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Nizka hygienicka aroveri, vysoky viiv rozhodovani obsluhy,
zhorseni fyziologického stavu kvasnic béhem skladovani
a z toho plynouci nevyrovnangé prokvasovéni miadiny v CKT,
vedlo management spoleénosti Pizefisky Prazdroj, a.s. k roz-
hodnuti o rekonstrukci kvasniéného' hospodafstvi pivovaru
Gambrinus. Vadel myslenka projektu, zaméfena predevaim
na omezeni stres [1, 2], na minimalizaci zdrzeni kvasnic
mimo CKT [3] a vyuziti vyhody nepfetrzitého provozu varny,
vyustila v dynamicky model sbéru kvasnic a zakvasovani mia-
diny. Zaf{zenl — &erpadla, vibraéni sito, armatury a michadla
(Scandi Brew), chiadi¢ kvasnic, sanitaéni stanice, potrubni
propojeni a fidici systém (Alfa Laval) — bylo kencipovane jako
piné automaticky fizené, s vykonem Q = 60 hi/h kvasniéné
suspenze a s maximalnim zdrZzenim kvasnic mimo CKT do
24 hodin. Veskera lechnologie je fizena a zobrazovéana na ve-
linu CKT a je programové svazana s chlazenim, provzdus-
fovanim a pinénim miadiny do CKT.

2 TECHNOLOGIE A METODY

2.1 Stresy ovliviujici fyziologicky stav kvasnic

Z cele fady nepiiznivych podminek, ovliviiujicich negativné
cinnost varegénych kvasnic a oznacovanych jako stresoveé fak-
fory, se v technologii CKT nejéastgji projevuje:

« teplotni stres, a to bud jako chladovy Sok béhem odstielu
kvasnic, kdy dochéziv kénusu CKT k lokalnimu podchlazeni
(t < 0°C), anebo b&hem skladovani teplych varecnych kvas-
nic delsi dobu (napf. 5 dni pfi teploté 12 °C),

+ osmoticky stres pri kvaSeni mladin s vy$&im obsahem p(-
vodniho extraktu (HGB),

* hydrostaticky stres — kvasenim piva ve vysokych CKT (17 —
22 m) a pusobenim rozpusténého CO; (> 0,2 MPa) se méni per-
meabilita bunééné membrany a tim enzymova aktivita bunék,

= mechanicky stres vznikajici plsobenim vysokych stfiznich
sil (erpadla, michadla, requlaéni ventily).

VySe popsané stresy plisobi zpravidla soutasné a mohou
byt nasobeny inhibiénimi Uéinky ethanolu, vy&sim podilem kal,
popf. poklesem koncentrace zivin (promyvani kvasnic vodou).
Souhrn vsech téchto faktord snizuje vitalitu a viabilitu kvasnic
a miize vest k pokozeni kvasniénych bunék &i k jejich auto-
lyze. Znalost stresovych faktortl se promité i do predlozené kon-
capce kvasniéného hospodarstvi, nebot nelze-li stresy odstra-
nit, Ize je alespor omezit. Omezeni prudkych zmén béhem
sbéru kvasnic a pfi zakvasovani zabranuje jejich oslabenf a po-
tiatuje stresovou reakci zvySovanim iniciaéni hodnoty stresi.

2.2 Dynamicky sbér kvasnic z CKT

Pouzivane CKT, které velmi dobfe odpovidaji ekonomické
rentabilité (D = 5000 mm / 3500 hl, H/D 3.8:1), prinaseji jiz ba-
hem kvaden|, ale predevsim pak nasledné pro sbirané kvasnice
vyrazny hydrostaticky stres vyvolany pfetiakem ¢ca 0,2 MPa.

