M.O. MOAYMBPHK, L.I. OCUIIEHKOBA, €.0. KOTJIsIP

®I3UKO-XIMIYHI
- METOW IOCIJUKEHHSL
- SIKOCTI XAPYOBUX TPONYKTIB




MIHICTEPCTBO OCBITH I HAYKH YKPATHH

YEPKACBHKHMH JEP)KABHHI TEXHOJOITYHUI YHIBEPCUTET
OJIECBKA HAIIOHAJIbHA AKAJIEMIA XAPUYOBHUX TEXHOJIOT'TH

M.O. IOJIYMBPUK, 1.1. OCUIIEHKOBA, €.0. KOTJISP

®I3UKO-XIMIYHI METGAH
AOCHAIAKEHHA AKOCTI
XAPYOBHUX IIPOAYKTIB

3a peoakyicio dokmopa ximiunux nayk O.M. Ilonymbpuxa

Yepxracn—Opneca—Kuis
Jloroc
2019



YIK 664.-021.465: 544.016 (075)

Pexomendosano auenoio padol
Yepkacbkoz0 OepHCaRIOZ0 MEXKON02INN020 yHiaepcumeny
Ilpomoxon Ne 3 ai0 16.10.2018

Pexomenoosano uenoio padow
O0ecbkoi HayionanvHol akademii Xapuoeux mexnonositi
IIpomoxon Ne 14 6i0 26.06.2018

PenenzenTu:

J1.B. Kanpenpsnig 3aBigyBau kadempu Oioximii, Mikpo6iosnorii Ta ¢isionorii
xapuysanaa OHAXT, npodecop,
3acmykeHUH Aif4 HayKH i TexHiku Ykpaiuy,
naypear B Tany3i Hayk# i TexHiku [epkasuof npemii Yipainuy,
JIOKTOP TEXHIYHMX HayK. ‘

B.1. Makcin IIpodecop xadenpu ananiTryHoi i 6ioHeopraniuHol xiMil
HauionansHoro yHiBepcurery Giopecypcis i
[IPUPOJOKOPHCTYBAHHA, JI. XiM. HayK, Ipodecop.

B.JI. Ikcap HAnpexrop TOB «ABA», Onechxuii 3aBoj, KiCTOUKOBUX T4
POCITHHHHX OJIiH.

Moaymépnk M.O., Ocunenxona LL, Koraap €.0.
Di3UK0-XIMI4HI METOIM JOCHIPKEHHS SKOCTI XapYOBUX IIPONYKTIB. —
Yeprkacu—Opneca—Knia: Bun-o «Jlorocy, 2019, — 188 c.
ISBN 978-617-7446-61-2.

PosrnsHyTo cydacHHH cTaH (I3MKO-XIMIYHHX METOHIB AHANi3y
cKiIany, QYHKI[IOHAIBHUX BIAaCTHBOCTEH, Xap4oBOi I[HHOCTI 1 SKOCTI
TPHPOIHOI CHPOBUHH i XapYOBUX MPOLYKTiB.

ITpu3Hadeno mia QaxiBUiB XapyoBOi MPOMHCIIOBOCTI, BUKIAJadiB,
ACTPAHTIB, MAriCTPAHTIB i CTYICHTIB, 3 TAKO IIHPOKOI'0 3araly YHTAYiB,
sKl 1IKaBIAThCS IpoOneMaMu OLIHKH fKOCTI XapyOBHUX IIPORYKTIB 1
3[0POBOTO XapuyBaHH.

YIAK 664.-021.465: 544.016 (075)

