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KAPITEL 1/CHAPTER 1.
PECULIARITIES OF THE ORGANIZATIONAL MECHANISM OF PUBLIC
MANAGEMENT OF PALLIATIVE AND HOSPITAL CARE IN UKRAINE
OCOBEHHOCTH OPI'AHHU3AIIHOHHOI'O MEXAHHU3MA I'OCY/IJAPCTBEHHOI O
VITPABJIEHHA ITAJUTHATHBHOH H XOCITHCHOMH ITOMOIIH B YKPAHHE
OCOBJIHBOCTI OPTAHI3ZAL[IHHOI O MEXAHIB3MY JEPKABHOTO YIIPABJIIHHA
ITAJTIATHBHOIO TA XOCIIICHOIO JIOITOMOI' OF0 B YKPAIHI

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-010

Beryn

PedopmyBanHs B ramy3i OXOPOHHU 3/I0POB’Sl HA CHOTOJHIIIHIA JIEHb aKTyalli3ye
npoOJieMy OpraHi3aliifHOTO MeXaHI3My JEp>KaBHOTO YIPaBJIiHHS IMaJIaTUBHOIO Ta
XOCIIICHOIO JIONIOMOTY B YKpaiHi, a 0COOJMBO OpraHizailis Aep>KaBHOIO YIPaBIIHHS
HaJaHHS MaJiaTUBHO-XOCIICHOI TJOMOMOTH 1HKYyOepalbHO XBOPUM. 3MiHU B HAYKOBO-
TEXHIYHOMY, COLIAJIbHO-€KOHOMIYHOMY >KUTTI @ TaKOX aHali3yl04d HOPMAaTHUBHO-
npaBoBy 0a3y YkpaiHu, MDKHApOJIHO HOPMATHUBHI JOKYMEHTH 13 3a3HAUY€HOI TEMHU
MO’KHa BUPOOUTH NEBHI 3aX0AM, ILIOJ0 MOKPAILIECHHS B OpPraHi3alliHOMY MEXaHi3Mi
JIEp>KaBHOTO YIIPABIIHHS MaTiaTUBHOIO Ta XOCIICHOIO IOTIOMOTH B Y KpaiHi.

Baromuii BHECOK y BHM3HAuU€HHS Ta JOCHIIKCHHS MaJTIaTUBHOI Ta XOCIICHOL
JIOTIOMOTH  3pOOWJIM BiOM1 BITUM3HSHI Ta 3apyOikni Bueni (K. Hdybuu, M.
bininckoro, M. I'onoBatum, B. Ilivuero, Ta iHm). He 3anummim mo3a yBaroto
FOTO HampsMy 1 3apyOixkHi HaykoBill cepen sikux: K. I[lentono, JI. Kmapk, T.
Jlinu, M. beBip, P. Crisen, JI. PanOprox, II. Ileiin Ta iHmUX. YTIM, TaKul
CKJIQIHUN Ta TMpOOJEMHUN HampsM SK HaJaHHA TMaliaTUBHOI Ta XOCIHICHOI
JOTIOMOTH MOTpedye MOJAIbIINX HAYKOBUX JOCIIKEHb, 0COOJIMBO B pO3pPi31 HAYKH
JIEp>KaBHOTO YITPaBJIIHHS.

AKTyallbHICTh, a TaKOXX HEJOCTaTHE TEOPETUYHE ¢ eKCIIepUMEHTaIbHE
BUBUCHHSI O3HA4YECHOI MpoOsieMu 3yMOBWIO BHOIp Temu cTaTTi «CTaH HAyKOBOTO
pO3pO0JICHHST Ta MPOOJEMHU peasizallii opraHizaliiHOro MeXaHi3My Jep>KaBHOTO
yIPaBJIIHHS NaTIaTUBHOIO Ta XOCIHICHOIO JOTIOMOTH B YKpaiHi».

[TamiaTuBHa nomomora 3a0e3neuye Oe3liHHE KIIIHIYHE BEAEHHS Ta MIATPUMKY
namieHTiB Ta ix cimeit. st OUIBIIOCTI JIFOACH MajgiaTUBHY JOIMOMOTY HaJal0Th HE
¢axiBIli XOCHiCy Ta MaJIaTUBHOI MEAUIIMHU, & IXH1 MEPBUHHI MEAUYHI MPAIlIBHUKH. Y
VY 2006 pori akTyanizyBajiocs mpobsema MmajiaTuBHOI JOTIOMOTH Yy MEIUIMHI, POTE
0araro MeIUYHUX TMPALIBHUKIB MalOTh MOMUWJIKOBI YSBIEHHS NP0 MajlaTUBHY
JIOTIOMOTY, 110 MOXe OyTH TEepemKOI00 IS 3a0e3MeyeHHsT MoTpeOd maxiaTUBHOI
nonomoru. Kojau MeauKu akTUBHO OOTrOBOPIOIOTH MpOOJIeMH, TIIOB’si3aHl 13

3aKIHYEHHSIM KUTTS, 0araTto Mmaii€eHTiB BUOUPAIOTH OUIBIII OPIEHTOBAHY Ha KOMGOPT
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JOTIOMOTY Ta OTPUMYIOTh JOTJISIA OUIBIN Y3rO/JKEHHH 31 CBOIMHU I[IHHOCTSMH Ta

UTSIMH.

1.1. IcrTopis po3BHTKY Ta CY4YacHHil CTaH NAJTIaTUBHOI Ta XOCHiCHOI
JAOMOMOTH B Y KpaiHi

[lepen Hamor KpaiHOIO BXKE JABHO TMOCTAdM aKTyallbHI MHUTAHHS OO
BIIPOBA/DKCHHSI Yy MEIUKO-COILIAJIbHY Taly3b MNallaTUBHO-XOCIICHOT JOTOMOTH,
(akTUYHO 3 MEPIIUX JIHIB OTPUMaHHS YKpaiHOIO CBOET He3aNeKHOCTI. B nepxasi i€
3acTtapijia MOJENb IMOCTPAASHCHKOTO OMIKYBaHHS JIIOJAbMH TOXWJIOTO  BIKY Ta
1HKyOepaJIbHUMH TalieHTaMu. J{Jis J1roeld MOXUIIoro BiKy, SIKI 3 YaCOM CBOTO BIKY
BXKE MaJu TN «OyKeT» XBOpOO, 1 K1 3 HUX OyJIM XpOHIYHUMH, OyJi0 00JaHAHO Ta
GyHKI[IOHYBaIM CHELIaJIbHI 1HTEPHATHI 3aKJaJi Ta TaK 3BaHl «OyJAUHKH
IpeCcTapiiuX», B IKUX BOHU JIOKUBAJHU JI0 KIHIIS KUTTA Ta TOMHUPAJH il HATJISI0M
00CITyTOBYIOUOTO IEPCOHATY, COIIaTbHIX Ta MEINYHHUX NpamiBHKUKIB [9;12].

3 icTopii PO3BUTKY MaJIiaTUBHOI Ta XOCIICHOI JOTIOMOTH 3a3Ha4€MO, 1110 OJTHUMHU
13 TEPIIUX XOCMICIiB BBaKAIOTHCS MOHACTHPI, SKi 3’SBISUTHCS B €MOXY XPECTOBHUX
noxoAiB. JlaHi Xocmicu TPONMOHYBAIM MPUTYJIOK MaJOMHUKaM, JIIOAAM, SKi
MaHapyBanu 1o cBity. Cepen uux Jrojaed Oyna 3HayHa KIJIBKICTh XBOPHX,
MOPAaHEHUX, a TaKoX BMmuparouux. Y €Bpomi B XIX cT. yTBOpeHi nepii 3akiajiu,
OCHOBHOIO METOI0 SIKUX OyJ0 HaJaHHS JOMOMOTH BMHparouuM jroasM. [leprimii
xocmic Oynmo yrBopeHo 1842 poky. Jlanuii 3akian 3amodarkyBaja Majaam JKiaH
I'apnbe y dpanny3pkoMy micti JlioHi. Y xocmici HajaBaid JOTJIA 32 JIFOJbMHU, K1
noMupaiau Big paky. Y Pocii mepmoro oOmuHOI cectep Muiocepas Oyna
ITerepOyp3bka Caaro-Tpoinpka obutens (1844), ne kpiM IHIIMX BIAJIIJIECHb
yJIaIITOBYBAJIACh TAKOK OOTaJUIbHS Ha 6 JIKOK JUIs JIFOJIEH, sIKI OYJIM HEBUIIIKOBHO-
XBOpUMH. Y LEPKOBHUX OOMIMHAxX 1HIUX €Bponeicbkux kpain (Opanuis, [lonsmia
TOINIO) HAJABAJMCh AHAJIOTIYHI MOCIYTH. [pIaHACPKUMH cecTpamMu-OJaroiHHULISIMH
y 1879 poui Oyno Binkputo nmputysiok Cesitoro Xpuctodpopa B JIOHI0HI, B IKOMY
OCHOBHY YyBary HpUIUISIN JOITOMO31 BMUparounM mamientam [10].

[Ticnsa dpyroi cBITOBOI BiifHU 3aB3STO MOYaJIM MOSBISITUCH XOCHICH CYy4aCHOTO
tumy. [lepmuit xocmic cydacHocTi ( HazBaHO iM'siM Ha decTh CBsatoro Kpicrodepa)
O0yB 3acHoBaHuil B Jlonmoni y 1967 poui Cecimiero Cangepc. Ha mouarky 70-x,
sapasuytoun Emizaber Kro6nep-Pocc, xocnicHuii pyx movas cBiii po3Butok i B CIIIA.
VY onbmi B kiHmi 80-x pokiB XX cT. BUHUKHYJIX nepuii xocmicu. Y Pocii neprimii
XOCIIIC JUIsi OHKOJIOTTYHUX XBopuX 0yino Biakputo y Cankt-IletepOyp3i B 1990 por,
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iHiIaTopoM BIAKpUTTS sikoro OyB Bikrtop 3op3a. Y CrioBauyuuHi XOCIHICH
opranizoBano y 1995 pomi [10].

CtaHOM Ha ChOTOJIHI XOCHICH € HEBIJIAUILHOIO CKJIAJIOBOI0 YaCTUHU CUCTEMU
OXOpOHHM 3JI0pOB'A B yCiX IIMBLII30BaHUX KpaiHax cBiTy. Bemukiil KUIBKOCTI, a came,
THUCAYAM TSKKOXBOPHUX JIIOJEH XOCHICH HAal0Th MIATPUMKY HAa OCTAHHHOMY €Tarll
iXHBOTO KHUTTS, MPU LIOMY JAI0YM IM MOXKJIUBICTh BIAINTH 3 T1IHICTIO, OE3MEUHICTIO
Ta y 700po3uwinBii oocTanosmi [11].

VY 1982 pori BeecBiTHst opraHizaiiisi OXOpOHH 310pOB’Sl BUAUINIA MATiaTUBHY
JIOTIOMOT'Y B MEJIUILIMHY, K B OKpeMui HanpsiMok. [lanmiaTuBHa MeUMIIMHA — € Taly3b
OXOPOHHU 37I0POB'S, SIKa MOBWHHA BIOCKOHAJIHWTH SIKICTh JKHTTS TAIlI€HTIB, B SKHX
BUKPUTO Pi3HI (HOPMHU XPOHIYHUX 3aXBOPIOBaHb O€3MOCEPEHBO B TEPMiHAJIbHIM
cTajli pPO3BUTKY Ta CHUTyallli, KOJIM MO>KJIMBOCTI CIELIaII30BAHOTO JIIKYBaHHS
oOMexxeHi abo Bxke Buuepnani. [lamiaTuBHa pJomoMora XBOPUM HE CTaBUTH
3aBJAAHHSAM JIOCSTHEHHS Ta 3a0e3ledYeHHs  TPUBAJIOI pPEMICli 3aXBOPIOBAHHSA 1
MIPOJIOBXKEHHS KUTTS (ajie i He ckopouye ii). [lonermenns crpaxmaanb XBOPUM - 11€
e€TUYHUN 000B’s30Kk MenuuHux (axiBiiB. KoxkeH Maii€eHT, y SKOTO € aKTHUBHE
IIPOrpecyroue 3aXBOPIOBAHHS, 10 HAOJIMKAETHCA JO CMEPTEIBHOIO PE3yJIbTaTy, Mae
IPaBO Ha OTPUMAHHS MMaJiaTUBHOI Jormomord [4].

Ocib

aNKorosibHa Kapajomionartia | 398
ileMiuHa XBOpOOa CapLfl [ ———————— S O 5
3 HUX
KNac [X. XBOD OO CHCTE MU K OB OO Ty e ————— T
Knac VI. Xeopobu HepBoBoi cuctemu | 419
3 HUX PO3/1aAM NCUXIKM Ta NOBEAIHKW BHACNIAOK... |
Knac V. Po3naay ncuxiky Ta NoBeaiHKM
3 HWX LIYKPOBWA fiabet |
Knac IV. EHooKpHHHI XxBopobK, po3nagu xapuyBaHHATa .. |
Knac I11. Xeopobu KpoBi i KPOBOTBOPHMX OPraHiB Ta... |
3 HUX 3M0ARICHI |
Knac |l. HoBoytBOpeHHA |

xBopoba, 3ymoBsneHa Bipycom imyHoaediuuty AoguHu (BI1) | 295
Ty6Geprynbo3 | 309
3 HUX

Knac |. [leski indeKujiini Ta napasutapHi xeopobu |

20000 30000 40000

*0Ge3 ypaxyBaHHs TMMYacOBO OKYIOBaHOi TepuTopii ABTOHOMHOI PecmyGmiku Kpum, wm.
CeBacronossi Ta YacTHHM THMYacoBO OKYNoOBaHUX Teputopiii y J[loneupkiit Ta Jlyrancbkiit
o0acTsX.

Puc 1. KinbkicTh moMepJinx 3a OKpeMUMH NPHYMHAMH CMEPTi CTAaHOM Ha 1
ciuns 2020 poxy
Jxepeno [3].
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ComianbHO-(]i310J0TTYHUN 00CTaBMHA CY4YacCHOTO YKpPAiHCHKOTO CYCH1JIbCTBA
3HAaXOJIUTHCS B KPUTUYHOMY CTaH1 13-32 €KOHOMIYHOI KpU3H Ta ii HACTIJAKIB, a came
HEMOKJIUBICTIO yOe3MneunTu rpOMaJIsiH TIHAM COLllaIbHO-METUYHUM
00CITyroByBaHHSM Ta HECIPOMOKHICTIO HWOTO OIUIaTUTH, a TaKOX MiATPUMYBATH
T0IbMU cebe B AocTaTHIN ¢izionoriuHiid dopmi. Y 1mik cuTyallli HallBakdye TUM, B
KOTO B POJIMHAX € MaJliaTUBHI a00 XOCIICHI XBOPi, OJMM3bKi. Ik TOKa3aB MPOBEACHUI
HaMU aHalli3 3a 4yaciB 3HaXOJ/KeHHs YKpainu B ckiajii Paasacskoro Coro3y cucrema
NaJiaTUBHOI Ta XOCHICHOI JOMOMOTM He Oyia BiJIOKpemMJIeHa OKpeMo 1 OOJIK
CTATUCTUYHMX JaHUX 010 TAKUX TPOMAJsH HE BiBCH.

3 YyacoM OTpPUMAaHHSAM HE3aJEe)KHOCTI Ta OPIEHTHMPOM Ha CyYacHI Ta Kpail
3apyOiKHI MOJEINI COLIaIbHO-MEJIMYHOIO OOCIYrOoBYBaHHSI IPOMaJiiH B YKpaiHi,
MepuI 3akjaJd XOCHICHOTO 3pa3ka B YKpaiHi Oyjo BiAKpUTO (3a MIATPUMKOIO
MDKHApOJIHUX oprauizaiiil) y m. JIbBoB1 (1996 p.), M. IBano-®pankiBceky (1997 p.),
M. Kopocreni (1998 p.), 1m0 HagaroTh NajxiaTUBHY 1 XOCIICHY JOIIOMOTY CTallilOHAPHO
Ta amOynaropHo. 3a mepion 1999 p. opranizoBaHo Acorrialito MajOiHBa3IMHOI Ta
MajglaTUBHOI Tepamii, KO OyJo 1 MAroToBlieHO MaHiecT XOCHICHOTO pyXy B
VYkpaini. 3a 2001 pik Bceykpaincpkoro OnarojiifHo0 yctaHoBow «Paja 3axucrty
mpasB 1 0e3MeKH NalllEHTIBY, SIKy OyJI0 YTBOPEHO 3a MATPUMKH MixkKHapoaHOTo POHTY
«Bigpomxenns», B YkpaiHi Oyno BHepiie MNPUKYTO OCOOJUBY yBary BCi€i
rPOMaJICBKOCTI JI0 3aBJIaHb HAJaHHS MPaB HEBUJIIKOBHO XBOPUX MAII€HTIB, SIK1 OyIu
akTyalnbHUMHU. Y Mikrainy3eBiii KOMIUIEKCHIN mporpami “3mopos’s Hamii” Ha 2002-
2011 pp. 3atBepmxkeniit IlocranoBoro KabGinery Minictpie Vikpainum Ne 14 Bin
10.01.2002 p. Takox Oysi0 BU3HAYEHO OpraHi3allil0 MEPEX XOCIHICIB JJisi POBEACHHS
CUMIITOMaTUYHOIO JIIKYBaHHS OHKOJOTIYHUX XBOpPHUX Yy TEpMIHaIbHIN crajuii,
PO3IIMPEHHS] MEpeXi MO0 JEHHUX 1 CTaIllOHapiB BJIOMA, 3aKJIajiB (BiIIIJICHB)
MeEIUKO-COL[iabHOI JOTIOMOT'H Ta XOcHiciB [2].

OmHuMM 3 3a4dHATENIB IMIBUAKOIO 3alpPOBaKyBaHHS IallaTUBHO-XOCITICHOT
JOTIOMOTY B YKpaiHi OyJM Taki BUEHI Ta JiKapl YKpaiHCbKO1 nepkaBu, sk B. M.
KuszeBuu (minictp oxoponu Ykpainu 2007-2010 pp.), 0. B. Boponenko (pekrop
HMAIIO imeni I1. JI. [llynuka), FO. 1. I'yocekuii, A. B. Hapenko, O. O. Bonsd, H. T
lotina. B. M. KusizeBud - mepuiuii 13 MIHICTPIB OXOPOHH 3/I0pPOB’S YKpaiHH, KU
NPIOPUTETHUN HANpPSIMOK Yy CBOIM  JISUIBHOCTI Ha 3aiiMaHiii HUM MOCaJl HaJaB
0COOJIMBY yBary Ha pO3BHTOK MaiaTUBHOI JormoMoru B Ykpaini [1;6;12].

Ha ocHOBiI oxapakTepru30BaHOTO BHINE, 3ayBaXYEMO, IO 3aBISKA BU3HAYHUM
HAyKOBIISIM Ta JIKapsM 3aBJaHHS 3a0€3MEUCHHs MalilaTUBHO-XOCIICHOI JOTIOMOTH
HEBUJIIKOBHO XBOPUM B YKpaiHi, a TAaKOX MOYAJIOCS 3alpOBa)KyBaHHS HOPMATHUBHO-
MPaBOBUX aKTIB Ta MOJAJBIITNN PO3BUTOK MATIATHBHOI Ta XOCIHICHOT JIONTOMOTH.

MONOGRAPH 11 ISBN 978-3-9821783-6-3



Erbe der europiischen wissenschaft Part 4 a“-‘ 1?

I3 3akimaiB majiaTUBHO-XOCHICHOI JI0TTOMOTH B YKpaiHi €, BonuHchka o6acHa
mikapHs «Xocmic» y M. Jlynbk; XepcoHcbka oOnacHa JikapHsS «XocCHmic» y M.
XepcoH; IBano-®paHkiBChKa 00iacHa JIKapHA «XOCIic» y M. IBaHO-DpaHKIBCHK;
«Xocmic Caaroi Onenm» y M. Kopoctenp;  XapkiBChbKUW OONacHUN IIEHTP
najglaTUBHOI MEIUIIMHU «XOCIic» Yy M. XapkiB; JIbBIBChKa MiChKa JIIKApHS «XOCIIiC)»
y M. JIpBiB; bnarogiitnuii 3akman Xocmic «Apxanrena Muxaina» y M. 3anopiaxoks;
BIJUTUJICHHST TIAJiaTUBHOI JomoMord (Ha ©6a31t michkoi JikapHi Ne 4) y m. JIbBiB;
BIIIIJICHHS TTATIaTUBHOT omoMord (Ha 6a3i 00JacHOT MCHXOHEBPOJIOTIYHO1 JTIKapHi)
y M. UYepHiriB; BIIJAUJICHHS mMadiaTABHOI JgornoMoru (Ha ©a3i  001acHOTO
TyOEepKYyIhO3HOTO AWcHaHcepy) y MukonaiBcekiii obOmacti, c¢. HambOyrceke-2;
BIJIJIVICHHs] MaJIaTUBHOI JomoMoru (Ha 0a3l EeHTpaJbHOI pailOHHOI JIKapHi) V¥ M.
MyxkaueBo, 3akaprarcbka 00JacTh; NajiaTUBHE BiAAUIeHHA Ha 0a31 [llnuramo iMeHi
Murpononuta Illentunpkoro y M. JIbBiB; BIIJIUICHHS MaJiaTUBHOI JOTIOMOTH (TIpH
KuiBcbkoMy MiCBKOMY OHKOLIEHTp1) Y M. KuiB; BIIIIJIEHHS! MaliaTUBHOI JOTIOMOTH
(mpu KuiBchkiil MichKii KITiHIYHIN JikapHi Ne 2) y M. KuiB; BiTijieHHs] maiiaTUBHOL
nonoMord (mpu KuiBcbkiit Michbkii KimiHiIuHINA JikapHi Ne 10) y M. KuiB; XapkiBCbKHii
MICBKUM «XOCIIC» y M. XapkKiB; BUIJIUICHHS TNajgiaTUBHOI JomoMoru (Ha 0asi
palioHHoi BuHOrpamiBchbkoi JiKapHi) y  3akapnaTchKiii o00JacTi; BIIIUICHHS
NaTiaTUBHOTO 1 MEJCECTPUHCHKOIro Aorisiay (Ha 6a31 mickkoi jikapHi Ne 10) y wm.
Mapiynons, JloHeubka ob6nacte; JlyOeHchkuii xocmic (Ha 6asi JlyOeHchKoro
MDKPallOHHOTO OHKOAucnaHcepy) y M. JlyOHO; repoHTO-TICMXiaTpu4yHE BiJIIICHHS,
10 HaJa€ mamatuBHy jaonomMory, [lonTaBchkoi 001aCHOT KITHIYHOT MCUXIATPUYHOT
nikapHi iM. O. @. Mansiea y M. [lonraBa Ta psa IHIIMX MEIMYHHMX 3aKJIaIiB Y
iHIMX obnactax Ykpainu [1;6;8].

[IpakTuHO B KOHIM 00JIacTi YKpaiHU 3allJIaHOBAHO BIAKPHUTTS XOCHICIB a0o
LIEHTPIB 13 3a0e3MedYeHHs] HaJaHHS MallaTUBHO-XOCIICHOI JOMOMOTH 1HKYOEepaJibHO
XBOPUM I'poOMaJssHaM KpalHu.

3a eKcHnepTHMMM OLliHKaMu BcecBiTHBOI oprasizaiii OXOpOHHM 3/J0pOB’S B
VYkpaini HeoOX1JHO MaTH HAassBHOHE MEHINE 3 TUC. CTAIlIOHAPHUX JIKOK JJIS HaTaHHS
MajJlaTUBHOI 1 XOCIICHOI JOMOMOTU. 3a pe3yJbTaTaMu, sIKI 3A1ACHUIIM EKCIEPTH
BcecBiTHROT oOpranizaiii OXOpOHW 3I0pPOB’S MOTpeda B MaTIaTHUBHIA JOTMOMO3I
ctaHoBUTh Ha 100 THC. HaceleHHS B CEpeIHbOMY 7 JIDKOK Yy crarioHapax 1 10
XBOpHUX, 5Kl MOTPeOYIOTh MaliaTUBHOI jJomomoru y cebe Bmoma. Omxke, B YKpaiHi
NOBUHHO OyTH HasiBHI HE MeHIe 3,7 TUC. maxiaTUBHUX J1kKOK. KpiM 11boro, 01u3bko
85 THC. MaMiaTUBHUX XBOPUX MOBCAKICHHO TMOTPEOYIOTH MaiaTUBHOI JIOMIOMOTH
Baoma [1;5;8].

Otxe, 3a pe3yiabTaTaMH aHaNi3y 1CTOPii PO3BUTKY MaTIaTUBHOI Ta XOCIICHOI
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JONOMOTY Ha JaHuil 4yac B YKpaiHi 3HAQYHO MOKpauuiacs podoTa y HaNpsMKY
HAJAaHHS TaJlaTUBHOI Ta XOCHICHOI JOMOMOTM XBOPHM, a CaMe: Ha ChOTOJHIIIHIN
JIeHb Maike B KOHIM 00s1acTi YKpaiHd BIAKPHUTI BIIJIJICHHS MaJIaTUBHO-XOCIICHOT
JIOTIOMOTH, XOCIIICH, 1HKyOepalbHUM XBOPUM HAIA€THCS BIAMOBITHA JOIOMOTA 1010
HoKpalieHHs ix craHy. Takok TOCTIfHO NPOBOASTHCS HAayKOBi KoH(pepeHwii Ta
KOHTPECH PI3HOTO PIBHS SK MDKHAPOIHI, TaK 1 HAI[IOHANBHI, BCEYKPAiHChKI Ha SKHX
M IHIMAIOTHCS MUTAHHSA MTaT1aTUBHO-XOCHICHOI JOIIOMOTH.

1.2. Cran po3po0seHHs Ta npodJieMu peaJizauii opradizauinHoro
MeXaHIi3MY JepP:KaAaBHOT0 YIIPABJIIHHSA NAJIaTUBHOIO TA XOCHiCHOIO
AONOMOTH B YKpaiHi

PosrnsnoMm 3aBnanp 100 (OpMyBaHHsS, BUKOHAHHA 1 BU3HAYEHHS IILUIAXIB
onTUMi3allii MeXaHI3MIB JIEP>KaBHOTO YIPABIIHHSI y CHUCTEMI OXOPOHHU 3JI0pPOB’Sl B
VYkpaini 3aiimanucs Taki BueHi: B. M. be3npo3BaHHa - MUTaHHS MEXaHI3MY II0JI0
JIEP>)KaBHOTO PETyJIOBaHHS MpaB MEIUYHHMX IMpariBHukiB, M. M. binmuHcbka -
NUTaHHS IIOAO JEP)KABHOTO YIPABIIHHS Taly3eBOI0 CTAaHIAPTH3AIIEI0 B yMOBax
npoBeAeHHs pedopMyBaHHs BHUILOI MeauuHOi ocBiTH; JI. O. BypaBinboB - nmuTaHHA
MEXaHI3My JEp>KaBHOIO PEryJIOBaHHS IMPUBATHOIO cekTopa y wid ramysi; H. O.
Baciok - muTaHHA MeXaHi3My JIepKaBHOTO YIMPABIIHHS MPU MIATOTOBII KEPIBHUX
KaJpiB JJis 3a0€3MeYeHHsI CUCTEMH OXOpOHU 370poB’s; O. B. BuHorpanoB - nuTaHHs
MEXaHI3MIB IIOAO0 JIEPKABHOTO YIPaBIiHHA OaraToKaHaJIbHUM (DIHAHCYBaHHSIM Yy
cucteMi oxopoHu 310poB’st; I1. M. Ky3bMiHCHKHil - NMHUTAHHS LIOZ0 MEXaHi3MiB
JIEp>KaBHOTO YIPABIIIHHS CHUCTEMOIO PO3BUTKY 1 peOopMyBaHHS MeEICECTPUHCTBA; .
M. Ilapamuy - nuTaHHS JEp:KaBHUX MEXaHI3MIB 3a0€3MEYeHHSl 1 3aXHCTy MpaB
narientis; H. TI. fApom - murtaHHsS Aep>KaBHUX COIlaidbHI CTaHAAPTIB y BHIIE
3a3HaveHii cepi Ta iH [2].

PosrnsnyBmm po6oTH aBTOpPIB HAMU KOHCTATOBAaHO, IO MJisi ICHYIOUYOI B
JepkaBl YKpaiHa CHCTEeMH OXOpPOHM 3I0pPOB’S € 3Ha4yHI HEJOJIKH, a came: B
HOPMATUBHO-TIPaBOBIN 0a3i, B MEXaHI3MY JIEP>KaBHOTO YMPABIIHHS MPHU MIATOTOBII
KEepIBHUX Ka/IpiB, B M€XaHi3Max (iHaHCYBaHHS Ta MEJUKAMEHTO3HOTO 3a0€3MeUeHHs
CUCTEMH OXOPOHH 3JI0pOB’sl, Hee()eKTUBHA CTPYKTypa MEIUYHOTO OOCITYrOBYBaHHS
Ta HU3bKA SKICTh HAJaHHSI MEIUYHOI JOTTIOMOTH.

[locrauatn edexTuBHE (YHKIIOHYBAHHS CHCTEMHU NalIaTUBHOI Ta XOCHICHOI

HE3BaXKaIOUM Ha Te, 1110 B rajy3l HayKu JAepKaBHOTO YIpaBIiHHSA YKpaiHH, a came B
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Jlep:kaBHe yNpaBJIiHHSA

MinicTepcTBO coniajbHOL MiHicTepcTBO 0XOPOHH 310POB’sl

Cy0’extH, mo |,
HA1a10Th
NaJiaTUBHY Ta
XOCIIiCHY
J0TOMOrY

(OepoicasHi,
Heoepi#CasHi
opeaHizayii,
KOMYHAJIbHI,
810011CHHA,
8I00LNCHb
coyianbHol
oonomozu eoomd,
MYTbMUOUCYUNTTH
apHi KOMAHOU,
Qizuuni ocoou)

Puc. 2. Cxema opraHizauiiiHOro MexaHi3My JAep:KaBHOI'0 YIIPABJIIHHA
NAJIATHBHOI0 TA XOCIICHOK T0IIOMOTH

CUCTEMI MEXaHi3MIB JICPKABHOTO YIPaBJIIHHS B Taly3l OXOPOHHU 370pPOB’s € Oarato
mporpam, cTpateriii, B TOM e 4ac TeMa MEXaHI3MIB II0JI0 P KaBHOTO YNpPaBIIHHA
MMaJ1aTUBHOIO 1 XOCHICHOIO JONOMOIOK 3aJUIIAETHCS 0 CHOTOAHIIIHBOTO IHSA
aKTyaJbHOIO.

VYrpaBimiHHS TaTiaTUBHOK 1 XOCIICHOIO JIOIIOMOTOI0 Ha PiBHI Jep)KaBU - IIe
LIJIECOPSIMOBAaHA, YIPaBIIHChKA JISJIBHICTD JACP’KaBHUX Ta HEAEpP>KaBHUX CyO’€KTIB
rOCIOapIOBAHHS 10 HAJaHHIO TaKOl TOMOMOTrH [ 7].

Jnis epeKTUBHOTO BWUKOHAHHS Ta MPOBEAEHHS BUYEPITHOTO Ta TPYHTOBHOTO

aHanmizy 3actocoByeTbcsi PESTL-anamiz. Metoro PESTL-ananizy € BcTaHOBIIEHHS
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npo0iieM B MIMPOKUX MacmTabax, MPOBEICHHS BUBUYEHHS, OLIHKU 1 y3arajlbHEHHS
30BHINIHHOTO CEPEOBUINA, KU BIUIMB HA SBHINE, IO JAOCTIIHKYETHCS, a TaKOXK
nporiec abo momTtuky. Jlo 1i€i kareropii, 10/10 HaIBHUX MP0OJIeM, MOYKHA BITHECTH
npo0JieMHd JEp>KAaBHOTO YIPaBIIHHS MaJiaTUBHOIO 1 XOCHICHOIO JIOTIOMOTOIO0 B

VYkpaiHi, BOKIUBICTIO BUPIIIICHHS SKUX MarOTh 3HAYCHHS Ha piBHI JepkaBu [2;14]
BigmoBimno mo PESTL-anamizy BcTaHoBiieHiI (hakTOpH, sKi BIUIMBAIOTH Ha
3IMCHEHHS IEP>KaBHOTO YIPABIIHHS II€EI0 CUCTEMOIO B YKpaiHi, OCHOBHUMH 3 SIKUX
€  TONITUYHMI; EKOHOMIYHHUM;  COIlaIbHO-AeMOrpadidyHuii;  TEXHOJOT14HO-
1HHOBAIlIHHUM; HOPMAaTHUBHO-TIPABOBE Ta OpraHi3aIlliHO-IHCTUTYIIIIHE 3a0e3MeUeHHS

[2].

Ta6auus 1

Xapaxkrepucruka ¢akropis BianoBiano 10 PESTL-anaui3y 3a migxoaom

K. B. lanniaok

Pakrop XapakTepucTuKa
Tonimuunuu BUKOHABYA BJIAJa, JA€P:KaBHI IPOTPaMH,
BUKOHAHHS, KOHTPOJIb;
Exonomiunuii eKOHOMIYHUI PO3BUTOK JIEPKaBH,

¢biHaHCYBaHHS 3 IeP>KaBHOTO, MICIIEBOTO
OFOKETIB, 3aJIEXKHO Bif iX ramy3eBoi
MPUHANICKHOCTI 4i (POPMHU BIACHOCTI, Y
O0JKETHOMY 3aKOHO/IaBCTBI HE MepedayeHo
MOKJIMBOCTI OTPUMAaHHS O0JPKETHUX KOIITIB
HelepKaBHUMU CY0’ €KTaMH;

Coyianvro-oemoepagiunuii BHJIATKH Ha COlliaJIbHE 3a0€31eYeHHS, TTPOLIeCH
Maprigamisaitii, remorpadiuHa Kpusa;

Texnonoziuno-inHosayitiHuu MaTtepiallbHO-TeXHIYHe, iIHpopMalliiiHe,
KaJIpoBe 3a0€e3MeUYeHHs], MaTeplaJibHO-TEXHIYHA
Oazsa;

Hopmamueno-npasosuu BIJIMOBITHUX TTOJIOXKEHB cTaTelt KoHcTuTyii

VYkpaiHu; YMHHUX 3aKOHOJABYUX, MiA3aKOHHUX
HOpMaTUBHO-TIpaBoBUX akTiB (IlocranoBu
Ka6inery MinictpiB Ykpainu, Hakazu MO3
VYkpainu Ta 1H.), sIK1 320€3Me4yI0Th CyCIUIbHI
BiJTHOCHHH, AISUTbHICTD AEPKaBHUX Ta
HEeJIEP’)KaBHUX CYO’ €KTIB B CHCTEMI MaIaTHBHOT
Ta XOCMICHOI JJOTOMOTH;
Opeanizayitino-incmumyyionaivHe 3aKJaaaMm, Ha K1 0e31MocepeHbO
MOKJIQJA€THCSl BUKOHAHHA (DYHKIIH 11070
HaJIaHHA MAIIaTUBHOI Ta XOCIIICHOI JOIIOMOTH
(xocricu, crierianizoBaHi BiIJIEHHS JTiKapeHb,
amMOyJaTopii TOIIO) Ta 3BSI3KU MK HUMH.

Jleperno: CHCTeMaTH30BaHO aBTOpOM 3a JukepesioM [2, ¢.97-106].

OTxe, TemaTHkKa IOJAO  MEXaHI3MIB JIEP>KaBHOIO YMPABIIHHSA Yy CHUCTEMI
OXOPOHHM 3JI0POB’Sl TOCTIMHO PpO3TJISAAETRCA B 0araTbOX HAYKOBUX PpoOOTax

MONOGRAPH 15 ISBN 978-3-9821783-6-3

¥



=}

Erbe der europdischen wissenschaft Part 4

YKpaiHCHKUX YYCHHX, JOCHTITHUKIB, & aCIIEKTH MaJllaTUBHOI Ta XOCHICHOI IOTIOMOTH B
VYkpaiHi JOoCHKyBalIuCAd TEPEBAXHO Kpi3b NPU3MY MEIUYHOI HAyKd. 3a
pe3ynbTatamu, siki orpuMano B xo1 PESTL-ananizy cydacHoro crany JIep>KaBHOTO
VOpPaBIiHHSA TMAaJlaTUBHOIO Ta XOCHICHOIO JIOMIOMOTOI0 B VYKpaiHi Jal0Th Ham
MiJCTaBM  3pOOMTH TakKli BHCHOBKH, II[0 KOXEH 3 BH3HAuCHMX (haKTOpIB
MaKpOCepeIOBHUIIA, a caMe: MOJITUYHHI;, eKOHOMIYHUI; COIialIbHO-IeMOoTpadidHmii;
TE€XHOJIOT1YHO-1HHOBAIIMHU; HOPMAaTUBHO-TIPABOBE Ta OPTraHi3allifHO-1HCTUTYIIHHE
3a0e3MeyeHHs] Mae€ psiA  HEOONIKIB, fAKI TOTPIOHO  JOCHITUTH Ta HAYKOBO
OOTpyHTYBaTH MUISIXM I1X  YCYHCHHS Ta YIOCKOHajeHHs. Takok HeoOXiaHO
po3poOuTH MporpaMu PodUIAKTHKNA XBOpoOam, 0 BEAYTh JIOJCH 10 3aXBOPIOBAHb
Ha HEeBWJIIKOBHI XBOPOOH.

1.3. OnTumi3zanis opranizaniiHoro MmexaHizmMy AepkaBHOI0 ynpaBJIiHHA
NAJiaTUBHOIO Ta XOCHICHOK I0MIOMOTH B YKpaiHi

Ha ocHOBI pe3ynbTaTiB TEOPETHUYHOIO JOCTIHKEHHS Oylno po3pobIieHo
mporpamMy ONTHMI3alli OpraHi3aliiHOTO MEXaHI3My JEp>KaBHOTO  YIPABIIHHS
NajJlaTUBHOIO Ta XOCHICHOIO IOMMOMOTH B YKpaiHi.

[Iporpama MiCTUTB TPH HATIPSIMH:

—HampsiMm 1 «PobGoTa 1100 pO3BUTKY KaJApOBUX pPECypCiB Juisi poOOTH
CTalllOHAPHUX Ta MOOUIBHHUX CEpBICIB MaJIATHUBHOI JOMOMOIHM JIS MALIEHTIB YyCiX
BIKOBHUX KaTEropiiy;

—HampsaM 2 «PobGoTa 100 HOPMATHBHO-TIPABOBOTO PETYJIOBAaHHS chepu
IaJ1aTUBHOI JOIIOMOTHY;

—HanpsMm 3 «PoGoTta mon0 moiHGOPMOBAHOCTI TPOMAASHCHKOTO CYCIHLIBCTBA
111010 MMUTaHb MaJiaTUBHOI JOTOMOrny (puc. 4).

JIns HaaHHS NaTiaTUBHOI JOTIOMOTH BaXKJIMB1 HE CTIIBKH JIiKapi, a, Mepeaycim,
KBaTI(PIKOBAHUI CepeHIN Ta MOJIOAIMINNA MEIUYHUN TIEPCOHAN, SIKMM 3HAXOJIUTHCA 3
namieHTaMd 1uogo0oBo. IloBigomuiia, 10 BXKE CTBOPEHI TMEpIIl OCEPEIKU
MIJTOTOBKM CIHEINATICTIB 13 MaJIaTUBHOI JOMOMOTH Ta IMICISIAIUIOMHUX PIBHIX
ocBiTH. Po3noydanu poOOTy 1 BOJIOHTEPChKI 00’ €IHAHHS, 1110 TOCTIHHO JI0MTOMararTh
y BIJIUICHHSX TamiaTUBHOI momomord. KBamidikoBaHe HagaHHS TaTiaTUBHOI 1
XOCTHICHOI JJOTIOMOTH HE € MOXJIMBUM 0€3 BiAMOBIAHOT (hax0BO1 MiATOTOBKU KaApiB.

Ha croroanimHiii feHh y CHCTEMI MaJlaTUBHOI 1 XOCHICHOI JOTOMOTH B
VYkpaiHi: He NPOBOAUTHCS KaApoBa TOJITHKA Ha PIBHI JEp>KaBU; HEAOCTATHS

KUIBKICTh (haxiBIIiB 13 MAJIaTUBHOI Ta XOCIICHOT IOMTIOMOTH, a TAKOXX MEePCOHAIY 13
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IIporpama onTumizauii opranizaninHoro
MeXaHi3My 1ep:KABHOI0 YIPaBJIiHHS

HAIIPAM I HAIIPAM 11 HAIIPAM 111
Kanposi pecypcu HopmatuBHO-1ipaBoBa IHdopmoBaHiCTh
Oasa rPOMaISIHUH
I I I
® KaJIpoBa IOJITUKA ® CTpaTericHI IUIaHH, e  MiHI-JIEKIIiI;
Ha PiBHI JIEPKaBH; porpamu, o Oecigu;
e npodeciiiHOro ®  3aTBEPIHKCHHS e indopmaniiini
HaBYaHHSA aKTIB, 3aKOHIB IMOBITOMJIEHHS.
CIIEIIATICTIB.

Puc. 4. CTpykTypa nporpamu ontumisauii oprasizauiiHoro MexaHizmy
JAEP:KaBHOT0 YIPABJIHHSA NAJIATHBHOK TA XOCHICHOIO JONOMOTH B Y KpaiHi

CHeliajbHOI KBai(ikallieo 1 BIAMOBIAHOI IMIJTOTOBKOIO; BIJACYTHS HaJeXHA
cuctema Oe3nepepBHOTO MpodeCitHOr0 HaBYaHHS CIEIIaTICTIB, HU3bKUN PIBEHb iX
kBamidikaiii; BiICyTHS yHIpiKOBaHa Mojenb 1O TpodeciiiHifi MmiAroToBII
COITlaJIbHUX, MEAWMYHMX Ta IHIIUX MPAIiBHUKIB; 3HAYHA IUIMHHICTH KaApiB uepes
HE3HAYHy 3apIuiaTy, COLIaJbHI TapaHTii Ta  BEJIMKE MOPAIbHO-TICUXOJIOTIYHE
HABaHTaXXCHHS , BIATIK KBaTi(ikOBaHMX KaJApiB B iHII Kpainu [13;14].

HopMmatuBHO-ipaBoBe 3a0e3MeUeHHsT € OJHUM 13 OCHOBHHMX HEJOJIKIB
aHATI3YIOYOTO MEXaHI3MY JEp>KaBHOTO YIPaBIiHHSA MaJlaTUBHOIO 1 XOCIICHOIO
JOTIOMOT'010. 3aleBHUTHUCS y IIbOMY MOKHA, SKIIO 3BepHYyTHCS A0 nedinimii [15], ska
O3Ha4Yy€ OpraHi3aIliiHUN MEXaHI3M SIK CYKYMHICTh: MPaBUJl, 3aKOHIB Ta MPOIEAYD,
[0 TMPOBOKAIOTh PErJIAMEHTHY B3a€EMOJII0 YYAaCHUKIB camMoOi OpraHizaiiHoi
CUCTEMH; TPOIEAYp MO YXBAJCHHIO YIPABIIHCHKUX pilieHb. EQEeKTUBHICTH MO
ONTUMI3AIlli HOPMATHMBHO-TIPABOBOTO  3a0e€3MEYeHHST CUCTEMHM MMaIaTUBHOI 1
XOCIICHOI JOTIOMOTH 3aJI€KHUTh BiJ] aJ€KBAaTHOTO YCBIMOMJICHHS HOTO CTPYKTYpPHO-
(yHKUIOHATBHUX PIBHIB, a TaKOX BpaxyBaHHS ix 0CcOONMBOCTEH, IO €
crienupIYHUMHU.

[HpopMOBaHICTh TPOMAASH I0JI0 HAaJAHHS MaJlaTUBHOI Ta XOCHICHOT JOTIOMOTH
€ JOCUTh aKTyaJIbHUM 3aBJaHHSIM, a caMe: 3ampoBajuTh 30ip 1 BEICHHS
CTaTUCTUYHMX JaHHWX I0JI0 MaIaTUBHOI Ta XOCITICHOI JOITOMOTH Ha I[EHTPAIIBHOMY,
pEriOHaIbHOMY Ta MICIIEBOMY PIBHSIX; pO3pOOUTH Ta 3IHMCHIOBATH iH(pOpPMAIIiifHI
KaMIIaHii 3 METOIO MIPUBEPHEHHS yBaru OPTaHiB BJIaIM Ta CyCHIBCTBA A0 aKTyaIbHUX
MpoOJIeM CHCTEMH, 3/IMCHIOBATH MOHITOPWHT, BHBYATH PEabHI MOTPEOW B TaKii
JIOTIOMO31 Ha PIBHI TEPUTOpIaJIbHUX TPOMAJ, PETIOHIB 1 JepKaBU B LIJIOMY;
BiJ3HAYaTH B YKpaiHi BcecBiTHIN JeHh MaliaTHBHOI Ta IajliaTUBHOI JOIIOMOTH,
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R

POBOJISIYM OJIaroiiHI aKilii, Kl CIIPSMOBAaH1 Ha IPUBEPHEHHS YBaru rpoMajiCbKOCT1
70 TOTped MajiaTUBHUX MAaIll€HTIB 1 MIATPUMKY IsUIBHOCTI XOCHICIB, 3aKIajiB 1

yCTaHOB TaJliaTUBHOI TomIoMorH [2].

BucnoBku.

OTxe, nepKaBHE yNPaBIiHHS MATIATUBHOIO 1 XOCMICHOIO TOTIOMOTH € TIPOIECOM
KOMILJIEKCHUM Ta 0araTOBUMIpHHMM, Ha SIKUH B Cy4aCHHUX YMOBax YMHSTH BIUIUX Pi3HI
¢dakropu. Tox BHCIOBIIOEMO CBO€ CHOJIBaHHA, IO (axiBIsIMU YKpaiHU OyIdyTh
PpO3p00JICH], ONITUMI30BaH1 Ta BIPOBAJKEHI TaKi MEXaHI3MHU JeP>KaBHOTO YIPABIIHHS
NaTIaTUBHOIO Ta XOCHICHOI JOTOMOTH, sIKI JaAyTh 3MOTYy €(GEeKTHBHO pO3B’s3aTH
HarajibHi 3aBJJaHHS.
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KAPITEL 2/ CHAPTER 2.
ASSESSMENT OF INFLUENCE OF INVERSION AND DECOMPRESSION
REHABILITATION METHODS ON THE STATE OF FUNCTIONAL
SYSTEMS OF THE HUMAN BODY
OIIEHKA B/IMAHUA HHBEPCUHOHHbBIX H JIEKOMIIPECCHOHHbIX
PEABH/TUTAIIUMOHHBIX METO/IOB HA COCTOAHHE @ YHKIIUOHAJIBHBIX
. . CUCTEM OPI. AHIul3MA
OLIIHKA BII/IUBY IHBEPCIHHHX TA IEKOMIIPECIHHUX PEABLIITAIIIHHHUX
METO/JIB HA CTAH @ YHKIIIOHAJIbHUX CUCTEM OPI'AHI3MY
DOI: 10.30888/978-3-9821783-6-3.2020-02-04-014

Beryn

[aBepciitno-nekommpeciiini Brpasu (I/IB) — e HoOBHil epexTuBHMIA MeTOm Yy
bi3uyHild Tepamii. Sk 1 OLIBIIICT METOJIB BITHOBHOIO JIiKyBaHHS, MeToa [/IB
3aCHOBAHMI Ha KOMIUIEKCHOCTI 1 MEPIOJMYHOCTI Ipoueayp. Meronnka BUKOHAHHS
[JIB noennye B €001 3arajbHI MPUHIMIK KiHe3oTepamii (JIIKyBaHHS PyXoM) Ta
KJIacW4yHI  mpuHIMNHM  ¢Qi3udyHoi  peaOumitamii  (iHAMBimyamizalis  Mporpamu
peabumiTailii, MOETaNHICTh, KOMILJIEKCHICTh BUKOPUCTAHHS BIJOMHUX TEPaneBTUYHUX
metoniB) [2, 14, 15].

OcHoBHa  MeTa  1HBEpPCIMHO-JACKOMIPECIMHUX  BOpaB -  JOCSITHEHHS
MOCTI30METPUYHOI penakcarlii Ajisi BIAHOBJICHHS HOPMAJIbLHOTO TOHYCY HAIpPy>KEHOTO
M's3a 32 JOIMOMOTOK OCOOJIMBUX CIIOCOOIB HOro posciabieHHs. Sk pi3HOBU
MiABICHOI Tepanii, Meron [/IB MICTUTH TI X NPUHLIMUNMN JIKYBaHHS: pelakKcauilo,
TPEHYBaHHS PI3HUX TPyH M’SI31B Yy 3aKPUTOMY KIHEMAaTUYHOMY JaHIIOTY, (DiTHEC
TpEHYBaHHS. BaXJIuBUM €IE€MEHTOM METOly € MPOMpIOpeleniisi, OCKUIbKU
MIATPUMKA HOPMAJIBHOTO (DYHKITIOHYBAHHSI OpraHi3My IPYHTYETHhCS Ha CIPUHHSTTI
JIOJMHOIO PYXIiB 1 TOJIO)KEHHS] YaCTUH BJacHOro Tula. TpeHyBaHHS Ha HECTIHWKIN
MOBEPXHI TPU3BOAUTH JO PIBHOMIPHOTO PO3MOJIIY TOHYCY M A31B, CTHUMYJISIIIi
KOOpJuHalii OanaHCy Ta 30UIBLIEHHS CEHCOPHOI'O 3BOPOTHOTO 3B’SA3KY MIISXOM
aKTUBAIll HepBOBO-M’s130Boro 3B’ 513Ky [10, 13, 19, 20]. EdexTuBHICTh 3aCTOCYBaHHS
MIBICHOT Tepamii y JIIKyBaHHI 3aXxBOPIOBaHb OMNOPHO-PYXOBOIO  amapary
HEOJIHOPa30BO Oyja JOBEJEHA pe3yJbTaTaMH BEJIUKOi KIJTBKOCTI HAYKOBHUX
JIOCIIKEHb. AJie, HEe3BaKalouM Ha LIMPOKE 3aCTOCYBaHHS IIJIBICHOI Teparii y
peabimTamiitHoMy MPOIIecl, B TITEPATYPHUX JKEpETax HeIOCTaTHRO 1H(OpMaIi mpo
T€, SKUMU 3MIHAMH CYIPOBOJKY€ETbCS (DYHKIIOHATBHUWA CTaH JIIOJUHU BHACIIAOK
BukoHaHHs [J[B. Tomy, BpaxoByrouu BeNMKUUN JOCBiA peadiLTiTaIli Mali€HTiB Ha
MiJBICHUX CHCTEMax, METOJuKa MOoTpedye M0JaTKOBOTO JOCHTIIKCHHS BIUIUBY
TpPEHYBaHHS Ta JIIKyBaHHS TiBicaMy Ha (DYHKITIOHATILHUN CTaH MAI[l€HTIB.
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2.1. 3aranbHi acnexkTH 3acTOCyBaHHS MiABicHOI Tepamii y npoueci
Bi/THOBHOTIO JIIKyBaHHsI. Y HiBepcaJbHUI (izioTepaneBTHYHUI
KOMILIEKC.

[TinBicHa Tepamisi — 1€ KOHIICMIlIA aKTUBHOTO JIIKYBaHHS Ta TPEHYBaHHS, METa
AKOi - BIJHOBUTH TOpPYIIEHI (YHKIIT OMOPHO-PYXOBOIO amapaTy, CIPHUSITH
JIOBFOTPUBAJIOMY TOKpaIIeHHIO (YHKI[IOHAJIBHUX CTaHIB opraHizmy. Ha cwrorosni
METOJI IIUPOKO BUKOPHUCTOBYETHCS Y BIIHOBHOMY JIIKYBaHHI Ta B TPEHYBAJIbHOMY
nporieci SK e(peKTHUBHA CTpaTeris JiKyBaHHS 3aXBOPIOBaHb Ta jJehopmMalliii OmopHO-
pyxoBoro amnapary [18].

