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BBEJAEHUE

JIaGopaTopHbIil MPAKTUKYM HallMCaH B COOTBETCTBUU C TPOTpaMMaMH KypCOB
Kadeapbl TEXHOJIOTUU MPOIYKTOB MUTAHUS U OXBAThIBAET OCHOBHBIE MPOLIECCH U
amnmnapatbl MHIIEBOM MNpOMBINUICHHOCTH. [IpenHasHayeH i MOATOTOBKHU
JTUATUIOMUPOBAHHBIX crienUaIMCTOB Hanpasienuit 19.03.02; 19.03.03.

[IpakTUKyM OMOKET CTYJEHTaM B yIIyOJEHHOM M3YYEHUHU TEOPETHUECKOU
0a3bl TMPOIECCOB M ammaparoB, OBJAJECHUM METOJAaMU SKCIEPUMEHTAIBHBIX
UCCJIEIOBAHUM, MPUOOPETEHUH HEOOXOJUMBIX HABBIKOB OOpaOOTKU pe3yibTaTOB
AKCTIEPUMEHTOB U UX aHaJlM3a, YCBOCHUU TEXHUKH PAcueTOB.

KonkpetHoe HamMeHOBaHHWE pabOT HJisi CTYACHTOB IMPEIyCMOTPEHO
COOTBETCTBYIOIIUMH PaOOUYMMU MTpOrpaMMaMi YUTaeMbIX Ha Kadeape KypcoB.

B kaxnoit pabote H3JI0)KEHAa TEOPETHUYECKasi 4acTh, CYIIHOCTh IMPOIIECCa;
neiab paboThl; cxema J1abopaTOpHOM YCTAaHOBKM U METOAMKA BBIMOJIHEHUS
HKCIIEPUMEHTA; TPUBECHBI TaOIHIIA ONBITHBIX IAHHBIX U METOAMKA UX 00pabOTKH,
TabauIa pe3yiabTaTOB pacyeTa, KOHTPOJIbHBIE BOIMPOCHI [IJIi CaMOCTOSTEIbHOU
MOATOTOBKH.

CTyneHTbl JOJKHBI  CaMOCTOSITEIBHO — BBINOJHUTH  AKCHEPUMEHT Ha
1abopaTopHOM CTEHJIE, o0OpaboTtath AKCIIEPUMEHTAIIbHbBIE JTAaHHBIE,
MIPOAHATIU3UPOBATH PE3YJIHTATHI U OPOPMUTH OTUET.

B oTueTt BxoasT 11€716 paboThI, CXeMa YCTAaHOBKH CO crienudukaiuei, Tadauma
3aMepSEMbIX U PACCUMTHIBAEMBIX BEIIMYUH, HEOOXOJMMBIC pacyeThl W Tpadukw,
BBIBO/IbI O pe3yJibTaTaX, COOTBETCTBYIOIIUE IEISIM PaOOThI.

Crpyktypa mocoOus oTBe4YaeT TpeOOBaHUAM, MPEIBIBISIEMbIM K METOIUKE
U3JI0KECHHS y4eOHOTO MaTepHuaia, 00eCreunBaeT yCIOBHUS JIJIi CAMOCTOSITEIIbHOM,

TBOPYECKOU pabOThI CTY/IEHTOB.



INPABUJIA TEXHUKU BE3OITACHOCTH
Jlo mpoBeieHurs J1ab0paTOpPHBIX pabOT Ha YCTAHOBKAaX CTYIEHTHI 00s3aTEIBHO
JOJDKHBI TIPOUTH MHCTPYKTAXK MO TEXHHKE O€30MACHOCTU COTJIACHO MHCTPYKIIUU,

KOTOpasi BKJIIOYAET B ceOsI CIIENYIONINE OCHOBHBIC TOJIOKEHUS:
Obwezo naznauenus

Bce pa6OTBI Ha YCTaHOBKax HOJIKHBI IIPOBOAUTHCA TOJIBKO B IPUCYTCTBHUH U
Y4aCTHU IIPCIIOAABATCIII MM OTBCTCTBCHHOI'O JIMIA, IIPOIICAIICTO MOJIHBIN

HHCTPYKTAXK I10 CO6J'IIOI[€HI/IIO IIpaBnuJI TCXHUKN 0C30IaCHOCTH.

M@CTO, rac pasmMeluicHa - yCTaHOBKa, 3arpeiacTCsa  3arpoMoOKaaThb

IMOCTOPOHHUMMU IIPCIAMCTaAMMU.

Ilepen BKJIIOYEHHEM YCTAaHOBKH MPOU3BECTH THIATEIBHBIA  OCMOTP
o0opy/oBaHUsT M TNPUOOPOB [JIsl OMpEIETICHUsS] WX MPUTOAHOCTH K padore.
DJIEKTPUYECKUE IIHYPbI, BUJIKH, PO3ETKHM M BBIKJIIOYATEIN HE JOJDKHBI MUMETh
BUJUMBIX ITOBPEXKACHUN. BKIIOUaTh yCTAHOBKY IIPU HAJIWYUU HEUCIIPABHOCTEU

3ampeniaeTcs.

Bo BpEMs BBIIIOJIHCHUA 3aJlaHHA, CTYACHT HC JOJDKCH 3daHUMATbCA

MOCTOPOHHUMH JI€JIaMH, HE OTHOCSIIIMMUCS K BBITIOTHEHUIO JAaHHON pabOTHI.
3anpemaeTcsi OCTaBIATh 0e3 HaO0IeHNs JEHCTBYIOLIYIO YCTAHOBKY.

3anpemaercs padotarh B 1abopatopun ogHomy. OOs3aTEIHHO MPUCYTCTBUE

BTOPOTO JIUIA JJI OKa3aHUs TIEPBOU MOMOIIH B CIIy4ae HEOOXOIUMOCTH.

CryaeHTam 3ampeliaercs CamMoCTOSITEIbHO YCTPAHATh HEUCIPABHOCTH

Ja00paTOPHBIX YCTAHOBOK
1o snexmpuueckoul wacmu

BBuay Hanmuuus Ha yCTaHOBKE BBICOKOTO HampspkeHus 220 B nnsa nuranus
anekrpoasurateneii, TOHOB M KOHTPOJIbHO-U3MEPUTENBHBIX  MPUOOPOB

3a1peacTCs:



a) IIpoHukaTh 3a 3aIUTHBIC OTPAXKIACHUS IPUCOCTUHUTEIBHBIX KIEMM;

b) OTkpbIBaTh pactpeenuTeIbHbIN IIUT U 3aIIUTHBIC KOXKYXU YCTAHOBOK;

C) BxirodaTh U OTKIIFOYATh YCTAHOBKY 0€3 pa3pelieHusl Pero1aBaTes;

d) Bo wu3bexxaHue BO3MOXKHOTO TIOPAKEHHS  DIIEKTPHUYECKUM  TOKOM,

3alperaeTcsi KacaThCsl MPHU BKIFOUYCHHOW YCTaHOBKE:
® OJHOBPEMEHHO K MPOBOJAaM H3MEPHUTEIHLHOrO Npubopa u K TPyOOIpOBOIY
OTOIUICHUSI, BOJIOMIPOBO/IA UITH 3aMBIKAIOIIEMY KOHTYPY;
® OJIHOBPEMEHHO K KOPIYCY H3MEPHUTEIBHOTO Mpubopa U K TpyOOIpOBOIY
OTOIUICHUSI, BOJIOMIPOBO/IA UITHA 3aMBIKAIOIIEMY KOHTYPY.

i) VcraHOBKa JOJDKHA OBITh HEMEIUICHHO OTKIIIOYEHA, €CII OOHApYKEHO
TIOBPEK/ICHHE 3a3eMJICHUS, 3alUTHOTO OTPaXKICHHS U TPU BHE3AITHOM
HPEKPAIICHUH [T0Ia41 SHEPTHH.

[lpu mosiBiieHWH JAbIMa M3 3JICKTPOHArPEBATEINs MM MYCKOPETYIHPYOICH
anmapaTtypbl, MOJOMKH OOOpYIOBaHUS €ro IeperpeBa CBepX JAOMYCTHMOM
TEMIIEPATypPbl W TIPU JPYTUX aBAPHHUHBIX CUTYAIMSIX, HEMEJICHHO COOOIIUTH

npernogaBaTeiito, AJIs MOCICAYIOIICTO OTKIIOYCHUA OT 3JICKTPOCCTH.

[Tpu mopaxeHUH IEKTPUUECKUM TOKOM HEOOXOJUMO HEMEAJICHHO BbI3BaTh
Bpaya, a 10 €ro NpuobITHS TPU HEOOXOAUMOCTH OKa3aTh MOCTPaAABIIEMY MEPBYIO

IIOMOIIIb.

[To oxonyanum pabOThI, YCTAHOBKA JIOJDKHA OBITH OTKIIIOYEHA B CTPOTOM

COOTBCTCTBHUHU C YKA3aHUAMU, IPUBCACHHBIMU B IAHHOM MCTOJUYCCKOM YKAa3aHHU.

Ilepen yxonoM cTyneHbl 005i3aHbI IPUBECTU B MOPSIOK CBOE pabouyee MeCTo

H IIOCTaBUTh B U3BCCTHOCTDL IIPCIIOAAaBATCIIA 00 OKOHYAHUU pa60TI>I.



JIABOPATOPHAS PABOTA Nel

N3y4enune nmpouecca aacopoumnu
BBenenue

AncopOuuelt Ha3bIBAIOT MPOLIECC MOTJIOMICHHS BEIIECTBA M3 CMECH Ta3oB,
MapoB WM PACTBOPOB TMOBEPXHOCTHIO, WM OOBEMOM IOp TBEPAOrO Tela —
azicopOeHTa.
SBneHue ajacopOIMu U3BECTHO OYEHBb JAaBHO. Takue MpUpOIHBbIE MaTepUalbl, Kak
IIECOK W T0YBa, MCIOJIb30BAJINA JUJII OYMCTKH BOJBI €IIE HA 3ape 4YeIOBEUYECKOTO
obmectBa. B xonne XVIII Beka K. Illeene u onnoBpemenno @oHTaHa OOHAPYKUIH
CIIOCOOHOCTH CBEKEMPOKAJIEHHOT'O IPEBECHOTO YIJISl MOTJIONIATh Pa3IMYHbIC Ta3bl B
o0beMax, B HECKOJBKO pa3 MPEBBIIIAIONIMX €ro coOCTBEHHBIM 00beM. Bckope
BBISICHWJIOCh, YTO BEJIMYMHA MOIJIOUIEHHOIO 00bEeMa 3aBUCUT OT TUNA YIS U
npupobl raza. T.E. Jlouir B 1785 rogy OTKpbUI SBICHUE aacOpOLMU yTIEeM B
KHUJAKOU cpesie, MoAPOOHO UCCIIEN0BAIl €0 U MPEAJIOKUIT UCIIOJIBb30BaTh YTOJb /IS
OYUCTKM  (papMalleBTUYECKUX IMpernapaToB, CHOUPTa, BUHA, OPraHUYECKUX
coenunenuid. T.E. JloBui mnokasaj, 4TO JAPEBECHBIM Yroyib CIOCOOEH OBICTPO
OUMIIATh MCIIOPYECHHYK) BOAY U J€JaTh €€ NPUrOAHOM 1 nuths. M celvac
OCHOBHBIM JICUCTBYIOIIMM HaudajoM (UIBTPOB JII BOJBI CIYXaT YriepOJHbIE
MaTepuaibl, KOHEYHO 0oJiee COBPEMEHHbIE, YeM MPUPOAHbIC YIIIH. AncopOuus
OTPaBJISIIOIIMX BELIECTB M3 Bo3Ayxa Oblna ucnonp3oBaHa H.JI. 3enuHckuM mpu
CO3[JaHUH NPOTUBOTa3a BO BPEMS IEPBOM MUPOBOU BOMHBI.
AncopO1usi Ta30B Ha TBEP/IbIX MOBEPXHOCTSIX MCIIOJIB3YETCSl B HEKOTOPBIX OTPACIISIX
NUIIEBOM  MPOMBINIIEHHOCTH, a WMEHHO MACJIOXHUpPOBOM (Hampumep, B
MIPOU3BOJICTBE MapraprHa) U B OpoIUiIbHOM (Hampumep, B IPOU3BOICTBE IPOKKEN )
JUISL OYUCTKH TEXHOJOTMYECKHX Ta30BbIX IOTOKOB C LEJIBI0 MPEAOTBPALLEHUS
BBIOPOCOB BpPEAHbBIX BElIECTB B aTMocdepy. [lornoiienrne napoB BoAbl TPOUCXOIUT
Ha TOPHUCTBHIX BEUIECTBAaX, KOTOPBIE BBIMOJHAIOT POJIb TBEPAOrO aJaCOpOEHTA.
[TonoOHbIe mpoliecchl HAOMIONAIOTCS B OTHOILIEHUHU caxapa, COJIM U cyxapeu.
AJCOpOLMOHHBIM  CIOCOO  peryJMpoBaHUsi Ta30BOr0  COCTaBa  XPaHWIIMIILL

CKOPONIOPTAIUXCA IMPOAYKTOB ITO3BOJIICT B HCCKOJIBKO pa3 COKpPAaTUTh HOTCPU U



YBEIMYHUTH CPOKH XPAHCHUS. AZICOPOIHS Pa3TUIHBIX MHUIIEBBIX KUCIOT, TUMOHHON
B YAaCTHOCTH, CHIDKAET IO CPAaBHEGHUIO C BOJOW TOBEPXHOCTHOE HATSKEHUE
OOJBIIMHCTBA MPOXJIAIUTEIBHBIX HATUTKOB. AZICOPOIMS BELIECTB HA TOBEPXHOCTH
paszena >KUJIKOCTh — ra3 crocoOCTBYeT ycTOoH4MBOCTH IeH. [logo0HbIN mporiecce
UMEET MECTO B OpOJMJIbHOM MPOMBIIUIEHHOCTH IPHU MPOU3BOACTBE JAPOAKEH U
HEKOTOPBIX JPYrUX MOJYIPOIYKTOB. YCHUJICHHE CMAuMBAaHUS BOJON pazIUYHBIX
MOBEPXHOCTEH MIMPOKO HCIOJB3YETCS B TPOMBIIUICHHOCTH B  KadeCTBE
COITYTCTBYIOILIIETO TIpoliecca MpU MOUMKE OO0OpyAOBaHMs, MOATOTOBKE ChIPhS,
oOpaboTke mnonydadbpukaroB u T.J. AAcopOlMs Ha TpaHULIE TBEPJOE TEIO —
KUIKOCTh IITUPOKO TPUMEHSCTCS TPU OYHCTKE IKUIKOCTEH (Hampumep,
nuhPy3MOHHOTO COKa MPU MPOU3BOJICTBE caxapa, PACTUTEIbHBIX Mace U COKOB) OT
IIPUMECEN.

Pa3zBuTue Teopun aacopOIMOHHBIX CHUJI €1Ie HEe JOCTUIJIO TaKOM CTaauu, Korja 1o
U3BECTHBIM (PU3UKO-XMMHUYECKIM CBOMCTBAM ra3a u TBEpJI0ro TeJia MOKHO OBbLIO Obl
paccuMTaTh ~ HM30TEpMy  aACOpOIMH, HE  TPOBOAS  DKCIIEPUMEHTATLHBIX
uccienoBanuii. [losTomMy, MOMBITKaM OMUCATh SKCIEPUMEHTAILHBIE U30TEPMBI C
MOMOIIBIO  PA3UYHBIX TEOPETHUYCCKUX YPAaBHEHHH, KOTOPHIM COOTBETCTBYIOT
OTIpeJICTICHHBIC MOJICNIN aJICOPOITUH, MOCBSIIIEHO MHOKECTBO PadoT.

AjncopOumeii Ha3bIBAETCS CAMOINPOU3BOJIBHO TMpoTeKaromui 1udQy3noHHbINH
MIPOIIECC B3aMMOCHCTBHS ABYX (ha3 — TBEPOTO Tesia — aficOpOEHTa U ra3a, napa win
PAcCTBOPEHHOTO BEIIECTBA — aJICOPOTHRA, MPOUCXO AN TOTJIONIEHHUEM Ta3a, mapa
WJIA PACTBOPEHHOTO BEIIECTBA MOBEPXHOCTHIO TBEPIOTO TEA.

[Toryonienne ra3oB, MapoOB M PACTBOPCHHBIX BEIICCTB TBEPABIMU TEIAMH OOBIYHO
COMPOBOXK/IACTCA TMPOIlECCaMU TMPOHUKHOBEHUS TOTJIONIAEMOTO BEIIeCTBa B
TBepaoe Teno (amcopOumeit), KanmuuIIpHOM KOHACHCAIUEM M XUMHUYECKUMHU
peaknusMu  (XeMOCOpOITueit), 4TO BechMa 3aTPYIHSAET H3Y4EeHHUE COOCTBEHHO
aacopomuu. I[losTomMy moOTriomMEeHNe Ta30B, MapOB U PACTBOPCHHBIX BEIIECTB

TBEPJIBIMU TEJIaMH OOBIYHO PACCMATPUBAETCS KaK OOIIUI ITPOIIECC COPOIIUH.



AncopOmust Bcerzja COpoBOXKIAETCS BBIACIICHHEM TeTlia. B OONBITMHCTBE CirydacB
TerIoBo 3 dexT amcopOumm MO CBOEH BETUYMHE MPUOMIMKACTCS K TEIIOTe
KOH/JICHCAIIMHU TOTJIONAEMOro ra3a Wiu mnapa.

AncopOryio TOApa3NeNsioT Ha JBa BUJA: (PU3NYECKYI0 W XUMHYECKYIO.
®duznyeckass aAcopOIMsi B  OCHOBHOM  OOYCIIOBJI€Ha  IMOBEPXHOCTHBIMU
BaHJICPBAAJIbCOBBIMU  CHUJIAMH, KOTOpBIE TMPOSIBISIOTCS HA  PACCTOSHUSX,
3HAYMTEIHHO TMPEBBIIAIONIUX pPa3MEPhl aACOPOUPYEMBIX MOJEKYJ, MOATOMY Ha
MOBEPXHOCTU aJCOPOCHTa OOBIYHO YAEPKUBAIOTCS HECKOJIBKO CIOEB MOJIEKYJ
azcopOara.

[Tpy XuMHUYEeCKOW aacopOIHK TOTIONAEMOE BEIIECTBO BCTYMAeT B XUMHUYECKOE
B3aMMOJICUCTBHUE C aJICOPOCHTOM C 0Opa30BaHMEM Ha €ro MOBEPXHOCTU OOBIYHBIX
XUMUYECKUX COCTMHECHU.

Cunpl NpUTSKEHUS BO3HUKAIOT HA MMOBEPXHOCTHU aJicopOeHTa O1aroiapsi TOMy, 4TO
CWJIOBOE TI0JIE€ MOBEPXHOCTHBIX aTOMOB M MOJIEKYJ HE YPAaBHOBEIICHO CHJIAMH
B3aUMOJEUCTBUS  coceAHMX 4actul. Ilo  ¢usnueckoil mOpupoae  CUIIbI
B3aMMOJICUCTBHS MOJIEKYJ MOTJIONIAEMOTO BEIIECTBA M acOpOeHTa OTHOCATCS B
OCHOBHOM K JHUCHEPCHOHHBIM, BO3HHKAIOMUM Ojarojaps TEpEeMEIICHUTO
AJIEKTPOHOB B COIDKAIOMIMXCA MOJIEKyJax. B psjge cinydaeB mpu ajacopOIuu
OOJBIIIOE 3HAYEHUE UMEIOT JIEKTPOCTATHUECKUE U MHAYKITMOHHBIE CHIIbI, & TAKXKE
BOJIOpOJHbIE CBsi3u. [loaTomMy ajacopOuusi  SIBASETCS  CaMOMPOU3BOJILHBIM
MPOIIECCOM, TEUYEHHE KOTOPOTO COMPOBOXKIACTCS YMEHBIICHHEM CBOOOIHOMN
DHEPTUU U SHTPOITUU CUCTEMBI.

[Ipomeccol aacopOumm wm30mparenbHbl W oOpatumbl. [Ipomecc, o0OpaTHBIM
aJcopOnmy, Ha3bIBAIOT JECOpPOIMel, KOTOPYH0 HCIOIB3YIOT JJIS BBIJCICHUS
TIOTJIOIICHHBIX BEIIECTB M pEreHEpaIH aICOPOCHTA.

HauGonee pannoHanbHO MPUMEHSITH afCOPOITUIO NIl 00pabOTKU CMeceil ¢ HU3KOM
KOHIICHTpAIMEH N3BIIEKACMBIX BEIIECTB.

OCHOBHOM XapaKTEPUCTUKON afICOPOCHTA SBIIICTCS €0 aKTUBHOCTD, OTIpeAcIsIeMas
BECOBBIM KOJIMYECTBOM BEIIECTBA, TOTJIOMIEHHOTO €IWHMIICH 00beMa WU Beca

MOTI0TUTENA. Pa3an4yaroT akTUBHOCTD CTaTUYCCKYIO U TMHAMHUYCCKYIO.



CraTtuyeckass aKTHMBHOCTb aJICOPOCHTA XapaKTEPHU3yeTCS MaKCUMAaJIbHBIM
KOJIMYECTBOM BEIIECTBA, aJICOPOMPOBAHHOTO K MOMEHTY JIOCTHKEHUSI PaBHOBECHS
BECOBOM WM OOBEMHON eAuHMIEH ajcopOeHTa MHpuU JaHHOM Temmeparype u
KOHIICHTPAIUH aJICOPOMPYEMOT0 BEIIECTBA B Ia30-BO3YLITHON CMECH.
JluHaMuYecKasi AKTUBHOCTb SBISIETCS XapaKTEpUCTUKOW ajcopOeHTa mnpu
MPOTEKaHUU MMapOBO3AYIIHON CMECH Yepe3 CII0i acopOeHTa Jo0 MOMEHTA IMTPOCKOKA
azcopOMpyeMOro rasa.

