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The article reviews a teaching method on composition of teaching information «eompression» models:
mind map and notes-metaplans when studying the course «lessons of sustainable development» taking into
account the age peculiarities of the pupils. The usability of notes-steps as hand-outs for making mind map and
notes-metaplans is examined. The experiment on doing creative tasks by pupils of the eights form is described and
results are presented.

Keywords: Sustainable Development lesson, teaching information «compression». model, mind map, notes-
branches, notes-pictures, notes-metaplans, notes-steps.

BIAOMOCTI ITPO ABTOPA
Myxoceenxo Onsra Asmaroniibsa — sadTess indopMaruxs pumol xsamidikawiinol kareropii
KOMYHANBHOIO 3aknany «Mapiynonscska saransuoocsitas mxona [ — I crynenis Ne33 Mapiynonecskoi mickkoi

pamu Jloneskoi 061acTi», BYHTE/Ib-METOMHCT.

Kono nayxosux inmepecie: puxopucTanss Mogeneii Bisyanizamii T8 «CTHCHEHHN» HABYATEHOI iHPOpMAUIT B
HABYANLHO-BUXOBHOMY INPOLECI; BUKOPHCTAHHA CHCTCM KOMIT'FOTEPHOI MATEMATHKH HA YPOKAX MATCMATHKH Ta
iHpOpMATHKH.

VK 546.271
HCCIEJTOBAHNE MEXAHWYECKNX CBOHCTB HAHOMATEPHAJIOB
AOAEKABOPH/I0B PEJIKO3EMEJIbHBIX METAJLIOB
Omunnos Banenrun', Kopens Enena’
' Xepconcxuii zocydapemeennoiii yHusepcumem
?Xepconckuii 20cydapcmeenrsiil azpapueiil yHugepcumem

Anomayin. B cmammi nasedeni pospaxyrKku 3HAYEHb MEXANIYHUX XAPAXMEPUCIUK, A MAKOX IGIHAYEN]
IHAYEHHA mux, SKi OMPUMANI eXCNEpUMENMANbHUM WARXOM (Cmamuynum ma OuHaMiNHWM Memodamu).
Teopemuuni snavenns modyas IOuea, modyns scysy, xoeiyicuma Ilyaccona susewrucs oyxce Grusskusu 3a
BETUNUHOIO 00 EKCREPUMENMANbHUX.

Knwososi chosa: myzonnaexi 3'€OHAHHR, MEXAHIYHI XAPGKMEPUCTMUKY, XAPAKMEPUCTIUYHA MEMNEPamypa,
#o0yne FOnza, modyns 3cyay, xoegiyienm ITyaccona.

Mocranoska npobnemsni. Texmmka, NPAKTHKA HA COBPEMCHHOM 5Tane TpeOyeT HOBMX MATCPHANOS,
o6nARAIONIHX KOMIIEKCOM CBOHCTB: BBICOKOH TeMNepaTypoH IVIABICHMA, YCTONYHBOCTSIO MPOTHD AclicTeHX
KHCHOT H HX OMecell, BLICOKHM TNOITIOMCHHEM TEIUIOBERX HEHTPOHOB, NOBHICHHON TBEPAOCTEIO,
CICHHHYICCKMMM MEXAHHICCKHMN XapakTepucTuxamy i Ap. Taxiuu MaTepHanamu MOTyT GETs HAHOMATCPHANN
H3 NOPOMKOBAIX 10/1exabOPHIOB PeAKO3eMEIBHEIX METAILIOB CO CTPYKTypoii Thma UB ;.

Hanomarepuan — 510 MATEpHAN, COANAHHRI HS HCTIOABIOBAHHM HaHOYacTHY (pasMepst o 1 ao 100 ax).

