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AHHOTauus. BeegeHve. B yBennueHnr nponsBoACTBa 3()MPHOro macna 13 CemsH KopuvaHapa BakHas
PO/Ib OTBOAMNTCS CHKEHMHO KOCBEHHBIX MOTEPb OT AP06IEHUS, OCOBEHHO MpK YOOPKe 1 06paboTKe ypo-
Xas, TakK Kak cofiep>kaHue Apo6/EHOr0 1 MOBPEXAEHHONO CEMEHW CHUXKAeT MOCEBHbIE W MPOLOBO/Ib-
CTBEHHbIe KauecTBa 3PMPHOro mMacna u3 cemsH KopvaHapa. Lienb nccrnepgosaHus. TeopeTUyeckun ycTa-
HOBUTb 3aBUCUMOCTb MEXAY MPOYHOCTbIO CEMEHW, [LEeVCTBYIOLLMMU Ha HEro YCUIMSAMM U BO3HUKalO-
WYMK B HeM edpopmaLmMsaMm, YTo6bl BbIACHATL, KaKyt BENUUYMHY CUMIOBOrO BO3AENCTBUS MOXKHO CUM-
TaTb JONYCTUMOW A/ CeMsiH KopuaHapa. MeTofbl nccnefoBaHus. Bbinv npoBeaeHbl aKCnepyMeHTasb-
Hble 1ccnefoBaHNs Ha npubope - aHanm3aTop TekCTypbl CTpykTypomeTp CT-2. OH NO3BO/ISIET peanso-
BbIBaTb KaK MPOCTble, TaK M C/IOXHbIE MHOro3TanHble METOAMKM NS aHanm3a NpakTUYeckn 1roboro Bmaa
NPOAYKLMN B aBTOMATMYECKOM PEXUME, NPV 3TOM M0/1b30BaTe/lb UMEET BO3MOXHOCTb CaMOCTOATE 1b-
HOrO WX COCTaB/IEHWS, PETYNPYS KaK CKOPOCTb [ABWKEHWS MHAEHTOPa, TaK M CKOPOCTb Harpy>eHus
npogykra. X0j aHasm3a C NoCTPOeHMEM COOTBETCTBYHOLLMX IPauKoB 0TOBPAXKAETCA B PeXXKMe peasib-
HOr0 BPEMEHWN Ha MepCcoHa/IbHOM KOMMbLIHOTEPE, MPY 3TOM M0/1b30BaTE/lb MMEET BO3MOXHOCTb BCECTO-
POHHel 06paboTKM NOMyYaeMbIxX pe3ynbTaToB. PesynbTathl. MpyBeAeHa guarpaMmma CxaTus CEMeHN 1
yCTaHOB/IEHa paspyLuatoLlas gedopmanms, a Takke Harpysku, AeidcTBytowme Ha Hero. CemeHa Kopu-
aHfipa BCex COPTOB NPV HEKOTOPOM AONYLLUEHUN MPUHMMAIOTCA LLIAP00BpasHbIMU. 3HAYEHNS ChepuUHo-
CTW ANs pa3HbIX YPOBHE BNaXXHOCTU BapbmpoBanuck oT 0,820 ao 0,867 [1,2]. 3aBUCUMOCTb CUMbI yaapa
OT paspyLUatoLLIE CNOCOBHOCTY paboyero opraHa U3mMenbYMTens CyLeCTBEHHbIM 06pa3oM 3aBUCAT OT
MOAYNSA YMPYrocTv 1 Nno3BoSIAOT ONPeaensTb KPUTUYECKYHO CUY, Pa3pyLLAIOLLYO 3epHO Mpy CUI0BOM
KOHTaKTe. 3Has pa3pyLUaroLLyt0 Harpy3Ky 1 cOornocTas/as eé ¢ MOp(OoIoruein BHyTPEHHEro CTPOeHMS ce-
MAH KOpUaHApa, MOXHO MO3TarHO WM CENEeKTUBHO M3MeSbyaTb CEMEHHYHO Maccy, Bapbupys LOCTYN K
3MPOHOCHLIM 1 MaC/IEHNYHBLIM 061aCTAM, CENEKTVBHO BblAeNAs Hanbosee LeHHbIe Y TepMOabusibHble
3(hmMpoMac/IMYHbIe KOMMOHEHTbI CEMEHHOM MacChl KOpUaHApa, BbILENAs UX Ha NepBOM 3Tare npolecca
MOArOTOBKW K NU3BMIEYEHUIO U3 CEMSIH KOpPMaHApa 3TUX BELLECTB 3a CYET CeNIeKTUBHOW KpUOAe3nHTerpa-
LMN CeMEeHHOW Macchbl. 3akntoveHmre. Kak 6bino nokasaHo B paboTe [3], 3aBUCUMOCTb Aethopmauumn v
MaKCUMasIbHOrO AaB/IEHNS B NIOCKOCTM KOHTAKTa OT CU/Ibl CXXaTua CeMsAH Bblnia CMOLENMPOBaHa 3KCe-
PUMEHTA/IbHO Ha aHaNM3aTope TEKCTYPbI - CTPYKTypomeTpe CT-2, KOTOPbIV NO3BOAUAN MOAYYUTb YKC-
NEeHHble 3HayeHns KoagduumeHTa MyaccoHa 1 mogyns KOHra npu ynpyroi fedopmauymn ceMeHHOM
Maccbl KopyaHapa.

