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This article viewed the problem of improving the efficiency
of existing laboratory tests of general engineering discip-
lines characterized by outdated physical and mathematical
basis. This reduces the interest of the students to a deeper
analysis of objects and processes. The authors believe that
the facilities operate within the existing laws and, therefore,
they are not interesting for the students. Therefore, expe-
rimental research should be aimed at clarifying the mathe-
matical model of the object under study based on a
systematic approach in which research results are evaluated
by key indicators of quality of educational resources, such as
performance, validity, reliability and manufacturability. A
range of estimates, which are set by the developers of the
course, are introduced for the success criteria. By
manufacturability we understand the degree of automation
of the research results processing. The process of laboratory
studies optimization is illustrated on the specific example.
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ONTUMI3ALLIA NPOLIECY NNIABOPATOPHMX
AOCNIAXXEHb HA OCHOBI CUCTEMHOIO nigxoay

B.B. CamcoHnoB

Hayionanvnuii ynieepcumem xapuoux mexmonozit

A.M. CinbBectpoB, O.M. CKpHHHK

Hayionanvnuii mexuiynuti ynisepcumem Yxpainu « Kuiscoxuii nonimexuiunuil
incmumym imeni leops Cikopcokozoy

Y ecmammi posensnymo npobremy niosuuyenmns egpekmuernocmi icHylouux nabopa-
MOPHUX O00CTIONCEHb 3A2AIbHOIHIICEHEPHUX OUCYUNTIIH, SKI Xapakmepusyombcs
3aCmapino QizuKo-mamemMamuyHo 0CHO80I0, WO 3HUNCYE IHmepec Y CMyOeHmie
00 Oinbut enuboKo2o ananizy 06 ’ekmie i npoyecie. Jo6edeno, wo excnepumenmaib-
HI 00CIOHCEHH NOBUHHI MAMU C8OEI0 MEMOI0 YMOYHEHHA MAMEMamuyHoi Mooeiui
00’exma, wo 00CRiONCYEMbCI, HA OCHOBL CUCMEMHO20 NIOX00Y, 3a K020 Pe3)ib-
mamu O00CNIOIHCEHb OYIHIOIOMbC OCHOBHUMU NOKAZHUKAMU SKOCMI OCBIMHIX pe-
cypcis, makux K YCNiWHICMb, 8ANIOHICMb, HAOIUHICMb | mexHoaoziunicmo. s
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Kpumepito YCRIHOCMI 88e0eH0 0ianda3on OYIHOK, SKi 6CMAHOBIIOIOMbC PO3POD-
Huxom kypcy. 1lio mexnonociunicmio mMacmocs HA y8a3i CMYNIHbL ABMOMAMU3AYIT
00pobku pezyrbmamie docuiodcenns. Ilpoyec onmumizayii 1a60pamopHux 0oci-
00fCeHb NPOINIOCMPOBAHO HA KOHKPEMHOMY NPUKIAOL.

Knrouoei cnosa: nabopamopni 00cnioxcenus, cucmemuii nioxio, aKicmos mMemoou-
KU Npo8e0eHHs: OOCHIOJICEeH s, ONMUMI3AYisl, NIAHYBAHHA eKCNepUMEeHmY, YChiul-
HicmMb, MEXHOA02IYHICNb.

IMocTanoBka npodemu. EnekTpoTexHiuHI AUCIHUILTIHM, Taki K «Emxekrporex-
Hika», «Teopis eleKTpUIHKUX Kin», «EIeKTpoHika» Ta iH., 10 BIAHOCATHCA IO 3a-
rallbHO-IH)KEHEPHUX, XapaKTepU3YIOThCcd MalKe He3MIHHOI y 4Yaci (isuko-mare-
MaTHYHOK OCHOBOIO. lle oTpuMaHi cropiuus Haszan 3akoHu Kynmona-Kesinzera,
Awmrmepa, Oma, Kipxroda, Dapazes, Jxoymns-Jlenna Ta iH., IKi MOXKHA TPaKTYBaTH
SIK CIIPOIICHI PIBHSAHHSA MakcBelia eeKTPOMArHiTHOTO IOJIs JUIS BiJIIOBIIHOTO
CepeloBHIIa, 0 MAa€ KOHKPETHI reoMeTpruyHi Ta (izmuHi BnactuBocti. Taka cra-
OUTBHICTD Y Yaci 1 pyHAaMEHTaJIbHICTh IIUX 3aKOHIB CTOCOBHO TPOIIECY BUKIIaJa-
HHS 1 3aCBOEHHS CTYICHTAMH € SIK IO3UTUBHOIO, TaK 1 HEraTUBHOIO.

[To3uTuB monsrae y 4itkiid (Ha mepIIuii Morisa) oOrpyHTOBAHOCTI MPOIECB i
00’€KTIB eNEKTPOTEXHIYHOI Mpupoan. Lle He MOBHHHO BHKIMKATH CYMHIBIB IIOI0
ICTHHHOCT1 iX (i3MKO-MaTeMaTHYHUX Mojened. Bipa B iX iCTHHHICTh TOBHHHA
IPYHTYBAaTUCS Ha MPAKTUYHOMY IiITBEpKEHHI, SKE OTPHUMYIOTh CTYJCHTH Ha
J1a00paTopHUX poOoTax. 3a BIAMOBIAHOI TOYHOCTI MPHUIIAIIB MAa€E Miclle OIHU3BbKICTh
TEOPETUYHUX 1 EKCTIEPUMEHTAIIBHUX PE3YNIBTATIB. | MpeaMer 3acBOIOETHCS CTY ICH-
TaMH 5K a0COFOTHO-KOHKPETHHUH 3 TIOBHICTIO BU3HAYECHUMH BJIACTHBOCTSIMHU 00 €KTa.

