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BLAST-WAVE IMPULSE COMPACTION
OF THE VISCOELASTOPLASTIC MOLDING SAND

Abstract. This article examines the compaction process in the green molding sand by the explosive impulse of
combustion gas. The study was taken on a testing device based on the semi-automatic molding machine. The
dependence of mold density on impulse power and physical and mechanical properties of the sand has been found.
An explosion pressure wave drives the sand column in a flask. The sand moves gradually by layers. Each layer first
accelerates, then moves uniformly, decelerates and eventually stops. Here, the layer is compacted due to the kinetic
energy of its movement. The higher the velocity of the molding sand is, the higher its kinetic energy and the
compressive stress gained during the compaction, are. Fluidity of the molding sand depends on its physical and
mechanical properties, particularly on its viscosity. The behavior of viscous, elastic and plastic properties of the
molding sand during the compaction process has been researched using the self-designed device. During the
compaction process, the parameters interchange, while the value of the sum is constant. During the acceleration
phase, the molding sand has minimal elastic properties, the viscous properties recede and plastic properties enhance.
During the uniform motion of the sand, its viscous properties are minimal, while the plastic properties enhance to the
maximum. Then till the end of the process, viscous properties keep enhancing up to 80...90 %, while plastic
properties recede almost to zero. Elastic properties slightly enhance almost linearly during the whole process.

Key words: molding sand, compaction process, impulse, viscosity, elasticity.

Introduction. The key factors that affect molding are the physical and mechanical properties of
molding sand and the compaction parameters. The studies [1-10] of compaction process in green sand
molds by general impulse methods have revealed the effect of power impulse on molding sand in flasks.
The pressure wave goes through the molding sand volume and drives it in direction to the pattern plate.
Here, the molding sand layers located near the pattern plate, start moving the last and stop the first when
decelerating on the pattern plate. The motion of the sand layers comprises acceleration, uniform motion

and deceleration phases. When accelerating, the molding sand gains kinetic energy g _ z(’"”z J that goes
2

into compaction when the sand decelerates on the pattern plate and the pattern. Here m is the mass of a
moving elementary volume of the sand; v is its velocity. The higher the velocity of the molding sand is,
the higher its kinetic energy and the compressive stress gained during the compaction, are.

The compaction mechanism in green molding sands has viscoelastoplastic character [11]. It’s similar
to how the material reacts to rolling and drawing [12, 13]. The green molding sand is supposed to behave
the same way when being loaded. To provide the required quality of impulse-based molding, an effect of
viscous, elastic and plastic components on each phase of compaction process has to be estimated.

Methods. The study was carried out on a testing device (figure 1) based on the semi-automatic
molding machine 1 model 22111, additionally provided with the combustion chamber 2 witha  pre-
ignition chamber 3, a fan 4 and an ignition device 5. The testing device allows for explosive compaction in
flasks 6 sized 300x360x(100+200) mm with working pressure in the combustion chamber 0.2-0.3 MPa
and working pressure rise time to maximum 0.02-0.08 s. Methane was used as the combustion gas.
Atmospheric oxygen acted as an oxidizer.

— 34 ——
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Figure 1 — The testing device

Piezoelectric crystal pressure sensors with a sensing element made of lithium niobate with
measurement range 0-3.0 MPa and resonance frequency 50.0 kHz were used for recording processes at the
combustion chamber. Resistance strain gauges model 2DIIKA with measurement range 0-2.5 MPa and
resonance frequency 30.0 kHz were used for recording compressive stresses in the molding sand. All
stress measurements were duplicated using the load cells with a sensing element made of lead.
Displacement sensors type [116 were used for strain gaging of molding sand.

The tests revealed that the density of the mold compacted by combustion gas wave pressure, depends
on the load impulse parameters, strain rate of the molding sand and compressive stresses occurring during
the compaction. Under a short-time loading, the compaction process does not keep pace with loading, i.e.,
a delay of deformation of the molding sand from the loading occurs. Here, the delay time depends on the
physical and mechanical properties of the molding sand, particularly on the viscous properties.