Hamu 6yB po3po0iienuii yHiBepcaabHuit ¢iziorepaneBrrnunuii komruieke (Y PK)
JUIsl TPEHYBaHHS TMAIlI€HTIB, SIKUM 00’€AHAB BiJIOMI METOAMKUA IHBEPCIMHHUX Ta
JIEKOMITPECIHHUX BIIPAB Ta BKIIOYAE KOHTPOJb (DYHKIIIOHAILHOTO CTaHy MAaIll€HTA 1111
yac TpenyBaHHs [11]. Kpim Toro, Y®K 3HauHO pO3MUPHUB MOKIHBOCTI
BUKOPUCTAHHS IIJBICHOI Tepamii y peaOuTTallifiHOMy TMpOIECi, BIPOBAJAMUBIIA B
MPAaKTUKY KOMIUIEKCHE BHKOHAHHS I1HBEPCIMHUX Ta JEKOMIIPECIMHHUX BIOpaB Ha
migBicHux cuctemax. OcobnuBy yBary wmetoaumi [JIB  mpuauisioTs  ¢i3uuHi
TeparneBTH, aJ)Ke 3aCTOCYBAHHS 1HBEpCIi Ta JEKOMIpecii Yy BIAHOBHOMY JIKyBaHHI
3aXBOPIOBaHb OIOPHO-PYXOBOIO amapaTy y KOpPOTIIMH TEpMIH dYacy Ja€ Ouiblll
MO3UTUBHUIN e(eKT y MOpIBHAHHI 13 KiacuyHuMu Meroaamu JIOK Tta macaxy.
KoHCcTpyKLis TpeHaxkepa pO3IIMPIOE MOMKIMBOCTI MOro BHUKOPUCTaHHS y TPbOX
acmeKkTax — JIarHOCTHKA, BIIHOBHE JIIKyBaHHA Ta TpeHyBaHHs. Y @K Bkitouae B cede
CUCTEMY TIJBICIB JIJI1 TPEHYBaHHS Ta OOJagHAHHS NJSi OIIHKK (DYHKI[IOHAJIBHOTO
cTaHy naiieHta. ['osoBHUI npuHIUI BukoHaHHs [/IB Ha maHiif miaBicHIA cucTeMi
MOJIATAE y B3a€MO/IIi TiJIa 3 TpaBiTallieto. B mpoiieci TpeHyBaHb JiHIT Tijia TPUPOTHBO
PO3MPABIAIOTECS 1 BUTATYIOTHCS, Oe3 3allBUX HaBaHTaXeHb [6]. 3acTOCOBYIOTH
noMiOHI TpeHyBaHHS IS 3MIIHCHHS OIOPHO-PpYyXOBOro amapary [2], s
BITHOBJICHHSI PYXJMBOCTI TMICIs TpaBM; I TOKpPAIIEHHS LUPKYJALli KpoOBi,
ajanTarlii cepreBo-CyAMHHOI CUCTEMH; CTUMYJIALIT pOOOTH TOJIOBHOTO MO3KY; 3HATTS
pPO3yMOBOr0 Ta €MOLIMHOro HampyKeHHA. TpeHyBanHs Ha Y®K npusHayaeTbCs
ocobam, Skl BeAyTh MAJIOPYXJHMBHUH CHOCIO JKUTTA, a TAaKOX THUM, XTO CTEKHUTH 3a
Macoto Tuia. EQexkTuBHICTh BiJl BAKOHAHHS 1HBEPCIMHUX BIIpaB MiATBEPKEHA PSAIOM
JIoCHiKeHb. Tak, MOCTIAHWKKA 3a3HA4YarOTh, IO TPH PETYIIPHUX I1HBEPCIHHUX
TPEHYBaHHSAX 3a PaxXyHOK MOCHJIEHOTO HAJXO/KEHHS KHUCHIO B MO30K BiIMiHHO
BiZIOYBa€TbCS  CTHMYJIIOBAaHHS  po3yMoBoi  nisuibHOcTi  [6].  [lokpariyerscst
CaMOMOYYTTS] Ta 3HAYHO 3MEHIIYEThCS BIAUYTTS CTpecy. Y 3I0pOBUX JIIOAEH
BiIOyBa€ThCsl MPOQIIAKTUKA TPWK MIDKXPEOIEBUX JHUCKIB Ta OCTEOXOHPO3Y.
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Bhacniok  BUKOpPUCTAHHS  1HBEpCIMHUX  (I3UYHUX  BMOpPaB, aKTUBYE CBOE
¢yHKIIOHYBaHHS JiM(paTHYHA CUCTEMa, sIKa Ma€ Ba)KJIMBE 3HAYEHHS Y 370pOB’i
MOaUHU. BuUKOpUCTaHHS KOMIUIEKCY 1HBEpPCIMHUX (I3WYHUX BIIpaB JloNomarae
BiTUyTH OaslaHC 1 KOOPAWHAIIO Tila. TakoX BUKOPUCTAHHS KOMIUIEKCY 1HBEPCIHHUX
BIIpaB 3a0e3nedye Mepepo3noaiyl KpoBl 3 HWXKHBOI YacTUHM TyiyoOa. Lle monermrye
Ipolec HUPKYNIALii KpOBI B HIKHIX KIHIIIBKax, II0 B CBOIO 4Yepry, JOMOMarae
OOpOTHCS HE TUTBKU 3 HAOpsSIKaMHU, ajie i 3 BApUKO3HUM PO3IIUPEHHAM BeH [6].

YHiBepcajibHuil (isioTepaneBTHYHUI KOMILUIEKC — 1€ YyHIBepcalbHa
MOYyJIbHa KOHCTPYKIIis, HAOIp CIeliali30BaHOTO CIOPSHKEHHS Ta 0OJIaHAHHS IS
OIIHKK (pyHKIIOHAIBHOTO cTany Jonuau (Puc. 1). CropsypkeHHS (iKCyeThCs Ha
TpyOax MOIYIbHOI KOHCTPYKIIIi B MOTPIOHUX TOUYKaX 3a JOIMOMOIO CUCTEMHU OJIOKIB
3 0IHOTO OOKY, a 3 JIPYyroro KpilMHUThCS Ha KIHILIBKAxX MallleHTa TaKUM YUHOM, 1100
HOTO TIJI0 3HAXOJIUJIOCh B TOPU3OHTAIBHIN TUIOMIMHI 6€3 cTabuibHOi onopu. BepxHi
KIHI[IBKA KPIIUISITBCA JO TATH 3a JOTMOMOTOIO CIeIiali30BaHUX TMaJblEMiB, HIKHI
KIHI[IBKM — 3a JOMOMOIOI0 TpaBiTallifHOTO B3YTTS — TIpaBiboTiB. KokHa Tsara
CHoOpsi/pKeHa 3acOO0M BapiaTMBHOI 3MIHM 1i JIOBKMHH, IO JO3BOJISIE B HIUPOKOMY
Jliana3oHl MOJIEIOBATH TPEHYBaJIbHI HABAHTAKEHHS HABITH 31 3MIHOIO MOJIOKECHHS
TUJIa JIIOJMHU M1JI 4ac TPEHYBaHHS, a TaKOX SKICHO CKJIAaJaTH MpOrpaMmy 3aHsTTH,
BPaxOBYIOUM 1HJIMBIAyadbHI OCOOJMBOCTI KOXHOTO TaIlieHTa (picT, mMaca Ta iH.).
Kpim TOro, HasiBHICTh B TpEHaXXep1 TATH 3 3ac000M (hIKcalii Tija JIIOJAUHH 32 TONEePEeK
J103BOJIsIE 320€3MEUUTH MOXKIIMBICTh KOMITCHCAIIIT IM1]1 4ac TPEHYBAHHS 30UTKOBUX YU
HEBIAMOBIJHUX CTaHy XpeOTa CTaTUYHUX 1 JMHAMIYHUX HABAaHTaKEHb Ha HBOTO,
CIPUYMHEHUX JIIE€I0 BJIACHOI Baru JIIOAWHH, 10 TPEHYETHCA. 3a PaxyHOK IMIJBICY B
TOPU30HTAJIbHIN TUIOIIMHI, HABAHTAKEHHS PIBHOMIPHO PO3MOAUISIETHCS MO BCHOMY
TUTy TIAIIEHTA, JOCSATAIOYM M S30BO1 pellakcallli, ska Ja€ MO3UTUBHHUN ePeKT IpHu
TPEHYBaHHI CJIA0KMX JIAHOK Ta MO3WTUBHO BIAOOpaXaeTbCsl Ha BIJIMpPAIOBaHHI
CKJIAJTHO-KOOPJAMHOBAHKX PYXIB ITiJ1 YaC TPEHYBaHHSI.

b
Puc.l. A) Tpena:kep yHiBepcajJbHOIro (pizioTepaneBTUYHOIO KOMILIEKCY, b)

InBepciiiHe TpeHyBaHHA nanieHTa Ha YOK
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TakuM 4MHOM, 3a JOMOMOTOIO 1HBEPCIi, AOCITAEThCSA TPaKIlisl BCIX CYIJI00IB,
Bi/I0OYBAa€ThCS TpPEHYBaHHS 1 MOBEPXHEBUX M s31B, 1 M’s3iB crabimizaTopiB. Taki
3aHATTA € €(h)eKTUBHUMU IpH (popMyBaHHI (HYHKI[IOHAJTEHOTO PYXOBOT'O CTEPEOTHITY,
MOKPAIIyI04YH KOOPAWHAIIII0, KIHECTETUYHE BiAUYTTS Ta piBHOBary [6].

2.2. MeToauka T0CTiIKeHHA

Y OCHDKEHHI  3aCTOCOBYBAJIMCS  aHTPONOMETpPUYHI,  (pi3ioiorivHi,
IICUXOJIOT1YHI, MaTeMaTHU4HI, CTAaTHCTHYHI METOAU Ta METOAWKH. lle m03BOIIsLIO0
IIPOBECTH OIIHKY BIUIMBY TPEHYBaHHS Ha IIJIBICHUX CHCTeMaxX Ha (DYHKIIOHAJTbHUIMA
ctad Joavau [4]. Bubip MeToauK 00yMOBIICHHI METOIO JAOCTIDKEHHS Ta BUMOTaMHU
JIOKA30BO1 MEIULINHU.

JlocmimkeHHsT MpoBOAMIOCS 3a ydacTi 36 ocib BikoMm Bix 17 mo 18 pokiB, 3 HUX
13 xinok (56%) i 10 gonosikiB (44%). Bix ycix oOcrexyBaHux Oyjga OTprMaHa
no0poBubHA 1H(GOPMOBaHA 3rojia Ha iHBepcCiiHO-aekomnpeciiinuii BB (IJIB) Ta
00CTeXKEHHs B MPOIIEC] JAHOTO BUAY BIUIUBY. Y Cl1 JOCHIKYBaH1 OyJiH 3I0pPOBUMH 3a
CaMOOIIIHKOIO Ta JIETAIbHO 03HAHOMIIECHI 13 METOIO Ta MPOTOKOJIOM E€KCIIEPUMEHTY.

[lepen moyaTkoM 3aHATH MPOBOJIUIN AHTPOIIOMETPUYHI 3aMipy HAa OCHOBI SKHUX
po3paxoByBamu iHgekc macu Tina (IMT, kr/m?), maco-poctosuii koediniear (MPK,
krxem?) Ta momry nosepxmi tima (IIIT, m2). o Ta micis 3aHATTS BUKOHYBAIH
JTMHAMOMETPIlO JIJII BU3HAYEHHS M'SI30BOi CHJIM TMPaBOi Ta JIBOi KHUCT1 Ta CHUJIOBOI
BUTpHUBaJOCTI. [lepen KO)KHUM 3aHATTSM TICIS OMUTYBAHHS, 30BHIIIHHOTO OTJISITY Ta
MICJIS 3aHATTS MPOBOJIWIIOCSA BHU3HA4YeHHS aprtepianbHOoro THcKy (AT) Ta wacrtoTu
cepueBux ckopoueHb (UCC). 3a OoTpUMaHMMHU 3HAYCHHSIMH paxyBalH: CEpEIHii
aprepiasibHUN TUCK (ATcep., MM PT.CT.), TysibcoBUM aprepianbHuil TUCK (ITAT, MM pT.
CT), 1IHJIEKC (PYHKIIOHANBHUX 3MiH (amanTtamiitauii moreniian) (I3, y. o.), piBeHb
dyHskiionaasHoro crany (P®C, y. o.) (ominka 3nauenns 13, POC ta hopmyBaHHs
BUCHOBKY MpoBoamiocs 3a baeBcbkum) [7]. B mporeci 3aHATTS mpoBoauiacs
Oe3nepepBHa TenemeTpuuHa peectpaiiss YCC.

Tepmomerpom TermoScan Braun (Himewyunna) BUMIpIOBaIM TeMIIEpaTypy
CepeHBOT0 ByXa B IMPABOMY 1 JIBOMY CIyXoBoMmy mpoxoii. Jlo Ta micis 3aHSTTS
MIPOBOJIMIIN 3aITUC BapiabenbHOCTI ceprieBoro putmy (BCP), OKa3HHKH SKOTO MarOTh
BUCOKHI CTYMiHb 1HPOPMATUBHOCTI JIJIs1 OLIHKK (DYHKIIIOHAJILHOTO CTaHy OpraHi3my.
Marematnunuii ananiz BCP, skuii MICTHB JOCIIJDKEHHS 3arajibHOi BapiaOeIbHOCTI
(cratucTuHMi aHami3, BapiaimiiiHa nyhabcomerpiss 3a P.M. baeBcbkum) Ta
TOCTIKEHHST nepiogndanx ckianoBux BCP (cnektpanbHuii aHamiz) 301HCHIOBAIH
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amapaTHUM crocoboM. VY Tpolieci amapaTHOTO aHalidy BH3HAudajgach HHU3Ka
CTAaTHCTUYHMX MOKA3HUKIB JJIs KijbKicHOT oriinku BCP. [7].

2.3. OOrpyHTYBAHHS METH AOCTiIKeHHS

Ha mnamry 1aymMKy, OCHOBHHUM HEIOJIKOM BIJOMHX IIJIBICHUX CHCTEM €
BIJICYTHICTh JIKapChbKOTO KOHTPOJIO TMijJ Yac BHUKOHAHHS BIIPaB, 10 € BaXJIHUBHUM 1
MOKe OyTH KpUTUYHUM JIJIS TallieHTa. TomMy Hallor 3a1a4yero 0yso CTBOPUTH SIKICHY
TIarHOCTHKY MAITIEHTIB, sIKa O TO3BOJIMIIA OIIHIOBATH CTAaH MAIlI€EHTA Ta CIIOCTEPIraTH
3a (YHKIIOHAJJbLHUMH 3MIHaMH BHACJIiJOK BIUIMBY 1HBepcii Ta JekomIpecii Ha
opranizM. Takui miaxia D03BOJIMB HaM BUPIIIMTHU II€ OJIHY MpoOJieMy, sika ICHYE y
METOJIMIII MiABICHOI Teparii. 3a3Hayarouu Mpo e(PEeKTUBHICTH JIIKYBaHHS M1JBICHUMHU
cucteMaMy, (axiBll HE HABOAATh KUIbKICHOI MOPIBHSJIBHOI XapaKTE€pPUCTUKU
OCHOBHHX 3MiH, SIKI TPU3BOJISTh /10 MOKpAIIeHHs! (YHKIIIOHAJIBLHOTO CTAaHY JIFOJAWHMU.
3anponoHOBaHa HAMU CUCTEMA J1arHOCTUKU J03BOJIAE€ BUPIIIYBATH JaHy MPOOIEMYy.
Bona Bkiloyae ONWTYBAIBHMK Ta OO0 €KTHBHI  XapaKTEPUCTHKH, SKI €
3araJbHONPUUHATUMU Y MeIW4HId Tamy3l. OCKUIBKH, 3TIJHO MPOBEIEHOrO
JOCTIKEHHS, (1310JI0T1YHI TOKA3HUKU HE BUXOJATH 32 paMKH (Pi310J0TIYHUX HOPM,
1€ JOBOAUTH €(DEKTUBHICTH PO3POOJIEHOTO KOMILIEKCY.

OcHOBHUI MexaHI3M [Iii MiJIBICHUX CHUCTEM IMOJISITa€ y 3MiHI T'paBITAIlIiHUX
YMOB B aHTUTPaBITALIIMHUX M’s13aX (sIK1 3a0€3MeUy0Th BEPTUKAIbHE TOJIOKEHHS TijIa
JIOJIMHU B TIpocTopi). BinOyBaeTbes 3HMKEHHS TOHIYHUX (MO3HUX) peIieKCiB, M 31
PO3CIabNIAIOThCS, @ HAaBAaHTAKEHHS 32 PaxyHOK aKTHUBAIlii HOBHX HEPBOBO-M’ SI30BUX
pedIeKTOPHUX 3B’SI3KIB 1 «IepernporpaMmyBaHHsD» MEPBUHHUX PYXOBUX PEAKIlii CTae
Ounbll e(EeKTUBHUM. bBIIbUIICTh aBTOpPIB HA3WMBAIOTh L€ METOJ TrpaBiTalliiHa

HEPBOBO-M’s130Ba akTHBaillis [2, 9, 10].

2.4. Ouinka pyHKIiOHAJIBLHOTO CTAHY NAli€HTIB BHACTIT0K BUKoHaHHs []IB

3 METOI BHU3HAYEHHS XapakTepy 3MiH (PYHKLUIOHAJIBLHOTO CTaHy OpraHi3My
TOAWHUA TpU  Jii  (PI3MYHOTO HABAHTAXKEHHS BHACHIOK BukoHaHHsS [J[B Oymo
JOCITIIKEHO OCOOJIMBOCTI aHTPOIIOMETPUYHUX Ta (Pi310JOTIYHUX MOKA3HUKIB [4].

[Tpu anami31i MOKA3HUKIB IOBKWHU Tijla Cepell JOCTIHKYBaHUX OyJIO BUSBIICHO,
110 3PICT y OOCTEXEHUX NEPILOI rPYIHU (40JIOBIKK) OYB OUIBIINM, HIXK Y OOCTEKEHUX
2-1 rpyniu (kinkn) (p<0,05). 3a nokasuukamu Macu Tina (MT) y obGcTexxeHnx 000X
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rpyn He OYJI0 BHSBJICHO CTATUCTHYHO 3Hauymioi BigminHocti (p>0,05). Cepen
nociipkyBaHux nepimoi rpynu MT Oyma Oinblie HixX y Apyrid rpym Ha 18,8%
(p<0,05). IuTerpanbHi aHTPOINOMETPHYHI IMOKA3HHWKH, TaKi sK, 1HIEKC MacH Tija,
TUTOIIA TIOBEPXHI Tija, 3aeXaTh BiJ cTaTi Ta BiKy jroauHu [4]. [Hoexc macu Tina
(IMT) € ogHMM 3 TOJIOBHHUX IMOKa3HUKIB, 110 XapaKTEpHU3ye€ EHEPreTUYHHUI CTaTyc
opranizmy moguHu. CTaTHCTUYHO 3HAUYIIMX BIAMIHHOCTEH Yy MOKa3HHKAX MIX
NEPILOIO Ta IPYrolo TpynaMu He BUSBIEHO. MakcuMalbHe Ta MiHIMAJIbHE 3HAUYCHHS
IMT Gyno B rpymi cepen oHakiB 19,2+0,064 xr/m? Ta 24,65+£0,1176 kr/mM®> npu
(p<0,05) BimnosigHo. 3a pexkomenmaiisMmu BOO3, HOpMaIbHOMY EHEPreTHUYHOMY
CTaTyCy JIIOJAWHY BIAMOBITa€ HACTYMHUH Miama3oH KojJuBaHb 3Ha4eHb IMT: Bix 20,1
10 24,99 xr/m? — y yonosikis i Bix 18,5 g0 23,8 kr/m? — y xinok [4]. Ananis iHgekcy
Macu TUla B TIpymnax IOHaKiB Ta JiBYaT I[OKa3aB, IO OOCTEXKEHI 3TiTHO HOPM
BIJIMOBIIATM  HOPMAJIBHOMY €HEPreTUYHOMY CTaTyCy, TIEPEBHUIIEHHS BIKOBOI
«HOPMU» Cepell IOHAKIB Ta AiBYaT HE CIIOCTEPIraioCh.

[Tnoma moBepxHI Tijla 3alCKHTh BiA MacH 1 JOBXHHHM Tina JoguHu [4].
[Mokasnuk IIIT y mocmimkennx donosikis cranosus 1.85 (1.8; 1.9) m? (p<0,05). V
x1HOK mokasHuk [IIIT OyB menmmum Ha 13,5 % y mOpiBHSIHHI 3 MEPILOIO TPYIO0 Ta
cranoBuB 1.6 (1.5; 1.65) m? (p<0,05). Cepenne 3HaUEHHS OKA3HMKIB JMHAMOMETPIi
npaBoi 1 JIBOi KHUCTI BIIPI3HSBCS B 000X Tpymax B MexkaxX JOMYCTUMHUX HOPM.
JlocmigHUKaMHu 3a3HAYa€ThCS, IO CEPElHI MOKAa3HUKUA CHJIM MPaBOi KHUCTI JUIS
YOJIOBIKIB CKJIagaloTh 45-50 Kr, 4714 JKIHOK - BiAmoBIAHO O0 35-40 Kr, m1BoOi - Ha 5—7
Kkr MeHmle. Cuiia mpaBoi Ta JIiBOI KUCTI y AOCHIIKYBaHUX FOHAKIB BIJIPi3HsUIACh B
cepenHbOMYy Ha JBa Kr 1 craHoBwia 46.75 (45.1; 49.9) xr ta 44.9 (42.3; 48.6) xr
BianoBigHO. Cepen JOCHIIKYBAaHUX AIBYAT PI3HUIA B CUJIOBUX IMOKa3HHMKAX MIX
IPaBOI0 Ta JIBOK KUCTSIMH Oyia XK TaKow SK 1 B TEPIIi Tpymi, MOKa3HUKH
Bignosiganu Hopmi. [IpaBa kucte 29 (25.6; 33.15) kr, niBa 27.2 (25.35; 31.95) kr.

Cepen Oaratb0X aHTPONMOMETPUYHUX TOKA3HMKIB HaMOUIbII 1HPOPMATHBHUM
BBakaeTbcsd IMT, sikuii BimoOpakae BIIMOBIAHICTh Macu 1 3pocTy JroguHu. [lpu
npoBeneHHi aHamizy IMT B mocmiaHux rpymnax Oyjo BHUSIBICHO, IO SIK XJIOMII, TakK i
niBuara Bikom 18 — 20 pokiB Maimum HopMmalbHy Macy Ttima (p<0,05). 3a
niteparypaumu ganumu [4] nopma IIIT mis 4onoBikiB cTaHOBUTE 1.9 M2, 1y1s KiHOK
1.6 m2. Ananis INIIT opranisMy I0CIi)KyBaHUX JO3BOJIMB BCTAHOBUTH BiMOBiIHICTE
Mik rmoka3aukamu [1I1T, BiIkoBUMHM KaTeropisiMu Ta reHIepPHUMH BiIMIHHOCTSIMHU.

Jlist 00’ €KTUBHOTO JTIKAPCHKOTO KOHTPOJIO (PYHKIIOHAIBHOTO CTaHy MAaIll€HTa,
Mepe 3aHITTSIM BUMIPIOBAJIACh TEMIIEpaTypa MpaBOTo Ta JIIBOTO CEPEAHBOTO ByXa.
Bracniiok cratuctiyHoi 0OpoOKH OTpUMaHUX 3HaY€Hb, OYJI0 BUSBIICHO, 1110 PI3HULIS
MDK 3HAQYEHHSMH TEMIIEpAaTypH MPaBOrO 1 JIIBOTO CEPETHLOTO ByXa y TPyIl cepen
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XJIOMI[B He Oyia craructudyHo 3Haunmoro (P>0,05) 1, B cepenHbOMy, 3HaYCHHS OYIIH
Ha piBHI 35,2 (95% BI 35,02 - 35,38)°C. B rpymi cepen aiBYaT A0 3aHATTS 3HAYCHHS
TEeMIIepaTypu MPaBOro CepeaHbOr0 ByXa KOJMUBAIUCHh B Mexax 35,5 (95% BI 354 -
35,8) °C, miBoro — aemo BiApi3HsUACH 1 Oynmu B Mexkax 35,25 (95% BI 35,1 - 35,5)
°C. Y gapyriii gocnmikyBaHid rpymi Oyl0 BHUSIBICHO KOPEJSIIHHUN 3B'A30K MIXK
3HAYCHHSMHU TEMIIEpaTypu MpaBoro i JiBoro cepeanboro Byxa (p<0,05). [lns
nepeBipku  OE3MEYHOCTI  BUKOHAHHS  1HBEPCIMHO-IEKOMIIPECIHHUX  BIIpPaB
TEeMIIepaTypa CEPEIHbOT0 ByXa BHUMpIIOBANIACH IMICISA 3aHATTA. MikK 3HAYCHHSIMU
IpaBoro Ta JIBOrO Byxa OyJI0 BHSBJICHO KOpensmiHuil 3B’s30k. Ilicist 3aHATTS
3HAYEHHS HE Majii CTaTUCTUYHO 3HAYMMOI PI3HHUII y JBOX rpynax. B mepmriit rpymi
MOKa3HUK MpuiiMaB 3HadeHHs Ha piBHI 35,7 (95% BI 35,4 - 35,8) Ta 35,4 (95% BI
35,1 - 35,6) °C, mpaBe i JiBe ByXO BiaNoBimHO. B nmpyriii rpymi med mokasHUK
cranoBuB 35,8 (95% BI 35,5 — 35,9) Ta 35,6 (95% BI 35,4 — 35,9) °C, npaBe i 1iBe
BYXO BIANOBIIHO. PI3HUIA TeMIiepaTypu MIXK MpaBUM Ta JIBUM CEPEAHIM BYXOM JI0
Ta MiCNsA 3aHATTA He OyJa CTaTUCTUYHO 3HAYUMOIO 1 1€ TOBOPUTH MPO Te, IO
MOKA3HUKH TEMIIEpaTypH CEPEAHBOTO ByXa MPOTITOM JAECATU 3aHITHh 3aTHUIIAINCH B
MeXax I1HAUBIAyalbHOI HOpMHU TmaiieHTta. [lopsig 13 BIZOMUMH J1arHOCTUYHUMHU
METOJIaMH, 3HAYEHHS TEMIIEPATypU CEPEIHBOTO ByXa € BAXKIMBUM IOKA3HUKOM Y
JKapCbKOMY KOHTpOJI1 ipu BukoHaHH1 [J[B.

Bigomo, mo HaiOLIBII TOMITHUMHU 1 IIBUIKUMHU peEaKIisMU Ha (Qi3udHe
HABAaHTAXKEHHS € PeakKilii CeprieBO-CYJIUHHOT CUCTEMH, SIKI MPOSBISIIOTHCA, B MEPITY
4yepry, 3MiHAMH 3HAa4YCHHS OCHOBHUX IIOKa3HUWKIB TeMmoauHamiku [5]. Bymo
JTOCITIDKEHO, IO JesKi TIeMOJWHAMIYHI TOKAa3HWKH Majli TeHACPHI BiJIMIHHOCTI:
3HaueHHs noka3HuKiB [TAT no 3aHsaTh y nepiuiil rpyni Oynu Ounbmmmu Ha 21%, a
nicisa 3aHaATh Ha 19,5%. 3nadends mokasHukiB YCC mo Ta micis 3aHATTS OYJio
OLIBIIKMM B NEPIIIA rpymi B cepeAHbOMY Ha 8+2,3% y MOpIBHSAHHI 3 APYTOIO IPYIIOKO.
[Mepunni mokasuuku AT (CAT, JJAT) He Manu reHaepHuX BiaminHocteid. [Tpu
MOPIBHSAHHI T€MOJMHAMIYHUX TMOKA3HUKIB OKPEMO B KOXHIM rpymi g0 Ta MIiCHs
BukoHaHHs [/IB He Oyno BHSBIECHO CTATUCTUYHO 3HAYYIIUMX BIAMIHHOCTEH, IO
rOBOpUTh TMpo Oe3neyHicTh BUKOHaHHS [JIB  Ta mnpaBuiIbHY J1030BaHICTb
HaBaHTakeHHs. 3HadeHHs noka3HukiB CAT, AT, ITAT, Alle, 1 UCC micns aecsitu
3aHSATH 3MIHIOBAJIMCh, aje mepeOdyBajiu B HOPMI BIAMOBIIHO J0 pPEKOMEHAAIIN
€sporneiicbkoro ToBapuctaa kapaiosoris (2007) [5].

JIJist IHTEerpajibHOI OLIHKU (PYHKI[IOHAIBHOI'O CTAHy CEPUEBO-CYIMHHOI CUCTEMU
Oys0 po3paxoBaHo iHAeKC GyHKIIoHATHEHUX 3MiH (ID3) Ta piBeHb PYHKITIOHATBHOTO
ctany (P®C), sxi B CyKymHOCTI 3a0e3Me4yr0Th CUCTEMHHMH MiAXiJ JO BUPIIICHHS

3aBJIaHHS KUIBKICHOI OLIHKM CTaHy OpraHizmy. Lle mosicHIoeTbest TUM, 10 MOKa3HUKH
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BIIOOpaXaloTh  CKJIAAHY CTPYKTYpY (YHKI[IOHAJbHUX  B3a€MO3B’S3KIB,  SIKi
XapaKTepU3yIOTh piBeHb (YHKI[IOHYBaHHS CEpIeBO-CyAMHHOI cuctemu [16].
AgnanramiiHuii MOTEHIad 1 1HJIEKC (YHKIIOHAJIBHMX 3MIH € TOKa3HUKaMH, SKi
3YMOBITIOIOTH B32€EMO3B'SI30K JIBOX MPOTUJICKHUX MOHSTh: «3IJ0POB’S» Ta «XBOPOOay.
3nmopoBa JoAMHA Mae OyTH MaKCHMMaJbHO aJanToBaHa JO HABKOJMIIHBOIO
CepeIOBHINA 1 HABMAKK, KOHKPETHUM BUPAKEHHSAM MOP()ODYHKIIIOHATBHUX 3MiH TIpU
XBOpoOi Oyzae ne3ananTaiiisi. BUCHOBOK mpo Te, IO aJanTalliiiHi MOJIHMBOCTI
OpraHi3My BHU3HAYalOTh Mipy IHIUBIAYaJbHOTO 370POB'S, € 3arajJbHOBH3HAHUM. 3a
BEJIMYMHOK 1HAEKCY (YHKI[IOHAJIBHUX 3MIiH OIIHIOEThCS PIBEHb HAMNpPyTru
PETryISTOpHUX cUCTeM. UuM BHIlle afanTaIriiiHi MO>KJIMBOCTI CHCTEMH KpPOBOOOIry,
THM MEHIIIC 3HAYCHHS aJIaTaIliiHOr0 MOTEHITIATY Ta 1HAEKCY (DYHKI[IOHATBHUX 3MiH
[17, 16].

Takum uYMHOM, piBeHb (YHKIIOHAIBLHOTO CTaHy MICIS 3aHATh B MEPIIii
JOCIIIHIA Tpyml BIIPI3HIBCA BiJ MOKA3HUKIB B APYTidl JAOCHIAHIN Trpynil HUKYUMH
3HaueHHsaMHu (p<0,05). B 1-it Ta 2-i1 rpymax ¢QyHKIIOHAILHUNA CTaH CHCTEMH
KpoBooOiry 3a POC 10 npoBeAeHHs 3aHATh XapaKTEPU3YBABCS «CEPEIHIMY PIBHEM.
BruiuB 3aHsATh Ha MiIBICHINA CUCTEMI B YCIX TpymnaxX BUKJIMKAB CTATUCTUYHO 3HAUYIII
3MiHu nokasHukiB POC micnsa okpemoro ceancy. B nepmriit rpyni POC micnd 3aHa1h
MIJBUIIMBCS JIO «BHUIIE cepeAHboro», a y apyrid rpym P®C 3minuBcs 10
«BUCOKOTO». Takum umHOM, B 000X rpynax 3HadeHHs [PC go Ta micis 3aHATH
BIIMOBI AN PiBHIO HOpMaJIbHOT (3310B1IbHOT) afanTartii (p<0,05). (Puc. 4.1, 4.2)

2,2 A 2,2

2,1 2,1

2,0 2,0

1,9 - 1,9 -

1,8 - 1,8 -

1,7 4+—/"—7—" (|17 +—/———F—————7—T——1
1 2345678910 1 23 456 78 910

=i~ JTo 3amarTa —&[licoa 3aHaTTS o 3amaTTa =&=TITic/Is 3aHATTA

A b
Puc. 4.1. Innamika ingexcy pynkuionaabHux 3min (IP3) xo Ta micas
BuxonanHsi I/IB cepen aiBuar. (1,2,3 - Ne 3ansirrs1), A —y aiBuar; b — y xjgonuis
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Puc. 4.2. Iunamika piBas pynkunionansbuoro crany (P®C) no ta micas
pukoHaHHsi I/IB cepen aiBuar. (1,2,3 - Ne 3ausarrs), A —y aiBuat; b — y xuonmis

OTxe, MOXHA KOHCTaTyBaTH, IO 3aHATTS HA MIJBICHUX CUCTEMAX MO3UTHUBHO
BILJIMBA€ HAa CTaH (PYHKI[IOHAIBHUX CUCTEM OPraHi3My, 30KpeMa Ha (PyHKI[IOHAIbHUMA
CTaH CEpIEBO-CYANMHHOI cucTeMu. HaBiThb mpu HAMOUIBIIMX HAaBaHTaKEHHSX, SKi
Oynu npucyTHi Ha 8 — 10 3aHATTAX, MOKA3HUKUA HE BUXOAMIM 3a Mexi HOpMmu. Lle
TOBOPUTH PO JOCTATHI aJanTallliHl MOXJIMBOCTI OPTaHI3MYy.

BapiaOGenpHICTh cepIeBOrO0 pPUTMY JO3BOJIIE BU3HAUWTH PIBEHb HANpPyTrH
GI3MYHOTO HaBaHTAXEHHS, a TaKO0X OXapaKTepU3yBaTH CTaH pPI3HUX JIAHOK
BETrE€TaTUBHOI pEryssilii Ta 3pOOUTH BUCHOBKM Mpo (YHKLIOHAIBHI pE3epBU
PEryJISTOPHOTO MeXaHi3My. J{[MHamika 4acoBHX Ta CHeKTpaibHuXx napameTpiB BCP
BioOpaxkae e(heKTUBHICTh aJIalTHBHUX MEXaHI3MIB Perylislii cepueBoro putmy [1,
7, 8].

3riIHO HAIIOro JOCHIKCHHS, (i3UMUHEe HaABAHTAXXEHHS, SKE€ BHUHUKAJO
BHACHIJIOK BUKOHaHHS [/IB, cHOpuUYMHSIO 3MEHIIEHHIO 3HA4Y€Hb IOKA3HUKIB
CIIEKTPAJILHOTO aHaJI3y CEPIEBOrO0 PUTMY. 3HIDKCHHS 3HA4YeHb IMoKa3Huka TP
TOBOPUTH PO ONTUMATBHUMN PEKUM (PYHKITIOHYBaHHS CEPIIEBO-CYMHHOT CUCTEMU Ta
po 3aisiHHS BCIX (YHKIIOHAJIBHUX PE3EPBIB OpraHi3My IiJl BILIMBOM LEHTPAIbHOI
perysmii rinmotamamo-rinodizapaoro piBas [17]. TlopiBHIOBaHI 10 1 Micas 3aHAThH
3HadyeHHs noka3zHukiB LF, HF, VLF n103Bossit0Th 3p0OMTH BUCHOBOK PO 3HUKECHHS
BAJII'YCHHUX BIUIMBIB, TOOTO BiJ10YBaJIOChH 3MEHILECHHS aKTUBHOCTI
apacUMIIATUYHOTO BLLILTY HEPBOBOI CHUCTEMH, HATOMICTb BILUIUB

CUMIIATOQIPEHATIOBOI CHUCTEMH TIJBUIIUBCA, M0 € TUIIOBUM Tpu (Pi3udHOMY
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HaBaHTaXKEHHI. 3a 3HAaYCeHHSIM Moka3Huka LVF Mo)kHa TrOBOPUTH MPO MOMIPHHIMA
piBE€Hb TOPMOHAIBHOT MOAYJIALIIT PEryISITOpHUX MexaHi3miB [1, 5, 13, 12].

BucHoBku

Takum  4yMHOM,  O€3MEYHICT,  PO3POOJEHOTO  METOAY  1HBEpCIHHO-
JCKOMIIPECIHHUX BIUIMBIB OyJIO JOBEICHO MIJISIXOM ONEPATUBHOTO KOHTPOJIO, SKHIA
3MIMCHIOBABCS 3aBIAKH PO3pOOJICHOMY YyHIBEpcalbHOMY  (hi310TeparieBTUUHOMY
KOMIUIEKCY. MeToiuKa TPYHTYEThCSI HA aKTUBHOMY BHKOHAHHI BIIpaB MAI[lEHTOM Yy
PI3HUX TOJIOKEHHSX, 110 3a0e3Meuye 1HBepCito Ta AeKoMmpecito. Taka BapiaTUBHICTb
BIIpaB JO3BOJISIE JOCSATHYTH KpalldX pe3yibTaTiB Yy TpPEHYBaHHI Ta JIiKyBaHHI
NAaIIE€HTIB Y KOPOTKUM TepMmiH yacy. OTpumaHi J1aHi CBII4aTh MpO OE3MEYHICTh
METOJIMKH, OCKUJIBKM moka3Huku BCP Ta reMoauHaMidHI MOKA3HUKHU IICHISA 3aHSITH
3aMImanucs B Mexax (¢i3ioforiyHux HOpM. [lpu HaitOUIbIIOMYy HaBaHTa)KEHHI HE
B1I0YJIOCS CYTTEBUX 3MIH y JOCHIUKYBAHMX MOKAa3HHUKaX. 3aHATTA 32 METOJUKOIO
[JIB nipu3BOAUTH 0 MO3UTHUBHUX 3MiH aJallTalliiiHOTO MOTEHIIAITY.
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KAPITEL 3/ CHAPTER 3.

ADVANTAGES OF SYSTEMATIC PHYSICAL ACTIVITY FOR

PRESERVATION OF EMPLOYMENT POTENTIAL OF WORKING AGE
IIPEUMYIIIECTBA CHCTEMATHYECKOH ®H3HYECKOH AKTUBHOCTH JU/IA
COXPAHEHHUA TPY/IOBOI'O IIOTEHHHHUHAJIA JIHL TPY/[OCIIOCOBHOI' O BO3PACTA
HEPEBATH CHCTEMATUYHOI ®I3HYHOI AKTUBHOCTI J/I 3FEPEJKEHHA
TPY/IOBOI'O IOTEHLIAJ1Y OCIb IIPALHE3/IATHOI' O BIKY

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-047

Beryn

Ha cborojui 10 npuyuH KpU30BOi JeMorpadiuyHoi cuTyailii B YKpaiHi BIAHOCSTh
CYKYIHICTh HECHPHUATINBUAX E€KOHOMIYHHUX, COIIaJIbHUX Ta €KOJOTIYHWUX YHHHHKIB.
Boanouac, 3rigHo naHux JaeMorpadiuHoOro MpOTHO3Y, TEHJEHIIS 10 3pPOCTAHHS
MATOMOI YacTKH OCI0 TMEHCIMHOro BIKYy B 3arajbHi CTPYKTYypl HACEJIEHHS Haloi
nepxaBu Oyzae 30epexxeHa. [Ipamst 1 BIAMOYHMHOK SIBJSIOTH COOOIO0 JIBI CTOPOHU
€IMHOTO TIpoliecy 3a0e3leueHHs mpale3laTHoCTI (axiBis, OJHAK 3a POKHU
OCTaHHBOT'O CTOJITTS IX CIIBBITHOIICHHS BigoOpaxae e(iluT pyXoBOi aKTUBHOCTI.
Hapasi, pyxoBa akTHBHICTh € BHHAITKOBO BKJIWBHM (DyHIaMEHTATHPHUM YWHHUKOM
30epeKeHHs Ta 3MILHEHHS 37J0POB’ S JTIOJUHH.

3a manumu HaykoBUIB Anonii, CIIHA Ta psny kpain €Bponu cydacHa JIOAUHA
noBuHHa pobutu moao0u g0 10000 kpokiB i MTIATPUMKK 3JI0pOB’S  Ta
npodilakTUKH BiKO-acomioBanux mnatojorid [7, 9, 11]. HemocratHs pyxoBa
aKTUBHICTH (TIMOKIHE31s1) BUKJIWKAE TOpYIICHHS (yHKIIH opraHizamy (OmopHoO-
PYXOBOTO amapary, KpoOBOOOIry, IMXaHHS, TPABJICHHS), MOTIPIIEHHS (DI3UUHUX
3niOHocTel. Llelt cTaH AeCTpyKTUBHO BIUIMBAE Ha €(PEKTUBHICTH Mpalll Ta BUKJIUKAE
3HM)KEHHSI PO3YMOBOI 1 (PI3MYHOI Mpale3aTHOCTI, W10 BUKPUBAE COLIAJIBHO-
€KOHOMIYHHMI acrekT npobiemu. BinmoBigHO, TEHACHINS 1O MPUCKOPEHHS TEMIIiB
MOCTapiHHS HACEJIEHHS HAalOi KpaiHM 3aKOHOMIPHA, OCKUIbKH KUTTENISUIBHICTD
Cy4yacHOi JIIOIMHM HE Yy TOBHIM Mipl BIAMOBIZa€ MmoTpedaM OpraHizMy y pyXOBid
aktuBHOCTl. MeHme 20 % yKpaiHIiB MaroTh (Hi310JI0TTYHO OOYMOBJIEHUN PIBEHb
PYXOBO1 aKTMBHOCTi, HEOOXITHUN JJIsi IPO(MUIAKTUKUA JECTPYKTUBHOI J1i YNHHUKIB
BIKOBHX IMaTOJIOT1H.

HarowmicTs, y KpaiHax 3 BUCOKMMHU MOKa3HUKaMU JeMorpadiyHuX ckiagoBux 60
— 80 % oci6 mMaroTh B IPIOPUTETI AKTUBHUM CIIOCIO KUTTSI, 30KpeMa 0coOU CTapuIoro
BiKy. [lomiTuka momo0 HemocTaTHHOI (hI3MYHOI aKTHUBHOCTI MPOBOAUTHCA B 56 %
nepxap-wieHiB BOO3 [8, 10]. TakuM 4YMHOM, BaKJIMBOTO MPAKTUYHOTO CEHCY
HaOyBalOTh  JOCHI/DKCHHS  €(QEKTUBHOCTI  BIUIUBY  3acO0iB  MPOQiIaKTUKH
IPUCKOPEHOro mpodeciiiHoro crapiHHs (axiBIliB, siIKi 0a3ylOTbCsl HA BUKOPUCTAHHI

noBeneHuX  (izlosoriyHUX — MexaHi3MiB.  KirouoBum  3aco00M  BUCTYIAOTh
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cucteMaTu4Hi (Gi3WYHI HABaHTAXXEHHA, a JOBEJACHUM (Pi310JIOTIUHMM MEXaHI3MOM €
edekt [. M. Ceuenona.

3.1. BnimB BikoBoro ¢gakropy Ha ¢i3iosioro-eproMeTpu4Hi napameTpu
TPYAOBOI AisILHOCTI JIIOAMHU

Bigomo 110, TpymoBuil MOTEHINAN JIOAUMHU BIIOOpakae MUHAMIYHUN MPOILIEC
B3aEMHOTO Y3TO/DKCHHS MOro ckiamoBux (ocoOucTicHOI, KBamiikaiiiHoi Ta
cuxodi3i0I0riYHOT), MEXaHi3M KEpyBaHHS SKHM CIPSAMOBAaHHN Ha IO€IHAHHS
TBOpUYUX 3710HOCTEH 1 mpodeciiHoro AocBiny ¢axiBisd 3 HOro (QyHKIIOHAILHUMHU
MOXJIMBOCTSAMH. Hapasi B ymoBax mpodeciiHOro crapiHHsA MCUXodi3ioJoriyHui
MOTEHI[1aJ] MpaliBHUKAa Ha0yBa€e HAWOIbII ICTOTHOTO 3HAYEHHS SIK 0Aa3MCHOI OCHOBH
JUTSL THTPUMKA OCOOUCTICHOTO 1 MPOQECIHHOTO PO3BUTKY Ta BHU3HAYAE YCIIINIHICTD
peanizalii Tpy10Boro noteHuiany (puc. 1.).
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Puc. 1. 3B'5130K CTPYKTYpH TPYAOBOI0 MOTEHUIANY JIMHHU i3 npodeciiHuM
CTAPiHHAM

3 Touku 30py (hi310J0T1YHOTO OaYeHHS MCUXO0(]i310J0TTUHHUIN TOTEHIIAT QaxiBIIs
BU3HAYAETHCSI TapaMeTpaMy CTaHy 30pOB's, TEMILy CTapiHHS, BHILOI HEPBOBOI
TISUTBHOCTI, Mpane3JaTHOCTI, 10 3a0e3MeuyloTh YCHIIIHE BUKOHAHHSA TPYIOBUX
dynkiiin. O1xe, ncuxo(i310J0TIYHUN TTOTSHITIAM JIOAUHH, K CKJIaJI0BUNA KOMIOHEHT
TPYJIOBOTO MOTEHIliaNy, BijloOpaxkae piBeHb «IpodeciiftHoro 370poB’s» (axiBig. Y
bOMY KOHTEKCTI 3 METOI0 JOIMOBHEHHS HAayKOBOTO pO3YyMIHHS MpoOieMu
npodeciiHOro  CTapiHHSA JIIOAWHU  OyJI0O MPOBEACHO aHali3  pe3ysIbTaTiB
ncuxodizionoriynoi miarHoctuku 500 mpare3natHux ocid Bikom 21 — 82 pokw,
npodeciiiHo NMOB’sI3aHUX 13 PI3HUMHU BUAAMM Mpanl. BikoBl mapaMeTpu BUBYAIM 32
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METOMKOI0 BU3HAYEHHS (PYHKIIIOHAJILHOTO BIKY 1 TEMITy CTapiHHS, po3podieHa y 1Y
"IactutyT reponrosnorii im. J[. ®@. YeboraproBa HAMHY" [3].

Ha pucyHky 2 mpeacTaBieHO JaHi COIIAIBHOTO acCIeKTy 3J0pOB’S 1 Crocoly
KUTTS 0C10 Tpare31aTHOTO BIKY.

daxisui Bikom a0 45 pokis daxisui Bikom nicna 45 pokis

14% 17%

27%
51%

35%

®disionoriyHMIMHKI Temn cTapiHHA disionoriuHMiHMIA Temn cTapiHHA
= [IpUcKopeHunii Temn CTapiHHA ® [pucKkopeHnii Temn CTapiHHA
YnosinbHeHuUii Temn cTapiHHA YnosinbHeHUWi Temn cTapiHHA

Puc. 2. Crpykrypa po3noaisty nuTomoi 4yactku ociod (%) B Mexkax BIKOBUX TPyl
3 BiIMIOBIAHUM TEMIIOM CTAPiHHA: MPUCKOPEeHUM, (Qi3ioJI0riYHNM Ta
YIOBiJIbHEHUM

AHaJi3 pe3yJbTaTiB JOCHIIKEHb J03BOJISI€E KOHCTATyBAaTH BIKOBE 301JIBIIICHHS
¢iziomoriunoi  "miau" peamizamii npodeciiHUX 3A10HOCTEM Ta HAaBUYOK 3a
napamMeTpoM 30UTbIIEHHS] TUTOMOI YaCTKU OCI0 3 MPUCKOPEHUM TEMIIOM CTapiHHS 10
56 % 3a paxyHOK 3MEHIIEHHS KITBKOCTI 0Ci0 3 (Pi310JIOTIYHUM TEMIIOM CTapiHHS
(puc. 2). OtpuManuii GakT MOKHA TOSCHUTH 3a pe3yJibTaTaMH aHaii3y (izioyoro-
CproMETPUYHUX YUHHHUKIB TPYIOBOT AisTILHOCTI (haxiBiiiB (Tadum. 1, 2).

3a aHami30M BIKO-3QJIEKHHUX MapamMeTpiB (PYHKIIOHATIBHOTO CTaHy OOCTEKEHUX
oci® Jpyroro mepioxy 3piaoro BiKy Ta JITHBOTO BIKYy, MOPIBHSAHO 3 KOHTPOJIEM,
MO>XHa KOHCTATyBaTH BIKOBY PErpecito MOKa3HUKIB CEPIIEBO-CYAMHHOT Ta JUXAIbHOT
CHCTEM, L0 BKa3ye Ha TEHCHIIIIO 10 BIKOBOTO 3HMKEHHSI CTIMKOCTI O YMOB T1MOKCIT
(tabun. 1). Kpim Toro, Yy 00CTEXKEHUX MPaLIBHUKIB MICIs 55 pOKiB 03HAKK CTaO1IBHOT

rineptonii Mmanu 42 % xinok ta 13 % 4ooBIKiB.
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Tadauusa 1
®dizioJoriydi mapameTpn PyHKIiOHATBHOIO CTAHY KapAio-pecmipaTopHoOL

CHCTEMH 0Ci0 Mpane3gaTHOro BiKy (Y40JI0BiKH / KIHKH)

BikoBi rpymu, poku

Ocobu ¢i3uuHOi Tparri

[Tparri _ _
PAIBHIIEH 2173512035 | 36 60/36-55 | 61-74/56-74
(KOHTpOJIB)
ITokazHuku
ApTepianbHHUI TUCK CUCTOJIYHUMN, MM pm. cm
Ocobi DO3VMOBOL IhaLL 121,3+ 16,1/ 125,1 £ 11,5/ 123,7+ 12,9/
posy pant 1252+ 15,2 129,6 £ 15,5 123,5+ 152
. . . 119+£20,3/ 117,1 £20,5/
Ocobu ¢iznaHOi Tparti i . -
ApTepialbHUI TUCK AIaCTOJIYHUMN, MM pm. cm
OcoBH DO3YMOBOT IbaLL 79,5+ 11,2/ 81,6 + 10,8/ 83,5+12,5/
posy patt 80,8 + 11,3 83,2+ 10,9 79,9 + 10,7
Oco0wu ¢i3nuHoi mparii 83,6 i_ 10,1/ 82,5 i_ 10,3/ -
YCC micas ¢izuyHoro HaBaHTaxkeHHd (mpoba Maprtine), xB-1
Ocob : ; 131+11/ 157 £ 11%*/ 153+ 15/
CODH POSYMOBOL fipatt 140+ 9 161 = 10* 158 + 8*
. . + +
Ocobu ¢i13uuHOi Tparti 128 i 81 139 i 6&/ -
JKutreBa eMHICTD J€reHiB, MII
Ocob1 DO3VMOBOL IIhaLL 3,8+0,22/ 3,4£0,11%/ 2,7+ 0,1*%/
posy pant 32£0,14 2,9 +0,12% 2,0+0,1%
*
Oco0u ¢izuuHOi Tparti 4.1 i_0’23/ 3.9+ 0_’17 & -
ITpo6a IllTanre, ¢
0co6 . . 84+9/ 66 £ 7%/ 48 £ 10%*/
CcODH PosyMOBol Tiparll 57+ 12 32+ 11% 28 £ 14*
*
Ocobu ¢iznunoi mpari 89 j_E 6/ 78+ fl &/ -
[Tpo6a I'enue, ¢
Ocobu po3ymMoBOT mpaiii S1£5] 40+ 4%/ 32117
posy patt 36+6 24 + 5% 28 + 9*
59+4/ 50 £4*&/

Hpumimku: 1. * - p < 0,05 no gionouwienno 00 epynu KOHMPOI0;

2. & - p < 0,05 no gioHowenHI0 00 2pynu ocib po3ymoeoi npayi.

[TopiBHANBHUI aHAJ3 pe3yJibTaTiB 00CTEKEHb 0Ci0 po3yMoOBOI Ta (Pi3UYHOT

parti

BHSIBUB JIOCTOBIpHI

PO301KHOCTI

NEBHUX TIOKa3HUKIB CTaHy Kapaio-

pecnipaTopHOi CUCTEMHU, MOB’A3aH1 31 CHEU(IKOI0 TPYIOBOI MISIIBHOCTI Ta BIUIMBOM

rinokinesii (tadu. 2). Y mocmipKyBaHUX 0C10 pO3yMOBOI Mpaili BUSBICHO TCHICHIIIIO

70 BIKOBOTO 30UIBIICHHS TOKAa3HWKA HAJUIMIIKOBOI MacW Tila, 10 CBIAYUTH MPO

PU3MK BUHHMKHEHHS MOPYIIEHb MO3KOBOI'O KpPOBOOOITY 3 BIKOM, MpPH YOMY Y

YOJIOBIKIB Ta KIHOK (Ta01.

2).
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®dizioJoriydi mapameTpu PyHKIiOHAIBLHOIO CTAHY ONIOPHO-PYX0BOI0

2

anaparty 00CTe)KeHHUX NMPANliBHUKIB CTAPIIMX BiKOBUX rpyn (Y0JI0BiKH / KiHKH)

BikoBi rpynu, poku
Hpauericn 21-35/20-35 | 35 63655 | 61-74/56- 74
(KOHTPOJIB)
[TokazHUKH
Inpexc Ketie, kr/m2
. . 245+8,7/ 272+53/ 26,7+7,7/
Ocobu posymosoi npaui 25,5+9,38 28,7478 26,7+5,38
Ocobu ¢iznuHOi Tparti 24,5 j_E 471 24,8 j_E 6,7/ )
M’s30Ba cHiIa KiCTi, KI'C
OcoB1 DO3VMOBOT IhaLL 46 +8,2/ 33+4,3*/ 27,8 £4,6%/
POSyMOBO1 Tipall 40 £ 5.4 30 + 3,4% 17,8 £ 1,6
*
Oco0u ¢iznaHoi Tparti 59 i_8’7 / 46+ 416 &/ -
M’s130Ba BUTPUBAJICTb, C
Ocob6u po3ymoBoi mparii 27£5/ 17 4% 14+4%
POSYMOBOT Hpalt 2143 14 + 3* 12 + 3%
%
Ocobu ¢izmunoi mpari 36 f[ > 26+ f‘ &/ -
CratnuHe GanaHCyBaHHS, C
0co6 . . 49+9/ 32+ 7%/ 18 £ 7%/
co0OM po3yMOBOI TIparri 2946 20+ 2,7* 11 4 3%
%
Ocobwu ¢izmunoi mpari 57 f[ n" 45+ _5 &/ -

Hpumimku: 1. * - p < 0,05 no gionouwiennto 00 epynu KOHMPOI0;

2. & - p < 0,05 no gionowennio 0o epynu ocié po3ymogoi npayi.