KntoueBble c10Ba: pacTUTENbHOE Chbipbe, CEMEHA, KOPUAHAP, AaBNEHUE, SPUPHbIE Mac/a, BbICOKOLLEH-
Hble KOMMOHEHTbI, MaTeMaTNYeCKe METOAbI, CTPYKTYPOMETP, CUa CxaTums, Teopus Mepua, MOAenvpo-
BaHWe npoLiecca
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Abstract. Introduction. In increasing the production of essential oil from coriander seeds, an important
role is given to reducing indirect losses from crushing, especially during harvesting and processing ofthe
crop, since the content of crushed and damaged seeds reduces the sowing and food qualities of essential
oil from coriander seeds. The goal ofthe research is to establish the relationship between the strength of
the seed, the forces acting on it and the deformations occurring in it in order to find out what value of
force action can be considered acceptable for coriander seeds. The Research methods. Experimental
studies were carried out on the Structurometer ST-2 texture analyzer. It allowed to implement both simple
and complex multi-stage methods for analyzing virtually any type of product in automatic mode, while
the user had the ability to independently compile them, adjusting both the speed of the indenter and the
speed of loading the product. The course of the analysis with the construction of corresponding graphs
was displayed in real time on a personal computer, while the user had the ability to comprehensively
process the results obtained. The Results. The diagram of seed compression has been given, and the
destructive deformation, as well as the loads acting on it, are established. Coriander seeds of all varieties
are assumed to be spherical. The sphericity values for different humidity levels vary from 0.820 to 0.867
[1, 2]. The dependence of the impact force on the destructive capacity of the grinder working element
significantly depends on the modulus of elasticity and allows determining the critical force that destroys
the grain during force contact. Knowing the destructive load and comparing it with the morphology of
the internal structure of coriander seeds, it is possible to grind the seed mass in stages and selectively,
varying access to the essential oil and oil-bearing areas, selectively isolating the most valuable and ther-
molabile essential oil components of the coriander seed mass, isolating them at the first stage of the
preparation process for extracting these substances from coriander seeds due to selective cryodesintegra-
tion of the seed mass. Conclusions. As shown in [3], the dependence of the deformation and maximum
pressure in the contact plane on the compression force ofthe seeds has been modeled experimentally on
a texture analyzer - Structurometer ST 2, which has made it possible to obtain numerical values of the
Poisson ratio and Young's modulus for elastic deformation of the coriander seed mass.

Keywords: plant materials, seeds, coriander, pressure, essential oils, high-value components, mathemat-
ical methods, structurometer, compression force, Hertz theory, process modeling
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BeegeHve. B yacTHOM ciyyae CONMKeHne  KOTOpPOe, C Y4YeTOM TOro, 4TO Marepuan WH-
(a) conpukacaroLMxca CHEPUYECKOro Tena  AeHTopa NpakTUYecku He gedopmupyeTcs no
(cema kopuaHapa) U NAOCKOCTU (MHAEHTOpa  CPaBHEHUID C MaTepuanomMm CeMeHU KOopu-
Ha aHanM3aTope TEKCTYpbl CTPYKTYpOMeTpe  aHApa, B [aHHOM c/iydyae MOXeT ObITb npej-
CT-2) nponopumMoHanbHO OTHOLWEHMK [4,5],  CTaBNEHO C/efytoLLeil pacyeTHON (HOPMYIIOiA:
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rae P - cuna cxatus nHgeHTopa aHanumsa-
TOpa TeKCTypbl cTpyktypometpa CT-2, H;
Rk- pagnyc cemeHun kopuaHgpa, M, a - c61u-
XeHue, M; V- KoapguuueHT lMyaccoHa ce-
MeHU KopuaHapa, m/m; E - mogynb ynpyro-
cTu KOHra CemMeHW KopuaHfpa npu cxatum,
Ma. Tak Kak conumxeHune (a) perucTpupyertcs
Ha CTPYKTYpOMeTpe W SABNAETCA W3BECTHON
BE/IMUYMHOMN, MOXEM BbIpa3nTb Yepes 3TOT Na-
pamMeTp MOAYAb ynpyroctn KO Hra ceMeHu Ko-
puaHapa npu cxatuu:
3-P-(v2- 1N

