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BIIOMOCTI ITIPO ABTOPA
I'yp’eBcbka Ouexcanapa MukosaiBHa — KaHIWAAT TNEJAaroriyHUX HAyK, JOLEHT Kadelpu BHINOI MaTeMaTHKU Ta

¢izuku KipoBorpaschbkoro HallioHaJIbHOTO TEXHIYHOTO YHIBEPCHUTETY.
Kono naykosux inmepecie: METOIIMKA HaBYaHHs (Di3HKH y BUILIOMY T€XHIYHOMY HAaBYaJIbHOMY 3aKJIali.

VIIK 372.147

HIABUIIEHHA HAOYHOCTI ®I3NYHOI'O EKCITEPUMEHTY 3
BUKOPUCTAHHAM MATEMATHYHOI'O TAKETY MATHCAD

Auuia KikreBa (M. lHinpoa3ep:KMHCHK)

Y emammi  poszensoaiomvcs ocobnusocmi ukoHamns QizuuHo20 excnepumenny 3a O00ROMO20i0  iHghopmayitino-
KOMYHIKAYitiHUX MexHoN02il, wo 3abe3nedye hopmy8ants 6 CmyoeHmis YiniCHUX ma CUCMEMHUX 3HAHb 8 NPoyeci 8UBYEHHs.
@izuku nio yac docniodncents pyxy 3apsodcenol YacmunKy 8 MazHimuomy noni ¢ cepedosuwyi Mathcad.

Knrouogi cnosa: gizuunuii excnepumenm, macnimne none, Mathcad, naguanonuii npoyec, mpex.

AKTyaJbHicTh npodieMu. Porb ekcriepuMeHTy B Mpolieci HaBYaHHs (i3UKHM y BHIIIH IIKOII Y TIPOJOBXK
OCTaHHIX POKIB MOMITHO 3pocya. i mmbmoro # yceOiYHOro CHpPHUHSTTS MPOrpaMHOrO MaTepiaity
BUKOPDHCTOBYETBCSL CHUCTEMa JIEMOHCTpaUiWHUX 1 (POHTAIBHHX JOCTiAiB, EKCHEPHUMEHTAIbHUX 3a/ad,
(pOHTaNBHUX JTA0OPATOPHHUX POOIT.

[pouec BHpoBaKEHHS! KOMIT IOTEPHOI TEXHIKM MO)KHa BHKOPHUCTOBYBATH SIK JJIsI KepyBaHHS (Di3MIHUM
EKCIIEpUMEHTOM, TaK i Uil MojenroBaHHS (izuuHux sBuil [4]. Bce wacrime Qi3uuHi siBUIA BUBYAIOTHCS 3a
JIOTIOMOT'OF0 KOMIT'FOTEPHHUX IPOrpaM Ta BipTyaJbHOI HAOYHOCTI, OCKUIBKH 1€ JIOIIOMarae OHOBUTH (i3UUHHI
eKCIIEpUMEHT Ta 1HII TpaauuiiHi GopMu HaowyHOCTI. BHKOpHCTaHHS peanbHOro Yu BipTyaslbHOTrO (hi3HYHOrO
EKCIIEpUMEHTIB aKTUBI3ye HE JIMIIE ITi3HAaBaJbHY MiSUIGHICT CTYIEHTIB, a W J03BONsE cHOpMYBATH IIUTICHI
YABJICHHS TPO CydacHy (i3MYHYy KapTHHY CBIiTy, IIpOTE, JIMIIE IX KOMIUIEKCHE 3aCTOCYBaHHS MOXE JaTH
TIO3UTHBHI pe3yNbTaTy NP HaBYaHHI (i3UKH [6].

