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O6opynoBaHue n TexHOJ1Iorns
noJsiy4eHnss TOHKoO4MNCNepCHbIX MOPOLLKOB

n3 gpeBecHbIX OoTXo40sB

B Hacrosiiiee BpeMsi MHOTHE TTOJTMMEPHbIE MaTepUabl,
BBIIMYCKAeMbI€ MTPOMBILUIEHHOCThIO, UMEIOT B CBOEM COCTa-
BE <«YCWIMBAOUIME» TOHKOJAMUCIIEPCHBIE HAMOJIHUTEIHN,
yJIydllaoliKe 9KCIulyaTallMOHHbIE CBOMCTBA KOMITO3ULIUI,
OJIHOBPEMEHHO JieJiast uX 00Jiee SKOHOMUYHBIMU.

OnHUM U3 caMbIX PaclpOCTPAaHEHHbIX MaTEepPUaIoOB Op-
TaHUYECKOTO MPOUCXOXKIEHUS, UCIIOIb3yeMOT0 B KaUecTBe
TOHKOJIMCIIEPCHOTO HAIOJHUTENS TOJMMEPOB, SIBISETCS
JIpeBecHast MyKa. Beicokast IpouHOCTb Ha M3TUO U pacTsiKe-
HUE MPU MaJIOl CpeaHei TIJIOTHOCTU, HU3Kasl TeTIONPOBO/I -
HOCTb, BOJIOKHMCTasl CTPYKTypa 0OyCJIOBWIU €€ NMPUMEHEe-
HUE B IIPOM3BOICTBE U3/ICJIUIN U3 MOJUMPONUIICHA, TTOJTUBU-
HUJIXJopUAa, pe3uHbl U T. 1. CBOKCTBA MOJyYaeMbIX
KOMIIO3UTOB BO MHOTOM OMPEEISIOTCH XapaKTePUCTUKAMU
JIPEBECHOTO HATIOJIHUTEJS U MPEXE BCETO €ro rPaHyI0MET-
puueckuM coctaBoM. C yMeHbIIIEHHEM pa3Mepa YacTHIL
(TIp1 YCIOBUHU MX XOPOIIIETO MepeMelInBaHusl) (GU3nKo-Me-
XaHUYECKUE XapaKTEPUCTUKU HATIOJTHEHHBIX TMOJIUMEPOB,
Kak MpaBWiIo, YJIy4yllaloTcs, a MaKCUMalibHasl KOHLIEHTpa-
1IMsl HAIIOJIHUTENSI CMEIAEeTCs B CTOPOHY 0oJiee BBICOKUX
3HaueHui (mo 70—80%).

OnHako pelieHre TaKoi, Ka3ajJoch Obl, TPUBUAJIBLHOMN
3a/1auM, KaK TOHKWI TTOMOJI IpEBECUHBI, Ha JIeJIe COTIPSKeH
CO 3HAUUTEJbHBIM PACXOJOM SHEPruU, a caMo MPOU3BOI-
CTBO ITOPOLIKOB-HAMOJIHUTENEH OTIMYaeTCsl OOIbIION TPO-
MO3/KOCTBIO U METAJUIOEMKOCTBIO.

Jnsa mosiydeHus IpeBeCHOW MYKW TPaaUuLUOHHO HC-
MOJIb3YIOTCSI MOJIOTKOBBIE MEJIbHULIBI, 110 CYTH, SIBJISIIOLIIME-
csl MOAU(UIIMPOBAaHHBIMU IPOOUIIKAMU, CITOCOOHBIMU BbI-
JlaBaTh MOPOIIOK HY>XHOTO KauyecTBa TOJbKO B 3aMKHYTOM
LYKJIe TToMoJa ¢ OOJBIION LUPKYIsAueil «kpynku». [lo-
MBbITKA MCMOJb30BAaHUS /I MOMOJIa JPEBECHBIX OTXOJ0B
BUOPALIMOHHBIX MEJIbHULL, XOTS U MTO3BOJIVJIM MOJYyYUTh MO~
pollKU cooTBeTCTBYIOLIKME Mapke 100, omHaKo pacxo sHep-
rMyA okaszajicsl ouyeHb Beiuk, nopsiaka 1000—1200 kBr-yu/T
npoaykta. K Tomy xe, 00s13aTe/IbHbIM YCIOBUEM MPUMEHE-
HUS BUOPOMEJIBHULL SIBJISUIOCH MPEIBAPUTEBHOE TOHKOE
Npo0JIeHUE ChIPhS, a TAKXKE €ro CYIIKa 10 BJIaXKHOCTU He 00-

Puc. 1. imnennepHasa mensHnua «MUKPOKCEJIEMA»

