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The article reviews a teaching method on composition of teaching information «compression» 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.
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Anomauin. B cmammi nagedeni pospaxyHKu 3HAUEHb MEXAHIYHUX XAPAKMEPUCTIUK, A MAKONC 3A3HAYEH]
SHAYeHHsT MUX, SKI OMPUMAHI eKCNEPUMEHMAIbHUM WIAXOM (CMAamuyHumM ma OUHAMIMHUM MemoOamiL).
Teopemuuni suauenns mooyns FOnea, moodynsa 3cysy, koegiyichma I[lyaccona eusaguaucs Oyxce GIU3bKUMU 3a
BEUUUHOIO 00 eKCHEPUMEHMATLHUX.

Kniouogi cnosa: myeonnaski 3’ €OHAHHS, MEXAHIUHI XAPAKMEPUCHUKY, XAPAKMEPUCMUYHA MeMnepamypa,
Mooyab FOnea, modynw 3cysy, koegiyicnm Ilyaccona.

IMocranoBka mpodyemsbl. TexHKKa, MpPakTHKa HAa COBPEMEHHOM JTare TpeOyeT HOBBIX MaTepHalioB,
00J1a1al0MIMX KOMIUIEKCOM CBOMCTB: BBICOKOW TEMIEpaTypoH IUIaBJICHHS, YCTOMYMBOCTHIO NPOTHUB JEHCTBUS
KACIIOT M HX CMeceil, BBICOKMM TOIJIOIIEHHEM TEIUIOBBIX HEHTPOHOB, TIOBBIIMIEHHOW TBEPAOCTHIO,
crnenupUIeCKUMHI MEXaHUIECKUMH XapaKTepUCTHKaMHU U Jp. TakuMu MaTepuanaMi MOT'YT ObITh HAHOMAaTepHAaJIbl
13 MTOPOIIKOBBIX J0IEKa0OPHIOB PEIKO3EMEIbHBIX METAJIOB CO CTPYKTYypoi Tuma UB;,.

HanomaTepuain — 3To MaTepual, CO3aHHbIA Ha MCIOIBb30BaHUM HaHOYACTHIL (pa3Mepsl oT 1 10 100 HM).

HaHomatepuaibl 1O CTENEHU CIOKHOCTH Pa3ZeisioTCs Ha HAHOYACTHIBI (HAHOKIIACTEpHI, (yJUIEpEeHBI,
HAHOTPYOKH, YCBI, MHIEIUIbL, JHUIIOCOMBI W JIp.) U HAHOCTPYKTYPHBIE MaTEpHaJIbl, IMPEACTABISIONINE COOOM
aHcaM0iu HaHoyacTHll. OHU MOTYT OBITH KOHCONMUANPYEMBIMH — TBEpA0(a3HBIMU MaTepHaIaMH, COCTOSIINMU H3
OT/EJIBHBIX HAHOYACTHII, KOTOPbIE NMEIOT (PUKCHPOBaHHbIE TPOCTPAHCTBEHHBIE MOJOKEHHsI B 00beMe MaTepualia
U JKECTKO CBSI3aHHBIE HEIIOCPEACTBEHHO IPYr C APYrOM M HAHOAWCIIEPCHH — MAaTPUYHbIE HAHOKOMIIO3UTHI M
HaHOMOPUCThIE MaTeprasl [1].

K TakuM MaTepuanam MOXHO OTHECTH HAHOIIOPHCTHIE CIEYEHHBIE NOAEKAOOPUIBI PEIKO3EMEITbHBIX
MECTAJJIOB CO CprKTypOﬁ THIIA UB]z: YB]z, TbB]z, DyBlz, HOBlz, EI'B]z, TmBlz, YbBlz, LuBlz, ZI'B]z.

AHAJIN3 aKTYyaJIbHBIX HCCIeIOBaHUN. MexaHnueckne CBOWCTBA TaKMX MAaTEpUalIOB TPAKTUYECKH He
W3YYEHBI, ¥ IOTOMY 3aCIy)KUBAIOT BHUMaHHS.

