTBET cTaBUTCA 1 Oami, 3a
HernpaBuwiIbHBIM — 0 O6aymoB. Teopusi IRT sBisieTcss ocHOBoOIoOMAraromed B paMKax
KOHIICTIIIMK ajanTuBHOro TectupoBaHus. Ha ocHoBe IRT crpostcss GonbmIMHCTBE
MoOJieJIel aJanTUBHOTO TECTUPOBAHUSI.

B xadectBe MaTemMaTW4YecKOW MOJENM B3aUMOCBSI3M MEXIY 3HAYCHUSIMU
JATCHTHBIX TEPEMEHHBIX 0, B 1 HAOMIOAaeMBIMH PE3yJIbTaATAMH BBITIOJIHEHUS TECTa B
IRT BbIOpana yciaoBHasi BEpOSITHOCTh IPABHJIBHOIO BBIIOJHEHHUS O0y4aeMbIMU
3aaHuil Tecta. B 94acTHOCTH, MOKHO paccMaTpUBaTh YCJIOBHYIO BEpPOSTHOCTH Pj
MPaBUJILHOTO BBITIOJIHEHUSI M HCTBITYEMBIM C YPOBHEM IMOATOTOBKU 0j, pa3IMUHbIX
10 TPYAHOCTH 33JlaHHi TecTa, cunTas 01, mapameTpoM i-ro yueHuKa [} - He3aBUCUMOM
IIEPEMEHHOM.

P{x, =116} = f(6, - B),l =12,..,N. (2.1)

AnamornyHo BBoOAWUTCS Pj s 0003HAYEHUS BEPOSTHOCTH MPaBUIBHOTO
BBIMOJIHEHUS I-TO 3aJaHUs TPYAHOCTBIO [3]; pa3sIHMUHBIMH HMCIBITYEMBIMH TPYIIIbIL.
3nech O - He3aBHCHMas TIepeMeHHas, a Bj; - mapaMeTp, ONpeAeSIOIINNA TPYAHOCTD |-
o 3aJaHus TecTa:

P{x;; = 1B} = 9(6; — ), 1 =1,2,...,N, (2.2)
rae Xij = 1, ecnmu OTBET I-r0 MCHBITYEMOr0 Ha J-€ 3aJaHWe BEPHBIH, WIN
Xij =0, ecnu OTBET I-T0 HCIBITYEMOTO Ha |-€ 3aJlaHhe HEe BEPHBIN. F U @ - CHMBOJIBI



GbyHKIHMOHATBHOM 3aBUCUMOCTH; N - UMCIIO UCHIBITYEMBIX; N - KOJIMYECTBO 3aJaHil B
TECTe.

B ocHoBe peasmzanuu ammapata IRT Bcerma Oynmer mcmoip30BaHa OflHA W3
CIIETYIOIIMUX MOJENEH: oHOoIapaMeTpuieckas Mojenpb Paia, AByxnapaMerpuueckas
Mojenb bupnbayma, Tpéxnapamerpuyeckas MoAeNb Wik Mojaesb PCM.

Yem Oosbiie MHPOpMALMKM MBI MOJyYaeM M3 OTBETOB TECTHPYEMOTO, TEM
TOYHEE HAllld CBEJCHUS O YPOBHE €ro 3HaHWM, TO €CTh MEHbIle omuoka. U3 storo
MOXHO CJieJlaTh BBIBOJI, YTO YBEIUYEHHE KOJWYECTBA MHQPOpPMallUd O3HAYAET
noBbilieHre 3pdextuBHOoCcTH TectupoBanHus. B IRT komuuectBoMm wuHpopmarmu
HA3bIBAIOT BEJIMUYMHY, OOpaTHYI0 JUCHEpPCUH OIMOOK, a WH(OPMAMOHHON

(byHKIHEH — COOTBETCTBYIOIIYIO aHAIUTUYECKYIO 3aBUCUMOCTb.
1 1

I = B = ;. (23)
Jist Tpéx 6a30BbIX mozened |IRT kommyecTBO MH(OpMAMU pacCUUTHIBACTCS
o gopmyie:
2
_ 1 _ ym [(1ZPiy)(Py=¢
I - 0_5 - Z]:l ( Pij )( 1_Cj ) (24)

