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The method of disruption the microorganism cells in bead mills
is used to disrupt the cells of mycelial fungi, yeasts and certain types
of unicellular algae, with the aim of further extracting a wide range of
valuable components from the liquid or solid phase of cells — prote-
ins, polysaccharides, lipids, enzymes, biodegradable polymers, amino
acids, vitamins and other substances with therapeutic properties.

The bead mill consists of the following main parts: working
chamber; working elements; working bodies (beads); bead separa-
tor; cooling jacket of the working chamber; suspension circulation
system; suspension cooling system; drive of working elements; dri-
ve of the bead separator; frame; fixing device of the working cham-
ber.

The orientation of the working chamber — vertical, horizontal
and conical affects its functionality and slightly affects productivity.

The working elements of bead mills are discs, fingers or tur-
bines. Disc working elements can have a flat surface or grooves
(gaps) — blind and through, straight and complex, usually spiral-
shaped. The main purpose of the grooves is to create intensive cir-
culation of beads in the working chamber of the mill. The rotational
speed of the working elements of the bead mill is usually 1000—
2500 rpm.

The diameter of beads for disruption of the microbial cells is
usually 0.4—0.6 mm; the turbine-type working elements allows the
use of a smaller bead size. The slot, cartridge and centrifugal separa-
tors can be used for separation the processed suspension of micro-
organisms from the beads. Most often, a combination of a cartridge
and centrifugal separator is used.

The proposed classification of bead mills and its elements can be
used in educational literature, as well as when choosing conditions
and modes of destruction of microbial cells and intensification of the
process.
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Oen1510 oxonnoe aHani3 npodykmig MiKpoOHO20 CUHME3Y, MEXHOIo2i OMPUMAaHHST SKUX
BKIIIOYaE MexaHidHe pyUHYy8aHHS KITimUH; Criocobu i pexxumu pyUHy8aHHSI KIimUH MIKpo-
opeaHismie y biCepHUX MnuHax; y3az2anbHeHi MawuHHO-arnapamypHi cxeMu obpobreHHs
cycneHsill MikpoopeaHiamie, siKi nepedbadyaroms pyUHy8aHHS IX KMiMuH Ha rpuknadi eu-
pobHuUUmea bema-arnrokaHy, iHCyniHy ma rpodyKmie KOMIIeKCHO20 nepepobrieHHs OOHO-
KrimuHHUX eodopocmell; aHarsli3 CmpyKmypu ma KoHCmpyKuyit 6icepHUX MIIUHIg, ix pobo-
qux Kamep, pobouux opeaHie i poboyux min (bicepy) ma cenapamopig Onsi 8i00ineHHs Cy-
crieH3sii 8id bicepy.

Knro4oei crnoea: pyliHysaHHs, HaOMOHKe MoOPIBHEHHS, KiTimuHa, bicepHUl MIIUH, MalUH-
HO-anapamypHa cxema, MiKpObHUL CUHME3.

Beryn. bakrepii, apixkmKi, rprby Ta OTHOKITITHHHI BOJOPOCTI MIPOILYKYIOTH OLITKH, KH-
pH, ToTTicaxapuan Ta Pi3HOMaHITHI 0i0JIOTIYHOTO aKTHUBHI CIIONYKH, 30KpEMa i3 TepareB-
TUYHHAMH BIIACTHBOCTSMH, SIKi CKJIaJJHO 200 HEMOXKIIMBO CUHTE3YBaTH XIMiYHUMH METO/Ia-
M. LI pedoBrHY 3HAXOAATHCS B PiAKIN (a3i KIITHHY (IIUTOIUIa3Mi) Ta KIITHHHINA CTiHIII.
Bonu MOkyTh OyTH BHJICH] 13 KIITHH i BAKOPHUCTAHI Y BUPOOHHIITBI XapuOBHUX JI00ABOK,
KOpMiB, 010pO3KIIaTHUX IITiBOK, JOOPHUB, KOCMETHKH, JIIKAPCHKUX 3ac00iB Ta OiomanuBa
[11, 34, 66].

3a3Buyai, 4151 OTPUMAHHS LIHHMX KOMIIOHEHTIB KJIITHHH MIKpPOOPraHi3MiB HOTPiOHO
3pyHHYBATH JJIsl BAUBUTLHEHHS MPAKTUYHO IIHHUX MeTabomiTiB [27].

Bizomi Taki MeTou pyiHYBaHHsI KIIITHH MIKpPOOPTaHi3MiB:

Hemexaniuni memoou:

- 3aMOPOXYBaHH-PO3MOPOKYBaHHS [4];

- 00pOOIIEHHS Y TIOJi HaJIBUCOKOT YacToTH [48];

- OCMOTHYHHH MIOK (TIPOHMKHEHHSI BEJIMKOI KUIBKOCTI PiZIMHH Y KIITHHY 1 1i po3pHB)
[591;

- Y TOJTi eTIEKTPUYHUX po3psifiB [4];

- XIMi4HI METO/M 13 BUKOPHCTAHHM PO3YMHHHKIB (TOIyolI, edip, OEH3011, METAHOI, ETH-
JIEHIIaMiHTETPAOLITOBA KHCJIOTA, IOBEPXHEBO-AKTHBHI PEYOBUHH Ta (DEHLIETHIOBUI CTIMPT)
[27];

- (epMeHTaTHBHI METOM (BUKOPUCTAaHHS (PEPMEHTIB, SIKi pYHHYIOTh CTIHKY KIIITHHH)
[19].

Mexaniuni memoou [4, 97]:

- 00po0OsnieHHst y OicepHHX MJIMHAX 32 PaXxyHOK Halpy>KeHb 3CYBY, CTUCKAaHHSA 1 yaapy,
SIKI BUHUKAIOTh Y KJIITHHI i 9ac KOHTaKTY 3 Oicepom;

- YIBTPa3ByKOBHI METO/, KU BKIIIOUAE OOPOOJICHHS OXOJOMKEHOI CYCIIeH3ii yabTpa-
3BYKOBUMHU XBUISIMUY;
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- Y TOMOTeHi3aTopax BHUCOKOTO THCKY, MPOJABIIOBAHHAM KIITHHHOI CycIieH3ii depe3
JIOBTY TOHKY ILIJTMHY;

- MEXaHIYHa TOMOTeHi3allisl Y BUCOKOIIBHIKICHUX OJIeHAepax JIONaTeBOro THILY, [IPOTe
1iei MeTo ] OUIBII JOIUTFHAN ISl pyHHYBaHHS TKAHWH.

PyliHyBaHHS KITITHH MIKpOOPraHi3MiB, HATIPUKIIA, APLKIDKIB, y TA00PAaTOPHHUX YMOBaxX
MOYKITMBO B CTYTIII OicepoM, IO TeX BITHOCUTHCS A0 MEXaHIYHUX METOIB [4].

B ycix 3raganux MeToax 00po0IIOr0THCS BOJTHA CYCIICH31s KITITHH, X04a BiJIOMi OKpeMi
BUINAJIKK 00pOOJIEHHS 3aMOPOKEHO1 OioMacH KITHH y OicepHux mimHax [80].

[IpencraBHUKY KOMMaHiH, sIKi BATOTOBISIOTH 0OJaIHAHHS AJISl pyHHYBaHHS KITITHH
MIKPOOPraHi3MiB K y JJaDOpaTopHOMY, TaK 1 MPOMHCIIOBOMY MacIITadi, HaroJomIyroTh, IO
HUHI TIepeBara HaJa€ThCsl MEXaHIYHAM MeTOJaM pPYHHYBaHHS KIITHH MIKpOOPTaHI3MiB
Yepe3 BHCOKY MpPOAYKTHUBHICTh, YHHKHEHHS KOHTaMiHamii 1 30epe)KeHHS KOPHUCHHUX
KoMmoHeHTiB [80].

Tema pyliHyBaHHS KITITHH MiKPOOPTaHi3MIB y MPOMHUCIIOBHX MAacIiTadax pPo3KpHUTa B
HAYKOBIH Ta JIOBIJIKOBIHM JIiTepaTypi HemocTatHho. HasBHMI Opak cHCTEMaTH30BaHOI iH-
(hopmartii mpo cTpyKTypy, KIacHU]iKaIliro Ta peKUME poOOTH 00JIaTHAHHS JJIsI MEXaHI YHO-
ro pyHHYBaHHS, 30KpeMa OiCepHIX MIIHIB.

Y mpornoHOBaHOMY OTJISI/II MOCTABJIEHO 32 MeTY CHCTEMATH3yBaTh iH(OpMAIIIo PO
pYHHYBaHHS KITITHH MIKpOOPTaHi3MiB y OicepHHUX MJIMHAX, 30KpeMa:

- CHCTEMaTH3yBaTH 1H(POPMALIiIO PO TPOAYKTH MIKPOOHOTO CHHTE3Y, SKi OTPUMYIOTh-
csl 13 3aCTOCYBaHHSIM MEXaHIYHHUX CIIOCO0IB pyHHYBaHHS KIIITHH MiKPOOPTaHi3MiB;

- PO3TIISIHYTH CTIOCOOH 1 peXKUMH PYHHYBaHHSI KITITHH MIKpPOOPTaHi3MiB y OiCepHIX MITH-
Hax;

- CKOMITOHYBAaTH THIIOBI MaIlIMHHO-aNapaTypHi CXeMH O10TEXHOJOTTYHUX BUPOOHUIITB
13 3aCTOCYBaHHSIM OiCepHHUX MIIMHIB;

- ONIMCATH KOHCTPYKIIiT OiCEpHUX MIIMHIB 1 3aIIPOIIOHYBATH iX KilacU]iKallito.

Marepianm i MeToan. Posrisinatoteest ciocoOu Ta o0siaiHaHHS T pyHHYBaHHS KITi-
THH MIKPOOPraHi3MiB — OakTepiid, IpixIDKiB, MillelliaTbHAX TPHOIB 1 MIKPOBOIOPOCTEH Y
OicepHHUX MIIMHAX.

Mopdomnoriuanii aHami3 Ki1acTepiB HAYKOBHUX 3HaHb TIPO PyHHYBaHHS KIIITUH MIKPOOP-
raHi3MiB y OiCEpHUX MIIMHAX BUKOHAHO HA OCHOBI TIpe3eHTarllii i pekinamMHoi iHpopMmarii
BUPOOHMKIB TEXHOJIOTiH Ta 00JIaJTHAHHS, & TAKOK HAYKOBHX CTaTeH 32 TEMATUKOIO PYHHY-
BaHHS KJIITHH MIKPOOPTaHi3MiB 1 CYMi>KHUX HAIIPSIMKIB.

Pe3yabratu i odroBopenHs. Tepuinonozis. Ilporec mopyrieHHs MiTICHOCTI KITITHHA
MIKpOOpPraHi3MiB NMPaBUJIBHO HA3UBATU «PYUHYEaHHs» (aHTIL. — disruption). Y HayKOBil
JiTepaTypi TAKOXK 3yCTpIUarOThCs TEPMIHM «HnOOpiOHenHsy (aHrll. — grinding), «oe3in-
meepayisy (auri. — disintegrationy). Ilpote 3aBnaHHs MOAPIOHUTH KIITUHY Ha YaCTHHU
HE CTaBUThHCS, 3a3BUYAN IIOTPIOHO MOPYIIUTH IUTiICHICTH 11 cTiHKH [97].

TepMiH «Ie3IHTErpallish» 3 TOYKH 30py MEXaHIYHOI iHKEHepil 03HaYae «Iporiec, KOJIu
LI0Ch CTa€ cadImmM abo pyHHY€EThCS IIUIIXOM PO30OUTTS HAa MEHIL YaCTHHHU a00 IIMAaTKI»
[16], mpoTe y 6Gi0TeXHOJIOTii BiH TAKOXK O3HAYAE «IPOLIEC HE3BOPOTHOTO MOPYIIEHHS aHATO-
MIUHO{ LUTICHOCTI KIITHH». TOMY Ul YHUKHEHHSI TOABIHHOTO PO3YMiHHS B OIJIsAI BUKO-
PHCTAHO JIUIIIE TEPMiH «PYHHYBAHHS».

Jnst onucy pyWHYBaHHSI KIIITHH MIKPOOPTaHi3MIB IIUISIXOM MPOITYCKaHHS X cycrieH3il
ITiJT BACOKUM TUCKOM Yepe3 TOHKY HIUTHHY TPAJHIIHHO BAKOPHCTOBYIOTh TEPMIH «TOMOTe-
Hizamis» (aHri. — homogenization) ab0 «rOMOTEHi3aIlisi BUCOKUM THCKOMY (aHTJI. —
high pressure homogenization, abp. HPH). B imxeHepii TepMiH «roMorenizauis» o3Hayae
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TIpOIIeC TIEPETBOPEHHS HE3MIIITYBAHMX PiIMH y eMYJIbCII0 IIITXOM MEXaHIYHOTO TepeMi-
LIyBaHHS, XiIMIYHOTO YM TEMIIEPaTyPHOro BIUTHBY Ha HUX [47]. I1ig muM TepMiHOM TakoK
PO3YMIIOTh TIO€AHAHI TPOLECH MOAPIOHEHHS Ta PIBHOMIPHOTO PO3MOIITY YaCTHHOK Y
cycrensii abo emynbcii [99]. Xowa KIiTHHY He MOTPiOHO MOAPIOHIOBATH 1 PIBHOMIPHO
POBMOALIATH 11 YACTHHKH Y CYCIIEH3ii, IPOTe TePMiH «TOMOTEHI3allish) CTaB 3arajIbHOBKH-
BaHWM ]IS ONIMCY PyWHYBAaHHS KJIITHH ITiJ] TACKOM Y BY3bKiH IIUIHHI (IMB. TaOII. 2).
Ipooyxmu MikpoOHO20 cunmesy, MexHON02Is OMPUMAHHSA AKUX GKTIOHAE MeXaHiuHe
pyunysanns kuimux. Tabnmuig 1 IeMOHCTpY€E PI3HOMAHITHICTh IIHHUX PEUOBUH, CUHTE30-
BaHMX MIKpOOpPraHi3MaMH, JUIsl OTPUMAHHS SIKMX HEOOXIHMM €TaroM € pyHHYBaHHS KIli-

THUHHOI CTIHKH.