Heratug nosnsrae y BiICyTHOCTI iHTEpeCY 10 OLIBII ITTMOOKOIO aHai3y 00 €KTIB 1
MPOIIECIiB, IO BUBYAIOTHCS, IO TBOPYOTO IOIIYKOBOTO MiAXOIY: CTYACHTY HEMae
HEOOXIIHOCTI CyMHIBATHCS Y MOXJIMBIAH HETOYHOCTi, a IHKOMM 1 HEKOPEKTHOCTI
¢izuko-MaTeMaTHYHUX Mojeneid 00’€KTiB 1 mporeciB, Mo BUBYaIOThCs. JlilicHO,
HABINIO MIOCH YJOCKOHAJIIOBATH, SIKIIO 1 TaK, HA MEPIINHA OIS, BCE Tapasj: €
3aKOHH, € 00’€KTH, B IKHX BOHH JII0Th, 1 HEMA€e MPpoOJIeM MO0 iX aHai3y 1 104aT-
KOBUX JOCIIpKeHb. Lle rajbMye pO3BUTOK TBOPYMX 3MIOHOCTEH Yy CTYIEHTIB, a
IHKOJIY 1 y BUKJIaJla4iB, SKi BUKJIaAal0Th 11i IpeaMeTy. Bee, 110 3aBepiiieHe, MepTBE
1, IK HACTI/IOK, HellikaBe. MOXKIIMBO TOMY YCIIIIHICTb, siKa O€3MocepeTHbO MOB’ s-
3aHa 3 3alliKaBJICHICTIO, YaCTO OyBa€ JOCUTh HU3bKOIO.

VY 3aCBOEHHI TOTO YH IHIIOrO MPEAMETa, 3 METOI 3alliKaBJICHOCTI CTYyIEHTA,
MMOBUHHA JIGKATH IHTPUTa, MOOYyI0BaHA HA HEBIAIOBIIHOCTI pealbHHUX MPOIECIB iX
imeanizoBaHiit monenmi. ExcriepuMeHTanbHI AOCIIDKEHHS (TOOTO JJabopaTopHi po-
00TH) TOBHHHI MaTH CBOEIO METOI0 YTOYHEHHSI MaTEMATHYHOI MOJIEIi MTPOIleCy Yn
00’exTa, mo gocmipkyeTbes. [1ig 00’€KTOM pO3yMilOTh KOHKPETHUH EIEeKTPOTEeX-
HIYHWH npuna, anapat abo IpUCTpiil, Mig MpolecoM — 3MiHHI CTaHy 1 TapaMeTpH
00’€KTa: CTpyMH, HANIPYTH, ONIOPH, IHIYKTUBHOCTI, EMHOCT] TOIIIO.

3acrapinicTb, 3 OIHOr0 OOKY, CTEHJIOBOrO OOJIAAHAHHS JIAOOPATOPHUX POOIT 3
CNEKTPOTEXHIYHUX JUCIHMILUIIH, pydHa 0OpoOKa pe3yNnbTaTiB EKCIEPUMEHTIB 3
MoOYIOBOK0 OJHOMIPHHMX TpadikiB, 3 IHIIOTO — JOCKOHAJII METOAM, aJITOPUTMH 1
nporpamu st EOM y nedkux BHUMagkax MpPUBETH JIO TOTO, MO JIaOOpaTOpHI
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pobOTH B3araiii BUKOHYIOTECS BipTyalibHO. [Ipy IbOMy BTpada€eThbcs BayKJIMBa dac-
THHA HaBYaHHS — BMIHHS TPAIIOBATH 3 PEATbHUMH €IEKTPOTEXHIYHIMH yCTaHOB-
KaMH Ta TpUIaJiaMu, SKi MalOTh CBOi 0COOJIMBOCTI.

Pa3om 3 TiM TpiX HE CKOPUCTATUCS BUCOKOE()EKTUBHUMH CYYaCHUMH METOIaMHU
TUTAHYBaHHS €KCIIEPUMEHTY, aBTOMATH3allil (SKIIO € MOXIIMBICTB) MPOBEJCHHS Ta
OITUMAaJIBHOT 00POOKH HOro pe3ysbTaTiB Ha KOMIT FOTEepi. 3aBsKH METOJaM OITH-
MaJIBHOTO TIaHYBaHHS Ta 00poOku AaHux Ha EOM 3’SBIsIETHCSI MOXKITUBICTD 3pO-
outu abopaTopHi poOOTH OLIBII I[IKABUMHM, OUTBII KOPEKTHUMH 1 TJTHOOKUMH Ta
OTPUMATH CTATUCTHYHO-O0IPYHTOBAHI PE3yIbTATH.