Keywords: stress, assimilation, dynamic wort pitching, fer
mentation curve

1 INTRODUCTION

Because of the low hygienic level, high level of operators
intervention, deterioration of physiological condition of yeas
during storage and resulting unsatisfactorily fermentation o
worl in CCT's; the Plzensky Prazdroj, a.s. management decl
ded to upgrade the Gambrinus yeast handling facility. The key
focus of the project was the elimination of yeast stress [1,2
and reduced delay of yeast removal from CCT's [3] This re
sulled in a dynamic yeast collection and pitching model. Equ
ipment—pumps, vibrating screen, fittings and agitators (Scand
Brew), yeast chiller, sanitising station, piping connection anc
controlling system (Alfa Laval) ~ was combined as a fully au
tomated facility with an output: @ = 60 hi/h.of yeast suspen
sion and maximum yeast cropping delay of 24 hours after com:
pletion of the main fermentation. The system is controlled from
the fermentation control centre and it is linked with cooling, ae
rating and filling of CCT's.

2 TECHNOLOGY AND METHODS

2.1 Stress affecting physiological condition of yeast
The following are well known stress factors that influence
yeast performance:

« temperature stress which can either be from temperature
shock in the CCT cone due to localised ‘over-chilling' (t < 0 “C)
or during long storage times of yeast at high temperatures
either in the CCT cone or in the yeast slorage vessels.(e.qg.
5 days al temperature 12 °C etc.)

* osmotic stress by fermentation of worts with higher conten
of original extract (HGB)

* hydrostatic stress as a result of beer fermentation in tall
fermenters (17 — 22 m) coupled with the effect of high dis-
solved CO; levels (> 2 bar)

« mechanical stress caused by effect of high shearing forces
(pumps, agitators, regulating valves)

These stresses in combination usually have a cumulative
affect and can be multiplied by the inhibitive effects of ethanal
and high levels of trub. All these factors together decrease vi-
Lality and viability of yeast and can lead to deterioration of ye-
asl cells or their death. Although these factors cannot be eli-
minated entirely, it may be reduced to more acceptable levels.

2.2 Dynamic yeast collection from CCT

The capacity of the Gambrinus CCT's is 3500 hi with a dia-
meter of 5 metres, thus a H:D ratio of 3,8:1. The hydrostatic
stress during fermentation as well as the CO; levels are sig-
nificant and, in particular, for yeast ready 1o be cropped. The
hydrostatic stress results from the hydrostatic pressure of ca
2 bar. Due to these facts removal takes place in several de-
compression stages in order to achieve gradual equalisation
of pressure and surroundings at gentle releasing of CO, from
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Z téchto divod( se odstiel provadi v nékolika dekompresnich
stupnich tak, aby bylo dosaZeno postupnéha vyrovnavani tlaku
viigi atmosféfe, za pezvolného uvalfiovani CO. z kvasnic. Kviill
omezeni metabolické aktivity je cely sbér provadén bez piistupu
vzduchu (ochranna atmosfera COs, protlacky odplynénou vo-
dou). Odstel kvasnic z CKT (C) se fidi podle objemu a zakalu,
tzn. po oddéleni spodni Spinky do odpadnich kvasnic (pritok Q
= 70 hih, protitiak p = 0,1 MPa) se varetné kvasnice cerpaji
pfes deskovy chladié na uzaviené vibraéni sito pritokem Q =
40 — 80 hih. Viykon vibraéniho sita ovliviiuje stafl (pocet nasa-
zeni) soiranych kvasnic. Kvasnice z prvniho nasazeni valmi pénf
a snizuji wykon sita az o 30 %. Béhem zchlazeni (teplotat=2°C)
se snizuje fyziologicka aklivita kvasnic a sougasné se podpo-
ruje vysrazeni chmelovych pryskyfic. Diky vy3si tlakové ztraté
ve vyméniku (Ap = 0,16 MPa) dochaz( pfi zchlazeni kvasnic i k
dekompresi, a tim k pozvelne dekarbonizaci. Dalsi a mnohem
wyraznéjsi dekarbonizace nastava na uzavieném vibraénim situ,
kde se v disledku mechanickych kmitd uvolfiuje CO; z kvas-
nic. Soucasné se vytvari ochranna atmesféra kvasného CO,,
ktera brani oxidac kvasnie vzduchem. Sito {0,5x0,5 mm) se tak-
téZ vyznamné podili na odstranéni hrubych netistot (horké kaly
s vétsim podilem mrivych nebo oslabenych kvasnic). Vibragni
sito [4, 5] mize pracovat i v rezimu vodni mihy — skrapénf
(ochranna atmasféra CC; + miha z odplynéné vody), 6imz se

