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Ha npumepe nojbix CTeKIsHHbIX MHUKpochep mapku MC-BII-A9 rp.2 npousBeiaeHa OLEHKA BapWaTMBHOCTH pa3sMepoB,
MJIOTHOCTH M NPOYHOCTH MUKpoc(ep B Mpesenax OAHOH eIMHOBPEeMEHHO HapaboTaHHOW mapTuu. McciienosaHa 3aBUCHMOCTD
MJIOTHOCTH M MPOYHOCTH MOJbIX CTEKISAHHBIX MHKpocdep oT ux aAuamerpa. MccienosaHa KMHETHKA paspyLUCHHs MOJIBIX
CTEKJIAHHBIX MHUKPOC(Ep B MpoLecce UX Harpy»KeH!s T’HAPOCTaTHYECKUM J1aBICHHEM.
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Using the example of hollow glass microspheres of the MS-VP-A9 gr.2 type the variability of the size, density, and strength

of microspheres within a single batch was estimated. The dependence of the density and strength of hollow glass microspheres
on their diameter has been studied. The kinetics of destruction of hollow glass microspheres during their loading by hydrostatic

pressure is investigated.
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Bseoenue

M3 Bcero MHOroo6pasusi (PU3MYECKUX CBOMCTB MOJIBIX CTEKJISIHHBIX
mukpochep (ITCM) MOXKHO BbIIEIUTD JIBE ITIaBHbIE XapaKTEPHUCTHKH, HA
KOTOPbIE NPEXKE BCEr0 OPHEHTHPYIOTCS MOTPEOUTEIIH, ITO MPOYHOCTH
M TUIOTHOCTS. [IpHHATO cunTaTh, 4TO OCHOBHBIM MAPAMETPOM, OTpesie-
astowuM npounocts [CM, siBasieTcs UX MIIOTHOCTD, KOTOPasi, B CBOIO
oyepe/lb, ONPEACNAETCS OTHOCHTENLHOM TOJNIIMHON CTEHKH MHKPO-
chep (OTHOIIEHHEM TONIIMHBI K uameTpy) [1-4]. Yem Gosbiie oTHO-
cutenbHas TonumHa crenku [ICM, tem Gonbluee rugpocrarnyeckoe
JIaBJICHHE WM JIPYroe MeXaHM4eckoe Bo3JaeicTBHe TpeOyercs /uisi ed
paspyiuenus. OHAKO CYIIECTBYET €lie 0AnH (HaKTop, KOTOPBIi B 3Ha-
YUTEJILHOM CTENEHU ONPEJIEISET UX MPOYHOCTD, — 9TO BAPUATHBHOCTH
TOJILIMHbBI CTEHKH B MpE/eiax Kak10H OTAEIbHO B3STOH MUKPOCHEpSI.
Bonbas pasHotonmuHHOCTh cTeHoK [TCM npuBoauT K TOMY, 4TO MX
NPOYHOCTh OKa3bIBAETCS CYIIECTBEHHO HMxke oxkuaaemoii [S]. Tloa-
poOHOE paccMOTPEHME BIIMSIHUS (PAKTOpPA Pa3HOTOJIIMHHOCTH CTEHOK
[ICM Ha MX MPOYHOCTHBIE CBOMCTBA — ITO TEMa CJEYIOLIECH CTaTbH
HACTOSILIErO LMKJIA.

VYpOBEHb TEXHUYECKUX XapaKTEPUCTUK MOJbIX CTEKIJISIHHBIX MUKPO-
chep B peliaioiel crenenu onpepensiercss ux mopgonorueit [1, 3, 4,
6]. YuurbiBas CIOXKHbIE (PU3UKO-XMMHYECKHE MPOLECCHI, MPOUCXO-
jsume Bo Bpems popmoobpasoBanus [ICM, ux pasmepst (auamerp)
M TOJILIMHA CTEHOK BapbHPYIOTCS B BECbMa IIMPOKUX Tpeaesax Jaxe
B 00bEME O/IHOH €IMHOBPEMEHHO HApabOTAHHOW MapTHH W HE MOTYT
OBITH OIHO3HAYHO JI€TEpPMUHUPOBaHbI [6]. [ToaTOMyY TH MoKazarenu u,
COOTBETCTBEHHO, OCHOBHBIE MMOTPEOUTEILCKHE XapaKTEPUCTHKH (TLTOT-
HOCTb M IIPOYHOCTB) MUKPOC(HEP, ONPENIENAIOTCS TOJILKO 3aKOHAMHU pac-
npeneneHus ux BepostHoctei [4]. 1o 91Ol npuuMHe KOMIAHUK-TIPO-
uzBozutenu [ICM B conpoBOMTEILHO#M JIOKyMEHTAIWKM Ha CBOKO 11PO-

