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This article considers mathematical dependences of properties of a casting mold on various
parameters of her shaping. The competitiveness in production of castings depends on durability,
reliability of the made details, ability to meet requirements and expectations of the consumer
of production. Technological process of receiving castings most widespread now in the sandy-
argillaceous forms (SAF) not completely meets the modern requirements as it is characterized
by different types of marriage: gas porosity, scorch, shrinkable sinks, blockages, hot and cold
cracks, and others. The bigger quality of castings gives casting in the sand-pitch forms (SPF)
in which the high gas permeability and durability are combined, they don’t resist shrinkage,
don’t absorb moisture the stiffening alloy and aren’t inclined to an fallibility. However, one of
shortcomings of this way of casting is rather high cost binding. One of the directions of decrease
in an expense binding is use along with heating of mix for shaping of a cover and static loading.
Other direction of decrease in a consumption of mix in general, and binding in particular, is
determination of dependence of properties of a shell form on technological parameters that will
promote management of properties of a form, decrease in marriage, etc. Formulas of the intense
deformed state, density, amounts of heat of the sand-pitch form made at the same time in the
conditions of heating and static loading are presented.
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MartemaTu4yeckoe MoIeJTMPOBAHNE MPoIecca

(popMooOpa3oBaHNs MECYAHO-CMOJISIHBIX CMeceil

B.IO. Kyaukog?, E.H. Epemun®,

T.B. KoBasieBa®, E.II. Illep6akoBa®

“KapaeanOunckuti 20cy0apcmeeH bl MexXHUYeCKUll YHusepcumem
Pecnyonuxa Kazaxcman, 100027, Kapaeanoa, byrveap Mupa, 56
SOmckuil 20cy0apcmeeHHbll MeXHUYeCKUll yHusepcument

Poccus, 644050, Omck, np. Mupa, 11

Oma cmamvs paccmampugaem mamemamuyecKue 3a6UCUMOCIU CEOUCME TumeliHoll gopmbl om
PAa3IUYHbIX napamempos ee Gopmoobpasosanus. Konxypenmocnocobnocmv 6 npouszsodcmee
OMIAUBOK 3A8UCUM OM 00]1206€4YHOCMU, HAOEHCHOCIU NPOU3EOOUMBIX Oemaneli, cnocoOHOCmU
y0081em8opumes mpebosanus u 04Hcuoanus nompeoumens npooykyuu. Haubonee pacnpocmpatentuiii
8 HacmosAujee 8peMs MexHOI02ULeCKUl RPOYecc NOIYYeHUs OMAUBOK 68 NeCUAHO-2TUHUCTbIE POPMbL
(III'®) He noanocmwvio omeeuaem COBPEMEHHLIM MPEOOSAHUAM, NOCKONbKY XApaKmepusyemcs
PA3IUYHBIMU 8UOAMU Opaka: 2a306ds NOPUCNOCTb, Npueap, ycadoyHvie PAKOBUHbL, 3ACOPbI,
eopauue u Xoni00Hvle mpewunvl u Op. borvwee xawecmeo omaueox Odaem numve 6 neCYaHo-
cmoaanvie popmol (IICD), 6 KOMOPLIX COUETNATOMCS BLICOKASL 2A30NPOHUYAEMOCTb U NPOYHOCTb,
OHU He CONPOMUBTIAIOMCS YCaoKe, He GNUMBIBAION 81A2Y 3ACMbIBAIWUM CRIABOM U He CKIOHHbI K
ocvinaemocmu. OOHAKO 0OHUM U3 HEOOCMAMKO8 M020 CHOCOOA UMb AGNACMCA OMHOCUMETbHO
8vlcOKAs cmoumocmy caszyioweco. OOHUM U3 HANPABIEHUIl CHUNCEHUA pACX00d C8A3VIoWe20
CAYHCUM UCNONBbI0BAHUE OOHOBPEMEHHO C HA2Pe8OM cmecu 01 Gopmoobpazoeanus 0OOIOUKU U
cmamuieckoll Hazpy3ku. [pyeoe HanpasieHue CHUNCEHUS PAcxo0d cMecu 8 YeloM U CE:A3YI0ue2o
8 wacmuocmu — onpeoeneHue 3a8UCUMOCMU C8OUCME 000IOUKOBOU (POPMbI OM MEXHOIOSUHECKUX
napamempos, umo 6ydem cnocoocmeosams YnpasieHuio c8oUCMeamu GopMbl, CHUNCEHUIO OpaKa
u m.n. I[lpedcmasnenvl Gopmyasl HANPANCEHHO-0ePHOPMUPOBAHHO20 COCMOAHUA, NAOMHOCIL,
KOIUYeCmea menna NnecuaHo-cMONAHOU QopMbl, U320MABIUEAEMOLU OOHOBPEMEHHO 8 YCIO8UAX
Hazpesa u CIMamuiecko20 HacpyHceHusl.

