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V]IK: 665.6

Y4eOHO-METOIMYECKHE YKa3aHMs K BBINOJIHEHUIO JJAOOPATOPHBIX padoT MO
XUMHYECKONH TEXHOJIIOTMHM TMPHUPOAHBIX OSHEPrOHOCUTENIEH U  YIJIEPOIHBIX
MaTepHaoB JJIsl CTYJEHTOB HaIlpaBieHUs NOAroToBKM OakanaBpoB 18.03.01 —
Xumudaeckas TexHoaorus - Maxaukana: UIIL AI'TY, 2021. — 53 c.

B yueOHO-METOOMUECKUX YKa3aHUSIX MPUBEICHBI TEOPETUUYECKUE CBEICHUS
U METOAMKA BBINOJIHEHUS JaOOpaTOpHBIX pPA0OT ISl 3aKpEIUIEHUs 3HaHUMN
CTYA€HTOB M MNpUOOPETEHHs MNPAKTUYECKOTO OIbITa MO TaKUM pasjeiam
U3y4aeMOM JMCUUIUIMHBI KaK TEXHOJOIrHs nepepadoTku HepTtu. Metoauueckue
PEKOMEHJAIMU 110 BBIIOJHEHHUIO JIA0OPATOPHBIX PA0OT CONMPOBOKAAIOTCA KPATKUM
TEOPETUYECKUM BBEJICHHEM U3 OJHOMMEHHOIO Kypca, pa3lieJioM TEeXHHUKHU
0€30MacHOCTH U CIIMCKOM PEKOMEHIOBAaHHOM JINTEPATYPHI.

VkazaHus mnpeaHa3HAayeHbl ISl BBINOJHEHUs JaOOpaTOpHBIX paboT 1o
JUCHUIUIMHE «XUMHYECKass TEXHOJOrMs MPUPOJHBIX SHEPrOHOCUTENEH U
YIIEPOJHBIX MaTepHaOB» IJisl CTYJEHTOB NOArOoTOBKM OakamaBpoB 18.03.01
«XumMuieckas TEXHOJIOTUS. Onu COOTBETCTBYIOT TpeOOBAHUIM
["ocynapcTBeHHOro 00pa30BaTENbHOIO CTaHAapTa BhICIIEr0 00pa3oBaHUs.

CocraButens: 1.X.H., qoieHT Cynranos FO.M.

Peuenzentsl: ['amxumypanoBa P.M., k.x.H., norieHT kadeaps xumuu JI'TY,

PamazanoB O.M., K.X.H., 3aMECTUTEJIb AUPEKTOPA 10 HAYYHOU
pabote UIIT'BD — punman OVUBT PAH

[Teuaraercs no pemenuto Yuenoro coera ®I'bOY BO «/larectanckuii
roCyIapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET) OT 2021 .
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BBEJAEHUE

PabGotra B mabopaTopuy XMMHYECKOW TEXHOJOTHU TPeOyeT OT CTYyACHTa
BBICOKOW COOpPaHHOCTH, aKKypaTHOCTH W TOYHOCTH B TPOBEIACHUU IKC-
MEePUMEHTATBHOU pPAOOTBI, T. K. OOJBITUHCTBO HEPTEIPOIYKTOB SBIISIFOTCS
TOPIOYMMH WJIH JIAXKE JIETKO BOCTUTAMEHSIOIIUMUCS KHUIKOCTSIMHU.

[Tepen Hadamom pabOTHI CTYACHTHI CAAIOT JOMYCK K paboTe, BKIOYATOIITHIA
TEOPETUYECKHE OCHOBBI TOTO pasjela MPaKTUKyMa, KOTOPOMY IOCBSIIEHO
JabopaTopHOE 3aHATHE, a TakKkKe OSKCIEPUMEHTAIBHYI dYacTh pabotel. Ilo
pe3ynbTaTaM 3KCIEPUMEHTa CTYACHT 0(pOopMIISIET OTUET 1Mo paboTe, CoaepIKaIIn:
Ha3BaHuE pabOThl, 1elb paboThl, KpPAaTKOE TEOPETHYECKOE BBEJICHHUE,
AKCIIEPUMEHTAILHYIO YacTh, BBIBOJIBI M CITUCOK MCIIOJIB30BAHHON P BHITIOJTHEHUN
3ailanus Jutepatypbl. OT4eT mo paboTe MpEeACTaBISIeTCS Ha CIEAYIOIIee Iocie
BBITIOJIHEHUS PaOOTHI 3aHATHE.

IIpaBusia paéoThl B J1a00pATOPUU XUMUYECKOH TEXHOJIOTUH

[Ipu BbIMONHEHHM PabOT MO XUMHUYECKOW TEXHOJOTHU TOIUIMBA U
VIJIEPOAHBIX ~ MaTEepUaIOB  HEOOXOIUMO  CTporo  coOJoJaTh  MpaBHIia
MIPOTHUBOIIOKAPHON O€30TTaCHOCTH, K KOTOPBIM OTHOCSITCS CJICTYIOIITHE:

- HarpeBaTh U TMEPErOHSTH JIETKO BOCIJIAMEHSIOMMECS >XUJIKOCTU He-
00X0IMMO Ha BOJSHON OaHe. 3ampemniacTcsl HarpeBaTh yKa3aHHBIC BEIIECTBA Ha
OTKPBITOM TJIaMeHu. CKIISTHKHM ¢ YKa3aHHBIMU JKUJKOCTSAMU HE CIEAYeT OCTABJIAThH
BOJIM3H 3aK)KCHHOT'O OTHS,

- B CJly4a¢ BOCIUIAMCHCHHMS J>KHJIKOCTH HEOOXOAMMO HWCIIOIh30BaTh IS
TYIICHUS] CYXOM TMECOK, KOIMY (OJEsI0) WJIM OTHETYIIUTEIh, MMEIONIUECsS B
JabopaTopuu;

- TIPU 3aropaHud OJIeKIbl CJIEAYeT TUIOTHO OOEPHYTh MOCTPAIaBIIETO
onesyioM (KOIIMOM) W TeM CaMbIM TMPEKPATUTh JOCTYN BO3AyXa K TOPAIIEMY
OOBEKTY.

Crnenyer y4uThiBaTh, YTO MHOTHE COCTUHEHUS, BXOMSIINE B COCTaB HedTH,
SBIISIIOTCSA SIIOBUTHIMH W BPEIHBIMU JJISI 3JI0POBBS, TOATOMY pabOTy C HUMH

CJIeyeT MPOBOAUTH B BBITSDKHOM LIKaQy.



3anpemaercs:

- TinyOOKO BIbIXaTh Mapbl HEPTEHNPOAYKTOB NpU paboTe C HUMHU H
OIIpE/IETICHUH HUX 3aI1axa;

- IpoOOBaTh PEaKTUBBI HAa BKYC, MPUHUMATh MUY B TabOpaTopuu;

- BBUIMBATh B PAKOBHHY OPraHUYECKUE BEILECTBA, A TaKXKE CHIIBHO
NaxHyIIHEe HEOpraHUYeCcKHe coeAMHEHus. JlJid cauBa yKa3aHHBIX COEIMHEHUN B

BBITAXKHOM I]_IKany CCTh CIICOUAJIbHBIC CMKOCTH.

JIABOPATOPHAS PABOTA Ne 1

Omnpenesienue GpakIHOHHOIO cocTaBa HePTH U HePTENMPOTYKTOB MyTeM
NPAMOM NEPEroOHKU M peKTHuUKAUU

Pa3nenenne HeTH U HePTENMPOAYKTOB METOI0M MEPErOHKHU

[lepBuunbIMU MeTOAaMU TiepepabOTKu HEDTH U HEDTEPOTYKTOB SBISIOTCS
neperoHka (mpu arMoc(epHOM U MOHUKEHHOM JaBlieHUsX) U pekTudukamnms. C
MTOMOIIIBIO TAHHBIX METOJIOB OMPEIEIIOT (DPAKIMOHHBIH COCTaB HEPTH W
He(TenpoayKTa.

[leperonka (aucTwuiAnusl) — 23TO0 (GUIUYECKUN METOJ pa3JiesieHus,
OCHOBAHHBIA Ha HWCIAPEHUU JKUJIKOCTU W KOHJICHCAIIMH IapoB, OOOTAIICHHBIX
JIETKOJIETYYMM KOMITOHEHTOM. TepMUH «IUCTUIUIALMS) O3HAYACT «pa3AeIICHHUE 10
KaIUTIM» WM «CTEKaHHWE IO KaruisiM». McTopusi MeperoHKH HACUMUTHIBAET OKOJIO
3500 nmer. B apeBHOCTH € MOMOUIBIO MEPETOHKHU MOJy4Yalld PO30BOE U APYrue
a(upHBIC Maclia, TUCTUITUPOBAHHYIO (IIPECHYI0) BOJIY U3 MOPCKOM, HCII0JIH30BAIN
MEPETOHKY JUIA TPUTOTOBJCHUS MHUKCTYp #  HanmuTtkoB. CoBpeMeHHas
He(drenepepaboTka OepeT CBOe Hayalo C TMEPEeroHHOro Kyba, IIeJIeBbIM
Ha3HAYEHUEM KOTOpPOro OBLIO IMOJy4YeHUE OCBETUTEIHLHOTO KepocuHa. KyOoas
Oatapes u TpyOdaTas yCTaHOBKa HJisi MEPErOHKH HepTH OBLIM WM300pETCHBI B
Poccuu Bo BTOpO# mosnoBuHe XX Beka. B aTux paspaboTkax BbIIArONIAsCS POIh
npuHaIeKuT uwxkeHepy B. C. Illyxosy.

[leperoHky MOXXHO TIPOBOJUTH TEPUOMUYECKH € HempepbiBHO. [lpwm

HCpPIO,Z[I/I‘ICCKOﬁ NEPEroHKE COACPKUMOC IICPCTOHHOIO ariIiapara 4aCTU4YHO HIIA



MOJIHOCTBIO OTTOHsAETCA. B 3TOM mporecce npoucxoauT HENPEPhIBHOE U3MEHEHUE
cocTaBa MapoBOM M KHUAKOM a3, a Takxke TemrepaTypsl oTOopa mapos. [lpu
HEIIPEPBIBHOM MEPErOHKE NMPOAYKT HENPEPBIBHO BBOJAT B IIEPErOHHBIM ammapar.
[Tpu 3TOM 0OBIYHO pa3ieleHne MapoOBOM U KHUAKOU (a3 MPOUCXOTUT OJHOKPATHO,
IIO3TOMY TakOM IPOLECC Ha3bIBAECTCS  OJHOKPATHOM  NEPErOHKOM  WIN
OJTHOKPAaTHBIM HcmapeHueM. B 3ToM mpouecce oOpasyromascs mapoBas ¢asza
OCTa€TCi B PABHOBECMM B CMECHU C JKMAKOM J0 YCTAHOBJICHHS KOHEYHOMU
(3amanHOM) Temneparypbl. Pa3zbl pazlIeNsIOTCS IMOCIE YCTAHOBICHUS 3TOU
TEMIIepaTyphl.

[IpsAMO TTEpEroHKOM MOKHO Pa3JIeiIuTh A0 ONPEACICHHOW CTEIIEHU CMECHh
KOMITOHEHTOB, TEMIIEPATYPhI KHIICHHS KOTOPBIX OTIHYA0TCs Gonee, gem Ha 50°C.

Pektudukamms — (usnyeckuid  METOJ  pa3feieHus, OCHOBAHHBIA Ha
MHOTOKPaTHOM NPOTHUBOTOYHOM KOHTAaKTE XUAKOW M mapoBoil ¢a3. Ilpu stom
napoBasi (aza oOoramiaercs HHU3KOKUIIAIIMM KOMIIOHEHTOM, a XKHUJAKas —
BBICOKOKUIIAIIMM.  PexTudukanus, Kak IEpEeroHka, MOXET OCYIIECTBISTHCS
NEPUOAMYECKH U HENpepbIBHO. PexTudukanueld MOXHO pa3fensTh CMeECh
KOMITOHEHTOB, Pa3JIMYAIOIINXCS IO TEMIIEPATYPE KUIIEHUS BCETO HA 0.5°C.

l. IIpsimasi neperonka HepTu

OObIYHO TpollecC TMPOCTOM MNEPErOHKH MPOBOASAT MEPUOJAUYECKU; B
MPUHIUIE 3TOT IPOLECC MOKHO OPTraHU30BATh U HETIPEPHIBHBIM.

IIpn mnepuoanyecKkoll MEPEroHKE JKUIAKOCTh IOCTEIIEHHO HCIapseTcs, H
oOpasyroluecs 0OpU 3TOM TMapbl HENPEPHIBHO YAAIAIOTCS M3 CHCTEMbl H
KOHJICHCUPYIOTCSI C MOJyYeHHEeM AUCTHILIATA (MHOTAA 3TOT MPOIECC HAa3bIBAIOT
npocrtoit guctmusinueit). [Ipu aTom coneprkanne Huskokursimien ¢ppaxiuu (HK) B
MCXOJTHOM >KUJKOCTU YMEHbILIAETCS, YTO MPUBOJIUT K CHUXKEHHIO conepxkanust HK
B JUCTWIATE - B Hadajie mpouecca comaepxxanne HK makcumanbHO, a B KOHILE
polecca - MUHUMAJbHO.

[IpocTyto neperoHKy MO>KHO IPOBOJUTH IPU aTMOC(HEPHOM JaBICHUU

WIM MOJ BaKyyMOM ([l CHWIKEHUS TeMIlepaTypbl HNEeperoHku). s momyyeHus



HY)XXHBIX  ¢paknuid (WM pa3HOTO  COCTaBa  JAUCTWUIATA)  TPUMEHSIOT
bpakIMOHHYIO, WA IPOOHYIO, TIEPETOHKY .

IIpu6opsbl, peakTUBBI, MATEPHAJIBI

Hedtp, x0n6a Bropma, Hacaaka Bropria, mpsMoi XOJOAWIBHHK, aOHXK,
npUeMHHUKH, TepMoMeTp Ha 250°C, KHIIemKu, 2IeKTpOHArPeBaTEIBHBIN IPHOOP.

IIpoBenenue padoThbI

Puc. 1. YcTaHoBka 11 IEPETrOHKA

1 — repmomerTp,

2 — Hacanaka Bropia,

3— KpyTJ0/I0HHas KoJi0a,
4 — xoyomunbHUK JInOnxa,
5 — anonx,

6 — nprUeMHUK.

ColOuparoT ycTtaHoBKy sl meperonku (puc. 1). Bo B3BelieHHYIO
koja0y  momemaroT 30 MI  OTQUIBTPOBAHHOTO HEPTENPOAYKTa U CHOBA
B3BEIIMBAIOT JJIs1 OINpeAesieHus Macchl Hedrenpoaykra. B komby mnomemiaror
kunenku. [Ipu mpocTtoli meperoHke TepMOMETP CIEAYyeT MOMEIATh TaK, YTOObI
BEpXHSS TIpaHULA PTYTHOIO IIapWKa HAaxOJWJach Ha YPOBHE HWXKHETO Kpas
OTBepCcTUs OTBOJAHOW TpyOku. Ilocnme Toro, kKak ycCTaHOBKA [Jisi MEPErOHKH
MOJIHOCTBIO COOpaHa, TMOJCTAaBJISAIOT HarpeBaTeNbHbIA npubop. OT6op dpakimii
MPOU3BOAMUTCS  JABYMsS  Croco0aMu: OTOMparoTcss  (pakuuu ¢ YETKUMHU
TeMIlepaTypaMy KUIIEHUS, €CJIM B TEUEHHE MEPETOHKN HE YCTAHABIMBACTCS YEeTKas
TeMIlepaTypa KUIIEHUS, TO 0TOOp (pakiuii MPOBOAUTCS Yepe3 5°C. Jnsa xaxnoun
bpakuy OmpeneNuTh BBIXOA M TOKas3arenb mnpenomieHus. Ilo oxoHuaHUM
NEPErOHKH, OCTHIBIIYIO KOJIOY B3BEHIMBAIOT JJIsl OMpPENENIEHUsI MacChl KyOOBOTO

ocTaTKa (3amuch pe3yJbTaTOB MPOU3BOAUTCS Kak npuBeaeHo Bo |l paznmene).



3apnanme: Onpeaenuts ¢pakimoHHbI coctaB  HehTu. [lomydeHHbIe
pPE3yNbTAaThl CPABHUTH C TAHHBIMU, MTOTYYCHHBIMH TP (GPAKITMOHUPOBAHUH HEDTH
Ha PEKTU(UKAITMOHHON KOJIOHKE.

Il. ®pakuuonnpoBanue He(TENPOAYKTOB HAa PpeKTH(PUKANHOHHOM
KOJIOHKe 01 AaTMOC(epHBIM 1aBJIeHHEM

[leperonka ¢ gediaermMaropoM MPEACTaBIsET COOOW  MPOCTEHIIyIO
PEKTU(DUKALMOHHONW KOJIOHKY.

IIpudopbl 1 peakTUBBI

HedTp niin cMech opraHnueckux BeliecTB (YIJIeBOJAOPOAOB), kKoiba Bropia,
neduermarop, oOpaTHBI  XOJOAWIbHUK, TOJIOBKA TIOJIHOW KOHJEHCAIIUH,
nprueMHHUKH, TepMoMeTp Ha 250°C, KHIIeNKu, 3IeKTpOHArPeBaTe BHBIN IPHOOP.

Ilepen meperoHkoi peKTUPUKAITMOHHYIO KOJOHKY COOMpPArOT TakK, KakK 3TO
M300paKeHO Ha puc.2.
Puc. 2. PextudukanmonHas KoJoHHa
1 — repmomerp,
2 — TOJI0BKa IIOJIHOM KOHAEHCAIIUH,
3 — nedaermarop,
4 — kpyTaoI0HHAs KOJi0a,
5 — 00paTHBINA XOJIOIUIBHHUK,

6 — mpueMHUK.

B konby 4 3arpyxator B3BemeHHbie 30 M7 XOpOIIO BBICYIICHHOM
uccieayeMon xunkoctu. Onpesernenne Macchl HePTENpOIyKTa MPOBOAAT TaKKe,
KaKk W mpu npsmoil meperonke, cM. m.l. Ilepex Hadamom mneperoHku B KOJOy
HEOOXO0MMMO TOMeCTUTh Kumenku. KonOy mpucoenuHsoT k aeduermMaropy 3,
COOOIIEHHOW C TOJIOBKOW IMOJHOW KOHJIEHCAUU 2, K KOTOPOM NpUCOEAUHEH
npueMHuk 6. [llnuder npubopa mOMKHBEI OBITh IPOMa3aHbl CMa3KOM,

HEPACTBOPUMOW B  MEPETOHSEMOW  KUJAKOCTH. [IpuemHHKamMu  ciyar



npunuii@oBaHHbIE KOJIOB eMKOCThIO 15—25 mut. Tepmomerp (¢ meHOU neneHus
0.2— 0.5°C) ycTaHaBIMBAaIOT TaK, YTOOBI €TI0 MIAPHK HAXOTMICS HA 1—2 CM HHKE
OOKOBOH TPYOKH.

KpaH rojloBKM NOJHOM KOHIECHCALMH JIEPKaT 3aKPBIThIM, YTOOBI KOJIOHKA
paboTtana Cc MOJHBIM OpolleHueMm, 0e3 oToopa nuctuwiuisTa. Heobxoaumo narhb
KOJIOHKE «3axJICOHYThCS» — 3aIOJIHUTh EHTPAJIbHYIO0 TPYOKY M YacTh T'OJOBKHU.
Takum 00Opa3om, U3 HACAIKH yIaIseTCs] BO3IYyX M BCSI OHAa CMaduBaeTcsl uerMoi
u napom. [Ipu «3axyeObIBaHUK» KENIaTeIbHO PEryJIMpOBaTh HAarpeB KOJIOBI Tak,
YyTOOBI 0 MOSIBJIICHUS KUJIKOCTH B rojioBke mpouuio 15—20 mun.  Yepes 5—
10 MuH mocne  «3axJieObIBaHUS» YMEHBIIAIOT HarpeB KousiObl. IlomnepkuBas
ci1aboe KUIEHUE KUAKOCTU B KOJIOE U HE MpeKpaliasi OpoOILEHHUs, JalT CTeYb
U30BbITKY (piierMbl B KOJIOY.