JIYKIMIO 3HAYEHUS] OCHOBHBIX TEXHHYECKMX XapaKTEPUCTHK YKasbl-
BAIOT, KaK MPAaBUJIO, C HEKOTOPBIM JIOIYCKOM BOKPYT ONpPE/IEJIEHHOrO
cpezHero 3Hadenus. Tak, HanpUMep, BETMYMHA JI0MTyCKa Ha 110Ka3arelib
MJIOTHOCTH BCEX LIECTHAALATH OCHOBHBIX MApOK MOJbIX CTEKJISHHBIX
mukpocdep or komnannu Trelleborg Offshore UK Ltd cocrapnser
npumepHo +10%. [TprumMepHO Takyto *e BapMaTHBHOCTD IJIOTHOCTH Ha
CBOIO TPO/YKIHNIO 3asiBJISIIOT BCE OCHOBHBIE MUPOBbIE MPOU3BOJAUTENH
IICM (Potters Industries LLC., 3M Company, AO «HIIO Crekio-
UIACTHK» U IP.).

Campie Oosbime npodiaeMbl 00bIYHO BO3HUKAIOT NIPU ONPE/ICIICHUN
HauboJiee BapMaTUBHOTO 110KA3aTeIs — NPOYHOCTH MOJIBIX CTEKIISHHBIX
mukpocdep. Tak, Hanpumep, B npeenax OJHOH KOHKPETHOM MapKH,
JlaKe B Mpejiesiax OJHOH eMHOBPEMEHHO HapabOTaHHOM napTvu Be-
JIMYMHA OTKJIOHEHMS TMOKa3aresis IUIOTHOCTH OTHOCHTEJILHO €€ Cpel-
Hero 3HauyeHus cocrasisger 00biuHO 10-20%, B TO BpeMsi Kak OTKJIO-
HEHHE MPOYHOCTHBIX Mokasareneit Moxer nocturarh 80% [4]. Ewme
GosIbIIE YCIOKHSAET MMPOBEJICHHE MCCIE0BAHMI TO, YTO JIO CHX MOp
HE ONTUMHM3MUPOBAH BbIOOP KPUTEPHs MPOYHOCTH MOJIbIX MHKpOCHED.
B Hacrosiee Bpemsi GOJIBIIMHCTBO MHPOBBIX TpousBoautesiei [ICM
[pU ONpPEICICHHH MPOYHOCTHBIX XAPAKTEPUCTHUK CBOEH IMPOLYKIMH
MCIIOJIb3YIOT METOJIMKY, OCHOBAHHYIO HA OMNPEIEICHHUM BEIMYHHBI
IHIPOCTATHYECKOTO JIABJICHHUS], IPH KOTOPOM ITPOUCXOIUT paspyIieHHe
10% mukpochep OT nepBoHaYAIbHON MACChl aHAIM3UPYEMOI HABECKH.
Opnnaxo norpeourensim [TCM uHTEpecHa TakKe ¥ KHHETHKA paspyliie-
HUs MUKpocdep, MOCKOIBKY 3Ta MH(DOpMAaLUs MPEeACTaBseT 60bIoH
MPaKTUYECKUI HHTEpEC.

B Hacrosieil crarbe MpUBEIACHBI PE3YJILTAThl OYEPEHOI0 LHMKIA
MCCJIC/IOBAHMH 110 M3YYEHHIO BIMSHUS MOP(OIOTHH MOIbIX CTEKISH-
HBIX MHKpOC(hEp Ha UX TEXHHYECKHME XapaKTEPUCTHKH U NPEANPUHATA
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TMOMNBITKA pa3o0parbCs B (U3MYECKOH NMPUPOJE ITHX B3aMMOCBS3EH.
Uccnenosana kuneruka paspyueHus [ICM 1 KoJM4eCTBEHHO OllEHEHa
CTENEHb BJIMSIHUA TCOMETPUHM TOJIBIX CTEKJISIHHBIX MUKpPOC(Ep MapkH
MC-BIIT A9 2 rp. Ha uX OCHOBHBIE TTIOTPEOUTENILCKHE CBONHCTRA.