3’SBISETHCS MOXKIIMBICTD y TIOBHIM Mipi BUKOPHCTATH MOTYTHIH amapar cydac-
HOI Teopii cucTeM, CHCTEMHHUH MiJIXiJ, B OCHOBY SIKOT'O TIOKJIAJICHO MOHATTS (hi3UKO-
MaTeMaTHYHOI MOJIEII 00 €KTY YM IMPOILECY, 10 JOCTIKYETHCS, METOIB €KCIICPHU-
MEHTAJILHOI MEPEBIPKU CTPYKTYPU W yTOUHEHHsI mapameTpiB. JlabopaTopHi poGoTu
3a Takol METOAMKH SIBJISIOTH 3BOPOTHIN 3B'30K Y Mpolieci MizHaHHS 00’€KTa 4d
MpoIecy, IO JOCHIPKYEThCS, SKAH HAlpaBIeHO HAa OTPUMAHHS arnocTepiopHOi
MOJIeNTi, OTPUMAHOT SIK YTOYHEHHSI arnpiopHOI TEOPETUIHO.

3a Takoi MocTaHOBKH J1TaOOpATOPHUX POOIT Y CTYIEHTIB 3’ SIBIISETHCS IHTEPEC 10
HAYKOBHX JIOCITIJDKCHB, SIKi O yTOYHIOBAJIM TEOPETUYHI MOJIOKEHHS CTOCOBHO 10
OIKCY peaIbHUX 00’ €KTiB. BUPOOIAIOTHCS TaKOXK HABUYKHU JI0 OLIBII BiIIOBIIAIb-
HOT'O CTaBJICHHS JI0 alpiOpHUX MOJIENeH i METOIMK HATYPHUX BUIIPOOYBaHb BiJIO-
BiJTHUX BUPOOIB BHPOOHHUIITBA 3 METOK OTPUMAaHHS 00 €KTHBHHX XapaKTEPUCTHK
IIUX BUPOOIB IO allOCTEPIOPHUM MOICIISM.

Meta aociaiIzKeHHs: ONTHMI3aIlisl MPOIECy JIAOOPATOPHUX JOCHiKEHb Ha
OCHOBI CHCTEMHOI'0 MiJXOay JUIsl 3a0€3MeUCHHs BUCOKOT SIKOCTI METOAMKH TPOBE-
JICHHsI JTa0OpaTOPHUX JOCHTIKCHb 1 HABYaJIbHO-METOIUYHUX MaTepiajliB B yMOBax
MacOBOCTI OCBITH 1 IIBUIKOTO CTapiHHS iHPOpMAILii, M0 00yMOBIIIOE HEOOXI1THICTD
MOHITOPHHTY SIKOCT1 OCBITHIX PeCypCIB.

BuknagenHss oCHOBHMX pe3yabTaTiB jaociaigxeHHs:. OCHOBHUMH ITOKa3HHU-
KaMH SIKOCT1 OCBITHIX PECypciB € yCHINIHICTh, BaNlIHICTh, HAAIHHICTh 1 TEXHOIIO-
TYHICTh, BUKOPUCTAHHSI SKHX CTOCOBHO 3aBJaHb MOHITOPHHTY SIKOCTI OCBITHIX
pecypciB BUMarae CHCTEMHOTO Mijxoay. Tak, sKoJieH 13 TIOKa3HUKIB OKPEMO HE JIa€
3MOTH OTPUMATH 00’ €KTHBHY OIIHKY SIKOCT1 OCBITHIX PecypciB.

CTOCOBHO 3aBJaHHS MOHITOPHHTY JOITBHO PO3TIISTHYTH SIKICTH OCBITHBOT'O
pecypey y BUIIIAI IBOX KPUTEPIiB: YCHILIHICTD 1 TEXHOJIOTIYHICTb.

Bucokuii piBeHb MIArOTOBKM Y4YHIB € OCHOBHHUM KPHUTEPIEM YCIX CKIaJOBUX
OCBITHBOI CHCTEMH, B TOMY YHCIi 1 METOJMKH MPOBEACHHS JIAOOPATOPHUX JIOCIi-
JokeHb. OCHOBHOIO 3araJlbHONPUHHSATOI0 MIPOIO SIKOCTI HABYaIBbHOI AISUTBHOCTI €
YCIIMIHICTh. SIKIIO X Jdianma3oH YCHINIHOCTI YYHIB BHU3HAYAETHCS BHYTPIIIHIMH
BHMOT'aM{ OCBITHBOT'O 3aKJIaly, TO BUMOTH 0 YCHIIIHOCTI 32 METOAUKOIO IIPOBE-
JIeHHs1 JTAOOPATOPHUX JOCIHIKEHb JOIUTBHO BCTAHOBIIIOBATH EKCIIEPTHUM METO-
JIOM JUTSE KO)KHOT'O JTOCTIIDKEHHS OKPEMO 3 HEOOXIIHMM piBHEeM aeTanmizamii. OTxe,

BBE/ICHO Jiama30H YCHIIIHOCTI IO OCBITHBOMY Kypcy @, e[(pmin,(pmax], e
@, € MIHIMAJZbHO JONYyCTHME 3HAa4Y€HHS YCHINIHOCTi, ¢ . — MaKCHMAaJlbHO