T

yeast. To limit metabolic activity, the whole collection takes
place without air ingress (CO; protective atmosphere, interfa-
ces with D-water). Yeast removal depends on volume and fur-
bidity, i.e. after separation of bottom layer into waste yeast (flow
rate Q = 70 hl/h, over-pressure p = 1 bar), brewing yeast is
pumped through a plate chiller to a closed vibrating screen at
flow-rate Q = 40 — 60 hi‘h. During cooling (temperature t = 2 °C
using chilled water as cooling medium), the physiclogic acti-
vity of yeast decrease and at the same time, precipitalion of
hop solids is supported. Thanks to higher pressure loss in the
exchanger (Ap = 1,6 bar), decompression happens during ye-
ast cooling which causes slow decarbonisation, More signifi-
cant decarbanisation takes place in the closed vibrating sc-
reen, where CO, is removed from yeast as a result of
mechanical shaking/vibrating. At the same lime, a slightly over-
pressure atmosphere of CO, is created, which protects yeast
oxidation by air. The screen (0,6x0,5 mm) also participates on
removal of coarse dirt (bitter frub with higher share of dead or
weaken yeast). The vibrating screen [4, 5] can operate with
a water/mist spray (protective CO, atmosphere + mist from D-
water), which helps to achieve dilution of the thick yeast sus-
pension and also controls excessive foaming of yeast on the
screen (particularly younger generations). Yeast is pumped
from the screen to temperature conltrolled jacketed (chilled wa-
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Obr. 1/Fig. 1 Technologicke schéma noveho kvasniéného h
ZafizenilEquipment

podéstvilYeast mar

system layout

A~ zésobnl tanky kvasnic/yeast storage tanks; B — zakvaseni a provzdusnéni miadiny do CKT/wort pitohing and aerating; C — CKT/CCT's;
D — chladi¢ kvasnic/yeast chiller; E — uzaviené vibraéni sito/closed vibrating screen; F — ventilovy blok/valve ciuster; G — sanitaéni

stanice/CIP station; H — rezervni zésobn( tank/reserve storage tank

Media/ Power supply

1. — miadina z varny/waort from brewhouse; 2 — steriini vzduch/sterile air; 3 = mladina do CKT/wort to GCT; 4 - para/steam, 5 — odpadni kvas-
nice/waste yeast; & — odplynéna voda/D — waler; 7 — oxid chloridity + voda/CIO. + walst; B — louh/caustic soda; 9 — kyselina/acid



dosahne zfedéni husté kvasniéné suzpenze a sniZi se i p&néni
kvasnic na sité (zviasté miadsi generace). Kvasnice se ¢erpajl
ze sita do odmérmych (tfi nezavislé méfici vazni sondy) za-
sobnich tankd, ktere jsou rovnéz pod ochrannou atmostérou
CO; a jsou chlazeny ledovou vodou. Posledni stuperi dekar-
bonizace probiha za fizeného michani kvasnic piimo v chia-
zeném zasobnim tanku. Po homogenizaci v tanku zjisti ob-
sluha na laboratorni odstredivce konzistenci kvasnic a tuto hod-
notu zada do programu. Vypottem systém zajisti korekci za-
kvasng davky (m = 1kg/hl) a prebylek se pracerpa spolecéné
se zbyvajicimi kvasnicemi v CKT (horni Spinka) do odpadnich
kvasnic. Technologické schéma kvasniéného hospodarstvi je
Znazornéno na obr 1.