Kniouesvle cnosa: MO()e]Zb, gbopma, necok, cmond, mexnoaocus, onjiueKka, CMecs.

Ot ponroBe4HOCTH U A(PGEKTUBHOCTH PabOThI MPOMBIIUIEHHOTO O0OPYIOBaHHUS HAMPIMYIO
3aBHUCST CPOKH M KAUECTBO BBIIOJIHAEMBIX paloT, a Tak)Ke 3aTPaThl HA €ro 3KCIUTyaTalHio. 3HAYMT,
obecrieueHre 3aroTOBUTEIbHOM U PEMOHTHOM 0a3bl MPOMBINIJIEHHOCTH KAaueCTBEHHBIMH JETAJISIMU
SIBIISICTCS IEPBOCTEIICHHON 3a1auei.

KoHKypeHTOCIIOCOOHOCTh B ITPOU3BOACTBE OTJIMBOK 3aBHCHUT OT JIOJITOBEYHOCTH, HAJIEKHOCTH IPO-
W3BOJMMBIX JIeTaJIei, CIOCOOHOCTH YIOBJICTBOPUTE TPEOOBAHHS U OXKUJAHUS TTOTPEOUTENS TPOLYKLIHH.

[Tpu 3TOM 1IpU U3rOTOBICHUH JIETAJIEH BaXKHO CHU3UTH 3aTPAThI HA UX IIPOU3BOJICTBO, 00ECIICUnB
JOJITOBEYHOCTD M HAaJIeKHOCTb.

Takum 00pa3oM, UCIOIB30BAHHE HOBBIX TEXHOJOTHUU JUIsI IIPOU3BOJICTBA JOJTOBEYHBIX OTIIH-
BOK — 33/1a4a CTpaTernuecKasl.

Haubonee pacripocTpaHeHHbIH B HACTOsIILEE BPEMSsI TEXHOJIOTHYECKHI MPOLECC MOIYUYECHHUS OT-
JHUBOK B Tec4aHO-rMHUCTBIE GopMbl (II['D) He MOTHOCTEIO OTBEYAET COBPEMEHHBIM TPEOOBAHUSIM,
MOCKOJIbKY XapaKTepU3yeTcsl pa3IM4HbIMU BUAaMHU Opaka: ra3oBasi HOPUCTOCTb, IIPUTap, ycaJouHbIe

PaKOBUHBI, 3aCOPBI, FOPSIYNE U XOJOAHbBIE TpemuHbl 1 1p. Kpome Toro, nmutee B I1II'® He Becerna obe-
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CIIEYHMBACT MOJyYeHHE OTIUBOK C TPEOyEeMOM CTPYKTYPOii M, COOTBETCTBEHHO, C HEOOXOMMbBIM yPOB-
HEM TEXHOJOTHYECKHX CBOMCTB.

Boubliiee kauecTBO OTIIMBOK JIAET JUThE B HiecdaHo-cModisiHbie popmbl (IICD), B koTOpBIX cove-
TAIOTCSI BBICOKAs Ta30IPOHNULIAEMOCTb M IPOYHOCTH, OHH HE CONTPOTHUBIISIOTCS YCa/iKe, HE BIIUTHIBAIOT
BJIary 3acCThIBAIOIIMM CIUTABOM M HE CKJIOHHBI K OcblllaeMocTu. Take OHH ¢ MaJIbIMU HEpro3arpa-
TaMH pa3pyuiaroTcs nocsie GOpMHPOBAHUS OTIMBKH. DTO 00ECIEUYNBACT MOTyYeHHE OTIMBOK, 00JIa-
JAIOIMIMX BBICOKOI YHCTOTON MOBEPXHOCTH M Pa3MEPHON TOUHOCTBHIO, a TAKXKE OOIBIIYI0 SKOHOMHIO
(hOPMOBOYHBIX MaTE€pHaJIOB (II0 CPAaBHEHUIO C MeCYaHO-TIIMHUCTBIMU Gopmamu 6oiee 50 %). B cBoro
o4epellb, yMEHblIeHHe 000poTa (POPMOBOYHBIX MaTEPHAJIOB 3HAYUTEIHHO CHIKAET PACXOJIbl IO BHY-
TPHU3aBOACKOW M BHEIIHEHW TpaHCHOPTHPOBKE. IIpH MCIIOIB30BaHUN JTUTHS B 00OJIOYKOBBIE (OPMBI
YBEIIMYUBAETCS BBIXOA rogHoro [1-3].