JONYCTUME 3HAYCHHS YCIIIIHOCTI, K€ BCTAHOBJIIOETHCS PO3POOHHMKOM KypCy.
Illkana mepBMHHUX OaliB s BU3HAYCHHS YCIIIIHOCTI 3aA€ThCS Yy BUIIIAII
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Ay = {Aymin, AVax }» € Ay, — MiHIMAIBHO JONyCTHMA 3aJ0BiIbHA OLUHKA,
AV o — MAKCUMaNbHO MOXKIHMBA OLiHKA. [1pn 1boMy JOKanbHuii Kputepii Oy, , Mae

Burysn [1]:

m m
Z X Z X
i=1 i=1
, SIKIIIO <o
max 1’ XSi 2 Aymin

n n
= R e , X 0, Ay |- (1
QUsp m m xl 0’ XS~ <Ay ) S E[ 4 ] ( )
$u $x <
1-E— akmo = —> o,
n n

ne X — NepBUHHI 0allM y4HIB; # — KUIBKICTb y4HIB.

[Tix TeXHONOriYHICTIO Ma€ThC Ha yBa3l CTYNiHb aBTOMaTH3allii 0OpOoOKH pe-
3yNBTATIB IOCTIHKEHHS. 3TiIHO 3 pe3ylibTaTaMu JOCIiKeHb [2] iHAMBITyaTi3amis
HABYaHHS B YMOBaxX MacOBOI OCBITH MOKJIMBA TUTBKH ITPH BUKOPUCTaHHI iH(OpMa-
IfHUX TEXHOJOTiH Yy HaBYAJIbHOMY IIPOIIECi, TOMY IO 3aCTOCYBaHHS IHTEPAKTHB-
HUX MiAPYYHUKIB, MyJbTHMEIIHHUX TPEHAXEpiB, aBTOMATH30BaHUX 3acO0IB KOH-
TPOJIO ¥ CaMOKOHTPOJIO 3a0e3Medye iHANBIAYaIbHI TPAEKTOpIi i TEMI HaBYaHHS,
miBHINYEe epEeKTUBHICTh HABYAILHOTO MPOIECY Ta O0'€KTHBHICTH OIIHKH PIBHS
miaroroBku yuHiB [3]. HaiiOinbin e ekTHBHUM MiIX00M 10 OpraHi3ailii HaB4aib-
HOT0 TMPOIIECY € CKOPOYCHHS 4acy Oe3NocepeHbOl B3aeMOil BHKIAga4ya 31 CTy-
JICHTOM TIpH BHBYCHHI OCBITHIX peCypciB 3 HHU3BKUM pIBHEM 3aCBOEHHS IIpH
OJTHOYACHOMY 301IIbIIICHH] Yyacy Oe3mocepeiHbol B3aEMOIIi BUKIIaada 31 CTyICHTOM
B Mipy 3pOCTaHHsI HEOOXiJHOTO PiBHS 3aCBOEHHS 3aBJaHb.

CToCOBHO 3aJ]aui MOHITOPHHTY SIKOCTI OCBITHIX PECypCiB paH)KyBaHHs PiBHIB
3aCBOEHHSl HaBYAIBHUX MIEH BUKOHYETHCS 3 ypaxyBaHHSM 3pOCTAaHHS PIBHS
3acBOeHHS o Big 1 10 8 [4].

PiBeHb 3aCBOEHHS OCBITHIX pPeCypCiB BCTAHOBIIIOETHCS EKCIIEPTHUM METOJIOM Ha
erami BHIpPOBaDKeHHS Kypcy. HopmoBanuii koe(dilliEeHT 3aCBOEHHS OCBITHIX

. o, . . . .
pecypciB k” = —'—. JlokanpHuil KpUTEpid TeXHOMOrYHOCTI O,
o

max

J
ZkiT 'kia P
O = % ki =—— )

max
T .. . .. . T . a
ne ki — KxoedillieHT TeXHOTOr{YHOCTI i-T0 OcBiTHBOrO pecypey, k; €[0...1]; k¥ —

KOC(II[IEHT 3aCBOEHHS i-r0 3aBIAHHS; !, — CTYIIHb TEXHOJOTIYHOCTI OCBITHIX

1

pecypciB, BCTAHOBIIOBaHA €KCIIEPTHUM METOAOM 32 aOCOIIOTHOIO OANbHOO IIKa-
JIOKO 3aJISKHO BijI CIIOCO0Y OpraHizailii 3BOPOTHOTO 3B’sI3KY MPH KOHTPOII 1 camo-
KOHTPOJII.

CyTHICTh CHCTEMHOTO TiIXOAY,sK IHCTPYMEHTa ONTHMIi3allii IUX KPUTEPiiB, Ha
BIZIMIHY BiJl TPaJMIIHHOTO, TIEPIIl 3a BCE MOJISATAE Y BUKOPUCTAHHI ¥ yTOYHEHHI 3a
JaHUMH SKCIICPUMEHTY 00’€KTa JOCIIKEHHs Ta HOro MaTeMaTU4HOl Moxeni. Jlis

