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Monozpagusi nod20moeena asMOPCKUM KOAAEKINUBOM:

1. Aumomnenxko Apmem Bacunvesuu, KueBCKUN yHUBEPCUTET KYJIbTYpbl, YKpauHa,
KaHIUJaT TEXHUYECKUX HayK, AOUEHT - I nasa 10 (6 coasmopcmee)

2. Apceniox Heop  Pocmucnasosuuy, BUHHHULKUNA  HAUUMOHAIBHBIM  TEXHUYECKHUI
YHUBEPCHUTET, VYkpauHa, KaHJIuJaT TEXHUYECKHUX HayK, JOLIEHT -
Inasa 3 (6 coasmopcmee)

3. bapanenxko Huxuma Anexcanoposuy, SIrennoHckuii  yHuUBepcHTE, (DAKYJIbTET
MEXIYHAPOJHBIXOTHOIIEHUH M TOJUTUYECKUX HCCIEHOBAaHUM, YKpaumHa, CTYAEHT -
Iasa 9 (6 coasmopcmee)

4. Bposenxo Tamvana Buxmoposna, KueBCkuii HallMOHAIBHBIA YHUBEPCUTET KYJIbTYPHI U
UCKYCCTB, YKpauHa, KaHAUJAT TEXHUYECKUX HAYK, OLUEHT - ] 1asa 10 (6 coaemopcmae)

5. Bamxun Cepeeu Heanosuu, VHcTUTYT aBTOMaTuku U snekrpomerpun CO PAH,
YKpauHa, KaHIuIAT  TEXHMYECKUX  HAyK, CTapIIMd  HAY4Y.COTPYAHUK -
I'nasa 13 (8 coaemopcmee)

6. lamawnosa Banemmuna Bacunvesna, HuUKONAaeBCKUMN HAIMOHAJIBHBIN arpapHbIi
YHUBEpPCUTET, YKpawHa, JOKTOpP CEIbCKOXO3SIMICTBEHHBIX HayK, mpodeccop -
I'nasa 4 (6 coasmopcmee)

7. T'owxo Kcenua  Anexcanoposna, JloHEUKUW  HAUMOHAIBHBIM  MEIUIIMHCKUM
YHUBEpPCUTET, Y KpauHa, CTYIEHT - / 1asa 7 (6 coasmopcmae)

8. Jlenuctox Anna Bacunveena, Yxpauna - I nasa 13 (6 coaemopcmee)

9. Jlymuu Bacunuii Bacunvesuu, JIbBoBckuit ¢punuan YkpHUUIIUT um. JI. TToropenoro,
VKpaunHa, KaHAWJAT CEIbCKOXO3SMCTBEHHBIX HAYK, CTApUIMM Hay4.COTPYAHHUK -
Inasa 4 (6 coasmopcmee)

10. 3emnuna FOnus  Braoumuposna, KueBCKUM yHUBEPCUTET KyJIbTyphl, YKpawHa,
KaHJIUJAT MeJaroruueckux HaykK, AOUeHT - [ nasa 10 (6 coasmopcmee)

11.3vi6aiino  Cepeeti  Huxonaeéuu,  YKpauHCKUH  TOCYJapCTBEHHBIM  XUMHKO-
TEXHOJIOTMYECKUM YHUBEPCUTET, YKpauHa - [ 1asa 12 (8 coaemopcmee)

12. Kosanenko  Onee  Anamonvesuy,  HUKONAE€BCKUM  HAIMOHAJIBHBIM  arpapHbIi
YHUBEpPCUTET, YKpawHa, KaHAWAAT CEJIIbCKOXO3SIHWCTBEHHBIX HAyK, JOLEHT -
I nasa 4 (6 coasmopcmee)

13.Ko3noe  Apocnae  Hukonaeéuu,  YKpauHCKMH  TOCYJIApCTBEHHBIM  XHMHUKO-
TEXHOJOTUYECKUN  YHUBEPCUTET, YKpawHa, KaHIUAAT TEXHUYECKUX HayK -
Ihasa 12 (6 coaemopcmee)

14. Kopomxosa Hpuna Banenmunosna, IlontaBckast rocy1apcTBEHHAs arpapHasi akaJeMusl,
VYkpauHa, KaHAUIAaT XMMUYECKUX HAYK, IOUEHT - [ 1asa 6 (6 coasmopcmee)

15. Kopxosa Mapeapuma Muxatinosna, HWKONAeBCKUN HAIMOHAJIBHBIA arpapHbId
YHUBEpPCUTET, YKpauHa, KAaHAUAAT CEJIbCKOXO3SMCTBEHHBIX HAYyK, JOLEHT -
Inasa 4 (6 coasmopcmee)

16. Kpusopyuko  Mupocnaé  FOpuiioguu,  KueBckuil  HalMOHAJIbHBIA  TOProOBO-
SKOHOMHYCCKHA YHUBEPCHUTET, YKpaWHa, KaHIUAAT TEXHUYECKUX HAYK, JOIEHT -
I hasa 10 (6 coaemopcmee)

17. Kpunuunas Hpuna I[lempoena, 1'oCynapCTBEHHBIN YHHBEPCHUTET TEIEKOMYHUKAIUM,
VYkpawHa, JOKTOp HayK TOCYJapCTBEHHOTO  yIpaBieHus, mpodeccop -
I'nasa 9 (6 coasmopcmee)
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18.Jlemewxo Bacunuii Bnaoumupoeuu, KueBCcKuil HalMOHAJIBHBIN YHUBEPCUTET HMEHU
Tapaca IlleBuenko, YkpawHa, KaHaugaT (PU3UKO-MAaTEeMaTHYECKMX HAyK, CTapIIUi
Hay4.COTPYIHUK - [ 1asa 2

19.Jlveosuu Hzopv Axosenesuu, BopoHeKCKUIl MHCTUTYT BBICOKMX TexHoiorui, Poccus,
JOKTOp TEXHUYECKUX HayK, mpodeccop - I nasa 11 (6 coasmopcmee)

20.J/Iveo6uu Axoe Eeceesuu, BopoHexKCKUN rocyaapCTBEHHbIH TEXHUYECKUM YHUBPCUTET,
Poccust, noktop TexHuueckux Hayk, npodeccop - I 1asa 8 (6 coasmopcmae)

21. Matioanwok  Bonooumup  Ilaénosuu, BUHHHUIKAA HAlMOHAJIBHBIA  TEXHUYECKHUUN
YHUBEPCHTET, VYkpauHa, KaHIAaaT TEXHUYECKHUX HayK, JOLIEHT -
Inasa 3 (6 coasmopcmee)

22.1lasnos Cepeeti Braoumuposuu, YKpawHa, JOKTOpP TEXHHUYECKHMX Hayk, mpodeccop -
Inasa 13 (8 coaemopcmee)

23. Ilpeobpasicencxuii Anopeti Ilemposuy, BOpOHEKCKHIT WHCTUTYT BHICOKMX TEXHOJIOTHH,
Poccust, TokTop TeXHUYECKUX HAYK, AOUEHT — [ naswl 8, 11 (6 coasmopcmee)

24. Ilpeoopasicencxuti FOpuii Ilemposuy, BOpOHEKCKHIA WHCTUTYT BBICOKHX TEXHOJIOTHH,
Poccust, kanauaaT TeXHUYECKUX HAYK, AOLEHT - [ 1asa 8 (6 coaemopcmee)

25. I[Ipuxoovko Kcenus Anexcanoposna, YkpauHa, acnupant - I naea 10 (6 coaemopcmee)

26. Pomantox  Anexcandp Hukugopoeuu, BUHHHIIKUNA HAIMOHANBHIA TEXHUYECKUH
YHUBEPCHUTET, VYkpauHa, TIOKTOP TEXHUYECKUX HayVK, npodeccop -
Inaswr 3, 13 (6 coasmopcmeae)

27.Pomaniok  Okcana Braoumuposna, BUHHHULIKUANA HAUUMOHAIBHBIA  TEXHUYECKHUUN
YHUBEPCHUTET, VYkpauHa, KaHUIaT TEXHUYECKHUX HayK, JIOTICHT -
Inasa 13 (8 coaemopcmee)

28.Caxno Tamapa Buxmopoena, 1lonTaBCkMii MHCTUTYT 3KOHOMHUKHM M IpaBa, YKpauHa,
JTOKTOp XUMHUYECKHUX HayK, nmpodeccop - I nasa 6 (6 coaemopcmae)

29. Cemenos Anamonuii Anexceesuy, 1lonTaBCkuil YHUBEPCUTET SKOHOMHUKH M TOPrOBIIH,
VYkpanna, KaHIUIaT (bu3NKO-MaTeMaTHIECKUX HayK, JOLEHT -
Inasa 6 (6 coasmopcmee)

30.Tonox Il'anuna Apcenveena, KHUeBCKMH HAIlMOHAJIbHBIM YHHMBEPCHUTET KYJIBTYPbl U
UCKYCCTB, YKpauHa, KaHIUJ1aT TEXHUYECKUX HaYK, OUEHT - / 1asa 10 (6 coaemopcmee)

31. @edopuyx Muxaun Heanoeuu, HukonaeBckuil HallMOHAJIbHBIA arpapHblii YHUBEPCUTET,
YkpauHa, JIOKTOP CEJbCKOXO35CTBEHHBIX HAYK, npodeccop -
I'nasa 4 (6 coasmopcmee)

32. @edomos Onee Banepvesuu, JIoHeNKnii HallMOHAIbHBIA MEIULIMHCKUA YHUBEPCUTET,
Ykpauna, TOKTOp OMOJIOTUUECKUX HAYK, NOUEHT - ] tasa 7 (6 coasmopcmee)

33. Xapkosniok-Banakuna Hamanvs Banepuesna, I'Y "UHctutyT reponronorun AMH
VYkpaunsl ", Ykpauna, KauauaaT OuoJIOTHYECKUX Hayk - [ nasa 5

34. Xmenvnuykas Eeecenus Buxkmoposeua, 1lonTaBCKUi yHUBEPCUTET SKOHOMHUKH U
TOPIrOBJIM, YKpanHa, KaHAUIAT TEXHUYECKUX HayK, IOLEHT - [ 1asa 6 (6 coasmopcmee)

35.Yonopos Onec Hukonaesuu, BOpPOHEXKCKHI TOCYIAapCTBEHHBIM TEXHUYECKHUI
YHUBPCHUTET, Poccus, TOKTOP TEXHUYECKHX HayK, npodeccop -
Inasa 11 (8 coaemopcmee)

36.lllanka  Hpuna  Bumanveséna,  YKpauHCKUW  TOCYHAapCTBEHHBIH  XHUMHKO-
TEXHOJIOTUYCCKUH  YHUBEPCUTET, YKpawHa, KaHIUAAT TEXHUYECKUX HayK -
Inasa 12 (8 coaemopcmee)
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Monozpaghis nidzomoerera asmopcoKUM KOAEKINUBOM

Anmonenxo Apmem Bacunvosuu, KuiBcbkuii yHIBepCHTET KyIbTypH, YKpaiHa, KaHIMAAT TEXHIYHMX HAyK, JOLCHT
Inasa 10 (y cnisaemopcmsi)

Apcentok leop Pocmucnasosuy, BiHHULBKUI HalliOHATEHUIA TEXHIYHUI yHIBEpCUTET, YKpaiHa, KAHAMIAT TEXHIYHUX HayK, JOLEHT -
Inasa 3 (y cnieasmopcmei)

bapanenxo Muxuma Onexcanoposuy, SITeINIOHCHKUN yHIBEPCHUTET, (haKyJIbTeT MIXXHAPOJHUX BITHOCHH i MOJITHYHUX JOCIIIXKEHB,
VYkpaiHa, ctyzneHrt - [asa 9 (v cnieasmopcmai)

bposenxo Temsna Bixmopiena, KuiBCbKUil HalliOHANBHUIA YHIBEPCUTET KYJIbTYPH 1 MUCTEUTB, YKpaiHa, KaHIUIAT TEXHIYHUX HAYK,
noueHt - [ iasa 10 (v cnisagmopcmai)

Bamxin Cepeiii Isanosuu, lactutyr aBromatuku i emekrpomerpii CO PAH, VkpaiHa, KaHIMAAT TEXHIYHUX HAyK, CTaplIUi
HAY4.COTPYIHIK - [ naea 13 (y cnisasmopcmei)

Tamaronoéa  Banenmuna  Bacunisna,  MukonaiBCbKuil — HAlllOHAJNBbHUIA  arpapHUidl  yHIBepcuTeT,  YKpaiHa,  JIOKTOp
CLIIBCHKOTOCIONAPCHKUX HayK, mpodecop - [asa 4 (v cnisasmopcmsi)

Towrxo Kcenia Onexcanopisna, JIoHebKUI HalliOHAIBLHUN MEAUYHUN yHIBEpCHTET, YKpaiHa, CTy/eHT - I'1aBa 7 (y ciiBaBTOpPCTBI)
Henuciok Anna Bacuniena, Yxpaina - [nasa 13 (v cnisasmopcmei)

Jlymuu Bacune Bacunvosuu, JIeBicbka ¢imist YkpH/ITIBT im. JI. Ioropinoro, YkpaiHa, KaHAWAAT CLIBCHKOTOCIOAAPCHKUX HAYK,
cTapuInii Hay4.COTPYAHIK - [ 1asa 4 (v cnisagmopcmei)

3emauna [Onia Bonooumupisna, KwuiBchkuil yHIBEpCHTET KyIbTYpH, YKpaiHa, KaHIUIAT IENAaroriyHUX HAyK, JOLEHT -
Inasa 10 (v cnisasmopcmsi)

3ubaiino Cepeiit Muxonatiosuy, YKpaiHChKUil iep:KaBHUH XiMIKO-TEXHOJIOTIYHHH yHiBepcuTeT, YKpaina - [n1aBa 12 (y criBaBTOpCTBI)
Kosanenko Oneze Anamonitioguy, MukonaiBCbKuii HalliOHAJIBHUI arpapHUil yHiBepCUTeT, YKpaiHa, KaHIUAAT CIIbCHKOTOCIIONAPCHKHX
HAYK, IOUCHT - I 1asa 4 (y cnieasmopcmei)

Kosnos Apocnas Mukonatiosuy, YKpalHChKHIA JepKaBHUN XiMIKO-TEXHOJIOTIYHUAN YHIBEepCHUTET, YKpaiHa, KaHIUIaT TEXHIYHUX HAYK -
Inasa 12 (y cnisasmopcmsi)

Kopomxkosa Ipuna Banenmumiena, IlonTaBchka JepiaBHa arpapHa axajeMis, YkpaiHa, KaHAUJAT XIMIYHUX HayK, MOLCHT -
[Tnasa 6 (y cnieaemopcmai)

Kopxoea  Mapeapuma  Muxaiiniena, ~ MuxonaiBCcbkuil — HalliOHANBHUKA  arpapHUil  yHIBepcHTeT, YKpaiHa, KaHAWAAT
CLIbCHKOTOCHOIAPCHKUX HAYK, AOUEHT - [ 1asa 4 (v cnieasmopcmei)

Kpusopyurxo Mupocnas FOpuiiosuu, KuiBcbkuii HalliOHAIbHUI TOPTOBO-CKOHOMIYHUI YHIBEpCHTET, YKpaiHa, KaHIUIAT TEXHIYHHX
HayK, TOUeHT - [ 1asa 10 (v cnisasmopcmsi)

Kpunuuna Ipuna Ilempisna, Jlep>xaBHUH yHIBEpCUTET TeIeKOMYHIKalii, YkpaiHa, JOKTOp HayK 3 Aep>KaBHOTO yIpaBIiHHSA, Ipodecop
- I'nasa 9 (v cnisasmopcmsi)

Jlemewxo Bacune Borooumuposuu, KuiBcbkuii HalioHanpHUE yHiBepcuteT iMeHi Tapaca IlleBuenka, Ykpaina, kanauaat (izuko-
MaTeMaTHYHUX HayK, CTapIInid Hay4.COTPYIHIK - [ nasa 2

JIveosuu leop Akosuy, BOpOHe3bKMH IHCTUTYT BHCOKHX TEXHOJNOTiH, Pocis, IOKTOp TexHIYHHX Hayk, mnpodecop -
Inasa 11 (y cnisagmopcmsi)

Jlvsosuu ki Oscitiosuy, BopoHe3bKuil nepkaBHHI TEXHIYHHMN YHiBpciTeT, Pocis, JOKTOp TeXHIYHMX Hayk, mpodecop -
Inasa 8 (8 cnisasmopcmei)

Maiioaniox Bonooumup Ilasnosuy, BIHHUIbKYI HalliOHABHUI TEXHIYHUH YHIBEPCUTET, YKpaiHa, KaHAUAAT TEXHIYHUX HAyK, TOLECHT
- I'nasa 3 (y cnisasmopcmsi)

Ilasnoe Cepeiui Bonooumuposuu, Ykpaina, JOKTOp TEXHIYHUX HAyK, npodecop - [1asa 13 (v cnisaemopcmai)

Tpeobpasicencoruii Anopiii Ilemposuu, BOpOHE3bKHI IHCTUTYT BHCOKHMX TEXHOJOTIH, Pocis, TOKTOp TEXHIYHMX HAyK, JOLCHT -
Inasu 8, 11 (y cnisasmopcmei)

Ipeobpadicencokuii FOpiti Tlemposuu, BopoHe3bkuil IHCTUTYT BHCOKMX TEXHOJIOTIH, Pocis, KaHIUAAT TEXHIYHUX HAyK, JOICHT -
Inasa 8 (6 cnisasmopcmsi)

Ipuxoowvxo Kcenia Onexcandpisna, Yxpaina, acuipar - [ nasa 10 (y cnieasmopcméi)

Pomaniox Onexcandp Hukughoposuy, BiHHULBKMI HalliOHANbHIM TexHiuHWI yHiBepcuTeT, YkpaiHa, JOKTOp TEXHIYHHMX HayK,
npodecop - [nasu 3, 13 (v cnisasmopcmsi)

Pomanrox Oxcana Bonooumupiena, BIHHULIbKUI HAallIOHANBHUI TEXHIYHAN YHIBEpCHUTET, YKpaiHa, KaHAWAAT TEXHIYHUX HAYK, TOLEHT
- I'naea 13 (y cnisasmopcmei)

Caxno Tamapa Bixmopiena, IlonTaBchbKuil IHCTHTYT EKOHOMIKM 1 mpaBa, YKpaiHa, MOKTOp XIMiYHMX Hayk, mpodecop -
Inasa 6 (y cnieasmopcmei)

Cemernos Anamouiti Onexciiioguy, TlonTaBchbKuil yHIBEPCHTET €KOHOMIKH 1 TOpriBii, YKpaiHa, KaHIUIAT (i3HKO-MaTEMAaTHIHHX HAYK,
JIOUeHT - [ nasa 6 (y cnisasmopcméi)

Tonok 'anuna Apceniigna, KuiBchkuil HalliOHAIBHUN YHIBEPCUTET KYIBTYPH I MECTELTB, YKpaiHa, KAaHIUIAT TEXHIYHUX HAYK, TOLECHT
- I'nasa 10 (y cnisaemopcmai)

Dedopuyk Muxaiino leanosuy, MukonaiBCbkuil HalliOHaNbHUH arpapHUil yHiBepCUTET, YKpaiHa, JOKTOp CUIbCHKOTOCIOJApCHKUX
HayK, nipodecop - [ nasa 4 (y cnisasmopcmei)

@eoomos Onez Banepitiosuu, JloHeUbKHi HAIIOHATBHUI MEAWYHHUI YHIBEpPCUTET, YKpaiHa, JOKTOp OiOJOTiYHMX HAyK, MOLEHT -
Inasa 7 (y cnisasmopcmei)

Xaprosniok-Banaxina Hamaniss Banepiiena, 1Y "Incturyr reponronorii AMH Ykpainu", YkpaiHa, kaHaunat OioNOri4HHX HAyK -
Inasa 5

Xmenvnuyvra €ecenis Bikmopiena, TlonTaBCchbKuil YHIBEPCUTET €KOHOMIKH 1 TOPTiBi, YKpaiHa, KaHAUIAT TEXHIYHUX HAYK, JOLCHT -
Inasa 6 (y cnisasmopcmei)

Yonopos Onez Muxonatiosuy, BopoHe3pkuil nepxaBHUH TexHIYHMII yHiBpciteT, Pocif, NOKTOp TeXHIYHHX Hayk, mpodecop -
Tnasa 11 (v cnisagmopcmsi)

Ulanxa Ipuna Bimaniigna, YKpalHCBKHIA JepKaBHUH XiMiKO-TEXHOJIOTIYHHI YHIBEPCUTET, YKpaiHa, KaHAMJAT TEXHIYHHX HayK -
Inasa 12 (y cnisaemopcmsi)
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I''TABA 1. BUOPA®UHEPHUSA BTOPOI'O ITIOKOJIEHUS - HOBBIE

PECYPCbI, TEXHOJIOT'UA U UJIEN
THE BIOREFYNERY OF SECOND GENERATION-
NEW RESOURCES, TECHNOLOGIES AND IDEAS
BIOPA®IHEPIA IPYT'OI'O IIOKOJITHHA -
HOBI PECYPCH, TEXHOJIOTI'TI TA UIEI
DOI: 10.30888/2663-9874.2020-01-001

Introduction

The inevitable decline in petroleum reserves and the rise in demand for oil from
rapidly growing economies have caused soaring oil prices, and coupled with climate
change concerns have contributed to the current interest in renewable energy
resources. In some parts of the world this interest has resulted in the introduction of
legislations promoting the use of renewable energy resources and increasing
government incentives for commercialization of renewable energy technologies.
Development of science and technologies for efficient conversion of lignocellulosic
biomass to renewable liquid transportation fuels has become one of the high priority
research areas of the day, and bioethanol is the most successful biofuel to date.

Corn- and sugarcane-derived first generation bioethanol is currently in wide use
as a blendin fuel in gasoline sold in the United States, Brazil, and in a few other
countries. However, there are a number of major drawbacks to these first generation
fuels such as the effect on food prices as traditional food resources are utilized as raw
materials, net energy balance, and poor greenhouse gas mitigation.

It is very interesting, that the bioethanol produsers are looking to the new type of
raw materials, not typical for them before. E.g. UNICA, the Brazilian sugarcane
industry association, has released data showing that Brazilian corn ethanol production
has more than doubled over the past year and accounted for approximately two-thirds
of the ethanol produced during the second half of December.

According to UNICA, mills in the south-central region of Brazil processed
733,860 tons of sugarcane during the second half of December. From the beginning
of the current harvest, which began April 1, through the end of December, mills in
the region processed 578.6 million tons of sugarcane, up 2.86 percent when compared
to the same period of the previous harvest.

As of the end of 2019, UNICA said 253 units had ended harvest activities,
compared to 267 that had completed the harvest by the end of 2018. During the final
half of December, 31 units produced ethanol. This includes 21 that produced
sugarcane ethanol, 5 that produced corn ethanol, and five that produced ethanol from
both feedstocks.

Only 137.28 million liters (36.27 million gallons) of ethanol was produced
during the second half of December, including 84.52 million liters of hydrous ethanol
and 52.76 million liters of anhydrous ethanol. Approximately 90.38 million liters, or
66 percent, of the ethanol produced during the two weeks period was made from
corn.

Since the beginning of the current season, mills in the region have produced
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32.11 billion liters of ethanol, including 9.85 billion liters of anhydrous ethanol and
22.26 billion liters of hydrous ethanol. Of that total volume, corn ethanol accounted
for 1.05 billion liters, up 104.03 percent when compared to the same period of 2018.

Ethanol sales by units in the south-central region reached 2.67 billion liters in
December, including 120.64 million liters that were destined for export, and 2.55
billion liters that were sold domestically. The volume of anhydrous ethanol sold into
the domestic market reached 681.86 million liters, with the volume of hydrous
ethanol at 1.87 billion liters, up 4.91 percent when compared to December 2018 [1].

Cellulosic ethanol is a second generation biofuel produced from agricultural
wastes, grasses, municipal wastes, and other feedstocks that do not double as food, so
unlike traditional corn-based ethanol, it promises to avoid encroaching upon and
destabilizing the human food supply. In addition, cellulosic ethanol can be produced
from a variety of abundant lignocellulosic biomass feedstocks, and should be able to
be produced in substantial amounts to meet the growing global energy demand.

Cellulosic ethanol is the biofuel produced from many forms of lig-nocellulosic
biomass such as grasses, wood, agricultural wastes, or inedible parts of plants. The
use of lignocellulosic biomass for the production of biofuels, and particularly the
cellulosic ethanol, has a number of advantages, as shown below.

1. Cellulosic biomass is the most abundant form of organic carbon on earth.
Unlike corn and sugarcane now used to make most ethanol, cellulose is not used for
food; therefore cellulosic ethanol will not have adverse effects on food supply and
prices. As there is a very wide range of plant materials that can be used for cellulosic
ethanol production, it can be grown in all parts of the world. Cellulosic ethanol can be
made of many agricultural wastes like corn stover, wheat straw, rice straw, grasses,
farm residues, industrial wastes, sawdust, forest thinnings, waste paper, and
municipal wastes. Fast-growing woody crops such as poplar and willow are also
attractive options for cel-lulosic ethanol production.

2. Cellulosic ethanol achieves a significant reduction in greenhouse gases
compared to other forms of etha-nol. On a life-cycle basis, all biofuels produce lower
GHG emissions com-pared to gasoline. Corn-based bioethanol offers rather limited
benefits, as it reduces GHG emissions by only 18% compared to gasoline. In contrast,
cellulosic bioethanol results in almost 90% lower emissions. On a life-cycle basis,
not all biofuels are equal in terms of environmental benefits. The net energy balance
of biomass to bioethanol conversion is the key parameter that explains the interest in
using bioethanol fuel instead of fossil gasoline. From a life-cycle assessment (LCA)
viewpoint, the ratio of the energy content of bioethanol to the net non-renewable
primary energy consumed in the whole production process must be taken into
consideration. As the approach is LCA oriented, the energy input must be estimated
in terms of primary energy. Studies have shown that corn-based bioethanol yields 20—
30% more energy, typically fossil fuel energy, than is con-sumed in making it. On the
other hand, sugarcane and cellulosic bioethanol yield renewable energy nine times
worth the fossil energy used to produce them. The reductions in carbon dioxide
emissions mean that bioethanol is better for the environment. Using renewable
resources-based bioethanol or bioethanol-gasoline blends as transportation fuels can
signifi-cantly reduce gasoline use and exhaust greenhouse gas emission.
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3. Land-use change (LUC) is another parameter used in evaluating the biomass-
based renewable fuels. Dunn and coworkers from Argonne National Laboratory,
USA, have recently published their results on a land-use change and greenhouse gas
emissions from corn and cellulosic ethanol. Land-use change occurs when land is
converted to biofuel feedstock production from other uses or states, including forests,
non-biofuel feedstock agricultural lands, and grasslands. This type of land-use change
is at times called direct LUC. The resulting change in crop production levels like, for
example, an increase in corn production, may cause a decrease in soybean production
and in turn affect corn exports in one country, shifting the land uses in other parts of
the world through economic linkages.

There are two fundamental routes to produce cellulosic ethanol from renewable
biomass: the aqueous-phase biomass saccharification-fermentation route, and
thermochemical gasifi cation route. The thermochemical route can be divided into
two paths as syngas produced from biomass can be converted to ethanol by chemical
or enzymatic methods.

Fermentation

Fermentation is the biochemical transformation by which sugars are converted
to ethanol, and carbon dioxide is also formed as a byproduct in this reaction. This
step can be applied in the cellulosic ethanol production process in two different ways.

1. Separate Hydrolysis and Fermentation (SHF)

This classic configuration involves a sequential process where the hydrolysis of
cellulose and fermentation are carried out in different units as shown in the scheme in
Figure 1.1. In this route the first enzymatic or acid hydrolysis can be used to produce
biomass hydrolyzate or C-5, C-6 sugar solution. Secondly this sugar solution is
subjected to fermentation in a separate vessel and this configuration is known as
separate hydrolysis and fermentation (SHF).

Frafreatment,

Enzymatic Biomass _ F?rmemﬁfd S
Lignocellulosic hydrolysis hydrolyzate Fermentation | mixture wrlth Distillation
) - 10-12% Ethanol
biomass or C-5and C-b alcohol
Acid Sugars) (beer)
hydrolysis,
Meutralization

Figure 1.1 Separate hydrolysis and fermentation (SHF).

*
Simaltaneous
Saccharification

Lignocellulosic | ©retreatment. Fermentation mixture with Distillation
biomass 10-12% Ethanol
alcohol

(beer)

Figure 1.2 Simultaneous saccharification and fermentation (SSF).

2. Simultaneous Saccharification and Fermentation (SSF)
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In this alternative route, pretreated biomass is subjected to hydrolysis and
fermentation in a single unit as shown in the scheme in Figure 1.2. This method can
be carried out in two different ways: (1) using a mixture of biomass saccharification
microorganisms and fermentation microorganisms, or, (2) using genetically
engineered microorganisms that can do both saccharification and fermentation.

1.1. Detoxification of Lignocellulosic Hydrolyzate

Detoxification of lignocellulosic hydrolyzate is an integral part of the cellulosic
ethanol process, because during pretreatment and hydrolysis steps, a considerable
amount of compounds that can inhibit the subsequent fermentation are formed in
addition to the fermentable sugars. The detoxification step is applied to remove or
reduce the concentrations of these undesirable compounds to tolerable levels before
biological processes. In the separate hydrolysis and fermentation (SHF) method,
detoxification can be applied before exposure to cellulase enzymes, or in the case of
direct acid hydrolysis type saccharification, detoxification is applied before the
fermentation step. In the simultaneous saccharification and fermentation (SSF)
technique detoxification is required before exposure to an enzyme cocktail affecting
hydrolysis and fermentation. These inhibitory substances are produced in four
different ways in pretreatments or exposure to acids. As a result of hydrolysis of the
extractive components, organic or sugar acids, saponification of esters to acids like
acetic, formic, glucuronic, galacturonic acids, and solubilization of phenolic
derivatives.

1. Degradation of soluble sugars to furfural, 5-hydroxy-methylfurfural
(HMF) and further degradation of these substances to levulinic acid,
formic and acetic acid.

2. Degradation of lignin to cinnamaldehyde, p-hydroxy-benzaldehyde,
syringaldehyde, and related compounds.

3. Solubilization of metal ions from biomass.

Depending on the type of pretreatment and hydrolysis process employed,
concentrations of these inhibitory substances can be varied in a wider range.
Consequently, a variety of detoxification methods have been developed depending on
the downstream requirements. As pointed out by Palmqvist and Hahn-Hégerdal, these
methods cannot be directly compared because they vary in the neutralization degree
of the inhibitors. In addition, the fer-menting microorganisms have different
tolerances to the inhibitors. The main features of the detoxification methods
employed for lignocellulosic ethanol production and selected examples are
summarized in Table 1. 1.

Detoxification methods can be divided into three groups: physical, chemical and
biochemical methods, as shown in Table 1.1. In the model processes developed at
National Renewable Energy Laboratory (NREL), ionic exchange and adding excess
of Ca(OH), or over-liming have been proposed as detoxification methods. The
calcium hydroxide method is especially useful in the case of dilute-acid hydrolyzates,
where furan aldehydes and phenolic compounds are formed and can be efficiently
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Table 1.1
Common detoxification methods used on streams resulting pretreatment and
hydrolysis of lignocellulosic biomass during bioethanol production

Methods Procedure/ Remarks
Physical methods:

Reduction of acetic acid and phenolic compounds
Evaporation in non-volatile fraction; roto-evaporation

Solvent: diethyl ether Removal of acetic, formic and
Extraction levulinic acids, furfural, HMF

Activated carbon, Amberlite hydrophobic polymeric
Adsorbent Reduction of furfural conc. from
Adsorption 1-5 t0 <0.01 g/L

Chemical methods:

Ca(OH); or CaO, pH = 6, then membrane filtration or

Neutralization adsorption
Alkaline detoxification Ca(OH)2, pH = 9-10.5, then pH adjustment to
(over liming) 5.5-6.5 with HoSO4 or HCI

Weak base resins, Amberlyst A20, regenerated with
ammonia Poly(4-vinyl pyridine), Removal: >80% phenolic
compounds, 100%, levulinic, acetic and formic acids, 70%
lonic exchange furfural; considerable lost of fermentable sugars
Biological methods:

Laccase (phenol oxidase) and lignin peroxidase from
Enzymatic Trametes versicolor, laccase selectively removes phenolic,
detoxification low molecular weight compounds and phenolic acids
Laccase (phenol oxidase) and lignin peroxidase from
Trametes versicolor Pseudomonas putida and
Streptomyces setonii cells(biofilm reactor: PCS tubes
Microbial attached to CSTR acetic acid, furfural and benzoic acid
detoxification derivatives Aerobic bacteria oxidize aromatic compounds

removed leading to great improvement in fermentability. Detoxification with calcium
hydroxide (over-liming) has shown better results than treatment with sodium or
potassium hydroxide, but this difference has not been understood. Martinez and
coworkers have performed experimental optimization of the amount of lime needed
in the detoxification, which depends on the content of acids in each hydrolyzate. In
this study they developed a method for predicting the optimal addition dosage based
on the titration of hydrolyzate with standardized NaOH. Persson et al. indicate that
the positive effects of alkali.

Treatment cannot be completely explained by the removal of inhibitors, and this
method could have possible stimulatory effects on fermenting microorganisms as
well.

In addition to the single-step methods, there are diverse and multistep
detoxification methods which include: neutralization with lime followed by the
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addition of activated carbon, and filtration for acetic acid removal; partial removal of
acetic acid, furfural and soluble lignin by molecular sieves; vapor stripping for
removal of volatile inhibitors, and; adsorption using activated carbon, addition of
diatomite, bentonite and zeolite after neutralization or over liming. Biological
detoxification is an attractive alternative to physical and chemical methods. Khiyami
et al. have proposed a biofilm method, which uses a mixed culture of aerobic bacteria
cells naturally immobilized on a plastic support. In this way, the biofilm-associated
cells are more resistant to the toxic substances released during the biomass
pretreatment. The use of extraction with supercritical fluids has also been tested as a
detoxification method for wood hydrolyzates.

Most of the studies on the effects of toxic compounds on growth and ethanol
production have been performed for common Baker’s yeast Saccharomyces
cerevisiae and xylose-fermenting yeast. Palmqvist et al. carried out extensive
experiments for assessing the effect of acetic acid, furfural and p-hydroxybenzoic
acid on growth and ethanol productivity of S. cerevisiae and C. shehatae through full
factorial design. Oliva et al. performed a study of the effect of compounds released
during the pretreatment of poplar biomass by steam explosion for the thermotolerant
yeast Kluyveromyces marxianus, showing that growth is more affected than ethanol
pro-duction, and this microorganism exhibits an important resistance to aromatic
compounds. Additionally, Zaldivar ef al. have investigated recombinant
microorganisms regarding their tolerance capacity for fermenting lignocellulosic
hydrolyzates containing common inhibitors.

1.2. Separate Hydrolysis and Fermentation (SHF)

In the separate hydrolysis and fermentation method aqueous sugar solution from
the enzymatic or acid hydrolysis is taken for the fermentation. The main advantages
of this method are that each step can be processed at its optimal operating conditions,
and separate steps minimize interaction between the steps. The disadvantages of the
SHF method are that the end product inhibition minimizes the yield of ethanol, and
there i1s a chance of contamination due to the long period processes.

The supernatant from enzymatic hydrolysis of lignocelluloses can contain both
6-carbon (hexoses) and 5-carbon (pentoses) sugars when both cellulose and
hemicellulose are hydrolyzed. Depending on the lignocellulose source, the
hydrolyzate typically consists of glucose, xylose, arabinose, galactose, mannose,
fucose, and rham-nose. According to theoretical calculations one ton of 6-carbon
polysaccharides, glucan, galactan, or mannan yields 1.11 tons of six-carbon sugars
and could be fermented into 172.0 gallons of bioethanol, and fermentation of the
representative 6-carbon sugars like glucose can be represented by the equation:

CsH 1,06 — 2 CH3;CH,OH + 2 CO;, (1.1)

Similarly, one ton of 5-carbon polysaccharides, xylan or arabinan, yields 1.14
tons of 5-carbon sugars and could be fermented theoretically into 176.0 gallons of
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bioethanol. Fermentation of 5-carbon sugars like xylose can be represented by the
equation:

3 CsH10O5 — 5 CH;CH,OH + 5 CO», (1.2)

1.3. Microorganisms Used in the Fermentation

Biochemical conversion of sugars to ethanol or fermentation can be carried out
by fungi or bacterial microorganisms.

The use of that cytosolic NADH kinase appeared to revert these effects during
anaerobic metabolism of xylose by channeling carbon flow from ethanol to xylitol.
Heterologous expression of a xylose isomerase (XI) can also be another approach to
enable S. cerevisiae cells to metabolize xylose. In pursuing this approach, Brat and
coworkers screened nucleic acid databases for sequences encoding putative xylose
isomerases and cloned them to express a highly active xylose isomerase from the
anaerobic bacterium Clostridium phytofermentans in S. cerevisiae, which resulted in
an efficient metabolism of xylose as the only carbon and energy source by
recombinant yeast cells [40].

In a real biomass application example, Zho and Xia utilized genetically modified

Table 1.2
Recombinant yeast strains capable of fermenting C-5 xylose sugars and co-
fermenting mixtures of C-5, C-6 sugars and their references.

Strain Sugar/ Ethanol Ethanol
jsugar®* mix Production
(g/L) (g/L) YieldI (g/g)
S. cerevisiae  |G:X:A:Gal 22 90
1400 31:15:10:2
S. cerevisiae G: X 28
BH42 50:50 5§
S. cerevisiae 80 X 27
1400 6§
S. cerevisiae 80 X 30.2
ZU-10 751.6

* A — arabinose; G — glucose; Gal — galactose; X — xylose

yeast to ferment corn stover hydrolyzates [41]. In this study ethanol production from
corn stover hemicellulosic hydrolyzate was investigated using immobilized
recombinant Saccharomyces cerevisiae yeast cells. Detoxification of hemicellulosic
hydrolyzate by roto-evaporation and lime neutralization was carried out to remove
volatile fermentation inhibitors. All furfural and more than 50% of the acetic acid in
the hydrolyzate were removed, meanwhile the xylose concentration was enhanced to
71.8 g/L. The fermentability of the detoxified hydrolyzate was significantly improved
using Ca-alginate immobilized cells of recombinant S. cerevisiae (ZU-10). An
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ethanol concentration of 31.1 g/L and the corresponding ethanol yield on fermentable
sugars of 0.406 g/g were obtained within 72 h in batch fermentation of the detoxified
hydrolyzate with immobilized cells; the concentration of ethanol in each batch
maintained above 30.1 g/L with the ethanol yield on fermentable sugars over 0.393
g/g. With these experiments Zho and Xia demonstrated the viability of ethanol
production from corn stover hydrolyzate using C-5 and C-6 co-fermenting
recombinant S. cerevisiae, and the effect of immobilization of this yeast [36.

The time course of ethanol production from detoxified corn stover hemicellulose
hydrolyzate by recombinant S. cerevisiae ZU-10 using free and immobilized cells is
shown in Figure 1.3. In addition, repeated batch fermentation of immobilized
recombinant S.cerevisia cells was attempted for ethanol production for five batches,
demonstrating the reusability of the immobilized S. cerevisiae ZU-10. The results of
the reusability experiment are shown in Figure 1.4.
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Figure 1.3 Time course of ethanol production from detoxified corn stover

hemicellulose hydrolyzate by recombinant S. cerevisiae ZU-10 (a) free cells; (b)
immobilized cells
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In another example Carlos Martin et al. used recombinant xylose-utilizing
Saccharomyces cerevisiae for ethanol production from enzymatic hydrolyzates of
sugarcane bagasse. In their experiments, sugarcane bagasse was first pretreated by
steam explosion at 205 and 215°C and hydrolyzed with cellulolytic enzymes.

The hydrolyzates were then subjected to enzymatic detoxification by treatment
with the phenoloxidase laccase and to chemical detoxification by over-liming.
Approximately 80% of the phenolic compounds were specifically removed by the
laccase treatment. Over-liming partially removed the phenolic compounds, but also
other fermentation inhibitors such as acetic acid, furfural and 5-
hydroxymethylfurfural. The resultant hydrolyzates were fermented with the recombi-
nant xylose-utilizing Saccharomyces cerevisiae laboratory strain TMB 3001, a
CEN.PK derivative with overexpressed xylulokinase activ-ity and expressing the
xylose reductase and xylitol dehydrogenase of Pichia stipitis, and the S. cerevisiae
strain ATCC 96581, isolated from spent sulphite liquor from a fermentation plant.
They reported that the fermentative performance of the lab strain in undetoxi-fied
hydrolyzate was better than the performance of the industrial strain. An almost two-
fold increase of the specific productivity of the strain TMB 3001 in the detoxified
hydrolyzates compared to the undetoxified hydrolyzates was observed. The ethanol
yield in the fermentation of the hydrolyzate detoxified by over-liming was 0.18 g/g
dry bagasse, whereas it reached only 0.13 g/g dry bagasse in the undetoxified
hydrolyzate. Furthermore, a partial xylose utiliza-tion with low xylitol formation was
observed with this recombi-nant yeast strain Saccharomyces cerevisiae TMB 300.
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Repeated batches

Figure 1.4 Repeated batches fermentation of hemicellulose hydrolyzate by
immobilized recombinant S. cerevisiae ZU-10 cells: residual xylose (white);
ethanol (dashed); ethanol yield (¢). Error bars represent the standard deviation.
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1.4. Fermentation Using Bacteria

Bacteria such as Zymomonas mobilis, Escherichia coli and Klebsiella oxytoca
have attracted particular interest in ethanol fermentation given their rapid
fermentation which can be minutes compared to hours or days for yeasts. Zymomonas
mobilis i1s a Gramnegative bacterium belonging to the genus Zymomonas and is
notable for its bioethanol production capabilities, which surpass yeast in some
aspects. Z. mobilis is well recognized for its ability to efficiently produce ethanol at
high rates from glucose, fructose, and sucrose. It was originally isolated from
alcoholic beverages like African palm wine and Mexican pulque, and was also a
contaminant of cider and beer in European countries.

Zymomonas mobilis degrades sugars to pyruvate using the Entner-Doudoroff
pathway. The Entner—Doudoroff pathway describes an alternate series of reactions
that catabolize glucose to pyruvate using a set of enzymes different from those used
in either glycoly-sis or the pentose phosphate pathway. The distinct features of this
pathway are that it has a net yield of one ATP for every glucose molecule processed,
as well as one NADH and one NADPH. By comparison, glycolysis has a net yield of
two ATP and two NADH for every one glucose molecule processed. The pyruvate is
then fermented to produce ethanol and carbon dioxide as the only prod-ucts, similar
to yeast.

The advantages of Zymomonas mobilis over Saccharomyces cerevisiae with
respect to producing ethanol from lignocellulosic biomass can be summarized as
follows:

1. Higher sugar uptake and higher ethanol yield

2. Higher ethanol tolerance up to 16% (v/v)

3. Does not require controlled addition of oxygen during the fermentation

Comparative performance trials on glucose have shown that Zymomonas mobilis
can achieve 5% higher bioethanol yields and up to five-fold higher bioethanol
volumetric productivity compared to wild type Saccharomyces cerevisiae yeast.
Zymomonas mobilis can efficiently produce bioethanol from the hexose sugars
glucose and fructose. However, wild-type Z. mobilis cannot ferment C-5 sugars like
xylose and arabinose, which are important components of lignocellulosic
hydrolyzates. Another disadvantage is that, unlike E. coli and yeast, Zymomonas
mobilis cannot tolerate toxic inhibitors present in lignocellulosic hydrolyzates such as
acetic acid and various phenolic compounds. Concentration of acetic acid in
lignocellulosic hydrolyzates can be as high as 1.5% (w/v), which is well above the
tolerance threshold of Zymomonas mobilis. Therefore efficient detoxification steps
are essential in using this type of bacteria in the fermentation step.

Genetic Modifications of Bacteria

Metabolic engineering has allowed the development of recombinant
microorganisms that will ferment glucose and xylose. Some of the most widely
considered recombinant microorganisms as can-didates for industrial application
include ethanologenic Escherichia coli xylose-fermenting Z. mobilis. The National
Renewable Energy Laboratory (NREL), USA, has made significant contributions in
recent years to engineer Z. mobilis to overcome its inherent defi-ciencies by
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expanding its substrate range to include C-5 sugars like xylose and arabinose. In one
approach from NREL, two oper-ons encoding xylose assimilation and pentose
phosphate path-way enzymes were constructed and transformed into Zymomonas
mobilis in order to generate a strain that grew on xylose, and efficiently fermented it
to ethanol. Thus, anaerobic fermentation of a pentose sugar to ethanol was achieved
through a combination of the pentose phosphate and Entner-Doudoroff pathways.
Furthermore, this strain efficiently fermented both glucose and xylose, which is
essential for economical conversion of lignocellulosic biomass to ethanol. The same
group from NREL later developed an arabinose-fermenting Zymomonas mobilis
strain by metabolic pathway engineering as well [48]. A number of research groups
around the world have successfully engineered C-5, C-6 co-fermenting bacteria
suitable for industrial applications. Some selected examples from these successes and
their references are shown in Table 1.3.

Table 1.3
Recombinant bacteria strains capable of fermenting C-5 xylose sugars and co-
fermenting mixtures of C-5, C-6 sugars and their references.

Strain Sugar/sugar* Ethanol Ethanol
mix (g/L) Production Yield
(g/L) (g/L)
7. mobilis G:X:A 33.5
ATCC 30:30:20
39767 82-84
7. mobilis A:G: X 42
AX101 20:40:40 84
7. mobilis G:X 62
ZM4 65:65 90
Z. mobilis CP4  |G:X 24.2
65:65 95
E. coli FBRS A:X:G 34
15:30:30 90
E. coli FBRS 05 X 41.5 90

* A — arabinose; G — glucose; X — xylose

In a more recent example, Agrawal et al. reported the engineering of efficient
xylose metabolism capabilities into an acetic acid-tolerant Zymomonas mobilis strain
by introducing adaptation-induced mutations [53]. They reported that chromosomal
mutation at the xylose reductase gene was critical to xylose metabolism by reducing
xylitol formation, together with the plasmid-borne mutation impacting xylose
isomerase activity, and these two mutations accounted for 80% of the improvement
achieved by adaptation.

In an attempt to produce new xylose fermenting strain in the presence of high acetic
acid concentrations, they transferred the two mutations to an acetic acid-tolerant
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strain. The resulting strain fermented glucose + xylose (each at 5% w/v) with 1%
(w/v) acetic acid at pH 5.8 to completion with an ethanol yield of 93.4%, outper-
forming other reported strains [53]. Introduction of xylose metabo-lizing pathways
from E. coli is an another example. Modified Z. mobilis has the advantages of
requiring a minimum of nutrients, growing at low pH and high temperatures, and it is
considered generally recognized as safe (GRAS). A comparison between genetically
engineered Z. mobilis by introducing xylose metabolizing pathways from E. coli and
E. coli is shown in Table 1.4.

Table 1.4
Comparison of ethanol production using genetically engineered Z. mobilis by
introducing xylose metabolizing pathways from
E. coli and E. coli.

Genetically engineered Z. mobilis IE. coli
by introducing xylose metabolizing
pathways from E. coli

Ethanol (g L) 62 27
Ethanol yield® (%) 97 90
Ethanol productivity 1.29 0.92
(gL 0™

# Estimation from the theoretical yields.

A genetic modification of wild-type E. coli to improve its fermentation profile is
another approach. Saha and Cotta have reviewed the recent developments in
recombinant E. coli strains in the fer-mentation of biomass hydrolyzate. Researchers
at Bioenergy Research Unit, National Center for Agricultural Utilization Research,
Agricultural Research Service, U.S. Department of Agriculture, Peoria, Illinois, USA,
have developed two recombinant E. coli strains (FBR4 and FBRS) that have been
used for fermentation of corn fiber hydrolyzates. These strains carry the plasmid
pLOI297, which contains the genes from Zymomonas mobilis neces-sary for
efficiently converting pyruvate into ethanol. Both strains selectively maintained the
plasmid when grown anaerobically. Each culture was serially transferred 10 times in
anaerobic culture with sugar-limited medium containing xylose, but no selective
antibiotic. An average of 93-95% of the FBR4 and FBRS cells maintained pLOI297
in anaerobic culture. The fermentation performances of the repeatedly transferred
cultures were compared with those of cultures freshly revived from stock in pH-
controlled batch fermentations with 10% (w/v) xylose. Fermentation results were
similar for all the cultures. Fermentations were completed within 60 h and ethanol
yields were 86-92% of theoretical. Maximal ethanol concentrations were 3.9-4.2%
(w/v). In order to test the applica-bility in real biomass situations, Dien and
coworkers tested these strains for their ability to ferment corn fiber hydrolyzate,
which contained 8.5% (w/v) total sugars (2.0% arabinose, 2.8% glucose, and 3.7%
xylose). E. coli FBR5 produced more ethanol than E. coli FBR4 from the corn fiber
hydrolyzate. E. coli FBRS fermented all but 0.4% (w/v) of the available sugar,
whereas strain FBR4 left 1.6% unconsumed. The fermentation with FBRS5 was
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completed within 55 h and yielded 0.46 g of ethanol/g of available sugar, which
corresponds to 90% of the maximum obtainable.

Saha et al. from the same research laboratory also reported the use of these two
recombinant E. coli strains (FBR 4 and 5), and in this case for the fermentation of
wheat straw. In these experiments ethanol production by separate hydrolysis and
fermentation (SHF) and simultaneous saccharification and fermentation (SSF) have
been compared using recombinant bacterium E. coli FBR 5, where high solid loading
of wheat straw was used. The yield of total sugars from dilute acid pretreated wheat
straw after enzymatic saccharification was 86.3 g/L. Then pretreated wheat straw was
bioabated by growing a fungal strain aerobically in the liquid portion for 16 h.
Ethanol yields and productivity under SHF and SSF conditions using recombinant
bacterium E. coli FBR 5 on wheat straw are shown in Table 1.5.

A number of research groups have demonstrated that recombi-nant E. coli has
the ability to ferment a wide spectrum of sugars, without the requirements for
complex growth factors. However, the major disadvantages associated with using E.
coli cultures are a narrow and neutral pH growth range (6.0-8.0), less hardy cultures
compared to yeast, and public perceptions regarding the danger of E. coli strains. The
lack of data on the use of residual E. coli cell mass as an ingredient in animal feed is
also an obstacle to its application.

A variety of ethanol-producing thermophilic microorganisms have been isolated
and characterized due to their ability to degrade a broad variety of both hexoses and
pentoses. These bacteria include  Thermoanaerobacter  ethanolicus |,
Thermoanaerobacter math-ranii, Clostridium thermohydrosulfuricum,
Thermoanaerobium brockii, Clostridium thermosaccharolyticum, etc. These types of
thermophilic anaerobic bacteria have a distinct advantage over conventional yeasts
for bioethanol production in their ability to use a variety of inexpensive biomass
feedstocks and their ability to withstand temperature extremes. Nevertheless, the low
bioethanol tolerance of thermophilic anaerobic bacteria (< 2%, v/v) is a major
obstacle for their industrial exploitation for bioethanol production.
Thermoanaerobacterium saccharolyticum 1s one of the thermophilic anaerobic
bacteria which is able to directly ferment hemicellulosic oligomers as well as primary
sugars found in cel-lulosic biomass, including cellobiose, glucose, xylose, mannose,
galactose, and arabinose. The ability to ferment the full spectrum of sugars available
in hydrolyzates promises to further enhance the overall fermentation of mixed
solutions of hexoses and pentoses to ethanol, therefore this group of bacterium can be
identified as a hopeful branch in fermentation microbiology.

The dilute acid (0.75% H2S04, v/v) pretreatment of wheat straw (150 g/L) was
performed at 160°C for 10 min. Enzymatic saccharification was carried out at pH 5.0
at 45°C for 72 h with a cocktail of three commercial enzyme (cellulase, b-
glucosidase, and hemicellulase) preparations. Fed-batch SSF was performed by
adding the substrate 4 times (0, 16, 21, and 24 h) in 4 equal portions. SHF — separate
hydrolysis and fermentation; SSF — simultaneous saccharification and fermentation.
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Table 1.5
Summary of fermentation activity of recombinant Escherichia coli FBR S from
dilute acid pretreated wheat straw hydrolyzate at 35°C.

Fermentation | Fermentation | Total sugars | EtOH produced | EtOH produc- EtOH yield (g/g
type time (h) (g/L) (g/L) tivity (g/L/h) straw)

SHF

[Non-abated 168 86.6+0.3 41.1+1.1 0.24 0.27
(pH 7.0)

Bioabated 120 86.6+ 0.3 41.8+0.0 0.35 0.28
(pH 6.5)

SSF

INon-abated
(pH 7.0)

Bioabated 104 41.6+0.7 0.40 0.28
(pH 6.0)

1.5. Simultaneous Saccharification and Fermentation (SSF)

In simultaneous saccharification and fermentation (SSF) pretreated biomass is
subjected to hydrolysis and fermentation in a single unit. This method can be carried
out in two different ways:

1. Using a mixture of biomass saccharification microor-ganisms and
fermentation microorganisms.

2. Using genetically engineered microorganisms that can do both
saccharification and fermentation.

Simultaneous saccharification and fermentation generally gives higher ethanol
yields due to the removal of end product inhibition of the saccharification step, and
another advantage is that the SSF method requires only one reactor for both steps.
The disadvantage of the SSF method is that a difference in optimum temperature con-
ditions of enzyme for hydrolysis and fermentation conditions can affect the yield
when a mixture of biomass saccharification microorganisms and fermentation
microorganisms are used. On the other hand, genetically engineered microorganisms
that can do both saccharification and fermentation are still a technology in the
developing stages.

SSF Using a Mixture of Saccharification and Fermentation Microorganisms

In this type of simultaneous saccharification and fermentation (SSF) technique
pretreated biomass is exposed to a cocktail of enzymes that can convert cellulosic
material to ethanol in one reactor. Cellulasesand xylanases in the cocktail first
convert the carbohydrate polymers to fermentable sugars, and these enzymes are
notoriously susceptible to feedback inhibition by the products—glucose, xylose,
cellobiose and other oligosaccharides. Therefore, this process has an enhanced rate of
hydrolysis because sugars are concurrently removed by the fermentation step by yeast
or bacteria in the solution. This SSF technique requires lower enzyme loading, results
in higher bioethanol yields, and reduces the risk of contamination. Compatibility of
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enzymes and fermentation conditions is the major issue in this SSF technique, and it
is essential to match enzymes and microorganisms that can operate under similar pH,
temperature and substrate concentrations. In many cases, the low pH, e.g., lower than
5, and high temperature, e.g., > 40°C, may be favorable for enzymatic hydrolysis,
whereas the low pH can surely inhabit the lactic acid production and the high
temperature may adversely affect the fungal cell growth. For example, Trichoderma
reesei cellulases, which constitute the most active preparations, have optimal activity
at pH 4.5 and 55°C. On the other hand, Saccharomyces cultures are typically
operated at pH 4.5 and 37°C.

Various forms of biomass such as corn stover, wheat straw, rice straw, barley
straw, oat straw, switchgrass, sugarcane bagasse, sorghum bagasse, cogon grass ,
napier grass, guinea grass, Paja Brava straw, lespedeza stalks, eucalyptus wood, pine
wood, aspen wood, algae, seaweed, paper sludge, and waste paper have been tested
for bioethanol production using this type of simultaneous saccharification and
fermentation (SSF) technique. A selected sample of SSF on various biomass forms,

saccharification enzymes used, operating conditions and ethanol yields are shown in
Table 1.6.[2].

Table 1.6
Selected examples of simultaneous saccharification and fermentation (SSF)
using a mixture of biomass saccharification microorganisms and fermentation

microorganisms.
Biomass Pretreatment  [Saccharification |[Fermentation Ethanol yield |
.5% H2SO4
Sweet sorghum [solu- INovozymes ISaccharomyces
(Sugar Drip tion, 180 °C for |[North America cerevisiae (ATCC
Variety) S min. Franklinton, P4858)

INC, USA), which
lincluded cellulase
NS50013),

b-glucosidase o/ <
NS50010) and 89.4% y1e1d,38 g/L
concentration

hemicellulase and 1.28 g/L/h
(NS22002) production rate

Sweet sorghum [liquid hot water |Celluclast 1.5 L in [active dry

(Sorghum 170200 °C)  fombination with  [yeast (ADY)

bicolor [L.] INovozymes 188 [Thermosacc®

Moench) Birkerad,
Denmark) 2 g 53 g/L ethanol was
ADY/L achieved after 168 h

icellulase cocktail,
Lodgepole dil. sulfuric acid, [Cellic ISaccharomyces
wood chips odium bisulfite [CTec 2, cerevisiae YRH400
Eolutions, 180°C by Novozymes 474 9L,

INorth America

. calculated yield of 285
Franklinton, NC).

L/tonne of wood

0.06% (W/w)

Micro algae jsulfu- Celluclast 1.5 L and [Thermotolerant

Saccharina ric acid at 170 °C INovozymes 188 IS. cerevisiae DK 13.01 g/L, 67.41%

japonica for 15 min. Novozymes A/S  H§10362 based total available
Bagsvaerd, glucan
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Denmark)
Corn stover dilute acid-pre- [cellulase cocktail  [thermotolerant strain
treated corn Saccharomyces ethanol titer of 48 g/L
[stover cerevisiae DQ1 and yield of 65. 6|%
calcium
Rice straw hydroxide Celluclast 1.5 L Saccharomyces
(Novozymes Japan
laccording Co. cerevisiae cells
to the alkali [td., Chiba, Japan), [were immobilized
treatment Novozymes 188 by entrapping in
(Novozymes Japan
imethod in Co. photocrosslinkable hanol broducti ¢
CaCCO (calcium |Ltd.) and UltrafloL [resin beads ethano agg;oicuon 0
capturing by (Novozymes Japan 38 g/L and an ethanol
carbonation) yield of 84.7% were
process Co. Ltd.). obtained
1% aqueous
Napier grass  [solution cellulase from S. cerevisiae NBRC
of NaOH filamentous D044
[t 95°C for 1 h.  [fungus Acremonium fand E. coli 44.2% of the
. theoretical yield
cellulolyticum KO11
A . based on hexose
cremozyme;
K . (37.5 g) and pentose
yowa Kaset, .
(26.5 g) derived
Osaka, .
from 100g napier
Japan)

grass

A. cellulolyticus C-

Paper sludge  [No pretreatment |l thermotolerant and
Ferm P-18508 high ethanol pro-
Tsukishima Kikai [ducing strain, . 11.34 ke/m® from 50
Tokyo, Japan), Saccharomyces cerevi- kg/m? untreated
siae TJ14 paper sludge
|strain of
Klnnow hydrothermally Wspergillus ther.motole.ran.t Ethanol production
mandarin pretreated oryzae lstrain of Pichia ..
(Citrus kudriavzevii productivity of
. 33.87 g/L and 2.82
reticulata) g/Lh, respectively,
peels after 12 h.
D0 FPU gds™!
Rice straw 1% sodium cellulase, thermotolerant Pichia
hydroxide ZO U gd.s-l fudriavzevii HOP-1 24.25 g/L correspond-
-glucosidase, 15 . 0 .
U ktrain ing to 82% theoreti-
1 . cal yield on glucan
gds " pectinase basis and ethanol
productivity of 1.10
g/Lh
Spezyme CP
Corn stover IAmmonia Fiber |(Genencor xylose-fermenting
Expansion [nc., USA) 22.4 mg ftrain S. cerevisiae
AFEX™) protein/g glucan, W24A(LNH-ST)
Novozymes 188
Sigma—Aldrich, 193.2 g ethanol per
USA) kg AFEX™. corn
stover
Eucalyptus 8 g of water/g of [‘Celluclast 1.5L” |Saccharomyces cere-
globulus oven-dry wood, [cellulases (from isiae CECT-1170,
Trichoderma
Wood 210230 °C reeser) Spanish Collection
land NS50010 of Type Cultures
b-glucosidase
from Valencia, Spain 67.4 g ethanol /L and
Uspergillus niger), 291 L ethanol /1000 kg
[Novozymes oven-dry wood
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Madrid,
Spain).
[steam explosion
Sugarcane At Trichoderma reesei [[ndustrial strain S.
cellulases
bagasse D00 °C for 7 min. [(Celluclast cerevisiae UFPEDA
1.5L: 42.40
FPU/mL 1238
and 21.10
CBU/mL)
and a b-glycosidase
1340 CBU/
imL) preparation
Novozym 188),
both
from Novozymes
A/S (Bagsverd, 150 L ethanol/t
[Denmark) bagasse
Hot water, 200
Switchgrass °C, cellulase enzyme  [thermotolerant
(Panicum 10 min. Fibrilase, logen, [yeast strain
Ottawa, Canada) at
virgatum) 2] IKluyveromyces
foading of 15 FPU , 22.5 g/L after 168 h
o marxianus IMB3 at equivalent to 86%
slucan 8% solid loading yield.
Office paper, ptream explosion [cellulase from ISaccharomyces
Uspergillus niger
newspaper, and cerevisiae
Trichoderma viride
handbills B , 21.02 g/L after 36 h.,
and the fixed loading rate production rate of
cardboard of 20 FPU g -1 0.58 g ethanol /L h
[Native aspen  julfuric acid and [Celluclast 1.5 L, ISaccharomyces
(Populus sodium bisulfite. [Novozymes 188 cerevisiae Y5
tremuloides) 170 °C for b-glucosidase), and [(Strain preserved
ppproximately  |[Fibercare® were No. CGMCC2660,
20-30 min. generously provided [China General
by Novozymes Microbiological
North America Culture Collection
Franklinton, NC)  [Center) Capital 211 L/ton wood at
Normal University 59 g/L with SSF
of Beijing, China efficiency of 76%
10% (wt) NaOH
Cogon grass t Cellulase accellerase [Ethanol red dry yeast
oom
emperature 1500 yeast
or 24 h. 76.2% yield

The main disadvantages of SSF are:

1. Different temperature optima for saccharification and fermentation can make
it difficult to optimize the process.

2. A typical fermentation will take 5—7 days; the long residence time may make
contamination control difficult in a continuous process, but may be manageable in a
batch process.

SSF Using Microorganisms that Can Do both Saccharification and
Fermentation or Consolidated Bio-Processing (CBP)

A more recent development in simultaneous saccharification and fermentation
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(SSF) technique uses microorganisms that can do both saccharification and
fermentation, thereby directly processing pretreated biomass to ethanol. This
approach commonly involves four biochemical transformations:

1. Production of saccharolytic enzymes (cellulases and hemicellulases)

2. Hydrolysis of cellulose and hemicellulase present in pretreated biomass to
sugars

3. Fermentation of hexose sugars (glucose, mannose and galactose)

4. Fermentation of pentose sugars (xylose and arabinose)

Since these four transformations occur in a single reactor and in one process
configuration, this technique is known as consolidated bioprocessing (CBP). In recent
years CBP has gained recognition as a promising bioethanol production system since
the costs of capital investment, substance and other raw materials, and utilities
associated with the production of cellulase enzyme can be avoided or reduced as
these enzymes are generated by the same microorganism. However, one of the major
drawbacks in the SSF process and CBP is the optimum temperature required for the
saccharification and fermentation stages. The optimum temperature for sacchari-
fication with cellulolytic enzymes is around 50°C, while most fermenting microbes
have a most favorable temperature for ethanol fermentation between 28°C and 37°C.
In practice as well as following the current state of technology, it would be difficult
to lower the optimum temperature of cellulases through genetic engineering. One
possible answer to this problem could be the use of thermo-tolerant yeast strains that
can ferment at higher temperatures as host for genetic manipulation of introducing
saccharolytic enzyme producing genes.

There are two fundamental approaches for the construction of new
microorganisms for consolidated bioprocessing (CBP) type simultaneous
saccharification and fermentation process, which include:

1. Heterologous expression of cellulase genes in yeast.

2. Surface engineering of yeast strains to display cellulases on cell surface.

Heterologous Expression of Cellulase Genes in Yeast S. cerevisiae for the
Development of CBP
As we discussed earlier, common yeast S. cerevisiae has many advantages as a
producer of lignocellulosic ethanol, such as faster sugar consumption, higher ethanol
yield, and higher resistance to ethanol and fermentation inhibitors present in
pretreated lignocellulosic materials. In addition to this, S. cerevisiae is ame-nable to
genetic manipulation and is generally regarded as safe (GRAS) due to its long
association with the food and beverage industries. Therefore, a number of researchers
have focused their efforts in the heterologous expression of cellulase genes with yeast
hosts in order to produce genetically engineered yeasts for CBP. A genetically
engineered yeast cell acts as a host cell for cellulase genes with promoters which
secretes the cellulases and its operation in consolidated bioprocessing is illustrated in
Figure 1.5. There are several examples of expression of cellulases and hemi-
cellulases by Saccharomyces cerevisiae in recent literature, especially after 2008, and
some of the selected examples and their references are shown in Table 1.7.

Multiple enzymatic activities are required to hydrolyze cellulose into soluble
sugars. These include endo-glucanase (EG), exoglucanases including
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Figure 1.5 Genetically engineered yeast cell acting as a host cell for cellulase
genes with promoters which secretes the cellulases endoglucanase (EG),
exoglucanases including cellobiohydrolase (CBH) and cellodextrinase, and b-
glucosidase (BGL), and its operation in consolidated bioprocessing. (Reprinted
with permission from reference [110]; copyright 2012 Elsevier).

cellobiohydrolase (CBH) and cellodextrinase, and b-glucosidase (BGL).
Endoglucanase produces nicks in the cellulose polymer, exposing reducing and non-
reducing ends for cellobiohydrolase, which liberates cellooligo-saccharides,
cellobiose and glucose. In the last step of saccharification, b-glucosidase cleaves the
cellooligosaccharides and cellobiose to liberate glucose. Given that cellobiose and
cellooligosaccharide are potent inhibitors of cellulose hydrolysis, b-glucosidase
action has been shown to be one of the major rate-limiting steps in the hydrolysis of
cellulose. Therefore, b-glucosidase genes with a fun-gal origin such as BGL1 from
Saccharomycopsis fibuligera, BGL1 from A. aculeatus, bglA from Aspergillus
kawachii, bglB from Candida wick-erhamii, bgl from Trichoderma reesei, and BGL1
from Endomyces fibu-liger, have been heterologously expressed in S. cerevisiae.
Cellobiose fermentation ability of industrial Saccharomyces strains carrying S.
fibuligera BGL1 depends on their ability to accumulate BGL1 but also on their
genetic background. In one of the early examples, Den Haan et al. demonstrated the
construction of a yeast strain capable of growing on and one-step conversion of
amorphous cellulose to ethanol. This report represents a significant progress towards
realization of one-step processing of cellulosic biomass in a consolidated
bioprocessing configuration. In 2007, Den Haan et al. claimed this was the first
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Table 1.7
Cellulase and hemicellulase expression by Saccharomyces cerevisiae

Organism source Cellulase and
hemicellulase (gene) Yeast strain

[Endoxylanase from Trichoderma reesei,
b-xylosidase from Aspergillus oryzae,
and b-glucosidase from Aspergillus
aculeatus but that also assimilated
xylose through the expression

of xylose reductase and xylitol

dehydrogenase from Pichia stipitis Saccharomyces
and xylulokinase from S. cerevisiae cerevisiae
b-glucosidase (BGL) and b-xylosidase Saccharomyces
(XYL) genes, and a gene cassette for cerevisiae
xylose assimilation OC-2HUT
Cellulases and exoglucanase

encoded by cel6A of Neocallimastix

patriciarum, a b-glucosidase encoded

by cel3A of Saccharomycopsis

fibuligera and an endoglucanase

encoded by cel7B of Trichoderma Saccharomyces
reesei cerevisiae
Saccharolytic enzymes (bglA, cel48A,

celpin, xylA, and xyIB) from a Saccharomyces
cDNA library prepared from the cerevisiae
anaerobic fungus Piromyces sp E2 Y294

Genes encoding cellulases

(endoglucanase, exoglucanase and S cerevisiae

b-glucosidase) K1-V1116
Endoglucanase E (Clostridium

thermocellum) and b-glucosidase 1 Saccharomyces
(Saccharomycopsis fibuligera) cerevisiae

report of a recombinant strain of S. cerevisiae growing on pure cellulose. In this
study, they expressed two cellulase encoding genes, an endoglucanase of
Trichoderma reesei (EGI) and the b-glucosidase of Saccharomycopsis fibuligera
(BGL1) combination in Saccharomyces cerevisiae. The resulting strain was able to
grow on phosphoric acid-swollen cellulose (PASC) through simultaneous production
of sufficient extracellular endoglucanase and b-glucosidase activ-ity. Anaerobic
growth (0.03 h'') up to 0.27 g I'' DCW was observed on medium containing 10 g 1!
phosphoric acid-swollen cellulose as the sole carbohydrate source with concomitant
ethanol production of up to 1.0 g 1'%,

In another example, Jeon and coworkers reported the direct cellulosic alcohol
fermentation using recombinant Saccharomyces cerevisiae engineered for the
production of Clostridium cellulovo-rans endoglucanase and Saccharomycopsis
fibuligera b-glucosidase. In this study, Saccharomyces cerevisiae was engineered for
simultaneous saccharification and fermentation of cellulose by the overexpression of
the endoglucanase D (EngD) from Clostridium cellulovorans and the b-glucosidase
(Bgll) from Saccharomycopsis fibuligera. To promote secretion of the two enzymes,
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the genes were fused to the secretion signal of the S. cerevisiae a mating factor gene.
The recombinant yeast developed could produce ethanol through simultaneous
production of sufficient extracellular endoglucanase and b-glucosidase. When direct
ethanol fermentation from 20 g L' h-glucan as a substrate was performed with these
recombinant strains, the ethanol concentration reached 9.15 g L after 50 h of
fermentation. Furthermore, Jeon and coworkers reported the con-version ratio of
ethanol from b-glucan as 80.3% of the theoretical ethanol concentration produced
from 20 g L'! b-glucan.

Recently, genes encoding 7. reesei endoglucanase II (EGII) and
cellobiohydrolyase II (CBHII) and 4. aculeatus BGL1 were integrated into the
chromosome of a wine yeast strain with a single vector car-rying a gene responsible
for resistance to the antibiotic G418. The resultant S. cerevisiae strain produced
ethanol from pretreated corn stover cellulose without addition of exogenously-
produced enzymes. When ethanol fermentation was performed with 10% dry weight
of pretreated corn stover, the recombinant strain fermented 63% of the cellulose in 96
h and the ethanol titer reached 2.6% v/v.

Yamada and coworkers constructed a diploid Saccharomyces cere-visiae strain
optimized for expression of cellulolytic enzymes, and attempted to improve the
cellulose-degradation activity and enable direct ethanol production from rice straw. In
this study they found that the engineered diploid strain, which contained multiple
copies of three cellulase genes integrated into its genome, was pre-cultured in
molasses medium (381.4 mU/g wet cell) and displayed approximately six-fold higher
phosphoric acid-swollen cellulose (PASC) degradation activity than the parent
haploid strain (63.5 mU/g wet cell). When used to ferment PASC, the diploid strain
produced 7.6 g/l ethanol in 72 hours, with an ethanol yield that achieved 75% of the
theoretical value, and also produced 7.5 g/l ethanol from pretreated rice straw in 72
hours.

