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OCOBJMBOCTI METOAUKH NOC/IPKEHHA MINHICTHUX XAPAKTEPUCTHUK
HNEP®OPALII AIIOMIHIN-MATHIEBOI ®OJIbI'H,
IO OTPUMAHA JIABEPHO-CTPYMEHEBUM METOJ0OM

Hasedenuii ananiz eapianmis i noxazana OoyinbHicmb 3ACMOCYBAHHS 1A3EPHO-CINPYMUHHO20 Memooy
o nepghopyeanns amominieoi gonveu AMe-2H moswunoro 55 mxm, wo euxopucmosyemvcs 0ns
20hpoHabOpy asiayiiiHO-KOCMIYHUX CIIIbHUKOBUX NAHEEl.

Excnepumenmanvnui 0ocnioocenus nepopayii 30itichiosanucs 3a 0onomozoio komniexcy mooeni JICK-
400-5. /[ns gopmysanuss nazepuo-cmpymMuHHO20 NOMOKY BUKOPUCMOBYBALACS OPUSTHANbHA KOHCMPYKYis
207108KU, WO 00360JIAIE MIHIMIZY8AMU 8MPATNU NOMYIHCHOCI BUNPOMIHIOBAHMHS.

Pozenanymo numanns 6niugy UKOPUCMOBY8AHO20 Memody nepgopayii anominiti-macHiceoi gonveu
Ha ii xapakmepucmuxu. Posenanymo npunyunogy cxemy cmenoy 0as npogedenHs 0ocuiodxcens. Hasederno
pe3yibmamu HamypHux eKCnepuMenmis.

Knrouosi cnosa: nepghopayis;, nasepro-cmpymenesuii Memoo, anrOMIHill-MazHiega onvea; miynicmua
Xapaxmepucmuxa.

Beryn. IMoctanoBka mpodsemMu. 3aroTOBKH 3 aIOMIiHI€EBUX TOHKOJHCTOBHX CIUIABIB 3HAWIIUIA IIHPOKE
3aCTOCYBaHHS MPU BUPOOHHUIITBI CTIIHHUKOBHX MaHENCH B aBiamiiHiNA i KocMivyHii mpomucioBocTsax [1]. s
BUTOTOBJICHHS CTUILHUKOBHX CEHJIBIY-TIAHENEH 3 BEPTHKAJIbHOIO YKJIAJIKOIO HAIlOBHIOBAuYa BHKOPHUCTOBYETHCS
¢donbra ToBIMHOIO 10 55 MKkM. CeHIBIU-KOHCTPYKILii, IO CKIAJAIOThCS 3 JACKUILKOX JIUCTOBUX CJIEMECHTIB, IO
3’eIHaHI MK c0o0010 nep(hOpOBaHUM CTIIBHUKOBUM HaIrlOBHIOBaueM (ro()poHabopoM), MaloTh BUCOKY MIIIHICTb,
JIO TOTO K BUKOHAHHS 30BHIIIHBOTO Mep(hOpyBaHHS MOKpAIIYe IX ITyMONOIJIHHAIOY] BIACTUBOCTI.

[epdopartist Moxke OyTH BHYTPIlIHBOIO (IJ7s1 BPIBHOBAXXCHHS THCKY B OJEP)KYBaHHX CTUIBHHKAX) 1
30BHINIHBOIO (/71 MOMIMIICHHS HIYMOTOTIMHAIOYNX XapakTepucTuk mnaneni) [2]. Bim ToyHOCTI BHUKOHAHHS
€JIEMEHTIB TTaHeNi, IKOCTI I MPOKIEHKH, a TAKOXK SKOCTI MOTepenHb0i 0OpOOKH CTUTFHUKOBOTO HAIIOBHIOBAYa
3ajexkarsp ii (Pi3MKO-MeXaHiuHi BIACTHBOCTI, TIEPII 32 BCE, MIIHICTb, OIip 3THHAIOYNM, CTUCKYIOUO-PO3TATYIOUAM
6araTOIUKIIOBUM 1 CTATUYHUM HAaBaHTA)KEHHSIM, a TAKOX Bara.