Ecnu razoBast cMech IPOXOJIUT Yepe3 CIION ajcopOeHTa, TO B HayalbHBIA MEPUOJT
mporecca aJcopOTUB MOJHOCTHIO U3BIIEKAETCsl U3 ra3oBoil cmecu. [lo ucreuenun
ONPEAECICHHOTO TMPOMEXKYTKa BPEMEHM B Ta30BOM CMECH, YXOASIIEH W3
MOTJIOTUTENIS, HAUMHAIOT MOSIBJISITHCS 3aMETHBIE, BCE BO3PACTAIOIINE KOJUYECTBA
afcopOTuBa (NMPOCKOK), WU K KOHIy Mpollecca KOHIEHTpalUs YXOJSIIEero rasa
CTAaHOBUTCS paBHOM HayaIbHOW KOHIIEHTPAIIMU MTAPOBO3AYIITHON CMECH.

B ancopGepax MpOMBIIUIEHHOTO THINA C aKTUBUPOBAHHBIM YTJIEM JUHAMHYECKAs
aKTUBHOCTh cocTaBisieT 85-95% oOT crarndeckod, a B Cily4ae IPUMEHEHUS
CWJIMKAreJisi JMHAMHYeCcKasi akTHBHOCTh OKa3bIBA€TCA MEHBIIIE CTaTHYeCKOoi Ha 60-
70%.

CeJieKTHBHBIE CBOIICTBA a1COPOCHTOB

B mporieccax agcopOumm, Tak *e, Kak U B Mporeccax adCcopOInu, MOTJIONIA0IIIe
BEILIECTBA - aJICOPOCHTHI 00JIaJIal0T CEJICKTUBHBIMU CBOMCTBAMM MO OTHOILICHUIO K
MOTJIONIaeMbIM Ta3aM W mapam. VHbpIMU clOBamMH, MPUMEHEHHE aJICOPOIMOHHBIX
MIPOIIECCOB B KAYECTBE METO/a Pa3fIesIeHHUs Ta30BBIX CMECE OCHOBAHO Ha TOM, UTO
ra3oBasi CMECh, IPUBEICHHAS B COMPUKOCHOBEHHE C afICOPOSHTOM, OCBOOOXKTIaeTCs
JUIIF  OT OJHOTO KOMIIOHEHTa, B TO BpeMs KaK Jpyrue OKa3bIBAIOTCS
HETOTJIOECHHBIMHU.

Ecnmu B mporeccax abcopOmmu CENEKTUBHBIE KauecTBa MPOIEcca OMpPeaesIucCh
PacTBOPUMOCTHIO WJIM HEPACTBOPUMOCTHIO Ta3a B MOTJIOMIAIOIICH KUIKOCTH, TO B
mporeccax afcopOIMi KPUTEPHUEM CEJICKTHBHBIX KAueCTB SBISICTCS CTaTHYECKas

aKTUBHOCTH aJICOpOEHTA.



W3 cmecu ra3oB, MPUBEACHHBIX B COMPUKOCHOBEHHE C aJCOPOCHTOM, B TEPBYIO
ouyepeqb U B 3HAUYUTEIBHO OOJbIIEM KOJIHMYECTBE IMOTJIOLIACTCS ra3 WU Hap TOTO
BEIIIECTBA, KOTOPOE UMeET 00iee BHICOKYIO TEMIIEpATypy KuleHus. B 60abIMHCTBE
Clly4aeB TeMIIepaTypa KUIIEHUs MOIVION[AeMOTro ra3a (Harpumep, napoB O€H3071a)
CWIbHO OTJIMYAETCA OT TeMIepaTyphl KHUIIEHUS HWHEPTHOrO rasza (Hampumep,
BO3JlyXa) U MPUCYTCTBUE MHEPTHOIO Ta3a MOYTH HE OKA3bIBAET BIUSHHUA HA XOJ
npoiecca.

Paznenenue aacopOIIMOHHBIM METOJIOM CMECH Ia30B, KOMIIOHEHThI KOTOPOH UMEIOT
OJIM3KO JIeKAIIUE TEMIIEPATYPhI KUTICHHS, TPEIOCTABIISACT OOIBIINE TPYIHOCTH HUIIH
MIPAKTUIECKA HEBO3MOKHO.

OCHOBHBIMH  TIPOMBIIUICHHBIMU ~ aJICOPOCHTaAMHU  SIBISIIOTCSI  TIOPUCTHIE  TeTa,
oOnamarone  OonpmuM  oO0beMOM  Mukpornop. CBoiicTBa  aAcOpOEHTOB
OTIPEJIEIISIIOTCS MMPUPOJION MaTepHalia, U3 KOTOPOro OHU U3TOTOBJICHBI, U TIOPUCTOM
BHYTPEHHEH CTPYKTYPOH.

B mpoMBITIUTEHHBIX acOpOeHTaX OCHOBHOE KOJMYECTBO IMOTJIONMICHHOTO BEIIECTBA
copbupyercs Ha creHkax mukponop (r<10° m). Poms mepexomubix mop (10°
% < r < 107"m) u makpomnop (r < 107'M) B OCHOBHOM CBOAUTCS K TPAHCIIOPTHPOBAHUIO
aJIcOpONpPyEMOTO BEIIECTBA K MUKPOIIOPAM.

AJICOpOCHTBI XapaKTepU3YIOTCS CBOCH MOTJIOTUTEIBLHOM, WM aJCOpOIMOHHON
CIIOCOOHOCTBIO,  OMpeeIsieMOd MaKCHUMalbHO BO3MOXXHOM  KOHIIGHTparuei
ajcopOTHBa B €AMHUIIE MACChl UM 00BEMa afiIcOpOEHTA, €r0 TOPUCTOU CTPYKTYPHI,
TIPUPOIBI TIOTJIOMIAEMOTO BEIIECTBA, €T0 KOHIICHTPAIIUH, TEMITIEPATyPHhI, a JJI Ta30B
Y TIaPOB - OT WX MapIHAIBHOTO JaBJICHUSA. MaKkCHMalIbHO BO3MOXKHYIO MPH JaHHBIX
YCIIOBUSIX TOTJIOTUTENIBHYIO CIIOCOOHOCTh aJiICOpPOEHTa YCJIOBHO HAa3bIBAIOT
PABHOBECHOII AKMUBHOCHLBIO.

[To xuMHUYECKOMY COCTaBY BCE aJICOPOCHTHI MOKHO Pa3/IeUTh Ha YIJIEPOIHbBIE U HE
yraeponbie. K yrnepoaasivM aacopOeHTaM OTHOCSTCS aKTUBHBIE (AKTUBUPOBAHHBIC
YTJIM), YTJIEPOTHBIC BOJOKHUCTBIC MaTepHaibl, a TAK)KE HEKOTOPHIC BHJIBI TBEPIOTO
torumBa. He yriepomnbie aacopOCHTHI BKIIFOYAIOT B CEOSI CHIIMKATENI, aKTHBHBIN

OKCHJ AJIIOMHUHHA, aJIrOMarciiv, HCOJUThI U INIMHUCTBIC ITIOPOAbI.



AKTHUBHBIE YIJIM, COCTOSIIME M3 MHOXECTBa OECHOPSAOYHO PaCIOJIOKEHHBIX
MUKPOKPUCTALIOB TpaduTa, 0OBIYHO UCTIOIB3YIOT JJISl TOTJIOMICHHS] OPTaHUYECKIX
BEIIIECTB B MPOIECCaX OUUCTKHU U Pa3ACIICHUs] KUAKOCTEN U ra3oB (mapon). [locie
ATOTO yrojb AKTUBUPYIOT, HAIlPUMEP, IIPOKAJIMBAIOT €ro npu temmeparype 850-
900°C, uyTo NPUBOAUT K OCBOOOXKIEHHIO TIOPp OT CMOJIMCTBIX BEIIECTB U
00pa30BaHUIO HOBBIX MUKPOIOP. AKTHUBALIMIO TPOBOIAT TAKXKe IKCTPArMpOBAHUEM
CMOJI U3 MOP OPraHUYECKUMU PACTBOPUTEISIMHA, OKUCIEHUEM KUCIOPOJOM BO31yXa
u np. bomee onmHOpomHas CTpyKTypa yrJIed NOJNy4YaeTcs NPU KX AaKTUBALIUU
XUMHUYECKUMHU METOJaMU: MyTeM HUX OOpaOOTKH TOPSAYMMH pPacTBOpaMu CoJei
(cynbdaTaMu, HUTpaATaMHU U JP.) WK MUHEPATIbHBIMHU KUCIOTaMU (CEpHOM, a30THOM
u 1ip.)

AKTUBUPOBAHHBIM yTodb TNPUMEHSAETCS MpH ajncopOuuu aub0 B BHUAE 3€pEH
BeIMUMHON oT 1 10 7 MM, 1160 B BHJIE MOPOIIKA. 3epHA U MOPOIIOK MOTYdaroT
NyTeM U3MENIbUeHUsT M KiacCU(UKaIMU. YIelibHas AaKTUBHAs TOBEPXHOCTh
aKTMBHBIX yIJed BhIpaxkaercs BemwdauHoM oT 600 mo 1700M? Ha ogMH rpamM.
[TpuMeHsI0TCSI aKTUBUPOBAHHBIEC YTIIU TJABHBIM 00pa3oM JIJisi TIOTJIONIEHUS TTapoB
OpPraHUYECKUX KUAKOCTEH, HAXOIALIMXCS B Ta30BbIX CMECAX, U JJII OUYUCTKH
Pa3JIMYHBIX PACTBOPOB OT MIPUMECEH.

Cepbe3HbIM HEAOCTATKOM 3THX YTJIEWd SIBISAETCS TOPIOYECTb, U MPHUMEHATh HUX
MOKHO pu Temreparypax He Boiae 200°C. JlJisi yMEHbIIEHNS TOPIOYECTH K HUM
MOJIMEIIIUBAIOT CHJIMKArelib, OJHAKO Takas J00aBKa MPUBOAUT K TMOHMKEHUIO
aKTUBHOCTU aJIcCOPOEHTa, MOATOMY AKTUBUPOBAHHBIE YIIU C J00aBKOW K HHUM
CUJIMKArelis MPakTUYECKHU MPUMEHSIOT CPABHUTEIBHO PEKO.

CuinkaresieM Ha3bIBalOT MPOJYKT OOE3BOKMUBAHHS Tesl KPEMHEBOW KHUCIIOTHI,
[I0JIy4aeMOro JI€MCTBUEM CEPHOM WM COJSHOW KHCJIOT, WA PACTBOPOB KUCIBIX
COJIEM HA PACTBOP CWJIMKAaTa HAaTpus. BrImaBmIui rejib KpEMHEBOW KHUCIIOTBI ITOCIIE
MIPOMBIBKH BhICYyIUBaeTcs npu temmeparype 115-130°C no Braxknoctu 5-7%.
Cunukarenb OTIUMYAETCS OJHOPOAHOCTBHIO MOpP KakK IO BEIUYMHE, TaK W
pacnpenenenuto. IIpumensiercs cunukareinb B BUAE 3epeH auamerpom oT 0,2 1o

/MM TJaBHBIM O6p8.30M AJI IIOTJIOCHHMA ITapOB BOJABI, T.C. AJIA CYIIKH T'a30B.



VYaenbHas akTUBHAs MOBEPXHOCTh CHUJIMKATeNsl BhIPAXKAeTCsl BETUYMHON MOPSIKA
600 M? Ha OZIUH TPaMM.

K nmocromHcTBaM cuiMKarejaeil OTHOCATCS HMX HErOpruYecTb U OoJbIas
MEXaHW4YeCKas TMPOYHOCTh. HemocTaTKkOM  OTHOCHUTCS  pe3Koe  CHIDKEHHUE
HOTJIOTUTENBHOM CIIOCOOHOCTH O OTHOILIEHUIO K IMapaM OPraHMYECKUX BEIIECTB B
NPUCYTCTBUU BIIATH.

[To copOIIMOHHBIM CBOMCTBAM K CHJIMKArei0 OJM3KO MPUMBIKAIOT ajioMarelu,
NOJy4aeMble TEPMUUECKOM 00pabOTKOM rHAPOKCH A ATIOMUHUS [TPU TEMIIEpaTypax
600-1000°C. Ilopsl momydyeHHOTO cOpOeHTa MMEIOT AuaMeTp 1-3 HM, yAeNbHYIO
moBepxHOCTh  2-10° - 4-10° M%/kT; HachIHAs IUIOTHOCTh TAaKOrO COpOEHTa
1600 kr/m3. AmoMorenu HCIOIB3YIOT IS OCYHIKM TI'a30B, OYUCTKM BOJHBIX
pPacTBOPOB U MUHEPATHHBIX Macell.

HeoauTbl npeaCTaBISIIOT COOOM NPUPOAHBIE WIM CUHTETUYECKHE MHUHEpabl,
KOTOpBIE SIBJISIIOTCS BOJHBIMHM  QJIOMOCHJIMKATaMH, COJEPXKAIIMMHU  OKCHUbI
MIETIOYHBIX IIEIOYHO3EMENbHBIX METaIOB. OTH  aACOpPOCHTHI  OTIMYAIOTCS
pEryJIipHOM CTPYKTYpOH MOp, pa3Mepbl KOTOPBIX COM3MEPUMBI C pa3MepaMu
norjomaeMplx  MoJiekyl. OcCOOEHHOCTh IIE€OJMTOB COCTOMUT B TOM, 4TO
a71cOpOLIMOHHBIE TIOBEPXHOCTH COEIMHEHBI MEXKy COOON OKHAMM OMNPEEIEHHOTO
aMeTpa, 4epe3 KOTOpbIe MOTYT MPOHUKATh TOJIBKO MOJIEKYJIbl MEHBIIIETO pa3Mepa.
Ha sToM ocHOBaHO pa3zjeneHne cMecel ¢ pa3HbIMU TI0 pa3Mepy MOJIEKYJIaMH, YTO
MOCITY>KUJI0 TPUYUHON HA3bIBATh 1I€OJIUTHI MOJIEKYJIIPHBIMUA CUTAMH.

s pasgeneHusi ra3oBbIX CMECE MPHUMEHSIOT IEOJUTHl B BUIC HIAPUKOB WM
rpaHyn pasMepoMm oT | 1o 5 MM, a ans pa3feneHus KHIKUX CMEce — B BHJE
MEJIKO3EPHUCTOTO MOPOLIKA.

Oco0eHHO MUPOKO IEOJUTHI HCIONB3YIOT [JIsl TIyOOKOH OCYIIKH Ta30B H
KHUJKOCTEH, B MPOIECCaX OYUCTKU M pa3JeICeHHUs CMeced BeIIeCTB ¢ OJIM3KOU
MOJIEKYJISIPHOM Maccoil, a Takke B KauyecTBE B KauyeCTBE KaTaJM3aTOpPOB U MX
HOCHUTEJIEH.

JUis OYMCTKH SKMIKOCTEH OT pa3iMyYHbIX NpUMEcedl B KauecTBE aJICOpPOEHTOB

INPUMCHAIOT IPUPOAHBIC TJIMHHUCTBIC ITOPOABI. OTHU TIIMHBI I HUX aKTHBallUuH



00pabaThIBAIOT CEPHOM HIIH XJIOPOBOIOPOTHON KHUCIOTAMHU U TIOTYYalOT aIcCOPOSHT
C YIeTbHOM MOBEPXHOCTHIO Top mopsaka (1,0+1,5)-10° m%/kr.
PabGoTa mpoBoauTcs Ha yctaHoBke (puc. 1), koTopasi paboTaer mo cliexyrouei
cxeme. Boznyx kommnpeccopoM 1 HarHeTaeTcs yepe3 pacxoAgoMep 2 ¢ Ur0JIbYaThIM
BEHTUJIEM B KoJOy 3 3amoiHeHHYI0 BoJioM. C MOMOIIBIO paccekaTens 5 BO3ayX
pPaBHOMEPHO pacripeziesisieTcsi 1 0apOOTHPYET depe3 CIOW BOJIbI, UTO MPUBOAUT K
YBEIMUCHHIO €T0 BIarocoaepxanus. Jlamee BIaXHbIA BO3AYX IMOCTyMHaeT B KOJIOY 4
r7Ie BO3AYyX OCYyIIaeTcsl 3a CYET B3aMMOJEHCTBUS C aJicopOeHTOM (Tporecc
aacopOuun). Brarocoaepkanue Bo3ayxa U3MEPSAETCS JaTYMKAMU OTHOCUTEIBHOMN
BJI&YKHOCTH 6.
JImuTenbHOCTh paboThl COSl ajcopOeHTa B CTaJUHU MapajuieIbHOTO JBUKEHUS
dbponTta copouuu (npu L>L,) paccunteiBaercs no ypaBHenuto H.A. [llumnosa [1]:
=K - L- 1, (1)
rae T - BpeMs 3alIUTHOIO JEUCTBUS CI0S, C;
K - ko3¢ duiimeHT 3amuTHOro IeHCTBUS, ¢/M, MOKA3bIBAIOIMINNA BpEeMsl 3all[UTHOTO
JICUCTBUS CJI0S BBICOTOM 1 M;
L - BEICOTA CI1041, M;
To - MOTEps BPEMEHM 3alUTHOTO JEUCTBUA, ¢ (KMHETUYECKass KOHCTAHTA,
MPOTIOPIIMOHANIbHAS CKOPOCTH MaccOOOMeHa, Mpu 0ECKOHEUHO OOJIBIION CKOPOCTH
CTAaHOBUTCS PABHOU HYJIIO).
[Tpu u3yueHun cCOpOIIMOHHOTO TMpoIecca OOBIYHO 3aMEPSIIOT BBIXOJHYIO KPUBYIO
copOIMu — M3MEHEHUE KOHIEHTPAIMH TIOTJIONIAEMOTO BEIIECTBA BO BPEMEHH 3a
cioeM ajcopOeHTa. 3aTeM, IMOJb3YSACh Pa3BEPHYTHIM ypaBHEHHEM JIUHAMUKHU
copOuum:
T=K-L-K-W-(In(Xs/X)-1) / Ky, (2)
nocTpouTh rpaduk B koopauHatax (In (X./x - 1)) = f (7).
OTtpe3ok, oTcekaeMblii Ha ocu adcuucc, paBeH K-L, a KoTaHreHc yria HakJIoHa
npssmori ectb K-W/Ky. 3necs B ypaBHeHun W - oObeMHasi CKOPOCTh IOTOKa,

OTHECEHHAs! K IOJTHOMY CEYEHUIO armapara, M>/(M2-c):



K=a,/ (W-x,), (3)
IJI€ a, - pe/eNbHAs BETMYNHA COPOLUHM, KT COPOMPOBAHHOTO BelecTBa Ha 1M ciios
ancopbenra; Ky - ko duuuenT macconepenauu, ¢ .
Ob6beMHast CKOpOCThb Mapora3oBoii cMecu W ornpeaensieTcs o ypaBHEHUIO pacxo/a:
V=W- S. 4)
OmnpenenseM BiarocojepaHue BO3JAyXa Ha BXOJAE€ X, M Ha BBIXOJE X
a7IcOpOIIMOHHON KOJIOHHBI AJIs1 KaXKA0TO0 MOMEHTA BPEMEHH:
x=0,622 - ¢ - P./(735—- ¢ P.), (5)
rae Pc - JgaBieHue HACBHIIEHHOTO BOJASHOTO Tapa B BO3JyXe IMPH TeMmIlepaType
cyxoro repmMomeTpa te, MM pT. CT.
JlaBneHue HACBIIIEHHOTO BOJISIHOTO Mapa MOKET ObITh PACCUMTAHO 0 YPaBHEHHUIO,
aHAJIOTUYHOMY YpaBHEHHMIO AHTyaHa, KOTOPOE€ AJiA BOASHOTO Mapa B JUANa3oHe

temnepatyp ot 0 1o 60°C umeet BU:
In P.=18, 76 - 4081,18 / (236,77 +t.) (6)
P, = g18,76-4081,18/(236,77+tc)
[TocTpouTh TO 3KCIEPUMEHTAIBHBIM JaHHBIM BBIXOJHYIO KPHUBYIO COpPOIIMU B
KOOpAMHATaX:
x =1 (1)
PaccunTaTh 1 TOCTPOUTH BBIXOJIHYIO KPUBYIO COPOITMH B KOOPAWHATAX:
(In(Xo/x) — 1) =1 (1)
Beraucnuth K03 GUIIMEHT 3aIUTHOTO JSHCTBUS 110 OTPE3KY, OTCEKAEMOMY IIPSIMOMN
Ha ocH aocmuce K, c/Mm:
K=1/L. (7)
Breraucnuth npeaenbHyo BEIMUYUHY COPOITUU TI0 YPAaBHEHUIO:
a,= K-V XIS, (8)
rae S- mIomaab ceueHusl KoJIobl, M2;
V - 00beMHEII pacxo ra3oBoii cMecu, M3/c;
X, - BIQXHOCTb TA30BOMl CMECH, KI' BOIbI Ha 1M BO3/lyXa Ha BXOJE B CJIOH

ajcopOeHTa:



Xo' = XoP, P - INIOTHOCTH BO3/yXa IPH TeMIIepaType ra30oBoi cMecu (TpH t),
paccunTaHHas 1Mo ypaBHeHUIO Kitanenpona:
p=M - 273 /(22,4 - 273 +t)], (9)
rae M - MoJibHas Macca ras3a, KI/KMOJIb.
Breraucnuts k03 dumnment Maccomepenaun Ky Mo KOTaHTEeHCy yria HakKJIOHA
npsamoit: ctg o= -K-W / Ky;
Ky =-K-W/ctga. (20)

eab padoThl

O3HakomJieHHE ¢ paboTOM aaCcOpPOIIMOHHON YCTAaHOBKH MEPUOIUIYECKOTO JEHCTBUS
u mpoueccoMm azacopOouun. OmpenencHue kodhHUIMEHTOB Maccomepeaay u
MpeeTbHON BETMYUHBI a7COPOITMH MPHU MTOTIIOIMICHUH BOJSTHOTO Tapa.