B ocHOBi (i3uKH, SIK HAYKH, JIOKUTh EKCIIEPUMEHTAIILHE JAOCIIIKEHHs! SBUIL IIPUPOAU, a JI0 ii OCHOBHHUX
3a/a4 BXOJATh (POPMYITIOBaHHS 3aKOHIB, SIKUMH MOSICHIOIOThCA 11 sBHIa. Di3uka 30cepe/KyeThcsl Ha BUBYEHHI
HalQyHAaMEHTANBHIMIMX Ta HAWNPOCTIIIMX SBUII 1 HAa BIANOBIASX HA HAWNPOCTIII 3alWTaHHS: 3 YOro
CKJIaJIa€ThCsl MaTepis, SKUM YHWHOM 4YacTHHKM Martepii B3a€MOAIIOTH MK CO00I0, 3a SIKUMH 3aKOHAMHU
3IIHCHIOETBCS PyX YaCTHHOK Tomio. ba3y (i3MYHHX MOCIHIPKEHb CTBOPIOIOTH CIIOCTEPEKEHHS. Y3araJbHEHHS
CrocTepekeHb M03BOJsE (hizukaM (OPMYIIOBATH TIilIOTE3H MO0 CHUTBHUX 3arajibHUX PHC THUX SBUIL, 33 SKUMHU
BEJIUCS CITOCTEPEXKEHHS. Y XOJi IOr0 MPOLECY 3HAXOJUTh BiJIOOpaKeHHS 1HIYKTUBHUIN XapaKkTep BCTaHOBJICHHS
OCHOBHUX (pi3MYHUX 3aKOHOMipHOCTEW Ha 0a3i eKCIIEpUMEHTY i JAeAYKTHBHHUI XapakTep BUBEACHHS HACHTIIKIB 13
BCTaHOBJICHUX TaKUM YMHOM 3aKOHOMIPHOCTEH 3 BHKOPHCTaHHSM JOCTYITHOI'O JUIS CTYIEHTIB MaTeMaTHYHOTO
anapary. ['imore3u nepeBipsIOTHCS 3a JOMOMOTOI0 POIYMaHOr0 eKCIIEPUMEHTY, B SIKOMY SIBUILE TIPOSIBIUIOCS O
y SIKOMOTa «YUCTIIIOMY» BHTJISIZII M HE YCKIIaTHIOBAJIOCS O IHIIUMH SIBUIIIAMU.
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®iznka poOUTH BUPIMIAILHUN BHECOK y CTBOPEHHS Cy4acHOI OOYMCITIOBAIBHOI TEXHIKH, IO MPEACTABIISE
co0Or0 MatepiajibHy OCHOBY iH()OpPMATHKH. BcCi TOKOMIHHS eNEKTPOHHMX OOYMCIIOBAJILHUX MaliuH (Ha
BaKyyMHHUX JIaMIlaX, HAIIBIPOBIJHMKAaX Ta IHTErpajbHUX CXEMax), CTBOPEHI J0 HAIUX JHIB, HAPOIMWIHCS B
Ccy4acHHX J1abopaTopisx.

CydacHa (¢i3uka JEMOHCTPYE BIIACTHBOCTI €HOCTI IPUPOAH. AJie BCE kK TaKd 0araTo 4oro, Moxe, HaBiTh
camy (pi3UYHY CYTh €THOCTI CBiTY, BJIOBHUTH IOKH IO HEe Baajocs. HeBimomo, yoMy icHye Tak 0araTo pi3HHX
€JIEMEHTaPHUX YaCTHMHOK, YOMY BOHHM MalOTh Ti YM iHIII 3HAYEHHS MAacH, 3apsiy Ta iHIIMX XapakTepucTuk. J[o
KX Tip BCI I BETUYNHA BU3HAYAIOTHCS SKCIIEPUMEHTATIBHO [6].

Anai3 pociuimxkens i mydaikanii. [TpoGnema ymockoHaneHHS HAOYHOCTI Y HaBUAIRHOMY MpoIeci 3
GI3UKM € JIOCUTh aKTyajbHOW, Hew cucremaruuHo 3aiiMatoThesi C.I1. Benmmuxo, B.I1. BoBkoTpy0,
B.®. 3a6onotHuit, M.1. XKannak, B.M. Mexyes, H.B. Ilononpuropa, M.I. Cagosuii, O.M. TpucdoHosa, Ta in. [1;
3; 5; 7]. Lli HaykoBLi y CBOiX po0OOTax aKIEHTYIOTh YBary Ha KOMIUIEKCHOMY BUKOPUCTaHHI TPaAUIIIHHUX 3aC00iB
HaBYaHHS 3 €JIEKTpOHHUMHU, po3poOku [1I13 sk 3aco0y ymOCKOHAIEHHS IIKITBHOTO (DI3MYHOTO eKCIIEpUMEHTY. Y
HaykoBux pobOorax B.IIL I’sxonoma [2], [I'.JL Kotkina [4], B.C. Uepkacskoro [4], A.B. Tuxonenko [6],
3aIpOIIOHOBAHO MPUKJIAI BUKOPUCTAHHS MPHUKJIATHAX ITaKETIB Mporpam sl MOJEIOBaHHS (DI3MYHUX MPOLIECIB,
ajie j1aHi poOOTH HE PO3KPHBAIOTH MOBHOTY aKkTyainbHOCTI BUKOpucTaHHs IKT y ¢i3udaHOMY eKcriepiMeHTi.

