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KopoTKkuil onuc JUCHUILIIHA

OcCBIiTHbO-KBaNipiKaLiIMHNIM piBEHb — MATICTP
3arasibHa KinbKictb roanH — 120 roauH (4,0 kpeauTtn)
NneKkuin — 16 roauH,

NPAKTUYHUX — 24 roaAnHU

CamocTirHa pobota — 80 rognH

Buna KOHTPOIIO — 331K



KpiorenHa TexHika Ta TeXHOJIOrif, a00 fK ii 1HAKIIe Ha3UBalOTh KPIOTreHIKa (3
rperpkoi  Kryos — xomom, -genes — MOPOMKECHHS) — Hayka IIpO OICpIKaHHS
(KpIOTeHHA TEXHIKA) T3 BpkopucTaHHsi (KPIOICHHA TEXHOJOILS) HHU3BKUX

Temieparyp. OO’€KTOM §i pocmimkenHs ¢ KPIOTeHHI cucrtemu. KpiloreHnoro

CUCTEMOIO HAa3UBANOTh rpyny KOMIIOHEHTIB, IO B3a€EMOMAIIOTH MK COOOHO Ta
nepeOyBarOTh IPU KPIOTEHHUX TEMIIEpaTypax.

PO3BUTOK KPIOT€HHUX TEXHOJOTIH posnodaBcss y 1823 pomi, komm Maiiki

dapaneii (AHDIISA) TOBIB MOXKIHMBICTD 3piMKeHHS nesakux rasiB (SO,, amiak Ta iH.).
Ha chorogHi KploreéHH1 TEXHOJOTT BHUKOPMCTOBYIOTHCS MalKe y BCIX Tally3sX

rOCIIOAAPCTBA BCIX IPOMHUCIOBO PO3BMHEHMUX KpaiH CBITY.



VY xapuoBHUX rajy3sx KplOreHH1 TEXHOJIOTI 3aCTOCOBYIOTh JIJIsl BUPIIIIEHHS! HACTYITHUX 3aBJaHb:
-IIIBUAKOTO 3aMOPOXKYBAHHS MPOAYKTIB;

- Kp10MIOAP1OHEHHS,

- cyOImiMaliiifHe BUCYIITYBaHHS;

- KpIOrpaHyJIsILIis.

TexHomor1i Kp1ooOpOOKH XapyoBUX MPOAYKTIB BIAMOBIJAIOTh HAMBHUIIKMM BHMOTraM €KOJIOTT4HOI
YUCTOTH, MalOTh OaKTEPUIIMIHUM €(PEeKT, a caM TEXHOJIOTIYHUM Mpolec € OE31HEPIIMHUM 1 JIETKO
peryJbOBaHUM 3aBASKH TOMY, 1[0 MOAPIOHEH] YaCTUHKH KOMIIOHEHTIB MPOAYKTY 3HAXOIAThCS Ha €Talli

0OpOOKH B AUCIIEPCHOMY CUITYYOMY CTaHi 3a BIACYTHOCTI iX arperarii.



KpionoapioHeHHs (Kpiocemnapanii)

IcHye 1Ba HANPSIMU KP1OPO3LITY:

OararocrajiiiHe moApiOHEHHsI, BKIIOYAIOYXM BHUKOPHUCTAHHS TIPOLIECIB BHCOKOTO THUCKYy Ta
BUKOPUCTAHHS KP1OMOAPIOHEHHS Ta

Kpiopo3/1iJieHHs] KOMIIOHEHTIB 32 aHAJIOTIEI0 3 KOMIUIEKCOM TEXHOJOTIYHUX CXEeM 30aradeHHs

PYIHMX MartepiaiiB. BBaxkaeThbcs, 110 HiJBUINEHHS TeMIepaTyp KpIOMOAPIOHEHHS BiJ KpiOT€HHUX, J0

OIM3bKO KPUOCKOIIYHUX PIZKO MiABHUIINYE KOHKYPEHTOCHPOMOKHICTh CIOCOOY KpiomoapiOHEHHS

MOPIBHSHO 3 yCIMa BIJIOMUMH CIOCOOaMHU.



Kpuopo3noaiyi cupoBUHM 010JI0TTYHOT0 MOXOXKEHHS B €JIEKTPUYHOMY I10JIL.