B 4 \[R~ai ' )
ST 3e.-W2) @)
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Y4yuTbiBasd, 4To ypasHeHue (1) nmeet faBa
KOpHS (2) OTHOCWUTENbHO MOAYNSA YNPYroctu
KO Hra cemeHu KopuaHgpa B ganbHelwem pac-
cMaTpuBaeTcsa KBafgpaTt 3TOro mapameTpa, yTo
No3BONAeT BblAeNNTb U3 BblpaxeHusa (2) no-
CTOAHHbIV NapameTp, CBA3aHHbIN C KO3ahdu-
umeHTOM lNyaccoHa CeMeHU KOpuaHapa:

9-P

E2= 1 6-RK-a3

sbv;rge bv = (v2- 1)2 (3)

N3 (3) cnepyet, 4TOo KBagpat mMoayns
ynpyroctu HKOHra nponopuuoHaneH napa-
meTtpy (bv) ana nw6oit Toukn Ha KpuBoii ae-
hopmaumum (&) u cunbl cxxatus (P) B nnocko-
CTW KOHTaKTa MHAeHTOpa CTPYKTypomeTpa u
CeMfAH KopuaHgpa. B atom cnyuae Hambonee
MHMPOpPMaTUBHbLIM BYyaeT rpaukK B KOOpAMHa-
Tax (9'P2/(16-Rka3) - a}, npsAMONMHelHbIN
yyacToOK KOoToporo 6yneT COOTBETCTBOBATH
ynpyroi gejopmanumn, npescrasnatoLiein co-
6oli koapduymeHT HaknoHa (bv) Touek gedop-
Mauuy ceMeHU KopuaHgpa.

OO6beKT 1 MeToAbl MccnefoBaHus. Moge-
NMpoOBaHWe npouecca U pexxmuMos paboTbl 3 -
(heKTUBHOW CeNeKTUBHON fe3nHTerpauum npu
N3MeNbYeHNU CEMAH KOpUaHpa OCYLLecTBANN
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Ha cTpykTypometpe CT 2, peructpupysa cuny
BO3/eNCTBMA UHAEHTOpa npubopa Ha Nog KO-
pnaHipa C OAHOBPEMEHHbLIM OMpefeneHnem
3HauyeHunii gedopmaumm () passaBiMBaeMoro
cemeHun. C yyeTOM 3TUX NapaMeTpoB U paguyca
cemMeHun kopuaHgpa (~1.5 MM) MOXHO npeano-
NOXWUTb, YTO NPU Nepexoge OT yNnpyron gedgop-
Mauuu K naactuyeckol 6ygeT MPOMCXOAUTH
packanbiBaHuWe nnofa Ha ABe MNONOBUHKKW. B
3TOM C/lyyae noc/ie packanbiBaHua nnoga Kopu-
aHApa Ha fABa MoNynnoLMKa BHYTPEHHUE au-
poBmecTuamMwa obHaxarTcs [6-9] uTo obner-
YyaeT JOCTYN K 3MpHOMY Macny KopuaHppa u,
CNnefoBaTeslbHO, 3PMPHOE MAC/IO U3 HUX CTaHO-
BUTCS NIerKo JAOCTYMHbIM ANA AanbHeliwero
npouecca ero CefleKTUBHOTO MW3BfeyeHusa. B
3TOM c/iyyae BaKHbIM BOMPOCOM perynuMposa-
HUA NpoLecca CeNeKTUBHOW Ae3nHTerpaLum 98-
NnAeTca BbIICHEHUWE BNVAHUA Ha XapakTep Ae-
(hopmaLun CEMEHWN ero BnarocogepxaHua. Ana
BbIAICHEHWNSA 3TOT0 MexaHn3Ma 6biin NPOoBefeHbI
OMNbITbl N0 AeOPMaLUOHHOMY BO3AENCTBUIO Ha
KopuaHgp coptaAHTapb Npu pa3fIM4HOM Bfiaro-
COoflepXaHuu CeMsH.