Tomy B Hamiidi crarTi MU MOPONOHYEMO PO3IJISHYTH MOXJIMBOCTI BHKOPHCTaHHS MPUKIAIHOTO
MaTtemarnuHoro nakery MathCAD y noeqHanHi 3 TpaauiiiiHUM 0018 JHaHHIM M/l Yac BUKOHAHHSI JTAOOPaTOPHUX
poOiT 3 KBaHTOBOI (Pi3MKH, PO3ALTY SIKHH HAHMEHIIO MipOI0 MOXKe OyTH YHAOUHEHHH 3a JOIMOMOIOI0 PEATEHOTO
€KCIIEPUMEHTY.

MeTtorw cTaTTi € po3poOka METOTUKH MPOBENCHHsS YHIBEpPCAJIbHOI J1aOOpaTOPHOI POOOTH 3 KBAHTOBOL
¢isukn s BukoHaHHA B cucreMi MathCAD. 3apnmaHHs JoCHiKeHHS: 1) OOIpYHTYBAaTH JOIIBHICTH
BukopuctanHs cucremu MathCAD mig wac BUKOHAaHHS (Di3MYHOTO EKCIIEPUMEHTY; 2) pO3pOOMTH 3aBIaHHS
nabopaTtopHoi poOOTH UIsl MOEAHAHHS pEabHOI Ta BipTyaJbHOI CKIIQJOBHX EKCIEPUMEHTY; 3) 3alporoHYBaTH
METOJIMKY IPOBe/ieHHs JlabopaTopHOi podoTtu B MathCAD.

Buknanx ocHoBHoro martepiamy. Cepen 3Ha4HOI KiJIBKOCTI IPOrpaMHUX 3ac00IB OKpeMe Miclle 3aiiMaloTh
MIPUKIIaJHI MaTeMaTU4HI MaKeTH Mporpam, J0 SKUX MoxHa BigHectn cucremy MathCAD. OpHuM 3 HampsiMKiB
BUKOPHCTAHHSI Ii€1 CUCTEMH B IIPOIIECi HaBUYaHHS € po3po0Ka KypCy BIpTYaJIbHHUX JIAOOPATOPHHUX POOIT 3 (i3UKH
JUTSL CTYICHTIB, 110 BUBYAIOTh 3araJIbHOOCBITHIHN MK TUCIUILIIH.

BipryanpHa HaouHICTH J03BOJNISIE 3pOOMTH HaBUaHHS OlNBII 1HTEHCHMBHUM, TOJOBHE, ©(EKTHBHHM 3a
paxyHOK peamizamii MOXIMBOCTEH MYyJIbTHMeNia HaBYAJIBHUX CHUCTEM JIO JI€EBOTO 1 HAOYHOTO IOJAaHHS
HaBYaAJIBHOTO MaTepiaiy, a TAKOXK IiJBUIIUTH YHAOUHEHICTh HABUYAHHS KBAHTOBOI (Di3HKH.

VY Ham yac Qi3MYHMI eKCIIEpUMEHT Ma€ 3MOTY PO3BUBATHCHh B 3B’SI3KY i3 3arajibHUM PO3BHTKOM HAYKH,
TEXHIKH 1 TEXHOJIOTiH. BaXXJIMBY poiib B YIOCKOHAJICHHI CHCTEMH (PI3UYHOrO CKCIIEPUMEHTY BiJirpae po3podka
HOBUX MPOTPaMHHX CEPEJIOBHIIL 3 YPaxyBaHHSIM OCTaHHIX HAYKOBUX JOCATHEHb, a TAKOX CTBOPEHHsI Ha iX OCHOBI
HaBYAIBHUX KOMIUIEKTIB, SKi JO3BOJISIOTH BiATBOPIOBATH CEPil0 PI3HMX BHIIB Ta PI3HUX PIBHIB CKIJIQJAHOCTI
€KCIIEPUMEHTAJIBHUX JIOCIIJIiB.