Hasomarepuans no CTENCHH CHOXKHOCTH PARIJC/IAIOTCE HA HAHOYACTHI (HAHOKNACTCPM, (y/nepeHsi,
HRHOTPYOKH, YCHI, MHUC/UIS, JHIOCOMB H AP.) W HAHOCTPYKTYPHBI® MATCPHAINM, NPEACTAMLUOMHE COBOMN
axcambiu HaHo9acTHIL OHH MOIYT OMITE KOHCONHAHPYCMBIMH — TBEPAOPAIHHNME MATCPHATAMHE, COCTOAMMMH M3
OTAC/TBHAIX HAHOYACTHIL, KOTOPHE HMEIOT (PHKCHPOBAHHEC MPOCTPAHCTBCHHBIC NONOKCHHA B 00beMe MaTepHana
H XCCTKO CRA3AHHLIC HEMOCPEACTBCHHO APYT C JAPYTOM H HAHOJHCHEPCHM — MATPHYHBIC HAHOKOMMOIHTH H
HAHOMOPHCTRIC MaTepuams [1].

K TakuM MaTepHanaM MOXKHO OTHCCTH HAHOMOPHCTHC CNICYCHHMC NOACKACOPHIBM PEAKOICMEIBHRIX
METAUIOB O CTPYkTYpoit THna UB,;: YB);, TbBy3, DyB);, HoBy;, ErBy;, TmB,);, YbB,3, LuB 3, ZiB),.

AHANHI AKTYANBHLIX WCCICAOBAHMH. MeXaHHICCKHE CBOHCTSA TAKMX MATCPHAIOB MPAKTHYCCKH HE
H3YHCHLL, H TIOTOMY 33CITyXRHBAIOT BHHMAHHA. >

Tomeko B paGore [4] ykasano, wro npeaen mpossocTH npu crube ans YB;; cocrabmer 165 [Tla
(NOpHCTOCTS CCYCHHRIX B BaKkyyMe oGpasuos 22-26 %), B pabore [5] npuseacHs pacveTHnic 3HAYCHHHE MOAY A
YNIPYTOCTH HOACKAGOPHIOB PEAKO3EMEITBHBIX METAILIOB.

Hens paborut cOCTOMT B TOM, 9TO6H HA OCHOBE M3BECTHMIX COOTHOMIEHHM MEXKIY MEXAHHICCKHMH
NApaMeTPAMH H TCIUIOBLIMH XAPAKTCPHCTHKAMH, ONPCACNCHHBIMH JKCTICPHMOHTAILHO, OUCHHTE NMPOYHOCTHBIC
NapaMeTphl AoaekabopuaEsx $as YBy;, TbBy;, DyBy;, HoBy;, ErBz, TmB,;, YbBy,, LuBy;, ZrB),.

MeToas: uccnenosanuii H HAIOXEHHE 0CHOBHONO MaTepuans. Komnaxrusic o6pasips H3roTaB/IHBANKCE
CNCKAHHWEM  NpPEABAPHTENBHO  CNpPEeCCOBAHHMIX  OpHkeToB  JomexalopHOoB, MOMYYEHMBIX  METOAOM
BopoTepMHIECKOrD BOCCTRHOBNCHHA OKHCNIOB MeTaios Gopom [7] B THriax w3 nubOpHAa LMPKOHMA B 3ACHIIKE
M3 MaTepuana, KOTOphil cnexanck npw Temneparype 0,87,

[epen cnexanmem CHHTCIHPOBAHHBIH MATCPHAN HIMENBYAICA, PASMANMBANCA [0 TOHKOIHCIICPCHOIO
nopowka (pasmep wacTuu =100 mem), 3arem cnpeccoBmBancs B Gpuxersi-3aroroskd. Hamu uccnenosasa
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3aBHCHMOCTS NOPHCTOCTH OOPA3LIOB OT BEHITHHE AARICHHA NPECCOBAHNA NOPOWKOB Aonekabopunos. [TopuctocTs
zonexaboprnos coctasnana 15-22% NpPH BENMYMHAX DPEABAPHTENHHOIO mnpeccosanms 90-100 kriod’, wro
COGABANIO, MIO-BHIHMOMY, ONTHMANBHBIC YCIOBHA A4 00PasoBAHMA CTPYKTYPHBIX 3epeH MarepHana [6].