3agayu padoTbl
1. Onpenenenre paBHOBECHON BEJIMYHUHBI aJCOPOIIIH.
2. Onpefenenrie KOHCTAHTBI CKOPOCTU aJICOPOIUH.
3. Onpesenenne npeeabHON BETMYUHBI KOHCTAHTHI aJCOPOIMH TIPU MOTJIOMICHUH
BOJISTHOTO TIapa.
4. N3yuenune aacopOIMOHHBIX CBOMCTB MTOBEPXHOCTH TBEPABIX TEJI.
5. [IpuoOpeTeHne  TPAKTUYECKUX  HABBIKOB  PabOTBI €  COBPEMEHHBIMH

TEXHOJIOTUAMU cOopa 1 00pabOTKH IKCIEPUMEHTATBHBIX TaHHBIX.

Onucanue 3KCNEPUMEHTAIbHOU YCTAHOBKU

Cxema 1ab0opaTopHO YCTAaHOBKHU ISl U3YyUEHUS TIpoIiecca aacopOIuu IpuBeacHa

Ha puc.l.



Puc. 1 Cxema mabopaTopHO YCTaHOBKH:

1 - xommpeccop, 2 - pacxogomep, 3 — kKoyida ¢ Bojoi, 4 — koyiba ¢ aacopoOeHTOM, 5-
paccekarenb Bo3ayxa, 6 — TaTYUKH BIAKHOCTH
3amepsieMble MapaMeTphl:

® BIAXHOCTh BO3/yXa (aTyuku 6);

® pacxoJ BO3IyXa;

e TemIepaTypa BO3AyXa 0 aJcOPOIMOHHON KOJIOHHBI.

Mertoanka BbINOJHeHUs PA00ThI

M3yunTe MeTOaMYecKue yKa3aHHs, 3aroTOBUTH (OpMY OTYETa O MPOBEICHHOU
paboTe, B KOTOPYIO BHECTH Ha3BaHHE W II€JIb paOOThI, OCHOBHBIE CBEIECHUS 00
U3y4aeMbIX Mpoleccax, CXEMYy OKCIEPUMEHTAIbHON YCTAaHOBKH, 3aroTOBUTh
TaOHIIBI JJTSI 3aTTUCH PE3yJIbTATOB U3MEPECHUI U BHIYMCIICHUM.
2. [ToaroToBUTH CTEHA, 3JIUTH (HOJIUTH) BOABI B K00y 3. Konba donscna ovimeo
3anonnena 6000i na 2/3.
3. Ilogkmrouuth cTeHn Kk cet 220 B.
4. TlogxmoounTh aBTOMATU3UpPOBaHHBIA cTeHJ K USB pa3zbemy kommbroTepa u
3amycTuTh nporpammy [lyck — Ilpoepammer Meas LAB — «Aocopoyusy. 3amyck
MIPOTPaMMBbI IPOU3BOAUTCS KHONTKOU «I1ycKy.
5. BkI1oYnTh NUTaHWE CTEHJIa aBTOMAaTUYECKUM BbIKItouaresaeM «CeTby (JoJKHA

3aropetbcs nammnouka « Cems 220By).



6. 3anyctutb komnpeccop 1, Bknrouns BK1.

7. YCTaHOBUTH pacxo] Bo3AyXa 4 JI/MUH UTOJIbYATHIM KPaHOM Ha pacxoaomepe 2.
8. OnbIT MPOBOIUTH JI0 TEX MO, TIOKA IMOKA3aHMsI JaTYMKa BIAXKHOCTU O Ha BBIXOJE
u3 Koyobl 4 He crabunm3upyetcs. Pesynbrartel 3amepoB BHecTH B Tab6bm. 1.1.
HNutepBan mexay 3amepamu 10 c.

9. IlomensiiiTe pacxoa Bo3ayxa (B mpeaenax ot 3 10 6 J/MUH) U IOBTOPUTE OMBbIT.
Pe3ynbrathl 3aMepoB BHECTH B Ta0I. 1.

10. Ilpu ycrnoBuum HachlleHUs aacopOeHTa HEOOXOAMMO IIPOBECTH €ro
pererepanuto. st 3Toro He0OXOAMMO M3BJIEYb aJCOPOEHT U3 KOJObI, OTKPYTHB
CTEKJISIHHYIO 4acTh M MOCYUTh npu Temiepatype (110+150) °C.

11. OKOHYMB ONBITHI, BEIKJIIFOUUTE KOMIIPECCOP.

Tabnuna 1 - Pe3ynbrarsl uaMepeHui

Ilocie
J10 KOJIOHHBI PacueTHbBIE faHHbBIE
KOJIOHHBI
T,C Xo Xo
) fl t1 ]
g% KI/KT OE ¢,% | Kr/kr XolX In(xo/X) | In(Xo/X)-1 Kl(}/(;’/lg cI/<1\’/1 lf/\é'
10
20
30

O0paboTKa ONBITHBIX TAHHBIX U COCTABJIEHUE 0TYETA
B xone paboTel onpezensiem:
1. Bnaroconep:anue Bo3/Iyxa Ha BXOJI€ X, M Ha BBIXOJIE X aJICOPOIIMOHHON KOJOHHBI
JUIS1 KQKJI0TO MOMEHTA BPEMEHMU:
x=0,622 - ¢ - P./(735— ¢ P.),
rae: Pc — naBlieHHe HACBIIIEHHOTO BOJASIHOTO Tapa B BO3JyX€ MPU TEMIIEpAType

CyXOro TepMomMeTpa tc, MM pT. CT.,
In P.= 18,76 - 4081,18 / (236,77 +t.)
P, = e18,76-4081,18/(236,77+tc)
2. X, /X;
3. In (X, /x);
4. 1In (x, /x) -1;




5. Ctpoum rpaduk B koopauHatax (In (X, /x -1)) = f (1), puc. 2.
6. Beruncinsiem

a, =K V- xS,
rie: S — IUIomaab CeYeHNs KOJIObl, M>

V — 00BEMHBII pacxo ra3oBoii cMecH (ycpeTHeHHbli), M/c;

X, — BIXKHOCTb T'a30BOM cMecH, KI' BOAbI Ha 1M° BO3qyXa Ha BXOJE B CIIOi
ajcopOeHTa: x,” =X, * p, p— ITIOTHOCTh BO3/yXa IIPU CPEAHEH TeMIIepaType ra30Boi
cMmecHu (mpu t.), paccudTanHas 1o ypaBHeHuto Knaneipona:

p=M 273 /22,4 (273 +t)],

rae: M — MoJibHast Macca rasa, KI/KMOJIb.
7. Onpenensem no rpaduky, puc 1.1, kodpbUIIMEHT 3aUTUTHOTO JAEHCTBHUS IIO
OTpEe3KY, OTCEKaeMoMy MpsiMoil Ha ocu abciuce K, ¢/m;
8. Boruncisiem koaddunnent maccornepeaaun KV 1mo koTaHTeHCy yriia HakJIOHA
npsmoii: ctg a = - K-W / Ky;

Kv=-K-W/ctg a
rne W — oObeMHas CKOPOCTh TIOTOKA, OTHECEHHAs K TIOJTHOMY CEYEHHIO ariapara,
M3/ (Mm2-¢).

W=VI/S

dopMa OTYETHOCTH
1. Kpatkoe onucanue paboThl yCTAaHOBKHU.
2. CxeMa yCTaHOBKH.
3. Pe3ynbTaThl ”3BMEPEHUHN U PACUETHI.

4. I'paduku B koopaunaarax x= f (1) u (In (x¢/x - 1)) = (7).



Puc. 2 I'paduk (In (x/x - 1)) = (1)

KoHTposbHBIE BONIPOCHI
1. Yto Takoe mporecc aacopOrum?
2. Ha3oBuTE OCHOBHBIE BEILIECTBA, SBJISIOIIUECS aJCOPOCHTAMHU.
3. UTo Takoe «MOMEHT ITPOCKOKa» M YEM OH XapaKTepu3yeTcs?
4. Yro Takoe mpouecc aecopOonuu?

5. I'me B MpOMBINIIICHHOCTH IPUMEHSETCS Mporiecc aacoponmun?



JIABOPATOPHAS PABOTA Ne2

HccaenoBanue npouecca IKCTParnipoBaHus
BBenenue

DKCTparupoBaHUEM HA3bIBAETCS MPOLIECC U3BJICUEHUS] OJHOTO WM HECKOIBKUX
KOMIIOHEHTOB X CMECH, HAXOAIIEHCS B TBEPIOM HIIN KHUJIKOM COCTOSTHUH, ITyTEM
00paboTKH pacTBOpUTEIEM (IKCTpAreHTOM), M30HMpaTeIbHBIM 110 OTHOIIECHUIO K
OTIpEJICTICHHBIM KOMIIOHEHTaM. DTOT MPOIIECC OCYIIECTBISETCS B AKCTpakTopax. B
cllydae €CI CMECh BEIECTB, U3 KOTOPOW H3BIEKACTCA OJUH WA HECKOJBKO
KOMIIOHEHTOB, SIBJISICTCSI )KMJIKOM, pa3jessiemMasl CuCTeMa CTAaHOBUTCS OJTHOPOJAHOM,
¥ TEPMUH «IKCTParupOBaHUE» 3aMEHSICTCS] TEPMUHOM «IKCTPAKIIHSD.
B xoje sKCcTparupoBaHus MOCIEI0BATENIEHO MPOTEKAIOT YETHIPE MPOCTHIX
npolecca:

* TPOHUKHOBEHHUE PACTBOPHUTEISI B MIOPHI YACTHUI] CHIPHS;

* PAcTBOPEHUE M3BJIEKAEMOIO0 KOMIIOHEHTA;

* TEPEHOC €ro BHYTPU YaCTUILIBI K €€ IIOBEPXHOCTH;

* TIEPEHOC OT MOBEPXHOCTH BEIIECTBA B 00BEM IKCTPAreHTA.
B KOHKpETHBIX Cllydasx OTAEIbHbIE MPOLIECCH MOTYT OTCYTCTBOBATh WJIM HE UTPATh
CYILIECTBEHHOW POJIH.
B TtexHomormyeckux mporeccax mepepabOTKM  Msica, pbIOBI W IpYyrux
HEOJTHOPOJIHBIX CUCTEM C TBEPIOH (a30il MPUMEHSIOT TaK Ha3bIBAEMYIO0 0OpaTHYIO
aKcTpakiuio. OHa 3aKJII0YaeTCsl B HACHIIIICHUH CUCTEMbI OJJTHUM WJIM HECKOJIbKUMU
KOMIIOHEHTaMH IIyTeéM HUX BBOJa B pAacTBOPEHHOM Bujae auddysueit wus3
OKpyXarmeld cpenbl. llpuMepamu TakuxX TMPOLECCOB SBISIOTCA — IMOCOI,
MAapUHOBAaHUE, KOMYEHHUE U Jp. B HUX coJeBOM WM APYrod BOJHBIM PacTBOPLI
IPOHUKAIOT B TNIyOb TBEPAOrO MOPUCTOTO MPOIYKTa, CMEUIMBAIOTCS C BOJHBIMU
pacTBOpamu, 3aMOTHSIIONIUMH UX TIOPHI, U IEPEIAI0T UM YaCTh CBOMX PACTBOPEHHBIX
BenlecTB. Takum oOpa3oM, SKCTparupoBaHHE M OOpaTHas SKCTPaKUus — 3TO
IPOLECChl, OMMCHIBAEMBbIE OJHOTHUIHBIMU MAaTEMaTHUYECKUMU BBIPAKEHUSMHU.

[ToaTOMy MX CHIEIMATILHOTO PACCMOTPEHUS HE TpeOyeTcsl.



[IpaBuibHBII BBIOOp pacTBOpUTENS (SKCTpareHra) — BaxHeHmmid ¢dakrop,
onpeaenstonii 3QpGEeKTUBHOCTh BCETO TpoIecca dKcTparupoBanus. OH JTODKEH
o0nafaTh M30UpPATEIbHON PacTBOPUMOCTBHIO, OOECIIEYMBATh BBICOKYIO CKOPOCTb
pPacTBOPEHHsI, UMETh HHU3KYI0 TEMIIEpaTypy KHIEHHS (JI€TKO OTTOHSTHCS), OBITH
YUCTBHIM U OJJHOPOJHBIM, YTOOBI HE OPTUTH MOJy4aeMblid IPOIYKT, HE OCTABIATh
3armaxa M He J1aBaTh BPEIHBIX COCIWHEHUN C AKCTpArupyeMbIM BEIIECTBOM, HE
BBI3BIBATH KOPPO3UHM OOOpYJOBaHUS, OBITH IMOXAPO- W B3PHIBOOE30MACHBIM,
JeneBbiM. B KadecTBe 3KCTPAreHTOB MPUMEHSIOT BOAY, CHUPT, BOJOCIHPTOBYIO
cMeCh, O€H3UH, OEH30J1, IUXJIOPITAH, COKMXKECHHBIE Ta3bl U JIp.
Cpenu »KCTpareHTOB 0COo00€ MECTO 3aHHMMAIOT CHKMKEHHBIE Ta3bl: JIBYOKHCH
yriepoja, 3TaH, MpoIiaH, alleTHIICH, a30T, OKUCIIBI a30Ta, xiaajaoHbl (R12, R13, R22,
R23) u ap. B CKUKEHHOM COCTOSSHUM OHM OOJaJal0T XOPOILEeH pacTBOpSIOLIEH
CIIOCOOHOCTBIO, BBICOKOM CEJIEKTUBHOCTHIO, XMMHUYECKON HHAEPEPEHTHOCTHIO K
HKCTPArMpyeMbIM BEIIECTBAM, XOPOIIO OTTOHSIOTCS OT OJKCTPArupOBaHHBIX
BEILLECTB MPU OTHOCUTEIBHO HHU3KHX Temmeparypax (go 50°C), obecneumBaroT
CTEPUIILHOCTh SKCTPAKTOB, OJIOKUPYSI KU3HEEATETLHOCTh MUKPOOPTraHU3MOB. OHU
O€3BpEIHbI JIs JIFOJIEH U OTHOCUTEIBHO JICIICBHI.
[Togxoxst k mpoIleccy SKCTparupoBaHus ¢ (HEHOMEHOJIOTHYECKUX TO3UIUH,
KOHCTaTUPYyeM, 4TO 0000IIIEHHOM IBUXKYIIIEH criioi (X), B JaHHOM MacCOOOMEHHOM
MpoIecce SBJISIETCS. PA3HOCTh KOHIIEHTpAIMi HKCTPArupyeMoro BeIIeCTBa B
TBepaor ®m xkuakon ¢azax X=T;—C, Ona H3MEHSETCS IO XOay JBHKCHUS
MpoAyKTa. 3/1eCh YepTa HaJ 0003HAUCHHEM TapaMeTpa O3HA4yaeT €ero OCpeaHEHUe
M0 COOTBETCTBYIOIIEMY IMPOCTPAHCTBY (B JAaHHOM Ciiy4ae MO TBEPAOW YaCTHIIE).
Pe3ynbraToM mpoliecca ABISIETCA MOTOK 3KCTparupyemoro BemectBa M. CBs3b
MEXK]Ty HUMH 3aITUChIBACTCS CTAHAAPTHO U UMEET BU/I;

M=K-X (37)
rne K — denomenonornueckuit ko3¢pduinent, (HU3NYIeCKuil CMBICT KOTOPOTO
3aKJIIOYAETCS B XapaKTEPUCTHKE MHTEHCUBHOCTH W3BJICUCHHS IKCTPArupyeMoro

MPOAYKTAa.



[IpuBeneHHbIe Aanee MaTeMaTHYECKUE 3aBHCHUMOCTH, PACKPBIBAIOIIUE MPOLIECC
nudGy3MOHHOTO TIEpeHoca B TBEPJAOW IJIACTHHE, MOXKHO pPaccMaTpHUBaTh Kak
NPOHUKHOBEHUE BIJIyOb SBICHHS C JeTalu3aluedl NpeACTaBICHUNA O Ipolecce
mud¢y3un unm o Benununne koddduimenta K u ero 3aBUCUMOCTH OT AEHCTBYIOIINX
(haxkTOpOB.

Ecnu 0003HaunTh pacxonbl TBEpAOH U kuakod (a3 B ammapare Kak m U m2, TO

CIPaBeUIMBO ypaBHEHUE OallaHCa KCTPAarupyeMoro KOMIIOHEHTa B BUJE:

My~ (CIH - CIK) = my: (CZK - C2H) (38)
OTCr0/1a OTY4YNM COOTHOIIEHHE PAcXo0B (a3:
_ M _ Culue
1= My CaCon (39)

Pacuer mpoliecca SKCTpardpoBaHUsI BEIECTBA >KUJKOCTBIO M3 TBEpAOW (hasbl
3aKJII0YAeTCsl B OMNPENETIEHUU HEOOXOIMMOW JUIMTENIbHOCTH mpolecca (IJIMHbI
amnmapara npu 3aJaHHOM CKOPOCTU JIBMXKEHMSI TIO HEMY) JJIsl TOJTYUYEHUST HYXHOU
CTEIEeHU IKCTparupoBanus. Bo3MoxeH 1 00paTHBIN pacyeT - onpeAeieHUE CTENEeHU

OKCTparupoBaHus BCIICCTBA IIPpHU 3aJdaHHOM BPCMCHHU IIPpOLCCCaA.

/{1 Py3uoHHBIN EPEHOC MACCHI B TBEPAOH IJIACTHHE
[Ipouecc 3kcTparnpoBaHusl caxapa U3 IUIACTUHBI CaXapHOM CBEKJIBI MOYKHO
paccMaTpHUBaTh MPOTEKAIOIINUM B JIBE CTAANM - TU(DPy3Ust BOAHOTO pacTBOpa caxapa
BHYTPM IUIACTHMHBI K €€ IIOBEPXHOCTM H IEPEHOC caxapa OT IOBEPXHOCTU
CONPUKOCHOBEHUSI XUAKOW W TBepaod ¢a3 B riyOuHy skctparenta. Cragus
MPOHUKHOBEHUSI PACTBOPUTENSE B TMOPbl CBEKJIOBUYHOW IJIACTUHBI TMPOTEKAET
OBICTPO M HE JIMMUTUPYET MpoIlecc, a CTaausi pacTBOPEHHUs caxapa B JIaHHOM
IPOLIECCE OTCYTCTBYET, T.K. OH M3HAYAJIBHO HAXOJAUTCS B BOJHOM PacTBOPE.
YnpagsiieHue npoueccoM IKCTPArupoBaHust

OnTuMu3anus nporecca 3KCTParupoBaHUs HANpaBlIeHa Ha IOBBILIEHUE €ro
3¢ (HEeKTUBHOCTH MTyTEM BbIOOpA 3HAUCHUN JIEUCTBYIOIUX (DAKTOPOB, KOTOPHIE, KaK
IPaBUIIO, OINPEAENSIOTCS TEeM, YTO MO 00€ CTOPOHBI OT HHUX MPOSIBISIETCS
CYLIECTBEHHOE BIMSHHUE PA3IMYHbIX HEOJArONMPUITHBIX BO3IECHCTBUMN. YKaXKeM TH

BOBHCﬁCTBHH JJI1 OCHOBHBIX q)aKTOPOB.



1. Temnieparypa. Ee noBbiienue yBenunuuaeT koddduunent quddy3nuu B TBEPIbIX
YacTHUIIaX, HO MOCJE MPEBBIIICHUS HEKOTOPOTO YPOBHS H3MEHSAET (PU3MUECKHe
XapaKTEePUCTUKHU YaCTHII, OLICHUBAEMBIE 110 U3MEHEHUIO UX YIPYTUX CBOMCTB, MO0
HEOIaronpusITHO CKa3bIBaeTcs Ha qudy3un U3 HUX.
2. Pa3Mepnl YacTull UX YMEHBIICHUE CYIIECTBEHHO YCKOPSET 3KCTparupoBaHUE.
Opnako mpu MajbIX pazMepax YacTHUI[ BO3MOXKHO HX «CIUIAHUE», PEe3yibTaTe
3p¢deKkTuBHAs ~ MOBEPXHOCTb  CONMPUKOCHOBEHHS  OKCTPAr€HTOM  MOKET
yMeHbIIaThes, noxoas A0 20...25 % u MeHee OT IMOJHOM BHEIIHEH MOBEPXHOCTH
YaCTHII. B 3HAUUTEIBHON Mepe MPEAOTBPAILICHNI0 HEOIaronpusTHOTO BO3ICUCTBUS
«CTUMAHM» CHOCOOCTBYET TMEepeMENIMBAaHNE YAaCTHI] Pa3IUYHBIMH CIIOCO0aMH,
BKJIOYasi HU3KOYACTOTHBIE MEXaHMYECKHE KoJeOaHUs, OpraHu3alHio Mpolecca B
KUTIAIIEM CJI0€, YIBTPa3BYKOBbIE KOJ€OaHWs, SJICKTPOUMIYIbCHBIE BO3ACUCTBHUSA,
NEPUOANYECKUN OTKUM MPOAYKTA.
3. IlepememnBanue pacTBOpuUTENs (JUCIEPCUOHHON CpEIbl) BOKPYT TBEPABIX
YaCTHII, U3 KOTOPBIX KCTPATHPYETCS MPOTYKT.

