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AHOTALISA

Pyowk B.B. Cunte3 HOBUX ToMIMOpGHUX (GOpM aKTHBHUX (PapMarieBTUIHUX
IHTPEJIIEHTIB Ta iX BIUVIMB Ha (I3UKO-XIMIYHI Ta (apMaKoIOriyHl BIIACTUBOCTI. —
Kgamidikariitna HaykoBa mpaiisi Ha paBax pyKOIUCY.

JlucepTaitist Ha 3100y TTsI HAYKOBOTO CTYIICHS JIOKTOpa ¢ijocodii 3a creriagbHICTIO
161 «XimiyHl TeXHOJIOTIT Ta 1HXKeHepis». — HaiioHanbHUN TEXHIYHUN YHIBEPCUTET
Vkpainu «KuiBcbkuit momitexHiyHud 1HCTUTYT iMmeHi Irops Cikopcekoro», MOH
VYkpainu, Kuis, 2023.

HucepramiitHa poO0Ta NpHUCBSYEHA BUBYEHHIO SBHUINA MOJIMOP(}I3MYy aKTUBHHX
dapMaleBTUYHUX 1HTPEIEHTIB HAa TIPUKIIAIl cyOcTaHIii 6-MeTtunypammty, Ericamiym Ta
Jlesnopataguny, OJepkKaHHIO HOBUX mnodiMoppHuUXx dopMm 1ux cyOcTaHIii Ta
JOCIIKEHHIO (D13UKO-XIMIYHUX Ta (hapMaKOJOTIYHUX BIACTUBOCTEH.

B poGoTi gocmipkeHO mpemapaTHBHI - MIAXOAW 1O CHHTE3Y AaKTUBHOTO
(dapMarieBTUYHOTO IHTpeieHTa — 6-MeTwinypauuiay Ta TPOMDKHHX CIONyK. 3poOseHa
OIlIHKAa BIJIOMUX METOMIB CHHTE3Y Ha TMpeAMET MOXKIMUBOCTI BHUKOPHCTAHHSI B
IpOMHUCIOBUX yMoBax. [lepeBipeHi HalOUIbII MEPCIEKTUBHI YMOBH OTPUMAaHHS I1IBOBUX
PEYOBHMH Ta MOXJIMBICTh MaclITa0yBaHHS XIMIYHHMX CTaJlid Ta mpoueciB. BinmpansoBaHi
YMOBHM JBOCTAJIIMHOTO CHUHTE3y O-MeTuinypanuiay BHXOASYH 3 KOMEPIIHHO JOCTYIHOI
BUXIJIHOI CHPOBHUHH — allE€TOOIITOBOTO €TUJIOBOTO eCcTepy Ta ceuoBHHU. Ha mepumiit craaii
IIPOBEJICHO a3€O0TPOITHY BIATOHKY BOJW 3 T€KCAHOM B SIKOCTI PO3YMHHUKA TPU KaTalisi
napa-TodyeHCYIb(OHOBO KHCIOTOI0 Ta OTPUMAHO BIIAMOBIMHUN €TUIYPEiTOKPOTOHAT.
HarpiBanHsM eTHIypeimoOKpOoTOHATY 3 BOJAHHM JIYTOM 3 HACTYITHUM JOJaBaHHSIM 0
peakiiifHOi CyMillll COJISTHOI KHCIOTH oTpuMaHo 6-Mertunypanui. Po3poGrnena Tta
BIIPOBQ/PKCHA  MPOMMCIIOBA  TEXHOJIOTiSI CHHTE3y AaKTUBHOTO  (DapMaleBTHYHOTO
iHTpemienTa 6-MeTumyparui.

PetenbHe BuBUeHO kpuctamiuHi Gopmu 6-Merunypaimny (6MU) ta HaiizeHo aBi
HOBI HE oOmucaHl padime noxiMopdui dopmu. s IBOX BIIOMHUX Ta JABOX HOBHX
nomiMopbHUX MoaMdiKamiii  AOCTIHKEHO yMOBM ix oTpuMmaHHS. bymoBa Bcix

nomimMoppuux Moaudikamii 6MU  ogHO3HAYHO BCTAHOBJIEHAa MOHOKPHUCTAIBHUM



PEHTIEHOCTPYKTYPHUM  AOCHIDKeHHsIM. OTpuMaHi  KpUCTaldidHi  (OpMH  TaKOXK
O0XapakTepU30BaHI METOJOM IOPOIIKOBOI  PEHTIeHIBChKOI  Audpakuii, MeT0I0M
mudepeHItianbHOi CKaHyo4oi kanopumeTpii Ta [Y-ciexTpockorrii.

VY (apmaneBTHUHINA POMUCIOBOCTI BUKOPUCTOBYETHCS METAacTaOIbHa MOJIMOPpHA
dopma 6MU I, a B TEXHOJOTIYHOMY TMPOIECI MOXYTh YTBOPIOBAaTHCS JBI HOBI
metactabuibHl popmu 6MU III 1 6MU _[V. BHaciigok 1poro, MOXKIUBICTh Jedopmariii
OUX CTPYKTYp MiJ 30BHIMIHIM BIUIMBOM, TaKUM SIK MEXaHIYHMM THUCK TIJ 4Yac
TabysieTyBaHHs, Oylla OIlilHEHAa 3a JOMOMOTOK KBAaHTOBO-XIMIYHOTO MOJIEITIOBAHHS.
[Tokazano, mo Oynb-ska gedopMalliss CTPYKTypHd TPU3BOIUTEH A0 3HAYHOTO 3MEHIICHHS
BIICTAHEH MK HaWOIMKYMMU aTOMaMH, IO HaleKaTh JO CYCIAHIX IIApiB CHUIIBHO
B3aEMOJIIOUNX MoJiekyls. llel ¢akt m03BoJisse 3pOOWTH BUCHOBOK, IO METAcTaOLIbHI
nosiMopdHi popmu 6MU He MOXKYTh 3a3HaBATH MOJIMOP(PHOTO MEPEXOY 1]l 30BHIIIHIM
BIUTUBOM 1 MOXYTh BHKOPHUCTOBYBATHCS B TEXHOJIOTIYHOMY Tipoiieci 0e3 OyIb-sKux

00MEKEHD.

B pesynbTaTi mocmimkeHHs po3unHHOCTI Enicamiym (4-[(OeH3mmaMino )kapOoH1I]-
1-metwnmipuanHid) Woxamay y 46 OpraHiyHUX pO3YMHHUKAX 21 3 HHX BHUSIBUBCSA
NEePCIEeKTUBHUM JUISl JOCHIKEHHST KPUCTATI3AIIiHOT MOBEAIHKUA. Y 1HIIUX PO3YMHHHUKAX
Enicamiym ioaun abo He pO3UMHSETHCS, a00 pO3UMHSETHCA 3 naecTtpykiiero. Jms 11
PO3YMHHUKIB BAAJIOCH OTPUMATH KPUCTAIIYHI 3pa3KH.

3a pesyabpraTtamu [Y cnekrpockomnii 11 3pa3kiB Enicamiym ilonuay BCTaHOBIIEHO,
0 BCi 3pa3ku moaiOHI Mk CO00I0, MO CBIAYHUTH MPO BIICYTHICTH COJBBATHUX (HOPM.
[Tokazano, mo IY cnoekrpockomisi HE € NPUHUHATHUM METOJOM Il BU3HAUYCHHS
BIIMIHHOCTEH y KpUcTalniyHuX Gopmax Enicamiym oauny.

P®A anani3 nux 3pa3kiB TaKOX MIATBEPAUB iX 1IEHTUYHICTH. [IpoTe Oyso momiueHo
Jy>Ke HE3HAUH1 BIIMIHHOCTI y TTOBEIIHIII 3pa3Ka, ojJep:kaHoro y 6en3ouniTpuii. [IposeneHno
JI0JTaTKOB1 €KCIIEPUMEHTH, a caMme, TePEeKpHCTaIi3allis 3pa3ka Ta MOMEHTAJIbHA 3HOMKa
cnekTpy. KoHTposibHa yacTMHA IHOTO 3pa3ka BUTpPUMYBaiach npoTsroM 50 HIB Mpu
temrepatypt 60 °C 1 Takox Oyna pociipkeHa merogom P®A. BceraHoneHo, 1o

€TAJIOHHUN 3pa30K Ta 3pa3oK skui BUTpuMyBaBcs 50 mHiB mpu temmeparypi 60 °C,
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1IeHTUYHI. 3pa3oK, SKUM 3HIMABCS OfApa3y IICHs MepeKpucTraizaiii, Bl HUX
BiZIpi3HAETHCSI. TakuM YHMHOM, BIpOTIAHIINIE 32 BCE, BIH € IHIIOK KPUCTATIYHOIO (OPMOIO
4-[(6en3unamino )KapOoHLI |-1-MeTUAMIPUANHIN HOTUTY.

BceranoBneno, mo po3unHHICTh EHicamiym Hoauay y HpOMIIEHTIIKOIl CTAHOBHTD
ommspko 35 mac. %, a 3 riminepuny npu temmeparypi 5 °C BiH He KpPHUCTai3y€eThCs
MPOTITOM HE MeHIe 6 MicsIiB npu KoHueHtpaii outbme 1000 mr/mu. Li BmacTuBOCTI
MOKYTbh OYyTH BUKOPHUCTaHI JIJIsl CTBOPEHHS pO3YMHHUX (OpM Ipenapary.

Cunre3oBaHO Ta  JocihipkeHo Tpu  comi  4-[(6en3unamino)kapOoHin]-1-
METUJITIIPUIMHIN 3 PI3HUMHU aHIOHaMH TajoreHiB (xjopuia, Opomina, Wonun). Enicamiym
XJIOPUJ KPHUCTATI3YEThCA B LEHTPOCUMETPUYHIN mpocTtopoBid rpymi P2i/n, Tomi sk
Enicamiym 6pomin i EHicaMiyMm Hoau yTBOPIOIOTh KPUCTANIN 3 XIPAIBHOK MPOCTOPOBOIO
rpynoto Conke P2:1212;. Kpuctaiu Emnicamiym Opominy 1 Enicamiym #onuny e
13ocTpykrypHuMH. KarioH 1 aHioH 3B’s3aHi BojgHeBuM 3B ’s3kom N—H...Hal. Amnami3
noBepxHi  [ipmidenbaa  BUKOPUCTOBYBABCS  JUIl  TMOPIBHSAHHA ~ PI3HUX  THIIIB
MDKMOJIEKYJISIPHUX B3a€EMOJIN y TPhOX JAOCIIJKYBAaHUX CTPYKTypax.

3a cTpykryporo kpuctaiu Enicamiym Opominy 1 Exicamiym Hoauny myske momioHi
MiX co6oro, a Enicamiym xmopun BiapisHseThes. 1o nposiBiserbes B pi3HUX (I3MYHHUX
BJIACTUBOCTSAX — EHicamMiyM XJIOpHUJl € TIrpPOCKOIIYHOIO, CBITJOYYTJIMBOIO Ta YK€
po3unHoro y Boai (1 r B < 1 M Boam) cyOcraniieto, Enicamiym Opomin 1 Enicamiym
floua — He TIrPOCKOIIYHI, HE CBITJIOWYT/IHBI Ta Manopo3uuHHi y Boi (1 r B 100 — 1000
M) pedoBUHH. [l pI3HUIE y BIACTUBOCTSAX € My)KE€ CYTTEBOIO Ta BAXKIUBOIO MPHU

dbopMysIii TBEPAUX FTOTOBUX JIKAPCHKUX (HOPM.

Bbyno cuHTE30BaHO Ta JOCHIKEHO MOHOKPHCTAJIIYHUM Ta MOPOIIKOBUM
PEHTICHOCTPYKTYpHUM  METOJIOM  HE  ONHCAaHWM  paHime  HamiBrigpatr  4-
[(6en3unamino)kapborin]-1-metunmipumuniii ~ 6pomin  (C1aHisN.O*Br -0.5H.0). B
ACUMETPUYHIA OJWHUIN €JIEMEHTApHOI KOMIPKM TPHUCYTHI JIBa OPTaHIYHUX KAaTiOHU
no110HO1 KoH(popMaIlii, ABa OPOMiI-aHIOHU Ta OJIHA MOJIEKyJIa BOJIU. Y KPHUCTasl BOJHEBI

3B’s13kM N—H....Br 3’€JHYIOTh KaTiOHU Ta aHIOHU. Y TBOPEHHSI HA0OPY MI>KMOJIEKYIISIPHUX
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B3aemoniit C—H...Br i C—H...nw npu3BoauTh 10 YTBOPEHHS MOABIMHUX JAHIIOXKKIB, 10

IPOCTATarThCs napanenbHo miomuHi (011).

Bymo cuHTE30BaHO Ta AOCIHIDKEHO HE OMHCaHI paHimie ABI Homucti coumi, 4-
[(6en3unamino)kap6oHin]-1-MeTunmipuauHiit Homua—ion (2/1), C1aH1sN20*1 -0.512, 1 Ta
4-[(6en3unamino)kap6oHin]-1-metunmipumuniit puitoaun , C1aHisN.0O* Iz | 11, 3 pisHEM
crmiBBigHOIIEHHAM KaTioH:HoA. Cine I MICTUTH OIMH KaTiOH, OJWUH HOJUI-aHIOH 1
[OJIOBUHY HEUTPaJIbHOI MOJEKYIH l2 B aCUMETpHUHIM OJUHULI €JIE€MEHTAapHOI KOMIPKU
(cmiBBimHOMIeHHS KaTioH:Mox 1:2). Cinp Il micTuTh Ba KaTiOHU, OJUH TPUHOAMI-aHIOH
(I3 ) i 71Bi MOTOBMHM TpHitOAMI-aHiOHN (CHiBBigHOmIEHHS KarioH:iox 1:3). I'pyma NH
yTBOpIO€ BonHeBi 38’3k N—H...I 3 anionom I y kpucrani ¢popmu I Ta BoaHEBi 3B sA3Ku
N-H...O B ¢opwmi II, ne mpucytHi nurie Tpuioau1-aHIOHH.

TexHosoris cunTe3y cyOcTaHIii Jle3noparaauH, sika CKIAJAEThCA 3 XIMIYHOL cTaii
(3HATTSA Tpymu eTwikapOokcwnaT 3 azory minepuauHy B A®DI Jloparamuu) Ta cranii
nepeKkpucTamizaiii 3 eTwiamerara, Oyja po3poOJieHa Ta BIPOBAPKEHA B CEpiiiHE
BUpoOHULTBO Ha AT «®Dapmaky.

CyoOcranmis Jle3nopataaud, BupoOHuintea AT «®Dapmaky», HE MICTHTH JOMIIIKH
JlopaTaauny 1 € Tpuda3zHolo, B Hiil 3HaiineHo Tpu noaiMopdHi Moaudikanii. [Tomimopd 1
BIJIMOBIJA€E omucaHid B jitepatypi Moaudikamii [lesmoparanuny. Ilomimopd 2 mae
noniOHy CTPYKTypy TMepuIid, ane MICTUTh MoJjekynu [le3nmoparaguHy B IHIIIN
koH(popmanii. IlomiMopd 3 € MeracTtabuibHOIO (a30r0 1 MOOYAOBAHWI 3 MOJEKYII,
3HaaeHnx y momiMopdax 1 1 2. BiH yTBOpIOETHCS TIMBKH MPU MPOMHUCIOBOMY CHHTE31
Hesnoparaauny, 1 Oyab-ika mojanbiia o0poOka cBIXOOTpUMaHOTo JlesnoparaauHy
IPU3BOJUTH J10 Horo amop@izaiiii abo nepexoay B nojgimopdu 1 ta 2.

bynoBa nonimopdiB 1 Ta 2 BU3HaAUY€HA METOJOM MOHOKPHUCTAIBHOI PEHTI€HIBCHKOT
mudpakiii 3a KiMHaTHOIO Temneparyporo. Ilpubnuszna crpykrypa mnomimopdy 3,
HeoOXiHA IS TPOBEJEHHS KITBKICHUX PO3paxyHKIB, 3HAWICHA 3a JIHISIMH JTOMIIIOK
MOPOIIKOBOT peHTreHOTrpamMu 3paska Jlesnopataauny.

[lepexpucranizauis cyoOctanuii  Jle3nopaTtaguHy 3 pi3HUX PO3YMHHUKIB Yy

J'Ia60paTOpHI/IX yYMOBax, a TaKOX 3 pPO3IJIaBy, IMNPU3BOJHUTL JO IIOBHOI'O 3HWKHCHHA
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noiMmopdy 3, a crhiBBiIHOLIEHHS MOJaIMOpGiB 1 1 2 B mepeKkpUcCTali30BaHOMY ITPOJIYKTI
3QJIEKUTh BIJ TOrO, SKUHA PO3YMHHUK OYB BHUKOPHCTaHHMA. MaKCUMalbHUII BMICT
nosimMopdy 1 oTpumaHo npu nepekpucraiizaiii 3 xaopodopmy (77 mac. %), nomimopdy 2
- mpu nepekpucrtanmizaiii 3 Boau (86 Mac. %) ta 3 posmiaBy (91 mac. %). CTopoHHIX
JOMIIIIOK Y TIPOJYKTaX MepeKprcTaIizaiii He BUSBICHO.

[IpecyBannst Jle3noparaauHy NPU3BOAUTH 1O TOMITHUX 3MIiH CIiBBIJTHOIICHHS
nommMoppiB y Tabnerkax. CymyTHIM @poLECOM TMpU LbOMY € amopgizamis
JleznopataauHy, 10 CYMPOBOKYETHCS TMOMITHOIO 3MIHOIO BMICTY KpUCTamidHUX (a3:
BMICT noJliMmop(dy 3 ICTOTHO 3MEHIIYEThCS, @ BMICT noiMopdy 1 B kpuctanigyHux dazax
NOMITHO 30UIbIIY€ThCA. MOXKHA MPUITYCTUTH, M0 TOJIMOPY 1 € HaAOUTbII CTIMKUM i
THUCKOM.

Knwouosi  cnosa:  momimopdizMm,  KpuUCTaldidyHa  CTPYKTypa,  aKTUBHUU

dbapmareBTHYHUMN IHTPEIEHT, JIIKU, OPTaHIYHUNA CUHTE3, TETEPOIUKITI3aIlis, TEXHOIOTIs

Cnucox nyonaixayiii 3006ysaua:

Cmammi:

1. Pymox B.B., ®inatoB A.A., babamkanoBa JI.A., SArynonbcekuii FO.JL.,
JleannoBcrkuii LA, Po3poOka mTpPOMHUCIOBOI TEXHOJOTii CHHTE3y AaKTUBHOTO
dbapmareBTHYHOTO 1HrpenieHTa «6-meTmnypaiun [lutanas xiMii Ta XiMIYHOT TEXHOJIOTI,
2023. B. 4(149). C. 77-82. d0i:10.32434/0321-4095-2023-149-4-77-82 daxoBe BHIaHHS
3a cremanbHOcTIMHA Ximist (102) ta XimiuHi TexHoJorii Ta imkeHepis (161) — kareropis
“A” (makaz MOH Vxkpainu Big 16.07.2018 Ne775), Vkpaina. XypHanm OuUTyeThCs
HaykoMeTpuuHoto 6a3or0 SCOPUS. Q3.

2. Shishkina S.V., Shaposhnik A.M., Dyakonenko V.V., Baumer V.M., Rudiuk
V.V., Yanchuk I.B., Levandovskiy IL.A. New Polymorphic Modifications of
6-Methyluracil: An Experimental and Quantum Chemical Study. ACS Omega, 2023. Vol.
8. P. 20661-20674. doi:10.1021/acsomega.3c01231 XypHai HUTYETbCS HAYKOMETPUIHOIO
6a3or0 Web of Science ta Scopus. Q1.

3. Rudiuk V.V., Shaposhnik A.M., Baumer V.M., Levandovskiy I.A., Shishkina
S.V. 4-[(Benzylamino)carbonyl]-1-methylpyridinium bromide hemihydrate: X-ray


https://doi.org/10.1021/acsomega.3c01231

7

diffraction study and Hirshfeld surface analysis. Acta Crystallographica Section E:
Crystallographic Communications, 2022. Vol. 78. P. 496-499.
doi:10.1107/S2056989022003784. XypHan muTyeThcs HaykomeTpuuHOt 0azoro Web of
Science Ta SCOPUS. Q3.

4. Shishkina S.V., Shaposhnik A.M., Baumer V.M., Rudiuk V.V., Levandovskiy
I.A. 4-[(Benzylamino)carbonyl]-1-methylpyridinium halogenide salts: X-ray diffraction
study and Hirshfeld surface analysis. Acta Crystallographica Section E: Crystallographic
Communications, 2022. Vol. 78. P. 114-119. doi:10.1107/S2056989021013505. XypHan
HUTY€EThbCsl HAyKoMeTpuuHoto 6a3oro0 Web of Science Ta SCOPUS. Q3.

5. Rudiuk V.V., Shaposhnik A.M., Baumer V.M., Levandovskiy I.A., Shishkina
S.V. Salts of 4-[(benzylamino)carbonyl]-1-methylpyridinium and iodide anions with
different cation:iodine stoichiometric ratios. Acta Crystallographica Section E:
Crystallographic Communications, 2021. Vol. 77, P. 1219-1223.
doi:10.1107/52056989021011300. XKypHan uutyerbes HaykomeTpuuHooo 0azor0 Web of
Science Ta SCOPUS. Q3.

Te3u donosioeli.

6. Shishkina S.V., Shaposhnyk A.M, Rudiuk V.V., Levandovskiy I.A. New

polymorphic modifications of 6-methyluracil: experimental and quantum chemical study

for the practical use // 64 Konwersatorium Krystalograficzne Polish Crystallographic
meeting, Wroclaw, Poland, 5-6 Jule, 2023. P. 56-57.

7. Shaposhnyk A.M, Rudiuk V.V., Levandovskiy I.A., Baumer V.M., Margitich
V.M. Crystal structures of Enisamium halogenides // 62 Konwersatorium
Krystalograficzne Polish Crystallographic meeting, Edycja on-line, 24-25 June, 2021. P.
170-171.

8. Shaposhnyk A.M, Rudiuk V.V., Levandovskiy I.A., Baumer V.M., Shishkina
S.V. Polymorphism of 6-methyluracil // MDPI "The 2nd International Online Conference
on Crystals"”, 10-20 November, 2020. ID: sciforum-035747

9. Pymok B. B., Illamommuuk A. M., JleBangoBcekuii 1. A., Ilumkina C. B.

Hocmimkennss moniMoppaux wmomudikamin  6-metwnypamwny. VIII  Miscnapoona


https://doi.org/10.1107/S2056989022003784
https://doi.org/10.1107%2FS2056989021013505
https://doi.org/10.1107/S2056989021011300

8

KOH@epeHyisi cmyO0eHmis, adcnipanmis ma Moa00UX GYeHUX 3 XiMii ma XiMiYHOI mexHo102Il,

Kuis, Ykpaina, 22-23 ksitas, 2020. C. 40.



ANNOTATION

Rudiuk V.V. Synthesis of new polymorphic forms of active pharmaceutical
ingredients and their effect on physico-chemical and pharmacological properties. —
Qualification scientific work with the manuscript copyright.

The thesis for a Doctor of Philosophy degree in speciality 161 «Chemical
technologies and engineering». — National Technical University of Ukraine "lgor Sikorsky
Kyiv Polytechnic Institute”, Ministry of Education and Science of Ukraine, Kyiv, 2023.

The dissertation work is devoted to the study of the phenomenon of polymorphism
of active pharmaceutical ingredients using the examples of the substances 6-Methyluracil,
Enisamium, and Desloratadine, the preparation of new polymorphic forms of these
substances, and the study of their physicochemical and pharmacological properties.

The work examines preparative approaches to the synthesis of the active
pharmaceutical ingredient - 6-Methyluracil and intermediate compounds. An evaluation of
known synthesis methods was made for the possibility of use in industrial conditions and
scaling. The most promising conditions for obtaining target substances and the possibility
of scaling chemical stages and processes have been verified. The conditions for the two-
stage synthesis of 6-Methyluracil based on commercially available raw materials -
acetoacetic ethyl ester and urea - have been worked out. At the first stage, water was
azeotropically distilled with hexane as a solvent under the catalysis of p-toluenesulfonic
acid, and the corresponding ethyl ureidocrotonate was obtained. 6-Methyluracil was
obtained by heating ethyl ureidocrotonate with aqueous alkali followed by the addition of
hydrochloric acid to the reaction mixture. An industrial technology for the synthesis of the
active pharmaceutical ingredient 6-Methyluracil was developed and implemented.

Crystal forms of 6-Methyluracil (6MU) have been carefully studied. Two new
undescribed earlier polymorphic forms of 6MU were found. For two previously known
and two new polymorphic modifications, the conditions for obtaining them were
investigated. The structure of all polymorphic modifications of 6MU was unequivocally

established by the single-crystal X-ray diffraction method. The resulting crystalline forms
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were also characterized by X-ray powder diffraction, differential scanning calorimetry,
and IR spectroscopy.

In the pharmaceutical industry, the metastable polymorphic form 6MU 1 is used,
and two new metastable forms 6MU |1l and 6MU IV can be formed in the technological
process. Thus, the possibility of deformation of these structures under external influence,
such as mechanical pressure during tableting, was evaluated using quantum chemical
simulations. It is shown that any deformation of the structure leads to a significant
decrease in the distance between the nearest atoms belonging to the adjacent layers of
strongly interacted molecules. This fact allows us to conclude that metastable polymorphic
forms of 6MU cannot undergo a polymorphic transition under external influence and can
be used in the technological process without any restrictions.

As a result of the study of the solubility of Enisamium (4-[(benzylamino)carbonyl]-
1-methylpyridinium) iodide in 46 organic solvents, 21 of them turned out to be promising
for the study of crystallization behavior. Enisamium iodide either does not dissolve or
dissolves with destruction in other solvents. Crystal samples were obtained for 11 solvents.

According to the results of IR spectroscopy of 11 samples of Enisamium iodide, it
was established that all samples are similar to each other, which indicates the absence of
solvate forms. Perhaps, IR spectroscopy is not an acceptable method for determining
differences in the crystalline forms of Enisamium iodide.

X-ray analysis of these samples also confirmed their identity. However, very small
differences in the behavior of the sample obtained in benzonitrile were observed.
Additional experiments, namely, recrystallization of the sample and instantaneous
recording of the spectrum were carried out. The control part of this sample was kept for 50
days at a temperature of 60 °C and was also examined by X-ray diffraction. It was
established that the reference sample and the sample that was kept for 50 days at a
temperature of 60 °C are identical. The sample, which was taken immediately after
recrystallization, differs from them. Thus, it is most likely another crystalline form of 4-
[(benzylamino)carbonyl]-1-methylpyridinium iodide.

It was established that the solubility of Enisamium iodide in propylene glycol is

about 35 %, and it does not crystallize from glycerol at a temperature of 5 °C for at least 6
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months at a concentration of more than 1000 mg/ml. These properties can be used to
create soluble finished dosage forms of the drug.

Three salts of 4-[(benzylamino)carbonyl]-1-methylpyridinium with different
halogen anions (chloride, bromide, iodide) were synthesized and studied. Enisamium
chloride crystallizes in the centrosymmetric space group P21/n, while Enisamium bromide
and Enisamium iodide form crystals with the Sohncke space group P21212:. Enisamium
bromide and Enisamium iodide crystals are isostructural. Cation and anion are bound by
the hydrogen bond N-H...Hal. The Hirschfeld surface analysis was used to compare
different types of intermolecular interactions in the three studied structures.

In terms of crystal structure, Enisamium bromide and Enisamium iodide are very
similar to each other, but Enisamium chloride is different. This manifests itself in different
physical properties — Enisamium chloride is a hygroscopic, light-sensitive and very soluble
in water (1 g in < 1 ml of water) substance, Enisamium bromide and Enisamium iodide are
non-hygroscopic, not light-sensitive and slightly soluble in water (1 g in 100 — 1000 ml) of
substance. This difference in properties is very significant and important in the
formulation of solid finished dosage forms.

An undescribed hemihydrate of 4-[(benzylamino)carbonyl]-1-methylpyridinium
bromide (C14sH1sNO+-Br -0.5H.0) was synthesized and studied by the single crystal and
powder X-ray structural methods. The asymmetric part of the unit cell contains two
organic cations of similar conformation, two bromide anions and one water molecule. In
the crystal, hydrogen bonds N—H...Br link cations and anions. The formation of a set of
C—H...Br and C—H...n intermolecular interactions leads to formation of double chains
extending parallel to the (011) plane.

Two  undescribed  earlier iodide  salts, 4-[(benzylamino)carbonyl]-1-
methylpyridinium  iodide—iodine  (2/1),  CiHisN2O*1-0.51;, | and  4-
[(benzylamino)carbonyl]- 1-methylpyridinium triiodide, C1aH1sN2O+-15 , II, with different
cation:iodine ratio were synthesized. Salt | contains one cation, one iodide anion and half
of the neutral I> molecule in the asymmetric part of the unit cell (cation:iodine ratio is 1:2).
Salt 11 contains two cations, one triiodide anion (lIs ) and two halves of triiodide anions

(cation:iodine ratio is 1:3). The NH group forms N-H...I hydrogen bonds with the T
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anion in the crystal form | and N-H...O hydrogen bonds in form II, where only triiodide
anions are present.

The Desloratadine synthesis technology, which consists of a chemical stage
(removal of the ethyl carboxylate group from the piperidine nitrogen in Loratadine API)
and a recrystallization stage from ethyl acetate, was developed and put into serial
production at JSC "Farmak™.

The Desloratadine substance, produced by JSC "Farmak", does not contain
Loratadine impurities and is three-phases, three polymorphic modifications of
Desloratadine are found in it. Polymorph 1 corresponds to the modification of
Desloratadine described in the literature. Polymorph 2 has the structure similar to form 1,
but contains Desloratadine molecules in a different conformation. Polymorph 3 is a
metastable phase and is built from the molecules found in polymorphs 1 and 2. It is
formed only during the industrial synthesis of Desloratadine, and any further processing of
freshly obtained Desloratadine results in its amorphization or transition to polymorphs 1
and 2.

The structure of polymorphs 1 (at room temperature) and 2 was determined by the
single crystal X-ray method. The approximate structure of polymorph 3, necessary for
guantitative calculations, was found by the impurity lines on the powder X-ray pattern of a
sample of Desloratadine.

Recrystallization of the Desloratadine substance in the laboratory from various
solvents, as well as from the melt, leads to the complete disappearance of polymorph 3,
and the ratio of polymorphs 1 and 2 in the recrystallized product depends on which solvent
was used. The maximum content of polymorph 1 was obtained during recrystallization
from chloroform (77 wt. %), polymorph 2 - during recrystallization from water (86 wt. %)
and from melt (91 wt. %). No foreign impurities were detected in the recrystallization
products.

Pressing Desloratadine leads to noticeable changes in the ratio of polymorphs in
tablets. The main process in this case is the amorphization of desloratadine, which is
accompanied by a noticeable change in the content of crystalline phases: the content of

polymorph 3 significantly decreases, and the content of polymorph 1 in the crystalline
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phases noticeably increases. It can be assumed that polymorph 1 is the most stable under
pressure.
Key words: polymorphism, crystal structure, active pharmaceutical ingredient, drug,

organic synthesis, heterocyclization, technology.
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BCTVYII

OOrpyHTYBaHHSI BHOOPY TeMH JI0CJIiI>KeHHSI

OnHuM 3 OCHOBHUX (DAKTOpPIB, MO 3aTPUMYIOTh CTBOPEHHS HOBHX Ta OOMEXYIOThH
3aCTOCYBaHHS CTapuX JIKIB, € JOCJIJPKCHHS BIACTUBOCTEH Ta iX BIITBOPIOBAHICTh
(MexaHi3My aii Ha Oprai3M, 01010CTYNMHOCTI, cTaOuibHOCTI Ta 1H.) A®DI Ta nikapchkoi
dbopmu B LIJIOMY.

TpuBanuii yac yBary B LbOMY NUTaHHI NPUAUIIIM JIMIIE MOJEKYJISpHINA OyaoBi
A®I, HagBHOCTI Ta CTPYKTYpP1 JOMIIIOK, TEXHOJOTIYHUM acrnekTaM. [Iutanus, mos's3aHi 3
noriMopdizMoM CyOCTaHIIIi, TOOTO MOMKJIMBICTIO 1CHYBaHHS JEKIIBKOX KPHUCTaTIdYHUX
dopM oOnHIET U TIEI K CHOIAYKH, NPAKTUYHO HE BPAXOBYBAJIUCA B IHpOLECI
dbapmBupoOHHUIITBA. OHAK TTicis 0araTbOX IHIMACHTIB, 10 BUKIUKAIA MIJIbHOHHI 30UTKH
BEIMKUX (apMaleBTUYHUX MMIANPUEMCTB BHACHIIJOK HE3alJIaHOBAHOI TMOSBU HOBOI
noJiMoppHOT POpMHU JTIKAPCHKOIO KOMIIOHEHTY, 3 BIAMIHHMMH BiJ HEOOXITHUX (Pi3UKO-
XIMIYHUMH BJIACTUBOCTSIMH, JIOCTIKEHHS CBITOBHX BHUPOOHHKIB OYyJIM CHpsIMOBaHI Ha
BUBUCHHS BCIX MOXJIMBHX MONIMOpPHUX Moau(ikamiid KOXKHOI aKTHUBHOI PEUYOBUHHU.
JlonatkoBuM (aKTOpOM, SKUK CIOHYKaB IHTEpPEC A0 MPOBEACHHS IUX JOCIIIKEHb, €
NUTAHHS MMATEHTHOTO 3axucTy BUpoOneHux ADI. YkpaiHchkuil (hapMaleBTUUHUNA PUHOK
o1t HIXk Ha 70 % mpeacTaBiaeHUi JKeHEpUKaMu. AJie TPOBEAECHUN HAyKOBUH MOIIYK IO
HANUOUIBII TOMYJSIpHUM 3 HUX B KeMOpimKchbkoMy OaHKY CTPYKTYPHHUX JIaHUX IOKa3aB,
mo nojiMopdizMm ADI 6aratbox JKEHEPUKIB 3AIHUIIAETHCS HE JOCTIHKEHUM MPOTITOM
JECSATUIITH (IPOTaBEPHUH, METaMi30JI HATPit0, MITOPEHOH Ta iH.).

CyyacHe mpomuciIOBe 1 JiabopatopHe OOJaJHAHHS JIO3BOJIIE  BapilOBATH
TEXHOJIOTIYHI PEKUMHU B IIHPOKOMY Jlana3oHl (I3UYHUX XAPAKTEPUCTUK MPOLIECY
orpumanas A®I. B Toit ke wac Bimomo, 1m0 KpuctaimigyHa ¢dopma TBEPIOi PEUOBUHU
3aJIeKUTh CaMe B1J] apaMeTpiB mpotiecy ii popMmyBanHs. Pi3Hi kpucTtaniuni GopMu OJIHIET
1 Ti€i )k ADI MOXKyTh MaTH BIIMIHHY IUBUJKICTh PO3UUHEHHSI, IPOHUKHEHHS B OPTaHi3M 1,
K HaCIIJOK, Pi3HYy 010JJ0OCTYIIHICTh MEIUKaMEHTO3HOTro mpenapary. Lle siBuie moB’si3aHo
3 PI3HUIEI0O B 3HAYEHHI €HEPrid MIKMOJEKYJISPHUX B3a€MOJiM, SKI BIAMOBIIAIOTH 32

YIaKOBKY MOJEKynT B Kpuctam. OTKe BHU3HAYEHHS BIUIMBY KIIOYOBHUX (HaKTOpIB Ta
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napaMeTpiB TEXHOJOTIYHOT'O TMpoIecy, Ha mporec (HOpMyBaHHS KPHUCTAIIB JEKUIBKOX
noJiMophHUX (HOPM PEUOBHHH € AyXkKe aKTyaJbHOIO 3a/1a4ei0 K 3 TEOPETUYHOI, TaK 1 3
[IPAKTUYHOI TOYKH 30Dy .
3B’A30K po0OTH 3 HAYKOBUMHU NMPOrpaMamMu, IJIAaHAMHU, TEMaAMU
JluceprarttiiftHy po0OOTy BHKOHAaHO Ha Kadeapi opraHiyHOi XiMmii Ta TEXHOJIOTil
OpraHIYHUX PEUOBHH XIMIKO-TEXHOJIOT1YHOrO (akyiapTery HarioHaapHOro TEXHIYHOTO
yHiBepcuTeTy YKpaiHu «KuiBcbkuil momiTexHIYHUNA 1HCTUTYT iMeH1 Irops CikopcbKoro»
Ta B paMKax IJIaHIB po3poOku iaboparopii cuatesy ADI genapramMeHTy JAOCTIIKEHHS Ta
po3pobku AT «Dapmak». PeHTreHOCTPYKTypHE HOCHIJI)KEHHS MOHOKPHUCTAIB Ta
MOPOIIKOBY PEHTTEHIBChKY Audpakiiito 37iicHIOBaIOCh Ha 3aMoBlIeHHST AT «®apmak» B
HaykoBo-TexHonoriunomy komruiekci «IHcTuTyT mMoHokpuctaniBy HAHY Ta InctutyTi
3arajgpHOI Ta HeopraniuHoi ximii iM. B.I.Bepnaacskoro HAHY.
Merta i 3aBI1aHHA JOCTIIKeHHA
Meroro nanoi poboth OyJi0 OTpUMaHHS HOBUX MOJIMOPOHUX (OpM aKTUBHHUX
(apMalleBTUYHUX I1HTPEIIEHTIB Ta BHU3HAYEHHS iX BIUIMBY Ha (I3UKO-XIMIYHI Ta
¢hapmMaKoIOTiYHI BIACTHBOCTI.
3asoanmsn 00CiOHCEHHA:
® [POBECTH aHalli3 Ta Yy3araJbHUTH CY4YacHl JITepaTypHi JaHl 3 TUTaHb
nosiMopdizMy, yYMOB YTBOPEHHS pi3HHX momiMophHuX (HopM, BIUIHB
KPUCTAIIYHOI CTPYKTYPH Ha (13MKO-XIMIUHI BJIACTUBOCTI CyOCTaHIIIT;
® CHHTE3YBAaTH MaKCHMAJIbHO MOJJIMBE YHUCIIO 1HIWBIIyaJbHUX MOJTIMOPPHUX
dbopm obpanux ADI;
® BUBYUTU OCOOJHMBOCTI MOJEKYJSPHOI 1 KPUCTATIYHOI OYJIOBM OTPUMAHUX
(dopM CHIEKTpaTbHUMH 1 PEHTTEHOCTPYKTYPHUMH METOaMHU
® CTBOPUTHU (PI3UKO-XIMIYHI TACIOPTA KPUCTATTYHUX (HOpM
® BUBYWTH PYIIHI cHIM (HOpPMYBaHHS KPHUCTAIIYHOI CTPYKTYPH METOJaMU
KBaHTOBOI X1Mii
® po3poOUTH, MacIITa0yBaTH Ta BIPOBAJAUTH TPOMHUCIIOBY TEXHOJIOTIIO CHHTE3Y

A®I 3 neBHOIO KPUCTATIYHOIO (POPMOIO
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06’ekm  Oocnioocenns — A®l 6-Mermnypanun, A®DI Enicamiym, A®I
Jle3nopaToauH, TEXHOJIOT1 cuHTe3y X ADI

IIpeomem OocnidocenHss — yMOBU CHUHTE3Y, (hapMalleBTUYHA SIKICTh, TOIIMOPQI3M,
CTPYKTYpHI  XapaKTepUCTHKHU, BIacTUBOCTI  6-Metunypamminy, Jle3noparoauny,
Enicamiymy

MeToau a0CTiIKEeHHS

PeHTreHoCTpyKTypHE JOCIHIIKEHHS MOHOKPHUCTANIIB MPOBOAWINA HA AUPPAKTOMETPI
“Xcalibur-3” (rpaditoBe MoHOXpOoMoOBaHe BunpomiHtoBaHHI MoK, (A = 0,71073), CCD
JETEKTOp, ®-CKaHnyBaHHs). CTpyKTypu Oyiu po3imndpoBaHi OpsIMUM METOJOM 1 YTOUHEHI
BigHOCHO F2 B aHi30TpomHOMy HaGIMIKEHHI UL BCiX HEBOIHEBMX aTOMIB 3a JIOIOMOTOK
nakera nporpam OLEX2 3 moaynsmu SHELXT 1 SHELXL. Matpuiiio ABIHHUKYBaHHS Y
ctpykrypi 6MU IV inentudikoano 3a gonomororo npouenypu TwinRotMat y nporpami
PLATON. IlopomkoBy pentreHiBcbky nudpakiito (PXRD) mpoBoauian Ha TOPOIIKOBOMY
mudpakromerpi Siemens D500 mpu kiMmHatHIM Temmepatypi (BumpomintoBaHHs CuKy,
reometpis bperra-bpentano, BUrHyTHil TpadiTOBUII MOHOXPOMATOp Ha MPOTUIICKHOMY
wiedi, 5<20<60°, A20=0.02°) ta nudpaxkromerpi [JPOH-4-07, CUUHTHUIAIIIAHUN JETEKTOD,
MigHuit ason, A = 1,54178 A, manpyra 40 kB, cuna ctpymy 30 MA, fiana3oH BUMipIOBaHb
20 =5-60 °. TlouatkoBy 00p0oOKy oTpumanHux peHtreHorpam PXRD mnpoBommmm 3a
nomomororo  mporpamu  PowderX. Jlms  yrounenHs 3a wmetomoMm  PitBenbaa
BukopuctoByBasii nporpamy FullProf& WinPLOTR. ITnactuny Al2Os (NIST SRM1976)
BUKOPHUCTOBYBAJIM SIK 30BHIIIHIN CTaHAAPT 1 111 BU3HAYEHHS (DYHKIIII IHCTPYMEHTAJIbHOTO
npodimro. YrtouHeHHs 3a MetogoM PitBenbma PXRD-mopemi ams oTpuMaHHS
TEMIIEpaTypHUX CIIBBIJHOIIEHb PO3MIPIB €JIeMEHTapHOiI KOMIpKA OyJ0 BHUKOHAHO 3
BUKOPHUCTaHHSAM MOjeNll TBepAoro Tina (peamizoBano B mporpami FullProf) monexynu
6MU, B34T01 3 pe3yabTaTiB MOHOKpUCTaIbHOTO nociipkenns. Anamiz JICK nposogmnm 3a
nornomororo TA Instrument Q2000. Cepenni iHQpauyepBOHI CHEKTPU MOTJIMHAHHSA OyJH
otpuMaHi 3a gonomororo crekrpomerpa Nicolet IS 50 (FT-IR) 3 ATR. Cnexrpodoromerp
mae anmaszuuii kpucran ATR, KBr cBitnoposaimtoBau ta KBr DTGS nerexktop. AMP

cnekTpu Oynu 3amucall Ha cnekrpomeTpi Varian-Mercury-300. Anamiz TI'A npoBoaunu
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3a JOTMOMOToI0 TepMorpaBiMeTpudHoro ananizatopy TGA Q500. [Y-criekTpu morIMHaHHS
Oynu 3apeecTpoBani Ha cnekrpomerpi Specord M-80 (B miamazomi 4000 — 200 cm?) B
tabsnerkax 3 KBr. TemmnepaTypy miaBieHHs BUMIpIOBAIH 3a JonoMoror npuiaga MP 90
BupoOHuITBa kKommanii Mettler Toledo. OnTumizariiro BCiX MOXIMBUX TayTOMEPHUX
dopm 6MU mpoBoauiaM 3 BHUKOPUCTAHHAM Teopii ¢yHkmioHany miasHoCcTi (DFT) 3
¢dynkiionagsoMm m06-2x i crangapTHUM 0a30BuUM Habopom cc-pVTZ (m06-2x/cc-pVTZ).
XapakTtep cTallioHapHHX TOYOK Ha MOBEpXHI moTeHmiHoi eneprii (PES) Oyio nepesipeHo
pO3paxyHKaMH KOJHBAJIHHUX YaCTOT y TapMOHIHHOMY HAOIMKEHHI 3 BUKOPHUCTAHHAM
AHATITUYHUX MOXIJHUX IPYroro MopsiAKy Ha TOMY X piBHI Teopii. Yci Minimymu Ha PES
HE MalOTh HETaTHBHHUX YSBHHX YacTOT KOJHBaHb. YCl pPO3paxyHKH MPOBOAWIH 3a
nornomoroto mporpamu  Gaussian09. Exeprii B3aeMojii B JBOX IEHTPOCUMETPUUHHUX
nuMepax, NoB’si3aHuX BogHeBUMH 3B’ si3kaMu N3—H...O2 a6o N1-H...Ol y noximopdi
o6MU II, pospaxoByBamu MetojgoM m06-2x/TZVp. KommoneHTH eHeprii B3aemoil
aHajgizyBanu  3a  jgomnoMororo  Merony LMOEDA. Jlng 1uMx  po3paxyHKIB
BUKOpPHUCTOBYBajocsi mnporpamue 3abesneueHHss GAMESS-US. PospaxyHok eHeprii
KPUCTATIYHUX TPATOK MPOBOJWIM B HAOMKEHHI TMEPIOJUYHUX TPAaHUYHUX YMOB 3a
nonomororo nporpamu Quantum ESPRESSO. 3actocoByBanu MeTO NCEBIOMOTEHIIATY
PAW 3 oO6MmiHHO-KOpenboBaHuM (pyHkIioHanioM PBE. Eneprii BiJiciKaHHS TJIOCKOI XBHJII
Ta HIUIBHICTH €JIEKTPOHHO1 3MIHH BIJICIKAHHS BUKOPUCTOBYBaMCS sk 45 1 225 Ry nnst Beix
pO3paxyHKiB. ATOMHI KOOPAMHATH YOTUPHbOX CTPYKTYp OyJIM ONTUMI30BaHI 3a JOIOMOT OO
npoueaypu «ve-relax», BOya0BaHoi B mporpamue 3a0e3neueHHsl.

HaykoBa HOBU3HA OTPUMAaHHUX pe3yJIbTATiB

3HalifieHo /1Bl HOB1 He omucaHi padiiie noiaiMopdHi hopmu ADI 6-MeTtunyparury.
Jlns 1BOX BIAOMHX Ta JBOX HOBHX ToiMOp(pHUX Momudikaiii JOCITIKEHO YMOBH iX
orpuManHs. bynoBa Bcix momiMoppHux Momudikamnii 6MU ogHO3HaYHO BCTaHOBIIEHA
MOHOKPHCTAJILHUM PEHTT€HOCTPYKTYPHHUM IOCTKeHHIM. OTpuMaHi KpUCTamidHi popMu
TAKOX OXapaKTepHU30BaHI METOJOM IOPOIIKOBOI PEHTIeHIBChKOI audpaxiiii, METOI0M
mugepeHiaabHOI CKaHy04oi KanopumeTpii Ta [Y-cnekTpockomii.

Busueno po3unnnicts A®I Enicamiym oauay y 46 opraniuHux po3uMHHUKAX, 21 3

HUX BUSBUBCS MEPCHEKTUBHUM JIJIsl JOCIIJKEHHSI KPUCTATi3aI[iiHOT TTOBEIIHKU. Y THIITUX
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po3unHHuKax Enicamiym i#onuay a0o HE pO3YMHSAETHCA, a00 PO3ZYMHSETHCA 3
nectpykuieto. J{ns 11 po3uMHHMKIB BAAJIOCh OTPUMATH KPUCTAIIUHI 3pa3KH.

Cunre3oBaHo Ta  JociipkeHo Tpu  coii  4-[(6eH3uiamino)kapOoHin]-1-
METUJITIIPU/IMHIIO 3 PI3HUMM aHIOHaMU TajioreHiB (xjopua, Opomina, vonun). Exicamiym
OpoMmin He omuMcaHo B JtepaTypi. EHicamiym XJIOpuUIlT KPHCTali3ye€ThCS B
LEHTPOCUMETPUYHIN npocTopoBiil rpymi P2i/n, Toai sik Enicamiym Opomin 1 Exicamiym
HomuI yTBOPIOIOTH KpHUCTadu 3 TmpocTtopoBoro rpymoto Conke P2:2:2:. Kpucramm
Enicamiym 6pomin i Enicamiym #omupa € i3ocTpykrypHuUMHU. KaTioH 1 aHIOH 3B’si3aHi
BojHeBUM 3B’si3koM N—H...Hal. Ananiz nmoBepxHi ['ipmidensaa BUKOPUCTOBYBABCS s
NOPIBHSAHHS PI3HUX THUMIIB MDKMOJIEKYJIIPHUX B3a€EMOAIN Yy TpbOX JOCHIIKYBAHHX
CTPYKTypax.

byno cuHTE30BaHO Ta JOCHIIKEHO MOHOKPHUCTAJIIYHHUM Ta TOPOIIKOBUM
PEHTIEHOCTPYKTYPHUM  METOAOM  HE  ONHWCAaHUK  padime  HamiBrigpat  4-
[(6er3mnamino)kapbonin]-1-metunmipuauniin - 6pominy  (C14HisN2O+Br -0.5H20). B
ACUMETPUYHIM YacTHHI €JEMEHTapHOI KOMIPKA NPHUCYTHI JBa OpPraHIYHUX KAaTIOHU
noai0HO1 KoH(opMaIrii, 1Ba OpoMiI-aHIOHH Ta OJHA MOJICKYJIa BOJAU. Y KPHCTaIl BOJHEBI
3B’ 513k N—H...Br 3’€JHyI0Th KaTiOHU Ta aHIOHU. Y TBOPEHHS HA0OPY MIKMOJIEKYJISIPHUX
B3aemoii C—H...Br i C—H...n npusBoauts 10 GopMyBaHHS MOABIMHUX JAHIIOTIB, 1110
POCTATAIOTHCS mapasnenbHo miomuHi (011).

Byno cuHTe30BaHO Ta AOCHIIPKEHO HE OIMKCaHl paHile JBl HOaucTi comi, 4-
[(6ensmmamino)kapOonin]-1-mernnmpuannito Hogua—iton (2/1), CiaHisN2O+1 -0.512, Ta
4-[(6en3unamino)kap6ouin]-1-merunmipuauniro Tpuitoann , CiaHisN2O+1s , 3 pisHum
crmiBBiAHOmIEHHAM KaTioH:HoA. Cinb I MICTUTH OJMH KaTiOH, OJWUH MHWOJUI-aHIOH 1
MOJIOBUHY HEWUTpaJIbHOI MOJEKylIu [2 B acHMeTpUYHIN YacTHHI €JIeMEHTapHOi KOMIpKHU
(cmiBBigHOMmIEeHHs KaTioH:Wox 1:2). Cure Il MicTUTh JBa KaTiOHW, OJWH TPHUHOAMI-aHIOH
(I3 ) i aBi momoBMHHU TpHIOAWA-aHiOHY (cmiBBigHOIIEHHS KarioH:#ox 1:3). I'pyma NH
yTBOpro€e BojaHeBi 38’3k N—H...I 3 amionom Iy kpucramiuniii ¢opmi I ta BOgHEBI
3B’ 513k N—H...O B hopwmi 11, ae npucyTHi Juie TpUitoua-aHiOHH.

B cyOcranmii [lesmoparanuu, ska oTrpuMana mpu MacmTaOyBaHi Ha 100 kr

KIHIIEBOTO TPOAYKTY, 3HaiigeHo Tpu nodiMopdui ™Moaudikamii Jle3noparaauny.
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[Tonimopd 1 Bigmomizae omucauiid B jaiTepaTypi moaudikarii Jeznoparaauny. Iomimopd
2 Mae CTpPYKTypy, HOAiOHy mepiiiii ¢opmi, ane MIiCTUTH MOieKynu JlesnmopataaunHy B
i kondopwmartii. [Homimopd 3 € meracrabinpHOO (Pa3oro 1 MOOYAOBAHMI 3 MOJEKYII,
3HaiineHux y noniMopdax 1 1 2. BiH yTBOpIO€TbCS TIIBKH MPU MPOMHUCIOBOMY CHUHTE31
Jleznoparaguny, 1 Oynp-fka momanbiia 00poOKka cBikooTpuMmaHoro JlesnopaTaauHy
IPU3BOJINTH J10 Horo amop@izaiii abo nepexoay B nojimopdHi hopmu 1 ta 2.

IIpakTU4He 3HAYEHHSI OTPUMAHUX Pe3yJIbTATIB

Po3pobrnena Ta BmOpoBagKeHA MPOMHCIOBA TEXHOJOTiSI CHHTE3y aKTHBHOTO
dapmaneBTUYHOrO 1HrpeaieHta 6-Metunypauun. BuBdeno kpucramiyHi ¢opmu 6-
Metunypauuny. Y ¢apManeBTUYHIA MPOMHUCIOBOCTI BUKOPUCTOBYEThCS MeTacTaOUIbHA
nonimMoppHa popma 6MU 1, a B TEXHOJOTIYHOMY MPOIECI MOXKYTh YTBOPIOBATHCS MBI
HOBI MeTtacTabuipHl (popmu 6MU III 1 6MU IV. Bracmiaok I1bOro, MOXJIHUBICTh
nedopmariii MUX CTPYKTYP i 30BHINIHIM BIUIMBOM, TAKUM SK MEXaHIYHUI THCK TIiJ 4ac
TaOyieTyBaHHs, Oylla OI[lHEHAa 3a JOMOMOIOI KBAaHTOBO-XIMIYHOTO MO/IEIIOBAHHS.
[Tokazano, mo Oyab-ska Aedopmallisi CTPYKTYpH NPU3BOAMTH JI0 3HAYHOIO 3MEHILIEHHS
BIJICTAHCH MiXK HaWOIMKYMMH aTOMaMH, IO HaJeKaTh A0 CYCIAHIX IIapiB CHIIBHO
3B’si3aHUX Mosiekyn. lleit ¢akt mo3Bossie 3poOMTH BHUCHOBOK, IO METAacTaOUIbHI
noniMopdHi popmu 6MU He MOXKYTh 3a3HABATH MOJTIMOP(PHOTO NEPEXOY MiJl 30BHIIIHIM
BIUTUBOM 1 MOXYTh BHUKOPHUCTOBYBATHCS B TEXHOJIOTTYHOMY Tipoiieci 0e3 Oyab-sKux
0OMEKEHb.

B mpomeci BuBueHHs po3umHHOCTI EHicamiym #omuay BCTaHOBIEHO, IIO
po3unHHICTH, Enicamiym #oauay y HOpOMNUIEHTIIIKONI CTaHOBUTH Onm3bko 35 %, a 3
rninepuny npu temmnepatypi 5 °C BiH HE KPUCTANI3YEThCS MPOTIATOM HE MEHIIE 6 MICsIIIB
npu KoHueHtpaii outeme 1000 mr/mi. Li BIacTUBOCTI MOXYTh OYyTH BUKOPUCTAH1 IS
CTBOPEHHS pO3YMHHHX (OPM TIperapary.

Cunre3oBaHo Ta  JocmipkeHo Tpu  comi  4-[(OGeH3unamino)kapOoHin]-1-
METWIMIPUJIMHIIO 3 PpI3SHUMHU aHIOHAMH TaloreHiB (xjopun, Opomia, #omum). 3a
CTpyKTyporo kpuctainy Exicamiym 6pomin 1 Exicamiym oauy ayxe noai0H1 Mixk co0oro, a
Enicamiym xmopun BinpizHseThes. e mposBiseTses B pisHUX (Hi3UYHUX BIACTUBOCTAX —

EnicaMiyM XJIOpuJi € TIrpOCKOMIYHOIO, CBITJIOUYTJIIMBOIO Ta Ay»e po3unHoio y Boai (1 r B
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<1 mu Bom) cyOcraniiieto, Enicamiym Opomin 1 EHicamiyM Moy — He TIFPOCKOMIYHI, HE
CBITIOUYTJIMBI Ta Manopo3urHHl y Boal (1 r B 100 — 1000 mi) peyoBunu. s pizHuns y
BJIACTUBOCTSX € JyXe CYTTEBOI Ta BaXJIMBOIWO NpU (POpPMYJSLii TBEPAMX TOTOBUX
J1KapchKuX (popm.

TexHomoris cuHTe3y cyOcranmii Jle3oparaauH, sKa CKIaIaeThcs 3 XIMIYHOT cTamil
(3HATTSA rpynu eTwikapOokcunaT 3 azory minepuauHy B A®DI Jloparanun) Ta cranii
nepekpucTamzaiii 3 erunanerary, Oyna po3poOieHa Ta BHOPOBAIKEHA B CeEpiiiHE
BupoOHuTBO Ha AT «®apmak». Busueno nomimopdizm Jleznoparaauny.

BceranoBneno, mo mnepekpuctamizamia cyOctaHiii Jle3nopaTtaguHy 3 pi3HHUX
PO3YMHHUKIB, & TaKOX 3 PO3IJIaBy, y JaOOpPaTOpPHUX yMOBaxX MPHU3BOAUTH O TOBHOTO
3HUKHEHHS ToriMopdy 3, a criBBiIHOIIEHHS MOIIMOPGIB 1 1 2 B EepeKpUCTaAII30BAHOMY
IPOJYKTI 3aJIEKUTh Bl TOTO, IKUW PO3YMHHUK OYB BUKOpPUCTaHUI. MakcUManbHUN BMICT
nosimMopdy 1 oTpumaHo mpu nepekpucTaiizaiii 3 xaopodopmy (77 mac. %), momiMopdy 2
- mpu nepekpucraiizamii 3 Boau (86 mac. %) ta 3 posmiaBy (91 mac. %). CTopoHHIX
JOMIIIOK Y IPOAYKTaX MepeKprcTaIizaiii He BUSBIEHO.

HaseHi BignmoBigHi akTy anpooartii (JlomaTtok A).

Oco0ucrTuii BHECOK 3100yBaya

besnocepennbo aBTOpoM  3MiiicHEHO: 1) miTepaTypHUM TIONIYK Ta  aHami3
JTITEpaTypHUX JaHUX 332 TEMOIO JUcCEepTaIlii; 2) po3poOKa Ta BIPOBAKEHHS MPOMHUCIOBOI
TexHouorili cuaTe’y A®I 6-Metunypanuui; 3) BUBYEHHS YOTUPHOX KPUCTAIIYHUX POpM 6-
Metunyparuiny, 1Bl 3 HuX Oynu Bmepiie omucaHi; 4) BUBYCHHS pPO3uMHHOCTI ADI
Enicamiym #onuny y 46 opraHiyHMX pO3UYMHHHMKAX Ta BHUBYEHHHS MOJIMOPQI3ZMy
cyOcTaHIii; 5) cuHTE3 Ta JOCTIDKEHHS Tphox cojiel 4-[(OeH3miaMino)kapOoHi]-1-
METWIMPUAMHIIO 3 PI3HUMU aHIOHAMH TaJIOTeHIB (XJopua, Opomif, Hoaum); 6) cuHTe3 Ta
JOCIIUKEHHSI HE OIMCAaHOro paHiume Hamierigpaty 4-[(OeH3unamino)kapOoHi]-1-
metmmipuauaiin 6poMiny (C1aHi1sN20+Br -0.5H20) MOHOKPHCTAIBHAM Ta TIOPOIIKOBHM
PEHTTCHOCTPYKTYPHUMH METOJaMH; /) CHHTE3 Ta JOCIIDKEHHS MOHOKPHCTAJIBHUM Ta
MOPOIIKOBUM PEHTTEHOCTPYKTYPHHUMH METOJaMU HE OINKCAHUX paHille JBOX HOAUCTUX
coJiei, 4-[(6en3unamMino )KapOOHLI |-1-MeTHUIT PUAUHIFO Hoaua—iton (2/1),

C14H1sN2O+1 -0.5I;, ta 4-[(Gen3unaamino)kapOoHin]-1-MeTUImpUaANHI0 TpUuioans



25

C14H1sN20O+ 13, 3 pisHUM CIiBBiAHOIIEHHAM KaTioH:#oxa; 8) po3poOKa Ta BIPOBAIKEHHS
B cepiitne BupoOHuTBO Ha AT «®Dapmaky» TexHosorii cunTe3y cyoctanmii Jlesnopataauy;
9) BuBueHHs mnomimMopdizsmy ADI Jlesnoparaaun. HaykoBi poOoTu ormyOJikoBaHi Y
criBaBTOpcTBl 3 JleBanaoBcekuMm [.A., Illumkinoro C.B., baymepom B.M., [llanomxuk
AM., ®inaroBum A.A., Arynonscekum FOJI. Ta iH. CmiBaBTOpaMy HAayKOBUX Tpallb €
HAayKOBHI KEPIBHHUK Ta HAYKOBII, CITUIFHO 3 SKUMHU IIPOBEACHI TOCTIKEHHS. Y HaAyYKOBUX
nparsix, OMnyOJIKOBaHUX y CIIBaBTOPCTBI, JUCEPTAHTY HAJIECKUTh (PaKTUYHUN Marepiai 1
OCHOBHHU TBOpuUuii 10poOoK. [TocTaHOBKa METH 1 3aBlIaHbh Ta OOTOBOPEHHS PE3yJIbTATIB
IPOBEJICHI pa30M 3 HAYKOBUM KEPIBHUKOM.

Amnpo0auisi pe3yJbTaTiB JUCePTAIL

Pesynbrat nmocnmimkeHb AucepTaiii MpeICTaBIsIUCh Ta OOrOBOPIOBAIHMCH Ha
YOTUPHOX MIKHAPOJHUX HAYKOBO-MPAKTUYHUX KOH(DEPEHIIISX.

Hassni aktu anmpo6arii (IOJATOK A).

Myo6aikamii

3a TemMor0 nucepTallli omy0IKOBaHO 9 HAyKOBHUX Mpalb, y TOMY YHCIIL: 5 cTaTTed y
NEePIOIMYHUX MIKHAPOJAHUX HAyKOBUX BHUJIAHHAX MpoiHjaekcoBaHux y 6azax SCOPUS Ta
Web of Science, 4 Te3u nomnoBifei Ha HAYKOBUX KOH(EPEHIIIsX.

