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TEXHOJIOI'IA I YCTATKYBAHHA A1 OTPUMAHHA APMOBAHUX BUJIMBKIB
BIZIHEHTPOBUM JIMTBOM 13 3SMIHHUM ITOJIO)KEHHAM OCI
OBEPTAHHA ®OPMU

Hlyasp 1. O., bopymak JI. O., [lanuyk B. T'.

[IpencraBneHsl METOIBI U 0OOPYAOBAHHE JJISI IIEHTPOOEKHOTO JTUTHS U TTOIYYEHUS KOMITO-
3ULMOHHBIX MaTepuasioB. [loka3aHa cI0XKHOCTh peanu3aluu Mporecca apMUPOBAHUS OTIUBOK 3€p-
HUCTBIMH TBEpPABIMHU CIUTaBaMu. Pa3paboTaHa KOHCTPYKIMSI MAIIWHBI JJIS LEHTPOOEKHOTO JHThS
¥ apMHUPOBAHHUS OTIMBOK C IEPEMEHHOH OChIO BpalleHus JuTeiHol ¢popmbl. [Ipumenenue pazpado-
TAaHHOW MAIMHBI C TIEPEMEHHOI OCBIO M MPEIaraeéMoro TEXHOIOTHYECKOTo Mpolecca EHTPoOexk-
HOI'0 apMMPOBaHUS MO3BOJSIET PACIIUPUTh TEXHOJIOIMUYECKUE BO3MOXKHOCTH CIIOCO0a LIEHTPOOEeK-
HOTO JIUThSl B COUETAaHUU C APMHUPOBAHUEM OTJIMBOK IIyTEM CHHXPOHU3UPOBAHHOI'O MPOIPAMMHOTO
yIpaBJIeHUs] MPAKTUUYECKU BCEMM MapaMeTpaMu TEXHOJIOTMYECKOro Mpolecca U 3a CYeT 3TOro Io-
JTy4aTh BBICOKOKAYECTBEHHBIC TIOJIbIE WJIM CIUIOIIHBIE OTJIUBKA C 3aJaHHBIMH  (U3UKO-
MEXaHUYECKUMHU CBOMCTBAMH.

[IpencraBneni MeToau i 0OIagHAHHS IS BiJIEHTPOBOTO JUTBA i OTPUMAHHS KOMITO3HUIIIH-
HuX MarepianiB. [lokazaHa ckJIagHICTh peanisallii nmpoiecy apMyBaHHs BUJIMBKIB 3€pHUCTUMU TBe-
pauMu crtaBamMu. Po3po0iieHa KOHCTPYKINiSl MAaIIMHM Uil BIIIEHTPOBOTO JIUTBA 1 apMyBaHHS BH-
JMBKIB 13 3MIHHOIO BICCIO 0OepTaHHS JMBapHOi (GopMH. 3acTOCyBaHHS pPO3pOOJIEHOI MalIMHU
13 3MIHHOIO BICCIO 1 3aIIPOIIOHOBAHOTO TEXHOJIOTTYHOTO MPOIIECY BiAIICHTPOBOTO apMyBaHHS J03BO-
JIsi€ PO3IIUPHUTH TEXHOJIOTTUHI MOKJIMBOCTI CHOCOOY BiALIEHTPOBOIO JIMTBA y TMOEIHAHHI 3 apMy-
BAaHHSM BWJIMBKIB IIJISIXOM CHHXPOHI30BAHOTO MPOTPAMHOTO KepPyBaHHS MPAKTUYHO yCiMa Tapame-
TpaMH TEXHOJIOTIYHOTO MPOIECY 1 3a PaxyHOK LBOTO OTPHMYBATH BUCOKOSIKICHI ITOPOXHHUCTI
a0 CyIiIbHI BUIMBKY 13 3aJJaHUMU (Pi3UKO-MEXaHIYHUMU BIACTUBOCTSIMH.

In this article the method and equipment for centrifugal casting and receiving composite ma-
terials were presented. The complexity of the process of reinforcing casts grainy hard alloys was
shown. Design of machine for centrifugal casting and casting reinforcement with variable axis mold
was developed. Application of the developed machine with variable axis and the proposed process
centrifugal reinforcement can expand the technological capabilities of centrifugal casting method
combined with reinforcement castings managed by software control virtually all process parameters
and thus receive high quality hollow or solid casting with desired physical and mechanical properties.
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TEXHOJIOI'TA I YCTATKYBAHHA AJISI OTPUMAHHSA APMOBAHUX
BUJIMBKIB BIIIEHTPOBUM JIMTBOM 13 3SMIHHUM ITOJIO’)KEHHAM
OCI OBEPTAHHSA ®OPMH

CyuacHwii piBeHb PO3BUTKY TipHHUYOi Ta HAPTOra30BOi MPOMHUCIOBOCTI BUMAarae CTBOPEHHS
BHCOKOMPOAYKTUBHUX THCTPYMEHTIB U1 pOOOTH y IIAXTOBUX BUOOSIX y TpoIeci OypiHHS CBEpAJIO-
BUH YM MOAPIOHEHHS TipCHKHX MOpiJ Ha moBepxHi. [IpukiagaMu Takux 1HCTPYMEHTIB € IIApOIIKU
OypOBHX JOJIT, AUCKHU, HOXI Ta 3yOM KOMOAHIB AJIs MPOKJIAJaHHS TYHENB, a TaKoX 3you Oapaba-
HIiB JUIsI TOJPiOHEHHS TiPCHKHX IMOPiJ Ta KOPUCHHUX KOMAJIWH Ha TipHUY030arauyBaJbHUX KOMOiHa-
tax. [lepeniueHi IHCTPYMEHTH MPAIIOIOTh 32 3HAKO3MIHHMX TUHAMIYHUX HaBaHTaXEHHAX (yIapH,
3THH Ta CTHCK) 3 OOKY TBEp.10i ripchKOi MOPO/IH, 32 HassBHOCTI abpa3nuBy BHCOKOI TBEPAOCTI, 3a Mij-
BUILECHUX TEMIIEpaTyp B arpecuBHUX cepenoBumax [1, 2]. Jns npukiamy mpoaHaiizyemMo 3you, 30-
Opaxeni Ha puc. 1. [1ig gac poOOTH IHCTPYMEHTY 3HAYHUX HaBAHTA)XEHb 3a3HAIOTH MMOBEPXHI T'0JI0-
BKH 1 KOHyca. Ha choroaHimHiii JeHb eKCIuTyaTalliiiHi BJacTUBOCTI BCTABOK 3a0e3MeuyroTh mepe-
Ba)XHO METOJIOM HAIUIABJICHHS 3HOCOCTIMKHUX MaTepialliB TUITy COPMAMNT, CTENIT Ta iHmMUMHU. O1HaK
HAIUIaBJICHUH IIap HE TUTBKH IIBUAKO CIIPALbOBYETHCS, a i YaCTO CKOJIOETHCS 3 METAIEBOI OCHOBH
B pe3yJIbTaTi YTBOPEHHS TpiuH. Take pyiiHyBaHHS Ma€ K JIOKAIbHUH, TaK 1 3arajlbHUIA XapakTep.
B pesyibraTi OroneHHs MeTasy OCHOBH OCTaHHIN MOYMHA€E CIIPAIbOBYBATUCH Jy>KE IIBUAKO, IO
MPU3BOJMTH JI0 MOJIOMKH 1HCTpYMEHTIB. B X ymMoBax MaTepianu Ui OCHAIICHHS IHCTPYMEHTIB
MOBUHHI MOEJHYBAaTH BUCOKY TBEPAICTh 1 3HOCOCTIHKICTD MiJ] Yac poOOTH B aOpa3uBHOMY Cepello-
BHIITi 3 BUCOKOIO B’SI3KICTIO, TUTACTHYHICTIO 1 CTIMKICTIO 10 YIapPHUX HABAaHTAKCHb.

