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HNCCJIEJOBAHUE TEXHOJIOI'HYECKOI'O TPOLECCA YTHIN3ALIUHN
YCTAPEBHINX ITOPOXOB JIAKOBBIM CIIOCOBOM

B Vkpaune nmeercs 00bII0e KOMMIECTBO OOETPHUINIACOB ¢ MCTEKIINMHU FAPaHTHHHBIME CPOKAMH Xpa-
HEHUS], MOPAILHO U (PU3MYECKH YCTapeBIIMX. JTH OOCHPHUITACH YTPOXKAIOT TEXHOT€HHOI KatacTpool U JOIIK-
HBI OBIT JINKBUAMPOBaHbl. OTHAKO OOBIYHOE YHHYTOXKEHHUE ITyTEM B3pPhIBA WM CKMT'AHUSI HETATHBHO BIIUSET Ha
OKpYKaIOIIYIO Cpelly M SKOHOMHUYECKH HellesiecooOpa3Ho. PenienreM 1aHHON NpoOJIeMbl SIBISETCS YTHIM3AIHS
6oenpumnacos. Hacrosimas padoTa mocesiieHa yTUIN3aluy OJHON U3 COCTaBHBIX YacTel Ooerpunaca — Iopoxo-
BOTO 3apsja.

ITopoxa n3 ycrapeBmux OOEHPHUITACOB 10 KOMIUIEKCY CBOMCTB SBIISIFOTCSI BEICOKOKAUYECTBEHHBIM CBHIPb-
eM Ut nopoxozenus. Kpome Toro, 0OHM MOTYT HCIHOJIB30BATHCS B KAUECTBE CHIPhS B APYTHX chepax HApOJHOTO
XO3HCTBA.

K HacTosimeMy BpeMEHH CIIOKIIINCH YEThIPE HANPABICHNS YTHIN3AIMY [TOPOXOB U3 yCTapeBIINX Ooe-
MPUITACOB: M3TOTOBJICHUE MPOMBIIIICHHBIX B3PhIBUATHIX BEIIECTB; IepepadoTKa B JIAKOKPACOUHBIC MaTEPHAIIBI;
nepepaboTKa B COBpeMeHHBIE 1Topoxa. [locnenHee HanpasieHne MpecTaBisieT Hanbonsuii naTepec [1].

OpHOM U3 TEXHOJOTMH U3TOTOBJICHUSA HOBBIX IOPOXOB M3 YCTApEBLIMX SIBIISAETCS TEXHOJOTHS, CBA3aH-
Has C MX W3MeJbueHHeM, IUacTU(HKaleld U AanbHellIeld nepepaboTKoil Mo CYIIECTBYIOLIEMY MPECCOBOMY
crioco0y. OtHaKo Takasi TEXHOJIOTHUS TPYJOEeMKa U OllacHa, XapaKTepU3yeTcs: OOJIBIIUM KOJHUECTBOM OIEpPaIHi.

B mpousBoCcTBE MOPOXOB AJIS CTPEIIKOBOTO OPY>KHS alIbTEpPHATUBOM eif sIBJIAETCS JaKoBask TEXHOJIOTHS.

B HacTosmee BpeMs IPOU3BOAUTENH JIAKOBBIX TIOPOXOB HCIIBITHIBAIOT CYIIECTBEHHbBIE TPYIHOCTH C ChI-
PbEBBIM 00ECIIEYeHUEM TIPOU3BOJICTB, B TO K€ BPEeMsl IepepadoTKa MOPOXOB C UCTEKIINMH CPOKAMH XpaHEHUS
MO3BOJISIET CO31aBaTh KOHKYPEHTOCIIOCOOHBIE JIAKOBBIE IIOPOXa OTEYECTBEHHOTO MPOHU3BO/ICTBA.

JlakoBasi TEXHOJIOTHS 3aKJIIOYACTCA B PACTBOPCHHM YTHIM3HUPYEMBIX IOPOXOB C COOTBETCTBYIOILCH
KOPPEKTHPOBKOW MOITYYEHHOTO JIaKa, TUCTIEPIHPOBAHNH JIaKa B BOJHOM cpelie, OTBEPKACHUH TUCIICPCHO (a3bl
00pazoBaBIIeiics 3MYIbCHH, OTACICHUH OT JUCIICPCHOM Cpebl ¥ CYIIKE MOTYYSHHBIX TOPOXOBBIX TPAHYIL.