Surface-Engineered Yeast Strains for the CBP

Another approach for producing cellulolytic yeast strain is displaying various
types of functional proteins on microbial cell surfaces without loss of their activity.
This can be achieved by yeast cell sur-face engineering, where functional proteins are
genetically fused to an anchor protein such as a-agglutinin, a-agglutinin and Flolp,
and expressed on the yeast cell surface. Display of S. fibulig-era BGL1 on the S.
cerevisiae cell surface by fusing the mature pro-tein and a-agglutinin anchoring
moieties enabled the recombinant strain to grow on cellobiose at almost the same rate
as on glucose under anaerobic conditions. The application of surface-engineered
yeast cell with endoglucanase (EG), exoglucanases including cellobiohydrolase
(CBH), cellodextrinase, and b-glucosidase (BGL) fused on to yeast cell surface in
consolidated bioprocessing is shown in Figure 1.6.

A number of examples of using cell surface engineering to express cellulases
and their applications in direct conversion of cellulose and lignocellulosic materials
have appeared in recent literature. Guo and coworkers reported a recombinant S.
cerevisiae expressing cell-wall associated BGL1 from S. fibuligera utilized 5.2 g/L
cellobiose and produced 2.3 g/L ethanol in 48 h, while a comparable S. cerevisiae
secreting BGLI1 into the culture broth used 3.6 g/L cellobiose and produced 1.5 g/L
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Figure 1.6 Schematic representation of ethanol production from cellulose and
hemicellulose by a recombinant yeast cell displaying cellulases and
hemicellulases on the cell surface. (Reprinted with permission from reference
[110]; copyright 2012 Elsevier).

ethanol over the same period. In another example, Fujita and coworkers produced
ethanol from pure cellulose such as phosphoric acid-swollen cellulose as well as from
biomass such as barley straw without the addition of cellulases using recombinant S.
cerevisiae strains displaying T. reesei EGII and CBHII and A. aculeatus BGL1 on the
cell surface.

A yeast strain codisplaying endoglucanase Il and cellobiohydrolase I showed
significantly higher hydrolytic activity with amorphous phosphoric acid-swollen
cellulose than one displaying only endoglucanase II, and its main product was
cellobiose; codisplay of b-glucosidase 1, endoglucanase II, and cellobiohydrolase II
enabled the yeast strain to directly produce ethanol from the amorphous cellulose.
The yield of ethanol produced from the PASC con-sumed was 0.45 g/g, which
corresponds to 88.5% of the theoretical yield.

Additionally, Matano and coworkers reported the enhancement of cellulase
activities on a recombinant yeast cell surface displaying T. reesei EGII, CBHII and
A. aculeatus BGL1by additionally inte-grating EGII and CBHII genes into the
recombinant strain. As a result, high-liter ethanol (43.1 g/L) was produced from high-
solid (200 g-dry weight/L) rice straw by performing 2 h liquefaction and subsequent
72 h fermentation in the presence of 10 FPU/g biomass added cellulase. The yield of
ethanol produced from the cellulosic material by the recombinant strain reached 89%
of the theoretical yield, which was 1.4-fold higher than the wild-type strain.
Consequently, cell surface engineering successfully reduced the amount of
commercial enzyme required for the fermentation of cellulose. Notably, the
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recombinant strain was able to hydrolyze a portion of the cellulosic material that was
not hydrolyzed by commercial cellulase [2].

Displaying the cellulases on the yeast cell surface has certain advantages as well
as disadvantages, some of the main advantages include:

1. Close proximity of multiple cellulases on the cell surface enables synergistic
hydrolysis of cellulose, which leads to increased sugar availability for ethanol
production.

2. Glucose liberated from cellulose is concurrently taken up on the yeast cell
surface so that the glucose concentration is maintained at low levels, which reduces
both the risk of contamination by other glucose-dependent organisms and product
inhibition by cellulases.

3. Since the steady-state concentration of glucose in the medium can be
maintained near zero, glucose repression, which prevents the uptake, catabolism or
both of non-glucose sugar, is alleviated to facilitate consumption of xylose.

4. Reutilization of the yeast cells enables reuse of the enzymes displayed on
their cell surface without repro-duction of the yeast cells, which would reduce the
cost of yeast propagation as well as enzyme addition.

5. Cellulolytic enzymes are genetically self-immobilized on the yeast cell
surface so that the activities of the enzymes are retained as long as the yeast continues
to grow, while the activity of enzymes secreted into the medium is poorly maintained
over a long reaction period.

However, despite all these advantages, surface immobilization of cellulases on
yeasts 1s still an immature technology and the main disadvantage is that ethanol
yields are still very low and most of the studies so far have been done on simple
model compounds or pure cellulose or xylan. Significant biotechnological advances
are needed in engineering recombinant yeast that can display a vast array of
cellulases required to handle very complex lignocellulosic biomass forms.

Cell Recycle Batch Fermentation (CRBF)

Cell recycle batch fermentation (CBRF) is a recently developed batch
fermentation method where yeast cells are separated and reused in the next batch.
The cell recycling techniques can significantly reduce time and costs associated with
inoculum preparation and are also an interesting strategy for improving ethanol
production in the simultaneous saccharification fermentation (SSF). However, in the
case of fermentation of lignocellulosic materials, it is very difficult, or in many cases
impossible, to collect only microbial cells by conventional cell collection procedures.
This is because lignocellulosic residue, which is not utilized by microbes, is retained
in the fermentation medium with yeast cells in the solid fraction after fermentation.
Lignin left as solid residue in the fermentation medium also inhibits cellulase activity.
Therefore, the removal of lignin is required for the efficient saccharification of
cellulose in the subsequent batch.

Matano and coworkers have recently developed a new approach of cell recycle
batch fermentation of high-solid lignocellulose using a recombinant cellulase-
displaying yeast strain for consolidated bioprocessing. In this method a two-phase
separation consisting of rough removal of lignocellulosic residues by low-speed
centrifugation and solid-liquid separation enabled effective collection of
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Saccharomyces cerevisiae cells with decreased lignin and ash. A schematic diagram
of Matano and coworkers CRBF method for fer-mentation of lignocellulosic
materials is shown in Figure 1.7.
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Figure 1.7 A schematic diagram of Matano and coworkers cell recycle batch
fermentation (CRBF) method

After the fermentation, C-5 and C-6 sugars in the fermentation medium and the
broth are separated by centrifugation at low gravity (20, 50, or 300 g) for 2 min to
obtain a supernatant and a pellet; this pellet contains the lignocellulosic residue. Then
the supernatant is separated by decantation, and then centrifuged for 5 min at 4000 g
to precipitate yeast cells. The pellet obtained at the second stage was used as the yeast
cell fraction for the next batch fermentation.

According to Matano and coworkers, five consecutive batch fermentations of
200 g/L hydrothermally pretreated rice straw led to an average ethanol titer of 34.5
g/L.. Moreover, they claimed that the display of cellulases on the recombinant yeast
cell surface increased ethanol titer to 42.2 g/L. After five-cycle fermentation only 3.3
g/L sugar was retained in the fermentation medium because cellulase displayed on
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the cell surface hydrolyzed cellulose that was not hydrolyzed by commercial
cellulases or free secreted cellulases. They reported that fermentation ability of the
recombinant strain was successfully kept during five-cycle repeated batch fermenta-
tion with 86.3% of theoretical yield based on starting biomass.
Comparison of Different Fermentation Configurations
As discussed earlier, there are many fermentation configurations, and the
efficiencies of these configurations can depend on several factors such as
microorganism used, operating conditions, pretreatment, and the type of biomass
used. A few studies reported comparisons of various fermentation configurations. In
one example of a comparison of different fermentation configurations, Maria Lopez-
Abelairas and coworkers reported the ethanol yields from corn stover under various
pretreatments and fermentation configurations; some of the data and references are
shown in Table 1.8.
Table 1.8
Ethanol yields for corn stover under different pretreatment and fermentation
configurations and references

Pretreatment Eacchariﬁcation IFermentative
nd fermentation |microorganism
configuration mg/g consumed mg/g untreated
sugars wheat straw
H>SO4 SSF K. marxianus — 45
H>SO4 SHF IP. tannophilus 380 98
Steam explosion SSF IS. cerevisiae - 120
Steam explosion SSF IS. cerevisiae - 132
Biological (1. lacteus) SHF IP. tannophilus 430+11 128+2
Biological (1. lacteus) SSF \P. tannophilus 440+14 14342
Biological (1. lacteus) C6/C5 \P. tannophilus/ S. 421+12 99+2
cerevisiae
Biological (1. lacteus) IH5—SSF IP. tannophilus 452+10 163+4
Biological (I. lacteus) SHF  |SHF IS. cerevisiae 484+13 97+4
Conditioning+biological SHF IS. cerevisiae 481+11 16143
(L. lacteus)
Biological (1. lacteus) SHF IS. cerevisiae - 12345
Biological (1. lacteus) SSF S. cerevisiae -
Biological (P. chrysosporium) |SSF S. cerevisiae 62
Biological SSF IS. cerevisiae - 120
(C. subvermispora)

1.6. Immobilization of Yeast

Immobilization of yeast is another valuable technique applicable to industrial
ethanol fermentation due to its high cell density, greater volumetric productivity,
tolerance to higher concentrations of sub-strate and products, relative ease of
downstream processing, and most importantly, easy reusability. Many forms of solid
support materials have been tested for cell immobilization, varying from natural
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materials like wood chips to synthesized polymers like polyacrylamide, polyurethane
and polyethylene. A representative list of some solid supports used in the
immobilization of yeast is given in Table 1.9. There are advantages and
disadvantages in all these solid supports; for example, synthesized polymers are non-
biodegradable and could cause toxic effects on cell growth. For natural polymers,
although they demonstrate non-toxic, biocom-patible, biodegradable and
antimicrobial properties, they have the problems of unsatisfactory mechanical
strength and insufficient space for live cells, which could lead to cell breakdown and
leakage to the medium. Then there is some interest in immobilization of yeast cells
on membranes, which will further enhance the recyclability. Additionally, the

Table 1.9

Some solid materials used in immobilization of yeast and their references.

Solid support

IReference

'Wood shavings

[3], [4]

Corn cobs

[3], [3]

Cane bagasse

[31, [6], [7]

Pseudo-boehmite (a-AIOOH) mixed with Na
alginate

[8]

Microporous divinyl benzene copolymer (MDBP)

[9]

Corn stalks

[10]

Microporous and mesoporous zeolites, including
ZSM-5, H-b, H-Y, and MCM-41, modified with
3-aminopropyl-triethoxysilane (APTES), mixed

with alginate

[11]

A thin-shell silk cocoon (TSC), a residual from the
silk industry

[12]

[Porous cellulose carriers

[13]

Calcium alginate

[14],[7]

A gel containing 2% sodium alginate, 15, 30 or 50%
iron powder (or Ba-ferrite) in CaCl, solution

[15]

Polymer carriers, poly(hydroxyethyl acrylate
(HEA)-methoxy polyethylene glycol
methylacrylate (M-23G)) and poly(hydroxyethyl
acrylate (HEA)-glycidyl methylacrylate (GMA)
prepared by radiation polymerization at low
temperature

[16]

Bacterial cellulose membrane

[3156]

Agar-agar

[7]

Polystyrene

[17]

Carbon-nanotubes

[18]

Hydroxy apatite ceramics

[19]

Divynyl benzene co-polymer

[]

Organic polymer supports ( natural and synthetic)
- Review

[20]
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entrapment type of immobilization could cause physical constraints for cell growth
and the natural adsorption cannot satisfy the stability requirements. Therefore, one of
the promising aspects for immobilization is self-flocculation on supporting materials,
which seems to have superior attributes among the yeast cell immobilization
technologies in terms of the simple process and natural environment for cell growth.

Sing and coworkers recently reported a comparative study on etha-nol
production from pretreated sugarcane bagasse using immobilized Saccharomyces
cerevisiae on various matrices. In this experiment, first alkali pretreated sugarcane
bagasse was enzymatically hydrolyzed by crude unprocessed enzymes: cellulase
(filter paper activ-ity 9.4 FPU/g), endoglucanase (carboxymethylcellulase, 148 1U/g),
b-glucosidase (116 1U/g) and xylanase (201 1U/g) produced by Aspergillus flavus.
Then the resulting sugar solution was exposed to Saccharomyces cerevisiae
immobilized on sugarcane bagasse, calcium alginate and agar-agar for the production
of ethanol. Fermentation parameters used in batch fermentation of sugarcane bagasse
enzymatic hydrolyzate with immobilized cells of S. cerevisiae and the eth-anol yields
for different solid supports are shown in Table 1.10.

Table 1.10
Fermentation parameters obtained in batch fermentation of sugarcane bagasse
enzymatic hydrolyzate with S. cerevisiae cells immobi-lized on sugarcane
bagasse, calcium alginate and agar-agar [163].

Parameters Sugarcane Calcium Agar-agar
bagasse falginate immobilized
immobilized immobilized

[nitial sugar 50 50 50

concentration

(gs/L)

Residual sugar (gs/L) 15 19 D2

Ethanol (gp/L) 15.4 11.8 9.4

Ethanol yield (gp/gs) 0.44 0.38 0.33

'Volumetric ethanol 0.42 0.32 0.26

productivity

(gp/L/h)

Efficiency of sugar 86.2 74.5 64.7

conversion to

ethanol (%)

The yield of ethanol was 0.44 g ethanol/g bagasse in the case of yeast
immobilized sugarcane bagasse, 0.38 gp/gs using Ca-alginate and 0.33 g ethanol/g
bagasse using agar-agar as immobilization matrices. The immobilized yeast was used
up to 10 cycles in the case of immobilized sugarcane bagasse and up to 4 cycles in
the case of agar-agar and calcium alginate, for ethanol production under repeated
batch fermentation conditions. With all three solid supports, studied ethanol yield
reached their maximum values after about 36 hr, as shown in the Figure 8.8 time
course of ethanol production by S. cerevisiae from microwave alkali pretreated
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sugarcane bagasse hydrolyzate (ISB: immobilized on sugarcane bagasse; ICA:
immobilized on calcium alginate; IAA: immobilized on agar-agar).

Total incubation time 72 h; maximum ethanol was produced within 36 h of
incubation.
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Figure 1.8 Time course of ethanol production by S. cerevisiae from alkali
pretreated sugarcane bagasse hydrolyzate (ISB: immobilized on sugarcane
bagasse; ICA: immobilized on calcium alginate; IAA: immobilized on agar-

agar).

Summary.

As of mid 2013, several indicators have shown a steady progress in the
cellulosic ethanol industry, even though the earlier targets set in the United States
have not been met, as expected. Technoeconomic analysis plays an important role in
the realization of cellulosic ethanol. The overreaching goal for the DOE’s office of
the biomass program is to demonstrate the cost-competitiveness of cellulosic ethanol
with petroleum fuels.

The cellulosic biofuel industry 2013-2018 progress report is a more realistic and
a vital indicator, which summarizes the global perspective of the industry. This report
gives a detailed snapshot of advancements made towards the commercial deployment
of cellulosic ethanol. However, entering into a commercial operation phase is an
encouraging sign and a testimony for investor confidence on cellulosic ethanol
technology. The future of cellulosic ethanol looks promising and the goal of large-
scale production of fuel ethanol from abundant lignocellulosic biomass to meet the
global energy demand is realizable in the near future.
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The fuel producers are looking to the ethanol more interested than a past.

The utilization of biofuels in Low Temperature Combustion has shown great
potential to decrease emissions and improve overall lifecycle energy efficiency. In
particular, wet ethanol (a mixture of ethanol and water) as a domestically sourced
biofuel has shown such potential. This study aims to determine what blend of wet
ethanol would optimize combustion properties under HCCI operating conditions,
both naturally aspirated and boosted. Four different blends are tested, and it is
determined that WE80 (80% ethanol and 20% water by mass) exhibits optimal
combustion characteristics when examining upstream intake temperature, combustion
efficiency and thermal efficiency, regardless of intake boost level [21].
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I'JTABA 2. TIPOIOECCBI @OPMHUPOBAHUA MOJIEKYJIAPHUX
KOMIUVIEKCOB
THE PROCESSES OF FORMATION OF MOLECULAR COMPLEXES
ITPOHECHU ®OPMYBAHHA MOJIEKYJISSIPHUX KOMIIJIEKCIB
DOI: 10.30888/2663-9882.2020-01-004

Beryn

TouHuid omuC CTPYKTYpH PO3UYMHIB BHMAara€ BUKOPUCTAHHS CTATUCTUYHOTO
nigxoay [1-3]. Opnak, cmpoiieHi MOJeNl TakoX Ay>Ke€ KOpPUCHI. Takum dYuHOM,
MO>KHa MPUITYCTUTH, IO CYMIII JBOX piauH A 1 B yTBOproe GaraToxoMIoHEHTHHIA
po3unH [4—6]. lleil po3uMH MOXKHA pO3MVISLAATA SIK CYMIII acOIlaTiB YHUCTUX
KOMITOHEeHTH (mami -"acomiatu") Ta 3MIMIAaHMX acoIlaTiB (mami -"komruiekcu").
CtpykTypa TakuX KOMIUIEKCIB y PO3YMHI aIeTOH-XJOPOPOpM BHU3HAYATIU B Psii
npais [7-10]. JloOpe BCTaHOBIIEHO, IO B3a€EMOJIS MK MOJICKYJIaMU alleTOHY Ta
xjopodopmy yTBOproe komruiekcu tumy 1:1. Jleski aBTopu BBaXKarOTh, 1110 Pa3oM 3
KoMIUIeKcamMu Ty 1:1 komruiekcu tumy 2: 1 TakoX ICHYIOTh Y HEBEJIMKIM KIIBKOCTI
[11,12].

Bu3zHaueHHS KOMIUIEKCIB y MOJIEKYJISIPHUX CIIEKTpax IMOB's3aHE 31 CTyNEHEM iX
BUHUKHEHHS B CIEKTPaJbHUX cMyrax. Y 1Ml poOOTI MU MOKaxeMo, M0 IIe
HEMOXJIMBO BHU3HAUMUTU OUIbLIE OJHOIO THUIY KOMIUIEKCY B PpO3YMHI all€TOH-
xJ10podOpM, CTEXIOMETPUYHUHN BIIHOILIECHHSI SIKMX MOYKHA BBaXKaTu piBHUM 1:1.

VY neskux BUMaaKax MOKHa MepeAdavyuTH TUIT KOMIUIEKCIB 32 (POPMOIO KPHUBOI

. . AH(N.) N, .
3AJICKHOCT1 KOHICHTPAI1l CHTAJIbIIl 77, ae /- KOHIICHTpaIllsl KOMIIOHCHTA A

., N e[1:100] "
B KOMIIOHEHTI B, ~ '/ . Hanpuknaz, skio B ocTaHHId QYHKIT € eKCTpeMyM

npu 50 Moi1.% 11e pIBHSHHS MOKHA MOSCHUTH PIBHICTIO MoJieKyn A 1 B B koMmuiekci.
[Ipodins KOHIIEHTpAIIHHOI 3aJEKHOCTI €HTANBIMII B PO3YHMHI aleTOH-XJIOpOohopM
npuOIM3HO CUMETPUYHHM BITHOCHO KOHLEHTpawii aneTony 50 Moia.% (MiHIMYM TpH
42 + 3 mon.%) [13]. Sk pe3ynbTar - po3risj TPUCKIAI0BOI Mojieni (13 yTBOPEHHSIM
JIUIIE OJHOTO TUITY KOMIUIEKCY) € MPUUHATHUM HAOIM>KEHHSIM.

BiOpaniiinuii crniekTpaJlbHUM aHami3 piIkuX OIHApHUX PO3YMHIB 3 PI3HOIO
KOHLIEHTPAII€}0 KOMIIOHEHTIB Ha/ae 1HGOPMAILIiI0 MPO KOHLUEHTPALII0 CTPYKTYPHHUX
YTBOpPEHb Y po3urHi [4, 14]. Bubip ciekTpanbHOro Aiana3oHy Jyuisl aHali3y BaXJIMBUN
y XEMOMETpUYHIA O00poOLl CHEeKTpabHUX JaHuX. Edexktn MIKMOJIEKYIsSpHI
B32€MO/IIi BUSBJISIOTHCS MO PI3HOMY y PI3HUX CIEKTPaJbHUX Jliana3oHaxX. BUBUEHHS
KOHIICHTPAI[IAHOT 3aJIEKHOCTI IHTETPAIbHOI 1HTEHCHUBHOCTI PI3HMX KOJIUBaHb JIS
pPO3UMHY  alleTOHY-XJOpoopMy MpOBOJWIM 32 JAONOMOror PaMaHOBCBHKOI
crektpockorii B [15]. bByno BcranoBieHo, mo Bidpartiii C — C 1 C — H anerony (1o He
OepyTh y4acTh Yy BOJHEBOMY 3B’S13KY) HE 3MIIIYETHCS 1 HE PO3IIUPIOETHCS TPAKTUIHO
1o BchoMy aiana3oHy koHuentpaiii (0 no 100 mon.%) B mporieci 3MinryBaHHs. Aje
C = C xonuanns anerony 1 C-H Bibparii xmopodopmy, 6e3mocepeiHbo 3anydeHi 10
BOJIHEBUX 3B’SI3KIB B KOMIUIEKCI 3a3HAIOTh 3HAYHUX 3MiH. [[pyyomy makcumaibHe
30UIbIIeHHS 1HTErpayibHO1 1HTEHCUBHOCTI C = O KOJIMBaHb alleTOHY MpHUMagaio Ha
KoHIeHTpalio 45-50 mo:1.%.
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Oco06nuBy yBary ciifi TpUAUIMTH JIISHKAM 3 HaWBUIIUM TMPOSBOM €(EKTIB
MDKMOJIEKYJIIPHOI B3a€MOJIli MpH BUOOP1 CHEKTPadbHOTO Jiama3oHy. Baxiuso
BHUBYUTH CHEKTPAJIbHI CMYTH 3 HAWMEHIIINM MOXJIMBUM MEPEKPUTTIM KOHTYPIB. Lle €
OJIHIET 3 YMOB JUIsl YCIIIITHOTO 3aCTOCYBAaHHS METOAY MYJIbTUBAPIATUBHOTO PO3JILITY
kpuBuX (multivariate curve resolution MCR). Aneron—xmnopodopmuuii po3duH €
IBIKABUM, OCKUIBKM AalEeTOH 37aTHUA yTBOPIOBAaTH BOJHEBUU 3B’SI30K 3
xJiopoopMoM, TONI SK BOJHEBI 3B’SI3KM MDK TUIBKH MOJICKYJIaMH aIlleTOHY a0o
TUIBKH XJIOPO(OpPMY HE YTBOPIOETHCS. 3ayBaKUMO, IO €HEPTisl B3a€MO/IIi BaH-Aep-
Baansca B acomiatax (<1 KkaJl/MOJIb) MEHIIIE €HEpPrii BOJAHEBOro 3B’s3Ky (> 3

KKaja/Moiib [9]) MDK KOMIIOHEHTaMH B KOMILIEKCAaX [AnB m] Y upoMy BHUNAAKY
BUKPUBIICHHS CIEKTpaJbHUX JIIHIM TOB'SI3aHI 3 TOSIBOIO acomiatiB Ap (1o

CKJIaIal0ThCS JIMILE 3 MOJIEKYJ aneToHy) i Bq  ( mo ckiagaroThCs TUIIe 3 MOJEKYII
xjiopoopmy) OymyTh Habarato CiIaOKIIMMMK, HIXK BUKPUBJICHHS, TIOB’sI3aHI 3 MOSIBOIO

KOMIUIEKCIB THUITY [AnB ] MixMoneKynsapHi B3aeMOAl MPOSIBIISIOTHCS  MEHIIOH

M1p0}0 B PO3HMH CTHJIALCTATY-IMKIOTEKCAHY Hepes BIJICYTHICTh BOJIHEBUX 3B’SI3KH
AK MDK MOJIEKyJlaMU B acolliaTax, Tak 1 y KOMIUIEKCax, II0 POOHUTH iX BaXKO
BiJIOKpemJItoBaHUMHU B [Y criekTpax moriMHaHHS.

VY po6oTi omucaHi METOIM BU3HAYEHHS KOHIIEHTpAIll CTPYKTYPHUX YTBOPEHBb
(KOMILJIEKCIB) B pO3UYMHaX areToH-XJopodopMy Ta eTujalerar-nmukiaorekcany. Ilo-
nepiie, KUIbKICTh Ta KOHUEHTpallis KOMIUJIEKCIB y PpO3YMHI BHU3HAYAIOThCS, 32
nonomororo xemoMmerpuuHoro metonqy MCR-ALS (ALS - Alternating Least Squares
(MeTon 3MIHHMX HaWMEHIIMX KBajpariB)) [16] 1o BIOJHOIIEHHIO 1O CHEKTPIB
MOTJIMHAHHA B OMKHbOMY 1H(pauepBoHOMY aiama3oHi. Jlanmi 3acToCOBYyeThCS
JOTIOMIXHUUA METOJ BU3HAUEHHSI KUTBKICTI KOMIUIEKCIB HIJISIXOM aHaJlI3y 3aJIUIIKOBOT
iHTeHcuBHOCTI B [Y-cnektpax. IlopiBHSIHHSA 3HAYeHHS KOHIIEHTpalli KOMILJIEKCIB,
onepxkyBanux 3a MCR-ALS 1 msixoMm aHami3y 3alMIIKOBOI 1HTEHCHBHOCTI B
CHEKTPU BHMKOHAHO [JJIsi PO3YUHIB  alETOH-XJOpopopMy Ta  eTHIaleTaT-
IIUKJIOTEKCaHy, MPHU I[bOMY BHUSBJICHO BIAMOBIIHICTh OJIEP>KAHUXPE3YJIbTATIB.

2.1. KinbKicHIH aHAJI3 KOMILIEKCOYTBOPEHHS B PO3YHHAX alleTOH-
xJ10po¢opMy Ta eTHI- ANEeTAT-UMKJIOTeKCAHY

2.1.1. Ekcnepumenm.

VY upoMy aocnipKeHH1 OyJau BUKOPUCTaHI alleTOH, XJIOpodopM, eTuialerar Ta
IUKJIOTEKCaH 3 YUCTOTOI0 99,9%. KoHieHTparliss koMnoHeHTiB 3MiHtoBanacs 3 0% 1o
100% (B o0'emuux %) 3 kpokom 10%. BumiproBanHsi CrieKTpiB IpOBOAMIN uepe3 24
FOJAMHYU TICJSI Yac TMPUTOTYBAaHHS PO3YMHIB JJIi YCYHEHHS BIUIMB MPOILECIB
penakcartii.

Cnextpu nponyckanHss FT-NIR BumiproBangucst 3a JOMOMOIOIO CIIEKTPOMETPY
BXII Perkin Elmer Spectrum 3 a cmnekTpanbHa po3auibHa 3AaTHICTH 2 cM — 1.
CrnexTpaiibHi 3anucu 0yno moBTopeHo 10 pasziB juist KoxkHOTO 3pas3ka. Ilicias mporo
yCepeHEeHl  CIEeKTPU  pO3paxoBYyBalucAd Uil  KOXKHOI  KOHIIEHTpamii 1
BUKOPUCTOBYBAJIMCS B TojanblioMy aHamizi. CHekTpu mnporpaMHO He Oynu
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3rAa/KEH] 1 KOPEeKIlis Mo 0a30BUX JIHIAX HE MNpoBoauiacs (OCKUIbKH TOAIOHI
NEPETBOPEHHSI HE MOXYTh CIOTBOPUTH MPOSIB HACTIJIKIB MIXMOJEKYJISIPHUX
B3a€MOJIN Yy CHEKTpaJbHUX cMyrax). JlOBXKHHA ONTHYHOTO MLUISIXY KBapIOBOI
KOMIpKu ctaHoBmia 1 mm. HarpiBanHs 3paska mpoTaromM BHUMIPIOBAHHS MPAaKTHUYHO
HE MaJIo0 MiCIlsl uyepe3 Malie 3HAaYeHHs KOE(IIIEHTY MOTJIMHAHHS Ha BUKOPUCTAHUX
yactoTax 30ykeHHs. Temmepatypa piakux 3paskiB Oyina 25 + 0,2 oC.

2.1.2. Mooenvnuii nioxio.

2.1.2.1. Mooenv “6inapnozo’” piokoeo po3duumy.

binapuuii po3uuH - 11e cymim a8ox piavH A 1 B. Onnak, y mogiOHOMY BHMAAKY
MOXYTh OyTH 1 HOBI KOMIOHEHTH ( THUIOBHH TPHUKIAA - CHOUPTOBI TiApaTH Y
BOJHOMHX pO3YMHAX COUPTY). Takum ywHOM, “OlHapHMii” po3cuH Oyne

pO3IIIAIATUCA SIK CYyMIIl YMCTUX KOMIIOHEHTIB A 1 B (acomiaTti) Ta KOMIUIEKCIB
[AHBIH]

Tepmin "komriekc" BXKHMBA€ThCA B JIITEpaTypl y pI3HUMY 3MICTI, TOMY
30CcepeMMOCh Ha HOTO BM3HAYCHHI. BimoMo, 110 4yacu KUTTS BOJHEBHX Ta BaH-JEp-
BaanbcoBux 3B'SI3KIB y MOJEKYJIIpHUX pIAMHAX HaA3BU4yaiiHO Maii (Menme ~10—12
c) [18]. Lle BukiIuKae CyMHIBH y NMPUAATHOCTI AJI PO3TISAY TPETHOIO KOMIIOHEHTA
po3unHy ("KoMruiekcu'") yepe3 HecTaOUTbHICTh cIoNyKU. OTHAaK CepeIHii Yac KUTTS
KOMIUIEKCY -II€ JIMIIE OJIHa XapaKTepUCTUKA. [HIIO OCOONHBICTIO JMHAMIKH

: : T, . :
PO3YMHEHHS 3 CEpelHIM BUIBHUM YacoM /€ icHyBaHHS Mojekyn A 1 B.

[Ipunyctumo, mo ° ~/ 1 3ayBaXUMoO, IO MaKpPOCKOMiYHI (BHMIpsHI) AaHi
BIJIMOBIAAIOTh YCEPEAHEHEHHIO BIJIMOBIIHUX BJIACTUBOCTEH aHCaAMOJII0O YaCTHHOK 3a

t>>1,,7, :
yac 77V ubomy Bunaaxky 50% 4dacTUHOK 3aBXk1u Oylie y 3B'I3aHOMY CTaHi

(xommiekcn) Ta pemra 50% 4yacTHHOK OyAyTh Yy BUIBHOMY (HE 3B'SI3aHOMY)CTaHi y
Oyab-sikoMy (I3UYHO HECKIHYEHHO MalloMy o0cs3i. Y pamKax LbOTO MiJIXO0Ty
MaJiCTh 4Yacy >KHUTTA MIKMOJEKYJISIPHUX 3B’A3KIB 3HAUCHHS HE Ma€, OCKUIbKH
"KOMIUIEKC"  pO3IJIJAIOTBCSA SK YCEpelHEHAa XapaKTepUCTHKA I1HAMBIAYyaJTbHHUX
KOMITOHEHT CUCTEMH.

2.1.2.2. Ananiz 3anumuko80i iHmeHCUBHOCMI 8 CNeKmMpax.
CrexTpy BHUMIPIOBAJIUCA TPHU KOXKHIA (DIKCOBAHIA KOHUEHTpALIl OHOrO
KoMItoHeHTa. Halip 3HaYeHb «CIeKTpajibHa KOHIICHTpaIlis» Oyjae IpeIcTaBlICeHO y

BUTIIsAII MaTtpumi X (3 po3MipaMu 1xJ ), &6 KOXHUHW PSIOK BIAMOBIIAE CHEKTPY
(rabopy wactot) mipu (pikcoBaHii KOHIEHTpaIlii. Bu3HaueHHS ONTUMAaNbHOI TIISTHKH
94aCTOT MPOBOJIUIIOCS 3 BUKOPUCTAHHSIM HACTYITHOI MPOIIEAYPH:

1 Mo po3rasay BBOAUTHCS TIMOTETUYHHM CHEKTp "iJlealbHOro OIHApHOTO
po3unHy". Taka pinMHa CKIamaeThes 3 MOJIEKyN TUMIB A 1 B, 1 BOHU HE B3aEMOIIIOTH
MDK cOOOI0 TiJ Yac mepeMilryBaHHs (KOMIUIEKCH HE YTBOPIOIOThCS). BimmoBimHy

MoJieJIbHa MAaTpHIld AJs 17ealli30BaHOr0 OIHAPHOTO PO3UYMHY MO3HAUYHMMO X o , a

CHEKTPHU YUCTHX KOMIIOHEHTIB Lii 1 BIJIIOBIIHO.

X

2) MoaenbHa Matpuilst “ med (MaTpHULS 11€TBHOTO PO3UYMHY) OOUUCITIOETHCS SIK
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v . S S
JITHINHA KOM61HaHIH 41 78
]ANI +IB(1 _Nl)

~0,01 [AN2+]B(1_N2)

mod

IN +1,(1-N) 0

Marpunsa X BUMIpIOBaHMX 3HA4Y€Hb JUI PEAILHOTO OIHAPHOTO PO3UMHY
BIJIPI3HAETHCS BiJ 1Jeasi3oBaHOi (MOIETBHOI) MaTpPHIl, OCKIIBKH B3a€EMOJIS MiX
MOJIEKYJIaMH 3MIHIOE€ KOJHMBAJIbHI XapaKTEPUCTUKH CHCTEMHU. BiIMIHHOCTI MIiX
peaJIbHUMU Ta MOJEJIIbHUMHU PO3UYMHAMHU BH3HAYAIOTh TOTIOMIKHY MaTpPHIIIO:

Xres = X - Xmod (2)

OcTanHss MaTpuilsl MICTUTh 1HGOpPMAII0O PO YMOBHU, MPU SIKUX BIAMIHHOCTI
dbopM 1 3CyBIB PE30HAHCHUX YaCTOT KOJIMBAJIBLHUX CMYT, BUKIMKAHI yTBOPEHHSIM
KOMIUIEKCIB, HAO1JIbIII YiTKO MPOSIBIISIETHCA.

3) Yactotu obnacteir, e MaTpuis X e Ma€ MakKCHMaJIbHI BIOXWJIEHHS BIJ

HYJBOBOTO PIBHS MOXHA pO3MIAAaTH SK JUISIHKA 3 HaWOUIBIIUM TMPOSIBOM
MDKMOJIEKYJISIDHUX B3a€MOJII B YTBOPEHHAX KoMmiulekciB. Hamami une Oyze
OpEeIMETOM JIeTadbHOTO aHajily. BUKIIOUEHHS CHEKTPAIbHHUX pPETiOHH, JIe
MDKMOJIEKYJIIpHA B3a€EMOJisl € CiIabKolo, Jomomara€e IiJBUIIMTH TOYHICTh
obunciieHb. I[HQopmarllis MNpo KUIBKICTh OTPUMAHMX KOMIUIEKCIB 3  aHalizy

3QJIMIIIKOBOT 1HTEHCHUBHOCTI B MaTpHIIl X nosunmi JIOTIOBHIOBATH Pe3yJIbTaTH
MCR-ALS anamnigy.

2.1.2.3. MynemusapiamugHuti po30ii Kpusux.

Metoau po3AUTBHOI 3AaTHOCTI PO3KJIAAal0Th MAaTEeMaTUYHO a 3arajlbHUi
3MIIIAHUM 1HCTpYMEHTalbHA BIATYK - Ha YKCTI BHECKM 32 PaXyHOK KOXHOTO
KOMITOHEHTa B cuctemi [16]. Lleil 3Milmanuii curHana OpraHizoBaHuii B Marpumi X ,
0 MICTUTh HEoOpoOsieHy 1H(OpMAIlI0 MPO BCl KOMIOHEHTH MPHUCYTHI Yy HaOopi
naHux. MeToau po3aiibHOI 3IaTHOCTI JO3BOJISIIOTH PO3KJIAJIaHH BUXIAHOI MaTpHIIi
maHux cymimi X vy I[06yTOK JIBOX MaTpHIlb TaHHX cCis T, KOXEH 3 HUX,
BKJIFOYAIOYM YHUCTI npoqnm BlI[FyKlB N cymimeil ab0 KOMIOHEHTH, MOB'A3aHl 3
HampsIMKaM#  PSAJKIB 1 CTOBMIIB IOYAaTKOBOI ManI/IHI JaHUX, BIAMOBIIHO. Y
MaTPUYHOMY IO3HAYEeHH1 JAIMCHUM AJ BCIX METOMAIB PO3AUIBHOI 3JaTHOCTI BHpA3 €
TaKHUM:

X=CS"+E, (3)

X@x]) . BUXIJIHA MaTpHULsl JaHUX, Cixn) 4 SH(nxj) MaTpHIll, 110
MICTSITh YMCTI PO il BIATYKIB, MOB'A3aH1 3 Bapialli€lo JaHUX y HAMPSIMKHU PSJIKIB Ta
CTOBIII[B BIAIIOBIIHO Ta E(@ixj) MaTpHllsl IOMHJIOK, TOOTO 3aJUIIIKOBa Bapiallis

HaGOpY NAHMX, He MOB'A3aHa 3 OyIb-AKUM XiMiuHUM BHeckoM. ITapamerpu ! i / - me
HOMEPH PSAAKIB Ta CTOBMIIIB BUXITHOI MATPHIll JaHWX BIAMOBITHO, 1 /' - KITBKICTH

XIMIYHHUX KOMIIOHCHTIB B CYMIII1 abo IIpOoLCCl. C 1 S qacTO 3BEPTANOTHCA O0
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npodi1iB KOHIIEHTpAIlil Ta CEeKTPiB (0TKe, iXHIX IMeH). MaTemMaTuuHe pPO3KJIaJaHHS
€IMHOT MATPHUIIl TaHUX, HE3AJIEKHO B METOY, III0 BUKOPUCTOBYETHCS, SIK BIIOMO, €

HeoaHo3HauyHuM [17]. Ile o3nauae, mo Oe3niy HaOOPIB MApHUX MaTPUIlh CisS'.
TUIY MOXE BIATBOPUTH OPHUTIHAJBLHUM HAOIp JaHUX 3 OJHAKOBOK BIAMOBIIHOIO
SKOCTIO. [HIIMMU CJIOBaMH, MPaBUJIBLHOIO BIJITBOPEHHS BUXIAHOT MaTpHIll JTaHUX
MOYKHa JIOCATTH 3a JOTIOMOT'0I0 BUKOPUCTAHHS NpOo]iTiB peakiiii, Mo BiAPI3HAOTHCS
dbopmoro (obepTaibHa HEOJAHO3HAYHICTh) ab0 BEIMYMHOK (HEOJHO3HAYHICTH
IHTEHCUBHOCTI1) BiJl IIyKaHUX (crpapxHix) [19]. MaremMaTnuuHO 11€ MOKE 3aIUCy€EThCS
TaK:

X=CS"=CIT"'S" =CS", 4)

ae T'(nxn) obepHeHa Mmarpuus. Skmo I € OpTOroHaIbHOK MATPUIEK,
HEOJIHO3HAYHICTh Ha3MBAE€ThCS 00epTanbHOW0. baraToBumipHa po3auibHA 30aTHICTDH
KPHUBOi-4epryBaHHS.

Metoa MyJIBTUBApPIaTUBHOTO PO3/1IYy KPUBUX-3MIHHUX HAaWMEHIIUX KBaJIpaTiB
(Multivariate Curve Resolution-Alternating Least Squares (MCR-ALS)) €
MOMYJSIPHUM XEMOMETPUYHUM METOJOM, SIKM BUKOPUCTOBYETHCA ISl PO3JALTY
0araTOKOMITIOHEHTHUX y HEBIJIOMUX Hepo3B’si3aHux cymimax. MCR-ALS itepaitiitHo
po3B’si3ye piBHAHHA (2.3) 3a JIOMOMOTOK 3MIHHOTO QJITOPUTMY OOYMCIICHHS

o . SV . . T
HaiMEHIIMX KBAJPaTiB, 10 obuncmoe koruenTpaniini C ta uncri cnexrpansri S
MaTpHILi, 10 ONTUMAIIBHO BiNOBIIAI0TH EKCIIEPUMEHTANBHIM MaTpus nanux X . [l
ONTHMI3AIlSl TMPOBOAUTHCS ISl  3alpPONOHOBAHOTO YHCIIA KOMIIOHEHTIB 13

. T
34CTOCYBAHHAM IMOYAaTKOBUX OI1HOK C, abo S .

2.1.3 Pe3ynomamu.

2.1.3.1. Ayemon-xnopoghopm.

[4 ®yp’e cnekTpu NpPOINYCKaHHS PO3UYMHY aleToH-XJopodopmy (puc. 1)
3apeecTpoBaHi y crekTpaibHiii oOmacti 4500-3900 cm—1. Ileit cmexTpaibHHIA
nianazoH 0ysio oOpaHO uepes ciaOKe MOTJIMHAHHS 00EPTOHIB 1 KOMIIO3UTHI YaCTOTH B
ommxHi [Y-obmacti. CnaOke MOTIMHAHHS JI03BOJISIE BUKOPUCTOBYBAaTH PIAKY
KJIITUHY 3 BIAHOCHO BEJMKWM 3HAY€HHS ONTUYHOTO muisixy mpomens (1 mm). Bymo
BU3HAYCHO CIOJIy4eHi kosmBaHHs arieTony npu 4009 cm—1, 4065 cm—1, 4142 cm—1,
4185 cm—1, 4315 cm—1, 4357 cm—1, 4420 cm—1, 1 cHoonay4deHi KOJUBaHHS

xyopodopmy tipu 4213 cm—1 v +v,) , e "1 (=3033 cm—1) - wacroTa kommBanp C-H

CHMETPUYHOTO pO3TATyBaHHA xmopodopmy, a '+ (<1220 cm—1) — wacrora

nepopmariitnux C-H konuBaup xiopodopmy [24]. Bubip criekTpanbHOTo Jiarna3oHy
4500-3900 cm—1 Oymo BuUKOHAHO 3 KUIbKOX mpuuuH. [lo-mepiie, crekTpanbHi
KOHTYpH XJIOpO(OpMy Ta alleTOHy TPOXH NEPEKPUBAIOTHCS B I[bOMY PErioHI, IO
HaWKpalle MIXOAUTh I MOy KOMIUIEKCiB 13 3actocyBanHsM MCR-ALS. Ilo-
Ipyre, BUMIpIOBaHHS B cepeadiil [Y-o0macTi BUMararoTh BiJi HAC BHKOPUCTAHHS
[UISIXY ONTUYHOTO MpoMeHs 0ym3bko 10-25 mxm. Tomy 1ie#t giana3oH HE € Kpalium
JUTSL KUTBKICHOTO aHai3y.
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Puc.1. IY cnekTpu po34yuHy aneToH-xJjgopodopm B aianazoni 4500-3900 cm—1.
Kpoxk konuenrpauii po3uuHy craHoBUTH 10 00.%, cynijibHa JiHifl - CIEKTP
YHCTOrO alleTOHY, MYHKTHPHA JIiHifl - CIIEKTP YHUCTOT0 XJI0podhopmy
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Puc.2. IY cniekTpu po34HHY eTH/IAleTAaT-IHKJIOIreKCcaH B aAiana3oHi 6150-5400

cMm—1. Kpok koHnenrpauii posunny 10 00.%, cyniyibHa JiHif - CIEKTP YMCTOIO
eTHJI-ALleTaTy, NYHKTHPHA JIiHifl - CHEKTP YUCTOI0 HUKJIOTeKCAHY
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Puc. 3. IIpo¢isii miHiMAJIBLHOI TAa MAKCMMAJIBHOI KOHIIEHTPAIlil TPHOX
KOMIIOHEHT B PO34HHI aneToH-xj10pogopm, orpumani Mmetogom MCR-ALS
anajizy I4-cnekrpis y nianazoni 4500-3900 cm—1. liana3zon KoHIEeHTpaiil Mk
BEPXHbOI0 | HIZKHbOI0 KPUBMMHU OJTHOTO THUITY BKAa3yIOTh HA iCHYBaHHS PSAy

PO34YHHIB i3 32JaHUM 3aJTUIIKOM.
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Puc. 4. IIpodiuai MiHiMyMiB Ta MAKCHUMYMIB CIIEKTPiB TPHOX KOMIIOHEHTIB B
OTPUMAaHOMY PO34MHi aneToH-xJ0podopm merogoM MCR-ALS ananizy 14-
crnekTpiB y Aiana3oni 4500— 3900 cm—1. /liana30H KOHIEHTPaNiil MK BepXHIMHU
Ta HUKHI KPMBI 0OTHOT0 THIy BKa3yIOTh HA iCHYBaHHSA PAY PO34HHIB i3 3aJaHNM
3aJIMIIKOM.

2.1.3.2. Emunauemam-yuxkio2exkca.

Ha puc. 2 nokasani [Y-crekTpu, oTpuMaHi B MPOMYCKAIOYOMY pPEXHMI (B
OJIMHUILISIX TIOTJIMHAHHS) JJIs pO3UYMHY €TUJaleTaT-IMKIoreKcal y aiama3oni 6150—
5400 cm—1. Iewt miamazon BigmoBimae 3a C — H posTaryroodi  KoJIMBaHHS
LUKIOTeKCaHy Ta eTWialerary. Benuka KUIBKICTh pI3HUMX KOJIMBAJIBHUX MOJ
eTUJIAlleTaTy Ta IMKJIOreKcaHy po3TalioBaHa B aiama3oH yactot 4600-3800 cm—1.

OcranHil ¢akT Mae HeraTUBHUM BIUIMB Ha 3/aTHICTHL MeToay MCR Buaiiutu
KOHLIEHTpAalli KOMIUJIEKCIB 3 OTPUMaHUX CIEKTpiB. TomMy yacToTHUU AlanazoH 4600—
3800 cm—1 He aHami3yBaBcsl.
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Ethyl acetate concentration(mol %)

Puc. 5. Ilpo¢isi MmiHIMAJIBLHOI TAa MAKCMMAJIBHOI KOHIIEHTPAIil TPHOX
KOMIIOHEHTH B PO34MHI eTH/IaleTaT-UMKJIOIreKcaHy, orpumaHi merogom MCR-
ALS anaunizy I'Y-cnekrtpiB y anianazoni 6100-5400 cm—1. dianmazon
KOHIIEHTPAWii Mi’K BEPXHIMH Ta HUKHI KPUBi OTHOI0 THILY BKa3yKOTh HA
ICHYBaHHS psily PO34YHHIB i3 3aJJaHUM 3aJIMIIKOM.

2.1.3.3. Pesynomamu mynomusapiamugno2o po30iny Kpueux
[TpoBeneHo PO3KIagaHHs] MATPUIl X JUIS TPHOX KOMIIOHEHTIB PO34YHMHY alleTOH-
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xjopodopM (acoriaTd YUCTOTO AalleTOHY, acoIllaTh 4YUCTOro Xjopodopmy 1
KOMILJIEKCH OJTHOTO THITY). -ONTHUMi30BaHa 301KHICTh OCSATAETHCS TO1, KOJIH Y IBOX
MOCJIIOBHUX ITEPAIIMHUX I[HUKJIAX BIJIHOCHI BIIIMIHHOCTI CTaHJAPTHHUX BiJIXWJICHb
3aJUIIKIB MK €KCIIEPUMEHTAIbHUMH JaHUMH 1 1aHuMu ALS oOuucienp MeHI, HiX
paniiie BUOpaHe 3HaYCHHS, 1110 3a3Bu4ai Budupaetnes sk 0,1%. Itepartiiinuii mporiec
B aHaimizi MCR-ALS He Branocst yCminiHO peajizyBaTH 13 BCTAHOBJIEHUM KpUTEpIEM
0,1% mix yac po3KIagaHHs MATPHIll PO3UMHY €THIIAICTAT-IIUKIOTEKCAHY I TPhOX
KOMITOHEHTIB. AJie mpolec OyB YCHIIIHO 3aBEpIICHUN HUISIXOM pO3KiIafaHHs Ha 4
KOMITOHEHTH (acOoI[laTH) YUCTOrO €TUJIAIeTaTy, acollaTiB YUCTOTO LMKJIOrEKCaHy, 1

IBa TUIHA KOMIUIEKCiB). IloyaTkoBi HAOMMKEHHS IJII MaTPHIlb c i s Oy1o
BU3HAYCHO 3 BUKOPHUCTAHHSM aHAJ3 €BOJIOMIMHOTO KoedilieHTa mig 4yac oOpoOKH
CHEKTPiB po34yuHY [25].

Metogom MCR-ALS Oynu oTpuMaHi KOHIIEHTpAIiiHI Ta COEKTpabHI Ipodii
KOMIUIEKCIB JJIsl pO34YHMHY aneToH-xjiopodopmy (puc. 3, puc. 4) ta Ajsg pO3UYUHY
eTUIANeTaT-IIUKJIOTeKcany (puc. 5. puc. 6). To4HICTP BHU3HAYEHHS KOMILIEKCIB Y
po3unHi (MakcHUMallbHI Ta MiHIMajdbHI KOHLIEHTpalli Ta CHEKTpaJibHI Mpodii)
OIliHIOBaJIU, BUKOpUCTOBYIOUH MeTo], MCR cmyr [22].

Martpuii a1t po3uuny anetoH-xjopodopm B aianazod 4500-3900 cm—1 1 qis
eTUJIAleTaTy—pPO34YMH IMKJIOrekcaHny B jiana3oni 6100-5400 cm—1 Oynu oTtpumani
aHaII30M 3aJUIIKOBOI IHTEHCUBHOCTI B crnekTpax. ['padiune 300pakeHHs MaTpUllb
MOoKa3aHo Ha puc. 7 i puc. 8.

Sk BUIHO HA pHC. 7, y pO3YUHI alleTOH- XJIOPO(GOPMY € JIUIIE OJUH EKCTPEMYM.
[le miaTBepmKy€E MOIIIBHICTE BUOOPY MOTPIAHOT CHCTEMH (1[BI YUCTI PEUYOBUHU Ta
onuH TN komruiekciB) y MCR-ALS ananmizi. Ha puc. 8 mokazaHo HasiBHICTH JBOX
EeKCTpPEMyMIB KOHIIEHTpAIlii B PO3YMHI eTuiareTaT-nukiorekcany. lLle moOpe
KOPEJIIOE 3 TUM, W0 (K 3rajlaHe BUIIE) BUIUICHHS JIMIIE OJHOTO KOMIUIEKCY Y
pO34MHI (pO3KJIaJlaHHs Ha 3 OCHOBHI KOMIIOHEHTH ) HE JIa€ 3a/I0BUTLHUX PE3yJIbTATIB B
anamizi MCR-ALS. 301kHICTh 1TEpaTUBHOTO MPOLIECY MOTJa O JOCATAETHCS JIUIIIE
BBEJICHHSM JIBOX KOMILJIEKCIB (HOTUPUKOMIIOHEHTHA MOJIeihb) mija yac aHanizy MCR-
ALS.

KonienTpaiiis KOMIUIEKCIB B pO34MH aleToH-xjopodopmy (puc. 3), oTpumaHa
HNUISIXOM aHali3y crekTpanbHoro giana3ony 4500-3900 cM—1 nmocsrae MakcuMymy
MpU MOJILHOMY BMICTI atieToHy 44 + 4% (X -Bich Ha puc. 3). MakcumanbHe 3HaYCHHS
BIJIMOBIA€E MOJISIPHIM  KOHIIEHTparlii KomIuiekciB 58 + 2% Big 3arajibHOl
KOHIIEHTpAIlii KOMIIOHEHTIB y 6iHapHOMY po3unHi (» -Bick Ha puc. 3).

JIBa TUMM KOMIUIEKCIB Y PO3UYHMHI €THJIAIETAT-IIUKIOTEKCaHy, OTPUMaHI LUISIXOM
aHamizy crnektpaibHOro miamasony 6100-5400 cm—1 (puc. 5), MarOTh HACTYIHI
XapaKTePUCTHUKU:

1) Konuentpariisi KOMIUIEKCIB Ty | 1ocsirae MakCUMyMy, KOJHM BMICT
eTwanerary cranoButh 50 = 5 Moin.%, a 3HaUYe€HHS MaKCUMyMY KOHIIEHTparlii - 27 +
18 M011.%;

2) Konmentpauis komiuiekciB Il Tumy pgocsirae MakCUMyMy, KOJM BMICT
eTunanerary ctaHoBuTh 80 + 5 Moi1.%, a 3HaUeHHS MaKCUMyMy KOHIIEHTparlli 34 +
12 mo1n.%.
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Puc. 6. IIpogisui miHiMyMiB Ta MAaKCHMYMIB CIIEKTPIB TPHOX KOMIIOHEHTIB B
PO34YHHI eTHJIAlleTAT-IMKJIOTeKCaH, oTpuMaHi merogom MCR-ALS anaunizy IY4-
crnekTpiB y Aiana3oni 6100-5400 cm—1. /liama3oH KOHUEHTpaUiil MiK BepXHIMH

TA HUKHIMHM KPHMBI OJHOTO THUIY BKAa3YIOTh HA ICHYyBaHHSI Psi/ly PO3UMHIB i3
3aJaHUM 3AJIUIIKOM
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Puc. 7. I'pagivyne 300paxkeHHs 32JTUIIKOBOI IHTeHCMBHOCTI B [U-cnekTpi a4
PO34YHHY aneTOH-XJ10podopmy y aiana3oni 4500-3900 cm—1
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Puc. 8. I'padivne 300paxeHHs 3a1MIIKOBOI iHTeHcMBHOCTI B [Y-cnekTpi 114
PO3YHHY eTHIAlEeTAT-HUKJIOreKcany y aiana3oni 6100-5400 cm—1

Benuka HEOIHO3HAYHICTh Y KOHIIEHTPAIIISIX KOMIUICKCIB B PO3UMHI €THUJIAICTAT-
[IUKJIOTEKCaHy MOB'sI3aHa 31 3HAYHO MEHIIUMU CHUJIAMH MIKMOJICKYJISIPHUX B3a€MO/Tis
Mix Monexynamu 4 i B mopiBHAHO 3 po3unHOM aneToH-xn0popopmy. CTexiomeTpis
KOMIUJIEKCIB Y PO3UYMHI €TUJIAIeTaT-IIMKIOTEeKCaHy pO3paxoByBasiacs BIJIIMOBIIHO 10

1o nipodiniB kKoHeHTparttii (puc. 5). Kommineke mae ckinagn, O1M3bKui 10 [AIB 11 (4 -
aneroH, B - xmopodopm) y posumni xmopodopm-aneron. Kommueke tumy I mae
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CKJIaJ, OJIU3bKUH 10 [X 4 ] (X - ermnanerar, Y - nuknorekcan) Ta kommiekce tumy 11

Mae CKJaja, Ou3bKUil 10 [X 4 | B pO3umHI eTUIaleTaTy-1UKIOTeKCaHy.

Exctpemym Ha puc. 7 posramioBaHui y CHeKTpallbHOMY aianaszoni 42504220
cM—1 mpu KoHueHTpanii aneroHy 44 + 4 mMo1.% y poO3udHI aleTOH-XJIOpodopmy.
Exctpemymu Ha puc. 8 posTamioBaHl B CHEKTpaldbHUX oOjactax 5750-5720 cm—1,
5820-5800 cm—1, 5910-5880 cM—1 mpu koHIeHTpallisx eTunaneraty 50 5180 £ 5
Mon.%. Lli maHl BIAMOBIZAIOTH pe3yiabTaram oTpuMmaHuM wmetogoM MCR-ALS
aHaji3y BUMIPIOBaHMX pPO3uMHIB (puc. 4, puc. 6). [Hpopmalis Npo KIIBKICTH
KOMIUJIEKCM B PO3YMHAX, OTpHMaHa 3a JIOMOMOTOK aHali3y 3aJMIIKOBOI

IHTEHCUBHOCTI B MaTpHIIi X kopeintoe 3 nannmu MCR-ALS. Ile Bka3ye Ha Te, 1110
JIaH1 31 CIIEKTPiB 3-r0 Ta 4-ro OCHOBHUX KOMIIOHEHTIB oTpuMani Mmetogom MCR-ALS
(K1 TPaKTYHOThCS SIK KOMIUIEKCH) (PaKTUYHO MOXOJSATH BiJl HASIBHICTh €KCTPEMYMY

X

KOHIIEHTpaIlii B MaTpuIli “ r (puc. 7 1 puc. 8).

2.2. BiOpauiiiHa CIEKTPOCKOIisi KOMILJIEKCOYTBOPEHHS Y BOJAHUX PO34YHHAX
i3onmponizioBoro cnupTy

Boani po3unHu crnupTiB JOCTIIKYBAIUCh JaBHO, aje AETall iX MOJIEKYJISPHOI
CTPYKTYpH 11ie He Oynu MOBHICTIO ycBiomiieH1 [24-47]. Takuil Benukuil iHTEpEC 10
BOJTHO-CIIUPTOBUX PO3YMHIB BUKJIMKAHUNM HE JuIIe (yHIAMEHTATHHUM IHTEPECOM,
alme W 3aBOAKU X INMMPOKOMY BHKOPHUCTaHHIO Yy Oarathox cdepax IisiIbHOCTI,
BKJIIOUAIOYM XIMIYHY 1H)XKEHepito Ta Ol0JoriyHy Hayky. Y  O10XIMIYHOMY
3aCTOCYBaHHI CIIMPTH BUKOPHUCTOBYIOTHCS SIK MOJACIBHMA BHJA IS CKIIQTHUX
MouiekyJ aMpidiniB (Hanpukiaa, 611kiB) [48, 49].

@Di13UKO-XIMIUHI BJIACTUBOCTI CIHUPTOBO-BOJHUX PO3UYMHIB JIEMOHCTPYIOTh
aHOMAaJIbHY TIOBEMIHKY B IIJIOMY Jiama3oHl KoHIeHTpauii. lle o3naudae, mo ix
KOHIIGHTpAIlliHa 3aJIe)KHICTh CHUJIbHO BIIXWISIETBCA BIJ 1/1€JIbHOI TOBEIHKH,
HaIpUKIIQJ, TaKUX BJIACTUBOCTEH PO3UMHY, SK B's3kicTh [38, 39], muasHicTs [39],
koedimienTn  B3aemHOi Ta  camoamdysii  [28,43-46,50,72], nepeBUIICHHS
TepMoauHaMiuHnX GyHkiin [33,37,38,51], mienekTpuyHa mpoHUKHICTH [27,31,32],
MOKa3HUK 3ajoMiieHHS [42] Tomo. Taka HemiHiliHA TOBEIIHKA € MaKpPOCKOITIYHHM
IPOSIBOM  CKJIQJIHOT ~ MOJIEKYJISIPHOI ~ CTPYKTYpH  CIHPTOBO-BOJIHUX  PO3YHMHIB.
[ToBimomitsiocs, MO COUPTH-BOJIHI PO3UYMHU MalOTh HEOJHOPIIHY MIKPOCTPYKTYPY,
TOOTO CHUPT Ta BOAA HE 3MINIYIOTHCS TOBHICTIO Ha MOJIEKYJsipHOMY piBHI [47].
Bnacninok yTBOpeHHs BOAHEBUX 3B s3KIB K crUpT [52-54,73-76], Tak 1 Boga [55-57,
75, 76] mae TeHueHiio A0 (GOpMyBaHHS camoacoliaTiB. TakoXX ajJkoroyib 1 BOJa
MOXXYTh  yYTBOPIOBAaTM  MOJIEKYJSIpHI ~ KOMIUIEKCH  a00  IeTepoacouiaTopu
[24,33,36,41,59].

Bibpariitna cnektpockomnisi (PamanoBa Ta / abo iH(padepBoHA) € MOTY>KHUM
IHCTPYMEHTOM ISl JIOCTIDKCHHSI MOJIEKYJISIPHOI CTPYKTYpH PIIKHX PO3YHHIB.
Bib6partifini cnekTpu BIIPI3HAIOTHCS BUCOKOK UYYTJIMBICTIO 10 CTPYKTYPHUX 3MiH
PIIKMX PO3YMHIB, 10 BiAOyBalOThCcs Tmpu 3MimyBaHHI [60-62]. dopmyBaHHS
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KOMIIJIEKCIB CYNPOBOJIKYETHCS 3MIHOIO JEAKHMX KOJMBAJIbHUX CTYMEHIB CBOOOIM,
TOMY CHOPUYHUHSE MOSBY HOBHX MDKMOJIEKYJISIPHUX KOJMBaHb Ta / ab0 3CyB 4acTOTH
BHYTPIIIHBOMOJIEKYJISIPHUX KoduBaHb. [loenHanHs BiOpaiiifHOi CHEKTpOCKOMii 13
Cy4YaCHUMH aHAJTITUYHUMH METOoJaMu (TaKUMHU SIK MYJIbTUBAPIATUBHUN PO3ILT
kpuBnx, MCR [63]) Morso 6 nmaTu He JuIe SIKICHY, a ¥ KUIbKICHY 1H(OpMAIIi0
(KOHIIEHTpAIII0 BUAIB PO3YMHY) MPO JOCIHII)KYBaHY CUCTEMY.

MeTot0 HaIoro AOCTIKEHHS € TOCHIKEHHS 130MPONaHO0JI-BOAHUX PO3YHHIB 32
JIOTIOMOTOI0 BIOpAIiiHOI CIEKTPOCKOIii. MU IpOIOBKYEMO AOCIIPKEHHS BOIHOTO
po3unHy cnupTiB MeTtaHony cepii [50]. Ha pmanuit MOMEHT mpeacTaBiICHO
JOCJIIJDKEHHST MIKPOTe€TepOTeHHOCTI PO3YMHIB 130mMpornanoi-Boga metoaoMm NIR-
cnektpockonii B poOoti [41]. Hac 3amikaBuiio JOCHIIKEHHA 1H(PpavyepBOHUX
CIIEKTPiB PO3UYMHIB Yy Jiana3oHi koiauBanb OH, 110 po3TATYIOTh 130IPOIMAHOJI Ta BOIY.
Ils cnexkTpanpbHa 007acCTh HaJA€ OIMOCEPEAKOBAaHY iH(MOpPMAII0 PO MOXKIUBE
yTBOpeHHsI BojmHeBHX 3B’s3kiB HO... H, ski BiAmoBimaroTh 3a camoacorialfiio Ta
YTBOPEHHSI KOMIUIEKCY (T€TepO-acolliailito) B pO34MHAX 130MPOMaHOI-BOIA.

2.2.1. Mamepianu ma memoou.

2.2.1.1. 3pazku ma incmpymenmapitl.

VY 1upoMy HOCHIKEHHI BUKOPUCTOBYBAJIM 130MPOMAHOJ Ta BOJY YHUCTOTOIO
99,9%. Cnexktpu ATR FTIR Oynu BUSBIECHI AJis1 pO3UMHIB 3 PI3HOIO KOHIIEHTPAIIIEIO
130MponaHoay Ta BOJU: BiJ YUCTOTO 130MPOMAHONY IO YHCTOI BOAU 3 KPOKOM
koHUeHTpauli 5% (00’emH.). CnekTpu AOCIIKYBaHUX PO3YMHIB OyJid BHUSABIEHI
yepe3 24 roAuHM Micid MEepeMIIIyBaHHs, 100 YHUKHYTH BIUIMBY pelaKcaliiiHuX
nporeciB. Temmeparypy 3pa3kiB crtabumizyBanu npu 25 °  C. Coektpu
1H(payepBOHOrO BIAOUTTA peecTpyBain 3a nonomororo crnekrpomerpa FTIR Thermo
Fisher Scientific Nicolet iS50. Bci cnexktpu BuMIprOBaau 31 CHEKTPATHHOIO
po3autbHOI 31aTHICTIO 4 cM-1. KimbKiCTh CKaHyBaHb JUIsl KOXHOTO CIEKTPY
ctaHoBwia 32. Binbl JgeTanbHUN OMUC CHEKTPOCKOMIYHOTO BHUMIPIOBAHHS MOKHA
3HAWTH B poOOTI [64].

2.2.1.2. Ananiz 3a1umKo8ux cnekmpis.

AHam3  3aJUMIIKOBUX  CHEKTpiB (a0  HAUIMIIKOBOI  CIIEKTPOCKOIIIT)
BUKOPUCTOBYETHCSI I TOCUJICHHS CHEKTPaJbHUX BIAXWUIEHb BiJ MOBEIIHKH
17IeaTbHOTO  PO3YMHY [65,66]. Imes 1nporo wmerody MIOCHTH mpocTta. KMo
TOCITIKYBaHUN PO3YMH € 17€aIbHUM, WOro CrekTp (iHTeHCHBHICTH Pamana abo
iH(pauepBOHA TOTJIMHAHHS) € JIHIKHOIO KOMOIHAI€I0 CHEKTPIB  YHUCTUX
KOMIOHEHTIB. ENIMIHYIOYM CHEKTp 1€allbHOTO PO3YHHY BiJ BHUMIPIOBAHOTO, MU
OTPUMYEMO 3AJIUIIKOBUH CIIEKTP:

S.(v,c,e,)=8, .. (v,c,c,) =S, (v.c,c,) =S, .. (v.c,,c,)—(¢,8,(V) +¢,S,(v))

meas

(5)

Tyr€ i © e xonnenTpanii koMmnonenTa 1 i 2 BignosigHo.

BuxopucTtanHs 3aqUIIKOBUX CIIEKTPIB, BCTAHOBIECHUX Y PI3HUX KOHIICHTpAIIisX,
MOXe 3a0esrneuuTd 1H(GOpMAIliI0 TPO CIEKTpalibHI 00J1acTi, SKI € HaWOLIbII
YYTJIMBUMH JIO0 BIUIMBY MDKMOJIEKYJISIPHUX B3a€MOjii. MeToa BUABHUBCS KOPUCHHUM
I JOCTIIKEeHHs (POpMyBaHHS KOMIUIEKCY y O1HapHUX po3dynHax [65-68].
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2.2.1.3 MCR memoo.

MyneTuBapiatuBauii  po3ain  kpuBux MCR - 1me mmpoko mommpeHa
XeMOMETPUYHA METOJMKA, sIKa BUKOPUCTOBYETHCS B CIIEKTPOCKOMIT /ISl BUHAYCHHS
KUTBKICHOI 1H(OpMaIIil Mpo A0CHiKyBaHy cuctemy. Meroio meroaiB MCR e orinka
HEBIJOMOTO BHECKY pI3HHX KOMIIOHEHTIB y iX cymiun (aHamiz cymimeit) [63].
[lepenbauanocs, 110 BHECOK KOXXHOTO KOMIIOHEHTa B 3arajlbHUd  CHEKTP
IPOMOPUINHUN YUCTOMY CIEKTPy, TOMYy MH BHUKOPHUCTOBYEMO TaKy OuTIHEapHY

hopmy:

D=CS’ +E. (6)
ne D - martpuns cnekTpaibHUX JaHux, C sBiase co000 MaTpuIfo MNpoduIiB
KOHIIEHTpAIlli KOMIOHEHTIB CyMIllll; MaTpHUIld S MICTUTh CIEKTpaibHI Tpodii
KOMIOHEHTIB cyMmimi; E sBase cobOoro Marpunio 3anuimkiB. PiBHsHHS (2)
BUPINIYETHCSI MYJIbTUBAPIaTUBHUM PO3MAIIIOM KpPUBOi, BHKOPHUCTOBYIOUH METOJ
3MiHHUX HaliMeHImmXx kBaapaTiB (Multivariate Curve Resolution-Alternating Least
Squares (MCR-ALS)). Ilonepenus indopmaliss Tpo IOCHIIKYBaHY CHUCTEMY
3a3BUYall peai3yeThCsd SK JOJATKOBE OOMEXEHHS B MpoOsiemMi OnTUMI3aIlii.
Ontumizanis ALS B ymoBax oOMeXeHb [J0NOMAara€ HaM YHHUKaTH HePI3UYHO
3Hauymmx  pimeHb. OcHOBHMM  HemoiikoM  poskinamanHs MCR-ALS €
HEOJTHO3HAYHICTh OTPUMAHUX PO3YUHIB.

2.2.1.4 [lemani obuucnenw.

MynbTUBapiaTUBHUN pPO3JAUT KPUBOi BHUKOHYBABCS aJIrOpUTMOM Tlayiepa,
peanizoBanuM B MATLAB [69]. Mu 3actocyBayin Taki 0OMEKEHHS: HETaTUBHICTb,
3aKpUTTS JJi1 NpoQLIIB KOHIEHTpAllli, HETATUBHICTh JJIs CHEKTPATBbHUX MPO(]iTiB.
OCKUIBKM MM BHUMIPIOBAJIM YMCTI CHEKTPU 130MPOMAHONIY Ta BOJAHM, MU TaKOX
(IKCyBaJIM CHEKTPU YHUCTUX KOMIIOHEHTIB Ta iX KOHILIEHTpalli Ha KIHLAX 00iacTi
KOHLIEHTpauli. B sKOCTI moYaTKoOBOi OLIHKH MPOQLIiB, Ka MOTPIOHA AJIA MOYATKY
Mpolecy iTepanii 4YepryBaHHs HaWMEHIIMX KBaJpaTiB, BUKOPUCTOBYBAIM YHUCTI
CHEKTpaJbHI 3MIHHI; BOHM Oynu oTpuMani 3a gonomoror SIMPLISMA [70]. Mertoa
oOmesxkenoi HemiHiiHOI onTumizaimii (MCR-BANDS [70]) 6yB BukOopuUCTaHUN IS
BUSIBJICHHS HEO/THO3HAYHOCTI po3unHiB MCR-ALS.

2.2.2. Pe3ynomamu ma 002080peHHA.

2.2.2.1. 3anuwkosi cnekmpu.

Jnst anamizy Oynu oOpaHi cnekTpaibHi IUISHKM KohmBaHb C-H po3TsryBaHHs
i3ompomanony Ta BiOparii posrsaryBanas O-H i3ompomanonry Ta Bomm depe3 ix
BHCOKY YYTJHBICTH 10 MOXJIMBOTO YTBOPEHHS BOJHEBUX 3B’s3KiB. Bimmosimai
BuMiproBadi criekTpu ATR FTIR nokasani na puc. 9.

3aMIKoBI CHIEKTpU Oy oO4ucieHi piBHSHHAM (5); 00'€MHI YaCTKH YHUCTUX
KOMIIOHEHTIB Tepe/ 3MIIIyBaHHSIM BHKOPHCTOBYBAJINUCH K OIMHMII KOHIIEHTpAIIIi.
PizHums Mixk 0OCSTOM BHKOPHCTAHHS Ta MOJISIPHOIO YAaCTKOIO JUIsi OOYMCIICHHS
3aJUIIKOBHX CHEKTPIB 0OroBOpPrOEThCA B poboTi [68]. KapTa KOHTYpY 3aIUIIKOBOTO
crekTpa nokazana Ha puc. 10. BunHo, 110 3aJIMIIKOBHI PO3MOJLT HE € BUNIAAKOBUM;
BiH MOKa3y€ BUPA3HY 3aJIC)KHICTh BIJl KOHIICHTPAIlil PO3YUHY.
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Puc.10. 3aaumkosi cnektpu ATR FTIR.

Kapra 3amumkiB criektpiB ATR FTIR xapaktepusyerbcsi HasSBHICTIO JBOX
OCHOBHUX MaKCUMYMIB 13 TTO3UTUBHUMH 3HAUYCHHSIMU 3JIMIIKIB B paiioHi 3200 cMm-1
Ta 3440 cm-1. Ix MakcuMmanbHi 3HaueHHs JoOCAralOThes INpU 35% (06°eMH.)
[3omponanoiy. Takok HEHYJIbOB1 3HAUEHHS 3JIMIIKIB MPEACTaBICHI B CIIEKTPAJIbHII
obxacti konuBanb CH, 1o po3Tsaryiots i3onponanoi. Lle Henpsimi 10ka3u TOro, mio
130IIPOMMAHON  MOK€ ICHYBaTH B pIi3HUX (opMax y pO3uUMHI: SAK YacTUHA
MOJIEKYJISIPHOTO KOMILJIEKCY, TaK 1 B HECBSA3aHOMY CTaHI.

MOHOTPAPIHT 55 ISBN 978-617-7414-98-7



%HHOGdquﬂﬂble MEXHOAOZUU 8 KUSHU COBPEMEHHO20 UCAOBEKA _z t

2.2.2.2. Posknaoannsa MCR-ALS.
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Puc. 11. OcHOBHiI HABaHTA’KEHHS] KOMIIOHEHTIB, OTPMMAaHIi 3 MATPHULI JAHUX
ATR FTIR.