2.3 Asimilace kvasnic v zdsobnim tanku a zakvasovani
miadiny do CKT

Pro zabranéni stresu z nedostatku 2ivin je ke staZenym
kvasnicim asepticky pfidana provozni miladina (1:5). Sus-
penze kvasnic a mladiny je pulzné michana, Tento krok se na-
2yva asimilace [6), provadi se pred zakvaSenim a trva 2-4 h.
Sougasné se takto kvasnicim simuluji podminky po zakvasen(
do CKT. Asimilace spelu s konstantni davkou kvasnic (hmot-
nost) se vyznamné podili na vyrovnaném kvaseni (obr. 3)
a prokvasen| mladiny v CKT (ebr. 5). Dutou hfideli michadla
|ze béhem michani, nejdfive viak 1-2 hodiny pfed zakvaso-
vanim, zakvasnou davku provzdusnil. Provzdusnéni kvasnic
pfad zakvasovanim miladiny napomaha homagenizaci a zry-
chluje pomnoezen( kvasnic zakvas-
ne davky v CKT.

Tab, 1 Kontaminace vareéhyeh kvasnic/ Contarnination of

ter) yeast storage vessels rested on 3 independent load cells
for mass measurement. These YSV’s also have a low pres-
sure protective CO; atmosphere. The last decarbonisation ta-
kes place under contralled agitation of yeast directly in the co-
oled storage tank. After homogenisation in tank, operators
measure yeast concentration using a laboratory centrifuge;
these values are loaded into the yeast pitching control pro-
gramme. The system calculates the pitching dose based on 1
kg of yeast at 60 % wet solids/hl of wort); surplus is transfer-
rad into waste yeast together with remaining yeast in CCT (top
layer). The yeast management system is typified on the flow-
chart (fig. 7).

2.3 Assimilation of yeast in storage tank and pitching of
wort into CCT

To prevent stress from lack of nutrients, aseptic operalio-
nal wort is added to cropped yeast (1:5) and agitated. This
step is called assimilation 6] and it usually lasts for half of
the yeast storage time (2 — 4 hrs); thus conditions for pitching
into CCT are simulaled. Assimilation, together with the con-
stant yeast pitching rate i.e. 1 kg/hl, significantly contributes
towards fermentation performance (fig. 3) and consistent at-
tenuation of wort in a CCT (fig. 5). The pitching batch can be
aerated ca 1 — 2 hrs before pitching by means of a hollow
shaft of the agitator. Aeration befare pitching of wort helps
homogenisation and accelerates the growth of a new culture
ina CCT.