—— Scientific Works of NUFT 2017. Volume 23, Issue 4 —— 27



ABTOMATH3AIIIA TA IH®OPMAIIIHHI TEXHOJIOTTI

moOyIOBH MoeNll 00’€KTa MOTPIOHO BOJOMITH JOCTaTHBOK IH(GOPMAIIEID PO
Hboro. Ha erami dopmasizaiii 3aBaanHs OyIyeThCsl MaTEMaTUYHA MOJCIb 3 BUKO-
PUCTaHHSM 3aKOHIB 3 MPEIMETHOI 00JIacTi JaHOro 00'€KTa, HEBIAOMI MapaMeTpu
MOJIEIT] 3HAXOIATHLCS 3a JOMOMOrOK aJITOPUTMIB MapaMeTPUIHOI iAeHTHiKaIIii.
JIOIIBHO PO3MIISIHYTH 1 MOPIBHATH 3 TPATUIIIHUM ITiIX0JI0M TEXHOJIOTIO TPO-
BEJICHHS JIOCIIKCHb, SIKA BUKOPHUCTOBYE CHCTEMHHH MiAXin. SIK mpHKIIan, B3SITO
J1a00paToOpHY p060Ty «Bu3nauenus CIEKTPUIHOIO OIOpY R pesucTopa 3a 1oro-
MOTOI0 BOJIBTMETpA 1 amriepmerpa». Y TpaI[I/IHII/IHII/I ITOCTAHOBIII, Ha OCHOBI 3arajb-

HO TIpHHHATOTO 3aKoHy OMa, OIliHKa R onopy R BH3HAYa€eThCs SK BiTHOIICHHS
nokaszie U BonbTMerpa o [ ammepmerpa. TyT He BpaxoBaHO (yHJAaMEHTAIbHY
BJIACTHBICTh 00’€KTIB peajbHOrO CBITY, J€ BCE 3 YCIM B3a€MOIIOB’SI3aHO 1, sK
HACIIOOK R 3alIeXuTh Bif /.

VY mocraHoBIIi, MOOY/IOBaHI HA OCHOBI CHCTEMHOTO IIIXOAY, IUITXOM Bpaxy-
BaHHA (DYHIaMEHTAJIbHUX IOJ0XKCEHb (DI3MKH, BCTAHOBIIOETHCS ampiopHa (Teope-
THYHA) MOJENb pe3rncTopa K 00’ekTa, B sikoMy 3akoH Oma U =R-I, R =const

cynepeunTs 3akony Jxoyns-Jleania P=1°-R, ne P — TIOTY)XHICTb, i piBHAHHAM
TEPMOJIUHAMIKH:

dQ =cmd®’ + K, S, - A"dt (3)

ne dQ — mnpupict temnotu Q; 6°,c, m, Ky, Sy, — TapaMeTpu DPE3UCTOpa,
BIJIIIOBIIHO, TEMIIEpaTypa, TEIIOEMHICTh, Maca, Koe(illieHT TEIUIOBIAaayi, Imioma
OXOJIOJDKCHHS PE3UCTOPA.

IBuakicte 3MiHM () € TOTYXHICTh P, SIKy OTPHMAEMO, SIKIIO MPOIudepeH-
mitoBatu Bupas (3):

Y 2 p(ao do’ 0
=P=] 0 ecem——+K, -S,, -AO 4
v R(60°)=em =+ K, Sy, (4)
SIKmo [and  CHpomIeHHA NPUNHATH, IO HOTy)KHiCTL P wHesMiHHa, TO B
do’

yCTaJICHOMY PEKUMI = JIOpiBHIOBATUME HYJIIO, &
t
P R(0L) = Ky S0 ©)

e A% =% — 0.
Toni Bupa3 (3) HaOyBae BUIIISY:

AQ°
T, dAb” | a0 = AQ° (6)
dt
AQ° 0
e T, — M rennosa crana uacy pesucropa, AB’ = 0°(1)-0;, an9” ﬂ
K, -So, dt

[MuToMa MpoBIAHICTH pe3nCTOpa 3aJCKHUTh Bij KoedillieHTa B BUTEHOTO Ipo0diry

eIIeKTPOHA, SKMH JUIS METajiB 3MEHIIyeThCA NpH 30inbleHHi TemmepaTypu ©°
BHACHIZIOK 30UTbIIEHHS MPOTHUMIl HANPSMIIEHOMY PyXy TEIUIOBUM XaOTHYHHM.
Tobto
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B=pB(0°). (7)

Toni onip R 6yne dynxuiero 6°. Jlns BimHocHO Mamux 3miH AB’ B Mekax
0+100° C us 3anexHICTh MaiKe JIHIAHA:

R(0")= R(6))-[1+an0’ |, (8)

Jie 0. — TeMIIepaTypHHui KoeillieHT onopy.

JIJist TIOTY)KHHMX PE3MCTOPIB, PEOCTATiB TEIUIOBA CTaja Yacy MOKe OyTH 3Had4-
HOr. HarpiB npoBigHuKa pe3ucTopa 3rijHo 3 (6) BigOyBa€eThCs 3a €KCIIOHEHITIATb-
HUM 3aKOHOM:

—t

0°(r) = 0°(0) + AO°(r) = 0°(0) + AQ" | 1—e™ |. 9)

BinnosinHo R(GO(Z)), 3 ypaxyBaHHsM (8) i (9), Oyae 3MIHIOBaTHCh y Yaci,
3MIHIOIOYH 32 TIi€0 X EKCIIOHEHTOIO CBill Omip Bix R(Og) 10 R(OSO) (puc. 1):

t

R(6°(1))=R(6°(0))-[1+aa6° () |= R(6°(0)): | 1+ a0, | 1-e™ ||. (10)