Tabnuys 1. IIpogyKTH MiKpOGHOTO CHHTE3Y, TEXHOJIOTisI OTPMMAHHS IKMX BKJII0YA€ MeXaHiuHe

pyiiHyBaHHS KJIITHH

MikpoopraHizm IMponykry, SKi OTPUMYIOTH Jxepeno
JIpbKmKi Ta MinesniansHi rpuou
®depmeHT 11I0K030-6-hocdatneriaporeHasa
Saccharomyces cerevisiae ®DepMeHT iHBepTa3u 83
BuBinpHeHuni po3unHHM 0110K
S. uvarum, S. carlsbergensis | bera-rinrokan 7,8
S. cerevisiae Biomosiekynu Juis cuHTe3y OionauBa 27
Kluyveromyces marxianus [Tporeinn
. ®depmeHT Karanaza
Aspergillus flavus AdnaToxcum 38
Mortierella isabellina Jlimi 62
OJHOKJIITUHHI BOJOPOCTI
[Ipoteinn 43
Jlirmiau 2
Chlorella vulgaris B{n K - - 69
[TirMeHTH (X10pOodiTH Ta KAPOTHHOIIHN), 0-TOKO(hEPOIT
[omicaxapun B-1,3-rrokan 60
PexoMOiHaHTHI OLTKH 88
Chlorella sorokiniana Jlirmi i 59
Scenedesmus sp. itz - — 59
PexoMOiHaHTHI OLTKH 88
Botryococcus sp. Jlimi
- — 62
Phaeodactylum tricornutum | Jlinian
Tetradesmus dimorphus 16\/.16TI/IHOBi edipu JKUPHUX KUCTIOT (KOMIIOHCHTH 42,59
10/TU3EJII0)
FEuglena gracilis Biramin E 60
Tetraselmis suecica Jlimigm 59,76
N. quztana, Tetraselmis Tlirtian 58, 59
suecica
Bitaminu rpynu B, D3 i K2 44, 50
Nannochloropsis oculata IMoninacudeHi )KUPHI KUCIOTH, 30KpeMa, eHKo3areH- 60
Ta€HOBA KHMCIIOTA, IFMEHT 3€aKCaHTHH, 0-TOKO(hepot
Nannochloropsis sp. HPC?TCTHH, JIIT M, TOTiHEHACHYEH] YKHUPHI KUCIOTH 13, 69
Jlimiam 89
Neochloris oleoabundans Bk, mimmiam 70
N. oceanica,
T suecica, binku, ByrsieBoau i mimiau 58
N. gaditana
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IIpoooeacenna mabauyi 1

JYKupHi KUCIIOTH, JIiTTiH, TITMEHTH 50
Porphyridium cruentum Byresom, e1.<3ono.nicaxap1/1;[1/1 63
CyinbharoBaHi Hoticaxapuau 50
ITirmeHT ikoepuTpun 79
. .. | AHTHUTING, BAKIMHY, EPUTPOIIOETHH 1 peKOMOIHaHT-
Chlamydomonas reinhardtii it Ginok 28(VP28) 60, 88
PexombinanTHui 6inku HBsAg i VP,
. . S 26,37, 88
Dunaliella salina o-TrajaKTo3uasa i ¢irasa
ITirMeHTH: OeTa-KapOTHH, JIIOTETH, 3¢aKCAHTUH 60
Isochrysis galbana,
Nitzschia laevis, TMoniHacu4eHi )KUPHI KUCIIOTH, 30KpeMa, eHKO3aTIeH- 60
Porphyridium cruentum, Ta€HOBA KHUCIIOTA
Phaeodactylum tricornutum
Crypthecodinium cohnii,
Ulkania sp., Schizochytrium | Jloko3arekcacHOBa KHCIIOTa 60
limacinum
Haslea ostrearia ITirmeHT MapeHiH 60
f;;ze/z;a fZ;Z}’:)CZZ;s [MirmeHTH QyKOKCAHTUH 60
Rhodophyta [osicaxapuay — ajbriHATH, LEJII0NI03a, KapareHaH 60
Baxkrepii, nianobakTepii
IHcynin 1,64, 72
PexoMOIHAHTHHUI OIHONAHIIFOTOBHUIA (pparMeHT 21
Pexomb6inanTHa E. coli 3MiHHOT 06nacTi anTHTLNA (SCFV)
Binok ta intepdepon-o2b 61
PekoMOiHaHTHI TepaneBTHYHI OUTKA 60
Lactococcus lactis BHYTPIlIHBOKIIITHHHI CTPYKTYpHU 25
dikowiaHiH i HeHONBHI CIOJIYKU 41
Jlimiau 42
Arthrospira (CriipysiHa) OkTajieKaTpieHOBa KKCIIOTA (Y-TiHOJICHOBA KUCIIOTA,
GLA) 60
dikouiaHiy
Alcaligenes latus Hogiriz[poxcu6yTipaT 1 MOJTIriAPOKCHATIKAHOAT 71
AMIHOKHCTIOTH 12
Bacillus sp. TonimMep moJIiri JPOKCHATKAHOAT 14
IliaHoGakrepii Mixkpokoninu A i B 60

[Micns pyiiHyBaHHS KIITUHHOI CTIHKM MEXaHIYHUM CIIOCOOOM, HACTYIIHHUM €TarloM €
PO3MOIiIT cyMiti pijKoi Ta TBepoi (a3, OCKUTBKH IIIbOBI MPOYKTH MOXYTh MICTUTHCS B
PI3HMX KOMIIOHEHTaX KJIITHHH, HAIPUKIIa, OeTa-rirokaH [7, 8] Ta ¢pepmeHT iHBepTasa [83]
aKyMYJTIOIOTBCSL B CTIHKaX KJIITUH OJHOKJIITHHHOI BogopocTi Porphyridium cruentum [50];
pexkomOinanTHI Outku HBsAg 1 VP 28 3naxoasrsest B siapi, a pepMeHTH o-TalakKTo3uasa
Ta Qitaza [37] MiCTATBCS B XJIOPOILIACTI OAHOKIITHHHOI BonopocTi Dunaliella salina; 8-
CYJIiH KOHIICHTPYETHCS B TUTBILIX BKIFOUCHB Y KITITHHAX Oakrtepii Esherihia coli[1, 64, 72],
BOJIHOYAC BEITMKA KUIBKICTh 1HIIMX [IHHUX PEYOBHH NepeOyBaroTh y pifkii dasi.

Kutitrau ApiKIDKiB € mKepernoM GepMeHTiB, OLTKIB, BYTJIEBOIB U CHHTE3Y Olomaiu-
Ba, TIPOTEIHIB, MONiCaxapuiB, 30kpeMa, Oera-rmokany. OJHOKIITHHHI BOJOPOCTI € IiH-
HUMH NPUPOAHUMH JKepenamu O10aKTUBHMX CIIOIYK — BiTaMiHiB, He3aMiHHUX aMiHOKH-
CJIOT, TIOJIHEHACHYEHUX JKUPHUX KHCIIOT, MiHEPaJIiB, KAPOTHHOIAIB, (PEPMEHTIB Ta KITITKO-
BuHM. HuHI MIKPOBOZOPOCTI CTalOTh OJHMMH 13 IHHOBAIIMHKUX JDKEPENT HOBUX (DYHKIIO-
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HAIBHUX XapuoBHX MPORyKTiB [46]. bakrepii Alcaligenes latus pomyKyrOTh MOMITiPO-
keubytipat (PHB) Ta nonirigpokcuankanoatr (PHA) — kxommoneHTH 6i0po3KiIagTHOTo
IUIacTHKY [75].

3BepTacThCs yBara Ha MepCIeKTHBH PO3BUTKY (hapMaIreBTHIHOI O10TeXHOJIOT 1, o Oa-
3y€ThCA Ha BUKOPHCTaHHI MIKpOOpraHi3MiB i Texrosorii pekomOinantHoi JJTHK mst Bu-
poOHMIITBA JTiKapchKuX 3aco0iB [60]. ['eHeTHYHO-3MIHEHI OAHOKITITHHHI BOJOPOCTI € TT0-
TEHIIHHUM JKepesioM OioJIOriyHiI CoMyK [ist (hapMaleBTHYHOI rady3l — aHTHO10THKIB,
CyOOMHUYHUX BAaKLUMH, MOHOKIOHAIbHUX aHTHTLI, TENaTOTOKCUYHHUX Ta HEHPOTOKCHY-
HHX CIIOJYK, TOPMOHIB, (hepMeHTiB Towo [37, 65]. IlirMeHTH OJHOKIIITHHHUX BOAOPOCTEHl
BHUKOPHCTOBYIOTBCA Y TpeTapaTax s JJiIKyBaHHs Ta TPO(DIaKkTHKA psimy XBopoO [36, 37].

Jlesiki OHOKIITHHHI BOIOPOCTI, HanpuKian, Nannochloropsis oculata, min BILTHBOM
yIeTpadioNeToBUX MPOMEHIB HAKONMMYYIOTh Bitamiau rpymu B, Ds 1 K, 1 BBakaroTees ix
BETaHCHKUM HaTypaJIbHUM JKepenom [44, 50].

I'eHeTHYHO-3MiHEHI OJHOKIITHHHI BOJOPOCTI, IPDKIDKI Ta OakTepii MPOIYKYIOTh pe-
KoMOiHaHTHI Oinku. Hanpuknan, E. coli. mponykye pekoMOiHaHTHI OiTKM apTeMi3WHiH,
MAKITITAKCEN (TaKcol), eleyTepo0iH, epuTpoMiliH, enoTiinoH C i D, XyMmyiH, mpoTporiH,
podepon A, iHTepdepoHH, Ta30HepMiH, Tymartpor Ta Oarato iHmux [60]. Llnpoko Brko-
pHUCTOBYIOThCS Y (papMarieBTHUHiN OioTexHomorii Bogopocti Chlamydomonas reinhardtii
[60], Dunaliella salina [26, 37, 88].

Besniu miHHMX 0i0J0TTYHO-aKTUBHUX CTIONYK OTPUMYEThCS 13 OakTepiil. Haiibubmoro
3aCTOCYBaHHS, 30KpeMa y (apMarieBTHUHIN raimy3i, 3Hainuia E.coli, a BAKJIMBUM MPOIY-
KOBaHUM HEIO TIPOAYKTOM € PEeKOMOIHAHTHUH JIFOJICEKUH iHCYIIH [64].

Cnocobu ma pesxcumu pyuHy8aHHs KIimuH MIKpoopeauizmie. Y TPOMHUCIOBHX Mac-
mrabax KIITHHA MIKpOOpPraHi3MiB pyHHYIOTHCS B OCHOBHOMY Ha OiCepHHX MITMHAX i TO-
MOT'€HI3aIli€r0 i1 BACOKUM THCKOM. HaOyBae mormpeHHst pydHyBaHHS KIIITHH MiKpOOp-
TaHI3MIB M €10 yIBTPa3ByKy, MPOTe IIei MeToA NMOoTpedye 3HAUHNUX MATOMUX €HEepro-
BUTPAT, 1 MOKU 0 € HU3KOMPOAYKTUBHAM, BUKOPUCTOBYETLCSI B OCHOBHOMY B Jiabopa-
TOpHUX BHIPOOyBaHHsX [48, 91].

Po3riisitHEMO OCHOBHI CIIOCOOM Ta PEXXVMH PyHHYBaHHS KIIITHH Pi3HUX MIKpPOOPTaHi3MiB
y OicepHHX MJIMHAX, MMapajieibHO HABOASYH MPUKIAAA 3aCTOCYBaHHS TOMOTEHI3allii ITi
BUCOKHM TUCKOM (Ta0u1. 2). 3BepHEMO yBary, 110 I pyHHYBaHHS JESIKUX MiKpOOPTaHi3MiB
BUKOPUCTOBYIOTHCS] OOHIBA METOTH.

Tabauysa 2. CriocodM Ta peskuMH PyiiHyBaHHS KJIITHH MiKpoopraHizmis

MikpoopraHizm ‘ OOGnatHaHHS 1 peXKUMH pYHHYBaHHS [xepeno

MineniansHi rpubH Ta APLKDKI
OicepHUiT MIIHMH:
n — 2000—6000 06/x8; d — 0,38—0,88 Mmm; T— 110 3 XB
TOPU30HTAIBHUH OiCepHHI MITHH:
V— 11, D— 80 mm; d — 1 mm; n — 2400 0b/c
Saccharomyces cerevisiae | Gicepuuii MirH KoHycHoro Uiy (CoBall-Mill):
V—0,51 m; n — 1250, 1900, 2550 06/xB; C — no 70% 88
(06/06);T—70 ¢

GicepHUIT MITMH TOPU3OHTATILHUH 1 BEPTHKATBHUM:

49

31

d—0,5—1,25 mm; C— 80—85% 27
Kluyveromyces marxianus | 6icepuauii mims: d — 0,5—1,25 mm 27
Saccharomyces carlsber- .