Slight over-pressure is used to
limit yeast fobbing during aera-

K omezeni tvorby pény pfipro-  brewing yeast tion. The over-pressure aiso ser-
:Iz:uézénl_se vy;liivg nllrrnyf gn;e- ] : v$s ;;:s |Elhem'sl comﬁ:ession stage
ak, ktery zrcadlové ke sbéru - of pitching yeast. The lime inter-
kvashic z CKT slouZi jako prvni K&;’?gn DKﬁmy;as . Mwﬁ,ﬂf,ké B val between aeration cycles can
kompresni  stupen !'lésadnlch Srper/Augusion | 91 1250 2113 also be prolonged to keep fobbing
kvasnic. Dosahne-li vySka pény  [Zaisegton 43 0 27543 down.
maximaini hladinovou sondu, pro- Fijen/Oct 01 ) 0 1000
dlouzise tasovy interval mezipro-  iopadiNovol | 267 0 127,8 2.4 Microbiological
vzdusiovacimi cykly, Prosinec/Dac 01 3 125000 B determination
2.4 Mikroblologické stanoveni v 02| S 2 ST |, o wilh regards o micro.
"\ pribéhy Sesti masiclibyl tos. [ UOIF#B02 g oL L Biclogical stariards of he e
1M|f",‘;éa hean mtém"z oo [BlozemMarsoe| 0 0 10,5 st (";f;f‘; 4 SHIhSHIG
diska mikrobiologicke cistoly vy~ Db pen o L 85e iEF] — contamination— total plate count
kapové vody po sanitaci (obr. 2) |l eienMay 02 ] LR C] (CPZ) GTK agar, cullivation 24
— celkovy pocet zarodkdi (CPZ) —  |cerveniune 02" 0 ] 0 — 48 hrs al 30 °C
GTK ager, kultivace 24-48 hodin | C%! AL [1] D and microbiological standards
pii 30 °C Srpen/August02| 0 0 266.7 of the pitching yeasts
a mikrobiclogické &istoty n4- |Zaf/Sepf02 0 0 0 (tab. 1):
sadnich kvasnic (tab. 1): RlenOct02. | 0 0 0
— mlééné bakterie(MB)-NBBagar, |HstopadiNovoz | 0 0 25 — lactic acid bacteria— NBB agar,

kultivace v anaerostatu at-
masférou €Oy, 57 dni pfi 28 “C.

* slandardni provoz kvasniéného hospodafstvilstandard ye-
ast room operation from here

cultivation anaerobic under CO,
atmosphere, 5 -7 days at 28 °C.
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Obr. 2/Fig. 2 Ubytek extrakti— pivodni vybaven/Extract reduttion —
original yeast faciiity

Obr. 3/Fig. 3 Ubytek extrakiu— nove kvasni¢né hospedarstvi/ Extract
rediction — new yeast facility
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Obr. 4/Fig. 4 Doba hlavniho kvaseni- plvodni vybaveni kvasnicného
hospodarstvi/Tima of main fermentation — original yeast room

Obr. 5/Fig. 5 Doba hlavniho kvaseni — nove vybaveni/Time of main
fermentation — new yeast facility

— koliformnl bakierie (KZ) -
VCZL agar, kultivace 24-48

— coliform bacteria — WRB
agar, cultivation 24 — 48 hrs

hodin pfi 87 “C. »
— divoké kvasinky (DK) — lysi-

ATy provoz
original yeast tacillty

eptimalizace
wanitace

at 37 °C.

woutany st
actunl

— wild yeas!— lysine agar, cul-

nové Zivné desticky, kulti-

tivation 2-5 days at 25 - 28
‘C

vace 2-5 dni pfi 25-28 “C.

Kantaminace u kvasnic se

Yeast contamination is ex-

udéava pottem zédrodki v 1 g

pressed as number of orga-

husté kvasniéné suspenze,

nisms per 1 g of a thick yeast

kontaminace vykapii je dana

CPZImI { total plate count

St jon and contamina-

poétem zarodkd na 1 ml (pfi

zaotkovani 50 ml vzorku).
Pro stanoveni poétu mrt-

vych bungk byla pouzila me:

tion of rinsing water is expres-
sed as the number of orga-
nisms per 1 ml (at inoculation
of 50 ml sample).

toda barveni methylenovou
madfi [7]. Viabilita nebyla sta-  gi00 tanks
novovana.

3 VYSLEDKY A DISKUSE

Jak vyplyva z porovnani obr. 2a 3, dosle pe uvedeni no-
vého zafizeni do provozu k vyraznému zlepseni v prokvaso-
vani mladiny s pivodni koncentraci 13 % hm. Pfiznivy viiv asi-
milace se projevuje v rychlejsim prokvaseni extraktu v prynich
dnech kvaseni. V méfeném étvrtém dni kvaSeni je pokles
zdanlivého extraktu u kvasnic po asimilaci primémeé o 2,6 %
hm. vy3si nez u kvasnic z plvodniho vybaveni. Tento trend se
jesté vyraznéli projevuje v paly den (pramérny pokles 2,9 %
hm.). Hiavni kvaseni je prakticky skon¢eno v Sestém dni's pri-
mérnou hodnotou zdanlivého extraktu 2.7 % hm. Dalsi od-
bouravani extraktu béhem dokva$ovani Je max. 0,5 % hm,