OcHoBHa MeTa Kypcy (i3uKH 3arajJbHOOCBITHBOTO LIUKITY MOJISITAE B TOMY, 100 AaTH CTYAEHTAaM YSBICHHS
mpo cydacHy (i3UUHy KapTUHY CBITY Ta OCHOBHUX MeTOAax (i3UUHUX MOCTiIKeHb. J[JIsS CTYIEHTIB ycixX
CreliabHOCTe BaXXJIMBUMH 3aBIaHHAMH Kypcy (i3MKM € BHBYEHHS 3arajbHUX MPHHIMIIB MOO0YAOBH
3MICTOBHUX 1 MaTeMaTHYHHX MoOJeNieil (i3UYHMX CHCTEM 1 MpOILECIB, a TaKOX 3'ACyBaHHSA poii (i3uku y
(opMyBaHHI Cy4acHOI HAyKOBOI KapTHHH CBITY, O3HAaHOMIICHHS 3 3aKOHOMIPHOCTSIMH (Di3MYHHUX IPOIIECIB, SIKi
3a0e3MeuyoTh poOOTY OOUYHCIIIOBAIBHUX Ta IHPOPMAaLiHHUX CHCTEM.

Knacnunmii BapiaHT BHKOHaHHS J1a0OpaTOpHOi poOoTH «BHBYEHHS TpeKiB 3apsPKEHMX YaCTHHOK (3a
TrOTOBUMH (DOTO3HIMKAMH)» BiIOYBA€ETHCS 3a JOMOMOI'OI0 JTUCTKA MPO30POro mamnepy, JiHIHKY, IUPKY/IS 1 ONiBIIA.
HaGip nanux iHCTpyMeHTIB, Ha Hally AYMKY, He 3a0e31edye MOBHOTY CIIPUHMAaHHS CTYJEHTOM BHKOHAaHHUX HUM
Iiii, a JIUIIe CTUMYITIOE BUKOHAHHS MA0JOHHUX JiH BIATIOBIHO A0 1HCTPYKII.

Xio pobomu
1. Bumipsiiite paaiycu KpUBU3HH TPEKiB YACTUHOK, Ha TX MOYaTKOBUX JJISTHKAX.

. . . R
2. OOYHUCITITE TUTOMI 3apsiIv IPOTOHA L) (g1=e, mi=1 a.0.M.) 1 YaCTUHKU ERY (hopmyrioro: 4 5 4
m m, m, R, m,
. R,q,
3. O6uHCIiTh MaCy YaCTHHKH 3a (OPMYJIOK m, = JUIA TakuxX ii 3HAYEHb 3apsay: ¢.=2e; ¢.,=3e;

q=4e iT.I.
4. InenTrdikyiTe YaCTUHKY 33 HACIIKAMU JTOCITIKCHH:. Pe3ynbTaT BUMIpIOBaHb Ta OOYUCIICHD 3aHECITh
1o Tabsumi 1.
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Tabnuys 1
PesynpTaTi 004HCIICHD
Paniyc [Tutomuii 3apsn Maca
Ne n/m HasBa wactinku KPHUBH3HU TPEKY q 1 YaCTHHKU
R, cMm m’ a,om,e my, a.0.M.
1 IIpoTton e -
2

[TutoMHUM 3apsiIOM YaCTUHKH HA3HUBAETHCS BiTHONICHHS €IEKTPHYHOTO 3apsIy YaCTUHKHU 110 11 Macu.
SIKIIo 3apsmKeHa YacTHHKA PYXaeThCsl B OMHOPIAHOMY MArHiTHOMY TIONi MEPIEHIUKYISAPHO HAMPAMKY
mostsi, TO ii TpaexTopis siBsie co00r0 Ko0. Ha 3apsmkeHy 4acTHHKY B MarHiTHOMY Tiofi fie cuna JlopeHna, 1o
JIOPIBHIOE
F=qvxB (1)
B (1) ¢ € BenMUMHA €NEKTPUYHOrO 3apsiy YACTHHKM, y — Ii NIBHUIKICTh, B — MarHitHa iHaykuis. Cuia
Jlopennia (TouHinne, MardiTHa ckiaaosa cwin Jloperna) (1) € ZOIEHTPOBOO cuiioto. Pamiyc Koma MOXKHA 3HANTH,

SIKIIIO TIPUPIBHATU JOOYTOK MACH YaCTUHKH Ha JOICHTPOBE MPUCKOPEHH: 1 crny JlopeHma
2

ma=m->—= qvB @)
R
VY (2) B3siTO 110 YyBary, mo v | B. Tox, paniyc Kojia R TOpiBHIOE
r=" A3)
Bq

Bumiproroun R, MOXKHA 3HAUTH MTUTOMUH 3apsij g/m.