TJIe Cpi - CTaHJapTHAsl OMIMOKA YPOBHS IOATOTOBICHHOCTH I-TO UCIIBITYEMOTO;
M - KOJMYECTBO TECTOBBIX 3alaHuii; Plj - BEpOATHOCTH MPAaBHIBHOTO OTBETA I-TO
TECTUPYEMOr0 Ha J-¢ 3aJaHue; 8] ¥ Cj - AudQepeHIUpyomas CrIocoOHOCTh |
napameTp KOPPEKIMHU Ha yraJblBaHUE MPABIILHOTO OTBETA J-T'0 3aaHUSI.

Jlist oqHoro 3ananust popmyna 2.4 npuMeT BU:

1= e[ ) e

B monenu Pama aj = 1, a ¢j =0, 4To MPUBOAMT K CIACIYOIICH aHATUTUYECKOM
3aBUCUMOCTH:

=1 [(%) (I:T_g)z] ={A-P)P = (1 B 15;[-33) 15;’[—33' (2.6)

N3 dpopmyner 2.5 caemyeT, 4TO KOTUYECTBO MH(DOpPMAIIMU MAKCUMAIBLHO TPHU

BEPOSATHOCTH TpaBuiIbHOTO oTBeTa P = 0,5:
I'(P) = ((1=P)P) =1-2P =0,P =0,5. (2.7)

NudopmaTtuBHOCTh 3adaHUM, CYIIECTBEHHO OTJIWYAIOMIMXCS OT YpPOBHS
MOATOTOBJICHHOCTU MCHBITYEMOT0, MOYTH HyJieBas. [[elCTBUTEIBLHO, CIIOCOOHOCTH
UCITBITYEMOT'O peIlaTh OYeHb MPOCThie 3amanus (0 MHOTO Oosbie () WM HEyIa4H
IpU PEIICHUM 3aJlaHUi TIOBBIMICHHON CIOXXHOCTH (0 MHOro Menbie [3) Maio
nHOOpPMATUBHBI, TaK Kak HE JalT BO3MOXHOCTH YTOYHHTH YypPOBEHb
MOATOTOBJIEHHOCTU TeCTHpyeMoro. J[aHHasi 3aBUCHUMOCTh MPEICTABICHA HA PUCYHKE
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5 -4 -3 -2 - 0 1 2 3 4 5
Pucynoxk 3 — 3aBUCMMOCTH KOJIMYECTBA MHPOPMALIUU OT PA3HOCTU YPOBHS
MOATOTOBJICHHOCTU UCTIBITYEMOTO Y YPOBHS TPYAHOCTH 3aJIaHUS

Jlns nByxnapamerpudeckoid mogenu (Cj = 0) popmyna 2.5 npumer BuA:

_ 2 _ 2 ea(e_B) ea(e_s)
I=a1-PP=0a(1- o) s (2.8)

KommdectBo mHpopmanmu ans ogHoro TectoBoro 3amanus B Partial Credit
Model:

_ Xmaxj 2 Xmax j 2
I= Y012 my — (X007 Lxmyy) (2.9)
CpaBHUTENBHBIN aHAIN3 MOJIENIEH MO KOJWYECTBY IMOIy4YaeMoil WH(opmaruu
3a OTBET MpuBecH B Tabmuie 1.

Ta6nuna 1 — CpaBHenue nHGOPMAIIMOHHON IEHHOCTH OTBETOB

KonunyectBo nundopmanuu
Mogens | [Byxmapa- Partial Credit Model
Pama MeTpuyec- JIByX- TpEX- YeTbIpeX-
Kas MOJenb | OayuibHOE | OauTbHO | OaJTbHOE
(a=0,3) 3aJaHue e 3aJaHue
3a1aHue
MaxkcumManbHOE 0,25 0,0225 0,67 1,25 2
3HAYCHUE
HesnauurtensHoe 0,249 0,0225 0,644 1,2 1,901
pacxoXKIeHUE
YPOBHS
MOATOTOBJIEHHOCTH
HCTIBITYEMOTO u
YPOBHEH TPYAHOCTH
3aJlaHuH (0,1
JIOJINTA)