Kak BMAHO M3 npefcTaBfieHHbIX AaHHbIX
(tabn. 1) npouecca U3MESNIbYEHUA CEMEHMN KO-
puaHapa npu CXaTuy Ha CTPYKTypoMeTpe
CT 2, MOXHO BbIAE€NNTbL TPW 3Tana 3Toro npo-
uecca: L1 L2 L3 (puc. 1).

MpaHuuamm aTux 061acTeinl COOTBETCTBEH-
HO ABNAKOTCA 3HaYeHUs gedopmaynu (a), co-
OTBETCTBEHHO paBHble 684 MKM M 991 MKM.
Mpw 3a3ope, paBHoM Rk- 684 MkmM = 0.816 MM
MPOMCXOLUT pacKanbiBaHWe CEMEeHW Ha [Be
MONOBUHKK, 4YTO o6Gneryaet JOCTYN 3KcTpa-
reHTa K a(hMpHOMY Mac/y KopuaHapa, naup-
HOEe Macs0 U3 HUX CTaHOBUTCH NErkKo AOCTYynN-
HbIM AN AanbHelillero npouecca ero cefek-
TUBHOrO u3BneyeHusa. T[pu panbHeliwem
fehopMupoBaHum, HayunHas c 3a3opa
Rk- 991 mkm = 0.509 MM, npoucxoguT pac-
KanblBaHWe MNoaynaoAnKa, 4To MPUBOLUT K
paspylweHnto aupoBmecTUIMLLEA U Bblfene-
HUI0O XWPHOTO Macna, cojepxaleroca B ce-
MEHHOW mMacce KopuaHgpa, KOTOpOe CMellu-
BaeTCs C 60/nee LEHHbIM 3OUPHLIM MAc/ioOM.
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npu N3MesIbY4EHNN CEMAH KOopraHapa

Tabnuua 1. OKcnepuMeHTaNbHble faHHbIE NpoLecca N3MebYeHNS CEMEHN KOpuaHapa npu

CXaTuun Ha cTpykTypomeTpe CT 2 (paguyc cemeHn Rk~ 1.5 mm, Bnarocogep>kaHue 4.52 %)

Table 1. Experimental data on the process of grinding coriander seeds under compression on
the ST 2 structure meter (seed radius is Rk ~ 1.5 mm, moisture content is 4.52%)

Ne a P 9-P2/(16-Kk*a3) L: P Ls
1 175 1,94 264 264
2 418 5,58 160 160
3 701 6,38 44 44
4 946 5,83 15 15
5 1229 5,38 6 10
6 1474 8,57 9 10
7 1635 12,7 14 10
n/n MKM H MTMaz
300
250 %
200
150 N
100
50
w\s\ o
o]

200 400 600 800

0 90 2/(16"03)

1200 1400 1600 1800

L3

Puc. 1. ®a3bl gehopmanm Npyu cxxaTmm CEMeHN KopuaHapa Ha cTpyktypometpe CT 2 (pagunyc
ceMeHU Rk~ 1.5 mm, BnarocogepxaHue 4.52 %)
Fig. 1. Deformation phases during compression of coriander seed on the ST 2 structure meter
(seed radius is Rk~ 1.5 mm, moisture content is 4.52%)