Oneparii mepdopyBaHHs € CKIATHUME I HETEXHOJOTIYHAMH, OCKIUTBKU Iepen0avaroTh OTPUMAHHS BEITUKOL
KIJIBKOCTI JPIOHMX OTBOPIB, 3 TOYHMM B3a€EMHUM pO3TAalllyBaHHSIM; BHMMAraioTh 3BEJCHHS A0 MIHIMyMy
JlecTpyKuii 1 po3liapyBaHHs Marepially B MICIl OTBOpPY, @ TaKOX OYAb-SIKMX KOHIEHTPATOPIB HANpPYXKEHb, LI0
BUHHKAIOTh B MOMEHT OTPHMAaHHS OTBODY.

Tpaguniiino neppopyBaHHs (OJBTH 3 PYJIOHY 3AIHCHIOETHCS MEXaHIYHUM CIIOCOOOM IIUIAXOM MPOIIHBAHHS
oTBOpiB rpymamu rTojOK [3], ski posramoBani Ha Oapabani. ITicass OpPOKONIB OTBOPH MICTATh Psj
KOHIIEHTPATOPIB HANpyXeHb y BUIJIIII PO3PHUBIB 1 TPIIIMH, IO BUHUKAIOTH B MOMEHT OTPHMAaHHS OTBODY i
MOCTAa0JIO0Th HATIOBHIOBAY, IO MPU3BOIUTH J0 3HIDKEHHS MIIHOCTI TIAHEM i B [UIIOMY.

BaxxnmmBuM HayKOBO-TEXHIYHHUM 3aBJaHHSAM € TOMIYK NUIAXIB IMiJBUINCHHS e()eKTHBHOCTI mepdopyBaHHSI
CTIJIBHUKOBOTO HAaIIOBHIOBaYa i YCYHEHHS 3a3HAYEHUX BHIIE HEIOJIKIB, BUPILIEHHS SIKOTO JIO3BOJISE MOJIMIIUTH
SKICTh TTAHEJICH B ILIIOMY.

Mera poOOTH TOJNSTaE y BHUBYSHHI CIIOCOOY MiJBUINEHHS MIIHICHUX XapaKTEPHUCTHK aITFOMIiHI€BOTO
HaIlOBHIOBAYa CTUIFHUKOBUX TaHeJIel IpH nepopyBaHHI 3ar0OTOBKH JIA3€PHO-CTPYMEHEBHM METOJIOM.

3aBIaHHs NPOBeIeHUX MOCTiM:KeHb. [l JOCSITHEHHS TOCTaBJIEHOI METH BHPILIYBAJIOCS HACTYITHE
3aBJaHHs. BUBUCHHS 1 aHali3 Je(eKTHOro mapy B TOHKOJMCTOBHX 3aroTOBKax, a TAaKOX BU3HAYCHHS BIUTHBY
pexxumiB 00poOku Ha Horo hopMyBaHHS,; BUNPOOYBaHHS 3pa3KiB Ha PO3PHB 1 BU3HAUEHHS MIIIHOCTI MaTepiamy.