Figure 2 shows the travelling speeds of the layers of molding sands with the same moisture content

W = 3.,2%, depending on the initial bulk mass of the sand J, and the rise time ¢ of the load impulse & = % ,

where P is explosion pressure, MPa; ¢ is the pressure rise time to a maximum, s. Molding sand is 200 mm
off the pattern plate.

The looser molding sand (8, = 820 kg/m’) gains the maximum velocity v = 4.6 m/s and the maximum
impulse P = 0.3MPa within rise time 0.025 s. The more consistent molding sand (8, = 890 kg/m’) gains
the velocity v = 4.3 m/s and maximum impulse P = 0.3 MPa within rise time 0.024 s. This implies that
under more powerful load impulse N, inter-particle attraction in the loose molding sand is weaker that one
in the consistent sand and therefore break more easily. Thus, the delay time between the beginning of
deformation of molding sand and the load impulse decreases; whereas the strain and strain rate increase. It
is common knowledge that the inter-particle attraction in the molding sand are provided by the films of
clay binder, the predominant property of which is viscosity. It is logical to assume that viscosity markedly
affects the impulse compaction process.

According to the P. N. Aksyonov’s pressing equation [14]:

8t = 8o + (81— 86)05), (1
for the explosive compaction process, it can be written:

8 = 86 + (61— 85) 0§ Beoy. (2)
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where 9, is the compacted density of molding sand; J, is the initial density of molding sand; (6, — d,) is the
density increment under the pressure of 0.1 MPa; o is the stress combination in the molding sand; K is an
empirical coefficient; By is a coefficient representing the strain rate of the molding sand and its physical
and mechanical properties, particularly its viscosity.

The more viscosity and the strain rate of the molding sand are, the less coefficient B, is; and, as
shown in Equation (2), the less is the sand final density. Therefore, under impulse compaction, compared
to pressing, the molding sand gets undercompacted. In this context, the viscosity of the molding sand
becomes a critical factor in choosing sand composition for this compaction method.

; &ynlzmmlgbnls
Vim/s sof90 | 90
6 g8 | 80 A
‘5\ l.J,'I I
W=232% = Const N
5 | FE7 | 70 ’
/ \ -Oo = 820 kg,/m _ 7-\\& /
a .\\ 8o = 890 kg,/m? 60F 60 | 60 A
4 @ Ol 60 =960 kg/m-? ] 50F5 F 50
3 5 ,/ r"A'\L\ 40F40 | 40
o
A O\B s0Fa F a0 JrsdhNE
2 J/, \Q\\ O’/u \\
Q / \.3\ 20F20 F 20F 5.
1] \ 1N
\ I0FIO F IO 7 -V"'":
e N 0|, JLw—vv" \
0 I 2 3 4 5 6 tx102s 0,7 0,8 0,9 I,0I,I I,21,3 6x10°kg/m’
Figure 2 — The effect of the load impulse rise time ¢ Figure 3 — The interchange of viscous (I), plastic (II)
and initial bulk density J, of the molding sand and elastic (III) properties of the molding sand during
to the velocity v of the sand layers the compaction process

To determine the effect of the molding sand viscosity on its undercompaction degree under explosive
molding, a method and a testing device were designed. The method of determining the sand viscosity
involves comparing residual deformations (and, therefore, densities) of a standard specimen after pressing
and explosive compaction under equal compressive stresses appearing in the sand. In order to calculate the
effect of the molding sand viscosity on its undercompaction degree, the following formula is laid down:

& —&
A € — Scrar” aun 3
BA3 ECTaT"'Eynp ’ ( )

where {Ewm +Eynp} is the total deformation of the molding sand; Ag,,, is the effect of the molding

sand viscosity on its total deformation; &, is the residual deformation of the molding sand after static
pressing; &y 1S the residual deformation of the molding sand after explosive compaction; &y, is the elastic
deformation of the molding sand.
In terms of the molding sand density, Equation (3) is written as follows:
_ 6c-ra'r_6pu4ﬂ . 0

A6BH3 - 6CT3T_80+6pr 100 Aj, (4)
where 0., is the residual density of the standard specimen after static pressing; &, is the residual density
of the molding sand after explosive compaction; Oyn, = Onomm — Ooer 1S the change in volume of the molding

sand caused by elastic deformation.
The effect of plastic and elastic properties of the molding sand on its deformation is calculated the

following way:

&
Ay, = —2m 5
S e (5)
&
Ay, = ——, (6)
yup EcrartEynp
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8 PIH_80
A8y, = scmj—swsynp +100%, )
A8, = — . 100%. )

yup 8c’ra'r_so"'synp

Since the total deformation of the molding sand is divided into viscous, elastic and plastic
deformations, their effect on the explosive compaction can be estimated the following way:

Ay + Adyy + Ay = 1. 9)

During the compaction process, these parameters interchange, while their total sum is constant.
Initially, the elastic properties of the molding sand are the most distinct; the effect of the plastic properties
is observed to a lesser extent; the elastic properties are slightly observed. During the first phase,
acceleration, the elastic properties of the molding sand remain minimal; the viscous properties recede
gradually to 50...60 %; and plastic properties enhance to 40...50 %. When the maximum strain rate is
gained, during the short period of the uniform motion, the viscous properties of the sand reach their
minimum, while the plastic properties increase to the maximum. During the final phase of the compaction,
deceleration, viscous properties start enhancing and increase up to 80...90 %, while plastic properties
recede almost to zero (figure 3). Elastic properties slightly increase almost linearly during the whole
process.

Results. The properties of the molding sand have been studied in [15-21]. Study [15] is
chronologically one of the first that introduce the effect of dynamics of the compaction process on the
sand properties. It has revealed that with an increase in strain rate of molding sand layers its viscosity
decreases, while other properties have not been examined. Study [16], as well as [17], has examined the
restricted model of a viscoelastoplastic body; both works have mentioned the change in properties during
the compaction process. Models [18-21] have revealed the change in viscous, elastic and plastic properties
and this data correlate with our data in general. Nevertheless, they also do not take the motion character of
the sand under explosive loading, i.e. the three phases, into account. The increase in viscosity during the
compaction process, which has been revealed in the present study, has not been determined so clearly in
these models.

Proceeding from the above, there are following recommendations:

1. When using dynamic compaction methods, the low-viscosity molding sands should be used.

2. The molding sand for the specific parameters can be chosen according to its strain rate.

B.T. Bepe:mncl, C.Bb. Ky3eM63eBZ, M. P. Cuxbimbaes’, B. H. AGcaapikos®
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TYTKBIP-CEPIHIMAI-IIJTACTUKAJIBIK KAJIBIIITAY KOCITACBIH
KAPBLTY TOJKBIHBIHBIH UMITYJIBCIMEH ThIFBI3JIAY

