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BBEJIEHUE

«PyKOBOJICTBO K MpakTUYECKUM paboTaM MO (PUIUKO-XUMUYECKUM
METOJIaM HCCJIeIOBaHUSA» MPETHA3HAYCHO JIJIsl CTYJeHTOB V Kypca Kadeapbl
dbuznyeckoil XxumMun XUMU4eckoro uHcruryta um. A.M.bytnepoa KOV,
BBITIOJIHSIIOLIUX TMPAaKTUYECKUE pabOThl CHEHNpPaKTUKyMa MO0 (U3UKO-
XUMHUYECKUM METOJAM UCCIIECIOBAHUS.

B pykoBOACTBO BKIJIIOYEHBI OMHCAHUS JIADOPATOPHBIX paboT ¢
ucnoap3oBaHueM MetogoB Y®- u UK-cnekrtpockonuu, KaJlopuMETpUU
pactBopenusi, AupPepeHInanIbHO-CKAHUPYIONIEH KaJOpUMETPUHU, Ta30BOU
XpomaTtorpaduu, TepMOrpaBUMETPUU U JEHCUMETPUH.

B kaxnmoit riaBel B Kparkod (opMe MNpUBEAEH COOTBETCTBYIOLIUN
TEOPETUYECKUN MaTepuall, OIKCAHbl METOAbl HCCIEHOBAHUSA, JIAHBI
BapuaHThl pabOT M OMHUCAH MOPSAOK UX BBHIMOJHEHUS. B KOHIlE Kaxaoro
paszena ykazaHa peKOMeHayemas JINTEpPaTypa.

PykoBOJACTBO MOXKET OBbITh HCIOJIB30BAHO B KayecTBE Y4YeOHO-
METOJIMYECKOTO TMOCOOUs TMPU BBHINOJHEHUU TMPAKTUYECKUX paboT T10
(GUBUKO-XMMUYECKUM METOJIaM HCCIIEIOBAaHUS CTYJACHTAMH CTapIIuxX
KypcoB Xumuueckoro wuHctutyra uMm. A. M. byrnepoa Kazanckoro
dbeneparbHOr0 YHUBEPCUTETA, a TAKXKE JUJIi aCUPAHTOB U COTPYHHUKOB,
UCIIOJIB3YIOLIMX 3TH METOJIBI B CBOEH pabdore.



1. CIIEKTPAJIBHBIE METO/bI

1.1. YabTpaduosieroBasi CHeKTPOCKOMUSA

Tepmun «ynbTpaduoneToBasi CHEKTPOCKOMUS» OOBIYHO HCIOIB3YIOT
st O0O3HAUEHMsSI ~ MOJIEKYJSPHOM  DJIEKTPOHHOM  aOCOpOLIMOHHOM
CHEKTPOCKOIUHU B yJIbTPadUOIECTOBON U BUIMMOM 00siacTu criekTpa. Mubimu
CJIOBaMH, pE€Yb HUAET O CIHEKTPOCKONWHU TOIJIOIIEHHUSI CBETa, KOTOpPOE
MEPEBOAUT MOJEKYJIbl B BO30YKICHHOE COCTOSIHME 3a CUET Iepexoia HX
AJIEKTPOHOB Ha 0o0Jiee BBICOKME YPOBHM DSHEPruu. YIbTpadHoaeToBas
CIIEKTPOCKOIIHASI KaK JKCHEPUMEHTAIbHBIM METOJA IMPUMEHACTCA IS
ONpPENECTICHUSI KOHIIEHTPAIIMM BEIIECTB B PACTBOPE, & TAKKE ISl U3YUECHUS
MOJIEKYJIIPHOM CTPYKTYpbl BemiecTB. OCHOBHBIM Hay4YHBIM TNPUOOPOM,
KOTOPBIM TpUMEHSIETCS Uil 3TOW 1menu, siBisiercss Y D-cnekrpodoTromerp,
puc.1.1.

g

B S -,\‘\‘\‘\\\‘\‘\\\.\\\\\\\:\}__-_“ f.f ‘._r ‘ :
D i AU =2

Puc.1.1. Y®-cnektpodhoTomerp.

CxemMa OJHOKaHAJIBHOTO JAByXiyueBoro Y®d-crekTpodoToMerpa
npuBeaeHa Ha puc. 1.2. ['1aBHBIMU 3JIEMEHTaMH JTOTO MPUOOpa SBIISIOTCS
jJamma, MOHOXpPOMAaTop, IIelb, CBETOICIUTEIHHOE 3€pKajo, SYEHKHU
(KIOBETBI) ¢ UCCIIeTyeMbIM 00pa3iioM M 00pa3IioM CpPaBHEHHMS, IETEKTOPHI U
MPOIECCOP, YIPABISAIOMINN pekUMaMi NprOOpa Mo KoMaHAaM MPOTPaMMBI,
HAXOJISIICHCS Ha TIEPCOHATLHOM KOMITHIOTEDE.

B cniekrpodoromerpe ncrounnkom cBeta g Y d-muanazona (190-390
HM) SIBJSICTCS PTYTHAas WM BOJOPOJHAS JlaMIla, a I BHIUMOW YacTH
cuektpa (390-800 M) — nammna ¢ BoJab()paMOBOM HUTHIO HakajauBaHus. CBeT
JaMITBI  TIOMAJaeT B MOHOXPOMATOpP, COCTOSIIUANA U3 AUGPAKITHOHHON
pelleTKH, MOBOpPAYUBAIOUICICS TMOJ YIpaBJIIEHHEM Tpolleccopa, W MIEIu.
Pemerka nmucmeprupyeT OTpaXEHHBIM CBET B  MPOCTPAHCTBE Ha



coctapysifonue crnekrpa. Illems mpomyckaeT y3Kyr YacTh CHEKTpa IIpH
3aJaHHOM JJIMHE BOJIHBI. 0OBIYHO mupuHO# oT 0.5 10 2 HM.

Lwenb
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SANTSI o= |
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Puc. 1.2. Cxema Y ®-cnektpodoTomerpa: 1 — nudpakimonHas pemieTka,
2 — CBETOJICIUTEILHOE 3epKaJlo, 3 — 3epKaJio

CBeT, BBIXOIAIINI U3 MOHOXPOMATOPA, IMOMAaIaeT Ha CBETOACTUTEIIFHOE
3epKasio, Thae JenuTcs Ha aBa Jyda. OguH W3 JOydeld MPOXOIUT dYepes
uccleyeMblil o0pasel, a BTOpoil — uepe3 obOpasen; cpaBHeHus. Oba yda
3aTeM MOMaJaloT Ha JIETEKTOPHI, KOTOPBIE PETUCTPUPYIOT MHTCHCUBHOCTH
npoxoxsmiero u magaromero ceera | u lg, coorBercrBenHo. Ilporeccop
BBIUKC/ISICT OTHOIICHHME 3THX BeluduH |/lg, WM cTerneHb MpomycKaHus, W
ONTHYECKYIO TUIOTHOCTB UCCIIEAYEMOro oopasIia;

A=lg II
0

CHGKTp 3alMCHIBAETCSI KaK 3aBUCUMOCTH OINTHYECKOM INIOTHOCTH A OT
nuHbI BOJTHBI A. Ha pucynke 1.3 B kaduecTBe npumepa npuseieH Y O-ciektp
pacTtBopa OeH30i1a B rekcane. lIpu 3amucu cmekTpa pacTBOpa B SUEHKY
(KIOBETY) CpaBHCHHS 3aJIMBAcTCs pPacTBOpHUTENb. Kpurepwem BbIOOpa
PaCTBOPUTCIIA ABJIACTCA OTCYTCTBHUC CYHICCTBCHHOI'O IIOTJIOHICHUS CBCTA B
TOM JUalla30HC JIMH BOJIH, B KOTOPOM IIPOHUCXOJUT 3allMCh CIICKTpaA. B
IMPOTHBHOM CJIY4a€ YYBCTBUTCIIbHOCTL ACTCKTOPA JJIA PCrUCTpaln CIICKTPa

MOXET 0Ka3aTbCs HC,Z[OCT&TO‘{HOP'I.
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Puc. 1.3. YO-cnektp pacTBopa OeH30J1a B TEKCAHE

OnTryeckas MIOTHOCTh PacTBOpa ABISIETCS (PYHKIMEH KOHIIEHTpalUU
pactBopeHHOTr0 BetecTBa C (MOJIB/JT), JUTMHBI ONTHYECKOTO ITyTH B PACTBOPE
L (cMm) m kodddunmeHTa SKCTUHKIMU & PACTBOPEHHOI'O BEIIECTBA TIPHU
JaHHOW JJIMHE BOJHBI B COOTBETCTBUU C 3akoHOM byrepa-Jlambepra-bepa:

A =lg I—z eCL (1.1)
I 0

JUist  cmeKTpoOTOMETPUYECKOTO  OMpPEAENCHUS  KOHIICHTPAINH
BEII[ECTBA B PAcCTBOPE HEOOXOIMMO 3HATHh €T0 CTAHIAPTHBIN CHIEKTp, T.C.
CIIEKTp pacTBOpa C M3BECTHOM KOHIIEHTpAIMEH U ITTUHON ONMTHYECKOTO ITyTH
L = 1 cm. [lng psima BEUIECTB TaKUE€ CIEKTPbl MUMEIOTCS B CIPABOYHOM
auTepaType, TA€ OHU NPUBOASTCS B BHJE TaOIull WiIM TpapUKOB B
KoopJiMHaTax € u A. [IpuMep cTaHmapTHOrO CrekTpa AJisi TOMyoJia MPUBEACH
Ha pucyHke 1.4. B cinyyae rpaduueckoro Mpe/ICTaBICHUS PE3yJIbTaTOB
YKa3bIBAIOT TIOJIOKEHUE H BEIWYUHY KOAI(PPHUIIMEHTa HKCTUHKIUU IS
MaKCUMyMOB TIOJIOC ToOIJIOmieHus. Tak i pacTBopa OeH3ojla B
HKJIOTeKCAaHe MMEeTCs MAKCHMYM ToryomeHus ¢ ¢ = 210 1-Moas 'eM ™ mpu
A = 254,75 1M, a st Toiyona — ¢ = 2864 1-Mois 'eM ™ mpu A = 261.75HM.
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Puc. 1.4. CrangaptHbiil Y O-CrieKTp pacTBOpa TOIYOJIa B IIUKIOTEKCaHE

IIpu skcnepuMeHTanTbHOM onpeaencHuu Y O-CueKTpoB MPUXOIUTCS
YUYUTBIBATh, YTO MPU 3TOM MOTYT UMETh MECTO OTKJIOHEHHUSI HU3MEPSEMOTO
Kod(pduUIMeHTa SKCTUHKIINY € OT CTAaHJAPTHON BEIWYMHBI. DTH OTKIOHEHUS
MOTYT OBITh OOYCJHOBJIEHBI OIIMOKAaMU B NPUTOTOBICHUU PaCTBOPA,
HEJIOCTATOYHO Y3KOW IIMPUHON WIENH CHEKTPO()OTOMETpa, WU CIUIIKOM
BBICOKOW CKOPOCTBbIO CKaHMpOBaHMs criekTpa. [llupuHa mienu — OguH H3
CYIIECTBEHHBIX IMapaMeTPOB pabOThl MpuOOpa, OMPEACISIONINN UHTEpPBAI
CIIEKTpa CBETa B HAHOMETPAX, BBIXOASAIIECTO B KaXJbIi MOMEHT BPEMEHU U3
MOHOXpOMaToOpa U MPOXOIAIIETo Yepe3 sSYehKy ¢ o0pas3ioM. YMEHbIIICHHUE
IIMPUHBI IIEIM BEAET K YMEHBIIECHUIO UYBCTBUTEJIBHOCTH AHAJIN3a, €CJIU
moJyioca TMOTJIONIEHHSI CBETa MUMEET MIUPOKUM Makcumym. Eciu makcumym
Y3KUM, TO MPU HMIUPOKON WIeAU 3Ha4YeHUs KOod(QPUIMEHTa IKCTUHKIUU &
MOTYT OBITh CYIIIECTBEHHO HWXK€ CTaHJIAPTHOW BeIMYMHBI. EcCiau HyXHO
ONPEICTUTh KOHIICHTPAITUIO PacCTBOPEHHOTO BEIllECTBA
CIIEKTPO(POTOMETPUUECKUM METOJIOM, Ja)Xe IPU H3BECTHOM 3HAUYCHHUHU &
HEOO0XOJMMO CHUMATh KaJIMOPOBOYHBIE CIIEKTPHI PACTBOPOB C H3BECTHOMU
KOHLEHTPALEH.

Ilopsoox delicmsuil npu 3anucu cnekmpa

Bxtounte Y®-cnekTpopoTOMETp W KOMIBIOTEP C YIPaBISIIOLIEH
nporpammoii Uvwinlab. Ecimu nporpamMma He 3ammyckaercs, Tiepe3arpy3ure
KOMITBIOTEp U TIOBTOPHUTE €€ 3amyck. [Ipyu 3TOM OTKpBIBaeTCsl OKHO BBIOOpa
MeTtoja, puc. 1.5.
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|:| File Wiew Utlites Application Data handling Window  Help -8 X

Start Autozero f‘_il_. E}’_ 5 % @ Setup

Files
APPLICOT MSC
IAPPLIC62 MSC
IAPPLIC6E3.MSC
IAPPLIC64.MSC
IAPPLICB5.MSC
IAPPLICE6.MSC
IAPPLICEZ? . MSC
IAPPLICE8.MSC
SCAN1.M5C
UVYREFT3 MSC

Fileinfo

VScan /Y Td 7\ Wp /% Gonc/ \Others/

Instrument ready

Puc. 1.5. OkHo BrIOOpa MeTO1a

BriGepute oauH U3 MpEeIOKEHHBIX BapUAHTOB, MIEIKHYB, HApUMED,
o umernu ¢aiina APPLIC66.MSC. B otkpeiBmiemcst okae SCAN, puc. 1.6,
YCTAaHOBUTE HYKHBIH JHWamna30H 3alliCH CIEKTpa, WHTEPBAI HU3MEPEHUS
ONTHYECKOMN TIJIOTHOCTH B HM, YHCJIO IMKJIOB CHEMKH CIEKTpA, MapaMeTPhI
OTOOpaXXEHMSI CIEKTpa Ha JKpaHe. BKIIOYMTE Takke aBTOMAaTUYECKYIO
3anuch criekrpa (Autosave — On). Brecute cBoe onmmcaHWe METOJIa 3aIUCH
cnektpa B okHo Method info.

Haxxmure Mpimkoil Ha 3aknanky Inst. B okne Instrument ycranoBure
HY)XHYIO CKOPOCTh 3allCH CHEKTPa, YUYUTHIBAs, YTO TOYHOCTh M3MEPEHUU
TEM BBIIIE, YEeM HHXE CKOPOCTh HM3MEHEHHS JUIMHBI BOJHBI CBETa
MOHOXpOMaTopa B XOJE OJKCIIEpUMEHTa. Eciu CHOekTp CHUMaeTcs s
pPacTBOPOB CO CIHUIIKOM HHU3KONW WM CIHIIKOM BBICOKOW ONTHYECKOU
IJIOTHOCTBIO, 33Ja€TCSl HEHYJIEBOE 3HAYEHUE IMapameTpa CriaKuBaHUs
CIEKTpa JJIsl YBEJIMUYEHUS OTHOIICHUS] CUTHAJI/IITY M.



E UV WinLab [C:\UVWINLAB\METHOD\APPLIC66.MSC]
File View

Utiities Application Data handing Window Help

Start Autozero Qi._[ [ EE2Y Bl @ | sewp

M C:\UVWINLAB\METHOD\APPLIC66.MSC

SCAN
Start wavelength : 400.0/8.11 Number of cycles : El
End wavelength : 2000 nm
Data interval : 1.0/ nm
OQUTPUT
Autosave : ) On & Off Ordinate max. : 2.000
Autoprint : ) On & Off Ordinate min. : 0.000
Autolist : ) On & Off Display : Owverlay L.l

End of Run Application:

Method info : |UV Scan Method for Spectra Registration between 400 and 200nm.

0.1491 A

nm

|Instrument ready |

Puc. 1.6. Oxno SCAN HacTpolKu mapaMeTpoB 3allMCU CIIEKTPa

E UV WinLab [C:\UVWINLAB\METHOD\APPLIC66.M5C]
File View

Utiities Application Data handing Window Help

Start Setup

MEEE

Autozero

M C:\UVWINLAB\METHOD\APPLIC66.MSC

INSTRUMENT
Ordinate mode : uﬂ Scan speed : 960 lJ nm/min
Lamp UV : & On 9 Off Smooth : I} l.J nm
Lamp ¥is : & On 2 Off
Slit : 200 ~|nm

T

Lamp change :

0.1491 A

nm

| Select ordinate mode

|Instrument ready

Puc. 1.7. Oxkao INSTRUMENT nHacTpoiiku mapamMeTpoB 3amucu

CIIEKTpa

10




Haxxmure Ha 3akinaaky ACC M OTKIIIOUNTE (BKJITFOUYHMTE) aBTOMATHYCCKOEC
nepemetnenue kroBeT: Cell changer — «Off», ecim mapaienbHO TPOBOIUTCS
UCCJIEIOBAaHUE TOJBKO OMHOM peakuuu, wid — «On», ecnu mapayuienbHO
ONIPEACIAIOTCS KHHETHUSCKHE TIapaMeTPhl HECKOIBKHUX  XUMHUYECKUX
peaKui.

Haxxmure Ha 3akmanky Sample, puc. 1.8, u BBeaure ums OyayIero
daitta ¢ pe3yapTaTaMu, YHCIO W HAWMEHOBAHHME OOpPAa3IOB, CIEKTPHI
MOTJIONIEHUSI KOTOPBIX OYIyT OIpeaesieHbl C OJHUM OJaHKOBBIM 00pasiiom
U U3MEepeHusi 0a30BOM JTMHUM CHEKTpa. MOXKHO TaKKe HEIOCPEICTBEHHO
yKa3zaTh (akTop pa30aBlieHUs HCCIEAYEMOIo COSAMHEHMS JI pacdyeTa ero
KOHIIEHTpAIMK. ITOT (AaKTOp MOXKET OBbITh BBIYHCIEH IMPOTrPaMMOM, €CITH
3aJaTh METOJ €ro pacueTa W BBECTH COOTBETCTBYIOIIME 3HAUYCHHS
HCXOJHOTO 00BheMa pacTBOpa, HABECKH, KOHEYHOTO 00beMa pacTBOpa U T.11.

E UV WinLab [C:\UVWINLAB\METHOD\APPLIC66.MSC]

File View Utities Applcation Datahanding Window Help

Start Autozero QJL_E 19_/_ 9\9\ @ Setup

W C:\UVWINLAB\METHOD\APPLIC66.MSC

Result Filename : lepp66_01

Calculation factor : |Fa|:h:|r L” Number of samples : I:|

No. Sample |dentity Factor Sample Info -]

1 appb6_01 1.0000

Inst. |, Acc. z

500.0 nm 0.1491 A

|Instrument ready | Enter filename for result

Puc. 1.8. Oxno Sample HacTpoiiku mapamMeTpoB 3alKiCH CIIEKTpa U
BBIBOJIa PE3yJIbTATOB

Kak TojpKO BBEIEHBI BCe HEOOXOAMMBIE MapaMeTPhl 3alMCH CIIEKTpa,
OTPEIaKTHUPOBAHHBI METOA CIEAyeT COXPaHHUTh I10JI HOBBIM HMEHEM,
BbIOpaB Save as B meHio File.

Ycranoute napamerp Default spectral format B monoxenune ASCII B
okne Utilities -> Configuration. DTor mapamerp 3amaer dopmar 3amUCcH

11



crekTpa B (aiii, ymoOHbIA ayms ummnoprta B Excel mmu npyrue oducHbie
MPOTpaMMBI I paOOTHI C TAOIUYHBIMU JaHHBIMH,

Haxwmute knomky Start. Ilo sroit komanme meron OyneT mepenaH B
CHEKTPOPOTOMETP U TpoTrpaMma MPEJIOKUT BBECTH OJIAHKOBBIA 00Opazels
JUTSL CHATHS 0a30BOM JIMHKUM CIIeKTpa, puc. 1.9,

- | =AY
.
ey peaey
—

I | P A =N BN EE E
_ o] %] H=Py =
15 | f cycles : Ijl
10 |
05
Sample Change
0.00 | 2
200.0 250 Please insert next sample; 'Blank’ ax. - 2.000
[:in_ : 0.000
0K OTMeHa ‘ ’—‘Overlay ﬂ
End of Run Application: | |

Method info : |U\n.|Ir Scan Method for Spectra Registration between 400 and 200nm. |

00.( A :

|Instrument ready

Puc. 1.9. JlmanoroBoe okHO cMeHBI 0Opa3iia. [Iporpamma mpeaaaraer
YCTAHOBUTH OJIAHKOBBIN 0Opa3el] JAJisi CHATUSI 0a30BOM JTUHUH.

YcraHOBUTE /IBa OJWHAKOBBIX 00pa3lia ¢ YHUCTHIM PACTBOPHUTEIICM HIIH
pacTBOpOM 0€3 HCCIIEAYEeMOT0 COSIMHEHUS B KIOBETOIEPKATEIb CPABHCHUS
U B TEPBYIO SIYCHKY KIOBETOACpIKATeIs I HCCIEAyeMBIX 00pa3ioB. B
KIOBETE C JJIMHOM onTuyeckoro nyTu L=1 cm momkHO OBITE 3-3.5 Mi
KUIAKOCTH. 3aKpOWTE KpBIMIKY OTICICHUS KIOBET CcIeKTpodoromerpa.
JIO)KIUTECh YCTAaHOBKM TEIUIOBOTO paBHOBeCHs B KioBeTax. Hakmure Ha
kHonky OK B okHe Sample change. Cpasy nocie saToro cnekrpodoromerp
HAYHET CHUMATh CIIEKTp 0a30BOM JIMHHH, KOTOPBIA OyJeT BBIYMTATHCS W3
CIIEKTPOB HCCIIEAYEeMBIX 00pa3IoB.

3areM mporpaMma MpPEIOKUAT BBECTH HCCIASAYeMBId oOpaser ¢
UMEHEM, KOTopoe ObLIO 3a1aHo B okHe Sample metona. I[TpuroroBsTe 3TOT
oOpa3erl, UCITOIB3Ys TOT JKE€ PACTBOPHUTENb HIIH PACTBOP, JUIT KOTOPOTO OBLI
CHSAT CIIEKTp 0a30Bo¥ nuHUHU. [Ipr 3TOM aHANM3UPyEeMbIi PACTBOP JOJDKCH

12



OBITH TIIATCIIbHO IICPCMCIIIAH. OHTI/IMEU'IBHYIO KOHLOCHTpPAIWIO IJI 3allMCH
CIEKTpa MOXXHO BBIYHMCJIMTH 110 YPABHCHHIO.

c.
el

3aMeHuTe OJAHKOBBIM oOpa3zell, HaXOMSAIIMUCSA B OJNMKHEH s4eilke
KIOBETOJICPKATENSI HA UCCIAEAYEMbI. 3aKPOUTE KPBIIIKY OTIACICHUS KIOBET
cunekrpodoromerpa. JOXKIUTECh YCTAaHOBKM TEIUIOBOIO PpAaBHOBECHUS B
KIOBETE ¢ HcclieayeMbiM oOpasnom. Haxkmute Ha kHonky OK B okHe Sample
change. CnekrpodoromMerp Ha4yMHAET CHUMATh CICKTP, KOTOPBIM
oToOpakaeTcsl Ha dKpaHe KommbioTepa B rpadudeckom Buae, puc. 1.10. Ilo
3aBEPIICHUU 3allUCU CIIEKTpa OH OyJIeT aBTOMAaTHUYECKH 3amucaH B (aiin ¢
MMEHEM, KOTOPOE OTOOpaXaeTcs MOJi CHEKTPOM TEM K€ IIBETOM, UTO U
JIUHUS CIIEKTPA.

E UV WinLab [C:\UVWINLAB\METHOD\td1.mtd] - [Graphi] | _
File View Utiities Application Data handing Window Help I Eli]

Start Autozero M @ p\z @ Setup Tﬁé @ T :] vPT Y[‘:’ ABC

09 |

05 |

07 2

06 |

05 |

04 |

03

02 |

o1
004

2200 230 240 250 260 270 280 280 300.0

_1|BENZ.C11.5P

Instrument ready |

Puc. 1.10. CnekTp pacTBopa OeH30j1a B reKCaHe

[Mporpamma UVWinlab mo3Bosisier ocCyIiecTBUTh aBTOMAaTHUSCKUH
MOWCK W MapKUPOBKY MaKCHMyMOB W MHHHUMYMOB CIICKTpa IO Ha)KaTHIO
kHonku Find peaks (tperest cmpaBa). CrekTp, 3amMcCaHHBIA B (Qaill B
dopmate ASCII, moxxHO 00paboTaTh M OHOPMUTH C TTOMOIIBIO TPOTPAMMEBI
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Excel. Umnoptupyiite B Excel daiin co ciekrpom, yka3zaB B OKHE OTKPBITHS
daiina mapameTp «Bce (ailsibl» U Ceays yKa3aHUsIM IPOTrPaMMBl.

PaGora 1.1 Onpenesienune ko3¢pGpuuueHTa IKCTUHKIMU HAQTATUHA
B IMKJIOTE€KCAHE

3anumure Y ®D-cnektp pactBopa l-meTmiHadTanvHa B MUKIOTEKCAHE.
Omnpenenure K03PGUIUEHT SKCTUHKIIMY HaAPTaIMHA B ITOM PACTBOPE.

[Topsiiok paboTHI:

1. IlpuroTtoBwTe 25 M pacTBopa 1-meTminHadTaIMHA B IIUKJIOTEKCAHE C
KOHIICHTpaIieH 10 momb/i1.

2. CHUMHTE CIIEKTp 3TOro pactBopa B auarnazone 220—-400 um.

3. Eciu onrudeckas IUIOTHOCT, A B JAvana3oHe MOMIOUIECHUS
apomatuueckuMm siapom (> 250 HM) okasbiBaeTcs Bbiie 2.1, pa30aBbTe
pacTBOp B 3 pa3a, eciiu MeHee 2.1, To — B A pas.

4. CuoBa cammuTte crekrp. [loBropsiite omeparuu 3-4 10 Tex mop,
MOKa ONTHYECKas MJIOTHOCTh pacTBOpa He momnaaeT B uHTepBai A = 0.7-1.7.
Ha ocHoBe maHHBIX 00 MCXOHOW KOHIIEHTPAIIUHU, CTETICHH pa30aBlICHUs U
U3MEPEHHOM ONTHUYECKON IUIOTHOCTH KOHEYHOTO pacTBOpPa BBIUUCIUTE
KOHIICHTPALIUIO PACTBOPA, KOTOPBIM Oy/leT UMETh ONTHYECKYIO TIOTHOCTD,
paBHyto emuHuiie A = 1. 3aHOBO TPUTOTOBBTE PAcTBOp C DITOHU
KOHLIEHTpallUe!, B3B HaBeCcKy 1-meTuinHadTaaInHa HAa aHAJTUTUYECKUX Becax
u pactBopuB ee B 100 mur mukiorexkcana. CHUMHUTE CreKTp. Beramcnure
K03 (HUIMEHT PKCTUHKINHK 110 ypaBHeHuto (1.1).

Onpeoenenue KUHEMUYECKUX NApaAMempo8 XUMUUECKUX peaxyuti
memooom YD-cnekmpogomomempuu

CriekTpoOTOMETPHUECKHIA ~ METOJ]  OMPEJCIICHUS  KUHETHYECKHX
apaMeTpOB XUMHUECKUX PEAKITHH SBISICTCS] OJJHUM M3 HauOoJee MPOCTHIX
3G (PEKTUBHBIX HKCIEPUMEHTAIBHBIX METOJIOB XUMUYECKOW KHUHETHUKH. B
OTJINYME OT MHOTHX APYTHUX METOJIOB, OH HE TpeOyeT oTOOpa mpod sl Uux
aHaliu3a BHE pPEaKIMOHHOW CMEeCH WM J00aBOK JPYrUX pPEarcHTOB B
PEaKIMOHHYI0 CMECh 4epe3 3aJaHHbIe MPOMEXKYTKH BPEMEHH, YTO OOBIYHO
CHIDKAET TOYHOCTh U3MEPECHHI.

OCHOBHBIM YyCIIOBUEM TPUMEHEHHUS 3TOTO METOJa SIBISICTCS pa3indue
CTIIEKTPOB TIOTJIOMIEHUS UCXOIHBIX PEAareHTOB M MPOIYKTOB peakiuu. Kpome
TOTO, TIPU UCIIOJIH30BAHUH CTAHIAPTHOTO CIIEKTPOPOTOMETPA, OMMMCAHHOTO B
IOpebIayeM paszelie, BaXKHO, YTOObI CKOPOCTh PEAKIMU YKJIAJbIBaIach B
ompeereHHbIN quana3on. Hampumep, muist peaknmii, mpotekaromux Ha 80%
3a BpeMsi, MEHBIIIEE€ OJJTHON MUHYTHI, TpeOyeTCs ClenaibHOE 000py0BaHUE
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JUISL CMEUICHUS pPEareHToB U 0oJjiee OBICTPOJCUCTBYIOMIMI  JTaTUYHUK
dboTonmpUEMHIKA, YeM B OOBIYHBIX MprbOopax. s 3To# 1eIn HCTIONIb3YIOTCS
CIIEKTPO(OTOMETPHI «OCTAHOBIIEHHOW cTpyu». B HacTosieMm mocoOuu
OMMCaHa METOJAUKA ONpPEACICHUsI KUHETUYECKHX TapaMeTpoB OoJiee
MEJUICHHBIX PEaKIMi, MPOTEeKAIOUUX 32 BPEMS OT HECKOJBKUX MHUHYT [0
HECKOJIbKMX YaCOB.

Haubonee yaoOHBIMH i H3Y4YEHUS CIEKTPOPOTOMETPUUECKUM
METOJIOM SIBJISIFOTCS PEAKIMH, MPOTEKAIOIINE B MTPO3pAYHON KUJIKOU (aze. B
0011IeM BUJI€ YPAaBHEHUE XUMUUYECKON peakIiMi MOXKET OBITh 3alMMCAaHO KaK

niR; +NoR, + ... —» miPy + moPy + ... (12)
rae Ry, Ry,...R; — ucxonnsie pearentsl, Py, Py, ..., Pj — mpoaykThl peakuuu,
Ny,...,Ni, My,..., M; — cTexuomerpuueckue koddpduimenTsl. s peakiui,

MNPOTCKAOIMMUX IIpU IMOCTOAHHOM 06’LCM€, BBIpAXKCHUC [JII CKOPOCTHU
p€aKknuu V UMEET BU.

_LdR]_ 1 dlR]
n. dt m, dt

(1.3)

rne t — Bpems, [Ri] u [Pi] — MonspHBIE KOHIIEHTpaIlMHd pPEarcHTOB |
NPOAYKTOB peakuuu. MHorma B BBIpaXEHUM JJisi CKOPOCTH PEAKIHU
cTeXuoMeTpuueckue KodPUIMeHTsl Nj, M; He UCHOJIB3YIOT. B 3TOM cityuae
CKOPOCTh OJHOM M TOW K€ pEeaklMu MOXET ObITh pa3HOM I pasHbIX
pEareHTOB U MPOIYKTOB.

s npocmeix, WM s1emenmapHblx PEAKUUd NPUMEHUM OCHOBHOU
MOCTYJaT XUMUYECKON KUHETHUKH, COTNIACHO KOTOPOMY CKOPOCThH PEaKIuu
MPONOPIIMOHATBbHA MPOU3BEACHUIO KOHIIEHTPAIIMN PEareHTOB B CTEIEHSIX,
PaBHBIX CTEXHUOMETPUUECKUM KOA(DPULIEHTaM:

d[R 0 0
v-- T rpR T (L.4)
BenuuuHEI nl, n2, ... HA3BIBAKOTCA 4YaCTHBIM I’ZOP}ZC)KOM peaxkyuu 110

COOTBETCTBYIOIIMM peareHTaM. CyMMa 4YacCTHBIX TOPSAKOB Ha3bIBACTCS
OOIIMM MOPSAKOM PEaKIUU. BOJBIIMHCTBO M3BECTHBIX PEAKIUil SBIISIOTCS
CJLOJCHBIMU, COCTOSIT M3 HECKOJIBKHX IPOCTBIX PEaKIMi, W HMX YaCTHBIC
MOPSJIKA YaCTO HE PaBHBI CTEXHOMETPUUCCKHM KO3 (UIIMSHTaM YpPaBHEHUS
peaknuu. OOIIMKA WM YAaCTHBIM IMOPSAOK TaKMX PEAKIHA MOXET OBITh
ApOOHBIM, PAaBHBIM HYJIO (HYJICBOW IMOPSJAOK PEaKIMH), a TAKXKE MOXKET
3aBHCETh OT YCJIOBHI SKCIIEPUMEHTA.

CyIIecTBYIOT CIIOKHBIC PCaKIMU C KHHETHYECKUM YpaBHEHHEM,
KOTOpOE CYIIEeCTBEHHO oTindaercs ot ypaBHenus (1.4). HauGonee
pacupoOCTpaHEHHBIMA M3 HHUX SBIIIOTCA (EpMEHTATHBHBIC PEaKIIUH,
MPOTEKAIOIINE B COOTBETCTBHUH C YPABHCHHEM

15



ky
ks
O S o7 S IR
—
k_
rie E — depment, S — cyocrpar, P — mpoaykr peakmmm, Ki, K, ko —
KOHCTaHTBI CKOPOCTH COOTBETCTBYIOIINX PCAKIIH.
Beipakenue miis ckopocTd (EpPMEHTATUBHOW peakiuu (ypaBHCHHE
Muxasnuca-MeHTeH) UMEET BHT
d[p] _ [s]
d ™K, +[S]
rae Vmax — MakCUMallbHasi CKOpOCTh peakiiuu, Ky — kKoHcTaHnTa Muxassuca:

k., +k,
KM —

k

1
CriekTpooTOMETPUICCKUA METOT yI00€H B TOM CITy4ae, €CIIH CIICKTPBI
MOTJIOMICHUSI HWCXOJHBIX BEHIECTB M TPOIAYKTOB peakmuu B Y®- wuiom
BHJIMMOW OO0JacTH HE COBIAAaloT. KHHETHYEeCKHEe mapaMeTphl peakiuu
OIPEIECIAIOTCS 110 3aBUCUMOCTH ONTHYECKOH IUIOTHOCTH PAacTBOpa, /i€ OHA
MpoTeKaeT, OT BpeMeHW. [Ipm 3TOM IS OmNpenesieHHs KOHICHTpaIluU
pPEareHTOB WJIM MPOJYKTOB B TEKYIIIUH MOMEHT BPEMEHH MCIOJIB3YIOT 3aKOH

byrepa-JlambGepTa-beepa, ypasuenune (1.1).

(1.5)

Memoouxa U3MeEPEerUA KUHEMUKU XUMUYECKOU peaxkyuu

st U3YYCHHSI KUHETUKH XUMHYECKIX peaxiui
CHEKTPO(POTOMETPUIECKUM METOJIOM C TMOMOINbI0 Y D-criekTpodoTomMeTpa
Lambda-35 momw3yrorcs mporpammoit KinlLab. IloaroroBbsre pacTBOpPHI
peareHToB. Bximrounte CcnekTpoOTOMETp, TEPMOCTAT, KOMIIBIOTED U
3amycTuTe 9Ty Tmporpammy. Ilocie 3amycka mporpamma MPEIOXKHUT
OTPEIAKTUPOBAThH MapaMeTpbl MeToda n3Mepenus B okue MethodEditor. Ber
MOJKETE OTKPBITh TAKXKE paHee COXpaHeHHBIH ¢aitn *.mKi ¢ mapamerpamu
metona. Haxxmure 3akmaaxky Kinetics u BeIOepuTe MOAXOIAITNN BpeMEHHOMN
JMara3oH pPe3yJbTaTOB M3MEPEHUH, KOTOphIM Oyaer oOpabaThiBaThCs
MporpaMMON pacueTa KHHETHISCKUX TTapaMeTpPOB.

Haxxmure 3aknaaky Sample. Tunndneiil BapuaHT BBIOOpa MTapaMeTPOB B
TOM OKHe mpuBeaeH Ha puc. 1.11. Vkaxkwurte unciao oopasmor (Number of
Samples) peakIMOHHBIX cMeCel, KOTOpbIe OyayT M3YUYCHBI OJUH 3a JIPYTHM
B XOJI¢ JKCIIepuMeHTa. Ecim B pPEakIMOHHOW CMECH HIeT Mpolecc, He
CBSI3AHHBIA C MCCIEAYEMOM PEaKIWe, HO BIUSAIOIINAN Ha ONTHYECKYIO
IUIOTHOCTh PAacTBOpPA, B CBOMCTBAxX MEPBOro 0Opasia YCTAHOBUTE MapaMeTp
Blank. Ilpu o0pabGoTke pe3ynbTaToB OYIET C/eilaHa IONpaBKa Ha 3TOT
mporiecc.
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B KinLab
File

Instrument

Window  Help

| Autoerno

ﬂ MethudEdltnr

Kl

M1.MKI

[Lx !

Sample Source : |Head from Ingtrument

3

Calculation

: | Enzyme Factor

j Enz.Units :

Mumber of
Samples

Cel| Sample
1 | SMPD

3

&

Sample
Sample

Sample Type LJ

Enz factol |[Comments
100.0 |First zample
Second zample

SMPD3

Sample

100.0 |Third sample

Instrurment

I nstrurment

Acocezsony

window  Help

| AutoLern

I ﬂ MethodEditor :

KIN1.MKI

Report Options

Autozave :

[¥ Results Table

Rezult Filename

Graph Scaling

[® Raw Data Table

Report Template :

AutoPrint :

[ Baw Data Table
[ Besultz Table
[ Graph

|STANDARD KTX  ~|

Ordinate Max. -

Ordinate Min.

[1.0000 A

: [0.0000 A

L

Kinetics

Puc. 1.11. Okna BbIOOpa mapamMeTpoOB ISl UBMEPEHUSI KHHETUKU PEaKIUn

Inztrurnent Accessany
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Haxmure Ha 3aknaaky Instrument. B 3ToM OKHE yKaxuTe IJIMHY
BOJIHBI, TIPH KOTOPOH OyIeT OMNpeneisiThCI 3aBUCUMOCTH ONTHYECKOU
MJIOTHOCTA OOpAa3IOB OT BPEMEHH, IMUPUHY MIEIH CHEKTPOPOTOMETpA,
oOiiee BpeMs H3MEPEHUS] KUHETUKM peakiuu sl OJHOro 00pasia,
WHTEPBAJ BPEMEHU MEXIYy H3MEPEHHUSIMHU OINTUYECKOW MIOTHOCTH, BpeMs
3aIepKKM Havajla M3MEPEHU C MOMEHTa 3allycka Iporpammbl. B okHe
Accessories 3amaroTcs TMapaMmeTphl TEepEeMEIICHHs] KIOBETOACpXKaTelsd |
napameTphl €ro TePMOCTATUPOBAHUAI.