HAy4HO-MeXHU4ecKUil U npou3e00CMEEeHHbLIL JCYPHAN

nee 4%, uTo elle OOJIbIIE YBEIMUMBAIO SHEPro3aTpaThl Ha
MOJy4yeHUe APEeBECHOM MyKU. DKCIIEPUMEHTbI C BO3IYXOCT-
PYIHHBIMU MEJIbHUILIAMM TAaKXe HE YBEHUYATUCh YCIEXOM B
TUIaHe MOBBIIIEHWSI TOHKOCTHU MTOMOJIa M CHUKEHMUS pacxoja
sHepruu. M3-3a mioxoii, o cpaBHEHUIO C IPUPOIHBIMU Ka-
MEHHBIMU MaTepHralaMi, U3MeJIbYaeMOCTH APEBECUHBI, OTU
arperarbl 0Ka3aJich He MPUCIOCOOIEHBI 15T TPOU3BOICTBA
TOHKMX Mapok 120 1 meHb1e [1].

OcHoBHast mpobJieMa MoJyYeHUsT IPeBECHON MyKHU C UC-
MOJIb30BAaHUEM MEJIbHUII, U3HAYAJIbHO CO3JIaHHBIX ISl pa-
0O0THl C XpYNKUMMM MaTepuaiaMy TOJUKPUCTALINYECKOTO
CTPOEHMS, CBSI3aHa C peaqnu3yeMOoil UMY MOJIEJIbIO U3MeTb-
yeHusl. MUHepaibHOe ChIpbe, KaK MPaBWIO, UMEeT Mpoy-
HOCTb Ipu cxkatuu B 8—10 pa3 6oJiblie yeM Ha u3rub u pac-
TSDKEHUE, TO €CTh ISl €r0 U3MeJbUeHUsT PallMOHAIBHO UC-
noyib3oBath yaap. M MoJIOTKOBbIE M BO3IYyXOCTpYHHBIE
MEJIBHUIIbI OTHOCSITCS K TUITY U3MEJIbUYUTEIbHOTO 000py/10-
BaHUS YIapHOTO NEHCTBUSI, BUOPAIIMOHHBIC METbHULIBI —
yaapHo-uctuparoiiero [2]. JIpeBecHble OTXOIbI, TaK1Ue KaK
OINUJIKH, CTPYKKA, I1IeTa U T. . — MaTepuasbl He XpyTKUe, a
HaMpoOTUB YIPYTrue, yaap no HUM He MPUBOAUT K UX pa3py-
IIEHU0, 3HAYUT, U3MEJIbUCHUE TaAKUX MaTepPUaIoB JOJKHO
MPOU3BOJUTHCS IPYTUMU CITOCOOAMU.

Hwuzkuii KITJI ncronb3yeMbIX B IIPOU3BOACTBE IPeBEC-
HOI MYKU MOJIOTKOBBIX MEJIbHUII CBSI3aH IJIABHBIM 00pa3oM
¢ Hemonxojsuieir Mojaenablo uaMeapueHus. LlapHupHbIE
yIapHbIe 2JeMEHThI CaMU Mo cebe He CITOCOOHBI Pa3pyIIUTh
YIpPYrue 4acTULbl APEBECUHBI, OHU JIMIIL COOOIIAIT UM
BUXPEBOI XapakTep JABUXKEHMS. bojee yeM CKpOMHBbIE pe-
3yJIbTAaThl U3MEJIbYCHUS TTOTYYaloT 3a CUeT 3aKpyIMBaHMS
MaTepuaoNnoToKa U CAMOMCTUPAHUS YaCTHUIL B 3TOM MOTO-
ke. Ho caMa KOHCTpPyKIIMSI MOJIOTKOBBIX MEJbHUIL BBUIY
0O0JIBIINX PabOYMX 3a30POB U MACCUBHOCTHU POTOpaA HE CIO-
COOCTBYeT YCUJICHUIO TTOJIOXUTEbHOTO 3(hheKTa B3auMHO-
ro U3MeJIbUEHUS YacTull. 115t KapIMHaTbHOTO YMEHbIIEHUST
pacxoja dHEpruu Ha IOJIydYeHHe TOHKOIMCIIEPCHOTO Ipe-
BECHOTO TIOPOIIIKa, TPeOyeTCs1 CO3MNaHue U3METbUNTETbHON
MalllMHbI PUHIMITUAIBHO MHOTO TUIA, OTJIMYHON OT MO-
JIOTKOBBIX, BAOPALIMOHHBIX U CTPYWHBIX MEJTbHUIL.