O6opynoBanue AJ1s1 IKCTPATHPOBAHUS
[To pexxuMy pabOThI IKCTPAKTOPHI IETATCS HA TIEPUOIUYECKIE, TTOJTY HETIPEPHIBHBIC
U HenpepbiBHbIE. [lo HampaBieHHIO ABMXEHHSI NMPOAYKTOB — MPOTUBOTOUYHBIE U
npsiMotounble. Ilo Buay UUPKYJIsSUMU — C OJHOKPATHBIM MPOXOXKIACHUEM
IKCTpareHTa, C peHupKyJIAIMe SKCTpareHTa u opocurenbHbie. [1o maBnenuto — Ha
atMoc(epHble, BakyyMHble M pabotaromue mnoj aAasieHueM. llo cBoiicTBam
TBEP/ABIX YAaCTHI[ — Ha SKCTPAKTOPHI ISl KPYMHO3EPHUCTHIX, MEITKO3EPHHUCTHIX,
TOHKOJIMCTIEPCHBIX, MAaCTOOOPa3HBIX, BOJIOKHUCTBIX WU JAPYrux matepuaion. llo
KOHCTPYKLMH KOPITyca armnapara — KOJIOHHbIE K KaMEpHbIE; [0 BUAY TPAHCIIOPTHOTO
OpraHa IIHEKOBEIE, JIONMACTHBIE, IIEMTHbIC, KOBIIOBBIC, POTAIIMOHHBIE, ICHTOYHBIE; 10
pacMoJIOXKEHUIO KOpIlyca — TOPU30HTAJbHBIC, BEpPTHKAIbHbIE, HakiIOHHBIE. [lo
THJIPOIMHAMUYECKOMY XapaKTepy Mpoliecca B anmnapare — ¢ HeMOABUKHBIM CIIOEM

TBEPAbIX YaCTHIL, C ABMIKYIHIUMCA CJIOCM.



[lepeueHb 3KCTPAKTOPOB, PA3IMYAIOIIUXCS KOHCTPYKTUBHO, BKJIIOUAET: KOJIOHHbIE,
pOTAIlMOHHBIE, IIHEKOBBIC, OPOCUTEIBHBIC, IKCTPAKTOPHI C KHUIIAIIUM CJIOEM,
KaMepHbIe OaTaperHbIe U JIp.

KoJstonHBIE anmapaTsl peayin3yoT IPOTUBOTOYHBIA HENPEPBIBHBIN MTPOLECC.
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Puc. 14 - CxeMbl KOJOHHBIX 3KCTPAKTOPOB:

a — OJHOKOJIOHHBIM C JIOMACTHBIM TpPAaHCIOPTEPOM; O — JBYXKOJIOHHBIH CO
ITHEKOBBIM TPaHCIIOPTEPOM

KOHCTpYKTMBHO 3TM ammaparbl BBINVIIASAT TakK, Kak IOKa3aHo Ha puc. 14. B
OJIHOKOJIOHHOM ammnapare, puc. 14 a, BHyTpHu Kopiyca arrapaTa K BEpXHEl oIrope
nozgenieH Bajl. 1o ero BeicoTe pa3menieHsl jonactu. Ha BHyTpeHHER MOBEpXHOCTH
KOpIyca yCTaHOBJIEHBI KOHTpJIAIbI. JIonacTh U KOHTpJIanbsl yCTAHOBIIEHBI B Pa3HbIX
IUIOCKOCTSIX TaKUM 00pa3oM, YTOOBl OHU HE MelIajid APYr ApYry MpHU BpallleHuu
BaJIa. B IByX BEpXHUX psifiax Ha BHYTPEHHEHN IMOBEPXHOCTU KOPILyCa PACIIOIOKEHO
10 NATh KOHTpiam. JIomacTh M KOHTpJambl PaspbIXJIIOT CTPYKKY U IOMOTAIOT
NEePEMEIICHUIO CTPYKKH CHU3Y-BBEPX.

Hwxusig gacTh anmapara o0opyaoBaHa yCTPONUCTBOM ISl 0TBOAA AP HY3UOHHOTO
coka. OHa COCTOWT M3 TOPU3OHTAILHOTO IIEJICO0PA3HOTO CHUTA, TOTIOJHUTEIHLHOM
bunbTpyroleld MOBEPXHOCTH, PACHOJIOKEHHOW B JECSATH KOHTpJamax MATOTO U
NIEPBOT0 HUKHUX PSIIOB U IBYX BPALIAOIIMXCSl CHTOOYMCTUTENBHBIX JonacTen. J{is
yAaJleHus »KoMma M3 ammnapara B BEpPXHEM ero 4acTh HMMEETCS CHelUalbHOe

BBITPY3HOE YCTPOMCTBO.



JIByxkon0oHHBIN auddy3noHHbIi annapar (puc. 14 6) cocTOUT U3 ABYX KOJIOHH,
COCIMHEHHBIX B HIDKHEW YacTu KoJieHOM. O0e KOJOHHBI COCTOSIT U3 OTIEIBHBIX
napr. B o00enx KOJOHHaX HWMEIOTCS 3aJEP’KUBAIOLIME PEIIETKH, KOTOpPbIE
OTKpPBIBAIOTCS B HAIPABICHUH TIEPEMEIIECHHUS] CBEKJIOBHUYHOM CTPYXKU. OHH
pa3lensoT CTOJIO CTPYKKHU B ammapare Ha OTACNIbHbIC YYAaCTKHU, HE3aBHUCUMBIEC B
TUAPOJNHAMUYECKOM OTHOIIEHUU.

Jlst ynanenwsi oTpaboTaBiiell CBEKJIOBUYHOM CTPYKKH (3)KOMa) YCTAHOBJICH IITHEK C
HACaJIKON ¥ IPUBOJIOM.

JIBrKyIIEN CUITON IS IEPEMEILICHUS COAEP>KUMOrO B allliapaTte ABISECTCS pa3HOCTh
JIaBJICHUI HAJl COJICPKUMBIM B IIEPBOM U BTOPOM KOJIOHHAX. |15 co3nanus riepenaaa
JTABJICHUW BEPXHSSl 4acTh BTOPOM KOJOHHBI MOAKIIOYaeTcss Kk cOopHuky. Hacanka
CO3JaeT FUAPABINYECKUI 3aTBOP B EPUOJ MOAKIIOUEHUS BEPXHEW YacTH arrapara
K BaKyyM-COOPHHKY.

ObeccaxapeHHast CBEKJIOBUYHASI CTPY’KKa yaansiercs mHekoM. [Tocne npexpaiieHus
NEHCTBUS pa3peKeHus anmapar coeauHserca ¢ armocdepoit. Ilpu sTOM
3a/IepKUBAIOIINE PEIIETKU 3aKPbIBAIOTCS, M CBEKJIOBUYHASI CTPYKKAa PABHOMEPHO
pacnpenensaerca B 00beMe 00eUxX KOJIOHH. DKCTPAreHT MOAAeTCs B almapaT yepes

HITYLIEp U MEPEMENIAETCS B anmnapaTe IPOTUBOTOYHO CTPYKKE.

Crpyxka bapa6an Bona
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Puc. 15 - Cxema 6apabaHHOTO IKCTPAKTOpa



B nByxkonmoHHBIX 1udPy3MOHHBIX anmapaTax CKOPOCTh MEPEMEIIEHUS SKCTPareHTa
10 OTHOIIIEHUIO K CBEKJIOBUYHOM CTPY’KKE ITOYTH B IBA pa3za OOJIBIIIE 110 CPABHEHHIO
c apyrumu au(dy3uOHHBIMU anmnapaTamMu. JTO TOJOXKHUTEIbHO CKa3bIBaeTCs Ha
MPOIIeCCe DKCTPArupOBAHMS caxapa.

KojoHHBIE H3KCTPAKTOpPHI 3aHUMAIOT Majble IUIOMIAJAH, HUMEIOT HEOOJbIIYIO
MeTayuI0eMKoCTh. HepocTaTkaMu KOJIOHHBIX KOHCTPYKUMNA SIBISIIOTCS: YaCTUYHAs
HEKOHTPOJUPYEMasi PEIUPKYJISAINS KUAKOCTH B HUX; JPOOJICHUE TBEPBIX YACTHUI
IpU TPAHCIIOPTUPOBKE, OCOOCHHO MpPH MEPEeX0Jax MEXAYy CTYNEHSIMHU arrmapara;
BO3MOYKHOE 3aKPyUHMBAaHHME MAaCChl BMECTE CO ITHEKOM; HEOOXOAMMOCTh HarHETaHMS
CMECH CHH3Y B BEPTHUKAJIbHBIC KOJIOHHBI, 3aTPYAHEHUS C MOABOJOM TEIUIOTHI IO
BBICOTE (€CJIM ATOT MOJIBOJ] HEOOXOIUM).

B 6apabannom sxempaxmope (puc. 15) KopIiiyc BpalaeTcs Ha OMOPHBIX pOJUKax;
Ha BHYTpeHHEH uactu Oapabana umeercs mnepdopupoBaHHas MEPEropojika u
BUHTOBbIE MOBepxHOCTH. [Ipu BpamieHnn O0apabaHa dKCTpareHT NepeMeNiaeTcst OT
BXOJla K BBIXOAY, a TBEpJblC YaCTHIBI YBIEKAIOTCA meppopupoBaHHOU
MEPETOPOJIKOM, OTACIAKOTCS HAa HEHM OT KUAKOCTA M II0 HAKJIOHHBIM JIOTKaM
CIIOJI3AIOT B TIOJIOCTh MEXIY COCETHUMHU BUTKAMH, TIEPEMEIAsCh TAKUM 00pa3oM 10
anmapaty. B KakJIoOM MNpPOMEXYTKE MEXIy BUTKaMU TIpolecc OJIM30K K
MPOTUBOTOYHOMY, T.€. TIpOIleCC sBIsieTCS KOMOWHMpOBaHHBIM. HemocraTok
ammapara — TPOMO3JKOCTh M TPYAHOCTh TOMJCPKAHHUS TEIJIOBOTO PEXUMa I10
JUTMHE, MaJIO€ MCIOJb30BaHNe BHyTpeHHero oobema (1/3 u menee). JlocTOMHCTBO —
Majioe 1ehOpMUPOBAHUE CTPYIKKHU.

Jlenmounwiti sxcmpaxkmop npeacTaBieH Ha puc.16. Teepnas ¢asza nepemerniacTcs
BMECTE C JICHTOW, a AKCTpareHT coOupaercsi B COOPHUKAX MO OMpPeNeICHHBIMU
ydacTKaMH TpaHCIIOpTepa M HaAIpaBISICTCS HAacOCaMHW Ha OPOIICHHE COCEIHMX
ydacTKoB JieHTHI. [Iporecc B ammapare MNpoTeKaeT MO CIOXKHOW CXeMe —

HOHGpC‘—IHBIﬁ TOK Ha KaKJIOM YYaCTKC U IPOTHUBOTOK MCKIAY YHACTKaAMMU.
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Puc. 16 - CxeMa JICHTOYHOIO 3KCTPAKTOpa

Bepmuxanvnuiti  koswiogwili  sxcmpaxmop, — SBIAIOIUNACA — Pa3HOBUIHOCTHIO
JIEHTOYHOT0, CXEMaTUYHO TpeJIcTaBlieH Ha puc.l7. B aTom anmapare TBepaas (asza
nepemerniaercs nepGoprupoBaHHBIMU KOBIIAMU Ha TOJIBMXKHOM JieHTe. Matepuan
3arpyKaeTcsa CBEPXy U OpOILIAETCS PAaCTBOPUTEIIEM IO MPEACTABICHHON CXEME.

B omyckaromeicss BETBM KOBLIEHM peanu3yercs NpsIMOTOK. BepXHHil KOBII
MOAHUMAIOIIETOCS pAZla OPOIIAETCS YHCThIM PACTBOPUTENIEM, U B 3TOM pAIY
KOBIIIEH MMeeT MeCTO MpOTUBOTOK. HemocTaTku Takux ammapaTtoB: HapylIEeHUE
MPOTUBOTOKA, OOJBIITNE TabapuThl, TNIOX0E MCIIOIH30BAHNE BHYTPEHHETO 00BhEMA.
OTH K€ HEAOCTaTKh CBOMCTBEHHBbI U JIPYTMM JICHTOYHBIM ammnapaTam.
JIByXIITHEKOBBIC HAKJIOHHBIE SKCTPAKTOPhI UMEIOT HEOOJBIIYI0 METaJIOEMKOCTD,
HO 3aHUMAIOT OTHOCHUTEILHO OOJBIION 00BEeM MPOU3BOACTBEHHOTO Kopiryca. OHU
XapaKTepU3yrTCS HAUMEHBIIIUM PACXOJOM DJJICKTPOIHEPTUU U CTOMMOCTHIO,
MPOCTHI 110 KOHCTPYKIIMU U JIETKO PEMOHTUPYIOTCS.

HenocraTtok — peuupKyJIsius TBEpIbIX YaCTHUI] U SKCTpareHTa 1o JJIMHE anmnapara,

3HAYUTENIBHOE IPOOJIEHNE CTPY>KKH, TPYJHOCTHU C CO3/IaHUEM TEIJIOBOTO PEXKHUMA.
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Puc. 17 - CxeMa BEpTUKaIbHOTO KOBIIOBOTO 3KCTPAKTOPA

IKCmpakmopsvl nepuooutecKoc0 u noaynepuooudeckoeo oeiicmeus (puc. 18)
MPUMEHSIIOTCSI B T€X IPOU3BOJICTBaX, IJI€ BBIPAOATHIBAIOT HEOOJBIINE MAPTUU
IPOAYKTa pa3HOOOPa3HOIO aCCOPTUMEHTA.

K HHM OTHOCAT KamepHble ammapaThl (PeakTopbl) C MEXaHUYECKUM,
MMHEBMAaTUYECKUM U MTHEBMOMEXaHUUYECKUM MEePEeMEITUBAHNEM, HACTOMHBIC YaHBI C
HETMOJBWXHBIM CJIOEM TBEpAOoH (as3bl, ¢ MUPKYJSIUEH (MepKoJIATOphl) U 06e3
HUPKYJISILUYA YKCTPareHTa.

Kamepnvlie annapamur — cocyapl UMIUHAPUYECKOW (OPMBI C IJIOCKUM WM
KoHW4YeckuM mauIieM (puc. 19). B nepkonaropax skcTpareHT GUIbTpyeTcs 4epe3
HEMOJABWXHBIN MJIOTHBIN cJIoi yactull. Ero nupkymnsuus odecrneurnBaeTcsi HaCOCOM;
JUIS1 3arpy3KHU U BBITPY3KHU MPOAYKTA MTPEAYCMOTPEHBI KPBILIKH.

[lepkonsiTOpsl MOTYT COEMUHATHCS B Oatapen 1o 4...16 mMTyK ¢ TPOMEKYTOUHBIM
MOJIOTPEBOM TPOAYKTa MeXIy HUMHU. VX paboTa MOXKET OpraHu30BBIBATHCS IO
JIBYM CXEMaM:

1. B onpezeneHHbli nepro >KUAKOCTh BO BCEX almnaparax HeMoABUKHA, IOTOM OHa
IPOJBUraeTCs W3 ammapara B ammapar; U3 IMOCIEIHEro MEpPKOJSITOpa KUIKOCTh

CIIMBAETCs, 4 B IEPBBIM NTOAACTCSA CBEXKUM PACTBOPUTEID.



2. Tlocne MOAKIIOYEHUS MEPKOJATOPA CO CBEXKUM MPOAYKTOM HAYMHAETCS €ro
MUPKYJISIHUS 10 Bcel OaTapee, NpepbiBaeMas TOJBKO Ha TEPHOJ 3arpy3Kd U

BBITPY3KH OJTHOTO U3 MEPKOJISATOPOB.

B nmepBoM ciyuae mpouecc sBISE€TCS KOMOMHMPOBAHHBIM, BO BTOPOM —

IPOTHUBOTOYHBIM.

Puc. 18 - Cxema nepkosaropa

Amnmaparel ¢ KunsammM cinoeM (puc. 19) mpuUMEHSIOT AN MHTEHCHU(UKAINN

npolecca 3KCTpakiuu. KureHne ocyIecTBIseTcs NMpU HU3KUX TeMIeparypax

30...60°C.



Puc. 19 - CxeMa 3KCTpakTopa ¢ KUIMSIIUM CI0EM

[Tapsl pacTBOpHUTENS HAMpaBIAIOT B AeduierMaTop, a KOHAEHCAT BO3BpAIIAlOT B
DKCTPAKTOP, KOTOPBIM NOX0XK Ha BBIITAPHOM aIlllapaTr MepUOANIECKOrO TEUCTBUA.
OCHOBHOE €T0 OTIIMYME — HATNYUE 3arPY30YHOTO U BBITPY3HOTO JKOKOB M CUTA HAJl
CIIMBHBIMH OTBEPCTHUSIMHU.

OKCTpakuusl B JKMJIKOCTHO-)KUJIKOCTHBIX CHCTEMAX B TAKUX CHCTEMAX B KOHTAKT
BBOJSITCS PAaCTBOP-CBHIPEL] U PACTBOPUTEIb, XOPOILIO PACTBOPSIIOLINI BbIIEISIEMbIN
KOMITOHEHT. DTH KHJIKOCTH MOJTHOCTHIO MJIM YACTUYHO HEPACTBOPUMBI APYT B IPYyre
u  o0OpasyroT JBe OKHUIKHE (a3bl. OKCTPaKIUs MOMYMHACTCS 3aKOHAM
Macconepeiaqu, paCTBOPUMOCTH U MEK(Pa30BOTr0 paBHOBECHSI.

B xoJie akcTpakuuu JOJKHBI 00€CIeUnBaThCs: TECHBIA KOHTAKT (Da3 M yCIOBUS JIJIs
Haubosiee MOJIHOTO M OBICTPOro MpoTeKaHus mpouecca. PacTBopurens noKeH
00J1a1aTh MJIOTHOCTHIO, OTJIMYAIOLIEHCS OT TUIOTHOCTH MCXOJITHOTO pacTBOpa, MaJioi
pacTBOPUMOCTBIO HeM, OosbmuM KO3 duimerToMm auddy3und, XOpoIo
pacnpenenaTbcs B UCXOJHOM pPAacTBOpE, 00JagaTh BBHICOKOW H30HPATEIbHOCTHIO
pacTBOpPEHHS] D3KCTparupyemoro rmnponaykra. llpu gocTvkeHun paBHOBeCHUS B
cUCTeMe 00pa3yloTcs JBE JKHAKOCTU - JKCTPAKT, OOOralleHHBIA BBIICISIEMbBIM
IPOIYKTOM, U paduHat, 00€THEHHBII M.

Bropon craguen mnpouecca SKCTPAKUUU SBJISAECTCA PA3JACIICHUE DKCTpPaKTa |
paduHaTa u BBIJEICHNE SKCTPArHPyeMOro BelIecTBa (pereHeparus paCTBOPUTEIS).

I[HSI pasaciiCHuA (1)3.3 HCIIOJB3YIOT HMCIIAPCHHUC OKCTpArcHra, I'paBUTAllMOHHOC



OTCTaMBaHWE WIM LEHTPUPYTUpPOBaHUE, a MJid pereHepaluud pPacTBOPHUTENS
TUCTWUSILIUIO HIIM APYTHE MAaCCOOOMEHHBIE MPOIIECCHI.
B pacuerax mnapaMeTpoB mpolecca HCHOJB3YIOTCS TPEYroJIbHbIE (TPOIHBIE)
JarpamMMbl cocTaBa (pa3 TPeXKOMIIOHEHTHBIX CUCTEM.

MeToabl IKCTPAKIMH U 000PyAOBaHHUE
OKCTpaKLUs MOXKET BBINOIHATHCS CTYIIEHYATO HEIIPEPHIBHO.
B cryneHuaToMm npouecce CMEIIMBAHUE U Pa3elIeHHe KOMIIOHEHTOB BBITTOIHIETCS
B pa3HBIX ammaparax - B MeEHIaJKax M OTcToMHMKax. Kaxnmas mapa «mermranka-
OTCTOMHUK» 00pa3yeT CTylneHb »JKCTparupoBaHus. HempepbiBHbIE MNpOLECCHI

HKCTPAKIIMH BBIMOIHIIOTCSA B €IMHBIX alapaTax - KoJoHHax (puc.20).

KOHeuHsIiT YkcTpaKT

PactBOopHTE 1LY

—h
.

Hcxoasblii-pacTBopy Koneunsiii-papuaaty

Puc. 20 - CxemMa MHOTOCTyNIEHYATON IKCTPAKIIUU

Jlo mpoBeneHus J1a0OpaTOpHBIX PabOT Ha YCTAaHOBKAX CTYIEHTHI 005A3aTEIbHO
JOJKHBI TMPOWTH MHCTPYKTAX MO TEXHHUKE O€30MacHOCTH COTJIACHO HMHCTPYKLHUH,
KOTOpasi BKJIIOYAET B ¢€0s1 CIIEAYIOIINE OCHOBHBIE MTOJIOKEHHUS:

Bce paboTel Ha ycTaHOBKax JOJDKHBI HMPOBOAUTHCA TOJBKO B MPHUCYTCTBUU U
YY4aCTHHM MPENOoAABaTENsl WJIA OTBETCTBEHHOIO JIMLIA, MPOLIEAIIErO IOIHBIN
MHCTPYKTaX 10 COOJIIOJICHUIO MPABUIT TEXHUKU O€30ITaCHOCTH.