BuxusiaieHHsi ocHOBHOTo Marepiaiy. Ilepeln npoBefeHHSIM €KCHEPHUMEHTAIBHHUX JOCIIKEHb OTPUMAHHS
nepdopariii 1a3epHO-CTPYMEHEBUM METOAOM OyJI0 TPOBEJACHO MOJETIOBAHHS IMPOIECiB, MO BiAOYBAIOTHCS i
yac 0OOpOOKM TOHKOJIMCTOBOI 3aroToBKU. Ilpm MOI{CJ‘IIOBaHHi BUXOAWJIN 3 NPUITYLIICHHS, 110 HaTiKaHHA
XOJIOJIOAreHTY KOAKCiaJIbHO, MOTIK, sIK 1 NMPOMIHB Jla3epa, 10 € JUKEPEIOM HarpiBy IOBEpXHi, € abCONOTHO
cnmET P Quiting A He%e@ﬁ?ﬁ%ﬁe%)gﬂ{; %Iﬁlfoo%ll;vl[cpfl TR &?IMI/I V Toii camuii yac Hamu B po6ori [4] nokasano,
o 3MiHa (GOPMHU CTPyMEHS 3a PaxyHOK NPOQUILOBAHOTO COIIA MOXE BHKJIMKATH NEPEpO3NOJUI IILIEHOCTI
BUIIPOMIHIOBAaHHS B TOYIl KOHTAaKTy 3 IOBEPXHEIO, OCKIJIbKM TOTIK B IIbOMY BHIAIKy € CBOEPIIHUM
cBiToBooM. Lle TakoXk He CynepeuuTs pe3yabTraTaM, OTpUMaHUMu aBTopamu [5, 6]. Toai, BBaxarou, 0 MOTIK
3 PEeXHMOM BHUTIKaHHA, OJM3BKUM 10 JIaMiHapHOTO, OyJe XapaKTepH3yBaTHCS JiHIIMH Tedii BiIMOBITHO IO
pucyHKy 1 i mepeTmHOM, IMOKa3aHUM Ha PUCYHKY 1, 6, HaMu Oyino MPHUHHATO, IO MOTIK 3JaTHUH BHKIUKATH
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TaKWi Nepepo3Io/Iiyl BUIIPOMIHIOBaHHS, 110 3a0e31euye NPOLIMBAaHHS OTBOPY, BiZIMIHHE BiJ KPYTJIOTO.

Puc. 1. Mooenv 6Hympiuinboi nopodcHuHy HAcaoKa 3 nepexionor OLIAHKOI0 Ha npoginbHe Keadpamue conio (a)
i MoOentosanusa meuii piounu 8 coni
ma 3a tioeo mexcamu ompumane sacobvamu FlowVision (6)

ToukoBa Bi3yaii3allii MacWBY NaHWX, OTPHUMAaHUX B pPE3yJbTaTi PO3pPaxyHKIB, JO3BOJIIE€ BCTAHOBUTH HE
JIUIIE PO3IONIN MIBHAKOCTEH y MOTOMLI, a i BU3HAYHUTH 3MiHY IHTCHCHBHOCTI JIa3€pPHOTO BHUIIPOMIHIOBAaHHS 3a
YMOBH, IO PO3IOALI IHTCHCHBHOCTI Ha TEPETSKII KayCTHKM B IUIOIIMHI BXOAy IU(Y30py COIUIAa BiIMOBiTae
3akoHy [ayca.

PesyneTaTt po3paxyHky, nposeneHoro B cepenonumti MathCad, mokasanu icHyBaHHs TTeBHOI BifICTaHi Bij
3pi3y COIUIA, HA SIKOMY BTPAaTH MOTYXKHOCTI BHACTIIOK MOPYIICHHS CTIHKOCTI Teuil OyayTh MaKCUMaIbHHUMH, 1,
BIAMOBITHO, NPOJYKTHBHICTH OOPOOKH DPi3KO 3MEHINYETHCS; 3a IIMM NEPETHHOM MOXKHA OYIKYBaTH 3HHMKECHHS
TOYHOCTI BiITBOPEHHSI KOHTYDY.

3MiHa YMOB CHOJIYYSHHsI IIPOMEHS JIa3epy 31 CTpyMEHEM PiAMHH BUCOKOTO THCKY BUKJIMKAE MEPEpO3IOALT
IHTEHCHBHOCTI BHITPOMiHIOBaHHS MOBepXHE0 mepenon [7] (puc. 2).

