


K

#HW FREAERDMIRRGNE, YRERE

aixﬂiﬁﬁwﬁékﬁﬁomwﬁ RY KBB4 E
BRORLHERS CRERKTFFRY —#, MEI87F X
#.

198743H, FHFEMAM. BRER, RLTHER
FlEeXAmilE,. R b HMEnE TR EERRABLMTE
M. Ledd, A b AHEERL5FEHRNFLEAER
IREFB AT, EEHRFE TN ERE, PRAF

ERES. A50| 0w | BETEAAGE LY K.

At —EZw24blk, HEEDRBFHBLEREN
K, REFENTLAERMTILBHKENLE., EMA
hkE, BHMRTHFILHILLRYAEN B, £
B, BREBAESEFOBETAL, BHELES
BHEW.

AHEBBELIWT,
#£8—-, =, =, 8, t¥% EAE
W, A, NAFE JE e

A, T & BER



APHBERE-WE,
AEERERRY, BALTANXBPRA, MR
R&, #x7HAN.

&L
19874E11 7 B XX



Ay FIAEZ R BT F coeosrasnesracsrasansass “enssssnssrnanssve sos
H 4728 T2 5 ) 2 MR eve one son sen snssnssan ssssassas snaon von st ans
DU PTLIRAS  wrerress earwsanssasenes
Eﬁ@;ﬁﬁjﬁj{g R
G RTRIYIR oo oreemonransanientsnsnssonansasnen
T ¥
FRAE B REPEFTN  oreervsssmnsonsorssrasasnsonsu sor
FRABBYIBHE TN corererer sosnmssarassnsaronsasssnssnanes
TR R BAPE B TR cosseraeeseransmssssnaseonase

MR PRI R AT senveeveene
iﬁmzﬁgﬂ NS RAE SAE R See SRS SEE N NY SO R T
STEHEA  seesratasirsrsssssnsinrrasnnes

ﬂﬁm#ﬁ fj‘jb R AR RS SRR SR MR R

U TYSTTT TR TVR TP Py |

FITTTTT TR Tre ey ey |
3
5

cetarsannresnssttsanassnsne g
senesssrsssssnssnansanann] P

versrnannnne]

teassrensessan]B
seessann G
. s sesannenad]
Np— 31
SRR T

ansnranssnssanenss s 3T

B Ty U]

sessssers s vasersssarreris 43

mm%mﬁggﬂ Seeaenann Sre RS 00t as Ben non boe bna boa 0as sesaseree sas 45

TR cnnrseasessntsnnssnissssssosnsmsssnes
EEREBRRA T eeversrrnrsoresssns
BB BER B TR s

PPy [

ssssnessnssassnssnsnnsrer {J

sesanansasssannanninsnensns 40

annsrssssassnsransens5]
seasnrsrenn g



§4.4 FRIRCRITIFAE FF  evoorsossersvsrasroressonasorass ssssbisissis
§4.5 (ARHTHA (HTEABAD FEHE cooorerrormesconss
§4.6 J"UFFRIBAFA R onermomsnmnicn s f]
B ﬁﬁﬂ%%ﬁﬁﬁﬁ%ﬁﬁﬁ stensssrenseens el
§5.1 FAIEFREEELE  wororevorronsoesrsrusrosnssrsrunnstnsonsnsass ans sonsse 4
§5,2 Mm% et 2o S T L]
§5,3 HHAFEM ssemsvmminti s a sttt sensnean7 5
§5.4 ¥HHPEHE  sererrsarsssseiiinnicsnt s s s ansaen seesss sessnsen 77
§5.5 A& GRIE) B corrmrommsnrcniinriiniscirsissmn e g
§5.6 MIBERAITE covnerrerrivern e sersecaef]
A# mﬁﬁ%%ﬁ%ﬁ%ﬁwﬁﬁﬂ RIR——;SS
§6.1 WH—A sorensnsnriinin T T 1]
§6,2 HEAE corvrrssssnrcnnsncssssa s s isssss s sss srnnnnnns §5
§6.3 [V ATHB  eeerecsirrenensssnastunnnranrssrnsisaneaesens ors rensneses§9
$6,4 FNEII cererrsmramnmrnrsinsnsiansnsnsti o 100