3aTeM YCTaHABJIMBAKOT ONTUMAJBHBIM peXUM mneperoHku. [1o
JOCTH)KEHUH PABHOBECHS 3aIIMCHIBAIOT TEMIIEPATYPy KUIIEHUS KUIKOCTH, U CJIETKA
OTKpPBIBAIOT KpaH s oTOOopa aucTwuiATa. [Ipu oTOope AUCTHILIATA HYKHO HE
TOJILKO TOJJCPKUBaTh B  KOJIOHKE PpEXUM, OJM3KUA K TOJBKO YTO
YCTaHOBJIIEHHOMY, HO U CJEAHMTh 332 COOTHOIIEHHEM OPOILIEHHUS, BO3BPAILIAEMOI0 B
KOJIOHKY, W JAUCTWIATA, OTOMpaeMoro B MPHUEMHUK, 3a OJWH M TOT XKe
OpPOMEXYTOK BpeMeHH. /[l Xopomiero pasfeneHus BakHO, YTOOBI 3TO
COoOTHOIIIeHHE ((PIETMOBOE YHUCIIO) OBLIO BHICOKMM, HO YTOOBI KOJIUYECTBO (PJ1erMbl
HE JOCTUTAJIO BEJIMYUHBI, TP KOTOPOU KOJIOHKA HAUMHAET «3axJieObIBaThes». Jis
OOJBIIMHCTBA MPOCTEUIINX KOJOHOK ONTHUMAIbHOE (JIErMOBOE YHUCIO JOJIKHO
nexath B uHTepBane 20:1 - 45:1.

[leperonky BeayT 10 3aJaHHOW TIyOMHBI OTOOpaA, MOCJIE YEro OTCTaBISIOT
KOJIOOHAarpeBaTesb, JAlOT KUIKOCTH OXJAIUThCS W CTedb B Koj0y. Komnly
OTCOEIOUHSIOT OT KOJIOHKM M B3BeMMBAalOT. CyMMHPYIOT MAacChl OTOTHAHHBIX
bpakiuii ¥ ocTaTKa U BBIYUCIAIOT OTEPH NpU neperonke. OObIYHO UX OTHOCST K
Macce mnepBoi ¢pakumu. B kaxaoil u3 Qpakuuil B JanbHEHIIEM ONpeAessitoT

IMOoKa3aTcJib IIPCIIOMIICHUA U, CCIIN Tpe6yeTC$I, IIJIOTHOCTB.



[Ipu pa3aeneHun yrieBOAOPOJIOB MEPETOHKON CIEAYET BBIACIATH (QpaKuu
B MpaBWIbHBIX TEMIIEpaTypHBIX HHTepBajax. Ecimu QpakunoHupoBanue
OCYUIIECTBJISICTCS JUIsl BBIACJIICHUS 3apaHee HAaMEUEHHBIX COCIUHEHUN C yKe
U3BECTHBIMHM TeMIIepaTypaMu KHIICHHsS, TO TpH TEpBOM MEperoHke (pakuuu
OTOMpAIOT Tak, 4TOObl UX HU3IIHWE U BBICIIME MPEAeNbl OTCTOSIIA OJIMHAKOBO OT
TOYEK KHUIIEHUSI COOTBETCTBYIOIIMX YHCTBIX BemlecTB. [lonBeprasi BblJeiICHHBIC
dbpakuuu MOBTOPHOMY (PPaAKIIMOHUPOBAHHIO, TEMIIEPATYPHBIC TIPEACIBI BCe Ooee
CY)KaloT, Moka He OyAyT JOCTUTHYThl TOCTOSIHHBIE TOYKH KumeHus. Ecim ke
HEebl0 (DPAKIMOHUPOBAHUS SIBJIAETCS BBIJEICHHE BO3MOXKHO OOJBIIEr0 4Hciia
WHIUBUYYMOB, TO NIpU MEPBBIX MEPEroHKax oTOMparoT gpakuuu B npeaenax 10
i 5°C.

OT10op aucTHILIIATA

OTOop IUCTHILISTA MOXHO HPOBOAMUTH HEIMPEPHIBHO, NEPUOAMYECKU U
CMEILIaHHBIM CIIOCOOOM.

HenpepoIBHBIN 0TOOP IMCTHILIATA

[Ipu sTom crocoGe cierka OTKpBIBAIOT KpaH JUIsi OTOOpa JUCTHILIATA Y
TOJIOBKH TaK, YTOObI YCTAHOBUTD 3apaHee 3aJaHHOE (DIErMOBOE YHUCIIO.

OTtcuer Temmepatypbl HPOU3BOAAT uepe3 paBHbIE OOBEMBbI HUCTUILIATA.
Benuuuny (aermMoBoro 4mcia yMEHbBIIAIOT, YBEIMUYMBAas CKOPOCTh OTOOpa
JUCTUIIATA, €CIU B MPUEMHHUKE COOMpAeTcs MHAMBUAYaIbHOE BELIECTBO (WK
azeoTponHas cMechb). [Ipu3HaKOM 3TOro SIBJASETCS MOCTOSHCTBO TEMIIEPaTyphl
NapoB B TOJOBKE IOJHOM KOHJEHCAllMM B T€YEHHUE HEKOTOporo BpemeHH. llpu
nepexone oT ¢pakiuu K ¢pakuud (GIErMOBOE YHCIO ONSTh YBEJIWYHBAIOT,
yYMEHbIIasi CKOPOCTh 0TOOpa TUCTHILIATA. DTO MPOLIECC HA3BIBAETCS «OTKUMOM)
bpakuuu.

Iepnoanyeckuii 0TOOP AMCTHILIATA

[Ipu sTom crocobe mepuoguvecku Ha 1—35 CeK. MOJHOCTBIO OTKPHIBAIOT
KpaH il 0TOOpa JUCTUJUIATA, CIYCKAIOT B MPHUEMHHUK HEOOJBIIOE KOJIMYECTBO
nocneaHero (uHorna 1—2 kamuu) W 3akpbiBalOT KpaH. OTOOp AucTWLUIATA B

I[aJ'II)HCI‘/’IIHCM IIPOU3BOAAT TaKHUM IKC CIrocooom 4epe3 paBHBIC IIPOMCEKYTKH



BpEMEHH, OTOMpasi KaKIbplii pa3 OJUHAKOBOE €ro KOJIMYecTBO. Temmeparypy u
00BEM TUCTUILISITA OTCYUTHIBAIOT HEMOCPEACTBEHHO MEepe] OUepEAHBIM OTOOPOM.

@dierMOBOE YMCIIO MPU ITOM OINPEACISIIOT MO OTHOIICHUIO YHCIIa Karelb,
NajaroluX B KOJOHKY 3a U3BECTHBII MPOMEXYTOK BPEMEHH, HE MEHBIINN, YEM
TpeOyeTcss Il TOTrOo, 4yToObl 5 pa3 oToOpaTh MUCTUIUIAT, K YHUCIY Karellb,
najalolux B MPUEMHUK 3a TOT K€ NpoMexyTok. [lpu mepuomuueckoM orbope
¢dierMoBo€ YHCIIO BapbUPYIOT W3MEHEHHEM OTHOIICHHUS BpPEMEHH, B TEUCHHE
KOTOPOTO KpaH 3aKpbIT, KO BPEMEHHM, B TE€UECHHUE KOTOPOrO KpaH OTKPHIT. [l
YMEHBUIEHUS (PIIETMOBOTO YMCIIA JKEJATENBHO Yallle OTKPhIBATh KPAH Ha KOPOTKUMN
IIPOMEKYTOK BPEMEHHU, YEM YIJIUHATH MPOMEKXYTOK BPEMEHH, B TEYEHUE KOTOPOTO
KpaH ObIBAa€T OTKPHIT.

OTxuM (ppakuuii Opu NEPUOJUYECKOM OTOOpE AMCTHILIIATA MPOU3BOAST
cienyomuM obpazoM. OTKpbeIB KpaH, OTOMpalOT HEOOJBIIOE KOJUYECTBO
JUCTWIIIATA. Tak Kak IpU 3TOM YJAISAETCs 4acTh JIETKOJIETYYEro KOMIIOHEHTA, TO
paBHOBECHE B KOJIOHKE HapyllaeTcsi U TeMIeparypa Iapa B TOJOBKE HAYUHAET
yBenuuuBaThCsA. Korma kpaH BHOBb 3aKpbIBalOT, B KOJIOHKE ITOCTENEHHO BHOBB
yCTaHABJIMBAETCA COCTOSHHE pABHOBECHS, M Tap B TOJOBKE oOoramaercs
JIETKOJIETYYMM KOMIIOHEHTOM; TeMIlepaTypa mnapa IMpH 3TOM MOHWXkaetrcs (10
HekoToporo nmpexena). Korma temmeparypa yCTaHOBUTCS, BHOBb OTOMpPAIOT
JTUCTUILIIAT.

CMemaHHbI#i c10c00 0TOOpPAa TUCTHILIIATA.

[leperoHky OTAENbHBIX (paKUUi MPOBOIAAT MO CHOCOO0Y HENPEPHIBHOIO
oTOOpa AMCTWILIATA, a NpU mepexoAe OT (pakiuu K (pakiuuu MnpuderamT K
NEPUOANYECKOMY OTOOPY AUCTUILIATA, OTKUMAs» (PPaKIUIO.

IIpumep 3anucu u pacuema

®pakimoHupoBanne cMecu (yriaeBOJAOPOIOB UM HEPTH).

Macca ko005l ¢ IPOTYKTOM, T .

Macca nmycrtoi KoJiObl, T.

Hagecka, r Heprenmpomykra

No TKHH‘OC Macca, T Brixon, n?




[Tpuemnuka % bpakiuu
Opakuuu
[IycToro | c mpoaykrom

1

2
U T.J.
Ocrarok
[Torepu

[Ipy ppakuMOHUPOBAHMU CMECH JBYX YTIJIEBOJOPOAOB HAONOIAETCA Pl
OPOMEXYTOUHbIX (ppakumil. OHU cojepkaT cMech OOOMX KOMIIOHEHTOB.
[IpouieHTHOE CcolepKaHNE KOMIIOHEHTOB B MPOMEXKYTOYHON (PPAKIIMU MOKET OBITH
ONPEJEICHO Ha OCHOBAaHMM IIOKa3aTeJled NpPEIOMJIEHUS CMECH M YHCTBIX
YTJIEBOJIOPOIOB MO popMyJie:

N eyeen = N 1X+ N5 (100 — x)

IJIe X — COJIepKaHUE OJJHOTO U3 KOMIIOHEHTOB, %o.

3apanue 1. IlpoBectu dpakuumonupoBanue Hedtu. OnpenenuTb
CoJlep)KaHUE HUBKOKHUIIAMUX ¢Gpakuuii HEPTH U MOKa3aTeslb MPETOMICHHUS
K101 (ppakiuu.

3ananue 2. IlpoBectu (dpakimOHUpPOBAHHE CMECH  YTJIEBOJOPOJIOB.

OrnpenenuTs NPOIEHTHBINA COCTAaB CMECHU YTII€BOIOPOIOB.

JIABOPATOPHAS PABOTA Ne 2

Ouncrka HedTENPOAYKTOB OT apOMAaTH4YeCKHUX YIJIEBOAOPOAOB
aacopOuueii Ha aaACOPOLMOHHON KOJIOHKeE

[Ipy wu3yyeHHMM XUMHYECKOTO COCTaBa YTIIIEBOAOPOJOB BaXHOE MECTO
OTBOJIUTCSl XpOMaTOrpauyecKuM METOAaM HUCCieoBaHus. beH3uHoBbIe (Ppakiuu
pa3AeISIIOT Ha TPYIIIBI YIIEBOJOPOIOB MIPU MOMOIIU KUJIKOCTHO-aJICOPOILIMOHHOM
xpomaTorpadum, Jaiie Ha3bIBaeMOM IPOCTO ajcopOrmoHHoN. [ uccinenoBanus
WHJMBUAYAJTBHOTO XMMHUYECKOTO0 cOcTaBa (pakiuii (0COOCHHO HHU3KOKHIISIIIHX)

94acTO MPUMEHSETCS Ta30)KUAKOCTHAsA XpoMaTorpadus.



AACOpOLIMOHHBIA  aHalM3 OCHOBAaH Ha CIOCOOHOCTH  aJCOpPOEHTOB
n30upaTeabHO M3BIEKAaTh M3 CMECE COCTUHEHHs OMpPENCICHHBIX THMOB. [l
pasleNeHns  yrieBOJOPOAOB NPHUMEHSAIOT pa3jiMyYHble aJCOPOCHTBI: OKHCH
AIFOMHUHMSI, aKTUBUPOBAHHBINA yTOJb, CUJIMKArelb U Ap. Yalne BCero UCHOIb3yIOT
CWJIMKAreib. ApPOMaTHYECKUE YIJIEBOAOPOJbl 0OJie€ MPOYHO YAECPKUBAIOTCA Ha
HOBEPXHOCTU aJcopOeHTa, yeM napapuHoBble U HapTeHOBBIE. [Iponmyckas cmech
YIIEBOJIOPOOB CBEPXY BHU3 MO KOJIOHKE C a/ICOPOECHTOM, OOBIUHO C J0OaBICHUEM
pacTBOpUTENIS, BBIACIAIOT U3 KOJIOHKM BHaudaje NapauHOBblE M Ha(TEHOBBIE
yIIEBOAOPOAbI, a 3aTeM apoMaruyeckue. st BhIIEICHHBIX (pakuuid U3MEPSIOT
00BeM M HCCIEAYIOT (OMPENENSIOT HaTW4Yhe apOMAaTHYECKUX YIIJIEBOJOPOJIOB,
1OKa3aTeNb MPEJIOMIICHUS, aHWIMHOBYIO TOUKY U T.IL.).

[Ipu apcopOLMOHHOM pa3feneHud OCH3MHOBBIX (pakUUi MPUMEHSIOT JIBa
TUIIA  PAcCTBOPUTENEH:  BBITECHSIOINIME M  CMellarolue. BeiTecHstonme
pacTBOPUTENN — CHUPTHI ( U30IPONUIIOBBIM, 3TUIOBBINA, METUIIOBBIN) — aJcop-
OUpYIOTCSI CHMJIbHEE KOMIIOHEHTOB OCH3WHA W BBIJCISIIOTCS W3 KOJOHKU BCIET 3a
apoMaTHYECKUMHU YIJIEBOAOpPOJaMHU. B 3ToM ciyyae Henb3sl JOCTUTHYTH MOJIHOTO
pazneneHuss OeH3WHAa Ha JABe  (QpakuMu—  napauHO-HaPTEHOBYO U
apoOMaTHUYECKYIO, TaK KaK OHHU JIBIKYTCS 1O KOJIOHKE BIUIOTHYIO JPYT K APYTY.
[TopToMy  mpuUXOAMTCS  e€me  OTOMpaTh  NPOMEXKYTOUHYIO  (paKIluio,
MPEACTABIAIONIYIO cO00M ux cmech. CMmemaromue (pa30aBisonne) pacTBOPUTETU
— TIGHTaH, U30MEHTaH — OJIU3KU MO aJcOopOrpyeMOoCTH K napapuHo-HaADTEHOBOM
¢bpaxuu. Takwe pacTBOPUTENHM CMEUIMBAIOTCS B KOJOHKE C YTJIEBOAOPOJIaMHU,
MIOCTETIEHHO JecopOmpysl MX M 3acTaBiss JBUTAThcsl BHU3. Eciam Beienm 3a
CMEILAIONIUM PAcTBOPUTENEM (M30MEHTAaH) BBECTU B KOJOHKY BBITECHSIOLIMI
(MeTaHo, ATAaHOd), TO MOXHO OTACIUThH MapapuHO-HAPTEHOBYIO (pakiuo 0e3
orbopa nmpomexxyTouHoi. M3Mepsisi mokazaTenb NpeloMiIeHUus (UIbTpaTa, MOXKHO
OOHApYXUTh KOMIIOHEHTBI CMECH B TaKOW IMOCIIEAOBATEIbHOCTA: MNapaguHbl +
HadTeHbl —> mapapuHbl + HapTeHbl + U30MEHTaH —> W30MNEHTaH -+
apoOMaTHYECKHUE yTICBOJOPOABI > METaHOJI + apOMaTHYECKHE YTIIEBOJOPOIbI

—>  MeraHoJ. @Opakuuum  napaduHO-HAQTEHOBBIX U apOMaTHYECKHUX



YIJIEBOJIOPOAOB BBIICISIOT W3 (uiabTpaTa OTrOHKOM u3omeHTaHa. ®dpakuuio
apOMaTUYECKHUX YTJIEBOJAOPOJIOB OTAEISIOT OT METAHOJIA TPOMBIBKOM BOJIOM, IOCIE
yero ooe3BokuBaoT CaCl, 1 MeTaIuIM4ecKuM HaTPUEM.

JUiss OeH3uMHOB, cojepkamux A0 15 o0bemMHBIX % apoMaTHYECKUX
yIIEBOAOPOAOB,  YAOOHO  TPUMEHSATh  aJACOPOIMOHHOE  pasliefieHue ¢
BBITECHSIIOIIUM PACTBOPUTEIEM U OTOOPOM MPOMEKYTOUHOU (pakuuu, npu Oosee
BBICOKOM COJIEpKaHUHU B OEH3MHE apOMaTUYECKUX YTIEBOJAOPOIOB PEKOMEHIYETCS
pasziefeHue TMpu  [OMOIIU CMEIAOMIEH KHUAKOCTH +  BBITCCHSIOUTHMA
pPacTBOPUTEITb.

IIpuOopsl, peakTUBBI, MATEPHUAJIbI

Hccnenyemblii HEPTENPOAYKT WIM CMECh, CTEKJISHHas KOJIOHKa (puc. 3)
BbicoTOoM 200 MM, auametrpoM 8—10 MM C BOpPOHKOW Jis MOJCAAKUA IPOOBI,
pedpaxTtomerp Tuna MP®D, u30nmponuioBblil CIUPT WM TMEHTaH (MU30IEHTaH),
ancopoeHt — Al,Os,, MepHbBIe IMITUHAPB  (TPaAyHUpOBaHHBIC MPOOMPKU) C IICHOM
nenenns 0.1 muL

Ilposedenue ananuza. KONOHKY 3amofHAIOT  CyXUM  aJCOPOCHTOM,
VKPEIUISIIOT B INTaTHBE, HABEPXY 3aKPEIUISIOT NETUTENbHYI0 BOpPOHKY 1 mins
NOJICaAKU MpPOObI M JJIOEHTA, TOJ HWKHUN KOHEl KOJOHKM 2 TOJBOJAT

rpagyrupOBaHHYIO MPOOUPKY 3.

Puc. 3. AncopOuroHHasi KOJIOHKa
1 — nenuTenbHAs BOPOHKA,

2 — KOJIOHKA C aJICOPOCHTOM,

3 — rpagyupoBaHHas MpOOHpKa.

Uccnenyemyto (ppakinio B KOJTMYECTBE 5 MIT 3AJIMBAIOT B KOJIOHKY U TIOCIIE
TOTO, KaK OHa IMOJHOCTBbIO BIMTAETCS B aJCOPOEHT, N00aBIAIOT B KayeCTBE

necopoupyromei kuakoctd 15-20 mur m3omponwmioBoro crnmpra. CHauana u3



KOJIOHKM Oy/JeT BBIXOJUTh HACHIIEHHAs (AJTKAHO-IMKJIOAIKAHOBAs) YacTh
uccienyeMor ¢pakiuu, koropas aacopoupyercs Al,O; menee npouno. [lepByro
nopuuio oTouparoT B KojaudectBe 1 mi, a Bce nocieayromue — mo 0.5 mi. Jlns
KKI0M 0TOOpaHHOM (PpaKIuu ONpeAesioT MmoKa3aTeab mpeaoMiIeHus. Opakinm,
OTIIMYAlOUIMecss MO TOoKa3aTento mpenomiieHus He Oonee uvem Ha 0.0005
CMEIINBAIOTCS.

[TossBneHne apeHOB 3aMedaroT 1o (HOPMAIMTOBOM pEaKIuu: B
npoOupky nomemaroT 1 mi 98 %-it OecliBETHOM CEpHOM KUCIIOTHI, T00ABISIIOT 2—
3 xarmu 10 %-ro pactBopa (hopMaliMHA U CTOJIBKO ke mpoaykTa. [Ipu oTcyTrcTBHM
apeHOB CMECh OCTaeTcs OECIUBETHOM WM Clerka >XeiuTeeT. Spko-KpacHoe

OKpalllMBaHUC YKA3bIBACT HA ITIOABJICHHUC B 0T06paHHOﬁ (1)paK]_II/II/I apCHOB.
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OmnpeaesieHne IJIOTHOCTH, KMHEMATHYECKON BS3KOCTH M IOKa3aTessi
npesjomieHus1 HepTenpoayKToB

|. IloaroroBka k aHaAu3y. YaajleHHe MeXaHUYECKUX MPUMecei

MexaHuueckue MpPUMECH COJAEpXk aTcs B ChIpod HedTH B BUAE NECKa,
IJIMHACTBIX MUHEPAJIOB U Pa3JINYHBIX COJIEH, KOTOPbIE HAXOAATCS BO B3BEILIEHHOM
cocrostHud. IIpu nccnenoBanusx HeTei O0MbIIOE COAECPKAHUE MEXAHUYECKUX
npumecei MOXET B 3HAYUTEIbHOM CTENEHH IMOBIUATh Ha MPaBUIBLHOCTb
ONpENENEeHUs] TaKUX IIOKaszarejled, Kak IUIOTHOCTb, MOJIEKYJIIpHAs Macca,
KOKCYEMOCTb, COAICpKAHUE CEpPbl, a30Ta, CMOJMCTO-ac(haTbTEHOBBIX BEIECTB
U MUKpoasieMeHTOB. B mpouecce nepepa®oTku HepTH B HEDTENPOIYKTHI MOTYT
[OMAacTh MPOAYKTHl KOPPO3WH ammapaToB U TpyOONpPOBOJIOB, MeJIbUaMIIUe
YacTUI[bl OTOEIMBAIOLIEH TIMHBI, MUHEpAIbHbIE COJIM. 3arpsi3HeHue HedTH u
He(PTENPOAYKTOB MOXXET MPOUCXOAWTh TAaKXKe IPU XPAHEHUU W
TPaHCIIOPTHUPOBKE.