Puc. 1. BeraBka npo6uiibHoro 6apabana

TakuM KOMILJIEKCOM BJIACTUBOCTEH BOJIOJIIOTh KOMITO3UIIIMHI MaTepiaid CUCTEMH CTaJlbHA
MaTpUI — 3€pPHUCTHI TBEpIUi cruiaB. Jlo TemepilHpOro yacy BKa3aHi MaTepiajid OTpUMYBAaJIU Tie-
PEBaXXHO TAaKUMHU METOJIaMH, K MPOCOUYYBAHHS, 1HAYKIIiMHE Ta ra3oBe HAIUIABJICHHS 3E€PHUCTHM
1 TpyO4acTUM peniToM (JIUTHH 1 moapiOHeHuH kapOia Bodb(pamy). 3a3HadeHi CIOCOOH TAI0Th 3MO-
Iy OTpUMAaTH apMOBaHUN pOOOYMIA IIap 3 BUCOKOIO CTIMKICTIO 10 abpa3uBHOro crpamoBanHs. [1po-
TE€ TOBIIHA HAIJIABJIIEHOT'O apMOBAHOTO Iapy HEBENWKa (10 2,5—3 MM), a MII[HICTb HOTO 3YerlieH-
HSl 3 OCHOBOIO HEBHMCOKA (B OCHOBHOMY 3a PAaXYHOK JIOKaJIbHOTO MOBEPXHEBOIO TEPMIYHOI'O BILIH-
BY). MiIHICTh MTPOCOYCHUX KOMIIO3UTIB HEBHCOKA 3 MPHUYMHH IXHBOI MopucTocTi. Huskoro mocii-
JDKEeHb [3—6] oOrpyHTOBAHO JIOIUIbHICTh OTPUMAHHS BKa3aHUX MaTepialiB HUIIXOM 00’ €MHOTO ap-
MYBaHHS Yy Tpolieci BiiLeHTpoBoro auTea. dizuyHa CyTh IIbOr0 METOy IPYHTYETHCS Ha BUKOPHC-
TaHHI PI3HUII MTUTOMOI Baru METAJly MAaTPHUIll 1 TBEPJIOTO CIUIABY IPH iX OJHOYACHOMY BBEACHHI
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y 00epToBy JMBapHy (HOpMy IJisi OTPUMAaHHS MEBHUX 30H 3 BHCOKOIO KOHIIEHTPAIIEIO 3EPHUCTOTO
HaIoOBHIOBaya y NOBEPXHEBUX UM NepudepiiiHux 06’ emMax BWIMBKA. B pe3ynbraTi MOXHA OTpUMaTu
apMOBaHY 30HY 3 BHCOKOIO TBEP/ICTIO 1 3HOCOCTIHKICTIO 06€3 YITKO BUPAKEHOTO MEPEXO0.Ly MiXK II€I0
30HOI0 1 OCHOBHUM MeTasioM MaTpuili. JloMortucs 6akaHux pe3yiabTaTiB, TOOTO PO3MOALIUTH TBEp-
TV CIUTaB y MOTPIOHUX 00’ €Max poOOYO0T YaCTHHHU, HANIPHUKIIA] 3y0a, MOKHA 32 paXyHOK KOHCTPYK-
TUBHUX PIIIeHb, & cCaMe KyTa HaXWiy 3y0iB IIAPOIIKH MOPOAOPYHHIBHOTO 1HCTPYMEHTY MO BiJIHO-
IICHHIO JI0 TOPU30HTAIBHOI IJIOMMHY B OiK il pe3ynbTyrouoi cuimu. [{uM 3yMOBITIOETBHCS pyX ap-
MYIOYMX KOMIIOHEHTIB 1 PO3MIILIEHHS iX B MOTPiOH1N TOYI [7].

3yNMUHUMOCH JIeTaIbHIIIEe HA MOXJIMBOCTSX BIJOMHUX METOJIIB 1 00JIaHAHHS ISl BITIICHTPO-
BOTO JIUTBA 1 OTPUMaHHS KOMMO3UIIHMX MatepianiB. OCHOBHI CIIOCOOM BiIIEHTPOBOTO JIUTBA,
a TaKoXX Tepeltik oOnaaHanHs Ui iX peanizamii onucani B [8]. MamuHu A5 BiIIIEHTPOBOTO JIUTBA
MOJISIOTHCS B 3AJIEKHOCTI Bl pO3TalllyBaHHS OCl 00€pTaHHA: BEpTUKAIbHA BiCh 0OepTaHHS, TOPU-
30HTaJIbHA Bich 00EpTaHHs, a TAKOXK MOXWia (He3MiHHE IMOJIOKEHHS B Iporeci auTea). s otpu-
MaHHs MOPOXHHUCTUX TPyO4daCTUX BWJIMBKIB CKOHCTPYHOBaHO 0araTo ycTaHOBOK. Tak, MallnHa
JUISL BIAIIGHTPOBOTO JIUTBa TpyO [9] Mae KOKUIbHY (GOopMy, 3MOHTOBaHY B KOPIYCi, SIKHH, B CBOIO
4yepry, Moke OyTHM HaxXWICHHH OO TOPU30HTANl i KyToM 10 45° B Ty YM IHIIY CTOPOHY.
Le nae MOXKIIMBICTD MOKPALUTH YMOBH 3aJIMBaHHS METaly Ta BUOMBAHHS rOTOBOTO BHJIMBKA. IIpo-
T€ KOHCTPYKIIiSl MAaIIMHU He 3a0e3Meuye 3MiHy KyTa Haxuiy oci popMH B MPOILEC] IUTBA, a TAKOX
HEMa€e MeXaHi3My MepeMIlIeHHs 3aIMBHOI KU BITHOCHO (POPMH.

Binoma Takox BiAIIEHTpOBa YCTaHOBKa 3 TOPU3OHTAIBHOIO Biccio oOepraHHs onoku [10]
31 3AJIMBHUM TIPUCTPOEM, KU MOXKE IMEePEMIIyBaTUCh B3J0BK BHJIMBKA 1 OCHAIICHUN BiIKUIHUMH
niikamu, 100 He Oysio OpH30K MeTalry pu (popMyBaHHI MOBEPXHEBHX IIapiB BUIMBKA. Y CTAHOBKA
MpU3HAYeHA IS OTPUMAaHHS MACHBHHMX BHJIMBKIB BEJIHMKOTO JliaMeTpa, OJHAK B il KOHCTPYKIii
He Tiepe0aueHo0 MOKJIMBOCTI 3MIHM KyTa HaxXWiIy oci oOepTaHHs JuBapHOi (GopMmu Ta BiJCyTHI
Oyab-sIKi IPUCTPOT ISl BBEJICHHS apMYIOYHX KOMITOHEHTIB Y TIPOIIECi JIUTBA.

