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Ha ocHoBi mpuiiomMiB BUpOOJICHHS BIACHOTO CTUIIIO Mi3HAHHSI MH
PO3pOOIISIIM  TEXHOJNOTIYHI acleKTH BIPOBA/PKEHHs J1aboparop-
HUX pOOIT YaCTKOBO-TIONTYKOBOTO XapaKTepy y HaBYaHHI ()i3HKH:
0COOHCTICHO-OPIEHTOBAHMH MiAX1J IO KOKHOTO CTapIIOKIACHHKA.

Sk npaBuio, yci JabopaTtopHi 3aHATTS 110 BU3HAYEHIH Ha-
BYAJTbHIN JUCIHILTIHI TOEAHYIOTHCS B €JMHY CUCTEMY 1 3BYyTHCS
“nmabopaTopHU MPAKTUKyM ™, 1[0 JO3BOJISIE TOBOPUTH TIPO iCHY-
BaHHI 3HAYHOI MTOJIOHOCTI MiXk JJaOOPATOPHUMH 1 TPAKTHYHIUMHU
(bopmMaMu IPOBEICHHS 3aHATb.

JlaGoparopai poOOTH — HAOLIBII IIIHHUI METOA HaBYaH-
Hsl, aJUKE BIH BUMarae KOMIIETEHTHICHOTO MiJXOY 1 XapaKkTepH-
3YETHCS OpraHi3alli€ro Mi3HaBaJIbHOI MIsUTBHICTE Y JTaboparopii,
PO3BHBA€E CBIT ONIAAHICTH THX XTO HABYAETHCS. 3aCTOCYBAaHHS
71a00paTOpPHUX POOIT BUSBISIETHCS KOPUCHUM y BHKJIAJIaHHI Ga-
raTbOX HaBYAJBHUX TUCIMILIIH [9].

BucnoBkn. [Ipo6nema METOAMYHOI MiATPUMKH MPOLECY
HaBYaHHS IIOCTIHHO € IIPEAMETOM yBaru IepeBaXKHOi OLIBIIOCTI
METOIUCTIB-(DI3UKIB Ta BUUTEIIB-MPAKTUKIB. BHacHimToK iX 3y-
CHJIb CyJacHa AU/IaKTHKA (i3UKH, B CBOIX IPOEKTHO-KPEATHBHUX
po30y0Bax, Ma€ MOXIIMBICTh BU3HAYATHCh 1 YTBEPKYBATUCh,
ONUPAIOYNCh HA MIHPOKHUI apceHall 3aco0iB HaBYaHHS, IO PO3-
POONSIOTHCS 171 TOTOBHEHHs (200 K 1 4aCTKOBOI 3aMiHM) Mif-
pyunuka. Ile — po6oui 30mHTH, AUAAKTHYHI MaTepiaii, MeTo-
IUYHI peKOMEHAaIlil, KOHKPETHI METOAWKU, METOAWYHI KepiB-
HUIITBA, METOAWYHI JOMOBHEHHS, METOAUYHI KOMEHTapi, 30ip-
HUKH, MOJIEJi, TaOIUIIi, TPOTpaMHi 3aCO0H, CUCTEMH IITYYHOTO
IHTEJIEKTy JJIsl OpraHizalii mporecy caMOHaBYaHHS (HaBYaJIbHI
0a3yu JaHWMX, EKCIEPTHI HAaBYaIbHI CHCTEMH, HaBYAILHI 0a3u
3HAHb), HaBYaJbHE Ta JAEMOHCTpAIilfHe OONaJHAaHHSI, CHpsDKe-
HE 3 KOMIT I0TepOM, HaBUAJIbHI ay[io- Ta BiI€O3aliCH, CHCTEMa
“BipTyanbHOI peasbHOCTI” (TEXHOJIOTIsI MyJIbTHMEIia), CUCTEMa
CTAJIOHHUX BHMIPHUKIB SIKOCTI 3HaHb TOWIO [1, ¢.38].
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METOAONOrYHI OCHOBU 3ABE3MNEYEHHA NMPO®ECIMHOI KOMMETEHTHOCTI YYUTENA
®DI3UKN B NPOBEAEHHI YACENIbHUX EKCNEPUMEHTIB TA NPOLIEC IX dOPMYBAHHA