IcHyrOTh Takl cmocoOM KpioejdekTpocenapamii: MTICICKTPUYHUNA TOAUI B EJICKTPUYHOMY IIOMI,
TpUOOENEKTPOCTATUYHUN  TOAUI, OO Yy MOl  KOPOHHOIO  po3psiay,  TpuOoaare3iiHuit
oAU, PITHOT AN3AIAHO-EIEKTPOCTATUYHUN N0, MIPOEIECKTPUYHUN MOAUI. BIUIMB HAa MOAUT CUPOBHHU B
€JIEKTPOCTATUYHOMY TIOJII MAarOTh Takl (DAKTOPHU: €IEKTPOPI3UYHI BIACTUBOCTI KOMIIOHEHTIB CHPOBHWHH,
XapaKTepUCTUKa HABKOJHUIIHHOTO CEPEIOBUIA, BEIMYMHA 3apsiAliB, IO KyNyIOThCSA, PO3MIpH, (opMma 1

I{1IJIbHICTh YACTUHOK, HAITPY>KEHICTH TMOJIS.



KpioreHHu MeTOAM 3aMOPOKYBAHHS

3aMopoKyBaHHS B PiAKOMY a30Ti

Y naHiid TEXHOJIOTIi a30T BUKOPHUCTOBYETHCS SIK XOJIOAOAreHT. Y PIIKOMY CTaHl BIH O€30apBHHIA,
HETOKCUYHUN, TOMY MHpPH 3aMOPOKYBaHHI MPOJYKTIB MOXXE BHUKOPHUCTOBYBAaTHUCh MpPH 0€3MOCEPEIHHOMY
KOHTaKTl 3 XapyoBUM MpoAyKTOM. OCHOBHOIO MEpPEBarold € T, 10 BIH Ma€ HAA3BUYAMHO HU3BKY
TeMmneparypy KumiHHA (Temmeparypa kumiHHS —195,8 °C) y KOHTakTi XapyoBOTO MPOAYKTY 1
XOJIOJJOAar€HTOM HE BIIOYBAETHCS KOJHUX PpEaKIid, TEpMIH 30€piraHHs 3HAYHO 3OUIBIIYETHCS Yepe3
YTBOPEHHSI HEUTPAJIbHOI aTrMoc(epu a3oTy, He MICTUTh OakTepid. Piakuil a30T JErKo TPaHCIOPTYEThCH,
M0 3a0e3reuye BUKOPUCTAHHS PIAKOIO a30Ty fAK JOJATKOBOTO JIKEpEeJia XOJOAYy IIPpU CE30HHOMY

KOHCEpPBYBaHHI XapuOBUX MPOAYKTIB, 1110 JIETKO MCYIOTHCS.



KpioreHHu#i metoAu 3aMOpPOKYBaHHA

3aMOpoXXyBaHHS B TPAHYJILOBAHOMY JAIOKCH/II BYIVICLIO
[Ipy mBHIKOMY 3aMOPOKYBaHHI Xap4yOBHX IMPOAYKTIB TBepmoro (azoro miokcuay Bymreiro (CO,)

YTBOPIOEThCSI CHIroBa Imy0a. Cyxuid CHIT SIK XOJIOAOHOCIM CTEpPWJIbHUW, HE MAa€ 3amaxy Ta CMaKy,

INPUTHIYYE PO3BUTOK MIKPOOPTaHI3MIB, HE JOIYCKAa€ KOHTAKTY KHCHIO TOBITPS 3 MPOAYKTAMHU.
BukopuctanHs TpaHyJIbOBAHOTO MJIOKCHAY BYIJICHIO € TEPCIEKTUBHUM, OCKUIBKM MOT0 MOXKHA
3aCTOCOBYBATH SIK JUISI YIIAKOBAHMX Xap4YOBUX IPOAYKTIB, TaK 1 JJIs IUIOMAIB, HApI13aHUX OBOYIB, IPHU
IIbOMY TeMIIepaTypa 3aMOpOKyBaHHS B iHTepBajl Big —18 mo —79 °C 3amexHo Big mpoxaykTy. Ilpu
normuHaHHl  CO, TIOBEpXHEK IPOAYKTY YTBOpPHOEThCa ByruibHa kuciora H,COj;, saxa npu
PO3MOpPOXKYBAaHHI Ta TOAAIBIINA TEIJIOBIM 00pOOIll BUMAPOBYETHCS, aj€ SKOCTI NPOAYKTY HE
noripmyerbes. [IIBUAKICTE 3aMOpPOXKYBaHHS 3aJI€KUTh Bl (DI3UKO-XIMIYHUX XapaKTEPUCTUK OBOYIB Ta
YIIAKOBKH, BlJ MacoBOro KoeQIIl€eHTa, CIOCOO0Y KOHTAKTy 3 TpaHyJlaMHU Ta HPUUHATOI TEXHOJIOTIYHOI

TEMIIEpaTypy 3aMOPOKyBaHHS.