ISBN 978-617-7446-61-2 © IMonymbprk M.O., Ocuneunxosa LI,
Komsip €.0,, 2019



TIEPEJZIMOBA ........ooooooeveoeeeeeeeseseooesessses e seee e ssse s esss e s seses s essssons 5
L. EJIEKTPOMATHITHUM CIIEKTP EHEPEIL........ooooovveivenr vt seseeninnns 8
1. EJIEKTPOHHA CITEKTPOCKOITIS.........ooocvoeeveere oo eeeeereeeeveee e 13
I1.1. CITEKTPOCKOMIS Y BUJUMIN 1 Y OBJTACTAX ..o 13
11.2. IHOGPAUEPBOHA CIEKTPOCKOITIS ..........oovoveereeenecemveeeeseessieesessvanens 20
I1.2.1. T4 ®YP’E CTTEKTPOCKOTIIS..........ooooeeeeeeeeeeeeeeeneeeneeeereeeeneeannoae 23
11.2.2. T4 CHEKTPOCKOITISA 3 TIOPYIIIEHUM [IOBHUM
BHYTPIIIHIM BIIBUATTAM (ITIBB).......coooooiveeeerteceeeeeerveae 25
11.2.3. CTIEKTPOCKOIIIS! KOMBIHAIIIITHOTO
PO3CIFOBAHHS CBITIIA.........ooriveeeeeeeeeeeecseenssiess oo 29
I1.3. MIKPOXBUJILOBA (OBEPTOBA) CITEKTPOCKOII .........oocooneeee. 31
I11. ATOMHA EMICIITHA 1 AZICOPBUIITHA CHEKTPOCKOITIA....................... 35
I11.1. ATOMHO-EMICIUHUN CITIEKTPATIBHUN AHATIIS ... 35
1I1.2. ATOMHO-ABCOPBIIMHA CITEKTPOCKOIIIS ..........ovvoeeerreeren 36
IV. JTOMIHECHEHTHIM AHATIS .......oooommteeeeeeceees e ses s nsaenes 40
V. PEHTTEHOCHEKTPAJIEHI METOIU AHAJII3Y .......ooovoooveereeeees oo 46
VI PAmOAKTI/IBAmI?ngMIZ, PAJIIOMETPUYHIIA
TA PAIIOXIMIYHUMA METOIU AHATII3Y ....oooooreeeeeeeeeeee oo 56
VII. METOJI EJTEKTPOHHOI MIKPOCKOITIL. .....ooooooeoevoececeeeee e 61
VIII. XPOMATOTPAGIUHT METOIM ........ooovooreoeeeeeeeeeeeeveeseee e eneeesneons 67
VIIL1. TABOBA XPOMATOIPADIS..........oooeooriveeieeneeeeeresivecsecessesees e en e 69
VIIL1.1. TA30-AZICOPBHIMHA XPOMATOIPA®IA......................... 70
VIIL1.2. TA30-PITMHHA XPOMATOTPADI ..........ooevoevrren 70
VIIL2. PITAHHA XPOMATOTPA®IS...........ooooeveervrnrieenerean S e e 76
VIIL3. IOHHOOEMIHHA XPOMATOIPA®I.........oovvioeeeieeeereee s 77
VIIL4. TIATIEPOBA, TOHKOIIIAPOBA, TEJIb I AGTHHA
XPOMATOTPADIH .......ooomvooereeeereeeeeeeereeeeeeeee e 79
B MAC-CIERPPOCKIOII e v 86



XI. ETEKTPOXIMIYHI METOIM AHAII3Y ....cooooemoeoooorooooooooooo 104
XL1. IOTEHUIOMETPUYHI METOIM AHAJISY ... 107
X1.2. KYJIOHOMETPUYHI METOJIA AHAJI3Y ... 112
XL3. KOHAYKTOMETPUYHI METOIU AHATI3Y .ooooooooooo 115
X1.4. BOTbTAMIIEPOMETPUYHI METOIY AHAJI3Y ..o 119

XIL YIIBTPASBYKOBI METOIU JOCIDKEHHS ... 128

XHI AJEPHUA MATHITHUNA PE3OHAHC........ooooooooooooooooooooooo 137

DI I 1% 112151717 K T00Y - SO 139
XIIL.2. HAITOHKA CTPYKTYPA CIIEKTPIB SIMP........ooooooooo 142
XIL3. IHTETPYBAHHS CUTHAJIIB V CITEKTPAX SMP... 6o 148
XIIL.4. BUKOPUCTAHHS SIMP B XAPUOBUX TEXHOJIOTISX.............. 148
XIV. EJIEKTPOHHUMN ITAPAMATHITHUI PE3OHAHC. ... 158
XIV.1. YMOBU BUHUKHEHHSA CUTHAJTY EIIP ..o\ 158
XIV.2. HAIITOHKA CTPYKTYPA CITEKTPIB EITP.........ooooooooooooo 161
XIV.3. BIACTUBOCTI HITPOKCUIbHUX PAZIUKAIIB. ... 162
X1V.4. 3ACTOCYBAHHSI ETTP B XAPYOBUX TEXHOJNOTTSAX .............. 165

HICTDBIMOBA ...ttt 171

CIIMCOK BUKOPUCTAHMX JIKEPE ..........ooovvoroooeoeoooooooo 174

TROIATIKI .. cccsssommenssvsomssiausossssmsssssssssiimsmsmssos iosseasys s Eose s S56mSE est et tensti 178