CTpykTrypa Ta 00cAr qucepramii

Hucepramiitna pobota BHUKJIageHa Ha 246 CTOpIHKaxX MAIIMHOMUCHOTO TEKCTY,
CKJIQZA€ThCs 3 BCTYNy, YOTHPHOX PO3/LIIB, 3araiIbHUX BUCHOBKIB, CIIUCKY BUKOPHCTAHHUX
JDKepen Ta ogHoro noaaTtky. OOcar OCHOBHOTO TEKCTy aucepTarlii ckiaagae 139 cropinok
JTPYKOBaHOTO TeKCTy. PoGoTa umocTpoBana 36 tabmumsmu Ta 63 pucyHkamu. Cnucok

BUKOPHUCTAHUX JIKEPEN MICTUTh 475 HallMEHYyBaHHsI, 3 HUX 468 TaTHHUIIEIO.
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PO3I1JI 1. HOJIIMOP®I3M AKTUBHUX PAPMALHEBTUYHHUX

IHI'PEJIC€HTIB

1.1 IIpoodJsema nmosiMmopdizmy 0i0JI0TiYHO AKTUBHUX OPraHIYHUX CHOJIYK

bionoriyHo akTUBHI MOJIEKYJIM — 1€ XIMIYHI PEYOBHHM, SIKI BIUIMBAIOTh Ha OpraHi3M
JIOJIMHU, 3MIIHIOIOYN 370pOB’sl. 3a3BUYail B HEBEJIMKIA KUIBKOCTI X MOXHA 3HAWTH B
pocnuHaxX, rpubax a0o I1HIIMX JKUBUX OpraHizMax, iX MOXXKHA BHJIYYHUTH 13 TPHUPOJIHIX
00’€ekTiB a00 CHHTE3yBaTH JJIi OTPUMAHHS AKTUBHUX (DapMaleBTUUHUX I1HTPEIIEHTIB
(ADI). Takumu IHTPEIIEHTAMU € PEUYOBUHU, III0 BUKOPUCTOBYIOTHCA B JIIKaX 1 MpU3HAYECH]
UIsl HajgaHHsA (GapMakoJIOriyHOi JOMOMOTrM abo IS 1HIIOTO MPSMOTo BIUIMBY Ha
JTIarHOCTUKY, IOM’SIKIIEHHS, JIKyBaHHA YW NPO(PUIAKTUKY 3aXBOPIOBaHHs, abo s
IPSIMOTO BIUTMBY HA BIJHOBJICHHS, KOPUTYBaHHS 4 MoubiKaIlito (izionoridHux QpyHKITiH
moquau. [Ipenaparu, BurorosieHi 3 A®I 3 iHIIMMH JOTTOMDKHUMH PEYOBUHAMH, MOXKYTh
MOCTaBISTUCS B anTeKd B KUIBKOX (¢opMax: po3dMHAxX, aepo3oisix abo HaBiTh
ra3ornofioOHuX cymimax. Ajie nepeBakHa OUIBIIICTh MpernapariB BUKOPUCTOBYETHCS Y
tBepaid gopmi [1]. Ocranni ouinku [2, 3] mokazanu, mo nonanx 70 % ycix A®I
BUKOPHUCTOBYIOTHCS Y TBEPJIOMY CTaHi.

3a€eThCs JIOTIYHUM, IO TBEPJi PEUOBHMHH € HAWOLIBII BUKOPHCTOBYBAHUMH CEpe]l
yciX MOXJIMBUX (opM. 3a3BUYail BOHU € HAOUIbII CTIMKUMHM 1 IPOCTUMHU B 00poO1l, ae
OJIHAKOB1 Ha TEPIINIA MOIJISIA TBEP/Il TiJla MOXKYTh HE 301raTucs 3a CBOEI0 BHYTPIIIHBOIO
CTPYKTYpPOIO 1, BIJIMOBIAHO, 3a BJIACTMBOCTSMHU. | HaBmaku, BIAMIHHOCTI y BHYTPIIIHIM
OyZIOBI TaKOX MOXYTh CHPUYMHUTH BIIMIHHOCTI y 30BHIITHHOMY BHIJISAI TBEPIUX T
Ieit edext He € HATIWHUM 1 HE MOXKe OyTH BUKOPHUCTAHUH JJIsI BUSBIICHHS BIIIMIHHOCTEH
[4-6], ane B 1832 poui ne sBUme crocrepiranocs Ha npaktuni ®. Bemepom i M. ¢on
Jlibixom mus Gen3amimy [7], 1O TPUBETO JO BHUHUKHEHHS THTAHHS «4yJI0BOTO
NIEPETBOPEHHS KpUCTaNiBy. [I[puunHN mpoOaemMu 3auinaivcs HesICHUMU, MoK B 1916 p.
JI. Berapn excriepuMeHTalIbHO HE MOKa3aB ICHyBaHHs pi3HUX Moaudikauiii TiOz2: pytuiy,

aHatasy Ta Opykity [8]. 31aTHICTh PEYOBUH YTBOPIOBATH OUIbIIE HIXK OJHY KPUCTATIUHY
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dbopmy 3 piI3HUM pO3TaIlyBaHHSAM aTOMIB a00 MOJIEKYJ OyJia JOoBeJeHa 1 Mi3HilIe Ha3BaHa
nojiMopdizMoM (200 aloOTPOMi€r0, SKIIO TOBOPUTH MPO MPOCTI pedoBuHHU). JlOBruit yac
nomimopdism ADI He OyB mpeaMeroM AOCHIIKEHHS. BiAMIHHOCTI y BIIACTHBOCTSX
TBEPJIUX JIIKAPCBKUX 3aco0iB  HE pO3MISAAINCS SIK HACHIJOK BIAMIHHOCTEH Yy
KPUCTATIYHOMY CTaH1 OCHOBHUX ADI.

[lepmmmM 006’ €kTOM OCHiKEHD [9] cTaB mpoTU3anaibHUN Npenapat acmnipud. byio
NOKAa3aHO, 10 JUIS acHipUHy MOKJIUBI noniMopdui moaudikauii (popmu) ADI, sk 1 1is
inmmx pedoBuH (TiO2, Oenszamin Ta 1H.), ame ix aHami3 € Outbmn ckimagHui. L1
JOCIIKEHHSI TIPUBEPHYJIM yBary N0 siBuila noxiMopdizmy i1 miarBepawin nymky Y.K.
MakKpoHa, MmO «...KUIBKICTb BIJOMUX NOJIMOpPHUX (QopM Oyab-sIKOT CHOIYKH
IpoIopIliiiHa Yacy Ta KOIUTaM, BUTPAYe€HUM Ha JOCHIKeHHS miei cromykm» [10].
OOroBopeHHs MOXJIMUBOCTI MOJIMOPPHOrO TNEPEXOAY MIK JIBOMAa KPHUCTAIIYHUMU
dbopMamu IS acHipuHy TPHUBAJIO JI0 BWIAJKY, SKUM BUKJIMKAB 1HTEpEeC BUPOOHUKIB.
KapOamazermin, mpoTHENIJIENITUYHUA TIpenapaT, CTaB IMepmiuM 00 €KTOM, Ha MPHKJIaIl
AKOro OyJ0 TOKa3aHO, IO BUMYIIEHUH Ha PUHOK Mpernapar MOKE€ MaTH HeCTaOlIbHYy
KpucTaniuny ctpykrypy A®DI ta maTt 0coOIUBOCTI, BUKJIMKAHI PO3TAITyBAaHHSAM MOJICKYII
y TBepAii (a3i. Huzpka MBUAKICTH PO3YMHEHHS] HOBOI KpUCTAIYHOI (hOopMU mpu3Bena A0
HETIOBHOTO MEPETPaBIEHHS Ta cepilo3Ho 3HM3MIa 103y ADI, mo ycBoroeThes. [IpuunHoro
poro Oyna 3asiBleHa Trifparaiis 0e3BogHoro kapbamaseminy [11, 12]. B pesymnbraTti
IPOBEICHUX PETENbHUX AOCTIIKEeHb, €Bponeiickka (hapmakories BUAana HOBI MpaBuia
moa0 3a00pOHU BHUKOPUCTAHHA Oyab-Skux TBepAux ¢a3 kapbamaszemniny, Kpim
nosimopduoi moaudikaii 111 (CRS) [13].

Hapemri, 3HayHe 3pocTaHHs 1HTEpecy [0 MNUTaHHA noaiMoppizmy AL y
dapmarneBTUYHIA TpoMucIoBocTi movanocss B 1995 pomi. lle mo’s3aHo 3 KidbKOMa
CYJIIOBUMH TpOIIECAMH Ta TIEPIIOD BEIUKOI MPOOJIEeMOI0, IO BHHUKIA HABKOJIO
paHiTHIMHY Tigpoxiopuay (Zantac®). HavmonynspHimmid npemapaT Ha puHKy ($3,45
MiIpa/pik) [14], paHiTuANHY Tiapoxiaopua MaB 2 nomxiMopdHi Moaudikailii, 3araTeHToBaHi
kommaniero Glaxo y 1978 p. [15] ta B 1985/1987 p. [16, 17] BianosigHo. ¥ 1995 pomi
nateHTHUN 3axuct (Gopmu | maB 3akinumtucs. Kommanis «Homodapm» nHamaramacs

BIATBOPUTH MoJiMOppHY Monudikamio I, ane He 3morna mo3dyrtuca noximopdy II 1
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3a3Hajia nepmux (HiHAHCOBUX BTPAT, MOB’si3aHKuX 3 moiMopdizmom [18]. Tpoxu mizHime
CTaBCSl HAWBIOOMIIIMK BHUIMAJOK (HIHAHCOBUX BTPAT, 3YMOBIEHUH MOIIMOP(PI3ZMOM.
Puronasip (HopBip®) — mpemnapat juist JTiKyBaHHS CHHIPOMY HAOyTOro iMyHOAe(IuTy
(CHI), sixuit nponaBaBcs y TBepAii ¢opmi 3 1996 poky 10 BuiIyyeHHS 3 pUHKY B 1998
porti [19]. ITosiBa HOBOI HeOaxkaHoi momiMopdHoT Moaudikarii Il nboro ADI npussena g0
panToBOro MaJiHHS PO3YMHHOCTI TOTOBOTO JIIKAPCHKOTO Mpoaykty Maibke Ha 400 % Bin
PO3YMHHOCTI, IpUTamMaHHOi MeracTtaOuipHIA (opmi [ [20]. Byno BIAKIMKAHO BEIUKY
KUTbKICTh TOTOBOro mpemapaty [21]. Ileit Bumagox OyB mepmmum, SIKAA CHIBHO
MOB’SI3yBaBCsl 31 3MIHAMHU PO3YMHHOCTI, BUKJIMKAHUMHU TOJIIMOP(I3MOM, 1 CTUMYJIIOBAB
1HTEpeC 10 ModaiMOop(]iB K IHCTPYMEHTY JIJIsl BApIFOBAHHS BJIIACTUBOCTEH JIIKIB. JlesKi 1HII1
BUITQ/IKW, BKJIIOUAOYM KUIbKa CEpUO3HUX 1HIMJICHTIB, TPAIIUIUCA B HACTYIIHI POKH (pHC.
1.1), ajie BoHM OynM JuIe HACTIKaMU HEJAOCTATHIX MOMEpPEIHIX JOCHIKeHb abo He

30BCIM PETEIHLHOTO KOHTPOJIIO BUPOOHUIITBA.

Pucynox 1.1 Xponosoris HaliBiZoMImuX Tpo0sieM, MOB’ S3aHuX 13 momMopdizMom

A®I, sxi mpusBenu 10 GpiHAHCOBUX BTpaT (agantoBaHo 3 [22])
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B octanHi poku mpoOseMu BUHUKHEHHS Ta BIIMIHHOCTEH y BJIACTHBOCTSX PI3HUX
TBepAuX (a3 OMHOTO KOMIIOHEHTa, a TaKOX IMHTAHHS OJCPXKAHHS, OYHUIICHHS Ta
XapakTepu3allli OKpeMux noaiMoppHuX Moaudikaiii ctanu GyHIaMEHTATBHIMU Y Oy 1b-
AKuX (papMaleBTUUHUX AOCHiKEeHHAX [22]. [TomMopdi3M € MOKa3HUKOM, SKUH CYBOPO
KOHTPOJIOEThe mepen Bunmyckom A®I Ha puHOK €Bpomneichkor (hapMakoreero,
nourHarouu 3 ii m’saroro Buganas (2004). KinekicTe myOikariiii 1 maTeHTIB y Il ramysi
3pocTae ayxxke MBUAKO [14], a KUIBKICTh 1HJIEKCOBAHMX CTaTeil 3pocia Mailke BABIUI
IPOTITOM OCTaHHLOTO JecaTImTTA (3 2010 mo 2020 pik) 3rigHo 3 6a3010 JaHMX Scopus
(puc. 1.2). AHajOriYHUM YMHOM KUIBKICTh MATEHTIB y raigy3i moximMopdi3zmy JiKiB 3pocia

3 npubmu3Ho 11100 BumyckiB 10 24800 y BcboMy CBITI 3r1i1HO 3 JaHuMH Espacenet [23].

Pucynok 1.2 BinHocHa KuUIbKICTh MyOJikamiid (Bropi) 1 maTeHTIB (BHH3Y) LIOJO

noniMopdizmy 3a nanumu Scopus 1 Espacenet
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[{ikaBo, 110, HE3Ba)KAlIOUM Ha BCl HOPMATHUBHI aKTH Ta CHPOOM KOHTPOJIOBATH
nonimopdizm, y 2018 pori cepen HeOimkoBoi yactunu Tom-200 apmmnpenaparis cBiTy 3a
pO3MIpIOHMMH TIpoJakaMu Bce mie Oyso moHaiiMeHme 30% A®I 3 HeBH3HAUYCHOIO
KPUCTAIIYHOIO CTPYKTyporo [24]. Taka cama cutyauis € 1 B yKpaiHChbKiil POMUCIOBOCTI.
Cepen tom-20 ToproBux Mapok (Tabm. 1.1) 3a anteyHuMH TpoJiakaMd B TPOIIOBOMY
BUpa3i 13 mpenapartiB, 110 BUKOPUCTOBYIOThCS Yy TBepiaomy cTani [25]. ¥V ix ckiami
BusieiieHo 20 ixauBigyanbHux A®I 1 jgume nana 11 3 HMX 3a HasSBHUMH JaHUMH
JOCIIKEHO THUTaHHA modiMopdizmMy. 3rimHO 3 maHuMu  KeMOpUIDKCHKOTO IEHTPY
kpuctanorpadpiuaux ganux (CCDC) 1 onyOnikoBaHMMH TOKyMEHTaMu, Juiie g 6 13 20
okpemux A®I Oyi0 oTpuMaHoO AeKUIbKa CTPYKTYp. OCKUIBKM Cy4acHi OL[IHKHA MOKa3yIOTh,
mo Outbmie 50% ycix 610JIOTIYHO aKTUBHHUX CHOJYK MOXYTh MaTH OuIbllle HIK OIHY
TBepAy (opmy [26], MOKHA TOBOPUTU IPO CEPHO3HY HEMOBHOTY NAHUX IIOJO LIMPOKO
nomupeHux JikiB. BractuBocti momiMopdHUX (HOpM BUBYEHI IS II€ MEHIIOI KITBKOCTI

ADIL

Tabmunsa 1.1 [Ipobnema momimopdizmy TBepaux ADI cepex Tom-20 HaWOIBII
3arpedyBaHuX (hapMaleBTUYHUX MpenapariB B YKpaiHi 3a 00CITOM anTeYHUX MPOJIaXKIB Yy

IPOLIOBOMY BUpaXEHHI1

KinbkicTs
- P HOHlMOP(bHI'/IE(
- = 3 Moaudikarin
(@] o
% Haspa ADI AKTUBHICTB 1 o
S  mpemapary 5 » =
= ~ Q @) =
5 @) O S
= 9 U 5
S| 3
)
2 [27 2+NC
1 Nurofen® [6ynpoden HII3IT DB01050 IBPRAC '
28] [29]
2 Xarelto® Pusapokcaban AHTHKOAryJassHT DB06228 | LEMSOO L 4+NC
P Y [30] | [31-34]
3 Nimesil® Himecymin HII3IT DB04743 | WINWUL 2[35,| 2+NC
36] [37]
6 | Spazmalgon® MeTamizon HIT3I1-oibue DBSALT | METMIZ 1 1
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HATPIIO 000332 [38]
®deHmiBepuHy | AHTHUXOJIIHEPTiHA,
. ) DB13759 - 0 0
Opomin CIIa3MOJIITUYHA
[TitoeHoH CIa3MOJIITHYHA - - 0 1[39]
L-aprinin AHTHTIIOKCUYHA, DB00125, 1
8 Tivortin® IUTONPOTEKTOPHA, NAGLYB 1
L-acnaprat AHTHOKCHIAHTHA DB00128 [40]
10 No-spa® I[P OTaBepHiy CnasmouituaHa DB06751 - 0 4141,
T1IPOXIIOPHTL 42]
.. 2
11 ACC® Auemg‘mml Myxonimnummii | DBOG151 | NALCYS | 43 2
44]
brokarop 1 13+NC
13 Valsacor® Basicapran anriotemsuy I1 DB00177 KIPLIG [45] | [46]
Heiiponporekrop,
KapAi0MpOTEKTOP, 2 [47
[HO3UH nporuzananbauii, | DB04335 INOSIN 48] ’ 2
IMyHOMOLYTIO-
iy UM
15 Novirin®
Auenioen Alomomitia DB04500 | DIXFAR | - 1
pEUOBHHA [49]
JlonomixkHa
Jumenpano - - 0 0
peyoBUHA
3
. 4+NC
Kodein Crumymastop ITHC | DB00201 | NIWFEE | [50- [53-55]
52]
i 6 9+NC
KaAPO3HIKYIOUHH, COTZAN,
16 Citramon® [Taparieramonn DB00316 HXACAN [56- [61,
3He0O0III00Ye 61] 62]
. 3 4+NC
Anetiicarii HIT31T DB00945 | ACSALA | [63- | [g6
JIOBa KUCJIOTA 65] 67],
YKapO3HIKYIOUUH,
[Maparmeramon DB00316 COTZAN, 5 9+NC
3He0oI0I0ue HXACAN
18 | Fervex® Ackopo6i LASCAC, | 1
pOiHOBa . )
0T Bitamin C DB00126 COFKOA | [68] 1
deHipamin AHTHriCTAMIHHHUI, DB01620 - 0 0
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AQHTUXOJIIHEPTYHUN

Koptukocrepoinnu

M, CIa3MOJIITHYHUH,

20 Pulmicort® Bbyneconin MpoTH3analbHuH, DB01222 | RHBUXP

AHTUTICTaMIHHUN
3aci0

1 1+NC
[69] [70]

1.2 Kinacugikauis tBepaux ¢popm

BnactuBocTi TBepaux ¢GopM MOXKYTh BIAPIZHATHCS 3aJ€XKHO BiJ KoH(popmarii Ta
pO3TalllyBaHHS MOJICKYJ B KpUCTalluHIM (opmi, aje 10 HacHpaBil JICKHTh B OCHOBI
apuiia nonimMopdizmy? IIlo0 BiamoBicTM Ha 1€ NHUTAHHS, HEOOXIIHO PO3IJISHYTH
kinacu@ikaiiio BCiX TBepaux TiA. TpuBamuit yac 1ie Oyno0 O0’€KTOM CyINepedyok i
wiytanuau [21, 71-80]. IlepecnmigyBanucst pi3HI LI BiJ CTBOPEHHS YHIBEpPCAIbHHX
npoieayp OOpoOKM Ta OMUCY CIOJNYK, II0 BUKOPUCTOBYIOThCA Y (apmaneBTHUUHIN
IIPOMHUCIIOBOCTI, JI0 MPOTHO3YBAaHHS JESKUX BJIACTUBOCTEW (HANMpUKIIAJ, 0100CTYMHOCTI,
CTaO1IbHOCTI, TaOJETyBaHHS TOIO) PEUYOBUH 3a NpuHIUIOM mnonaidoHocti [81-83]. B
OCTaHHI pOKM OyJ0 JOCSITHYTO TI€BHOIO KOHCEHCYCy IMoA0  Kiacudikarii
dbapMalleBTUYHUX CIIOJYK, aje I Kiacudikaiis Bce e 3aJUIIAEThCA 00’ €KTOM
cynepeyok. HaifOuipm moBHI cucTeMH1 kiacugikanii Oyiau 3anmpornoHoBaHi ['pore Ta iH.

[84] Ta Kpy3-Kabe3a Ta iH. [14].
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Pucynok 1.3 CxeMaTnyHuil MajlOHOK, IO MPEACTABISE 3B 30K MIXK CTYIEHEM

HEBMOPSAJIKOBAHOCTI (hapMalleBTUYHUX PEUYOBHH 1 1X Kiacudikariiero. AgantoBaHo 3 [85,

86]

[To-nmepmie, naB1 BeNWKl Tpynmu TBepAUX (HOPM MOKHA BHUAUIMTH 34 CTYIICHEM
YHOPSAAKOBAHOCTI, TOYHIIIE, 32 HAsABHICTIO cTporoi nepionunyHocti. KoxxHe TBepae Tii10
CKIIQZIAEThCS 3 aTOMIB a00 MOJIeKyJ. SKmo iX TOJIOKEHHS BiOMI B OJHIN TOWII],
TIOJIO’KEHHS 1HIIOTO S7jpa MOXKHA TEpeN0adynuTH 3 BUCOKOI TOYHICTIO, SIKIIIO Ma€ Micie
nepiognyHicTh. OUiKyBaHO, 110 KUIBKICTh MOXJIMBHX MEXaHI3MIB HecKiHUeHHa [87, 88],
aje JuIIe Jeski 3 HUX 3JaTHI ICHYBaTH JOCTAaTHbO JIOBro, o0 OyTH BUSIBICHUMHU,
BUBYCHUMH Ta BHUKOPUCTAHUMH. TakuM UYMHOM, KJIACHYHI KPUCTAIU BU3HAYAIOTHCS SIK
nepma rpyna. BoHn mMaioTh Taki XapaKTepHI CHCTEMH KPUCTATIYHHX TPATOK, /1€ aTOMH,
0 YTBOPIOIOTH TBEpAY (hopMy, po3ramioBani peryssipHo. L{i cuctemu € momiMoppHUMHU
MoaudikalisiMi, ToMy (GOpMaIbHO BOHM € MOJIEISIMH PO3MOJILTY aTOMIB Yy 1JcalbHUX
kpuctanax. OgHak nedeKTH 3aBXKIu NpUCYTHI. 31 30UIBIICHHSIM X KUIBKOCTI BCE OiNIbIe
NOPYUIYETHCS TMEPIOANYHICTh 1 BIIOYBA€ThCS BTpaTa AalbHbOro mopsaiaky. Lleit edext

Ipamioe Ha OCHOBI WMOBIPHOCTEH pO3TallyBaHHS KUTBKOX HaWOIMKYUX CYCITIB Y
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CTPYKTYpi, ajie BiJCTaHb nepenadadeHHs oOmexeHa [87, 88]. Hpyra rpyma — amopdHi
TBEpJi Tia Ta nojiamopdui moaudikamii BignosiaHo (puc. 1.3). OckinbKu peaqbHa Mexa
MK KpUCTAJIIYHMM 1 aMoppHUM CTaHAMU € PO3MHUTOI0, paHime mnoxamopdizm
po3risigaBcs K MoJiMop(}i3M CHIIBHO HEBIOPSAKOBaHUX JedEKTHUX KpucTaiB [85], a B

naHuit gac amopdHi TBepAl da3u BUALICHI B OKpeMuii kiac [86].

Pucynok 1.4 Bigyamizamis cxemu  kiacudikamii  06araTOKOMIOHEHTHUX
KPUCTATIYHUX OPTaHIvHUX (apMarieBTUIHUX TBEPAUX (HOpPM, IO TOETHYIOTh MOJICKYJH 3

pI3HMX MOYaTKOBUX (pa3. AmantoBaHo 3 [84]

Kpim Ttoro, misi dapManeBTUUHUX CHOJNYK MPUWHSTO PO3IUITH BHUIE3a3HAYCHI
IpyNY Ha MJKJIACH 32 KUIBKICTIO Ta THUIIOM CTPYKTYPHUX OJWHUIIb, SIKI iX YTBOPIOIOTH.
ITepmn 3a Bce MOKHA BHIUIMTH OHO- 1 6araTOKOMIOHEHTHI cucteMu. Ko)kHa 3 HUX MOXKe
Matu nosimopdui Gopmu. [Ipote s 6araTOKOMIIOHEHTHUX CHUCTEM Yy (hapmarieBTUUHIM

MPOMUCIIOBOCTI PO3MJISIAAETHCSA  JIOJATKOBE BHJIUICHHS HAWOUIbII 3HAYyIIMX KJIACIB
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criostyk. Jlo mmx KiaciB Hajie)KaTh COJI1, COIbBATH Ta COKpucTaiu (puc. 1.4) [79, 84]. Bonu
HE BUKJIIOYAIOTh OJUH OJHOTO0, 1 OyAb-SIKWA 13 BHUILE3a3HAYEHUX ICTHHHUX a00 3MIIIAHUX
MIKIIACIB MOKE YTBOPIOBATH OLIbIN HIXK OAHY (hopmy mipu Kpuctamzaiii (puc. 1.5) [77].
Taka kiacudikauis € npodJIeMaTUYHOO A1 aMOPPHUX TUT Yepe3 iX HEBMOPSIKOBAHICTh
[89]. Moskna cmocrtepiraTé MeBHY MOMAIOHICTh MK MiAKIACaMU KPUCTATIYHUX TBEPIUX
PEUYOBHH, TMpEJCTAaBICHUMU HIbkde, 1 momiamopdamu [90], ane ixHs kimacudikars

3HAXOAMTHCS Ha CTa/lli pO3pOOKH Ta L€ HE BU3HAYECHA.

Pucynok 1.5 3aranbpHi BapiaHTH KpucTamizauii 1ifounx (apMaleBTUYHUX PEYOBUH.
A-D HaBeseHO NPUKIIAIU MPOSBY MoMiMop(}i3My JUIsl YUCTHX MiAKIACIB (PapMalleBTUYHUX
TBepANX (OpM: OJHOKOMIIOHEHTHHUX KPHUCTANIIB HA OCHOBI HEHUTpalbHUX MOJEKyI (A),
conbBariB (B), coxpucraniB (C) 1 coneit (D). IIponoHyrOThCS NMPUKIAAN KPUCTATITUHUX
cTpykTyp Mis 3mimanux migkiacie (E-H), o6 o3HalloMUTH 3 MIUPOTOI0 MOKIUBOCTEH

YTBOPEHHS MOJICKYJISIPHUX KPUCTATIB.

JIBa TUIK BIAMIHHOCTEH Y KPUCTANIYHIN CTPYKTYpl MOXKYTh OyTH ouikyBaHi. Bonu
MOXYTh  OyTHM  OpieHTaUlMHMUMH  (IHAYKYIOTh  ToJiMOpdi3M  yHakoBKH)  abo

KoH(MOpPMAIlIHHUMHA Ta OpIEHTAlIMHUMH OJHOYACHO (1HAYKYIOTh KOH(MOpMaIiiHun
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noiMopdizm) [18]. Sk BuaAHO, MPUYMHU THUITIB TOJIIMOP(]PI3MY HE € B3a€EMOBUKIIIOUHUMH,
TOMY MOK€ OyTH Ba)XKO 3pOOHTH i/ieabHE PO3PI3HEHHS HA OCHOBI KpHCTajIorpadiuHoro
Bu3HaueHHs. KpiM Toro, sBuiie noiaiMopdizmy ciig chopmyitoBaTH B TEpMiHAX €HEPrii
Ta CTaOUIBHOCTI pI3HUX KpucTamiuHuX ¢opm. IloBHa eHepris KpuCTamuHOI (popMu
CKIIQZIA€ThCS 3 JBOX OCHOBHUX KOMIIOHEHTIB: BHYTPIIIHBOI €HEpPrii MOJEKYyT SK
CTPYKTYpPHMX OJMHHIIb KPUCTaTy Ta eHeprii ix B3aemomii. OpieHTamiiiHi mojgiMopdHi
Moaudikalii BIAPI3HAIOTBCA B3a€EMHUM  PO3TAllyBaHHSIM MOJEKyJd, aie He ix
KOH(OpMaIli€l0, OCHOBHUW BIUIMB Ha PI3HOMAHITHICTh MOJIMOPGHUX (HOPM MalOTh
B3a€EMOJIIT MK CTPYKTYpPHUMH OJUHULISIMU. 3 OJHOTO OOKY, BUIbHa eHepris ['160ca n1Box
OpIEHTaUIMHUX MOMIMOPGHUX MOAUPIKALI MOXKE BIIPIZHATHUCS, 3 IHIIOTO OOKY, L€ HE €
o0oB's3koBUM [91-93]. [Inst apyroro Tuiy BiIMIHHOCTEH MDX HoJdiMOphHUMHU GopmMamu
CNiJ JaTh BU3HAYEHHS KOH(poOpMaIllli, OCKUIbKM caMe KOH(OpMallisi MOXe BHUKJIMKATH
3HAYHI BIJIMIHHOCTI B 3arajbpHi eHeprii kpucrtamigyHoi rpatku. 3rigHo 3 A. K. Kpys-
Kabe3a Tta JI. beprmraitn [94], HOBa koHboOpMaIlisi BUHHKAE, SKIIO MOJIEKyJa 3MIHIOE
dbopmy HacuueHOro 1HKJIa abo B1IOyBaeThCcsl MOBOPOT 3amicHuka. Kondopmariitna 3MiHa
BiIOYBAETHCS IIISAXOM TMOAOJAHHS Oap'epy MOTEHINTHOI eHeprii, mpu IboMy OyI0Ba
MOJIEKYJIM BIJIIIOBIJA€ 1HIIOMY MIHIMyMYy Ha MOBEpXHI1 NOTeHIiiHOT eHeprii. Lle o3Hauae,
mo KoH(opMaliiiHi TOJIMOP(PU MOBUHHI MICTUTH B KpPHUCTaJll €HEPreTUYHO BHIIJHI
koH(popmarllii Mosiekynu. Bu3HaueHHS MOXKHa pPO3MMPUTA TUM (akToMm, 10 Oap'epu
MOXYTbh OyTH OJM3bKUMH 200 MaTH OJIMH 1 TOM K€ MOPSAOK MPU KIMHATHIA TeMIiepaTypi
[95-99]. [Tpu 1iboMy Tpeba BpaxoByBaTH €(PEKTH KPUCTATITHOI YITAKOBKH, BHACIIIIOK KX
KOH(opMaIliss MOJIEKYJIM B KpPUCTAJII MOXE HE BIIMOBIIATH HAWOLIBIT E€HEPreTUYHO
BUTIAHINA KOH(OpMalii, SKIIO MPU UOMY JIOCATAETHCS «BUTPALD) Y LIIIBHOCTI KPUCTAILY
abo B eHeprii KpucTamigyHoi cucTeMu. TakuM YUHOM, OCTaTouHe (GOPMYITIOBAHHS MPUYUH

noriMmopdizMy Moke OyTH JaHO SIK 3MilaHi KOHGOPMAaIIHHO-EHEPreTHYHI.
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Pucynok 1.6 Bizyanizamis knacudikaiii noaiMopdizmy, ne kondopmepu A 1 B
MOXKYTh ICHYBAaTH Yy TBEPJIOMY CTaH1 K mapu opieHTauiiHux nomimopdiB (X 1Y), fki €
KOH(pOpMaIIHHUMH TI0 BiTHOIIECHHIO OJIUH /10 OJJHOTO (Oyab-sakuii 3 X 10 Oyab-sSKoro 3 Y).
Kondopmepu MoxyTh B3a€eMHO TpaHC()OPMYBATHCS TMICIAS TOAOJAHHS BiJMOBIIHUX
eHepreTuyHuX 6ap’epiB (OJaKUTHA CTPITKA), a TAKOXK KOH(DOPMAIIHHUX Ta OPiEHTAIlIMHIX
noniMophiB MDK co0o0r0 (3elieHa Ta MypIypoBa CTPUIKM MJis 3MIH YIaKOBKH Ta

KOH(pOopMaIii BIIMOBITHO).

Taxkum ynHOM, TTOTIMOPGI3M — 11€ 3/IaTHICTh CIOJYKH YTBOPIOBATH OLIbIIE OJHIET
KPUCTAIIYHOI CHUCTEMU 3 PIZHMMHM B3a€EMHUMHU OPIEHTALISIMU MOJIEKYJ, BKJIIOYAIOUYU
MO>KJIMBICTH JJI1 MOJIEKYJI 3MIHIOBATH CBOIO KOH(OPMAIIIIO 3 eHEPreTUYHO BUT1IHOI Yuepe3
NOJI0JIaHHsI eHepreTuyHoro 6ap’epy (puc. 1.6). Pizui nmomimopdHi KoHDOpMaIIl MOKYTh
YTBOPUTHUCS 3aBISKH Pi3HIN KOHGOPMAIIiT MOJIEKYJIH Ta 11 pi3HOMY OTOUYEHHIO B KPHUCTAJI.

PizHuns B eHeprii s nmoiaiMop@HUX Moaudikaliil 3a3BUYail HEBEJMKA 1 4acTo
MOXe OyTH BHSBJIEHA JMILIE 3a JOMOMOIOK CYYaCHHX OOYMCIIOBAIBHMX METOIB.

3a3Buuail OIiHKA €HEpTrii 0OMEXKY€EThCA PO3PAXyHKOM EHTaNbIii (a00 eHeprie€lo pemnriTKy)
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0e3 ypaxyBaHHS BIUIUBY TeMIEpaTypH Ta THUCKY. Lle Moxe nmpu3BecTr 0 JeIKUX MPOTUPIY
[100]. He3Baxkatouu Ha 1€, OyJI0 MMOKa3aHO, M0 PI3HUIS B €HEPrisiX MiX HoJiMOp(hHUMHU
momudikamisiMu  craHoBuTh MeHme 10 kJx/Monb miiss  OUIBIIOCTI  MOJEKYJISIPHHUX
kpuctainiB [101-103]. 3a cnoBamu [[x. Haiimana ta I'. M. [les, 11e 4iCiIO MOKHA HaBiTh
3HU3HTH 110 2 KJ[x/Monb s matike 50% MOCTiKyBaHHX MOJICKYISIPHUX KPUCTaJIiB abo
7,2 xJbx/monb s 95% BignosigHo [100]. Tomi sk C.JI. Ilpatic moctymoe [104], 1o
«PI3HULA B €HEprii MK MomMopGHUMH (popMaMu CTAaHOBHUTH OM3bKO 1 KJ[/MOb», 1110
€ JocuTh Majow BenuuuHOO. Cepen yciX YHCICHHUX MIHIMYMIB Ha TIOBEpXHI
NOTEHIIMHOT eHeprii s JaHOoi pPEYOBUMHU BiJOMa JMIIEe OOMeXeHa KUIbKICTh
nosimMoppHux gopm [104-107]. Hanpuxnan, 13 64 3apeectpoBanux B Ykpaini ADI B
KemOpumkchkiil 0a31 CTPYKTYpHHX JaHUX 3apeecTpoBaHO Jiviie 13 croiyk i3 BETHUKOIO

KIJIBKICTIO BUBUCHUX TOJTIMOpPHHUX Gopm (puc. 1.7 Ta Tabdmn. 1.2).

Pucynox 1.7 3apeectpoBani B Ykpaini A®I. Kinpkicte A®I 3 kigbkoMa (CHHIM
KOJIBOPOM) Ta €IMHOIO (3€JEHUM KOJHOPOM) MOMIMOPGHOI0 MOIU(DIKALIE, CTPYKTYPY
SKUX BHUBYAIOThH JIMILIE JJI MOXIJHUX BUXIAHMX CHOJYK (ITOMapaH4eBUM KOJIbOPOM), Ta

HEBHUBUYEHUX (UYEPBOHUM KOJIHOPOM)
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Tabmumg 1.2 ADI 3 kinbkoma moJiMOpGHUMU MOAMQIKAIISIMH, CTPYKTypa SKUX

inentudikyerscs 3a ixaimu Refcodes 8 CCDC

Hazpa A®I Refcode 8 CCDC Kinekicts hopm
ATIMKITOBIp MECWIC 2 [108, 109]
Apwurnimnpazon MELFIT 10 [110-116]
Edagipenir AJEYAQ 5[117-120]
[nimenipu TOHBUN 2121, 122]
Jline3omin TIYQAU 2 [123, 124]
Hopdaokcanun VETVOG 2 [125, 126]
Oxcoxkap0Oa3eriH CANDUR 2 [127, 128]
denobapbiTa PHBARB 5[129-131]
Pucnepumon WASTEP 2 [132, 133]
Podmyminact PEDWOM 2 [134]
Cunnenadin QEGTUT 2 [135, 136]
CumBacTuH EJEQAL 3137, 138]
Topacemin TORSEM 3[139-141]

HpI/I IIbOMY BUHUKAIOTH TaKl NUTaHHS:

1. Yomy KUIBKICTh BUSBICHUX MOTIMOpPHUX MoAudiKaIliil Taka Maia Mpy TaKUX

BEJIMUE3HUX MOKIIMBOCTSIX?

2. Sk mij 9ac qoCIiKEHHST MOYKHA BUOpaTH HanO11bI epexTuBHI moxiMopdHi popmu

st papMarieBTUYHOI MPOMUCIOBOCTI?
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1.3 YTBOpeHHSs Ta NepeTBOPEHHS KPUCTAJIYHUX popMm

o0 BignmoBicTH Ha OOWBA MUTAaHHA MPO HoOJiMOP(i3M, CIiJ BpaxoByBaTu OaraTto
dakTopiB, 30KkpemMa, MeTacTabUIbHICTh KpucTamiyHux ¢dopm. Y 1899 p. B. OctBanbn
nucaB: «Maike KOKHa peuOBHHA MOXKE ICHYBaTH Yy JIBOX a0o0 Ouiblie TBepAuX (azax 3a
YMOBH BIJMIOBITHUX YMOB ekcriepuMeHTy» [142]. [Tiznime Kynepr-bpannmrarrep 3asBus,
IO «...AMOBIPHO, KOHa PEUOBHUHA € MOTEHIIHHO noixiMopdHoto. [lutanHs nuiie B ToMy,
YU MOHA HaJIAIITyBAaTH 30BHIIIHI YMOBU TaKUM YMHOM, 1100 MOIIMOp(i13M peanizyBaBcs,
gyu Hi...» [88]. Lli TBepMKEeHHS NPHU3BOAATH 0 OYCBHUIHOIO BHCHOBKY, IO yMOBH
€KCIIEpUMEHTY Ta 30epiraHHs MOBUHHI OyTH ONTHMI30BaH1 sl OTPUMaHHS KOHKPETHOI
nonimMopdHoi hopMu Ta 30epexeHHs 1i MPOTATrOM JOCTATHBO TPUBAJIOrO yacy s ii
aHaji3y Ta 3acTOCyBaHHSA. TakWM YHHOM, KUIBKICTH CIIOCTEPEKYBAaHHMX MOJIIMOPPHUX
Moaudikallii mop's3aHa 3 iX cTablIbHICTIO B KOHKPETHUX YMOBAX.

Y 1897 pori Ha OCHOBI TEPMOAMHAMIYHUX MPUHIMINB OyJ0 CHOPMYIHOBAHO
3arajibHe MPaBUJIO BIHOCHOI CTaO1ILHOCTI modiMophHux Moaudikaiiii. Bono BimoMe sk
npaBwio craaid OcTBanpia: «SKIO peakuis MOKe MPU3BECTU 10 KUIBKOX HPOIYKTIB,
crovaTky OyJe OTpMMaHO He HaWCTaOlLIBHIMIMKA CTaH 13 HaWMEHIIO KUIBKICTIO BLIHHOT
eHeprii, a HaliMeHII cTabUIbHUHN, HAUOMMKUUi 10 BuXigHOTO...” [143]. YV HUHIIIHROMY
PO3YMiHHI II€ 3yMOBIIIO€ T€, III0 CHCTEMa, BUXOJSYH 3 Oyb-SIKOTO CTaHy, MparHe JA0CSITTU
pPIBHOBaru, THM CaMUM TEPEXOJsUM B MIHIMyM BUIbHOI eHeprii. OqHak cTpuOKonoaioHe
NEPETBOPEHHA 3a3BHYall HEMOXKIIMBE, TOMY CHUCTeMa MEPEeXoauTh y (pasy 3 HalMEHIIOH
BUTLHOIO €HEPTi€I0, JOCTYITHOIO B TAHWM MOMEHT 4Yacy, 1 MPOXOJHUTh CEPit0 MEPETBOPCHb,
00 JOCATTH HAWOUIBII TEPMOJMHAMIYHO CHPUATIMBOrO crany (puc. 1.8). IMoBipHICTH
[[LOT'0 TIEPETBOPEHHSI BUBHAYAETHCS BEIMYMHOIO €HEPTeTUUHOIO Oap'epy, TOOTO €HEPTIELO,
HEOOX1THOK CHCTEMI JJIs TOJOJaHHS HECHPHUSATIMBHX KOH(QITyparii, o JexaTb Mik
CTPYKTypaMu 3 JOKaJbHUX MIHIMyMIB BUIbHOI eHeprii. SIkumio 1eit Oap’ep 3aHaATO
BUCOKHI, TO TIEPETBOPCHHS HEMOXJIMBE O0€3 TOPYIICHHS TNEPIOJUYHOCTI, 1 HOBE
po3TalryBaHHs MOJIEKYJ BinmOyBaeThcs sK (opmyBaHHS HOBOI TBepaoi ¢opmu. Yac,

HEOOXITHUM ISl TAKUX MEPETBOPEHB, 3AJIEKUTH Bl PEUOBMHU Ta YMOB 1i YTBOPEHHS Ta



41

30epiranns. [lepeTBOpeHHS MOXYTh TPHBAaTH B JyXKe KOPOTKHUX NEPIOAiB dYacy [0
MicsIIiB a00 HaBITh pOKiB [144-147].

OcTaHHIf MYHKT y MHTAaHHI OO0 BIJHOCHO HEBEIHMKOI KIIBKOCTI MOJIMOPHHUX
Moau(iKalii CTOCYEThCS YTBOPEHHS Ta peopraHizalilii KpUCTaIiB HA CTali 3apOJI>KCHHS.
JIs1st po3yMiHHS OTO (haKTy MOKHA BUKOPHUCTOBYBATH KIIACUYHY TEOPIIO 3apOHKCHHS 3
po3urHy abo0 po3miaBy. BiamoBiHO 10 HBOTO, IIBUIKOCTI 3apO/KEHHS CTaOIIBHHUX 1

MeTacTaOuIbHuX (GOpPM HA OAWHHIID 00’eMy MOKHA OTPUMATH 3 DIBHSIHHA AppeHiyca
y

[148-151]:

J = K,(T) = exp [ kBT ] K,(T) = GXP( ;:T) * exp (_}i—aT) (1.1)

1/2

K,(T) = nN 12y

»(T) = nhNov (WkBT) (1.2)
"= 16, (1.3)
S.—S S.—S

46, = (6~ GAT = () aT = (5= (T = Tu) (L4)

A¢ J € IBHIKICTIO 3apojukeHHs; Kg - crama bBombnmana; T - aOcomiroTHa
temriepatypa; W - enepretnunuii 6ap'ep nudy3ii, BAKIUKaHUIA TOBTOPHUM PO3YWHEHHAM
3aponkiB; Ea - cHeprermunuii Oap'ep akrtuBamii i wykieamii;  Ky(T) -
MEPENCKCIIOHCHTHUN KIHETUYHHUN (DaKTOp, IO TOKa3ye EMITPUYHY 3aJICKHICTh MIXK
TEMIEPaTypol0 Ta YacTOTOK MPHETHAHHS MOJIEKYJT JO0 TBEPAHMX sAep; N - KIIbKICTh
MOJIEKYJI Ha MOBEPXHI 3apPOJIKIB, 1110 MEPETBOPIOIOTHCS; No - KITBKICTh MOJIEKYJ B OJTUHMIT
00'eMy; v - YacTOTa MPUETHAHHS MOJIEKYJT; Fa - KpUTUYHUI PO3MIpP TBEPIOTO 3apOJKY, MPU
AKOMY BiIOYBA€ThCS 3apOKEHHS; ¥ - Mik(da3oBuil Hatsr; AGy - eHepris, HeoOXiIHa JUIs

yTBOPEHHS HOBOI (pa3m, 1 pizHunsg Mix eneprisimu ['10606ca TBepaoi daszu, Gs, 1 po3duH, 1m0
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MICTUTh T1 KPUCTaJIU, 110 YTBOPIOIOTHCS, Gi, HA MosipHUi 00'em, Vm; Ss Ta S) - eHTpomii
TBep0i Ta piakoi ¢a3 BiAMOBIMHO; Tm - TEeMIEpaTypa MiIaBIeHHS HOBOI TBEpAOi (a3u.
Biamosinno mo piBHsHHs 1.1 B Kpucramizamii OepyTh y4acTh JIBa TPOTHIICKHI
OpOLIECH: YTBOPEHHS 1 MOBTOPHE PO3YMHEHHs 3apoikiB [148]. 3HaueHHS MOBTOPHOTO
pO3YMHEHHST 3a3BUYail HeBenuki (puc. 1.8), ame 1e 3HAYHO BIUIMBAE HA TOYATKOBE
YTBOPEHHS 3apOJIKy, JAlOYW JIOCTAaTHHO Yacy JUIsl MepeopieHTallli Ta KOH(pOpMaIiiHUX
3miH [104]. OTxe, HECTIIKI B yMOBax KpUCTaNI3allIiHOIO MPOLECY CTPYKTYPHU MEPEXOIATh

y OUIBIII CTIHKI.

Pucynox 1.8 Cxema mnocraaiiiHoro mnpaBuna OcTBanmpiaa 3 (4opHuUM) 1 0e3
(4epBOHMM) BIPOBAHKEHHSIM KOPEKIIil MOBTOPHOI'O PO3YMHEHHS SAEP 13 KIACUYHOI Teopii
HYKJIeallii, 10 MOKa3ye MpoIeC YTBOPEHHS HAHOUIbIII TEPMOIMHAMIYHO CTAOUIBHOT opMuU

3 HEBMOPSIKOBAHOIO CTaHy uepe3 npomixkHi (A 1 B). AnanroBano 3 [152, 153].

[IpuHaiiMHI J1Ba TONMYJSIPHUX METOAH, SKI JIO3BOJISIOTH 3MEHIIUTH KUIBKICTh
CIIOCTEPEXKYBAaHUX MoJIMOpDHUX Moaudikailiii, 3aCHOBaHI HAa YHUKHEHHI MOBTOPHOTO
po3unHeHHs. Lle BBeeHHs 3aTpaBoOK isi 00XOy MPOIECY MOBTOPHOTO PO3UUHEHHS [154]
a00 MOBIJILHOTO YTBOPEHHSI TEPMOJIMHAMIYHO CHPUSATIUBUX KpucTamiB [155-157]. Onnak

nosiiMmopdH1 popMu Bce 1€ MOKYTh 3HUKATH [ 146, 158] 1 nepionnuno 3’ saBustucs [159] y
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nporiecax (GapMaleBTUYHOTO BUPOOHUIITBA. Y ¢l BUIIEBUKIAACHI (DaKTH CBIYaTh MPO TE,
M0 HAWKpaluM IUITXOM [0 3aCTOCYBAaHHS KOHKPETHHX KpUCTATIYHHX G(opM Yy
dapmareBTulli € BUOIp 1 MATPUMKA TPABUIBHUX YMOB iX CHHTE3y Ta 30epiranns [5, 144,

160, 161].

Pucynox 1.9 BmactuBocti, 37aTHI 3MIHIOBaTHCS Il PI3HUX TOJIMOPGHUX

moaudikarii ogaoro ADI. AnanroBano 3 [22].

YwucnenHi metactabinpHI momiMopdai Monudikalrii JikapchbKuX 3ac001B MalOTh 1HIII
BiacTuBocTi (puc. 1.9), HiX ix cTabinpH1 aHamoru. OCKUIbKK BUTbHa eHepris ['160ca ix
YTBOPEHHS MEHIA, HDK Yy CTaOUIbHUX (OpM, NPOMDKHI TBEpIAl (POPMU MOXKYThb
po3unHsTUCS Habararo mBuame [20, 164, 165], aemoHcTpyroun BuUllly 010J0CTYIHICTD
[164, 166] nuist akTuBHUX (apmaneBTUUHUX 1HrpeaieHTiB rpyn Il Ta IV 3a knacudikaniero
6iodapmaneBTnuanX TpenapatiB [167]. Takum ynHOM, Kpallla pO3YMHHICTH JIKIB MOXE
OyTH JOCATHYTA HUIAXOM MAHIMYJSALINA 3 TOTIMOPPHUMHU MOIUDIKALIIMU JJI1 TPUHANMHI

25% mnepopaibHO BBEJCHUX MpeErapariB BAMOBIIHO aHali3y, 3p00JICHOr0 JUisi OCHOBHUX
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JiKapchbKUX 3aco0iB  BcecBiTHROIO opraHizaiiero oxopoHu 3mo0poB’ss [168]. Ilotik
HOPOIIKY, TaOJIeTyBaHHS Ta TBEPAICTh TaKOX MOXYTh OyTtm 3MmiHeHi [169-173].
[IpuroryBanus wmeractabuibHOi (opmu mapaneramony [174] 1 P-makrosu [175]
JOTIOMOTJIO MOAOJATH iX KPUXKICTh y IMpolieci TabyieTyBaHHA. 3MiHa oJIMOpGHOI popMu
MOKE IOKPAIUTH TirpocKomiuHicTh [176, 177], a TakoX 3MIHUTH ILIOIIY MOBEPXHI Ta
mMopdotorito npenapatry [178, 179]. OnHak 4acTO BUKOPHCTOBYIOTHCS JIMIIIE HANO1IBII
cTabupHl (opMM JIIKAPCHKUX 3ac00iB, a 1HOJI BOHM HAaBITh BUKIIOYHO JI03BOJICHI
dapmakomneero a00 IHIIMMHA HOPMATUBHUMHU aKTaMH, sIK y BUTIaJKax kapOamasermniny [180],
iHgomeranuny [181], xnopamdenikony nansMmitary [182] 1 qokcazo3uny mesmnaty [183].
3MIHM BJIACTHBOCTEM € OCOOJIMBO MNPOOJIEMATUYHUMHU JUIsl PEYOBUH, IO JAIIOTh Ha
nentpaibHy HepBoBy cuctemy (ILIHC), Takux sik HedpoienTuku, 00Je3acroKiiinBI Ta
aHecteTuku tomo [22, 184-186], uug Buma 010J0CTYNHICTh a00 MIBUIIIE PO3YMHEHHS
MOTEHIIIITHO MOXX€ CIHPUYMHHUTH TEpeXiJl BiJ TEPareBTUYHOI 10 TOKCHYHOI ab0 HaBITh
cMepTenbHOoi 1034. Lle He Tk 3HIKYE e(DEeKTUBHICTh MpenapariB, aje BUKOPUCTAHHS
MeTacTaOUIbHUX (opM 0€3 CyBOpPOro KOHTPOJIIO iX CHHTE3y, (OPMYBAaHHS TOTOBHX
Jikapcekux ¢GopM 1 30epiranHs HeOesmeuHo. TakuM YMHOM, MHUTAHHS KOHTPOJIO YMOB
CUHTE3y Ta craluri3amii Jjid MNOoJaibIIoOro 30epiraHHd TakuxX mNoJiMOphHUX (opMm 1
PELenTyp 3 HUX € MePIIOYeprOBUMHU.

[ToBepTarounch 10 KIACHYHOI Teopii 3apOJHKEHHS, 1HIINH KOPUCHUN BHCHOBOK,
3po0sieHuid 3 piBHAHB 1.1-1.4, monsirae B TOMy, IO MEPEXiA 10 CTPYKTYPU 3 MEHILIOIO
EHTPOITIEI0 € OLIBIN BUTITHUM. BiH HOTpUMYETHCS TpaBUjIa €TalliB, aje TaKOXX BUHUKAE
Oararo 3amuTaHb, cepe] SAKUX HAMOUIbII LIKaBUM € «SIK 3MIHUTBHCS PIBHSHHSA 1 4M Oyne
BOHO MpAIffOBaTH ISl IHIIMX BUMAJKIB, HIXK KpUCTaJi3allis 3 po3unHy 4 po3ruiaBy?» lle
NMUTAHHS MOXKHa YacTKOBO BHUPIMIMTH JOJAABAaHHSIM EMITPUYHHUX  KOE(]IIlI€HTIB,
aHaJoriyHuX koedimieHTam aedopmMaliii 41 mepeTBOpPeHb TBepioro Tiia. OJIHaK HaBeACH]
BUIIIE PIBHSIHHSA 1, 30KpEMa, pPO3PaXyHOK KPUTHYHOTO PO3MIPY 3apojKa, CTarOTh
3aleKHUMHU Bl (HOPMH KOHTaKTy TBepaux (a3 miJ yac Mmepexoqy Ta KOHKPETHHX

MOJIOXKEHb MOJIEKYJT y KpucTanax 000x ¢a3 [187], 1o BakKO BUPIIIUTH:
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dAG (1)

. =0 = 4mr2(AG, + AGgprqin) + 8TTY (1.5)

r

ne I — paaiyc gacTuHKH HOBOI (a3 Ta AGstrain - €HEPris aedopmariii Ha OJUHHUIIIO

00'emy.

Crig TakoX 3a3HAYUTH, 110 MIK(Pa30BUN HATAT, KOeilleHT aedopmarlii Ta paalycu
YaCTMHOK HE € OJHAKOBHMH IapaMeTpaMu Jis BCIX YacTUH Kpucrtaia. BoHH icTOTHO
3MIHIOIOTBCS HaBITh JUISl PI3HUX TpaHEed MOJEKYJISpHUX KPHUCTAIIB 1 TMOBHHHI OyTH
(akTUYHO TPECTaBICHI SK TEH30PH, HAaBITh SIKII0O MU BHKIIOYMMO KOH(OpMaIliiHy
PI3HOMAaHITHICTh OLIBIIOCTI O10aKTUBHUX MoOjeKyn. CliJl TakoX BpaxOBYBaTH BILIUB
TUCKY Ta HaBKOJHUIITHHOTO PO3YMHHHKA 3 OTJISAY Ha Te, 1[0 BOHU PO3MOJIICHI B KPUCTAIl
HepiBHOMIpHO. TakuM 4nHOM, GaraTomapoBi KOPENSIii MK IEPEMIHHUMHU YCKIIaTHIOIOTh
aHaJi3 1 MPOrHO3 CTabUIBHOCTI Ta MEeXaH13MiB TpaHchopmalii noaiMopPHUX MoaudiKaiini
JTIKapChKUX 3ac001B. TakuM YMHOM, BaXKKO OIIHUTH MOXKJIIMBOCTI YTBOPEHHS MOJIIMOPQIB 3
PO3YHHIB 1 IPAKTUYHO HEMOXJIMBO IIe 3pOOMTH I (Pa30BHX MEPEXOdIB TBEpJE TIIO —
TBEpAE TUJI0, TOOTO MOTIMOP(YHHUX NEPETBOPEHD Y KIACUYHOMY PO3YMIHHI.

[TincymoByroun, Ay hapMaIreBTUIHOT MPOMHUCIOBOCTI MOTPIOHI HOBI METOAH, SIKi
IaayTh MOXJIMBICTH BHUPOOJSTH Ta 30epirati MpOTAroM BiJHOCHO TPUBAJIOIO Yacy
edexTuBHY noiMoppHy MoaudIKallilo, IKa HE 000B'SI3KOBO Mae OyTH OUIbII CTaOIBHOIO.
Takum yriHOM, HEOOX1HI HOBI METOJIU JIJII KOHTPOJIIO Ta aHATI3y IMX MPOIECIB, a TAKOXK

JUTSI TIOUTYKY HOBHUX MOJIIMOPGHUX (POPM.
1.4 Meroau cuHTe3y TBepaux popm

Crabimizamis moxiMophHUX Moaudikamiii MOYMHAETHCS BXKE HA CTaail CHHTE3Y.
Crnoco0iB i peanizarii 6araro, 1 ix KUIbKICTh IIPOJIOBXKY€E 3pOCTaTH. BOHU BKIIIOYAIOTH SIK
KJIACUYHI, TaK 1 HOBI METOJM, CTBOPEHI /I TOKPAIIEHHS KOHTPOJIO HAa MPOIEeCOM
KpUCTami3auii 1, IK HACIII0K, CKJIaJJOM KIHIIEBOI'O MPOIYKTY. Y MEpIiid rpyri e MeToau

nepekpucTanmizamnii 3 po3unHy abo po3IiaBy, METOJAM Ha OCHOBI cyOmiMmaiii Ta
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BUITAPIOBAHHS, 3aMOPOXKYBaHHS, METOJM AHTUPO3YMHHUKIB, PI3HI BUIU TOAPIOHECHHS,
rpaHyioBaHHs Ta npecyBanHs [188-192]. B ocranHiil rpymni 4acto 0OTOBOPIOIOTHCS 3
metonu. [lepmmii — 11e BUPOIIYBaHHS KPHUCTAIIB Y 3aMKHYTOMY IIPOCTOPI, SKUH HaOUpae
NOMYJISIPHOCTI Ta JOBIB CBOIO €(EKTUBHICTD ISl TAKUX MOMYJISIPHUX 00’ €KTIB, K aClipyuH
[66] 1 mapameramon [61], Apyruii — 3acHOBaHWW Ha Ja3zepHid 00poOI (HykIearrii)
po3unHiB [193, 194] 1 Tperiii Ga3yeThcs Ha TEMILIATyBaHHI 3 JIOJIaBaHHSM TBEPIUX
MaTpulb s Kpuctamsauii [179, 195] abo 1o6aBok, moAiOHUX A0 PO3UYMHEHOI PEYOBUHU
[189]. Bci i MeToiu MOHA PO3IIITUTH Ha KIJIbKA TPYII 32 3 03HAKAMMU:

— TpuBanicth KpucTamizarii;

— TOYaTKOBI1 (a3 KOMIIOHEHTIB, IO BUKOPUCTOBYIOTHCS IPU YTBOPEHHI HOBO1

TBep10i (hasu;

— THI NPOLECY, AKUH € MPUUYNHOIO YTBOPEHHS HOBOI TBEP101 (a3H.

BigzHadeHo, M0 METOM CHHTE3Yy 3 HAHOUIBIIOK TPHBAIICTIO KPUCTATI3AIil Kpale
MIIXOASTh I YTBOPEHHS HaOuibm crabimpHux (a3. lled ke mpuHIUIT mpaiioe 1 B
3BOPOTHBOMY  HAMNpsIMKy. 3arajJbHOBHU3HAHO, M0  OACPXKAHHSI  METacTaOlLIbHUX
noniMophuux Moaudikamii ADI € 6inbmI yCHIHNM y pa3i MBUAKAX METOJIB OTPUMAHHS
kpuctamuaux ¢opm [179, 190, 196]. Bignmosigno mo [190, 191] HalGLIBII
OPOAYKTUBHUMM I OTPUMAHHS MeTacTaOUIbHUX ()OpPM MOKHA Ha3BaTH CyOiiMaliiiHi,
MeTonu ©Oe3 3acTOCYBaHHS PpO3YMHHUKA Ta pI3HOMAHITHI METOAMKA Ha OCHOBI
nepeoxojomkeHux ¢as, mo Mictateh ADI (puc. 1.10). [ami 3a edexTUBHICTIO HAYTH
NMEepeKpUcTai3aIlisg 1 po3IiaB, Xo4ya TMOMyJSApHICTH iX Habarato Bumie. lle moxHa
NOSICHUTH IBOMa (aktopamu. [lo-miepie, TepMiuHi METOM, MOB'I3aHI 3 TUIaBIIEHHSIM a00
BurapoByBaHHsIM A®I, 4acTo CynmpoOBOIKYIOTHCS TEPMIYHUM PYHHYBAaHHSIM 010aKTHBHHX
Mosiekya [197-200]. Lle uwenpuiitasatao mist papmameBruuanoi npomucioBocti [201-203],
OCKLIbKH MpoayKTu po3nagy APl moxyTs cami mposBIATH 010JI0TTYHY aKTUBHICTH [204,
205]. Tlo-gpyre, IMOBIpHICTh BUSBICHHS HOBOI MoiiMopdHOI Moaudikalli € BUCOKOIO,
KOJIM MO>KHAa BapilOBaTH BEJIMKUM [1alla30H YMOB CHHTE3y, TOOTO YMM Oliblla
BapiaOeNIbHICTh YMOB, JOCTYIHA i METOIy, 1 UMM MIMpIIA 30HA TEPMOJIMHAMIYHOI

ctaburbHOCTI Oakanoi mommdikamii [192]. Ili nBa oOMExXeHHs, TOPSA 3 BHMOTOIO
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CYBOPOTO KOHTPOJIO 32 YMOBAMH OTPUMAaHHS TBEPIUX POpM, OOMEKYIOTh BUKOPUCTAHHS

HaWUTIBUIIIINX METOMIB SIK 3 O0KY HU3BKO1, TaK 1 BUCOKOI TEMIIEpaTypH.

XBUNnHM CexkyHaum

TpuBanictb npouecy

>

CTyniHb cTabinbHOCTI

Pucynok 1.10 Tepminu KpuCTami3aliiHUX EKCIEPUMEHTIB Ta 3aJCKHICTh Yacy

00poOKHM BiJ MMOBIPHOCTI HAOYTTsI MeTacTabuIbHOI opmu. AganToBano 3 [190].

[lepexpucranizamisi, OAWH 3 HAWUOUIBII MOMIMPEHUX 1 JOCTYNHUX METOMAIB Yy
dbapMaleBTUYHIA TPOMMCIOBOCTI, JO3BOJISIE TAKOXK JIETKO BapilOBaTU YMOBHU CHUHTE3Y.
Takum unHOM, 11e¥1 MeTon OyB oOpaHuil 1 oTpuMaHHsS TBepaux Gopm ADI, ane neski
TPYJHOIII MOTPeOyIOTh BUpIIeHHS. MOJIeKynn He 3aJUIIalOThCA Yy TBEPAOMY CTaH1 Iijl
yac MepeKkpucTatizaiii, e CKIaIHUNA Opolec, 10 CKIAAAEThCA IoHaMmeHme 3 2 ¢as:
PO3UMHEHHSI TOYaTKOBOI momiMoppHOoi Momudikamii Ta 1 KpucTamsaiis B HOBY
KPUCTAIIUYHY CTPYKTYpYy. TakKMM 4YMHOM, KOHTPOJIb CKJIaJly MOBHHEH 31MCHIOBATUCS Ha
KOXHIA (a3l (MOYaTKOBI Ta KIHIEBI TBEPAl PEUYOBHHM, MPOMDKHUN PO3YMH) 1 CTanii
(po3unHEeHHA Ta KpucTaii3aliii).