HeHTpudyra 1adopaTopHa, 3arioBHEHa OicepoM 8

gensis S. uvarum
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IIpoooeorcenna mabauyi 2

6icepHuii Mnun (Omni® Bead Ruptor 12 Homogenizer):

Aspergillus flavus w—2,1—6 m/c; T— 6 KB 1o 20 ¢; Matepiain dicepy — 38
cki0; d — 0,5 MM
. . . GicepHUiT MITHH:
Mortierela isabellina | "SR o0 o6 Cs— 25 tim e — 5 xm 87
OMHOKIIITUHHI BOZIOPOCTI
6icepruit M (DYNO®-MILL Model MULTI LAB RL):
Marepian Gicepy — Yttria-cTa0isli3oBaHui UPKOHII 30
d—0,4—0,6 mm; V— 0,6 11; n — 2000 06/x8; Cs — 6%
(W/W); HIBUIIKICTB pelUpKyJIsILii cycnensii — 1,5 1/xB
OicepHUIT MITHH:
w— 10 m/c; d — 0,4 mm; C — 80% (06/00); BuTpara 43
cycnensii — 200 mu/xB; Cs — 30—90 r/n
OicepHHMIT MITHH: &
Marepian 6icepy — ckio; d — 0,3—1,7 mm; C— 80—90%
GicepHUT MJIMH:
Marepiain Oicepy — ckio; d — 0,4—0,6 mm; n — 1500 06/xB; 62,91
T—20xB
OicepHHMT MITHH:
d— 0,4 mm; n — 2039 06/x8; Cs — 25 r/i; 1 — 10 xB 2,62
GicepHuil MiuH: 0.6
Chlorella vulgaris d—0,1 mm; n — 2800 06/x8; Cs — 0,5 /;m; Tt — 5 xB >
OicepHHMT MIIHH:
d—1,0—1,6 mv; 11— 2500 06/x8; T — 130 x5 62,68
OicepHuMIT MITHH:
Cs — 25145 v/kry w— 6—12 wle; T— 3 X 53,62
romoreHizarop Bucokoro tucky (HPH):
P— 150 MIla; k— 1—10 71
npumimKa: TIPY BEIMKIN KiNbKOCTI IPOXO/IiB MPOLIeC
CMOBUILHIOETHCSI Uepe3 HAKOMYEHHS KIITHHHAX (parMeHTiB
romoreHizarop Bucokoro tucky (HPH): 13
P— 100 MITa; k— 1—4;
romoreHi3arop Bucokoro tucky (HPH): 69
P—270 MIla; Cs — 2%; k—2
romoreHizarop Bucokoro tucky (UHPH):
(ynbTpa BucokoedeKTUBHA roMoreHizaris); P — 250 MIla; 13
k—1—4
Chlorella sorokiniana OicepHUMT MIIHH: g7
(Trebouxiophyceae) n— 2800 06/xB; Cs — 25 r/m; T — 5 XB
Scenedesmus sp. GicepHuit MIuH: 4. 62
(Chlorophyceae) d—0,1 mm; n — 2800 06/x8; Cs — 0,5 1/;m; Tt — 5 xB >
Botryococcus sp. GicepHHit MITHH: 0.6
(Trebouxiophyceae) d—0,1 mm; n — 2800 06/xB; Cs — 0,5 r/1; T — 5 XB ’
Phaeodactylum tricornu- | 6icepHuii MH: 62 67
tum (Bacillariophyceae) |n— 2000 06/x8; T— 10 xB; Cs — 100 mr/n ’
) OicepHMIA MJIHH:
Tetradesmus dimorphus MaTeI;ian Gicepy — 6opocunikar; d — 0,1 mm; Cs — 40 1/11; 42,62
(Chlorophyceae) i
T—35xB
Tetraselmis suecica Olceprnii MmHH: 62,76

d— 0,4 mm; n — 2040 06/x8; Cs — 100 1/m; T — 30 xB
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IIpoooeorcenna mabauyi 2

. TOMOTCHI3aTOp BHCOKOTO THCKY:
Neochloris oleoabundans P—30—150 MITa: k— 1 70
- TOMOTEHI3aTOp BHCOKOTO THCKY:
Porphyridium cruentum P— 40 MITa: ¥ — 10 mx: D — 180 wiv 50
Nannochloropsis GicepHuii MiuH:
oceanica, Marepiain Oicepy — uupkoHii; d — 0,4 mm; w — 10 m/c; 62, 67
Tetraselmis suecica Cs — 10 r/kr
. TOMOTEHI3aTOp BHCOKOTO THCKY:
Nannochloropsis oculata P— 140 MITa: ¥ — 10 s D — 180 micm 50

Baxkrepii Ta nianobakrepii

Alcaligenes latus OicepHHUiA MIIMH 77
Arthrospira 6%CepHI/II:/I MJIMH 200 KyJIbOBUH MIIMH 41
OicepHHUiA MIIMH 54
Bacillus sp. Gicepuuii MianH: d — 0,5 MM 14
TOMOT€HI3aTOp BUCOKOTO THCKY:
E coli pyfIHy}OTL stk 3aMopoxkeHi (—20 °C), Tak i He3aMOPOKEHi1 21
) kmitian; P — 150 MIla; k— mo 1—5
Gicepuuii MianH: d — 0,5 MM 61

TOMOT€HI3aTop BHCOKOTO THCKY: P — 200 MIla; k— 1—10;
B’s13KiCcTh pimuau — 2,5—7,9 MlIla-c; Dn — 80 MkM

Ilpumimka: n — yactora obepranHs potopa; d — niamerp Gicepy; C — KoHueHTpauis Oicepy; Cs —
KOHLIEHTpALisl CyX0i KIITUHHOI Macy; T — TPUBAJTICT 0OPOOIIEHHS; W — KOJIOBA IIBUJKICTb poTopa; V —
00’eM pobouoi kamepu; D — miamerp pobodoi kamepu; Dn — AiaMeTp coruia; k — KiIbKICTh MPOXO/IiB
CycCIeHsii.

Lactococcus lactis 25

VY3araneHUMO JaHi Tabi1. 2 Mpo METOAM Ta PEKUMHU PYHHYBAaHHS KIITHH MiKpOOpraHi3-
MiB MEXaHIYHUM CIIOCOOOM:

a) OUIBIIICTD JIITEPaTypHHUX JDKEpeN BKa3ye, IO JJIsl pyHHYBaHHS KJIiTHH TPUOKIB, 30-
Kpema JpiKIKIB, JOIIIEHO BUKOPUCTOBYBAaTH OOPOOJIEHHS IXHIX CyCreH3iil y OicepHux
MIIMHAX;

0) amst pyHHYBaHHS OMHOKIIITHHHHUX BOJIOPOCTEH BUKOPUCTOBYIOTH SIK OiCepHI MITMHH,
TaK 1 TOMOI'€HI3aTOPU BUCOKOT'O THUCKY;

B) TSl pyHHYBAHHSI KJIITHH OaKTepili BUKOPHCTOBYIOTH TOMOT€HI3aTOPH BHCOKOTO THCKY.

Jlviie B otHOMY 13 JKEpen HaBOAMTHCS MPHUKIIA]] pyiiHyBaHHs Oakrtepii E. coli 'y Oi-
cepHOMY MIIMHI Tipu JiameTpi Oicepy 0,5 mm [61], mpoTe iHII JOCTIAHUKKE HE TIOBIJIOM-
JSIFOTH TIPO TaKy MOYKJIMBICTb.

[1ix vac 0O6pobneHHs cycneHsii MiIKpoopraHi3MiB y OicepHHX MIIMHAX jAiameTp Oicepy,
3a3Bu4ail, cknamgae 0,1—1,5 mm, Haituacrime — 0,4—0,6 MmMm. BukopuctanHs MEHINX i
OiIbIIMX JiaMeTpiB Oicepy MOXKIIMBE, IPOTE YCKIIAJAHEHE Ha 3BUYaiHUX OiCEpHUX MIIMHAX
3 TAIBIEBUMH 1 JUCKOBHMH poOounmu opraamu [97]. [st mabopaTopHUX JOCTiIKEHb
BUKOPUCTOBYETBCS SIK CKIITHHHN Oicep, Tak i KepamiuyHui a00 MeTaleBUid. Y TIPOMHUCIOBHIX
Maciitabax, 3a3BHUuaii, BUKOPHCTOBYIOTh MeTalieBuii abo kepamiunuii Oicep. Meranepuit
Oicep Aa€ 3MOTy IPOBOAWTH MPOLIEC 3 OLIBLIOK MPOAYKTUBHICTIO, IPOTE Mae BUCOKY Bap-
TICTB, sIKa MOKe ckiaaaTu noHax 100 eBpo 3a Kijiorpam, a BapTiCTh CKISIHOTO Oicepy 1mo-
yrHaeTheA BiJ 10 €Bpo 3a Kijlorpam.

Mawunno-anapamypui cxemu UpOOHUYMBA OIOMEXHOIOSTYHUX NPOOYKMIB 13 GUKOPU-
CIMAHHAM MEXAHIYHUX CNOCOOI8 PYUHYBAHHS KIIMUH. Y3a2an1bHena MaumuHHO-anapamypha
cxema sUpoOHUYMBA i nepepoonertst OOHOKIMUHHUX 8000pocmell. Y TIPOMHUCIIOBHX Mac-
mrabax HaifdacTile mepepoOIsIIOTHCS OAHOKITITHHHI 3eJIeHi BOAOPOCTi, Taki sk Chlorella

FOOD INDUSTRY Issue 37, 2025 197



Obnaouanns ma ycmamxy8amHs IMPOIIECHU TA OBJIAJIHAHHA

sp., Nannochloropsis sp., mianobakrepii Arthrospira (cnipymnina) [36] (muB. Tabm. 1). Ilepen-
0auaroTHCsI TaKi MPOLIECH Ta BUKOPHUCTAHHSI TEXHOJIOTYHOro 00naaHanHs (puc. 1) [11, 66]:

- KyJbTHBYBaHHSI BoiopocTeld. 3a3Buuaii mporec BitOyBaeThes y oTodiopeakropi 1
a00 MWTYYHHX BOOWMAX;

- 30MpaHHs 1 KOHIIEHTPYBaHHS KIITHHHOI 010MacH y BIACTIMHUKAX 7, IOKyIATOpaXx,
neHTpudyrax ado cemaparopax 6;

- pyHiHyBaHHS KIITHH Yy OicepHUX MJIMHAX 9 a00 TOMOTreHi3aTopax BUCOKOTO THUCKY §;

- pO3aiNieHHs TBepAOi Ta piaKoi (a3 3pyitHOBaHOI KINITHHH Y LeHTpudyrax abo cenapa-
Topax 11;

- BUIUJICHHS [UTBOBUX KOMITOHEHTIB 13 CyCIIeH311 3pyHHOBaHMX KIIITHH MIKPOBOJOPOC-
Tell y ekcTpakTopax 13, amapartax [t MeMOpaHHOTO po3IUTeHHS 12 TOIIO, Ta IX OYHIIICHHS;

- BUKOPHCTaHHS KOMIIOHEHTIB KIIITHH Y BUPOOHMIITBI XapuoBuX n06aBok [17, 20], ko-
CMETHKH [66], KOpMiB JUIs1 TBapuH [84], KOMIOHEHTIB KOCMETHYHHUX 1 JIIKAPCHKHX 3aCO0IB

[37], OiomanmBa [28] Torro.
10
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Puc. 1. Y3araabHeHa MalIMHHO-aNapaTypHa cxema [66, 97] BupoOHuITBA i nepepod/ieHHs
O/IHOKJIITHHHHUX BOJIOPOCTeii i3 3acToCyBaHHSIM pyiiHyBaHHs iX kJIiTHH: 1 — doTobiopeakTop; 2 —
JKUBUJIBHUK; 3 — IHOKYJISITOP; 4 — Hacoc; 5 — (ineTp-oxonoKyBay; 6, 11 — cenapaTopu COILIOBI;
7 — BIiACTIMHKK; 8§ — rOMOT€HI3aTOp BUCOKOTO THUCKY; 9 — OicepHuit MimH; 10 — po3mnutoBaibHa
cymiapka; 12 — memOpanuuit Ginetp; 13 — excrpakrop

OtpumaHHs OLTBIIOCTI HpOIIyKTiB 13 MIKpOBO/IOPOCTEH, 32 BUHATKOM XapyoBHX J100a-
BOK, n01pe6ye oriepalliif IX MExaHIYHOTO pyHHYBaHHS y OiCepHUX MIIMHAX a00 Ha TOMOTe-
HI3aTOpax I1i/I BACOKUM THCKOM. FOMoreH13aT0pH BHCOKOT'0 TUCKY HE BUKOPHCTOBYIOTHCS
JUTsl pyWHYBaHHSI KIIITUH BOJIOPOCTEH, SIKI YTBOPIOIOTh HUTKOIIOIOHI CTPYKTYPH.

Mawunno-anapamyphna cxema upoOHUYMBEa 6ema-2noKamy i3 GUKOPUCIIAHUX NUGHUX
Opigcooicie. TIMBHI TPHKIKI IPOTYKYIOTH OETa-TIIOKaH Y CKJIAJII KIITHHHHUX CTIHKOK [6].
[lepen excrparyBaHHsAM OeTa-TIIOKaHy KIITHHHI CTIHKMA NOTPiOHO BiJIIMNTH BiJ piAKOl
¢paxuii. Tpusanicte pylHYBaHHS KIITHH JAPDKIDKIB XIMIYHIMH METOJaMH MOXKE CTaHO-
BUTH 110 36 roauH. [IpoTe pyiiHyBaHHS KIITHH MEXaHIYHHM CIIOCOOOM 13 BUKOPHUCTAHHSIM
OicepHoro miinHa [ 7] BigOyBa€eThCs IHTEHCUBHO, 32 ICKLIbKA XBHUJIHH.