JlakoBast TEXHOJIOT'HS MIMEET CYIIECTBEHHbBIC IPEUMYIIIecTBa [2], 8 IMEHHO:

— IIPOCTOTA aIapaTypHOro o(hOpMIICHNS;

— MEHee MPOJOJKUTENIBHBIA TEXHOJIOTMYECKUH UK M3TOTOBJICHHUS U, COOTBETCTBEHHO, MEHbBIIAs Ce-
6ecTOMMOCTh U TPYAOEMKOCTh IPOU3BO/ICTRA;

— OTHOCHTEJIFHO MEHBINasi OIIACHOCTh ITPOU3BOJICTBA 3@ CUET IIPOBEACHUS OCHOBHBIX TEXHOJIOTHUECKUX
omnepaiuii B BOOHOU cpene;

— OoJiee BhICOKAs HACKIMHAS UIOTHOCTD JIAKOBBIX MIOPOXOB, YTO 00ecreunBaeT OOJIbLIYIO Maccy 3apsijia;

— XOpoIast ChIITy4eCcTh JIAKOBBIX TIOPOXOB CIIOCOOCTBYET 00ECIEYEHNIO BBICOKOH TOYHOCTH 00BEMHOTO
JIO3UPOBAHUS NIPU CHApSKEHUHN ITaTPOHOB.

JucneprupoBaHue Jlaka HpH HCIIOIb30BAaHWM JIAKOBOM TEXHOJIOTHH MOKET OCYIIECTBISTHCS ABYMS
CIOCcO0aMM: C TIOMOIIBIO NEPEMENINBAIOIIETO YCTPOHCTBA (MEIIANKH) U SKCTPY3HUHU JIaKa Yepe3 MaTpUIHYIO pe-
MIETKY C Pe3KOoil moxydaeMoro npodus.

Ha ocHoBe BTOpOro Merozna Obula co3/1aHa yCTaHOBKA, MTO3BOJISIONIAS M3TOTaBIMBATh IIOPOXa IS TIIal-
KOCTBOJILHOTO OXOTHHYBET0 M KOPOTKOCTBOJBHOTO Opykus [3]. B HacTodIIee BpeMsl CTOUT 3ajjaya MOJTy4SHHS
Mopoxa ISl JUIMHHOCTBOJIFHOTO HAPE3HOTO OpyXHs. Takue mopoxa JOHKHBI UMETh 3aJaHHBIA pa3Mep U BBICO-
KYIO TJIOTHOCTb.

IIpu mpoBeneHNM IKCIEPUMEHTANBHBIX HCCIIEAOBAaHUN IpoIlecca MONydeHHs MOpoxXa yKa3aHHBIX Xa-
PaKTepPUCTHK JIAK TOTOBMIIM B 000TPEBAEMOM CMECHUTENE U3 YTIIN3UPYEMOT0 IIOpOoXa, NPeACTaBIIONEro coboit
Npe/IBapUTeIbHO NOAPOOIEHHBIH TPyOUaThlii MMPOKCUIIMHOBBINA TIopox Mapku 15/1tp BA. B kauecTtBe pactBo-
pUTENs UCTIONb30BANN dTHIIanierar. OTHOBPEMEHHO € MIPUTOTOBJICHUEM JIaKa B OT/AEIFHOM CMECHTEIE TOTOBHIH
JIMCTIEPCHOHHYIO cpeny. [ 3Toro B cMecHTeNb 3aJMBAIN BOAY W B HEH B 33JlaHHOM KOJIMUECTBE PAcTBOPSUIH
SMYJIBraTOPbl U HEOPTAHUUECKYIO COJIb.

[IpuroroBneHHbIE JaK ¥ AUCIIEPCHOHHYIO Cpeay MOAaBAIM B IPAHYJISIHOHHBINA OJIOK, I'/ie JIaK Ipo/aB-
JMBaIcs (IKCTPYIUPOBAIICS) Yepe3 MaTpHIly B UCIIEPCHOHHYIO cpeny. [Ipu npoaaBinBaHuy j1aka depe3 OTBep-
CTHS MaTPHILy OAHOBPEMEHHO MPOMCXOIIIIO €r0 CPe3aHne ¢ MOMOIIBIO PeXyIero ycTpoictra. O6pasyromuecs
YaCTUI(l BMECTE C JUCIIEPCHOHHOM Cpeloil BBIBOMWINCH M3 OJIOKa TPAaHYISAIUH W COOMpANCh B peakTope-
ucrnapurene. B peakrope-ucnapurene B pe3yiabTaTe HarpeBa MOIYYCHHOW AMYJIBCHH MPOMCXOIIIA OTTOHKA 3TH-
JlareraTa, COMPOBOXKIAIOIIASNCS MEPEX0I0M €ro M3 YacCTHIl JIaka B JUCTIEPCHOHHYIO cpexy. YacTHIbl j1aka OT-
BEpKJIAJIMCh U IPHOOpETATH ONPEIeIEHHYIO POopMYy.
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[oce OTrOHKM pacTBOPUTEIIS I'PaHyJIbl C TOMOLIBIO HEHTPUDYTU OTACISUIN OT TUCTIEPCHOHHOM CPEbl,
NPOMBIBAIM ¥ CYIIWIM. 3aTeM MOPOX HPOXoawsn oO0paboTKy B rpaduroBanbHOM OapabaHe, JOCYLIMBAICS JI0
KOH/IMIIMOHHOW BIIYKHOCTH B CYLIMJIKE C KHILILIMM CJIOE, a Jajiee HAIpaBiIICsA Ha KIACCU(PUKALUIO A OTIe-
JICHHSI TOBApHOH (hpaxium.