OnHaKo OMH U3 HEIOCTATKOB 3TOT'O CII0CO0A JTUTHSI — OTHOCHTEIBHO BBICOKAsl CTOMMOCTD CBSI-
3yroutero. OMHUM U3 HaNlpaBICHUH CHUKEHHS pacxofa CBA3YIOLIETO SABISETCS UCTIONb30BaHUE OJTHO-
BPEMEHHO C HarpeBoM cMmecH ais (GopmMooOpa3oBaHUs O0OJIOYKH M CTaTH4YECKOW Harpysku [4, 5].
JpyruM HarpaBlIeHHEM CHIDKEHHS PacXoJa CMECH B LISJIOM M CBA3YIOLIET0 B YACTHOCTH CIIY KHT IIpe-
JIeTICHHE 3aBUCHMOCTH CBOICTB 000JI0YKOBOH (POPMBI OT TEXHOJOTHUECKUX ITAPAMETPOB, UTO OyleT
CIOCOOCTBATH YIIPAaBJICHHIO CBOWCTBAMH (DOPMBI, CHUIKEHUIO Opaka H T.II.

[lenp HacTOsIIETO MCCIEAOBaHMS — pa3paboTKa MaTMaTHYECKUX 3aBUCHMOCTEH sl OllepaTHB-
HOT'O YIIPaBJIEHHsI CBOUCTBA 000JI0YKOBOH (POPMBIL.

Panee [6] ObL10 OIIpe/iesIeHO HANIPSIKEHUE PENIaKCalluu 0, IECYaHO-CMOJIIHOHM cMecH:

t

(1-e ™). ()

2.1, ‘TL 2.7 2.1
- 1 .O'+ cO=0 | —
EO EO EO

E =

®Dopmyna (1) aBnsercs ypasHenueM noazydect IICC B ycioBuax ¢popmMooOpa3oBaHHs CO CTa-

TUYECKON Harpy3Koi.

5, = Ey-E; ¢, ,
2-(Eg + Ey)

rae Ey, E; — COOTBETCTBEHHO MOAYJIb YIPYTOCTH, B MOMEHT BpeMeHH =0 u 1=t;; €, — nedopmanus
pellaKcarim.

CpaBHEHHE TEOPETUYECKUX U IPAKTUIECKUX PEe3yJIbTaTOB IIPHUBEICHO HA pUC. 1.

Ha rpaduke nmokazana sKkcriepuMeHTaJIbHas TUHUS perpeccuu (Kpusas 1).

PacuerHast muHus perpeccuu (KpuBas 2) MOCTPOEHA MO ypaBHEeHHI0 y=-16,667x* + 4,6333x +
+ 0,008 ¢ ko3 duirenTom nocropeproct R? = 0,9799.

Takum o6pa3om, HeauHeitHoCTh Aedopmanuu [ICC 00ycioBIeHa pa3IMUYHBIM XapaKTEPOM 3a-
BHUCHMOCTH YIIPYTOH, BSI3KOW M IJIaCTHYECKOH JedopManui oT HanpsokeHus. [loaydeHo ypaBHeHne
anpa nomsyuectu [ICC.

