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STEM-CIIPAMYBAHHSI HABUAHHSA ITPUPOJHNYOHAYKOBUX JTUCHUILJIIH Y
TEXHIYHOMY YHIBEPCUTETI

IMocTanoBka Ta OGIPYHTYBAHHSI aKTyaJbHOCTI
npobdaemu. [Iporsarom ocranHboro aecatwiitrss STEM-
HarpsM 3/100yB CBITOBE BU3HAHHS SIK OJIUH 13 OCHOBHHUX
aKIEeHTIB cydacHuX pedopMm y cdepi MpUpomHHYOi Ta
texHiuHOi  ocBith. STEM  (Hayka, TexXHOJIOTIs,
IHXKCHEpis Ta MaTeMaTHKa) rependayae BHBUCHHS Ta
MOCTTIIOBHY IHTETpAIlil0 MK PI3HAMH HaBYaJIbHUMU
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JTUCIUILTIHAMY Bl TIOYAaTKOBOI IIKOJNM 0 3aKJajiB
Buoi ocBitu. [lependauaerses, mo ocsita STEM nae
MOXIIUBICTh Y4YHSIM 1 CTyAE€HTaM pO3BHBaTH TaKi
BaXUTUBI HAaBMYKK 21 CTONITTS, SK CHPOMOXHICTP
KOMIUIEKCHOTO  BHpIIIEHHS npo0iiem, YMiHHS
CHUJIKYBaHHA Ta XWUCT 10 chiBmpani. Dopmyerhbes
TOTOBHICTh J0 POOOTH B TEXHOJOTIYHO PO3BUHEHOMY
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CBITI, 10 € KUTTEBO BAXKJIUBUM JUIS
KOHKYPEHTO3/IaTHOCTI OCOOMCTOCTI 30KpeMa 1 KpaiHu
3araJioM y Ti100aibHil €KOHOMIIII.

Y XXI cromiTri crmocrepiraeMo He TUIBKH
B3a€MHMH BIUIMB, ajie W B3a€MHE NPOHHUKHEHHS
TEXHOJIOTIH, KOIH MeXi MiK OKPEMHUMH TEXHOJOTiSIMH
CTHPAIOThCS, @ HaWIiKaBilI i HEOUiKyBaHI pPe3yJbTaTH
3’SIBJIAIOTBCS CaMe Ha CTUKY HayK. Jlorika po3BHTKY
HayKU BU3HA4ae€ Iepexif Bij BY3bKOi crieriaiizamii g0
MDKIUCHUILTIHAPHOCTI, IO 3YMOBIIIOE TE€PCHEKTUBY
SIKICHOTO 3pOCT@HHsSI TEXHOJIOTIYHHX MOXKIIMBOCTEH
IHIMB1IYaJbHOTO 1 CYCHIJIBHOTO PO3BUTKY JItoaUHHM [8].
Y umpomy acnekti STEM KoHuemnuisi iHTErpoBaHOro
HaBYaHHS € HaJ[3BUYAIHO aKTYaJIbHOIO.

AHaJi3 oCTaHHIX JoCHiIKeHb i myOsikamii.
KoHnenryanbHO-1IOpiBHSUIbHA T aHayi3 STEM
OpIEHTOBAHMX IIJIXOMIB 31ilicHeHO y poboti [11]. 3a
OCHOBY TpUHMAaeMO JI0 yBaru 3arajibHe BU3HAYCHHS
STEM-ocBiTu sik negaroriyHoi TeXHoJorii GopmMyBaHHs
1 PO3BUTKY pPO3yMOBOITI3HABAIBHHUX 1 TBOPYUX SKOCTEH
Y4HIB / CTY/IEHTIB, PiBEHb SKUX BHU3Ha4Ya€ KOHKYPEHTHY
CIPOMOXHICTh OCOOMCTOCTI Ha Cy4acCHOMY pUHKY
npami. Y Byx4yomy posyminHi yepe3 STEM-miaxia mo
HaBYaHHS  3JIHCHIOETBCS  iHTerpamis  3Micty i
METOMO0JIOri  NPUPOAHWUYUX  HAyK,  TEXHOJOTIH,
imKeHepii Ta MaTeMaTHKU 1 JIOTIYHOI'O MHCIEHHS Yy
CHIBIIPaIli Ta JOCHIPKEHHSX.

Bap’epu 1 BUKIMKM Ha OUIXY YCHIIIHOTO
BIIPOBAKEHHS STEM OCBITH B VYkpaini
MpoaHajizoBaHo y poboti [3], 3apyOikHHI TOCBIT — Y
nyomikamgax [2; 5]. OcTaHHIMH pOKaMH 3'SBJISIOTHCS
YHCIIEHHI HaBYaJlbHI MaTepiayiy, HaBYajJbHI MpPOrpamMH
Ta IHCTPYKWii 3 HaBuaHHs, moB's3ani 3 STEM.
Buknagayi Ta JOCHIAHUKM BCE YaCTillle BHCBITIIOIOTH
MIOTEHII}HI IepeBaru BUKOPUCTaHHS iH(pOpMaliiiHuX i
KOMYHIKaIlifHUX OCBITHIX TEXHOJOTIH IS OKpaIIeHHS
pe3ynbrariB  HaBuaHHs [14]. MibxaucuumiiHapHa
mporpamMa Ui BHBYEHHS HAayKH, TEXHIKH Ta
KOMIT'IOTEPHUX HAyK TpeAcTaBieHa y poboti [1].
JluzaiiH Kypcy NOEIHYE KOHTEKCTyajbHE, MpPOEKTHO-