OcHnoeénast yacme

UccnenoBanusmu, panee nposeaeHubiMd B AO «HITO Crexsornuia-
CTHK», OBUIO TI0KA3aHO, YTO CYLIECTBYET ONpE/CICHHas B3aUMOCBS3hb
MEXK/1y IUIOTHOCTBIO M MPOYHOCTBIO MOJIBIX CTEKJISIHHBIX MHKpochep
¥ ux pasmepamu [4]. Ha puc. | npuBeeHbl KpUBBIE BECOBOIO pacripe-
JICJIEHHS 110 Pa3MepaM 4eThIpex Mapok npombinuieHHbIX [ICM pasnnu-
Hoit miotHoctu ot AO «HITO Crexoruiactuky.
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Puc. 1. Kpusbie pacnpeneieHHs 1o JAHAMETPY MNOJBIX CTEKJISTHHBIX
Mukpochep pasiamunoii miornocta ot AO «HITO CrekaomiacTui»:
1 — MC-B 11 (0,18 r/em3); 2 — MC-B 2J1 (0,23 r/em3); 3 — MC-B p.3
(0,28 r/cm3); 4 — MC-B rp.5 (0, 39 r/em3).

Kak BHIHO M3 IPUBE/ICHHBIX JIAHHbIX, CPE/IHHUIA JHaMeTp MUKpochep
CHHXKAETCs 110 Mepe yBelIM4YeHHsl MX IUIoTHOocTH. B pabore [4] Obuio
MI0Ka3aHO, YTO C YBEJITHUCHHUEM CPE/IHEH TUIOTHOCTH IPOMCXOAMUT TAKKE
CHH)KEHME 3HAYEHUI MOJIbI M MEJIMaHbl KPUBBIX pacrpeznesneHus. Tak,
HalpUMeEp, pacdETHOE 3HAYCHUE MOJIbl Ha rpaHke BECOBOIO pacipese-
nenus (puc. 1) nerkux mukpocdep mapku MC-BIT 1JI (kpuas /) paBHo
50 mMkm, a y 6onee Tsokensix MC-BIT rp.5 (kpuBas 4) — 40 Mkm,

OueBH/IHO, YTO TOJIBIE CTEKJISHHBIE MUKpOC(ephI ¢ oJiee BBICOKO#
IUIOTHOCTBIO JOJKHBI UMETh U OOJIBIIYIO IIPOYHOCTH (puc.2a). B cBoio
o4epe/ib, YeM Bhilie npouHocTh [ICM, TeM MeHblle Cpe/THUit THaMeTp
MuKpocdep 2Toii Mapku (puc. 26).
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Puc. 2. Ipounocts (a) u auamerp (6) MOJILIX CTEKJISIHHBIX MHKpocdep
pasauuHoii miorHoctn ot AO «HIMO Creknomnacrux»: I — MC-BIT 1J1
(0,18 r/em3); 2 — MC-BII 2JI (0,23 r/em3); 3 — MC-BIT rp.3 (0,28 r/em3);
4 —-MC-BII rp.5 (0, 37 r/em3).

Takas 3aBucumocTts cpezuero auamerpa IICM OT MX IUIOTHOCTH, A
CJICJI0OBATEJILHO, U ITPOYHOCTH, XapaKTepHa JUis IPOYKLHH OT BCEX Be-
JIyIIIMX MUPOBBIX ITpousBoauTeeil. Tak, nanpumep, cpeaHuii inamerp
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nerkux mukpocdep or komnanuu 3M (CIIIA) mapku K15 (riotHocTh
— 0,15 r/em3, npounocts — 2,1 MIla) cocrapisieT 0koso 70 MKM, a iua-
meTp Gosnee Tskenbix 1 6osee npoutbix [ICM mapku K46 (ruiotHocTh
— 0,46 r/cm3, npounocts — 42 MIla) — 40 mxm [2]. B Tabauue 1 npej-
crasjieHbl Xapakrepuctuku [ICM rpynmel Q-Cel Grades pasnuunoii
nI0THOCTH OT Komnanuu Potters Industries LLC.

Tabauua 1. Xapakrepucrukn IICM rpynnst Q-Cel Grades pazamunoii
naoTHocTH o1 Komnauuu Potters Industries LLC.

Mapka ITnotHOCTD, [TpounocTs, Jlnamerp,
I1CM r/cm3 Mlla (e Gonee) Mkm™
6014 0,16 1,7 100
6019 0,21 3,4 80
7023S 0,26 5,2 80
6042S 0,49 13,8 60

* Kommnanus Potters Industries LLC yka3biBaeT HanbGobLiuii namMerp
mukpocdep, B KoTopoM Haxoautes 95% Becero obbema [ICM nanHO#M
mapku. Cpennuii juamerp MuKpocdep OOBIYHO COCTABISET OKOJIO
50% ot numeTpa cambix KpynHbix [ICM.