Taxxe Oblna omperneneHa GopMyna kommdecTBa TeOTH Q (2), pacxomyemoii Ha HarpeB 000-

JIOUKH:
4. 1 od, 1 3x-d
=0, |\T,.-T,)) ) —"—1|+6,-|\T . -T,)/| ) —+—+—/——= 2
Q 1 (k 0) nz:(:)ﬂ'd:/ln + 2 (k 0) nz::‘)an_]-i_ln-i_an 4 H ()
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rie 0, 0, — koo puuueHTsl pacnpeneneHus, 3aBUCALINE OT NPeodialaHrs KOHBEKIIMU HIIN TEeIUIo-
MIPOBOJHOCTH; d — TNaMeTpP B TOUKE COIPUKOCHOBEHUS YaCTHIl TBEpIOH (asbl; z; — tuaMeTp (BbICOTA)
onHoit necunnku; T, u T — TemMreparypa NoAMOIEIbHOM IINThl KOHEYHAS U HayallbHasl; A — TEeIlIo-
MIPOBOJHOCTH JUCIIEPCHOM CPEbl; d, — KOAQPHUINEHT TeMIIepaTy pOIPOBOIHOCTH.

Ha xoadduumentsl pacnpeneneHusl BIMSET CTENEHb YIUIOTHEHHs, Gopma M pa3mep yacTHuil
TBepao# (a3l U Ipyrue GakTopbl. B peasbHBIX yCIOBUSAX MOXKHO IPUHUMATH 32 cheprueckyro ¢pop-
My MECUYMHOK, YYUTBIBATh MOPUCTOCTh U NMPOLEHTHOE COOTHOIIEHHE CMOJIBI M KBaplEBOIO MECKa.
C yMeHbIIEHHEM OPUCTOCTH CMECH YMEHBIIIAETCs 3HaYeHNEe KOHBEKTUBHOTO TEIJI000MEHa 1 Kod(d-
(UIMEHT J, yMEHbIIACTCS.

O4eBUIHO, YTO MOBHIIIEHHE HCTHHHOM INIOTHOCTH B IIPOLIECCE TEPMHUUECKOTO BO3/1EHCTBUS IIPH-
BEJIET K YBEJIMYCHUIO CKOPOCTH MPOrpeBa (GopMbl, T. €. K COKPAILEHHIO TEIIOBIX MOTeps. [Ipunoxe-
HUE CTaTHYECKOI Harpy3Ku B HadaJIbHBII MOMEHT HarpeBa AUCHEPCHOM CMECH NMPUBOAUT K ITOBBIIIE-
HUIO €€ IIOTHOCTH [7].

Crnenyer y4uThIBaTh U TO, YTO IO MEPE IUIABJICHUS CMOJBI (2 TaKXKE YBEIHMUCHHS CTaTHYECKOH
Harpy3ku Ha (OpMUPYIOIIYIOCS JUCIIEPCHYIO CMECH) CMOJIa 3aIOJHSET MOPBI U TBEP/CET, CXBaThIBAs
MIECYNHKH. 37ech yke OyIeT MPOMCXOINTh Nepenada Teria TelJIONpPOBOAHOCTEIO. [yt Takoro co-
CTOsIHUSI 3Ha4YeHue A OyIeT TakKe 3aBUCETh OT COOTHOLICHHS CBS3YIOLIETO U MeCKa.

B dopmyne (2) AT niist KOHKPETHBIX CIIy4YaeB €CTh BEIMYMHA MOCTOSHHAS, MACCy CMECH MOKHO
NPEACTaBUTh KaK IPOU3Be/IeHHEe 00beMa v Ha INIOTHOCTH p. O0bEM AUCIEPCHOM CMECH eCTh IIPOH3Be-
JIeHne TuIoniaay S Ha BeICOTY z. [1nomans onpenenseTcs reoMeTpuIecKMMH pa3MepaMy MOJEITbHOM
HarpeBaeMoil IUIMTHI, & BBICOTA €CTh TOJIIMHA 000JI0YKOBOH (hOpMBI (BEIMYMHA ITPOrpeBa U TBEP/E-

Hust popmel). TonmuHy cTeHKH GOPMBI Z MOKHO BEIYHCIUTE TI0 (opMyIie

z=k-r, Q)

rae k — ko3 GUIHEHT IPONOPIHOHATIBHOCTH; T — BPEMS TEIJIOBOTO BO3ACHCTBHS HA JHCIEPCHYIO

NecYyaHO-CMOJIAHYI0 cpeny [8].