BER WHERLIR TR coeemesnsersssssos s 109
§7.1 ﬁ#ﬂ%%ﬁ*ﬂﬁﬂﬁ~*¢ﬁﬁmﬁﬁ¢ﬁﬁm - 109
§7.2 WEREHEABIER  cvrrrerovismnnni - 114
§7.3 HEHKEGRAEERA revrmorimaiiien 116
§7.4 HERMKMEEBRIEETHB QRS oo 118
§7.5 RUBBERMEE GHRIBED  wreersvsesenssmssvssmnens 121
8§7.6 RN HABRAE et 128
$7.7 BHABH VBB oooeenn oo isssnes v 126

BNAE mﬁm%@ﬁmwgn%.mwmmmmwwqw
£§8,1 F—MHEH e miesn s 130
§8. [l R ek 1 ¢ A L LT LIS CR OISR P PITSIRTR O PEAPIIRS ¥ . |
§8.3 HUBHPE rereerereoseesseiorsesressneresrssnssnastusssss s asnasnans 143
§8, KB f— R P veerevemeses s snnans |45
§8. FEPPE  crereernnmminni st snesrssssssssnsssasneans 148

(5=

e o e



BT K B AR v s ] 6]
§9,1 BN eerreevrmimsrsin i s s s s s s sas s e | ]
§9.2 REANAKE LWGHAHHE ooomoms oo sscnen] 63
$9.3 KM EHFTIFHATBIE SEET  seversrmrrenssrnmeneesncn e 66
§9.4  LUERIERUR T ITTKE LA S RNBIH w168
§o.5 KH LM F— R BHEIE]  srenevernmeninan e 74
§9.6 AFTHETFTHBATR o veveereerrrriensn s |78
§9.7 KE LHIRANARHE o vrernaninicisns ansenssasnicic s 183

. 4L WAL oo cve i raesnenr e e e e 187
§10,1 FUEEMPE seeonnvnmninim s i e se e e sn 000 | BT

§10.2 EIRBEMNERERE - B L

§10.3 BHMimbEMR B ERE - B IR} L

§10.4 FRHK, i%%iiﬁi*fﬂﬂm#ﬁimd}mi@gﬁ ------ 193

§10.5 Boltzmann ®4& KA - R 1

§10,6 EHESMPEHME Y 117

§10,7 SHHBETI et 2( 4

R R corerrerrersnmrnsinni s s sen sns ses oas 00 000 e ass 00e 000 D08

L



X

F—i M #®

§1.1 #% iR

FELRBF RGBS NERTRE, WU RN YR
By dbaE,

PRAERBISMNERR, ELREEE. HEEFEY
et R A ifish. EERMESNTERNEREER—E M
HpER. BEEREE T, WROBEFTHRS. EEMH
FAEZABHRER.

HELFHEHHHESFHERN. ERLTEREMNE
EBRgFR LS, nEERLYN, GHEKR, —&#
Y. MBHFTE RERLYH, MERRAYH, &E,
WK, RRMTSES—hEER. 38 g
% DIROKH LM, SFKE#FLNE AHEERS.
HERLGH S REH U EHTE Tl 7™ sl R — 2 1%
PRk, HERFMNARARANWRLIE, ELARRRLEER
WA WEAE S o I BT A M By X — T 38
O EARA R W B LR —FR LB BT L
RHECBRBRE—T BB NESE, BEERLR
FEF—-RAQFE LN, ANGHEKHELN. EREZHR

L



A E B AELTANTANS, WEIRNEERLE
AU B SR RSP, K i
S, BETHEORA, THREZNS B A B oS
*.