JUis OTpUMaHHS KUIBKOCTI KOMIIOHEHTIB, MPEJCTABICHUX Y PIIICHHAX, MU
npoBenu aHaii3 ocHOBHUX KoMmmoHEHTIB (PCA) [71] excriepumeHTanbHOI MaTpuili
nanux. Ha puc. 11 noka3ani HaBaHTa)XKEHHS MEPIIUX JICB'SSTU OCHOBHUX KOMITOHCHTIB
(IIK). Mu 6aunmo, 10 OCHOBHHMM BHECOK y BHUMIPIOBAHHMI IHTETPAJIbHUI CHUTHANI
BHOCATH MEpIIl YOTHUPU OCHOBHI KOMMIOHEHTH. OTke, HaMH OyJ0 MpPOBEIEHO
qoTUpUKOMITIOHeHTHE po3kiagaHHs MCR-ALS matpuni nanux crektpis ATR FTIR.
Biacytnicte mnpupatHocti posknagaHHs MCR-ALS  npopiBaioe lof = 0,44%.
Ontumizanito MCR-BANDS mnpoBoaunu ajis MOHIYKY MEX CMYT MOXIJIMBUX
CHEKTpaJbHUX Ta KOHUEHTpauwitHuX mnpoduaiB. OTpuMaHi CHEKTpaJibHI Ta
KOHIIEHTpaIiiHi npodin mokaszadi Ha puc. 12, 13. Ak BugHo 3 puc. 13, orpumani
npodisli KOHIIGHTpaIli HE € YyHIKAIPbHUMH 4Yepe3 HasABHICTh HEOJHO3HAYHOCTI
oOepranHa. OcCTaHHE 3yMOBJICHE BHCOKHM CTYIIEHEM MEPEKPUTTS SIK CIEKTPIB
130MPOTMAHONy, Tak 1 BOAMW. 3aTiHEHI IUISTHKA Ha puc. 13 MOKa3ylTh MOMKIIHUBI
pimenns MCR-ALS.

OTtpumaHi 4YoTHpW KOMMOHEHTH Oymu igeHTHdIKoBaHl sAK  "ducTUl"
130Mponano’, "unucta" Bojaa, KOMIUIEKC 1 1 komruieke 2. MakcumaibHa KOHIEHTpaLis
KoMmruiekey 1 pgocsiraetbess pu 55% (00’eMH.) 13ompomnanony. Bona Biagmoigae
MOJISIPHOMY CITIBBIJHOILIEHHIO 1301ponaHosl / Boaa, sike aopiBHioe 1: 3,5. Mwu
CTaBUJIUCS JI0 LbOIO KOMIUIEKCY SIK A0 O11HOi Bojau. IHTeHcuBHICTh criekTpy OH
CIEKTpa CHEKTpaIbHOro npodutto 1 HUKYa 3a BIANOBIAHY CIIEKTPAIBLHOMY MPOQLITIO
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Puc.12. Cnexrpu norauHanusa komnoHeHTiB cymimi ATR FTIR, orpumani B
pe3yabrari po3kiaaganass MCR
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Puc. 13. IIpogini koHHeHTpaLii KOMIIOHEHTIB PO3YMHY (IYHKTHPHI AUIAHKH €
MOSKJIMBOI0 00J1aCTIO PO34YHHIB).

KOMIUIEKCY 2, 1€ MIATBEPIKYE HaIlle TBEPKEHHsS, 10 KOMIUIEKC 1 Mae mamy
KUTBKICTh MOJIEKYZT BOAM. MakcuMmalilbHa KOHIIGHTpallis KOMIUIEKCY | CTaHOBUTH
omu3pko 30% (00’emHu.). Kommuiekc 2 € JOMIHYIOUOKO CTPYKTYpOIO B paiioHi,
OaratoMy BOJ0I0. MakcumanabHa KOHIIGHTpAIlii KOMIUIEKCY 2  JIOCATA€ThCS
npu6sm3Ho 30% (00’eMH.) 130mponanony. BianoBigHe MoJsipHE BIAHOLIEHHS BOAM
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710 13omporianony AopiBHIOE 1: 8,8. OCKIIbKM 1€ KOMIUIEKC JOMIHY€E MPH HHU3bKIN
KOHIIEHTpALIli 130MPOIaHoITy, BIH Ma€ MaJly KiIJIbKICTh MOJIEKYJI 130MPOINaHony. Takum
YUHOM, BIH MOXE TIOSICHUTH Majly IHTeHCHBHICTh miamazony CH y iioro
CHEKTpabHOMY HpOdiii.

SAx mu O6aunmo 3 puc.12, cnektp koMiuiekcy 1 mae mik nmpubiau3Ho B 3670 cm-1.
Le#t mik Moke BU3HAUaTH PO3TAryBaHHS KonmBaHb BUIbHMX OH rpymn. BincytHicts
TaKUX TIKIB y CHEKTPaIbHUX MPOPUIIX «YUCTOTO» KOMIOHEHTa Ta KOMIUIEKCY 1
03HAyYae, 0 BOHU (POPMYIOTHCS 3 IOMIHYIOUUX LIUKITYHUX YTBOPEHb.

[likaBo BIA3HAUUTH, IO PETIOHM, JI€ KOHIIEHTpAIllsl KOMILJIEKCIB JIOMIHYE,
BIJINOBIJIAIOTh 00JAaCTSIM KOHUEHTpAIlii, /1e AesKi PI3UyHI XapaKTEepUCTUKU PO3UMHIB
MalTh HaA3BUYalHI 3Ha4YeHHS [,26,27,29-31]. JlomMiHyBaHHA KOMIUIEKCY 2 Yy
30arayeHoMy BOJIOIO PETiOHI MOK€ MOSCHUTH HACTyNHI OCOOJMBOCTI PO3YMHIB
130IPOIAHOJ-BO/Ia: MiHIMaJbHE 3HAa4YeHHS KoedimieHTa camoaudysii 130IMpornaHosy
[27], mi"iManpHe 3Ha4YeHHS Koedimienta B3aemMHOi nudys3ii [43], MakcuMaabHE
3HAUEHHS JIEJCKTPUYHOT MPOHUKHOCTI [27] , MakcUMallbHE 3HAaY€HHS KOEQIIi€HTIB
MOTJIMHAHHSA Yy TepareplieBoMy Jliana3oHi [26], MakcuMaiabHe 3HauYeHHs KoedilieHTa
3BykomnoriimHaHHsa [30], MiHIMajgbHE 3HAYCHHS HETAaTHMBHOI HAJAMIPHOI CHTAJIBII1
[26,29]. HasiBHICTh KOMILJIEKCIB ABOX THITIB MOJKE MOSCHUTH 1CHYBaHHS MiHIMaJIbHOI
Ta MaKCUMAaJIbHOT KOHIICHTPAIIIIHOT 3aJIeKHOCTI HA JTMIIIKOBOT eHTabIii [26, 29].

BucHoBkn

Pe3ynbTaT JOCHIPKEHb MIATBEPUKYIOTH MOMJIMBICTh OMHUCATH CTPYKTYpPY
PIIKOTO PO3YMHY alleTOH-XJIOPOPOpMY sIK KOMOIHAI1 TPhOX KOMITIOHEHTIB: BUILHUMN

alleTOH, BUIBHHUUI XJIOPOPOPM 1 KOMILIEKCH [A'Bl], 0 CKJIaJaloThCcsi 000X THIIIB
MOJIEKYIL.

[TokxazaHo, 10 PO3YMH €THJIALETAT-IIUKIOTEKCaHy MOYKHA PO3IIIAIATH sIK Habip
3 YOTHUPHOX CKJIQJIOBUX: BUTBHUH €TWIIAIlETAT, BUTbHUN IHUKIOTEKCAaH Ta KOMIUICKCH

[XIYI] 1 [XSYI], 0 CKJIaJarThcs 3 000X TUMiB Mosiekyd. HeonHo3HayHICTh y
BU3HAYECHHI KOHIIEHTpAllli KOMIUIEKCIB B PO3YMHI E€TUJIALETaT-IUKIOTeKCaHy €
O1IBINIOI0, HDK Y PO3YHHI aleToH-xJopodopmy. Lle MOsSCHIOETBCS THM, IO YMOBH
ycrmimuaoro MCR-ALS ananizy y MeHIi Mipi CTOCYEThCS PO3UMHY €THJIYy alleTat-
nukiorekcad. Lle BiICYTHICTh CHIIBHUX MDKMOJICKYJIIPHUX B3a€EMOJIIN y KOMIUIEKCAaxX
(BOJIHEBI 3B’SI3KM HE YTBOPIOIOTHCS) 1 MEPEKPUTTS CIIEKTPAIbHUX JIIHIM €TUIaleTaTy
Ta IUKJIOTEKCaHy.

3anporoHOBaHO JOMOMDKHUN METOJ BHU3HAYEHHS YWCJIa KOMIUIEKCIB IUIIXOM
aHayi3y 3aJMIIKOBOI 1HTeHCUBHOCTI B [Y-cmekrtpax. MiHiMymMun / MakcUMyMu

MTOTVIMHAHHS B MATPHIll 3aJIUIITKOBOI IHTCHCHBHOCTI X e CHIBMAIal0Th 3 MIHIMyMaMu
/ MakcUMyMaMHu KOHIICHTpaIlii KOMIUIEKCIB y MaTpHill NpoQiliB KOHIEHTpAIIii,
orpumaniii  MCR-ALS. Ile Bkazye Ha Te, MmO MgaHl 31 CHIEKTPIB OCHOBHHUX
KOMIIOHEHTIB, oTpuMaHux mig yac MCR-ALS ananizy ¢GaktuuyHO BUXOIATH 13

HAsIBHOCTI KOHLIEHTpAllii eKCTpeMyMa B MaTpHIIi Ko,
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Cnextpu ATR FTIR 130mponaHofioBO-BOAHUX PO3YMHIB BHUBYEHO Y BCHOMY
Jianma3oHl KOHIIGHTpAIlid. YTBOPEHHS KOMIUIEKCY B JOCHIDKYBAaHUX PO3YMHAX
BUKJIMKA€ HENIHIMHY 3a71€KHICTh IHTEHCUBHOCTI CIIEKTPIB BiJ KOHILIEHTpaIlii, 110 0yJ10
BUSIBJICHO aHAJII30M 3aJIUIITKOBUX CIIEKTPIB.

[IpoBeneno poskmaganHs MCR-ALS Marpuii  CHeKTpaJibHUX — JaHUX.
Pe3ynbrati eKCIEpUMEHTIB MIATBEPIKYIOTh MOXIIMBICTh OIUCATH CTPYKTYPY
PIZKOTO 130TPOMAHOJIOBO-BOJJHOTO PO3UYMHY (3 CIIEKTPOCKOIMYHOI TOYKH 30py) SIK
KOMOIHAI[IF0 YOTUPbOX KOMIIOHEHTIB: «YHUCTOT0» 130MPOIAHOY, «YUCTOI» BOIU Ta
KOMIUICKCIB, IO CKJIaJIal0ThCS 3 000X THUIIIB MOJEKYJ, OaraTi BoJOK Ta OiHI Ha
Boay. llpaBuibHEe BHU3HAYEHHS CTEXIOMETPIi KOMIUIEKCIB MOTpeOye T0JaTKOBUX
gochipkeHb. Hampukian, 1me MOXKHA OIHUTH 3a  JOMOMOTOK  MOJETHHOTO
0araro(akTOpHOro pO3KJIaJaHHsS BiOpalIHMX CHEKTPIB HAa OCHOBI Moneni [44].
JlonatkoBy iH(opMaIllito MOXKHA OTpUMATH 3a JOMOMOIOK KBAaHTOBHUX XIMIUHHMX
po3paxyHKiB ab initio.

YTBOpeHHS  MOJIEKYJSIPHUX  KOMIUIEKCIB MOXE TMOSCHUTH  aHOMAaJbHY
KOHIIGHTpAIlIHHY  3aJeXKHICTh  (I3UKO-XIMIYHMX  BJIACTUBOCTEH  PO3UYHMHIB
130MpoMaHoa-Bo1a. HasBHICTh KpalHIX TOYOK MPU KOHIEHTPAIIMHUX 3aJICKHOCTSIX
MOke OyTH B3a€EMOIOB'sI3aHE 3 JIOMIHYBAaHHAM MOJIEKYJISIPHUX KOMIUIEKCIB Yy
BIIMOBIIHIN 00J1aCT1 KOHIIEHTpAITIi.
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I'JIABA 3. YVIYUIIEHUE KAYECTBA U30BPAKEHUM
IMPROVING IMAGE QUALITY
NOJIITIMEHHA AKOCTI 305PAKEHbD

DOI: 10.30888/2663-9882.2020-01-025

Beryn

OcTaHHIMH pOKaMu 3HA4YHO 3pic 1HTepec N0 HUPPOBUX METOJIB 0OpOOKH
300pakeHb 3 METOI0 MOMIMIICHHS iX gaKkocTi. [Ilupoke OCBITIEHHS OTpUMaI poOOTH,
OB’ s13aHl 3 KOCMIYHMMM 1 OIOMEOUYHUMH JOCIDKEHHIMHU. 3 4YHCIA 1HIIAX
3aCTOCYBaHb CHiJ 3rajatd aepooTO3HIMAHHSA 1 MPOMHCIOBY pasiorpadiro.
[TigBuIIEHHS SKOCTI 300pakKeHb JOCATAETHCSA JIBOMA BUJIAMH OOpOOKH 300pa’KCHb:
pecTaBpaili€io (BUMPaBIECHHAM) 300paKeHb 1 iX mosimmeHHsm [ 1-3].

PecraBpaiiist 300paxkeHs monsrae B HAOMMKEHHI 300pKEHHS [0 JIESIKOTO
171eaTli30BaHOTO OpUTIHAIY, TOOTO pPECTaBpaIlil0 MOKHA PO3TIAIATH SK IPOIIEC
OIIHIOBAHHS: JIESKE 300paKEHHSI OTPUMAaHE B PE3y/bTaTl CIIOCTEPEIKEHHS IMiIIal0Th
MIEPETBOPEHHIO, 1100 3HAWTH OIIIHKY 1ealbHOTO 300pa)KeHHS, SIKE CIIOCTEPIrajoch
O Ha BUXO/1 TIMOTETUYHOI CUCTEMU, KA HE BHOCUTH CIIOTBOPEHbD.

[Tponenypu moOMIMIIEHHS SKOCTI 300pa)X€HHSI 3BOJSTHCA JI0 BUKOHAHHS
KOMILIEKCY oOImepalliii, Kl BUKOHYIOTbCSI 3 METOK a00 MOJIIMIIEHHS Bi3yaJlbHOIO
COPUMHATTS 300pakeHHs a00 NMEepeTBOPEHHsI 300pa)k€HHs B (opMy OUIbII 3pYUHY
IUIsL  Bi3yasJlbHOro a0o MamuHHOro asamizy. Cepea TOpUYMH — HEOOXIJTHOCTI
BUKOPUCTAaHHS METO/IB MOJIMNILIEHHS SIKOCT1 300paK€Hb MOKHA Ha3BaTH Taki [1]:

- CIIOTBOPEHHS 300pa)K€Hb Ha €Tarl JUCKPETH3allli 1 KBAaHTyBaHHS;

- 3MEHIICHHS SKOCTI 300pa)kKeHb TP iX 301IbIICHHI, 3MEHIIEHHI (3yM),
MOBOPOTAaX Ta 1HIIUX MEPETBOPEHHSX, K1 I03BOJISIOTh BUKOHYBATH Cy4acHi
udpoBl Kamepu;

- 3MEHIICHHS Bi3yaJIbHOI SIKOCTI 300pa)Ke€Hb Mij Yac 3amucy ix B ¢opmarax,
10 nepeadavaroTh YIIUIbHEHHS 300paxkenb, Hanpukiaa, JPEG;

- MOXKJIUBI CHOTBOPEHHS IiJ] 9ac mepeaadi 300pakeHb 0 Mepeskax;

- crapi portorpadii, BBEZCHI B KOMIT IOTEp 3 CKaHEPA;

- cTapi 300pakeHHs, 110 30epiraarch B aHAIOTOBIH dopmi;

- TEHJCHIII€I0 BUPOOHUKIB JI0 MOTIPIICHHS MapaMeTpiB SKOCTI 300pakeHb, 3a
paxyHOK IiIBUIIIEHHS (PYHKITIOHATBHOCTI IIU(GPOBUX Kamep.

Oco0arBO BUPOCIIO B OCTaHHI POKU 3HAUEHHS OCTAHHBOTO (paKTopa, MPUUNHU
SKOTO HE € TeXHIYHUMU. TyT HE0OX1HO BiA3HAYNTH JIBa acieKTu [4-5]:

- OaxaHHSAM BUPOOHHMKIB OOMaHyTH CIIOKHMBa4a 3a PaxXyHOK II1JBUIICHHS
BI3yaJIbHO1 SIKOCTI HU3bKOYaCTOTHOT'O 300paKEeHHS;

- OaxaHHSM KOPUCTYBaiB MOKPAIIUTHU SIKICTh CBOIX oTOorpadiii.

[udposi Bigeokamepu moyaiu KOPUCTYBATUCS MOMYJISPHICTIO Y IIMPOKUX Mac
JTOOUTEITIB BiIcOo MOYMHAIOUM 3 cepearuHu 1999 poky, Koiau BUXiJ B CBIT BiJieoKaMep
Sony Digital 8 pi3ko MOHM3UB IIIHOBHM TOPIT JJII BXOJKEHHS B CBIT ITU(POBOIO
BiJ1€0. 3 IIi€1 MOPH MOYAIIOCS 3POCTAHHS CIIBBIIHOIICHHS IIHA/SKICTh I ITU(POBUX
BiJeokamep. 3’sBUIACh 0€3J1Y LUIKOM MPUCTOMHUX MOJENel BieoKamep 3a IIJIKOM
JOCTYIIHI TPOIIi.
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Opnnak, 3 mouarky 2002 poky cwuTyaiis 3 HUPPOBUMU KaMepamH Iodaia
MOMITHO MiHATHCS. TOH B KOMIIaHISIX-BUPOOHUKAX MOYAIM 33JaBaTH MapKETOJIOTH.
Crpareris ix Oyna IOCHUTh MpOCTa - yBary IMOTEHI[IMHUX KII€HTIB HE MOXKHA
MPUBEPTATH SKICTIO 3HOMKH, OCKUTBKH 1i IOCTAaTHBHO CKJIAJHO OLIHUTHU 1 TAKOX BAXKKO
JIOBECTU BHUCOKY SIKICTh 3MOMKHU HETSAMYIIIHN JIFOAWHI HE3aJeXKHO BiJ TOrO, YU J0Ope
3HIMa€e Bijeokamepa Hacmpasil [S5]. ToMmy ynmop mouyaB poOuTHcs Ha Ti mapaMmeTpu
BiJIcOKaMep, 3HAUCHHS SKHX TOBHHHI BIIQJIATH B OYl HABITh MOBHUM JHJICTAHTAM.
[Ipy 1bOoMy aOCONIOTHO HE BaXHO, YA MAIOTh Ii MapaMeTpu XO4 SKUM-HEOyab
npakTHaHui ceHc. OCHOBHE 3aBJaHHS - CIOHYKaTH JIFOJAWHU Ha TOKYIIKY 1 paau
1boro Bci 3acobu xopomri. [llo goOpe 3Hae Oyab-ska cydacHa JIFOJWHA, 110 X04Y OU
TPOXH IIKABUTHCS TEXHIKOI? BiH 3Ha€, HANIPUKIIAI, 110:

- 4YuM OUJIBIIIE MIKCEIIB, TUM Kpalle;

- 4uM OUIbIIIE MaTPUIlh, TUM KpallIE;

- YUM MEHILIE KaMepa 3a po3MIpOM, TUM II€ Kpalle, OCKIJIbKA MOKHA MOKJIACTH
B KHUILIEHIO 1 TaK JaJIi;

- SKII0 Kamepa miaTpumye ski-HeOyap omeparii i3 MPEG a6o JPEG
dbopmaramu, TO 11e Ayke n06pe, ockinbku MPEG ta JPEG 11e akTyanbHO,
Cy4acCHO, MIEPCIIEKTUBHO 1 JTy>kKe MOJHO [6].

- onruka 13 ryuynuMm im'sm (Carl Zeiss, Leica Dicomar) e mayxe mobpe i
IPECTUKHO;

- USB notpiOHuMii 1 KOpUCHUI - BCIOJIU €, TOMY 1 IU(poBa Biaeokamepa 13
HUM Mae OyTH.

[eii criMcoxk MOXHa IPOJOBXKYBAaTH, ajie CeHC KWoro 3po3yminui. Came Ha mi
napamMeTpH MapKEeTOJOrd Movyalid poOUTH yHOp 1 BUMAraTtu BiJ TEXHIYHUX (paxiBLIB
peanizalli THX MOXJIMBOCTEH y BiJ€OKaMepax, skl MOTpiOHI i "JOBY Ha rayok"
CHOKMBA4iB, a HE JJI1 CTBOPEHHS TEXHIYHO TpaMOTHUX MNponaykTiB. [lix Takum
MIPECUHTOM BTPATUJIM CEHC HaBITh Ti KJIACHYHI MapaMeTpH, MO SKuX 0araTo poKiB
OLIIHIOBAJIM SIKICTh BiJieokaMmep. Hampukiaj, HasBHICTh TPHOX MAaTPHUIIb 3aBXK]IM MaJia
Ha yBa3l BHUCOKY SIKICTb 3MOMKH, OCKUIBKM HIKOMY HE TPHUXOAWJIO B TOJIOBY, IO
MO’KHa 3MEHIIWTHA MATPHUIl 10 HEMPUCTOMHOCTI, 3/ICIMIEBUTH OMNTHUKY, 3aCTOCYBATH
CJICKTPOHHUN CTa0LII3aTOp 1 OTPUMATU BiJCOKaMepy, sika 3a COOIBApPTICTIO MOXKE
MIOMITHO TOCTYIHUTHCS XOPOII OJJTHOMATPUUYHIM BiJeOKaMepi 1, 3a AKICTIO 3MOMKH,
npupoaHo, Texk. HesamoBosieH! TiabKHM JIOOUTEN Bifco, sKi BXKE 1 HE PO3YMIIOTh
YoMy BIpUTH 1 Ha SIKi MapamMeTpu BiJ€OKaMepH CIHpaTHCs MpU BHOOpPL ii s
MOKYTIKH.

CykynHICTh IMX TOpUYUH 1 (PakTOpiB, SK TEXHIYHMX TaK 1 HE TEXHIYHHX,
MPU3BOIUTh IO HEOOXITHOCTI BHUKOPHUCTAHHS METOIB TIOJNIMIIEHHS SKOCTI
300paxkeHb 1 BIJIMOBIAHO BUMAarae po3poOKH HEOOX1THIX MPOrPaMHUX 3aCcO0iB.

3.1. OCHOBHI MiAX0AX 10 MOJINIIEHHS AKOCTi 300pakeHb
be3niy migxodiB 10 MOJIMIIEHHS 300pakKeHb PO3MAJa€cThCs HA JBI BEJIHKI

KaTeropii: MeTogu oOpoOKH B MPOCTOPOBIN 00acTi (MPOCTOPOBI METOAM) 1 METOIU
0o0OpoOKM B 4YacTOTHIA oOnacTi (4acToTHi MeTonau). TepmiH mpocTopoBa 00JaCTh
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BIJIHOCUTBCSL /IO IUIOIMIMHU 300paKEHHS SK TakuW, 1 JaHa Kareropis o0'eqHye
MiIXO0AM, 3aCHOBAaHI Ha MPSIMOMY MaHIMYJIOBaHHI MIKCeIsIMU 300paskeHHs [1-3].
Metoau 0O6poOku B 4acCTOTHIN 00JIACTI IPYHTYIOThCS Ha MOAMQIKaLii CUTHATY, IO
(hOopMyeThCS MUISTXOM 3aCTOCYBaHHS /10 300pakeHHs niepeTBopeHHst Dyp’e [1]. Pazom
3 IIUM HE € JapeMHHUMH 1 TEXHOJIOT1I, 110 6a3yI0ThCs Ha Pi3HUX KOMOIHALIAX METO/IIB
3 LUX JIBOX KaTeropiu.

OCHOBHUMHU cepeJi METOiB 00pPOOKH B IIPOCTOPOBOi 00macTi € Taki [1, 3]:

- 3MiHa KOHTPAcTYy;

- BUJI03MiHA T1CTOTPaMH;

- 3MEHUIEHHS IIYMYy 3 BUKOPUCTAHHSIM JIIHIMHUX 1 HEJTIHIHHUX METO/I1B;

- MAKPECIEHHS TPaHULlb.

Bci i Meroau HampaBiieHI Ha MiABUIIEHHS Bi3yajbHOI SKOCTI 300paKeHb.
Hanpuknaza, npu miaKpeciaeHHl TpaHullb Cy0’ €KTUBHO 300pakKeHHS CIIPUHAMAETHCS K
300pakeHHs 3 OUIBII BHCOKOIO PO3JIBHOIO 3/IaTHICTIO, XO0Ua B JIMNCHOCTI TaKUM HE
€.

YacToTHi METOAM MOJIMIIEHHS SKOCTI 300paKeHb MOJIOHO 10 MPOCTOPOBUX
TaKOXX HaIpaBJieHI Ha MIABUILECHHS Bi3yallbHOI SKOCTi, OJIHAK JUISI CBOIO BUKOHAHHS
BUMAararmTh Jy)ke OaraTo OOYHCIIEHBb, OCKUIBKM IPYHTYIOTBCS Ha JIBOBUMIPHUX
OPTOTOHAJIBHUX TEPETBOPEHHSX THIy TmepeTBopeHHs Dyp’e, VYoumma-Anamapa,
Kapynena-JloeBa ta inmux [1].

3aranpHOi Teopii NOJIMNIIEHHA 300paxeHb He icHye. Komu 300paxkeHHs
00poOJIsIEThCS ISl BI3yaJIbHOI 1HTEpHpETallii, CrocTepirady € OCTaTOYHUM CYJIJICH0
TOr0, HACKUIbKU J00pe i€ KOHKpPETHUW MeTo]. BizyalibHe OIIHIOBaHHS SIKOCTI
300paK€HHSI € YKpall CyO'€eKTHMBHUN TMpoIeC, MO POOUTH THUM CAMUM TOHSTTS
"xopomoro 300paxeHHs" AESKUM HEBIOBUMHUM €TaJOHOM, 3a JIOIMOMOTIOIO SIKOTO
HEOOXITHO TOpiBHIOBATH e€(EKTUBHICTh anroputMy. Komm wmeroto € oOpoOka
300pakKeHHsI I MAIIMHHOI OOpOOKH, 3aBJaHHS OIIHIOBAHHS JEII0 MPOCTIIIE.
Hampuknan, B 3aBaaHHI poO3Mi3HABAaHHS CUMBOJIB SIKHAWKpAIUM (3aIUIIAI0YH
OCTOPOHbB 1HII MUTAHHS, TaKi SK 00YUCIIOBAIBHI BUMOTH) OyJie TOW MeTo ] 00pOOKH
300pakeHb, SKUW Ja€ TOYHIII PEe3yJbTaTH MAIIMHHOTO po3mizHaBaHHs. [Ipote,
HaBITh 3a CHUTYyallli, KOJIU MpooOsiemMa JI03BOJISIE BCTAHOBUTU YiTKI KPUTEPIii SKOCTI,
3a3BMYail MOTpiOHA JAeska KiIbKICTh CHOpoO TECTyBaHHS, IMOKU Oyae BUOpaHUM
KOHKPETHUH IMiAX1]T IO MOJIIIICHHS 300pakKeHb.

B 6inb110cTi IPakKTUYHUX 3aCTOCYBaHb SIKICTh 300pakKeHHS 1€ Mipa OJM3bKOCTI
JBOX 300pa)XeHb: 17€aIbHOTO 1 peambHOro abo MEepeTBOPEHOT0 1 MOYaTKOBOTO.
MatemaTuuHO 11 Mipa € ycepeHeHa cepeIHbOKBaApaTuYHa MMOMUIIKa [5]:

M
e 2= YYBU-0y (1)
M-N i=lj=1 ,
ae M, N — po3mipu CTOpiH 300pakeHHS;
E(®) — MmaTeMaTHUHE CIIO/IIBAHHS,
Ujj- 3HQYEHHs BiIUTIKiB [I0YaTKOBOTO 300paXCHHS;

ﬁij - 3HAYCHHS BIJUTIKIB BiJHOBJIICHOTO 300pasKCHHSI.

B ekcnepumeHTax Mipol0 CepeIHbOKBAIPATHYHOI MOMUJIKU CIYKUTb CEPEIHE
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3HAYCHHA MMOCITICMEHTHHUX CCPCAHbOKBAAPATUYHUX ITOMUJIOK:
e =— .Z 2 (Uij_Uij) ()
M-N ==l .

Ha ocHOBI mpuBeneHUX BHINE 3aJEKHOCTEH MOXKHA BH3HAYUTH BiTHOIICHHS
CUTHAJI/IITyM:

2
SNR =101g>>> (3)

€

VY uucenbHUKY 3aJ]aHUI po3Max 3HA4YeHb B1JICOJIaHUX, IO 3BUYAIHO 3a7al0ThCS
y BUJI1 JUCKPETHHUX BIJIIKIB, MPOKBAHTOBAaHUX Ha 256 piBHIB.

Kpurepiii cepeqHbOKBaIpaTUYHOI MOMUJIKHA - MPUPOJIHA Mipa CIOTBOPEHBH 3
(b13UyHOT 1 MaTeMaTUYHOI TOYKU 30py. AJie SKIIO 300pakeHHs MNpHU3HAYCHI IS
BI3yaJIbHOTO CIIOCTEPEKEHHS, TO MepeBara boMy KPUTEPIIO BIJIIA€THCS HE 3aBXKIU.
Ile moB'si3aHO 3 TUM, 11O 30pOBa CHUCTEMa HE 00poOIIsie 300paKeHHS €JIEMEHT 3a
€JIEMEHTOM, a BUTATAE 3 HHOTO B MPOIIECi HEHPOHHOI'O KOAYBAHHS JESK1 MTPOCTOPOBI,
4acoBi 03HAKHU, a TAKOXK O3HAKHU KOJIbOPY.

Kpim Toro, 3a1aua nosimniieHHs IKOCT1 300pakeHb nepeadadae, 1o y Hac HemMae
OpUTIHAJILHOTO 300pa)KEHHS BUCOKOI SKOCTI. ToMy B 3ajmadax MOJIMIIEHHS SKOCTI
300pakeHbh HAMOUIBIT PO3MOBCIOKEHUM 1 HAWHAMIMHIIIMM CIOCOOOM BHU3HAYCHHS
AKOCT1 300pakeHHs € Cy0'eKTUBHA eKcIiepTh3a [6].

Sk excnepTiB PEeKOMEHIYEThCS 3alydyaTH CIIOCTEpiradiB-HECIEeIaliCTIB, iX
OI[IHKA BU3HAYAIOTh SKICTh 300pa)KEHHS camMe Tak, K WOro cupuiimae "cepemHii
crioctepiray".

Bignosigno no pexomenpaanii 654 MKKP pekomenayerbcs m’siTubaabHa IIKaja
a0COJIFTOTHUX OIIIHOK HaBeJcHa B Ta0JI. 1

3a pe3yabpTaTaMu €KCHEPTHUX OLIIHOK 3BUYalHO BU3HAYAETHCA CepeaHii Oalt:

C=x(n,C,)/zn,, (4)

JIe Nk - YUCII0 300pakeHb, BigHeceHux 10 K-oi kareropii; Ck — BiOBIIHUM Ti1 OaJl.

Taoaunga 1
IPaTunb6anbHa mKkaga adbCoJTIOTHUX OLIHOK
SKicTh [ToripmienHs
5. BigminHa 5. HertomitHe
4. Jlobpa 4. IlomiTHe, ajie HE 3aBaXkae
3. 3am0BUIbHA 3. 351erka 3aBaxkae
2. Ilorana 2. 3aBaxkae
1. JIy>xe morana 1. Jly>xe 3aBaxae

PosrnsnemMo HaiOUIBII MOMIKMPEH] MpoIeaypu 0OpoOKH B MPOCTOPOBIiM 00s1acTi
JUTSI TIOTITITIICHHS STKOCT1 300pakeHb.
JliniliHe MaciuTa0yBaHHs NP MOKPALIEeHHI sIKOCTI 300paxensb. Llei miaxiz
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BIJIHOCUTHCS JJO METO/IIB 3 MOEJIEMEHTHOK 00p0oOK010. CyTh ITOEIEMEHTHOI 00pOOKH
300pakeHb 3BOAUTHCS 10 HACTYIMHOTO. Xai f(n,m) 1 g(n,m) - 3HAYEHHS ICKPABOCTI
MOYaTKOBOTO 1 OTPUMAHOTO Micisg 00poOKH 300pa>keHHS BIAMOBIIHO B TOYIIl KaJIpy,
[0 Ma€ JEKapTOBl KOOpAUHATH 1 (HOMED CTOBIIIS) 1 m (HoMmep psaka). [loenmemenTHa
00po0OKa o3Hayae, 110 ICHY€ OJHO3HauHa (YHKI[IOHAJIbHA 3aJI€KHICTh MK LIUMU
SICKPABOCTSIMHU:

g(n,m)= (f(n,m)). ()

Ile mo3BoJyise 3a 3HAYCHHSAM TIOYATKOBOT'O CHUTHAJY BH3HAYUTH 3HAYCHHS
BHUXITHOTO CHTHaly. ToOTO BOHa XapaKTEPU3YEThCA THM, IO KOKEH EJIEMEHT
BXIJTHOTO 300pa)KCHHS MaTEMaTUYHO IEPETBOPHUTHCS B HOBE 3HAUYCHHS CJICMEHTY
BUXIJIHOTO 300pa)KCHHS, HE3aJIE)KHO BiJI 3HAYEHb IHIIUX EJIEMEHTIB BXIJHOTO
300paK€HHS.

Cnabuit KOHTPACT - HAMOUIBII MOMTUPEHA BIACTUBICTh 300pakeHb, 00yMOBJICHA
YMOBaMU CIIOCTEPEKEHHS, OOMEXKEHHSIM JIiana3oHy SCKPaBOCTI Ta iHIIE. 3aBIaHHS
KOHTPACTYBaHHS 3B’s3aHE TaKOXX 1 3 TMOJIMIICHHSIM Y3rO/KCHHS JTHHAMIYHOTO
Jlara3oHy 300paKeHHS 1 €KpaHy, Ha SIKOMY BUKOHYETHCS Bizyamizarlis. SIKIIO Jyist
M(POBOTO MPEACTABICHHS KOXHOTO BIJUTIKY 300pa)KeHHS BIABOAMUTHCS 1 Oalt (8
01T), TO BX1IHMM a00 BUXITHUN CUTHAJIM MOXKYTh MpHHMaTH ofHE 3 256 3HaueHb. B
AKOCTI POOOYOro BHKOPUCTOBYBATHMEMO Jiama3oH 3HadyeHb curHamy [0,255]; mpu
npoMy 3HaueHHs 0 BIAMOBIAA€ MpU Bi3yasizalii PiBHIO YOPHOrO, a 3HAYEHHS 255 —
piBHIO OLIOTO.

[IpunyctumMo, 1O MiHIMalIbHa 1 MAaKCUMajbHA SICKPAaBOCTI IOYATKOBOIO
300paxeHHS PIBHI fyin 1 fnax BIAMOBIAHO. SKIIO 111 TapaMeTpu a00 OJWH 3 HUX 1CTOTHO
BIJIPI3HSIIOTHCSA BiJI TPAaHMYHMX 3HAYCHb J1ala30Hy SCKPaBOCTI, TO Bi3yasi3oBaHa
KapTWHA BUIIsIa€ ab0 K TeMHa, ab0 SK HEHAacU4yeHa, He3py4yHa, CTOMJIMBA MpH
cnocrepexkeHHl. [lpu JiHIHOMY KOHTpacTyBaHHI BHUKOPHCTOBYETbCS JIiHIMHE
ITOEJIEMEHTHE IIEPETBOPEHHS BUIIALY [4]:

g(, j) = af i, j) + b. (6)

[TapameTrpu mepeTBOpeHHS a 1 b BU3HAYAIOTHCS Oa)XaHUMH 3HAYCHHSIMU
MIHIMAJIbHOI Zpin 1 MAKCUMAJIBHOI gy BUXIJIHOI SICKPABOCTI. BupimuBImm cucteMy
PIBHSIHbB:

Emin = af minth
Emax = af maxtb

BIJIHOCHO TTapaMeTpiB MEPETBOPEHHS a 1 b, OTpUMAEMO:
a=(8max — 8min)/(fmax — fmin)

b = (2minf max—€maxfmin)/(fmax — fmin)

Toni MmoxHa mpuBecTH (6) 10 BUTIISIY:
£(1,J) = fmin
fmax — fmin
1e fmax — MAaKCUMaJIbHE 3HaYEHHS SICKPaBOCTI B 300pa)K€HHI 10 MacIuTaOyBaHH;

g@,)) = (8max — 8min) + &min> (7
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finir — MIHIMaJIbHE 3HAYEHHS SICKPABOCTI B 300pakeHH1 JJO MacIITaOyBaHHS,
Zmax — OQKaHE MaKCUMaJIbHE 3HAUEHHS SICKPABOCTI B 300paKeHH;

Zmin — OKaHE MIHIMATIbHE 3HAYEHHS SICKPABOCTI B 300paKeHH;

f(i,)) — moTouHe 3HaUEHHS SICKPABOCTI B 300paKE€HH;

g(1,]) - HOBE 3HAYEHHS SICKPABOCTI B 300paykeHH1 MiCiIs MacIITaOyBaHHSI.

Puc. 1. IlouaTkoBe (;1iBe) Ta KOHTpPacTOBaHe (MPaBe) 300paKeHHA

JliniliHe KOHTpPACTyBaHHS TOYATKOBOTO 300paKeHHS, pE3yJbTaT SKOTO
MPEACTABICHUI HA PUC. |, BUKOHAHE TIPHU Qpin =0 1 Zpax =255.

[TopiBHSIHHSA JBOX 300pak€Hb CBIIYUTH MPO 3HAYHO Kpally Bi3yalbHY SKICTh
00po6sieHoro 300paxkeHHs. [lominieHHs noB'sa3aHe 3 MPeCTaBICHHIM 300pa)KeHHS
MICJISI KOHTPACTYBaHHS B TOBHOMY JMHAMIYHOMY J1aria30Hi CUTHAIY.

Jliara3oH SICKpaBOCTI BHUXIJHOTO 300pakKE€HHS MOXE BIIPI3HATUCH MICHA
udpoBoi 0OpoOKU BiJ J1arma3zoHy SICKPABOCTI MOYaTKOBOrO 300pakeHHs. [Ipuxmian:
mniciist 0OpoOKU MOXKYTh 3’ IBUTHCS BIJI'€MH1 3HAYEHHS.

Binomi aBa ciocoOu mpuBeneHHS Jiarna3oHy sICKpaBOCTI BUX1THOTO 300payKeHHS
y BIAMOBITHOCTI JI0 Jiiana30Hy SICKPABOCT1 BX1THOTO 300payKEeHHS:

- IHIHE MacimTabyBaHHs (KOHTpAacTyBaHHs) (puc. 2 a);

- JIiHIHE MacmTa0yBaHHs (KOHTPACTYBaHHs) 3 0OMexeHHsM (puc. 2 0).

Hpyruii coci0 Jexonu 1ae Kpari Bi3yajdbHi PE3yJIbTaTH.

Buno3mina ricrorpaMu npu nokpamieHHi sikocTi 300pakeHb. ['icTorpamoro
1udpoBoro 300pakeHHs 3 PIBHAMU sickpaBocTi B giamasoni [0, L-1] HazuBaeThcs
JTUCKpeTHa (QYyHKIIIS:

h(rk)= Ng, (8)

ne rx € k - uif piBeHb SICKpPaBOCTI, a Ni - YUCJIO MIKCEIIB Ha 300pa’keHH], 110
MalOTh SICKPaBICTh Ty. 3arajbHOI0 MPAKTUKOI € HOpMaii3allis TicTorpaMu IUISIXOM
JIJIEHHS KOXKHOTO 3 1i 3Ha4Y€Hb Ha 3arajbHe YHUCJIO IIKCeNiB B 300pakeHHI n. Tum
caMMM, 3Ha4Y€HHsI HOpMaJIi30BaHOi ICTOrpaMu Oy Iy Th:

p(r)= ni/n. 9)
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stk =0,1..., L - 1. ¥ 3aransHOoMYy p(rk) € OIIHKOK WMOBIPHOCTI MOSIBH TTIKCES
13 3HAQYEHHSM SICKPABOCTI TIy. Bim3Haummo, 1m0 cyma BCIX 3Ha4€Hb HOPMaJi30BaHOI
riCTOrpaMu JAOPiBHIOE OJJUHHIII.

g max
f min g min f max £
a)
g a
g max
f min g min f maxL f max f

6)

Puc. 2. 3miHna koHTpAaCTY: @) niniline macuumabdysants,; 0) NiHiliHe MACUMAOYB8AHHS.
3 00MeHCeHHAM, (fminfmax) - Olanazon sackpagocmi Ha 6X001, (Emin, Cmax) — OlANAZOH
ACKPasocmi HA BUX0O0I

I'icrorpamu € OCHOBOIO JJIsl YHCIICHHHUX METOJIIB IPOCTOPOBOI 00poOku [2-3].
Bunosmina ricrorpamu (TictorpamHa o0poOKka) MOXKE YCHIITHO BHKOPWCTaHA IS
MOJTIMIIIeHHS 300pakeHb. OKpIM OTPUMaHHS KOPUCHOI CTATUCTHKHU MPO 300pakeHHS,
iH(pOpMaITis, 0 MICTUTHCS B TICTOTPaMi, TAKOXK JTy>)Ke KOPHUCHA 1 B IHIIMX 3aBIaHHSX,
TaKUX SIK YUIUIBHEHHS 1 CeTMEHTAIllsl 300paxxeHb. ['icTorpaMu 1OCTaTHBO MPOCTI K
JUISL TIPOrpamMHOTO OOYHMCIICHHsS, TaK 1 Ui amapaTHOl peanizailii, 1mo poOuTh ix
3pYYHUM IHCTPYMEHTOM I 00pOOKHU 300pakeHb B peaIbHOMY Yacl.

Ha rictorpami TeMHOro 300pakeHHSI HEHYJbOBI PIiBHI CKOHIICHTPOBaHI B
o0s1acTi HU3BKUX (TEMHMX) 3HA4Y€Hb Jlala30Hy SCKPaBOCTI. AHAJOTIYHO, 3HAYYIII
PIBHI TiCTOTpaMHU SICKPABOT'0 300paKeHHS 3MIIIEH] O BEPXHBOI YaCTHHU Jlana3oHy.
300pakeHHs 3 HU3bKUM KOHTPACTOM Ma€ BY3bKY TiCTOTpamMy, pO3TalllOBaHy MOOIH3Y
[EHTPY [iana3oHy sICKpaBoCTi. /[ OJHOKOJIBOPOBOTO 300pakeHHS 1€ O3Havae
Cipuil, «BUIMHSUIMIY BUTISA. HeHylboB1 piBHI TICTOTpamMH BHCOKO KOHTPACTHOTO
300paX€HHS TOKPUBAIOTh IIUPOKY YACTKY Alama3zoHy SCKPaBOCTI Ta MAIOTh PO3MOILI
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3Ha4YEeHb IIIKCENIB, 10 HE JyXe BIJPIZHAETHCS BIJ PIBHOMIPHOTO, 3a BUHSITKOM
HEBEJIMKOTO YHMCJIa MIKIB, IO MiTHOCATHCS HAJ PEIITO0 3HAYeHb. [HTYITHBHO MOXHA
3pOOMTH BHUCHOBOK, IO 300paKE€HHS, PO3IOJLI 3HAYCHDb SIEMEHTIB SKOTO OJM3bKUI
0 PIBHOMIPHOTO 1 3aiiMae BeCh Jialla30H MOXKJIMBUX 3HA4YeHb SCKPaBOCTI,
BUTJISIIATIME BUCOKO KOHTPACTHUM 1 MICTHTHME BEJIHMKY KiJIbKICTh ITIBTOHIB.
[pyHTYIO4MCh TiNbKM Ha iH(OpMALii, 10 MICTUTHECA B TiCTOrpaMi IMOYATKOBOIO
300pakeHHs, MOXHa MOOyayBaTH (YHKIIO TEPETBOPEHHS, fKa JI03BOJHTH
ABTOMATUYHO JOOMBATHUCS TAKOTO €(EeKTY.

JliniiiHa Ta HeJiHiliHA (iabTpamiss NMpM MOKPAIEHHI SIKOCTI 300pa’keHb.
Jlesiki JTIOKaJIbHI MEPETBOPEHHS ONEPYIOTh OJHOYACHO SIK 13 3HAYCHHSIMHM ITIKCEJIIB B
OKOJIMII, TaK 1 3 BIJAMOBIIHUMHU IM 3HAYEHHSAMH JEAKOI MATpHIll, 10 Ma€ Ti XK
pO3MipH, IO 1 OKOJMI. Taky MaTpHII0O Ha3WBaIOTh (IIBTPOM, MACKOIO, SIIPOM,
mabJioHOM ab0 BIKHOM, MPUYOMY MEpIIl TPU TEPMIHU € HANWOIIbII MOIIMPEHUMHU.
3HayeHHs €JIEMEHTIB MaTpulll NpUWHATO Ha3uBaTH Koedimientamu. Tyt omeparii
¢iapTparii BUKOHYIOTHCA 0€3MOCcepeHbO HAJl €IIeMEHTaMH 300paKEeHHS.

JIns moaiOHUX orepariii BAKOPUCTOBYETLCS TEPMIH IPOCTOPOBa (iabTpallis, Ha
BiIMiIHY Bix Oumbin TpaawmiiiHoi QimbTpamnii B wacToTHiM o6macti. [Iporec
3aCHOBAHHWI HAa MPOCTOMY TMEPEMINIEHHI MackKu (QiIbTPY BIJ TOYKH JIO0 TOUYKH
300paKeHHsI; Y KOXKHIN TOYI (X, Y) BIATYK (QUIBTPY OOUHCITIOETHCS 3 BUKOPUCTAHHSIM
NoMepeHiX 3aJaHuX 3B'A3KiB. B pasi miHiliHOI mpocTopoBoi (inbTpamii BIATYK
3Q/Ia€ThCSI CYyMOIO JOOYTKIB KoedilieHTIB (UIBTPY Ha BIJAMOBIAHI 3HAUYCHHS MIKCENIB
B 00J1aCTI, 1110 TTIOKPUTA MACKOIO PLIBTPY.

OinpTpartis 300paxkends f, mo Mae posmipu MxN, 3a g0omomMorow QuIbTpy

PO3MipaMHu NXm 33/1a€ThCSl TAKUM BUpa3oMm [2,4]:
a b
gx,y)= Y, Dw,Hf(x+s,y+t), (10)
s=—at=-b

1ie, SIK BUILIMBAE 3 TonepeaHboro ab3aiy, a = (m -1)/2 1 b= (n-1) /2. Ilpu dinprparii
BChOTO 300pakeHHs JaHa Gopmylia Mae OyTH OOYMCIIEHA IS BCIX IMOETHAHb X =
0,1,2..., M-11y=0,1,2..., N-1. Ile o3Hauae, 1m0 BCi eIeMEHTH 300pakeHHs OyIyTh
00pobOneni mo 3aganid Macmi. IIpomemypa miHINHOI (iIbTparii, MmO 3aJa€ThCS
piBastHAAM (10), B 9acTOTHIN 00acTi aHANIOTIYHA OMEeparlii 3rOPTKU. 3 i€l MPUINHU
JTHIAHY TPOCTOPOBY (UIBTpAIliF0 YacTO HA3WBAIOTh "3rOPTKOIO MAacKH 13
300pakeHHsIM". AHAJIOTIYHO, MAacKy (UIBTPY 1HKOJIM HA3WBAIOTh MACKOK 3TOPTKH
a00 SIAPOM 3TOPTKH.

Haifuactimme npu MOKpallleHHI SKOCTI 300pakeHb JIHIAHI  QILIBTPU
3aCTOCOBYIOTH JJII BHJAJICHHS IIyMy Ta po3(OKyCyBaHHS 300pakeHHS. B cmektpi
IIyMy MICTATBCS BHCOKI TPOCTOPOBI YacTOTH, TOMY TNIPOCTa HHU3HKOYACTOTHA
binpTpartis 3MeHmnye mryM. [Ipuknaam 3riampKyBatbHIX Macok [ 1,3

1 11 1 11 1

]:
2 1
1)H:l-1 1 1 2)H=l-1 2 1;3)H=—-2 4 2|
9 10 16

1 11 1 1 1 1 2 1
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[lepma Macka mae cyMmy 3HaueHb sCKpaBocTi mo okonwmi 3x3. Ilicms
3aKIHYEHHSI TPOIIECY MOJaBaHHS OTPUMAHE 3HAYCHHS MITUTHCA Ha 9, MO 3MEHIIye
MOTPINTHOCTI B TOPIBHSAHHI 3 (inmbTpoMm 3 koedimientamu 1/9. To6To Ha BUXIA
ITOCTYNAIOTh CEPEHI 3HAYCHHS IO OKOJHIll. Takui (iIbTp HA3UBAIOTH 0OHOPIOHUM
ycepeoHoYUM Qinbmpom.

Jlpyra 1 TpeTs mMacka, JarTh 3BakeHe cepemHe. Lleit TepMmiH migkpecitoe, 1o
koedilieHTH QUIBTPY MarOTh pi3HYy "BaxiuBicTh" (Bary). PosrmsiHemo macky TpH.
Ilentp mMacku Mae came OuIblle 3HAYEHHS (Bary), TAM CaMHM JAlO4d BiJIOBITHOMY
€JIEMEHTY BEIUKY BaXKIWBICTh TpU OOYHCIEHHI CEepeaHhOr0. 3HAYEHHS peIITH
Koe(iIieHTIB B Maclll 3MEHINYIOThCS Yy MIpY BIJJaJ€HHS BiJ IEHTPY MAacCKH.
JliaroHanpH1 YJ€HH, B MOPIBHSAHHI 3 OPTOrOHAJILHUMM, PO3TAIIOBAaH1 B/l LICHTPY JaJll,
1 TAKUM YHHOM «Ba)KaThy MEHIIE, HDK HAWMOJMKUl CYCIIU HIEHTPAIBHOTO €JIEMEHTY.
OcHoBHa cTpaTeris MPUBJIACHEHHS LEHTPAJIbHOMY MIKCENII0 HAWOIIbIIOT Baru, a
IHIMMIM - OOEpHEHO TPOMOpIiOHATbHA 1X BIACTaHI, Ma€ HAa METI 3MCHIICHHS
po3dokycyBaHHS TIpU 3TJIaJKyBaHHI. MoxxHa Oyino O BuOpartwm 1 1HIN 3HAYCHHS
Koe(IiIieHTIB Macku ISl JOCSTHEHHS MMOCTaBJICHOI METH, ajie cymMa KOe(QiIli€HTIB y
MacIli TpH piBHA 16, 10 3py4HO TIPU KOMITIOTEPHIN peani3ailii, OCKIJIbKU 1€ CTCIiHb
nBiiiky. Cii 3ayBaXKUTH, IO HA TMPAKTHIN JOCTATHRO BAXKKO ITOMITHTH Pi3HHITIO MIXK
300paKECHHSIMH, 3TTAHKCHUMU  (PUIbTpaMH O OJHIA 3 WX MAacoK ab0 SKUMHCH
IHIIMMH, AHAJOTIYHUMHM TI0 KOHCTPYKIIl, OCKUIBKM pO3Mipu o00iacTti, M0
MOKPUBAETHCS MACKOIO MPpHU (PiabTpallii OAHOTO €JIEMEHTY, TYXKE MaJli.

Henonikom X TphOX MAacokK € TO, IO HapsIy 3 THM, IO 3MEHIIYEThCS IIyM,
3TMAJDKYIOThCSL  Pi3Ki  TIEPEeXOIu  SICKPaBOCTi, TOMY B JCSIKUX  BHUIAJKaX
3aCTOCOBYIOTBCSI METOJM HENIHINHOT O0O0pOOKH, MPHUKIAJOM YOro € MeIIaHHUN
¢binpTp. HeniHiiiHI mpocTOpoBi GUIBTPU TAKOXK MPAIIOIOTh IO OKOJIMII, MPUUOMY
MEXaHI3M TEePEeMIIEHHs] MacKd IO 300pa)KEHHIO TOW ke, 1o OyB TUIBKH IO
omucanuii. Cxema mii omepariii HemiHIAHOT (UIBTpaIlli 3aJeKUTh BiJl 3HAYCHD
€JIEMEHTIB OKOJIHIII, [0 aHATI3YEThCS, 1 HE 00OB'SI3KOBO TOBUHHA BUKOPHCTOBYBATH
koedimienTn niHIMHOI KOoMOiHaIii, sk e Oyno y dopmymi (10). Buganenns mymy
MOXe OyTH, HanpHKiIaa, eEeKTUBHO 3IIHCHEHO 3a IOMIOMOTOI0 HENHIHHOI (iIbTpa,
OCHOBHA (QYHKIIS SKOIO IIOJIATa€ B OOYHMCICHHI MEAiaHd 3HAYCHb EJICMCHTIB
aHaj130BaHO1 OKoMIl. OOUYMCICHHS MEIIaHu € HEIIHIMHOIO OIepaIli€lo.

Hexaii € psig sickpaBocTti enemenTis: 1, 2, 3, 100, 4, 5, 6, 200, 7, 8, 8... Tyt mym
e 3HaueHHs ssckpaBocTi 100 1 200, K1 MOXYTb POSIBISATUCH HAa 300pakeHH1 K 0111
TOYKHU. 3acTocyeMo Macky posmipom 1x3. ITlocmigoBHICTE 13 TpPhOX 3HA4Y€Hb
PO3MIIIYEThCSI B MOPSJKY 3pocTaHHs (abo yOyBaHHsS), Ha BHXIJ NEpPEAAEThCS
cepeaHii eJIeMeHT KOXKHOI MiANOCIIII0BHOCTI:

0,1,2—0,1,2;

1,2,3—1,2,3;

2,3,100—2, 3, 100;

3,100,4— 3,4, 100,

100, 4, 5— 4,5, 100;

4,5, 6—4,5,6;

5, 6,200—5, 6, 200;

6,200, 7— 6,7, 200
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200, 7,8 —7, 8, 200

Buxin: 1,2,3,4,5,5,6,7,8...

Le#t dinbTp ycyBae iMImynbCHUM TIIyM 0€3 3TiapKyBaHHs TpaHuIlh [3].

Ilinkpecnennss rpanunb 300paxkeHb. [liAKpEeCIeHHS TpaHUI ITABUIILYE
pi3KicTh 300pakeHHs. ['0JJOBHA MeTa MiJBHUINECHHS PI3KOCTI MOJSATAE B TOMY, 100
IMIJIKPECIUTH JpiOHI JeTaili 300pakeHHs a00 TMOJINIIMTH Ti JeTall, sAKi Oyiu
po3(hOoKyCcOBaHI YHACHTIIOK MOMHUJIOK 200 HEIOCKOHAJIOCTI CaMOT0 METOAY 3HOMKH.
[TigBumeHHs PI3KOCTI 300pakeHb BUKOPUCTOBYETHCS JIOCTAaTHBO IIMPOKO - BIJ
€JIEKTPOHHOTO JPYKYy 1 MEAMYHOI 1HTPOCKOMIi JO TEXHIYHOTO KOHTPOJI B
IIPOMMCIIOBOCTI 1 CHCTEMaX aBTOMaTUYHOTO HABEICHHS y BIMNCHKOBIH cdepi.

Po3doxycyBanHs 300pakeHHs] MOKe OyTH JOCSITHYTO IPOCTOPOBOIO OMEPALIIEI0
yCEepEIHIOBAaHHS 3HAUYE€Hb TOYOK MO OKOJUI. OCKIJIBKA YCEPEIHIOBAHHS aHAJIOTTYHO
1HTerpaii, To JIOTIYHO MPHUHTH O BUCHOBKY, IO MIJBUINEHHS PI3KOCTI, OyIydH
SIBUIIEM, 3BOPOTHHUM I10 BiJHOIICHHIO 0 PO3(OKYyCyBaHHS, MOXKE OyTH JOCSITHYTE
pocTOpoBHM AudepeHmiroBadasaM. Lle miicHo Tak, 110 1 MOKa3aHOo HIDKYE.

[Tcuxodi3nuHi eKCIEPUMEHTH TMOKa3ylTh, Mo (ororpadiune abo TeneBiziiiHe
300paKEeHHS 3 MIAKPECICHUMH TPAHUIIMH YacTO BHSIBISETHCS CYyO €KTHBHO
MPUEMHIMINM, HDK (OTOMETPUYHO 3IHCHEHA PEnmpoayKilis. MeToa miaKpecIeHHS
TPaHUIF MOXKHA PeaTli3yBaTH JEKiJTbKOMa CIIOCOOAMHU.

VY cuctemax eJIeKTPOHHOTO CKaHyBaHHS 300pakKeHb OTPUMAaHUUN BiJCOCHTHAI
MOHA TPOIMYCTUTH 4Yepe3 eNEeKTPUUYHHU (PUIBbTp BepxHIX vacToT. [HImUN crociod
00pOOKM CKaHOBAHUX 300paKEHb IMOJISITAE Y BUKOPUCTAHHI HEPI3KOTO MACKyBaHHS
[1-2]. Tlpu upomy 300pakeHHsT SK OW CKaHYEThCA JIBOMa arepTypamu, IIo
NEePEKPUBAIOTHCS, OJHA 3 SIKUX BIAMOBIIA€ HOPMaJIbHINA PO3UIBHIN 31aTHOCTI, a 1HIIA
- TIOHMYKEHIH.

B pe3ynbpTari oTpuUMyIOTh BiIMOBIAHO MackB HOpMalibHOTO 300paxkenHs F(j,k) i
MacuB HediTkoro 3o0paxkeHHs F (j.k). IloTiM enekTpoHHHM crmoco6oM (GOPMYIOTh
MacCHB MacCKOBAaHOTO 300pa’KeHHS:

Fa (k) = ¢F (k) — (1- ©)F (3, k), (11)

1ie ¢ - Koe(iIieHT MponopIiHHOCTI, HEPI3KOTO MAaCKyBaHHs. 3a3BUYail 3HaYCHHSI

C 3HAXOJATHCA B Mekax Bif 3/5 mo 5/6, ToOTO BIAHOIIEHHS CKIAJOBUX HOPMAJBHOT 1
3HMKEHOI YITKOCTI 3MIHIOEThCA Bix 1,5 710 5.

Ha puc. 3 cxemMatnyHO MOKa3aHO PE3yNbTaTH MiAKPECTICHHs TpaHuilb. CUTHAI,
OTPUMAaHMI B PE3yJbTaTi MACKyBaHHS, Ma€ JIBa BUKUIH, BIICYTHI B MOYaTKOBOMY
curHas (BUCOKOI pO3IIIBHOT 3AaTHOCTI). TpuBamicTh (pOHTY CcTajia ACmio OuTbIIe.
Cy0'ekTBHa PI3KICTh MACKOBAaHOTO 300pa)keHHs mMmiABUIIYyeThcs. [lepmie 1 Tperte
300pa’keHHSI MOXKYTh CPUUMATHCS JIFOJIUHOI OJHAKOBUM YHHOM.

[linkpecneHHss TpaHUIb MOXHA TaKOX 3A1MCHUTH, BUKOHYIOUM JTUCKPETHY
¢dinpTpamito 3rigHo criBBigHOmEHHS (10) 3 BUKOPHUCTAHHSIM  BHCOKOYACTOTHOTO
imnynbcHoro BiAryky H [4]. Huxye mnpencraBieHo Tpu THUIIOBI MAacKd  JJIs
BUKOHAHHS MIAKPECIEHHS IPaHullb (BUCOKOYACTOTHOT (QIIbTPaIllii):

0 -1 0 -1 -1 -1 I -2 1
HDH=-1 5 -1352H=-1 9 -1533)H=|-2 5 -2|.
0 -1 0 -1 -1 -1 I -2 1
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A

Bucoka po3ainpHa
31aTHICTH

Y

Huspka po3aiibHa
3/1aTHICTE

ITinkpeciaeHHs
rpaHHIlb

Y

Puc. 3. IlizkpecjieHHs rpaHUlb

3.2. MoaeaoBaHHA i pe3yJbTaTH

Cepen HalOLIBII BIIOMUX MPOrpaMHUX 3ac001B 17151 poboTH 3 oTorpadiuHuMuU
300paKeHHSIMU, MOJITIIEHHS 1X sIKOCTI € makeT Adobe Photoshop. Onnak, Hemomikom
BOTO TMAaKeTy € Horo OaraTopyHKIIOHAJIBbHICTh, BHCOKAa BapTICTh,  KOPCTKa
JIETEPMIHOBAHICTh PEali30BAHUX AJITOPUTMIB TOJIIMIIEHHS SIKOCTI 300pakeHb. Tomy
JUIL  MOJICTIIOBAHHS aJTOPUTMIB IIOJIIIICHHS SKOCTI 300pakeHb pPO3p0OJICHO
MporpaMHe 3a0e3NeUYeHHs, OPIEHTOBaHE TUIHLKM HA MOJIMIIEHHS SIKOCTI 300pa)eHb,
SIK€ JI03BOJISIE€ JOCHIKYBATH MOJIIIICHHS SKOCTI 300paKeHb PI3HUMH METOJaMU 3
MOXJIMBICTIO 3aBJaHHS TOBUIBHUX (PIIBTPYHOUMX MACOK.

OcHoBHI (DyHKIIIT IpOrpaMu TaKi:

- JIIHI{HEe MacIITa0yBaHH;

- 3MEHUIEHHS IIyMYy Ha 300pa)K€HHI 3 BAKOPUCTAHHAM JIHIHHOI PiabTpallii;

- 3MEHUIEHHS IIyMYy Ha 300pa)K€HHI 3 BAKOPUCTAHHAM MEA1aHHOi (PLIbTpallii;

- MIKPECIEHHS TPAHUIIb.

Jlinitine macmraOyBaHHa a0o0 JiHIMHE KOHTPACTYBAaHHS BUKOHYETHCS 3T1IHO
dbopmymu (7). 3 i€l hopMyiH BUIHO, 110 BUKOHAHHS MacIITa0yBaHHS BUMAarae JBOX
npoxonaiB 300paxenHs. [lig wac mepuioro mpoxojy BU3HAYAETHCS MiHIMAJIbHE 1
MaKCHMAaJIbHO 3HAYCHHS SICKPAaBOCTI B 300pa)K€HHI, a IiJ 4Yac APYroro Mpoxojay
BUKOHYIOTBCS OOUHCIICHHS SICKPABOCT1 KOYKHOT TOYKHU 3T1THO 3 BUpazoMm (7).

JIJ1st KOTbOPOBUX 300pakeHb e aJITOPUTM 3aCTOCOBYETHCSI OKPEMO JI0 KOXKHOT
KOMITIOHEHTH KOJbOPOBOTO 300pakeHHA. OCKUIBKM Takux KOMIOHEHT Tpu (R —
yepBoHa ckianoBa, G — 3eneHa; B — cuHs), TO HEOOXiAHO IIICTh MNPOXOJIB
MOYaTKOBOTO 300pakKeHHs, 1110 BHUMAara€ 3HAYHUX OOYHUCIIOBAJIBLHUX PECYpCIB.
Crpomiena rpad-cxeMa aaropuTMy MpUBeIeHA Ha PUC. 4.

3ajaya 3MEHIIEHHS IIyMy Ha 300pakeHHI 3 BHUKOPHCTAHHSM JIIHIAHOI
GbimpTparlii Ta MAKPECICHHS TPAHUIh 3 TOYKH 30PY MPOTPAMHOI peajizaiii oJHa 1 Ta
K 3ajaya — BIAMIHHICTh TUIBKHM B KoedillieHTaX Mackd. BoHa mossrae y mpsMoMy
MHO’KE€HH1 KOe(]iIlleHTIB MacCKH Ha 3HAUCHHS IIKCEJIB 300pakKeHHS Ta 3HAXOKCHH1
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iX cymu, sKa 3anucyerbes y BUXigHuid ¢aiin. Ilicis nporo Macka 3cyBaeTbesi Ha OJUH
MiKCEeNb 1 omepalisi MOBTOPIOEThC. Po3mip Macku 3x3, B pe3ynbTati KOXKHUI MIKCEb
y BUX1THOMY 300paX€HHI 3aMiHIOE€THCSI CYMOIO TIKCENIB B OKOJUIN 3X3, BKIIOYAIOUYH
IEHTPAIBHHUH MIKCETh:

1 1
8= ¥ Nal-ml-n-fi-mj-n), (12)
m=—In=-1
ne f(i-m, j-n) — 3HAYCHHS MKCEIB BX1JHOTO 300paKEHHS;
a(1-m, 1-n) — 3HayeHHS KOE(DIIIEHTIB MACKH;
g(i, J) — 3HAYCHHSI MKCEeJIB BUXITHOTO 300payKEHHHI.
k — koedirieHT, 3a7a€THCS KOPUCTYBAUEM.
Haituacrime 3nauenns koediuienTta k — 11e cyma eJ1eMeHTiB MacKu:

1 1
k= > > al-mil-n). (13)

m=—1n=-1

OcHoBHa 3ajlaya 1bOro KoedirieHTa 3a0e3MeUuTH y BHUXITHOMY 300paKeHHI
micasi OOYMCIIeHb 3HAYEHHS, sIKI 3HaXOASAThCS B MeXax OAHOro OaiiTa Ha KOXKHY
KOMITOHEHTY KOJhOPOBOTO 300pakeHHs. Ajie MOXXYTh OyTH 1 1HII 3HAYEHHS, SKIIO
1€ TIOKpally€e SIKICTh 300pakeHHs 1 B IMporpami IepeadadyeHo BUXIAHI JlaHi MiCIs
oOuucieHs 3anucyBatu y macuB tuny float 3 HacTynmHUM NpUBENEHHS PE3YNbTATY 3
BUKOPHUCTAaHHSAM JIIHIMHOTO MaciiTa0yBaHHS JIO CTaHJAPTHOTO JUHAMIYHOTO
Jiarna3oHy Jis KoxkHoi komnoHeHTu RGB — 0 - 255.

J1s KOJIbOPOBUX 300paXkeHb LN aJTOPUTM 3aCTOCOBYETHCS OKPEMO JI0 KOXKHOT
KOMITOHEHTH KOJIbOpPOBOTO 300paxkeHHs. CrporeHy rpad-cxemy alroputMy
HABEJICHO HA pHUC. J.

MenianHa (inpTpaiis — e NPUKIaa HeliHiiHOT 06pobKK 300pakeHs. Ii cyTh
noJisira€ B 3aMiHl 3HAYEHHS KOKHOTO TIKCENS CEePeaHIM 3HAYEHHSIM MACHBY
B1JICOPTOBAHOT'O 3a 3POCTaHHSAM a0O0 CMaJaHHAM 3HAYEHb ITKCEIIB, 0 OTOYYIOTh
naHui. JlocTaTHbO OJHOBUMIPHOTO MAacHBY, TOOTO B MPOTpaMi,lio PO3POOISIETHCS
TMIKCENIl BUOMPAIOTHCS OJIUH 3a OJHUM O€3 BpaxyBaHHS JBOBUMIPHOCTI 300paKeHHS.
Po3mip oOnacti, mo aHamizyerbcs 1x3. ANropuT™M BHUKOHAHHS L€l omeparii
JIOCTaTHBO JCTAITBHO HABEICHUN HA TIPUKJIAI BUIIIC.

Po3pobka mporpamu BuUKOHaHa MOBOIO mporpamyBaHHs C# [7]. Hns pobGoTtu
nporpamu notpibHa omnepaiiiiHa cucreMa Windows 3 yCTaHOBJIEHOIO MIAaTHOPMOIO
Microsoft. NET Framework 4.0.