Tonbko B pabore [4] ykazaHO, YTO TpeAen MPOYHOCTH Impu crude s YB;, cocraBuser 165 I'Tla
(TIOpUCTOCTD CIICYCHHBIX B BaKyyme 00pasioB 22-26 %), B pabote [S] mpuBeneHb! pacueTHBIC 3HAYCHUH MOy
YIIPYTOCTH J0I€Ka00PHUIOB PEAKO3EMEIBHBIX METAJIIOB.

Leas paGoTbl COCTOMT B TOM, YTOOBI Ha OCHOBE W3BECTHBIX COOTHOIICHHH MEXIY MEXaHHYECKUMHU
rapamMeTpaMHi U TEIUIOBBIMU XapaKTEPHCTUKAMH, OIpe/IeIeHHBIMH DKCIIEPUMEHTAIbHO, OLEHUTh HMPOYHOCTHBIE
nmapamMmeTpsl qoaekadopunHbix has YBi,, TbBi,, DyBi,, HoBi,, ErBy,, TmBi,, YbB),, LuBs, ZrBys.

MeToap! Hcce0BaHMI M H3J105KeHIe OCHOBHOTO MaTepuajia. KomnakTHble 00pa3ibl H3roTaBINBAINCH
CIeKaHHEeM  MpEIBAPUTENILHO  CIPECCOBAHHBIX  OpUKETOB  JIOAEKA0OPUIOB,  TONYYEHHBIX  METOAOM
00pOTEPMHYECKOT0 BOCCTAHOBJIEHHSI OKHCIIOB METAJUIOB OOpOoM [7] B THIIISAIX U3 JUOOpUIA HUPKOHHUS B 3aCHITIKE
13 MatepHalia, KOTOpbli criekaics mpu temmeparype 0,875,

Ilepen cnekaHWeM CHHTE3UPOBAHHBIH MaTepHall M3MENbUaJICs, Pa3MalbIBAJICS JI0 TOHKOIHMCIEPCHOTO
nopomka (pazmep uactui ~100 Memr); 3aTeM CHpECCOBBIBAICS B OpHKETHI-3aroToBKM. Hamu wuccrenoBana
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3aBHCHUMOCTH TIOPUCTOCTH 00pa3IOB OT BEIMYMHBI IABJICHHS TPECCOBAHMS MOPOIIKOB 10/ekabopu10B. ITopucToctsh
JOIeKabOpHIOB cocTaBisiIa 15-22% mpH BeTHYMHAX NpEBAPHTENbHOr0o mpeccoBanms 90-100 kr/mm?, dTo
C03J1aBaJIo, MO-BUIUMOMY, ONITUMAITBHBIC YCIIOBHS [T 00pa30BaHUs CTPYKTYPHBIX 3epeH MaTepuaia [6].

W3 Takux NWIMHIAPUYECKUX 3arOTOBOK HAHOMUCIIEPCHBIX JOACKAOOPUIOB METOIOM 3JICKTPOUCKPOBOM
00paboTKK BBIpe3auch o00pas3ipl pasMepoM 10%0,5%0,2 MM aasd U3y4CHHS MEXaHHUECKUX (PH3HMUSCKUX
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Puc. 1. Crariyeckne UCIIBITAHUS KOHCOJIbHOM Oanku Ha u3rud. Onpe/encHue yrioBoro nepeMelieHns KoHia oopasia ¢ moMoLIbio
3epKaJbHOro yriomepa

XapaKTePUCTUK MaJOHCCIIEI0OBAHHOIO Kilacca M30MOP(HBIX COSOUHEHHH — J10JIeKaOOpHIOB pelIKO3eMENTbHBIX
METaJlIOoB.