[Tin yac mepekpucraizaiii 3a3BHYail KOHTPOIIOIOThH JIUIIE CKJIajd 1 TeMmepaTypy

po3uuny [189]. IIpoTe KOHTPOJB JUIIE IUX MapaMeTpiB He 3a0e3neuye BiATBOPIOBAHOCTI
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noriMmoppHUX GHopM, SIK 1€ TTIOKa3aHOo B JiTeparypHux aaHux [146, 158, 166]. [Tomimopdni
Moaudikaimii MOXYTh MOBTOPHO PO3YMHATHCA Tij yac 30epiranHs [5, 206] 1 HaBITh
HEBENUKI JIOMINIKK B TOPOKHWHAX KPUCTAIiB MOXYTh OYTH NPUUYMHOIO 3MIHU
nosiMmophHOi ¢GOpMH, a TaKOX JECOoJbBaTamii, IO NPHU3BOAUTH JO MOPYIICHHS
kpuctamigaocti [207]. Tomy, skmo HeoOXigHO oTpuMatd OaxaHy momiMophHY
Moau(iKalliro, CiIil BpaxoByBaTH B3aeMoit0 ADI 3 HABKOJIUIITHIM CEPEIOBUILIEM, a TAKOXK
MOKJIMBICTh «BUCUXAHHS» COJbBAaTHUX ()OPM Yy MPUMIIIEHHAM 3 HU3BKUM pPIBHEM
BOJIOTOCTI, sIK 1I¢ Oyio BusiBiIeHO s L-tupokcuny [208]. MeractabinbHy mnomiMophHy
MoAu(iKali CIiJ OYMIIATH BiJ PO3UYMHHHMKA MiJ 4yac cuHTe3y [192]. Takum d4uHOM,
noTp10H1 HOBI METO/IH, K1 JAJIU O MOKIIMBICTh KOHTPOJIFOBATH BEJIMKY KUIBKICTh YMOB 0€3
CKJIQJHOCTI, MOB'SI3aHOT 3 MOJANBIIUM 30epiranHsM. TakuM MeToJoM MoKe OyTH CHUHTE3
TBepAuX (GopM y HaakputuuHux pinuHax (SCF). 3akpura peakijiiiHa kamepa pa3oM i3
MO>KJIMBICTIO TIATPUMYBATH MOCTIHHUN TUCK 1 TUMYACOBO TIEPETBOPIOBATH Ta3M HA PITUHU
Jla€ IIbOMY METOJY CYTTEBY IepeBary, MpH I[bOMY MPUHIUIT A1l 3aJUIIAETHCS MPAKTUIHO
He3MiHHUM. HaaxkpuTuuna QuroiqHa TEXHOJOrId BHUSBUJIACA HAWOUIbII MNPUIATHUM
KaHJIUJIaTOM SK METOJl CHHTE3y METacTaOlIbHUX modiMoppHUX Moaudikamin 13
30UIBIICHHSIM Yacy 1iX OKUTTS, a TaKoX JOCHIUKEHHS KOH(OpMaliiiHUX 3MiH,

NpUTAMaHHUX MOJIEKyJIaM y ¢urroinHii dasi [209].
1.5 MexaHiuHO iHAyKOBaHi N0JiMOP(HI NepeTBOPEHHA

Crig TakoK KOHTPOJIIOBATU CTaOUIbHICTh NosiMopdHoT Moaudikanii ADI mig yac 1
micas BupoOHUITBA. [TocToOpoOKa KpucTamidyHuX (OPM 0 TOTOBHX PEIENTYp MOXKE
JerKOo BHKJIMKaTH moaiMopdHi mneperBopeHHs [5, 164, 196, 210-215]. Hampuknan,
Ta0JeTyBaHHs BiI0YBa€ThCS MPU MiABUIIICHOMY TUCKY (3a3Buuait 40-200 MIla) npotsirom
KopoTkoro mepiogy 4acy (< 1 ¢) [216]. OnHak 1pOTO YacTO JOCTaTHBO, MO0 BUKIMKATH
(a30B1 epeTBOPEHHS, [0 CYTTEBO BILJIMBAE HA KIHIEBI XapaKTEPUCTUKHU POAYKTY [5, 22,
210, 217, 218].

Tuck Takox mMae BITUB Ha TPOILIEC MepeKpucTaiizaiii 610aKTUBHUX MOJIEKYI, aje
J10r0 BHECOK HE € TOYHO BU3HAYEHUM 1 BIIMBAE SIK HAa PO3YMH, TaK 1 HA TBEPAY PEUOBUHY.

B nanuit yac HEeMOXKJIMBO BU3HAYUTH BIUIMB THCKY Ha TBEpAY 1 piAKY ¢asu 1, K HACIiJIOK,
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Ha MEXaHI3M YTBOPEHHS KpuUCTaliuyHUX (a3. TakuM 4UHOM, OpIEHTAIIIHI 3MIHHU MOJICKYI
BIIOYBAIOThCS HapsAAy 3 KOH(POPMALIMHUMHU 3MIHaMH, L0 3aJIeXaTh Bl (a3h pO3UUHY,
0COOJIMBO TpH MJABUIICHIA TeMIrepaTypi. IX cminpHUil aHami3 HAATO CKIAMHHHA IS
[IOYATKOBOI'O €Tally XapakKTepUCTHUKU NOJIMOP(PHUX MEPETBOPEHb. 3 IHIIOTO OOKY, THCK
CTa€ KIIOYOBUM IPOIIECOM Yy OaratocTymiHJacTiii MexaHiuHiil gedopmaiii kpuctamniz ADI

Ta IICPCTBOPCHb TUITY KPUCTAJI-KPHUCTAJI, K1 HaOaraTo Jermii A1 MOOCIIFOBAHH:A.

Pucynok 1.11 Ilepemaua TucKy mpu pi3HUX BHUJAaX MeXaHIYHOI 0OpoOku. 3miBa
HaAIpaBoO: PO3MENIOBAHHS, KOMIPKa aJIMa3HOrO KOBaJJja, HAaHOIHAEHTYBaHHS. YepBOHUM
KOJIbOPOM TOKa3aHl MPUKIAAN MUTTEBUX BEKTOPIB IMIYJIbCY, 10 BUHUKAIOTh BHACIIIOK

THUCKY, ’)KOBTUM — MMTTEBI BCKTOPH OKPCMHUX YACTHUHOK IICPCA 31TKHEHHSIMH.

Icaye 6araTo cmoco0iB mepemadi MexXaHidHOI eHeprii TBepaind ¢aszi [219-221], ane
JUIIe JesSKl 3 HUX NPUAATHI JJISI BUBUCHHS MOJICKYJSIPHUX B3a€EMOJIIM 1 € JOCTAaTHBO
NOIIMPEHUMH, 11100 BUKOPHUCTOBYBATH OTPUMMAaHI €KCIIEPUMEHTAJIbHI JaHl IS Mo0yn10BU
TEOPETUYHUX MOJENe MOMMOpPGHUX TeEepeTBOpeHb. JIIs OIiHKM  WMOBIPHOCTI
NoJIIMOP(GHUX TIEPETBOPEHD 3a3BUYail BUKOPUCTOBYIOTh TPH C€KCIIEPUMEHTAIBHUX METO/IA:
KJIacHYHE CyXe NuTipyBaHHs, CTUCHEHHS B KoMipil anmasHoro koamia (DAC) [222, 223]
1 HaHOIHJEHTyBaHHs [224, 225]. Yci BOHM MOXYTh NPU3BECTH N0 MOdiMOphHHHUX
NEepPEXO0/IiB Uepe3 3aCTOCYBaHHS TUCKY N0 TBepAoi (pazu. OCHOBHUMU BIIMIHHOCTSIMU ITUX
METOJIIB € BJIaCHE €(PEKTUBHICTH Mepeaadi eHeprii Ta OpIEHTAIlis BEKTOPY IMITYJIbCY Ha
noBepxHio (puc. 1.11), mo paauKagbHO BIUIMBAE HA AaHI3OTPOMII0 B3aEMOMAIN 1, 5K

HACJIJIOK, Ha MEXaHIYHUU BIATyK MarepianiB [6]. ng crnpomieHHs moOyAoBH (pi3HMUHOT
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MOJIeNl JUIsl ONUCY NEPETBOPEHb B TBEPAOMY TIl MOYKHA pO3TallyBaTd BUIIE3a3HAYEHI
METOJH B PSAJ BIAMOBIIHO 10 WX (PAaKTOPIB HACTYITHUM YHHOM:

e THUCK NepesaeThCcsl Ha MOMIKPUCTAIIYHI 3pa3KH B HAIIPSIMKY, 110 3MIHIOETHCS 3
yacoM, BIUIMBAIOYM HaA PI3HI YACTMHKM Ta KPUCTAIIYHI TpaHl IiJ Yac CyXOro
noapioHeHHs. Lle uMMoch cXO0e Ha PyX MOJEKyd a00 BEIUKHX CTPYKTYpPHHX
OJIMHUIIb y KPUCTaJl B PI3HUX HampsimMkax [226]. Tuck mpu mpoMy BIUITMBAE Ha
TBepAYy (a3y, KpUCTaIM SIKOi JI€30pPI€EHTOBAHI BIJIHOCHO CTIHOK IMOCYJMHHU, L0 iX
MICTUTD, 1 €JIEMEHTa CTUCHEHHS, a TAKOXK CYCIIHIX TpaHeit [227]. dopmanbHO AdyKe
piOHI MOPOIIKKM MOYKHAa BBXKATH 17€ajbHO JE30pPIEHTOBAHUMH, TOMY THUCK Oyje
OPUKJIAJATUCS OJIHOYACHO JI0 BCIX IpaHei [228] Tak caMo, K 1 y BHUIAJKY
nepeBakKHOi OpieHTAIlll B MOPOIIKOBIM peHTreHiBChKiA maudpakmii [229]. Omgnak
Take HaOJMKEHHS BUKJIMKAe cyMHIBH. [lopomiku 3a3Bu4ail aHamizyloTh A0 Ta Micis
00poOKH, 1 JNHIlIEe HEIOJABHO MOYalM 3 SBISATUCA IIBHIKI METOAM KOHTPOJIO Ha
micii [230-233].

e CrnpsMOBaHMI THCK OJHOYACHO Ha BCl IpaHi KpucTaja abo mopomky [223,
234] Bunukae mpu ctucHeHHi B DAC. YV HbOMY BUKOPHCTOBYETHCS 1HEPTHUH
piakuii HOCIM nnsi mepenmayi imMmynbey Big pyxommx dactuHn DAC nmo 3paska,
BJIACTUBOCTI SIKOrO BUMIPIOIOThCS. [lepexin, mo cyTi, BiAOyBaeTbCs XaOTUYHO,
3QJIEKHO B1Jl 3ITKHEHb MOJIEKYJ HOCIS 3 MOJIEKYJaMM 3pa3ka Ha MOBEPXHI I'paHei
kpuctamiB. Moro BipOTiAHICTH 3aJeXKHTh BiJ BENMKOI KiIBKOCTI (haKTOpiB
(BEJIMYMHU THUCKY, MOJIEKYJIIPHOI Ta KPUCTAIIYHOI CTPYKTYpH aHANITy Ta HOCIA,
MOJKJIMBOCTI Ta IHTEHCHBHOCTI iX B3aeMojii, raliTyCy KpHCTaJiB TOII0). TUM He
MEHIIle, WMOBIPHOCTI 3ITKHEHb Ha OJIMHULIO IUIONII TOBEPXHI MOXYTh OYyTH
JIOBEICHI Mailke J0 THX CaMUX 3HAau€Hb, SKIIO MpaloBaTH B Jlana3oHi
riapocTaTUIHOro THCKY [235]. ToMy BHECOK THCKY Ha KOXKHY TpPaHb MOHOKPHUCTAITY
cTae nmponopuiiHuM ix miuomam. Meroa ctucHenHs B DAC 103BoJisie CTBOPIOBATH
MOCTIMHUI THUCK TMPOTATOM HEOOMEXKEHOTr0 Tepioxy dYacy, TOMY HOro dacTo

MOEIHYIOTh 3 PEHTT€HIBCHKOI MU(DPaKINEO I KPaoro KOHTPOIKO KPUCTAIIYHOT
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CTpYKTypu. TakuM YMHOM, CTPYKTYpYy Ta 3B’SI30K MIK CTPYKTYpPOI Ta THUCKOM
MO>KHA OIKCATH JIETAIbHO.

e CopsMOBaHMM THUCK Ha OJIHY 3 TpaHEd MOHOKPHUCTAIy CTBOPIOETHCS
crieniayibHUM 30HJI0M (30HI bepkoBuua, Bikkepca a6o Kuyma [219]) mig uac
HAHOIHJCHTYBAaHHA, WI0 € HAWMNPOCTIUM s omucy MetoaoM. CTHUCHEHHS
BUKOHYETBCS JUTSI 3a]JaHUX KOMOIHAI[I/ HAMPSMKIB T'PaHi, 1 THCK YaCTO BUMIPIOETHCS
Ha Micil Oe3nocepelHbO 3 CamMoOro 30HJa 3a JIONMOMOTOK AaTOMHO-CHJIOBOTO
Mmikpockona (ACM). CynyTHI METOAM CIEKTPaJbHOTO aHalli3y TaKOX JOCTYIHI, 1
CTPYKTYpHY AedopMmallito, CIpUYUHEHY JTIOKAJIbHOI HAMPYTrol, MOKHA OLIHUTU 10
Ta MICHs eKCHepuMeHTy. TakuM 4YuHOM, JaHl, OTPUMaHi 3a JIONOMOTOK ILIbOTO
METONy, MTOCUTh JeTajbHi, ajie¢ BIH HE MIAXOJWUTH caMe JJisi CHUHTE3y HOBHX
nosiMophHux (GopM y HOTro cydacHOMY BHIJISIl, L0 HIATBEPIKYETHCS Mailke
MOBHOIO BIJICYTHICTIO cTaTeil Ha 1o Temy. LI MeToamnka 4acTo BUKOPHUCTOBYETHCS
JUIS. aHaJIi3y MEXaHIYHMX BJIACTUBOCTEH MOHOKpUCTATB [236-238], ski MOXXHa
Ha3BaTH €TaroM Mepena JAeSKUMH MoJiMOppHUMHU mepeTBopeHHsMHU [5, 239, 240].
TakuM dYHHOM, BiH JCKHTh HA CTHKY METOJIB JOCIIDKEHHS MOJIMOP(OHUX
NePEXO/IiB 1 MEXaHIYHUX BJIACTUBOCTEH.
3a poKHU IOCTIKEHb MPOBEJICHO YUCICHHI €KCIIEPUMEHTH 3 BUBUCHHS MEXaHIYHOTO

BIATYKy KpuctamB [219, 225, 237, 238, 241], ix rHyukocti [240, 242-247], sk
NEPEXITHOTO eTalmy MiXK MEXaHIYHOIO JAepopMalli€lo Ta MOIIMOP(GHUM MEepeTBOPEHHIM, a
Takox Oynu 311icHeH1 noiaiMopdHi neperBopeHHs. 3a ganumu KbBC/] ta ony06iikoBaHUMEU
CTaTTSIMU 310paHO 3HAYHY KUIBKICTh 1H(GOpMAIll 00 MEePEeTBOPEHb BHACIIIOK
noApiOHEHHS Ta MiJ TUCKOM, a TaKOX 11010 PEYOBHH, SIKI HE 3a3HAIOTh MEPETBOPEHb Mij
BIUTUBOM BHINE3rafaHux MeTofiB (puc. 1.12). HaiGinpmry KinmbKicTh OmMyOJiKOBaHHMX
CTPYKTYp Ta IHAMBITyaIbHUX CIIOJIYK, 3apeecTpoBaHuX y 0asi nanux DrugBank, BusBieno
st metony DAC 13 coctepexxyBaHMMHU TOJTIMOPGHUMHU nepeTBOpeHHs MU (844 Ta 48
BiZIMOBIAHO). OCOONMBY yBary MpUAUICHO KJlacaM MPUPOJIHUX aMiHOKHCIOT (BCboro 275
CTPYKTYp), caxapuliiB (65 ctpykryp) Ta A®DI, He nmoB’s3anux 13 uuMu 2 rpynamu (220
CTPYKTYp). MokHa BHIIIUTH CHONyKH, sKi BrumBaioTh Ha LHC 1 cxumbHi 10

noniMopdizmy mia tuckom. Lle acmipun [66, 248], camimmiamin [249] 1 deninOyrazon



52

[250] ssx HIT3II, mapaneramon [251-253] sk HIT3II-moaiouuit A®I, kodein [254, 255] sk
NICUXOAKTUBHUHN TMpemnapar 1 Tpymy HOOTPOMIB 1 MiJACUIIOBAaYiB KOTHITUBHOI (DyHKIIIT:
nipareram [256], rmimun [257-260] 1 capko3un [261]. KinpkicTh TaHMX 3HAYHO MEHIIA
JUIsl TIEPETBOPEHB CIOJYK, 3apeecTpoBaHuX y 0a3i qanux DrugBank min yac nmoapiOHeHHs
(234 Ta 23) Ta nns o6podneHux ADI Ge3 mepeTBopensb min miero tucky (172 ta 11). 3
nepiioi rpynd MOKHA BUIUIMTH KapOamaseriH [262-264] sk OpOTUCYIOMHUM 3aciO,
acripuH [265], nuduynizan [266], i0ynpoden [267], innoMeTtanuu [268], Himecynin [37] 1
cymiagak [269] sk HII3II. I6ympoden Takox Big3HAYa€ThCSA B JIiTEpaTypi SK IMpemapar,
AKUW HE 3JaTHUM J10 nepeTBOpeHb mij yac 00pooku B DAC [270], noaiOHumii 10 rajorana

[271], KKl € aHECTETUKOM.

Pucynok 1.12 Kinbkicte mosiMopdHuX Moaudikaiiii 3a pokamu JUisl CIONYK, y
SKUX BIIOYBCcs (pa3oBuil mepexin mij niaBuiieHuM Tuckom, k' y DAC (dioneroBuit), mia
gac posruiaBiieHHs (OmakuTHUi) abo mepexia SKUX 3a0JI0KOBAHO IMiJlT 4ac MeEXaHIYHOi
00poOKku (cipuit), pa3oM 13 KIIBKICTIO iX moJiMOpPHUX PopM, HE BUBUCHUX 3a3HAUCHUMU

BUILIE METOJIaMU (YUEPBOHUI).
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1.6 Meroau inenTudikauii moaimoppuux ¢gopm

Oxpemi momimopdHi ¢dopmu ADI, orpumani Ha cramii cuHTely abo micis
30epiraHHs Ta mepepoOKH, Cii 1ACHTH(IKYBATH Ta MOPIBHIOBATH 3 JIOKYMEHTOBAHOIO Ta
JI03BOJICHOIO B TEXHOJOTIYHUX Mpolecax mMoaudikauiero. bararo MeTodiB mpuaatHi AJs
nabopaTopHUX MOTPeO, aje JHIle HEBEJINMKA YaCTHUHA 3 HUX J03BOJICHA JJI1 BUKOPUCTAHHS
B IIPOMUCIOBOCTI. €Bporeiicbka (apmakomnes 10-ro Bumanas 3a 2019 pik mo3Bossie
BUKOPHUCTAHHS HACTYITHUX METOAIB [272]:

® PEHTreHIBChbKA AU(PaKIIisl MOPOIIKIB;

® PCHTTEHIBChKA MUPAKIIisi MOHOKPUCTAIIB;

® TEePMIUYHHM aHami3 (mudepenttianbHa CKaHyro4a KaJIOpUMETPis,
TEpPMOTpaBIMETPisl, TEPMOMIKPOCKOITis);

® MIKPOKAJIOPUMETPIS;

® aHaJIi3 BOJOrONOTJIMHAHHS;

® TBEPJOTIILHUN SICPHUN MarHiTHUN PE30HAHC;

e iH}ppadepBoHa (1Y) abcopOiriiina crieKTpopOTOMETPIs;

e PaMaHIBChKa CIIEKTPOCKOITIS;

® BUMIPIOBAaHHS PO3YMHHOCTI Ta BJACHOI IIBUIKOCTI PO3YMHEHHS;

® BUMIipIOBaHHS IIUTHHOCTI.

Takoxx 3a3Ha4aeThCs, MO0 I METOAW YacTO JOMOBHIOIOTH OJWH OJHOTO, 1 JUIs
BUBUYEHHA MONIMOpP(}I3MYy HEOOXIAHO BUKOPUCTOBYBAaTHM KOMIUIEKCHO JIE€KUIbKA 3 HUX.
bararoeramauii aHami3 3a3BUYail HEOOXIMHMN Ha eTami 3aTBEPUKEHHS aHATITHYHOT
METOJUKM TIpW BU3HAYCHHI CTPYKTYpPH Ta BIACTHUBOCTEH JKapChkux ¢opMm abo mpH
BUSIBJICHHI MpoO0JeM, [0 BUHUKAIOTh Ha PI3HUX eTamnax (apMaleBTUYHOTO BUPOOHUIITBA.
Bin aGcomtoTHO HenpuaaTHUM IS €KCIPEC-KOHTPOIIO MPOAYKTY Ta CYIMYTHIX MPOILECIB.
Tepmiunuii aHami3 1 BiOpaliiiHa cieKTpocKoIis (30kpeMa, crekTpockoris [Y-nornmuHanHs
Ta PamaHiBChKa CIIEKTPOCKOTIS) € HAWOUIBII MOMYJISIPHUMH JIJISI KOHTPOJTIO TIOJIIMOPdi3My
B mapTigx abo Ha miHii. [IpoTe BCi BOHM MarTh HU3KY HEAOJIKIB, 0 OOMEXYIOTh iX
BUKOpHCTaHHs. Hampuknaa, BUKOpPHCTaHHS IIMX METOJIB MOXJIHMBO TUIBKH IS

nosiMophHUX MOAUPIKAIIN peUuOBUH, MPUCYTHIX y 0101i0TeKaxX TOBIIKOBHUX JNaHUX. BoHu
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MalOTh BCTAaHOBJIEHY MEXY TOYHOCTI B 2 MOJSIPHMX BIJICOTKM 3pa3ka s
audepeHiiaIbHoi CKaHyr4uo1 KamopuMeTpii [273] abo HaBiTh HUXKYE AJS CIEKTPAIbHUX
MeToniB [274, 275], mo 3aieXuTh Bl YMOB eKcrepuMeHTy. Kpim Toro, cami metoau
TEPMIYHOIO0 aHaJI3y 3/aTHI BUKJIMKATH MOJIMOpP(HI mepexonu, 1 iX HEAOCTaTHbO s
3a0€3IeUeHHS M0YaTKOBOT0 YTBOPEHHS HAWOUIbII cTabinpHOT moaiMopdHOi dhopmu [276].
Tomy BOHM HENpUJIATHI JJI1 HEPYWHIBHOTO KOHTPOJIO. PaMaHIBChbKI BUMIPIOBaHHS 3/1aTHI
Ha 1€, aj€ BOHM YYyTJIWUBI JI0 3MIH Yy CIIEKTpax, CHPUYMHEHUX (IIyOpECIEHIIIEO,
BIIMIHHOCTSIMU B T€OMETpii 3pa3ka, po3Mmipi, (Gopmi Ta HIUIBHOCTI YMAaKOBKH YaCTHHOK
A®I (manpuknan, y Tabnerkax) [277].

bibmioreku cnekTpanbHUX gaHuX, Takl sk AIST [278], yacTo MICTATh MiATBEPAKEH1
napu CIeKTP-pEYOBHUHA, ajie HE JlaHl JJid OKpeMHuX mnojiMopdHuX Mmoaudikarii. Takum
YUHOM, 3arajlbHOI0 MPAKTHUKOI € BHUMIPIOBAHHS €TAJIOHHUX CIEKTPIB, SKI BUMararTh
MEPEeBIPKU METOJaMH, 3IaTHUMH BUSBUTH KPUCTAIIUHY CTPYKTYPY aHAII30BaHUX TBEPIAUX
¢da3 abo mpuHaAIMHI OJJHO3HAYHO PO3PI3HUTU CTPYKTYypH 3pazka. Cepea mnepepaxoBaHUX
NOIIMPEHUX METOAIB Ha 1€ 34aTHI JIMIOIE METOAW, 3aCHOBaHI Ha PEHTIeHIBCHKIN
mudpakmii. Takum uumHOM, crekTpu abo mpodir HArpiBy OKpeMHX MoixiMopdHIX
MoU(IKaIiii MOXHA BHKOPHCTOBYBATH JJIsi KOHTPOJIO IN SitU juinme B TOMy BUMAJKY,
AKIIO Ha THX CaMHUX 3pa3kax xouda O OJUH pa3 MPOBOJWIN PEHTTCHOCTPYKTYypHUH abo
MOPOIIKOBUN PEHTTEHOCTPYKTYPHUH aHai3 1 OPIBHIOBAM 3 BIAMOBITHUMH JTAHUMHU.

3acTOCyBaHHSI IIBHJAKUX METOMIB, IO HaJeXaTh JO AaHAJITUYHOI TEXHOJOTI]
nporecy in situ, mmpoko Bigome [276, 277, 279-306]. CnekTpockoris KOMOIHALIHHOTO
PO3CIIOBaHHS € HAW3PYUYHIIIOK TEXHIKOIO JIJIs (hapMalleBTUUHO1 MPOMHCIIOBOCTI, OCKIJIBKH
BHUMIPIOBaHHSI MOKHA MPOBOJUTU O€3MOCEPEIHbO HAa BUPOOHUYIN JIIHII Yepe3 yMakoOBKY
a00 HaBITh Yepe3 30BHIIMIHIO OOOJOHKY MIryJok [295] 3a JOMOMOroO CHEKTPOCKOMIT
pPaMaHIBCHKOTO PO3CIIOBaHHS 3 MPOCTOPOBUM 3cyBoM [292]. Toai MokHA KOHTPOIIOBATH
3MiHU TIpOoAYKTY Bia maptii g0 maptii [280]. Ile Takoxx xopucHO Ha cTafdii GpopmyBaHHS
KpHUCTATIB, KO ¢hopma 1 MOp(]oJIoris TBEPIUX YACTHHOK KOHTPOIIOIOTHCS 32 IOTTOMOTOI0
HU3bKOYACTOTHOTO Aartyrka Pamana [301-303, 305]. [TomynsipHOIO TEXHIKOIO € MOETHAHHS
CHUHTE3Yy Ta ONEPAaTUBHOTO aHAJI3y B 3aMKHYTOMY yMpaBiiHHI mporecoM [279, 288, 290].

3B'I30K KOHTPOJIIO 32 IHTEHCUBHICTIO OKPEMHUX ETAJIOHHUX IMIKIB y CIEKTpaX TBEPAMX
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YaCTMHOK 13  MPOTpaMOBAaHUM  JIOTIYHMM  KOHTPOJEPOM  JO3BOJIIE  CTBOPUTHU
caMOKaiOpyBanbHy TMpOIEAypy BHOOPY YMOB CHHTE3Y JUIS 3aJaHOi TOJIMOPGHOT
moaudikarii [299]. Ille oxHa mepeBara CIEKTPOCKOINIi KOMOIHAIHHOTO PO3CitOBaHHS —
1€ MOJIMBICTh BUMIPIOBATH JIMIIE CUMETPUYHI KOJIMBAHHS NPU Pi3HINA MOJIIPU30BAHOCTI.
Ile mo3BoJisie BUKOPUCTOBYBATH aHaJi3 JJIS IIMPIIOTO J1alla30Hy PO3YMHHUKIB, HIK JIIS
[Y-nmornmuuanns. Hanpuknan, koMOiHaIiliHEe pO3CitOBaHHS JIETKO BUMIPATH y BOMI, 5K
HAWUMOMYJISPHIIIIOMY MPOMHUCIOBOMY pO3UuMHHHUKY [282, 289]. ¥V cBow uepry, I4-
cnekrpockomisi [280, 283, 293] i tepmiunmid aHamiz [281, 297] HaOymu OiLTBIIOTO
MOIIMPEHHS, HDK PEHTTCHOCTPYKTYpHI MeToau. HesBaxkaroum Ha 1e, [Y-cmekTpockomis
MIOTJIMHAHHS BCE 1€ MTUPOKO BUKOPUCTOBYETHCS JJISI MATOYHUX PO3YHHIB, TOOTO PO3UHMHIB
A®I [307, 308], o pobuTh ii APYyruM METOJOM IIIiC/IS BHUMIPIOBaHb KOMOIHAIIMHOTO
PO3CIIOBaHHS, 3[aTHUM ONEPATUBHO KOHTPOJIIOBATH MAPTIi Y BUPOOHMIITBI JIKIB (peakiii
Ta KoH(pOpMaIlii 1HTpeIeHTIB, ajge He Oe3mocepeaHbo iX momimopdizm). Takum duHOM,
PamaniBchka Ta, meBHOIO Miporo, [U-criekTpockomis Moke OyTH BUKOPHUCTAaHA B PEXKHUMI
peanbHOro 4acy JUisi MacOBOI0 KOHTPOJIIO MmoimMop(dizMy B mpouecy BupooHunTsa APl ta

JTKapChbKUX (HOpM.
1.7 KBaHTOBO-XiMi4He MO/JECJIOBAHHSA BJIACTHBOCTEH Y TBEPAOMY CTaHI

3HauYHMI 1HTEpEC MPEACTABISAIOTh NOJIMOP(HI NEPETBOPEHHS Ta 00YMOBJIEHI HUMHU
3MiHM B OyJ0Bi KPHCTaliB, a TAKOXK iX B3a€MHHMil BIUIUB HA BIacTUBOCTI TBepaux ADI. Ix
aHai3 1 nepeA0ayeHHs] HE € HOBUMHU 1 MOXXYTh BUKOHYBAaTUCS PI3HOMAaHITHUMH METOJIaMH,
MOYMHAIOYH BiJ MOJeKyyspHOi auHamiku [309, 310] 1 cratuctuyHmx meTosniB MoHTe-
Kapio [311-313] no Heiipornux mepex [314] 1 KBaHTOBO-XIMIYHUX po3paxyHKiB ab initio.
Ha nanuii MOMEHT ocTaHHS Tpyna 37aTHa 3a0€3Me4YuTH Cy4YaCHUM pPIBEHb TOYHOCTI
PE3yNbTATIB 3 MIHIMAIBHOIO PO301KHICTIO MI3K MPOTHO30BAHUMH Ta €KCTIEPUMEHTAIbHUMHU
JTAHUMHU Ta MOXUOKOI caMuX METOJiB Ha piBHI K/[/Monb y Bunmanky eneprii [101, 315,
316, 317]. TakuM 4YHHOM, CTa€ MOXJIMBHM TOYHO pPO3paxyBaTH JaHi BiTHOCHOI
crabinbHocTi ipu 0 K 1 BumbHOi eneprii [166ca [315, 318], a takoxx OaraTo iHIIMX
BapianTiB [318-320]. OxgHak Taka BUCOKAa TOYHICTH JOCTYITHA JIMIIC NPU BUKOPUCTAHHI

BEJIMKOI OOYHCIIIOBAIBHOI TOTYXKHOCTI, TOMY KBAaHTOBO-XIMI4HI pPO3paxXyHKH HaBITh
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OibINe, HIXK 1HII THUIHA TEOPETUYHUX METOIIB JIOCTIIKCHHS, BUMAraroTh 30a1aHCyBaHHsI
BUTPAYEHUX PECYPCiB 1 HEOOXITHOT TOYHOCTI.

Ile oco0GnmBO BIpHO JUIsI PO3pPaxyHKIB, SIKI BHUKOHYIOTHCS B HECKIHYCHHHX 3
KBaHTOBO-XIMIYHOI TOYKM 30pYy CHUCTE€Max, TaKUX fAK KpUCTaIU. TBepAOTUIbHI
o0uHnCTIOBaNIbHI METO/M, 3aCHOBaHI Ha Teopemi Tuiockoi xBuii bimoxa [321], npuiiMaroTh
70 yBaru NepioAUYHICTh KPUCTAJIB 1, OT)KE, MEePIOJUYHICTh 3MIHHU XBUJILOBUX (YHKIIIH,
sKi oro onucyroTh (PiBHsiHHS 1.6-1.7). BoHM 103BOJISIIOTH CKOPOTUTH 4ac, HEOOXITHUM
JUTSL PO3PaxyHKY BJIACTHUBOCTEH KBa3IMEPIOJUYHUX CTPYKTYp, 1 MPHUHIIUIIOBO POOIATH
MOKJIMBUMH PO3PAXYHKHU JJII HECKIHYEHHOI KIJIBKOCTI €JEKTPOHIB Ha Cy4acHOMY piBHI
oOuucioBanbHOT TeXHIKM [322]. II1OCKOXBHIIBOBI PO3PAXYHKH € HAUNOMIMPEHIIIUM
METOJIOM TOIIYKY NoJiiMOphHUX nepeTBopeHs ADI.

OpxHak BOHM 3aCHOBAaHI Ha TUX CaMUX MPUHIUIAX, 110 1 KJIACUYHI KBAHTOBO-XIMI4HI
MeTonu, ane crocid ix 3acrocyBanHs iHmmM (puc. 1.13). Teopema bioxa 3acHoBaHa Ha
TOMY, 1110 €JIEKTPOHH, K 1 aTOMHU B KPUCTAJIYHIN CTPYKTYpi, IEPIOJUYHO PO3MOLICHI. Y
IbOMY BUMNAJKy XBUJIbOBA QYHKIIISl TOPIBHIOE COO1 B MOYATKOBIM TOYIll B Oy Ib-sIKiM 1HIIIN
TOYIIl, Bi/IaJICHIH BiJl MOYATKOBOI Ha BiJICTaHb, KpaTHY MapaMmeTpy a (piBHsIHHS 1.6), skuii
€ 3BOPOTHBOK TIOCTIHHOIO Tpartku kpuctaina [321, 323]. Monekyau abo aTomu,
pO3TaIllOBaHl y BY3JaX KPUCTAJIYHOI PENIITKH, Y JECATKH TUCSIY pa3iB MaCUBHIII 3a
EJIEKTPOHU (TaKUMH € TapameTpu peuritku) [324-326], 1 iXHI pyXu 3HAYHO MOBUIBHIIII
3riiHo 3 HaOmkeHHaM bopHa-Onenreiimepa [327]. Lle poOUTh MOXIJIMBUM O€3OMUIIKOBY
3aMiHy peaIbHUX €JIEKTPOHHUX MOTEHINAIIB iX MCEBIONMOTECHITIAIBHIMH aHAJIOTaMU Yepes
KpaiioBi edextu abo pyx suep [317]. Takum unHOM, elNeKTpoH ab0, TOUHIIIE, CYKYITHICTh
€JIEKTPOHIB, IO JIeXkaTh Yy IUJIOLIMHI MOMIMPEHHS IJIOCKOI XBHJII, OMUCYETHCA TOOYTKOM
MHOXKEHHSI Tep1oAN4HOi QYHKIIT (Uk(X)) Ha OKpEeMUM BUIAJOK PIBHSHHS CTOSYOI XBUII Y

nepiouyHuX cucremax (piBHsHH:A 1.7).
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V(ix+n=*=a)=V(x) (1.6)
@(x) = ey (x) (1.7)

7€ X € KOOPAUHATOIO (IUIsI OJTHOBUMIPHOTO BHUITAJIKY); N - OyIb-sKe IIiJIe YHUCIIO; a -
napaMmeTp 00OpOTHOI TPaTKH; ¢ - XBUJIbOBA (DYHKI[IS PO3MOALTY €IEKTPOHHOI T'YCTUHHU B

KPUCTAIIYHIN CHCTEMI.

Pucynox 1.13 TlpoGmema muckpernsariii XBUIbOBOI (PYHKIIi B OOYMCICHHSIX Ha
OCHOBI IUTOCKUX XBHJIb: peaTbHUN CUTHAN (YOPHHUM) 1 CUTHAJIH, IO BIATBOPIOIOTH HOTO 3

XOPOIIOHO (3€JIEHOI0) 1 MOTaHO0 (YUEPBOHOI0) TUCKPETURALIIEID

—*

KBasiBekTopHmii mapameTp Kk BHKOPHCTOBYEThCS s ommcy (a3 HaOopiB

XBUJILOBUX (DYHKITIN, BIACTUBUX MEBHUM IUTONTMHAM (TUTOCK] XBHWITI / HAOOPH €JIEKTPOHIB).
Ile#i miaxin eKBIBAJICHTHUM TBEPKCHHIO, M0 KBa3lIMIYJbC KOXXHOTO €JEKTPOHA

MPOMOPLIHMI HOro KBa3iBEKTOPY, a TOMY IMITyJIbC KpUCTANA (Perystq) MPOHOPLIHHMIL

fomy (piBHsHHsS 1.8). lle NMpUHIMNIOBO HENMpPaBWIBLHO, TOMY IO IMIYJIbC KpHCTalla €
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NepioANYHUM BIJHOCHO TapaMeTrpa @ Ha BUIMIHY B PEryJspHOTO MOMEHTY B HOro
KJacuuHOMY po3yMiHHI [323] 1 He MoXxe OyTH OI[iHEHHI 3 OUIBIIOI TOYHICTIO, 100 HE

cynepeuutu 2-i Teopemi Herep (3akoH 30€pexeHHs IMITYIIbCY).

—

ﬁcrysta! = hk (18)

ne h e mpuBegeHoro cranoro [lnanka.

Ile mpu3Beno © 10 3HAYHOI MOXMOKM B OOYMCIIEHHI OyAb-SKUX NapameTpiB
KpucTtana, ajge OyB BHHAWIEHUM METOJ, 100 YaCTKOBO OOIWTH 110 mpoOiemy. 3rigHo 3
teopemoro HaiikBicra-lllenHona, Oyap-sika (QyHKIS, [0 CKJIAJAa€TbCd 3 XBUJIb 13
gactotamu B 0 10 f, Moxe OyTH HEOCTaTHRO BUBYEHOIO, 3 KPOKOM Y yaci meHte 1/(2f)
cekyHau [328]. TakuM 4YMHOM, HENEPEPBHUU PO3MOJLI EJIEKTPOHIB MOXXHA ONMHUCATH 3
TOYHICTIO, BUILOK 3a MapaMeTp IPaTKH, AUCKPETHUM BUMIPIOBAHHSIM (a3u B KUIBKOX
TOYKax 3BOPOTHBLOI I'PATKU KpHUCTaja 3a jornoMoror k-sekropis [329]. 11[o6 yHUKHYTH iX
3rJa/)KyBaHHs, HEOO0X1/IHAa YacTOTa BUMIPIOBaHb, TOOTO yacToTa HalikBicTa moBuHHA OyTH
OutbmIol0, HDK (IyKTyarii XBUIBOBUX QYHKIIA y KpUCTamiuHii kowmipii. JlilicHo,
30UTBIIICHHS YaCTOTH JMCKPETH3allli BUKIMKAE TMPOMOPIINHE 3POCTaHHA HEOOX1AHOI
00UYHCITIOBANIbHOI TOTYXKHOCTI 1 4acy, HEOOXIAHOTO JJisi JOCHIJKEHHS BIACTUBOCTEH
MOJICKYJIIPHUX KpUCTamiB. Po3mip 1 CHIKEHHS CHUMETpPii MOJEKYJ Y KpHCTaJIax TaKOXK
BIUTMBAIOTh HA BUMOTH /10 oO0uncitoBainbHuX pecypciB [330]. HeoOxinna auckperusaiis B
MJIOCKOXBUJILOBUX  pO3paxyHKaX HapiBHI 3 iX BHCOKOK  BUMOTJIUBICTIO  JI0
OOYHCITIOBAILHUX PECYpCiB  J1a€ MOJKJIMBICTh 3aCTOCOBYBAaTH 1 JI0 MOJEKYJISIPHHUX
KPUCTAJIIB METOJHM, 3aCHOBaHI Ha KJIACHYHUX alepioJUYHUX KBAHTOBO-XIMIYHHUX
pO3paxyHKax.

IcHye nume kimbka METOJIB, SIKI MOXHA 3aCTOCYBaTH IO IIMPOKOTO Jiama3oHy
kpuctaniB A®I ajist oliHKK X CTaOUIBHOCTI Ta MOKJIMBOCTI MOJIMOP(PHUX NEPETBOPEHD.

[x MoOXHa YMOBHO pO3NINMTM Ha Ti, IO BHUKOPHCTOBYIOTHCA JUIi PO3PAXYHKY
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BJIACTUBOCTEH Oe3MmocepeHbO 3a XBUILOBOI (PYHKIIIEID CUCTEMH, 1 Ti, 10 0a3yrOThCS Ha
PO3MOLII EHEPTii B KpUCTAIAX.

Jlo mepmioi rpynu MOKHa BIAHECTH CKPUHIHT TOJIMOpPGHUX Moaudikamii i
pO3paxyHOK TeH3opa HanpyxeHb Komri. He3Bakaroun Ha OYe€BUIHUN YCHIX CKPHUHIHTY
[14, 23, 97, 105, 106, 196, 331-336], BiH mnpamoe Oe3 ypaxyBaHHS peaJbHUX
eKCTIIEPUMEHTAIbHUX CTPYKTYyp mnojiMopdhuux ¢opm ADI 1 yacto Oazyerbcs Ha
nepeadavYeHHl SK KOH(opmalliid, Tak 1 OpIEHTAIlll MOJIEKYJ B KpHUCTaiaxX, ado Ha ix
MICEBIOBUTIAJIKOBIM 3MiHI 3 METOI OTPUMAaHHS EHEPreTHMYHO BUTIAHUX TBEpAUX (GopM
[331, 332]. Takum 4KWHOM, BIH Ma€ 3Ha4yHy WUMOBIpHICTH HeBiamoBigHOCTI [331, 337]. ¥V
CBOIO YEpry, NO€IHAHHA ONTUMI3aLli peanbHOI CTPYKTYPH, OTPUMAHOI B PEHTT€HIBCbKOMY
mupakiifHOMy eKCIEepUMEHTI, 3 PO3pPaxXyHKOM TEH30pa HarpykeHb Ko moxke natu
pe3ynbTaTH, OJU3bKI1 10 ICTUHHUX, a00 MpUHANMHI NoKa3ye noai0H1 TenaeHi [332, 338].
Opnak 4ynM HWKYa KOH(OpMalliifHa THYYKICTh MOJIEKYJ, THM BHIIE NomiOHicTh. [le
MOB'S3aHO 3 CAaMUM METOJIOM PO3paxyHKy. BiH mpuiimMae 1m0 yBarw KiHiesi aedopmariii
PELIITKY B PI3HUX HANpPsIMKax 1 3roJ0M OOYHCIIIOE HANPYTy Ta Jedopmaliro 3 MoAalbIIuM
PO3KIIaJaHHSAM BIATOBIIHUX 3MIH IMapaMeTpPiB PEIITKA Ha KOMIIOHEHTH B3JI0BK OCHOBHUX
Kpuctanorpapiyaux HanpsMkiB [339]. Meron OyB po3poOneHuit ajigs podOTH 3 10HAMH Y
By3J1aX KPHUCTAIIYHOI PELITKH, TOOTO HEOpPraHIYHUX KPHUCTANiB, TOMY HE BpaxOBY€
MO>KJIMBICTh 3MIHM KOH(OpMaIlli BMICTY BY3JIiB KPUCTAIIYHOI KOMIPKU 3 BHUKPHUBJICHHSIM
[340]. Tomy wyacTto mnepeBary HaAalOTh IHINIK Trpymni OOYMUCITIOBAIBLHUX METO/IB,
3aCHOBAHMX Ha PO3paxXyHKax €HEpPrii MapHUX B3a€MOJIN y KpucTaiax.

CTpyKTypy KpHUCTQIIB 3 CHEPreTUYHOI TOYKH 30py MOKHA OIHKCATH JIBOMa
NiIX0MaMH: CTaTUYHUM 1 JuHamiyHuM. [lepmmii miaxin nependauvae omepailii Haf
BUXIJHOIO €KCIEPUMEHTAIBHOIO CTPYKTYporo kpuctaniB API, npyruii — BUMIprOBaHHS B
nuHamini. OcHOBU cTaTUyHOro miaxody Oymu 3akianeHi Kwurtadropoackkum [341]
po3paxyHKaMH TIOMApPHUX aTOM-aTOMHUX moTeHmiamiB. [lo cyrti, msg Merogmka €
JIEIIEBIIMM BapiaHTOM, HIXK OOYHMCJICHHS Ha MUIMX MOJIEKYyJaX, 1 0€3yMOBHO TMOTpeOye
BJIIOCKOHAJICHHs. Ll mMeTonnka He MOIJIa BpaxOBYBAaTH KOBAJEHTHUW 3B'A30K. Takox He

BpPaxoOBYBaJIaCh MEPIOAMYHICTh KPUCTAIIB, TOOTO BIUTHB MOJIIPU3AIIITHOTO CEpEIOBHUIIA HA



60

MOJIEKYJIy B TBepAid ¢azi. OmHak MokHa OyJio mependadyuTh CTaOUIBHICTh IS TaKUX
MOJIEKY, SIK O€H30J1, HOTO aHEeJIbOBAHUX AHAJIOTIB, aJlaMaHTany Toio [342].

[Tapanensno, Xaptmanom 1 Ilepmokom Oyna po3poOieHa MOJENb eHeprii
npueaHanus [343]. [lg MexaHicTMUHA MOJENb TIPyHTyBajacsi Ha ToMy (akTi, W10
NPUKPITUICHHS HOBOTO IIApy 3aJaHOi TOBIIMHU A0 Oynb-sKOi 3 TpaHel Kpucraia 3
inpekcamu Mimtepa (hkl), moniOHO 10 mpHeaHAHHS MOJIEKYJIHM 1 TOTpeOyBaTUME MEBHOT

eneprii EfEL. Onnak npuKpiuieHHs mapiB, Ha BiAMiHy Big Monekyl, He Oyje 3alexaTH

BiJI BIIHOCHOTO TIOJIOXKEHHSI IIPHETHAHOT YaCTHHH Ta KpHcTajia abo KUIBKOCTI MOJICKYJI, SKi

BX€ 3’€JlHaHl 3 MoBepxHero. EHepris kpucramiyHoi peuntku (Ej,+r) B LbOMY BHIIAJIKY

JIOPIiBHIOE CyMi eHeprii mpueHaHHsA (MiX IapaMu) i eHeprii 3cyBy (y mapax) — ESie:

_ ratt li
Egre = Epgy + Eppr ©
1.9)

Leit MeToa 103BOJIMB aHANI3yBAaTH aHI30TPOIII0 PO3HOALITY €HEPrii B MOJIEKYJISIPHUX
KpHUCTalax, OIIHIOBATH BIAHOCHY CTIMKICTh GopM [18] 1 mIykaTu MIOMKWHU, MOTEHIIHHO
3natHi g0 aedopmarii mpu mexaniuHid nii [344]. HempuemHuM MOMEHTOM € Te, IO
BU3HAYEHHS IUIOIIMH, JUIS SIKHX TIPOBOJUTHUMETHCS PO3pPaxyHOK, OazyeThCcsi Ha
BI3yaJIbHOMY aHaui31 abo Tomosiorii, abo Teopii CynpaMoneKyIsipHUX CUHTOHIB [345, 346].
Tomy HeoYeBHIHI BapiaHTH pO3TalTyBaHHS IJIONIMH MOXKYTh OyTH TipomyiieHi [347].

[ToTpiOHa Oyna HOBa METOJWKA, 3MaTHA BHSIBUTH aHI30TPOINIO PO3MOILTY €HEepTii
B3a€EMOJIIi B KpHUCTaJl 3 J@HWUMHU BUKIIOYHO TPO HOTO CTPYKTYypy O€3 J0JaTKOBHX
npunyweHb. IIpodecop I'aBe3oTTi BuUpimMB 110 MpoOieMy, 3anpONOHYBaBIIM METO]
PIXEL [348, 349]. Horo ines monsrae B MOMXJIMBOCTI PO3OHTH EIEKTPOHHY IIIBHICT
OyIb-sIKO1 CTPYKTYpH, HANPUKIIAJT, TPYNU MOJEKYJ Y KPHUCTalli, HA HECKIHUEHHO Mai
YaCTHUHHU BIJHOCHO PO3MIPY B3a€MOAIIOYMX 00’€KTIB, TOOTO mikceni. L1 mikceni mMoxkHa
po3rngnatd  SK  TOYKOBI  aumoii. Otmke, O0OYMCIEHHA €Heprii  NPUTSHKIHHS,

BIJIIITOBXYBaHHS, MOJSpHU3allli, MEPEHECEHHs 3apsily Ta HaBITh €MIIPUYHOI Jucnepcii
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JloHOHIBCHKOTO THIY MOXHa 3pooutn siBHO. Moaens PIXEL 3narHa npamtoBatu 3 0yib-
KO TYCTHHOIO €JIEKTPOHIB, Y TOMY YHCJl OTPUMAHOK B pe3yibTaTl €KCIEPUMEHTIB
PEHTIeHIBChKOI AUQPAaKIlii 3 BUCOKOK PO3AUIBHOI 31aTHICcTIO [349] abo, TeopeTnyHo, 3
pPO3paxyHKIB IUIOCKOI XBWJIl, IIO JA€ YSBJIEHHS NIOPO MPOCTOPOBHUI PO3MOALT PI3HUX
KOMITOHEHTIB €Heprii B TproXBUMiIpHOMY TipocTopi [350]. Jlerkicte aganTariii anropurmy
710 TOCTYIHOI OOYUCIIOBAIBLHOT MOTY>KHOCTI TAKOX € MEPEBAror0 bOro METOY, OCKIIbKU
niKcesll MOXYThb OyTH ariioMepoBaHl B 30UIbLIEHI cynepmikcenai. XOpolly TOYHICTh B
OIMIHIN CTIMKOCTI TBepANX (OpM, a B JACIKUX BUMAAKAX 1 MEPEIyMOB IS MOTIMOPHHUX
neperBopeHb nae meroj ['aBezorti [351-354]. 1ls Mozpenb € HaA3BUYAHHO HIBUIKOIO
3aBASKU MMapaMeTpu3allii B3a€EMOJIN MIKCENb-MIKCEb, MIKCEIb-Ip0 Ta SAPO-SIApO, ale il
TOYHICTh 3HAYHO I1aJIa€ 3 MOSBOI BAXKKUX aTOMIB (3 3-TO Mepioy) 1 BEIUKOK KUIBKICTIO
OCTOBHUX eJIeKTpoHiB. Lle He € abcomoTHOO MTpodiemMoro At Outbimocti ADI, ocKiUIbKH
iXHI MOJICKYJIM 3a3BUYall MICTATH JHIIe Jerki atomu. OMHaK [IbOMY METOIy NpUTaMaHHA
CHUCTeMaTH4YHa HEJOOIIHKA €HEeprii KPUCTajiB, IO MICTSITh BOJHEB1 3B’SI3KW 1 IMOMMIIKU
CUMETPII B NOJISIPHUX TOYKOBUX Ipynax [355].

KBaHTOBO-XIMIYHI METOJIM HE MAIOTh TakuX MpooOsiem. Ha 11e 3BepHyJa yBary rpymna
npod. I[lumkina, sKka 3ampornoHyBajia HOBITHIM 13 TMOUIMPEHUX METOMIB OI[IHKHU
E€HEePreTUYHOI CTPYKTYypu KpucTamiB [356]. 3aranpHa iJies LbOTO MIAXOJIY € JIOTTYHUM
PO3BUTKOM METOJYy aTOM-aTOMHHUX MoTeHIianiB Kuraiiropoacekoro. Bin 3acHoBaHmil Ha
PO3paxyHKy €HEpTiil MomapHUX B3a€MOAIN MIXK MOJIEKyJlIamMu B Kpuctaii. [le qocsraeTbes
IUITXOM BH3HAYEHHS MEPITUX KOOPIWHAIMHUX cep KOXKHOI 3 MOJICKYJT B aCHMETPUUIHIN
OJIMHHUII 3 ypaxXyBaHHSM HEBAJCHTHOTO 3B'SI3KYy KOXKHOI 3 HUX 3 KOKHHM 3HA4YyIIUM 3
TOYKHA 30py e€Heprii B3aemoaii cycimoM. CnouaTky Tmepury KoopAuHaliHy cdepy
dbopMyBanu 3a JOMOMOTrOI0 alroputMmy Tpianryssiii Boponoro-ipixue [357, 358], ane
Mi3HIIIE el aaropuT™ OyJI0 3aMIHEHO MIBUAIIMM €MITIPUYHUM KPUTEPIEM, TTOAIOHUM 0
TOTO, 1110 BUKOPUCTOBYETHCS B TTaKeTi porpam «Mepkypi» [359]. Monekyrna HaleKuThb 10
«MOJICKYJISIPHOT 0OOJIOHKMWY» 1HIIOI MOJICKYJIH, JIMIIIE SKIIO BiJICTaHh MDK X04a O OJHIEIO
Maporo IXHiX aTOMiB MEHINA 32 CyMy BiJIIOBiTHUX BaH-Iep-BaalbCOBUX paiyciB mmoc 1 A

[360]. TakuM yrHOM, HEOIU3bKI TAPU MOJIEKYJ HE BPaXxOBYIOTHCS, 1 3aB/ASKH 31CTABJICHHIO
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KPUCTAJIIYHOI CUMETPli KUIBKICTh HEOOXIAHUX OOYMCIICHh MOXEe OyTH J0JIaTKOBO

3MeHIeHa [361], mo poOUTh HOro MaKCUMAIbHO JCIIEBUM 3 TOUKH 30py OOUYUCIICHb.
Bucoka BapiaTUBHICTH PIiBHIB TE€OPii pa3oM 3 BiTHOCHOIO JCIICBU3HOIO OOYHMCIICHb

(3amexHO BiJ (DYHKI[IOHAJIB) pOOUTH 1Iei METO/T HaJ3BUYaliHO nonyssipHuM [364-366]. Ha

JaHUM MOMEHT BiH BHUKOPHCTOBYETBCS JUISI BHUBYCHHS PI3HUX THUIIIB B3aEMOMIN Ta

[160, 362, 367-369], mexaniuyaux [369-371] i OGiojoriyamx BiactuBoctei [ 372, 373]
KpucTaitiB. MeToa po3paxyHKy €HEeprii MOMapHUX B3a€EMOJIN B KPHUCTAJIaX TAaKOXK MOXKE
OyTH NO€HAHUU 3 CYyNpPaMOJIEKYJISPHOIO TE€Opi€r0 CHUHTOHIB. Ll Teopis cTBepixkye, 110
«CYyIpaMOJIEKYJISIPHI CHHTOHH € CTPYKTYPHHUMH OJIMHUISIMU BCEPEIMHI CYyTIEPMOIIEKYI, SIKi
MOXYTh OYTH YTBOpEHiI Ta/abo 3i10paHi 3a JONOMOTOK BIJOMHUX a00 MOXKIMBUX
CHHTETUYHMX OIlepalliii, M0 BKIIYAIOTh MDKMOJEKYJSApHI B3aemonai» [374]. bymu
JOCIIIKEH] BC1 CIIPSIMOBaHI B3a€EMO/IIT B KPUCTAJIAaX, MO JO3BOJISIE CKIIACTH YSBIICHHS PO
HaWO1IBII MIITHO 3B's13aH1 parMeHTH B HUX (OyAiBEJIbHI OJIUHMIT) 1 TIPO T€, SIK (PparMeHTH
3'enHaHl M c00010 (CTpYKTypHI MOTHBHU). OJHAK 1€ CTOCYETHCS JUIIE CrHerudIuHNX
B3a€MO/IIH, 1 KUTbKICHA OIlIHKA MIIHOCTI 3B’ SI3yBaHHS HE MOKe OyTH JaHa JIWIIE Ha OCHOBI
reOMETPUYHUX XapaKTepuCTUK. KBaHTOBO-XIMIUHI pO3paxyHKH BUIIPABISIOTH 111 HEIOMIKU
1 I03BOJISIIOTH C(POPMYJIFOBATH YMCETbHI KPUTEPIT ISl BU3HAYEHHS OyIBEIbHUX OJUHULb
(BO) 1 ocHoBHux 0a3zoBux cTpykTypHux MoTuBIB (BCM) [360]. Ha ocHOBI uncieHHUX
pO3paxyHKiB OyJI0 1IEHTU()IKOBAHO YOTUPH TUIIH MOJEKYJISIpHUX KpucTaliB (puc. 1.14):

* [30TpomHi, e B3aEMO/Iii pO3MOAUIEHI MTPUOIU3HO PIBHOMIPHO B YCIX HAIPSIMKaX.

» CToBITUACTI, 110 MICTATH JaHoru bO.

* [llapysari, qys sikux eHeprisa B3aemonii bO B mapax BCM npubnau3Ho ofgHOpiAHA.

+ CroBmuacTro-mapyBaTi KpUCTalIU, 1€ CTOBMYHMKHU sIK TiepBUHHI BCM yTBOpIOIOTH

mapu sik BTopuHi BCM.
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Pucynox 1.14 Cxema ineHTU(]iKalli OCHOBHHUX CTPYKTYpPHHUX MOTHBIB Bij

MOJIEKYJIIPHOI 10 EHEPTETUYHOI CTPYKTYPHU

Taka kmacugikamisg, a TOYHIIIE MOKJIMBICTb OJHO3HAYHOIO BHOOPY (pparMeHTIB
KPHCTAJIIB, B SKUX MOJICKYJIM CHJIBLHO 3B’ S3aHi, Ja€ MOXIJIMBICTh BUKOHYBATH JOCIIIIKCHHS
BIJIHOCHOI CTaOUTBHOCTI KPUCTAJIIB Ta MOXKJIMBOCTI iX MEPETBOPEHHS 3a PI3HUX YMOB.

3BUYAIHO, MEXaHIYHI IEPETBOPEHHS KPUCTAIIYHOI PEIIiTKY i yac 30epiraHHs abo
00poOKHM HE MOXYTh OyTH MOBHICTIO 3MOJICJIbOBAHI 3 BUKOPUCTAHHSIM CTATUYHOI MOJIEIIL.
JluHamiKy nepeMillleHHs MOKHa TAaKOK OLIHMTH Ha OCHOBI Aedopmalliil, moaiOHuX 10
TUX, SIKI OOTOBOPIOBAJIMCS JIJIsi PO3PAaXyHKIB IUIOCKOi XBHUII TEH30pa HampykeHb Korri.
byno 3HaiijeHo nwuie JBa Takux Miaxoau: BekTopu broprepca [375] 3 Oap’epamu
xoB3aHHs [laitepnca-Habappo [376, 377] 3rigHO Teopii HEOpPraHIYHUX IUCIOKAIllHd, a
TaKOX PO3PaxyHOK KOHTYPIB JyIsl MbK(a3HOTO 3CyBYy-KoB3aHHA [378].

Bextopu broprepca 6a3yroThCs Ha TPUIYIICHHI, IIO PyX MOJEKYJ y KpPHUCTANTIB
noMi0HUX IO PyXy JiHIHHUX nedexTiB. 3'€MHaHHAM BY3JiB KPUCTATIYHOI PEIIITKH MOXHA
noOyyBaTH OCOOJIMBUI 3aMKHYTHH KOHTYP JOBUIBHOI opMH, IO OOMExye nedexT B
KpucTaii. SKII0 MOTIM CHPOEKTYBaTH MOT0 Ha 17€albHUI KpuUcTal, TO Oyne BUIHO, 1110
KIiHITI KOHTYPY, 10 MEXY€ 3 TUCIOKAIli€l0, He OyIyTh crioydeHi. Bekrop TpaHcmsiii, mo

CIIoJrydac KlHIIl TAKOI'0 KOHTYPY, HAa3UBA€THCA BCKTOPOM BIoprepca. Horo 3nHaueHHs B
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MOJIEKYJISIpDHUX KpHUCTajax 30IraloThCsl 3 BIJACTAHSIMHU MK CEPEIHIMH IUJIOIIMHAMHU, IO
OPOXOJATh YEpe3 LEHTPU I1HEpIli MOJIEKYJ 13 CYCIIHIX LIapiB, OPIEHTOBAHUX Y3JI0BXK
HanpsMKy 3cyBy [379-381]. UuMm BiH MeHIIMIA, TUM OJF>KYE IIapy 1 MEHINA WMOBIPHICTh
Takoro nepemimieHHs. Bekropu broprepca moci BUKOpUCTOBYIOThCS okpemo [381-383],
OCKIJTPKM Iapy 3 BHUCOKUM MDKIIIAPOBUM DPO3AUICHHAM, OYEBUIHO, MOKa3aiu cebe
IJIACTUYHUMHU Ta 3JIaTHUMU JI0 nodiMopdHux mneperBopens [370, 371, 379, 380]. Ilpote
OuThII 1HPOPMATUBHUM € PO3paxyHOK Oap’epiB koB3aHHs [laiiepnza-Habappo Ha ocHOBI
mux BekTopiB [384-387]. ®opmanbHO Oap'epu HE € AMHAMIYHUMH, TOMY IO IS iX
pO3paxyHKy BCE€ III€ HE BPaxOBYETbCA PYX MOJIEKYJ, a CTIMKICTh MaTepiaiiB 0
MEXaHIYHUX HABAaHTAXXEHb OLIHIOETHCS 3a JIOMOMOTOI0 TEPMOAMHAMIYHOTO miaxoxy. Llei
METOJ TOCTYJIOE, IO KIIBKICHOI XapaKTEPUCTUKOIO aedopmarliii/mepeTrBopeHHst Oyie
PI3HMIIS €HEPrid MK KIHIIEBUM 1 MOYAaTKOBUM cTaHaMmH. s pi3HMIIS eHeprii mpornopiiiiHa
MaKCHUMaJIbHO MOJKIIMBIH CHIII Gpnb, IO JTi€ HA T1JIO M1 Yac HOPMAJIBHOTO BIIXMIICHHS Bif
IUTOIIMHU PYXy Ha MaKCHMAaJIbHY BiJCTaHb, TOOTO BekTOpy bBroprepca b, i BupaxaeThcs

TaKUM TapMOHINHUM noTeHiianoM [388]:

56 = P21 cos ()] by 010

ne U(y) - pi3uuist eHeprii MK KIHIICBUM Ta MOYAaTKOBHUM CTaHOM KpucTaiy, b —
BekTop broprepca, opn 11e Hampyra 3akpimieHHs (Hampyra Ilaiieprca); a - mapametp
pPEUIITKA B HANpsSMKY 3CyBY; Y - 3MILIEHHS JUCIOKAIll B IUIOMIMHI 3CYBY; oby 1€
J0JIATKOBA 30BHIIIHS HANpyra, MO0 Jl€ HAa KPUCTal y HANpsIMKY pyXy MOJIEKYJ NpHU

CTUCHEHHI.

