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PoaraanyTo cydyacHuil TexXHIiUHUN piBeHb TPALUIINHUX Ja0OPATOPHUX 1 HMiJOTHUX JiodiJTbHUX
cyIliapok mepiogmumoi mii mpoBimHuUX (ipm, sokpema Thermo Fisher Scientific, Labconco Corporation,
Martin Christ Gefriertrocknungsanlagen GmbH Tta in. Ilomawmo indopmarlrito mpo HOBUH IepPCIeKTUBHUI
TUO JiOPIIBHUX CYIIAapoOK, B SAKMUX s cyOJuaimarmii i mecyb6uaimariii BUKOPHCTAHO TepMOEJeKTPUUHI
enemenTH [lenbThe. Onrcano MPUHITUI Ail I HaBeJeHO OCHOBHI BiTOMOCTi ITP0O PO3TMIIOBAIBHO-CYOIiMAITili-
Hi CyIIapKu OJId ONepP:KaHHS IMOPOIIKOIOAIOHUX (apMalleBTUUHUX CYOCTAHIIiN nad iHramdmii cyxmx
TIOPOIITKOIIOAIOHUX PEUOBUH Ta X 6€3T0JKOBOI BHYTPIIIIHBOIIIKipHOT iH’ eKITii.

Knwuosi cnosa: niodinbue cylrinusa, cyoaiMaliifine CyNIiHHA, TepMOEJIeKTPUUHL
MOJYJIi, PO3IUIIOBAIBLHO-CYOIiMAalliliHe CYIIiHHSA.

Texmosorito Jiogimizarii (cybsimaiiii) 6yso
BiZKpuTO BUMAAKoOBO B 1929 p. pagsHCEKUM Tip-
HuuuM imxenepom I. M. Jlamma-Crapoxe-
HertbKUM. [leil MeTox CyIIiHHA I'DYHTYETHCA Ha
BaKyyMHOMY BWJIYUEHHi BOJIOTM 3 Marepiany,
AKUNA Tiepe0yBae B 3aMOPOKEHOMY CTaHi; IpH
IIBOMY JIiJl ITEPeXOIUTh y Ta30BUM CTaH, 00MUHATO-
yy pigkuii. Biabiy uacTrHy dyacy CyIIIiHHSA MaTe-
pian sHaxomuTbCA 3a TeMIiepaTrypu Big —15 °mo
—55 °C. OckinbKu IIpoIiec BiOyBaeThCA 3a dyiKe
Hu3bKoroo Tucky (50—150 Ila), To Ha MaTepiai He
Iie He TiIBKMW TEIJIO, ajie ¥ KUCEeHb IIOBiTPA.
3aBmaKy UM IiepeBaram Jiogiaisalrito sacToco-
BYIOTbH IS CYIIIiHHSA TepMOJIabiIbHUX 0i0JI0TiUHO
HecTiiKuxX QapMalleBTUUYHUX CcyOcTaHIiii Ta
iHIIMX TPOAYKTIB MiKpPOOiOJIOTiUHOrO CHUHTE3Y.
Jliopinbui ycranoBxu (freeze-drying machine)
TeXHIUHO CKJIAIHi, ITIOTPe0yIOTh MO THAHHSA TeXHi-
KU TVIMOOKOTO BAKYYMY Ta XOJIOAMJIBHOI TEXHIKH i
HAJIEKATh JI0 BUITIOTO KJIACY CKJIATHOCTI Xap4oBO-
T0 I XiMiUHOr0 MAITHOOYIYBAHHS.

IIpuHnun mii cymapox IIbOTO TUITY, METOIU
TEeXHOJIOTIYHMX PO3PaxyHKiB, 3aCTOCYBaHHA B
6i0TeXHOJIOTiUHill IIPOMUCJIOBOCTI OIIMCAHO B UMC-
JIeHHi# JiTeparypi, 3oKkpema B [1-15]. ¥V mbomy
OIVIAM1 BBAXKAEMO 3a JOIILIbHE JaTH JeAKi OCHOB-
Hi BiloMOCTi ITpO KOHKpPETHi cydacHi JriodinbHi
CyIIapKU Jab0opaTOPHOrO i IIiJIOTHOIO THUIIiB.