R(©") 1

R(67) |

R /

Puc. 1. I'padix R(Go(t))

3ajeKHO BiJ IMHAMIKU 3MiHU Hanpyru U, koediuientiB m, K, Sy, , ¢, o,
npupocty A0°  3ameKHICTH R(I2 (60 (t))) MOKe OyTH SK CYTTEBOIO, TaK I

HECYTTEBOIO. BiAMOBiIHO, pe3UCTOp MOXKE PO3TIISAATUCS K OC3IHEpHiHHUH, TaK i
IHEpIIHHUH, K JIHIHHUK €IeMEHT 31 CTaJuM OmopoM R, Tak 1 HEIIHIHHUH, ne

R(17).
BuzHaunmo aHamiTHYHY 3aJIEKHICTh R (I ) B ycTasieHoMY pexuMi. 3 piBHIHHS (4)

0

npu >y =0 1 t >0 oTpUMaEMO:
t

PPR(00)= Ky, - S - 265, (11)
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3HaiiaeMo 3BiacH AGSO 1 migcTaBUMO B piBHSAHHA (8):

R(0°
R(09)=R(65)- 1+a—( ) 1? (12)
KTv ’ SOh
R(6h) . .
A00 BpaxoByHOUH, IO O -1” <<1 3 po3knamganns (12) y psn 3aMicTh
v "P0h
(12) mabmmxeHo MaeMo:
R(0%)=R(0))[14n-1], (18)
Jie 1 — MapaMerp pe3rcropa, sKuii BU3Haua€ BIUMB cTpymy / Ha ormip R,
R(6;
n= aﬂ ) (19)
KTv ’ SOh

[Tapamerp 1 npomnopuiiiHuii o i 3BOPOTHO Iponopuiitauit Ky, - Sy, . 3anexHo
BiJ BenuyuHUA M 1 [ ? | a TAKOX TOYHOCT] BUMIPIOBAHb, PE3UCTOP CIif PO3TISIATH
SIK JIHIHHAN Y1 HETIHIAHUH eIeMEHT.

Jaii, po3risgarodd pe3ucTop SAK HEMIHIHHUN 00°€KT, Ha OCHOBI METOIIB

MaTeMaTHYHOI CTATHCTUKU OyIyeThCsl ONTHMAIbHUH IITaH eKCIIEPUMEHTY.
BonbT-aMnepHi xapakTepUCTHKH JTiHIITHOTO

Us =Ry 1 =25 1 (13)
1 HeTiHIHOTO pe3ucTopa
Uy, =(Bo +BI7) 1 (14)
MpeICTaBJIeH] Ha puUC. 2.
UA Y
/
Upax /
U, /
<.
£ >
I 1 1

max

Puc. 2. BoibT-amMnepHi XapaKkTepUCTHKH pPe3ucTopa

Slxmo Bin pisusanns (13) simwaru (14) i migcrasuta R, . =B, +B /2.,
R

st.max ?

OTPUMAEMO:
UL_UNL:BI(Iriax_Iz)'I' (15)

* . . .
OntuManbsHe 3HaueHHs [ |, 3a stkoro pizHus Mk Uy i Uy (15) makcumanbHa,
MOTPiOHO BU3HAUUTH 32 YMOBH:
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d x « 1
E(UL_UNL):BIIriaX_:;BIIz:O = I = m%g (16)

TakuM YHHOM OTPUMYIOTh JIBi TOUKH ONITUMAIBHOTO [IAHY eKCTIepUMeHTy: [ i
I,... - I3 Bupasis (15), (16) Bu3Hauarots B, Ta f;:

— Umax ) (I*/Imax ) — U*NL Umax /\/g — U*NL 3|:Umax - \/gU*NL :|

m * = = ;o (17
P (2, -I%)-1 28, /(3V3) 25 )
Umax 3|:[]max _\/gU*NLj| 2 3\/§U*NL _Umax
BO = - 3 'Imax = . (18)
Imax 2Imax 2Imax

Jins NpUHHATTA pillIeHHS MO0 HEICTOTHOCTI 3MiHHM omopy Bix ctpymy ( H,
rinoresa) uu icTOTHOCTI ( /| rimores3a) 3HaXOAATh BUIAJKOBY BEITHUYHHY f:

_ROY-RO)

sR(0%)

(19)

[lepesipka 3a t-kputepieM CThroieHTa 3 71— 1 CTENCHIMH CBOOOIHU Ja€ MOXKIIH-
BIiCTh NMPHUHHATH 13 3aJIaHOIO JIOCTOBIPHICTIO TIMOTE3y MPO JIHIMHICTh UM HENiHiH-
HICTB pe3ncTopa.