WAL R YBE P RELET HYW—A8%, SHES
PmEE . My, RE. H. EYE, TREEEE,
BRFERAZOHES, Kb REERLEMN AL, FE
BRSO EE . KA AN RARESET
B REERRH . RLF AL R HUR . 5 BRI 5
HUR S5 T A TREOR A R MR — TR Wi ERE#,
BENLHERIRESELR IR R/ HESRBT —&
REG BRI TS R R R R

FERA BUR A R o, 3 B R SRS
bk, AT XMERIRET LRI, B TFRAS
ROMEASHEPE, DUEERIRIEME LB THE, EFRIRTH
B %, _

Bk RGW AR, TR ERREGHIRQR,
HRITAREBE. MIOBAREH, WEBTIRKER
REE. ZH. REIE, URSRK.

B S0k B A M WA, T ook ML A0
BURABSRIA, FEBENEHRAAEENEL.
T REREHTE LR RB I, KW LR
BA—EHmESHA,

el 9 A 2 B BT ST 0 % 3 TR BLST M b K R S AT
Hh, —BAHEAERRRME. FIkRR %A h R HAR

. 2 .



W, AREEOTRPLAE TS ERMME. £ER
Fox RK MRS R R, REHRL. SRRE
#.

§1.2 fRVFEFKRREE

BRZINLERELEEETHNRS. HX—REH
AEHHELRIERBEFMARDT. FBTEHK Heracli-
tusr2Z X “THR®”, H—EHR. —UBEEHER. R
BAEEA-Fhulid & mmk?, B0 “—ORERS”,
ERFEZREXTARNHER., HARBTEFEREN S
WMBITHERN . BHEEHANE, BREFHFESATRAH
FEXLHREERSE.

#2¥ (Rheology)— Wk BT HA A “Hish”,
ERBHATISTE, Y a3 E W 8 5 AR B Y BB,
854 M A (Microrheology), 19014F % H H T
Rheologie—if], 4B {XIEPFRKMFshAIRE, H BME
FERBBNESF. XNERERELH “WE” R R
B R E X, i’i’i‘ﬁ]&ﬁﬂﬁﬂﬁﬂjﬂﬂlﬁmﬁfﬁf’ﬁ
BRI, EREEEREEES—TEHESEL,

1920 F X EHBAERREN B (BE. C. Bingham) X}
M. MEEMERMBARERTON, HiEHYBRE
HAEETHXRETHEE, 1929046 ESEXAUTKSE
#4 (The Society of Rheology), HBIEN 5. MAH
it fB]OF: BF R 6 0 s OB AR AR, BRX —4 F A A

L T



%, HEECADBEN-ANE., HE—RERUHER
AT HEESL, PICERFE-LEREREEFELUN, B
F T EKEM. REWTI8SFERLT BT, BERH
HAL¥sL, HeE-%¥S, HEXETI-KESL,

A S B S0 RURE AR LW R (8 B
EE£R. v%, BUBREXX TFERE TAE ¥R
(Frontier Seience), EAFHBEMB, BMERAD
B RENS, PENENAS RS, KR
AW, BT, i, A WSO £AEBEAE. BE,
w|E. WFE. BE. HE. LW, BE. AR X N ER
%, WHMREE - PhERENYH, AR RREEME
BBkl MBI em, & TH W %S, RP@
B, AR mm it R TR A EOB RN, —
BARERBFHEL,

MAtitgdo, 504K LR, BIFHET LSRR
BEFR, TEMRATCE LR (FEREKB R D, #
F. R, kY, REHHE H, B/, REHOAB, K
R, &%, AH, FFR0E. A, EEUEERIRAR.
Wi, AW, B, ARENNHSEE, UEARTEZRER
W TRPER ., 1956FEEFEFALM P BRI
Bt (Polytechnic Institut of Brooklyn N.Y.) Hi%
WA «HEAT 22BN Y B30HE, 197548 H B8 1.
19574 Scott BlairfiMarkus Reiner®RET R ifi %8
%y —8, F—KiFH, REAERTRLBELZHBRAN
BEMNHMER, MRLEIRBNABTREZNMRE. EF