CkrnaziHicTh pealizanii npoluecy BiILEHTPOBOTO apMyBaHHs BUJIMBKIB 3€pHUCTHUMHU TBEPAM-
MU CIUIaBaMU TOJISITa€ B TOMY, IO Ui OTPUMaHHS apMOBaHOI 30HM 33/1aHO1 TOBIIMHU Ta KOH)ITY-
pauii po3MiLIeHHs apMYIOUUX YaCTUHOK B3/I0BX Iepepi3y BUIMBKA HEOOX1THO CTPOTO y3roKyBaTh
oOepTaHHs JTMBAPHOI (OPMH HABKOJIO JBOX OCEH Ta MOAady PiJKOTO METay MATPHII i apMyIOUnX
YaCTHHOK B Tporueci iutsa [11].

[TpucTpiii 11 BiALIGHTPOBOTO JUTBA, onrcanuii B [12], 3abe3nedye MOKIMBICTH 00epTaHHS
JIUBAapHOiI (pOPMHU B MPOLEC] JIUTBA BITHOCHO BEPTUKAIBHOI Ta FTOPU30HTAIBHOI OCEH 3 MOKIIHUBICTIO
peryJtoBaHHS YacTOT 1 HampsMiB oOepTaHHS BiHOCHO IIMX OCEH Ta MICTUTh 3AJIMBHY JIHKY,
siKa 00epTa€eThCs BIIHOCHO BEPTUKAIBHOI OC1 3 TIEO K YAaCTOTOMO, IO 1 Oomoka. Taka MOXKIIUBICTb
3a0e3Meuy€eThcsi KOHCTPYKIIIEIO YCTAHOBKU 3 OKPEMHUMH (DPUKIIIHHAMU MPUBOJAMH 0OepTaHHS -
BapHOi onoku. OnrcaHa KOHCTPYKLIS Ja€ 3MOTy OTpUMYBaTH OakaHy KOHQIrypalio HOPOXKHUHU
CaMoro BMJIMBKA 1 PETYJIIOBATH PO3IMOJIT apMyIOUHMX KOMIIOHEHTIB B 00’€Mi METaay MaTpHIIi.
3a JONOMOTr010 BKa3aHOTO MPUCTPOIO MOXHA OTPUMYBATH, HaNpUKIa, 3yOuacTi MapomKu Oypo-
BUX JIOJIIT HEBEJIMKHUX po3MipiB — niameTpom a0 100-125 mm. Are, 106 oTprMaTH 3aroTOBKH IIa-
POILIOK BEJNMKHUX JlaMeTpiB ad0 BCTAaBOK AJIs MOJPIOHEHHS TIPCHKUX MOpiJ 3 SIKICHO apMOBaHHUM
KOMITO3UIIHHUM OCHAIeHHsM (puc. 1), HEOOXiqHO 3a0€3MEYUTH MOXIIUBICTh PEryJILOBAHOI O 1a4i
CTpPYMEHS MeTally 1 apMyIOUHX YaCTHHOK Y KOHKPETHY 30HY JIMBapHOI (DOPMU Ta PEryIFOBaHHS KY-
Ta HaXWJIy OCl OCTAaHHBOI Y BEePTHUKAIbHIN IJIOUIHHI, 5IKI O YMOXKJIMBHIN OTPUMaHHS OyIb-AKOi 3a-
naHoi KoHirypaiii apMoBaHOi po0OO4YOi 30HM SK CYLUIBHOTO, TaK 1 MOPOXHHCTOTO BHIIMBKA.
[Tpu motpe6i MoxkITMBO OyJI0 6 OTPUMATH 331aHy KOHQITYpaIlito HTOPOKHUHU BIUIIMBKA.

OTxe, iCHyI04l KOHCTPYKIII{ JTMBApHUX MAIlIMH Ta IPUCTPOIB HE 3[aTHI 3a0€31EUNTH LIHMPOKI
TEXHOJIOTIYHI MOXIIMBOCTI CIIOCO0Y 00’€MHOTO apMyBaHHS B MPOILIEC] BiIIIEHTPOBOTO JIMTBA 1, Bif-
MOB1HO, TOTPIOHI AKICHI MOKa3HUKU 1HCTPYMEHTIB.
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Mertoto 1aHoi poOOTH € po3p00OJICHHS KOHCTPYKITi MAlllMHY JJIS BiIIEHTPOBOTO JIUTBA 1 ap-
MyBaHHSI BHJIMBKIB 13 3MIHHUM IOJIOKEHHSIM Oci 00epTaHHs JuBapHOI (Gopmu g 3a0e3nedeHHs
00’€eMHOT0 apMyBaHHS 3arOTOBOK MOPOJOPYHHYIOUUX iIHCTPYMEHTIB.

[TocraBneHe 3aBAaHHS BUPILIYETbCS TUM, 10 B MAIIMHI JUIS BIALEHTPOBOrO JUTBA 1 apMy-
BaHHS BIWJIMBKIB, III0 Ma€ MIaTGOpMy 3 MOXKIIMBICTIO 3MiHU ii ITOJIOKEHHS y BEPTUKAIBHIN TUTOIIH-
Hi, OMOKY, MEXaHI3MHU O00EpTaHHs OMOKHU 1 MepeMilIeHHs 3aJIMBHOT JIIMKKU BiTHOCHO JUBAapHOI (op-
MH, HOBUM € Te, o miaTtdopma o0JaJHaHa MEXaHI3MOM ii IMepeMIleHHs B3J0BXK OCi 00epTaHHS
OTIOKH, 3MiHA TOJIO’KEHH I1aT(GOPMH y BEPTUKAIbHIN IUIOIMHI BUKOHYETHCS B MPOLIEC] JTUTBA YU
apMyBaHHS 3aTOTOBOK, a MalllMHA 00JIaJIHaHA EJIEKTPOHHUM MPOrpaMHUM OJIOKOM KEepyBaHHS 1 Ja-
BayaMU KOHTPOJIIO YAaCTOTH 0OEpTaHHs OMOKH, MOJOXKEHHS 0Cl 00epTaHHS OMOKU BITHOCHO BEPTHU-
KaJi Ta pO3MIIlEHHs 3aJMBHOI JIWKHA BiIHOCHO JIMBapHOi ¢opmu. ITopiBHAHO 3 MpoaHaTi30BaHUM
BuUIIle IpUcTpoeM [12], B po3pobineHiit HaMmu KoHCTpYKIii [13] BiACYTHI MOPIBHSIHO CKJIAIHI 1 HEHA-
IiiHI mIaneTapHi QPUKIiHHI MEXaHi3MH, K1 y BUNIAJIKY TIOTIAaHHs HAa HUX Kpareib PiKoro MeTa-
Jdy He 3a0e3nedyloTh MOTPIOHMX KIHEMATWYHHUX MHapaMeTpiB MpoOLEeCy JUTBa, 10 NPU3BOAMUTH
70 OpaKy BHWJIMBKIB UM TOJIOMKH MPHUCTPOI0. KOHCTpyKIisi po3po01eHol HaMu MalllMHU 300pa)keHa
Ha puc. 2, a 11 6JI0K-cxema CHCTeMHU KepyBaHHsI Ha pHcC. 3.