JlabopamopHi ma niaomni
aio@invHi cywapru nepioduyroi 0ii
¥ cymiapkax 1poro TUITy MaTepiaJji, 1o mig-
JsArae CyIIiHHIO, 3aMOPOMKYIOTh y IPobipkax,
Kosbax ab0 Ha MHOJHIFAX, a IIOTIM MIigmaroTb

CYIIiHHIO B INIMOOKOMY BaKyyMi 3a TeMIIeparTy-
pu —50...80 °C. Ilapa, 110 BUgAJISIETLCA, 3Cigae
Ha IIOBEePXHi KOHJAeHcAaTOpa, AKWU MAae IIie
HIKUy Temneparypy. Iliciasa 3akiHuenHS mpo-
Iecy CyXWil Marepiajl BUBAHTaKYIOTh, a KOH-
JIEHCATOP PO3MOPOKYIOTH OOKOUYyBaHHAM TeII-
JIoI0 Bomoio abo mapor. Ilepmwuii cmoci6
3aCTOCOBYIOTH Y MaJINX YCTAHOBKAX, APYTUH —
y BeJIMKUX. B ocTaHHLOMY pasi ycTaHOBKAa Ma€
IBa KOHIEHCATOPH: Ha OAHOMY JIiJ HAKOIINYUYETh-
cs, a Ha IPYTOMY — PO3MOPOKYETHCA (puc. 1).
3aBepIaJbHUM eTanoM € Ae3indeKrIia amna-
parta, HanpuKJaz, 3a gornomoroio H,0,.
Ognmiero 3 MpoBiZHMX KOMIaHil JabopaTop-
Hux JgiodpinpaHux cymapok € Thermo Fisher
Scientific (CIIIA), aka mpomoHye JabopaTopHi
CYIIapKMW 3 IPOAYKTHUBHICTIO 3a JHOAOM Bin

Tapsaua Boga

ITapa

a 6

Puc. 1. Po3aMopo:xyBaHHSI KOHIEHCATOPA TAPAIOI0
Boao10 (a) i maporo (cucrema CDI —
0e3nmepepPBHOTO BUAAJNEHHA Jboay) (6)
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1,5 kr/moby (momenr LL1500 Thermo),
a TaKOJK ITiJIOTHI 3 MPOAYKTUBHICTIO 9 KI/100y
(momens PL9000-50) (puc. 2).

Mogens LL1500 Thermo
Mogens PL9000-50

Puc. 2. 3pasku MmogeJsieil KOMIaHil
Thermo Fisher Scientific

Mogens LL1500 Thermo Bigpisaserbca
TUM, IO [Ja€ 3MOTy CYIIHUTH 3Pas3Ku, II0
MiCTATH PO3UMHU 3 Ny:Ke HU3bKOIO TeMIleparTy-
poio 3amMepa3anHs (HAIPUKJIAL, eTaHOJ, eTUJIO-
Buii edip Tomro). BoHa € imeanapHOIO y pasi,
KoJIu TOTpibHO 30epertu 0OioJOTiUHY aAKTUB-
HICTB i CTPYKTYPHY IILJIiCHICTD 3pasKa.

Cx0iKy MPOAYKIIiI0 BUIYCKA€ KOMIIaHidA
Labconco Corporation (CIIIA), momemi sxoi
FreeZone MaioTh IPOAYKTUBHICTE 3a JHOI0M 1;
2,5;4,5; 6; 121 18 xr/mo0by (puc. 3).

IITupoxo Bigomi 1abopaTopHi i mijoTHI cy0-
gimaropu kKommadim Martin Christ Gefrier-
trocknungsanlagen GmbH (Himeuuunna) (mpo-

Puc. 3. Cyonimaropu FreeZone

10

IYKTHUBHICTB cyIapok Big 2 Kr/mooy) [16]. Ha
puc. 4 mMoKasaHO cXeMHU JIabOPaTOPHUX CYyIIa-
POk ABOX TuUIiB — ogHOKaMepuux (Process A)
Ta aBoxamepHux (Process B), a Ha puc. 5 —
mijgoTHi cymapku komnauii Martin Christ.