Posrisimaroun omip JiHIi eiekTporepenadi 3 MiIHOTO Y aJTFOMIiHIEBOTO JPOTY,
NPUAHATO Ha HHU3BKHX YacTOTaX CHTHANY, JIO TOrO K Ha MOCTIHHOMY CTpyMi,
MPEACTABIATH Horo Oe3iHEepIiifHMM eleMEHTOM 3 aKTUBHUM ormopoM R. Aje 3a
JIOCTaTHBO BEJIMKOI T'YCTHHH CTPYMY BiH TOBLIBHO HArpiBaeThCs, 3MIHIOIOUH OITIp.
Toni 3B’30K HANpyTH i CTPyMy Ha HbOMY OyJie MaTH JTUHAMIYHHN XapakTtep, 110
CKBIBaJICHTHO iHepIiiHOCTI. Hampukian, y KOTYIIII 1HIYKTUBHOCTI 1€ TIPHU3BEAC
JI0 3MiHM Y Yaci i1 JoOpPOTHOCTI, a MpHU NapaeTbHOMY BKJIIOYEHHI KOHAEHCATOpa —
JI0 3MiHM PE30HAHCHOI YacTOTH KOIMBAIBHOIO KOHTYypa — 3aropoKyBallbHOTO
¢inbTpa. 3a He3MiHHOT Hanpyru U, 3MiHa onopy R BiJ KBajapaTa CTpyMy MpHU3BEC
10 3MiHH eHeprii W,. Ha puc. 3 rpadiuno mokazana eHepris 3a yac I Ipu HE3MiH-

T
HoMy onopi W,=UI(0)-T sk mapanenorpama i npu 3miHHomy W, =U _[I (t)-dt
0

(dpirypa, 1o BHINIEHA KUPHUMH JIIHISIMH).

AU

a(O) 0,

t y's [(T)

Puc. 3. I'padiune BinoOpaskeHHs1 BTPAT eJieKTPOeHePrii B IPOBOAAX YHACJIIIOK iX
10CTYN0BOro HarpiBanus crpymom, xe tgo(0)=R(0), tga(7T)=R(T)
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Ananiz axkmuuHux 3HAYEHb NOKAZHUKA YCRIWHOCMI T MEXHO02THHOCIE 3a
YMOBU BUKOPUCAHHS HOBUX MEMOOUK 00 NPOBEOCHHS IADOPAMOPHUX OOCHIONCEHD
CTaTUCTHYHMI aHaNi3 eKCIIEPUMEHTAIBHUX JaHUX 3 2 KypCiB i1 HaBYAJIbHUX
rpyn 0e3 BHKOPHUCTAHHS HOBHUX METOAMK I10Ka3aB, IO Jiala30H 3MiHU 3HAYCHb
JIOKQJIbHOTO KPUTEPIt0 Oy, 3HAXOMHUTHCS B inTepBai Big 0,048 mo 1. PisHuIsg Mix

MiHIMaJTbHAM i MAKCUMAIBHUM (DaKTHYHUMH 3HAYCHHSIMU TOKa3HMKA YCIIITHOCTI
s 2 kypeiB ckmanma 0,952, Ticrorpama eMmipu9yHOro po3noainy (GakTHYHUX
3HAuYCHb MOKA3HUKIB YCIIIIHOCTI IPEJCTaBJICHa Ha pHC. 4.

164 164
=1 =1
- 5 g
g 8 g8
4 4
0+ 0-
0 0,2 0.4 0,6 0,8 1 0 0,2 0,4 0,6 0,8 1
Qusp Qusp

Puc. 4. T'icrorpama 3HayeHb MNOKA3HUKA ycHIIIHOCTI 0e3 BUKOpUCTaHH (3J1iBa) Ta i3
BHKOPUCTAHHAM (IIPAaBOPYY) CHCTEMHOIO0 MiaAxony

CTaTUCTHYHMI aHaNi3 eKCIIEPUMEHTAIBHUX JaHUX 3 2 KypCiB i1 HaBYAJIbHUX
Ipyll 3 BUKOPHCTAHHS HOBUX METOIUK I10Ka3aB, IO Jiala30H 3MIiHU 3HAYCHb
JIOKQJIbHOTO KPUTEPIt0 Oy, 3HAXOMUTHCS B inTepBati Bix 0,084 mo 1. PisHuisg Mix

MiHIMaJTbHAM i MAKCUMAIBHUM (DaKTHYHUMH 3HAYCHHSIMU TOKa3HMKA YCIIITHOCTI
st 2 kypeiB ckinana 0,916.

3 aHa;izy TiCTOrpaM MOKHAa CTBEPUKYBATH, IO OTPUMAHO ITiBUINCHHS PIBHS
YCIIIIHOCTI TIPH 3aCTOCYBaHHI CHCTEMHOTO MiIXOY.

CratucTruHMi aHami3 (QakTHYHHX 3HAYEHb IOKA3HWKA TEXHOJOTIYHOCTI 3
2 KypciB sl HaBYAIBHUX TPy Oe3 BUKOPHCTaHHsS HOBMX METOJAWK TOKa3aB, IIO
3HAYEHHs 3MIHIOIOTECS B miamas3oHi Bix 0,014 mo 0,52. Pisuuist MK MiHIMAJIEHHUM 1
MaKCUMallbHUM (paKTHYHUMH 3HaYSHHSIMH MToKa3HuKa ckaia 0,506.

