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Abstract

Based on the provided data, and according to the basic information and chemical component pro-
portion of glass artifacts, this paper makes use of methods of principal component analysis, clus-
ter analysis, grey correlation, BP neural network and others to study analysis and verification on
ancient glass products through modeling. At the same time, this paper processes the chemical
component proportion to the glass artifacts to analyze the relationships between each component
and the types of ancient glass, so as to predict the relationships between each chemical component
and the type of glass corresponding to that chemical component. The classification of glasses with
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high potassium and lead barium and the verification on unknown glass products were completed.
Finally, the association in different classifications was analyzed and the degree of association was
calculated and the difference between both was compared.
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B 2 I SR G AR B S UE, BRI BB RSO AR S AR A L O I, Rtk 4
KBRS ] S A UARABL, AEAL S o EUAAR A o B3 — M2 F 2 A CHL (i a oemb . RS TR &
i IR AKA . KA AiEE) A EEERL AN E A ERM RN . e i EE R R
FALTER AR SE A . A 08 T ZEAR B XA A 22 AL, X T BT AR RIS, 848 T 1 3R 5
BT KA, SRR PR O R AR A T ARIBEAR S S B R sg i KUk . 7R KUL
AR, NETRSHEITRIEAT REAS R, SEOLRS R AR AR, AT S0 6 L SRR S A 1) TR A
FIWro FEARZ T7iEr, FRATTR F 1 KR B R B2 R T R 5 BB 28 . SUUR AN 1) 5% SR IEEAT 0T
Spearman #AHIE REL[ 102 — N EAES LU (5 0 A ER) MRS tH 244, 1 Spearman 7t 1904 421, H
KEBRHANL R MBRNIGRI. T ER D WA RS MES A KRIBAT 2, F R aiT
[2] (Principal Component Analysis, PCA), fix5-/&H K « 57 /R #k(Karl Pearson) X} JEBEALAS & 5| N —Fh G it
JiiE, TWiJE H. ERRMOR T e BIBEHLA E RIS . BRI R IARE A4 T 60 EHT——K-means
WL, ERVIE 1955 “EHH Steinhaus #2H, B Stuart Lloyd 7£ 1957 F4gH K-¥{E IR L.
K-means k& —FhE: T PE RS A SR SRR 0L, R DARE B AR AR PN R AR, DR AN R
PR, AR S ER K . B K-means BVA[3]5250 100 H comb AUA K-means HiEMISLI, Fit4T T
SR X P THERE RS E IR, R DK 49 AN 18] B 280 DA 0 P HE R, PR3
F iR o 2= BB B o 96T BP #4828 43 B 0T 3 2 2 4 5, BP (back propagation) #1428 % 4% 72 1986
£ 1 Rumelhart A1 McClelland 9 ARME IR H RIS, & — PR 22300 n A 3 SRR VIR 2 )= 15t
MR IR 2%, N IR 2 AR I 48 FE 7 2 — . BP (back propagation) #1428 (X 24 [4] 1 SE 3R 15 K EAH S LT
flifebs, I TR TR (PCA) AR A E B e br . X FHERIRAL, TR R P M2 R bk
(AHP-MCA)WI A FabnlAL, BT MVE B — e 0, Rt — 20 R A BP #4248 S0 AT R =
BEATNZRS, SRR E AT, RGBT & Lhrsi R .

2. MERENUEHRFIEMAE ., QUGB BRXREITHH

o T B AR R A Bk, DR R S M e A e R e I R AL P 2B AT 78, FRRESRAS I
AR SO I (1 € SRR [5]. P NS E Z [B] (AR RS e F), BT HOR AR R B 241,
A Q) QAR R R W T ROR 8 /8, 48R W% 1R,
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xR TCFEARAS R — N 2E a, Wt BT A KT AL

__62&
a=1 n(n2—1> 2

H TR 8K AL B, MU A BRA . gUifi. itz M R I8, A& 1.