BunHo, 1m0 1el MoTeHIiad He MOYKHA 3aCTOCYBAaTH JIO KPUCTATIB, BY3JIH SKUX
3aHATI HETOYKOBUMU 3apsigamu. Cymeprio3uilisi MHOXKUHHUX TapMOHIMHHUX TOTEHITIAJIB
MO3K€ JIOMTOMOTTH TIEBHOIO MIpOI0, ajie (POPMOI0 MOJIEKYJI HEXTYIOTh y 0ap’epax 3MIIeHHS

[Taitepnca-Habappo [387, 388].
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BigHocHO HOBHWII MeTOn, SKMH pOOWUTH HE TUIBKM 3PO3yMUIMMU TPUYMHU Ta
MEXaHI3MH TOMMOPGHUX TEPEexXOoMdiB, ajle W Ja€ MOXJIHMBICTh TependadynuTd ix
BUHUKHEHHS, 3anpornoHyBaB npodecop YaosH Wxan [377]. OnHak HOro 3aCTOCYBaHHS Ha
JTaHW MOMEHT OOMEXEHE BIJIKJIMKOM €HEPreTUYHUX MaTepiajiB Ha MeXaHiuHy fito [378,
389-394]. Jlorika MeTOay IMOJATAE B HACTYITHOMY:

1. Mapu monexyn y miomnuHi (hkl) mMokHa BHUIITMTH Ha OCHOBI Bi3yaJbHUX
CIIOCTEPEXKEHB 1 TEOPIi CHHTOHIB Y KPUCTAI.

2. CycinHi KpUCTaIyH1 IIapy 3/1aTHI 3MIITYBATHCS OJUH BiTHOCHO OJHOTO.

3. Ilicng KOXXKHOTO KPOKY 3MIIIEHHSI ONTUMI3YEThCS KpPHUCTalIuHA CTPYKTypa Ta
PO3pPaxOBYETHCS EHEPris B3a€MO/I1i, aHAJIOTYHA €HEPTil MPUETHAHHS.

4. OuiHIOBaIUu MaKCUMAaJIbHYy €HEprito, HeoOXIHY ISl MePexo1y MOJEKYJIH B HOBE
MOJIOKEHHSI Yepe3 ycl MPOMIXKHI TOYKH, Ta MOPIBHSHO 3 €HEPri€l0 aKTUBaLli po3mamy
nosiMopdHoi Moaudikaii.

O4eBuHO, 1O METOJ MOTPeOy€E NESIKUX YIOCKOHAIEHb, 30KpeMa, HOro HeoOXiTHO
NOEAHATH 3 METOJOM EHEprid MomapHUX B3a€EMOJIA B KpHUCTalaX, MO0 3MEHIIUTH
HAJMIPHO BHCOKI BUTpPATU OOUYMCIIOBAIILHOTO Yacy Ha 0araTtopa3oBi poO3paxyHKH €HEprii
npueaHanHa. OnTumizailis B KOXKHINA TOYIll TEX BUKIUKAE MUTaHHSA. 3 OJHOTO OOKY, IIe
J03BOJISIE 1O30yTUCS TPOOJIEMH KOPCTKUX KOH(pOpMalliil 1 BpaxyBaTh 3/aTHICTb CAMMX
MOJIEKYJ eopMyBaTHUCS i1 Yac 3CyBY. 3 1HIIOTO OOKY, 11€ TaKOXX POOUTH PO3PaXyHOK Y
0arato pasiB JIOPOKYKM, SIKIIO B3araji MOXJIMBUM (3aJIEKHO BiJ] 301)KHOCT1 XBUJIBOBOT

¢yHKIIiT), 1 BUKJIUKAE 3MIHUA B OyI0B1 KPUCTAIIYHOT CTPYKTYPH.
BucnoBku 10 po3ainy 1

[Toeanytoun Bce BUIIE3rajjaHe, KpUCTATIYHUN MOJIMOP(}I3M CIpaB/i € MpoOIeMOor0
st papMareBTUYHOI MPOMUCIOBOCTI. lle Moke cTBopuTH mNpobieMu Ha OyIb-IKUX
eranax BupoOHunTBa ADI 1 BKEe MpHU3BENO 10 YMCICHHUX IpobieM 3a octaHHi 40 pokiB
(po3min 1.1). Cepen 6ararbOX MOKA3HHWKIB 3MIHU KPHUCTAIIYHOI CTPYKTYPH JIIKAPCHKOTO
3aco0y HaiBa)k4ye KOHTPOJIIOBATH Ta aHAi3yBaTH, OCKUIbKM BOHA MOXXE CTAaTHUCS 3 Oy.ib-

SAKUM KJIacOM (papMalieBTUYHUX TBEpAUX opM O0€3 3MIHM XIMIYHOTO CKIJIaly CyOCTaHIIIi.
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[Ipu po3poOiii TeXHOJOT1T BUPOOHUIITBA OY/Ib-IKOTO (hapMaIleBTUUHOIO Mpernapary
HEOOX1JTHO MPOBOJUTH JOCIIKEHHS MOr0 MOKJIMBOCTI YTBOPIOBATU PI3HI KPHUCTAJIIYHI
dbopmu: momimopdHi Moaudikarii, com, ConbBaTH, COKpUcTanu (po3aia 1.2).

Sk mokazaHo B po3aiii 1.3, cyyacHa Teopist Hykjeallii € He 30BCiM e(peKTUBHOIO ISt
IIPOTHO3yBaHHS YTBOPEHHS TOJIMOPGIB 13 PiAUH 1 iX MEpeTBOpPeHb y TBepaAuXx asax.
TakuM 4MHOM, 3aCTOCYBAaHHSI METOJIB KBAHTOBOI XiMii HapsAIy 3 €KCIIEPUMEHTaIbHUMU
JIOCTI/DKEHHSIMA MOXYTh CTaTH €QEKTUBHUM MOETHAHHSIM 3yCHIb I KOHTPOJIO
MO>KJIMBHX TOJIIMOP(HUX TIEPETBOPEHb.

Ha ocHOBI mpoBeaeHOro aHaiily HAyKOBOi JITEpaTypd BHU3HAYEHO OCHOBHI
HaIpPSMKHU JOCIITHULIBKOT poOOTH Ta c(hOPMYITHLOBAHO HAYKOBI 3aBIAAHHSA ISl TOCATHEHHS

IOCTABJICHOI METH.
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PO31JI 2. A®I 6-METUJIYPALINJI

2.1 3araabHa indopMmanis npo cyocranuio 6-Meruiaypanmui

AKkTUBHUHN (apMalEeBTUYHUN 1HrpelieHT 6-Metwnypauun — 2,4-IUrigpokcu-6-
vetwimipumiana (Cxema 2.1) BIAHOCHUTBCS 10 pSAy TOXIJHUX MPUMIIUHY Ta €
HECTEepOITHUM aHaOOIIYHUM 3acoO0M. Mae BIAMOBITHO aHAOOJIYHI Ta aHTUKATaOOII4HI
BIacTUBOCTI. [IposiBIIsie paHO3arorouy aKTUBHICTh, MPUIIBUIIIYE PEreHEPAIlll0, CTUMYITIOE
KJIITUHHI Ta TyMOPaJIbHI (DAKTOPH IMYHITETY, BUSBIISIE IPOTHU3ATIATIbHY JIIF0. XapaKTEPHOIO
cnenupivyHOI0 BIACTUBICTIO 6-MeTminypally € CTUMYJIOIOUMN BIUIMB Ha €pUTPOIIOE3 1

ocob6mBo Netikomnoes [395].

NH
|

A

Me N (@]
H

Cxema 2.1 ®opmyna 6-Metunypauuiy

PeuoBuHa € KpHCTaTIYHUM TOPOIIKOM Oioro abo Mmaibxke O1I0ro Koiabopy, 0e3
3amaxy. Mayo po3uuHSETHCA y BOJAlL Ta CHUPTI. Mailke HE PO3UMHSIETHCS B €Tepl Ta
xsopodopmi. dopma BUMYCKY TOTOBHX JIKAPCHKUX (POpPM: Maszb, TAOIETKH, PEKTaIbHI

CYMO3UTOPIi.
2.2 Po3poOka npoMucJIOBOI TEXHOJIOTII cMHTe3y 6-MeTmirypauuiy

Cepen MeTomiB OTpuMaHHA 6-MeTwiypanuiy, IO OMHCaHI B JiTepaTypi, MH
3YIUHUJIM yBary Ha CXeMaX CHHTE3Y, sIKi 0a3yI0ThCs Ha JOCTYITHUX BUXITHUX CIIOJIyKaX Ta
MalOTh MiHIMaJIbHY KUTBKICTh CTaIiH.

B sikocTi BUX1AHUX CIOTYK MU BUKOPUCTOBYBAJIM allETOOITOBHI €THIIOBUN €CcTep Ta

ce4yoBHHY. bynu nepeBipeHi HaOLUTbII NEPCTIEKTUBHI CXEMU CUHTE3Y.


https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%86%D1%96%D1%8E
https://uk.wikipedia.org/wiki/%D0%86%D0%BC%D1%83%D0%BD%D1%96%D1%82%D0%B5%D1%82%D1%83
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B narenti [396] onucanuii 0THOCTAIIMHUN METOJI CHHTE3Y 3 BUKOpUCTaHHAM JIMD
B SKOCTiI po3unHHUKa. lleit MeTon npuBabIfOBaB TUM, IO HE MOTPeOyBaB BUKOPUCTAHHS

JI0JIAaTKOBHUX PEAreHTIB, KUCJIOT Ta JIY)KHUX KaTalai3aTopiB.

O O O

NH
MeMOEt * HZNJ\NH g | /k

2 DMF, 120°C,6h Me” N7 YO
H

Cxema 2.2 OxgHocrafgiitHui MeTox cuHTe3y 6-Metmmyparry [395]

YMOBU TIPOBENCHHS EKCIEPUMEHTY 3 mareHty [396] Oynu MOBHICTIO MOBTOPEHI
(Cxema 2.2). Tak cymim BuxigHux crnoayk HarpiBamu B JIM®D mo 120 °C. Ilotim
PO3YMHHUK BIATaHSUIM B BaKyyMi, ajie B pe3yjbTaTl LUIbOBUMA MPOAYKT 6-MeTumypauui
orpumanuii He OyB. Cnextpu H SIMP ky6GoBOro 3aluIIKy MOKa3ald BiJCyTHICTh 6-
Metunypanuiay B peakIliiHii CyMilni Miciis BIATOHKA pO3uMHHUKA (IuB. ExcnepumeHT
2.1). 3amina po3YMHHUKA Ha CHOPIIHEHUN — TUMETHIAIeAaMi] TeX HE J1aB MO3UTUBHOTO
pesynbrary (auB. Ekciepument 2.2).

B narenti [397] onucanuii cunTe3 6-MeTunypainy 3a ABOCTaIIHHOI METOIUKOIO
B OJHOMY DPEaKTOpi 3 BHKOPHUCTAaHHSM OITOBOTO AHTIAPUIY AJS 3B’sI3yBaHHS BOAHM Ha
nepmiii ctagii. B npboMy BUNaAKy HE BUKOPUCTOBYIOTHCSA JOJATKOBI PO3UMHHHUKU ab0

CYTTEBI HAJIJTUIITIKA PEareHTIB.

0
o 1. NaOH,q,
o 0 j\ (CH3CO),0 I 2. HCI NH
Me OEt ™ H,N” “NH HeN- PR O | /g
2 ? 20-40°C,48h Me)\/U\OEt Me” N7 SO
H

Cxema 2.3 JIBoctaniitnuii cunres 6-Metumnypaiuty 0e3 BUIITICHHS MPOMIXKHOTO

npoaykry [397]

Mu nepeBipwir MeTOAMKY 3 maTeHty [397] — ABocTamiifHMA METOJ OTPHMAHHS 6-

Metunypanuiny 6e€3 BUIUICHHS NMPOMDKHOTO eTuinypeinokporonary (Cxema 2.3). AHaii3
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peakuiiinoi cymimi yepes 48 romuH Meromom H SIMP nokasaB BifCYTHICTB
eTUIIYpPEiNOKpPOTOHATY. 3aMICTh HBOI'O B PEaKIIWHIN CyMIllll CHOCTEPIraiuCh JIMIIE
BUXIJIHI €THJAIeToaIeTaT 1 CEYOBHMHA, a TAaKOX OITOBHM aHTIIPHI Ta OITOBAa KHCIOTa
(muB. Excnepument 2.3). 3aBaHTaX€HHSI B MaTeHTI cTaHOBUTH 10 kmos. Mu mipoBoamIn
peaxiiiro Ha 3aBaHTaxeHHAX 200 Mmon. [IpuunHoI0 MOXeE OyTH Te, 10 aBTOPH HE 3rajjaiu
SKICh BHKOPHCTaHI JOMOMDKHI peareHTH ab0o Marepiajid, SKi MOXYTh Karalli3yBaTu
BIJILIETIJICHHS BOJIH.

Onucana TakoX [JBOCTajiifHA CcXeMa CHHTE3Y 3 BUKOPUCTAHHSM B SKOCTI
KaTajiizaropa 7-TOJIyeHCYIb()OHOI KMCIOTH Ha mepiriil craaii. s a3eoTpomnHoi BiATOHKU
BOJM BUKOPHCTOBYIOTHh TekcaH [398] mpu karamizi TOMyeHCYIh(OHOBOIO KHCIOTOI abo
nukiorekcan [399] mpu katamizi TonyeHcyiabdoHoBorw kuciororo Ta ITEI-400 (Cxema

2.4). Peakiiisa npoTikae 6-7 TOJUH.

O

Q@ Q Q PTSA I
MeMOEt + HZNJ\NH ——— H,N"ONH ©

2
hexane,
MeMOEt

-H,0

Cxema 2.4 Ilepmia cramis ABOCTAIIMHOTO TPOIECY OTPUMAaHHS 6-MeTwimypammty

[398]

Ha npyriii craml cnoyaTKy NpOBOJUTHCS HArpiBaHHS €TUIYPEiOKPOTOHATY 3
BOJHHUM JIyTOM 3 HACTYITHHM JOJIaBaHHAM JI0 PEaKI[IHHOI CyMIillli COJITHOT KUCJIOTH, IO

nae 6-Metwnypammn [400, 401].

o 1. NaOH,

H,N” NH O — |

H,0, 95 °C
Me)\/U\OEt 2 Me™ "N° O

Cxema 2.5. Jlpyra cTajisi ABOCTaIIMHOTO MPOLIECY OTPUMAHHS

6-MeTunypanmiy [400, 401]
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byna ompoOoBana aBocTajiiHa CcXeMa CHHTE3y 3 BHKOPHUCTAHHSIM B SIKOCTI
KaTtajizaTopa n-TONyeHCyab(GoHOI KucioTH. Ha mepmiiit cramii peakmiiHy CyMiln
HarpiBaJId Ta BIATAHSUIM a3€0TPOMHO BOAY MpoTiIroM 6 roauH. [licist oXonopkeHHsS 10
KIMHATHOI TeMIepaTypHu, NPOMDLKHHUI NpoayKT BiaduibTpoByBanu. Cymwid B BakyyMi
BOJOCTpYMeHEeBOro Hacoca (nuB. Excriepument 2.4). Ha BiAKpuTOMY MOBITP1 CYIIUTH HE
BapTO — ETWIYPEIAOKPOTOHAT ITi/1 II€F0 BOJIOTH MOBITPS Ta M-TOIYEHCYIb(HOHOBOT KUCIOTH
pPO3KJIAA€ThC  HA  BHUXIOHI  €TWJAleToanerar 1 cedoBuHy.  OTpumyBaiu
ermwnypeinokporonar (17.2 r, uucrora ~ 75 % 3a mammmm ‘H SIMP, 75 % Buxin).
[IpoBeaeHHs peakilii B IUKIOTEKCaHl Jal0 aHAJIOTIYHUA pe3yibTaT, 3a BUHSATKOM TOTO,
0 peakUiiiHa CyMIIl Kpalle MepeMIIlyeThcsl (Kpamla pPO3YMHHICTh MNPOAYKTY, BHILE
TeMIIepaTypa KUIIHHS PeaKI[IHHOT CyMiI).

Ha npyriii cranii oTpuMaHuil CUpUN €TUIYPEiTOKPOTOHAT HArpiBalid Yy BOJHOMY
NaOH mpu 95 °C npotsarom 30 xBuiauH. [Ticis migkuciIeHHs peakIiiHOI MacH COJISHOIO
KHCJIOTOIO BHIAJa€e ocaj, SKUH BiAQUIBTPOBYIOTh TICIAS OXOJO/KCHHS CYyMIII.
OtpumyBanu 6-Metunypauun 3 Buxogom 37.3 % Ha aBi cTazii uncruii 3a 'H IMP (nus.
Exkcnepumenr 2.5).

B moganpmiomy Oyio moka3aHo, IO BUXOAM MPOMDKHOTO ETHIIYPEiTOKpPOTOHATY
npy MacmTaOyBaHHI mepmioi ctaaii BiATBoproroThes (nuB. Excrepument 2.6). Tak, 3a
OJIHE 3aBaHTAXEHHS OyJI0 OoTpuMaHo 163 r peuoBuHu (uucrora ~ 70 % 3a manmmu 'H
AMP, ~75 % Buxin 3 po3paxyHKy Ha erunaneroanerar). [Ipu mpomy 4dac mpoBeAcHHS
peakitii 30ipmmBes 10 16 ToauH.

JUist miABUIIEHHSI BUXOY KIHIIEBOTO MPOAYKTY Ha ApPYyriil crajii Oyiao mpoBeaeHO
ONITHMI3AIlI0 YMOB, a CaMe — JI0JIaBaHHS €TUIIYPEITOKPOTOHATY 0 PO3UHHY JIYTY, IO BXKE
nonepenubo Harpituid 10 95 °C (nuB. Exciepument 2.7). Lle no3Bonuiio orpumaru 64 r 6-
Metunypaiuiay 3a OJIHE 3aBaHTaXXEHHS 3 CyMapHUM BHXOJOM Ha ABI ctamii 48.5 %
(uncTuii 3a H SAMP) 3 po3paxyHKy Ha eTujalneroanerar. TakuM YUHOM JOJaBaHHS
ETIIIYPEIIOKPOTOHATY /10 BXKE HArpiTOro BOAHOTO PO3YHHY JIYTY JO3BOJIMIIO 30UTBIIUTH
Buxin 3 37 % 1o 48 %.

BuxopuctanHs 10aTKOBOI KiJTBKOCTI CHPOT MPOMIKHOI pEUOBUHU, IO 3aTUTIIIIACS

micisl yNaproBaHHS TEKCAHOBOTO (UIbTPATY, T03BOJUIO 30UIBIIMTH BUXIJ KIHIEBOTO
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npoaykTty a0 56.4 % wnHa nABl cramli 3 pO3paxyHKy Ha eTuialeroanerar (IuB.
Excniepumentu 2.8 Ta 2.9).

[Iponyktr 6-MeTwmiypamnui Ha KIiHIEBIM CTajli MEPEKPUCTATIZ0BYETHCS 3 BOIU 3
BuxoaoM 91.8 % (auB. Exciepument 2.10).

[Ipu MacmTabyBaHHI Ha OPOMHKCIOBY TEXHOJIOTIUHY cxeMy (00’eM peakropa 1 m°)
nepiioi crajii BUKOPUCTOBYBaiM ymMoBU EkcnepumeHnty 2.6 Ta BUXIJAHY CHUPOBHUHY -
reKcaH, eruianeroanerar, cedoBuny, [IEI'-400 1 rigpat n-toayeHcyab()OHOBOI KHCIOTH.
A3zeoTpomHa BiATOHKAa BOAW BigOyBasacs BnpoaoBxk 4 ni6. B pesymprari oTpumanu
HEPO3UYMHHY B BOJll Ta OPraHIYHUX PO3YMHHHUKAX PEUOBHUHY MPOJIYKTY MOJIIMepu3alii
[TET-400. Tomy Oyr0 BupimeHo mpoBoaAuTH MaciutadyBanusa 6e3 Bukopuctanus [1EI'-400
(muB. Excnepument 2.11). Binronka Boau BijOyiacs 3a 2 100H, MPOMIKHUM TPOTYKT
BUJIUTWJIN 3 JTy’Ke HEMOraHUM BUXOJI0M — 86 % 3 po3paxyHKy Ha eTHiIaleToareTar.

Jlami mporiec mpoBenu 3TiIHO yMOB yMoBU Excmepumenty 2.7. B mpomwucioBux
yMOBaXx BIJIKpUBATH JIIOK peakTopa Juisl Mmojadi eTUIypEeioOKpOTOHAT MpU Temneparypi 95
°C HeMOXJIMBO (Tak K BOJA INpU Takiil TemMmeparypl BX€ CHIbHO MAapUTh) Ta HE
IPUITYCTUMO 3TiTHO HOPM OXOpPOHU TIparli, TOMy 3arpy3ka OyJjia TpoBelIeHa MpU OLIbII
HU3bK1N Temneparypi 65 °C 13 30uIbIIeHHSIM BUXOAY 10 63 % Ha AB1 cTajii 3 po3paxyHKy
Ha eTunaneroanerar (quB. Ekcnepumenrt 2.12).

@diHaNnbHO TPOIYKT KPUCTATI3yBajdd 3 OYHUIICHOI BOJAM Ta oTpumanu 27.8 Kr 6-

Metunypanmity. Buxin npu nepexpucranizanii 80 % (quB. Excnepument 2.13).
2.3 ExcnepyMeHTA/IbHA YACTHHA

Buxioni peuosunu

BukopucToByBanuch KOMEpPUIHHO JTOCTYNHI BUX1HI pEYOBUHU Ta PO3YMHHUKH 0€3
JI0JIATKOBOI OYHMCTKH, SIKIIO HE BKA3aHO 1HIIIE.

Memoou konmponio

'H NMR (CDCl; a6o Me;SO-D6, 300 MHz) cnexktpu Oynam 3amucaHi Ha
cnekrpomerpi Varian-Mercury-300 3 BukopuctanHsM TMC B sIKOCTI BHYTPIIIHBOTO

CTaHAapTy.
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Excnepument 2.1: Jlo Tpuropsoi koadou 250 M 3 TEPMOMETPOM, MAarHITHOIO

MIIIAJIKOO 1 3BOPOTHUM XOJIOJIUIILHUKOM, AojaBaiu eTunaneroanerat (19.5 r, 0.15 mons),
ceyoBuHy (9.0 T, 0.15 Monb), mumetundopmamin (100 mi). PeakmiitHy cymimn HarpiBaiu
no 120 °C 1 BurpumyBaiu OpoTAroM 6 roauH. PO3YMHHUK BIATaHSIM NPU 3HUKEHOMY
TUCKY (BOJOCTPYMEHEBUI HACOC) MPHU TeMIeparypi peakiiiinoi cymimn 70-80 °C, peakitito
OXOJIO/DKYBAJIM Ta noAaBaiu Boay (200 mu), ame mpu LbOMY OTPUMYBAJIM PO3YUH 3
HEBEJIMKOIO KUTBKICTIO MACJISTHUCTUX Kpariesib Ha JIHI.

Excniepument 2.2: Amnanoriuno Excnepumenty 2.1 0OyB mpoBenaeHuit 3

BUKOPUCTAHHSAM JUMETHIALETaMIAy 3aMiCTh ITUMETUi(opMamigy B SKOCTI PO3UMHHHKA.
Boxy B kimmi He pgomaBamu. Crnextpu H NMR ky6a mokasanmu BifCyTHICTH 6-
Metunypanuiay B peakiiiHii cyMili Mmicis BIATOHKHA PO3YMHHUKA.

Excniepument 2.3: Jlo Tpuropnoi kon6u 100 mMia 3 TepMOMETpPOM 1 MarHiTHOIO

MIIIANKOI0, MoJaBaimu eruiareroanerar (26 r, 200 mmonb), po3repTy Ha (apdopoBii
ctymii cedoBuHy (13.2 r, 220 Mmmon) Ta onroBuit anriapun (22 mu, 220 mmoi). Cymimr (y
BUIJISIIL JucTiepcli) nepeMimryBaiu npu 24 roaunau temneparypi 25 °C ta me 24 roguHu
npu 40 °C, oxomomkyBanu g0 25 °C. Burmsan peakmiitHoi Macu B XOJi peakiii He
3MIHUBCS.

Excniepument 2.4: Jlo ogHoropiioi koaou 06’emMoM 250 MJT1 3 MarHiTHOIO MIIIAJIKOIO

1 Hacangkor Jlima-Crapka, momaBanmu rekcan (150 mi), ermmameroamerar (13 r, 100
MMOJIb), ce4oBHHY (6.6 T, 110 Mmouns), I[TEI'-400 (1.2 r) 1 n-ToyeHCyIb(OHOBY KUCIOTY
rigpar (1.2 t, 6.3 mMou). PeakmiitHy cymim HarpiBajdy Ha MacisHIA OaHi Ta BiAraHsIH
a3€0TPOIMHO BOIY MPOTATOM 6 TofauH. CyMilll CTa€ JOCUTH T'yCTOIO TIO Mipi MPOXOIKECHHS
peakuii. Ilicnst oxoylomKEeHHS 10 KIMHATHOI TeMIEpaTypH, OCaJOK BiA(UIBTPOBYBAIH,
npomMuBaiu rexcaHoMm. Cynimin B BaKyyMi BOJOCTpyMEHEBOro Hacoca. Ha Biaxpuromy
NOBITPl CYIIUTH HE BapTO — ETUIYPEiTOKPOTOHAT Mij JMi€I0 BOJIOTH MOBITpS Ta II-
TOJYEHCYIb(OHOBOI KUCIOTH PO3KIATAETHCS HA BUXIJHI €THUIIALIETOAIETAT 1 CEYOBHHY.
OrpumyBanu etunypeinokporonar (17.2 r, uucrora ~ 75 % 3a 'H NMR, 75 % Buxin). *H
NMR (Me2SO-D6, 300 MHz): 6 = 1.20 (t, 3H, J3 =7 '), 2.24 (s, 3H), 4.06 (q, 2H, J3 =7
Hz), 4.76 (s, 1H), 6.85 (s, 2H), 10.15 (s, 1H). [IpoBenenns peaxiiii B MUKJIOTEKCaHI a0
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aHAJIOTTYHUI Pe3yJIbTaT, 3a BUHATKOM TOT'O, L0 PEaKIliiiHa CyMilll Kpalle MNepeMIIIyeThCs
(Kpalla po34MHHICTh NPOAYKTY, BUILE TEMIIEPATYpPA).

Excniepument 2.5: JIo Tpuropsoi koadu 06’emoM 250 M1 3MarHiTHOIO MIIIAIKOIO 1

TepMoMeTpoM, noAaBanu Boay (120 mu), etunypeinokporonat 3 Excnepumenty 2.4 (17.2
r) 1 rigpokcun Hatpiro (8 r, 200 MMonb). Peakiiiiny cymim HarpiBaau mpotsirom 30
XBWIMH Ha macisHii Oani npu 95 °C. Ilposopuit pozuun oxonomkyBaiaun g0 65 °C i
00€peKHO MIAKUCIIOBATIN MOBUIBHUM J10JJaBaHHSIM KOHILIEHTPOBAHOI COJISTHOT KUCJIOTH (~
20 mn) g0 cmabo-kucioro cepenoBumna. I[lpu 1mbpoMy Bumamae ocad, SIKAN
BII(UIBTPOBYBANIM MICIsL OXOJOKEHHS CyMillli, MPOMHUBAIN XOJOJHOK BOJAOKO 1 CYIIMIIU
Ha nositpi. OtpumyBamu 6-Metunypamw (4.7 r, unctuii 3a *H NMR, 37.3 % Buxin Ha 18i
craxii). *H NMR (Mez2SO-D6, 300 MHz): § = 1.99 (s, 3H), 5.30 (s, 1H), 10.80 (s, 1H),
10.85 (s, 1H).

Excniepument 2.6: /1o 4oTUpUTOpIioi Koo 006’ eMoM 4 J1 3 MEXaHIYHOIO MIIIaIKOO

1 Hacankoro Jlina-Crapka, nogaBanu rekcad (1.5 i), erunaneroanerar (117 r, 0.9 mons),
ceyoBuHy (65 r, 1.08 momp), ITIET-400 (10.8 r) 1 n-TomyeHCYIb()OHOBY KHUCIOTY TiApat
(10.8 1, 57 wmmom). PeakmiiiHy cyMiml HarpiBaJii Ha BOJAHIN OaHl Ta BiATaHIA
azeoTpornHo Boxay (~ 15 mn, 87 % Bix teopii) npotsirom 16 rogun. Ha mouaTky HarpiBaHHsS
CyMmill Mana BUIISLA emyJdibeii. [lo Mipl MpoXomkeHHs peakuli CyMill cTaBajia T'yCTOHO
cycnensieto. [Ticis 0xXoomKeHHs 10 KIMHATHOT TeMIIepaTypH, 0CaioK Bi(IIbTPOBYBAIIH,
npomuBanu rekcaHoMm. Cymmmid B BaKyyMi BOJOCTPYMEHEBOro Hacoca. Ha Bigkputomy
MOBITPl CYIIUTH HE BapTO — ETUIYPEiMOKPOTOHAT Tij MI€I0 BOJIOTH TIOBITpSI Ta II-
TOJIYCHCYJb(POHOBOI KHUCJIOTH PO3KIATAETHCA HA BHUXIJIHI €TWJIAIleTOAlleTaT 1 CEYOBUHY.
OrpumyBanu etunypeigokporonar (163 r, uncrora ~ 70 % 3a *H NMR, ~ 75 % Buxin 3
PO3paxyHKy Ha €THJIAlETOAIETAaT).

Excnepument 2.7: Jlo Tpuropsnoi koyidu 06’eMoM 2 J1 3 MarHiTHOIO MIIIAJIKOIO 1

TEPMOMETPOM, TOJaBaIM AUCTHIbOBaHY Boay (1 ) Ta rimpoxcun natpio (70 T, 1.75
mouib). Cymimmn HarpiBaiau Ha MacisHid 6ani 1o 95 °C. Jlo HarpiToi cymiill HMpHUCHITATA
nopuisiMU eTuiypeinokporoHat 3 Excriepumenty 2.6 (163 r) nmpotarom npu6iuszHo 10 xs.
HeBenuky KibKIiCTh Ocafy, 10 HE TIEPEHIIa y po3uuH, BiAGIIbTPOBYBAIN HA CKISTHOMY

nopucromy ¢ueTpi. [Ipo3opuii po3unn oxonoxyBaiu A0 65 °C 1 00epekHO MiAKUCISIIN
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MOBUIBHUM JIO/IaBaHHSIM KOHIIEHTPOBAHOI COJSIHOT KMCIOTH (~ 180 M) 10 c1abo-KUCiIoro
cepenosuina (pH = 4 — 6). Cnioctepirainocs momipHe BUIAUICHHS ra3y (CKOPIII 3a Bce uepes
3QJIMIIKKA €TUJIAIETOAIleTaTy B MPOMIKHOMY eTHIIypeinokpoToHati). [Ipu nboMy mounHas
BUIAJATU OcCal, SKUM BIA(UIBTPOBYBAIM TWICIAS OXOJOJKEHHS CyMIillll, MPOMHUBAIU
XOJIOTHOIO BOJIOIO 1 CymIwuid Ha moBitpi. OtpumyBanu 6-Metunypanun (55 T, yuctuit 3a
'H NMR, 48.5 % Buxin Ha ABi cTajii 3 po3paxyHKy Ha €eTHJIAIIETOALETAT).

TakuM YWHOM, 1OMaBaHHS ETHIIYPEIMOKPOTOHATY JO BXKE HATrPITOTO BOJHOTO
PO3YHHY JIYTY J03BOIIIIO 301IbIHATH BUXiT 3 37 % 10 48 %.

Excnepument 2.8: IlpoBoawnu Tak camo, sik 1 Excnepument 2.6. JlogaTkoBo

reKCaHOBUW (UIbTpAT YNaploBaIM Ha POTOPHOMY BHIIAPOBYBadl Ta OTPUMYBAJIH
KamonoAiony cymim (~ 40 1) eTunypeinokporonary, etunaneroanerary ta [1EI'-400.

Excnepument 2.9: IlpoBonunu Tak camo, sk 1 Excnepument 2.7. JlomatkoBo B

HarpiTHl Jy>)KHUH pO3YMH MiCIs JAOJaBaHHS eTUIYpeiAoKpoToHaTy pAojaBanu 40 T
cyOcTaHIlli, IO 3aJMINWJIACS IICIS YIAaploBaHHSA TrekcaHoBoro QinmeTpary (Jus.
Excriepument 2.8). OtpumyBamu 6-Metunypanun (64 r, uuctuii 3a *H NMR, 56.4 %
BUX1J] Ha JIB1 CTaJlIi 3 pO3paxyHKy Ha €TUJIAIeTOAIeTar).

TakuM 4MHOM, BHUKOPUCTAHHS JOJATKOBOI KUIBKOCTI CUpPOI PEHYOBHHH, IO Oyia
BUJIIEHA 3 (QUIBTPATY, TAKOXK JT03BOJIMIIO 30UIBIIMTH BUX1J] KIHLIEBOI PEYOBHHH.

Excniepument 2.10: Cymimr 3pa3kiB 6-Metunypanuiy 3 Excriepumenty 2.7 (54 1) Ta

Excniepumenty 2.9 (63 r) kpucranizyBanu 3 Boau ouunieHoi (1.6 m). OrpumyBanu 6-
Metunyparun (107.4 r, 91.8 % Buxin).

Excrepument 2.11: B peakrop (P-40.8)* o6’emom 1 ™m® 3 wmimankoro,

terutoooMinankoM (T-40.13)*, Hacaakoro Jlina-Ctapka Ta 3 00IrpiBOM, 3aBaHTaKUJIH:
rekcan (600 ), ceuoBuny (28 kr, 0.47 kmomnb), etmnaneroanerat (50 kxr, 0.39 xkMoub),
rizipaTt m-toiayeHcynbPpoHoBoi kucioTH (5 kr, 26.39 monb). Macy B peaktopi (P-40.8)*
npu niepeminryBaHHi HarpiBanu o kumiaas (70 — 72 °C). B nporeci peakiiii BigOyBanacs
BiIrOHKAa Boju (OMM3bKO 3arutaHoBaHux 7 ). Peakminy macy oxonoaunu go 20 °C Ta
noganmu Ha ueHtpudyry (P-40.11)*, nomepenHbO 3ampaBHBIIN 1 (QUIBTPYHOUUMHU
Mmatepiasiamu, mpoBenu ¢yryBanas BrpomoBxk 20 — 30 xB. Kpucramu mpommiu Ha

nearpudysi (P-40.11)* rekcanom (100 ). Bimkamu ocag g0 BiACYTHOCTI MATOYHOTO
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po3unMHy Ha BuUXOJi Bmnpoaok 60 xB. OTpuMyBald CHPUH  HaIiBIOPOAYKT
eTHITypeinokpoToHar Barow ~ 80 kr (OUTMil KpUCTaNiYHHMA MOPOIIOK, ~ 86 % BuXim 3
po3paxyHKy Ha eTuianeroanerar). * Jlu. TexHomoriuna cxema. OTpUMaHHS TEXHIYHOTO
6-Metwnypauuny (Jomatok A).

Excriepument 2.12: B peaktop (P-29.65)* o6’emom 0.6 M 3 wmimankon Ta

COPOYKOIO 3 OOIrpiBOM, NMpU MEpeMIlTyBaHHI 3aBaHTaXWu: Boay ouuiieHy (300 kr),
Hatpito rigpokcun (30 kr, 0.75 kmoiab). Macy B peakropi (P-29.65)* npu nepeminryBanHi
nigirpinmu g0 65 °C Ta mpoBenu 103yBaHHs (MOPIIHO) HAMIBOPOIYKTY, OTPUMAHOTO 3
nonepenuboi craii (Excriepument 2.11), Ta Byruuis akTuBoBaHoro (1 Kr), miaTpUMyOuu
TeMIieparypy B maci He Hikue 60 — 65 °C. Harpinu macy no temmneparypu 95 — 100 °C ta
Jand BUTPUMKY IpU TEepeMilllyBaHHI Ta AaHiii Temmnepartypi Bopojosx 30 xB. Ilo
3aKIHYEHHIO BUTPUMKHU MpOBeNH (PUIbTpallil0 Macu BiJl Byruuid Ha Japyk-¢uietpi (-
29.4)* (monepenHbo mporpiTH Horo go temmneparypu 85 — 90 °C) B inmmuii peaktop (P-
29.5)*, ocHalmieHUH MIIIAIKOI0 Ta CHCTEMOIO OXOJOMKCHHS. DiapTpar MPUMYCOBO
oxonoauiu g0 25 °C, moBenu ao pH = 2 — 4, nomaBuu npudiusHo 90 Kr KUCIOTH
cosstHoi. Macy oxonogunu 1o 10 °C ta Burpumanu nipu 0 — 10 °C He MeHIe 2 roauH.
Peakuitiny macy mnomanmu Ha ueHtpudyry (P-58.1)*, mnomepenHpo 3ampaBUBIIM 11
GUIBTPpYIOUMMH MaTepiaiaMu, poBenu ¢pyryBanHs BopoaoBx 20 — 30 xB. J[Bidi mpoMuiu
KpUCTaJIA BOJIOO ounIeHoro mo 40 kr. Bipkanu ocas 10 BiJICYyTHOCTI MAaTOYHOTO PO3YHHY
Ha BUXOZI BOpojoBx 60 xB. OTpuManu cupuil HamiBOpoayKT 6-Metwimypaumi, 35 Kr
(Oimuit  kpucTamiyHUN TOpomok, 63 % BuUXiA Ha OBl CcTamii 3 pPO3paxyHKy Ha
etunaneroanerar). * JluB. TexHomoriuna cxema. OTpuMaHHS TEXHIYHOTO ©6-
Metunypauuny (onatok A).

Excnepument 2.13: B peaktop (P-29.1)* 3aBantaxunu 6-Metuwnypamun 3

Excniepumenty 2.12 (35 kr) ta Boay ouutieny (450 ). Harpinu macy no temneparypu 95
— 100 °C Ta ganu BUTpUMKY NP MEPEMINTyBaHHI Ta AaHii TemrepaTypi BopooBx 30 XB.
Macy oxonommmm 10 10 °C ta Butpumanu npu 5 — 10 °C He meHme 2 roguH. Peakiiiiny
Macy nojanu Ha uneHtpudyry (P-58.1)*, nomepenHbo 3ampaBuUBIIK ii QUIBTPYIOUUMU
MaTepiasiamu, nipoBenn (QyryBaHHsS BrnpoaoBxk 20 — 30 xB. J[Bi4i mpomMuim KpHCTaId

BojI0t0 oumiieHor 1o 40 kr. Bimkamu ocaj A0 BIACYTHOCTI MaTOYHOTO PO3YMHY Ha
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BuxoAi Brpoaoxk 60 xB. Ilpoaykr cymmnu Ha mnonouniii cymapui (CII-55.1) npu
temreparypl 40 — 50 °C ne meniie 12 roaun. OtpumyBanu 6-Metwminypanun (27.8 kr, 80
% Buxin nepexpuctamzaiii). * lus. Texnonoriyna cxema. OTpuMaHHs (papMaiieBTUIHOTO

6-Metwnypauuny (Jomatok A).
2.4 BuBuenHs nosimMmopdizmy 6-MeTniaypauuiay

Bynyuu onHi€l0 3 4OTUPHOX HYKJIETHOBMX OCHOB y HYKJIETHOBIM KHCIOTI, yparui
O0yB 3Haiaenuil y PHK, a iioro moxigHy S5-Metmnypamun abo TuMiH Oysl0 3HailIeHO B
JHK. i cmonyku goOpe Bigomi OUIbIIE CTOMITTS, ajie iX moJiMOpdi3M Malo BUBYCHHM.
[TonimopdHi Mogudikaiii ypanuiny BiACcyTHI B KeMOpiKChKiM 0a31 KpUCTATIYHUX JaHUX
[402], Toni six momiMopdHi Moaudikarii S-Metwryparty Oy 3HaHACHI Ta PETENBHO
BUBYCHI e HemogaBHo [403, 404]. 6-Mertunypaiuin € HaHOIMKYUM aHAIOTOM
ypauuity Ta S-MeTuinypanuiy, ajie Horo Mo)KHa OTpUMATH Jiiie cuateTuaHo [405, 406].
[{s cnomyka MMUPOKO BHKOPUCTOBYETHCS Yy (papMareBTHUIN SK Mpernapar, 0 BIUTMBAE Ha
PEryJIAII0 MePEKUCHOIO OKHCIICHHS JimimiB 1 3aroenns pan [407, 408]. 6-Merunyparui
TaKO)X BUKOPHCTOBYETHCA SIK KOMIIOHEHT KOMIUIEKCHMX Kommosuiid. Hampuxman,
koMIiekc 3 N-metwn-D-rmrokamiHom  OyB  3ampoNOHOBAaHUW I JIIKyBaHHS
PI3HOMaHITHMX 3aXBOPIOBaHb, IO XapaKTEPU3YIOThCS HAAMIPHUM a0O0 HEBIJNOBIIHUM
anonTo30M, TakuX fAK 1imemis, giader | tumy, 1HCYnabT, XBOpoOM AusblreiiMepa Ta
[Mapkincona [409, 410].

Brnepmie, MonekynspHy Ta KpHCTalIiuHy CTPYKTypy O6-Metunypamuny Oyiio
BU3HAYEHO METOJA0M TopormkoBoi mudpakmii [411]. Touwicte mporo wmeromy He
JI03BOJIMJIA BU3HAUWTH TIOJOXKEHHS aTOMIB BOJIHIO. BilbIl BiporigHa JUKETOTayTOMEpHA
dbopma 1€l qyKe MPOCTOi KOHPOPMAIIHHO KOPCTKOT MOJIEKYJIM Oyjia 3almporoHOBaHA Ha
OCHOB1 JIOBXHUH 3B’f3KIB, SKI TakoX OyJIM BH3HA4YeHI 3 BUCOKOIO moxuOkow. Kerto-
€HOJIbHY TayTOMepito 6-MeTwiypaiuiy TOCIiHPKEHO MeToJaMu Ta30(]ha3Hoi eneKTpOHHOT
mudpakiii Ta KBAHTOBO-XIMiYHMMH Metomamu [412, 413]. Jluxerodopma 6-
Metunypanmny  Oyna  MATBEpKEHA  MOJANBIIUMU  PEHTTEHOCTPYKTYPHUMU
JOCIIDKEHHSAMU, SIK1 BUSBWIN Apyry nodiMopdry dopmy wmiei cnonyku [414, 415]. Cnin

3a3Ha4yuTH, 1m0 noxiMopd Il 6yB kpuctamizoBanuii 3 Boau [414] abo 3 DMF [415], Toxi sik
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noimopd 1 OyB HazBaHui ¢dapManeBTUYHUM 1 OyJib-sIka JOCTOBIpHA 1H(GOpMaLis Mpo
cnoci®6 ¥oro kpucramzauii BIACYTHS. Kpim Toro, JleoHimoB 1 #HOro criBpOOITHUKU
00TOBOPIOBAIM MOKJIMBY PI13HUITIO B O10JI0T1UHINA aKTUBHOCTI ABOX moiMophHUX hopm 6-
Metunypaiuiay Ha OCHOBI Pi3HHMII B X KpUCTaIIuHii ynakoBii [416]. OaHak s qucKycis
He OyJia mATBepKeHA eKCIIEPUMEHTAaIbHUMH JTAHUMU.

Takum 4YMHOM, MOXHA 3pOOWTH BHCHOBOK, IO MOJIMOpGi3M 6-MeTuinypanuny
CUCTEMAaTUYHO HE JOCIIKYyBaBcs. Y LbOMY JAOCTIIPKEHHI MU MOBTOPHO BHU3HAYMIIU
noniMopbuy dopmy [ 6-Metmnypammny Ta BUSBWIM HOBI modiMopdHi (opmu 1€l

(dhapMaleBTUYHO BaXKIUBOI CIIOTYKHU.
2.5 ITomyk nojgiMmopguux ¢popm 6-Metuaypamuiay (6MU)

SAx  nyxe edextuBHuii mnpenapar, O6MU Bumyckaerbcs —(papMarieBTUYHOO
IPOMUCIIOBICTIO Yy ¢opmi TabneTtok abo y BumsiAl Maszi. TomMy KOHTpOJb MOro
noriMopdHOT (OpMU Mae BEIIMKE 3HAYCHHS JUJIS SKOCTI KIHIIEBOT'O MPOAYKTY. AHami3
Hamoi ¢apmaneBTuyHOi cyOcrtaniii mokasas, mo 6MU icuye B momimopdHiit dopmi |
(6MU I), ssxa Oyna BU3HA4Y€HA JMIIE 3a JAaHMMH MOPOIIKOBOI IU(pakmii, SKi MarTh
JOCUTh HU3BKY SKICTh [411]. TakuM umHOM, Il JaHI BHSBHIINCS HE NPUIATHUMH JIJIs
ananizy ¢azonoi unctotu A®PI 3a MmerogoMm PiTBenbaa 1 moTpeOyoTh BIOCKOHATICHHS.

Hamri cnpo6u kpuctanizyBatu 6MU 3 pi3HUX pPO3UYMHHUKIB 3aBXKIH MPUBOIWIH JI0
YTBOPEHHS TOIYAaCTUX KpuctaiiB noiaiMopdHoi ¢opmu II. HaBiTe kpucramizaiis 3 BoaH,
sAKa BHKOPHUCTOBYETHCS B pPO3pOOJEHOMY HaMH MPOMHKCIOBOMY IIpolieci, HE Jana
nomimopdpy 6MU I B maGopartopii. OCHOBHOIO BIAMIHHICTIO KpHUCTam3amii B
IPOMUCIIOBOMY TIpoIleci BiJl Takoi B J1a0OpaTOpPHUX YMOBaxX € HE BUKOPHCTOBYBaHHM
PO3YMHHUK 4YM CaM CHHTE3, a TIpaJl€eHT 3HIKEHHS TEMIIepaTypd Ta I1HTEHCUBHICTb
nepeMillyBaHHs peakiiiHoi cymimi. Tomy came 1 (akKTOpu MOXYTh BiJirpaBaTH
KJIFOYOBY poJib Y (pOpMyBaHHI KpUCTaIigyHOTO moiMopdy 6MU 1 mig yac TEXHOIOTTYHOTO
poLecy.

Jlns BukiroueHHs e(hexTiB conbBaTallii 0yna 3pobiena cripoda kpucramiizamii 6MU 3
posmiaBy. 3pa3zok noaimMopdy 6MU 1 posuuHsiv y BoAl, KAM'STWIM 1 cymwid. [loTim

OTPUMAaHU TIOPOIIOK HATPiBAJIM 10 TEMIIEPATypH CIiKaHHs (HarpiBaHHS 0 TEMIEpaTypu



/8

IUTABJICHHS] HE MPOBOIWIN, 11100 YHUKHYTH PO3KJIAJaHHS CIOJIYKH). AHai3 OTPUMAHOTO
3pa3ka METOJIOM MOPOIITKOBOI AUQPAKITii TTOKa3aB, [0 OCHOBHOIO KPUCTATIYHOIO (Da3oro €
nonimopd 6MU II, ane Bnanmocst 3HalTH AOMIMIKY HOBOI (ha3u. binbin perenpHUi aHam3
BUSABHUB y 3pa3Ky Mepe] IUIABJIEHHSM TroJ4acTi KPUCTAIM HOBOI MOIIMOp(HOI popmu
6MU _III i mpusmonoaiOHi kpuctanu HOBOI modiMopdHoi popmu 6MU 1V. O6uaBa HOBI
nomiMopbu  6MU  Oynmu  iAeHTH(IKOBaHI TOJOBHUM YHHOM 33  JIOIIOMOTOIO
PEHTIeHIBCLKOTO aHalli3zy MOHOKpucTamiB (Tabdn. 2.1). Cnig 3a3HauuTH, 10 MapaMeTpu
enemeHTapHoi komipku dopmu 6MU Il myxke Onu3bki 10 BU3HAYEHUX IS OdiMopdy
6MU I. Tomy Oynu HeoOXigHI JAOJATKOBI apryMeHTH, 1100 JOBECTH ICHYBaHHS (opmu

6MU 111 sik HOBOTO TIONTIMOP Y.

Ta6muns 2.1 Kpucranorpadiuni nani s noaiMmophuaux popm 6MU*

[Mosimopth 6MU | 6MU 11 6MU 111 6MU IV
Emnipuuna ¢popmyna CsHeN202

MonekynsipHa Maca 126.12

Kpucraniyna cucrema Monoclinic

ITpoctoposa rpyna P2i/c C2/c P2i/c P2i/c

a(A) 4.5194(14) 20.537(3) 4.6081(7) 9.3874(15)
b () 10.9811(18)  3:9108(4) 10.767(3) 11.6695(13)
c(A) 11.7204(14)  14.801(3) 11.881(4) 11.3883(17)
B, rpan 97.750(16) 110.972(19) 99.76(2) 112.516(18)
V (A3 576.8(2) 1110.0(3) 580.9(3) 1152.4(3)

Z 4 8 4 8

p (g-em?) 1.452 1.509 1.442 1.454

n (mm™) 0.115 0.119 0.114 0.115
F(000) 264 528 264 528
Pednexcii siopasi / 3320/1016  4163/979 3513/1023 4252/ 2019
CHMETPUYHO HE3aJIekKHi

Rint 0.0974 0.1314 0.1403 0.0518

VY TOo4HIOBaHI apaMeTpu 92 92 92 185
daxTop 301kHOCTI R1

(1520(1)) 0.0711 0.0871 0.0816 0.0782
®daxrop 36ixH0CcTi WR2(F?)  0.1771 0.2031 0.1945 0.2355
Biamosiguicts o F? 0.998 1.027 0.961 1.076
CCDC 2243617 2243620 2243618 2243619

* Po3paxynku 3po0ieHi B aboparopii [lumkinoit C.B. HaykoBo-TeXHOJIOTTYHOTO

KOMILIeKca «|HCTUTYT MOHOKPHUCTAIIIBY
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[I{o6 BuainuTu HOBI noiaiMopdHi Gopmu 6MU 111 1 6MU 1V sk uucTi KpUCTaTIUHI
¢aszu, Oynu perensHo BuBueHi Tepmorpamu J{CK nmonimopdis 6MU 11 6MU I (puc. 2.1).
[Tomimopdnui kpuctanu 6MU I HarpiBanu B moaBivHIA wami Iletpi mo temmepaTtypu
HUKYE €HJI0TepMIYHOTO edekTy, BusiBieHoro Ha Tepmorpami JICK (puc. 2.1, yropi). byno
BUSBJICHO, M0 YAacTKOBa CyOmiMaris 3pa3ka (MOXHa Mo0auutu Oile TMOMYTHIHHS)
Bi1OyBaeThes npu ~200 °C, 1 MPOAYKT KPHUCTANI3YEThCS HA HAKPUBHIN Yalllll y BUTIISAL
Iy’Ke TOHKHX rojiok noiaiMopdy 6MU _III. HarpiBanus no temmnepatypu 250 °C npusseno
710 TIepeKpUcTali3alii MOPONTKOBOI MacH B HWXKHIN Yamlili 3 YTBOPEHHSM IMOJOBXKECHHUX
npu3MaTuyHUX Kpuctamis nomiMopdy 6MU 1V. Cnix 3a3Ha4uTH, 110 OTPUMAaHI MpU 1IN
temiepatypl kpucraiu 6MU IV mictunu B sikocti nomimku kpuctann 6MU 111 1 6ynu

OYMIIICHI IIUIIXOM IOJaibINOro HarpiBanus a0 ~270 °C.

Pucynok 2.1 ACK tepmorpamu noximopdy 6MU 1 (cuns ninis) Ta 6MU_II (3enena

JIHIS)
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Tabmus 2.2 Jlani nmopomikoBoi audpakiii 3pazka 6MU mipu pi3HHX TeMIeparypax
3rifHo 3 yTouyHeHHsAM PitBenpaa (* BimHomeHHA (a3 po3paxoBaHO B JiabopaTopii

Iumkinoit C.B. HaykoBo-TeXHOIOTTYHOTO KOMILIEKCa «[HCTUTYT MOHOKPHUCTAITIBY)

T, °C Phase a, A b, A c, A B, rpan V, A3
RT 6MU_ 4.4983(1) 11.0352(5) 1L.7277(8) 97.283(4) 577.46(4)
100 6MU._I 4.4948(1) 11.0374(6) 11.7197(4) 97.215(4) 576.81(4)
140 6MU._I 4.4967(1) 11.0360(6) 11.7212(4) 97.246(4) 577.02(4)
180 6MU._I 4.5120(1) 11.0059(5) 11.7331(4) 97.503(4) 577.66(4)
200 6MU_III 4.5406(1) 10.9419(6) 11.7647(4) 98.094(4) 578.67(4)
210 6MU_III 4.5610(1) 10.9025(6) 11.7851(4) 98.500(4) 579.58(4)
6MU_II 3%+ 20.5131(1) 3.9147(5) 14.8193(2) 111.022(3) 1110.82(3)
245 6MU_III 4.5866(2) 10.8437(8) 11.8212(5) 99.086(6) 580.57(6)
6MU_IV 11%* 9.416(5) 11.731(9) 11.325(2) 112.14(2) 1158.6(1)
6MU_II 12%* 20.732(1) 3.9227(8) 14.831(2) 111.22(2) 1124.4(7)
275 6MU_IV 9.3925(4) 11.6622(5) 11.3664(5) 112.392(2) 1151.17(8)
290 6MU_IV 9.3944(3) 11.6577(4) 11.3654(4) 112.420(1) 1150.61(6)

JlonaTkoBe mociipKeHHS Tporiecy HarpiBaHHs 6MU I mpoBeneHo 3 3amydeHHSIM
MeTo/a MopomKkoBoi mudpakiii. 3pasok monimopdhy 6MU I HarpiBamm no pi3HHX
TeMIlepaTyp 1 aHamizyBaiau metonoM PitBenbaa (tabmn. 2.2). OTpuMani JaHl MiATBEPANINA
yrBOopeHHs nojaiMoppy 6MU 11T npu 200 °C ta nomimopdy 6MU 1V npu 245 °C 1 Buiue.
Kpim toro, nHasBHicTh moiimopduoi popmu 6MU 11 sk mominiku B Aiana3oHl TeMIepaTyp
210-245 °C moxxe MOSICHUTH JAesikl mpoOjeMu 3 Masz3io, 1o mictuth 6MU, moB’s3aHi 3
MOSIBOIO 3€pEH.

Take x mociimkennst Oyno mposeneHo aisa noiimopduoi popmu 6MU 1. Bynyun
OubII cTabUIbHUMU, HIK nodiMopd 6MU I, ui kpucranu cyomimyBanucs npu 230 °C. B
pe3ynbTaTi yTBOPUIHUCS TOCUTH Benuki kpuctamu 6MU IV 6e3 gomimok momiMopdy
6MU III. Ha Bigminy Big cy6miMaiii noaiMopduoi dopmu 6MU I, narpianas 6MU 11

HE CYIPOBOJI)KYBAJIOCS MOSBOIO 01710r0 MOMYTHIHHS.
2.6 Xapakrepusauisa nojgimoppuux ¢gopm 6MU

Ilopowkosa penmezeniecoka ougppaxuis
VYci BunineHit okpemi nomimMopdHi Gopmu 6MU o0XxapakTepu3oBaHO METOIOM

nopomkoBoi audpakiii (puc. 2.2). YTouneHnHs PiTBenbna q0oBen0 XOpoIly y3roKEHICTh



81

MK EKCHEePUMEHTAIbHUMHU JHU(]paKkTorpaMamMu Ta €TAJIOHHHMH, PO3PAXOBaHUMHU 3a
pe3ylbTaTaMi JOCTIIKEHHST MOHOKPHCTAJIbHUM PEHTTEHIBCHKHM MeToqoM. [lopomrkosi
peHTreHiBchki  audpakrorpamu nomimopdpies 6MU I ta 6MU III 3 Onusbkumu
napamMeTpaMM eJIeMEeHTapHOI KOMIpKH (Tabu. 2.1) BusBuIKCS aye noaioHumMu (puc. 2.2).
Ane perenbHUN aHAI3 IMX MOJIENIEH BUSBUB JESIKl BIIMIHHOCTI B oOnacti 20 Big 20° g0

30° (puc. 2.3). Leit dakt no3posie posrasgatu ctpykrypy 6MU _III six HOBY noniMopdHy
bopmy.

Pucynok 2.2 [ToponikoBi peHTT€HIBChKI Tu]pakTorpamu noaiMoppuux Gopm 6MU
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Pucynok 2.3 IlopomkoBa peHTreHiBcbka audpaxrorpama 6MU I ta 6MU III B

obumacti 20 Big 20° mo 30°

Jugpepenuianvna ckanyroua kanopumempisn

Yucti nmomimopdHi hopmu 6MU Oynu oxapakrepuzoBani metogom [ICK (puc. 2.4).
3pazku 6MU I ta 6MU III 1eMOHCTPYIOTh OJIHAKOBUH Mpoliec aBieHHd. CuHsa KpuBa
BianoBigae noaiMopdy 6MU 11, sikuil mae Ouabml muUpokuid mpodinb miuasneHHs. Kpusa,
BUMIpsiHa Ui modiMopdHoi Gopmu 6MU IV, nyxke cxoka Ha KpUBY, 3HAWIEHY IS
3pazkiB 6MU 1 ta 6MU _III. TToxiduicts popm 6MU I ta 6MU _III y JICK moxe O6ytu
3yMOBJICHA TIO/IOHICTIO B3a€EMHOTO PO3TAlTyBaHHS MOJICKYJI Ta OJM3BKHUMH CHEPTISIMH

MDKMOJIEKYJIIPHUX B3a€EMOJIH Y IXHIX KPUCTAIIYHUX CTPYKTypax.
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Pucynokx 2.4 Kpusi [ACK, Bumipsni mns 3pazkie 6MU I, 6MU II, 6MU III,
6MU_IV

Ingppauepsona cnekmpockonis

Yucti nonimoppui ¢opmu 6MU Oynu oxapakTepu3oBaHI 3a JOMOMOIOO
iH()pauepBOHOI CHEKTPOCKOIIi B piama3oHi xBumboBuX umcen 500-4000 cm? mpm
KiMHATHIH Temmeparypi. Yci 1i CleKTpY BMMIpIOBaIU 3 PO3ALILHOI0 34aTHICTIO 1 cM™,
Amnani3 [Y-cnekTpiB BUSIBUB XapaKTepUCTUUHI KonuBaHH: 3B’ 513Ky N—H B o6mactax 3090—
3040 cm?t Ta 2990-2938 cml, xommsamms rpynum CHs B oGmacti 2850-2800 cml.
KapOoHiNbHI IpynH Jar0Th KONUBAJGHI TiHii B obmactsax 1747-1704 cm™ i 1651-1644 cm,
Toxi sk 3B'130k C=C XapaKTepu3yeThcsl KOJIMBAHHAMM B obnacTi 1615-1614 cmt. By ap-saxi
KOJIMBaHHS, IO BiJMOBIAAIOTh CHONBHUM TayToMepam OMU, He Oynu BUSBICHI.
HaiiGinpm 3HayH1 pO301KHOCTI CHOCTEPIralOThCd B YAcTOTAaX KOJMBaHb 3B A3Ky N—H
(o6macts 28502800 cmt) i kapOOHINIBHUX TPy, IO BKa3ye Ha pi3Hy ydacth NH Ta 060x
KapOOHITBHUX TPYN Yy BOJHEBOMY 3B’s3Ky. Ilojlocu KojiMBaHHS, $KI BIAMOBIIAIOTH
METWJIBHIA Tpyni Ta EHIAOUMKIIYHOMY TMOJABIMHOMY 3B'SI3Ky MOy»Ke ONM3bKI y BCIX

JOCIIKYBaHUX noiMopdHux hopmax.
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AHaniz MoaeKkyaapuoi cmpykmypu

Monekyna 6MU TeopeTHyHO MOXKE ICHYBaTH B IIECTH TayTOMEPHHUX (opMax
(cxema 2.6). 3a maHWUMH KBAaHTOBO-XIMIYHHUX PO3PaxXyHKIB €JIEKTPOHHO-KOPEIThOBAHUM
mMeTogoM MP2 HaiOUIBII cTaOLIBHOIO BUSABMJIACS JUKeTOTayromepHa ¢opma A [413].
Pospaxynku 3a wmeromom mO06-2x/cc-PVTZ [417, 418] B mimomy 30irarotecs 3
nornepeHiMU TaHUMHU (cxeMa 2.6), 1o BKa3zye Ha TayToMep A, siK HaHOUIbIII €eHEPreTUIHO
BUT1AHUH, a TayToMep F sk HalimeHm BiporigHuii. IIpoTe odiKyeThbCs, IO BC1 MOMJIMBI
TayTOMepH1 (OpPMH 3HAXOATHCS B PIBHOBA31 B PijKii abo ra3oBiii (asi, 1 mepexoau Mix
HUMHU MOXYTh BIIOYBaTHCs BHACNIIOK IEPEHECEHHs aToMa riAgporeHa. Sky 3 mux
TayToMepHUX GOpM MOXKHA 3HAUTH B KpUCTaMI4HIA (a3i, 3aJeKUTh BiI YMOB
Kpucrtamizaiii. MoXHa NpPHUIYCTUTH, IO KIHETUYHO KOHTPOJbOBaHA KpHUCTAIi3allis
(LLIBUJIKE OXOJOKEHHS MMEPEHACUYEHOr0 PO3YMHY, IIBUJIKE BUIAPOBYBAHHS, CyOIiMarlis
TOIIIO) MOXE€ TPHU3BECTU JO0 YTBOPCHHS METACTAOLIBLHUX MOJIMOPPHUX KPHUCTAJIB, IO
MICTSITh MEHIII €HEPTETUYHO BUTIAHY TayTOMEPHY (opMy abo CyMilll KUTbKOX TayTOMEPIB.
TepMonnHaMiyHO KOHTPOJBOBAHA KpHUCTAMi3allii MOBHHHA MPHUBOIUTH /A0 YTBOPECHHS
CTaOUTbHUX TOMIMOP(GHUX KPUCTANTIB, IO MICTATH MOJICKYJIHM B TayTOMEpHIA dopmi 3
HalMEHIIIOI0 €HEPTIEO.