Opi€eHTOBaHE Ta IHTErpOBaHE HABYaHHS, MIMPOKE
BUKOPDHCTaHHS iHQoOpMaliiHUX Ta KOMITIOTEPHUX
texHonoriii  (IKT).  Ilpukmamom  3actocyBaHHS

koHuenuii STEM npu BHBYEHHI NPUPOAHUYUX HAYK €
PECTPYKTYpH30BaHUH Kypc 3 THTaHb Xap4dyBaHHSI
moauHu [13]. BUKIMKH i TOTEHIIT pO3BUTKY HAYKOBOTO
HaBuaHHA Ha ocHoBi STEM y ™omommni mixomi
IpoaHaji3oBaHo y pobori [9].

MpuHnunu 1 migxomu 1o opranizanii STEM-
OCBITH IIOJ0 MiATOTOBKK OIOJNIOTIB Ta €KOJIOTIB Yy
KJIACHYHOMY YHIBEPCHUTETI BUOKPEMJICHO Y AOCIIHKEHHI
[10]. ®opmarom Takoi OCBITH 3alPONOHOBAHO HAYKOBY
CTYICHTChKY Tpynmy B Mexax STEM-mabopatopii i3
MpoOJIeM IIMTOEKOJNOrii, y po0OoTi sIKOi 1 peanizoBaHi
BiiOpaHi NPUHIMIK HABYAHHS Y [T03ayIUTOPHHUI Yac.

He MeHm  BaxiIMBUM €  BIPOBaPKEHHS
OKpECJICHOTO MiJXOAy Yy TNPAaKTUKy BHIIOI TEXHIYHOI
ocBitu. Ilpodecii STEM € omHumMu 3 HaWOLIBII
BHCOKOOIUIaAYyBaHHUX, HAWOUTBII IIBUIKO 3POCTAIOYHX 1
HAWBIUTMBOBIIIUX Yy CKOHOMIYHOMY 3pOCTaHHI Ta
inHoBamisix [4]. OngHak HaBYaHHS 32 TPaIHLIiHHOIO
CTPYKTYpOIO JIOBTMIA 4Yac HE JI03BOJISE CTyIEHTaM
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BiquyTH ceOe IHXKEeHepaMH, OCKUIBKH TIepIl KypcH
MIPUCBSIYEHI BUBYEHHIO (pyHIaMEHTalIbHUX AWCIMUILIIH.
B awmepukancekux 3BO Omuspko 40 % cryzmeHTIB
IH)KEHEPHUX CIICIiaJIbHOCTEH 3MIHIOIOTH HampsM Ha
HEeTeXHIYHUH abo He 3aBepIIylOTb HaBYaHHA. Y
Hime4yuuHi KIUIBKICTh CTYIEHTIB SIKI NPUIHHSIOTH
3100yBaTH OCBITY 32 OUIBIIICTIO 1HKEHEPHHUX HAIPSIMIB
3pocia 3a ocTaHHE NecATWITTA Ha 10 % 1 CTaHOBUTH
25-35 % 4YMCEeNbHOCTI CTYICHTIB, 3a CICI[IaJIbHOCTSIMHU
i3 MiABMIIEHMMH BHMOI'aMH JI0 MaTeMaTHYHOI
i ITOTOBKU mo 40 % [7]. TlomiOHi TeHmeHINT
criocrepiraeMo TakoK 1 y BiTumsHsHux 3BO. Ha
MOYATKOBUX Kypcax MpoOJIeMH YCIIIIHOCTI HalvacTiie
MOB’sI3aHi 13 TPYAHOIIaMH y BHBYEHHI (i3HKO-
MaTeMaTUYHUX MUCHUILTIH. ToMy 3MiHH y MeTOMOIOTIT
BHKJIQJIaHHS € HATaJTbHUMHU 1 aKTyaJIbHUMH [6].

Merta cratTi: peanizanis  STEM-migxony mnpu
HaBYaHHI JUCIUILTIHN «Di3uKa 1 XiMis TBEPIOTrO Tijia

i Jac M ATOTOBKH ManiOyTHIX IHXKCHEPIB-
MaTepiajo3HaBIiB.
MeTtoau MOCTIIUKEHHSI: TEOPCTHYHI — aHaTi3

MICUXOJIOTO-TIEAaTOriYHOi ~ Ta  HAYKOBO-METOAWYHOI
JiTepaTypy, HaBYaJbHUX IUIAHIB 1 Tporpam — Juis
BUSBJICHHS CTaHy JOCIIDKYBaHOI MpOOJIEMH; aHai3,
CHHTE3, a0CTparyBaHHs, y3arajibHEeHHs, TPOESKTyBaHHS —
JUTsE PO3POOKH METOIMK BUKJIAIAHHS, EMIIPUYHI METOIH
— TIpsiIME, OMOCEPEIKOBaHEe, BKIIOYEHE CIOCTEPEKEHHS
Ul JOCHIDKEHHS  eEeKTUBHOCTI  PO3pOOJICHHX
METO/IHK.