Mecto, rae pa3MmelleHa yCTaHOBKA, 3alpeliaeTcsl 3arpoOMOXK/1aTh MOCTOPOHHUMU
peIMETaMH.

[lepen BKIIOYEHUEM YCTAaHOBKH IMPOU3BECTHU THIATENIbHBINA OCMOTP 000PYI0BaHUS U
npuOOpOB AJIsl ONpEAENICHUsI UX MPUTOJAHOCTH K paboTe. DIEKTPUUECKUE IIHYPHI,
BUJIKM, PO3ETKM M BBIKJIIOUATENIW HE JOJDKHBI MMETh BHUJIUMBIX IHOBPEKICHUU.

Bxirouath yCTaHOBKY IIPH HAJIMYMKM HEMCIIPABHOCTEU 3aIIpEIaeTCs.



Bo BpeMs BBINOTHEHUS 3aaHUs CTYIEHT HE JOJDKEH 3aHUMAThCs MOCTOPOHHUMH
JielaMH, HE OTHOCSIIIIMMUCS K BBIIIOJIHEHUIO TAaHHOW PaOOTHI.

3anpenaercs OCTaBIsATh 0€3 HabI0IeHUs IEUCTBYIOIIYIO YCTAHOBKY.
3anpemaercs paborate B Jiaboparopuu omHomy. OO0si3aTeIbHO TPHUCYTCTBUE
BTOPOIO JIUIA JJI OKa3aHUs IEPBOM MOMOIIIH B CIIy4ae HEOOXOIUMOCTH.
CryneHTam  3amlpeliaeTcs  CcaMOCTOSATEIbHO  YCTPAaHATh  HEUCIPaBHOCTH
71a00paTOPHBIX YCTAHOBOK.

BBuay Hamuuusi Ha YCTaHOBKE BBbICOKOro HampspbkeHuss 220 B ang nurtanus
anekTpoasuratenei, TOHOB M KOHTPOJBHO - H3MEPUTENBHBIX MPUOOPOB
3anpeniaeTcs:

a) MPOHUKATH 3a 3AIIUTHBIC OTPAKICHUS MPUCOCAUHUTEIBHBIX KIEMM;

0) OTKpBIBaTh PACTIPEACIUTENbHBIN IIUT U 3AIIUTHBIE KOXKYXU YCTAaHOBKHU;

B) BKJIIOYATh U OTKJIIOYATh YCTAaHOBKY 0€3 pa3pelieHus penogaBaTeis.

r) BO n30exkaHHe BO3MOXKHOIO MOPAKEHUS IIEKTPUUYECKUM TOKOM, 3alperiaeTcs
KacarbCsl MpPU BKJIIOYEHHOW YCTAHOBKE OJIHOBPEMEHHO MHTAIOMIMX MPOBOJIOB
U3MEPUTENFHBIX TMPUOOPOB, 00OPYIOBaHUS U TPYyOONPOBOJOB OTOIJICHUS,
BOJONPOBOIA WMJIM 3a3eMJISIIOIIET0 KOHTypa. llpu mopaxeHuu sIeKTpUYECKUM
TOKOM HEOOXOJUMO HEMEIJIEHHO BbI3BaTh Bpaya, a /10 €ro NpuOBITHS OKa3aTh
NOCTPaJaBIIEMY MEPBYIO MEAUIIMHCKYIO TOMOIL.

J) YCTAaHOBKA [OJDKHA OBITh HEMEIJIEHHO OTKJIIOYEHa, €clii OOHapyKEeHO
NOBPEXKJCHUE 3a3€MIICHMSI, 3alUTHOTO OrPAXKIEHUS M IIPU  BHE3AIHOM
MpEeKpalieHUH MoJa4u SHEPTHUH.

[Ipn mosiBIeHUM IbIMa M3 DJIEKTPOHArpeBatress, APYroro oOOpYyAOBaHUS WIIU
MyCKOPETryJUPYIOLIed anmapaTrypbl W TOpU  APYrUX aBapUUHBIX CUTYyalusX,
HEMEJICHHO OTKJIIOUUTh YCTAaHOBKY aBapuiiHOW KHOMKOW «CTOm» U COOOUIUTH
IIPENOIaBaATEIO.

[To okoHyanuu pabOTHl YCTaHOBKA JOJDKHA OBITh OTKIIOYEHA B CTPOrOM
COOTBETCTBHHM C YKa3aHUSIMU, TPUBEACHHBIMU B IAHHOM METOJAMYECKOM MOCOOUH.
[lepen yxoaoMm CTyIaeHTBI 00si3aHBI MPUBECTH B MOPSAIOK CBOE paboyee MeCTO U

IMOCTaBUTh B U3BCCTHOCTL IIPCIIOAaBaTCIIA 00 OKOHYaHUU pa60TbI.



Hean padoTbl
O3HakomileHHE C OOOpyAOBaHUEM JUIsl SKCTPaKUMM M M3YyYEHHE Mpolecca
HKCTPArupoOBaHUs
3agaum padoThI

1. BBINOJHUTH OLIEHKY WHTEHCUBHOCTH OKpAlllMBaHHS pPacTBOpa C IOMOIIbBIO
(doToKoIOpUMETpA.
2. DKCIIEpUMEHTAIBbHOE U3yUYEHHE MPOLIECCA SKCTPAKIMU B 3aBUCUMOCTH OT:

* U3MEHEHUs pa3Mepa YaCTHULl UCCIIETyEMOI0 MaTepuana;

* W3MEHEHUs TeMIIEpaTyphl;

* HaJu4Ms NEepEeMEIIMBAHMS B IPOLECCE IKCTPAKIINH;
3. OmnpeneneHue ONTUYECKON IMJIOTHOCTH PAcTBOPOB € MOMOUIbIO IIM(PPOBOTO
dhoToKOTOpUMETDA.

Onucanue IKCNEPUMEHTAIBHON YCTAHOBKH

JlaGopatopHasi ycTaHOBKA Ul UCCJIENOBAaHUS MpOIecca SKCTPAKIUU COCTOUT U3
aBTOMATUYECKOM MalluHBl JJId IIMHKOBKH, HarpeBarens 3JEKTPUUYECKOTO,
HKCTPAKTOPA C PETYIUPYEMBIM HarpeBOM 3KCTPareHTa CHa0KEHHOT'O PETyJIATOPOM
TC4S, Oaka s TEMJIOHOCUTENS C BCTPOEHHBIM HAcOCOM M BO3IYIIHOIO
KOMIIpECCOpa,  INPEJHA3HAYEHHOTO Uil  [EePEMEUIMBaHUsA  JKCTPAreHTa,
KOJIOpUMETpA.
1. 3ammTa OT meperpesa no ypoBHIO TEIIIOHOCUTETIS.
3amepsiemble mapaMeTpbl
2. TemniepaTypa BOJbI (TEMJIOHOCUTENS).
3. TemnepaTypa BOJIbI (3KTpareHTa).
4. Temneparypa OKpy>KaroLIEro BO31yXa.

5. KoHueHTpanus skcTpareHra.



H3  \Hozpebamens mexmpusecxuy
b bax dna bods
Hacac

K Bo3dywnsy komnpeccop
kP Pezynupoboswsu xpay
K Laubroy kpaw

——— - Boda (mennonocumens)

Puc. 21- IlpyHunnuaneHas cxema yCTaHOBKH
1. Jlns npuBenenus cteHaa B pabdoyee COCTOSIHHE HEOOXOIMMO 3aJIUTh BOAY B 0ak
JUJIs1 BOJIbI, puC. 21;
2. Jns 3amnojHeHus «pyOallkuy» SKCTPAKTOpa HEOOXOAMMO BKJIIOUUTH HACOC
kHonikoi BKI1 (mpeaBapuTeabHO MOJACOCIMHUB CTEHJ K JJICKTPONMUTAHUIO U
BimounB aBToMar «Cerb 220By»). Ilocne 3amonHeHus «pyOamikm» OTKIIOYUTH
HACcOC U JIOJUTH BOJBI B 0ak, b.
Buumanue! OIHOBPEMEHHO C HACOCOM BKIJIKOYAETCS 3JIEKTPOHATPEBATEND.
llpumeuanue: uHoOUKamMopHas 1AMNOYKA HA BEPMUKATLHOU NAHENU YKA3bl8Aem Hd
Hanuque 21eKmponumaHus.
IIpoBepurh: aBapuiiHas KHONKAa «CTOID)> JO/KHA HAXOAUTHCH B OTKATOM
noJio:keHuu. Jlyisgs 3TOro MoBepHYTH €€ MO YacOBOM cTpesike (HaAmpaBJieHHe
CTPEJIKAMH YKA3aHO HA KHOIIKE).

MeToauka BbINOJHEHUS PA0OThHI

1. O3HAaKOMHUTBCS C ONMUCAHHEM JIA0OPATOPHOW YCTAHOBKU M PACIOJIOKCHUEM
pubopoB, puc. 21. 3aroToBUTH TA0. 7 ISl pETUCTPAIIUN PE3yIbTATOB UCTIHITAHUN.
2. IHoakmounTs cTeHa K cetu 220 B. BkirounTs mutanue crerga KHonkou «CeToy.
3. IogkmrounTe aBTOMATU3UpPOBAaHHBIA cTeHJ K USB pa3bemy KommbroTepa U
3anyctuth nporpammy Ilyck — Ilporpammsel - MeasLAB - «3kcTparupoBanuey.

Kuornkoii «Ilyck» 3amyCTUTh BBIIOJHEHUE TPOrPAMMBI U3MEPEHHUSL.



4. IIpUuroToBUTH OYMIIEHHYIO CBEKITY (KPACHYIO).

5. 3anycTUTh MAIIMHY JJI IIMHKOBAHUS U IPUTOTOBUTH HABECKH MO JECATH IPAMM
B BUJIE CTPYKKH U LIEJIOTO KyOUKa.

6. PasmecTuTh B cTakaHbl HApe3aHHbII MaTepual HaBeckoi o 10 r.

7. 1loouepenHO MPOBECTH CEPUI0 SKCIEPUMEHTOB C KAXKJIbIM BHJOM Hape3KH I10
CIIEIYIOLIEMY AJITOPUTMY:

8. 3amuTh BOJy (3KCTpAreHT) B BHYTPEHHIOIO KOJOY (MpuMepHO 2/3 ypOoBHS).
Buaumanmne! Bona nomkHa ObITh KOMHATHOM TEMIIEPATYPBHI.

9. OnycTUTh KOHTEWHED C HAPE3KOW B BUAE CTPYKKHU B IKCTPAKTOP.

10. Bergepkatp 10-15 MUHYT, BBIHYTh KOHTEWHED U3 IKCTPAKTOPA, MOJCTABUTH MO
CJINBHOM KpaH YUCTYIO EMKOCTb (K0JI0Y), OTKPBITh CIIMBHOM KpaH U CIUTh PacTBOP.
11. B3sate npoOy, HANOJHUB KIOBETY KaJOpPUMETpa 3KCTPAT€HTOM M ONpPENETUTh
KOA(p(GUIUMEHT CBETONPONYCKAHHUS 4Yepe3 OKpAIICHHBbIM pacTBOp MOIYYEHHOE
3Ha4yeHue B Tad. 7.

12. 3anuTh BOAY (IKCTPAreHT) B BHYTPEHHIOW KOJ0Y (MMpuMepHO 2/3 ypoBHS).
Buumanue! Bona nomkHa ObITh KOMHAaTHOM TeMIIEpaTypHI.

13. Knonkoi BKI BKIFOUMTBH 3JEKTpOHArpeBaTeilb, OJHOBPEMEHHO BKIIFOUUTCS
LHUPKYJISILIMOHHBIA HACOC TEIJIOHOCUTEIIS.

14. Ha perynsarope TC4S BrictaButh Temiepatypy 30°C.

15. IIpn noctmxennn 3agaHHOM TeMIieparypbl. OMyCTUTh KOHTEUHEDP C HAPE3KOU B
DKCTPAKTOP.

16. Boigepxate 10-15 MuHYT, IO OKOHYaHHM BPEMEHU BBIHYTh KOHTEWHED W3
HKCTPAKTOPA, MOJCTABUTh MOJ CIMBHOW KpaH YUCTYIO €MKOCTb (KOJOY), OTKPBITh
CIIMBHOM KPAaH U CIUTbH PacTBOP.

17. B3saTh npoOy, HAMOJHUB KIOBETY KaJOpUMETpa 3KCTPAr€HTOM M ONpPEETUTh
KOA((UIIMEHT CBETONPOMYCKAHUS Yepe3 OKpaUICHHbIH pacTBOp M 3aHECTH
MOJy4Y€HHOE 3HaUeHue B Ta0. 7.

18. IToBTOpUTH NyHKTHI 12-17 ipu Temneparype 40°C.

19. Kuonkoii BK2 BKIIOYMTH BO3IYIIHBIA KOMIPECCOP M IPOBECTH OIBITHI B

COOTBETCTBMH C IL.II. 12-18 npu nepeMemBaHu SKCTPAreHTa.



20. IloBTopuTh ONBITHI I.1I. 8-19 m1st esoro KyoOuka.
OO0pa0oTKa ONBITHBIX JAHHBIX U COCTABJIEHHE 0TYeTA
CrenaTe BBIBOJBI II0 PE3YJIBTATAM IIPOBEAEHHBIX SKCIIEPUMEHTOB.

Tabnuna 7 - PesynpTaTsl 3KCIIEpUMEHTA

Ne dopma Macca O6bvem t, Koadduunent Onrtuyeckas
ONbITAa | HABECKH | HABECKH | KUAKOCTH, | °C | CBETONPOIYCKaHHS IUIOTHOCTD
M, T V, M
1
2
3
4

dopma OTYETHOCTHU
Kpartkoe onurcanue paboThl YyCTaHOBKH.
Cxema yCTaHOBKH.

PesynbraTel H3MepeHHUi.

> W e

AHanu3 (HaKTOpOB, BIUSIONIMX HA MPOIECC IKCTPAKIIUH.
KoHTpoJibHBIE BONIPOCHI

Uto Takoe 3KCTpaKuus?

Kak BiusieT pazMep 4acTHIl Ha MPOLECC IKCTPAKIIUN?

Kak BausgeT TeMnepaTypa Ha IPOLECC IKCTPAKLINM?

Kak kmaccuuiupyroTcst SKCTPaKTOPHI U B UEM OTIMYHE UX paOOThI?

Kak BiusieT nepeMenmBaHue Ha MpoIecC SKCTPArupoOBaHUs?

2 A

['ie B IpOMBIIIJIEHHOCTH TPUMEHSIETCS MMPOLECC IKCTPATUPOBAHUS ?



JABOPATOPHAS PABOTA Ne3
N3ydyenue BJIUSAHNS CIIOCO0O0B HATPEBA HA MPOLECC CYUIKHA MATEPHAJIOB
BBenenue

Cymika — 9T0 cioco0 y1ajieHHs BIaru U3 MaTepHalioB ¢ UCIIOIb30BAHUEM TEIIJIOBBIX
u 1 y3MOHHBIX MPOIECCOB. B HUX Biara marepuaina mepenaeTcs CyIIIbHOMY
areHTy M BMECTE€ C HHUM yaajlsgeTcs u3 pabouyed 30HBI CYHIMJIKA. DTUM OHa
OTJIMYAETCS OT JIPYTUX CIIOCOOOB yAAJICHHS BJIard 3a CYET MEXaHUUECKOTO OTKMMa
B Tpeccax wid TeHTpudpyrax u (U3HKO-XUMHUECKOTO, OCHOBAHHOTO Ha
MIPUMEHEHUH BOJIOTOTJIOMIAOIIUX CPEIICTB.

CyllKe MOTYT MOJABEPraThCsl TBEPABIE MATEPHUAIIbI, B TOM YHUCJIE KPUCTAIIINYECKHUE,
AJIACTUYHBIC U XPYIKHE TEJIU, KOJUIOUIHO-IUCIEPCHBIE U KAIIMJUIIPHO-TIOPUCTHIC
TeJIa U KUJIKOCTH — KOJUIOUJIHBIE paCTBOPBI U paCTBOPHI KPUCTAIIIONWIOB. Biiara B
MaTepuaiax MOXET ObITh CBSI3aHA PA3TMYHBIMHU CITIOCOOAMU: XUMUUYECKH — UOHHAS,
MOJICKYJISIpHAs  CBSI3b, (PUBMKO-XMMHUYECKHM — aAcopOIMe, OCMOTHYECKH,
CTPYKTYPHO; MEXaHMYECKHM — HAXOJWUTHCA B KaNWUIApaX WIM HAa CMOYEHHOU
noBepxHocTu. [Ipu 3TOM Biara, coaepkamascsi B KanwjuIsipax IMOPUCTBIX TeJl,
Ha3bIBACTCA MEXAHUYECKU YJIEPKMBAEMOM, a Bjlara Ha IMOBEPXHOCTH TeEI
HAa3bIBACTCA BJIAroil cMauMBaHus. Biara, cBsi3aHHas ¢ MaTeprualaMu XUMUYECKUMHU
CBSI3IMH, HE MOXKET OBITh yAaJeHa CYIIIKOM.

ConeprxaHue Bjlard B MaTepuase OnpeessieTcs €ro BIaXXHOCTbI0 W U OlIEHUBaETCA

B MPOIEHTAX MJIM YaCTSAX OT BCEH MacChl BIAXKHOTO WIIU CyXOro  MaTepuarna:

W: maJ ’ &: maJ (35)

m m—mBsBJ

Ecnn Hajx BIaXHBIM MaTE€pUAIOM HAXOIWTCS BJIAXHBIA BO3AYX, TO CO BPEMEHEM
MEXy BJIAarOoy BO3JyXa W BJIArou, COJEpKallencs B MaTepualie, yCTaHABIMBACTCS
pPaBHOBECHE W MEPEXOJ BJIATM CYUIMJIBHOMY areHTy Ipekpamaercs. BiaxkHoCTh
MaTepHuaa B 5TOM COCTOSIHUHM HA3bIBACTCSI PABHOBECHOM U TAKUM 00pa30M SIBIISICTCS
byHKUMEW naplHalbHOTO JAaBJCHHS BOJSHOIO Tapa B OKpYyXarolled cpene u
TeMIepaTypbl. 3aBUCUMOCTh 3HAYEHU PABHOBECHOM BJIAKHOCTU OT MaPIUAIBLHOTO

JaBJICHUA IIapOB BOJAbI B BO3AYXC MM €TO OTHOCHUTEJIBHOM BIIAYKHOCTHU Impu



MOCTOSIHHOM TeMIepaType Ha3bIBAIOT H30TEpMOi copO1uu Biaru. O4eBUAHO, YTO C
ITOMOIUIBIO BIIAKHOTO BO3/lyXa YIAJUTh BCIO BJIAry HEBO3MOXKHO.
[Ipy KOHBEKTHMBHOW CyIIKE BJara yJaiasiercss ¢ TMOBEPXHOCTH MarTepualia
OOHOBIIIEMBIM CYIIMIBHBIM areHToM. [lepemenienue Biaru u3 riryOUHbBI MaTepuana
K TOBEepXHOCTH — Jud@y3uoHHBIN Mporecc. Ero aBrkymield CHIONW SBIISIOTCS
IpaIMCHTHl BHYTPEHHETO JABJICHUSI, TEMIIEPATYPhl MU KOHIIEHTpaluu Biaru. Biara,
HaxomsImascs B IOpax MaTrepuana, M OCMOTHMYECKas BJlara MUIPHPYIOT K
MOBEPXHOCTH B KHUIKOM BHJIE, a aJICOPOIIMOHHO-CBsI3aHHas — B BUJIE Mapa. B o0iem
CJIy4ae MOYKHO 3aIMCaTh:
dc

My=— Ky F— (36)
r7ie my - CKOPOCTbh MEPEHOCA BJIaru, KI/c;
F — HOBEpXHOCTH MaTepHana, M2,
C — KOHIIEHTpaIys BJIary, /M,
K1 — MOCTOSIHHAS BIIAroIepeHoca, Kr-M%/c T.
[Ipu wuHTeHcuBHOU cymike auddy3us BIard B MaTepHalle COMPOBOXKIACTCS
TEIJIOBBIM BO3JEHCTBHEM. B Hauasne Cylku Marepuan noJI0rpeBaeTcs, 1 CKOPOCTh
YAAJEHHUS BJard BO3pPACTACT OT HYJA JO HEKOTOPOM IMOCTOSIHHOM BENWYHUHBI. B
HavyaJbHbIN NEPHUOJI yIAIAETCS MOBEPXHOCTHAS KaWJUISIpHAs Bjara, MEXaHM4ECKU
CBsI3aHHas ¢ MmaTepuasiom (puc. 12).
OTOT NEPUOJ TPOIOIKAETCS 10 TEX MO, [IOKa TEMIIEpaTypa MaTepuaa, HOKpbITOro
BJIarOM, HE CTAHET PaBHOW TEMIIEpaType MOKPOI0 TEpMOMETPA — TOUKA.
K1 Ha KpHUBOW CKOPOCTH CYIIKHU. 3/1€Ch yaasieTcs: afcopOMpoBaHHas Biara, oojee
TECHO CBsI3aHHAasA ¢ MarepuasioM. [IocTeneHHO CKOpPOCTh CYIIKM yMEHBIIAETCS 10
HYJISI U yCTaHABIIMBAETCS PaBHOBECHAS BIAXXHOCTh MaTepuana. Kputuueckue Toukn
K1 n K2 Ha KpuBOM CKOPOCTH CYIIKH COOTBETCTBYIOT M3MEHECHHID MEXAaHHU3MOB
yaaneHus Biaaru: 1o Touku K1 ygansercs moBepxXHOCTHAs Bilara v Bjiara nop, nocie

touku K2 — agcopO1inoHHO-CBsI3aHHAas BJiara.