[Ilo6 3amycTuTH mporpamMy Ha BHKOHAHHS MOTPIOHO BuOpatn  aiin
ImageFilters.exe, mo 3HaxoauThes y mamill ImageFilters. Onpasy micias 3amycky
mporpamMu  3’SBUThCS TOJIOBHE BIKHO mporpamu (puc. 6). Jinsg modatky poOoTH
HEOOXITHO 3aBAaHTAXUTH 300paKeHHs KJIAIHYBIIW MHIICIO MO KHOMIN «Biakputmy.
3’ABUThCS CTaHAAPTHE BIKHO BHOOpPY (hailnny, e Mo>kHa BUOpaTH HEOOX1THUMN daii.
[licns 1mporo BuOupaeThcs THUN (uibTpa B modl «PinbTpu» - MeaiaHHUN abo
niHidHAA. ko Bubpano «JIiHilHANE», TO HEOOX1THO 3aaaTH KoedimieHTH GiabTpa B
Mol Macka 1 3HauYeHHS MHOXHUKA. KpiM TOoro, MmokHa J0AaTKOBO BCTAaHOBUTH
omuiro «MacmrabyBanus». [Ipu BctaHoBNeHH1 «MacmTaOyBaHHS» B aKTUBHUN CTaH
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MOYKHA 33J]aTH HIDKHIO 1 BEPXHIO MEXY Ui MaciuTaOyBaHHA a00 3aJUIIUTH I MO
TaKk SK BOHU BCTAHOBJICHI 3a 3aMOBUyBaHHAM. Skmo BuOpano «MemiaHHMID», TO
HeoOx1HO BcraHoBUTH onilito V/H B 3amanuii craH, OCKUIBKH MeJIiaHHUN (QUIBTP
OJTHOBUMIPDHUN: aKTHBHHM CTaH — QUIbTpallii BHUKOHYETHCS B BEPTUKAIBHOMY
HANpSIMKY; TMACUBHUN CTaH — (PUIbTpallisi BAKOHYETHCS B TOPU30HTAILHOMY HAIPSIMI.
[Ipu BuOOpPI KHOMKHM «3acToCcyBaTH (QUIBTPY» BHUKOHYETHCS (UIbTpaIlis 3TITHO 3
BUOpaHUMHU TIapaMeTpaMH 1 pe3yibTaT BHUBOAUTECA B Tmone «OOpolbieHe
300paxkeHHs». Skio HeoOXigHO 30epertu oOpobJieHe 300paKeHHs, TO Ha MaHesl
«KepyBanHs» BUOUpPAETbCS KHOMKA «30€pertu» 1 pe3ysbTar 3alucyeThes y Gain B

¢dbopmarti .BMP.
( MouaTok )

3apatn Fmax,
Fmin

————————————— P

Yutatn
yeprosum
cumeon F

Hi
F>Fmax BkasiBHuK Ha
no4aTok hanny
Tak
<

Yntatn
Fmax=F Yeprosui
cumeon F

< |

G=[(F-Fmin)/(Fmax-
Fmin)](Gmax-
Gmin)+Gmin

Hi
F<Fmin |
Banucatn Gy
Tak BUXigHWI cpann

Fmin=F

Hi Tak

Puc. 4. I'padg-cxema ajaropurMmy BUKOHAHHS JIIHIHHOTO MacIITA0yBaHHS

JlocianMo mpare3IaTHICTh MPOTPaMH B TAKUX PEKUMAX:
- MacmTabyBaHHS 300paKeHHS;

- 3rJIaKyBaHHS 300paKeHHS;

- MJAKPECIICHHS TPaHUIIb;

- MeniaHHa GUIbTpaIisl.
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{ MoyvaTok }

YuTtatn
300pakeHHs B i=0
macuB F
1=0; j=0 J=j+1
O6u4mncneHHs Hi
a(i.j) M~ j>jmax
Tak
i=i+1 Bueog macuea
G
Hi
I>Imax { KiHeub )
Tak

Puc. 5. I'pag-cxema aaropurMy BUKOHAHHS JIIHIHHOI

OCKITbKM  BIACYTHS MOJKJIMBICTh BHUKOHAHHS MacIITaOyBaHHS OKPEMO Bij
JiHIMHOT GiabTpaltii, TO 4151 BAKOHAHHS MaciITa0yBaHHS 3a/1aMO TaKy MacKy:
000
010
000
[Ticist 06poOKM TaKO MAacKOK MOYaTKOBE 300pa)Ke€HHS HE 3MIHUThCS. Temep
HEOOX1THO, 3MIHIOIOYM MEX1 MaciTaOyBaHHsI, TOCATTH KPaIIoi SKOCTI 300pakKeHHS.
Bubepemo aiin 300paxenns myxe HuU3bKOI skocti Stalker.bmp. Ile 300paxenns 3
HU3BKOIO SICKPABICTIO, TOMY IpH JIHIMHOMY MaciiTa0yBaHHI MiAHIMEMO HHKHIO
Mexy MacutaOyBaHHs Ha 40 oJWMHUI, MHOKHUK BCTaHOBUMO B 1. PesymbraTtu
HaBEJICHI Ha pUC. 6 CBIIYaTh, 110 MOYJIb MACIITA0yBAaHHS MOBHICTIO TIparie3gaTHH.
300pakeHHs MOKPAIIUIOCh, HOTO SICKPaBICTh 301IBIIHIACE, T00PE BUAHO ASTall, K1
panimie Oyiau TeMHUMHU. AJjie BCE )X TPOXH PO3MHUTE, IO J00pe BUIHO MO HAIMUCY
BHHU3Y.
JI1st MAKpecIeHHs TPaHKIb BUKOPUCTAEMO TaKy MacKy:
0-10
-1 5 -1
0 -10.
PesynbTaT pob0TH 1150TO (DUIBTPA HABEAEHO pUC. 7. AHANI3 BOrO 300paKEHHS
MOKa3ye, 1110 BOHO CTAJIO OUTBII PI3KUM 1 SICKPaABUM.
Jlist mepeBipku poOOTH MEIIaHHOTO (QUIBTPY CTBOPUMO TPH 300pa)kKeHHS 3
PI3HUMH BUJAMHU CIIOTBOPEHb: TOPU3OHTANIBHI JIiHII, BEPTUKAJIBHI JiHIT Ta TOYKOBUI
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r
SO
2

BUIAJKOBUM IIyM 1 MOMNPOOYEMO BHUIIPABUTU III CIIOTBOPEHHS 3 BUKOPUCTAHHSIM
menianHoro ¢GuneTpa. Ilepmie 300paxeHHS 3 HEPErYISIPHUMH BEpPTUKAJIHLHUMHU
miHismu. {06 BuUmpaBUTH Taki CIOTBOPEHHS HEOOXITHO 3aJaTH PEKUM poOOTH
MeIiaHHOTO (UTPTpa B TOPU3OHTAIBHOMY HANpsMKY. {7 TOPU3OHTAIBHUX CMYT
(G1IbTp MOBUHEH MPAIIOBATH B BEPTUKAIBHOMY HAMPSIMKY, a JJi1 TOYKOBOTO IIyMY B
Oynp-sikomy. Pesynbratu poOoTH MemiaHHOTO (GiIbTpa Ta WOTO HaJAIITyBaHHS
(mapametp V/H) ans nanux tumiB 300pakeHb HaBeneHi Ha puc. 8—10.

BizyanpHuii anasiz 300pakeHb MiC/Isi BAKOHAHHS MeJlIaHHO1 (DUIbTpallii oKa3ye
MOBHY Mpale3AaTHICTh LOTO PLIbTPA.

Ha 300paxkenHi puc. 8 HaBeJeHO 300paKeHHs, Jie IIyM 1€ BepTUKaIbHI JiHII B
OMH miKcenb (BepxHe 3o00paxkeHHs). ToMmy 3actrocyemo MmeaiaHHUN GUIBTP 3
¢biIpTpalli€ero B rOpU30OHTAILHOMY Hanpsami. B maniil nmporpami peanizoBaHa Macka 3
po3Mmipamu 1x3. Taka Macka MOBMHHA BWJIy4aTH TOYKOBUUM IIyM Ta JiHII B OAMH
nikcenb. CaMme i 1bOrO BOHA Mpu3HadeHa. Bubepemo «Menianauii GuibTp» Ta
BCTaHOBMMO Iiepemukad V/H B HeaktuBHuii craH. lleii craH Bigmosizae
ropuzoHTanbHI ¢inbTparmii. Ilicns mporo BuOepeMo KoMmaHay «3acTOCYBaTH
bineTpy». 300pakeHHs Tichs  GUIbTpalis BUBOAWTHCS B moje «OOpobieHe
300pakeHHs» 1 HE MICTUTh BEPTUKAIBHUX JIIHIN, 1110 TOBOPUTH PO KOPEKTHY pOOOTY
GbinpTpa B TOPU30HTAIBHOMY HAIIPSIMKY.

3aBaHTaXUMO 300PKEHHS 3 TOPU3OHTAIBHUMHU JiHIsIMU (puc. 9). Takuii mrym
MOXe OyTHM YCYHYTH MeAiaHHUM (QUIBTPOM 3 (PUIBTPALIEID y BEPTUKAIBHOMY
Hanpsmi. BeranoBumo nepemukau V/H B aktuBHU cTaH. Lleii ctan BiamnoBijae
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BEPTUKAJIBHIN (QiabTparltii.

[Ticns mporo BuOepeMo kKomaHmy «3acTocyBaTtd (GiabTp». 300paKeHHS TMiCIA
binbTpanis BUBOAUTHCA B moyie «O0pobieHe 300pakeHHS» 1 HE MICTHUTH
TOPU30OHTAIBHUX JIIHIA, 10 TOBOPUTH IMPO KOPEKTHY poboTy ¢iabTpa B
BEPTUKAIBHOMY HAIIPSIMKY.

[Ipu BuIy4YeHHI TOYKOBOIO IIyMY MPOCTOPOBA Opi€HTAllls] MEAiaHHOTO (LILTP
Moxe OyTu Oynb-ska. Hanpuknan, BepTukanbHa sk Ha puc. 10. Pesynbratu cBig4aTh
(HmxHE 300paxkeHHs Ha puc. 10), 110 TOUKOBUHN IITyM YCYHYTO TOBHICTIO.
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[Iporpama TakoX MOKE WPALIOBATH 3 KOJOPOBUMH 300pa’keHHSMHU.
OinpTpariiss 3AIMCHIOETbCS MO KOXHIM KOMIIOHEHTI KOJBOPOBOTO 300paskeHHs

OKpEeMO.
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ITokazano, mo ceped METOAIB TMOJIMIIEHHS SKOCTI 300pakeHb METOIU 3
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00pOOKOI0  JOCHUTH

eheKTUBHI 1 HE

BHUMAararoTb

3Ha4YHHUX

oOuHCIoBaIbHUX 3arpaT. i BUKOHAHHS MOJENIOBAHHA METOJIB TOJIMIICHHS
SIKOCT1 300pa’keHHsI pO3pO0JICHO BJIACHUM MPOTPAMHUN MPOAYKT, SKUH MOXKE 3HAUTH
3aCTOCYBAHHS SIK B HAYKOBHUX JTOCII/DKEHHAX TaK 1 B HABYAJIbHOMY MPOIIECi.
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I''TABA 4. UTHHOBAIIMOHHBIE TEXHOJIOI'MM BBIPAIIIMBAHMUSA JIBHA
MAC/IMYHOI'O HA OCHOBE NIPUMEHEHUWA CUIEPATOB,
MHUKPOYJIOBPEHUH, IOYBEHHBIX U SJHTOP®PUTHbBIX

MUKPOOPI'AHU3MOB
INNOVATIVE TECHNOLOGIES OF GROWING OIL FLAX BASED ON APPLICATION
OF SEDERATES, MICROFERTILIZERS, SOIL AND ENDOPHYTIC
MICROORGANISMS
IHHOBAIIIMHI TEXHOJIOI'TI BUPOIIIYBAHHS JIbOHY OJIIMHOI'O HA OCHOBI
3ACTOCYBAHHSI CUJIEPATIB, MIKPOJIOBPUB, TPYHTOBUX TA EHJI1O®PITHUX
MIKPOOPIAHI3MIB
DOI: 10.30888/2663-9882.2020-01-006

BBenenue

OcHOBHOI1 3a/1a4eii CUCTEMbI IPUMEHEHUSI MUKPOAJIEMEHTOB M OHOTpenapaToB
SBJISICTCSI TIOTYYEHUE BBICOKMX YPOXKaeB W KAYECTBEHHOW MPOMYKIIMHM, YTO B
KOHEYHOM HTOre obecreunT mpuobLIh. PaHee nMcmonp30Bail HaBO3 U MUHEPATIbHBIC
yaoOpeHust ajisi oOecrieueHuss MOTPEOHOCTH PACTEHUN B MHUKPOIJEMEHTax, a Ha
CETOJHSIIHUN JIeHb, B CBATH C PE3KUM YMEHBIIEHHEM KOJIUYECTBA OPraHUYECKUX
yIOOpeHU U  WCIOJIb30BAaHWU  BBICOKOKOHIICHTPUPOBAHHBIE  MUHEPATHHBIX
yAOOpEHHS HE COEePKAIIMX MUKPOIIEMEHTOB, MOJIYYUIN Opelib B MX 00ecredeHun
[1]. HexBaTka HECKOJIBKUX T'paMM OJHOTO M3 HEOOXOJIUMBIX MHUKPOIJIEMEHTOB 4acTO
MOXXET TPHUBECTH K OTPAHWYCHUIO YCBOSHHUS JPYTUX DJIEMCHTOB IUTAHUS M
MPUTOPMO3UTh WMJIM OCTAHOBUTH JAJIBHEMIIUNA POCT YPOKaMHOCTM M €€ KadecTBa
Jla)ke Ha BUCOKUX (DOHAX MUHEPAJIbHBIX y100peHui [2].

Hcnon3oBanue OuomnpenapaToB CIOCOOCTBYET pa3BUTUIO 0o0Jiee€ MOIIHOM
KOPHEBOM CHCTEMBbI, KOTOpas oOOecreurBaeT pacTEeHUIO OoJiee MOJHOE YCBOCHHE
AJIEMEHTOB MTUTaHUS W3 TIOYBBI, & TAK)KE TIOBBIIIAETCS YCTOMUYUBOCTh X K CTECCOBBIM
(dakTopam.

Hopwmy BHeceHUss MUHEpaIbHBIX yIOOPEHHI MOXHO YMEHBIIIUTH B JIBa pa3a H
Ooyee 3a CYET MPABUIBLHOTO MOJA0Opa JYYIIUX MPEANICCTBEHHUKOB, KOTOPBIMH
SBJISIFOTCSL MHOTOJICTHHE OOOOBBIE TpaBbl M 3€PHOBBIE 0OO00OBBIE KYJIBTYPBHI.
[TomHOCTBIO 3aMEHUTH MUHEPAIbHBIC YAOOPEHUS MOTYT aJIbTEPHATHUBHBIC UCTOUYHUKH
MOCTYIJICHUEM MTUTATEIbHBIX DJIEMEHTOB.

Hcrnonp3oBaHne MHHEPATBHBIX YA0OpeHUH, 0e3 BHECCHHS OPTraHWYCCKUX U
M3BECTKOBAHMSI MPUBOJIUT K 3HAYMTEILHOMY ITOJIKHCICHUIO M TIOJHOM Jerpajaiuu
MoYB. BoCHpoOM3BOACTBO TUIOAOPOAMS TIOYB MOXKET MPOWCXOAWTh IyTEM
HCITOJTB30BaHUS OPTaHUYECKON MACCHI.

B pacrenueBoiacTBE B MOCHACAHWM TEPHUOJ TIPOUCXOIAT 3HAYUTEIHHBIC
WHHOBAIlMOHHBIC W3MEHEHUs. Pa3paboTaHbl pa3auvHBIC MOJETH TEXHOJOTHIA:
WHTEHCUBHBIC, pecypcocOeperaronme, 3KOJIOTHYECKH YHCThIe, MPSMOro CceBa
(ayneBoit 00paboOTKH).

OcoOEHHO OTH WHHOBAIMM CTAparOTCS HCIOIb30BAaTh HA TEXHUYECKUX
KyJbTypax, KOTOpbIE SBISIIOTCA Oosiee peHTaOenbHbIMU. B oTnenbHbIE TOMBI, UX
YPOXKaWHOCTh CHIJIBHO KOJIEOJIeTCs, a rmepenajbl 00yCIOBICHBI HE CTOJIBKO pa3sHUIIEH
B METCOPOJIOTMYECKMX  YCJOBHUSX IO TOJaM, CKOJBKO  HeIopaboTKaMu
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arpOTEXHUYECKOT0 XapaKTepa, YTO CBSA3aHO B MEPBYIO OYEPE/lb C OOIIMM KPU3UCHBIM
COCTOSIHUEM IKOHOMHKHU M OTCYTCTBHEM CPEJCTB JJIi MAaTEPUATIHLHOTO 00ECTICUCHHUS
TEXHOJIOTUH.

VYcBoeHne pacTeHUSIMU TPAJAWIIMOHHBIX MHUHEPAIBHBIX YIOOpEHUN W3 TOYBBI
OYEeHb HHU3KOE U JOCTYIIHO TOJIbKO mNpu e€ temmeparypax B 12-25 °C. IloroaHo-
KInMaTuyeckue yciaoBus HOXHOro permoHa (BBICOKME TeMIEpaTypbl, YacTble
CYXOBEH U T.J.) CTaJi B MOCJICTHUE TOJIbI HE OUYCHb OJArOMPUSTHBIC IJI YCBOCHUS U3
MOYBBl MHUHEPAIBHBIX YI0OpeHHil. DTOT (HakTOp CTajd TOMYKOM JIJIsi TIOMCKA U
HAay4YHBIM HCCIEOBAHUM HWHHOBAIIMOHHBIX TEXHUYECKUX MPUEMOB TOBBIIICHUS
NPOJYKTUBHOCTU  CEJIbCKOXO3SMCTBEHHBIX  KYJIbTYp.  Takumu  mpueMamu
COBPEMEHHOM TEXHOJIOTUU WX BBIPAIMBAHMS SBJISETCS COYETAHUE MCIIOJIb30BaHMS
MUKPOYJI0OpEHUH, CUIEpaTIbHBIX KYJIbTYpP, OMOIPEnapaToB COJAEPKAIIUX TOYBEHHbBIC
U SHIODUTHBIE JKUBbIE MHMKPOOpPraHU3MBI. TpaHchopmaius OpraHuuecKoro
BEIIECTBA MHUKPOOPTaHW3MaMW TPHUBOJAUT K  TIOBBIIIEHUIO  OHMOJOTHYECKOM
AKTUBHOCTH IMOYBHI [1].

4.1. MecTo npoBenenns ucciaeaoBanuii. Meroguka

[loneBble  OMBITHI MPOBOJWIMCH HAMM B  YCIOBUSX  y4EOHO-HAy4yHO-
MPaKTUYECKOro HeHTpa HUKOoIaeBCKOro HAIMOHAIBHOTO arpapHOro yHUBEpPCUTETa
30HbI [OxHOM Crenu Ykpaunsbl. [louBa ONBITHOrO MOJIS MPEACTABICH YEPHO3EMOM
IO)KHBIM ~ CPEIHE-CYIJIMHUCTBIM ~ CJIA00COJIOHIIEBAThIM, MNpU TIIyOOKOM YpOBHE
3aJIETaHMs TPYHTOBBIX BOJX [3]. I'yMyCOBBIM TOPU30HT TEMHO-CEPBIN C KAalITaHOBBIM
OTTEHKOM, XapaKTEpPH3yeTCs COJIOHIIEBATOCTBIO U y3KMM cooTHomeHueM Ca’" * u
Mg?* (2,5-2,8). XapakTepHbIii BBICOKOM CBSI3HOCTBIO, CKJIOHEH K 3aIljIbIBaHMIO,
KOMKOBATO-3€pHUCTBIN, pbIXJbIi. OH MMEET 3HAYMTEIbHOE KOJUYECTBO OCTAaTKOB
KOPHEW KyJIbTYPHBIX PACTEHUM W COPHAKOB. [laXOTHBIM TOPHU30HT HAXOIWUTCS B
npeaenax 0-30 cm. IlepexoaHblil TOPHU30OHT UMEET KPYNMHO3EPHUCTYIO WIH
KOMKOBATO-IIPU3MATHYECKYIO CTPYKTYpy. 1lol I'yMyCOBBIM TOpPH30HTOM 3aJIEraeT
KapOOHATHBIN WIIOBUH B BUE O€IOIIIa3Ku.

Kpowme Toro, npu BbICBIXaHUM MMOYBA OTIIMYAETCS] BBICOKOM TIOTHOCTBIO, HU3KOU
BOJIOIIPOHUKHOCTBIO CKJIOHEH K HaOyxanuio. Haumenbmasi Bnaroemkocts 0-70 cm
cinosi mouBbl coctaBisieT-22,0 %, BIaXxHOCTH yBamaHus-9,7 % OT macchl CyXou
HOYBBI, INIOTHOCTHE -1,40 r/cM’. B maxoTHOM cj0€ IOYBHI COJEPIKUTCS TaKOE
KoauuecTBo rymyca 2,9-3,2 %, noasuxHoro ¢ocdopa 31 - 38 u oOMeHHOro Kanus
332 - 525 mr/kr. BanoBoro azota B mouse conepxkutcs 0,20-0,25 %, dpocdopa - 0,12-
0,14 %. Peakiusi nOYUBEHHOTO pacTBOpa BEPXHUX FOPU30HTOB OJIM3Ka K HEUTpaIbHOM
uiu cnabo menounas (pH 6,8 - 7,2), BHu3 no npoduito pactet. [lo xapakrepuctuke
[I0YBa SIBJISIETCS TUIHMYHBIM JJII YEPHO3€Ma IOKHOTO CTEMHOW 30HBI YKpaWHbI, W
NPUAATEH Uil BBIPAIIMBAHUSA OOJIBIIMHCTBA OCHOBHBIX CEJIbCKOXO35MCTBEHHBIX
KyabTyp [3]. IlpenmnecTBEeHHHMK JbHA MACIAYHOTO B OMNbBITE - IIIEHWLA O3UMasl.
®oHOM CIyXWJIO MHUHepajdbHOe yaoOpeHue pmo3oi N34P34K34. Cxema ombiTa
BKJIFOYAJIA CIEAYIOIINE BAPUAHTBHI:

Paxktop A (CucTembl BUPOIIMBAHUSA):
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- Tpanuumonnas (KouTpoip);

- Mynpunpyromas;

- Koncepsupyromasi.

@Pakrtop B (BapuaHTsl JeCTPYKIIMN PaCTUTEIbHBIX OCTATKOB):

- be3 ucnonp3oBaHus a30THHIX yn0OpeHuit u nectpykropa crepau (Kontposs);

- C ucnonb3oBanueM 100 Kr/ra aMMUa4HOMN CENUTPBI;

- C ucnonb3oBanueM JkoCtapH (2,5 n/ra ) + 100 kr/ra aMMUaYHON CETTUTPHI.

®daktop C (MukpoynoopeHus u 0akTepuaibHbIC MpenapaThbl):

K - O6pabotka Bogo#i 300 n/ra (KoHTposs);

b - O6pabotka Bomxoii 300 n/ra + buokomrmiekc-bTY-p (0,7 n/ra) + kapbamun (5
Kr/ra);

KB - OOpabotrka Bomoit 300 n/ra + cuctema MuKpoyaoOpeHuit KBaHTym
(komrutekcHoe xenatHoe yaoOpenue Kpantym — TEXHUYECKHWE (2,0 n/ra)) +
¢dbynkmonansHoe MuKpoyaoopenune Ksantym — AxkBaCun (2,0 n/ra)) + xapbamug (5
Kr/Ta);

b+KB - O6pabotka Bomoit 300 si/ra + buokommiekc-bTY-p (0,7 n/ra) + cucrema
Mukpoynoopennid KBantym (KoMIiiekcHoe XenaTHoe ynoopenue Ksantym —
TEXHUYECKUE (2,0 n/ra) + ¢ynkunoHanbHoe MukpoynoOpenne KBaHTym —
AxBaCwui (2,0 n/ra)) + kapbamiz (5 kr/ra).

ATrpOTeXHHKA IPOBEJICHUSI OIBITOB Obla OOIIETIPUHATON A 30HBI Crenu
VYkpauHbl, KpoMe (PakTopoB, KOTOphle u3ydayiuch. lIpemapartbl B KOJIMYECTBE,
IpEeIyCMOTPEHA CXEMaMHu OIlbITa, PAcCTBOPSJIM B BOJE HEMOCPEACTBEHHO Iepea
ONPBICKUBAHUEM  TOCEBOB,  KOHTPOJb  00padaThiBajJld  COOTBETCTBYIOIIUM
KoJar4ecTBOM Bojbl. OOpaboTKa MOCEBOB MpoBoAwWIIcS BpyuHyro. COop ypoxas
npoBoAWIICS KoMbaitHOM “Sampo-130” mo yyactkam ¢ 0TOOpoM 0OpasloB 3epHa JIs
aHaJIN3a; Macca 3epHa MePEeUnCsaIach Ha CTAHIAPTHYIO BIXXHOCTh U 100% unucToTy.
VY4er ypoxasi IpOBOAMIICS METOJIOM IPSIMOTO B3BEUIMBAHUS C 3a4€THOW ydacTka, a
ceMeHa ¥ BTOPUYHON MPOIYKIMH - METOJOM NMPOOHOro cHoma. B TeueHue Bereranuu
MPOBOAWINCEH (hEHOJIOTHYECKUE HAOIIOCHUS, ONPEIEISUIMCh 3arachl MPOyKTUBHOM
BJIaTM B METPOBOM CJIO€ TOYBHI, M3y4yanach JWHAMUKA TOJBUIKHBIX MUTATEIbHBIX
BELIECTB  IOJ  IOCEBAaMU CEJIbCKOXO3SMCTBEHHBIX  KYJIBTYP. Hayuno-
UCCIIEJIOBATENIbCKUE W aHaJUTHYeCKue paboThl MPOBOIMWINCH B COOTBETCTBHH C
JeMCTBYIOIIMMU HOPMAaTUBHBIMH JTOKYMEHTaMH, METOAUK OTOOpa 00pa3ilioB MOYBHI U
pacTeHMii, TPOBEICHHWE aHaJM30B, OIEHKH WX pe3yibTaToB. Jl0CTOBEPHOCTH
pPE3yNbTaTOB AHATUTUYECKUX U TMOJIEBBIX MCCIEAOBAHUN OIMpPENesieTCs] KOTMUECTBOM
MMOBTOPEHU, MATEMATUYECKUM aHaIu3oMm [4, 5].

Jis  yCKOpEeHHsSI pa3lIOKEeHUs TOXHUBHBIX OCTATKOB TIIEHHUIBI O3HUMOMN
ucnoas3oBaiu ouonpenapar IkoCtepH u3 pacuera 2,5 jg/ra + 100 kr amMuadyHon
cenutpsl (puc.l).

JIns BHECEHHsI KOMIIOHEHTOB HCIOIb30BAIM onpbickuBarens OII - 2000.
Hopma pacxona paboueii sxunkoctu cocrasisiia 300 n/ra. OQHOBPEMEHHO MOCIHE
BHeceHuss ExoCtepHy pacTuTeNbHbIE OCTATKH 3a/I€IbIBATIM B TIOYBY Ha TIIYOMHY - 70
10 cm, co3maBas B HE0OOXOOUMOE KOJMYECTBO MOJE3HOTO MHUKPOOHOrO
yIpynmupoBanus (puc.2).
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Puc. 1. OnpbickMBaHue PACTUTEIbHBIX OCTATKOB MIIEHUIBI 03UMOH
pectpykropom crepuu ExoCrepn

Puc. 2. [luckoBanue nousbl 6oponoii /IBII-3,6

[TogxkopMky OuompemapatraMu ¥ MHUKPOYJOOPEHHSIMHU JIbHA MAaCIAYHOTO
COTJIaCHO CXEMBI OTIbITa MPOBOIUIH B (pa3e «enoukm» (mara BHeceHus 20 - 27 masi), B
3aBUCUMOCTH OT I'0JIa UCCJIEI0BAHUMA.

4.2. Biusinne HHHOBAIIMOHHBIX €JIEMEHTOB TEXHOJIOTIHH BbIpaliuBaHUuA HA
6HOMeTpI/I‘leCKI/Ie noxka3aTeJid JJbHa MaCJINIYHOTI 0

[lepuon mpopacTaHusi CEMsIH, MOSIBICHUS BCXO/I0B U MIEPUOJI Pa3BUTHUS PACTEHUIN
ABIIsieTCs HanOoJiee TpeOoBaTeIbHBIM O Biaru B noyse. [loaToMy ocHOBHas 3a/aya
00pabOTKM cocTosjia B CO3JAaHMM HauOosiee OJAaronpUsTHBIX arpo@pU3UYEcKUX
yCIOBUM B TIIOCEBHOM cJo€ TNouBbl. B TmepBoil moyioBUHE Bereranuu, MpH
JIOCTaTOYHOM BJIAXKHOCTU TMOYBBI, (ha3bl PA3BUTUS NPOXOAWIN 0€3 OTKIOHEHUH,
(GbopMHpOBaTU OTHOCUTENBHO BBICOKHMI W 310pOBbI ypoxkaih cemsiH. KopHeBas
CUCTEMa OTHOCUTEJIBHO XOPOIIO ObUIa pa3BUTa U pacTPOCTpaHsjIac BriayoOb.

[IpoBenenne HaMu HCCIEAOBAHWN 3a POCTOM U Pa3BUTHEM pPACTCHUH JbHA
MaCJIMYHOTO, U OOIIHMI BU]I UX MIPUBEACHBI HA PUCYHKE 3.

B mporuiecce BBIMOTHEHNS] HAYYHBIX UCCIIEIOBAHUHN POBEACHBI ()EHOIOTUYECKUE
HaOII0IeHUs 32 OMOMETPUYECKUMU TTOKA3aTeISIMU HAI3eMHON YacTH KYJIbTYpHI JIbHA
MacauuHoro (tabn.l). boliee BBICOKME TMOKa3aTeNM MJIMHBI HAJI3€MHOM 4YacTu
pactenuii (50-54 cM) OTMEUEHO B BApUAHTE C KOHCEPBUPYIOIIUX CUCTEMOM
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Puc. 3. buomerpnueckue noKka3areJiv JbHa MACJIAUYHOI0 MOCJIe IPUMEHEHUSs
OmompenaparoB: a - BbICOTA PACTeHHUI1; 0 - HHTEHCUBHO Pa3BUHYTasi KOPHeBas
cucremMa

00paboOTKM MpH KOMIUIEKCHOM HCIOJIb30BaHUsl Ouonpenapara buokommiekc-bTY-p
U cUCTeMbl MUKpoy100peHuit KBantym Ha (oHe 00pabOTKMU pacTUTEIBHBIX OCTATKOB
nectpyktopom crepHu ExoCtepH u ammuadHol cenutpou. Ilpu npumMeHeHuu
MYyJBYUPYIOIIEH © TPaJUIUMOHHON cHUCTEMbl O00paOOTKM JaHHBIA IOKa3aTellb
yMeHblIaics. be3 nmpuMeHeHHsl 1eCTPYKTOPOB CTEPHU PACTEHHS JIbHA MACIWYHOIO
VM€ HAUMEHBIIYIO BBICOTY - OT 35 10 50 ¢M, B 3aBUCUMOCTH OT T'0J1a IPOBEIEHHBIX
uccienoBannii. Ha koHTposbHOM BapuanTe (NpU TPAAUIIMOHHON  CHCTEME
BbIpalIMBaHUs 0€3 HCMOJIb30BaHUS a30THBIX YAOOpEHHUN U JECTPYKTOpa CTEpHH, a
Takke 0€3 HMCIOJIb30BaHUS MUKPOYIOOPEHHH W OaKTEepPHAIBbHBIX TNPErmapaTtoB) U
aHAJIOTMYHOM BapHaHTE MO MYJIBUYUPYIOIIEH CHCTEME BBIPALIMBAHUS OHU ObUIM
HanbOosiee HuU3kUMH (35-39 cm). KoHcepBupylolux cUCTEMa BbIpalllUBaHUs JbHA
MacCJIMYHOrO0 Ha BapuaHTe 0€3 MCIOJIb30BaHUSl a30THBIX YAOOpPEHUN U JECTPyKTOpa
ctepHu (opmupoBanu Bbiciiue pacteHus (40-46 cm). Ilo mepe wucmosib30BaHUS
MUKpPOYIOOpeHHid W OaKTEepHaJbHBIX IMpenaparoB, MpPH ATOM KE CHCTEME
BBIpAlllUBaHUs, BLICOTA PACTEHUI YBEIMUMBAIACh U MakcuMaibHOU (46-50 cM) Oyiuta
npu oOpaboTke OakTepualibHbIM MpenapatoM buokommiekc-bTY-p u cucremoit
MUKpOyn00pennii KBaHTyM ¢ 0OJHOBpEMEHHBIM BHECEHHEM 5 Kr/ra kapOamuja, mpu
ATOM CpEIHss BbICOTa PacTEHUI MO BapuaHTaMm BapbHpoBasa oT 40 no 45 cwm, a 1o
cucTteMam BbIpaluBanus ot 39 1o 48 cwm.

Ha BapuanTe ompiTa ¢ MPUMEHEHHWEM aMMHAYHOW CEJIUTPHI IS YCUJICHUS
Pa3NOKEHUsI PACTUTENBHBIX OCTATKOB, MPOSBISJIACH MPAKTUYECKH aHAJIOTHYHAS
CUTyalusi, 3a HCKIIIOUEHHWEM TOro, YTO JaXe B KOHTPOJIBHOM BapuaHTe, 0e3
MPUMEHEHUSI MHKPO3JEMEHTOB M OaKTepUaJbHBIX MPENapaToB MO MYJIbUYUPYIOMICH
cucreMe OOpabOTKM pacTEHUsl JibHA MaciauyHOro Owuid Bbimie (42-46 cMm) 1o
CPaBHEHUIO C pACTEHUSMH BBIPAIICHHBIMA NPH TPAAULHMOHHON TEXHOJIOTHH
BbIpalUBaHus KylbTypsl (40-42 cm).
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Taoauna 1
BbicoTa pacTennii 1bHa MacJau4HOro copra Opdeii B 3aBHCHMOCTH OT NIPUMEHEHUS] MUKPOYI100peHuii, 0aKTepHaJbHbIX
NpenaparoB H CHCTEM BbIPpALIUBAHHUA, CM

Cucrtemsl BeipamuBanus (Paktop A)

Muxpoynobpers TpaaUIIOHHAS MYJIbUHPYIOIIAst KOHCEPBHUPYIOIIAsI Cpennee Cpennee| Cpensee
1 OaKTepuaIbHBIC o o o Cpennee
(HCEZII(I:(}))STSI) 2r(3) IHS 2r(3) 1H6 Cpennee 2r(z) 1/15 2r(3) 1H6 Cpennee 2r(z) 1/15 2r(3) 1H6 Cpesnee [Bapantay (baK];opy @aK(T:opy 0 OTIBITY
be3 nccnonp3oBanus a30THRIX YA0OpeHHid u nectpykTopa ctepau (DPaxktop B)
K 42 36 39 39 35 37 46 40 43 40 43
b 45 41 43 42 40 41 47 41 44 43 43 46
KB 42 40 41 46 38 42 47 43 45 43 45
b+Ks 45 43 44 46 42 44 50 46 48 45 48
Cpennee 44 40 42 43 39 41 48 43 45 43
C ucnonp30BaHNEM aMMHUadHOM cenuTpsrl (Paktop B)
K 44 40 42 46 42 44 49 45 47 44
b 49 45 47 49 45 47 50 48 49 48 47 46
Ks 48 42 45 48 46 47 48 46 47 46
b+KB 50 44 47 51 47 49 53 49 51 49
Cpennee 48 43 45 49 45 47 50 47 49 47
C ucnonp3oBanueM JkoCrtepH + ammuauHas cenutpa (Paxrop B)
K 45 41 43 47 43 45 50 46 48 45
b 48 44 46 52 46 49 52 50 51 49 48
KB 46 40 43 52 44 48 51 49 50 47
b+Ks 51 47 49 53 47 50 54 50 52 50
Cpennee 48 43 45 51 45 48 52 49 50 48
Cpennee 1o
q)l;mopy A 44 45 48
Cpennee 1o
pOfII:ITy 46

*- ne K- Kontpons; b- buokommiekc-bTY-p; KB — cucrema mukpoynobpennit Ksantym; b + KB — cucrema ¢ buoxomineke-bTY-p Ta mukpoynobpennii KBantym.
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Hcnonp30BaHnEe aMMHA4YHOW CEJUTPHI TMOBBICWIA PACTEHUS B CPEOHEM IIO
daktopam Ha 4 cMm, popmHupys MaKCUMalIbHO UX BBICOKMMHU (0T 49 mo 53 cm) 3a
KOHCEPBHUPYIOIIEH CHUCTEMOW BBIpAlIMBaHUSI M MPUMEHEHUS OaKTEepUaIbHOTO
npernapata buoxommnekc-bTY-p u  cuctembl MukpoynoOpenuit Kantym ¢
OJTHOBPEMEHHBIM BHECEHMEM 5 Kr/ra KapOamuaa. AMMUayHas CeIuTpa Jana
BO3MOXXHOCTh PACTEHHSIM JIbHA MAcIWYHOrO (OPMHUPOBATH MO TPAJAULUOHHON H
MYJIBYUPYIOIIEH CUCTEMAX BbIpAlIMBAHUS MPAKTUYECKU OJIMHAKOBOW BBICOTHI (OT 44
710 47 cM) HEMHOTO pa3uyasich 0 BApUAHTAM C MPENapaTUBHBIMU 3JIEMEHTAMH.

['abutyc pacTeHuil MO BBICOTE C NPUMEHEHUEM KOHCEPBHUPYIOUIEH CHUCTEMBbI
BBIpAIIUBAHUS OTJIMYAIUCh HAa 1-5 CM OTHOCHUTEIBHO APYTMX BApUAHTOB OIbITA.
JlanpHeliliee yBEeJIMUYEHUE CPENHEN BBICOTBI PACTEHHM HA | CM IO CpPaBHEHHUIO C
BAPUAHTOM NPUMEHEHUS JECTPYKTOpa CTEPHH O3MMOW MIIEHULBI C MOMOIIBIO
aMMHUAYHOUM CEeNMUTPhl U Ha 5 CM C ydacTKaMu JibHa 0€3 HMCIOJIb30BaHMUS a30THBIX
yInoOpeHuil U OaKTepUaIbHBIX JIECTPYKTOPOB, OBIJIO KOHCTATUPOBAHBI IIPU BHECEHUU
npenapata IKkoCTepH COBMECTHO C aMMHAYHOW CEITUTPOIl.

MakcumanbHyt0 BBICOTY pacTeHuid (52 cM) B ombiTe (B CpeaHEM 3a 2 TOJa)
OTMEYaJM 332 KOHCEPBUPYIOLIEH CHCTEMBl BBIPAIMBAHUSA C HCIOJIb30BAHUEM
OakTepuanibHOTO TIpenapara buokommiekc-bBTY-p u cucrembl MukpoynodopeHuit
KBantym ¢ onHOBpeMEHHBIM BHeceHHMeM 5 kr/ra kapOamupa. Ilo romam ona
BapbHpOBAJIa Ha JaHHOM BapuaHte oT 50 1o 54 cM, a B LEJIOM IPHU UCIOJIb30BAHUU
ExkoCtepHy ¥ aMMUayHOW CEIUTPHl PACXOXKAEHUE B IMOKA3aTENsAX WX BBICOTHI
COCTaBJIsIOo 13 cMm.

[Ipumenenue OakTtepuanpHOro mnpemnapata buokommuiekc-bTY-p u cucreMsl
MUKpOynoOpennii KBaHTyM Tak)ke NMOBJIMSUIM HA U3MEHEHHUE BBICOTHI PACTEHUM JIbHA
MaciauyHoro. Tak, cpeaHuii ux mnokaszareib B 48 cM Obul 3aUKCUPOBaH MpH
COBMECTHOM IPUMEHEHHH B KAueCTBE IMOJAKOPMKHM B (paze eIouyku. EaumHommyHOe
IPUMEHEHHE MPEenapaToB YBEIMUYMUBAJIO BBICOTY PAaCTeHMH J10 2 ¢M (3a MPUMEHEHHE
CUCTEMBI MUKpOdieMeHTOB KBanTym) u 110 3 cMm (3a mpuMeHeHUs OakTepHalbHOIO
npenapara buokommiekc-bTY-p) o cpaBHEHHIO ¢ KOHTPOJIBLHBIM BaPHUAHTOM.

B nporiecce HayuyHBIX HccaeAOBaHUI HAMU ObLIM MPOBEAEHBI (PEHOIOTHUYECKHE
HaOJII0JICHHUS 32 TYCTOTOM M CpefHed BBICOTOM pacTeHui mo ¢aszam pocta. bosee
BBICOKME TIOKa3aTENW JIbHA MACIUYHOTO OTMEYEHO B ONBITE C HCIOJIB30BAHHEM
JecTpykTopa ctepar DKoCTepH U aMMUaYHOU cenuTphl (Tabil. 2 u puc. 4).

AHanmu3upysi TyCTOTYy BCXOJOB, OTMEYEHO TEHACHIMI0 K YMEHBIICHHUIO
KOJIMYECTBA PACTCHH B TE€UEHHE BereTaluu (OT BCXOJOB JibHA 10 (pa3bl MOJHOU
cnenoct). Kpome TOro oTrmMedeHo, 4YTO Ha YYacTKE C HCIOJIb30BaHUEM
ouogectpykropa crepHd ExkoCTepH M aMMHMayHOW CEIUTPHl KOJHMUYECTBO cTeOiei
BBIIIIE, YEM B OTIBITE C aMMHUAYHOM CEIUTPOUN M KOHTpOJIeM (Taor. 2).

Bricokasg Temmeparypa BO3JyXa HEraTMBHO BiMsIa Ha IIOCEBBI KYJbTYpHI,
BBbI3bIBAsI TIOJIFOPAHUS PACTEHHM, CHUXasla Tpolecchl (oTocuHTe3a, (PopMUpPOBaHUE
OpPraHOB IUIOJOHOIIECHHS U YPOXKAUHOCTb CEMSH, YTO B KOHEYHOM CYETE IMTPUBOJIUIIO K
3HaYUTEIIbHOMY HEJ000py yposKasi IO BapHaHTax OMBITA, HO KOJIWYECTBEHHO MEXKITY
co00i 10 BBIXOTy CEMSIH C pacTE€HUs, OHU BCE K€ OTIUYAIUCH (pHC. 5).
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Tadoauna 2
IMoka3aTesin JIbHA MACJTUYHOI0 B 3aBUCUTMOCTH OT IPUMEHEHH S
a30THBIX Y100peHHid U 1eCTPYKTOpa cTepHH, (cpeanee 3a 2015-2016 rr.)

JlnHa Ha3eMHOM YacTu I'ycrora pacrenuii 1bHa MaCIM4YHOTO,
dasa pa3BUTHA )
JIbHA MACJIMYHOTO, CM LIT./M

®da3za Bcxox0B I* II** [I]*** I* I1** [IT***
TlonHBIE BCXOIBI 2 3 2 425,0 435,0 455,0
®dasza énouku 11 13 12 418,5 4271 451,0
byronuzanus 31 35 35 4122 423,3 4454
IIBeTenne 43 47 48 396,0 416,2 440,7
Panne-ieras 43 47 48 395,8 4154 440,5
CIIEJIOCTh

*- be3 ncrosb30BaHMs a30THBIX YIOOPEHUH M IECTPYKTOpa CTCPHU;
**. C HCIIOTb30BaHNEM aMMHAYHOU CEITUTPHI;
*#%. C ncnonp3oBanneM DKoCTepH + aMMHavHas CEITUTpa.

Bricota pacteHuii B paze paHHE->KEITON CHEIOCTH MO TPhOX BapHaHTaX OIbITa
HaBEJICHa B PUCYHKY 4.

I
Puc. 4. J/Inunamuka BbICOTHI PACTEHH I JIbHA MACUYHOTO B 3aBUCUMOCTH OT
NMPUMEHEHHBIX A30THBIX y/100peHuii u 1ecTpyKkTopa crepHu: I - 0e3
HCIOJIb30BaHMS AecTPpyKTOpa crepHu; Il - ¢ ucnmoab3oBanueM aMMHUAYHOI
ceautpsbl; III - C ucnoab3oBannem ExoCrepH + aMmmuayHasn cejirpa

Ha yyacTke rie BHOCHIM OMOJECTPYKTOP CTEPHU, PACTEHUS JIbHA MACIMYHOTO
Obut OoJiee pa3BUTHI, W OTIUYAIUCh IO TEMHO-3EJIEHONH OKpPAaCKOH, BBICOTOM
ctebiielt, 6oJiee pa3BUTON KOPHEBOUW CHCTEMON 1 KOJTMYECTBEHHBIM BBIXOJIOM CEMSIH.
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Puc. 5. Bbixoa ceMsiH JIbHA MACJHYHOIO ¢ miomanu 0,25 Mm%, B 3aBHCHMOCTH OT
BAPHAHTOB NPUMEHEHNS A30THBIX Y100peHUid U 1eCTPYKTOPA CTePHH: a - e3
HCI0JIb30BAHNSA TECTPYKTOPA CTEPHU M a30THBIX y100peHnii; 6 — ¢
HCI0JIb30BAHNEM AMHAYHOM CeJIMTPbI; B — ¢ HCMOJb30BaHUEeM JKOCTepH +
aMMHAYHAs CeJINTPa

4.3. Bansinue HHHOBAIIMOHHBIX €JIEMEHTOB TE€XHOJOTMH BbIPAIMBAHUSA HA
YPOKAHMHOCTH JIbHA MACJIMYHOIO U €€ CTPYKTYPY

buonoruueckast ypoxxailHOCTb JIbHA MacIMYHOro (POpMUPOBATIACH HA YPOBHE OT
1,12 t/ra 7o 1,90 1/ra B 3aBUCHMOCTH OT CHCTEM OOpPaOOTKH IIOYBBI, A30THBIX
yaoOpeHuit, MUKpoyao0peHuii u OuomnpenapatoB (tabn. 3-4). Macca 1000 cemsiH
BapbUpoOBasa OT 5,5 r A0 6,7 T B 3aBUCUMOCTH OT BapuaHTa omnblTa. Ha yuyactke, rae
OblTM  BHECeHbl OakTepuanbHbIi mpenapaT buokommneke-bTY-p u cucrema
MUKpOya00penuii KBaHTyM ¢ OJHOBpEMEHHBIM BHECEHHMEM 5 Kr/ra KapOamuia
3a(uKCHUpPOBAHO 00Jiee BBICOKYIO YPOKAMHOCTh MO KOHCEPBUPYIOLIEH CHCTEME
00pabOTKM MOYBBI, KOTOpas cOCTaBwia B cpeaHeM 1,88 T/ra W mo CpaBHEHHIO C
KOHTPOJIEM MPUPOCT yposkaitHOCTH ObLIT Ha ypoBHe 0,7 T/ra.

Takum o00pa3oMm, mpuMmMeHeHue OuomnpenapatoB buokommiekc-bTY-p u
ExoCrepH, a Takke CUCTEMBI MHUKPOIJIEMEHTOB KBaHTyM, BeIeT K YIy4YIICHHIO
MIPOLIECCOB POCTa M PA3BUTUA PACTECHHUSI, YBEIMYEHUIO TJIOIAAN ACCUMUIISLMOHHOM
IIOBEPXHOCTH JINCTHEB U BEJIMYNHBI YPOKASL.

Hcxons u3 moiaydeHHbIX HaMH OIBITHBIX JIaHHBIX, IPUBEACHHBIX B TaOmuie 3,
CpPEHHE TIIOKa3aTeld YypPOXKAWHOCTH JIbHA MAaCJIMYHOIO B 3aBUCUMOCTH OT
MPUMEHEHHBIX a30THBIN yI00pEeHUI U JeCTpyKTOpa CTEpHHU U3MEHsUHMCh oT 1,44 T/ra
1o 1,61 T/ ra, a macca 1000 cemsn ot 6,3 T 10 6,7 T B 3aBUCUMOCTH OT BapHUaHTOB
MPUMEHEHHUS a30THBIX YIOOPEHH U 1eCTPYKTOPOB CTEPHHU.

MOHOTRAPIHT 86 ISBN 978-617-7414-98-7



%HHOGdquHHbLe MEXHOAOZUU 8 KUSHU COBPEMEHHO20 UCAOBEKA

"'S

SO

Taoauna 3

Ypo:kallHOCTBH CeMSIH JIbHA MACJIUYHOr0 copty Opdeii B3aBHCHMOCTH OT MUKPOY/A00peHHil, 0aKTepHAJIbHBIX NIPENapaToB

H CUCTEM BhbIpallilMBaAHUA, T/Ta

Cucrtemsl BeipamuBanus (Paktop A)

Miukpoynobpenust u TpajuLIMOHHAs MyJIbYUPYIOLIast KOHCEPBHUPYIOIIAsI CpenHee E Ci E a E >
OakTepuaIbHBIC © ° o o o o o o E
npenapaTsl T z = o % E % E % %
(daktop C)* 2015 rox |2016 rox § 2015 rox|2016 rox g 2015ron | 2016 ron § BapuaHnTaM 8 g 8 _g 8
@) @) @)
be3 ucnonp3oBanus a30THBIX yA00OpeHUH U AecTpykTopa crepHu (Pakrop B)
K 1,29 1,13 1,21 1,24 1,12 1,18 1,35 1,29 1,32 1,24 1,33
b 1,53 1,43 1,48 | 1,54 1,44 1,49 1,55 1,53 1,54 1,50 144 1,56
Ks 1,45 1,37 | 1,41 1,42 1,36 1,39 1,51 1,45 1,48 1,43 ’ 1,53
b+Ks 1,58 148 |1,53] 1,61 1,53 1,57 1,66 1,58 1,62 1,57 1,66
Cpennee 1,46 1,35 1,41 1,45 1,36 1,41 1,52 1,46 1,49 1,44
C ucnonp3oBanneM amuadHoil cenutpsl (Pakrop B)
K 1,33 1,23 1,28 | 1,35 1,23 1,29 1,44 1,32 1,38 1,32
b 1,57 1,45 1,51 1,58 1,50 1,54 1,67 1,55 1,61 1,55 1.52 1.52
Ks 1,52 1,42 | 147 ] 1,55 1,47 1,51 1,70 1,56 1,63 1,54 ’ ’
b+Ks 1,61 1,53 1,57 1,68 1,60 1,64 1,80 1,68 1,74 1,65
Cpennee 1,51 1,41 1,46 | 1,54 1,45 1,50 1,65 1,53 1,59 1,51
C ucnonszoBanrem JkoCtepH + amuaunas cenurpa (dakrop B
K 1,43 1,31 1,37 | 1,47 1,33 1,40 1,59 1,51 1,55 1,44
b 1,57 1,49 | 1,53 ] 1,65 1,57 1,61 1,79 1,73 1,76 1,63 L61
KB 1,55 1,47 | 1,51 1,65 1,59 1,62 1,78 1,70 1,74 1,62 ’
b+Ks 1,71 1,65 1,68 | 1,75 1,71 1,73 1,90 1,86 1,88 1,76
Cpennee 1,57 1,48 | 1,52] 1,63 1,55 1,59 1,77 1,70 1,73 1,62

HUP (2015 1) mo daxtopy A - 0,09 1/ra; no ¢paxropy B — 0,16 1/ra; no dpakropy C — 0,15 1/ra

HUP (2016 1) mo dakropy A - 0,10 1/ra; no dpakropy B — 0,09 1/ra; mo paxropy C — 0,15 1/ra

HUP (2015-2016 rr.) o daxtopy A - 0,06 1/ra; o dpakropy B — 0,08 1/ra; no paxropy C — 0,70 T/ra

*- ne K- Kontponb; b- Buokommiexc-bTY-p; KB — cuctema mukpoynoopennit KBantym; b + KB — cuctema ¢ buokommiexc-BTY-p ta Mukpoynobpenuii Ksautym.
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Taoauus 4
Ypo:kaliHOCTH ceMsIH JIbHA MACJIMYHOI0 B 3aBUCHMOCTH OT MPUMEHEHHBIX
a30THBIX Y100peHUil U 1eCTPYKTOpa cTepHH (cpeanee 3a 2015-2016 rr.)

BapuanTts! onbiTa
ITokazarenn I T [+
YpoxaitHOCTB, T/Ta 1,44 1,52 1,61
[pupoct 1o Kontposs, 1/ra - +0,08 +0,17
Macca 1000 cemstH, T 6,3 6,6 6,7

*- Be3 MCIIOIB30BAHMS a30THBIX YA0OPEHNUI U IECTPYKTOPa CTEPHH;
**_ C nCmoJIb30BaHNEM aMMHUAYHOMN CEeITUTPHI;
**%_ C ucnonpzoBanneM JkoCTepH + aMMHavHasl CEUTPA.

E==m YporkalHOCTh, T/Ta ==1Mpupoctgo Koutpona, T/ra —&— Macca 1000 ceman, r

2 6,8
y =0,085% + 1,353 6,7 .
] R?=10,998 - 6,7 .
: 15 —auiisi §

- T T 6,6 1,61 L 66

=] ! r

3 1,44 1,52 i g
<] - o
N 1 v=02x+6,133[ k& 65 g
= R2=0,923 £ —
§ - 64 =
2 0,5 = y =0,085x - 0,086 017 S
< R?=0,998 - =t
il63| 0,08 : 63 2

0 f - 6,2

Ee3 HCImomNB2 0B aHHA a 30 THBIX C HCToIb30BaHHEM aMMHaYHOH  C HcIoNb30BaHHeM JKoCTepH+
ya00peHHH H TecTPYKTOPa CTepHH CeTHTPEI AaMMHATHaA CeTHTP a

A30THBIE YTOGP €HHA M TeCTPYKTOPBI CTEPHH
Puc. 6. llpsimas iuHus Tpenaa u BeJIM4YMHA JOCTOBEPHOCTH ANMPOKCUMALMH 110
BJIMSHUIO 230THBIX YA00pEeHHUil U 1eCTPYKTOPA CTEPHHU HA YPOKAWHOCTH
CeMsIH JIbHA MAcJU4YHOro (cpeanee 3a 2015-2016 rr.)

B nienom cpegnsisi yposkailHOCTh CEMSIH JIbHA MACJIMYHOIO 10 BCEM BapUaHTaM
onbiTa 3a 2015-2016 roasl cocraBwia 1,52 t1/ra, Bapbupys ot 1,12 no 1,90 1/ra B
3aBUCHUMOCTH OT BapuMaHTa U ToJa MCCIEIOBaHUK. MakCUMalbHO MPOJTYKTUBHOU
OKa3aJlach KOHCEPBUPYIOIIUX CHCTEMa BbIPAIIMBAHUS KYJIbTYpbl MPU KOTOPOUM 3TOT
nokaszarenb u3MeHsisice ot 1,29 no 1,90 1/ra, a B cpennem coctaBun 1,60 T/ra.
HUcnonb3yst MynpbUUpPYIONIYIO W TPaJUIMOHHYIO TEXHOJOTHIO, IOKa3aTesu
YPOKaMHOCTH JibHA MacIUYHOT0 ObUIH O0Jiee Hu3kumu oT 1,12 1o 1,75 t/ram ot 1,13
no 1,71 t/ra coorBercTBeHHO. UTO Jai0 BO3MOXXHOCTH TOJYYHTHh CPEIHHE
rokasarenu 1mo HuM 1,50 u 1,4 1/ra.

Hcnonp3oBaHnne MUKPOYAOOpPEHHI ¥ OaKTEpUAIbHBIX MPENapaToB TaKkKe
MOBJIMSJIO HAa YpPOXKAMHOCTh CEMsIH JIbHa MaciuyHoro. Tak, Hanboiee HU3KUMHU
CpPEIHUMH TIOKA3aTeNsIMU YpOKas MO JaHHOMY (DaKTopy OKazayicsi KOHTPOJIBHBIM
BapUaHT, KOTOPBINA chopmupoBai ero Ha ypoBHe 1,33 1/ra. [lo Mepe ncnonp30BaHus
OakTepUaJIbHBIX IIpenapaToB W MHUKPOYIOOpEHHMI YpOKallHOCTh MOBBIIIANAch M
COCTaBWJIA: MpU 00pabOTKE MOCEBOB OaKTEpHAIbHBIM IpenaparoM brokommiiekc-
BTVY-p c onHOBpeMeHHBIM BHECEHUEM S Kr/ra kapbamunaa - 1,56 1/ra, npu o6paboTke
MOCEBOB CHUCTEMOM MHKpOyAoOpeHuil KBaHTyM C OJHOBpPEMEHHBIM BHECEHUEM 5
kr/ra kapbamuga - 1,53 T/ra, a npu o0O0pabOTKE TMOCEBOB KOMILIEKCOM C
OakTepuanbHOro mnpenapara buokommiekc-bBTY-p u cuctembl MUKpOyHOOpeHHIA
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KBaHTyM ¢ 0JHOBpEeMEHHBIM BHECEHHEM S5 KI/ra kapbamua oH paBHsics 1,66 1/ra.

Ha BapmanTtax ombiTa 6€3 HUCHOJIb30BaHUS a30THBIX YIAOOPEHUH U JECTPYKTOpa
CTEpHHU YpPOKaHOCTb CEMSH JbHA MAaCIMYHOTO BapbHpoBana oT 1,12 1o 1,66 1/ra B
3aBUCHUMOCTH OT CHCTE€Mbl BBIpAlllUBaHHWS M MPENApPaTOB, UCIOIb3YEMbIX B
noakopMke. HecMoTpss Ha pasnuuue B NOKA3aTeNsIX YPOKaHOCTH IO BapHaHTaM
MOJKOPMKH MUKPOYIOOPEHUSIMU M OaKTEpHAIBHBIMU TpenapaTamMu, B CPEIHEM IIO
naHHOMY (akTopy, OSTOT TIOKa3aTrelb MPU TPATUIIMOHHOW € MYJbUYUPYIOIICH
CHUCTEeMax BbIpalllMBaHUs PaBHIIUCH U cocTaBwiu 1,41 T/ ra. Hemuoro Beime (1,49 T
/ ra) oH OBLIT 32 KOHCEPBUPYIOIIEH CHCTEMbI BhIpAIllBaHUSI.

[Ipn ucCHoONb30BaHUM AMMHUAYHOW CEJIUTPHI JIs Pa3JIOKEHUS PACTUTEIbHBIX
OCTATKOB TMPEIIECTBEHHUKA JIbHA MACIUYHOTO (IMIIEHULBI O3UMOW) CHUTYallHs
HEMHOI'0 H3MEHWJIach B CTOPOHY MOBbIIEHUs ypoxaihHocth Ha 0,04 T1/ra 3a
MyJIbUHpyoieil cuctemMbl BblpamuBanus (1,50 1/ra) OTHOCUTENBHO TPaJAUIIMOHHOM.
Haubonee Hu3kuM  moKazaTenem 1o  jgaHHoMy  ¢akrtopy (1,46  1/ra)
XapaKTepU30BAJIUCh PACTCHHUS] TPU TPAAUIMOHHON TEXHOJIOTUU BbIPALIMBAHUSI.
[ToBerienne cpeaneit ypoxannoctu Ha 0,09 m 0,13 T/ra mo cpaBHEHHIO C
IpeIbIAyIUMU o0ecrieynia KOHCEpBUPYIOIas CUCTEMA.

AHanornyHasi 3aKOHOMEPHOCTh B (DOPMHUPOBAHUM YPOXKAWHOCTH CEMSH JIbHA
MAaCJIMYHOTO TMPOCJEKUBAIACH M Ha OMNbBITHBIX YYacTKaX C HCIOJIb30BAHUEM
ouonectpykropa crepHu ExoCTtepH M aMMHA4YHOW CETUTPHI, HO Pa3HUIA MEXKITY
MOKa3aTeJIMU  TPU  PA3JIMYHBIX TEXHOJIOTMSX BbIpalllMBaHusi Obla Oolnee
cyumecTBeHHas. [10 TpaauIHOHHOW, MYJIBUAPYIOIIEH U KOHCEPBUPYIOUIEH CHUCTEMAX
9TH noKa3aTenn coctaBuid 1,3; 1,52 u 1,59 1/ra COOTBETCTBEHHO.

Pa3Huna Mexay mokazaTeiasiMd B YpPOKAMHOCTU CEMSIH JIbHA MAaclIM4YHOIO B
3aBUCUMOCTH OT MPUMEHEHUS MUKPOYJOOpEHUN M OHOIpenaparoB MpH Pa3iIndHbIX
CHUCTEMax BbIpammBaHus uMmena Oomibinyto Bapuanuioo (ot 0,29 mo 0, 41 1/ra) Ha
OTBITHBIX BapUaHTax TJI€¢ HUCIOJIb30BAIM a30THBIE Y/NOOpeHHs U OaKTepuaabHBIC
npenapaTtel Uil PA3JIOKEHUS] PACTUTEIbHBIX OCTaTkoB. [lpu wucnonb3oBaHUU
aMMHaYHOUM CcemuTpbl U 0AKOBOW CMECH C aMMHAYHOW CEIUTPhl U OaKTEPUATHLHOTO
nectpykropa crepuu ExkoCtepH Bapuanusi Mo JaHHOMY (DakTopy yMeHbIIalach OT
0,28 10 0,37 t/ram ot 0,28 10 0,35 T/ra COOTBETCTBEHHO.

4.4. JKOHOMHYECKHE mapamMeTpsl BbIpallimBaHus JIbHA MAaC/JINYHOI'0O B
3aBHCUMOCTH OT HHHOBAIIMOHHBLIX €JICMCHTOB TCXHOJI0I'MHN

CpaBHEHHE SKOHOMHYECKHMX IIOKa3aTeyied TEXHOJOTMU BBIPAIMBAHUS JIbHA
MacCJIMYHOTO TIPOBOJIMIIACH IO OOIIMM METOJUKAM C YICTOM HCCICAYeMbIX (DaKTOPOB
(Tabm. 5-7, puc.7-12).

Hcxons w3 TONYyYEeHHBIX HAMH JAHHBIX MOXXHO KOHCTaTHpPOBaTh, 4YTO Ha
(MHAHCOBO-3KOHOMHUYECKHE ITOKA3aTeIM IPH BBIPANIUBAHUU JIbHA MACIUYHOTO
OKa3bIBAJIM BIIUSTHUE CHCTEMBI BhIpaIiuBanus (Tabm.5).
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Taoauna 5
DOHHAHCOBO-I)KOHOMHUYECKHE MOKA3ATENH 10 KYJIbType JIbHA MACTUYHOIO B
3aBHCHMMOCTH OT cUcTeMbl BUpamaBaHus (Paxkrop A)
(cpennee 3a 2015-2016 rr.)

H BapuanTe! onibiTa 3a @akTopom A
oKa3areyu T T+ T+
Banosslii cOop cemsiH, T/ra: 1,46 1,50 1,60
ITpupocT yposkailHOCTH CeMsiH, T/Ta - 0,04 0,14
Iena cemsan 1 $/t1: 428,57
CToMMOCTb BaJIOBOM MPOAYKIHH, $/Ta 625,71 642,86 685,71
CroumocTth mpupocTa, $/ra - 17,14 60,00
Banossie o0mue pacxomsl, $/ra 317,61 312,84 315,53
CebecToMMOCTh IPOAYKITUH, $/T 217,54 208,56 197,20
3aTpaThl Ha MaTepUalibl M TEXHOJIOTUYECKYIO oreparuio, $/ra - -4,77 -2,08
[Tpu6sLIb (YOBITKH), $/Ta 308,11 330,02 370,19
PenTabensHOCTB, % 97,0 105,5 117,3
DxoHOMUYECKUH d(eKT, $/ra - 21,91 62,08
*- TpagumoHHas;
**. Mynpunpyromas;
*#%. KoHcepBupyromas
2,00 700
y=0,07x+ 1,38 £
e R?=0,942 . <
= 1,50 5
4
5 &
3 5
% 1,00 y=30x+591,4 y=0,07x- 0,08 6502
5 RZ2= 0,942 R2 = 0’94 )E
2. 0,50 : : o
:)_‘ r E
625,71 a
d =
0,00 = ' . - 6003
. &
TpamioHHasA My apunpytonas KoncepBHpy to1mas E
CHCTeMBI BHpallaBaHHA @]
E= VYpoxKalHocTb, T/ra MpupocT ao KoHtponsa, 1/ra
=== CTOMMOCTb BaNOBOW NPOAYKLMHK, S/Ta —— /luHeitHas (YposaiHocTb, T/ra)
= [IuHeitHan (MpupocT ao KoHTtponsa, T/ra) = /luHeiHas (CToMMOCTb BaN0BOM NpoAyKUMK, S/ra)

Puc. 7. llpsamas jqunus Tpenaa u BeJIMYUHA JOCTOBEPHOCTH ANMPOKCUMAIMHA 110
BJMSIHUIO CHCTEM BBIPAIIMBAHMS HA MIOKA3aTeEJU YPOKAUHOCTH, €€ MPUPOCTA U
BAJIOBOM CTOMMOCTH CeMSIH JIbHA MACJTUYHOIO ¢ OJJHOT0 reKTapa
(cpennee 3a 2015-2016 rr.)
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CeBecToMMOCTb NPOAYKUMN, S/T EEEE Mpubbinb (y6biTRH), S/Ta == PeHTabenbHoctb, %
y=10,15x+ 86,3
400 +{y=-1,00x+317,4 y= 3[‘1;?‘:)";72274*0 R?=0,991
s R?=0,189 — | X
) fremeeseereanna: | 370,19 - 115 e
4 300 =T : 330,02 =
B 317,61 308,11 312,84 i 15,53 9
S : 7 %
£ 200 i %
S y=-10,17x+228,1 55 708 1972 - 105
&) R?=0,995 d E
100 5
)K/ =¥
0 95
TpagHiLMOHHAsA My npunpyoIas Koncep BHpy o1mas
CHCTeMbI BHpal[aBaHIL

Puc. 8. Ilpsimasi iunus Tpenaa v BeJIMYUHA JOCTOBEPHOCTH ANINIPOKCUMALNHM 110
BJIMSHUIO CHCTEMbI BbIPAIIMBAHMUS HA MOKA3aTeJH BAJOBbIX PACX0/0B,
ce0ecTOMMOCTH, MPUOBLIIM U PEHTA0eILHOCTH NPOU3BOACTBA CeMSIH JIbHA
MacJU4Horo (cpeanee 3a 2015-2016 rr.)

Tak, nHambonee BBICOKHME TMOKa3aTeaud (POPMUPOBAHUS BaJOBOW MPOMYKIIHH
KYJIBTYpPHI B ICHS)KHOM 3KBUBaJicHTE (685,71 §) ObUTH MOJTYYICHBI TP BhIpAIIABAHIH
0 KOHCEpBUPYIOWIEH cucreme, Kotopas obecreumna mnpupoct B 60,00 $ 1o
CPaBHEHUIO C KOHTPOJIbHBIM BAPUAHTOM (TPAJULIMOHHAS] TEXHOJIOTHS).

Hcnonb3oBaHue  MyJbUUpYIOMIEH  CUCTEMBI  CHOPMUPOBAIIO  CPEAHIONO
CTOMMOCTH MPUPOCTA BaJOBOM MPOAYKIIMHA OTHOCHTEILHO KOHTpois 17,14 $, uro Ha
42,86 $ MeHbIIIC 10 CPABHEHUIO C JIYYIIUM BapHUAHTOM.

BripamuBanue  KyJbTyphl — JIbHA ~ MAacCJIWYHOTO  MPHU  HMCIOJIB30BAHUHU
MYJIBYUPYIOIIEH U KOHCEPBUPYIOIIEH CUCTEM MPUBOAMIO K YMEHBIIEHUIO BaJOBBIX
pacxo/ioB 1O CPaBHECHHIO C TPAJAMIIMOHHOW TexHoyiorued Ha 4,77 m 2,08 $/ra, mpu
TOM TIOJYYEHUH NPpUOBLIH JgocTurajiock B pasmepe 330,02 u 370,19 $/ra,
pentadenbHocTh 105,5 m 117,3% wu sxonomuueckuii saddekr 21,91 u 62,08 $/ra
COOTBETCTBEHHO.

MakcuManibHasi CTOMMOCTb BaJIOBOW MPOAYKIHUHM JIbHA MAaciIU4YHOrO IIpHU
uccienoBannu BiusHUA ¢dakropa B (690,00 $/ra) ormeuanmace Ha BapHaHTE C
MPUMEHEHUEM a30THBIH yIOOpEHHM M JIeCTpyKTOpa cTepHU. Mcmosb3oBaHue IS
JNECTPYKLIHUHN PACTUTENBHBIX OCTATKOB TOJIBKO aMMHAYHOW CEJIUTPHI MPUBOIAUIO K
cHmKeHuIo ee Ha 38,57 $ (651,43 $/ra) (Tabm1.6). HanMmeHbIass CTOUMOCTh BaJIOBOM
npoaykmuu (617,14 $/ra) Oblia moyrydeHa Ha KOHTPOJLHOM BapUaHTE.

[ToaxopMKH MUKPOYIOOPEHHUSIMU U OaKTEpUAIbHBIMU Mpenaparamu (Tadi. 7) B
onbITe OBUIM HanboJiee Pe3yIbTaTUBHBIMU, & BAPUAOEILHOCTh BAJIOBOM MPOAYKIIUU B
cpemHeM 3a jaBa roja coctaBwia 141,43 $/ra, m3menssace ot 570,00 $/ra Ha
KOHTPOJLHOM BapuaHTte a0 711,43 $/ra nmpu ucmosis30BaHNe B KA4€CTBE MOJAKOPMKH
OaxTepuanpHOro mnpemnapara buokommiiekc-bBTY-p u cucrembl MukpoyaoOpeHuii
KBaHTyM ¢ 0JHOBpeMEHHBIM BHECEHUEM 5 KI/Ta Kapbamua.
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Tadauna 6
PHUHAHCOBO-IKOHOMHUYECKHE MOKA3aTeU MPH BHIPAIMBAHNH JIbHA
MAaCJIMYHOI0 B 3aBUCHUMOCTH OT MCII0JIb30BAHBIX 230THBIX Y100peHuil 1
aecTpykropa crepuu (®akrop B) (cpeanee 3a 2015-2016 rr.)

TMokasaten BaII)jkaHTI/I noc?lifz 3a <I>a1<¥;)1221\: B

Banoserit coop cemsiH, T/ra: 1,44 1,52 1,61
[Tpupoct ypoxaitHOCTH CeMsH, T/Ta - 0,08 0,17
Iena cemsan 1 $/t1: 428,57
CroumocTh BajOBOM mpoaykiuu, $/ra 617,14 651,43 690,00
CroumocTth mpupocTa, $/ra - 34,29 72,86
Banossie o0rmme pacxomsl, $/ra 288,97 317,81 332,36
CebecTonMOCTh MPOYKIUH, $/T 200,68 209,09 206,44
3aTpaThl Ha MaTepUalIbl M TEXHOJIOTUYECKYIO oreparuio, $/ra - 28,84 61,25
[TpuobLTE (YOBITKH), $/Ta 328,17 333,62 357,64
PeurabensHocts, % 113,6 105,0 107,6
DkoHoMuueckuii adekr, $/ra - 5,45 29,47

*- Be3 ucroabp30BaHUs a30THBIX YA00OpeHUi U necTpykropa crepau (KoHTpous);
**_ C HCIOJIb30BAHUEM aMMUAYHOU CEIUTPHI;
***_ C ucnonpzoBanreM JkoCTepH + aMMHadHas CEJIUTpA.

2,00 700
y=0,07x+1,38 685,71
R?=0,942

y=30x+591,4
R?=0,942

y=0,07x-0,08
R?=0,94

(=3}
wn
L]
CTOMMOCTDh BallOBOH
npoaykip, $/Ta

YpoxaliHoCcTh, T/Ta
\H
o
o

- 600

TpanHiHoHHaA My npuHpytonad KoHcepsHpyomas
CHCTEMEI BUpaniaBaHuA

E==aYpoaiHocts, T/ra BN MMpupoct a0 KoHTpons, T/ra === CTOUMOCTb BaNI0BOI NPOAYKUMK, S/ra

Puc. 9. llpsimast iuHus Tpenaa u BeJIM4MHA JOCTOBEPHOCTH ANMPOKCUMALIMH 110
BJMSAHUIO CHCTEM BbIPAIIMBAHKUA HA MIOKA3aTEJH YPOKAUHOCTH, €€ MPUPOCTA U
BaJI0BOM CTOUMOCTH CeMsH JIbHA MACJTUYHOI0 ¢ OTHOI'0 reKTapa
(cpennee 3a 2015-2016 rr.)
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=== Banosbie 06uine pacxoabl, $/ra  EZ22 Cebecroumoctb npoaykumK, S/T 2222 Npubbinb (y6uiTkK), S/ra  —&— PenTabensHocTb, %

500 116
450 L
y=-3x+1147 113,6 y=14,73x+310,3 114
400 R?=0,462 R?=0,883
\\ - 112
= 350 -—
Iy Y — 357,64
& o ——— ! - 110
5 300 T —{328,17 317 81 333,62 |332,36 F 1076
3 288,97 - -
S 250 ' . L 108
=
2200 i -
= 500.68 Fly= 21,69+ 2696 206,34 106
© 150 , R? = 0,965 1 100
""" 105 [
100 y=2,88¢x+199,6
50 | R?=0,448 | 102
0 100
Be3 HeIomb20BaHHA a30THRIX C HeToNb30BaHHEM aMMHAYHOH  C HeTloNb30BaHHeM DKo CTepH+
yA00peHHH H TeCTPYKTOpa CTePHH CETHTPEI aMMHAYHAS CETTHIPa

A30THEIE Y[00PeHIA U JIeCTPYKTOPEL CTePHIL

Puc. 10. IIpssmast iunust TpeHaa u BeJMYMHA J0CTOBEPHOCTH aNlNIPOKCUMALMHU
110 BJIMSHUIO A30THbIE YI00pPeHHs U IeCTPYKTOPA CTEPHU HA NMOKA3aTeJIN
BAJIOBBIX PacX0/10B, Ce0eCTOUMOCTH, NPUOBLIN U PEHTA0EIBLHOCTH
NMPOU3BO/JICTBA CEMSH JIbHA MAaCJIUYHOTO (cpeanee 3a 2015-2016 rr.)

Tabumua 7
DOUHAHCOBO-)KOHOMMYECKHE N0KA3ATEIH NIPH BLIPANIUBAHUH JIbHA
MAaCJIMYHOI0 B 3aBUCHMOCTH OT MOJKOPMKH MUKPOYA00peHUSIMU 1
O0akTepuaabHbiMu npenaparamu (®akrop C) (cpeanee 3a 2015-2016 rr.)