Buknax ocHOBHOrO Matepialy AOCITiIAKECHHS.
Posrisinemo  mponec  peamizanii  STEM-migxony y
TEXHIYHOMY YHIBEPCHTETI IIPH IiAroTOBLI OakaiaBpiB
cneuianpHocTi 132 MarepianosHaBerBo. Juciurutiny
«®Di3uka 1 Ximisi TBEpAOro Tiia» o0csroM 9 KpemuriB
(270 roaumn, 3 sikux 60 — nexuii, 60 — madopaTopHi, 15 —
MPaKTHYHI  3aHATTA, 135 caMoCTiliHa po0OoTa)
BUKJIaJal0Th Ha 2 Kypci OaxanaBpaty. JlabopaTopHwuii
MPaKTUKYM MICTUTh KOMIDIEKC POOIT, 110 OXOIUTIOIOTH
SK 3arajlbHi, TaKk 1 CIeliajdbHI NUTaHHA 3 PI3HUX
pozainiB gaHoi mucuurntiay [12]. 3anponoHoBaHO 1Ba
MPUHIMIIOBO Pi3HI METOAWYHI ITIXOIH y BHKOHAHHI
3aBJlaHb 3 EKCIIEPUMEHTaJIbHOIO BU3HAUEHHSI T'yCTUHH
TBEPJMX Til.

Bapro Bif3HauUMTH, MO YiTKE PO3YMIHHS 3MICTY
(GI3UYHOTO TEpPMIHY «TYCTHHA», a TaKOX IHTaHHS
JIOCITIIKEHHS 1 BU3HAYECHHS 1i BETUYMHH, Ma€ 0COOIHBO
BKJIMBE 3HAYCHHSI 1 € B IEBHIA MIipi OCHOBOIO IS
MiArOTOBKM  (paxiBIiB-MaTepiano3HaBiB. OCATHYBIIH
CyTh TOHSTTSl TYCTHHH, CTYAEHT YCBIJIOMJIIOE, IIO IS
IHAUBIAyaIbHA XapaKTepUCTHKA BU3HAYAETHCS
MIPUPOAOI0 (XIMIUYHHM CKJIaZIoM) i OymoBoro. Y Takuit
cnoci0 BiH BYMUTHCS PO3PI3HATH PEUOBUHH, BUBYAE
MaTepiaiu Ha iX OCHOBI i B MaHOyTHbOMY 3MOXe
pobuTH TpaBWIBHHKA BUOIp I iX e(pEKTUBHOTO
TEXHIYHOTO BUKOPHCTAaHHS], a TAaKOX CTBOPIOBATU HOBI
MaTepiajH i3 3alaHIMH BIaCTHBOCTSIMH.

Ilepen BukoHaHHAM JnabopaTtopHOi pPOOOTH Ha
TeMy «Bu3HauyeHHs T'YCTMHU TBEpAMX TiT» CTYICHTH
PO3IIOAIISAIOTECS HAa KUTbKa MIAIPYN, KOXKHIA 3 SIKHX
BUAAETBCS 10 TPU HABAXKKH PI3HUX  METAIB,
HAIPUKIIaJ, MiJlb, QJIFOMIHIH 1 IIMHK. BUKIagad cTaBUTH
3aBJIaHHS, K€ MOJsrae y BUOOpI METOIY AOCIIIKEHHS 1
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BU3HAUEHHS TyCTMHM JaHUX MeTaniB. Pobora
MOYMHAETHCS 3 BI3yaJIbHOTO OIJISIAY HaBaXKOK, OLIIHKHU 1X
po3MipiB, GOpPMHU i CTaHy MOBEpPXHi. 3'SICOBYETHCS, IO
YaCTHHKM METalliB KYJSICTOI 1 IMTIHAPHYHOI (opMmHu,
PI3HUX pO3MIpiB TOPSAAKY JEKUIBKOX MIiJIMETpIB,
TIepEeBaYKHO HEPIBHOMIPHO TJIaIKOT TIOBEPXHI.

B xoni o6roBopeHHs 3'sICOBYETHCS, IO T'YCTHHA —
e BEJUYWHA, WI0 JAOPIBHIOE BiJHOIIEHHIO MacH
pedoBUHH m 10 T 00'emy V-

m
P v

VY mixHapoaHiii cucremi oqunuip Cl rycruHa mae
PO3MIpHICTB Kr/M> , IOX1TH1 OIMHMII — I/MJI, /oM’

[Nomanpmmii aHali3 TEOPETHYHHUX JAHUX 32 y4acTi
BUKJIaJaya J03BOJISIE BHOKPEMUTH IIOHSATTS BiJHOCHOI
TyCTHHH (CHMBOJ d, BeluurMHA O€3pOo3MipHA), M0 €
BiJTHOIICHHSIM TYCTHMHH IaHOi PEYOBHUHH JIO TYCTHHH
PEYOBUHH-ETAIIOHA.

Takum eranoHoMm, ab0 CTaHOAPTHOIO PEUOBHHOIO,
Moxe Oytu yrcra Bofga npu tucky 101325 Ila (latwm) i
temrepaTypi 3,98°C abo cyxe moBiTps Mpyu HOPMaIEHUX
ymoBax (101325 Ia, 0 °C). Ockimbku TycTHHA i
BiJHOCHA TyCTHHAa 3aJeXaTh BiJ TeMIlEpaTypH,
MAPSIIKOBAM 1HIEKCOM BKa3ylOTh TEMIEparypy, IpH
SIKii BU3HAYAIOTh TYCTUHY.