PosmisHyTO MeTOnMYHI 0cOOIMBOCTI PopMyBaHHs MPopeciitHO KOMIIETCHTHOCTI YUUTelsl (hi3HKH B Iporieci 00poOKH Ynceb-
HHUX eKCIIepUMEHTAIBHUX JaHuX. HaBeneHo pexoMeHnanii moao o0urucineHb CTyJeHTaMu abCONIOTHOI Ta BiIHOCHOT MOXHOOK, BU-
KOHaHHI apH)METHIHHX OoIepauiil Hax IoXnOKkaMu, 30KpeMa, oneparii JiTeHHs.

Ki11040Bi ¢/10Ba: KOMIIETEHTHICTD, YHCEIbHI EKCIICPUMEHTH, MOZICIIb HaBYaHHs (Di3UKU

BignoBizno 1o VYkazy [Ilpesunenta VYkpainum Ilpo
HaunionansHy cTpaTerito po3BUTKY OCBITH B YKpaiHi Ha Iepion
1o 2021 poky B YkpaiHi 3a0e31edueH0 BUKOHAHHS Py MTUTAHb,
MOB’S3aHUX 3 (PYHKUIOHYBaHHSAM CHUCTEMH IpodeciifHoi ocBi-
TH, B TOMY YUCII 1 (Pi3MKO-TEXHOIOTIYHOTO Npodiiro, UIst BCiX
11 piBHIB i migcucteM. 30KpeMa, MOXKHA BKa3aTd Ha JlepkaBHY
LTbOBY COLiabHy MpPOrpaMy MiABHIICHHS SKOCTi IIKiLTBHOT
MPUPOTHUYO-MATEMATHIHOT OCBITH Ha Tiepion 1o 2015 poky.

Pa3om 3 THM, po30ynoBa HaIliOHAJIBHOI CHCTEMH OCBITH B
YMOBaX CbOTOJICHHSI BUMAarae KpUTHIHOTO OCMHUCIIEHHS JOCSTHY-
TOTO 1 30CepeIKEHHs 3yCIIIb Ha PO3B’s13aHHI HAHOUIBII TOCTPUX

© Mlupba O. B., lupba B. C., 2013

npo6nem, 5Kl CTPUMYIOTh PO3BHTOK, HE JAIOTh MOXIIMBOCTI 3a-
0e3MeYnTH HOBY SIKICTH OCBITH, B TOMY YHCII i BHINIH IIKOMI.
Cepen mpobieM MOXHA 3a3HAUYUTH HU3BKHH PiBEHb MOTHBAMil
HaBYaHHS, 1110, B CBOIO YEPTy, II0O3HAYAETHCS Ha SKOCTI HaBYaH-
Hs. 3a0e3nedeHHs CHUCTEMHOIO INIBUILEHHS SIKOCTI OCBITH Ha
IHHOBaLilHI OCHOBI Ta HAYKOBO-METOAWYHE CYIPOBOKCHHS
HaBYAJIbHO-BUXOBHOTO IPOIECY MOCTa€ HEOOXiAHOI YMOBOIO
YAOCKOHAJICHHsI CHCTEMH I1iITOTOBKH MOJIOZI.

YV mepury depry 1€ OB’ s3aHO 3 OHOBJICHHSM 3MicTy, (opMm,
METOZIB 13ac001B HaBYaHHSI, PO3POOKOIO Ta BIPOBAIKEHHIM HOBHX
Jiep>KaBHUX CTaHAPTIB podeciiiHoi ocBiTH. JJOCHTB akTyabHUMU
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Po30in 4. Memodosioeiini ocHoBu po3Bumky npoghecitiHoi komnemexnmHocmicmyoenmiB

MOCTAIOTh IHHOBALiI{HI TEXHOJIOTIT YIIPaBIiHHA SKICTIO MiATOTOBKH
MaHOyTHIX yauTeNiB (Hi3HKO-TEXHOIOTTIHOTO MPOQLITFO.