Mexanuveckue MNpUMecCH B TOIUIMBE MOTYT TMPUBECTH K 3aCOPEHUIO
TOIUTUBOMNPOBOJIOB, (PHIIBTPOB, YBEJIWYEHHIO H3HOCA TOIUIMBHOM ammaparypsbl,

HAapyYIICHUIO IIMTAaHUSA ABUTATCIIA. OTH Xe MpuUMECH B MaACIaX W CMA3KaX MOI'YT



BbI3BaTh 3aKyHNOPKY MAacJONpOBOJOB, TIOJOMKY CMa304HOM amnmaparypsl,
oOpa3oBaHME 33 IUPOB HA TPYIIUXCS TOBEPXHOCTSIX.

N3 mexanumdeckux mpumeced HauOoyiee OMACHBIMU SBJISIOTCS TIECOK U
JIPYTUE TBEPBIE YACTULIBI, ICTHUPAIOIINE METAUIMYECKUE TOBEPXHOCTH.

Meronabl ormpezenieHdss OOIIEro CoAepkKaHUS MEXaHUYECKHX MpUMecei
OCHOBaHbl Ha CIOCOOHOCTH BCE€X OpPraHWYECKUX KOMIIOHEHTOB HE(TH
pacTBOPSATHCS B OPraHUYECKUX pAcTBOpUTENsIX. HepacTBOpUBIIMICA OCTaTOK,
3aJiep)KUBaeMblii  GUIBTPOM TMpu  (UIBTPOBAHMM pacTBopa HedTH WM
He(TENPOAYKTa, U XapaKTEPU3yeT COACPKAHNE B HUX MEXAHUYECKUX MMPUMECEH.

[lepen HavyasioM TPOBEACHUS AHATUTUYECKUX pPabOT CIeAyeT OYHUCTUTh
HEPTh U HEPTENPOIYKThl OT MEXAHUYECKHX INpUMeceil OOBIYHBIMH METOJIaMHU
(GuUIBTPOBAHMUS.

II. IlnoTHOCTH

[I10THOCTBIO Ha3bIBAaeTCS Macca E€IUHMUIBI 00beMa BemiecTBa (HedTH,
Hedrenponykra). Enunuiieit minotnoctu B cucteme CU saBnsiercs Kr/M°.

B ncciienoBaTenbCKkoil IPAKTUKE ONMPEAEIIETCS OTHOCUTENBHAS TUIOTHOCT.
OTHOCHUTENIBHOM TIJIOTHOCTHIO HA3bIBAETCS OTHOLUEHUE IUIOTHOCTH HE(PTH WIH
Hedrenpoaykra npu 20°C K IJIOTHOCTH TUCTUUTMPOBAHHON BOJBI (ITAJOHHOTO
BemecTBa) pu 4°C, T. €. oTHOIIeHHE Macchl HeTH unn HedTenpoaykTa mpu 20°C
K Macce Takoro e o0beMa IUCTUUIMPOBAaHHON BoAbI MpU 4°C. OTHOCUTENIBHYIO
IJIOTHOCTh OOO3HAYaIT pP. YMHOXXHUB 3HAYEHUE OTHOCUTEIBHOM IUIOTHOCTU Ha
1000, MOXKHO TOTY4YUTP IOTHOCTH B K/M. II10THOCTD HebTH U HedTEnpOTyKTa
3aBUCHUT OT TEMIIEPATYPHI.

3HaveHHe NVIOTHOCTH AJISl XAaPAKTEPUCTHUKH HeTed U He(PTenpoaAyKTOB

[In0oTHOCTH TNPUHAANEKHUT K UHUCITY Haumbojee pacrmpoCTPAaHEHHBIX
nokasareyield, MPUMEHSAEMbIX MpPH HUCCIENOBAHUM HePTEeH U HEPTEHPOIyKTOB.
Oco0oe 3HaueHHue 3TOT MOKa3aTeslb UMEET MPU pacdyeTe Macchl HEPTENPOIYKTOB,
3aHUMAIONIUX JIaHHBII 00BEM, U, HA000POT, 00BeMa HEPTEIPOTYKTOB, UMEIOIINUX

OIMPCACICHHYIO MAcCCy. DTO OYeHb BaXXKHO Kak AJIs1 KOHCTPYKTUBHO-PACYCTHBIX



UCCIIEIOBAaHUM, TaK W JUIsl MPAKTHUYEeCKOW paboThl Ha MecTaxX NPOU3BOJICTBA,
TPAHCTIOPTUPOBKH U MOTPEOIeHNUS HE(DTETPOIYKTOB.

Ecnu npuHsATh, BO BHUMaHHUE, YTO OCHOBHAsI Macca HETEMPOIYKTOB MalaeT
Ha JIOJII0 YIJIEBOJOPOOB, a MOCJEIHHE B MOJABISIONIEH YaCTH COCTOSAT U3 TPEX
OCHOBHBIX KJIAaCCOB — MapaduHOB, HAPTEHOB U apOMATHUYECKUX YTJIEBOJIOPOIOB,
3aMETHO pPAa3JIMYalOMIUXCS [0 BEJIUYHMHE IUIOTHOCTH JUISi COEJUHEHHH C
OJIMHAKOBBIM YHCIIOM aTOMOB B MOJEKYJ€, TO MOXXHO CJEJIaTh BBIBOJ, YTO
BEJIMYMHA TJIOTHOCTU OyJET J0 MU3BECTHOM CTENEHU XapaKTEPU30BATh HE TOJIBKO
COCTaB M MPOUCXOKACHUE MPOAYKTA, HO TAKXKE U €ro KauyecTBO.

B camom gene, nmnpu NpouMX paBHBIX  IOKAa3aTensix  KadecTBa
HEe(TENPOAYKTOB MOXKHO CUMTaTh, UYTO OOJ€e BBICOKAs IJIOTHOCTh yKa3bIBAaeT Ha
OoJbIIee COEPKAHUE APOMATUUECKUX KOMIIOHEHTOB, a 0OoJjiee HH3Kasg — Ha
Oonblliee  CcOAEpKAHUE YIIEBOJOPOAOB M C AITHUM IOJIO)KEHUEM MPUXOTUTCS
CUMTATHCS HE TOJIBKO B IpOLECCe MPOU3BOACTBA, HO U B IMpoLEecce NOTPeOIeHHUS
HE(TENPOTYKTOB.

OKCNEPUMEHTAIBHO TUIOTHOCTh HedTH (HEPTENpoayKTa) OMPEAEIsIOT
OMHUM W3 TPEX CTAaHIAPTHBIX METOJOB: apeoMeTpoM (HEPTEeISHCHUMETPOM),
ruapocTaTuueckumMu Becamu Bectdans — Mopa u nukHOMerpoMm. M3 Hux
HanOoJiee OBICTPHIM SBJSIETCS apEOMETPUYECKUN METOJ, a Haubojaee TOYHBIM —
NUKHOMETpUuYecKuid. I[IpenMymecTBoM NHKHOMETPUYECKOTO METO/AA SIBISETCS
UCIIOJIb30BaHUE CPABHUTEIBHO MaJIbIX KOJMYECTB aHAIU3UPYEMOU MPOOHI.

OmnpeneJieHue NJIOTHOCTH MUKHOMETPOM

IIpubopsbl, peakTUBbI, MATEPHUAJIBI

[TukHOMETp, XpOMOBasi CMECh, BOJA TUCTUINIMPOBAHHAS, STUJIOBBII CIHPT,
numeTka, Oymara QpuibTpoBaibHasl.

CraHmapTHOM TeMIiepaTypou, Ipu KOTOPOH OMpeesieTCsl IIIOTHOCTh HeTH
U HEPTENPOIYKTa, SBISICTCS 20°C. JIyns ompemeneHHs IUIOTHOCTH TPHMEHSIOT
CTEKJISTHHBIE TTMKHOMETPBI C METKOW U KaNWJUIIPHOM TPYOKOM paziuyHON €MKOCTH
(puc. 4). Kaxplil KOHKpPETHBI MHUKHOMETP XapaKTEpU3YETCS TaK Ha3bIBA€MbIM

o 0
«BOJHBIM YHUCIOM», T. €. MAaCCOU BOJBI B o0beMe JaHHOI'O IIMKHOMETpa Ipu 20°C.



Puc. 4. ITukHoMeTpbl

1 — nuxHOMeTp BbupoHa,

2 — MUKHOMETP C METKOM,

3 — MTUKHOMETP c

KAWL POM.

Ilepen  ompeneneHneM  BOAHOTO  YWCIA  MUKHOMETP  MPOMBIBAOT
MOCIIEIOBATEILHO XPOMOBOM CMECHIO, AUCTHIUIMPOBAHHOW BOJIOM, 3TUIIOBBIM
CIUPTOM M cymiaT. YUCThI U CyXOWl MUKHOMETP B3BEUIMBAIOT C TOYHOCTBHIO JI0
0.0002 r. C moMONIbIO MNUIETKU HAIMOJIHSAIOT MUKHOMETP AUCTUIUIMPOBAHHOMN
CBEXKEKHUIITUCHONM M OXJAXIACHHOW JO0 KOMHATHOM TEMIIEPATypbl BOJOH
(MUKHOMETPHI ¢ METKOW 3aMOJIHSIOT MO BEpXHEMY Kparo MeHHCKa). [IukHOMeTp ¢
YCTAaHOBJIEHHBIM ypoBHEM BOJbI npu 20+0,1°C TmaTtesbHO BBITUPAIOT CHAPYXKU U
B3BEIINBAIOT C TOYHOCTHIO 10 0.0002 r.

Boanoe uncino M nukHOMETpa BBIYUCISIOT TTO (hopMyJie:

m=m,-m;

rae M;, M, — Macca MMKHOMETPa € BOJIOM U ITyCTOr0, COOTBETCTBEHHO, T.

[InotHocTs HedTn (HedTenpoaykra) ¢ BsiskocTsio mpu 50°C He Gomee 75
MM?/C  ONpENENSIOT claeayromuM o06pasoM. CyxXoll © YHCTBI HKHOMETD
HaITOJHSIOT C TIOMOINBIO THIIETKA aHAIM3UpyeMol HedThio (HePTEHmpo yKTOM)
npu 18-20°C (ypoBeH» HedTENPOIYKTOB B MHKHOMETPE YCTAHABIHBAIOT 110
BEpXHEMY Kparw MEHHCKa), CTapaschb HE 3aMa3aTb CTEHKU [HKHOMETpA.
[TUKHOMETP C YCTAaHOBJIEHHBIM YPOBHEM TILATEIBHO BHITUPAIOT M B3BEIIMBAIOT C
TouHocThI0 70 0.0002 .

«Bugumyro» mioTHOCTh p' aHanmm3upyemon Hedtn (HedrempomykTa)
BBIYUCTISIIOT IO popMmyJie:

p' = (Mz—my)/ my



rae M3z — Macca nMuKHOMETpa ¢ HePpThio (HeTenmpoayKkTOM), T'; M; —Macca
MyCTOT0 MUKHOMETPA, T'; M, — BOAHOE YHUCIIO MUKHOMETPA, T.

«BHINMYO» TIOTHOCTB IEPECUUTHIBAIOT B ILIOTHOCTD Ps°° 10 (opMyIe:

p.2° = (0. 99823 - 0.0012) p' + 0.0012 = 0.99703 p’ + 0.0012

Boluucnennsle mo 3Toi ¢dopmysie MONPaBKU K «BUAMUMOW» IUIOTHOCTH
npuBeneHsl B Tabw. 1. JIIs MOTydeHMs IUIOTHOCTH P20 aHATH3HpyeMoil HedTH
(HedrenpoayKkTa) MOMPaBKY BBIUUTAIOT W3 3HAUCHUS «BUAUMON» IUIOTHOCTH.
Pacxoxenne Mexay mnapaiebHbIMU OINPEACICHUSIMU TUIOTHOCTH HE JIOJIKHO
npesbimath 0.0004.

Cnemyer wuMeTh B BHAY, YTO pE3yldbTaThl OMNPEACICHUS IUIOTHOCTH
UCKaXalOTCs MPU HAJMYMKM B UCXOAHOM mpoOe HepTH (HedTenpoayKTa) BOABI U
MEXaHUUYECKUX IPUMECEH.

Ta6numa 1. [TonpaBku K «BUAUMOI TIIOTHOCTH

«Buanmas» [Tompas «Bunumas»
[TorpaBka
IJIOTHOCTH P ' Ka TJIOTHOCTH P '

0.6900— 0.0009 0.8500—0.8599 0.0013
0.7000— 0.0009 0.8600—0.8699 0.0014
0.7100— 0.0009 0.8700—0.8799 0.0014
0.7200— 0.0010 0.8800— 0.8899 0.0014
0.7300— 0.0010 0.8900—0.8999 0.0015
0.7400— 0.0010 0.9000—0.9099 0.0015
0.7500— 0.0010 0.9100—0.9199 0.0015
0.7600— 0.0011 0.9200— 0.9299 0.0015
0.7700— 0.0011 0.9300—0.9399 0.0016
0.7800— 0.0011 0.9400—0.9499 0.0016
0.7900— 0.0012 0.9500—0.9599 0.0016
0.8000— 0.0012 0.9600—0.9699 0.0017
0.8100— 0.0012 0.9700—0.9799 0.0017
0.8200— 0.0013 0.9800—0.9899 0.0017
0.8300— 0.0013 0.9900—1.0000 0.0018
0.8400— 0.0013

rae 0.99823 3nauenue miotHoctd Boabl npu 20°C; 0.0012 — 3HaueHue
riotHocTH Bo3ayxa nipu 20 °C u nasnenuu 0.1 MlIla (760 mm pr. cT.).

I11. IToka3aTens mpesioMJIeHUS

[Tokazarenpy mpenomiieHus: (K0dPOUIIMEHT pedpakiiuv) TaKXKe SBISICTCS

OJIHOM M3 OCHOBHBIX XapakTepucTUK HedrenpoaykroB. OH XapakTepU3yeT



CIIOCOOHOCTHh HEPTENPOYKTA MPETOMIISITh TATAFOIINI Ha HETO CBETOBOM my4d. [Ipu
3TOM, OTHOIICHHE CHHYCa yTja MaJeHus Jy4ya K CHUHYCY yIJia MpeloMIICHUs JTyda
JUISL  KaOKI0ro HedTemnpoaykTa TMOCTOSHHO UM Ha3bIBaeTCs  IOKaszaTesieM
npenomiieHusi. OmnpeneneHne MokasaTelns MPEIOMIICHHsT OCHOBAaHO Ha SIBJICHUU
NpEeNeNbHOTO YIJIa, MPU KOTOPOM HACTyNaeT IMOJHOE BHYTPEHHEE OTpa)KCHUE.
[lokazaTenb NpPEeNOMIICHHS ONPEESISIOT € IOMONIbI0 MpUOOpa, KOTOPbIN
Ha3bIBaeTCs pedpakToMeTp.

[TokazaTenb MpeIOMIICHUS 3aBUCUT OT TEMIIEPATypbl U JJIMHBI CBETOBOM
BOJTHBL. UeM OoJipllie IJMHA BOJIHBI CBETOBOTO JIyda, TEM MEHBIIE TOKa3aTelhb
IPETOMIICHUSI.

[TokazaTenb mnpenomiieHuss HeDTENPoayKTa OOBIYHO OMNPENESIoT IS
KenTou TuHUM HaTpus ripu 20 © U COOTBETCTBEHHO 0003HAYAIOT n“p,

[To mokazaresnto MpeOMIICHUSI MOKHO OIIEHUTh YUCTOTY WHIWBHUIYaTHHOTO
YTIEBOA0PO/Ia, YIIIEBOJOPOAHBINA cocTaB HedTaHOU (pakiuu. U3 yrieBomnopoioB
HAaWMCHBIIICE 3HAYCHHWE TOKa3aTels TMPEIOMIICHUS WMEIT H-ainkanel. C
yTSDKEJIGHHEM  (PPaKIIMOHHOTO cocTaBa He(TAHOW ¢paKuuu TOBBIIMIACTCS €€
MOKa3aTeNb MPEJIOMIICHHUS.

[To w3MeHeHUIO TMOKa3aTelsl MPEJOMIICHUS MOXHO CYIUTh O (Pa30BBIX
MPEBPAIICHUSIX TBEPJBIX yrieBojopoaoB. [Ipu sTom anuszoTpomnHas xuakas (asza
XapaKTEPHU3yeTCs] OJHUM 3HAUCHHWEM ITOKa3aTeNsl MPEIOMIICHUS, a aHWU30TPOITHAs
TBeprass (aza — JByMs 3HAYCHUSAMHU TOKazaTenss mnpenomsieHus. OO6nactb
MOSIBJICHUS TBEPIOH (a3l B HEKOTOPOM MHTEPBAJIE TEMIICPATYP XapaKTEPH3yeTCsI
JBYMsI TIOKa3aTeJIsIMU MIPEJIOMIICHUS: KUJIKOW U TBepaon (as.

Jlist  ompeneneHus TOKaszaTels TMPEJIOMIICHUS TMPUMEHSIIOT JBa THIIA
pedpakromerpoB: A00e wu Ilynedpuxa. K mnepBomy Tully OTHOCSTCS
oteuecTBeHHbIE pedpakTomerper PIIY, NUP®D-22, NP®D-454. PedpakTtomeTpom
tuna [lynedpuxa ssusercs npubop HNPD-23. B maGopatopHOil mpakTHKE
HauOoJiee 4acTO MPUMEHSIOT pedpakToMeTpbl Tuna AOOGe. s Oojiee TOYHBIX
OTIPEJICIICHHUM TTOKA3aTels IPEIIOMJICHUS U AUCTIEPCUHA HEOOXOIUMO UCIOJIb30BATh

pedpaxromerp Tuna Ilynsdpuxa.



Omnpenesienne nokasareJis npejgomJieHus: peppakromerpom UPP-454

IIpuGopsl, peakTUBBI, MATEPUAIIBI

Pedpakromerp Ttuna WPD-454, crexknsHHas Tnajgoyka WM THIETKA,
METPOJICHHBIN 3(PUp MU STHIIOBBIN CIMPT, ca(eTKa WiIu BaTa.

Pedpakromerp UPD-454 no3BosigeT onpeaeisaTh MoKa3aTelb MpeaoMICHUs
HedTenpoaykra B uaTepBane or 1.2 1o 2.0 st mauanm D ¢ TounocTsio 2107
[Tpunuun neiicTBus pedpakToMeTpa OCHOBAH Ha SBJICHUU MOJHOTO BHYTPEHHETO
OTPaKECHUS MPH MPOXOKICHUH CBETOM TPAaHMIIBI pa3/iesia ABYX CpPEll C pa3HbIMU
ITOKA3aTEISIMU IPEJIOMIICHHS.

Onpenenenue mnokas3aTens MNPEJOMIIEHUS NPOBOMAT NIPU JHEBHOM WIIH
AJIEKTPUUECKOM cBeTe. PedpakroMeTp M UCTOYHMK CBETa YCTaHABIMBAIOT Tak,
yTOOBI CBET MajJajl Ha BXOJHOE OKHO OCBETUTEIBHOM MPHU3MbI WM HA 3€pKajo,
KOTOPBIM HAIIPABJIAIOT CBET BO BXOJHOE OKHO HM3MEpUTENbHOM mnpusMsbl. [lepen
Ha4yaJioM paboThl CleAyeT OTKUHYTh OCBETUTEIBHYIO TPU3MY U OYHCTHUTH
ITOBEPXHOCTh M3MEPUTEIIBHOW NPU3MBbL. [I0BEpXHOCTHP MPU3MBI OYMIIAIOT ITyTEM
MPOTUPKH YHCTOW MSITKOM HEBOPCUCTOM candeTkod (TKaHbIO), CMOYECHHOU
NEeTPOJIECHHBIM 3(PUPOM WM CIUPTOM. 3aTEM MO JUCTUIUIMPOBAHHOM BOJE WIIH IO
KOHTPOJILHOMY 00pa3ily MPOBEPSIIOT IOCTUPOBKY pedpakromeTpa mnpu 20°C.