B Xozne skcriepUMEHTaNbHBIX HCCICIOBAHMN ONPEACIWIN BIMSHUE NapaMETPOB TEXHOJIOTHYECKOTO
npornecca Ha GopMy, pa3Mep H ITIOTHOCTh IPaHyJl.

Ha puc. 1 npuBeneHs! rpaduky 3aBUCEMOCTH pa3Mepa IpaHyJl, a TakKe MX INIOTHOCTH OT KOHIICHTpa-
MU JIaKa.
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Pucynox 1 — BausHue KOHIIEHTpaluy Jlaka Ha HaChIMHYIO INIOTHOCTH (1) u cpennuil pasmep rpany (2)
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Pucynok 2 — BansHue KOHIEHTpAIKH JIaka Ha JeHCTBUTENIBHYIO INIOTHOCTh TIOpPOXa

AHanu3 mpeICcTaBIeHHBIX 3aBUCHMOCTEH MMOKAa3bIBAET, YTO pa3Mep TPaHyll MPAKTHICCKH HE 3aBUCST OT
KOHIICHTpaIuu Jaka (puc. 1, kpuBas 1). YBenudenne koHIeHTparun 1aka ot 10 mo 25 % mpUBOAXT K yBeIHde-
Huto wiotHocTH (¢ 0,632 mo 0,705 F/CMB) (puc. 1, xpuBas 2). [Ipn 3HayeHnn koHueHTpauuu 28 % HacbIHas
IUIOTHOCTb IpaHyl pe3ko cHmxkaercs po 0,519 r/cM>, 4TO OBBACHSETCS HX HeperyJsipHoil Gpopmoii (cM. HHXKe
puc. 3B).

Ha puc. 3 nokaszansr MukpogoTorpaduu roTOBBIX TPaHyJI, MOMYYEHHBIX NMPU Pa3IHMYHBIX 3HAYECHUIX
KOHIICHTPAIIH JIaKa.

IIpu monmxeHHoi koHmeHTpanuu jaka (¢ = 10 %) oOpasyroTcst rpaHysbl, Oau3kHe K cepruiaeckon
dbopme, ¢ yBenmuenuem xonmeHtpamuu (¢ = 20 %) dopma rpaHys CTaHOBUTCS AuckoobOpasHoi. C yBenndeHue
KOHIIEHTpaInu Jiaka 10 28 % rpaHysbl UMEIOT HeperyisipHyto hopmy. Takoe nsmenenne Gopmsl TpaHysT MOKHO
OOBSICHUTH YCTIOBHAMH UX (opMupoBaHus. IIpn HU3KOH KOHIIEHTPAINH JIAK HAXOIUTCS B BA3KOTEKYYEM COCTO-
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SIHUM U CHJIBI IIOBEPXHOCTHOT'O HATSDKEHHS IPY 00pa30BaHMM YaCTHIL JIaKa MPEBAUPYIOT HaJl CHIAMH BHY TPEH-
HEro TPEHUS! ¥ WHEPUHMOHHBIMH CHJIAMU TIOTOKa JUCIICPCHOHHOW CpeJibl, YTO SIBJISIETCS NPHYMHON IapooOpas-
HOU (OPMBI TPaHYII.