Cxema (puc. 2) nepeadadae BUITYUYEHHS! KPYIHUX JOMIILIOK i3 KIITHHHOI Oiomacu Ha
MpOCiroBadi 2, BUAATEHHS TiPKHX CIIONYK y PEakTopi 3, KOHIIEHTPYBAHHS KIITHH y ICH-
Tpudy3i 4, nonepeaHii aBTOMI3UC KIITHH y peakTopi 5, pydHyBaHHS KIITHH y OicepHOMY
MITHHI 6, BiJUTUIeHHS piikol (ha3u Bij CTIHOK Ha 1eHTpru(y3i ado COIIOBOMY ceraparopi 7,
eKcTparyBaHHsI OeTa-TJII0KaHy i3 CTIHOK KIIITHH Y eKCTpaKTopi 8, BimaineHHs TBepaoi da3u
BiJI eKCTPaKTy Ha eHTpH(y3i a00 cenaparopi 9, KOHIEHTPYBaHHS OeTa-TIIFOKaHy MUISIXOM
Jiamizy Ha MeMOpaHHuX QiibpTpax 10 Ta oro CyIIiHHS y pO3NMITIOBajbHIH cymapi 11.
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SIKI10 MPOBOAUTH MPOLIEC Y HAMIBIPOMHUCIOBHX MaciiTabax, TO BUKOPHCTAHHS OAHI€T
LEHTPU(]YTH € JOCTATHIM HA eTarax MPOMHBAHH APDHKIKOBOI CYyCIIeH3Ii, BiIIIICHHS TBEp-
701 1 piakoi (aszu KITiTHH, BiLUICHHS KITITHHHUX 3aJIUIIKIB Biff eKCTpakTy. /s BUCOKO-
MPOAYKTUBHOTO O€3MEepEepBHOTO BUPOOHUIITBA HA KOXKHOMY €Talli IOUITbHO BUKOPUCTATH
cerapaTopy COIUIOBOTO THITY.
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Puc. 2. MammHHo-anapaTypHa cxeMa BUPOOHHITBA 0eTa-ITI0KAaHY i3 BUKOPUCTAHMX MUBHUX
ApLRLKIB [6, 97]: 1 — eMHicTb i3 ApbKmKaMu; 2 — GUIBTP; 3 — peakTop 3 MilAJIKO0; 4 — COILIOBUI
ceraparop JUisi CyCIieH3iit; 5 — peakTop s aBTOJ3KCY KIITHH; 6 — OicepHuii MinH; 7 — HeHTpudyra

a00 COIUIOBHIA cemaparop; 8 — ekcrpakrop; 9 — neHtpudyra abo coruiouii cenaparop; 10 — MeM-
OpanHHi QUTBTP; 11 — CymmMIBpHMIT arapaT po3MAIIOBATIEHOTO THITY

PyiinyBanHs KITITHH BiOyBaeThest y OicepHoMy MitHI. PexomeHioBanuit po3mip Oice-
py — 0,5 Mmm. OniTEManbHIMU TIapaMeTpaMu JITsl PyHHYBaHHsI KIIITHH € KOHIEHTPAITist KJTi-
THHHOI cycnieH3ii 5%, chiBBiIHOIIEHHS ApiXIKoBa cycriensis/Oicep 1:2 06/00, KUIBKICTh
LUKJIB 00poOeHHs y 6icepHOMy MiIMHI — 3. 3a Takux napaMeTpiB e(eKTUBHICTh PYHHY-
BaHHs ckianae 99,8% [6].

MamuHHO-anapaTypHa cxeMa BUPOOHHITBA PeKOMOIHAHTHOTO JIOCHKOr0 iHCY-
Jginy i3 Tieup Bkiaovenb E. Coli. THcyniH HAKOMMYYEThCS B TUIBLISX BKIIFOUEHBb I'eHE-
TUYHO-MOJIM(iKOBaHHX 1ITaMiB Oaktepii E. coli. Cxema BUpOOHUIITBA TIepe10oavac pynHy-
BaHHA OakTepiii E. coli y TOMOreHi3aTopax TiJi BHCOKMMH THCKOM, BiJUILUICHHS TLIEIh
BKJIFOUCHB Ta BIJIYYEHHS 3 HUX 1HCYIiHY [72] (puc. 3).

Kynbrypa Oxrepiii E. coli BuportyeTbest y pepMeHTaTopi 1 i KOHIEHTPYEThCS Y COILIO-
BoMy cemaparopi 2. Kiitunm E. coli pyiiHytots y ToMoreHizaropi 3 mig tuckom 300 MPa
NpOAYKTUBHICTIO 150 MII/XB (3BepHEMO yBary Ha Opak JaHHX BiJIKPUTOTO JIOCTYITY IPO
croci0 1 peskuMu pyHHYBaHHS KITITHH). BiytineHHs piIMHA Ta KIIITHHHOTO CMITTS BiIOY-
BaeThes y cenaparopi 4. [IBoerarHe BiyIiieHHS 1 IPOMHUBAHHS OTPUMaHOI TBEpIIOi (azu 3
METOIO BUITyYEHHS TiJlellb BKIIIOYEHb BigOyBa€eThes B cenaparopax S i 6. Tinbls BKIIOYEHB
00pOOITIOIOTHCS B peakTopi 7 3 METOO 3rOpTaHHA OUIKIB Ta y peakTopi 8 ISl OCaIKeHHS
Yy>)KOpiIHUX OUIKIB. BimijieHHs TBepAMX BIIXO/IB BiIOYBa€ThCs y cenaparTopi 9, kpucra-
Jti3atis IHCY/IiHy — y KpucTajizaropi 10, BiUiIeHHsT BOJIOTH 13 KPUCTAJIIB — Ha IICHTPH-
¢ys3i 11. Cyminas iHCymiHY BigOyBaeThCs B CyOIiMaIlifHOMY CYIIMIBHOMY anapaTi 12.
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Puc. 3. MamuHHo-anapaTypHa cxeMa BUPOOHHIITBA PEKOMOIHAHTHOTIO JIIOICHKOT0 iHCYJTiHY i3
Tislensb BrJ0YeHs E. coli (cipum BunineHo eran pyitHyBanus kinitut E. Coli): 1 — depmenTarop; 2 —
COIIOBHH cernaparop; 3 — roMoreHi3aTop BUCOKOTO THCKY; 4, 5, 6, 9 — coruiosi cenaparopwu; 7, 8 —
peaxrop; 10 — xpucranizarop; 11 — nenrpudyra; 12 — cybnimaniiinuil cynibHui anapat

Hespaxkaroun Ha eheKTHBHICTB Ta MIMPOKE 3aCTOCYBAHHS MEXaHIYHUX METOJIIB PyHHY-
BaHHSA KJIiTHH, BOHU MOXKYTh TIOTiPIIHUTH SIKiCTh OlTKa B TUIBIISX BKIFOUEHHS OLIBIIE, HIXK
METOJI Ha OCHOBI Jii3o1uMy [74].

Kowmmanis Eli Lilly Takoxk BUKOpHUCTOBYE CIIOCIO BUPOOHUIITBA 1HCYITIHY 3 KIITHH JPiK-
JOKIB, SIKUH HE Tiepe0adae iX MeXaHiuHOro pyiHyBaHHs [1].

Konempyxyii diceprux maunig. Y OicepHUX MIMHAX pyHHYBaHHS KJIITHH MiKpOOpraHi3-
MiB BiIOyBa€ThCsl MiXK TBEPAUMH YaCTUHKaMH — 0icepoM, B OCHOBHOMY 3a paxyHOK Ha-
TIpy>KeHb 3¢yBY 1 cTrckanHs [32]. [1ig pyldHYBaHHSAM KITITHH PO3YMiEMO PO3PUB KITITHHHUX
CTiHOK 1 MemOpaH. [Tonanbeimii porec 0OpoOIIEHHS, KOJIU KIITHHHI CTIHKH 1 MEMOpaHH
PO3ALIAIOTECS. HA MEHII €leMEHTH, JOLIBHO Ha3UBaTH MOAPIOHEHHSIM, IPOTE BOHO HE €
palioHaAIBEHIM 1 IPU3BONTE JIO 3aBUX BUTPAT CHEPTII.

3a3BUuail, MJIMH Ma€ HEPYXOMY poO0ody KaMepy (TaKoK BUKOPUCTOBYIOTHCS HAa3BH
«Crakan» 1 «bapaban») nuniHapuaHoi Gopmu, y sKiid pododi Tiia — Oicep, OTPUMYIOTh
PyX Big poTopa. Y 1poMy pasi poOoui Tina — OiCEepHHKH, PO3MIIAAAIOTHCS SK YacTHHA Ma-
mmHu. Bicep, 3a3Buyaii, OyBae MeTaneBuM, KepaMidHUM a00 ckistHUM [95]. CxustHuii Gicep
BUKOPHCTOBYEThCS B JJAOOpaTOpHUX OicepHHX MIIMHAX ab0 MIMHAX HEBEIMKOro 00’eMy.
Porop GicepHoro mimHa — 11e Bas 3 poOOYMMHE OpraHamMH, 3a3BHUai, MabIenoIioHoT 00
JuckononioHoi popmu. Yactora oOepranHs poTopa y OLIbIIOCTI BUMaAKiB ckiagae Bix S00
10 3000 06/xB.

OcHoBHa 33/1a4a pOTOpa — HAJATH PyX BcboMy 00’eMy Oicepy. Crin 3ayBaXKHTH, IIIO
Oicep y cTakaHi MITHHA 3IHCHIOE CKIIAIHUH pyX [15]. OTpuMyroun pyX i 4ac KOHTaKTy 3
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poboYnMH OpraHaM¥u — TMABIAMU 200 TUCKaMU, Oicep i Ai€r0 BiIIIEHTPOBOI CHITH BiJl-
KUZIA€TBCS JI0 CTIHOK MJIMHA. Y 30HI KOHTaKTy 3 pOOOUYMMH OpraHaMy IIBUAKICT pyXy Oi-
cepy OinpIa, 1 BiH IHTEHCHBHIIIE PyXa€ThCA A0 CTIHOK. Y TPOMIKKaX MK poOOYrMH Op-
raHaMH, i3 BiJIaJIEHHsIM Bifl iX MOBEPXHi, IIBUAKICTb OiCEPUHOK 3HIKYETHCS, 1 Oicep y milt
30HI IIUPKYITIOE JI0 OCi 00epTaHHS pOTOpA.

3a paxyHOK IUPKYJIALi OiCepHOI MacH Ta HEPIBHOMIPHOTO THCKY V ii 00’eMi yacToTa i
HarpsiM o0epTaHHs OICEPHHOK € PI3HUMH, TOMY Ha KIIITHHH, SIKi 3HAXOISTHCS MK Oice-
PHHKaMHU, JIIFOTh 3yCUILIS 3CYBY, SIKi Y IOEJHAHHI i3 CTHCKaHHSM PO3PUBAIOTH 1X CTIHKH.

VY nesKkux AOCIIHKEHHAX, TIPE3eHTAIlisIX BUPOOHHUKIB 00JIaIHAHHS BUCYBA€ThCA TIIOTE-
3a PO yAapHi HaBaHTKEHHsI i yac oOpoOieH s KiiTiH y Oicepanx mimHax [24]. Y aap,
3a3BUYail, PO3TIISIAETHCS SIK B3AEMOJIISI IBOX TUJI, sIKa BiOYBAETHCS 31 3HAUHVIMHU CHIIAMU
(TprCKOpEHHAM) BIIPOJOBK KOPOTKOTO MPOMiXKKY dacy [93]. [Ipote y HicepHoMy MITHHI He
BHUHHKAE YMOB U 3HAYHOI Pi3HULI MIBUIKOCTEH, 1 BIATIOBITHO, IPUCKOPEHD MK YaCTHH-
KaMH, TOMY aBTOpH CTaTTi HE PO3MIISIAIOTH YAap sIK 3HAUYILY PYIIiHHY CHITy PyHHYBaHHS
KITIITUH MK OiCepHHKaMH.

Hiamerp Oicepy /Ui pyliHYBaHHS KIIITHH 3a3Buyail ckiangae Bin 0,4 mo 1,5 MM (1B,
Tabm. 2), mpote B iHIMMX cepax 3acTOCyBaHHS, HAPUKIIA, Y CHIEIIATbHIX KOHCTPYKITISX
OicepHUX MIIMHIB ISl OTPUMAaHHSI HAHOYaCTHHOK BUKOPUCTOBYIOTH Oicep JAiaMeTpoM MeH-
me 0,01 MM, a y BupoOHHUIITBI papOyBaEHUX MaTepialiB po3Mipu Oicepy MoXKe TepeBH-
ITyBaTH 2 MM.

BupoOurku Gicepy HaronomIyoTh, o giaMerp Oicepy mae Oyt 'y 10—20 pa3iB Oib-
MM 32 PO3MIp YACTHHKH, sika 00pooisieTbest [95]. [Ipote 1ie paBuiio Ha 3aBXKIU BUKOHY-
€TBCSL, 110 BUAHO 13 Ta0II. 2.

3BEpHEMO yBary Ha THIIOBY ITOMUJIKY TIPOEKTYBAILHUKIB 00JIa{THAHHS Ta JOCIITHUKIB-
TOYATKIBIIiB, SKi HAMArarOThCsSI PyWHYBATH KITHHU MIKpOOPTaHi3MiB a0 mojpiOHIOBaTH
Pi3HI TBEp/Ii YACTUHKH B Oicepi Mayoro Jliamerpy. 3i 3MEHIIEHHSIM po3Mipy Oicepy moHa
MeBHY Mexy, 3a3Buyaii e 0,3—0,4 MM, eEeKTUBHICTH (IIPOIYKTUBHICTb) MPOIIECY Pi3KO
3HIKYEThCA [97]. 1le MOsSCHIOETHCS THM, IO CHITKICTh OiCEpHOT MacH 3i 3MEHIIICHHSM Jiia-
MeTpa Oicepy 3HIKYEThCS. Pyx oTpumye smine HeBenvkuid 06’ eM Oicepy, KUl KOHTAKTy€e
3 poOoYMMIE OpraHamH, a JI0 BiJJaJIeHHX MmapiB Oicepy pyx He nepenaeThest. [1po 1ie siBuine
HE 3rajiye€ThCsl B HAYKOBIM JIiTEpaTypi Ta pekjIaMHHX Marepiajiax BUPOOHUKIB OiCepHUX
MJIMHIB.

B okpemux pekiaMHIX pe3eHTaIlisIX BAPOOHUKIB HABOMIATHCS CHEialIbHI KOHCTPYKIIii
OicepHUX MIIMHIB, 30KpeMa 3 TypOiHonomiOHIME pobounmu opraHamu [ 18] abo 6e3 Bupa-
’KEHUX POOOYMX OpraHiB, MPOTE 3 IHTCHCUBHIMH PI3HOHAIIPABICHUM PYXOM €MKOCTEH 3
OicepoM ((hakoHIB HEBETMKOT0 00’ eMy). 3a3BUYaii, HE HABOJUTHCS MTOSCHEHHS 1 06rpyH-
TYBaHHS TaKHX KOHCprKLIlI/I NpOTE OYEBHUJIHO, 1110 BOHHU iHTEHCH(]IKYIOTH pyx Oicepy 1
HOro MUPKYJIAIIO B cTakaHi mimHa. Lle nae 3MOTY BUKOPHCTATH Oicep Maoro maMeTpa —
Mene 3a 0,3—0,4 MM, 1110 HEMOKJIMBO Peasli3yBaTH B THIIOBUX KOHCTPYKLISX MIIMHIB, 1,
BIJINOBITHO, 30UTBIIUTH MIPOYKTUBHICTh MPOIleCy PyWHYBaHHS KIITHH abo 3a0e3rmednTn
MOAPIOHEHHS TBEPAMX YACTHHOK JI0 HAHOPO3MIpIB.