[Ipu peHTreHOCTPYKTYPHOMY JIOCIHIIKEHHI MOJIOKEHHSI aTOMIB TIpOreHa 3a3BUyaii
BU3HAYAIOTh HE HAATO HamiiHO. OTXe, TayTOMepHY (OpMYy MOJEKYJIH B KpUCTAIIYHIN
¢da3i Mo>kHa OOTOBOPIOBATH TOJIOBHUM YMHOM HAa OCHOBI aHai3y JIOBXKUH 3B’s13KiB. Takuii
aHam3 mpoBoauau aysa mojekyn 6MU B momimopduux kpuctamax 6MU 1 — 6MU_III.
AcrMeTpuYHa YacTHHA €JI€MEHTAapPHOI KOMIPKH MICTUTh Bl MoJiekyu (A 1 B) y cTpykTypi
6MU 1V, ne monekyna B po3ynopsnkoBaHa 3 OJHAKOBHUMH 3aCEJICHOCTSIMH 3a JBOMA
MO3UIIAMH 4Yepe3 oOepTaHHS HABKOJO BIPTYalbHOI OCi, IO MPOXOJUTH YEpe3 aTOMHU
N3B...C6B (puc. 2.5). lllo6 yrouHuTH po3ynopsAKyBaHHS, AJsi JOBXHH 3B'A3KIB OyiH
3aCTOCOBaHI OOMEXeHHs. Y pe3ynbrari B modiMophHux kpuctamax 6MU IV wmoxna

aHaTI3yBaTH JIMIIE JOBXUHH 3B’ 3KIB MOJIEKYIH A.
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Cxema 2.6 Moxuusi TayroMepHi ¢popmu 6MU Ta iX BiIHOCHI €Heprii (KKaj/MOJb,

XUPHUM TIpUPTOM), po3paxoBaHi MmeTogoM m06-2x/cc-PVTZ

Pucynok 2.5 Monekynsipaa ctpykrypa 6MU 3a 1aHMMHU peHTIeHIBCbKOi qudpakiii

(3miBa). HeBnopsinkoBana monekynia B, 3nalinena B ctpykrypi 6MU IV (mpaBopyH).

AHani3 ITOBXHHM 3B'S3Ky BUSBUB qukerodopmy 6MU. 38’s3ku C2—-0O1 ta C4-02
MaloTh OJHAKOBY JAOBXHHY (Tabn. 2.3) y mnomimopduux kpuctamax 6MU II. Ilen
nosiMopd OyB OTpUMaHM 3 pI3HUX PO3YMHHHMKIB B PE3yJibTaTli MOBUIBHOIO

BunapoByBaHHs. 3B’s3ku C=0 He € OAHAKOBHUMH B MOJIeKyJax 6-Metunmypanui, sKki
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3yCTpIYAlOThCA B YCIX IHIIUX CTPYKTypax (Tadus. 2.3). Taky pi3HHUII0O MOXKHA MOSCHUTH
JIBOMAa OCHOBHUMH NMPUINHAMMU:

a) BHECOK IBITTEP-10HHUX (HOPM Yy CTPYKTYpy Mojekynun 6MU (cxema 2.7);

0) pi3Ha y4acTh JIBOX KapOOHUIbHUX I'PYH Y MI)KMOJIEKYJIIPHUX BOJHEBHUX 3B’ SI3KaX.

BHecok ABOX UBITTEpP-IOHHUX CTPYKTYP Y MOJEKYJSIPHY T€OMETPII0 MaE TPOXH
no10BKUTH 3B’ 5130k C5—C6 1 Bkopotutu 3B’s13ku N3—C4, C4-C5 1 N1-C6 y morekymnax
6MU, 3Haitnenux y crpykrypax 6MU I, 6MU Il ta 6MU 1V. Tenneniiist 10 Takoi 3MiHU
JOBXHH 3B's3KiB BUsBIeHa y cTpykrypax 6MU I ta 6MU III 1 BimcyTHS y CTpPYKTYpi
6MU 1V (ta6u. 2.3). OTxe, pi3HUI B JOBXKHUHI 3B'S13KIB 3yMOBJICHa B OCHOBHOMY Pi3HOIO
y4acTI0O KapOOHUIBHUX TPYyN Yy MIKMOJEKYISIPHUX B3aeMojiax. binabina 3aaTHICTB
KapOoHUTbHOTO 3B’s3ky (C4—02 mnoAoBXyBaTHCS TaKoXX MOXKe OyTH 3yMOBIeHA
CWIBHIIIMM CHPSOKEHHSAM MK CHIOUMKIIYHUMHU mnoABiiHUMH 3B si3kamu  C=C Ta
ex3omuKTiYHIME C=0 TMOpPIBHSIHO 31 CHPSDKCHHSIM MDK HEMOJUJICHOI €JIEKTPOHHOIO

naporo aroma HiTporeHa ta C =0 3B's13koM [419].
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Cxema 2.7 Cynepno3ullisi pe30HAaHCHUX CTPYKTYp, IO OMHUCYIOTh MOJIEKYJSIpPHY

CTPYKTYpY 6-MeTumiypamury
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Ta6nuus 2.3 Josxunu 38 s3kiB (A) y Monekyni 6MU B nomiMophHUX KpUcTanax

6MU_I - 6MU_IV

3B’ 130K 6MU_I 6MU_II 6MU_III 6MU_IV*
N1-C2 1.372(4) 1.368(6) 1.353(5) 1.385(4)
C2-N3 1.370(4) 1.368(6) 1.381(6) 1.360(4)
N3-C4 1.370(4) 1.396(6) 1.378(5) 1.369(4)
C4-C5 1.417(5) 1.425(7) 1.400(6) 1.423(4)
C5-C6 1.337(5) 1.331(6) 1.353(6) 1.329(4)
C6-N1 1.362(4) 1.388(6) 1.384(5) 1.365(4)
C2-01 1.215(4) 1.226(6) 1.230(5) 1.213(4)
C4-02 1.253(4) 1.222(6) 1.253(6) 1.243(4)
C6-C7 1.497(5) 1.485(7) 1.469(6) 1.493(4)

* JIOBKHMHH 3B’ SI3K1B MPEACTABIICHI 111 HEPO3YIOPSIAKOBAHOT MOJIEKYIH A

Pospaxynku 3po6neni B mabopatopii [umkinoir C.B. HaykoBo-TexHOJIOTIYHOTO

KOMILIeKca «HCTUTYT MOHOKPHUCTAIIIB)

Ananiz Kpucmaniunoi cmpyxkmypu

AHamiz MIKMOJIEKYJISIPHUX B3a€EMOJIN y JOCHIKYBAaHUX MOJIMOP(GHUX KpUCTadax

BUSIBUB 3aKOHOMIPHOCTI YTBOpEHHsI BojgHEBHX 3B s3kiB N-H...O y ctpykrypax 6MU I,

6MU III, 6MU IV ta 6MU II (puc. 2.6). Bignosiano no npasun Ettep [420, 421] Bci

CWJIbHI JIOHOPHM Ta aKIENTOpPU NPOTOHIB MOBHHHI OpaTH y4yacTh B YTBOPEHHI BOJIHEBHX

3B’s13kiB. Monekyna 6MU mictuth aBi rpynu NH 1 aB1 kapOOHUIBHI TPYIHU, K1 MOXYTh

yTBOPIOBAaTH JBa CWJIbHI ILEHTpOCUMETpUYH1 BojHEBI 3B’si3ku N-H...O. Opnak 1e

IpaBUIIO peanizyeThes auimie B cTpykTypi 6MU 11, Toxi sik Tutbku qorop N3H 1 akmentop

C=02 yTBOPIOIOTH IIEHTPOCUMETPUYHUIN TUMEP TOTO K TUITY B YCIX 1HIIMX JOCTIIKEHUX

Kkpucrtanax (puc. 2.6, Tabdiu. 2.4).
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6MU _I 6MU_II

6MU_lIII 6MU_IV
Pucynok 2.6 ®parMeHTH YNaKOBKH, YTBOPEHI MIXKMOJEKYJISIPHUMH BOJHEBUMHU

3B’si3kamul N—H....O B monimopdHux crpykrypax 6MU

[nma rpyna NH Takox 6epe yyacTb y MIKMOJIEKYJISIPHUX BOJHEBUX 3B’sI3KaX, aje 3
IHIIMMHU aKIEnTopaMH B Pi3HUX NOJIIMOpGHUX CTpyKTypax. LleHTpocumerpuunuii numep,
yrBopenuii rpynamu NIH 1 C=0OI1, 3ycrtpivyaerbcsa nume B crpyktypt 6MU II.
LlenTpocuMeTprUYHI JUMEPH ABOX THUIIIB (YTBOpEH1 BoAgHEBUMU 3B’ si3kamu N3—H...02 a6o
N1-H...Ol) yTBOpIOIOTH JNaHIIOKOK SIK OCHOBHUW CTPYKTYpHUH MOTHUB (puc. 2.6).
CyciaH1 JTaHIIOKKY 3B'3aH1 Mk cO0010 CITa0KMMU BOJAHEBUMHU 3B'si3kamu (Tad. 2.4).

VY crpykrypax 6MU I, 6MU III i 6MU IV rpyma NIH yTBOproe miHiiHMIA
MDKMOJIEKYJIIPHUN BOJTHEBUI 3B’ A30K 3 KapOOHUIbHOIO Tpynoro C=02, sika BUKOHYE POJIb
O0idypkaniiiHoro akienTopa nporoHa. [Ipy npoOMy HOTHUPH LEHTPOCUMETPUYHI AUMEPH,
3B’s13aHI BogHEBUMHU 3B’si3kamMu N1-H...O2, cTBOpIOOTH NIHKIIYHUN (pParMeHT, SsKAN
MOKHA pPO3MI3HATH SIK TOBTOPIOBAaHY 4YacTUHY Tro¢GpoBaHOro Iapy, HapajieIbHOTo
kpuctanorpadiuniil miomuHi (100) y crpykrypax 6MU I ta 6MU _III (puc. 2.6). Cyciani

1I1apy 3B’si3aHi CIA0IUMH MIXKMOJIEKYJISIPHUMH BoiHEBUMHU 3B’ si3kamu C5—H...O1.
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VY nonimopduiit popmi 6MU IV nenTpocuMeTpudHi IUMEpU, YTBOPEHI 32 PaXyHOK
BoaHeBuX 3B’s3kiB N3A-H...O2B 1 N3B-H...O2A mix Monekymamu A 1 B, 3B’s3aH1
BogHeBUMHU 3B’s3kamu  N1A-—H...O2B. Omxke, 3urzaronofiOHui  JAHIIOXKOK Y
kpuctanorpapiusomy Hanpsamky [010] MoxHa po3mi3HATH AK CTPYKTYpPHHUM MOTHB Yy
nonimopdhi 6MU 1V (puc. 2.6). PosynopsigkoBanicte Monekynmu B y ctpykrypi 6MU IV
O3HA4Ya€ YTBOPEHHS BOJHEBUX 3B’S3KIB JBOX THUIIB B oxHOMYy HampsMky (N1C—
H...O1A/C5B-H...O1A ab6o NI1B-H...O2A/C5C-H...O2A), mo 3B’SI3yl0Th CYCIJHI
JTAHITIOKKH.

Eneprii BoiHeBUX 3B’5I3K1B, BUSBJICHUX Y YOTUPHOX MOTIMOPPHUX KpHUCTanax, Oyiau
omiHeHi B pamkax Teopii beiinepa «Atomu B monekynax» (AIM) [422]. XBumiboBa
GyHKINS pO3MOAUTY €IEKTPOHOI T'yCTHHU OyJia 3amucaHa 3a JOTOMOTOK (DYHKIIIOHATY
mO06-2x [417] Ta cranmapTHOro OasucHoro Habopy cc-pVTZ (m06-2x/cc-pVTZ) [418] i
Oyna mpoanamizoBaHa 3a gormomoror mnporpamu AIM2000 [423]. Enepris BOIHEBOTO
3B'I3Ky MOXHa pO3paxyBaTH BUKOPUCTOBYIOYM KopessliiHe piBHsAHHA Ecmino3u Tta
XapaKTEPUCTHUKM KPUTUYHOI TOYKM 3B'I3Ky (3, -1) MK aToMoM TigporeHy Ta
rerepoaromMmoM [424]. Mixmonekysipauii  BogHeBui 3B’s30k N3—-H...O2 BusBHBCS
HaWUCHJIBHIIINM y BCIX JIOCHIIPKEHUX CTPYKTYpax MOPIBHSAHO 3 BOAHEBUMHU 3B s3KaMu N1—
H...O01/02. lle cniBBiaHOIIEHHS 30epiraeThcsa HaBiTh y noiaiMopdit 6MU I (tadin. 2.4), ne
BoaHeBl 3B’ 513k N1-H...O1’ yTBOpIOIOTH IEGHTPOCUMETPUYHUN quMmep. BBaxkaeTncs, 110
Ounbmia eHepris BogHeBOro 3B’s3ky N3—H...O2 e pe3ynbraroM OUIBIIO €HOJI3aLli
KapOoHUTbHOI Tpymu. CiiJ 3a3HAYWTH, MO MEHIY EHEPril0 BOJHEBOTO 3B’SI3Ky N3—
H...02’ y 6MU I nopiBasino 3 6MU Il MmoxHa mosicautu yuactio O2 y ABOX BOJHEBUX
3B’s13Kax oJIHOYacHO. bidypkauiiinuii xapakrep BoaHeBuX 3B’s13kiB N1-H...02 1 N3—

H...02’ y 6MU I nociabmtoe 06181 B3a€MO/I.
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Tabmums 2.4 MDKMOJEKYJISIpHI B3a€MOJIi, X TeOMETPUYHI XapaKTEPUCTUKHU Ta
€HEprisg BOAHEBOTO 3B 53Ky, OL[IHEHI 33 XapaKTEPUCTUKAMH KPUTUYHOI TOYKH 3B 53Ky (3,-

1) B pamkax ananizy AIM y nonimopdHux kpuctaimax 6MU*

B3aemogain Cumertpis FeomeTpuUHI XapaKTepuUCTUKHK Essaem, KKAJI/MOJIb
H..A, A D-H...A, rpag, (3,-1)
6MU_I
N1-H..02 x,0.5-y,-0.5+z 1.94 168 -6.8
N3—H...02'(2) -X,-y,1-z 1.99 171 -11.4
C5-H...0Y 1+x,0.5-y,0.5+z 2.40 174 -1.7
M...T0 x-1,y,2 BiacTaHb misk nnowmHamm 3.49 A, 3cys 2.875 A
6MuU_lII
N1-H...01'(2) 1-x,-y,1-z 1.97 168 -12.4
N3-H...02'(2) 1.5-x,0.5-y,1-z 1.77 165 -22.6
C5-H...c4’ 1.5-x,0.5+y,1.5-z 2.82 170 -1.0
C5-H...C5’ 1.5-x,0.5+y,1.5-z 2.76 154 -1.0
..U x,y-1,2 BiactaHb mixk nnowmHamm 3.33 A, 3cys 2.049 A
6Mu_llI
N1-H..02 x,0.5-y,-0.5+z 191 171 -8.5
N3—H...02'(2) -X,-y,1-z 1.77 176 -21.5
C5-H..0Y 1+x,0.5-y,0.5+z 2.36 173 -1.9
...t x-1,y,z BiactaHb mixk nnowmHamm 3.49 A, 3cys 3.009 A
6MU_IV
N1A-H...02B’ -X,-0.5+y,0.5-z 2.08 173 -4.4
N3A-H...02B’ X,Y,2 2.05 173 -12.6
C5A-H...01B’ 1-x,-0.5+y,1.5-z 2.45 159 -1.6
N1B—H...02A’ X,1.5-y,-0.5+z 221 169 -2.7
C5B-H...01A’ 1+x,1.5-y,0.5+z 2.14 157 -3.8
N1C-H...01A 1+x,1.5-y,0.5+z 2.26 159 -2.3
C5C-H...02A’ X,1.5-y,-0.5+z 2.19 155 -3.3
m...1t (AB) 1-x,1-y,1-z BigcTaHb Mi naowmHamm 3.25 A, 3cyB 2.675 A

* Pospaxynku 3po6neni B nadopatopii [llumxkinoit C.B. HaykoBo-TeXHOJIOTTYHOTO

KOMILIEKca «HCTUTYT MOHOKPHCTAIIIB)
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Monekyna 6MU wMicTUTh NOMBINHI 3B'SA3KH, IO CTBOPIOE TMEPEIyMOBU IS
YTBOPEHHSI CTEKIHT B3a€MOJ1M. AHaJ3 KOPOTKUX KOHTAKTIB y MOJIMOP(PHUX CTPYKTypax
6MU_I — 6MU IV BusiBUB xapakTepHi JUIsl CTEKIHTY BIJICTaHI Ta CTYMIHb MEPEKPUTTS MIXK
cycimHiMu MoJiekyiaamu 6MU. OpHak MIDKMOJNEKYJSIpHI B3a€MOJII TaKOro THUITY OYKe

CKJIQJIHO OXapakTepusyBaTH [425, 426].

Tabmuusg 2.5 KinbkicTb MOJIEKYJI, 110 HaJeXaTh 0 MEPIIOi KOOPAUHALIWHOI cepu
6a3oBoi mosnekynmun 6MU, moBHAa eHepris B3aeMOMii MOJEKYJIH 3 yciMa cycigamu

(KKaJ/MOJIb) 1 BOJHEBUM 3B’ 130K y AMMEPI 3 HAOUIBIIIOK €HEPTri€l0 B3aeMOAIT™

[Tonimopd Kinbkicts 3aranbHa Egsacy, Jumep 3 HaHOUIBIIIO €HEPTIEI0 B3aEMOIIT
CyCiHIX aTOMIB KKaJI/MOJIb BonueBwuii 3B’ 130K Eint, Kkan/mop

6MU_I 16 -66.6 N3-H...02(2) -13.3
6MU_II 13 -67.1 N1-H...01(2) -19.3
6MU_III 14 -64.0 N3-H...02(2) -13.0
6MU_IV (A) 15 -65.6

N3-H...02(2) -13.2
6MU_IV (B) 14 -64.9

* Po3paxynku 3po6seni B nadopatopii [Humkinoit C.B. HaykoBo-Te€XHOIOTTYHOTO

KOMIIJICKCa «IHCTI/ITYT MOHOKpI/ICTaJIiB»

AHami3 eHeprii TOMapHUX B3aEMOJIA MK CYCIIHIMH MOJIEKyJaMU BpaxoBYeE
BHECOK HE JIMIIE BOJAHEBUX 3B S3KIB, 4 M CTEKIHTY Ta Hecrnenu(piyHuX B3aeMomaiil. Takui
aHaii3 € OulbIl aHaNITUYHUM Ta OO €KTMBHUM Ta JI0O3BOJISIE 3PO3YMITH POJIb
MDKMOJICKYJIIPHUX B3aEMOJIIN Pi3HUX THITIB Y (POPMYBaHHI KPUCTATIYHOT yITaKoBKH [427].
Ilepma xoopauHamiiina cdepa mojekyaun 6MU MICTUTh pi3HY KUIBKICTh CYCITHIX
MOJIEKYJl y YOTUPBOX MNodiMopdHHUX cTpykTypax (Ttabn. 2.5). Ilpu npoMy HalOLIbILY
EHEPril0 B3aeMOJii Mk 0a30BOI0 MOJIEKYJIOK Ta il MEepIIOK KOOPAUHALIMHOI ceporo
mae mnojimopdrHa crpykrypa 6MU II, ne kinmbkicTh cycifiB HaiiMeHma. Ile mokHa
MOSICHUTH HAsSBHICTIO OUIBII MIIHUX BOJAHEBUX 3B SA3KIB MIK MOJIEKyJaMH, IO

YTBOPIOIOTH IEHTPOCUMETPUYHI AuMepu y nodiMopdHii hopmi 6MU I (Tabdm. 2.5).
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Ha ocnoBi nanmx [428, 429] Taki B3aeMojlii OCHOBHOI MOJIEKYJIU 3 1i OTOYEHHSIM
J03BOJISIFOTh MPUIYCTUTH, 10 mojdiMopdHa (opma 6MU Il € HaitOimpm cTabiIBHOIO
MOPIBHSIHO 3 IHIIMUMH JOCHiIKeHUMU Gdopmamu. Po3paxyHku eHeprid TIpaTtku B
NepioANYHOMY HAOIMKEHHI JUIsl BCIX JOCIIKYBaHUX MOIIMOpGHUX (HOpPM MOKa3aiu, 110
noniMopd 6MU 11 mae HaiiHmwxkuy eHeprito rpatku. [lomimopdni ctpyktypu 6MU I,
6MU III ra 6MU IV matoTh eHeprito rpatku Bumly Ha 1,55 kkan/monb, 1,53 kkan/moinb
ta 1,67 xkai/monb, BignoBigHOo. Lli nmaHi no3Bonstorh BBaxkatu Gopmy 6MU 11
crabiapHOIO0, a hopmu 6MU I, 6MU III 1 6MU 1V cring Bu3HaTH MeTacTaOlIbHUMH.

bazoBa monekyna 6MU yTBoOproe nuile OAMH UEHTPOCUMETPUYHUN JuMep 13
HANCWJIBHIIIOK EHEPri€l0 B3a€MOJIi, aje Ledl AuMep BIIPIZHAETHCS Yy MOMIMOP(HHUX
ctpykrypax 6MU I, 6MU III, 6MU IV Ta 6MU II (tabn. 2.5). Bin mnoB’s3anuii
BosHEBHUM 3B’s13k0M N3—-H...02 y ctpykrypax 6MU I, 6MU III, 6MU IV a6o BogHEeBUM
3B’si3koM N1-H...O1 y ctpykrypi 6MU II. CripauiM BUSBWIOCH MHUTAHHS MPO T€, SKUM

HEHTPOCUMETPUYHUIN TUMeEp € HalCHIbHIIMM Yy cTpykTypl 6MU _II (Tad:d. 2.6).

Ta6mumsa 2.6 IlopiBusaaHS BogHeBuX 3B’ s3kiB N3—H...02 i N1-H...Ol1, 3naiinenux
y crpyktypt 6MU II: T'eomeTpuyHi XapakTepUCTUKH, €HEPrii B3aemonii Ta ix
KOMITOHEHTIB, po3paxoBaHi 3a gomnomoror metony LMOEDA, i eHepris BOAHEBOTO

3B’5I3KY, OLIIHEHA 32 XapaKTePUCTUKAMHU KPUTUYHOI TOUKH 3B’ 513Ky (3,- 1) B pamkax Teopii

AIM*

Boauesuii I'eomeTpuani Enepris B3aemomnii Mi>k JBOMa MOJIEKyJIaMH Ta ii Essacw,
3B’ SI30K XapaKTEPUCTUKHU KOMITOHCHTH, KKaJI/MOJIb (AIM),
H' . 'A7 D_H . 'A, EeSi EEX; Erep, EpOly Edisp, tOtal KKa‘H/MOHB
A l"pa):[ Eir‘lty
N1-H...O1 1.97 168 -21.8 -9.3 29.1 -7.3 -8.5 -17.8 -12.4
N3-H...02 1.77 165 -24.4 -18.3 53.1 -13.6 -10.9 -14.2 -22.6

* Pospaxynku 3po6sieni B nadopatopii Hlumkinoit C.B. HaykoBo-TeXHOIOTTYHOTO

KOMILIEKCa «HCTUTYT MOHOKPHCTAIIIB)

['eoMeTpuyH1 XapakTEpUCTUKK BKAa3yIOTh Ha Te, 0 BOAHEBUH 3B’ s130K N3—H...02’

€ MimHImmM 3a 3B’5130K N1-H...O1’. Ile miaTBepaxyeTbcst OIIHKOIO €HEprii BOJHEBOTO
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3B’SI3Ky 3 BUKOPUCTAHHSIM XapaKTEPUCTHUK KPUTHYHOI TOUKH 3B 53Ky (3,-1) B pamkax
aHam3zy AIM (tabn. 2.6). OpHak eHepris B3aeMOJii MK JBOMa MOJIEKYJaMu B
IIEHTPOCUMETPUYHOMY JHUMEPi, OB’ si3aHoMY 3B’ si3kamMu N3—H...O2, BusBuiacs HUKYIOO
MOPIBHSHO 3 aHAJIOTTYHUM AUMEPOM, OB’ s13aHUM ciiabummu 3B’ si3kamu N1-H...O1. o6
BUPIIIATHA II€ TPOTHPIUYs, CHeprii B3aeMmojii I JBOX JIHUMEPIB, IOB’S3aHUX IUMH
BOJIHEBHMHU 3B’s3KaMH, OyJIM po3paxoBaHi 3a jgomomoror ¢yskiioHany m06-2x [417] 3
6azucHuM HabopoM TZVp [430], a iXHI KOMIIOHEHTH OyJId MPOaHaII30BaH1 3a J0MOMOT 00
metony LMOEDA [431], peamizoBanoro B mporpamaomy nakeri GAMESS-US [432].
[leit anami3 mokaszaB, IO CWJIBHIIIUNA BOJAHEBUM 3B’SI30K MPHU3BOAUTH 10 30UIbIICHHS
€Heprii eJeKTPOCTaTUYHOI, OOMIHHOI, NOJIApU3AIIfiHOI Ta AMCIEPCIMHOI CKJIaJ0BHX
MOBHOI eHeprii B3aemoii (Tabdi. 2.6). [Ipu iboMy eHeprisi IpoCTOPOBOTO BiAIITOBXYBaHHS
3pocTae OUIBIIO MIPOIO 32 PaXyYHOK HAOJMKEHHSI MOJIEKYJI, OB’ sI3aHUX OUIbII MIITHUMU
BogHeBuMHU 3B’si3kamu N3-H...O2. Ile mpu3BoAMTH 10 3MEHIIEHHS CyMapHOi €Heprii
B3a€EMOJIIT MK JBOMa Mojekyjamu. Lleli dakt € apryMeHTOM y naBHIN cyrepeulli o0
INPUPOJIU CHEPTii, OIIHCHOI 332 XapaKTEPHCTUKAMH KPUTHUYHOI TOYKH 3B 53Ky (3,-1) Mix
aTOMOM TimporeHa Ta rerepoaromoM [433, 434]. Um me € eHepris B3aeMomili Mix
KOHTAaKTYIOUMMH aTOMaM{d YH MiX MOJIGKyJaM{ TIOB'S3aHUMH BOIHEBUM 3B'S3KOM?
[lopiBHsiHHA eHepriii BogHeBux 3B’s3kiB N3-H...O2 1 NI-H...Ol, ouinenux 3a
KPUTUYHUMU TOYKaMU 3B’513KiB (3,-1), Ta eHepriii B3aemMolii MK MOJIEKYJIaMU B JTUMEpax,
3B’SI3aHUX UMU BOJHEBUMH 3B’ si3KaMu (Ta0i1. 2.6) 103BOJISIE CTBEPIKYBATH, 1110 B paMKax
Teopii AIM po3paxoByeThCsS €HEprisi B3a€MOJii MikK JBOMAa KOHTAKTYIOUMMHU aTOMaMu, a
HE MDK JIBOMa MOJICKYJIaMH.

[{enTpocuMeTpUuHU TUMEp 3 HANUOUIBIIOK €HEPTi€0 B3a€MOJIII CIi PO3MIIsIaTh
K CKiIanHy nuMepHy OynaiBenbHy oauHHIO ([IBOo) y BCix momiMophHUX CTPYKTypax
6MU. Ilepma koopauHaiiitna chepa IbOo micTuTh HaimeHmry KiibKicTh cyciHiX JIBO;
a=1,2, 3, .., n)y crpykrypi 6MU II (Tabmuus 2.7). [lpu oMy moBHa eHepris
B3a€MO/I1i 3 YCIM OTOUYEHHSM TaKOXK € HaliMeHIIot0 B cTpykTypi 6MU 1.

Crpykrypu 6MU 1 ta 6MU _III nyxe cxoxi (puc. 2.7). OcHoBuuii JIbOo y KOXHIM
3 HAX YTBOPIOE YOTUPH PIBHOIIHHI B3aeMoii (BoaueBi 3B s3ku N1-H...02) (Tabm. 2.8). ¥

pe3ynbTaTi 1map, mnapajenbHuil KpucrtajorpadiuHii mimomuui  (100), moxe OyTH
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pPO3Mi3HAHWKN K TMEepBUHHUN 0a30Buil cTpykTypHU MoTuB BCMi. Enepris B3aemoii
JBOo 3 ycima cycigaimu 1bOi B Mexax mapy cranoBuTh -50,4 kkan y crpykrypi 6MU 1
Ta -51,2 xkan/monb y crpykrypi 6MU _III. Cycigni mapu moB’s3aHi B OCHOBHOMY CTEKIHT-
B3aeMoAis MU Ta BogHeBUMHM 3B’ si3kamu C—H...O, a eHepris B3aeMo/Iii Mk MOJIEKYJIaMH,
0 HajeXaTh JO CYCIIHIX MIapiB, MaiKe JBa pa3d MEHIIA 3a CHEprilo B3aeMOJii

BcepeuHi mapy (tabi. 2.7).

Tabmuus 2.7 Ewneprii B3zaemoxii (B kkam/mons) JIBOo 3 i#oro meprior
KOOPJMHALIWHOI0 cPeporo B MeKaxX BUABICHUX 0a30BUX CTPYKTYPHUX (PparMeHTIiB Ta MIXK

HUMH B ToJIIMOp(PHUX CTpyKkTypax 6MU*

KinbkicTh Essaen Essaen
[Monimopdua o Essaen (BCM1),
cycimHix  (3araibpHa), BCM; (BCM1/BCMa3),
¢dopma KKaJI/MOJIb
JABO KKaJI/MOJIb KKaJI/MOJIb
6MU_I 17 -105.9 layer -50.3 -27.5
6MU_II 16 -92.2 layer -54.7 -14.7
6MU_II 18 -109.1 layer -51.2 -30.0
corrugated
6MU_IV 17 -104.8 -47.8 -38.4
layer

* Po3paxynku 3po6sieni B nadopatopii Humkinoit C.B. HaykoBo-TeXHOIOTTYHOTO

KOMILIEKca «HCTUTYT MOHOKPHCTAIIIB)

Tabmuusg 2.8 Onepauii cuMmerpii, TN 3B’ 513Ky, eHeprii B3aemonii JIbOo 13 cycinamu
(Essaew, KKaJ/MOJIB) 13 HAWBUIIMMH 3HAYeHHSMHU (mMoHA® 5 % BiA 3araiabHOi eHeprii

B3a€MO/I1i) Ta BHECOK LIMX €HEPrii y 3araibHy eHeprito B3aemonii (%) y nmomimophHUx

cTpyktrypax 6MU*
Brecok y
HI/IMep . EB3a€M,
Oneparist cumeTpii 3aranbHy eHeprito  Tum B3aemogii
JBbOo-ABO:i KKaJ1/MOJIb '
B3aeMonii, %
6MU_I
ddi 1-x,1/2+y,-1/2-z -12.6 11.9 N-H...O
dd2 1-x,-1/2+y,1/2-z -12.6 11.9 N-H...O

dd3 1-x,1/2+y,1/2-z -12.6 11.9 N-H...O
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dd4 1-x,-1/2+y,-1/2-z -12.6 11.9 N-H...O
dd5 1+x,y,2 -10.2 9.6 CTEKIHT
dd6 -1+x,y,2 -10.2 9.6 CTEKIHT
6MU_II
ddl 1/2+4x,-1/2+y,z -13.7 14.9 N-H...O
dd2 -1/2+x,1/2+y,z -13.7 14.9 N-H...O
dd3 X,1+y,z -13.7 14.8 CTEKIHT
dd4 X,-1+y,z -13.7 14.8 CTEKIHT
dd5 -1/2-x,1/2+y,-1/2-z -6.1 6.6 C-H..n
ddé 1/2-x,-1/2+y,1/2-z -6.1 6.6 C-H.=n
dd7 -1/2-x,-1/2+y,-1/2-z -6.1 6.6 C-H..n
dd8 1/2-x,1/2+y,1/2-z -6.1 6.6 C-H..n
6MU_I1I
ddl 1-x,1/2+y,-1/2-z -12.8 11.7 N-H...O
dd2 1-x,-1/2+y,1/2-z -12.8 11.7 N-H...O
dd3 1-x,1/2+y,1/2-z -12.8 11.7 N-H...O
dd4 1-x,-1/2+y,-1/2-z -12.8 11.7 N-H...O
dd5 1+x,y,z -10.8 9.9 CTEKIHT
dd6 -1+x,y,2 -10.8 9.9 CTEKIHT
6MU_IV
ddl -x,1-y,1-z -14.2 13.6 CTEKIHT
dd2 X,-1/2+y,1/2-z -12.8 12.2 N-H...O
dd3 -x,1/2+y,1/2-z -12.8 12.2 N-H...O
dd4 1-x,-y,1-z -9.2 8.7 HEBAJIEHTHI
dd5 -1+x,1/2-y,-1/2+z -8.0 7.6 N-H...O
ddé 1+x,1/2-y,1/2+z -8.0 7.6 N-H...O
dd7 1-x,1-y,1-z -7.5 7.1 HEBAJIEHTHI

* Po3paxynku 3po6sieni B nadopatopii [Humkinoit C.B. HaykoBo-Te€XHOIOTTYHOTO

KOMILIeKca «|HCTUTYT MOHOKPHUCTAIIIBY

VY crpykrypt 6MU _II IBOo Takox yTBOproe yotupu aumepu 3 cycigdHimu JbO;j 3
nyxe omu3bkumu eHeprisimu (Tabmuis 2.8). Ase 111 AUMEpH He € eKBIBaJICHTHHUMHM: JiBa 3

HHMX 3B’sA3aHl BogHeBUMH 3B ’s3kaMu N—-H...O, a mie 1Ba 3B’si3aHI CTEKIHT B3a€MOJIISIMH.
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Takum uywHOM, ImMap, mNapaneabHuil kpuctaiorpadiuniii romuni (001) 1 yTBopeHwmit
B3a€EMOJIISIMH JIBOX THIIIB, BOJHEBUM 3B’ SI3KOM 1 CTEKIHI'OM, MOXHa po3mi3HaTu sk bCM1.
Enepris B3aemonii JIbOo BcepenuHi mapy CTaHOBUTH -54,7 KKaji/MoJb, TOJI SIK €HEpris
B3a€EMOJIIT MK CYCIJHIMHM IIapaMud CTaHOBUTH Jmiie -14,7 kkan/monb. Ciig 3poouTtu
BHUCHOBOK, 1110 cTpykTypa 6MU _II Takox € mapyaroro, moaioHo mo crpykryp 6MU I ta
6MU _III, ane ueii momimopd Mae HabaraTto OUIBII aHI30TPOIHY CTPYKTYPY 3 TOUKH 30py
eHepriil B3aeMoii Mixk Mosekyiaamu (puc. 2.7, tadin. 2.7).

Y crpykrypi 6MU IV HaiicunpHIImow B3aemomiero Mixk JIBO € crekinr, skuit
BUSBHUBCSA TPOXU CHUJIBbHIIIMM, HDX BOAHEeBl 3B si3ku N—-H...O (tabn. 2.8). YTBOpeHH:
TPHOX B3A€EMOJIN 3 OJM3BKUMH EHEPrisIMU NPU3BOAUTH JI0 YIAKOBKH, sIKa € HabdaraTto
OUIBII 130TPOIMHOI0 TOPIBHSAHO 3 nodiMopduumu gopmamu 6MU 1 — 6MU III. dyxe
ropoBaHuii map, napajgeabHuil Kpucramorpadiunii mionmHi (100), MoxxkHa po3miZHATH
sk BCM:1 y ctpykrypi 6MU 1V (puc. 2.7), ane eneprii B3aemoii JIbOo 3 #oro cycimamu B
npomy mapi ta 3 JIbOi, 1mo Hanexatb 10 CyCiaHIX mapiB, Ayke 0nu3bki. (Tabmuus 2.7).

[TopiBHSHHA CTPYKTYp 1 yMOB KpucTanizauii Bcix nommopdis 6MU nokasano aeski
3aKOHOMIPHOCTI, K1 CIIOCTEpITaiuCA paHillie JJig KPUCTATIB, OTPUMAHUX B pe3yJbTaTi
KIHETUYHO a00 TEepMOJAMHAMIYHO KOHTPOJILOBAHOTO Mpollecy Kpuctamizarii [429, 435].
Kpucranizaiiss B HEpiBHOBaXHUX YMOBax (IepeMILIyBaHHS pO3YMHY abo0 cyOmimaris 3
TBEPAOi PEYOBMHHU) TMPUZBOAUTH 10 KPUCTATIB 3 MEHIIOK NIUIHHICTIO Ta OUIBII
130TPOIMHOI0 €Hepriero B3aeMoAld MiK Mojekynamu (ctpykrypu 6MU I, 6MU III Ta
6MU V). TloBinpHa KpuCTami3allis 3 pO3YMHY B YMOBaX HABKOJHWITHHOTO CEPEIOBHUIIA
OPU3BOAUTH JO KPUCTAIIYHOI CTPYKTYpH 3 OUIBII BHCOKOIO WIUIBHICTIO Ta OUIBII

aHI30TPONHUMHU €HEprisiMU B3aeMoii (cTpykrypa 6MU _II).
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6MU_| 6MU_II

6MU_III 6MU_IV
Pucynok 2.7 VnakoBka 6MU y BUTISAII MOJIEKYJ Ta €HEPreTUYHO-BEKTOPHUX
niarpam /IBO (dioseroBum) y mocaimxyBanux nommoppuux ¢opmax. lapu BuauieHi

3CJICHUM KOJBbOPOM.

Cning 3a3HauuTH, 10 MeractabuibHUM mnomiMopd O6MU I BUKOPUCTOBYETHCS Y
dbapmareBTUYHIN MPOMUCIOBOCTI, a Bl HOBI MeTacTabuibhi popmu 6MU 11l Ta 6MU IV
MOXYTh YTBOPIOBATHUCS B TEXHOJOTIYHOMY TMIPOIECi 3a PAaXyHOK TeMIEepaTypHUX
BiIXWJICHb. TOMY TIUTAHHS PO iX MOBEIIHKY MPU MEXaHIYHOMY BIUTHBI a00 THCKY Mae
BEJIMKE TMpaKTUYHE 3HAa4YeHHS. J|JIs OIMIHKM MOXKIMBOCTI MOMIMOP(HOTO MEPEeXony HUX
METacTaOUIbHUX MOJIMOPPHUX (OpPM i 30BHIIIHIM BIUIMBOM 3aCTOCOBAHO METO,
3anponioHoBaHuil panime [436 - 438]. Pe3synpTaTé AOCHIIPKEHHS €HEPrid MOMapHHUX
B3a€EMOJIIA B MeTacTabUIbHUX MNOJIMOPGHUX (opmMax MOXYTh OyTH BHUKOPUCTaHI st
BU3HAYCHHSI MOKJIMBOTO NUISAXY JeopMaltii KpECTAIYHOT CTPYKTYPH. Y Ci Il CTPYKTYPH €
mapyBaTuMu, e eHeprii Bzaemomii mik JbO B Mexax miapy BHCOKI, a B3a€MOIi MIXK
mapamu ciabki. ToMy MoXHa TPUNYCTUTH, 110 OAWH IIap MOXe OyTH 3MINIEHUN IO

BITHOIIIEHHIO IO CYCITHBOTO B Pe3yJbTaTi MEXaHIYHOTO BIUIMBY a00 THUCKY Ha KpHCTal.
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3MIIEHHS CYCIIHIX IIapiB MOXHAa MOJIEIIOBATH 3a JIOTIOMOI'OK CHUCTEMH, ¢ (parMeHT
apy BIAIrpae posib HEPYyXoMoi yacTuHu, a oguH JbO, mo HanexuTh CyClIHbOMY LIaApY,
BUCTyNae SK pyxoma dvactuHa. Morekyna 6MU e koHdopmaiiiiHO KOpPCTKOIO, IO
J03BOJISIE BUKOPUCTOBYBAaTH MOJIENb >KOPCTKOTO Tila. 3MIMIEHHS PYyXOMOI YacTUHHU IO
BiJTHOIICHHIO 70 HEPYXOMOI YACTHUHU 3 3aJ]aHUM KPOKOM MOJICIIIOE MOKIIUBY JiehOpMaIIito
CTpyKTypHu. JlJis OLIHKA HMOBIPHOCTI I[LOTO MPOIECY AOCTATHRO Ha TMEpIIOMY eTari
BUMIPSTHU B KOXKHIN TOYI HAWOIMXK41 BIJICTaH1 M1’ aTOMaMH, 110 HaJIeXaTh JO HEPYXOMOT
Ta PyXOMOi 4aCTHH MOJENbHOI cuctemu. Li BificTaHi ciijf MOPiBHIOBAaTH 3 CyMaMH BaH-
JIep-BaaJIbCOBUX paJiyciB BIAMOBIAHMX aTOMIB, 00 BpaxyBaTh MPUPOAY HANOIMKUMX
atomiB. [lapamerp O, po3paxoBaHUU SIK PIZHMISL MIX HAWKOPOTILOK BIJCTAHHIO Ta
BIJIMOBITHOIO CYMOIO pajiyciB Ban-aep-Baanbca nijg yac nepemilieHHs] pyXOMOi YaCTUHU

BIJTHOCHO HEPYXOMO1, MOYKHA BUKOPUCTOBYBATH i o0y 108U 2D kapt (puc. 2.8).

Pucynok 2.8 Kaptu & (A), mo BMHMKAIOTH Tl 4Yac 3CyBy JMMEPHOI PyXOMOI
YaCTHHHU BIJHOCHO Hepyxomoi dyactwHH B riomuHi (100) (HampsMKH 3CyBY MOKa3aHO
ocsiMH) y MeTacTabuibHux mnoiiMopduux kpuctanmax 6MU 1 (miBopyu), 6MU III ( B

uentpi) 1 6MU_IV (mpaBopyy)

Taki nBoBUMIpHI KapTu, MOOyHOBaHI AJig 3MIIIEHb Y3J0BXK KpUCTANIOrpadiyHOi
wiouHu (100) y MeractabunbHux crpykrypax 6MU I, 6MU 1T Ta 6MU IV (puc. 2.8),
YITKO TOKa3yloTh, IO Oyab-sika aedopmariiss AOCTIHKYBAHUX KPUCTATIYHUX CTPYKTYP
NPU3BOJIUTH 10 3HAYHOTO CKOPOUYEHHS BiJICTAaHEH MK HaWOMDKYMMH aToMaMH, IO
HaJIeXKaTh MOJIEKYJIaM PyXOMOi Ta HEPYXOMOi YaCTHH MOJEJIbHOI CUCTEMH, 110 BUKJIHKAE

MOSIBY CUJIBHOTO BIIITOBXYBaHHA. Y pe3yibTaTi Oyab-skuil momiMopdHuil mepexia 6e3
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BTPATU KPHUCTAJIIYHOCTI BUIVISIIa€ HEMOXJIMBUM. TakuM 4YMHOM, MOXXHa 3pOOUTH
BHUCHOBOK, 110 MeTacTalinbHi noiiMopdHi popmu 6MU MaroTh OyTH CTIKUMU 10 Oyb-

SIKAX 30BHIIIHIX BIUIUBIB Y TEXHOJOTTYHOMY ITPOIIECI.
2.7 KpucraJgizauisi Ta 3acod0u BuMiproBanHs nojgimopgpuux ¢gopm 6MU

Mamepianu ma kpucmanizayis

6-MeTuinypanuia BUKOPUCTOBYBaBCS BUPOOHHIITBA (apMmaneBTUYHO1 Kommanii AT
«®apmak». Bukopucrani po3unHHUKH OyiM npuadaHi y Sigma 1 Majld aHaJIITUYHY SKICTb.
6MU kpucramizyBaii 3 pIi3HUX PO3ZYMHHUKIB (METAHOJ], €TaHOJ, 130MPOIMIIOBHIA,
130aMUIOBUH CIIUPT, alleTOHITpUI, Bojaa, erunanerar, J[M®, [IMCO). KoxeH po3dyMHHUK
(10 mu1) BUKOpUCTOBYBaIM Jjisi po3unHeHHs 3pazka 6MU (20 mr). Cymimni 3minryBaiy i
HarpiBaJid JI0 OTPUMAHHS TMPO30PUX PO3YMHIB. PO3UMHHM TOBUIHLHO OXOJOMKYBAIH 1
3aMIIANM [ TIOBUJIBHOTO BUIIAPOBYBaHHS MpH KIMHATHIM Temmeparypi. Kpucranu,
OpUAATHI JUIsl PEeHTreHAN(PPAKIIAHOTO aHami3y, Oyiau OTpHMaHl uepe3 KUIbKa JHIB
BIJIMOBIAHO JIO IIIBUKOCTI BUTIAPOBYBAHHS BIJIITOBIIHOTO PO3YMHHUKA.

BukopucroByBaiv TakoXX KpUCTaji3allilo 3a paxyHOK cyOJimalii 3pa3ka Kpucrana.
3pazok 6MU mowmimand B TEPMOCTIMKUN CTaKaH, HAKPUTUH MPEAMETHHM CKIIOM, 1
HarpiBasii. Ha BHyTpillIHIM CTOpPOHI MPEAMETHOrO ckjia Oyid OTpUMaHi KPUCTaJIH,
OPUIATHI ISl PEHTT€HIBCHKOTO JOCIIKEHHS.

Penmezeniecoka ougppaxuia monokpucmaie

PeHTreHoCTpyKTypHE TOCHIIKEHHS MOHOKPHUCTANIIB MPOBOAWINA Ha AUPPAKTOMETPI
“Xcalibur-3” (rpaditoBe MoHOXpOoMOBaHe BumpomiHtoBaHHI MoK, (A = 0,71073), CCD
JETEKTOp, ®-CKaHyBaHHs). CTpyKTypHu Oyiu po3mu(poBaHi IpsIMUM METOJOM 1 YTOUHEHI
BigHOCHO F2 B aHi30TpOnHOMy HaGIMKEHHI IS BCiX HEBOJHEBHMX ATOMIB 3a JOIIOMOTOKO
naketa nporpam OLEX2 [439] 3 moaynamu SHELXT [440] 1 SHELXL [441]. MaTpuns
NBIMHUKYBaHHS y cTpykTypi 6MU 1V BusiBieHa 3a nonomoroto npoueaypu TwinRotMat
y PLATON [442]. ]IBa nBITHUKOBI KOMIIOHEHTH CTPYKTYypH IIOB’si3aHI OOEpTaHHAM
HABKOJIO OCI JPYTroro MOpsAKY, iX CHiBBIAHOIICHHS 3rigHo yrouHeHHs 0,783(1):0,217(1).
JIoBX)UWHU 3B’SI3KIB Y HEBMOPsIKOBaH1 Mosiekyni 6MU, 3nalineniit y noximopdi 1V, Oynu

oomesxeni 3HaueHHaAMH 1,372 A s 38°s3ky Csp?(=0)-N, 1,362 A mna 38°s3xy Csp>-N,
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1,337 A s 38’s3ky Csp?=Csp?. Atomu rifjporeHa Oyiu BHSBJIEHI 3 Pi3HUIEBHX KapT
€JIEeKTPOHHOI TYCTHMHHM, a 3B’s3aHl 3 atoMamu N OyJd YTOYHEHI B 130TPOIHOMY
HaOmmwkenHi B crpykrypax 6MU I, 6MU II, 6MU III. [lo3umii aromiB TimporeHa B
rpynax CH 1 CHs y BciX AOCHIIKYBaHHMX CTPYKTypax, a Takox rpyn NH y cTpykrypi
6MU IV Oynu yTO4HEHI 3a JOMOMOTOI0 MOJENl BEpIITHUKA, 3 MapaMeTpaMH TEIUIOBHX
KOJIMBaHb, po3paxoBaHUMU SIK Uiso=NUeq (n=1,5 nns metunpHOi rpynu Ta 1,2 11s iHIINX
aTOMIB).

Ilopowkosa penmezeniecoka oughpaxuis

[TopouikoBy peHtreHiBebky audpakuito (PXRD) mpoBonunu Ha MNOpOLIKOBOMY
mudpakromerpi Siemens D500 mpu kxiMHaTHIM Temmnepatypi (BunpomiHioBaHHS CuKy,
reoMmetpis bperra-bpentano, BUrHyTHil rpadiTOBUII MOHOXPOMATOp Ha MPOTUIICKHOMY
wieyi, 5<20<60°, A26=0.02°). IlouaTtkoBy 00poOKy oTpumanux peHtreHorpam PXRD
npoBoawin 3a jponomoror mnporpamu PowderX [443]. Jlns yTOyHEHHS 3a METOAOM
PirBenpaa BuxopuctoByBaiu mnporpamy FullProf&WINPLOTR [444]. ITnactuny AlO3
(NIST SRM1976) BuKOpUCTOBYBaIM SIK 30BHIIIHIN CTaHAAPT 1 A BU3HAYEHHS (DYyHKIIIT
iHCTpyMeHTalbHOTO Tipodimo. YtounenHs PXRD-moxem 3a meromom PirBenbaa s
OTpUMaHHS TEMIIEpAaTypPHUX CITIBBIHOIICHh PO3MIpIB KOMIPKH OyJI0O BHUKOHAHO 3
BUKOPHUCTAHHSM MOJENI TBEPAOTO Tua (sIK peanizoBaHo B mporpami FullProf) monexynu
6MU, B351TOT 3 pe3yJIbTaTiB MOHOKPUCTAJIIB.

Jughepenuyianvna cxkanyrwua xanopumempia (/{CK)

Anamiz JICK mnpoBogunum 3a gomomororo TA Instrument Q2000. 3pazox
6e3nepepBHO npoayBaiu 50 mMi/xB a30ToM (99,999 %). IIpubauzno 1-2 mr nopomky 6MU
NMOMIIIAJM B AJIIOMIHIEBY CTaHAAPTHY €MHICTh JJIS 3pa3KiB 3 KPHUIIKOIO. J[Ji1 KOXKHOTO
aHaJli3y TOTyBaJId HOBH 3pa3ok. LlIBunkicTs HarpiBanHs ctaHoBmia 5 °C/xB.

149 cnekmpockonis

[HppadepBOHI CHEKTPU NOTJIMHAHHSA B CEPEAHBOMY JlIala30Hi OyJM OTpHMaHl 3a
normomororo criektpomerpa Nicolet IS 50 (FT-IR) 3 ATR. Cnekrpodortomerp mae

anmaszuuii kpucrana ATR, KBr ceitnoposautoBau i KBr DTGS gerexrop.
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Jocnioycenna moaeKkyaapuoi cmpykmypu

OnTuMmizamio BCIX MOXJIMBUX TayToMepHux ¢opm 6MU mnpoBoaunu 3
BUKOPUCTAHHSAM Teopil GpyHkmioHany miibHocTi (DFT) 3 dyHkiionasom m06-2x [417] i
CTaHIApTHUM OasucHuM Habopom cc-pVTZ [418] (mO06-2x/cc-pVTZ). Xapakrtep
CTaIllOHAPHUX TOYOK Ha MOBEPXHI MOTEHINIHOI eHeprii OyJo MmepeBipeHO PO3paxyHKaMU
KOJIMBAJIbHUX YAaCTOT Yy TapMOHIMHOMY HAaOMMKEHHI 3 BHUKOPUCTAHHSM aHAJTITUYHHX
NOXIJTHUX APYroro MOPSAAKY Ha TOMY » PpIBHI Teopli. YcI MIHIMyMH Ha IOBEpPXHI
MOTCHIIIMHOI eHeprii He MaloTh HETaTHUBHUX YacTOT. YCl pO3paxyHKH IPOBOIWIN 3a
noromororo nmporpamu Gaussian09 [445].

AHaniz komnonenmie enepeii 63acmooit

Eneprii B3aemofiii B 1BOX LIEHTPOCUMETPUYHUX TUMEpaXx, MOB’sI3aHUX BOJHEBUMHU
3B’si3kamMu N3—H...02 a6o NI1-H...O1 y nmoximopdi 6MU I, po3paxoByBajiu METOJIOM
mO06-2x/TZVp [417, 430]. KommoHeHTH €Heprii B3aeMOJIii aHATI3yBaJId 3a JTOTIOMOTOIO
metony LMOEDA [431]. [ns 1mux po3paxyHKIB BUKOPUCTOBYBAJIOCS MPOTpaMHe
3abesneueHuss GAMESS-US [432].

Ananiz Kpucmaniunoi cmpyKkmypu 3 eHep2emuiHoi mouKu 30py

AHai3 «CHEPreTUYHOI» CTPYKTypH TPOBOIWIM 3 BHKOPHUCTAHHSM ITiJIXOIY,
3aCHOBAHOI0 HA KBAHTOBO-XIMIYHMX PO3paxyHKax €HEprii MomapHUX B3a€EMOIINA MIXK
Monekynamu [446, 447]. BianoBimHo 10 1mporo wmeroay Mojekyiaa (MBO) ab6o
MIIHO3B s13aHui uMmep Mmodiekyl ([IbO) moke posrisgatvcst sik OCHOBHa Oy/liBesibHA
omuauiist (bOo) kpucramiunoi cTpykrypu. Ilepury xoopaunariiiny chepy bOo moxHa
noOyTlyBaTH 3a JIONMOMOTOI CTaHJAapTHOI mpoleaypu B mporpami Mercury [448]. Ilepmia
KoOpAWHAIIHHA cdepa BKIOYAE BCl MOJEKYIM a00 AUMEpH, Uil SIKUX BIJICTaHb MIXK
atomamu ocHoBHOro bQOg Ta ioro cumerpuuHo ekBiBajeHTHoro bOi MeHma, HiX
BiJIMOBiZHA BaH-Jep-BaalbcoBa cyMa pajiyciB mwmoc 1 A npumaiimui ans oxuiei mapu
atomiB. BunineHudt TakumM YMHOM (parMEeHT KPHUCTAIIYHOT YMaKOBKH PO3IUISIN Ha
mumepu  bOo-BOi 6e3 3minm ix reometpii. X—H-3B’s3ku 3a3BMYail BKOpOYEHI 3a
pe3yJibTaTaMu  PEHTICHIBCHKOTO  JociijpkeHHs — [449], ToMy 3a  JaHUMU
HeifTpoHOrpadiyHUX JOCIiKEHb aTOMIB BOAHIO HOopMmaiizoBaHo 1o 1,089 A nms C-H i

1,015 A gns N-H 3p’s3kiB [450]. Eneprii monapuux B3aemonit st aumepiB bOo-bOi
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OyJii po3paxoBaHi 3 BUKOPUCTAHHSAM MeToay (yHKIloHany ryctuaun B97D3 [451, 452] Ta
6azucHoro Habopy def2-TZVP [453, 454]. Yci po3paxoBaHi eHeprii OyJu CKOpUTOBaHI Ha
noxuOKy cyneprosuilii 6a3ucHoro Habopy meTtogoMm mportuBaru [455]. Bubip meromy
po3paxyHKy Oa3yBaBCs Ha MOPIBHSJILHOMY JIOCTIKEHHI TOYHOI OILIIHKM €HEepriid mapHUX
B3aeMofid [456]. Yci OAHOTOYKOBI PO3PAaXyHKH BHKOHYBAIHUCS B pPaMKax MPOTpaMu
ORCA Bepcis 3.0.3 [457]. Otpumani AaHi Bi3yasli3yBaJKCs 3a JOTIOMOTOI CHEPTeTUUHO-
BekTOopHUX jgiarpaMm (EVD), 3anpononoBanux panime [447].

Oouucnenns @ nepioOUUHOMy HAOIAUINHCEHHT

Po3paxyHOK eHepriidi KpUCTaliuHOI I'PATKU MPOBOJWIN B MEPIOJUYHUX T'PAHUYHUX
ymoBax 3a gomnomoror mnporpamu Quantum ESPRESSO [458]. 3actocoByBasim MeTon
ncesaonoreruiary PAW 3  oOmiHHO-kopenboBanuM (yHkiionanmom PBE. Eneprii
BIJICIKAHHS  IUIOCKOi  XBWJII Ta  IIUIBHICTh  €JIGKTPOHHOI  3MIHM  BIJICIKAHHS
BUKOPUCTOBYBaIHCS 5K 45 1 225 Ry ju1st BCiX po3paxyHKiB. ATOMHI KOOPJUHATH YOTUPHOX
CTPYKTyp OyJH ONTHMIi30BaHI 3a JOMOMOIO Mpoleaypu «vc-relax», BOymoBaHOi B
porpaMHe 3a0e3neueHHS.

Mooentosannsa mosrcausocmi oegpopmauii 3cygy

JIist MoJieIoBaHHsT MOKIIMBOCTI JiepopMallii 3cyBy 3 KpUCTAIIYHOT CTPYKTYpH OYJI0
BunuieHo JIbOo (pyxoma yacTuHa) Ta (PparMeHT CyCIIHBOrO Hapy (HEepyXxoMa 4acTHHA)
[437, 438]. 3mimeHHsS pyXOMOi YaCTHHHM BIiJIHOCHO HEPYXOMOI YaCTHHH Ha OJHY
KpUCTanorpapiyHy TPaHCISALII0 Y ABOX HAMpPsAMKaX y Mexax (pparMeHTa mapy npoBOAWIN
3 kpokoMm 1/100 TpaHcmsmii. Y KOXHIM TOYIll 3MIIEHHS PO3PaXxOBYBAINCS MiHIMAaJbHI
MIDKATOMHI BIJICTaHI MDK MOJIEKYJJaMH pyXOMOi Ta Hepyxomoi 4YacTuH. Pi3Huus
MDKaTOMHMX BiJICTaHEW 1 BIJMOBIAHOI cyMH pajaiyciB Bau-nep-Baanbca (mapametp 0)
BUKOPUCTOBYBAIACs JUIsl BpaxyBaHHS MPUPOJM HAMOMMKYMX aTOMIB, IO HAJIEKATh JI0

PYXOMOI Ta HEpyXOMOI YaCTHUH MOJIEJIBHOI CUCTEMMU:

dij = dij — vdW; — vdW; (2.1)

ne dij, vdWi, vdW; — Bigctans Mix aToMaMH | y pyXOMiii 4acTHHI Ta | y HEpYXOMiit

YaCTHHI Ta 1X BaH-/Iep-BaaIbCOBI PalyCH BiJIIOBIIHO.



103

3MEHILIEHHs napaMerpa & MOPIBHSAHO 3 IMOYAaTKOBOK TOUYKOK BKa3y€ Ha IOSIBY
CTEPUYHOIO BIJIITOBXYBAaHHA MIK pPYyXOMOK Ta HEPYXOMOK YaCTHHAMHM MOJEIBbHOI

CHUCTEMH, 110 YCKJIATHIOE Oyab-sKY Je(opMallito CHCTEMHU.
BucHoBku 10 po3aiiy 2

B nanomy po3nisi AOCHIIKEHO MpenapaTUBHI MIAXOMU 10 CHUHTE3Y aKTHBHOTO
dapmaneBTUYHOrO 1HTpeaieHTa — 6-MeTuinypanuiay Ta NPOMDKHHX CIOJYK. 3poOiieHa
OL[IHKAa BIJIOMHX METOAIB CHUHTE3Y Ha MPEIMET MOXIUBOCTI BUKOPUCTaHHS B
IPOMHUCIIOBUX YMOBax Ta macitaOyBanHs. [lepeBipeHi HaWOUIBIIT MEPCIIEKTUBHI YMOBU
OTPUMAaHHS IUILOBUX PEUOBUH Ta MOXIIMBICTh MAacIITaOyBaHHS XIMIYHHMX CTajiil Ta
npoueciB. BiampaipoBaHi yMOBHU JBOCTaAIMHOTO CUHTE3y 6-MeTuiypaluiy, BUXOIIYH 3
KOMEPIIIHHO JOCTYMHOI BHUXIJIHOI CHPOBHMHM — alleTOOITOBOTO ETHJIOBOTO €cTepy Ta
ceyoBrHM. Ha mepuiii crajii npoBeeHO a3e0TPOINHY BIATOHKY BOJIU 3 T€KCAHOM B SIKOCTI
pPO3YMHHUKA TpU KaTajizi mapa-TOIyCeHCYIh(OHOBOI KHCIOTOO Ta OTPUMAHO
BIJIMOBITHUHN eTUITYpeinokpoToHaT. HarpiBaHHAM eTUITypeiOKpOTOHATY 3 BOJAHHUM JIyTOM
3 HACTYIIHUM JIOAABaHHSAM [0 PEAKUIAHOI CyMIIIl COJSHOI KHCIOTH OTPUMAaHO 6-
Metunypauui. Po3poOiena Ta BipoBaiKeHa MIPOMHICIOBA TEXHOJIOT1SI CUHTE3y aKTUBHOTO
dbapmaiieBTHYHOTO 1HrpeienTa 6-Metunypamwi (Jomatox A).

PerenpHO BHBUEHO KpHUCTaliuHi ¢popmu 6-Metunypauuiy. 3HailIeHO /1Bl HOBI, HE
omwucani panimie, noiximMopdui popmu 6MU. Jlns ABOX BIZOMHUX paHillle Ta JIBOX HOBHX
nomiMophHUX MoOAM(DIKALIN AOCTIIPKEHO YMOBUM iX oTpuMmaHHs. bynoBa Bcix
nomimMoppuux  Momudikamii 6MU  0ogHO3HAYHO BCTAHOBIICHA MOHOKPHCTAIBHUM
PEHTIEHOCTPYKTYPHUM  JOCHIDKeHHsIM. OTpuMaHi  KpUCTaIidHi  (OpMH  TaKOXK
OXapakTEepU30BaHI METOJOM IOPOIIKOBOI  PEHTreHIBChbKOI  audpakiii, MeToa0M
mudepeHItianbHOI CKaHy4oi kanopumeTpii Ta [Y-ciekTpockorrii.