6 2
7
11
12
3
14 8
Process A
5 13
10
7
12 1
3 2
14 8
Process B

Puc. 4. Cxemu nad6opaTopHux JdiogiasHux
cymapok Martin Christ:

1 — BaKkyyM-Hacoc; 2 — KOHIeHcallililHa KaMepa;
3 — 3MilloBUK KOoHIeHcaTopa; 4 — aKpuJjioBe
MMOKPUTTS; 5 — CYIINJIbHA KaMepa; 6 — MOJIUILA 3
migirpiBaHHAM; 7 — BUMipIOBa4Y BaKyymy; 8 —
IpeHaKHUI KJamaH; 9 — meperopojKa IpUcTpoIo,
KUY TPUBOAUTDL Y PYXJIMBUI CTaH MaTepia, 1o
cymutbesa; 10 — KipKoBui nmpuctpiii; 11 — riaa-
MaH IJis BUMipioBaua TUCKY; 12 — aepaliinmii
KJamnaH; 13 — ryMoBuUi# KJamaH;

14 — TemoisonAmnia

Bucoxkoro akicTo i 3aciy:KeHUM aBTOPUTETOM
KOPHUCTYETHCA IIPOAYKITiA aMEPUMKAHCHKOI KOM-
nauii PennTech-Autoloaders, LLC, ssxa BXoIZuUTH
o kopropattii PennTech Machinery Corporation
(ITercunbBaria). Halpgamimumm Bysimamu
CYIIIAPOK ITiei KOMIIaHii € aBTOMATHUYHI CUCTEMU
3aBAHTA’KEeHHA 1 BUBaHTa’KEHHSA 3 JIa3epPHUM
HaBemeHHAM. Ha puc. 6 mokasaHO TPaHCIIOPTY-
BaHHA ILIAIIEUYOK y MOPO3WJIBHY KaMepy, a Ha
puc. 7 — 3pasKu IpoayKIii kommoamii [17].

Bucokoakicui cyb6aimarniiiai cymapxu
J1abopaTOPHOTO THUIY BUIYCKAIOTh HiMeIlbKa
dipma Zirbus technology GmbH, a Takox miB-
IeHHOKopelicbka KoMmmaHia ilShinBioBase Co.,
Ltd. Ocranusa cnernianisyerbesa Ha BUPOOHUIITBI
Jio(QiIbHUX CYHIIAPOK OJA CYHIiHHSA cupoBa-
TOK, aHTHOIOTHKIB, eH3MMiB, a TAKOMK Xapuo-



Oensdu

EPSILON 2-6D EPSILON 2-6D B 6oxci

EPSILON 2-8D
EPSILON 2-12D

Puc. 5. Ilinorwi cy6aimaropu ¢ipmu Martin Christ
(ocranHdg mudpa B Ha3Bi 03HAYAE MPOAYKTUBHICTH
3a JBOA0M, KT/I00Y)

Puc. 6. TpaHCTIOPTYBAHHS ILJISIICYOK
3 PO3YNHOM Y MOPO3UJIbHY KaMepy

Bux npoxaykTiB [18]. IIpogykTuBHiCcTS Jlabopa-
TOPHUX CYIIAPOK 3a JbOJOM CTAaHOBUTH Bifm
3 Kr/mo0y. Ha puc. 8 300pakeHO 30BHIITHiN
BUTJIAJ CYIIIaPOK ITiel KoMmaHii.

ITimorua cymrapka PVTFD20R ilShin mae
MaKCUMaJIbHY IPOAYKTuBHICTEL 20 Kr/mo0y, mpo-
rpamMyeThes i Mpu3HaUYeHa AJIA MOHTAMKY B UMCTUX
MPUMIITIEHHAX IIiJ yac BUPOOHUIITBA (hapMalieB-
TUYHUX i BeTePUHAPHUX JiKapCbKUX IIperaparis.
Cymapxka criopsamxeHa cucremoio CIP/SIP.