[HOJII TOCITITHUKY BUKOPUCTOBYIOTH ISl pyHHYBaHHS KITITHH MIKpPOOPTaHi3MiB 3BUYaii-
Hi ¢akoHHi s1abopaTopHi LeHTprdyru ado O6apabaHHI HEHTPU(YTH MepioANIHOT Aii, SKi
HAITOBHIOIOThCS OicepoM [6, 7].

3BepHEMO yBary, Mera 0OpOOJIeHHsI KIIITUH — Iie TIOPYIIeHHS 1X MITICHOCTI 3 TIOAab-
MM BIUTIJICHHSIM PIJIKOTO BMICTY KITITHHH BiJl KIIITHHHHUX CTiIHOK, MEMOpaH, a TAaKOX BiJl-
JIIICHHS TUIETh BKIIFOYEHb. Y JliTeparypi He 3a3Ha4a€Thes, 110 B OiCEpHOMY MITHHI T €10
3HAYHMX BIJIICHTPOBHX CHJI BUBUILHAETHCS BMICT KIITHHU. 1€ MOMITHO Ha TIPUKIIaIi TOTO,
110 B IOJI 30py MIKPOCKOIa HE CIIoCTepiracThesl 3adapOoBaHuX (IHAKTHBOBAHMX) KIITHH
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(abo ix myxe maino). CriocTepiratoTbcs ad0 KHBI KIITHHM Ha MOYaTKy oOpoOieHHs, abo
«IyCTi» KIIITHHH, 1X KIITHHOMOAIOHI cTiHKH Ta (parmenTr [98]. MoxkHa 3poOUTH mpuILy-
IIEHHS, M0 B OiCepHUX MIIMHAX A MIEF0 BIAUEHTPOBHUX CHJI i3 KIITHH 3 MOPYIICHOIO
CTIHKOIO MUTTEBO BUBLIBHSEThCS Pifkuii BMIcT. [Tomanmbine oOpobiieHHs Ha eHTpudyrax
1 cemapaTopax 3aBEepIIUTh TTOBHE BIIUICHHS TBEPIO] 1 pifKoi ¢a3.

Bubip opieumayii pobouoi kamepu biceproco mauna. Bucoka qacToTa 00epTaHHS PO-
0ounx opraiB, sika craHOBUTH Bix 1000 mo 3000 06/xB (Tabi. 2), poOUTh GicepHi MITMHI
Moi0Hi 10 TIEHTPUQYT, OCKLTBKY BiIIIEHTPOBA CHJIA, KA JTi€ Ha Oicep, 3HA4HO (y IECATKH 1
COTHI pa3iB) MepPEBUILYE CUITY TsDKIHHS. TOMY BIUIMB IpaBiTallii (CHIN TSDKIHHS) Ha TIPOLIEC
00pOOJICHHST € Mi3epHUM TIOPIBHSHO 3 BIIIICHTPOBOKO CKJIa0BOK. OTXe, HEMae TpPHUH-
LUIIOBOI Pi3HULI Y TPOAYKTUBHOCTI 0OpOOJICHHS Y MIIMHAX i3 BEPTHKAIBHOIO 1 TOPH30H-
TaIBHOIO poOounMH Kamepamu [ 18, 20, 25].

OnHak 3 TOYKH 30py QYHKIIOHATEHOCTI, IPAaIe3IaTHOCTI Ta 00CIYTOBYBaHHS iCHYIOTh
TIEBHI TIepeBaru Ta HeJoMiku (Tadm. 3).

Tabnuys 3. IlopiBHsAHHA PYHKUIOHAIBHOCTI OicepHUX MJINHIB [18]

Tunt poGoso IlepeBaru Henonixu
KaMepH

MeHiiia myckoBa MOTYKHicTh (Oicep He | binbia BupoOHHYA 1UIoIIa. Bisbiimit

TopusoHTaNbHA | HaBaHTaxXye poOoUi opranu). 3amiHa Yac BUBAHTA)KCHHSI 3aJIMILIKIB CYCIICH3I1
JIeTaJIek 1 PEMOHT BY3JIiB MPOCTHMA Ta Gicepy
MeHiiia BUpoOHHU4A TUIoNIa. MeHImi Binbina myckoBa MoTYKHICTH (Dicepy

Beprukansaa Yac BUBAHTA)KCHHSI 3aJIMIIIKIB CYCIICH31l | HaBaHTaxye poOodi opranu). 3amiHa
Ta dicepy Jietajel i peMOHT BY3JIiB CKJIAIHIIIHN

bicepni mnunu i3 pobouoro kameporo éepmuxanvro2o muny. bicepHi MimHA 3 poOO40I0
KaMepoI0 BEPTHKAIBHOTO THILY, 3a3BUYal NepiofuyHol 1ii, MatoTh MaIMid 00’ €M poboyoi
kamepu (1—5 M%) i 3aCTOCOBYIOTHCS JUIsl BAPOOHUIITE HU3BKOI IIPOILYKTHBHOCTI 200 y
naboparopisix. [IpoTe HIHI BUPOOHHUKHU MPOTIOHYIOTH KOHCTPYKTUBHI PillIEHHS! BUCOKOIIPO-
JNYKTUBHUX BEPTHKAILHUX MIIMHIB Oe3rnepepBHoi aii [81].

Posrnsiremo npukiiax nabopaTopHOro GicepHOro MiIMHA 3 POOOYOI0 KAMEPOIO BEpTHU-
KaJIBHOTO THITY, KU € YaCTHHOIO €KCIIEPUMEHTAIBHOTO CTEHIY VISl JOCIIHKEHHS TpO-
LleciB pyHHYBaHHS KIITHH MIKpOOPTaHi3MiB Ta HAJITOHKOTO TMOJPIOHEHHS KOMITOHEHTIB
KOCMETHYHUX 1 (papMarieBTHUHUX 3ac00iB [32]. V pobouiit kamepi GicepHoro mimHa (puc.
4) 3HaxoauThes Bal 10 3 poGounmu opraHaMu — Juckamu 11, yacTota 00epTaHHS SKOTO
perymoetbest Bi 130 o 2700 06/XB 3a IOIOMOTOI0 TIEPETBOPIOBayYa YacTOTH. Y cTakaH |
3acunaeTses Oicep 1 00pobmoBanbHa cycrniensis. CTakaH 3aKpUBA€ThCSl KPULIKOIO 4, siKa
TaKOXX TPUMAE MiIIMITHAKOBHUIH By301 7 i3 BaioM 10. XBOCTOBHK Bajly 3’ €IHYEThCS 3 IPH-
BOJHOIO My(TOI0, pob0oya Kamepa (HiKCyeThCsl HA CTAHMHI MJIMHA. Y TBOPEHA TEIUIoTa Bijl-
BOJIUTHCS Yepe3 OXOJIO/KYBATbHY COPOUKY.

Henonik Takoro Ty MIIMHIB — HEOOX1THICTh po30MpaHHs poO0oU0i KaMepH, BUIATICH-
Hsl ii BMICTY ISl BUIIUIEHHST 00po0IieHol cycniensii Bij Oicepy 1 mpomuBanHs Oicepy. [pu
LLOMY 3HAUHA YaCTHUHA IPOIYKTY 3aJIMIIAETHCS Ha TOBEPXHi OICEPUHOK Ta BTPAYAETHCS i/
Yac HOro MpOMHUBaHHSL.

Bicepni mnunu i3 pobouoio kameporo eopusonmanvrozo muny. Taki MAMHH, 3a3BUYA,
MPAIFOIOTh Yy O€3MEPEPBHOMY PEXKKMI Ta OCHAIICH] MPUCTPOSIMHU [T BIZUTUICHHS CYCIICH31T
BiJ1 Oicepy 1 30BHIITHIMHU KOHTYpPaMH JIJIsI IIUPKYJISIIIT CyCIIeH3il.
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Puc. 4. Cxema po6o4oi kamepu J1a00paTOPHOro OicepHOro MJIIMHA BEPTUKAJILHOrO TUIY: 1 —

cTakaH; 2, 3 — nmaTpyOKH JUIs 0XO0JI0/DKYBAJILHOI PIIMHY; 4 — KpHILIKa; 5 — NpoOoBiAOipHUK; 6 —
(ixcaTop KpHUIIKY; 7 — HiIIUITHAKOBUIL By3011; 8 — KpuIka; 9 — maiida; 10 — Bam; 11 — nuck;
12 — Brynka; 13 — mmonka; 14 — maiiba; 15 — mmonka; 16, 17, 18 — reunTH; 19 — migmmnHuK

Ha puc. 5 mokasaHi 4acTo BKMBaHI KOHCTPYKIIIT OiCEpHUX MIIFHIB i3 pOO0YOI0 KaMepPOIO
TOPH30HTAIIHFHOT'O THITY, 3 TAJBLIEBUMH (2) Ta AUCKOBHMH (0) poboummur opraHamu [5].

Manbui abo aucku 3 KPIrUIATHECS Ha Bally (pOTOpl) 2, sIKUi 00EpPTAETBCS 3 YACTOTOO
1000—2000 06/xB. OOpoOITIOBaTEHA cycneH31;1 6e3nepepBHo TOJIAETHCS Uepe3 marpyook
S1 i BinBoauThCs uepe3 narpybok S2. [epen BiBeA€HHAM CyCIIEH31sI POXOANTD MPUCTPOT
JUISL BiJUIUIEHHST Oicepy — BIALICHTPOBMK 6 1 MATpOHHWE 7 cemapaTopu. Y BUIAIKY 3
MaJbLEBUMH POOOYMMH OpraHaMu (puc. 5, a), BiILIEHTPOBHIA CerapaTtop BUTOTOBICHUH y
BUIJISI/II BIKOH y POTOPI, @ y BUMAJIKY i3 IUCKOBUMH poOOYMMH opraHaMu (puc. 5, 6) —y
BUIIIS/II OKpeMoro By3na 6. OXoJo/DKyBalbHa piiiHa Oe3NepepBHO MOAAETHCS 1 BiJlBO-
JIATHCS 13 OXOJIOKYBAJIBHOI COPOUKH 8§ uepe3 naTpyoku S3.

[lepeBaramu Takux KOHCTPYKIIH € MOXKIIMBICTE Oe3MepepBHOTO Tpoliecy 0OpoOIeHHs,
KepyBaHH: IIBHIKICTIO HOILpi6HeHH$I YAaCTHHOK CyCHeH3ii abo pyﬁHyBaHHﬂ KIIITUH MIiKpO-
OpFaHISMlB OpraHisatlis 30BHIIIHLOr0 KOHTYPY 00pOO/IIOBAIILHOI CYCIICH3IT Ta yHHKHCHHS
3acTiiiHux 30H. [Iponec MuTTs Oicepy Ta ririeHiYHOro 06p06J'I€HH${ po6o4oi KamepH He 11o-
TpeOye po30MpaHHs MIIMHA, MIMH Moxke OyTu migkmouenuit 1o CIP cucrem murts ta
crepwtizarii [6, 22].

[lono BHOOPY maybIeBUX a00 MUCKOBUX POOOYMX OpPraHiB y HAyKOBIIIB i BUPOOHUY-
HUKIiB HEMA€ €MHOT JIyMKH. Y OUIBIIOCTI BHIAJKIB JUTS PYHHYBaHHS KIIITHH MiKpOOpra-
Hi3MiB (IUB. TaOJ. 2) BUKOPUCTaHI JIUCKOBI po0O4i OpraHu. Y Npe3eHTallisX BUPOOHHUKIB
TEXK MEPEBAKAIOTH MIIMHU 3 JIUCKOBUMH pobounmu opraHamu. [lanblieBi po6odi opranu
JIAI0Th 3MOTY HE3HAYHO ITiIBUIIUTH IPOIYKTHBHICTH 00po0itenHHs [98], mpoTe Npu3BOITh
JI0 3HIDKEHHS JIOBIOBIYHOCTI Oicepy, 0COOIMBO CKILSTHOTO.

Buou ouckosux pobouux opeanie biceprux maunie. 3aBAaHHs IMIBUAKOOOEPTOBOTO JUC-
Ka — 3a PaXyHOK KOHTaKTy i3 OicepoM HajgaTH iHTEHCHBHOI'O PyXy Bciil Maci Oicepy Ta
3a0e3MeunTH Horo NUPKYJILI y poOodiil kKamepi MIIMHA.