MarmHoctpoutenbHbiM ipenrpusitueMm «IT EXTTPUBOP»
paspabotana nmmnesuiepHas meabania «MUKPOKCEJTEMA»
(puc. 1), mpemqHa3HaAYeHHAST /11 TOHKOTO ITIOMOJIA CBIPhSI Opra-
HMYECKOTO TIPOUCXOXKICHMSI.

MenbHHUIIA OTHOCUTCS K TUIY M3MEJbYUTETbHOIO 000-
PYIOBaHMSI UCTUPAIOIIETO ACHUCTBUS, €€ pabourM OPraHOM
SIBJISIETCSI JIOMACTHOM poTop-umIesiep. OCHOBHOE ee OTJIN-
yre oT 000pY/I0BaHUS AHAJIOTUYHOTO Ha3HAYEHUSI, 3TO BO3-
MOXHOCTh ()OPMHMPOBAHUS B KaMepe TToMoJjia 30Hbl MHTEH-
CMBHOTO CaMOW3MEIbUYeHUsT TOPOMIATbHON (DOpMBI, TIe
BUXPEBOI XapaKTep ABUXKEHUST YaCTULL AOTOJTHSIETCS UX pa-
JIMATbHBIM MepeMENICHUEM B TUIOTHOM CJIO€.

OpurvuHajiibHasi KOHCTPYKIIMSI MMIIeJiepa U cTaTopa
MEJIBHUIIbI TIO3BOJISIIOT CO3/IaTh JIBE MPAKTUYECKU HE3aBU-
cuMble obJacTu u3MenbdeHus. [lepBas, ¢ yBeIUIeHHBIMU
pabouyrMu 3a30paMu s IIPeaoTBpalleHUS IT0JJOMOK pado-
YUX OPraHOB, CBSI3aHHBIX C MOMaAaHWEM B KaMepy romoJa
HeIpOOMMBIX BKJIIOUEHU, a BTOpasi, HAIPOTUB, C MAJILIMU
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Puc. 2. a - ncxogHnii mMaTtepuan — Onuikn, cy4bs, BETKU & 30 mm, anvHa po 20 mm; 6 — mMarepuan nocne n3MesibieHnsa Ha I/IMI'IeJ'IJ'IepHOI7I MenbHuLe

«MWUKPOKCENEMA»

3a3opaMu 111 3(pGEeKTUBHOTO IMOMOJIa U AUHAMUYECKOU
K1accubUKalMy YacTUll, COTJIACHO UX Pa3MepPOB.

OT cBoMX (DYHKIIMOHAJIbHBIX aHAJIOTOB MMIeJIIepHast
menbHua «MUKPOKCEJIEMA» oTnnyaeTcsi He TOJIBKO
MEHBIIIEH 3HEProeMKOCTbIO, BBICOKOW Pa3MOJIbLHOW MOIII-
HOCTbIO M KOMIIAaKTHBIMU TabapuTHbIMU pa3dmepamu. Ee oc-
HOBHOE TMPEUMYIIIECTBO — 3TO BOZMOXKHOCTb SKOHOMUYHOM
CYIIKH BJIQXHOTO ChIPbSI OMHOBPEMEHHO C €r0 U3MeTbUeHH -
eM. [Ipu 3TOM Teruio He MmomaeTcs B MEJIbHUILY U3BHE, OHO
TreHepupyeTcst BHYTpU KaMepbl TOMOJIa 32 CYeT MHTEHCHUBHO-
ro B3aMMOJIEHCTBUSI YACTUIl MaTepuaa WiM TaK Ha3blBae-
MOW «KMHETUYECKO CYLIKW». 3a OMUH «IIPOXO» Yepe3 Ka-
Mepy MOMOJIa BJIaXKHOCTh APEBECUHBI CHUXKAETCS B CPETHEM
Ha 20%, 4TO ITO3BOJISIET I0aBaTh HA TIOMOJI BJIaXKHOE ChIPBE.

Nmnennepuas menpHuia «MUKPOKCEJTEMA» pa6o-
TaeT caeaylolrM 00pa3oM: B 3arpy304HOii ropioBUHE O1O-
MaTepuall TOIXBAThIBACTCSl BO3AYIITHBIM TTIOTOKOM, 00pa3o-
BaHHBIM BpPAIIAIOUIAMCS POTOPOM-UMIICIIJIEPOM U yBJIeKa-
ercs B Kamepy nomoa. [lox meiicTBueM mpeoOsiagaromieii
LIEHTPOOEKHOM CUJTBI KPYITHBIE YACTUIIBI OTOpAchIBAETCS Ha
nepudepuio MOMOJIbHON KaMephl, Ie 00pa3yioT CIOi MH-
TEHCUBHOTO camousMesbueHusl. [1py 3ToM 4acTb MexaHU-
YeCcKOW 2Hepruu, cooOIaeMoil pOTOpYy-UMIMEIepy €ro
MPUBOJIOM, TIEPEXOUT B TEILJIO, 32 CYET KOTOPOTO U IMPOUC-
XOIWT BBICYIIIMBaHWE OMomarepuana.