Rychlejsi prokvasovani se nejzietelné)i projevuje ve vysoke
standardizaci deby hlavniho kvaseni (obr. 4 a 5). Dobu hlav-
niho kvaseni pfl konstantnich provoznich parametrech (teplota
spilané miadiny, zakvasna davka kvasnic, provzdudnéni) dnes
liz vyznamn@é evliviije pouze svafovany slad. Rychlejsi pro-
kvasovani ma pozitivni viiv na snizeni poétu mrivych bunék
(o 2 %), snizeni hodnoty obsahu diacetylu (0 50 pg/l) a cel-
kové na zlepseném fyziologickém stavu varegnych kvasnic.

Definované potrubni trasy, pravidelné propafovéani sedel
ventilll a vzduchovych cest, kratky kysely oplach pfed a po
stazeni kvasnic¢ z tanku zarutuji unosnou provozni miru kon-
taminace zasobnich tankl kvasnic (ebr. 6), ale predeviim po-
skytuji zaruku €istych nasadnich kvasnic (fab. 1).
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Obr. 6/ Fig. 6 Vykapy ze zasobnich tanki/Last rinsing water from

Deadcellcountis by the met-
hylene blue staining method [7].
Viability is not measured.

3 RESULTS AND DISCUSSION

Fig, 3shows the improvement in fermentation performance
after commissioning of the new yeast facility compared to be-
fore (fig. 2). After 4 days of fermentation, attenuation was
+2.5 “Plato lower than before; by day 5 +2.9 “Plato and the
main fermentation practically finished on the 6th day
+2.7 “Plato better than before (Original Exiract = 13 °Plato).
End of fermentation gravily i.e. at racking. is now +0,5 *Plato
lower than before.

A faster attenuation, as can be seen in the fermentation ti-
mes (fig. 4 & §) and high reproducibility Is most obvious. The
faster attenuation has a positive effect on dead cells count —
decreased (by 2 %), diacetyl reduction (by 50 ppb) and an ove-
rall improved physiological condition of our brewing yeast.

The CIP system provides for steaming of pipework, valve
seats and aeration ducts and also for an acid rinse before and
after cropping to ensure sterility. The vibrating screen is also
fully CIP'd as part of the cleaning cycle. Fig. 6 and fab. 1shows
the improvement of microbiological control.
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Do redakce doslo 10.1.2003
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Steenberg, J. — Gubis, J. — Melicharova, E. — Simek, V. — Gold-
mann, R.: Dymmfcky sbér kvasnic z CKT a jejich asimilace pfed

— kvasniéné hospodafstvi Gambrinus. Kvasny Prum.
49, 2003, €. 2, 5. 3034,

Idea co nejkralsi doby skladovani vareénych kvasnic, a tim i ome-
zeni viivi stresovych faktori, byla uplatnéna pfi rekonstrukei kvas-
niéného hospodéfstvi pivovaru Gambrinus. Plvodnich $est sklado-
vacich tankil s ruénim propojenim bylo nahrazeno dvéma plné
-automatickymi vazenymi & michanymi tanky pro sbéra dchovu kvas-
nic. Pomocl dynamického modelu shéru, asimilace a zakvaseni mla-
diny se doba zdrzeni kvasnic mimo CKT sniilz na 1224 hodin. Ome-
zeni stresovych faktor 2vySilo pocdleéni rychlost kvaseni
avediok 16mi prok vani (priameér zdanlivého pro-
manl 79, 6 % hm.) a k ustdleng dobé hlavnl'ho kvasen| 205 — 220