Pe3ynbTaTbl MCCNefoBaHUsA N NX 06Cyx-
fgeHve. Kak BUAHO M3 NpefAcTaB/eHHbIX AaH-
HbIX (Tabn. 2) npouecca n3Me/ib4eHNs CeMeHN
KOpuaHapa npu CXaTun Ha CTPYKTYpOMETpe
CT 2 TaK e, Kak 1 B npebigyLiem cnydae,
MO>XHO BbIAeINTbL TPW 3Tana 3Toro npowecca:
L1, L2, Ls (puc. 2). I'paHuLamm aTux obnacrtei
COOTBETCTBEHHO ABNAOTCA 3HAYEHUA Aedop-
mauumn (a), KoTopble ANs [aHHOro Bfaroco-
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fepxaHua (8.10 %) nmeloT cnegyrowme rpa-
HULblI 3TUX o06nacTeil: COOTBETCTBEHHO paB-
Hble 409 MKM 1 1209 MKm. lMpun 3asope, pas-
HOM Rk- 409 mkm = 1.091 MM, Takxxe npouc-
XOAWT pacKasbiBaHWe CeMeHW Ha fBe Mono-
BUHKM, YTO 06neryaeT JOCTYN 3KCTpareHta K
3(MpHOMY Macny KopuaHgpa, n ampHoe mac-
N0 U3 HUX CTAHOBWUTCSA JIEFTKO LOCTYMHbIM /18
JanbHellero npouecca ero CeneKTUBHOIo
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n3BneyveHuns. Npu gancHeliwem geopMupoBa-  HbIM 3(UPHLIM MacnoM. Takum o06pasom,
HUW NPOUCXOANT packasbiBaHWe MONYNNOAMKE,  YBENUYeHWe BnarocogepxaHus c 4.52 % po
HaumHaa c 3asopa R - 1203 mkm = 0.297 mm;  8.10 % (npakTuvyecku B [Ba pasa) MpuBen K
NPOMUCXOAUT BbIAENIEHWE D>KUPHOrO Macnia,  CMeLLeHWUio 30H AucnepruposaHus (puc. 1, 2)
cofepxallerocs B CeMeHHOW Macce Kopu-  MHTepBana {0.816 mm, 0.509 mm} [o
aHfpa, KoTopoe cmewmnsaetca ¢ 6onee ueH-  {1.091 mm, 0.297 mm}.

Tabnuua 2. SKcnepuMeHTa/bHble faHHble npoLecca N3MenbyeHNs CEMeHN KopuaHapa npu

cXaTuun Ha cTpykTypomeTtpe CT 2 (paguyc cemeHn Rk~ 1.5 mm, Bnarocogep>kaHue 8.10 %)

Table 2. Experimental data on the process of grinding coriander seeds under compression on
the ST 2 structure meter (seed radius is Rk~ 1.5 mm, moisture content is 8.10%)

Ne a P 9P 2/(16RKaj) L1 L Ls
1 154 1,68 290 290
2 383 3,84 98 98
3 628 6,12 57 56
4 911 7,63 29 30
5 1194 4,83 5 4
6 1439 2,78 1 4
7 1683 2,52 1 4
8 1967 9,96 5 4
9 2050 12,8 7 4
n/n MKM H Mla2

300

250 X\
200

150

!N
\m . . olo

0 500 1000 1500 2000 2500

O 9-P2/(16-Rk-03) ~----- Ll k2 eeee L3

Puc. 2. ®a3bl gehopmanumm npu cxxatum ceMeHn KopuaHapa Ha cTpyktypometpe CT 2 (paguyc
ceMeHn Rk~ 1.5 mm, BnarocogepxaHue 8.10 %)
Fig. 2. Deformation phases during compression of coriander seed on the ST 2 structure meter
(seed radius is Rk~ 1.5 mm, moisture content is 8.10%)
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Kak nokasblBaeT NnpakTuka pexvuMoB nepe-
paboTKM CeMeHHOW Maccbl KopuaHapa [10], Bo3-
MO>XHO MOCTYMN/IeHNe 60nee BNaXHbIX CEMAH Ha
nepepaboTKy. B cBA3M C 3TUM (PaKTOM ObIN0 N3Y-
YEHO AUCreprupoBaHune CeMsH C BNarocojepxa-
Huem 10.08 % (Tabn. 3) n 11.89 % (tabn. 4).

B aTux cnyvaax Habnwogancs aHanoruny-
HbI Mpouecc AucneprupoBaHna B Cnepyto-
WMX WHTepBanax 30H JUCNeprupoBaHusd:
{1.091 mm, 0.042 mm} (puc. 3) n {0.877 mm,
0.301 mm} (puc. 4).

npu N3MesIbY4EHNN CEMAH KOopraHapa

AHanus3 nofyyeHHbIX AaHHbIX Mokasan,
4YTO MakCUManbHOe pasfnyve  Mexay
3a30pOM AWCMeprupoBaHnsd, Npu KOTOPOM
MPOUCXOAWUT packKa/iblBaHWE CEMEHU Ha
ABe MONOBUHKM C obecrneyeHnem focTtyna
K 3)MpOBMeCTUNLLY U 3a30pOM, KOTOpPbIN
obecrneymBaeT BbIXOf >KMPHOro Macna,
nexut B nutepsane o1 8 % po 10 % Bnaro-

cofepXaHnma CemMaH U CcOCTaBndAeT B
cpegHem 1.09 vm u 0.17 MM COOTBET-
CTBEHHO.