Puc. 2. KoHCTpyKIIis MalllMHU U1 BIIEHTPOBOTO JIUTBA 1 apMyBaHHsI BHJIMBKIB 13 3MIHHUM
MIOJIOKEHHAM 0ci o0epTaHHs popmu

MamuHa ckiIana€eTbes 3 TOBOPOTHOI miatdopmu 1, omoku 2 3 muBapHOO (hopMoro 3, mpH-
Boia 4 o0epTaHHS OMOKH, 3yOUacCTO-pEMKOBOrO MeXaHi3My S5, KPOHIITEHHa 6, 3aMMBHOI JIHKHU 7,
IBHHTOBHX MEXaHI3MiB 8 mepemilieHHs aThopMu B3IOBXK oci Z;, miBoceit 9 mapHipaux omnop 10,
ctifiok 11, mexanizmy 12 moBopoTy oceii, cTanuHu 13, enekTpoHHOrO O10Ka 14, a TakoX JaBadiB
gacToTh oOepTaHHs 15, KyToBOro mepemimieHHs 16 i1 miHiiiHEX nepemimens 17 1 18 mmardopmu
1 3JIMBHOI JIIWKY BIAIOBIIHO.
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Puc. 3. briok-cxema cucteMu KepyBaHHs MAIIMHOO JIJIsl BIJIICHTPOBOTO JINTBA 1 apMyBaHHS
BUWJIUBKIB

[Tnardopma 1 € 6a30BUM MOBOPOTHUM €JIEMEHTOM, BICh SIKOTO MOXE 3MIHIOBATH CBOE TIO-
JIOKEHHSI B MPOCTOP1 BIJHOCHO BEPTHUKaJi. 3HU3Y A0 IUAaTGOpMHU KpiMUThCS NpuBig 4 oOepTaHHsA
OTIOKH 2, OCHOBHHM BY3JIOM SIKOTO € PeryJIbOBaHHI €JIEKTPOJIBUTYH MOCTIIHOTO CTpyMy. B omori 2
po3mintytoTh tuBapHy Gopmy 3. [lo mnatdopmu 1 KpimuThcs 3yOUacTo-peiKoBUi MeXaHi3M 5 mo3-
JIOBXXHBOTO TEPEMIIICHHS KPOHIITEHA 6, HA BEPXHbOMY KIHIIl SKOTO 3aKpiIuleHa 3ajMBHA Jiiika 7
3 KepaMiyHOIO (yTepoBKor0. MexaHi3M 5 yepe3 peliky 6 mepemilrye JiHKy 7 BCEpeauHi OMOKH
B3JIOBX 1i OCl, 10 Ja€ MOXJIMBICTh MMOJABAaTH PIAKUN METaa MaTpHIll y MOTPIOHY 30HY JMBApHOI
dbopmu. [lonokeHHs KM KOHTPOJIOETHCS JaBadeM JiHiiHOro nepemimenHs 18. JliniiiHe mepe-
MIIIEHHS TIaTGOPME B3OBXK OC1 Z; 3/11MCHIOIOTh TBUHTOBI MEXaHI3MH 8, SIKi BHU3Y KPITUISATHCS Mi-
aMeTpaIbHO TTPOTUIICKHO 70 TIaTdopmu 1, a Bropi — 10 TOPU3OHTAIBHUX MiBocei 9. Bkazani me-
XaHI3MH 3a0e3MeuyloTh PeryjbOBaHE MEPEeMILICHHs IATGOPMH 3 OMOKOIO 1 JIMBAPHOIO (POPMOIO
B37I0BXX OCi oO0epTaHHs OocTaHHBOI. IlooskeHHS TIaTOPMH KOHTPOIIOETHCS J1aBadyeM JIIHIHHOTO
nepemimienHs 17. IliBoci BCTaHOBJIEHI 3 MOXKJIMBICTIO MPOBEPTAHHS B MIapHipHUX omopax 10, mo
KPIIUIATBCS 10 BEPXHIX YacTHH cTiok 11. [[s 3MiHM mostoskeHHs ocl Z; 00epTaHHs OMOKH 2 3 JIH-
BapHOIO (OopMOIO 3 BIIHOCHO BEPTHKAJIBHOI OCi Z (BU3HAYAETHCA KyTOM @) Ha OJHIH i3 cTiiiok 11
3MOHTOBAaHO TIOBOPOTHHH MeXaHI3M 12, BUXITHHI Bajl SKOTO € OJHOYACHO 1 JIIBOIO (3TiHO 3 pUCY-
HKOM) MiBBICCI0 00epTaHHsA MalIMHHU BiHOCHO oci X. [ToBopoTHMIT MexaHi3M BKIIO4ae B cebe pe-
T'YJIbOBAHUH €JIEKTPOJBUTYH TOCTIHHOTO CTPyMy Ta YepB’STYHUHA peayKTop (Ha pUCYHKY HE IOKa-
3aHi). [TonoskeHHs oci Z; BITHOCHO BEpTHKaJli KOHTPOJIOETHCS PEECTPATOPOM KyTOBUX MEPEMIIICHb
16. Criiiku 11, Ha SKMX BJacHE 3MOHTOBaHI BCl PyXOMi BY3JIM JIMBApHOI MAaIlMHH, 3aKPIiIUICHI
Ha cTaHuHi 13.

KepyBanns 4actoToro obepTants 7, OmoKu 2, KyTOM ¢ Haxuily OcCi ii 00epTanHs Z; BIJHOC-

HO BEPTHUKAJILHOI OC1 Z, OJIOXKEHHAM IU1aT(HOopMH 1 BITHOCHO TOPU30HTAIBHOI OC1 TOBOPOTY OMOKHU
X Ta po3MIIEHHAM JIHKH 7 BIZTHOCHO (hOpMH 3 BUKOHYETHCS 3TiHO 3a/1aHOi TPOTPaMu CHCTEMOIO
KepyBaHHS. J[J1s1 IbOro NpU3HAYEHUH eeKTpOHHHUM 010K 14, a 3BOPOTHIN 3B'SI30K 32 BKa3aHUMU
rapaMeTpamu 3IIHCHIOEThCS SIICKTPUYHIMH CUTHAJIaMH BiJl 1aBadiB 4acToTH oOepTaHHs 15, KyTo-
BOTO mepeMinieHHs 16 Ta miHiifHuX nepeMinieHs 17 1 18 BiAmoBigHO.