VY dizionorii npaui TpUAHATO BUKOPUCTOBYBATH MOKAa3HUKHA M SI30BOi CHIIM Ta
BUTPUBAJIOCTI SIK TapamMeTpu e(QEeKTUBHOCTI BHKOPUCTAHHS PYXOBOTO arapary
JIOJMHU TIPU JOCIIKEHHSAX TpodeciiiHoro crapiHHs. AHali3 JaHUX MHiATBEPAUB
JUHAMIYHE TOTIpIIEHHS (DYHKIIIOHAILHOTO CTaHy PYXOBOTO arapary 3 Bikom (Tald.
2). BpaxoBytouu (pyHaamMeHTadbHI MOJIOXKEHHS (h1310JI0T14YHOI KIOEpHETUKH, 3T1JTHO
SKOT OMOPHO-PYXOBHI arapart JIFOJIMHA BUCTYIAE 00'€EKTOM YIIPaBJIiHHS IIEHTPATBHOT
HEpPBOBOi CUCTEMH, BHUKOPUCTAHHS (DI310JIOTIYHOI J1arHOCTUKHU  BIJIMOBIAHUX
napameTpiB J03BOJISIIOTH MPOBOJWTH OIIHKY JOHO30JOTIYHUX CTAHIB JIOJWHU Ta
BIKOBUX TOpymieHb [1, 2].

BikoBe moripmieHHs GyHKITIT BECTHOYIISIPHOTO anmapaTry MOXHa KOHCTAaTyBaTH 3a
MOKA3HUKOM CTaTHYHOTrO OajaHCyBaHHS (TECT BUKOHYEThCS CTOSIYM Ha JiBii HO31, 04l
3arutronieHi) (tabs. 2). Chig BIAMITUTH, 0coOM (13UYHOI Mpaili MaroTh JTOCTOBIPHO
Kpallli mapaMeTpu TMHAMOMETPIi Ta CTATHYHOTO OalaHCYBaHHS, 10 HA HAIl TOTJISI,

OB’ s13aHE 3 YMOBaMU TpaleaisyibHOCTI (Tad. 2).
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Takum 4yMHOM, BUSIBJICHA BIKOBA TEHACHINIS /10 BUMEPEKEHHS (DYHKITIOHATLHUM
BIKOM KaJICHAAPHOTO BKa3ye Ha 301IbIIEHHS PU3UKY BUHUKHEHHS BiKO-aCOLIHOBaHUX
MaTOJIOTIH, IO CHPATUMYTh NPHUCKOPEHOMY IMpodeciiiHoMy CcTapiHHIO (axiBIIiB.
Boanouac, okpeMuM YMHHUKOM PU3UKY 0araThoX MaTOJOTIYHUX 3MiH Micis 45 pokiB
BUCTYNAIOTh peaklii TiNOKIHETUYHOTO CHHIPOMY, Cepel SKUX 3HIKCHHS
(YHKITIOHAJTbHUX PE3epBIB CEPIEBO-CYAMHHOI Ta AMXAIbHOI CHCTEM, MOPYIICHHS
OTIOPHO-PYXOBOTO anapary Ha TJi TEHACHIIi 3pOCTaHHs 3arajibHOI MacH Tija TOLIO.
Cepen iHIIUX NECTPYKTHBHUX YMHHHKIB BHCTYNAlOTh 3a0pyIHEHHS 30BHILIIHBOTO
CepeoBUIIA, MICUX1YHO-EMOITIHE nepeHanpyXKeHHs, HepalloHaJbHe 1
He30aaHCOBaHe XapuyBaHHS, IIKIIJTUBI 3BHUKH.

3.2. llpodinakTuka npuckopeHoro npogeciiiHoro crapinus 3acodéammu
CUCTEMATUYHOI (PI3UYHOI AKTUBHOCTI

BpaxoByroun Toi (axt, 1m0 HemocTaTHs (i3UYHA aKTUBHICTH BITHOCHUTBHCS 10
OCHOBHMX (DaKTOPIB PHU3HMKY PO3BUTKY HEIH(EKIIMHUX 3aXBOPIOBaHb (TaKuX SK
CEpIEBO-CYIMHHI, OHKO-3aXBOPIOBaHHS, J1a0€T) Ta BHUCTyNa€ YETBEPTUM 3a
3HAUYUMICTIO (PAKTOPOM PHU3UKY CMEpPTI B CBITI, Ha JIaHOMY e€Tari poOoTH OyIo
MPOBEJICHO BUBYEHHS €()EKTUBHOCTI BIUIMBY CUCTEMAaTUYHUX (PI3UYHUX HABAHTAKEHb
Ha aJanTamifHui MOTEHIa)I Ta TEMIT CTapiHHS OC10 Impare3aaTHOro BIKY.

Ouinka (QyHKIIOHATBHUX CTaHIB MpAaliBHUKIB B yMoOBax mpodeciitHoi
TSTTBHOCTI  TPYHTYEThCSL  Ha  (pi310JIOTO-BIKOBHUX  3MIHAX  ONTHUMAJbHOTO
(GyHKI[IOHYBaHHS OpraHi3My JIIOAWHU Ta 3TIHO 3 €PrOHOMIYHHMM MiJAXOJO0M, MIO
xapakTepusye mnpodeciiiHe 370poB’s (paxiBIl 3a HACTYMHUMHU (DYHKI[IOHAITBHUMHU
cTaHaMu: "aJeKkBaTHOI MOOLM3auli" (HOpMaJIbHUI Ta TPAHUYHUI) Ta "IMHAMIYHOTO
Hey3ropkeHHsA" (matojoriuauit) [2]. JaHuil miaxia y3ropKyeTbes 3 (i310J0TTYHIM
OOTpYHTYBaHHSIM JIOHO30JIOTIYHOI J1arHOCTUKH, 3anmpornoHoBaHuM P. M. baeBchbkum
(1993) [1]. 3rimHo #oOro mMmoJOKEeHb NEpEeXil Bil CTaHy 3I0pPOB'ST 10 XBOPOOH
MPOXOJIUTh dYepe3 psAA  MOCHIIOBHMX  CTalid, TMPOTITOM SKHUX OpraHizMm
IIPUCTOCOBYETHCS O HOBUX YMOB ICHYBaHHS, 3MIHIOIOYHM PiBEHb (DYHKI[IOHYBaHHS Ta
CTYMiHb HANpPYyrd peryJsaTopHUX MexaHi3miB. ToOTo, cTaaii amanmTalii JIOAWHH,
30KkpeMa B yMoOBax MpodeciiHUX HaBaHTaAXEHb, MOXYTh XapaKTePU3yBATHUCS
HACTYITHUMH TIapaMeTpaMH: piBeHb (DYHKIIIOHYBaHHS CHUCTEMH; CTYIIEHb HAINPyTH
PETYISTOPHUX MEXaHi3MIB; po3Mipyu (YHKIIIOHATBHUX pe3epBiB. Mapkepamu
noHo3oj0riuHOr0 crany (3a P. M. baeBchkuM) BHCTYNAIOTh PETYJSATOPHI,

MeTabodiuHI Ta CTPYKTYpHI 3MIHM, BHACIIIOK SKHX BHHHUKAIOTh MEXaHI3MHU
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komrneHcaiii. [lpu 1boMy BaxiuBo crabumizyBatd (a3zy 3BOPOTHUX 3MiH
(BiZnmoBiMHUME 3ac00aMM KOPEKIi (YHKIIOHATBFHOTO CTaHy), OCKIIBKH ITOJAJIbIIE
BUHUKHEHHS MOPQOJIOTIYHUX YIIKOJKEHb CTPYKTYP BHUKJIHKAE IMATOJIOTIYHI 3MIHH
OpraHi3My Ta IPHUCKOpPEHE mpodeciiiHe cTapiHHs.

®di3uyH1 BrpaBu (30KpeMa B pEeXUMI poOOYOTO JIHS) BITHOCSATHCS 10 3aco0iB
KOPEKIil (YHKIIOHAIBHOTO CTaHy JIOAMHH OCKUIBKM BHKJIMKAIOTh PEAKIIIIo
GyHKIIIOHATBPHUX CHCTEM OpraHiaMy, IO BioOpakaeTbCcs Ha aJanTallliHUX
MexaHi3MaxX HOTo MPUCTOCYBAaHHS JI0 TIEBHOI AISUIBHOCTI, 30KpeMa mnpodeciitaoi. Crif
BIIMITUTH, 10 T (GI3UYHUM HaBaHTaXEHHSIM PO3YMIIOTh BEJIWYHMHY 3MiH
BHYTPIIIHBOTO CEpPEAOBUIIA OPraHi3My JIIOJIMHU, 3YMOBJICHI BIUTUBOM (i3MUHUX
BIIPAB, IO BHKJIMKAE KOMIUICKC (DYHKIIOHAJBHUX 3MiH (3araJbHUN ajanTtariiiHuii
cuHApoM, 3rigHo Teopii I'. Cenbe). [IIBUAKICTh aganTaniiHux nepedyaoB B OpraHizmi
JIOJIMHU, 1X XapakTep 1 JOCATHYTHM pIBEHb ajanTallii 0OyMOBIIEHI XapaKTepoM,
BEJIMYUHOIO 1 CIIPSIMOBAHICTIO HABAHTAXKEHB, 1[0 BUKOHYIOThCS. OTXKe, CUCTEMaTUYHI
(b13uYH1 HaBaHTAKCHHS IMIJBUIIYIOTh (PYHKIIIOHAIBHI MOXJIMBOCTI JIFOAWUHHU, HOTO
OMIPHICTH A0 PI3HUX CTPECOBUX (PAKTOPIB Ta HECIPUATIMBUM BIUIMBAM 30BHIIIHBOTO
CepelloBHUIlA Ta BIAHOCATHCS J10 3ac001B HecnenudiuHOT MpOopIIaKTUKHU IIIJIOTO PSITY
(GYHKIIOHATFHUX PO3/IaIiB Ta mpodeciitHux 3axBoproBassb [/, 11].

Crnig BIAMITUTH pe3yJbTaTH YHWCIECHHUX HAyKOBHUX JIOCHDKEHb Yy Taily3i
TEPOHTOJIOTI, SKI CBIIYaTh MpO €(QEKTHUBHICTh BUKOPHCTAHHS CHUCTEMATHYHOI
(G13M4HOT aKTUBHOCTI JIJIsl YIOBUIBHEHHSI TEMITy CTapiHHS Ta 1HBOJIIOIIWHUX 3MIH
opranizamy [6]. Jloka3oBoro 0a30r0 CIyryioTh (yHIAMEHTAIbHI  HAYKOBI
repoHTOJIOTIuHI KoHIuemnmii. [lepma — amanrtaiiiHO-peryisaTopHa Teopis BIKOBOTO
PO3BUTKY, 3alpoOINOHOBaHA BIJIOMUM BYEHHM-TEPOHTOJIOIOM, akajgemikom B. B.
®pobKicOM, sIKa CIYTy€e PO3B’S3aHHSAM WMOTO TaK 3BaHOI «(HOPMYJIH SKUTTS» Ta
pE3IOMY€E TBEP/KCHHS «SKICTIO JKUTTS BH3HAYA€THCA WOro KUIBKICTB»  [4].
AJanTrariiHo0 KOHIICIIS Ha3BaHa, OCKIIbBKH JOBOJHWTH, IO 3 BIKOM MOPSI 3
PYWHIBHUM MPOLIECOM CTapiHHS PO3BUBAETHCS MPOLIEC AHTUCTAPIHHSA (BITAYKTY), LIO
30epirae 1 MABHUILYE aJaNTaIliiiHi MOMJUBOCTI OpraHi3My, WOTO KHUTTE3JATHICTb.
€IHICT 1 TOPOTWIEKHICTh 1IUX TNPOLECIB 1 BHU3HAYAE TPUBAIICTD JKUTTS.
PerynaropHoro Teopist Ha3BaHa TOMY, IO TOSICHIOE MEXaH13M CTapiHHS MOPYIICHHSIM
CaMOpETYJIALIT Ha PI3HUX PIBHIX KUTTEAISUIBHOCTI OPTaHi3My, MEPEyCiM - Ha T€HHO-
peryasaTopHoMy 1 HeiiporymopanbHoMy [4]. Omke, cuctemarnyna (izuuHa
aKTUBHICTh € I1HCTPYMEHTOM [UIsi 3amycKy IpolleciB Bitaykty. J[pyra —
OHTOTCHETHYHA MOJIEh BIKOBOi MATOJOTIi (32 KOHIEMINEI KIACHKA-TEPOHTOJIOTa
JlinbmaHa), sika MoJisirae B OCHOBI NMPOQIIAKTUKKY MEPeIYacHOro CTapiHHS 1 XBOPOO,
NOB'SI3aHUX 3 BIKOM (30KpeMa CepleBO-CY/AMHHI, OHKO3aXBOPIOBAHHS, I[YKPOBHIl
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miadet JITHIX 1 OKUPiHHA, ncuxivni aenpecii) [9]. OTke mpoliiec cTapiHHS OpraHi3My
JIOAMHU MOKe OyTH ICTOTHO CHOBUIBHEHHUH 3a JOMOMOIOI0 CUCTEMATUYHHUX 3aHSTh
GI3UYHUMU ~ BIIpaBaMH, sIKI CTUMYJIIOIOTh JISJIBHICTh €HJIOKPHMHHOI CHCTEMH,
MOKPAIYIOTh OOMIH PEYOBHH, MOMEPEIKYIOTh PO3BUTOK JETEHEPATUBHUX 3MIH B
opraHax 1 TKaHWHaXx, MIJBUILYIOTh BUTPUBAIICTH HEPBOBOI CUCTEMHU M MOMIMBOCTI
NPUCTOCYBAHHS JIIOAMHM JO YMOB HaBKOJMIIHBOTO CEPENOBHINA, 30KpeMa
npodeciifHoro.

TakuM 4MHOM, Yy KOHTEKCTI KOHIENTYaJlbHUX HAYKOBHMX JAHUX MPO CEpLEBO-
CYJIMHHY CUCTEMY, SIK 1HIUKATOPY aJanTalliHUX MOKJIUBOCTEH OpraHi3My JIIOAUHHU,
OyI10 3'sICOBaHO MDXKIPYTIOBI BIIMIHHOCTI B CTPYKTYP1 3/IOpOB'Sl 32 piBHSAMH aJanTarii
00cTeXXeHUX 0Ci0 13 pI3HUM CIIOCOOOM JKHUTTS Ta piBHEM (Hi3UYHOI IMIATOTOBJICHOCTI
(puc. 3). Y nocmimkeHHsx Opanu ydactb 127 oci0 i3 pi3HEM CHOCOOOM KHTTS Ta
1H7eKCOM (DI3UYHOI MIATOTOBJICEHOCTI, PO3PAaXOBAaHUM 32 METOAMKOIO MIIIOTO TECTY
¢iHcekoro iHCTUTYTY 370poB's Ypxo KameBa Kekkonen [5]. [lanwmii Tect €
iHpopMaTUBHUM I OYJb-IKO1 3J0POBOI JIIOJIMHM, OCKUIBKH 1HJEKC (HI3UYHOT
MITOTOBJIEHOCTI HOPMOBAHUN 32 BIKOM Ta BPaxOBY€ Baro-pocToBuil iHJekc Kertie,
akuil 3a pexkomenaauii BOO3 HeoOX1AHO BHKOPUCTOBYBAaTH JUIsl OLIIHKH DPHU3UKY
BUHHKHEHHSI XPOHIYHHMX HEIH(QEKIIHHUX 3axXxBOprOBaHb. J[JI1 (1310J0TIYHOI OLIHKH
(GYHKIIOHATBHOTO CTaHy OOCTeXeHuX o0ci0 Oylo BHUKOPHUCTAHO METOJHUKY
BU3HAYEHHS ajanTaliiHoro noreHuiany moauHu (aBtopu P. M. Baesckuii, A. Il
bepcenesa) [1]. 3a ormiHkor mapaMeTpy «iHACKC (YHKI[IOHATBHUX 3MiH» OYyII0
3p0o0JIEHO PO3MOIIT OOCTEKEHUX Y MeXkaxX BIAMOBIIHOI TPYMHU 32 CIIOCOOOM KHUTTHI.
Jlo mepmoi rpynu yBidmmiM 57 oci® akTMBHOTO (CcHCTeMaTWyHi (Hi3U4HI
HAaBAHTAXKEHHS) CIMOCOOY JKUTTA Ta O0OCOOM 3 pIBHEM 1HAEKCY (Di3UyHOL
MiTOTOBICHOCTI HOpMma Ta Buie. pyry rpymy (koHTpoiss) ckiamu /0 ocid 3
MAaCUBHUM CIOCOOOM JKHUTTSI Ta pIBHEM I1HAEKCY (DI3UYHOI MiATOTOBJIEHOCTI HUXYE
HOPMH.

AJnantamiiHuii MOTEHIan JIOCTiIKyBaHUX OCI0 JBOX TPyl BigoOpa)karoTh
PO30IKHOCTI MUTOMOT YaCTKH 3a (PYHKI[IOHATBHUMHU CTaHAMH OpraHi3my (puc. 3).

VY crani (izionoriuHoi HOpMHU (3a0BUIBHOI aganTarlii) Oyyno BusiieHo 80 %
00CTeKEHUX OCI0 aKTHUBHOTO CTUIIIO KUTTS, HATOMICTh B 1HIIIM TPymi O0OCTEKEHUX
Takux oci0 BusBmiocs Juie 8 % (puc. 3). Lli cTaHM XapakTepHU3YIOThCS
3aJI0BUIHHOIO QJaNTall€l0 OpraHi3My JIOAUHU 10 OyIb-SKHUX 3MiH MPU ONTUMAbHIN
Hampy3i peryasaTOPHUX CHUCTeM /I MATPUMKKA TromeocTtasy. BomgHodac,
dbyHKioHanpHUN BiKk 63 % oci0 mepmioi rpynu Ha 5 — 7 pOKIB MEHIE, HIXK IX
kaneHgapuuii Bik. Cnig BIAMITUTH, Y TMEBHOI YacTKu oci0 B 000X TIpynax

criocTepiraBcs cTaH (PyHKIIIOHAJIbHOI HAlIPYTH, 0 CBITYUTH PO HASIBHICTh Y IIUX
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®i3nyHO aKTUBHI ocobu ®di3nyHO nacuBHi ocobu
9 8%
0% 1% i 23%

. 19% 22%

80% 47%
B 3puB agantauii m 3pus aganTauji
HesagosinbHa aganTtauis HesagosinbHa apanTtauia
®dyHKLioOHaNbHa Hanpyra dyHKUioHanbHa Hanpyra
3aposinbHa apganTaui 3apoBinbHa aganTauin

Puc. 3 Ananrauiiinuii moTenuiajg ocié npaune3aaTHOro Biky i3 pi3HUM cnocooom
JKUTTH Ta piBHeM (PiZHYHOI MiATOTOBJICHOCTI

0ci0 JOHO30JIOTIYHUX CTaHIB, IIOB’S3aHUX 3 PI3HUM CTYINEHEM HalpyKEHHs
ajanTalifHuX MEXaHI3MIB Ta peryiasTopHux cucteM (puc. 3). XapakTEepHOIO
O3HAKOIO JJIA IIUX CTAHIB € MIiJIBUIIEHAa MOOLTI3alisl (QYHKIIOHATBHUX PECYpPCIB IS
MIATPUMKA TOMEOCTa3y Ta 3BYXKEHHS aJlalTalliiHUX pe3epBiB B yMOBaX (PI3UUHUX
HAaBAHTAKEHb, SIKI MOKHAa KOMIEHCYBaTU. BogHouac, QpyHKIIOHANBHI (aganTalliiibi)
MOXKJIMBOCTI OpPraHi3My Yy CIIOKOi HE 3HWXKeHI. Y 0ci0 Ipyroi Ipylu BHSBICHO
3BOPOTHY TEHJEHIII0: CTaH HE3aJO0BUIbHOI ajganTauii (mpemopOiaHuil craH) OyB
xapaktepauM s 47 % mochimpKeHux ocid, Ha TIl HASBHOCTI MPUCKOPEHOTO TEMITY
crapiHHsa. Lle cBiTUUTH mNpo 3HWKEHHS (QPYHKIIOHAIBHUX MOXJIMBOCTEH Ta
BKJIFOUECHHSI JIOJIATKOBUX KOMIIEHCATOPHUX MEXaHI3MiB Ha 30epeKeHHs TOMeocTasy,
MOB’513aH1 3 MACUBHUM CIIOCOOOM HUTTS. 3a JaHUMH aBTOPIB METOAY, Y CTaHl 3pUBY
azanTamii MOXYTb BHUSBIATHUCS CIeIH(pIYHI MATOJIOTIYHI 3MIiHH Ta 3aXBOPIOBAHHS,
30KpeMa BikoacolliioBani . Takuii ctaH BUsABIEHO y 23 % 0cCi0 rpymnu KOHTPOJIIO Ha
Tl BiJICYTHOCTI TakuX 0cCi0 B TPyIll aKTUBHOTO CIIOCOOY XHUTTSA (puc. 3), 1O €
JIOCTaTHBO MTOKAa30BUM (haKTOM.

BucHoBku

BaxxnuBoro npakTHYHOrO CEHCY Ha0yBalOTh MPUHIIMIIOBI HAYKOBI BHCHOBKH
CTOCOBHO 3aCTOCYBAaHHSI CHUCTEMAaTHYHUX (I3MYHUX HABAHTAXKEHb SK 3acC00y
30€peKEHHS TPYJOBOTIO TOTEHIIaly oci0 mpare3natHoro Biky. @Dizionoriyxa

HEOOX1/IHICTh BUKOPUCTAHHS PyXOBOI aKTUBHOCTI B YMOBAaX 1HBOJIIOIIMHHUX BIUTUBIB
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JIOBOJUTH MIPAKTUYHY peajizalliio MEeTH 1040 KepyBaHHSI MPOLIECOM CTapiHHA. Y 0ci0
13 aKTUBHMM CIIOCOOOM KUTTSI BHUSIBJICHO YIOBUIbHEHHS TEMITy CTapiHHS MpH
BIJICYTHOCTI MPEeMOPOITHUX CTaHIB. TakuM YHMHOM, MOXHA CTBEpJKyBaTH, IO
AKTUBHUHM CIOCIO JKATTS € OJHUM 3 BaroMX COIIaJbHO-TITI€EHIYHUX YHHHHUKIB
pod1IaKTUKUA MPUCKOPEHOTO MPOodECciHHOrO CTapiHHS.
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KAPITEL 4/ CHAPTER 4.

o

PROPERTIES OF IONIC LIQUIDS AND THEIR USE AS MEDIA FOR

HYDROGEN STORAGE AND OTHER APPLICATIONS
CBOHCTBA HOHHBIX JKHUJKOCTEH H HX HCII0.Ib30BAHUE B KAYECTBE CPE]]
JUIA XPAHEHHA BOJOPOJA H JIPYTHX ITPHIOKEHHH
BJIACTUBOCTI IOHHHUX PI/ITUH TA IX BUKOPUCTAHHA AK CEPE/JOBHII JIJIA
3bEPII'AHHA BO/IHIO TA IHIIHX 3ACTOCYBAHb

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-028

Introduction

This book provides description of various ionic liquids (ILs) and deep eutectic
solvents (DESs). The ILs and DESs are of interest to chemists and material scientists
working in the field of green chemistry due to their inherent low volatility. These
compounds possess many special properties that have led to their use as media for
materials processing.

First chapter of the book is devoted to the application of ILs in storing hydrogen.
It was shown that the ILs have a great potential for a cost-efficient storage technology
for hydrogen that allows to transport hydrogen between different locations and
manage it as a useful resource in their operations.

The second chapter considers the new method to run the processes of the
dissolution of animal hair in the DESs safely and more environmentally friendly than
current processes based on use of sulfur reducing products (sulfides, sulfhydrate, etc.)
with enzymes. It was demonstrated that when the DESs are used instead of water for
dissolving sulfur-containing compounds, such as sodium sulfide, the lesser amount of
sulfur-containing compounds would be required.

The final third chapter is devoted to the investigation of thermochromic
behavior of two triphenylmethanes dyes such as Malachite Green Carbinol
Hydrochloride (MG) and Brilliant Green (BG) dissolved in DESs. The linear
relationship between the spectrophotometric parameters of solutions MG and BG
subjected to thermochromic fatigue and number of heating up-cooling down cycles is
determined and possibility of its practical application is discussed.

4.1. Basics of ionic liquids (ILS)
4.1.1. Basics of ionic liquids

ILs are non-volatile, highly polar solvents that dissolve many organic, inorganic,
and organometallic compounds. Since they have no detectable vapor pressure, are

MONOGRAPH 39 ISBN 978-3-9821783-6-3



Erbe der europdischen wissenschaft Part 4 @"—‘ t{‘

non-flammable and easily processed, ILs are considered as potential substitutes for
volatile organic compounds traditionally used as solvents. That is why ILs are among
the most promising solvents in terms of minimal environmental impact, and they
provide the development of environmentally friendly technologies for chemical
processes. The term "ionic liquids" means substances that are liquids at temperatures
below 100°C and their properties are determined by the structure of ions, in
particular, the symmetry or asymmetry of the cation, the nature of the functional
groups in the cation, the size of the cation and anion [1-5].

Typical ions in the composition of ILs are: cations of ammonium, phosphonium,
pyridinium,  1,3-dialkylimidazolium;  N-alkylpyridinium, tetralkylammonium,
tetraalkylphosphonium, trialkylsulfonium and various anions which include
chlorides, iodides, bromides, sulfates, hexafluorophosphates, etc.

The nature of the anion has a great influence on the properties of ILs - melting
point, thermal and electrochemical stability and viscosity. The polarity as well as the
hydrophilicity or hydrophobicity of ILs can be optimized by appropriate selection of
the cation / anion pair, and each new anion and cation provides additional
opportunities for varying the properties of ILs.

The increased attention to ILs is due to the presence of the following specific
properties:

1. A wide range of liquid state (> 300 ° C) and low melting points (Tm <100 °
C).

2. High electrical conductivity.

3. Good solubility in relation to a variety of inorganic, organometallic and
organic compounds and polymers [1] of natural and synthetic origin.

4. Catalytic activity, which leads to an increase in the selectivity [2] of organic
reactions and the yield of the target product.

5. Non-volatility, reusability.

6. Non-combustibility, lack of explosiveness, non-toxicity and consequent
absence of harmful effects on the environment.

7. Unlimited possibilities in the directed synthesis of ILs with desired properties.
Qualities 3 and 4 make ionic solvents especially attractive in the synthesis of
polymers.

The amount of ionic liquids described in the literature is currently very large
(about 300). The potential amount of ionic liquids is practically unlimited and is
limited only by the availability of suitable organic molecules (cationic particles) and
inorganic, organic and metal complex anions. According to various estimates, the
number of possible combinations of cations and anions in such ionic liquids can reach
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108 [6]. Figure 1 shows some of the most studied ionic liquids described in the
literature.
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Fig. 1. The most studied ionic liquids described in the literature

The cooking methods are quite simple and can be easily duplicated on an
industrial scale.

lonic liquids have been known since 1914, when the Russian scientist P. Walden
obtained the first ionic liquid with a melting point of 12°C [7].

The first publication on this subject was published in 1888 and was devoted to
the production of ethanolammonium nitrate with a melting point of 52-55°C. In 1934,
a patent was obtained for a new method for dissolving cellulose at temperatures
below 100°C, where liquid quaternary ammonium salt, an ionic liquid, was also
mentioned [2]. In 1940-1980 ILs of various compositions were synthesized, the
interest in which has sharply increased since 1990. The advantages of ILs in
compiling with other classes of substances determine their use as reaction means for
synthesis [8], solvents [9], electrolytes in electric batteries [10], plasticizers [11],
catalyst [12,13], etc.

The progress in the chemistry of ILs was largely associated with the search for
new solvents for cellulose. It was found that both the cation and the anion are
involved in the dissolution of cellulose; therefore, their chemical structure is

MONOGRAPH 41 ISBN 978-3-9821783-6-3



Erbe der europdischen wissenschaft Part 4 @"—‘ t{‘

extremely important, determining the efficiency of the process. The cation in the
composition of IL affects the viscosity, melting point and the ability to dissolve
cellulose. The more symmetric the cation, the lower the viscosity of the ionic liquid
and the higher its melting temperature [8]. It has been established that ammonium ILs
are less stable to the action of high temperatures than, for example, imidazolium or
pyridinium [9].

The structure of the ILs determines their relationship to water: for example,
chloride, bromide, iodide, acetate, formate anions give the ILs hydrophilic properties,
while hexafluorophosphate, tetrafluoroborate anions are hydrophobic. IL containing
In its composition formate, acetate and phosphate anions are capable of dissolving
cellulose under mild conditions, in contrast to ILs containing in its composition
chloride anion, for which temperatures >80°C are required.

IL containing acetate anion are considered by some researchers as promising
solvents for cellulose due to their low melting point, low viscosity and lower toxicity
and corrosion ability. In addition, they have greater thermal stability in comparison
with IL containing chloride anion [7,14].

To obtain an IL with the properties necessary for their practical application, it is
sufficient to exchange the corresponding anion for another. The use of ILs is
complicated by the fact that most of them have a high viscosity. High viscosity
degrades such properties of ILs as wetting ability and complicates their industrial use.
Since the dissolution of cellulose is limited by the stage of diffusion into the ionic
liquid, with an increase in the viscosity of the IL, its dissolving ability with respect to
cellulose decreases. In addition, for the dissolution of cellulose requires a larger
amount of IL, in addition, you have to use special pumps for pumping them.

The viscosity of the IL is strongly affected by the type of anion that it contains.
For example, the viscosity of IL decreases in the series of anions: chloride>
hexafluorophosphate>tetrafluoroborate>bis- (trifluoromethanesulfonyl) amide [8].
Lower viscosity and melting points allow the use of IL containing acetate anion for
pretreatment of lignin-cellulosic raw materials in milder conditions (at lower
temperatures), which prevents the destruction of cellulose, reduces energy costs for
the process.

lonic liquids have a more complex solvent behavior compared to a traditional
aqueous and organic solvent, since ILs are salts and not a molecular ion-free solvent.

Types of interactions between ILs with many dissolved substances include
dispersion interaction, m-m, o-m, hydrogen bonding, dipolar and ionic interactions
[15].

Table 1 shows some typical interaction parameters for 1-butyl-3-
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methylimidazolium chloride (BMICI). ILs that have strong dipolarity, the ability to
perceive a hydrogen bond (A) and the ability to give a hydrogen bond (B) are
compared with other solvents that are capable of dissolving cellulose. BMICI, one of
the most unique solvents, shows the highest A value (a = 4.860) and strong ability to
interact with solute molecules through non-binding or m-electron interaction (r =
0.408). The methylimidazolium cation in combination with the chloride anion has a
significant ability to interact with w-systems of solute molecules. The lower Gibbs
free energies of hydration of the chloride anion (AGnyg = -347 kJ/mol) show a higher
hydrogen bond acidity parameter, 4.860, compared to 1,660 1-butyl-3-
methylimidazolium tetrafluoroborate (AGnyg = -200 kJ/mol).

Erbe der europdischen wissenschaft

Table 1.

Typical interaction parameters for BMICI and a number of other solvents

[16].

Solvent Excess | Polarity/polarisa | Hydrogen | Hydrogen | Molecu
molecular | bility parameter bond bond lar
refraction acidity basicity | volume

parameter | parameter

BMICI 0.408 1.826 4.860 -0.121 0.392

BMIBF,* -0.141 1.365 1.66 -0.283 0.473
N,N-Dimethyl 0.36 1.33 0 0.78 0.787
acetamide
N,N-Dimethyl 0.37 1.31 0 0.74 0.647

formamide

Dimethyl 0.52 1.74 0 0.88 0.776

sulfoxide

*1-butyl-3-methyl-imidazolium tetrafluoroborate

4.1.2. Low-temperature eutectic solvents: versatile alternatives to ionic liquids

Low-temperature eutectic solvents or deep eutectic solvents (DES) [10,17-19]
are liguid mixtures of a number of organic and (or) inorganic components taken in a
certain ratio (eutectic or close to eutectic). DES are considered as a new and very
promising class of ionic liquids, which can be used in various fields of industry,
including for dissolving various materials [8, 20,21].

The main advantages of DES, determining the prospects of their use in
technology, include such properties as high solubility of metal salts, negligible
saturated vapor pressure, availability, low cost and environmental safety. [20,22-24].

DES can be formed between various quaternary ammonium salts and carboxylic
acids [9,10]. Physical properties largely depend on the structure of the carboxylic
acid, but the phase behavior of the mixtures can simply be modeled taking into
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account the molar fraction of the carboxylic acid in the mixture.

Physical properties, such as viscosity, conductivity, and surface tension of these
DES, are similar to ionic liquids at ambient temperature, and understanding the
reason for these properties is achieved using hole theory. It was shown that the
conductivity and viscosity of these liquids are controlled by the mobility of ions and
the presence of voids of suitable sizes, which is consistent with the fluidity of other
ionic liquids and molten salts.

An example of DES is a mixture of substituted quaternary ammonium salts,
such as hydroxyethyltrimethylammonium chloride (choline chloride), with urea,
which gives eutectics that are liquid at ambient temperature and have unusual solvent
properties [17,25].

Eutectic occurs when the molar ratio of urea to choline chloride is 2. The
freezing point of the eutectic mixture is 12°C, which is much lower than the freezing
temperature of both components (melting point of choline chloride = 302°C and urea
melting point = 133°C) This property allows the use of DES as a solvent at ambient
temperature. This significant depression of the freezing point should result from the
interaction of urea molecules with a chloride ion. In addition to urea, several other
derivatives, such as thiourea, 1-methylurea, 1,3-dimethylurea, 1,1-dimethylurea,
tetramethylurea, acetamide and benzamide, were tested as components of eutectic
mixtures [26].

Using amides of various structures and choline chloride as an example, it was
found that only those compounds that are capable of forming hydrogen bonds with
chloride ions exhibit the formation of a homogeneous liquid with a significant
decrease in the freezing temperature compared to pure amide. It seems that amides
with the greatest ability to form hydrogen bonds (i.e. urea and thiourea) exhibit the
greatest decrease in freezing point when mixed with choline chloride. According to
[27], choline chloride was also assigned a provitamin status (vitamin B4).

However, other sources indicate that choline chloride is not a vitamin in the
sense that it cannot be produced by the human body.

It is important that DES are capable of dissolving proteins and amino acids,
sugar and polysaccharides. Some DES, such as the eutectic mixture of glycerol and
choline chloride sold by Scionix under the trade name Glyceline, are harmless,
completely biodegradable and can be used where other solvents, for example, cannot,
for example, in food and cosmetics.

It is obvious that IL and DES have some unique characteristics that distinguish
them from conventional organic solvents, such as the lack of an effective vapor
pressure, the wide temperature range of their aggregation state, such as liquids, high
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polarity and charge density, hydrophobic or hydrophilic characteristics and unique
solvating properties.

The British company Scionix Ltd produces various types of DES based on
choline chloride, which is a completely non-toxic product that is produced on a large
scale as a feed additive for chickens (Table 2).

Table 2.
Composition of the five DES proposed by Scionix Ltd.
Product Description Starting compounds (Molar ratio)
Glyceline choline chloride :glycerin (1:2)
Ethaline choline chloride :ethylene glycol (1:2)
Maline choline chloride :malonic acid (1:1)
Oxaline choline chloride :oxalic acid (1:1)
Reline choline chloride :urea (1:2)

4.1.3. Dissolution of keratin and other biopolymers in ILs and DES

Keratin belongs to a family of fibrous structural proteins. Such materials as hair,
feathers, nails, hooves, claws and horns are made of keratin. It is known for its
extremely low solubility in water and organic solvents. According to [28,29]
preparation of keratin solution will allow to explore many new applications including
manufacturing textile fibers, additives for animal feed, neatening reagents for leather
and wool or leather, and many others. It should be noted that many tons of non-spin
wool fibers are dumped during wool weaving every year. It means that developing
processes for using and reusing the resources are important with an economic and
environmental point of view.

Some progress with dissolving keratin by ILs was reported in publications
[30,31]. It was found that 1-butyl-3-methyllimidazolium chloride (BMIM+Cl,) has an
ability to disrupt hydrogen bonds in keratin that enhances its solubility.

In publication [32] DES based on choline chloride and oxalic acid (molar ratio
1:2) found to be useful for dissolving up to 5% keratin during stirring for 2 hrs at
temperature of 110-125°C.

4.2. lonic liquids as a potential media for hydrogen storage

The storage and distribution of hydrogen can be affected in different ways. For
example, hydrogen can be stored in compressed form in suitable high-pressure tanks
which allow storage at up to a pressure of 875 bar [33,34]. Further, storage of the
liquefied low-temperature hydrogen in suitable cryogenic containers, preferably in
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super insulated cryogenic containers is known. The last named possibility is
implemented in particular with hydrogen-powered vehicles-independently of whether
they are powered by means of a modified combustion engine or by means of a fuel
cell which drives an electric motor [35].

Storage systems are in the experimental stage in which the storage of the
hydrogen takes place in organic compounds capable of hydrogenation which are able
to chemically bind the hydrogen. Such storage systems are known under the
designations MPH (methylcyclohexane poluene hydrogen), decaline/napthalene and
n-heptane/toluene system. Common to the mentioned systems is that the hydrogen is
brought to reaction with them under suitable conditions so that hydrogenation and
storage of the hydrogen results.

All these alternatives have specific advantages and disadvantages so that the
decision in favor of one of the alternatives is usually determined by the specific
applications and circumstances. The fundamental disadvantage of the last-named
alternative until now has been that the chemical reaction systems used have relatively
high vapor pressures, are thus volatile and contaminate the hydrogen to a
considerable degree.

To achieve high degrees of purity for the hydrogen in particular, such reaction
systems must, therefore, be removed, often at great expense in terms of technology
and/or energy.

Chemists continuously striving to create a storage potential for hydrogen which
allows storage of the hydrogen in a pure or absolutely pure form, where storage
should be possible in the safest and most economical manner possible. Hydrogen is
needed in a very pure form particularly in the operation of fuel cells. In the case of
the modified combustion engines mentioned as well, which usually have a
downstream catalytic converter, storage of the hydrogen in (ultra)pure form is striven
for since otherwise the hydrocarbons entrained with the hydrogen (may) have a
negative effect on the activity and life of the catalytic converter. Particularly in the
use of hydrogen in the so-called mobile applications-operation of vehicles, etc.--the
safety aspect is paramount; this applies especially for the refueling process which is
usually performed by the driver himself and therefore by a "technical layman."

Using ionic liquids as a medium for storing hydrogen appears to be efficient and
can provide a secure method of operation [1,36]. In the authors’ opinion, the ILs have
a great potential for a cost-efficient storage technology for hydrogen that allows to
transport hydrogen between different locations and manage it as a useful resource in
their operations. lonic liquids promise advantages owing to their tunable physico-
chemical properties [37].
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ILs are investigated for their ability of supporting decomposition as well as
solution of certain materials, including in some cases spent fuel products [38]. In
some extent these approaches can be applied in combination [39].

It is known that the current means of storing hydrogen, however, are either not
safe, not compact, or too energy intensive [40]. These disadvantages constitute a big
barrier to the wide deployment of devices powered by hydrogen, in particular, where
both volumetric and gravimetric densities are critical. Material-based hydrogen
storage has thus been intensively studied, since it outperforms traditional storage via
high pressure or cryogenic tanks [41]. Among all the materials studied, hydrogen-rich
alanates, amides, and borohydrides consisting of light elements have attracted
particularly intense attention [42]. Due to the light atomic weight, boron-nitrogen-
hydrogen-containing compounds (abbreviated as BNH) could also possess
remarkably high hydrogen content [43,44]. Alkali/alkaline metal borohydrides and
ammonia borane have therefore been extensively investigated [45]. Despite their
intrinsic high hydrogen content, they suffer from serious problems, such as slow
Kinetics, problematic by-products, or unfavorable thermodynamics [46,47], which
make them unsuitable for practical application.

The first hydrogen storage materials based on ILs have been reported in 2007
[48]. The authors of this study have used classical hydrogenation and
dehydrogenation of benzene substituted ILs with commercially available noble metal
catalysts, such as Rh/C (5%) and Pd/C (5%) (Fig. 2).
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Fig.2 Hydrogenation and dehydrogenation of Benzene containing IL [48].

According to [49,50], there are relatively few works, that exploit the
advantageous features of ionic liquids —lower vapour pressure, high density and low
viscosity combined with hydrogen storage.

It seems that using ILs based on guanidinium and methyl guanidinium
borohydride are free of the disadvantages indicated above for alkali/alkaline metal
borohydrides and ammonia borane.
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4.2.1. Guanidinium and methyl guanidinium borohydride

Author of study [49] reported that Methylguanidinium borohydride
(N3sHgC)C™BH, - (MGB, Fig. 3) an ionic liquid (m.p. -5 °C, density of 0.95g/ml at
20°C), was able to release 9.0 wt % H, under both thermal and catalytic conditions.

HoN~="" STNH

Fig.3. Structural formula of methylguanidinium borohydrid (MGB) [49]

MGB, as well as nother ionic liquid — guanidinium borohydride (N3H6)C*BH4 -
(GB), which was able to release 13.5 wt% H, possesse a significant potential for
application as hydrogen source.

The preparation of GB by ion exchange between Ca(BH,), and guanidinium
carbonate in water, or by reaction of NaBH, and guanidinium sulfate in isopropanol,
respectively, was described in publications [51,52]. An alternative metathesis-based
methodology was presented in study [49]. Mixing guanidinium chloride with sodium
borohydride in THF at 0°C affords two discrete phases: the upper phase consisting of
THF, and the lower phase comprising guanidinium borohydride with 2.5 equivalents
of THF. Removal of volatile components under vacuum affords GB as a white solid.
A parallel synthesis was used for the preparation of MGB by mixing THF slurries of
methyl guanidine hydrochloride and sodium borohydride at room temperature, which
affords the product as a yellow viscous liquid [50]. The molecular structure of GB,
comprising alternating - BH; and (NH,)sC*™ ions interconnected by multipoint
dihydrogen bonding, has been previously explained in study [53].

GB is a slightly hygroscopic, air stable, colorless crystalline solid. A melting
point of 102°C with decomposition was observed while heating the sample at a rate
of about 10°C min™. Under 60°C, no gas evolution was detected for days. Very slow
hydrogen evolution started at about 60°C. Fig.4 shows the Kkinetics of catalytic and
thermal dehydrogenation, where two types of catalysts have been used: RhCI(PPhs); -
Chlorotris(triphenylphosphine)rhodium, so called Wilkinson catalyst [54] and ferrous
chloride . In case of thermal dehydrogenation after 24 h and 48 h, 0.25 % and 2.1 %
of the available hydrogen were released, respectively [49].

The thermal decomposition of GB was reported in study [49] in a good vyield,
but the amount of ammonia in gas stream is problematic for fuel cell application.
Therefore, to improve the purity of liberated gas, a mixture of GB with other hydride
additives (MgH,, NaBH,, LiAIH,) in different ratios was investigated. It was found
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Fig. 4. Kinetics of catalytic (Wilkinson catalyst, FeCl2) and thermal
dehydrogenation of GB. 1- Wilkinson catalyst, 2 - FeCl,, & 3 -thermal
decomposition [49].

o

[50,49] that the mixture exhibited no improvement in thermal decomposition
reaction. A remarkable improvement in the purity of the hydrogen product was
reported from mixtures of GB and ethylenediamine bisborane (EDB). The addition of
EDB to GB resulted in a decrease in the ammonia production without affecting the
gravimetric hydrogen yield of mixture. This mixture is able to release about 4
equivalents H, per mole of GB and EDB (Table 3)

Table 3.
Composition of GB-EDB reaction products [49].
wt % GB wt % EDB  wt % H; yield mol % NH; mol H, generated
mol (GB + EDB)
100 0 10.6 4.1 3.94
89.5 115 104 2.7 3.89
60.0 40.0 104 0.10 4.11
46.0 54.0 9.60 0.069 3.87
40.0 60.0 10.1 0.026 4.12

The kinetic dehydrogenation in our studies of MGB and GB were performed in
homogeneous diglyme solution and the evolved hydrogen was measured
volumetrically (Fig. 4). During the gradual dehydrogenation of MGB, a white
precipitate was formed from the yellow solution. The kinetic measurements in
homogenous diglyme solution at 75°C show within 20 minutes 2.9 equivalents
hydrogen evolution for Wilkinson's and 2.4 for FeCl,, respectively (Table 4).

Table 4. Amount of hydrogen gas evolved from MGB with FeCl, and
Wilkinson’s catalysts [49]
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Mol % Catalyst Temperature Equiv. H,
1 mol % Wilkinson's catalyst 75C 29
1 mol % FeCl 75C 24
Thermal - 75C 23

Using bipolar coupling of hydride and proton theoretically four equivalents H,
can be released, which leads to B—N direct bonding (B-N dehydrocoupling).

The amount of hydrogen evolved from GB in dry diglyme at 75°C by loading
with Wilkinson's and FeCl, catalyst equates to 3.9 (10.3 wt %) and 2.0 (5.3 wt %)
equivalents, respectively, thus quantitative H, evolution and higher dehydrogenation
rates of GB using improved catalysts can be achieved. However the observed
dehydrogenation rates demonstrated are still insufficient for practical application.

The thermal dehydrogenation of MGB and GB were broadly similar, with the
continuous precipitation of a white solid product from the diglyme solution over the
course of the reactions. In both cases, the insoluble product is assumed to be
oligomeric or crosslinked in nature, as confirmed by mass spectrometric analysis
(m/z > 60 for all observed products).

The solution phase is found to contain unreacted guanidinium borohydrides in
both cases (as determined by multinuclear NMR spectroscopy).

4.2.2. Guanidinium octahydrotriborate

The autors of study [51,55] indicate that theoretically, guanidinium
octahydrotriborate (Fig.4a) has 13.8 wt.% hydrogen (14/101 = 13.8wt.%), and the 6
H+ in the (C(NH,)3)+ cation and the 8 H— in the (BsHs) — anion would contribute to a
facile formation of H,.

Guanidinium octahydrotriborate was once reported as a solid at 20 °C and it is
not pure [49]. It was found [52], however, this compound has a melting point below —
10 °C, which makes it interesting for injectable/pumpable liquid fuel for hydrogen
supply. The high hydrogen capacity could also make guanidinium octahydrotriborate
a green hypergolic fuel [56]. According to [40], borane compounds which are
hydrogen storage materials are hypergolic with white fuming nitric acid as oxidizer.
When dissolved in ionic liquids, the borane solutions exhibit ignition delay times
which are superior to any known hypergolic ionic liquids. These borane—ionic liquid
solutions appear to be the brightest hope so far to replace hydrazine and its
derivatives as fuels in hypergolic propellant systems.
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Fig, 4a. Schematic diagram of the structure of guanidinium
octahydrotriborate (grey, C; blue, N; pink, B; white, H) [40].

For the synthesis of guanidinium octahydrotriborate, the authors of study [40]
sodium octahydrotriborate NaBsHg and guanidinium chloride were ball milled
together in a 1:1 molar ratio at 150 rpm for 4 h. Guanidinium octahydrotriborate can
also be produced by reacting these two starting materials in tetranydrofuran (THF).
The resultant precipitate, i.e., NaCl, was filtered away in THF. Based upon the
weight of NaCl and the quantity of the starting materials, the following reaction was
derived.

NE‘[B'_-'.HE_ L E{T‘:H:};El _} C{NH_‘.-];B;HE + NaCl

The viscous nature of the ball-milled product indicates that guanidinium
octahydrotriborate has a low melting point, behaving like an ionic liquid, similar to
methylguanidinium borohydride described above. This was confirmed by a low
temperature DSC measurement from 40°C down to —40°C, which revealed a melting
point below —10°C upon heating. Guanidinium octahydrotriborate is highly miscible
and stable in various solvents such as diethyl ether, acetonitrile, dichloromethane,
tetrahydrofuran, 1,2-dimethoxyethane, etc. Clear solutions with concentrations
ranging from 0.2 mol/L to 10 mol/L could be prepared in THF. No obvious change
was detected in the NMR characterization after 2 months in storage at 4°C.

Isolation of guanidinium octahydrotriborate from several solvents was
unsuccessful, since it tends to decompose during the prolonged pumping to remove
solvents [40]. In measuring the thermal decomposition of the ball-milled product,
NaCl was not removed after synthesis. Considering the high thermal stability of
NaCl, it is believed that NaCl will not affect the decomposition of guanidinium
octahydrotriborate [57].

At thermal decomposition of the as-prepared guanidinium octahydrotriborate
only H, was detected during the heat treatment to 350 °C, a big improvement in
purity over that of guanidinium borohydride, where ammonia was observed as a by-
product. Guanidinium octahydrotriborate starts to release H, at about 70 °C and peaks
at about 78°C, which are noticeably lower than for guanidinium borohydride
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(dehydrogenation starting at 102°C and peaking at 110°C) [40]. A slight jump in
temperature was detected, indicating that the decomposition is exothermic. This was
confirmed by DTA measurements.

To quantify the hydrogen released, the as-prepared guanidinium
octahydrotriborate sample from ball milling was heated at 83.5°C in a closed vessel
[13]. The temperature was set to increase from 20 °C to 85°C at a rate of 2°C/min and
then dwell at 85°C. Inside the vessel, the temperature was measured to be 83.5°C.
Only H, was detectable by MS as the gaseous product. The volumetric release (VR)
results (Fig. 5) show that about 5.5 equiv. H, was released in less than 10 minutes,
corresponding to 6.9 wt.% hydrogen, taking into account the NaCl.
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Fig. 5. Volumetric release measurement of dehydrogenation of the as-prepared
guanidinium octahydrotriborate at 83.5 °C [40].

It is known [58] that the thermal decomposition of NH3BsH;, NH4BsHs, and
(NH3),BH,BsHs gives off noticeable amount of B,Hs, BsHg, and B3NszHg. The
negligible amount of impurities in the case of guanidinium octahydrotriborate may be
due to the improved ratio of H+ to H-, i.e.,, from 3:6 and 3:5 in NH;B3;Hs and
(NH3),BH,BsHsg, to 3:4 in C(NH>) sBsHsg In addition, the highly mobile C(NH,) 3+
and B3H8- in the liquid state could effectively contribute to the combination of H+
with H— upon heating, without the need to overcome a mass transfer barrier as in all
the solid crystalline octahydrotriborates. More efficient H, evolution via the
combination of H+ and H- is the result, and at the same time, the formation of
volatile species is suppressed.

It was emphasized [40] that being liquid at room temperature gives guanidinium
octahydrotriborate a great potential as an injectable hydrogen carrier, which would
effectively facilitate the control of hydrogen evolution in terms of both rates and
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quantity, using the current liquid fuel distribution techniques. To test the feasibility,
0.1 mol/L guanidinium octahydrotriborate in THF solution was heated to different
temperatures. THF was used to separate NaCl from the product and to reduce the
viscosity of the guanidinium octahydrotriborate. The concentration can be adjusted to
maximize the capacity. Other high boiling point solvents such as dimethyl sulfoxide
have also been tried with similar results obtained.

When heated at 90°C, H, (analyzed by MS) is released with high purity. In total,
3.9 equiv. H; was released at 90 °C in 1 hour (see Table 5).

Table 5.
H. evolution at different temperatures and on different time scales [40].
Temperature (°C) Time (h) Equiv. H,
90 1 3.9
90 50 4.1
100 1 4.0
100 95 6.5

When the solution was treated at 100 °C, the dehydrogenation took place in
multiple steps (Fig. 6).

2| temperature
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Fig.6. Ha release profile of 0.1 mol/L guanidinium octahydrotriborate in THF at
100°C (inset is the first 2 h) [40].

6.5 equiv. or 12.9 wt.% H in all was released after 95 h, with about 4 equiv. H;
released in the first hour and the other 2.5 equiv. H, over the remaining time (Table 5
and Fig. 6). Most guanidinium octahydrotriborate decomposed in less than 30 min,
while trace amounts of B,Hs (present as THF*BH3 at —0.4 ppm) and B3NsHs (27.5
ppm) were produced. Meanwhile, a large amount of precipitate was found [40]. Since
mass transport in solvent is faster than in a solid, the subsequent hydrogen evolution
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is slow. Both B,Hs and BsNsHg participate in the subsequent reaction (s), since they
were not observed after 6.5 equiv. H, was released.

Solvent alters the decomposition pathway of guanidinium octahydrotriborate.
Without solvent, the compound decomposes at about 70°C, and there was no further
decomposition at higher temperatures. The VR results revealed ~6.9 wt % H2
released at 83.5°C. When guanidinium octahydrotriborate is added to THF, however,
there are stepwise release of H, at 100°C, and 12.9 wt.% H, is ultimately released.
The solvent contributes to the interactions between the hydrogen-rich cations and
anions. This is in contrast to the slower mass transfer in the solid-state reaction.

Concentration effects were considered in the first two hours [40]. From the
dehydrogenation curve (Fig. 7), the 0.1 mol/L solution features a two-step hydrogen
release, while the 0.5 mol/L and 1 mol/L solutions feature only one step.
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Fig. 7 Hydrogen release from guanidinium octahydrotriborate at different
concentrations in THF with heating up to 100°C [40].

MS analysis indicates that the concentration does not affect the purity of the H.
There is a slight decline in quantity, however, from 0.1 mol/L to 0.5 mol/L, and then
to 1 mol/L.

In summary, the authors of study [40] successfully synthesized guanidinium
octahydrotriborate, with a high hydrogen content of 13.8 wt.%. It behaves like an
ionic liquid with a melting point below —10°C. Its liquid state could effectively
facilitate H, supply upon demand using the current liquid fuel distribution techniques.
High purity H,, as evidenced by MS analysis, was released at a temperature as low as
70°C. To fully evaluate this compound for hydrogen storage, further tests on the
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thermal stability, vapor pressure, and viscosity in various solvents, as well as the
changes in these properties with temperature and the temperature dependent kinetics,
are needed.

4.2.3. Patent literature on using ionic liquids in hydrogen storage

The authors performed an extensive patent search on using ionic liguids (ILs) in
hydrogen storage. All found data can be divided into two categories. Patents and
patent applications which belong to the first category don’t provide much specifics
about the nature of the ILs used in the process of hydrogen storage, but just indicated
that ILs are capable to provide a certain advantage compared to other solvents [59-
61]. Significant part of these patents considers the methods of the decomposition of
formic acid and its derivatives, where the amine-functionalized imidazolium-ionic
liquid provided better control of the equilibrium of formic acid with H,/CO,. This
patent art will not be considered in this overview.