[Tponomxenue Tadauibl 1

KonudectBo nadopmarum

Mogens | [Byxmapa- Partial Credit Model
Pamra MeTpHYec- JIBYX- TpEX- YEThIPEX-
Kas MOJICJb | OajuibHOE | OaaiabHO | OalIbHOE
(a=0,3) 3a1aHue e 3a/1aHue
3aJlaHue
3HAYUTEIEHOE 0,197 0,0220 0,424 0,788 0,837
pPacxoXKIeHuE
YPOBHS
ITOJITOTOBJIECHHOCTH
HCITBITYEMOTO u

YPOBHEU TPYIAHOCTH
3aganuit (1 monur)

[Tocne ananu3za Mojened aganTUBHOTO TECTUPOBAHUS OBUIM  CIETAHbI
CJICIYIOIINE BBIBOIBI:

1 Tun MareMaTH4eCKOW MOJENU OKa3blBaeT CYIIECTBEHHOE BIIUSHHUE Ha
3 PEeKTUBHOCTD AAITUBHOTO TECTUPOBAHMS;

2 Hanbonee 3pPeKTUBHON B YCIOBHUSX aJaTUBHOIO TECTHUPOBAHUS SIBIIACTCS
JIByXIlapaMeTpuyecKasi MOJIEJb, IIPU YCIOBUU JTOCTATOYHOTO KOJWYECTBA 3aJJaHUM C
BBICOKOU ] depeHIINpYIOMEeH COoCOOHOCThIO, PABHOMEPHO PACHPEACIEHHBIX II0
BCEMY JIMaNa30Hy U3MEPEHUS YPOBHS MOATOTOBIEHHOCTH UCTIBITYEMBIX;

3momens PCM u wmogmens Pama sBISIOTCS MPeANOYTUTEIBHBIMH, €CIH
YKa3aHHOE BBIIIE YCIOBUE HE BHITIOIHACTCS,

JUiss  peanu3alMiM  CUCTEMbl  aJaNTUPOBAHHOIO  TECTHPOBaHUA  OyaeT
UCIIOJIb30BaHA Mojenb Pama u3-3a cBoedt s(ddexrtuBHOCTH. Tak ke OCHOBHBIM
NpeuMylIecTBOM  mojaenu  Pama  sABisieTcss  HHM3Kas  3aBUCHMOCTb  OT
nudepeHIUPYIONyI0 CIIOCOOHOCTH  3a/IaHUM, II09TOMY B YCIOBHSX HHU3KOU
HAIOJHEHHOCTU TECTOBOM 0a3bl JaHHAs MOJIEeb OyAET MOKa3bIBaTh MAKCUMAJIbHYIO
3 PEKTUBHOCTE.

PaccMoTpuMm  Temeph aaropuTM TeCTHpPOBaHHMS (PUCYHOK 4), KOTOpPBIH
npejyiaraeTcsi UCHbITyeMbIM. BBeneM o0o3HaueHusi: X — KOJIMYECTBO BBIJIAHHBIX
3amaHuii; Y — KOJMYECTBO MPAaBWIbHBIX OTBETOB, [IAHHBIX MCHBITYeMbIM; @ —
TEKYIUHA YpPOBEHb IMOATOTOBKH HMCHBITYEMOTO; 1 — HOMEp TeKylero mara; R —
OLICHKA HCIBITYEeMOr0 (HEYJIOBJIETBOPUTEIBHO, YAOBIETBOPUTEIHHO, XOPOIIO WIIU
orinuHo); G — rpynma CJIOXKHOCTH, g — BONPOC TecTa. Takke JUisi OMUCAHUS
aJIrOpUTMa HEOOXOUMO BBECTHU MOHATHE KPUTUYECKOTO KOJINYECTBA BOIPOCOB X cpur
— KOJIMYECTBO BOMPOCOB JJIsl TPYMIIBI CIOKHOCTH, HA KOTOPOE HCIIBITYEMbIN TOJIKEH
OTBETUTH (0€3 M3MEHEHMs TPYMIbl CIOXKHOCTH), YTOOBI BHICTABUTH €My OLEHKY R.
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3HaueHue Xypur 3aBUCUT OT OOILErO YHMCiIa BOIIPOCOB B 0a3ze W B KaXJOHl rpymnme
CIIOXKHOCTH M OT BpPEMEHHM TECTUPOBAaHMS; Ha HayaJlbHOM »JTale ONpeaessercs
npenoaaBateneM. Bo wu3bekaHne TOCTOSHHBIX CMEH YPOBHEHM CJIOXHOCTH TIpHU
Yepe0BaHUU BEPHBIX U OMIMOOYHBIX OTBETAX TECTUPYEMOTrO BBEAEM MEPEMEHHYIO M
— K03 (PUIIMEHT BEPHBIX OTBETOB JIJISi COXpPAHEHUS! YPOBHS CIOKHOCTU (M3MEHSETCS
or 0 mo 1), Takxke ompenemnsieTcs mpenojaBareneM. PekoMeHayeTcs Ha HadyalbHOM
ATane UCIoJb30BaTh 3HaUeHue 1 = 1/3.
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PucyHok 4 — ANroput™m aianTUBHOTO TECTUPOBAHUS