OnumemMo TEXHOJOTII0 BHTOTOBIIEHHS apMOBaHMX BWJIMBKIB 13 3aCTOCYBaHHSIM BKa3aHOI
MamuHA. /71 OTpUMaHHS SKiICHOTO apMOBAHOTO BMJIMBKA HacamIiepea BUOMPAIOTh PO3MIpH Ta Ki-
JBKICTh apMYIOUMX YaCTHHOK, MaTepian 3B’S3KM 1 BUKOHYIOTh PO3paxyHKH HEOOXiTHHX YacTOT
obepraHHs JUBapHOi (JOPMHU y BCbOMY Jiama3oHi MOJ0XKEHb Ii oci o0epTaHHsA. 3HAUEeHHS KyTa Ha-
Xy oci o0epTaHHs GOpMH Ta TOPSAOK HOTo 3MiHH, 5K 1 YaCTOTH 00epTaHHS POPMH Ta IPOCTOPO-
BUX TapaMeTpiB i MOJOKEHHS BITHOCHO CTaHWHM 3aliekaTh, B MEpIIy 4epry, Bil KoH(iryparii
1 po3MipiB BHJIMBKA Ta MapaMeTpiB Horo apmoBaHoi 30HU. Po3paxoBaHi mapaMeTpu BBOASTHCS
y IaM’SITh €IEKTPOHHOTO OJIOKY KepyBaHHS IPOLIECOM POOOTH MAIIHHU.



ISSN 2219-7869. HAYYHBIH BECTHHK JITMA. Ne 2 (10E), 2012. 159

Harpita no motpiGHoi Temneparypu nuBapHa (opma 3 BCTAHOBIIOETHCS 1 3aKPIILTIOETHCS
B OITIOIIi 2, BICh 00EpTaHHSI K01 Z; ISl 3pyYHOCTI BCTAaHOBJICHHS JTMBapHOT (hOopMH 3 CITOYATKY PO3-
MIITYIOTh BEPTHKAIBHO. 3aJIMBHA JTiiKa 7 BCTAHOBIIOETHCS HA KPOHINTEHHI 6 MeXaHi3My ii JIIHIHHOTO
nepeMiieHHs 5. 3a JomoMoror 0Joka KepyBaHHs 14 omolii 2 HaIarTh 3a/1aHy 4acTOTy OOepTaHHS
BIZTHOCHO OCi Z;, a TaKOXX INOYAaTKOBUH KyT ¢ MOBOPOTY L€l OCi BIJHOCHO BEPTUKAIBHOI OCi Z
Ta MOJIOKEHHS 3aJMBHOI JIIMKKH 7 BiTHOCHO JUBapHOi Gopmu 3, siki HEOOXiTHI B MOYATKOBHUA MO-
MEHT BUKOHAHHS TPOIIECY BiIIIEHTPOBOTO JIUTBA.

3 NMBapHOTrO KOBIIA 1 3 J103aTOPa apMYIOYHX KOMIIOHEHTIB (Ha PUCYHKY HE MOKa3aH1) MOYH-
HAIOTh 3aJIMBATH PLAKUI MeTal (IMOKa3aHO OO0 CTPIIKOIO) 1 3aCUIIAaTH apMYy0Ul KOMIIOHEHTH (T10-
Ka3aHO YOPHOIO CTPiIKO0). B mpomeci 3anmuBanHsA MeTany OJOK KepyBaHHs 14 peryiroe yactoTty

00epTanHs 1, OMOKM 2, KYT ¢ HaXuily oci Z; TuBapHOi (popMu 3 BIHOCHO BEPTHKAJILHOI OC1 Z, Be-

AUYMHy nepeMiieHHs A, miaatgopmu 1 B3AOBXK oci Z;, KyT HaXuiy oci o0epranHs miaatgopmu 1
y BEpTUKaJIbHIN IUIOIIMHI Ta MOJOXKEHHS A; 3anuMBHOI Jdiiku 7 B auBapHiil ¢opmi 3. 3anexHo
BiJ KOH(irypauii BUWIMBKa, HOro MacH Ta rmapaMmeTpiB apMOBAHOI 30HU BU3HAYA€THCS HEOOXIHICTh
PETyJIIOBaHHS IIBHIKOCTI 3alMBaHHS pifkoro meraiay V1 3acumaHHA TBEpIOTrO cIuiaBy V),

m.c.*
OcraHHi mapamMeTpu MPOLECy BiALEHTPOBOTO JINTBA 3aJIeKaTh HacaMIepe]] Bil TOBIIMHU apMOBa-
HOTO WIApY, SIKUHM MOTPIOHO OTpUMATH y BUJIMBKY. BkasaHi mapameTpu € (QyHKIISIMU BiJ] 4yacy BH-
KOHAHHs OIepaliii TEeXHOJOIIYHOro MpoLecy BiAueHTpoBoro swmtea: n, = f,(t), @=f,(),

A=f0,AN=f0,V =0,V =f{),n et —dgac. KepyBaHHsS IMMHI napaMeTpaMu BU-

KOHYETBCSI OJIOKOM KepyBaHHsI 14 3a crieriajgbHOIO TPOTrpamoro.

Perymioroun BKasaHi mapaMeTpH TEXHOJOTIYHOTO MPOLECY OTPUMAaHHS 3arOTOBKH MOKHA
CTIPSIMOBYBaTH CTPYMiHb PiJIKOTO METaly 3 apMYyIOUYHMMH KOMIOHEHTaMH Y TOTpPiOHY 30HY BHYTpi-
IIHBOI MMOBEPXHI JTUBApHOI (GOPMH, TIEPEMIIITyBATH HOTO B3/IOBXK Ili€i MOBEPXHI 32 BU3HAYEHOIO MOC-
J1IOBHICTIO, @ OT)KE€, OTPUMYBATH apMOBaHy 30HY 3a7aHoi ()OpPMH 1 TOBIIUHU Y BUJIMBKY, SKHHA MO-
xKe OYTH SIK TIOPOXKHUCTHM, TaK 1 CYLIJIBHUM.

[Tpu 06’emHOMY apMyBaHHI B MpOIECi JTUTBA Marepiajl 3epHHUCTOTO apMyHUOro TBEpPAOro
CIUIaBY JOCHTH IHTEHCUBHO PO3YMHSETHCS B PyXOMil Maci po3muiaBy matpuili. Lle, 3 ogHoro 6oky,
€ TIO3UTHBHUM SIBUIIIEM, OCKUIBKH METaJI MAaTPHULl OTPUMY€E KapOiau BOIb(Ppamy i TyrOIIaBKUX Me-
TajiB, MO MICIA TEPMOOOPOOKH 3HAYHO MIJABHUIIY€E TBEPHICTh 1 3HOCOCTIHKICTH METaIy MaTPHII.
[Ipote, 3 1HIIOTO OOKY, CYTTEBO 3MEHIIIYETHCS Maca 1 3a0KPYTIIOIOTHCS 30BHIITHI KOHTYPH TBEPIO-
CIUIAaBHUX YAaCTUHOK, IO 3HIKYE pi3ajbHy 3JaTHICTH ApMOBAHOI 30HU 1HCTpYMeHTY. CTyIiHb pPO3-
YUHEHHSI TBEPJIOTO CIUIaBY 3aJIEKUTh BiJl XIMIYHOTO CKJIaJy METaldy MATpHIll 1 3pOCcTae i3 MiJBH-
HICHHSIM TEMIIEpPAaTypH PO3IUIaBy. TEXHOJIOTIYHI MOKIJIMBOCTI pO3pOOIEHOI MAIIMHK JA0Th 3MOTY
YCYHYTH LIl HEJOJIK HUITXOM KOMOIHOBAaHOTO BUKOPUCTAHHS Uil (OpMyBaHHS apMOBaHOI 30HU
CTaJIell 4K CIUIaBiB 3 HMXKUYOIO TEMIIEpPAaTypOIO IUIABJICHHS, a JJIs1 OTPUMAaHHS TiJla BUJIMBKA — METa-
JiB 3 BUCOKUMH (13UKO-MEXaHIYHUMH BJIACTHUBOCTAMHU. [10 CyTi, MO’KHA OTpUMYBATH MOJIIMETaIEBI
BWJIMBKH 3 Hamepes 3aJaHiMHU €KCIUTyaTalliiHIMA BJIaCTUBOCTSIMHU.