AHHOTanmsi. Makanazna KyM-OaJIIbIKThl KaJblll KOCIIAChIH JKaHFBIII ra3 >KapbUIbICHl UMITYJIBCIHIH 9cepiMeH
TBIFBI3/Iay NPOLEC] KapacThIpbliaasl. TaxKipuOenep KaublnTay >KapThUlail aBTOMATThl KYPBUIFbI HETI31H/IE JKacalFaH
HKCIIEPUMEHTTIK KOHABIPFBI apKbUIBI OpbIHAANIBI. Kaibln Kocnachkl THIFBI3ABIFBIHBIH UMITYJIbC KyaThl MEH KOCIHaHbIH
(hm3MKa-MeXaHUKAIBIK KacHeTTepiHe OaiaaHbIChl aHBIKTAIBIHFAH. JKapbuly KBICBIMBIHBIH TOJIKBIHBI OITOKaJarbl
Kocria OaraHachlH Oencennenpipeni. Kocra kabaTTapsl )KorapbIcblHaH Oactan acTelHa AeliH OipriHaen Oipi3miiik
KO3FaJIbICKa Kenezi. Opoip Kabar OacklHIa yaeiai, COChIH OipKaJBINTH KO3FAIa bl, TeXKeIel )KOHEe TOKTal bl by
COTTEe KOCIA KHHETHKAJBIK SHEPrHsChl apKbUIbl THIFBI3HaNaabl. Kanbll KOCHACHIHBIH EKIIHAETY KbUIJaMIBIFbI
HEFYpJIBIM JKOFapbIpak Oojica, Me OONFaH KHHETHKAJbIK JHEPrHsCHl KOHE THIFBI3NAY Ke3iHAe maiina OosraH
KepHEeyJIep COFYpIBIM Kobipek Oomasl.

Kocnansl Ko3FaipICKa KeNTipy YIIiH OHBIH THIHBIIITHIK HHEPLHUSACHIH XeHy KakeT. CeuTim, )KYKTEMeHiH Kocma
KabaTbIHa ocep eTyl eTe KbICKa 0OMybIMEH, Koclia KabaThl 63 MHEPUUACHIHBIH APKAChIHAA KBICHIM TOJIKBIHBI OTKEH
COH FaHa Kozraia Oactaizpl. JleMek, THIFbI3Aay MPOIECci )KYKTeMere epyre yJarepMeni, sFHU KaJblll KOCHAChIHbIH
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nedopManrsUIaHybl KYKTEMeIeH Kelnirin kananel. Kocna HerypibiM Ooprsinakray 0oJica, 07 COFYPIBIM KATTHIPAK
KBUTIAMIATHUTA b THIFBI3ABIFEl a3 KOCHAHBIH O6JIIIEKTEPi apachlHAArbl TyHicre OallaHbICTAPBIHBIH ThHIFBI3IBIFbI
KebOipeKk Kocma OeImIeKTepiHIKiHeH oyci3ey JXKoHe ne oHaiblpak y3imemi. Com cebenTi Kaiblll KOCHACHIHBIH
nedopmanmsicel 0acTanybIHBIH KYKTeMe MMIYJIbCIHEH KeIliry Mep3iMi KbIcKapazbl, an aedopmaius Mesiepi MeH
nedopmanust KpurgaMabiFel aptaabl. CoHIai-aK Kelliry yakbIThl Tyificrie OailllaHBICTApbIHBIH OCpIKTIriHE KoHE
KaJIbIIl KOCTIACHIHBIH (DU3MKAa-MEXaHUKAIIBIK KacHueTTepiHe Toyenai. Kanbin Kocrmacel OeieKTepiHiH apachIHIarbl
OaiilaHpICTap HETi3IHEH OAaJIIBIKTBI OAIaHBICTHIPFBIIITHIH KaOBIPIIAFRIMEH KamMTaMachi3 eTineai. OHbIH OachiM
KacueTi — TYTKbIPJbIK. COHJBIKTAH TYTKBIPJBIK MMITYJIBCTI THIFBI3NIAY MPOIECIHE eAdyip ocep eTenmi Aen Oospkayra
Ooapl.