[Tporieypa OleHKH YPOBHS MOATOTOBKH UCTIBITYEMBIX (PUCYHOK 4):
1 BeiOMpaeTcs 3ajaHue W3 TEKYIIEW TPYMIbl CIOKHOCTH BONPOCOB gi € G
npejiaraeTcs AJisi OTBETa UCIIBITYyEMOMY,

2 pU  YCIEIIHOM OTBETE€ HCIBITYEMOIO, YBEJIUYUBAETCS KOJUYECTBO
IIPABUJIbHBIX OTBETOB;

3 YBEJIMUMBAETCS KOJUYECTBO BBIJAHHBIX 3aJaHUM, BBIJAHHOE 3aJaHUC
UCKJTIOUaeTcs u3 Habopa 3agaHuil 11t JaHHOTO MCTIBITYEMOTO;
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4 BBIYMCIIACTCS HOBBIM ypOBEHb MOATOTOBKM HCHBITYeMOro ®; mo monaenu
Pamma panee onucaHHbIM CIOCOOOM;

O BBIUMCISETCA Tpynna CJIOKHOCTM B 3aBUCUMOCTH OT 3HayeHus O
[MpunagnexHOCTh O K TPYIIE CIOXKHOCTH ONPEACIIeTCS IYyTeM CpaBHCHHS
3Ha4YCeHUSA Ol ¢ MaKCHUMaJIbHBIM U MUHUMAJIbHBIM 3HAYCHHUSIMH TPYIHOCTH 3aJlaHHM
JUTSL KOKIO0W Tpymiibl cIoKHOCTU. Eciu O > Byum(Gk) 1 O < Byaxe(Gk), To Gi=Gk (k —
MHJIEKC Tepedopa 1Mo BCeM IpyIinaM CI0XKHOCTH, k n3mensiercs ot 1 10 4);

6 ecnmu Tpynma CIOXHOCTH HW3MEHUJIACh, KOJMYECTBO BBIJAHHBIX 3a/laHUMN
IPEBBIIIACT 1)-YIO YacTbh OT Xpur 1 HOBAS TPYIINA CIOKHOCTH 0O0JIbIIE MAaKCUMAJIbHOU
(olleHKa 5) WM MEHbIIIE MUHUMAJIBHOW (OILIEHKA 2), TO BBICTABIISIETCA OLICHKA B
COOTBETCTBHH C IPYIIION CIOXKHOCTH HA MPEeAbIAYyIIeM mare (5 wiu 2);

7/ ecni Tpynma CJIOKHOCTH H3MEHWIACh, KOJUYECTBO BBIIAHHBIX 3a/JIaHUM
OpPEBBIIIAET 1)-YIO YacTb OT Xupur M HOBasg TIpyMNINa CIOXKHOCTU HE OOJblle
MaKCHUMAaJIbHOM (OIleHKa 5) U HE MEHbIIIE MUHUMAJIbHOHU (OIIEHKA 2), TO KOJIMYECTBO
BBIJJAHHBIX BOIPOCOB M MPABUJIBHBIX OTBETOB OOHYJISIETCS U MPOUCXOAUT BO3BpAT K
mary 1;

