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BAEEBIBI 230 a—2ORAE0 FIZLHIPHMHED, BHEHBONE
EHBERREREEZ D6 LTS, TORENZ S D2 TEEEY: (Experimental
Mathematics) | TH 5. EEEFE, 1Ko THIDTRELIEBEINLFTET, /L
NEDW %I DD TH 5. Maple,Mathematica,Magma,Neil Sloane’s online integer
sequence recognition tool,the inverse symbolic calculator 72 ¥ D HIHICZ L D, BFEED
HROY =N LTRE -2 8IC& 2T, BEEDIHED R X A L EHFEBROIER
DHACHER 525 £ 510K 72 L CERREE B RER - TV 2. [3p.11E,

A mathematical experiment has always been a key source for a mathemati-
cal discovery. Over the past 50 years, thanks to digital technologies, its role
in mathematical research has grown significantly. Digital technologies have
opened up fundamentally new opportunities for experimentation in math-
ematics education,bringing mathematical education closer to mathematical
research for the majority of students.(p.S92)

ETIRN T aTI = Ko THEEICBIY 255D, BEWFRICBIT 2 1%E|0E
FEHERPHEL, BEHB BV THERION T A2 6L TWE I, BEMZRIC
WEEEBE Z L DEFICD 6L TWA IR, fELTWS. /-,

Attempts to prove something should logically follow from an experimental
material and should be motivated and constantly correlated with it. Proofs
constructed individually by every student at their level are also created with
visual computer support: proofs are illustrated by drawings, certain calcu-
lations are carried out on a computer, etc.(p.S592)
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W5, FEEECE L AEHOBRIE, ZDFEE Bailey & [2] 1%, I EBEFER R EENITE K
HIREERAND 7 78— F % R $ % (Suggesting approaches to formal proof). | &¥5
L7 2 & 2UfEIC, BUEHE B WT d ERREEE o EEHGEHZ T2 D 2 2
K507 70 —F2WBBMEARPITONS X507 [4]. A - IHK [4] 1FRD
EORFEBREFEDO T AR REL TV 5.
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Traditional objection to geometric courses based entirely on computer ex-
periments reads as a picture cannot replace logical reasoning. This objection
was discussed above in the general form. In fact, this implies that memoriz-
ing someone else’s proof (with a doubtful understanding) is fundamentally
more important than student’s own hypothesis about the truth of a geomet-
ric statement.(p.S95)

TRDB, arta—XEROENIERMEIHTIREMNLRGREH D, ARIEERERAYHE
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We believe, as a number of other well-known mathematicians, that inde-
pendent analysis of mathematical reality (good, if visually represented) is a

necessary element of work of a mathematician and a student learning math-
ematics.(p.S95)
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2.1 BRIREENC K > TRIFZDIRIL (degneration) ICfith 5 5E5E

DUMISOR TR, FERBERORIE7E b 2 RS EBOICH & U TIA L
s Twa Varignon DEEZRLAEDDTH 5. #FIX, ZOHEEITOWTHEA

Varignon® iz fll

1: Varignon Theorem

¥ EFGH 23T TH 5 Z & DREIA%Z1TS5. DGS T, HHIZABCD £33
¥, RDEIBBETHWMD Lo TWVWE I EABIRTE S, X5ICHAK ABCD 2 R

2: Mt osa 3: RAEMMUE DO E

D& SICEHRT 2L, B,D,CHEED BD)CIGELLEZBEICBWTHMDIL>TW
5 ZEDMERTE 5. HEWMEIZSIL, DGS 25 % SN HB D »IEFIC
LEIITHESIN TV, DGSDB & T, EBBEEHZITV, T X51TEL
(Denegeration) U 7zl % K5 - #1539 % Z £ C, Varignon OEMEFELEHE A X —
TE3MNMMUAFEORANDIGEIE DD TRV EHTHI I EDREHRTE2 X5
5. 2O XD BB SVUATE ABCD 281 REHET % 289 AB(D), B(D)C IZZE
L7 2B 5857 EF (GH) 232 AT SR E L 72 b D e AL TN TESL X DI
%5 HARETDH D, BINLAREORZ TS SRS AR 726 L TWV5.
RiZ Napoleon FEHIZ B %:B1Lfl % ~R3. Napoleon EHIIMEED =MD FIZIE
=ARERT, ZOHDLERMATTEZ2=AMPE=AICL LW EHRTH 2.
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6: Napoleon Theorem
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LU THD AB)CIZRZIBILZBE T2 208 TES. ZDXDITHRT kLﬂSL?’J’iJ
BIZBWTHIE=AFIZ/Z>TED, Napoleon EHA DD Z & BHREINCHETE T