Puc. 2. Po3no0in inmencusHoCmi UNpoOMIHIO8AHHSL HA NAOCKIU NOGEPXHI NPU HAMIKAHHI CIMPYMEHs dlamempom
2,0 mm npu necnisgicnocmi npomensi i cmpymensi 0,8 mm ons 3pisy
V hopmi npasunvrozo xona (gidcmans 610 3pizy CONaA 00 NEPEuKoOl):
a—5mm; 6 —10 mm; 6 — 16 mm

OpHak TepMiYHE HABAHTAXXCHHS I[MOBEPXHI 3aJMIIAETHCS JIOKATI30BAaHUM, IO OBOIHWTH MOXKIIHUBICTH
3a0e3neueHHs OUTbIl BHCOKHMX (Di3MKO-MEXaHIYHMX BIACTHBOCTEi 00poOseHOro Mmarepiaiy, MOPIBHSHO i3
TPaJULIHHAMU TEXHOJIOTISIMH.

TTopaneii excriepuMeHTanbHI JOCTiPKeHHsT mepdOpyBaHHS 3aroTOBOK 3JIMCHIOBAIM 3 BHKOPUCTAHHSIM
JTOCJTi THO-TIPOMHMCIIOBOTO Ja3epHO-cTpyMuHHOro Komimiekcy JICK-400-5 (puc. 3).
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Puc. 3. 3acanvnuii suensio komnaexcy JICK-400-5

O0poOKy smcToBoi 3arotoBku 3 ¢oaeru AMr-2H ToBmmHo0 55 MM mignanu nepdopyBaHHIO 3 TaKUMH
pexxuMamu: NoTyXHicTh sazepa — 200 Br, yacrora npoxopkeHHs iMmyibeiB — 50 1 75 ', mBUAKICTH CKaHYIOYOT
nogayi — 15,0-30,0 m/xB., kpok otBopiB nepdoparii — 5,0-10,0 mm, BcTanoBnenuii giamerp orsopis — 0,1; 0,35 i
0,7 MM (BiATIOBITHO 1O BUKOPHCTOBYBAHHUX COILIOBHMX HACAJIKIB).

Pimmra — Boma neaepoBaHa, NeiOHI3OBaHA, MmojaBaiacs B pobody 30HY 3 Burparor 0,003-0,05 me/c.
Jiametp cormia BifOBigaB AiaMeTPy OJCPIKYBaHOTO OTBOPY.

Jis MexaHiYHHX BHIPOOYBaHB 3 OOpOOJICHOI 3aroTOBKM BHpI3alM 3pa3Kd aTIOMiHIH-MarHi€BOi (OIBrH
TOBIIHHOIO 55 MKM i posmipamu 30 Ha 35 MM (puc. 4), sAKi BKICIOBAIUCS B JIE€PXKaBKH BiIIIOBIIHO O METOIMKA
BunpoOyBanb. [lpu oMy mpoBOIMIM BUIPOOYBAaHHS 3pa3KiB, OTPUMAHHUX PI3HAMH METOIAMH: MEXaHIYHHM
MPOKOJIIOBAHHSM 1HAEHTOPOM, JIa3ePHOIO MPOILIMBKOIO, 3 MPOJYBKOI po00Y0i 30HH 1 O3 MPOJIYBKH, a TAaKOX 3
OXOJIOJUKEHHSIM TIOTOKOM PiINHH.