Table 1. Phase relation table

F# 1. HEXRH¥E
Byl Bt g KA
eyt 1.000 (0.000™) 0.361 (0.005™7) —0.414 (0.001™") 0.344 (0.008™)
Bt 0.361 (0.005™") 1.000 (0.000™) -0.337 (0.010™) -0.164 (0.219)
S —0.414 (0.001™) -0.337 (0.010™) 1.000 (0.000™™) 0.160 (0.230)
Fm KAk 0.344 (0.008™") -0.164 (0.219) 0.160 (0.230) 1.000 (0.000™)

LT TSR 1%, 5%, 10960 2 KT

B0 Y L B U AN R THD RV R 7 2 TR EAT 58, S A7 B T 75 A7 1 S 35 PR AR G
P HAE (P < 0.05) .
FRAE LT SRR R AL . GUifR. Btz (R s, i 1 R 2.

Rt e—
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Figure 1. The relationship between weathering and glass type
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Figure 2. The relationship between weathering and glass ornamentation
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Figure 3. The relationship between surface weathering and glass color

B3 REALRUSHIBHERXR

ME 3 e LE S, RAEXMEEA RBa, AR aRECMStE. R EREiEst, &
WA €0 R 28 60 B TS AE AL B RS T 1) o BE K TFE B XA BE RS A ) 5 L

B R B A BB MR, W BEESSSA L Bifh. Ui, FEm AL 18 P N B R B TR
MRk, SHAWR AL, B 5RmRILE BEME, BHENIZRIA <M. WFERE S5,
WA LA B SR B KBS S AT ORI .
3. BETERD FATEMBRDIETENRABHITIE S

FE 1 B A AT T S0 AN [R) 2 B ) o AR 22 35 38 5 SR T AL 2 [RIAFAE B R &R, BRI AT DL A &
MBI R PR F B R R, WMARSSEIR 228, B AN SR B0 4 BE4T 2
T, B ERS SRS AR, AR AT S R B E R R i T A2, S
REER . W FRBUE AT IR s AT A R T E RSy, WSS TRBUE I Bl RN AT SR
Mo
3.1 MSHENLERNHITTES A

T o Wit A IS Y B 4 B K 2 LE 1) 2 4R bRl i FRAERSRAG — W] MR BLR AR I ZR 5 4R bs,
A5 A e 1oL A R () (KA SR A RS EE AR L AR PR B RSB AR AL 5 B SR T 55 P T Z2 300 H:

hu h12 hln
h. h. -- h

H=(h) = ?1 ?2 ?” @3)
h, h h

nl n2 nn

TEAERE R MRFAE(E 4 > 4, 2+ 2 A, = O KO REARFAE I BE Uy, Uy, - Uy 10 = (U, Uy, Uy ) 5 Uy
TR | AMFEF RS n AN s BRHE R R AL n N ET I fR bR AR

Y1 = Uy X + Uy Xp 4+ Uy X,

Y, =Up X +Up Xy +--+ Uy X,

(4)

|

Yn :ulnY1+u2nY2+”‘+unn n
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Kb,y RERD L yor RERI 2 HHE& BBy TR D, (1 =1,2,0) . Y500,y (P <) B

Fﬁﬁ%apc
A
b =—"—(j=12-n )
ZK:l/lk( )
angﬁ;lz(pgn) (6)

BT E M riE, RSN R R, WA 2,

Table 2. Component matrix table

2. BTRERESR

55 B 1 By 2
(Si0y) -0.175 0.088
(Na,0) 0.063 -0.288
(K,0) 0.136 -0.134
(Ca0) 0.138 -0.226
(MgO) 0.124 0.189
(AL,03) 0.17 -0.02
(Fe,03) 0.152 0.096
(Cu0) 0.079 ~0.025
(PbO) 0.061 -0.106
(BaO) 0.066 0.152

EFRR R, ARV TR IO A5 AR (R ) A TSR 1S )
BHR T AR, IR ARY: GVEAE R x O ZRRRI T ZWRR), SoakLH—LRIDyR
TRER, WA 3.

Table 3. Factor weight analysis

=3 EFNESH

B T ERRER R ERER A E
ERS 1 -0.175 0.391 0.391
FER 2 0.077 0.195 0.585

Fh1_F % R LR A A3 R A A R

R=Yab (@ ERAr 1B BANR LI E WA BT, b s A AL )

F= 3%y, (5 RS 2 B R B E A ATy, o RO R AO)
j=1

H1 A AT BAA ).
F =0.668x F, +0.333x F,, Hi&MEHHE 4.

m
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Table 4. Cultural relic principal component score

=4 XHMERSES

X5 ER 1353
01 —4.3869
03 —4.9461
04 -3.8150
05 -3.0809
06 -2.3972
07 ~7.6298
09 ~7.9880
10 -8.2801
12 ~7.9178
13 -3.2012
14 -3.7541
16 —4.1748
18 -5.6691

BT ERERD B, BATREE . EYe, WEEEAPERIEE n MIRREERE S L, TfF

AN 5z O RER RS, RSz L aIE L o, RERE

& W B py AL,

BT T AU 1 P S ER SR HERR I 2R b, ELEBI LA AR .