Iepen TeM Kak SKCHEPUMEHTAIILHO HMCCIIENI0BATh MEXAHHUUYECKHE CBOWCTBA NO/IEKAa0OpPHIOB HAMH OBLIH
BBINOJTHEHBI TEOPETUUECKHIE PACUETHI 3HAYCHUH YKa3aHHBIX BEIMYMH 110 U3BECTHBIM (OpPMYJIaM ISl TYTOILTaBKUX
coeaunenuit (hopmyna dpenkens, popmyna Opannesnya, popmyna Kecrepa n @panieBrya) ¢ HCIOIb30BaHHEM
koo ¢uimenTa pacmupenus (o), XapakTepucTuueckod Temmneparypsl (0), temmnepatypsl tuiaBienus (7)),
CKOPOCTH paclpoCcTpaHeHus 3ByKa u 1ip. [8, 2, 7].
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pacripoCTpaHCHM 3ByKa B BCILIECTBEC.

ITocne OTOro, Y4YWTBIBasA pasMEpbl o6pa3u013

4 I[OlleKa60pI/IllOB, HaMH CTaTU4YCCKUM MCTOAOM JJIA

/_Hq - HpPISMaTI/IlIECKoﬁ Oanku IpAMOYTOJIBHOI'O  CCUCHUA,

3alIEeMJICHHOH ¢ OQHOro KOHIa, JOIIOJTHCHHBIM

3CPKAJIbHBIM YIJIOMEPOM, U JTUHAMHWYCCKUM METO0M (B

| :5 OCHOBEC 9TOro MCETOda KOCBCHHOT'O U3MECPCHUA

JUHAMHUYCCKOro MOOYJIA IOnra gnexur CpaBHCHUC

N pacCUMTaHHBIX M OKCICPUMEHTAJBHBIX  YacTOT
COOCTBEHHBIX  KoyieOaHMH) €  HCIOJNB30BaHUEM
KOMIIBIOTEPHBIX pacueTos TONTyIEeHbBI
\l 9KCTIEPUMEHTAJIbHBIC 3HAYCHUSI OCHOBHBIX

Puc. 2. Cxema 3KCIIepUMEHTAIbHOH yCTAaHOBKH IS ONPEICIICHUS MEXaHUCCKUX ITapaMCTpOB HOHeKa6OpHI[OB'

4acTOT COOCTBEHHBIX Koebanuii 06pasia. 1- obpasel, 2 — AKOPb, Ha pucyskax 1, 2 TpuBeneHbl  CXEMBI
3 — 3JIeKTPOMArHuT, 4 — TeHepaToOp HU3KOH 4acTOThI, 5 — CTaTUYECCKOI' 0 u JUHAMHUYECKOI'o METOO0B
KOHJICHCATOPHbIH MUKPO(OH, 6 — ocumiiorpad, 7 — 6atapes, 8 — uccnenosanus Moxyis FOnra.
JKECTKOE OCHOBAHME.
Jns TIOJTy4EHUS COOCTBEHHBIX 4acToT

MIPU3MATUIECKOU OaKu HCTIONIb30BAaJIaCh
KoMmItbtoTepHasi nporpamma Consoll, HanucanHass Ha s3bIke nporpamMmupoBanus Pascal ABC. 3Hast wacrory,
pelany TpaHCIEHACHTHBIE YPaBHEHUS

(Bl () =glx) )
wy (1) =3 (x) - 0(+)/ Gu)

u onpenensuin Moxynnb FOHra noaexkabopuaoB, nonb3ysick nporpammoi ConsolE.

Bce 3HaueHuss Mopyned YHOPYroCTH HCCISIYEMBIX HOJCKaOOPHIOB IEPECUMTHIBAIA Ha HYJICBYIO
MTOPUCTOCTH 10 (hOopMyIIe

. Einz , (10)
1-1,9171-0911

rae [T — nopucrocth.

Teopernueckue 3HaUCHHUS U SKCICPUMEHTAIBHO MONTYYCHHBIC MEXaHHMYCCKHE TTapaMeTPhl J0ICKa00PHIOB
MpakTHIeCcku coBnaiu (Tabmuma 1).