Ilocne OCTHPOBKM Ha YHUCTYIO IIOJMPOBAHHYIO IIOBEPXHOCTb W3-
MEPUTEIIbHOW TPU3Mbl CTEKJISHHOM IMAJIOYKOM WM MUIETKOW OCTOPOXKHO, HE
KacasiCh MPU3MBI, HAHOCST JBE-TPU KaIJId HCCIEAyeMOro HedTenpoaykra u
OIYCKAaIOT OCBETUTEIbHYIO MpU3My. M3MepeHus mnpo3payHbIX HEPTEHPOAYKTOB
MIPOBOJAST B MPOXOJAIIEM CBETE, KOTJa OH IPOXOAUT YEPE3 OTKPHITOE OKHO
OCBETUTEJIBHOW NPU3MBI, IPU 3TOM OKHO HU3MEPUTEIBHOU MPU3MBI 3aKPBITO
3epkaioM. OKyJsip yCTaHABIMBAIOT HAa OTYETIMBYIO BUIAMMOCTH IEPEKPECTUS.
[ToBopoToM  3epkana JOOWMBAIOTCS  HAWIYYIIEH  OCBEIICHHOCTH  IIIKAJIBI.
BpamieHnemM HMKHETO MaxOBHMKA TPAHUIy CBETOTEHH CIIEYEeT BBECTH B IIOJIE
3peHus OKyJisgpa. BepxHHil MaxoBMK HEOOXOAMMO BpaliaTh A0 HCYE3HOBEHUS
OKpacKu rpaHu4HON JuHuU. Habmromass B OKymsp, HKHUM MaxOBUKOM HABOJST

rpanuny CBETOTCHM TOYHO Ha IICPECKPECCTHC MW 110 IIKaJIC rokasarejen



IIPEJIOMIIEHUSI CHUMAIOT oTcyeT. Llena neneHus mkasl 1¥107°. Llensle, necsTsie,
COTBIE M TBICSIYHBIE JOJIM OTCUMTBHIBAIOT MO WIKaje, a JECATUTBICIYHBIE HOJU
OLICHMBAIOT Ha IJIa3.

JIis OKpalleHHBIX M TEMHBIX HE(TEHpOAYKTOB H3MEPEHHs MPOBOMAAT B
OTPaXEHHOM CBETE.

V. BsazkocTth

Bsi3kocTh, Kak W TJIOTHOCTb, — BaXHBIM  (U3UKO-XUMHUYECKUN
napaMeTp, HUCHOJb3YEMBIH IpHU TMOJCYETE 3arnacoB He(PTH, NPOEKTUPOBAHUU
pa3paboTKu HE(PTSIHBIX MECTOPOXKACHUH, BbIOOpaA Crocoda TpaHCIOpPTa U CXEMBbI
nepepaboTKu HePTH.

Pa3nnuaroT IMHAMHYECKYI0, KHHEMAaTUYECKYI0 W YCIOBHYIO BSI3KOCTb.
JlnHamu4deckast BS3KOCTh 1| — 3TO OTHOLIEHWE JEHCTBYIOIIETO KacaTEJIbHOIO
HaIIpSDKEHUST K TPAJHMEHTYy CKOPOCTH IIpU 3aJaHHOW Temmeparype. Eaununa
U3MEPEHHsI JUHAMUYECKOM BS3KOCTH IacKalb-ceKyHna — llaec, Ha mnpaxTuke
UCIOJIb3YIOT 00bIYHO MIlaec.

HeoOxoaumocTh omnpeaeneHnss KMHEMAaTUYeCKOW W YCJIOBHOW BSI3KOCTU
CBA3aHa C TE€M, YTO MJis OMNpEACJICHHUS IUHAMUYECKOM BA3KOCTH TpeOyeTcs
UCTOYHUK TIOCTOSIHHOTO JaBiieHUs (IIOCTOSIHHO IMPUJIOKEHHOTO HAIpPsHKEHMs) Ha
XKUIKOCTb. JTO YCIIOBUE  IPEINONPENEISIET  JIONOJHMUTEIbHBIE  TEXHUYECKUE
TPYIHOCTH,  CIIO)KHOCTb  BOCHPOHU3BEICHHMS W  TPYAOEMKOCTb  aHAJIMU3a.
KunemaTnueckass BS3KOCTb V — 3TO  OTHOLIEHHE JUHAMUYECKOM BSI3KOCTU
MKUJIKOCTHU K IJIOTHOCTH MPHU TOH K€ TeMIiepaType:

v =1/p

EQMHAIIA KHHEMATHYECKOH BA3KOCTH MZ/C, HA MPAKTHKE HCIIOIb3YIOT
0OBIIHO MMZ/C.

CymHocTh METO/1a ONPEAEIICHAS KHHEMATHYECKON BA3KOCTH 3aKJIFOYAETCS B
3aMEHE MOCTOSIHHOTO JaBJIeHUs (BHEIIHEW CHIIBI) JaBJICHHEM CTOJI0A KUAKOCTH,
PaBHBIM TPOMU3BEICHUIO BBICOTHI CTON0A JKHUJIKOCTU, IUJIOTHOCTU >KUIKOCTU H

YCKOPCHH CUJIBI TSAKCCTH. OTta 3aMeHa IMpUBCJIa K 3HAYUTCIIbBHOMY YIIPOHICHUIO U



pacupoCTpaHEHUI0  METOJa  ONpEAENCHUs KHHEMAaTHUYeCKOW  BS3KOCTH B
CTEKJISIHHBIX KalWUISIPHBIX BUCKO3UMETpaX.

OnpeneneHue  yCIOBHOM BSI3KOCTHM TAaKX€ OCHOBAHO HA HCTECYEHUU
KHUAKOCTU (KaK MpaBWIIO, JUIS STHX IIeNIel MCIONb3YIOT TPYOKYy € JHaMeTpoM
OTBEpCTUS S5 MM) TOJA BIUSHUEM CHJBl TSKECTH. YCJIOBHas BS3KOCTh —
OTHOUIIEHUE BPEMEHU MCTEUCHHUS HEPTEHMPOyKTa MPHU 3aJaHHOM TeMIepaTrype Ko
BPEMEHH UCTEUYCHMS IUCTUIIIMPOBAHHOM BOJBI PH 20°C. Exunnna U3MEPEHUS —
ycroBHbIe rpaxychl (CBY). MeTos ompeIeeH st YCIOBHOI BSI3KOCTH IPHMEHSCTCS
JUTIsl HE(TENPOIYKTOB, JAIOUIMX HEMPEPBIBHYIO CTPYIO B TEYEHUE BCETO UCTIBITAHUS
U U1 KOTOPBIX HEJIb3s ONPEeIUTh KHHeMaTndeckyto Ba3kocTs o ['OCT 33—82.
VY COBHYIO BA3KOCTb ONPEAEIIAIOT sl HE(PTAHBIX TOILIUB (Ma3yToB).

OnpeneneHne KUHEMATUYECKOM  BSI3KOCTHM  00sI3aTE€NIbHO ISl TaKUX
TOBapHbIX HEPTENPOIYKTOB, KaK JAMU3EIIbHbIE TOIJIMBA W CMAa304YHbIE Macia
(HBIOTOHOBCKHE KHUJIKOCTH).

CornacHo yHMGUUIHMPOBAHHOM TMporpamMme HUcCClIeaoBaHus i HedTei
ONpEAENA0T KUHEMAaTH4eCKylo (WIM  JUHAMHYECKYIO) BA3KOCTb  IpHU
Temmepatypax ot 0 10 50°C (aepes 10 °C). Jlnst ManoBs3kux HedTeil onpeeneHne
naunHaror ¢ 20°C. Jmg  KEepOCHHOBBIX  JUCTHWIUIATOB  OIPEICISIOT
KHHEMATH4ecKyio Bs3skocth mpu 20 — 40°C. s musensubix — mpu 20°C, mwis
MacisiHbix — npu 40, 50 u 100°C. JI1s 0CTaTKOB, BBIKUMAIOIIUX BBIIIIE 3500C,
OIIPEEIAIOT YCIOBHYIO Bsi3kocTh 1pr 50, 80 1 100°C.

Ha Bsi3kocTh HEPTH U HEPTENPOAYKTOB CYIIECTBEHHOE BIUSHUE OKa3bIBACT
temrepatypa. C ee TIOHW)KEHHEM BA3KOCTb YBEIWYMBaeTcs. Bs3KoCTHO-
TEMIEpaTypHble CBOWCTBAa HE(PTEHNPOAYKTOB 3aBUCAT OT HUX (PPaKIMOHHOTO U
yTIEBOAOPOAHOIO cocTaBa. HauMeHbIel BI3KOCTHIO M HanboJiee MoJIoro KpuBon
BA3KOCTH 00J1aatoT anudaTudeckue yrieBoaopoasl. Hanbonbiiel BA3KOCTBIO U
HaubOosee KpPyTOH KpHUBOW BSA3KOCTHU — apomaTuueckue (0coOeHHO Ou- u
MOJIMITUKIINYECKHUE) YTIIEBOIOPO/IBI.

BaxXHBIM 3KCIUTyaTallMOHHBIM IIOKa3aTelIeM TOIUIMB M Macell SIBIIAETCS

IMPOKAYNBACMOCTh. HpOKa‘II/IBaCMOCTB MOTOPHBIX TOIINIMB W TOIUIUB JJIA



ra30TypOMHHBIX U KOTEJbHBIX YCTAHOBOK CYLIECTBEHHO 3aBHCHUT OT MX BA3KOCTH.
Hampumep, KOTHYECTBO GEH3MHA BI3KOCTHIO 0.65 MMZ/C, MOCTYIAIOIIErO B JABUTa-
TeJb 3a OJIHy MUHYTY, cocTaBiseT 100 r, a 6eH3uHa Bsa3kocThio 1.0 mm%/c — 95 T,
B TexHuueckux TpeOOBAHMSIX HA TOBAPHBIE TOIUIMBA M CMAa304YHbIE Macia
MPEAYCMOTPEHBI COOTBETCTBYIOIIME OrPAHWYEHUS 3HAYEHUS BA3KOCTH. Tak,
TOTUIMBA JJIs1 OBICTPOXOHBIX U3EEH JOIKHBI UMETh KUHEMATUYECKYIO BSI3KOCTb
nipu 20°C B npenenax 1.5—6.0 mm?/c.

C noHM>xeHHEeM TeMIepaTypbl BBICOKOBSI3KME HE(DTH, TPUPOJHBIE OUTYMBI U
OCTAaTOYHbIE HEPTEHPOAYKTHl (Ma3zyT, TYIPOH) MOTYT MPOSBIATH AHOMAJIUIO
BA3KOCTH, TaK HAa3bIBAEMYIO CTPYKTYPHYIO BSI3KOCTb. IIpu 3TOM HX TeueHue
nepectaeT ObITh MPONOPLHUOHAIBHBIM IMPWIOKEHHOMY HAIPSDKEHHUIO, T. €. OHHU
CTaHOBSITCS. HEHBIOTOHOBCKHUMH KUIKOCTAMU. [IpUUnMHON CTPYKTYypHOH BSI3KOCTH
SBIIIETCSL COJEP)KAaHWE B HEPTH M HEPTENPOIYKTE CMOJIUCTO-ac(haabTEHOBBIX
BEUIECTB U MapaUHOB.

JUIss  OUEHKH BSI3KOCTHO-TEMIIEPATYPHBIX CBOMCTB Macel HMEITCA
COOTBETCTBYIOILIME 3aBUCUMOCTH Ul pacdera TeMIlepaTypHOro kolsgdduireHra
Bsi3kocTH (TKB) u unaekca sizkoctu (UB).

OmnpeaesieHne KUHEMaTHYECKOM BA3KOCTH

IIpuGopsl, peakTUBBI, MATEPHUAIbI

Buckosumerp creknsiHubld OcTBaliblia, TEPMOCTAaT, PE3UHOBAs TPyOKa,
pPE3MHOBAs rpylIa, CEKyHIOMED.

CymHoCcTh MeETOJa 3aKIYaeTcsi B HM3MEPEHUM BPEMEHU HCTEUEHUS
OTNPEIEICHHOr0 00beMa MCIBITYEMON >KUAKOCTH MO BIMSHUEM CUIIbI, TAXKECTH.
HcnbiTanne TPOBOASIT B KaNWUIAPHBIX CTEKJISIHHBIX BUCKO3UMeTpax. Jlis
MPOBEICHMS aHaU3a MOJAOUPAIOT BUCKO3UMETP C TAKUM JMAMETPOM Kanuiuispa,

yTOOBI BpeMS MCTEUCHUS KUJIKOCTH cocTaBisiio He meHee 200 ¢ (puc. 5).



J Puc. 5. Buckozumerp OcTBanbaa
M. 1- mepBoe KOJEHO,

My 2- BTOpPOE KOJICHO,

YucTblii Cyxoil BUCKO3UMETP 3amoyIHIIOT HePThio (HedTenpomykTom). s

3- pacumpeHue.

3TOT0 B BHCKO3UMETP 4YE€pe3 BOPOHKY 3aJMBAIOT TOYHOE KOJIMYECTBO
HedTenpoaykra (OTMEYEHHOE Ha BUCKO3UMETpe). CHUMAIOT ¢ BHEIIHEH CTOPOHBI
KoHIIa KojieHa 1 m30bITOK HepTH (HeTempoayKTa) M HAaJIEBAOT HA KOHEI[ KOJIeHA 2
pE3UHOBYIO0 TPYyOKy. BuCKO3MMETp ycTaHaBJIMBAIOT B TepMocTar (0OaHIO) Tak,
4yTOOBl pacimupeHue 3 Obulo Hibke ypoBHs HedTu (Hedrtenpoaykra). I[locre
BBIJIEP’KKH B TEpMOCTaTe HE MeHee 15 MUH 3acachiBalOT HEPTH (HEYTENPOAYKT) B
KOJIEeHO 2, mpuMmepHo a0 1/3 BwicoThl pacmmpenus 3. COeIuHSIOT KOJEHO 2 ¢
atMocepoll U ONpENesitoT BpeMsl MEepeMelieHUus] MEHUCKa HePpTu -
(medrenpoaykra) oT MeTkr M3 10 M, (¢ morpemHocTsio He 6osee 0.2 ¢).

Ecnu pesynpTaThl Tpex NOCIEIOBATENIbHBIX H3MEPEHUN HE OTJIMYAIOTCS
oosee yem Ha 0.2 %, KMHEMATUYECKYHO BSA3KOCTH V, MM?/C, BBIYHCISIIOT KaK
cpeaHee apupMeTHIecKoe 1o hopmyiie:

v =CCer,

rme C — IOCTOSHHAS BHCKO3UMETPa, MMZ/C’, T — CpelHee BpeMs
uctedeHust HepTu (HEPTENPOIyKTa) B BUCKO3ZUMETPE, C.

JluHamMu4ecKyto B3KOCTh 1), Mlla-c, uccnenyemoit Heptu (Hedrenpoaykra)
BBIYUCTISIIOT IO popMmyJIe:

n=vep

rJlc V — KHHEMAaTH4YecKas BS3KOCTb, MM”/C; p — IUIOTHOCTb IIPH TOM e

. 3
TeMIIepaType, IPU KOTOPOM OMPeNesiach BI3KOCTh, T/CM .



JlonyckaeMmble pacxXoKIeHUS MOCTIEI0BATEIbHBIX oTpeeNeHU
KMHEMAaTU4YEeCKOW BA3KOCTU OT CPEIHEro apu(MeTHIECKOro 3HAYCHUS HE JODKHBI
IPEBBIIIATH CIASAYIOMNX 3HAYCHHIA:

Temneparypa uzmepenus, °C ot - 60 1o - 30 ot -30 1o 15 ot 15 10150

Jomyckaemoe pacxoxaenue, % +2.5 +1.5 +1.2

JIABOPATOPHASI PABOTA Ne 4

OnpenesieHue coaep:kaHusi BOAbI B HeTAX U HepTenpoayKTaxX

JlnanazoH comepkaHus BOABI B HEPTAX BEChbMa MTUPOK M MOKET U3MEHATHCS
OT HecaThIX nosuen 1o 60 % u Oonee.

Conepxarnasics B HeTAX BOJIa MOXKET OBITh B TpeX (popMax: pacTBOpPEHHas,
aucreprupoBaHHas U cBoOogHas. Cojep)kaHue pacTBOPEHHON BOJBI 3aBUCUT B
OCHOBHOM OT XMMHYECKOTO cocTaBa HepTH, HedTEnpoayKTOB U TeMieparypsl. C
MOBBLIIIICHUEM TEMIIEpaTyphl PACTBOPHUMOCTH BOJIBI YBEIWYHMBACTCA BO BCEX
yrieBogopoaax. Haubomnpiel pacTBopsroniel CoCOOHOCTHIO MO OTHOLICHUIO K
BOJIe 00JIaal0T apoOMaTUUECKHe yrieBoopoibl. UeM BhIlIe conepikaHue B HEDTH
apoOMaTUYECKUX YTJIEBOJIOPOIOB, TEM BBIIIEC B HEH PACTBOPUMOCTH BO/IBI.

IIpr CcHWKEHUM TeMIIepaTypsl pPacTBOPUMOCTH BOJBI B HepTH U
He(TEnPOIyKTaX yMEHBIIAETCS M BOAA MOXKET BBIICISATHCA B BHAC JUCIICPCHBIX
yacTuil, 00pa3yst BOJOHE(DTSIHBIE SMYJIbCUM. B MOHOAUCIEPCHBIX SMYJIbCHUSIX
coJliep)KaHWEe BOABI MOXET J0XOauTh 10 74 %. B peanbHBIX YCIOBHSAX
BOJAOHE(TAHBIC  OMYJIBCHUU  SIBISIIOTCS — MOJUAMCICPCHBIMH. B HedTsx,
MOCTYHAIOIUX CO COOPHBIX MYHKTOB Ha YCTAaHOBKM OOC3BOKHMBAaHUS U
o0OecconMBaHusl, pa3Mepbl TI00yT BOJABI HAXOAATCS B mpezaenax oT 3—5 go 7—10
MKM. DTH pa3Mepbl 3aBUCAT OT THIPOJWHAMHYCCKUX M JIPYTUX YCIOBHUU JTOOBIYU
He(TH, a TAaKXKe CTENEHU OOBOJHEHHOCTH IacTa. Pa3Mepsl rio0yn B TedeHHE
rojia Juisi OJJHOM M TOW € CKBAXXMHBI MOTYT MEHATHCS B mpeaenax 5—I12 M.
Copnepxxanue BoJbl B HEPTH MOXKET M0XOAUTh a0 97 %, OlHaKO OOJIBIIMHCTBO

HedTell 00pa3yloT ¢ BOJOM JOCTATOYHO YCTOWYHMBBIE IMYJIBCHUH C COJEp)KaHUEM



BozbI HE O0siee 60 %. OcTanpHas 9YacTh BOABI HAXOJAUTCS B CBOOOTHOM COCTOSTHUHM
U JIETKO OTCTaNBaCTCH.

BaxxupiM mokazareneM He(TSHBIX IMYIbCHH SBISETCS MX YCTOWYUBOCTS, T.
€. ClIoCOOHOCTh B TEUCHHE IJUTEIFHOTO BPEMEHH HE pa3pylIaThCs. ArperaTuBHast
YCTOHYMBOCTh HEQPTIHBIX OMYJIBCHA HW3MEPSETCS TMPOJOJDKUTEIBHOCTBIO HX
CYIICCTBOBAHHMS M IS Pa3IUYHBIX HEPTIHBIX OMYJIbCUH KoieOnercs OT
HECKOJIbKMX CEKYyHJ JI0 HECKOJIIbKMX YacOB M JaX€ MECSIEB. Y CTONYMBOCTH
BOJIOHE(TSHBIX SMYJIBCHIA 3aBUCUT OT psiaa (aKTOpOB, B TOM YHCIIE OT HAJTHMYHs B
HUX BEIIECTB, HA3bIBAEMBIX AMYJbraTropamM. JTH BEIIECTBa, aAcOpOUPYsACHh Ha
MOBEPXHOCTH pazzena ¢a3, CHIKAIOT Mex(pa3zHOe MOBEPXHOCTHOE HATSHKCHHE U
TakKUM O0Opa3oM IMOBBIIIAIOT €€ YCTOWYUBOCTb. M3BECTHBI JECATKH MOJOOHBIX
BEIIECTB, COJEpKamxcsa B HEPTsIX. bonpinas ux 4acTh MPUHAMICKUT K KiIaccy
MOBEPXHOCTHO-AaKTUBHBIX BEIIECTB. TakuMU KOMIIOHEHTaMU HEPTH SBISIOTCA
pas3nuyHbie HEPTSIHBIE KUCIOTHI, CMOJUCTBIE COCAMHEHHUSI.

B npouecce oOpa3zoBaHus M CTa0MIM3alUMU BOJOHE(PTSHBIX 3MYJIbCUN
Hapsy C TIOBEPXHOCTHO-AaKTUBHBIMU BEIIECTBAMH BAXKHYIO POJb WIParoT
TOHKOJIMCTIEPCHBIE HEPACTBOPUMBIE TBEPJbIC MPOAYKTHI, HAXOIAIINECS B HEQTH B
KOJUJTOMJTHOM COCTOSIHUH.