Po3BHTOK (hi3MYHOT OCBITH XapaKTEPH3YETHCS, TIEPII 3a BCE,
HasIBHICTIO €KCIIEPUMEHTIB, SIKi BiAIrParOTh BUPIIIAIBHY POJIb Y Ti
CTaHOBIJICHHI, B p03po0Li (Pi3UMYHUX YsIBIECHb, 3aKOHIB, TEOPIiii, a
TaKOX Y BIOCKOHAJICHHI TEXHIKH, TEXHOJIOT1i BUPOOHHUIITBA Ta iH.
JlaHi eKcHepUMEeHTH Ta METOOJIOTIUHI IIMTAaHHS IX NPOBEICHHS
CT@HOBJISAITH OCHOBY B IiATOTOBLI BUUTENIB (hi3UKH.

He moxHa He 3BepHYTH yBary i Ha Te, IO MPIOPUTETOM
PO3BHTKY OCBITH € BIPOBaDKCHHS CydacHUX iHQopMamiiHO-
KOMYHIKallifHAX TEXHOJIOTIH, 110 320€31eUyI0Th Y0 CKOHAICHHS
HaBYAJIbHO-BUXOBHOTO IIPOLIECY, JOCTYIHICTh Ta €(pEeKTHBHICTh
OCBITH, MATOTOBKY MOJIOAOTO MOKOJIHHS 10 KUTTEAISUITBHOCTI B
iH(pOPMAIIITHOMY CYCIIJBCTBI.

KiracuuHi (i3n4Hi eKCIEpUMEHTH, SIK 1 TPAKTHKYMH 3 ILKLIb-
HOTO (hi3MYHOTO EKCIIEPHMEHTY, L0 HPOBOMSTHCS B HALIIOMY YHi-
BEPCUTETI, XapaKTEePH3YIOThCS He JuIe (pakTopoM Oe3mocepeHb0-
TO TPOsIBY (hi3UYHOTO SIBHUINA YU 3aKOHY, alle 1 THM, 0 SIKHX HOBHX
i1el BOHU IPUBOJIATE y CBOEMY PO3BHTKY. be3symMoBHo, 110, hyHIa-
MEHTAJIbHI eKCIICPUMEHTH MatOTh CBPUCTHYHUI XapaKTep 1 € ayxe
BKJIMBUM (haKTOPOM Y T€Opii HABYAHHS (PI3UKH.

Ta He TLNBKH B IIBOMY TOJISATA€ iX 3Ha4eHHs. Bimbimn ne-
TAJIBHUH PO3IISL OCOOMMBOCTEH EKCIIepUMEHTAIBHOI POoOOTH
OKpECJIIOE LM psit 3a/1a4, OB’ sI3aHKMX 3 Hero. [HmmMHu cio-
BaMH, CKCIIEPUMEHT MICTUTh B CO01 O3HAKU Pi3HUX CTOPIH Mi3-
HaBaJIBHOI IISUTBHOCTI 1, CaMe UM, XapaKTepH3yIOThCS METOM0-
JIOTiYHI OCHOBM 3a0e3medeHHs] NpodeciiiHoi KOMIETEeHTHOCTI
yuurelst Gi3uK B IPOBEICHHI €KCIIEPUMEHTIB.