VY mpoteci TeOPETUIHOI MiJrOTOBKU 3’ SICOBYETHCH,
IO ICHy€ JeKUIbKa METONIB BU3HAYECHHS T'YCTHHH
TBEpJMX PEYOBHH: METOJ CYCIIEH31H, TiJpOCTaTUYHHH,
mikHOMeTpu4HMi Ta iH. Ilepen crymeHTamu mocrae
3aBIaHHsS  BHOOPY  e(EeKTUBHOrO  CHoco0y  uis
BUKOHAHHSI EKCIIEpUMEHTY. BcTaHOBJEHO, 1O MeTox
T1IpOCTATUYHOTO 3Ba)KyBaHHS Haifyacrime
BUKOPHCTOBYIOTh Ut BU3HAYEHHS T'YCTUHH
MOHOKpHCTaly a00  MOHOJITHOTO  KOMIIAKTHOT'O
Mmatepiaxy. OJHUM i3 OCHOBHHUX JDKEpeN MOXHOOK MpH
TiIPOCTATUYHOMY 3Ba)KYBaHHI TBEPIOi PEUYOBHHH €
BIUIUB IIOBEPXHEBOIO HATATY 1 B'I3KOCTI PIAWMHHM, IO
3HW)KYE YyTIUBICTH Tepe3iB. KpiMm Toro, mei meron
YCKIIaIHIOEThCS THM, IO TOTpiOHa creuiaibHa
MATOTOBKA TBEPIOi PEYOBWHHU, SKa HE ITOBHHHA
BKJIIOYATH HABITh APIOHUX MYXUPIIB MOBITPS 1 HE MaTH
MOPOXKHHUH Ta TPIOMH.  MeTox CycneH3idi OiibIn
YyTJIUBUH, ajne MeHI 3py4Huid. g Horo mpoBeneHHS
NnoTpiOHMI  HaOlp IMepCiHHMX piguH 13  PI3HUMHU
ryctuHamMu.  JIOCHi/DKyBaHUM  3pa30K  ITOCTYIOBO
3aHYpIOIOTh B iMepciiiHy pimuHy. [yctuHa Tiel x
piavHM, y SIKI 3pa30K HE BHIUIMBAaE 1 HE TOHE,
BiJINIOBiIa€ TYCTHHI PeYOBUHH. [JIs1 OTpUMaHHSI TOYHUX
JAHUX Y IIMX JK€ yMOBax BHMIPIOIOTh DIIUHY i€l
iMepciiiHoi  piamHM.  SIKm0O K pedyoBHMHA €
JIPiOHOUCIIEPCHOTO PO3Mipy, T'YCTHHA BH3HAYAETHCS
MIKHOMETPUYHUM METOJIOM.

[IpoanainizyBaBIIM KOXKHUH METOJ 3 ypaxyBaHHSIM
mepeBar 1 HEHOMIKIB, 3pO0JICHO BHCHOBOK TIIPO
JIOLIBHICTh BUKOPHUCTAHHS MIKHOMETPUYHOI'O METOAY
JUIi BU3HAYEHHS TYCTHHU TIPOIIOHOBAaHMX METaIiB,
OCKUIbKH BiH HAHOIIbII €PEKTUBHUN TPU JOCIIHKECHHI
T'YCTHH TUJI MaJIUX PO3MIpIB 3 HEPIBHOMIPHHM pPEbEPOM
MTOBEPXHI.

[lix vac mnaHyBaHHS EKCIIEPUMEHTY CTYIEHTH
03HaHOMIIIOIOTBCSL 3 TIKHOMETPOM, HOro BHUIAMH i
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npusHaueHHsIM. [likHomeTp — i3MKO-XiMiuHA CKIISTHA
mocynuHa  cremianbHoi  Gopmm  (Kymsctoi  abo
HUTIHAPUYHOT) 3 MITKOIO Ha BUIOBYKEHIHM TOHKIN IIHMIII,
sika BU3Hauae oro 00’em (10, 25, 50, 100 mu). Ieit Bun
MIipHOi KOJOM 3aCTOCOBYETHCS [UIsi BHMIipIOBaHHS
T'YCTHH Ta3iB, piuH 1 TBepaux peuoBuH. [likHomeTp OyB
BuHaiinenuit [[. 1. MenneneeBum me y 1859 porri,
BUKOPHCTOBYETHCS 1 JIOHHHI.

Jlis excneprUMEHTANbHOIO BH3HAYEHHS T'yCTHHHU
HeoOXiTHe pOBeACHHS cepil HACTYITHUX 3Ba)KyBaHb Ha
AHATITUYHUX Tepe3ax:

1) mocmiKyBaHO! pe4OBMHH Ha MOBITPi (1m1);

2) mIKHOMETpa, HANOBHEHOrO JI0  MITKH
JIMCTHIHOBAHOIO BOJIOIO, Ha MOBITpi (M);

3) mikHOMETpa, HAMOBHEHOTO IO  MITKH
IUCTHJIBOBAHOIO  BOJOK0 13  3aHypeHOW B  Heil

JIOCTTIIPKYBAHOIO PEUOBHHOIO, Ha TOBITPi (Mp).

3rigHO METOMUKH Uil OTPUMAaHHS MaKCUMaTbHO
JIOCTOBIPHOTO pe3yJIbTaTy, HEOOXIMHO IPOBECTH HE
MEHIIIE TPHOX TAKUX MOCIIIOBHUX 3Ba)KyBaHb HaBa)KOK
KOXKHOTO METay.