Ba *

TMokasarem = pHaHTf};I OIIbITA %{d;aKTop EEL IzB
YpoxxaliHOCTh CeMsIH, T/Ta 1,33 1,56 1,53 1,66
[Tpupoct ypoxaitHOCTH CeMsH, T/Ta - 0,23 0,20 0,33
Ilena cemsan 1 $/t1: 428,57
Croumocth cemsiH ¢ 1 1a, § 570,00 | 668,57 | 655,71 | 711,43
CroumocTs mpupocta, $/ra - 98,57 85,71 141,43
Banossie o0miue pacxomsl, $/ra 296,34 | 311,43 | 314,83 | 329,59
CebecTonMOCTh MPOYKINH, $/T 222,811 199,63 | 205,77 | 198,55
3aTpaThl Ha MaTepUalIbl M TEXHOJIOTUYECKYIO oreparuio, $/ra - 15,09 | 18,49 33,25
[TpuobLTE (YOBITKH), $/Ta 273,66 | 357,14 | 340,89 | 381,84
PenTabensHOCTB, % 92,3 114,7 108,3 115,9
DkoHoMuueckuii adekr, $/ra - 83,48 | 67,23 108,18

*- rne K- Kontpons; b- buokommiekc-bTY -p; KB — cuctema mukpoynobpenunit Kantym; b + KB — cucrema
3 buokommutekc-bTY-p u mukpoynoOpenuit Ksantym.
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BasnoBble 3aTpaThl Ha MOJlyde€HHE NPOMYKIHMH JIbHA MAacCIMYHOTO MO Mepe
MPUMEHEHUS TOJKOPMKH T10 BETreTalli UCCIIeyeMbIMU MpenapaTuBHBIMU (popMamMu
OTHOCHUTEIIFHO KOHTPOJBHOTO BapuaHTa NoBbImanuch Ha 15.09, 18.49 u 33.25 $/ra
npu o0paboTKe MOCEBOB OakTepualbHbIM IMpemnapaToM buokommiekc-BTY-p ¢
OJIHOBPEMEHHBIM BHECEHHEM 5 Kr/ra kapOamuzaa, mpu oOpaboTKe MOCEBOB CUCTEMOM
MUKpoynoOpenuid KBaHTyM ¢ 0JJHOBpeMEHHBIM BHECEHHEM 5 Kr/ra Kapbamuja u mpu
00paboTKe MOCEBOB KOMILUIEKCOM ¢ OakTepualibHOTO Tipenapara buokommiekc-bTY-
p U CUCTeMBbl MHKpOynoOpeHuii KBaHTYM C OZHOBpEMEHHBIM BHECEHHEM 5 Kr/ra
KapOaMuJa COOTBETCTBEHHO.

JlanHbIe BapraHThI oOecTeUIN ToJlydeHrue npuobLu B pazmepe 357.14, 340.89
u 381.84 $/ra, perradenbHocTh 114.7, 108.3 1 115.9 % u sxoHOMHUYECKUI IPPEKT
83.48, 67.23 u 108.18 $/ra, npu T0XOAHOCTH KOHTPOJIBHOrO BapraHnTta 273.66 $/ra u
ypoBHs peHTadenbHoctu 92.3 %.
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Puc. 11. llpsimas iunust Tpenaa u BeJJMYMHA T0CTOBEPHOCTH aNlNIPOKCUMALMHU

110 BJIMSHUI0O MUKPOY100peHHii M 0aKTepHAJIbHBIX NIPENapaToB HA MOKA3aTeJn

YPOKAHMHOCTH, €r0 NPUPOCTA U BAJIOBON CTOMMOCTH CEMSH JIbHA MACJTMYHOIO C
OIHOrO0 rekrapa (cpeanee 3a 2015-2016 rr.)
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Puc. 12. lIpsamasi iunus Tpenaa u BeJMYMHA JOCTOBEPHOCTH allIPOKCUMAILMA
110 BJIUSIHMI0O MUKPOYA0OpPeHUil U 0aKTepHAJIbHBIX MIPENApaTOB HA NMOKA3aTeH
BAJIOBBIX PacX0/10B, Ce0eCTOUMOCTH, NPUOBLIIN U PEHTA0EIBbHOCTH
NMPOU3BO/JCTBA CEMSH JIbHA MAaCJAU4YHOTO (cpeanee 3a 2015-2016 rr.)

BoiBOABI

B mpencraBienHoit  paboTe  TPOBENEHBI  TOJEBBIE,  JTAOOpPATOPHEIE,
SKOHOMHMYECKHE M CTATUCTHYECKHUE aHAJIM3bl MOJYYEHHBIX HAMU Ha MPOTSHKEHUU
2015-2016 romoB pe3ynbTaTOB MCCIEAOBAaHUNM OTHOCUTEIBHO HWHHOBAIIMOHHBIX
AJIEMEHTOB arpoOTEXHUKHU KYJIbTYpbl JIbHA Maciau4yHOro st 30Hbl FOxHoi Cremnu
YKpauHbl B YCIOBHSX TJI00QIBHOTO M3MEHEHHUs KimMaTta. Ha ceromgHsmHuii J1eHb
HCIIONB3Ysl KOHCEPBUPYIOIIYIO CHUCTEMY BBIPAIMBAHUSA KYJIbTYpPhl B IOJEBOM
CEBOOOOpPOTE HAa IOKHOM YEPHO3EME B 3aCYIUIMBBIX KIMMATUYECKUX YCIOBUSX, Y
CEJIbCKOXO3SIUCTBEHHBIX — MPEANPUSATUA  pa3HbIX (POpM  COOCTBEHHOCTH, €CTh
BO3MOXHOCTb IOJYYEHHUSI OTHOCUTEIBHO BBICOKON OMOJIOTMYECKOW ypoKalHOCTH
cemsan (1,86-1,90 T/ra m Bblme), Ha (oHe MuUHepadbHOro NuTaHusd N3uP3sKss, ¢
00pabOTKOWM pacCTUTEIBHBIX OCTAaTKOB IMIIEHUIIBI O3WMOM KakK MpelIeCTBEHHUKA
OakTepHalbHBIM IMpenapaToM JaecTpykTopoMm crepHu ExkoCtepH u3 pacuera 2 n/ra u
OJIHOBPEMEHHBIM BHECEHHEM amMMuadHou cenuTpbl 100 kr/ra B ¢u3umdecKoM Bece
(paboumii pactBop 300 n/ra) mpu WUCHONB30BAHHEM B Kaue€CTBE TOJIKOPMKH
BETETUPYIOIUX pacTeHU B  (ase «emoukm» OakTEepHaJIbHOTO  Mpernapara
buokommiekc-bTY-p u cucrempl Mukpoynooperuii KBaHTyM W OJHOBPEMEHHBIM
BHECCHHEM 5 Kr/ra kapbamua.
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I''TABA 5. 9PTOHOMMNYHASA TEXHOJIOT'UA COXPAHEHMUSA
TPYJIOBOM AKTUBHOCTH JIMI] TPYJJOCIIOCOBHOI'O BO3PACTA
ERGONOMIC TECHNOLOGY OF SAVING LABOR ACTIVITY OF PERSONS OF
WORKING AGE
EPITOHOMIYHA TEXHOJIOTI'IA 3BEPEKEHHS TPYJ10OBOI AKTUBHOCTI OCIB
ITPAILE3/IATHOI'O BIKY

DOI: 10.30888/2663-9882.2020-01-007

Beryn

Ha ceoromni mnpakTudHi mOTpeOU CYCHIIBCTBA MEXYIOTh 3 YCKJIaIHEHHSIM
BUPOOHMIITBA Ta MIABUIIEHHSM BUMOT 10 ICUXO0(]1310J0TTYHUX SIKOCTEHN MPALIBHUKIB.
PerymioBanHs puHKY Tparli 3A1HCHIOEThCS IUIIXOM OpTraHizailii ¥ nepekBamidikamii
po0oY0i crim, pu YoMy pi3HUMH (popMaMu HaBYAHHS U TEPeOpieHTAIlll MOCTIHHO
oxoruieHo 10 35 % mopocnioro HaceneHHs kpaiHu. HasiBHa TeHaeHIIs 301IbIICHHS
MOMUTY Ha poOoYl BakaHCii, O CBIIYUTH MPO iX 3aTpeOyBaHICTh. 3 1HIIOTO OOKY,
cydacHi jaemorpadidydi JaHl CBiAYaTh NPO TOCTIHHE 3POCTAHHS KUIBKOCTI 0Ci0
CTapuIOro BIKY B 3arajbpHiil cTpykTypl Haceienus. 3a ganumu OOH no 2050 p.
KUTBKICTh JItOJIeH BikoM IoHan 60 pokiB riobanbHO 3pocte A0 2 MipA. IcHyroue
MPOTUPIYYSL AKTyali3y€ CHUCTEMHE BHUpIIIEHHS MpoOJieMHu 30epiraHHs TpyIdOBOi
AKTUBHOCTI MPAIIBHUKIB BIPOAOBXK MPOPECIHHOTO NUISIXY.

Oaun 13 acnekTiB NpoOJeMH MPUIIMHEHHS TPYAOBOi IiSJIHOCTI NMpalliBHUKIB
CTapIlIOro BIKY MOB'SI3aHUN 13 3alPOBA/KEHHSIM HOBHUX TEXHOJIOTIYHHUX MPOLECIB,
KOMIM'IOTepU3aIlI€l0, PO3IMIUPEHHSIM 1HPOPMAIIHHOTO TMOJs isSIBHOCTI. 3 1HIIOTO
00Ky, mpoOJyiemMa BIUIMBY 'JMIOJCHKOTO YMHHUKA" HE CTa€ MEHII IJI00aJbHOK Ta
MepeTUHAEThCsl 3 OaraThbMa cdepamu isIbHOCTI. OTXKe, 30€peKeHHS TPYIOBOTO
MOTEHITIaTy BUCOKOKBaTi(hIKOBAaHUX MPAI[iBHUKIB CTAPIIOrO BIKY BHMAara€ BEJIMKHUX
MarepiaabHUX 1 PiHAHCOBUX BUTPAT ISl iX mpodeciitHoi ajanTarii.

Psanom HaykoBHUX AOCHIIKEHb OyJO0 BCTaHOBJIEHO, IO MPUIMHEHHS TPYAOBOI
JISUTBHOCTI Y 3B'SI3KY 3 HACTAHHSAM MEHCIHHOTO BIKY Yy Ouble HixK 55 % npodeciitHo
aKTUBHUX 0C10 BUKJIMKAJIO JAECTPYKTHUBHI HACTIAKU Y CTaH1 370pOB’s. TeHJEHIII0 10
MOIIMPEHHS 3 BIKOM MAalOTh I[I€BHI 3aXBOPIOBaHHS, Taki SK CEplLEBO-CyIUHHI
naToJiorii, AiadeT, ocTeoapTpuT abo 1HIN XPOHIYHI 3aXBOPIOBAHHS, B MOEIHAHHI 3
MPUPOTHUM TMPOTPECYIOUNM 3HUKEHHSAM (DI3MYHUX 1 KOTHITUBHMX HaBUYOK. Lle €
BU3HAUAIBHUM (PakTopoM [isi pedopMyBaHHS CHUCTEMH OXOPOHH 3JI0pOB’S Ha
Cy4yacHOMY e€Tami pO3BUTKY Kpainu. [IpiopuTeTHi HAyKOBO-TEXHIYHI JOCSTHEHHS
OpIEHTOBaHI HAa CHCTEMHE BUPIIICHHS MPOOJIEMU MiJBUIICHHSI €(PEeKTUBHOCTI Mpalii
daxiBi. Kimo4oBuM 1HCTpYMEHTOM MOJEpHI3allii BUCTYNAIOTh TEXHOJIOT1l KOHTPOJIS
"mpodeciitHoro 3m0poB’s" 0cid Mmpaie3gaTHOro BIKY 3 METOH MPOGUIaKTUKH
MIPUCKOPEHOT0 MPOo(eCcitHOrO CTapiHHS.

B i#TerparuBHOMy BapiaHTi 'mpodeciiiHe 370poB's"  PO3MNISAAAETHCA K
CTPYKTYpPHHH KOMIUIEKC, 110 OXOIUTIOE (PI3UYHUHN, TICUXIYHUN 1 COIIAIbHUM CTaTyC
OpraHi3My 1 0COOMCTOCTI TpalliBHMKA Ta BiJoOpaxkae 3aTHICTh JIOJWHU 30epiraTu
BHCOKY TPYJOBY aKTHUBHICTh B Tiporieci mpodeciitHoi mismeHOCTI. [Ipodeciiine
3I0pPOB’sl € 3HAYyIIOK0 YMOBOIO CTAaHOBJICHHS MpodecioHanizMy i mpodeciitHoi
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KoMreTeHTHOCTI ¢axiBis. Lle cknaanuii 1 6araToBUMipHUN (eHOMEH, KU 1HTErpye
YHCIICHH] B3a€MOJIT JIOAWHU 3 MPO(ECIfHUM CepeIOBHUILEM, 3aiiMae BaXKJIUBE MICIIE
B CHCTEMI LIHHICHUX OpieHTalil npodecionana [26]. OTxe, MOXXKHA CTBEPAKYBaTH,
o "mpodeciitHe 310poB’sa" BimoOpaxkae 37aTHICTh JIOAUHU J0 MEBHOI MpodeciiHol
TISTBHOCT1 3 3a/1aHOI0 €(DEKTUBHICTIO 1 TPUBAIICTIO BIPOJOBXK 3aJaHOTO TEPIOTy
xuTTs. Hapasi, edpexkruBHa npodeciiina AisUIbHICTE BUCYBA€ 10 370poB’s (haxiBIIiB
MiJBUIICHI BUMOTH, TOMY 3JaTHICTh MPAIlIBHUKIB CTaplIOro BiKy 3a0e3leuyyBaTu
HAJINUHICTh Tpalll po3rISIAAEThCS SIK TOKAa3HUK MpodecioHamizMy, a 3HUKEHHS IUX
napameTpiB — K OJHE 3 MOTEHIIMHUX OOMEXKEHb y AISUIbHOCTI MpalliBHUKA, Ha TIi
30uTbIIeHHsT  (i3ionoriyHoi "minu" 3abe3neuyeHHs edexTuBHOCTI mpani. OTxe,
30epexeHHs Mpo¢eciiHOi MOBHOLIHHOCTI Y CYCHUJIBCTBI MPAI[iBHUKIB CTAPLIOTO BIKY
BUCTYMA€ OJHUM 13 MPAKTUYHUX 3aBJaHb 30BHINIHBOTO YIPABIIHHS TPYIAOBHM
MIPOIIECOM.

5.1. MeTomo/1orivyHMid MiAXiJ 10 ONTUMIi3alii 30BHIIIHLOT0 YIIPABJIIHHA
TPYAOBHUM IMPOLECOM 0Ci0 Mpane3aaTHOro BiKy

Y mpoueci cucremHoi TpaHchopmallii €KOHOMIKM YKpaiHu pPO3B'S3aHHS
poOeMu MPoQeCciitHOTO JOBrOJITTS 0a3yETHCS HA IBOX MariCTPaJIbHUX HANPSIMKaX:
3a0€3MEeUeHHs PAIllOHAIBHOTO TMpalleBIAIITYBaHHS Ta CTUMYJIOBAHHS 3alHATOCTI
KBaTi(PIKOBAaHUX MpaliBHUKIB. MOHITOPUHT, OLIHKa Ta KOpekuis 'mpodeciiiHoro

a"

3n10poB'ss"  (axiBI  BUCTYyNAalOTh  NPIOPUTETHUMU  HalpsIMKaMud  HAyKOBHUX
JOCTIIKEHb.

Ha cporogni BiloMi Ppi3HI TEOPETHUKO-METOAOJOTIYHI aCHeKTH  I0J0
TPaKkTyBaHHA  MOHATTA  "MOHITOPUHI".  MOHITOPUHTI  J103BOJIIE  CHUCTEMHO

JTOCITIKYBATH OYyJIb-SIKUM Tpoliec 1 HOro 00’ €KTH 3 METOI OTPHUMAHHS JTOCTOBIPHO1
iHdopmarii 1yt eheKTUBHOTO YNPABIIIHHS MPOIECaMH, TPorpaMamMu PO3BUTKY 1 T. II..
TakuM YMHOM, MOHITOPUHT B 3araJlLHOHAyKOBOMY PO3YMIHHI — I MISUIBHICTD, SKa
nependayae 11arHOCTUKY, KOHTPOJIb 1 MPOTHO3YBaHHS, SIK1 € BAXKIIMBUMH CKJIaJI0BUMHU
CHUCTEeMH YIpaBIiHHA. Taka cucTeMa OXOIUIIOE BC1 PiBHI YIIPABIIHHS BiJ I€P>KaBHOTO,
10 perionansHoro [21, 25, 27].

3a aHami30M HAyKOBUX JDKEpEI MOHITOPUHT Yy cdepl OXOpPOHU 3I0pOB’s
BiJoOpa)kae CHCTEMY MOCTIMHHX CIIOCTEPEKEHb, OIIHKUA 1 MPOTHO3Y 3MIHM CTaHY
00’exty nocmimkens [11, 27, 32, 33]. MOHITOPHUHT B LIJIOMY PO3TISAAETHCA 3 PI3HUX
TOYOK 30py SIK 3aci0 ympaBmiHHS Ta sIK 3aci0 OIiHKM €(EeKTUBHOCTI YyMpPaBIIiHHS
AKICTIO OXOPOHHU 3/I0pOB’S1 HACENICHHSI.

CydacHi JOCSTHEHHSA B Tajly3l KOMYHIKAlllii TPU3BENM 10 TMOSIBU TaK 3BAHUX
"posymHuX"  TexHoyoriii. OpHakK, HE3BaAXKAYM HA 3HAYHI  TEOPETHYHI
HaIpaioBaHHs, 1 [0 UbOro JIHA HE CTBOpeHa e(EeKTUBHA EKCIIpec-cUcTeMa
J1arHOCTUKH "mpodeciiHoro 310poB’s" (daxiBIig, sika J03BOjsIa OM CBOEYACHO
BUSIBIISITU JIECTPYKTHBHI (DYHKIIIOHAJIBHI CTaHM Ta BXXHUBATH 3aX0JU MPO]UIAKTUKHU
npuckopeHoro nmnpodeciiinoro crapinHsg. OkpeMi acnekTH MOHITOPUHTY Ta
JIarHOCTUKHU (PI3UYHOTO 370pOB’S, MPEJCTABIEHI B Cy4aCHUX poOOTax 3apyOI’KHUX
JOCJTITHUKIB, JIOBOJATh €(PEKTHUBHICTh BUKOPUCTAHHS Tak 3BaHuUX "Smart Health
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Monitoring Systems" - iHTEJIEKTyalIbHUX CUCTEM MOHITOPUHTY 370poB's (P. Astrand,
T. Sjostrand, 2012; Baek, Chung, Kim; loannis Routis, Shanika Nanayakkara,
Xiaoyan Zhou, 2014; Heiko Spallek, Marco Schweitzer, 2019) [33]. Ognak, ix
3aCTOCYBaHHSA B yMOBaxX YKpaiHM HAIITOBXYEThCS Ha MUy HU3KY HpoOsieM
TEOPETHUYHOTO, METOIOJIOTIYHOTO Ta MPUKIIATHOTO XapaKTepy.

Metoro aaHoi poOOTH € opraHizallis JOCHIKEHHS MO Ppo3poOll eproHOMIYHOI
TEXHOJIOT11 30epexeHHs TPYI0BOi aKTUBHOCTI 0C10 Mparie31aTHOrO BIKY.

3MicT 00'eKTy, IpeAMET 1 MeTa JOCHIPKeHHS OyJl0 BH3HAYEHO 3a HaIpsMaMu
010JI0TIYHOT TH MEIWYHOI KIOEpHETUKM 3 METOI0 MIJBHUIIECHHS PIBHS aOCTpakiii
TOCIIKEHHS. | 0JIOBHIM METOJIOM ITMX HAYKOBHX HAIPSAMIB € METOJ] MAaTEMaTHIHOTO
MozentoBanHs in model (B. 1. I'punienko, A. b. Korosa, M. 1. Bogk, C. 1. Kidbopenko,
B. M. benos) [10, 12]. IndopmaiiiHO-CTpYKTypHY MOJEJb MOETAITHOTO
PO3B’sI3yBaHHS 3aBJaHb JOCIIXKEHHS MPECTaBICHO Ha puc. 1.

KoHTtponb "npodecinHoro 3g0pos'a” ocib npauesaatHoro Biky

Aaropumm pizionoriuHoi payioHarizayii mpyAoBoi piasHocmi paxiBus

MNpauesaaTHicTb <:] Mema ma 3aBAarHHA i
i | ] i
| MoOHiTOpUHT OuiHKa Kopekuis
U
( Peanizaujin ] |
| ® » |
: L[ Tpyaoswit iomeruian ] [ aknfopumpy,z'b,osm i
i I r 1 AlﬂAleOCﬂu !
: > Trdopmauiiti mexonorii J¢ |
_____________________________________________ <
[ EproHomiuHmit MOAYAb IPYAOBOL AlSAbHOCTIE PaxiBus ]
| o i
Tlpodiab "npodeciiitoro 340pos'a paxisya i
i 3 i

Puc. 1. Moaeasn peanizauii npodgeciiiHoro 10Broairrs gaxisus
(Xapkosawk-banakina H. B., 2020)

VY 3ampomnoHOBaHiM MOJenl JIeKHUTh JIOTIKa TOBHOTO IHUKIY peami3arii
JOCTIKEHHS: MOCTAaHOBKA METHU 3a KJIIOYOBUX 3aBJaHb — OOTPYHTYBaHHS METOJIB 1
TEXHOJOTIH — po3poOka 1HOOPMALIMHO-CTPYKTYPHOI MOJEIl JOCHIIKEHHS —
BIPOBA/DKCHHS — peKkoMeHarlii. [IpeaMeTroM oCaipkeHb BUCTYMA€E Mpane3aaTHICTh
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JIOIMHM, SIK CKJIaJoBa ii COIlaibHO-010JI0T1YHOT CYTHOCTI. JloJaTKOBO akTyamizye
BUBUYEHHS (DAKTOPIB TPYAOBOI ISJIBHOCTI Ta TPYAOBOTO TMOTEHIIANy, OCKUIbKH,
Oyaydul (i310J0TIYHOIO KOHCTAHTOIO, BOHA (POPMYETHCA MPOTITOM JKHUTTS 3AJIEKHO
dopM B3aeMoii 3 cepeIOBUIIIEM, B TOMY 4HCIl BUpoOHUuMM [20, 21, 29, 34].

3 TOYKH 30py JIarHOCTHKH, MOHATTS (PyHKLIOHAIBbHI MOXJIMBOCTI BioOpa)kae
KOMIUIEKC ~ MOPGO-QYHKI[IOHATHPHUX  OCOOJMBOCTEH  OpradiaMmy,  3aJaTKiB,
chopMOBaHMX BMIHb Ta HaBMYOK, CTaHy 3JI0pOB’S, IO JO03BOJII€ BUKOHYBATU
npodeciitii QyHKINT 3 OaXaHUMH KUIBKICHUMH 1 SIKICHUMU XapaKTEePUCTHUKAMHU.
Bonnouac, piBeHb (PYHKIIOHAIBHUX MOKJIMBOCTEH BU3HAYAETHCS peali30BaHUM B
3alaHUX yMOBaxX (PYHKIIOHAJIBHUM pPE3EPBOM, ajle HE CBIAYUTH MPO HOro MOBHE
BUKopucTaHHsA. CiiJl BIAMITUTH, U0 (DYHKIIOHAJIbHI pE3€pBH OPraHi3My JIIOJUHU
TICHO TOB’Si3aHI 3 (YHKIIOHATIBHUMH MOKJIMBOCTSAMH, SIKI B1JOOpa)xarTb TOU
IPAaHUYHUN PIBEHb IHTEHCUBHOCTI (D1310JIOTIUHHUX MPOILIECIB, 32 AKOTO 30€piraerbcs
KOHCTaHTHICTH iX ¢yHKmionyBanus (A. O. Kpunos, 2011) [13, 21].

VY eproHoMivHOMY CEHC1 — (PYHKITIOHAIbHI MOXKJIMBOCTI, SIK 31aTHICTb JIFOJUHU
BUKOHATHU Ty YU 1HIIY pOOOTY 3 ypaxyBaHHSM il 3HaHb, yMiHb, HABUYOK, BUCTYTIA€E
CKJIQJIOBOIO TOHATTS TmpanesfnatHicte (axiBug [3, 4, 7]. lLleit Ttepmin €
HAWUTIOMIMPEHIIUN Ta 3araJIbHONPUAHATHN, 10 TOEIHYE KIIHIIUCTIB, (i310JI0TIB,
COITIOJIOTIB Ta €KOHOMICTIB. BomHouac, kopensaramu mpare3gaTHOCTI (axiBiis, sKi
JTIMYIOTh 11 pIBEHb, BUCTYIAIOTh TEMIT CTapiHHSA Ta MCUXO(]I31070TIYHUIN MOTEHITIA
moauHu (puc. 2). PiBeHb npodeciiiHoi mpare3gaTHOCT] JIIOAUHU (POPMYETHCS Ha
dbon1 koHKpeTrHOro ¢yHkiioHanbHOrO cTrany (MdC) opranizmy. Ilpaine3natHicTh
JTIOAWHMA, 30KpeMa B MPUPOIHHX, IITyYHO CTBOPEHHMX Ta EKCTPEMAIbHHUX YMOBAaX
TPYJAOBOI AISIBHOCTI, JIMITYETHCS AUHAMIKOIO (PYyHKIIOHAIBHOTO "pobodoro" crany
(®PC), npuponHO MOB’A3aHOrO 31 BIUIMBOM PI3HOMAHITHHUX €K30- Ta €HJOTE€HHUX
dakropis (FO. II. T'opro, 2001) [5, 7]. Ilomyk mnpuitomMiB 00'€KTUBHOI OIIHKA
(b1310JI0TIYHUX KOPEJAT Tpane3aaTHocTi ¢GaxiBIs, BiJl AKUX 3alie)KaTh HATINHICTD 1
e(eKTUBHICTb BUKOHYBAaHOI POOOTH, 3aJMIIAETHCS OJHIEI0 3 AKTyaJlbHUX 3a7ad y
¢i3iomorii mparil, OCKIJIbKM JTUHaMiKa (PYHKIIOHAJIBHUX CTaHIB JIFOJWHU JIIHIHHO HE
Bmo6pa>i<ae 3MiH Mpare3aaTHOCTI Ta €(heKTUBHOCTI MISIBHOCTI.

1
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e - _ )
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: 33693”9"'9HH_" _ ¢ [HdOpMaLiMHO-CTPYKTYpHE KPUTUYHE BiAXUACHHS,

! edekTMBHOCTI Npal MOAENIOBAHHSA [OHO30M0TYHMIA CTaH

i Kopenatu IHpoTOMyBaHHA | .

: npaue3naTHoCTI * YHigikauia Ta HopmysaHHA \_[ HTErpanbHa ouiHKa
1 -

! daxisua ) * CuHTe3 y3ara/ibHeHMX OLIHOK npauespatHocti gaxisua
| - J

|

1

1

1

Puc. 2. Jloriuna cxema ycBiIoMJIEeHOTO YHOPSIIKYBaHHS iH(opMaii nmpo
00’€KT n0C/IIIKeHHSs
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Jlo &i310J10r0-TiIri€EHIYHUX TEPEeyMOB  Tpale3qaTHOCTI  JIFOJUHU  CIIIJT
BIJIHOCUTHU: TPYIOBUH TIOTEHIIAN Ta JAeMoTHBaTOpyu edexTuBHOCTI mpami. Jlo
EproHOMIYHHUX - (AKTOPU TPYAOBOI MISUIBHOCTI. 3TiIHO 3 YMHHUMH HOPMAaTHUBHO-
npaBoBuMH akTtamu (['irieniuni HopmatuBu ['H 3.3.5-8.6.6.1-2002) BaxkkicTh mparii
BH3HAUYAETHCS MEPEBAKHO HABAHTA)XKCHHSM Ha OMOPHO-PYXOBUH amapat joauHu. B
TOM K€ Yac crHeliajiCTaMu B rajiy3i ririeHu Ta (i3ionorii npami NoKa3HUK Ba)KOCTI
mparyi 4acTo BUKOPHCTOBYETHCS I 1i IHTEerpayibHOI orinku [9, 18, 19, 21, 22, 23].
[Ipy 1bOMYy BaXKICTh IMpall BU3HAYAETHCA SK (DYHKI[IOHAJIbHE HaIPY>KEHHS
opra”izaMy abo0 OKpeMHX HOro cucTeMm IiJl Ai€l0 (Pi3UYHUX Ta/ado HEpPBOBO- Ta
€MOILIHO-TICUXOJIOTTYHNX HAaBAHTAKEHb.

Takum 4MHOM, 1HTErpaJibHA OL[IHKA Mpale3qaTHOCTI (axiBls BKIOYAE HACTYIIHI
CKJIQJIOBI:

* pakTopu TpPyAOBOi JIAJIBHOCTI, SKI JIMITYIOTh CTaH 3J0pOB’S  Ta
mpare3aTHICTh 0ci0 CTapIIoro BiKy (YMOBH 1 XapaKTEPUCTHUKU TPYAOBOI AiSIILHOCTI
3a TOKa3HUKAMHU INKIJJIMBOCTI Ta Hebe3rmeyHocTi (AKTOpiB  BHPOOHUYOTO
CEpEeIOBHUIIA, BAXKKOCTI Ta HAMPYKEHOCTI TPYI0BOTO MPOIIECY);

* TpYJI0BUH IMOTEHII AT JIIOIUHU (ocobucTicHUH, KBaTi(DiKaHUT,
ncuxo(i310J0TIYHUT ).

OTxe, ICHyHOYl TPHUXOBaHI EKOHOMIYHI BTpaTH, TOB'SA3aHI 3 pIBHEM
npodeciiHOTO 37M0pOB'ss Ta (PYHKIIOHAIBHUM CTaHOM TMpalliBHUKA, CIyTyBaIH
0a3UCHOI0 OCHOBOIO JIJIsl OOTPYHTYBaHHS CTPYKTYPH Ta 3MICTY TIPEAMETY JOCIIIKEHb
(puc. 2). Hapasi, ocTaHH1 AECATUIITTS 0O3HAMEHYBAJIUCS 3HAYHUMHU yCIiXaMmu y cepi
iHQOpMAIIMHUX TEXHOJOTIH. Y [bOMY KOHTEKCTI JUIsl 1HTErpajbHOI OI[IHKH
Mpane3 aTHOCTI  (axiBUsg BHUKOPUCTAHO HACTYMHI 1H(QOpPMAaliiHI TEXHOJOTrTII,
3anmponoHoBaHo HaykoBisiMa B. I. I'punienko, A. b. Korosa, M. 1. Bosk, C. L
Kigopenko, B. M. benos [10, 11, 12]:

eMeTO/] 1IH(HOPMAIIHHO-CTPYKTYPHOT'O MOJCITIOBAHHS,

eMeTO iIH(POTOMYBaHHS,

eMeTO/1 YHI(IKOBAHOTO HOPMYBAHHS,

eMeTO/] TOOYAOBH y3arajJbHEHUX OILIIHOK .

Bigomo mo, ®C moanHu oOyMOBIIeH] BIUIMBaMU (Pi310J0TIYHUX MapaMeTpiB il
OpraHi3My Ta i€l PI3HOMAHITHHX (haKTOPIB 30BHINIHBOTO CEPE/IOBHINA: BIUIUBU
OTOYYIOUOI'0 CEpEe/IOBUINA PI3HOI MPUPOJU, MPU LBOMY 3BOPOTHUM 3B’SI3KOM €
poIeCH aJlanTanii; BILUIABH Gb1310JI0T1YHUX, ncuxo(i310J10TTYHUX Ta
MICUXOEMOIIIMHUX OCOOJIMBOCTEN BHYTPIIIHBOTO CepeioBHIla opranizmy. [Ipu nupomy,
3BOPOTHHM 3B’SI3KOM € KepYBaHHS Ta KOPEKIlisl CTaHIB BHYTPIIIHIX OpraHiB Ta MO3KY;
pobodi cuTyarii, BIUIMBH POOOYOTO CEPEIOBHUINA, TEXHIYHOTO YH COIIaJIbHOTO
CepeIOBHINA, SIKI CTBOPEHI JIFOJAMHOIO JJI BAKOHAHHS CBOIX MOTPeO 4M HamipiB 1 sKi
BUKJIMKAIOTh y JIFOAWHU TIEPEHANpPYTy, CTOMJICHHS, 3HWKEHHS yBaru 1 T. II..
3BOPOTHUM 3B’SI3KOM TIPHU LIbOMY € ONEepaTopchKa ISIbHICTh, BUPOOKAa HABUYOK
TPYJOBOI Ta colianbHOI AisUThbHOCTI 8, 9, 13, 17].

Jnst BuzHauenns OC moOAWHE BUAUISIOTH PI3HI MIIXOMW, B 3aJIEKHOCTI Bif
HayKOBHX 3aBJaHb [2, 5, 8, 14]. 3rigHo KomIuIekcHOro miaxonay, mija ®C po3ymieTbes
IHTeTpaJIbHUNA KOMIUIEKC HAasSBHUX XapaKTEPUCTUK AisUIbHOCTI, ToO6TO, ®C — 118
CHUCTEMHA BIJNOBIJIb OpPraHi3My, IO 3a0e3nedye HOro ajeKBaTHICTH BUMOIaM
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TUSJIBHOCT1, OJHAK JaHWM MiAXi € 1030aBJICHUM 3MICTOBHOI XapaKTEPUCTUKH,
HaANO1IBII 3HAYYIIOI A1 po3yMiHHs cyTi OC .

Epronomiunuii minxin BusHauae PC 0AMHU Yepe3 pe3ysbTaTh TPYAOBOI 1
npodeciiHol MIAIBHOCTI K 1HTerpajbHi mokasHuku OC, mpu yomy, 3HUKECHHS
Pe3yJIbTaTUBHOCTI AISIIBHOCTI PO3MIIAIAEThCS sIK 03Haka noripmeHHs O@C. Bognouac,
3TiJHO CHUCTEMHOIOo miaxoay, xapakrtepuctuka @C monuHu 0a3yeThCsi Ha OCHOBI
KPUTEPiI0 aJeKBATHOCTI BIAMOBIAHOI peakilii BUMOraM BHKOHYBAHOI iSUIBHOCTI.
Buxonsuu 3 mworo, Bci ®C mopinstorh Ha 1Bl Tpynu [8]: cTaH ajeKBaTHOI
MOO1II3a11li, KOJIM BCl CUCTEMH OPraHi3My MpallOl0Th ONTUMAJIBHO 1 BIJNOBIJIAIOThH
BUMOTaM JisJIbHOCTI; 1 CTaH JUHAMIYHOTO HEY3TOJIXKEHHSI, TIPU SIKOMY Pi3H1 CUCTEMU
OpraHi3My He MOBHICTIO 3a0€3MeUyI0Th HOT0 JisJIbHICTh a00 MPaIlOI0Th Ha HAJMIPHO
BUCOKOMY DIBHI BUTpAT €HEPreTUYHUX PECypciB, MO BiAOOpakae HASIBHICTh TaK
3BaHUX EKCTPEMAJIbHUX CTaHIB (PEaKTHUBHI JIOHO30JIOTT4HI a00 MaTOJOT14HI CTAHN).

Takum 4YMHOM, OCHOBHUMH KPUTEPISIMU OIIHKH, a CaMe, OIIHKH XapaKTepy
peakiiii opraHi3aMy Ha i1H(MOpPMAIliHYy CTPYKTYpY TPYAOBOTO TMPOIECy € Kpurepii
anexBatHocTi [3]. IlomiOuuit crmoci6 ominku @OC 06e3yMOBHO HaAIMHUN TIpH
BUpIIIIEHH] 3aBJaHb MIABUIICHHS €(QEKTUBHOCTI Tpail Ta MPOTHO3YBAHHS
EKCTpEeMaJbHUX Ta MATOJOTIYHUX CTaHiB. Buaiisaiore Tpu (yHKIIOHATIBHI SKICHO
BIIMIHHI CTaHM OpPTraHi3My TiJ Yac TPYIOBOI MIsIILHOCTI: HOPMaJbHUMN, TPAaHUYHHMA
(MK HOPMOIO Ta TaToJOTi€l0) Ta martosioriunuii [1]. Taki QyHKIIOHANBHI CTaHH
OpraHi3My MOYTbh IPOSBIISITHCS MPU PI3HUX BUAAX K (PI3UYHOI, TaK 1 PO3yMOBOIi
JUSITBHOCTL. Y TpoIecl TPYyAOBO1 MISUIBHOCTI Y JIIOJJUHU MOXKe C(PopMyBaTHUCS JIUILIEC
OJIUH 3 TPbOX BUIIEBKa3aHUX (DYHKIIOHAJIBHUX CTaHIB. BOHM CIyrylOTh KpUTEpiEM
JUIi  BCTAHOBJICHHSI ~ KaTeropii  Ba)XKOCT1  mpaili, a TaKoX JO3BOJISIIOTh
nudepeHniioBaHe OOTPyHTYBAHHSI CUCTEMHU KOPEKLIi Mpane3naTHocTi ¢axiBus ado
3axoxiB mpodeciitHoi peabiiTartii.

5.2. EpronoMiyHuii MOIyJib TPYAOBOI AisILHOCTI (axiBus

3rilHO METOJOJIOTIi 1HQOPMaLIMHUX TEXHOJOTIH, sIKa IPYHTYETbCS Ha Tpiaii
"maui — iHopmaris — 3HanHg" (B. I. I'punenko, A. b. Kotoa, M. 1. Bogk, C. I.
Kidopenko, B. M. benos, 2006) [10, 11, 13] Oyno 3ampornoHOBaHO MOJIEIb
peamizamiii KoHIEMii 30epeKeHHS TPYAOBOTO TOTEHIIAJly Ha BCIX eTamax
npodeciiinoi 6iorpadii T0UHY, siKa TOOYI0BaHA Y BUTJISIII €prOHOMIYHOTO MOJTYJIO
TPYAOBOI AiSTBbHOCTI (axiBis (puc. 3).

[Tpodins "mpodeciiitnoro 3mopoB's" (axiBisg K eproHOMIUYHO BepU(IKOBaAHUI
IPOAYKT PEali30BaHO 3a JOMOMOIO0 1HPOPMAIIITHUX TEXHOJIOTIH.

CtpykTypa Ta 3MICT 3alpOIIOHOBAHOTO E€PrOHOMIYHOTO MOMAYJIIO TPYIOBOI
JUsITBHOCTI (haxiBIs BKJIIOYAE TPU (PYHKIIIOHAJIbHI OJIOKH, KOXKEH 3 SKUX MPEACTaBIIsE
TEXHOJIOTII0 OTpPUMaHHS JaHuX, 1HGopmalii Ta T YHOPSAKYBaHHS 3 METOIO
($1310J10T1YHOT parioHaIi3alli TPY10BOi MIsUIBHOCTI (haxiBIis.

[IpyrHIMIIOBI BIIMIHHOCTI 3alPOIIOHOBAHOTIO y po0OTI 1H(POPMAIIHHOTO T1IX01y
MOJISITAIOTh Y aITOPUTM1 MOHITOPUHTY, OLIIHKY Ta KOPEKIIii Mpane31aTHOCTI
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Puc. 3. CTpykrypa Ta 3MiCT €proHOMIi4YHOI0 MOYJII0 TPYA0BOI AiSlJIbHOCTI
¢paxiBusa (Xapkosiawk-banakina H. B., 2020)

npauiBHuKa. CucreMa MEPBUHHOTO OOCTE)KEHHS (CKPUHIHT) BKJIIOYAE MapaMeTpu
TPYAOBOIO MOTEHIiaNy (BIAMOBILAHO 10 TpodeciiHoi AiSIBbHOCTI (paxiBLs), TEMITY
CTapiHHA Ta XapakTEepUCTUKU (PYHKLIOHAIBHUX MOXJIMBOCTEH 3a0e3nedeHHs
ebextuBHOCTI Tpami. OOrpyHTyBaHHS BUOOpYy mapameTpiB  iHdOpMaIliitHo-
CTPYKTYPHOI MOJIEJI 1HTErPAJIbHOI OIIHKU PO3yMOBOI Tpare31aTHoCTi (axiBIis (puc.
4) Ga3yBajocs Ha HAyKOBUX JaHUX (pyHIaMEHTadbHUX (Pi310JIOTTYHUX AOCTIIKEHD,
TOOTO MEPBUHHOIO 1H(OPMAIIHHOTO MACHUBY, 1110 € TEPIIMM 1 HEOOX1THUM KPOKOM Y
Mi3HAHHI 00°€KTa, AKUU JociipkyeTbes [29, 30, 31].

3 mo3uilii ajanTauifHO-peryIsiTOpHOI Teopii, BUCYHYTOI akajaeMmikom B. B.
®poabKICOM, CTApIHHA — 1€ HE TUIBKH IPOCTE 3racaHHs OOMiHY Ta (yHKLIH, ane i
MOOUTI3aIlsl MPUCTOCYBAIbHUX MexaH13MiB "BiTaykTy" [28]. OTxe, TeMn CTapiHHS
JIOJIMHYA BUCTYMA€ BaroMuM (HakTOpoM JIIMITYBaHHSI TPaIE3aTHOCTI, OCKUIbKU
MOB’SI3aHUIM 3 3arajJbHUMU 3aKOHOMIPHOCTSIMU BIKOBHUX (DYHKI[IOHATBHUX 3MIH
opraniamy [24]. Takum 4YuHOM, IHTErpajibHa OIliHKA IMpale3aaTHOCTI JIOJINHU
dbopmyBaniacs 13 OIIHOK HACTYMHUX (H1310JIOTTYHUX KOMIIOHEHTIB MCUX0(}1310JI0TIUHE
3abe3neuenss (I13PII) ta temn crapinns (TC) monunu (puc. 4).
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IHTerpanbHa oUiHKa po3yMoBoi NpauezgaTHocTi (PM) gaxieus

[
I ]

“ McuxodizionoriuHe 3abesneuenns P (M3PIT) Temn ctapiHug (TC) nroguHn
4 Y
| I
3 IHTenekTyanbHa cknagoea Pl Emouinna cknagosa Pl 3aranbHui isnyHMI )
(ICPIM) (ECPIT) cTaH nioauHn (3eC) b
CHcTeMa CpHiHATTS CrcTema perynaui »| Cepueso-cyanHHa cuctema (CCC) |
III ] Ta nepeP06KM puUTMy cepLs
iHchopmauii (CCMI) (CPPC) »| CucTema 30BHiWHLOrO guxaHHa (AC)
r A
»| BecTtubynapHa cuctema (BC)
III dizionoriyHi KOpenATy NpayesfaTHoOCTi Ta TeMNY CTApPiHHA NMIOOUHNK:

YCC (xs. -1), CAT (Mm pm. cm.), QAT (mm pm. cm.), 2KEN (1), 3084 (¢), 30eug (¢), Cb (¢), TT
(kinbkicTb pyxiB), CH (¢), OK3I (%), OKCI (%), Ne (%), RRNN (mc), SDNN (Mc)

Puc. 4. IndopmaniiiHO-CTPYKTYpPHA MOJE/Ib IHTErPAJIbHOI OLiHKH
po3ymosoi npauezaataocti (PII) ¢axisus (1, 2, 3, 4 — piBHi iepapxii)

Bigomo, mo mcuxodizionoriune 3a0e3MedeHHs Mpare31aTHOCTI JIIOJAUHHA TPU
PO3yMOBUX HABAaHTAKEHHSAX IOB'SI3aHE 3 peaji3ali€r0 BUIIMX MCUXIYHUX (DYHKITIH
moauan. OCKUTBKY TICUXIYHI TIpoliecu (30KpeMa, CIPUUHATTS Ta aHam3 iHdopmariii,
3amam’siITOBYBaHHS Ta BIATBOPEHHs 1H(OpMaIii) pa3oM 13 CEHCOMOTOPHUMHU
peakiisiMu  BiJOOpakaloTh I1HTEJEKTyallbHY CKJIAJOBY 3a0€3Me4YeHHs] pPO3yMOBOI
npane3aaTHOCTI JIIOJUHU, TO CHUCTeMa CHOPUHHATTS Ta mnepepoOku iHdopmarlii, 3a
nanumu I'. B. KpoOeitHikOoBa, BHCTYyMa€e TOJIOBHOK JIAHKOK) BIKOBOi 1HBOJIIOIIIT
NcUxo(i310J0TIYHUX MEXaHI3MIB po3yMoBOi aisnbHOCTI [15, 16, 23]. Boanouac,
ncuxodizionoriyHe 3a0e3neyeHHs po3yMOBOI Mpale3IaTHOCTI JIIOJAUHY OB’ s3aHe 3
E€MOIIIMHOI0 CKJIQJIOBOI0, OCKUIBKM TIOMipHE IMIJABUIIEHHS HEPBOBO-EMOIIMHOTO
HaIpYy>KEHHS CIIPHUSi€ TOKPAIIEHHIO IMOKAa3HUKIB PO3yMOBOI Mpale3laTHOCTI Ta
noTpeOdye ONTUMATLHOTO 301IBIIIEHHS TICUX0(]P1310JI0TTYHUX BUTpPAT.

Hapasi, B ymoBax po3yMOBOTO Hallpy>K€HHSI PEAKTUBHICTh BEreTaTHBHOI
PEryysIili pUTMy Ceplis BUSBISETbCS 3HAYHO PaHINIEe 1HIIUX Te€MOJWHAMIYHUX 3MIiH
[6]. dDi3ionoriyHO 1Iel MeXaHi3M OOIPYHTOBAHUN pE3yJbTaTaMU JIOHTITYIUHATBHUX
nociipkeHs 3akoproHHux aBTopiB (McCraty R., Atkinson M., Tomasino D., Bradley
R. T.), mo pe3omMyloTh (QyHIAMEHTAIbHY KOHLEMIIO Y3TOHKEHOCTI PI3HUX
(yHKLIOHATBHUX CTaHIB 13 cepueBMM putMoM [35]. OTke, Ha TpPEeTbOMY pIBHI
1H(OpMaLIHO-CTPYKTYPHOI MOJIeI OLIIHKU 3a0e3MeUeHHs PO3yMOBOI
npane3fgaTHOCTI  JIOAWHU  OyJIo  BIJOKPEMJIGHO  CKJAJ0Bl  3a0e3medyeHHs
npane3faaTHocTi moaunu: iHTenekryansHa (ICPIT) it emomiiiHa ckiiasioBi po3ymMoOBOi
npaue3gatHocti (ECPII), saxi ¢GopmyroTbesi 3 OLIIHOK MOTOYHOTO CTaHY CHUCTEM
(IpyrHil piBeHb): CUCTEeMH CIPHUHATTA Ta nepepodku iHpopmarii (CCIII), cucremu
perymsuii putmy cepist (CPPC) (puc. 4). Kpim Toro, oTpumani jgaHi JOBENH, IO
crienudika TPYAOBOI MISJIBHOCTI 0ci0 pPO3yMOBOi Ipalll MOB’si3aHa 3 BIUIMBOM
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TMOKiHE311, K OJHOro 3 (DaKTOPiB PU3UKY MATOJOTIYHHMX 3MiH (YHKIIOHATBHOTO
CTaHy KapJl0-pecHipaTopHOi CHUCTEMH Ta OIOPHO-PYXOBOTO amapaTy, OTXKe,
saranpHui (piznunuit ctan (3®C) mroguHU OYJI0 BUAIICHO OKPEMHUM CKJIAJO0BHM
napamMeTpoM (TpeTiii piBeHb, pUC. 4), OILIHKY SKOTO MOXHA OTPUMATH 32 CTaHOM
cepueBo-cyauaHoi (CCC), muxanpHOoi (JIC) Ta BectuOymspuoi cucremu (BC)
(mpyruii piBeHb, puc. 4).

[lepmmit  piBeHb  1HQOPMAIIAHO-CTPYKTYPHOI ~ MOJENI  TPECTABICHO
(h13107I0TTYHUMH KOPEJISITAMU MParie3aTHOCTI Ta TEMITY CTapiHHS JIIOAUHU (puc. 4):

UCC, xB.-1 (gacToTa ceprieBUX CKOpOUYEHb y CIIOKOi);

CAT, MM pT. cT. (CUCTOJIIYHUIN apTepiaIbHUN TUCK);

JHAT, MM pT. CT. (I1aCTOJIIYHUI apTepiaJbHUN TUCK);

XKEJL, 1 (KUTTEBA EMHICTD JIETEHIB);

3/1Ba, ¢ (TpUBaIICTh 3aTPUMKHU JUXAHHS HA BAMXY);

3/1Bun, ¢ (TpUBaIICTh 3aTPUMKU JIMXaHHS HA BUJIUXY);

CBb, ¢ (ctatnuHe OamaHCyBaHHS);

TT, xiIbKICTh pyXiB (3arajpbHa KUIBKICTh PYyXiB KicTi 32 30 ¢ mpu MpOBEICHHI
TEMIHT-TECTY, 32 IKUM OIIIHIOETHCSI BUTPUBAJIICTh HEPBOBOT CUCTEMH );

OK3II, % (obcsar KOpOTKOYACHOI 30pOBOi Mam’sTi — KUIBKICTh BiITBOPEHUX
udp 13 TaGauIll 3 ABAHAAUATHMA BUNAAKOBUMH duciaamMu Bia 11 1o 99, ski npotsarom
30 ¢ HeoOXiaHO 3amam'siTaTy, IepeBeIcHa Y BIACOTKH);

CY, c (momuika CIpuUHATTS yacoBoro iHTepBaity 30 c);

OKCII, % (oOcsar KOpOTKOYACHOI CIyXOBOI NaM'ATi — KUIBKICTh UHUQp,
BIITBOPEHUX y 3BOPOTHOMY MOPSAKY, 13 J€B’ATH 3alPONIOHOBAHUX CHMBOJIIB IPH
BepOalbHOMY 3aBJIaHHI, IEPEBEACH] Y BIJICOTKH);

Ne, % (HamlliHICTh yBarm — PO3PaxOBYETHCS SIK PE3ydbTaT CHIBBIIHOLICHHS
KUTBKOCTI TPaBUJIbHO BUKOHAHUX 3aBJaHb Ha yBary J10 3arajibHoO1 KiJIbKOCT1 3aBJaHb,
nomMHoxeHui Ha 100 %);

RRNN, Mc (cepenHs TpuBaicTh Kapi0iHTEPBAIIB);

SDNN, Mmc (cepenHe KBaipaTUYHE BIAXUIICHHS KapIIOTHTEPBAIIB).

TakuMm 4yMHOM, CHIOCIO IHTETpaIbHOI OIIHKK Mpare3aTHOCTI ¢axiBIl (MOIYIb
"[Ipane3naTHicTh") 0a3yeTbcsi HA HACTYIMHUX METOJMYHHMX MpUMOMax: YHidiKaIlis
pi3HOSIKICHOT 1H(¢oOpMaIli Ta CHHTE3 Yy3araJlbHEHHWX OIlIHOK Ta JO03BOJSE YCI
JOCTIKYBaH1 (i310JI0T14HI MOKa3HHUKH, 110 MalOTh Pi3HI PO3MIPHOCTI, YHi1(IKyBaTH
Ta MPEACTaBUTH y €AMHOMY piama3oHi 3MmiH Bix 0 g0 1 3a BIKOBOIO HOPMOIO.
Peanizaris croco0y iHTErpaqbHOI OLIHKH Mpare3faTHOCTI (paxiBLs MPU PO3YMOBHUX
HABAHTAKCHHSIX 0a3yEThCS HA TIOCIIIOBHOCTI HACTYITHUX il (puc. 5):

1) BumiproBaras (izionoriuanx nmokaszHukis (X): UCC, xB. -1; CAT, mm pT. cT.;
HAT, mm pr. ct.; XKEJL, n; 3/IBa, c; 3Bun, c; Cb, c; TT, kinbkicts pyxiB; OK3II, %;
CUY, c; OKCII, %; Ne, %; RRNN, mc; SDNN, wmc;

2)ix yHidikaiis, ToOOTO mnepeBeAeHHsS B 1HQopmariiiiHi (XBigH) 3aco0om
yHi(ikamii pizHoskicHoi iHGopmanii: YCCeign, CATBian, JATBigH, KEJIBiaH,
3saBign, 3/IBunBigH, Cheign, TTeign, OK3IIBiax,, CUBign, OKCIIBiaH, Ne BijH,
RRNNBiaH, SDNNBIiJH, BUKOHYETHCS BIAMIOBIHO /10 BIKOBOI IPYIH 0OCTEKYBaHOTO;

3)iepapxiuHa 3ropTka YyHiI(IKOBaHMX MOKa3HUKIB (XBIJH) 3ac000M JIHIHHO
BUB&)XEHUX CyM (3rifHO MOOYI0BaHO1 1H(MOPMAIIHHO-CTPYKTYPHOI MOJEINI OIIHKH,
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puc. 4), 3 BIANOBIIHMMH BaroBUMu KoediuieHTamMmu (o), IS OTpUMaHHS
y3araJbHEHUX OIIHOK CTaHy cHUcTeM 3abe3neueHHs npame3gaTHocTi oauHu (6CCC;
SJ1C; dBC; o0CCIII; 0CPPC);

4)iepapxiuHa 3ropTKa Yy3arajlbHEHHMX OIIIHOK CTaHy CHCTeM 3a0e3leueHHs
nparnesaatHocTi moauan (0CCC; 6/1C; oBC; SCCIII; 6CPPC) (3rizHo modyaoBaHOi
1H(MOPMAIIHHO-CTPYKTYPHOI MOJIEJI OIHKU, puc. 4), 3 BIANOBIAHUMH BaroBUMH
koedimientamu (B), I OTPUMaHHS y3araJbHEHUX OI[IHOK CKJIAJOBUX 3a0€3TMCUCHHS
npane3aatHocTi groauau (A3DC; AICPIT; AECPII);

5)iepapxiyHa 3rOpTKAa Yy3araJIbHEHUX OI[IHOK CKJIAJ0BUX 3a0e3IeUeHHs
npanesgatHocti  moguHu  (A3DC; AICPII; AECPII) (3rizHo moOyaoBaHOl
1H(OpPMaIIHHO-CTPYKTYPHOI MOJEJI OLIHKK, puc. 4), 3 BIANOBIAHUMH BaroBUMH
koedimienTamu  (y), U1 OTPUMAHHS y3araJlbHEHHMX OLIHOK  (P1310J0TTYHUX
KOMIIOHEHTIB Mpale3/laTHOCTI JIOAWHU MpU PO3yMOBUX HaBaHTaxkeHHsX (ATC;
AIT3PI);

6) iepapxidyHa 3ropTKa y3arajJbHCHHX OIIHOK (1310JIOTIYHUX KOMIIOHEHTIB
Mpare3aTHOCTI JIIOAUHU Tpu po3ymoBux HaBaHTaxkeHHs X (ATC; AII3PII) (3rimno
o0y 1oBaHOi 1H(GOPMAIIHHO-CTPYKTYPHOI MOJIEI OI[IHKH, pUC. 4), 3 BIAMOBIAHUMU
BaroBuMu KoedimieHTamMu (W), Il OTPUMaAHHS IHTETPAIbHOI OI[IHKA PO3yMOBOI
nparne3natHocTi ¢axisig (APTI).

[aTerpanpHa OIiHKA Mpale3JaTHOCTI PO3PaXxOBY€EThCS BIJAMOBIAHO 10 BIKOBOI
rpynu oOCTEXYBaHOIrO Ta BioOpaxae "mpodeciitHe 310poB’sa" (axiBLs JOIUHU 3a
HAaCTyHUMHU (PYHKIIOHAJIbHUMHU CTaHaMH — HopMalibHUU ("BikoBa Hopma" Ta
"nomycTuMe BIOXWJICHHS B1JI BIKOBOI HOpMH'), TpaHMYHU ("KpUTHYHE BIAXWUIIEHHS
BiJ1 BIKOBOi HOpMH") Ta matoioriynuit ("qoH03050T1YHUM cTan").

Jliara3oH 3HA4Y€Hb IHTETPAILHOI OI[IHKK "KPUTUYHE BIIXWICHHS BiJ BIKOBOI
HOpMHU" BKaszye Ha 30uTbIneHHS (Di3i0J0ridHOi "HIHKU" BHKOHYBaHOi poOOTH, IO
noTpedye 3acTOCyBaHHS 3ac0o01B BIJIHOBIICHHS Mparie3faTHOCTI. Jliama3oH 3Ha4YeHb
IHTErpajibHOT OIIHKH "OHO30JI0TTYHUI CTaH" YMOBHO BiI0Opakae mepeHarnpysKeHHs
ajanTalifHuX MEXaHi3MIB, BKa3y€ Ha pPU3UK BHUHUKHEHHS JECTPYKTHUBHUX
(maTosioriyHuX) GYHKIIOHAIBHUX CTaHIB OpPraHi3My JIIOAMHH Ta OOIPYHTOBYE
3acTocyBaHHA MpodeciiHo-TpyaoBoi peadutiTamii. OTxe, OTpUMaHUN MPOPLIb
"mpodeciitHoro 310poB'a" (axiBisg IHTErpAIbHO BII0Opakae 00’ €KTUBHI IMapaMeTpH
(GYHKIIIOHAIBHOTO CTaHy TMpaIliBHUKA, IO OOIPYHTOBYE 3acTOCYBaHHS 3acoOiB
npoiTaKTUKA Ta KOPEKIi Mpane3faaTHocTi (Moayns "AmantauiiHuid moTeHIian")
abo mpodeciiiHoi amamnTartii, mepeopientamii (Momynb "lIpodeciiina peaGimiTaris')
(puc. 3).

Monyns "ApanTamniiauii moTeHmian" OpiEHTOBAaHWN Ha TOJOJAHHS HACIIIKIB
HEraTuBHOT Al TpodeciiHUX YUHHHUKIB (HEPBOBO-EMOIIIHA HAIMPYXEHICTb,
rinokinesist). @OYHKIIIOHAIBHO pO3paxOBaHW Ha TPOPUIAKTUKY MPUCKOPEHOTO
npodecifHOro CTapiHHS Ta BIJHOBJIGHHsS Tpare3laTHoCTI (axiBIliB, OIlIHKA
"mpodeciitHoro 370poB'ss" AKUX BIATMOBIIA€ MEXaM BIKOBOI HOPMH Ta JIOIYCTHMOTO
BIIXUJIEHHS. 3aco0aMu BHUCTYHalTh psAJ  (PITHEC-TEXHONOTIH, 3 JIOBEICHUM
TpeHYBaJIbHUM €(eKTOM, K1 MiABUIIYIOTh aJanTalliiHui MOTEeHITia JIIoAuHu [29].
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BumiproBanus ¢izionoriunnx nokasHukis (X):
YCC (xs. -1), CAT (mm pm. cm.), JAT (mm pm. cm.), K€EJI (), 3ABA (¢), 3ABUA (¢), Cb (c),
TT (kinbkicTs pyxiB), CU (c¢), OK3II (%), OKCII (%), Ne (%), RRNN (mc), SDNN (mc)

IMepeBenenns X <X <X | Xeiw=0
(izionoriunux i = <% =<7 max
NOKA3HHKIB Xs _|_> winn = (X = X" a) | Ko = X" max)
yqu)lKOBaHl (XBiﬂﬂ) Xnmtvc S XS Xmax; Xmin =AXv“min
3a BiKOBOIO HOPMOIO: . .

Bl}lH (X min X) / (X min 'Xmin)
OSXBD]HSI — XminSXSXHmin; Xmax=XHmax _r>

] |

Iepapxiune 3ropraHHs YHi(piKOBAHMX MOKAZHUKIB (Xpix,), Y3arajgbHeHi oliHKHA
(01 — 014 — BaroBi koediunieHTH): CTaHy CHCTeM
oy qCCBiuH + 0, CATsim{ + 03 I[ATBiﬂH = SCCC 3a0e3nmeYeHHs
o4 KEJL;pw + 05 3ABAgiam + 06 3ABMIGim = 51c > npane3xaTHOCTI
07 CByjpy = 0pc JIIOIUHH:
Og TTB[LIH + Oy OKCHBmH + (131 CquH + O OKSHBH}H + 012 Nenim{ = 8CCl'[I (SCCC), (8IlC)7 (SBC)a
013 RRNN iy + 14 SDNNmu Ocppc (dccm)s (Ocerc)
IepapxiuHe 3ropTaHHs y3arajbHeHUX OLIHOK CTAHY
cHCTeM 3a0e3NevYeHHsT MPane3IaTHOCTI JIIIHHM, Y3aranabHeni ouinku
(B1 — B3 — BaroBi koedinienTn): ,| CKIaNOBHX 336‘?3HequH’I
B1dcce + B2 dac + B3 Ope = Asac Npane3aTHOCT1 TI0JUHH:
Occmi = Arcen (Azac), (Aicen), (Arcem)
6CPPC - AECPII

= L

Y3arajibHeHi OLiHKH
(iziosoriunnx KOMIOHEATIB
| —»| mpamesnaTHOCTI nIOMHM MPH
PO3YMOBHYX HaBaHTA)XKCHHIX:

(Arc), (Anzpn)

IepapxiuHe 3ropTaHHs y3aralbHEHUX OIIHOK
CKIIaJIOBUX 3a0e3medeHHs mpale3qaTHOCTI JIOAUHH,
(v1, Y2 — BaroBi koedinienTn):

Azpc = Arc

Y1Awcen t 72 AECP)i'L_ZI Amspr

. ~
Iepapxiune 3ropTaHHs y3araabHEHHUX
OIIiHOK ()i3i0JIOriTHUX KOMIIOHCHTIB
HIpane3qaTHOCTI TIOJHHH IPH
PO3YMOBWX HaBAaHTaXXCHHAX,
(u1, P2 — BaroBi koedilieHTH):
11 Amspr + P2 Arc = Apn

InTerpansua ouinka PII monuuu, (App):
Ap = 0 " BikoBa HopMma"
—»| 0 <Apy <0,15 "gonycTume BixxuaeHHs Bix HopMu'"
0,15 < App < 0,69 "kpuTHYHE BigxXujaeHHs Bix Hopmu"'
0,69 < Apy <1 "moHo3oJ10riunmii cran'

Puc. 5. Cxema peastizanii cmoco0y iHTerpajabHOI ONIHKH NMPane3JaTHOCTI
JIIOAUHU NPH PO3yMOBUX HABAHTAKEHHAX

KirouyoBUM MPUHIMIIOM BHUCTYHA€ KOPEKIis SIK KaHal 3BOPOTHOro 3B’s3Ky. i
BEJIMYMUHOIO (DITHEC-HABAHTAXKEHb Y JAaHOMY BHUMAAKY PO3YMIIOTh KUIBKICHY MIpY
TpeHyBaanoro BILJIUBY (o6cxr Ta 1HT€HCI/IBHICTB) AKYy MOKHA OXapaKTepU3yBaTu 3
"30BHIIHbOrO" 1  "BHyTpimHbOro"  OOKy.  "3OBHIIIHE"  HaBaHTaKEHHS
XapakTepu3yeThcsl AK (i3UuHEe 1 BU3HAYAETHCA 3a TPUBAIICTIO 1 IMIBUIKICTIO
BUKOHAHMX BIPAaB, KUIBKICTIO MOBTOPIB, MIAXO/IB, €JIEMEHTIB TOIlO. "BHyTpimiHe"
ab0  (i3ioJOriyHEe HaBaHTAXKEHHS € MIpo MoOUTi3auli  (yHKUIOHAJIBHUX
MOKJIMBOCTEW OPraHi3My Mijf 4aC BUKOHAHHS TPEHYBAJIbHOI pOOOTH 1 BPaXOBYETHCS
3a TaKMMU TIOKa3HUKaMH, SK BUKOPHCTAHHS KHCHIO, KHCHEBUU OOpr, 4dacrora
CEPIIEBUX CKOPOYEHb, apTepiaibHuii TUCK, PH-KpOBIi, JaKTaT KPOBI TOIIO. 3 TOYKH
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30py YIpaBlIiHHS "30BHIMIHE" HAaBAHTAXKCHHS XapaKTEPU3YETHCS MPSIMUM 3B’ SI3KOM,
KWW CIPSIMOBAHHUMA BIJ] KEPYIOUOTO 00’€KTy (TpeHepa-MeTOauCTa) 0 KEPOBAHOTO
00’exTy (ocoOu, sika BUKOHYe BrpaBH). Lleil 3B’A30K HOCUTH BUAMMHI XapakTep.
"BHyTpimHe"  HaBaHTaXEHHS  XapaKTEPU3YETbCS  3BOPOTHUM  3B’SI3KOM 1
MPOSIBISIETHCS SIK BUJMMA YacTHHA - OloMeXaHIuyHa CTPYKTypa PyXiB 1 HEBHAMMA
YacTUHA - peaklis BHYTPIIIHBOIO CEpEelOBUINA OpraHi3My JIIOJUHHU, TOOTO
TpeHyBabHUN edekT. EQexkTuBHICTF 3BOPOTHOTO 3B 3Ky BH3HAYAETHCS 3a
pe3yibTaTaMu A1arHOCTUKH (PYHKIIOHAIBHOTO CTaHy (KapAio-pecnipaTopHa CUCTEMa,
OTIOPHO-PYXOBUM amapar). DITHEC-TEXHOJIOTISI PO3POOIAETHCA 1HAUBIIYyaTbHO, B
3aJIKHOCTI  BiJ BHUXIJIHOTO CTaHy oOpraHi3my (piBHS (YHKI[IOHYBaHHS Ta
(GYHKIIIOHATBHUX PE3EPBIB), BKIIOYAE O3J0POBYl 3aC00M KapAlo-TpeHYBaHb, 3aCO0U
MOJIIMETPUYHUX TPEHYBaHb Ta CKJIAJHO-KOOPAMHALIIIHI BIIPaBH .

Monyns "lIpodeciitna peabimitamis" po3paxoBaHUM Ha MPALIBHUKIB 13
(GYHKIIOHATLHUM CTAHOM JUHAMIYHOTO HEY3TOJKEHHS (KPUTHUYHE BIJXWIJICHHS BiJ
BIKOBOi HOPMH Ta JIOHO3OJIOTIYHHH CTaH). Y JaHOMY BHITQJIKy 3aCTOCOBYIOTHCS
3acobu npodeciitHoi amanTaiii Ta nepeopienTaiii. J{udepeniiiiioBano po3pooiseTbes
npodeciorpadiuyHa CTpyKTypa, MO BigoOpaxkae 3aTpeOyBaHICTh HA PUHKY MpaIl Ta
MICUXOJIOTIYHI BUMOTH mpodecii 10 JIOJWHUA 3 BHUAUICHHSIM OCHOBHUX 1 Oa)kaHUX
MICUXIYHUX OCOOJMBOCTEM, a TaKOXX MEAWYHI MPOTUIIOKA3aHHA. J{iarHOCTHYHUM
METOJIOM CIIyTY€ AOCHIDKEHHS (DYHKI[IOHAJIbHOTO BIKY Ta BH3HAYEHHS KOPEJST
TEMITy CTApiHHS JIFOJUHH.

TakumM 4MHOM, MpaKTUYHA 3HAYMMICTh JaHOI HAYKOBOI PO3pOOKH IOB’si3aHA 3
MIPOTHOCTUYHOIO OLIIHKOI "TipodeciitHoro 370poB’s" nepcoHany Ta OOIpyHTYBaHHSIM
CBOEYACHOI'O 3aCTOCYBAaHHS 3aco0iB BIJHOBJIEHHS a00 mpodeciiHO-TPYyAOBOI
pealumiTarii.

5.3. BuiuB BikoBOro paxkropy Ha npodeciiiny peasnizaniroo npaniBHUKIB

Peamizanis  3anpomnoHoBaHoi po3poOku Moayns "Ilpane3gatHicTs" Mana
eTAITHUK XapakTep Ta Oyjla BIPOBAPKCHA Yy BIAJAUIL COLIAIBHOI T'€POHTOJIOTII Ta
reporirieHu Ha 6a3i Jlaboparopii npodeciiHo-TpyaoBoi peadbimiramii Y "lnctutyt
reponrojorii M. J[. ®. YebGorappoBa HAMH Vkpainun" 3a pesynbratamu
JIOHTITYJUHANIBHOTO Ta COLIAJBHO-TITIEHIYHOTO OCHIHKeHHS 255 mpare3gaTHux
oci0 BikoM 21 — 74 poku, mpodeciiiHo OB’ A3aHMUX 13 PI3HUMHU BUJAMH Tpalli. AHaJi3
pe3yJbTaTiB MPOBOJUBCS 3a PO3IMOALIOM JOCIIKYBaHUX 0CI0 Ha BIKOBI TPYIIU:
MIEPIIOTO MEepioAy 3piJIoro BiKY, APYroro Mepioay 3pijaoro BiKy, JITHHOTO BIKY.

Pe3ynbpTaT  JOCHIDKEHHS BIUIMBY BIKOBOro ¢aktopy Ha mnpodeciiiny
peaizaliito mpariBHUKIB MiATBEPAWIA €(EeKTUBHICTh 3aCTOCYBAHHSI 3alPOMOHOBAHUX
po3poboK (puc. 6).

Cnig  BIAMITUTH, 10 BHUBYCHHS OKPEMHX TapaMeTpiB  PO3yMOBOIi
Mpare3aTHOCTI JTIOAMHN 0OMeXye HaJaHHS 00’ €KTUBHOI OIIHKH (hYyHKIIIOHATIHLHOTO
cTaHy (axiBiisg, OCKIJIbKY BIKOBE 3HIDKCHHS MIBUAKICHUX MOKA3HUKIB 1HPOPMAIIHHOT
0o0OpoOKM BHUSBIICHE HA TJ1 BIJICYTHOCTI BIKOBOi perpecii HaaiiHOCTI PO3yMOBOi
nisbHOCTI [31]. AHaI3 CTPYKTYpH PO3MOJLTY OOCTEKEHUX OCI0 3a KpUTEPisIMU
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14 M= Cepe/iHili 4ac BUPILLEHHA TeCTOBOTo
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MpauiBHUKK MpauisHWKK Apyroro MpauisHKMKK
NepLlworo Nepiogy nepioay 3pinoro Biky NiTHLOTO BiKy
3pinoro Biky

== HaiiiHicTb pO3yMOBOi AifanbHOCTI, %

Bixkosi rpynm

Puc. 6. Po3noaiii nMTOMOI 4acTKH 00CcTe:KeHUX npauiBHUKIB (%) y Mexkax
BIKOBHMX I'PyIl 32 KPUTEPisIMHM iHTErpajibHOI OLIHKHM PO3yMOBOI NPALE3AATHOCTI
Ta BiKOBI 3MiHM 3HA4YeHb Il OKPpEeMHUX NIapaMeTpiB

[HTerpanbHOi OLIHKKM PO3YMOBOI MPAaLE3IaTHOCTI BHUSBUB BIKOBY TEHJIEHIIIIO
30UThIIIEHHST ()i310JIOTIYHUX BUTpAT 3a0e3nedeHHs] eEeKTUBHOCTI Mpaill 32 3MIHOIO
CHIBBIJTHOIIIEHHSI OCI0 y AOCIIKyBaHUX BIKOBUX rpymnax (puc. 6). binbme 80 %
MPAIiBHUKIB BIKOM 70 35 pOKiB MarOTh (PYHKITIOHAJIbHI MOMJIMBOCTI 3a0€3TMEUCHHS
e(eKTUBHOCTI TIpalli B MEKax BIKOBOT HOpMHU. Y TPYIIi 0Ci0 IPyroro mepioy 3pijaoro
BIKy 4YacTKa Takux oci0 3MeHiieHa 10 67 %. [ligBumieHHs 4acTKW OOCTEKEHHX 3
KPUTUYHUM BIJXHJICHHSM Bl HOpMH 10 26 % y rpyIi oci0 JITHBOTO BIKY CBIIYHTH
PO BIKOBY TEHJCHIIIO /10 PU3MKY BUHMKHEHHS JECTPYKTUBHHX (YHKIIOHATBHUX
CTaHiB, IMOB’SI3aHUX 3 MEPEHANPYKCHHSIM aJanTalliiHUX MeXaHi3MIB. Y JaHOMY
BUIAJIKy PEKOMEH/IOBAHO BBEJEHHS 3ac001B BIJIHOBIEHHS Mpane3aarHocti. Pazom 3
TUM, KUIBKICTh OOCTEKEHHMX 3 HAsSBHICTIO JOHO30JOTIYHOIO CTaHy B rpymi ocid
JTITHBOTO BIKY ckiagae 5 %, 1 11e B 3 pa3u MeHilie, MOPiBHIHO 3 0coO0aMu MOJIOJIIIOT 32
BIKOM TpYIIH, 110, HA HAI MOTJIs, NOB’s13aHe 3 mpodeciiiHuM Bimoopom. OTxe, s
LMX MPalIBHUKIB 3aCTOCYBaHHS NpodeciiiHO-TpYy10BO1 peadimiTauii € (pi310J0T14HO
HEOOX1THUM.