The patent sources (which will be considered in some details below) and which
belong to the second category devoted mostly solutions of borohydrids in the ILs
which are able to release hydrogen after heating or addition of the additional
components to these solutions [33, 62-65] or direct solutions of hydrogen in the ILs
[66,67].

For instance the authors of patents [33,62] described a method of storing
hydrogen which comprises forming a first ionic liquid by inducing a borohydride into
a second ionic liquid comprising cations and an anion comprising borate, in particular
metaborate, and forming the second ionic liquid by releasing the hydrogen out of the
first ionic liquid by using water and/or a catalyst.

In particular, the borohydride may be sodium borohydride (NaBH,). Fig 8
schematically shows a cycle process or a recycling process for hydrogen storage,
which process is based on an ionic liquid. At the beginning of the process an ionic
liquid may be manufactured from trioctylmethylammoniummethyl carbonate and
sodium borohydride which is schematically depicted by arrow 101. The resulting
jonic liquid is trioctylmethylammonium-borohydride (TOMA-BH4) where
trioctylmethylammonium forms the cation and the borohydride forms the anion
which also includes hydrogen which may be released afterwards. TOMA- BH, is not
solvable in water but may release hydrogen when brought into contact with water and
a catalyst, which is schematically indicated by arrow 102.

Compared to NaBH, the use of TOMA- BH, may exhibit several advantages.
For example, TOMA- BH, may be stable, while NaBH, may decompose quite fast
even in alkaline environments. Furthermore, TOMA- BH,; may not react with water
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Fig. 8. Schematics of a cycle process for hydrogen storage based on an ionic
liquid [33]

and may not be solved in water, i.e. may form a separate phase floating on a water
phase, while NaBH; may react with water and may be solvable in water.
Additionally, TOMA- BH,; may exhibit a lower tendency to crystallize compared to
NaBHy,, especially at low temperatures.

As a catalyst transition metals may be used, e.g. platinum or palladium. As a
result of the releasing of hydrogen a second ionic liquid is formed which comprises
trioctylmethylammonium as the cation while comprising metaborate as the anion i.e.
forming trioctylmethylammonium-metaborate (TOMA-BO,), which is miscible with

TEH]?
—N"—CgH;» BOy.

CsHtys
water:

The metaborate anion may especially at elevated temperatures partially or
completely react to borate or polyborate anions; anyway, this borate or polyborate
anions do not disturb the process and show nearly identical properties as the
metaborate anion.

In a next step of the cycle process the TOMA-BO, may be brought into contact
with aqueous solution of sodium borohydride which is indicated by arrow 103
leading to the formation of TOMA- BH, and an aqueous solution of sodium
metaborate (NaBO;) wherein TOMA- BH,; and NaBO, forms two phases of the
resulting liquid. These two phases can be separated leading to recycled TOMA- BH..
It should be mentioned that small amounts of water in TOMA- BH,; may not be of
negative impact since TOMA- BH, does not react with the water in the absence of a
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catalyst [33]. The NaBO, may then be converted into NaBH, by using common
methods and then be used again in the recycling process (arrow 103).

Slightly different approach of using ionic liquids for hydrogen storage is
described in patent [68]. Fig. 9 shows schematics of a cycle process employed for the
proposed hydrogen storage.

| + _ HZO 4 ﬁ?_
— Y
| homogene

solution

101 ¢ NaBH, / H,0

homogenea
solution

102 103 + | . )
- — —N BH;~ —N BO,

e | AR |

Phase Separation

homogene homogens
104 solution solution
Na'¥ + A*B"
solution 107
Phase Separation NaBH, / H,O

Y =e.g. CH3COq",

RCOy, CI, B, I, 108 109

RSOy, RoPOy

Na*BO; + A*B
solution

Fig. 9. Schematics of a cycle process employed for the proposed hydrogen
storage [68].

Process proposed in patent [68] includes using two ionic liquids. A first IL is an
organic borohydride comprising the cation of the second IL and a borohydride as an
anion. Such first IL may be provided by treating a starting salt comprising a cation as
present in the first and second ILs,, see e.g. the group of formula (CHs)s3((CHs).--
CH))N* in Fig. 9, and an appropriate starting anion.

As for nature of this anion, it can be selected from halogen, e.g. Cl, Br, I, a
carbonate of formula RCOs3", a phosphate of formula R,PO3, a sulfate of formula
RSO,, wherein R is C; to Cg alkyl, see. e.g. "Y™ in Fig. 9, with an inorganic
borohydride, e.g. in particular NaBH,, see e.g. Fig. 9 (arrow 101). The cation and the
starting anion are chosen such that a homogeneous aqueous solution of the salt may
be obtained. To the solution obtained a phase separation inducer is added, see e.g.
"A*B™, Fig. 9 (arrows 102 and 103).

As a result a water containing mixture of a first ionic liquid is obtained, see e.g.
the compound CH3)3((CHs),--CH))N BH,4 in Fig.9, and a salt comprising the cation
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from the inorganic borohydride and the starting anion from the starting salt,
optionally and preferably in combination with phase separation inducer "A*B™,
separates out as an aqueous solution (see e.g. Fig. 9(arrow 104)), and can be isolated
e.g. by phase separation, e.g. including centrifugation.

According to the description of patent [68], the second IL is obtained from the
first IL by releasing the hydrogen, e.g. by use of water, optionally in combination
with a catalyst, see e.g. Fig. 9 (arrow 105), to obtain a salt comprising the cation of
said ILs and a borate in aqueous solution. That borate salt may be reacted with an
inorganic borohydride, such as NaBH,, in agueous solvent, see e.g. (arrow 106) in
Fig. 9, to obtain a first ionic liquid comprising releasable hydrogen and a borate salt.

For separating the first IL from the borate salt, a phase separation inducer, such
as described below, see e.g. "A*B™, Fig. 9 (arrow 107), is used. Two phases are
formed where one phase comprises the first water containing IL and the second phase
comprises the borate salt, e.g. beside the separation inducer. The phases are
separated, e.g. including centrifugation and the borate salt and the first IL are
isolated, see e.g. Fig. 9 (arrow 108), and may be converted into an inorganic
borohydride (arrow 109) for use in the preparation of a first IL (arrow 106).

In summary, the method of storing hydrogen by using an IL according to the
patent [68] may provide an efficient and secure way of storing hydrogen. In
particular, it may be possible to store a sufficient amount without using high pressure
or low temperatures. For example, the use of IL comprising trimethyl-iso-
propylammonium as a cation and metaborate or borohydride as anions may enable
the provision of liquid storage media wherein the IL may be loaded and unloaded
with hydrogen in a cycle or recycling process, e.g. by using a liquid ion exchange
process. This IL may provide a sufficiently high storage density of the hydrogen
which may be released in a controllable manner by using a catalyst. In general it may
be possible to provide a storage medium ensuring a sufficient range for a car, for
example. By using an IL as storage media it may be possible to ensure a high storage
capacity per mass and/or a high storage capacity per volume. Additionally, low
leakage possibly leading to a high storage security may be achievable. Furthermore,
the described ILs may have a high stability over time with respect to chemical and/or
thermal influences and/or may be flame resistant.

Interesting approach to the use of ILs for hydrogen storage is disclosed in
patents [66,69]. It is based on direct dissolution of hydrogen gas in ILs, for instance
in 3-mesityl-1-octyl-imidazolium tetrafluoroborate, as is described in patent [69].

It should be emphasized that the solubility of hydrogen in conventional solvents
is very low; only 2.15 L (0.1932205 g) of hydrogen dissolve at 0°C. and a pressure of
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1,013 mbar in 100 L of water. Some of the problems of the "conventional™ hydrogen
storage systems can be avoided by chemical storage in the form of the ionic liquids
known from the prior art. Moreover, in some cases a higher storage density of
hydrogen is reached in comparison to conventional high pressure or liquid hydrogen
tank systems; however, these systems are generally not available after release of
hydrogen or only after complex processing for renewed hydrogen storage.
Furthermore, often higher temperatures (up to 500°C or even higher) are required for
the release of the stored hydrogen [67].

According to [69], the stored hydrogen can be released more easily from the
proposed ILs, such as 3-mesityl-1-octyl-imidazolium tetrafluoroborate (MOIT).
Moreover, after the release of the dissolved hydrogen the MOIT (Fig.10) can be
directly used again without further after treatment for renewed hydrogen storage.

A]H".{
ANy

U

Fig. 10. Chemical structure of 3-mesityl-1-octyl-imidazolium tetrafluoroborate
(MOIT) [69].

The following conditions are recommended for dissolving of hydrogen in an
MOIT: temperature from 0-60° C and pressure from 1 to 20 bar. The hydrogen release
from the solution in MOIT can be realized through a reduction of the surrounding
gas pressure (below 0.8 bar). Besides, the hydrogen release can also be brought about
through a temperature increase of the MOIT with a range from 60 to 140°C.

Authors of patent [69] provided the following example of using MOIT for
hydrogen storage. Hydrogen is passed for 10 minutes through 5 g of the MOIT at
ambient temperature. Then the stored hydrogen is released at reduced pressure. 0.511
g of hydrogen is released which corresponds to a hydrogen storage capacity of the
MOIT of 10.22% (w/w). Similar approach to the hydrogen storage in ILs is described
in patent [66] assigned to Chevron USA , Inc. (Fig. 11).

Author of patent [66] disclosed the method for storing gaseous hydrogen
employing an IL. The IL is used to displace the volume in the storage tanks. By
displacing the volume in the storage tanks with the ionic liquid, the storage pressure
can remain constant and the "stranded" gas can be eliminated. This constant pressure
will also allow for a reduction in the number of storage tanks needed to provide the
required inventory at hydrogen fueling stations. In addition, this constant pressure
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will provide a complete and fast fill to the vehicle (Fig.11).
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Fig. 11. Method of employing an IL in the hydrogen storage [66].

The authors of publication [70] were less successful in dissolving hydrogen in
ionic liquid than the author of patent [69]. They reported that the solubility of H, in
[omim][PFs] is only 0.078 mol of the gas in 1 kg of the ionic liquid at pressures up to
9Mpa.

In our opinion, approach described in patents [66,69], particularly using ILs,
such as MOIT for direct dissolving hydrogen gas, could be improved compared with
reported earlier data. Some preliminary results on dissolving hydrogen gas in the
combination of MOIT with polymeric ionic liquids containing guanidinium
fragments have been obtained by the authors. These results, however, will not be
discussed in this publication.

4.3. Polymers with guanidine and guanidinium fragments in the chain

First patent describing synthesis of polymers containing guanidine and
guanidinium group (guanulated polymers) has been issued in 1974 and assigned to
Bayer Aktiengesellschaft Co. [71]. Fig. 12 shows the process of guanidilation which
includes the treatment of aminomethylated polystyrene in form of its hydrochloric
salt with 50% aqueous cyanamide solution at 90°C for 16 hrs.
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Fig. 12. Introduction of guanidine groups in aminomethylated polystyrene [71].

The purpose of introduction of guanidine groups in aminomethylated
polystyrene, as well as in polyethyleneimine was to obtain strongly basic anion
exchange resins [71]. The authors of other patents describing a broad variety of
guanidine-containing polymers had an intention to develop new superabsorbent gels
[72] polymer materials for sequestering bile acids (like cholic acid and
chenodeoxycholic acid) in patients [73], polymer-based antimicrobial compositions
[74].

Poly(vinylguanidine) with a chemical structure presented in Fig. 13A has been
prepared by process presented in Fig.13 starting from polyvinylamine [72].
Polyvinylamine can be prepared by hydrolysis of corresponding amide-containing
polymers, such as poly(N-vinylformamide) under acid or basic conditions.

Fig. 13. Chemical structure of poly(vinylguanidine) prepared starting from
polyvinylamine (Structure A[72] and different polymers (structures B, C and D)
containing guanidinium groups described in patent [73]

Patent [72] provides the following procedure for making poly(vinylguanidine).
To 500 ml of an aqueous solution of poly(vinylamine) (1.98% solid) was added 38.5
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ml of 6M hydrochloric acid and 9.65 g of cyanamide. The resulting solution was
heated under reflux for 8 hours. The solution next was diluted to a volume of 3L
(liters) with a 5% sodium hydroxide feed solution, then ultra-filtered (M cut off of
100,000) with 15L of a 5% sodium hydroxide feed solution, followed by 15L of
deionized water feed. The resulting product was concentrated to a 2.6% solids
solution, having a pH 11.54 which gave a negative silver nitrate test.

Several different polymers containing guanidinium groups which are described
in patent [73] are presented in Fig. 13 B, C and D.

Synthesis of polymers presented in Fig. 13 B and 13C can be performed with
using method similar to one described in [72,74] by the process of guanidilation
which includes the treatment of polyethyleneimine or polyallylamine with
cyanamide. This process, however, cannot be used for making polymer with structure
presented in Fig. 13D. For synthesis this type of polymer containing guanidinium
moiety in the backbone of the polymer can be performed by polymerization of
substituted carbodiimide such as R-N=C=N-R, where R can be hydrogen, a
substituted or unsubstituted aliphatic or aromatic group [74].

It was shown [72] that besides of cyanamide some other guanilating agents, such
as 1-H-pyrazole-1-carboxamidine HCI can be used for making guanylated polymers
(Fig. 14)

polyamine Hol

HN

HCl  NH,

guanylated polymer

Fig. 14. Reaction of polyvinylamine with 1-H-pyrazole-1-carboxamidine HCI
[72].

It seems that most investigated process of introduction of guanidine groups into
polymer chain is guanylating aminosaccharides, like chitosan [75-79]. According to
[78], the simplest way to prepare guanidilated chitosan, GCS, (Fig.15) is an
interaction of chitosan with cyanamide under same conditions as described earlier for
aminomethylated polystyrene [71]. It was shown [78] GCS formed more stable
complexes with DNA under physiological pH than chitosan. This study demonstrated
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higher transfection efficiency of GCS and lower cytotoxicity of GCS relative to
chitosan. The optimum efficiency of GCS was achieved in the vicinity of the critical
complexing ratio.

CH,OH CH,OH

H,N—C=—=N
HCI, 90°C
HN/C\N 2
chitosan guanidinylated chitosan

Fig.15. Preparation of guanidilated chitosan (GCS) by treatment of chitosan
with cyanamide [78].

The authors of paper [76] and patent [79] proposed another method of making
GCS the guanidinylation reaction of chitosan with aminoiminomethanesulfonic acid,

AIMSOA (Fig.16).
w ]\
NHR

”H CH3COsH R =H, COCH,4
7\ 2o°c /\ S°C i -
HaN SOgH HoN SOaH NHR 2 x NH —C —NHz'HSO3 |
R =H, COCH;
AIMSA AIMSOA

Guanidinylated chitosan

Fig.16. Making of GCS by the guanidinylation reaction of chitosan with
aminoiminomethanesulfonic acid (AIMSOA) [70,76].

Patent [75] provides some suggestions regarding the possibility to improve
solubility of chitosan derivatives with guanidine fragments. One of approaches to
enhance the solubility in water is related to using so called JEFFAMINE
polytheramines ED-series produced by Huntsman Corporation [80]. These products
are polyether diamine based on predominantly polyethylenglycol, PEG, backbone
(Table 6). PEG imparts complete water solubility to each of the products in this
series.

The chemical structure of bis-cyanoguanidine of “JEFFAMINE ED series” is
shown in Fig. 17. These products can be prepared in aqueous medium from
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corresponding JEFFAMINE , sodium dicyanamide and protonic acid, like HCI by
reflexing a mixture for 6 hrs.

Table 6.
The chemical structure and composition of “JEFFAMINE ED series”.

HoN 0] NHo
X y z
CHs

CHs CHs
JEFFAMINE® y X+z MW*
HK-511 2.0 ~1.2 220
ED-600 (XTJ-500)| ~9.0 | ~36 600
ED-900 (XTJ-501) | ~125 | ~6.0 900
ED-2003 (XTJ-502) ~39 | ~6.0 2,000

According to patent [65], the following procedure can be used for making
aminosacharide biguanides starting from bis-cyanoguanidine of “JEFFAMINE ED
series”. To a suitably-sized reaction vessel is added a measured amount of a
aminosaccharide followed by addition of the desired bis-cyanoguanidine of
“JEFFAMINE ED series such that an equivalent amount of cyanoguanidine is added
for every amino group of the aminosaccharide. Then some volume of distilled water
containing a protonic acid (usually HCI) capable of reacting with the amino
functionality on the aminosaccharide molecule to afford a stirrable reaction mixture is
added. The reaction mixture is then refluxed for about 6-8 hours to assure conversion
to the aminosaccharide biguanide salt. If the activation energy required for a
particular derivative is higher than that obtainable by the reflux temperature of the
aqueous medium, a higher temperature can be achieved by operating under pressure.

e e
NCNHCNI-I(ITHCHZ ocnz?n — NHCNHCN
CH;3 CH;3 -

Fig. 17. The chemical structure of bis (cyanoguanidine) of “JEFFAMINE ED
series” [75].

In the authors’ opinion, is most interesting for the purpose of hydrogen storage
Is a polymer with a structure presented in Fig. 18, described in publication [81] . This
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polymer with guanidinium fragments has been prepared by reversible addition
fragmentation chain transfer polymerization (RAFT). This method possess such
attractive features as living nature, broad functional group tolerance, and accessibility
to block architectures [82].

~_ _N__NBoc N TRV
Ho, S \T__.r I\ s \v‘ \._j R J m
'.'\\,,-"'. 0/ A 0 N A
% NHBoc 0" 0
oo  DMAP.EDC, CH,Cl, AN 1. AIBN, toluene, 70 °C L
0°CtoRT 18hours BocHN  NH  2.20 eq. AIBN, toluene, 70 °C |
' 3. TFA, CH,Cl, HN__NH
1 NBoc ol
\"NHz

Poly-1: R = -C(CH3CN)(CH,),COOH, m = 22
Fig. 18. Reactions used for synthesis of monomer with protected guanidine
fragment and corresponding polymers Poly-1 [81].

Conclusions

In summary, the unique physico-chemical properties of ILs make them attractive
for hydrogen storage applications. According to literature data, the simplest idea is to
find a low molecular weight but hydrogen rich ILs that can serve as a hydrogen
storage material. Thus, the combination of guanidinium cation and the
octahydrotriborate anion was reported to yield guanidinium octahydrotriborate with a
H, storage capacity of 13.8 wt.% .

It was shown that the enhancement of hydrogen release and suppression of
induction time on hydride-based H, storage system should be expected when ionic
liquids, including polymer-based ILs are added. Besides, a mixture of selected
chemical

hydrides and ionic liquids would achieve synergistic effects. Compared to the
currently available compressed or cryogenic hydrogen storage options, the advantage

of storing hydrogen in ionic liquids or their integrated systems is that the system
does not require compression or cryogenic temperatures.

4.4. lonic liquids and deep eutectic solvents and their use for dissolving
animal hair

Introduction

As it was described above, the DES is a group of ILs that are liquid mixtures of
a number of organic and (or) inorganic components taken in a certain ratio (eutectic
or close to eutectic). DES deserve a special attention due to their negligible saturated
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vapor pressure, availability, low cost, as well as ability to dissolve at relatively high
concentration of metal salts, metal oxides and various polymers. Particularly DES
based on a mixture of choline chloride with urea (DES-1) or a mixture of choline
chloride and adduct of urea with hydrogen peroxide (DES-2) give eutectics that are
liquid at ambient temperature and have unusual solvent properties, including an
ability to dissolve an animal hair in the presence of low concentration of sodium
sulfide or ammonium thioglycolate. It was found that depending on the ratio between
DES-1 and DES-2 in the mixture of two DESs and the nature of sulfur-containing
additive the solubility of rabbit hair under used conditions, varies from 51 to 79%
[83].

In this study, we report the dissolution of keratin from the rabbit hair in DES-1
and DES-2 in the presence of low concentration of sodium sulfide or ammonium
thioglycolate at temperature of 30 °C. The obtained results were compared with
results of dissolving rabbit hair in DES-3 prepared from choline chloride and oxalic
acid (1:1 mol) under conditions described in paper [23].

Experimental part. Choline chloride, Cat # C7,9700; Urea, Cat # 20,8884,
Urea-Hydrogen Peroxide adduct, Cat # 289132; Ammonium hydroxide, Cat #
211228; Thioglycolic Acid, Cat # T3758; Oxalic Acid , Cat #75688 and Sodium
Sulfide, Cat # 208043 were purchased from Sigma-Aldrich and used as received. The
white rabbit hair (breed White Giant) used for solubility studies was purchased from
CREATIVE-EXPORTS LTD (Kharkov, Ukraine).

Synthesis of DES-1 and DES-2 have been performed following published
procedure [17].

Procedure for making DES-1 based on choline chloride and urea (1:2 mol).
141.030 grams (1.0 Mol, 99.0% purity) of choline chloride is added to a glass beaker
containing 122.57 g (2.0 Mol, 98% purity) of urea. The temperature of the beaker
maintained at 50°C for 30 min. The beaker is agitated with a glass rod. A noticeably
viscous visually clear solution of the DES-1 with freezing point about 12°C is
obtained.

Procedure for making DES-2 based on choline chloride and Urea-Hydrogen
Peroxide adduct (1:2 mol). 141.030 grams (1.0 Mol, 99.0% purity) of choline
chloride is added to a glass beaker containing 193.96 g (2.0 Mol, 97% purity) of
Urea-Hydrogen Peroxide adduct. The temperature of the beaker maintained at 35°C
for 30 min. The beaker is agitated with a glass rod. A noticeably viscous visually
clear liquid of the DES-2 with freezing point between 10 and 15°C is obtained.

Synthesis of DES-3 (freezing point around 34°C) based on choline chloride and
Oxalic acid (1:1 mol) has been performed according to published procedure [10].
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Spectrophotometric method for evaluation of rabbit hair’s solubility iIn
experiments with different compositions of DES.

The proposed spectrophotometric method includes the following steps.

A) Washing rabbit hair with acetone and drying it overnight at 60°C.

B) Preparing 4 solutions dissolving 5, 10, 15 and 20 mg of washed rabbit hair in
5 g of DES-3 prepared from choline chloride and oxalic acid (1:1 mol) under
conditions described in paper [23], i.e by stirring with magnetic bar for 2 hrs at
temperature of 120°C;

C) Measuring the absorbance spectra of prepared solutions in the spectral region
of 250-400 nm using Agilent Cary 60 UV-Vis spectrophotometer.

D) Assuming (based on data [23] that the solubility of the rabbit hair at loading
20 mg/5 g DES-3 is ~89%, create the calibration graph which determines the linear
relationship between the solubility of hair (%) and intensity of absorbance of
investigated solution at wavelength of 277 nm .

Results and discussion. The main difference between the technology of
dissolving hair described in patent [84] and procedure implemented in this study is
that instead of using high concentration of strong oxidizers, such as 50% solution of
hydrogen peroxide or 32% solution of peracetic acid, we use the mixture of two DES.
One of them is DES-1 prepared from choline chloride and urea at molar ratio of 1:2.
The second one is DES-2 prepared from choline chloride and urea-hydrogen peroxide
adduct (UHP). It should be noted that the UHP is stable, inexpensive and an easily
handled reagent. UHP is a non-toxic, odorless crystalline solid. This adduct, which
contains 35% of H,0,, sets the hydrogen peroxide free during its application. UHP is
used in an efficient solid state oxidation of different organic molecules: hydroxylated
aldehydes and ketones (to hydroxylated phenols), sulfides (to sulfoxides and
sulfones), nitriles (to amides) and nitrogen heterocycles (to N-oxides) [85].

UHP is commonly encountered in cosmetic dentistry, where it is used to
"bleach” teeth. The active ingredient is hydrogen peroxide, which acts to oxidize
interprismatic extrinsic staining within tooth enamel. There are several methods of
applying the peroxide gel to the tooth ranging from night-guard application at home
or in-surgery application. The bleaching obtained is proportional to the length of time
the peroxide is applied to the tooth, and the concentration used. Concentrations of
UHP used for tooth whitening purposes range between 10% and 35%. Higher
concentrations carry a higher risk of side effects such as chemical burns. 10% is
widely regarded as safe. A 10% solution of UHP in glycerol is used to treat ulcers
and other lesions in the mouth. A 6.5% concentration solution is used to loosen and
remove earwax [86].
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Table 7 summarizes data on composition of mixtures of DES-1 and DES-2 (4
different ratios) used for partial oxidation of rabbit hair which was followed by
addition of ammonium thioglycolate or sodium sulfide. In all cases concentration of
ammonium thioglycolate and Na,S was 1.94% and 1% respectively from the amount
of DES-1 and DES-HP compositions).

It is obvious that the molar concentration of sulfur in compounds used in
existing dehairing process varies in relatively broad range depending on the structure
of these compounds. For instance, in molecule of NaHS (M.w. 56) the molar content
of sulfur is (32/56) x 100 = 57.1%. However, in molecule of ammonium thioglycolate
C,H;0,NS (M.w. 109) which is example of another compounds used for dehairing
process, the molar content of sulfur is much less, i.e (32/109) x 100% = 29.4%.

It should be noted that the reducing of NaHS content from 2% to 1% would be
important for practical application. In this case the overall content of sulfur would be
changed from 57.1% to 28.55%.

In case of using ammonium thioglycolate the overall 28.55% content of sulfur
would correspond to 2 x(28.55/29.4) = 1.94% of ammonium thioglycolate.

Table 7.

Results on solubility of rabbit hair in eight different compositions consisting
of DES-1 and DES-2 with addition of ammonium thioglycolate or sodium sulfide

(pH ~12-13).

# | Composition Concentration | Thioglycolic | Ammonium | Sodium Solubilit
(Ratio DES-1: of  hydrogen | Acid, g** Hydroxide | Sulfide** y of
DES-2, w/w) peroxide in (aqueous Na,S x 9 | Hair***
(Total Amount — | mixture, %* 28%), g** | H20, g %

59)

1 12 13.46 0.082 0.118 N/A 79

2 |1:2 13.46 N/A 0.046 0.154 73

3 |11 10.05 0.082 0.118 N/A 75

4 111 10.05 N/A 0.046 0.154 69

5 |21 6.72 0.082 0.118 N/A 76

6 |2:1 6.72 N/A 0.046 0.154 68

7 131 5.02 0.082 0.118 N/A 58

8 |31 5.02 N/A 0.046 0.154 51

*) Estimated with assumption that starting concentration of H.O2 in UHP is 35% and DES-1
contains 1.348 parts of UHP (M.w. 94.1) for 1 part of choline chloride (M.w.139.6) which leads to
concentration of H20 in non-diluted DES-2 as high as 20.1%

**) Due to reaction of 0.082 g of Thioglycolic Acid with 0.118 g of 28% aqueous solution of
ammonium hydroxide about 0.097 g (1.94% from amount of DESS) is produced; 0.154 g of Na.S x 9
H>0 contains about 0.05g of pure NaxS (1.0% from amount of DESS).

***) Estimated by spectrophotometric method (absorbance at 277 nm) using a calibration
graph presented in Fig. 20.
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Note: Absorbance maximum at wavelength between 272 and 280 nm is typical
for keratin’s solutions, as well as for solid keratin [87]. It is obvious that the origin of
this maximum is related to the absorption of the aromatic amino acids, such as
tyrosine and tryptophan.
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Fig. 19. A-Absorbance spectra of rabbit hair in DES-3 at concentrations: 0.1 (1)
; 0.2 (2); 0.3 (3) and 0.4% (4)
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Fig. 20. Calibration graph used evaluation of rabbit hair’s solubility in DES-
based compositions (Table 7).

The following conclusions can be made from the data presented in Table 7:

Depending on the ratio between DES-1 and DES-2 and the nature of sulfur-
containing additive the solubility of rabbit hair under used conditions, varies from 51
to 79%.

An addition of 1.94% of ammonium thioglycolate (as product of reaction
between thioglycolic acid and ammonium hydroxide) to the mixture of DES-1 and
DES-2 provides slightly improved solubility of the rabbit hair compared to the
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addition of 1% sodium sulfide. In former case depending on the DES-2 content in the
mixture of DES the solubility varies from 58 to 79%, in later case — from 51 to 73%.

In general, increasing the content of DES-2 in the mixture of two DES enhances
solubility of the rabbit hair in case of addition and ammonium thioglycolate and
sodium sulfide.

According to data presented in Table 7, sodium sulfide addition is not
dramatically different in performance compared to the ammonium thioglycolate
addition. Considering that cost is very important issue for the practical application, it
would be reasonable to emphasize that the DES-based composition with lower
content of DES-HP would be more affordable compared to the composition with a
high content of this component.

Fig. 21 illustrates the preparation of the keratin film made of solution of rabbit
hair in the mixture of DES-1 and DES-2 2:1 (w/w) by “precipitation” technique
which includes immersion of keratin’s solution (composition #6 in Table 3) placed on
glass slide into excess of DI water.

D
Fig. 21. Formation of film from supernatant prepared from composition #6
(Table 7) by “precipitation” technique: A- Appearance of supernatant on the
surface of glass slide; B- Glass slide in the petri dish immediately after adding
DI water; C- the same after 3 hrs at room temperature; D- Appearance of film
after taking it off from the glass slide and drying for 5 hrs at 50°C.
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In summary, we investigated a new method for the dissolution of animal hair in
the mixture of two deep eutectic solvents. Dissolution in existing technologies
[88,89] is typically performed in aqueous media with the use of sulfur reducing
products (sulfides, sulfhydrate or thioglycolate) and strong oxidizers. The sulfur
reducing products and oxidizers used at high concentration are very reactive and
dangerous to use. Therefore any attempt to decrease amount of these reagents for
regulatory and safety concerns could be of interest for manufacturers involved in
dehairing of animal hides. Currently scale-up of proposed method is underway.

Conclusions

1. We propose a novel method of dissolving animal hair that is using reduced
amount of sulfur-containing component and oxidizer compared to known methods.
After further investigation and scale-up proposed procedure could be used for
developing industrial method of removing animal hair and epidermis and it includes
the following steps:

a) Oxidation of animal hair performed by using the mixture of two deep eutectic
solvents (DES) one of which is based on choline chloride and urea and another one is
based one choline chloride and adduct of urea and hydrogen peroxide. The content of
oxidizer (hydrogen peroxide) in proposed method in in several times lower than in
known processes which are based on using relatively high content of oxidizers, such
as peracetic acid (32% aqueous solution) or 50% aqueous solution of hydrogen
peroxide.

b) Treatment of hair subjected to oxidation procedure with an reduced amount
of sulfur-containing products, such as ammonium thioglycolate (1.94%) of sodium
sulfide (1.0 % of pure Na,S or 2.96% of Na,S x 9 H,O ) with addition of minor
amount of ammonium hydroxide (below 1%)

2. All proposed materials are biodegradable, non-toxic, don’t contain Volatile
Organic Compounds and comply with MRSL, Chem 1Q,, REACH and TSCA
regulations.

3. The pH of the reaction is between 12 and 13, the reaction time is 10 hours (or
below), the process temperature doesn’t exceed 30°C.
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4.5. Positive and negative thermochromism of triphenylmethanes dyes in
solutions of ionic liquids

4.5.1 lonic Liquids as Green Solvents

In recent years, the ionic liquids have been extensively evaluated as
environmental-friendly or "green" alternatives to conventional organic solvents.
Generally speaking, ILs refer to a specific class of molten salts which are liquids at
temperatures of 100°C or below. ILs have very low vapor pressure and generate
virtually no hazardous vapors. Moreover, ILs are composed of charged species,
which provide a highly polar medium useful in various applications, such as
extraction, separation, catalysis and chemical synthesis medium [90-92]. The large
number of ILs, containing 1-alkyl-3-methyl-imidazolium cation, where alkyl group is
butyl, hexyl or nonyl, and several different anions, such as chloride, bromide,
thiocyanate, tetrafluoroborate and hexafluorophosphate, have been used for
dissolving cellulose [93]. The requirement for a small, polar anion is indicated by the
high solubility of cellulose in the chloride-containing IL, with reduced solubility in
the bromide systems and no solubility in tetrafluoroborate and hexafluorophosphate
systems. The solubility also appears to decrease with increasing the size of the cation
such as by increasing the length of the alkyl group of the imidazolium ring. Thus,
both charge density and hydrogen bond donating ability in the cation can be
important and can be easily and selectively modified by variation in the IL
functionality. The presence of water in the IL was shown to significantly decrease the
solubility of cellulose, presumably through competitive hydrogen bonding to the
cellulose microfibrils that inhibits solubilization. Relatively recently the Procter &
Gamble Company patented a procedure for extracting biopolymers, such as chitin,
chitosan, elastin, collagen, keratin and polyhydroxyalkanoate from a biomass using
ionic liquids [94].

4.5.2. Experimental data on positive and negative thermochromism

There two common types of thermochromic behavior: positive and negative
thermochromism which were considered for Schiff bases of salicylaldehyde
derivatives (Fig.22) [95].

According to data [97], the thermochromic behavior of N-salicylidene-2-
aminopyridine derivatives, as well as and N-salycilidene-2-chloroaniline (Fig.23)
should be considered as “positive”, i.e. the color disappears on cooling (liquid
nitrogen temperature) and a new absorbance band appears on heating to a room
temperature.
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Fig 22. Photochromic and thermochromic processes in derivatives of
salicylaldehyde [96].
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Fig.23. Thermochromic solid N-(5-chlorosalicylidene)aniline: absorption spectra
at 297K (1) and 120K (2). Fluorescence spectra at 90K (3) and 297 K (4)
(irradiation with light of 365 nm) [98].

Some Schiff bases such as N-salicylidene-benzylamines display the
photochromism and “negative” thermochromism on the border between the UV- and
visible region [97]. Fig.24 shows the absorbance spectra of N-4-methoxysalicylidene-
benzylamine dissolved in EPA (ether: isopentane:ethanol, 1:5:5) at two different
temperatures. On cooling the solution of EPA down to liquid nitrogen temperature, a
new strong absorbance band is formed with a maximum around 380 nm. On heating
this solution up to room temperature the band at 380 nm disappears.

Similar to the thermochromic behavior of Schiff bases of salicylaldehyde
derivatives, the Solver found out that the triphenylmethane compounds, such as MG
and BG are able to display “positive” and “negative” thermochromism depending on
the nature of the ionic liquid, particularly, chlorine chloride-based DES, used as a
solvents. More exactly, solutions of MG and BG in DES based on choline chloride
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and urea (DES-1) show the evidence of “positive” thermochromism. On the other
hand, the solutions of MG and BG in DES based on choline chloride and glycerin
(DES-2) show the evidence of “negative” thermochromism.

CH,0
B Q\\N-CH,Q
OH

Absorbence

400 S00
Wavelength (nm)

Fig. 24. Absorbance spectra of N-4-methoxysalicylidene-benzylamine dissolved
in EPA (ether: isopentane: ethanol, 1:5:5) at room temperature (1); at liquid
nitrogen temperature (2); after uv-irradiation with 365 run light at liquid
nitrogen tesperature (3); after staying in the dark overnight at room tenperature

(4) [97].

4.5.3. Specific properties of deep eutectic solvents

Deep Eutectic Solvents can be formed between a variety of quaternary
ammonium salts and carboxylic acids [9,10]. The physical properties are significantly
affected by the structure of the carboxylic acid but the phase behavior of the mixtures
can be simply modeled by taking account of the mole fraction of carboxylic acid in
the mixture. The physical properties such as viscosity, conductivity, and surface
tension of these DES are similar to ambient temperature ionic liquids and insight into
the cause of these properties is gained using hole-theory. It is shown that the
conductivity and viscosity of these liquids is controlled by ion mobility and the
availability of voids of suitable dimensions, and this is consistent with the fluidity of
other ionic liquids and molten salts.

Another example of the DES is the mixture of substituted quaternary ammonium
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salts such as hydroxyethyltrimethylammonium (choline) chloride with urea which
produces eutectics that are liquid at ambient temperature and have unusual solvent
properties [17]. It was found that only those compounds capable of forming
hydrogen bonds with chloride ions demonstrate the formation of a homogeneous
liquid with a significant decrease in the freezing point compared to the pure amide. It
seems that the amides with greatest ability to form hydrogen bonds (i.e. urea and
thiourea) exhibit the largest depression in freezing point when mixed with choline
chloride.

4.5.4. Thermocromism in ionic liquids

Analysis of the patent literature shows that there only limited amount of patents
[99] and patent applications [99,100] which indicate the possibility to use ionic
liquids as solvents for thermochromic compounds.

Thus, the thermochromic solvent-based systems exhibiting a reversible change
in absorbance spectra as the temperature of the system is reversibly changed are
described in [99,100]. These systems include one or several transition metal ions,
which experience thermally induced changes in the nature of the complexation or
coordination around the transition metal ion(s) and, thereby, the system changes its
color as the temperature changes. As for nature of the solvents, the authors of [99]
indicate that they may be an agueous, nonaqueous or ionic liquid; a plasticizer; a
polymer; some additive(s) dissolved in a polymer; the matrix portion or phase of an
organic, inorganic or hybrid gel; the liquid portion or phase of a gel; or some
combination of these acting as co-solvents. The solution may be a free flowing or a
viscous liquid, a non free flowing or thixotropic gel, or a solid or a semi-solid
polymer. All of these solvents provide enough mobility for the ligands to transfer in
and out of coordination with transition metal ions.

It should be noted, that no specific information on use of ionic liquids as a
carrier for thermochromic dyes have been reported in references [99,100]. However,
publications [101,102] described the thermochromic behavior of cobalt(ll) complex
in an ionic liquid solution. More details about these two studies are provided in
section 6.

In our study [103] the thermochromic behavior of two triphenylmethanes dyes ,
such as Malachite Green Carbinol Hydrochloride (MG) and Brilliant Green (BG) in
DES-1 prepared from choline chloride and urea and DES-2 prepared from choline
chloride and glycerin has been investigated.

Experimental part.

Starting materials: Malachite Green Carbinol Hydrochloride (MG):
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was used, as received from Sigma-Aldrich (Cat # B6756).

DES-1 and DES-2 have been prepared according to following procedures.

Synthesis DES-1 based on choline chloride and urea (1:2 mol)has been
performed as described above (section 4)

Procedure for making deep eutectic solvent DES-1 based on glycerin and
choline chloride (2:1 mol). The same procedure, as for making DES-1 has been used,
only instead of 122.57 g of urea. 184.14 g (2.0 Mol, 99.5% purity) of glycerin
(Sigma-Aldrich, Cat # G7893) was added. A noticeably viscous visually clear
solution of the DES with melting point about -35°C is obtained.

The following experimental procedure has been used for study of thermocromic
behavior of MG and BG in DES-1 and DES-2. 0.8-1.0 mg of dye BG or 1.2-1.5 mg
of dye MG were magnetically stirred in 10 ml of freshly prepared DES-1 (or DES-2)
pre-heated up to temperature 70-80°C. After complete dissolving the blue-green
brightly colored (in case of DES-1) or almost colorless (in case of DES-2)solutions
were filtered through a syringe filter to a quartz cuvettes and absorbance spectra were
measured with Spectronic Genesys 5 Spectrophotometer equipped with thermostat,
which allowed to control the temperature in the range from 20 to 90°C.

Results and discussion.

There two common types of thermochromic behavior: positive thermochromism
and negative thermochromism which were first reported for Schiff bases of
salicylaldehyde derivatives [96]. According to data [97], the thermochromic behavior
of N-salicylidene-2-aminopyridine derivatives, as well as and N-salycilidene-2-
chloroaniline should be considered as “positive”, i.e. the color disappears on cooling
(liquid nitrogen temperature) and a new absorbance band appears on heating to a
room temperature.
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Fig. 25. Absorbance spectra of dye BG dissolved in DES-1 at temperature 20°C
(1) and at two elevated temperature:60°C (2) and 90°C (3).

Some Schiff bases such as N-salicylidene-benzylamines display the
photochromism and “negative” thermochromism on the border between the UV- and
visible region. Similar to the thermochromic behavior of Schiff bases of
salicylaldehyde derivatives, we found out that the triphenylmethane compounds, such
as MG and BG are able to display “positive” and ‘“negative” thermochromism
depending on the nature of the ionic liquid, particularly, chlorine chloride-based
DES, used as a solvents [19]. More exactly, solutions of MG and BG in DES based
on choline chloride and urea (DES-1) show the evidence of “positive”
thermochromism. On the other hand, the solutions of MG and BG in DES based on
choline chloride and glycerin (DES-2) show the evidence of “negative”
thermochromism.

Fig. 25 and 26 shows two examples of positive thermochromic behavior of dye
BG in DES-1 and negative thermochromic behavior of dye MG in DES-2,
respectively. Thus, it was found that after cooling down to room temperature the
absorbance bands in the spectra of hot solutions of BG at 635 nm and MG at 632 nm
were or significantly decreased (Fig.25, Series 1 for BG). The heating up the
BG/DES-1 solution to temperature 60°C and 90°C leads to increasing absorbance at
635 nm in 2.7 and 4.1 times, respectively (Fig.25, Series 2 and 3) . The described
thermocromic behavior of BG/DES-1 and MG/DES-1 solutions was completely
reversible within 10-15 cycles of cooling down- warming up .

In contrary, almost colorless freshly prepared hot solution of MG in DES-2 after
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cooling down to room temperature became bright colored (Fig.26, Series 1). The
intensity of its blue color with maximum at 632 nm decreases in 3.1 times after
heating to temperature 60°C and in 7.9 times after heating to temperature 90°C
(Series 2 and 3, respectively).

Similar to the positive thermochromic effect, the described negative
thermocromic behavior of MG/DES-2 and BG/DES-2 solutions was completely
reversible within 10-15 cycles of cooling down- warming up.

p 1
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E_ 0.6 :

e 0.4 = 1
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Fig.26. Absorbance spectra of dye MG dissolved in DES-2 at temperature 20°C
(1) and at two elevated temperature:60°C (2) and 90°C (3).

In our opinion, the difference in the thermochromic behavior of lonic liquids
have a more complex solvent behavior compared with traditional agueous and
organic solvent, because ILs are salts and not a molecular, nonionic solvent. Types of
interactions between ILs with many solutes, include dispersion, n-n, o-, hydrogen
bonding, dipolar and ionic/charge-charge. The Abraham solvation equation is an
important method used to characterize ILs solvent property to understand the
dissolution behavior in ILs [104].

Abraham et al., [105,106] have developed equations, that can be used to predict
the solubility of organic compounds in different organic solvents. The Abraham
method assumes that the partition coefficient between water and a solvent, Ps, is
given by the ratio of solubilities of a solute in the solvent, Ss, and in water, Sw,

Ps =Ss/ Sw.

If this assumption is reasonable for the solute and solvent in question, then the
solubility of the solute in the solvent can be calculated from the predicted partition
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coefficient,

logPs=c+eE+sS+aA+bB+vV,

where the continually refined (as more experimental data becomes available)
coefficients c, e, s, b, and v vary by solvent and E, S, A, B, and V are solute
descriptors, described as follows:

E is the solute excess molar refractivity in units of (cubic cm per mol)/10.

S is the solute dipolarity/polarizability.

A is the overall (summation) hydrogen bond acidity .

B is the overall (summation) hydrogen bond basicity .

V is the McGowan characteristic volume in units of (cubic cm per mol)/100.

Despite of the similarities in properties of DES-1 and DES-2 (Table 8), some
literature data [107] suggested that they have noticeable difference when they are
used as solvents for certain chemical reactions. Thus, the authors of the patent
application [107] used DES-1 and DES-2 as solvents for enzyme-catalyzed reaction
between cyclohexene, octanoic acid and hydrogen peroxide. According to their
observation this process proceeds in DES-2 with almost 3 times higher yield than the
same reaction proceeds in DES-1. Our attempts [108] to perform the same reaction in
DES-solvents without enzyme at temperature 80°C (hydrogen peroxide has been used
in form of its complex with urea) show even more dramatic difference in the
conversion of cyclohexene when two different DESs have been used: reaction in
DES-2 proceeded with 5 times higher yield than the same reaction proceeded in DES-
1.

In our opinion the difference in the performance of DES-1 and DES-2, as
solvents, can be related to the fact that the system of hydrogen bonds in DES-2
formed from molecule of choline chloride and glycerin are more stable at elevated
temperature that the system of hydrogen bonds in DES-1 formed from molecule of
choline chloride and urea. It could be related to the presence of three hydroxy groups
in molecule glycerin which participate in formation of the hydrogen bonds compared
to only two amino groups in molecule of urea.

Taking into consideration this possible explanation, it is appropriate to assume
that different thermochromic behavior of dyes MG and BG is related to the
differences in the density of hydrogen bonds in DES-1 and DES-2 at elevated
temperature. Further investigations are needed in order to confirm this explanation.

Conclusions

1. Investigation of absorbance spectra of two triphenylmethanes dyes
(Malachite Green Carbinol Hydrochloride and Brilliant Green) in deep eutectic
solvents (DES) at different temperatures has been carried out.
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2. It was found that solutions of both dyes in DES-1, based on choline chloride
and urea, display “positive” thermochromism, i.e. their blue-green color significantly
decreases on cooling and increases on heating to a boiling water temperature. In
contrary, the solutions of the same dyes in DES-2, based on choline chloride and
glycerin, show ‘“negative” thermochromism, i.e. their absorbance decreases on
heating and increases on cooling.

3. The reversible character of thermochromism is determined and the possible
explanation for different behavior of triphenylmethanes dyes in two types of ionic
liquids is provided.

4.6. Investigation of thermochromic fatigue of triphenylmethane dyes in
solutions of ionic liquids

According to publications [101], the tetrahedral [Co(NCS),]*> complex can be
dissolved in IL (1-ethyl-3-methylimidazolium) thiocyanate, [Comim][SCN] giving
characteristic bright blue color at room temperature. However, at cooling down to
temperature -40°C, the color of this solution becomes pink (Fig. 27).

!

Co(NCS), dissolved

. 3k S <233K l
in excess ionic liquid

[\”\/__\j‘/\] [son | >233K

[C,mim][SCN]

Fig. 27. Thermochromic behavior of solution of cobalt(l1) isothiocyanate,
Co(NCS)., in the ionic liquid [Comim][SCN] [101].

It was shown [101] that the strong absorption band around 630 nm corresponds
to the tetrahedral [Co(NCS)4]#, whereas the transition around 472 nm corresponds to
octahedral [Co(NCS)s]*.

Somehow similar thermochromic behavior of cobalt
bis(trifluoromethane)sulfonimide complex, however, in different range of
temperature compared with data presented in Fig. 28, has been described in paper
[102]. As it is demonstrated in Fig. 29, the solution of Co?* complex in the mixture of
two ILs with structures | and Il changes its color from pink (at room temperature) to
blue (at 60-90°C)
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Fig. 28. Temperature-dependent UV-Vis absorption spectra of cobalt (I1)
thiocyanate dissolved in [Comim][SCN] [101].
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Fig. 29. Spectral behavior of solution of Co(NTf2)2in mixture of ILs I and I1.

[102].
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It was shown [102] that after 20 cycles of heating and cooling UV-Vis spectra of
Co(NTf,), in mixture of ILs | and Il demonstrated some signs of thermochromic
fatigue.

In our study [103] the thermochromic behavior of two triphenylmethanes dyes ,
such as Malachite Green Carbinol Hydrochloride (MG) and Brilliant Green (BG) in
two deep eutectic solvents prepared from choline chloride and urea (DES-1) or
choline chloride and glycerin (DES-2) at different temperatures has been investigated
an evidence of thermochromic fatigue has been observed.

Experimental part. Starting materials: Malachite Green Carbinol
Hydrochloride (MG) and Brilliant Green (BG) were used, as received from Sigma-
Aldrich (Cat # 213020, and B6756, respectively).

-

| P Fbcfﬂlr‘:ld/—mcw
- Hel 7 o
S |
Fb':._p:j [.:J-‘CH3 O O P~ Gt
CHE CH3 |—|:3C"J
MG BG
Making DES-1.

141.030 grams (1.0 Mol, 99.0% purity) of choline chloride (Sigma-Aldrich, Cat
# C7,970-0) is added to a glass beaker containing 122.57 g (2.0 Mol, 98% purity) of
urea (Sigma-Aldrich, Cat # 20,888-4). The temperature of the beaker maintained at
50°C for 30 min. The beaker is agitated with a glass rod. A noticeably viscous
visually clear solution of the DES-1 with melting point about 12°C is obtained.

Making DES-2. The same procedure, as for making DES-1 has been used, only
instead of 122.57 g of urea 184.14 g (2.0 Mol, 99.5% purity) of glycerin (S.-A.,
#G7893) was added. A noticeably viscous visually clear solution of the DES with
melting point about -350C is obtained.

The following experimental procedure has been used for study of thermocromic
behavior of MG and BG in DES-1 and DES-2 0.8-1.0 mg of dye BG or 1.2-1.5 mg of
dye MG were magnetically stirred in 10 ml of freshly prepared DES-1 (or DES-2)
pre-heated up to temperature 70-80°C. After complete dissolving the blue-green
brightly colored (in case of DES-1) or almost colorless (in case of DES-2)solutions
were filtered through a syringe filter to a quartz cuvettes and absorbance spectra were
measured with Spectronic Genesys 5 Spectrophotometer equipped with thermostat,
which allowed to control the temperature in the range from 20 to 90°C.

In our previous paper [103] we explained the difference in the thermochromic
behavior of BG/DES-1 and MG/DES-2 in terms of the Abraham solvation equation
[106]. It was suggested that the difference in the performance of DES-1 and DES-2,
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as solvents, can be related to the fact that the system of hydrogen bonds in DES-2
formed from molecule of choline chloride and glycerin are more stable at elevated
temperature that the system of hydrogen bonds in DES-1 formed from molecule of
choline chloride and urea. It could be related to the presence of three hydroxy groups
in molecule glycerin which participate in formation of the hydrogen bonds compared
to only two amino groups in molecule of urea.

heat
[p-(CH;3).NCe¢H,],CeH;CSO;H —T—=
Malachite green H:0
leucosulfonic acid
1
[[p-(CH;)NCsHy]:CeHsC] *HSO;~
Colored species
(undissociated salt form) (1)
heat
NaSO;H 4+ H,O0 —= NaSO;H + H, @)
heat
{p-(CH;).NCsH,4),CeH;C *HSO;~ + H, T—
Colored species H:0

(carbonium ion form)
[p-(CH;):NCsH,).CeHsCH

Leuco base
+ SOt + H:0 3)

Fig.30. Reactions describing reversible thermochemical behavior of MG in
aqueous solution [109].

According to [109], observations of thermochromism in triphenylmethane
leucosulfite solutions, indicated that aqueous Malachite Green solutions fatigued,
that is, became non-thermochromic, when heated in open vessels. In the process
sulfur dioxide was evolved and the nonthermochromic leuco base was formed. The
behavior was readily observable with open vessels, but not with closed vessels.

It was proposed [110] that hydrogen may be formed during heating causing
reduction of the leuco triphenylmethane to its leuco base and that sulfate ion was
formed. Equations 1-3 were suggested for the transformation (Fig.30).

This sequence of equations implied that gaseous hydrogen only is involved in
the reduction of the triphenylmethane compound but the evidence indicated that the
hydrogen is probably in a much more reactive form. Thus, reaction 4 (Fig. 31) is
perhaps a better summation of the equations.
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Fig. 31. Reversible thermochemical behavior of MG in aqueous solution

Experiments have confirmed sulfate and leuco base formation in, and sulfur
dioxide evolution from, partially or completely fatigued thermochromic solutions.
The sulfate ion and sulfur dioxide formed during heating were determined in partially
fatigued solutions.

The leuco bases of dyes MG and BG were isolated from completely fatigued
thermochromic solutions [109]. An increase in the amount of bisulfate used in the
fatigue reaction seemed to increase the yield of leuco base at least in the fatigue of
another triphenylmethane dye - Crystal Violet ,CV. The author of [109] indicates that
other fatigue mechanisms yielding different organic compounds such as amine
oxidation products may be formed. This indication was supported by the fact that the
yields of BG and CV leuco bases were relatively low.

Among other products of decomposition or reduction of MG, the dimer of MG,
1,2-diphenyl-1,1,2,2-tetrakis(p-dimethylaminophenyl)ethane, has been reported
[111]. The dimer, which is product of MG’s reduction with vanadous chloride, either
dry or wet, decomposed to a black tar and formaldehyde in solution in the presence of
oxygen.

In this study we investigated the spectral changes in MG/DES-1 and BG/DES-1
solutions related to their thermochromic fatigue. Fig. 32 shows the absorbance
spectra of dye MG dissolved in DES-1 at room temperature: freshly prepared solution
(Series 1) and solution after 50 cycles of heating (5 min at 1300C following by
cooling to room temperature) (Series 2). It seems that the absorbance band at 632 nm
which is not present at 200C becomes noticeable after 50 heating up-cooling down
cycles. It was found that there is a linear relationship (Fig. 33A) between the number
of cycles and spectral changes of MG/DES-1 solution subjected to thermochromic
fatigue in case when the following ratio of absorbances, RA, is used: RA= A500/
(A360 +A632) , where A500, A360 and A632 are the absorbance values measured at
500, 360 and 632 nm, respectively.

Similar behavior has been observed for spectral changes in solution of BG/DES-
1 after 50 cycles of heating (5 min at 1300C following by cooling to room
temperature). We were able to find a linear relationship (Fig. 30B) between the
number of cycles and spectral changes of BG/DES-1 solution subjected to
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Fig.32. Absorbance spectra of MG/DES-1 — solution at room temperature:
Freshly prepared solution (Series 1) and solution after 50 cycles of heating (5
min at 1300C following by cooling to room temperature) (Series 2).
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Fig 33. Calibration plots for solutions of MG/DES-1 (A) and (BG/DES-1 (B)
which establish the correlation between the absorbance ratio RA= A500/ (A360
+Amax) and the number of heating up-cooling down cycles, where Amax= A632
(for MG) and Amax= A635 (for BG)

thermochromic fatigue in case when the following RA is used: RA= A500/ (A360
+A635) , where A500, A360 and A635 are the absorbance values measured at 500,
360 and 635 nm, respectively.