Takum oOpasom, miotHocTh npomsinuieHHbix [ICM  onpenenser
HE TOJILKO YPOBEHbL CPEIHEH NMPOYHOCTH MHUKpochep TOM WM MHOM
MapKu, HO M MX CpPeIHui anamerp. ECTECTBEHHO NMPEANnoNIoKUTh, YTO
110/100HbIEC B3aHMOCBS3U JIOJDKHBI HAOJIOAATHCS TAKXKE U B MPEesiax
OJIHOM KOHKPETHO#H MapKH MOJILIX CTEKISIHHBIX MUKpOChEp.

Jlnsi IpoBeJieHHst 3aIUIaHUPOBAHHBIX MCCIIE/IOBAHMI HA IPOMBILILICH-
Ho# ycranoBke AO «HITO Creknomnactik» Obuia HapaboTaHa napTust
TOJIBIX CTEKJITHHBIX MUKPOC(HEP € XapaKTePUCTHKAMH, COOTBETCTBYIO-
uimu TICM mapku MC-BIT A9 rp. 2. Jlist Becex 9KCHEPUMEHTAIbHBIX
MCCJIC/IOBAHMH, MPOBEAECHHBIX B paMKaX HACTOSIICH pabOThl, HCHOJb-
30BaJIMCh MUKPOCHEpPBI TOJILKO U3 ITOH EAHHOBPEMEHHO HapaboTaH-
HOM napruu. Ha puc. 3 npejcrasiena snekrporHas MUKpodoTorpapus
cilydyaiHOi BEIOOPKH 9THX MHKpochep.
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Puc. 3. Daexrponnasi MEKpodoTOrpadust MoJIbIX CTEKJISIHHBIX MHKpOchep
mapku MC-BIT A9 rp.2.

Jlaxke ©e3 moapoOHOro CTaTHCTMYECKOr0 aHajiu3a BHJIHO, YTO OC-
HOBHYI0 Maccy usrotopieHHbiX IICM cocraisiior Mukpocheps! 1a-
meTpom 30-60 MKkM. B 3TOM pasmepHOM /iMana3oHe HaXOJUTCs OKOJIO
60% ot Bcel Macchl aHaIM3Upyemoii BeIOOpKH. OjHako oOwmwii pas-
OGpoc MaMeTpoB MCXOJHBIX MHUKPOCHEpP ropasio MUpe ¥ COCTaBIIseT
or 10 1o 120 mxm. Ha puc. 4 npuenenst audpepeHnnanbHbie KpUBbie
pacrnipeiesieHuss MUKpocdep 3Toii Mapku 1o ux auamerpy. Mccnenosa-
HUSI IPOBO/IMJIMCH € MIOMOILBIO CUTOBOTO (KpuBast /) u Jia3epHOro (KpH-
Bas 2) aHAJIM3aTOPOB Pa3MEPOB MUKPOYACTHIL.

[TonoGHoe pacripesiesieHue NPOMBILIIEHHBIX MUKPOChEp M0 UX pas-
MepaM xapaktepHo Juisi Bcex Mapok [ICM or BceX OCHOBHBIX MHpPO-
BIX npouspoauteneii [8, 9]. Kak BuaHO M3 npuBeseHHBIX Ha puc. 4
JIaHHBIX, PE3YJILTAThl ONPE/ICJICHHs CPEJIHETro JIameTpa Mukpocdep ¢
MOMOIIBIO JIA3EPHOrO aHAIHM3aTopa (KOJIMYECTBEHHOE pacipe/Ie/IiCHHE)
MOTYT 3aMETHO OTJIMYAThCS OT PE3yJbTAaTOB 3aMEPOB, MPOBE/ICHHBIX C
MOMOIIBLIO CHTOBOIO 000py10BaHuUs (BecoBoe pacnpezeneHue). [pudn-
HBI 9TOr0 pasiauuusi OblIH NMOPoOHO paccmoTpensl B pabore [4]. U3
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NPUBE/ICHHBIX HA PUC. 4 JIAaHHBIX TAKXKE BHJIHO, YTO OCHOBHYIO Maccy
(oxoso 92%) ananusupyembix [1CM cocraBisiior Mukpochepb! pasme-
pom ot 10 j10 80 MKM.

o
o

N
w

N
o

B
[

iy
(=]