B oxne Output 3amaiite mapameTpsl, Kak mokazaHo Ha puc. 1.11.
CoxpaHuTe 3aJaHHbIC MapamMeTphl, HaxxaB kHomku File, Save Method As.
Haxxmute Ha kHomky Setup. Ilo »Toii KomaHzae mapamMerphl MeEToja
MepeaaroTCs ¢ KOMIBIOTEPa B MUKPOIIPOIECCOP crieKTpodoTomMeTpa.

3aneiiTe 3 MJI pacTBOpa OJHOTO M3 PEarcHTOB B KBAPIIEBYIO KIOBETY C
JUTMHOW ONTHYECKOTO MyTH 1 CM M YCTAaHOBUTE €€ B KIOBETOACPKATEb.
YcraHoBUTE  TakKe  KIOBETY CpaBHEHUSI B JajJbHUA OT  cebs
KIOBETOJIEp)KaTenb. B KioBeTe cpaBHEHHsS AOKHO OBITh Takxke 3 MI
PACTBOPUTEISI WUIH PacTBOPa, B KOTOPOM OBLIT PACTBOPEH peareHT. PacTBopsI
B KIOBETaxX HE JIOJDKHBI COJIEPKaTh My3bIPHKH BO3TyXa, YTOOBI HE MCKAXKATh
pe3ynbTaThl KMHETHYECKUX W3MepeHuil. Haxxmmre Ha kHOTMKy AUtOZero.
DKCHEpUMEHT MOKHO HayMHaTh, €CJIM C MOMEHTa BKJIIOYEHHUS TepMocTaTa
npouuio He MeHee 30 MuH. KroBeThl ¢ pacTBOpaMu AOJKHBI HAXOJIUTHCS B
AueiKkax KIOBETOJEprKaTeJel /10 Hauyaja SKCIEepUMEHTa HE MEHEe O MHUH.
JloGaBbTE PacTBOP CO BTOPHIM PEareHTOM B KIOBETY C MIEPBHIM U TIIATEIHHO
nepeMennaiite. be3 3amepkkun HakmMuTe Ha KHOmNKYy Start. PactBop BTOporo
pearenta o0biyHO MMeeT o0bem 10-50 mxi. C 3TOoro mMomMeHTa MpUOOP
HAYMHAET HW3MEPEHUS ONTHUYECKOM IIJIOTHOCTH HCCIeIyeMOro obOpasia
pPEaKIMOHHON CMECH Yepe3 3a/IaHHbIe MHTEPBAJIBI BPEMEHHU.

ITocnie nucTeueHus: BpeMeHH, 3aJaHHOr0 B okHe Instrument, mporpamma
MPEMIOKUT YCTAaHOBUTH CIEAYIOIIMK oOpaszern W Tak jgajee, BIUIOTh 0
MOCJICTHETO, YKAa3aHHOTO B OkHe Sample. Pe3ymbTaTel sKcriepuMeHTa Oy IyT
3amucanbl B manke .../Uvwinlab/Data B ¢aiimax tuma *.rki. Tabmauma c
pe3ysibTaTaMu UMEET CIASAYIOIINI BU!

Time[min] A Delta A dA/min

0.00 0.1171

0.08 0.1211 0.0041 0.0491
0.17 0.1257 0.0045 0.0518
0.25 0.1282 0.0025 0.0446
0.33 0.1312 0.0030 0.0425
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roe Time[min] — Bpems, mpoimemniee ¢ Hayanga SKCIepUMEHTa, A —
OKpyTJICHHAsl ONTHYECKas IJIOTHOCTh pacTBopa, Delta A — pasHuma mexmay
cocennuMu BenmmunHamu A, dA/mMin — BenuuYMHA, TPONOPIMOHAILHAS
CKOPOCTH pEaKIMu B JaHHBIA MOMEHT BpemeHH. Koadduiument
HIPONOPITUOHATBHOCTH Mexay OA/MIN B CKOPOCThIO PEaKIUU MOXKHO
paccuuTarh, €CJIM ONpeeieHa pa3sHOCTh B KOd(DPUIIMEHTaX SKCTHHKIIUU
peareHTOB W TPOAYKTOB. EcCIM W3BeCcTHa HadajdbHas KOHIICHTpAIUSI
peareHTOB, a KOHEYHAs CTCICHb IMPEBpAIlCHUs pPEarcHTOB B  XOJe
skcniepuMeHnTa Bbile 80%, TO pa3HOCTh B KOI(PHUIIMEHTAX SKCTUHKIIUU
MOXHO paccuuTaTh C JOCTATOYHOM TOYHOCTBIO TIO H3MEPECHHOMN
3aBHUCHUMOCTH ONITUYECKOHN TUIOTHOCTH PEAKIIMOHHONW CMECH OT BPEMEHH.

JIJis pacyeToB KMHETHUECKHMX MapaMeTPOB BaXKHBI IEepPBasi M IOCIICTHSS
KOJIOHKH pe3yJIbTaToB u3MepeHuii. Benmmurna dA/Min He coaepKUT omuoOoK
OKpYTJICHUS BeIMYUHBI A. UMnopTupyiite Tadbimity ¢ pesynbraramu B Excel
U pacCuuTaiTe KHHETHYECKHUE MapaMeTphl M3YYCHHBIX PEaKIUu.

Pa6ora 1.2 Onpenesnienne MaKCUMAJIbHON CKOPOCTH M KOHCTAHTBI
Muxaszauca ¢gepMeHTATUBHOM peaKuu I'iApPoJIu3a

Onpenenure MaKCUMaJdbHYIO CKOPOCTh M KOHCTaHTy Mwuxadnuca
depMeHTaTUBHON peakuuu THIPOJIN3a napa-HUTPOAHUIIUIA
oensomnapruanaa (BAPNA) ¢ momoipio Tpuricuna. IIpuroroBste 25 M
pactopa tpurcuta B 0,05 M TPUC 6ydepe (pH=8,1), conepsxarmem 102 M
CaCl,, u 200 mkn pacrBopa BAPNA B nuMmetmidpopmamuie, B pacueTe Ha
TO, 4TO HcxojHas KoHueHTpaius BAPNA B peakiuoHHo#t cMmecu Oyaer
cocrasists 0,36-10° M, a TpuricuHa — 24 mr/mit. I3MepeHus onTu4ecKon

IJIOTHOCTH PEAKIIMOHHOW CMECH OCYIISCTBIISIOTCS TMPH JUIMHE BOJHBI A =
410 amMm.
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1.2. UudpakpacHasi cieKTPOCKONUSI

CoBpemeHHasi  MOJIEKYJIsIpHasi ~ CHEKTPOCKONUsS  Oa3upyeTrcs  Ha
KBAaHTOBOM TEOPHH, COIJACHO KOTOpOW Jr00as MOJIEKyJa MOXKET
CyIIECTBOBATh B  CTAlMOHAPHBIX  COCTOSIHUAX,  COOTBETCTBYIOIIHMX
ONPENCIICHHBIM YHEPTETHUYECKAM YPOBHSM. M3 OJHOr0 COCTOSHUSI B JPYroe
MOJIEKYJIa MOXET NEPEXOIWTh, MOIJIOWAsl WM HCIYCKas KBAaHT CBETA,
DHEPrUsl KOTOPOIO OIPENENAETCS PA3HOCThIO DHEPTHM HUCXOJHOTO U
KOHEYHOI'O COCTOSTHUM.

B 3aBuCcMMOCTH OT TIPUPOJBI SHEPre€TUUYECKUX YPOBHEU, MEXKIY
KOTOPBIMU TMPOUCXOISAT KBAHTOBBIE MEPEXOJIbl, ONTUYECKAST MOJEKYJSpHas
CIIEKTPOCKOMUS TOJAPA3ACISIETCS Ha BpallaTelbHYI0, KOJeOaTeNbHYI U
ANEKTPOHHYIO. BpalarenbHple CIEKTPhI CBSA3aHbl C ABMKEHHEM MOJICKYJIbI
KaK IeJIOTr0, MPOUCXOAAIIUM 0€3 U3MEHEHUS MOJIOKEHHS LIEHTPa TSIKECTH.
KonebatenbHble CHEKTPbl HUMEIOT MECTO NPU HW3MEHEHUU B3aHUMHOTO
pPacmoJIOKEHUsT aTOMOB B MoJIeKyJie. HakoHel, 3JEKTpOHHBIE CHEKTPBI
BO3HUKAIOT MPU MU3MEHECHUM PACIPEICIICHUS 3JEKTPOHHOW IUIOTHOCTH, T.€.
ONPENEIAOTCS ANEKTPOHHBIM JIBUKECHHUEM.

CormacHo »ToM Kiaccudukanuu wHpakpacHele crektpel (MK
CIIEKTPBI) BO3HUKAIOT MPH HM3MCHECHUHU KOJICOATEIbHBIX M BpallaTeIbHBIX
ypoBHEW Monekyibl. [loaToMy uX 4YacTo Ha3bIBalOT KoJjiebaTenbHO-
BpamarenbHbiMd. MK crekTpbl OOJIBIIMHCTBA MOJIEKYJ HE COJEpKat
OCOOEHHO Y3KUX JIMHUM TOTJIOMIEHHsI. DTO BBI3BAHO TEM, YTO M3MEHEHUS
BpAIIATEILHON SHEPTUU MOTYT MPOHUCXOJUTh OJHOBPEMEHHO C U3MEHEHUEM
KoJie0aTenbHOU 3HEpruu. B 3TUX ciiyyasix HAOMIOMAETCs «IOJ0Ca» OYEHb
TECHO PACMOJIOKEHHBIX JIMHUN JJI1 KaXJOTO M3MEHEHHUs KoJjieOaTelbHOU
sHepruu. [{ns cnoKHBIX MOJIEKYJI, OCOOCHHO B KUJIKOM COCTOSIHUM, «TOHKasI
BpamiareyibHasi CTPYKTypa» JaHHOW IMOJOCH OOBIYHO HE MOXKET OBITh
paspelieHa.

Coomnowienus Me.?fC()y IHepcemudYeCKuUMU U 60JIHOBbIMU napamempamu

[Tpr B3auMOJIEHCTBUHM MOJICKYJIBI C 3JCKTPOMATHUTHBIM H3ITy4YCHHEM
MPOUCXOJUT W3MEHECHHWE SHEPTUM MOJICKYJIbI, KOTOPOE OIpeaeseTcs
cootHomeHueM (1.6):

AE =E,-E,; (1.6)
rie E; u E; — sHepruum cucreMbl B KOHEYHOM M HAYaJIbHOM COCTOSTHHSIX.

DJIEKTPOMArHUTHOE M3JIYYCHHE MOXET OBITh O0XapaKTEePH30BAHO
BOJIHOBBIMH W JHepretndeckumu mapamerpamu. B HK-cmekTpockonmu
BOJIHOBOM TapaMeTp BBIpaXKaeTCs BOJIHOBBIM YHCIOM V (4acTo Takxke
HA3BIBAIOT YACTOTON MOTNOIMICHHS), MMEIOLINM pasMepHOCTh cM ™ (v = 1/2,
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rae A — JyMHa BOJHBI). CBS3b MEXKIY DHEPreTHUYCCKMMHU W BOJHOBBIMH
napaMeTpaMy BhIPAXKACTCS CIICTYIOIIMM COOTHOIIICHHEM

1 kxai/mons (AE) = 2.859 10° v (em™).
Hanpuwmep, anuse Bous! 400 HM oTBedaer BomHOBOE uncio 25000 e ™ min
sHeprus /1.5 Kkan/MoJb.

Xapakmepucmulteacue Kosebanus

Henunelinas Monekyina, coaepxaiias N-aToMoB, UMeeT 3N-6 OCHOBHBIX
(bynaamMeHTaNbHBIX) KOJICOaHUN. Y JTUHEWHOW MOJICKYJIBI YUCIIO OCHOBHBIX
KoJjebaHuit Bo3pactaer A0 3N-5. B 3aBUCMMOCTH OT THIIa CUMMETPHUU
Mousiekyiibl, B MK-crekTpax mnposBisitoTcs Ju00 Bce (PyHIaMEHTaJbHBIE,
700 TOJIBKO YacTh U3 HUX.

Hapsny c¢ ocHoBHbiMH uyactoramu B MK-cmektpax BceneactBue
AHTapMOHUYHOCTH KOJIEOAHWW OOBIYHO MPUCYTCTBYIOT OOEpPTOHBI U
cocTaBHbIE 4acTOThl. OOEPTOHBI COOTBETCTBYIOT YACTOTaM, KPaTHBIM KaKOM-
a1M00 YacToTe, a COCTaBHbIE YACTOTHI ABJISIIOTCA CYMMaMH WM Pa3HOCTSIMU
pasnUYHBIX (yHAAMEHTAIbHBIX 4acTOT. OOEpTOHBI M COCTaBHBIE YACTOTHI
UMEIOT HEBBICOKYIO HHTEHCUBHOCTb.

Konebanne  AByXaTOMHOW  MOJIEKYJIBI ~ MOXHO  OPHUOJIMKEHHO
paccMaTpuBaTh Kak KoJie0aHME TapMOHUYECKOIO OCLMLIATOPA, 4YacToTa
KOTOpOTO omnpeaensercs ypaBaenuem (1.7):
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(1.7)
rae v — yactoTa Konebanus; K — cuiioBas MoCTOsSHHAs, XapaKTepu3yroias
YIPYTOCTh CBSI3H; a |1 — IPUBEICHHAs Macca ocmiuistopa (ypaBHenue 1.8)
mim
p=—1=12_ (1.8)
mq +MmMo
B MHOroaroMHoOW MOJEKyJie COXpaHSETCS CHMOATHOCTh YacTOTHI H
BeyMuuHBl K/ IS OTHEIBHBIX aTOMHBIX TPYNIIUPOBOK. Eciam B Takoi
aTOMHOW TPYIIMPOBKE CWJIOBBIC IMOCTOSHHBIC CBS3M HMJIM MacChl CHJIBHO
OTJIMYAIOTCS OT IMapaMeTPOB OCTAIBHOW YACTH MOJICKYJIbI, TO KOJICOAHHSI
HAOJIIOAI0TCS B Y3KOM MHTEPBAJIC YacTOT U MPOSIBISIOTCS B CIIEKTpax BCeX
COCJMHEHHUH, COACpKAIIUX 3Ty IPYNIUPOBKY. Takue KojacOaHUs MOTyUHIIH
Ha3bIBaHNE XapaKTepPUuCTHYECKHUX, WIH IPYMIOBBIX. Tax,
XapaKTEePUCTHICCKUMHU OyayT KoJIeOaHHs TPYII, COAEPIKAIMX JCTKUIA aToM
Bomopona (C-H, O-H, N-H), u xosebaHusi rpynmn ¢ KpaTHBIMH CBSI3SIMHU
(C=C, C=N, C=0, N=N).
B nacrosimee Bpemss K-crieKTpbl MOJIEKYJT IIUPOKO MPUMEHSIOTCS JUISI
CIICAYIONMX TIeNiel: a) M WIACHTH(HKAIMM COCOUHCHHU, O) JuIs
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KOJIMYECTBEHHOTO aHaJIM3a, B) JUIS CTPYKTYPHO-TPYIIIOBOTO aHAIN3a, T) JUIsI
M3yYE€HUS BHYTPH- U MEKMOJICKYJISIPHBIX B3AUMOJCVCTBHM.

Haubonee sascnvie nonocel nocnowenus 6 UK-cnexkmpax xumuueckux
COeOUHeHUll
IIpeoenvhbie y2ne6000poovl

HK-criekTpbl peaETbHBIX YTJIEBOJOPOI0B XapaKTEePU3yOTCs
MOSBJICHUEM II0JIOC ITOTJIONMIEHMS, BhI3BAaHHEIX KoyicOaHusaMu cBszeil C-C u
C-H. Tlosocel yriieBOAOPOIOB, CBSA3AaHHBIE C XapaKTEPUCTUUECKUMHU
gacroramu C-H, Haxomstes B Tpex oGmactsix: 3000-2800 cm™, 1400-1300
cm ™ 1 okomo 700 em™, puc. 1.12.
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Puc. 1.12. UK-cniekTp H-TenTaHa

[Tormomenne B obmactu 3000-2800 cm 00yCIIOBJIEHO BaJICHTHBIMU
konebanusasmu C-H. OnHo mposiBIsieTcss B BHAE CIO0XKHOW  IOJIOCHI
MIOTJIOIICHHS, B KOTOPOW THKHU mpu 2962 Mt u 2872 om™ MpUHAJIEKAT
KOJICOaHUSAM METHUJIBLHOHN Ipymmbl (ACHMMETPHYHBIC - Vi © CHMMETPUYHBIC -
Vs), a uku npu 2926 u 2853 cM} OTHOCATCA K BAJEHTHBIM KOICOAHMAM
METHJICHOBOH TPpyHIbl (Vas M Vs, COOTBETCTBEHHO). [TooXKeHHe 3TUX T0JI0C
MOTJIONIEHUSI XOPOILIO COXPAHAETCS Yy BCEX THUIOB adudaTHYECKUX
yIJIEBO0OPO0B. HTEHCHBHOCTH T0OJI0C 3aBUCAT OT YHMCJIa METHJICHOBBIX W
METWJIbHBIX IPYII B MOJIEKYJIE YIJIEBOAOPOA.

Hornomenue B o6macti 1400-1300 cm™ 1 oxomo 700 cM™ 06YCIOBICHO
nedopmarnmonabiMu KosiebanussmMu C-H cBsizeit.
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Ankenul

BBengenne kpaTHOUM CBSI3M B MOJIEKYJIY OpPTraHUYECKOTO COEIWHEHUS
MPUBOIUT K MOSBIICHHUIO MTOJIOC MOTJIOMICHUS, XapaKTePU3YIOIINX 3Ty CBSI3b,
U U3MEHSAET TOJIOKEHUE TIIO0JIOC TIOTJIONIEHUsI TPYII, HEMOCPEICTBEHHO
CBSI3aHHBIX ¢ HeWl. B MoHoonedunax c BameHTHbIMH KojieOanusimu C=C
CBs3aHa 1oJjioca roriomeHus B oomactu 1680-1640 cM L. DT0 KoNebaHue He
SBJISIETCS CTPOTO BAJCHTHBIM, MOCKOJBKY HapsAy C PacTSHKEHUEM CBSI3U
C=C npoucxoaut usmenenue yrios H-C=C, puc. 1.13.
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Puc. 1.13. UK-cnekTp rekcena-1.

B 1eHTpanbHOCHMMETPUYHBIX ATHIIEHOBBIX COCAMHEHHSX KOJIeOaHHE
Vc—c HEAKTHMBHO BCJICJICTBHE 3ampeTa 10 cuMMeTpun (Tak  Kak
CUMMETPUYHBIC KOJICOAHUS TMPOUCXONAT 0€3 M3MEHEHUS IUIOJIHHOTO
MOMEHTa). B HECHMMETPHUYHBIX MOJICKYJIaX HMHTEHCUBHOCTH ITOJIOCHI
MOTJIONICHNS YBEIMYMBACTCS 110 MEpPE CMEIICHHUS TBOWHOW CBSI3W HA KOHEI]
nerm. [Tonoxenue monocst C=C BHyTpu nuTepBata 1680-1640 cm™ 3aBucut
oT cTenieHu 3amernieHus y cBs3u C=C u reoMeTpuu MOJIeKyJbl, Tab. 1.

Kak BugHO U3 Tabiuibl 1, yBemu4yeHne yncia 3aMeCTUTENECH TOBBIIIAeT
4acTOTy Vc-c. JJIsl TpaHC-M30Mepa 9acToTa Ve—c , KaK MPaBHIIO, BHIMIE, YeM
IS ITUC-U30Mepa.
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Tabnuia 1
Yacrots! kosedanus (v) C=C cBsI3u aJIKEHOB

CTpyKTypa alkeHa | v, cM - CoelMHEHNE v, cM ™
RCH=CH, I'excen-1 1642
R;R,C=CH, } 1648-1638 3,3-mumeTnnoyTeH-1 1645
R;CH=CHR,-yuc 1658-1648 2-METHINEHTEH-1 1653
R:CH=CHR,-mpanc |1662-1652 Yuc-eHTCH-2 1658
R;R,C=CHR; 1678-1668 mpanc-TieHTeH-2 1670
R;R,C=CR3R, 1675-1665

Apomamuueckue y21e6000p0o0bl

ApomaTHdecKue COEAMHEHUS MOTYT OBITh  OOHApY>KEHBI  TIO
MOTJIOIICHMIO B TPEX 001acTsaX: M0 BaJIeHTHBIM KoJiebanusm C-H (vc.y>3000
cM), CKeleTHBIM KONEOAHHSIM APOMATHYECKHX  YIJICPOA-YIIIEPOJHBIX
cesizeit (1600-1500 cm™) u 1m0 MHTEHCHBHOMY moriomenuto Hike 900 e,
oOycroBIIeHHOMY jaehopMaIinoHHBIME Kostebanusmu C-H cBs3eid.

ITomockl BanmeHTHBIX KojeOanuit cBszeit C-H wumeroT cpeaHior
WHTEHCUBHOCTh M OOBIYHO MPEACTABIISIIOT TPYIITy Moioc. B mpucyrcTBun
ANKWIBHBIX TPYIII TMOJOCH morjomeHus apomatndeckux C-H cBszeit
MTOSIBIISIIOTCSI KaK IIJICYM HA OCHOBHOM ITOJI0CE aTu(DaTHICCKUX V(.p.

Ocob6enroctpio MK-criekTpoB OEH30JBHBIX YIJICBOJOPOJIOB SBJISETCS
MHTEHCHBHOE TOTIIONICHNE, Haxozsmeecss B obmactu Hmke 900 cm™. D10
MIOTJIONIEHHE OTHOCHTCS K HEIUIOCKUM AchopMamuoHHbIM Konebanusm C-H
apoMarhyeckoro konbua. /g camoro 0OeH30ia 3TOMY KOJEOaHUIO
cooTBercTByer moioca 671 oM. [ 3aMELICHHBIX OCH3071a YACTOTHI
nehopMaImoHHBIX KoneOanuit cBsa3eit C-H 3aBUCAT OT Yncia M IMOJI0KCHHS
3aMECTHUTENIEH.
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BonHoBOe Yncno, cM™

Puc. 1.14. UK-cniekTp 1,4-L[I/IMeTI/IJ16eH30JIé1.
T'uopoxcuncooepoicawjue coeounenus

BBengenne THAPOKCWIBHOW TPYIIBI B MOJEKYIy MPUBOIUT K
MOSIBJICHUIO TI0JIOC TIOTJIOMIEHHS, CBSI3aHHBIX C KoseOaHusimMu cBszedt O-H.
HauGosee xapakTepHBIE MOJIOCH MOSBISIOTCS B obmacti 3600-3000 cm™
(BasenTHBIC KoaeOanus O-H rpynmsr), puc. 1.15.

Banentnsie konebanust O-H rpynmnbl SBASIOTCS XapaKTEPUCTUUECKUMH,
MOCKOJIBKY B HHMX MPUHHUMAET Yy4yacTue JIerKuid aroM Bojopoja. OHu
HAGIIIONAIOTCS B IIMPOKOM HHTepBaie gactot (3600-3000 cm™), 4To cBs3aHO
CO CIIOCOOHOCTHIO THUIPOKCUIBHON Tpymnmbl 00Opa30BBIBATH BOJOPOJIHBIC
cBsi3u. OOpa3zoBaHUE BOJIOPOJHON CBSI3M BIUSAET HA IMOJOXKEHUE U (PopMmy
M0JIOC BaJI€HTHBIX KoJebanuii O-H cBs3u.

CBoOopHasi, HeacCOMUPOBaHHAsl TUAPOKCWIbHAS TpyIIa CIUPTOB U
(DEHOJIOB MMeeT Y3KyO IOJIOCY HormomeHus B obmacti 3670-3580 cm™. Dra
nojioca  OObIYHO  HaOmomaeTcss B pa30aBIEHHBIX  pacTBOpax
TUAPOKCUIICOACPIKAIMX ~ COCAMHEHUH B  HMHEPTHBIX  PACTBOPUTEIISX.
Nnentudukanus noynoc cBooogHor OH-rpynibl He BRI3BIBACT 3aTPYIHEHUM,
TaK KaK Jpyrue OCHOBHBIE KOJ€OaHUs HE JAIOT MOJOC B ATOM obsactH, a
WHTEHCUBHOCTH OOEPTOHOB HAMHOTO HUXKE.
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BonHoBoe 4yncno, CM-1

Puc. 1.15. UK-cnextp okraHosa-1.

YyacTue TUIpOKCUILHON TPYHIbl B 00pa30BaHUU MEXMOJICKYISIPHBIX
BOJIOPOJIHBIX CBSI3¢H TMPOSBIICTCS B CMEIICHUU I10JOCHI IIOTJIOIMICHUS B
CTOPOHY MEHBIIUX YaCTOT U 3HAYUTEIILHOM YBEJIMUECHUN €€ MHTCHCUBHOCTH.
OO0pa3oBaHre BOJOPOJHBIX CBSA3CH MEXIY MOJIEKYJIAMH CITUPTa MPUBOIUT K
MOSBJICHUIO JIMMEPOB MW acconuaroB. J[ns auMepoB  xapaKTepHO
BO3HUKHOBEHHE PE3KOM IMOJIOCHI Morjomenus B odmactu 3550-3450 et B
CIIEKTPE accolnaToB HabJroaeTcs mupokas mojoca B oomactu 3400-3200
em™ XapakTepHbIM MPU3HAKOM MEXXMOJICKYJIIPHBIX BOJOPOJHBIX CBS3EH
SBIIETCS] M3MEHCHHE XapakTepa cIektpa B obmactu 3600-3200 cm™ mpm
W3MEHCHHH  KOHIICHTPAIMd  THIPOKCHIICOACPIKAIIETO COCAWHCHHUS B
HHEPTHOM pacTBOpHTEIIE. pu MaJbIX KOHIICHTPAIHIX
TUAPOKCHIICOCPIKAIIET0 BEIIeCTBa B CIIEKTPE HMEETCS Yy3Kas I1oJioca
MOTJIOIICHMS,  OTBEYaromas  CBOOOJHOW  THIPOKCHIBHOW  TpYIIIE.
VYBenmnueHrne KOHIICHTPAIMM TIPUBOAUT K TIOSBJICHUIO JTUMEPOB U
acCoIlMaTOB W B CHEKTPE, HapsAIy ¢ Tojiocoil cBobomnorr OH-rpymmsl
MOSIBJISTIOTCS MOJOCHI IOTJIOIIEHHUS B 0Oojee MIMHHOBOJHOBOW 0O0JACTH.
JlaypHElIIIee yBeMTWYeHNE KOHIICHTPAIMA COMPOBOXKIAETCS BO3PACTaHHEM
WHTEHCHUBHOCTH TIOTJIOMICHUS TI0JIOC CBsi3aHHBIX OH-rpymn 1 ymMeHbIIeHHEM
WHTEHCUBHOCTH TOJIOCHI CBOOOTHON THAPOKCHIIBHON TPYIIITHI.

Taxum o6pasom, HK-cmextpsr B obmactu 3600-3000 cm™ paror
BO3MOYKHOCTbH HCCJICIOBATh BOJIOPOJHBIC CBSI3M B PA3IMYHBIX XHUMHYCCKUX
COCTMHCHHSX. V3ydueHne 3aBUCUMOCTH TTOJI0KEHHUS M MHTEHCUBHOCTH TIOJIOC
MIOTJIOMICHUSI B 3TOM OOJIACTH OT KOHIICHTPAIlMHM THIPOKCHIICOASPIKAIIETO
COCAMHCHHS TIO3BOJIICT OIPEACIUTh XapaKTep U IMPOYHOCTH BOJIOPOHOM
CBSI3U.
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Coeodunenusi, cooeparcawyue KapOOHUIbHYIO SPYNNY

HNK-cnekTpsl BCEX TUIIOB KapOOHUIIbHBIX COCJIMHEHUM
XapaKTePH3YIOTCS HHTEHCHBHBIM MOTJIOMeHHeM B oonacti 1900-1580 cm™,
0OYCJIOBJICHHBIM XapaKTePUCTUUECKUMU KOJICOAHUSIMU C YYACTHEM TPYIIIIbI
C=0. Ha nonoxeHue U MTHTEHCUBHOCTH MoJioc norjomienuss C=0O BhuseT B
MEPBYIO O4Yepe/lb CTPYKTypa MOJIEKYJbI (T€OMETpUS MOJICKYJBI; MAacChI
aTOMOB, CBSI3aHHBIX C KapOOHWIBHOW TPYMNIOH, WHAYKIUOHHBIE U
Me3oMepHbIe 3Q(dEKThI; cTepudeckue ¢gakTopbl). Kpome Toro, Ha 4actory
C=0 BmuAOT arperaTHoe COCTOSHHUE W pacTBopuUTeNb (0Opa3oBaHUE
BOJOPOJHBIX  CBSA3CM WM  DJIGKTPOCTAaTHYECKHE  B3aHUMOJICHCTBUA).
CMemieHns, TPOUCXOIAININE TPH OTOM, OOBIYHO MEHBIIIE CIBUTOB,
HaO0II0JaEMBbIX MOJ] BIUSHUEM CTPYKTYPHBIX (DaKTOPOB.

Bbicokasi ~ 4yBCTBUTEIBHOCTH  KApOOHUJIBHOTO  MOTJIOMICHUS K
M3MEHEHUIO OJMKaNIIero OKpPYKeHHsI CBA3aHa C TEM, YTO 3TO TPYIIOBOE
KoJie0aHWe, B KOTOpPOM Hapsay c KojeOanuem cBsizsu C=0 npuHUMAIOT
BeCbMa CYIIECTBEHHOE Yy4acTHhe TNpWiIekKanme Yyriasl W CBsi3m. Jlis
OTJIETTFHBIX KJIACCOB XWMHYECKUX COCIWHEHWM YaCTOTHI MOTJIOMICHUS Vc—o
HaXOJATCS B Y3KOM HHTEpBaj€, BCIEICTBUE YErO IO MOJIOKEHUIO MOJOCHI
MOTJIOMIEHUSI Vc-o MOMKHO CJIeNlaTh 3aK/IIOYeHHE O TUIlEe KapOOHWJIBHOTO
COCIMHCHHSI.

Jlitst mpocTefitero kapOOHUIICOIEPKAIIETO COSTMHEHUS — MYPaBBHHOTO
anpaeruya — kosnebanue, cBazaHHoe ¢ C=O-rpynmnoii, mposiBisieTcsa NpH
1745 cm™,

B anudaruyeckux anpaerugax norjoileHre KapOOHWIHLHOW TPYIIIbI
HaxXOmuTCs B uHTepBame 1740-1720 cm™. B ra30006pa3sHOM COCTOSHHH
9acTOTa Vc-o MOBBIIaeTcs. Hanmpumep, ve-o aneranpiaernia B mapax paBHO
1752 CM'l, a IPOMMOHOBOTO anpaeruaa — 1757 cM

B  HachbllleHHBIX KeTOHAX YacToTa KapOOHWIHHOM  TPYIIIBI
HaOmomaeTcss B uHTepBane 1725-1705 cM . Kak u IUTSL aldbIETUIOB, V-0 B
napax mosblmaercs ~ Ha 20 cM ™. s aneToHa, HAIIPUMED, Vc-o B Mapax
1742 cm*', a B pactBopax — 1728-1718 cm’ B 3aBHCHMOCTH OT
pacTBOPUTEIIS.

B kap0oHOBBIX KHCJI0TAX YacTOTa KOJICOAHUMN Vc-o yBeIUuuBaeTcs. B
mapooOpa3HOM COCTOSIHUU WJIM B Pa30aBIICHHBIX PacTBOpPaxX B HEMOJSPHBIX
PacTBOPHUTEIIAX Vc—o HaOmrogaercs B obmactu 1790-1770 emt. O6BIYHO
HaO0JII0/1aeMO€ TTOTJIONMICHUE KUJIKUX KapOOHOBBIX KUCIIOT B obsactu 1720 —
1700 cM ™" MPUHAMISKAT KOTeGAHMAM KapOOHUIBHOM IPYIIIBI JUMEpa, PHC.

1.16.
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BonHoBoe 4ncno, cM™
Puc. 1.16. UK-cniektp OyTaHOBOW KUCJIOTHI.

B TBepmom cocTosHHWHM, KOTJa accomuaius eme CHiIbHee, Iojoca
MOTJIOIEHHsT KapOOHMIBHONW rpymmsl  cMemena ~ Ha 30 cM© B
JUTMHHOBOJIHOBYIO 00J1aCTb.

Jnst  cjokHbIX JI(UPOB TOMJIOHIEHHE KApOOHWUJIBHOW  TPYMIIBI
Habmomaercs npu 1750 — 1735 cM’. D10 3HAYEHME Vc_o BBIIIE
HAOIOAEMBIX BEIUYUH Vc-o COOTBETCTBYIOIIHUX  aCCOIMHUPOBAHHBIX
KapOOHOBBIX KHCJIOT, HO HIXKE V(-0 MOHOMEPHBIX KHUCIIOT.

Amunol

[TosiBnenune cnenuduyabix monoc noriomeHus B MK-cnekrpax amMmuHOB
cBs3aHo ¢ kosieObanusimu cBsizell N-H u C-N, xoTopsie mposiBIsiOTCS B
o6acTsix 3500 —3300, 1650 — 1500, 1360 — 1000 cm™.

[Mornomenne B oGimactu 3500 — 3300 cM® BBI3BAHO BAaJCHTHBIMHU
kojiebanusimu cBsizet N-H. TlepBuuHbie aMuHBI B pa30aBICHHBIX pacTBOpPax
B MHEPTHBIX PACTBOPHUTEISAX HMMEIOT JIBE IOJIOCHI MorjoliieHus, puc. 1.17.
Bonee  BhicokowacToTHas —momoca  (~3500 cm')  cooTBercTByeT
ACHMMETPUUYHBIM BaJICHTHBIM KoJebaHmsM, Bropas mosnoca (~3400 cm™) —
CUMMETPUYHBIM BJICHTHBIM KojieOanusM rpynmsl NH,. Bropuunbsie amMmuHsI
MMEIOT B 3TOM 00JIACTH TOJBKO OJIHY IOJIOCY BaJEHTHBIX KOJIEOaHUM, puC.
1.18. V TpeTW4HBIX aMUHOB COOTBETCTBYIOIIUX TOJIOC IOTJIOIICHHS HET,
puc. 1.19.

[TomoOHO THUAPOKCHJIBHOM Tpymnne aMUHOTpyNmna CKIOHHA K
00pa30BaHUI0 MEX- W BHYTPUMOJICKYJISIPHBIX BOJOPOJHBIX CBs3el. [lpu
STOM TMOJIOCKHI IIOTJIOIIEHUSA BajeHTHBIX KoJjieOanuii NH cmermarorca B
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HU3KOYACTOTHYIO CTOPOHY. OTH CMEIICHUS MEHBIIE, YeM B CiIydae
TUAPOKCHIIBHON TPYIITIHI.

I[Ipyu HemosHOM acconualMi amMUAHOB, HApAAy C  [OJOCAMU
aCCOIMUPOBAHHON aMUHOTPYIIIBI, MOKHO HAOII0/IaTh U MOJIOCHI CBOOOTHOM
AMUHOTPYTIIIHI.

[Tormnomnienune B obyactu 1650-1500 cm OTIpeIeIIsIeTCs
neOopMaIMOHHBIMI  KOJICOAHUSIMU  aMUHOTPYMNIbl. [lepBUYHBIE aMHHBI
UMECIOT WHTEHCUBHYIO OJIOCY TIJIOCKHUX AHTUCUMMETPUYHBIX
neopManHOHHEIX KoneOaHmit B wmHTepBate 1650-1580 cm™. Ilomoca
nedopMaliioHHbIX  Kojebanuit rpynnel  NH — BTOpuuYHBIX  aMUHOB,
pacrosnoxenHas B o6mactu 1600-1500 cm™, 06b14HO cr1abast 1 ompeaenseTcs
TPYIHO.

B o6mactn 1360 — 1000 cM™' y BceX THIIOB AMHHOB MOSBIISFOTCS
MOJIOCHI TIOTJIONIEeHMsI, BbI3BaHHbIe ydacTueM C-N CBsi3M B CKEJIETHBIX
KOJIEOAHUSIX MOJICKYJIBI.
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BonHoBoe uucno, CM_1

Puc. 1.17. UK-criekTp epBUYHOTO aMUHa (aHUITUHA).
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Puc. 1.19. UK-cnextp Tpetnunoro amuaa N,N-muMeTuiaHuInHa.

30



Yempoucmeo UK-cnekmpomempa

[Tpubop, Ha KOTOPOM MPOBOATCS U3MEPEHUS HHPPAKPACHBIX CIIEKTPOB
HaseiBaeTcss UK-crekrpomerp. Ha puc 1.20 mpencranen o6muii Bug K-
cnektpomerpa Vector 22 ¢upmber Bruker, Ha KOTOpOM IPOBOIUTCS
CHETIPAKTHKYM.

Puc. 1.20. Buemnnit Bug UK-criekrpomerpa Vector 22, mokas3bIBaromuii
pacIoyioKeHne OTCEKOB: A — KIOBETHBIN oTcek, B — uaTepdepomerpa, C —
OTCEK UCTOYHMKA W3nyueHusi, D — orcek O1oka nuranusi, E — orcek
JIETEKTOopA.

Ha puc. 1.21 mpencraBnen ontuyeckwii myTh B HK-cnmexkrpomerpe.

Yacrotueit nuanazod MK cnexrpomerpa Vector 22 — ot 7500 mo 370 cm
On umeer paspernieHue a0 1 em
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o

Bnok nuraHus Ynpaensioujan 3neKTpoHuKa /

|

DeTeKTopHbIA .
oTceK KioBeTHbIR OTCek

L

Puc. 1.21. Ontuueckuii myTh B mpubdope Vector 22. 'maBHbIE KOMITIOHEHTBI
orntrnyeckoii cxeMbl: A — UK ucrounuk, B — mirenounsiii auck, C —
BBIXOIHOM mopT, D — cBeronenurens, E — okHoO kamepsl, E” —
JOTIOJTHATETTFHOE OKHO KaMephl, F — aepkarens oopasma, G — nerektop.