Pucynok 3 — V3smMeHenue (hOpMbI FpaHyJl P Pa3IMIHBIX 3HAUEHHS KOHIICHTPAIIUH JIaKa:
a)c=10%;6)c=20%;B)c=28%

IIpy NOBBIIEHHON KOHUEHTPALUU JIaK MEPEXOJUT B INIACTUYHOE COCTOSIHHE, IPU KOTOPOM OIpeaens-
I0Illee 3HAYCHNE UMEIOT CHJIBI BHYTPEHHETO TPEHHS M SKCTPYAMPYEMBIH JIaK COXpaHseT MpoduiIb oTBepCcThs. B
pe3ysbTaTe cpe3aHus 3TOro MpodwiIs 00pa3yroTcsl TUCKOOOpa3Hble IpaHyibl. ToNIKMHA TaKUX TPaHYN 3aBHCHUT
OT COOTHOIIECHUS CKOPOCTEM BBIXOAA JaKa M3 OTBEPCTUS MATPHLBl M CKOPOCTH BpAlllEHHs HOXKA PEKYLIETO
ycrpoiicTBa. [Ipu onpeneneHHOM MX COOTHOIIEHHH MOTYT OBITh MOJYYEHBI IPaHyJIbl HWINHIPUIECKONH (HOPMBI.
IToBbImeHne KOHIEHTpAIK 10 28 % BA3KOCTh JlaKa YBEIMYHBAETCS, YTO 3aTPYIAHSIET €r0 IKCTPY3HUIO U PE3KY,
JIaK YaCTUYHO HaMa3bIBACTCA Ha PCUICTKY.

Ha puc. 4 npesncraBieHsl 3aBUCUMOCTH CPEIHET0 pa3Mepa IpaHysl U HACHITHOM IJIOTHOCTH OT JUaMET-
pa OTBEPCTHUI MaTpHULIbI.
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PucyHok 4 — BnusiHue quaMeTpa MaTpHLbl HA XapaKTePUCTUKH TOTOBBIX TPAaHYII:
1 — cpemnnuii pazmep rpanyn mpu ¢ = 20 %; 2 — cpenHmii pa3mep rpanyi mpu ¢ = 25 %;
3 — HachIHAs TWIOTHOCTH 1pH ¢ = 20 %; 4 — HackIMHAs MWIOTHOCTH 1pu ¢ = 28 %

W3 ananmsa mpeacTaBICHHBIX 3aBICHMOCTEH BUIHO, YTO C YBEIMYCHHEM AMaMEeTpa OTBEPCTHH MaTpH-
Il CPETHUN pa3Mep TpaHyJl pacTeT, MPUUeM €r0 3HAYeHHE HECKOJIbKO OOJbIlle MpH KOHIeHTpanuu Jaka 20 %
(puc. 4, xpuBas 1), yem npu 25 % (puc. 4, xpusas 2). HacsimmHast I0THOCTH MOPOXa, MOTYyYaeMOoTo U3 Jlaka KOH-
nerTpanuu 20 %, TakKe MOBBIIIACTCS C YBEIMYCHHUEM AHaMeTpa OTBEpPCTHi MaTpuisl (puc. 4, kpusas 3). UeT-
KO 3aBUCUMOCTH OTOW BEIMYWHBI TIPU KOHIEHTpanuu 28 % yCTaHOBUTH HE yIajoCh M3-3a 3HAUUTEIHHOTO pa3-
Opoca IKCIEePUMEHTAIBHBIX TaHHBIX, HO B IIEJIOM 3HAYCHHWE HACHIITHON IUIOTHOCTH HIKE, YeM B NPEIbIIYyIIeM
ciryqae (puc. 4, kpusas 4).
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®dopma rpanys Npu yBeIHMUCHUH JUaMeTpa oTBepcTus MaTpulsl oT 0,63mMM 1o 0,8 MM IpakTUYeCKU HE
U3MEHSETCs, TIPH Tlepexoe K AuaMeTpy orBepctus 1,0 MM TpaHyIIl HEMHOTO YIIIHHSIOTCS (pHC. 5).

DotB=0,8 MM Dots=1,0 Mmm

Pucynoxk 5 — MI3mMeHeHne hopMbl rpaHyll IPH Pa3IHIHBIX JHAMETPaxX OTBEPCTHS MaTPHIIBI

B pe3syibpTarte 9KCIIepUMEHTAIBHBIX UCCIICNOBAHUIT OBUIO YCTaHOBIICHO, YTO (hopMa IpaHyI U3MEHSICTCS
B 3aBUCHMOCTH OT pa3Mepa (ppakIiy MOIy4eHHOro mnopoxa. C MOMOIIbIO CUTOBOTO aHAIH3a ObLIO IPOBEACHO
pasJielieHre TOTOBBIX IpaHyll 1o GpakuusM, MUKpopoTorpaduu KOTOPHIX MPEACTaBICHBI Ha PHC. 6.
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Pucynok 6 — Biusiaue pasmepa Gppakiuuu Ha GopMy TpaHy

Haubosee ycTOMYUBYIO M IPABHIIbHYIO (JOPMY UMEIOT TPaHyJIbl B HHTEpBase pasmepoB ot 0,63 MM 10
0,315 mm. B ¢paxuuu ot 0,8 MM 10 0,63 MM B OCHOBHOM IIpeo0IaaroT Hepa3IeIuBIIHecs JUCKOOOpa3HbIE T'pa-
HyJBI 1 uX arigomepatsl. Opakmun 0,315-0,2 MM u 0,2—0,1 MM TpeACTaBISIIOT cOO0H OOIIOMKH TPaHyIl, BO BTO-
poit ppakuuu 6osee MeNkue, 4eM B EPBOM.

