
Matenrarf,qecKf, MoAeil Ea Kpf,craJrn3eqnf, Ha MnoronoutronenTf,e ctrJraB
trpf, f,3tron3Bane aa Hanonro4nQnKaropf,

Camo lrononl, B. Mano.rroBt, fI. KyrnaanoBl, A. rlepenanon2

t HHcrur5rr no MeraJlo3Hanlre H TexHoJloxr{fl Ha MeraJMTe,
' kfiicrwtyrc no reoperlflrH a H npunoxHa MexaHr.rKa, PAH, Cn6npcro orAeneHue.

MoAe.nnpa ce trpoqecbr Ha Kpf,creJrf,saqna B MarbK o6pareq, TeKa qe B
tlbpBo npn6.nnxenne reM[eparypare 3aBncf, caMo or BpeMero. VcloBf,ero sa
6a;ranc He ronJrf,Eara trpn Hef,sorepuf,qne o6euna KpncreJrf,3aqnfl BoAn Ao
c.rreAnoro ypaBnenne sa reutreparypara T(t)z

^ -' dr - p+-oF(r -rr), (l)LpPVo _ = L," d t  ' d t  \

Vo e HaqaJrHHf,T o6errr Ha crorruJrKara;

V (t) e o6eurr Ha rBbpAam Qasa B rpoqeca Ha rcpr{craJrn3 arazls:
F e nrrplrlHara [oBbpxHI{Ha Ha QopMar4 B Korro ce H3JrHBa crorrHJrKarq
Tt 

" 
TeMneparlpara Ha Qopuara;

a e rcoeQnr[.reHT Ha roruronpeHoc;

C, e cne4r$r.nra roruoeMHocr;

p e rurbrHocr.

Hgsectno e, qe lgncraJrrrcarryrffia Ha cruraBn 3arrorrBa npn reMneparJpa T ,
no-HHcKa or paBHoBecHara nrrxBr{Ayc reMnepar}pa T, . Pasnwcna LT - Tt -T ce

Haprqa cBpbxoxJraxAaHe (overcooling). flpn tt -KoMrroHerrrHrr cruranu

LT =7, -T - Tt - f,rtf 0,c,-T , (2) T =Te - LT - f,o-tt?,r, (3)
j= l  i= l

Ci e Korqerrrparurra Ha ift rcounoHerrra Ha cnnaBTa, f, e roeQn4renr; -f, e

cbAbpxaHuero Ha relmara Qasa n gnyQarmara 3oHa; TA e reMneparypara Ha

ToneHe Ha ocHoBHnr Merar; k e rcoeQng{errr Ha pa3npeAeJreHl{e.

4nyQasnara 3oHa

V' - {  - t _ f t = l - e - o , ,  ( 4 ) ,
V o  

J s - '  J

Ornouerurero V lVo onpeAenfl cb.{lpxcarurero Ha rBtpAara Qasa B

N e 6pofi Ha rlerrrpoBere Ha KpncraJlw3arryrn,

OHHA KOHCTAHTA.

(5)

e - 4n13, K, e KpusrarH3aru-



rD

Or lpanHerurtnra (l) - (5) norrfraBaMe:

# : 
#('^ 

-rr - ̂ r - r,o-'18,',) . [+ + (r - k)-r,o-'18,',)*
(6)

3a sra4ufl, Ha oxJIaI(AarIe Ha cnnaBTa or reMneparypara To Ha 3aJrlrBarre

nrn Qopuara Ao reMneparypara JrlrKBrr4/c, T.e., B urrrepBaJr^ To >T >7,, tnaavre

ft = e-' =1, n Crp - QrrA u)'paBneHlrero (l) cmna

dT ot- = (, -rr), n =%lF .
dt RAC.,

HaqarHoro ycJroBue 3a )?aBHeHue (7) e
r(o) - ro.

B aryQasHara 3oHa T, 2T ) T" , T" e rewmeparlpara Ha eBTercrr{Trara

ItpncraJrrnarpre., HMaMe C rp 
- Q rrpzrypaBHeHue (6) craBa

d L T  a  l - -  , , s - ^ l  I  t  - . . , - . r r  I  a
=- | r^-Tf -^T-(e_a1*_t | f ,c , | - |++( l -k) (e_ ' )o- ,>,F,C, | , - ,4

dt RPrcrrL i  J LuP, ,"- '  
' l  

dt

(e)
HaqatrHofo ycnoBlre 3a Heno e:

LT(t,) = 0,

(7)

(8)

(10)

ICbAero /, e npenrgro, 3a Koero croflurKara Aocrrrra reMnepar]?ara Jrr{KBr{A/c.