Tunmmunasle MK-cniekTpockonmyeckue KIOBETHI MPEACTABICHB Ha PHC.
1.22. B wux coctaB BXOHAT: JBa INIOCKOMApaICIbHBIX OKOIIKA,
pa3JieJIeHHBIX CTEKIITHHBIM CTAaKaHYMKOM HWJIM MPOKJIAIKOW U3 CBHHIIOBOUW M
TFOMUHAEBOU (PoJibru wim Tediona. MaTepraioM OKOIIIEK B 3aBUCUMOCTH
OT WX Ha3HAYCHHUS CIYKHT KBapIl, CTCKJIO WU TaJIOUIHBIC COJIM IIEIOYHBIX
WIN IIEeJIOYHO3EMENbHBIX MeTaioB. OKOIIKA W TPOKJIAJAKHA IPOYHO
3aKpeIUIeHbl B CHEIHAIBHOM Jeprkareiie. ToJIMHA MPOKIAIKH M BBICOTA
CTaKaHYWKa JTOJDKHBI OBITh TOYHO M3BECTHBI, TTOCKOJIBKY UMH OMPEACIIICTCS
TOJII[MHA TOTJIOMIAIOIIETO CIIOS.

[Ipu pabGoTe ¢ pacTBOpaMH HEOOXOJWMO WMETh B BHAY P
TpeOOBaHMIL:

A) PactBopuTenH AOMKHBI OBITH TOCTATOYHO MPO3PAYHBIMH B 00JIaCTH
TTOTJIOIICHUS UCCIIETyeMOT0 BEIIeCTBa,

b) PacTtBopHTeNn HE JOJDKHBI XHMHYECKH B3aUMOJICHCTBOBATH C
PacTBOPECHHBIM BEIIECTBOM;

B) PactBopuTenn He IOJDKHBI B3aMMOJECHCTBOBAaTH C MaTepUaIOM
KIOBET.

Hawnbonee ynoOHbBIMU pacTBopHTeIssMu TIpu m3MepeHun MK-crekTpos
SIBJITFOTCS TETPaXJIOPMETaH, XJI0pO(POpM, TETPaXIOPITUIICH U CEPOYTIIEPOI.
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Puc. 1.22. O6mwmit Bug UK crieKTpoCKONMMYEeCKON KIOBETHI.
Ilopsiook exnouenus npubopa u 3anucu CneKkmpos

1) Bxmounte WK  cnektpomerp. Ilocine — wHuImManusanun
(mpubmm3uTenbHOo Yepe3 30 cek) JIaMITOYKa COCTOSHHUS TpuOopa J0KHA
HayaTh MUTATh 3€JCHBIM CBETOM. B MpPOTHBHOM ciydae — OOpaTHTHCS K
MPEToaBaTeNIo.

2) BximounTe KOMIBIOTEP U MOHUTOP.

3) Boiimute B omnepanuonnyro cucremy (Windows, OS2) u 3arem B
yrpasJistolyto nmporpammy OPUS.

4) OTKpo¥TE TUaJoroBoe OKHO M BeIOepuTe omiuio Measurement.

5) Cnenmyromuii aTan - 3anUCh criekTpa 0a3oBoi nuHUM. [locie BeIOOpa
ormmuu Measurement B okpsIBIIEMCSt OKHE, pHC. 1.23, BBEIUTE YHCIIO CKAaHOB
(crpenka C). B nmanHOM ciydae 4ucio ckaHOB - 32. Bmeaute ommcanwue
IKCIIEPUMEHTA U JUPEKTOpHH, rjae Oyaer xpaHuthes (aiin (ctpenka B). B
JaHHOM cilydae oOpaser HasbiBaeTcs Sample, daitn nHaseBaetcs Work, a
AMpeKTopus, rae OyneT xpaHuthes Qaitn - E:\Opus\MEAS. 3arem Haxxmute
3aknaaky ‘‘Start Background Measurement” (ctpenka E) n nmpubop HauHeT
CHUMATh CIIEKTp 0a30BOM JHHUHU. OTOT CHEKTpP OyJeT aBTOMATHYECKH
BBIUTEH CPa3y MOCJE 3aHUCH CIIEKTPa ¢ 00pa3IoM.

3akmanku Experiment (ctpenmka A), Repeat Control (ctpenka D),
Special Measurements (ctpenka F), Setup (ctpenka A), Test/Optic Utilities
(ctpenka 1), Align Mode (ctpenka G) HaxkuMaTh HE peKOMEHIyeTcs Oe3
paspenieHus: mpenoiaBaresis, MOCKOJIbKY B 3TOM ClIydae MOTYT ObITh COUTHI
HACTPOMKU MPOTrpaMMBlI.
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Measurement

MEA: Experiment
3 [ Loaded: DEFAULT
Sample Name |[sample _ B
Sample Form |sample form -
Operator Name |operator
D\ Measuwrement Path |E:\opus\MEAS Filenane
C\M Repeat Control
Scars L e
F\ [:] Minutes every sec. H
/
G\ ackground Measurement cial Measurements... I l Setup Experiment... ﬁ
/ | Clear || Load... | Align Mode... ] [ Test /7 Optic utitities #""’I
E | Start Sample Measwement | | Cancel J [ Exit ][ Hep ]

Puc. 1.23. Imanorosoe okno Measurement.

6) Cnenyromuii mar — 3amuch crekTpa oopasia. OTKpoWTe KIOBETHBIN
OT/IeNI. YCTAaHOBUTE KIOBETY C 00pa3lloM B KIOBETOJAEP)KATENb. 3aKpONTE
ktoBeTHbId  oThen MK cnekrpomerpa. 3areM B OUamoroBOM  OKHE
“Measurement” naxkmute 3akiaaky ‘‘Start Sample Measurement”, 4To0bI
npubOp Hayall CHUMAaTh CHEKTp uccieayemoro obOpasua. IlomyueHHbIN
crekTp 3anuiercs moa umeneM “Work” B nupexkropun E:\oOpus\MEAS.

Pab6ora 1.3. Onpene.ﬂeﬂne KJJacca OprauHmv4eCKux BemecCTB 1o 4acroram
MNOoIJIOIMICHUA B HK-CHGKTan.

Meton UK-cnekTpoCKONUM MO3BOJISIET ONPEACHSATh K KAKOMY KIIACCY
BEIIICCTB OTHOCSTCS MCCIIeAyeMbIe 00pa3iibl. ITO MOKHO CJieJIaTh Ha OCHOBE
aHallu3a II0JIOC TIOTJIOIIEHMS BaJICHTHBIX KOJICOAHUM OpraHuYeCKUX
coenuHeHui. Hanuune XapaKTEpUCTUYECKOM TPyHIbl B MOJIEKYJIE
no3Bojsier uaeHtuduuuponath ee 1o MK-crnexkTtpy u, ciegoBaTelbHO,
ONpPEACINTh, MPUHANICKHOCTH 00pa3lla K ONpPeNeICHHOMY  KJaccy
COCTMHCHUH.

[Topsiiok paOoTHI:

1) 3amucath ciekTp 0a30BOM JIMHUH
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2) 3amnucaTh CIEKTPhl 00Pa3IoB U3 5 MPOOMPOK, B KOTOPBIX HAXOIATCS
H-Te€KCaH, O€H30J1, TAHOJ, alleTOH, alleTOHUTPHUI.

3) Haiitu B ciekTpax IMoJI0ChI MOTJIOMICHHS XapaKTEPUCTHUSCKUX TPYTII
WCCJIEAYEeMBIX COSTUHEHUN W OMPEETUTh B KaKOW U3 MPOOMPOK HAXOIUTCS
KaXKI0€ BEIECTBO.

Pa6ora 1.4. OnpenesieHue cojepkaHusi BoJbl B aJn(paTudecknx
CIHPTAX.

Ha cerogusmHuii 1eHb OJHMM W3 BaXXHBIX aCHEKTOB MNPUMEHEHMM
(UBUKO-XUMHUECKUX METOJIOB SIBJISIETCS KOJMYECTBEHHBIM aHAIM3 COCTaBa
MHOTOKOMIIOHEHTHBIX cMecer. Meron HMK-criektpockonuu Mo3BOJSAET C
JOCTaTOYHO BBICOKOM TOYHOCTBIO OMNPEACIUTh COAEPKAHUE BOABI B
Pa3IMYHBIX OPraHUYECKHUX BEIIECTBaX. DTOT METOJ OCHOBAH HAa TOM, 4UTO
BOJIa UMEET UHTECHCUBHYIO MOJIOCY JAe(OpMAIIMOHHBIX KOojebaHui B 001acTH
1700 — 1600 cm*. OyeHs 4acTo TOT METO/] UCTIONB3YETCS JIJIsl OTIpeIeTICHUSI
cojlepkaHusl BOJABI B anudaTuyeckux crnuprax. B mepByro odepenn Ipu
aHaJM3€ COJIEp)KaHUS BOABI HEOOXOJMMO IOCTPOUTH KaJTMOPOBOUHBIN
rpa@uK 3aBHCHMMOCTH HWHTCHCHUBHOCTH (MHTErpaJibHOM WHTCHCHBHOCTH)
MOJIOCHI MOTJIONIEHUS Ae()OPMAIIMOHHBIX KOJIEOaHUN MOJIEKYJIbI BOABI OT €€
KOHIICHTpAIIMH B 00pa3sIie.

[Topsiiok paGoTHI:

1) 3anucaTth CIIEKTPHI YETHIPEX PACTBOPOB BOJBI B UMCTOM 1-OyTaHoue ¢
M3BECTHBIMHU KOHIICHTPAITUSIMH.

2) Haiithu u ompeaeauTh HWHTECHCUBHOCTH IIOJOCHI ITOTJIOIICHHUS
nehopmanronHoro kojacoanus Boasl B MK-cnekTpax (oomacts 1700 — 1600
em™).

3) [TocTpouTth KaTHMOPOBOYHBIM IPa(HK 3aBUCHMOCTH HHTCHCHBHOCTH
MIOJIOCHI MOTJIOMICHUS Ae()OPMAIIMOHHBIX KOJICOaHUN MOJIEKYJIbI BOJBI OT €€
KOHIIEHTPAIMKA B PaCTBOPE.

4) 3amnucarh CIIEKTPHI IBYX pacTBOPOB BOJBI B 1-OyTaHoJIE C
HEU3BECTHOM KOHIICHTPAILIUEH.
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5) OnpenenuThb WHTEHCHBHOCTD TTOJIOCHI TTOTJIOIICHUS

nedopmaimonHoro koyebanus Boasl B MK-cnekrpax (o6macts 1700 — 1600
&

CM ") W paccuuTaTh KOHIICHTPAIMIO BOJBI B 0OpasIe MO KaIuOPOBOUYHOMY

rpaduKy.

Patora 1.5. OnpenesieHue 3HTAILIUN 00Pa30BaHUS BOJTOPOJHON CBSA3H
B pacTBopax (peHosia mo cMemeHuio noaocbl OH-kosed0anui

Hanbonee  mumpokoe  pacnpoCTpaHEHHUE  HMMEIOT  KOCBEHHBIE
CIIEKTPOCKONIMYECKAE METOAbl HCCIEIOBAaHUS BOJOPOAHOM CBsizU. OHH
3aKJFOYAOTCA B MCCIEAOBAaHUM H3MEHEHUS YacTOT, WHTEHCHUBHOCTEU U
(GopMBl KOHTYpa XapaKTepUCTHUUECKUX IIOJIOC OCHOBHBIX KOJI€OAHUN Tex
IPYNIHUPOBOK, AaTOMbl  KOTOPBIX  YYacCTBYIOT  HENOCPEACTBEHHO B
o0pa3oBaHUM BOJOPOAHOW CBsA3U. Tak, sl CIHPTOB OOBIYHO M3Yy4YarOT
nosocy BajeHTHOro koJjiebanusi OH-cBsa3u. [Ipu oOpa3zoBaHuM BOJIOPOIHOM
CBSI3M 4acTOTa 3TOU MOJIOCHI TOHWKAETCS, @ UHTCHCUBHOCTD U MOJIYIINPHUHA
— CYWIECTBEHHO YBENMUYMBAKOTCA. CyIIECTBYET KOPPEISALHUS MEXKIY
cmenieHueM nonockl  OH-konebGanuss W 3HTaubOMed  oOpa3oBaHUS
BOAOPOAHON cBsi3u. Tak, anga (eHona mpH accoUMalMKU C Pa3TUYHBIMU
nporoHoakientopamu (B) mo cxeme:

—

B + HO-C¢Hy  «—— B...HO-CgzHs
B pactBopax CCl, Bemomnnsercs cootHomenue (1.9)
AH = 0.016Avoy + 0.63 (1.9)

r1e Avoy — Pa3HOCTh BOJIHOBBIX YHCEN TOJIOCH BaJIeHTHOTO KoseOanus OH-
CBA3M MOHOMEPHBIX U CBSI3aHHBIX B KOMIUIEKC Monekyl1 (cm ™). AH —
SHTAJIBIMS 00pa30BaHUs KOMITICKCa 3a cueT H-cBsa3u (kkai/MoJib).

B Hacrosmieit pabGoTe mpensaraeTcs  ONPENEIUTh  DHTAIBIHIO
oOpa30BaHUs BOJOPOTHOM CBSI3U B IUMepax (eHoa.

[Topsiiok paboTHI:

1) 3ammcate crmekTp pasOaBieHHoro pacrtBopa ¢enona (C=0.005
moub/i) B CCly B oOmactu BasmeHTHBIX KoseOanuiit OH-cBs3u (3700-3000 cm
1) B cioe 5 mw.

2) 3ammcarh CIEKTp KOHIIEHTPHUPOBAHHOTO pactBopa ¢enona (C=5
MOJIB/JT) B TOHKOM CJIO€.

3) HaliTu B crieKTpe BOJIHOBBIE YHCJIa MAKCUMYyMa ITOJIOC MOHOMEPHOU
n accounnpoBanHon OH-rpynmsl.

4) PaccuutaTh 1O (GopMyJsie PHTAIBIHIO OOpa30BaHUS BOJIOPOIHOM
CBSI3M B caMmoacconuarax GeHoa.
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2. KATOPUMETPUS U TEPMUUYECKH AHAJIN3
OcHogHble noHamus u onpeoeneHus

Jns npaBWIBHONW MHTEPNPETANN PE3YJIBTATOB KAJTOPUMETPUUECKHUX
HKCTIIEPUMEHTOB HEOOXOMMO 3HAHNE OCHOB TEPMOIMHAMUKH.

OOBEeKT M3ydYeHUs TEPMOJUHAMUKH — TEPMOJIUHAMUYECKUE CUCTEMBbI,
T.e. MaKpOCKOIIMYECKHE OOBEKTHI, OTJACJICHHBIE OT OKPYXKAIOIIETO
MIPOCTPAHCTBA peajbHOM WM MBICIICHHON IMOBEPXHOCTHIO. BelecTBO uiu
TEI0, TMOMEIIEHHOE B KaJOpPUMETP, CIEIyeT paccMaTpuBaTh Kak
TEPMOJIMHAMUYECKYIO CUCTEMY.

Cucremsbl OBIBAIOT.

— OTKPBIThIE, B KOTOPBIX CYIIECTBYET OOMEH IHEPTHEH 1 BEIIECTBOM C
OKPY>KarOUIEU CPENIOH;

— 3aKPbIThIe, B KOTOPHIX CYIIECTBYET OOMEH dHEPTUEH C OKPYKECHUEM,
HO HET 0OM€EHa BEIIECTBOM,

— H30JIUPOBAHHBbIE, B KOTOPHIX HET OOMEHAa C OKpPY>KEHHEM HU
SHEPTUEH, HU BEIIECTBOM.

JIrobast TepMoIMHAMUYECKass CHUCTEMa WIM MPOILECC MOTYyT ObITh
OXapaKTEPU30BAHbl KOJMYECTBEHHO C IMOMOIILI0 TEPMOTUHAMMYECKHUX
GyHkumid. BeiaenstoT cienyronme BUIbl 3TUX (QYHKITAN:

— MYHKOUM COCTOSIHMSI, KOTOPBIE 3aBUCIT TOJBKO OT COCTOSIHUS
CHUCTEMBl U HE 3aBUCSIT OT MYyTH MPOIIECCa, MO KOTOPOMY 3TO COCTOSIHUE
nonyudeHo. Ilpumepsl GyHKIMM COCTOSIHUS: BHYTpeHHsiss sHeprus U,
sHTanemusa H, saeprus ['moo6ca G, sneprus I'ensmronbna F, saTponms S.

— @OyHKUUM Tepexoja, 3HA4YCHHE KOTOPBIX 3aBUCUT OT MYyTH
mporecca, Mo KOTOPOMY MPOUCXOJUT HU3MEHEHHE cucTteMbl. [Ipumepsl
dbyukiui nepexona: padbora A u teriora Q.

N3ydenne TeruioBbIX 3()PEKTOB XMMHUYECKUX IMPOIECCOB COCTABISIET
COJIEp)KaHHME pazjesia TePMOIWHAMUKH — TEPMOXHMMHHU. B OOIBITHHCTBE
CIIy4aeB MCCleyeMble MPOIEeCChl MPOTEKAIOT MPHU MTOCTOSHHOM 00BbeMe WU
MOCTOSSHHOM JIaBJICHUM W OTCYTCTBUM JPYTUX BHUJOB pPabOThI, KpoMme
paboThl O0BEMHOT0 pacmupeHus. Torja, COrjlaCHO IEePBOMY 3aKOHY
TEPMOJIMHAMHUKH, TPU IIOCTOSHHOM O0BEME KOJHWYECTBO BBIJICISIEMON B
X0Jie TMpoliecca TEIIOTHl PABHO WM3MEHEHUIO BHYTPEHHEW SHEpPruu C
obpatHbIM 3HaKOM: Qy = — AU, a 1ipu MOCTOSSHHOM JaBJICHUHN — U3MEHEHUIO
SHTAIBINH C 00paTHBIM 3HaKOM: Qp = — AH.

JlpyrumMu ciioBaMH, B ATHUX CIIy4yasX TEIUIOBOM 3(PheKT XUMHUYECKOn
peakiu uin GU3NKO-XUMHUECKOTO MPOIEcca paBeH U3MEHEHHIO (hYHKIIUU
COCTOSIHUSA. ITO O3HAYAET, YTO MPHU MOCTOSIHHOM JIaBJICHUU U WU 00BEME C
TeIUIOBBIMH 3 (PeKkTamMu MOKHO 0OpaIaThCs Kak ¢ PyHKIUIMU, U3MEHEHUE
KOTOPhIX HE 3aBUCUT OT MyTH, IO KOTOPOMY OCYIIECTBIISIETCS
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WHTEPECYIONIEE HAC MpeBpalleHue. ITO CBOMCTBO TEIUIOBOTO 3(ddekTa
HaXOJUT NIUPOKOE MPUMEHEHUE B MPAKTUUECKUX UCCIETOBAHUSIX.

[Ipubopsl, npeaHa3HAUYCHHBIE IS U3MEPEHHs TEIIOBBIX 3(P(DEKTOB,
Ha3bIBAIOTCS KajJopuMmerpamu. KajiopuMmerpbl KIacCUPUUUPYIOT 0
OPUHIUITY HW3MEpPEeHUsl TemioBoro sddekra, XapakTepy TemioooMeHa
KaJOPUMETPUUECKON AYEHKH C OKPYXKAIOIIEW CPENOM, a TAKKE IO THUILY
M3Y4aeMbIX MPOIECCOB. Pa3nnyaroT KaJIOpUMETPBI CrOpPaHHUsl, UCIAPEHUS,
CMELIEHHUs], TUTPOBaHusA. Ha mpakThke MPUMEHSIOTCS CIEAYIOIINE PEKUMBI
KaJIOPUMETPUUYECKUX NU3MEPECHUM:

1. U3omepmuueckuii pexcum. B 3ToM pexxume 000J104Ka KalOpUMETpa
U KWIOpUMETPUYECKasi CHUCTEMa HMEIOT TMOCTOSIHHYI0O W PaBHYIO
temreparypy: I.,~=T,;—const. Ilpym H30TEPMUUECKUX U3MEPECHUAX
HEe0oOX0A1MMa KOMITEHCAIIMs BO3HUKAIOIIETO TEIIOBOTO MOTOKa peakuuu. OH
KOMIIEHCUPYETCSl TEIIOTOM (pa30BOro mnepexoja marepuasia 000JOUKU WU
TEPMODJIEKTpUUECKUM 3P (HEKTOM, BETMUMHA KOTOPBIX U3MEPSIETCSI.

2. U3onepubonuueckuii pesxcum. Temmneparypa 000JI0UKH KaTOpUMETpa
MOJJIEpKUBAETCA moCTossHHOU: T,,=const. Ilpu »oTOomM Temmeparypa
U3MEPUTEIBHON CUCTEMBI T,;, B HadYaJbHBII MOMEHT BPEMEHHU paBHa
temneparype obonouku 7,,,=7T,;, a 3aT€eM MEHSETCS MPOIMOPIMOHATHLHO
MOIIHOCTH TEMJIOBOTO MOTOKA MCCIEAYEMOTO mporecca. Uepe3 HEKOTopoe
BpEMsI TIOCJIE 3aBEPIICHUS 3TOTO MPOLECCa TEMIEPATYPbl U3MEPUTEIBHOM
CUCTEMBl M OO0OJIOYKM BHOBH CTAaHOBATCA OAMHAKOBbIMU. B xoxe
AKCIIEPUMEHTA M3MEPSIETCA IUION[a[b IMHWKAa Ha 3aBUCUMOCTH MOLIHOCTH
TEIUIOBOTO MOTOKA OT BPEMEHH.

3. Aouabamuueckuii DedHCUM. Tennoobmen MEXKIY
KUIOPUMETPUUECKOM CHUCTEMON U OO0OJIOUKOM KaJIOpUMETpPa MOJTHOCTHIO
uckiodeH. [l 3toro TtemmepaTypy OOOJIOYKM B XOA€ U3MEpPEHUM
NOAJEPKUBAOT PABHOM TeMIIEpaType KaJlOPUMETPUUYECKOW CHCTEMBI:
T,;()=T,.(1). B xome nskcrepuMeHTa H3MeEpseTCA TEIUIOBOH 3ddekrT,
coo01aemMblii 000JI04YKe ISl TIOJJIEP KaHUSI PABEHCTBA €€ TEMIEepaTyphl C
TEMIIEPATYPON KAJTOPUMETPUUECKOU CUCTEMBI.

Annabatudeckue KaJoOpUMETPhl MNPUMEHSAIOT ISl  pEaKluil, TJe
CKOPOCTbD BBIJICJICHUSI TETUIOTHI B XOJI€ PEAKIIMU HEBEJIHKA.

4. Crkanupyrowuu peoxcum. Temneparypa obOonouku 71,; Wid
KAIOPUMETPUUECKON CcUCTEMBbl T, JHUHEHHO HU3MEHSETCS BO BPEMEHHU.
OauH Y3 TUIHUYHBIX CIOCOOOB — HarpeBaHuEe OOOJOYKK C TOCTOSITHHOM
ckopocthio. I[Ipu 3TOM TemmnepaTypa CHUCTEMBI HOBBIIIAETCA C HEKOTOPBIM
3ana3/IbIBAHUEM.

T06: (T06)0 + at

B coBpeMeHHBIX CKaHUPYIOIINX KATIOPUMETPAX UMEETCS] BO3MOKHOCTD
IIUPOKOTO BbIOOpaA pabounx Temmepatyp. C mOMONIIBI0 ATUX KAJOPUMETPOB
MOXET OBITh M3Yy4Y€H IIUPOKUM CHEKTp (UIMYECKUX U XUMHUUYECKUX
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mporeccoB.  ($a3oBble W MOIUMOpP(GHBIE  TEPEXOJbl,  IMPOIECCHI
YHOPSAIOYCHUS CTPYKTYP, KHHETHKA XUMUIECKUX PEAKITUH.

B macTosimem mocobun mpeacTaBiIeHO PYKOBOJCTBO MO MPUMEHEHHIO
MoyaanadaTu4ecKoro, M30TepHUO0INIECKOTO u CKaHUPYIOIIETO
KaJIOPUMETPOB JIJIsI BBEITTOJTHEHUS Psijia Ta0OpaTOPHBIX padoT.

2.1. lloayaauadaTuyeckasi KaJopuMeTpus

AOGcomoTHO amuabaTHyecKuii pexuM (Tak ke, Kak M aOCOJIIOTHO
U30TEPMHYCCKHH) pealbHO HEJOCTIKMM. OTO CKOpee HEKOTopas
aoctpakius. Jlrobas KamopuMeTpudecKas suYeiika HM3roTaBIMBACTCA U3
pCaNbHBIX MaTEePUAIOB, KOTOPhIC UMEIOT KOHEYHYIO (OTHIOAL HE HYJICBYIO)
TEIUIONPOBOAHOCTh. [l03TOMYy HEBO3MOYKHO TOJIHOCTBIO HMCKIKOYUTH
TEIJI000OMEH MEXAy SYEHKOM W OKpy»Karoliei cpemoi. B kamopumerpax,
HA3bIBAEMBIX aJIMa0aTUYECKUMH, TEIMJI000OMEH C OKpyKaromieil cpeoit
MUHUMU3UPYETCS TEM, YTO KaJOpUMETpUYecKas suelKa IOMeIlaeTcs B
000JI0UKy, TemIepaTrypa KOTOpPOW «TOYHO» CJIEAUT 3a TEMIepaTypou
sueiiku. CJIOBO «TOYHO» B3SITO B KaBBIYKHM MOTOMY, UTO U B 3TOM CiIydae
abconomuas aquabaTUYHOCTh HE MOXET ObITh JOCTUTHYTA MOTOMY, UTO
ar00asi cucTema yrpaBJieHus TeMnepaTypoi 000J04Kku OyJeT UMETh Kakoe-
To 3anasapiBaHue. CuTyalusi OCJOXHSETCS TeM, 4YTo B Jt0OOH
KUIOPUMETPUYECKON SYEHKE MOTYT UMETh M HMEIOT MECTO T'PagUuEHTHI
TEMIIEPATYPA.

B anuabatudeckoM KallopuMeTpe TEII00OMEHOM MEXAY SYEHKOU U
OKpY’KaroIlle cpeno MmpocTto IpeHeoperaroTr. ECTECTBEHHO 3TO BHOCHUT
HEKOTOPYIO TOTPEIIHOCTh B  pe3yibTarbl u3MepeHui. CyliecTByroT
CroCOOBbI, TO3BOJISIIOIIME OIEHUTh MAKCUMAJIbHYIO0 BEJIMYMHY TaKoOM
norpemHocTy.  PakTUYECKH, CUATATh JIM  HEKUH  KaJOpUMETP
annabaTUyecKuM WM HET, 3aBUCUT OT TOro, Kakue TpeOOBaHMUs
OPEeAbSIBISIOTCS K TOYHOCTH M3MEpsAEMbIX TeIIoBbIX 3¢dexkToB. B
COBPEMEHHOUN KAIIOPUMETPHUH NTPEUN3UOHHBIMU MPUHATO CYUTATH TEIJIOBBIE
3¢ (eKThl, MOMYYEHHBIE C TOYHOCTBIO [0 JECATHIX M COTBIX JIOJEH
npoleHTa. AAnadaTUuecKuil KalOpUMETP C TAaKOW HU3KOW MOTPEIIHOCTHIO
MOXKET ObITh PEATU30BaH TOJBKO C MOMOIBIO HECKOIBKUX TEMIEPaTypPHBIX
HKPAHOB, CIEMSIINX 3a TeMmnepaTypou siueiiku. Eciu Obl Hac ycTtpauBana
TOYHOCTh TOPSJKA JIBYX - TPEX IMPOLEHTOB (BO3MOXHO W OBLIM TaKuUE
BpEMECHAa Ha 3ape  pa3BUTUS  TEPMOXHMMHH), TO B  KadecTBE
KaJIOpPUMETPUUECKON SYEUKH MBI MOTJIM OBl B35ITh IPOCTOM cocyn Jproapa,
MOMEIIEHHBI B TE€pMOCTaT, IpeHEeOpeYh TEIIOOOMEHOM U CUUTATh TaKyIO
cucreMmy aauabaruyeckoi. M yke COBCEM yTPUPOBAHHO: €CIIM HAc HE
nyraroT norpemHocty B 10 u 20%, MbI MOXeM B35Th OOBIYHYIO KaCTPIOJIIO,
HaJUTh B HEE OINpPEJCICHHOE KOJIMYECTBO BOJbI, OMYCTUTh B HEE
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KHATIATAIGHUK W3BECTHOH MOITHOCTH, 3ace4b C TOMOIIBIO CEKyHJIOMEpa
BpeMsl HEOOXOAMMOE JIJIs 3aKUIaHus (HarpeB OT KOMHATHOW TeMIIepaTyphl,
Hanpumep 20 rpamycoB Ilenscus, no 100 rpanycoB Llenbcust). M3 maccer
BOJBI, MOIIHOCTH HarpeBarelis M MOTPeOOBABIIETOCS BPEMEHH MOYKHO
paccuuTaTh TEPMOXMMHYECKYIO BEIUYHHY — CPEIHIOI0 TEIUIOEMKOCTh
BOJBl. OTO HHU 4YTO HWHOE, KaK KAJIOPHUMETPUUYECKUNA HKCIICPUMEHT.
[TockopKy MBI TIpeHEOperyii (B JaHHOM ciydae JOCTAaTOYHO OOJIBIITHM)
TEIUIO0OMEHOM, MBI, PAKTUYECKH, IOCYUTAIN HAIly «KaJOPUMETPHUIECKYIO
CUCTEMY» aJI1a0aTUUECKOM.

CymiecTByeT, OJHAKO, JOBOJBHO IMUPOKUH KPYr KaJOpUMETPOB, B
KOTOPBIX TEIMJIOOOMEH C OKPYXAIOIIEH CPeol HE MCKIIOYEH MOJHOCTHIO,
HO OH HE UTHOPUPYETCS, a YYHUTHIBACTCA C TIOMOIIBIO IOMPABOK K
TerioBoMy 3¢dekry. TouyHOCTh TakuxX NPUOOPOB YAOBIETBOPUTEIHHA
TOTJa, KOTJa TEIUIOOOMEH OTHOCHTEIIbHO HEBEJIHWK, TO €CTh B TIpyOOM
NpUOIMHKCHUH TaKhe KaJOpUMETPhl pabOTalOT B pPEXHUME, OJIM3KOM K
anuabaTudeckoMy. K TakoMy THIy YacTo OTHOCATCSA KaJOpPUMETPHI
pacTBOpPEHUS W KAJIOPUMETPBI CropaHus. B HaydHOH jmTepaType STOT THII
KaJopuMeTpa  Ha3bIBAICS  IO-pa3HOMY: «TICEBI0ATMA0ATHICCKU T
KaJOpUMETP», «aIuadaTUYeCKUH KaJOpUMETp C YTEYKOH TEIuoThI». B
MIOCTICTHUE TOABlI JUIsl KaJOPUMETPOB 3TOTO THUIA YacTO HCIOJIB3YeTCs
TEPMHUH «noayaduabamuyueckui» (semi-adiabatic). To ects 3TOT THI
KaJloOpuMeTpa MO PEeXUMy paboThl OMM30K K aanadaTHYecKOMy U JUIs
NMOHMMAaHWsI TIPUHIIMIIOB pacueTa TEIUIoBOro 3ddekra HauaTh CIeAyeT Tak
Ke ¢ anabaTHIeCKOTro KaIopuMeTpa.

Ha puc. 2.3 moka3zaHa 3aBHCHMOCTh OT BPEMEHHU TEMIIEpaTyphl B
KAJIOPUMETPUUECKOH sSTUeHKe UeaTbHOr0 aInadaTHYECKOro KaJlopuMeTpa.

/\TéMnepaTypa

At

S
7

Bpems

Puc. 2.3. Xoxa remnepaTypsl B siYeiike HACATBHOTO aInadaTHIECKOTrO
KaJIOpUMETpa
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[lo ompenenenuto, y aanabaTUYECKOro KaJOpUMETpa OTCYTCTBYET
TEII000MEH C OKpyKaromie cpemoi. [loatomy, kak BugHO U3 puC. 2.3,
TeMIlepaTypa KaJIOPUMETPUUECKON SAYEWKH [0 Hayaja MHCCIETyeMOro
MpOIECCa HE MEHSAETCSA: HAYAIBHBIM YYAaCTOK KAJIOPUMETPUUYECKOU KPUBOU
napajiieseH ocu abciucc. B pe3ynbrare uzydaemMoro mpoiiecca BbIIeNIIeTCs
TEIJIOTa, KOTOpas MOJHOCThIO TPAaTUTCA Ha YBEIWYEHHE TEMIEPaTypbl
KAIOPpUMETPUUECKON sueiiku. Ha KOHEYHOM yyacTKe TeMIieparypa Takke
HE MEHAETC, MOCKOJIBKY TEIMI000MEHa ¢ OKpY KaroIIei cpeioi HeT.

Benuunna tertoBoro sddekra nponopiuoHaibHa BEIUYMHE «CKayKa»
Temmeparypsl (At):

Q=C-At (2.1)
Koaddumment nmponoprmonanibaocti C B 3TOM ypaBHEHUH HA3BIBAIOT
MOCTOAHHOM  KAJIOPUMETPUUYECKOM  SYEUKH.  IJTO  TEIUIOEMKOCTH

KUIOPUMETPUUECKON SYEHKH, OHA MOXET OBITh pacCuMTaHa, UCXOAS W3
YAEAbHBIX TEIUIOEMKOCTEM W MacC MATEPUaJOB, HCIOJb30BAHHBIX IS
U3TOTOBIICHUSl STYEWKH, & TaKXke TEIUIOEMKOCTEH M MacC PEarcHTOB,
MOMEIIEHHBIX B Hee. OHaKo, ropa3lo MpOLIE U TOYHEE OMPENETATh 3Ty
BEIMYMHY C TOMOIIBIO MpoueAyphl KanmuOpoBku. Jljist 3TOro B
KAUIOPUMETPUUECKYIO STYEMKY BBOJUTCS M3BECTHOE KOJIWMYECTBO TEIUIOTHI
Q, ¥ MU3MepAETCs COOTBETCTBYIOIIUN TEMIIEPATypHBIA CKadoK Af,.

[TocTosITHHYIO MU «KaTuOPOBOYHBIN KOA(DPHUIIMEHT» KaTOPHMETPHICCKOM
STYEKN MOYKHO BBIYUCIIHTH 110 YPABHEHUIO:
c_Q
At,

B peasbHOM KamopumeTpe aOCONIOTHOM aaua0aTUYHOCTH JOCTHYb
HEBO3MOXKHO. MOXHO JHIIb Oojiee WM MEHee MNPHOIUZHTBCI K
anrabaTHIHOCTH, MAaKCUMaJIbHO CHH3UB TEINIOOOMEH. X0 TeMIEPaTypsl B
TaKOM KaJIOpUMETpe MoKa3zaH Ha puc. 2.4. JIJIsi KOPpEKTHOTO OMpPEICIICHUS
BeIMUMHBI At 37ech HMEET IPUHIMIHAIRHOS 3HAYCHHE IPAaBUIHLHOE
OTpeJieliCHNe BPEMEHN Hadalla M3y4aeMoro IMpOoIecca M €r0 3aBepIIeHUS.
Ha puc. 2.4 oan 0003HaYCHBI KaK Ty, U Te. ONPEISTISIIOTCS OHA KaK a0CIIHCCHI
TOYEK OTPhIBA PEATbHOW KaJOPUMETPUYECKOW KPHUBOH OT KacaTeNIbHBIX,
IIPOJIOJDKAMOIINX JIMHUIO XOJIa TeMIIepaTypbl JIO0 M TIOCIE HM3y4aeMOoro

mpoiiecca. B KaJIOPUMETPUU IPUHSITO Ha3bIBAThH y4acTOK
KaJIOPUMETPUUECKON KPUBOW JI0 TOUKH T, HAYALbHLIM NEPUOOOM; MEXKIY
TOUYKAMU T, U Te — 2IAGHbLIM NEPUOOOM, A TIOCIE TOUYKU - KOHEUHbIM

nepuooom. Pa3zHuIla 3HaYeHUW OpJMHATBI B TOYKaX KOHIIA W Hadaia
u3yuyaemoro mnpoiecca At’ mpeacTaBisieT coO0O0U JIHIIb TPUOIUZUTEIIBHYIO
OIICHKY HMCTHHHOTO CKadyka TemmepaTypbl Al, MOCKOIBKY KO BPEMEHHU T
YacTh TETUIOTHI UCCIIETyEMOTO MPOoIlecca YCIEBAET PacCeAaThCsl B pe3yJIbTaTe
TerI000MeHa.
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[lonHOE OTCYTCTBHE TEIMIOOOMEHA 10 MOMEHTa BPEMEHH Tp, KaK 3TO
MoKa3aHo Ha puc. 2.4, MOXET HaOIIOJAThCS JHUIIL B  OJHOM
UCKJIFOYUTEILHOM CITy4ae, KOT/Ia MCXOJHasl TeMIepaTypa B s'YE€HKE TOYHO
paBHa TeMmrepaType okpyxatoiieit cpeapsl. Ecnu 3To He Tak, TO B pealbHOM
OKCTIIEPUMEHTE MBI MOXEM TIOJIYYUTh KAJIOPUMETPUUECKYI0 KPHUBYIO,
HaIpuMep, TaKyro, Kak Ha puc. 2.5.

[Ipu pacuere HCTHHHOIO CKadka TemmepaTypsl At K peaabHO
u3MmepsieMor BenuuuHe Al paccuMThIBaeTCs TIONpaBKa, 3aBHUCAIIAs OT
JUTUTEILHOCTA M3Yy4aeMOT0 MpOollecca, HAKIOHA HAYaJIbHOTO U KOHEYHOTO
y4acTKa KaJIOpUMETPUUECKOM KPUBOW B TOYKAX Tp U Te, & TaKke (POpMBbI
KPUBOW HA YYaCTKE OT Ty J0 Te.