OnHi€ro 3 0cOONMMBOCTEH iX MPOBEACHHS € YHUCEIBHUN XapaK-
Tep Pe3yNbTATiB eKCIIEPHMEHTIB, a, OTXKe, 3Ha9Ha yBara MOBHHHA
30CcepeKyBaTUCsl HA YHCEIBHUX METONaX, SIKi BH3HAYAIOTh CIO-
co0u BiUIyKaHHS PO3B’SI3Ky MPHKIIAIHOL 33/1a4i B YNCIIOBOMY BH-
msaai. OCKiUTbKY B OUTBIIOCTI BUMAJIKIB OICPIKYIOTh HE TOUYHHH, a
HaOMKCHUI PO3B’SI30K, TO OIIHKA TIOXUOKU [IbOTO HAOIMKEHOTO
PO3B’SI3Ky IIOCTAE OIHIEIO 3 TOJIOBHUX 3314 YHCEIbHUX EKCIIepH-
MEHTIB, 0e3 K01 OOYMCIIEHHS BBAXKAIOTHCS HE3aKiHYEHNMMU.

SIk BiIOMO, 332 CBOIM MOXOKCHHSAM ITOXUOKH O0UMCICHHS
MO)KHA TIOJUTUTH Ha YOTHPH Tpymu. Jlo mepmoi BiTHOCATH Imo-
XHOKH, 1TOB’5I3aHI 3 CaMOIO0 IOCTaHOBKOIO 3a1aui. Bonn BuHnKa-
I0Th TOMY, 110 PEJIbHi SIBHIIA PiJKO BIAETHCS OIMUCATU TOYHO.
Yacrime 6epeThest Ouc AesKoi 11eani3oBaHol MOAEi, 10 CIIpo-
nIye TOCTaHOBKY 3an1aui. Hampukian, mpu oOYMCICHHI TUIONI
MOBEPXHI KPUIIKH CTOJIA, BBAXKAIOTH KPUIIKY iJ[eaTbHO IIOCKOI0
MOBEPXHEIO MPSIMOKYTHOT (OPMH.

[pyra rpyna moxu0Ook MoB’s3aHa 3 THUM, IO B METOIaX
PO3B’sI3aHHS 3a/1a4 4aCTO BUKOPUCTOBYIOTh (YHKIII, sIKi 3a/1a-
IOTBCSl Y BHDVI/IL HECKIHUCHUX psAiB a0 BHKOPHCTOBYIOTHCS
METOIH, IO 3BOMATHCS 10 HECKiHYeHHUX mporieciB. Taki oOuuc-
JICHHS HE MOXXYTh OyTH JOBEICHI A0 KIHLS 1 3aBEPLIYIOThCS IPH
JOCSITHEHHI IEBHOTO CTYTNEHSI TOYHOCTI. SIKIIO BUKOPHCTATH iH-
MM METOJ, TO MOXUOKU MOXKYTh OyTH iHIIMMHU. ToMy ITOXHOKH,
SIKi TIPH 1IbOMY BHHHUKAIOTbh, HA3UBAIOTh MOXUOKAMU METOLY.

[Ipu 3amuci ippamioHaJbHUX YHCEN, HECKIHUCHHUX IIe-
PlOAWYHUX ECSITKOBUX NPOOIB Ta YKCEI, 0 B TOYHOMY 3aIuCi
MaloTh HaJUTHIIOK IH(pP, MU 00MEXKyEMOCS JIHIIIE IEBHOO CKiH-
YEHOIO KiJIbKICTIO IECATKOBHX 3HAKiB, TOOTO BUKOHYEMO OKpY-
mieHHs. Lle mpuBOANUTSH 70, TaK 3BaHUX, TOXUOOK OKPYTIIEHHS.

I, HapemTi, Mpy BHKOHAHHI omepauiii Hax HaOMKECHUMU
YHCIIaMU MOXNOKH ITOYaTKOBHX JJAHHUX BIUTMBAIOTH HA MOXUOKH pe-
3yNbTaTy 004YMCieHb. Taki MOXHMOKH HA3UBAIOTH MOXUOKAMH JTii.

B oOuuncmoBanpHiii MaTeMaTtuili B OCHOBHOMY PO3IVI-
JTAIOTHCS TIOXUOKHU Jill 1 OKpYIIICHHS Ta MOXHOKH MeToxy. [1pu
I[bOMY BHKOPHCTOBYIOTH IOHSTTS aOCONIOTHOI 1 BIXHOCHOT ITO-
XHOOK pe3ynbrary abo MEeToJ MeXK.