Cepen asificbKux BUPDOOHUKIB J1a00paTOPHUX
i mimoTHUX Ji0(MIIBHUX CYIIIAPOK CJiJ Big3Haum-
TH KHUTalchbKy Kommadiio Luxun International
Group, sika Bumryckae cymapiku Lyo-0,2, Lyo-
0,4, Lyo-1 3 OpOOyKTWBHICTIO 3a BUIIAPEHOIO
BOJIOTOIO BiamoBigHO 4, 8 1 20 Kr/I1UKJI.

dipma «IIpounTex» (IIymmuo, Pocisa)
BUPOOJIsie ImaTeHTOBaHi JiodinpHi cymapru
JIC-1000 i JIC-500 (maTeuT P® Ne 2213916 Big

Monopenbe, AKUM PYyXa€ThCS
TPaAHCIIOPTHA CHCTEeMA

Puc. 7. JJiodinpHa cymapka
PennTech-Autoloaders, o mos:xe o6epraTuch

18.06.01), aki BigzHavaioThCsI HAUKOPOTIIINMHI
TPAEKTOPiAMU ©apu, Bi3yaJbHUM OIJIAIOM
MPOAYKTY, IO CYUIUTHCS, MiHiMaJbHUM 00’€-
MOM JJIA JOCATHEHHSA IITBUKOTO BiIKauyBaHHA
o moTpibHOoi BesnmunHM ByKyymy [19]. IllBua-
KicTb cymrimasa s 060X CyIIapoK — OJIu3bKO
100 r/rom, uac OesmepepBHOI pPoboOTHM — He
menin gk 30 roxg. MaioTh JomaTKOBI IPUCTPOI:
KosekTop (manifold) 3 BakyyMHUMU KpaHamu
JUIA CYIIiHHA 3 K0JI0; HeHTPudyTy AJId CyLUIiHHA
B aMOyJiaX; KOJIEKTOD B3 BiBeIeHHAMU A
3amaroBaHHA aMITyJl Y BaKyyMi; HUSbKOTEMIIEDa-
TypHUH yaoBaoBau. OqHAK TeMIlepaTypa CyIIiH-
HfA CTAHOBUTH He MeHIre —15 °C, a 3aMOpoKyBaH-
HA BUXiJTHOTO MaTepiasy moTpiOHO 3aificCHIOBATH
B aBTOHOMHOMY MOpo3uabHUKY. Ha puc. 9 moka-
3aHO 30BHINTHIiN BUTJIA CYIIAPOK.

Y HOBUX cyIapKax mepioguyHOl mii 3aMicTh
(peoHOBUX XOJOAUIBHUKIB BUKOPUCTOBYIOTH
TepmoeneKkTpuuHi MoayJi (TEMu) — eremeHTHn

Cepiﬂ TFD Cepiﬂ FD

ITinoTHa cymapka

PVTFD20R ilShin
Cepisa FDS Cepia MCFD

Puc. 8. JliodinpHi cymapku KoMImaHii
ilShinBioBase

11
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JIC-1000 JIC-500

Puc. 9. Tiodinsui cymapku BAT «IIpountex»

ITenpTne [20, 21]. Ha puc. 10 306pakeHo cxemMy
KacKagHOI yCTaHOBKHM cyOJimarlii 3 BUKOpUC-
TaHHAM TEPMOEJEKTPUUYHUX MOIYJIiB.
Cymrapka cKJIagaeTbCcs i3 CEKI[ill, KOKHA 3
AKUX € JUCTOM, Y IOABiIHOMY IHi SKOT0, BUKO-
HaHOMY 3 MaTepiasly 3 BUCOKUM KoeQillieHToM
TeIJIONPOBiAHOCTi, BCTAHOBJEHO TepMOeJeK-
TpuuHi MmogxyJi. I'apsaui cmai Tepmobarapei
3a0e3MeuyOTh HiBeIeHHA TeIlIa 10 IPOAYKTY,
a XOJIOZHi pa3oM 3i cBoiMU pagiaTopaMu — IIPo-
mec gecyosimariii. Cymrapka mpaiioe Tak.
Pigkwmit abo macromomiObHUiT TepMOJa0ilhb-
HUU IIPOAYKT 3aBAHTAKYIOTEH ¥ KOMKHY CEKIIilo i
3a3gajieriib 3aMOPOKYIOTh B HU3bKOTEMIIepa-
TYPHOMY XOJOAUJBbHUKY. Ilicasa 3aMOpoXKy-
BaHHSA i3 ceKIill popMyeThCs KacKand, MomIib-
HUH 0 TOr0, AKUIi MoKasaHo Ha puc. 8. IToTim
THCK y Cy0JiiMaTOpi AOBOAATH OO TUCKY, IO
HIOKUYUH ITOTPifiHOI TOUKM BOAU, i PO3IOUMHA-
IOTh IIPOIeC JIiOPiIBLHOTO CYNIiHHSA IIPOAYKTY.
3 mofaHHAM JKHWBJIEHHS Ha TePMOEJEeKTPUUYHI
MOIYJi BOHU 3a0e3MeuyloTh OXOJIOMKYBaHHSA
xoJlofHUX croaiB go Temmepatryp 243-253 K.
OxHOUaCHO Ha rapsa4yUX CIAasgX BUIIISETHCA
TEIJIOTa, SAKa IepeJacThCcsA uepe3 AHO JIHMCTAa
3aMOPOJKEeHOMY MpOoAyKTy. Ha xoagomHux