BucnoBkn

Y mpomeci cuctemHoi TpaHcdopmallii eKOHOMIKM YKpaiHu pPO3B'S3aHHS
npo6sieMu MpodeciitHOTO TOBTOMTTA 0a3yeThCsl HA ABOX MariCTpaibHUX HAMpPsIMKaX:
3a0e3MeyYeHHs] PaIliOHAFHOTO TMPAIeBIAITYBaHH Ta CTHUMYJIOBAHHS 3alHATOCTI
KBai(DIKOBaHMX TMpAIiBHUKIB. Y 1bOMYy KOHTEKCTI OyJl0 3ampONOHOBAHO
EpProOHOMIYHY TEXHOJIOT1I0 30€peXeHHs] TPYAOBOi aKTMBHOCTI OCI0 Mpare3aTHOTo
BIKY JJI TOTEHIIHHOTO BHPILMICHHS MPHUKIAJHOTO CIEKTPY 3aBAaHb 30BHIIIHBOTO
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yOpaBIiHHSI TPYAOBUM TiporiecoM. [0lOBHA cTpaTeris mnoJjsarae y 30epekeHH1
Mpale3laTHOCTI JIIOJUHU BOPOAOBXK HOro mnpodeciiHOro NUIsIXy 3a pPaxyHOK
npo(UTIAKTUKH IPUCKOPEHOTO MPOPECIITHOTO CTapiHHA.

BrnpoBamkeHHsT po3po0JI€HOr0 €proHOMIYHOTO MOJIYJIIO TPYJAOBOI IiSTBHOCTI
(daxiBIs A03BOJISIE OTPUMATH MPOTHOCTHYHY OLIHKY 'mpodeciiHoro 310poB's"”
nepcoHany Ta (Pi310JIOTIUHO palliOHANI3YBAaTH TPYAOBY MISIBHICTH 32 PAaXyHOK
IUQepeHLiHoOBaHOTO OOIPYHTYBAHHS CHUCTEMHU KOPEKIii (PYHKIIOHATBHOTO CTaHy Ta
npane3aaTHocTi (daxiBig ado mpodeciiiHol peabimiTarii. Y riaodanibHOMY IUIaH1
npoOJieMa Tpy0BO1 peadiiTallli 3JTMBAEThCS 3 MPOOJIEMOIO 301IBIIIEHHS TPUBAJIOCTI
KUTTSL.

3acTocyBaHHS 3alpPONOHOBAHUX HAYKOBHX PO3pOOOK Mae (Pi31070ro-TirieHIuHe
Ta COLIAJbHO-EKOHOMIYHE 3HAUEHHS, OCKUIBKH CIIyTyBaTUME JIOMOBHEHHSIM
HAayKOBHUX 3/I00yTKIB CY4YaCHOi TE€pPOHTOJOTII MI0J0 PaJAUKAIBLHOIO 301IbIICHHS
nepiogy akKTUBHOTO, IIOBHOIIIHHOTO, IPALI€3/1aTHOTO KUTTS JIFOJIUHU.

MOHOTPADHA 109 ISBN 978-617-7414-98-7



J{uuoeay,uonnbte MEXHOAOZUU 8 KUSHU COBPEMEHHO20 UCAOBEKA e

I'JTABA 6. QJIEKTPOTEXHUYECKHE KOMIIVIEKCBI
BAKTEPUILIUTHOI'O OBE33APA’KUBAHUSA BO31YXA U

IMMOBEPXHOCTEM
ELECTRICAL TECHNICAL COMPLEXES OF BACTERICIDE CONTINUATION AIR
AND SURFACE
EJIEKTPOTEXHIYHI KOMIIVIEKCHU BAKTEPUIIU/ITHOI'O SBHE3APAKEHHSA
ITOBITPS TA ITIOBEPXOHD
DOI: 10.30888/2663-9882.2020-01-017

Beryn

VYabrpadionerope OaKTEPUIMIHE BUIIPOMIHIOBAHHS € JII€BUM MPOGUIAKTUYHUM
CaHITapHO-CMIIEMIYHUM 3acO00M, KN TIOJABIISE YKUTTE3NATHICTE MIKPOOPTaHi3MIB Y
MOBITPSHOMY CEpPEIOBHILI Ha MOBEPXHAX Ta y Bozi [1-5].

B ocnoBi Oiomoriynoi nii Y®-BUMPOMIHIOBaHHS JIeKaTh XIMI4HI 3MIHU
MOJIEKY, 3aBASKHA YOMY yJIbTpadiosieTOBE BUIPOMIHIOBAHHS Ma€ MIUPOKUHN J1ana3oH
A1l Ha MIKpOOpraHi3MH, B TOMY 4YHCIi, OakTepii, BipycH, cropu, rpudku Tomro. Lle
SIBUIIIC Ha3UBAETHCA OAKTEPUITUIHOO I€I0, sIKa MPU3BOIUTH J0 3aru0eni BCiX BUIB
MIKpOOPTaHi3MiB, II0 TOB’A3aHO 3 HE3BOPOTHUMHU TMOLIKOKEHHSIMHU CTPYKTYPH
JIHK. Ilpomec mounHaerbcs 3 morimHaHHs Y D-¢goToHIiB y Mikpoopranizmi [3]. B
3a5IeKHOCT] BiJy Y D-MOTYKHOCTI 1 03U MOTJIMHAHHS ICHYE TPU YMOBHUX J1alla30HU
[1]:

1. IIpu Haa3BUUYaiHO BUCOKIM OMPOMiHEHOCTI MoBepxHi Y D-BunpomMineHHs (1-
10 kBt/cM?), sKa [OCATa€TbCs TINLKM 33 PaxXyHOK BUKOPUCTAHHS IIOTYKHMX
IMITYJILCHUX JDKepen [6, 7], Oaktepii abo 1HII MIKPOOPraHi3MHU MOTJIMHAIOTh
HACTUIbKM Oarato eHeprii, mo ix TemmepaTypa miaHiMaeTsess Bumie 130 °C,
B1JI0YBA€THCS NIEPETPIB MIKPOOPTaHi3MiB 1 iX TepMIYHE pyHHYBaHHS.

2. Ilpu cepenHix piBHAX MIUIBHOCTI Y D-BUMIPOMIHEHHS TEPMiUHA JECTPYKIIS HE
B1I0YBA€ETHCS, OJIHAK, SKIO MOTYXHICTh IIE JOCUTh BUCOKA, TO MOTIHMHAHHS Y-
BUMPOMIHEHHS 30BHINIHIMA MeMOpaHaMHu TPOTETHOBUX KIIITUH TMPHU3BOJIUTH [0
PYWHYBaHHS ITUX MEMOpaH 1 Jlaji A0 3aru0ei KIITHHH, [0 BUHUKAE Yepe3 BUTIKAHHS
MPOTOIIA3MH.

3. Ilpu HU3BKMX pIBHAX ONPOMIHEHOCTI Y ®D-BUIPOMIHEHHS 1 HE3HAYHUX
OTPUMAHHUX J103aX MEXaHI3M 1HaKTUBallll He TepMiuHM, a Y D-BUNPOMIHEHHS i€ Ha
MOJIEKYJIIpHOMY piBHI, koyii norauHanHs Y @-dotoniB JJHK 1 PHK moxxe nopymutu
3IaTHICTh MIKPOOpPraHi3My 10 BiaTBOpeHHs [3, 8]. A OCKUIBKM BOHM HE MOXYTh
PO3MHOXYBAaTHCS, BOHH HE MOXYTh BUKIMKATH 3aXBOPIOBaHH:I, Xo4ya (OpMalbHO
BOHM BCE€ III€ >KHUBI, OCKUJIbKHM BiJI0yBaeThCsi OOMiH pedoBHMH. Came TOMY CIIOBO
«BOMBa€» HE BXKUBAIOTH J10 JaHOro Ty Y P-3He3apakyBaHHS, a BUKOPUCTOBYIOTH
TEPMiH «IHAKTUBAIis». Y Cy4YacCHHX CHUCTeMaxX 3HE3apakKeHHsS 3aCTOCOBYIOTH 03U
Y ®-onpomiHeHHs, YMOBHO BiJHECEHI B HAWHMKYWHN J1aITa30H.

MOHOTPADHA 110 ISBN 978-617-7414-98-7



Hunosayuonnvle MeXHOAOZUY 8 KUSHU COBPEMEHHO20 HEA0BEKA g s {*

6.1. InakTUBaNiss MiKPpOOPraHi3MiB B eJIEKTPOTEXHIYHUX KOMILIEKCAX
3He3apaKeHHs MOBITPS Ta MOBEPXOHb

[Ipu po3poOIIl ENEKTPOTEXHIYHUX CUCTEM OaKTEpUIUAHOIO 3HE3apaKCHHS B
pisHuX cdepax arpomnpomucioBoro kommiekcy (AIIK), mpoBegemo po3paxyHKH
HEOOX1THUX OAKTEPUIIUAHUX BEIUYUH.

InakTuBarliss oprani3aMmiB BiIOyBa€ThCS 3a PaxXyHOK (POTOXIMIYHHMX pEaKIIiH,
e(DEeKTUBHICTD SIKUX 3aJICKUTh BIJl JOBKUHU XBUJI1 BUIIPOMIHIOBaHHS a00 BiJl eHEprii
¢borona. Tomy mpu TPOEKTYBaHHI Ta PO3POOII EIEKTPOTEXHIYHUX CHUCTEM
OaKTEepUIIMAHOIO 3HE3aPAKEHHS BPaXOBYEMO BITHOCHY OaKTepULIUJIHY €(hEeKTUBHICTD
Y ®-punpomineHHsl. BunpoMmiHeHHsl, iK€ CIpUYUHSAE OaKTEPULIMIHY [0, JEXKUTh Y
niana3oHi JOBXUH XBWIb 205-315 uMm [9].

Baktepunuauuii  notik Y®-punpominenns @, OymemMo oOLiHIOBaTH 3a
CITIBBIIHOIIIEHHSIM [6]:

315
@, = S p(2), xS(A)xdA (1)
ne (p(ﬂ)e —TYCTMHA  CHEKTPaJIbHOTO  pO3MOJALIY  IPOMEHEBOrO  IMOTOKY
BHUIIPOMiHIOBaHHA, BT/HM; S(A) — cmekTpanpHa OakTepuiuaHa €(EKTUBHICTH Y

BIJIHOCHMX OJMHULISX; A — JIOBXXKWHA XBUJI1 BUIIPOMIHIOBAHHS, HM.
Ha npakTuiii 11e criBBiAHOIICHHS Ma€ BUTJISI/L;

@, =Y p(4),, xS(A), x AL )
i=1
e (p(l)e,i — 3HAYEHHS MPOMEHEBOr0 MOTOKY, BUMIPSHOTO Ha IEBHOMY 1HTEpBai

nopxud xpumi AL; S (/1),. — 3HAa4YEeHHS CHEKTPajbHOI OAKTEPULIMIHOI 1HTEHCUBHOCTI
Ha TOMY ) CaMOMY IHTEpBaJl.

3Ha4yeHHs BiAHOCHOI OaKTepHUIMIHOI e(heKTUBHOCTI S(A) Ha JOBKXUHAX XBUIIb 3
3HAYCHHSIMH, KDATHAMH 5 HM; HaJaHo B TaOIuIIl 1.

Taoauns 1.
3HaYeHHs BiTHOCHOI OaKTePHUIIMIHOI e(PeKTUBHOCTI

A, HM S(/l) A, HM S(/l) A, HMm S(/l)
205 0,000 245 0,660 285 0,540
210 0,009 250 0,760 290 0,330
215 0,066 255 0,860 295 0,150
220 0,160 260 0,950 300 0,030
225 0,260 265 1,000 305 0,006
230 0,360 270 0,980 310 0,001
235 0,460 275 0,900 315 0,000
240 0,560 280 0,760 - -

Sxuo BuOpanuit iHTepBan AA JOBXWH XBWJIb € MEHIIMM, HDK 5 HM, TO
noTpiOHe 3Ha4yeHHsA S(1) Moxe OyTH 3HalifieHe JiHiiHOIO iHTepnosmiero. OTxe,
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3Ha4eHHS S(A1) Ha JOBXHHI XBWII A, SKE JIOKUTh B IHTEPBaJl IOBXKHUH XBHJIb
AA =4, =2, obuncmoemo 3a hopmysoro:

S(1)=5(4), + ’IA_}:L

1

x(S(2)., =S(2),), (3)

ne AS (l)i =S (/1)Hl - (ﬁ)i — pi3HHUILI MK 3HAYeHHsIMH S(A) Ha KiHISX iHTepBaiy,

mo posrmsaaeTses AA

3a Ttabaurero 1 11t DoBXKUHA XBUII 232 HM 3HAXOAUMO:

S5(232)=0,360 + 2327230 (0,460-0,360)= 0,4
235-230

[Hmi  GakTepuuMIHI BETUYMHMA Ta OJWHUII BHUMIPIOBAHHA BH3HAYaeEMO 3a
dbopmynamu [6]:
Eneprist 6akTepuiuHOr0 BUIPOMIHIOBAHHS (B JKOYIISIX):
0, =D, xt 4)
Jie ¢ — 4Jac A1l BUMPOMIHIOBaHHS, C.

bakTepunuaHa BUIPOMIHIOBaHICTh (y BaTaxX Ha METP KBaJpaTHUMN):

@
E =" 5
Vg )

ae S — IIoIIa OMpOMIHIOBaHOT MTOBEPXHI.

bakrepurnuana excrio3utlis (B ¢hoTo01010T1T — OaKTepUIaHa 1032a) (B HKOYIISIX
Ha METp KBaJpaTHHI)

D, xt Q
H — b — b 6
ETe T g (6)
O06’emHa rycTHHa OaKTEpULIMIHOI €HEPTii (B JXKOYJISX Ha METP KyO14HMIA)
0
== 7
&=7 (7)

ne V' — 00’eM OmpOMIHEHOTO MOBITPSIHOTO CEPETOBHIIIA.

3  (i3uk0-010JI0T1UHOT TOYKH 30py MIKPOOPTaHI3MH € KyMYJISTUBHUMU
(HakonmuuyBaJibHUMHK)  (POTOOIONOTIUHMMU —TpuiiMayamMu. Tomy, OakTepuIUaAHA
€(EeKTUBHICTh € MPOIMOPILIHHOI TOOYTKY ONMPOMIHEHOCTI Ha MPOMIXKOK Yacy, TOOTO
BU3HAYAEThCS J103010. KinbkicHY OIiHKY OaktepuiiuaHoi 1aii (i1 1HTEHCHBHICTB)
XapaKTepU3yl0Th BIJHOIIEHHSAM KUIbKOCTI N 3aru0iaux MIKpOOpraHi3MiB 10 iX
1o4aTkoBoi Kinbkocti N, :

N
1, =--%100% (8)

0

3anexHICTh OaKTEePUIIUIHOT €(PEeKTUBHOCTI ) , BLI 03U H , CTOCOBHO
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MIKPOOPTaHi3MiB BUPAKAEMO (POPMYJIOIO:

I, =alnH, +b, 9)
sKa BioOpaxae 3akoH Bebepa-DexHepa, 1110 BCTAHOBIIIOE 3aJI€KHICTh MK (H13UYHOIO
€0 Ha O10JIOTIYHUNA 00’ €KT 1 HACIIAKAMU i€l aii.

[lepeTBoproroun 1€ BUpa3 1 MOTIM MOTEHI[IIOI0YU OTPUMYEMO:

1,-b

H =e-" (10)
e a Ta b — 1omoMi>KH1 KOHCTaHTH BIJIHOCHO MIKPOOPTaHi3MiB IIEBHOTO BU]TY.

st dopmyna i BUKOpUCTaHA TPU CTBOPEHHI EJIIEKTPOTEXHIYHMX CHCTEM IS
KOMIUIEKCIB OaKTEPUIIMIHOTO 3HE3apakKeHHs, IO JIO3BOJIIE 3HAXOJIUTH HEOOXITHE
3HAYEHHS JI03H, SIKILO 33JaBaTUCS MOTPIOHUM piBHEM OaKTEpUIIMIHOT €()EeKTUBHOCTI
[3].

VY Tabauii 2 HaBOAATH EKCIEPUMCEHTAJIbHI 3HAYCHHS J103 1 OaKTEPHIIMIHOI
e(EeKTUBHOCTI BIJTHOCHO ACSKHX BHIIB MIKpOOpraHi3MiB, B pa3i nii Ha HuUx Y-
OTNPOMIHEHHSIM 3 JOBXHHOIO XBMII 254 HM, 1 BIJMOBIIHI 3HAYCHHS KOHCTAHT a4 1 b
[10].

Bei ckiiazoBi TEXHOJOTIYHOTO MPOLIECY, HIO BIUIMBAIOTh Ha OaKTEPUIUAHY
e(eKTUBHICTh YIbTPa(ioNIEeTOBOTO ONMPOMIHIOBAHHS IMOBITPS Ta MOBEPXOHb PI3HUX
MarepialiB mependauyuT He MOXJIMBO. Jlisg pimieHHs WX 3a1ad  [oTpiOHO
BCTAHOBUTHU 3aKOHOMIPHI 3aJIEKHOCTI €(peKTUBHOCTI Y D-BUNIPOMIHIOBAHHS Bij psIy
YUHHUKIB TEXHOJOTTYHOTO MPOIIECY.

Bupimenns mie€i 3agadi 1 € npoOJIieMHMM HHUTaHHSAM, OCKUIBKH pO3poOKa
€JIEKTPOTEXHIYHOTO KOMIUIEKCY 3He3apaxeHHss Y®D-mii ans pizauk AlIK 3anexursb
Bl BiacTMBOCTeH MmatepianiB [11] 1 € HEBiA €éMHOI YaCTUHHOIO TEXHOJIOTTYHOTO
MpolIEeCy.

bakrepunuany eheKTHBHICTh yIbTPadioneTOBOr0 OMPOMIHEHHS BU3HAYAEMO
MIIPaxXyHKOM YHCIIa MIKPOOPTaHi3MiB, 110 MICTSTHCS B TOBITP1 a00 Ha MOBEPXHI JIO 1
IICJIS ONPOMIHEHHS, a TIOTIM OIIIHFOEMO B IIPOIICHTaX 3a (POpMyII00:

Js £ 1-Ng/N; 1100% (11)
e N, - 4MCIO MIKPOOPTaHI3MIB 10 ONPOMIHEHHs; N, - YUCIIO MIKPOOPIaHI3MiB
HiCJsl OMPOMiIHEHHS.

bakTepionoriuni JOCHIIKEHHS TMOBITPs, 3MA1MCHEHI Ha psAal MiANPUEMCTB
XapyoBOI TPOMHUCIIOBOCTI Mepeadadanu BU3HAYCHHS 3arajibHOi KUIBKOCTI BMICTY
MIKpOOpraHi3MiB Ta 30J0THCTOr0 cradimokoky B 1 M’ HOBITPAHOro cepenoBHMINA
npumimieHHs. [ BU3HaueHHs 3arajibHOi KIJIBKOCTI MIKpOOPTaHi3MiB MPOKadyBaIH
100 1 moBiTps, a Ayt Staphylococcus aureus — 250 71 13 WBUAKICTIO 25 J1/XB.

Jns BU3HAYEHHS 3arajlbHOi KiIBKOCTI MikpoopraHisMiB B 1 M> moBiTps Bimdip
npo0 3aiiicHioBaiM Ha 2% MOXUBHOMY arapi, 1o 3a0e3neuye KOMIIEKCHUM pPICT
OinpmocTi Gakrepiit. Ilicns imky6amii mocisom mpu 37°C ma mpotsasi 24 roaun
BMKOHYBAJIH ITiIPaXyHOK KOJIOHIH 1 pOOMIM IepepaxyHoK Ha 1 m>.
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Taoanuda 2
3Ha4veHHs 103 i 0aKTepUIIUAHOT e)eKTUBHOCTI, 2 TAKOK KOHCTAHT d Ta b
Jo3u, /M2, 3a 3HaYeHHS
B ) .. OaKTepUILIUIHOT JIOTIOMIKHHUX
A MIKPOOPTAHISMIB e(eKTUBHOCTI, %0 KOHCTAHT
90 99,9 a b
bakrepii:
30JI0TUCTHH cTa1IOKOK 49,5 66 344 | 443
(staphylococc us aurens)
eniAepMIYHHM cTaiIOKOK
(staphylococcus epidermidis) 33 37 18,21 27,0
TeMOJIITUYHUN CTPENTOKOK
(staphylococcus haemolitucus) 21 3 10,31 59,0
3ETICHSIINIA CTPETITOKOK
(staphylococcus viridans) 20 38 1541 440
nudTepiitHa maauvKa
(corynebakterium diphteria) 34 63 15,31 36,0
TyOepKyJIbO3Ha aTNYKa 54 160 16.0 | 26.0
(micobacterium tuberculosis) ’ ’
JKOBTd CapIiHa 197 264 | 33,8 | 88,7
(sarcina flava) ’ ’
- CTIOPH CIHHOT MATMYKH
(bacillus subtilis) 120 2201 16,3 1 12,0
- KHIIKOBA MaJINYKa
(Escherichia coli) 30 66 12,6 | 47.2
- yepeBHOTHU(HA nanuyka (salmonella 71 A1 148 | 450
typh)) . 16 2 103 ]| 620
- nu3eHTepiitHa manuyka (shigella) 40 76 154 | 33.0
- CaJIMOHEJIa EHTEPITUIIC ’ ’
(salmonella enteritidis) 20 152 154 | 240
CaJIMOHEJIa MUIIAYoro Tudy
(salmonell'ei typhimurium) 55 105 153 | 28.6
- CHHBOTHIWHA TTaJTNYKa
(Pseudomonas aeruginosa) 40 120 7.0 56.8
- EHTEPOKOK (enterococcus)
Bipycu:
BIpYC TpHUITY 36 66 16,3 | 31,5
OakTepiodar KUIITKOBOI MAJIMYKH 36 66 16,3 | 31,5
['puOku: 314-640 - - -
- IP1KKOB1 TPHOKHU 120 - - -
- IPLKDKETOAI0H] TPUOKU 120- 364 — - -
- IUTICHSBHI TPUOKU 1800 3300 - -
Kpim TOro, BpaxoByBajgu CEIUMEHTAIII0 — TMPOIEC 3HUKEHHS KUIbKOCTI
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KOHIICHTpAIlii MIKpOOpPraHi3MiB B TMOBITPSHOMY CEpPEIOBHIII, BHACTIIOK OCIJIaHHS
YaCTMHOK MWy Mif Al€ro cuiM TsokiHHSA. Ha mpouec cemumenTariii TakoX BIUIHMBA€E
PYXOMICTh TIOBITPSTHOTO CEPEOBUINA, SIK MOKa3aHo B poboTi [3]. ®opmyna, 3aBasKu

3HUKEHHIO KiIbKOCTI Mikpooprarismie /N, Bim nouatkosoro pisas N, i3-3a
cenuMeHTalii HaOyie HACTYITHOTO BUIJISILY:

Ns=Nyexp(-K.t) (12)
ne K - mnocrilinmii koe}ilicHT, 3Ha4YeHHS SKOrO 3al€KUTh BiJ PyXOMOCTI
MOBITPSHUX MOTOKIB B MPUMIIIEHHI.

[IpoBeneHi AOCHIIKEHHS LBHOTO PIBHSHHS MOKa3aJid, IO JJs CIOKIMHOTO
nosiTpsinoro cepenosuma K =1,7-10*c!, npu nepemiinyBaHHi IOBITPs 3 JOIOMOTIOKO
BEHTWISITOPIB 200 MPUTOYHOI BEHTHJIAIIT €M MOKa3HWK 3MIHIOEThCS B Jiala3oHi
snauens K =(0,5-0,85)10*c™!, npu intencusnomy K =0 [OmmoOka! 3aknaaka He
omnpejeJieHa. |.

[Ipu ompoMiHEHHI MIKPOOPTaHI3MIB CIOCTEPIraeThCsi EKCIIOHEHIlialbHA
3aJIeKHICTh MK YUCJIOM THX, L0 BHXKHJIA MIKPOOPTaHi3MiB N, BiJl TIOYaTKOBOTO

piBHS N, 1 3HAUCHHSM JIO3H N, abo N, -
Taxkwuii mporiec mpy OMPOMIHEHHI ITOBEPXHI alPOKCHUMYETHCS BUPa3oM [5]:
Ng=Noexp( —osHs ) (13)
a TIpy OMPOMIHEHH1 00’ €MIB:
Ng=Nyexp( —oyHy ) (14)
1e: G5, Oy — KOHCTaHTH, IO XapaKTEPHU3yIOTh 3HAYCHHS (POTOUYTIMBOCTI

JTAHOTO BHJY MIKPOOPraHi3aMy BIANOBITHO MpPH IOBEPXHEBOMY abo 00 ’eMHOMY
yiIbTpad10JI€TOBOMY ONPOMIHEHHI.

BukopucroByroun gopmynu (13) 1 (14), orpumaeMo BUpa3 A OaKTEPUIIATHOT
€(eKTUBHOCTI MPU ONPOMIHEHHI MOBEPXHI:

Jo € Ng/Ny M00<£ 1—exp —oHs)) 100% (15)
1 ipu 00’ €MHOMY OITPOMIHEHHI:
Jo € Ng/No Y100 1—exp —o,H, )) 100% (16)

3 UMX BHMpa3iB BUIUIMBAE, 110 B TPAHMYHUX BHIAJKaX, MPU BLICYTHOCTI
3aru0IMX MIKPOOPTaHi3MIB TMICli ONPOMIHEHHs, OakTepuiuaHa e(EeKTUBHICTD
JOPIBHIOE HYNIO, a TpU TOBHOMY iX 3HHILEHHI OakTepuuugHa e(EeKTUBHICTDH
nopiBHioe 100 %. OueBuaHo, mo O Sk KOHCTaHTa (DOTOUYTIMBOCTI JAHOTO BUIY
Mikpoopranizmy (Oiompuitmaua Y®B), € OCHOBHOIO XapaKTEPUCTHUKOK MPOIECY
BILJIUBY BUIIPOMIHEHHS.

VY T1abn. 3 HaBe[eHI 3HAUEHHS KOHCTAHT JUIS JIEAKMX MIKPOOPTraHi3MiB MpH iX
ONPOMIHEHHI Ha TMOBEpXHI ab0 B MOBITP1 yJAbTPa(ioNE€TOBUM BUIIPOMIHEHHSAM 3
JIOBKHHOIO XBHI 253,7 HM.

[lepetBoprotoun popmynu (15) 1 (16) [5] 1 BUKOPUCTOBYIOUM B3STI 3 Tadid. 3
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3HAa4YCHHA KOHCTAHT, MOXEMO BU3HAYNUTH HGO6XiI[He 3HA4YCHHA A03U OJIA

Taboanusa 3
KoncranTu GpoTouyTIMBOCTI AJ151 AeIKHUX MIKPOOPraHi3MiB IpH ONPOMiHEHHi
nosepxHi (oy, M>/JI:k) Ta noBiTpsAHNX 06’ eMiB (o5, M>/JIK)

bakrepii Oy Gy ['pruOKOBI Pk ITKI Oy Oy
Bacillus anthracis 0,051]0,0195|Xni6onexkapcbki apixmki | 0,060
Bacillus megatherium (veg) [0,084| 0,034 |ITuBHi IpiXKIKi 0,070 | -
Bacillus megatherium 0.178/0,0743 HpixmkinoaiOni rpubu 0.038| -
(spores)
Bacillus paratyphosus 0,072(0,0274|Saccharomyces cerevisiae | 0,038 | -
Bacillus subtilis (veg) 0.032(0,0123 Sagchgromyces 0,038 i

ellipsoideus

Bacillus subtilis (spores) 0,019]0,0073|Saccharomyces sp. 0,029 | -
Campylobacter jejuni 0,209]0,0768
Clostridium tetani 0,019]0,0073 Criopu TUTICHSBH
Corynebacterium diphtheriae |0,069| 0,026
barunm nesenrepii 0,105] 0,040 |Aspergillus flavus 0,003 -
Eberthella typhosa 0,108] 0,041 |Aspergillus glaucus 0,004 | -
Escherichia coli 0,077 0,029 |Aspergillus niger 0,0014| -
Klebsiella terrifani 0,089( 0,034 |Mucor racemosus 0,013 -
Micrococcus Candidus 0,038| 0,015 |Oospora lactis 0,046 -
Phytomonas tumefaciens 0,023(0,0088|Pinicillium expansum 0,018 -
Mycobacterium tuberculosis [0,038| 0,015 |Pitnicillium roqueforti 0,018 -
Nesseria catarrhalis 0,053 0,020 |Rhizopus nigricans 0,002 | -
Micrococcus sphaeroidcs 0.053] 0,020
Pseudomonas aeruginosa 0,042| 0,014 Bipycu
Pseudomonas lluorcscens 0,065/ 0,025
Proteus vulgaris 0,086( 0,035 |I'enatut A 0,032 (0,011
Salmonella enteritidis 0.058| 0,022 |Bipyc rpuny 0,064 | 0,024
Salmonella paratyphi 0,072| 0,068 IMS-2 Coliphage 0,012 10,0043
Salmonella lyphimurium 0,029] 0,011 |TTomioBipyc 0,040 | 0,015
Sarcina lutea 0,012]0,0045|PoTaBipyc 0,028 10,0107
Scratia marcescens 0,095/ 0,037
Shigella paradysentcriae 0,141] 0,051 HaiinpocTinmi
Shigella sonnei 0,077/ 0,029
Staphylococcus aureus 0,047(0,0179|Cryptosporidium parvum [0,092 | 0,033
Staphylococcus faecalis 0,053 0,020 |Giardia lamblia 0,209 [0,0768
Staphylococcus hemolylicus [0,106] 0,042
Streptococcus lactus 0,037{ 0,014 Bogopocri
Streptcoccus viridans 0,043| 0,115
XonepHuii BiOpioH 0.066| 0,025 Xonepa 3Bu4aiiHa 0,019 i

(V.comma)

MOHOTPAPIHT

116

ISBN 978-617-7414-98-7




Hunosayuonnvle MeXHOAOZUY 8 KUSHU COBPEMEHHO20 HEA0BEKA E s t§

MIKpOOPTaHi3MIB IpH 3aiaHiid OakTepunuaHii epextuBHocTi 90, 95, 99 a6o 99,9 %
IpU TOBEPXHEBOMY 200 00’ €MHOMY OIMPOMIHEHHI:

Ho=-Lif -Js 107 Yo, /M? (17)
H,=-Li +Js 107 Yo, 0xM° (18)
BuxopucroByroun gopmyiy (16) ta ¢popmyiy, nepetBopeny i3 piBHsHHS (14),

KA BUpaXa€ 3aJICKHICTh KUTBKOCTI MIKPOOPTaHI3MiB, IO BHXWIH MM gieo YO
BUIIPOMIHIOBaHHS, OTPUMAEMO:

GVK¢¢6H'T'tj (19)

NB:NoeXp( V

Ile cCmiBBIHOIICHHS MO3BOJISIE 3HAWTH 3aJIEKHICTh 3HMKEHHS KIJIBKOCTI
MIKpOOPTaHi3MIB MiJ AI€I0 OJHOYACHO IBOX (akTopiB — Y D-BUIPOMIHIOBAHHS Ta
CeMMCHTAITI:

Ng :Noexp( GVK“’S/) on Tt j exp(-K,-t) (20)

Toni 3 BpaxyBaHHAM TOro, IO , OTPUMAaEMO BHpa3 1 IJs
NB :NO _NH

OaxkTepuuaHOI e(hEeKTUBHOCTI

—& — NB A —| 1— — GV|’<d)q>6”.’cl . A
S 100_(1 N0)1oo_(1 exp( ( 2 .chtDmo 1)

3a moaiOHMM NPUHLUIIOM BH3HAYAEMO OAKTEPUIUAHY €(PEKTHUBHICTH 1 NpHU
MOBEPXHEBOMY OINpPOMiHEH1 3a Gpopmyioro (13):

JGK:H_CB).']OO:( _’[:'I_:j.100=(1—exp(—(@}tj}1oo (22)

BukopucraeMo Ha TpakTHIll BHINE 3alpONOHOBAHUM TMIJAXiJ HaA MPUKIAIL
PO3pOOJICHUX  E€NEKTPOTEXHIYHUX KOMIUICKCIB OaKTEPHUIIUIHOTO 3HE3apakKeHHs
O1IKOBOi MacH Ta aKTUBOBAHOT'O BYT1JIIS.

6.2. Po3po0Kka eIeKTPOTEXHIYHOI0 KOMILJIEKCY 3He3apaKeHHs O0LIKOBOI
MacH

[IpoGnema 3abe3nedeHHs TPUBAJIOCTI 30€piraHHs XapyoBUX TMPOAYKTIB 3
BHCOKMM 1 IPOMDKHHMM BMICTOM BOJIOTM 0€3 CTBOPEHHS BIJIMOBIAHUX YMOB
30epiranHs Oyna 1 3aJMINAETHCA OJNHIEID 3 HAWBAXKIMBIIIMX 3aBJaHb Xap4yoBOl
MpOMHUCIIOBOCTI [12].

Bona, mepeOGyBatoun B Tki y BUIBHOMY 1 3B’S3aHOMY CTaHi, € 1CTOTHUM
YUHHUKOM 30€peXeHHs BOJOPO3YMHHHUX BITAMIHIB, 3al00Ira€ OKHUCICHHIO HUPIB,
He(DepMEHTAaTUBHOMY TOTEMHIHHIO TIPOAYKTY. AJie, B TOH € dYac, BOHA CIIPHSIE

MOHOTPADHA 117 ISBN 978-617-7414-98-7



CHOPUSATIMBOMY PO3BUTKY MaTOT€HHOT MIKpO(IIOpH, 1110 BUKIMKAE IBUJIKE IICYBaHHS
OpOAYKTY. Y 3B’SI3Ky 3 LIMM, IPOBEJCHHS 3HE3apakeHHA (CTepuiizallii) B mpolieci
BUPOOHMIITBA € HEOOX1THOIO TEXHOJIOTTYHOIO OMEPAIi€l0 JUIsl OTPUMAHHS MPOIYKTY,
0e3MeYHOr0 B CaHITAPHO-TITI€EHIYHOMY  BiJHOIIEHHI. Bukopucranus VYO-
BUIIPOMIHIOBAaHHS HA PI3HUX €Tanax BUPOOHMITBA JIO3BOJSIE  PO3POOUTH
€JIEKTPOTEXHIYHI KOMILJIEKCH OaKTepUILIUIHOTO 3He3apaxkeHHs [13].

Jlns BUSBJICHHA Ha eramaX BUPOOHMIITBA OITKOBOI MacH HMOBIPHOTO
MIKpOO10JIOTIYHOTO  3a0pYyJHEHHS, PO3TJISTHEMO OCOOJUBOCTI  TEXHOJIOTIYHOIO
npolecy.

Craaii TEXHOJOTTYHOTO MPOLIECY BUPOOHUIITBA OUIKOBOT Macu IependavyaroTh:
OpUiiMaHHS MOJIOKA Ta COPTYBaHHS 32 SIKICTIO; OUMCTKY B1Jl MEXaHIYHUX JOMIIIOK Ta
OXOJIOJDKCHHS MOJIOKA; HarpiBaHHs Ta celapalliio; YTBOPEHHS HOPMalli30BaHO1
CyMIllli 3 OYHCTKOK Ta TNAaCTepU3alli€lo; 3TYIICHHS HOPMaTi30BaHOTO MOJIOKA;
TFOMOTEHI3AIlI0 3TYIIEHOT0 MOJIOKA; CYIIKa 3TYIIEHOIO MOJIOKA; OXOJIOKCHHS
011K0BOi MacH; (hacyBaHHS TOTOBOT'O IIPOJIYKTY B Tapy.

Sk mokazanmu pe3yiabTaTH JOCHIJKEHHS mMpoBenaeHl Ha mignpuemctsi TOB
«bydanpkuii cup3aBoa» MICHsS CyHmIKA TOpu (acyBaHHI, a Ie OUIbIIe Mia dYac
30epiranas Ha 5-7 jaeHb OlTKOBa Maca He Biamoizae Bumoram HJI 3a mokaszHukamu
[14]: Oaxrtepii rpynu kwumkoBoi mnanumuku (BI'KII) ta wme3zodinbHi aepoOHI i1
dakynpTaTUBHO aHaepoOH1 MikpoopraHizmu (MADAHM).

B Ttabnuui 4 nHaBeneHa iHQopmarlisi MOA0 KIUIBKOCTI OakTepii B TOTOBOMY
npoaykti. Binbip npoO mposeneno i3 30 maprTiii B JIITHIM Mepioj] 4yacy 4YepBEHb-
JUTICHb.

Sk mokazanu pe3ynbTaTh aHamizy (Tabi. 4) HEBIANOBIIHICTH OIIIKOBOI Macu
BUMOTaM HOPMATHUBHOI JJOKyMeHTalli 3a KulbKicTio MADAHM cknanae 35%.

%HHOGaquﬂﬂble MEXHOAOZUU 8 KUSHU COBPEMEHHO20 UCAOBEKA

Taoanusa 4
KinbkicTh 0akTepiii B 0LIKOBII Maci micJsl CYIIKH TA MicJisi 30epiranus

Bin6ip nmpo6 HailiMmeHnyBaHHSI MOKa3HUKIB
TUTS aHAITI3Y Kimekicte BI'KIT (KYO/0,1r) | Kinskicte MAD®ABM (KYO/I1)
IpY HOPMYIOYOMY 3HAYCHHI HE | TPU HOPMYIOUOMY 3HAYCHHI HE
JOTTYCKAEThCS oinpme 5x10* KYO/r
(JACTVY ISO 4831:2006 [15]) (ISO 4833:2006)
[licna  cymku He BusBIICHO Big 2,5x10* no 6,5x10%*
npu dhacyBaHHI
Yepes 3 gmi He BusiBiieHo Big 7x10% no 1,1x10°
ICIIS
(dhacyBaHHS
Yepes 5 nauiB He BusiBiieHo Big 1,5x10° no 3,5x10°
ICIIS
dacyBaHHs
Yepes 7 namiB He BusBIICHO Big 3,5x10° no 8.5x10°
IT1CJIs
dbacyBaHHs
* 13 30 BimiOpanux naptii 35% npoaykiii He BianoBiiae Bumoram HJI 3a KibKiCTIO

MOHOTPAPIHT

118

ISBN 978-617-7414-98-7




| MA®AEM

BcranoBieHo, 1m0 Ha BCIX TEXHOJOTIYHHUX OMNEpalisix MiKpOOi0JIOTr4YHOTO
3a0pyJHEHHs HE BUABJICHO, a TUIBKU B OyHKep1 CyIIiHHS O1JIKOBOI MacH MOBITPA, 10
HAJXOJUTh HAa CYUIKYy HE 3aJ0BOJIbHSE€ BHMOTaM HOPMATHBHOI JOKyMEHTAIll MO
3araJbHOMY MIKpOOHOMY uuciio (Tadia. 5). I HaBiTh MIiCIs KOPOTKOYACHOI TEPMIUHOT
00pOoOKHM 3arajibHe MIKpOOHE YKCIIO MEPEBUIIYE JOMYCTUMI HOPMH B CEPEIHHOMY Ha
25%.

Takum uYWHOM, 3 BpaxyBaHHSAM BHUSBJICHUX TIpyn OakTepiii po3poOseHo
€JIEKTPOTEXHIYHUI KOMILJIEKC OaKTEepUIIMIHOTO 3HEe3apa)KeHHs OIIKOBOI Macu
(puc.1).

Takum 4MHOM, 3T1IHO PO3pPOOJIEHOr0 KOMILIEKCY BUPOOHUIITBA O1JIKOBOI MacH 3
BUKOpUCTAHHAM Y D-0nmpOMIHIOBaHHS 3HE3apa)XEHHS BiIOYBAEThCS HA JCKITBKOX
etanax: 1 — 3He3apakeHHS TOBITPsI, [0 BUKOPHUCTOBYETHCSA TMPH CYIII OLIKOBOI
Macu; 2 — 3He3apakeHHsA OUIKOBOI Macu Ta MakyBajbHOI Tapu mnpu (acyBanHi; 3 —
3HE3apakKeHH TOBITPSI B MPUMIIIICHHI (acyBaHHS.

Hunosayuonnvle MeXHOAOZUY 8 KUSHU COBPEMEHHO20 HEA0BEKA g s {*

Tabauus 5
Iloka3Hukn 3a0pyAHEeHHS NOBITPS
Micne 3MY (KVO/1m*) npu KinbkicTh cTadiIOKOKIB Ta
B1100pY Mpoo HOPMYKOYOMY 3HAUCHHI crpenrokokis (KYO/1m®) mpu
10 500 og. HOpMYHOYOMY 3HaueHHi 10 10 og.

[ToBiTpst B OyHKEpI 350-650 3-7
CYUIIHHS IPOAYKTY
[ToBiTpst B OyHKEp1 300-750 6-14

1exy gacyBaHHs

[Ipy  BOpPOBaIKEHHI  EIEKTPOTEXHIYHOTO  KOMIUIEKCY  OaKTepUIIUAHOTO
3He3apaxeHHs OinKkoBoi Macu (puc.l) Oynu oTpuMaHi HACTyHHI pe3yibTaTd IO
MIKpOO10JIOTTYHOMY OOCIMEHIHHIO TOTOBOTO TIPOAYKTY (Tads. 6 ta 7).

Sk cBiguaTh pe3yabTaTH TaOJulb 6 Ta 7 BIOPOBAKEHHS EIEKTPOTEXHIYHUX
cUCTeM OaKTEepHUIMIHOTO 3HE3apa)XXCHHs MAJii KOMIUIEKCY BHPOOHHUIITBA O1IKOBOI
Macu  3a0e3Meunsio  OTPUMaHHS  YHCTOrO  MPOAYKTY 32  MOKa3HHUKaMH
MiKpOO10JIOTTYHOTO 3a0pyTHEHHS.

Tabiauus 6
IHoxka3zHuku 3a0pyAHEHHS MOBITPA NPHU BIPOBAJAKEHHI €JIEKTPOTEXHIYHOI0
KOMILIEKCY 0AKTePULIHUAHOI0 3He3apasKeHHs

Micre 3MY (KVO/1m*) npu KinekicTh cTadiIOKOKIB Ta
B1100pY Mpo0 HOPMYIOUOMY 3HaUY€HHI1 crpentokokis (KYO/1m?) npu
10 500 og. HOpPMYIOYOMY 3HadeHHi 10 10 o,
[ToBiTpst B OyHKeEpi 100-250 He BusBneno
CYIIIHHS POAYKTY
IToBiTpst B OyHKEp1 50-100 He BusiBneHo
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| uexy dpacysanus |

Cmueiat Ha PaiepevapH
Monoko HOpMATALEO il |
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[ bakTepinmos ONpoOMIHIOEIM E
TIpIMINTEHE acoEKH Ta Ha

Veramopsa V-
IHe3apakeHH
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- TomorssizaTtop

Puc. 1. Cxema po3po00/1eHOT0 €JIeKTPOTEXHIYHOT0 KOMILJIEKCY
0aKTepUIIMIHOI0 3He3apaKeHHs OIJIKOBOI Macu

Taoauusa 7
KinbkicTh 0akTepiii B OLIKOBIM Maci micJIA CyIIKH TA MicJs1 30epiraHug npu
BIIPOBA/I’KEHHI €JICKTPOTEXHIYHOI0 KOMILJIEKCY 0OAKTEePHIMIHOI0 3HEe3apaKEeHHS

Bin6ip npo0 ans anamizy HaliMmeHnyBaHHSsI MOKa3HUKIB
Kinpkicts BI'KII Kinpkicte MAD®AEM
(KYO/0,1r) npu (KYO/1r) mpu
HOPMYIOYOMY 3HAQUY€HHI | HOPMYIOYOMY 3HA4€HHI
HE JIOMYCKa€ThCS He oipmre 5x10* KYO/r
(ACTY ISO 4831:2006) (ISO 4833:2006)
ITicnst cymiku pu dhacyBaHH1 He BusiBneHo 1,0x10%*
Uepes 5 nHiB micis GacyBaHHs He BusiBeHo 1,2x10%*
* B TaOJIMII HABEJEHI Cepe/THI 3HAYSHHS, IO OTpUMaHi pH aHaii3i 20 mapTii

[Tpu po3poOIIi eNEeKTPOTEXHIYHOTO KOMIUIEKCY OaKTEpULIUTHOTO 3HE3apaKEHHS
OikoBOT Macu mif Ji€r0 Y D-BUNPOMIHIOBAHHS BUKOPUCTAHO EJIEKTPOTEXHIUHY
CUCTEMY, JI€ peali30BaHUM TEXHIYHO HOBHM MiAXiJ — 3HE3apaKeHHS Mif Ji€lo
BUIBHOTO TaAiHHSA. JleTadbHUN pO3TIsA TEXHIYHOTO MIAXOMy 1 MPHUCTporo i Y O-
OTNPOMIHIOBAHHS YAaCTUHOK 3 po3MIpoM 10 50 MKM OUIBIN J€TAJbHIIIE PO3TJSHYTO B
poborax [12, 16].

6.3. Po3po0Kka eJIeKTPOTEXHIYHOI0 KOMILIEKCY 3HEe3apasKeHH s
AKTHBOBAHOI'0 BYTLLIA

[IpucyTHICTh AEAKMX MIKPOOPTaHi3MIB B HECTEPUJIBHHX JIKApPChKUX 3aco0ax, B
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TOMY YHCJIl 1 B aKTUBOBAHOMY BYT1JUTl, MOXKE 3HIDKYBATH TEPaNeBTHYHY 110, a00
HaBiTh 1HAKTHBYBaTH 1ii, KpIM TOTO ICHYE MOJMJIMBICTh HETAaTHBHOI il IUX
MIKpOOPTaHi3MiB Ha TaIll€HTA.

Kpurepii npuiftHITHOCTI MIKpOO10JOTIYHOT YUCTOTH HECTEPHWIIBHUX JIIKAPCHKUX
3aco0iB BcraHoBiieHI B [17]. 3arampHa KinbKicTh aepo0OiB, KYO/r, mae He
nepesunryBaru 10°, a 3aranpHa Kinskicts rpu6is, KYO/r e nepesunryatu 102

B Vkpaini ans BUpOOHMIITBA BYT1/UIA aKTUBOBAHOIO MEIWYHOIO MPU3HAYCHHS
BUKOPHUCTOBYETHCSI CHPOBHMHA TOPTIBEILHOT Mapku «CinkapOOH», OKpeMi MapTii KOl
3a JaHUMU Pe3yJIbTaTiB JOCIIPKEHHS B JIep>KaBHIA HAYKOBO-IOCHIIHIN JJabopaTopii 3
KOHTPOJTIO SIKOCTI JIIKAPCHKUX 3aCO0IB IHCTUTYTY TIT€HU Ta MEIMYHOI €KOJIOT1i IMEHI
O.M. Map3eea He BiANOBiIalOTh BuMmoram [OmmoOka! 3akiaaka He
onpenenena.Omudka! 3akjagka He omnpeaeideHa.] 3a 3arajlbHUM BMICTOM
JTPILKIKOBUX Ta IUTICEHEBUX TpubiB (TadI. 8).

Tabanusa 8
Pe3ysabTaru nepeBipky BiAMOBIAHOCTI BYIijljisi aKTHBOBAHOI0 BUMOTaM
HOPMATHBHOI JOKYMeHTAaNil

Bumoru HJJ
TloKABHIKI (MK Ne Pe3ynbratu ananmisis,
UA/11425/01/01), KYO/r
KYO/r
Mikpo06ioJioriuHa YuCTOTA:
- 3arajbHe YHCII0 aepOOHMX
Mmikpooprasizmis (TAMC); He Ginpie 10° 500 (BiamoBiaac)

- 3aTaJIbHE YUCJIO APIKIKOBUX Ta
wriceHeBux rpudiB (TYMC) ne Oinpie 10° 2575 (ue BiAMOBIIAE)

[IpoBeneHmii aHami3 TEXHOJIOTIYHOTO TMPOIECY BUPOOHUIITBA AKTHBOBAHOTO
BYTUUISL TOKa3aB, IO MIKpOOIOJOriYHOTO 3a0pyAHEHHS HE BHSBJICHO Ha BCIX
BUPOOHUYUX JIHIAX, ayie Micis 30epiraHHs aKTHBOBAHOTO BYT1/UIS 3arajibHE YHCIIO
npixmkoBux Ta 1riceneBux rpu6iB (TYMC) nepeBuliye nomycTuMi HOpMU (TaOJl.
9).

[IpyunHa MOsIBU MIKpOOi10JIOTYHOTO 3a0pyAHEHHs, MOB’s3aHa 3 MEXaHi3MOM
aKTHBallll, OCKIJIbKH aJCOpOIliiiHa WMOBIPHICTh 3pOCTa€ B JCKUIbKAa pa3, 10
IPUBOIUTHL B TIporeci 30epiraHHs 10 HAKOMWYEHHS B IMOpax JPDKIKOBUX 1
TJTICEHEBUX TPUOIB.

JIst pO3pOOKM ENIEKTPOTEXHIYHOTO KOMIUIEKCY 3HE3apakKeHHS aKTHBOBAHOTO
BYTUIISL 3 BHUKOPHUCTAHHSIM Y D-BUIPOMIHIOBAHHS PO3TVITHEMO TEXHIYHI ITiIXOIH
[18], m0 MOXyTh OyTH BUKOPHCTaHI MPH 3HE3apaKEHHI XapUYOBHX MPOAYKTIB 3
PO3MIpOM YaCTHUHOK, 1[0 HE TIEPEBUIILYE JEKIIbKA MIKPOH.

Bigomo, 1m0 B Xxap4uoBiii MPOMUCIOBOCTI TIPH 3HE3apaKEHHI MOPOITKOMON10HUX
MaTepialiB MepeBary BiIaloTh (I3MYHUM, TaK 3BaHUM O€3pearecHTHHUM METOAaM
[19], oCKIIbKH TIPH X BUKOPUCTaHHI HE 3MIHIOETHCS CKJIAJl 1 BIACTUBOCTI MaTepialiB,
0 MiIAralTs o0poOii. [Ipy 1IbOMy BUKOPHUCTAHHS THX UM I1HIIMX TEXHIYHUX
plllieHb JJIs PI3HUX JPIOHOAUCIIEPCHUX YACTUHOK IOTpPeOye MPOBEACHHS POy
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EKCIIEPUMEHTAJIbHUX POOIT CHOPSIMOBAaHMX Ha TMOMIYKU HAWUOUIBIT e(PEKTUBHUX
aJIbTEPHATUBHUX ITiIXOIIB.

Taboanusa 9
IHoxka3zHukn Mikp00ioJIOTiYHOI YMCTOTH AKTUBOBAHOT0 BYT'LJLJIA MicCJs
30epiraHHsi
[ToxazHukM Bumorn H/I C e
: : : Pe3ynbraTy aHami3iB micist akTUBAIIii
(mikpobiosoriuna (MK No a6o 30epiranns (nui), KYO/r
YHCTOTA) UA/11425/01/01), ’
KYO/r
1 30 90 180

3arajbHe YHUCIIO
aepoOHUX : 3 150- | 350-
MIKpPOOpPTaHi3MiB e Oirbme 10 7o 50 50-100 280 | 500
(TAMO);
- 3arajibHE YHCIIO
JIPIKIHKOBUX Ta : 5 100- | 1500-
IUTICEHEBUX TPUOIB He Oureme 10 i 5o 25 450 | 4800
(TYMCO)

Ha pucynky 2 HaBeleHa cxeMa  EJIEKTPOTEXHIYHOTO  KOMIUIEKCY
OaKTEepUIIMAHOTO 3HE3apaKeHHS aKTUBOBAHOIO BYTULIA 3 BUKOpPHUCTaHHSIM Y-
BUIIPOMIHIOBaHHS a00 Y O-BUNIPOMIHIOBAHHSI 3 030HYBAHHSIM.

—= | YD-3nesapaxenna
3 O30HYBAHHAM

TpaucnopTyBaHHa
shepirasHa ==
e V@ -3nesapakeHHa
AKTHEOEAHE BYTiIA ‘
KOKOCOBA Tabnerveanna
mMKapaTyma AKTHEOBAHOTO
1 BYTimma
T - —

Cyxe Byrinna

l — r
- apada
_1 eoma+ NaOH
Cypaimm 1
Bomore Evrims F: ‘|,Q= Harpieanms
- IO THCKOM
Cynair 2

Pozdae.1eHHA cymimi

BEOJOH JeKlIBKa paz

J0 MOEHOTO BEJLICHHA
Na;SiO;

Puc. 2. Cxema po3po0/1eHOT0 eJIeKTPOTEXHIYHOT0 KOMILJIEKCY
3He3apasKeHHsl AKTUBOBAHOTI0 BYTiJJIfl 3 BUKOPUCTAHHAM Y @-0npoMiHIOBAHHSA
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Takum  ymHOM, 3TiIHO  PO3POOJEHOrO0  KOMIUIEKCY  OaKTEepPHIIMIHOTO
3HE3apaXCHHsI aKTMBOBAHOTO BYTULIS MPOIEC 1HAKTHBALII MIKpPOOPTaHI3MIB MOXKe
BiI0OyBaTHCS Ha eTari TabJeTyBaHHA 3a OAHIEIO 13 cXeM: | — 3He3apakeHHs MiJl JII€l0
V ®-BUNPOMIHIOBAHHS Ta 030HYBaHHS 3 103010 1200 Ix/M?%; 2 — VD-3He3apaXkeHHs B
KaMmepl ONMPOMIHEHHS TMiJ €0 CHUJM BIIBHOTO TSOKIHHS 3 BHKOPUCTAHHSIM
IMITyJILCHUX JIaMII, TIKOBa IHTEHCUBHICTh AKKMX ckaaia 100 kBr/cm?.

[Ipy  BOpPOBa[KEHHI  EIEKTPOTEXHIYHOTO  KOMIUIEKCY  OaKTepUIIUIHOTO
3HE3apaKCHHS aKTUBOBAHOI'O BYT1UIA (puc. 2) OyJiM OTpUMaHi HACTYIMHI pe3ysbTaTh
10 MIKpoOi0J0TiYHOMY 3a0pyaHeHHo (Tabi. 10).

Taoaunga 10
Pe3yabraT MiKp0o0ioI0riYHOI0 3a0pyAHEHHS] AKTUBOBAHOI0 BYTiJIJIS MICJIs1
BIIPOBAIKECHHS eJIEKTPOTEXHIYHOr0 KoMILIeKcy Y @-3He3apaKeHHs

PesynbTaTtu ananizy npu
Bumorn HJ BUKOPHUCTAHHI PI3HUX METO/IIB
(Millji)Kgii;I;(I)I;?qHa (MK Ne 3ue3apaxenss, KYO/r
P UA/11425/01/01), Y- YO-
YUCTOTA)
KYO/r 3HE3apPaXKCHHS 3 | 3HE3apaKCHHS
030HYBAaHHSAM
- 3arajbHe YHCI0
acpobmmx He Ginbme 10° 0.45102 0.55102
MIKpOOpIaHi3MiB
(TAMC);
- 3arajbHe YUCIIO
APDIDKOBUX T2 He Ginbie 102 0,3-10? 0,25:102
TUTICEHEBUX TpUOiB
(TYMO)

Pe3ynbTaTé  e€KCHEpUMEHTAIbHUX  JOCHIKEHb IMOKa3alid, 10 JOCATTH
ONTUMAJILHUX TMMapaMeTpiB 3a MIKPOOIOJOTIUHUM 3a0pyJHEHHSIM aKTHBOBAHOTO
BYT'1JUISI MOKHA BUKOPHUCTOBYIOUM KOMOIHAII0 Y D-BUIIPOMIHIOBAHHS Ta 030HYBaHHS
B Kamepax ONpoMiHIOBaHHs [18], a TakoX MpU BUKOPUCTAHHI IMIYJILCHUX JIaMII
ynbTpadioneToBoi Aii [7].

[Tpu po3poOIIi eIEKTPOTEXHIYHOTO KOMIUIEKCY OaKTEPUITUIHOTO 3HE3apaKCHHS
aKTUBOBAHOTO  BYyruuia  mia  Jielo  YO-BUOPOMIHIOBAHHA  3aCTOCOBAHO
EIEKTPOTEXHIYHUIN MPUCTPIH, SKUI BUKOPUCTAHUHN MPHU 3HE3apaKEHH1 OLJTKOBOI MacH
[14, 160mmobKka! 3akaaaka He onpeaesieHa. .

BucnoBku
B npencraBneniii poOOTI BCTaHOBJIEH! OaKTEpUUUAHI BEIUUMHM, TAPAMETPH Ta

KpUTepii HEBIAMOBIAHOCTI MPOAYKLIT 32 MIKPOO10JIOTTYHUMH MOKa3HUKAMH: O1IKOBOI
Macd Ta aKTHMBOBAaHOTO BYruwis. Po3po0jeHO eNeKTPOTEXHIYHUNA KOMILIEKC
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OAKTEpULMIHOIO 3HE3apakKeHHsA OLIKOBOI Macu 3 BpaxXyBaHHSAM IIOKAa3HUKIB
3a0pyJHEHHs] TOBITPS, KUIbKICTIO OakTepiil rpynu kumkoBoi nmaimuuku (BI'KII) ta
Me30(pIIbHUX  aepoOHMX 1  (aKyJIbTaTUBHO  aHACpOOHHUX  MIKPOOPTraHi3MiB
(MA®ABM) B OinkoBit maci. [Ipu 3He3apakeHHI O17TKOBOI Macu BUKOPHUCTaHO
TEXHIYHO HOBHMM MiJXiJ - €JIEKTPOTEXHIUHY CHCTEMY 3HE3apa)KeHHsI YaCTUHOK IMif
J1€10 BUIbHOTO MafiHHA. P0o3po0aeHO eneKTpOTeXHIYHUM KOMILIEKC OaKTEPUILIUTHOTO
3HE3apaKCHHsS] aKTMBOBAHOTO BYTULIS B/l IP1IXKIKOBHX 1 UTiceHeBUX TpuoiB. [Iporec
1HAKTHBAIlli MIKPOOPTaHi3MiB B1I0YBA€ETHCS 32 OAHIEIO 13 cXeM: | — 3He3apakeHHs Mij
miero Y®-BUNPOMIHIOBaHHS Ta O30HYBaHHsA 3 m03010 1200 Jhx/m* 2 — Y-
3HE3apaXCHHs B KaMepl ONPOMIHEHHS 3 BUKOPUCTAHHSAM IMITYJIBCHUX JIaMII IIPU
nikoBiit inTencusHocTi 100 KBT/cM?,
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I''TABA 7. BUOCHUHTE3 NIOJIM®EHOJIBHBIX BEILIECTB
BASUINOMUIETAMMU U HEPCIIEKTUBBI UX

BUOTEXHOJIOTHUYECKOI'O U MEIUIIUHCKOI'O UCITOJIB30BAHUA
BIOSYNTHESIS OF POLYPHENOLIC SUBSTANCES OF BASIDIOMYCETES AND THE
PROSPECTS OF THEIR BIOTECHNICAL AND MEDICAL USE

BIOCHUHTE3 NOJI®EHOJIBHUX PEHOBUH BA3ZUJIIOMILIETAMM I
NEPCHEKTHUBHU IX BIOTEXHOJIOI'TYHOI'O TA MEJJUYHOTI'O BUKOPUCTAHHS
DOI: 10.30888/2663-9882.2020-01-010

Introduction

Recently, the attention of scientists and specialists in various industries has been
attracting polyphenolic substances and pigments of natural origin. These substances,
namely polyphenols and low molecular weight compounds — carotenoids and
melanin, many have antioxidant properties and are widely used in various industries,
medicine, and organisms — producers of these compounds are involved in
biotechnological industries [1, 2].

Among substances of the secondary metabolism of fungi with high antioxidant
properties, a recognized place is occupied by substances of a polyphenolic nature and
pigments — carotenoids and melanin [3, 4].

Polyphenolic substances are compounds containing more than one phenolic
group. Carotenoids — natural pigments, Polyenes of the isoprenoids of the terpene
series, which are widespread in wildlife. Melanins are a group of low molecular
weight organic black or brown pigments formed during the oxidative polymerization
of phenols.

These compounds are widely used. In particular, exhibiting medicinal properties
— radio and photoprotective, immunomodulating, anti-carcinogenic, they are used in
medicine with appropriate therapy. Normalizing and regulating the basic vital
functions, they play a significant role in the formation of stress resistance and
adaptation of organisms. Products and drugs rich in these substances, due to their
availability, mild effect on the body, absence or relatively low toxicity, are the most
promising for correlation of the antioxidant status of the human body [6, 7].

In addition, polyphenols and natural pigments are widely used and are in high
demand in various industries.

A number of studies have shown a correlation of antioxidant activity with the
content of phenolic compounds in mushroom and plant extracts. There is an increased
interest in obtaining biologically active additives and the creation of functional
products with a high content of physiologically active substances based on
polyphenolic bioantioxidants — high molecular weight natural compounds that are
widely found in mushroom raw materials.

The search for new producers of polyphenols, carotenoids and melanins is
carried out by attracting organisms of new systematic groups. A thorough study of
the ability to synthesize these substances by Mycological objects has begun recently.
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For example, the content of some polyphenolic substances in the fruiting bodies of
higher basidium fungi of the species Lentinula edodes, Inonotus obliquus, Phellinus
robustus, Ganoderma applanatum, Fomes fomentarius, etc. Blakeslea, Ghoanephora,
Saccharomyces and Phycomyces [7, 8].

However, the available data do not adequately characterize the quantitative
content of polyphenols, melanins, and carotenoids in fruiting bodies and cultures of
basidium fungi, which necessitates further screening in this direction. The results of
such work would allow us to recommend certain species for isolation in a pure
culture and development of technologies for their cultivation and production of
phenolic substances. In addition, pharmacologically active substances of fungal
origin, in comparison with products of chemical synthesis, are less toxic and more
effective when used [9, 10].

On the basis of foregoing, the aim of this stage of the work was to establish the
general content, screening of strains of basidiomycetes, the active producers of
polyphenols, carotenoids, and melanins during their periodic surface cultivation on
glucose-peptone medium.

7.1. Materials and methods of the study

The research materials were mycelium and culture fluid of Basidiomycetes
strains. In the basis of the results of preliminary screening, biotechnologically
valuable 58 strains were selected for 13 species of the phylum Basidiomycota,
Polyporales orders: Daedalea quercina Dq-08, Ganoderma lucidum Gl-2, Irpex
lacteus 11-4k, Fomes fomentarius T-10, Laetiporus sulphureus Ls-08 and Agaricales:
Agrocybe cylindracea 167, 218 and 960, Fistulina hepatica Fh-08, Lentinula edodes
523, Flammulina velutipes F-03, F-06, F-073, F-1, F-10, F-102, F-104 , F-107, F-
112, F-2, F-202, F-204, F-610 and F-vv, Pleurotus citrinopileatus P-ctr, Pleurotus
eryngii P-er, Pleurotus ostreatus D-140, Hk-35 , P-004, P-01, P-035, P-039, P-081,
P-082, P-083, P-087, P-088, P-089, P-105, P-107, P -12k, P-191, P-192, P-203, P-
206, P-208, P-209, P-210, P-2175, P-447, P-6v, P-kl, P 14 P -4k, P-91, P-94 and P-
998, Schizophyllum commune Sc-10. The systematic position of the strains was
established according to modern literature [11, 12]. All studied strains are stored in
the Collection of hat mushroom cultures at the M.G. Kholodny of Institute of Botany
National Academy of Sciences of Ukraine (IBK), having the status of the National
Heritage of Ukraine [1, 13]. To study the intensity of lipid peroxidation processes of
cultures, vegetative mycelium was cultivated using periodic surface method on
glucose-peptone medium (GPM) of the following composition (g/dm?®): glucose —
10.0; peptone — 3.0; KH,PO,4 — 0.6; K,;HPO4 — 0.4; MgSO4 x 7 H,O — 0.5; CaCl, —
0.05; ZnSO4 x 7 H,O — 0.001; distilled water — up to 1 dm® [13]. Cultivation was
carried out in Erlenmeyer flasks with a volume of 250 cm?® containing 50 ¢cm® of
culture medium. The determination of the total content of polyphenols (PF) was
carried out in alcohol extracts according to the modified Folin-Ciocalteu method. The
mass fraction of polyphenols (W) was calculated by the formula [3, 5]:

W= (D'Dinter)' Vs/ (Sstd ‘Mg Wdm, s), (1)

MOHOTPADHA 126 ISBN 978-617-7414-98-7



Hunosayuonnvle MeXHOAOZUY 8 KUSHU COBPEMEHHO20 HEA0BEKA E s t§

where: mg — sample weight; D — optical density of the solution; Diner — intersection
point of the calibration line with the axis Y; Sq4 — slope of the calibration line; V, —
extract volume (10 sm?); wqm, s — dry matter content in the sample. The determination
of the number of carotenoids was carried out in mycelium per unit mass, g and
culture fluid (CF) per unit volume, sm® by spectrophotometric method and was
calculated according to the Wetstein formula [4, 14].

Citre = 4,695 X Dyyp— 0,268 (2)

Then, the pigment content in the test material was calculated in terms of wet or dry
weight [14]:
A-_CV 3)
n-1000
where: 4 — pigment content in the prototype; C — pigment concentration found
according to the Wetstein formula, mg/dm?; V — extract volume, sm®; n — sample

weight, g; 1000 - coefficient for conversion of pigment concentration to 1 sm?.

The studies were carried out in triplicate. Data are expressed as mean values +
error. Statistical analysis was performed using OriginPro 8.5.1 software (Origin-Lab
Corportion, USA), and samples were compared using one-way ANOVA. The
difference P<0.05 was considered statistically significant compared with the control.

7.2. The total content of polyphenolic substances

According to the results of previous studies, it was found that the biosynthesis
and maximum accumulation of polyphenolic (PF) substances in cultures of
basidiomycetes occurs at the end of exponential and in phases of slow and stationary
growth [4, 7]. Based on this, at the end of the cultivation period of the strains, on the
12th day, the total content of polyphenolic substances in the mycological material
was determined in terms of absolutely dry biomass.

The analysis of experimental data (Fig. 1) showed a positive correlation between
the content of polyphenolic substances in mycelium and CF in 95% of experiments.
Also, the vast majority of strains are characterized by the predominance of the
content of polyphenols in the cultural substance over such in mycelium. The
exception here is the strain A. cylindracea 167 and the strain F. velutipes F-02.

According to the recorded indicator in the culture filtrate, the studied strains can
be divided into three groups.

The first group with a high content of polyphenolic substances in CF - more than
100 mg/g consists of five strains: F. hepatica Fh-08, F. fomentarius T-10,
L. sulphureus Ls-08, F. velutipes F-03 and P. eryngii P-er. The second group consists
of eight strains with a high content of PF substances from 80 to 100 mg/g: G. lucidum
Gl-2, F.velutipes F-202 1 F-204, P.ostreatus P-192, P-12k, P-206 1 P-94,
S. commune Sc-10. The largest third group of forty-five strains of the order
Agaricales: A. cylindracea 167, 218, 960, L. edodes 523, F. velutipes F-06, F-073, F-
1, F-10, F-102, F-104, F-107, F-112, F-2, F-vv, F-610, P. citrinopileatus P-citr.,
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P. ostreatus D-140, Hk-35, P-004, P-01, P-035, P-039, P-081, P-082, P-083, P-087,
P-088, P-089, P-105, P-107, P-191, P-203, P-208, P-209, P-210, P-6v, P-cl, P-14, P-
4c, P-91, P-998, P-447, P-2175 and of the order Polyporales: D. quercina Dq-08,
L lacteus 11-4k with the level of PF in CF up to 80 mg/g.
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Figure 1. The total content of polyphenolic substances in the mycelium and CF
strains of basidiomycetes on the 12th day of cultivation

According to the content of polyphenolic substances in the mycelium, the
studied strains are also divided into three groups.

Four strains belong to the first group with high PF of mycelium substances -
more than 80 mg/g: F. fomentarius T-10, F. hepatica Fh-08, L. sulphureus Ls-08 and
G. lucidum Gl-2. The second group consists of twelve strains with a high content of
polyphenols from 40 to 80 mg/g: A. cylindracea 167, 960, L. edodes 523, F. velutipes
F-vv, P. ostreatus P-107, P-203, P-206, P-210, P-6v, P-12k, P-94 and S. commune
Sc-10. The third group - the most numerous - of the forty-two strains: order
Agaricales: A. cylindracea 218, F. velutipes F-03, F-06, F-073, F-1, F-10, F-102, F-
104, F-107, F-112, F-2, F-202, F-204 1 F-610, P. citrinopileatus P-citr., P. eryngii P-
er, P. ostreatus D-140, Hk-35, P-004, P-01, P-035, P-039, P-081, P-082, P-083, P-
087, P-088, P-089, P-105, P-191, P-192, P-208, P-209, P-kn, P-14, P-4k, P-91, P-447,
P-998, P-2175 and order Polyporales: D. quercina Dq-08, I. lacteus 11-4k with a PF
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content in the culture filtrate of up to 40 mg/g.

SO

Table 1
The total content of polyphenolic substances and some pigments in carpophores

of species of Basidiomycetes order Polyporales

g, 8 Polip}:lenohc Carotenoids Melanins
Species & g substances
C% B Total content, mg/g ADB

Amyloporia lenis * 3 15.05+0.21 1.50 £0.02 0

Auricularia auricula-judae * 12 32.53+3.52 0.85 +0.05 0.55+0.03
Chaetoporus ambiquus * 6 20.66 £ 0.95 0.10£0.01 0.62 +0.02
Daedalea quercina * 6 9.02+0.13 0.90 = 0.01 0

Fibuloporia mollusca * 6 10.54 £ 0.35 1.05+0.03 0.20 = 0.00
Fomes fomentarius * 12 248.29+ 5.84 5.83+0.49 44.21 +1.17
Fomitopsis pinicola * 6 39.19 + 0.58 0.90 + 0.41 63.24 + 2.04
Ganoderma applanatum * 9 161.08 £ 0.19 55.04 +7.35 53.47+1.03
Ganoderma lucidum * 15 89.06 + 1.5 8.90 £0.15 4.74+0.12
Heterobasidion annosum * 12 13.33 £ 0.64 1.33 £0.06 0

Hydnum ochraceum * 3 10.02 + 0.24 1.00 £ 0.02 1.15+£0.05
Inonotus obliquus * 12 20.55+0.31 2.05+£0.03 83.77 £0.22
Irpex lacteus * 9 26.75 £0.43 2.67+0.03 0.20 £0.01
Laeticorticium roseum * 3 20.02 + 0.58 0.70 £ 0.01 1.38 £0.10
Laetiporus sulphureus * 9 117.04 + 0.56 50.14 £ 10.74 6.28 £0.12
Phellinus igniarius * 9 34.53+ 0.55 3.72+0.76 1424 +1.51
Phellinus pomaceus * 9 19.04 + 0.59 1.90 £ 0.05 2.16 £0.04
Piptoporus betulinus * 12 15.10+0.10 1.50 £0.10 1.47 £0.01
Polyporus squamosus * 9 23.20 +0.37 2.30 £0.07 2.92 £0.01
Sparassis crispa * 9 10.54 +0.19 0.25+0.02 0.45+0.05
Trametes campestris * 6 20.14+ 041 2.01 £0.02 1.84 +£0.02
Trametes squalens * 6 15.07 = 0.28 1.50 £ 0.02 1.61 £0.01
Trametes versicolor * 15 14.13+0.71 0.61 £0.11 9.45£0.15
Trametes zonatus * 9 15.06 +£ 0.52 0.64 £ 0.04 8.43 £ 0.04
Tyromyces lacteus * 9 16.07 £0.76 1.60 = 0.02 0.26 £0.01
Tyromyces revolutus * 3 12.09+0.16 1.20+0.01 0.93 +0.01
Tyromyces undosus * 6 10.33 +0.13 1.03 +£0.01 1.46 +£0.01

To compare the obtained results, we note that they are lower in the
corresponding mycelial cultures (excluding S. commune) in comparison with the
previously determined content of polyphenolic substances in the carpophores of the
same species of basidium fungi (Table 1, 2). This difference is probably due to the
specialization of the cells of the fetus figure and the demanded protective properties
(induced by biosynthesis and accumulation) of polyphenols and pigments in the wild.