L\
N

12345678 9101112
[Ovametp, m10 -5

w

Cogepskanue dparumu, % Bec.
-
w

o

Puc. 4. Kpusbie pacnpe/iesieHusi N0JbIX CTEKJASIHHBIX MHKpochep Mapku
MC-BIT A9 rp.2: I — nocTpoeHHasi METOJOM CHTOBOIO aHA/IN32; 2 — NOCTPO-
€HHasl ¢ MOMOUIbIO JIA3EPHOI0 aHA/IH3aTOpa
HeoxuaanHbIM OKa3aics OTHOCHTENBLHO OObIION 00beM Kak B KO-
nuyecTBeHHOM (0k0s10 20%), Tak 1 B BecoBOM (0ko0J10 13%) n3mepeHnu
mukpochep manoro (Menee 20 MkM) Jramerpa. MUKPOCTPYKTYPHbIH
aHaJIu3 1oKasaj, 4To 9Ty PasMEpHYIO IPyIiy BO MHOIOM ONpE/Ie/IsioT
11J10X0 ¢(hOPMUPOBABILIMECS MUKPOCHEPDI, UMEIOLIHE, KaK IPABUIIO, He-
Goab1I0# nameTp, ockoiiku Gosnee kpynHbix [ICM, paspyuimBuinxcs B
NPOLIECCE CHTOBAHMS, @ TAKIKE PA3JINUHbIC HHOPO/IHBIC BKIIKOYEHMSI.
Y4uTbIBas OTHOCHTENILHO BBICOKOE COJIEpIKaHUE MHUKpOC(hEp Maioro
JIMaMETpa, a TaKkkKe APYrMX MUKpOYacTHll pasmMepoM menee 20 MkM,
MOXHO TPE/NONI0KNTE, YTO BJIMSIHUE JTOW PasMEpHOI Ipymnrbl Ha
MJIOTHOCTB ¥ MPOYHOCTL UCXoAHBIX [TCM cpaBuuTenbHO Besinko. s
MPOBEPKH ITOTO MPEANOIOKEHUS METOJIOM CHTOBAHHUS OT OCHOBHOI
Macchl HCX0IHbIX MUKpochep mapku MC-BII-A9 rp.2 Gbuiu oT/e/ieHbI
IICM u apyrue MukpodacTuibl pasMepom menee 20 mkM. Ha puc. 5
NpUBE/ICHA KPHBas Pa3sMEPHOrO pacrpeie/ieH|ss MUKpochep aname-
Tpom Gonee 20 mMkm. Jlis cpaBHEHHMS TaM Ke MPUBEICHA KPUBas pac-
npeaeieHus UCXOHbIX, He cesHbix [ICM.
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Pue. 5. Kpusbie BecoBOro pacnpejejennsi o pasmMepam MoJibIX CTEKJIsIH-

HbIX Mukpochep mapku MC-BIT A9 rp.2: 7 — ucxoanbie MHKpocdepbi;
2 — cestuble MUKpoOcdephl AnameTpom Gostee 20 MKMm.
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Puc. 6. I'ucrorpamma BecoBoro pacnpeaeienusi uexoaubix [ICM mapku
MC-BIT A9 rp. 2.

M3 npeacTaBieHHBIX JAHHBIX BHIHO, YTO B pe3yJbTare yaJeHHs
mukpochep pasmepom Mmenee 20 MKM MPOM30LIIO CMEIICHHE KPHBOW
pacripe/ieJieHus B CTOPOHY OOJIbIIMX AWaMeTpoB. B To e Bpems npod-
HOCTb MUKpPOCHEp, OCTABIIMXCS NOC/IE CHTOBAHHUS, CHU3MJIACH 10 CPaB-

HeHuto ¢ uexobivu [ICM (Taba. 2). O1Hako 9TO CHUKEHUE HE NPUBE-
J10 K 3aMETHOMY YMEHBIIICHHIO YJ/IEJIbHBIX TPOYHOCTHBIX XapaKTEPUCTUK
MHKpOchEep, IMOCKOJIBKY MPOM30LLIO MOUTH MPOHOPIMOHATLHOE CHHXKE-
HHUE KaK MIIOTHOCTH (Ha 7%), Tak U NPOYHOCTH MUKpochep (Ha 6%).

Puc. 7. Onruueckne MukpodororpadHu nojbiX CTEKJASHHbIX MHKpocdep
mapku MC-BIT A9 rp.2: a — ucxoaunbie [ICM; 6 — TICM pasmepom 2040 miwm;
B — [ICM pasmepom 60-80 mxm.