6

Puc. 10. Cxema kackamgHOI cyOaiMaiiitHOl
ycTraHOBKU ¢ BUKopucranaam TEMis:
1 — guct; 2 — OPOAYyKT; 3 — TepMOeJeKTPUUHi
monyJii; 4 — pagiaTop XoJooux ciaiB; 5 — mecyo-
JimaTop; 6 — XOoJIoOAMIbHA MaIllnHa

12

paziaTopax BimOyBaeThCA YACTKOBA JecyOJrimMa-
Iis mapu, a 3 IOBEPXHi 3aMOPOKEHOT0 ITPOAYK-
Ty — cyOJsimaris Bosioru (puc. 11).

Ockinpku Temnora Q, Zecybuimarii, 1o
HaIXOAUTh Ha XOJOAHi cmai Tepmobartapei,
MeHIIIa 3a TeIUIOTY Q;, AKa BUAIIAETHCA rapadu-
MU CHasAMU i ¥ie Ha HaArpiBaHHS OPOOYKTY, TO
UL TATPUMAaHHSA TEeIJIOBOro Oajamcy ¥ piBHO-
MipHOCTI IIpoliecy CYIIiHHA B KOXKHIN CeKITii cirif
a00 3MiHIOBATU TOBIIUHY IPOAYKTY BiJ CeKIIii 10
CceKIIii i peryJjmooBaTu CTPYMOBi pekumu, ado
30iJIBIITyBaTH ILJIOITY KOYKHOI'O IIOJAJIBIIIOr0 Kac-
Kagy i 3aCTOCOBYBATH JTOJATKOBO KJIACUYHY XOJIO-
IWJIBHY MamumHy. Tak 4yu iHakIme, Taka KOH-
CTPYKIIiA Jae 3MOTY y OeKiJabKa pasiB 3HUBUTHU
BUTPATY TEIJIOTH OPiBHAHO 3 IIPAMUM €JIEKTPO-
HarpiBaHHSM TaKol caMol KiJIbKOCTi IIPOAYKTY.

Mwu me Bosomiemo imopMmalriero mpo mIpak-
TUYHY peaJiizaliito imel Burkopucrtanua TEMis
Y KOHKPeTHil cepifiHili amapaTypi, omHaK
€ BigomocTi, 1110 3a TOIIOMOTOI0 IILOTO YCTATKY-
BaHHSA OOCJHIIKYBaJM IIPOIlecH cyOJimarrifizo-
O CYUIIiHHA AeAKUX TPOAYKTiB [22], 30Kkpema
OUBHUX OPisKIKiB [23].

Posnunweanvro-cyonimayiiine Cywinna

3a ocraHHE [OecATHUPiYUsa PO3POOJEHHA
HOBUX METOJIiB BBEJIEHH JIiIKAPChbKUX Ipenapa-
TiB 1 mpucTocyBaHb MJsA iHTaaAnil cyxmx
TOPOIITKOIOAIOHNX PEYOBUH, 30KpeMa TaKuX,
110 TTIOTaHO PO3YUHSAIOTHCS Y BOJi, Ta iX 6e310JI-
KOBOI BHYTPIIIHBOMIKiIpPHOI iH’€KIIil 3yMOBMIIO
3pocTaHHA TOTPebM B HOBiMl MHOPOINKOBIi
JikapcbKifi ¢Gopmi, mpm MIbBOMY HTOPOIIKU
MOBUHHI MaTH PO3Mipu MeHIIle 5 MKM i HeBeJIu-
Ky amuciepcito 3a giamerpom. Taxi mopomku
MOJKHa IPUTOTYBATHU TiJIBKYU CYIIiHHAM PO3IU-
JeHoro po3unHy. OqHAK CYIIiHHA TPOTETHOBUX
a0o iHmux TepMosabiTbHMX CyOCTaHILIN Yy 3BU-
YyaiHill pO3TMIIOBAJBHIN CyIIapili IPU3BOAUTH
Io imaxTuBaIii mux pevoBuH. Buxin 0yJo suaii-
JIeHO 3 BUKOPUCTAaHHAM BiTHOCHO HOBOT'O CIIOCO-
0y CyIIiHHA 3a JOIIOMOTOI0 POBIMJIIOBAJIBHO-
cyoaimanifinux cymapok (PCC) [24], ma axux