KpioreHHui MeToIM 3aMOPOKYBAHHS

KpiokoHcepByBaHHS

JlaHa TEXHOJIOT1SI MA€ HACTYITHI BIAMIHHOCTI:

- TMpOolIEC KPIOKOHCEPBYBaHHS BIJOyBA€ThCSA TMPH HUXKYIH TeMmIleparypl CEpPeAOoBHINA, IO
3aMOPOXKY€E, 3BUUAHE 3aMOPOXKYBAaHHS 3IMCHIOETHCS MPU TEMIIEpaTypi, IK MpaBujao, He Hk4ue —18
°C;- BUKOPHUCTaHHS SK 3aMOPOXXYIOUOIO CEpEIOBHMINA JIOKCUIY BYDICIIO, a30Ty abo 1HIIUX
XOJIOMOAreHTIB, Yy TOM 4Yac $AK 3BUYAHE 3aMOPOKYBaHHS 3IIMCHIOIOTH 3aBISKA MPOCTOMY
KOHBEKTUBHOMY 200 KOHJIYKTUBHOMY TEILZIOOOMIHY 3 TTOBITPSIM 200 pO3COJIOM;

- OUThII IHTEHCUBHUN MPOIEC 3aMOPO3KH MPOJIYKTY 3 METOI YTBOPEHHSA APIOHUX KPHUCTAIIB Yy
MDKTKaHUHHOMY TPOCTOp1 TpoaykTy. IIpomec 3aMOpoKyBaHHSA CYNPOBOJKYETHCA YTBOPEHHSIM
KPHUCTaJIIB JIbOIY Yy TOBII MOPOAYKTYy. Jljisi 30€peKeHHsI SKOCTI MPOAYKTY HEOOXIJTHO 3a0€3MeUnTH
PEKHUM 3aMOPO3KH 13 3aCHYBAHHSIM JAPIOHUX KPUCTAIIB JIbOy. UMM BUIIE MIBUJIKICTh 3aMOPOKYBAHHS 1
0 HWYKYa MOro TeMreparypa, THM MEHIIE KPUCTAJIM, BIAMOBIIHO, TUM MEHIIIE MOIIKOHKEHb TKAHUH,
0 BIANOBIAAE BHUCOKIA SKOCTI HOpoAaykTy. I[Ipm yTBOpeHH1 JpIOHMX KPUCTAIIB Yy MPOILEC]
KPIOKOHCEPBYBAHHS Y MDKTKAHUHHOMY IIPOCTOP1 MPOAYKTY HE YIIKOHKYETHCS MOTO TKaHWHA. 3aBISKU
IIbOMY BIJI3HAYA€ThCSI OLIBII BUCOKA SIKICTh MPOIYKTY, 3aMOPOKEHOT0 KPIOTEHHUM IIUISIXOM, TTOPIBHSIHO
3 NOPOJYKTOM, 3aMOPOXKEHOTO 3BHYAMHUM.CIIOCOOOM, IO BHPAXKAETHCS Y HWOro HaWKpaIux
OpPraHoJICNTUYHUX, PI3UKOXIMIYHUX, O10JIOTTYHUX Ta 1HIIUX MTOKA3HUKAX.



KpionoapiOHeHHs

KpionoapiOHeHHs - TEXHOJIOTIYHUN MPOLEC, IPU SKOMY MOAPIOHIOETHCS CyIIEHA POCIMHHA CUPOBHHA,
3amMopokeHa mpu Hu3bkuX - Bi -100 mo -190 °C temmeparypax 1 1€ Ja€e MOXJIMBICTH 3amo0iratu
polecaM OKHCHEHHS, CIIKaHHA 1 Kapameni3allii YaCTUHOK 1 BIJOKPEMIIFOBATH Ti, IO MEpeOyBarOTh Yy

noB'si3aHOMY 3 OUTKaMu MOJIeKy BAP 17151 MOBHOI JIFOIUHM. .



CyoOJimaniHe BUCYITYBAHHSA

CyOmiMaIiiiHOK Ha3MBAETHCS TAKUM TUM CYIIIHHS MPOAYKTIB, MPU SKOMY CBI)KO3aMOPOKEH1 MPOIYKTU
M1JTAI0TECS CYXOMY BHAAJCHHIO JbOAY (IEPETBOPEHHS HA Mapy MHUHAKOYM (pasy BOJAM) Y BAKyyMHOMY
cepenoBuiIll. TakuM YWHOM, BCl KOPHCHI PEUYOBUHH, Takl SIK BITaMlHH, ()EPMEHTH Ta EKCTPAaAKTHBHI

PEYOBUHHU, 3aTUIIAIOTHCA B IPOJAYKTaX, BOHU 30€pIiraroTh HE TUILKHU CB1i KOJIIp, aJIe il CMakK 3 apoOMaroM.