N Temnepartypa

4

S
7

Bpems
Puc. 2.4. 3aBucuMoCTb TEMIICpaTyphbl OT BPpCMCHHU B sTUCHKe
a,Z[I/Ia6aTI/I‘IeCK01“O KaJIopuMeETpa C yTe‘IKOﬁ TCILJIOTHI

N Temnepatypa

/1

S
rd

Bpems
Puc. 2.5. [Ipumep peasibHON KAIOPUMETPUIECKON KPUBOU

Benuuuna TeMmepaTypHOM TIONpPaBKU ONpEAeNIeTcs Yalle BCEro
meroaoMm Penwvo-llpaynmiepa. [lo HayarbHOMY W KOHEUHOMY MEPHOTY
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ompeesieTcss XapakTep M mapaMeTpbl  TeriooOMeHa  SYEHKH ¢
oKpyXatoied cpenoi. Ilpeamonaraercs, 4To TEIUIOOOMEH MOXET OBITh
OMKCaH 3aKOHOM Teruionepeaadyu Hpl0TOHA, TO €CTh CKOPOCTh M3MEHECHUS
TeMIEepaTypbl B KAIOPUMETPUUECKOW SUEKe MOpsIMO MPOMOPIMOHATbHA

pasnoctn Temmnepartyp sueiiku (T ) u oxpyxaromeit cpemst (T,,)

CLINNPRYE S 3

dr

JlBe HemsBecTHbIE BenumuuMHBI B dToM ypaBHenmun (K m T, )

OMPENEISIIOTCS U3 U3MEPEHHBIX 3HAYEHNU TAHTE€HCOB HAKIJIOHA KacaTeJIbHbBIX
B TOYKAaX Ty U Te. 3aTEM 3TO YPABHEHUE UHTEIPUPYETCS HA YYACTKE OT T 10
Te.

B coBpeMeHHBIX KamopuMeTpax TeMmIepaTypa B siU€iiKe U3MepsieTcs ¢
tounocts 10 10° rpamyca. EcrectBenno, uro meron Penpo-Ildayrmiepa
JACT a0COJIFOTHO TOYHYIO IMOIMPABKy Ha TEIUIOOOMEH JIMIIbL B TOM CIIyYae,
€CIM TeMIlepaTypa OKPYXKAIOIIEH cpeapl B IPOLIECCE OIbITa OCTAeTCs
MOCTOSIHHOM TPUMEPHO B TEX K€ Ipenenax. PeanpHO KOMHarHas
TEMIIEPATypa B MPOLIECCE IKCIEPUMEHTA MOYKET MEHSIThCA JO HECKOJIBKHUX
JECATBHIX U AK€ LEJbIX TpaaycoB. CUTyalusi HECKOJIBKO 00JIeTyaeTcs: TeM,
YTO KOJIEOAHUS TEMIIEPATYPhl BHEITHEH MOBEPXHOCTHU SIUEUKU MOTYT OBITH B
3HAYUTEIIbHOM CTEIICHU CIJIAXEHBI, €CIIM A4E€MKa MOMENICHA B MAaCCUBHBIN
(a 3HAYMT, WHEPIIMOHHBIN) KajlopuMeTpuuyeckuii Onok. Tem He MeHee,
metoq, Penwvo-lIldayninepa nmaer B 3TuX ciydasx HEKYyO 3(DPEKTUBHYIO
NOMpaBKy, KOTOpas  MOXeT couaepxaTb omubky. Ilostomy B
BBICOKOKAUECTBEHHBIX  KallOPUMETPAaX  KaJOPUMETPUUECKUH OJOK C
KAUTOPUMETPUYECKON SYEUKOM TMOMENIAETCS B TEPMOCTAT, IapaMeETPhl
KOTOPOTO BO MHOIOM ONPENENAIOT BO3MOKHOCTH KaJOpPUMETpA IO
YyBCTBUTEILHOCTUA U TOYHOCTH.

Ha kadenpe ¢uzmueckoil xumuu uMerOTcss 4 MOJIeNd KaJIOPUMETPOB,
KOTOPBIE OTHOCSTCS K onucaHHOMY Tumy. [lo Tumy u3ydaeMbIx ImpoOIECCOB
UX MOXXHO TaK>K€ OTHECTH K KAJIOPUMETPAM PACTBOPEHUS.

[MepBoiii u3 HEUX (puc. 2.6) — 3TO KaJOPUMETP y4eOHO-T1a00paTOPHOrO
KOMILIEKCAa «XHUMUA». DTO MPOCTEUIINNA KaJOPUMETP, MCIOJIb3yEeMbI Ha
OOIIEM MPAKTUKYME AJI1 AEMOHCTPALIMH MPUHIIUIIOB PabOThI KaJIOpUMETpA.
Nmeer npocrermuii AaTYUK TEMIIEPATYPBl C YYBCTBUTEIBHOCTBHIO 10°®
rpamyca. B xauecTBe sSUeMKM MCTIOMB3yeTCS XUMUYEeCKui cTakaHnduk Ha 100
M. TepMmocTaTtupoBanue OTCYTCTBYET, eciu HE CUUTATh
MEHOMOJUIIPONIUIIEHOBOM  000JIOYKM  JUisi  cTakaHuuka. [Ipocreiinee
YCTPOMCTBO BBOJIA, HW3TOTOBJICHHOE W3 OJHOPA30BOr0 MEIUIIMHCKOTO
HINpUIla, OrPAaHUYMUBAET O0JACTh NPUMEHEHUS TOJBKO  BOJHBIMHU
pacTBOpamu.
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Ha crnenyromem pucynke (2.7) wu3o0paxkeH Oojiee  CIIOXHBIN
KaJjopuMeTp  aMmepukaHckod — dupmbl  «Parr  Instruments».  Ero
qyBCTBHTEIBHOCTH HA MOPSIOK BBIIIE, YeM y Hpeapyiymero npudopa (107
rpanyca). Hcronb3yercst  DJIGKTpOHHAsT CHCTEMa  YIPaBICHHS  CO
BCTPOCHHBIM TPOIIECCOPOM. Marepuanbl YCTPOWCTBa BBOJA. CTEKIO H
¢Toporutact, TO e€cThb BO3MOXXHa paboTa HE TOJIBKO B BOJHBIX
pactBoputeisx. OqHAKO KOHCTPYKIIUS yCTPOIMCTBA BBOAA — cOpachIiBacMast
Jameyka — TOJpa3yMeBaeT BO3MOXXHOCTh MPOCAYMBAHUS PACTBOPUTEIIS.
JIisi HaJEKHBIX W3MEPEHW HABECKH PACTBOPSIEMOTO BEIECTBA JOJKHBI
OBITh  JIOCTAaTOYHO BEJIMKH (HECKOJBKO TpamMM), T[OSTOMY TPYIHO
JOCTUTHYTh YCJIOBHM TIpenenbHOro paszOaBieHus. Hemoctatkom Takke
SBIISICTCS.  OTCYTCTBHE TEPMOCTATHPOBAaHUS. JTOT TpHOOp  TaKKe
UCTIONB3YETCS B (PU3HKO-XUMUIECKOM MPAKTHKYME.

Ha puc. 2.8 mokaszaH KalopuMeTp, HW3TOTOBIECHHBIM Ha Kadempe
buznIecKou XUMUH, OcoO6eHHOCThIO npudopa SIBJISIETCS
muddepeHraibHas cxema. 1o €CTh KaJOpUMETP COCTOMT W3 JIBYX
KaJIOPUMETPUUECKUX SUEeK, MOMKITIOYECHHBIX K M3MEPUTEITHHON CHCTEME
TaK, 4TO CUTHAJIOM SIBJIIETCS HE TeMmIlepaTypa B KaKOW-THOO sUeiike, a
pPa3HOCTh Temmeparyp Mexay Humu. Juddepenimanbaas cxema mo3BOIsSET
CHU3UTh HEKOTOphlE BHUABl HABOJOK, HaNpuUMep, U3-3a KOJeOaHUM
TEMIIEPATYPhl OKPY’KAIOMIEH Cpeipl, WM JJIEKTPUYECKUE HABOJIKH Ha
U3MEPUTENbHYI0 cXxeMmy. IlepBbIii aHamor 3TOro KajopuMmeTpa ObLI
n3rororyieH B Hadase 70 romoB. C Tex mop Ha pasHbix kadeapax (KDX,
KOX, KBMuDOC) ObUI0 H3rOTOBJICHO OKOJIO JeCATKA JK3EMILISIPOB.
Y coBepiIeHCTBOBAHNSI, BHOCIMBIE B 00JIe€ MMO3THUE IK3EMIUISPHI, KAaCAIHCh
B OCHOBHOM HW3MEPHUTCIBLHOW W YIPABISIONICH cHCTeMbl (TIOBBIIIICHHUE
YYBCTBUTEIBLHOCTH H CBSI3b C KOMITBIOTEPOM), a TAKXKE YIYUIICHHE CHCTEMBI
TEPMOCTAaTUPOBAHUS KaJOPUMETPUIECKHIX STYEEK. DK3eMIUTIp,
M300paKeHHbI Ha (HOTO, MMEET U4YBCTBHTEILHOCTH 10 Temmeparype 107
rpagyca, a TepMOCTaT TIO3BOJISET  MOAJASPKHUBATh  CTAOMIBHOCTH
TemmepaTypbl mopsaka £2:10™ rpagyca. DToT mpuOOpP HCIONB3YETCs HIPH
BBITIOJITHCHUH HAyYHO-MCCIIEIOBATEILCKUX pPadOT, a TakKe KYpPCOBBIX H
TuIuIoMHBIX paboT. C 70 TO0B IKCIIEPUMEHTAILHBIEC TaHHBIE, TIOTyUYEHHBIC
Ha TOJOOHBIX KajJopuMeTpax, ObUIM BKJIIOYEHbI He MeHee yeM B 150
Hay4YHBIX TyOnukanuid. Ha ux ocHOBe ObUIM 3alUIIEHBI HE MEHEE JIeCATKA
KaHIUJATCKUX IUCCEPTALNA U HE MEHEE TPeX TOKTOPCKUX.
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Puc. 2.6. Kanopumetp yueoHO-1a00paropHoro kominiekca (Y JIK)
«XuMus», pa3paboTaHHOro B TOMCKOM MOJUTEXHUYECKOM YHUBEPCUTETE

Puc. 2.7. KanopumeTp pacTBopeHus, Mpou3BOIUMBIHN Ghupmoit «Parr
Instruments» (CIIIA)
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Puc. 2.8. KanopumeTp pacTBopeHus, H3rOTOBJICHHBIN COTPYTHUKAMHU
kadeaps! pusundeckoin xumuu KOY

Puc. 2.9. [Ipeun3noHHbI KAJIOPUMETP PaCTBOPEHUSI-TUTPOBAHUH,
npou3Bo MBI Gupmoit «TA Instruments». Ha nepeanem nane —
KaJIOpUMeTpHUUecKas sueiika; Ha 3ajHeM 1ane — repmoctat TAM Il
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[Ipeun3uonHbi KasiopuMeTp pactBopeHust pupmbr « TA Instruments»
nosiBwiics Ha kKadenpe (GU3NUECKON XUMHUU OTHOCUTEIBHO HEAABHO. JTO
JYYIIUHA TPOMBIIUIEHHO NPOU3BOAUMBIA KAJIOpUMETP pacTtBopeHus. OH
MMeeT 4yBCTBHTEIBHOCTH [0 Temmeparype 10° rpamyca, a tepmocrar
MOJIIEP)KMBACT TOCTOSHCTBO TeMIeparypsl Ha yposHe 10° rpamyca.
BBICOKOKaUe€CTBEHHOE TEPMOCTATUPOBAHHE BMECTE C PAIOM APYTUX
KOHCTPYKIMOHHBIX OCOOEHHOCTEW MO3BOJSIET, B TOM YHCJIE C BBICOKOH
TOYHOCTBIO, TIOJy4YaThb TEIUIOBbIE A(PQPEKThl MEMJIECHHBIX MPOIECCOB
(mmurenbHOCTRIO 1 wac u Oomee). s cpaBHEHHS MNPEABIAYIIANA THIT
kajgopumerpa (puc. 2.8) TMO3BOJSAET TOMydYaTh TEIUIOBOH 3¢ deKT
pacTBOpEHUSI C YAOBJIETBOPUTEIBLHOW TOYHOCTHIO TOJIBKO B TOM CIydae,
€CJIM MPOIIECC PACTBOPEHUS YCIIEBAET IMOJHOCTHIO 3aBEPIIUTHCS HE Ooliee
yeM 3a 10 munyT. Ente 01HOM 0COOEHHOCTHIO 3TOT0 KaJOpUMETpa SBIISIETCS
BO3MOXHOCTh BBOJA JKHJIKUX PACTBOPAEMBIX BEHIECTB C IMOMOIIBIO
MOPIIHEBOIO J103aTOpa, YHOPABISAEMOr0 KOMIBIOTEPOM. TO €CcTh 3TOT
puOOp MOXKET PYHKIITMOHUPOBATh, KAaK KATOPUMETP TUTPOBAHUSI.

Yempoticmeo kanopumempa pacmeopenusi, u3oopasicenHoco Ha puc. 2.8

OcHOBHBIE YacCTH KallOpuMeTpa — OTO JBE  OJMHAKOBBIC
KaJopuMeTpuueckue  siueiiku. (CxemMa  KaJIOpUMETPUUYECKOW  sIYeUKH
n3o0paxkeHa Ha puc. 2.10. Suelika BkmouaeT cocyn [Iproapa (1), B KoTOpHIit
HaymBaroT 110 mn pactBopurens. Cepxy cocyn /[lproapa 3akpbiBaeTcs
TedoHOBON KpbIKOH (2). Ha kpbllike cMOHTHpoOBaHBI Mermranka (3) u
HECKOJBKO 3alasHHBIX CHU3Y CTEKISHHBIX TPYOOK, B KOTOPBIX 3aJIUTO
CIUIMKOHOBOE MacJi0 M pa3MelieHbl: TepMucTop (4) s u3MepeHHs
TEMIIEPATYyPhl B SIMEHKE, MPEIM3NOHHOE MPOBOJIOYHOE compoTuBiieHne (5)
JUIS  KaJIMOPOBKH KAJIOPHUMETPUYECKON siueiiku ¢ ToMoIlIblo 3¢ dekra
Jlxoynsa-Jlenma. Emie B ogHON CTEKIISTHHON TpPyOKe HAaXOIUTCS PE3UCTOP
TSt OOJIee MOITHOTO HarpeBa COAEPKUMOTO SYEHKUA. ITO HEOOXOIUMO ISt
JIOBEJICHUS TEMIIEpaTyphl SIMEUKH 10 cTaHIapTHOTO 3HaueHus B 25°C mepe
IKCIIEPUMEHTOM.
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Puc. 2.10. Kanopumerpuueckas saeiika

B kppilike g4€MKM TakKe€ MMEETCS OTBEPCTHUE Ui yCTPOMCTBA BBOJA
PacTBOPSIEMOTO COEIMHEHUSA. JDTO YCTPOMCTBO M300pakeHo Ha puc. 2.11.
OnHo coctout u3 TedaoHoBoro kopmyca (6) ¢ moaABMWKHBIM MTOKOM (7) |
BCTaBIISIETCS. B KPBIINIKY KaJOPUMETPHUECKOW SYEHKH BepTUKaNIbHO. Ha
HIDKHEH 4acTH IITOKA MMEIOTCS JIC3BHUS U3 HeprKaBeroliei ctanu (8).

6 7 9
7
!'i 2 Y =g [
P S P _
= =2 = B2
g |
8 11 12 13 10

Puc. 2.11. YcTpoicTBO 1151 BBOJIa PAaCTBOPSIEMOTO BEIIIECTBA B
KaJIOPUMETPUUECKYIO SUCUKY

Ha ycTpolicTBO BBOJAa HAaBHHYMBACTCS KOHTEUHEP C PACTBOPAEMbBIM
BeniecTBOM (9), KOTOPBIN COCTOUT M3 TPEX METAUTHUECKHX (JIATYHHBIX WJIH
TIOPATIOMUHKMEBBIX) dYactel: ocHoBanus (11), cpemuerr wactu (12) u
kpoimku (13), a Ttakke aByX ToHKMX TedaoHoBbIX mieHok (10). Coopka
KOHTEWHepa (HA3bIBAGMOTO TaKXKe «KOHTCHHEpP JIII  BEIIEeCTBa»)
IPOU3BOJIUTCS CIeAyrOIUM oOpa3oM. bepercs ocHoBanue (11) m B Hero
BcTaBysiercss tedimonoBas tuieHka (10). 3ateM B OCHOBaHWE IUIOTHO
BBHHUYMBaeTCs cpenuss 4acTh (12). Takum oOpaszom, TedioHOBas IUICHKA
OKa3bIBaCTCS 3a)KATOM MEXJIy OCHOBAHWEM W CPEAHEH YacTbio, M MBI
[OJy4YaeM MAJIEHBKHMI «CTaKaHYMK», B KOTOPBIA U Oepercs HaBeckKa
pacTBopsieMoro BeriecTBa. BTopas TeduioHOBas IUICHKA BKJIAJBIBACTCS B
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kpeiiky (13) w mocimemHss Tyro HaBUHYMBACTCS HA «CTAKAHYMK» C
pacTBOpsieMbIM  BemiecTBoM. I[lomydaeTcs TepMETWYHBI KOHTEHWHED,
KOTOPBIF BBUHYMBACTCS B KOPITYC yCTporicTBa BBoJA (6).

YcrpolictBO  BBOJa B cOOpe  BCTaBIsieTCSI B KPBIIIKY
KaJIOPUMETPHUUECKON STUEHKH C pacTBOpPUTENIEM. 3aTEM KaJlopUMeTpuyecKas
syelika TEePMOCTaTUPYETCSd IIOKa HAKJIOH 3aBUCUMOCTH  Pa3HOCTH
TEMIlepaTyp S4YeeK OT BPEMEHU HE CTaHEeT MOCTOSIHHBIM. B  MoMeHT
IPOBEICHUS KAJIOPUMETPUIECKOTO SKCIIEPUMEHTA IITOK (7) OIyCKaroT BHU3
W BpamaTedbHBIM  JBWIKEHHEM TIPOPE3al0T  IMOCJIENI0BaTeIbHO  00€
tepioHoBbIe TUIEHKU. [IpyM 3TOM pacTBOpsieMoe BEIIECTBO MOMagacT B
pactBopuTenb. [locie Toro kak o0e MICHKN pa3pe3aHbl, MTOK BO3BPAIIAIOT
B MCXOJIHOE COCTOSIHHE.

B ocHOBe U3MEPUTENBHON CUCTEMBI KaJOPUMETPA JISKUT CXeMa MOCTa
Yurcrtona, koTopas u3zoopaxkeHa Ha puc. 2.12. JIpa mieuya 3Toro mocra —
3TO TEPMHUCTOPHI ¢ compoTtuBieHusMu R u Rg, Haxomsmmecs,
COOTBETCTBEHHO, B JICBOM WM B IMPABOM KaJIOPUMETPUUYECKUX SAYCHKaX.
TepMucrtopel 001aal0T BBICOKUM TEMIEPATypHbIM KO3 hUIIEHTOM
conpotuBiieaus — 3-5%/°C. Jlpyrue naBa Iieda MOCTa — PE3HCTOPHI
cpaBHeHus R; m R, omun w3 koropeix (R;) sBisieTcss mepeMEeHHBIM H
UCIIOJIB3YETCs JUIsl ypaBHOBEIIMBaHUA MocTa. Ha BepTUKalbHYIO 1HMaroHalb
MocTa TojaeTcss BbIcokocTtaObmibHOe HanpspkeHue (U.). YcioBuem
paBHOBECHS] MOCTa YUTCTOHA SIBJISIETCSl PABEHCTBO HYJIIO HampsikeHus V Ha
TOPU3OHTANILHOM  JguaroHanmu  mMocrta. Ilpu  stom  cobmromaercs
COOTHOIIICHHE:!

RL_Rl

Re R,
DTO o03HauvaeT, YTO MPU W3BECTHBIX 3Ha4YeHUsIX Rr, Ry u R, MoxHO
paccuuTarh 3HaueHue R.

Puc. 2.12. Cxema mocra YUTCTOHA
PeanbHas m3amepurtenbHas cxema paboTaeT He B YCIOBHUSIX PaBHOBECHS,

a B YCJIOBUSIX HEOOJNbIIOro pazbaianca mocta YUTCTOHA, koraa V<<U,,.
MOKHO TTOKa3aTh, YTO B 3TOM CJIy4ae IPH MOCTOSHCTBE 3JIEKTPUUECKOTO
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COMPOTUBIICHNS OJHOTO W3 TEPMHUCTOPOB W3MEHEHHE H3MEPSIEMOro
HampsoKeHus: V' TIpONOPIIMOHABHO W3MEHEHHIO COIMPOTHBICHUS BTOPOTO
TEPMUCTOPA:

oV ov

Rr=const — E—CL u R=const — R, =CL

Ecnmr HOMMHaAIbl CONPOTHUBJIIEHUWN B JIEBOM YacTH MOCTa YHUTCTOHA
TOYHO paBHBI HOMHHAJIaM COMPOTHUBIICHUH MpaBoi yacTd, R1=R; n R =Rg,
TO KO3 (UIIMEHTHI TPONOPIIMOHATBHOCTU C. U Cr PABHBI MEXTY COOOM MO
BEIMYMHE W TIPOTHUBOIOJOXKHBI 1O 3HaKy. Eciam mpw 3TOM paBHBI U
ot, oty ’
U3MEHEHUEe wu3MepsieMoro HampsbkeHus AV OyJneT NponopluroHaIbLHO
M3MEHEHUIO PA3HOCTU TEMIIEPATYP B IBYX KAJTIOPUMETPUUECKUX sTUCHKaX:

AV =c"-A(t, —tR)

B peanbHOM W3MEpUTEIHLHOM NPUOOPE HEBO3MOXKHO JTIOOUTHCS
UJCabHOTO PAaBEHCTBAa COOTBETCTBYIOIIMX COMPOTUBIECHUU U, TeM Oolee,
PaBEHCTBA TeMITEpaTypHBIX KOADPHUITMEHTOB ABYX TepMHUCTOPOB. [loaTomy
WCIIOJIB3YIOTCS JIBa PABEHCTBA!

At =c-AV u Atg=cy -AV (2.2)

[lenpio KaTOPUMETPUUECCKUX H3MEPEHHUH SBISICTCS OIpEACIICHHE He
CKauyKOB TEMIIEpAaTyphl, a COOTBETCTBYIOIIMX TEIJIOBBIX 3(¢eKToB
uccienyeMbix mporeccoB Q u Qr B sueilkax kamopumerpa. UToObl
IEPEeUTH K MOCIEIHUM, CIeAyeT Oo0beauHuTh ypaBHeHHs (2.2) u (2.1).
3ameTuM, 4TO B ypaBHeHuH (2.1) 3HaueHus koddouimenta C mjs 1eBoi u
paBOil sYEEK, BOOOIE TOBOPS, MOTYT OBITh pa3audHbl. B pesymnbrare
TOJTYIUM:

TeMIiepaTypHbie KO (PUIUEHTH 000MX TEPMHUCTOPOB, TO

Q =k/-AV wm Qg =kg AV
Koopduuuentsr k' wu k' Tak ke, kak u B ypaBHenun (2.1)

OTPENEISAIOTCS C TOMOIIBIO MPOIEAYPhl KaTUOPOBKUA. OTH BEIUYUHBI
HA3bIBAIOTCA KaMMOPOBOYHBIMM KOA(DPUIIMEHTaMHU JIEBOM H  TIPaBOid
KaJIOPUMETPUUECKHUX STUECK.

B npumensemoMm KajnopumeTpe mpoleaypa KaauOpOBKH, a TaKxkKe
MOCTIE YOI I pacuer TETUIOBBIX s dekToB BBITIOJIHSIETCS
NPUCOEMHEHHBIM K  KaJlOPUMETPUUYECKOMY  OJIOKY  MHEPCOHATbHBIM
KOMIIBIOTEPOM € MTOMOIIIBIO mporpamMmbl Hsoln.

Pa6ora 2.1 Onpenesnienne YHTAJILIUN PACTBOPeHUs qudeHunsIa B
YeThIPEXXJOPUCTOM yIJjiepo/ie

[Topsimok pabOTHI:
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1. BxmtounTe kommproTep. BHHUMaHuWE. eciau NpH  BKIIOYCHHH
KOMITBIOTEPA OKAKETCS BKIIOUYCHHBIM KaJOPHUMETPUUYCCKHI OJIOK, TO M3-3a
CaMOIIPOU3BOJIBHOTO BKJIFOUEHUS KaTHOPOBOYHBIX HarpeBareleh
KaJIOPUMETP MOXET BBIUTH W3  CTpPOs. 3alyCTUTE Mporpammy
«ARNETT##.EXE».

2. YcranoBute cocyapl J[proapa B MeETaUIMUECKUE CTaKaHbI —
nepxxarenu. Ilocnegaume BmecTe ¢ cocynamu Jlproapa IoMecTHTe B
JaTYHHBIA KOPITYC TEPMOCTATHPYIOIICH pyOaIky.

3. C moMouIp0 MEPHOrO IWIMHJIpa 3aJedTe B KaXKIBIA COCY
Hproapa mo 110 Mt 4eThIpeXXJI0pUCTOTO yTIepoia.
4. 3akpoite cocyabl [lproapa TE(PIOHOBBIMU  KPBIIIKAMH.

OOparnTe BHUMaHUWE. AJIEKTPUICCKUNA KaOelb OT MPaBOW KPBIMIKK HAET K
IIPaBOMY pa3beMy Ha IMepeAHel MaHelIn KaJoOpHUMETPUYECKOro Oyioka (OT
JICBOM STYEHKHU — K JIEBOMY pa3beMy)!

5. [TepenBrxenueM 0JI0Ka ¢ sUeHKaMU M HEOOJIBIIM BpaIlicHuEM
(mo 30 rpagycoB) cocynoB Jlproapa B cTakaHax — JAeprKaTelsax JT0OeHTech
COBMEIICHUSI OCEH MEMIANIOK JIEBOK WM TMPaBOM SMEEK C OCSIMU MPUBOJIA OT

AJIIEKTPOIBUTATEIIS.
6. CoenMHNUTE MEMIAIKU C PUBOJAOM C TOMOIIIBIO MY(]T.
7. BxirounTe kanopumeTpuieckuii 0J10K.
8. BxomtounTe 351eKTpoIBUTaTENh MEIAIOK.
Q. Bxutounte BHEIIHUH TEPMOCTAT, HArHETAIOIIUN B
METAIMYECKYI0 pyOaIiky Boay ¢ Temmeparypoit 25°C.
10.  BxurounTe MPOTPEB PaCTBOPUTEINS B sSUEHKaX KaJOpUMETpa 0

25°C. Iy1s1 5TOr0 HEOOXOIMMO 3aIMyCTUTh TEPMOCTATUPYIOMIYIO MPOTPaMMYy,
BBIOpAB MyHKT MEHIO HA SKpaHE TMEPCOHATLHOTO KOMIBIOTEPA «Y CTAHOBUTH
25 rpamycoB». [Ipy 3TOM 0 KOMaH/Ie ¢ KOMIIBIOTEPA BKIFOYUTCS TEPMOCTAT
BHYTPH SY€EK M 3aXIyTCS KpPacHbIE CBETOJMOJIbI, TOKAa3bIBAIOIINE, YTO
sueliky HarpeBaroTcs. [Iporpammy mporpeBa MOKHO 3aBEPIINTh HaKaTHEM
kiapui <ENTER>, xorna o6a cBeToanoa moracHyT.

11.  TIloarotoBhTe 4 KOHTEWHEpa JIsI PACTBOPSIEMOIO BEIECTBA.
Konreiinepsr wumeror wMetku  (Hampumep, | ILHLIV).  XKenarensHo
KOHTeHHEphI ¢ MeTKkaMu |, || ucmosnp3oBaTh J1 JI€BOM KAJIOPUMETPUUECKOM
siaeiiku, a konTernepsl |1, IV — nmsa npasoii.

12. Bo3pmure HaBecku audeHuIa B KaxIabld U3 4-X KOHTEHHEPOB.
Macca nHaBecku nudenuna nomkHa 0eiTh B mipeaenax ot 0.0400 mo 0.0600
r. Macca mycThIX KOHTEHHEPOB U KOHTCMHEPOB ¢ HAaBECKaMU M3MEPSIETCS U
3aMUChIBACTCS B pabOYMil KypHAII ¢ TOYHOCTBIO 0 4-X JIECATUYHBIX 3HAKOB.

13.  Konrteiinep «l|» HaBUHTUTE HAa YCTPOWCTBO BBOJA JIEBOM
sueiiki. BcTtaBbTe ycTpoicTBO BBOjA B jeBYyIO siueiiky. Kontelinep «llI» ¢
IIPaBBIM YCTPOMCTBOM BBO/Ia TTIOMEIIACTCS B TIPABYIO SUCHKY.
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14.  OcraBbTe KaJOPUMETPUUYECKYID CUCTEMY TEPMOCTATUPOBATHCS
B TeueHue 20 MUHYT.

15.  BxirounTte KaJoOpUMETPUUYECKYIO IPOrpaMmy, BbIOpaB B MEHIO
kommbiorepa NyHKT «KAJIOPUMETPUS». Ilpm 3amycke nporpamma
BBITIOJIHSIET HEKOTOpbIe JIEUCTBUSL 1O MPOBEpPKE pPabOTOCIIOCOOHOCTH
KamopuMmeTpa. Tak, HampuMmep, €clid He MOAKIIYEH KaKou-mubo u3
pa3beMOB WJIM HE BKIIOYEH KaJOpUMETpUYECKU OJOK, mporpamma
coobuut 00 »ToM. IIporpamma Takxe NpPOBEPSIET PabOTy YCHUIUTEINS
AIEKTPUUYECKOTO CUTHAJIA C KaJlopuMmeTpa. Eciu cooTHOIIEHrEe CUTHaIa Ha
COCEHUX JHMAIMla30HaX HE COOTBETCTBYET HOpMaibHOMY 3HaueHHio (2.0),
porpaMmma Takke cooOIuUT 00 3ToM. B 3ToM ciydae, 4TOObI NpOI0TKUTh
paboTy ¢ mporpamMMoi, He0OX0AMMO JiBa paza HaxkaTh KiaaBuiry <ENTER>.
MHorga OTKIIOHEHWE BBIXOAHOTO CHUTHAJIAa OT HOMHMHAJIBHOTO 3HAYEHHS
IMIPOUCXOJIUT HE M3-3a HEUCIIPABHOCTU YCHIIUTEIIS, & U3-3a CTOXAaCTUYECKOTO
XapakTepa KaJOpPUMETPUYECKOTO CHUTHaja. 3aTeM Iporpamma 3agaeT
omneparopy psAjl BOIpocoB. B oTBeT HE0OOXOIMMO BBOJUTH C KJIaBUATYPHI
COOTBETCTBYIOIIUE JAHHbIEC U HaXXUMaTh KiaBuily <ENTER>:

— «HA3BBAHUE:»- HyXHO BBECTM Ha3BaHUE HCCIECAYEMOMH
cuctembl (He Oonee 30 cumBonoB). OObuHO 310 «PACTBOPSEMOE
COEAMHEHUE /PACTBOPUTEJIb». Jlyume B KadyecTBe Ha3BaHUS
BBOJIUTH OOIIENIPUHATHIE COKpAIEHUsI, NMPUYEM JIaTUHCKUMU OykBamu. B
JaHHOM ciIy4ae oTBeT Jo/bkeH ObiTh: «DIPHENYL/CCl4».

— «JIEBAS HABECKA :...mycTo# :» - BBOAUTCS BEC B rpaMMax
IIyCTOr0 KOHTEHHEPA B JIEBOU STUCHKE.

— «TOJIHBI» - BEC JIEBOTO KOHTEMHEPA C HABECKOM.

— «IIPABAS HABECKA :...myctol :» - BBOOUTCS BEC B
rpaMmax IyCTOro KOHTEMHEpPa B IPABOU AYECHKE.

- «TOJIHBIN» - BEC IPABOr0 KOHTEUHEPA C HABECKOMU.

— «MOJIEKVYJIAPHASA MACCA » - BBECTHM MOJBHYIO Maccy
pacTBOpPSIEMOTO  COEIUHEHHS. JInss  yMEHBIIEHUST  BEPOSITHOCTHU
apu(pMETUYECKON OIMOKU ATy BEJIMUHMHY JYy4llle HE PACCUUTHIBATH, UCXOJS
u3 GopmyJibl, a B3ATh U3 COPABOYHUKA U BBECTU C TOUYHOCTHIO JJO BTOPOTO
3HAKa IOCJIE 3aIsITOM.

— «BPEMSI TIPABOM KAJIMBPOBKU, cexkyng » -
JUIMTETLHOCTh BCEX MPABBIX KaTUOPOBOK. B JaHHOM ciiyyae HEOOXOIUMO
BBOIUTE «50».

- «BPEMSI JIEBOU KAJIMBPOBKMU, cexynn :» - Brectu «70».
MoOXHO BBOAUTH U JPYyroe BpeMs KaIMOPOBOK, HO U3-3a TOrO, YTO
YyBCTBUTEIBHOCTU SYEEK HECKOJIBKO Pa3IMYyaroTCsl, KEJIAaTeIbHO, YTOOBI
COOTHOIIIEHHWE BpeMEH OblIo 5:7, 4YTOOBl TpH IMOCIIEI0BATEIbHBIX
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KaTMOpPOBKaxX KaJOPUMETPUUYECKUI CHTHAI HE YXOIWJ M3 ONTHMAaIbHOTO
JMara3oHa.

- «IMHEMHBII VYYACTOK BA3OBOH, cexyng » -
JUIMTENIbHOCTh  JIMHEWHBIX YYacTKOB 0a30BOM JIMHUM JI0 U TMOCHe
pactBopeHusi. KommploTep UCMONB3yeT 95Ty BEJIMYMHY, KaK HWHTEpBal
MEXIy IOCJIeI0BaTeIbHBIMA KaIMOpOBKaMHU. B gaHHOM ciydae ciemyer
BBeCTH BenanHy «200».

— «JJIMTEJIBHOCTb  PACTBOPEHUSA, cexkynn » -
JOTIOJTHUTEIILHOE BpeMs 3aJCP)KKH MOCICAYIOINUX JIeHCTBUN (KaatrnOpOBOK
WJIM PACTBOPEHHMIA) ITPH BBOJIC pACTBOPCHHOTO BEIIIECTBA B PaCTBOPHUTEIb. B
Cllyda€ OYEHb MEJJICHHO PACTBOPSIONINXCS BEIIECTB MOXKHO BBOJHTH
3HaueHue 10 «600». bomee MemjieHHbIE pPacTBOpPEHUS  OOBIYHO
oOpabaTbiBaTh OECCMBICIEHHO U3-3a HECTAOWJIBHOCTH ©0a30BOM JIMHUHU
KaJIOpUMETpa Ha TaKOM JJIMHHOM HHTepBasie BpemeHu. [Ipu omnpenenenuu
SHTAIBIIUU PACTBOPEHHUS JU(PEHUTIA B YETHIPEXXJIOPUCTOM YIJIEPOAE
cienyer BBectn «10». DTo mocnmemHWi BOMPOC, KOTOPBIA 3adaeT
nporpamma, W mnociie Haxatus kiaBuimu <ENTER> ona mnonHocThiO
BO3BMET Ha ceOsI MPOIIECC YIPABICHHS KaIOPHUMETPOM.

16.  Tlporpamma caMOCTOSTETLHO BBIMOJTHSIET TOCIEIOBATEIHHO
IpaBble U JIEBbIEe KATUOPOBKU. PaccuuThiBaeMble TPU ATOM KaJlMOPOBOUYHbIE
KO3 PUIIMEHTHI 0 Mepe TOTOBHOCTH BBIBOASTCS Ha 3KpaH. [Ipu stom
OlepaTropy JAOCTYIHBI CJEAYIOIIME BapUaHThl BO3ACUCTBUA Ha XOJ
IPOrpaMMBbI C KJIaBUATYpPbl KOMIIbIOTEPA!

— HaxaTtue kiaBumu <ESC> - mpekpallieHre akKTUBHOIO 3Tama
nporpaMMbl, TO €CTb IpEKpalleHUE  BBIMOJHEHUS  KaJTUOPOBOK,
3allOMMHAHUE BCEX pe3yJIbTaTOB W KAJIOPUMETPUYECKONM KPUBOM BO
BpEMEHHOM (pailie ¥ mepexoa K ATamy pacuera TemaoBbIX 3PQEKTOB C
BU3yaJIbHBIM KOHTPOJIEM TOYEK OTPHIBA HA KATOPUMETPUUIECKONU KPHBOW.

— Haxkatue KimaBumm <F3> - mpekpalneHue KaJInMOpOBOK C
NOTepel BCeX NaHHBIX, 3arpy3Ka pe3ybTaToOB MPEIbIIYIIET0 IKCIIEpUMEHTa
U3 BpEeMEHHOTO (aiiia u mepexo K dTammy pacyera.

— HaxkaTue kinaBuiu <F5> - moBeneHue 40 KOHIIA MPEIbIAYIIETO
HAYaToro AcHcTBUs (KAJTMOPOBKH WJIM PACTBOPEHUS) U MEPEXOJ] B PEKHUM
O’KHJIaHMS BBOJIA OTIEPATOPOM PACTBOPEHHOT'O BEIECTBA B PACTBOPUTEIND B
JIEBOU STYECHKE.

— HaxkaTue kiaBumM <F6> - 3ampoc Ha BBINOJHEHHWE BBOJA
OIIEepaTOPOM PACTBOPEHHOTO BELIECTBA B PACTBOPUTEIND B MPABOM sIUCHKE.

17.  HeoOxomumo J0XIaTbCsl, MOKa Ha OJKpaHE HE TMOSBITCS
pe3ynbTarhl (TO €CTh KaTuOPOBOYHBIE KOI(PPUITUEHTHI) KaTHOPOBOK IS
JIBYX TIPaBbIX W OJHOW JICBOW siUeeK W HaxkaTh kiaBuiry <F5>. [Ipu stom
mporpaMMa MpOJOJDKUT BBITIOJHEHHE YK€ HAa4aTOW BTOPOW KaJTUOPOBKHU B
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JEBOM  sAYeliKe, O YeM OHa COOOIUT OmepaTopy MOSBICHUEM
COOTBETCTBYIOIIEH HAJIMKUCH B MTOSBUBILIEMCSI OKHE Ha YKPaHe.

18.  Uepe3 Hekoropoe BpeMs (IO 3aBEpIICHHUIO KaaUOPOBKH) Ha
skpane mosBuTcs  Haanuck. «HAXMUTE <IIPOBEJI>, 3ATEM
BBEJUTE JIEBYIO HABECKVY!». Ilocie 3Toro HeoOXOOWMO Ha)aTh
<ITPOBEJI> Ha ky1aBuatype KOMIbIOTEPA, 3aTEM CHATh (PUKCATOP CO IITOKA
JI€BOTO YCTPOMCTBA BBOJIA, OMYCTUTh IITOK, a 3aT€M BpAlllEeHUEM IPOTUB
YacOBOM CTpEJIKM TpOpe3aTh CHayajga BEPXHIO, a IMOTOM HUXKHIOKO
Te(JIOHOBBIE TUICHKH B JIEBOM KOHTEMHEPE C PACTBOPSEMBIM BEIIECTBOM.
[IITok BO3BpaTUTh B HCXOJHOE IMOJOXEHUE W BHOBb HAJETh HA HErO
duxcarop.