3 METOI0 CTUMYITIOBaHHS PO3YMOBHX 3JIOHOCTEH 1
BUKOPHUCTAHHSA Ha TPAKTUI[ HAOYyTOl TEOPETHUHOL
iHpopManii Npy BUBYEHHI IMPUPOJHUYMX AUCIHUILIIH,
Mepea CTYICHTAMHU CTaBUTHCSA 3aBJaHHS BHUBCICHHS
po6o4oi GopMynIU I BHU3HAUCHHS T'YCTUHH TBEPIAMX
TiJ1 Ha OCHOBI PE3yJIbTaTIB Cepil TPHOX 3BaKyBaHb.

[MomanbIin MipKyBaHHS HaJ MOHATTSAM TYCTHHH Y
B3a€MO3B’SI3Ky 3 Macol Ta 00’€MOM JI03BOJISIIOTH
CTYJICHTAaM BHUCYHYTH TPABWIBHY 1CI0 U BHPIIICHHS
MOCTABJICHOTO 3aBJaHHsA. byio 3ampornoHoBaHO 00’€M
JOCTIPKYBAaHOI PEYOBUHH BHPA3UTH  BiTHOIICHHIM
MacH BUTICHEHOI JMCTHIHLOBAHOI BOJM 1O ii 00’eMy.
Macy Boau mp, sika Oyja BUTICHEHa 3 MIKHOMETpa IpH
3aHYpEeHHI Y HBOIO TBEPJAOrO Tia, BU3HAYWIM 32
HACTYIHOIO (POPMYIIOF0:

V=(m+M+M,)/p,,
Jie m — Maca TBEpOro Tija;

M — maca TIKHOMETpa, HAINOBHEHOTO IO MITKHU
JIUCTHIIHOBAHOIO BOJIOIO;

Mp — Maca TiKHOMETpa, HAIIOBHEHOTO IO MITKH

JUCTWIHOBAaHOI  BOJOI 13 3aHYpPEHO B  Hel
JOCTIKYBAHOIO PEUOBUHOIO.

Hacrynuuii  mpomikHMH ~ BHCHOBOK:  Maca
BUTICHEHOI ~ JAMCTHIBOBAHOI  BOJAM  BHUILNE  MITKH

MIKHOMETpa BIAMOBifae 00’€My 3aHYpEHOrO TBEPIOTO
tina. ToMy, MOMINMMBIIM Macy BOIM Ha TYCTHHY BOJH,
onepkaiu  GopMylny Ui BU3HAauYeHHS ~ 00’eMy
JTOCTTIIPKYBAHOT'O TBEPAOro Tija:
V=(m+M+M,)/ p,.
VY KiHIIEBOMY pe3yabTaTi 3aBISIKH BUKOPUCTAHHIO
3HaHb 3 (i3UKH, XiMii 1 OrepyBaHHS MaTeMaTHYHUMH

orepamnisiMi  OTPUMAaHO  KIiHIEBY QOpMylIy JuIs
BU3HAUEHHS TYCTHHM TBEpAMX Ti1 32 JaHUMH
MIKHOMETPUYHUX JIOCIIDKEHb:
o= mpyg
m+M+M,

Ilepen npoBeneHHSIM EKCHEPUMEHTIB BHKJIaaad
TIOSICHIOE TIPO BaXKJIMBICTH JOTPUMAaHHS IPaBHJI TOYHOTO
3Ba)XKYBaHHS 1 BUKOHAaHHS PO3PaxyHKIB, CTAPaHHOCTI i
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30CEPEMKCHOCTI MPYU BUKOHAHHI MOCTITOBHHMX i IS
OTPUMaHHS MaKCUMAaJIbHO JIOCTOBIPHOTO pPE3YNbTaTy.
Y cBinominowdn HEeoOXiHICTh i 3HAYNMICTh
BHCJIOBJIGHUX HACTaHOB /ISl YCIHIIIHOT'O JIOBEPLICHHS
eKCIIEPUMEHTAJIbHUX JIOCTIDKEHb, YyCl 3Ba)KyBaHHS
CTYIEHTH 3IIHCHIOIOTh Ha aHAIITHYHHX Barax 3
TOYHICTIO 10 1 me. [Ipu 3amoBHEHHI MIKHOMETPa BOJIOO
CTeXaTh 3a THM, 100 y HBOMY HE 3aJIUIIAIUCH
OynpOaIky MoBITPs. SIKIIO piBeHb BOJAM Yy IIKHOMETpI
BUILMHA BIiJ IIOJOXXEHHA KUIBIEBOI MITKM Ha HOro
LML, TO BOAY 3 MIKHOMETpa aKypaTHO BiJOUparoTh 3a
JIOTTOMOTOF0  MMIMETKH Yd  (DUIBTPYBAIBHOIO TMArepy.
[oTimM ¢inbTpyBadbHUM IANEpOM CTAPaHHO 30MPAIOThH
Kpamelbkd BOAM, SIKI  3aJMIIINCG Ha WML
MKHOMETpa 1  I[POTUPAIOTh  30BHINIHI  CTIHKH
MKHOMETpa. 3HAa4YeHHs] TYCTUHH JUCTUIHOBAHOI BOIH
OepyTh 3 IONPaBKOIO BiANOBIAHO JO TEMIEPaTypu Y
nabopatopii. 3 OTpUMAaHMX ACKUILKOX 3HAYCHb Macu
HaBaXKW MeTaly, MacH MiKHOMETpa 3 BOAOIO 1 MacH
MIKHOMETpa 3 BOJIOI0 Ta 3aHYPEHOI0 Y HHOTO HABAXKKOIO
JUIE  PO3PaxyHKIB TYCTHHH JOCTIKYBAaHOTO METaly
OepyTh cepenHi apupMeTHUHI iX 3Ha4YeHHA. Taki
orepanii NpoBOIATH TPH TOCHTIDKEHHAX HAaBAXKOK YCIX
TPbOX METAJIIB.