O6Ocy:xnenne pe3yiabTatoB. Kak BuAHO u3 TaOmmibl 1, 3HAYEHHs MEXaHHYECKUX KOHCTAHT

Ep

JI0ZIEKa0OpUIOB 3HAYUTEIFHO MEHBINE, YeM Y YUCTOro Oopa ~2 " Apyrux OopuaHbIX (a3, BeIb BO

MeB,,

MHOTHX JIUTEpaTypHbIX HCTOYHHKAX yTBepkaaercd, 4ro B paxy MeB,—MeB,—MeBs—MeB,, npoucxoaur
HapacTaHHUEe JKECTKUX KOBAJEHTHBIX CBA3EW, UTO JOIKHO NMPHUBOAUTH K IOBBIIICHUIO 3HAUYEHHH MEXaHHUYECKUX
mapameTpoB. Ilpu 3TOM, NO-BUAMMOMY, HE YUHUTBIBAE€TCS POJIb METAJIMUECKOIO0 aToMa B CTPYKType
noaekadbopuia. DTH BHEJPEHHBIE aTOMBI CYIIECTBEHHO M3MEHSIOT BEJIMYHMHBI CBS3EH MEXIY aToMaMu Oopa, OHU
MEeXIy rpynnaMu B, yBenuuuBaroTcs ¢ 1,68:10"° m 10 1,793-10"° m, T.e. cumbl cBsi3n Mexay rpynmnamu By, B
MeB;, ocnabeBaloT, a penko3eMelbHbIE aTOMBI BOOOIIE €1a00 CBS3aHbI KaK ¢ OOPHOM MOAPEIIETKOM, TaK U APYT C
apyroM (WiMHBI cBs3eif cootBercTBeHHO 2,788:107° M (Me-B) u 5,302:107° M (Me-Me)), 4To M HOMKHO
MPUBOANUTH K CHIDKEHUIO 3HAYEHHH MEXaHWYECKHX XapaKTePUCTHK H0/eKaOOpHIOB B CPaBHEHHH C YHCTHIM
60opoM u ipyrumu OOpHIHBIMHU (ha3aMH. ATOMBI PeIKO3EMENBHBIX METAIIOB «Pa3phIXJISIOT» KIACTEPHBIH KapKac
oopa.
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Ecnu ke cuMTaTh pEIIETKY M0AeKabOpHIOB, COCTOAIIYI0 M3 JBYX KyOMYECKHX IOAPENIETOK — Oopa
(tounee rTpynm Bj;) W BTOpOM MMOApPENIETKM MeTayla, TO CHIDKCHHE BEIMYMH MEXaHUYECKUX CBOMCTB
JI0AIEKa0OPHUIOB MOKHO OOBSICHUTD «OOJIErY€HHBIMY» CKOJIBKEHHEM OJHON KyOHUECKOM PEIIETKH 110 APYroi u 3a
CYET STOr0 YMEHBIIEHHWE CHJ COMPOTHMBJCHHUs, CHIKEHHE MEXaHMYECKHX MapaMeTpoB OAeKa0OpHUIOB I10
BennuuHe. Jloaekabopuabl MPHHAMIEKAT K KIACCy YAaCTHYHO KOBAJIEHTHBIX COCOMHEHWH METAIOB C JIETKUMHU
9JIEMEHTAMH, B KOTOPHIX HAIpaBIIEHHBIE KOBAJEHTHBEIE CBSI3M 0Opa 00ECIEYMBAIOT BBICOKYIO TBEPAOCTH, B TO
BpeMs Kak 3a MEXaHUYECKHEe CBOMCTBA, B ONPEIEICHHOM CTENEHH, OTBETCTBEHHBI METAIIIMIECKHE aTOMBI [2].