0,35

0,25 /7.25 \ s
0,2 1

0,15

01 /
0,05 /
&
o

RN

0,05 0,1 0,15 0,2

Puc. 1. CpaBHeHHE TEOPETHUECKUX U IKCIIEPUMEHTAIBHBIX JaHHbIX nedopmanun [ICC Bo BpemeHH

Fig. 1. Comparison of theoretical and experimental data of SRM deformation in time
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TaxuMm 00pa3oM, MOKHO MOJTYYHT 3aBUCHMOCTD TEIIa, AYIIEro Ha HarpeB IecyaHO-CMOJISTHOM

CMECH, OT BpEMCHH TCIJIOBOI'O BOSHCﬁCTBHH Ha 9Ty CMEChb:

O=c-AT-p-S-k-z. @)

B npaBotii yactu popmyiibl Bce 3HaUCHHUSI KPOME BPEMEHH €CTh IIOCTOSHHBIE (MOYKHO U3HAYAIIBHO
3a/1aBaThCs Pa3INYHBIMU TEMIIEpaTypaMy HarpeBa CMECH U IIOIAAbI0, TOABEPraeMoil TepMHUYECKO-
MY BO3JIEHCTBHUIO).

[MTonmy4yeHHYI0 3aBUCHMOCTH MOKHO HCIIOIB30BATh JJIsl OIpPEAETICHUs BPEMEHH HarpeBa CMecH,
HE0OX0IMMOro JiJisi 00pa3oBaHus 000J0UKOBOH (GOpPMBIL.

Ha puc. 2 npencraBieHa 3aBUCHMOCTb KOJIMUYECTBA TEIUIOTHI OT BPEMEHH Harpena (3KCIIeprMEeH-
TaJbHbBIC JaHHbIC U JAHHBIE pacyeTa 10 MOJy4eHHOH (hopmyJie, IKCIEPUMEHThI IPOBOAMIIN B LiEXe
kopkoBoro nuThsi TOO «KM3 umenu Ilapxomenko», 1. Kaparanga, Kasaxcran) npu temneparype
Harpesa MofesbHON IUTH 250 °C.

O4eBUIHO, YTO BBIJEJICHUE TEIIOTHI MPOUCXOAMT IO 3aKOHY, OJU3KOMY K HapaboIndecKoMy.
JJist MEJIKMX ¥ CPeTHUX OTIMBOK ONTHMAaJIbHAS TOJIIMHA [IECYAHO-CMOJISTHOW 000JI0UKH COCTABIISET
8-10 MM, 11t 0OecrieueHrs TaKOW TONIIMHBI HEOOXOANM HArpeB cMecH B TeueHue 25-30 c. YMmeHsbIe-
HUE TOJIIMHBI 000JIOYKH MPUBEAET K pa3pylICHHIO (OPMBI IIPHU 3aJIUBKE, & YBEIHUSHHE TOJIIIMHBI — K
TIepepacxo/ly CMECH M YXYAILICHUIO €€ ra30MpoHuIiaeMocTu. JlanpHeiiee BpeMst HarpeBa Hellenecoo-
Opa3Ho, TaKk KaK MHTEHCHBHOCTb BBIJICICHUS TEIUIOTHI JUIsl IporpeBa JOPMbI YMEHBILIAETCS, K TOMY
K€ IPOMCXOJUT BBITOPaHHE CMOJIBI, YTO PasynpodHseT GpopMmy. PacxoxeHre MexXay 3KCIepUMEH-
TaJIbHBIMH U PaCYETHBIMU JAHHBIMHU COCTaBINAeT 5-7 %.

Takum 00pa3oM, MosTy4eHa 3aBUCHMOCTh KOJMYECTBA TEIIJIOTHl OT BPEMEHH TEIIJIOBOT'O BO3/IEH-
cTBUA. TeopeTHdeckre U SKCIEPUMEHTAJbHbIC HCCIEIOBAHHS MOKA3alH, YTO AN MOJIyYeHus Ka-
YeCTBEHHOH 000JI0YKM HEOOXOIMMO HArpeBaTh IIECYaHO-CMOJISIHYIO cMech B TeueHue 25-30 ¢ mpu
temmeparype 250 °C. B cnydae yBenudeHHs TPOAOKUTEIFHOCTH UM TeMIIepaTypbl Harpesa mpo-

HCXOAMT pa3ylpovyHeHHEe (OPMBI 33 CUET BEITOPAHHS CBA3YIOIIETO (CMOJIBI).