% %. Napoleon FFHD R HI STV 2 #IFRMAVRAEAD Z O:BLHICII@EA LI

X 7: Napoleon Theorem (2B W T=AE ABC 2330 1E(L L 7235

(K, BERGELTIHAT 2 e kd o 5.

RIZ, Napoleon EH 2 & DPUMATETORHLLICH Y % Van Aubel DEHE DRILHI %
RY. Van Aubel DFEHIITEEOUAT DI EICEAFE R 72T, ZOHDLEFEATTE
2 PUAE P ERER AR (iso-ortho-quadrilateral © MAMP R IPELLERT M
B IR VWO EHETH S, ZOEHIIBWTIE, A RRNREINTEFEET S 2
MohTsh, Z2oHINAR ORI X 25HAb & TWS [6). LI, [6]1
BFohTwad Ay bRE]) %Z7~F. Varignon DEH L FREICMUAE., K
ZIATROGEIZH MDD BB TE 5.
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11: #2593 A(BC)D IZB1L L 72354 12: #1259 B(AC)D ISB(L L =355

Do 72350, GRIEELRZ2HD2HA CHRETBD D LICO-755THS. DX
TR LDFFRBITH DL D Z E DR TE 5. ERIEZ 28 A, D257 CBD LIz -
72356 T 0,0,050, IXMPUARICZ 5. SARIZERR DO RWHAERL, EFETH
LB TCEL. AXIEF2HAADPA=D=0,CR3 L5 7CBD LD -
75 E T, MBI T 27200 Tk < 28051 BUICEILS 3 (O3 sICBL L 7z) 5
AT, 0,0,030, 1FMMEABICHE S, MARIEZEL OO RWHERL, FETH 5.
DGSDdE, ZDXIRFEICBWVWTD Van Aubel DEHED D IO Z L WFERT &
3.

MU ABCD 2 =AFICEL L 7245051 & Van Aubel DEH Tl DGS THZETX 3.
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13: $#457 C(AD)BISBIL L 72354 14: #5r C(A=D)BIZE(L L = 5E

15: AT ABCD B=AIB (L L 858

DL ZDEIRGEITBWTS Van Aubel DEHDWM D DO Z L BIETE 2. F,
Varignon OEHOB{LHITHBHETHBED TR L R LTt 5. EXIX
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16: 257 DC I B 235 - 72128 X 17: ##97 DC _EIZ B 3% - 721281k
L7=8%5E 1 L7=5E1

ABD EA=MFICKR 2 £ 52 BC LIZAB 2D > 258 T, & D Van Aubel DE
MR 72oTWD ZePHETXS. AKIIABD BEM=MEZR-7-F %, EFL
A=J7R2 L5 CDCSTRIEZZEKT2L O3 =0, EM=ME LD, Van Aubel
DEID 0,04 = 0,0, B DIIDOZ 05, HA=MATE 0,0,0, H3E A N =14
2722 X5 GEBBERTE 2. ABCD 2SMMEAKOHEICD 2D X 572 0,0,050,
W=AF 0,0,0, EA=ZABICR D KO BREENTE 3.

F 72, BLOWENTIEAF%E 72 TN Van Aubel BLEICBWTIE, O; = 05,05 = Oy



b, FREZMUAIE 00,050, HHRTITRILT 5 X5 25HEd DGS THE T 5 2
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2.2 FLVIERALEANDEDHAZEX S B ZE5XS

Van Aubel EHDOWFERM A 723ERAIX, Finsler-Hadwier €2 fEIEH Y 35 3
DT, MSDIERDHZEEDLICTEdDH5 (1. LrL, ZTRETRTERZLIIS,
Napoleon EH, & D HIF Van Aubel DEHNIXEEDHER] (Conjecture) 232 TTH, #I
FRMW AR Z A K D T2 e RARFIHRAIZE R L, Han it zEAR TR
ER 5KV, TRTORKEIZEAT TRV GEHDAAIRER O 2 WD Z i, £tk
REZFOrEZLNS. ZOL X, DGSTDID XS REENHIOHY 7 v —F
WD HOERZ 5 2 TW5a. DGS IFEBREF N 2GS o AWEEAN O RB %2 5.
25 ZEMIRFEINTVE D, ZD XS WHDEIT 7a—FA e HEeMl 2 2% 5
2 BAREMEDID 5.