M3 TakuX IMIHHIPHYECKHX 38TOTOBOK HAHOMMCICPCHBIX- HONCKabOpMAOB METONOM 3NEKTPOHCKDPOBOH
obpaborxu mmpesamuce obpasimsi pasmepom 10x0,5x02 MM ans wsydeHHs MEXaHMIOCKHX (HIHIECKHX

EEREEREREL

EPLY/2x N

RREREARRRARERR

Puc. |. Cramwsecame merumanms xoncom.uolt Gamcs ua saru. Onpeaeiesine yriosor0 Nepesemes KoHus oGP ¢ DOMOWMO
ICPEATBHOND YTAOMEPA

X2DAKTEPHCTHK MANOMCCNCAOBAHHONO KNACCA HIOMOPPHBIX CoemmHeHMi —~ AONeKkAGOPHIOB peaKO3EMENBHBIX
METALIOB.

TMepen Tem xax IKCOCPUMCHTANBHO HCCNCAOBATH MEXAHMYECKME CBOHCTBA HOAcKabopHAOBS HAMM Gnumd
BRNONHCHM TCOPETHYUECKME PACIETH IHAYCHMH YKA3AHHEIX BETHIHH [0 HIBECTHMM (OPMYNAM IS TYTOMIaBKHX
coemancrni (Gopmyna Openxent, popuyna Opanuesira, popmyna Kecrepa u OpaHuesHia) ¢ HCNOME30BAHBEM
xo3pduumerra pacompesna (@), xapaxrepucTieckoll Temmeparypm (), Temncparypw muasnerms (7)),
CKOPOCTH PaCTIPOCTPANCHUA 38YKa W 11p. (8, 2, 7].

Mo dopumyne Openxens:
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(1) HAYKOBI 3AITHCKH Cepis: lipoGieMH METOARKH $isnko-MaTemaTuusol  Bunycx 10(1iI)
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3

334-10'T2 .
He)= == ®)
Ayicv?e’®
Monyms casura G = 7 -v2 , Tax kax v,=J§,. _ 7
1
v =-—e—p——, nockoneky ©p -%[—35-”-1]! Uy, (8)

k U dnM
rae; E — momyns HO0ura; G - monyns casura; g — xoapduument [lyaccona; a — xo3dduumeHT TepMHucckoro

pacmupesns; k — nocrosnsas BomsmMana; y — maotrocTs; M — Monckynspumii »ec; U, — CKOpOCTR

PacnpoOCTPAHCHHA 3BYKA B BEIICCTBE.

Tocne 3T0ro, yudTHBax paiMepsl 0Opasuos
popexkabopHioB, HAMH CTATHYCCKHM MCTOAOM Ijid
npHIMaTHYeckod OankA NPAMOYTONBHOIO CEYCHEA,
3ameM/ICHHOH C€ OJHOrO KOHUA, JAOMONHEHHKLIM
IEPKANEHBIM YTOMEPOM, H IHHAMHICCKHM METOAOM (B
OCHOBE ITON0 METOAE KOCBEHHOIO  HM3MCPCHMA
muHammdeckoro momyns IOura nexuT CcpasHeHEe
PACCYMTAHHEIX W  OKCHEDHMEHTANBHWX  JacToT
cobcrcHrbiX  KoneGaHMI]) C©  HCNONBIOBAHHCM
KOMITBIOTEPHBIX pacHeToR MOy 9CHB
IKCTIEPHMEHTANBHBIC 3HAYCHH OCHOBHBIX
MEXAHMYECKMX MAPaMeETPOB Jonekabopuaos.