KyM-0anmbIKTel KOCIIAHBIH KBUDKBIMBUTBIFBL 2 OHBIH (PH3UKa-MEXaHUKAIBIK KaCUCTTEpiHe, OipiHIII Ke3eKTe,
TYTKBIPIBIFbIHA OaimaHbICTHL. JKapBUIbICIICH KABINTAY KE31HJE KAIBII KOCHACHl TYTKBIPJIBIFBIHBIH THIFbI3IaIMal
KaJly JIOpPEkKECIHEe OoCepiH 3epTTey MaKCATBIMCH TYTKBIPJIBIKTHl TEXHOJOTUSUIBIK AHBIKTAy OJICi Oiflanm TaOBLIIHI.
OHBIH MOHI KOCTIQAarsl Maiina OoJFaH CBHIFY KEepHEYNepiH Oipel eTim, KalbIll KOCHAchl CHIHAMACHIH JKapbUTBICIICH
JKOHE KAHIIYMEH THIFbI3IAFaH COH, KaJbIK Je(hOpMaIMsIIapbiH (IEMEK, THIFBI3BIKTAP) CANBICThIPYFa OAIaHBICTHI.
Kanbinn KoCHacel TYTKBIPJIBIFBIHBIH KOCHAHBIH THIFBI3AAIMAN Kaly IOPEkKECIHE OCEpiH ecemnKe ainy YIIiH KeJeci
KaThIHAC YCBHIHAJIBI:

ASB;B — ECTaT_g,CLHH’
EcrartEynp
MYHJIarbl (SCTaT + Synp) — KaJIBII KOCIIACBIHBIH TOJBIK Ae()OPMAIHSIChI; A&y, — TYTKBIPIBIKTHIH KaJIbII KOCITACHIHBIH
KBl IeGOpMAIUSICEIHA oCcep €TYiH CHIIATTAUTBIH IAMa; Ecray — KAJBII KOCHACHIHBIH CTATHKAJBIK JKaHIIYAaH
KEUiHTI KaNABIK Je(hOPMALUACHL, &y — KAIBIT KOCHACHIHBIH JKAPBUIBICIICH TBHIFBI3AYIAH KCHIHT1 KaJIbIK
Je(bOpMaLUSICHI; yyp, — KaJIbII KOCTIACKIHBIH CEPNiMIIL AeopMalschl.

Tocinmi icke acelpy YIIiH KOHCTPYKIHACH! Oiperedl acmam >kacanabl. OHBIH JKOpAEMIMEH THIFBI3Ay IpoIeci
OapeICBIHIA KOCTIAHBIH TYTKBIP, CEPIIM/II KOHE TUIACTHKAIIBIK KACHETTEPl 3repyiHiH CHITaThl aHBIKTANIBL. THIFbI3aY
MpoOIIeCiHAe ONIApIBIH MOHI KalTa OeiiHenmi, Oipak >Kalmbel cCOMAachl e3repMeiimi. YHeTy Ke3eHiHAe Kocma eH
ascepmiMIi KacHETIH KOpCeTedi, TYTKBIPJIBIK KACHETI TOMCHICHII, ai IUTACTHKAIBIK KACHETI >KOraphbLiaibl.
BipKanbInIThl KO3FaaFaH Ke3iHIe, TYTKbIP KaCHETI MUHHMMAJIbI JKOHE IUIACTHKAIBIK KACHETI MAKCHMAJIIbl OOJajbl.
OpaH opi mporec askrainFanra jeilin TyTkelp Kacueti 80..90 %-ra neiiin keOeiieqi, al IIACTHKAJIBIK KacHeTi ic
Ky3iHae Henre neitin kemumi. Cepmimai KacweTi mporece OOibl Iepiik Ty3y CBI3BIKTBI 00jajbl, Oipak asjam ece
Oepeni.

Tyiiin ce3mep: KaJblll KOCHACHI, THIFBI3AY MPOLIEC], HMITYJIbC, TYTKBIPJIBIK, CEPIIMALTIK.
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VILIOTHEHUE BA3KO-YIIPYTO-INIACTUYECKOM ®OPMOBOYHOI CMECH
UMITYJIbCOM B3PBIBHOM BOJTHBI