Po3paxyHku momapHUX B3a€MOJIIA MiXK MOJICKYJIaMH, & TaKOXK PO3pPaxXyHKH CHEPTii
IPaTKX B MIEPIOJUIHOMY HAOIMKEHHI TTOKA3aJId, 10 HAUOUIBII CTa0IbHOO € TTosTiMopdhHa
dopma 6MU _II. BukopucroByBana y hapmarieBTuuHii mpomucioBocTi popma 6MU I Ta
HoB1 (opmu 6MU III 1 6MU IV, gKki MOXyTh yTBOPIOBATHUCA LUISIXOM CyOsiMarii, €

METacTaOUThHUMH. Y BCiX TOMMOpOHUX MOAU(IKAIIsIX HEHTPOCUMETPUYHUN IUMED,
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yTBOpEHUH JBOMa BojiHeBUMU 3B’si3kamMu N—H...O mix monekynamu 6MU, € numepHOIO
OyIIBEJIbHOIO OJIMHULICIO KPUCTAJIIYHOI CTPYKTYpH. PoO3paxyHKM mONapHUX €Heprii
B3aemoid Mk JIbO mokazanu, 1mo JOCTiKyBaHi KpUCTalidHi (OPMH MarOTh IIapyBaTy
ctpykrypy. IlopiBHsHHs eHepriii B3aemonii JbOo 3 #oro cycigamu mo mapy Ta 3
CYCIIHIMH TIIapaMu J03BOJISIE 3pOOUTH BUCHOBOK, 1110 HAHOUIhIN cTabinpHa hopma 6MU 11
Ma€e HaWOUIBII aHI3OTPOMHHUN PO3MOALT eHeprid B3aemomaiil Mk Mojekyilamu. Enepris
B3aemoli JIbOo 3 cycigamu B mapi, napaneiabHoMy Kpuctanorpadiuniii mioniusi (001),
OUTBII HIK yTpUUl TIEPEBHINYE CHEPril0 B3a€MOil 3 MOJEKyJIaMH CYCiAHBOTO IIapy.
MeractabunbHi noniMopdui popmu 6MU, oTpumaHi B OUIbII HEPIBHOBAXKHUX yMOBaxX
(mepemimnyBaHHs a0o cyOuimallisi), MalTh Habarato OUIbII aHI30TPOMHHI PO3MOILIT
eHeprii B3aemoaid Mik Mosekynamu. Enepris B3aemonii JIbOo 3 cycimamu B miapi,
napajienbHoMy Kpuctanorpadiunii miomusi (100), maiixke B 1Ba pa3u Oiiblla, HIXK 3
MOJIEKYJIaMU CYyCiIHbOTO Imapy B crpykrypax 6MU I ta 6MU III. ¥V HnHaitbinpm
HecTabuibHOMY TIostiMopd1 6MU 1V map cunbHO rogpoBanuii, a eneprii B3aemoii J1bOo
BCEPEAMHI 1Iapy Ta 3 CYCIOIHIM IapoM AyKe OJIU3bKI.

VY (dapmarieBTUUHINM TPOMHUCIOBOCTI BUKOPUCTOBYETHCS METACTa0OIbHA TOJIMOpGhHA
dopma 6MU I, a B TEXHOJOTIYHOMY MPOLECI MOXYThb YTBOPIOBAaTUCS [IBI HOBI
meractabuibHi hopmu 6MU II1 1 6MU [V, Takum 4nHOM, MOXKIIUBICTh AedopMaliii 1ux
CTPYKTYp IIiJl 30BHIIIHIM BIJTUBOM, TaKUM SIK MEXaHIYHMM TUCK 1] 4ac TabJleTyBaHHS,
OyJjia OLIHEHA 3a JIONOMOTrOK KBaHTOBO-XIMIYHOroO MojentoBaHHs. [lokazano, mo Oynb-
sgKka jaedopMailisi CTPYKTYpH TMPU3BOAWTH 10 3HAYHOTO 3MCHINEHHS BIJICTaHEW MIX
HAUOIMKYUMHU aTOMaMHM, 110 HajeXaTh J10 cyciaHiX mapiB. Llel dakt no3Bossie 3poOuTu
BUCHOBOK, W0 MeTacTtaOuibHi mnodiMopdHi Gopmu O6MU He MOXKYTh 3a3HABaTH
noJiMOPGHOTO TEPEeXOAy IMiJi 30BHINIHIM BIUIMBOM 1 MOXYTh BHUKOPHCTOBYBATHCS B
TEXHOJIOTTYHOMY TpoI1ieci 6e3 Oy Ib-IKINX 0OMEXKEHbD.

Bucnosmoro mipy noasky nadoparopii Llumkinoit C.B. HaykoBo-TeXHOJIOTTYHOTO
koMmriekca «lactutyt monokpucranisy HAHY 3a cmiBmpaifio B peHTT€HOCTPYKTYPHOMY

JOCIIKEHI MOHOKPUCTAJIIB Ta JOCIIKEH] OPOIIKOBOI PEHTI€HIBChKOI THU(paKIIii.
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Pezynomamu excnepumenmanvhux 00CniodxHceHb 0aHO20 PO30iNy HABEOEHO 8 MAKUX
nyonikayisax:

Cmammi:

1. Pymiox B.B., ®imatroB A.A., babGamxkanoBa JI.A., Arymoascekuii 10.JI.,
JleBannoBcekuii  [LA.  Po3poOka mpOMHUCIOBOI TEXHOJOTii CHHTE3y AaKTUBHOTO
dapmareBTHIHOTO IHTpemieHTa «6-MeTmnyparn [lutanas xiMii Ta XiMI9YHOT TEXHOJIOTI,
2023. B. 4(149). C. 77-82. d0i:10.32434/0321-4095-2023-149-4-77-82 daxoBe BUIAHHS
3a crnemianbHOCTAMU Ximist (102) ta XiMiuHI TexHOJOTIi Ta iHxkeHepis (161) — kareropis
“A” (makaz MOH Vxkpaimm Big 16.07.2018 Ne775), Vkpainma. XypHan muTyerhcs
HaykomeTpuuHoto 6azoro SCOPUS. Q3. Ocobucmuui 6necox 3000y6aua — auaniz
JimepamypHux odicepei, NpPOBeOeHHs eKCNePUMEHMANbHUX OO0CHI0NCEHb, OGDOPMIEHHS
pe3yibmamie, HanUCaHHs [ NOOAHHS CIMammi.

2. Shishkina S.V., Shaposhnik A.M., Dyakonenko V.V., Baumer V.M., Rudiuk
V.V., Yanchuk 1.B., Levandovskiy I A. New Polymorphic Modifications of
6-Methyluracil: An Experimental and Quantum Chemical Study. ACS Omega, 2023. Vol.
8. P. 20661-20674. doi:10.1021/acsomega.3c01231 XypHan HUTYEThCS HAYKOMETPUIHOIO
6azor0 Web of Science ta SCOPUS. Ql. Ocobucmuii snecox 3000ysaua — ananiz
nimepamyprux 0xcepei, Npo8eOeHHsI eKCNePUMEHMANbHUX O00CNi0NCeHb, OQOpMIEeHHs
pe3yrbmamie, HAanNUCAHHA Cmammi.

Te3u donosideli:

3. Shishkina S.V., Shaposhnyk A.M, Rudiuk V.V., Levandovskiy |.A. New

polymorphic modifications of 6-methyluracil: experimental and quantum chemical study

for the practical use // 64 Konwersatorium Krystalograficzne Polish Crystallographic
meeting, Wroclaw, Poland, 5-6 Jule, 2023. P. 56-57. Ocobucmuii snecox 3006ysaua —
NPOBeOeHHsI eKCNEPUMEHMANbHUX OOCAIONCEHb, 00POOKA 00epIHCAHUX pe3yIbmamis,
HANUCAHHS | NOOAHHS Me3.

4. Shaposhnyk A.M, Rudiuk V.V., Levandovskiy I.A., Baumer V.M., Shishkina
S.V. Polymorphism of 6-methyluracil / MDPI "The 2nd International Online Conference
on Crystals"”, 10-20 November, 2020. ID: sciforum-035747 Ocobucmuii snecox 3006ysaua


https://doi.org/10.1021/acsomega.3c01231
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— NPOBEOEHHs. eKCNepUMEHMANbHUX OO0CNIONHCEHb, 00pOOKA 00epAHCaHux pe3yibmamis,
HanucanHs i NOOaHHs me3.

5. Pyawk B. B., Ilamommuuk A. M., JleBanmoBcekuii 1. A., Ilumkina C. B.
HNocmimpkenHss  noaiMoppHux  Monudikami  6-metunypauuwiny. VI Mixcuapoona
KOH@hepeHyisi cmyoenmie, acnipanmie ma Moa00ux 64eHux 3 Ximii ma XiMiuHoi mexHoo2ii,
KuiB, Ykpaina, 22-23 kBitHa, 2020. C. 40. Ocobucmuii énecox 3000ysaua — npogedeHHs
eKCNePUMEHMANbHUX O0CNI0JHCEHb, 00POOKA 00epAHCAHUX pPe3)IbMmamie, HANUCAHHA |

NOOAHHA mes3.
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PO311J1 3. A®I EHICAMIYM

3.1 3araabHa ingopmanis npo cyocranuio Exicamiym

AxTuBHMI (apmaneBTHUHUN 1HTpenieHT EHicamiym BiJOMUH Ha PUHKY SK
opuriHaiabHUM BiTun3HsIHUN npenapat AT «®apmak» mif TOProBUMH HazBamMu AMi30H®
(TabneTkun), AMizoH® Makc (karcymnun), AMi30oHUUK® (CHpOMYMK), Ta 3apEECTPOBAHUI K
IpOTUBIPYCHUM JiKapchbkuit 3acid B Ykpaini, Kazaxcrani, Monromii, binopyci Ta B iHImmx
kpainax CxigHoi €pornu [459].

BuxopuctoByeThcsi CyOCTaHIlii B TOTOBHX JIKAapChKUX (opMax sSK MOXigHE
i30HIKOTHHOBOI KHCIOTH y BHUIUIAA coii Homuay. Ximiuna Ha3Ba — 4-(N-OeH3w)
aMiHOKapOoHUI-1-MeTnnnipuauHii Honua (cxema 3.1), ckopoyeHa XIMIYHA Ha3Ba —

KapOabeH3mipu I, Ha3Ba i yac tabopaTopuux gociaimkens — FAVOOA [460].

Cxema 3.1 ®opmyna Enicamiym ogumy

BcecBiTHst opranizamiss oxponu 3a0poB’st y 2019 pomi npucsoina Enicamiymy
omuny ATC-xom — JOSAXLT7 (IIpomusipycni 3acobu 015 cUCMeMHO20 SUKOPUCHAHHS]
npsamoi 0ii) 1 Bkarounaa o inaekcy ATC/DDD [461].

Cnonyky eHicamiym Hoauj Brepiie OyJio CHHTE30BaHO HayKoBIsMU Y «IHCTUTYT
dapmakonorii Ta TOKcukonorii HamionanpHoi akagemii memuuamx Hayk (HAMH)
VYkpaian» [462]. B 1997 porti enicamiymy Hoaua OyB 3apeecTpOBaHUM K HECHAPKOTUYHUN
aHAJIBI€TUK Ta JKAPO3HWKYIOUMI mpenapar. Ase BiH OUlbllle HE BHUKOPHCTOBYETHCS 3a
UMW TIOKa3aHHAMH. AMi30H® peamnizyeThCs Ha PUHKY SK MPOTUBIPYCHUHN JIKAPCHKUN

3aci0 Juis JIiKyBaHHS Ta npodutakTuku rpumny Ta I'PBI.
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Enicamiym Hoaua nposiBisie IPOTUBIPYCHY A1I0 MPOTH PI3HUX IITaMIB BIpyCY TpUITY
tunty A (HIN1, H3N2, H5N1, H7N9), Bipycy rpuny B, pecniparopHO-CHHIMTIAIBHOIO
BIpyCy, a TaKOX ITaMiB anbda-kopoHasipycy NL-63 ta Gera-koponasipycy SARS-CoV-2
Tomo. Y JOCHDKEHHSX IN Vitr0 i3 BUKOpUCTaHHSIM 1H(IKOBAaHUX BIPYCOM TIpHUITY
HOpPMAaJILHUX OpOHXOCMITeNIadbHUX KIITHH JIIOJIMHU, TMpOBeAeHUX B LmmiHOHCEKOMY
HaykoBo-nocaigHoMy 1HCTUTYTI (IITRI), Yukaro, CIIA, nmoka3aHo 3HMXEHHS BIPYCHHX
TUTPIB BHACIIJIOK 1HKYyOawii 3 eHicamiymoMm ionuaom (FAVO0A) npotsrom 24 ron Ha 3
log (8 1000 pa3). KpiMm Toro, MeTo/10M MOiMEpa3HOi JIAHIFOTOBOI peakxiiii 31 3BOPOTHOIO
TPAHCKPHUIIIEI0 BUSBICHO NMPUTHIYEHHSA eKcrpecii M-reHa Bipycy rpuily maibke Ha 2

nopsaku [463].
3.2 ETanu po3po0ku TexHo10ril oTpuMaHHs cyOctanuii Enicamiym noguay

B 1977 poui Hanunenxo B.®. Tta iH. cmiBpoOiTHHKaM KHIBCBKOro HayKoBO-
JTOCIITHOTO  1HCTUTYTy (apmakoiorii Ta TOKCHKOJOTII METOJOM  KOHJSHcAIil
130HIKOTMHOBOI KHCJIOTH 3 O€H3WJaMiHOM ©0€3 BHUKOPUCTAHHS PO3YMHHHUKIB BAAJIOCS
iHTeHCH(iKyBaTH mpolec oTpuManHs N-OeH3uIamiay 130HIKOTHHOBOI kuciaotu B 220-300
pasiB [464].

[Ti3Hime, B 1978 pomi i X aBTOPUM OTpPUMAM BIIEpIIE YETBEPTUHHI cojii N-
OCH3WITI30HIKOTUHOLIAMIy, SIKI TPOSBWIM NPOTU3aNalibHy AaKTUBHICTH [462]. 3rigHo
aBTOpCchKOro cBimonrBa [462] — derBeptuHHI coiii  N-OCH3MITI30HIKOTHHOIIAMITY
BUSBIISIIOTh B3aeMOI€l0 N-OCH3MITI30HIKOTUHOUIAMIY 3 TajoilajKiIOM MpU KUIT ATIHHI.
B skocti Tamoigankiny BUKOPUCTOBYIOTh WOAUCTHH METWUJ, OpOMHCTHIA €T abo
OpomucTuil nrHaMoiN. Peakiiito mpoBOJATh MpU BUKOPUCTAHHI HAJUIUIIKY BiJIIOBITHOTO
rasoigankiny. [pu B3aemonii N-OeH3UI130HIKOTHHOLIAMITY 3 OPOMUCTUM IIUHAMOIIOM B

SKOCT1 PO3YMHHUKA BUKOPUCTOBYIOTH O€3BOIHHIA all€TOH.
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Cxema 3.2 3aranpHa ¢hopmMyia 4eTBEpPTUHHOI colii N-OeH3UITI30HIKOTHHOLIaMITy, e R =

CH3, CoHs, CH.CH=CHCsHs; X =1 un Br [462]

Henomniku ciocoOy cuHTe3y 4eTBEPTHUHHOI coili N-OeH3MITI30HIKATUHAMITY::

- BOCBMHMKpATHHUM HAJUIMIIIOK METUJ HOJUa, 10 BeJe O BEIMKOi COO1BapTOCTI

MPOIYKTY;
- BHKOPHUCTAHHS BEJIMKOI KiJIBKOCTI JIIETHIIOBOTO €TEPY;
- BEJIMKI BUTPATH aIlETOHY Ta €TAaHOJY B mporieci nepexpuctamazarii (1:8).

IlepeBaru:

- Buxij kiHuesoro npoaykry Ha BAIHK Oinbiie va 10 %.

Ha ocHoBi Bumiesraganux po3po6ok B KHiBCbKOMY HayKOBO-OCIITHOMY 1HCTUTYTI
(dapmaxkosnorii Ta Tokcukosorii B 1984 poky Oyna po3poOsieHa MeTOAMKa OTPUMAaHHS
[3amMOeHy — BeTepuMHApHOIo Mpemnapary, U0 HNPOsSBUB MPOTU3alalbHy, aHTUOKCUAAHTHY,
aHAITETHYHY Ta JKapO3HIKYIOYYy Mifo. B pesymprari, mpm #Horo 3acTocyBaHHI
HOPMAJTI3Y€EThCS CHEPTreTUYHUN OOMiH, MOCHAOMIOEThCS CyAMHHA PEaKIlisi B OCEPEIKy
3araseHHs.

VY 1990 pori B naboparopii cunte3y KuiBcbkoro ximiko-(apManeBTUYHOTO 3aBOJY
(KX®3) im. M.B. JlomonocoBa Oyna BiampaipoBaHa TEXHOJOTiA OTpuMaHHs [3amOeHy
BIZINIOBITHO 110 J1a00OpaTOpHOTO periamMeHTy KUiBChKOro HayKOBO-IOCHITHOTO IHCTUTYTY
¢dapmakosorii Ta Tokcukonorii 1984 poky. 3rigHO JaHOrO periamMeHTy cuHTe3 [3amOeny
OpOBOJAMIM B JIBI CTajli: Ha TNEpIIi KOHJEHCYBadu 130HIKOTUHOBY KHUCJIOTY 3
OeH3unamiHoM 0e3 po3unHHUKa npu Temmepatypi 240 — 250 °C. [Ipu uboMy oTpuMyBain

NPOMDKHUNM TPOAYKT — OeH3uiamin i30HiIKoTHHOBOT kKucinotu (BAIHK). Texuiunuit
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BAIHK nepekpucranizoByBaiu 3 0eHzonry. Ha apyriit craaii 6eH3miamig 130HIKOTHHOBOT
KHUCJIOTH QJIKUTyBJIA MOJUCTUM METHUJIOM B 1300pONIIOBOMY cnupTi. CHHTE30BaHUMI
[3aM0eH mepexkpucTani3oByBaid 3 BOJHOTO 130MPOIMIJIOBOTO CHUPTY (KOHIIEHTpAIlis
criupty 90%). Texuiunuii [3amMOeH MOBTOPHO KpUCTANII3yBaly 3 BOJHOIO 130IPOITIIOBOTO
cupty (koHueHTparis cnupty 90%). 3 maTounukiB [3aMOeHy BiAraHsid BOJHUN CIUPT,
SKUW TTOBTOPHO BUKOPHUCTOBYBAIU JUIsl MIEPEKPUCTATII3AI] TEXHIYHOTO MPOIYKTY. benzomn
3 mepioi CTajii pereHepyBaiud Ta BUKOPHCTOBYBAJIM MOBTOPHO. 3aCTOCYBaHHS BEITUKHUX
KUTbKOCTEW OEH30/Iy Ta CyIIKa HAMBIPOIYKTIB poOWUIM Tpollec oTpuMaHHs [3ambOeny

TPYJOEMKHUM 1 €KOJIOTTYHO BAKKUM.

H
I
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Cxema 3.3 Cunre3 [3am0eny

B 1991 poui B nabopatopii KXP3 im. M.B. JlomoHOoCcOBa Oyiu mpoBeaeHl poOoTH
0 YJOCKOHAJIEHHIO TEXHOJIOTii oTpuMaHHs [3amOeny. Ilin dac BiATBOpPEHHS TEXHOJIOTIT
[3ambGeny B mabopatopii KX®3 im. M.B. JloMoHOcOBa Oyji0 BCTAaHOBJIEHO, IO SIKICTh
TOTOBOTO MPOIYKTY HE CTalijbHA 32 TAKUMH MOKa3HUKAMU:

- TeMIleparypa IUIaBJIEHHS - KOJMBAEeThCA B Mexax 185 — 190 °C;
- 30BHINTHINA BUTJISA — KOJIP Bl )KOBTOTO JIO CBITJIO JIUMOHHOTO;
- pH po3uuny noBunen 6ytu 3.7-4.8.

OxpiM TOrO, 3riJHO METOJIMKH BHKOPUCTOBYIOTH BEJIMKY KUIBKICTH OEH30Iy, IIO0
€KOJIOT1YHO YCKJIaTHIOBAJIO CUHTE3 [3aMOeny.

JlocainHi poOOTH 1O BAOCKOHAJIECHHIO CHHTE3Y [3aMOeHy MpoBOAUIINCH B JIEKUTBKOX
HanpsMKax:

- 3aMmiHa PO3YMHHHKA, OCH30JY, IHIIUMHU HE TOKCUYHUMHU PO3UYMHHUKAMU;
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- TIPOBEJICHHS KOHJIEHCAIIl] Ta aJIKUTYBaHHS B OUIBII M’ SIKOMY TEMIIEPAaTypPHOMY

peXUMI.

byno mnpoBeneHo psAx JOCHIKEHb IO KOHAEHCAlli 130HIKOTMHOBOI KHCJIOTH 3
OCeH3MJIaMIHOM MpU PI3HOMaHITHUX TemmeparypHux pexumax — 210 °C, 220 °C, 230 °C,
250 °C Ta B1AMOBIAHO aJIKiTyBaHHA npu Temnepatypi 40 — 50 °C.

BuBuanache MOXIHBICTH OTpUMaHHS (hapMaKOMEHHOTO MPOIYKTY CTA0UTHHOT SIKOCTI.
Jist uporo OyJio MPOBEACHO TMEpeKpucTamizalilo TexHiyHoro [3ambeny 3 90 %-ro
130MPOMNIJIOBOTO CIIUPTY Ta €TAHOIY 3 00OPOOKOI0 AKTUBOBAHUM BYTLIJISIM.

B pesynpTaTi NpoBemeHHMX IOCTIIHKEHb BJAJIOCS TOJIMIIATH HACTYIHI €Taru
TEXHOJIOTI:

- 3MIHEHO CEpEOBHINE MPOBEICHHS CHHTE3y (BUKOPHCTAHHS HE TOKCHYHOTO

PO3YHMHHHKA — 130MPOMIJIOBOTO CIUPTY 1 MOJaJIbIIIa HOTO pereHepartis);

- YJIOCKOHAJIEHO YMOBHU IIPOBEJEHHS IPOLIECIB KOHJEHCALll Ta aJKIJIyBaHHS
(mpoBeeHHsT TpPOLECIB B OUIbII M’ AKHX YMOBax), IO JAAJI0 MOXJIUBICTh
OTPUMYBATH MPOAYKT OUIBII CTAOLIBLHOT SKOCTI 32 TaKUMU TIOKa3HUKAMU SIK

TeMIieparypa IjIaBjIeHHs, BMICT OCHOBHOI pEYOBHHHU;

- p03p06neHa MaJIOBi)IXO,HHa TEXHOJIOT1s ISaM6CHy, 10 JO3BOJIMJIO ITOEOAHATH

MPOIIECH KOHJICHCAIIlT Ta aJIKUTyBaHHS B OJHY CTa/ilo;

- BBeACHO cTafmito GiHAIBHOI KpucTamizaiii 3 00poOKOI aKTHBOBAHUM

BYT1JLISIM.

[Ticns BOockoHalleHHS JabopaTOpHOI TEXHOJIOTIT oTpuMaHHS [3ambOeny, Oyia
npoBejieHa B 1992 potii gociiiHO-TTPOMUCIOBA anpoOailisi TEXHOJIOTi.
JlocmigHO-IPOMUCIIOBA TIepeBipka oTpuMaHHs [3amMOeHy mpoBoauiIacs 3a KilbKoma
HampsSMKaMH:
- JIOCII/DKEHHS MOXKJIMBOCTI MO€AHAHHA CTafll KOHAEHCAIll — alKUTyBaHHS 3

JIOJIATKOBUM OYHIIEHHSIM PO3YMHY aMiay 130HIKOTHHOBOT KMCIIOTH Ta 0€3 OYUCTKH;

- TIepeKpHcTali3allis TEXHIYHOTO MPOAYKTY 3 130MPOMIIOBOTO CIUPTY;
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- TIepeKpucTaizallis TeXHIYHOro [3aMOeHy 3 €THIIOBOTO CITUPTY;
- moJBiiiHa kpucTam3anis [3amOeny.

B uexoBux ymoBax MpOBEACHO TPHU JOCIITHO-TIPOMHUCIOBUX ampoOauii 1o
OTpUMaHHIO [3aMOeHy, MpOAYKTH ABOX omepauiii Oynu nepenani «300BeTCHAOy» s
POBEJICHHS HIMPOKOr0 BHUPOOHMYOTO JOCBITy, 4acTHHa [3amOeHy 3a pesysibTaTamMu
tpetboi JITA micnss mnpoBeneHHs MOABIMHOI mnepekpuctanizauii nepenano B KHJI
dbapmakoorii Ta TOKCUKOJIOTI1 JAJI MPOBEACHHS KIHIYHUX JTOCIHIIKEHb.

B pesynpTaTi I0CHIAHO-IIPOMUCIIOBOI TMEPEBIpKM OTpUMaHHS [3amOeny Oyiio
BCTaHOBJICHO:

- MOXJIMBICTH TIOE€THAHHS CTa 1 KOHACHCAIlIT Ta aJKiTyBaHHS,
- BHUKJIIOUCHA CTaJlisl BUILJICHHS aMify;

- MOXJMBICTh OTPUMaHHS OUIBII YHUCTOTO TMPOAYKTY TIPH  TOJABIMHIN

NepeKpucTani3alli TEXHIYHOTO MPOAYKTY;

- HEOOXIAHICTh pereHepaiii 130MPOMNUIOBOIO CHUPTY 3 MATOYHHUKIB, IO

JO3BOJIMJIO 3HAYHO 3HU3UTHU Horo BHUTpPATH,

- B TEPCTIEKTHBI IUIAHYBaJOCS HampaioBaHHsA [3aMOeHy nJis TIHMPOKHX
KIIHIYHUX ~ JIOCHIIKeHb, TOOTO OyJO0 BHU3HAHO JIOIIIBHICTH IPOJIOBXKCHHS
JOCIIKEHb 3 METOI0 OTPUMAaHHSI TOTOBOTO MPOAYKTY 3 OUIbII BUCOKUMU SIKICHUMH

ITIOKa3HHUKaMH.

B 1993 pomi Iuctutyrom dapmakomorii ta Tokcukonorii AMH Vkpainu Oys
opopmnenuit nareHT [465]. Henonikamu mnaTeHTy y MOPIBHSAHHI 3 PpO3pOOJIEHOIO
Meroaukoro [TAT “®apmak” e:

- JBOXKpaTHUM Hammumiok OeHzwiaminy (23 % 3a wmeroaukorw [IAT

“@apmax’);

- JIBOXKpaTHMM Hammwmmok wMertundomuay (10 % 3a meromukoro IIAT

“@apmax”);

- BEJIMKI BUTPATH PO3UYUHHHUKIB (AI[ETOH, €TAHOI);
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- OTpHWMaHI 3pa3ku MicTATh Ounbie qomimok BAIHK.

B 1997 poui 6yno Bnepuie otpumano Peectpauiitne nocsiguenuss Ne P/97/70/15 na
JiKapchKuil 3aci0 AMI30H y BUTIISAII JiKapchKkoi opmu: cyOcTanmist (mopomok) mo 1,0 xr
a6o0 2,0 xr y makerax.

Ha toit wac paktuuno, 3riiHO po3pobiieHoi TexHosorii BAT “dapmak”, orpuMaHHs
AMI30HY SK JIKapChKOro 3aco0y 3BOJIWIOCS 0 IEepeKpHCTalizaimii BETSPUHAPHOTO
npenapary [3am6eny 3 90 %-T0 €TUI0BOTrO CIIUPTY.

B 2001 pomi Oyna mpoBeieHa peecTpailisi AOTOBOPY BiJ BIacHUKa CBIJOITBA,
[acTuTyTy dhapmakosorii Ta Tokcukonorii AMH Ykpainu, npo nepegady mpaBa BIaCHOCTI
Ha 3HAK TOBapiB Kjiacy 5, Ha sKl 3apeecTpoBaHO 3HaK (cBigouTBO YKpainu Ne 16754)
BinkputoMy akuioHepHOMY TOBapHUCTBY “Dapmak’.

B 2006 pomi BAT “®apmax” odopmuio mareHT Ha BuUHaxij “3actocyBaHHS N-
MeTHI-4-0eH3mIKapOaMiIoNipUINHI0 HOaUIy K iHri0iTOpa Bipycy rpumy A” [466].

B 2011 pomi odopmiaeHo Mi>KHapOJHHMM TIATEHT, J€¢ JOBEACHA O-KpHUCTaJIidHa
CTPYKTypa CyOCTaHIlli Ta pO3TIANA€ThbCs CMocid OTpUMaHHA O-KPUCTAIIYHOI (opMuU
kapOaben3mipuauny [467].

Ha nanuit yac Ha 3aBomi AT “@Dapmak” orpumanHs ADI AMi3zoHy cKiIajaeThes 3
HACTYITHUX CTaJIIM:

- KOHJIeHcallil 130HIKOTHHOBOI KHCJIOTH 3 OCH3MIIAMIHOM;

- aJIKUTyBaHHS HOJAMCTUM METHIIOM;

- BUAUICHHSI TEXHIYHOTO AMI30HY;

- oTpuMaHHs (apMaKoIOTIYHOTO AMI30HY NMIISXOM mepekpuctaiizarii 3 90 %-ro
€TaHOJTY 3 BUKOPUCTAHHSIM aKTUBOBAHOTO BYT1JLJIS.

[Ipn yoMy cyOcTaHILisl BUITYCKAEThCSA BiA cepli 10 cepii BUKIIOYHO Yy BUIJISIL O-

Kkpuctaniuaoi popmu (puc. 3.1, 3.2) ta orpumana naboparopuy Hazsy FAVOOA.
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Pucynok 3.1 MonekynsipHa ctpyktypa Amizony B o-kpuctaniytiii popmi FAVOOA.

Enincoinu TennoBux KOJIMBAaHb HEBOJHEBUX aTOMIB HaBe/IEHI 3 BiporiaHicTio 50 %

Pucynox 3.2 Po3ranryBanHst MoJieKyJ B o-Kpuctaniuniit popmi FAVOOA
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3.3 Ilomyk Ta aoc/iazKeHHs1 HOBUX KpucTajgivuux ¢popm Enicamiym
3.3.1 Kpucraaizauis o-kpucrajiunoi ¢popmu Enicamiym itoquay

OCHOBHOIO 1/I€€}0 TIOLIYKY HOBHX KpucTtamiyHux ¢opm Enicamiym #oaumay
(AmizoHy) Oyma KpucTaiizalliss KOMEPIIHHO IOCTYIHOTO 3pa3ka o-popmu EHicamiym
Honuay 3 pI3HOMaHITHUX po3uMHHUKIB. Ha mowatkoBomy ertami poOOTH Hamu OyIio
JOCIIKEHO PO3YMHHICTD AMI3OHY Y BEIHKIH KUIBKOCTI PO3YMHHHKIB. Kpim
3arajJbHOBXUBAHUX Y XIMIYHINA MPOMMCIOBOCTI PO3UMHHUKIB HAMU MPUAUISIIACH 0COOIMBA
yBara HETUIIOBUM PO34YMHHMKAM (Tabi. 3.1). Bukopucratni y poOoTi pO3YMHHUKA YMOBHO
MOKHA TIOJITUTA HAa HACTYIHI KJacH: XJIOPBMICHI, €Tepu Ta €CTepH, apoMaTHU4HI
BYIJIEBOJHI, HITPWUJIM, CIHUPTH, aMIHM, KHUCIOTH Ta 1HII. 3a TEMIEPATypOr KHUIIHHS
BUKOPUCTAHO K HHU3bKO (KumiaHs npu Hkde 100 °C), Tak 1 BUCOKOKHUIUINYI (KUTIHHS
npu Buie 150 °C) po3unHHUKH. TakoK BUKOPUCTAHO PO3UYMHHHUKH 3 PI3HOIO B’ SA3KICTIO.

3pa3ku KpuctaaiyHuX (popM AMI30HY OTPUMYBAJIH 32 3arajlbHOK0 CXEMOIO:

1. Po3unHenHs cyOcTaHIIii mpy HarpiBaHHI.

2. OinbTpyBaHHS rapsiuoro pO3UUHY.

3. OcamxeHHs cyOCTaHIIi OXOJIOKEHHSIM PO3UUHY.

4, BigineHHs peYOBUHHM B1Jl BUXITHOTO PO3UHHY.

5. BunaneHHs 3ajJuIIKIB pO3YMHHUKA.

6. JlocymryBaHHS 10 TTOCTIHHOT MacH.

VYci omepauii 3 BUAUIGHHS KIHIEBUX MPOAYKTIB MPOBOAWIM MPU KIMHATHIM

TeMIIepaTypl.
3.3.1.1 Iloaimopduuii CKPUHIHT

st moniMop(HOro CKpUHIHTY HamMu OyJi0 B3SITO IMMPOKUN psJl PO3UMHHMKIB 3
METOIO JOCITIPKEHHS PO3UMHHOCTI y HUX AMi30HY. IX nepenik HaBeneHo y Tadmumi 3.1.

VYci ekcnepuMeHTH MPOBOAMIIN 32 OJIHIEI0 TUTIOBOIO METOJIMKOIO: HABAXKKY AMIZ0HY
1 MMoab (354 Mr) po3uMHsUIM MPU HAarpiBaHHI y BIANOBIIHOMY PO34YMHHMKY (1 mu1) g0

MOBHOTO po34yrHEHHS. Po3unH ¢inbTpyBamu nms 3amo0iraHHs TOTPAIUISHHS 3apOJIKIB
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KpucTaiiB a-popmu AMi3oHy y po3unH. Ha 1ibomy eTami BiJICisiHI yC1 pO3UUHHUKY (KIIacH
PO3YMHHHKIB), y SKUX AMI30H HE PO3UMHHUN B3araigi. SKI0 PO3YMHHICTH Oyja
HEJAOCTaTHA, 30UIbLIYyBaIM KUIBKICTh pPO3YMHHMKA. Jlami po3uMHM 3anuiuaid s
KpucTami3amii mpu KiIMHaTHIM Temneparypi. Jlo 3pa3kiB, y SIKMX MPOTITOM JOBIOr0 Yacy
KpUcTalizallisg He BigOyBamach, JoaaBaidu Iie 1 MMoib AMI30HY 1 MOBTOPIOBAIM ITHKIT
KpHUCTaIi3aLlli.

HamMu BcTaHOBIEHO 3aKOHOMIPHOCTI PO3YMHHOCTI AMI3OHY Yy HaBEIEHUX
PO3YHMHHHUKAX, [0 JO3BOJIMIO PO3MOIUINTH iX Ha KiacH (Tadi. 3.2).

Y tabmuui 3.3 HaBEACHO PO3UYMHHUKH, Y SAKUX AMI30H pPO3UMHSAETHCS TMPH

HarpiBaHHi, MPOTE Y JESKHUX 3 HUX CIOCTepiraiach AeCTPYKIliA Mpenapary.

Tabnuns 3.1 Po3unHHUKY, BAKOPUCTAH1 Y JOCTIKEHHI PO3UUHHOCTI AMI30HY

Ne Ha3Ba T. kum., °C
1 1,4-mutpudTop-MeTHIOSH30IT 116
2 2-(MeTUIaMiHO )eTaHOT 159
3 2-MepKanToOeTaHO 157
4 N,N-1umeTun- nponuieHIuamMin 133
5 N-MeTunmopdoain 115
6 areToH 56
7 aTeTOHITPUI 81.3
8 areToheHoH 202
9 OCH3WIOBUI CIUPT 205
10 OCH3UIXJIOPHU/T 180
11 OeH3MIIIIIaHIT 233
12 OCH3OHITPUIT 191
13 OyTaHoI 117.7
14 ramaOyTHpPOJIAKTOH 204
15 rexkcameTui-pochoTpruamis 230




16 TTIEPUH 182 (20 MM pT. CT.)
17 nexaHon-1 231
18 JMETaHOJIaMIH 217 (150 MM pT. CT.)
19 IUETUIIOKCANIaT 185
20 IUMETHIIAeTaM1] 165
21 JTUMETUIIOBHM edip AUSTUICHTIIIKOISA 160
22 TMOKCaH 101
23 CTHJICHTJTIKOJT 197
24 eTIIaneTaT 77
25 1-OyTaHon 98
26 1300y TUPOHITPHII 107
27 HOINCTOBOIHEBA KHUCI0Ta, 55% 127
28 METaHOJI 64.5
29 METHITPETOYTHIIOBUH edip 56
30 METOKCHUITPOTIAHO-2 118
31 MOHOETaHOJIaMiH 170
32 HITPOOEH301 210
33 OLITOBA KHUCJIOTA 118
34 MIPUJIUH 115
35 H-KCHJIOJN 138
36 MPOIUICHTITIKOIb 187
37 CIPKOBYTJIEIH 46
38 coJistHa kuciiora, 35% >100
39 TeTparigpodypan 66
40 TETPaMETHIICTUIICH- TUaMiH 121
41 TETPaxJIOPETUIICH 121
42 TOJIY O 111

117
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43 TpUETaHOJIaMIH 190 (5 MM prT. CT.)
44 TPUETHIIaMIH 89
45 XJIOPUCTHI METHIIEH 40
46 xjopodopm 61

Tabnuus 3.2 Po3unHHICTh AMI30HY Y PO3UMHHHKAX 3a KJacaMu

Po3uynHHMHI Majio po3uunnuii | He po3unHHmii JecTpykuis
anpoTOHHI1 aleToH apoMaTu4Hi BTOPHHHI aMiHU
KETOHU nexkaHoi-1 BYTJICBOIHI MiHEpaJIbHI1 KUCIIOTH
HITPUIH JTUETUIIOKCAIIAT raJIOreHBMICHI NEPBUHHI aMIHH
CIIUPTH JTMOKCaH eTepu
terparigpodypan | ecrepu
CIpKOBYTJICLb
TPETHHHI aMiHU

Tabnuus 3.3 Po3unHHUKY, Y SKMX AMI30H pO3YMHHUN MTPU HArpiBaHHI

Ne | HazBa Oco0.1MBOCTi PO3YNHHOCTI
1 | 2-(meTmnamiHO) €TaHOI PO3YMHHUH 3 IECTPYKIII€IO
2 | 2-MepKanToeTaHoI PO3YMHHHUM

3 | N,N-gumeTwt npomisieHauaMid | pO3YHHHUM 3 IECTPYKIII€IO
4 | alleToH HHU3bKO PO3YMHHUUI

5 | aneToHITpHUI PO3YMHHHUM

6 | amerodenon PO3YMHHUI

[/ | OEeH3WJIOBUH CIIUPT PO3UYMHHUN

8 | 6eH3mmITiaH1 PO3YMHHHUM

9 | GeHzoHiITpHUI PO3UMHHUHT




10 | 6yranon PO3YUHHUI

11 | ramaOyTUPOJIAKTOH PO3UYUHHUI

12 | rekcameTui-pochoTpuamis PO3YUHHUI

13 | rmnepun PO3YUHHUI

14 | nueranonamMiu PO3YHMHHHH 3 JECTPYKIIEI0
15 | nueTmiokcanar HHU3bKO PO3YNHHUI

16 | nuMmeTmnaneTamiz PO3UMHHUN

17 | nuokcau HHU3bKO PO3YNHHUI

18 | eTHIICHTTIKOMID PO3YMHHHUM

19 | i-Oyranon PO3YMHHHUM

20 | HoaucToBOHEBA KUCIOTA, 55% | pO3YMHHMUIA 3 AECTPYKITIEIO
21 | meTaHon PO3YMHHHUM

22 | METOKCHUTIPONIAHOJ-2 PO3YMHHUI

23 | MOHOETaHOIaMIH PO3YMHHUH 3 IECTPYKITI€FO
24 | miTpoOeH30I PO3UMHHUHT

25 | orrToBa KHCIIOTA PO3UMHHUYT

26 | mipuauH PO3UMHHUI

27 | mpOMIiNIEHTIIIKOIb PO3YMHHHI

28 | comsHa kucioTa, 35% PO3YMHHUH 3 IECTPYKITI€O
29 | TpueTaHONaMIH PO3YMHHUM 3 AECTPYKIIIEIO

119
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BceranoBneHo, 1m0 3 JIeIKUX PO3YMHHUKIB AMI30H HE KPUCTANI3YEThCS MPOTATOM
TpuBasioro uacy (3-4 TukH1), HE 3Ba)KalOud Ha HOro JIy’KE€ BHCOKY KOHILIECHTPAIIO Y
po3unHi. JIo TakuX PO3YMHHUKIB MOXHA BIJHECTH CITOJIYKH 3 BHCOKOKO B’SI3KICTIO, SIK
OpaBWIO L€ COUPTH ab0 MOJIoJNM, a TaKoX AampoTOHHI pO3YMHHUKH (Tabn. 3.4). B
JTIHACHOCTI PO3YMHHICTH AMI30HY Y IIUX PO3UMHHHKAX MOKE OyTH 3HAYHO HIKYOIO, a caMi
PO3YMHU MOXYTh OyTH MEPECHYCHUMH, aJDKE METOJMKAa HaIIUX EKCIEPUMEHTIB He
JOITyCKaia MPUMYCOBOTO OCa/KEHHS Tperapary 3 pO3unHiB.

Pozunnnukwy, 3 sskux OyJ0 ofep>KaHO KPUCTAJIU, HaBEJIeHO y Tabwii 3.5.

3 tabnuip 3.4 ta 3.5 MOkKHA 3pOOUTH BUCHOBOK, IO MOKE OyTH CTBOPEHO PIJIKHIA
JIKapChKHUI mpenapar y BUIISAL MIKCTYPH Ha OCHOBI IMPOIUICHIVIIKONIO Ta TIILEPUHY, Y

AKUX AMI30H BUCOKOPO3UMHHHM.

Tabnuns 3.4 Temnepartypa, yac TPOBEICHHS €KCIIEPUMEHTY Ta PO3ZUYUHHUKH, Y SKUX

AMi30H He BUNaAa€ 3 po3unHiB. O0’€M BCiX PO3UYMHHUKIB CTAHOBHB 1 MII.

Ne Po34uHHUK Maca Temneparypa | Temneparypa
HaBaxXKHu, mMr | 25 °C, 1io 10 °C, nio

1 2-mepkanrtoeranon | 700 14 7

2 6enszuiosuii cnupt | 700 10 5

3 OCH3MIIITIaH1T 1400 35 10

4 ramabyTtuposnakton | 700 16 3)

5 TITIEPUH 1100 30 10

6 mumetunaneramia | 1400 35 10

7 ETWJICHTJIIKOJb 1400 35 10

8 ipUAUH 350 14 7
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Tabmuis 3.5 Po3urMHHUKY Ta OCHOBHI YMOBH OJICP>KaHHS KPUCTAIIYHUX 3Pa3KiB

Ne Po3unHHuK Maca 00’em BHXi,
HABAKKH, MI' | PO3YMHHHKA, MJI %
1 aleTOHITPUIT 354 6 55
2 areTopeHOH 350 1 74
3 OCH30HITPUI 354 1 85
4 OyTaHOJ 354 4 82
5 rekcameTuiadochorpuamina 1400 1 68
6 i-OyTaHou 350 5 57
7 METaHOJI 354 1 69
8 METOKCHUITPOIIaHOJI-2 354 1 70
9 HITPOOCH30 354 1 82
10 | ouroBa KucIOTA 354 1 89
11 | mpomiNeHT KO 354 1 65

3.3.1.2 IY-cnexkTpockomnisi orpuMaHux 3pa3kiB Enicamiym oauay

[Y-criexkTpu mnoriamHaHHS 3pa3KiB BUXITHOTO AMI30HY Oyiu 3apeecTpoBaHl Ha
cniekrpomerpi Specord M-80 (B miamazoni 4000 — 200 cm?t) B Tabnerkax 3 KBr (puc. 3.3).
Hnst IY-criekTpy AMI30HY XapakTepucTuuyHUMU € konuBaHHs 1670-1640 (amig 1) 1 1570-
1540 cm? (aming II), 1290 cml, a takox 1020-960 cm™ i NH- rpyn (3340-3320 cm?),
oensonbHOro Kinbig (3100-3000, 1600-1500 Ta 900-700 cmt). Ha puc. 3.3 npeacrasieHo

[Y-cniexTp BUXiIHOTO AMI30HY.
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Pucynok 3.3 IU-cnektp Amizony (Papmak) (cmyru norimHanss: 3620, 3248, 3044,
3004, 2936, 2340, 1652, 1568, 1536, 1500, 1448, 1412, 1360, 1324, 1288, 1240, 1204,
1184, 1144, 1076, 1044, 1020, 960, 920, 860, 776, 756, 700, 628, 608, 584, 508 cm™)

B Tabnumi 3.6 moka3zaHO OCHOBHI cMyru mnoriivHaHHs B [Y-cnekTpax BHUXIJHOTO
AMi30HYy B MOPIBHSIHHI 3 JiITepaTypHUMU naHUMH [468]
Ha puc. 34 - 3.6 mpeacraBneni [Y-cektpu 3pa3kiB  AMI30HY,

NEPEKPUCTAIIZ0BAHUX 3 PI3HUX PO3YMHHUKIB, B IOPIBHSIHHI 3 BUXIJTHUM.
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Ta6muis 3.6 OcHoBHI cMyru noruHaHHs B [U-criektpax AMI30HY B MOpIBHSHHI 3

miTeparypHUME qaHuMH [468]

v, cm™
[468] Amizon (Papmak)
3240 3248
3036 3044
3000 3004
2934 2936
1661 1652
1571 1568
1538 1536
1500 1500
1290 1288
1146 1144
1075 1076
859 860
758 756
701 700
510 508
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Pucynoxk 3.4 TY-crekTpu BHXITHOTO AMI30HY Ta MEPEKPUCTATIZ0BAHOTO 3 PI3HUX
PO3YMHHUKIB: | — BUXIIHUA AMI30H, 2 - MPOMNUIEHIJIKOIb, 3 — OITOBa KHUCJIOTa, 4 —

aNeTOHITPUII, 5 — H-OyTaHOJ, 6 — METaHOJI, 7 — METOKCUTIPOIIaHOA-2, 8 — 1-OyTaHoI
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Pucynok 3.5 IY-cnekTpu BHXITHOTO AMI30HY Ta MEPEKPUCTANI30BAHOTO 3 PI3HUX
po3unHHUKIB: 1 — BuxigHUit AMi30H, 2 - OeH30HITpUI, 3 — HiTpoOeH3oi, 4 — dhochopHa

KHCJIOTa, 5 — rekcametuiidocdorpuamina, 6 — queTunokcanar, 7 — areroeHoH
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Pucynoxk 3.6 IY-criekTpu BHXITHOTO AMI30HY Ta MEPEKPUCTATIZ0BAHOTO 3 PI3HUX

po3unHHUKIB (B 061acti 1700 — 400 cmt) — HaBeneHO A1 HATIATHOCTI

JocnimpkeHHs: 3pa3kiB AMi30Hy MeTtoAoM [Y-crekTpockorii He BUSBUIIO CYTTEBOT
pi3HULll MK HUMHU (puc. 3.4-3.6), 1m0 T03BOJUIIO 3pOOUTH BHUCHOBOK IPO BIACYTHICTH
YTBOPEHHS COJIbBATIB Ta HEUYTJIMBICTh JAHOTO METOAY IS imeHTHdIKaril moaiMophHUX

MoAu(piKaIii.

3.3.1.3 PentreniBcbki audpakuiiini MeToau mpociiakeHHs 3pa3kiB Enicamiym

HOUY

B nmaHomy nocnmiiK€HHI pe3yslbTaTH PEHTreHO(]a30BOro aHaiizy OTPUMYBAIH 3a
HacTymHUX yMOB: nudpakromerp JJPOH-4-07, COUHTHISIINHTN 1€TEKTOP, MiTHUNA aHO,
L =1,54178 A, nanpyra 40 kB, cuna ctpymy 30 MA, nianason BumiproBaHb 20 = 5-60 °.
HudpakrorpaMu 3HIMAIH B TOKPOKOBOMY PEKUMI.

[IpeameToM JOCHIKEHHST PEHTreHOo(pa3oBOro aHaiizy OyB 3pa3ok AMI30HY
BUpoOHMIITBa KommaHii «®apmak» (puc. 3.7) Ta 3pa3ku, sKi Oyau OTpUMaHI 3 HBOTO

HUIIXOM MepeKpUcTali3allii 3 piI3HOMaHITHUX OpraHIYHUX PO3YMHHUKIB.
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Pucynok 3.7 Pentrenorpamu Amizony (dapmax)

MakcuManbHa 1HTEHCHBHICTH miky mnepepumimia 15 000 immynbciB. PiBenb ¢dony

cranoBuB 390+60, ToMy MiHiMaIbHA MeXKa {HTEHCHBHOCTI CTAHOBHIIA Om3bKo 2,5/390 =
50 immynbciB, abo 3.5 %. B Tabmumi 3.7 mokazaHO OCHOBHI KK PEHTTEHOTPaMH,
IHTCHCUBHICTh skux Oyna 4 % i Buie (TOOTO TMEpEBUINyBasia MOXUOKY BHUMIPIOBAHHS).
Pesynpratu anamizy mokasanau, IO PEHTTEHOTpaMa 3pa3ka Y3TOIKYEThCS 3 BiJIOMUMHU
miTepatrypHuMu gaHuMU [467]. 3pa3ok XapaKTepu3yeThCS OPTOPOMOIYHOIO CHHTOHIEIO
(mpocTopoBa rpyna P212121) Ta Mae mapameTpu enemeHTapHoi komipku 9.301(3) A,
10.885(3) A, 14.316(4) A; V = 1449.3(8) A%. Tomy B mojanbIIOMy pPeHTTEHOTPaMH Ta

no3utlli pedIeKciB CHHTE30BaHUX 3pa3KiB MOPIBHIOBAIIN 3 TAHUM 3pa3KoM AMI30HY.
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Tabmums 3.7 Ilapamerpu pediekciB B iHTepBasi KyTiB 10-50° Ha peHTreHorpami

3pazka Amizony (Papmak)

Ne 20 d, A /1100 | hkl Ne | 20 d, A /oo | hkl
1. 10.20 8.6645 10 011 32.| 31.24 | 2.8606 6 230
2. 11.34 7.7994 17 101 33.| 31.40 2.8468 7 124
3. 12.36 7.1578 16 002 34.| 31.42 2.8449 6 302
4, 12.51 7.0710 7 110 35.| 31.47 2.8408 7 223
5. 13.96 6.3398 9 111 36.| 32.30 | 2.7689 5 015
6. 14.80 5.9805 4 012 37.| 32.43 2.7582 6 133
7. 15.61 5.6725 4 102 38.| 32.89 2.7211 5 040
8. 17.42 5.0871 4 021 39.| 33.49 2.6733 4 041
9. 17.62 5.0304 32 112 40.| 33.71 2.6563 5 232
10. 18.88 4.6972 6 120 41.| 33.83 2.6474 7 321
11. 19.07 4.6505 4 200 42.| 34.89 2.5693 7 141
12. 19.88 4.4631 100 121 43.| 35.26 2.5435 5 042
13. | 20.30 4.3703 53 013 44, 35.58 2.5212 7 322
14. | 20.48 4.3323 7 022 45,1 36.54 | 2.4574 7 134
15. | 20.75 4.2765 55 210 46.| 36.73 2.4448 4 125
16. | 20.91 4.2457 4 103 47.| 37.67 2.3859 5 006
17. 21.67 4.0976 24 211 48.| 37.78 2.3792 4 215
18. | 22.46 3.9554 11 113 49.| 38.38 | 2.3433 6 304
19. | 22.62 3.9271 46 122 50.| 38.68 2.3257 6 331
20. | 22.78 3.8997 16 202 51.| 39.60 2.2739 9 410
21. | 24.22 3.6712 6 212 52.| 39.84 | 2.2607 4 116
22. | 25.17 3.5355 40 220 53.| 40.09 2.2476 6 035
23. | 2594 3.4324 6 221 54.| 4194 | 2.1523 5 324
24. | 26.61 3.3475 30 123 55.| 43.25 2.0903 5 403
25. | 27.92 3.1932 31 114 56.| 46.12 1.9664 5 342
26. | 27.99 3.1847 40 213 57.| 46.50 1.9513 7 423
27. | 29.19 3.0565 32 132 58.| 46.86 1.9371 5 153
28. | 30.60 2.9191 19 311 59.| 48.38 1.8798 4 343
29. | 30.94 2.8882 5 033 60.| 48.51 1.8751 5 127
Ha puc. 3.8 — 3.20 mHaBeaeHi peHTreHOrpaMHu  3pa3KiB  AMI30HY,

MEPEKPUCTANI30BAHUX 3 PI3HUX PO3YMHHHKIB, y TOPIBHAHHI 3 €TaJOHHUM 3Pa3KoM

Awmizony (dapmak).
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Pucynox 3.8 Penrrenorpamu eramonHoro 3paska Awmizony (®dapmak) (1) Ta

MEePEKPUCTAIII30BAHOTO 3 OI[TOBOT KUCIIOTH (2)

[To3u1ii BCix MmiKiB OTPUMAHOTO 3pa3ka, MEePEeKPUCTATI30BAHOTO 3 OI[TOBOI KUCIIOTH,
3 MO3ULISIMH MIKIB €TAJIOHHOTO 3pa3ka AMI30HY, a IHTEHCUBHOCTI JICIIO BiAPIZHSAIOTHCS.
OTpuMaHMil 3pa30K XapaKTEPU3YETHCSI OPTOPOMOIYHOIO CHUHTOHIEID Ta Ma€ MapameTpu

enemenTaproi komipku 9.26(1) A, 10.85(1) A, 14.26(1) A; V = 1432(2) A3,
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Tabmums 3.8 Ilapamerpu pediekciB B iHTepBayi KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTATI30BAHOTO 3 OIITOBOT KUCIIOTH

Ne | 20 d, A 1/1100 Ne | 20 d, A 1/1100
1. | 10.24 8.6336 4 24.| 31.56 | 2.8329 6
2. | 11.38 7.7673 35 25.| 31.59 | 2.8298 6
3. | 12.40 7.1318 5 26.| 32.64 | 2.7410 4
4, | 12.56 7.0428 4 27.| 32.73 | 2.7340 13
5. | 17.68 5.0112 35 28.| 32.82 | 2.7263 21
6. | 18.95 4.6797 10 29.| 33.01 | 2.7115 9
7. | 19.15 4.6304 38 30.| 35.62 | 2.5183 4
8. | 19.95 4.4465 54 31.| 35.73 | 2.5110 14
9. | 20.38 4.3545 9 32.| 38.44 | 2.3398 4
10.| 20.84 4.2585 36 33.| 38.50 | 2.3365 5
11.| 21.76 4.0806 11 34.| 38.54 | 2.3339 10
12.| 22.55 3.9406 7 35.] 38.85 | 2.3164 14
13.| 22.71 3.9126 26 36.| 38.98 | 2.3090 5
14.| 22.88 3.8836 36 37.| 39.40 | 2.2853 5
15.| 25.27 3.5214 10 38.| 39.46 | 2.2817 5
16.| 26.71 3.3352 11 39.| 39.78 | 2.2642 16
17.| 26.85 3.3172 25 40. | 41.82 | 2.1580 4
18.| 28.02 3.1814 53 41. | 42.12 | 2.1438 5
19.| 28.11 3.1722 100 42.| 43.27 | 2.0893 5
20.| 28.24 3.1575 7 43. | 43.44 | 2.0815 17
21.] 29.30 3.0453 13 44. | 43.57 | 2.0757 6
22.| 30.73 2.9067 30 45.| 46.31 | 1.9588 4
23.] 31.52 2.8363 4 46. | 46.70 | 1.9433 11
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Pucynox 3.9 Pentrenorpamu eramonHoro 3paska Awmizony (Pdapmak) (1) Ta

MEePEKPUCTAIII30BAHOTO 3 METAHOIY (2)

[To3umii BCIX TIKIB OTPUMAHOTO 3pa3ka, MEPEKPUCTATIZ0BAHOTO 3 METAHOIY,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTepU3YETHCS OPTOPOMOIYHOIO CUHTOHIEO Ta Ma€
napameTpu enemeHtapHoi komipku 9.281(3) A, 10.869(4) A, 14.277(5) A; V = 1440.2(9)
A3,
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Tabmums 3.9 Ilapamerpu pediekciB B iHTepBasi KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTAII30BAHOTO 3 METAHOTY

Ne | 20 d, A /1100 Ne | 20 d, A 1/1100
1. | 10.22 | 8.6479 4 25.| 28.06 | 3.1774 | 29
2. | 11.36 | 7.7817 9 26.| 29.25 | 3.0511 | 28
3. | 1239 | 7.1384 10 27.1 30.67 | 29131 | 25
4. | 1253 | 7.0582 7 28.| 31.00 | 2.8826 6
5. | 13.99 | 6.3272 8 29.| 31.30 | 2.8557 8
6. | 14.84 | 5.9666 10 30.| 31.47 | 2.8402 5
7. | 16.30 | 5.4343 4 31.| 3149 | 2.8387 5
8. | 17.66 | 5.0190 23 32.| 31.54 | 2.8347 5
9. | 1891 | 4.6897 8 33.1 3239 | 2.7616 5
10.| 19.11 | 4.6408 4 34.| 3250 | 2.7529 7
11.] 1991 | 4.4554 | 100 35.1 3294 | 2.7172 7
12.] 20.36 | 4.3594 38 36. | 33.55 | 2.6693 7
13.] 20.52 | 4.3239 5 37.] 33.78 | 2.6514 5
14.] 20.80 | 4.2680 32 38.| 33.90 | 2.6422 5
15.| 21.72 | 4.0892 15 39.| 3436 | 2.6077 6
16.| 22.52 | 3.9458 S) 40.| 34.95 | 2.5653 11
17.| 22.67 | 3.9195 19 41.] 35.32 | 2.5394 4
18.| 22.84 | 3.8908 19 42.| 35.65 | 2.5161 4
19.] 2522 | 3.52901 22 43.| 36.62 | 2.4522 7
20.| 25.99 | 3.4260 4 44.| 38.48 | 2.3378 5
21.| 26.67 | 3.3403 10 45.] 38.76 | 2.3214 | 10
22.| 26.81 | 3.3225 14 46.| 38.89 | 2.3138 4
23.| 27.59 | 3.2306 10 47.1 39.69 | 2.2693 7
24.| 27.99 | 3.1851 20
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Pucynox 3.10 Pentrenorpamm etanoHHoro 3paska Awmizony (®Papmax) (1) Ta

NePEKPUCTAIII30BAHOTO 3 H-OyTaHOIy (2)

[To3umii BCiX MiKiB OTPUMAHOTO 3pa3ka, MEPEeKPHUCTAII30BaHOTO 3 H-OyTaHOIY,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTEPU3YETHCS OPTOPOMOTYHOIO CHHTOHIEIO Ta MA€
napamMeTpu enemMeHTapHoi komipku 9.282(6) A, 10.867(7) A, 14.296(9) A; V = 1442(1)
A3,
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Ta6mus 3.10 ITapamerpu pedrekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTAII30BAHOIO 3 H-OyTaHOILY

Ne | 20 d, A /1100 Ne | 20 d, A 1/1100
1. | 11.36 | 7.7851 9 20.| 28.04 | 3.1793 27
2. | 12.37 7.1480 10 21.| 29.24 | 3.0515 12
3. | 1253 | 7.0579 4 22.] 30.66 | 2.9133 27
4. | 13.98 | 6.3287 3) 23.| 30.98 | 2.8838 4
5. | 17.65 | 5.0222 19 24, 31.30 | 2.8555 4
6. | 1891 | 4.6892 7 25.| 3145 | 2.8425 3)
7. | 1911 | 4.6410 25 26.| 3148 | 2.8394 4
8. | 1991 | 4.4556 55 27.| 31.52 | 2.8360 3)
9. | 20.33 | 4.3642 42 28.| 32.35 | 2.7651 11
10.| 20.80 | 4.2681 6 29.| 3249 | 2.7539 11
11.| 21.71 | 4.0897 | 100 30.| 3294 | 2.7168 5
12.| 22.49 | 3.9494 6 31.| 33.90 | 2.6424 4
13.| 22.66 | 3.9208 25 32.] 35.65 | 2.5165 5
14.| 22.83 | 3.8925 10 33.] 36.59 | 2.4536 4
15.| 25.22 3.5290 15 34.| 37.84 | 2.3754 4
16.| 26.65 | 3.3424 26 35.| 3841 | 2.3417 4
17.] 26.79 | 3.3248 27 36.| 38.45 | 2.3392 9
18.| 27.58 | 3.2311 4 37.| 38.76 | 2.3214 8
19.| 27.96 | 3.1885 20 38.| 39.68 | 2.2694 7
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Pucynox 3.11 Pentrenorpamm etanoHHoro 3paska Awmizony (®Papmak) (1) Ta

MePEKPUCTAIII30BAHOTO 3 130-0yTaHouy (2)

[To3umii BCiX MIKIB OTPUMAHOTO 3pa3ka, MEPEeKPUCTaTi30BAHOTO 3 130-OyTaHOIY,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTepU3yEThCS OPTOPOMOIYHOIO CUHTOHIEIO Ta MA€
napamMeTpH eneMeHTapHoi komipku 9.289(3) A, 10.878(4) A, 14.303(4) A; V = 1445.3(8)
A3,
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Ta6muns 3.11 [Napamerpu pediiekciB B inTepBaii kyTiB 10-50° Ha peHTreHorpami