19.  Haxaruem xnaBumm <F6> yBemOMHUTE KOMIIBIOTEp O CBOEM
KEJTaHUM BBECTU PACTBOPSIEMOE BEIIECTBO B PACTBOPUTENL B IIPaBOid
AYEHKeE.

20.  Korma xoMmbioTep 3aKOHUUT 00pabOTKY PacCTBOPEHHS B JIEBOU
suetike u cooommt. «HAXMUTE <IIPOBEJI>, 3ATEM BBEJIUTE
[TPABYIO HABECKV!» - moBropute myHKT 18 B OTHOLIEHHWH MpPaBOTrO
YCTPOMCTBA BBOJIA.

21.  Tlocne 5TOro KOMIBIOTEpP MPOU3BEAET 00PabOTKY pacTBOPEHUS
B IPaBOM suelKe W 3aTeM MPOJOKUT KaIUOpoBKH. JlokauTech, Moka Ha
9KpaHE HE TMOABATCS pPE3yibTaThl €Ile JBYX IMpaBbIX M JBYX JIEBBIX
KaIMOPOBOK, ¥ HaxkMuTe KiaBuiry <ESC>.

22.  KoMmmbploTep MpEeKpaTUT KaauOpOBKM, M BBLAACT Ha DJKpaH
Ta0IuUIly, COAEPKAILY0 BCIO HHPOPMAIUIO O MPOACTaHHBIX KAIMOPOBKAX U
pactBopeHusix. HWrHopupys 53Ty TaONHIly, MOXHO HaXaTh KJIABHIILY
<ENTER>. Kowmmnbetorep mnepeiiier B Trpaduyeckuil pexum, TIlie OH
COBMECTHO C ONEPATOPOM BHOBb IMEPECUUTAET BCE KATUOPOBKHU U 3PHEKTHI
pacTBOpeHHs. 3ajada omneparopa MpU HSTOM KOPPEKTHO YyKa3aTh Ha
rpaukax BcCeX IMOCJEIOBATENbHO TMOSBISIIONIUXCS KalHMOPOBOK YEThIpe
TOYKHU:

— HayaJsia JIMTHEHHOTO y4acTKa «JI0 MPOoIecca paCTBOPEHUS»

— TIEPBYIO TOUKY OTPHIBA, TO €CTh TOUKY Hadasia MPOIECCa BhIACICHUS
(TTOTJIOIICHMS) TETUIOTHI HCCIIEAYEeMOTO Tpoliecca: Touka b Ha puc. 2.13

— BTOPYIO TOYKY OTpBhIBA: TOYKa € Ha puc. 2.13

— KOHEIl JIMHEHHOTO yyacTKa Mocje Mpoliecca paCTBOPEHUS.

[lepBas u yeTBepTask TOUKHU MOTYT ObITh BBIOPAHbI TPOU3BOIBHO, JIUIIb
Obl OHM HaXOJAWJIHWCh Ha MPSIMOJIMHEHMHOM yd4acTke 0Oa3oBoi. Bropas u
TPEThs TOYKU D M € OJKHBI OBITh YKa3aHbl MAKCUMaJIbHO TouHO. OJIHAKO,
€CIM €CTh COMHEHHUS B BBIOOpE TMOJIOKEHUSI TOUYEK OTPhIBA, TO CIEAYET
MPEANOYECTh HEKOTOPOE HX CMEIIEHHWE B CTOPOHY COOTBETCTBYIOIIUX
JUHEWHBIX YYacTKoB. BcreacTBue 0COOCHHOCTEH anroputrma pacyera
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TeroBoro  3dgdexkra  HEKOTOpOe€  pacliMpeHHe  HUHTepBajla  Ha
KAIOPUMETPHYECKONM KPHBOM, OO003HAYEHHOrO KaK HMHTEPBaAJ IIporiecca
pPacTBOpPEHMS, II0 CPAaBHCHUIO C peaJbHBIM IPHUBEACT K CYIICCTBEHHO
MEHBIIIUM OITHOKaM, YeM €TO Cy>KCHHE.

Puc. 2.13. Pa3zmeTka KaJIOpUMETPUIECKON KPUBOH sl pacyeTa TEMI0BOTO
s dexta. Touku 1 1 2 UCMIONB3YIOTCS PU KPYUHON» 00paboTKe.

st Toro, yToObl HAa TOSIBUBIIEMCS] TpaduKe ¢ KPUBON KaIMOPOBKU
(pacTBOpEeHHMSI) TOSBUJICS MapkKep Ui YKa3aHWs TMEPBOM TOYKH, CJICIyeT
Haxath <[IPOBEJI>. Mapkep nosiBigeTca B BUJ€ BEPTUKAIBLHOW YepThl HA
rpadpuke u mepememtaercs kinaBuimamu: <CTPEJIKA BJIEBO>,
<CTPEJIKA BITPABO>. B pexxume BbIOOpa MOJIOKEHUSI MapKepa KJIaBUIlla
<ITPOBEJI> ymeHbLIaET ar ABUKEHUSI MapKepa MpHU OJJTMHOYHOM HAXXKaTUH
Ha KJIABUIY CTpenku. Korga Mapkep OKaKeTcs B KEJTaeMOM IOJIOKEHUH,
cienyetr HaxaTh kiaBuily <ENTER>. Ilocne sToro mosiBUTCS Mapkep AJist
CJIeIyIOIEeNd TOYKH, a €CIIM 3TO MOCJEIHsS TOYKa, TO OyJIeT MPOU3BEICH
pacueT KamuOpoBOYHOTO Ko3(durmenta (WM BBICOTHI PACTBOPCHHS).
[locne 3aBeplieHHMs pacyeTa @porpaMma IOKaXXET 3HAYECHUS BCEX
K03 (HUIIMEHTOB PacTBOPEHUS I JieBoH (IpaBoi) siueiiku. B 3TOT MOMEHT
MOXXHO HCKIFOUUTh M3 pacuera SBHO BbIMagarommue 3HadeHus. [locie
yKa3aHUs TOYEK Ha KAJIOPUMETPUUECKUX KpHUBBIX 000ux 3(PdheKkToB
pacTBOpPEHHS MpOrpaMMa PACCUUTACT U IMOKAXET Ha JKPAHE IMOJYYCHHBIC
BEJIMYUHBI SHTAIBIUU pacTBOpeHus (B kJ[x/momb). JlaHHBIE MOTYT OBITH
NEPENUCAHBI B )KYPHAJL.

23.  U3BiekuTe W3 KPHIIIEK KaJOPUMETPHUECKUX SUYEEK YCTPONCTBA
BBOJ1a. 3ameHuTe KoHTelHeph! | u |1l Ha konTetineps! Il u V.
24. [ToBropute mnyHKTH 14-22 HacTOSIIETO TEpEeYHSA IS

BOCIIPOU3BEJICHUS U3MEPEHUN SHTAIBIINU PACTBOPEHUS.
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25. B pe3ynprare Mbl TMOJMYYWIN YETHIPE 3HAYCHUS DHTAIBITUU
pacTBopeHus. Paccuuralite cpeaHee 3Ha4€HUE 3TOW BEIWYMHBI. B KauecTBe
JIOBEPUTEIIPHOIO HHTEpBalla PAaCCUUTHIBACTCS CpeIHee OTKIOHeHHUe (I1o
MOJIYJIIO) OT CPEIHETO 3HAYCHHS.

26.  3anumwure pe3yibTarhl B pabouuii XypHai. 3anuch B pabodyem
KypHaJIe TOJDKHA COJIEPKATh CICIYIONIYI0 HH(POpMAITHIO:
— ara

— PactBopsiemoe BermiectBo / PactBopurenb

— MonbHas Macca pacTBOPSIEMOTO BEIIECTBA

— MerTka neBoro (IpaBoro) KOHTCHHEpa

— Bec mycroro neBoro (IpaBoro) KoHTeitHepa

— Bec neBoro (rmpaBoro) KOHTEHHEpa ¢ HABECKOM

— TennoBoi a3 ekt

— [locne OkOHYaHWS BCEX HW3MEPEHHN — PE3YJbTHPYIOIIEE
(cpenHee) 3HaUCHUE SHTAIBIINN PACTBOPEHUS M IOBEPUTEIIbHBIA HHTCPBAJ.

Kanopumerpuueckass mnporpamma BeneT CBOM <« KypHa». OH
HaxoauTcs B TekcToBoM (daiine «CALORIM.JRN»

27.  W3BnexkuTe W3 KajopuMeTpa KOHTeHHEphl. Bce KOHTEHHEpHI MO
ouepea CIeIyeT Pa3BUHTUTH, YAAIUTH MUHIIETOM OCTaTKU Te(IOHOBOIA
IJIEHKHW, IPOMBITh B CTAKAHYMKE C allETOHOM, HEIJIOTHO CBUHTHUTH BCE TPHU
YacTH KOHTEHHEepa BMECTE U MOCTaBUTh Ha Mpocyliky. Buumanue! Henb3s
IyTaTh OTJEJbHBIC YaCTH Pa3HbIX KOHTEHHEPOB. Hanpumep, HENb3s MEHSTh
OCHOBAHUA WJIM CPEJHHUE YACTH y PA3HBIX KOHTEWHEPOB. IJTO MOMKET
MIPUBECTH K HETEPMETUYHOCTHA KOHTEUHEPOB.

28. Brixmrounte JIBUTATEIh MEIAIO0K, BBIKJIFOUUTE
KasiopuMmerpuueckuil 06s10k. Orcoenuuure memanku. [lo-ouepeau cHumMuUTe
KPBILIKH SYEEK, TPOMOUTE UX U YCTAHOBUTE JJISl POCYIIKU B CIIEI[UATIbHBIE
noacTtaBku. M3Bnekure cocyanl Jlproapa, BbUIEUTE U3 HUX PACTBOPUTEND U
IPOMOMTE allETOHOM.

PaGora 2.2 OnpeaelieHne JHTAJBIMHA PACTBOPEHHUs 1-ponaHoJa B
BojJie HAa kagopumerpe TAM 111

Kpome noBsiiiieHHON TOUHOCTH 0cOOEHHOCTHIO Kamopumerpa TAM Il
SBIIIETCSI BO3MOKHOCTh HCIOJIb30BaHUS JIBYX Pa3JIMYHBIX YCTPOMCTB st
BBOJIa PacTBOPSIEMOr0 BEILIECTBAa B pacTBOpUTENb. [lepBbIii — ycTpoicTBO
JUIsl  pa30MeHus CTEKISIHHBIX ammyj. braromapss sTomMy  yCTpOMCTBY
OpeAeibHO  COKpAIIEHO  KOJMYECTBO  METAUIMYECKUX  JeTanei
KOHTAaKTUPYIOIIUX C PACTBOPUTEIEM U PACTBOPSEMBIM BEIIECTBOM. IJTO
TOJILKO MEIIAJIKa — JEpKaTellb aMITyJibl, H3rOTOBJIEHHAs U3 30JI0Ta. TakuMm
00pa3oM, UMeETCsl BOBMOXKHOCTh pab0OTaTh C pacTBOPSIEMBIMU BEIIECTBAMU
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U pPacTBOPUTEISIMU arpeCCUBHBIMH 10 OTHOIIEHUIO K MeTaiuiaMm. Eme ogHo
YCTPONCTBO — ININPHUIEBON J03aTOp, YNPaBISEMBbIH KOMIBbIOTEpOM (pHcC.
2.9). B nmnopmHeBOM go3aTope wucmoiib3yercs Immpuir  Hamilton,
COCIMHCHHBIM C KAJOPUMETPUUYECKON SYECHKOW TOHKHM KaMWIISTPOM
(kaHFOJICH), W3rOTOBJICHHOW U3 30j0oTa. [lo KOMaHAe C KOMIIBIOTEpa
CHUCTeMa BIPHICKHBACT B KAJIOPHUMETPUUYECKYIO SUEHKY TOUYHO 3aJIaHHBIC
O00BEMBI KHUJKOTO PACTBOPSIEMOrO BEHIECTBA. JTa CHCTEMa IIO3BOJIIET
IIPOBOJUTH TUTPAMOHHBIA KAJIOPUMETPUIECKUIN IKCIIEPUMEHT, TO €CTh IS
OMPEICIICHHOTO Kpyra peakiiuii OnpeAesiTh HE TOIbKO TEIUIOBbIE 3D (PEKTHI,
HO ¥ KOHCTAHTBHl PaBHOBECHSA. ECIM KaJOpUMETP HCIOIB3YeTCS IS
OTpENEeICHUSI DHTAIBIIUA  PACTBOPEHHS, OTa CHCTEMa  IIO3BOJISAET
MPOU3BOJINTh MHOTOKPATHBIA BBOJ| BellleCTBa O€3 3amMeHbl aMmmys U 0e3
CBSI3aHHBIX C ATUM TIOTEPh BPEMEHH Ha TEPMOCTATUPOBAHHE.

B Hacrosmieir paboTe MBI ONPENEITMM SHTAJIBIUI0 PACTBOPEHUS
npornanoyia-1 B Boge. OCOOEHHOCTh UMEHHO ATOTO TpoIlecca B TOM, UTO
SHTAIBIHS €0 OMpe/esieHa ¢ BRICOKOM TOYHOCTHIO M 9aCTO MCIOJb3YyETCsI
JUTSI TIPOBEPKHU TOYHOCTH paOOThI KAJIOPUMETPOB.

Brinonnenue paboThI:

1. 3amth B suediky kamopumerpa 100 M aucTUIIMpOBaHHOU
Boabl. [loMecTuTh sUeiiky B TepMocTaT. BKIIIOYUTH MepeMeniuBaHUE B
KaJOpUMETPHUUECKO sueiike. J[is aToro — 3amyctuth nporpammy «SolCal»
U B CTPOKE MEHIO BBIOpATh IMyHKTHI: «EXperiment» - «kExperiment Control».
B mosiBUBIIEMCS HOBOM OKHE YCTaHOBUTH CKOPOCTH BpAIICHHS MEIIATKU
500 rpm (cM. ckpuHIIOT HA puc. 2.14).
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=10] x|
%| || @Ql 8| Experlment=:' 2xl
active  Thermastat position -~ Settings - Method [emp 333551 mK
Exper- ;
S 1 2 03| Bathtemperstue:  25.000 °C Bise e fime: Emd5s
ernp offset, mK Py Baseline —_— Top
L] I e ' |339.Em
3 Swyringe id: I e [Calitbrate
Syringe volume; I ul [212.58m)
0.024 — Shirrer rate:
 Orpm = AD0 rpm
300 ipm £+ 500 rpm
{ IEEIEI
Actual rate: I BO0.1  TRmM
0.01d —Rezolution
= Low Start heater | .
& High . | Height
Stop heater IEB_?B—
Start new experiment |
Intercept
S | ¥ (339 5m
Help | A | (202 B4
Intercept ¥ auto
|251_? |1E|E|.D ¥ Locked |351_? ¥ Auto

Puc. 2.14. ITporpamma «SolCal», okao «Experiment Control».

2. [Tocie momereHusl TYEHUKA B TEPMOCTAT W 3ayCKa MEIIaIKA
OCTaBUThH CUCTEMY TEPMOCTATUPOBATHCS Ha 45-60 MUHYT.

3. [TonHoCTRIO 3amonHuTh Ao3upyromui mmpui; (100 mkm) 1-
IIPOIIAHOJIOM, OCYIIIEHHBIM HaJl MOJICKYJISIPHBIMU CUTAMH.

4, VYcTaHOBUTH HINIPUI] B 03aTOP U HAXaTUEM KJIABUILIU «<» Ha
7103aTOpE MPOU3BECTU WHIKEKTUPOBAHUE KHUIKOCTH M3 IITIPHUIIA 0 TeX MOp,
MOKa KOHET[ ITOKa MIpuila He ycTaHoBUTCS Ha 0 Mxit. [Ipu 3TOM KUAKOCTH
U3 IIIpHUIla BBITECHUT BO3AyX M3 KaNWUIApa W Ha KOHIE TOCIETHETrO
MOSIBUTCS KamelbKa.

5. BcTaBuTh Kanmmuisp B KAJIOPUMETPUIECKYIO SUEHKY.
6. [Togoxnatk emie 10 MUHYT 1J19 TEPMOCTATUPOBAHUS.
7. 3armyCcTHTh HOBBIN JKCIIEpUMEHT: B okHe «Experiment Control»

Ha)kaTh KHOmIKy «Start new experiment» (cm. puc 2.14); BbpIOpaTh THII
JKCIIepUMeHTa «Titration experiment» wu jgajgee B IOCIIEIOBATEILHO
nosiBisTFonMXcst okHax (puc. 2.15 — 2.17) ykazarh KOJIMYeCTBO KaTHOPOBOK
70 WHXXEKTHUPOBaHUs (2 B KOHEYHOM OKHE M TIOCIIE WHYKEKTHPOBAHUS);
JUTUTEIBHOCTh KaJUOPOBOK, JJIMTEIBHOCTH 0a30BOM MOCHE KAITMOPOBKHU.
Janee — ooOmuii 00beM mimpuia (100Mki1), KOJIUIECTBO HHKEKTHUPOBAHUHN U
00BEM OJTHOTO MH)KEKTHPOBAHUSI.
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8. B mocnennem okHe emie pa3 cleayeT HaxKaTh KHONKY «Start
experiment». IMeHHO K 3TOMy MOMEHTY JOJDKHO Tpouth He Mmernee 10
MUHYT (TEpPMOCTATUPOBAHKE) TIOCTIC BBOIA KAMILIAPA B TUCHKY.

Q. Becb mampHelmmii  skcriepuMeHT  (Bce  KalMOPOBKH U
WH)KCKTHPOBAHMS) IPOrpaMMa BBITIOJHUT aBTOMAaTHYecku (BO BpeMs
IKCIIEPUMEHTA MOYKHO U3MEHATH MTapaMeTPhl MOCIETYIONNX KaTuOPOBOK H
WH)XKCKTUPOBAHWM;  HAIpHUMeEp, IOCIE€  TIEPBOTO0  WHKEKTUPOBAHWSI
OKCIIEPUMEHTATOP MOXKET TPHHITH PEIIEHUE, YTO JUIS YBEITUYCHUS
TOYHOCTH HYKHO YBEJIMYUTH 00BEM TOCIEAYIOMNX HHKEKTHPOBAHUH ).

10. Tlo xomy »JKCmepuMEHTa Ha OJKpaHEe Bce BpeMms Oyaer
M300pakaThCs MOTYYAIOMAsCs KaIOpUMETPpUUECKasi KpUBasi, BEpTUKAIbHBIC
JUHUU Ha KOTOPOW 0O0O3HAYalOT HAYaJl0o W KOHEN KaluOpPOBOK U
WH)XCKTUPOBaHWA. B MOMEHT OKOHUaHWs OSKCIEPUMEHTa Ha KPHUBOM
TIOSIBUTCSI BEPTUKAIIbHAS JIMHUS C HAIIMUChIO «ENd».

11.  Jlns Toro, yToOBI paccCuMTaTh MOJTYyUYEHHBIE TETUIOBBIE (P EKTHI
B MEHIO ITporpaMmbl BeIOpath «Calculation» - «Analyze experiment»

: alorinm =10] x|
File Edit Plat System  Experiment. Calculation Help
AallaLsle W 7|
Active Thermostat pasition | Stored experiment fils ” Temp 333551  mk
experi- , :
mepnt i e N O liﬂ _J[Tm‘ue: i 29z |
E i Enter the number of calibrations to be carried out prior to the injections [l Top
= Seltings—— and decide on calibration parameters, baseline durations and pauses. 39.6m
[212 B8m)]
Bath temper.
| 0.024 ~ Gyringe— Hurmber of calibrations before injections: I1
oo — Calibration pararneters
Syrinige wolul Heat (D=F*): |1 0.00 J
 Stirrer rate: - Fawer [P IEDD.DD T
" Drpm Tirne [t 20 ses
€ 300 rpm
'S iggn Duration of baseline after calibration: |5 min
-I5
Aictual rat tf'usrf ted HERi
chual rate: * Mo pause wante
|2E.?u
Resolit ™ want pause when calibrations are done
~ Resolution-
oL ™ Swlant pause after each calibration
oW |ntercept
' High [523.5m
| [-202 Bdm]
Intercept Sta Cancel | Help | <<Back | Mewts» | Firizh | V¥ Auto
!D.D ¥ Au
po————— Helo I |

Puc. 2.15. ITporpamma «SolCal»: mapamerps! KaTnOpOBOK.
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=13 x|
File Edit Plot System Ex p’-\rument Calculation  Help
Active Thermostat position | Stored experiment file “ Temp 339.551 k.
erperi- L :
mepnt S g e iary (o | l"' llﬂ [Tlme: 29s
= =
E- boe que sure the values shown here are correct for the springe wou are Tap
~Settngs— " [333.6m
Eath temper. et Y ]
 Swringe parameter
~Syringe —— Syringe id: |1 ¥ i
Syringe id: Syringe walurme: I-I 00.000
e o Syringe length: IBD oo
r Stirer rate; -
" Opm
£ 300 1pm
8 iEDD
.A ual rat Height
chual rate; !—-—-—
26.7u
- Resolution -
' Low Intercept
i [33a.5m
] [-202.Bdm]
Intercept Sta Cancel | Help | <<Back | Mests> | Firiizh | ¥ Auta
ID.D W Auto
— | —
liEm———= Helo I

Puc. 2.16. ITporpamma «SolCal»: mapamerps! mmpuiia

=101 ]

File Edit Plaot S\,Htf.—f‘ﬂ Experiment. Calculation  Help

HA|[8 L5 W 7]

gctive Thermostat pozition Iﬁtnred experiment file iiTemp 329.551 mk.
exper- - R ey .
o i e ok 21 xl : 295

Enter the number of injections and decide an injection parameters, Top

el — bazeline durations and pauzes. %35.Em
[212.68m]
B ath temper.
e 5
o Nunlﬂ:uer. al injections: I
— Injection parameters
Swyringe id: i
Inpection walume; |1 0.000
0013 Swyringe wolu ul e LChn)
| = Injection duration: IED e (B0.0]
= Orpm Rieaction duration [after injection]: 240 B0
300 rpm
~ [eon Duration of bazelineg after injection: I i
-Pause
e ' Mo pause wanted Height
ctual rate;
™ ‘Want pause when injections are done |25-?11
~ Resolution - {7 Swlant pauze after each injsction
" Low Intercept
YL [338.5m
| [-202 B4m)
Intercept G Cancel | Help | <<Back | M et > | Eitirzty | ¥ Auto

e

I —— T
|
: Helo I

v &uto

Puc. 2.17. ITporpamma «SolCal»: mapameTpbl HHKEKTUPOBAHUH
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2.2. Iuddepennuanbuasi ckanupyomasi kagsopumerpus (JICK)

Kanopumempus — 510 Tpynma METOJ0B (PUBHKO-XUMUYECKOTO
aHajau3a, B KOTOPBIX M3MEPSIETCS TEMIOTa Pa3IMYHBIX MPOIECCOB!
XUMHYECKUX peakiui, (a3oBbIX IMEPEXOJ0B, a TaKXKe TEIIOEMKOCTb
(Teriora, HEOOXOUMAs JJIs M3MEHEHHSI TEMIIepaTyphl Tea).

Tennoma - byHKIHA, XapakTepusyromias npolecc
nepepacupeqeyeHlsi BHYTPEHHEM SHEprud B IPOCTPAHCTBE; €€
HEBO3MOXHO U3MEPUTH MTPU OTCYTCTBUM MPOIlecca TEIIONEePEHOCa.

Tennonepenoc MOXET OCYIIECTBISATHCS PA3IMUYHBIMU MO (PU3UUECKON
MpUPOJIE CIOCOOAMU: 3a CUET TETUIONPOBOIHOCTH BEUIECTB, KOHBEKIIUU WITU
TEIJIOBOTO U3ITyYEHUS.

Tennonpogoonocms — 3TO CHOCOO mMepeaadyd IHEPrUu OT Oosee
HarpeTblx TEeJI K MEHEE HarpeTbiM TeJlaM IOCPEACTBOM HW3MEHECHUS
KOJIe0aTeIbHBIX COCTOSTHUN MOJIEKYJl WM aTOMOB. TeIIoNnpOBOAHOCTh HE
COIIPOBOK/IAETCS MACCOMIEPEHOCOM M B YUCTOM BHJIE€ BO3MOXHA TOJIBKO B
TBEPJBIX Teax.

Koneexyusa — >T0 TIEpEHOC PHEPIUU C MOTOKOM KHIAKOCTU WU rasa.
[Ipy BBIHYXIECHHOM KOHBEKIMHU IIOTOK CO3JAE€TCA 3a CYET BHEILIHErO
BO3JICMCTBHS Ha cucteMy. IIpyu cBOOOJHON KOHBEKIIMH MOTOK 0OpaszyeTcs
CaMOIIPOU3BOJILHO 34 CUET Pa3HUIIbl INIOTHOCTU CPEAbl B TOUKAX C Pa3HOU
TEMIIEPATYPOH.

Tennoeoe uziyuenue — 310 niepeada SHEPTUU OT OJTHUX TEN K APYTUM
B BHUJIC€ DJICKTPOMAarHWTHBIX BOJIH 3a CYET TEIJIOBOM HHEPruu TeEll.
OCO0EHHOCTBIO ATOr0 CIOCO0a TEIIoNEepeHoca SIBISETCS TO, YTO OH MOYXKET
OCYILECTBIISITHCS MEXKAY TeJIaMH, HAXOJAIIUMUCS HE TOIbKO B KaKOU-INOO
Cpelie, HO U B BaKyyMe.

Takum oOpa3oM, TEIJIONEPEHOC MEXAY JBYMs TeJaMH MOXKET
OCYIIIECTBIISITECSI TOJIBKO B TOM Cllydae, KOrja TemIlepaTypa 3THUX Tell
pa3nuyHa. BenuuumHa TEIUIOBOTO TIOTOKA BCErJa MNpONOpIMOHATIbHA
pa3HUIlE TEeMIepaTyp MEXIy TellamMu. B ciydyae TemIoBOTO W3Iy4YEHHS
BEJIMUYMHA TEIJIOBOTO IMOTOKAa MPOMNOPIHMOHAIbBHA M WX a0COJIIOTHOU
TeMIIepaType.

B wmerone JICK Temiotry ompenensioT 4Yepe3 menaosou NOmoK —
NPOW3BOJIHYIO TEIUIOTHI 1O BpeMeHH (OTCIOJa B Ha3BaHWHM TEPMHH
«auddepenimanbHpiii»). TermaoBele MOTOKHM Q H3MEPAIOTCS IO Pa3HUIIES
temmeparyp AT B IByX ToukaX (X; M Xp) U3MEPUTEIBHOW CHCTEMbI B OJMH
MOMEHT BPEMEHH.

Q ~ AT =T(X2) - T(x1) = f(X)

N3mepenrss MOXKHO TPOBOJAUTH KaK B M30TEPMHUECKUX YCIOBHUSX, TAK
U B JUHAMHYECKOM pEKHUME IIpU MPOrpaMMHUPYEMOM H3MEHEHUHU
TEMIIEPaTyphl (KAJIOPHUMETPHI TAaKOTO THIIA HA3BIBAIOT «CKAHUPYIOIIHMI).
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B coBpemeHHbIX TpuOOpax MPEeayCMOTPEHA BO3MOXKHOCTH 3aJ]1aBaTh
pa3JIMuHbIC TEMIIEPATyPHBIE POTPAMMBL.
Jluneunoe nazpesanue/oxnasxcoenue ¢ 3aJaHHONU CKOPOCTBIO:

T= To + ﬁ -1 ,
rae T — Temmneparypa HarpeBarens (Iedd KaJlopHMeETpa), 1o — HadajbHas
TEMIIEpaTypa H3MEPHUTEIbHOM CHCTEMBbI, [ — CKOpOCTb H3MEHCHHS

TeMIiepaTypbl HarpeBarens, t — Bpemsi. CKOpOCTh U3MEHEHHUS TEMITEPATyPbl
MOKET BapbUPOBAThCS B IIMPOKUX Mpeenax.

Pesicum  memnepamypnoi mooynsyuu (TM-DSC). Ha nuneiinoe
U3MEHEHHE TeMIEepaTypbl HAKIIAJBIBAIOTCA MEPUOJUYECKUE KoyieOaHusl,
HarpuMep, CHHYCOU/IA’

T=To+ p-t+Asin(w-t),

rae A — aMmdtyga TeMneparypHoil oCuWUISIUU, W — 4acToTa KoJeOaHui
TeMIlepaTypbl. B 3TOM pexuMe OmpenensieTcs: noiHbl meniogol NomoK —
cpenauii o mnepuony JICK-curHanm, skBuBaieHTHbIH o00baHOMY JICK
CUTHaTYy, W, COAEpXalmuil WHOpPMAIMI0O O CyMME BCEX IMpOIECCOB B
obpazue. Oopamumvlii menio68ou NOMOK — OCHUILTUPYIOIIAsi 4acTh MOJTHOTO
JICK curnana, cojaepskamias HHGOPMAIIMIO O TEIUIOEMKOCTH oOpaslia H
YaCTUYHO O 3aBUCHUMBIX OT TEMIIEpATyphl MpoIEeccax, MPU YCIOBUHU, YTO
Majble KoJieOaHHUS TeMIepaTypbl HE BIHUSAIOT Ha CKOpPOCThH IIpoliecca.
Heobpamumbiii mennogoti nomok — B pexxuMe TeMIepaTypHOH MOAYJISIUN
yacth mnonHoro JICK curnana, paccuuThiBaemasi Kak pPa3HOCTb MEXKIY
MOJIHBIM TETJIOBBIM MTOTOKOM U OOPaTUMBIM TEIJIOBBIM MOTOKOM, COJIEPHKUT
B cebe MHPOpMAIMIO O Mpolleccax, 3aBUCHMbBIX OT BPEMEHH, HO HE OT
MaJibIX U3MEHEHUN TeMIepaTyphl.

TeMneparypHas mnporpamMmMa HU3MEPEHUS TakKXe MOXET ObITh
KOMOUHayuel pasiudHblX memMnepanmypHulx CecMeHmos. U30TEPMUUYECKue,
JUHAMUYECKHE, MOYyJIMPOBAHHBIE.

Bce muddepeniuanbaple CKaHUpyOIIKUe KamopuMerpsl (puc. 2.18)
UMEIOT JIBE U3MEpUTENIbHbIE sAYeWKH. OJHa TNpeJHa3HadeHa IS
uccienyeMoro oopasia, a B Ipyryro — sueiKy CpaBHEHUS, IOMEIIAIOT JIN0O
MyCTOM Twrenb, JHOO TUTENb C OO0pa3lloM CpPaBHEHUS — STaJOHOM
(MHEpTHBIM B 33JJaHHOM  JIMAlla30HE  YCJIOBHIl  BEIIECTBOM, IO
TEIUIOQU3UYECKMM  CBOWCTBaM  ONM3KMM K oOpasmy).  Sdeiiku
KOHCTPYUPYIOT  MaKCUMaJIbHO CHMMETPUYHO  (OJMHAKOBBIC  THIJIH,
OJIMHAKOBBIE CEHCOpBI, OJMHAKOBOE pACCTOSHHUE OT HarpeBaTeds [0
CCHCOpAa U T.J.). DKCIEPUMEHTAILHO M3MEPSETCS BPEMEHHAs 3aBUCUMOCTD
Pa3HOCTH TEMIIEpATyp MEXKIY STUEHKON ¢ 00pa3lioM U SYEHKON CpaBHEHMUSI.
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Puc. 2.18. Cxemaruueckoe uzodpaxenue JJCK.

Teopuss  meroma JICK  coAepX UAT  HECKOJBKO  PA3IUYHBIX
npuOMmKeHnd. B Hynresom npubiudicenuy OMUCHIBAIOTCS CHCTEMBI, B
KOTOPBIX HE MPOTEKAIOT XUMHUYECKHE PEaKInu WK ¢a3oBbie mepexoanl. Ha
CHCTEMY HaKJIaJbIBAIOTCS CIEAYIONMINE OTPAaHUYCHNS

— Crarnmmonapaoe cocrosinue: Q # f (t). He paccmarpuBarorces cuctemsl,
B KOTOPBIX IPOTEKAIOT XUMUYECKUE PEaKIMK WIH (Pa3oBbIe MPEBpAILICHUS,
MIOCKOJIBKY B 3TOM CiIydae BEJIMYMHA TEIUIOBOTO ITOTOKA 3aBUCUT OT
BpPEMEHU.

— U3mepurenbsHas cuctemMa abCOMOTHO CHMMETPUYHAS.

— TeruiooOMeH Mexay 00pa3oM U SIYEUMKON CpaBHEHUSI OTCYTCTBYET.

— He yuuThiBaeTcst mpOX0XKJIECHUE TEIJIOBOTO TOTOKA Yepe3 TPaHUIlbI
pazzena ¢a3z: oOpaser/Turesnb, TUreab/CeHCop, oOpa3er/HarpeBarelb u T. /1.

— YUuTBIBaeTCS TEIUIOEMKOCTh TOJILKO 00pasiia W 3TajoHa (mpu ero
HaIMYMK).  TEIIOEMKOCTh  3JCMEHTOB ~ M3MEPHUTEIBHOW  SYCHKH,
pasnenstomux o0paser] ¥ HarpeBaTelb, He yIUTHIBACTCS.

— [Ipeanonaraercs, yTo U3MepseMasi TeMIlepaTypa paBHa TeMIepaType
oOpasna (He y4YHTBIBAE€TCS NPOCTPAHCTBCHHOE paszjeiicHne olpasina u
TEPMOIIApPHI).

B nepsom npubnusicenuu ycnoBue CTaIIMOHAPHOCTU TEIUIOBOTO MOTOKA
MOXXET HapylmaThCs, T.€. PACCMAaTPUBAIOTCA OOBEKTHI, B KOTOPBIX
POUCXOIAT (Da3oBbIE MEpPexXoabl WM XHMHUYECKHe peaknuu. Ecimu B
oOpaslie MpOTEKaeT peakiysi, OH BBIACISICT WM TOTJIOMAeT TEeIuoTy. B
pesynbpTaTe 00pasyercs JOMOTHUTENBHBIA TEIOBOM MOTOK Q. B ciyuae
sHAOTepMHUUYecKuX TpomeccoB Q; >0, mis 3K30TEpMHUECKUX MPOIECCOB
Q:1<0. B naTOoM ciydae TEIIOBOM MOTOK OT HarpeBarelss K 00pasiry
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omnpenensercss AByMs (DaKkTopaMu: TEIJIOEMKOCThIO oOpasiia U TEeIIoTON
IPOTEKAIOIIEro B HEM TIpoliecca.

Bo emopom npubnuscenuy CHUIMAIOTCS OTPAaHUYCHHS HA CTAlIHOHAPHOE
COCTOSIHUE€ CHCTEMBI, a TakK)K€ YyYHUTHIBACTCS, YTO JaTYMK TEPMOIIAPHI,
U3MEPSIONIEH TeMIiepaTypy, HE pPacrloJio’KeH HEIMOCPEICTBEHHO B 00pasiie
wm StanoHe. OH HaXOAWTCS HA HEKOTOPOM pAaCCTOSHUUW W OTJHEJICH
rpa”HuIiaMu pasnena ¢a3: oOpaseryTuresb, TUrellb/ceHcop. Takum 006pa3om,
u3MepsieMasi  TeMIieparypa  3amas3jblBaeT  OTHOCUTEIBHO  peajbHOMU
TeMIepaTypbl 00paslia.

Jugpepenyuanvusiii ckanupyrowuti karopumemp DSC 204 F1
Phoenix

V3mepennst MPOBOAAT JUISI TBEPABIX OOPa3IlOB TOMEIICHHBIX BHYTPh
ATFOMUHUEBOr0  (KOPYHIOBOI'O, KBapIieBOro, CepeOpsSHOro, IUIATHHO-
POJHMEBOTO, 30JI0TOr0, TATAHOBOT'O WJIM CTaJIbHOTO U JIp.) TUIJA. THUreidb ¢
o0pas3IoM 1 TUTeNb cpaBHEHHS (0e3 00pasiia) ycTaHABIMBAIOT HAa Kapycelb
aBTOMATHYCCKOIO0 CMEHImMKa oOpasnoB (puc. 2.19). VmnpasieHnwue
KaJIOPUMETPOM  OCYIIECTBIISIETCST  4epe3 KOMIBIOTEP C  TIOMOIIBIO
CIEIUATU3HPOBAHHOTO IMPOTPAMMHOTO 00ECITCUCHUSI.

Puc. 2.19. Buemnuii Bua quddepeHmaisHOr0 CKaHUPYIOETo
kanmopumerpa DSC 204 F1 Phoenix

B 3aBucuMocTH OT TpeOOBaHUM H3KCIIEpUMEHTATOpa OOpasIbl MOTYT
HarpeBaTbCs Win oxJaxaarbest co ckopocThio ot 0,001 no 200 K/muH, mubo
BEIJICP)KUBATHCA B HM30TEPMHUUYSCKOM pEKHME. BO0O3MOXHO MpoOBeIcHHUE
U3MEPEHUN B PEKHUME TEMIEPATypHOU MOAYJALUU. TeMneparypHbId
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nuana3zoH uaMepeHuit ot -85 1o 600°C. Bo3zMokHO mpoBeAeHHE U3MEPEHHI
JUISL )KUJKUX OOpaslioB C HMCHOJb30BAaHUEM THUIJIEW CPEIHEr0 M BBICOKOTO
JABJICHUS.

B 00OBIlYHOM »JKCHEpUMEHTE HarpeB MPOUCXOAUT C JIMHEWHOU
ckopocteio (Hampumep 10 K/mun). OueBuIHO, 9TO TIPU 3TOM TeMIlepaTypa
TUTJIS ¢ 00pa3LoM, B OTCYTCTBUE peakuu win (a30BOro nepexona, oyaer
HIoke (TpU OXJaXIEHUH — Hao0OpOT) TEeMIlepaTyphl HarpeBaTeIbHOTO
anmementa (meuw). PasHmma B TemmepaTypax  SBISIETCS [IPHYHHOM
BO3HUKHOBEHHsSI TEIUIOBOTO IMOTOKa (MEpEeHOC PHEPrHH B BUJIE TeIIa OT
MCTOYHHKA TEIUIA — MeYb, K TeIUIONPUEMHUKY — 00pas3err).

