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OBYUCJTEHHSA NTOTYKHOCTI CTPYMY HAT'PIBAHHS HIECTUITYAHCOHHOI'O
AITAPATY BUCOKOI'O TUCKY 3 BUKOPUCTAHHSAM ANSYS APDL

Y oauiii pobomi 3anpononosano Memoo 00UUCIEHHS HOMYICHOCWI CMPYMY HASPIBAHHSA
WeCmMUnYaHCOHHUX ANapamis GUCOKO20 MUCKY NPU YUCETbHOMY MOOeN08ANHI pO3NoOLLy meMnepamypu npu
CHNOHMAHHOMY CUHME3T KPUCMATIE AIMA3Y 3 UKopucmanHam npoepamuozo xomniexcy ANSYS WORKBENCH
i mosu npoepamysants APDL. 3anpononosanuii memoo nepesipsemvcsi 0t 3a0ayi, KA MA€ AHATTMUYHUL
po3e’szox. Taxooic noxkasane 0obpe cnienadinns po3PAXYHKOBUX OAHUX 3 eKCHePUMEHMATbHUMU.

Knrouoei cnosa: komn'romepue moodeniosanns, nomyoichicmo nazpisy, APDL

3aBISKM CBOIM YHIKaJbHUM BJIACTUBOCTSM KPUCTAIHM aliMa3y IIHPOKO BUKOPUCTOBYIOTHCS B
pi3HuX cepax MPOMHCIOBOCTI. Benmuki 1 YMCTI KpUCTAIM ainMa3iB B MPHUPOJII 3YCTPIYAIOTHCS B
HEJO0CTaTHIN KUIBKOCTI, TOMY NpoOjeMa iX MITYy4HOro BUPOOHMIITBA HAJ3BHYAalHO BaxuiuBa. J{is
BUPOIIYBaHHS KPYIHUX CTPYKTYPHO JOCKOHAJIMX KPUCTaJiB BHUKOPHCTOBYIOTH IIECTUITYaHCOHHI
anapatu BUcOKoro TUCKy (ABT) kxuTaiicbkoro BUpoOHHUIITBA Ta METOJI TEMIIEPATYPHOTO TPaIEHTY
[1, 2]. Ilpu po3poOIi HOBHX CXEM CHOPSKEHHS KOMIPOK BHCOKOTO THCKY OCHOBHA MpoOiiema
MOJIATAE B BIALIYKAHHI TaKOi CXEMHU PE3UCTUBHOIO HarpiBaHHs, ska O 3a0e3nedyBajia HEOOX1THUMN
PO3MOALT TeMIepaTypu B POCTOBOMY 00’eMi. 3a3Hau€HW MeTOJ HaA3BHYAfHO BUMOTJIMBHUU 0
3HA4YeHb TEMIIEPaTypH B POCTOBOMY 00’€Mi, a €KCIepUMEHTalbHEe BHU3HAUCHHS TEMIIEpaTypu —
JI0BOJII CKJIaJTHUH MpoLec, TOMY JIUIsl BU3HAUEHHSI PO3MOALTY TEMIIepaTypu AOLIBHO 3aCTOCOBYBATH
gyrcenbHI Metomu. OmHa 3 TporpaM, SKy JOIUIBHO BHKOPHCTOBYBATH JUIS TaKWX 3aaad — IIe
nporpamuuii komriekc ANSYS WORKBENCH. HarpiB pocToBoi KOMipKH 3iHCHIOETECS 3MIHHUM
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CTPYMOM, SIKUH TIPOMYCKA€ETHCS YePE3 CUCTEMY PE3UCTUBHUX €JIEMEHTIB, 1]’ €THAHUX 0 BEPXHHOTO
1 Hmxuboro myanconiB ABT. IIporpamunii kommiuexc ANSYS WORKBENCH ne no3Bosnsie otpumaru
3HAYEHHS MOTY>KHOCT1 CTPYMY B SIBHOMY BUTJISII, ajieé HOro MOKHa OOYHMCIUTH, BUKOPUCTOBYIOUU
MoBY IiporpamyBaHHs APDL.

Y npaniii poGoTi 3a gomomoror MoBH TmporpamyBaHHs APDL mnpomoHyeTbcsi MeTon
OOYHCIICHHS MOTYKHOCTI HarpiBy mecTuiryancoHHOro ABT 1 BUKOHY€ETHCS TOPIBHSHHS OTPUMAHOTO
3HAYEHHS 3 JAHUMHU EKCIIEPUMEHTY.

CriouaTKy pO3IIIIHEMO BUMIAI0K MiIHOTO MPOBOIY paniycoMm 1 M i goBxkuHOI0 100 MM.