Ha erami orpumanHs
abcoroTHI 1 BigHOCHI

BHCHOBKIB Oy OOYHMCIeHI
MOXMOKH Uit KiJBKiCHOI
XapaKTepPUCTUKH TOYHOCTI BUMIPIOBAHHS 1 OTPUMaHHX
3HAYEHb T'YCTHUHH. [NopiBHIoKOYH oTpUMaHi
eKCIIEpUMEHTAJIbHI JIaHI 3 TEOPEeTUYHUMH, PpOOIATH
BUCHOBKM MpO Te, 10 TYCTHHA, BU3HA4YeHa
€KCIIEPUMEHTAJIbHO — 1€ TYCTHHA PealbHUX KPHUCTANIB,
SIKI MarOTh TPILMHHU, MDKaTOMHI IOPOXKHUHU, CTOPOHHI
BKIIIOUEHHS, TONI SK TEOPETUYHOMY 3HAYEHHIO
BiJIMIOB1/Ia€ TYCTHHA 1/1€aJIbHOTO KpUCTaja.

[MocTanoBka 3aBHaHHS HACTYITHOI J1aOOpaTOPHOI
pobOTH CTOCYEThCS BH3HAYEHHS DPEYOBHHU TBEPAOTO
Tila TpaBWIbHOI reoMerpuyHoi (opmu. IloOymora
3aHSATTS  BIJPI3HAETHCS HECTAHAAPTHUM  ITiXOZOM.
CrygeHTaM HE HAQJA€Tbesl  HKOMHOI  METOAWYHOI
ATOTOBKH 10 aHOi poOOTH, TOOTO BiICYTHIN 3BUYHUIMA
Ia0JIOH ITOCTIIOBHUX KpPOKIB JUIsSi O3HAHOMIICHHS 1
BUKOHAHHS J1a0OpaTOPHOr'O JOCIIIKEHHS: TeMa i MeTa
poboTH, mepertik HeoOX1IHOTO 00 AHAHHS 1 IPUIaiB,
TEOpPETHYHI  BiIOMOCTI 1  IOPSJOK  BHKOHAHHS
eKCIIEpUMEHTAJIbHOI YaCTHHH. A HAaTOMICTh BHKJIaJad
BUJA€E KOXKHIM MIArpymi CTYAEHTIB MeTaliyHe TiJIo
MPaBUIILHOT TEOMETPUYHOI (POPMH, NMPHUPOLY PEUOBUHU

SIKOTO HEeOoOXi/IHO BCTaHOBHTH. 3aBnaHHs
YCKIaTHIOEThCS ~ TUM, IO  CTYIGHTH  ITOBHHHI
CaMOCTIHO ~CKJIaCTM  IHCTPYKIIO 1 MiArOTyBaTH

poboumii 3BIT BHKOHAHOI JlabopaTtopHOi poboTH 3
HasBHICTIO YCIX CTaHAApPTHUX MYHKTIB BHUKIaay
Matepiany. Takuil migxiz yepe3 TEOPETHYHHMH aHAMI3 i
CTHMYJIIOBaHHS PpO3YMOBHX 3Ii0HOCTEHl OJHOYACHO
BYMTh CaMOCTIHHO 3HaXOOWTH CHOCIO BHKOHAaHHS
3aBJaHHS 1 B TPaBWIBHINA IOCIIZOBHOCTI ILIaHYBaTH
poboty s 1i eekTHBHOrO BUKOHAHHS. TakuM 4HHOM

PO3BUBAIOTHCSA  IH)KEHEPHO-IOCIITHUIIBKI  SIKOCTI  Ta
KpEaTUBHICTh Y KOHTeKCTI peanizanii STEM-miaxony.
Ilepen  cTyAcHTAaMH  CTaBUTBCA  MPOOJIEMHE

3aIUTaHHSA: K MOXXHA BCTAHOBHUTHU MPHPOIY PCUOBHUHHU.
B xomi o00OroBopeHHs 3aBIaHHI B MiHI-KOMaHIaX
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3’SCOBYETHCSA, IO OJHUM 3i CIOCOOIB BHU3HAYCHHS
pEeUOBMHH, 3 SIKOI CKiamaerbcs (i3udHe TIIO, €
OOYMCIIEHHSI WOro TYCTHHH, a IIOTIM IOPIBHSHHS
OJIep)KaHOr0 3HAYEHHS 3 TAOJMYHUMHU TaHUMH T'YCTHUH
TBEPJMX Til.