Q- %MT)(TW T,

rae Q — TemIoBOH MOTOK, S — IUIOMA/Jb CEYEHHUs TEILIOBOro MoToka, | —
JUIMHA TYTH TeruioBoro motoka, A(T) — K03 PHUIMEHT TEIIONPOBOTHOCTH.
AT=Tuwp - Tusw THE Tuap U Tusy — TEMIEpATypbl HarpeBaTelll H
u3MepsieMoro o0paslia, COOTBETCTBEHHO. BennunHa TEIIOBOro MOTOKA
PETUCTPHUPYETCS C MMOMOIIBIO TepMotap cercopa (puc. 2.20).

r

Puc. 2.20. Cencop nuddepeHinaibHOro CKaHUPYIOIIETO KaJOpUMETpa
DSC 204 F1 Phoenix

Pasnuune B TEmIOBBIX MOTOKAX K siUeiKe ¢ oOpa3lloM M K sYeilke
CpaBHEHHs OyneT 00yCIIOBIEHO IPUPOJON aHATU3UPYEMOTO BELIECTBA!

S
Qcpaeu o Qo6p — T j’ (r )a-o6p o Tcpaen )

WIN
AQ = f(T)AT
Koaddunuent MPOTIOPITMOHATHHOCTH f(T) Ha3bIBACTCS
ko3 unreHToM dyBcTBUTEIbHOCTH. Bemuumna f(T) 3aBucur ot
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TEMIIEpPaTyphl B IMUPOKoOW objactu Temmeparyp. Bunm 3aBucumoctu f (T)
OMPEIEIIAIOT SKCIEPUMEHTAIBHO BO BPEMs KaTUOPOBKH MpUOOpa.

3aBUCUMOCTh U3MEPEHHOTO CBOMCTBA (MOIIHOCTH TEIUIOBOTO ITOTOKA)
OT TEeMIIepaTypbl WJIM BpPEMEHH BBIBOJWUTCS Ha JKpaH KOMIIbIOTEpa W
npeactasisger coboit kpuByro JICK-curnama, puc. 2.21. B pe3synbTate
XUMHUYECKUX WA (PU3NUECKUX MPOIIECCOB, MPOUCXOISAIMINUX C UCCIETYEMbBIM
BEIICCTBOM IIPH HArpeBaHWM, TEIUIOBOM IOTOK HM3MEHSETCS. ITO
oTpaxkaeTcs B nospiaeHnn nukoB Ha curdane JICK, puc. 2.21.

JCK/(mBT/Mr) Wnuterpan /%
3
2.0 A IR o [ J1OO
d 3k30
1.5 80
1.0 + 60
0.5 -40
0 - == 20
| g /," 98.16 [x/r
_0-5 <I ..T__.__—--"I'"_'..____._‘_.__._.__._la‘ . ‘ : _O
60 80 100 120 140 160 180 200
Temnepatypa/°C

Puc. 2.21. Kpussie JICK-curnana

llopsoox pabomvl ¢ oughepenyuanrbHbiM CKAHUPYIOUWUM
kanopumempom DSC 204 F1 Phoenix

Cxema m3mepurenbHoi yactu DSC 204 F1 Phoenix mpeacraBicHa Ha
pucynke 2.22.

Chemyss WHCTPYKIIMSIM  HW3TOTOBHUTENS, TpHOOp JIOJDKEH  OBITH
OTKaTMOpPOBaH C WCIOJIb30BaHUEM CTaHIApPTHBIX 00pasloB B TpeOyeMoM
TEMIIEpaTypHOM  JMAlla30HE C  YYETOM  IUIAHUPYEMBIX  YCJIOBHH
9KCIIEPUMEHTA.
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___ BBIXOJ NPOOYBOYHOTO rasa

cepebpaHad reys
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AR

OXNAKOEHHE a30TOoM

KOHTPOIBHAS TepMOTapa

Puc. 2.22. Cxema uzmeputenbaoii vactu DSC 204 F1 Phoenix

HemnocpenctBeHHo 1mepes; HU3MEpEeHUEM HEOOXOAMMO  BKIIOYHUTH
OCHOBHBIE€ OJIOKM MpUOOpa: KaJOpUMETpP, YCTPOMCTBO CMEHBI 00paslioB U
BHEIIIHEE OXJIAXKIAIOIIEE YCTPOUCTBO. Y CTAHOBUTH MOAAUY ra3a-HOCUTEI,
3alyCTUTh M3MEPUTENbHYIO MporpamMmy. B wu3MepuTenbHOU mporpamme
YCTaHABJIMBACTCS PACXOJ 3aIMTHOTO M TPOAYBOYHOIO Ta3oB (aproH)
paBabId 100 mur/mun u 50 mMiI/MuH, COOTBETCTBEHHO. Pacxom ra3oB MoxKeT
BApBUPOBAThCA B COOTBETCTBMM C 3ajadyamMu  HccliefoBaHus. B
npoboaepxkarens JICK ¢ momoripio ycTpolcTBa aBTOMAaTHYECKOW CMEHBI
00pa3lloB YCTaHABIMBAIOT ATAJIOHHBINA TUTEINb, HE COAEpKAIIUNA 00pasua, C
ONPECCOBAHHOM KPBILIKOW, npu HEO0OXOANUMOCTH MIPOBOJSAT
aBTOMATUYECKYIO0 mepdopannio KpbIky TUris. O0pazen uisi ©3MepeHust
maccorr 1-50 mr c¢ momompro mTOonepa TMOMEMAETCSs B TUTENh H
paBHOMEPHO pacmpezensercs no auy. KpymnHsie yacTuiibl oOpasiia JOJKHbBI
OBITh TTPEABAPUTEIILHO U3MEIIbUEHBI JI0 MOPOIIKOOOPA3HOT0 COCTOSTHUS WU
pa3pe3aHbl Ha MaJIEHbKHE KYCOYKH, ITOMEIIAIONIMECS B HCIOJIb3YEMbIN
turenb. He pomyckaercss wuccienoBaHue oOpas3lioB HECTAOWUIIBHBIX MPHU
KOMHATHOM TEMIIEPATypPE WM COJAEPIKALIUX JETYUYHE KUIKAE KOMIIOHEHTHI
B BHUIE OTAENbHOM (a3el, 00pasloB, pasiararoluxcsi CO B3pPBIBOM,
BCIICHUBAIOLMXCSl C YBEJIMYEHHEM o0ObeMa Ooiiee, 4eM B 5 pa3, a Takke
PaIMOaKTUBHBIX 00Pa3IlOB.

[Tocne 3arpy3ku o0Opa3lia B HM3MEPUTENIbHBIN TUTEIb KPBIIIKA
ONPECCOBBIBAETCS. € TMOMOIIBIO  CIEIUATU3UPOBAHHOIO Mpecca JUist
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XOJIOAHOW CBapKW. YCTaHOBKA THUTJIEH B TPOOOAEpKaTeNh MTPOU3BOIUTCS C
MOMOIIBIO YCTPOMCTBA CMEHBI 00pA3IOB, MPU HEOOXOJUMOCTH TPOBOAST
aBTOMATUYECKYI0 Tiepopanuio Kpbimku TS, Clemyss HHCTPYKIIHH
U3TOTOBUTENSI TPUOOpa W YCIOBUSAM HW3MEPEHHS, 3a7al0T Iporpammy
U3MEPEHUS U 3aIyCKaIOT U3MEpPEHHE.

Oo6paboTka pe3yJIbTaTOB U3MEpEHUS MIPOU3BOIUTCS B
cnenuann3upoBanHoit nporpamme «NETZSCH Proteus — Tepmuueckuit
aHaJIM3», TIOCTaBIsIEMO C MPUOOPOM, B COOTBETCTBHH ¢ PykoBOACTBOM
MOJIb30BATEIIS.

PaGora 2.3 OnpeaesieHue JHTAJIBINA MJIABJIEHUS WHIAUS

Bospmute HaBecky wuHaus Maccout 10-15 mr u momecture ee B
ATIOMUHHUEBBIA TUTENb. YCTAaHOBHUTE THUTEIh C O0pa3lOM U ATATOHHBIN
TUTEb B TIPOOOIep)KaTeNh, KaK OMKMCAHO BBINIE. 3a/laliTe TeMIlepaTypHYIO
nporpaMMmy u3MepeHus. ckopocth HarpeBa 10 K/mmu, nmamazon
temriepatyp 0 — 180°C. M3mepenns He0OX0IMMO TPOBOIUTH HE MEHEE TPEX
pas, WA ATOTO MOCJE KAXKJAOTO0 PeKMMa HarpeBa CleAayeT yKazaTh PEKUM
oxnaxaeHus 1o 0°C m pexxum oxumaHus (M30TEPMUUYCSCKUN PEKUM) HE
menee 15 munHyT npu Ttemneparype 0°C. Ilo okoHYaHWM H3MEpPEHUS
nepeMTe B MporpaMMmy aHaiu3a AaHHbIX. OmpenenuTe TeMIeparypy |
DHTAIBIIMIO TUIABJICHUS IO 2-0My M 3-eMy u3MepeHusiM. llomydeHHbIe
CpeIHUE 3HAYCHHSI CPABHUTE CO CIIPABOYHBIMU JTAHHBIMHU.

Pa6ora 2.4 OnpeaesieHne TeMnepaTypbl CTEKJI000pa3HOro nepexoaa
noJjuMepa

Bospmute HaBecky mommmepa maccod 5-10 Mr um momectuTre ee B
ATIOMUHHUEBBIA TUTENb. YCTAHOBHUTE THUTEIh C OOpa3lOM U ATATOHHBIN
TUTEIb B TIPOOOIep)KaTeNh, KaK OMKMCAHO BBIINIE. 3a/laliTe TeMIlepaTypHYIO
nporpaMMmy u3MepeHus: ckopoctb HarpeBa 10 K/muH, auanazoH
temneparyp — 60-100°C, pexxum TeMrepaTypHOH MOAYJSAIUU (aMIUTHTYIa
0,5°C, mepuon 60 cexkynna). 3mepenuss HeOOXOAMMO MTPOBOIUTH HE MECHEE
TpeX pas3, JJIA OTOTO TOCIe KAKIOTO PEeKMMa HarpeBa CieayeT yKasaTh
peoxkuM oxnaxacHus g0 —60°C u pexum oxugaHus (M30TCPMUUCCKUN
pekuM) He MeHee 25 muHyT npu Temneparype —60°C. ITo okoHuaHUHU
U3MEpPEHHUsl TiepeluTe B TMporpamMMmy aHaiau3a JaHHbBIX. Onpenenurte
TEMIIEPATYPY CTEKIO0OpPa3HOrO MEpexojia B MOJUMEpPE Mo 2-0My U 3-eMy
WU3MEPCHUSIM.
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2.3. CoBMemeHnblit Tepmudeckuii anaaus (CTA)

VicxomHOW TOYKOW TIOSIBJICHUS CAaMOTO MPUHINIA TEPMHUIECKOTO
aHanu3za MOxHO cuutaTh 1887 r. Torma stoT meTon Obul mpumeHeH Jle-
[laTtenbe A UCOIBITAHUS TIIMHUCTBIX MUHEPaIOB. Hebombiioe Koau4ecTBo
TJIMHBI C PAaBHOMEPHOU CKOPOCTHIO OBICTPO HArpeBajoCh O TEMIIEPaTyphbl
1300 K, B To Bpemsa kak Jle-lllaTenbe ¢ mOMOIIBIO BIOXKEHHOW B MPOOY
TEepMOTaphl U TOJKIIOYCHHOTO K €€ KJIeMMaM rajbBaHoMeTpa Habmo1an 3a
TE€M, B KaKOW CTENEHW Temreparypa MpoObl CIeAyeT TeMIy HarpeBaHWUS.
Pe3ynbTaThl u3MepeHusi ObLIM 3aperucTpupoBaHbl (hoTtorpadupoBaHUEM
yepe3 paBHOMEPHBIE MPOMEKYTKA BPEMEHH Y3KOW CBETOBOM ITOJIOCHI,
OTpaXEHHOM Ha (OTOIJIACTUHKY OT 3€pKaja TrajlbBaHoMeTpa. Meron
BHavajge ObUT TMPUMEHEH IO MPEeMIOKEHUI0 YuibsiMa AycTeHa Jyis
U3Y4YEHUsl AMarpaMM COCTOSIHUSI METa/JIOB M CIUIABOB, a 3aT€M MPHUMEHEH
Banmaxom myis wicnibITaHus TIIMHUCTBIX MuHepajoB u mopoxa. C 1939r.
METOJ TEPMHUUYECKOTO aHAJIN3a MIPUMEHSICTCS JIJIsl MCCIEAOBAaHUS HApaBHE C
PEHTT€HOBCKUMH MCCJICIOBAHHSIMHU.

B Hacrosimee BpeMs IIMPOKOE  PACIPOCTPAHEHUE  TOTYTHII
COBMEIIEHHBIM TEPMHUUECKUN aHaIU3 — OJHOBPEMEHHOE MPUMEHEHUE JABYX
win 0ojiee METOJIOB aHanu3a Ha ogHoM oOpaszie. CTA coueraer B cebe
OpeuMyIlecTBa  TEPMOrPaBUMETPUUYECKOTO aHaiamn3a (TT'A) u
BBICOKOTEMITEpaTypHOU nTudPpepeHIInaIbHON CKaHUPYIOUIEN KaIOpUMETPUU
(ACK). Kommneke nmpr6opoB CTA MOXKET TakKe JTOIMOJHATHCS CUCTEMaMHU
aHaJIN3a BBIACISIONINXCS Ta3000pa3HBIX MPOAYKTOB (Macc-CIIEKTPOMETPHS,
WK-criekTpocKomnust u ap.)

TepMmorpaBuMeTpuvecKuii aHAIU3

TepMmorpaBuMeTpuvecKoe HM3ydeHHE, HapSAAy C KaJOPUMETPHUECKHM
UCCIICJIOBAHUEM, TPEACTABIACT €000 3(P(EKTUBHBIA METOJ PpEIICHUS
MHOXXECTBA HAYYHBIX M TMPAKTHUYECKUX 3amad. B ero ocHoOBe JeXHUT
U3MepeHne yObUTH MacChl 00pasiia Ipyu CKaHUPOBAHWU TeMIiepaTypsl. [Ipu
3TOM PETUCTPUPYIOT UHTETpAIbHBIC U AU ()epeHIInATIbHBIE KPUBBIE TTOTEPH
Macchl 00pasia Kak (PyHKIIMH OT TeMIIepaTyphl WU BpEMEHH, puc. 2.23.
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Puc. 2.23. TepMorpaBUMeTpUICCKUE KPUBBIC: a) MHTETpAIbHAS

3apucumoctbh Am = f(T) (TI'-kpuBas); 0) nuddepennmanbHas 3aBUCUMOCTh
dm/dt = f(T) (JATI -kpuBas)

Ecnu mporecc u3MEHEHHST MacChl HJAET IOATalHO, C TOMOIIBIO
WHTETPaJIbHON KPUBOW MOXKHO HAOJIIOAATh COOTBETCTBYIOLIUE KCTYIEHU.
HuddepenuuanbHas KpuBasi, OTpaxarollas 3aBUCUMOCTh CKOpPOCTH
U3MEHEHHSI MacChl OT BPEMEHM, MO3BOJSET YeTYe HUIACHTU(PUIINPOBATH
HaJu4yue neperuoos, a  TakKxe ONpeAeIIsITh TEMIIepaTypy,
COOTBETCTBYIOIIYIO MaKCUMaJIbHOW CKOPOCTH Tpoliecca.

TepMmorpaBUMeTpUYECKOE M3YyUYEHHE [I03BOJISIET BBISIBUTH 00JACTH
TEPMUYECKOW CTAOMJIBHOCTH XMMHUYECKUX COCIUHEHHUM, pPa3IUYHBIX
KOMIUIEKCOB W MaTepuajoB WA, HAO0OOpPOT, SBJISETCS HCTOYHUKOM
CBEJICHUII O TeMIleparypax, HpU JOCTUKEHUH KOTOPHIX HAUYMHAIOTCS
MPOIIECCHI IECTPYKIIUH, OKUCICHUS U UCTIAPEHUS.

Ucxons w3 aHanu3za TEpMOTPaBUMETPUUYECKUX KPHUBBIX, HWHOI/A
yAaeTcsl U3YYUTh TEPMOKHMHETHKY IIPOLIECCOB, MPUBOJAIIMX K MOTEpe
Macchl, MOCKONbKY auddepeHianibHas KpuBas — 35TO 3aBUCHUMOCTb
CKOPOCTH TpoIiecca OT TEMIIEPATyphl, a UHTETpaJIbHAsT — HEMIOCPEACTBEHHO
OTpakaeT BIUSHUE TEMIEPATYPhl HA CTEIIEHb KOHBEPCHUHU.
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CoBMenieHHBbIN MeTOA TepMOrpaBuMeTpuu 1 (uddepeHunanbHON
CKAHUPYHIEH KAJOPUMETPUH ¢ MAaCC-CIIEKTPOMETPHYECKHAM
omnpesejieHneM ra3o00pa3HbIx npoaykTos pasioxkenus (TT'/JJCK/MC)

Meron coBmemenHnoro TI/ACK/MC ananmu3a TpuMeHsIeTCS IS
OTPENICNICHUS] TIapaMEeTPOB TEPMOCTAOMILHOCTH OO0pa3lloB. HayajbHas |
KOHEYHasl TeMIEpaTypbl pa3ioKeHUsl, TEeMIlepaTrypa, COOTBETCTBYIOIIAS
MaKCHUMAaJIbHOM CKOPOCTU Pa3JIOKEHUS, SHTAJIBIINS MPOIECCa Pa3JIOKECHUS;
JUISL  ONpENENCHUs] TEeIUIOPU3NYECKUX CBOWCTB OOpa3loB: yjAelbHas
TEIJIOEMKOCTh, TeMmIepaTypa (a3zoBOro mnepexojaa, SHTAIBINU (Pa30BbIX
nepexonoB. Conpspkenue TI/JICK ananmuzatopa ¢ Macc-CeKTPOMETPOM
(MC) mo3BoJISET ONPEACIIATh COEpKaHUEe B 00pa3sie ¥ UACHTU(UIINPOBATD
JETy4Yre BEIIeCTBa, JJOOABKM W HAINOJHHUTEIN, HCIAPSIOMUXCS WU
o0pa3yIonmxcs B YCIOBHX dKcrepumenTa (puc. 2.24).

Puc. 2.24 ®otorpadus coBmemennoro TI'/JICK Tepmoananuzatopa STA
449C Jupiter (cieBa), CONPsHKEHHOTO C KBaPYITOJIBHBIM Macc-
cuexrpomerpom QMS 403C Aeolos (cripaBa)

IIposedenue usmepenuii ¢ nomowvio komnaexca STA 449C Jupiter u

QMS 403C Aeolos

TepMoaHanmu3aTop JOMXKEH OBITh OTKAIMOpOBaH 1O  Macce,
TeMIeparype U TEIIOBbIM 3(P(EeKTaM C HCHOJH30BAHUEM CTAHIAPTHBIX
00pa3IoB COrIaCHO PYKOBOJICTBY MOJIb30BATEIIS.
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JIJ1st KOTMYeCTBEHHOTO aHaIN3a ra3000pa3HbIX MPOAYKTOB PA3JIOKEHUS
C TIOMOIIBIO KBaJPYIOJbHOrO Macc-criektpomerpa QMS 403C Aeolos
TpeOyeTcss KaauOpoBKa Bced cucTeMbl. J[Jisi 3TOro 4epe3 yCTpPONCTBO
PulseTA® (BxoauT B cocTaB puOOpa) MOABOAUTCS H3BECTHOE KOJIMYSCTBO
raza WJIM 4Yepe3 YCTPOMCTBO JJIss BBOJA JKHIKHX Mpo0 (MHXKEKTOP)
MUKPOIIIPUIIEM BBOJMUTCS W3BECTHBINM 00beM kuAKOCTH. [locie BBemeHms
oOpasenr raza WM >KHAKOCTH TOIMAaJaeT B TOTOK IPOIYBOYHOIO Trasa
cucTeMbl TepmoaHanu3atopa STA 449C Jupiter u BBOAHMTCS B
KBaJIpyMoOJabHBIA ~ Macc-criektpomerp QMS  403C  Aeolos. 3arem
UHTETPHUPYETCS PETUCTPUPYEMBIN CUTHAJ PE3YIbTUPYIONIETO UMITYIbca. [1o
JaHHBIM, TIOJYYCHHBIM JUISI HECKOJBKHX TIPO0 Pa3IMYHOr0 o00heMa,
CTPOUTCS TPATyHUPOBOYHBIN T'paduK IS aHATM3UPYEMOTO BEIECTBA WIIH
cMecu BemiecTB. KamnOpoBKYy MOXHO MPOBECTH OTICIBHO WM BO BpeMsI
aHanu3a oopasiia.

W3mepennsi TPOBOASATCS C HCIOIB30BAHWEM THIJICH Pa3IWnIHOTO
o0beMa, BBITIOTHEHHBIX W3 QIIOMUHHUS, KOPYHJIA, TUIATHHO-POJIUEBOTO
CIUTaBa, 30JI0Ta, B 3aBUCHMOCTH OT TEMIEPATYPHOTO AMANa30Ha U3MEPCHHIH,
IPONYKTOB  pAa3jOKEHHWsT W  cocraBa  00pas3ioB. Beibop  Turis
OCYIIECTBIISIETCS B COOTBETCTBHH ¢ MHCTPYKIIMEH TTPOM3BOIUTENS Mpubopa
0 COBMECTHMOCTH MaTeprajia TUTJIS ¢ Pa3INYHBIMHU BEIECTBAMH.

Crnenyst MHCTPYKIIMA U3TOTOBUTENS MPUOOPA, TIPOBOIAT U3MEpPEHUE B
pexume «Koppekmus» ¢ TpeOyeMbIMH YCIOBHSIMH W3MEPEHHUS, HO B
OTCYTCTBHUHM 00pa3lia, AJis ModydeHust 0a30BOM JINHUM.

Jlngs  wm3MepeHus UCIOIL3YIOT oOpas3mel Maccoi: 1-50 wmr. He
JOMYCTUMO HCIOJb30BaHUE OOpa30OB HECTAOMJIBHBIX MPU KOMHATHOMU
TEMIIepaType WU COJEpKaIllMX JETydhe KHUIAKHEC KOMIIOHCHTHI B BHJIE
oTmenbHONM  ¢a3el, 0o0pasmoB,  pasjaralolmUxcs CO  B3PBIBOM,
BCIICHUBAIOIIUXCS C YBEIMYeHHEM oObema Oojee, yeM B 5 pa3. OOpazerr
3arpy’kaeTcsi B TUTEIh M PAaBHOMEPHO pachpeiessieTcsl Mo JHY. |urenib
3aKpBIBACTCS  KPBIIKOW ®, B  ClIy4ae  aJlOMHHHUEBOTO  THIJI,
ompeccoBbiBaeTcs. [Ipu HCONB30BaHUN ATFOMUHUEBBIX TUTJICH, B KPBIIIKAX
IpEABAPUTEIBHO JIOJDKHBI  OBITh  TMPOJACIAHBI TPU  CHMMETPHYHBIX
orBepcTusi, amameTpoM 0,5 MM Kaxgoe. YcCTaHaBIMBAeTCS CKOPOCTH
nojayM 3amutHoro (25 mi/muH) u npoayBodHoro rasza (50 mi/mun), kKak
npaBWjIo, OATO aproH. Twurems ©O0e3 oOpasma yCTaHAaBIWBAEeTCS B
npoOojepKaTeb W TOCJIe YPaBHOBEIIMBAHUS BECOB WX TOKa3aHMSI
oOnymstorcs. I[lpu HEoOXOAMMOCTH WCHONB3YIOT TMPOIEAYPY 3aMEHBI
BO3IYITHOW CpeIbl BHYTPH II€YM MPUOOpa HA HWHEPTHYIO aTtMochepy
(aproH). B3pemmuBaHue oOpa3siia OCYIIECTBIISICTCS C IIOMOIIBI0 BHYTPEHHUX
BECOB Ipudopa.

Cnenyss WHCTPYKIIMM  H3TOTOBUTENS  mpubopa H  yCIOBHIM
OKCIICPUMEHTa, 3aJaf0T IIporpaMMy H3MEPEHHsS. YKa3bIBalOT PEKUM
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paboThl  Macc-CIEKTPOMETpa:  PETUCTpals YacTUIl C  3aJaHHbIM
COOTHOIIIEHUEM Macchl K 3apsimy (M/Z) wim perucrpanus BCeX YacTHI] B
yKa3aHHOM JIMala30He M/Z, yKa3bIBalOT CKOPOCTh HarpeBaHus (Kak
npaBwio, 4 wm 10°C/mun). [Ipn HEOOXOAMMOCTH B MPOTPAMMy MOXKET
OBITH BBEJICH M30TEPMUYECKUM CETMEHT.

W3mepenrie HaYMHAIOT TMOCJIE YPAaBHOBEUIMBAHMUS TEPMOBECOB U
MOJIyYEHUsl pa3pelieHusi OT MPOrpaMMmbl MOATOTOBKM u3MepeHus. [locne
OKOHYAHMS BBIMIOJHEHUS] MPOTPAMMbl U3MEPEHHUS M OCTBIBAHMS IE€UYU J0
KOMHATHOM TEMIIEpATyphl, TUTEIIb C 00Pa3I[OM U3BJICKAIOT U3 JIEPIKATEIIS.

O6paboTka pE3yIbTATOB U3MEPEHUS MIPOU3BOJIUTCS B
cnenuamm3upoBadHor mporpamme «NETZSCH Proteus — Tepmudeckmit
aHaJIN3», MOCTaBIIIEMON C MPUOOPOM, B COOTBETCTBHHM C PyKoBOACTBOM
nosnb3oBatens. [Ipumep pesynabrata TI/JICK/MC ananuza mpuBeneH Ha
pucyHke 2.25.
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Temperature /°C

Puc. 2.25. Pesynwratel TT/ACK/MC ananu3a
Pa6ora 2.5 N3yueHue pa3iio:keHUs KPUCTALIOTHAPATA CyJbdaTa Meaun

Bo3bmuTe HaBecky TMOpOIIKa KpHUCTaJIoTUapaTa cylbdata Meau
maccoit 5-10 Mr u momectuTe ee B aNOMUHUEBBIM TUredb. C MOMOIIBIO
NUHIIETa YCTAaHOBUTE THTEIh C O00pa3lloM M OTAJOHHBIA THUTEIh B
npoOojiepxKaTenab. 3aJaiiTe TeMIEpaTypHyK NporpaMMmy HU3MEpPEHUs:
ckopocth HarpeBa 10 K/muH, nuamazon temmneparyp 30 - 400°C. Ykaxwure
pexuM paboThl MacC-CIIEKTPOMETPA: PETUCTPAIUS YACTHUIL C COOTHOIIIEHUEM
Macchl K 3apsny paBHbiM 18. Ilo OokoHYaHMM H3MEpEHUs MepeuuTe B
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MporpaMMy aHajin3a JaHHbIX. PaccuWTalte COIep)KaHUE BOABI B
KpUCTALTIOTHApPATE HA MOJb Cyib(daTa MelU, ONPEIEIUTE YUCIIO CTYIEHEN
PA3J0XKEHUS WU KOJMYECTBO BOJIbI YXOIAIIEHM W3 KPUCTALIOTHApATa Ha
KaKJIOU CTAINU.

PEKOMEHAYEMAA JIUTEPATYPA:

1. Kypc ¢usuueckoit xumuu / Ilog pen. I'epacumoa S1.M. M.. Xumus,
1969. T.1.

2. OtkuHc 1. Ousngeckas xumus. M., Mup. 1980. T.1.

3. Xemmunrep B., Xene I'. Kamopumerpuss Teopus m mpaxtuka. M.:
Xumus, 1989.

4. Kanbe D. Mukpokaiopumetpus. [IpumeHenue B pu3ndeckol XUMUU U
ouonorun. M.: M3paruraiur. 1963.

5. Youmnanar Y. Tepmudeckue meToasl aHanu3a. M.: Mup, 1978.

6. CxyparoB C.M., Konecos B.II., Bopooser A.®D. Tepmoxumus. Yacts 1,
2. M., U3n-Bo MI'VY, 1964, 1966.
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3. TPABUMETPUYECKUE METO/bI
IIbe303/1eKTPHYECKHE CEHCOPBI THIIA KBapueBbIX MuKpoBecoB (QCM)
Ipunyun pabomul K6apyesvlx MUKPOBECO8

OCHOBHBIM 3JIEMEHTOM IPHUMEHSIEMOTO B HACTOSIIEH J1a0OpaTOpHOIt
paboTe MacCOYyBCTBUTEIBLHOIO CEHCOpA SIBISICTCS TMHhE303JICKTPUUCCKHI
pezonarop, puc. 3.3. OH TpencTaBisieT COO0W MPAKTUYECKUA KPYTIYIO
kBapieByto miactTuHKy (d = 13,6 mm). C 1ByX CTOpOH Ha €€ MOBEPXHOCTH
HAXOJATCS DJICKTPOJIbI, BBIMOJHCHHBIC M3 HWHEPTHOrO MeTamia (Xpom),
MOKPBITHIC CBEPXY TOHKUM CJIOEM 30JI0TA.

<— KBapueBas 11acTuHKa

Mertamnnueckuii
3JIEKTPOL,
HOKPBITEIN 30JI0TOM

Puc. 3.3. IIse30351eKTpruecKuii KBapIEeBbI pe30HATOP

[Ipu HamoxkeHUn pa3HOCTU MOTEHIMAJIOB HA JJIEKTPOJAbl T'€HEpaTOpa,
KBapIeBasl IJIACTUHKA MONAaAaeT MO/ BO3JAEHCTBUE AIEKTPUUECKOTO noJisi. B
pe3yJibTaTeé ATOTO0 B HEW BO3HUKAET OOpaTHBIM MbE303JIEKTPUUECCKUN
abdexT, 3akmoyvarIIMiics B MeXaHWueckol gedopmanuu  camoi
IUTACTUHKUA: TIPOUCXOAUT CMEIICHUE TOBEPXHOCTEW IUIACTUHKU ApPYT
OTHOCHUTENIBHO Jipyra (nedopmarius caBura).

Yactora konebaHMi KBaplIEBOrO pe30HATOpa CBsi3aHa C Maccou
HAHECEHHOTO Ha €ro MOBEPXHOCTh MOKPBITUS. DTy 3aBUCUMOCTb ONKUCHIBAET
ypaBHeHue 3ayspOpes (Sauerbrey):

2f 2
A =——220 _ Am
AJu-p,
31ECH Af — HW3MCHCHHUEC YaCTOTHI KOHC6aHI/I$I NBbC303JICKTPHUICCKOI'O

pesonaropa ('), fo — ero cobcTBeHHas yactora KojeOaHui, A — IUIOMIAdb
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MIOBEPXHOCTH 3JIEKTPOAOB, Oy — INIOTHOCTH KBapua (2.65 r/CM3), U — MOIYJIb
cieura kBapra (2.95+10" mue/cM®) 1 AM — H3MEHEHHe Macchl pe30HATOpaA
Py HAHECEHWW TIIOKPBITUS WM TPU CBI3bIBAaHUM cyOcTpaTa. Pamuyc
JIGKTPOJA PE30HATOPOB MPHUMEHSICMBIX B HACTOSIIEM IPAKTHKYyME
cocraBisgeT ~0.2553 cm, cobcTBenHas yacrora koiaebanmii — fo = 10 MIm.
Ecnu penientop HaHeCeH Ha LEHTP 30JI0THIX AJIEKTPOIOB, TO JIJIs KBAPIEBHIX
pe3oHatopoB ¢ yactoToit fy = 10 MI'1 BeimomHseTcs cooTHomenne Af /Am ~
1 I'/Hr.

VYpaBHeHue  3ay3pOpess  KOPPEKTHO  ONKMCBHIBACT  3aBHUCHMOCTH
U3MEHCHHS YaCTOThI PE30HATOPa OT M3MEHEHHMS €r0 MacChl IIPH HaHECCHHH
HOKPBITHI ¢ TOMIUHON 10 150 HM JuIsi KPUCTAIIMYCCKHUX BEIISCTB WM JI0
80-100 HM mJ1s1 57TaCTHYHBIX TTOJTMMEPOB.

llopsoox pabomur ¢ QCM-cencopom

IlepBbIii 3Tam — NOATOTOBKAa K pabOTe H3MEPUTEIHLHOW SUCHKHU.
HeoOxomumo (1) mTpoMBITH IMOBEPXHOCTh KBapIEBBIX PE30HATOPOB
OpraHUYECKUM PacTBOpUTENEM, (2) BEICYIIUTH PE30HATOPHI B TOKE TEILJIOTO
BO31yxXa, (3) YCTAaHOBUTH MX B KPBINIKY HM3MEPUTEIBHOW YacTH CEHCOpA,
puc. 3.4, (4) 3akpbITb 3TOH KPBIMIKOW CTCKISHHYIO IWIHHIPHUYICCKYIO
sueiiky npubopa oobemom 53 M, (5) BKIIOYUTH OJIOK MUTAHUS CEHCOPOB,
(6) BKJIIOYUTH JKUIAKOCTHBIM TepMOCTaT W KoMIbloTep, (7) 3amycTUTh
nporpamMmmy o0pabotku curHanoB QCM-cencopos (Timer), (8) onpenenuts
Pa3HOCTh YacTOT PabOYero W OMOPHOr0 pe3oHATOpoB AF s KaxIoro
pabouero kaHaja.

Puc. 3.4. IsmeputenbHas yacth yeThipexkanaibHoro QCM-cencopa

Benuunnsl AF oToOpakaroTcsi pa3HbIMH IIBETAMU B MPaBOM BEPXHEM
yIIIy OKHa JTHarpaMMbl HA MOHUTOPE KOMITBIOTEPA.
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BTopoii 3Tan paboThl 3aKII0YaeTCS B HAHECEHHUH CJIOS PeIenTopa Ha
MOBEPXHOCTHh KBApIIEBOTO pe3oHaTopa. PemenTop HAaHOCHUTCS C TTOMOIIBIO
MUKPOIIIPHUIA B BUJE pa30aBICHHOTO PacTBOpa B JIETYYEM PaCTBOPUTEINE
HA [EHTPaJIbHYIO YacTh 30JIOTBIX dJeKTpomoB. I[lpm »stom wuria
MUKpOIINPUIIA HE  JODKHA  KacaTbCs  TMOBEPXHOCTH  AJICKTPOJA.
KonrnenTpanuio pactBopa U €ro 00beM pacCUYUTHIBAIOT TaK, 4TOOBI yOBUIH
Af yactoTel pe3onaTopa cocrapisia npumepHo mo 1000 ' Ha mokpeITHE,
HAHECEHHOE Ha OJWH JJICKTPOJI, MOCJIe CYIIKHA B TOKE TEIUIOTO BO3TyXa JI0
MOCTOSTHHOW 4YacToThl. OOBEeM pacTBOpa OOBIYHO COCTaBisieT 1 MKII, HO
MOXKeT OBITh OoJbIlle JUIsi MaJopacTBOPUMBIX BemiecTB. DoTorpadus
TEE30JICKTPUUYECKOTO PE30HATOPA C TOKPBITHEM TIpe/icTaBlIeHa Ha puc. 3.5.

3arem omnpenensoT BeawuuHy Af  mus kakmoro  pe3oHaTopa,
COOTBETCTBYIOIIYIO Macce€ HaHECEHHOTO PEeIeNnTopa, M0 Pa3sHOCTH BEIHMYUH
AF, I3MepeHHBIX JI0 U TIOCIIe TPUTOTOBIICHUS TTOKPHITHSI.

Tperuii sTanm COCTOMT B M3YyYCHUU CBS3BIBAHUS IapoOOpPa3HOTO
OPTaHMYECKOTO BEIIECTBA CJIOEM PEIENTOpPa, OMPEILICHUE CTEXUOMETPUU
KOMILIEKCca  cyOcTpar-perientop  (FOCTh-XO3AWMH)  TPH  SAMHUYHOHN
aKTUBHOCTU CyOCTpaTa, WId ONpPEeAEeICHUN OTKIIMKA CEHCOpa MPpU 3aJaHHON
KOHIIEHTpaluu napoB cyoctpara. C 3TOM LEIbI0 YCTAaHABIUBAIOT KPBIIIKY
(2) (puc. 3.6) ¢ pe3onaropamu (3), Ha KOTOpPHIC HAHECEHBI CJIOU
PEIEenTOPOB, B MYCTYIO CTEKJISIHHYIO sSTYeiiKy npuOopa, puc. 3.6, BKIIOYAOT
€ro, Kak OIHMCAHO BBINIE, W JOXKHUIAIOTCA YCTAaHOBKA PABHOBECHS TIpU
3aJJaHHOW TeMIIeparype.

Puc. 3.5. CneBa: mbe303IeKTPUUECKUI pe30HATOP, CIIPaBa; YBETUYCHHOE
n300paxeHne NOBEPXHOCTHU 30JI0TOTO 3JIEKTPOAA, C HAHECEHHOW Ha
MMOBEPXHOCTh IUICHKOW KAJIMKCApEHA
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Puc. 3.6. Cxemarnueckoe n3o0pakeHre s4eiK MacCOUyBCTBUTEIHHOTO
ceHcopa

st Toro 4yToOBl MOXKHO OBLUIO HaOMIOAATh 3TOT MPOLIECC, a TaKKe
MpOIECC CBA3BIBAHUS CyOcTpara perentopoM B rpadUueckoM BUJIE,
IOJIL3YIOTCS CPEJCTBAMHU MPOTPaMMBI TIMEr, OMMCaHHBIMU HUXE. 3ajaiTe
NOAXOJAIINE TMapaMeTpbl TpapUUECKOro OTOOpaX)eHUs 3aBUCUMOCTHU
4acCTOThI pE30HATOPOB OT BPEMEHM.

[Tocne mocTukeHus paBHOBECHUS YCTAaHOBHUTE B HyJb 0a30BYIO JIMHHUIO
KaXXJI0r0 U3 pabounX CEHCOPOB W MEPEBEAMTE IporpamMmy TIMEr B pexkum
3aMucH pe3ysibTatoB u3Mepenuid. [Ipumepno uepes 30 cex BBeIUTE KUIKHI
rocTh (4) uau uccaeayeMblii PacTBOP Ha JIHO CTCKJISTHHOW SIMEUKH Iprdopa
¢ momoribio Mukpormpuia (1), puc. 3.6. KonmmuecTBo XHIKOTO TrocTs,
HEOOXOJIUMOTO JUIsl CO3JaHUsl B SYEHKE €ro HachIIIEHHOTO Tapa,
pacCUMTHIBAIOT HAa OCHOBE JIAaHHBIX O MapiuajlbHOM  JIaBJICHUU
HACBIIIEHHOTO Tapa TOCTS MpH TeMIlepaType SKCIEepUMEHTa U 00beme
SAYECUKH.