SIK BiZIOMO, OTYKHICTb €IEKTPHYHOTO CTPYMY OOUMCITIOEThCs 3a hopmynoro P=U?/R, ne U
— eNeKTpHYHe HanpyxkeHHs, R=pl/S — enextpuunuii omip, ae p=1,75-10° Om-MM — nuTomuii omip
Mizi, I=100 MM — JTOBXHHA ITPOBiTHMKA, S=I’T — IIOINA Iepepi3y NpoBimHKKa, ne =1 MM — paziyc
NPOBIAHMKA. 331aMO Ha TOPIIX MPOBOJOKU enekTpuyHe HampyxkenHs U=5 B. Toxi moTyxHicTb
ctpymy P=44879,89 Br.

A: Electric I ,

E Woltage: 0,

Valtage 2: 5,

0,000 000 4000 {ern)
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Puc. 1. 3acanvuuii suenio pospaxynkoeoi cxemu opomy

BukoHaemMo Ti cami po3paxyHKH, BHMKOPHUCTOBYHOUM mporpamHuil kommiaekc ANSYS
WORKBENCH moays Electric. Cxematnune 300paeHHs POBOJIOKH TOBKHHOIO 100 MM HaBe/ieHe
Ha puc. 1. Ha moBepxHi 4 (puc. 1) 3agaBanu HyapoBuid moteHuian. Ha noBepxHi B (puc. 1) rpanudny
YMOBY 3a/1aBajiu, cTBopuBIK B po3aiai Steady-State Electric Conduction nepeBa mpoekTy 00’€KT
commands 3 HaCTYITHUM KOJIOM:

nsel, all

nsel, s,loc,y,0 !BuOHpaemo Bci By3iu Ha moBepxHi B (puc. 1)

cp,2,volt,all !3B’s13yemo Bci By3iu noBepxHi B (puc. 1) B oqun By301 n_electrode
n_electrode=ndnext(0)

d, n_electrode,volt,5 !3amaemo Ha By3mi n_electrode norenmian 5 B

nsel,all

Mani B po3aiai Solution aepeBa MpoekTy 101aEMO 00’ €KT COMMands 3 HaCTyITHUM KOJIOM:

/post26

RFORCE,2, n_electrode,AMPS !oTpuMyeMo 3Ha4€HHI CUIIN CTPYMY
*GET,size, VARIL,,NSETS !4ncno kpokiB HaBaHTaKEHHS
*dim,CurrArr,array,size !CTBOPIOETHCS MACUB HEOOX1THOTO PO3MIPY
VGET,CurrArr(1),2 !36epiraemo oTprMaHi 1aHi B MacuB
I=CurrArr(1)

P=I*5 !00uncatoeMo MOTYX HICTb CTPyMY

*CFOPEN, results,txt !ctBoproemo ¢aiin results.txt B mami “user_files” mpoekra !Workbench
*VWRITE,P
Power(P) = %f
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*CFCLOSE

B pe3ynbrari orpuMyeMo 3HaUeHHS MOTYKHOCTI P=44879 BT, T00TO po3paxoBaHa BeITUIHHA
MOTYHOCTI CTPyMy MaiKe MOBHICTIO CIIBIIAJa€ 3 aHATITHYHUM PO3B’A3KOM.

HeoOxigHO 3a3HAauMTH, IO PO3PaXyHKH MPOBOIMIUCH 3 TMPHUIYHICHHSM, IO CTPyM
MOCTIHHUMN, TOM1 SIK HA MPAKTHIIl HArpiB 31HCHIOETHCS 3MIHHUM CTpyMOM. [Ipu 3MiHHOMY cTpyMi
BUHUKAE CKIH-€(EKT 1 CTPYM HpHU MPOTIKaHHI MO MPOBITHUKY PO3MOIUIAETHCS HE PIBHOMIPHO, a
MEPEBAKHO B MIOBEPXHEBOMY HIapi. TOMy MOKHA MPUITYCTUTH, 110 MOTYKHICTh 3MIHHOTO TOKY Oyie
JeIII0 MEHILIO0, HIK 00YHCIIeHA TYT MOTYKHICTh OCTIHHOTO CTPYMY.

HactynmHuM KpOKOM MpOBEIEMO aHAJIOTIYHI OOYHMCIICHHS MOTY>KHOCTI CTPYMY HarpiBaHHS
mectunyadiconHoro ABT mpu crnoHTaHHOMY CHHTE31 KpUCTaliB anmaszy. YucenpHa MOJEIb,
IPaHWYHI YMOBHM 1 €KCIIEpUMEHTAJIbHI JaHl I TMEPEBIPKM OTPUMAHUX PE3yJIbTATIB JIETaIbHO
HaBezeH1 B po6oTi [3].