51, Ha meprumit norsia mpocrta indopmaris, Bigpasy Ha-
LTIOE CTYACHTIB HAa HEOOXiHICTh OUTBII CEPHO3HOTO CTABICHHS
JI0 po0OTH 3 HAOMIDKeHUME JaHuMHu. Le cyTTeBinie 3MiHIOEThCS
Bi/THOILICHHSI, KOJIU IIOCTAE MUTAHHS [TPO 3HAXOKEHHS aOCOIIOT-
HO1 MOXUOKH, HE TUBJISTYMCH Ha T€, 110 3 HEIO 31aBasIoch O (i3u-
K{ 3HaliOMi TocHuTh no0pe. TyT MOUiIbHO 3ar0CTPUTH MPOdIeMy
Ha O03Ha4YeHHI a0COJIIOTHOT OXUOKH.

Sk BiOMO, HAONMIKEHUM YKMCIIOM Ha3UBAIOTh YHCIIO d, IKE
MaJIo BiAPi3HAETHCS BiJf TOYHOTO 3HAUCHHS YUCIIa X, MOAYJb Pi3-
HUIII X — @ HA3UBAETHCS AOCONIOMHOK NOXUOKOH 1 TIO3HAYAETHCS
OykBoto A. A=|x — a|. OCKUIbKH HAOJNWKECHE 3HAYCHHS X, K
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[IPaBUIIO, HAM HEBIZIOME, TO BUXOUTb, 110 A 00UUCINTH HEMOXK-
nuBo. Ilicis TakuX IIOKYIOYMX ITOBIJOMJICHb MOYKHA CIOKIHHO
TOBOPHTH PO TPaHIYHI MOXHOKH.

[ToHATTS MEX TOLUIBHO JaBaTy yepes Jiarna3oH 3MiHM 3Ha-
4yeHb. MeTox MeX, 3 SIKMM CTYJICHTH paHille, MOXKHA CKa3aTH,
110 He 3yCTpivajucs, 6a3yeThesl Ha TOMY, LI0 HEBIiZOME 3HAYCHHS
YHCIIA JAEThCS B NEBHUX JOMYyCTHMHX MEXaxX 3MiHH, Alana3oHi
(mwxHill — HM 1 Bepxniit — BM). [Ipn BukoHaHHi apudmMeTHIHIX
orieparliif KOpHCTYIOThCS TAKMMHU MPABHIIAMH OOYHCIICHHS MEXK:

1) HM(a+b)=HMa+HMb ; BM(a+b)=BMa+BMb.

2) HM(a—b)=HMa-BMb ; BM(a—b)=BMa—HMb.
Slkio HMa 1 HMb noparsi yucna, To:

3) HM(a-b)=HMa - HMb ; BM(a-b)=BMa - BMb.

a_ HMa aj_ BMa

HHM| = ; = .
b) BMb b) HMb

Bapro 3ayBaxkuty, 1o, sikiio HMa a6o HMb Bin’emHi unc-
na, To npaswia 3) i 4) He xitoth. [ToTpiOHO HOCTIKYBATH, SIKE
HaO1IbIIe YK HAIMEHIIIe 3HAYeHH MOKe HaOyBaTu JOOYTOK 4
yactka. TyT JoniipHO HaBeCTH KOHKpeTHI Bunaaku. Hanpukiaz,
ko —1,5<a <21-2 < b <1, 7o HM(ab) = —4 = BMa - HMb,
a skmo —1,5< g < 2 (3anumiaeTbes B THX CaMHX Mexax) 1
—2 < b <3 (3MiHnnacs auie BepxHs Mexa), To HM(a-b) =-4,5 =
= HMa - BMb. Ananoriuno, B nepiomy Bunaaky BM(a-b) =3 =
=HMa - HMb i B npyromy Bunaaky BM(a-b)= 6= BMa - BMb.