Jlus Gosiee JA€TaJLHOMO MCCIICIOBAHUS BIMSHHUS MOPQOJIOTHU T0-
JIBIX CTEKJISSHHBIX MHKpPOC(Ep Ha MX TEXHHUYECKME XapaKTEPUCTHKH
ucxoaubie [ICM mapkn MC-BIT A9 rp.2 METOOM CHTOBaHMsi pa3-
jensauch Ha Gojiee y3kue pasMepHbie rpynnbl. Ilpy nmomomm curo-
Boro ananusaropa mukpouactuiy, HOSOKAWA €200LD ucxonnbie
Mukpochepsl OblIM pasaenenbl Ha ABeHaauarh Gppaxiuii (rpyni) ¢ 6o-
nee y3kum (10 MKM) pasmepHbIM auanazoHoMm. Ha puc. 6 npusenena
IHCTOrpaMMa BECOBOTO PACTIPE/IEICHUS TUX Pa3MEPHbIX IPYTIIL.

B kauecTBe BH3yalbHOTO IMPHUMEPA BO3MOKHOCTEH CHTOBOIO pasje-
JIeHHUs Ha PUC. 7 TIPUBE/ICHbI ONTHYECKHE MUKPO(OTOrpahuu HCXOAHBIX
T1CM, a Takxke u300paXkeHHst JIBYX Pa3MEPHBIX IPYII 3 THX MUKpochep ¢
pasmaxom B 20 MukpoH. Kak BUIHO, METO/I CHTOBaHHSI MO3BOJISET J10CTa-
TOYHO TOYHO PACTIPENIETATH HCXOHBIE MOJIbIE CTEKJISHHBIE MUKPOCHEPBI
10 pasmepam.
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Ta6auna 2. [okasarenu miaoTHocTH H npouHocTH Aast [ICM pasubix aua-
METpOB.

[Toxazarenu I1CM ucxonnsie | [TCM 6onee 20 Mkm
[TnorHOCTS, T/CM3 0,241 0,224
IIpounocts, MIla 6,35 6,0

YiienbHas IpOYHOCTh, CM 263485 267857

JUis BCeX pasMEepHBIX TPy aHAIM3UPYEeMbIX MHKpocdep Obuin
OIIpeJIEICHbl TIOTHOCTh M NPOYHOCTb. Pe3ynbrarsl 3THX M3MEPEHHMi
B BHJIe rpaduyueckoil 3aBUCHMOCTH ITHX IOKa3aTelel OT Juamerpa
[1CM npencrasiiensl Ha puc. 8. Y3 npeicTaBIeHHbIX JaHHBIX BUJIHO,
YTO IUIOTHOCTH M HPOYHOCTh MHMKPOC(HEp YBEIMUMBAIOTCA 110 MEpE
YMEHBIICHHS] CPEIHETO JIHaMeTpa pasMepHoit rpymsl. [Ipu oTom cko-
poctb (rpajguenT) usMenenus npounoct [ICM ropaszio Beiie CKOpo-
CTH U3MEHEHUS UX TUIOTHOCTH. Tak, HarlpuMep, IPOYHOCTH MUKpOchEp
JramMeTpoM okosio 30 MM B 4,2 pasa Bbilie, ueM rpouHocts [ICM stoii
e Mapku uamerpom 90 MKM, B TO BpeMsi Kak IUIOTHOCTh MUKpOCchep
9TUX Pa3MEPHBIX TPYII PA3HUTCS TOJIBKO B 1,5 pasa.
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Puc. 8. U3menenne npounoctu (kpuBasi 1) 1 miiornocty (kpusas 2) [ICM
mapku MC-BII A9 rp.2 B 3aBHCHMOCTH OT HX IHaMeTpa.

Jlist Toro, 4yToOBl OJHO3HAYHO TAPAHTHPOBATH MOTPEOUTENSAM JI0-
CTH)KCHHE 3asBJICHHBIX MPOYHOCTHBIX XapaKTEPUCTHUK, (pakruyeckas
MPOYHOCTH TOJIBIX CTEKJISIHHBIX MHKpPOC(Ep OT BEAYLIMX MHPOBBIX
MIPOM3BOANTENEH, KaK MTPAaBHIIO0, HECKOJIBLKO BhILIE, YKa3aHHOM B TEXHHU-
YeCKHMX YCIOBHsIX Ha janHyro mMapky [ICM. Tak, Hanpumep, ypoBeHb
HPOYHOCTH, 3asBICHHBIA B TEXHHYECKUX YCIOBHSIX UIi MHKpocdep
mapkn MC-BIT A9 rp. 2 ot AO «HITO CrekyomiacTik», COCTaBIseT
5 MIla, B T0 Bpems kak 3aMepeHHast ((pakTuuecKas) BeIMYnHa TH/Ipo-
CTAaTUYECKOTO JIaBJICHUsI, BbI3BaBiIero paspymenue 10% >Tux Mukpoc-
(ep cocrasnser okono 6,4 Mlla (tabnuna 2).