357 357
30 30
NZS- st_
520, 5 20;
S 151 ;&15-
710- 101
51 5
0- ' 0 P
o 01 02 03 04 05 06 o 01 02 03 04 05 0,6 0,7
Qteh Qteh

Puc. 5. Ticrorpama 3Ha4eHb NOKA3HUKA TEXHOJIOTTYHOCTI 0e3 BUKOpHCcTaHHH (3J1iBa) Ta i3
BHKOPUCTAHHAM (IPABOPYY) CHCTEMHOI0 MiaXony
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3rigHo 3 puc. 5 g GakTHUHUX 3HAYCHb IMOKA3HHMKA TEXHOJIOTTYHOCTI CIIOCTE-
piraeTbecsi TEHACHILS 10 HU3bKUX 3HaUCHb KOS(PIIIEHTIB TEXHOIOTYHOCTI K. Hana
cUTyallisi oOyMOBJicHa IEPEBAKHO PYYHOI OOpPOOKOIO pe3ysbTaTiB HAaBYAHHS B
X011 6e3nmocepeHbOT B3aeMOIT 31 cTyeHTaMu. Y Tabm. 1 mpeacraBieHi ekcrepu-
MEHTaJIbHI JaHi 3 Kypcy Ul pO3paxyHKY MOKa3HUKA TEXHOJOTIYHOCTI, I SKOTO
oTpuMaHo 3HayeHHs O, = 0,087.

Tabnuys 1.
0e3 BUKOPUCTaHHAM 3 BUKOPUCTaHHIM
CHUCTEMHOI'O CHUCTEMHOI'O
L AXOTy L AXOTY
pobora 2 3 4 5 1 2 3 4 5
[MOKA3HUK
o 4,5 4,5 4 4 3 6,5 7 7,5 7,5 7,5
TEXHOJIOTTYHICTh 2 2 2 2 2 6 8 8 8 8
K 0,2 0,2 0,2 0,2 0,2 0,6 0,8 0,8 0,8 0,8

CratucTiuHMi aHami3 (QakTHYHHX 3HAYEHb IOKA3HWKA TEXHOJOTIYHOCTI 3
2 KypciB JUIsi HaBYAIBHUX TPYN 3 BUKOPHCTAHHS HOBHUX METOJMK IIOKa3aB, IO
3HAYEHHs 3MIHIOIOTECS B mianasoni Bix 0,318 go 0,6. PizHuig MK MiHIMaIbLHUM 1
MaKCUMaJIbHUM (paKTHYHUMH 3HaYCHHSMH MTOKa3HuKa ckiana 0,282.

VY Tabn.1 npencraBieHi eKClIEpUMEHTANIBHI IaHi 3 Kypcy 13 BUKOPUCTAHHSIM CH-
CTEMHOr0 IMIAXOMy, IUIsl SIKOrO OTPHUMAHO OUIBII BHUCOKE 3HAYCHHS IMOKAa3HHMKA
texHonoriunocti  Qp, =0,343. biteln BHCOKMH piBeHb TEXHOJOIIYHOCTI

o0yMoBNIeHHH THM, 0 B 4 poboTax 3 5 MmepeBakHO aBTOMAaTH30BaHa 00pOOKa, a
piBEHb 3aCBOEHHS 3aBJaHHS o 3HAXOMUTHCI B Mexax Bif 5,3 mo 7,5. OcKinbKu
cepenmHe o JIOPIBHIOE 6,76, TO MOXKHA CTBEP/XKYBATH, IO OTPUMAHO ITiJJBUILCHHS
PIBHS 3aCBOEHHS JAHOT'O KYpPCY.

BucHoBOK

Icuyroya MatepianbHa 0a3a JJAOOPATOPHUX POOIT 3 CIEKTPOTEXHIUHUX IMCIIMII-
JiH, mornoBHeHa EOM, nmae MOXJIMBICTh, KOPUCTYIOUHCh METOIUKOIO, MOOYI0Ba-
HOIO Ha OCHOBI CHCTEMHOI'0 MiJXOIy, CYTTEBO MOJEPHI3yBaTH 3acTapilli MiJAXOaH
710 1ab0paTOpHHUX POOIT, 3poOUTH TX JIMCHO IIKABUMHU i KOPHCHUMH Y (OpMyBaH-
HIi y CTY/ICHTIB HABUYOK III0JI0 HAYKOBUX JTOCIIIPKEHb 1 OUIBII TOUHUX THKEHEPHUX
PO3paxyHKIiB.

Ha mpuknaai nmaboparopHoi poOoTH, MOKa3aHO AOMUIBHICTh MiAXOMY, IO €
METOJMYHO KOPUCHIIIMM, HAIpPaBICHUM Ha 3aCBOEHHSI HABUYOK HAYKOBOT IIisijIb-
HOCTI Ta OLIBII BiJITOBiJAILHUM (TOYHUM, aKyPaTHUM) B IHXKEHEPHIH MisIIbHOCTI.

3a paxyHOK e(peKTHBHHX METOJAWK TUTAHYBaHHS CKCIIEPUMEHTY H ONTHMAaIbHOT
00poOku ioro pesynprariB Ha EOM 13 cyyacHHMMH MakeTaMy NMPUKIAJHUAX MPO-
rpaM JijIs 00poOIli TaHUX EKCIIEPUMEHTY, alrOPUTMAMU ONTHMAJILHOTO OI[IHIOBAH-
Hs, QinbTpanii 30ypeHs Ta imeHTHdikamii, oTpuMaHi MaTeMaTH4YHI MOJEINI NaloTh
3MOT'Y JOCIIIUTH, Ha MOPSIOK MIBUIIIC 1 TJIKOIIE, PI3HOMAHITHI PSKUMHU POOOTH
00’exTa.
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