It was proposed to use the linear relationship between the RA values and
number of heating up-cooling down cycles in design of a thermosensitive cell for a
“sterilization counter”’[112]. This cell can be used for determination of the number of
times a medical device has been sterilized, i.e. subjected to a steam sterilization
process consisting of keeping the device at 130-135°C for 5-15 min at atmospheric

MONOGRAPH 85 ISBN 978-3-9821783-6-3



Erbe der europdischen wissenschaft Part 4 @"—‘ t{‘

pressure. The proposed optical cell should be installed into medical device in a way
which makes possible to measure the absorbance of the dye solution in the cell by
simple positioning of the device inside the spectrophotometer.

Conclusions

1. Investigation of absorbance spectra of two triphenylmethanes dyes
(Malachite Green Carbinol Hydrochloride and Brilliant Green) in deep eutectic
solvents (DES) at different temperatures has been carried out.

2. It was found that solutions of both dyes in DES-1, based on choline chloride
and urea, display “positive” thermochromism, i.e. their blue-green color significantly
decreases on cooling and increases on heating to a boiling water temperature. In
contrary, the solutions of the same dyes in DES-2, based on choline chloride and
glycerin, show “negative” thermochromism, i.e. their absorbance decreases on
heating and increases on cooling.

3. The thermochromic fatigue of both triphenylmethane dyes takes place after
10-15 cycles of heating and cooling. The possible nature of fatigue is investigated
and origin of generated by-products is discussed.

4. The linear relationship between the spectrophotometric parameters of
solutions MG/DES-1 and BG/DES-1 subjected to thermochromic fatigue and number
of heating up-cooling down cycles is determined and possibility of its practical
application is discussed.
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KAPITEL 5/ CHAPTER 5.
POLYMER-BASED CRYOGELS: METHODS OF SYNTHESIS,
PROPERTIES AND FIELDS OF APPLICATION

KPHOT'EJIH HA OCHOBE I10JIHMEPOB: METO/IbI CHHTE3A, CBOHCTBA H
OBJIACTH IIPHMEHEHHUA
KPIOI'EJII HA IIOJIIMEPHIH OCHOBI: METO/JIH CUHTE3Y, BIACTHBOCTI TA
COEPU 34CTOCYBAHHA
DOI: 10.30888/978-3-9821783-6-3.2020-02-04-018

Introduction

The use of gelling agents to create dosage forms is a fairly common
technological approach. Such objects belong to materials for medico-biological use or
biomaterials, in many cases they function in direct interaction with living tissues and
cellular objects. Inclusion of bioactive substances in their composition allows to
secure a further controlled release of these substances due to the structure features
and morphology of the biomaterial. All this creates the preconditions for finding
opportunities to vary the structure of "containers™ for specific tasks.

Polymers, metals, inorganic materials based on carbon, minerals of various
origins, as well as compositions of components of similar or different (hybrid) nature
are used as biomaterials. It should be noted that in terms of range and application
possibilities, polymeric materials are significantly superior to other representatives.

Creating tools to help the sick and injured has always been and will be an urgent
task. From ancient times the people used textile materials to close the wounds,
supplementing them with healing substances. The dressing was not only to protect the
wound from contamination, but also, preferably, to reduce pain and alleviate
suffering.

5.1. Methods of forming polymer gels

Polymer hydrogels, which are covalently crosslinked networks, are commonly
referred to as "1st kind", "irreversible" or "chemical™ gels [1-4]. At high crosslinking
frequency, swelling occurs insignificantly, and in the swollen state differs little in
physical properties from the original polymer. At low crosslinking frequency, the
swelling reaches high values - in the equilibrium state, the concentration of polymer
in the system can be only a few tenths of a percent. Since the pioneering work of
Wichterle [5], a large number of different methods and approaches have been
developed to create polymer hydrogels.

The second type - gels formed from polymer solutions by forming a gel in a
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liquid medium [3]. Derivatives of thermodynamic potentials change abruptly in
pressure and temperature, while their first derivatives change gradually. Continuous
curves of enthalpy, entropy, and volume are characteristic of phase transitions of the
second kind. In such systems, the polymer networks are in equilibrium with the
aqueous environment, with a balance of elasticity of the crosslinks and the osmotic
pressure of the solution. Due to the capability to absorb and retain large volumes of
liquid hydrogels have been the subject of close study not only from the standpoint of
identifying patterns of behavior of swollen polymer systems, but also in terms of their
practical application in a number of areas. For example, as materials for contact
lenses, matrices for growing cells and tissues, systems with controlled release of
drugs [1,5-6,13].

As mentioned above, to prevent the dissolution of hydrophilic polymer chains in
aqueous media in hydrogels, intermolecular bonds must be present, which also form
the gel framework. The nature of such bonds may be different. The hydrogel
network can be fixed by the interweaving of molecules, hydrophobic interactions,
ionic or hydrogen bonds. In this case, gels are called "gels of the 2nd kind", "physical
gels"”, "reverse"” [1, 2, 4]. According to one hypothesis, the difference between gels of
the first and second type lies in the nature of the bonds that form the lattice sites:
chemical bonds - for crosslinked polymers and intermolecular, dispersion and dipole
ones - for other types of gels. Peculiarities of gelation of polymeric materials are
determined by the chosen method of production and synthesis conditions. It has been
found [8] that all the types of gelation occurring in the solvent environment, can also
be implemented in the cryogenic version with appropriate modes of freezing, keeping
in a frozen state and thawing of the respective source systems (see Table 1).

Thus, it can be a direct synthesis from aqueous solutions of polymers (single- or
multicomponent) by introducing a crosslinking agent, which provides generation and
further growth in different directions of the dispersed phase up to formation a spatial
crosslinked network. A significant contribution to the morphology of hydrogels is
due to the nature of the solvent used, is made by frozen polycrystals that act as pore
formers in the process of cryogelation.

In this case, the solvent, as a rule, water, which is initially a dispersive medium,
goes into a dispersion state, i.e. a phase inversion. Takes by place selecting the ratio
of components, the amount of crosslinking agent, one can adjust the elasticity of the
frame, which will further determine their capability to swell. This is also facilitated
by mild drying conditions in the production of hydrogels. Biologically active
substances and drugs can be intercalated in such systems. It should be noted that the
addition of nanostructured fillers allows to increase the specific surface area of
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cryogel composites and to expand their scope.

Table 1.
Generalized scheme of methods for forming polymer gels [3].
Non-cross-
linked
polymers Swelling
J Lvogels
Xerogels o
Gelation in a solvent
Gelation of Gelation of a GC”".lg of a polymer
Bulk poly- Branching poly- a polymer polyelectrolyte Solution upon 111; loss .
e Bulk cross- LS SR ST of thermodynamic Ageing of
merisation L merisation (poly- cross-linking cross-linking S ) ee
. linking of i " ) - ] SE quality of the solvent; a colloid
of mono- condenstion) agent system counter-ions . .
_ polymers S . 4 e i1 partial crystallisation sol
mers in solution in solution system in solution ‘
of the polymer
Freezing and thawing
Cryogels

In cryogelatinization, the solvent (water) is also a pore-forming agent during
crystallization, when the volume of the solution increases and the polymer chains are
displaced into the intercrystalline space in which the structuring process actually
takes place. In the course of such processes, macromolecules can give local regions
of an ordered state. In some cases, depending on the structure of solvent, temperature
and concentration of solutes in the formation of the gel, there may be a phase
distribution when one of the components is not involved in the creation of the
framework and reduces the pore space. This mechanism of structuring promotes the
formation of macropores along with the possible microporosity of the walls of the
polymer matrix, what creates a heteroporous morphology of the composite.

Porous polymer hydrogels are systems consisting of cells formed by polymer
chains that form the walls of these cells and together are the framework of the
material [7]. Carrying out cryogealing in hermetic cryobombs allows one to receive
an additional factor of regulation of the properties - the increased pressure.

5.2. Requirements for medical polymers

The creation of a composition for medical purposes should provide targeted
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delivery of the drug to the damaged area, control its release at the right time and in
the optimal amount required for treatment. The rate of release is determined by the
amount of drug in the matrix, what provides a concentration gradient at the interface
of the wound-bandage, by the degree and rate of hydration of the polymer
composition, by the kinetics of swelling and biodegradation of the biopolymer. This
rate can be targeted by varying the concentration of the drug or biopolymer in the
polymer matrix, by the introduction of crosslinking agents, etc. [14].

The influence of physiological conditions on the stability of covalent bonds is
that such bonds can be destroyed by enzymatic systems - depolymerized, mainly by
hydrolysis [6]. Of great interest in this case is the process of disintegration of the
system, or rather the presence of controlled parameters capable of regulating the
dynamics of biodegradation of the hydrogel. At the same time, the capability to
biodegrade is not the only factor that determines the suitability of a hydrogel for use
in biological fields. Equally important requirements are the biocompatibility of the
polymer hydrogel itself and the low toxicity of its degradation products, which must
either be metabolized to non-toxic compounds or excreted by renal filtration.

Therefore, polymer gels are used that are biocompatible. Their hydrophilic
surface is characterized by a low value of free surface energy when interacting with
biological fluids, what leads to low values of adhesion of proteins and cells on their
surface. In addition, the softness and elasticity of the gels minimizes mechanical
irritation of the surrounding tissues [1,6]. The nature of the products of
biodegradation of hydrogels can be optimized at the stage of development of the gel
material by selecting the composition of the polymer blocks that form the hydrogel.

5.3. Properties of polymer components of gels - polyvinyl alcohol and
chitosan

One of the most common hydrogels are gels based on polyvinyl alcohol. For the
first time, the capability of PVA solutions to form gels after freezing - thawing of
solutions was discovered by Inoue [4]. PVA is an excellent emulsifying, adhesive and
film-forming polymer with a small branching, its crystallinity reaches 45-70% [9].
The presence of hydroxyl groups in macromolecules gives high polarity of polyvinyl
alcohol and leads to significant intermolecular interactions. PVA gels are thermally
unstable and require additional fixing of the structure, often using toxic crosslinking
reagents or harsh irradiation. This greatly complicates and increases the cost of
technology for such porous systems and significantly limits the possible scope of
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their application [10].

Chitosan is a natural polymer derived from crustacean exoskeletons that has
excellent film-forming properties and is non-toxic. One of the characteristic features
of chitosan - a promising material of the XXI century, a biopolymer with a number of
valuable properties such as biocompatibility, biodegradation, physiological activity in
the absence of toxicity, availability of raw materials for its production, is a great
capability compared to other polymers to intermolecular interactions [11,12].
Chitosan is one of the natural polymers that has shown a high potential for use in
wound healing [13]. Its significant antibacterial properties apply to a wide range of
bacteria [11,13]. Chitosan is capable of forming polymer complexes (or as they are
otherwise called polymolecular or interpolyelectrolyte complexes, associates bound
by hydrogen bonds) with other biopolymers and polar synthetic polymers, or to
coordinate metals. Of particular interest for obtaining complexes based on chitosan
are proteins, source cellulose and water-soluble synthetic polymers (polyvinyl
alcohol) [14].

The creation of a PVA-chitosan system, from our point of view, is a promising
approach, as it should allow one to structure formation of polymer gels by adding
intermolecular bonds due to the presence of more amount of various functional
groups. The latter can also affect the adsorption capacity of the final xeroel. From the
above we can conclude that the development of new methods for the synthesis of
cryogels based on aqueous solutions of polyvinyl alcohol and chitosan of different
structure is very attractive.

5.4. Synthesis of cryogels at atmospheric and elevated pressure

Chemically crosslinked hydrogels can be obtained, for example, by radical
polymerization of low molecular weight monomers in the presence of bifunctional
crosslinking agents. Over the past decades, a huge number of various polymer
hydrogels have been obtained using this method [3]. The main advantage of this
method is that a number of characteristics of the hydrogels, including their capability
to swell, can be adjusted by varying the amount of crosslinking agent in the reaction
mixture.

The properties of hydrogel systems, of course, can also be changed by selecting
the appropriate monomer or the process conditions. For example, the use as a
monomer, or one of the comonomers, acrylic acid allows to obtain pH-sensitive and
N-isopropylacrylamide - thermosensitive hydrogels. Polymerization in frozen
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solutions, or in the presence of various pathogens allows to obtain porous systems.
Direct cryogelation can be carried out at atmospheric pressure, in open reactors, or at
elevated pressure in sealed thick-walled cryobombs, the pressure incide then being
determined by the filling degree of the working solution. The use of cryobombs is a
very promising method of regulating the porosity of hydro- and cryogel systems
during cryogelation processes.

The influence of high pressures on the processes of structuring in
cryoprocesses is described in the works of Gun’ko and co-authors [15-17]. However,
in these articles, the mechanisms of cryogelation under high pressure are described
mainly for cryogels of inorganic nature (nanooxides with various additives).
Therefore, a wide range is open for research of cryogel formation processes for
polymeric materials. In [15] it is indicated that the pressure in the system during
cryogel formation in cryobombs can reach values of 1000 atm. These values were
estimated from the literature [18]. Schematically, the cryogelling process can be
represented as follows (Fig. 1).

Solution Freezing  Cryogelation Thawing Cryogel
Fig. 1. Cryogelation scheme

At the first stage, the diluted monomer solutions are merged together with
stirring and a crosslinking agent is added to the homogeneous mixture. At the next
stage, the system is frozen - there is a process of cryostructuring. When freezing the
system, there is a formation of the large enough crystals of solvent (ice), around
them there is a concentration of polymers with the formation of an elastic framework.
It follows that the processes of structure formation are directly related to the
crystallization of the solvent and the capability of the polymer (or polymer
composition) to gel under conditions of cryoconcentration. Therefore, the search for
factors can be focused, for example, on the process of freezing - thawing at a certain
speed to obtain a given structure, as well as on the choice of reactor design to ensure
the temperature gradient desired. On the other hand, it is necessary to develop or
improve the method of obtaining polymer solutions with a concentration
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corresponding to a homogeneous gelation, as well as to determine the addition of
crosslinking agents that affect both the gel formation process and its elasticity or
skeletal stiffness.

The third stage is the thawing of the system under atmospheric conditions and
the subsequent drying of the cryogel either due to lyophilization drying or by a
laminar flow of dry air to a constant mass.

Conclusions

The prospects of obtaining cryogels for medical purposes by cryogelation at
atmospheric and elevated pressures are shown. Factors of regulation of porosity and
swelling are specified. A way is proposed to increase the functionality of these
objects by introducing nanostructured fillers into the system.
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KAPITEL 6 / CHAPTER 6.
ENVIRONMENTAL ASPECTS OF THE IMPLEMENTATION OF THE
NATIONAL PROJECT "HOUSING AND URBAN ENVIRONMENT"

IKOJIOTHYECKHE ACIIEKTBI PEA/TU3ALIUH HAITHUOHAJIBHOI O IIPOEKTA
«KUJIBE U I'OPO/ICKAA CPE/IA»

EKOJIOI'T9HI ACIIEKTH PEAJI3ZAIIII HAIIIOHAJIBHOI' O IIPOEKTY «KHTJIO I
MICBKE CEPE/IOBHIIE»

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-024

BBenenne

DKOHOMHUKA CEroJiHs MPUOOpeTaeT HOBOE 3HAYEHHE — TEMEpb 3TO HE MPOCTO
XO35MCTBEHHAsI JEATENBHOCTh OOIIECTBA, @ WHCTUTYT, YYWUTHIBAIOIIMA HOBEHIINE
TEHJICHIIMU YCTOMYMBOrO Pa3BUTHsI, HKOJOTMM U COLUAIBHOTO Ojaromonyuus. B
ATOM CMBICJIE HOBEHIINE NIPOrPaMMbl PEHOBALIUM U IIEPECEIICHUS JIFOAEH U3 BETXOTO
U aBapuUUHOTO >KWUJIbs, O€3yCIOBHO, SBJISIOTCA JIOTUYHBIM IIarOM B Pa3BUTHU
oOmectBa. Ho, K coxxalleHHIO, OHM HE BCErJa MOJIHOCTHIO OTBEYAIOT TPEOOBAHUSIM
3€JIEHBIX CTaHJApPTOB, IPUHATHIX KAaK B HalllEH CTPaHe, TaK U BO BCEM MUpE.

OCHOBHBIE TIOKA3aTeNd, OKA3bIBAIOIIME BIIMSHUE HA DKOHOMHUKY CETOJHS:
YMEHBILIEHUE YTIEPOAHOIO Ccliefja IpH TPOU3BOACTBE U peECypcocOepeKeHHe.
VYBenuueHus: AaHHBIX MOKa3aTeled MOKHO JOOUTHCA IMOBCEMECTHBIM Pa3BUTHEM
HOBEMIIMX 3HEProd(PPEeKTUBHBIX TEXHOJOTUN IJISI M3TOTOBJIEHUS CTPOUTEIBHBIX
MaTepuaioB, a TakKe NpPU IMOMOIIM pa3pabOTKH TEXHOJIOTUH, MO3BOJISIIOIIUX
IpeBpaIIaTh OTXOBI CHOCA BO gmopuunvle cmpoumenvhvie pecypcul (BCP), 3ambikast
TEM CaMbIM LMKJ OOpAaIlleHUs CTPOUTEIbHBIX MAaTE€pPUANOB W COXpaHss MPUPOIHBIC
pecypchl.

B 2018 romy MuHHCTEPCTBO CTPOUTENBCTBA W KUIUIIHO-KOMMYHAJIBHOTO
xo3gicrBa PO mpuctynmwio K peanu3alvy HAOUMOHAIBHOTO MpoekTa «Kunpe u
ropojickasi cpefa», OJHOM U3 LeJed KOTOporo 0003HAa4eHO obecrnedyeHue
YCTOMYMBOIO COKpALIECHUS] HEMPUTOJHOTO JUIsl MPOYKUBAHUS JKUIUIIHOTO QoHaa. B
nepuoa ¢ 2020 mo 2024 rr. mnaHupyercss cHECTH 9,54 MIIH KB. M. BETXOTO >KHUJIbSI.
OpHako, B X0/l CHOCAa (PU3MYECKHM U MOPAIbHO YCTAPEBLIETO >KUIUIIHOTO (HoHAA
JOJKHBIM 00pa30M HE YUUTHIBAETCA (PAKTOP IKOJIOTMUYECKOTO BO3JAEHCTBUS OTXOJOB
ctpouTtenbcTBa U cHoca (OCC) Ha OKPYXKaIOIIYIO CPey.

JIns OCYIIECTBIIEHHSI CHOCA B MAaKCHUMAaJbHO C)KATbI€ CPOKH, 3aCTPOMIIHMKAMH
IIPUMEHSIOTCS TEXHOJOTMM MEXAaHM3MPOBAHHOIO CHOca. B paMkax mHpuMeHeHus
JAHHOM TEXHOJIOTMM T€HEPUPYETCs P OTPULATENBHBIX IKOJIOTHYECKUX (AKTOPOB
(Tabm. 1).

[Ipu cHoce wucHONB3yeTCs TsXKEIash CTPOUTEIbHAs TEXHUKA (IKCKaBaTOpHI,
MOTPY34YUKH), UTO B CBOIO OUEPEb HE MPEIIOIAraeT CENapupOBaHMsI OTXO0B CHOCA.
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Taoauna 1
Buabl 3x0/10rn4ecKkoil HArPy3Ku OT NPUMEHEHUS TEXHOJIOTMU MAIIMHHOT O
cHoca (cJaoMa).

No TexHonornyeckui npouece Bupg narpysku
IIpuMeHeHne TsKEI0U CTPOUTEIIBLHON BrIOpOCHI TapHUKOBBIX Ta30B; 3arpsA3HEHUE
TEXHUKHU C OIBUTATEIISIMUA HE orxongamu ['CM.
OTBEYAIOLIMMU 3KOJOTHYECKUM
TpeOOBAHUSIM
2 | OrcyrcTBre MeponpusTHii 1o ramennto | CoznaHue onacHbIX YCJIOBUH Tpyaa (acbecTtos);
MIPOU3BOJICTBEHHON MBLUTU U npsimoe 1rymoBoe 3arpsasHenue OC.

YMEHBIIEHUIO IIIYMOBOTO 3arpsI3HEHUS
OKpYXKaroIIen cpeibl

3 | BpemeHnHOE XpaHEHHE OTXO0B CHOCA 3arpsi3HEHUE TPYHTOBBIX BOJI; BETPOBOM MEPEHOC
Ha CTPOUTEIBHBIX IIOIIAIKaX JIETKUX YaCTHII 32 TEPPUTOPHIO YIacTKa CHOCA.
MOJIBEP)KCHHBIX aTMOC(EPHBIM
BO3JIEHUCTBUSIM

4 | IIpeBbllieHUE HOPMATUBHBIX HArpy30Kk | HeoOX0auMOCTh BHEIIJIAaHOBOTO PEMOHTA
Ha JOPO’KHOE MOJIOTHO JIOPOKHOTO TOJIOTHA

Kpome Toro, 3KoJI0ru4eckyro Harpy3ky HECYT BbIOPOCHI, KOTOPbIE COAEpPKAT LIEIIbIi
CIIEKTp 3arpsi3HSIONIMX BEIIECTB U MapHUKOBEIN a3 (CO2). He npuHMMaroTCcss Mephl
[0 TAlI€HUIO MPOU3BOJICTBEHHON MbUIM M YMEHBIICHHUIO LIYMOBOIO 3arps3HEHUS
OKpyxarouien cpeasl. Jlanee nepeBo3ka HECOPTUPOBAHHOM MACChI OTXOJOB CHOCA B
OTKPBITBIX Ky30BaxX CaMOCBAaJIOB, TaKXK€ OTPHUIATEIBHO BJIMSET HA 3KOJOTHYECKOE
COCTOSIHUE TOPOJICKMX TEPPUTOpUM, MO MYyTU CIEeI0BaHuA. BBHIY cOKpaleHus
JOTUCTUYECKUX PACXOJOB BBIBO3 CTPOUTEIBHOTO MycOpa C TEPPUTOPUU Y4acTKa
OCYILIECTBIISIETCS KPYMHOTOHHQXXHBIMA CaMOCBaJIaMH, TE€M CaMbiM TPUBOJAS B
HETOJHOCTh TMOABE3JHbIE IYTH, 3a NPEeAeiIaMd CTPOUTEIbHBIX IUIONIAJ0K.
CrpoutenbHble OTXOAbl Pa3HBIX KJIACCOB, B HE pa3eiieHHOM BHUJE (HABajoM),
XpaHsATCS 0e3 COONIOASHUS MEp TI0 UX 00E3BPEKMBAHUIO. Y BEIIMYMBAIOTCS TUIOIIA N
MO/ 3aXOpPOHEHHE OTXO0J0B. BMecte ¢ TeM B pe3ylbTrare NPUMEHEHHS TaKOU
TEXHOJIOTUM JIEMOHTa)ka MOTYT oOpa3oBaTbcsi OTXOAbl | Kiacca omacHOCTH -
«AcbectoBas nbulb U BoOKHO» (Koxg ®KKO 3 48 511 02 42 1), koTOphle MOTYT
HAHECTU CEPBE3HBIM BpEl OKPYKAIOIIEW Cpele W 3J0pOBbIO HaceieHus. Bce 3tu
(dbakTOpbl MPOTUBOPEUAT MPUHIIUIIAM YCTONYUBOTO PA3BUTHS.

Onnako npu OpKaiieM pacCMOTPEHUH 0011Iasi Macca CTPOUTEIILHOTO Mycopa,
npu  COOJIIOJCHUU TEXHOJIOTUU OEpeKHOM pa300pKH, MPENCTaBIsSeT U3 cels
BHYIIIUTEIBHBIA TIEPEUCHb BTOPHYHBIX pecypcoB. Pa3HooOpasme OTXOJOB,
00pa3yroIMXxCcs MpU JEMOHTAXE U CHOCE BETXOI0 KWJIbs (TabJI. 2).

[TomaBnstomiee  OOJBITUHCTBO — MPEACTABICHHBIX BUIOB OTXOJOB  MOTYT
paccMaTpuBaTbCA Kak BTOpUYHBIE MaTepualibHble pecypcbl (BMP), texnonoruu
nepepaboTKU KOTOPHIX, YCIIEITHO TPUMEHSIOTCS.
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Tadoauna 2
Kanaccudukanus ocHoBHbIX BU10B BCP, 00pa3yeMbIx B pe3yJibTaTe 1€eMOHTAKA
BETXOI0 JKHJIb.

Bun orxonoB CocraBnsomuye 0TX0/10B
Merauinueckue KpoBenbHbIN METAILT; JIOM YEPHBIX METAJLIOB.
MuHepanbHbie OTtxop1 6€TOHA; KepaM3uT; acoomudep; creks1o00i; 00i Kupnuya;
pacTBop oTpabOTaHHBIN; KepaMHUeCcKas TUTMTKA; CaH(asHC.
Opranuueckue OTXO0/bI APEBECUHBI;, OPTraJIUT, MaKyJaTypa.
[TonmumepHbIe OTX0/BI IMHOJIEYMA; OTXOJIBI PYOSpOHIa.
Cwmenianubie 3aMyCOpEeHHBIH IPYHT; IIUIAKH, 30J1a; OTXOJIbl JJAKOKPACOYHBIE.

Ha tepputopun EBpomeiickoro coro3a 3aKOHOIATEIBLHO TPHHSITHI HOBBHIE
npaBuia MO OOpalIeHUI0 C OTXOJaMHU CTPOUTENhCTBA W cHoca. B HuxX ocoboe
BHUMAaHUE yAensaeTcs LUpKylaspHOW skoHOMHKe: B 2020 romy He menee 70 %
OTXOJIOB, TIOJIy4a€MbIX B MPOIECCE CTPOUTEIHCTBA M CHOCA 3/IaHUMN, JOJHKHO OBITH
nepepaboTaHO UK UCIIOJIb30BAaHO BTOPUYHO [3].

[To manHBIM OTYeTa ATEHTCTBA IO OXpaHe okpyskaromen cpeabl CIIA (United
States Environmental Protection Agency) B 2017 ronmy B Coemunennsix IllTaTax
Amepuku 0bI0 00pa3oBaHO 569 MUJIMOHOB TOHH OTXOJIOB CTPOMTENIBCTBA M CHOCA
(OCC), uro Oosee yeM B JBa pa3za NPEBHINIAET KOJIWYECTBO TBEPABIX OBITOBBIX
0TX0710B. OTX0/1bI CHOCA cocTaBiisItOT 6osiee 90 % ot ob1ero oobeMa 0Opa30BaHHOTO
MyCOpa, B TO BpeMs Kak OTXOJbl ctpoutenbctBa — MeHee 10 %. C uenpro nepexona
CTPOUTEIBLHOTO CEKTOpa K TMPHUHIUIIAM YCTOMYHMBOTO pa3BUTHS ObUTa CoO37aHa
Accornpanus TOBTOPHOTO HKCIOJB30BaHHMs CTPOMTEIbHBIX MarepuaioB (Building
Materials Reuse Assotiation - BMRA).

B Poccuiickoit @enepanun corsiacHo 'OCT 30772, 'OCT P 54098 u 'OCT P
57678 oTxoabl CHOCA, MOMJICKAIIME YTUIU3ALNN U UCIIOIb30BAHUIO, MPEACTABIISIOT
co00l BTOPUYHBIE MaTepUaIbHBIE PECYPCHI, IS KOTOPBIX CYIIECTBYET BO3ZMOXKHOCTh
MMOBTOPHOTO HCIIOJb30BAaHUS HEMOCPEJACTBEHHO WM TIOCIC JTOTOJHUTEIHLHOM
00pabOTKH JUIsl TIOJIYYCHHS! ChIpbS WU u3Aenuid. HeoOXoauMOCTh yTHIHM3aAIluU
CTPOUTEIBHBIX OTXOMIOB MpemycMoTpeHa CTpaTerueil pasBUTHS MPOMBIIIICHHOCTH
no oOpaboTKe, YTWIM3AIMKM W OOE3BPEKUBAHUIO OTXOJOB IPOU3BOJCTBA H
notpednenuss Ha mnepuon a0 2030 roma, YTBEPKIEHHOH pacnopsKeHHEM
IIpaButenncTBa Poccuiickoit @eaeparnuu ot 25.01.2018 Ne 84-p.

PanmonanpHas opraHu3amnus yTHIM3AIMK OTXOJO0B CTPOMTEIBCTBA M CHOCA, B
MEPBYIO OUepeib TODKHA 0a3UPOBATHCS HA 0OBEKTUBHOM pacueTe uX 00BHEMOB.
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6.1. PacuéT o0 beMa 00pa3oBaHusi 0TX00B

Jlns ompeneneHus 0oOBEMOB OOpa3yIOMIMXCS OTXOAOB CHOCA, TPEOYIOLINX
YTUJIW3allUd WU BTOPHUYHOTO UCIONB30BaHUS, 3a pACUYETHYIO MOJENIb TMPUMEM
IBYXATaXKHBII JepeBSIHHBIA OpycuaThlii BOCBMHUKBAPTHUPHBI TOM IO THUIIOBOMY
npoekty Ne 1-244-1 (puc.1).
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Puc. 1. Ilnan a1ByX3Ta:KHOTO IePEeBAHHOT0 OpyCc4aToro

BOCHBMHKBAPTHPHOIO IOMa M0 THNIOBOMY IpoeKkTy Ne 1-244-1 [11].

CornacHo «[IpaBui U METOMKH T0JIcYeTa 00BEMOB CTPOUTEIIBHBIX paboT» [2],
Mpou3BeIeHbl 00BEMHBIE PACUETHI 110 KOHCTPYKTUBHBIM JIEMEHTaM 37aHUs: TPOEMBI
B HAPYXHBIX CTEHAX; MPOEMbl BO BHYTPEHHUX CTEHAX M MEPEropoJKax; CTCHBI,
byHIaMEeHTBI; 3€MIISTHbIE pa0OThl; MEPErOPOJIKH; TOJIbI; TEPEKPBITUS;, KPBIIIA;
JIECTHUIIBI, OAJKOHBI, KO3BIPbKM M KpPBUIbLIA; BHYTPEHHSS OTIEIKA; HapyKHas
OTIIeNKa; Mpoyune (pa3Hbie) padoTHI.

Ha ocHoBaHuu TeopeTnyeckoro noAcuéra 0obEmMa KOHCTPYKIIUM, MpeICTaBICHBI
CBEACHUSI O KOJMYECTBE OTXOJOB IMPUTOJIHBIX JJIsi BTOPUYHOIO MCIIOJIb30BAHUS U
nepepabotku, T.€. BCP. IIpuBeneHs! mokasareny MIOTHOCTA U MacChl KOHCTPYKITUH,
KOTOpbIE MOKHO BEPHYTh B XO3SIMCTBEHHBI 000pPOT. VYCIOBHO, W3BATHIC
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KOHCTPYKTHBHBIC J3JICMCHTBI MOI'YT OBITH IMPUMCHCHBI 10 Ha3HAYCHHWIO BTOPHUYHO.

BBuny ¢usmdeckoro m MOpampHOTO M3HOCA COOPYXKEHHUS B LEJIOM, MOAXOA K HMX

KJ'IaCCI/I(bI/IKaHI/II/I OCYHCCTBICTCA C IO3UIHNH OTXOO0B CHOCA. OTXOI[I)I Pa3aACIICHEI 110

KJ1accaM omacHocTH (Tadu.3).

Taoauna 2

OpHeHTl/IpOBO‘lHBIe HAHHbIC o0beMa 06p330BaHI/Iﬂ CTPOUTECJIBHBLIX 0TX0A0B.

CooTHoO1IEHHE 0TX010B 10 BHaM NepepadoTKH.

n/n HanmeHoBaHMe oTxoaa Knacc MnoTHOCTb Macca BCP Peuukn. MonuroH
onacHocTu maTepuana
no ®KKO
p T T (%) T (%) T (%)
| Knacc onacHoct no PKKO

1 AcbecToBas nbiib U p=0,4 H/A, - - -
BOJIOKHO (100%)

Wmoeo | knacc onacHocmu - - -
(100%)
IV knacc onacHoctn no ®KKO

2 OTxoabl acbecra B \Y) p=1,8 4,7 - 4,7 -
Kyckosoi ¢popme* (100%)

3 [peBecHble oTxoabl OT v p=0,6 130,1 71,5 56 2,6
cHoca 1 pasbopku (55%) (43%) (2%)
3paHun **

4 OTxoAbl WITYKATYpPKMK, \Y, p=1,8 107,5 - 53,75 53,75
3aTBepaeBLUei (50%) (50%)
MasioonacHble

5 Cmecb He3arpAsHEeHHbIX \% p=1,4 2 - 2 -
CTPOUTENbHbIX (100%)

MaTepranos Ha OCHOBE
nosMMepos,
copepKallan
nonneuHUAXnopug, **

6 OTXoAbl IMHONEYMA \% p=1,8 0,2 - 0,2 -
He3arpasHeHHble (100%)

7 OTxopbl pybeponsa \Y) p=0,6 0,2 - - 0,2

(100%)
Umoeo IV knacc onacHocmu 244,5 moHH 71,5 116,65 56,35
(29%) (48%) (23%)

V Knacc onacHoctu no ®PKKO

8 Jlom KMpNKUYHOI KNagKu Vv p=1,9 36,1 10,83 25,27 -
OT CHOCa M pa3bopKu (30%) (70%)
ELERT

9 KepamsuT, yTpaTmuBLwmnii \% p=0,6 27,9 13,95 13,95 -
notpebutenbckue (50%) (50%)

CBOICTBa,
He3arpasHeHHbln **
10 boli cTekna Vv p=2,2 1,3 - 1,3 -
(100%)

11 Jlom 1 oTxoapbl, Vv p=0,8 2,2 2 0,2 -
cogepalme (90%) (10%)
He3arpasHeHHble
YyepHble MeTannbl B BUAE
M34e/ni, KYCKOB,

HeCopTUPOBaHHble **

12 Jlom 1 oTxoAapb!, \% p=0,8 2 - 2,0 -
cogepaume (100%)
He3arpsasHeHHble
YyepHble MeTannbl B BUAE
M34e/ni, KYCKOB,

HECOPTUPOBAHHbIE
(oTx0mp!
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TOHKO/IMCTOBOIO
KpoBenbHoro metanna) *
13 Boi KepamuKkm \Y, p=1,8 0,7 - 0,7 -
(100%)
14 OTxoabl bymaru un \% p=0,16 0,1 - 0,1 -
KapTOHa C NPONUTKOM 1 (100%)
NnoKpbITUAMK (060M)
Mmoeo V Knacc onacHocmu 70,3 moHH 26,78 43,52 0
(38%) (62%) (0%)
O6bwuli o6vem omxo008 cHoca 312,24 moHH 98,24 160,1 53,9
(31%) (51%) (18%)

* - Mamepuanvl 63aumouckmouaiowue opye opyea. [lpumep: Ilokpvimue Kpoenu u3 acbecmoyemenmuo2o
60IHOB020 WUGhepa, UCKTIOYAem 06pa306aHUe OMX0008 KPOBEIbHO20 MOHKOIUCHO8020 MEMAILIA.

** - Mamepuanvl, npumeHsiemvle COBMECMHO. B nexomopuix nomewjenusix, coOCmeeHHUKU MO2TU NPOU3EeCmu
3aMeHy KOHCIMPYKMUBHBIX 3JIeMEeHMO8, YUMo 6 C80I0 0Yepedsb GNUsIeN HA ONPeQeieHIe MOYHO20 KOIUYeCm8d OmMX0008.
Ipumep: B nekomopwix nomeujenusix 0epessinible OKOHHble nepeniiemvl 3amenenvl na okna us I[1BX npoguns,
COOMBEMCMBEHHO PA30eisisl KOIUUeCmE0 Omxo008 0m 0AHHO20 8UOA KOHCIPYKMUGHBIX J1eMEHMO8 1O
COOMBEemcmayIouumM 8UOAM OMX0008.

B pesynbpraTe coOIIO/IEHUS TEXHOJIOTHH OEpe)HOM pa30OpKU MBI COKpallaem
KaTErOpUI0 «OTXOJbD», T.€. BEIIECTBA U MPEAMETHI HE MOJIBEPKEHHBIC PEIUKIUHTY,
co 100% mo 18%. Ocranbuble 82% pa3nenensl Ha 1Be kareropuu: «BCPy» -
BTOPUYHBIN CTPOUTENBHBIA pEcypc, HCIOJIb30BaHWE KOTOPOrO BO3MOXKHO TIOCIE
NPUMEHUSI K HEMY MUHUMAJIbHO BO3MOXKHOTO Ha0Opa TEXHOJOTUYECKUX OMNeparuii u
CPEACTB, B MPOIECCE MPUBEACHUS €0 B KOHAUIIMOHHOE COCTOSIHUE, C TOUKU 3PECHHUS
CTPOUTEIHLHOTO MaTepuana; «PerUKIuHr» - MaTepuaibHbIi pecypc caM 1o cede He
SIBJISTFOILIMICS. IPUTOHBIM JIJIs IPUMEHEHUSI B HOBOM CTPOUTENICTBE, HO TIPUTOIHBIN
JUTsl TITyOOKOW TepepaboTKH C IENbI0 MOMYYEHUS KAa4YeCTBEHHO HOBOTO, MHOTO TIO
CBOMCTBaM CTPOMUTEILHOIO MaTepuaa.

6.2. XapakTepucTHKa 00pa3ylolIUXCcs 0TXO0/I0B, a TAK:Ke 0CTYIHbIE
TEXHOJIOTMH M METOIAMKH NepepadoTKu

AcbGecToBasi IbUIb U BOJIOKHO.

BOonpIIMHCTBO  aBapUMHBIX JIOMOB HMMEIOT KpPOBEJIBHOE IIOKPBITHE U3
acOECTOLIEMEHTHBIX BOJIHUCTHIX JIUCTOB (mmdep). B Tom ciyyae, korna cHOC 3/1aHus,
COOTBETCTBEHHO U IOKPBITHS KPOBJIM IPOU3BOAUTCS C NMPUMEHEHUEM SKCKaBaTtopa
MPOUCXOAUT OOMJILHOE BbIENIEHHE acOeCTOBOM MbUIM M BOJOKHA, HAHOCSIINX BpE.
3JI0POBBIO JIFOJIEH, HEMOCPEACTBEHHO YYaCTBYIOLIUX B CHOCE, a TAK)K€ HaXOIALIUXCS
Ha MPUJIETAIOLIEH TEPPUTOPHUU.

VYcpenneHHbIX (TaOJMYHBIX) 3HAYEHUN KOHILIEHTpAallMM BOJIOKOH acOecTa Npu
JEMOHTaXe COOPYKEHUU He cyliecTByeT. [loaTomy, st TOUHOro pacuyéra corjaacHO
MVYK 4.1.666-97 «Metoauueckue ykazaHus 10 U3MEPEHHUIO0 KOHIEHTPALNI BOJOKOH
acOecTa B aTMOC(EPHOM BO3AYXE HACEIEHHBIX MECT», B KaXkJOM KOHKPETHOM Cllydae

HCO6XOI[I/IMO IMPOU3BOAUTL KOHTPOJBHBIC H3MCPCHUA. B CIydac TMPHUMCHCHUSA
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TEXHOJIOTUU TMODJIEMEHTHON pa300pKU COOPYKEHUMU, yJaacTcs u30exaTh BbIIEICHUS
MBUTHA, TEM CaMbIM JTAHHBIN BUJl OTXOJ0B 00pa3oBaH HE OyeT.

OTtxo/b1 acOecTa B KyCKOBOM (hopme.

Cormacao MY "C6op, TpaHCTIOPTUPOBAHUE, 3aXOPOHEHHUE aCOECTOCOACPIKAIITUX
0TX0/0B" OTXOJbl acOoneMeHTa (TpyObl, My(Thl, JUCThl BOJHHUCTBbIE U IUIOCKHE,
CTPYXkKa, KYyCKOBble OTXOAbl M ©00H) oTHociaTcss kK IV Kiaccy omacHOCTH
(mamoomnacubie) [18].

Jlns peiuieHust Bompoca YTWIM3AlMM Takux oTxoAoB Ha mnosuroH TKO,
HeoOxonumo ydecth TpeboBanust CII 2.1.7.1038-01 "I'uruenunyeckue TpeOoBaHUS K
YCTPOUCTBY M COACPIKAHUIO TTOJIMTOHOB ISl TBEPBIX OBITOBBIX OTXOJOB", 8 UMEHHO
- BOIIPOC O KOJIMYECTBE YKA3aHHBIX OTXOJOB, MPUHUMAEMbBIX HA TMOJMUIOH TBEPJbIX
OBITOBBIX OTXOJIOB, peIIaeTcs OpraHu3alued, HKCIUTYyaTHUPYIONEH MOJUTOH, IO
cornacoBaHuio ¢ tepputopuanbHbiM [II'COH u yTBepxkmaeTcss B yCTaHOBJICHHOM
nopsiake. CaHUTapHO-3TUIEMUOIOTMYECKOE 3aKIIIOUEHUE O COBMECTHOM XPAaHEHUU H
3aXOpPOHEHUU TMPOMBIIIICHHBIX O0TX0A0B M ThO BblaeTcs TeppUTOpUATIHLHBIM
HI'COH Ha ocHOBe aHaIM30B JabOpaTOpUid, aKKpPEAUTOBAHHBIX (ATTECTOBAaHHBLIX) B
ycTaHOBJICHHOM mopsike [19].

BBuay 0coO€HHO# CIOKHOCTH JIETaIbHOTO crnoco0a yTHIM3aluu OTXOJ0B, a
TaK)K€ MCXOJI U3 MPUHIUIOB PEIUKIMHIA MaTepUaiOB, KaKk B Halllel CTpaHe, TaK U
3a pyOexoMm pa3pabOTaHbl TEXHOJOTMM TI0 TMepepadOTKe ¢ YTUJIU3alUU
acoectorieMeHTHBIX OCC mpu MPOU3BOJCTBE CTPOUTEILHBIX MaTepuaioB [20; 21].

JlpeBecHbIe OTXO/IbI OT CHOCA U Pa300pKU 30aHUM.

Bce xoHCTpyKIMM, HAXOASIIMECS 0/ BO3AeCTBHEM aTMOC(HEpHBIX (HaKTOPOB,
a TaKKe MPH OKCIUTyaTallid B YCJIOBHUAX UYPE3MEPHOW BIAKHOCTH TOABEPIKEHBI
THUEHUIO W pa3pylieHuto. Takux JEpeBSIHHBIX JIEMEHTOB, MPUILIEIIINX B MOJHYIO
(¢u3NYEeCKyr0  HErOAHOCTh, OTHOCHUTENBHO  BCero 00BEMA  KOHCTPYKIUH,
HacuuThiBacTcss okosio 43% (oOmuBka (acama; BeHIBI Opyca M TEPEKPHITHS Ha
ypoBHe 0,000 0OTMETKH; CTPONUIIbHAS CUCTEMA B MECTAX MIPOTEUYEK KPBIIIH).

YacTh HeCymMX KOHCTPYKIIMH W MarTepuajoB OTIEIKW, HAXOIATCA B
HOpMaJbHOM (DU3MYECKOM COCTOSSHUM, HO U3HOIICHBl MOpPaJbHO WU HE
COOTBETCTBYIOT ra0apUTHBIM pa3Mepam JIJisi TPUMEHEHUSI B KAUECTBE MOJHOIEHHBIX
CTpOUTENbHBIX MaTepuanoB. C 3KOJOT0-3KOHOMHYECKOH, MPUPOJOOXPAHHOU U
MIPOU3BOICTBEHHOM TOYEK 3pEHHUS, UX HEOOXOIMMO pacCMaTPUBATh B KAYECTBE CHIPhSI
JUTSI ©3TOTOBJICHUS TOTOBOM TOBapHOM MPOMYKIIMH, TIO pa3pab0TaHHBIM TEXHOJOTHUSIM
PalMOHAJIBHOTO MCIIOJIb30BAHUS OTXOI0B ACPEBOOOPAOOTKH.

OTXO/BI ITYKAaTypKH, 3aTBEPACBIICH MaoOTacHbIC.

Crennl BHYTpU TIIOABC3/I0OB M KBAPTHUP OTACIAHBI HEMCHTHO-U3BCCTKOBBIM
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pacTBOpOM MO  JAepeBsSiHHOW  napanHu. JleMOHTax, TpeAcTaBisSeT  CcOoOOM
TEXHOJIOTUYECKU TIPOCTOM, HO KpailHe pecypco3arpartHbiii mporecc. (OHako,
pPEe3yJbTaTOM BBINIOJIHEHUS TAHHOW ONEpanyu CTaHEeT BblaelieHue eme ogqHoro BCP —
CyXOH IEMEHTHO-TIECYaHON CMECH.

JlaHHBII pecypc pa3/elieH NOPOBHY Ha JBa Pa3/ieiia, T.K. OJHOCTHIO MOIBEPKEH
PELMKIIAHTY:

eBo-niepBbIX, KAUECTBE MHEPTHOTO MaTEpHaia MPU JATBHEUIIINX CTPOUTEIBHBIX
paboTax Ha TeppUTOpUU OO0BEKTa cHoca. OOecreurB BBITIOJIHEHHE TPEOOBAHHM K
BPEMEHHOMY CKJIaIUPOBAHMIO, 3TO IO3BOJIMUT UCKIIOYUTD JIOTUCTUYECKOE IIJIEY0, TEM
CaMbIM YMEHBIIIUTbH YTIIEPOIHBIN ClIe]l TPU YBETUYECHUU YIKOHOMHYECKOTO 3 deKTa.

¢BO-BTOpBIX, Ui NPOMENKYTOUHOM H3OJSALUHMMU YIUIOTHEHHBIX CJIOEB TBEPIBIX
OBITOBBIX OTXOZOB Ha CYHIECTBYIOIIMX moiuroHax, cormacuo CIT 2.1.7.1038-01
«'uruennyeckre TpeOOBaHUS K YCTPOUCTBY M COJICPIKAHUIO TTOJIMTOHOB JIJIs1 TBEPIBIX
OBITOBBIX OTX0/10B» [23].

Cmech He3arpsA3HEHHBIX CTPOMUTENBHBIX MAaTEpPHUAJIOB HA OCHOBE IOJIMMEPOB,

coepKalas OJIMBUHUIXJIOPU/IL.

OTx0nBI TMHOJIEYMA HE3arPSA3HEHHBIE.

ITyHKTBI 5 1 6 paccMaTpUBAOTCA COBMECTHO, T.K. IEPBUYHBIN PECYPC BBIMOJIHEH
Ha enuHou ocHoBe mosmBuHUIXJIOpuaa (IIBX). CoOupaTh u OTAEHATH OTXOJbBI U3
[IBX, Oonbmoil ciaoxkHOCTH He mpencrabisger. OCHOBHYIO MacCy H3JEIHi
COCTaBJISIIOT OKOHHbIE pambl u3 [IBX-npodwuisa; I[IBX-nmuHoneyM; miiacTHKOBBIE
3JIEMEHTHI BHYTPEHHEN OTAEIKU ITOMEIICHUN.

Oco0oe BHMMaHHME CTOMUT YIEIUTh BPEMEHHOMY XpaHEHWUIO, T.K. HEKOTOpPbIE
Buapl [IBX oOTXOHMOB HWMEs HHU3KYK0O MacCy, MOTYT Pa3HOCHTbCS BETPOM IO
TEPPUTOPHUH CTPOUTEIBHOM IUIOIIANKY U 3a €€ IPEAEbl, CO34aBasi JONOJIHUTENbHYIO
JKOJIOTUYECKYIO HArPy3KYy.

bepexxno nemonTupoBaHHble OKHa W3 [IBX-mpodwuis, TOMKHBI BBIAETATHCS B
ornensHbli Bua BCP Ha oObekre cHoca. OHM MOTryT OBITh peEaTM30BaHBI
OpraHMU3aLNEN, POU3BOASAIIEN JEMOHTAXK, KAK TOTOBOE MU3JICIIHE.

B MupoBo#l mpakTHke Ha MNPEANPUATHUAX I0 MPOU3BOACTBY OKOH n3 [IBX
npoduss €cTh TEXHOJOTUYECKHE JIMHUU M0 MepepadOTKe IJIACTUKOBBIX paM, YTO
0€3yCIIOBHO TOXE€ SIBISCTCS OJHUM W3 TPHUHIIUIOB 3€JC€HOM OSKOHOMUKH.
[Ipennpusarus ¥ TEXHOJOTUU MO TepepaboTKe IJIacCTUKa IIUPOKO PacpOCTPAHCHBI
[25; 26].

Otxoabl pyOepousa.

Ha nHekotopbie cOOpyXeHUs B LENSX THAPOU3OISLHUN CMOHTHPOBAHBI JIUCTHI
pyoepouna. JlemMoHTak JaHHOrO BHAAa MaTepHAJIOB He TpedyeT OOJIBIINX
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MaTepualbHbIX U TPYA03aTpar.

B nannblii MOMeHT Ha TeppuTopun XaOapoBCKOTO Kpas YCTAaHOBOK IO
pEKyIepali KPOBEJIbHBIX OTXOJOB HE CYIIECTBYET, MO3TOMY 3TOT BHUJ OTXOIOB
oTIpaBisieTcs Ha MOJUroHbl. OJHAKO, TEXHOJOTHU MEpepaboTKU PyOEpOUITHOTO
MOKPBITUSA, a TAKKE APYTUX BUIOB OMTYMHBIX OTXOJOB BO BTOPUYHBIN pecypc, AJis
CO3/IaHUsI OUTYMOB, KOJIOTHIECKH 0OOCHOBAHBI, 3amaTeHToBaHkI [31; 32].

JloM KUpPIIMYHOM KJIAJIKU OT CHOCA M pa300pKH 3/TaHUM.

KuprnnuHas kjagka B JaHHOM CIlIydae MCIOJIb30BaHA IIPH COOPYKEHUH MEYHBIX
TpyO u pyHIaMeHTOB 34aHUil. MeTobl JEMOHTa)Ka MOJIPOOHO OMUCAHBI B MTpaBUiIax
MPOU3BOJICTBA pa0OT MPH IEMOHTaXKE U yTriu3aun [8].

Kupnuu crout paccmarpuBath B kKadecTBe nojaHoneHHoro BCP, koTopslil ipu
YCIIOBHM JEIMKATHOM pa300pKH COOPYKEHHUS U HE3HAYUTEIBbHOM OYHUCTKH MOMXKHO
BTOPUYHO MCIOJIb30BaTh IIPH COOPYKEHUU NEPETOPOJOK M MOJY-IEPErOPOAOK,
HEOTBETCTBEHHBIX 3JIEMEHTOB OJIarOyCTPOMCTBA WJIM Kak OyTOBBIM KaMeHb. B ciydae
pa3pylieHus] KUPNUYHOM KIAJKW METOJIOM CJIoMa, KUPINUYHBIA OOW ciexyer
OTZIETUTh OT OCTaJIbHOIO CTPOUTEIBHOTO MycOpa M mepepadoTaTh MO TEXHOJIOTHSIM,
OpeIyCMaTPUBAIOLIUM JIpOOJIEHHE, OYMUCTKY U JaJIbHEHIIEe HCI0JIb30BAHUE B
KaueCcTBe MHEPTHOIO Marepuaja WM J00aBOK ISl MPOM3BOJCTBA CTPOUTEIBHBIX
KOMITO3UTOB [24].

Kepam3zut, yrpaTuBiinii mnoTpeOUTEIHLCKIUE CBOMCTBA, HE3ATrPSI3HEHHBII.

Kepam3ur npumensiercs s yTeIUICHHUS(3aChIIKK) YEpIayHOro IEPEKPHITHS,
KOTOPBIM yAalsieTcsl MpU MOMOIIM PYYHOTO MHCTPYMEHTA B KIOBETHI WJIM OYHKEpHI.
[Ipy MUHUMAaIBHON OYKMCTKE OT CONMYTCTBYIOLIUX IMPUMECEN, MOKET UCIIOIb30BATHCS
kak BCP, T.x. He WHMeeT OJKCIUIyaTallMOHHOTO CpOKa TOJHOCTH. YTpaTuB
NOTpeOUTENbCKUE CBOMCTBA MEPBUYHOTO BHJAA CTPOUTENBHON NPOIYKIMH €CTh
BO3MOXHOCTb €0 UCIOJIb30BaHUs NPU CO3/IaHUN KEPaM3UTOOETOHA.

boi1 crekna.

[Ipu otaenennn crekyia OT pambl oOpaszyeTcsi OECLBETHBIM MPO3payHbIi 0oif
cTekia. becuBeTHBIN Mpo3padHbiii cTeki1000M, cornacHo TpedoBanuit [[OCT 34035-
2016, sBnsercs BTOPHYHBIM ChIpbeM 1-ro copta. IlepepaboTka maHHOTO BHIA
OTXOJIOB IIUPOKO pacmpocTpaHeHa B cdepe oOpamenus ¢ TKO. PaccmarpuBas
BTOPUYHOE CTEKJIO B SKOHOMHUKE 3aMKHYTOrO IHUKJIA, HEOOXOJUMO MPUHUMATH BO
BHUMAaHHE BO3MOYKHOCTh IPUMEHEHHS BTOPUYHOIO CTEKJIAa NPU H3TOTOBJICHUU
CTpOUTENBbHBIX MaTepuaios [28; 29; 30].

JloM M OTXOABI, COJEp)KAllM€ HE3arpsA3HEHHbIE YEPHBIE METAUIBI B BUJE
U3JIETNH, KyCKOB, HECOPTUPOBAHHBIE.

