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Mcnonb3oBaHue ra3nudra B MIMBOBAPEHUU

JI.B. KOHAPATBEB, A.C. KAPAIIETAH, B.b. TUILIMH
Canxm-Ilemepbypeckuil 20cydapcmeeHnbill yRUugepcumenm KU3KOmMeMnepamypHuX U RUUEEHX MeXHON02UlL

The processes of boiling and hopping of beer wort in a boiler with an off-site
shell and-tube heat exchanger and gas-lift circulation of the wort are
considered. Air and CO, were used as working gases. Earlier experiments
allowed determine the optimum point of air and CO, delivery for the fastest

reaching of boiling temperature.

3asaya H3MEeHEeHHs] TeXHOJIOTUYECKUX MPOLIECCOB C
LIEJTBI0 CHIDKEHHSI 3HePronoTpedaeHus: Ipyu OQHOBpe-
MEHHOM COOJIFOJIEHUH YCTAHOBJIEHHBIX MMOKa3aTeneu
Ka4ecTBa rOTOBOM MPOAYKUIMKU CTAHOBHUTCS Bce Ooiee
AKTYATbHOM B HauIM AHU. B maHHO# paboTe 3TOT BOII-
pOC paccMarpuBaeTcs HAa TIPUMepe KUIISTYEeHUs MUB-
HOTO CycJia KaK OJIHOW M3 OCHOBHBIX CTaAUi MUBOBA-
PEHHOrO MPOMU3BOACTBA CO 3HAYUTENBHBIM TOTpede-
HUEM TEeIUIOBOM 3Hepruu [2].

Texauueckuii 3¢ GEKT AOCTUrAETCS 3a CYET KHUIIsI-
YeHHsI CycJa B KOTJIe C BHIHOCHBIM TEIUIOOOMEHHU-
KOM M ra3nudTHOM HUPKyassiuei cycna. B kauecTse
paboYyMX ra3oB UCIMOJIb30BAIH BO3AYX U AUOKCHI yI-
nepoja. IMogobHbIe cxeMBl IMUPKYIALIUHN YXKe ObUIH
onpobosansi [ 1, 4]. B padoTe [1] npuHIHIIHAIBLHO 10~
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Puc. 1. Cxema ycmanoexu

Ka3aHa BO3MOXHOCTh MIPUMEHEeHHMs ra3nudra B KoT-
JIe ¢ BHYTPEHHHUM Temoo0MeHHUKOM. OQHAKO 3KC-
NepUMEHTHI OBLTH MPOBEIEHBI TOJIBKO HA BOJE U 6e3
xMens. To ecTh He OBUIM OIpeaesieHbl YCIOBUS YCTOM -
YUBOM LUPKYISUHH DU HAIMYUU B KOHTYpE TBEp-
JIBIX YACTHILL.

B pa6ote [4] 3KcniepuMeHTHl ObUIH MTOCTABIEHBI Ha
peanbHBIX CPeliaX B YCIOBUSIX HATMY UsI CYCTia B KOTJIE C
BBIHECEHHBIM IIMPKY/ISIIMOHHBIM KOHTYPOM. B kaue-
CTBE HArpeBaTeJIbHOTO YCTPOMCTBA UCIOJIb30BAIH IUIaA-
CTUHYATHIM anmapar. JlaHHas cxema okasanack 3¢-
(eKTUBHOIM NPHU OXMEJEHUU CYCJa XMEJEBBIM 3KCT-
pakToM. OHAKO B CJlydyae MCHOJIb30BAHUS TPaHYJIH-
POBAHHOTO XMeJsl IUIACTMHYATHIM anmapar ObICTPO
3a0MBaICsA TBEPABIMU YACTHIIAMHU M ra3nudTHAs Lup-
KyJAd1Ms mpekpamanack. M B 3TOM CBSI3U BO3HUKIA
HEeOOXOMMMOCTD 3aMeHBI TUTACTHHYATOrO anmnapara Ha
KOXYXOTPYOHBIH Terui0o0OMeHHMK. Takasi 3aMeHa ceds
ompasnana. Bo BpeMsi paboTsl HAOMIOAATACh YCTOWYHU -
Bas ra3audTHAsS LUPKYISLUS.