AnHotanusi. B cTratbe paccMmarpmBaeTcss TpoIecC YIUIOTHEHHS MEeCYaHO-TIIMHUCTOH (POPMOBOYHON cMecH
BO37ICHICTBHEM HMITYJIbCA B3pPhIBAa TOpPIOYEro ra3a. OnbITH MPOBOIMWINCEH Ha SKCIEPUMEHTAIBHON YCTaHOBKE, CO3AaH-
HO¥ Ha 6a3e HOPMOBOYHOTO MMOTyaBTOMATA. Y CTAHOBJICHA 3aBUCUMOCTbH INIOTHOCTH JIUTEHHONW (HOPMBI OT MOIITHOCTH
UMITYJIbCa U (PU3NKO-MEXaHUYECKHX CBOMCTB cMecu. BosiHa B3pBIBHOTO [IABJICHHUS IPUBOIUT B JABHIKEHHE CTOJIO CMe-
cu B onoke. Ilepemenienre cMecu NPOUCXOAUT MOCIEI0BATENBHBIMU cnosiMu. Kaxkaplil cioif BHavase pa3roHser-cs,
3aTeM JBH)KETCS] paBHOMEPHO, TOPMO3UTCS U ITOTOM OcTaHaBiauBaeTcs. [Ipu 3ToM MpoUCXOAUT YIUIOTHEHHE CIIOS 3a
CYeT KUHETHYECKOM SHEpruu IBIKeHus. YeM Ooubliie cKopocTh pa3roHa popMOBOYHOI cMecH, TeM Ooliblle PHOO-
peTaeMasi €10 KHHEeTHUYEeCKasi SHEPTHs U, COOTBETCTBEHHO, HAIIPSKECHHUE CHKATHsI, BO3HUKAIOILEE NPH YINIOTHEHHH.

UroObl MPHUBECTH CMECh B ABMKEHHE, HA/IO0 IIPEOAOJIETh €€ MHEPIMIO 1MOKosl. [loaToMy npu KpaTKOBpeMEHHOM
JIEMCTBUN Harpy>XeHUsl CIOM cMecH, Oiarojapsi CBoei MHEpIMH, HAaUMHAET JBIDKEHUE, KOT/1a BOJHA JIABJICHUS YXKe
mponnia gepe3 Hee. TakuM 0Opa3oM, MPOIECC YIUIOTHEHHS HE YCIIeBaeT CIECMOBATh 3a HATPY3KOMH, T.€. MPOUCXOIUT
3amasgpIBaHue nedopManuy (GOPMOBOYHOM cMecH OT HarpyxeHus. boiee ppIxias cMech pa3rOHSETCS CHIIBHEE, YeM
6oxnee motHas. KoHTaKTHBIE CBSI3M MEXKIy YaCTHUIIAMH MAaJIOIUIOTHOHM cMecH ciiabee, 9eM CBS3H MEXKIY YaCTHLAMHU
6oJiee TUIOTHOM cMecH 1 pa3pymaroTces jerde. [loatomy BpeMs 3anma3aplBaHuS MEXTy HadaioM aedopmanuu hopmo-
BOYHOW CMECH M MMITYJIBCOM HATrpyXEHHS YMEHBIIAETCs, a JeOopMaIisi U CKOPOCTh AehopMaliy YBEINIHBAIOTCS.
[Tpuuem Bpems 3ama3ablBaHUs 3aBUCHT OT MPOYHOCTH KOHTAKTHBIX CBs3eH M (PU3MKO-MEXaHUYECKHX CBOMCTB
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(hopMoBOUHOIT cMecu. MeX4acTHUHBIC CBSA3H (POPMOBOYHON CMECH 00ECIIEUNBAIOTCS B OCHOBHOM IICHKOH TIIMHHC-
TOTO CBSIBYIOHIETO. A TpeoOIagarouM ee CBOMCTBOM SBIISICTCS BA3KOCTh. JIOTHYHO MPEOIOI0KHUTE, YTO BSI3KOCTH
OKa3bIBACT CYIIECTBEHHOE BIMSHIE Ha MPOIECC UMITYIECHOTO YIIOTHEHUSI.