[Tix gac 3anMBaHHS CTPYMiHB PIAKOTO METaIy pa3oM i3 apMyIOUYHMH KOMIIOHEHTaMH MOBH-
HEH TOTPAIUISATA Ha BHYTPINIHIO TMOBEPXHIO JUBAPHOI (POPMHU 1 MEpeMilIyBaTUCS B3J0BXK TBIPHOT
1i€i TOBEpXHI Yy BU3HaUeHOMY HampsMi. [Ticist 3akiHdeHHs mporiecy KpucTati3allii B apMOBaHii 30-
HI BWIMBKA BICh 00epTaHHs JUBapHOi (GOpMHU 3 MOBEPTAIOTh Y BEPTUKAIBHE MOJIOKEHHS, 3MCHIITY-
I0Th YacTOTY OOEpTaHHs 0 MiHIMalbHOI a00 3YNMUHSIOTH OOEpTaHHS OMOKHU 1 3aJUBAIOTH PELITY
MeTaly MaTpHii, MO0 OTPUMAaTH CYIUIbHHH BHJIMBOK 3 IMPHUIIOBEPXHEBOIO aPMOBAHOKIO 30HOIO.
3a HeOOXITHOCTI OTPUMAHHS MPUJIETIIOL A0 BHYTPILIHIX MOBEPXOHb MOPOKHUCTUX BUIIMBKIB apMO-
BaHO{ 30HU JOIIBHO 3aCTOCOBYBAaTH TBEP/II CIUIABU I'YCTHHOIO MEHILIOI0, HIX Y CTalli, KOPEKTYIOUH
KiHEMaTH4Hi, IPOCTOPOBI Ta YacOBi MapaMeTpH IMpolecy 3aiuBaHHs Mmeraiy. Ilpu mpomy craneBa
MaTpUI CTBOPIOETHCS TP 30BHIIIHIN MMOBEPXHI BUJIMBKA, a apMOBaHa 30Ha Oy i€ 3MillleHa y BHYT-
pimHi 00’€MH YU PO3MOJITICHA B3IOBX MOTO BHYTPIIIHBOI MOBEpXHI. MOXKHA TaKOX CTBOPIOBATH
TOHKHH II1ap METaTy TIPH MOBEPXHI BUJIIMBKA a00 OTPUMYBATH JeKUIbKa MIapiB apMOBaHO1 30HH Pi3-
HOI TOBIIMHHM 1 CTPYKTYPH.
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OTpuMaHHs 3aJ1aHOT KOHCTPYKIIi BHJIMBKA BHMAara€ po3pOOJICHHsI MEBHOI IMOCIIIOBHOCTI
1 TOYHOTO Y3rO/PKEHHS IIPOLIECiB KepyBaHHSI MAaCOBUMH, TEMIIEpaTypHHMH, IPOCTOPOBUMHU, KiHEMa-
TUYHUMH Ta YaCOBUMH MapaMeTpaMH MpOIECy BiIIEHTPOBOTO JHTBA. HeoOXimHO TakoX YiTKO
BCTaHOBHTH CTYIIiHb BIUIMBY SIK OKPEMHX TEXHOJIOTIYHHX IapaMeTpiB MpOLECy, TaK i iXHbOI B3ae-
MOJIii Ha TMOKAa3HUKH SKOCTI KOMITO3UIITHOTO BUJIMBKA Ta B3a€MO3B’SI3KM MK CAMUMH TE€XHOJIOT14-
HUMH TTapaMeTpaMu TpoLecy apMyBaHHs. Taka CTpyKTypH3alisi JaCTh 3MOTY CTBOPUTH alITOPUTMH
KEepYIOUUX MporpaM Ui TEXHOJIOTIYHHUX TPOLECiB OTPHUMAHHS apMOBAHUX BIJIMBKIB 1 THM CaMHUM
OTpUMATH YIiTKY BIATBOPIOBAHICTh TMOKAa3HUKIB SKOCTI apMyBaHHS. Hamu BuIiieHa CTpPYyKTypHa
cXeMa XapaKTepPHCTUK BWIIMBKA, TOKA3HHKIB SIKOCTI apPMOBAHOI 30HM 1 TEXHOJIOTIYHUX MapaMeTpiB
MIPOLIECY BiALIGHTPOBOTO JUTBA (puc. 4, 5).

BiaueHTpoBo-apMOBaHHi BHIHBOK

T

dopma i reoMeTpHIHI po3MipH Maca BuIHBKa, HagBHiCTh apMOBaHO1 30HH
=l BHTHBKA M,
CriiBBi IHOMeHHS A0BKHHH T'eomeTpHuHI KoHcTpyKTHEHI
| iZxiamMeTpy BHIMBKZ, - napaMeTpH napaMeTpH
LD CniBBiaHOIMEHHA
e MaCH BHIHBKA 10
MacH apMOBaHO{ _ Posyimena 8
S B3J0BK 30BHIIIHIX 9H
Kondnrypal.pft 30BHIMIHBO] My’ Myp MoBepXHi 9H BHYTpimHix
TMoBepXHi i 3araabHa h _
B xonyfﬂicra BH/THBKA g o7 et
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mn,
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Hassi . TR Tomoapom MeXaH{qHi Ta
AABHICTE NOPOKHHH L YaCTHHOK Y || 4H 3afiMae 6 0TeX it
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pobouiii 30Hi, ‘
I ' - BIaCTHBOCTI,
K ob'em, 4 - 0
Ap ®MTe