. 4



FERUVHKZHEREBLERR, RAKEEP-I R
SRR, 1970%F Mohsenin HEES ETEIH
A, #H—BRET R REENEM,
MSOERIFER, FNMDBEEETFRERRFRAERXT
FrEH, SENRET —RREEHEHERE RERN
REEZXMAFLSEHMPMBI AR RS, BRI T AEME
Ao, REXUVRELHHRATFRENB—L&, 19814 5R
WTEBAEEEFERE CRLRATFESLY GBSO, #FTF
logatr b A 2R D M2 EE, FRTBHRL
YrEmiEm . RE, BMESHERENTE, 2R TR
BEBHRLABEELRE, DHFTERBER—-B4AR
ADBgeKE LMK TS, KERRT —RAEFRKF
BB, XETHAIBRALRELOHRANARET —
MREFSREER. XNTHFXOENEEZRRLITIRIR
BRRENETEEEN SHERNER,

§1.3 AMmERENEEHR

L kDR, BRRFRFRBEMT. AF. BRAA
BUENE, HExSRT— 48 (- %% SNFRRATX
BAEFHTLE S, SHAES, BEFEBR. XA,
BREECAREFEHEGEILR, EXCRAETS,
oM M B . R, . BEIERE BV 3 MK
B, HHEE—BRETFENBAERR, EEEED, 1
PR BAAE 8 5 A BR AT AL, BB Tk % Bk 9k 2 9

» 5 .



Wik, IR LS FEAONETES, HitdRiEn
THRITEME R,

MT EROE RO, FREDREDRBGTN, £
RAREHBFEIFATETERLREEN, RPAHE-
wimyEEbmERAE. FU—RRARRASE2RA
FERHFTHR.

BARMIL, BHHRERLHBHRBETAERRANER
BRBEEZEFG, REDHHFEFILEZEDSTERA 1-1
Bim. :

VB o b g R B R o 0 AR A SRR AT 4 b B KR

LS EXGFEFERE HNHRETF Y L HH
MAFRRSHEHRE, SHimpELBER, —BHEZH
Ei&mE (time-indepedent). AI"X E#k, T ¥ B H
wEFEER, X5k wHF.

(1) EERENSESGRE  B—RBT MR
E4BIRE (LEI-D., XN I—WNEXROA4E
ARER, WHASIRABRANE. —BRARRIELXER (¥
M RE) . BEEMEERRTKBER.

(2) HRRNAMIEFGERE CRAHEEMHREE
Febk, RAEMRBS . RASENB R ERA S OF
—REE W, BHARE. XREBI1PHAHER
W. EoRENRR (RELEER fERAHE, FEX
HAMEW (quasi-plastic flow)FkB#ERK (dilatant
flow) Bifp.

A G EX M S BHE D, BA CassonlitkH, &

« .



o2 UEHBETY 1-1HE

Wy N L At A

%&a .ﬁaﬂ & _4 Tt el A XA A
g % S § GL = N @ri 2l
i | | @ 4 | | eaeg| [0 | W | | W o] |y

x|

U= Wl

AR AT

I . —

EXXEXEED




AR A R

2. 55 I A 3 o 3 A W o 4k —— WM Ak . OO R
IR BB T 24 0 24 o Y A R, i L5 A, Bk X
FHREBRAEZM. SEHRNRE MR & 8 BE%
e, XBWHEFRNHNHE (time-dependent) k.