Ha puc. 1 nmpencrasieHa cxemMa YCTAHOBKH JUTSL KUTIs-
YeHHs CYCJIa BBILIEYKA3aHHBIM COCOOOM. YCTaHOBKaA
COCTOMT M3 EMKOCTH /, KOXYXOTPYOHOTO TeIu1000MeH-
HHKA 2, MaporeHeparopa 3, BO3AYLUIHOTO KOMIpeccopa
4, potaMerpa IUIst KOHTPOJIST pacxXo/a rasa 5, UUpKyJi-
LUOHHBIX TPYO 6, 7, nudmaHomeTpa &, CMecuTenei
raza 9, cbopHuka KoHaeHcata (), JaTYMKOB TeMIepa-
TYPBI XKHIKOCTH MOCJIE, 10 U BHYTPH TEIUI00OMEHHHUKA
11 — 13, undpoBOro HHIAMKATOPA TeMIepaTypsl /4.

O6beM eMKOCTH VISl CYCJIa M3 HepxKaBerolen CTanm
cocrasnsier 0,05 M>.

B xauecTBe BHELIHEro HarpeBaressli UCIOIb3YeTCs
KOXYXOTPYOHBIH TEII000MEHHUK.

[TaporeHeparopoM CJIYXHUT aBTOKJIAB Mapku AB-2



MOIIIHOCTBIO 4 KBT M MAaKCUMaIBHO JOMYCTHMBIM pa-
Go4yuM maBieHMeM mapa 2,5 kr/cM2. TIpu KunsyeHuu
M30BITOYHOE JABJIEHHE HACBHILIEHHOTO Tapa COCTaBIIA-
10 B cpemreM 0,5...0,6 kr/cM? npy TeMrieparype 0KOJIO
112 °C. [JaBneHne napa KOHTPOJIUPOBAIH 1O 06pa3uo-
BOMY MaHOMETpy ¢ npezenaMu uzMeperus 0...6 kr/cM?
¥ TIOIEPXKUBAIH MOCTOSSHHBIM 3JIEKPOKOHTAKTHBIM
MaHoMeTpoM. KOHTpOIb YPOBHS BOIBI B MaporeHe-
paTope OCYLIECTBJISJIA MPU MOMOIIM BOJAOMEPHOTO
creKa.

Jlng momavyu BO3AyXa B UMPKYJISLHAOHHBINA KOHTYD
MCIIOJIB30BANM BO3MYIIHEIH KoMIpeccop, nogayy CO,
ocyuiecTBasUId U3 6awmoHa. Ui KOHTPONsA pacxona
ra3a yCTAHOBJIEH BO3AYILHBIHM potamerp PM 0,63 I'Y3
(upenenst uzMeperus ot 0 1o 0,63 M3/4). Pacxon xua-
KOCTH B TPyOax MUPKYISIUOHHOIO KOHTYpa M KaHa-
JIaX TEIUIOOOMEHHHUKA ONpeessUId 10 Mmepenany AaB-
JIEHHs B TPy6ax OO W MOCIe TeIUI00OMeHHMKA, H3Me-
psieMoro TudMaHOMETPOM.

KoOHTpONb TemMIeparyp B TPEX TOUKAX NPOU3BOIWIN
¢ nomompio Tepmonap TXK (mpenenbl W3aMepeHUs
—50... +750 °C). Onpenensuiu TeMOepaTypy XHIKO-
CTH Ha BXOJIE H BBIXOIE€ U3 TEIUI0OOMEHHHUKA, B LIEHTPE
€MKOCTH. B KayecTBe BTOPUYHOro mpubopa UCHIOJb-
30BaNd 2-KaHATbHBINA LU(DPOBOH H3MEPUTENb TEMIIe-
parypsi OBEH 2TPM-(0, npu 3TOM MOTrpeuIHOCTh OI-
peneneHus TeMneparypsl coctasisuia 0,5 °C.