Tabnuua 3. OKcnepuMeHTaNbHble faHHbIe NpoLecca N3MebYeHNsA CEMEHN KOpuaHapa npu

cxxatum Ha ctpyktypometpe CT 2 (paguyc cemeHn Rk~ 1.5 mm, BnarocogepxxaHue 10.08 %)

Table 3. Experimental data on the process of grinding coriander seeds under compression on
the ST 2 structure meter (seed radius is Rk ~ 1.5 mm, moisture is content 10.08%)

No a P
1 171 2,83
2 409 4,17
6 1461 6,33
7 1705 7,89
8 1989 9,56
9 2152 12,9

n/n MKM H

700

600

500

400

300

200

100

1000

0 9-P2/(16-Rk-03) ——L1

9P 2(16RKa3) L1 L2 L

600,727 601

95,254 95 95
4,825 5
4,714 5
4,355 5
6,286 5
MMa2

2000 2500

Puc. 3. ®a3bl fedhopmaLum Npu cXXaTtum CeEMeHU KopuaHapa Ha cTpyktypometpe CT 2
(pagmyc cemeHn Rk~ 1.5 mm, BnarocogepxaHue 10.08 %)
Fig. 3. Deformation phases during compression of coriander seed on the ST 2 structure meter
(seed radius is Rk~ 1.5 mm, moisture content is 10.08%)
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Tabnuua 4. OKcnepuMeHTa/bHble fJaHHble NpoLecca U3MeIbYEHNSA CEMEHN KOpuaHapa npu
cXatuu Ha cTpykTypomeTpe CT 2 (paguyc cemeHn Rk~ 1.5 MM, Bnarocogep>kaHue 11.89 %)
Table 4. Experimental data on the process of grinding coriander seeds under compression on

the ST 2 structure meter (seed radius is Rk ~ 1.5 mm, moisture content is 11.89%)

Ne a P 9P2/(16"Kkaj) L: L> Ls
1 142 1,94 152 149
2 448 5,58 76 83
3 651 6,38 43 39 43
5 1220 5,38 3 3
6 1423 8,57 5 5
7 1709 12,7 4 5
n/n MKM H MMaz
300
250
200
150 “\
100 \\
\\ Q
50
\
0

600 800

0 9-P2/(16%03) -

Puc. 4. ®a3bl gehopmanmn npu cxxatum cCeEMeHN KopuaHapa Ha cTpykTypomeTtpe CT 2
(pagmyc cemeHn Rk ~ 1.5 mm, BnarocogepxaHue 11.89 %)
Fig. 4. Deformation phases during compression of coriander seed on the ST 2 structure meter
(seed radius is Rk ~ 1.5 mm, moisture content is 11.89%)

3akftoudeHune. B pesynbTtaTe NpoBeLeHHbIX
NCCNefoBaHNn yCTaHOBMEHO, 4TO [A1S OCYy-
LWecTBNeHNUA 3P(EeKTUBHOW CeNeKTUBHOW Ae3-
MHTErpaumMm npu un3MeslbYeHUM CEMSAH KOpu-
aHgpa Heob6X04MMO OCYLLECTBASATL Mpouecc
[e3nHTerpauuu B ABa atana. Ha nepsom artane
AncrneprupoBaHne OCYLLECTBAAETCA C 3a30pOM
N3MefbYaloLWMX 31EMEHTOB ~ 1.1 MM, 4TO 06ec-
neyvBaeT MPEMMYLLECTBEHHOE packKa/blBaHue
nnoga Ha fsa nonynjoguMka c [JOCTYMNOM K
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1200 1400 1600 1800

3a(MpHOMY Mac/y, a nocfie ero W3BNeYeHUs
[LOMNOJIHUTENbHOMY AUCNEPTrUPOBaHUIO  MONY-
nnoguka go pasmepa ~ 0.2 MM, 4YTO NMO3BO/AET
3 (heKTUBHO M3BNIEKATb XMPHOE Macso, u3be-
ras ero CMeLlnBaHus C yAaneHHbIM paHee Xnp-
HbIM Mac/ioM. [lONOJIHNTENIbHO YCTaHOBJIEHO,
4yTO Hambonee 3pheKTMBHO 3TOT MpoLEecC pea-
NM3yeTcs NpyY ONTUMaNbHOM B/1arocofepXKaHunu
CEMEHHOM MaccCbl, KOTOPOE NIeXUT B UHTEpBae
oT 8 % o 10 %.
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