Mu nporoHyeMO y JaHii poOOTi pO3IIISHYTH 3arajibHUH BHIIAJIOK, KOJHM MOYaTKOBA MIBUAKICTH YTBOPIOE
JIesIKA{ KyT 3 IHAYKII€0 MarHiTHoro moist (puc. 1). Po3kirageMo mBHIKICTH Ha B CKJIAJIOBi: TEPIEHIUKYISPHY
BEKTOpY IHIYKIIi 1 CrpsMoBaHy B3/0BX Hboro. OcraHHs 3a0e3rnedye piBHOMIpHE IMEpeMillleHHS 3apsiKeHOl
YaCTHHKH Y3JIOBXX BEKTOpa IHAYKII. SIKIIO BOHAa MOpIBHIOE HYJIO, TO YacTUHKAa Oyle pyXaTHCS MO KOMy.
Ockinbky, cuna JlopeHia 3aBy/au NepIeHIUuKYIsIpHa IIBUKOCTI, TO IIPHUCKOPEHHS Oy/le HAalpaBJIeHO 110 HOpMaJTi
JI0 TPaexkTopii, a TOMy HIBHIKICT Oyae 3MIHIOBATHCS TUIBKM 3a HAIPSMKOM, ajieé HE 3a BEIMYHHOI. SIKI0
MapajebHO BEKTOPY IHAYKINI CKJIaJOBa MOYATKOBOI MIBUAKOCTI BiAMIHHA BiJl HYJIS, TO TPAEKTOPIS YACTHHKH
SIBIIATUME COOOI0 KPYUEHY JIiHIFO.

Puc. 1. Kyt MiXK IIBHAKICTIO Ta BEKTOPOM MarHiTHOI iHAYKIii

@®opmynu mis pagiyca TBUHTOBHE JIiHIT, a TaKOX IEpioly i 4aCTOTHU 3BEPHEHHS YAaCTUHKH CTYICHTaM
MIPOITOHYETHCSI BUBECTU caMoCTiiHO. [Ipr moOymoBi TpaekTopii, sika € TBUHTOBOIO JIHI€I0, JOLIJIBHO CIIPSIMYBaTH
Bich Ox y370BXk BEKTOpa IHAYKIIT MarHiTHOro mojisi. Tomi MpOeKIlis TpaekTopii Ha rwionmHy yOz € KojoM. Pyx
MPOEKIIT TOYKH, 1€ 3HAXOAUTHCS 3apsPKeHa YacTHHKA, HAa II0 OKPYXHICTh Oy/e piBHOMIpPHMM OOEpTaHHSM 3
KYTOBOIO IIBHUJIKICTIO .

BiamnoBinHO 10 pO3IJISIHYTUX ACMEKTIB CTYIEHTY MOTPiOHO BUKOHATH MOOYMOBY Tpadika pyxy 3apsaKeHol
YaCTHHKH.

Y MathCAD koopAnHaTH TOYKU 3pYYHO 33aBaTH SIK TPH BiIIOBIJHI MAaCUBU-BEKTOpU. Y bOMY BUMAJKY
HOMEpPH TOYOK 3aJaloThbesi y (GopMi pamkoBaHoi 3MiHHOI #: 0,1.N = | a 3HaYeHHs BIANOBIAHUX KOOPIMHAT
BU3HAYAIOTHCS BINOBIAHMUMU (opmynamu. OTpuMaHi MaCUBH BUKOPUCTOBYIOTBCS JUIsl IIO0OYI0BU TPUBUMIPHOTO
To4YKOBOrO rpadika. J{ist mporo B myHKTI MeHIo «BcraBkay HeoOxinHo BuOpaTu «I padik», «Maiicrep 3D-touxm»,
«ToukoBuii Tpadik», «3'€THATH JiHIIMW», BKA3aTH CIOCIO PO3MajbOBKHA Ta BBECTH B KPYIJIMX IyXKKax, depes
KOMY, iMEHa MacCHBIB, 1110 BUKOPUCTOBYIOTHCSI.

A TOMy, MM TNpPOIOHYEMO, KJIACHUYHWI BapiaHT BHKOHAHHS JaHOi JlabopaTopHOi poOOTH JOTOBHHUTH
HACTYITHUMU ITyHKTaMH:
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1.V noxymenti MathCAD BBeniTh MOYaTKOBI BETMYMHHU BIANOBIAHO IO BIACHOI'O BapiaHTy, 3HAYECHHS
(I3MYHUX KOHCTAHT, SIKi OYyIyTh BUKOPUCTOBYBATHCH IPOrPaMOIO IIiJl 4aC PO3PaxyHKIB, a TaKoX (Gopmynu ajs
MaTeMaTUYHUX PO3paxyHKIB pajiyca, YaCTOTU Ta Nepioay oOepTaHHs YaCTHHKH.