8 ecnu rpymmna cIoKHOCTH U3MEHUIIACh, @ KOJTMYECTBO BBIAAHHBIX 3a/laHU HE
IPEBBIIAECT M-YIO YacTb OT Xypur, TO TIPYyIIA CIOKHOCTHM BO3BpaIlaeTCs K
MpEeabIAYIEMY 3HaYeHUIO (M3MEHEHUS! HE IPUHUMAIOTCS);

O ecniu Tpynma CIOXHOCTH HE H3MEHWIACh, HE IMPEBBIINICHO KOJIMYECTBO
KPUTUYECKUX BOMPOCOB M TEKyIlas IPyIIa CIOXKHOCTH COAEPKUT emie XOTs Obl 1
BOIIPOC, TO MPOUCXOAUT BO3BpaT K mary 1;

10 ecnmu Tpymma CIOXHOCTH HE HW3MEHWJIAch, HO MPH 3TOM MPEBBIIICHO
KOJIMYECTBO KPUTHUUYECKUX BOMPOCOB MIIA BCE BOMPOCHI TEKYILIEH IPYNIbI CI0KHOCTU
y>ke ObUIH BBIJIaHbI UCITBITYEMOMY paHEe, TO BBICTABJISETCS OIICHKAa B COOTBETCTBHH C
TEKYLIEH IPYIIION CIIOKHOCTH.

B Tperbeii rjiaBe ONMUCHIBAETCS TPOIECC MPOCKTUPOBAHMS U Pa3padOTKU
MPOrpaMMHOM KOMIIOHEHTHI Ha OCHOBE Hambosee 3(PGEeKTUBHOM MaTeMaTHUeCKOU
Monenu. Ilpu mpoekTUpoBaHWMM TPUBOIATCS MPOLECCHAS, JAaTAJIOTHYecKas,
uHposornueckue MoAeu MpuioxkeHus. ONUChIBaeTCSd KOHIIENTYyallbHAas MOJENb U
apXUTEKTypa MPOrPaMMHOM KOMIIOHEHTHI. JIEeMOHCTpHUPYIOTCS pe3yJbTaThl paOOThI
IPOTPaMMBl.

[leneBbie aBTOMaTM3MpyeMmbie mporecchl MC mpencraBieHsl B MPOIECCHOM
MOJIEJIN Ha PUCYHKE O.
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Cnucok Cnucok Bpema LWkana
Tem BONPOCOB N0 NpOXOAKAEHUA OLEHHBaRMA
BbIGpaHHON Teme TecTa TecTa
MoTpeGHocTs B
onpeneneHuu
YPOBHS 3HaHUI
| Hassanue
TEMbI
BeiGop Tembl
| ®opwmmposane | T
TecTa
TecTc
Mpoxoxaerue oTBETAMM
OTBETHI Ha TECT TecTa
GopMUpoBaHHe Fe3ayneTathl TecTa
pes3ynsTaToB TECTa
MonbsoBarent no

Pucynok 5 — ABTOMaTu3upyeMble MpOIECChI

B PE3YIBTATC AaBTOMATHU3allMK OIIMCAHHOI'O IIpOonecccCa 6y,HYT O6T)CI[€HI>I

CIIEIyIOIIME  TOACUCTEMBI.  (OPMUPOBAHME  TECTa, IMPOXOXKIECHHUE  TECTa,

dbopMupoBaHUe pe3yabTaTOB TecTa. Pe3ynbTar nmpeacraBieH Ha pUCYHKeE 6.

Cnucok Bonpoc no
TEM BbIDpaHHOR
TEME TERYLLER
MoTpeBHOCTL B CHOWHOCTH
onpeaeneHuu
YDOBHA 3HAHWA
> Haseanue
TEMBI
BuiGop TeMbl
A
A
NHTennekTyansHoe aganTWeHoE PesynuTars| TecTa
DTEETHI HA TECT TECTHpOBaHNe
N A
_
Mone308aTENh no

PucyHnok 6 — ABTOMaTU3MpyeMbIe MPOIECChI

13



OcHOBHBIMH  (yHKIIMOHANBHBIMH moAcucteMamMu B HMC  aganTuBHOTO
TECTUPOBAHUS SIBIISIOTCS. aBTOPH3AIMS;, perucTpanms; 0a3za TECTOB; 0Oa3a 3a/JaHMIA,
0a3a yueOHBIX TPYIIIT; TPOUTPHIBATEIH TECTA.