K wuM oTHOCsTCS acdanbTeHbl, MHUKPOKPHUCTAIUIBI TapaduHa, Cyab(ua
xKenesa W JIpyrue MEXaHWYeCKHe TMPUMECH. OTH TPOAYKTHI 00pa3yloT Ha
MOBEPXHOCTH Kamelb MEXaHWYECKH IMPOYHbIE OOOJIOYKH, MPEMSTCTBYIOIINE HX
KOAJIECLICHITUH.

CraOunmzauus  BOJOHE(TSAHBIX  AMYJbCUM  ONpeJensercs  3aKo-
HOMEPHOCTSIMH aJICOPOITMN HA TTOBEPXHOCTHU Kareib Pa3InYHBIX IMYIbIHPYIOMUX
BellecTB. BHavanme 3TOT mporecc uaeT OBICTPO, a 3aTeM, MO0 Mepe 3amoHEHUS
cBOOO/JHON TIOBEPXHOCTH Kamesb, IOCTENEHHO 3aTyXaeT U CKOPOCTh €ro
CTPEMUTCS K HYJI0. B 3TOT nepuoj coctaB U CTpYKTypa OpOHUPYIOMIMX 000JI0YeK
crabunm3upyetcs. Bpems, HeoOXoaumoe i TakoW CTaOMIM3allid, HA3bIBAeTCs
BPEMEHEM CTapeHUs SMYJIbCUU. Bpems ctapeHus 3MyJiabCHH 3aBUCHUT OT MHOTHUX

dbakTopoB U it OOJBIIMHCTBA HeTel M3MEHSAETCS OT JIBYX-TPEX 10 JECSITKOB



yacoB. Bo BpeMsa crapeHus NOBBIIACTCA MW YCTOMYMBOCTH OMYJIBCUU K
PacCIIOCHHUIO.

CToiKOCTh 3MYNBbCHM CYIIECTBEHHO 3aBHUCUT OT (PPAaKLMOHHOI'O COCTaBa
Hedreir. YUem Oombie comepkanre B HepTH CBETIBIX (pakiuid, TeM MEHeEe
YCTONYMBBI BOAOHE(PTAHBIE SMYJICUU, TaK KaK IPU ITOM YBEJIUYUBAETCS Pa3HOCTh
IUIOTHOCTEH BOABI M HEPTH. DMYJIbCUU BBICOKOBSI3KMX HeTEe HMET Ooee
BBICOKYIO CTOMKOCTb, TaK Kak OoJyiee BBICOKas BSI3KOCTh JHMCIIEPCHON Cpeabl Mpe-
IITCTBYET CTOJKHOBEHUIO YACTHI] BOJBI M UX YKPYITHEHHUIO, T.€. KOAJIECCLICHIUH.

[ToBblllIeHHE KOHIEHTPALMK COJIEH B IJIACTOBOM BOJIE, KOTOpasi 00pa3yeT ¢
HE(PThIO BOJOHEPTSAHYIO SMYJIbCUIO, TMPUBOJUT K YMEHBIIEHUIO CTOMKOCTHU
IMYJIBCUH, TaK KaK B 3TOM CJIydae BO3pacTaeT pa3HOCTb IUIOTHOCTH BOJBI U HEPTH.

B Hedrenponykrax coaepkaHue BOAbI 3HAYUTEIBHO MEHbBIIE, YEM B
He(pTAX. BOJBIIMHCTBO HEPTENPOIYKTOB MO OTHOIIECHUIO K BOJE 001alaeT OYECHb
HU3KON pacTBopstoleill cnocodHocThi0. Kpome Toro, HeTsHbIE AUCTUIUISTHBIE
TOIUIMBA 00JIAAI0T U MEHBIIEH, YeM HE(PTh, IMYJIBIHPYIOLIEH CIIOCOOHOCTHIO, TaK
KaKk B Ipolecce NepepaboTKU ylaisercss 3HauuTeldbHasT YacTh CMOJMCTBIX
BEILECTB, HA(TEHOBBIX KHUCJIOT M HMX COJIEH, CEpOCOAEp)KAIUX COEIUHEHUM,
KOTOPBIE, KaK CKa3aHO BBIIIE, UTPAIOT POJIb SMYJIbIaTOPOB.

Hanuune Boabl B MOTOpPHBIX TOIUIMBAaX, CMAa304HBIX Maciax KpaiHe
HexenarenbHo. CoaepkaHue BOABI B CMAa304YHBIX Macliax YCUJIMBAaeT HX
CKJIOHHOCTb K OKHMCIICHHIO M YCKOPSIET KOPPO3HI0 METAJUIMYECKUX IMOBEPXHOCTEH,
conpuKacaroumxcs ¢ MmacyioM. [IpucyrcTBue Boibl B MOTOPHBIX TOIUIMBaX MOYET
NPUBECTU NPU HU3KUX TEMIEpaTypax K NPEKpalleHHUI0 MOoJayd TOIJIMBA H3-3a
3a0MBKH TOTUIMBHBIX (DUIIBTPOB KPUCTAIIIAMHU JIbJA.

Meroabl omnpeneneHuss Boabl B HEPTH M HEPTEOPOIYKTaX MOTYT OBIThH
pa30UTHI Ha IBE TPYMIIbI: KAYECTBEHHBIE U KOJTUUYECTBEHHBIE.

KauecTBeHHBIE  WCHBITAaHUS  TNO3BOJSIOT  ONPENENATH  HE  TOJIBKO
AMYJIbCUOHHYIO, HO U PaCTBOPEHHYIO Boay. K 3TUM mMeTo/1aM OTHOCSTCS POObI Ha
npo3payHocTs, Knuddopaa, Ha MNOTpecKHMBaHHME M Ha PEAKTUBHYIO Oymary.

HCpBBIC ABa U3 3TUX METOAO0B UCIIOJIB3YIOT AJIA OIMPCACICHHUA BOJbI B ITPO3PAYHbIX



Hedrenponykrax. Hawmbosee d9acTo NPUMEHSIEMBIM METOJAOM KAa4eCTBEHHOTO
onpeieNICHHs BOBI SBJISIETCA MPoOa Ha MOTPECKUBAHUE.

JIJIsi KOJIMYEeCTBEHHOTO OMpeNeieHUs] BOJbI B HE(PTH U HEPTEHPOIYyKTaX
MOXHO HCIIOJIb30BaTh Pa3IMYHBIE WX CBOWCTBA, (PYHKIIMOHAIHHO CBSI3aHHBIC C
COZIEp’)KaHMEM B HHX BOJIbl: IJIOTHOCTh, BA3KOCTb, IIOBEPXHOCTHOE HATSHKEHUE,
JUBJIEKTPUYECKY0 TPOHUIAEMOCTD, IEKTPONPOBOIUMOCTD, TEILUIONPOBOAHOCTD U
T. JA. 3apaHee paccuuTaTh BUJ (YHKIMHU, KaK MPaBUIO, HEBO3MOXXHO H3-3a
HEaJIUTUBHOTO BKJIaJa BOABI B HU3MepseMbld mapamerp. HeaaauTuBHOCTH
o0yCJIOBJI€HA XMMHUUYECKHMM B3aMMOJICHCTBHEM MOJEKYJI BOJbI U BemiecTBa. Ilo
ATON TPUYMHE MaTEMAaTUYECKYI0 3aBUCUMOCTb OOBIYHO HAXOHST, HCIOIb3Ys
DKCIIEPUMEHTAJIHBIE TaHHBIC.

[pyras rpymnma METOAOB OCHOBAaHAa Ha HWCIIOJIB30BAHUM XHMHUUYECKUX U
(bU3UKO-XMMHUYECKUX CBOMCTB camoil BoJibl. K HUM, Hampumep, OTHOCATCS METOJ]
TUTPOBAHUs peakTUBOM Duiiepa, rTiAPUAKAIBLIHUEBbIA METO U JIP.

CyliecTByonme KOJINYECTBEHHBIE METOJIBI ONPENCICHUS BOJbBI B KUJKUX
MPOAYKTAX, KPOME TOTO, JNEIST HA NPsMbIE U KOCBEHHBbIE. K mpsiMbIM meTonam
otHocaT Meron Jmna wu  Crapka, TUTpoBaHuE peakTuBoM  Dwuiiepa,
TUAPUIKAIBIIUCBRIA METOA W IEeHTpudyrupoBanue, K KocBeHHBIM — HK-
CHEKTPOPOTOMETPUIECKUN, KOHAYKTOMETPUUYECKUM, KOJTOPUMETPUIECKUHN U JP.

Onpenesienue cogepxxanus Boabl mo Mmeroay Juna u Crapka

D10 Hambojiee pacrmpoOCTpPaHEHHBIH W JOCTATOYHO TOYHBIM METOJ
OTpEICSICHUS] KOJMYECTBEHHOTO COJIEpKaHUs BOJBI B HEPTAX M HEPTEIPOIYKTAX.
OH OCHOBaH Ha a3e0TPOMHON TNEeperoHke NpoObl HeGTH WM HeDTENpPOAyKTa C
PaCTBOPUTEIISIMH.

IIpudopwl, peakTUBbI, MATEPHAJIBI

KonGonarpeBaTenb win SJAEKTPOIUIMTKA, MPUEMHHUK-JIOBYIIKA, OOpATHBIM
XOJIOMWIIBHUK, KOJIOA KPYTJI0J0HHAS BMECTUMOCTBhIO 200 M1, MEpHBINA HUIUHD,

KHUIIEJIKU, TIETPOJICHHBIN 2up (TKHH=8O—1OOOC), HEe(DTEPOTYKT.



}3
Puc. 6. [1pu6op una u Crapxa.
1 — kpyrioaoHHas konioa,

3 2 —nacanaka Jluna —Crapka,

3 — XOJIOOUIbHHUK.

Iloozomosexka k ananuzy. Ilo 3TOMy METOAy B KAaueCTBE PacCTBOPUTEIA
UCIIOJIB3YIOT O€H3UMH-PACTBOPUTEND (METPOJICUHBIA 3(UpP), BBIKUIAOMIMN TpU
80—100°C u conepsxammii He 60Jee 3% apoMaTHYECKUX YIIIEBOAOPOIOB.

[IpoOy HedTH THIATENHHO MEPEMENIMBAIOT BCTPSIXUBAHUEM B CKIISIHKE B
TeueHue S5 MuH. BpicokoBsizkue HedTH M HEPTENPOIYKTHI MNPEIBAPUTEIHHO
HarpeBatoT 0 40—50°C. M3 nepemeranHoil mpoOsl HePTH WK HEPTEIPOIYKTa
oepyr 30 M1 MEpHBIM IMWIMHIPOM B YHUCTYIO CYXYIO, MpPEIBAPUTEIHHO
B3BEIICHHYIO CTEKJIsiHHYI0 KkoinOy 1 (puc. 6). 3arem B konOy 1 stum ke
HUAJTMHIPOM OTMEPSIIOT SO MJI paCTBOPUTENS U COAECPKUMOE MEPEMEINBaAOT. Jis
PaBHOMEPHOT'O KUIIEHHUSI TIEpe]l Ha4yajIoM HarpeBaHus B KOJO0y OpocaroT HECKOJIBKO
KHIIEJIOK.

Kon0y nmpu nmomonm numda npucoeTuHsIIOT K OTBOIHON TpyOKke 2 (Hacamake
Juua —Crapka), a K BepXHEHd dYacTH TMPUEMHUKA-JIOBYIIKM Ha mnuiude
MPUCOCTUHSAIOT XOJOAMIbHUK 3. [IpreMHHK-T0BYIIKY (TPOOUPKY) MPUCOSTUHSIIOT
K OTBOJHOU TpyOke 2. IlpoObupka U XOJOIUIBHHUK JOJDKHBI OBITh YUCTHIMU U
cyxumu. Bo m30exaHue KOHJIEHCAIUU TMapoB BOJABI U3 BO3AyXa BEPXHHU KOHEI
XOJIOWJIBHUKA HEOOXO0IMMO 3aKPBITh BATOM.

Ilposedenue ananuza. CopepkuMoe KOJObl HarpeBarOT C TMOMOUIBIO
KOJIOOHArpeBaTesl Wi Ha JJICKTpUUeCKon MuTKe. [leperonky BemyT Tak, 9ToObI

U3 TpyOKHU XOJOJUIBbHUKA B IPUEMHHUK-JIOBYIIKY Majgain 2—4 Karuik B CEKyHY.



HarpeB mnpekpamiaioT mocie TOro, kak oObeM BOABI B MPHUEMHHUKE-JIOBYIIKE
NEPECTAHET YBEIUYMBATHCA U BEPXHHUM CJIOM PACTBOPHUTEIS CTAHET COBEPILICHHO
npo3pauHbIM. [IpoaomKUTENIBHOCTh IEPETOHKH A0JKHA ObITh He MeHee 30 u He
oosiee 60 MuH. Eciii Ha cTeHKax TPYOKH XOJIOAUIbHUKA UMEIOTCS KareJIbKU BOJIBI,
TO HX CTAJIKMBAIOT B TMPUEMHHUK-JIOBYIIKY CTEKISIHHOW manoukoil. I[locne
OXJIQXKJICHUSI HUCIIBITYEMOIro TMPOJYKTa JI0 KOMHATHOW TeMIepaTypbsl HpUOOp
pa3zoupator. Ecii konmdecTBO BOABI B MpUEMHUKE-TOBYyIIKe HEe Oosiee 0.3 M u
pacTBOPUTEIIb MYTHBIHN, TO MPUEMHHK MomeniatoT Ha 20—30 MUH B rops4uyio BOy
JUISL OCBETJIEHMS W CHOBAa OXJIAXIAIOT J0 KOMHAaTHOM Ttemmeparypsl. llocie
OXJIQXKJICHUS ONPENENsoT 00bEM BOJbI B MPUEMHHUKE-JIOBYIIKE C TOYHOCTHIO 10
OJTHOTO BEPXHETO JICJICHUS.

O6BeMHy10 1010 Bosibl X, %0, paccunuThiBalOT 110 hopmyJie

X (%) = (V-100)/V,

raie V — o0beM BOJIbI, coOpaBIIEHCS B MPUEMHUKE-IOBYIIKE MJ; Vi—
0o0beM He()TU UM HEPTENPOIYKTA, B3SITHIN ISl HCTIBITAHUS, MII.

KonuuectBo Boawl B mpuemMHuKe-10ByHIKE 0.03 MJ U MEHbIIE CUMTAETCS

CJIcaaMu.

JIABOPATOPHAS PABOTA Ned
OINPEJAEJIEHUE TEMIIEPATYPbBI 3AMEP3AHUA
TEOPETHYECKMUE ITOJIOKEHUA

Temneparyppl 3acTbIBaHMSI M TPEAENia TEKYyYECTH YIJIEBOAOPOIHBIX
MaTepuanoB, HeTe- WIM Ma3yTOYTOJbHBIX TOIUIMBHBIX CYCIEH3UH  SBISIOTCS
BAKHBIMM TEXHOJOTMYECKMMH IIAPAMETPAMH 3TUX INPOAYKTOB B IPOLECCE HUX
INPUTOTOBJICHUS, XPAHEHUS M TPaHCHOPTUPOBKKM N0 TpyOompoBoaam. Takue
BBICOKOBSI3KME IIPOAYKTBI, KaK Macia, Ma3yThl, KUJIKNE MPOAYKTHI
T'HJIPOTEHU3AIMOHHON TepepaOOoTKU yTiiei, a TakKe YroJibHble MAacThbl, ILIaMbl
U psl APYTHX TOJOOHBIX MPOAYKTOB JIMIIAIOTCS CBOMCTB MOJBUKHOCTH TJIaBHBIM

00pa3oM M3-3a PEe3KOr0 YBEIMYEHHS BA3KOCTH NPU MOHMKEHUH TEMIEPATYpHI,



CBA3aHHOI'O CcO 3HAa4YUTCIbHBIM COJACPIKAHHUECM B HHUX CMOJHCTO-acC-

(baJ'H)TCHOBBIX BCUICCTB XU BBICOKOMOJICKYJIAPHBIX apOMATUUICCKUX COCHHHCHHﬁ.

Y yrae- u HeTENmpOAYKTOB, YIIECBOJOPOAHBIX TACTOOOpa3oOBaTENCH U
VTOJBHBIX TAcCT HAa UX OCHOBE B OTJIMYME OT WHIAUMBHUIYAJIbHBIX XUMHYECKUX
COCIMHEHUNM TMepexoJ] M3 IKHUAKOTO COCTOSHUS B TBEPAOE MPOUCXOAUT
MOCTENIEHHO, B  OMNPEACIEHHOM HWHTEpBAJIEC TEMIEpPaTyp. OTU  MPOAYKTbI
CTAHOBSITCSL ~ BSIBKOIUIACTUYECKHMMHM  CHUCTEMaMH W TOCTENEHHO TEpSIOT
NOABWKHOCTH. Clie1oBaTENbHO, TEPMUH «TEMIIEpaTypa 3acThIBaHUS (T. 3aCT.) MO
OTHOIIIEHUIO K TaKUM BBICOKOKOHIICHTPUPOBAHHBIM JUCIEPCHBIM CHUCTEMaM, Kak
KaMEHHOYTOJIbHBIE Macja, MaclOyroJIbHbIE MaCThI u HedTe- WU
Ma3yTOYTOJIbHbIE TOIUIMBHBIC CYCIIEH3UHU, YCIOBEH U HE MOXET CIY>KUTh TOUHOMU
TEII0OPU3NYECKOH  KOHCTAHTOMN YKa3aHHbBIX MPOAYKTOB. Y CIIOBHOCTh
TEMIIEpaTyphbl 3aCThIBAHUS YIJIEBOJOPOIHBIX CMeced ycyryossiercs emé u

OTHOCHUTEIBHOCTBHIO ClTOCOO0B OIIPCACIICHMA OTUX BCIMYNH.

Ha rtemmepatypy 3acTeiBanmsi HepTH W HeTEMpPOAYKTa CYIIECTBEHHOE
BIIUSTHHE OKAa3bIBACT COJIep)KaHME MapadUHOB, CTIOCOOHBIX MPU COOTBETCTBYIOMINX
TeMIlepaTypax K  CTPYKTYpUPOBaHMI0O M  OOpa30BaHHIO  acCOIMATOB
(HamMONEKYISIpHBIX ~ CTPYKTYp). C  yBeNIMUeHHWEM MOJICKYJISIPHOU MacCChI
YIJIEBOJIOPOOB  (OCOOCHHO H-aJIKAaHOB) UX  aCCOIMHUPYIOIIAas CIOCOOHOCTH
BO3PACTa€T, M COOTBETCTBEHHO C YTSHKEICHUEM HeDTAHBIX bpakuuii
(beH3uHOBasi — Ju3eNbHAs — MacjsHasg — OCTaTOYHAs) TMOBBIIIACTCS €ro
TeMriepatypa 3actbiBanus. C mo3uIuil PU3NKO-XUMHUYECKONH MEXaHUKU HEPTSIHBIX
JUCHIEPCHBIX CHUCTEM TeMIlepaTypa 3acThiBaHUsl HePpTH (HedTenpoayKkra)
OTIpeIeISICTCS KaK MepeXxo]] U3 CBOOOIHO-IAMCIICPCHOTO B CBSI3aHHO-IHMCIICPCHOE
(TBepmoe) coctosiHue. Ha ¢opMupoBanue u yCTOWYHMBOCTH HAAMOJIEKYJISPHBIX
CTPYKTYpP B HEPTAX U HE(DTENPOAYKTAX MMPU HU3KUX TEMITepaTypax MOKHO BIIHSTH
BEII[ECTBAMHM, HA3bIBAEMBIMU Jemnpeccatopamu. K mpupoaHsiM gempeccatopam

OTHOCATCA CMOJII/ICTO-aC(baJIBTeHOBI)IG BCIICCTBA.



Cmonbl 1 acasbTeHbl, aJcOPOMPYSICh HAa MOBEPXHOCTH OOPA3YIOMIUXCS
Ipy  OXJKICHUMW TMPOAYKTa KPHUCTALIOB TapaduHa, 3aaep>KUBAIOT MX POCT.
[Ipemen TekyuecTH | TemIepaTypa 3acThIBaHHMsS TacTooOpa3oBaTeneli  u
MacJOyTOJbHBIX  TIACT  3aBUCUT, TaKXke Kak Yy HEPTENpOoayKTOB, OT
peBapUTEIHLHOM TEPMHUYECKON 00paboTKu: y  YIJIEBOJOPOJHBIX
nacTooOpa3zoBaTesied W YrOJNBHBIX TMAacT, OoraTelX mapapuHaMH, TOCTe
TEpMOOOPaOOTKH TeMreparypa 3acThIBAaHUS IMOBBIMIACTCS, YTO, IO-BUIUMOMY,
CBSI3aHO C BBIJICTICHHEM 4YacTH TapaUHOB B OXJIAXAEHHOM IMPOIYKTE B
ocaxaéunom Buue. [lokazaHo, 9TO CymIeCTBYyeT ONTHMalbHAs TeMIeparypa
nojorpeBa  He(TEmpOIyKTOB, KOTOpOH COOTBETCTBYET  HauOoJIbIIee
HOBBIIIEHWE T. 3acT.. HarpeB HedrenpoaykroB g0 100°C u BbIlEe BHI3BIBAET
CYIIECTBCHHOE TOHWKCHUE TeMIeparypa 3acThIBaHHUSA, TIOCIE OXJIAKICHUS
OPOJAYKT MEIJIEHHO BO3BpalllaeTcs B  IIEPBOHAYAIBLHOE  COCTOsIHME  (T10
TEeKy4ecTH). MOXKHO TMOCTPOUTh COOTBETCTBYIOIIME KpHUBBIC 3aCThIBaHUS, Ha

OCHOBAHUU KOTOPBIX OMPEACTUTD TEIJIOTHI IJIABJIICHUS (3aCThIBAHUSA).