JIMcKH 3 TIIOCKOI0 TOBEPXHEIO (pHC. 6, @) HaAaI0Th 00EPTANBEHOTO PyX NPHIICIIINM IIa-
pam Oicepy, SKuii iz Ii€to BiIIEHTPOBOI CHIIM BIAKHIAETHCS A0 CTIHOK poO0OUOi KaMepH i
JIaJTi 3HOBY BUTICHSIETBCS IIOTOKOM 0Oicepy JI0 0ci po00odoi KaMepH.
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Puc. 5. Y3aranbHeHi KoHCTPyKUii ficepHUX MJIMHIB 3 po0040I0 KAMEPOI0 FOPU3OHTAIBLHOIO
THITY: @ — 3 NAJIBLEBIMH POOOYNMH OpraHaMH; 0 — 3 IMCKOBUMH pOOOYNMY opraHamy; 1 —
cTakaH; 2 — poTop; 3 — poboui opranu (masblii a00 TUCKH); 4 — 0XOJIODKYBaJIbHA COPOYKa; 5 —
T IITUITHUKOBHU# B30T 3 YIIUIbHEHHSAMHE; 6 — BIIIICHTPOBHUIA cerapaTop Oicepy; 7 — MaTpoOHHHI
cemnaparop Oicepy; 8 — oxonomkyBanbHa copouka. [Tarpyoku: S1 — BBoIy cycreHsii; S2 — BUXOIY
cycnensii; S3 — BXOJy 1 BUXOY PIIMHU B OXOJIOKYBaJIbHY COPOUKY

Puc. 6. Buu 1MCKOBHX pOOOYMX OPraHiB TMCKOBHX MJIMHIB: @ — JIFCK 3 IIOCKOIO MOBEPXHEIO Ta
OTBOpAaMH ISl PyXY CYCIeH3ii; 6 — MMCK i3 TIIyXUMH [a3aMu (KaHABKAMH); B — JMCK i3 IPIMUAMHE
HACKPI3HUMH KaHaBKaMHM; I — JIUCK 13 HACKPI3HUMH KaHABKAMH CKJIAJTHOT (CripaienoioHoi) hopmu

Binbin ckiaHi KOHCTPYKIIT AUcKIB [5, 18, 22, 23] nepenbavyaroTs HasBHICTH Ma3iB (Ka-
HaBOK) Tyxux (pHc. 6, 6) abo Hackpi3HuX (puc. 6, B), MpssMuX (puc. 6, B) a0 CKIIaHOT
(hopmu, 3a3BUHaii criipanbHOi (prc. 1, T), BAKOHAHWX HA MEBHY JOBXHUHY (pHc. 6, 0) a0o Ha
BCIO JIOBXKWHY, 10 O19HOI moBepxHi (puc. 6, T). Taki KOHCTpYKIIii 32a0€3MedyroTh KOHTAKT
Oicepy 3 JMCKOM He JIUIIe Ha Oi4YHii MOBEpXHi, a 1 Ha BCii MOBEpXHi KaHABOK. 3UEIJICHHS
Oicepy 3 JIMCKOM BiJIOyBa€ThCsl HE JIMIIE 33 PAXYHOK CHJI TepTs, a i 32 paxyHOK NPHUTH-
CKaHHsI OOKOBHMH MOBEPXHIMH KaHABOK, 1110 Hajiae Gicepy JI0JaTKOBOTO iMITyJIbCy 32 pa-
XYHOK BIIIICHTPOBOT CHJIH, 3a0e3Medy€e HOro IHTEHCUBHY IUPKYISI0 B 00’ €Mi poOoUoi
Kamepu i o0epTaHHs OiCEpUHOK 3 Pi3HOIO MBHUAKICTIO. BinmoBigHo, Ha YaCTUHKU 00po0-
JIFOBAJILHOI CyCIIeH311 Ait0Th OLbILI 3yCHIUIS 3CYBY Ta CTHCHEHHSI.

Jesixi BUpOOHUKHM KOMOiHYIOTb Pi3Hi TUIIM TUCKOBHX POOOYMX OpraHiB y OHIN poOoUiit
kamepi [23], 30KpemMa JMCKU 13 IUIOCKOI MOBEPXHEIO 1 JUCKM 3 HACKPI3HUMH Ia3aMu
CKJIAJIHOI CITipaieroTioHoi (hopMu.

Bicepni mnunu 3 pobouoio kameporo konycrnozo muny. bicepHi MiMHH 3 poO0YOIO Ka-
MEPOIO KOHYCHOT'O THITY 3 KIJIBLIEBMM 3a30poM (Takosx BizoMi sik CoBall) pekomeHayoThCs
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KoMTaHi€ro-BupoOHKOM ProXES GmbH mms monpiOHEHHS KOMITOHEHTIB (hapMarieB-
THUYHUX 3aco0iB. s pylHHyBaHHsI KJIiTHH MIKPOOPraHi3MiB MJIMHH TaKOTO THITY PEKOMEH-
IyroThcs (axiBIsiMU O6ioTexHOTOTUHOI Tairy3i [80].

[IponayxT BBOOWTECS B KamMepy MOAPIOHEHHS 3a JOMOMOTOIO 30BHIITHROTrO Hacoca. Pyii-
HyBaHHS KITITHH (200 TOApIOHEHHS] YaCTHHOK CYCIEH3ii) 3IMCHIOEThCA B TIPOCTOPI MiXK
CTaTOPHO-KOHITHOIO POOOYO0I0 KaMepOro 1 KOHITHUM poTopoM [56] (puc. 7).

Puc. 7. Bicepuuii MiiuH i3 po604010 KaMepor0 KOHYCHOTo THIY [56]: 1 — KaHaI BBEICHHS
00pOOITIOBATTBHOT CYCIIEH31i; 2 — KaHaIl BiIBeICHHS 00pO0IICHOT cycIeHsil; 3 — KOHYCHHUiT poTop 3
OXOJIO[PKYBAILHOIO COPOUKOI0; 4 — 3a30p MK POTOPOM 1 CTaTOPOM; 5 — CTaTop 3 OXOJIOIDKY-
BaJILHOO COPOUKOIO; 6 — BY30J1 BIIUIUICHHSI CyCIIeH3IT Bl Oicepy i MOBEepHEHHs Oicepy y pobouy
kamepy. [larpyOxu: S1 — Bxoay cycriensii; S2 — Buxoay o0po0OieHoi cycnensii; S3 — nonadi i
BUXOJy BOJH B OXOJIOJKYBaJIbHY COPOUKY

Po3mip 3a30py mix poTopoM i ctatopom — 6,5—17,0 mm. Pyx poTopa BukimKae pasi-
anbHE nepeMileHHs 6icepy. Y Mipy npocyBaHHs OicepHOI MacH 3 IPOLYKTOM IIBHAKICTD
PYXy 30UTBIITY€ETHCS, IMOBIPHO, 32 paxXyHOK 30UTHIIIEHHS BiIIIEHTPOBHIX CHX BHACIIIOK 3011Tb-
IIEHHS JllaMeTpa poOouoi kaMepu. BifmoBiaHo, 3pocTatoTh HarpyKeHHst 3¢yBy. [licis mpo-
XOJIDKEHHS 3230y CYCIICH3isl BIIIOKPEMITIOEThCS BiJT Oicepy Ha CHTI Ta BiJBOAUTHCA, a Oicep
yepe3 KaHal [IOBEPTAETHCS B POOOUY KaMepy.

BupoOHuk 3BepTae yBary, 110 Ha SKiCTh TOTOBOTO IPOAYKTY BIDTUBAIOTH [56]:

- 4acToTa 00epPTaHHS POTOPA;

- 3330p MK pOTOPOM i1 CTATOPOM Yy 30HI pyiHHYBaHHS (TIO/IpiOHEHHS);

- Marepial i giametp Oicepy;

- IIBUJIKICTH TIOTOKY

- HABaHTa)XEHHS Ha Oicep.

MosKkHa MPHUITYCTHUTH, 110 HABAaHTaKEHHS Ha Oicep 3aJIeKUTh BiJl 4aCTOTH 00epTaHHS po-
TOpa 1 ryCTUHU Oicepy.

HaronomryeTscst, 1110 Taki MIMHH HAIAI0Th IPOAYKTY Y 4 pa3u Olibliie eHeprii, HiXK MITMHA
3BUYAMHHUX KOHCTPYKIIH, TOMY ITiJi 4ac 0OpOOJICHHS BHIUSIETHCS 3HAYHA KiIBKICTh Te-
TUIOTH. 3 METOIO IHTEHCHBHOT'O OXOJIO/PKEHHS CTATOP MITFHA Ma€ BOJISIHY COPOUKY, a Y Ty-
CTOTLUIHI POTOP TAKOXK MOAAETHCS OXOJIO/PKYBAITbHA PiIHHA.

I[lepeBaru GicepHUX MIIMHIB 3 pOOOYOI0 KAMEPOIO KOHYCHOTO THITY [56]:

- SIKICHMH TPaHyJIOMETPUYHHUIA CKJIaJ1 TOTOBOTO TIPOLYKTY;

- SIKICHMH KOHTPOJIb TEMIIEPATYpH CYCIIeH3i1 i/ yac 00poOIeHHS;

- epeKTUBHHUIA 17151 BUCOKOB’ SI3KHX TIPOJIYKTIB;

- IIBHJTIKE TIEPEHAIATODKEHHS Ha 1HIIT TPOTYKTH;

FOOD INDUSTRY Issue 37, 2025 205



Obnaouanns ma ycmamxy8amHs IMPOIIECHU TA OBJIAJIHAHHA

- OUMIIIEHHS BiIOyBaeThes Oe3 BUAaieHHs Oicepy;

- eKOHOMHE BHKOPHCTaHHSI MUMHUX 3ac00iB 1 cymicHicTb i3 cuctemamu CIP;

- BIIMIOBIJal0Th YMOBaM 3aCTOCYBaHHS y BAPOOHHIITBI KOMIIOHEHTIB (hapMaleBTUIHUX
3aco0iB.

Bicepni mnunu 3 pobouumu opeanamu mypoinnoeo muny. 3BepTaEThCS yBara Ha BUKO-
PHICTaHHS TaKOTO TUITY MJIMHIB JUTS IETIKATHOTO OOPOOJICHHSI HAHOYACTHHOK 0€3 3HAYHUX
MOIIKO/KeHb KpucTaliB [ 18], 1, aHanoriuHo, 1u1s pyiHyBaHHS KITITHHH 0€3 MOIIKOHKEHHS
11 IHAKX KOMITOHEHTIB.

PoGounii opran Takux MIIHHIB (pHC. 8, a) BAKOHAHUH y BUTIIAAL TypOiHHOTO Kojeca [ 18]
1 Harafye KOHCTPYKIIiO BiIIIEHTPOBOTO cenaparopa bicepy (I1s MOPiBHAHHSA, UB. PHC. 5 1
9). Inmmx po6ounx oprafiB y poOodiii kamepi HeMae.

S2
'3

Puc. 8. Koncrpykuii 6icepuux MIIMHIB i3 po6o4uuMH opraHaMu TypOiHHOI0 THITY: a — MITHH i3
OITHUM TypOiHHIM KoJiecoM [ 18]; 6 — muuH i3 Habopom TypOiHHUX Kodic [Boyee, 2025]; B —
LTFOCTpAIlis UPKYJISALIT Oicepy y MiIHHI i3 TypOiHHUM poOourM opranom [15]; 1 — crakan; 2 —
poTop; 3 — poboui opranu (TypOiHHI KoJieca); 4 — OXOJI0/PKYBaJIbHA COPOUKA; 5 — YIIUIBHCHHS,
6 — npuBiz; 7 — NiAIMITHAKOBHUI By30J1; 8§ — BiILIGHTPOBHIA cenaparop; 9 — NpuCTpiii BigBeACHHS
cycnensii; 10 — nmaTponHuii cenaparop oicepy. [larpyoku: S1 — BBofy cycreHsii; S2 — BUXOIY
cycrensii; S3 — BX0/1y 1 BUXO/Ly PiIMHHU Y OXOJIO/DKYBAIbHY COPOUKY

Binomi MinHM 3 IeKiIbKOMa poOdounMu TypOiHOomoAi0HMMY opraHamu [15] (puc. 8, 0).
EdextrBHICTE poOOTH TaKMX MIIMHIB MOSICHIOETHCS THM, IO CYCIIEH3isS MiKpOOPraHi3MiB
a00 TBepAMX YaCTHHOK pa3oM 3 OiCepoM I €0 BiIIIEHTPOBOT CHIM BUKUIAETHCS 3 TYP-
OiHM 0 CTIHOK poO0UOi KaMepH, Aaii BUIITOBXYETHCS 10 OCi POTOPA i 3HOBY BCMOKTY€ThCS
B TypOiny [15] (puc. 8, B). OTxe, Takuii TUI MIIMHIB HAaJ[a€ JIOCTATHHOTO PyXy Oicepy
Majsioro aiamerpa. Ha THIOBHX KOHCTPYKLIsI MIIHHIB 13 pOOOYMMH OpraHaMy MajibLEBOro i
JIICKOBOTO THITIB TAKOT'O €PeKTy AOCITTH HEMOXKIIUBO.

Oco6nuBicTh pOOOUMX OpraHiB TypOIHHOTO THITY MOJIATAE B TOMY, 1110 BOHH BUKOHYIOTb
GyHKIIT SIK TIepeMilyBaHHsl, Tak 1 po3aiieHHs Oicepy. Po3poOHMKY 3BepTatoTh yBary Ha
ONTUMI3allit0 KOHCTPYKIii CErMEHTHUX IJIACTHH TypOiHH (ceraparopa) BEpTUKAIBHOTO TH-
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ITy IIUISIXOM HU3BKOT'O CITiBBITHOIIIEHHSI HOTO BUCOTH JI0 AiameTpa. PoTop 3a0e3reduye BUCO-
Ky PO3ALIBHY 3aTHICTh Oicepy HaBiTh 32 HU3BKOI BiIIEHTPOBOI ciiti. Huzbka BifieHTpoBa
CHJIa TIPU3BOINTH JI0 HU3BKOI eHeprii yaapy OiceprHOK, 1, HAHOYaCTHHKY a00 KOMITOHEHTH
KJITHHH i1 4ac 0OpoOIeHHs He MOIIKOKYIOTECS. POTOp 13 HUBBKUM CIiBBiIHOICHHSIM
BHCOTH JI0 JliaMeTpa 3a0e3edy€e piBHOMIPHHH MOTIK CyCIIeH3ii, 3aBASKA YOMY YHUKAIOTh
JIOKAJIBHUX TOIIKOIKEeHb PoIyKTy [18].

Tpucmpoi ons 6id0inenns cycnensii 6io Oicepy. IHHOBaIIHI OicepHI MIIMHH Oe3repep-
BHOI Jii iepen0ayaroTh HasBHICTh NPUCTPOIO I BiIUIUICHHS cycnieHsii Bi Oicepy. 3a Bia-
CYTHOCTI cerapaTtopa Oicepy HEeMOXKIIMBO OpraHi3yBaTH Oe3repepBHE 00POOJICHHS CYCIICH3IT,
pobody kKamepy OicepHOro MITFHA TIOTPIOHO PO30HUPATH Ta BIUIUIATH CYCIIeH3II0 BifT Oicepy
Ha curi [33]. 3a Takoi yMOBH 3HaYKa KUTHKICTh CYCIIEH311 3aIIMIIIAETHCS HA TOBEPXHI Oicepy
1 BTpava€eThCs i yac Horo MUTTSL.