Tabnuya 1
OcHOBHbIE MEXaHHYECKHE XapPaAKTEPUCTUKH A01eKA0OPHI0B PeIK03eMeIbHbIX METAIIOB H
IHUPKOHHUS M BeJIUYHHDI, CBSI3AHHbIE ¢ HUMH.

®daza YB12 TbBlz DyBlz HOB]Z ErBlz TmBlz YbB]z LuBlz ZrBlz B
E/é(cmeKyMpHm 21871 2886 1 9593 | 20473 | 2999 | 29873 | 302,73 | 304,73 | 2290 | 108
M-10 kr/mMomb 3 5 ’ ’ 8 ’ ’ ’ 5 1
Inorrocts, 3,444 | 4,540 | 4,611 4,655 | 4,706 | 4,756 4,820 | 4,868 | 3,611 2,34
v-10° kr/m 0
Temneparypa 2950 | 2400 | 2550 2750 | 2600 | 2750 - 2650 | 2750 | 2075
raBsienus, °K
XapakTepuctuy
coxat 1052 | 900 850 872 872 868 845 848 976 | 1200
Temreparypa,
°K
Koadpunuent
TEPMHYECKOTO 3.2 3.6 4.6 3.6 3,7 3,8 3,7 3.4 3,5 8,3
pacmupeHust
10K’

15600
ﬁ;‘c"p‘”" SBYE | 10400 | 6000 | 5740 | 5880 | 5900 | 5820 5700 | 5900 | 6520 | >°"C
16200
E‘”q’q’”“em 031 | 0,36 0,37 0,34 | 0,30 0,33 0,35 0,36 | 0,39 | 0,39
yaccoHa
N C 320[
onym | ) 195 | 160 150 160 160 160 156 170 154 o
cABUra, m ]
I'la E“3 180 | 141 151 166 143 157 154 141 156 -
‘pacu.
Pacc
M()};[yj'[], yuTa
IOnra HHBI 220 200 200 210 220 210 200 220 190 -
paccaur 7
AHHBIN HaMu
Ma oy 1180 | 220 | 210 200 | 200 | 200 200 190 ; ;
M
oma | Eew | 250 | - 190 | 190 | 195 | 197 198 | 210 | 200 | -
9KCIepu
MEHTaI 390
et | Eum | 240 - 198 178 165 210 230 230 182
, (8]
I'Tla
Pesonascas | gy - 1300 1960 | 1500 | 1300 1500 1324 | 3000 | 3540
yacrota f, 't

BoiBoabl. V3 W3JI0)KEHHOTO BBIIIE CACTYET, YTO MPUCYTCTBHE B OJACKAOOPUIHBIX (ha3aX METaUTMICCKUX
aTOMOB PEIKO3eMENbHBIX 3JIEMEHTOB OKa3bIBaeT CYIIIECTBEHHOE 3HAUEHHE HAa MX MEXaHUYECKHUE CBOWMCTBA.
Bricokast TBep0CTh A0ACKaOOPUIOB CBA3aHA C MPOYHBIMH KOBAJICHTHBIMH CBsI3sAMU B-B mpu ToM, 4TO CBOW U
CYIIICCTBEHHBIN BKJIaJ B IMPOYHOCTHBIC CBOMCTBA BHOCAT CBsi3u Me-Me, Me-B 3HaunTensHO Oonee ciiabble, yem
MEXIy aroMaMu Oopa. YKa3aHHOE MNPUBOAUT K TOMY, YTO TPH BBICOKOW TBEPAOCTH IOJCKAOOPUIOB WX
MEXaHUYECKUE XapaKTEPUCTHKH 3HAYMTEILHO HIDKE, YeM y Oopa W JApYyrux OOPHIOB W TBEPABIX 0Opa30OBaHMI
(anmMa3, KOpYHI ¥ JIp.), YTO MOXKET CIIOCOOCTBOBATH MCIOJIB30BAHUIO 10JIEKA00OPHUIOB PEAKO3EMEIBHBIX METAJLIOB
KaK aOpa3sWBHBIX WHCTPYMEHTOB, OOCCIICUMBAIOIINX BBICOKYIO YHCTOTY OOpaOOTKH, MATEPUANIOB IS PEXKYIIUX
MIPUCIIOCOOICHUH, CO3IaHuUs BBICOKOJIETHPOBAHHBIX OOPHIAMU JISTUPOBAHHBIX CTAJICH U T.II.