Puc. 4. 3pasox neppoposanoi ponveu AMe moswurnoro 55 mxm (a) i cxemamuune 306pasicenHs KpinieHHs
BUNPOBYBAHO20 3pA3KA NPU BUNPOOYBAHHI HA PO3MALYEAHHS
i3 3a3HAUEHHAM 11020 ceomempuyHux xapaxmepucmux (6)

JociipkeHHs] TPOBOAMJINCS 3 BHKOPUCTAHHSAM YHIBepcalbHOI BUNpOOyBanbHOI Mamuau YMD-10,
tenzogarunka KELI DEG 50 xr [8] (puc. 5, a) i peecrpyBanucs 3a gonomoroio AIIIT m-DAQ [9] (puc. 5, 6)
pa3om 3 miJcuitoBadyeM curHaiy. Ha koxxHOMy 3i 3pa3kiB OoTBOpHW mnepdopallii, OTpuMaHi pi3HUMH METOJaMu
00poOKy, OyaM OJHAKOBOrO JAiaMerpa, poaramoByBanucs 3 kpokom t = 2,0 MM, a cama mnepdoparis
pO3TaIIOBYBaacs MEPHEHANKYJSIPHO 10 JIiHIT IPUKIAJACHHS PO3TATYIOUOro 3yCHIUIS BUIIPOOYBAILHOI MaIINHH.
HaBanTtaxyBaHHs 3pa3ka 3jificHioBanu 3 nogadeto 100 mM/xB., nedopmaiiito Ta HarpyXeHHs, 0 BUHUKAIOTB,
OIIIHIOBAJIM 32 YaCOBHM PsJIOM, OTpUMaHUM 3a jormomororo M-DAQ. 3 MeToro cTaTUCTHYHOI 0OpOOKH NaHWUX,
Oyu0 nocmimkeno no 30 3pa3kiB KOKHOTO 3 METOIB nepdoparii.
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0)

Puc. 5. O6raonanns, wo UKOPUCINOBYEMBC
a — menzodamuux KELI DEG 50 xe; 6 — ananoeoso-yugposuii nepemesopiosayw m-DAQ

PesynbTaT MEXaHIYHUX JOCHIIKEHb MPEACTABIEHO HA PUCYHKY 6. CTaTMYHOrO HABAHTAKEHHS 3a3HAjIM
3pasku 3 nepdopaiiero, 0 BUKOHAHA 32 3a3HAYEHMMHM BHUIIE MeToiaMu. IIpH LbOMY HABAaHTAXKEHHS 3pasKiB
TIPOBOIMIIOCS 32 pekoMenaamismu [10].
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Puc. 6. Pesynomamu excnepumenmis wjo0o pospusy 3paskis 3 gporveu AMe moswunoro 55 mxm 3a
nonepeoHbo HaHeCeHo nephopayicio npu CMAMUYHOMY HAGAHMANCEHI.
Memoou suxonanns nepghopayii: 1 — nazepno-cmpymenesuil; 2 — MEXAHIYHUM HPOKOTIOBAHHSM;
3 — 1azepom 3 npodysKoI0 i 0X0N00HCEHHAM 800010, 4 — azepom 3 npoOys8Ko0;
5 — nazepom 6e3 npoodyexu

AHaJi3 pe3ynabTaTiB 3aleKHOCTI 4yacy [0 pPYHHYBaHHsS 3pa3ka BiJl NPHKIAJICHOTO HABAHTAXKEHHS I10
nepdoparifiHoi iHii Mokas3as, 110 3pa30K 3 AIOMIiHIH-MarHi€Boi (oJbru, 00pOOICHUIl J1a3epHO-CTPYMECHEBOIO
nepdopalli€ro, BATPUMYE HABAHTAKCHHSI HA PO3TATyBaHHS OUIbINE HA:

— 12 %, mopiBHAHO 31 3pa3KaMH, OTPUMAHIMH MEXaHIYHUM CIIOCOO0M;

— 20-35 %, nopiBHSAHO 3i 3pa3kaMy OTPUMaHUMH IHINHUMH criocobamu (Jasep 0Ge3 MpoayBKH, Jiasep 3
NPOAYBKOIO, JIa3ep 3 MPOAYBKOKO i OXOIOKEHHIM BOIOKO).