HaiinpocrimimM cenapatopom Oicepy € IIUTMHHHUN: 3a3BUYaii, MK maTpyOKoM BijiBe-
JICHHSI CYCTIEH3ii 1 IUIACTHHOIO 3a JOTIOMOTOI0 TBHHTOBOTO MEXaHi3My BCTAHOBIFOETHCS
3a30p, Yepes SIKUi MPOXOJISITh YACTHHKH CYCIIeH311 3 PIANHOIO 1 He MpoXoauTh Oicep. Huni
BUPOOHHKH 00JIaTHAHHS PiJIKO TMPOTMIOHYIOTH TaKi KOHCTpyKIii. IIpoTe Bimommii MexaHi3Mm,
SIKMH BUSIBIISIE 3MiHY BHYTPIITHBOTO THCKY, IIIO TIOB’s[3aHA 3 OMOPOM IIOTOKY CYCIICH3ii B
IIUTMHHOMY 3a30pi, 1 aBTOMAaTHYHO peryiroe mianHHni 3a30p [18]. Lleir mexaHi3m 3aro-
Oirae 3aCMiuCHHIO LIUIMHY, 110 3a0e3Meuye TpUBaILYy cTaOLIbHY poOoTy. BomHouac miinmHHI
cenapaTtopu (HiKCOBaHOTO TUITY MOXKYTh OyTH 3aKyMopeHi rpyOuMu YyacTuHKamu abo Oice-
pom. 11linuHHI cenapaTopy B OCHOBHOMY 3aCTOCOBYETHCS TIPH MOAPIOHEHH] YaCTHHOK Bif
CYOMIKPOH JI0 JIECATKIB MIKPOMETPIB i3 3aCTOCYBaHHIM Oicepy po3mipom Bif 0,5 1o 3 M.
Taxwii TuI cemapaTopa po3awIsie cycnensiit B sa3kictio 1o 10 000 MIla-c.

Cenaparop (pinpTp) MaTpoHHOTO TUITY (IWB. pHC. 5, a, 0, Mo3. 7; puc. 9, B, mo3. 10)
BUKOHYETHCS 3 TIOPUCTOrO Marepiaily, cuta abo HaMOTYBaHHSIM Ha MephopoBaHy TPyOKy
TOHKOTO JIpOTY. 3a3BUYaii, BUKOPUCTOBYETHCS IS 6icepy po3mipom monan 0,1 mm [18].
Taki KOHCprKTI/IBHl pilieHHs He € epEeKTHBHUMHE Y pa3i 3HAuHOI KOHIIEHTpaIlii Oicepy y
30HI PO3/ILICHHS.

Bintenrposuit cerapaTtop 61cepy (pI/IC 9) e e(beKTHBHmmM TIOPIBHSHO 13 IUTMHHAM
abo marponHnM. Jlae 3Mory BUUIUIATH Bij CycreHsii HainpiOHim Buau Oicepy, 10 15 MkM
[18].

Ceniapatop BUIOTOBJISIETHCS Y BUIJISII TYPOIHHOTO KOJIECa, HACA/KEHOTO Ha IMyCTOTi-
JIMiA poTOp OiCepHOro MyIMHA (JIUB. pUC. 5, a, 0, 1103. 6; puc. 9, a, 0, ¢, mo3. §). Ha 30BHiIHIi
ITHIPUYHIY TOBEPXHI KoJleca BUPi3aHi BiKHA, Y SIKi IIOTPAILISE CYCIICH31A 3 TOIpiOHEHIM
MIPOYKTOM a00 3pyHHOBaHWMH MIKpOOpraHi3MaMH, i BiJBOIUTHCS 4epe3 IMyCTOTLIHN
poTop.

[IBUAKiCTh OCa/IKEHHSI YACTUHOK Y TPABITAII{HOMY 1 BIIIIEHTPOBOMY TOJISIX 3aJIEKUTh
BiJl pO3Mipy — MEHIIi YaCTUHKH OCiZ[atoTh MoBuIbHIMIE. Jliamerp Oicepunok — 0,3—
2,0 MM, a YacTHHOK cycrieH3ii — meniire 3a 0,05 MM, Tomy Oicep Mij i€ BiIIEHTPOBUX
CHJI PyXa€ThCs JIO CTIHOK 0iCEPHOro MIIFHA 31 IIBHIKICTIO 3HAYHO OUTBINO0, Hi’K YACTHHKU
[96].

YMoBa poOOTH BiALIEHTPOBOI'O cemapaTopa: BUTPATy CycCleH3il NoTpiOHo migibpaTtu
TaK, MO0 MIBUJIKICTH il pyXy BOIMO cenapaTtopa Oyiia OLTBIIO 32 MIBUJIKICTh PYXY YacTH-
HOK HA30BHI ITiJT JI€F0 BiJILIEHTPOBUX CHII. Bicep mix JMi€r0 BiLIEHTPOBUX CHJI PyXa€ThCs
HA30BHI IBH/IIIIE 32 YACTHHKHU CYCIIEH3IT 1 BUKHIAEThCS 13 ceraparopa, a YaCTHHKH Pa3oM
3 PIAMHOIO BiABOASATHCS Yepes MycToTiHi potop. KoHcTpyKis, y sikili cenapaTop OTpuMye
PYX BiJl OKpEMOT'O IIPUBO/LY, € PALliOHATIBHILLIOK, TOMY IO Ja€ 3MOT'Y HaJallTyBaTH ONTH-
MaJlbHi pexkKuMH nopiOHeHHs 1 BigainenHs oicepy [39].
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Omxe, BIAIICHTPOBHUN cemapaTop OicepHOTo MIIMHA Ja€ 3MOTY SIKICHO PO3IUTUTH CY-
CIIEH3I0 Bij] Oicepy 3a YMOBH pallioHATBHOTO BUOOPY IIBUIKOCTI OOEpTaHHS.
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Puc. 9. Koncrpykuii podounx kamep dicepuux MunHiB [18]: a — BepTukaibHui OicepHUi MIIMH 13

CIIUTBHUM IPHUBOJIOM POTOPA 1 BIALIEHTPOBOTO cenaparopa; 0 — BepTHKaIbHUIL OicepHuii MIIHH i3

OKpPEMHM IPUBOJIOM BiLICHTPOBOTO CEMapaTropa; B — rOpU30HTAIBHUN OiCepHUI MIIHH i3 BiILICH-

TPOBUM Ta MATPOHHUM cerapaTopamu; 1 — crakan; 2 — potop; 3 — poboui opranu; 4 — 0XoJo-

JDKYBaJIbHA COPOYKA; 5 — YIIUIBHEHHS, 6 — MPUBIJ;, 7 — MiAIIMIHAKOBHUIN BY30J;, 8 — BiJILICHT-
poBuii cenapaTop; 9 — npucTpiit BiBeaeHHs cycnensii; 10 — narpoHHUii cenaparop Oicepy.
IMarpyOku: S1 — BBOAY cycnensii; S2 — BUXO0Jy cycneHsii; S3 — BXOJy i BUXOAY PiIUHU Y

OXOJIOKYBAJIBHY COPOUKY

bicepni mnunu i3 306HiUHIM KOHMYPOM YUPKYIAYIL CYCnen3ii. Jlesiki BAPOOHMKH BHIi-
JISIFOCH OKpEMy Kﬂacncpmauuo 6lcepHI/D( MIIHMHIB 32 CTPYKTYPOIO p060qoro IUKITY — TIepio-
JIMYHOT 111, Ge3repepBHoOi Aii poXijHi 1 Oe3nepepBHOI Aii MPKyIsHiiiH. binbuiicts npo-
MUCJIOBUX OICEpHUX MIIMHIB O€3MEpepBHOI JIii € IUPKYJISAIIHHAMY 1 OCHAIIEHI CUCTEMaMu
30BHIIITHIX KOHTYPIB JUIsl HUPKYIBLIi cycriensii [5, 18, 22, 92]. Y3aranpHeHa cxema Oicep-
HOTO MJTMHA 13 30BHIIITHIM KOHTYPOM CyCIIeH3ii Ioka3aHa Ha puc. 10.

Puc. 10. Bicepnuii MiMH, oOCHaIeHHWI 30BHIIIHIM KOHTYPOM HMPKYJIALIi cycnensii: 1 — crakan;
2 — potop; 3 — poboui opranu; 4 — OXONOIKyBAIbHA COPOYKA; 5 — YIIUTBHEHHS; 6 — MPHBIT;
7 — MiAIMMITHAKOBUH BY301T; 8 — BINIIEHTPOBHIT cetapaTop; 9 — maTpoHHMIT cemaparop; 10 —
30BHIIIHIN KOHTYp LUPKYJIALIi cycnensii; 12 — oxomnopKyBanbHa kaMmepa it cycnensii. [TatpyOxu:
S1 — BBomy cycnensii; S2 — Buxomy cycnensii; S3 — BXoAy 1 BUXOy pilHH y OXOJIOIKYBAIbHY
COPOUKY

208 XAPYOBA ITPOMUCIJIOBICTbD Ne 37, 2025



Equipment and machinery PROCESSES AND EQUIPMENT

Cycnensis micis BiiiteHHS Bif Oicepy momaeThest HacocoM 11 y 30BHIiHIN KOHTYp 10
LUPKYJISLIT 1 3HOBY TIOBepTaeThest y OicepHuii MiMH. Y pasi opraHizaii 6e3mnepepBHOi CTPYK-
Typu poOOYOro LUKy He3HAYHA YaCTHUHA CYCIEH3ii BiIBOAMTHCS i3 KOHTYpY, a iHIIa —
TIOBEPTAETHCS Ha3a[ y MIIMH. Y JESKUX BUIAJKaX y 30BHINIHBOMY KOHTYpI IependadeHa
poMikHA Kamepa 12 1t 0XonomKeHHs cycrieH3ii. biapmricTs BAPOOHMKIB HABOAATH 11 JTH-
e Ha cxeMax oOpoOJIeHHs CyCIieH3ii TBepIrX YaCTHHOK 1 He TiependavaroTh il 3aCTOCy-
BaHHS JUISI OXOJIOJPKEHHS CYCIICH31i MiKpOOPTaHi3MiB.

Xoua KUIBKIiCTh IMKIIB IMPKYJIALIT CycrieH3ii He HaBOAUTHCS, Ha OCHOBI aHai3y (AMB.
Tal1. 2) 1 3raJIok y Mpe3eHTallisIX BUPOOHUKIB MOYKHA Y3arajJbHHUTH, 110 BOHA HE TIEPEBHIILYE
10 1, 3a3Buyaii, ckaagae 3—-5.

CucrteMn DMPKYIALIi CyCHeH3ii 30BHIIIHIM KOHTYPOM BCTaHOBJIOIOTHCS YacTillle Ha
OicepHMX MIIMHAX 13 TOPU3OHTAIHLHOIO pOOOYOI0 KaMeporo, ajle iHOMI X BCTAHOBIIOIOTH i
Ha MIIMHAX 3 BEPTUKAIHLHOIO KaMepoto [92].

Buou pobouux min 6iceprux maunie. Pobodi Tina OicepHUX MIUHIB — bicep, TOOTO
KYJIbKH HEBEITKOTO JliaMeTpa. 3a3Br4aii, giamerp Oicepy Uit pyWHYBaHHS KITITHH MiKpO-
opranismiB — Bix 0,1 10 2,0 MM, ipote Moke csarati MeHine 3a 0,03 MM Uit OTpUMaHHS
HAHOYACTUHOK, Ta MOoHa/ 3,0 MM — Yy XIMiYHOMY BUPOOHMIITBI (Hal4acTime — TIiJ] 4ac
BUTOTOBJICHHS (Dap0). bicep BurotoBmsiroTh 31 ckia [51, 53, 73], kepamiku [51, 53, 73] abo
ctami [51].

CxusiHuii Oicep 4acTo BUKOPUCTOBYIOThH y J1a00paTOPHUX MJIMHAX Ta B HEBEJIUKHUX BU-
poOHHIITBaX. 3a3BHYai, BAKOPHCTOBYIOTH CKIIO:

- OopocuITiKaTHe;

- HaTpi€BO-BaITHSHE;

- aMOMiHIH-00pCHUITIKaTHE;

- KBapIoBe (CHHTETHYHHH JIIOKCH]T KPEMHIIO).

Kepamiunwuii Gicep OibI mommpeHuii 3a cKkistHuiA. [[prkiam Matepiany KepaMiqHOTO
Oicepy:

- OKCH/JI IIUPKOHIO;

- cymim kapOixy Bomb(ppaMy i OKCHIY IMPKOHIO;

- OKCH/I TIEpito;

- IUPKOHI-aJTFOMIHI H-OKCHI;

- CTIICYCHUI CHITIKAT ITUPKOHIIO;

- OKCHJI alTIOMIHIIO;

- JTIOKCHJT KPEMHIIO.

JA7st oKpateHHs: XapaKTepUCTUK KepaMidHi CyMillli JOAATKOBO CTaOLTi3yIOTh ITpieM
a0o 11epiem.

Cranesuii Gicep BUTOTOBIISIOTH 3 T IIIMITHUKOBOT T4 XPOMOBAHOI CTaII.

Kepamiunuii 6icep 3 OKCHIy IMPKOHIIO, CTab1Ii30BAHOrO ITPiEM, JOPEYHO BUKOPHUCTO-
BYBaTHU Jy1s1 pOOOTH 3 KOMIIOHEHTaMH JIIKAPCHKUX 3aC001B 1 pyHHYBaHHS KJIITUHHOI CTIHKA
Mikpooprani3wmis [53, 73], a Gicep 3 I IMIMITHUKOBOI CTali PEKOMEHIOBAHHH TSI pOOOTH 3
XapuOBUMH NpoAyKTamu [18].