Ha puc. 9 npuBenens! pe3ynsTrarbl HCCIEI0BaHUS KMHETHKH paspy-
HIEHUS] MUKpOC(Ep B 3aBUCHMOCTH OT BEIMYMHBI JIEHCTBYIOIIETO '~
JIPOCTATUYECKOIO [AABJICHHUSI.
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Puc. 9. 3aBHCHMOCTb OTHOCHTEILHOIO BECOBOT0 KOJIHYECTBA PA3PYIIEHHbIX
mukpochep MC-BIT A9 rp.2 o1 BeJJHUHHBI THIAPOCTATHYECKOTO AaBJICHHSI
(‘+"—3Ha‘-leHHﬂ, COOTBETCTBYIOLIHE 3a5IBJICHHBIM TEXHHYECKHM XapaKTe-
pucTukam uexoanbix [ICM).

W3 mpencraBieHHBIX JI@HHBIX BH/HO, YTO HauOOIEE WHTEHCHB-
HOE paspyleHue Mukpocdep HauuHaeTcs rpu jaasiaeHuu 6—7 Mlla.
[Ipu 5TOM ypOBHE HarpyKeHMsi OKa3blBAIOTCS pa3pyLICHHBIMH OKOJIO
10-12% ot of1eii Macchl aHAIM3UPYEMBIX MUKPOCHED, YTO COOTBET-
CTBYET OINPE/ICNICHHOM 10 CTaHIaPTHBIM METOANKAM 3asiBICHHOM (ak-
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THYecKoi npounoctu (6,4 MIla) ucxonnsix [1ICM s1oii mapku. Ilpu
JTalIbHEMIIIEM POCTE JIaBICHUS WHTEHCHBHOCTBH PA3pyLICHUS MHKPO-
chep pe3ko Bo3pacraert, v nipu aasienuu 25 Mlla okasbiBaroTcs paspy-
meHHbIMH Oosiee 80% [1ICM.

Ecau nocne nepBoro cranapTHOTO MCHBITaHUS TPOBECTH BTOPHY-
HOE Harpy)keHHe ocTaBUIMXCs HenbMu Mukpochep mapkn MC-BIT A9
rp.2, TO OKaXKETCsl, YTO UX MPOYHOCTH, ONPE/IEIEHHAs 110 O0IIEnpHHS-
TOW METOJIMKE, cOCTaBHT yke okoiio 8 MIla (puc. 9). Takum obpasom,
Harpy»ast MUKpoc(eps! r'uIpoCTaTUUECKUM JIaBICHUEM J10 OTIPE/IEIIEH-
HOTO YPOBHS M YaJisis 3aTeM METOZ0M (IIOTALMK OCKOJIKM paspylieH-
HbIX [ICM MOXKHO CyIecTBEHHO MOBLICUTH MPOYHOCTHBIE XapaKTepH-
CTUKH MUKpPOChEp, OCTaBIINXCS HEpa3pylleHHbIMHU. EcTecTBeHHO, 4TO
NPH TakoM criocobe 0Thopa 3HaUMTENBbHAS YaCTh MUKPOC(HED TEPSIETC.
Tem He MeHee, 3TOT NIPUEM MHOTUE KOMNaHuu-tnpoussoaurenn [1CM
UCTIONB3YIOT JUISl TIOJIy4€HHSI 0CO00 MPOYHBIX MOJBIX CTEKJISTHHBIX
MHKpochep.