Puc. 4. XapakTepucTUKy apMOBaHOTO BHJIMBKA

Oco06muBYy yBary noTpioHO 3BEpPHYTH Ha B3a€MO3B'SI30K TEXHOJOTTUHHUX MTapaMeTPiB IPoLecy
BIJIIIEHTPOBOr0 JUTBAa. HamMu BCTaHOBJIEHO, IO KIHEMAaTUYHO-IIPOCTOPOBI MapaMeTpu MpoIecy ap-
MYBaHHSI BUWIMBOK BU3HAYAIOTHCS HE JIUIIE HOTO po3MipaMu, GOPMOIO Ta 3aJaHHUMH XapaKTepHUC-
TUKaMH apMOBaHOI 30HH, aje i 00’€MHO-MacOBMMH 1 TeMIIEPATypHUMH IMapaMeTpaMu IpOIECy.
Jlnist mpuKiIay, YMM MEHIIA Maca PiIkoro MeTairy i 30iIbllIeHa Maca apMyIOYHX YaCTHHOK BiTHOCHO
caMmoro BUpoOy, TUM BHUILOIO Ma€e OyTH TeMIlepaTypa HarpiBaHHs JUBapHOi (OpMH 1 PiIKOTO MeTa-
7y Ta 9actoTa obepraHHs GopMu. Takox CiiJ IPUCKOPIOBATH 3MIHY KyTa HaXwily oci oOepTaHHS
dbopMu 1 TepeMilieHHs] 3aJIMBHOI JWKK (32 moTpeOu). HeoOXimHICTh BHECEHHS BKa3aHHUX 3MiH
JI0 TIPOIIECY JIUTBA TOB’si3aHa 3 1HTEHCUBHICTIO KpHUCTaji3amii MeTaldy sSK B apMOBaHIi 30Hi,
TaK 1 B OCHOBHOMY 00’€Mi MeTaJly BUJIMBKA.
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Texuonoriuni NnapaMeTpH Opouecy
BiALEHTPOBOTO THTBA
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Puc. 5. [TapameTpu TEXHOIOTTYHOIO MPOLIECY BIILIEHTPOBOTO JIUTBA

Martpuiis BIULTUBY pO3MIpHO-MACOBUX XapaKTEPUCTUK BUJIMBKA 1 TEXHOJOTIYHUX MapaMeTpiB
MPOLIeCy apMyBaHHsI Ha MMOKA3HUKH SIKOCTI apMOBaHO1 30HH MMOKa3aHa B Tao. 1.

Ta6mmms 1
Marpuiis BILTUBY PO3MipHO-MAaCOBHX XapaKTEPUCTHK BUIUBKA 1 TEXHOJIOTIYHUX ITapaMeTpiB
MPOIECY apMYBAHHS Ha TOKa3HUKH SKOCTI apMOBaHO1 30HH

apamempu
= =
3 N
X s 2 Y < = s | I 2
N e i 5 < 2 Q - = = < o N S o - <
=3 I IS I RS B3 IV R I B IS B N B I 3
S 2 ) s
S =R <
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c-JI - + - - — | - - — | + + — - + | + + +
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+ + +
+ + + +
+ + + + +
K, + - + + + + + +H= | - | + + +
P + + + + +
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* + N + + + + + +
- - | + +
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+ +
+ N +
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[TpumiTka: «+» — BIUIUBA€E; «—» — HE BIUIMBAE.
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[IpoanainizyemMo 3ajie’KHICTh OCHOBHHUX MTOKa3HUKIB SIKOCTI BHJIMBKA 3arajioM Ta WOTO apMo-
BAHOI 30HU 30KpeMa BiJl PO3MiPHO-TEOMETPUYHHX MMOKA3HUKIB BIJIMBKA 1 TEXHOJOTIYHUX MapaMeT-
piB mpoliecy BiIIIEHTPOBOTO JIMTBA.

OCHOBHUMH KPHUTEPISIMH SKOCTI apMOBAHOI 30HM BHWJIMBKA € KOHIICHTPAIlis 3€PEH TBEPAOTO
cmnaBy (Kyp), a came koH(irypauis apmoBanoi 30uu (4-O, C-JI, V,-V,,) Ta (i3uko-MexaHiuHi Blac-
TUBOCTI MeTaly MaTpHlli, sSKi B pe3yJbTaTi (OpPMYIOTh pIBEHb MpalLE3JaTHOCTI IHCTPYMEHTY
(®MTs).

Marepian apMylO4HX YacTHHOK (MOro TyCTMHA p) MEpIIOYEpProBO BHU3HAYAE PO3MIPHO-
00’emHI Ta (Pi3UKO-MeXaHIYHI MOKA3HUKU SKOCTI apMmoBaHOi 30HH (@PMTs). Tak, TBepAl cIUiaBU
3 TYCTHHOIO p MEHIIOIO, HIK y CTall, 3aCTOCOBYIOTh NEPEBaXKHO JAJISI OTPUMAaHHS apMOBAaHOI 30HU
y BHYTpIIIHIX 00’€Max MOPOXKHUCTUX BHIJIMBKIB ab0 1Js apMyBaHHS MOPIBHSHO TOHKHX IIapiB
IiJ] 30BHINIHIMYA TOBEPXHSIMH BWIMBKIB. Pin marepiany apMyrounx 4acTUHOK (KapOilu TyroruiaB-
KHX METaliB, OKCH/IHA YM OKCHUIHO-KapOiJHa KepaMika) BH3HAYA€ CTYMiHb IXHHOI PO3UMHHOCTI 1,
BIIMOBITHO, CTPYKTYPY MaTpuill Ta ii (i3uKo-MeXaHIYH1 BIacTHBOCTI. Haifkpaiie po3duHSIOTHCS
JIpIOHO3EPHHUCTI METaJOKepaMiyHi TBEpJi CIUIaBH, IO MPU3BOAWUTH JO YTBOPEHHS E€BTEKTOITHUX
CTPYKTYp MATpPHIIl 3 BHCOKOIO TBEPAICTIO 1 3HOCOCTIWKICTIO B yMOBaX TUHAMIYHUX HaBaHTaKCHb.
I'yctrHa Martepially apMylOYHMX YaCTHHOK JIOCHUTH TMOMIPHO BIUTMBA€E Ha TXHIO KOHIEHTPAILIO B ap-
MOBaHIi 30H1, OCKIJIbKH JIAIIE 32 3aHIKEHOI TeMIIepaTypH 3aJIUBaHHS PIAKUI METal IIBUAKO KPHUC-
Tanizyerbes. [Ipu 1IbOMy 3MEHIYETHCS PO3YMHHICTH aPMYIOUMX YaCTHHOK 1 301JIBIIY€ETHCS BiJC-
TaHb MK HUMH Y MaTpulli. OKpiM 11bOTO, 30UIBIIEHHSAM Pi3HUILI MK TYCTUHOIO OCHOBHOTO METay
1 apMYIOYUX YaCTHHOK CTa€ MOXJIMBUM OTPUMATH MOPIBHAHO TOHKOIIAPOBY apMOBAaHY 30HY 3 BH-
COKOI0 KOHLIeHTpaui€o (K,) OCTaHHIX.

3aranbHa Maca apMyIOYMX 4acTUHOK (My,) y HMO€AHAHHI 3 IXHBOIO IUCHEPCHICTIO (D),
sK mpaBuio, (B mexax 0,18—4,0 MM) € OCHOBHUMHU YMHHUKAaMU NPpHU (JOpMyBaHH1 BIACTUBOCTEN ap-
MOBAHO{ 30HU, OCKIJIBKU BIJ IIUX MapaMeTPiB 3aJIeKUTh MIBUAKICTh KpHUCTaTi3allli MeTamy MaTpHIIi
1 CTyHiHb PO3UYMHEHHS apMyO4MX yacTUHOK. CyTT€BO BIUIMBATH Ha MapaMeTpH SIKOCTI MOXHA pe-
T'yJIIOBaHHAM TeMIIEpaTypy HarpiBaHHs JmBapHOi popmu (1), 1 pigkoro merainy (7). Temnepartypa
piakoro metany (7,,) BU3Ha4a€ B A3KICTh PO3IJIABY Ta IHTEHCUBHICTh PyXy B HbOMY apMYIOUHX yac-
THUHOK, III0 T€K BU3HAYAE CTYIIHb POZYMHHOCTI X y MaTPUIll. 3HU3UTH CTYMIHb PO3YNHHOCTI MOX-
Ha IUITXOM 30UIBIICHHS MBUAKOCT1 KPUCTaTi3alii B apMoBaHii 30H1. st 110T0 MOYKHA 3aCTOCYBa-
TH YaBYHHI 200 cTajneBi KOKLMI.