IIpensapuTenbHO OBUIO MPOBEAEHO TPH 3KCHEPH-
MEHTAa Ha BOJE C LEJbIO BHIACHEHHUS ONTHUMAIbHOM
TOYKHM MMOJAYH QUOKCHIA YITIepoaa W BO3yXa VIS CKO-
pefnIero JOCTKEHUST TeMIepaTypsl KuneHus. Ilpu
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Bpems, mur
Puc.3. Ipaghux Kunsauenus cycaa

nojaaye rasza A0 TEIIOOOMEHHHKA HarpeB ¢ 76 1o
100 °C npowu3oiuesn 3a 23 MUH, IOCE TETUIOOOMEHHH-
Ka — 3a 24 MMH, a IPH Harpepe XUAKOCTH 0e3 nmoaayu
rasa — 3a 26 Mud (puc. 2). [TosromMy misi KUTISTYEHHUS
cycia ¢ xmeneM ObUT BRIOpDAaH MepBBIM PEXUM Harpesa-
HHSA, KaK Haubosnee ONTHMANbHBIM MO pacxody rasa u
CKOPOCTH Harpesa cycja 0 KHIEeHU.

BBiTH IPOBEIEHBI SKCIIEPUMEHTATBHEIE BAapKH CYC-
JIaC MOHMXEHHOM 9KCTPAKTHBHOCTHIO, HO C IIOBBILIEH-
HBIM coJepXaHueM xMensi. Takoi BeIOOp ObUT coenan
MOTOMY, YTO JIETKHE COPTAa MMBA Ceiyac NpuoOpeTaroT
BCE OOJIBILYIO MOMYJIIPHOCTD: OHM NPEKPAaCHO OCBEXa-
IOT ¥ YTOJISIIOT XaXNY, @ COACPXAHUE XMeJIsl YBeaude-
HO VISl MPUIAHUS MMUBY 00JIee OPUTHHATBHOIO XMese-
BOro mpuBkyca. Mcnonp3oBaHue XMensl B MUBOBape-
HHUH CBSA3aHO INIABHBIM 00pa30M C TEM, YTO OH NMPUAAET
NMBY crienuduyecKuii rOpbKHii BKYC (32 CYeT H30Me-
PH3aLHH O.-KHCJIOT BO BpeMs KUIISTYEHUs Cycia ¢ XMe-
JIEM B PACTBOPHMBIE M30-0.-KHUCIOTH) ¥ apOMaT, KOTO-
PBIM COOOIIAOT MUBY 3HPHEBIE Macna XxMens. XMelb
YYacTBYeT B KOATYJISIUU OeJIKOB NPH KUIIAYEHUH CyC-
Jla ¥ obnanaet 6aKTepuoOCTaTUYECKUMU CBOMCTBAMH,
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Tabauya 2

Xapaxmepucmuru 20mogozo nuea

S | o | ac | et | o | nc owonpan | moorn: % | VPK | son, EBC | moem, -1'| RDF | Crwm %
1. CO, 46 | 83 1,6 6,73 3,95 14,3 02 34,8 2,3 72,1 535
2.Bosmyx | 472 | 7.9 1,63 6,83 4,06 1433 | 022 36,1 2,8 732
3.Co, 4,56 | 27,1 1,17 4,48 28 9,72 0,15 40,2 1,5 72,3 3,53
4. Bosgyx | 4,63 | 26,4 1,25 4,43 2,9 9,66 0,17 38,9 2 73
5. CO, 466 | 7.1 1,7 538 3,88 13,05 0.2 434 2,3 72,5 4,65
6.Bosmyx | 473 7 1,73 6,1 3,9 13,15 0,22 2 2,5 73,4

TOr0, OH CIOCOOCTBYET YJAYYHIEHUIO MEHUCTHIX
cBoicTB. [TonudeHonbl XMeNs TPeAOXPAHAIOT MUBO
OT «CTapeHUs BKYCa», CBA3aHHOTO C OKUCIHUTEIbHHI-
MU npoueccamu [3]. B skcnepuMeHTaIbHBIX BapKax
MCIOJB30BAIACh eAMHOBPEMEHHAs 3aa4a XMeasi B
Havane (mocie 10 MAH KHIIEHUA) MpoLecca Kumnsaye-
HHUA cycna ¢ xmeneM (comepxanue xmens 14 %). Ku-
nsg4eHue MPOMCXOAWIO mpu TeMmeparype 104 °C
(puc. 3).