Bpems npeObiBaHMS yacTUll B Kamepe Imomosa, AucIe-
PCHOCTb MOJYy4aeMOro MOpolIKa, a TAKXKe CTeNeHb ero Har-
peBa MOTYT U3MEHSATBCS B IIMPOKUX Mpeesiax 6e3 OCTaHOB-
K1 pabOThI METLHULIBL. [IJ151 9TUX 11eJ1eii CIIY>KUT BCTPOSHHOE
YCTPOMCTBO KJlacCU(UKAIIMU YACTUL COTJIACHO MX pa3Mme-
poB. M3MeHeHNe OCHOBHBIX ITapaMeTpoOB 00pabOTKU O1O-
Marepuajia OCYIIECTBJISIETCSI 10 CEAYIOIIeMY aJTOPUTMY:
00Jiee TOHKUI ITOMOJI — BBIIIIE HAarpeB, U HA00OPOT, TPYObIA
TOMOJI — MEHbIIIe HAarpeB.

Wcnbitanusa umnemnepHoin meabHUIbl «MUKPOKCE-
JIJEMA» noateepawin ee BbICOKYIO 3(h(PEKTUBHOCTh TpHU
TTOMOJI€ HETTOATOTOBJICHHBIX OMUJIOK XBOMHBIX W JINCTBEH-
HBIX TTIOPOJ APEBECUHBI €CTECTBEHHOM BIAXKHOCTH (puC. 2).

IToay4yeHHBII MOPOIIOK COCTOUT U3 YaCTUIL pa3MepamMmu
2—5 mukpoH (70%) u 7—10 mukpoH (30%) (ucciegoBaHus
MO0 M3YYEHUIO TI'PaHYJOMETPUU TTOPOIIKOB IMPOBOIMUINCH
T'ocynapcrBennsiMm HUW «Cunresdoenok»). I[1pousBomu-
TeJbHOCTh MeJIbHUIIBI cocTaBisier 100 kr/4. Pacxon sHep-
MU Ha TOJIyYeHUe OTHON TOHHBI TOHKOIMCIIEPCHOTO TMO-
pouika — 300 kBr.

Ha 6a3e meapanibl «MUKPOKCEJIEMA-JIM» paspa-
0OTaHa KOMITaKT-JIMHUS CYLIKU-U3MEJTbYCHUS ISl TIPOU3-
BOJICTBA TOHKOMCIIEPCHBIX APEBECHBIX MTOPOIIKOB (puc. 3).
Ee rexnnueckasa xapakTeprcTuKa IIpUBeaeHa B TaOIMIIE.

Takum 00pa3oM, 10 CpaBHEHUIO C U3BECTHBIMU BUAAMU
000pyIOBaHMSI TOHKOTO MOMOJIa APEBECUHbBI, UMIIeJIIepHast
meabHua «MUKPOKCEJIEMA» umeer B 2,5—3 pasa

Puc. 3. YctaHoBKa No Npov3BOACTBY TOHKOAMCMNEPCHBIX APEBECHBIX MO-
POLLKOB: 1 — NUTaTENb LWHEKOBLIN; 2 — nmnennepHas menbHuua «MNKPOK-
CENEMA»; 3 — umknoH n 6yHkep-Hakonutesb

MapameTpsbl BennunHbl
[abapuTHble pa3dmepsbl (LXBXH), mm 5000%x3000x4500
Macca, kr 1900
Hanpsxenune nutanusg, B 380
YcTaHOBIEHHAsA MOLLHOCTb, KBT 39
KpynHOCTb NnuTaHus He 6onee, MM 20
Mpon3BOANTENBHOCTL, M3/4 0,01-2
O6beM BoAbl, MPOXOASLLEN MO KOHTYPY 1-4
oxnaxaeHus, m3/y

MEHBIINI pacXoJ SHEPruu, Ha TOJyYeHUEe JAPEBECHON My-
KU, 4TO TIO3BOJISIET TOBOPUTH 00 YCTEIIHOW peaiusalu B
MaHHOM amIiapaTe ogHOI 13 Haubojee 3 GEKTUBHBIX MO-
neseit u3Meab4eHusT BOJTOKHUCTBIX MaTepUaioB — CaAMOMC-
TUpPaHKME YaCTUIl B BO3AYIITHOM MOTOKE.
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