4 5 2 B0 M 0 RLR A 3 4 JE 2 IR A

Aol B BUR B R RIS TN B2 T = A
FH, MEBRESHRGZ FEERI—RERY, UE
REPRES SR, Kb, RBEREET WK S TR,
Sl FA IR, SR A WS RIEAE, LR R
TLHAK R AR, RS ES R 2R
B OB, BT DL R B A R BLBRAT 0 R . T S B
EASY. RAETE BT LB % B B A48 X 1 B A
BT R, B2 (RIEE). B h BabAGES, RERE
¥ 5 1 -

X EA R LR ok B, TRERZHMAGEES
RS AT, REAE-REMEER, &%
AR 1 —Ri A% Bk Fom. M TR R AR,
BURMA (KNI —E%ERER.

R R AR YR LR R TS RO A R, TE %
A RYKEZHERTIESD, Dok EsnmEh. 8
HERY. RLEEE. bR AR R B,

BT BB, WALRYHAES . BE. BRSNS
e R T T P e e A, M. BB
EAHHE. HHNTEERBEN—FERERL, £ %M

*» 8 »



L N0} 2

§1.4 PR BRRE

AR RA, 3L RS — B 1A I BT R R AT 1 A AN
AW ETE, FNEEEIHERMREGE, BIRK
L Ens R, EASHeRROERNILYBRE,
—BE (FEFESKE ERRTRAHMRRANRES: B
HORBRBA R, HIE A — 24 B BE B A 4K i 3 b R 2
¥, XAGEERMGRERN D, X 5 R 20 A
FRRAR LGB, BOAKE. R EE, MERER
WERRK, SHEERK, MM RETRE—&, EEER
o, MBEEXR, KB, REAKEALHE., REMH
SR E, HHBRESERML. ANBZhRSmEE,
367 bR B R RS Y, B —Ahit R b R

I It n I
EEMH | MW | AR | stk
& QR | GRIED | GRS
x P bty Rl
g & L
-E 1, - .- RS
L S L+ L
— BHREE,
bR ] logr

Bi1-2 BERRERSHANXR
' « 9



> BIKT HIRA (viscoelastic  state) #fypar st
BRE (WRECRE). Sharme (1965) & Py H [ 1%
FZBEKH (creep compliance function) (F1-2) A W
hivs R E S (Relaxation modulus funclion) #x%
FTHBEHAEE, 2O REE (E1-3), ERLE
RYEARE. HEXH: YBEXBHBEELE, E4E
LT '

I n il v
TEMbE ¢ RIRE | HREME | ok
(B G | GRERRY | (HED

[y N N
. B \

o R

4 N

fs R —

B lem-- xuman k““mx
|-— i’fﬁikﬂ‘%:
F—  fehE sy —‘ BHig  logr

Bl 1-3 RAHERBEESHHRHRER

. _ MIRAY n
WERRELS () =g a—n

AR, A REEIE, A EMBE L

e o BRT _
WhBmEERHG () WAy 1—2

MHAARELMAPHEBRHFETES— KR

¢« 10 »



BEATRBITN, IRFATRZ2REHRMNTY. TR
—RYBIT AR RISREETREGOBRE HEMARER
R EHAER A AN BEm L. IRFATESR
HEEMBUFEENYENT . RUBHTHREHT, St
B R PE R TR IO R B, IXFATRERSWH, B
FEREWMBATH, MFRX YR AR ISIRY A R,
(R AMNARGBEE. VXEREH SR ERELE
BB REERENDHRE, BHEEMKINE PN
XEIERGE, ALEHRE S, RBERELE - BRRKES,
BEHABETUAH LB EHER. MRELX—ERN
J1, M&HRMERA, EhRAEEERRLR, LHEE
g Bk ERME, WLURAIES 6 ¥ 4k 0 B it ok &
m,

HTFHNTFRUBHMOFRELEESERBELS. UM
FRE H¥s#: M (Characteristic  times) BL#yE—Fl
GREHERERPOHGCE, BEEmHR 4 H T —#HHK
Zo ERMNBREETWERNEBEHERIMR.

Illn