Korma 3amanHoe  BpeMs  HM3MEpPEHHMS  MCTEYET, MporpaMma
aBTOMATUYECKHU YAAIUT C dKpaHa rpaduk C MOITYYEHHOM 3aBHUCHUMOCTHIO
YacTOThl PE30HATOPOB OT BPEMEHH, 3aMMIIET €ro B (hailli U MPOJOIKHUT
oTOOpa)kaTh TEKYIYI0 YacTOoTy B HU(POBOM U TpauyecKOM BHUJE B
pexrMe MOHHUTOpA — 0€3 moclieyrollei 3anucu B (aiiin. Beikmtounte 00K
MUTAHUS TEHEPATOPOB TOKA MEPEMEHHOMN YacToThl. OTKpoiTe Mpudop, CHSIB
KpPBIIIKY C PE30HATOpaMH. Y JAAJIUTE CBS3aHHBIA «TOCTh» MPOAYBKOU
TerbIM Bo3ayxom (40°C).
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B otmenpHBIX ciydasx g OoJjiee MOJHOTO YAAJIEHUS CBA3aHHOTO
«roCTSI» HEOOXOIMMO BBIAEPKATh PE30HATOPHI B HACHIIICHHOM Tape
3TaHOJIa B Te€UeHUE 1 MUHYTHI U 3aT€M BBICYIIINTE WX KaK OMMKMCAHO BHIIIIE.

[lo oOxOHYaHWM OKCIEPUMEHTAa pe3yJbTaThl HW3MEPEHUN MOKHO
ummnoptupoBath B MS Excel u oOpaborars. Ilo OTHOIICHHIO BEIUYHH
yOBLIM YacTOT Pe30HATOPA, 00YCIOBICHHBIX MAacCCOW CBSI3aHHOTO CyOcTpaTa
¥ Maccoil perenrtopa, MOXHO PacCUUTATh YYBCTBUTEIHLHOCTh pPEIENTOpa K
cyOcTpaTy TIpH 3aJlaHHOW aKTHBHOCTH (OTHOCHUTEIIBHOM  JIaBJICHWH)
NOCNEAHETO WM  CTEXHOMETPUI0 KOMIUIEKCA, €CIH  JIKCIEPUMEHT
IPOBOJIMJICS TIPU €AMHUYHON aKTUBHOCTH CyOcTpaTa.

Onucanue npocpammer Timer

[Iporpamma Timer mnpenHa3HayeHa JUIsl OTOOpPaKEHUS HA DKpaHe
KOMITbIOTEpA W 3alIMCH CUTHAJIOB pabOUYMX CEHCOPOB B TEKCTOBBIN (hailnl B
BHJIC TAOJUIBI C 3aBUCHUMOCTBIO Pa3HOCTH YacTOT pabOYMX M OMOPHOTO
pesonatopoB Af (I'y) oT BpeMeHH B CEKyHIax.

Jlannass mnporpamma pabotraer B cpene DOS. Ilocme 3amycka
KOMITbIOTEPA KPATKOBPEMEHHO HAXKMHUTE HECKOJIbKO pa3 kiaBuiry F8 s
BBIXOJIa B PEXXUM OCOOBIX CIIOCOOOB 3arpy3ku KoMmimbiotrepa. B aTom crincke
BbIOepuTe BapuanT Command Prompt Only. Korma Ha skpaHe MOSBUTCS
Haamuch «C:\> », HabepuTe C MOMOIIBIO KJIIABHATYPHl KOMaHIy VC\VC 1ist
3ammycka nmporpammbl Volkov Commander. 3areM, ucronb3ys KiaBuaTypy,
Bornure B aupekroputo TIMER. 3amyctute nporpamMmmy mouse.com
(IpaiiBep MaHHUIYJIATOpPA «MBIIILY»). Jlanee, HCIONb3ys «MBIIILY», 3aITyCTUTE
nporpammy tmr.exe.

B okHe mporpaMMebl ¢ TpaBoil CTOPOHBI HAXOUTCS MaHEeNb JIJIsl BIOOpa
napamMeTpoB OTOOPaKEHMsSI Ha PKpaHE MOHUTOpPA CHUTHAJOB ceHCOpoB. C
nomonisio mporpamMmMmibix kHomok RESO, RES1, RES2, RES3 moxhno
YCTAaHOBUTh B HYyJh 0a30BYI0 JIMHUIO COOTBETCTBYIOIIETO CEHCOPHOTO
KaHana. V3MeHeHHWe amama3oHa OTOOPaKEHHS CHUTHajda MPOU3BOIUTCS C
IOMOIIBIO KHOMOK MIN. X 1 MiN.Y (MHHMMAaJbHbIC 3HAYCHUS aOCIHCCHI H
opauHatel); Max.X u max.Y (MakcHMajabHBbIC 3HAYCHHUS aOCIUCCHI H
opauHathkl). l1lar KOOpIUHATHON OCH YCTaHABIMBACTCS C TOMOIIBIO KHOTIOK
Stp.X u Stp.Y. YacToTa onpoca CEHCOPOB MPOrpaMMOi YCTaHABIUBACTCS B
nosie F, Hz. [To ymonuanuto 31eck crout 3Hauenue 1 I

Jist 3anucu B paiin pe3ysIbTaToOB U3MEPEHUS HEOOX0UMO yKa3aTh UM
¢aiina B okae Save data: u Haxkats Ha kHonky Mon. (Monitor). ITpu sTom
Haanuck Mon. 3amenuTcs Ha Haanuch ReC. BreBoammas Ha 3KpaH
uHopmarus Oyner 3anucaHa B (¢aidl ¢ yKa3aHHbIM Ha3BaHHEM B
JUPEKTOpUHA TIMEr 10 WCTEYCHUU BpPEMEHH, 33aJaHHOM IapaMeTpOM
max.X. Ums ¢aitna momKHO colepkaTh TOJBKO JATUHCKHE OYKBBI U
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nudpsl OOIIMM YHMCIOM He OoJjiee BOCbMHU. Eciau BO Bpemsi SKCIepUMEHTa
OCTAaHETCsl aKTHUBHOW Haamuch MON., TO pe3ynbTaTbl W3MEpeHus OymayT
OTOOpa)KeHbl TOJIBKO Ha KpaHe MOHUTOpPaA, 0e3 coxpaHeHus B (aiin. Eciu
uMs ¢aiila He M3MEHEHO NPH IOBTOPHOM SKCIEPUMEHTE, TO IporpaMma
OyJleT 3amuChIBaTh PE3yJbTaThl KOXKIABIA pa3 B HOBBIN (paitil ¢ M3MEHEHHBIM
pacuimpeHueM UMEHH JI0 Tepe3arpy3Ku KOMITbIOTepa.

Jns  ynanenust rpaduka 3aBUCMMOCTH YacTOThl PE30HATOPOB OT
BPEMEHH C SKpaHa MOHHTOpa HaxkmuTe KHonky Clear.

Pa6ora 3.1 OnpenesieHue cpeaHei TOJIMHBI TOHKOH MJIEHKH

[IpuroToBbT€ TOHKHM  CJIOM  KaJIMKCapeHa Ha  IMOBEPXHOCTHU
MbE302JICKTPUUECKOTO PE30HATOpA W PACCUUTANTE €ro Maccy, UCXOIsd U3
KOHIICHTpaIlui, 0O0beMa HaHECEHHOro pactBopa. [lomydyeHHOE 3HaYEHHE
MacChl CJIOS KaJIMKCAap€Ha CpaBHUTE C TEOPETUYECKUM 3HAYCHUEM,
BBIYMCJICHHBIM Ha OCHOBE ypaBHeHUs 3ay3pOpes. Paccuutaiite cpemHioro
TOJIIUHY TIOKPBITHS, CYWATasA, 4YTO IUIEHKAa PABHOMEPHO MOKPHIBAECT
MTOBEPXHOCTH JICKTPO/IA.

Pa6ora 3.2 Onpenesenne cocTaBa coeJMHEHUSI BKJIIOYEHUS
Omnpenennure CTEXUOMETPHUIO KIATPATOB KaJIMKCapeHa, HAHECEHHOTO Ha
pesonatopel  QCM-cencopa, ¢ 3 pa3IMUHBIMH  TApOOOPa3HBIMU

OpPraHMYECKUMH COeAMHEHUSAMU («rocTssMu»). [loBTOpHuTe M3MepeHus mo 3
pasa sl KaxI0ro «rocts». Paccunranre cpeaHee 3HaUeHUE CTEXUOMETPHM.
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4. TA3OBAS XPOMATOI' PADUSA
OcHogHble noHamus u onpeoeneHus

Xpomatorpadusi — OSKCHEPUMEHTAIbHBI METOJ, OCHOBAaHHBIM Ha
WCIIOJB30BaHUH  PABHOBECHOIO  pACHpPENENICHHS  BEIIECTBA  MEXKIY
HEMOJABMKHOW ¥ NOABMKHONW (azaMu, UMEIONIMMH OOIIYI0 TPaHUILY
(moBepxHOCTB) pasznena. ['azoBas xpomarorpadusi — xpomarorpaduyecKuii
METOJI, B KOTOPOM TMOJBMKHOU (pa30i SIBIAETCS ra3, WM ra3-HOCHTEJNb, a
HETOJIBIXKHON — >KUAKOCTh Wi TBepaas (a3a. B cBsi3u ¢ 3TUM ra3oBylO
xpomaTorpauio HWHOTAA JENST Ha  Ta30-XKUJIKOCTHYHD M Ta3o-
a7ICOPOITMOHHYTO.

['azoBass xpomarorpadusi TpUMEHsETCS Ui pa3fesieHus cMmecei
JETy4YMX BEIIECTB, OINPEAEICHUs] WX KOHLEHTpAalMu, a TaKxke s
ONpEAEIICHUS Pa3IMYHBIX (bUBUKO-XUMUYECKUX apaMeTpOoB,
XapaKkTepU3YIOIINX MPOLECC pacHpeaeIeHUs KOMIIOHEHTOB MEXIY JIBYMs
dazamu: ko3 PUIMEHTA pacHpeesieHus, MNpeaeabHbIX KOo3(p(PUINEHTOB
AKTUBHOCTH, TEIUIOBBIX 3((PEKTOB conbBaTaluu, MapooOpa3oBaHus U
afcopOLIMH, a TaKKe YAEIbHOM MMOBEPXHOCTHU aJICOPOEHTA.

OCHOBHBIMU 3JIEMEHTaMU ra3oBoro xpomarorpada, puc. 4.1, sustorcs
xpoMarorpaguyeckasi KOJOHKA, UCTOYHUK Ta3-HOCHUTEINS, YCTPOMCTBO
BBOJIa aHAU3UpPyeMoro oOpas3ia B XpoMarorpapuuecKyr KOJOHKY (B
CTaHJAPTHOW KOH(MUTYpallMd — WCTHAPUTENb JXUIKUAX IMPo0), AETEKTOop,
TEPMOCTAT I XPOMATOrpauyecKol KOJIOHKH, MUKPOIPOIECCOPHBIN
KOHTPOJUIEp [IJIsl YIPABICHUS TEMIEPATYPHBIMU PEKUMAMHU U PaCXOJ0M
ra3zoB. JlaHHbIE C leTeKTOpa 00padaThIBAIOTCSI HA KOMIIBIOTEPE C MOMOIIIBIO
CHENUAIBHON mporpamMMbl. B pe3ylbraTe 3KCIEPUMEHTA IMOJIb30BATEIh
MOJTy4aeT 3aBUCHUMOCTh CUrHana IETEKTOpa oT BPEMEHHU
(xpomaTorpammy).

Xpomarorpaduueckasi KOJOHKa Ta30Boro xpomarorpada oOBIYHO
IpeACTaBIsieT COOOM KBaplEeBYlO, CTEKISHHYIO WIH METALTUNYECKYIO
KaNWUISIPHYI0 TPYOKY, Ha BHYTPEHHIOIO MOBEPXHOCTh KOTOPOl HaHECEHa
HETOJIBIDKHAS JKuaKas (aza (KanmuIApHasi KoJIOHKa, puc. 4.2), nmubo
CTEKJIIHHYI0 WIM METAUIMYECKYI0 TpyOKYy, 3alOJHEHHYI0 TBEPAbIM
HOCHTEJIeM, Ha MOBEPXHOCTh KOTOPOTO HAHECEHA HEMOJIBUKHAS KUJKas
¢aza (HacagouHasi KOJIOHKA, puc. 4.3).
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. KoHTponnep
YCTPOACTBO pacxo/a rasos u
BBOAA NPO6bI TemnepaTyps! e orm e s :
(ncnapuTenb)

XpomaTorpaguyeckas
KOIMOHKa

T e ———
s

NcTouHuK
rasa- e e e e e e e = ——

ol TepmocTar

Puc. 4.1. Cxema razoBoro xpomatorpada.

MonuMMUIHBIA NNacTMK

CTEHKMN KOMNOHKU \

\ L T T T i i T i i T i o ]

R A A AT AT IR

=

HenopswxHas
xXuakas gasa

e 1

L 3 3 0 3 3 S S S S

Puc. 4.2. KBapiieBasi kKanuuisipHas Xxpomatorpaduyeckasi KOJIOHKa.

CTEHKM KOMNMOHKU

Teepablii
HOCUTENb

HenopswxkHas
Xuakas dasa

Puc. 4.3. HacamouHast KoJIOHKA JIJIst Ta30BOM (ra30->KUIKOCTHOM)
XxpomaTtorpaduu
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["a3-HOocuTENb, OOBIYHO TENMM WM a30T, MoJaeTrcs W3 OayuioHa C
nasnenueM a0 150 atm uepe3 OanIOHHBIA PETYyKTOP, MOHMKAIOITUN
JABJICHWE JI0 YpOBHS MeHee 5-7/ aTM, Ha BXoJa B Xxpomarorpad. B
xpomarorpade WMeeTcsi CUCTeMa MHEBMOABTOMATHUKH, PETYIUPYIOIIas
pacxoll rasa-HOCUTENsI Ha BXOJ€ B XpomaTorpaduyeckyro KOJOHKY, U
UCTIapUTENb TMOJ] YIPaBIECHUEM BCTPOEHHOTO MHUKPOIPOLIECCOPHOTO
KOHTpOJIJIEpa W/ WM MPOTPaMMbl Ha KOMITbIOTEPE.

Wcnaputens JOOCTYyNeH dYepe3 OTBEPCTHE B BEpPXHEH  KpBIIIKE
xpomatorpada. Kugkas npoda BBOJAUTCS B UCMAPUTEIb YEPE3 MEMOpPAHY C
MOMOIIbI0 MUKpOMITpUIa. KOHCTPYKIIUS WCHApUTENs IJis KamWUTBIPHBIX
KOJIOHOK CXeMaTHMYHO u300pakeHa Ha puc. 4.4. OH npexacrtaBisieT coOoOM
MUIMHAPUYECKYI0 KaMepy, HarpeBaeMyro N0 3aJaHHOW ¢ KOMITbIOTEpa
U/WIU KOHTPOJUIEpa TEMIIEPATyphbl, COEAMHEHHYIO C KOJOHKOH, JTUHUAMHU
mojayu Ta3a-HOCUTelNs, cOpoca MpoObl, M cOpoca raza ¢ MeMOpaHBI.
JleJieHHe TMOTOKA B HCHapuTeie O00ECrneyuBaeT JAOCTATOYHYIO CKOpPOCThb
ra3a-HOCHUTEJS B UCIIAPUTENIE, YTOOBI MPEJOTBPATUTH Pa3MbIBaHUE MTPOOHI,
OJTHOBPEMEHHO TPEIOTBpAIIaeT MepPerpy3Ky KOJOHKH aHATM3UPYEMOM
npo6Ooil. CTekyioBaTa B KaMepe UCIApEeHUs! CIYKUT JJIsl MPea0TBpAIICHUS
o0pa3oBaHMs a’pO30JIs U3 KaleleK MajoJIeTyduX KOMIIOHEHTOB MPOOBI H
paBHOMEpHOTO ee wucnapeHus. Mcnaputenb s HacaJoO4YHOW KOJOHKHU
OTJIMYAETCS OT M300pakeHHOTro Ha puc. 4.4 TeM, 4TO B HEM HET cOpoca
poOBI JEeTUTENS TIOTOKAa U cOpoca ¢ MEMOpaHBI.

MembpaHa

— cbpocc
MeMOpaHbI

|
|

ras-Hocutenb —

Kamepa ncnapeHums —
KBapuesas Tpybka

SR

—> cbpoc
npobsbl
cTeknosara

N4
7

0

Puc. 4.4. Cxema ucnapurens JUisi KaWJUITPHOU KOJIOHKH.

KOJTOHKa
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B ra3oBbix xpomaTtorpadax mpuMEHSIIOT pa3IuyHbIE TUIIBI I€TEKTOPOB:

JETEKTOP 1o TEIUIONPOBOIHOCTH (kaTapomertp), IIJIaMEHHO-
MOHU3AIIMOHHBIM  JETEKTOpP, DJIEKTPOHO3aXBATHBIM  JETEKTOpP, Macc-
CIIEKTPOMETPUYECKUH, MJIaMEHHO-(POTOMETPUUECKHU, doTo-

WOHM3AIIMOHHBIN JIETeKTOphl. Yale BCero TNPUMEHSETCS MNJIaMeHHO-
MOHM3ALMOHHBINH 1eTeKTOP, NMPUHIUI JACHCTBUS KOTOPOTO OCHOBAaH Ha
U3MEPEHUU TOKa MHPOJIM3a KOMIIOHEHTOB MPOOBI B IJIAMEHU BOJOPOJA,
puc. 4.5. Tlpenen oOHapykeHHs ¢ Momolbio 3Toro jaerekropa — 100
MTUKOTPaMM.

cnvpans
nogaxwura -
::{: A/ \§§
K ycunureno y
ToKa T | KONNEeKTOpHbIiA
 I— ! SRS SneKTpO,D,
IR
\ NONAPU3YOLLNIA
BO3AYX anekTpos
200B
BOAOpOA

ropenka

rpadput

KannnnapHada
KOINMOHKa

Puc. 4.5. IInamMmeHHO-UOHU3AIMOHHBIN IETEKTOP

HemocpencrtBeHHbBIM ~ pe3yiabTaTOM  U3MEPEHUKM  HAa  Ta30BOM
xpomarorpade sBisercs xpomarorpamma, puc. 4.6. Ha xpomarorpamme
MOJKHO BBIJCIHTH TOYKY BBOJA IHPOOBI, OTHOCHTEIHHO KOTOPOIi
OTCUMTBHIBACTCS BpEMs, BpeMs BBIXOJa HECOPOMPYeMOro BelllecTBa  —
MepTBoe Bpems (a), BpeMs BBIXOJla aHAITU3UPYEMOT0 KOMIIOHEHTA MPOObI —
Bpems yaepxkuBanus (tr), BeICOTy muka 3Toro kommoHeHta (h), mmpuny
nuka Ha Oa3oBoi guHuu (4c), Benmuuny nepennero (F) u 3amnero (B)
¢ponTa mnuka. [lluprHa muka Ha 0a30BOM JIMHUHU CBsA3aHA C YIIHPCHHEM
HKa G° U BBICOTOI 3pPexTHBHOII TeopeTnueckoil Tapejku, H = oL,
riae L — ayuHa KOJIOHKH.
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BblCcOTa
nuka, h

—

BBOA

np06b>/\\
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— OTknuk petektopa —»

v

Bpems

Puc. 4.6. Xpomatorpamma

Benmnunna H xapakrepusyer 3¢(PekTHBHOCTH XpomaTorpaduyeckoit
KOJIOHKH — €€ Pa3JIEsIONIyI0 CIOCOOHOCTh, KOTOpasi TEM BBIIIE, YEM BBIIIIE
yucyio 3PGEeKTUBHBIX TEOPETUUECKUX Tapesiok B KojoHke. [lmomaap muka
KOMIIOHEHTA MPOMNOPIMOHATIbHA €r0 KOHILIEHTpallud B MpoOe, eclu 3Ta
BEeJIMYMHA HAXOJIUTCA B Mpeienax JUHEHHOTOo Juamna3oHa JeTeKTopa, a
COCTaB MpOObI HE MEHSIETCA TMPHU €€ MPOXOXKICHUU YEPE3 UCIAPUTENh U
KOJIOHKY M3-3a MPOTEKAHUSI XUMUYECKUX PEAKIi WU Ha BXOJIE B KOJOHKY
B HCHapUTEle HU3-3a MPEUMYIIECTBEHHOTO yHOca B armocdepy TeX Wiu
WHBIX KOMITOHEHTOB. [locrmemuuii 3¢(EeKT MOTHOCTBIO OTCYTCTBYET MIPH
BBOJI¢ MPOOBI B HACAJOYHYIO KOJIOHKY WJIM MHPHU BBOJAE B KaNWUISIPHYIO
KOJIOHKY Oe3 JeNieHHWs IOTOKa ra3a-HocuTens (cOpoca OoJblei yacTh
UCIapUBIIEHCS TPOOBI B aTMOCHEPY).

Bpemss ynepxuBanus, tg, TOpsAMO MNPONOPLUUOHATBLHO 00BEMY
yAEpKUBAHUS, WK 00beMy Tra3za-Hocutens, Vg = tgr F, KOTOPBI BEIXOAUT U3
XpoMmaTorpauyeckoil KOJIOHKM C MOMEHTAa BBOJAa JIO0 MOMEHTa BBIXOJa
KOMIIOHEHTa U3 KOJIOHKH, TJie F — 00beMHasi CKOpPOCTh raza HOCUTENS Ha
BBIXOJIE M3 KOJOHKHU. J[JI1 KOMIIOHEHTa, HE copOupyrmerocs B
HEMOABMXKHON (a3e KOJOHKH, OOBEM YAEPKUBaHUS pPaBEH MEPTBOMY
oobemy Va = o F.

Eciu KOMIOHEHT MPOXOAUT MO KOJIOHKE, 00pa3ysi B HEMOJBHKHOU
KUJIKOM (a3e mpenenbHO pa3z0aBlCHHBIM  PacTBOp, MEpEeMENICHUE
KOMIIOHEHTa IO KOJIOHKE MPOUCXOJUT TOJIbKO B mapoBoil (aze, a
paBHOBECHE HEMOJBMKHAS *KuJKas pa3za — razonas (a3a ycTaHaBIMBAETCS
MTHOBEHHO, TO 00BeM yaepxkuBaHds VR, MEPECUMTAHHBIA C Y4ETOM
(akTOopa CKaTUS Ta3a HOCHTENS B KOJOHKE |, CBsi3aH ¢ Kod(dduimeHTOM
pacnpesiesieHds] aHaJIU3UPYEMOTO KOMIIOHEHTa MEXJy HEMOJBIKHOU U
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noaBmxkHOM (azamu koimonkn Kr = C/Cy (C. m Cy — KOHIEHTpaluu
KOMIIOHCHTa B HCIOJBMKHON M MOJBM)KHOM (Da3aX COOTBETCTBEHHO) H
oobeMamu 3TuX $a3 (V. 1 Vy COOTBETCTBEHHO) COOTHOIIICHUEM:
O -
Vg = JVR =Vu + Kgr V.
MeptBelii 00BeM V, CBsA3aH ¢ 00BEMOM TMOABIKHOM (azel Vy
/ 2
SV . p,_3(p/p,) -1
BeIpakeHHEM:. V) = JVa. DakTop cKaTus paBeH J=—==_-——"73—, I1e
2 (p| / po) -1
P, pi, Po — CpenHee AaBICHUE B KOJIOHKE, JaBJICHHE Ha €€ BXOJE W Ha
BBIXO0/IE, COOTBETCTBEHHO.
Od4eHb TPOCTHIM SIBIIIETCS BBIpAXKEHUE IS MCIPABIICHHOTO O0BbeMa
yAepKUBAHUS:
0
VN:VR -VM:KRVL.
Taxxe MHOIJIa UCIIOJIB3YIOT YICIbHEIH 00beM yaepxuBaHus V| Impu

TeMIiepaTtype KOJOHKH T U aOCONIOTHBIN YJEIbHBIM O00BEM yAepKUBaHUS
0.
A

VT_V_N_KR VO—VT-273—KR-273
g _W - v g g T - T
L PL PL
rme W, M p_. — Macca M IUIOTHOCTh HEMOJBMIKHOM JKUIKOM (haskl,

COOTBCTCTBCHHO. I[J'IH KOS(I)(bI/ILII/IeHTa pacipcaciCHuA KR MOKHO BBIBCCTH
BBIPpAKCHUC.

K= RT__ prRT

?/oo psatVL /4 psatMWL ’
rac yoo - HpGI[CJ'IBHBIfI KOE)(I)(bI/ILII/IeHT AKTUBHOCTH AHAJIIMU3UPYCMOI'O
KOMIIOHCHTa B HGHOI[BI/I)I(HOﬁ )KPII[KOﬁ (1)336, Py — €ro  JaBJICHUE

HaceileHHoro mapa, V|, u MW, — MoJbHBI 00beM M MOJISIpHAs Macca

HETMOJBIDKHON  kuAKOM  (a3bl. [lonb3ysch 3THUM  BBIpaXXEHUEM, NIpHU
M3BECTHBIX BEIMYMHAX ) U P, U 3HAHUU MMApaMETPOB KOJOHKH MOXHO

MpeICKa3aTh BPEMS BbIXO0JIa BEIIECTBA U3 KOJIOHKHU.

Tunuynas XpoMaTorpaMma, MoJiydeHHasi Ha Ta30BOM Xpomarorpade ¢
KalWJUIIPHOW KOJOHKOW JJIs1 TECTOBOM CMECH OPTaHMYECKHUX COCIVMHECHUU,
npuBegeHa Ha puc. 4.7. Bpems Bbeixojga nuka MetaHa (1) mpuMepHO
COOTBETCTBYET MEPTBOMY BpeMeHU. OCTaIIbHBIE BEIIECTBA BBIXOIAT MO3XKE.
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Puc. 4.7. XpomaTorpamMmma cMecH OPraHMYECKUX COCTMHEHUM, MTOTyYeHHas
Ha ra30BOM XpoMartorpade ¢ KanuusIpHONW KOJIOHKOU

88



OcoGennocTn padoTHI € 0TACIBLHBIMYA THIIAMH XpoMaTorpagos

Tlopsioox pabomsi ¢ eazoevim xpomamoepagom PerkinElmer Clarus 580 ¢
UCNONL306AHUEM KEAPYEBOU KANULIAPHOU XPOMAMO2PAPUUECKOU KOTOHKU
U NIAMEHHO-UOHUZAYUOHHO20 OeMEeKmopa

Puc. 4.8. I'azoBsriit xpomatorpad PerkinElmer Clarus 580.
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OTkpoiiTe KpaH HMCTOYHHMKA Ta3za-HocuTess. Bxmounte xpomarorpad,
reHepaTop BOAOPOAAa W KOMIIPECCOP BO3AyXa, KOMIIBIOTEP U 3aIlyCTUTE
nporpammy TotalChrom Navigator (puc. 4.9).

_-_.::?Tutall:hrum Mavigator - Clarus 580 ;I..D_Iil

Build Instrument Run  View Reprocess Display Apps  Admin  Help

_ Staws | Build Build

Clarus 580
Ready
ACCE Mo Data
I/F: Ready
ChD: Mone
GC: Ready

Instrurment

algigEl!

Sequence

Repart Format Graphic Edit

[nstruments

Clarus 580

Dietailz
P>

Fariln=lrss

Reprocess gg

) RLI Real-Time Plat
(L]
[iibiriin]

Results Fieview:

¥ = IE

Batch Summary Chromatograms: Specira

Create or modify methods, defining instrument conditions andfor data handling parameters ||User: manager (Inst: Clarus 550

Puc. 4.9. Oxno nporpammsr TotalChrom Navigator

CHauana HeoOxoaMMoO co3naTh (aim Meroda padotel. Haxxmure Ha
kHonky Method. Co3paiiTe HOBBIH MeETOA WM BBIOCpUTE OJHMH W3
CYIIECTBYIOIUX W 3aJlaliTe BCE IMapaMeTpPhl SKCIEPUMEHTA. ITapaMeTphI
KOJIOHKH, TEMIIepaTypbl HCIIAPUTENA, JCTEKTOpa M KOJOHKH, pPacXoj
BOJIOPOJIa, BO3AyXa M raza-HOCUTENsA, KO3(P( UIIMEHT JIeNIeHUus] TOTOKa,
npenes YyBCTBUTEIBHOCTH JCTEKTOPa, a TaKkKe Npu HEOOXOIUMOCTH
IPOrpaMMHUPYEMbI€ COOBITHSI 1 HEKOTOPHIE IPYTHE OMIINU.

Benmmuuna TemiiepaTypbl UCIIApUTENS M KOJIOHKH 3aJ1aeTCs, HCXOMI U3
BEJIMYMHBI ~ TEMIIEpAaTyphl  KHIICHHS  HaumOojee  BBICOKOKHIISIIETO
KOMITOHEHTa MPOOBI, a TaKKe TeMIIepaTyphl Havyalla pas3JIOKEHHUS BEIIECTB,
coCTaBISIIOMUX TMPpoOy. Kpurepuem mnpaBmIIBHOIO BBEIOOpa TEMIIEpaTyphl
KOJIOHKW SIBJISIETCS YIOBJICTBOPHUTEIBHOE KA4YECTBO pa3leleHUs ITHKOB
XpOMaTorpamMMmbl,  KoTopas OyJaeT TmoJiydeHa B TOCIEAYIOIIEM
dKCIIEpUMEHTE. Ecii MUKW WHTEepEeCyIONnX BaC KOMIIOHEHTOB Pa3IeistOTCs
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IJIOX0 WM HE Pa3AeNgioTCs, HEOOXOAMMO TIOHU3WUTH TeMIepaTypy
KoJoHKU. Ecim Bpems aHanmm3a Wi yIIUpPEHHE MUKOB CIHIIKOM BEJIHKO,
HEOOXOAMMO TOBBICUTH 3Ty TemmepaTypy. [loBellieHHne TeMmepaTrypsl
UCTIapuTeNis TpeOyeTcsl, €clM MNepeIHui (PPOHT MHUKa aHATU3HPYEMOTO
KOMIIOHEHTa 3aMeTHO Oouibie 3aaHero. OOBIMHO TeMIlepaTypa UCIapuTels
Ha 50-80 rpamycoB BbIllIe TeMIEpaTyphbl KOJOHKH. Takke MOXHO 3a/1aTh
PEXHUM C MEPEMEHHOW MPOTpaMMHUPYEMON TeMIepaTypol KOJOHKH. DTO
HEOOXOJIMMO, €CITU CMECh COJIEPKUT KaK HHU3KO—, TaK U BBHICOKOKHIISIIINE
KOMITOHGHTHI. Bpemsi aHanmm3a AOKHO OBITH OOJIBIIIE BPEMEHU BBIXOAA
MOCJIETHETO W3 KOMITOHCHTOB.

Ha mannOi Momenu xpomatorpada MOXKHO TaKKe BMECTO peKHUMa
MOCTOSTHHOTO TIOTOKa BBIOpAaTh PEKHUM TOCTOSHHOTO JIaBJICHHWSI Ta3a-
HOCHUTEJISI Ha BXOJE KOJOHKH, JIMOO 3amporpaMMHUpOBaTh HW3MEHECHHE
CKOPOCTH TOTOKAa WJIM JaBIICHUS Ta3a-HOCUTENS B XOJI€ DKCIIEPUMEHTA.
[Ipenen 4YyBCTBUTENHLHOCTH JETEKTOpa BHIOMpAETCs TakK, YTOOBI IHKH
WHTEPECYIONUX HAC KOMIIOHEHTOB HE 3aIIKAJIMBAIN U HE OBUIM CITUIIIKOM
MaJICHbKUMHU.

3areM HaXMUTE Ha KHONKY Setup. B mosBuBmIeMcs OKHE BhIOEpHUTE
ormuto Method, BeiOepuTe (aiiia ¢ METOJIOM M yKakuTe pabodyro Mamky, a
TaKkke Hauajgo uMmeH pabouux ¢aitmoB (Base file name). Haxmure OK,
MIOCTIE Yero JaHHbIe MeTo1a Oy Iy T rmepeaanbl Ha Xpomarorpad.

Ha cencoprom skpane xpomartorpada nepeiaute Ha Bkiaaky A-FID u
HaKMHTE KHOIKY “3akedn”.

[Tocne Toro, kak xpomarorpad Oyaer roroB (nHaukanus Ready B okHe
IPOrpaMMBbI U Ha DKpaHe), HAKMUTE Ha CEHCOPHOM dKpaHe KHONKY CTapT u
OBICTPO BBeIUTE MPOOY B XpomaTorpad Tak, 4ToObl MOMEHT BBOJIa MPOOKI
COBIAJAJI C OKOHYAaHHUEM OOpPAaTHOTO OTCYETA U 3BYKOBBIM CUTHAJIOM.

BBon sxuakoir mpoObl B kojuuecTBe 1-10 MK OCYIIECTBISIOT C
nomoIsi0 Mukpormpuia, puc. 4.10. [Ipu BBoae mmpuIr nepkatr B MpaBoi
pyKe, a JIeBOM MPHUIEPKUBAIOT €ro Iy 3a CEepeluHy, YTOObI OHAa He
HIOTHYJIACh MPH MPOKAILIBAHKHA MeMOpaHbl ucnapurens (puc. 4.4).

Puc. 4.10. Muxkponmpuir
XpomaTorpaMmMa aBTOMATHYECKH 3alMCBHIBACTCS Ha KoMIbioTepe. Ee

BHJI MOKHO IIPOCMAaTpUBaTh B mporecce 3anucu (knomnka Real-Time Plot).
[Tociie OKOHYAaHHUS 3aIMUCH MOYKHO ITPOCMOTPETh XpOMAaTOrpaMMy, HaKaB Ha
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kHonky Results. B awamoroBom okHe BbIOCpHUTE (aliin ¢ HYKHOU
xpoMarorpamMmon. UToObl MOMY4YWTh JAaHHBIE O MaKCUMyMaX IHKOB, WX
IUTONIA/ISX U BBICOTaX, BeIOepHTE MyHKT MeHI0 Display —> Peak Report niou
File —> Print Preview Report. [Ipu HeoOXOAMMOCTH yKa3aThb T'PAHHIIBI
IIMKOB MOKHO BPYUYHYIO, BBIOpaB B MeHI0 Process —> Manual Integration.

llopsioox pabomul ¢ 2azoevim xpomamozpagom Xpomamaxk Kpucmann 2000
C UCNOIL30BAHUEM K8APYEBOU KANULIAPHOU XpOMamozpaguyeckol
KOJIOHKU U NIAMEHHO-UOHU3AYUOHHO20 0emeKmopa.

Puc. 4.11. T'a3oBs1it xpomatorpad Xpomariak Kpucramr 2000

OTkpoiiTe KpaH MCTOYHHKA raza-Hocurens. Bxirounte xpomarorpad,
Te€HEpaTop BOJOPOJIa U KOMIIPECCOP BO3/yXa, KOMIIBIOTEP U 3aIlyCTUTE
MaHe b YIPABJICHHS MPOTPaMMbl XPOMaTIK AHAIUTUK. MHOTHE HACTPOUKHU
y)K€ 3aJaHbl, U HM3MEHATh WX HE HyXHO. JIJIg1 3amaHusi TemIepaTyphbl
UCTHapuTessi, JETEKTOpa U KOJIOHKH, a TaKXkKe pacxoa BOJAOPOJIa, BO3IyXa
raza-HocuTenss B MeHIO Pexum BweiOepute kKomanay Xpomarorpad. Jms
raza-HOCUTENsl 3ajaroTcs JABa mnapamerpa «la3 1» u «la3 2» -
npeacTaBisione coO00M BETWYMHBI CKOPOCTHM €ro MOTOKa Ha BXOJE B
KalMWUISIPHYIO KOJIOHKY U B JIeJIUTeNe MoToka (copoc mpoosl, cM. puc. 4.4).

Ecmm xpomarorpad He BKIIOYAIM IJIUTEILHOE BpPEMs, MOXKET
noTpe0oBaThCS HACTPONKA PEKUMA TTOKUTA B COOTBETCTBYIOIIEM OKHE.

Xpomatorpad TOTOB K TPOBEACHHUIO aHAN3a, KOTJA 3aKUTaeTCs
curHal «[[OTOB» Ha manenmu BCTpoeHHOTO KoHTposuiepa, puc. 4.12. C
MOMOIIbI0 MUKPOIITNIPUIIA BBOASIT MNpoOy B HCMapuTeNnb. MUKPOIIIPHUIL
yAAIAI0T U3 ucnapurens yepe3 0.5 cexk mociie Toro, Kak BBeAeHa npooda, u
cpa3dy ke HaxumarT KHonky «CTAPT» Ha maHenu KOHTpoJuiepa WIH
3alyCKaloT CeaHC U3 MaHeNn yIpaBleHus. XpoMaTorpaMMa aBTOMaTUYECKH
3aMuChIBAaeTCsl Ha KoMmbioTepe. Heo0XoIMMo 3amoaHUTh ee MacnopT nepen
BBIXOJIOM U3 CE€aHCa MPOTPAMMBI.
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Puc. 4.12. Tlanens koHTposuiepa xpomarorpada «Kpucramr 2000»

UrtoObl  o0OpaboTarh  XpoOMarorpaMMmy,  BbIOEpUTE  KOMAaHIY
«uTerpupoBanue» B MeH0 «O0paboTka» u HaxMuTe KHONKY «OK». Eciu
KauyecTBO 00pabOTKM XpOMATOIPAMMBbl Bac HE yCTPAMBAET, IIOBTOPUTE 3Ty
OMEPALNIO, U3BMEHUB MMAPAMETPbl HHTErPUPOBAHUS B MPEIIOKEHHOM MEHIO.
UToOBl MOJYYUTh KOJIMYECTBEHHBIE XAPAKTEPUCTHUKHA XPOMATOrPaMMBbI, B
MeHl0 «KonnuecTBeHHBIM pacuer» pasfena «OOpaboTka» BbIOEpUTE
NOAXOASIIMK BapuaHT M HaxkmuTe KHONKy «OK». Pesynbpratrom Oyxer
TabiMIa CO 3HAYEHUSMH BPEMEH BBIXOA KOMIIOHEHTOB — MaKCHUMYMOB
IIMKOB, UX IUIOIIAJEH U BBICOT.