Temneparypa 3actbiBaHus HePTel M HeDTENPOAYKTOB KOJIEOIIOTCA B
IMUPOKOM HHTepBasie: oT —55 mo +30-35°C (my1st BeICOKOMApapUHUCTEIX HeDTEH 1
HedTenpoaykToB). [Tokazarenn HU3KOTEMIIEPATYPHBIX CBOMCTB TOBapHBIX TOILIMB
HOpMUpPYIOT. Tak, TeMmmeparypa 3acThlBaHMs TOIUIMBA Mapku 3 (3UMHeEe) s
GBICTPOXOIHBIX AH3encil Ho/kHa ObiTh He Bbimre —(35-45)°C, a Temmeparypa
nomyTHernss —(25-35)°C. CaMble >KeCTKHE OTpPaHHYCHHS HMEIOT TOILIMBA UL
pEaKTHBHBIX JBHUTaTeledl — UX TeMIlepaTypa Havajla KpUCTAUIM3alMK He

JIOJKHA TPEBBIIIATh -55°C.3

CmonucTto-acanbTeHOBbIE BEILIECTBA, BXOSAIINE B COCTaB
KaMEHHOYTOJIbHBIX TPOAYKTOB, YIJIEBOJOPOJHBIX MacTO0Opa3oBaTesei, MOTYyT
3aTPyIHITh TEPMUUYECKHUE LUKIIBI MepepadOTKH YroJbHBIX MAacT, CIOCOOCTBOBATH
3aKOKCOBAHHIO TPYOONPOBOJOB, CTEHOK PEaKTOPOB U AUCTUILIATOPOB. CTpoeHue
CMOJIUCTO-aC(aIbTEHOBBIX BELIECTB JI0 HACTOSILErO0 BPEMEHU MOJIHOCTBIO HE

BBISICHCHO, YCTAHOBIJICHO, JIMIIb, YTO OHH MMpEACTABIAIOT coboi



TCTCPOIUKIIMICCKHUC COCAUMHCHUA, B COCTAB KOTOPBIX IIOMHUMO ITOCTOAHHBIX

sanementoB (C, H, O) uvacTo BXOJAT cepa u a3oT.

Temnepatypa  3acTblBaHMsI M MHpelena  TEKy4eCTH  YIJIEPOIHBIX
acToo0pa3oBaTeNeil 1 MaclIOyroJbHBIX MMACT HA UX OCHOBE B 3HAYUTEIBHON Mepe

CBs3aHBbI C X KOMIIOHCHTHBIM COCTaBOM.

B mpaxtuke UCTIOJB3YeTCsl HECKOJIBKO METOAOB  ONpeesCHHs
TEeMIepaTypbl 3acThIBaHUS; B JaHHOW JabopaTopHOil paboTe mpenaraercs
OTIPEIETISATH TeMIepaTypy 3aCThIBaHUS C TPUMEHEHHEM ammapara
71a00paTOPHOTO Ui OIpENETCHUs] TeMIepaTyphl 3acTbIBaHUSA HEPTEIPOAYKTOB
(JIA3-93M) nu6o pyuneim wmetogomM B cooTBerctBuM ¢ ['OCT 20287 (merox

OTIpEJIEIISIET MPEIOAaBaTENb ).

PYYHOM METO/I OIPEJIEJIEHUS TEMIIEPATYPbBI
3ACTBIBAHUA
OTO CTaHAAPTHBIM METOJ OMpEAesieHUs TeMIIepaTyphl 3aCThIBAHUSI.
IMPUBOPHI U PEAKTUBBI
Cmexnanunas  npooupka  evicomou 16010 mm u  6HympeHHUM
ouamempom 20+l mm., cmeknaHuas npobupka evicomou 130x10 mm u
BHYMpeHHUM ouamempom 40+2 mm., mepmomempsvi, 600AHASL OAMA, WMAMUS,
CepHAsL KUCIOMA UAU OJleyM, IMULOBbIU CRUPM, MEEePOblll OUOKCUO Y2lepood.
Onpenenenne mnposomar corimacHo ['OCT 20287-74. CymHocTh MeTOaa
3aKJTI0YAeTCS B TMPEABAPUTEIBHON TEPMOOOpaOOTKE TPOOBI aHAIM3UPYEMOU
HepTn (HedTENpoayKTa) C TMOCICAYIONIUM OXJXKJACHUEM 0 TeMIepaTyphl,
npu Kotopoid HedTh (HEDTENpOIYKT) TEepsSeT MOABUKHOCTD.

O06e3BoxkeHHyto TpoOy HedTH (HedTEmpoayKTa) HAIMBAIOT B CYXYIO
YUCTYIO CTEKJIISIHHYIO MPOoOUPKY BbicOTON 160+£10 MM U BHYTPEHHUM JHAMETPOM
20«1 MM 10 KoublieBOM MeTkM (Ha pacctosHud 30 MM OT JHa TPOOUPKHU) TakK,
yTOOBI OHA HE pACTeKJIach MO CTEHKaM MNpPOOUpKU. 3atreM B MPOOUPKY C
MOMOIIbI0  MPUTHAHHOM  KOPKOBOW MPOOKM BCTABISIOT COOTBETCTBYIOUIUI

TepMoMeTp (MO mpexanonaraeMod  TeMmrmeparype  3acteiBanusi). I[lpu 3TOM



TEPMOMETP JOJIKEH MPOXOAUTHh MO OCH (CepenrHe) MPOOUPKH, a €ro pe3epByap
HaxXOAUThCA Ha pacctossHuU 8-10 MM or 1Ha mnpodupku. HemoaBuKHOCTH
TEPMOMETPY MpUJIaeT BTOpasi KOpKoBasi MpoOKa, HajeTass IPUMEPHO HA CEPEAUHY
HIDKHEN YaCTH TEPMOMETPA.

[Tpobupky ¢ ananu3upyemMoit HePpThio (HEQTEPOIYKTOM) U TEPMOMETPOM
MOMEIAI0T B BOISHYKO OaHio u TepMmocratupyior mpu 50+1°C, moka Hedts
(HedTenpoayKT) HE MPUMET 3Ty TEMIepaTypy. 3aTeM MpoOUpPKY BHIHUMAIOT U3
0aHM, BBITUPAIOT HACYXO M BCTABJISAIOT C IOMOINBIO KOPKOBOM TpOOKH B
npooupky-mydpry, BbicoToM 130+10 MM u BHyTpeHHUM auameTpom 40+2 mwm.
Ecnu Temneparypa 3acTbIBaHHs aHANM3UpPyeMOW HEPTH (HEPTENpOIyKTE) HUKE
0°C, T0 B npoOupky-mypTy npenBapurenbHo HamuBaloT 0,5-1,0 mu1 cepHoit
KHUCJIOTBI, OJeymMa Wid JApyroro ocymwutens. Ocymurens B mOpoOupke-mydTe
HEOOXOJMM JJIsl MOTJIOLIEHUS BJIaru U3 BO3AyXa M NPEIyNpEeXIACHUS TOSBICHUS
Ha CTEHKax pocel mnpu oxjaxaeHuud. CoOpaHHBIM MpHOOp 3aKpEIUISIOT B
HITaTUBE B BEpPTUKaIbHOM nosoxeHuu. Korgma aHanmusupyemas He(PTh
(HedrenponykT) oxmamutcs 10 35+5°C, mpuGOp ONMYCKAIOT B OXJIAXKIAIOILYIO
cMech. B KauecTBe OXJIAXKIAIOWIENM CMECH NPUMEHSIOT 3TAHOJ C TBEPIBIM
JUOKCHJIOM YTJIepoJa WM APYTUe peareHTbl, 00ecleyuBarouie HeoOXO0IUMYI0
TeMIiepaTypy. TemriepaTypa OXJaKIaroIllel CMecH JOJDKHA ObITh Ha 5°C mmke
npeanojaraeMod — Temmeparypbl  3acThiBaHUsl  HepTu  (HedTempoayKTa).
TeMIepaTypy OXJIaKIAMOMmeii CMECH MOAAEPKUBAIOT ¢ TOYHOCThIO +1°C.

Korga ananusupyemass He(Th (HE(TENPOIYKT) NPUMET MPEANOIaracMyro
TeMITepaTypy 3aCTHIBAHHS, IPUOOP HAKIOHSIOT oA yriioM 45° U BBIIEP/KHBAIOT
B TAaKOM IIOJIO)KEHUM, HE BBIHUMAs W3 OXJAXIAIOIIEH cMecH, B TeueHue | MuH.
3atrem npuOOp BBIHUMAIOT M3 OXJIAXKAAIONIEH CMecH, OBICTPO BBITHPAIOT U
HaOJIOIAIOT 32 CMEIIIEHNEM MEHHCKA aHAIM3upyeMoi HedTh (HedTerpoIyKTa).

Ecnu menuck nedru (Hedrenpomykra) cMecTUTCS, TO MPOOUPKY ¢ HEDTHIO
(HepTEenpOYKTOM) OTCOEAMHSIIOT OT MNPOOUPKU-MY(PTHI U CHOBA HAarpeBarOT Ha
BomsiHOM Game 10 50+1°C. HoBoe ompemencHue HPOBOMIT IPH TEMIEPAType Ha

4°C nmxe npeasiaymied. VccnenoBanue MNpojoJDKAKOT 10 TE€X IMOp, MOKa IpU



HEKOTOpPOW Temmeparype MEHHUCK HepTu (HedTenpoaykTa) HE MepecTaHeT
CMemaThCs. 3aTreM TPOoOUPKY ¢ HEePThIO (HEDTEPOIYKTOM) OTCOSAUHSIOT OT
MpOGUPKH-My(GTHI W CHOBA HATPEBAIOT HAa BOAsHOM Oame no 50+1°C. Hosoe
OIIpe/ieNieHre MPOBOIAT NpU Temmepatype Ha 4°C Bbile mpeabiayieil. AHamm3
OPOAODKAIOT 10 TEX IMOp, MOKa IPU HEKOTOPOM TeMIiepaType MEHHCK HEPTH
(HedTenpoayKTa) HE TIePEeCTaHeT CMEIaThCA.

YCTaHOBUB TpaHUIly TEeMIeEpaTypbl 3acThIBAaHUS aHAJIU3UpyeMoill HedTH
(medrenpomykra) ¢ TouHOCTBIO 10 4°C, OMNpEHCIeHHE MOBTOPSIOT, CHUKAS
WM TIOBBIIIASA TEMIIEPATypy UCIBITAHUA Ha 2°C. UccnenoBanmue IIPOAOJDKAIOT
J0 TeX TMop, TNoKa MeHUCK HepTu (HepTenpoAayKTa) HE MEepecTaHeT
cMmemarbes. 3aUKCUpPOBaHHAs TIPU ITOM TEMIIEpaTypa M €CTh TemIiepaTrypa
3acThIBaHMS aHanusupyeMod Hedptu  (Heprenponykra). Ilpu  moBTOpHOM
(IPOBEPOYHOM) HCIBITAHWM NpH Temneparype Ha 2°C BBIIE yCTAHOBICHHOI
TEMIIEPATYPbI 3aCThIBAHUS MEHUCK HE(PTHU (He(PTEpOoIyKTa) JOJHKEH CMELIAThCS.

JUist ompeneneHuss TeMmeparypbl 3acTbiBaHus HePTH (HEPTENpoOAyKTa)
IIPOBOJAT JiBa IApAJUIEIBHBIX HMCHBITAaHMS. BTOpoe uCIHBITaHWE MPOBOIAT IIPH
TeMmIeparype Ha 2°C BbIme YCTAHOBJICHHOW B mNepBOM ucnbiTaHun. Cpennee
apu(mMeTnyeckoe pe3yJabTaTOB JBYX NapauleJIbHBIX HWCHOBITAHUN NPUHUMAIOT
3a  TeMIlepaTypy  3acThiBaHUsI  aHanu3upyemod HepTu (Hedrempomykra).
Pacxoxnenus Mexny pe3yiabTaTaMH HE JOJKHBI IPEBBIIIATH 2°C.

OBPABOTKA PE3YJIbTATOB AHAJIM30B

O6paboTka  pe3yJbTaTOB  MOPSIMBIX ~ MHOTOKpPATHBIX  HaOJOJCHUI
OCYUIECTBIISIETCS B CIEAYIOLIEM MOPSIIKE.

1. OnpeneneHre TOYEYHBIX OLIEHOK 3aKOHA PaCHpeNeSICHUs pPe3yJbTaTOB
HaOJIIOIEHUI:

— cpeaHero apu(METHYECKOro 3HaueHHUs X M3MEpPSIeMON BEITUYUHBI;

— cpennero kBaapatudeckoro otkiaonenus (CKO) Sy pesynbrara usmepeHus
nmu CKO noBTopsieMoCTH;

— CKO cpennero apudmerndeckoro 3HaueHus Sy=Sr wm CKO

BOCIIPONU3BOAUMOCTH.



[Tpu nr0O0M 3aKOHE pactpeeTICHIs:

X 1 — cpennee apuMeTHIECKOE;

J— 1 n
X = HZ X; — cpenHee apudMeTHIECKOe
i=1

S, =S, =/DIX — cpeaHee  KBAJPAaTHUECKOE  OTKIIOHEHHUE

HOBTOp}IeMOCTI/I,
2
1 & —
TrIc
H | n _ 1 — i X

2. UckiroueHne rpyObIX MOTPEIIHOCTEN U MPOMAXOB IO CYIIECTBYIOIIUM
KpUTEPHUSM U IOBTOPHBIN pacuét X, Sy = S;.
HckimroueHre aHOMANBHBIX PE3YIbTATOB IPOBOIUTCA TIO P-KPUTEPHIO

(xputeputo PomanoBckoro). Bemuuuny P paccuutsiBaroT mo dopmyie

X3Kcmp -X ‘

S

X

ﬁpacq =

U CPaBHUBAIOT €€ ¢ Tabnu4yHbIM 3HadeHueM Prada. Kak mpaBuio, ypoBeHb
3HauynMocTu npuauMatot g(e) =1 —-P=1-0,95=0,05.

Ta6nuunsie 3HaueHus P npu P = 0,95 (a = 0,05) u uncne usmepeHuii N
npuBeeHBI B Ta0M. 1. P — moBepuTenbHast BEpOSATHOCTb.

Ta6muna 1 Kpurepuit PomanoBckoro

N 3 4 5 6

B 1,15 1,71 1,80 2,10

Eciu Bpacu > Prada, To pes3ynbTar cUMTAaeTCs MPOMaxoM (BBIOPOCOM).
[Ipu 4yucne wHaOmOAEHUM N; > 3 HUCKIIOYAIOT aAHOMAJIBHBIA  Pe3yibTaT
HaOmoaenus. Ilocne uckimodueHus TrpyOBbIX pe3ylbTaToOB MPOBOJAAT MOBTOPHBIN
pacu€t oreHoK X, Sy = Sy.

KOHTPOJIBHBIE BOITPOCHI

1. C kako# 1enbro onpeaenseTcs TeMneparypa 3aMep3anus?

2. CyuHOCTh pYYHOTO METOJA ONpeNeNieHUsT TeMIepaTyphbl 3aCThIBAHMS.



JIABOPATOPHAS PABOTA Ne 6
OIIPEAEJIEHUE TEMIIEPATYPBI BCIIBIIIIKAU N
BOCIINIAMEHEHUA HE®TEITPOAYKTOB

1.TEOPETUYECKHUE INOJIOKEHUSA

BonbIIMHCTBO He(Tell HMEIOT TeMreparypy BCHbIIKH mapos Hike 0°C.
Hampumep, Temneparypa BCHOBIIIKH YCTb-OaJIbIKCKOM M CaMOTIOPCKOW HedTen
paBHa coorBercTBenHO —30°C u Himke —35°C. ITpupomnbii 6uTyM MopaoBo-
Kapmanbckoro MecToposkaeHusi, TOOBITBIE METOJJOM BHYTPUILJIACTOBOTO TOPEHUS,
umeer Temmepatypy Bemsimkn 59°C. ®paxmmm 120— 230°C u 180—350°C
MOPJI0BO-KapMaJIbCKOI'0 MPHUPOJHOTO OUTyMa HMEIOT TEMIEpPaTypy BCIBIIIKU
cootBercTBenHo 32 1 91°C.

[Io TeMmeparype BCHBIIKM HEPTENPOAYKTHl JAENATCA Ha  JIETKO-
BOCIUIaMEHsoIuMecss W roproouue. K JIerkoBOCIIaMEHSIOIIMMCS  OTHOCSATCA
He(TEIPOIYKTE, MMCIOIIME TEMIIEPAaTypy BCIBIIKH mapoB He Gomee 61°C B
3aKpBITOM THTIIE (He Ooiee 66°C B OoTKpeITOM THTIIE). K roproueMmy kiaccy
OTHOCATCA HE(TENPOAYKTHI C TEMIEPATYPOU BCIBIIIKU OoJee 61°C B 3aKpBITOM
turie (0oiee 66°C B OTKPBITOM THTJIE).

JIerKOBOCIUIaMEHSIOIUMUCS ~ HEPTENPOAYKTaMU  SIBIISIIOTCA  MOTOPHBIE
TorMBa. Tak, aBTOMOOWJIBHBIM O€H3WH HMEeT TeMIepaTypy BCIBIIIKA B
3aKpBITOM THTIJIC —500C, apuarmonnbii —30°C. Tommmea s PEAKTUBHBIX
JBUTATENeH, B 3aBUCHUMOCTH OT COPTHOCTH, JOJDKHBI HMETh TEMIIEpaTypy
BCIIBIIIIKU HE HIXKE 28—600C, a TOTUIUBA JJ1s1 OBICTPOXOIHBIX TU3eeH 35— 61°C.

TemnepaTtypa BocIIaMEHEHHs HU3EJbHBIX TOIJIUB HaXOAMTCA B Ipejeax
57—119°C. Temreparypa BOCIUIAMEHEHHS BCET/A BBIIIE TEMIIEPATYPbI BCIIBILIKH.

Temnepatypa camoBOCIUIaMEHEHHUSI HE(PTEHNPOAYKTa C YBEIMUYEHUEM €ro
MOJIEKYJISIPHOM MacChbl YMEHBIIAeTCs: €cld OCH3MHBI CaMOBOCIIAMEHSIOTCS TpU
Temmepatypax Bbime 500°C, To ausensHbie Tommaa mpu 300—330°C.

[lo TtemmepaTypam BCHBILIIKM, BOCIUIAMEHEHUS M CAaMOBOCIUIAMEHEHHUS

OLICHMBAIOT MOKApO- U B3PHIBOONIACHOCTh HEDTU U HEDTEPOIYKTA.



Temnepatypy Bcmblliki He(TH, JIETKUX HETAHBIX (pakIuil © MOTOPHBIX
TOTUTUB OIPEAETSIOT B 3aKPBITOM M OTKPBITOM THUIJIsIX. OmpesienieHne B OTKPBHITOM

THUTJIC IIPUMCHAIOT IJIA MACCII 1 TCMHBIX HC(I)TCHpOI[yKTOB.

OINPEJAEJIEHUE TEMIIEPATYP BCIIBIIIKHU N
BOCIIVIAMEHEHMHSA B OTKPBITOM THUIVIE ITIO METOJAY BPEHKEHA
OBOPYJIOBAHUE U MATEPHUAJIbI
Hedrenponykr, KEJIe3HBIM THUTEIb, necyaHast OaHs,
AJIEKTpOHArpeBaTeIbHbIA TIpuOOp, TepMoMmeTp A0 360 °C, JIyYUHBI, 3alUTHAs

MacCka.

HOPAAOK PABOTbI
Iloozomoeka k ananu3zy. [0 onpeneneHuss TEMIEPATYP BCIBIIIKU U
BOCIUUIaMeHEHUs1 OepyT 00e3BOKEHHBIM HedTenpoaykT. Tureab MNpoMbIBAIOT
OCH3MHOM, 3aTeéM TMpU HAJIUYMM  YTJIEPOAUCTHIX  OTJIOKEHHM  OYMIIAIOT
METAJUIMYECKON IIETKOW, MPOMBIBAIOT JUCTHUILUIMPOBAHHOW BOJAOU U BBICYLLINBAIOT.