ITpu co3nanuu KOHCTPYKIIMOHHBIX CHHTAKTOBBIX KOMITO3UTOB HM3-
KO# rioTHocTH Ha ocHoBe [ICM BaxkHO HE TONBLKO abCOIIOTHOE 3Ha-
YEHHE MTPOYHOCTH UCXOIHBIX MUKpPOC(HEp, HO M YPOBEHb UX YAEIbHOM
IPOYHOCTH, XapakTepusytolieics otHomenueM npounocti [ICM k nx
wioTHOCTH. [109TOMY 1pH MCIIONIB30BAaHWKM OMMCAHHOTO BBILIE METO/IA
orOpakoBku IICM HU3KOM NPOYHOCTH HEOOXOAMMO TAKKE KOHTPOIIH-
poBaTh U YPOBEHb OTHOCHUTEIBLHON MPOYHOCTH HEPA3PYLICHHBIX MH-
kpochep. Kak yxe ormeuanocs Beiiie (puc. 8), rpaJIMCHT U3MEHEHHS
npounoctu IICM, ocraromuxcsi 1nocjie HarpysKeHusi, Topasao BbIlIE
CKOPOCTH M3MEHEHHMSI MX TIOTHOCTH. Clie/10BaTENBHO, [0 MEPE 1109Tarl-
HOTO yBEJIMUCHUS JABJICHUS M Pa3pylleHHs] MEHEe IPOUHBIX MHUKPOC-
(bep yznenbHas npoyHocTh ocraroumxes [ICM 1o/mKkHa yBETHYUBATHCS
(puc. 10).
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Puc. 10. U3menenune yl1eabHON NPOYHOCTH MHKpocdep, OCTABHIHXCS He
Pa3pylIeHHBIMH, B 3aBHCHMOCTH OT BEJIHYHHbBI THAPOCTATHYECKOIO 1aBJIe-
HHS (+— 3HAYEHHS!, COOTBETCTBYIOIIHE HCXOAHBIM MHKpoOchepam).

OueBHIHO, YTO 110 MEpPE POCTA JIABJICHUSI HAYMHAIOT Pa3pyLIaThCest
HaUMEHee MPOYHBIE MHUKpOc(epbl OOJbIIOr0 JUamMerpa, a CpeaHHMi
qmamerp IICM, ocraromuxcst nensimu, ymensinaercs (puc. 11). Tak,
HanpuMep, yAEIbHYIO PoYHOCTL Mukpochep mapku MC-BIT A9 rp.
MOYKHO MOBBICUTS B 1,8 pasa, oHaxo npu 9Tom OyaeT norepsino (otopa-
KOBaHO) mpuMepHo 65% ot ucxonHoit macest [ICM (puc. 9), a cpeiauit
JIMaMeTp ocTaBImuxcst Mmukpocdep cocraBut menee 20 Mxm (puc. 11).
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Puc. 11. 3aBucumocts yneabHoii npounocrun [ICM B 3aBHCHMOCTH OT HX
nuamerpa ( + — 3HAYEHHS], COOTBETCTBYIOLIHE HCXOAHBIM MHKpOchepam).
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3akniouenue

[110THOCTL M MPOYHOCTHL MPOMBIIUICHHBIX TOJbBIX CTEKJISHHBIX MH-
Kpocdep yBEJIMUMBAIOTCA 110 Mepe yMeHblIeHHsi ux juamerpa. [lo-
CKOJIbKY CKOPOCTb (rpajMeHT) uameHenus npounoctu [1CM ropasio
BBIIIE CKOPOCTH M3MEHEHMS UX MJIOTHOCTH, Y/IEJIbHASI IPOYHOCTH MH-
kpocdep mMasoro anamerpa Bbiue, dem y [ICM Gosbiioro auamerpa.
Takum oOpasoMm, yaanss METOJOM CHTOBaHMS OINPEICICHHYIO 4YacTh
MHKpochep 00JBIIOro MaMeTpa, MOKHO MOBBILIATHL YICIbHYIO MPOY-
HocTh octaBiuxcs [ICM.

Harpyxas Mukpocgepbl ruIpoCTaTHueCKUM JIaBJICHHEM JI0 Ofpejie-
JICHHOTO YPOBHS W yJajiss 3aT€M METO/IOM (IOTAlMK OCKOJIKH paspy-
weHHbIX [ICM, MOXKHO CyIIECTBEHHO MOBBICHTb Kak abCONIOTHBIC, TaK
1 Y/I€/IbHBIE IPOYHOCTHBIE XaPAKTEPUCTHKH OCTABLIMXCS HEPA3pyILICH-
HbIMH MHKpOCc(ep. O1HaKO, yUUTBIBAsH TPYAOEMKOCTDb 9TOM ONEpaliuu 1
6osbime norepu [ICM, ctoumMocTb, 0TOOpAHHBIX TaKUM 00pPa3OM Bbi-
COKOIPOYHbIX MHKPOC(HEDP, CTAHOBUTCS BECbMA BBICOKO#. OIHAKO 11pH
M3rOTOBJIEHHH 0CO00 OTBETCTBEHHBIX M3/ENIHIA Ta MPOLEypa MOKET
ObITh BIOJIHE ONPABIAHHOM.
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