HHEPEIMOBA

Dxa € ozeM 3 HAHGITBII TTOTYXHIX 3aC06IB BIVTUBY Ha SKiCTH | TPHBAIICTE
WUTTA ToAuHE. [poyKTH XapIyBaHHS ABIAIOTE COOOK0 CKIAMHHN KOMILIEKC
XIMIYHHMX PEYOBHH, OCHOBHHUMH 3 AKHX € GLIKu, Jiimau (KupH), BYIJIEBOIIH,
BiTaMiHU, MiHEpanbHi pedoBUHM i Boma. Boaa € ToNOBHOK peuenTypHOMO
CKNIa[IOBOIO HAMoiB 1 Malbke BCIX XapUoBHX MpONyKTis. BoHa BIUIMBae Ha
OUIBIIICTD iX AKICHUX XapaKTepPUCTHK, OCOOIMBO Ha TepMiH 30epiraHmHi.
3rilHO 3 Cy4acHUMM YSIRICHHAMH SKICTh XapuoBHX TMpPOAYKTIiB MiA dac
36epiraHHs 3alCKUTH HE BiX BMICTY BOJIOTH, a Bif aKTHBHOCTI BOAH a, sika
BU3HAYa€THCA AK CIBBIIHOMICHHS TUCKY I1apiB PO3UMHY i YMCTOI BOIH:

a—ﬁ—PBB
p, 100°

Jie p — NapuiaNbHUK THCK NapiB BOAAHOI MapH Haj MOBEPXHEI0 XapdOBOTO
HPOIYKTY, p, — THCK HACHYECHOI IIapu BOIM 3a Tie€i x Temueparypu, PBB —
PIBHOBa>KHA BITHOCHA BOJIOTICTS.

Po3pisnsiors BinbHy (He3B’sa3aHy) i 38’1328y Boxy. BiibHa Bofia € po3uus-
HUKOM OpTaHiuYHHX i HEOpTraHiYHUX PEYOBHH, Oepe yUacTh y Beix GioxiMiu-
HUX Hpolecax, ii MOKHA BUIYYHTH [IILXOM BUCYUIYBaHHS, BUNAPIOBAHHS,
BHMOPOXKYBAHHS TOINO, 260 BUKOPHCTaHHAM BONOrOyTPHMYIOUHMX PEYOBHH.
3B’s3aHa BOJIA 3a CBOIMM BJIACTHBOCTSMM BiJpi3HAETHCA Bif BiIbHOI — BOHA
HE 3aMep3ac PH HU3HKUX TeMrieparypax (1o —20 °C), He po3duHse enekTpo-
JIITH, HENOCTYIHA MiKpoopraHismaM. ToMy B XapuoBHX TPORYKTaxX BillbHY
BOZY TOBHICTIO BHJIy4aloTh, a00 epeBOIATH y 3B’ A3aHy, JOOABITIOUH COJIi,
Tonicaxapuiy, GynkuioHaneHi fo6aBky (rompocdarn, 1aKTO3y, KyXOHHY
CiNlb, KHp TOIIO), TOGTO aKTUBHICTL BOAHM MOXKHA 3MIHIOBATH, Mig0Hpaoan
CHPOBHHY i pettentypy. Jlis BU3HAYEHHS aKTHBHOCTI BOJIH BUKOPUCTOBYIOTh
XpoMarorpabiuHi METOIH i CIIEKTPOCKOIIIO SAEPHOTO MATHITHOTO PE30HAHCY
(SIMP).

Binku B opraHi3Mmi ITIOXHHA BHKOHYIOTH [yXe BaXIIUBI (yHKji, Garato 3
SKUX € HesaMiHHAMM. IlocTiliHa HecTaua nOBHOIHHOTO 6iNKa (IO MiCTHTH
BCi HE3aMiHHI aMiHOKUCIIOTH) PU3BOAMTH JI0 BUHUKHEHHS 6aratbox XBOpOO
1 BUKITMKA€ BXKi HE3BOPOTHI NMOpyLIEHHs (izionorivAnx GyHKIi# opramiz-
My TroAMHHU. B aHamiTHuHiNA XiMii BigoMo 6araro MeTOHiB BM3HAYECHHS OGiiKa
(K’enbpans, Jloypi, ®onina-Yokansrey Tomo). B ocTansi poku mmpoxe pos-
TIOBCIOIDKEHHS OTPUMAJIH TIPHCKOPEHI (POTOMETPUYHI METOH, 8 TAKOXK BHCO-
KOTOYHI — XpoMarorpadisi, 30kpeMa iOHHO-00MiHHa, BACOKOE(eKTHRHA PiTuH-
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Ha, Ta3o-ajicopOuiiiHa, renb-xpomarorpadis Towo. Metomu XpoMarorpadii
0a3yI0ThCS Ha BCIX MOMUIMBUX BiIMIHHOCTSX Monekyil. HepomikoM € notpe6a
BLITIOBIIHOTO MaTePiabHO-TEXHIYHOTO OCHAILIEHHS, L0 [IOB’ A3aHO 3 HOTO Be-
JTMKOIO BAaPTICTIO, 4 TAKOX BHCOKOKBAII(hiKOBAaHOTO 0GCTYTOBYBAaHHS.