[Ipubop nans omnpeneneHus TEMIEPATyphbl BCIBIIIKA W BOCIJIAMEHEHUS
YCTAHABJIMBAIOT B TaKOM MECTe, TII€ HET 3aMETHOIO [IBI)KEHUs BO3[yXa H
MONAaJaHus JTHEBHOTO CBETA HA MOBEPXHOCTb TUIJIS, U 3aUIUIIAIOT OT JIBUKEHUS
BO3/1yXa IUTOM WJIM SKPAHOM.

Jlisi TpOBeIeHMs aHATM3a TUreldb OXIaxaaoT g0 15—25°C u craBsar B
HapY>XHBIM TUTEJIb almapara ¢ NPOKAIEHHBIM ITeCKOM. IIpyu 3TOM IeCOK HOJKEeH
OBITh Ha BBICOTE OKOJIO 12 MM OT BEpPXHETO Kpasi BHYTPEHHEIro THUTJIS, a MEXIY
JTHOM 3TOTO TUTJISI U HAPY>KHBIM TUTJIEM TOJIIMHA MTECKa TOJDKHA OBITh S—8 MM.

AHaIM3UpyeMbIii HEPTENPOAYKT HAJIMBAIOT BO BHYTPEHHHMM TUTENb Tak,
YTOOBI €r0 YpPOBEHb ObUT HIDKE Kpasi THIJS Ha 12 MM s He(QTEempoayKTOB CO
Bemblmkoit 7o 210 °C BrmountensHo W Ha 18 MM s HE(PTETPOTYKTOB CO
BerbImkoit Beimre 210 °C.

Buumanue! He nomyckaercss 3anuBanue HedTENPOIyKTa BBINIC YPOBHS,

OTMEUEHHOI'0 Ha BHYTPEHHEW CTOPOHE TUIJIS U pa3OphI3rMBaHus HePTenpoayKTa.



TepMomeTp ycTaHaBIMBAIOT BO BHYTPEHHUH THUTENlb ¢ HEPTEHPOAYKTOM B
CTPOTO BEPTHKAJIBHOM TMOJIOKEHUHU, TaK YTOOBI PTYTHBIN IIAPUK HAXOIWICA B
LHEHTPE TUIJIA NPUOIU3ZUTEIBPHO HA OJMHAKOBOM PACCTOSIHUM OT JHA THUIJIS U
YpOBHS HEPTEPOAYKTA.

Ilposedenue ananuza. llpu aHanuze Hapy)XHbI TUreNb amnmapaTa
HATPEBAIOT Ha srekTporuuTke. 3a 40°C 10 0KMIaeMOi TeMIepaTyphl BCIIBIIIKHA
ckopocTh HarpeBa orpammumBaror o 4°C/mmm. 3a 10°C 1o  oxwmmaemoit
TEMIEPATYPbI BCIBIILIKHA MPOBOIAT MEUIEHHO IO Kparo TUIJISA Ha paccTossHuu 10—
14 MM OT OBEPXHOCTH aHAIM3UPYEMOTI0 HEPTENPOAYKTA U NapAIIIEIBHO 3TOM MO-
BEPXHOCTH IJIaMEHEM JIy4uHbl. JIMHA mamMeHu AobkHa ObITh 3—4 MM, BpeMms
OPOABMXKEHUS IIJJAMEHHM OT OJHOW CTOpPOHBI THUIVISL 10 Jpyrod 2—3 c.
Ompenenenne mosropsioT depe3 2°C moxbeMa TeMIIepaTyphl.

3a TeMIiepaTypy BCIBIILKY IPUHUMAIOT TEMIEPATYPy, KOTOPYIO OKA3bIBAET
TEPMOMETP IPH MOSBICHUH MEPBOTO CHUHETO IJIAMEHHM HAaJl YaCThIO WMJIM HAaJl BCEl
MOBEPXHOCThIO aHamu3upyeMoro Hedrenpoaykra. Ilpm 3ToM He cueayer
CMEIIMBATh MCTUHHYIO BCIBIIIKY C OTOJECKOM OT IJIJaMEHH JIy4uHbl. B ciydae
MOSIBJIEHUSI HESICHOM BCHBIIIKM OHA JOJDKHA OBITh MOATBEPKACHA MOCIEAYIOIIEH
BemblKoit gepes 2°C.

[locne ycraHOBJIEHHS TEMIEPATypbl BCHBILIKK HEPTENPOAYKTa, €CIU
TpeOyeTcss ONpeNenuTh TEMIIEpaTypy €ro BOCIUIAMEHEHUs, MpPOAOJIKAIOT
HarpeBaHue Hapy>XHOTO THUTJS TakK, 4YTOObl aHAJIM3UPYyEeMbld HEPTEHPOAYKT
HarpeBancs co ckopoctbio 4°C/mun. Yepes kaxmbie 2°C moabeMa TeMIIepaTyphl K
HEPTENPOAYKTY TOIHOCAT TUIaMs JY4YHHBI. 3a TEeMIepaTypy BOCIUIAMEHEHUS
OPUHUMAIOT TEMIIEpaTypy, IOKa3bIBAEMYI0 TEPMOMETPOM B TOT MOMEHT, B
KOTOPBI aHATM3UPYEeMbId HEPTENPOAYKT MPU TOJHECCHHMH K HEMY IUIaMEHHU
3aropaercs U MpoJI0JKaeT FOpeTh HE MEHeEE S C.

Pacxoxzaenus Mexay JABYMsS IOCJEIOBAaTEIbHBIMU  ONpEAeNICHUIMU
TEMIIEPATypPhl BCIBIIIKA HE JOJDKHBI MPEBHIIIATh MPU TEMIIEPAType BCIBIIIKU 0
150°C - 4°C, memme 150°C - 6°C. PacxomeHHS MEKLY —JABYMs

NoCjICca0BATCIbHBIMU ONPEACIICHUAMN TEMIICPATYPbl BOCILNIAMCHCHHUA HE OJIZKHBI



npesbimath 6°C. Brumanme! JlaHHyo paGoTy CileayeT MPOBOIUTH TOTBKO B
3aIUTHBIX MACKaX.

KOHTPOJIBHBIE BOITPOCHI

1. Kakne HedTenmpoayKThl OTHOCSTCS K JIETKOBOCIUIAMEHSIIOIIMMCS U

roprounM. KakoBa Temmeparypbl BCIBIIIKY TAPOB UX?

2. Kak ompenmensior  TemmepaTypy — BCIIBIIIKH Pa3IUYHBIX
He(TENPOAYKTOB?
3. Ilo wmeronmy bpeHkeHa ompenensioT TeMIeparypy BCIHBIIIKA U

BOCIUJIAMEHEHUS KAKUX HEPTEIPOTYyKTOB?

JIABOPATOPHAS PABOTA Ne /7
ONPEJEJIEHUE AHUWJIMHOBOM TOUKHU

TEOPETHYECKHE ITOJIOKEHUA

CgoiicTBa HE(PTENPOAYKTOB B 3HAYUTEIBHON CTENEHU OMPEACISIETCS HX
YTIEBOAOPOAHBIM cocTaBoM. Ero 3HaHwe HeEOOXOAMMO JUIsi TMPaBUIBHOTO
MPUMEHEHUSI HEPTEMPOAYKTOB, B YaCTHOCTH, 3HAHHUE YTJIEBOJOPOJHOIO COCTaBa
OCH3WHOB HEOOXOAMMO JUIsi MX PAIMOHAIBHOTO TPUMEHEHUST B KadecTBE
MOTOPHOTO TOILIMBA U CMA304YHbIX Macell.

Pa3znuuHble KIacchl yriieBOJOPOJAOB BEAYT ceOsl B aBTOMOOMIIBHBIX U
aBUAIIMOHHBIX JIBUTATENSX KapOIOpaTOpHOrO THMA HeoAuHakoBo. Hampumep,
napaduHbl HOPMAJBLHOTO CTPOEHHUS BBI3BIBAIOT MPHU CTOpPaHUU HEXKeJaTeTbHOE
SBJICHUE — JIETOHALIMIO, B TO BpeMs, KaK apoMaTHYECKHE YIJIEBOAOPOAbI U
n3omapauHbl OTJIMYAIOTCS BBICOKOW JIETOHAIIMOHHOM CIOCOOHOCTBIO. HadTeHbl
3aHUMAlOT B OTHOIICHHHM JCTOHAIMOHHOW CIIOCOOHOCTH IMPOMEKYTOUHOE
nonoxkenre. Ceilluac MOXKHO CUHATATh YCTAHOBJIEHHBIM, YTO BCE€ OCHOBHBIE
XapaKTEPUCTHKNA KAa4eCTB Macel - BA3KOCTh, MHJIEKC BS3KOCTH, CTAaOMIBHOCTH
MPOTUB OKHUCIICHMS, TEPMHYECKasi CTaOMIIBHOCTh, 3aBUCAT OT COAEpKaHUS U

CoCTaBa apOMATHYCCKHX YTIJICBOAOPOI0B.



YepHoxykoB u KpeliH mokazamu, 4yTo Ha(TEHOBBIE YTIJIEBOJOPOIbBI
BECbMa IIOJIBEPKEHBI OKHUCIUTEIBHOMY BO3JEUCTBHIO KHCIOPOJA, IpUYEM
OKHCIIIEMOCTh HMX BO3pPACTAECT C TOBBIIIEHUEM CPEIHETO MOJIEKYJISIPHOTO BeEca
bpakuuii. ApoMaTHYecKWe YTIEBOJAOPOABI B OIPEACICHHBIX KOHIICHTPAIUIX
TOPMO3SIT OKHCJICHHE Ha(TEHOB.

Bs3kocTh Macen W MOJOTOCTh KPUBOW BA3KOCTH TAaKXKE IO HW3BECTHOU
CTENICHU  OOBSCHAIOTCS  HAIMYMEM W KOHIEHTpAIHWed  apoOMaTHYECKUX
YTJIEBOIOPOIOB PA3IUYHOTO CTPOCHHUS.

[Ipu omnpezaeneHny rpynnoBOro cocraBa HeTU U HEPTEIPOIYKTOB CIETYET
YUYUTBHIBATh, YTO 3THU COCAUHEHHUSI COCTOAT W3 YPE3BbIYANHO OOIBIIOr0 YHCIIA
WHJMBUAYAJIBbHBIX YIJIEBOJOPOJOB W JPYTUX COEOUHEHHUIA. Bcenencrsue
CJIO)KHOCTH M JUIMTENBHOCTH ONPEACIECHUS WHIAUBUIAYAIBHOTO YIIJIEBOJOPOJHOTO
cocTaBa HEPTENPOTYKTOB OMNPEACNIAIOT CYMMapHOE KOJMYECTBO YIJIEBOAOPOJIOB
OTIPEJICIICHHBIX KJIACCOB, COACPKAITUXCS B HEPTEIPOTYKTaX.

AHMJIMHOBBIA METO/

Cpenn  HEMHCTPYMEHTAJBHBIX  METOJIOB  OMNPENENICHHS  TPYNIOBOTO
XUMHUYECKOTO  cocTaBa  OCH3MHOBBIX  (Ppakuuii  Hambosiee  MIUPOKOE
PacIpOCTPAHEHUE TTOJYUYUIT AHUJIMHOBBIA METOJl, OCHOBAaHHBIM HAa HEOIWHAKOBOM
PacTBOPUMOCTH YTJIEBOJAOPOJOB PA3JIMYHBIX KJIAaCCOB B aHWiuHE. [Ipu cMmemenun
He(PTAHONW (paKkMu C aHWIMHOM TP KOMHATHOM Temmeparype OObIYHO
o0Opa3yroTcs JiBa Cliosi, T. €. He POUCXOAUT MOJHOTO PAaCTBOPEHUs HePTENPOayKTa
B aHWIMHE. Ecin 3Ty cMech HarpeBarh, MOCTOSHHO IEpEMENIMBas, TO MpPU J0-
CTMKEHUHM ONPENCIICHHOW TEMIIEpaTyphl IMPOU30MIET TMOJHOE B3aUMHOE
pacTBOpPECHHE aHWUJIMHA W HEPTENPOIYKTAa, CIOM HMCUE3HYT, M JKUIKOCTH CTaHET
ogHopomHou.  Temmeparypy, COOTBETCTBYKOIIYH)  IIOJIJHOMY  B3aUMHOMY
PacCTBOPECHHUIO aHWJIWHA W HE(TENPOayKTa, HA3bIBAIOT AHWUJIMHOBOW TOYKOW WIIU
KpuTudeckor Ttemmeparyporr pactBopenuss (KTP) manHoro HedTempomykra B
anwinHe. Hanbonee HU3KMMHM aHWIMHOBBIMU TOYKAMHU CPEAM YIJIEBOJIOPOIOB
XapaKTepU3yrTCsd apeHbl, HanOoJee BBICOKUMH — aJKaHbI, IUKJIOAJIKAHBI 3a-

HUMAOT IIPOMEKYTOUYHOC ITOJOXKCHHC. AnKeHbl U OUKIIOAJIKCHbI HWMCIOT



HECKOJIbKO 00Jiee HHU3KO€ 3HAYeHHE AaHWIMHOBBIX TOYEK I10 CPAaBHEHUIO C
HUKJIOAJIKaHAaMU ~ OJIM3KOM  MOJIEKYJIIpHOM Maccel. B mpenmemax — ogHOro
TOMOJIOTHYECKOTO PSAJa AHWUJIMHOBBIE TOYKHM, KakK MpPaBUJIO, BO3pPACTAIOT C
YBEIMYEHHEM MAacChl M TEMIIEpAaTypbl KHUIIEHHs yrieBojopona. Takas ixe
3aKOHOMEPHOCTh HaOIoaeTcs U AJisi pakiuii, BHICICHHBIX U3 OJHOW U TOM ke
HedTH.

Cy1miecTByIOT J1IBa METO/1a ONPEAECIECHUS aHUJIMHOBBIX TOYEK: METOJ PaBHBIX
00BEMOB M METOJ] MAKCUMAJIbHBIX aHUJIMHOBBIX TOYEK. B mepBoM ciyudae OepyT
paBHbIE OOBEMbI aHWJIMHA M UCCIIEyEMON (PpakUuu U ONPENESIOT TEMIIEPATypy
UX IIONHOro cMewmeHus. IlonydeHHyr0 TeMmmepaTypy Ha3blBalOT aHWUIJIMHOBOU
TOYKOM. BO BTOpOM cCilydae HaxXoIAT TEMIIEpATypy, Ha3bIBAEMYI0 MaKCUMAJIbLHOU
AHWJIMHOBOM TOYKOW WJIM MCTUHHOM KPUTHYECKOW TEMIIEPATypOUW PACTBOPEHHUS B
aHuinuHe. Ee momydaroT 1ocie  HECKOJIBKMX — ONPENCIIEHWM TeMIlepaTypbl
pacTBOpPEHMs IPOIYKTA B BO3PACTAIOIIMX KOJIUYECTBAX aHWINHA. [Ipy yBenmnueHun
KOJIMYECTBA aHWJIMHA TEMIIEpATypa MOJHOTO PACTBOPEHHUS CHA4Yaja IOBBIIAETCS U
IpU HEKOTOPOM COOTHOILIEHUH (PpaKIMK U aHUJIMHA JOCTUTaeT MaKCUMyMa, I0Cye
Yero Ipv JaJbHEWIIEM YBEIMYEHUM KOJMYECTBA AHWIMHA HAYMHACT IAJaTh.
MakcuMasibHyl0 ~ TeMIlepaTypy  IIOJHOTO  PacTBOPEHHs  NPUHUMAKOT 32
MaKCUMaJIbHYI0 aHWIMHOBYIO TOYKy (ucTuHHyr0o KTP B anunmuue).  OObIUHO
pa3HMIIA MEXAY AaHWIMHOBBIMH  TOUYKamMu (pakuuMid U UX MaKCUMaJIbHBIMHU
AHUJIMHOBBIMA TOYKAaMU HEBEJIMKA, NPUYEM OHA YBEIUYUBAECTCA C POCTOM

TeMIlepaTyp KUMEeHUs! Gpakiuuid U yBEIMUYEHUEM COAECPKaHUS B HUX apEHOB.

OBOPYAOBAHUE N MATEPHUAJIBI
[IpoOupka ¢ mydroii odObemMoMm 15 M, cTakaH U3 TEPMOCTOMKOIO CTEKJa
BMecTUMOCThI0 750 — 1000 M, TepMoMeTp C JJWHHOW HOXKOW, aHWIIWMH

CBG)KGHGpGFHElHHBIfI MAapkKu 4., IIMIICTKHU Ha 2 ML



HOPAAOK PABOTbI

Puc. 7. Ilpubop 1151 onpeaeneHus

AHUJIMHOBOU TOYKU:

1 — tepmomeTp,

2 — npoOupKa,

3 — Mmyra,

4 — BoasgHast OaHs,

5 — memranku,

6—cmech AHWJIMHA C

—y MCCIIEyeMON (ppakuueit.

MeTtoa paBHBIX 00beMOB. B uuctyio u cyxywo mnpobupky 2 (puc. 7)
NOMEMIAIOT MO 2 MJI aHWIMHA U aHAJU3UPYyeMOl OEH3MHOBOW (paklMH, MIOTHO
3aKpbIBAIOT IPOOKOM CO BCTABJICHHBIM B HEE TEPMOMETpOoM | M Melaiakoil 5
U YKpeIIioT B MypTe 3, morpy>keHHol B BoJsHYyt0 OaHio 4. IIpoaykt w
aHWINH OepyT C MOMOUIBIO MUIMETOK BMECTUMOCTHIO 2 MiI. TepMOMEeTp moMearoT
TaK, YTOObl CepeauHa PTYTHOTO LIapUKa  HAaXOAWJach Ha YypPOBHE JMHUU
pas3ziena clOEB aHWIMHA W Opoaykra.  Temmeparypy BOASIHOM Oanu
MEJUJIEHHO MOBBIIIAIOT, IPU 3TOM HENPEPHIBHO IMEPEMENIMBAIOT MELIAIKON
MPOAYKT € aHWIMHOM. OTMEUAIOT TeMIIEpaTypy ITOJIHOTO CMELICHHS KUAKOCTEN
(mpu 3TOM PacTBOpP CTAHOBUTCS MPO3PAYHBIM), MPEKPAIAIOT HATPEBAHUE U JIAIOT
BOJIE MEIJICHHO ocTbiBaTh. Korga B mnpoOHpke 2 TMOSBISIETCS MYyTh, YTO
CBUJIETEILCTBYET O Haudajie pasfeieHus (a3, CHOBa HAYMHAIOT TEPEMEIIUBATh
pacTBOp MelIaNKkod. BHauanme mpu nepeMemMBaHUM MYyTh MCYE3a€T, HO 3aTeM
HAaCTylaeT MOMEHT HEMCYE3a0IEro IOMYTHEHUS. 3a aHWIMHOBYKO TOYKY
NPUHUMAIOT HAUBBICUIYIO TEMIIEPATypPy, IPU KOTOPOH MYTh MpPU NMEpeMEIIMBaHUU
He ucuezaer. Temmeparypbl — IOJHOTO CMEUIEHHWs W I[IOMYTHEHHsS  HE
JIOJDKHBI PAcXOJMThCsl 0ojiee ueM Ha 0.1°C. Onpenenenne aHWIMHOBOW TOYKHU
HOBTOPSIIOT €  HOBBIM 00paszLioM uccienyeMoll  ¢pakuuu. PacxoxaeHue

0
AHUJIMHOBBIX TOYEK B TMapajulesIbHBIX OMNbITaX He J0JKHO npeBbimath 0.2°C.



Meroaq MakcMMAJbHOW AaHWJIMHOBOW TOoukM (uctunHo KTP B
aHwiuHe). B mpoOupky 2 momemaror 2 M ucciemyemont (pakmum, 1.6 mi
aHUJIMHA U ONPEAEIISIIOT TEMIIEPATYPY MOJHOTO PACTBOPEHMS, KaK OMMCAHO BBIIIIE.
[Tocne »toro k cmecu A00aBisAOT eme 0.2 M aHWIMHA U CHOBA OIPEHEISIOT
TeMriepatypy pactBopeHus. OObIYHO OHa ObIBAa€T BBIIIE, YEM INPU MEPBOM
onpeneneHur. AHWIMH npubaBimsaioT no 0.2 mMia 10 Tex Top, IMOKa TMocie
HEKOTOPOTO MAaKCMMyMa TeMIEpaTypbl PaCTBOPEHUSI HE HAMETUTCS €€ CHI)KEHUE.
MakcuMalbHyl0 aHUJIUHOBYIO TOUYKY (PUKCHPYIOT; OHa COOTBETCTBYET MCTUHHOMN
KPUTUYECKOM TEMIIEpAaType PACTBOPEHHUS MCCIEIyEMOro MpOAyKTa B aHHIIMHE.
[Ipy HanM4MKM JOCTATOYHOIO KOJIMYECTBA BEUIECTBA ISl KAXKJIOTO OIpENeNCHUs

CICaycCT 6paTB HOBBIC IIOPOUHU IIPOAYKTA U aHUJIMHA.