Puc. 7. Cxema XCICPHMCHTATMHON YCTAHOBKH JUIX OTIPSAC/ICHHA

wacTor cobcTacummx xoncGamnii oGpaua. 1- 06pasey, 2 - xxops, Ha pueymkax 1, 2 n+pusesieHs  CXeMBl
3 — ANCKTPOMATHHT, 4 ~ NEHCPETOP HEIKOH JACTOTM, 5 ~ CTATHYIECKOID H JHHAMMYECKOID METOAOB

xorneHcaTopHM Mpodon, 6 ~ ocuiorpad, 7~ Garapex, 8 - pecnenosanns monyns FOura.
RO . Jnx  ponmyseHus  cOGCTBEHHWX — 9ACTOT

TPH3MATHICCKOH Ganku HCTIOJIB30BANACH
xoMnsioTepHax nporpamma Consoll, Hanmcammas Ha s3mke nporpammuposamun Pascal ABC. 3san wactoty,
pemani TPaHCUCHACHTHEIE YPABHEHHA

(EI (’)"’l- (“' )). =gl ) ©)

wy (x) = &, (x) - Olx)/ Gwlx)

u onpesensnn Moxys KOrra noxexaboprnos, nonksysck nporpammoil ConsolE.

Bce 3HAYCHHS MOXYJNCH YUPYTOCTH HCCHCAYSMBIX AOACKaGOPHAOE NCPECYHTWBANH HA HY/CBYIO
MIOPHCTOCTS No opMyne

i g Rl (10)
1-1911-0917

rae I1 — nopHCTOCTS.

TeopeTHYECKHE SHAYSHAX H IKCTICPHMEHTATBHO MOMYICHHBE MEXAHHICCKAE IAPAMETPH Aoekabopraos
npaxTe9ecky copnamd (Tabmmua 1).

Obcysnense pesyastaros. Kax suaso w3 Tabmuusl 1, 3nadeHMs MCXAHHYCCKHX KOHCTAHT .-

nonexabopHIOs 3HAYHTENLHO MeHBmE, 9eM y ThcToro Gopa EEL—-.;: H apyrvx Gopmmsix ¢as, seap B0

MeBy
MHOTHX JMTEPATYPHBIX HCTOUHMKAX YTBEPIKIACTCA, 9TO B paay MeB,—MeB,—MecBs—MeB,; npoucxozut
HAPACTANME KECTKHX KOBANCHTHBIX CBA3CH, YTO NO/DKHO NPHBOAWTS K MOBBINCHHIO 3HAYCHHI MEXAHHYECKHX
napametpos, IIpm 3TOM, MO-BHZHMOMY, HC YWHTHBACTCA PO/ MCTAIUIMMECKOrO &TOMA B  CTIPYKTYPS
nonexabopuas. 3TH BHEIPCHHAIC ATOMB CYMIECTBEHHO MIMCHUIOT BEIHYMHL CBAICH MEXIY STOMAMH Gopa, ouH
Mexay rpynnamd B); ysenaqupalorea ¢ 1,68:10" m xo 1,793-10™" u, T.. cHnBl cBA3H MexTy rpyrmamu By, 8
MeB,; ocnabesaior, a peaKo3eMensHbie aTOMB BooGme 1360 caasanu kax ¢ Goproil noapemeTkOM, TAK K APYT ¢
Apyrom (wuamst caseii coomsercrsenno 2,788:107° m (Me-B) m 530210 M (Me-Me)), wro ¥ AomasO
NPHBOAWTS K CHIDKCHMIO 3HAYCHMIl MEXAHWYCCKHX XAPAKTCPHCTHK AOACKAGOPHIOB B CPABHCHHM C SMCTHIM
Gopom ® apyriMi GopraHEIME (asaMH. ATOMB PEAKOICMEABHEIX METALUIOB (PAasPRIIILIOT) K/IACTepHBI Kapkac
Gopa.
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Bunycx 10 (IIl) Cepia: MipoGaemu MeToAHKH $lanxo-maTemaruunol [0 HAYKOBI3AITHCKH
i Texsonoriynol ocsita 7’