2. 3ajaiiTe paH)KOBaHY 3MIHHY Ta BBE/IiTh (POPMYIIH [UIsl pO3paxyHKy 3HaUEHb BEKTOPIB X, ), Z.

3. [NoGynyiite rpadik TPAEKTOPIl pyXy YACTUHKU.

[Mpuknan nodynosanoi B makeri MathCAD Tpaekropii pyXy 3aps/pkeHOi YaCTHMHKH B MarHiTHOMY MOJi
HaBEAECHO Ha PUCYHKY 2.

D-sd|&@RY|

Nomal <[ qm = B 7 U |
| f |

me = o o8 @_"
i

Wz

Puc. 2. Tpaextopist pyxy 3apsi/UKEHOT YaCTHHKU B MATHITHOMY IO

BucHOBOK 1aHOTO IOCIIDKEHHS MOJISITA€ B TOMY, 110 BUKOHAHHS JaHOI poOOTH (DI3MYHOTO MPAaKTUKYMY 3
Kypcy 3aranbHoi ¢i3uku Oyne e(peKTMBHUM Yy TOMY BHMNAJAKY, SKIIO CTYICHTH J00pe MiArOTOBJIEHI B
TEOPETHYHOMY acIieKTi i y MOBHOMY 00CS31 PO3YMIIOTH Ti IPOLECH W SBHINA, IO MarOTh MICle B IIPOIECi
JIOCITIJPKEHHS, 8 TAKOXK 332 YMOB SIKIIO BipTyaJbHUH €KCIIEPUMEHT IIPOBOJUTHLCS Y MTOEAHAHHI 3 peanbHuM. Came 11i
yMOBH 3a0e31eyats (POpMyBaHHS y CTYJEHTIB MPEIMETHOI KOMIIETEHTHOCT!I.

IlepcriekTHBH MOJANBIINX JOCTiIZKEHb TIOB’I3YIOTHCS 3 YIOCKOHAJCHHSIM METOJAMYHUX PEKOMEHAIlii
II0JI0 BUKOHAHHS J1a00paTOpHUX POOIT OLIIBII NIMPOKOTO CIEKTPY 32 AOIIOMOrOI0 Pi3HOMaHITHUX KOMI IOTEPHUX
nporpam. Ilix yac moOynmoBu rpadiky pyxy 3apspKeHOi YacCTMHKHM B MAarHiTHOMY IOJ, IPOBIIHY pOJNb MU
3anumiaeMo 3a MarematiyHuM mnaketoMm MathCAD, 3actocyBaHHS SIKOTO CHpHS€E TJIMONIOMY PO3YMiHHIO
0co0IMBOCTEH MOOYMOBY IpadikiB Ta GOPMYBAHHIO B CTYICHTIB YABJICHHS PO MOACTIOBAHHS K METOJ| ITi3HAHHS
HaBKOJMIIHLOTO CBiTY. [Ipy 1mboMy, MOKHa IMiABHIINTH €(pEKTUBHICTH BHKOpHcTaHHs 3aco0iB IKT Hacrinbkw,
o0 CTYJeHTH KOHKPETHOI TPYIH, OTPUMAaJIH 3MOTY IEPEBIPUTH 3aJIeKHICTh PyXY 3apsKEHOI YaCTUHKU B
MarHiTHOMY IOJIi BiJ] 30BHIIIHIX (paKTOPIB.
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BIIOMOCTI IIPO ABTOPA

KikreBa Aita BosoaumupiBaa — BuKIazad (i3UKH, OCHOB HMPOrPaMHOrO 3a0€3[EUEHHs Ta KOMIT IOT€PHUX JUCLUILTIH
JIHIIPOA3ePAKUHCBKOr0 €HEPreTHYHOr0 TeXHIKyMYy; TolyKyBad Kadenpu ¢izuxu ta Meroauky ii BukiaganHa Kiposorpaacekoro
JIEpKaBHOIO [IearoriyHoro yHisepcurery iMeHi Bonopumupa Bunanuenka.

Kono nayxosux inmepecie: BAKOPUCTAHHS Cy4acHHUX 1H(OPMALIHHUX TEXHONOTiH y (hi3MUHOMY EKCIIEPHMEHTI.
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