Jlnst BUMIpIOBaHHS MacH Tijla 3aIpOIIOHOBAHO
BUKOPHCTOBYBATH aHAIIITHYHI Bard 3 TOYHICTIO 110 1 me.
O0’eM TiN TpaBUIBHOI TeoMeTpHYHOI (GOpMHU MOXKHA
JIETKO 3HAaWTH 3a BiJOMHMH (OpMyJIaMu TeoMeTpii,
BUMIpSABIIM  IX JIHIAHI ~ po3Mmipu.  3HazoOumucs
dbopmynu, 3a SIKUMU BU3HAYAIOTh 00’eM
napaseneninena, mwiiHapa i kyai. JIiHIAHI po3Mipu
JOCNI/DKYBaHUX T 3alpONOHOBAHO BU3HAYATH 3

JIOTTIOMOTOK0 ~ IITAHTCHIMPKYJIss Ta  MIKpoMeTpa.
3a3HauMMoO, 1[I0 O3HAHOMJICHHA 3 OyIOBOKO 1
cnetudikol0 poOOTH IMX IHCTPYMEHTIB PO3BHUBAIOTH
MPAaKTHYHI HABUYKH, SKI HEOOXiTHI IH)KCHEPHUM

cnemianictaM. llITaHreHIMPKYNb 3aBASKKA HAsIBHOCTI
JIOATKOBOI (HOHIYCHOT) INIKAJTU TO3BOJISIE BUMIPIOBATU
po3Mipu Tin 3 TouHicTio 0 0,1 mm, a MikpomeTp — 3
TouHicTro 10 0,01 Mm.

VY Xoni miaHyBaHHS 1 POBEIEHHS E€KCIIEPHUMEHTY

BUHUKAIOTh  JCSKI  CYNEepPeYHOCTi, IOB’s3aHi 3
HEY3TO/DKEHICTIO Jilf, CIpPOBOKOBAHOI HacaMIIepen
BIJICYTHICTIO METOJIUIHHUX BKa31BOK 3
EKCIICPUMCHTAJILHOI ~ YaCTHHU. Came  3aBIIKU
KPUTUYHOMY MHUCJIEHHIO, 3TYpPTOBAaHOCTI pOOOTH Yy
KOMaHIaX 1 HAacTaHOBaM BHKJIaJgada  CTYACHTH
IUTAHYIOTh Yy JIOTIYHIM  MOCTIMOBHOCTI  €Tamu

JIOCII/DKEHHS, 1 TUIBKH MICNS [BOTO MPUCTYHAIOTh /10
HOro BUKOHAaHHSA. AHAJ3 OJIEpPKAHUX PpeE3yJIbTaTiB
BU3HAYEHHS TYCTUHU JIOCIIDKYBAaHUX METAJTIUYHHX TiJl y
MOPIBHSAHHI 3  JIOBIAKOBMMHU JaHuMu (iX Takox
HEOOXiHO  CaMOCTIHHO  3HAaTH y  CydYacHHX
iH(QOpMaIlIHUX JDKepeliaX) € 3aBepllajbHAM eTaroM
iIeHTUdIKaIlT MaTepiais.

HeoOximHO Bif3HAYNTH 3 BJIACHOTO IMPAaKTHYHOTO
OCBIy  TICBHY  3aIliKaBJICHICTH Ta  MiJBHIICHY
aKTHBHICTb CTYAEHTIB IPU TAaKOMY HECTaHAAPTHOMY
miaxo/Ai BHKOHaHHs JabopaTopHoi podoru. Herumosi
3aBJIaHHS BUKJIMKAIOTh HEOOXIJHICTh MOIIYKY IHIIHX
LUISAXIB TiIXO/Y 10 BUPILIEHHSI TOCTABJICHOI'0 3aBAaHHS
i GOpMYIOTH TBOpYE MHCIEHHS Ta (haxoBi KOMIETEHIII.
Y rtakumii cmoci0 yxe Npu BUBYEHHI HPUPOTHUYO-
HAyKOBUX  JUCHUIUIIH  PO3MOYMHAETBCS  (DaxoBa
MiATOTOBKa MallOYTHIX 1H)KEHEPHO-TEXHIYHUX (haxiBIIiB,
a TakoX (OpPMYEThCS TIEBHHH KOMIUIEKC SIKOCTEH
0COOMCTOCTI, SIKMH CKJIaJae€Tbcsi 3  KPUTHYHOTO
MUCJICHHSI, HABUYOK TBOPYOCTi 1 pOOOTH B KOMaH/Ii.

BusiBneHo, 1m0  po3B’A3yl0UM  IOCTaBJICHE
3aBJIaHHS, CTY/ICHTH 3aJIy4aroTh J0 HOro BUPILIEHHS YCi
3acaaumnui acriektd STEM: 3HaHHS 3 Qi3uku (HAYKOBUIA
METOJl ITi3HaHHS CBITY), BUKOPUCTAaHHS CY4acCHHX
TEXHOJIOTIM, TpPakTHYHI  HABUYKH, IIOB’sA3aHI 3
MIOCTaHOBKOIO, peasizarieto i KOpUTYBaHHSAM
eKCIIepUMEHTY (IH)KeHepHHII MEeTOJ IMi3HaHHS CBITY), a
TAKOXX  BUKOPUCTAHHS  MAaTeMaTHYHHX 3HaHb 3
ypaxyBaHHSM  IHCTPYMEHTQJbHHX, BHIIQJIKOBHX 1
CHCTEMaTHYHUX MOXUOOK (MaTeMaTU4Hi IHCTPYMEHTH).