BUBJIUOI' PAOUS
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HUCCJIEOBAHUA MEXAHUYECKHX CBOUCTB HAHOMATEPHAJIOB JJOJEKAFOPHJIOB
PEJIKO3EMEJIbHbIX METAJIJIOB
OnunuoB Banentun, Kopens Esiena
B crarse npuBeeHbI pacueTHBIE 3HAYEHUS MEXaHMUYECKUX XapAKTEPUCTHK, TAKKE YKA3aHbl 3HAUEHUS TEX,
KOTOpBIE IMOIYY€EHbI SKCIEPUMEHTAIBHBIM MyTeM (CTATUYECKUM W TUHAMHUYECKHM MeETojaaMu). TeopeTndeckue
sHavyeHuss Moayis fOura, Momyns capura, koddduipenta [lyaccoHa OKa3aluch OUYeHb OJM3KMMU IO BETUYUHE C
9KCIIEPUMEHTAILHBIMH.
Kniouesvle cnoea: TyromiaBKde COCIUHEHHS, MEXAHHUYECKHE XapaKTEPHCTHKH, XapaKTePUCTHYECKas
TemrepaTypa, Moayib FOura, Moayns casura, koddduiment [Tyaccona.
INVESTIGATION OF MECHANICAL PROPERTIES OF RARE-EARTH METALS NANOMATERIALS
DODECABORIDES
Odintsov Valentin, Koren Elena
The article shows the calculated values of the mechanical characteristics, as well as indicate the values of
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 earth metals.
Keywords: refractory compounds, the mechanical characteristics, the characteristic temperature, Young’s
modulus, shear modulus, Poisson’s ratio.
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(i3UKH Ta 3araJbHOIHKEHEPHUX AUCIMILTIH, XEPCOHCHKUH JIep)KaBHUM arpapHUil yHIBEpCHTET.
Kono nayrxosux inmepecie: 6opumy, GpisuyHi BIACTHBOCTI 10A€Ka00PiI0B.

VIIK 378.141
BUIBIP ABITYPICHTIB HA IT-CIEIIAJTbHOCTI B YKPAIHI: CTAH I TPOBJIEMHU

IMonomapnoBa Harauis
Xapxiscokuil Hayionansbhuill nedazoeivnuil yrisepcumem imeni I.C. Crkosopoou

Anomauin. Cmamms npusuena ocobausocmsm 6i0oopy abimypicnmie na IT-cneyiarvhocmi y euwyux
Hasuanvhux 3axiadax Ykpainu. Ilpoeedenuti ananiz das niocmasu OJisi MAKUX GUCHOBKIB: Npodiema Kaoposozo
sabesneuennss IT-eanysi nompebye cucmemnoi pobomu; inwmepec abimypicumie 0o ooepoicanns IT-
cneyianbHocmell y 3aK1040ax 8Uwoi oceimu Yxpainu ne 3pocmae; 6unyCKHUKU WKl 3aIUuUaiomscs HeOoCmammbo
noingopmosanumu  cmocoerHo ocobaueocmetl niocomoeku IT-cneyianicmie 'y cucmemi uwoi oceimu,
cnocmepiearomocsi nPosiGU MeHOCHYIl 00 3HUNICEHHSL SIKOCMI Ni020mosKu abimypicumie, siki écmynaioms Ha IT-
cneyianbHocmi; nompedye YOOCKOHANEHHs. cucmema Kpumepiie 6i00opy abimypicnmie uepes cepmugpixamu 3HO
3 Mamemamuky ma Qizuxu.
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