Ile MOXHa MOSCHHUTH 3MEHIIEHHSM 30H TEPMOJIECTPYKLIi Ta KiJIBKOCTI KOHILEHTPATOPIiB HalpyXeHb Y
BUIJISA/II PO3PUBIB 1 TPILIMH, 110 BUHUKAIOTh B MOMEHT OTPUMAHHS OTBOPY.

BucHoBkHu:

1. IIpu MikpooOpoOIli TOHKOIMCTOBUX 3arOTOBOK, & CaMe€ — BHTOTOBJICHHI OTBOPIB 32 METOIOM JIa3epHO-
CTPYMHHHOI 00poOKH MaTepiaiiB, MATBEpIKEHa MOXKINBICTh 3MEHIIEHHS 1e()EeKTHOTO Mapy i KOHIIEHTPATOpiB
HarpyXeHb.

2. JlocsirHyTO MiABMIIEHHS MIIHOCTI Ta SKOCTI OTBOpIB nephopoBaHOI antOMiHii-MarHieBoi Qonbru 3a
paxyHOK BUKJIIOUEHHS KOHIIEHTPATOPiB HAIIPYKEHB 1 30H TEPMIYHOTO BIUIHMBY.

3. BukopucranHs MeTONy Ja3epHO-CTPYMHHHOI 0OpoOkM MarepianiB mpu nepdopauii (oiabru J03BOJISIE
MiABUIIUTH MIIIHICTh TOTOBOTO BUPOOY.

4. Tlepexin Ha BUTOTOBJEHHS OTBOPIB METOJIOM JIA3epHO-CTPYMHUHHOI 0OpOOKM MarepianiB 3amicTh
BUKOPHUCTaHHs OapabaHiB 3 TOJKAMH JIO3BOJINTH BiJMOBHTHCH BiJl BHI'OTOBJICHHS OCHAILICHHS Y BHIVIAIL
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GapabaHiB, i, SIK pe3yJIbTaT, 3SMEHILHUTH 3arajibHy COOIBapTICTh BUTOTOBJICHHSI BUPOOY.
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XOJIOJHUI Bonoaumup FOpiitoBiu — acucTeHT Kadeapy mpouecis i 061aaHaHHs MexaHiuHoi Ta dizuko-
TeXHIYHOT 00poOkK KpeMeHuyIbKOTO HalliOHaJIbHOTO YHIBepcUTeTYy iMeHi Muxaiina OcTporpanchKoro.

HayxkoBi inTepecu:

—  IIpOIeCH MeXaHiuyHOT 00poOKH;

—  MareMaTH4YHE MOJIEJIOBAHHSI.

KOBAJIBYYK [wmwurpo CepriiioBud — cTyIeHT KpeMeHYyIpKOTO HAIiOHAJIBFHOTO YHIBEPCHUTETY IMEHi
Muxaitna OcTporpaacbkoro.

HaykoBi inTepecu:

—  TPOIIeCH MEXaHIYHOi 0OpPOOKH.

BAVMKO Onekcanmpa CepriiBua — cTyneHTKa KpeMeHuylbKOro HaliOHaJIbHOTO YHIBEpPCHTETY iMeHi
Muxaiina OcTporpaacbKoro.

HayxkoBi inTepecu:

—  MareMaTH4YHEe MOJIEJIOBAHHSI.

SALMHA Mukona MukonaiioBu4 — KaHAWAAT TEXHIYHUX HAYK, HOICHT KadeIpu IpoIeciB i oONagHaHHS
MexaHiqHOI Ta (i3nko-TexHiYHOI 00poOkn KpemeHuynpkoro HaliOHAIFHOTO YHIBEpCHUTETY iMeHI Muxaiina
OcTporpaacbKoro.

Hayxkogi inTepecu:

—  MEXaHOTPOHHUKa;

—  MareMaTH4YHEe MOJIEJIOBAHHS.

Crarrs Hagiinuia no penakmii 12.10.2015.
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