Therefore, the determination of the total content of polyphenolic substances in
mycological material during cultivation of 58 strains of basidiomycetes allows us to
draw the following conclusions. It was found that all the studied strains are capable of
synthesizing and accumulating polyphenols under the proposed cultivation

conditions.
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The total polyphenol content in CF is higher than that of mycelium. Six strains
with high levels of polyphenol accumulation detected: in CF and mycelium — strains
F. hepatica Fh-08, F. fomentarius T-10 and L. sulphureus Ls-08, in CF — strains
F. velutipes F-03 and P. eryngii P-er, in mycelium — strain G. lucidum Gl-2.

Table 2
The total content of polyphenolic substances and some pigments in carpophores
of species of Basidiomycetes order Agaricales

2 3 Polyphenolic Carotenoids Melanins
) E « g substances
Species 50
g g Total content, mg/g ADB
Agaricus arvensis * 5 24.57 +4.07 2.45+£0.40 1.73 £0.05
Agaricus bisporus ** I 9|2 3544+0.63 | 3 4.15=+0.16 4 186«
0.08

Agaricus campestris * 5 23.46 £0.10 2.34+£0.01 1.00 +£ 0.01
Agrocybe cylindracea ** 9 75.85+1.22 16.10 + 0.30 1.42 +£0.01
Coprinus comatus * 15 25.04 £ 0.58 2.50£0.05 3.20+0.01
Coprinus micaceus * 15 25.03 +£0.15 2.50+0.05 3.00+0.01
Fistulina hepatica * 9 172.25 £0.20 40.74 £ 1.20 9.34+0.17
Flammulina velutipes * 27 81.25+7.75 2528 +£5.31 6.51 £0.13
Flammulina velutipes ** 3 65.06 = 0.92 6.50 = 0.09 0.95+0.01
Kuehneromyces mutabilis * 9 32.28 £ 0.83 4.88+0.13 2.16 £ 0.09
Lentinus edodes ** 9 35.47+£0.42 0.81 +0.08 24.67£0.21
Lyophyllum connatum * 5 20.42 +0.12 2.04£0.12 0.90 + 0.02
Lyophyllum loricatum * 5 21.37 +0.63 2.13+£0.03 1.88+£0.16
Marasmius oreades * 3 37.08 £ 0.65 3.70 £ 0.05 0.91+£0.03
Pholiota aurivella * 3 18.02 £ 0.35 1.80 + 0.05 0

Pholiota squarrosa * 3 12.04 &+ 0.65 1.20 £0.05 0

Pleurotus citrinopileatus ** 3 37.55+0.11 3.75+£0.01 0

Pleurotus eryngii ** 6 15.03 +£0.42 1.50 £ 0.02 0.45+0.01
Pleurotus ostreatus * 34 100.56 + 3.15 0.94 £0.45 2.78 £0.09
Pleurotus ostreatus var. Fl. ** 3 53.07+2.01 5.30+0.01 0.30 +0.00
Stropharia aeruginosa * 3 32.53+£0.54 3.25+£0.05 1.67 +0.03
Stropharia rugosoannulata ** 6 59.56 + 1.85 5.95+£0.05 1.15+0.02
Schizophyllum commune * 21 19.29 + 0.27 0.10 £ 0.04 1.71 £0.12
Tricholoma flavovirens * 5 79.08 £ 0.20 9.35+3.08 3.60+1.19
Tricholoma sejunctum * 5 31.48 +£0.52 3.14+£0.02 0.90 = 0.01

5 Remark. «*» — wildly growing fetus figure, «**» — commercial fetus figure.

7.3. Total carotenoid content

According to the results of previous studies, it was found that the biosynthesis
and maximum accumulation of carotenoids (as well as polyphenols) in cultures of
basidiomycetes occurs at the end of exponential and in phases of slow and stationary
growth [4, 14]. Based on this, at the end of the cultivation period of the strains, on the
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12th day, the total content of carotenoids in the mycological material was determined
in terms of ADB (Fig. 2).
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Figure 2. The total content of carotenoids in the mycelium and CF of strains of

basidiomycetes on the 12th day of cultivation

It was found that all strains except 1. lacteus I1-4k produce carotenoids when
cultured on GPM. The total content of carotenoids in the mycelium is higher than this
indicator of the culture fluid. The presence of carotenoids in the CF was recorded in
46% of experiments, or in 26 strains.

According to the recorded indicator in mycelium, the studied strains can be
divided into three groups. The first group with a high content of carotenoids in
mycelium - more than 1 mg/g, consists of four strains: L. sulphureus Ls-08,
F. hepatica Fh-08, G. lucidum Gl-2 and D. quercina Dq-08. The second group
consists of nine strains with a moderate content of carotenoids from 0.3 to 1 mg/g:
P. citrinopileatus P-citr., P. ostreatus P-004, P-01, P-107, P-203, P-206, P-208, P-6v
1 P-cl. Forty-four strains belong to the third group; carotenoids slightly accumulate in
the mycelium - below 0.3 mg/g: A. cylindracea 167, 218, 960, L. edodes 523,
F. velutipes F-03, F-06, F-073, F-1, F-10, F-102, F-104, F-107, F-112, F-2, F-202, F-
204, F-vv, F-610, P. eryngii P-er, P. ostreatus D-140, Hk-35, P-035, P-039, P-081, P-
082, P-083, P-087, P-088, P-089, P-105, P-12k, P-191, P-192, P-209, P-210, P-14, P-
4k, P-91, P-94, P-998, P-447, P-2175, S. commune Sc-10 ta F. fomentarius T-10.

As already noted, less than half of the studied strains secrete carotenoids into the
culture fluid. They can be divided into two groups. The first includes fifteen strains
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with a minimum content of carotenoids in CF - up to 0.1 mg/g: F. fomentarius T-10,
G. lucidum GI-2, F. velutipes F-vv, P. ostreatus D-140, P-004, P-039, P-082, P-083,
P-087, P-088, P-089, P-12c, P-206, P-209 1 P-210. In the second - eleven strains with
a moderate content of carotenoids in the CF: F. hepatica Fh-08, P. citrinopileatus P-
citr, L. sulphureus Ls-08, P. ostreatus Hk-35, P-01, P-035, P-107, P-203, P-208, P-6v
1 P-cl.

Thus, the determination of the total content of carotenoids in the mycelium and
CF of strains of basidiomycetes on the 12th day of cultivation on GPM allows us to
state the following. The total content of carotenoids in the mycelium is higher than
this indicator of CF. The presence of carotenoids in CF was recorded in 46% of
experiments. Identified promising strains-producers of intracellular carotenoids:
L. sulphureus Ls-08, F. hepatica Fh-08, G. lucidum Gl-2 1 D. quercina Dq-08 and
extracellular carotenoids: F. hepatica Fh-08, P. citrinopileatus P-citr, L. sulphureus
Ls-08, P. ostreatus Hk-35, P-01, P-035, P-107, P-203, P-208, P-6v i P-cl.

7.4. Total melanins content

According to the results of previous studies, it was found that the biosynthesis
and maximum accumulation of secondary metabolites — melanins (like carotenoids
and polyphenols) in cultures of Basidiomycetes occurs at the end of exponential and
in phases of slow and stationary growth [15].

Based on this, at the end of the cultivation period of the strains, on the 12th day,
the total melanin content in the mycological material was determined in terms of
ADB (Fig. 3).

It was found that most strains are capable of gradual accumulation of melanin in
mycelium and more than half of the strains in culture fluid. The melanin content in
CF is signiﬁcantly lower than in mycelium. This can be explained by the role of
melanins in the cell and the peculiarities of the osmotrophic nutrition of fungal
organisms, since they participate in adaptogenic reactions to changes in
environmental conditions and neutralization of free radicals. So, performing specific
functions in the mushroom body, these compounds are synthesized and accumulate in
the localization of these processes. According to the content of melanins in
mycelium, the studied strains can be divided into three groups.

The first includes three cultures with the highest total melanin content of more
than 1 mg/g: T-10 F. fomentarius, Gl-2 G. lucidum from order Polyporales and F-vv
F. velutipes from order Agaricales.

The second group includes five strains with moderate from 0.4 to 1 mg/g of
melanin content: F-202, F-204, F-102, F-06 F. velutipes and Ls-08 L. sulphureus.

The most numerous third group of forty-eighth strains with a low total melanin
content in mycelium: A. cylindraceal 67, 218, 960, L. edodes523, F. hepatica Fh-08,
F. velutipes F-03, F-073, F-1, F-10, F-104, F-107, F-112, F-2, F-610,
P. citrinopileatus P-citr, P. eryngii P-er, P. ostreatus D-140, Hk-35, P-004, P-01, P-
035, P-039, P-081, P-082, P-083, P-087, P-088, P-089, P-105, P-107, P-12¢, P-191,
P-192, P-203, P-206, P-208, P-209, P-210, P-6v, P-xiu, P-14, P-4c, P-91, P-94, P-998,
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P-447, P-2175 and S. commune Sc-10.
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Figure 3. The total content of melanin in the mycelium and CF of strains of
basidiomycetes on the 12th day of cultivation

Significantly lower total melanin content was recorded in the culture fluid of
cultured strains, which can be divided into two groups. The first, with a moderate
total melanin content in CF - more than 0.1 mg/g, eleven strains: F. fomentarius T-
10, G. lucidum Gl-2, F. velutipes F-03, F-vv, F-202, F-204 and F-06,
P. citrinopileatus P-citr, P. ostreatus P-203, P-208 and P-cl.

The second group includes eighteen strains with a low level of melanin in CF -
up to 0.1 mg/g: L. sulphureus Ls-08, F. hepatica Fh-08, F. velutipes F-102, F-104
and F-107, P. ostreatus D-140, Hk-35, P-082, P-083, P-087, P-088, P-089, P-107, P-
12¢, P-206, P-209, P-210 and P-6v.

Thus, a study of the melanin content in fruiting bodies and cultures of
basidiomycetes suggests the following. It has been established that the vast majority
of the studied strains are capable of accumulating melanin in mycelium and more
than half in CF, where the content of these substances is much lower than that in
mycelium. The highest melanin content in mycelium was found in strains
F. fomentarius T-10, G. lucidum GI-2 from order Polyporales and F. velutipes F-vv
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from order Agaricales. According to the analysis of fruiting bodies, it is promising to
attract polypore species strains to the search for producers of melanins — Inonotus
obliquus, Fomitopsis pinicola, Ganoderma applanatum and Fomes fomentarius and
agaric species — Fistulina hepatica and Lentinula edodes.

7.5. Discussion of research results and prospects of their practical use

Basidian mushrooms are a source of various natural biologically active
substances with a wide range of practical applications [9, 16, 17, 18]. They are used
as dietary food, nutritional supplements, mushroom drugs, biological products for the
protection of plants and cosmoceuticals, and the like [19]. The relevance of the study
of basidiomycetes is due to the establishment of their useful properties, the search for
new chemical compounds, the study of patterns and directional regulation of the
metabolic pathways of biologically active substances, the determination of the
biological role of active metabolites, in particular in adaptation to various substrates
and in adaptogenic reactions and, finally, wide application in biotechnology, ecology
and farming. As a result, the development of new intensive biotechnologies for the
cultivation of various types of basidium mushrooms in order to obtain both mycelium
and biologically active compounds is becoming more and more urgent every year.

The creation of new biotechnologies requires a deep study of the factors that
regulate the biosynthetic functions of fungal cells and maximize their potential.
Adaptive rearrangements consist in changing the balance of the prooxidant-
antioxidant system: activation of lipid peroxidation processes and enzyme systems,
the formation of prooxidant-antioxidant substances that can actively respond to
certain factors. Functionally labile antioxidant substances, in particular, include
oxidoreductases, polyphenols, pigments and others [6, 20, 21].

Xylotrophic basidiomycetes can form highly active oxygen radicals that are
involved in the destruction of high molecular weight substances, primarily phenolic
compounds, lignin, cellulose, etc. It is assumed that studying the mechanisms of such
destruction can open the way to the development of environmentally friendly energy-
saving biotechnologies for biodegradation and bio-utilization of chemically resistant
waste industry and processing of lignocellulosic raw materials. Of great importance
in the process of lignin degradation by xylotrophs is the reaction of free-radical
oxidation, as well as the synthesis of various redox substances and bioantioxidants by
these fungi. At the same time, the relationship between pigmentation and the
formation of secondary metabolites, the antioxidant and gene-protective properties of
fungal pigments — carotenoids and melanin are being studied.

Detailed studies of medicinal mushrooms show that their physiological effect
can be largely due to the presence of antioxidant compounds in their composition and
a balance in the prooxidant-antioxidant system [6, 9, 19]. However, the data on the
prooxidant-antioxidant activity of basidiomycetes are fragmentary and solitary;
systematic studies of the antioxidant properties of biologically active compounds of
these fungi are lacking. Studies have begun on the use of basidium mushrooms in
mycotesting and bioremediation of the environment [18].
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All this determines the relevance of further study of various metabolites of
basidium mushrooms in order to elucidate the prospects for their practical use in
various industries and human activities, including medical.

Conclusions

It was found that all the studied strains are capable of synthesis and
accumulation of polyphenols under the proposed cultivation conditions. The total PF
content in the culture fluid is higher than this indicator of mycelium. Discovered
strains with high levels of polyphenol accumulation: in culture fluid and mycelium —
Fistulina hepatica Fh-08, Fomes fomentarius T-10 ta Laetiporus sulphureus 1.s-08;
in cultural fluid — Flammulina velutipes F-03 and Pleurotus eryngii P-er; in
mycelium — Ganoderma lucidum Gl-2.

It is proved that the total content of carotenoids in the mycelium is higher than
this indicator of the culture fluid. The presence of carotenoids in CF was recorded in
46% of strains. Identified promising strains producing mycelial carotenoids:
Laetiporus sulphureus Ls-08, Fistulina hepatica Fh-08, Ganoderma lucidum Gl-2
and Daedalea quercina Dq-08 and extracellular carotenoids: Fistulina hepatica Fh-
08, Pleurotus citrinopileatus P-citr, Laetiporus sulphureus Ls-08, Pleurotus ostreatus
Hk-35, P-01, P-035, P-107, P-203, P-208, P-6v i P-cl.

It was revealed that 97% of the studied strains are capable of accumulating
melanin in mycelium and 52% in culture fluid, where the content of these substances
1s much lower than that in mycelium. The highest melanin content in mycelium was
found in strains Fomes fomentarius T-10, Ganoderma lucidum Gl-2 from order
Polyporales and Flammulina velutipes F-vv from order Agaricales. According to the
analysis of fruiting bodies, it is promising to attract polypore species strains to the
search for producers of melanins — [Inonotus obliquus, Fomitopsis pinicola,
Ganoderma applanatum and Fomes fomentarius and agaric species — Fistulina
hepatica and Lentinula edodes.
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Introduction

The paper discusses some features of the models used in the field of error-
correcting coding. Models of channels are given.

8.1. Channel Models

We carry out the classification of communication channels. A communication
channel is a set of devices that provide the transmission of signals with certain
properties from one point to another. When constructing a communication system, a
channel, as a rule, is a given link with which the sources and receivers of messages
must be coordinated through transmitters and receivers. A transmitter is a device that
converts an A[ 1 coobmienne message from a source into a S[_1[ ]signal, which can
be transmitted on this channel. A receiver is a device that converts the signal at the
output of the channel S”(t) into a received message A" (t).

Communication channels are classified according to various criteria - according
to the used communication lines (copper, fiber, radio, etc.), by the frequency band
(tonal, high-frequency, short-wave, ultra-short-wave, light, etc.), by the technical
nature of the signals and the purpose communication systems (telephone, sound
broadcasting, television, digital information transmission, etc.).

In the mathematical description, the channels are distinguished primarily by the
type of sets to which the input and output signals (continuous and discrete channels)
belong, and by the nature of the change in these signals in time (continuous and
discrete time channels) [1, 2].

Among the continuous channels of continuous time, two of the most typical can
be distinguished.

The first of these is a direct communication line, often with amplifying or re-
receiving (relaying) equipment. It occupies a special position, as it is part of all other
communication channels. The second differs from the first in the presence of
modulation and demodulation equipment (often multistage) and, accordingly,
bandwidth. Examples of channels of the second type are individual and group paths
of high-frequency telephony systems, television channels, etc.

A continuous channel of discrete time consists of a continuous channel of
continuous time and connected to it at both ends of synchronized gating devices,
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counting the transmitted and received signals. A discrete channel is most often
discrete in time. It consists of a continuous channel and a signal former (discrete
modulator) and a resolver connected to it.

The latter also determine the discreteness of the set of input and output
elementary signals. In the ideal case, these two devices operate synchronously [13].

Sometimes they talk about semicontinuous channels - continuously-discrete, in
which the set of input signals is continuous, and the output is discrete, and discrete-
continuous, in which the set of input signals is discrete, and the set of output is
continuous.

8.2. Types of communication channels

To compare the possible methods of constructing a communication system and
predicting its characteristics without direct experimental tests, it is necessary to have
various characteristics of the channels included in it. A comprehensive description of
the channel, allowing to calculate or evaluate any of its characteristics, is called the
channel model [3, 4].

The model should be distinguished from a partial description of the channel,
consisting only of individual characteristics needed in specific cases. The general
requirements for the model are its simplicity (ease of use) and accuracy (agreement
with experimental data). Due to the complexity of real channels, these requirements
are usually contradictory; When building a model, a reasonable compromise is
needed.

The model of a real channel (if you are not interested in internal processes in the
system) comes down to defining a mathematical model of the signals at the input and
output of the channel (or its electrical circuits) and the connections between them [5,
6].

The connection of signals (in the general case, multidimensional, vector) at the
input x (t) and output y (t) (the latter are also called the response or reaction of the
system) can be specified by the system operator [2]:

v(t) = L{x(t)} (1)

To describe the communication channel, it is necessary to set the region V. of a

certain functional space, which is called the region of admissible input actions. An
indication of this area describes the nature of the input signals, which can be
continuous, discrete, digitally determined or random. Similarly, the region V, of

permissible output signals must be determined.
The mathematical model of a system (channel) is the combination of the system
operator L and the areas of permissible signals V. and V. The classification of

systems (channels) can be carried out on the basis of the characteristic properties of
their mathematical models. They say that a system is stationary if its response at the
output does not depend on at what point in time the input signal arrives. Stationary
systems are called systems with time-constant parameters. If the properties of the
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system depend on at what point in time the input signal arrives, the system is called
non-stationary (a system with time-variable parameters or a parametric system) [7, 8].
The most important principle for the classification of communication channels is
based on the fact that different systems respond differently to the sum of several
signals. If the system operator in expression (1) satisfies the principle of
superposition:
Llx; +x,] = L[x; ]+ L[-rz]:} 2)
L[oc x] =o¢ L[] (
where a is an arbitrary number, then the system is called linear. If conditions (2)
are not satisfied, the system is called nonlinear.

Strictly speaking, all physical communication channels and their constituent
links (chains) are non-linear to one degree or another. However, a lot of channels are
very accurately described by linear models. Consider a brief description of linear
channel models [2]. The simplest model for a communication channel is an additive
noise channel.

In this model, the transmitted signal s (?) is only affected by the additive noise
process n(t). Physically additive noise arises from extraneous electrical interference,
electronic components and amplifiers in the receiver of communication systems, as
well as due to signal interference [9, 10].

If the noise is mainly due to electronic components and amplifiers in the
receiver, it can be described as thermal noise. This type of noise is statistically
characterized as a Gaussian noise process.

As a result, the resulting mathematical model is usually called a channel with
additive Gaussian noise. Since this model is applicable to a wide class of physical
communication channels and has a simple mathematical interpretation, it is the
predominant channel model in the analysis and synthesis of communication systems.
Channel attenuation is easily incorporated into the model. If the signal is attenuated
when passing through the channel, then the received signal

r(t)=as(?) +n(1), 3)

where a is the attenuation coefficient of the linear channel filter.

In some physical channels, such as wired telephone channels, filters are used to
ensure that the transmitted signals do not exceed the well-established bandwidth
limits and thus do not interfere with each other. Such channels are usually
mathematically characterized as linear filter channels with additive noise.

Therefore, if the signal s (?) arrives at the channel input, we have the signal at
the channel output:

() =s(@) +c(®) +n(t) = [ (@ st —Ddr+n(t), (@)
where c(?) 1s the impulse response of the linear filter, and * denotes convolution.
Physical channels, such as underwater acoustic channels and ionospheric radio

channels, which arise under the conditions of the time-varying multipath propagation
of a transmitted signal, can be mathematically described as linear filters with variable
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parameters. Such linear filters are characterized by the time-varying impulse
response of the channel ¢(7,¢), c(z,¢) is the channel response at time t to o - the pulse
applied to the input at time # —z. A linear filter channel with variable parameters and
additive noise is characterized by such parameters [11, 12].

For the input signal s(?), the channel output signal

r@) =s@*c(m)+n®) = [ c(mt) st—Ddr+ne) (5

The model for multipath wave propagation through physical ionospheric
channels (at frequencies below 30 MHz) and mobile cellular radio channels is
described as a special case of expression (5), when the time-varying impulse response
of the channel has the form:

e(z;t) = Xy @, (06(T — 1), (6)

where a,, (t) determines the possible time-varying attenuation coefficients for L
propagation paths, T, are the corresponding delay times. If (6) is substituted into (5),

then the received signal
r(6) = Xhoy ap (Os(T— 1) + n(t) (7)

Therefore, the received signal consists of L propagation components, where
each component is multiplied by a, (t) and is delayed by 7. The three mathematical

models described above adequately characterize most of the physical channels that
are encountered in practice [13, 14].

One of the most important requirements for communication systems is the
fidelity of the transmitted information from the message source to the recipient. In
practical conditions, the implementation of this requirement is inevitably hindered by
errors that are caused by external noise coming to the input of the receiving device
from the communication channel, internal noise arising in the receiving device itself,
signal distortions associated directly with its passage through the channel.

External interference occurs due to various natural electromagnetic processes
occurring in the atmosphere, ionosphere and outer space (atmospheric interference,
space noise, etc.). In addition, they are created by various kinds of electrical
installations (the so-called industrial interference) and numerous extraneous radio
stations. The internal noise of the receiver is due to the chaotic thermal motion of
electrons and ions in the elements of the receiver itself. The main sources of this
noise are electron tubes, semiconductor devices, resistors, and other elements.

As external noise and internal noise of the receiving device are superimposed on
the signal and distort it. A characteristic feature of these types of interference is that
they are independent of the signal even in the case where the signal at the receiver
input is missing. Therefore, the external noise and internal noise has received the
name additive noise [15, 16].

When building mathematical models of interference in communication channels
all the clutter it is advisable to divide into classes, as different classes most
appropriate when solving the tasks or the most simple, but still ensures a sufficient
accuracy, can be different models. However, it is impossible to prove strictly
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logically and choose a single basis of classification.

So, the interference, depending on the causes or source type can be divided into
the following classes: space, atmospheric, industrial, caused by peculiarities of the
distribution channel (echo, fading, jitter attenuation during the propagation etc.);
deliberate (organized); internal thermal noise of the devices receiving the signals, etc.
depending on the method of influence on a useful signal to distinguish additive and
multiplicative noises. For example, additive noise often are: radiation outside
sources; interference with linear jumps due to the finite value of the security between
pairs of cables; interference of the type associated flow and non-linear transitions [17,
18]; thermal noise; manifested at a macroscopic level the discreteness of the
electromagnetic PLI of light emission at low signal levels, etc. as typical examples of
the multiplicative interference can be called unpredictable changes in the coefficients
of the transmission channel, breaks, fading signals, etc.

In general, the effect of interference n(z) on the useful signal u(?) can be
expressed by the operator:

z(t)= Ls(u (1), n(®)]. (8)

In the particular case when the operator degenerates into the sum:
z(1)= s(0)+ n(), €))
the interference is called additive. If the operator can be represented as a
product:
(1) = k(t)u (1), (10)

then the interference is called multiplicative. Here k(%) is a random process.

In real channels, both additive and multiplicative interference usually occur, and
therefore

Z(t) = k(H)(o)+ n(?). (11)

The unpredictability of the instantaneous values of interference is their
characteristic feature, which often allows us to consider them as random processes
with different probabilistic properties, usually different from the properties of the
useful signal. The probabilistic description of interference can be greatly simplified
by introducing specially selected interference classes. According to their properties,
the most common additive noise can be divided into three classes: concentrated in the
spectrum (narrow-band), concentrated in time (pulsed) and fluctuation, unlimited in
time and spectrum [19, 20].

The fluctuation noise (fluctuation noise) is a random process with a normal
distribution (Gaussian process). Such a hindrance is the most studied and is of the
greatest interest both theoretically and in practical terms. This type of interference
occurs in almost all real channels. In the optical frequency range, quantum noise
caused by the discrete nature of the signal is essential. Multiplicative interference
due to random changes in the parameters of the communication channel. In
particular, this interference is manifested in a change in signal level.

The trouble of dealing with fluctuation and concentrated noise was considered
by many authors in different aspects, and it is possible to identify a number of
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approaches to this task: filter ("cut" interference with the part of the spectrum of the
useful signal), compensation (estimation and subtraction of the mixture of useful
signal and noise), algorithmic (the construction of a decision rule taking into account
the action-centered interference).

Impulse noise, coping with the challenges in communication systems is also in
the spotlight [5.], suppressed mainly by the nonlinear device, either by eliminating
from the analysis of samples of the signal affected by pulse noise that in turn requires
reliable identification of such samples [21, 22].

Fluctuation interference is the most common and in General is a chaotic, chaotic
time variation of the voltage or current in any electrical circuit. This class will
typically include thermal noise, linear and nonlinear transient effects and echo signals
in multi-channel radio relay and cable lines, extraneous electromagnetic or acoustic
radiation in the radio or sonar channels. The most common causes of the fluctuation
of interference are different kinds of random deviation in time of certain physical
quantities from their average values.

When you telephone the fluctuation of the disturbance is manifested as a
characteristic noise heard in the phones. A typical example of the fluctuation of the
interference are internal noise receptor.

Thermal noise at the receiver input is a Gaussian random process with zero
mean. One-dimensional probability density of such a process:

nz
a(n) = == e (12)

is determined by the dispersion =, which is the average interference power at a

unit resistance (6°=P,), if n(f) has a current or voltage dimension. The spectral
density of the interference power G, (f) for a Gaussian channel is most often

assumed to be uniform in the channel passband (with an infinite passband, the
interference power would be infinite). This interference is called white noise. The
Gaussian channel with white noise is completely determined by the receiver
bandwidth and the interference power spectral density:

G(f) = —— (13)

where & = 6,624*%103 J;

c 1s Planck's constant;

k=1,38*102° J / deg - Boltzmann constant;

T — aGcomoTHAs TeMIIepaTypa UCTOYHHKA [ITyMa;

T is the absolute temperature of the noise source;

f is the current frequency.

In the range of sound and radio frequencies, hf << kT; therefore, expanding the

exponent in expression (13) in a series, we obtain
kT Ng

G]!(f) =—=— (14)

-
=

The value N is a one-sided (at positive frequencies) spectral noise density.
It is customary to include signals of extraneous radio stations, intentional
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interference, radiation of high-frequency generators for various purposes (industrial,
medical), concentrated on the spectrum of additive interference, etc. In the general
case, these are modulated oscillations with varying parameters. Unlike fluctuation
ones, the width of the spectrum of lumped interference in most cases does not exceed
the passband of the receiver, and in some cases it is much narrower than this band.

Pulsed interference is a random sequence of pulses having random amplitudes
and following each other at random time intervals, and the transients caused by them
do not overlap in time. Such interference includes many types of atmospheric and
industrial interference. The normalization of impulse noise in the channel of the
tonal frequency is done by limiting the time they exceed the specified analysis
thresholds.

The probabilistic properties of such noises are fully described for practical
purposes by the probability distribution of the pulse amplitudes and the distribution
of time intervals between these pulses. For the latter, the Poisson model is often
used. The distribution of the amplitude of the pulsed interference is often described
by a log-normal law:

. _(pa)? _ . _{Ina-a)?
e z2£° w(A) = e 8 (15)

J 2-m 2 ’ J2mR?A

w(p) =

where a, [§°is the mathematical expectation and variance of the transformed

random process p=In4. This law is characterized by the presence of significant
values in the region of large amplitudes, which corresponds to a real model of
impulse noise.

Multiplicative interference due to random changes in the parameters of the
communication channel. In particular, this interference is manifested in a change in
the signal level at the output of the demodulator. Distinguish between smooth and
spasmodic changes in signal level. The cause of smooth changes can be fluctuations
in the attenuation of the communication line, caused for example by a change in the
state of the weather, and in radio channels - fading. The cause of abrupt changes in
the level may be poor contacts in the equipment, imperfect operation of
communication equipment, etc.

The most common model of a channel with multiplicative noise is a channel
with Rayleigh fading, in which the one-dimensional probability density of a random
process is Rayleigh:

— 2u i )
() = =€ " AU = {]} (16)
w(u)=0 gnau<0

Moreover, the multiplicative noise is often assumed to change so slowly that its
values over a long time without a large error can be considered constant (slow fading)
and the factor u(?) in expression (11). Sometimes a multiplicative interference model
may be acceptable, according to which u (#) takes only two values - 0 and 1. This
model reflects the sharp changes in the transmission coefficient that occur in a

number of real channels, for example, analogue telephone channels [2].
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8.3. Coding

All correcting codes can be divided into two classes - block codes and
continuous codes [3].

Block codes - codes in which each message (or message element) is associated
with a block of characters (code combination, code vector). Non-uniform block
codes are possible having blocks of various lengths; such codes arise during
statistical coding, but in recent years they have little to do with them - the main
attention is paid to uniform codes. The ability to detect and correct errors is based on
the fact that the number of code vectors is less than N, =m", where m 1is the base, n

is the significance of the code, i.e. block length. An error is detected if the received
vector does not belong to the code.

Continuous codes (also called recurrent, convolutional, or chain) are a
continuous sequence of characters that cannot be subdivided into blocks. Encoding
and decoding processes are also continuous. The transmitted sequence is formed by
placing in a certain order the test characters between the information characters of the
original sequence.

Both block and continuous codes are divided into separable and inseparable.

Separable are those codes in which the role of the characters that make up the
block (or a continuous sequence) can be clearly distinguished. Some characters, the
main ones, are informational, while others, added according to one or another rule,
are test ones and are used to detect and correct errors.

Information and verification symbols occupy the same positions in all code
vectors. The usual designation of separable codes is (n, k)codes, where is the »

significance of the code, & is the number of information symbols.

The number of code vectors is equal 2.

Indivisible codes currently form a small group. It includes constant weight
codes and Plotkin codes.

Constant weight codes are simple block codes that are widely used in practice.
All code vectors of these codes have the same weight, i.e. the same number of units.
A change in this number indicates errors. These codes can only serve to detect errors.

Plotkin codes have a high corrective ability. However, there are no practical
methods of encoding and decoding, so the applied value of these codes is not large
[3].

Separable codes are divided into systematic and unsystematic. Non-systematic
separable codes include Berger codes or codes with summation. The method for
constructing these codes is that the check characters represent a record of the sums of
the sub-blocks long into which the sequence of information characters is divided.
With this construction, the code is able to detect serial errors with a series length not
exceeding /. In another embodiment, the check digits are a binary weight record of a
sequence of information symbols. This code is designed to detect independent errors.

The most extensive class among separable codes is formed by systematic or
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linear codes, which are group codes. (In the binary case, every group code is
systematic.) The name "group code" is due to the fact that the code is a group with
respect to the addition operation modulo 2 (that is, mod 2 the sum of any two code

vectors is also a code vector).

The main difference between systematic codes is that the verification characters
are different linear combinations of information symbols. This also determines the
decoding method, based on checks of linear relationships between characters,
determined by the structure of the code. In the binary case, these checks are reduced
to parity checks.

The method for constructing systematic codes is based on the use of a
generating matrix whose rows are linearly independent basis vectors [3]. All code
vectors are obtained as linear combinations of rows of the generating matrix (modulo
2).

A large and important group of systematic codes are cyclic codes. Their main
property is that each vector obtained from the code vector by cyclic permutation of
the components is also a code vector. It is customary to describe cyclic codes using
generating g(x) degree polynomials r=n-k. Multiplying by xcorresponds to a
cyclic permutation of one step. Thisis x" replaced by one.

Encoding and decoding operations are reduced to multiplication and division of
polynomials according to the rules of binary arithmetic.

Cyclic codes are successfully used both for the detection and correction of
independent errors, and, in particular, for the detection and correction of serial errors.

Conclusion
In this paper, we used a systematic approach to organizing the transmission of

information based on noise-resistant coding. The results of the work can be applied
in the construction of communication devices.
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METOJ0OB KOMMYHUKALIMU B OP'AHAX TYBJIMYHOU BJIACTH U

T'OCYJAPCTBEHHBIX YUPEXJIEHUI
PROSPECTIVE DIRECTIONS OF MODERN COMMUNICATION METHODS IN
PUBLIC AUTHORITIES AND GOVERNMENT INSTITUTIONS
MNEPCIEKTUBHI HAIIPSAIMU CYYACHHUX METO/AIB KOMYHIKAIIII B OPTAHAX
MYBJIIYHOI BJAJM TA JTEPYKABHUX YCTAHOBAX
DOI: 10.30888/2663-9882.2020-01-018

Beryn

KomyHnikariiini TeXHOJIOT1i BUCTYIAIOTh I€BUM MEXaHI3MOM B3a€EMOJIi MiX
CEeKTOpaMHU CYCIIJIbCTBA, Kl MPUCKOPIOIOTH TpaHC(HOpMaIlil0 B3aEMOBIIHOCHH BiJl
BEPTUKAIBbHOI aJMIHICTPAaTUBHO-YIIPABIIHCHKOI MOJENI J0 TOPU30HTAIBHOI, IO
SBJISIE COOOI0 OCHOBY TIOOYIOBH TPOMAJITHCHKOTO CYCITUIHCTBA B I[1IJIOMY.

9.1. CyyacHuii cTaH BUKOPMCTAHHA KOMYHIKANINHUX TEXHOJIOTI B
opraHax nmyO0JiiyHol BJaJau YKpaiHu

B pe3ynbTaTi po3BUTKY 1 BXOJKEHHSI KOMYHIKAI[IMHUX TEXHOJIOTIN B yci chepu
CYCIUIBHOTO HUTTS OpraHd NyOJiyHOi BiaAu, JEp’KaBHI YCTAHOBU BCE YacTille
BUKOPHUCTOBYIOTH 1X ISl OpraHi3arii yCIinrHOTo Ta €¢)eKTHBHOTO YIIPABIIHHS CBOEIO
TISUTBHICTIO 1 TJABUINEHHSA SKOCTI aJMIHICTPATUBHHUX TIOCIYT, IO HAJAIOThCS
HaceJleHHI0. BUKOpUCTaHHS TakMX TEXHOJOTIH B cydacHOMY iH(dopMaiiiHoMy
CYCHIJIBCTBI € BKpail Ba)KJIMBOK YMOBOIO 3a0€3IEUCHHS BIATOBITHOCTI JEPKABHOTO
YIPaBJIIHHS OYIKYBaHHSM 1 TOTpeOaM HacCeIeHHS.

OT1xe, cbOroaH1 HE0OX1H1 HOBI MIIXOAH 10 TAKUX MPOOJIEM SIK BUIBHHUM JTOCTYT
70 CYyCHUIBHO 3Hauymoi iHQopMari; MOpo30picTh Ta BIIKPUTICTh BIAJHUX
IHCTUTYILIIM; SKICHI COIIaJIbHI, aJMIHICTpaTUBHI Ta 1HII TOCIYTH; COILiaIbHI
nporpamMu JJisi TpoMaJisgH; (iHAHCOBE Ta KaJpoBe 3a0E3MEUCHHS SK OpraHiB
myOJIIYHOT BAaAH, JEPKABHUX YCTAHOB, TaK 1 JISJIBHOCTI TPOMAJCHKUX OpraHi3allii;
MIATPUMKA 1HII[IATUB HACEJIEHHS Ha PIBHI OpPraHiB JEpPXaBHOI BJIAJUW Ta OpPraHiB
MICLIEBOTO CaMOBPSAYBAHHS; HU3BKHI pIBEHb CaMOOpraHi3alli TEepUTOpIaJIbHUX
rpomMaj.

B nmanmii yac muTaHHS METOMAIB KOMYHIKaIlli B opraHax MmyOJiyHOI Biaau Ta
JIEp’)KaBHUX YCTAHOBAX JIOCUTH IIUPOKO AOCTIDKYETHCS TAKUMU HAYKOBIIBSIMU K JI.
baitpauna, H. banyk, O. BoBuanceka, C. Ckubincekuii, A. bamyk, H. borBuna, II.
BepOunpkuii, O. I'aBinceka, K. I'myOGouenko, T. Jlonuenko, K. T'omyGuak, V.
Koctiok, C. T'opoma, B. TI'oposuit, H. Huinpenxo, JI. Jlporsanko, M. 3akipos;
iHpopMarriiine 3a0e3nedyeHHss CUCTEMHM Ta MEXaHI3MIB JIEpYKaBHOTO Ta MICIIEBOTO
ynpaBiiHHS BUcBITIIOBaiM B. ABep’sHoB, FO. baxan, H. banauu, B. Boporin, T.
Mortpenko, P. OBuapenko, O. Ilyxkan, €. Pomanenko, A. Cemenuenko, C. TenemyH;
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npoOJjieMH B3a€MOJIii OpraHiB MyOJiYHOI BIaau 3 TPOMaChKicTIO gocaimpkyBau O.
ba6inoBa, B. bakymenko, H.[paromupenrka, A.Komoniii, O. JlurBunenko, H.
Huxnuxk, I'. [Touenmos, B. Pebkano, FO. Cypmin, B. TokoBenko Ta iH.. B Toii e vac
MUTAHHS J1OKUTAN3a1ii B paMKax CTpaTerii KOMyHiKallii B opraHax myoJiqHoi BIaau
Ta JAep)KaBHUX yCTAHOBAX JOCIIKeHa (hparMEHTapHO.

Cyvane ynpaBimiHHS KOMYHIKAI[IHHUMU TporiecaMu 0a3yeThCs Ha BUKOPHUCTAHHI
HOBITHIX METO[IB Ta 1HCTPYMEHTIB KOMYHIKaTUBHOI MISJILHOCTI OpPTraHiB IyOJIYHOT
B Ta JIEpKABHUX yCTaHOBaX YkpaiHu. EQexkTuBHICTP KOMYHIKaTHBHOI
JISJIBHOCTI  OpraHiB  myOJiyHOI BJIaAud Ta JEpKaBHUX YCTaHOBax YKpaiHU
BH3HAYAETHCS KIJIBKICTIO 3BEPHEHb IPOMAJISH, X CTPYKTYpPOIO Ta 4acoM BIJIMOBIiAl 3a
OKPEMUMHU TEMATUYHUMU HAIIPSIKAMHU.

O1iHKa Cy4acHOr0 CTaHy KOMYHIKaTUBHOI A1sIbHOCTI OpraHiB MyOJi1uyHO1 BIau
Ta JEp’KaBHUX YCTAHOB YKpaiHM BKazy€ Ha ICHYBaHHS OKPEMHUX NEPCIEKTUBHUX
HanpsIMKiB BUKopucTaHHs [T-TexHosoriii B peami3amii MPUHLMIIB MPO30POCTI Ta
BIJIKpUTOCTI OpraHiB IyOJIIYHOI B Ta JAEpKaBHUX yCcTaHOB Ykpainu. Jlocmiaumo
NEPCIEeKTUBHI HamnpsMuU BUKOpUCTaHHS [T-TexHosorii B peamizamii NPHUHIIMIIB
MPO30POCTI Ta BIJKPUTOCTI OpraHiB IMyOJIYHOI BIaAM Ta JEpPKaBHUX YCTaHOB
VYkpainu [5].

[Iponiec 1H(MDOPMATUBHO-KOMYHIKAIIMHOI KOMYHIKAIlli TaabMy€ BiJICYTHICTh
JOCTaTHhOI  IHPPACTPYKTYpU Ta  aNTOPUTMIB  peamizaiii  eJIeMEeTPOHHOTO
JOKYMEHTOOOITY JJIsl JISJIbHOCTI OpraHiB MyOJI1YHOI BAaJM Ta JAEPKABHUX YCTaHOB.
ToMy akTyallbHUM € JOCHIDKCHHS TEepPCHNEKTUB BIPOBA/PKEHHS B KOMYHIKAIIIO
opraHiB MyOJI1YHOI BJaJu Ta JIep>KaBHUX YCTAHOB €JIEKTPOHHOI'O JOKYMEHTOO0OITy Ta
JUJKUTAII3a1lli B yMOBaX Cy4acHOTO aKIIEHTY Ha €JICKTPOHHE BPsTyBaHHS B Y KpaiHi.
JUist mABUIIIEHHS! KOMYHIKaTUBHOT B3a€EMO/I1i OPTaHiB JEP>KaBHOI BIA/IA Ta IHCTUTYTY
IPOMAJISTHCHKOTO CYCIUJIBCTBA, HEOOXiJTH1 OUIBII CKJIAJHI TEXHOJIOTIi, SIKI OYyIyTh
BKJIFOUATH BU3HAYCHHS LIUJIEH, IIJISIXU JOCSATHEHHS, 3MICT OIIMPIOBAHOI HA ayIUTOPIi
iH(hOopMaIlii, TuTaHyBaHHs 3BOPOTHOTO 3B’SI3KY TOIIIO.

[Mudposizariis opra”iB Aep>KaBHOTO yMPaBIiHHS MOBUHHA OyTU CIIpSIMOBaHA Ha
JOCSITHEHHSI CTPATET1UHUX IUIeH. Y pO3BMHEHUX KpaiHaxX B JaHHUM 4yac BiOYBA€THCS
Mepexij] BiJl €IEKTPOHHOTO ypsay 10 HUGPOBOTO, SKUM CTa€ HEBIJI'€EMHUM €JIEMEHTOM
JUTSL KpaiH PO3BUHEHOT €KOHOMIKH. YBary JOCTIAHUKIB 1 pO3pOOHHKIB MPUBEPTAIOTH
NUTAHHS BUKOPUCTAHHS LU(PPOBUX TEXHOJOTIM B JEep>KaBHOMY YIIpaBiiHHI. Aue
noTeHIian nomnepeaaboro eramny po3BuTKy IKT, 3acHOBaHOTO Ha TEXHOJIOTISX BEO
2.0, moBHicTio me He 3aaiaHuil. Came TexHonorii BeO 2.0 meperBopwim IKT 3
BIJIOKpEMJIEHUX 3aC001B 1HAMBIYATIBHOIO 1H(OPMAIIHOI JISJIBHOCTI B KOJEKTHBHI
THCTPYMEHTH KOMaHIHO1 poboTtu [6].

VY pe3ynbTarti 3pOcTaroyuoi MOMyJSPHICTI HOBUX COLIAJILHUX Mefia (ColiallbHUX
MEPEeX) Yy TpoOMaasH 3'SBISETHCS MOXJIIMBICTh HE TUIBKM CHOCTEpIraTH 3a
dbopMyBaHHSIM 1 peani3allelo JepKaBHOI MOJNITUKH, a 1 BCTyHNaTH B IHTEPAKTUBHY
B3a€MO/III0 3 OpraHaMu Jiep>kaBHO1 Biaau uepes ceppicu BeO 2.0. JlocBia 3apyOiKHUX
KpaiH MoKa3ye, 1110 BUKOPUCTAHHs cepBiciB BeO 2.0 103BOJII€ POZMIUPUTH B3aEMO/IIIO
JIEp>KaBHOTO YIPaBIiHHSA 1 TpoMaAsH. BoHO cripusie MiABUIIIEHHIO PE3YJIbTATUBHOCTI
3BOPOTHOTO 3B'SI3KYy, 3aJy4€HHSI TPOMAJIIH J1I0 OOTOBOPEHHSI Ba)XJIMBUX 3aB/IaHb
JIEp’)KaBHOTO YIIPABIIiHHSA, CTBOPEHHS 1HHOBAIlM, MO 3a0e3medyyroTh Oe3MeKy i
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KoM@popT TpoMajsH. 3apa3 MOBHOIIIHHI KOMYHIiKailii 0e3 coIllaJbHUX Mefia 1
MECEH/IKEPIB B AUTOBIH 1 0COOMCTIH AiSIBHOCTI HEMOKITUBI.

HeoOxianicTh ydvacTi oprasiB myOJIiyHOI BiIagu Ta ACPKABHUX YCTAaHOB Yy
COLIIAJIFHUX Mepekax 00yMoBJIeHa HacTynmHUMHU (pakTopamu [3]:

1). MuTTeBHil 3BOPOTHHIl 3B'SI30K B COI[IAJIbBHUX MeEpexkax. 3 OJHOTO OOKY,
CoIllaJibHI MEpEeXi JI03BOJISAIOTH IMPOBOJUTH CBOEYACHUN MOHITOPUHI peakIlii
rpoMajasiH Ha il 4u O€3/isUIbHICTh CYO'€KTIB BJIaJHUX MOBHOBAXXEHb - OpPTraHIB
MyOJiYHOI BJIaJId Ta JEP>KABHOTO YIMPABIIHHA. 3 1HIIOTO OOKY, SKIIO ITHOPYBaTH
3alUT CYCIUIBCTBA, 1€ 3BOPOTHHH 3B'AI30K MOXKYTh HaJaTy opraHizaiii Ta ¢axisiii 3
HEJIOCTATHIM PIBHEM KOMIIETEHIII B paMKaX OpraHiB IMyOJI14HO1 BJaJH Ta JEpP KaBHUX
yCTaHOBaxX 3 OOrOBOPIOBAHOTO NUTaHHSA. B pe3ynbTaTi KOpUCTyBaudli COLIAIbHUX
MepeX MOXKYTh OyTH BBEJICHI B OMaHy.

2). Oprani3zaiiist BIAKPUTOL TUCKYCIi 3 MUTaHb JIEPKABHOTO YIPABIIIHHS B paMKax
opraHiB myOJiyHOI BJIaAW Ta JepKaBHOTO ympaBiiHHA. Haifuacrtime opranu
myOJiyHOT BJIaMM Ta ISP KaBHOTO YIPaBIIHHSA HAJAIOTh IHTEPHET KOPUCTyBadyam
MOXJIUBICTh BHCJIOBUTH CBOIO JIyMKa Ha BJacHUX BeO-cepBicax 1 B BIACHUX
nonatkax. Huspka momynspHICTh MOJAIOHMX CEPBICIB B OpraHax MyOIIYHOI BIIaau Ta
JepKABHOTO YIIPABIIIHHS MOSICHIOETHCS.

3). Iloranoro MOIH(OPMOBAHICTIO KOPUCTYBAYiB MPO ICHYBaHHS CHELlaJbHUX
CEpBICIB 715 300py TYMOK I'POMA/IsH.

4). IIparHeHHSIM KOPUCTYBAYiB COLIIAJIbBHUX MEPEX BHUCIOBIIOBATH CBOIO JYMKY
B 3BHYHOMY CEpEJOBMI, a HE MEepeXOAuTH Ha I1HWI Iuargopmu. B minomy,
ColllaJIbHI MEpeXl1 3[aTHI MOJIETIIMTH 301p MPOIMO3ULIA 1 BUSBJICHHS 1HILIATUB, SKI
HANOUIBILIOK MIPOIO MIATPUMYIOTHCS CYCIIIBCTBOM.

5). Bigkputuii noctyn. Po3BUTOK MmyOIYHOCTI Ta 301IbIIEHHS 1HPOPMALIIHOI
BIJIKPUTOCTI AISUTBHOCTI OpPTaHiB MyOJI1YHOI BJIa U Ta JEPKABHUX yCTAHOBAXBEJE IO
M1JIBUIIEHHS PIBHA JOBIPH JI0 BIAJHUX CTPYKTYp 3 OOKY IPOMA/ISIH.

6). MuTTeBEe MOIIMPEHHS BIIOMOCTEH. 3aBAsIKM MOXJIMBOCTSM THUPa)KyBaHHS 1
PO3MOBCIOJPKEHHS TOBIJIOMJIEHh B OUIBIIOCTI COINIAJIbHUX MEPEeX, HaOIbII
3arpeOyBaHa iHGOpMAaIlis MBUAKO MOIHUPIOETHCS. ColliaNbHI MEpPEeki CTalTh IS
TPOMAJISiH OJTHUM 3 JIKE€pPET HOBHH.

[lepexin a0 HOBUX (hOpM B3a€EMOJIl OpraHiB IyOJIIYHOI BIAJU, JE€PKABHUX
YCTaHOB Ta TPOMAISH NPOAMKTOBAHMA PO3BUTKOM TEXHOJOTIH 1 moTpedamu
CYCIIIILCTBA, B SKOMY TMpOIEC KOMYyHiKaiiii HaOyBae Oe3mepepBHUM XapakTtep. B
OCTaHHI JECATWIITTS CKJIAalOThCS HOPMHU B3a€EMOJIl, BIAMOBIMHO O SKHUX
IPOMaJITHUH Ma€ MPaBO Ha OTPUMAaHHS BUIBHOTO JOCTYIY A0 odimiitHoi iHdopmMarii
Ta MOXJIMBICTb 3BEPTATUCA JI0 OPTaHiB MyOJIYHOI BN Ta ACPHKABHOTO YIPaBIIHHS
[14].

Hes3Baxkaroun Ha Te, 1m0 ¢opma 3BEpHEHHS 31 CTBOPEHHSAM CEpPBICIB
€JIEKTPOHHOTO YypsAly Uil TpoMajasiHUHa OyJio JIOCATHYTO 3HAYHOTO CIPOIICHHS,
TEPMIH PO3TJSAy 3BEpPHEHHS TPOMAISH B paMKax OpraHiB myOJiyHOI Biaaud Ta
JIep’KaBHUX YCTaHOBAaX B JIaHUW yac Moxke fgocsratu 30 JHIB.

OcHoBHa miepeBara TexHoJIOTiH BeO 2.0, AKi JekaTh B OCHOBI COIIAILHUX MEJIia,
MOJIATa€E B TOMY, LII0 KOPUCTYBAY 3 CIOKHMBaya KOHTEHTY CTa€ aKTUBHHUM CYyO'€KTOM,
TOOTO MOK€ CTBOPIOBATH CBi BJIACHUNA KOHTEHT, pearyBaTH Ha OTpUMaHy
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iH(opMalliro, MOmMpPIOBaTH 1i, CTBOPIOBATH 1 BCTYINATH B PI3HI CIIBTOBApUCTBA. 3
nosiBoro BeO 2.0 BeKTOp A1IOBOI B3aEMOIl B paMKax opraHiB nyOJIiYHOl BAaau Ta
JIEPHKABHUX YCTAHOBAX IIEPECTAB OyTu OI[HOCTOPOHHlM FpOMaI[HHI/I OTPUMYIOTE
MO>KJIUBICTH CBOEYACHO pearysati Ha aJIMIHICTpAaTUBHI 1HILMIATUBUA 1 MOALi, ILIO
BiJI0YBaIOTHCSI B )KUTTI pallOHY, MICTa, KpaiHU.

Crouatky rpoMajsiHu Oy/iM MacUBHUMH CHOXUBadaMmH iHGopMallii, He Maloyu
MOJKJIMBOCTI i KOMEHTYBaTH ab0 JaBaTh 3BOPOTHUU 3B'A30K B paMKax OMImMiiHUX
JoKepen myOJikalii opraHiB myOJilYHOT BJIaJid Ta JEp)KaBHUX YyCTaHOB. TakuMu
opiUIAHUMH JKepenaMu TyOJikaiii BUCTyNalTh 3acoOu macoBoi iHopmarlii, sKi
3aTBEPKYIOTHCSI BUIMOBITHUMHM OpraHaMHu IyOJIYHOI BJIAM Ta JIEPKABHUMU
ycraHoBamu. B manmii wac odiuiiine mkepeno myOsikamii, Hanpukiaa, <«KypHant
JIEp’KaBHUX 3aKyI1BeJb», JOCTYIHUH 1 B OHJIaliH-(opmaTi. OgHak B oHJaHH-(opMaTi
KOPHUCTYBa4 Ma€ MOXJIMBICTb B3aeMoiATh 31 3MI, a He 3 opraHoM myOII4HOI BIaau
Ta JIEp>KaBHOIO yCTaHOBOMO [16].

VY 2010 p. cratyc odimiiHUX Kepen MmyOsikalii oTpuMaan BeO-caiiTu caMux
opraHiB myOJi4HOi BIaJM Ta JEPKABHUX YCTAHOBAX, 3aBJSIKA 4OMY OyJid CTBOPEHI
HOBI ¢opMH B3aeMOJIi 3 TpoMaJsHAMU Yepe3 OHJIAWH-TpuiMaibHl. B pamkax
PO3BUTKY €IIEKTPOHHOTO ypsiay OyB CTBOpPEHHH Takuili I1HTEpHET-CEPBIC, 5K
«0coOUCTHIl KablHeT», yepe3 SKUl TpOMaasHu MaloTh MOXKJIHUBICTH HAIpPaBIISITH
3BEpPHEHHSI OpraHaMm IyOJIIYHOI BJIaJM Ta JEPXKAaBHUM YyCTaHOBaM 1 OTPUMYBATH
BIJIMOBIb B €JIEKTPOHHIN dopmi.

CepBicu eJIeKTpOHHOTO ypsAy 1 oQiliiiHI BeO-calTH BXke 3apa3 CTBOPIOIOTh
MOKJIMBOCTI JUIsl 1HTEPAaKTUBHOI B3a€EMOJIi 3 TIpPOMaJsHaMH B paMKax OpraHiB
nyOmiyHOi BIaAM Ta JepKaBHUX ycTaHoBaxX. CTBOPIOIOTHCS MaWJaHUYMKH IS
(dbopMyBaHHS CIIBHOT 1 OpraHi3ailii 00roBOpeHb Pi3HUX MPOEKTIB Ta 1HIIIATHB.

Opnak ayauTopiss NOMIOHMX CEpBICIB HEYMCIEHHA, 1 MPUYMHA IX HHU3BKOI
HOIYJIIPHOCTI MOXKE€ TMOJSAraTd B TOMY, II0 BOHM HE KOHCOJIIJOBaHI B OJHOMY
cepenoBuilll. TiIbKK Ha HAIIOHAJILHOMY PIBHI mparitoe noHasa 80 oprasisB Biaau, 1y
KOXXHOTO € CBIM OQiIiiHuN calT; Ha perioHaJIbHOMY PpIBHI € CBOI OpraHu
perioHanbHOi Biaau 1 cBid HaOip caiTiB. CollanbHl MEpexi SBISIOTH COOO0IO
CEpEeIOBHUILIE, IKUM T'POMAJITHU KOPUCTYIOTHCSA PETYJSPHO 1 6 BOHU MAalOTh JOCTYM
710 YMCJIEHHUX CEPBICIB 1 JXKepen 1HPpopMalii.

HoBi ¢opmu xomyHikaiiii BHUCYBalOTh JOAATKOBI BUMOTHU 10 rpomajsH. Lli
BUMOTH YMOBHO MOXHa pO3AUIMTH HAa TpH Kateropii: 1) gocraTHii piBEeHb
iHpopMaLiiHUX (IMPPOBUX) KOMIIETEHIIIH; 2) NOCTYIHICTh anapaTHUX 3aCO0iB IJis
HiAKIIOYEHHS 0 IHTEpHETY (KOMIT'IOTepH Ta MOOUIBHI MPHUCTPOi); 3) 3aJy4eHHS B
iHpacTpykTypy 1H(MOpPMAIIIHHOTO CYCHIIBLCTBA, B TOMY YHCI MOXKIIUBICTh
MIIKITIOYEHHS 0 TEJICKOMYHIKAIIMHUX MEpeX, MOCTIMHMKM JOCTYN A0 MOOUIHBHOTO
3B's13Ky [15].

9.2. Bukopucranns I'T-rexHoJioriii B peaJsizanii NpuHIUIIB MPO30POCTi Ta
Bi/IKPUTOCTI OpPratiB my0J1i4HOI BJIaIH TA IePKABHUX YCTAHOB YKpaiHU

Hlopiuno 3pocTae MOOUIbHA 1HTEpHET-ayAUTOpiss. HalOinbmn nepcrneKTUBHUM
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KaHAJIOM B3a€MOJIii OpraHiB MyOJIIYHOT BJIaAH, JEPKABHUX YCTAaHOB Ta TPOMAJISH
MOXYTh CTaTH MeceHkepu. B manmii yac ykpaiHChbKa BiaJa MOXE OpraHi3yBaTH
PO3CHIIaHHS MOBIJOMJICHb TPOMAJsIHAM 4Yepe3 Mepeki MOOLIBHOIrO 3B'A3Ky. Takwii
crioci6 i1H(MopmyBaHHS uepe3 SMS e pocuth goporum, a ¢dopmaTr BiIOMOCTEH
0OMEXEeHUI TEKCTOBHM MOBiIOMJICHHSIM. Bukopucranus mecenmxepiB (WhatsApp,
Messenger, Viber 1 iH.) AO3BOJUTH 3HATH OOMEXKEHHs Ha ¢opMmMaT HaJaHOI
iH(MOopMaIIii 1 3SHU3UTH BUTPATH.

Mecenxepy, IBUIKO HAOUPAIOTh MOMYJISAPHICTh, CTAIOTh YaCTUHOIO JIIJIOBOTO
CepeloBHUILA JJI1 KOMIIaHii 1 (piHAaHCOBUX OpraHizamii, ae, KpiM JOCTYIy /10 HOBHH,
3a0e3nevYeHuil MBUAKUN JOCTYI 0 AOB1AKOBOI iHGopMallii 1 iHPopMalIiHUX MOCTYT
3a 3alMMTOM KOPUCTyBaua yepes 4aT-00TH.

CTBOpEeHHSI HOBMHHUX KaHAJIB COLIAJIBHOI KOMYHIKaIlil 301rjocsa 3 mepioaom
3pocTaHHs ayauTopii meceHmkepa Telegram. HopmaTuBHO-IpaBoBe 3a0e3medeHHS
MECEH/IXKEPIB 3apa3 TIIbKU (POPMYETHCS, BIIOYBAETHCS HAJIATOJHKEHHS BUMOT SIK 10
MpoBaiiiepiB 1 po3poOHUKAM MECEHKEpPiB, TaK 1 10 KOPUCTyBadiB. 3 JTOCBITY BeO-
CTOpPIHOK OpraHiB MyOJI4YHOI Biaau Ta JEp>KaBHUX YCTAaHOB MM 0a4yMMo, IO TMEepII
BeO-caiiTu 3'sBriiics B KiHI 1990-x pp., a BU3HAHHSA iX CTAaTyCy K OQiliiHUX BeO-
cantiB cramocsi B 2010 p. Hemae cymHIBIB B TOMy, IO MECEHIXepu OyIayTh
BKJIFOYEHI B Ha0lp I1HCTPYMEHTIB KOMYHIKAIlii OpraHiB myOJiYyHOI BJIagud Ta
JepKaBHUX YCTAHOB.

['poMansHu, BCTymamuM y B3aEMOMAID 3 OpraHamMu IyOJIIYHOI BJIAaad Ta
JEp’)KaBHUMHU YCTaHOBAMHM, B IEpLIy YEpry OpIEHTOBAaHI Ha Te, 1100 BUPILIUTH
BAKJIMBI Uil HUX 3aBJaHHA. YacTka aKTHMBHUX YYACHHUKIB OyIb-KHUX IHTEpPHET-
CHUTHHOT 3a3BUYail HEBEIMKA, MPOTE caMe Ii YYACHHUKH JO03BOJSIOTH MOTJSHYTH HA
npo0jemMy miJi HOBUM KYTOM, 3HANTH HeTpuBlaibHI pimieHHs. CTBOPEHHS 1IHTEpPHET-
CHUTHHOT JTO3BOJIUTH OpTaHaM MyOIiyHOi BJaJM Ta JEp>KaBHUM YCTAaHOBAM BUWTH Ha
BIJIMOBITHUN CBITOBUM CTaHJIapTaM pPIBEHb YINPABIIHHS 3HAHHIMU, 3QJIy4ar04d 0
mpoliecy OOTOBOPEHHSI 1 MPOEKTYBaHHS PIlIEHb JEP>KABHOTO YIPABIIHHS BEJIHUKY
KUIBKICTh TPOMAJISIH, TOOTO, 3a15TH IHTEJICKTyJIbHUHN TTOTEHIIIa]I TpoMastH [12].

Bcranosnieno, mo B ymMoBax cy4yacHOi 1HGPacCTpyKTypH KOMYHIKallii OpraHiB
nyOmiyHOI BIIagu Ta JEpKaBHUX YCTaHOB YKpaiHM ICHye mpobiiemMa ciabkoi
OpO30pOCTI  Ta  HEJOCTaTHbOI  TPAHCHAPEHTHOCTI  1HQopMalii B  paMKax
KOMYHIKAIIiHOT TIOJIITUKU, TOMY TEPCIEKTUBHIUMH HaIpsiMKamMu BUKopucTanHs [T-
TEXHOJIOT1M B peani3allii MPUHIUIIB MPO30POCTI Ta BIAKPUTOCTI OpraHiB IMyOJIYHOT
BJIa/IM Ta JIEP’)KaBHUX YCTAaHOB YKpPaiHM € 3aIIPOBAHKEHHS BUKOPUCTAHHS MECEHKEPIB
Ta XMapHUX CEpBICIB [Js ONTHUMI3AIll JAepKaBHOI KOMYHIKALIMHOT TOJITUKA B
VYkpaini.

B ymoBax, konM 3HayHa YacTHUHA KOMYHIKAIlli TEPEHOCHUTHCS B COLIAIbHI
MEpexi, sl opraHy JAep>KaBHOI BiaJM MEPEBAKHO TaKOX CKOPUCTATUCS HUMH JUISI
B3a€EMOJIIi B oOpraHax IyOJi4YHOI BJagu Ta JAEp>KaBHUX YCTAaHOBaX YKpaiHU 3
rpomaasHamMu. lLleit cmoci® cminkyBaHHs Oyae 3HA4YHO e(EKTUBHIIIE, HIXK
BUKOPHUCTaHHS Pi3HUX (POpM KOMYHIKaIlli Ha po3pi3HeHHX BeO-caiiTax. CTBOpEHHS
BJIACHOTO CEpEIOBHINLA JIJIsl 3a0e3MeYeHHs B3aEMO/IIT 3 TpOMaIsiHAMH, KpIM BUTpAT Ha
il po3poOKy 1 MIATPUMKY, 3aKaJa€ 3HAYHUX BHUTPAT HaA 3allydeHHS ayJauTopii B
opraHax myOJIiuyHOI B[ Ta JepKaBHUX yCTaHOBax Ykpainu [7].
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BukopucTtanHs coOLlaJbHUX MEpEeX TMEePEeTBOPIOE B3aEMOJII0 B OpraHax
nyOJIIYHOT BIaau Ta JAepKaBHUX YCTAaHOBaX YKpaiHM 3 TpOMaJsiHaMU 3 AUCKPETHOTO
B OesmepepBHe. JlaHa mepeBara Mae BEJHMKE 3HAYCHHS SK JJII OPTaHiB IyOJivHOT
BIIQM Ta JIEPKABHUX YyCTAaHOBAaX, TaK 1 JJs TPOMAJSH, y SIKUX 3'SIBISIOTHCS
THCTPYMEHTH MOHITOPUHTY Ta OILIIHKY /1M Jep>KaBHOT BJIaIu.

VY comianbHUX MepeXax MOXJIMBE (OPMYBaHHS CIUIBHOT, IO JO3BOJISIE
BUKOPHCTOBYBATH IHTENEKTyaJIbHUN TMOTEHINA] TPOMAASH y BUPIIICHHI 3aBIaHb
JIep>KaBHOTO YIpaBliHHA. MOJKHA MPUITYCTUTH, IO He3abapoM caMa MOXKJIUBICTh
HAJaHHS ONEPAaTUBHOTO 3BOPOTHOTO 3B'SI3KY TPaHCHOPMYETHCSI B  OOOB'S3KOBY
BUMOTY JUIsl OpPTraHiB JAEp>KaBHOIO YIPABIIHHS, SIK L€ cTajocd 3 1H(OpMaTH3allI€e0
JepKaABHUX TTOCIIYT.

Ha tenepimHiii yac BU3HAYEHO YOTUPU OCHOBHI MPUHLIMIIN IIOJO0 BIIKPUTOCTI
ypsiny Ta Biaau: 1) iHdopmamis mpo IIbHICTh YypsiAy Ta BiIaAu MOBHHHA OyTH
BIJIKPUTOIO, BCEOCSIKHOIO, CBOEYACHOIO, BUIBHO JOCTYITHOKO ISl TPOMAJICBKOCTI, 1
Taka, III0 BIJMOBIa€ OCHOBHUM CTaHJapTaM BIIKPUTHX JaHHMX; 2) ypsJ Ta Biaja
3a]y4ar0Th TPOMAJSH JI0 Y4acTi B OOTOBOPEHHSX, IO CHPHSIE MPUUHATTIO PIIICHb,
K1 BPaXOBYIOTh I'POMAJICBKY JYMKY, € OUIbIIl IHHOBAI[IHHUMU Ta €(PEeKTUBHUMHU; 3)
HAsSBHICTh MPABUJI, HOPM 1 MEXaHI3MIB, SIKi 3MYIIYIOTh YPSJAOBI Ta BJIAJIHI CTPYKTYPH
710 OOTPYHTYBaHHS CBOiX JiM, 3MIMCHEHHS MISJILHOCTI BIAMOBIJHO JI0 BU3HAYEHUX
JUISI HUX ~ BUMOT, pearyBaHHS  Ha KpUTUKY, TPUUHATTS  BiJNOBIIAJIBHOCTI
3a HEBLATIOBIAHICTH 1 3aKoHaM a00 3000B’s3aHHAM; 4) yps Ta Biaja BPaXOBYIOTh
BOXJIMBICTh HAJIAHHS TPOMAJASHAM BIIKPUTOTO JOCTYIy JI0 TEXHOJIOTIH, a TaKOoX
YCBIIOMIIIOIOTh POJIb HOBHUX TEXHOJIOT1M B IPOCYBaHHI 1HHOBAlld Ta Ba)JIHUBICTh
PO3IIMPEHHS MOKJIMBOCTEH BUKOPUCTAHHS TEXHOJIOT1H rpoMaasiHamu [1].

BpaxoByroun 3a3HaueHe, Ta BHU3HAYMBIIM OCHOBHI MPUHUUIMN BIIKPUTOCTI
ypALy Ta BIaJAM IOCTa€ HEOOXIAHICTh PO3BUTKY KOMYHIKATHBHHX MEXaHI3MIB Ta
3ac001B 3aJly4eHHS TPOMAJCHKOCTI /10 JACP>KABHOTO YIPABIIHHS, YIOCKOHAJICHHS
METO/I1B 31HCHEHHS KOHTPOJIIO 32 BUKOHAHHSM 3aBJlaHb, OTPUMaHHS 1H(QOpMaIiiHux
Ta 1HIIKMX MOCTYT TPOMAJICHKICTIO Ta IPOMaJICBKMUMU opraHizarismu [11].

AHaJli3 KOMyHIKaTUBHOI B3a€EMOJIIT OpraHiB JAep>KaBHOI BIAJM Ta TPOMAJCHKOCTI
B YKpaiHi J03BOJIMB BU3HAUYUTU OCHOBHI ¢opMu Oe3nocepeHboi  ydacTi
IrpOMaJChKOCTI y (opMyBaHHI Ta peams3aunli JAep>KaBHOI MOJITUKH, a caMme,
MPOBEJIEHHS KOHCYNbTAIlil 3 TPOMAJICBHKICTIO uepe3 TpOMaJChbKe OOTOBOPEHHS,
CJIGKTPOHHI KOHCYJbTallll; BUBYCHHS TPOMAJCHKOI IyMKH. Takox ¢dopmamu
3aJTy9eHHS TPOMAJIChKOCTI IO TIPOIIECY B3aEMOIIT 3 OpTaHaMHM BJIaH € THAWBITyaJIbHI
W KOJIGKTHBHI 3BEPHEHHS TpPOMAJSAH, METHIlii, EJIEKTPOHHI MEeTHUIllli, OTPHUMAaHHS
nociyr B cTBopeHux LleHTpax HamaHHA aAMIHICTPATUBHUX IMOCIYT Ta 3a0€3MEYCHHS
OMEpPAaTUBHOIO pearyBaHHs OpraHiB IMyOJIYHOI BIaAu HA 3BEPHEHHS TIPOMAJsSH B
HamionanpHoi cucTeMi OMNpalloBaHHS 3BEPHEHb 1O OpPraHiB BHUKOHABYOI BIAJH
«YPpsn0BUN KOHTAKTHUU LIEHTPY.

Takox, 1yIsi BIOCKOHAJEHHS KOMYHIKATHMBHOI B3a€MOJIIi OpraHiB JIep KaBHOI
BJaJM Ta TPOMAJICHKOCTI B YKpaiHl MPOMOHYETHCS: YXBaJTUTU 3aKOHOMPOEKT «IIpo
nmyOJIiYHI KOHCYJbTAIll(», KU Ha 3aKOHOJIABUOMY DPiBHI 3000B’S’KE€ OpPTraHH BJaIu
3M1MCHIOBATH IIJIJAHYBaHHS Ta 3aBYacHO OINPUJIIOJHIOBATH 1H(OpMaIiO 11010
MiTOTOBKHU MPOEKTIB aKTiB; MPOBOJAUTH KOHCYJbTaLlli Ha BCIX eTamax (OpMyBaHHS
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JEp’)KaBHOI, PETIOHAIbHOI TMOJITUKH; JOTPUMYBATUCH TMOPSAKY IPOBEIACHHS
nyOqiYHUX  KOHCYJbTAlll, BHU3HAUEHOTO 3alpPONOHOBAHUM  3aKOHOIPOEKTOM;
3BITYBaTH TMpO pe3yJdbTaTH KOHCYJbTAlllll; CTBOPUTU €auHE 1H(OpMaIliiiHe
CYCIIJIBCTBO Ha 0a3i 1H(OpMAaIifHO-KOMYHIKATUBHUX TEXHOJOTIH; 3a0e3neunTu
JOCTYMHICTh TPOMAJCHKOCTI 10 MyOsiyHOi iH(popmalii; 3a0e3neynuTH HaJgaHHS
AKICHUX COLIaJIbHUX, AJMIHICTPaTUBHUX Ta IHIIMX MOCIYT; 1HGOpPMYyBaTH uepes3
KOMYHIKAI[Ii{H1 3aCO0HM PO MOKIIUBICTh 3TYyYEHHS TPOMAJISTH 0 aKTUBHOTO TPOIECY
CYCHIJIBHOTO KUTTS;, 3a0X0YyBaTH B HaJaHH1 MPOIO3UIIINA, PEKOMEH/Ialllil Ta HOBUX
171e# 3 00Ky IpOMaIChKOCTI; HAJIarouTH J1€BICTh 3BOPOTHOTO 3B SI3KY [4].