BBox Heopranndeckoi cosiit (CEpHOKHCIIOTO HATPHsI) CIOCOOCTBYET 00€3BOKHMBAHMIO TPaHyJ, a, COOT-
BETCTBEHHO, BJIMSET HA IUIOTHOCTH U pa3Mmep rpany (puc. 7). C yBeIn4eHHEeM KOHIEHTPAIUHU COJIU B JIUCIIEPCH-
OHHOM CpeJie 3TH XapaKTEePUCTHKU CHadaja pacTyT, JOCTHrash MAaKCHMAJIBHOTO 3HAYCHUS NPU MPUOIIKEHHH K
KOHIIEHTpaIuu conu 1 %, 3aTeM HauWHAET YMEHbIIAThCA. BiMsHUEe KOHIICHTPALUU CONM Ha (OpMy TpaHyd He
00HapyKEHO.
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Pucynok 7 — BausHUEe KOHIICHTPALUHU COJIM Ha CPEIHUN pa3Mep rpaHynl (Kpusas 1)
1 HACHIITHYIO IDIOTHOCTH (KpHBas 2)

HccnenoBaHus MOKa3anu, 4TO MOAYJIb 3MYJIbCUU (MaccOBOE COOTHOIIEHHE NUCHEPCHOHHON Cpeabl K
JIaKy) W TeMIleparypa AUCIEpCHOHHON Cpeibl MPaKTHUSCKU HE BIMAIOT Ha pasMep IpaHysl M Ha UX HACBHIIHYIO
IUIOTHOCTb.

Takum 00pa3oM, YCTAaHOBJIEHO, YTO OCHOBHOE BIMSHHE Ha XapaKTEPUCTUKU MOPOXOBBIX TPaHYI MpH
SKCTPY3HOHHOM CIOCOOE TpaHyJIMPOBaHMs OKAa3bIBA€T KOHIIGHTPALUS JaKa, JUAMETP OTBEpCTHS MAaTPHIBI U
KOHLICHTPAIMS COJIM B AUCTIEPCUOHHOH cperne. Bappupys 3TuMu nmapameTpaMu MOXKHO MOJTYYUTh TPAHYIBI C 3a-
JaHHBIMH XapakTepucTukamu. HanGonbinasi MIOTHOCTS TPaHyJl JOCTHIAETCS MPU KOHIEHTPAIMHU JIaKa PaBHOH
20 %, nnaMeTpoM OTBepCTHH MaTpHLbl 1,0 MM, KOHLIEHTPALMU COJIH B IUCIEPCUOHHON cpefie paBHOI 1 %.
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JOCJIJKEHHA TEXHOJIOTTYHOI'O MMPOIECY YTHJII3AILIT 3ACTAPLIIMX ITOPOXIB
JAKOBHUM CIIOCOBOM

[Ipencrasneni pe3yabTaTH AOCIIDKEHHS IPOLECY OTPUMAaHHS MOPOXY J0 CTpiIenbKoi 30poi. B sxocTi
CHPOBMHH BHKOPHCTOBYBAJINCH 3aCTapisii MOpoxa pi3HOro NMpU3HAYECHHS 3 yTWiIi30BaHuX Ooenpunacis. [Iporec
3aCHOBAHMH Ha JJAKOBOMY CHOCO01 IIPH PO3YMHEHHI YTHIII30BaHUX MMOPOXIB 1 TUCTIEPTyBaHHI OTPUMAHOTO JIaKy B
BOJHOMY CEPEIOBUIIN MUIAXOM EKCTPY3il uepe3 MaTpuuHy pennTKy. JlOCHiTKeHHSIMH BCTaHOBJICHUW BIUIHMB
KOHIIGHTpAIIi] JIaKy, JliaMeTpa OTBOPY MAaTPHIl i KOHIIEHTpAIii colli B TUCIEPCIHHOMY CepeloBHIIl Ha GopMmy,
PO3Mip Ta MIIBHICTE TPAHYII.
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