Qp

4
Q

Puc. 11. Momens mipouiecy cyo0aiMaiiiiHoro
cyumrinas 3 Bukopucranaam TEMis:
1 — npoxaykt; 2 — TEM; 3 — xnin; 4 — pagiaTop
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Cymuau ouyaunii aab0yMiH, peKoMOiHAHTHUHI
y-iHTepdepoH JOAMHYM, JII30IMM, CYMiIll JaHa-
soay / PVP K-15 B anieroHiTpHMIi, I1I€TPOPEIiKC
IS OfIEPKAaHHS CYXOT'0 MOPOIIKY MJIs iHTas-
mii Tomro. Ha puc. 12 moxasaHo 30BHIiIIHiI
BUIJIAL UYaCTUHOK IOPOIIKiB, OJep:KaHux
metogoMm PCC 3 pisHux posuuHis [25].

D E

Puc. 12. 3oBHiIIHIY BUTIAN MOPOLIKIB,
ofep:KaHuX 3 Pi3HUX Po34uHiB [23]

CranHyoua eJJeKTPOHHA MiKPOCKOIIif PO3IUITIOBATIb-
HO-Cy0JIiMOBAHUX IIOPOIIKiB, OTPUMAHUX 3 TAKUX Pif-
KNUX po3umHiB: A — imcyain (5 mr/miu), B — MaHiTOX
(50 mr/mi), B — Tperanosa 50 mr/mia), I' — masTo-
nexc/noBinon (3:4, 200 mr/r), /I — myKOp-AeKCTPaH
(6:4, 350 mr/T)

Tepmin «posnuiaoBalbHO-cyOIiMaIliline
CYIIiHHSA» OXOILIIOE PidHi BUPOOHMYI METOANKN:

1. 3aMOpPOKYBaHHSA 3POIIYBAHHAM Y XOJIO-
Hy napy (Spray-freezing into vapour (SFV).

2. 3aMOpOKYBaHHA 3POIIYBAHHAM y Iapy
Haja pigkuM KpioreHom (SpraySpray-freezing
intofreezing intovapour over liquid, SFV/L).

3. 3aMOpPOKYBAHHSA 3POITYBAHHAM y PiAKUi
KpioreH (SpraySpray-freezing into liquid, SFL).

Yeci Tpu criocodbu MOKYTE OYTH BUKOPUCTaHL
IJIs IOJAJIBIIIOr0 BAKYYMHOI'O cyOJIiMallifiHoro
abo cyOsimMalifiHOTO CYHIiHHA 3a aTMOC(HepHOo-
0o UM cy0aTMOChEPHOTO THUCKY.

Ha pwuc. 13 nokaszano npuanun nii PCC.

Ciig 3asHAuUMTH, IO BIIEPIIE METOH IIe
B 1948 p. sacrocysanu Benson i Ellis gysa Bus-
YeHHd IJIOIIL ITOBEPXHi IPOTEIHOBUX YaCTUHOK
[26], omHAK MO OCTAaHHBOT'O Yacy BiH BBasKaBCA
eK30TUYHMM i 3a MexKi J1abopaTOpHUX IOCJIi-
IKeHb He BUXOAUB. ¥ JabopaTopiax Bigmpa-
IIbOBYBAJIY Pi3BHOMAaHITHI cI1oco6M 3aMOPOKYBaH-
Hf, ceIapyBaHHI YaCTUHOK ToImo (puc. 14, 15).

Croronui y Besmkiit Bpuranii B:ke peasbHO
cTBOpeHo misorHi yecranoBxku PCC (puc. 16).