IcHytoTB IEBHI npaBuia miadOpy BUAY Ta poAdy Oicepy [S1]:

- JUISl IPO/IYKTiB, IO JIETKO HOAPiIOHIOIOTHCS, BAKOPHCTOBYIOTHCS pOOOUi TiJla MEHILIOTO

pOo3MIpY;

- JUISl TIPOJTYKTIB, SIKi BAYKKO MOJPiIOHIOIOTHCS, JOPEUHO 00paTh poOodi Tijia GLIbIIOro
posmipy;

- poOoui Tila NOBUHHI OyTH B 2—3 pasu OUIBIIMMH, HiXK 3a30p (TopH) ceraparopa ado
¢dunbTpa y MiTHHI (HapHKJIaI, IIIMHHE CUTO, CUTOBUH MATPOH);
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- poboui Tiya MaroTh OyTH PUHAKMHI B 5 pa3iB MEHIIIMMU 32 BiJICTaHh MiX KPaEM po-
0odoro oprany (arcka abo MaJblisf) Ta CTIHKOK po00Y0i KaMepH;

- po3Mip poOoumx Tisl moBUHEH OyTH MpubM3HO y 20—30 pasziB OLIbLINI 3a TOYATKO-
BUiA po3Mip 4acTUHOK (dgs) OAPIOHIOBAHOTO POAYKTY;

- LIUTLOBHH cepeHiil po3mip 4acTHHOK (dsp) MPOAYKTY Micisl MOAPiOHEHHST CTAHOBUTD
npubmsao 1/1 000 posmipy pobodoro tina, Hanpukiaz [51, 73]:

po3mip pobouoeo mina 2 mm — dsp = 0,002 mm = 2,0 mrm.

CnocrepiraeTbcst TEHACHIIIS 10 BUKOPUCTaHHS poOOYHX Till HA0Aararo MEHIINX PO3Mi-
piB (<100 MM) 17151 HAHOHI3aITiT KOMIIOHEHTIB JIIKAPCHKUX 3ac00iB [45].

Tnwi npuxnaou suxopucmanns dicepnozo 0opobnenns kiimun. Kommanis «BioSpec
Products» (CILIA) BupoOiiste 1abopaTopHi MPUCTPOI, SKI PYHHYIOTh KITITHHHA MIKpOOpra-
Hi3MiB BcepeuHi MikporakoriB 06’ emom 2,0 mit. [pucTpiit miakIrogaeThes 10 pe3epBy-
apa 3 PIIKIM a30TOM ISl OXOJIOMKEeHHs cycneHsii 1o —196 °C, y pe3ybTari 9oro CycIieH-
3is CTa€ MOPOIIKONIOAIOHO0, a He piakoro [80].

V3azanvnenns i cucmemamuzayis cmpykmypu 6icepHux maurie. Y HayKOBiH 1 HABYAIIb-
Hill JliTepaTypi HEAOCTATHRO CUCTEMATH30BaHOI iH(opMarii Mpo KOHCTPYKIIT OicepHUX
MITHHIB. Ha OCHOBI 115OTO OTJISITY MPOMOHYETHCS CHCTEMATHU3YBATH OiCEpHI MITMHH 32 CTPYK-
TYpPOIO, TUIIOM PO00YOT KaMepH, THITIOM poOOYMX OPraHiB i cenaparopis Oicepy. [Hpopma-
1ist 6y/1e KOPUCHOIO IS TTIITOTOBKY HABYAILHOI Ta JIOBIIKOBOT JIiTEpaTypy.

Y3arajibHeHa CTpyKTypa OiCepHOro MJIHMHA [TOKa3aHa Ha puc. 11.

_| Poboua xamepa (crakaH, GapabaH)
J PoGoui opranu
L { PoGoui rina (Gicep)

] _| Cenapatop Gicepy

—| OxoJ10/pKyBaIbHA COPOYKA POOOUOT KaMepH

_l Cucrema LpKyIwLi cycrensii (30BHILIHIN KOHTYp)

_| CucTreMa 0XOJIOKEHHS CYCIeH3il

_| IMpusin pobouux opraxis

Bicepuunii maun

—| [TpuBin cenapatopa Gicepy

—| CranuHa

—| Ipucrpoi nns dikcauii pobouoi kamepu

—| Cucrema aBToMaTu3allii Ta KOHTPOIIIO

Puc. 11. Ctpykrypa GicepHOro MjimHa

Kracugikariro 6icepHMX MJIMHIB 32 THIIOM poOO90i KamMepH TMoKa3aHo Ha puc. 12, 3a
THIIOM poOOYMX OpraHiB — Ha puc. 13, 3a Tumom cenaparopa Oicepy — Ha puc. 14; Tunu
JIMCKOBHMX POOOYMX OpraHiB HaBejIeHi Ha puc. 15.
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Tun pododaoi

KaMepH
|
I ] 1 ]
Iumingpiaxa ITITiHIpIYKa Komvera Habip
BePTHKATEHA TOPIZOHTAIEHA Hy MiHi(IaKOHIB

Puc. 12. Tunu podouyux kamep dicepHuX MINHIB

| | ] I 1
be3s BnpaxeHnx
poOOHIIX OpraHiB
(maboparopai
0apabaHHI
HeHTPU(YTH Ta
MiHi(hIaKOHI)

KonycHIi

ITams1i ICKIT Typbian .
1 A P TIOBepXHi

Puc. 13. Tunu podounx oprauis GicepHux MJIMHIB

Cemapatopu
Oicepy
I
[ I T 1
IIlimaH] ITaTponHL BinnearpoBsi Kombinopani
DikcoBaHIT BeranoBneHmnii BigueHTpoBHii
THO Ha Baly poTopa i maTpoEHHII
PerynnoBarni 3 OKpeMIIM IinneHNi
THI MIPHBOJIOM i maTpoHHMIi

Puc. 14. Tunu cenaparopis Gicepy

CymimsHi 3 I3 mazamu CxnagHOl
OTBOpaMII (xaHaBKaMII) thopmm
Timn nasis dopma nasie
Hacxpizgi TIpsmi
Ha meB! . .
IeBHY CoipansHi
TIHONHY

Puc. 15. Tunu quckoBUX poGoUHX OpraxiB dicepHUX MIIMHIB

BucHoBku. Krnituan mineniansHux rpu0iB, ApiKIXKIB, OJHOKIITHHHUX BOAOPOCTEH 1
OakTepiit MICTATh IIHHI KOMIIOHEHTH, 30KpeMa OLIKH, IoJicaxapuiu, iy, hepMeHTH,
MirMeHTH, EHONBHI CIIOTYKH, KOMIIOHEHTH Ul BUPOOHUITBA OionanuBa, 6i0po3KIaaHi
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MOJTiIMEpH, BITaMiHM, aMiHOKUCIIOTH TOIIO, a JACSKi KIITUHH, 30KpeMa TeHETHYHO-3MIHCHI
MIKpOOpPraHi3My Ta OJJHOKJIITHHHI BOJOPOCTI, IPOAYKYIOTh PEUYOBHHH 3 TEPAIleBTUUHUMH
BJIACTHBOCTSIMUA — PEKOMOIHAHTHI O1JIKH, CKJIaJ0BI BaKIIMH, aHTUTLJIA, 1HCYJIiH TOIIIO.

Bararto i3 X pedoBHH HEMOKITMBO a00 CKJIATHO CHHTE3YBATH 1HIIUMH CIIOCO0AMU, TOMY
JUTsl BUIOOYTKY MIHHMX KOMITOHEHTIB KIIITHHN MIKPOOPTaHi3MiB MOTPiOHO 3pyHHYBATH.

MexaniyHi criocoOu pyiHyBaHHs KIITHH MIKpOOPraHi3MiB BUKOPHCTOBYIOTh ISl TO-
PYIIEHHS IUTICHOCTI KIITHH, 3 METOIO 1X IMOAIBIIIOr0 PO3/UICHHS Ha iKY 1 TBepay ¢azu
Ta BUIOOYBaHHS LIHHUX KOMIIOHEHTIB.

Meron pyiiHyBaHHS KIIITUH MIKpOOPTaHi3MiB y OiCepHUX MIIHAX € TIEPCTIEKTHBHUM 1
3aCTOCOBYETBCS B OCHOBHOMY J1J1s1 0OOpOOIIEHHS CyCIIeH31i MillenialbHUX TPHUOiB, IPIkKIKIB
Ta OKPEMHX BHUIIB OTHOKIITUHHHUX BOAOPOCTEH, SIKi MAfOTh MOPIBHIHO BEIMKHH pO3MIp
KJITTUHA. [HIT MEXaHIYHI METO/M, 30KpeMa TOMOT'SHI3aIlis 11i]] BACOKMMH THCKOM, 3aCTO-
COBYIOThCS B OCHOBHOMY JIJIsl OOpOOJICHHS CYCIeH3il OakTepiil Ta OMHOKIITHHHUX BOJIO-
pocTen.

Y TEeXHOJNOTIYHMX KOMIUTEKCaxX ImepepoOIeHHs KIITHHHOI OiomMacH OicepHuMil MiTHH, 3a-
3BUYaii, 3HAXOAUTHCS HA MOYATKy MAIIMHHO-aNapaTypHOI CXeMH, TICIIs €TariB KyJIbTUBY-
BaHHS Ta KOHIIEHTPYBaHHS KJIITHH MiKpOOPTaHi3MiB y meHTpu(yrax i cemaparopax. Ha-
CTYIHUMHU orieparlisiMu ITiciist 00poOIeHHS B 6iC€pHI/IX MJIMHAX € BIIICHTPOBE PO3ILICHHS
cycreHsii SpyI/IHOBaHI/IX KJITHH Ha TBEPY 1 PLAKY q)a:sy B ueHrpH(byrax abo cemapaTopax;
BUJIYYEHHS LIIHHUX PEYOBHH 13 pifkoi (a3 abo KIITHHHUX CTIHOK B €KCTpaKTopax, ab-
copOepax TOI0; KOHIIEHTPYBaHHS OTPUMAHNX PO3UMHIB Y MEMOPAaHHUX araparax abo BH-
MapIOBaHHS 1 CYLIiHHS.

BicepHnii MITMH CKIIQIA€THCS 3 TAKMX OCHOBHHX YacTHH: poOoda Kamepa (cTakaH, Oa-
pabaH); poboui opranu; poboui Tiia (0icep); cenaparop Oicepy; 0X0JI0KyBalIbHAa COPOUKA
pobodoi Kamepy; cHUcTeMa NMUPKYJIALIi CycrieHsii (30BHINIHIN KOHTYp); CHCTeMa OXOJIO0-
JDKEHHSI CYCTIeH311; TIpHBiI poOOUMX OpraHiB; MPHBIJ ceraparopa Oicepy; CTaHWHA; TpHU-
CTpiii i dikcarrii pobodoi KaMepu; CCcTeMa aBTOMATH3AaIlii Ta KOHTPOITIO.

Konctpykuist pobodoi kamepu GicepHOro MITHA MOKe OyTH BEpTHUKaIIbHA, TOPU30H-
TallbHa, KOHyCHa 200 0e3 BUpakeHOI poO0dv0i KaMepH y BUTIIANI HaOOpy MiHi(pIaKkoHiB.
Opienrariisi poOo40i KaMepH HE3HAYHO BIUTMBAE HA MPOAYKTUBHICTH OiCEPHOrO MIIMHA,
MpOTe BIUIMBAE Ha HOro (hyHKIioHANBHICTE. O0’eM poOovoi Kamepy IPOMHUCIOBHX Oicep-
HUX MJIMHIB 3a3BKYaii cknanae 10—20 ave,

Po6oui opranu GicepHHMX MITMHIB — JIUCKH, MAJIbIl a00 TypOiHKu. B okpemux Bumakax
HEeMa€e BUPa)KEHNX pOOOYMX OpraHiB, HAPHUKIIA, Tij1 4ac OicepHOro 00poOIeHHS CyCIeH-
3iif MIKpoOprasi3MiB y 6apabanHux neHTprdyrax abo Mminidpaakonax. Yacrora obepranHs
pobouunx oprais OicepHoro MivHa 3a3suyaii ckiagae 1 000—2 500 06/xB.

I[I/ICKOBI p060q1 OpraHy MOXKyThb MaTH IJIOCKY TIOBEPXHIO a00 Ma3H (KaHaBKW) — rnyx1 i
HACKpi3Hi, HpSIMl 1 CKJIaJIHOT, 3a3BHYal cITipalenoaioHoi (bopMH OcHoBHa MeTa Ta3iB —
CTBOPEHHSI IHTEHCUBHOI IMPKYJIALIT Oicepy y poOouiif Kamepi MITHHa.

Bicep € ck1a10BO0 4aCTHHOIO MAIIMHK — OICEPHOr0 MJIMHA. Y IPOMHUCIOBUX YMOBaxX
BUKOPHUCTOBYEThCA Oicep kepamiuHui 1 MeTaneBuil. [iametp Oicepy Amst pyHHYyBaHHS Kili-
THH MiKkpooprasismiB cknagae 0,4—0,6 MM, MpoTe 3aCTOCYBaHHS POOOYMX OPTaHiB TYyp-
OIHHOTO THITY JIa€ 3MOTY BUKOPHCTATH MEHIIMI po3Mip Oicepy Ta MiABUILUTH MPOIYKTHB-
HICTb MPOIIECY.

st BignineHHs 00po6ieHoi cycnen3ii MikpoopraHizmiB Biff Oicepy BUKOPUCTOBYIOTHCS
cernapaTopH IIUIMHHOTO, ITATPOHHOI'O Ta BiLIEHTPOBOro THITiB. Haituacriiie 3acTocoBYIOTH
MOEJHAHHS [IATPOHHOTO 1 BIALEHTPOBOrO cenapaTopa. 3arporoHoBaHa Kinacudikaris Oi-
CEpHUX MJIMHIB Ta iX €JIEMEHTIB MOYKE OYTH BUKOPHCTaHA a HaBYAITBHOMY ITPOIIEC, ITij] 9ac
BUOOPY YMOB, PEKIMIB PyHHYBaHHsI KIIITHH MIKpOOPraHi3MiB Ta iHTeHCcH(iKaLii mporecy.
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