Ockinpku B mectunmyancoHHomy ABT cTpym mporyckaeThesi uepe3 CUCTeMY PEe3HUCTUBHHX
€JIEMEHTIB, SIKi 3’€JHaHI MOCTIIOBHO (TIO3HAYEHI CIpUM KOJILOPOM Ha PHUC. 2), TO CHJa CTpyMy Ha
KO)KHOMY 3 €JIEMEHTIB OJIHAaKOBa, 1
JOCTaTHBO OOYMCIUTH CHITy CTPYMY Ha
Topui myaHcoHy A (puc. 2). Mix
TOPISIMH TIyaHCOHIB 4 1 B (puc. 2)

3a/IaHO PI3HMINIO TOTeHIamB 6,345 B.
0 \— 0 BuxopucraBmm HaBeeHI BUIIIE

#: Thermal-Electric (ANSYS)

E Voltage: 0, v
Voltage 2: 6,345, V R /

C
L

- r APDL BcTaBkM mnpH MOJCIIOBAaHHI
iy po3noaiTy TeMIepaTypu B
LIECTUITYaHCOHHOMY ABT npu

CIIOHTAaHHOMY  CHHTE31  KpHCTaliB
J anMasy, OTpPUMAJIH 3HAYCHHS
HOTY>KHOCTI cTpyMy P=5993,74 Bt. B
/S P ‘ pob6oTi [3] 3a3Ha4€HO, IO MOTYXKHICTH
. CTpYMy HAarpiBy IIECTHITyaHCOHHOTO
a S ABT mixg 4ac COHTaHHOTO CHHTE3Yy
KpPHUCTaIIB ajMa3y 3MIHIOETbCA Bif 6,2
mo 5,8 xBt. Omxe, pesynbraTn

2
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|

KOMII FOTEPHOTO MOJIETIIOBAHHS
o B o MOTYXHOCTI CTpYMYy, BHKOHaHI B
. 7 cepemnosuiai ANSYS WORKBENCH 3

0,125 0375

3aCTOCYBAHHSIM MOBH IpOTrpaMyBaHHS
APDL, nocratHbo nobpe cmiBmaiu 3
pe3ynbTataMu eKkcrnepuMeHTy. Tomy
HOTY>KHICTh CTPYMY HarpiBaHHs MOKe
BUCTYMATH 1€ OJJHUM IapaMeTpoM, SIKUH Ha PiBHI 3 KOH(DIrypaliero 1 CKJIaoM €JIeMEHTIB pOCTOBOT
KOMIPKH JI03BOJISIE BapilOBaTH TEMIIEPATypy B TOUKAaX Ta TPAJIEHTH TEMIIEPaTypud B POCTOBOMY
00’eMi IIPH CUHTE31 KPUCTAJIB ajiMaszy. AHAJOTTYHO MOXHA PO3PaxOBYBaTH MOTYKHICTh CTPYMY IIPU
BUPOIIYBaHHI KPHUCTAJIIB METOJOM TEMIEpaTypHOrO rpafieHTy. Tako BeIMYMHA MOTY>KHOCTI
CTpyMy HarpiBaHHs J03BOJISIE OI[IHIOBATH €KOHOMIYHY CKJIaJIOBY €KCIIEPUMEHTIB.

Puc. 2. 3acanvnuii 6uensao pospaxynkoeoi cxemu
wecmunyanconnoz2o ABT CS-VII 6 po3pizi niowumnoro
8epmMuKaiIbHol cumempii
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CALCULATION OF THE HEATING CURRENT POWER
OF A SIX-PUNCH HIGH-PRESSURE APPARATUS USING ANSYS APDL

Due to their unique properties, diamond crystals are widely used in various fields of industry. Large
and clean diamonds are found in nature in insufficient quantities, therefore the task of their artificial
production is relevant today. The main method of growing artificial diamond crystals is the temperature
gradient method. The specified method is extremely demanding on the temperature values in the growth
volume. Experimental determination of temperature is a rather complex process, so it is advisable to use
computer modeling methods, namely the ANSYS software complex. One of the parameters that allows you to
change the temperature in the growth volume is the power of heating six-punch high-pressure devices with
alternating current. However, the ANSYS software complex does not allow you to obtain the value of the
current power in an explicit form. In this paper, a method of calculating electric current power using the APDL
programming language is proposed. The proposed method is tested for a problem that has an analytical
solution. A good agreement between the calculated and experimental data is also shown.

Key words: computer simulation, heating power, APDL
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