#il 21X, 5 Ed Napoleon DEFEDHERIS® Van Aubel D EFLDHER 2175 Z &1, 4
T o THEINCID AR TVWHETH S b s. L L, BlbE2abis
Rkl 2 B LT 2 & 2 B AR REE- 217 5 Z I3 L WO TIERWES S
. ZTDEE, HEREHOWREE, SE PR CTEHBRCEN 2 A LT, A
B77Tu—FITHhbH. £3, Napoleon DEHUIOWT, HEBUT X ZiEIHD 7 v —F

ZEINT.
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Proof of Napoleon’s Theorem by complex numbers. A, B,C,D,E, F € C, % & D=A
# ABC & L, AL ToNLIE=MAF% ABD, ACE, BCF ¥3 % .w % 120° [Hli5 %
KIEER L T2, ABD, ACE, BCF B IE=AFETH 3 Z 1T,

A+wB+w’D =0 (1)

C+wA+w?E=0 (2)

B+wC +w’F=0 (3)

AABD oiiaig 0, = AFBHD ks nna MBE AACE ¥ AACE OHUL
C+A+E . BY%C+F

@ng——g——xk_ TEHEzb6N3%. FRUF V=AENE=A]
W25 2 ERTICE,0 + w0y + w205 = 0 BB K. FER

3(01 + w0y +w?03) = A+ B+ D+w(C+A+E)+w(B+C+F)
= (B+wC +WwF)+w(A+wB +w?D) + w?(C + wA + W’E)
=0 (1),(2),(3) &P

0

= ABC OB EICiToH Nz ABD, ACE,BCF WE=AKTH 2 2RT
BRUID 3 ODORUE, ZAF ABCHED X I RBICEL L THMD > TWB I s,
BEEERWEH Y 7r—5 7T, B LSS EAHIC KR > TWb Z & DR
TEZDTERNES S M.

RIZ Van Aubel DFEHIZOWT, BRI XA 7 u—F %217,

20: Van Aubel D DX: ZERHH

Proof of Van Aubel’s Theorem by complex numbers. VA ABODIZHEWT, THR A%
FRO T 5. RIZ, RZ MV ABZEEM 20 & KT, FABKIC BO % 2b, CD % 2c,
DA%2d 23 %. SEFHOBE2EFHADORE LZS5RLTWE. NI bV AP %18
FEMpTRL, FRRICAQZ q, AR%r, AS% s &RT. MAK ABCDIZEHL TV
DT, 20+2b+2c+2d=0&7R%b. £oT

a+b+c+d=0
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M P AB Lo ST, 90°[MEL L, FUHRZEDIIEWV. XoT

p=a+ia=(1+1%)a
LRED. £, MERX (r0) TERIL.
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YR, i ENTB I, FORICERr =1, ﬁae:g@@%&%mm:zfv
H2LIRRTE2, DD, HAH/N G ROV AGERTH 5.
[FIRRIC ¢, s DL D X H12RE .

q=2a+ (1+i0)b
r=2a+2b+ (1+1i)c
s=2a+2b+2c+ (1+i)d

HMOQDPOHRSANDRY % AT, RPHPOHRRANDRY ML BTRT Y, A=s5—q
BRONIB=r—pThdhIb, RDEIIIRKES.

A=s—q=(b+2c+d)+i(d—Db),
B=r—p=(a+2b+c)+i(c—a).

QS 2 PRPEHELVWEXRFL, EXT3 I E2HL RTINS 0WDT, BEEK
A, B T oBREHZ X2 TR s v,

B=iA
LOXOWINT i ZREDERD K S1T72 5.