Sk Gaummo, BHOIp GopMynH 3alNeKHUTh Bill KOHKPETHHX
3Ha4YeHb JOIyCTHMHUX Aiana3oHiB. ToMy Ha mpakTuii noTpioHO
3HANTH BC1 MOXKJIMBI JOOYTKH HIOKHIX Ta BEPXHIX MEX 1 BUOpaTH
cepen HUX HaiiMeHIIe 1 HalO1TbIIe 3HAYCHHS.

IMpuponHo, mo CTYIeHTH (i3HKO-MaTeMaTHIHOTO (haKyIIb-
TETy B CBO{H NpaKTHIi IIUPOKO BHKOPHCTOBYIOTH OOUHMCIIO-
BaJIbHY TeXHiKy. [Ipy 00YHCIICHHSX 32 JOOMOTOI0 KOMIT foTepa
JOCHTH 9acCTO OJIEPXKYIOThb JyXe JOBTi (3 BEIHUKOIO KUIBKICTIO
nudp) yncna. 3anucu HaOIMKEHOTO YUCIIOBOTO PO3B’SI3KY THITY
x =2,587443946 £ 0,002875359 € HEKOPEKTHUMHU 3 TOUKH 30py
obuncmoBanbHOl Maremaruky. Hampukman, Tak camo abcypa-
HOIO € JeTajbHa iH(opMaris: BiICTaHb MK MiCTaMH CTaHOBUTH
107 xinomerpis 241 meTp 15 caHTUMETPIB 1 6 MiTiMeTpiB.

V takwuii criocié MU IiIBOIUMO CTYACHTIB JI0 TOTPeOU BH-
KOPHCTOBYBATH JIMILIC 3HAYYI Ta BipHI nuQpu.

Ipy BuKOHAHHI apupMETHYHHUX ONeparliii Hax MOXUOKamu,
0co0MMBO omepartii AUICHHS, MOXYTh BHHHKHYTH JOCHTH JOBTI
JICCATKOB] YHCNla 1 HaBiTh HECKIHYECHHI JECATKOBI apodu. Tomy
BUHHKA€ MHUTAHHS PO OKPYDIEHHS. SIKIO OKPYIIFOETHCS JIMIIE
MOXHOKa, TO HIDKHS MeXKa 3a0KPYIIIFOETCS 3 HEIOCTadero, a abco-
JIFOTHA, BITHOCHA TIOXUOKH 1 BEPXHS MeXa — 3 Ha/UIUIIKOM. SIKIIo
K OKPYIJIFOETBCS 1 PE3YNIBTAT, TO TIOXUOKA OKPYIVICHHS TIPUETHY-
€ThCs 10 abcomroTHOI moxubku. Hampuknan, skmo a = 0,72 £ 0,02

ib=211+ 003, 10 % = 0,341232227..., 8, = 0,0277777...,
5,=0,014218009....,- 8, =0,041995787..., A, =0,014330316...

. . b . b .
Toni, 3anuinarouu 1B 3HAIYI MU(PU B pe3ysbTari, OepKUMO, IO
A(}Kp:O,OO 1232227. lonatoun 1i 10 aOCOMFOTHOI IIOXUOKH, OEPKHU-

MO, 1110 OXHOKa pe3ynbrary craHoButh 0,015562543 3aokpyriiimMo
10 TOXHMOKY 3 HauThIKoM. OTxKe, > =0,34+0,02.

Sk mpaBuiIo, B MOXMOLI Pe3ynbTaTy 3alMIIAI0Th CTLIBKU
3HAYYIIUX OUP, CKUIBKY IX € B MIOXHOKaX apryMeHTiB, alie, iHO-
i, 3py9HO 3aJIMIIATH OXNHY 3amacHy mudpy. Hampukman, mpn
OKpyIIeHH] moxuOku pesynsrary 0,108 3a moxubKy AominbHIIIE
oparu gucno 0,11 Hixk 0,2.