Jlist  pa3pabOTKHM TIOJIB30BATEIBCKOM YacTH TPWIOKECHHS HCIIOIH30BAJICS
javascript ¢peiimBopk Vue.js. s pa3paOOTKU CEpBEpHOM YACTU MPUIIOKECHHUS
ucnois3oBajics PHP ¢petimBopk Laravel. [lns XxpaHeHHs: TaHHBIX HCIOJIb30BaIach
pensiuoHHas 0a3za naHHbix PostgreSQL. OOmass apxuTekTtypa NpHIOKEHHUS
IpeICTaBICHA HA PUCYHKE 7.

HTMLS5 LocalStorage
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/W e I ™

‘Vuex store / auth
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Sstore dispatch \-"‘ Laravel

Controller

| TP Request

[TTR Response

PostgreSaL
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Pucynoxk 7 — Apxurektypa UC aganTuBHOro TeCTUPOBAHUS

Ha ocHoBe cipoekTUpOBaHHBIX MoJienel Obla pa3paboTaHa MporpaMMHast
KOMIIOHEHTA a/IallTUBHOT0 TECTUPOBaHMs ydaluxcs. Pe3yabTar nmpencrasieH Ha
pucyHke 8.
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Pucynox 8 — [IporpammHasi KOMIIOHEHTa
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OCHOBHBIE PE3YJIBTATBI PABOTbBI

B pesynbrare paboThl TPOBENECH aHAIU3 YK€ CYHIECTBYIOUIUX MOjeei
aJIalTUBHOTO TECTUPOBAHMS, HA OCHOBE KOTOPBIX BBISIBIICHBI TEPCIEKTUBHbBIC
HarpaBJeHus B 00JacTH ux pa3Butusa. KoHnenTyaibHO 000CHOBaH BHIOOp OOBEKTA U
npenMera wuccinenoBanusd. Ilocie mpoBeneHuss wuccienoBaHus 3PPEKTUBHOCTH
paboThl CYIIECTBYIOIIMX MOJENEH aJallTUBHOTO TECTUPOBAHUS OBLJIO YyCTAHOBIICHO,
YTO CYLIECTBEHHBIM HEIOCTATKOM OOJBIIMHCTBA MOJENEH SBIAETCS OObIIast
3aBUCUMOCTh KOJIMYECTBA HHGPOPMAIMK OT PA3HOCTH YPOBHS IMOJATOTOBICHHOCTH
UCIIBITYEMOI'0 U YPOBHS TPYAHOCTH 3aanHus. [Ipu 3TOM MBI NPUIUIKA K BBIBOAY, YTO
HauboJsee yCTOMYMBON K H3MEHEHUIO 3TOr0 MOKa3aTess sBiseTcs Moaelnp Parma.

B o6mactu KOMILJIEKCOB MpOrpaMM Ha OCHOBE aBTOPCKOIO ajiropuTtMa Hu
BbIOpaHHON wmoxenu (Pama) Obul pa3paboTaH MNpOrpaMMHBIA  KOMIUIEKC IS
aIalITHBHOTO TECTHPOBAHUS C WHIWUBUAYaJbHOW TPACKTOPUEH MPOXONKIACHUS ISt
Ka)KJ0T0 UCIBITYEMOTO.

[IpakTnueckass 3HAYMMOCTh W LEHHOCTb  TIOJYYEHHBIX  pE3YyJbTaTOB
UCCIIEJOBaHMsI 3aK/II04aeTcs B TOM, UYTO pa3pabOTaHHOE HAYYHO-METOJIUYECKOE
CONPOBOXJACHWE M MPOrpaMMHO-MHCTPYMEHTaJbHasl cpela 10  peanu3aluu
a/IalITUBHOTO TECTUPOBAHUS MOTYT ObITh IPUMEHEHBI B KAUECTBE CUCTEMbI KOHTPOJIS
3HAaHUU B PA3IMYHBIX yUEOHBIX 3aBEICHUSAX, UCTIOIB30BATHCS B CHCTEME TOBBIIICHUS
KBIM(PUKALHUU NPOPECCOPCKO-TIPENOIABATEILCKOT0 COCTaBA.
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