[ToxBMXHOCTP TECYAHO-TIIMHUCTONH CMECH TaKXe 3aBUCHT OT €€ (PM3NKO-MEXaHWYECKHUX CBOWMCTB, B MEPBYIO
ouepens BI3KOCTU. [ m3ydeHWs BIMSIHHSA BA3KOCTH (DOPMOBOYHOIN CMECH Ha CTENEHb HEAOYIUIOTHEHHUS IPH
B3PBIBHOW (pOpMOBKE OBIT pa3paboTaH CIMOCOO TEXHOJOTHYECKOTO OmpeaeneHus Bs3kocTH. OH 3aKioyaeTcs B
CpPaBHEHHM OCTaTOYHBIX jaedopMmarmii (M, Kak CICICTBHE, IUIOTHOCTEH) oOpasia (OPMOBOYHOW CMECH MOCIE
YIJIOTHCHUA B3PBIBOM W MPECCOBAHUCM IIPU OAMHAKOBBLIX HAIIPSAKCHHUAX CHKATUA, BOZHUKAIOIIHUX B CMECH. I[J'lﬂ
TMI0JICYETa BIMSHUS BI3KOCTH (POPMOBOYHOM CMECH Ha CTENEHb €€ HeAOYIUIOTHEHUS [TPEAJIaraeTcsi COOTHOLICHUE:

ASBH;; — Ectat ~Equn ’
EcrartEynp
rae (Ecrar + Eynp) — nonHas gedopmannsi GOPMOBOUHON CMECH; A&y, — BEIMUYMHA, XapaKTEpU3YIOIIasl BIIMSIHUE
BA3KOCTH Ha 00mIyro aedopMarmio QOpMOBOYHON CMECH; €.,y — OCTaTOUHAs Aedopmamus (HOpPMOBOYHON cMecH
MocJe CTaTUYEeCKOTO MPECCOBAHUS; &y, — OCTaTO4Has nedopmanus (OPMOBOYHON CMECH TIOCIE YIUIOTHEHHS
B3PBIBOM; €y, — YTIPyTas Aedopmanys GOpMOBOYHON CMECH.

st peanuzaiuu crioco6a ObL1 pa3padoraH mpudOp OpUrHHABHOM KOHCTPYKIKHU. C €ro MoMOIIbIO0 YCTAHOBIICH
XapakTep W3MEHEHHs BS3KUX, YIPYIMX W IUIACTHYECKMX CBOWCTB CMECHM B TeueHMe mporecca. B mpouecce
YIUTOTHEHHsI POUCXOUT Tepepacipeie]iCHIe UX 3HAYCHUH, HO UX 00Ias cyMMa ocTaeTcsi HemsMeHHou. Ha craauun
pa3roHa cMecChb o6naz[aeT MHUHUMAJIbHBIMU YIIPYTUMHA CBOﬁCTBaMI/I, MPOABJICHUC BA3ZKHUX CBOWCTB CHHMXKACTCA, a
IUIACTUYECKUX Bo3pacraeT. IIpm paBHOMEpPHOM [BM)XEHMH BSI3KME CBOMCTBA MHHUMAJBHBI, a IUIACTUYECKHE —
MakcHMaJIbHBL. Jlanmee 110 OKOHYaHMs IIpoliecca BsI3KMX cBoicTBa Bo3pacTaoT a0 80..90 %, a mnactuuyeckne
YMEHBILIAIOTCS MPAKTUYECKH J0 HYJS. YIIpyrue CBOWCTBA BO3pAcTarOT IOYTH JHMHEHHO B TEUEHHE BCEro Ipoliecca,
HO HE3HAYUTEIHHO.

KiaroueBbie cjioBa: pOpMOBOYHAS CMECH, TIPOLIECC YIUIOTHEHHSI, UMITYJIbC, BI3KOCTb, YIIPYTOCTb.
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