Takox KOHKPETHHM MPHKIIZOM JIETKO TOSICHUTH, YOMYy Ha
TIPaKTHUIIl TOYHI MiAPaXyHKH MOXMOOK HE 3aBKAW BUIIPaBIaHi i 31e-
OLIBIIIOTO KOPHUCTYIOTHCS IPABUJIOM TiipaxyHKy u¢p 3a B.M. Bpa-
micom. Ie BumHO 3 hopMyITFOBaHHS Takol 3aj1adi: asmobyc, pyxaio-
uuch 3 00HO20 Micma & inute, nooonas eiocmans 6 70 Kinomempig
nmoc/minyc 500 mempis i 30itichug 3ynunxy. Ipu synunyi canemigruil
UATIAX CIAHOBUB 080 CAHMUMENPU NATOC/MIHYC 5 minimempig. 32000m
asemobyc npodosicus pyx i npoixae we 30 Kinomempis nirOC/MiHyc
100 mempis. Ay 3aeanviy iocmatns nooonas asmooyc?
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OCHOBBI OBECNIEYEHU A TPO®ECCUOHAJTBHOMN
KOMIETEHTHOCTHU YUYUTEJIA ®U3UKHU B IPOBEJEHUN
YUCJIEHHBIX OKCIIEPUMEHTOB U ITPOLHECC
HUX ®OPMHUPOBAHUA

PaccMoTpensl MeToguueckue 0cOOEHHOCTH (HOpPMUpPOBaA-
HUS IPO(ECCHOHAIBHON KOMIETEHTHOCTH Y4uTensd (QU3UKH B
nporecce 00pabOTKH MHOTOUYHCIICHHBIX KCIIEPHMEHTAIBHBIX
JaHHbIX. [IpUBeleHBl PEKOMEHJALMK 110 BBIYMCICHUIO CTY-
JEHTaMH a0COIOTHOI M OTHOCHTENBHOH MOTPEIIHOCTEH, BbI-
MOJIHEHUH apu(PMETHUECKHX OIepaliii HaJl HOTPEIIHOCTIMH, B
YaCTHOCTH, OIEPaLlUH JICTICHHSI.

KiroueBble €J10Ba: KOMIIETEHTHOCTb, MHOTOYHCIICHHBIC
9KCIIEPUMEHTBI, MOZIEb 00yUYEHUs! (PU3HUKH.

O. V. Shchyrba, V. S. Shchyrba
Kamianets-Podilsky Ivan Ohienko National University
METHODOLOGICAL FOUNDATIONS OF PROFESSIONAL
COMPETENCE PHYSICS TEACHER IN NUMERICAL
EXPERIMENTS AND PROCESS OF THEIR FORMATION

Methodical peculiarities of professional competence of
teachers of physics in the numerical treatment of experimental
data. The recommendations on student computing absolute and
relative errors, performing arithmetic operations on errors, in-
cluding division operation.

Key words: competence, numerical experiments, the mo-
del of teaching physics.
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DESIGN AND DEVELOPMENT FOR A SIMULATOR OF BIOPHYSICAL
CARDIOVASCULAR PROCESSES

This article about design and development for a simulator of biophysical cardiovascular processes. This is necessary to under-
stand different cardiovascular pathologies and the diagnostic methods findings.

Key words: simulator, cardiovascular processes, learning tools.

Abstract. Teaching students the Cardiovascular System
and the diverse biophysical factors involved in cardiac patholo-
gies can be greatly supported by simulators. Simulators allow
students to explore each variable in the study when they are mod-
ified. It is of vital importance to study the cardiovascular system
during the formation of medical students and students of related
areas. Basically, the cardiovascular system shows heterogeneous
biophysical properties that force researchers to design specific
simulators for a particular area or segment of the system. For
example, the large blood vessels emerging from the left ventricle
have elastic properties, while the rest of the vessels irrigating
most organs and muscles lose elasticity to become muscle type
vessels. We designed and developed a simulator that allows the
study of blood flow, that is, applied hydrodynamics to describe
blood flow. This is necessary to understand different cardiovas-
cular pathologies and the diagnostic methods findings.