JIucToBoi MCTaJllI, a TaK)XKC JJICMCHTBI CHCTCM BOI[OCHa6)I(CHI/I$I N OTOIIIICHHA
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aKTUBHO HCIIOJIb3YIOTCS, B TOM 4HCIIe, KaK B kauecTBe BCP, Tak ¥ mpOMBIIIJIEHHOTO
celpbsa. Yamie Bcero opraHu3alys BBINOJHSOMIAS AEMOHTAX, W3BJIEKAET 3TOT BH]
OTXOJIOB B IIEPBYIO OuYEpelb U YTWIN3HPYET COIJIAaCHO BCEM MPHUHIMIIAM
ycroiuuBoro passutus [13].

boiut kepamuku.

VYcraHoOBIEHHasT B IOMEIIEHUSAX CaHUTapHas KepaMHKa (yMBIBAJIbHUKH,
YHUTa3bl, CMBIBHbIE 0auku), MOTYT OBITb JEMOHTHUPOBAaHbl M  IOCIE
COOTBETCTBYIOIIEH OYUCTKA W JE3MH(PEKIHH peaJu30BaHbl KaK W3AEHUS I
BTOPUYHOIO TOJb30BaHUs. OJHAKO, BBHJY HEBO3MOXXHOCTH OIPEICIUTh TEKYIEe
COCTOSIHHE W3JENHi, B pacuere (UrypupyeT KepamMH4ecKud 0o, mojaBepraembli
nepepaboTKe B Cpeie OCTANIbHBIX KEPAMUYECKUX OTXO/I0B AEMOHTAXA.

OTtxoap1 OymMaru v KapToHa ¢ IPOMUTKON U TOKPBITUAMH (000H).

CHATHE €O CTeH 000€B IMpollecCc TAKKE 3aTpaTHBINA, HO pecypc, MOJyyaeMbli B
pe3ynbTare, SBISETCS OJHMM W3 HauOoliee 3a/JeCTBOBAaHHBIX BO BTOPHUYHOUN
nepepadotke [27].

6.3. MeponpusiTusi Jis1 co3aaHus cucreMbl oopaienusi BCP na
TeppuTopum r. XadapoBck

Pa3paboTka THIOBBIX HOPMATHUBHBIX JOKYMEHTOB Ha pa30op CEepUiHBIX

JePEBSIHHBIX JOMOB.

OcHOBHOM MPOOIEMOI BHEAPEHUS BTOPUYHOTO HCIOJI30BAHUS CTPOUTEIBHBIX
pecypcoB OT pa3z0dopa BETXOI0 KUJIOro (QoHAa SBISIETCS OTCYTCTBUE JCHCTBYIOIIMX
TUIOBBIX MPaBUJI AEMOHTaXa (pa300pKu) 3aHUM C AEPEBIHHBIM HECYLIUM KapKacoM
cteH (OpycyaTelX, OpeBEeHYAThIX), C LEJbI MOCIEAYIONIET0 BTOPUYHOIO
UCIIOJIb30BaHUs WIN NepepadoTKu. B pe3ynbpTaTe uero mpoeKkThl IpOU3BOCTBA PadoT
(IIITP) cocTaBnsitoTCa C MPUMEHEHUEM TEXHOJOTMHM MAIIMHHOIO CHOca (ciaoma), u
HOCIIEAYIOUIMM 3aXOPOHEHUEM O0IIel Macchl OTXOA0B Ha MOJUTOHAaX.

BHenpenne TUTIOBBIX OIEHOYHBIX HOPM H MPaBUII.

JUJi cOCTaBJIEHUSI SKCIEPTHOIO 3aKIOYEeHMs (IIPOrHO3a) O KauyecTBE OTXOJIOB
NPUTOIHBIX JJIi BTOPUYHOTO WCIOJB30BAaHUS M TEpepaboTKH, HEOOXOAMMO
pazpaboTaTb  HAayKOEMKHE  METOJUKA  OICHKHM  COCTOSIHHSI ~ DJIEMEHTOB
JEMOHTUPYEMOTO 3/IaHU.

Pa3paboTka TeXHOIOrMYEeCKOro MOTOKA.

[Tpu pa3paboTKe TEXHOJOTUYECKUX KapT JEMOHTaXa EPEBIHHBIX COOPYKEHUH

CTOUT ACIaTb YIHIOP Ha IOAIOTOBKY MW BHCAPCHHUC TCXHOJIOTMHU IIPOU3BOACTBA
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npeBecHbix BCP Ha Teppuropun ydactka cHoca.

Cozpnanue noroka: «Jlemontax — IlepBuuHas ounctka — Meraiouckarens -
W3bstue metuzoB (Bropuunas otunctka) — @opmoBanue — Ckiaj - Peanuzanusy,
BJI€YET 3a CO000M pa3paboOTKy W BHEAPEHHE CIHEIUAIBHOTO O0O0pYIOBaHUS MJis
IpEABAPUTEIBLHON MOATOTOBKU CTPOUTENBHBIX PECYPCOB B TOBApHOE cocTtosHue. Ha
CEerOJHSALIHUN JIeHb, Takoe OO0OpYJOBAaHHME KaK YYacTOK MEPBUYHOM OYHUCTKH,
METaJNIOUCKATEINb, YYaCTOK M3BSATUS METU30B U JPYIHMX BKIIOYEHUN, Ha OOBEKTaX
CHOCA JIEPEBSAHHBIX COOPYKEHUN HE IPUMEHSIETCS.

Pa3paboTka y3kocnenralin3upoOBaHHbIX CPEACTB MaJIOi MEXaHU3aI1H.

MHOXECTBO  TEXHOJOTHYECKHX OIepaluii 1mo pa30opke  COOpYy>KEHUi
BBITIOJIHAIOTCS TIPU TIOMOITU TpyOOor (PU3nYecKor CUIbl, CO3/1aBasi IPU 3TOM OMacHbIE
YCIOBHSI TpyJa M YBEIMYMBAs CMETHYIO CTOMMOCTb JeMoHTaxa. Heobxomumo
pa3paboTaTh crenuaibHOe 000pYAOBaHME ISl YOAJIECHHUS IUTYKaTYpHO-APaHOYHOTO
CJIOS C JIEPEBSIHHBIX HECYIIUX KOHCTPYKUUN. TeXHOIO0rn4eckoro o0opyaoBaHus AJis
BBIMOJIHEHMSI TaHHOTO BUAa pabOT MAIIMHHBIM CIIOCOOOM HE MpeAcTaBieHO. Taxxke
HE HCHOJIb3yeTCsd 000pYyIOBAaHUE JUIsl TEXHOJIOTMYHOIO U3BATHS METH30B M3 TeEia
HECYIIUX JACPEBSIHHBIX KOHCTPYKIIHIA.

Co3panue equHOrO IUCIETYEPCKOro UEHTPA.

B nepByto ouepeap nomkHa OBITH co3qaHa MH(POPMALMOHHAS IUIOIIAJAKA, C
MIOMOILBI0 KOTOPOM 3aMHTEPECOBAHHBIE JIMLA (TIPOU3BOJAUTENN M MOTPEOUTEIH)
CMOTYT HaxoJuTh HH(POPMAIMI0 O CTPOUTENbHBIX pecypcax B HAJIWYUM WU O
pecypcax, OXuJaeMblx B Omkaiimeit mnepcrektuBe. lIpenckazaTe mMosBICHUE
onpeneneHHsix rpymnn BCP, pacnosiaras miaHaMy IEMOHTaXa B paMKax peaau3alnuu
nporpamMmmbl  «oKuinbe W Tropoackas cpena» He cioxHOo. llocne skcnepTtHOrO
3aKJIIOUYEHUSI O COCTOSIHUM KOHCTPYKLUUH JI€MOHTHPYEMOTro OOBEKTa, a TaKxke
MPUMEHUB THUIOBbIE HOPMATUBBI K pacu€ry o00bEMa MPOAYKTOB JIEMOHTaXa,
OPUEHTHUPOBOUYHBIE JaHHbIE MOXXHO BHECTM B €IUHYI0 HMH(POPMAIMOHHO-
TUCHETYEPCKYI0 cucteMy 1o oOpameHuto BCP. TeM cambIM emie A0 TOro, Kak
O0OBEKT OyJeT IEMOHTUPOBAH, MOKHO PEaJIM30BaTh 4aCTh BTOPUYHO HCIIOJIb3YEMBIX
CTPOMTENBHBIX MAaTEPUAIIOB U PECYPCOB. TaKkKe BaXKHO MPUCOECTUHEHUE K PA3BUTHUIO
pbiHka BCP KpyIHBIX CTPOUTENBbHBIX OpraHU3alUi.

BoiBOABI

Ha ocHoBe aHanm3a KOMIOHEHTOB (POPMUPOBAHUS FKOJOTMYECKOTO dPdekra B
X0JI€ PEHOBALIUHU >KUJIOTO (POH/A, MOXKHO CJENIaTh BBIBOJA O TOM, YTO MCIIOJIb30BAHUE
BOCCTAaHOBJICHHBIX ~ MaTepHasioB UMEET  CYUIECTBEHHBIE  3KOJOTMYECKHE
MpPEeUMYIIECTBa, HO 3Ta cdepa NMpakTUYeCKH He ucnoiib3yercs. Ha maHHbI MOMEHT

MONOGRAPH 104 ISBN 978-3-9821783-6-3

A

R



i

Erbe der europdischen wissenschaft Part 4 i

TOJIBKO 1% BOCCTAaHOBIJIEHHBIX MaTE€pUajOB MCIOJB3YETCS B HOBBIX CTPOUTEIIBHBIX
npoekTax. CTpouTenbHass WHIYCTPUS, MO MOHATHBIM 3KOHOMHYECKUM IPUYHHAM,
OIpeseNsieT CHOC BeTXoro (oHAa A NOCIeAyIOUIEH 3acTpOMKHM Kak JTal, Ha
KOTOPBI HYKHO TNOTPaTUTh MHUHHUMAIBHOE KOJIMYECTBO pecypcoB. OJHaKoO B
HACTOsLIEEe BpEMS €CTh OCTpasi HEOOXOIUMOCTh CO3aHUS U CKOPEHILEro BHEAPEHUS
TUTIOBBIX PEIICHUN MMl PEUUKIUHTa CTPOUTEIBHBIX OTXOJ0B, OOYCIIOBJICHHAs
KayeCTBEHHBIM II€pepaclpeeiCcHieM NPUOBIM OT BBINOJIHEHUS MOAPSAIYUKOM
TEKYIIUX pabOT MO CHOCY M CTPOUTENBbCTBY 3JaHUM, U CO3JaHUS JEECIOCOOHOM
CUCTEMBI OOPAILEHUS] CO BTOPUYHBIMU CTPOUTEIBHBIMU PECYPCAMHU.

HeoOxomumo pemmth mnpoOieMy OTCYTCTBUS HH(MOpPMAlUA O TIOUCKE W
UCIOJIb30BaHUN MATEPHAIOB MPU IPOEKTUPOBAHUU M pa3paboOTKE JTOKyMEHTAlUH,
BKJIIOYAas ~ 3HaHWE  cneuu@uKanuil,  CTaHAApTOB,  3aKOHOJATEIbCTBA U
IPOU3BOACTBEHHBIX IpoLeccoB. be3ycioBHO, €cTb UM 3KOHOMHUYECKHE Oapbephl,
BKJIFOYAsi CTOMMOCTh O€pEXHOr0 IEMOHTaXa KOHCTPYKIUI U pa300pKu COOPYKEHHUI,
OTPaHUYEHHYIO THOKOCTh MPUMEHEHMS YTWIM3UPYEMBIX MAaTE€pUaloB, a TaKKe
poOJIeMbl XpaHEHUS U HEOOXOIUMOCTH ABOMHOW OOpaOOTKM MaTepuanioB MEXAY
wiomaakaMu. Kpome Toro, cpeiHue U KpyInHbIE CTPOUTENIBHBIE IMPOEKTHI HE MOTYT
BOCITOJI30BaTHCS MPEUMYILIECTBAMHU BTOPUYHBIX CTPOUTEIBHBIX PECYPCOB MOCKOIBKY
[IENOYKa IOCTaBOK e€lle He o0opyaoBaHa g oOecnedeHuss HOTpeOHOCTH Npu
BO3BEJACHUM KPYMHBIX MPOEKTOB. B OOJBIIMHCTBE KpynHBIX TropogoB Pd
HEOOXOMMO CO3/1aBaTh CHCTEMY KOMIUIEKCHOro mojaxoja k mnepepadborke OCC u
BHeApeHuto meroauku oOpaimienuss BCP, ¢ nyns. Bmecte ¢ TeM MeTOguku u
TEXHOJIOTUA MOXHO NPUMEHATH IPU JAJBHEUIIEH PEHOBALUU JOMOB «CTAJIMHCKUX)
CepHil B KOTOPBIX KOHCTPYKTHUBHBIE 3JIEMEHTHI CPOJHU TEM, KOTOPbIE PACCMOTPEHBI B

CTaTbC.
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KAPITEL 7/ CHAPTER 7.
INFLUENCE OF FOREST FIRE ON THE VERTICAL DISTRIBUTION OF
137CS IN THE SOIL PROFILE

B/IMAHHUE JIECHBIX I110KAPOB HA BEPTHKA/IbHOE PACIIPE/IEJIEHHE 137CS B
’ II0YBEHHOM IIPO®HIIE
BIITUB JIICOBUX I10KEJK HA BEPTHKA/IbHHH PO3IIO/LI 137CS Y TPYHTOBOMY
[IPO®DLII
DOI: 10.30888/978-3-9821783-6-3.2020-02-04-043

Beryn

Asapist Ha YopHoOuibcrkiit AEC mpusBena 10 paaioakTUBHOTO 3a0pyAHEHHS
3HaYHUX IUIoNI YKpainu. Po3ranryBaHHs aTOMHOI €IEKTPOCTaHIIIi Ta MOTOAHI YMOBU
B Tepioj aBapii 0OyMOBWJIM 3HAYHY 1HTEHCHBHICTh Ta MacIITa0H TEPHUTOPIAIbHOTO
MOIIMPEHHS aBapIMHUX BUKUAIB B OJTHOMY 3 HalOUIbII JIicCUCTUX perioHiB — [lomiccl.

Ho aBapiii Ha YAEC y micax Ilomiccs VYkpainu mnpoBojuiach crabiibHa
JCOTOCNOIAPChKa AISIbHICTh HAIPABJICHA HA MIATPUMAHHS HAJIEKHOIO CaHITapHOIO
CTaHy JCiB Ta (opMyBaHHs jaepeBocTaHiB. BHacmijmok aBapii Ha YAEC 3HauHa
YacTHHA JIICIB, 1110 3a3HAJIM PaJi0aKTUBHOIO 3a0pyIHEHHs, OyJia BUKIIIOUEHA 13 ChepH
aKTUBHOI Jicorocnonapcbkoi mismpHOCTI. Ille 10 TemepimHbOro wacy y Jicax
VYkpainu (rosoBauM ynHOM Yy [lomicel) Ha miont 63,9 Tuc. ra 3a00opoHeHa Oyab-gKa
rocrojiapchbka IIsUIbHICTH; Ha Tutomi 1141,6 Tuc. ra — BBeaeHa 3abopoHa abo
perjiaMeHTallisi BAKOPUCTaHHS HEIEepPeBHOI MpoAyKIii jgicy. IIpunuHeHHs 3axoiB 3
JOTJIAly 3a JI€peBOCTaHAMHU IPU3BENIO JI0 CTBOPEHHS CHPUSTIMBUX YMOB JIf
PO3BUTKY OCEpE/KIB IIKITHUKIB Ta 3aXBOPIOBAHb JIICY, 3HUKEHHS SIKOCTI JEPEBUHH,
IPUCKOPUJIO TIPOILIEC CaMO3PIDKEHHS JCPEBOCTaHIB, 30UIBIINIO HAKOIMMYCHHS
CyXOCTOI Ta yTBOpeHHs Baiixky. lle, B cBOrO uepry, Mmpu3Beao A0 MiABUIICHHS
MOKEKHO1 HeOe3MeKkn y J1icoBUX MacuBax. CUTyallis yCKIAQAHIOEThCS 1€ U TUM, 110
TEXHIKa Ta 00JIaJJHAHHS U1l TACIHHS MOXKEX € BKpail 3acTapijioro Ta 3HOIIeHO. Kpim
TOTO, 1l HE JJOCTaTHBO i OOCIYrOBYBAaHHS TaKOi BEJIMKOI IJIONII JICOBUX MAaCHUBIB.
Jlo Toro uacy KOJM TIOKEXKY BIAEThCS JIOKATI3yBaTH Ta 3aracUTH BOHA MOXKE
MOIIUPUTHUCS HA JOCUTH 3HA4YH1 TepuTopii. [[boMy crpusitOTh 1 TOCYIUIMBI MMOTOJTHI
YMOBH, Kl CHOCTEPIraloThCAd B OCTaHHI POKH Ha TepUTOpii YKpaiHu. Y pe3ynbTaTi
KUTBKICTh Ta MAacCIITAOHICTh JIICOBUX IMOXEX Ha JIICOBHUX TEPUTOPISX 3a0pyIHEHHX
PaIIOHYKJIIIJaMH 32 OCTaHHIM Yac CyTTEBO 30UIbIINJIACA. 3arajoM y jicax YKpaiHu 3a
pik BuHukae 0iu3bko 3,000 micoBux moxex Ha Teputopisx monan 3000 rexrapi
(puc. 1). 3HauHa YacTUHA IUX JIICOBUX MOXEX BUHUKAE HA TEPUTOPISIX 3a0pyAHEHUX

PaIIOHYKIIIIaMU Yepe3 X He3aJ0BUIHHUI CaHITApHUMA CTaH.
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Puc. 1. KinbKicTh JIiCOBHX MOKe)K HA TEPUTOPii YKpaiHu

VY HacnigoK 1HTEHCHBHHUX IOXEX TUM Ta YAaCTHUHKHU MOMENy, IO MICTATh Y
CBOEMY CKJIaJll PalOaKTHBHI €JIEMEHTH HaIXOIATh JO aTMOC(EpPHOro MOBITPA 1 3a
PaxyHOK BITPOBHX IIOTOKIB MOXYTh CHPUYHMHATH 3a0pyJHEHHS pPailOHYKIiTaMH
MPWIETINX TEPUTOPINA. BiNbLIICTh MOXKEXK BIJHOCHUTHCS 0 KAaTeropii HU30BUX 1 HE
XapaKTepU3yIOThCSl 3HAYHOIO IHTEHCHBHICTIO. OJHAK, BHACHIOK IMX TOXKEX
BUTOPAIOTh YarapHUKH, TPaBa Ta YaCTKOBO BUTOPAE JIicOBa MiACTHIKA. TakuM 4MHOM
3HaYHO NPUCKOPIOETHCS MIHEpasli3allisi OpraHiuHUX PEIITOK, 10 HAKONUYMINCA Y
Jici 3a OCTaHHI pOKU. PamioHyKIiaW, $KI 3HAXOAWIMCS Yy ULHUX 3allUIIKax
BUBUIBHSIIOTBCSI 1 MOXKYTh HAAXOIUTH Pa30M 13 MPOJYKTaMU 3TOPaHHS JO BEPXHIX
TOPU30HTIB ~ MIHEpPAJIbHOI YacTUHU IPYHTy. TakuM YHMHOM Ta KUIBKICTh
PaJIOAKTUBHUX €JIEMEHTIB, 10 TpPH HOpPMaIbHOMY (YHKIIIOHYBaHHI JIICOBHX
€KOCHCTEM MoTpanuia 0 10 MiHEpaJbHOI YACTUHU I'PYHTY 3 JIICOBOI MiJICTUIIKH 32 5-
7 POKiB BHACHIJIOK MPUPOIHOTO 11 pO3KIaay, HAIXOIUTh 10 HHOTO MPOTITOM OJTHOTO
pOKy. Y pe3ynbTari LbOTO B MEpPIIl POKH MICHS JICOBUX MOXKEXK Yy BEpPXHIX
TOPU30HTAX IPYHTY 30UTBIIYETHCS BMICT PaJilOaKTUBHUX elieMEeHTIB. B moganbimiomy
PO3MOJIN PaliOHYKIIIIIB 32 IPYHTOBUMHU TOPU30OHTAMHU BIJTHOBIIIOETHCS, OCKUIBKH
CBDKUU OMaJ, M0 YTBOPIOETHCS Y MEPII POKH MICIS MOKEX HE BCTUTAE PO3KIIACTUCS
1 HAAXOIXKEHHSI paJll0aKTUBHUX €JIEMEHTIB y IPYHT MPAKTUYHO HE B1JI0OYBAETHCS.

VY mepii pokH Micis MOXKEXKl PaflOHYKIIIW CTalOTh OUTBII JOCTYMHHMH JUIS
pOCINH, OCOOJNIMBO TpaB’SIHUCTUX Ta MOXYTh CIOPUYMHUTHA BHUIIUNA PIBEHb IX
PaII0aKTUBHOTO 3a0pyHEHHS HIK 3a3BHYall CIIOCTEPITAEThCS HA JaHii Teputopii. B
TOM K€ 4yac, MM He 3ycTpiyanu myOJiKalii [oA0 Mepepo3nOoAuTy PaaiOaKTUBHUX

€JIEMEHTIB y JIICOBUX I'PYHTaX MICIS MOKEX.
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Bce e Bumarae mpoBefeHHsS OibI AETadbHUX AOCTIIKEHb BEPTUKAIBLHOTO
PO3MOAUTY PAmIOHYKIIAIB Yy JICOBUX IPYHTaX Yy MICISMOXEKHUN TIepion Ha
TEPUTOPIAX 3a0pyAHEHUX paaioHykiIigamMu. KiHlleBUM  pe3yiabTaToM  JIaHUX
TOCIIKEHh MAa€ CTAaTU TEPEryisi]] YMOB BUKOPHUCTAHHS TEBHHUX BHUIIB HEIEPEBHOI
MPOJYKIIIT JIICY Ha ITUX TEPUTOPIAX Y HAHOIMKY1 POKH MICIISI BUHUKHEHHS TTOXKEXK.

7.1. Cy4yacHuii cTaH BUBYEHHS P00JieMH

upoki paAloeKOJIOTiUHI JTOCHIIKEHHS Y JIICOBUX EKOCHCTEMax pPO3MOYaIuCs
micist aBapli Ha YAEC. OcHOBHUI BHECOK y BHMBUYEHHS JAaHOI TEeMaTHUKU 3POOMIH
POCIICBhKI, OUTOPYChKI Ta YKpPAiHChbKI BUEHI, /K€ JIICOBI TEPUTOPIi caMe LIUX KpaiH
3a3HaJIM HaWOLIBIIOr0 PaJiOaKTUBHOTO 3a0pyJAHEHHS BHACIHIJIOK BKa3aHOI aBapii.
Buennmu Oyiio po3paxoBaHO 30BHILIHE Ta BHYTPIIIHE ONPOMIHEHHSI HACEJIEHHS, IO
IPOXKMBAE Ha 3a0pYJHEHUX TEPUTOPISAX, JOCIIHKEHO PO3MOJAUT PAMIOHYKIIIAIB B
JCOBIM MIACTUILI Ta MiHEPAJIbHIA YAaCTUHI IPYHTY, BABYEHO MITpalliio pagiOHYKIII/IIB
B PI3HUX THIAX JICOPOCIMHHMX YMOB, BH3HAYEHO OCOOJMBOCTI HAKOIMMYEHHS
PaIIOHYKJIIIIIB TPOAYKIIIIO JICY Ta MUCIMBCHKMMHU TBapuHamu [ 1-5]. I3 3akopaoHHMX
BUCHUX 3HAYHHMM 1HTEpeC J0 Mirpaiii pagloHYKIIJIB y JIICOBUX €KOCHUCTeMax [6]
BUSIBWIN IIBEACHKI JOCTIHUKHA, OCKUIBKH JIICOBI TEPUTOpPIi I1€i KpaiHU 3a3HAIU
panloaKTUBHOIO 3a0pyJHEHHS BHACHIJOK IEPEHECEHHS pPAaal0OaKTUBHUX pPEYOBHUH
aTMOC(EpHUMHU MOTOKAMHU BiJl MICIl BUHMKHEHHS 1HIMACHTY Ha YopHOOMIIbCHKIN
AEC. Tlpami 0mMx HayKOBIIB TMPHUCBSIYECHI MEPEBAKHO BUBUYCHHIO IIUISAXIB
HAJXO/DKEHHS PAIIOHYKIIAIB JO HEIEPEBHOT MPOAYKIIi JIicy (srij, iCTIBHUX TrpHOIB,
M’sica TUKUX TBapuH) [7], sika CKJajgae 3HAYHY YAacTKy Y XapyyBaHHI MICIIEBOTO
HaCEJICHHS.

Ornan HaykoBUX MyOJiKaiii, pekoMeHJaIiid BUPOOHMUIITBY Ta HOPMATHUBHUX
JOKYMEHTIB, y pi3Hl uvacu micas asapii Ha YAEC, neMoHCTpye mOCTYIOBE
3MEHIIIEHHS 1HTEepPeCy J0 PaaioeKOJIOTiYHUX gociimkers. Omnak, aBapis Ha AEC y
npedektypl OykyciMa CipuYMHIIA HOBUM MOIITOBX O BUBYEHHS JIaHOI MPOOJIEMH.
Curyarig, mo ckjiangacs J03BOJIMJIA YYEHUMH MPOBOJUTU TOPIBHSHHA MDK IIUMHU
JIBOMa aBapisiMH Ta iX HACJIJAKaMH, aJKe IPUPOJIHE HABKOJHUIITHE CEPEIOBUIIEC 3HOBY
3a3HaJI0 3HAYHOTO PAII0AKTUBHOTO 3a0pyaHEeHHS [8].

OcTaHHl JOCHIKEHHS YKPaiHCBKMX BYEHUX 30CEpe/KEHI NEepeBaKHO Ha
BUBUCHHI TEMITIB 3HWKEHHS PIBHIB PaJI0OAKTUBHOTO 3a0pyJHEHHS  JICIB
nocTpaxaaiux BHacaigok aBapii Ha YAEC 3a paXyHOK NOpHUPOJTHOTO pO3Mary
PaIIOAKTUBHUX €JIEMEHTIB, PIBHIB BMICTY PaIiOHYKIIAIB Yy MPOAYKIII JICOBOTO
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rocrnogapcTa. Pe3ynbratv HaHuX JOCHIHKEHb AO03BOJISIIOTH JOCIIHUKAM HAayKOBO
OOTpyHTYBaTH MO>KJIUBICTh 3aJTy4eHHS JiCiB 10 rocrnoJIapCbKoro
Bukopucranus [9-10].

Ha panumit yac wirpamis pagiOHYKJIiAIB Yy JICOBHUX €KOCHCTEMax JOCUTh
JeTaJbHO BUBYEHA, OJHAK OE3MOCEepPeIHbO MUTAHHSAM MEPEPO3NOAUTY PaIIOHYKIIIIB
BHACJI/IOK JIICOBHX TOXEX yBara MpakTUYHO HE MPUALTICHA.

[Tepuri HaykOBO-OOIPYHTOBaH1 KOMIUIEKCHI JIaH1 TIPO XapaKTep JICOBUX IMOMKEK
B yMOBax paJlOaKTUBHOTO 3a0pyAHEHHA TepUTOpiii Oynu HaBeAeHI Ha
MDKHapogHoMmy 3aciganHl mig erimoro @AO OOH y 1993 p. B mnomansiomy
JOCTIKEHHSI 3 JIaHOi TEMaTWKH BHUKOHYBAJMCS HAyKOBISIMH Bcepociiichkoro
HayKOBO-JOCJITHOTO 1HCTUTYTY XiMi3allli JicoBOro rocroaapcTBa Ta Beepociicbkoro
HayKOBO-IOCIIHUIIBKOTO IHCTUTYTY MPOTUIIOKEKHOT 000poHU. KepiBHUIITBO TaHUM
npoektom ouosmB C.I. [yma-I'ynum. HampairoBanHst 3a HanmpsiMKOM JIOCHIIKEHb
Oynu y3arajibHEHI Ta BHJAHI1 Y BUIJISI1 OrjsioBoi iH(opMmarii [11] Ta moBiakoBuUx
BUJIaHb [12] Asis BIIHOCHO MIMPOKOTO KPYTY CHEIIATICTIB JICOBOTO TOCIOIapCTBA.

B 1oBiAHMKY HaBelIEHI BIJOMOCTI NP0  TEPUTOPIATBHE  PO3MIILIECHHS
PamlOaKTUBHUX CHIAIB, PIBEHb 3a0pyJHEHHS TEPUTOPIi, CTYIMIHb TMOXKEXKHOI
HEOE3MeK! JICOBMX MAaCHBIB B 30HI PaJl0aKTUBHOTO 3a0pyJHEHHS, BHCBITJICHI
pe3yibTaTH BHUBYEHHS MUTOMOIO AKTHUBHOCTI PATIOHYKIIIIB Y JIICOBUX TOPHOYMX
Marepianax, IpoayKTax iX 3ropaHHs Ta auMax. OaHak, MPaKTUIHO HE TOCITIKEHUMA
SUIMIIAIIACS TIPOIECH, SKI BIAOYBAIOTHCSA 13 PaJIOHYKIIJIAMH, IO HAIXOJATh IO
JICOBUX EKOCHCTEM pPa3oM i3 MPOAYKTaMH 3TOPAaHHS, HE BUBUYEHO SIK 3MIHIOETHCS
BEPTUKAJILHUN PO3MOJIII PATIOHYKIIIIB Y JICOBUX IPYHTax Ta iX HAJAXOKECHHS 0
JicOBUX pociuH. Buie mnepepaxoBaHe 0OYMOBIIIOE€ BUOIp TEMATHKU JOCIIIKECHD,
OOTPYHTOBYE 11 HAYKOBY HOBH3HY Ta aKTYaJbHICTb.

7.2. XapaKkTepucTHKA TEPUTOPIi J0CTiIZKeHHSI

Jocnigui aiassHkd OynM po3TalioBaHi Ha Teputopli bazapchkoro JcHHUIITBa
NIT «Hapomumeke CJII», XKurtomupcbka obnacTh, YKpaiHa, Ha BiacTani 70 KM Bif
YopuoOunbcbkoi AEC B HallO1IbII TUMOBUX JJIS PETIOHY JIICOPOCIMHHUX yMOBaXxX —
cBikux cyoopax (B2) (puc. 2). lllinpHICTD pafioaKTUBHOTO 3a0pyAHEHHS TEPUTOPIi
187Cs ckmana 177 — 395 xbx/M?. [lepeBaxarouuii THIT IPYHTIB — JIEPHOBO-Ii J30JIHCTi.

JlocmimKkeHHsT MPOBOAWIMCH HA YOTUPHOX JOCTIAHUX JUISHKAX y KBapTaii No45
bazapcekoro micaunrBa. Ha Tphox agimsakax: Nel (takcauiinuii Buain 3), Ne2
(Takcariiauii Buain 2), 1 Ne3 (takcariitnuii BUgin 5) BiAOyIHUCs HU30BI MOXKEXKI Y
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pi3H1 pOKH, a ofgHa — Ne4 (TakcauiiiHuil BUILT 6) BUKOPUCTOBYBAJacs SIK KOHTPOJIb —
nokexi Ha Hii He Oyno. [ocmimkennsa npoBoaunuck y 2018 p., Takum 4rMHOM Ha
nociigHid ausHIl Nel 3 yacy moskeski 10 HaluX JOCTIKeHb MPOUIIIOB OJIMH PiK, Ha
nocmigHid gumstHI No2 — naBa pokw 1 Ha AochigHid mutsHii Ne3 — Tpu pokw.
HasBHiCTh Takux IUISSHOK JI03BOJISIE MPOCTEKUTU TEPEPO3NOALT PAMIOHYKIIAY Y
IPYHTI y Yaci.

[IinbHICTh pafilOaKTUBHOTO 3a0pyIHEHHS IpyHTYy Oylla HACTymHOI Ha
pocinuii ginsHoi Nel — 376,4 kBr/Mm?, Ne2 — 164,2 kbrx/m?, Ne3 — 182,9 kbx/m?, Ned
— 2249 xbx/M?.

Z ‘3‘" i«

Puc. 2. JlicoBe HacajxeHHs micjas noxkesxki (kBapraj Ne 46 bazapcbkoro
gicHuursa I «Hapoauubke CJII»

JlocmigHl AUISHKKA Maiyd (10 TOXKeXi) TOTOXKHI XapaKTEPUCTUKH JEPEBHOTO
sapycy (umcTi HacapkeHHs cocHU 3BuvariHoi (Pinus sylvestris L.) Bikom 90 pokis.
KpiM Toro, BOHM XapakTepu3yBajHCsl BHUCOKOIO OJHOPITHICTIO IPYHTOBOIO Ta
POCIMHHOTO TOKpUBIB. [liicCOK MpencTaBiIeHUN MPUTHIYCHUMH EK3eMIUIsIpaMu
cocuu 3Buyaitnoi (Pinus sylvestris L.), nyba 3BuuaitHoro (Quercus robur L.), Ta
OKpeMHMH — TopoOMHM 3BHYaiHOi (Sorbus aucuparia L.). Kymosi pociaunu Oyiu
JIOCUTh YHCENbHI 1 CKJIagaiuch 3 pomoaeHapony skosroro (Rhododendron luteum
Sweet.), 6arna 6osotHoro (Ledum palustre L.), xpymuau namkoi (Frangula alnus
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Mill.) Ta oxxunu cuzoi (Rubus caesius L.). OcHOBY TpaB'sHO-4arapHUYKOBOTO SIPYyCy
cknamamu gopumms (Vaccinium myrtillus L.), 6pycaunsg (Vaccinium vitis-idae L.),
Bepec 3puuaitnmuii (Calluna vulgaris L.), ocoka OGarnoa (Carex limosa L.) Ta
sommxena (C. appropinquata Schum.).

Jlns mpoBeneHHS JOCHIKeHb B MEXax MiAIOpaHuX JIOCTITHUX JUISHOK
(TakcamifHuX BUALUIIB) OyJO 3aKJIaJeHO YOTHPU MPOOHUX rIiomli. Po3mip mpoOHHMX
mwiom — 100x100 M. Ha koxHiil mpoOHiM 1ol Oyia 3akjaJeHO TPpU I'PYHTOBUX
npodim (puc. 3), Ha TKUX 3AIUCHIOBAIH OMHUC BUAUICHUX TPYHTOBHUX IApiB 1 3aMipH
iX moTyxHOCTI. B HacTymHOMY Ha BCiX 3aKJIaJleHUX MpOQUISIX BIAOMPATUCH 3pa3Ku
rpyHTy. MakcumanbHa rimuOuHa BigiOpanux mpob Oyna oOMexeHa BiAMITKOIO 60 cM.

BusHaueHHs nuToMoi aktuBHOCTI ¥'CS y 3paskax BHKOHYBAalM 3a JOIIOMOTIOKO
CHUHTHIALIHHOTO criekTpoMeTpa cuctemu GDM-20 (puc. 4). [linroToBka 3pa3kiB Ta
BUMIPIOBAaHHS TPOBOJWIM Y  CIEHialli30BaHIA  paioyoriydiii  jJabopatopii

Jlep>xaBHOTO YHIBEpCUTETY « KUTOMUPCHKA MOTITEXHIKAY.
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Puc. 3. rljhjﬁ?-ﬁ-TOBnﬁ npodiib ” Puc. 4. CuuTHIASINiHHAA
cnexkTpometp cucremu GDM-20
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O6poOka wmatepiaiiB MpoBOAMIACS 3a JOIMOMOIOI0 TIAKETIB MPUKIAJTHUX
nporpam STATGRAPHICS, Microsoft EXCEL.

7.3. lluroma akTuBHicTh ¥'Cs y mapax rpyHTy Ha NpOoOHHX ILIOIIAX,
HACA/PKeHHS SIKUX 323HAJM BIUIMBY JIiCOBHX MOKEK

JlocaimkeHHS TTOKa3ally, 10 Ha BCIX AOCHIAHUX AIISHKAX HAWOUIBII 3HAYCHHS
nuToMoi aktuBHOCTI *'Cs crocrepiraerses y micosiil migeruni (tadm. 1). Ioxiona
3aKOHOMIPHICTh CIIOCTEPITA€ThCs 1 JUIS JUISHOK, Ha SIKUX BIJT MOMEHTY IOXKEXK1
IPOHIIOB pizHUiT Yac (KilbKicTh poKiB). FIMOBIpHO naHi OOGCTABHHHM TOSCHIOIOThCS
TUM, IO IiJI Yac TOPIHHS Yy BCIX BHUIAJKaX BUTOpaia, MEPEBaXHO, BEPXHS
HEpO3KJIaJieHa YacTHHa JICcOBOI miAcTWiku. HamiBpo3kianeHa Ta po3kiajeHa ii
YaCTUHU 3a3BMYail HE 3a3HaBaJM BIUIMBY BOTHIO, TEMIIM iX MiHepaiizaiii He
MIIBUIIAINCH TIiJ] HOTO BINIMBOM 1 TOMY BOHH TPOAOBXKYBaId yTPUMYBaTH
PaJl0aKTUBHI efleMeHTH. YacTuHa paJilOHYKIIIIB MiCIsl BUTOPAHHS BEPXHbOT YACTHUHU
JICOBOI MIJICTWIKK HAJIWIIA JO HWXHIX 1i IIapiB, CTBOPUBIIM, TAKUM YUHOM,
nepeayMOBH JJI MEPEX0y iX 10 MiHEpaTbHOT YACTUHU IPYHTY.

OnHak, TOPIBHSBIIM BEJIUYUHU MUTOMOI aKTUBHOCTI 187Csg y JIICOBIM MiICTHIIILI
Ta y TYMYyCO-€JIOBIaJIbHOMY FOPU30HTI PI3HUX MPOOHUX IUIOII, MU BUSBWIM MEBHI HE
BiANOBIAHOCTI. Tak, Ha MOCHIAHINA AUISHIN, 110 HEe 3a3HaBajia ropiHHsg (Ne 4) ta Ha
TUX JUISHKAaX, Ha SIKUX JIICOBI moxexi mpounu 2 1 3 poku tomy (Ne 2 ta No 3)
posnozin ¥’Cs Mix MU 1BOMa FOPH30HTAMHM € MPAKTHYHO OJHAKOBMM. Benuuunu
MUTOMOI aKTUBHOCTI PaJIIOHYKIIAY Y TYMYCOBO-€IIOBIaIbHOMY TOPU30HTI CKJIaal0Th
12-15 % Big THX, [0 BCTAHOBJICHO IS JiCOBOI MHIACTHJIKHA. B To# e dac, Ha
nocnigHid autsHI Nel, Ha AKid mokeka BimOyJnacs pik TOMY, TUTOMa aKTHUBHICTbH
137Cs y rymycoBo-enoBialbHOMy TOPU30HTI 110 BiJHOLIEHHIO 10 JICOBOI MiJACTHIKK
ckianma 40 %. MOXIMBO 1€ TOSICHIOETHCS BUTOPAaHHSIM HEPO3KIAAEHOI Ta
HaIiBPO3KJIaJICHOI YAaCTUHU JIICOBOI MIJCTUJIKY, BUBUIBHEHHSAM PaJIOHYKIIIIB Ta iX
HAJXO/PKEHHSIM JI0 BEPXHIX TOPU30HTIB MiHEPaJbHOI YaCTUHU IPYHTY. B mopanbiii
POKM TICHS TMOXEXK1 HAAXOMKEHHS PaJIOHYKIIIIB 10 TPYHTY YINOBUIBHIOETHCS 1
posnozis ¥’Cs o rpyHTOBUM rOpH30HTaM IIOCTYIIOBO BiHOBIOETHCS.

7.4. Posnoaia Bmicty *'Cs 3a mapamu rpynrosoro npodijiro y pisuuii yac
MICJISl MOKEeXK

Ha Bcix mpoOHUX AUITHKaX MOKHA MPOCTEKUTH 3HUIKEHHS MUTOMOT aKTHBHOCTI
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137Cs 3 rnmubunoro. OfHak, aHam3 0coOaMBOCTEH BepTHKanbHOro posnominy B'Cs y
JICOBHX IPYHTaX MICIS MOXKEX YCKIAIHIOETHCS 3HAYHOIO MOYATKOBOK MO3aI4HICTIO
PaloaKTUBHOIO 3a0pyAHEHHS JIICOBUX MAacHBIB. TOMY JIJIsi KOXKHO1 MPOOHOT TUIOIT
OyJI0 PO3pPax0OBaHO BiJHOCHI 3Ha4Y€HHs IMMTOMOI akTuBHOCTI ¥'Cs 3a mapamu rpyHTy,
SIK1 BU3HAYAJIMCA SK BIJICOTOK BiJl CYMH BEJIMYHH MUTOMOI aKTUBHOCTI PaJIIOHYKIIITY
y IpyHTOBOMY Tipodii (Tadm. 2 —5).

Ta6auus 1

IMuToma akTuBHicTh 1¥'Cs y miapax rpyHTy Ha NpoOHHX ILIOIAX,
HACA/’KEHHS SIKUX 323HAJM BIUIUBY JiCOBUX MOKEXK

lopuzont | Hinsaka Ned Ne 1 (1 pik Ne 2 (2 poxu Ne 3 (3 poku
(KOHTPOJIb) IICJISI TOYKEIK ) | IICIISE MTOYKEkKI) | IMICTISt TOMKEIK1)
3 3 3 3
2 2 2 2 2 2 2 g
| § |€ | &8 (€] B |g | B
E( = = E s = E( s = E( s =
RS % RS % RS c% RS %
< o < « < o < o
= 24 s |Ed = S € g
EE ot |GE sk |6F gg &F z&
=8 Sz |E& Sz |8 sz |E§ =z
B o = A [SE) =i da) = o =i da SRR =
JlicoBa
IMICTAJIKA
HO 15569,0 5428,7 7505,3 9521,0
HE 2,5 | 24190 1,7 | 20050 | 1,8 | 11340 | 1,7 | 11180
E 55 479,7 48 | 406,3 | 4,7 2710 48 | 3550
9,5 2155 8,8 198,0 | 8,8 89,8 8,8 | 1197
13,7 68,2 123 ] 956 132 52,1 123] 619
EI 18,5 29,7 145 | 345 |175 45,4 155| 334
28 14,3 243 | 20,7 26 19,2 25 18,2
38 12,0 35,8 142 [ 34,2 15,7 34,8 9,2
I 48 11,3 52,5 6,1 44,5 10,6 51,7 7,4

Anani3 posmominy BigHOCHOI muTOMOi akTMBHOCTI “*’Cs y Imapax IpyHTy Ha
npoOHii miomr Ne 4, 1110 He 3a3Hajia BIUIMBY JIICOBOI MOXEXK1, MOKA3y€e 3aKOHOMIPHE
3HIDKEHHSI BMICTY PaJliOHYKIIAY 3 TnubuHowo (Tabdin. 2). [Ipaktuuno 96 % Big cymu
BeIMYMH THTOMOI akTHBHOCTI 3’Cs y IpyHTI 30CepemkeHO y JHCOBIM MimcThIILi
(83 %) ta B rymyco-emoBianbHOMY ropu3oHTi (13 %).

Ha npo6Hiit mmomi Ne 1, Ha sikifi 3 9yacy MOXEX1 10 MOYATKY JOCIIIKEHb
IpOMIIOB PiK, BiAMIUacTHCA 3HAauHe 3MeHIIeHHS BMicTy 3'Cs y micosiit mimcTummi
(Ha 16 % y cmiBcTaBiieHHI 3 KOHTpojeM). Lle mosiCHIoEThCA, SIK MU MPUITYCTHIIH,
OUTBIII 1HTEHCUBHUM, TJIMOOKMM BUTOpPAaHHAM BEPXHHOI YACTHHH MIJACTUIKH Ta
nepexoA0M OLIbIIOI YACTUHU PAIOHYKIIIIIB 10 TYMYCOBO-€JIIOBIAJILHOTO IIapy
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Tabamus 2
Bignocna nuroma akrusHicts *’'CS y mapax rpyHTy Ha npoOmuii miouri Ned
(KOHTPOJIB)
['opuzonT ['mubuna ITuToma Yactka nuromoi
BiOOpY aktuBHICTB'¥'CS, | aktuBHOCTI B®'Csy
3pa3KiB, CM bx/kr mapi I'pyHTOBOTO
npodiaro, %
JlicoBa miactrinka HO 15569,0 82,73
HE 2,5 2419,0 12,85
E 5,9 479,7 2,55
9,5 2155 1,15
13,7 68,2 0,36
EI 18,5 29,7 0,16
28 143 0,08
38 12,0 0,06
I 48 11,3 0,06
Bceroro 18818,7 100

MIHEpaJIbHOI 4YacTUHU IPYHTy (Tabxn. 3). Lle miaTrBepIKyeTbcs TUM, IO CymMapHa
BEJIMYMHA BiTHOCHOI muToMOi akTuBHOCTI *’Cs y ImiCcOBiMl MiACTHILI Ta TyMycCOBO-
€IOBIAJILHOMY TOPHU3O0HTI IPYHTY ckianae Omuzbko 91 %. Otpumani pani
JIEMOHCTPYIOTb, 1110 Ha Liil JOCTiAHIH AiNAHII 3HaYHA KinbKicTh “°'Cs BUBiIBHUIACS 3
JCOBOI MIJICTWIKK Ta TMEPEMICTUIAcS 10 TYMYCOBO-EIIOBIaJbHOIO TOPU30HTY, a
TaKOX MIrpyBaja J0 OUTbII MNTMOOKUX TPYHTOBUX TOPU30HTIB.

Ha nBox HactynmHux pociiaHux AuistHkax Ne2 1 Ne3, Ha sIKMX 3 yacy MOMXKex
npounuio 2 Ta 3 POKH, BIAMIYAIOTHCS 3aKOHOMIPHOCTI BEPTHUKAIBHOTO PO3MOJILITY
187Cs 3a mwapamu IpyHTY, fKi MM BCTAHOBMJIM Ha KOHTPOJBHiM minsami (Tabm. 4-5).
Opnnak, Ha TPeTi piK MICIS MOXKEXKI MOPYUIYEThCA CITIBBIIHOMIEHHS MIX BMICTOM
137Cs y nicoBill migcTuiami Ta TI'yMyco-€loBialbHOMY TopH3oHTI (Tabm. 5). Tak,
CyMapHa BEIMYMHA BiIHOCHOT MUTOMOI akTuBHOCTI ¥’Cs y ryMycoBo-enroBiaaTbHOMY
rOpU30HTI IPYHTY JuIs AiasHkU Ne 3 cknagae nmmre 10 % nva BigMiay Big 12-13 % nos
ninssHku Ne 2 Ta 1t KOHTposto. Taky OCOOJIMBICTh MOKHA TMOSICHUTH THM, IO B
nepii poku micis noxexi ¥'Cs npomoBkKye HaIXOAUTH 10 I'yMyCOBO-€IIOBIaIbHOTO
TOPU30HTY 3a PAaXyHOK JECTPYKIii PO3KIaJACHOTO Ta HAaMiBPO3KIAICHOTO IIapiB
TYMYyCOBOTO TOPHM30HTY, IO MPAaKTUYHO HE Oyl TMOIIKOKEHI ToXexew. B
MOTAJIBIIIOMY TIOTYKHICTh ITUX IapiB 3MEHIIYEThCS, ajle iX MPUPOJIHE MOHOBIICHHSI
MOPYIIYETHCA OCKUIBKM HEPO3KJIAJCHUA Omaj TPU POKH TOMY OyB 3HHINCHUN
MOKEKEI0 Ta HEMOB OM BUIIAB 13 3arajibHOr0 KPyroo0iry MiHEpaJbHUX PEYOBUH B
nicoBiii exocucTemi. MIMOBIpHO, 10 B HACTYNHHIl (4ETBEPTUH MICIsA MOXKEKi PiK)
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BIIOYACThCA TIOCTYNOBE BIJHOBJEHHS IIOYaTKOBOTO PO3IMOILTY
IHTEHCHUBHOTO PO3KJIaAy TOTO APy JIICOBOI MiJCTHIIKH, IO YTBOPHUBCS B HACTYITHUN
ICIIS TTOXKEXK1 PiK.

Wics

€JTIOBIaJIbHOMY TOPU30HTI PI3HUX MPOOHMX ILJIOI, MOYKHA BIJICTEKUTH MOCTYIIOBE

[Ipoanaii3yBaBIii  BEIMYMHH BITHOCHOI TIMTOMOI aKTHBHOCTI

Taoannga 3

Bignocna nuroma akrusHicth *'CS y mapax rpyHTy Ha npoOmuii mioumri Nel

(1 pik micys moskesxi )

['opuzonT ['mubuna [IuToma Yactka nuromoi
Bigbopy | axtueHicTs'¥'Cs, | axtmBHOCTI ¥'Csy
3pa3KiB, CM bx/kr mapi I'pyHTOBOTO
npodiiro, %
Jlicosa miacTmika HO 5428,7 66,13
HE 1,7 2005,0 24,42
E 4,8 406,3 4,95
8,8 198,0 2,41
12,3 95,6 1,16
EI 145 34,5 0,42
24,3 20,7 0,25
35,8 142 0,17
I 52,5 6,1 0,07
Bcroro 8209,0 100
Taoauusa 4

Bignocna nuroma aktusHicTs ¥'CS y mapax rpyHTy Ha npoOHii mionri Ne2

(2 poxu micJist mMoKeKi)

['opuzoHT ['mubuna [TuToma Yactka nuromoi
BizOOpY aktuBHicTE'CS, | axtusHOCTI B'Cs 'y
3pa3KiB, CM bx/kr mapax rpyHTOBOIO
npodiiro, %

Jlicosa miacTmika HO 7505,3 82,09
HE 1,8 1134,0 12,40
E 47 271,0 2,96
8,8 89,8 0,98
13,2 52,1 0,57
EI 17,5 454 0,50
26 19,2 0,21
34,2 15,7 0,17
I 44,5 10,6 0,12
Bceworo 9143,1 100
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Tabamnuns 5
Bignocna nuroma akrusnicth *’'CS y mapax rpyHTy Ha npo0mnii miounri Ne3
(3 poxm micJst moxKexKi)

['opuzonT I'mubuna ITuToma YacTka nmutomoi
BiOOpYy aktuBHIcTL¥'Cs, | axTuBHOCTI ¥'Cs y
3pa3KiB, CM bx/kr apax rpyHTOBOTO
npodiro, %

JlicoBa miactuinka HO 9521,0 84,68
HE 1,7 1118,0 9,94
E 4,8 355,0 3,16
8,8 119,7 1,06
12,3 61,9 0,55
EI 15,5 33,4 0,30
25 18,2 0,16
34,8 9,2 0,08
I 51,7 7,4 0,07
Bcroro 11243,8 100

30inbmenns Bmicty 3’CS y BepxHixX mapax eIoBialbHOIO TOPH30HTY 3 9aCOM, KU
IPONIIOB TCHA TIOXKEXKi, MO OOYMOBIKOETHCA HOTO MOCTYIIOBOI Mirpariero i3
TyMyCOBO-€JTIOBIaIbHOTO TOPU3OHTY

7.5. TIporuo3 BiAHOBJIEHHSI BePTHKAIBLHOI0 posnoaiay *’Cs y rpynrax
JiCOBHX €KOCHCTEM IIiC/Is1 MOKENK

SIk BumHO i3 y3aranpHeHoro rpadiky posnoxiny *’Cs 3a mapamu IpyHTy Ha
MpOOHUX IUIOLIAX, 3 Yacy JICOBUX MOXKEXK Ha SIKMX MPOMIIA pi3HA KUIBKICTh POKIB
(puc. 5), mepepo3noAlT BMICTY PadlOHYKIIIIy TPOCTEXY€eThbes 10 Tmbunu 10 cM Ta
HE 3a4irnae OUIbII MTHOO0KI IPYHTOBI TOPU3OHTH.

JIicoBi mOKeX1 Ta BEPTUKAILHUN MTEPEPO3NOILT PATIOHYKIIIIIB Y BEPXHIX IIapax
IPYHTOBOTO HPO(iNII0 MOKE MPU3BECTH [0 3MiHM IHTEHCHBHOCTI HakonuueHHs 3'Cs
TPaB’STHUCTUMU Ta YarapHUKOBUMHU POCIMHAMH, KOPEHEBI CHCTEMH  SIKHX
PO3MIIIYIOTBCA Y BepxHboMy 10-caHTHUMETpOBOMY IHapi IPYyHTYy Ta JIICOBIH
migctunmi. [le oOymoBmoe HEOOXiAHICTH 3a00poHU, abo OUIBII  KOPCTKOI
periamenTarii 300py AMKOPOCIUX SITiJl Ta JIKAPCHKUX POCIMH Ha Pajl0aKTHBHO
3a0pyIHEHUX TEPUTOPISAX MICIS JIICOBUX TIOKEK.