BucHoBkm 3 pgocaigakeHHsi i NHepcHeKTHBH
MOJAJBIINX PO3po0oK. HaliBaxxuBiuM pe3ynbraToM
3actocyBanHsi ~ STEM-koHuenuii mnpu  HaBYaHHI
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(yHIAMEHTAaNbHUX  JUCHUIUIIH Y  TEXHIYHOMY 8. Matomenxko I 1O0., bymror 1. IO.
yHiBepcHTeTI  BOayaeMo  po3BUTOK  KpuTu4yHoro | IlepcnexktuBu kouBeprenuii NBIC-texnomorid s
MUCJICHHSI CTYJEHTIB, 30KpeMa YMIiHHS pO3YMITH 1 | CTBOPEHHS TEeXHONOTiYHOI  marhopmu HOBOI

OynyBaTH JIOTiYHI 3B’S3KM Mik (akramu, oOuparu
HEeoOXimHI JpKepena [aHuX, PO3B’sI3yBaTH IpoOieMy
CHCTEMHO, BU3HAYATH aKTYaJbHICTh 1 BAKIIUBICTD 17CH,
apryMEHTYBATH CBOI JYMKH, BUSIBJIATH HEBiJIOBIIHOCTI
i TOMWIKH B OTpPUMaHMX JaHHX Ta Yy BIACHUX
CY/DKEHHSIX, pOOUTH BUCHOBKH  TOIIO. BMiHHS
aHaJi3yBaTH TIOCTaBJEHI 3aBJaHHS, 3aCTOCOBYBATH
HAOyTi 3HAHHSA HA TPAKTHIl, MOMJIUBICTh IMOCTAHOBKH
JIOCITiTy, HOr0 BUKOHAHHS Ta OIPAIIOBAHHS OJIEpPyKaHUX
Pe3yAbTATIB PO3BUBAIOTH TBOPUI 3MIOHOCTI 1 MpPaKTUUHI
HaBUYKM CTYNEHTIB 1 CHpPUSIOTH  CTaHOBJICHHIO
MaiOyTHIX KOMIIETEHTHUX (haXiBIliB.

VY Xozi IpOBEAEHOro MOCIiPKEHHS 3’ICOBaHO, IO
TEOpeTHYHy 1 mpakTHuHy oOcHOBY STEM  ocBitH,
cnpssMoBaHOT Ha (OpMyBaHHsS 3acaj JUlsl IHHOBAIlIH
TEXHIYHOTO 1  CYCIHiJIBHO-€KOHOMIYHOTO  DiBHS,
CKJaJaoTh (yHJAMEHTAIbHI 3HAHHS 3 NPUPOJHUYMX
JTUCIUILTIH 1 MaTeMaTuKH, sIKi IHTerpoBaHi y (axoBi

KOMIICTEHINI: 3JaTHOCTI JO KPUTHUYHOTO aHaTi3y,
KpEaTUBHOI'O, I1H)KCHEPHOTO MUCIICHHS, KOMaHIHOL
poOOTH, TOTOBHOCTI [0 BHPIIICHHS ITOCTABICHUX

3aBJIaHb TOLIO.

[Momanpmi mocmimpkeHHss OyAyTh CHpsSMOBaHI Ha
eKCIIEpUMEHTAJIbHE  BCTAHOBJCHHS  €QEKTUBHOCTI
PO3pOOJIEHUX METOAUK Yy peaJbHOMY HaBYAJIBHOMY
IIpoIeci.
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BIJOMOCTI ITPO ABTOPIB

I'YJIA OuJbra IBaniBHa — JIOKTOp
MeNaroriyHuX Hayk, JOICHT, mnpodecop Kadenpu
MaTepiajJo3HaBCTBa Jlynpkoro HAIliOHAJIBHOTO
TEXHIYHOTO YHIBEPCHUTETY.

Haykogi inmepecu: Teopis 1 METOIMKA HABYAHHS
MPUPOJHUYOHAYKOBUX JUCHUIUTIH Yy BUINUX 3aKiIafax
OCBITH; KOMIIETEHTHICHHH MiJXiZ y HelepepBHOMY

HaBYaHHI, OTPUMaHHSI MarepialiB 13 3aJaHUMHU
BJIACTHBOCTSIMH.
OYPC Tergna BacmiaiBHa — xauauaar

TEXHIYHUX HAyK, JOLEHT Kadeapu MaTepiao3HaBCTBA

JIynpKoro HaiioHaJ bHOTO TEXHIYHOTO YHIBEPCUTETY.
Haykosi inmepecu: nOCTiKCHHS — (Di3UUHUX

BJIACTMBOCTEH HAIIBIPOBIIHUKOBUX MOHOKPUCTAIB;

129

METOJIKa HaBYaHHS MPUPOJHUYOHAYKOBUX NUCHHUILIIH
y BUIIUX 3aKJIaJax OCBITH.
INEMET Bacuaunna fIpocnaBiBHa — KaHIuaT

XIMIYHUX HayK, JIOLIEHT, TOLIEHT kadenpu
MaTepiao3HaBCTBA JIympkoro HAI[lOHAJBHOTO
TEXHIYHOTO YHIBEPCHUTETY.

Hayxoei inmepecu: KOMIUIEKCHE BUBUYEHHS

MIPUPOAM B3a€EMOJII CJIEMEHTIB y 0araTOKOMIIOHEHTHUX
XaJIbKOTEHITHUX CHUCTEMaXx, IO MICTAThH PiIKO3eMEIbHI
MeTajJH; JOCHI/DKEHHS KPUCTATIYHHX CTPYKTYp 1
(GI3MYHUX BJIACTHBOCTEW MOTPIHHMX 1 TETpapUYHUX
CHOJIYK; METOJUKAa HaBUYaHHS IPUPOIHHYOHAYKOBUX
JUCIUILTIH y BUIUX 3aKJIaIaX OCBITH.
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