In this sense, the physical principles governing peripheral
circulation are not necessarily applied to the study of the isolated
functioning of the heart. Experiments in Biophysics laboratories
reduce the studies to ideal conditions, far from the real systems.
Hence the study of hemodynamics is permanently improving.

For the simulator design, we develop mathematical models
of physical processes like flow, systolic and diastolic pressures
of the cardiac cycle. This is represented by an electric circuit
described by multiparametric differential equations, which can
be relating pressure and flow variables.

With this model a simulator of biophysical cardiac proc-
esses is developed, solving the differential equations by Euler’s
method where the left ventricle, aortic valve and the principal
arterial ramification are represented by the circuit components.

Furthermore, the behavior of both, the ventricular pressure
and the proximal arterial pressure in the aorta can be followed in
artery stenosis, using the previous mathematical model. For ste-
nosis simulation, valve resistance is varied, assuming a constant
and uniform blood flow, similar to a sinusoidal wave.

On the other hand, regulated blood flow is simulated,
based on Windkessel’s model. This model is used to describe
basic properties of the vascular system and to study the relation-
ship between the hemodynamic variables in large vessels. For
flow simulation, cardiac frequency is varied.

Finally blood flow rates velocities are modeled through
Poiseuille’s model, considering a stable blood flow, viscosity and
Navier Stokes equation in newtonian fluid, for a blood vessel whose
narrowest segment is much longer than its diameter, and is assumed
constant. This model works for blood vessels with small diameter
and rigid walls. The simulators were built using Visual Basic 6.0 ver-

sion, which can be used in any PC compatible computer, Windows
OS and 40.4 MB available space on hard drive.

1. INTRODUCTION

Universities and research centres have been recently in-
volved in the development of computer models and simulation of
diverse phenomena aiming for research tools and development.
Participation of multidisciplinary groups competent in different
research areas are needed to build these computer models. As a
result, different simulators of complex phenomena are available
on line. With this in mind, a simulator of several biophysical
cardiovascular processes is here described.

To understand the mechanisms of irrigation in tissues and the
delivery of nutrients and oxigen to the cells in the human body, as
well as CO2 and waste elimination, it is necessary to study cardio-
vascular physiology and pathology. In the cardiovascular system,
blood flows by pressure, from high to low, due to cardiac action. It
flows in one direction because the valves redirect blood flow.

For blood flow to be continuous, large arteries need elastic-
ity. Arteries also need more muscular content and less flexibility
for blood to flow preferentially toward tissues. Therefore varia-
tions in arterial diameter significantly modify peripheral resist-
ance. The presence of blood capillary vessels with small diam-
eters diminishes blood flow, and their thin walls allow metabolic
gas exchange (1). It can be observed that this is a hemodynamic
heterogeneous system.

There is no computer yet capable to process each and every
function of the cardiovascular system simultaneously. However, it is
possible to reduce or divide the system by simulation strategies.

In this study, the cardiovascular system is reduced through
its equivalent electric circuit.

In this case the resistance to blood flow by the diameter of
thousands of peripheral blood vessels can be represented by a
single electric resistance; the increase in value means an increase
in arterial pressure. The minimal pressure necessary to keep a
continuous flow in the closed system can be electrically repre-
sented by a battery [2; 3].

The next section of our simulator is the study of blood flow.

Our body contains approximately 5 liters of blood,
pumped by the heart to flow through the blood vessels, travelling
120 times the whole body every hour. To simulate this, we use
Windkessel’s Theory, proposed by the german physiologist Otto
Frank in 1899. This theory takes arteries elasticity into account
and describes how the heart pumps a volume of blood during
systole, part of which is stored in the arteries because the pres-
sure causes a radial extension of the arteries.
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