2% ) v B ) 5 5 B 2 v oo 1) R R R B 1 B A N
N 2
d (y, pj): Zazl(ya _Cjt)

Y]

Forb, y NSRRI, p A% | NRESL, n NEBIRIIZERE, y., o XN AL TR a MEE,

BA BRI IR 22V 7 A SSE LA 30N
SSE = z;n:lzyepj

Hrpr, SSE HIR/NRIRIRREE RIIFIR, m WAL
HARLRILZ 5.

d(y.p, )‘2

Table 5. Field variance analysis
=5 FERESMSH

®)

RIHCHME £ triEE)

5 2 (n = 6) 2501 (n=5) Z5 3 (n=5)
FE IR —7.816 + 0.301 —4.839 + 0.587 —3.25+ 0.577

F P
122.601 0.000™"

*kk %k

e UL TR 1%, 5%, 10%[1) B 3 KT

T Z MRS R B

XA T RGBT R HTIN A A B2 22 5, R AT BLEAT B, I B B 1550

FRNZRIE, FHRIE 6.
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Table 6. Clustering summary

=6 BELE

LI Ik H5r %
k1 5 31.25%
K2 6 37.5%
3K 3 5 31.25%
it 16 100.0%
I DA By SRR, R E RSO T U 2, Wk 7
Table 7. High potassium type glass subclassification table
=7 SWABPIBI SR
e S o _E RS B&YIE R
1 —4.8391 01. 03. 16. 18. 21
2 —7.8161 07. 09. 10. 12, 22. 27
3 —3.2497 04. 05. 06. 13. 14

3.2. FHMERFHITIE 52
Al Ll I S A 2R TT 0k, RRILUREE R, WAL 8:

Table 8. Factor weight analysis
8. EFIESH

AR TR R RN ERRER I E
FERT 1 0.249 0.249 53.108%
FE R 2 0.22 0.47 46.892%
b3 = il B A M 15 R AR AR ) A 5
F = En:aib. (@i AR 1 S B0 X6 N IR = il 23 AT s by N J a3 B2 (RIAEL) o
i=1
F, =%y, (RIS 2 B R WK S B 8T, y; 9% B3 X AR AR o
i=1
YN SCIRYRCEIR
F =0.529xF, +0.468xF, , FL{A4iHH#% 9:
Table 9. Principal component scores of artifacts
#=9. XYNERSBR
&R F R85
02 1.0899
08 3.3096
11 0.4859
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Xt T AR R MG AEREAT RTINS A AR B2 22 5%, UEWIAT DAEAT R4, JF HoR B 1550
GrR=REE, HRIA 10,

Table 10. Clustering summary

F10. BELE

R Gk 4 %
1 17 42.5%
K2 12 30.0%
5323 11 27.5%

&t 40 100.0%

i Ph oy A, WSRO AT DU I3, LA 11

Table 11. Lead barium type glass sub classification table

11 RN ARITRIETY oy AR

RAFA PO E_E B A5 5 XHGS
1 -8.0490 02. 08. 11. 19. 24. 30. 34. 36. 38. 49. 50. 56. 57. 58
2 4.8725 20. 23. 25. 28. 29. 31. 32. 33. 35. 37. 42, 44. 45, 46. 47. 48, 53. 55
3 0.1488 26. 39. 40. 41. 43, 51, 52. 54

4. T BP MAMB ST HAARELEE

AL B AR I E R AL 33, SR T B R BRI e R, BHKIESE T BP
P2 X 2% 3 ST AR RI TR o DA B 2o S . AR, A e, BIREA
TLRNARR, DR EXEH P4 R 2 (AR stT A0, FRARYER 5 3 b (Al e 2 AT 46
TRUFH R A T H S I8 Y SR T o S e B AT s AL B IR S R R AT B, S TR
I B0 e B A LR onk LE BEAT BURE 70 HT