Beino csapeno 4 sapku cserioro (1, 2, 5, 6) u 2
Bapku TeMHoro mmea (3, 4) (cM. tabn. 1, 2). [Hocne
KUOAYEHHUS Cycao 6sU10 oxnaxneHo mo 14...15 °C n
nepekayaHo B OPOAMJIBHBIN TaHK, 000PYAOBaHHBIN
pybamkamu oxnaxnaeHus. s mognepxanus Tpedy-
eMO# TeMIepaTypsl IMTaBHOTO OpPOXeHUsA B pybaliku
nojaBajiach BOOZONPOBOAHAs BOJAA C TeMIlepaTypou
5 °C. Jns konTpons nasneHus CO, B BepXHeH 4acTu
TaHKA YCTAHOBJIEH MAHOMETD.

ITocne mo6aBneHnss OpOXXKeH (s OPOXKEHUS UC-
NOJIB30BATHCH IPOXKHU TONBKO 2-if M 3-i reHepauuu,
Kak Haubosee NMpONYKTUBHBIE) ObUIA MPOBEAEHA a3pa-
LS CyCJia YMCTHIM BO3MyXoM B TeueHne 30 MuH. [iasHoe
6poXeHHe TPOBOAWIOCH mpu Temrieparype 14...15 °C B
teueHue 14 cyr. B npounecce 6poxeHus 4epe3 BEHTWIb
B JHHILE TAHKA NEPUOAMIECKH OCYIIECTBISICA ChEM
JPOXKEH.

Kax ansrepHaTuBa JUOKCUAY yIiepona B pabore uc-
MONMB30BIH BO3ayX [5]. OnQHAKO M3BECTHO, YTO HAIM-
YHe KUCJIOpPOJa B Cyclie CHMXKAeT CTOMKOCTh NHBA,
YMEHBIIIAeT CPOK ero XpaHeHus. B To xe Bpemsi B cycne
KOJIMYECTBO PACTBOPEHHOIO KMCIOPOJa IIPH TeMIIepa-
type 100 °C He npessiuraer 3HaveHus 4-10-3 Mr/m3, Te.

€CJIM OKHCIIHMTENbHbIE MPOLECCH ¥ OYAyT MPOUCXO-
JIUTh, TO 3HAYUTENBHOTO BIMAHUA Ha Ka4eCTBO TOTO-
BOTO IIMBA HE OKAXYT, YTO M IOKa3aHo B Tabx. 2. Cpas-
HHBas PE3YJIBTATH BAPOK, MPOU3BENEHHbIX C QUOKCH-
JIOM YIJIEPOA ¥ BO3AYXOM, BHIOUM, YTO COAEPXKaHUE
guMermwicyabduna (IMC) Hike B 06pa3uax, CBapeH-
HBIX C IHOKCHIIOM YTJIIEPOIOM.

Pe3ynbraThl aHATM30B CBUAETENBCTBYIOT O TOM, 4TO
Ka4€eCTBO CYC/ia M MUBA COOTBETCTBYET CriennduKanyu
J@HHOTO MpoaykTa. [IpoBeAeHHbIe OeryCcTaluy IMOoKa-
3aIM, YTO BCE 0OPA3LBl HKMEIOT OPUTHHAIBHBIA XMeb-
HOM BKYC 6€3 IIOCTOPOHHMUX MPHUBKYCOB H COOTBETCTBY-
10T BceM cranaapram. [103roMy MOXHO peKOMEHI0BATh
JAHHYIO CXEMY KMIISTYEHHUsI CYC/Ia C XMeJieM VIS MUHHU-
NMHABOBAPEH M Ui MMBOBAPEHHBIX 3aBOJOB, OCOOEHHO
B CE30H.
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