CyOuaimManiiiHe CYIIIHHSI TaKOXK HA3UBA€ThCA Jgiodijizauicro ado cyduimamiero. Ilen mpouec mmpoko
3aCTOCOBYETBHCS Y XapyoOBO1 rajy3l MPOMMCIOBOCTI, a M y (papMalieBTUII JJIsI CYIIIHHS BaKIWH 1 010JIOTTYHO
aKTUBHUX J100aBOK. BukopucTaHHs CyOMIMaIiiHOTO CYIIIHHS Y BUPOOHMIITBI MIJBHIIYE BapTICTh TOTOBOIO

POYKTY HAa BUXOJ1 Mal»Ke B AECITh pa3iB y MOPIBHAHHI 31 3BUYATHUMHU METOIAMH.



IpuHIUn podoTH CyOIiMAiiHOTO0 BAKYYMHOI'O CYIIIIHHS

CyOaimaniiiHe CylmIiHHSI - [I€ HalOUIbII Cy4YaCHHM 1 JIOCKOHAJWM CHOCIO CYIIHHS IPOIYKTIB.
He3Bakaroun Ha T€, MO0 BIH OyB BIIKPUTHM 1€ HA MOYArKy XX CTOJITTA, IIMPOKE 3aCTOCYBAaHHS BIH
OTpUMaB TUIbKH BIJJHOCHO HEJIABHO Y 3B'SI3KY 3 BHCOKOIO BapTiCTIO oOnagHaHHA. CyTh METOY IMOJSTaEe B
TOMY, IO MPH HU3BKOMY arMOC(EPHOMY THUCKY (IOPIT «IOTPIMHA TOYKa» 3 PO3PAXYHKY Ui BOIAW IPH
0,01°C Tuck 611,657 Ila) Bojga iCHye TUIbKHM B TBEPAOMY Ta ra3oMoOJI0HOMY arperaTHOMy CTaHIl, TaKUM
YUHOM 3a IIMX YMOB MOXXHa JI1J IEPEBECTH B Iap Oe3mocepeaHbo 0e3 mepeknany ix y piauny. llpu
Jioginizanii 3aMOpOXXeHI MPOAYKTH B yMOBax BakyyMy HarpiBatoThcsi 10 0°C, TakuM YHWHOM Kpura

BUIIAPOBYETHCS, & BC1 BITAMIHY Ta 1HIII KOPUCHI PEYOBHUHM 3AJIMIIAIOTHCS Y MPOIYKTAX.



Eranu npouecy cyoJiManiiHOro CyuriHHs

Eran 1. IMigroroBka mpoaykrtiB. Ha maHomy eram HEOOX1JHO NPOBECTH IEPBHUHHY MIATOTOBKY
IPOJIYKTIB, IO MIJJIAI0THCS CYIIIHHIO, & CaM€ OYKMCTHUTH 1 I€31H(QEKIIINYBaTH 1X 1 IpU HEOOX1THOCTI Hapi3aTH,
MICJISI YOTO 3aBAHTAKUTH JIOTOK 3 IIJITOTOBJICHUMH MPOIYKTaMU B KaMEPY CYILITHHS.

Eran 2. 3amopoxyBanusi. Ha cTamii 3aMOp0oXyBaHHSI CTBOPIOETHCSI BaKyyM y KaMmepl Ta B1JIOYyBa€ThCS
OXOJIOJIKEHHS MPOAYKTIB 10 TEMIIEpAaTypy iX 3aTBEpiHHSA. UuM sKicHIIIE Oyne 3aMopo3ka (BpaXOBYEThCS
MIBUAKICTh 1 IMOMHA TPOMOPOXKYBAaHHS), TUM APIOHIIMIMMUA BUHIYTh KPUCTAIW JIbOAY B MPOAYKTaxX, 1 TUM
IIBUAIIE BOHM MICIIS [[LOTO MEPETBOPIOIOTHCS Ha T1apy.

Eran 3. CyoaimyBanHsi. I{eit etan nepen0ayae HaAWTOJIOBHINIE — MOBIIbHE HAarpiBaHHS 3aMOPOKECHHUX
IPOIYKTIB /10 TOYKUA MEPEXOAYy JbOAY B Map, TOOTO O€3MOCEepeHhO IpolieC CYILIHHSA mpoxykiii. ITicis
BUJIAJICHHS BOAW BUCYIICHY MNPOIYKIII0O MOTPIOHO MOMICTUTH B T€PMETUYHY YIIAKOBKY IITOHAWMMEHINE Ha

IBAIIATEH TOIUH.



Oo0uagHaHHA 1Jas CYOJIMANIMHOL CYIIKH XapPY0BUX NMPOAYKTIB

Oo0sagHaHHs AJIA JI0QLIBHOI CYIIKH XapYOBUX MPOAYKTIB

s TEN2