[lepuoa MoCTOAHHOK

CKOpOCTH dw i [lepuoa nocTosHHON
Wt ; : dt CKOPOCTH
Wio AN Iepuon
I . najaomen
Lo CKODOCTH
Wel | 1 :
I E'"'
Voo i Y%
“{‘. a t
[lepuon
noJaorpesa

Puc. 12 — MI3MeHeHus BJIaXKHOCTU BBICYLIMBAEMOTO MaTepraia U CKOPOCTH CYIIKU
oT BpeMeHU (W, — KpUTH4ecKas BIaXHOCTb, Wy, — paBHOBECHAs BJIAKHOCTB): 1 —
KPYIHOIIOPUCTHIE MATEpHUAbl; 2 — KOJUIOUHBIC TEJIA; 3 — MOPUCTHIE KEPAMUYECKUE
Marepuaibl; 4 — TKaHU; 5 — rIuHa
Jlo mpoBeneHHsT J1Ta0OpAaTOPHBIX PabOT HAa YCTAaHOBKAX CTYAECHTHI 00s3aTE€IILHO
JOJDKHBI TIPOUTH MHCTPYKTAXK MO TEXHHUKE O€30MaCHOCTH COTJIACHO MHCTPYKIIUH,
KOTOpast BKIIIOYAET B Ce0s1 CIIETYIONINE OCHOBHBIE TIOJIOKCHHUS:

Obwezo HaznayeHus
Bce paboTel Ha ycCTaHOBKax JOJKHBI TPOBOJUTHCS TOJIBKO B MPHUCYTCTBHH M
y4aCTUM TPENOAAaBaATENsl WJIM OTBETCTBEHHOrO JIMIA, MPOLIEAIIET0 MOJHOU
HHCTPYKTAX IO COOTFOCHUIO TIPABUJI TEXHUKH 0€30TIaCHOCTH.
Mecto, rae pasMelieHa yCTaHOBKA, 3alpelIaeTCs 3arpoOMOXKIaTh MOCTOPOHHUMHU
MpeIMETAMU.
[lepen BKIrOYEHUEM YCTAaHOBKH MMPOU3BECTHU TIIATEIBHBIN OCMOTpP 000PYI0BAaHUS U
pUOOPOB JIJIsE ONPECICHUSI UX MPUTOJHOCTH K padboTe. DJIECKTPUUECKUE LIHYPHI,
BUJIKH, PO3ETKM U BBIKJIIOUATENIM HE JOJDKHBI MMETh BUIAUMBIX TOBPEKICHUM.
Bxitouath yCTaHOBKY TPY HAJTUYUHU HEMCIIPABHOCTEM 3alpeniaeTcs.
Bo BpeMs BBINOJHEHUS 3aJaHUsI CTYJICHT HE JIOJDKEH 3aHMMAThCSl IOCTOPOHHUMU
JielIaM#, HE OTHOCSIIIIMMHUCS K BBITIOJTHEHUIO TAHHOW PabOTHI.

3amperniaercs ocTaBsATh 0€3 HAOIIOACHUS JEHCTBYIONIYIO YCTAaHOBKY.



3anpemaercs pabotatb B Jaboparopuu omHoMy. OOs3aTE€IbHO MPUCYTCTBUE
BTOPOTO JIMIIA JIsl OKa3aHUs TIEPBOM MOMOIIU B CIIy4ae HEOOXOIUMOCTH.
CrymeHTaM  3ampemaercs  CaMOCTOSTENbHO  YCTPAHATh  HEUCIPABHOCTH
71a00paTOPHBIX YCTAHOBOK.
BBuny Hanmuuus Ha yCTaHOBKE BbICOKOro HampspkeHus 220 B ans nuraxus
anektpoapuratenied, TOHOB ®  KOHTPOJBHO-U3MEPUTENBHBIX  MPUOOPOB
3arperiaeTcs:
a) MPOHUKATH 32 3aIIUTHBIC OTPAKICHUS MPUCOCTUHUTEIBHBIX KIIEMM;
0) OTKPBIBAThH paCHPEACTUTEIBHBIN IUT U 3alIUTHBIC KOXKYXU YCTAaHOBOK;
B) BKJIIOYATh U OTKJIIOYATh YCTAHOBKY 0€3 pa3perieHus mpemnoaaBaTes.
') BO M30€KaHHE BO3MOXKHOTO MOPAXKECHUS DIEKTPUYECKHUM TOKOM, 3aIlperiaeTcs
KacaThCsl IPU BKIIIOUEHHOM YCTaHOBKE:

J OJTHOBPEMEHHO K MPOBOJIaM MU3MEPUTEIBHOro Mpudopa U K TpyOoOonpoBoay

OTOILICHHSI, BOJIOTIPOBO/IA WJIH 3aMBIKAIOIIEMY KOHTYPY:;
o OJIHOBPEMEHHO K KOPIYCY M3MEpUTEIbHOro mpubopa u K TpyOONmpoBOIY
OTOIUICHHS, BOJIOTIPOBO/Ia WIIH 3aMBIKAIOIIEMY KOHTYPY.

J) YCTAaHOBKA [OJDKHA OBITh HEMEJICHHO OTKJIIOYEHa, €clii OOHapy>KEeHO
MOBPEXACHUE 3a3eMJICHHSI, 3alIMTHOTO OTPaXIEHUS U TPU BHE3AMHOM
NPEKPAICHUY ITOaYd YHEPTHH.
[Ipy TmOsIBICHMM JbIMa W3 DJICKTPOHArpeBaTEeNsl WM ITyCKOPETYIHPYOIICH
anmapaTypbl, TOJOMKHA OOOpYJOBaHHUS €ro TeperpeBa CBEpX JOMYCTUMOM
TEMIIEPATypbl W TPHU JIPYTUX aBAPUHHBIX CHTYaIUSAX, HEMEIJIECHHO COOOIIHUTH
MPETOAaBATEINIO, IS IOCIEAYIONIETO OTKIIOYEHHS OT JIEKTPOCETH.
[Tpu mopa>keHUM >IEKTPHUUESCKUM TOKOM HEOOXOAMMO HEMEIJICHHO BBI3BAaTh Bpaya,
a JI0 ero mpuOBITUS TpPU HEOOXOAMMOCTH OKaszaTh IOCTPAJABIIEMYy IIEPBYIO
TIOMOIIIb.
[To okoHYanmm pabOTHI YCTaHOBKA JOJDKHA OBITH OTKJIIOYCHA B CTPOTOM
COOTBETCTBHUH C YKA3aHUSIMH, IPUBEICHHBIMHA B JAHHOM METOJINICCKOM YKa3aHHH.
[lepen yxoaoMm CTyIEHTHI OOs3aHBI MPUBECTH B MOPSAIOK CBOE paboyee MeCTO U

MOCTAaBUTh B U3BCCTHOCTL IIPCIIOAABATCIIA 00 OKOHYAHHH pa6OTBI.



Hean padoTbl
N3ydeHne MEXaHU3MOB M 3aKOHOMEPHOCTEN yIAJICHUS BJIAru B IPOLECCAX CYIIKU B
3aBHCHUMOCTH OT CIIOCOOOB MOJIBO/IA TEIUIA K BBICYILIMBAEMOMY MaTepHaiy.
3agaum padoTsl
1. Onpenenenre BpeMEHH CYIIKM M KOJIMYECTBA UCIIAPSIEMON BIlary;
2. IToctpoeHue rpakoB CKOPOCTH YJAJICHU BIard B pa3iMyHble IEPUObI CYIIKU
B pexumax KOHBEKTMBHOTO HarpeBa, CBY, mH(pakpacHOro u3iIydeHUs U HUX
KOMOMHAIIUH.
Onucanue IKCNEPUMEHTAJIBHON YCTAHOBKH
PaboTa npoBOAUTCS C UCIOJb30BaHUEM MHOTO()YHKIIMOHATIBHON MUKPOBOJHOBOMN
neuu (puc. 13). Uepes oTBepcTrE B BEpXHEH CTEHKE MEUU IPOXOAUT TEPMOCTOMKAs
HUATHb, HA KOTOPOM MOJBEIIEHA Yallla C BBICYLIMBAEMBIM MATEpHANIOM. BepxHuii

KOHCI HUTH KPCIIUTCA K HUXKHEMY IMOABECY DJICKTPOHHBIX L[PI(prBBIX BCCOB.
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Puc. 13 Cxema nabopaTopHO# yCTaHOBKU: | - 4ailia ¢ BRICYIIIMBAEMbBIM MAaTEPUAIIOM,
2- Kamepa, 3 - PIEKTPOHHBIE BECHI, 4 - mynbT ynpasienus, S — K Harpesarens, 6
— KOHBEKTUBHBIN HarpeB, 7 — CBY Harpes

N3mepsieMble mapaMeTphl:

T~ TeMmiepatypa B Kamepe;

M - macca o6pa3sna;

W - BIa)KHOCTh BO3/lyXa Ha BBIXOJIE U3 KAMEPHI;

N — 3aTpaunBaeMast 3JIEKTPOIHEPI U,

MynbTUIATYHUK:

T, - Temneparypa o0pasua;

T, - TeMIepatypa OKpyKarolero Bo31yxa;



W, - BIaxXHOCTH 00pasia.

brok yripaBieHus:

Cetp 220B - BKIIIOYEHHUE JICKTPONUTAHUSA CTEHIA;

BK1 - BxiroueHHE BECOB.

Ilpumeuanue: Unoukamopras 1amnouxka Ha 6epMUKAILHOL NAHeIU YKA3bleAem Ha

Haauque 371eKmponumanusl.
IIpoBepurs aBapuiiHasg kKHonka «CToOm» JOJKHBI HAXOAUTHCH B OTKATOM
MOJIOKEHUHU. J[1s1 3TOro mOBEepHYTH €€ IO YacOBOM CTpe/Ke (HANpPaBJIECHHE
CTPEJIKAMH YKAa3aHO HA KHOIIKe).

Meroanka BbINOJHEHHS PA00ThI
N3yunth MeTOAWYECKHE yKa3aHWs, 3aroTOBUTh (OPMYy OTYETa O IPOBEICHHOM
paboTre, B KOTOPYIO BHECTH Ha3BaHHME U LI€Nb paOOThl, OCHOBHBIE CBEIEHHUSA 00
U3y4aeMbIX MPOLIECCaX, CXEMY IKCIIEPUMEHTAIIbHON YCTaHOBKHU, TOTOBYIO TaOIHILY
1.1 nns 3anmcu pe3ynbTaTOB U3MEPEHUN U BBIYMCICHUN.
2. IloaroToBUTH 5 0OIMHAKOBBIX 00PA30B BHICYIIMBAEMOT'0 MaTeEpUasa U OJIMH U3 HUX
aKKypaTHO IIOMECTUTH B Yallly, PacIlOJIOKEHHYIO B CYLIUIBHON KaMmepe.
3. BkirounTh KOMIbIOTEP 1 MOAKIIOUNTE USB 1iHyp cTeHaa K KOMIIbIOTEPY.
4. TloakmrounTsb cteny kK cetu 220 B u 3amyctuth ero tym6nepom «Cetb 220 By.
5. BxmrouuTh anekTpoHHbIE Bechl KHOMKOM «BKI» m moxparscs ctabuimzanuu.
Ecnu crabunuzanuu HET, TO TpeOyeTcs AOXKAAThCS MOKa MEePEeCTAaHET KadyaThbCs
wiat(opma U CHOBA 3aIyCTUTh BECHI.
6. BKIIIOUHTh KOMIBIOTEP W 3alyCTUTh MPOrpamMMmy MPOBEACHHs JabOpaTOpHOM
pabotsl «Cymka». Knonkoit «Ilyck» Ha nuieBoil maHelu BKJIIOYHUTH MPOTpamMmy
U3MEpPECHUM.
7. C mynpTa ynpaBlIeHUs] YCTAHOBUTH 3aJJaHHBIA PEXUM pabOThl MUKPOBOJIHOBOM
IIEYM U 3AIyCTUTH €€. B aBTOMaTU3UPOBAaHHOM CUCTEME U3MEPEHUE U PErUCTpalus
TEKYIIMX 3HAYEHWHA MacChl BBICYIIMBAEMOr0 MaTepuaia OCYIIECTBISIETCS
HenpepblBHO. ONHOBPEMEHHO BBIUMCISETCS YOBUIb BJard MO  BpPEMEHH,
OCYILIECTBIISIETCSl  MepecueT  aOCONIIOTHBIX  3HAYeHW B OTHOCHUTEJBHBIE,

q)OpMI/IPYI-OTC}I COOTBCTCTBYIOIIIMEC MAaCCUBbI JaHHBIX.



8. 3aHecTu mokazareiau pexXuMa B CBOJIHYIO Tabi. 6. C HauanoM pabodero pexxuma

Ha0JI01aTh 32 N3MEHEHHEM MacChl BBICYIIMBAEMOT0 MaTepuasa 1 yObLIU BJarud Ha

nucruiee KoMmibioTepa. OOpaTuTh BHUMAHKUE HA XapaKTEPHbIE YYACTKU U3MEHEHUS

MaccChl.

9. Ilpu ycTaHOBIIEHUH PAaBHOBECHOM BIAKHOCTHU, KOT/Ia U3MEHEHHE TEKYIIEH MaCChI

ctaHOBUTCS MeHbIIUM 0,1 T 32 UK U3MEPEHUH, BHIKIIIOUUTD CYIIMIbHYIO KaMepy

¥ 3aMucaTh BpeMs CYIIKH U JaHHbIE [IU(PPOBBIX UHAUKATOPOB B Ta0II. 6.

10. OTkpbITh KaMepy U 4epe3 2-3 MUHYTBl OCTOPOYKHO H3BJIEYb BBICYLICHHBIN

oOpasel. Bu3yajibHO OLIECHUTHh KAYECTBO CYIIKHU.

11. [TOBTOpHUTH IKCTIEPUMEHT TP JAPYTHX peKUMax paboThl meun (myHKTHI 7-10).
O0paboTKa ONBITHBIX TAHHBIX U COCTABJIEHUE 0TYETA

[lepenectu B otuer rpadMKd MU3MEHEHUW TEKYIIEW Macchl M yOBUIM BJIATU MO

BPEMEHH.

[Toctpouth ¥ mMpoaHaNU3UPOBATHh I'paUKH SKCHEPUMEHTANBHBIX 3aBUCUMOCTEH

dM/dr=f(7).

Tabnuia 6 - OCHOBHBIE TTOKA3aTENN UCCIIEIYEMBIX PEXKUMOB CYIITKU

No Cr10c06 cymxn Te, | Wk, | To, | Ts, | Wo, | My, | My, | AW, T, N,
n/n °C % °C | °C % r r % MuH | kKBT'u
1. | VudpakpacHblii

2. KoHBEeKTHBHEBIN

3. HK-+xoHBekug

4, CBY

5. | CBYU+kouBeknus

M - HauapHas Macca oOpasia;

M, — macca o6pa3iia B KOHIIE CYIIKH;
AW — yObLIb BIIAry;

T — BpeMsl CYIIIKH.

BrIBosbI MO paboTe JOMMKHBI COACPKATh:

1. KpaTkyro xapakTepUCTHKY BBITIOJIHEHHOW pa0OTHI (BBICYIIMBAEMbI MaTepual,
PEXUMBI pabOTHI TI€YH, UCTIOIB30BaHHOE 000PY/I0BAHHUE).
2. MakcuMallbHO€ W MUHUMAQJIbHOE BpPEeMS CYIIKM U PaHXUPOBKY Pa3TUUYHBIX

PEXUMOB MO CKOPOCTH CYLIKH.



3. XapakTepUCTHKy OCHOBHBIX 3TalOB CYIIKHU JUJIsl Pa3IMYHBIX CIIOCOOOB MOBOJA
TeIUIa K BBICYIIMBAEMOMY MaTepHally PEKOMEHJAIMHU MO BHIOOPY ONTUMAIbHOTO
pexUMa CYIIKH.
4. OueHuth 3QHEKTUBHOCTH CYIIKU Pa3HBIMU CIIOCOOAMHU.

KoHTpoJibHBbIE BOIPOCHI
1. Kak paznuuarorcss Mexay co0Oi CKOpPOCTH CYIIKM B TEPUOIbl YIaTCHUS
MEXaHUYECKHU CBSI3aHHOW U aJICOPOMPOBAHHOM Bilaru?
2. UeM MOKHO OOBSICHUTD pa3Inune KPUBBIX CYIIKH Ha puc. 127

3. Kak cka3piBaeTCsl BIUSHUE MEUIEHHBIX TU(P(Y3NOHHBIX MTPOLIECCOB HA CKOPOCTh

CyWIKN?



JIABOPATOPHAS PABOTA Ne4

HcciienoBanue npouecca paccToOMKM
BBenenue

OCHOBHBIMM  OIlEpalMsIMA 110 IPUTOTOBJIICHHIO TECTa SBISIOTCA 3arpys3ka
WHTPEAUEHTOB, X NPEIBAPUTENBHOE NIEPEMEILINBAHUE, PA3/IEIIKA IPUTOTOBIECHHOTO
TECTa, JIEJICHUE Ha KYCKHM, OKPYIVICHME KYCKOB, IIpEJABapHUTENIbHAs PAcCTOWMKa U
¢bopMoOBaHME TECTOBBIX 3aroTOBOK, OKOHYaTellbHAs paccTolka U OTHAETKa
ITIOBEPXHOCTH TECTOBBIX 3arOTOBOK.

[{enb OKOHUYATENBHON PACCTOMKU - BOCCTAHOBUTH HAPYILIEHHYIO MPU (POpMOBAHUU
CTPYKTYpy TecTa M OOECHEYUTh pa3pbIXJICHUE TECTOBOM 3aroTOBKH 3a CYET
BBIJICIICHU JUOKcHaa yriepoaa. Ha npousBoacTBe OHa OCYILECTBIIETCA B
CHEelUalbHBIX PACCTOMHBIX MIKadax WIM B PACCTOMHO-TIEYHBIX arperarax Ipu
temneparype 35 — 40 rpaaycoB U OTHOCHTEIHHOW BIXKHOCTH Bo3myxa 75 - 85%.
[ToBbilIeHHAs! TEMIIEpaTypa BO3lyXa YCKOpsET OpOKEHUE B TECTOBBIX 3arOTOBKAX.
JlocTaToyHO BBICOKAas OTHOCHUTENbHAs BIIAXKHOCTh BO3JAyXa HeoOXoauma s
npenoTBpalieHusi 00pa30BaHUs Ha MOBEPXHOCTH TECTOBBIX 3arOTOBOK IMOACOXILIEH
KOPOYKH, KOTOpasi MpU BbINEYKE MPU YBEIUYEHUH O00BEMa TECTOBOM 3arOTOBKHU
pasphiBaeTcs. JTO MPUBOAUT K 0OOpPa30BaHUIO HA MOBEPXHOCTU XJieOa pa3pbIBOB U
TPELIUH.

Ecnm TecTtoBbIE 3arOTOBKM IPOILLIM HETOCTATOYHYK) PACCTOWKY, TO BBIIIEYEHHBIN
x71e0 uMmeer HuU3KUUA oObeM. IIpum sTOoM BepxHsisi kopka (opMoBoro xseda
CTAaHOBUTCSI OUEHB BBIITYKJION M OTPHIBAETCS C OJTHOM UJIM IBYX CTOPOH OT OOKOBBIX
CTEHOK, a MOJO0BBIN xJieO mpruoOpeTaeT MapOBUAHYIO (POPMY U BBITIIBIBEI ¢ OOKOB.
Ecnu TecToBBIE 3arOTOBKH MOCTYTMAIOT Ha BBINEYKY C U30BITOYHON PACCTOMKOM, TO
BO3MOYKHO OCEJaHHE TECTOBBIX 3aroTOBOK. BepxHsisi kopka ¢opmoBoro xseda
[OJIy4aeTcs IUIOCKOM WM onaslier. [IpomoiDKUTENbHOCT OKOHYATEIIbHOU
paccToiiku 00bIYHO cocTaBisieT 25 - 120 MUHYT, B 3aBUCUMOCTH OT MacChl TECTOBOM
3arOTOBKM, YCIIOBUM PACCTOUMKHU, PELIENTYPbI TECTA, CBOWCTB U BUJA MYKH U APYTUX
¢dakrtopoB. Uem OoJbllie Macca TECTOBOM 3arOTOBKH, TeM JUIUTEIbHEE MPOIECC

OKOHYATENbHOW paccTOMKu. TecTOBbIE 3aroTOBKH, MOMEIICHHbIE B (OPMBI



paccTanBaroTCs MEAJIEHHEE, YeM 3ar0OTOBKH JIJIs TOIOBBIX u3nenuid. st popmoBoro
xJyie0a U3 prKaHoH, MIICHUYHOW MYKH B UX CMECei 0OBIYHO OTPaHUYMBAIOTCS OJTHOM
pacCTOUMKOM.

Jlo mpoBeneHust 1abOpaTOpHBIX padOT Ha YCTAHOBKAX CTYAEHTHI 00A3aTEIBHO
JIOJDKHBI TTPOUTH MHCTPYKTAXK MO TEXHHKE O€30MACHOCTU COTJIACHO MHCTPYKIIHH,
KOTOpast BKJIIOYAET B Ce0s1 CIIEYIONINE OCHOBHBIE TOJIOKEHHUS.

Bce paboTel Ha ycTaHOBKaxX JOJDKHBI MPOBOAUTHCA TOJBKO B MPHUCYTCTBUU U
Y4aCTUU MPENoJaBaTesisi WM OTBETCTBEHHOIO JIMIA, NPOLIECAUIEr0 MOJHOU
MHCTPYKTaX IO COOJIIOJIEHUIO NMPABUIT TEXHUKU O€30MaCHOCTH.