Ecnu xe cumrars pemetxy noaexkabopHaos, COCTOSHyI0O H3I JABYX kybuvecknx noapemerok — Gopa
(roance rpynn Bj;) ¥ BTOPOHl NONPEMICTKH METAIIA, TO CHHKCHHE BEAHYHH MCXAHMICCKHX CBOHCTE
[oAckabOpHAOS MO&EHO OOBACHHTS «OONEr9CHEBIMY CKOMbXCHHEM ONHOM KyOHueckoll pemerTxs no apyroi u 3a
CYeT ITON0 YMEHLMICHHE CHJI CONPOTHRICHHN, CHIMKCHHC MCXSHHYCCKHX MSPaMcTpoB aoackalopHuos mo
semmanne, JonexaSopuis DpHHALTEKAT K KISCCY WACTHYHO KOBANCHTHAIX COCHHHCHHH METALIOB C NCrKHMH
3INEMEHTAMH, B KOTOPHIX HANpPARNICHHBIE KOBaNeHTHHE cBasH Gopa ofecneqHBAlOT BHICOKYIO TBEPAOCTS, B TO
BpEMSA KAK 33 MEXAHWHMECKHE CBOHCTRE, B ONPCALNCHHON CTENCHH, OTBETCTBCHHBE! MCTANIHYCCKHE aTOMBI [2].

Tabauya 1
OcuopsbIe MEXSHHYECKHE XAPAKTEPHCTHKR NoAeKalopuios peaxoleMeNbHBIX MECTAILIOB K
DHPKOHES B BeIHYHHLI, CBS3AHALIC ¢ HEMHE.

Qaza YB,, | TbBy; DyB,; HoB,; | ErBy; TmB); YbB,, LuB;, Zl'Bu B
Monexynspusii
S - 2“:" 29223 | 294,73 2986'9 298,73 | 302,73 | 304,73 | 2209 | 108
M:10” xr/moms 5 !
IMnoTHocTs, 234
+10° o 3,444 | 4,540 | 4611 | 4655 | 4,706 | 4756 | 4,820 | 4,868 | 3611 [ “¢
T““"Pm'gprx 2950 | 2400 | 2550 2750 | 2600 | 2750 . 2650 | 2750 | 2075
XapaxrepucTay
s 1052 | 900 850 872 | 872 868 845 848 | 976 | 1200
oy ?
KoadpuumenT
o i 32 3,6 4,6 3,6 3,7 38 3,7 34 35 | 83
m r » » » ] r r ¥
-10“‘1('E
15600
fd';"f"‘"“ WYX 1 10400 | 6000 [ 5740 | 5880 | 5900 | 5820 | 5700 | 5900 | 6520 =
16200
W““‘“ “T 1031 |03 | 037 | 034 | 030 | 033 | 035 | 036 | 039 | 039
C
Momyns | 195 | 160 150 160 160 160 156 170 | 154 3230[
casura, o ]
Ma [ ¥
E 5 66 43 7 :
180 | 141 151 1 1 15 154 141 156
Pacc
Moagyns | 4HTa
Houra | wum | 220 | 200 200 210 | 220 210 200 220 | 190 .
paccuur | K
anHuf HAMMH
Ma | oy | 180 | 220 | 210 | 200 | 200 | 200 200 | 190 | - "
Mo
mﬁ:’ Ecwr | 250 - 190 190 195 197 198 210 | 200 | -
IKCNEPH
MEHTAN 390
s, | Ewm | 240 . 198 178 165 210 230 23 | 182 | o
o _ (8]
f S30NAICHAS e | 14| - 1300 | 1960 | 1500 | 1300 | 1500 | 1324 | 3000 | 3540

Basoast, H3 H310&CHHOIO BHING CACAYET, TTO NPHCYTCTBHE B AOAckAGOPHIHLIX (a3ax METAUIHISCKHX
aTOMOB PENKOZEMENBHAIX 3NEMCHTOB OKE3BBACT CYNMICCTBEHHOC 3HAYCHHE HA MX MCEXAHMYMCCKHE CBOHCTRA.
Bhicokas TBEpAOCTs AOAcKaOOPHAOS CBA3SHA C MPOYHLIMH KOBANCHTHRIMH CRi3aMH B-B npu ToM, w0 cBOll H
CYMECTBCHHBINA BKNAS B OPOYHOCTHBIC CBOHCTBA BHOCAT cBa3H Me-Me, Me-B 3nagurensso Gonee crnabuie, sem
Mexny artomamu Gopa. VYkasawHoe NPHBOAHT K TOMY, 910 NPH BHICOKOHM TREpAOCTH AoAckabopuaos Hx
MEXAHHYCCKHE XAPAKTCPHCTHKH 3HAYHTCNBHO HIDKS, 9eM Yy Gopa m npyrux Gopumos H Teepasix ofpasosasmii
(anmas, xopyHA u Ap.), YTO MOXKET CHOCOOCTBOBATS HCIOMB3OBAHMIO NOACKAOOPHIOS PEAKOICMENLHRIX METALION
kK a0pajuBHBIX MHCTPYMCHTOB, 00CCNETHBAIOMMX BHICOKYIO TMCTOTY 00paboTkm, MaTepuanos i pexymyHx
npucnocobneuii, CO3MAHMA BHICOKONICTHPOBAHHMX GOPHAAMM NETHPOBAHNBIX CTANCH M T.1IL