3pazka AMi30HY, IEPEKPUCTAII30BAHOTO 3 130-0yTaHOTY

No 20 d, A 1/1100 No 20 d, A /1100
1. | 10.21 8.6584 6 26.| 29.22 3.0542 29
2. | 11.35 7.7905 11 27.| 30.64 2.9156 15
3. | 12.37 7.1517 14 28.| 30.96 2.8861 5
4. 1 1252 7.0640 7 29.| 31.27 2.8581 6
5. | 13.97 6.3337 7 30.| 31.42 2.8444 6
6. | 17.63 5.0257 28 31.| 31.46 2.8415 6
7. | 18.89 4.6936 7 32.| 31.50 2.8381 7
8. | 19.09 4.6446 5 33.| 32.33 2.7666 6
9. ] 19.89 4.4596 100 34.| 32.46 2.7562 7
10.| 20.32 4.3668 46 35.| 3291 2.7195 4
11.] 20.50 4.3292 5 36.| 33.52 2.6716 4
12.| 20.78 4.2715 36 37.| 33.74 2.6540 4
13.| 20.93 4.2417 4 38.| 33.87 2.6445 5
14.| 21.70 4.0929 20 39.| 34.33 2.6099 4
15.| 22.48 3.9519 12 40.| 34.92 2.5675 8
16.| 22.64 3.9240 46 41.| 35.28 2.5419 4
17.| 22.81 3.8952 16 42.| 35.62 2.5185 6
18.| 24.25 3.6672 5 43.| 36.56 2.4555 8
19.| 25.19 3.5320 18 44.| 36.76 2.4427 4
20.| 25.96 3.4290 4 45.| 37.70 2.3839 5
21.| 26.63 3.3448 13 46.| 37.82 2.3769 5
22.| 26.77 3.3269 20 47.| 38.43 2.3408 5
23.| 27.56 3.2340 5 48.| 38.72 2.3234 8
24.| 27.94 3.1904 25 49.| 39.65 2.2711 9
25.| 28.02 3.1815 34
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Pucynox 3.12 Pentrenorpamm etanioHHOTO 3pa3ka Awmizony (®Papmak) (1) Ta

IEPEKPUCTATI30BAHOTO 3 METOKCHUIIPOIaHoay-2 (2)

[To3umii  Bcix  MWIKIB ~ OTPUMAHOTO  3pa3ka,  MEPEeKPHUCTAI30BAaHOTO 3
METOKCHUIIPOIMAHOY, CHIBIAJAI0Th 3 MO3MUIISIMU MIKIB €TAJIOHHOrO 3pa3ka AMI30HY, a
IHTEHCUBHOCTI ~ JICIIO  BIAPI3HSOThCS.  OTpuUMaHUM  3pa30K  XapaKTEePU3YEThCS
OPTOPOMOIYHOI0 CHHTOHI€I0 Ta Mae MHapaMeTpu enemeHTapHoi komipku 9.32(1) A,

10.85(1) A, 14.24(1) A; V = 1439(3) A3,



138

Ta6mus 3.12 ITapametrpu pediekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTATI30BAHOTO 3 METOKCUITPOTIAHOITY

Ne 20 d, A /1100 Ne 20 d, A 1/1100
1. | 10.24 8.6297 4 24.| 31.06 | 2.8766 9
2. | 11.34 7.7960 15 25.| 31.29 | 2.8565 5
3. | 12.42 7.1197 15 26.| 31.53 | 2.8351 7
4. | 12.51 7.0679 17 27.| 32.48 | 2.7546 5
5. | 13.98 6.3309 27 28.| 32.55 | 2.7485 9
6. | 14.87 5.9524 20 29.| 33.78 | 2.6511 4
7. | 17.67 5.0160 37 30.| 33.82 | 2.6480 8
8. | 18.92 4.6877 6 31.| 35.00 | 2.5616 14
9. | 19.92 4.4527 26 32.| 35.35 | 2.5369 7
10.| 20.41 4.3485 9 33.| 35.39 | 2.5346 12
11.| 20.74 4.2803 6 34.| 36.90 | 2.4339 4
12.| 21.66 4.0991 15 35.| 38.71 | 2.3244 11
13.| 22.55 3.9404 17 36.| 38.91 | 2.3128 8
14.| 22.69 3.9153 100 37.| 3954 | 2.2772 4
15.] 22.79 3.8980 23 38.| 40.04 | 2.2498 4
16.| 24.24 3.6684 5 39.| 40.28 | 2.2374 5
17.| 25.18 3.5340 5 40. | 41.47 | 2.1755 4
18.| 26.71 3.3353 9 41.| 4150 | 2.1743 22
19.| 26.79 3.3246 11 42. | 41.60 | 2.1690 8
20.| 28.04 3.1794 19 43.| 42.01 | 2.1487 5
21.| 28.05 3.1787 44 44.1 43.23 | 2.0909 11
22.| 29.29 3.0469 64 45.| 43.57 | 2.0756 4
23.| 30.57 2.9220 10 46.| 43.90 | 2.0607 8
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Pucynox 3.13 Pentrenorpamm etanoHHoro 3paska Amizony (®apmak) (1) Ta

MEePEKPUCTAIII30BAHOTO 3 TIPOIMUICHTIIIKOIIIO (2)

[To3utii BCiX MiKiB OTPUMAHOTO 3pa3Ka, MEPEKPUCTAII30BAHOTO 3 MPOIICHTTIKOIIIO,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTepU3yEThCS OPTOPOMOIYHOIO CUHTOHIEIO Ta MA€

napameTpu eaeMenTapHoi komipku 9.29 (1) A, 10.87(2) A, 14.29(2) A; V = 1444(4) A3,



Ta6mung 3.13 IlapameTrpu pediiekciB B iHTEpBajl KyTiB

3pa3ka AMI30HY, IEPEKPUCTAII30BAHOTO 3 MIPOMIICHTIIIKOIIO

140

10-50° Ha peHTreHorpami

0 20 d, A /1100 Ne 20 d, A | I/loo
1. | 1764 | 5.0236 5 14.139.2512.2935| 5
2. | 18.90 | 4.6917 37 15.139.34|12.2882 | 4
3. 119.08 | 4.6472 | 100 16.39.63 | 2.2723 | 77
4. | 19.90 | 4.4576 34 17.139.91| 2.2570 | 11
5. | 20.34 | 4.3630 14 18.140.15|2.2440 | 6
6. | 20.77 | 4.2731 25 19.140.29 | 2.2364 | 6
7. 12169 | 4.0940 15 20.140.39 22315 | 4
8. | 22.81 | 3.8958 4 21.140.44 | 2.2288 | 12
9. | 26.78 | 3.3265 4 22.140.57 22218 | 6
10. | 28.03 | 3.1809 4 23.143.29|2.0884 | 7
11. | 30.63 | 2.9168 14 24.143.46|2.0804 | 4
12. | 38.72 | 2.3234 14 25.143.4812.0798 | 4
13. | 38.87 | 2.3149 5
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Pucynox 3.14 Pentrenorpamm etasioHHOTO 3pa3ka Awmizony (®Papmak) (1) Ta

NePEKPUCTAIII30BAHOTO 3 aneTo(heHOHY (2)

[To3urii BCiX MiKiB OTPUMAHOTO 3pa3ka, MEPEKPUCTAII30BAHOTO 3 aleTo(eHOIy,
CIIBMAJAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIIO
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTepU3YETHCS OPTOPOMOIYHOIO CUHTOHIEO Ta Ma€
napameTpu enemeHTtapHoi komipku 9.295(5) A, 10.875(6) A, 14.312(8) A; V = 1447(1)
A3,
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Ta6mus 3.14 IMapametrpu pediekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pazka AMi30HY, IEPEKPHUCTATII30BAHOTO 3 alleTOPEHOTY

Ne 20 d, A 1/1100 Ne 20 d, A 1/1100
1. | 10.21 8.6588 24 24.| 28.01 | 3.1832 33
2. | 11.34 7.7953 19 25.| 29.22 | 3.0542 16
3. | 12.36 7.1560 24 26.| 30.62 | 2.9172 7
4. | 12,52 7.0657 14 27.| 31.41 | 2.8454 25
5. | 13.97 6.3357 15 28.| 31.48 | 2.8391 10
6. | 14.81 5.9778 13 29.| 31.53 | 2.8351 6
7. | 16.29 5.4374 5 30.| 32.46 | 2.7564 38
8. | 17.63 5.0278 24 31.| 32.61 | 2.7434 6
9. | 18.89 4.6933 6 32.| 33.85 | 2.6456 7
10.| 19.08 4.6475 5 33.] 3492 | 2.5670 18
11.| 19.89 4.4597 100 34.| 36.56 | 2.4560 5
12.| 20.31 4.3688 34 35.| 36.62 | 2.4519 10
13.| 20.77 4.2736 37 36.| 36.75 | 2.4438 6
14.| 20.91 4.2443 5 37.| 37.80 | 2.3782 7
15.| 21.68 4.0950 17 38.| 38.36 | 2.3445 6
16.| 22.47 3.9538 14 39.] 38.71 | 2.3240 14
17.| 22.64 3.9246 49 40.| 38.86 | 2.3157 14
18.| 22.80 3.8977 36 41.| 39.63 | 2.2725 6
19.| 24.86 3.5780 8 42.1 39.86 | 2.2600 6
20.| 25.19 3.5329 42 43.| 40.53 | 2.2240 6
21.| 26.62 3.3457 9 44.1 41.69 | 2.1647 5
22.| 26.76 3.3290 13 45.| 41.97 | 2.1511 8
23.| 27.93 3.1921 13
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Pucynox 3.15 Pentrenorpamm etanoHHoro 3paska Awmizony (®Papmax) (1) Ta

MePEKPUCTAIII30BAHOTO 3 JAleTUI0oKcanary (2)

[To3urii BCIX MIKIB OTPUMAHOTO 3pa3Ka, MEePEKPUCTATIZ0BAHOTO 3 JIETUIIOKCAIATY,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTepU3YETHCS OPTOPOMOIYHOIO CUHTOHIEO Ta Ma€
napameTpu enemenTtapHoi komipku 9.335(7) A, 10.899(7) A, 14.386(8) A; V = 1464(2)
A3,
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Tabmus 3.15 [Mapametrpu pediekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTAII30BAHOIO 3 JIETUIIOKCATIATy

Ne | 20 d, A /1100 Ne | 20 d, A 1/1100
1. | 10.17 | 8.6874 8 27.| 31.35 | 2.8506 12
2. | 11.29 | 7.8308 35 28.| 32.15 | 2.7819 25
3. | 12.30 | 7.1929 63 29.| 32.34 | 2.7658 13
4. 1 18.84 | 4.7063 6 30.| 35.46 | 2.5296 6
5. | 19.00 | 4.6675 5 31.] 36.42 | 2.4652 13
6. | 19.83 | 4.4730 73 32.| 36.58 | 2.4548 11
/. | 2022 | 4.3893 | 100 33.| 36.66 | 2.4492 6
8. | 20.43 | 4.3437 7 34.| 3748 | 23976 | 21
9. | 20.68 | 4.2906 24 35.| 37.61 | 23896 | 20
10.| 20.81 | 4.2654 14 36.| 38.20 | 2.3541 8
11.] 21.60 | 4.1116 24 37.| 38.22 | 2.3532 21
12.]1 22.36 | 3.9721 22 38.| 38.57 | 2.3321 6
13.| 22.56 | 3.9382 68 39.] 39.45 | 2.2820 12
14.1 22.69 | 3.9154 31 40.] 39.65 | 2.2713 | 30
15.| 24.13 | 3.6848 10 41.] 39.94 | 2.2555 10
16.| 24.73 | 3.5965 13 42.]1 41.10 | 2.1946 &)
17.] 25.10 | 3.5450 18 43.] 41.78 | 2.1604 14
18.| 26.52 | 3.3589 36 44.1 42.27 | 2.1364 &)
19.] 26.63 | 3.3447 64 45.| 43.07 | 2.0984 9
20.| 27.79 | 3.2074 94 46.| 43.61 | 2.0739 9
21.| 27.88 | 3.1975 83 47.] 45.14 | 2.0071 25
22.| 29.13 | 3.0633 20 48.| 45.64 | 1.9860 /
23.] 3049 | 2.9294 31 49.] 4591 | 1.9751 S
24.| 30.85 | 2.8958 6 50.| 45.94 | 1.9739 6
25.| 31.28 | 2.8576 18 ol.| 46.33 | 1.9583 9
26.| 31.30 | 2.8559 8 52.| 48.28 | 1.8834 11
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Pucynox 3.16 Pentrenorpamm etanoHHoro 3paska Awmizony (®Papmax) (1) Ta

MePEKPUCTAIII30BAHOTO 3 HITpoOeH30ITy (2)

[To3umii BCiX MiKIB OTPUMAHOTO 3pa3ka, MEPEKPUCTAII30BAHOTO 3 HITPOOCH30IY,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIPI3HAIOTECA. OTpUMaHUM 3pa30K XapaKTepU3YETHCS OPTOPOMOIYHOIO CUHTOHIEO Ta Ma€
napamMeTpu enemeHTapHoi komipku 9.288(4) A, 10.864(4) A, 14.314(5) A; V = 1444(1)
A3,
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Ta6mus 3.16 ITapamerpu pediekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTAITI30BAHOTO 3 HITPOOEH30TY

No 20 d, A 1/1100 Ne 20 d, A 1/1100
1. | 10.21 8.6539 8 28.| 31.50 2.8378 6
2. | 11.35 7.7917 15 29.| 32.31 2.7684 7
3. | 12.36 7.1572 14 30. | 32.47 2.7548 7
4, | 12.53 7.0598 4 31.| 32.95 2.7160 9
5. | 13.98 6.3316 8 32.| 33.56 2.6684 5
6. | 14.81 5.9768 5 33.| 33.76 2.6524 5
7. | 16.30 5.4321 6 34.| 33.88 2.6436 4
8. | 17.45 5.0787 3 35.| 34.37 2.6069 8
9. | 19.91 4.4561 100 36. | 36.75 2.4435 5
10.| 20.51 4.3270 5 37.| 37.67 2.3857 6
11.| 20.78 42703 34 38.| 37.80 2.3779 10
12.| 20.91 4.2442 4 39.| 38.38 2.3432 5
13.| 21.70 4.0921 15 40. | 38.41 2.3414 12
14.| 22.47 3.9533 13 41.| 38.75 2.3221 10
15.| 22.65 3.9222 36 42.| 39.66 2.2708 16
16.| 22.81 3.8958 14 43.| 39.85 2.2602 9
17.| 25.21 3.5299 12 44. | 40.12 2.2459 6
18.| 25.98 3.4272 6 45.| 41.98 2.1502 7
19.| 27.58 3.2313 4 46. | 43.83 2.0637 8
20.| 27.93 3.1920 31 47.| 45.37 1.9971 10
21.| 28.02 3.1821 42 48. | 45.87 1.9766 6
22.| 29.24 3.0519 14 49. | 46.13 1.9662 5
23.| 30.64 2.9151 18 50.| 46.20 1.9634 5
24.| 31.42 2.8448 6 51.| 46.56 1.9489 17
25.| 31.46 2.8416 6 52.| 46.94 1.9341 5
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Pucynox 3.17 Pentrenorpamm etanoHHoro 3pa3ka Awmizony (®Papmak) (1) Ta

NepEeKPUCTAII30BAHOTO 3 TeKkcameTuindochoTpuaminy (2)

[To3umii  Bcix  MWIKIB ~ OTPUMAHOTO  3pa3ka,  MEPEeKPHUCTAI30BAaHOTO 3
rekcametunochoTpramiay, CHIBNAJAIOTh 3 TO3ULISAMHM IMIKIB €TAaJOHHOIO 3pa3Ka
AMI30HY, a IHTEHCUBHOCTI JEMIO BIAPI3HAIOTHCSA. [[0AaTKOBO CHOCTEPIratoThesl MKW MpU
20 =13.51°, 18.42°1 22.05°. 1i miku BiTHOCATHLCS 10 MPOMYKTIB AECTPYKIi AMi30HY ab0
po3unHHUKA. OTpUMaHHUIA 3pa30K XapaKTEPHU3IYETHCSI OPTOPOMOIYHOIO CHHTOHIEI0 Ta Ma€e
napaMeTpu eleMeHTapHoi koMipku 9.282(4) A, 10.849(5) A, 14.295(6) A; V = 1439(1)
A3,



148

Ta6mus 3.17 [Mapametrpu pedrekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3zka AMi30HY, IEPEKPUCTATIZ30BAHOTO 3 TeKcaMmeTusIdochoTpramiLy

Ne 20 d, A /1100 Ne | 20 d, A /1100
Ll o37 | 71473 | 7 | |%%| 3301 | 26412 | 4
2| 1254 | 70508 | 4 | |%>| 3442 | 26034 | 5
311309 | 63248 | 6 | |2%| 3500 | 25613 | 5
4| 1765 | 50201 | 16 | |27 | 35.37 | 25358 | 5
> | 1803 | 46834 | 5 | |%®| 3566 | 25155 | 6
S| 1993 | 44506 |100| |%% | 36.62 | 24516 | 6
" 2034 | 43626 | 37| |30| 3773 | 23824 | 4
81 2054 | 43210 | 4 | |3 | 3785 | 23751 | 4
9| 2080 | 42668 | 16 | |°%| 38.45 | 23301 | 4
100 2172 | 40885 | 9 | |3 3879 | 23198 | 8
Y o050 | 30482 | 8 | [3*| 3069 | 22601 | 6
120 2068 | 39173 | 31 | |3°| 4018 | 22427 | 4
130 2283 | 38923 | 9 | |3 4050 | 22053 | a4
140 2503 | 35064 | 9 | 37| 4203 | 21479 | 7
150 2667 | 33401 | 8 | |3 | 4334 | 20862 | 9
16 2679 | 33245 | 9 | |3°| 4347 | 20801 | 4
170 9762 | 32068 | 4 | |%0| 4388 | 20615 | 5
18 2707 | 31878 | 27 | |*'| 4469 | 20262 | 4
190 2805 | 31786 | 20 | |%%| 4544 | 19044 | 5
20| 2928 | 30479 | 18 | |*%| 4661 | 1.9471 | 7
2Ll 3067 | 29128 | 9 | || 4701 | 19315 | 4
22| 3936 | 27645 | 4 | |%>| 4851 | 1.8750 | 4
23| 3052 | 27512 | 5 | |%%| 4860 | 1.8719 | 6
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Pucynox 3.18 Pentrenorpamm etanonHoro 3paska Amizony (®apmak) (1) Ta

MEePEKPUCTAIII30BAHOTO 3 AllETOHITPUITY (2)

[To3urii Bcix MIKIB OTPUMAHOTO 3pa3Ka, MEPEeKPHUCTAI30BAHOTO 3 allETOHITPHITY,
CIIBIAAAIOTh 3 MO3UIISIMU TIKIB €TaJOHHOTO 3pa3ka AMI30HY, a IHTEHCHUBHOCTI JEIO0
BIJIp13HsAIOTECA. JlomaTkoBO crocrepiraerbest 3HauHM mik npu 20 =30.95° Ile He
BU3HAYEHUH MK, ajie BIH HE Ma€ BITHOIICHHS 10 AMi30HY, MOKJIUBO COJIbBaTHA 000JIOHKA

nomumy. OTpuMaHUW 3pa30K XapaKTEPU3YETHCS OPTOPOMOIYHOIO CHHTOHIEID Ta Mae

napameTpu efaeMeHTapHoi komipku 9.31(5) A, 10.89(5) A, 14.32(7) A; V = 1452(12) A3,
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Ta6mus 3.18 IMapamerpu pediekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTAITI30BAHOTO 3 AlIETOHITPUITY

Ne | 20 d, A 1/1100 Ne | 20 d, A 1/1100
1. | 10.19 | 8.6705 24 24.| 36.57 | 2.4554 4
2. | 19.86 4.4667 54 25.| 36.57 | 2.4553 7
3. | 20.29 | 4.3726 30 26.| 36.71 | 2.4461 8
4. | 20.47 | 4.3352 5 27.| 37.65 | 2.3870 | 77
5. | 20.74 4.2803 12 28.| 37.76 | 2.3806 100
6. | 22.61 | 3.9300 8 29.| 38.01 | 2.3656 6
7. | 25.15 | 3.5386 7 30.| 38.12 | 2.3590 7
8. | 26.73 | 3.3328 6 31.| 38.31 | 2.3477 4
9. | 27.90 | 3.1949 12 32.| 38.35 | 2.3450 7
10.| 27.97 3.1869 13 33.] 38.65 | 2.3277 6
11.] 29.17 3.0588 13 34. | 39.56 | 2.2760 4
12.| 30.57 2.9216 53 35.] 39.82 | 2.2618 5
13.] 30.91 | 2.8902 83 36.| 40.06 | 2.2489 5
14.| 31.22 2.8630 45 37.] 4160 | 2.1691 4
15.| 31.38 | 2.8485 22 38.] 4191 | 2.1539 15
16.| 31.39 | 2.8473 25 39.| 46.08 | 1.9681 5
17.] 31.44 2.8428 19 40. | 46.16 | 1.9650 4
18.| 32.29 2.7703 12 41.| 46.46 | 1.9529 10
19.| 32.41 | 2.7602 12 42.| 46.75 | 1.9413 4
20.| 34.86 | 2.5714 9 43.| 46.82 | 1.9386 15
21.| 35.17 2.5495 6 44, | 47.03 | 1.9308 9
22.| 35.23 | 2.5455 5 45.| 48.90 | 1.8612 4
23.| 36.51 | 2.4590 16
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Pucynox 3.19 Pentrenorpamm eranoHHoro 3paska Awmizony (Pdapmak) (1),

MEePEKPUCTAIII30BAHOTO 3 OSH3OHITPIITY (2), Ta Iiel Ke 3pa30K MIiciIs TepMOOOPOOKH HpH

60 °C poTtsirom 50 aHiB (3)
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Pucynok 3.20 OGnactb, Jie CIOCTEPIra€ThCsl CYTTEBA PI3HUIISI B PEHTTEHOrpamax

€TaJIOHHOTO 3pa3zka AMizoHy (Papmak) (1), mepexpucTaiizoBaHoro 3 OeH30HITpUITY (2), Ta

el ke 3pas3ok micis TepMooopodku mpu 60 °C mpotsrom 50 aHiB (3)
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[To3wurii BCiX MiKiB OTPUMAHOTO 3pa3Ka, MEePEKPUCTAII30BAHOTO 3 OCH3OHITPUITY Ta
nicisg TepmooOpobku mpu 60 °C mpotsirom 50 AHIB, CHiBMAgalOTh 3 MO3ULISIMH IiKiB
€TAJIOHHOTO 3pa3ka AMI30HY, a IHTEHCUBHOCTI JIEIIO BiJpi3HstoThCA (puc. 3.19, puc. 3.20,
kpuBi 1 1 3). OTpumaHuil 3pa3oK XapakTEepU3YETHCS OPTOPOMOIUHOIO CUHTOHIEID Ta Ma€e
napamMeTpH ejeMeHTapHoi komipku 9.289(8) A, 10.85(1) A, 14.31(1) A; V = 1443(2) AS,
Ha 3pa3ky 6e3 TepmooOpoOku aeski miku BiacyTHi (puc. 3.19, puc. 3.20, kpuBa 2). Lle

MO>K€ CBIIUUTHU PO YTBOPEHHSI 1HILIOI KPUCTAIIYHOI (popMHU.

Tabnuus 3.19 Ilapametpu peduiekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HY, IEPEKPUCTATI30BAHOTO 3 OCH30HITPUITY

N | 20 | A [Uhw] [N] 20 | dA Ve
L 1038 | 71419 | 8 | || 3109 | 27952 | a4
2\ 1251 | 70717 | 37 | | Y| 3256 | 27475 | 6
311920 | 46182 | 5 | || 3273 | 27342 | 6
412006 | 44237 | 12 | | %] 3782 | 23769 | 10
> | 2024 | 43850 | 100 | |7'| 38.82 | 2.3181 | 4
S| 2052 | 43249 | 10 | |*®| 4539 | 1.0965 | 6
"1 2100 | 42092 | 9 | |¥°] 550 | 19920 | 5
812032 | 39799 | 4 | |%0| 4508 | 19722 | 6
O\ o262 | 39272 | 4 | |?1| 4962 | 18357 | 4
10) 2800 | 31845 | 7 | |%%| 5582 | 1.6455 | 7
11 3160 | 28288 | 9 | |%>| 5509 | 16410 | 46
1203177 | 28145 | 23
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Ta6mus 3.20 [Tapametrpu pediekciB B iHTepBaii KyTiB 10-50° Ha peHTreHorpami

3pa3ka AMI30HYy, NMEPEKPUCTATI30BAHOTO 3 OEH3OHITPUIIY Ta MICis TEPMOOOPOOKM mpu

60 °C mpotsirom 50 gHiB

Ne | 20 d, A /1100 Ne | 20 d, A 1/1100
1. | 10.22 | 8.6469 25 13.] 33.89 | 2.6431 7
2. | 1135 | 7.7921 22 14.| 34.41 | 2.6040 26
3. | 1236 | 7.1562 29 15.| 3450 | 2.5974 14
4. | 13.98 | 6.3293 12 16. | 35.25 | 2.5437 5
5. | 1482 | 5.9740 8 17.] 36.60 | 2.4534 12
6. | 17.64 | 5.0247 31 18.| 36.76 | 2.4426 6
7. 11992 | 4.4525 63 19.| 39.86 | 2.2598 14
8. | 20.32 | 4.3673 100 20.| 40.14 | 2.2446 23
9. 1 20.79 | 4.2/00 16 21.| 4131 | 2.1837 16
10.| 2248 | 3.9523 28 22. 1 4199 | 2.1498 5
11.] 22.67 | 3.9197 59 23.| 45.38 | 1.9968 29
12.] 22.81 | 3.8961 53 24.] 45,51 | 1.9913 6
13.] 26.65 | 3.3427 10 25.| 46.19 | 1.9639 6
14.| 26.77 | 3.3280 11 26. | 46.23 | 1.9623 5
15.| 2794 | 3.1913 37 27.] 46.29 | 1.9599 5
16.| 29.26 | 3.0493 42 28. | 47.14 | 1.9262 27
17.] 30.64 | 2.9152 9 29.| 4737 | 19174 S
18.] 31.00 | 2.8823 6 30.| 47.48 | 1.9133 7
19.] 31.32 | 2.8538 11 31.] 4794 | 1.8959 6
20.| 32.32 | 2.7678 7 32. ] 49.75 | 1.8313 8
21.| 3250 | 2.7528 7 33.] 49.78 | 1.8302 19
22.] 33.79 | 2.6508 7
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3.3.2 3amina aniony B Enicamiym oauay Ha iHIIi rajioreHu
3.3.2.1 Cunre3 Enicamiym xsiopuay Ta Enicamiym 0Opominy

JUiss BUBYEHHSI 3aKOHOMIPHOCTEW 3MIHM OyIOBH Ta BIIACTMBOCTEM KPHUCTAIIYHOI
pemriTku Enicamiym Oyiio BupimieHo nmpoBecTy cuHTe3 Enicamiym xmopuay Ta Enicamiym
Opominy.

Xmopua OyJl0 CHHTE30BaHO IIO aHAJoOTrii 3 HommmoM — ankimyBaHHsM BAIHK

XJIOPUCTUM METHJIOM (cxema 3.4).

Cxema 3.4 Cunrez AmCI

B cknasHOMy peaktopi oxonogunu 520 mu aueroHitpuiry g0 0 — 5 °C. Ilpu miit
TemriepaTypi po3unHmm xjopmetad (87.8 r, 1.739 mons). benzunamin 130HIKOTHHOBOI
kuciotu (245.78 r, 1.16 monp) 1 600 mMa oxosomxeHoro amneroHiTpuiay g0 0 — 5 °C
3arpy3wyii B METQJICBH aBTOKJIAB Ta JOJAlM PO3YMH alleTOHITPWIY, HACHUYCHUU
XJIopMeTaHOM. ABTOKJIAB 3akpuBaiu 1 HarpiBaiu 0 100 °C. Cymim iHKyOyBanu mpH 1ii
temriepaTypi 3 roauHu. Ilicis mporo, Cymimr OXOJOIWIM JIO KIMHATHOI TEMIICPATypH.
Peakmiiiny cymimnr nepeHecn 10 CKISTHOT KoJiou 1 oxonomkyBanu 10 0 — 2 °C. Otpumanmii
OPOAYKT BiAGUITpYBalM Ta mnpoMuBain Ha QuibTpi 200 MIT  OXOJOIKEHOTO
aneronitpuny. I[lpoaykr cymmwm npu 40 °C mporsrom 12 roxa. Buxin 226 r 4-

[(6en3unamino)kapOoHin|-1-metunmipununiid xinopun (75 % rwa BAIHK); 6111 xpuctanm.

[Iponykt  mepekpucramizyBamu — 226 r©  4-[(6eH3unamino)kapooHin]-1-

METUJITIPUIMHIIO XJIOPUAY PO3YMHUIN Yy cyMmimnl 265 mia 96 % ertanony 1 660 mu 2-
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nporanony. Jomanu 4.25 1 akTuBOBaHOrO BYruwid. PeakuiiiHy cymiml HarpiBajiud 10
TEMIEpaTypy KHUIIIHHSA, MepeMinryBanu npu Kum'aTiHHi 30 XB. Ta BiAQUIBTpyBaln Bif
Byrunst. OTpuMaHuil po3uuH caMmooxonoauwin A0 temneparypu 30 °C ta 0X0n0auiau 10 S
— 10 °C. Butpumanu npu Lid TeMmrepaTrypi, NepeMilulyouu npoTsaroM 2 roaut. IIpogykr
BindUIbTpyBaK, ocan mpoMuwin Ha QuibTpi 110 M 0XOJOMKEHUM 2-TIPOMAHOTIOM.
Cymmmmu npu 40 °C npotsirom 12 roa. Buxin 180.8 1 4-[(Oen3minamino)kapOoHin]-1-

metmnipuanHio xiaopun (60 % wa BAIHK); 61mi kpuctanm; 1. ut. 201 — 204 °C.

Bbpomin 6yno otpumano peakiiero oominy Enicamiym omuay 3 Opomimzom cpibria

(cxema 3.5).

AgBr

| ! -Ag| |

Cxema 3.5 CuaTe3 AmBr

3arpy3win y ckiisgHy Kooy 4-[(ben3unaMino)kapOoHi]-1-MeTuInmipuanHi0 HoIu
(57.7 1, 0.163 momaw), O6pommcToro cpioma (33.77 r, 0.180 moms) 1 700 M BoOMM.
[TepemimyBanu npotsirom 72 roaun. Ocan BiAdIbTpyBaiu. PO3UNMHHUK BUMIAPIOBAIN TIPU
3HMKEHOMY TUCKY. JlomaBanu 1o ocany 300 mul alleTOHITPUITY, KUI'SITUIM 13 3BOPOTHUM
XOJOJUIBHUKOM MPOTAToM 2 roja. OTpuMaHuil po34rMH CaMOOXOJIOAUIIHN 10 TeMIIepaTypH
30 °C Ta oxonogmwmu g0 5 — 10 °C. Burpumanu npu i Temneparypi, NepeMillyodn
npotarom 2 roauH. [poaykr BiaduibTpyBanu, ocaa npoMuin Ha GuibTpl 50 M1 X0I0IHUM
aneronitpuniom. Cymumnu npu 40 °C nporsrom 12 roa. Orpumamu 14 r 4-
[(6en3mnamino)kapooHin]-1-6pomia metunmipuauHio (28 % na BAIHK); 611 kpucranu;

.ot 192 — 195 °C.
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3.3.2.2 llopiBHAHHA KpHUcTATIYHUX cTPYKTYp EHicamiym xnopuay, Enicamiym

opominy Ta Enicamiym oauay

Hocnimkeno Tpu comi 4-[(Oen3unamino)kapOonin]-1-Metunmipuausito (Am) 3

pizHuMU aHioHamu rajoreHis (Hal).

OpraniyHuid ~ KaTiOH  yTBOPIOETHCS  BHACTIAOK  KBaTepHI3aIii  HITPOTEHY
HIPUAMHOBOIO KUIBIS Yy JAOCTIIKyBaHUX coyiax. KapbamigHa rpymna TpoXu HEKOIUIaHApHA
JI0 TIPUUHOBOIO ITUKITY B COJI1 3 @aHIOHOM XJIOPY Ta KOIUJIaHApHA BIAHOCHO apOMATHYHOTO
KUTbIIA B BOX 1HIUX coiisax (Topciamii kyT C5—C4—C7—O]1 cranoButh -13.3 (4)° B

AMCI, -1.4 (16)° 8 AmBr Ta -0.2 (8)° 8 Aml) (puc. 3.21).
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Pucynox 3.21 MonekynapHi CcTpyKTypu codeil 4-[(6eH3unamino)kapOoHin]-1-
METUJITTIPUIMHIN TaioreHia. Emincoiny TemoBrx KOMMBaHb HEBOJHEBUX aTOMIB HaBEJICHI

3 BiporigHicTio 50%

CrepuyHe BIOIITOBXYBaHHA MDK KapOaMimHUM (parMEeHTOM Ta MIPUIUHOBUM
UKIJIOM OyJI0 BUSIBJICHO B KaTIOHAX, IO BXOMATH /IO CKJIAIy TPhOX cojeil (CKOpoueHi
BHYTpIIIHLOMOJNEKYJIApHI KoHTakTh: H2...C3 = 2.57 A, H2...H3 = 2.05 A B AmC],
H2...C3=2.65 A, H2...H3 =2.16 A B AmBrta H2...C3 =2.55 A, H2...H3 =2.04 A B
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Aml MeHIi 3a cyMu BifnoBigHUX paniycis Ban-nep-Baansca (H...C =287 AiH... H=
2.34 A, [469]).

@OeHibHUN (PparMeHT OEH3WIBHOTO 3aMICHHMKA PO3TAIIOBAHUI OPTOTOHAIBHO 0
kapOamigHOTO (parMeHTy i po3BepHyTHH HaBKojo 3B’s3ky N2—C8 (C7-N2-C8-C9
Topciitanit KyT cTaHoBUTH -88.0 (3)° B AmCl 1 94 (1)° B AmBr, 97.2 (6)° 8 Aml, Toni six
topcitanii KyT N2—-C8-C9—-C10 ctanosuts -24.3 (4)° AmCl, 104 (1)° 8 AmBr, 102.6 (7)°
B Aml).

Cime AmCI xpuctami3yerbcsi B IEHTPOCUMETPUYHIN MpOocTOpoBi Tpymi P21/n, Tomi
gk coai AmBr 1 Aml kpucranizytorbcsa B npoctoposiil rpymi Conke P212:2;. Tlpu upomy
KaTIOH HE MICTUTh ACUMETPUYHOIO aroMa. AHami3 MDKMOJIEKYJIIPHUX B3a€EMOIN BUSBHUB
MDKMOJEKYJIapHui BojgHeBui 3B’s130k N—H...Hal y Bcix gocmimkyBanux comsx. Kpim
Toro, y kpucraiax AmCl BUSBIEHO HHU3KY MDKMOJICKYJSIPHMX BOAHEBUX 3B s3KIB C—
H...Cl, Tomi six y kpuctamax AmBr ta Aml npucyTHi numie aBa BogHeBl 3B si3ku C—
H...Hal (puc. 3.22 — 3.24). Anani3 kpuctaiaiyaux ctpykryp AmBr i Aml mokasas, 1mio

BOHHU € 130CTPYKTYPHUMHU.

Pucynok 3.22 YnakoBka AmCI B kpucrai
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Pucynok 3.23 YnakoBka AmBr B kpucraiti

Pucynok 3.24 YnakoBka AmI B kpucrasi
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dopMyBaHHSA MIKMOJIEKYJSIPHUX B3aEMO/IINA Y TPHOX JTOCHIIKYBAHUX COJISIX MOKHA
HNOpIBHATH 3a JOMOMOror aHamizy mnoBepxHi [ipmdensna Tta 2D  rpadikis
MibKMOIIeKyIsIpHUX B3aemomiit [470]. [ToBepxHi Nipmdenbna 6yau oTpumani ajisi KaTioHa
3 BUKOPUCTAHHSM IOBEpPXHI CTAHJAPTHOI BHUCOKOI PO3AUIBHOI 3AaTHOCTI, HAHECEHOI Ha
KapTy Onorm. YepBoHI TUIIMU HA TIOBEPXHSX Onorm BIAMIOBIAAIOTH KOHTAKTaM, KOPOTIIUM 32
CyMy BaH-JIep-BaaJIbCOBUX paAilyciB HaHOMmkuux atomiB (puc. 3.25 — 2.27). Taki uyepBoHI
IUISIMU CIIOCTEPITaloThCsl Ha BCIX aTOMax BOJHIO, SIKI O€pyTh y4yacTh y 3raJlaHUX BHILE

M1XMOJICKYJIIPHUX BOJTHEBHX 3B’sI3KaX.

BonneBi 3B’SI3KM Ta KOPOTKI KOHTAKTH KaTiOHY, BUsABIEHI B cTpykTypax AmClI,
AmBr ta Aml, moka3aHi Ha JBOBUMIPHHUX TIpadikax MDKMOJEKYJSPHUX B3a€EMOJIM,

npeAcTaBieHux Ha puc. 3.25 — 2.27. Cning 3a3Haudtd, 1o rpadiku, moOyaoBaHl s

KaTioHa B cTpykTypax AmBr i Aml, nysxe cxoxi (puc. 3.28)

Pucynox 3.25 Tlosepxus [Npmdensaa kationy B AmCl
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Pucynox 3.26 Tloepxus ['ipmidensaa kationy B AmBr
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Pucynox 3.27 Ilosepxus ['pmdensaa kationy B Aml
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Pucynox 3.28 IlosepxHni ['ipmdenpna kationy B coisix (a) AmCI, (b) AmBr i (c)

Aml, BigoOpaskeHi Unorm



164

3HalijieHI BOJIHEBl 3B'A3KM Ta KOPOTKI KOHTAaKTH KaTiOHIB y cTpykTypax AmCI,
AmBr 1 Aml noka3zaHo Ha ABOBUMIpHUX rpadikaXx MDKMOJEKYJSIPHUX B3a€MOJINA (pHuC.
3.29). Cnig 3a3HaunTH, mo rpadiku, MoOyI0BaHi Ui KaTIOHIB y CTpykTypax AmBr Ta

Aml, nyxe cxoxi (puc. 3.29 (b ic)).

Pucynox 3.29 JIBoBumipHi rpadiku MIKMOJEKYISIPHUX B3aEMOJIINA IS KaTIOHY B

Tphox coiisix: (a) AmCI, (b) AmBri (c) Aml

OcHoBHUY BHECOK y 3arayibHy moBepxHio [ipmdensaa (49.4 % B AmCI, 50.8 % B
AmBr, 51.0 % B Aml) 3abe3neuytots kopoTki koHTaktd H...H (puc. 3.30). Buecok
C...H/H...C xoHTakTiB Habarato MeHIIui, ajie Takox 3Haunuit (23.9 % B AmCl, 19.9 % B
AmBr, 20.2 % B Aml). Ananoriuni BHecku kontaktiB Hal...H/H...Hal (10.2 % B AmClI,
10.5 % B AmBr, 9.9 % B Aml) 1 O...H/H...O xontaktu (9.4 % B AmCI, 7.6 % B AmBr,
7.9 % B Aml) Tpoxu NUBYIOTH 4Yepe3 BIACYTHICTh MIKMOJCKYJSIPHUX B3aeMOmil X—
H...O B mocmimxyBaHuX CTpykTypax. HasBHICTP NBOX apoMaTWYHUX IMKJIIB B KaTiOHI
MOK€ TPHU3BECTH JO YTBOPEHHS CTEKIHI B3aeMoAiil B kpuctaii, aie BHecok C...C
KOHTaKTiB € HaimeHmuM (2.9 % B AmCIl, 6.7 % B AmBr, 6.4 % B Aml). Hepenukuii
BHecOK KOHTakTiB C...C y3roJpKyeTbcsl 3 pe3yibTaTaMH TPAAMIIIHHOTO aHaJi3y
MIKMOJICKYJIIPHUX B3a€EMOJIiN B KPUCTAJi 3 BAKOPUCTAHHIM HAWKOPOTIIIUX BiJICTAHEH MIXK
aToMaMH, 110 HaJIeXaTh CyCiIHIM MojekyiaMm. Coif 3a3HauuTH, IO BHECOK KOHTAKTIB

C...C o6unbm HiX yaBiul Buluil B kpuctanax AmBr 1 Aml nopiBusino 3 AmCl. Lle moxe
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MOSICHIOBATHUCSI B3aEMHOIO OPIEHTAIEI0 MIPUIUHY 1 OCH30JIBHOTO KUIBIL, IO HAJIEKAThH

CyCiIHIM MoJieKkyiaMm B kKpuctanax AmBr 1 Aml.

60

50

40

m AmCI
W AmBr
Aml

30

20

10 -

il

Hal..H/H..Hal O..H/H..O H..H C..H/H..C C..C

Pucynok 3.30 BHecok pi3HHX THUIIIB B3a€MOJIIN y 3arajibHy nmoBepxHio ['ipuidensaa

JIIA KaTiOHa B TPBOX COJIAX

Takum 4YwmHOM, 3a pe3yJbTaTaMu AOCTIDKCHHS CTPYKTyp cojeir Enicamiym 3
pPI3HUMHU TaJOTeH-aHIOHAMH MOXHA 3pOOMTH BHCHOBOK, IO 3a CTPYKTYPOI KPUCTAIIH
AmBr 1 Aml ayxe noaioni mixk coborw, a AmCI BingpizHsieTbes. 1o mposiBisieThest B
pi3HuX (PizuyHuX BraacTHBOCTSIX — AmCI] € TIrpoCcKOMiYHO0, CBITIIOYYTIUBOIO Ta IyXKe
po3unHoto y Bojl (1 r B < 1 M Boau) pedoBuHoto, AmBr i1 Aml — He rirpockorniuHi, He

cBiTHouy MBI Ta Masiopo3unHHI y BoAl (1 T B 100 — 1000 M) pedoBuHwM.
3.3.2.3 4-[(ben3unamino)kapOoHii|-1-MeTuanipuauHii 6pomin remirigpar

4-[(ben3wnamino)kapOoHin|-1-Metunmipuaunito Opomin (AmBr) € HalOIUKIUM
ananorom Aml. Ilomimopdumit CKpuHIHT, TpOBEAEHWUN IS Ii€i COJi, TPU3BIB 10

KpucTati3aiii OpoMiay y BUTJISI1 HAMIBI1apaTy.
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AcvMeTpuyHa YacTHHA €JIEMEHTApHOI KOMIPKM MICTUTh JBI MOJIEKYJM KaTiOHa
(mo3HavaroThest A 1 B), nBa 6pomin-anionu (A 1 B) 1 ogny monekyny Boau (puc. 3.31).
[To3utuBHUI 3apsin KaTioHa JIOKAII30BaHUM Yy KBAaTEPHI30BAHOTO aToMa HITPOTeHA

iPUAMHOBOTO KUTBIIS.

Pucynox 3.31 MonekynspHa cTpykTypa HamiBriapatry AmBr, OyHKTUpHUMH

JmiHigME to3HadeH1 BoaHeBi 3B 13k C—H...Bri N—H...Br



Pucynok 3.32 IlopiBHSHHS MOJIEKYJISIpHOT Oy/10BY KaTioHIB A 1 B
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Kapbamigna rpyma Jmemio HeKOIIaHApHA IUIOIMIMHI apOMAaTHYHOTO IUKITY, IO

miATBEPAXKYEThCS TOpCIMHUM KyToM N2—C7—C4—C3 (Tabn. 3.21). HexomuianapHictb

BUKJIMKAHA CTEPUYHHUM BIAIITOBXYBAHHAM MIX amideH2...H3pyridine Ta amideH2...C3pyridine,

BIJICTaHI MIX SKMMH MEHII 3a CyMH BiANOBIIHHX pajiyciB Bau-gep-Baansca (H...H =

2.34 A, H...C =2.87 A [469]). Kationu A i B maroTh nos1i6Hi KoHpopMaIii 6eH3UILHOTO

3amicHuka (Puc. 3.32). ®eninpamii pparMeHT OSH3MILHOTO 3aMiCHHUKAa PO3TAIIOBAHHI B

KoH(popmariii -ac 1o BigHOMIEHHIO 10 3B’513Ky C7—N2 1 po3BepHYTHH MO BIJHOIICHHIO 10

kapbamigHoro gparmenta B 000x karioHax A 1 B, mpo mjo cBimuate TopciiiHi kytu C7—

N2—C8—C9 1 N2—C8—C9—C10 (tabn. 3.21).

Ta6nuusa 3.21 Teomerpuuni xapaktepuctuku (A, rpan) xatiomis A i B B AmBr

HaITIBT1ApaT
[Tapametp Kartion A Karion B
N1—C2, A 1.343 (6) 1.323 (7)
N1—C6, A 1.330 (7) 1.329 (7)
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N2—C7—C4—C3, rpan 17.1 (7) -1.4(9)

C7—N2—C8—C9, rpax -102.6 (6) -107.0 (6)

N2—C8—C9—C10, rpan -168.9 (5) -167.4 (5)
H2...H3, A 2.11 2.04
H2...C3, A 2.59 2.54

VY kpuctami kationu A 1 B B3aeMofifoTh 3 OpoMijg-aHIOHAMH 3a JOTIOMOTOIO
BoaHeBuX 3B’s3KiB N—H...Br. Kpim TOoro, y kpucram BHUSBIEHI MIKMOJEKYJISAPHI
B3aemonii C—H...Br i C—H...n. ConpBarHa Mojekyaa Boau yTBoptoe ogun C—H...O
BOJIHEBHH 3B’s130K sk akientop nporoHa i O—H...Br i O—H...O BouHeB1 3B’S3KU SK
JOHOP MPOTOHIB. YCl LI MIKMOJEKYJISIPHI BOJHEBI 3B A3KH NPU3BOASATH JO YTBOPEHHS

MOABIMHMX JIAHIFOT1B, IO MPOCTATAIOTHCS MapajneabHo miomuHi (011) (puc. 3.33).

Pucynox 3.33 Kpucraniyna ymakoBka HamiBrigpatry AmBr B kpuctanorpadiuxiii

miomuHi (100), BoJHEB1 3B'13KU MMOKa3aH1 MyHKTUPHUMHU JITHISIMU
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Takum ynHOM, HaMU OyJIO BUJILJIEHO Ta OXapaKTePU30BaHO MOHOKPHUCTAIIYHUM Ta
MOPOIIKOBUM PEHTTEHOCTPYKTYPHUM METOJIOM HamiBriapat 4-[(6eH3unamino)kapOoHin]-
1-metunmipuguniii - 6pominy  CiaHisN2O*'Br ‘0.5H,0. B acumerpuuniii yacTusi
€JIeMEHTApHOI KOMIPKM MPUCYTHI JIBa OpraHIYHUX KaTiOHU NoAi0HO1 KoHdopmalii, ABa
OpoMin-aHIOHM Ta OJHA MOJIEKYyJa BOJIU. Y KPHUCTaNIl KAaTiIOHM Ta aHIOHW 3 €HYIOTh
BoaHeB1 3B’ 513k N—H...Br . YTBopeHHs HU3kH MixkMolekyasipHux B3aemonaiit C—H...Br
1 C—H...n npusBoauTh 10 (POopMyBaHHS MOJBIMHUX JAHLIOTIB, IO MPOCTATAIOTHCS

napanenpHo mronuHi (011).

3.3.2.4 4-[(Oen3uiaamiHo)kapOoHii]-1-MeTuanipuaunio ioaua 3 pisHEUMH

CTeXiOMeTPUYHUMM CIIiBBITHOIIEHHSIMM KATiOH: 0/

Jlns  orpumanHs HoBoi modimopduoi dopmu  Enicamiym  #Homumy, wMu
BUKOPUCTOBYBAJIM HE JIMIIE PI3HI PO3UMHHMKHU [UJIs KpUCTami3aiii, a i HecTaHAapTHI
METOJIU TIPOBENCHHS TMporecy Kpuctamsaiii. J[ns 1mporo Oynm TpoBEAeHI TOCTiIu 3
nepeKpucTatizaii 3 BOAU Mijl BIUIMBOM YJIBTPa3BYKOBUX XBWIb. Ciijl 3a3HAUYMUTH, 11O 32
HOpMaJbHUX yMOB Hoaupa 4-[(6eH3minamiHo)KapOoOH1T]-1-MEeTUIMIPUIUHII0 Maibke He
PO3YMHSIETHCS Y BOJII 1 HE KPUCTATIZYETHCS 3 BOU. Y PE3yNbTaTi MU HE OTPUMAIIA HOBUX
noiMoppHUX Monudikarlii 1i€i coii, ajge OTpUMaU JBl CIHOJYKH 31 CIIBBIJHOIICHHSIM

KaT1OH-MO/JI, BIIMIHHUM Bij ekBiMossipHOro [1:2 (cinb I) Ta 1:3 (cins II)].

Kpucraniyai cTpyKTypH JOCHIKYBAaHUX COJIEH CKJIQJarOThCA 3 OJAHOTO W TOTO X
camoro kaTioHy 4-[(0eH3miamino)kapoonii]-1-merunnipuautito (Ci14H1sN20") ta pisHux
aHloHIB. B acuMmeTpuyHiil YacTHHI €JIeMEHTapHOI KOMIPKH B CTPYKTYpi | BUSBIECHO OquH
KaTIOH, OJJUH WOJMJ-aHIOH 1 MOJIOBMHY HEWTpaibHOi MoJiekynu I» (puc. 3.34, 3Bepxy).
Helitpanbna monekyna 2 3HaxoauTbest B 0COOJMBOMY TOJIOKEHHI MO BIJHOIICHHIO 0
IEHTPY CUMETPIi, MOJIOKEHHS AKOTO 301ra€ThCs 3 cepeuHOr0 3B’ 513Ky [—I. Takum unHOM,
y CTpyKTypi | CHiBBIIHONICHHS KaTiOH:HOJ CTaHOBUTH 1:2. AcCHMETpUYHA 4YacTHHA
eneMeHTapHoi KoMipku cTpykTypu Il mictute nBa xationu (A i B), onun Tpuiiogua-aHion

(Is) 1 mBi MONOBMHU TPUHOMWAY aHIOHH, PO3TAIIOBaHI B OCOOJIMBUX MOJOXKCHHSX IO
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BIIHOIIIEHHIO 110 LEeHTpy cumeTpii (puc. 3.34, 3Hu3y). CHiBBIIHOIICHHS KaTiOH:HOJ

ctaHoBuTh 1:3 B cTpykTypi II.

Pucynoxk 3.34 Cinb [ (3Bepxy) i II (3HH3Y)
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[To3uTuBHMI 3apsii KaTioHA JIOKAJI30BaHMM Ha TIpUAWHOBOMY Iukimi. ILle
PU3BOIUTH 10 TIo10BX)eHHS 3B s13KiB N1—C6 1 N1—C2 (tabun. 3.22). Kapbamigna rpyma
€ HEKOIUIaHAPHOIO /IO IUIOMIMHU apOMAaTUYHOTO HUKIY (PO IO CBiMYaTh TOPCIHI KyTH
N2—C7—C4—C3; Tabn. 3.22) B pe3yabTarTi CTEPUYHOIO BIiJIITOBXYBAaHHS MK HUMHU
amideH2. .. H3pyridine T2 amideH2...C3pyridine, BIICTaH1 MiK SKUMH MEHIIII 32 CYMH BiATOBITHUX
paniycis Ban-nep-Baansca (H...H = 2.34 A, H...C = 2.87 A[469]). KaTionu B 1BOX
JOCHIPKYBaHUX CIIOJyKax BIAPI3HAIOTHCS KOH(MOpMali€ro OCH3UJIBHOTO 3aMICHHKA.
OeninbHUN (HparMeHT OCH3WIBHOTO 3aMICHHUKA PO3TAIIOBAHUN Yy —SC TIOJIOKEHH1 BITHOCHO
3B’s13Ky C7—N2 B cTpykTypi | abo y +SC mojiokeHH1 y MOJIEKy/Il A 1 B @p MOJIOKEHH] Y
moutekydi B ctpykrypi II (C7T—N2—C8— C9 topciiini kytu B Tabmn. 3.22). ApoMatuyHe
KUIBbIIC TIOBEPHYTE BIJHOCHO KapOamimHoro dparmenta (auB. TopciiiHi kKytn N2—C8—

C9—C10 B Tabm. 3.22).

Ta6mus 3.22 Ieomerpuuni xapakrepuctuku (A, rpan) xationis B comsx I I

[TapameTp I IT A 1B
N1—C2, A 1.338 (10) 1.327 (19) 1.32 (2)
N1—C6, A 1.324 (11) 1.35 (2) 1.313 (18)
N2—C7—C4—C3, rpan 18.1 (13) -16 (2) 18 (2)
C7—N2—C8—C9, rpan -75.0 (11) -81 (2) 178.3 (14)
N2—C8—C9—C10, rpan -77.6 (11) -61.6 (18) -53 (2)
H2...H3, A 2.09 2.14 2.11
H2...C3, A 2.55 2.61 2.57

VY cTpyktypi | kapbaminHa rpymna 6epe y4acTs y BojgHeBoMy 3B'si3ky N—H...I' Mmixk
KaTIOHOM 1 aHIOHOM, a KapOOHUIbHUH aTOM KHCHIO BHUCTYNA€ aKIENTOPOM IMPOTOHY Yy

oyke cnaOkii mibkmonekysipHi B3aemonii C5—H...O1' (puc. 3.35, niBopyu). VY
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ctpyktypi Il xapOGamigna rpyma Oepe ywacTh y BoaHeBuX 3B’si3kax N—H...O' mixk
karionamu (puc. 3.35, mpaBopyd). Y pe3yibTaTl YTBOPIOIOTHCA JIAHLIOKKH B
kpuctanorpadiunomy Hanpsmky [100]. Tpuitogum-aHioHH 3aiiMalOTh MOPOKHHUHHA MiX
CYCIIHIMM JaHIIO)KKaMH B Kpuctaii. KpiMm Toro, B 000X CTpYKTypax BHSIBICHO HH3KY
cmabkux BomHeBux 3B’si3kiB C—H...I 1 C—H... n. V crpykrypi Il kartiomnm A i B
YTBOPIOIOTh CTEKIHT-AUMEPH B PE3yibTaTl B3a€MOJIIi ApOMAaTUYHUX CUCTEM MIPUAUHOBOTO
i 6EH30IbHOrO LUKIJIIB [BiACTaHb MiX MIONMHAME apoMaTHYHKMX HuKimiB 3.45 (1) A, 3cys

1.119 A).

Pucynokx 3.35 VYTBOpeHHsT BOAHEBOro 3B’s3Ky B cTpykrypi [ (miBopyu) 1 II

(mpaBopyy)

Takum uynHOM, HaMU OyJI0 BHJIUICHO Ta OXapaKTepu30BaHI JBI HoaucTi comi, 4-
[(6ensunamino)kapboHnin]-1-Metunmipuaunio Hoaua—iton (2/1), C1aHisN.O*1 0.51,, 1 Ta
4-[(6en3unamino)kap6ouin]-1-metunnipuausito tpuiiomun , C1aHisN20* I3 |, 11, 3 pisHuM
crmiBBigHOmEHHAM KaTioH:HoA. Cine I MICTHTH OJMH KaTiOH, OJWH MHWOJUI-aHIOH 1
MOJIOBUHY HEUTpaibHOI MOJIEKYNH [ B acMMETpUUHIA YaCTHHI €JIeMEHTapHOi KOMIpKHU
(cmiBBigHOMmIEeHHs KaTioH:Wox 1:2). Cure Il MicTuTh Ba KaTiOHW, OJWH TPHUHOAMI-aHIOH
(I3) i 1Bi MONTOBMHM TpuioAMI-aHiOHW (CHiBBigHOmIEHHS KaTion:iox 1:3). I'pyma NH
yTBOpIO€ BoaHeBi 3B8’s13ku N—H...I 3 anionom I y kpuctani comi I Ta BomHeBi 3B’ s13k1 N—

H...O B xpuctam comni 1, e npucyTHi 1uie TpUuioaua-aHIOHH.
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BucHoBku 10 po3ainy 3

VY pesynbrari CKpUHIHTY 46 pO3YMHHUKIB BHUSBJIEHO 3aKOHOMIPHOCTI PO3UYHMHEHHS
AMi30HY, a came: AMI30H HE PO3UYMHHUN y apOMaTUYHUX Ta amihaTUYHUX BYTICBOIHSIX,
eTepax Ta ecTepax, XJOPBMICHUX PO3UYMHHUKAX Ta TPETUHHUX amiHaxX. Y TEPBUHHHX,
BTOPMHHHX aMiHaX Ta KOHIICHTPOBAHUX MIHEPATbHUX KHUCJIOTaX BiIOyBa€ThCsA
PO3YMHEHHS 3 JECTPYKIIEIO Mpenapary. AMI30H PO3UMHHUHN y allpOTOHHUX PO3YMHHHUKAX,
KETOHAX, HITPWJIAX Ta CIHUPTaX, BKIIOYHO 3 MOMiOIaMH. SIK MpaBHIIO, 1€ POZUYMHHHUKH 3

BHCOKOIO B’SI3KICTIO Ta TEMIIEPATYPOIO KUITIHHS.

Opepxxano 11 kpucTamiyHUX 3pa3KiB 3 HACTYIHUX PO3YMHHUKIB: all€TOHITPUII,
aneroeHoH, OeH30HITpwI, OyTaHoJ, TrekcameTuindochoTpuaMis, 1-0yTaHOJ, METAHOI,
METOKCHUIIPOITAHOJI-2, HITPOOEH30J1, OIITOBA KUCIIOTA Ta MPOMIJIEHIIIKOIb. Buxiag AMizoHy
y LIMX PO3YMHHHUKAX KOJIMUBAEThCS y Mexkax 55 — 89 %.

3a pesynpratamu [Y cmekrpockomii 11 3pa3kiB AMI30HY BCTaHOBIIEHO, IO BCi
3pa3ku MOA10H1 MK CO00F0, 110 CBITYUTH MPO BIJICYTHICTH COBBATHUX (POPM 1, MOXKIIUBO,
mo [Y crekTpockonis TaKoXK HE € IPUUHATHUM METOJIOM JUIsl BU3BHAYEHHS BIIMIHHOCTEN y
KpUCTATIYHUX (hopMax AMI30HY.

P®A anani3 uux 3pa3kiB TaKOXK MIATBEPAUB iX 1IEHTUYHICTh. [IpoTe Oyno moMiueHo
Ny’)K€ HE3HayHl BIAMIHHOCTI Y TOBEAIHII 3pa3Ka, KPUCTAJII30BAHOTO y OEH3O0HITPHIIL.
IIpoBeneHo 10/1aTKOBI EKCIIEPUMEHTH, a caMme, epeKpucTaii3ais 3pa3ka Ta MOMEHTaJIbHa
3iiomMKa criekTpy. KoHTposipHa yacTHHA IBOTO 3pa3ka BUTpUMYBajach mMpoTsrom 50 aHIB
npu Temneparypi 60 °C 1 takox Oyma gocmimpkeHa meromom PDA. Bcranosneno, 1o
€TAJIOHHUN 3pa30K Ta 3pa3okK, kUil BuTpumyBaBcs S50 nHiB mpu Temmepatypt 60 °C,
IIEHTUYHI. 3pa3oK, SKUM 3HIMAaBCA oOJpa3zy MICAs NepeKpucTanizauii, Big HHX

BIJIPI3HSAETHCS.

BceranoBneHo, 1110 po3uyuHHICTh AMI30HY y TIPOINUIEHIIIIKOJI CTAHOBUTH OJIM3BKO 35
mac. %, a 3 THIIEepUHYy BiH HE KPUCTATI3ZYETHCS MPOTATOM 6 MICSIIB PH KOHIICHTpAITii
oimpme 1000 mr/mun Ta Temneparypi 5 °C. OCKiAbKM 1i PO3YMHHMKH JO3BOJEHO
BUKOPUCTOBYBATH y (papMaleBTULI SK JONOMDKHI pPEYOBUHH, Ha IX OCHOBI MOXe OyTH

po3po0ieHa piaka Jikapcbka ¢popma mpenapary.
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CunHTe30BaHO Ta  JOCHDKEHO Tpu  coi  4-[(GeH3mnamino)kapOoHii]-1-
METHIMIPUANHIIO 3 PI3HUMH aHIOHAMM TajoreHiB (xyopun, Opomin, #omum). AmCl
KPUCTATI3YETHCS B IIEHTPOCUMETPUYHIN MpocTopoBiit rpymi P21/n, Tomi sk AmBr i Aml
YTBOPIOIOTh KPUCTAIH 3 MpocTopoBoto rpynor Conke P212:2;. Kpucranu AmBr i Aml €
13ocTpykrypHuMH. KartioH 1 aHioH 3B’s3aHi BojgHeBuM 3B’s3koM N—H...Hal. Amnami3
noBepxHi  [ipmidenbaa  BUKOPUCTOBYBABCS  JUIsl  TOPIBHSAHHA ~ PI3HUX  THIIIB
MDKMOJIEKYJISIPHUX B3a€EMOJIN y TPbOX AOCIIJKYBAaHUX CTPYKTypax.

3a crpykryporo kpucrany AmBr i Aml nmyxke momi6Hi mix coboro, a AmCl
Bifpi3HsieTbes. 1llo mposiBnsierbes B pizHuUX ¢Gi3uuHMX BiractuBocTax — AmCl e
TIrPOCKONIYHOI0, CBITJIOYYTJIMBOI Ta AyX e po3unHo y Boal (I r B < 1 mun Boam)
pedoBrHO0, AmBr 1 Aml — He TirpocKkomnivyHi, He CBITJIOUYTJIMBI Ta MAJIOPO3YMHHI y BOJII
(1 r B 100 — 1000 mur) peuoBunu. L{s pi3HMIS y BIACTUBOCTAX € AYXKE CYTTEBOIO Ta

BYXJIMBOIO TIPH (POPMYJISIIIT TBEPAUX TOTOBUX JIIKAPCHKUX (POPM.

byno cuHTE30BaHO Ta JOCHIHKEHO MOHOKPUCTAIBHHUM Ta  MOPOIIKOBUM
PEHTIEHOCTPYKTYPHUM  METOAOM  HE  ONUCAaHWUW  padime  HamiBrigpat  4-
[(6ensunamino)kapbonin]-1-metunmipumuniit ~ 6pomin  (C1aHisN.O*Br ‘0.5H.0). B
ACUMETPUYHIM YacTHHI €JEeMEHTapHOI KOMIPKM NPHUCYTHI JBa OpPraHIYHUX KAaTIOHU
noAioHO1 KoH(opMmallii, 1Ba OpOMI-aHIOHH Ta OJHA MOJIEKYJia BOJU. Y KpHUCTaJll BOJIHEBI
38’53k N—H...Br BusiBieni MK KaTioHOM Ta aHIOHOM. YTBOPEHHS HU3KHU
MibxMoIekyJisipHux B3aemoxil C—H...Br 1 C—H...n npusBoaute 10 QopMyBaHHSA

MOABIMHMX JIAHIIFOKKIB, IO MMPOCTATAIOTHCS MapajienbHo mrontyHi (011).