Binbnricts minigis wanexars mo ecTepiB 6araToaTOMHHX CITMPTIB i BH-
X SKHPHUX KKCTIOT. B opranismi ToMiHH BOHK BUKOHYIOTE BAXIUBI QYHK-
1ii, 30kpemMa BXOMISTH 0 CKNafy GiONOriMHO aKTHBHHX CTPYKTYp, CITYXKaTh
CHEPreTHYHUM MaTepialioM, BUKOHYIOTh 3aXHCHY PONb TOWIO. AHali3 XKUPiB
3BOAMTBCSA 10 BU3HAYECHHS 1X MAcOBOTO BMICTY, JKMPHOKHCIOTHOTO CKIIamy,
Xapuosoi i Gioloriunoi miHHOCTI Tomo. {0 MEeTOmiB BH3HAYEHHS MACOBOI
YaCTKH JKHpa Oe3ll0CepeHbo B 3pasKy BinHOCATHCs iH(ppauepsona (1Y)
CHEKTPOCKOIIiS, SIEPHUK MATHITHHI pe3oHaHc, ynbrpassyk (Y3) tomo. Mo
METOZiB JOCHIDKEHHS, AKi 3B’5I3aHI 3 IIONEpeHIM BUIYYCHHAM JiMigiB, Bijg-
HOCSTh eKCTPAKTUBHI, IpaBiMETPUUHKMM, Xxpomarorpadiunuii, THHAMIMHOL
KaBiTalii Toulo.

Byrnesonu — ie oprasivHi peMoBMHM, 1[0 MICTATE KiTbka ANKINTIIPOKCH-
AiB, @ TAKOX ATBIETIIHY YU KETOHHY Ipyiy. ByriieBomu € OCHOBHHM JuKe-
pesloM eHeprii s JHOACLKOTO OpraHi3My, KpiM TOro BHKOHYIOTH BaXKITHBI
disionoriuni QyHKuii — perynaTopHy, CIpYKTypHY, 3aXHCHY, MeTaboniuny
Tomo. Byryesony noAingoThCs Ha MPOCTi, 1O HE TiIAPONI3YIOTH, 1 CKIaIHi,
K1 TUIPONi3YIOTh 3 YTBOPEHHAM NPOCTHX BYITIEBOMIB.

Bitaminy — GionoriyHo akTHBHI PETOBHHH, IO 3a0€3METyIOTH HOPMaTh-
He MPOoTiKaHHs 6i0XiMIYHKX i di3ionoriyHHx mpouecis B opraxisMi Imoqu-
Hu. Hopinsioteest Ha xupo — (A, D, E, K tomo) i Bomoposunnsi (B,C, PP
TOIO). /LSt aHalli3y BYITIEBOAIB i BiTaMiHIB BUKOPHCTOBYIOTECSA CIIEKTPATh-
Hi, Mac-CTIEKTPOMETPHYHI, XpoMaTorpadidHi, e1eKTpoXiMidHi METOAU TOLIO.

AHTHOKCHIAHTH, 1O BXOAATH 0 CKIIAAy XapPYOBUX IPOIYKTIB (B-KapoTHH,
Genomu, hnasonoiny, Biraminu C, E Tomo), 3axumarors OpTaHi3M JIFOJAVHH Bif
Aii BUTbHUX PaMKAIIiB, YIIOBUTEHIOIOYH TIpoliecy cTapinas. JIIa focmi/pKeHHs
AHTUOKCHIAHTHUX BIACTUBOCTEH MPUPOAHUX CITOMYK 3aCTOCOBYHOTBCS METO-
A ONTHYHOI CIIEKTPOCKOII], ENEKTPOHHUH MapaMarHiTHUN pesoranc (EITP),
MaC-CIICKTPOCKOMIS 3 {HIYKTHBHO 3B’ A33HOIO MIa3MOK0 TOHIO.

BaximuBy ponb B XapJyBaHHi JIFOIWHY BiirpaioTs MiHepaabHi PEIOBHHH,
30KpeMa KaJiiil, MarHil, Hatpiit, depym, iton, docdop Tomo. Ans ix amanizy
BHUKOPHCTOBYIOTECA METO/IM NOJSAPOrpaQivHOro aHaisy, aroMHO-abcopOuili-
HUH, PEHTTeHO-(ITyOPeCIeHTHHH, paioOMETPHYHMI aHAJI3 TOLIO.

Di3uK0-XiMiTHI METONM JOCITiKEHHS MOKYTh HANATH LiHHY iH(opMa-
Uif0 TIPO €KOJIOTiYHY Ge3NeKy XapuyoBHUX MPOMYKTIB, PO HASBHICTH B HUX
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