Jlns po3poOKH peKOMEHMAIlN 11010 OOMEXEHHS BUKOPHUCTAHHS HEJACPEBHOT
MIPOJTYKIII JIICY MICIISI MOYXKEX HEOOX1THO BUSHAYUTH 32 KUK Yac BiIOY1€ThCS MIOBHE
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Puc. 5. Bepruxkaabnuii posnoaia ©*’Cs 3a mapamu IpyHTy Ha NpoOHHX ILUIOIAX,

Ha SIKUX 3 Yacy JiCOBHX MOKeK NMPOMILIN Pi3Hi nmepioau yacy (poKu)

BIIHOBJIEHHSI BEPTUKAJIBHOIO PpO3MOAULY PAAIOHYKIIAIB y JICOBUX TIPYHTaX M0

MOYaTKOBOTO CTaHy (710 moskexki). OCKUIbKY HABITh Y HAMOUIBII BiiJIajeHId 32 4acoM

B1J1 OKEX1 NpoOH1H ot (3 poKn) IpOCHiAKOBYIOTECS BIAXUIEHHS BEPTUKAIBHOTO

posnoxiny ¥'Cs Mix mapaMu IpyHTY Bijl I04aTKOBOTO, TO HEOOXiIHO 3aCTOCOBYBATH

3acO00M MaTeMaTHU4HOI OOpPOOKM JaHUX JJIi OTPUMAHHS MPOTHO3HUX pPE3yJbTaTiB. 3

micro MeToro Oynu moOymoBaHi rpadiku 3ameKHOCTI mMTOMOI akTHBHOCTI 'CS y

IPYHTI BiJ TJIMOMHM HOro pPO3MIMICHHS M1 KOXKHOI mpoOHOoi mwioml (puc. 6) Ta

BHU3HAYEHI MaTeMaTUYHI 3aJICKHOCTI, 10 1X OMHUCYIOTH (Tadm. 6).

Taoauuda 6

PiBHsiHHS perpecii Ta IX mapamMeTpH, 110 ONUCYIOTh MAaTEMATHYHY

32JIeKHICTH Misk MUTOMOI0 aKkTHBHicTIO 1¥’CS y IpyHTi Ta rinéunoro iioro

PO3MilllCHHHA
No IIIT | Yac micns ropinas | PiBHsiHHS perpecti | [Tapamerp ao | [Tapametp ax
PIBHSIHHSI PIBHSIHHSI
4 KOHTPOJIb A = 68724h™%7 68724 -2,397
1 1 pik A =17104h7"%% 17104 -1,995
2 2 POKH A = 24683h7 %% 24683 -2,098
3 3 poku A =35427h7 %% 35427 -2,254

MaremaTuyH1 3aJ1€XHOCTI JUIsl BCIX MPOOHUX ILION] 3 BUCOKOI JOCTOBIPHICTIO

(R?=0,98-0,99) onuCyrOThCS CTENEHEBUM PiBHSIHHAM THUILY
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A=a,h*

A — nutoma axktuBHicTh 2'Cs y rpynri, Bx/kr;

h — rmubuna BigOOpy 3pa3ka IpyHTY, CM;

a0 Ta a; MapaMeTpu PIBHSHHS perpecii.
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Puc. 6. 3anexnicts nuTomMoi akrusHocti *'Cs y rpynTi Big riaudunu iioro
Bigoopy: a) IIIT Ne4 (koutpous); 0) IIIT Nel (1 pik mic/as moxkexi);
B) I1IT Ne2 (2 poxu micjis moskexi); r) Ne3 (3 pokn micJisi mosxxesxki)

=

25

B
1)

He3Baxatoun Ha OAHAKOBUW Il BCIX MPOOHUX IUJIONI THI PIBHSIHHS

(cTeneHeBuil), 10 OMUCYE MATEMATHUYHY 3aJIKHICTh MIXK MHUTOMOK AKTUBHICTIO
18Cs y rpynri (A) Ta rmbuHor Bimbopy 3paskiB (h), IPOCTIAKOBYIOThCS
BIIMIHHOCTI y TapamMerpax ap Ta ai JUIsl piBHAHB perpecii (tabn. 6). Haitbinbir
BIJIMIHHOCTI CIOCTEPITAIOThCS MK BIAMOBITHUMHU TapaMeTpaMu JJii KOHTPOJIBHOI
npo6Hoi ot (Ne 4) ta mtomnti, sika 3a3Hana ropinHs pik Tomy (Ne 1). Jlns mpoOHux
IJIOMI, K1 3a3HaJM TOPiHHSA B Oinbmn gaBHIA wac (Ne 2 ta No 3) mpocrexyerbes

[OCTYIIOBE HAONMKEHHS TapaMmeTpiB  PIBHSHHA [0 TMapaMeTpiB  PIBHAHHS
KOHTPOJIbHOI JUISSHKMA, a OTXK€ 1 BIJIHOBJIEHHS IIOYAaTKOBOTO BEPTHKAIHLHOTO
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posnoxiny **’Cs 3a rpyarosumu ropuszonramu. Lle m103Bonsie 3p0OUTH MPUITYLIECHHS,
[0 PO3TAITyBaBIITN PIBHSIHHS perpecii mpoouux minsHok (Ne 1, 2, 3) y BiANMOBIAHOCTI
BiJl Yacy, IO MPOMIIOB MIC/SA MOXKEXKI Ta MpoaHaai3yBaBIId 3MiHY IapaMeTpiB IIUX
piBHSIHb, MOXXHA OTPUMATH TPOTHO3 1X TMOAANBIIOI 3MIHM Ta pO3paxyBaTH
OpI€HTOBHHIA 4ac IOBEPHEHHs BEPTUKANLHOrO posmoaity ’Cs y rpyHTax micoBHX
€KOCHCTEM ITICIIS TMOXKEXK JI0 iX MMOYaTKOBOTO CTaHy. 3 II€10 METOI0 OYJI0 MOOyI0BaHO
rpadikyd 3MIHM IMapaMeTpiB ap Ta a; B 3aJIGKHOCTI B Yacy, IO MPOMUIIOB MiCisA
noxkexi (puc. 7). 3a KOHTpOJIb OyJO MPUIHATO 3HAYCHHS BIAMOBIIHUX MapaMmeTpiB
JUTSI KOHTPOJIBHOI MTPOOHOT IO, 1[0 HE 3a3Haja Mmoxexi. Buxoasuu 3 pe3ynbTaTiB
MOJIEJTIOBAHHS BiJHOBJIEHHS BEPTUKaNbHOro posnoxinmy ¥’Cs y micoBux rpyHrax
ICIIA JIICOBUX TMOXKEX Oyne BimOyBaTHUCS 3a 4ac, 10 HE MEpeBHUIye 5 pokiB. Tomy
caMe Ha Takuil nepiog HeoOX1AHO BBOJAUTHU OLIBII )KOPCTKY pErIaMEeHTALlIl0 3aroTiBIIl
AT1J] Ta JIKAPChKOI CHPOBUHHM Y JICOBHUX MacHBax 3a0pyJHEHHUX DPaJiOHYKIiIaMu
TICJISI TIOXKEK.

BucHoBku

VY pe3ynbTaTi MpOBENEHUX MOCHIPKEHb BCTAHOBJIEHO, IO BHACIHIIOK BILUIMBY
HU30BUX TIOKEK HA TIPYHTH JIICOBUX EKOCHUCTEM BIJOYBA€TbCS BEPTUKAIbHHIA
epepo3noAia PaJlOHYKIIIIB, a caMe 3MEHIISHHs iX BMICTY Y JIICOBIM MiJACTHIIII 3a
paxyHOK BHUIOpaHHA ii BEpPXHIX MIapiB Ta 30UIBIIEHHS Yy BEpPXHIX TOPU30HTAX
MIHEpaJIbHOI YACTUHU IPYHTY.

Bu3HaueHo, 10 3a NEPiojl CIIOCTEpEKeHb BepTUKANbHUI nepeposnonin B¥/Cs y
IPYHTaXx IICJsl HU30BUX JIICOBHUX IMOXKEX MOMITHO MPOCTEXKYEThCS 10 TuOuuu 10 cm,
3MIH pO3MOJUTYy Ha OUIbII TJIMOOKUX TOpU30HTaxX He BUsABIeHO. [louaTkoBuit
PO3MOAUT PAIOHYKIIAIB MO TPYHTOBOMY MPOQUII0 BITHOBIIOETHCS Yepe3 S5 POKIB
Micis BUHUKHEHHS JICOBOi moxexi. J[o 1mporo yacy B BEpXHIX MIapax IPYHTY
CIIOCTEPITA€THCS SN0 MABUIIICHUN BMICT PaIOHYKIIIIIB. Y 3B’S3KY 13 IIMM BUHUKAE
3arpo3a OuIbII IHTEHCUBHOTO iX HAJIXOKEHHS JO POCIHH, KOPEHEBA CUCTEMA SIKUX
po3rarioBaHa y mapi rpyHty g0 10 cM Ta JicoBii TiACTHIIIII.

Takum 4YMHOM, A0 Kareropii pPOCIUH, AKI MOXYT MaTH OUIBIIMK BMICT
PAIIOHYKIIIIIB HAa JICOBUX TEPUTOPISIX y HAWOMDKYlI POKH MICHS TOXKEX
NOTPAIUISIIOTh JIIKAPChKI POCIMHU Ta ATiAHUKH. Tomy, Ha 1ed mepiod HEoOX1THO

Ile oOymoBiItO€ BUOIp HAMpAMKY Ta OOIPYHTOBYE HEOOXITHICTH MPOBEACHHS
MOJANBIINAX  JOCHIIKEHb  TMPUCBIYCHUX  BUBUCHHIO 3MIHH  1HTEHCHBHOCTI
HAJXO/DKEHHS PAIIOHYKIIAIB A0 ¢GIiTOMAacu PI3HUX BHJIB POCIMH Ha JIICOBUX

TEPUTOPISAX TICIIST TTOKEK.
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KAPITEL 8/ CHAPTER 8.
HISTORY OF STUDY AND PHYLOGENY OF THE FAMILY

AMARYLLIDACEAE J.ST.-HIL.
NCTOPUA U3YUEHUSA U PUJIOT'EHUA CEMBbU AMARYLLIDACEAE J.ST.-HIL.
ICTOPISI BUBYEHHS TA ®LJIOI'EHISA POAMHU AMARYLLIDACEAE J.ST.-HIL.

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-041

Beryn

CyvacHa cucTeMaTHKa OJHOJOJBHUX I[OB’si3aHa 13  BIPOBAKEHHAM
MOJIEKYJISIPHUX METOJIIB PEKOHCTPYKIIi B (ilOreHii, 30kpemMa y OJHOAONbHUX. [yis
PEKOHCTPYKINi (isoreHii He OyiIM BKIIOYEHI O3HAKH MIKMOP(OJIOTii CHHKApPITHUX
TIHEIEiB 13 CEeNTaJbHUMU HEKTApHUKAMH, a JIMIIE O3HAKW TOB’si3aHI 3 OYy/I0BOIO
THYMHOK Ta JIMCTKIB, TOMY JUIA KOpEJslii MOPIBHAIbHO-MOP(]OIOTIHHUX
XapaKTEPUCTHK OYyJI0BU KBITKH, 30KpPEMA IHELEI0 1 MOJEKYJSIPHUX JaHUX aKTyalbHO
IIPOBECTH MOPIBHSUIBHO-MOPGOJIOTIYHE AOCTIIKEHHST 00’€KTa 3 J100pe BUBYEHOIO
¢inoreniero. PonrnHa AMapuinicoBi BKJIIOYAE TpU MIAPOAUHU 1 O6au3bko 80 poxis, y
aKuX J00pe BUBYEHI Mojienl maroHoyTBOpeHHs. [liicyMKH BHSIBUIM HaWOUIbII
CTallIbHI O3HAaKU [JIsi JAHUX POJIIB, a TaKOoX TOKa3adu IXHIO BCeOIUHY
PI3HOMaHITHICTh, 30KpeMa OyJ0Ba CEeNTaJbHUX HEKTAPHUKIB Y JOCIHIHKECHUX BUIIB
BIIpI3HAETHCS 3a OaraTbMa O3HAaKaMH, KUIbKICTh HACIHHMX 3a4aTKIB Yy 3aB’si31 HE
OJIHaKOBa, XapaKTepHa pi3Ha JOBXKHUHA CTPYKTYPHHUX 30H 3aB’A31.

8.1. Micue ponuau Amaryllidaceae J.St.-Hil. y cucremi onnomoabHux

CyyacHi MOJEKYJISIpHI PEKOHCTPYKIli (UIOTeHIT HE 3aBXAU BKIIOYAIOTh
MOP(OJIOTIYHI O3HAKK POCIHH, @ O3HAKU OyJOBH T1HEIEI0 HE BKJIIOYAIOTh B3araii. Y
pomuan Amaryllidaceae J.St.-Hil. dinmorenist mocmimkena Ha OCHOBI MOJEKYJISPHUX
TaHUX, ajie 3aJIMIIA€ThCsl HU3Ka HE JOCHIDKCHUX IHTaHb, 30KpeMa JAesKi BUYCHI
BKJIIOYAIOTH JI0 1i€l poauHu poauHy Agapanthaceae, neski BBaxaroTh 1 HiIpOIUHOIO,
ska BxoguTh A0 poaumuu Amaryllidaceae. Immi BBaxkarots 1mo Amaryllidaceae
notpiOHo 3’eanary 3 Liliaceae, a poauny Alliaceae He Brirouatu o Amaryllidaceae,
a BiIoKkpeMuTH uu B3arajii poauny Amaryllidaceae sxkimrountu 1o poaunu Alliaceae.

Ponuna AwmapuicoBi (Amaryllidaceae) nanexuts n0 kimacy OJIHOTONBHHX
(Monocotyledones), minkmacy Jlimiimu  (Liliidae), mopsaky  XosoakoIBiTi
(Asparagales) i Bxirouae Tpu migpoaunu:. Agapanthoideae Endl, Allioideae Herb. ta
Amaryllidoideae Burnett. [42]. Janerpen y 1985 pomi BimoxkpemuB Bia Liliaceae:
Agapantaceae, Alliaceae Ta Gilliesiaceae y okpemi camoctiiini poaunau [12]. CyuacHa
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diToreHeTHYHAa €moxa PO3yMIHHS TaKCOHOMIYHUX 3B’s3kiB  Amaryllidaceae
posnoyanacs 3 poootu des 1 Yeiica, siki BUKOPUCTOBYBAIU IUIACTUAHUN T€H rubisco
rbcL s BUsIBIIEHHS TiCHOTO 3B 3Ky MK Agapanthus, Alliaceaec Ta Amaryllidaceae
[20]. Agapanthus no-pisHOMy Bkiro4daBcs B Alliaceae abo OyB MoMileHUH B OKpeMy
poauny, Agapanthaceae. Bonu mnepecenmunun Agapanthus B Amaryllidaceae, sxwuii
BOHU BBaXalld CECTPUHCHKOIO rpymnoro Amaryllidaceae. IIpote He BCi AOCTITHUKH
TaK BBa)KaIOTh.

8.2. IcTtopis BuBuenns poauau Amaryllidaceae J.St.-Hil.

Kapn Jlinneit y coiil npami «Plantarum» B 1753 poui [30]onucaB tum poay
Amaryllis, Big SIKOro pojuHa OTpuUMaja CBOIO Ha3BY, 1 1€ JCB'STh BHUJIB, SKI MajIu
IIICTh THYMHOK 1 OJIMHY MaTOYKy, MOro cxema kiacudikariii Mictuia 51 pig ycboro
[30].

Y 1763 poui, Amancon oO’egHaB 1i poau y poauny 'Liliaceae" [3], pin
Amaryllis OyB BKiItOYeHUH 10 1i€i poauHu, 1 po3mimenui y po3aut VII, Hapuucu
[3] y fioro cxemi JIUTIMHI MaJu BICIM PO3ALTIB.

e FOccbe BcTaHOBUB 0diliiHUIA YCTpidt B opraHizalli pojiB y pojauni y 1789
portii. [26] Ta iepapXidHy CUCTEMY CHUCTeMaTHKH ((piTorenes), po3MiCTUBIN AMapiic
Ta 15 crnopiiHeHHX poAiB Yy ckiaal omHojoibHux, kmacy (III) Ta «mopsaky»
Hapuwmcu, posainenoro Ha Tpu migpoauau [26]. Lls cucrema Takox (opmanbHO
onucana Liliaceae, sxi Oynu oKpeMUM MOPSJIKOM Yy MekKaxX IMEPMaHEHTHOI CTIHKOCTI
(Lilia). BxxuBanus tepminy «Ordo» (Mopsiaok) y Tod vyac 0yyo Omx4e 10 TOro, 1o
MH 3apa3 pO3yMIeEMO K POJHHA, a He sk mopsaok [8]. CTBoproroun cBoro cxemy, Jle
KOccre BukopucroByBaB MoaugikoBany ¢opmy kiacudikauii K. Jlinnes, OpaB 1o
yBarv po3MillleHHS] THYMHOK Ta MAaTOUYOK, a HE JIUIIE PaxXyBaB iXHIO KIJIbKICTb.

Poguna  Amaryllidaceae  Oyma  odimiiino  Ha3zBana  «Amaryllidées»
(Amaryllideae) y 1805 poui XKanom Anpi Ayme Cen-Inep [25]. V 1810 p. P. bpayn
3amporoHyBaB BUAUMTH miarpymy Liliaceae 3a 0O3HaKOIO MOJOKEHHS HACIHHUX
3auaTKiB (HWDKHS 3aBsA3b) Ta Mo3Hauyatu iX sk Amaryllideae [6], a B 1813 pori ge
Candolle (de Candolle ) onucas Liliacées Juss. 1 Amaryllidées Brown sik 1Bi mijikom
okpemi poaunu [8]. JlitepaTypa nmpo cucTemMaTH3al1liio POiB Y POAUHU Ta BUII PaHTU
cTajga JOCTYIHOIO aHIIMCHhKOI MOBOKO pa3zoMm 3 mpamnero «Gray's A natural
arrangement of British plants» (1821) Cemioena ®penepika I'pes [21]. I'peit
BUKOpPUCTOBYBaB TMoO€AHaHHS Kiacudikanii JliHHes Ta mnpuponHoi kiacudikarii
FOcchbe, m06 00'eaHaTn Kibka pOAMH, IO MAIOTh IIICTh TUYMHOK, OAHY MAaTOUKY 1
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IPOCTY OIBITHHY, aji¢ BIH HE BUKOPHUCTOBYBAaB O(MIIIMHUX HAa3B JJIs IUX BUILIUX
paHriB. Y MeXax rpylnyBaHHS BiH PO3AUIAB POAMHU 32 XapaKTEPUCTUKAMHU X TUIO/IB
Ta HaciHHA. BiH cTaBUBCA 70 TpyI POJIIB 13 IIUMU O3HAKAMHM SIK 10 OKPEMUX POJIMH,
takux sk Amaryllideae, Liliaceae, Asphodeleae Ta Asparageae. [21]

Jlxon Jlimpm (1830, 1846) OyB 1HIIMM BaXKJIUBUM  OpPUTAHCHKUM
TaKCOHOMICTOM TouaTky 19 cromiTTs. Y cBoiil mepuriii TakcoHOMI4HiH npari «Beryn
10 TpupoHOoi cuctemu OotaHiku» (1830 p.) [28] BiH yacTkoBO OpaB mpukian 3 Jle
KOccre, omucyroum miakiac, skuid BiH Ha3BaB «Enporenu, abo OpmHOMONBHI
poCIMHU» Ta MOAUIMB iX Ha 1Bi TpuOu: Petaloidea ta Glumaceae. Bin po3ainus
MOHOKOTH Ha 32 mopsiaku, Bkiaoyatoun Amaryllideae. [28] Bin BU3HauMB OCTaHHIO
POJIMHY 3 HIECTUTPAHHUMHU ITUOYJTUHHAMU, TOOTO IIECTUTPAHHUMU OJHOJIOBHUMU, 3
HIDKHBOIO 3aBS3310, IIECTUTPAHHOIO OIBITHHOIO 3 PIBHUMH YallOJUCTKAMH Ta
IUIOCKUM, ry0uyacTMM HaciHHsaM 1 BkimouaB poau Amaryllis, Phycella, Nerine,
Vallota, Ta Calostemma.

Jlo 1846 poxky B #oro ocratouHiii cxemi [29] JliHpi 3HAYHO PO3MIMPHUB 1
BJIOCKOHAJIMB TPaKTyBaHHS MOHOKOTI, 3alpOBAJMBINHA SIK TPOMDKHUN paHTH
(Alliances) 1 Tpubu Bcepeauni poauH. Jlinmt po3mictuB Liliaceae y ckmani Liliales,
ajie po3LIHMB 1€ K napauIeTUYHy POJIMHY, ajle He BCl npeAcTaBHukH Liliales, Oynu
BKIIOUeHI 70 mnopsanky, lLle tpumano Liliaceae okxpemo Bim Amaryllidaceae
(Narcissales). JIimiifHi Oynu nojiseH1 Ha OJUHAIUATH TpUO (sK1 BKItouanu 133 poiB)
ta Amaryllidaceae [29] noaineni Ha yotupu Tpudbu (68 poxdiB), ajie 0OUABI POJIUHU
MICTUIIM 0araTo pojiiB, SIK1 3roAoM OyJM BITOKPEMJIEH1 OAUH BiJ OJHOTO Cy4YaCHUMH
nopsnkamu (Liliales Ta Asparagales BianosigHo). Liliaceae 3BoguThcs 10
HEBEJIMKOTO «siipa», mpenacrasieHoro tpuboto Tulipeae (18 poxiB), Toal sSIK BEIUKi
rpynu, Taki sk Scilleae Ta Asparagae, craHyTh 4YacTHHOIO Asparagales abo sk
gyactuHa Amaryllidaceae, abo sk okpemi poauHu. Xo4ya 3 UYOTHPHOX TpPHUO
Amaryllidaceae, Amaryllideaec i Narcissea 3aJuIIaTbC OCHOBHUMH aMapuIiaMH,
ToAl Ik Agaveae Oyne yacTuHOIO Asparagaceae, ajne Alstroemeriae cTaHe poAuHOIO B
mexax Liliales.

3 TUX mip ciM poJiB sKi AociiauB JIiHHEs MOCIIIOBHO PO3MIIIYBAJIA B 3arajbHii
TaKCOHOMIYHIN onuuuill Amaryllids, rpyHTyrOYMCh Ha HU’)KHBOMY TOJIOKEHHI 3aBsi3i
[33] Takum uMHOM, 3HAYHA YAaCTUHA TOTO, 110 MM 3apa3 BBaxkaemo Amaryllidaceae,
samummiacs y Liliaceae, ockiibku 3aB’si3b Oyia BEpXHbOIO, A0 1926 poky, konu
Jlxon XatuiHcoH mnepeHic iX y Amaryllidaceae. [324] lle po3ymiHHA pOAMHU
YBIHIIJIO JO JITepaTypu aHTIIACHKOI MOBHU 3aBnsku poboram Cemroens dpenepika
I'pes (1821), [21] Binesama ['epOepra (1837) [22] Ta Hxxona Jlinami (1830, [28] 1846
[29]). Tum yacom Jlinami omucaB JBa YHIIIHCBKI POJAH, IS SKUX CTBOPUB HOBY
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poauny, Gilliesieae. [29]

KinpkicTh BIZOMHX pOAIB y IIMX pOJAMHAX MPOAOBXKYBajla 3pOCTaTd, 1 JO
MoMeHTY kiacudikaiii benrama ta Xykepa (1883 p.) Amaryllidaceae (Amaryllideae)
JUTAIUCS Ha YOTHPHU TpUOH, 3 SIKUX J0CI BXOIUTH auie ogHa (Amarylleae). Liliaceae
cTaja ojHi€l0 3 HauOLIpIUX poauH, 1 Bentham ta Hooker moainunu ii Ha 20 tpuo, 3
akux oxHa Oymo Allieae, sxa sk Allioideae BpemTi-pemT cTaHe 4YacTHHOIO
Amaryllidaceae ax npyra 3 Tppox ii miapoaud. Allicae Bkirodana sik Agapantheae,
TpeTio 3 miapoawH, Tak 1 Lindley's Gilliesieae sk apyry 3 wotupbox miaTpub [5].
Cxema bentama 1 Xykepa Oyna OCTaHHBOI BEJIHMKOIO KiIacH(IKaIli€lo 3
BUKOPUCTaHHSM MIPUPOHOTO Tiaxoxy [38].

Xoua npars Yapasza Jlapsina Origin of Species (1859) nepenyBano myOmikaiii
benrama Ta Xykepa, ocTaHHII NpoekT OyB po3noyaTuii Habarato paximie, 1 benram
CIIOYATKy CKENTHUYHO CTaBUBCSA 10 JAapBiHi3My [38]. HoBuil dineTnunuii miaxia
3MIHUB CIIOCI0O TAKCOHOMICTIB pO3IJsSAaTH KiacU(IKaIilo POCIWH, BKIIOYHMBIIH
€BOJIIONINHY 1H(pOpMaIlio Y cBoi cxeMu. OCHOBHUMM MpaIsiMu KiHis 19 Ta mouaTky
20 cromith Oynu pocmimkeHHs Elixnepa (1875-1886), Enrnepa, Ilpantna (1886-
1924) ta Berrmreiina (1901-1935), siki BUKOpUCTAIN LIEH MIIX1.

Agryct Eitxnep (1886) OyB nepmum (UIETUYHUM TaKCOHOMICTOM 1 PO3MICTHB
Amaryllidaceae ta Liliaceaec B mexax Liliiflorae, [16, 17] [46] B onHOMY 13 ceMu
nopsakiB  oaHomonpHUX. Jlo ckmany Liliaceae Bxomwmm sk Allium, Tak 1
Ornithogalum (cyuacumit Allioideae). Anonsd Enrnep posBunyB inei Elixiepa
HabaraTo jAanii, 1 MoKa3aB y Habarato OUIBII JOCKOHAJl CXeMi, IO PO3BHUBajacs 3
JacoM, MOYMHAI4M 3 Horo cxemu 1888 poky, y cmimpari 3 Ilakcom [4,18], mo ii
Bepcii 1903 poky [19] B ocranniii, Liliineae Oynu mianopsiakom Liliiflorae,
BKIrOUaroun oOuaBi pomuHM Liliaceae Tta Amaryllidaceac. ¥ wMexax Liliaceae
OCHOBHI JIUTiaM BigokpemitoBaiuch y migpoauHu Lilioideae Big umOyneBux
migpoauH Allioideae. Allieae, Agapantheae 1 Gilliesieae Ta Oynu Tproma TpubGamu y
i migpoauui [19]. Hemo momibnuit miaxig mo Liliiflorae [46] OyB mpuitHsaTuii
Berrmreiinom (6e3 mianopsiakis uu TpuO), a Takoxk Alliodeae (Allium) ta Lilioideae
(Ornithogalum) six migpomunu Liliaceae. Amaryllidaceae y po3yminni Berrmireiina
MmicTuia Tpu migpoaunu [46], Brmrowatoun Amaryllidoideae ta Agavoideae. X.
Tpay0 y 1963 pomi 3anpornonyBaB poauHy Amaryllidaceae BKIIOYNUTH 0 POJUHU
Alliaceae [45].

[Touatok 20 CTOMTTS O3HAMEHYBAaBCS 3pOCTAIOYMMH CYMHIBaMH IIIOJ0
PO3MIIICHHSA allelbHUX poJIiB y Mexkax Liliaceae. Jlomi OyB nmepumm TakCOHOMICTOM,
SIKHMIA 3allPOTIIOHYBAB BIJIOKPEMHUTH iX, 1 y CBOIl cucTeMi BiH ommcye Agapanthaceae,
Alliaceae Ta Gilliesiaceae sixk HOBI Ta okpemi poaunu Big Liliaceae [31]. Lle#t miaxin
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OyB 3aCTOCOBAaHMI HHM3KOIO 1HIIMX JOCIITHUKIB, TakuX sk Jlanerpen (1985) [12, 13]
ta Pan (1998) [27, 36, 37].

[ame Gavenns maB JIxoH XatdincoH (1926), skuii 3M1MCHUB TEPIIy T'OJIOBHY
NEepeBipKy pOAMHU 3a TIOHAJ CTONMITTA. BiH cymHiBaBcs B Aymili bpayna B Tomy, 1o
MOJIOXKEHHSI 3aB’sA31 € BIAMIHHOIO pHUCOIo0, sika po3nuisie Amaryllidaceae 1 Liliaceae.
Bin craBuBcs 1o Amaryllidaceae sx 10 MUOYTHMHHUX POCIHH 3 30HTHKOIOAIOHIMHU
CYLBITTSIMU, OCTaHHS XapaKTEPUCTUKS € BU3HAYAJIbHOIO O3HAKOIO: «30HTUKOMO/110HE
CYLBITTA, 3aKyTaHe B OmHy a6o Bi npukBiTKm» [24]. Moro mnpumymeHss
MIATBEP/PKEHE MOJAIBIIMMU  JIOCHIDKEHHAMH 1 MOro BHU3HayajdbHa O3HAKa
3aJUIIAE€THCS YUHHOIO 1 ChOro/IHI. BUKOpUCTOBYIOUM 11e# KpUTEpi, BiH BUAAIUB P
TakcoHiB (Agavaceae, Hypoxidaceae, Alstroemeriaceae) 1 mepenic Agapantheae,
Allicae ta Gilliesieae 3 Liliaceaec B Amaryllidaceae [24].

[ mocmimHuku mpononyBaiu o0’ennatu Amaryllidaceae 3 Liliaceae. Topn
(1976) [55] Ta Kponksict (1988) [11] Bxirounnu Amaryllidaceae B mmupoke moHSATTA
Liliaceae [33] (xoua Topn mi3Hiimie iX 3HOBY BiJloOKpeMuB, ajne 30epir Alliaceae sik
TpeTio poauny) [44]. Takum uyunoM, "Alliaceae" mo-pizHOMY BKJIOUanucs abo 110
Liliaceae uym Amaryllidaceae, abo BumisIMCca SK OKpemMa poauHa. Lls
HEBHM3HAYEHICTh ONHUCY Bl0Opakaja OUIbII IMIMPOKY MpOOJieMy 3 METaaoiTHUMH
MOHOKOTaMH. 3 4acOM BHUCJIOBIIIOBAIKMCH YK€ PI3HI MOTJSIU MO0 MEX POJMH,
TOMY 3HAayHa YacTUHA JITEPATypH, WLIO CTOCYEThCA II€l POAUHHU, MOTpeOye
peTeNbHOTO0 OOCTEXKEHHs, 100 BHU3HAYMTH, 4YoMmy Amaryllidaceae wmae pi3Hi

MOJIOKEHHS Y CUCTEMI.

8.3. CyuacHa ¢distorenernuna cucrema poaunn Amaryllidaceae

CyvacHa (uUIOTeHETHUYHA €IM0Xa PO3YMIHHS TAaKCOHOMIYHMX 3B’ SI3KiB
Amaryllidaceae posnouanacs 3 po6otu @es 1 Yeiiza (Fay and Chase 1996), sxi
BUKOPUCTOBYBAJIM TUIACTUAHUM TeH rubisco rbcl st BUSBIEHHS TICHOTO 3B’SI3KY
Mk Agapanthus, Alliaceac Ta Amaryllidaceae [20]. AramanTtyc moO-pi3HOMY
BKirouaBcs B Alliaceae abo OyB momimeHud B OKpeMy poauHy, Agapanthaceae.
Bouu mepemictiiin  Agapanthus B Amaryllidaceae, skuii BOHUM BBa)kajau
cecTprHChKOIO rpynoro Amaryllidaceae. Tum ne menrr, The Angiosperm Phylogeny
Group (APG) (1998) [40] Bce me posmigmajia Ii TPH OKPEMi POJHMHH B MEKax
Asparagales. TicHuil 3B’30K OyB MIATBEPHKEHUHN Y OUIBII JETATbHOMY JOCIIIKEHH1
Meerow (1998-1999) [34, 35], skuii migrBepauB MoHOGuIi0 Amaryllidaceae, 3
Agapanthaceae sk Ti cecTpuHChbKOIO ponuHOl0, a Alliaceae B cBow dYepry sk
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VY cBoiit apyriit npami (2003 p.) APG II [41] 3anponoHyBaB CIpOCTUTH BHIII

cecTpuHChKY KianaAmaryllidaceae / Agapanthaceae [33].

(ocHOBH1) Asparagales, 3MEHIITUBIIN X 10 JBOX OUIBII IIMPOKO OMHMCAHUX POJIUH, 1
MOTIEPETHBO 3amporoHyBaB Ha3By Alliaceae sensu lato (s.l.) mms BKIIOUEHHS TPHOX
poaun y Tpu migpomunu (Agapanthaceae, Alliaceae sensu stricto, ss Ta
Amaryllidaceae), oCkiIbKM pa3oM BOHHM YTBOPIOIOTh MOHO(MUICTHYHY Tpymy. Y
IIbOMY BIJIHOIIIEHHI BOHHM JOTPUMYBAJIMCh CHCTEMU XaT4lHCOHA. 3TiAHO 3 III€I0
MIPOTIO3HINIEI0, TPU POAWHH CTATW TPUHAICKHUMU 10 MiAPOAWH (PO3ITUPUBIIIH,
nigpoaunu Alliaceae s.s. siki cranu Tpubamu) Y TOM ke yac BOHU OILIIHWINA apTyMEHT,
mo poouts mo3uilito Amaryllidaceae s.l. dbopmanbHO Ha3BOIO HOBOI Ta OiIBIION
ponuHu [42], sKa 3roA0M OTPUMYE MiATBEP/HKCHHS CBOEI Ha3BH y mparsgx Mipoy Ta
roro kouser [34].

Bepcis APG 2009 poky odimiiiHO TpuifHsIa 1[I0 IHUPOKY TOYKY 30py Ta
30epernia Ha3By Amaryllidaceae. 1100 BiApi3HUTH 10 OLIBII MIMPOKY POAUHY Bij
MHHYJIOI, By3bKOI POJIMHHU, CTAJIO 3BMYHMM Tmocuiatucs Ha Amaryllidaceae sensu
APG, abo sax BukopuctoByerbcs APG, Amaryllidaceae s.. Ha BiaMiHy Big

Amaryllidaceae s.s. [9,10, 42].

8.4. Xapakrepucruka poagunun Amaryllidaceae J.St.-Hil.

Amaryllidaceae s.l. mpeacrasnena Ginbine Hixk 1000 BUaIB, MOIMMPEHUX HA BCIX
KOHTHHEHTaX, KpiM AHTpakTuau. bulblIicTh 3 HHUX 3pOCTa€ y TPOMIYHIN 1
CyOTpomiuHIi 30HAaX 1 TUIbKM €Kl 3HAaXOAAThCS Yy 30HI MOMIPHOTO KJiMary.
HaiiGinpima pisHOMaHITHICTh POAIB aMapHIICOBUX CKOHIIEHTPOBAHI1 y TPHOX MICIISX:
Hentpansna 1 IliBmenHa Awmepuka, TpomiuHa 1 miBAeHHa Adpuka Ta
CepenzemMHOMOD'si. AMapmIicoBl — OaratopiuHi TpaB SHUCTI POCIUHU, BUCOTOIO BiJ
JNEKUIbKOX CAaHTUMETPIB 1 JI0 JABOX MeTpiB. bararopiuHoro YacTHHOK BCIX
JOCITIKCHUX BB € nuOysuHa [7, 15, 32]. 3HaxoauThest BOHA a0 Iij] 3eMIICO, SIK Y
MPEACTABHUKIB MOMIPHUX MIMPOT, a00 HA MOBEPXHI IPYHTY, K Yy MNPEICTaBHHKIB
TPOIMIiYHO1 30HU. JINCTKK amapuiTicoBUX 310paHi y IPU3EMHUCTY PO3ETKY. Y OUIBIIOCTI
BUJIIB Ha3eMHE CTeOJI0 TMpejcTaBlieHe Oe3nucTUM KBiTKOHOcOM. Ha BepxiBili
KBITKOHOCA PO3MIIIIEHI JBl NMPUKBITKH, SKI OXOIUIIOIOTH OCHOBY KBITKOJOXa. KBiTH
3a3Buyail 310paHi y OuIbll a00 MEHII BUpaXeHI 30HTUKH, 1HOAI 3aBUTKH, K Yy
OLTOIBITA JIITHHOTO, MAOTh JIB1 00 O1JIBIIIE MUTIBYATUX MPUKBITKU. Y POJUHI ICKPABO
BUpaKE€HA TCHJCHIIIS J0 PEAYKINI CYIBITTSA BiJl 30HTHKA 10 OJUHOKUX KBITOK [1, 2,
23, 39].
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8.5. Mopdoaoris KBiTKH AesIKHX NpeacTaBHUKIB poamau Amaryllidaceae
J.St.-Hil.

KBiTKH mpsiMocTOsiYi, BUTHYTI a00 MOHHKII, JABOCTATEBl, PIAKO y pe3ylbTaTi
MIOraHOTO PO3BUTKY TiHemes abo anxapornes — ognoctaresi (Clivia nobilis Lindl.). V
€IMHOTO TIpeiacTaBHUka amapwiricoBux Sprekelia  formosissima (L.) Herb.
3UrOMOP(HICTh KBITKHM BUPaXKEHA JOCHUTh SCKPaBO, OIBITHUHA ABOTryOa. CerMeHTH
OIBITHHU PO3MIIIIEHI Y JBa KOJa, BUTbHI 200 3pOCTaIOThCS y KBITKOBY TPYOKYy, sika
MOXke OyTH BiJ JEKIIbKOX MUIIMETpPiB A0 10 caHTUMETpiB, By3bka YW PO3IIUpPEHA,
MATIHAPUYHA YU JIIHYACTA.

TuyuHKM po3MilleHl y JIBa KoJia, ajie y 3uroMop(HUX KBITaX BOHH 310paHi y
My490K Ta YTBOPIOIOTh TPH PSAW IO JBI THYWHKH. THYMHKOBI HUTKH OJHAKOBOI
JTOBXHHHU 200 THYMHKU 30BHIIIHHOTO KOJIa KOPOTII 32 THYMHKU BHYTPIIIHBOTO KOJIA;
y 3uromopdHUX KBITOK, Takux sk Habranthus Herb., THUMHKOBI HUTKH pO3MiMICHI
TphOMa MapaMy 1 30BHINIHI TUYMHKHU JOBIII 32 BHYTpimiHI. J[oBXKHUHA THUUMHKOBUX
HUTOK Bapilo€ BiJ JAEKUIBKOX MUIIMETPIB SIK Yy MiJICHDKHMKA 1 Outousity no 10
CAaHTUMEHTPIB K y TeMaHTyca 1 KpuHyMa. THYMHKOBI HUTKU MOXYTh OYTH NMPSIMUMHU
a00 3ITHYTUMH, HUTKONOJIOHMMHU YW MOTOBLUEHUMH, PO3LIUPEHUMU YH HaBIThH
kpuiatumiu sk y Hieronymiella Pax.

[Iunsku NpoAOBryBarti, aje 3yCTPIYArOThCSA CTPIIONOAIOHI, SIK y MIACHIXKHUKA
(Galanthus nivalis) ta mamieapu ( Lapiedra Lag.), a6o mrapomnoaiOHi SK y recu
(Hessea Herb). KpimsaTbcss MHISKK 10 THYUHKOBHX HHTOK 10 PI3HOMY: OCHOBOIO
(KoM MWISIK MPSAMUM 9K 3ITHYTUH 1 HE PyXa€Thes), OJIM3bKO OCHOBU (PYXJIMBHIA), 110
cepeauHi (MUK KaTa€ThCs BiJ JIETKOTO BITKY 1 MWJIOK JIETKO BHUCHUITAETHCH).
Po3kpuBaroThest muiissku a60 MO370BKHIMU IIUJIMHAMU BiJl BEPXIBKU JO OCHOBH, a00
MOPOTOIIOHMMH IIITHHAMM, K y OuonBiTy (Leucojum vernum). I{iauHu moBepHYTI
70 TIHENEI 1 BIAKPUBAIOTHCS BcepeauHy KBITKU. [IunkoBi 3epHa 0aHO-200
JBOOOPO3HI, 1HO/1 3 TPHOXIPOMEHEBOIO OOPO3HOI0, €K3MHA CiTYacTa ado IIUITyBaTa.

Jlist 6araThOX aMmapuiliCOBUX XapaKTepHa HASBHICTh y KBITI OCOOJIMBUX
YTBOPIB, AKI MiJABUIIECHI y BUIJSAAlI TpyOKM a00 HEBENMKOI MEJIEPUHKU Haja 31BOM
onBiTuHU. lle KopoHa 1 TPHUBIHOYOK, $IKI MalOTh NOIBIMHY mpupoay. Kopona
YTBOPIOETHCS 13 PO3POCIMX OCHOB THYMHKOBUX HHTOK, MPHUUOMY BOHH abo
3pOCTaOThCs MK c00010, K Y TiMeHoKamica mpekpacHoro (Hymenocallis speciosa)
a00 3aJIMIIAIOTHCS HE3POCIMMHU y BUIJISAL 3YOLIB, SIK Yy MaHKpaTiyMa IipiiichKOTro
(Pancratium illiricum L.) uu kamidpypii Xapteera (Caliphruria hartwegiana Herb.).

[IpuBIHOYOK YTBOPIOETHCA 13 BUPOCTIB CETMEHTIB OLIBITUHH, SIKI TEX MOXKYTb

3pOCTaTUCS MK CO00I0, YTBOPIOIOYH TPYOKY pi3HOI (hOopMH 1 po3Mipy, K Y HapIuca
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(Narcissus pseudonarcissus). KopoHa i mpuBIHOYOK MOXYTh OyTH TpyO4acTHUMHU ab0
OJIOIIIEBUHIUMHY, 3 PIBHUMH, a 4yacTilie ropoBaHUM, ad0 PO3AUICHUM Ha JIOMaTi
abo gycouku KpaeM. KopoHa 1 TpPUBIHOYOK HAJalOTh KBITII OCOOJHUBOI
pUBaOIUBOCTI 1 € XOPOIIOI0 BUOBOIO 03HAKOIO.

[NHenelt y amapuilicOBUX CKIIAJIAEThCS 3 TPbOX IUIOJOJUCTKIB. 3aB’s13b HIKHS,
TPUTHI3NA, Y HIM 3HAXOAWTHCA BiJ OJHOTO 10 MACKUIHBKOX HACIHHMX 3a4aTKiB.
CTOBMUYUK HUTKOMOMIOHUW, y MACSKUX MPEACTABHUKIB TPUKYTHUN TIPU OCHOBI,
KyToBHil abo kpunatuil. [lpuitmMmouka ckiamaeTbes 3 Tphox Jsomateit. [lmig y
aMapuJIiCOBUX JIOKYJIIIHIHA KOPOoOOoUKa, pijie asrogonoaiona. Hacinas 3 M’ sicucTum
€H/JI0CIIEPMOM, IUIOCKE, KpHiaTe, KyTOBE, JIETKO PO3HOCHUTHCA BITPOM. Y JESIKUX
NPEICTaBHUKIB y HACIHHI € M’SICUCTUH JOAATOK, SIKMH IIKaBUTh Mypax, BOHU HOTo
MOI/TAf0Th 1 MOIIMUPIOIOTH TAKUM YHHOM HaCiHHS Ha 3Ha4Hi TepuTopii [1, 39].

VY KBITKax aMapuJIiCOBUX HasBHI CENTajIbHI HEKTAPHUKH, Y TEMaHTyca, HapIuca,
KJIIBIl KBITKOBa TpyOKa [0 TMOJOBUHU 1 OUIbIIE 3allOBHEHA HEKTapoM, a y
naHKpaTiyma, TIMEHOKallica, IINpeKesii HEKTap TMOBHICTIO 3allOBHIOE KBITKOBY
TpyOKYy 1 4acTO BUJIMBA€THCA CTIKAIOYM MO TUYMHKOBUX HUTKax. HekrtapHuku i
TKAaHWUHU HEKTAPHUKIB 11€ €(PEeKTUBHE MPUCTOCYBAHHS /10 IPUBAOJICHHS 3allATIOBAYIB,
HE TIJIBKH KOMax, ajic 1 ITaxiB.

CenranbHi HEKTAPHUKU 3HAXOMASTHCS Y MEPEropoiKax 3aB’s31 1 HUKHINA YacTHHI
CTOBIYMKA ab0 OISl OCHOBM YaCTHUH OLBITUHU. TKaHWHA CenTajJbHUX HEKTApHHKIB
3a3BUYail PO3TAIllOBaHA HA JIHI KBITKOBOI TPYOKM Ha BEpXIiBIIl 3aB 5131 1 CKIAJA€ThCA 13
3aJI03UCTUX TKAHWUH, MOKPUTUX KyTHKYJO [14]. [Ipn BualIeHHI HEKTapy KyTHKYJa
PO3TPICKYEThCS 1 HEKTap BUTIKAE uepe3 MIITMHY. HeBenwka KiIbKICTh HEKTapy
BUJUISETBCA y OOpO3HAX HA BHYTPIMIHIA CTOPOHI 3€JI€HOI IUIIMH CETMEHTIB
oLBITHHH, K y miacHkHKUKA (Galanthus nivalis) i 6imorsiTa (Leucojum vernum), ase
OCHOBHA (DYHKIIISI TUISIMU — BKa31BHUK BXOJY JJIsI 3aMIMJIFOBAY1B.

Pin Agapanthus wHamexutrs g0 migpoaunu Agapanthoideae poaunu
Amaryllidaceae mnpencraBnenuii cimoma Buumamu: Agapanthus africanus (L.)
Hoffmanns, Agapanthus
campanulatus F.M.Leight., Agapanthus caulescens Spreng., Agapanthus coddii F.M.
Leight., Agapanthus inapertus Beauverd, Agapanthus praecox Willd., Agapanthus
walshii L.Bolus.

KBiTKkM y MaHUX MpeaCcTaBHUKIB TpUOU 1 poAy 30KpemMa roiy0i, 611 9u CHHI Ha
JIOBIUX KBITKOHIXKKaxX, 310paHi y TCEBA0-30HTHK. XapaKTEPHU3YIOThCS HASBHICTIO
JiKonoMi0HO1 a00 MUWIIHAPUYHOI OUBITHHU 13 3POCIMX CETMEHTIB OIBITHHH, SKI
YTBOPIOIOTh KBITKOBY TPYOKYy MpU OCHOBI. THYMHKHM 3pOCTAIOTHCS 3 KBITKOBOIO

TPyOKOIO TIPH OCHOBI, aji€¢ 30BHIIIHI 1 BHYTPIIIHI TUYMHKOBI HUTKA MAlOTh PIi3HY
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noBxkuHy. [tk nop3udikcHi, MUAIKOBI 3e€pHa ABOBITHYTI 1 ciTyacTi. CTOBMYMK
OPSIMUM, TTOPOKHUCTUN 1HOAI CHaJalouuii, 3 TOUYKOBOIO CTUTMOIO; 3aB’si3b BEPXHS
CKJIQJIA€EThCSl 3 TPhOX IUJIOJIOJIMCTKIB, 3 BHYTPIIIHIMH Teperopoakamu. Hacinaux
3ayaTKiB 0arato, KaMIiJIOTPONHi, KpacuHyUeasaTHI. [1moau mokyminuaHi KopoOOUKH.
Hacinns yopHe, 3 TOCTpUMH KyTaMH, MOJI0BXKeHe, kpuiiate. [IpucyTHi pi3Hi cTepoigHi
CaIoHIHMU.

Pig Allium exunuii pig Tpuou Allicae, oaHiel 3 YOTUPHOX, SAKI BITHOCATHCS JI0
migpoauan Allioideae (Amaryllidaceae) Ta € ogHUM 3 HaWOLIBIIMX OTHOMOIBHUX
poOJiB, aje TOYHAa TaKCOHOMISl ILOTO POJY HEIOCTaTHhO BHBYeHA. CKJIaaHOUI
BUHUKAIOTh 4Yepe3 Te, M0 pil TMposiBise 3HAYHUUA momiMopdizM 1 go0pe
IPUCTOCYBYETHCS JI0 PI3HOMAHITHUX MICIb ICHyBaHHsA. KpiM TOro, TpaauiiiiiHa
kiacudikaiis 0a3yBajacs Ha romoruiasii (He3ajekHa €BOJIOLIS MOAIOHUX O3HAK y
BUJIIB p13HUX poiB). OHAK pia BUSBUBCS MOHO(IJIETUYHUM Ta MICTUTh TPU OCHOBHI
KJIaJy, X04a JIeSIKl 3alpONOHOBaHI POAU HE € CECTPUHCHKUMHU. MOJEeKyIspHI JaHi
TOBOPSTH MPO TE, 110 €BOJIOLIS POAY MPOXOJWIA MO TPhOX OKPEMHX €BOJIOLIMHUX
JHISX. 32 JOMOMOTOI0 CYYaCHUX MOJIEKYJISIPHUX (PITOTEeHETUYHUX METOJIB BIAJIOCS
JOCSITHYTH PO3MOJILTY PO/IIB.

Pin Allium BxiIrodae psii TAKCOHOMIYHUX YTIPYIIOBaHb, SIKI paHIIIe BBaXKAIHCS
okpemumu pogamu (Caloscordum Herb., Milula Prain i Nectaroscordum Lindl.)
Jesixi apropu BBaxkayim mo Allium spicatum me Milula spicata, enunuii Bug y
MoHoditetnanomy pozi Milula. ¥ 2000 pori Oyiio mokasaHo, 1110 BiH BOYJAOBaHUH y
Allium,

Pin Zephyranthes Herb miamopsinkoBanmii migpoauui Amaryllidoideae Burnett
ta Tpubi Hippeastrinae. Tpuba Hippeastrinae Bkirouyae 8 poxiB TpaB’SHUCTUX
pociuH. Jlo cknamy poay 3edipantec BxoauTh 101 B, K1 3pOCTarOTh y MiBHIYHIN
Awmepuui, ['aBasix, Tainanay ta Ingonesii. PocnuHu gaHoro poay MaroTh JApiOHI
MUOYyJIMHKA Ta JUCTKH 1 BIAHOCHO BEJIWKI O111, POKEBI YM JKOBTI KBITKH, K1
PO3MILIYIOTBCA MO OAHIM YK MO JBI HA HEBUCOKOMY KBITKOHOCI Ta OKYTaHl JBOMa
3pociuMH TpUKBITKaMu. KBITKM akTUHOMOpGHI, MpsMiI UM TPIIIKA HAXUJICHI 3
JHKONOAIOHO OUBITHHOK. CEerMeHTH OUBITMHHM JIAHUETOMOMIOHI, HpUYOMY
30BHIIIHI JIUCTOYKH OLBITHHHM IIUPII 3a BHYTPIIIHI JUCTOYKH ouBiTHHU. [lmig —
KOpOOOYKa 3 TIIOCKUMHU YOPHUMHU HACIHUHAMH.

Pin Clivia Lindl. A. TaxtamksH BigHocuB a0 mopsaky Amaryllidales poxumau
Amaryllidaceae J.St.-Hil. no Tpuou Haemantheae Hutch. [39]. 3apa3 pix Clivia Lindl.
BIIHOCUTBCS J0 mopsaky Asparagales i mo ckmamy poamnun Amaryllidaceae,
niapoauau Amaryllidoideae Burnett [42].

[MpencraBuuku poay Clivia xapakTepu3yrOThCsi HASBHICTIO KBITKOBOI TpYOKH,

MONOGRAPH 129 ISBN 978-3-9821783-6-3

¥

2S5

R


https://en.wikipedia.org/wiki/William_Herbert_(botanist)
https://en.wikipedia.org/wiki/John_Lindley
https://en.wikipedia.org/wiki/John_Lindley

Erbe der europdischen wissenschaft Part4 T <3

R

JOBroi, 1HOAI KOpOTKOoi. dopMa KBITKM 3MIHIOETBCS 3a (POPMOIO BiJl BIAKPUTOT
YalieyKky JI0 By3bKOi BUCS4O1 TpyOouku. Konbopu OLBITHHH NEPEBa)KHO B BIATIHKAX
BiJl KOBTOTO J0 TMOMapaH4YeBUil Ta udepBOHOTo. KBiTM po3TamioBaHi B 30HTHKAX,
KOXKEH 30HTUK Ma€ JOBTHH KBITKOHIC. KO)KHa KBiTKa Ma€ MIICTh THYMHOK 1 HIKHIO
3aB'sI3b, M0 CKJIAAETHCS 3 TPHOX IJIOJOJIUCTKIB. THYMHKU MalOTh JTOBT1 THYWHKOBI
HUTKH 1 MHAJISKH, SKi BUIBHO PYyXalOThCs Ha CBOiX HUTKaX. CTOBMYMK JOBIIWI3a
TMICJTFOCTKH, 3aKIHIYETHCS KOPOTKOIO TPUIIOMATEBOIO MPUHMOUKOIO.

BucHoBku

st dimoreHeTnyHoi pekoHCTpyKIii pomuam poamnu Amaryllidaceae s.l.
HAyKOBI[l HE BUKOPHCTOBYBAJIM O3HAKKM OYJOBU TiHELed 1 O3HAKU BACKYJISIPHOI
aHATOMI1 KBITKM. A BUBYEHHSI CUHKAPIIHUX T'1HELEIB 13 CENTaJIbHUMU HEKTAPHUKAMHU
€ 3apa3 CBITOBOIO TeHJEHUI€0. ToMy UIsl MIATBEPIKEHHS MOJEKYJISIPHUX JaHUX
BAXKJIMBO ISl CUCTEMATUKU OyJ10 O MpOBEJAEHHS KOPEJALIi 3 MIKPOMOP(OJIOTTUHUMHU
O3HAaKaMH 3aB’s31 Ta TiHENEe BIIJIoMY. Tak sIK JOCHIIHUKH IIE JOCI CIepedyaroThCs
PO MOXOJ/KEHHSI IMX BHUJIIB T4 POAMHHY MPUHANEKHICTh. [lopiBHsIIBHA MOPQOIIOTIS
kBiTkn poxuau Amaryllidaceae s.I. 103BomuTh BHSBUTH O3HAKK CXOXKOCTI Ta
BIZIMIHHOCTI, 30KpeMa MPeACTaBHUKIB POJIUHH, SIK1 BIJIPI3HIIOTHCS 3a OYI0BOIO Ta MiCLIEM
pO3TaIllyBaHHS CENTAIBLHOIO HEKTAPHUKA 1 YACTUH OIBITUHHU.