Paoora 4.1

Hcnonp3ys naHHBIE O MapaMerpax KOJOHKM M METOJa, PACCUUTAWUTE
3HAYEHUE MEPTBOIO BPEMEHHU C MOMOIIBIO Ta30BOr0 KaJbKyJsTOpa. 3aTeM
U3MEPhTE MEPTBOE BpPEMsI SKCIEPUMEHTAIBHO, BBEIS B Xpomatorpad c
MOMOIIBI0 MUKPOIINpPUIA Ta3000pa3Hbiii MeTaH. CpaBHUTE MOJIyYEHHbIE
3HAYCHUS.

Paoorta 4.2

Beegute B xpomarorpad Kakoe-muOO JeTydee HWHAMBUIYaIbHOE
KUJKOE BELIECTBO, HM3MEPhTE €ro BpeMs YICPKHUBAHUSA U, HUCIHOJb3YS
JAaHHBIC O TIapaMeTpax KOJOHKU W METOJ/a, OMPECIUTE 3HAYEHUsI 00beMa
YACPKUBAHUS, HUCIPABICHHOIO O0ObeMa  yIAEpPKUBAHUS, KOHCTAHTbI
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MeX(ha3zHOro pacupeaeaeHus U MpeaeabHoro koddpuiimeHTa akTUBHOCTH B
HETIOIBMKHOM (haze.

Paoora 4.3

PactBopurens 646 momyisipeH cpeand IMUPOKOro kpyra irojeid. OH
PUMEHSETCS I pa30aBIICHHS KPAacOK, BRIBEICHUS IATCH U IPYTUX IEJIeH.
PactBoputens 646 comaepXUT KOMITIOHEHTHI C Pa3IUIHON IOJIIPHOCTHIO:
TOJIyOJI, 3TAHOJ WJIM HM3O0MPONAaHOJ, OYTaHOJ, STHIIE/UIO30JIbB, alleTOH U
OyTHJI- WJIM aMHJIaIeTar.

MeTtoioM XpoMmaTorpauueckoro aHajnu3a YCTAHOBUTE KauyeCTBEHHBIN
1 KOJIMYECTBEHHBIN COCTaB pacTBOpUTENS 646.

Jlist ATOTO CHadvajia 3alMIIMTe XPOMaTOTPaMMBl TOYHO H3MEPEHHBIX
KOJWYECTB  YHCTBHIX  KOMIIOHEHTOB  pactBoputTens.  [IpousBemute
UACHTU(DHUKAIIAIO MMHMKOB Ha XpomaTorpaMMe pPAacTBOPHUTENS Ha OCHOBE
3HAYCHHH BpEMEH yaepKuBaHHsS. [10 COOTHOIICHHMIO ILIOIIAIU IHKA M
KOJIMYECTBA BBEJACHHOIO YMCTOr'O BEIECTBA OMPEACIIMTE UyBCTBUTECIIBHOCTD
JCTEKTOpa 10 KaKIAOMY KOMITOHEHTY. MCIoyib3ysl TOJydYeHHbIC 3HAYCHMS
YyBCTBUTEILHOCTH  JCTEKTOpa, ONPEACIUTE  COACPIKAHUE  KAKIOTO
KOMITOHEHTa B PaCTBOPHTEIIC.
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Cratnveckuii mapogasHbiii razoxpoMarorpaguyecknii aHajIu3

B mnapodaznom razoxpomarorpauueckoM aHalM3e ONpeeisieTcs
COCTaB Tapa Haj| 00pa3ioM. DTOT METO]T TO3BOJISIET UCCIIEIOBAaTh CBOMCTBA
TBEPIBIX WU KUAKUX OOpas3IoB, KOTOpPbIE HEBO3MOXKHO BBECTH B
UCIapuTeb XpoMarorpada mo TeM WIM UHBIM MpUYMHAM, ITyTEM aHallni3a
UX Tapa, a TaKXkKe M3y4daTb PAaBHOBECHS >KHMIKOCTh — map. B crarnueckom
BapuaHTe nmapoda3zHoro Meroa aHalu3upyercs mnpoda mnapa, KOTOpPbIi ObLI
MPEABAPUTEIIBHO YPABHOBEUIEH C KOHJICHCUPOBAHHOW (pa3oil B 3aMKHYTOM
MpPOCTpaHCTBE. B AMHAMHUUYECKOM BapuaHTE aHaIu3 MPOBOJUTCA ISl Tapa,
KOTOPBIM TIOJIy4€H NPOAYBKOW Tra3a 4Yepe3 H3ydyaeMbld TBEPIAbIM WU
XKUJKUN 00paszell, HEMOCPEICTBEHHO B XOJI€ ATOM MmpoayBKu. CTaTUUECKUn
napoda3Hblii aHAJIU3 HMEET MPEUMYILIECTBO TNeEpea IUHAMHYECKUM II0
IPOCTOTE MPUMEHAEMBIX anmnapaTHBIX pelIeHuH U (HU3UKO-XUMUYECKON
UHTEPIpPETAMN TOJYYEeHHBIX pe3yibTaroB. HemocTtaTkoM cTratnyeckoro
METOJIa SIBISIETCSI €ro 0oJiee HU3Kash YyBCTBUTEIBHOCTH MO CPAaBHEHUIO C
JTUHAMWYECKUM BapUAHTOM.

CyliecTByeT HECKOJIbKO BapUaHTOB CTaTHYECKOro Mapoda3zHoro
aHaJau3a, KOTOpBIE pa3IMYaroTcsi crnocoOoM OTOOpa MpoObl Tapa U3
3aMKHYTOM uccienyeMod cucrembl. OIMH U3 TaKuX BapUAHTOB
peanusyeTcss B yCTpoicTBe, m3o0paxkeHHoM Ha puc. 4.13. YcrpoiicTBo
paboTaeT Ha OCHOBE MPUHIIUIIA 3JIEKTPOMHEBMATUYECKOTO JO3UPOBAHUS 3a
CYET OCTAaHOBKM Ha KOPOTKOE BpeMsl MOJlayu Ta3a-HOCUTENSI Ha BXO]]
xpoMarorpauyeckoit KOJOHKH U JICIUTENS MOTOKA. YIpaBJICHUE Mo1aueit
reiaus OCYIIIECTBIISIETCS KOMIIBIOTEPOM npu TTOMOTITH
ANIEKTPONTHEBMATUUECKOTr0 KianaHa. Bce nuHUM Ha myTd mpoObl mapa
cop0ara OT CTEKJISTHHOW aMITyJIbl C U3Yy4aeMOU CUCTEMOM JI0 KalWJIISIPHOU
KOJIOHKH, BKIIIOYasl MOJYH0 ULy BBOJA, HarpeBaroOTCsA 1O TEMIEpPATypbl
100°C wu Beime. Takol HarpeB HUCKIOYAET HMCKOKEHUE PE3YyJbTAaTOB
aHanu3a, OOYCIOBJIEHHOE cOpOIMell MapoB MaJONETYyYuX BEIIECTB Ha
BHYTPEHHUX YacCTAX JO3UPYIOUIETo yCTpoicTBa. [ TOoro 4ro0bl MOXKHO
ObLJIO BBECTH B XpoMarorpaduuecKkyro KOJOHKY JOCTaTOYHO OOJBIIYIO
npoOy mapa 3a KOpPOTKOE BpeMs, B aMmilyje C 0Opa3lioM CO3JaeTcs
n30BITOYHOE JaBJICHUE Ta3a-HOCcHUTeNs, o0baHO 2.4 at™m. [lpm BpemeHu
no3upoBaHusi He Oosee 1-2 ¢ oObem oTOMpaemoil MpoOBI mMapa TOCTS
COCTaBJIIET Majyl0 4YacTb OT oOmero oObemMa mnapoBod ¢asbl B
UCCJIeTyeMOM CUCTEME.
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Puc. 4.13. IlpunnunuansHas cxema XpoMarorpada ¢ ycTpoicTBOM
cTaThyeckoro napogasHoro ananusa: 1 — HarpeBaemast THHUS TIEpeHOCa
npoOBI OT JT03aTOpa K KOJIOHKE, 2 — HarpeBaemMasl I1oJiasi uria 103aTopa, 3 —
CTEKJISTHHBIA KOHTEHHED ISl )KUKOTO copOara, NCIOJIb3yeMbIi Tpu
M3YYCHUH COPOITMOHHBIX PABHOBECUI

IToaroroBka oOpa3nos

HaBecku TBepapIx 00pasloB WM 3aJaHHBIE 00BEMBI HCCIIETYEeMBIX
KUIKOCTEH, TOMEIIEHHbIE B CTEKJISHHBIE AaMMyJibl, TE€PMETUYHO
3areyaThIBAIOT C MOMOIIBIO CIEUATBFHOTO 00)KMMHOTO YCTPONCTBA. 3aTeM
aMITyJel moMeniaroT B O0apadan. Ilpu padore ¢ mapoda3zHoil MpUCTaBKOU
TurboMatrix xk xpomarorpady PerkinElmer Clarus 580 nHa cencopaoM
dKpaHe MPUCTABKHU 3aJaI0TCS BCE MapaMeTphl IKCIIEPUMEHTA. TeMIiepaTypa
Ne4Yy, WIJIBl U JIMHUA TIepeHoca TpoObI, BpeMEHa TEePMOCTATHPOBAHUS,
HarHeTaHusi ¥ 0TOOpa MPOOKI, YUCIO OTOOPOB MPOOBI U3 KAXKIOW aMITyJIbI,
JaBJeHHe Tra3a-HocuTens u apyrue. [lepea Hagamom aHann3a HEOOXOIUMO
3aJlaTh METOJl JUIsi Xpomarorpada M JOXKAAThbCsl €ro BBIXOAA B PEXKUM
TOTOBHOCTH. [[J1s1 yCTaHOBJIEHUSI PaBHOBECHS MEXIY MapoM M PacTBOPOM
0o0biyHO noctaroyHo 10 MuHYT TepMocTatupoBaHus. [lns copOumm Ha
TBEPJIbIX 00pa3liax 3TO BpeMsi HAMHOTO OOJIbIlle, HA CKOPOCTh YCTaHOBKH
pPaBHOBECHs BJIMSIET JIETYYECTh OIMPEACIIEMBIX KOMIIOHEHTOB, BEIUYHHA
HABECKU COpPOEHTA, CTENEHb €r0 W3MENIbUCHHUs, HACHITHAS IJIOTHOCTh U
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BUJI copOIuu. PaBHOBecHe ycTaHaBIMBAETCA OBICTpee MpU COpOUMM Ha
rpanuie paszaena ¢da3z U MemJIeHHee Ipu oOpa30BaHUU KIIATPATOB WU
HaOyXaHUU MOJMMEPOB B IIPOIIECCE COPOIIUU.

B Tex ciuywasx, korja HEOOXOAUMO OIPEACTUTh MPEaeTbHBIN
KO3 (PUIIUEHT aKTUBHOCTH JIETYYErO BEIECTBA, €ro JO3UPYIOT B HY>KHOM
KOJMYECTBE C TOMOIIBI0 MHKPOIINPHUIIA, OIYCTUB KOHYUK HIJIBI
HEMOCPEJICTBEHHO B pacTBopuTtenb. [lpu ompeneneHun mnapaMeTpoB
COpOLMM JIETYYUX COCIUHEHUW TBepAbIMH BemecTBamu OepyT 10-15
OJIMHAKOBBIX HABECOK TBEPAOTO COPOCHTA B CTEKIISTHHBIX aMITysiaX. 3aTeM
B KQXIYIO aMITyJTy TOMEIIAI0T OTKPBITHIE CTEKIISTHHBIE KOHTEHHEPHI, PHC.
4.13, xyna A03UPYIOT pa3Hble KOJWYECTBA KUIKOTO copOaTa ¢ MOMOIIBIO
MUKPOIIITPHIIA.

Onpenesienue K03GpPUIMEHTOB AKTUBHOCTH

UtoObl ompenenutb KOIPQOUIIMEHT AKTUBHOCTH PACTBOPEHHOTO
BEIIeCTBa HEO0XO0IMMO IPOBECTHU napoda3HbIi aHaIM3
COOTBETCTBYIOIIETO pAcTBOpPa, a TaKKe pACTBOPEHHOTO BEIIeCTBa B
YUCTOM BUJIE.

Eciu cymmapHoe pgaBieHMEe mapa BCEX KOMIIOHEHTOB pacTBOpa
menbie 30-40 xIla (0.3-0.4 aTm), To HeuACaTbHOCTHIO MAPOBOM (pa3bl B
CUCTEME MOXHO TpeHeOpeub. B »ToM ciywyae 1ulomaas mnHKa S
KOMIIOHEHTA Ha Xpomarorpamme OyJeT MponopiroHalibHa TapIiualibHOMY
naBieHuto mapa P asTtoro kommoHeHta B cucteme. COOTBETCTBEHHO,
TEPMOJIMHAMUYECKAss aKTUBHOCTh KOMIIOHEHTa B CHCTEME MOXXET OBIThH
BBIYHCIICHA 110 YPaBHEHUIO:

P S

RS
rae Sp — IUIOMIaJ b MMKa Ha XpoMarorpaMme MpoObl mapa HaJ YHUCTHIM
KOMITOHEHTOM.

Jlns pacueta k03¢ duilieHTa aKTUBHOCTH Y PACTBOPEHHOTO BEIIECTBA
HEOOXO/IMMO 3HAaTh €r0 KOHIIEHTPAlUIO0 B pacTBope X, BBIPAKECHHYIO B
MOJIBHBIX JIOJSIX. DTa BEJIMYMHA BBIYUCIISETCS HA OCHOBE JIAHHBIX O YHCIIE
MOJIEH pacTBOPEHHOTO BEIIECTBA Ny M pacTBOpUTENA N, B cUCTEME, 00beMa
napoBoi (aspl B cucreme V, TemmepaTrypbl [, HU3MEpseMON BEIUYUHBI
TEPMOJIMHAMUYECKON aKTUBHOCTH pacTBOpsieMoro coenuHeHus a = P/Pg, u
€ro JAaBJeHUs HAChIIIEHHOTo napa P!

aPVv
n, —
X = RT
n +n,
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Bemmunnaa kosdduimenta akTUBHOCTH Y PACCUUTHIBACTCS  I10
YpaBHEHUIO:
P S

BX S,X

Jis  MarnoyieTydux — pacTBOPEHHBIX BEIIECTB C  HEOOJBIITUMHU
3HaueHUsAMHU y BeauurHa aPoV/RT Maja, ¥ UX KOHIEHTpAlUs B pacTBOpE

IPMMEPHO paBHA BEIWYHMHE, PACCUYUTAHHOW IO JAHHBIM O KOJIHYECTBE
KOMITIOHEHTOB B cucTeMe, X = Ny/(n;+ny).

Y

Paoora 4.4

Omnpenenure 3Ha4eHUS KOAHPHUIIMECHTOB aKTUBHOCTH dTaHOJA B BOJIC B
npeeabHO pa30aBICHHOM PacTBOPE U pacTBOPE C MOJIBHOM JTOJIEH 3TaHOJIA
0,163 B mmanazone temmeparyp 25 — 50 °C ¢ marom 5 °C. Ouenute
SHTAJIBIIMIO PACTBOPEHUS 3TAHOJIA B BOJE NPH IPENCTHLHOM pa30aBJICHHH.
CpaBHHTE TTOJTyYEHHBIE PE3YJIbTATHI C JIUTEPATYPHBIMH TAHHBIMH.

Paoora 4.5

MeTtoaoM napO(I)aSHoro aHalin3da OIpCACIUTC COACPIKAHUC H-
IIpoImTaHOJIa B KOHBJKC. I[J'IH 9TOr0 3alIMIIUTC XPpOMATOI'PpaMMBbI YUCTOT'O
KOHBbsKa U KOHBAKA C I[O6aBJ'ICHI/ICM HN3BCCTHOT'O KOJIMYCCTBA H-IIPOIIAHOJIA.

PEKOMEHAYEMAS JIMTEPATYPA:

1.  B.B. CromsapoB u gp. Ilpaktuueckass ra3oBas W KUJIKOCTHas
xpomatorpadus. CI16: U3a-so CII6I'Y, 2002.

2.  B.A. Bunapckuii. Xpomarorpadus. Munck: bI'Y, 2003.

3. ['momon XK., I'mitemen K. KonuuectBeHHasi razoBasi xpomarorpadus
JUIsl J1a0OpaTOPHBIX aHAJIU30B U MPOMBIINUIEHHOTO KOHTposisi. M.. Mup,
1991.

4, PykoBoactBo 1o razoBoit xpomarorpaduu. [lox pen. 3. JlelOuuia, X.
I'. lTpynmne B 2-x T., M.:Mup, 1988.
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5. IEHCUMETPUS
OcHogHble noHamus u onpeoeneHus

TepMoauHaMHYECKUE CBOMCTBA pacTBOpa, Kak H JOOOW Jpyrou
TEPMOJMHAMUYECKON CHCTEMBI, MOAPA3NAEISAIOTCS Ha IKCTEHCHBHbIC U
MHTEHCHBHBbIC. OKCTCHCUBHBIE CBOMCTBA 3aBHUCAT OT KOJHWYECTBA
BEILIECTBA, & UHTCHCUBHBIE CBOCTBA HE 3aBUCHIT.

DKCTeHCHBHBIC TepMoauHamudeckue cpoictBa V, U, H, G, A, S
OOBIYHO OTHOCAT KO BCEMY pPacTBOPY Kak €IUHOMY II€JIOMY, a HE K
OTACIBHBIM €ro KOMIOHEHTaMm. JlJIsi XapakTepUCTUKXW BKJIaJa B
DKCTCHCUBHOE CBOMCTBO pAacTBOpa TOTO WA HWHOTO KOMIIOHEHTA
VCIIOJIB3YIOTCS MaplUalbHbIE MOJISIPHBIE BETUYUHBI.

[lapupanbHOi MOJSPHONH BEIMYMHOM JAHHOTO KOMIIOHeHTa (Zj)
HA3bIBAIOT YaCTHYIO TIPOM3BOJIHYIO OT SKCTCHCHBHOTO CBOWCTBA pacTBOpa
(Z) mo wuwmcmy womsed 23TOro KomroHeHTa (Nj)) TpHU TOCTOSHCTBE
TEMIIepaTyphbl, JABJICHUS W 4YHCIa MOJIEH BCEX OCTaJIbHBIX KOMIIOHECHTOB
(ypaBHenwue 5.1):

dn;

Z {dZL | (5.1)
LN

[apupanbHas MojsipHas BenmumHa (Zj) I-TOr0  KOMIIOHEHTA
XapaKTepu3yeT HW3MEHEHHUE JaHHOTO 3KCTCHCHBHOTO CBOWCTBAa pacTBOpa
(Z) nmpu moGaBnerHmu 1 MOJB I-TOTO KOMIIOHEHTa K CTOJIb OOJIBIIOMY
KOJIMYECTBY PAcTBOpa, YTO JOOABJIICHHWE 3TOTO KOJUYECTBA KOMIIOHEHTA
NPAKTUYECKH HE U3MEHSIET COCTaBa pacTBOpa.

CUMBOJIOM  TapIMaJIbHOH  MOJIAPHOW  BEJIWYUHBI  SIBIISCTCS
TOPU30HTAJIbHAS YepTa HaJl OyKBEHHBIM 0003HaUYCHHEM CBoWcTBa. HukHMI
WHJCKC O3HAYaeT HOMEp KOMIIOHEHTa pacTBopa. MHmekcoM «1» 0OBIYHO
0003HAYAIOT PACTBOPHUTEIH, @ HHIEKCOM «2» - PACTBOPEHHOE BEIIECTBO.

CornacHo ypaBHeHHUIO 5.1

dv} = {dH} = {ds} =
- Vi | =H | -s1 (5.2)
{d”i P.T.n; Milp T, Milp T,

J B

CpaBHenue ypaBHeHu# 5.1 u 5.2 mokaseIBaet, 4To
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\ {‘ﬂ 5 (5.9
P, T,n

T.e. Xxumuueckuii MOTEHNIWAN KOMIOHEHTa pacTtBopa (/i) sBIsIETCS

MAPUUAAIBHOW MOJISIPHOW BEJIWYMHOW WJIA, KOHKPETHEE, NapLUalIbHOU
MOJIsIpHOM 3Heprueit [ nboca.

[TapunanbHble MOJISIDHBIE BEJIWYWHBI, XapaKTEPU3YIOIIUE H3MEHEHUE
HKCTEHCUBHBIX CBONCTB pacTBOpa, MOTYT ObITh, B OTJIMYME OT CaMHUX
CBOMCTB, KaK IMOJIOKUTEJILHBIMHU, TaK U OTpULIATeIbHBIMU. OHU UMEIOT TO
K€ 3HAUYCHUE B TEPMOJMHAMUYECKUX PACUETaX MPOILIECCOB B PACTBOPAX, YTO
u coorBerctBytomme ¢ynkuuu (V, U, H, G, S) mpu pacderax peakiuii,
MPOTEKAIOIIUX C yYaCTUEM MTPOCTHIX BEIIECTB.

Hanpumep, 1711 4ucTOro BemecTBa U3BECTHBI COOTHOIIEHUS .

[O'G} s [O'G} _v G=H-TS (5.4)
dT Ip dP |1

I[J'ISI [mapouajJbHbIX MOJIPHBIX BCIWMYKMH KOMIIOHCHTOB pPaCTBOpaA
CIIpaBCJIMBbI AHAJIOTUYHBIC TCPMOJHHAMHUYCCKHUE COOTHOIIICHU A .

dT o . dP

J

{daL'n __Si {daL_,nj =V G =Hi - TS (5.5)

Ecan PaCTBOP HAXOAUTCA TIPH ITOCTOJAHHBIX T m P, TO €Tro
AKCTEHCHUBHOE CBOMCTBO 6y,Z[eT 3aBUCCTh TOJIBKO OT COCTaBa pacTBOpA.

Z =f(n,np,...,ny )

TorAa
dZ = [S—Z} dn 7{%} dn, + J{dd—z} dny
n NZlp,Tn, ..n Nk
P.TN, .0 1M PTN NN
158105
dZ = Zadny + Z2dn, +...+ Zkdny (5.6)

rae dZ - usmeHeHue SKCTEHCUBHOIO CBOWCTBA pacTBOpa MPU J00aBIEHUU
Kk Hemy dn; moieli 1-ro KoMIoHeHTa, dN; MoJeH 2-ro KOMIIOHEHTa U T.JI.
HEOOIBIITUMHU TTOPIUSIMHA U B TAKOM COOTHOIIIEHUH, YTOOBI COCTAaB pacTBOpa
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He u3MeHsica. llpu Takom n00aBiIeHMHM M3MEHHUTCS Macca pacTBopa, a
naplyaIbHbIe MOJIIPHBIE BEJIMYUHBI OCTAHYTCSI HEU3MEHHBIMU.

BennunHy ~ SKCTEHCMBHOrO  CBOMCTBa  pacTBOpa  HaXOJUM,
MPOUHTETPUPOBAB YPAaBHEHUE .7 :

Z =71y +Z2Ny +...+ ZkNy (5.7)

[TocTosiHHAsT UHTETPUPOBAHUS B YpaBHEHHUH 5.7 paBHA HYJO, TaK Kak
npu Bcex Ni=0 Z=0. VpaBuenue (5.7) Ha3pIBacTCsA MEPBHIM YpaBHEHHEM
I'n66ca-/Irorema.

Ecnm B kauecTBE SKCTEHCUBHOTO CBOMCTBA pacTBOpa B35Th, HAIPUMED,
0o0beM, TO ypaBHEHHE 9./ npeoOdpaszyeTcs K BULY

V =Ving +Van, +...+ Vkng (5.8)

rae V — o0muit 00beM pacTBopa. AHAJOTMYHO, MPU MOCTOSIHCTBE COCTaBa
pacTBOpa MOXKHO 4Yepe3 NaplualibHble MOJISIPHBIE BEJIIMYMHBI BBIPA3UTh U
JPYyTUe SKCTEHCUBHBIE CBOMCTBA PacTBOPA.

Ecnu oTHOBpEMEHHO U3MEHSIOTCS M COCTaB, U €r0 KOJIUYECTBO, TO MPHU
muddepeHMpoBaHUY  ypaBHEHUs 5.7 TmojiydaeM oOImiee HW3MEHEHHue
SKCTEHCUBHOT'O CBOMCTBA!

dV = Vidny + Vadny +...+ Vkdn, +ndVi +n,dV2 +...+n,dVi (5.9)

[IpupaBusaB ypaBHeHus 5.6 m 5.9, moidydaeM BTOpOe ypaBHEHHe
I'no0ca-/Irorema:

ndV1i +n,dVa +...+ndVi =0 (5.10)
Jls1st OMHAPHBIX PacTBOPOB ypaBHEHHE 5.7 NPUHUMAET BULI;
V =Vin; +V2n, (5.11)

KpoMe mapuuaibHbIX MOJISIPHBIX BEJIWYMH B  TEPMOJMHAMHKE
PacTBOPOB TOJIYUYMIIM PACHPOCTPAHEHUE M YCHENIHO MCIOJIB3YIOTCS IS
pEelIeHUs] Pa3IMYHBIX 3aJa4 TaK Ha3blBAEMbIE KaXXyIIUECs MOJISIPHbIC
BeIMYUHBI. Eciin Z — 3KCTEHCHBHOE CBOMCTBO PacTBOpPA, CoOJAEprKaIiero Ng

MOJIb paCTBOPHUTEIA U Ny MOJIb PAaCTBOPEHHOI'O BEIICCTBA, A Zf - MOJIIPHOC

CBOWMCTBO YHCTOTO PACTBOPUTENSI, TO KaXyIIeecs MOJSIPHOE CBOMCTBO
PacTBOPEHHOTO BEIIECTBA Z, ., OyJET ONPEAeIAThCs YpaBHECHUEM 5.12:
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Z-nyz?
n2

(5.12)

ZKa)K =

[Ipu ny, —>0 Kaxylieecs MOJAPHOE CBOMCTBO Zygy —Z2 U B

OeCKOHEYHO pa30aBIEHHOM PACTBOPE KaXKyIlleecs U MaplualbHOE CBONCTBA
COBIIAJIAIOT.

B caywae wmakpoMmonekyn s yA0OCTBa pacyeToB MPUMEHSIOT
napluuagbHble  yACNbHbIE BEIWYMHBI — YacTHbIE TPOU3BOJHBIE OT
IKCTEHCUBHOTO CBOMCTBa 1O Macce KoMmmoHeHTa. COOTBETCTBEHHO,
ypaBHeHHE 5.12 ipeoOpa3yeTcs B ypaBHeHue 5.13.

0
Z-mZ
Z o = —— L (5.13)
my
r1e My 1 M, — Macchbl KOMIIOHEHTOB 1 1 2.
Obvexmobl uccieoo6anus

benk# (MpOTEWHBI) — BBICOKOMOJICKYJISIPHBIC BEIIECTBA, COCTOSIINC
U3 COCNMHEHHBIX B IIETIOYKY MENTHIHOW CBS3BI0 aib(a-aMUHOKHUCIIOT.
benkn — 5TO OCHOBHBIE M HEOOXOAMMBIE COCTaBHBIE UYAaCTH BCEX

OpraHu3MoB. B JXKHMBBIX oOpraHW3Max aMHHOKHCIIOTHBI COCTaB OeIKOB
OTpeesIeTCs TEHEeTHYSCKHM KOJOM. B Xojme OeIKOBOro CHHTE3a B
OOJIBITMHCTBE CiIydaeB ucnoiib3yercs 20 cTaHAapTHRIX aMUHOKHCIIOT.

benku ydacTBYHOT B OOJBIIMHCTBE >KM3HEHHBIX IIPOIECCOB KIICTKH.
OHU OCYIIECTBISIOT OOMEH BEIECTB W DHEPTETUYECKHE TMPEBPAIICHUS.
benku BXOIAT B COCTaB KJIETOYHBIX CTPYKTYP — OPTaHEII, CEKPETHPYIOTCS
BO BHEKJIETOYHOE TIPOCTPAHCTBO NIl OOMEHA CHUTHAJIaMHU MEXIY KIETKaMH,
TUAPOJIM3a THUIA M 00pa30oBaHMS MEXKKICTOYHOIO BemiecTBa. MHOrue
dbyHKIMA  OENKKW  BBIMOJHSIOT Oyarogapsi cBoel  (epMeHTaTUBHOMN
AKTUBHOCTH.

XuMoTpuncHH, GepMeHT Ki1acca TUAPoJia3, pacHISIUISIOMNNA OSIKd U
MENTHIBI, COJCPIKUTCSI B CEKPETE IO HKEITYIOYHON JKENIe3bl KUBOTHBIX H
YeioBeKa. BMecTe ¢ TpUIICHHOM y4acTBYET B paclIeIUICHHH OCITKOB MHIIH B
TOHKOM KHILIEYHUKE.

XUMOTPHUIICHH CHHTE3UPYETCS B KJICTKAX MOHKEITyA0YHON KeIe3bl B
BHUJIE npodepmMeHTa XUMOTPHUIICUHOTEHA. XHMOTPHUIICHHOTE€H
MPEACTaBIISIET COOOM TONMNENTUIHYIO Ienb U3 245 aMUHOKHCIOTHBIX
OCTaTKOB, COJIEPIKAIIIO0 IIATh JUCYJIb(DHIHBIX CBs3el, 00pa30BaHHBIX
IATBIO OcTaTKamMu IHUCTHHA. OH aKTHBUPYETCS B TOHKOM KHIIIEUHHKE ITO]T
JercTBUEeM JIpyroro ¢epMeHTa - TPUIICHHA. TPUIICHH THAPOIU3YET YEeThIpE
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NENTUIHBIE CBSI3W W yAAIET W3 MOJEKYJIbl XHMOTPUIICHHOTEHA JIBa
munentuga B mojokennn 14-15 u 147-148. B pesymprate oOpasyercs
AKTUBHBIM XUMOTPHUIICHH, COCTOSIIMNA W3 TPEX TOJUIICTITHIHBIX IIEeTeH,
KOBAJICHTHO CBSI3aHHBIX JIBYMsI TUCYIIb(OHUIHBIMA MOCTUKAMHU.

JlakTor;io0yaun — oIuH u3 O€JIKOB KOpPOBhEro Mojoka. Bcee
MOJIOYHBIC OCIIKM JICNIATCS Ha JIBE OCHOBHBIC IPYIIBI: Ka3eHH (4yTh OoJsiee
80%) u ceiBopoTounble Oenku (okoio 17%). K ChIBOPOTOUYHBIM Oeikam
OTHOCSTCS 0-JIAKTaIbOYMHUH, B-nmakTorno0ynuH, a TaKXe
UMMYHOTJIOOYJTUHBI M CBIBOPOTOYHBIN aJIbOYMUH.

ChIBOPOTOYHBIN AJTBLOYMHMH CUHTE3UPYETCS B MEYEHU U COCTABIISIET
OOJBIIIYI0O 4YacTb CpEId BCEX CBHIBOPOTOUYHBIX O€NKOB. AJbBOYMUH,
CoIepKalMiicsi B KPOBH  4YEJIOBEKA, HA3BIBACTCS  UYEJOBEYCCKUU
CBIBOPOTOUYHBIA albOYMHH, OH cocTaBisieT okojio 60 % ot Bcex OenkoB,
coJiepKaluxcs B Tia3Me KpOBH.

CbIBOPOTOYHBI aJBLOYMHH OCOOCHHO XOpPOIIO TMOJAXOJUT IS
BBITIOJTHEHHS ()YHKIIMHU TTEPEHOCYMKOB MHOTHX TPAHCIIOPTUPYEMBIX KPOBBIO
U IUIOXO PAacTBOPHMMBIX B Boje BemiecTB. K BemecTBaMm, CBSI3BIBAEMBIM
CHIBOPOTOYHBIM aJIb,OYMUHOM, OTHOCATCSI OUIIUPYOUH, YPOOWIINH, KUPHBIE
KHUCIIOTBI, COJIM JKeMYHBIX KHUCIOT. Cpeau SK30TCHHBIX BEIIECTB MOXKHO
BBIJICJINTh TAaKWE JIEKAPCTBA, KAaK AaCMUPHUH, NEHUUWUIMH, CYIb()aMuibl,
BapapuH, Penodbyrazon. OpHa  MoJeKyJla  adbOyMHHa  MOXET
OJIHOBPEMEHHO cBs3aTh 25—50 Mmoiekyn OunupyOnHa (MoOJIEKyJIsIpHAs
macca 500 Jla). Ilo »To# mpuuyuHE CBHIBOPOTOYHBIA aNbOyMHH HHOTIA
HA3BIBAIOT «MOJIEKYJIa-TaKCH».

JInzonmum katamu3upyer THAPOIN3 TOJHCAXAPUIOB, SBISIOMIUXCS
OCHOBHBIM KOMITOHEHTOM KJIETOYHBIX CTEHOK Oaktepwii. Jluzouum -
OTHOCUTEJIBLHO HEOOJIBIION TJIOOYJSIpHBIA O€noK. JIM301uM, BBIACICHHBIN
u3 Oellka KypUHBIX $IMIl, TJI€ OH COJEPXKUTCS B OOJIHIIOM KOJIHYECTBE,
IpeACTaBIsET COOOW OJHY MOJUMENTUAHYIO Ienb U3 129 aMMHOKUCIOTHBIX
octaTkoB W Maccoil 14,6 kJla. B wmonekyne nu3onuma umeercs 4
TUCYIbPUAHBIX MOCTHKA.

Xo0 pabomul na niomnomepe DMA 5000 M

OO6muit Buj yrpasisitomnient yactu miorHomepa DMA 5000 M dupmbl
Anton Paar npencrasien Ha puc. 5.1.
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0, 887048 g

25.000 ¢ |

Puc. 5.1. briok ynpasnenus neacumerpa DMA 5000 M.
Pabora 5.1

A) TlepBbIii mar — IPUTOTOBJICHUE 10 33/IaHUIO TPEMOIABATEINSI CEPUU
PacTBOPOB MOJIEJILHOTO O€JKa MATH Pa3IMYHbIX KOHIICHTPALIHA,

b) Bropoit mar — omnpeaencHue IUIOTHOCTH pacTBOpoB. J[ist 3Toro
otbepure 1.0 M pacTBopa OejKa B LIMPHUIL U BBEAUTE MPoOy B MPUOOp Kak
yKa3zaHo Ha puc. 5.1.

[TomoxanTe HECKOJIBKO MUHYT, TIOKa MPUOOP HE BBHIWJET Ha 3aJaHHYIO
temneparypy. [lo pmocTmkeHuu 3aJaHHON TeMIEpaTypbl Ha JKpaHe
nosieiisiercs ciiopo VALID (Puc. 5.2).

0.997049gcm’|  1.002960 e/

| L5 Donsity Condiion
W 25.000c| | valid

25.000°C|  1.002960<m¥g

Puc. 5.2. [lokazanus CeHCOPHOTO dKpaHa, YKa3bIBAIOIIETO Ha JOCTHKECHUE
3aJaHHOM TEMIIEPATYPHI.

Haxxmure Ha cencopHom skpane kHonky START (puc. 5.3).
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| Finished
b -I-lllllillllllllll.'llllllllllllllllllllllll.lllllllllll.l

" Quiek
Fa\rorltn Settings

Puc. 5.3. Ilokazanus CCHCOPHOTI'0 3KpaHa, CBUACTCIILCTBYIOIIHUEC, YTO MOKHO
Ha4YWHATh SKCIICPUMCHT.

Ha »skpane mosButcs cioBo MEASURING (puc. 5.4). Dro
CBUJIETEIILCTBYET O TOM, YTO HJIET MPOIIECC M3MEPEHUSI.

1.002960 cm3/g t

Nonsity Conditlon |

Dbty

T 0.997049 glem’

24.999 © |

Hmrﬂ-l.n,l Set Isllnp | i avrara

25,000 c/| 1.002960 i‘i |

predetermined :

l,|||| | IR

.| L"

m AT
Chulck [ W "
Flw orites Settings Stop

Puc. 5.4. CeHcopHBIl 3KpaH MOKA3bIBAET, UTO UAET MPOLECC U3MEPEHUS.

N'r-nuﬂnn O ke
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Korna n3mepenne 3akoHIUTCS, Ha 3KpaHe mosButcs citoBo FINISHED
(puc. 5.2). 3anmmuTe TMOJYYCHHOE 3HAYCHHWE TIUIOTHOCTH pacTBOpa
(Oxomko DENSITY Ha ceHcopHOM 3KpaHe).

B) Tpermii mar — wu3MepeHUE TIUIOTHOCTH PACTBOPOB IISTH
KOHIICHTpaluii Oejlka W TMOCTPOCHHE KaJIMOPOBOYHOW  JIMHEHHOM
3aBUCHUMOCTH.

Paoora 5.2

Ha ocHOBaHMM MOJy4YEHHOW KaTuOPOBOUYHOW KPUBOU IS MOAEIBLHOTO
Oesika OmpeAeauTe HEU3BECTHYIO KOHIICHTPAIMI0 pacTBOpa MOJIEIIBHOTO
Ooenka.  JlaiilTe ~ CTaTUCTUYECKYH0  XapaKTEPUCTUKY  IOJyYEHHOM
KaJTuOpOBOYHON KpuBOH (yriioBo Ko3(pQHUIMEHT, CBOOOJHBIN UJIcH,
KO3 PUITMCHT KOPPEIIAIIUHU, CTaHAAPTHOE OTKIIOHCHHE).

PactBOp Oerka BbIIaeTCs MPETOaBATEIIEM.

Paoora 5.3

Ha ocHoBaHuM moNydyeHHBIX AaHHbIX B 3amanuu Nel paccuwuTaiite
KOKYIIMICS yIenbHbIH 00beM MOJENbHOro Oefka B 00JacTH HU3KUX
KOHLIEHTPALIU 10 peICTaBICHHOM GopMyiie:

V-m\y
Vo kax = m—2

IO Vpyax - KaKyHMiCS yAenbHbI o0beM Oelka (eM¥r), V - obbem

pactBopa, VY - 06BbeM UUCTOTrO PACTBOPHUTENS.

Ha ocHOBaHMM TMpPOBEAECHHBIX pPAaCUCTOB JalTE€ XapaKTEPHUCTUKY
MOJTYUYEHHBIX 3aBUCUMOCTEH KaXXKyIIUXCSl YIEIbHBIX OO0OBEMOB B 00JIACTH
HU3KMX KOHIIEHTpAIlMMi, pacCUMTaMTe MaplUHaIbHBIN YIEIbHBIH 00beM
OeJIKa U CpaBHUTE C JTUTEPATyPHBIMHU JaHHBIMU.
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