BUBJIMOTPA®HA
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HCCHENOBAHHA MEXAHHYECKHX CBOHCTB HAHOMATEPHAJIOB JONEKABOPHJOB
PEJKO3EMEJIBHBIX METAJIVIOB
Opunnon Banesrun, Kopens Enena

B cratee NpHBEACHE PACHCTHRC 3HAYCHUA MCXAHHICCKAX XAPAKTCPHCTHK, TAKKS YKASAHE SHATCHMA TeEX,
KOTOPHE MONYYSHN 3KCTISPHMEHTANLHAIM MyTeM (CTATHYCCKHM H AHHAMHYSCKHM Meromamu). Teoperwseckne
suagernn Moayyn KOura, Mogyns cupura, koa¢g¢uumenta [Tyaccona okasamics oucHb OIM3KMME NO BEAHYHHE C
IKCTECP HMEHTANBHBIMM.

Kmouesvie cr106a: TYTOIUIABKHE COCHMHCHHA, MEXAHHYCCKHC XAPAKTCPHCTHKH, XSPAKTCPHCTHISCKAA
TeMnepaTypa, moayms Oura, Monyne casura, xodddupsent [yaccona.

INVESTIGATION OF MECHANICAL PROPERTIES OF RARE-EARTH METALS NANOMATERIALS
DODECABORIDES
* QOdintsov Valentin, Koren Elena

mmhlbwsﬁeahdawdvdmof&emhmﬂlmnweuum&mﬁnvdmof
those obtained experimentally (static and dynamic methods). The theoretical values of the Young's modulus, shear
modulus, Poisson’s ratio were very close in magnitude with the experimental for dodecaborides of rare carth metals.

Keywords: refractory compounds, the mechanical characteristics, the characteristic temperature, Young’s
modulus, shear modulus, Poisson’s ratio.
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YK 378.141
BUIBIP ABITYPIEHTIB HA IT-CIEIIAJIbHOCTI B YKPAIHI: CTAH I IIPOBJIEMH

Iosomaprosa Haranisn
Xapxiscexuil nayionanskuit nedazoziywui ynisepcumem ineni I.C. Cxosopoou

Awnomayia. Cmamms npuevena ocobrusocmam eiobopy abimypicumie na IT-cneyianswocmi y euwjux
Haeyanswux saxaadax Yxpainu. [poeedenuii ananis 0as nidcmasu ON% MAKux SUCNOEKIE: npolrema xadposozo
sabesnevenns IT-2axysi nompebye cucmemnol poGomu; inmepec aGimypicumie 0o odepacanna IT-
cneyianstocmed y sakradax sugol oceimu Yipainu e 3pocmac; SUNYCKHUKY WKIT 3ANLWAIOMECR HEOOCMAMHbO
noingopmosarumu cmocosno ocobrusocmeii  nidzcomoexu IT-cneyianicmie y cucmemi suwyol oceimu;
cnocmepizaomecs nposeu mendenyil 00 InuNceNHs sxocmi nidzomosxu aGimypicxmie, Axi ecmynawome na IT-
cheyiansnocmi; nompeGye YOOCKOHAAEHHR cucmema Kpumepils 8idbopy abimypicumie vepes cepmugpixamu 3HO
3 MamemMamuxu ma Qizuxu.
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