Mecro, re pasmenieHa yCTaHOBKA, 3alpeIaeTcsl 3arpoOMOKIaTh IMIOCTOPOHHUMU
IIpeAMETaMH.

[lepen BKIIOYEHHMEM YCTAaHOBKH IIPOU3BECTH TIIATENIBHBINA OCMOTP 000PYI0BaHUA U
npuOOpOB AJIs ONpPEAENICHUSI UX MPUTOJAHOCTH K paboTe. DIEKTPUUECKUE IIHYPBI,
BWIKH, PO3CTKM M BBIKIIOYATEIM HE JOJDKHBI UMETh BUIAUMBIX IOBPEKICHUM.
Bxirouath yCTaHOBKY IIPH HAJTMYMHM HEUMCITPABHOCTEW 3aIIpELIACTCA.

[lepen 3arpy3Koii, BRITPY3KOH U 0OCITy>KMBaHHEM IEUYH yOCIUTECh, UTO YCTaHOBKA
OT CETH.

[IponsBoauTe 3arpy3Ky A€W HUHIPEAUEHTAMH, HE MPEBbIIAS UX KOJIUYECTB,
yYKa3aHHBIX B pelienTax BHIOPAHHON MPOTrpaMMbl BHITICUKH.

He Tporaiite mMeTtajuiMueckue W ABWXKYIIMECS YacTU IE€YM PYKaMH U JAPYTUMU
IIpeAMETaMH.

Bo Bpemsi paGoThl meun KopIyc U Apyrue ee 4yacTu HarpeBatoTcs. [loaTomy,
MOJIb3YUTECh TOJIBKO BBIKIIOUYATEISIMU U HEOOXOIUMBIMU KHOIIKAMHU.

Ilepen BBIEMKOM [I€KHM BBIAEPKUTE HEKOTOPOE BpEMs Uil OCTHIBAHHS NEYKU U
TOJIBKO MOTOM M3BJIEKUTE TepMONaphbl U3 Mikuiia xjaeda. Mcnonab3yiTe mpuxBarsl.

He 3akppiBaiiTe BO3AYIIHBIE MIENH ISl UAPKYISIIAA BO31yXa.

Bo BpeMs BBINOJHEHUS 3a1aHUsI CTYIEHT HE JIOJDKEH 3aHUMAThCS MOCTOPOHHUMHU
JielaMH, HE OTHOCSIIIIMMUCS K BBITIOJIHEHUIO TaHHOW PabOTHI.

3amperniaercs ocTaBsATh 0€3 HAOIIOACHUS JEHCTBYIONIYIO YCTAaHOBKY.



3anpemaercs pabotatb B Jaboparopuu ogHOMY. OO0s3aTENBHO MPUCYTCTBHUE
BTOPOIO JIULA JAJI1 OKa3aHUs EPBOIl MOMOIIH B CiIy4ae HEOOXOIUMOCTH.
CryneHTaM  3ampemiaercs  CaMOCTOSTENbHO  YCTPAHATh  HEUCIPABHOCTH
71a00paTOPHBIX YCTAHOBOK.
BBuny Hainuus Ha yCTaHOBKE BbICOKOro HampsbkeHus 220 B ang nuraHus
anekrponasurateneii, TOHOB HM  KOHTPOJBHO-U3MEPUTENBHBIX  MPUOOPOB
3anpeniaeTcs:
a) IPOHUKATH 3a 3aILUTHBIE OTPaXKICHUS PUCOETUHUTEIBHBIX KIIEMM;
0) OTKpBIBaTh PACTIPEACIUTENbHbIN T U 3aIIUTHBIE KOXKYXU YCTAaHOBKH;
b) BKIIIOYATh M OTKIIIOYATh YCTAHOBKY 0€3 pa3pelieHHs] IPErnoaaBaTesl.
r) BO nM30eXaHHEe BO3MOXKHOI'O MOPAKEHHUS JIEKTPUUYECKHMM TOKOM, 3aIlpeliaeTcs
KacaTbCsl MpPU BKJIIOYEHHOW YCTAHOBKE OJIHOBPEMEHHO MHTAIOMIMX IPOBOJIOB
U3MEPUTENIbHBIX NpUOOpPOB, O00OpYyIOBaHUS U TpPyOONpPOBOJIOB OTOIUICHUS,
BOJIONIPOBOJIA WJIM 3a3eMJIIOIIET0 KOHTypa. lIpu mopaXeHuu sIeKTpUYECKUM
TOKOM HEOOXOJMMO HEMENJIEHHO BbI3BAaTh Bpaya, a /10 €ro NpuOBITHS OKa3aTb
NOCTPaJaBIIEMY MEPBYIO MEAUIIMHCKYIO TOMOIL.
J) YCTAaHOBKA [IOJDKHA OBbITh HEMEJIEHHO OTKJIIOYEHa, €clii OOHapyKEeHO
NOBPEXKJECHUE 3a3€MIICHMSI, 3alUTHOTO OrPAXKIAEHUS M IIPU  BHE3AITHOM
IPEKPAIICHUH 10Ja4H SHEPTUH.
[Ipy mosiBNIEHWMM IbIMa W3 AJIEKTPOHArpeBaTeNeil, Apyroro oOOpPYIOBaHUSA WA
IIyCKOPETYJIUPYIOLIEH anmaparypsl W 0OpH JIPYrUX aBapUMHBIX CHUTyalHUsX,
HEMEJICHHO OTKJIIOUUTh YCTAaHOBKY aBapuiiHOW KHOMKOW «CTOm» U COOOUIUTH
MPENo/IaBaTelto.
[To okoHyanuu pabOTHl YCTaHOBKA JOJDKHA OBITH OTKJIIOYEHA B CTPOTOM
COOTBETCTBHUHM C YKa3aHUSMHU, TPUBEICHHBIMHU B TAHHOM METOANYECKOM MOCOOUH.
[lepen yxoaoMm CTyIeHTBI 0Osi3aHbI NMPUBECTH B MOPSAIOK CBOE paboyee MECTO U
MOCTaBUTh B U3BECTHOCTH MpeEMNojiaBareis 00 OKOHYaHUU PaOOTHI.

Heab padoTsl
N3ydenue mporecca pacCTOWKH T€CTa, BHIOOP ONTUMAIBHOTO PEKUMA PACCTOUKH.

3agaum padoThI



1. Onpenenenne TPOJOIKUTENHPHOCTY M YTJIOBOW CKOPOCTH TEPEMEITNBAHUS
WHTPEIMEHTOB U 3aMeca TeCTa,

2. OnpeneneHne NpoI0IKUTENBHOCTH PACCTOMKH.

3. Ompenencarie  yBenWYeHUS oOObEMa TECTOBOW 3aroTOBKM JO MOMEHTA
3aBEpUICHUS €€ OKOHYATEIIbHOW PACCTOMKH.

4. OnpeeneHre KOJIMYeCTBa YHEPTUH, 3aTPAYCHHON Ha PACCTOMKY.

Onucanue IKCNEePUMEHTAIBLHOI YCTAHOBKH
[IpunuunuaneHas cxeMa JabOpaTOpPHOM CTEHJa MpejacTaBieHa Ha puc. 22. Jlns
TOTO, YTOOBI M3MEPHUTHh TEMIIEPATYPhl B CBOOOTHOM OOBEME IMEYHM M B TECTOBOU
3aroTOBKE HCIOJIB3YIOTCS TpU TepMmomnapbl. Bo Bpemsi sKcliepuMEHTa MOKa3aHUs

TEpPMOTIap 0TOOPaXKArOTCS HA SKpaHe KOMIIBIOTEPHOW CUCTEMBI U3MEPEHUSI.

Puc. 22 - IlpunnunuaneHas cxema crteHna: | - meub; 2 - nexa; 3 - TecToBas
3aroToBKa; 4 — MPUBO/I.

Nsmepsiemblie mapameTpsl:

Tk - Temnepatypa B kamepe neuu, °C;

Ty - TeMIiepatrypa Ha TOBEPXHOCTH TECTOBOM 3aroToBkH, °C;

Ty - TeMneparypa B LIGHTPE TECTOBOM 3aroToBkH, °C;



| - ToK, A;

h - naTuuK BBICOTHI, MM;

N - TaTYUK CKOPOCTH BpaIICHHUS.

N3yueHune mpoieccoB pacCTOMKHU U BBINMEUKHU Xjie0a MPOU3BOAUTCS HA JIOMAIIHEH
AIIEKTPUYECKOW IMMe4YM JUIsI PAacCTOMKM M BBIIEYKH PA3JIMYHBIX  BHJIOB
XJ1€000yI0uHBIX n3aenauil (puc. 23). CHapyXu IEeKapHOM KaMephl IIeUYr HaXOIATCs
TpyOuUaTble dJEKTpPOHArpeBaTeNM, PEKUMbI pabOThl  KOTOPBIX  3aJal0TCs
MUKPOIIPOLIECCOPHBIMU PETYJIATOPAMHU TEMIIEPATYPHI ITeun. B HukHEN yacTu neun
YCTaHOBJIEHO YCTPOMCTBO CONMPSKEHUS MPUBOJA C BEAYLIUMM BajoM Jexu (popma
s xueba).  Jlexka  yCTaHABIMBAETCS  BEPTUKAIBHO /10  BXOXKJICHHUS B
COEIMHUTENBHYIO My(PTY U IIPH IOBOPOTE HEMOIBUKHO 3aKPEIUIAETCA BHYTPH IEUH.
Kak 1 B NpOMBIIIJIEHHBIX M€YaX B UCIOJIb3YyEMOM Neur OoJiblas A0s Teria (80 —

85%) nepenaercs TecTy-xjae0y MyTeM TEIUIOBOTO U3ITyUYE€HUSI OT HArPEThIX CTEHOK.

BepxHsa kpoiwxka
Oxouwiko

Dopma ans xneba
Aucnexcep

Kamepa ana
BbinexaHua

Manens ynpaenexus

Kopryc

Bentunauus

e CF g D

MepHbia cTakaH MepHasn noxka Kpto4ok AN BoiHUMaHUA Mewanka
MeLlanku

Puc. 23 - BHewHui BUJ 3JIEKTPONEUH



Ha nepenneit manenu neuu, puc. 24, pacmoyiOKeH AUCIUICH, pUC. 25, KHOMKHU

YIPaBJIEHUS U CIIMCOK ITPOTPaMM.
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Puc. 25 - Iucnnei

biiok yripaBiieHHst CTEHIOM:

Cetp 220B — BKIIIOUEHHUE JICKTPONIUTAHUS CTEHIA;

BK1 — BxIItOU€HHUE AIEKTPONUTAHNUS T1EUH.

Ipumeuanue: Hnouxamophnas 1amnouka Ha 6epmMuKaIbHOU NAHEU YKA3bleaem Ha

Hamudyue J1EKmponunaHusl.



IIpoBepuTs aBapuiinasi kHonka «CTOID> JO/LKHbI HAXOAMThCS B OTKATOM

NoJIo:KeHUHU. JIJIs 3TOro MoBepHYThH €€ MO0 YacoBOM cTpeJike (HANpaBJieHHE

CTpeJIKAMH YKa3aHO Ha KHOMKe).

10.

Meroauka BbINOJHEHHS PA00ThI
O3HaKOMUTBCS C 3ajJadyaMu  JlabopaTOpHOW palOTHI, YCTPOHCTBOM U
HAa3HAYCHUEM  OCHOBHBIX  Y3JIOB  JKCIEPHUMEHTAJIBHOM  YCTaHOBKH,
TpeOOBaHUSIMU TEXHUKU OE30MMACHOCTH.
3anucath B OTYET IO JIAOOpAaTOpPHOM paboTe ee Ledu M 3aJayd, KpaTKue
CBEICHUS, HaMMEHOBAaHHUE, MAacCy U PELENnTypy BbIOpaHHOro Xxjeba, HOMEp
COOTBETCTBYIOIIIEH MPOTrpaMMbl BeINIeukH (mipriioxkenue ). [lepenectu B oTueT
CXEMY YCTaHOBKH M Ta0Il. 8.
BKJ1I0YUTB YCTaHOBKY B CETh aBTOMATHYECKHUM BKJItoUaTeiaeM «CeThb.
Bxmrounts anekrponuranve kHonkod BKI1. Ilpm sTtom axTtuBM3HpyroTcs
IIAHEJb YIIPABIICHUS [IEYH.
[TogxirounTh aBTOMAaTU3MPOBaHHBIM cTeHA K USB pazbemy KommbproTepa u
3anyctuTh nporpammy Ilyck — Ilporpammbel — MeasLAB — «Beineukay.
Jnst OGonee moOAPOOHOrO0 3HAKOMCTBA C MPOTrpaMMHBIM 00€CIeUeHUEM,
oTKpoiTe onucanue «PykoBoacTBO 10 paboTe ¢ MOpPOrpaMMHBIM
o0ecrieueHueM».
3anmyCcTUTh KOMIBIOTEPHYIO MPOrpaMMy HENPEPHIBHOM pErucTpauuud M
00pabOTKHU pe3ylbTaTOB U3MEPEHUI aKTUBUPOBAaB MKOHKY CTapT, Ha SKpaHe
komnbioTepa. [Ipu 3Tom Ha skpane OyayT 0TOOpa)kaThCsl 3HAUEHHUS CUIIBI TOKA,
NOTPeOISIEMOT0 MeUbl0, U TEMIIEPATYP B MEUH.
YCTaHOBUTH MEIIAJKy, M JATYMK BpAIlCHHUs M Ha JEXKY JAaTYMK BBICOTHI U
3amucarhb B Ta0J1. 8 3HaUCHHE AaTYrKa- Ny .
Boi6pars nporpammy Nell «JIpoxixeBoe TeCTO».
Kuonkoit Crapt/Cron Ha maHenu ymnpaBieHHUs BKJIOYHUTH ME4Yb B padoTy.
3aMepuTh MMOKa3aHMs CUJIbl TOKA U TATYUKA BPAILLICHUS HA «XOJIOCTOM XOAY».

Brikmtounts nporpamMmy kHomkoi Ctapt/Cror.



11. BwiHYT, W3 TI€YM JATYUK BBICOTHI W JEXKYy. B3BeCHTb W ONPEACTHUTH
COOCTBEHHYIO MACCY AEXKH - M.

12. OtMepuTh M TOMECTUTh B JEXKY HMHIPEAUECHTHl BBIOPAHHOW MPOrpaMMBbI
BBITICUKH, TOYHO COOJTIO/IAst UX KOJMYECTBO U MOPSAOK 3arpy3KH, yKa3aHHBIHN B
MIPUJIOKEHUH .

13. BHOBB B3BECUTH 3aIMOJIHEHHYIO JEKY U ONPEIEIUTh CYMMapHYIO HAa4alIbHYIO
MaccCy BCEX HHTPEIUEHTOB - M.

14. VYcraHOBUTH J€KYy Ha MECTO B MEKapHYIO Kamepy, NpHKaB BHU3 U MOBEPHYB
NEeXy JUIsl pUKcaluu (CM. CXeMY Ha BHYTPEHHEHN 4acTu KOpIyca).

15. YcraHOBUTH MEMIAJIKY, TaTYUK BPAIIECHUS U JATUYUK BBICOTHI.

16. Hatumku Ttemmeparypbl 2 u 3 yOpaTh B IPOCTPAHCTBO MEXIY JEKOH U
BHYTPEHHUM KOPITYCOM TICYH.

17. 3anwmcars B TaOJ. 9 3HaYCHHME JaT4nMKa- N, U ONpeeTUTh HAYaIbHBIH 00BEM
UHTPEUEHTOB.

18. 3akphITh KPBIIIKY TICYH.

19. BwiOpats nporpammy Nell «/IpoxikeBoe TeCTo.

20. Kuomkoi#t Ctapt/CTomn Ha maHeNu ympaBlieHUs BKIIOYUTH MeYb B padboTy. 3a
IPOLIECCOM MOKHO HAOII0AaTh Yepe3 CMOTPOBOE OKHO.

21. Tlpu 3aBepiieHWH MPOTPAMMBI 3alUcaTh 3Ha4eHHE BbICOTHI — h. Pesymbrar
3aHecTH B TadI. 8.

22. O1eHuTh TOTOBHOCTh TECTOBOM 3arOTOBKHM K BBINEUYKE JICTKUM Ha)KaTHEM Ha
MOBEPXHOCTh TECTOBOM 3aroToBKH. [Ipu HemocTaTouHOM paccToiike cieapl OT
Ha)KaTUS BBIPABHHUBAIOTCS OBICTPO, TPU HOPMAIbHOW MENJICHHO, a TMpH
U30BITOYHOM - CJIe/Ibl HE NCYE3al0T.

O0padoTKAa ONBITHBIX IAHHBIX U COCTABJICHUE 0TYETA

1. OueHuTh CTENEHb YBEIUYEHUS OO0BEMa TECTOBOM 3aroTOBKM B Ipoliecce

PAcCTOMKH (Ts) pE3yIbTAT 3aHECTH B TAOJI. 8.

2. [IpoBecTu paccTOiKy UCIIONB3Ys pa3Hble CTaHAAPTHBIC MPOTPAMMEBI HIIA CO3/1aTh

CBOIO ITporpammy cM. «Pexnm nomManHen BbIIEYKn.

3. Onpeaenutb MoTHOCTH (N), 3aTpaueHHYIO Ha MepEMEUIMBAHNE U PACCTOUKY



N=I-U (40)
rae U = 220B - HanpsikeHne B CETH.

Tabnuna 8 — Pe3ynbpTaThl H3MEPEHHI U BEIYUCICHUN

Ne t,C | I,A N, Mg, T | Mo, T Mo, | o, | T, T,C | N
IL.I1. Br MM MM MM
IlepemenmnBanue
| | | | | | | | | |
Paccroiika
| | | | | | | | | |

T, — BPEMS PACCTOMKM HAYMHAETCS C MOMEHTA IOBBIILEHUS TEMIEPATYPHI B I1€UN
10 porpaMMme «J{pox:xkeBoe TECTO».
N — XOJIOCTOTO X0/1a 3anucath B rpady «Paccroiikay.

KoHTpobHbIE BONPOCHI
1. Kakyto pois B mpouecce Npor3BOICTBa XJ1e0a UTPAET OKOHYATENIbHAs PACCTOMKa
TE€CTOBBIX 3arOTOBOK?
2. Kak ompegensier creneHb HOpMaldbHOM paccToku? K Kakum mocCiencTBUSM
MOXET IPUBECTH «HEIOCTATOYHO MPABUIIbHAS) PACCTOMKA?

3. Kak u3MeHs10TCS B IIpOIIecCe PacCTOMKHM Macca 1 00beM TECTOBOM 3arOTOBKH?



JIABOPATOPHAS PABOTA Ne5

HccienoBanue npouecca BbINEYKH
BBenenue

Bbineyka — 3aKiIIOUMTENbHAs CTAAUsl TMPUTOTOBIICHUS XJIEOHBIX U3JENINH,
OKOHYaTeNbHO (opMupylomas KadecTBO xjeba. B mpoliecce BbIMeukd BHYTPH
TECTOBOM  3arOTOBKM  IPOTEKAIOT  OJHOBPEMEHHO  MMKPOOHOJIOTHYECKHE,
Oonoxumuuyeckue, (U3NYECKMe M KOJUIOMAHBIE Tpolecchl. Bce u3MeHeHus u
IPOLIECCHI, MPEBpalAOIME TECTO B TOTOBBIM XJI€O, MPOUCXOAAT B pE3yibTaTe
IIPOTPEBaHUs TECTOBOM 3arOTOBKM IIPU TEMIIEpAType NapoBOo3ayIIHON cpenbl 200-
280 °C. Insa Beimeukn 1 kxr xjeda tpedyercs okono 293-544 k]l TennoBou
DHEPrUU. JTO TEIUIO PACXOLYETCS] B OCHOBHOM Ha MCHApEHHE BJIard U3 TECTOBOM
3arOoTOBKM U Ha €€ IporpeB A0 Temmneparypbl 96—97°C (B ueHTpe), Mpu KOTOPOU
TecTo mpeBpamaerca B xie0. OcrampHasg dYacThb TeIula  Mepenaercs
TEIUIONPOBOJAHOCTBIO OT CTEHOK (GOPMBI W noOda TEuYd, 3a CYET KOHBEKIIHMU
MapOBO3IYLIIHOM CMECH B IEKapHOUW Kamepe. TecToBble 3arOTOBKH MPOrPEBAKOTCS
MOCTETICHHO, HauWHas ¢ OOKOBBIX TNoOBepxHOCTei. [loaToMy Bce mpolecchl,
XapaKTepHbIE Ui BBIIEUKU XJieOa, MPOUCXOISAT HE OJHOBPEMEHHO BO BCed €ro
Macce, a MOCIONHO - CHA4YaJIa B HAPYKHBIX, IOTOM BO BHYTPEHHUX CJOSX.