3aBISKHA MIMPOKUM TEXHOJIOTIYHUM MO>KIJIMBOCTSIM PO3pOOJICHOT JIMBAPHOI MAITMHA MOKHA
3BECTH JI0 MiHIMyMY BIUIMB Ha SIKiCTh apMyBaHHS TaKMX MapaMeTpiB BHUIIMBKA, sIK Horo maca (M),
KOH(irypartlis (CriBBIIHOMIEHHS TOBXUHU 10 AiameTpa L/D,), HasiBHICTb MOPOKHUHHU, a TAKOXK PO-
3MIILIEHHS apMOBAHOI 30HM Y BHYTPIILIHIX YM 30BHIIIHIX 00’ emMax BunuBka (V;— V). Llporo moxHa
JOCATTH LUIIXOM KEpyBaHHS KyTOM HaXWiIy OCi 00epTaHHS BUJIMBKA, MOJOXKEHHAM Ta MepeMillleH-
HSIM 3aJIMBHOI JIIHKY, 4acTOTO0 o0epTaHHS GopMu (ng) 1 LIBUAKOCTSIMU 3alnuBaHHS MeTany (V3,,)
Ta 3aCUIIaHHS apMYIOUUX TBEPIUX YACTUHOK (V3.4).

Komb6inaris mBuakocteil 3anuBanas metany (V3,) Ta 3acCUIIaHHsA apMYIOUUX TBEpIUX Yac-
THHOK (V34,) pa3oM 3 NepeMIlEHHAM 3aJIMBHOI JIIHKU Ja€ 3MOr'y B IIUPOKHUX MEXaxX 3MIHIOBATH TO-
BIIIMHY apMOBAHOI 30HH y BUJIMBKY Ta KOHLIEHTPALII0 apMYIOUUX YaCTUHOK.

3MIHOIO 4acTOTH 00epTaHHsA JUBAapHOI (HOpMH (74) Ta MOT0KEHHS Ocl ii 06epTaHHA () MO-
JKHA PETYJIIOBATH HE TUTBKH TOBIIHMHY CTIHKH 1 pO3MIpH apMOBaHOI 30HH Y TTOPOKHUCTUX BIJIMBKAX,
ane ¥ KOHUEeHTpauito (Kyp) 1 CTyNiHb PO3YMHEHHS apMYIOYHMX YaCTHHOK Y METajl MaTpUIl, TUM ca-
MHM 3a0e31euyoun (i3MKO-MEeXaHIuHI Ta TPHOOTEXHIYHI BJACTUBOCTI apMOBAHOI 30HH.

[TepemitenHs 3aUBHOI JIIKKK B YCTS JUBapHOi (OPMH YIIIMO OCTaHHBOI 3a0e3medye Mo-
KIIMBICTh OTPUMAaHHS TOPOXHMHU MPAKTUYHO AOBIIBHOI KOHQIrypamii i po3MicTuTH ii y Oyab-
SIKOMY MICIIi BIJTUBKA.
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Crin 3ayBa)XuTH, 110 BU3HAYAIBHUM € HE TUTHKH MiA01p BETWYMH KOHKPETHUX TEXHOJIOT14-
HUX MTapaMeTpiB MPOIIECy, alle i BAKOPUCTAHHS CTyNeHs ixX B3aemozii. Hampukiaa, orpumary nopi-
BHSTHO HEBEJIMKY TOBIIMHY apMOBAHOIT 30HH Y TIOPOKHUCTOMY BHJIMBKY MOYKHA IIUISIXOM IMO€THAHHS
MOXHUJIOTO PO3MiIlIeHHs oci 00epTanHs (HOpMHU Ta BUCOKOI 4aCTOTH ii 00epTaHHs, TOAL SIK Il OTPH-
MaHHs CYLIUJIbHOTO BHJIMBKA TaKi X MapaMeTpu apMyBaHHS MOKHA OTPUMATH MPU BEPTUKATBHOMY
po3MileHHi oci o0epTaHHs GOpMHU Ta MOPIBHAHO HU3BKINA YacToTi 1i oOepTanHa. OTpuUMaTH JioKa-
JbHI apMOBaHI 00 €MH Y BUIJIA/I KUJIEI[b MOXHA 32 PaxXyHOK MEPEMIIICHHS 3aJIMBHOI JIIHKU B3I0BX
3MIHHOI OCi JuBapHOi (OpMH 3 HEBHUCOKOIO YacTOTOK ii oOepTaHHS ab0 B3AOBK BEPTHUKAIHHOI
oci TuBapHoi (OPMH 13 MiTBUIIICHOIO YaCTOTOIO i 0OepTaHHS.

AHaui3 pe3ysbTaTiB eKCIEPUMEHTIB TaKOX IOKa3aB, 10 YAaCOBUM IHTEpBaJ BBEJIEHHS ap-
MYIOUUX YaCTHHOK (At4,) B IepIly 4epry, a moTiM ixHs maca (Myy), nucnepcHicTs (D4py)Ta mBUA-
KICTb BBEJICHHS B po3ILIaB (V3,,), K 1 TeMneparypa pigkoro merany (7)) Ta IBUAKICTS Horo 3auu-
BaHHA (/3,)) B OCHOBHOMY BU3HAUYAIOTh OTPIOHMI KOMITICKC SIKICHUX IMOKAa3HHUKIB BUJIMBKA.

BHUCHOBKU

3acTocyBaHHS po3p00ICHOT MAIIMHHM 13 3MIHHUM TIOJIOKEHHSIM 0ci 00epTaHHs JIMBapHOI (o-
PMH 1 3aIIPOITIOHOBAHOTO TEXHOJIOTIYHOTO MPOIIECY BiIIEHTPOBOTO apMyBaHHS PO3IIUPIOE TEXHOJIO-
T14HI MOXKJIMBOCTI criocoOy BiJIIEHTPOBOTO JINTBA Ta apMyBaHHS BHJIMBKIB IIITXOM CHHXPOHI30Ba-
HOTO MPOTPaMHOTO KepyBaHHS MPAaKTHYHO yCiMa MapaMeTpaMH TEXHOJIOTIYHOTO TPOIECy, a OTKe,
Jla€ 3MOTY OTPUMYBAaTH BHCOKOSIKICHI TMOPOKHUCTI a00 CYyIJIbHI BHJIMBKH 13 33aHUMH (i3UKO-
MeXaHIYHHMH BIIACTUBOCTSIMH.
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