RAEZHE BN B, il Z 0 BB Ao RERBIR BN P, #EERN 0 M

“ANBEZ AW IR R
F= P(Zinzlwij % +aj) ©)
A = le:1 F;w;, +b,
WRGHHE R E N T, BTV SEBr M B S ER T Z kR EZRmM, BARLAFREWT:
1
E=XL(T-A) (10)
H4e =T, -0, FIHEAETREEE, W RGPUEF MR E 1B AW
w; =W, + SF, (1‘ Fj)XiZEzlekek (1)
Wy =Wy + BF
{aj =a; + pF, (1‘ Fi )Xi 2o Wik (12)
bk = bkﬁek
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FH A H (AR T A5 B ES I 2 B 24 (SOy,)»  TTHYENBE 35 5 i B B B0t LA B 8 22 I Ak 2 il o
(Al,05), (BaO), (K,0)fI(MgO). FrLALLIX EANTGER AN EHZ &, PARAUNR & RIET BP #H4 M4 54T,
X R I 3 R AT R A

T IE SPSS [S1ER AR 2 B = r (R B of L PRI SR AL EAT 0], W3¢ 122

Table 12. The result of classification
= 12. FRBABFIRILER

X WIS REER BUNACRR K (si02) (K20) (PbO) (Ba0) (MgO) SUPIESES

h's (EFm) (=) Atk (Y)
Al 0.0073 0.9927 1 78.45 0 0 0 1.8 g
A2 1.0000 0.0000 2 37.75 0 34.3 0 0 BN
A3 1.0000 0.0000 1 31.95 1.36 39.58 4.69 0.81 B
A4 1.0000 0.0000 1 35.47 0.79 24.28 8.31 1.05 B
A5 0.9619 0.0381 2 64.29 0.37 12.23 2.16 2.34 B
A6 0.0013 0.9987 2 93.17 1.35 0 0 0.21 =
A7 0.0018 0.9982 2 90.83 0.98 0 0 0 R
A8 1.0000 0.0000 1 51.12 0.23 21.24 11.34 0 BN

5. HRBBUERS ZEMKEKXR, URAERAERMELLE
51 ETREXKERNSHULFER D ZEHREKXRSH

EF BT AL E BRI M BN, O 7 2B NI R . AR P an S U i
T B B L 36 Y A0 2 0l PR A SR (O SR EAT oM, L A A 2 S R SR IR AR U PR S Y
AR TER ORI HER? TR LA Ah SR AL B AR R4k 57 e oy (0 SRR BE HE e 45 L1 22 S 2k

DR L ACBIERTU A e EEAR G E N R, A S 1 R IR A -

B2 7IVSE

[Kl, Kz' K;,: K;;]: 1,(2) kZ'(Z) ki,(:z) (13)

B 5 (BN bR 1) A -
Ky = (kg (2).kg (), ks (1)) (14)
IR 2. NERGHSEREMESL, HERAL, BEHEENNRE SR, W KInENSR
KAERTTEEM, XTHRIrHITEN — AL .
IR 3 HECEERE. BN HESAN BT 5 552 7 5% M G R B R
_ Amin+ p Amax

7(ko(a),k ()= Ak + pAmax (15)

Amin = min main|k0(a)—ki(a)| (16)
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Amin = max m;ax|k0 (a)—k (a)

pL N HEREL FEQLDWEUE, EHIE 0.5, 4rHF RES RBUA M2 S UG .

AR 4 THEORERE .

A =Ko () =k

17)

(18)

K - abm 5B FU IR K 70 9% 28 B0 3 SRONBCF BB I 7 3305 50— R, B TR K SRR

BEATHEY FERAR LS T bn SRR SR A
RIRBETH S 2 7

BRI R B 13,

Table 13. Grey relational coefficient

% 13. RBXBKAY

1 m
Yoi =EZk:kaé/i (k)

(19)

e e kel
(SiOy) 0.981 0.973 0.987
(Na,0) 0.915 0.915 0.915
(SO,) 0.637 0.915 0.658
(Sn0,) 0.915 0.915 0.915
(K;0) 0.898 0.919 0.903
(Sr0) 0.915 0.823 0.915
(P,05) 0.922 0.992 0.975
(BaO) 0.915 0.643 0.915
(PbO) 0.915 0.738 0.915
(CuO) 0.874 0.921 0.963
(Ca0) 0.898 0.967 0.877