/ T=240C

T=200C
T=160C
|
T=120C
|

5882883288

Temneparpya, °C

T=80C
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Puc. 26 — Pe3ynbTarhl YUCICHHOTO pacyeTa MOCIOMHOIO0 U3MEHEHUS TeMIepaTyp

BHYTpPH T€CTOBOM 3arOTOBKH MpPHU BbITIEUKE XJie0a.
[TpoaomKUTENTPHOCTD BBIMEYKH 3aBUCAT OT psaa (akrtopos. Ilpu moBbieHUuN

TEMIIepaTypbl B TIEKapHOM Kamepe YCKOpsieTCcs NpOrpeBaHUEe 3aroTOBOK U



COKpaIlaeTcsl MPOJOJKUTEIBHOCTh BBINIEYKHA. T€CTO BBICOKOW BIAXKHOCTU H
MOPUCTOCTU TPOrpeBaeTcsa ObICTpee, YeM KpPENKoe M IUIOTHOE TecTo. TecToBbie
3arOTOBKM 3HAYUTENLHOW TOJIHMHBI U MAacChl MPHU IMPOYMX PAaBHBIX YCIOBHUAX
porpeBaroTcs JoJiblie. @opMOBOil XJ1€0 BBIIIEKAETCS MEVIEHHEE, YEM HOO0BbIIL.
[Ipouiecc oOpa3zoBaHusi TBEpJOW XJIEOHON KOPOYKH MPOUCXOJUT B pe3yibTaTe
00€3BOKMBAHUSI HApPY)XHBIX CIIOEB TECTOBOM 3aroTOBKU. TBepjas KoOpka
IpeKpalaeT pocT oobeMa TecTa u xJjieda, H03TOMY OHa JI0JDKHA 00Pa30BBIBATHCS HE
cpa3zy, a depe3 6-8 MUH, KOT/la JOCTUTHYT MAaKCUMalbHBI 00BbeM 3aroToBku. B
KOHBEMEPHBIX MPOMBIIIJIEHHBIX MMEKapHbIX YCTAHOBKAX B MEPBYIO 30HY NEKAPHOMN
KaMepbl CHEUAJIbHO NOJAIT Map, KOHACHCAIMS KOTOPOr0 Ha IMOBEPXHOCTHU
3aroTOBOK 3aJIep’KMBaeT 00€3BOKMBAHUE BEPXHETO CJIOSI U OOpa30oBaHHUE KOPKHU.
OpnHako 4yepe3 HECKOJIBbKO MHUHYT BEPXHHUM CJIOM, MPOrpeBasCh 10 TEMIEPATYPhI
100°C, naunHaeT ObICTPO TEpsATH Biary u npu temneparype 112°C npeBparaercs
B TOHKYIO KOPKY, KOTOpasi IIOCTENEHHO YTOJIIAETCS.

[Tpu 06e3B0OKMBaHUU KOPKH 4acTh Biaru (0koJio 50%) ucnapsieTcs B OKPY>KaroIyro
Cpeay, a 4acTh NEepPeXoauT B MSKUI, TaK KaK Bjlara MIpu HArpeBaHUM PA3JIMYHbBIX
MaTepHaoB BCErjaa MEepexXoJuT OT 0oJjiee HArpeThiX Y4acTKOB (KOPKH) K MEHee
HarpeTbM (Mskuiny). Braxxnocts Msikuiia B pe3ynbrare rnepeMenieHus Biard u3
KOpKH noBbIaeTcs Ha 1,5 — 2,5%. Bia)kHOCTb KOPKH K KOHITY BBITIE€YKH COCTABIISIET
Bcero 5 — 7%, T.e. KOpKa MPaKTUYECKU 00€3BOKUBACTCS.

Temneparypa kopku K KoOHILy Bbiiedku 160 —240°C. Bele 3T0il TeMIiepaTypbl
KOpKa 0OBIYHO HE HarpeBaeTcsl, TaK KakK MOABOJAMMOE K HEH TEIIO pacXoayeTcs Ha
UCIIapeHUe BJard, NEeperpeB IMPOHMKAIOLIEro Iapa, a Takke Ha o0pa3oBaHuUE
Mskuma. [Ipy 3TOM B MMOBEPXHOCTHOM CJIO€ 3arOTOBKM M B KOPKE MPOUCXOIAT
KJIeicTepu3anus U AeKCTPUHU3ALNS KpaxMala, JIeHaTypalus 0enKoB, 00pa3oBaHue
apoOMaTUYECKHUX M TEMHOOKpAIIEHHBIX BEILIECTB W yAaJIeHWE Biaru. B mepBbie
MUHYTHI BBIIIEYKH B PE3yJbTaTE€ KOHJCHCAIMU Iapa KpaxMall Ha MOBEPXHOCTHU
3arOTOBKU KJIEHCTepU3yeTcs, MepexoAs YaCTUYHO B PACTBOPUMBIA Kpaxmana u
nexkctpuHsbl. JKuakas macca pacTBOPUMOrO Kpaxmaja U JEKCTPUHOB 3arOJHSAET

IIOpbI, PpaCIOJOKCHHBIC Ha IIOBECPXHOCTU 3aroTOBKH, CIJIAKHBACT MCJIIKUC



HEPOBHOCTH U Tociie O0O0€3BOKMBAHMUA TMpPHUAAET KOpKe OJecK U TJsSHEL.
Jlenatypauusa (CBEpThIBAHHE) OEJIKOBBIX BEIIECTB HAa MOBEPXHOCTH W3AEIIHS
npoucxoaut npu temneparype 70 — 90°C. Hapsiny ¢ 00€3BOKMBAaHUEM BEPXHETO
CJIOSl CBEpThIBaHHE OEJIKOB CIIOCOOCTBYET 0Opa30BaHHUIO TUIOTHOM HEIIACTHUHOM
KOPKH.

[Ipu BbITIEUKE BHYTPU TECTOBOM 3arO0TOBKH MOJIABIIsIETCA OpoArIIbHASI MUKpOdIIopa.
BHauane BBINEUKH KU3HEAEITEIBHOCTh JPOXXKEH W OaKTepuil IMOBBIIIAETCS, B
pe3yibTaTe 4ero aKTUBU3UPYIOTCS CIUPTOBOE M MOJIOUHOKHCIIOE OpokeHue. [lpu
temriepatype 55 — 60°C oTMHpaIOT IPOXIKUA U HETEPMO(DHUIIBHBIE MOJTOYHOKHUCIIBIE
Oaktepuu. B pe3ynbTaTe aKTUBH3ALMM APOXKIKEU M OaKTEpHil B Hayajle BBINCUKHU
HE3HAYNUTEIIbHO YBEJIMYUBACTCS COJEPKAHUE CIUPTA, OKCHUIA YIJIepoda U KUCIOT,
YTO MOJIOKHUTENBHO BIUSAET HA 00BEM U KaueCcTBO xjie0a. AKTUBHOCTh (DEPMEHTOB B
KOKJIOM CJIO€ BBIIIEKAEMOIO0 M3ENIHs CHAadaja I[OBBIIACTCS W JOCTUIaeT
MakCUMyMa, a 3aTeM MaJaeT 10 HyJd, TaK Kak (pepMeHTHI, ABISACH OEIKOBBIMU
BEILECTBAMH, MPU HATPEBAHUU CBEPTHIBAIOTCS U TEPSAIOT CBOMCTBA KaTaJIM3aTOPOB.
3HAUYNUTENBHOE BIIMSHUE HA KA4eCTBO M3JENINS MOXKET OKa3blBaTh aKTUBHOCTH O-
amuiasbl, TaKk Kak A3TOT (EPMEHT CPaBHUTEIBHO YCTOMYMB K HarpeBaHMUIO.
Kpaxmanbnbie 3epHa npu temieparype 55 —60°C u Bblie kneictepusyrorcs. B
3epHaxX Kpaxmasa o0pa3yroTcs TPEIIUHbI, B KOTOPbIE IPOHUKAET BJlara, 0TYEro OHU
3HAUUTEIBHO YBENMYUBaIOTCS B o00beme. Ilpum kielicrepuzanuu  Kpaxmai
NOrjoulaeT Kak CBOOOJHYK Blary Tecra, TaK M BIary, BBIJCJICHHYIO
CBEpHYBIIMMHUCS Oenkamu. [Ipu yMeHbIIeHHH BiIarud CBOOOJHOM Biarv, MO3TOMY
MSIKHUII XJ1€0a CTaHOBUTCSA CYXHM U HE JTUITKUM.

BnaxxaHocTh Msikuia ropsaero xjaebda (B 1esom) noseimaercs Ha 1,5 — 2,5% 3a cuer
BJIATM, MepeleAled U3 BEepXHEero cios 3aroroBku. M3-3a HemocraTka Biaru
KJIeHCTepu3alns Kpaxmana HJAET MEMNJIEHHO W 3aKaHYMBAETCS TOJBKO IpHU
HarpeBaHUM IIEHTPAJIBLHOTO CIIOS TecTa-xJeba o temmeparypsl 96 — 98°C. Brime
ATOTO 3HAYEHHUS TeMIepaTypa LEHTpa MSKHIIA HE MOJHUMAETCS, TaK KaK MSKHII
COJIEP’)KUT MHOTO BJIard, W MOJBOJAMMOE K HEMY TEIUIO 3aTPayMBaeTCs HE Ha

Harp€BaHHEC BJIaru, a €€ MCIIapCHHUC. HpI/I BBIIICYKC PKAHOI'O xjeba IMPpOUCXOOUT HE



TOJBKO KJIEHCTEepU3allUsi, HO U KHUCIOTHBIA THUIPOJIN3 HEKOTOPOro KOJUYECTBA
KpaxMalia, YTO YBEJIIMUUBAET COJICPKaHUE IEKCTPUHOB U CaxapoB B TeCcTe-XJieoe.
O0BeM BrlneueHHoro msaenust oobraHo Ha 10 — 30% Ooublne 00bEMa TECTOBOM
3arOTOBKU I€pe MOCAIKON €€ B IeUb. Y BEIMUYEHHE 00BbEMa ITPOUCXOINUT IIIaBHBIM
oOpa3oM B IepBble MHHYTHI BBHIIICYKH B pe3yJbTaTe IMepexoja CIupTa B
napooOpaszHoe cocTosiHue mpu Temneparype 79°C, a Takke TeIIOBOI0 paclIupeHus
MapoB M Ta30B B TECTOBOM 3arOTOBKE. Y BeIMUeHNE 00beMa TecTa Xjieba yaydiaeT
BHEIIHUN BHUJ, OO0ecleuyrnBacT HEOOXOAUMYI0 TOPUCTOCTh U IIOBBIIIAET
YCBOSIEMOCTh U37enus. J[ocTaTOuHO BBICOKAsI TeMIepaTypa mojia U CTCHOK (pOpMbI
(okoso 200°C) BbI3BIBAET MHTEHCUBHOE OOpa30BaHME IMAapOB M Ta30B B HIKHHUX
cnosix Tecta. [lappl, ycTpemIIssich BBEPX, YBEIMUMBAIOT 00BEM 3aTOTOBKH.
YMeHbIIIeHuE MacChl TECTA MPU BBIMIEUYKE — YIEK, OMPEALIAETCS Pa3HOCTHIO MEXTY
MacCOil TECTOBOM 3aroTOBKM MEpei IOCAAKONW B IME€Ub W BBIIICAIIMM U3 II€UU
TOTOBBIM FOPSTYUM M3/ICJIUEM, BBIPAKEHHOE B MPOLIEHTAX K MACCE 3arOTOBKHU.
OcHOBHasi MpUYWHA YyIeKa — HCHapeHue Bjaru npu oOpa3oBaHUM KOpokK. B
HE3HAYUTEILHON CTEMEeHM yIeK OOYCIIOBJICH yJalleHHEM M3 TECTOBOM 3arOTOBKHU
CIIUpTa, OKCHJA YIJIEpoJa, JETy4YuX KHUCIOT M JAPYTUX JIETYYUX BEIIECTB.
HccnemoBanus 1moka3aid, 4TO B TEUCHHUE BBIIIEUKH U3 TecTa-xjaeba ymamsercs 80%
ciupta, 20% JIETy4nX KHUCJIOT W NPAKTUYECKH BCE KOJIUYECTBO YIJICKUCIIOTHI.
Benuunna yneka ajis pa3HbIX BUIOB XJCOHBIX HU3ACIUN HAXOAUTCS B Mpeaesiax
6 - 12%.
[Tox pe’KMMOM BBITIEUKH MOHUMAIOT €€ TTPOI0IKUTEILHOCTD, a TAKXKE TEMIIEpaTypy
Y BJIQXKHOCTB CPEJ/Ibl B pa3HbIE MEPHUOJIbI BHINIEYKHA WM B Pa3HbIX 30HAX MEKapHBIX
KaMep C MEpPEeMEIICHUEM TECTOBBIX 3arOTOBOK. PEXXUM BBINEUKH KaKIOTO BHJA
U3/IeJIUSI UMEET CBOM OCOOCHHOCTH, Ha HETO BJIMSIOT (DU3UUYECKHUE CBOMCTBA TECTa,
CTETICHb PACCTOMKH 3aTOTOBOK U APYTHE (GaKTOPHI.

eab padoTsl
N3yuenne npoliecca BbINEYKH, BHIOOP ONTUMAIBHOTO PEXXMUMa BBITICUKH XJie0a.

3agaum padoTbl



1. DkcnepuMeHTaIbHOE W3MEpEeHHE TeMIeparyp Ha mnepudepuud U B ILEHTpE

TECTOBOI 3arOTOBKH B IIPOLIECCE BBINIEUKHU.

2. Pacuer konmuecTBa 3HEPrUM, 3aTPAUCHHOTO HA PACCTOMKY U BBITICUKY XJIe0a.

Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH

CmoTtpu 1aboparopHyto padoty Ne 7.

MeToauka BbINOJHEHHUS PA00ThI

1. OsHakoMuUTCS C 3aia4aMu Ja00OpaTOPHOI pabOThI, yCTPOMCTBOM U HA3HAUCHUEM
OCHOBHBIX Y3JIOB SKCIHEPUMEHTAIbHOW YCTAHOBKH, TPEOOBAHUSIMHU TEXHUKH
0€30MacHOCTH.

2. 3ammcathb B OTYET 1O Ja00paTOpHOIl paboTe 1eNb U 3a]a4i, KPaTKUE CBEACHNUA,
HAaUMEHOBAaHME, MacCcy U  peUentypy BblOpaHHOro xieba, HOMep
COOTBETCTBYIOIIIEH MTporpaMmMbl BhINeUkH (MpuioxkeHue 6). Ilepenectu B otuet
CXEMY YCTaHOBKH U TaOJIUILY

3. BxirouMTh YCTAHOBKY B CETh ABTOMAaTHYECKUM BKJIt0UYaTeneM «CeTby.

4. BxmounTs 3nekrponuTanue kHonkod BKi. Ilpu 3Tom akTUBU3UPYIOTCS MaHENb
YIPABJICHHUSI [1EYN.

5. Tlonmkmrounth aBTOMaTHM3UpOBaHHBIN cTeHa K USB paszbemy KoMmmbioTepa U
3anyctuTh nporpammy Ilyck — IIporpammelr — MeasLAB — «Bbineukay. s
0onee MOAPOOHOrO 3HAKOMCTBA C MPOTPAMMHBIM O0OECIIEUeHHUEM, OTKPOMTE
onucanue «PykoBoJcTBO Mo padboTe ¢ NPOrpaMMHBIM 00ECTIEUEHUEM.

6. 3amycTuTh KOMIBIOTEPHYIO NPOrpaMMy HENPEPHIBHOM perucTpauuv u
00paboTKH pe3ylbTaTOB M3MEPEHUN aKTUBUPOBAB MKOHKY CTapT, Ha KpaHe
KoMIibtoTepa. [Ipu 3ToM Ha 3KkpaHe OyayT OTOOpakaThCsl 3HAUEHUS CHUJIbI TOKA,
noTpebIsIeMOro Meybko, U TEMIIEpaTyp B MEYH.

BHumaHMe: He yCTaHaBIMBAaTh BO BHYTPEHHIOID KaMmepy JaTYUKH BBICOTHI U

BpaLICHUS.

7. MOXHO NPOOJKUTH Pa0OTY U BBINIEKATh XJIeO U3 3aTOTOBKHU TECTa CIIEIaHHON

B JIP1, Torna 3anyctute nporpammy Nel4 «Beimeuka» wWiv 3amyCTUTh HOBYIO

Iporpammy.



7. UMnmaHTUpOBaTh (YCTAaHOBUTH) TepMonapsl To, Ha TOBEPXHOCTH 3arOTOBKHU U T3

B LIEHTpeE (puc. 26).

8. OueHUTh TOTOBHOCTh TECTOBOW 3arOTOBKM K BBINEUYKE JIETKUM Ha)KaTUEM Ha
MOBEPXHOCTh TECTOBOM 3aroTOBKH. [Ipu HEIOCTATOUHOM pacCcTOMKE Cliellbl OT
HaXXaTUs BBIPABHUBAIOTCA OBICTPO, MPU HOPMAIbHOW MEIJICHHO, a TIpH
U30BITOYHOM - CIIE/Ibl HE UCYE3AI0T.

9. HabGmromaTh XapakTep TMPOTEKaHUS TMPOIecca BBIMEYKH W U3MCHCHHM
TEMIIepaTyphl €YU U BHYTPHU TECTOBOM 3arOTOBKH YEpe3 CMOTPOBOE OKHO, IO
MOKa3aHUsIM [U(PPOBBIX HU3MEPUTEIBHBIX NPUOOPOB M HA JIMIICBON MaHEIU
KOMITBIOTEPHOU CUCTEMBbI U3MEPEHUS.

10. 3adukcupoBaTh u 3aHectu B Tabia. 10 Bpemsi BbIXOJla Ha YCTAaHOBUBIIUMCS
TEMIIEPaTYPHBIM PEKUM BBIIEUKH - Ty. (T2-92 — 95°C).

11. lludpossie npubOpbl U KOMIIBIOTEPHAS] CUCTEMa MPOJOJDKAIOT H3MEPSATh U
(buKCUpOBaTH HAOIIOJAEMBbIEC TAPAMETPHI.

12. ObpatuTh BHMMaHHE Ha TCHACHIIMM M3MCHCHHs TEMIIEpAaTyp B IICHTPE W Ha
nepudepun xaeda 10 3aBEpIISHUS MPOIIeCcca BHINICYKN U OCTHIBAHUH XJIe0a.

13. Cnenath caMOCTOSATENBHBIE BBIBOABI O HAIMPABICHWW TEIJIOBBIX ITOTOKOB B
MIEPBOM U BTOPOM CIIy4ae.

14. 3ByKOBOI CHTHAJl O 3aBEPIICHUH BBITIEYKHA CBUACTEIBCTBYET O BO3MOXKHOCTU
U3MEPUTh OKOHYATEIBHYIO BBICOTY IPUTOTOBJIIEHHOTO XJie0a — hy.

15. Tlpu oxnaxaeHun BeImedeHHOTo xjieba g0 T g0 50 — 60°C OTKIHOYUTH

YCTaHOBKY OT MUTAIOLIECH CETH.

16. OTKpBITH KpBIIIKY TIedu. OCBOOOIUTH XJI€O OT UMILJIAHTUPOBAHHBIX JIATUYMKOB,

BBIHYTh €r0 M3 TI€YM, B3BECUTh, OMPENEIUTh BBICOTY XJieba W YBEIWYEHUE €T0

o0beMa B %.

17. Cnenath OLIEHKY BO3MOKHOCTH COEpPEXEHUSI SYHEPTUU 32 CUET MCIOJIH30BAHUS

TeIIa, aKKyMYJIMPOBAHHOTO TMEYbl0 NPHU AOCTHKEeHUU Temiepatrypsl 95-100°C B

IEHTPaJIbHON YacTH BhITIEKAeMOro xJjeoa.

18. OTBEeTUTHh HA KOHTPOJIbHBIE BOMPOCHI U CAENATh CAMOCTOSITEIIbHBIE BHIBOJIbI T10

nabopatopHoit pabdore.



O0padoTKa ONBITHBIX JAHHBIX U COCTABJIEHHE 0TYETA

O1eHUTDH CTENEHb YBEIHUEHUSI 00BbeMa TECTOBOM 3arOTOBKH B IMPOIIECCE PACCTONKU

- BbIneukH xjeba (%) u 3aHecTH MoNy4eHHBIH pe3ynbTar B Ta0I. 9.

Tabnuna 9 - PesynbTaTsl H3MEpeHHIA TAPaMETPOB BBHITTCUKU

BpeMs

Cpennsis
TeMIiepaTypa
neyu

W3menenus temmneparypsl 1 o0bema

hk,
MM

T1

T2

T3

[Ipupoct 06bema, ynek xaeda

MHH

°C

°C

°C

°C

%

IIpenBapu

TeJIbHAsl PacCTOMKa

10

20

30

OxoHuaT

CJIbHasA

paccroika

40

50

60

70

80

90

100

KoHTpoJsbHBIE BONIPOCHI

4. Kakyto poiib B ipoliecce mporu3BOICTBE Xjie0a UTpaeT OKOHYATENIbHAs PACCTOMKA

TECTOBBIX 3arOTOBOK?

5. Kak ompenensier creneHb HOpMalbHOUM paccTtoiiku? K kKakuMm mociencTBUSIM

MOIKCT IIPUBCCTH KHCAOCTATOYHO IIPpaBHUJIIbHAMI paCCTOﬁKa?

6. Kak u3MeHs10TCs B IIpo1iecce pacCTOMKHN Macca U 00beM TECTOBOM 3arOTOBKH?

7. Kakue mpolecchl TPOUCXOIAT MPHU BBINIEYKE BHYTPU 3aroTOBKH? MOXKHO U

CKa3aTb, UYTO OHH IPOUCXOIAT O)IHOBpeMeHHO?

8. Kak gopmupyertcs nosie temreparyp BHYTPH 3arOTOBKHM TecTa-xjeba B Hadaje

BBITIEYKH M ITI0CJI€ BBIKJIIOUCHUM Neun? MOKHO U cyuTaTb, 4TO B TOT MOMCHT

IMPOLECCC BBIIICUKHU YIKE 3aKOHYCH?

9. Kak u3menstorcst Mmacca 1 00bEM TECTOBOM 3arOTOBKH B MPOLIECCE BHIMEUKH.
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