Steenberg, J. — Gubis, J. — Melicharova, E. — Simek, V. — Gold-
mann, R.: Dynamic Yeast Collection From CCT and Their Assi-
milation Before Pitching -~ Yeast Management Gambrinus.
Kvasny Prum. 49, 2003, No. 2, p, 30-34,

Steenberg, J. — Gubis, J. — Melicharova, E. — Simek, V. - Gold-
mann, R.: Dynamische Hefeernte von ZKG Tanks, ihre Assimi-
lation von der Aufstellung — Hefekeller der Brauerei Gambrinus.
Kvasny Prum. 49, 2008, Nr. 2, S. 30-34,

Das Rekonstrukti itmotiv des + in der B |
Gambrinus war die is, daf3 dia Hef ingszait
s0 kurz wie moglich sein soll. Der urspringliche, sechsgefaBige
Hefekeller mit den handgesteuerten Ventilen wurde in einen vollau-
tomatischen, zweigefaBigen Mef3 — und Rihrwerkhefekeller umge-
baut.

Die Hefeaufbewahrungszeit in dem Hefekeller wurde durch dy-
namische Hefeernte, Assimilation und llexibile Aufstellung auf 12 —
24 Stunden reduziert. Durch die schonendere Behandlung der Hefe
und der Stressminderung wurde die Angérungszeit erhht und
brachte eine hohe Reproduzierbarkeit in der Vergarung (durchschnitt-
licher scheinbarer Vergarungsgrad 79,6 % gew.) und relativ konstanie
Garungszeit von 205 bis 220 Stunden.

Creenbepr, A, - fybuw, . - Menuxaposa, E. - Wiuex, B, - langmat, P.:
Onvamndeckud cvem apoxoxed ua LIKT M Mx accummnauws nepea

The concept of cropping yeast as soon as the main fer
is finished, the shortest possible storage time of brewing yeast from
cropping to pitching and limitation of stress factars was used for the
design of the yeast managemenl system in the Gambrinus brewery.
The yeast room was re-buill from the original G storage tanks with
manual connections to 2 fully automatic yeast collection/storage ves-
sels on load cells, (The 2 vessels vs 6 vessels enforce short storage
times). By means of the dynamic model of collection, assimilation and
wort pitching, the delay of yeast cropping from CCT as well as yeasl
storage times decreased to between 12 - 24 hrs. The limitation of
stress factors increased the original speed of fermentation and led to
reproducibility of fermentation curves (average app. fermentation 79,6
%) and a stabilised time of main fermentations 205 — 220 hrs

paaty = T AnH Ha
Kvasny Prum. 48, 2003, Ho. 2, cTp, 30-34.

Tlpn PeroHCTPYKLMA Liexa Ap Ha TaMGpMHye
(ropofj Mns3ess) Gbina NPECNEA0BAHE LB KpaTHAALETD XPaHEHHR AROKKEN 1
TEM OFPaHUHEHIE CTPACCOBLIN a;axmpou fo PEROHOTRYKUIA IDAMEHSEMGIZ
LWECTY TaHKOB ANA XD ' np L
IAMEHERH ABYUR mnnﬂeaamunmnposauuuw TAHKEMM [U15 EBEMA W XPAHEHUA
Apomaker, MoK NoMawA pHEAMUNECKDTD IPUBAHMS CEEME, "
pasfpammBaHs OyCanl Ghing BpaMA 3anepmku Apoxokes aie LIKT coxpaiieto Ha'
12-24 acos. OrpauaygHie CTPECCOBRI (HAKTOROR MOBKICHND HAYANEHYK
CHOPOCTE [ BOCTPOK, I
(cpenH=R  BanudiHa  MHuMore  Gpomenws 796 Bec. npougHTOBR) W
CTa0MMIANPOBRANKCE BpEUS rnaakoro Gpomenin 205-220 vacoa.