MEFRATHL 3 14 MFRII(SIO,). (Na0). (SO2)+ (SnO2)+ (Kz0)~ (Sr0). (P;0s). (BaO). (PbO).
(CuO). (CaO)FE LA Je 16 TR AT I L RIKBE AT, SRR REANRA S o 5 e B A AH DG TR

IRERIRSEHE A WA 14,

Table 14. Grey relational degree
14, IREXRIKE

PN T RIRSE H2
(Si0y) 0.979 1
(Cu0) 0.917 2
(Al,Os) 0.91 3
(P205) 0.895 4
(MgO) 0.892 5
(Ca0) 0.886 6
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gk
(Fe,05) 0.879 7
(K,0) 0.876 8
(Sn0,) 0.851 9
(PbO) 0.846 10
(Sr0) 0.842 11

I K IR R R T S B ARAS SRR BE X RIR AT HR A, X0 H M 22 e ) T i B SRR
KIR R M=

5.2. SRUINIBHEMR S ZERXIEXR, URFRXINBERELER

Table 15. Lead barium grey correlation coefficient
5z 15. PR B RBAY

PRI el Nl el
(Si0,) 0.991 0.976 0.997
(Na,0) 0.937 0.937 0.937
(K,0) 0.687 0.937 0.964
(SO,) 0.937 0.654 0.937
(Sn0y) 0.937 0.937 0.937
(P,05) 0.956 0.956 0.813
(Sr0) 0.984 0.969 0.969
(BaO) 0.937 0.833 0.945
(CuO) 0.948 0.695 0.853
(PbO) 0.942 0.990 0.999
(Fe,05) 0.843 0.937 0.937

MR AT (E 15), EFxF 14 MR TH(SIO,). (Na0)+ (K20). (SO2)+ (SnOy)+ (P20s). (SrO). (BaO)-.
(CuO). (PbO). (Fe,03)% LA J 40 WU AT K (o RBRFE 73, JRHR REUR R B 53 5 By IR 3 I AH O
PER/N.

IKE R4 WAE 16,

Table 16. Lead barium gray correlation degree

= 16. SRR EXIKE

PRI PN 793 i =4
(Si0y) 0.974 1
(BaO) 0.956 2
(PbO) 0.95 3
(Al,05) 0.949 4
(Sr0) 0.948 5

m
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R
(Ca0) 0.935 6
(K,0) 0.929 7
(Cu0) 0.926 8
(MgO) 0.926 9
(Fe,05) 0.917 10
(P,05) 0.91 11

T K 0 SRR 2 R P SR BRAS ORI L T X RIREE HEAT HE A4, X3 H AN 22 il o3 3 B SR AR
%H?%?%%E‘Jmﬁo
AR LA_ERAR A A0 T 2 KA 4:

PR R A A P I S U R R Bk
BEXT T 2R I
15
10
I 5
™ 0
ﬁ «Z &K“’m\ o\qp\o\o\eﬁfo%«&@?ff
@l\ @;@l\ @\V%\\v\@\@\/m@a
o K R LA
hE iR
— R4 TN HES

Figure 4. Comparison of correlation degree of chemical elements between high potassium and lead barium glass
4. SRFNSHIIIBR W FE TR RKEIEL

6. FELEL

AR S S () TR 6T LAY S5 39T £ A% B PN T 75 0 A 25 7 B Rt o AR AL 2 BB 1 28
FUHEAT T A TR A SC T4 T TE 2, AT DR B8 145 T R (R 2 A S B B A B 0K €0 26 B T
FMOHATIRER S TR B R E 2, FIKIREEIITT I BP a2 o046 1 S () TR ke 31351
TR . 5 S0 SR B o AR BB HEAT R T e R B A A BB A O A 4, AT LS 4 =4 i
YT RRHE 2 A 43 7 0 0 43 28 4T

E&WE

R B R OR 2245 BB 2 e 2020 4ERHIFI H (XJ202025);  Hbk(E B ARHE B 2022 R I H
(XJ202218).

STk
[1]1 #5r. 224 X (A% Spearman Rk o< R BUL N H[I]. B R L K2R (E R B #AR), 2020, 37(6): 71-75.

[21 fERRR, 20, BEULE. & TRz IR B 45 & PPN BRI IERT L[] THENLRI I S 5F, 2019, 36(2):
289-293, 307.
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