KOHTPOJIBHBIE BOITPOCHI
1. Ha yeM OCHOBaH aHWJIMHOBBII METOA?
2. UYTo Ha3BIBAIOT aHWJIMHOBOW TOYKOM WJIM KPUTHYECKON TEMIEPATypoil

pactBopenus (KTP)?

JIABOPATOPHAS PABOTANe 8
MNAUPOJIN3 JPEBECHUHbI

TEOPETHYECKHUE ITOJOKEHUSA

JlpeBecuHa — NPUPOAHBIA OPraHUYECKUM MaTepUAl APEBECHBIX U
KYCTapHUKOBBIX PAaCTEHUW, NPUIAIOLIMA UM MPOYHOCTh W YYACTBYIOUIUMU B UX
NMUTaHUU. XUMUYECKAN COCTAB IPEBECUHBI 3aBUCUT OT MOPOJIBI U BO3paCTa JAEPEBA,
OT 4acTH JIepeBa, TUIIA Jieca U T. II.

AOCONIOTHO Cyxasi JpeBeCHMHa MMEET CICAYIOUIUI 3JIEMEHTHBIN
coctaB, % macc.: C — 49-50; O — 43-44; H — oxono 6; N - 0,1-0,2; 0,1-1,0 —
MHHEPAJIbHBIX BELIECTB. [ JIaBHBIE COCTAaBHBIE YaCTH JPEBECHHBI — LEIUII0JIO34,

JJMI'HUH WU TCMHUICIIIFOJIO3HI.



JlpeBecuna U3/1aBHA MIPUMEHSIETCS Kak CTPOUTENBHBIM,
KOHCTPYKIIMOHHBIM, MIOJICIIOYHBIA MaTEPUAN U KaK TOIUIMBO. /[peBecrHa OTHOCUTCS
K BOCIIPOM3BOJAMMOMY, BO300HOBIIEMOMY NPHUPOAHOMY PECypCy, UMEIOIIEMY
OINPEJEICHHOE SHEPTOXUMHUYECKOE 3HAUCHHE.

[Tuponu3 npeBecuHbl (Cyxas MEpEeroHKa APEBECHHBI) — Pa3IOKEHHE
npeBecHHbl mpH HarpeBanmu 10 450 °C 6e3 mocTyma Bo3myxa ¢ oGpasoBaHHEM
ra3000pa3HbIX, KUAKUX MPOJYKTOB U TBEPAOTO OCTATKA — TPEBECHOTO YTJIsl.

B ocHoBe mnuponu3a JpEeBECHHBI JiekKAT CBOOOJAHOPAAMKAILHBIC
peakuuu  TEPMOJECTPYKUMH  TEMHUUEIUTION03,  UEJUII0JIIO3bl W JINMTHUHA,
IpoTeKaroIue cooTsercTBeHHo npu 200-260, 240-350 u 250-400°C.

[Iuponn3 gapeBeCMHB — DK30TEPMUYECKHHA IIPOLECC, IPU KOTOPOM
BBIJIEIISIETCS 00J1bII0e KOm4ecTBO TeaoThI (1150 k/[K/KT).

Cyxas meperoHka IpeBECHHBI HCHOJIb30Bajach B Poccun yxe c 12
B. IPU TMOJYyYEHUH COCHOBOWM CMOJBI (VI TIPONMTKU  JIEPEBSIHHBIX CYJIOB,
kaHatoB). C pa3BUTHEM METAUTYpPrUU M OTKPBITUEM IIOpOXa CyXas MEepEeroHKa
JIPEBECHUHBI CTaJla MCIIOJIb30BaThCAd M ISl MOdy4YeHus apeecHoro yrisa. C 19 B.
MUPOJIU3 JPEBECUHBI CTAHOBUTCS OCHOBHBIM MCTOYHHUKOM IMOJIYYEHHUSI METAHOJIA U
YKCYCHOM KHUCJIOTHI.

OcCHOBHBIE ~ 3Tambl  TEXHOJIOTMYECKOTO  Ipolecca  MUPOJIH3a
JIPEBECUHBI: pa3fieiKa APEBECHHBI HA KYCKH; CYIIKa pa3/IelaHHON JpeBEeCUHBI (10
BJIAYKHOCTHU

10-15 9%); coOCTBEHHO MUPOJIM3 B CHELUATBHBIX MeYax-TeHepaTopax WU
peropTax; OXJaXJICHHE YIJIsI W ero cradunuzanus (s NpeaoTBpalleHus
CaMOBO3TOpaHusl); KOHJICHCAIMS TMAapoB  JIETy4ux  NOpoaykToB.  Haumbonee
NPOJOJDKUATENbHAS W JHEProeMkKasi CTajusi — CyIIKa APEBECHHBI JI0 BIAKHOCTU
15 %.

JIpeBecHbId yroJib MOJYy4YarT U3 JIPEBECHUHBI TBEPAOJUCTBEHHBIX
nopoJ, Oepe3bl WM U3 CMECU APEBECUHBI TBEPOJIUCTBEHHBIX U MATKOJIUCTBEHHBIX

nopon. OH 10mKeH coaepkath He 6onee 3 % 30ib1, HE Oonee 6 % Bnaru, He Oosee



7 % wyactun pasmepoM MeHee 12MMm. MaccoBas J0Ji HENETy4ero yriepojia B
JPEBECHOM YTJIE TOJDKHA cocTaBisaTh 77-90 %.

TexHuka nUpoaM3a APEBECHMHBI pazHOOOpa3Ha, MOITOMY OTMETHM
Hambonee  TUNMMYHBIE  Tpolecchl.  Becbma 3 QEKTUBHBIM  SBIAETCS
HPHEPrOXMMHUYECKOE HaNpaBJICHHE UCIOJIb30BAaHUSL JIPEBECHUHBI, B KOTOPOM
MUPOJIU3 JPEBECUHBI COTPOBOXKIACTCS MOJTYYCHUEM DHEPTUU U JIECOXUMUYECKUX
IPOAYKTOB.

B nmocneBoeHHBIE TOMbI MOJYYWIM PACIPOCTPAHEHUE TOIKHU-
TEHEPATOpPhl  CKOPOCTHOTO  ropeHus  LleHTpaJbHOrO  KOTJIOTYpOMHHOTO
uHcturyta cucremel B.U. IlomepanneBa. Ha 3Tux anmapatax OJHOBPEMEHHO C
TEIUIOBOM 3HEpruei Noyyany MpoayKThl TUpoiIn3a (ra3, CMOJIy U 1p.)

Tonka-reneparop BblgaBasia maporazoByto cMmech (III'C), kotopas
HapaBJsjach B CMOJIOOTAEIUTENb. 31eCh CMOJIIHOM TyMaH ocaxaaics u3z [1I'C B
aNeKTpopmibTpax U cmonootaenurensax. OcBoboxaeHHas ot cmoasl  [II'C
NocTymnajga B CKpyOOep, Ille MPOUCXOAMIIO pa3/ielieHHe Ha KOHIEHCUPYIOIIHECS
U HEKOHJEHCHUPYIOIIMECS KOMIIOHEHTHI.

Konaencupyromuecs KOMIOHEHTHI 00pa3yloT KOHACHCAT — JKUIKYIO
¢da3zy (cmorna, HajacMmoisibHas Bofa). Ilpu oTcrauBaHuMM MPOUCXOIUT pas3zeiieHUE
)Kuakou ¢aszel. OTCTOSIHHAS CMOJIa OcelaeT Ha JHO, €€ IUIOTHOCTh paBHa 1,12-
1,4 r/em®. Cmony 3aTeM MOABEPraroT PasrOHKE, MPH TOM MONYYAIOT MAcia
TeK.

K macnam otHocsiTcs (ppakiuu, Beikunaromue B uareppaie 180-295
1 290-335°C. ®pakuus ¢ urTeppanom kumerns 180-295°C cocrasmsier okoo 60
% cwmomnbl. Ee cocraB, % wmacc.: ¢enonbr — 45-60, HEeWTpadbHbIE BEIIECTBA
(Hanpumep HadTadMH, aHTpaleH, (peHaHTpeH, uX romojoru) — 25-30, KUCIOThI
C2-C7—12-15.

®pakuust ¢ naTepBatoM Kumenns 290-335°C comepKuT mpOU3BOIHbIE

¢denonoB, okucieHHbie BemecTBa C;-Cyp (CIUPTHI, ambAETU]Ibl, KETOHBI, 3UPHI).



Macnsiable (Qpakiuu SBISIOTCS XOPOIIUMHU (PIOTOpEareHTaMu ISt
oboramieHns OKucIeHHbIX pyn MHOTuX MetamwioB (Fe, Ti, Zn, Pb, Sn u np.). s
Sn aT0 Hanboee >3PpheKTUBHBIN peareHT s (GIOTALNH.

YacTh CMOJIBI MHPOJIM3A JAPEBECHHBI PACTBOPAETCS B HAJACMOJBHON
BOojZie. JTa cMoOJa Ha3blBaeTcs pacTBOpUMOM cmoioil. Ee mpumepHslit cocTas,
% Macc.: JIeBOIIIOKO3aH, noyucaxapuabl — 30, JJaKTOHBI W MOIMIPUPB — 25,
MHOTOaTOMHBIE (DEHOJIbI, TJIABHBIM 00pa3oM, MUPOKAXETUH — §, STUICHIIIUKOIb —
8 u 1ip.

[Muponus npeBecunbl B 40-X rogax ObUT OCHOBHBIM HMCTOYHHUKOM
MAPOKAXETHHA — HEMPEMEHHOM COCTaBHOM 4acThIO pakeTHoro rormsa. C 1830 mo
1923 r. xucnas HajaCMOJIbHAs BOJA MHUPOJM3A APEBECHUHBI  OblIa OCHOBHBIM
UCTOYHUKOM MeTaHona (¢ 1923 rogma ero cranu moJjiydaTh cuHTe30M Duiiepa-
Tpomnmua). 13 3701 5x€ BOABI U3BIEKAIN YKCYCHYIO KHCIIOTY.

B 01HOM U3 METOA0B YKCYCHYIO KUCJIOTY HEUTPAIN30BAIN U3BECTHIO
JI0 aleTara KaJlblMsl, KOTOPBIA 3aT€M CyXOW MEeperoHKoi mnepepadaTbiBadu B
alleTOH:

Haubonee Ba3kue (pakuuu cMOJbl NUPOIU3a IPEBECUHBI (KYyOOBBIE
OCTaTKM) TPAJAWLHMOHHO NPUMEHSAIOT B  KA4eCTBE THUAPOU3OISLUOHHOIO
Matepuana —Outyma (B pa3IMYHBIX KPOBEIBHBIX MaTepHaliax).

Ilex — mpencraBisieT coOOM CaMOMPOU3BOJBLHO OOpPA3YIOLIUICS
HOBOJIaK (HOBOJAuHyl cMmoiy). [leno B TOM, 4TO B MPOAYKTaxX MUPOJIU3a
JIpEeBECUHbl  €CTh  (EeHOJIBl W albJeruibl, KOTOpblE B  IIpolecce
BBICOKOTEMIIEPATYPHOM  TMEPErOHKM  B3aMMOJIEUCTBYIOT €  0Opa3oBaHUEM
HOBOJIAUHBIX CcMOJI. [lex sBHseTCS XOpOIIMM 3aKkpenurTeraeM (POpPMOBOYHBIX
CMeCeH.

Hexonnencupyromme KOMIIOHEHTBI I[rc IIPEICTABISAIOT
ra3000pa3Hble IPOYKTHI MUPOIN3a U UMEIOT cocTaB (% 00bemHbIX): CO2 —45-55,
cCO - 2832, H, - 2, CHy; - 8-12, ngp. yrmeBomoB 1,5-3. CocraB

HEKOH/JICHCUPYIOIUXCSI Ta30B 3aBUCUT OT KOHEYHOM TEeMIEPaTyphbl NUPOIU3A,



CKOPOCTH U cIlocoba HarpeBa JTOT ra3 MCMHOJIb3yeTcs KaKTOIIMBO. Termaora ero
cropanusi xkoseoaercs ot 3,05 mo 15,2 MJIx/m3.
JIlpeBeCHbIN yTroJib — MaKpOIIOPUCTHIA BBICOKOYTJICPOIHBIN TBEPABIN

OCTaTOK Tmuposin3a ApeBecuHbl. CTpyKTypa W CBOWMCTBA yTIJiA ONPEACISIOTCS
TEMIIEPATYpOrM THUpOn3a. [IpOMBINUIEHHBIN JPEBECHBIA YIrOJib, MOJYYa€MbIU
npu KoHeuHOoH Temmeparype 450-500°C, mpencraBiser coGoil  amopHbIt
BBICOKOMOJICKYJISIPHBIN MPOIYKT, BKJIFOYAIONIUN  amudaTudeckue U
apoMaruyeckue cTpykrypbl. CoctaB apeBecHoro yrisi, % macc.: C — 80-92; H —
4,0-4,8; O — 5-15. [IpeBecHblit yronb coaepXuT Takxke 1-3 % MuHEpalIbHBIX
npuMeceil (riaaBHbBIM 00pa3zoM kapOoHathl U okcujibl K, Na, Ca, Mg, Si, Al, Fe).
Kaxxymiasicst miioTHOCTh enoBoro yrisi cocrabisier 0,26 r/cM3, OCHHOBOTO —

0,29 r/cm®, cocrosoro — 0,30 r/em®, 6epezooro — 0,38 r/em’. VctunHas
IJIOTHOCTH JIpeBecHoro yris — 1,43 r/em’; nopuctocth —75-80 %; ynenpHas
ternoemkocTs — 0,69 u 1,21 xJlx/(krAK) coorserctBenno npu 24 u 560 °C;
terora cropanus — 31500-34000 x/[x/kr.

B 14-18 B. nmpeBecHbIl yroib ObII OCHOBHBIM BOCCTAaHOBUTEIIEM

MeTauioB (B 18 B. eMy Ha cMeHY NPUIUIM KAMEHHBIN yToib U KOKC). B Hacrosiiee
BpeMs W3 JPEBECHOTO VYIJIs TMOJy4YaloT aKTHBUPOBAHHBIA YTOJIb, aJICOPOCHTHI,
UCIIOJIb3yeMble B CHCTeMax >KHW3HeoOecreueHus (MpOTHUBOTa3bl, (UIBTPHI
OUYMCTKHU BO31YyXa, BOJBI U T. 11.).

Menkunii IpEeBECHBIM Yrojb MOXET CIYKUTh MOJAKOPMKON YXUBOTHBIM, €T0
UCIIOJB3YIOT TaKXKe ISl TMOJy4eHHUsT OBITOBOrO TOIUIMBA —JIPEBECHOYTOJIHHBIX

OpUKETOB.

OBOPYJIOBAHUE N MATEPUAJIBI
O6opynoBaHue: CYyHIMIBHBIA MIKa(] € AIEKTPHUUYECKUM O0OOTPEBOM U
TEPMOPETYIATOpOM, MydenabHas TMedb ¢ OJIECKTPUYECKUM 00OTPEeBOM u
TEPMOPETYJIATOPOM, aAHATUTHYCCKUE BEChI, ATIOMHHHEBBIC OFOKCBHI, IKCHKATOP,
dbapdopoBbie TUTIU C TMPUTEPTHIMU KPBIIIKAMHU, IIUIIIHI TUTEIbHBIC.

Marepuanbl: 00pa3ibl U3MEIbUYEHHON APEBECUHBI.



HOPAJOK PABOTHI
Cyuika IpeBecHHBI U OIpe/ie/IeHue ee BIAKHOCTH
Ha ananutmyeckux Becax B3BEIIMBAECTCA OKOJIO 5 T M3MEJIbYCHHOU

JPEBECUHBI U TOMEIIAECTCS B MPEABAPUTENBHO B3BEIICHHBIM aTOMHUHUEBBIN
Orokc. 3aTeM OIOKC € ApeBeCHMHON (KpbIlKa OOKCAa CTAaBUTCS MOJ JHO OIOKCA)
NoMeIaeTcss B CymuibHBIA mikad, pazorpetsiit 7o 105 °C. JlpeBecuHa cymuTcs
npu JlaHHOM Temmeparype B TedeHue 1 4. ITlocnme storo Om0KC C JapeBECHHOM
BBIHUMAETCS M3 CYIIWIBHOTO IIKada, 3aKpblBaeTcid KpBIIIKOM OlokKca U
IIOMEIIAETCSA B

DKCHKATOp  JUI1  OXJAXKIEHHWA  J0  KOMHAaTHOM  TeMIIepaTyphl.
OxJ1a)KIeHHBI OFOKC C IPEBECUHOM B3BEUIMBAETCS HA aHATUTHYECKUX Becax.

3areM ompenensieTcst conepkanue Biarn (Wa , %) B HUCXOIHON mpobe

npeBecunsl 1o hopmyie 100

Wa:9-100,
a

rJe a — Macca JPEeBECUHBI JI0 CYIIKHU, T;

b — Macca BBICYIICHHOM APEBECHHEI, T.

IIupoJiu3 ApeBecHHBI

CxemMa yCTaHOBKM [ THPOJM3a JIPEBECHHBI TMPEJCTABICHA HA
puc. 8.

BricymieHHbIM obpasery JIPEBECHUHBI IepEeMEIacTCs B
NpeBapUTENbHO B3BELIEHHBIN (apdopoBbId THUredb € MNPUTEPTON KPBIIIKOM.
Turens, ¢ coxepxamenWcss B  HEM  JPEBECUHOW, B3BEIIMBACTCS  Ha
AHAIUTUYECKUX Becax. 3aTeéM TUTelb IUIOTHO  3aKpbIBACTCS MPUTEPTOU
KPBIIIKOM, YCTAHABJIMBACTCS HA METAUIMYECKYIO TMOJICTABKY W CTaBUTCA B
MyQenpbHyI0 TedYb, NpeIBapuUTEIbHO HarpeTyr 1m0 temmepatypel 400 °C.
Turenb BblIEpKUBaeTcss B My(elbHOW Te€YM MpU JAHHOW Temmeparype B

teyeHue 40 MuH. 3aTeM THUTEIb BRIHMMACTCS M3 II€YHM, OXJIAXKIJAaeTcs cHadaja Ha



BO3/1yX€ B TCUCHHE 5 MMH, & IOTOM B 3KCHUKATOpPE [0 KOMHATHOW TEMIIEPATYPBI.

ITocne sToro Turenab B3BEIIMBACTCS HAa aHAJIMTHYECKUX Becax.

BN |
.

Puc. 8. YcranoBka nuponmn3a ApeBeCHHBI:

1 — kopnyc mydenbHOM nieun; 2 — GapdopoBsiif TUTEND; 3 — U3METbYCHHAS
JIpeBecuHa; 4 — UCTOYHUK MEPEMEHHOTO TOKa; 5 — peryjsaropbl TeMIEpaTyphl U
CKOPOCTH Harpesa

Beixonm TBepmoro ocrarka MHUPOJIM3a  BBICYIICHHOW  MPOOBI

JPEBECHUHBI (IPEBECHOTO YIJIs) ONpeesseTcs o popmyrie

B="2 100,
ml

1

rae B — Beixon npeBecHoro yris, %; mp — Macca TBEpAOro OCTaTKa, I'; My —

MaccCa ApEBCCHUHBI 1O IMTUPOJIn3a, I'.

KOHTPOJIBHBIE BOITPOCHI
1. B uem 3akio4yaroTcsi 0COOEHHOCTH JPEBECUHBI KaK TBEPIOTO TOILIMBA?

2. KakoBa TexHOJIOTHYECKasl CXeMa MUPOJIN3a IPEBECUHBI?



3. Kakue npoaykTel MmOdy4aroTcsi B pe3yJbTaTe MHUPOJU3a IPEBECHUHBI?
KakoBa nx o6iacts npuMeHeHus?

4. KakoB coctaB ra3a, o0Opasymolerocs npu nuposnse apeBecunsl? I' e aTor
ra3 nmpuMeHsercs?

5. Kakumum ¢usmueckumMu ¥ XMMHYECKMMU CBOWCTBaMHU o00OJafaer
JPEBECHBIN YTrOJb?

6. KakoBa 001acTh mpuMEHEHHSI IPEBECHOTO yTIIIsi?

CIIUCOK PEKOMEHJYEMOM JIUTEPATYPbBI

1. ®uzuko-xuMHYeCcKasi TEXHOJOTHS TIIyOOKOH mepepaboTku HeTH U rasa.
U.1,2. — Yda. Uzn-so YITHTY, 1996. — 279 c.

2. Cmuposuu E.B. TexHonoruss nepepadotku HepTu u raza. Y.2. — M.:
Xumus, 1980 — 327 c.
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