800
700
600
500
400
300
200
100

Amount of heat, kJ

5 10 15 20 25 30
Time, sec

— pxparimeantal data — = caleylation data

Puc. 2. 3aBUCHUMOCTb KOJIMYECTBA TEIJIOTHI OT BPEMEHH HAarpeBa CMECH
Fig. 2. The heat quantity depends on the heating time of the mixture
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IlopucTocTh nec4yaHO-CMOISHOM CMECH MOKHO PACCUUTATH 110 CIEAYIOLIEN 3aBUCUMOCTH:

m:l_dZXSZXFXApXT, )
96xOxhxn

rae Q — o0beM rasa, mpoXOAIIEro Yepe3 oopaselr MONepeYHOro ceueHust F U BBICOTHI /i 3a BpeMs T
[pu Tepenaje AaBjieHuil Ap; d — muMeTp 3epHa; S — IO h TPOCBETa MEX/1y YaCTULIAMH CMECH;
m — MOPUCTOCTh CMECH; ) — IWHAMUYECKAs BA3KOCTh rasa.

[I1OTHOCTH MOXKHO OIPENeIUuTh 10 (6):

M x
e P : 6)
Inf1— Mxp m
x| - Lxindp, —— M
S P L Fx(H-L)

rae M — Macca yIIOTHSIeMO# cMecH; f — mapaMeTp, YYUTHIBAIOIINK BIMSHHE BHEIITHETO TPEHUs; F —
IIJI0IIAAb NMPECCYIOIIETO OPraHa; p,, — NpeaeabHas MI0THOCTh CILIOIIHOTO Tena; [ — HayaslbHas BBI-
coTa 3anoiHeHus QOpMbL; L — paccTosiHie, IPOoiiieHHOe IPecCyolleld KOJIIOAKON MPH MPECCOBAaHUH
¢dopmsbl; p; — IoTHOCTH cMecH npu pasienuu 0,1 MIla; o — ko3¢ dUIMEeHT nmoTepH CKNUMaeMOCTH;
it — KO3 GUIUSHT YIIIOTHIEMOCTH.

[oryyennas popMyia gajga XOpOM YO CXOATUMOCT PACYSTHOW U MPAKTHICCKON BEITMIUHBI
mioTHocTH cMecHu (puc. 3). Ha ocu abciuce moka3aHo MepBOHAYAILHOES 3HAYCHHUE TaBICHUS.

[o pe3ynpraram uccienoBaHu ObliIa pa3paboTaHa IPOrpaMMa pacueTOB TEXHOIOTHISCKUX Ta-
pamMeTpoB B 3aBUCHMOCTU OT rabapuTOB ONOKH, TEMIIEPATypbl U JaBJCHHUs Ha cMmech. MHTepdeiic
MPOTPaMMBI U pe3YJIBTATHI BEIYUCICHUHA IPEICTaBICHEI Ha pHUC. 4, 5.

Ha 0a3e mpoBelneHHBIX TEOPETHYECKHX HCCICJOBAHUI HaNpPsXKeHHO-1e(OPMHUPOBAHHOTO CO-
CTOSIHUSI COCTAaBJIEHA MPOrpamMMa pacyeTa TEXHOJOTHMYECKUX MapaMEeTPOB HM3TOTOBJIEHUS MECUAHO-

CMOJISTHOU (hOPMBI.

1800
1750
1700
1650
1600
1550
1500
1450
1400

Pressure of pressing, MPa

0,05 0.1 0,15 0.2 0,25
Density, kg/m®

Puc. 3. Pacuernas u npakrudeckas miotHoctd IICC B 3aBuCHMOCTH OT AaBlieHHS mpeccoBaHus (1 — Teopus,
2 — BKCHEPUMEHT)

Fig. 3. Influence of pressing pressure on SRM densities (1 — theory, 2 — experiment)
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Puc. 4. [Ipumep BBOIA HAYATBHBIX JAHHBIX

Fig. 4. Example of initial data introduction

=

Hempiase

R |, 0400060606067 MITane

7
B 2. 41804027577014 Fret
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Q052276167 19058 Haeder °C
padeutyen TN YRR > E0= m e
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i

Hy :
G74703126,949273 Az
!
Z

CMPEPARYE N 2718281 o

O RWSECHI ST FRERGRT

Puc. 5. Pe3ynpraThl BEIUUCICHUR

Fig. 5. Calculation results interface
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