Y  nocmmkennx BuaiB poxaman  Amaryllidaceae: Hymenocallis speciosa,
Galanthus nivalis, Leucojum vernum, Narcissus pseudonarcissus, Cyrtanthus elatus
HasiBHA pi3Ha Oy/10Ba CENTAIbHUX HEKTAPHUKIB, PI3HA KIJIbKICTh HACIHHUX 3a4aTKIB Y
3aB’s131, pi3HA KUIBKICTh MPOBIAHMX IMYYKIB y KBITKOHDKIII Ta KBITKOJOXI, pi3Ha
BHCOTa 30H 3aB’sA3l. A €BOJIIOLIS KBITKM NPOXOJWJA y HampsMi 3MEHIIECHHS
IPUKBITOK B1JI BEJIMKOI KiJILKOCTI 10 1BOX a00 OJHI€T, B/l BUIbBHUX YaCTHH OIBITUHH
70 YTBOPEHHSI KBITKOBOi TpPyOKH, BiJl 30HTHKA 3 BEJIUKOI KIJIBKICTIO KBITOK [0
30HTHKA 3 JICKIJIbKOMa YHM OJIHIEI0 KBITKOIO, BiJl aKTHHOMOP(HOI'O aHIPOICI0 10
3UroMop(HOro, BiJl BIJICYTHOCTI JO HAsBHOCTI KOPOHM Ta BijJ] BEIUKOi KIJIBKOCTI
HACIHHUX 3auyaTKiB 10 JACKIIbKOX abo ojgHoro. Came TOMY MOJaibllle BUBYCHHS
MIKpOMOP(QOJIOTii KBITKM PI3HUX POAIB aMapuIiCOBUX MOXKE MIATBEPAUTH abo

CIIPOCTYBATH 3aIPOTIOHOBAHI JTOCIITHUKAMU MOJIEKYJISIpH1 (DIJTIOTEHETHYHI CUCTEMU.
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KAPITEL 9/ CHAPTER 9.
THE IMPORTANCE OF PROTECTING THE AREA FROM FLOODING

AND FLOODS IN THE FOOTHILLS OF THE CARPATHIAN RIVERS
BAXKHOCTB 3AIJHTHI TEPPUTOPHH OT IIOATAILTHBAHHA H HABOJHEHHH HA
HIPE/II'OPHBIX YYACTKAX KAPIIATCKHX PEK
BAJK/TUBICTh 3AXHCTY TEPUTOPII BIT ITIJTOII/IEHHA TA IIOBEHEH HA
HEPEJI'IPCbKUX JIVIAHKAX KAPIIATChKHX PI9Y0K

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-016

Bceryn Ta mocrtaHoBKa npoodJieMu

[lepearipcbki AUIAHKU piuok YKpaiHchbkux KapnaT € ogHuMu 3 HalOUIbIn
HEOE3MEeUYHNX TEPUTOPid €BpONH, SKI MATAIOTHCS YaCTHM TABOAKAM Ta TOBEHSM.
OcTaHHIMU pOKaMU CIIOCTEPITaeThCsl TEHACHIIIS O MOYACTIIIAaHHA ITUX HEOE3MeuHuX
saBUIL B YKpaiHi, ocobiuBo y Kapnarcekomy perioni. TUIbKH 32 OCTaHHE JECATUIITTS
JIpBiBChbKa 00JIacTh 3a3Hajlia 5 KaTacTpoIYHUX MaBOAKIB, 3arajibHl 30UTKHU BIJ SKHX,
3TIHO OIIIHKK eKcnepTiB, cTaHoBuiau Maibke 100 mmH. gon. CIIA. Kpame
PO3BUHEHA CHUCTEMa IMPOTUIABOJAKOTO 3aXHCTy EBpOMEHCHKUX KpaiH [103BOJISIE
3pOOUTH HACTIAKKA MOBEHEH MIHIMaJbHUMU. BIIBIIICTh HASIBHUX MPOTHUIABOJKOBUX
criopyZl B YKpaiHi 4aCTKOBO 3HHIIEHI a00 He e(EeKTHBHI, BHACIIJIOK BiJCYTHOCTI
TEXHIYHOI MoJiepH13alii [1].

JlocmimkeHHsT 0COOIMBOCTEN OaraTopiuyHUX KOJHMBAHb BOJHOCTI TIPCHKUX PIYOK
Ta iX MIHJIMBOCTI B CYYaCHUX YMOBAX € BAKJIMBUMH B T1APOJIOTTYHUX Ta €KOJIOTTYHHUX
cnoctepexxennsax. Jlns VYkpaincbkux Kapnatr xapaktepHa OaratodakTopHICTh
nporecy (OpMyBaHHS PIYKOBOTO CTOKY, OCHOBHUMH 3 SKHUX € reoMopdosIoriyHi
0co0MBOCTI OaceliHiB, METEOPOJIOTIUHI YMOBU (DOPMYBAaHHS Ta BUIAJAHHS OIIaJliB
[2].

JlocnmiKeHHsT TPOCTOPOBO-YACOBUX KOJIMBaHb MAaKCHMAJIBHOTO CTOKY BOJHU
pIYOK Mae AyKe BaKIMBE HAYKOBE Ta MPAKTUYHE 3HAYCHHS I PO3POOKH HOBHX
METOJIMK MOr0 BU3HAYEHHS Ta y3arajlbHEHHs. MIHJIMBICTh MAaKCHMAJIbHOTO CTOKY
BOJIM PIYOK BIUIMBAE HA Pi3HI rajly31 CUIBCHKOTO Ta BOAHOTO T'OCHOIAPCTBA, OCOOIMBO
JUTSI BOJ103a0€3MEeUeHHS Ta BOJOBIABEICHHS.

[IporHo3zyBanHs yMOB (hOpPMYBaHHSI €KCTPEMAIbHUX 3HAYCHb MaKCHMAaJIbHOTO
CTOKY BOJIM, YaCTOTU IXHbOTO BHMHHMKHEHHS Ta OaratopiyHi 3aKOHOMIPHOCTI €
BOXJIMBAMU 11 TPOEKTHUX Ta EKCIUIyaTalliHUX poOIT B TIAPOTEXHIYHOMY
OyniBauTBI [3].
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9.1. Bukjax 0CHOBHOT'O MaTepiajy Ta pe3yJbTaTH A0CTiIKeHb

BignosigHo 10 (i3zuko-reorpadgiuyHoi 30HAIBHOCTI TepUTOPil YKpaiHu Ta YMOB
¢dbopMyBaHHS MaKCHMAJIBHOTO CTOKY BOJIU BUAUISIIOTH PIYKHA 3 BECHIHUM BOJOMLISAM
Ta TABOJAKOBUM pPEKUMOM. Ha TIpChbKMX KapnaTChKHX pIYKaxX CIIOCTEPIraeThes
MaBOJKOBHUI PEKUM BOJHOTO CTOKY. BogHOYAcC po3pi3HAIOTH MAaBOJIKH XOJOIHOTO i
TEIJIOr0 TMepiojiB, a 3a ImpoiecoM (OpMyBaHHS — CHITOBOTO, JOIIOBOTO Ta
3MIIIAHOTO TMTOXOJKEHHS.

3a Teruioro mepioAy maBOAKH (HOPMYIOTHCS 3aBISKH BUIIAJAHHIO JOLIIB Pi3HOL
IHTEHCHBHOCTI, @ B XOJOJHY MOPY POKY XapaKTEpHU3YIOThCS 3MIIIAHUM YKUBJICHHSIM.
Ha ripcbkux piukax Kapnar maBogku 3MINIAHOTO TMOXOJPKEHHS XapaKTepHI IS
BECHSIHOro Bogomniu [3].

B cyuyacHux ymMoBax aHTpoIoreHHi ¢akTopu CIpUsIFOTh 301JIbIIEHHIO YaCTOTH Ta
pyitHIBHOI cviii moBeHed. OcoOIMBO 3HUILICHHS JIICIB, IO 301IbIITYyE MaKCUMaTbHUN
noBepxHeBuil cTik Ha 250-300 %, a TakoX HepalioHaJbHE BEJAEHHS CLIHCHKOTO
rocro/lapcTBa. 3HAUYHUM BIUIMB JJIi TOCUJICHHS IHTEHCHUBHOCTI MaBOAKIB Mae
PO30PIOBAHHS CXWJIIB Ta BUKOPUCTAHHS BAXKKOI TEXHIKU JJIA JIicOo3aroTiBesb. Brpuui
30UTBLIMIIMCS CepEeH] BUTPATH MaBOJKIB Ha ypOaHI30BaHUX TEPUTOPIAX Y 3B A3KY 13
3a0yZI0BOIO 3aIliaB PiK, BUJIOOYTKOM TPaBIMHO-MIIAHUX CyMIlIeH 3 pyces, 4acTo B
MeXax HACEJIEHUX MYHKTIB.

[3 3pocTaHHSIM YHUCETHLHOCTI HACEJICHHS, BUPYOKOIO JICIB Ta MPOMHUCIOBOIO
TUSITBHICTIO JIFOJIeH TOBEHI cTaju BigOyBaTucs Bce yacTime. Oco0auBo HeOe3neuH1
MOBEH1 32 HAsIBHOCTI J1aMO, Jie¢ BUCOTa BOJHOI MOBEPXHI PIUYKH MEPEBUINYE BIIMITKH
MPUIIETJI0l TepUTOPii. 3a pyHYBaHHS UM MEPEIHUBI BOJIU Yepe3 AaMOy 3aTOILTIOEThCS
3HaYHa YaCTHHA MICLIEBOCTI.

AHani3 moBeHeW 3a OCTaHHI AEcATUpPIUYs IOKa3aB, L0 Yy OaraTboX KpaiHax
CIIOCTEPITa€ThCSl 3HAYHE 3POCTAHHS MaTepiaibHUX BTpar Bia HUX. lle cnpuumHeHo
HEpaIliOHATBHAM BEACHHSIM TOCTIOJAapCTBAa B JOJIMHAX PIYOK Ta TOCHICHHSIM
rOCIOAapPChKOTO OCBOEHHSI MaBOIKOHEOE3MEYHUX TePUTOPiH (puc. 1).

3HauHUX MaclITablB OTPUMAJIO BUAUIECHHS 3€Mellb MiJ 1ayl Ta TOPOIHU B Mexkax
NpUOCPEKHUX CMYT MalluxX pivyoK. BojgHowac 3 oOyamITyBaHHSAM YHMCICHHUX JaMO
Oyna 3HMILIEeHa OeperoBa poOCIMHHICTh, a OEperu NPakTUYHO PO30PaHi JI0 ypi3y BOJIH.
s mispHICTH TpU3BEa 10 MIBUIKOTO 3aMyJIeHHS Ta oOMUTIHHS pidok. Oco0amBO
3arpo3JIMBUM CTa€ 3a0pyJHEHHS PIYOK CUILCHKOTOCIOAAPCHKUMHU Ta IHIIMMH
MIAITPUEMCTBAMHU 3 MATOS(DEKTUBHUMH OYUCHUMH CIIOpyJamMu abo 30BCiM 0€3 HUX.
binbme 30 % BHeceHUX y IPYHT JOOOpHUB Ta IHIIMX XIMIKATIB BHUMMBAETHCH,

MOTPAIJISIOYN B PIYKH, 32 YMOB 3MEHIIICHHS 3aTaJIbHOTO 00’ €MY TXHBOTO CTOKY.
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Puc. 1. Po3ramyBanns Oy1iBHMUTBA HA npudepe:xHiii 3axucHii cmysi p. Ctpuii
y 2020p, cmT1. B. CunboBuIHE

3HauYHO PO3BUHYJKCH TpollecH 3a00JI0uyBaHHsS Ta 3amyitoBaHHsA. Ha Takux
piUKax pO3BHBAIOTHCS BEJIMKI TUIOIMI OYEPETSHUX Ta POT030-0UYCPETIHUX POCIUHHAX
IJIONI, IO 3a PaxyHOK TpaHCHipalii 30UIbIIYIOTh HE3BOPOTHI BTPAaTH BOJIU Ta
MIPU3BOAATH 70 3aMOpy pubu [4].

[Iporno3oBane MOTEIUIIHHS KJIIMATy Ta MOJAJBIIE OCBOEHHS PIYKOBUX JOJIMH,
MPU3BENYTh A0 301IbIIEHHS TOBTOPIOBAHOCTI 1 PYWHIBHOI CHJIM MaBOJKIB. BaxkanBum
€ TIPOBEICHHS MOHITOPUHTY TOBEHEH TIPCHKUX PIYOK 3 METOK PO3POOKHU
e(eKTUBHUX 3aXOIiB JIs 3aM00ITaHHS 1 3aXMCTY HACEJICHHS BiJ HUX, 10 3MCHIINUTH
BHUTPATH Ha JIIKB1IAIIIO0 HACIIIJIKIB.

AHai3 NaHuX 1HXKEHEPHO-TEOAe3UYHUX poOIT B pycii p. CTpuii, 103BOIUB
3poOUTH BUCHOBOK, 1110 3a mnepioy 2003-2008 BoHO 3HAYHO 3MIHMIIO KOHQIrypalliro.
CyTTeBO 3MEHIIMIAcCh 0AraropykaBHICTh Ta 30UIBIIMIIACH BUOPSIMIICHICTH pycia, a
MICIISIMM  piuKa 3MiHWJIA TONOXeHHs pycna Ha 50-60 wertpiB. Pesynbratu
JOCIIKEHB, AKi mpoBeaeHi y 2010 poiri moka3yoTh, IO PyCcIO HE Mae CTabiaIbHOI
dbopmu Ta moTpedye npoBeaeHH e(EeKTUBHUX OepEroyKpiruIoBaIbHUX 3aX01iB [5].

HasiBHICTE Ha pycOBii TEpUTOPIi MIIIAHO-TPABIMHUX CYMIIIEH CIOHYKae 10 iX
BUJIOOYTKY, SIKUW Y4acTO € HECAHKI[IOHOBAaHUM, 110 BUKJIUKAE JAedOpMaIliitHi mporecu
pycia piuku Ta ii OeperiB (puc. 2). Jlerki 3a MexaHIYHUM CKJIaJOM TPYHTH
PO3MHBAIOTHCS, OCOONMBO MiA 4Yac MaBOAKiB. lle crnpuuymHs€ PO3BUTOK €pO3IMHUX
MPOIIECIB B PyClIax Ta MPUIIETIIMX TepuTopii [5].
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3HauHe 30UIbLIEHHA Kap €pHUX BiIOOpIB MIlIAHO-TPABIfHOTO Martepiany B
pyciax TIpChKHUX PIYOK MarOTh JTUCKPETHHM XapakTep Ta € PI3HUMH 3a JOBXKUHOIO.
BupiBHIOBaHHS PiYKOBOrO JHA Hajajl 31MCHIOETHCSA MaBOJAKAMH Ta BUTpAaTaMHU, SK1
NPUKAHATO BBAXATH pycIopopmyrodnmH [6].

BunoOyTok rpaBiiiHO-TAIBKOBUX BIJIKIAIIB Jy)K€ YacTO MPOBOAUTHCS I
MPUBOJIOM PO3YHUIICHHS pycel, JiKBiAalii HAHOCIB Ta OCTPIBLIB AJS 3amoOiraHHs
HEraTUBHOTO BIUIMBY IPOXOJDKEHHS MAaBOJKIB, JAJIEKO HE 3aBXKIU EKOJIOTIYHO
oOrpyHTOBaHMHA. B pe3ynbpTaTi Taka MisIbHICTh HE TUTBKH MPU3BOJIUTH /10 TIOHKCHHS
MiclieBOro 0asucy eposii, pylHyBaHHsS OeperiB 1 MOTIPIICHHS SKOCTI BOJHU, ajie U
HEraTHBHO BIUIMBA€E HA HEPECTOBY MIrpallito Ta HepecT pub y 6aceitni piuku Ctpuii.

A

B ot s

Puc. 2. HecankuioHoBaHi Kap’e€pHi po3poOku B pycJi piuku Ctpuii

B mexax kap’epiB BUHHUKIA OUIBIIICTH HEOPTaHI30BAHUX 3BAJIMIN TBEPIUX
MOOYTOBUX BIJIXOJIIB, 0 3HAYHO YCKJIAHIOE Tpo0iemMy ix yruiizanii. Opranizaropu
TaKUX CXOBHII YaCTO MOMHJIKOBO BBa)XaIOTh 1110 Kap €PU B¥KE CIPUSIOTH 3aXUCTY Bij
3a0pyIHEHHSI HABKOJIMILIHIX Teputopiil. [IpoTe HaBITH TNIMHSAHI Kap €pu HE 3aBXKAU
rapaHTylOTh €KOJIOTIYHY Oe3neky Hux cwmiTre3Banuiy [7]. Jyxe dacTto moBeHi Ta
MAaBOJKH PO3MHUBAIOTH JJaH1 CXOBHIIA, 1[0 MPU3BOAUTH 10 BUHOCY IXHHOTO BMICTY Y
BOJHI TIOTOKH PIYOK.

[aTencuBH1 omaau B mepioa 22.06—24.06.2020p. mpu3Beau 10 3aroCTPEHHs
MaBOJAKOBOi 00cTaHOBKM B IBaHO-@®pankiBchkiid, YepHiBeubkid, JIbBIBCHKIH,
3akapnatcekiii Ta TepHomiabchkiii oOmacTsax. Ilik maBomky mnpumaB Ha 23—27
uepBHs. Moro BBaxkaloTh HalGimbIMM B icTopii 3aximHoi Ykpainu 3a octamHi 60
pOKiB. 3arajibHi 30UTKHU BiJ] TIOBEHI OI[IHMIN Ha cyMy 3—4 muipj rpH. (puc. 3-4).
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Puc. 3. 3mina piBHiB Boau mijg yac noseHi 23-27.06.2020p. na p. Crpuii B paioHi
MOCTAa HA cMT. MOpIIKMH: a) MK MaBOAKY; 0) MICJIs MPOXOAKEHHS MABOAKY
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[IpoBeneni HaMM  JOCHIDKEHHS  TIAPOJOTIYHMX  JIaHUX Y KPaiHCBKOTO
T1IPOMETEOPOJIOTTUHOTO LIEHTPY TO03BOJIMIN OTPpUMATH rpadivHi 3aJeKHOCTI PIBHIB
Bosu p. CTpuii B IIepioin 3pocTaHHs MaBoaKoBo1 HeOesneku y 2018-2020 p. (puc. 4),

a TaKoXX cyMapHHii rpadik pivHUX PiBHIB BOAHM 32 I xe repiox (puc. 5) [8].
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Puc. 4. PiBui Boau p. Ctpuii (cmT1. B. CuHbOBH/IHE) B IIePio iy 3pOCTAHHS
NaBoAKOBOI HeOe3nmeku: a) 2018; 6) 2019; B) 2020p.
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Puc. 5. Cymapuuii rpagik piunux piBaiB Boau p. Ctpmii (cMT. B. CHHbOBH/THE)
3a 2018-2020p.

Ha nux rpagikax crnocTepiraloTbCsi CUICTEMATH4HI MKOBI 3HAYEHHS Y BECHSHO-
mitHi# nepion. CymapHhi rpadiku 3a 2018-2020 poku A03BOJIUIN BUAUIUTH JIUIICHD
MICSIb, SIK HaltHEOE3MEeUHIMM 1711 TOBEHeH Ta maBoJIKiB. [IpoTe 11 cocTtepexeHHs
NOTPeOYIOTh MOAJIBIIONO aHaMI3y Ta AOCHIIKEHb, BPAXOBYIOUHN 3arajlbHy TEHJICHIIIIO
3MIHU KJIIMaTy Ta MOTEIJIIHHS.

BucHoBku

3a po3poOJeHHsI 3aXO0J/iB MPOTUIIABOJKOBOIO 3aXHUCTy Yy JOJIMHAX TIPCHKUX
pPIYOK HEOOXIIHO PO3IJIAATH BCIO BOJO30IpHY TEPUTOPIIO, a HE OKpeMl IUISHKH.
JlokanbH1 TPOTUIIABOJIKOBI 3aX0/IH, SIKI HE BPaXxOBYIOTh BECh MPOIEC MPOXOKEHHS
MaBOJKa B JOJMHI PIYKH, MOXYThb CYTTEBO TOTIPIIMTH 3arajbHy CHUTyalll0 Ta
MIPU3BECTHU JI0 301TIbIIICHHS 30UTKIB Bl MOBEHEH.

B Vkpaini HeoOXigHO BHPOBaAUTH €()EKTUBHY CHUCTEMY MPOTHO3YBAHHS
MaBOJIKIB, OpPraHI3yBaTH IMOMEPEPKEHHS HACEJICHHS MpO TMepioj MPOXOKECHHS
MOBEHI, MAaKCUMaJbHO WMOBIPHI MIJHATTSA PIBHIB Ta ii TpuBaiicTh. HaazuuaiiHo
BOXXJIMBE 3HAYEHHS Ma€ 3aBYacHE 1H(POPMYBAHHS HACEJEHHS IMPO MOXJIMBUN dYac
MOBEHI, il HACIIJKM Ta 3aXOJH, SIKI HEOOXiJHO BXKMBATH Yy BHUIIQJKaX 3aTOIJICHHS
OyniBenb Ta CIOpy/.

HeoOxiHO MpOBECTH I1HXKEHEPHI [OCHIKEHHS TIAPOTEXHIYHUX CIOPYI B
OaceitHaxX TIPCHKUX PIYOK, OCOOJIMBO B JOJUHAX TUX PIUOK, pycia SKUX OTOPOJIKEHI
nambamu. [[y>ke 4acTo BojJia B HUX MiJHIMAETHCS HA 3HAYHI PIBHI HAJ 3alljlaBaMu Ta
3aCEeICHUMH TPUJIETIIMMHA TeputopisiMu. [lpu 11bOMy aHTPOMOTEHHA isUTbHICTH
HalyacTille BiAIrpae pojb Karajaizaropa ajas IpUPOIHUX MPOLIECIB, 110 TPU3BOIUTH Y
10 HEraTHBHMX HAcIiAKiB [5, 9].
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KAPITEL 10/ CHAPTER 10.
ANALYSIS OF HYDRAULIC REGIME OF CIRCULATING WATER
SUPPLY AND COOLING WATER SYSTEMS OF THERMAL POWER
PLANT WITH DRY COOLERS

AHAJIN3 'H/TPABJIHYECKOI O PE’KUMA CUCTEMBI ITHPKYJ/IALTUOHHOI O
BOJOCHABKEHHUA H OXJIAKJIEHHA BOJbI TEILZIOBOH 3JIEKTPOCTAHIIHH C
«CYXUMH» I'PA/TUPHAMHA

AHAJII3 TIIPABJIIYHOI O PEJKUMY CUCTEMH IIHPKYJIAIIHHOI O
BOJIOIIOCTAYAHHA 1 OX0JIO/’KEHHA BOJH TEIL/IOBOI EJIEKTPOCTAHIIII 3
«CYXUMU» 'PA/TUPHAMH

DOI: 10.30888/978-3-9821783-6-3.2020-02-04-005

Beryn

Cucremn KOHJEHcalli Tmapu TypOiH €HEpProOJIOKIB Ta  OXOJOJKEHHS
MUPKYISAMIAHOT BOAM € Ba)UJIMBUMH CKJIQJOBUMU TETUIOBUX EIEKTPOCTAHINIH.
AKTYyaJIBHICTh JIOCTI/DKEHb TIIOB’si3aHa 3 OOMEXKEHHSM B 0ararbox perioHax
CIO’KMBAHHS BOJIHUX PECYPCIB PIK JJI TEXHIYHUX MOTPeO. TakokK CyTTEBOIO € IUIaTa
€JIEKTPOCTAHLIN 32 OOCATH CHOXKUTOI BOAM. Lle crionykae 10 3aCTOCYBaHHS 3aKpUTHX
CHUCTEM OXOJIOJKEHHS LUPKYJALIINHOT Boau TemioBux enektpuuHux ctanui (TEC)
31 3MINIYIOYMMH KOHJAEHcatopamMu mnapu. OCKUIbKM THCK Tlapd B TaKUX
KOHJIEHCATOpax BUIIMI, I[I€ YacTKOBO 3MEHIIYE IMOTYKHICTh TypOOreHeparopa
eHepro6sioky. Binrak BaxkiMBa sskoMora OuTbla mojada 0XOJIOKYBaJIbHOI BoU. B
oMy (DaKTUYHI TIIPaBIiYHI Ta TEMIEPATypHI XapaKTEPUCTUKH TAKUX CHUCTEM
KOHJIEHCAIlli Tapy Ta OXOJIOPKCHHS [HMPKYJSALIMHOI BOAM MOXYTh JEIIO0
BIJIPI3HATHUCH B MPOEKTHUX. TOMY yTOUHEHHS (PAKTUYHUX XapaKTEPUCTUK CUCTEMH
OXOJIO/DKEeHHsT nupKyJsiiaoi Boau (OIIB) B mepiog myckoBHX BHIPOOOBYBaHb
eHeproOJIOKyY Ta aHaji3 X pe3yJbTaTIB € BAXKJIUBUM JIJIS MOJAJIBIIOT eKCIUTyaTallii.

10.1. AHaJji3 ocTaHHIX A0CJizKeHb 1 myOikanmii

Cucremu oxomnoxeHHs upKysiiitHoi Bogu TEC B cyxux rpaaupHsx HaOynu
MOIIMPEHHS y PI3HUX pErioHax Ta KpaiHax cBiTy. lle MoB’s3aHO SIK 3 TEHIEHIIEO
BOJI030€PEKEHHS TaK 1 BIJCYTHICTIO JIKEPES BOJOTOCTAYaHHS JJII BUKOPUCTAHHS B
cuctemax Bigkputoro OIIB 3 Mokpumu rpamgupHsiMu abo 3 BIAIITyBaHHSIM
BOJIOMMHUIIIA-0XOJIOAHUKA. Y HAYKOBUX JKepesax € BIAMOBIAHI MyOiiKalii CTOCOBHO
TEXHIYHUX XapaKTEPUCTUK Ta MIEPCIIEKTUBH BUKOPUCTAHHS TAKUX CHUCTEM TEXHIYHOTO
BOJIONIOCTaYaHHS.

Po6ora [1] cTocyeTbest mpoOieMu 3MEHIIIEHHS] BTPAT BOJM HA BUIIAPOBYBAHHS B
OXOJIO/DKYBAJIbHIM  TpagupHi enekTpocTaHiii. Jlns mporo Oyma mociimkeHa
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nabopaTopHa MOJIENIb MOKPOTO OXOJIOPKCHHS IMPKYJSALINHOI BOJM B TpagupHi 3
JOJATKOBUM TEIUIOOOMIHHMKOM TIOBITPSI Ta JOMOMDKHHM BEHTWISATOpOM. B
pe3ynbTaTi OYIKYEThCS €KOHOMISI OJTU3bKO 35 % BOAM HA BUNIAPOBYBAHHS.

Orineno BB Ha MOTYXHICTh TEC 3a 1OMOMOTOI0 €KCIUTyaTaiiHNnX JaHuX
rpagupHi cuctemu ['emnepa [2], a TakoX MOJIETIOBaHHSIM IpoiieciB. BpaxoBaHo
3MIHM TeMIIepaTypH, aTMOC(HEpPHOro THCKY MOBITPS, a TAKOXK MONEPEUYHUN HATIPSIMOK
BITPY, TUCK Yy BaKyyMmi KOHAEHcaTopa. 3’sCOBaHO, 110 Ha POOOTY IpaJiupHI1 BILIUB
BITpY OUIBLINI, HIX 3MiHA aTMOC(PEPHOTO THUCKY. AHAJOTIYHI MPOIECH BIUIMBY
MONEPEYHOr0 BITPY JOCIIDKEHI I TPagupHi 3 MPUPOIHOIO TATOKO TMOBITPS Ta
CYXHUM OXOJIOJDKCHHSIM [3].

B poGoti [4] BuKOHaHa TeMIlepaTypHa 1 EKOHOMIYHA OIliHKa TIOPHIHUX
rpaaupeHb. Pe3ynpTaTé MOKa3yloTh, [0 BHKOPHUCTOBYIOUM TIOpPHUIHI TpagupHi,
CIOKMBAHHS BOJU JJIs CUCTEMHU OXOJIOJ)KCHHSI €JeKTPOCTaHIli 3MEHIIYEThCS Ha
34 %.

B pobGoti [5] mnpencrtaBieHO TEXHIKO-eKOHOMIYHMN aHaji3 BUKOPHUCTAHHS
JUMOBHUX Ta31B €JIEKTPOCTaHLli B rpaaupHi ['emnepa ang nominmeHHs ii podotu. B
pe3ynbTaTi MOTYXHICTh, B MEPiOJ BITPOBUX YMOB 3pocia Ha 7,92 MBT BHacmigok
3HIDKCHHS TEMIICPATyPH 0XOJI0KYBAIBHOI BOJIM Ta TUCKY MapH B KOHJICHCATOPI.

JlocnmipkeHO HOBHEM METOJ MPOTHO3YBaHHS IMEPEXiJHOTO 4Yacy IYCKY CYXHUX
OXOJIO/IKYBAJIBHUX TPAJUPEHb 3a BIJICYTHOCTI MPUIUIMBY XOJOJHOTO MOBITps. Yac,
HEOOXITHUN JJI1 TOoYaTKy poOOTH TpajvpHI 3 BU3HAUYEHHWMH EKCILTyaTalliiHUMU
napamMeTpamMu 30UIbIIYETbCS 31 30UIBIIEHHSAM BHUCOTH OamiTH TpajupHI, ajie
CKOpPOUY€ThCSI 31 3OUTBIIEHHSM PI3HUIIN MDK TeMIepaTypaMu TOBITpsS 1
TermI000MiHHuKa [6].

[Tonepeunuii BiTep i€ HETATUBHO HA MPHUPOAHY TATY JJII HEBUCOKOI TPaJUpHI
CyXOro OXOJIOJKeHHSI HMUPKyJsiiiHoi Bogu TEC. SKimo MBUAKICTH MOMEPEUYHOTO
BITPY BHWINa KPUTUYHOI, TO 3MEHIIYETHCA MPHUPOJHA TATa TOBITPS B TpagupHi Ta
OXOJIOJIPKEHHS BOH [7].

[IpeacraBnena ogHOBUMIpHA MOJIETh MEPEXITHUX TPAAUPEHb, KA MOXKE OyTH
BUKOpHUCTaHa JUIsl IMITallli MPOLECY 3amyCcKy NPUPOAHOI TSITU B TPAAUPHSX 3 CyXUM
OXOJIOJIKEHHAM. Jlocnmi/pKeHo mepexiiHui Mpolec MyCKy IpaJupeHb 3 MPUPOIAHOIO
TATOI0 Ha TEIUIOBHX EJCKTPOCTAHINAX I TPhOX PI3HUX BXITHUX TEMIIEPATyp.
CTBepKy€eThbCs, IO YMM BHINA TeMIEpaTypa TMOBITPS Ha BXOJi, TUM OlibIIa
IIBUJIKICTH HOT0, @ TOMY KOPOTIIHIA MPOLeC MyCKy IpafupHi B podoty [8].

B npoananizoBaHnx HayKOBUX Mpallgx HaBe/IEHA BAKIIMBA TEXHIYHA 1H(GOpMAIIis
I0JI0 JTOCTIIKEHHSI CYXOT'0 OXOJIOJDKEHHs UpKyJsiiiHoi Bogu TEC B rpagupHsx.
Bub6ip namoi temu rigpaBaidaux gociipkers cucremu OLIB 3 rpagupasvu I'emepa
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00yMOBJICHU I

— THM IO JaHa CHUCTeMa 3aMKHyTa 3 TEXHOJOTIYHHUMH €JeMEHTaMU
Ha/UTUIIKOBOTO 1 BAKYYMMETPUYIHOT'O TUCKY BOJIH;

— HEOOXIAHICTIO 3’ACyBaHHS BIUIMBY pEXHMY €KCIUIyaTalii TpagupHi 1
riipoTypOiHy Ha moAady HUpKyIsmiiaux Hacoci (L[H).

OcCoOMBICTIO JOCTIKEHb € T€ IO BOHHM CTOCYIOTHCS EKCIUTyaTallli CHCTeM
OLB po3MilieHux B MICLIEBOCTSIX 31 3HUKEHUM aTMOC(HEPHUM THCKOM.

10.2. XapakTepucTika J0CTiI:KyBaHOI CHCTEMHU

Jlo cknagy cucTeMHu KOHJIEHCalli mapu Ta OXOJOKEHHS LUPKYJALIINHOI BOAM
eHeproosioky «Paznman-5» 3 mapoBoro TypOiHoto Ty K 300-24-3 BXxonsTh:
BOJIOBOJIM, «Cyxa» TrpagupHs [emiepa, KOHAEHCATOp 3MINIYIOUOTO  THITY,
mUpKyIAamiiial - Hacocu  (puc. 1).  upkynsuiiiHMMM  HacocamMu  KOHAEHcaT 3
IAPKYJSIIIAHOI0 BOJOI0 TIOJMAETHCA HA OXOJO/KEHHS B TpagupHio. Jliamerp
MaricTpajibHUX BOJIOBOJIB 2,0 M, MIBUAKICTH BOAU B HUX 1,6...2,2 m/c. 3 rpagupHi
BOJa 4Yepe3 TIApOTYypOIHM HAAXOAWTh B 3MINIYIOUM KoHAeHcaTop Ha 4640
po30puskyrounx (opcynok miamerpom 13,0 ta 15,0 mMMm. I'pagupus obGcmyroBye
OXOJIOJDKCHHS ~ UUPKYJALINAHOT  BOJAM  JIBOX  €HeproOsiokiB.  [upkyssiiito
OXOJIO/KYBAJILHOI BOJIM 3a0€3MeUyI0Th IUPKYJIALiiHI Hacocu — aBa tumy [l 12500-
24 i nBa Tumy J1 6300-27.

TernooOMiHHI 0XO0JIO/HKYBAJIbHI CEKTOPU TPATUPHI JJIsi OJHOTO E€HEProOJIOKY:
OCHOBHI — 6 IITYK; MIKOBI OXOJOJKYBalbHI cekTOopu — 3 mTyku. Cekropu
CKJIQZIAIOThCA 3 OXOJIOJKYBAIBHUX JeIbT BUCOTOIO 20 M — 190 mTyk Ta BUCOTOIO
15 M — 2 wrykmu.

BunpoOyBaHHsT CHCTEMHU OXOJIO/DKCHHS IHUPKYJSIIAHOT BOAM TpagupHi
MPOBOAMIIMCH BiIMoBiAHO 10 BuMor Meronuk [9, 10]. B xomi BuUnmpoOyBaHb
BUMIPIOBAJIUCH:

— BUTpaTa LUPKYJALINHOI BOJIM, TeMIlepaTypa UUMPKYJISLIAHOI BOAU HA BXOAI 1
BUXO/I1 3 TPaJMPHI;

— HaIlip BOJIY Ha BXOJIi 1 BUXO/I1 3 €JIEMEHTIB CUCTEMU;

— TeMmmeparypa 1 OapOMETPUYHHIA THCK, BOJIOTICTH aTMOC(EPHOrO MOBITPS,
MIBUAKICTD BITPY.

JIyisi BUMIpIOBaHHS TOKA3HUKIB BUKOPHUCTOBYBaIU: TepMoMeTp nudposuii TO-
[1024-10; anemomeTtp «testo 410»; ynbTpa3BykoBuid BuTpatoMip «GE Panametriks”,
MaHOMETpPH Kjacy ToyHOCTI 0,6 a Tako>X MOBIPEHI IITATHI MPWJIAINA OMEPATUBHOTO
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KOHTPOJIXO.

7 5
N
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t |
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-

Puc.1. IlpyHuumoBa cxeMa 0X0JI0/:KeHHs1 HMPKYJAUinHoI Boau TEC

3 cyXo10 rpaaupHero: 1 — yupkynayitina nacocna cmanyia; 2 — bawma cyxoi
2paoupHi; 3 — OCHOBHI 0XOJI00HCYBANBHI CEKMOPU; 4 — KOHOEHCaAmop 3MIUUAHO20
muny, 5 — po3nooinvuuil mpyoonposio 3 OpusKaibHuUMu GopCcyHKamu,
6 — ciopomypbina; 7 — napa 6i0 mypoinu

10.3. Pe3yabTaTu 10CTiKEHD

OCHOBOIO JIJIsl aHANITUYHUX JOCTIHKEHb T1APABIIYHUX XapaKTEPUCTUK CUCTEMU
OLB B3aTI pe3ynbTaTd BUMIPIOBaHb BIANOBIIHUX IMapaMETPiB Ha €Tami MYyCKOBHUX
BUINPoOyBaHb. TersoBe HaBaHTAXEHHS, MPU IbOMY HAa KOHJIEHCATOP Ta TPaUPHIO
cranoBuno 320 - 396 I'kan/ron. BuTpara mupKymsmiifHOI BOIM 3 KOHIEHCATOM
25000 -+ 30000 M3/rox, B 3aJI€KHOCTI BijJ TEIIIOBOIO HABAHTAXKEHHS 1 TEMIIEpATypH
MoBITpsi. MakcumaibHa 1mojiaya MUPKYJSAIiHOT BOU cTaHOBWIA 85 % BiJ MPOEKTHO1
(36000 m3/rox).

OXO0N0KEHHST BOAM TPOBOAMIIOCA Ha &-12 OCHOBHUX OXOJOIKYBaJIbHUX
cektopax (OC) rpamupni. [lpu MakcHMajabHOMY TEIJIOBOMY HaBaHTa)KCHHI
396 I'kan/rox 1 Temmneparypi noBitpst 13,2 °C oxonomxenHs Boau Oyno Ha 6,0 °C
BUIIE HOPMATUBHOTO (OCKUIBKM TpajvpHs MpHUiiMania HAaBAHTAKEHHS JIMIIE BiJl
omHoro eHepro0joky Ha Bci aBaHadisaTh OC). Ilepemam Ttemmeparyp cywminri
KOHJICHCATY 1 OXOJIO/PKEHOT ITUPKYIIAIINHOT BOJAM B TpaaupHi cTaHOBUB Bijx 9,5 °C o
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14,15 °C. BBiIMKHEHHS B pPOOOTY CEKTOPIB MIKOBHUX OXOJIO/PKYBadiB TpagupHi
301IBIIIYE 0XOJIO0KeHHS BoaU Ha 2 — 4 °C nuiie npu iX 3pOIIeHHI.

PesynbraTu rigpaBiiuHux BuUnpoOyBaHb poOotu cuctemu OB enepro0ioxy
HaBeJeHi B Ta0mm 1.

Bignocno oci IIH, BukopuCTOByHOYHM penabed MICIEBOCTI, CHOPyAH 1
oOnanHaHHs cucTeMu KoHjaeHcauii mapu Ta OLIB po3wmimieni 3 MiABUIICHHSAM Ha
9...17,0 M Ta 31 3HWXKEHHsAM Ha 7,5 M (puc. 2). Buznavanpaum it Hanopy IIH €
BIIMITKAa BEpXY OXOJIOJKYBAJIbHUX CEKTOPIB TPaJHMpHI, 32 YMOBH SKIIO CHCTEMa
OLB Tpy6oto (5) cronydena 3 nmoBiTpsM arMmochepu. Bunyck 5 npusHaueHuit aiis
3anobiranHs Bakyymy B BepxHiX yactuHax OC. B TakoMy pexumi eKciuTyartarii
poboua Touka I{H Bu3HA4YaeThCA BIAMITKOIO Z1 Ta T1IPABIIYHOIO XapaKTEPHUCTUKOIO
nuie auistHku BojgoBoAy — Bif IIH mo rpaguphi. 3a miero ymoBoro tuck I[H Oyne
NIIBHINCHUN a Horo mojada Hwk4dor. CyTrTeBo 30umbmmTH nogady I{H B Takomy
pexuMi poOOTH HEMOXKJIMBO. B 1mboMy pexkumi poOOTH Hamip BOAM B IpaJHUpHI Ha
7,0 M Bummii Bepxy OC Ha Bxozi Ta Ha 4,0 M Ha BUXO/11 3 HUX.

&

2S5

R

Taoaunng 1
YcepenHeHi aaHi riapaBjgiyHux Bunpooysanb cucremu OLlB
Ne IToxa3Huk YuciioBe 3HaUEHHA
Y/q
1 | KinbkicTh BBIMKHEHHX B poOoTy OC 8 9 12
2 | Ilomaua Boau Ha rpaaupHi W, M3/rox. 28788 | 28157 | 2984
9
3 | Tuck B HaniprOMYy naTpy6ky LIH, krc/cm? 2,481 | 2,465 | 2,45

4 | I'ippaBiiuauii omip auisHk Big IIH g0 kijmeueBoro

TpyGONpPOBOY IPaMpHi, Kre/cm? 0,016 | 0,01 |0,025

5 | Tuck Ha Bxoai B OC, krc/cm? 2,73 2,73 | 2,68
6 | I'apaBmiuauii omip IUISHKYA 10 BXoay Boau B OC, 0067 | 0057 | 0.077
Kre/cm? ’ ’ !

7 | Tuck B xonexropi Ha Buxoxi 3 OC, krc/cm? 2,41 2,39 2,4

8 | I'imparmiunawmii onip OC Ta AinsHKH TPyO A0 BUXOMY 0361 | 0381 | 0301
3 rpaJipHi, Kre/cm? ’ ’ :

9 |TigpaBmiuHmiA  omip  JIMSHKH  BOJOBOAY  JIO

rizpoTyp6iny, Kre/cm? 0,344 | 0,314 | 0,144

10 | igpasmiunmii onip rigpoTyp6iHu, Kre/cm? 1,04 1,03 | 1,18

11 | Tuck Ha Bxoxi B CK, krc/cm? -0,34 | -0,33 | -0,29

12 | I'igpaBniuyHui OI1ip BOJIOBOTTY 131;[2 riaApoTypOiHU 10 0,240 | 0,248 | 0,199
(bOpCYHOK B KOHJIEHCATOPI, KTC/CM

13 | Tuck Ha Bxoai B ITH, krc/cm? -0,13 | -0,14 | -0,16

14 | I'ippaBniyHUi omip BCMOKTYBAJIbHOT'O 0186 | 0,146 | 0,246

Tpy6onposoay 1TH, krc/cm?

MONOGRAPH 142 ISBN 978-3-9821783-6-3



Erbe der europdischen wissenschaft Part 4 agi ‘{\

Btpatu Hanopy Boau Ha ausHIN BojgoBoay Bia I[H mo rpagupHi He CyTTeEBi, BiA
0,01 o 0,025 xrc/cm?, B 3anesxxHOCTI Big nogaui Boau. Ilogauy Boau LIH B cucremi
OXOJIOJKEHHSI MO’KHA 30UIBIIMTH MPU OJIHOYACHOMY BHUKOHAHHI YMOB: 3HIKCHHSI
BTpaT Hamopy Ha riapoTypbiny (I'T) Ta BimcytHocTi cnomyuyenuss OC rpaaupHi 3
NoBITpsiM aTMocdepu B nepiog podotu cuctemu OLB.

B pe3ynbpTaTi HhOro AUKTYIOUOK TOYKOIO JIJISl HArmopy OyAe KOHIEHCAaTop Mmapu
TypOinu. [Ipu npomy y BepxHix uyactuHax OC rpagupHi MOMIUBUI HEBETUKHIMA
BakyyM. Tomy koHCTpyKIlii OC MOBUHHI MaTH TOCTATHIN 3arac MIITHOCTI.

I'eomerpuunum HamopoM Hg B mgaHOMy pexumi € pI3HULS MK BIAMITKaMU
II’€30METPUYHUX JiHIA (puc. 2) B TpyOOmpoBOII TMOjAayl BOAM HA BBOJAI B
KOHJIeHcaTop mapu Z; Ta Z; Ha Bxoai Boau B IIH. 3 BpaxyBaHHSIM HEOOXiJTHOTO
BUIBHOTO HAIopy Jjisi GOPCYyHOK:

P P
Hg:L21+hw—iJ—LZZ—§J=21—22+hW, (1)

ne hy — HeoOXxigHWIl BUIBHUN Hamip BOAM AJid OpU3KAIbHHX (DOPCYHOK B

xoHzeHcatopi; A Z = 2,5 M 3a pe3ynbTaTaMu 10CIiIKEHB.

5 6
Az,=17,00 A/_H,J,,/——::’J
—_— - ——<C T
— 7 ‘
; \\::\I\ A22=8,80
_ s
m“" /N /NN
/] 2 o
+0,00 =

155, * ~-——®

A

Puc. 2 Cxema 10 Bu3HaYeHHs reomeTpudHoro Hanopy L{H, 3
1’ €30MeTPUYHMMMU JiHiAMuU: 1 - yupxynayitinuii hacoc; 2 - kondencamop napu
mypOinu enepeob0Ky; 3 — 0X0I00HCYBANIbHI CeKmopu epaouphi, 4 — ciopomypoina,
5- sunyck nogimps, 6 - n’€3oMempuiHa AiHisl 0N PeHCUMY KOAU OUKMYIOUOI0
mouxoto o1 Hanopy L{H € éepx OC; 7 - n’ezomempuuna ainisa npu 8i0CymHocmi
cnoayuennss OC 3 ammocgheporo

B rpadiuniii xapakrepucturii Q - H mupkynsmiiiHoi cucTemMu ckiamoBa hy
BiZHeceHa 10 reomerpuunoro Hamopy Hg ITH. i Benmumna cyTTeBO 3amexkuth Bij

TUCKY Pyon B IAPOBOMY HPOCTOPi KOHIEHCATOPA!
hw = Pcw - I:>kon’ (2)
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ne Pew — aOCOMIOTHMIM THCK BOJM HA BBOJII ITUPKYJISAIINHOI BOAU B KOHACHCATOP
napoBoi TypOiHU.

UwucnoBi 3HaueHHs CKJIaIoBUX ¢opmyiu (2) 3rigHo pesyibTariB podotu [11,
tabn. 1] mactymHi: Pey = 62847 Ia; Pyon = 9807 Ila; hy = 53040 ITa = 5,43 M. B. CT.
dakTUyHa BelWyuHA hy HaBITH MEPEBUIYBaIa PO3PAXYHKOBY MPOEKTHY BEIUYUHY.
[Ipore momaya OXOJIOMKYBaIbHOT BOAM IUPKYJAMIMHIMH Hacocamu Oyja HUXKYE
npoexTHoi Ha 2,0 - 2,5 THc. MY/ron. IloscHIOETBCA Ie TUM, IO HOjAa4a BOJM B
HUPKYISAMIAHIA CHUCTeM1 3alIe)KHUTh BiJl CHUIBHOI TOYKM Ha Tpadiky TiIpaBlIiuHUX
XxapakTepucThK Hacoca 1 Beiei cuctemu OLIB. bpuskanbhi GopcyHKM 3HAXOIATHCS B
KiHI cuctemu KoHpaeHcarlii mapu 1 OL[B. Brpatu mamopy Boau B HHX CTaHOBIISITH
(0,15 - 0,20)-hy, 1m0 CyTTEBO HE BILUIMBA€ Ha 3arajbHi BTpaTH THCKY BOJIU Ta Ha
noga4dy Boau [[H.

3 nmaHux Tab6n. 1 BUAHO, IO cepei IHIIMX CKIAI0BUX, BTPATU HAIMoOpy B
rigpotypOini HaiiBuii. st 30uibiieHHs monaadi Boau IIH momiibHO 3MEHIIUTH
BTpaTH Hamopy B TiApOTypOiHI PETYIIOBaHHSIM HaNpaBJSIIOYOro ii amapary.
JocmiauMo K 3MIHUTBCA NpH bOMY chiuibHa poOoua touka [IH ta cucremu. Jns
PO3paxyHKIB BHUKOPHCTAaHO CKCIICPUMEHTAIbHI JIaHI 1 TEOPETHYHI 3aJIe’KHOCTI.
Brpatu Hanopy Boau mo AoBxuHI L TpyOompoBoay, B KBaJpaTU4HIN 30H1 ONOPIB,
BHU3HAYAIOTHCS 32 POPMYIIOIO:

h, =Sy - Q% ©)

Ss — koediuienT omopy Bciei cuctemn OL[B BKIIOYHO 3 MiCICBUMH

ne
TAPaBIIYHUMU OMIOPAMU;

Q — BUTpara BOAM.
- gnd®

ligpaBmiuauii omip ['T He 3aleXUTh BiJ BEJIMYUHU 4, TOMY 3 BpaxXyBaHHSIM
2

S, (4)

3MiHU rigpaBiiuHoro onopy I'T BTpatu Hamopy B TpyOOINpoBOJax Ta CKIAJOBUX
CHUCTEMH BU3HAYATHCA 3a (OPMYJIIOHO:

hy =Sy -Q° —ASy -Q° :QZ(SZI _Asao)’ (5)
ne AS;, = Ah,, /Q? — BeMUMHA 3HIKEHHS ONOPY TiAPOTYPOIHH.
Pesynbratu po3paxyHkiB 3BefeHi B Tabi. 2. B uncensHux BenuumHax Xh|, Sy

BpaxoBaHO TAaKOX MOJady BOJAM IO BOJOBOAY JABOX MEHIIMX HacociB tumy [ 6300-
217.

CrisibHi rpadgiuHi XapakTepucTuku TpyOomnpoBoiB Ta podotu I[H HaBeneni Ha
puc. 3. I'padiuna xapakTepucTuKa TPYOONPOBOMIB CHUCTEMH BpPAaXOBYE 3arajibHi
BTpaTH HAMOPY HACOCIB BKIIIOYHO 3 pOOOTOIO I1ie ABOX HacociB tumy [ 6300-27.
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Tadauusa 2
ExKcnepuMeHTaIbHO-PO3PAXYHKOBI TiipaB/IiuHi XapaKTePUCTHKH CHCTEMH
OlLIB
H;f;;a Hamnip
ITH-1 H-1, zh,, o, Ssi- Sir Crnoci6
VYMoBH poboTu +IIH- +1H-2 | krc/cm | Xre/em | kre?/m® | kr-c?/m® BUSHACHS
5 Kre/cm? 2 2 104 10
Me/ron
11H-1,2; 8
OC:IT-1,2 18200 2,65 2,254 | 1,03 |0,0882| 0,040 | Mocmix
1IH-1,2; 9
OC:TT-1,2 20000 2,62 2,186 | 1,04 | 0,085 | 0,047 | Hocmix
1IH-1,2; 12
OC:TT-1,2 20700 2,61 2,172 | 1,18 |0,0657 | 0,0357 | Tocmin
IIH-1,2; 9
OC:IT-1,2 24000 2,30 0,52 |0,0615 | 0,0235 | Po3paxynok
I1H-1,2; 12
OC:IT-1,2 23900 2,08 0,30 | 0,051 | 0,014 | PospaxyHok
I1H-1,2; 12
OC:I'T-1,2 23200 2,37 1,87 0,15 | 0,045 | 0,007 | Pospaxynox
H: mll
40
A
1 \___( < A
S S L
g2 | /r
16 . ——— |
3 s |
|
0 5.0 10,0 150 20,0 232250 Q,Tuc. M/ron

Puc.3 Xapakrepuctuku cuctemu ta IIH Ty /[ 12500-24;
1 — excnepumenmanvha, 6 pescumi Koau OUKMYOUUM pigHem 011 nanopy L[H
€ éepx OC epadupHi;2 — po3paxynkoea, 0ns percumy pobomu 8 aKomy
ouxmyouum pieHem, ons nanopy L{H, € éiomimka po3nodinbuoco mpybonposooy 3

gopcynkamu 6 KoHoeHcamopi napu

INapotyp6ina, B cknani cucremu OB BupoOisie 10AaTKOBY €IEKTPOSHEPTIO
BUKOPHUCTOBYIOUYHM HAJJIMIIIKOBUM TUCK BOAM Y BOJAOBOJI Ha JIISHIN BiJl TPaJUPHI J0
KoHJeHcaTopa. OgHOYACHO BOHA JI0/Ia€ CYTTEBUX BTpaT HAMOPY BOAM B CHCTEMI B
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HACJIIOK 4Oro 3HIXKYyeThes nojavya Boau I[H. 3MeHieHHs omopy TiapoTypOiHU 3
1,04 1o 0,15 xrc/cm? mae: 3pocTanHs Ha 3,2 THC. M3/TOJ. IOJa4i BOAM B KOHAEHCATOP
napu TypOiHM; 30UIBIICHHS MOTYKHOCTI TypOoreHepaTopa BHACHIJIOK 3HIKCHHS
TUCKY mapu B koHaeHcaropi. Hamip IIH npu npomy 3Hu3uBcs Ha 4,2 M. B. cT. Tuck
BOJIM y BEpXHiX yacTuHax JaBaansatuMerpoBux OC Oyne B mexax 0,00 - 0,15 KI'c/cM?.

BucHoBku

1. Hupkynsauiiiai Hacocu cuctemMu OLIB enepro0aoky MoOXyTh 3a0e3MeunTH
MIPOEKTHY MOAa4y BOJIM 32 YMOBH 3MEHIIICHHS T1PaBIiyHOTO OMOPY T1ApOTYypOiHH.

2. Ilpm oOcnayroByBaHHI TPAagUPHEI0 OJHOTO EHEProOJIOKY TiApaBidHi
XapaKTEpPUCTUKU T10J1a4l 1 BTpaT HAMOPY BOJU CYTTEBO HE 3MIHIOIOThCS. TeMmeparypa
OXOJIOJKEHOT BOAM 3HMKY€EThCA Ha 6,0 °C.

3. IlpakTthuHe, HayKOBE 3HAYEHHsS JaHOi POOOTH B TOMY IO il pe3ylibTaTu
KOPDHUCHI 11 TPOEKTYBAaHHS, EKCIUTyaTalli aHaJOrIYHUX CHUCTEM, a TaKOX JUIs
BUKOPHUCTAHHS B HABUAJIbHIN JIITEpaTypi.
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