B ocraHHI poxku Iy IPOMMCJIOBOTO BUPOO-
HUITBa mopomikiB meTogom PCC 3acToCOBYIOTH
npoiec ASFD (Atmospheric Spray-Freeze
Dry), srigmo 3 AKuUM CyIIiHHA BigOyBaeTbCs He
y BakyyMi, a 3a armoctepHoro Tucky. Merog,
Yy po3pobJyieHHI AKOr0 aKTWUBHY POJb Bimirpaam
KaHaachbKi BueHi 3 ExmonToHA i haxiBiri xomma-

TIorik IToBiTps B
M
PO3UNHY 3aMOpOKyBaHHSA AKyy
PosnuiaoBanbHe
3aMOPOKYBaHHA
Bamepsui
TPaHyJIn
Pigxwuit asor Jlig
-40 °C
Cy6rimanitine
CYIIiHHSA

Puc. 13. IlpyHun gii po3muI0BaJbLHO-
cyOmiManiiiHUX CylIapoK

Hii Biopharma Technology Limited (Birzuecrep,
Besmka Bpuranis), mosinionyeThscsa AK HOBUA.
CyTp #oro mojsArae B TOMYy, IO 3aMep3Ji uac-
TUHKU, SKi OEPKYIOTH B Pe3YJILTATI PO3IMUIIIO-
BaHHA PO3SYMHY B IIapaxX as3oTy, PyXalThCA B
TIOTOIIi a30Ty Ha BUXIAHUU (DiJIbTP, 3aTPUMY-
I0ThCS HA HbOMY i BUCYIIYIOThbCA. BigTax mpo-
Imec BimOyBa€eThCA 3a OAHY cTafiio in situ [27].

IIpomec armocgepHoro cybaimarifizmoro
CYIIIHHA B AUHAMIYHOMY PEXXUMi YCIIIITHO PO3-
POOJISIOTE Y IIIBENIIAPCHKO-POCIAICBEKOMY IIPOEK-
Ti [28, 29]. 3rigHO 3 TPOEKTOM TIPOIlEC BigOyBa-
€ThCs IBOCTAMIMHO B allapaTi HalliBIepiognYHOI
Iii: pos3MMUIIOBaHHS-3aMOPOKYBaHHA i cy0ima-
ImifiHe CYIIiHHA 3aMOPOYKEHUX UYaCTHUHOK.
Po3umH po3nMIIOETHCA 3a JOIIOMOTOI0 YJIbTDA-
3BYKOBOI (DOPCYHKH B IIPOTHUTEUil JO XOJIOJHOTO
moBiTpa i MuTTeBO 3amepsae. Temmeparypa B
Kamepi cranoButb —60 °C. 3amoposxeHi TBep/i
YACTUHKYW MAaIOTh IPAaBUJIBHY KYJIbOBY (OpMY
i poamip mopsaary 150 MKMm i meHIIIE.

Cragia cyOaimarmiifimoro cymriHHsS 3aMOpo-
JKEeHUX YaCTUHOK Bif0yBaeThCsA B aKTUBHOMY
rizpoavHaMiuHOMY peKuMi 3a aTMoc(hepHOro
TUCKY B CYIIIApPIli 3 IICEeBAO3PiAKEHUM ITIapoOM,
10 Ja€ 3MOTy 3HAYHO iHTeHCU(DiKyBaTHU TEILI0-
i macomnepenecennsa. CymiiHHA 3MiMICHIOETHCA 3
HOCTiliHOI0O IIBUAKicTIO 1 3a mocriiiHOl
remueparypu (—20 °C). IlorpibHy (dpaxkiiio
OZIePIKYIOTHh IPOCiIOBAHHSAM.

Puc. 14. JJaGopaTopHe PO3MUIIOBAIBHO-
cyJiManiiiHe CylIiHHS y mapi Hajx pigKuM a30ToM
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Puc. 15. Cepiiina 1abopaTopHa YCTAHOBKA JJIs
po3nmUIIOBaJIbHO-CyOdiMaliiinoro cyminaa LS-2
rovmnanii PowderPro AB (T'ere6opr, IlIsenis)