A+iB =0
ZOEFEADED IO BRI TR TH 20T, ERIGGIET S L,

A+iB=(b+2c+d—c+a)+i(d—b+a+2b+c)
=(a+b+c+d)+i(la+b+c+d)=0

CEFNSaEMGRE NS (8. O

a+b+c+d=0DMRIE, AR, M, KE MOl %, =ZAF
Wb L2 &, 1A L2 ckholz &Y, YO XS5k ETHNAFE
ABCD AU TWA Z 26 D> TWb,. X o T, Van Aubel DEHDIEHF IZ—
MRIVRERHIZ IR o TW B Z D30 5. HEEICT K 2EFHO 7 7a —F1, 2D K 512k
RN T2 5 7235 ETHM—INSEH L TW2 728, R 7 7 —FThd I 2 HhE
RAEIWCDHBFETE 2D TIERWES S 0.



SEHEFRMNIC BT 5 DGS T K 2 EBBUARRIEENS, T T X 5 R ¥ DRk 4
RERGI 2853 5 Z e 2 A[REICT 5. RIL LGB R EICAERIER > THEOMHE
WKOWTOHERIZ T o5 Z i, OO R ZIET 55 2T, RELEs%
HBEZTW3eEALS. 20— T, PIFERARGEEAOE D 2—2 Y v FEMA 7RG
WA NN 72T AR e D 5 Z e R R B 720, ZD X S kkA T
Kook % I N—TZ 28 L THWVW A IIXREEX 23S, L L, Z ZIZBIFLER
B X 27 7o —F1%, (ERIECE %R U HBBERIAD, KA RBREIZ =7
5N TELD, DGSIZL 2 EBRBANEIMIZ D7 7o —F 2 H %7 77—
FLTHHATAZLDRREZE ALV EEZLNS.

& 512 Geogebra ® DGSIZIE MAEZIEE L THROEIDIZA TS =7 b 2[EER) 2 W»
SV —NUHHBINTED, A7V =27 RIETITRERIGD, BABRE ZMEIC
TZ5%. TDk®, Geogebra TIXHMAH:, RERZHL HATHRENIREIMTA, ZO612
b OV 7u—F %2 5 Z e TE 5. RMAPEEHICEERMZEZ D A/
BAEHE ZRIET 2 BHE - BABEEDPFEL TV S,

Z Z Tl Napoleon /EFED AR ZHUZ X 2 FERH % Geogebra TIT - 71248/ 5 5.

F

X 21: [A[#ERETOX X 22: 30 ERERZ DX

Proof. 010, % A %W RIRFETEI D 30° [\EE L0350, % C % HUCINZHRETE D 12 30° [z
T35 ABED HAE EDG%Y % HGIZ 0,0, 35 %. ZHUx LZO1AB = ZO,AE =
300 TH2ZZ 2B [\MkIC,050; 3 BC EOICE LD J%231JI1I25D%.

EZARIcBWTIE, TEE D S LD BRI D ? THIN5,
AL _ A0, _
AB  AB
AG A0y,
AE ~ AC
CI_COs _
CB BC
CJ _ A0, _
CE AC

X oT,AABE ¥ ANAHG,ACBE & ACI1J HIT®H Y, 1J//BE//HGT®HDY,
GH=kBE=1J
J: OT,OlOQ = 0203 VC‘%% Iﬁ,l*ibz,OlOg == 0203 = 0301 VC\Z@% O



Geogebra TlX, RI7A X =0T I X oT, #7 0,0, ¥ 0,05 DIET
[ H EREIRIDICEER L, HG & IJANEBE L TOWFEHETE 5. ZOEHUC
FoTHAERBEHOREEOEEZHAL T, FEHT 2 Z 22 AJEEICRS. 2D XH1C
Geogebra @ DGS Tlolz, ik, SEATEEIZFIH LT, ZHRAMREEHD 7 7a—F
REANTDHIENTES.

3 SHOWROHMAM

BE, DGSIZX o TEATEZAARARM TR IS BFLWT Fu—F 2D Ah
72 Web ## %, Geogebra Claasroom % FHWTHFEAHTH 5. Polygon Offsetting ((EE
DEAE O LIZIEZATESCHEURIE R & 23T AERELE) % v EBREEER O
BILWeb ZME LT, RAZFTELTVWS. NKIOEFREE DY A 7L ([10],p.24) &
D AL, XERHEDRT K5 REREEE 2 EA LRI BT 2 AR O#E & L
THEfE - EERZETH L TV 5.
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