B rurrepBaJla T">T )-T*a, T"nd e xpaiinara reMnepar)?arra oxJror(Aarre, HMaMe

+ =+ =l- ft,. Tyr Vr, e o6eua Ha rBbpAara eBrelcr,Ka u f,, e
Vo Vt

cb4lpxannsro Ha rewrara eBTerffHKa. Tara )paBHeHue ( I ) npr{eMa B}rIa

-x,!{r,-rV,
' (12)

C HATIAIHO YCNOBHE

T(t")  =7,,  (13)

K" e rcoeQrugerrr Ha Kpar{craJrrmarur Ha eBTercruKara u t, e BpeMero, 3a Koero

crolrr{JrKara Aocrlra eBTeICTuKara.

c,,p,#=-Lp,* 1@ 
-r,), (n) f,"=€



3. Pemasane Ea Mereuarf,qgcnnfl MoAerr
I qaRrui - pemaBa ce ypaBHeHHe (7) c HaqarHo ycnoBne (8) Ao AocrrrraHe Ha
TeMnepar)?a Tt - onpeAenr ce l, .

II malrui: Peuasa ce )?aBHeHHe (9) c HaqarHo ycrroBne (10).
Vxasarure: Moxe Aa ce Ha[paBr{ cMrHa Ha 3aBncr{Mara npoMeruruBa LT :

,.
g='!trdt, (r4), orrcbAero Lr =+ u ry=+

, ,  
' "  

d t  d t  d t 2 '

61-PNK'rQ', +--PNKIQ'+.dt 
' r- dt

3arrrecrsarue (15) u (16) B

ry = - o - lr^ -Tr -+ - e-G-t)d'tKi'' I B,c,ldt2 Rprcr,L'n 
'l 

dt + I

I  t  - tb- . tn ,u ' .3^1F I-| ++ (l - k)s-{t'-ztdtxl,Q'|F,C,le-o{xi,o' 3gNK}et +.
l C ' r \ / t l d t

Or (14) n (15) norrfraBaMe HaqarlHr{ ycJroBl{t 3a }paBHeHue (17):

ai,)-"!Lrd" -o ^ +l - Lr(t) = o.
tr dt l'=',

( ls )

(16)

(e):

(r7)

Tara npecMflrallre Q@ and n cJIeA roBa

T =Tn -49- - e-&-t)d'Kio't B,c, ..  - -A  
d t  

v  
+ ,

(1 8)

f(t) no Qopruyna (3)

(te)

(20)

(22)

(23)

III gTalufi. 3a pemasaHe Ha )?aBHeHlre ( I 1) Moxe Aa ce HarlpaBlr cMf,Hara
t ^

P = !@" -rV, .
l e

Or (20) n(12) norryqaBaMe

T =T -dP . dT =-d'! . L --K.4! ,-*" '  .  (zr)'  -1"  
dt '  d t  d t2 

'  
d t  

- - "  
d t  

-

r{ )paBHerme ( I 1) cmna

4= d (r"-4!-r.)- L y.4! r-r", .
d t '  R p r . C r , \ "  d t  ' )  C r , ' d t

Or (20) u (21) nonyranaMe Harlarrnl ycnoBrt n (22).
spl

P ( t . ) = O n  + l  = Q .
dt l1=t"

Pemasa^rue (22) c HarlarHo ycnoBlre (23), nonflaBaMe P(t) ' rocrle f Q) ot (21).
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1

Bxo4nn nrpemc'rpf,: crrnaB AlSiTMg

V -- 4.6304x l0-5 fr3, F =0.726x10-2m2 , R =+= 0.00637 Sm, A= 2600 q,-  
F  

. , ,  _ _ m r

pz-z4so#,cp =1000# ,cr,=1050kek ,To=933K 4 =880.2 K,T,j8s?F.,

Tend: 550K
2

p =flp,c, = 52.3K,fr = 0. 14, L = 4.02x lOs !,, =4! , Ta =g33K,
i=l Kg J

for 0 s t  <2g.43s a =*t# ,ror29.43 <t< 89,5 ls a =75#,

for 89.5 | < t <231.g3s K, = 0.005 
* " a =85#

B c4nrar 6eg rnnoqagnusr:

fy' = 3.327x 108+. K,, =0.00015159
m3 

'  ' -Y  
sK '

B crynar c Hanoqacrrtr[r:

fy' = 2.s6zx loe 
#, Kv =o.oool5o8+.



4. Results from the solution of the mathematical model
Mathematical model (7|(13) has been solved for cylindrical specimen of diameter
34 mm and height 51 mm of alloy AlSiTMg without NM and with NM. The result
after calculating the temperature according to the mathematical model is shown in
Fig. l. The input data about the model are given below the figure. The figure shows
that the minimum due to the overcooling is 1.45 K for the case without NM and
0.95 K for the case with NM (cf. the macro graph in Fig. 1). This is due to the
increased number of the crystallization centers after introducing NM. The
experimental verification of these results is forthcoming.
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Fig. l. Temperature dependence on the time in the range from the temperature of casting to
the temperature of crystallization completion. Alloy AlSiTMg: I - without NM, 2 - with

NM.