IIpomec PCC BUKOpPUCTOBYIOTH i B Xap4oBint
ITPOMMCJIOBOCTI, 30KpeMa JJIA CYIIiHHA HOTYyPTY
[30]. Ons mporo OyJ0 CTBOPEHO OPUTIHAJILHY
TeXHOJIOTIiIO0 i crenianbHy yecTaHoBKY ¥ CC-KB3-
01 gna ii peasisanii. ITpuuanun i mil Takwmii: y
POSIMIIOBAJIbHIN KaMepi CTBOPIOETHCA BAKYYM i
yepes yIbTPa3ByKOBY (DOPCYHKY ITOAAETHCA IIPO-
IVKT (fiorypT). 3a paXyHOK iHTeHCUBHOTO BUIA-
POBYBaHHS BOIU 3 TIOBEPXOHDb KpameJhb y rinbo-
KOMY BaKyyMi Kpamii #Horypry B mporeci
TMOJIBOTY OXOJIOMKYIOTHCA 1 3aMepP3al0Th 3a TEM-
nepatypu —35 °C. IIpu 11boMy OSHOYACHO BOHU
nigmaroTbesa mii mpomeHeBol eHeprii Bim IY-
BunpoMiHioBaua. llaysi Kpamji 3 BUCYIIIEHUM
BEPXHIM IITapOM JIETATH YHUB ¥ CYIIHIBHY KOJIO-
Hy. CymuabHU areHT (iHepTHUH ras, MOBITPs)
3 remueparypor —20...40 °C ua crazmii Bumaaen-
Hs 3aJIUIITKOBOI BOJIOTH IIOJAI0Th B HUKHIO Yac-
TUHY KOJIOHHM B TaKilfi KiJIbKOCTi, 11100 THCK He
nepesumtyBas 100 Ila (0,13 6ap). Ilicaa mocsr-
HEHHA INEBHOTO DiBHSA BUCYIIEHUX YaCTUHOK
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PaccMoTpeH coOBpeMeHHBINT TeXHHUUYECKUH YpO-
BeHb TPAAUIIMOHHBIX JIAG0PATOPHBIX M TMJIOTHBIX
JMUOGUIBHUX CYIIAJIOK II€PUOINYECKOro MeHCTBUS
Benymux ¢(upm, B uactHocTu Thermo Fisher
Scientific, Labconco Corporation, Martin Christ
Gefriertrocknungsanlagen GmbH u ap. Hana
uH(poOpMAIA O HOBOM IIEPCIEKTHBHOM THUIIE JIHO-
(OMIBHBIX CYINIUJIOK, B KOTOPBIX AJIA CyOJIMMAaIINU 1
IecyOIMMAaIiiy UCIOIL30BAHbI TEPMOIIEKTPIYECKIe
asneMenThl IlenbThe. Onucad IPUHIUN AEHCTBUSA U
TIPUBEIeHbl OCHOBHBIE CBEIECHUA O PaCIIbLINTEIHLHO-
CyOJIMMAIIMOHHLIX CYIIWJIKAX [JIA IOJyYeHUS
TIOPOIIIKO00Pa3HEIX (hapMaIleBTMYECKIX CYOCTAHITHI
I MTHTAJISAIAY CyX X TIOPOITKOBUTHBIX ITPETIapaToB
¥ X 0e3BITJIOBOM BHYTPUKOMKHON NHBEKITUN.

Knwouesvle cnosa: nuopuibHasA CyIlIKa, CyOJmMa-
IIMOHHAA CYIIKAa, TEPMOYJIEKTPUUYECKUEe MOAYJIU,
PACIIBLINTEILHO-CYOJIMMAIIMOHHAS CYIIIKA.

LABORATORY AND PILOT SPREY
DRYERS OF PERIODIC ACTION
IN BIOTECHNOLOGY

Yu. I. Sidorov |

«Lviv’s Polytechnica» National University

E-mail: sydorowy@rambler.ru

The modern technical level of traditional
laboratory and pilot freeze dryers of batch-type
of leading firms, such as Thermo Fisher
Scientific, Labconco Corporation, Martin Christ
Gefriertrocknungsanlagen GmbH et al. is consi-
dered. Information is given concerning new per-
spective type of freeze dryers in which the
thermoelectric cooler of Peltier is used for sub-
limation and desublimation. Principle of action
is described and basic information is given about
spray-freeze dryers for powdery pharmaceutical
substances obtaining for inhalation of dry pow-
dery preparations and their non-needle intrader-
mal injection.

Key words: freeze drying, sublimation drying,
thermoelectric coolers, spray-freez drying.
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