Byno cuHTE30BaHO Ta MOCHIIKEHO HE OMMCaHl paHime ABI WOIUCTI coji, 4-
[(6en3unamino)kap6oHnin]-1-Metunmipuaunio Hogua—iton (2/1), Ci1aHisN.0*1 0.51, 1 Ta
4-[(6en3unamino)kap6oHnin]-1-metunnipuaunito Tpuiionus , C1aHisN20* 15 | I, 3 pisHuM
crmiBBiAHOIIEHHAM KaTioH:HoA. Cine I MICTUTH OJMH KaTiOH, OJUH MHWOJUI-aHIOH 1
MOJIOBUHY HEUTpaIbHOI MOJIEKYNIH [> B acHMETpUYHIA YaCTHHI €JIEeMEHTapHOI KOMIpPKH
(cmiBBigHOMIeHHs KaTioH:Wox 1:2). Cinp II MicTuTh JBa KaTiOHW, OJWH TPUHOAHMI-aHIOH

(I3 ) i 1B MOTOBMHM TpuioAMI-aHiOHW (CHiBBigHOmIEHHS Karion:iox 1:3). I'pyma NH
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yTBOpIO€ BoaHeBi 3B’s13ku N—H...I 3 anionom I y kpucrani comi I Ta BomHeBi 3B’ s13Kk1 N—
H...O B comni II, ae npucyTHI1 auiIe TPUHOAUI-aHIOHH.

Pesynbratn mmx mocmimxens A®I Enicamiym Hapa3l BUKOPHCTOBYIOTHCS IMPHU
pO3p0o0I1i TOTOBUX JiKapchbkux (popM Ha BUpoOHULTBI AT «Dapmak» (moaaTox A).

Bucnosmioro miipy noasky nadopatopii [lumkinoit C.B. HaykoBo-TeXHOIOTIYHOTO
koMmruiekca «IHctutyt Monokpucraniy HAHY 3a cmiBmpailto B peHTT€HOCTPYKTYPHOMY
JOCIIKEH MOHOKPHUCTAJIIB Ta JOCIIKEH]1 TOPOIIKOBOI PEHTI€HIBChKOI T (paKIIii.

Pesynomamu excnepumenmanvuux 0ocniodcenb 0aH020 po30ily HABEOEHO 8 MAKUX
nyonikayisax:

Cmammi:

1. Rudiuk V.V., Shaposhnik A.M., Baumer V.M., Levandovskiy I.A., Shishkina
S.V. 4-[(Benzylamino)carbonyl]-1-methylpyridinium bromide hemihydrate: X-ray
diffraction study and Hirshfeld surface analysis. Acta Crystallographica Section E:
Crystallographic Communications, 2022. Vol. 78. P. 496-499.
doi:10.1107/52056989022003784. XKypHan nuTyeThes HaykoMeTpudHow 0azor0 Web of
Science Ta SCOPUS. Q3. Ocobucmuii enecox 3000y8aua — auaniz aimepamypuux
odicepen, NpPOBeOeHHs CUHMEMUYHUX eKCNePUMEHMANbHUX O0CHi0NHCeHb, O0QOpMIEeHHS.
pe3yrbmamie, HANUCAHHA CMammi.

2. Shishkina S.V., Shaposhnik A.M., Baumer V.M., Rudiuk V.V., Levandovskiy
I.A. 4-[(Benzylamino)carbonyl]-1-methylpyridinium halogenide salts: X-ray diffraction
study and Hirshfeld surface analysis. Acta Crystallographica Section E: Crystallographic
Communications, 2022. Vol. 78. P. 114-119. doi:10.1107/S2056989021013505. XKypHuan
UTY€EThCST HaykomeTpudHOoto 0a3or0 Web of Science ta SCOPUS. Q3. Ocobucmuii
6HecOK 3000yeaua — aHani3 JAiMepamypHux odxcepel, NpPOBeOeHHs CUHMEMUYHUX
eKCNepUMEHMAIbHUX 00CAI0HCEHb, 0OPMIEHHS pe3yIbmamie, HanucanHs Cmammi.

3. Rudiuk V.V., Shaposhnik A.M., Baumer V.M., Levandovskiy I.A., Shishkina
S.V. Salts of 4-[(benzylamino)carbonyl]-1-methylpyridinium and iodide anions with
different cation:iodine stoichiometric ratios. Acta Crystallographica Section E:
Crystallographic Communications, 2021. Vol. 77. P. 1219-1223.
doi:10.1107/52056989021011300. XKypHan uutyerbes HaykomeTpuuHowo 0azor0 Web of


https://doi.org/10.1107/S2056989022003784
https://doi.org/10.1107%2FS2056989021013505
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Science Ta SCOPUS. Q3. Ocobucmuii enecox 3000ysaua — auaniz aimepamypHux
ooicepenl, NPOBEOeHHsT CUHMEMUYHUX eKCHEePUMEHMAIbHUX O0O0CHI0NCEHb, OQOPMIEHHS
pe3yibmamis, HAanUCAHHA cmammi.

Te3u donosgioeti:

4. Shaposhnyk A.M, Rudiuk V.V., Levandovskiy I.A., Baumer V.M., Margitich

V.M. Crystal structures of Enisamium halogenides // 62 Konwersatorium

Krystalograficzne Polish Crystallographic meeting, Edycja on-line, 24-25 June, 2021. P.
170-171. Ocobucmuii  6Hecok  3000y8aua  —  NPOBEOCHHS  CUHMEMUYHUX
EeKCNEePUMEHMANbHUX OO0CTIONCEHb, 00POOKA 00epHCAHUX pe3Vbmamis, HANUCAHHA |

NOOAHHA mes3.
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PO3I1J1 4. A®I AE3JIOPATA/IUH

4.1 3aranbHa indgopmanis npo cyocranuiro lesnoparaaun

AKTUBHMH (papManeBTUYHUN IHIpeieHT [le3nopaTaivH — CUHTETUYHUM Npenapar,
0 € MOXIJHUM HINEepPUAMHY Ta HAJIeXHUTh O TPYyNU aHTUriCTaMiHHMX mpenapatis II1

MOKOJIiHHA. 3a XIMIYHOI0 OYI0BOIO BiH € aKTUBHUM MeTabosiToM Jloparaauny.

Cl
/\

I N

\
H

Cxema 4.1 ®opmyna JleznopaTaauny

[Ticns mepopansHOTO TpUiioMy Jle3nopaTaauH CENeKTUBHO OJIOKye mepudepuyHi
Hi-rictamiHOB1  penenTopu, OCKUIBKH CyOCTaHIisl Maibke HE IIPOHHKAE Kpi3b
remaroeHuedariuauit  Oap’ep.  UucCieHHI  JOCHIKEHHS  MOKa3aid, M0 KpiM
AHTUTICTaMIHHOI akTHBHOCTI Jle3nopaTaauH MPOJIEMOHCTPYBAaB CBOi MpPOTHAJEPTidHI Ta
IpOTH3aNalIbHI BIACTHBOCTI. BcTaHoBIEeHO, 110 Jle3mopaTaquH MPUTHIYY€E KacKaJ Pi3HUX
peaKIlii, siKi JiexXaTh B OCHOBI aJIepriqyHOr0 3aMajieHHs, a caMe:

- BUIUICHHS Mpo3analbHUX ITUTOKIHIB, BKItouatoun 1J1-4, 1JI-6, 1J1-8 ta 1JI-13;

- BUJUICHHSA NMpo3anajibHUX XeMOKiHIB, TakuX sk RANTES;

- TMPOAYKII CYMEPOKCHIHOTO AaHIOHY aKTHBOBAaHUMHU TOJIMOPGHOSACPHUMH

HeHTpoditamu;

- aaresiro 1 XeMOTaKCHUC €03UHO(DLIIB;

- eKCHpEeciro MOJIEKYJ aaresii, Takux sik P-cenexTuy;

- IgE-3anexxHe BunieHHs TicTaMiny, npocTarjanauHy D2 1 neiikotpieny Ca;

- TOCTpUU alepriuHuii OPOHXOCMA3M Ta aJepriyHUM Kallelb Yy MOCHIDKEHHIX Ha

TBapUHaXx.
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A®I Jlesnoparaaun Mmae MmoHorpadiro B €Bpomneiickkiit papmakoriei [471], ToOTO 115
cyOcTaHIIis TOMyIIeHa Ha pUHOK €BPOMEHCHKOTO COI03Yy Ta MA€ MEBHI KOPCTKI BUMOTH JI0
saxocTi. B MmoHorpadii okpemo npomnucano, o [eznoparaaun npossiise moxmopdism, aie

BUMOT JI0 MIEBHOT KPUCTAIIYHOI (POPMH HEMAE.
4.2 Cunre3 cyocTanuii Jde3oparaaun

B mitepatypi omucano enuHuii crmoci®6 orpumanHs A®I [lesnoparamgun 3 ADI
Jloparagun (cxema 4.2) [472, 473]. 3 Touku 30py COOIBapTOCTI 1€ MPABUIBHUN HUIAX —
crio’kuBaHHA JlopaTagumHa B CBITI Ha MOPSAIOK Oinbline, HDK Jle3moparaanHa, BiATOBITHO
cobiBapticTth JlopaTtaguna B 3 — 5 paziB menue [lesnoparoauny, mioc JlesnopataauH
OTPUMYETHCS B OJHY XIMIUHY CTaJIi0, 110 T€K €KOHOMIYHO BUTITHO. 3 TOUYKHU 30PY SKOCTI
— 1I€ TeX BUIIPAB/IAHO, TOMY IO SK BUXIJHY CHPOBHHY BHUKOPHUCTOBYIOTH HE XIMIUHY
cupoBuHy, a papmaneBTuudy — A®I Jloparaaun, mo Bxke BiANOBiAae (GapMareBTUIHUM

BUMOI'aM SIKOCTI.

cl N cl N

H
O 87%

Cxema 4.2 Cunres JleznopaTaauna

JInst 3HATTS eTWIKApOOKCHUIBHOT TPYNH 3 a30Ty IMNEPUIUHY BUKOPHUCTOBYIOTH

CHJIbHI OCHOBM — HATpid Tipokcwa abo Kaaiid TIAPOKCHJI, B SKOCTI PO3UYMHHHUKA
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BUKOPHUCTOBYIOTbCSI pi3HI crnupTu. JocmiaHuMm muisixoM Oynno migiOpaHo ONTHUMAaIbHY
CUCTEMY ISl IPOBEJICHHS peaKIllil — HaTpii T1IPOKCU] Ta METAHOJ.

Jnst orpumanns A®I ¢apmakomneitHoi gkocTi (iHATBHY OYHUCTKY HPOBOISTH
nuaxoM kpuctamszanii. [Tigidpano 6yno onTuMaabHUN PO3UUHHUK — €TUJIALETAT.

TexHonoriydi napameTpu OyJM BiMpaIbOBaHi B JaOOPATOPHUX YMOBAX, IICIS YOTO
OyJi0 mpoBeieHo TpaHchep Ta MacIITabyBaHHS JIBOXCTAIIMHOI TEXHOJIOT1I Ha MPOMHUCIIOBY
CXEMY.

Cmaoia ompumanus cyocmanyii [{eznopamaoun mexHivHui

B peakTop 06’emom 500 1, 061aiHAaHUIN MIINIAIKOI, 3BOPOTHUM XOJIOJUILHUKOM 1
TEPMOMETPOM, 3arpy3uwinu 22 xr (550 mons) rigpokcuay Hatpiro Ta 80 JI METHIOBOIO
crupTy. PeakiiiiiHy mMacy Hiirpuid Ipy IHTCHCUBHOMY I€peMIIIyBaHHI 10 TeMIepaTypu
75 — 80 °C 1 mpoBenau BUTPUMKY IpH LIl Temmneparypi 10 NOBHOTO PO3YUHEHHS JIyTY
(mpubnu3Ho 1 rom.).

[Ticns po34YMHEHHS TBEPAOrO 3AIUIIKY pPO34YMH oxojoawnu o 45 — 50 °C i
3aBaHTaxwin 20 xr (52 mons) Jlopatanuny. Macy Harpumm go 80 — 85 °C 1 BuTpumanu
npu 3aJaHiid TeMmreparypi 1 IHTEHCUBHOMY mepeMinryBanHl 3 roauHu. [lo 3akiHYeHHIO
BUTPUMKH Macy B peakTopi NpuUMycoBo oxojoauau Ao 45 — 50 °C, XOoJOoAWIbHHUK
YBIMKHYJIM SIK MPSMHMA, 3HU3WIM THCK B cucteMi 10 30 — 40 MM. pT. CT. 1 BIJITHAIH
6mu3bko 40 1 MeTaHOTy 3 peakuiiHoi cymiii. [licns BIATOHKH pO3YMHHUKA BCTAHOBUJIU B
cucteMi arMocepHHid THCK Ta Aojainu 10 yTBopeHoi macu 200 1 BOIM OYHMUIIEHOI.
Peakmiiiny cymim oxomoauiu mpu nepeminryBadfi g0 10 — 15 °C 1 BuTpumanu npu i
Temneparypi | ronuny.

Peakuiiiny macy (uibTpyBanu, NpoAyKT A0OpE BiXKaiav, NOTIM MPOMMIH I’ SIThbMa
MOPIisIMHA BOJIM ovuIeHo1 1o 30 1.

Otpumaniu 23 Kr cCUpOro HpoaykKTy, sikuil BucyuryBaiu npu 60 °C, 10KH BMICT
BOJIOTH B cyOcTaHIlii ctanoBuTUMe He Oinbine 0.5 %. Orpumanu 14 Kr cyXoro TEXHIYHOTO
Jleznopartaauny, mo ckianae 87 % Big TEOPETUUHOTO B MepepaxyHKy Ha JlopaTtaauH.

Cmaois ompumanns /le3nopamaouty hapmaxkoneunozo

B peakTop 06’emom 250 i1, 00aHAaHUH MIMIATKOI, 3BOPOTHUM XOJIOAUILHUKOM 1

TEPMOMETPOM, NoMicTHIIU 14 Kr cyxoro TexHiyHoro Jle3noparaauny, 70 1 eTunaneraTty Ta
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0.35 kr Byruuisi akTUBOBAHOTO. BKIIOUMIN MIMIANIKY; Macy MiAICPiBaiud JI0 TEMIIEpaTypu
77 —79 °C 1 nepemiuryBaJIi IIpH Lii TeMrepaTypi (Temneparypa KuniHHsa cymimn 78 °C)
1.5 romunu. Ilicns BUTpUMKHU ByTrumis BiaQuUIbTpyBaiau. Po3dumH caMOOXOIOAWIHN TpHU
IHTEHCMBHOMY MepeMilnyBaHHi 10 Ttemmneparypu 50 — 55 °C, noTiM HOpUMyCOBO
oxonoam 110 4 °C 1 BUTpUMAaIH MpH 111K TemiiepaTypi 1 rogusy.

Ocan, mo yTBOpUBCS, GUIBTPYBaIU, 10Ope BIIKAIU 1 MPOMIIIM Ha GLIBTP1 ABOMA
nopiisiMu o 20 J1 OXOJIOJIKEHOT0 €THIIAlleTaTy Ta BUCYIIyBaiu mpu Ttemmeparypi 60 °C
npoTIroM 4 TOJIUH.

Otpumanu 10 kr cyxoro [esnoparaauny dapmakoneiiHoro, mo ckiagae 71 % B
nepepaxyHKy Ha B3ATUN TexHIYHUM [le3moparanuu 1 62 % B mepepaxyHKy Ha BHXITHUN

JloparaaguH.

Tabmuus 4.1 ButpaTHi HOpMU CUPOBHHHM Ha OJUMHHULIO MPOAYKIII Y BUPOOHULTBI
Jlesnoparanuny

e Ha3sa cupoBunM/MaTepiaJis Sbiderh 1a
n/n 1 kr mpoaykTy
1  Jloparagun 2 KT

2 Hartpiro rizpokcun 2,2 KT

3 | MeraHnon 6,4 xr (8 m)

4 Etwnim anerar 9,9 xr (11 n)
5 Bona ounmena 35 kr (35 )
6 | Byriuis aktuBoBaHe 0,035 kxr

Takum unHOM, 11 TEXHOJIOTIS cuHTE3y cyOcTaHIii Jle3noparanun Oyna po3pobdiieHa

Ta BIIPOBa/KEHA B cepiiine BUpoOHUITBO Ha AT «®apmax» (monatok A).
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4.3 Ilepexpucradgizanist cyocranuii Jle3noparaaun

B paMkax BHBYEHHS MNepeKpHCTai3alli BUKOPUCTOBYBAIMCS JBa 3pa3Ku PI3HUX
npomucioBux cepii ADI Jlesnoparaaun supooHunTea AT «Dapmaka» (3pazku 40 ta 41).

Jlnst BUpIlIEHHS [OCTaBJICHUX 3aBJaHb OTPUMAJIM HHU3KY 3pa3KiB 13 HaJaHHUX

CcyOCTaHITIH:
» 40" —3pazok 40, nepekpucTalli30OBaHUH 3 TCKCaHy
» 40EA —3pa3ok 40, mepekpucTaaizoBaHu 3 ETHIIAICTATY
» 40I1 — nmpecyBanHs 3pa3ka 40
» 40I'TI — npecyBanns 3pa3ka 400
» 41B — 3pa3ok 41, nepekpucTani3oBaHuil 3 BOIH
» 411" —3pa3ok 41, nepekpucTalli3oBaHUH 3 TCKCaHy
» 41P —3pa3ok 41 3 po3miaBy
» 41X® — 3pa3ok 41, nmepekprcTaaizoBaHUi 3 XJI0pohopMy
» 41X®II — nmpecyBanns 3 41 XD

Y

4111 — npecyBanns 41
Otpumani Mojenl CTPYKTyp, BHU3HAYEHI MOHOKPUCTAIHHUM METOJOM, Oylin
BUKOPHCTaH1 Il pO3paxyHKiB 3a MeToaoM PiTBenbaa. CroyaTky Takl po3paxyHKHU Oyiu
BUKOHAHI Il CyOCTaHLIi, MEepPEeKPUCTANTI30BaHUX 3 PO3UYMHHMKIB, 3a3HAYEHUX BHILE,
OCKIJTbKM 3HAWJACHUX CTPYKTyp TmodiMopdiB OyJlo JOCTaTHbO TUIBKK JUISl  IHX
penTreHorpam. Pe3ynbratu po3paxyHKIB 3a MeTooM PiTBenbjaa HaBeneH1 B Tadaumi 4.2.
Moskaa OauuTH, MO BCl Ii cyOcTaHmii € nBoxdasHuMHU 1 MicTATh momimophu 1 1 2.
CriBBiTHOIIEHHS MOMIMOP()IB SBHO 3aJ€XKHUTh BiJi BUKOPUCTAHOTO PO3YMHHUKA. Y TaOII.
4.2 pe3ynbTaTH pPO3TAIIOBaHI B MOPSAJIKY 3MEHIIEHHS MacoBOro 3MICTy mnoiiMmopdy 1
(mpecoBaHi 3pa3Ku MEPEeKpUCTANI30BaHUX CyOcTaHIi, HaBelneHi B Tabn. 4.2, OynyTh
PO3IIIAHYTI Mi3HilIE). 32 IMMH JaHUMH MOXHA MOOYAyBaTH HACTYITHUHN PsIA:
Xnopodopm > 'ekcan > Etunanerar > Boga > Posmas
3rilHO 3 UM PSIAOM, MaKCUMaldbHUU BMICT momimopdy | yTBOPIOETHCS TMpHU
nepekpucTanzaiii 3 xjaopogopMy, MaKCUMaIbHUM BMICT mogiMopdy 2 BUXOAUTH MHpPH

KpucTamizaii po3miaBy. [IIBHAKICTs KpucTammizaiii TaKoX pi3Ha ISl pi3HUX PO3UYNHHUKIB.
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VYV nesxux 3paszkax (40EA, 41B, 41P) cnocrepiratotbes MikpogedopMmaliii B CTpyKTypi

(BKa3zaHi y BIACOTKax Je(OpMOBAHMX OCEPEIKIB B OCTAaHHIA KOJOHII B 3HAMEHHHKY

npo0y, MPOUYEpK TaM 03HAYAE BIACYTHICTh MiKpoaedopmariiii).

Tabnmuus 4.2 Pesynbratu po3paxyHKy audpakTorpaMm AOCHIHDKEHUX 3pa3KiB

Jlesnopataauny 3a MetoqioM PitBenbaa™

a, A b, A ¢ A b v,As | Up. | Cepemiii = posvip
rp. | KpHCTaliB,
3pasoxk HM/MiKpoaedopMmarris
(abo BmicT a3 y mac. %)
CCDC=GEHXEX
(-173.15°C) 6.9336(12) | 11.998(2) | 9.4691(16) | 107.365(2) 751.826 P2,
(monimopd 1)
40EA 7.077(6) | 12.108(4) | 9.554(5) | 108.04(8) | 778.5(8) | P2
noimopd 1, 20 °C ' ' ' ] '
41B (40EA_hot) 12.1187(15
Homimopd 2, 20 °C 7.7524(10) ) 8.9818(12) | 110.615(14) | 789.80(18) | P2,
Monimopd 1 —77(1)% 31/-
40XD Toimopd 2 — 23(1)% 10/-
IMonimopd 1 —60(1)% 27/0.58
40Xl Toimopd 2 — 40(1)% 17/0.65
41T Monimopd 1 —46(1)% 35/-
[oximopd 2 — 64(1)% 34/-
AITTH Iomimopd 1 —76(1)% 24/0.49
[omimopd 2 — 24(1)% 30/0.50
A1EA Momimopd 1 —20(1)% 24/0.40
IMosimopd 2 — 80(1)% 37/0.15
41B IMonimopd 1 — 14(1)% 19/1.3
IMonimopd 2 — 86(1)% 20/—
41P Momimopd 1 —9(1)% 27/0.3
IMonimopd 2 — 91(1)% 32/0.4
40, 41
Tonivopd 3 13.996(1) | 12.095(1) | 9.5283(8) 105.332(6) 1555.5(2) P2;
IMomimopd 1 —45(1)% 36/—
40 IMomimopd 2 — 10(1)% 27/
IMonimopd 3 — 45(1)% 44/
IMomimopd 1 —55(1)% 31/0.54
4011 IMonimopd 2 — 17(1)% 32/0.53
IMonimopd 3 — 28(1)% 51/0.80
IMonimopd 1 —39(1)% 36/-
41 IMonimopd 2 — 13(1)% 24/—
[Monimopd 3 — 48(1)% 39/
Monimopd 1 —52(1)% 32/0.54
4111 Monimopd 2 — 19(1)% 26/—
[Monimopd 3 — 28(1)% 38/0.78

* Pospaxynku 3po6sieHi B nadopatopii [Humkinoit C.B. HaykoBo-TeXHOIOTTYHOTO

KOMIUIeKCca «|[HCTUTYT MOHOKPHCTAIBY




183

VY pa3i BUKOpPHUCTaHHS €TWIAlleTaTy IMepeKpucTaIizailis IpoBOaUIACS TPUPOIHUM
OXOJIO/DKEHHSIM Tapsiuoro po34MHy, 1, MaOyTh, BHACTIZOK BHCOKOi TeMIepaTypHOI
3QJICKHOCTI PO3UYMHHOCTI, Ha IOYATKOBIM cCTajli KpHCTami3amis IpoXoauia 3aHaJTo
MIBUAKO 1 HEPIBHOBAXXHO, TOMY J€sKa YaCTUHA KPHUCTAJIB MICTWIA A€PEKTH Ta IHIII
nopymieHas: cTpykrypu. [Ipu kpucramizanii 3 Boau, B ki [le3moparaiua po3uynHAETHCS
ay’ke 1o0pe HaBiTh MpHM KIMHATHIA TeMIieparypi, B MPOIECl yHmaploBaHHS YTBOPIOETHCS
CUpONOMNo/Ii0Ha piuHAa, SIKY JOBOAWIOCS MEpPEeMIllyBaTH, 100 Mmodayiacs KpUcTaIi3allis.
Bracniiok BUCOKOTO MepecuyeHHsT KpUCTali3allis MpoTiKajia JABUHOIOAIOHO 1 IIBUIKO, B
pe3ynbTaTi IBOTO TMOMITHA YacTMHA KpUCTaliB y 3pa3ky 41B Takox wmicTunu
Mikpoaepopmamii. 3 TIET K NPUYMHU MiKpojedopmallli CIOCTEPIraroThCs IMpHU
BUKOPHUCTAHHI PO3IUIaBY, B IKOMY KpHCTaIi3allis MPOTIKAE MPAKTUYHO MOMEHTAJILHO MU
OXOJIO/DKEHHI /0 TOYKM IUTaBIEHHS. 3a3HAUYMMO, IO 3 JKOJHOTO PO3YMHHHUKA (KpiM
3a3HAYCHUX, MIEPEBIPSIIU TAKOXK AIllCTOHITPUII, METAHOJI, €TAHOJI, 130MPOMAHO) HE BAAIOCS
OTpUMATH SKUHCh OJAWH MOJIMOP(] Yy YHMCTOMY BUIJISAII, TPOAYKT KpHUCTATI3AIlli 3aBXKIU

CKJIaZaBcs 3 CyMILIl ABOX MOIIMOPQIB.
4.4 BuBuenHs nosiimopdizmy cyocranuii Jde3sioparagun
4.4.1 Iloaximop¢u 1 Ta 2

B nitepatypi icHy1oTh AaHi npo oaHy monudikauito JleznoparaauHa, noaiMopgpHa
dopma 1 (CCDC=GEHXEX), cTpykTypa fKkoi BU3HAY€HAa MOHOKPHCTAJILHUM METOJIOM
npu HMU3bKIM Temmeparypi [474]. YV poOoTi 3a3HAayaeThCsA, WO JAaHUK TOIIMOPQ
OTpUMAaHHUN TEepPeKpHUCTai3aIli€elo 3 erunarnerary. KpiM Toro, y maTeHTHIH JiTepaTypi
3HAMIEHO B1IOMOCTI IpO JApyrui nomimopd, sKuil Moke OyTH OTpUMaHHUil 3 po3IUIaBy
Jleznopataauny y BUDIIsiAL Opoiky [475]. OCKUIbKY JjIsl JOCSTHEHHS METH JJaHO1 poOOTH
3HaHHS CTPYKTypH 000X mosiMopdiB Oyio BKpail BaXIUBUM, Oyiu 3poOiieHi cripoOu
OTPUMAHHS KpUCTAJIB KOXHOro mnodiMopdy £K TMepeKpUucTaiizaii€lo 3 pI3HHUX
PO3YMHHUKIB, TaK 1 3 PO3IUIABIB. 3HAWIIEHO, MO MPUHHATHI JJII MOHOKPHUCTAIHHOTO
JOCIIKEHHST KpUCTaIH MoaiMopdy 1 MOXKyTh OyTH OTpHMaHi 3 PO3UYHMHIB €THIIAIETATY 1

rekcany. Kpucranu mnomnimopdy 2 3 po3miaBy BHUXOIWIM 3aHAATO HUBBKOI SIKOCTI.
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JlexkiibKa Kpamioi SKOCTI KpHCTaIM TomiMopdy 2 BHUXOAWIM 3 PO3YUHIB, B SKHUX
JOCSTaeTbCAd BEJIMKE NepecHuYeHHs Jle3noparaniuHy, BHACHIOK SKOrO KpHCTaTi3alis
NPOXOJUTh JIABUHOMOMIOHO 3 CHPOMOMNOAIOHOI B'SI3KO1 PiJIMHU, JAIOYU TOPOIIOK B
OCHOBHI Maci, ajle JesKa KUIbKICTb KPHUCTAJIB BCE X TaKuh yTBOPIOEThbCS. Jlo Takux
PO3YMHHUKIB, B TEPIIy 4Yepry, BITHOCAThCA Boja Ta xyuopodopM. CTpykTypu 000X
OTPUMAHUX TEPEKPUCTATIZAIIEID 3 PO3YMHHUKIB MOJIMOp(dIB OyJd BHU3HAUYCHI
MOHOKPHUCTAIbHUM METOAOM (CTpyKTypa nomiMopdy 1 Takox Oyna HE0OXiaHA, OCKUIBKU
OmHCaHl B JITepaTypi pe3ysbTaTh HU3bKOTeMIeparypHoro ekcrnepumenty (T = - 173.15
°C) MaroTh napameTpu €JIeMEHTApHOI KOMIPKH, [Kl JIy)Ke BIAPIZHSIIOTHCS BIJl TAKUX MPHU
KIMHATHI Temmneparypl 1 HeNpUAaTHI UId pO3paxyHKIB MOPOIIKOBUX PEHTIEHOIpaM 3a
meTosioM PutBenbaa. OTpuMaHi mapaMeTpu eJIeMeHTapHOI KOMIPKHU st 000X MOJIMOp(QiB
HaBeJieH1 B Ta0J. 4.2, OCHOBHI KpucTanorpadiyHi gaHl Ta pe3yJbTaTH YTOUHEHHS - B Ta0.
4.3. B 000ox cTpykTypax 30epekeHa HyMepallisi aToOMiB, JlaHa B OpHTIHAJIBHINA pPOOOTI
(CCDC = GENXEX). IlopiBHsiHHS pe3yibTaTiB, oTpuManux s 3paska 40EA, 3
JTITEpaTypHUMH JTaHUMH TOKa3allo, 0 MOoJeKya, 3HaieHa B 40EA, € 1HBepTOBaHOIO MO

BimHOomeHHO 10 Takoi B (CCDC = GENXEX).

bynosa monekyn y nonimopdax 1 1 2 mokazana Ha puc. 4.1 ta 4.2, Ha SKUX MOKa3aHi
TaKOX 1HBEPTOBAHI CTPYKTYpH MoJiekyd 1 1 2. ¥V koxxkHOMY mojaiMopdi MOJIeKyia MICTUTh
4 rutanapHi pparmentu: (a) xmopOensonbsHe kimbie (atomu Cl1, C8—C13), (6) mipuauHoBe
kuteiie (N1, C1-C5) ; (B) mumerunoyrenoBuit ¢parment (Cl, C13-Cl16, C19) 1 (1)
IEeHTpajdbHa YacTWHA minepuauHoBoro (Qparmenta (Cl6, C17, CI18, C19), mo
3HAXOAWTHCS B 000X CTPYKTypax B TpaHC-KOHbIrypamii. KoHIeHCOBaHMIA TPUIIUKII
CKJIQZa€ThbCcsl 3 JBOX IUIOCKMX (hparMeHTiB (a) 1 (0), ABOrpaHHUM KYT MK SKUMH
ctaHoBUTH 55.9° B momimopdi 1 1 57.0° B momimopdi 2, mpu upomy arom C7 B 000x
nosiMopdax JeKUTh B TUIONIMHI (a), a atomu C6 ta C14 nexarh 0JJHOYACHO Y TUIOIIMHAX
(a) Ta (6), ToOTO MO JiHIT IUX aTOMIB TPULIMKI 3a3Ha€ 3j1amMy. B3aemHe po3TalnyBaHHS
IUTAaHAPHUX (PparMEHTIB MOKHA TAaKOX XapaKTEepPU3yBaTH KOPOTKHM CIHCKOM TOPCIMHHUX
KyTiB, HaBeJieHUX y Ta0i. 4.4. Monekyna /le3noparaiuHy He MICTUTh XIpaJIbHUX LIEHTPIB,

TOMy  nOMIMOpPQI3M 1€l CHOAYKM € KOH(POPMALIMHUM 1 OOYMOBIIEHHWA pI3HUM
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pO3TalllyBaHHAM JUMETUIIOYTEHOBOTO (hparMeHTa (B) 110,10 1wiomiyH (a) 1 (6). 3a gaHuMuU
Tabi1. 4.4 MOXHA Bi3HAUNTH, 110 B T1apax (1-1-iuB) i (2-2-1HB) OAHOMMEHHI TOPCIHHI KyTH
B MEXaxX TOYHOCTI BIAPI3HAIOTHCS TIIBKM 3HAKOM, IO NPHPOIHO JUIS BHUXIAHOI Ta

1HBEPTOBAHOI CTPYKTYP.

Tabnuus 4.3 OcHOBHI KpucTanorpadiui JaHi Ta pe3yjbTaTH YTOYHEHHS IS

nonimMopdiB 112 Jleznoparaguny™

Honimopo 1 | [onimopd 2
Emmipuuna gpopmyina C19H19CIN,
M, a.0.Mm 310.81
TK 293(2)
L (MoKa), A 0.71073
CiHTOHIs1, TPOCTOPOBA rpymna MoHokiHHa, P21
IMapamerpu pemitku (A,°) a=7.060(5), a=7.7524(10)
b =12.103(5), b =12.1187(15)
¢ =9.559(4), ¢ =8.9818(12)
B=108.17(6) B=110.615(14)
06’em komipku V, A® 776.1(7) 789.80(18)
YA 2
I'yctuna dy, r/em® 1.330 1.307
Koed. ocit. py(MoKa), mm? 0.244 0.240
Fooo 328
Po3mipu kpucTaty, MM 0.61x0.15%0.06 0.70x0.15%0.06
InrepBai KyTiB, ° 3.47<6<26.00 2.99<0<25.99
Mexi iHI€eKciB -8<h<8, -14<k<14, -8<h<9, -14<k<14,
-11<1<7 -9<I<11
Biyi3epkaieHb BUMIPSHUX/HE3ATIEKHUX 3544/2512 (Rin=0.0960) 5123/2753 (Rin=0.0647)
IToBHOTa OXOIUIeHHS, % 96.1 95.2
[ponyckatist Tmax/ T min 0.985/0.865 0. 986/0.850
MeToz yTOUHEHHs Tosnomarpuunuii MHK 1o FZn
Janux/napamerpis y MHK 2512/200 2753/203
S 0.963 0.963
R-taxropu o cioctep. Bind. (1>20)) R,=0.0681, wR?=0.1297 R;=0.0495, wR?=0.0813
R-dakTopu 1o BciM BIIOUTTIM R1=0.1983, wR?=0.2093 R:=0.1245, wR?=0.1149
[MTapamerp ®rueka 0.2(2) 0.32(11)
Apmax/ Apmin, 51./A% 0.212/-0.146 0.122/-0.110

* Pospaxynku 3po6sieHi B nadopatopii lumkinoit C.B. HaykoBo-TeXHOIOTTYHOTO

KOMILIEKca «HCTUTYT MOHOKPHCTAIIIB)
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Tabmunss 4.4 3HaueHHA JEAKUX TOPCIMHMX KYTiB B PI3HUX mojiMopdax

Jeznopatonuny™
Kyt, rpag\nmomnimMopd 1 1-iuB 2 2-1HB
C9—C8-C7-C6 -173.3 173.8 174.3 -174.3
C8-C7-C6-C5 -58.9 59.1 62.8 -62.9
C7-C6—C5-C4 -111.0 114.0 109.3 -109.2
C8-C13-C14-C15 -122.3 123.1 127.7 -127.5
C13-C14-C15-Cl16 3.5 -4.6 -6.3 6.4

* Po3paxynku 3po6iseni B nadopatopii [Humkinoit C.B. HaykoBo-Te€XHOIOTTYHOTO

KOMIIJICKCa «IHCTHTYT MOHOKpI/ICTaHiB»

[Ipu nipomy 3HaueHHsS KyTiB, Onm3bKi 10 +0° ta £180°, cBiqYaTh NpoO MIAHAPHICTH
¢dbparMeHnTa 1aHuX YOTUPHOX aToMIB. Taki 3HaueHHs xapakTepHi st KyTiB C9—-C8—-C7-C6
(atomun C6 Ta C7 nexarp y mionuui (a)) ta CI13-C14-C15-C16 (dparment (B) €
wiaHapauM). KyTu, He XapakTepHi Mg IUIaHapHUX (parMeHriB, B noaimMopdax 1 1 2
TaKoX OJM3bKI 10 aOCONIOTHIM BETWYMHI 1 XapaKTepU3YIOTh PO3BOPOT OIHOTO
mIaHapHOTO ¢parMeHTa MO0 1HIIOro, TOOTO Po3BOpoT (6) MO BigHOIIEHHIO 70 (a)
xapakrepusyerbest kyramu C8—C7-C6—-C5 ta C7T-C6—C5-C4, a kyr C8—C13-C14-C15
XapaKkTepu3ye po3BOPOT (B) MO BIIHOMICHHIO 10 (a).

SAx Bxe 3a3Hayanocs, OCHOBHOIO BIAMIHHICTIO MK mnoiiMoppamu 1 1 2
JleznopataauHy € po3TairyBaHHS AUMETHIOYTEHOBOTO (PpparMeHTa (B) 11010 TPUIIUKITY, a
TUTaHapHI (PparMeHTH TPULIKMKIY PO3TAMIOBYIOTHCS MPUOIU3HO OJHAKOBO OJWH IIOJIO
OJTHOTO, JIIHIS 371aMy TPHUITUKITY TpoxoauTh yepe3 atomu C6 1 C14. Takum 94MHOM, MOKHA
NPUIYCTUTH, 10 MoJjekyna [lesnmoparaguHy MoXe MaTh YOTUpPU KOHIryparii, Kpim
IHBEPTOBAaHUX CTPYKTYp, 1 Il KOHQIrypauii MOXyTh JaBaTh HE MeHIIEe 4 mommMophHHUX
momudikamii. OmauM 13 ux momMopdiB € CTpykTypa 1 1 eKBiBaJIeHTHA il iHBepTOBaHA

ctpykrypa CCDC=GEXHEH, napyrum mnomnimopdom — crpykrypa 2. bingbiie 4ucio
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noriMop(iB MOXKIIMBE Y pa3l KpucTajizaii MOJeKyJ ABOX Pi3HUX KOHQIrypariii B ogHIN

CTPYKTYPI.

Pucynok 4.1 Koudirypamis monexkynu Jleznoparaguny B noaimopdpi 1: a) y

kpuctani 40EA; 6) Te came, Bup 3Bepxy; B),r) y CCDC=GEHXEX
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6 r
Pucynok 4.2 Koudirypamiss monexkynu Jeznoparaguny B noiaiMopdi 2: a) y

kpuctani 41B; 0) Te came, Bua 3BepXy; B),I') IHBEpTOBaHA CTPYKTYypa

4.4.2 Buxinna cyocranuis Ta Tperiii moaimop¢ esnoparaguny

Cnpoba po3paxyHKy peHTreHorpam BuxigHux cyOcranmii 40 Tta 41 3
BUKOPUCTAHHSAM CTPYKTYpPHHX JaHuUX 3a mojiMopdamu 1 1 2 mokazana, mo Ha 000X
pEHTreHorpaMax CIOCTEpIraloThCs JIiHIT JOMIMIOK, IHTEHCUBHICTD SIKUX MOHA MOPIBHATH
3 IHTCHCUBHOCTSIMU JIiHIN JBOX ocHOBHUX (a3. [IepeBipka Takok mokaszana, 1o Il JiHii He
BIJIMOB1AAIOTh BUXIJIHIK cupoBuHI JloparanuHy. BuaineHHs 1ux JiHIA B OKpEeMH MacHB 1
nepeBipKa 3a mMporpaMaMy 1HAMKYBaHHS MMOKa3aJid, IO 111 JIIHII BIANOBIAA0Th OAHIN (a3i 3
€JIEMEHTAPHOIO0 KOMIPKOIO BJIBIUl OUIBIIOTO 00'eMy B TIOpIBHSIHHI 3 TosiMopdamu 1 abo 2.

[ro ¢a3y He BAanocs oTpuMaTu MEpeKpUCTali3alli€ro, TOOTO €TaJIOHHOI PEHTTeHOrpaMu
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dazu He Oyno. Tomy Il pillieHHS CTPYKTypH OyJia BUKOpHUCTAaHA pPI3HHUIIEBA KPHBa,
OTpYMMaHa MpU TpyOOMY YTOUYHEHHI pEHTreHOrpamu 3paska 41, micis meskoi ToJaTKOBOT
00poOKH. 3po3yMiJio, IO BHACTIIOK HHU3BKOI SKOCTI TaKoi «EKCIIEPUMEHTAILHOI
PEHTreHOrpaMu Ta 00'€KTUBHUX OOMEXEHb METOAYy MHOPOIIKOBOro po3imudpyBaHHs (y
HE3aJeKHIA YaCTUHI €JEMEHTapHOI KOMIPKH 3HAXOAUTBHCS JBI MOJEKYJIH, TPU IHOMY
MIEPEBUIIYETHCS JOMYCTHMA KUIBKICTh aTOMIB, IO MIJISATAIOTh 3HAXOJKEHHIO) BaXKKO
OyJI0o po3paxoByBaTH HA OTPUMAHHS JOCUTh TOUHOI MOJIEN1 CTpyKTypH. [licis onTumizaiii
nependadyyBaHUX BapiaHTIB CTPYKTypH (MOE€HAHHA IO JIBa 3 YOTHUPHOX KOH(POPMEPIB Y
JIBOX MOXJIMBUX MPOCTOPOBUX Ipynax) OyB BiAiOpaHUll MPUHHATHUN BapiaHT CTPYKTYpHU
nomimMopdy 3, sSkuil OyB BUKOPUCTAHUM MJIsI OI[IHKM KUIBKICHOTO CKJIaay BUXITHUX
cybcTaniiit. Moro MokHa BBaXKaTH NPUONHM3HUM, TaK SK aHATi3 CTPYKTYPH BHSBISE Yy
HbOMY HASBHICTh KOPOTKHX MIDKMOJEKYISIPHUX KOHTAKTiB. Y LbOMY HOJIMOPdI
He3aJie)kHAa 4YacTHMHA eJEMEHTapHOI KOMIPKM MICTUTh OJIHY 1HBEPTOBAHY MOJEKYITY

noiMopdy 1 1 ogHy Mosekyy noimopdy 2 (puc. 4.3, Tadu. 4.2).

Pucynox 4.3 Crpykrypa momimopdy 3 (a — 0a3ucHI MOJEKyIH CTPYKTypu; 0 —

yHaKkoBKa MOJIEKYJ Y KOMIpIll, aTOMH T1JpOreHy HE MOKa3aH1
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4.4.3 IlpecyBanHs Ta BUXigHa cyOcTanuis /le3ioparaauny

3pazku 40X ®DII, 41T°TI, 40IT i 4111 Oynu qocmimKeH1 17151 BUSBICHHS TIPOIIECIB, IO
IPOTIKAIOTh Yy CYOCTaHINSIX TpPH TNPEeCyBaHHI TabJIETOK, OCKUIBKM Ha PEHTTEHOTpaMax
tabnerok Enem, BupoonunrtBa AT «®Dapmak», He Bmamocs HaAlliHO BUSBUTH JIHII (a3
JleznopataauHy, Tak sIK BMICT OCTAaHHBOTO B TabJieTKaxX HAATO Manui (5 Mr Ha TaOJIETKY).
[lepuie, mo MOMITHO Ha pPEHTreHOrpaMmax BCIX MPECOBAHUX CYOCTaHIIi — 1€ 3HA4HE
NaJlHHS IHTEHCUBHOCTI BiIOUTTIB 1 BITHOCHE 3pOCTaHHs (POHY, B MOPIBHSAHHI 3 BUXITHUMU
cyocranmismu (puc. 4.4 ta 4.5). Lle o3Havae, M0 OCHOBHUM IPOIECOM, IO MPOTIKAE IMif
yac mpecyBaHHs, € amopdizaliisa JlesnopaTaauny, TOOTO MEPETBOPEHHS KPUCTAIIYHOTO
MNOPOIIKY Ha CyOCTaHIII0 3 HEYMOPAIKOBAaHMM pPO3TAIyBaHHIM MoJekyl. [pyrum
IpolLlecoM, SKUH  CIOCTEpITaeTbCsl Ha BCIX IPECOBAHUX 3pa3kax, € TosBa
Mikponedopmarliii, ski MOXKHa BBaKaTW MEPIIO cTajaielo amopdizaiii. Tperboro
BIIMIHHICTIO MK BHUXIIHUMH CYOCTAaHIIISIMA Ta IiX MPECyBaHHSAM, € 3MIHa MacOBOTO
criBBigHOIEeHHs TomiMopdiB. Tak, 3 nmanmx Tabn. 4.2 BUIUIMBA€E, IO HAHOUIBIIE
3MEHILIEHHS] MAacOBOI'O 3MICTY CIHOCTEpIraeThCs s mHoaiMopdy 3 y BHUXIIHHUX
cyocranmisx. He MoxHa ckazaTu, 1[0 HOro 3MEHIICHHS IIOB’S3aHE 31 3HAYCHHAM
HIUTBHOCTI (Bigomo, 110 moaiMopdHi (a30Bl MEepexoau MiJ TUCKOM YacTO IOB’s3aHi 3
NEPETBOPEHHAM MEHII UIIIBHOTO NOJIMOp(y Ha OUIBII LIIIBHUMN), TaK SIK 3a pe3yJbTaTaMu
YTOYHEHHSI MOPOIIKOBUX PEHTTCHOrpaM 3HAYEeHHS TYCTUHHU Juisi mojiMopdis 1, 2 1 3
ctanoBATh 1.334, 1.317 ta 1.333, BiAnOBiIHO. bijiblll IMOBIPHOK NMPUYHHOIO € TE€, IIO
nosiMmopd 3 € meTacTabiIbHOIO (ha3010, KA YTBOPIOETHCS TITBKHA B MPOMHUCIOBUX YMOBaxX
cunte3y Jlesnoparaauny, 1 npu Oyab-sKiii 00poOIl MPOAYKTY CHHTE3y BiH 3a3Hae
NEPETBOPEHHA B OUIBII CTaOLIbHY KpHCTaliyHy Gopmy. Tak, ciif 0coOJMBO BIJI3HAYUTH,
0 TpU TEepeKpucTamizaiii, Ha BIJIMIHY BIJ TpecyBaHHA, MNOJIMOP( 3 TMOBHICTIO
nepeTBoproeTbest Ha mosiMophu 1 1 2, OCKUIBKM BiH HE BHSIBICHUH B >KOAHIN 3
MEPEKPUCTATI30BAaHUX CyOCTaHINM, B SKUX HE CIIOCTEPITAETHCS MOMITHOTO 301IBIICHHS
amop(dnoi peduoBunu. Kpim Toro, orpuMaHi AaHi J03BOJSIOTH MPHUITYCKATH, IO TOJIIMOPGh

1 € OinbI CTIHKOIO (Pa3010 MOPIBHIHO 3 MOTIMOPHOM 2.
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Pucynok 4.4 Pentrenorpamu cyOcranuiii 40 ta 41
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Pucynox 4.5 Pentrenorpamu npecoBanux 3paskiB 4011 ta 4111
BucHoBku 10 po3ainy 4

TexHosorist cuHTe3y cyOcTaHIii Jle3nopaTaauH, sika CKIAJAEThCA 3 XIMIYHOL CTaii
(3HATTSA Tpynu eTwikapOokcunaT 3 azory mninepuauHy B A®DI Jloparanun) Ta cranii
nepekpucTamizaiii 3 erwiamerara, OyJia po3poOiieHa Ta BHOPOBAKEHAa B cepiiiHe
BupoOHUITBO HA AT «®apmak» (momaTox A).

Ha pentrenorpamax ['JI3 (tabnetok 3 J[le3noparamunom) minii [leznmoparaguny
IPAKTUYHO HE CIOCTEPITraloThCsl, 37IMBAIOYNCH 3 (POHOM, IPUUMHOIO YOTO € MAJIHUI BMICT B
Hux JlesnopatagmHy. Ha 1ux peHTreHorpamMax CIIOCTEPITalOThCS — JUINE  JIHIT
KPUCTAJIIYHUX JOOABOK — JIAKTO3a MOHOTIJIpaTy Ta Kajbliiio TiapodocdaTty aurigpary.

OO6uaBi nocmimxkeni cyOcranuii [leznoparaguny, BupoOHuurBa AT «Dapmak»

(3pazok 40 Ta 41), He micTaTh nomimku Jloparanuny 1 € TpudasHuMU, B HUX 3HANUICHO
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Tpu nomimopdHi Momudikamii Jleznoparaauny. Ilomimopd 1 BiamoBimae omucaHiii B
mitepatypi monudikamii Jlesnoparaguny. Ilomimopd 2 mae monibHy mnepmiii ¢opmi
CTPYKTYpY, ajie¢ MICTUTh MoJieKylu [le3noparanuny B iHmii koHbopmarii. [Tomimopd 3 €
MeTacTabUIbHO (Pa3010 1 MOOYNOBaHMI 3 MOJIEKYJI, 3HalIeHuX y noaiMopdax 11 2. Bin
YTBOPIOETHCS TUIBKU TIPHU MMPOMUCIOBOMY cUHTe31 Jle3noparaauny, i Oynb-sika moaaibiina
o0poOka cBiKOOTpuMaHoro JlesnopaTaauHy NPU3BOAUTH 1O HOTO YacTKOBOro abo
NOBHOT0 nepexoay B noimopou 1 ta 2.

Crpyktypa momimopdiB 1 (mpum KiMHATHIM Temmeparypi) Ta 2 BHU3HAYCHA
MOHOKpHUCTAIbHUM MeToAoM. [lpubnuzna crpykrypa nomimopdy 3, HeoOXigHa IS
NPOBEJCHHA KUIbKICHUX PO3paxXyHKIB, 3HaWJEHa 3a JIHISIMU JOMIIIOK MOPOIIKOBOT
peHTreHorpamu 3paska Jlesnoparanuna.

[lepexpucranizaiis BHUXIJTHUX CYOCTaHIIA 3 PIZHUX PO3UYMHHHKIB, a TaKOX 3
pO3IUIaBy, TPHU3BOAUTH IO TOBHOTO 3HUKHEHHS mojiiMopdy 3, a CHiBBiIHOIICHHS
noriMmopdiB 1 1 2 B mepeKkpUCTaIi30BaHOMY MPOAYKTI 3JICKHUTH BiJl TOTO, SKUH PO3YUHHUK
OyB BHKOPHUCTaHMHM JUIsl Mepekpucranizamii. MakcumanbHuil BMICT noaiMopdy 1
OTpUMaHO TpHu mepekpuctamizamnii 3 xjopodopmy (77 mac. %), momimopdy 2 - mpu
nepekpucTamzanii 3 Boau (86 mac. %) ta 3 posmiaBy (91 mac. %). CTOpOHHIX AOMIILIOK Y
OPOJYKTaX MEepeKprcTaizailii He BUSBIEHO.

[IpecyBanns Jle3noparaiuHy NPU3BOAUTH 1O TOMITHUX 3MIiH CIiBBITHOIICHHS
nomiMoppiB y Tabnerkax. OCHOBHMM MpOLECOM MpU LbOMY € amopdizamis
JlesnoparaguHy, MO CYNPOBOKYETHCS MOMITHOIO 3MIHOIO BMICTY KpPUCTAIIYHHUX (Da3:
BMICT noJliMmopdy 3 ICTOTHO 3MEHIIYEThCS, a BMICT noyiMmopdy 1 B kpuctamigyaux dazax
HNOMITHO 30UTbIIy€eThCs. MOXXKHA MPUITYCTUTH, 1O noiaiMopd 1 € HalOLIbII CTIMKUM 10
BILJIUBY THCKY.

Bucnosntoro mipy nonsky sadopartopii Hlumkinoi C.B. HaykoBo-TeXHOJIOTI4HOTO
koMmiiekca «lactutyT MonokpucrtaniBy HAHY 3a cmiBmpaifio B peHTT€HOCTPYKTYPHOMY

JOCITIDKEHI MOHOKPHUCTAJIIB Ta JIOCTIHKEH] MTOPOIIKOBOT PEHTTCHIBCHKO1 AUDPaKITi.
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BUCHOBKU

1. BianpanpoBaHi YMOBH JBOCTalifHOTO cuHTE3y ADI 6-MeTunypaiuty BUXOAs9H
3 KOMEpIIIHHO JOCTYMHOI BHIXiTHOI CHPOBHHH — aIleTOOIITOBOTO ETHJIOBOTO €CTEpy Ta
ceyoBrHH. Ha meprmiit crajii mpoBeeHO a3e0TPONHY BIATOHKY BOJM 3 TEKCAHOM B SIKOCTI
pPO3YMHHUKA TIpH KaTaji3i Iapa-TOIyCHCYIh(OHOBOK KHCIOTOO Ta OTPUMAHO
BIJIMOBITHUHN €THITYpeinokpoToHaT. HarpiBaHHAM €TUITYpeiTOKPOTOHATY 3 BOJHHUM JIyTOM
3 HACTYIHUM JIOJaBaHHSM [0 PEAKIIHHOT CyMIIIl COJSHOT KHUCIOTH OTPUMaHO 6-
Metunypanui. Po3pobiieHa Ta BIpoBaKeHa MPOMUCIIOBA TEXHOJIOT1sI CHHTE3y aKTUBHOTO
dapmarneBTHYHOTO 1HTpeieHTa 6-MeTumypanui.

2. BuBueno kpucramiuni Gopmu 6-Metmnyparry (6MU). 3HaiineHo 1Bi HOBI HE
onucaHi padimie noiaiMophHi popmu 6MU. Jlng nBOX BIIOMHX paHillle Ta JBOX HOBUX
nomiMoppHUX Moaudikamiii  gOoCHIHKEHO YMOBHM 1X OTpUMaHHA. bygoBa  Bcix
nomimMoppuux Moaudikamii 6MU  ogHO3HAYHO BCTAHOBJIEHA MOHOKPHUCTAIbHUM
PEHTIEHOCTPYKTYPHUM  AOCHDKeHHSIM. OTpuMaHi  KpUCTadidHi  (OpPMH  TaKOXK
OXapakTEepU30BaHI METOJOM TOPOIIKOBOI  PEHTIeHIBChKOI  Audpakxiii, MeTOoa0M

mugepeHiaabHOI CKaHy04oi KanopumeTpii Ta [Y-cnekTpockomii.

3. YV (apmaneBTHUHIi NPOMHUCIOBOCTI BHUKOPUCTOBYETHCS MeTacTaOlIbHA
nonimoppHa popma 6MU I, a B TeXHOJOTIYHOMY MPOIECi MOXKYTh YTBOPIOBATHCS JBi

HOB1 MeTacTabunbH1 popmu 6MU 1111 6MU_IV.

4.V pesyabTati gocaimkeHas po3unHHOCTI ADI Enicamiym oaua y 46 opraHiyHux
po3uMHHHMKAX 21 3 HUX BUSBUBCS TMEPCICKTUBHUM IS JIOCTIDKEHHS KpHUCTai3aIliiHOl
NMOBEIHKK. Y IHIMX po3unHHUKaXx EHicamiym Homua abo HE pPO3YMHSETHCS, abo
PO3UMHSAETBCSA 3 ACCTpYKIiero. J[nsg 11 po3YMHHHKIB BIAIOCH OTPHMAaTH KPHUCTATIdHI
3pa3ku. 3a pesyibratamu [Y cnekrpockomnii Ta POA nux 3paskiB 0ysio miATBEPIKEHO X

1JIEHTUYHICTh Ta BIJMOBIIHICTh O-KPUCTAIIYHO1 (DOPMHU.
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5. BcraHnoBineHo, 1110 po3unHHICTh EHicamiym Woaul y TpOIIJICHTIIIKOJI CTAaHOBUTh
osm3bKo 35 %, a 3 rimuepuny npu remneparypi 5 °C BIH HE KpUCTATI3YETHCS MIPOTATOM HE
MeHIe 6 micsmiB mpu KoHueHTpaiii Ounsine 1000 mr/mu. 1li BmacTUBOCTI MOXKYTh OyTH
BUKOPUCTaHI1 JIsl CTBOPEHHS PO3UYMHHUX (POpM Mpernapary.

6. CuHTe30BaHO Ta JOCHiKeHO Tpu comi 4-[(6eH3unamino)kapOoHin]-1-
METWIMIPUJIMHIIO 3 PI3HUMH aHIOHAMU TajloreHiB (xyopua, Opomin, woaum). AmCl
KPUCTANI3YEThCS B HEHTPOCUMETPUUHIN MpocTopoBiil rpymi P21/n, Tomi sk AmBr 1 Aml
YTBOPIOIOTh KpHUCTaM 3 TpocTopoBoto rpymoro Conke P2:2:2;. 3a kpuctamidHoio
ctpykryporo AmBr 1 Aml nayxe mnoaiOni mix coboro, a AmCl Biapi3HseTscs. Lle
OpOSABIIETbCS B Pi3HUX (QI3MYHUX BIAcTUBOCTAX — AmCl € TirpockomnivyHoro,
CBITJIOUYTJIMBOIO Ta JIyKe po3duHoio y Boji (1 T B < 1 mur Boau) peyoBuHOO, AmBr i Aml
— HE TIrPOCKONIYHI, HE CBITJIOUYTJIMBI Ta Majopo3uuHHi y BoAl (1 r B 100 — 1000 mn)
pevYOBHHM. Pi3HHIIS y BIACTHBOCTSIX € JIYXKE CYTTEBOIO Ta BaXJIMBOIO MPHU (HOpMyJIsiii

TBEPAUX FOTOBUX JIIKAPCHKUX (HOPM.

7. Bymo cuHTE30BaHO Ta JOCHII)KEHO MOHOKPUCTAIIBHUM Ta IOPOIIKOBHM
PEHTIEHOCTPYKTYPHUM  METOJAOM  HE  ONHWCAaHUK  padimie  HamiBriapar  4-
[(6en3unamino)kapborin]-1-Metunmipumuniii  6pominy  (CisHisN20*'Br -0.5H20). B
ACUMETPUYHIM YacTHHI €JEMEHTapHOI KOMIPKM NPHUCYTHI JBa OpPraHIYHUX KAaTIOHU

noi0Ho1 KoH(popMmarlii, 1Ba OpoMiA-aHIOHU Ta OJIHA MOJICKYJIa BOJIH.

8. byno cuHTE30BaHO Ta JOCTIIKEHO HE OMMCaHI paHime ABI WOAMCTI comi, 4-
[(6ensunamino)kapbonin]-1-Metunmipuaunio Hoaua—iton (2/1), C1aHisN.O*1 0.51, 1 Ta
4-[(6en3unamino)kap6oHin]-1-merunnipuausito tpuiionun , C1aHisN20* I3 , 11, 3 pisaum
crmiBBiAHOMIEHHAM KaTioH:HoA. Cine I MICTUTH OJMH KaTiOH, OAWH HMOJWJI-aHIOH 1
MOJIOBUHY HEUTpaiIbHOI MOJIEKYNU [ B acMMETpUUHIA YaCTHHI €JIeMEHTapHOi KOMIpKHU
(cmiBBigHOMmIEeHHs KaTioH:Mox 1:2). Cure Il MicTuTh NBa KaTiOHW, OJWH TPHUHOAMI-aHIOH
(I3 ) i 1Bi MONOBMHM TPHiTOAMI-aHIOHH (CTiBBiAHONIEHHS KaTioH:iox 1:3).

9. TexHomoris cuHTe3y cyOcraniii [le3nmopaTaauH, ska CKJIQJaeTbCcs 3 XIMIYHOT

cTaaii (BHATTS eTUIKApOOKCWIBbHOI rpynu 3 a3oTy mninepuauHy B A®dI Jloparanuu) ta
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cTajli mepekpucTaiizaiii 3 eTuiarnerara, Oyjia po3poOiieHa Ta BIPOBAKEHA B CEpliiHE
BUpoOHULTBO HA AT «®Dapmaky.

10. CyOcranuis [le3noparanun, Bupoouuntsa AT «®apmaky», € TpudasHoro, B Hil
3Haiiieno Tpu mnodiMopduHi momudikamii Jleznoparaguny. Ilomimopd 1 BigmoBimae
omwucadiil B mitepatypi moaudikaiii /lesmoparanuny. [lonimopd 2 Mae momiOHy meprmii
CTPYKTYPY, aJie MICTUTh MoJieKysH [le3nopaTaauny B iHIIM koHpopmartii. [Toximopd 3 €
MeTacTaOUIbHOI (Pa3010 1 MOOYIOBAHMM 3 MOJNEKYJI, 3HalIeHuX y noaiMopdax 11 2. Bin
YTBOPIOETHCS TUIBKU TP MPOMHUCIOBOMY cUHTe31 Jle3noparaauny, i Oynb-sika moaaibiina
00poOka cBiKooTpuMaHoro JlesnopataauHy NpPU3BOAUTH 1O MHOro0 YacTKOBOro abo

NOBHOT0 nepexoay B noimopdu 1 ta 2.

11. Ilepexpucranizauiss ADI JleznopaTtaguHa 3 pi3HUX PO3UYMHHUKIB, a TAKOXK 3
po3IUIaBy, TPHU3BOAUTH IO IOBHOTO 3HUKHEHHS mojdiMopdy 3, a CHiBBIIHOIICHHS
nosiiMmopdiB 1 12 B mepeKpUcTani3oBaHOMY IPOIYKTI 3aJI€KUTh B1Jl TOTO, IKU PO3YMHHUK
OyB BHKOPHUCTaHMHA JUIsi Tepekpucramizamii. MakcumanpbHuil BMmicT modiMopdy 1
OTpUMaHO TMpHU mepekpucranizamii 3 xjaopodopmy (77 mac. %), nomimopdy 2 - mpu
nepekpucTamsanii 3 Boau (86 mac. %) ta 3 posmiasy (91 mac. %). CTOpOHHIX JOMIIIOK Y

POJYKTaX MepeKprcTaizailii He BUSBICHO.

12. TlpecyBanns [le3noparaanHy MpuU3BOIWTH JO MOMITHUX 3MIH CIIBBIIHOIIEHHS
nomiMopdpiB y Tabnerkax. OCHOBHMM TMpOIECOM TMpU LbOMY € amopdizaiis
JlesnoparaauHy, MO CYNPOBODKYETHCS MOMITHOIO 3MIHOIO BMICTY KpUCTaNIYHUX (a3:
BMICT noiiMop(dy 3 iCTOTHO 3MEHIIY€EThCS, a BMICT mosiMopdy 1 B kpuctamiyHux Qazax
HNOMITHO 30UTbLIy€eThCs. MOXXHA MPUITYCTUTH, O nodaiMopd 1 € HalOLIbII CTIMKUM /10

BIIIMBY THUCKY.
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