Bapto 3BepHyTHM yBary Ime Ha KiTbka BaXIMBUX MOMeEHTIB. [lo-mepire,
He3alepeyHuM 3aTUIIAEThC (PaKT ICHYBaHHS TJI00ATBHUX CHUJI, sIK1 BIUTMBAIOTh HA BCI
BUJIM KUTTEAISUIBHOCTI KOXKHOI JitouHU. [lo-/1pyre, TEXHOI0T14H1 HOBAIIli MOCTYIIOBO
3HaXOJIATh CBOE BIJIOOpPaXEHHS B >KUTTI HacesleHHs. Taka cuTyallisi Npu3BOAUTH J10
BUHUKHEHHS HEOOMEKEHUX MUISXIB PO3BUTKY 1 TIEPCIEKTUB BIPOBAIKCHHS
IHCTPYMEHTIB MapKETUHTY B IyOJIIYHOMY YIIpaBJIiHHI, B IIJIoMY [2].

VY CBiIOMJIEHHSI CydyacCHUX YMOB JIEp’KaBH BUMAarae Cephio3HUX 3MiH 3aCTapijioro
CTCOPETIIMHOTO BIJHOIIEHHS J0 IUJIaHyBaHHS, SK JIO0 TpOIeCy, B MOBHIN Mipi,
KEpOBAHOI0 JIepKaBHUMHU ycTaHoBamMHu. Ha mepruii miaH BUXOAUTH HEOOXITHICTH
HOBOTO PO3yMIiHHS TUIaHyBaHHS, ()OPMYBaHHS HOTO CTIMKOTO CTAHOBHUINA 3aBISKH
MaKCcHUMI3aIlii piBHS 33J0BOJICHOCTI TPOMAaJIsH.

TakuMm 4yuHOM, ISl YCHINTHOTO IJIAaHYBAHHS CIY:KO MapKETUHTy B MyOI14YHOMY
YIOPAaBJIIHHI CIIIJI A€TaJbHO BUBYMTH 1 OL[IHUTH peajibHI MOKJIMBOCTI HAIIOI KpaiHU 1,
BUXOJA4YM 3 IbHOT0, c(HOpMYyBaTH NPOrpamy MOAANBIIOIO PO3BUTKY 1 31HCHEHHS
MapKeTUHTy, B SIKIi OM paliOHAJIbHO TMOEAHYBAJIMCA HAasBHI PECYpCH, MOTpPEOH
CyCHIIbCTBa, IUII 1 3aBJaHHS, B OCHOBI SIKUX JIFOJIMHO-OPIEHTOBAaHI, I[IHHICHI
npiHuunu. CTBOpPEHHS CiIy>)kO MapKEeTHHry B IyOJIIYHOMY YIOpPaBIiHHI € JOCHUTb
HEBUBUYEHHUM IPOLIECOM, 1110, B CBOIO UEPTy, BUMArae OuIbII IEBHOIO OOTPYHTYBAHHS.
Ha ocHoBi BumieHaBegeHoi iHGopmMalli Ta JOTIYHUX MIPKYBaHb, MOOYAYEMO
OpraHizaiiiiHy CTpyKTypy CIIy>)kOM MapKeTUHTY, sika, B CBOIO 4epry, MOBHHHA OyTH
HEB1I'€MHOIO CKJIaJIOBOIO ITyOJIIYHOTO YIIpaBIiHHSA, B 1IoMy [15].

3a0e3nedeHHs] yCHIIIHOI MIsJIbHOCTI MapKETHUHTY B TPOMAaJICbKOMY YIpPaBIliHHI
peani3yeTbCsl MUISIXOM 301MCHEHHS CTPATErIYHOrO KOHTPOJIIO 1 ONEPATUBHOI OLIIHKHU
MOBEIIHKA MOTO0 MapKETHHTOBUX 1HCTPYMEHTIB B MPOIIECI JOCITHEHHS ITOCTaBICHUX
mineii. TpebGa 3BepHYTHM yBary, mo Oe3 opraHi3aiii KOHTPOJIO 1 BCTaHOBJICHHS
3BOPOTHOTO 3B'AI3Ky HEMOXKJIMBAa HaJleKHA poOOTa CaMUX MEXaHI3MIB ITyOJIIYHOTO
VOpaBIIHHSA, 1HIMX MIIKOHTPOJBHUX JEpPXKABHUX CTPYKTyp. KOHTpoib Takox €
OJIHUM 3 OCHOBHHUX JUCIUIUTIHYIOYMX YMHHHKIB MOBEAIHKH JEPKaBHHUX CIIY>KOOBIIIB
[13].

Sk 1 B IHIIUX KpaiHaX, Ha HUHINIHHOMY €Talll peajizallii mporpaMu pPO3BUTKY
€JIEKTPOHHOTO YypAy TMOCIYTM HAAAlOThCA T'POMAJsiHaM 3 BHKOPHUCTAHHSIM PI3HUX
kaHaiB. KpiMm mopramnis 1 odimiiiHux BeO-caiiTiB MOCIYTH MOKHA OTpUMAaTH B odicax
Jep>KaBHUX yCTaHOB, 0arato(yHKIIIOHALHUX IIEHTpax, 1Mo TejaedoHy abo Mo MOIITI.
B sxilice Mipi cTpaTeris HaJaHHS TMOCIYr 3a JOMOMOTOI0 JEKUIBKOX KaHAaJIiB
MO3UTUBHO CTIpuiiMaeThes HaceneHHsIM. OIHaK Taka CTpaTeris He 103BOJISIE B TIOBHIM
Mipi BUKOPUCTOBYBATH BC1 IepeBaru HU(PpoBOro ypsiay - HaBiTh B pasi 3MIHU KaHAIIB
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HaJIaHHS MocIyr abo TpaHcdopMmaliii aAMIHICTPATUBHUX MTPOIIECIB.

MoO1i7pH1 TOJIOCOBI MOCIYTH 1 CEPBICH CITY’KO KOPOTKUX MOBIIOMJIEHD TOCTYITHI
99% HaceneHHs; CMaqu)OHH BIKE BUKOPHCTOBYIOTh omu3pko 20% rpomajsH,
0COOJIMBO MOJIOJb 1 JKHUTEIl MICT; AK 1 B IHIIMX KpaiHax, MOOUIbHI MPHUCTPOI,
HMOBIPHO, CTaHyTh JOMIHYIOYMMH B  Mipy MOAAJBIIONO  PO3rOPTaHHS
mpokocmyrosoro goctymy 1 LTE-mepex [10].

[Tocnyru mudpoBoro ypsiay MOBHHHI OyTH JOCTYIHI 3aBXAH 1 CKpPi3b, €
IrPOMaJIHA XOYyTh IX BHUKOPUCTOBYBAaTH. /[[ns ycmimHoi peamizaiili MNPUHIUITY
«urGppoBi 32 3aMOBUYBAHHSIM» HEOOXITHO, 1100 Aep>KaBHI MOCIYyTd B LU(PpPOBOMY
dopmatri Oynu TPUBAOIUBUMHU 1 JIETKUMH Yy BHUKOPUCTaHHI Jig aOCOMIOTHOI
OULIBIIOCTI TpoMajsiH, fAKI MOXYTh 1IX OTpUMyBatu (peanizalisi 3axojiB,
PEKOMEHJIOBAaHUX HW)XK4Ye, MOXe 3a0e3Me4uTH 301IbIICHHS YaCTKHM TPOMAJIsiH, SKl
OTPUMYIOTh MOCAYrM 3 HUGPOBUX KaHaimax B MalOyTHbomy). Lle o3naudae, mio
MOCIYTH B IIUIOMY — aJMIHICTPATUBHI PErjaMeHTH 3 iX HaJaHHSA Ta 1HTepdeiicu
JTOCTYITy JI0 €JIEKTPOHHOTO YypsAy — IIOBHUHHI PO3pOOISITHCSA 3 OpIEHTAIIE0 Ha
KOPHUCTYyBaya, a He Ha BIJOMCTBa a00 1ICHYIOU1 MTPOIIECH.

OuikyBaHHS TpOMaasiH MO0 IUGPOBOro ypsany (HOpPMYIOThCS IMiJi BIUTMBOM
JOCBIAY B3aeMOJI1i 3 Oi3HecoM. B X011 Takoi B3aeEMO/I1i OTpUMaTH MOCIYTy MOXKHA 3a
JOTIOMOTOI0 TPOCTUX OIepallii, siKi, e 1€ MOXKJIMBO, 3JIHCHIOIOTHCS IIJIKOM B
€JICKTPOHHOMY BUIJISIAI, @ B THUX BHUITQJIKaxX, KOJM HEOOXimHi ¢i3uyHl Aii, BOHHU
aBTOMATU30BaHI 1 nependavuyBani. Taki MOCIYrH TaKOX J103BOJISIOTh KOPUCTYBAyYEBI
BIJICTTIIKOBYBaTH CTaTyC Yroju — BOHA IUIKOM HPOIVISIIA€TbCA B LU(DPOBOMY
dopmari.

I'pomansnun He OyAyThb BUKOPHUCTOBYBAaTH LU(POBI AepiaBHI MOCIYyrd OUIbII
AKTUBHO, KO0 BOHU HE OYIyTh HA/IaBATUCS aHAJOTTYHUM YUHOM 1 3 TUM XKe AKICTIO;
HaIpUKJIaJ,, BUKOHAHHS olepauli Mae BIAOYBATHCS IMIBHJLIE, HIK MPU OCOOMCTOMY
BiJIB1lyBaHHI 0araToyHKI[IOHAJIBHOTO LIEHTPY 3 TAKOIO K CTYIEHEM HalIiHOCTI [8].

KibepOe3neka muppoBoro ypsay — BHUHATKOBO Ba)JIMBE NMUTAHHS HE TUIbKU
yepe3 MOCUJICHHS 3arpo3u 3 OOKy Pi3HMX CYO'€KTIB, ajieé TaKOXK 4epe3 IiIBUIICHHS
3HAUYUMOCTI CHUCTEMHU HHUGPPOBOro ypsay 1 JaHUX, SKI B HiM 30epiraroTbesi, IS
3a0e3IeueHHs HaJISKHOTO (DYHKIIIOHYBaHHS JIEp)KaBHUX OpraHiB 1 opraHizalii.

B pamkax Ormomkery 2020 poky 3alulaHOBaHO 3pOCTAaHHS BHJATKIB Ha
iH(pOpMaIliIiHy MOMITUKY Ta KOMyHiKkamio Ha 60% mo piBas 2580 MIH. TpH., B TOMY
YHCIIl Ha cycriibHe TenebaueHHs Oyae ButpaueHo 2011,5 miH. rpH. BUaaTkiB ta 569
MJIH. TPH. Ha 3aXHCT 1H(POPMAIIIHOTO MPOCTOPY Ta YKPiH(GOPM, IO JO3BOJIHTH
MOKPAIIUTH, SIK OYIKYETHCSI €(PEKTUBHICTH KOMYHIKAI[Il OpTraHiB IMyOJIIYHOI BIaIu Ta
JEp’KaBHUX YCTAaHOB YKpaiHu 3 rpoMajsiHaMu [3].

[cHyroui cuctreMH MOHITOPUHTY DPO3BUTKY  €IIEKTPOHHOTO  Ypsiy He
B1JI0OpaXkaroTh BCIX acHeKTiB 1udpoBoro ypsay. 30kpema, SK NpaBUiIo, B HUX
HaAMIpHY YyBary MNPUIUISETHCA TEXHIYHUM MOXIMUBOCTAM 1 HEJAOOIIHIOETHCS
NPaKTUYHUI JOCBiJI TPOMAJISIH Y BUKOPUCTaHH1 MOCIyT. IcCHYI041 Mozeni cami o codi
HE MIIXOATh JJI OLIIHKKA MallOyTHBROTO PO3BUTKY LU(POBOTO ypsiay. Takum YUHOM,
HAWBAKJIMBIIIUM €JIEMEHTOM NEpeXoAy 10 LU(GPOBOro ypsiay Mae CTaTH CTBOPEHHS
€(EeKTUBHOT CUCTEMU MOHITOPUHTY PO3BUTKY LU(PPOBOro ypsiay. BukoHaHHS 1bOTO
3aBJIaHHS CJI1JI AOPYUYUTH, HAIIPHUKIIA]l, MPOEKTHOMY O(icy IuppoBOTo ypsay.
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OTxe, 3a pe3yJabTaTOM OLIIHKU MEPCHEKTUBHUX HAIPSMKIB BUKOpucTaHHs [T-
TEXHOJIOTIM B peaiizalili NPUHIUIIB MPO30POCTI Ta BIAKPUTOCTI OpraHiB MyOmiuHOT
BJIaJM Ta JEpKaBHUX YCTAHOB YKpaiHM BH3HAYEHO MNOTPeOy BIOCKOHAJICHHS
MEXaHI3MIB Ta Cy4YaCHHX METOJIB KOMYHIKallli B HalpsMKax 3allpOBaKCHHS
J1KUTANI30BaHOI cTpaTerii KOMyHiKalii 3 BUKOPUCTaHSAM HIMApHUX TEXHOJIOT1H Ta
cucTeM rnepenayi iHpopmarii [9].

JUist mokpamieHHss Ta MiABUIICHHS €()EeKTUBHOCTI HOPMATUBHO-IIPABOBOTO
3a0€3MeUeHHs] 110JI0 BperyJifoBaHHS (OpM B3aeMOJli MiXK OpraHamu JAep>KaBHOI
BJIaJM Ta TPOMAJICHKICTIO B YKpaiHi HEOOXITHO BIPOBAIUTH MEXaHI3M MOHITOPUHTY
BUKOHAHHS TPUUHATUX pPILIEHb; 3a0€3MEeYUTH MPO30PICTh MPOLECY MNPUUHSITTS
VOPABIIHCBKUX PIII€Hb, LUISIXOM 3ally4€HHS TPOMAJICBKOCTI JI0 MiATOTYBaHHS
MPOEKTIB Ta aHali3y BUKOHAHHSA TaKUX pIIIEHb, CBOE€YACHOTO 1H(OPMYBaHHS
IPOMAJICHKOCTI MPO CBOIO [ISUIbHICTH, YHI(IKYBaTH NpPOTpaMHE 3a0e3leueHHs 3
METOI aBTOMaTH3allii OOMIHYy JaHMMH, BCTAHOBUTH BIAMOBIIAJIBHICTh II0JI0
HEHAJIS)KHOTO BUKOHAHHS BHMOT ONPUIIIOIHIOBATH 1H(GOpPMAIliI0 4Yepe3 HE3aKOHHE
3acTocyBaHHA TpudiB O0OOMEXEHHS JocTyny g0 iHdopmailii; BCTaHOBHUTH
BIIMOBIAIBHICTD MO0 ITHOPYBAaHHS 1H()OPMAIIITHUX 3aIHTIB.

BucHoBKkn

B yMoBax cyyacHoi 1H(pacTpyKTypu KOMYHIKalli OpraHiB MyOJII4HOI BlIagy Ta
Jep>KaBHUX yYCTaHOB YKpaiHM iCHYe Mpobsiema ci1abkoi mMpo30pOCTi Ta HEAOCTATHHOI
TpaHCHAPEHTHOCTI 1H(opMalli B paMKax KOMYHIKALINHOI MOMITHKH, TOMY
MEPCIEKTUBHUMHU  HAmpsIMKaMM  BUKOpucTaHHsA [T-TexHonorii B  peanizamii
NPUHIUIIIB MPO30POCTI Ta BIAKPUTOCTI OpraHiB IMyOJIIYHOI BIAgU Ta JEpP:KaBHUX
YCTaHOB YKpaiHU € 3apOBaKEHHSI BUKOPUCTAHHS MECEKEPIB Ta XMapHUX CEPBICIB
JUIS ONITUMI3AIlil Jep)KaBHOT KOMYHIKAIliMHOI MOMITUKK B YKpaiHi. Bukopucranus
COLIIAIBHUX MEPEeX TMEPETBOPIOE B3aEMOJIII0 B OpraHax IyOJi4yHOI BIagu Ta
JIEp’)KaBHUX yCTaHOBaX YKpaiHH 3 TpoMajsiTHaMU 3 TUCKPETHOTO B Oe3nepepBHe. JlaHa
nepeBara Ma€ BEJIMKE 3HAYEHHS SIK JJii OpPraHiB MyOJIYHOI BiaJM Ta JEp KaBHUX
YCTaHOBAaX, TaK 1 AJS TPOMAJISH, Y AKUX 3'SIBISIFOTHCS 1HCTPYMEHTH MOHITOPUHTY Ta
OIIIHKH I} Aep>KaBHOI BIIAJIH.

3a pe3ynbTaTOM OIIHKK TEPCIEKTUBHUX HAmpsIMKIB BUKopucTaHHs IT-
TEXHOJIOTIM B peaii3allii MPUHIUIIB MPO30POCTI Ta BIAKPUTOCTI OpraHiB MyOIiuHOI
BJIaJAM Ta JEpKaBHUX YCTAHOB YKpaiHM BH3HAYEHO MOTpPeOy BIOCKOHAJICHHS
MEXaHI3MIB Ta Cy4YaCHHX METOJIB KOMYHIKallli B HalpsMKax 3alpOBaJKCHHS
JUJKUTATI30BaHOT CTpaTerii KOMyHIKaIlli 3 BUKOPUCTAHSIM XMapHUX TEXHOJIOTIH Ta
cucteM mepenadi iHpopmarrii. J[o NUIAXiB BIOCKOHAJICHHS MEXaHI3MIB Ta Cy4aCHUX
METO/IIB KOMYHIKaIliii B opraHax myOJi4HO1 Bjau Ta Aep>KaBHUX yCTaHOBaX Y KpaiHU
BKJIIOUEHO BUKOPHUCTAHHS MECEKEPIB Ta CUCTEM aBTOMATUYHOI OOpOOKH 3aIluTIB
IPOMAJISIH JJIsl TPUCKOPEHHS PIBHSA KOMYHIKAIIHOT MOJITUKA OpraHiB myOJ1uyHOT
BJIAJIU Ta JAEPKABHUX YCTAHOB Y KpaiHU.
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I'JIABA 10. THHOBAIIMOHHBIE MIOAXOAbI K CO3JIAHUIO
TEXHOJIOT'M COYCHOM NPOAYKLIMU
INNOVATIVE APPROACHES TO THE CREATION OF SAUCE TECHNOLOGY
IHHOBAIIMHI NIJAXOJU IO CTBOPEHHS TEXHOJIOI'TI COYCHOI MPOJIYKIIII
DOI: 10.30888/2663-9882.2020-01-024

Beryn

CtBOopeHHs (yHKIIOHATBFHUX XapUYOBUX MPOAYKTIB sIK 3ac00y MPO(]IaKTHKA Ta
TiKBiAarii nedinuTy MIKpOHYTPIEHTIB € aKTyaJIbHOIO MPOOJIEMOIO, SIKif MPUCBSIYEHO
mparli BiTYM3HSHUX Ta 3apyoikHuX BYeHHX: O.0. I'punuenko, A.b. Tlopambuyka,
AM. Jlopoxouy, LIO. Xwuramenko, A.B. 3ionkoscekoi, I1.0. Kapnenka, M.b.
Konecaukoroi, B.H. Kopzyna, M.®. Kpasuenka, [I'M. Jlucrok, JL.II. Mamwok,
JIM. MocroBoi, H.SI. Opmosoi, M.I. Ilepeciunoro, ILII. IluBomapoma, H.B.
[Tputynscekoi, I'.b. Pynmascekoi, T.I. FOminoi, K.I. Draget, M.P. Ennis, J.C.F.
Murrey, G.O. Phillips, W.C. Weling, P.A. Williams Ta iH.

Cepen mpoaykiii pecTOpaHHOTO TOCMOJAPCTBAa OKPEMHI CETMEHT CKIIaJaroTh
COyCH, fKi CHpHUSIOTH KpalloMy 3aCBOEHHIO XapyOBHX HYTPIEHTIB OPraHi3MOM
JIIOJIUHY, YPI3HOMAHITHIOIOTh aCOPTUMEHT 1 MiJBUINYIOTh XapyoBY IIHHICTh CTPaB.
[IpoTe OinpIIICTE 3 HHUX  Mae He30aJlaHCOBAaHUW XIMIYHUM CKJIaj, 30KpeMa,
MiABUIICHUNA BMICT HACHYCHUX KUPHUX KHUCJIOT, a BYIVICBOJHHHA CKJIaJ
MPEACTABICHO TEPEBAKHO KpOXMaJeM MIIeHHnYHOoro OopomHa. [lepcnexTnBHEM
HaIpsMOM BUPIIIICHHS 3aBJaHHS IOJO0 ITABUINECHHS Xap4doBOi I[IHHOCTI, 3HM)KCHHS
nedIuUTy eCeHIIINHNX PEYOBHUH € PO3POOJICHHS TEXHOJIOTi COyCiB (yHKIIIOHATBHOTO
IPU3HAYCHHS, IO Iepeadadae IMOETHAHHS TPAJMIIIHHOT CHPOBHHH 3 JIETUIYHUMU
nob6aBkamu. lle M03BOAUTH OTpUMATH SIKICHY 1 O€3MEeYHy NPOIYKIliI, 30aradeHy
(b131070T1YHO BaXIJIMBUMH IS OPTaHi3MYy JIFOJIMHU HYTPIEHTAMHU.

3 METOI0 TMOKpallleHHs XapyoBOi IIHHOCTI COYCiB Ta 3 ypaxyBaHHSIM
€KOHOMIYHMX YMHHUKIB BUPOOHUIITBA BBAXKAJIHU 3a JIOLIBHE PO3POOUTH CyXi1 CyMilli
3 JIETUYHHUX J00ABOK IS BUPOOHMIITBA COYCIB 3a PaxyHOK IIJIBUIICHHS BMICTY Y
COYCHIN MpoayKIii OI1JKIB, Makpo- Ta MIKpOeJIeMeHTIB, BiTamiHiB. HaykoBuii 1
NPaKTUYHUN 1HTEpPEC BUKIMKAIOTh AleTU4H1 ao0aBku (J1JI), BUKOPUCTAHHS SIKUX
J03BOJIUTh PO3IIMPUTH ACOPTUMEHT Ta MiJABUIIMTUA SKICTh COYCHOI TMPOMYKIIii
(hYHKITIOHAJILHOTO MPU3HAYEHHS.

BpaxoByroun  BuIe3azHaueHe, pO3pOOJEHHS HOBUX TEXHOJIOTIH COYCIB 3
BUKOPUCTAHHSAM MIETUYHUX JO0ABOK € aKTyaJIbHUM HAIPSMOM PO3BUTKY XapuOBUX
TEXHOJIOT1H.

Metor poOOTH € HayKOBE OOIPYHTYBAaHHS 1 pO3pOOJICHHS TEXHOJIOTII COYCIB 3
M1BUIIEHOIO XapUOBOIO I[IHHICTIO.

O6'exm OocnioxcenHs — TEXHOJOTIS COYCiB (YHKI[IOHAJILHOTO MPU3HAYCHHS 3
BUKOPHUCTAHHSAM KOMITO3UIIIHOT CyMiIIll JIETUYHUX J00aBOK.

Ilpeomem oocniosxcenns — O1KOBO-xupoBa no6aBka 3 coi (BXK]) «Cymep»
€CO, rymiapabik (Fibregum), nextun Hu3bkoeTepudikoBannii GRINDSTED YF

MOHOTPADHA 154 ISBN 978-617-7414-98-7



3,

Hunosayuonnvle MeXHOAOZUY 8 KUSHU COBPEMEHHO20 HEA0BEKA ' %Ef‘t

738, nakTart Kajbllir0, KOMIIO3UIIIHHI CyMiIlll, MOACIBHI Xap4uoBi CUCTEMH, COYCH O1Ji,
MOJIOYHI Ta COJIOJIKI.

Memoou  Oocnioxcennss —  (PizuunHi, GIBUKO-XIMIYHI, MIKPOOIOJIOTIYHI,
OpraHOJICNITUYHI, METOJAM MAaTEeMaTHYHOI OOpOOKH EKCINEPUMEHTATBHUX MaHUX 3
BUKOPUCTAHHAM 1H(GOPMAIIHHUX KOMI'IOTEPHUX TEXHOJOTIH Ta MPOrpamMHOro
3a0e3MeyeHHs.

3a pesynbTaTaMu TNPOBEACHHUX JOCIIIKEHb PO3pPOOJICHO Ta 3aTBEPIKEHO
HOpMaTuBHY nokyMeHTamio: TY V¥V Tta TI 15.8-01566117-016:2009 «Coycu Ha
OCHOBI POCIIMHHUX T1IPOKOJIOIAIB Ta MIETUYHUX A00aBOK». P0o3poliieH1 TexHOJOril
COYCIB BITPOBAXKEHO: Y JIIKYBaJIbHO-03/I0POBUOMY KOMILIEKCI «S0myHeBuit camy (M.
XMenbHUIbKui), Kade-6api «Mepkypiit» 1 pectopani «Maris HOul» (M. JIbBIB),
3aknanax pecropanHoro rocmnojapctBa M. Kuesa: TOB «l'etbman u Koy, Mepexi
pecropaHiB «Smmi», pectopani «®pannucko», iganbHi Nel «EHeprocepsic
KuiBenepro». HaykoBy HOBU3HY OJAEp)KaHUX pE3yJbTaTiB MIATBEPIKEHO 7
naTeHTaMu Y KpaiHu Ha KOPUCHY MOJIENb.

CormianpHa €(QEKTUBHICTh TMOJSATAE y PO3MIMPEHHI ACOPTUMEHTY COYCHOI
MPOYKINIi MIABUIIEHOT XapyoBOi IMIHHOCTI, MO JO3BOJHUTH MOKPAIIUTH CTPYKTYPY
XapuyBaHHS HACEJICHHS.

ABTOpaMu TIPOAHATII30BAHO CYYacHI HAMpPSIMH PO3BUTKY TEXHOJOTIH COYCHOI
MPOJIYKITii, ACOPTUMEHT 1 XapaKTepUCTUKA IETUYHUX TOOABOK, MEPCIICKTUBHUX IS
BUKOPUCTAHHS y CKJIaAl €MYJbCIMHMX XapyoOBUX CHCTEM 3 METOIO IiJIBUILEHHS
XapyoBOi IIIHHOCTI COYCIB; (PI3UKO-XIMIUHI TIPOLIECH YTBOPEHHS €MYJIbCIHHHUX
CTPYKTYp Ta HUIAXM iX peryitoBaHHs. OOIpYHTOBAHO AOULIBHICTH PO3POOJICHHS
KOMITO3UIIIMHUX CYMIIIEH 3 JI€TUYHUX AO00ABOK Ta BUKOPHUCTAHHS iX y TEXHOJIOTII
COyCiB (DYHKI[IOHAJILHOTO MPU3HAYEHHS.

[Ipoliec KOMILIEKCOYTBOPEHHSI MPOBEACHO 3TiJHO 3 MOJIEKYJISIPHO-MacCOBUM
pO3MOAUIOM  TEKTMHOBHX  PEYOBUH  NUIBIXOM  yIbTpPaleHTpUyryBaHHS 3
BUKOPUCTAHHAM (PeHOJN-CipuaHoro MeToay. MONeKynsspHi Mach KOMILIEKCIB
MoJTicaxapuiB BU3HAYAJIM METOAOM Telb-XxpoMmarorpadii; e(heKTUBHY B’S3KICTh
MOJICIBHUX CHUCTEM, COycCiB — Ha Bicko3umeTrpi BITH-0.2; BMicT KambIlifo, MarHio —
aTOMHO-aJICOPOIIIMHIM METOIOM Ha criekTpodorometpi; pocdopy — 3rigao 3 TOCT 17289;
BMICT HaTpifo, KaJlfo, 3aji3a, MAprafif0 Ta IHIIMX MIKPOCIIEMEHTIB — METOIOM
PEHTTEHO(ITYOPECIIEHTHOTO aHAMI3Y.

JocmipkeHo  (Pi3MKO-XiMIYHI Ta TEXHOJOTIYHI MOKA3HUKHU MIETUYHHX J00aBOK
Ta OOIPYHTOBAHO JOIJIBHICTh IXHHOTO CYMICHOTO BHUKOPUCTAHHS y TEXHOJOTISIX
COyciB  (DYHKI[IOHAQIBLHOTO  Mpu3HAueHHsS. J[Is1 BU3HAUGHHS  pallioHAIBHUX
KOHIIEHTpaIliid rymiapa0diky, nektuHy, bXKJI, makTaTy Kajbllil0 y KOMITO3UIIIHHUX
CyMillIaxX JOCHIKYBaJdu TIApaTaliiiHy 37aTHICTh, MOBEPXHEBUN HATIT, €(PEKTUBHY
B’SA3KICTh iX PO34YMHIB, aJ[’)K€ PIJIKOI0 OCHOBOIO COYCIB € BOJIa, OyJIbIOHHM, BiJBapH.

[Tpu B3aemoii rymiapabiky y koHuentparii 1-6% 1 nektuny 0,5-2% 3 piauHOIO
B1I0YBAETHCS TXHE HAOPSIKAHHS 1 PO3YMHEHHS, 1[0 B CBOIO YEPTy CYIMPOBOKYETHCS
3HIDKCHHSIM TIOBEPXHEBOTO HATATY PO3YMHIB, IO TOJIETIIYE JUCIIEPTYBaHHS
MOBEPXHEBUX cUCTEM. [l0Ka3HMKH MOBEPXHEBOTO HATSATY 3POCTAIOTh 31 301IBIIICHHIM
KOHIICHTpAIlli TmoJiicaxapuaiB 1 HaOyBalOTh IMOCTIMHUX 3HAYECHb MPU KOHIEHTpAIil
rymiapaliky 5,9-6,0% ta mektuHy y Mmexax 1,9-2,1%, a 3Haxomarbcs Ha piBHI
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6,010 1 6,4-10"2 H/m Bignosiguo (puc. 2).
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Puc. 2. IloBepxHeBuii HATAT (6) BOAHUX cucTeM rymiapadiky(1) ta mekTuny(2) B
3aJ1esKHOCTI Bix iX koHueHntpaiii (C)

BceranoBiieHo, 110 po3unHH TyMiapadiky 3 KOHIIEHTpali€w 10 6% He yTBOPIOThH
HEOOXIJTHOT «COYCHOI» CTPYKTYpH, €(PEeKTUBHA B’SI3KICTh HOT0 po3uuHIB Ha 25-35%
HIK4Ye BiJl KOHTpotro (3% kieicTep kpoxmanio). Bukopuctanas rymiapadiky pazom
3 MEKTUHOM (y CIIBBIAHOIICHHI 6:2) TO03BOJIMJIO OTpUMAaTH €(EKTUBHY B’SI3KICTb
PO3YMHIB MOJIETIbHUX CUCTEM, HAOJIMKEHY IO TOKa3HUKIB TpaauliiHux coycis (0,2—
0,4 TTa-c).

VY TeXHOMOr1i OUIBLIOCTI COYCIB BUKOPUCTOBYIOTh KYXOHHY CUTb Y KOHLIEHTpALIi /10
2% T1a uykop — 10 12% (y coloaKux coycax), TOMy BaKJIMBO BU3HAYUTU BIUIUB IIUX
PEUOBHH Ha PEOJIOTIUHI XapaKTEPUCTUKU MOJICITEHUX CUCTEM.

[Ipu nopaBanui nykpy (1-12%) y 2%-B1 BOAHI pO3YMHU MEKTUHY €(PEKTUBHA
B's13KicTh 36impmyernea 3 0,5 no 5,5:-1072 Ila-c, ToO6TO 3pocTac maiike y 10 pasis.
HonaBauns uykpy (12%) y BoaHi po3urHHM rymiapaOiky (6%) HOpUBOAUTH [0
MIABUILEHHS €(EeKTUBHOI B'si3kocTi Ha 54%, BIAHOCHO pO3YMHIB 0€3 IyKpy, 1
cranoButh 3.4-107 Ila-c. Ilpu 3a3naueniii konuenrpauii NaCl y 2%-My po3uuHi
NeKTUHY e(exTuBHA B'A3KICTh miaBUILYyeThcs HA 19%. [omaBanus 2% NaCl y
BOJIHI PO34YMHHU T'yMiapaliKy MiJBUIIYye e(eKTUBHY B's13KicTh Ha 16% (puc. 3, 4).

BrnnuB com y 3a3HaveHiil KOHILIEHTpalii Ha e(EeKTUBHY B S3KICTh BOJHHX
PO3UMHIB TIOJiCaXapuaiB € HE3HAaYHUM, TOJl SK BHECEHHS IYKpPY J03BOJISE
OiABUIIMTU €(EeKTUBHY B’SI3KICTh y 1.5 Asi1 BOAHMX po3uMHIB rymiapaliky Ta 10
pa3iB Wil PO3YMHIB MEKTHUHY, IO BPaXOBAHO MPHU PO3POOII TEXHOJOTII COYCiB.

JUis OCSATHEHHS B’SI3KICHUX XapaKTEPUCTHK MOJENIBbHUX CHCTEM BJIACTHUBHX
TpPaIUILIHHUM cOoycaM 0 iX CKJIaAy BBOJWIM JIAKTaT KaJbIlif0. AJDKE BiIOMO, IO
10HH KaJbI[II0 CIIPUSAIOTh YTBOPEHHIO MEKTUHOBUX KOMILIEKCIB — IMEKTATIB.

BusiBneHo, 1m0 yTBOpEHHsS rymiapaOiK-TEeKTUH-KAJIbLIEBUX  KOMILUIEKCIB
sasiexkuTh Bl pH cepenoBumia. [lpu 3Hmwxenni pH cepemoBuma 3 7 10 5
CIIOCTEPITAEThCS MIJIBUIICHHS €(DEKTUBHOI B’ SI3KOCTI MOJICIbHUX CUCTEM: Ha OCHOBI
Mosioka — Ha 27%, Oynwsiiony — 40%, cauBoBoro mtope — 59%, s0Jy4HOro COKy —
50%, uyepe3 MIABUILECHHS PEAKIIMHOI 3JaTHOCTI MWOHIB KaJbIIl0 Yy KHUCIOMY

MOHOTPADHA 156 ISBN 978-617-7414-98-7



%HHOGaquHHbLe MEXHOAOZUU 8 KUSHU COBPEMEHHO20 UCAOBEKA

cepenoBui (puc. 5).

10 40
E: 8 mDB 0 y=-0,003x2+0,148x + 2,076 W
=7 BN
_ 5
:6 - 2 :223(; y=-0,008x2+0,184x + 1,902 2
5 y=-0,024x°+0,798x- 0,177 \
4 e 15
) W0
N~ B 0,5
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
1+ yxpoza 2 ® NaCl C, % 1 ¢ Lyeposa 2 ® NaCl C, %
Puc. 3. B's3kicTh BOAHNX PO34YMHIB Puc. 4. B'a3KicTh BOAHMX PO3YMHIB
nexkTuHy (2%) 3a pisHux rymiapaoiky (6%) 3a pisHux
koHuenTpauii NaCl ta nykpy koHuenTpauii NaCl ta nykpy

3a ymoB pH 5.0-5.1 y wMoaenpHUX cHCTeMax BIIOYBa€TbCS IPOIIEC
KOMIUIEKCOYTBOPEHHS MK MTEKTUHOM, I'yMiapaOiKoM 1 JaKTaTOM KaJIbIit0, BHACIIIOK
YTBOPEHHS KaJbI[IEBUX MICTKIB MDK iX MOJIEKyJIaMH YTBOPIOIOThCSA CTiHKlI [0
po3lIapyBaHHs CUCTeMH. MexaHi3M KOMIUIEKCOYTBOPEHHS MiATBEPAKEHO METOJIOM
rejib-xpoMarorpadii: B cucTeMi NeKTUH-TyMiapaliK-KaibIliil 3aiKCOBAaHO 3pOCTAHHS
CepeIHbOBAroBOi MOJICKYJISIpHOI Macu 3 89 o 671 k/la.
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4 L w=17719x2-31.09x + 163 4
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v=1.2095x? - 20.275x + 105,38
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0 ; : : . : ;

0 5 5.5 6,0 6.5 7.0 75 8.0
1 +MC ma ocrori Momoka 2 ® MC Ha ocHOEi OynpHOHY pH
4 A MC Ha ocHOBi cuBoBoTO ope 3 * MC Ha 0CHOBi AGNYYHOTO COKY

Puc. 5. EdpexTuBHa B’ SI3KICTH MOJAEJIBLHUX CHCTEM 32 Pi3HUX 3Ha4YeHb pH
cepeloBHINA

3 METOI0 MiABHUILEHHS BMICTY OLIKY 1 MOKpAIIEHHSI aMiHOKUCIOTHOTO CKOPY Y
pPO3pOo0JIEHNX coycax J0 iX CKJIaay BBEIM CO€BY OUTKOBO-kHpoBY moOaBky (BXK]I).
BusnadeHo paifioHaqbHI YMOBHU TiJipaTallii 1 BOJIOMOINIMHAIOUY 3/IaTHICTh OLIKOBO-
xupoBoi nobasku «Cynep» €CO (K=3.8, t=50 °C, t=1.8-10°c).

Komno3umiitHa cymimn 3 G17IKOBO-)KUPOBOi J00aBKH, rymiapaliKy, MEKTHHY Ta
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nakTaTy Kaiublito (5:6:2:2) no3BOJIA€E OTPUMATU CTPYKTYPY MOJEIBHUX CHUCTEM
HAOJIMKEHY 32 PEOJOTTYHUMHU XapaKTePUCTHKAMU 10 TPAAUIIIIHUX COYCIB.

Baxx1uBUM MOKa3HMKOM  CTPYKTYPHO-MEXAaHIYHUX XapaKTEPUCTHK COYCIB €
Hampyra 3CyBy, sKa IpH IIBUAKOCTI 3CyBy 69c¢! CTaHOBHMTH Ui KOHTPOJBHHX
MOJICIIbHUX CUCTEM Ha OCHOBI Mouioka — 45 Ila, Oyneiiony — 40 I1a, ciuBoBoro mrope
— 30 Ila, s6myunoro coky — 25 Ila. Cepex po3poOiieHUX MOJAEIBHUX CHUCTEM
MOKA3HUKH HANpyTU 3CYBY 3HAXOAATHCS HA PiBHI KOHTPOJBHUX 3pPa3KiB 1 CTAHOBJIATH
46, 39, 32, 26 [Ta BignoigHO (puc. 6).

ABTOpaMH HaBEJEHO HAyKOBE OOTPYHTYBaHHS Ta OCHOBHI €Talld CTBOPEHHS
TEXHOJIOT1i COYCiB (DYHKI[IOHAJIBHOTO MPU3HAYEHHS.

MeTtogaMu  MaTeMaTHYHOTO MOJEIOBAaHHS 3 YpaxyBaHHSIM ITOKa3HHKIB
OpraHoOJIENTUYHOI OIIHKH, THUKCOTPOIHOCTI, CHAEMEHTAI[IHHOI CTIMKOCTi, BMICTY
MIHEpaJbHUX PEUYOBMH Ta BITaMIHIB, BH3HAYEHI pALIOHAJBHI KOHIIEHTpALlii
KOMITO3UIiiHOT cymimmi  mis  monounux (15.7%), 6inmux (15.05%), dpykroBux
(15.3%) ta conoaxux (15.57%) coycis.

80 T, I1a
70 - 1
. / ///Ja ?
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/ /3
v e //;/; _—
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30 ////,/
/ e
20 el
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0 20 40 60 80 100 120 140 160
_ - o -1
I —Momnoko - KC 2 —=PBymbiion - KC re

3 ==$Gmyurmii cik - KC 4 = Cnmsose mope - KC
Puc. 6. Hanpyra 3cyBy MoeJIbHIUX CHCTEM KOMIO3UIIIHOI cCymilmi 3a
Pi3HMX 3HAYeHb IIBUAKOCTI 3CyBY (})
Y= 0,184 x2+ 5,808 x + 96,28 — (Modenvra cucmema na 0CHOSI MONOKA);
Yy=-0,169x* + 5,088x + 95,63 — (modenvha cucmema Ha 0cHo8i OYbiioHy),
Y=0,193 x *+5,915x+95,03 — (ModenvHa cucmema na 0OCHOSI CIUE0E020 NIOPeE);
Y=10,190 x* + 5,857x +95,97 — (modenvha cucmema Ha 0CHOBI AOIYUHO20 COKY).

JUis CpOIIEHHS 103yBaHHS pEUENTYpPHUX 1HTPEAIEHTIB y BUPOOHUUYHUX YMOBaAX,
palioHanbHy KOHLIEHTPAIII0 KOMIO3UIIIHHOT CyMillll MPUUHATO Y KUTbKOCTI 15%.

EdexTrBHAa B’A3KICTh TPaAMIMHMX COYCiB IpPH IIBUAKOCTI 3CyBy  69c’!
craHoBUTh st mMojouHux — 0.6 Ila-c, O61mux — 0.5 Ilac, cauBoBux — 0.4 Ila-c,
somyaaux — 0.3 Ilac. Cepen po3poOsieHMX MOJICTbHUX COYCIB TOKa3HUKHU
e(eKTUBHOI B’SA3KOCTI HAOJMIKEH1 JI0 KOHTPOJBHUX 3pa3KiB IpPU KOHIICHTpaIlii
KoMIo3uIiitHOT cymimi 14—16% (puc. 7).

3a pesynbTaTamMu MPOBEJACHUX JOCHIJKEHb, BCTAHOBJICHI TEXHOJIOTIYHI
napamerpu (T=984+2°C, 1=4.2:10°-6.0-10%c), po3po6IEHO TEXHOJOTIUHI CcXeMu
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BUPOOHUIITBA COYCIB (DYHKI[IOHATILHOTO NMPU3HAYEHHS.

[IpoanaimizoBaHo OpraHoJenTU4Hi, (I3UKO-XIMIYHI, CTPYKTYpHO-MEXaHI4HI,
MIKPOOI0JIOTTYHI TTOKA3HUKH OS3IIEYHOCT] Ta XapUyoBOi IIHHOCTI COYCIB Ha OCHOBI: MOJIOKA
(«Momounmity, «Consunmin»), OymnbiioHy («bimity, «bamaHc»), CIMBOBOTO IHOPE
(«Txemani», «I"operpy), 10Iy4dHOTO COKY («S0myunuiny, «Becemkay).

70 1, 10 10ac
1), 10° g 1
60 "

¥=0,0312x2+ 1,188x + M/; 2
50 /'/?./ . 3
. A

40 0#’/-0:0535% + QW
4
30 - %
¥=0.1286x" - 0.4483x + 20,081 4
20 ,
v=-0,0954x2 + 3.8622x - 4.9163
10
0 2 4 6 8 10 12 14 16 18 20
1 ¢+ MC na ocrOBi MoTOKa 2 ®MC na ocHori Gymeitony  C, %
4+ MC Ha 0CHOBI CIIHEOEOTO IOpE 3 * MC Ha 0CHOEI AOIYYHOIO COKY

Puc. 7. E¢pexTuBHA B’A3KICTH MO/I€JILHUX CCOYCiB KOHIIEHTPALIl
KOMIO3MUiifHOI cyMilIi mpu mBHAKOCTI 3¢yBy 69¢!

3a po3po0IEHOI0 METOAMKOIO MPOBEAECHO OPraHOJIENITHYHY OLIHKY COYCIB, KA Ui
TPAIUIIIMHNX 3HAXOIUTHCS Y Mexax 8,7-8,9 Oana, a JociiHuX 3pa3kiB — 8,6—8,7 Oana.

JlepeBaTorpadiyHIMH JOCITIKEHHSAMH BCTAHOBJICHO, IO BMICT BIJIBHOI BOJIOTH Y
PO3p00IICHNX coycax 3MeHIUBCS Ha 15,7-27% MOPIBHSAHO 3 KOHTPOJbHUMHU, a YacTKa
3B’s13aHO1 3pocna Ha 4,7-5,1%, 1o 3amo0irae po3apyBaHHIO TE€TEPOreHHUX CHCTEM COYCIB

(puc. 9).
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Coyc Coyc Coyc«binuii» Coyc Coyc Coyc Coyc Coyc
"Monounuii" "CoHauHuii"  (KOHTpONb) «BbanaHcy «Tremani» «lFopeup» «AGnyuHMii  «Becenka»
(KoHTpONL) {nocnin) {mnocnin) (koHTPONB) {mocnin) (KoHTpONL) {nocnin)

M BinbHa BOnora, % m 3B’A3aHa Bonora, %

Puc. 9. BmicT BiJIbHOI i 3B’s13aHO0I BOJIOTH Y COyCax

ArperatuBHa Ta KIHETHYHa  CTiMKICTh coyciB «CoHsunuil», «banancy,
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«l"openby», «Becenka» 3pocna Ha 4,4-5,6%, MOKa3HUKU THUKCOTPOMHOCTI — Ha 5,5—
9,1% TOpiBHAHO 3 TPAAUIIMHMMH, IO CBITYUTH PO ITABUIIEHHS CTIMKOCTI JI0
posmapyBaHHs. EdekTuBHa B’S3KICTh COYCIB, BHUTOTOBJIICHHX 3a TpaTulliliHUMU
TEXHOJIOT1SIMH, TICTs TepMooOpoOKkH 3HM3mIacs Ha 18,4-21,4%, a po3pobiieHnx — Ha
12,7-15,7%, 1mo CBIZYUTH TPO BUIILY TEPMOCTAOUIBHICTH CTPYKTYpHU PO3pOOIECHUX
COYCIB.

[Ipu pocnimkeHHI OCHOBHHMX SKICHUX TIOKA3HHMKIB COYCiB BCTaHOBIICHO, IO Y
pO3po0JIeHNX coycax BMICT Oinka 30umbmmBes y 2,3-3,8 pasza, y TOMYy 4YHCIHI
KUIBKICTh HE3aMIHHUX aMIHOKUCIIOT — Ha 12-47%. JliMiTyrouriMu aMiHOKHCIIOTaMU € CyMa
METIOHIHY Ta 1ucTHHY (coyc «Consunminy — 94,3 | «bamanc» — 91,4, «l'operp» — 79,1,
«Becenka» — 87,7), 3a  «TpuntoaHOBUM» Ta «TPEOHIHOBUM» I1HJEKCaMU OIJIOK €
30amancoBanuM (puc. 10).

90
83.11
Yo

Coyce Coyce Coyce Coye Coye Coye Coye Coye
"Momouaui" "Conaaaui"  «BimHi «BamaHc»  «Tremam»  «lopems»  «A6myunnii  «Becemka»
(koHTpOomB)  (mocminm)  (koHTpome)  (mocmia)  (koHTpois)  (mocmiz)  (koHTIpons)  (mocoim)

B HesaMIHHI aMIHOKIICTIOTIL % B 3aMIHH] AMIHOKIICIOTIL, %0

Puc. 10. BmicT aMiHOKHCJIOT y coycax

3aranbHUANA BMICT XHUPY Y PO3POOJICHHX COycax KOJMBAETHCSI B MEkKax
KOHTPOJTI0. AHAJII3 )KUPHOKHUCIOTHOTO CKJIay BUSBUB HAIBHICTh HACHUCHUX JKUPHUX
KuCJIOT y coycax «Consunmity 1 «bamanc» (66,5% 1 60% Big 3araibHOI KUTBKOCTI
KHUPY), TMPEBATIOIOYUMH Cepell AKUX € majabMiTuHOBa (26,4 1 25,2%), creapuHOBa
(11,6 1 11,3%), mipuctunoBa (8,6 1 7,8%). MoHOHEHaCHUYEHI Ta MOJIHEHACHYCHI
KUPHI KAJIOCTH TPECTaBICHI 0JIeiHOBOIO (26,6 1 25,9%) Ta NEHOJIEBOIO KUCIOTAMH
(10,7 1 13,4%). Y cononkux coycax «[opemp» Ta «Becenka» HacW4YeHi XHUpHI
KHUCJIOTH TMPEJICTaBJICH] nepeBakHO nanbMiTHHOBOIO (10,8 1 12,3%) Ta cTeapuHOBOIO
(3,5 1 3,8%), moyiHEHACMYEHI Ta MOHOHEHACHUYEH1 »XUPHI KHUCJIOTH MPEJCTABICHI
niHosneBoro (48,7 1 53,3%), Ta oneinoBoro kuciotamu (30,3 122,6%) (puc. 11).

VY po3poOneHux coycax 3MIHUBCS SIKICHMH 1 KUIBKICHUH CKJIaJ] BYTJICBO/IIB,
MOPIBHSIHO 3 KOHTposieM (Tabi. 1).

VY po3pobieHnx coycax yacTKa JIETKO3aCBOIOBAHMX BYTJICBOJIIB 3HAXOAUTHCS HA PiBHI
KOHTPOJIIO, a XapuoBUX BOJIOKOH 30UIBIIYEThCA. Y coycaX, BHUIOTOBJICHHMX 34
TPAJAUIITHOIO TEXHOJOTI€I0, BMICT Xap4OBHX BOJIOKOH 3HAXOJUThCA y Mexax 0,1—
0,8% 1 mpencrangeHuil MepeBas)kKHO KIITKOBUHOIO, Y PO3POOJICHUX COycax 3a PaxyHOK
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BUKOPHUCTaHHS TAPOKOJI0iNIB (MEKTUHY, T'yMiapaliKy) iX BMICT 3pic 10 7,5—-8,0%.
80
%

70 66,37

67,31 68,72

59,85 61,29 60,73

60 -

54,81

50 -

40 |

0,7 30,65

il

Coye Coye Coyc
«Topetp»  «AGnyunii  «Becenka»
(mocmig)  (KoHTpOdB)  (gocmim)

MoniHeHacuueHi Kucnotn, %

22,89

20 +

10 +

Coye Coyce
"Monousni" " CoHAunHT"
(KOHTpONB)  (Focmim)

W HacuyeHi Kucnotn, %

Coye
«BumHity
(KOHTP 0JIb)

Coyc
«BamaHc»
(mocnig)

M MOoOHOHeHacK4eHi Kucnotu, %

Coye
«Treman»
(KOHTP OJIb)

Puc. 11. ’KupHoKHCI0THMI CKJIA] COYCIB

Taomns 1
ByriieBoaHui CK1aJ1 cOYCiB (PYHKIIOHAILHOTO PU3HAYEHHS], T

Coye 32'1raJ1§Ha . Mowso- Kpoxmanb XapyoBi

KUIBKICTH 1 Jucaxapuan Ta ICKCTPUHU BOJIOKHa

"Monounnii" (koutpoas) | 7,04+0,21 3,37+0,11 3,57+0,11 0,1+0,004
"Constaanit" (mociin) 11,53+0,32 3,42+0,13 0,61+0,02 7,5+£0,23

"binmuit" (KOHTpOJIB) 5,43+0,11 1,494+0,05 3,84+0,10 0,1+0,004
"bananc" (mocmin) 10,1+0,22 1,484+0,05 1,1240,03 7,5+0,22
"Tkemani" (KOHTPOJIb) 14,2+0,23 11,5+0,43 2,1+0,04 0,6+0,01
"T"openp" (mocmin) 17,6+0,33 9,5+0,33 0,2+0,01 7,940,21
"A6myaanit" (KOHTPOJIb) 22,1+0,85 19,2+0,62 2,1+0,06 0,8+0,01
"Becenka" (mocmin) 25,5+0,97 17,3+0,58 0,240,005 8,0+0,31

*PI3HHIS 3 KOHTPOJIEM € CTATHCTUYHO JIO0cTOBipHOIO (P <0,05)

VY po3pobseHux coycax 301IbIIMBCS BMICT MIHEpPAJIbHUX PEUOBHH: KaJlll0 — Y
1,25-4,3 pa3za, xanbiito — y 3,3-6,4 pa3za, maruito — 1,7-2,7 pasza, pocdopy — 1,2-2.9
pasa, 3amiza — y 1,6-8,5 paza BITHOCHO KOHTPOJIO. AHalli3 BITAMIHHOTO CKJIaay
pPO3pO0JIEHUX COYCIB BUSIBUB 3pOCTaHHS BMICTY BITaMiHiB, 30KkpemMa, HiauuHy (PP) —y
1,3-2,4 paza; tiaminy (B;) — 1,46-6,3 paza; pubodmasiny (B,) — 1,18-2,1 pas3a;
ackop6inoBoi kuciotu (C) — 1,1-1,3 pa3za BiamoBigHO.

[Ipu nocnimxeHH1 TepMiHiB 30epiraHHs po3poOJIEHUX COYCIB BCTAHOBJIEHO, IO
KUIBKICTh Me30(Q1IbHUX aepoOHUX 1 (PaKyJIbTaTUBHO-aHAEPOOHUX MIKPOOpPTaHi3MiB
micis 36epiranns (t = 4°C, 24 rox) cranosuth 1,86-2,07-10% mo Ha 6-9% MeHIe
HOplBHSIHO 3 KOHTDOJIEM. Y KOHTPOJNBHUX 1 JOCHITHUX 3paskax He BHSBICHO
rriceHeBux rpu6iB 1 apixkmkiB, BI'KII, maroreHHUX MiKpOOpraHi3miB, y T. 4. POJIIB
Salmonella, Proteus, Staphylococcus aureus.

3a OTpUMaHUMU OJJMHUYHUMH TTOKa3HUKaMU MO0y 10BaHO NMpodisi IKOCTI COYCIB
MOPIBHSHO 3 €TAJIOHOM (32 SIKMW MPUNHATO YMOBHUI MPOAYKT, 10 3abe3neuye 25%
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1000BOi TOTPeOU y BU3HAUCHMX HYTpieHTaX). [Ipodini sxocTi po3podiieHUX COyCiB
MaroTh OLIbILy Moy noBepxHi: «Constunuity —y 9,2; «bananc» — 5,4; «opeub» —
8,2; «Becenka» — y 8,1 pa3za mopiBHSHO 3 KOHTPOJBHUMHU 1 HAOIMKAIOTHCS /10
eTaJloHHuX (puc. 12—15).
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*[Ipumitka:[1K — mokasHUK KOHKYPEHTONPHUIATHOCTI, O1I.,
m — BaroMicTh i-ro MOKa3HUKa KOHKYPEHTOIPUIATHOCTI

Puc. 16. Mogesib KOHKYPEHTONPUIATHOCTI COYCiB (PYHKIIOHAJIHLHOTO
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NpU3HAYEeHHS
Po3pobneno 1 3atBepkeHO HOpMaTHUBHY mokymeHrtamito TY VYV ta TI 15.8-
01566117-016:2009 «Coycu Ha OCHOBI POCIMHHUX TIAPOKOJOiNIB Ta JIETHYHUX
7100aBOK» 1 TEXHOJIOT1UHI IHCTPYKIT].
KonkypeHTONpHIaTHICT, PO3POOJICHHX BHPOOIB OIIHIOBAIM 3a ITOKAa3HHKAMHM
SIKOCTI, COOIBapTICTIO, PIBHEM 3aJ0BOJICHHS IIOTPEO CIIOKMBAdYIB Ta IMATCHTHOIO
3axuIIeHICTIO (puc. 16).

BucHoBok.

KomrmnekcHuit moka3HUK KOHKYPEHTOMPUAATHOCTI PO3POOJICHNUX COYCIB MEPEBHUIILYE
3HAYEHHS! KOHTPOJIbHUX 3pa3KiB (34,5-35,5 o11.) 1 cTaHOBUTH BiAMOBIIHO: «COHIYHUID)
— 68 on., «bamanc» — 70 on., «Iopeup» — 64 ox., «Becenka» — 70 om., mo 3a
PO3pOOJICHOI0 HAMH IITKAJIOK BiMOBIIA€ BHCOKO TMEPCIEKTUBHIA COYCHIM MPOYKIIii.
ComiaibHa  €(EKTUBHICTh BOPOBADKEHHS PO3POOOK TOJNSTaE y  PO3MIMPEHHI
ACOPTUMEHTY IPOAYKIII PEeCTOPAaHHOIO TOCHOJApPCTBA Ta 3a0C3ICUCHHI CIO)KHUBAYiB
MPOAYKIEID (YHKIIOHATHHOTO TPU3HAYCHHS, 10 JO3BOJMTH TMOJNIMIIUTA PAaIlioH
Xap4ayBaHHs HACEJICHHS Y KpaiHU.
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I')TABA 11. IPOBJIEMbBI KOAUPOBAHUS NTHO®OPMAILIMN B KAHAJIAX
CBs3HU

PROBLEMS OF CODING INFORMATION IN COMMUNICATION CHANNELS

MPOBJEMU KOJJYBAHHSI IHOOPMAIIIT B KAHAJIAX 3B'SI3KY

DOI: 10.30888/2663-9882.2020-01-015

Introduction

The work is devoted to the analysis of some features of information coding in
communication channels. Some coding schemes are presented that can improve the
efficiency of information use.

11.1. The study of convolutional codes

The name "convolutional" codes received for the reason that the process of
encoding them in the input information sequence, i.e., produce output symbols from
the point of view of mathematics is reflected by a procedure called convolution.

Unlike block codes, where the coded symbols becomes a sequence of
independent codewords of the same length when using convolutional codes, the
situation is different. Additional (test) characters for such codes depend on a number
of previous information symbols, and the output sequence becomes one semi-infinite
code word. It imposes its own characteristics on the acquisition of convolutional
codes and the development of methods for their encoding [1, 2].

Convolutional codes tend to receive in contrast to the block codes by modeling
them on a computer and select the best of them. For decoding convolutional codes,
there are no methods analogous to algebraic methods of correcting multiple errors.

Initially, the convolutional codes have emerged as an alternative to block codes
to facilitate encoding and decoding technical positions when correcting single errors.
However, in the future, scientists drew attention to the possibility of obtaining on the
basis of the convolutional codes, the higher noise immunity than for block codes with
comparable complexity of their implementation in specific devices [3, 4].

This is due to the fact that convolutional codes used in Viterbi decoding
algorithm, we can be easy to build a decoder based on the use of a demodulator with
soft decision, which increases winnings by about 2 dB compared with the
demodulator with a tough decision which is mainly used in the case of block codes.

Thus, the introduction of a convolutional structure gives the code a number of
additional properties that facilitate its decoding and improve its performance [5, 6].

11.2. Coding information with convolutional codes

Encoding information with a convolutional code is a simpler procedure than for
block codes, and is performed in the shift register, in which individual cells are
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connected through adders modulo 2.
We begin the study of convolutional codes by considering the encoder shown in
Fig. 1.

1 T (%)

TN T

1 To canal
I(x) ; II :

2

\A l / 2 broadband

2 T3 (%)

Figure 1 - Structural diagram of a convolutional code encoder

The input sequence I (x) is input to a three-digit shift register. First, the switch P
is in position 1, and then is transferred to position 2.

With such switching, the data arrival rate to the channel is doubled, and
redundancy is carried in the sequence I (x), i.e. one check item is added to each
information symbol.

So, for example, let the sequence 001 be fed to the input of the encoder. In
accordance with the relationships between the register cells in Figure 1, the output
sequence of the encoder is made up of sequences of characters T;(x) and Ta(x)
coming from the outputs of adders 1 and 2 to key P and is formed as a sequence
110111, which consists of six characters instead of three input, i.e. in this case, the
redundancy is 1. The structure of the output sequence is determined by the
relationships of the register with the adders. So for links (Fig. 2), the output sequence
for the same input 001 will be 100111 and will contain fewer units.

The role of the connections between the register cells and the adders will be
clarified below. One has only to say that these connections are essential in the
construction of convolutional codes.

The informational symbols are not explicitly contained in the output sequence
of the convolutional encoder, because neither T1 (x) nor T2 (x) coincide with I (x)
(Fig. 1, Fig. 2), and such coding is called unsystematic. In order to isolate them from
the general data stream, a device must be installed on the receiving side, which
ensures the determination of information symbols. Such a device is usually a
convolutional code decoder, for example a Viterbi decoder, in which, after certain
transformations, information symbols are extracted.

To obtain a systematic convolutional code, it is necessary to change the
connection of one of the adders (Fig. 1) so that the information sequence is part of the
output sequence, which is equivalent to disconnecting one of the adders, as shown in
Fig. 3.
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Figure 2 - Convolutional unsystematic encoder
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Figure 3 - Coder for systematic coding

In convolutional codes, the concept of a code constraint "k" is introduced, which
is understood as the number of cells of the shift register. The transmission rate is
determined by the formula (1)

R=m/s, (1)

where m is the number of shift registers in the encoder circuit, and c is the
number of adders at the output from which information is read into the channel. For
m = 1 (Fig. 1), R = 0.5, where two adders form two channel symbols for each
information symbol entering the encoder. With two shift registers and three adders,
the speed R = 2/3, the corresponding circuit of such an encoder for the convolutional
code (6.4) is shown in Fig. 4.

In such an encoder (Fig. 4), for each two information symbols, three channel
symbols are formed, one for T; (x), T, (x) and T3 (x). Also, the speed R can be
defined as R =k / n, where n is the number of characters at the output of the encoder,
formed when the elements arrive at its input.

As can be seen from the presented schemes of convolutional encoders, their
circuit implementation is straightforward and much simpler, for example, than for
block codes. However, choosing the number of register cells and the relationships
between them is not an easy task. As a rule, it is solved on a computer by viewing a
large number of codes and then selecting the best ones from them [7, 8]. This
procedure is carried out by setting convolutional codes by polynomials and
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generating matrices.

I(x
©
Tyxp1 1T To canal
23
L ]
T; (x) ]
A
T3 (x)
+
I(x)

Figure 4 - Convolutional code encoder (6.4) for speed R = 2/3

So, it is really convenient to describe the connection between the cells of the
shift registers and the adders with the generating polynomials and set the convolution
code with them. For example, for fig. 1, the upper and lower adders are represented
by the polynomials q;(x) = 1+x? and qu(x) = 1+x+x2, respectively, where the degrees
grow from left to right, so the leftmost cell corresponds to a free term equal to 1. The
information sequence can be also represent in the form of a power series
I(x)=ig+ij-x+iy* x> +i3° -x° +..., where i; is the j-th information symbol (equal to 0
or 1). For example, sequences of symbols at the outputs of adders (Fig. 1) T; (X) and
T, (x) can be represented as 7j(x)=1(x)-q;(x)-x, T2(x)=1(x)-q(x)-x.

Combining these sequences forms an output encoder sequence. When one
character 1 is fed to its input, followed by the characters 0 (I (x) = 1), the resulting
output sequence 110111000000 is called the impulse response of the encoder.

The generating (generating matrix) convolutional code can be represented as the

corresponding shifts of the impulse response (1), i.e.
110111000000 -
(rea = 00110111000000 -~
0000110111000000--1, )

The shifts in (2) are carried out by the number of elements equal to the number
of adders used in the encoder circuit (fig. 1). Unlike block codes, the information
sequence for convolutional codes does not need to be divided into blocks, i.e.
codewords can be infinite. In this regard, matrix (2) is sometimes called semi-
infinite. The codeword corresponding to an arbitrary input sequence x can be
obtained by multiplying the input vector x by the matrix [G], i.e.

Y =%-[a]. 3)
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For example, the output sequence corresponding to the input X= 101000-- , 1S
obtained from the vector equation (3), as multiplying the position x by the
corresponding line [G] with further addition of the obtained products modulo 2,
which corresponds to the convolution procedure, hence the name - convolutional

code. In our case, the first and third positions X= 101000~ 50 units, therefore it is

necessary to take the first and third lines and add them modulo 2, i.e.
1101110000
@ 0000110111

. 1101000111
and the output sequence Y is 1101000111.

The convolutional code is constructed based on the given generating
polynomials. The values of these polynomials are given in the specialized literature.
Here, as a rule, polynomials are written in the so-called octal form given in tables, for
example, table. 1.

So, for the first row from table 1, we write the number 7 in the form of 111, and
the number 5 in the form of 101, and accordingly we obtain that q; (x) = 1 + x + x?
and q» (x) =1+ x2,

Table 1
Generating polynomials of convolutional codes
Code Generating polynomial q(x) Code distance d
restriction k
3 7;5(111; 101) 5
4 17; 13 (1111; 1011) 6
5 31;27 (11001; 10111) 7

For the second row of the table, we have 17 = 00111, where the first triad
corresponds to the decimal number 7. Similarly, for the second number 13, we have
two triads 001 011. The generating polynomials for this case are obtained in the form
Q) =1+x+x>+x, @ x)=1+x>+x°.

Using generating polynomials, coding schemes for convolutional codes are
constructed. So, for the first row from the table. 1 encoder will correspond to fig. 1,
and for the second row, the circuit will have the form shown in Fig. 5.

1 T (x)
/@"
T

I(x) ‘\I '1 “To canal
e II e—>»
/ "

\‘ 2 broadband
&
2 T; (x)
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Figure 5 - Coder for generating polynomials qi (x) =1+ x + x> + x3,
q(x)=Hx*+x3

The number corrected by the error code is determined by the code distance d.
This distance can be determined from the generating (generating) matrix G in the
same way as for linear block codes.

So, for the matrix Ge3 (2) of the convolutional code with a code constraint k =
3, it turns out that d = 5. This can be seen from the fact that each row contains at least
5 units [9, 10]. When adding two lines in mod 2, in various combinations there must
be at least 4 units, when adding three lines the number of units must be at least 3
units. In this case (2) we will have: the first line € the second line has the number of
units equal to 6, the first line @ the third line has the number of units equal to 6, the
second line from the third when added by mod 2 gives 6 units, the sum of all three
lines mod 2 forms 7 units, from here we can conclude that the code really has d> 5.

A convolutional code with d = 7 can be constructed from the polynomials q; (x)
= 11001 and g, (x) = 10111. The encoder scheme for this case is shown in Fig. 6.

The generating matrix G10.5 can be constructed similarly to the matrix G6.3 (2)

and will have the following form:
111001011100000000 -~
00111001011100000000 -~
Gips = 0000111001011100000000 ---
000000111001011100000000 ---
00000000111001011100000000 -1, 4)

The matrix (4) also satisfies all the necessary conditions for obtaining d = 7 by
correspondingly adding its rows to each other modulo 2, as was done above for the
case d = 5, and fully complies with the requirements for block code.

Thus, convolutional codes can be considered as a special case of block codes:

Convolutional Decoding, Viterbi Algorithm.

1 Ty (%)

I/' 1 To canal

R
l / 2 broadband

» 4

2 T, (x)
Figure 6 - Coder for generating polynomials qi1(x) =11001 and q2(x) =10111

Before considering the algorithm for decoding convolutional codes using the
Viterbi algorithm, we recall the conclusion that was made when considering the
structures of the generating matrices. It was noted there that convolutional codes can
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be considered as a special case of block codes, it follows that decoding procedures
similar to block codes can be applied to convolutional codes.

In this context, we pay attention to the algorithm for decoding block codes by
the maximum likelihood method [11, 12].

Recall that the name “maximum likelihood method” is due to the fact that the
allowed code combination accepted with an error is compared in this method with all
allowed code combinations, and among them then the “most likely” code of the
minimum difference between them in the Hamming distance is found.

11.3. The algorithm of convolutional coding.

The same algorithm can be applied in the case of convolutional coding. Here,
instead of the length of the block n (block code), it is necessary to take a sequence of
elements of the convolutional code limited by the number of characters selected by
the generating matrix of the convolutional code, where the conditions for the
existence of a similar block code of length n are satisfied, i.e. this is the last element 1
on the bottom row of the generating matrix. So, for the generating matrix (2) - this
number of elements will be equal to 10, and for the generating matrix (4) - 18
elements. The number of such elements L can also be determined by the formula

L={2k-1]-2 (5)
where k is the value of the code constraint of the convolutional code or the
number of cells of the shift register in its encoder.

In unsystematic convolutional code (6.3), information and verification symbols
cannot be distinguished without preliminary processing at the decoder output [13,

14].

Although in the first and second cases, the maximum likelihood decoding
algorithm can be used, the equivalent probability of error per element P.=P,,/k with
the same value of P, will be lower for the convolutional code, since the number of
information symbols along the length of the block L = 10 here is at least one more
element. A general assessment of the effectiveness of convolutional codes in
comparison with block codes is given in a number of monographs, in favor of
convolutional codes.

Achieving the indicated efficiency, as follows from the theory of codes, is
possible only with the optimal decoding method, which is the maximum likelihood
algorithm. However, it is not possible to apply it in the classical version to
convolutional codes correcting a sufficient number of errors due to the large value of
L, which can reach several hundred elements. The fact is that the number of allowed
combinations (paths), with which it is necessary to make a comparison, in this case
will be 22, which leads to a large amount of memory and significant processing time
during decoding [15, 16].

In connection with this, Viterbi developed an algorithm that was named after the
author’s surname, using as its basis the maximum likelihood method, but eliminating
its drawbacks [17, 18] even at sufficiently large L.

The Viterbi algorithm reduces the time spent on decoding, as if using not all
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enumerations of code combinations that are carried out with a direct decoding
decision to the maximum likelihood [19, 20].

For these purposes, the concept is introduced: “path along the code lattice”.
There are many such paths during decoding, as well as direct enumeration in the
usual version. The difference is that bad paths are interrupted before reaching the end,
thereby reducing decoding time [21, 22].

The convolutional code lattice is constructed from its tree, which, in turn, is
constructed in accordance with the circuit diagram of the convolutional code encoder.

Conclusion
In the presented paper, an approach was used related to the encoding of

information in communication channels. The results can be applied in the
development of various technical devices.
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I''TABA 12. OB30P METO/J10B NTPOU3BOACTBA KPEMHMUA J1JIA

®OTOSJIEKTPOHHBIX TIPEOBPA3OBATEJIEN
OVERVIEW OF METHODS FOR PRODUCING SILICON FOR PHOTOELECTRON
CONVERTERS
orJjsa METOAIB BUPOBHUIITBA CUJIIIIIO JISA ®OTOEJIEKTPOHHUX
IIEPETBOPIOBAYIB
DOI: 10.30888/2663-9882.2020-01-023

BBenenue

B Hacrosiiiee Bpemsi OOJIBIIMHCTBO AJIEKTPUUYECKUX MPUOOPOB BBIMYCKAETCS C
MCIIOJIb30BaHUEM TIOJIYIIPOBOJAHUKOBOTO KpemHHs [1], morpebieHue KOTOporo 3a
nocienuue 20 JeT Bo3pociio B 2,2 pa3a, Ipu 3TOM CTOMMOCTh CHU3UJIACh O0Jiee 4eM B
3 paza [2, 3].

[loBpiieHMe  0JM  BBIPAOATHIBAEMOW  DJIEKTPOPHEPTHMH B TOIUIMBHO-
HHEPreTUUECKOM OallaHCe Pa3BUTHIX CTPAH 3a CUYET HCIOIb30BaHU BO30OHOBISIEMbBIX
HHEPreTUYECKUX PECYPCOB, KPYIHENIIUM U3 KOTOPBIX SBJISIIOTCS COJIHEYHAs SHEPIHs,
caepxkuBaercs neduuurom nonykpuctamumueckoro kpemuus (IIKK), cmpoc nHa
KOTOPBIN OMepexkaeT NpeasioKeHHeE.

OCHOBHOM TEXHUYECKOM MpOOJIEMONl Ha CETOAHAIIHUN JCHb SIBISETCA
MOJIy4YeHUE KPEMHHUS BBICOKOW YHCTOTBI, YTO CBSI3aHO C OTPAaHUYEHHOU
MPOU3BOJAUTENIBHOCTBIO, & TAaKK€ HU3KMM BBIXOJOM TOTOBOrO MPOAYKTA IOCHE
CTaJM OYUCTKHU.

12.1. BausiHue YHCTOTHI MOJMKPUCTA/LINYECKOT0 KPEeMHHUSA HA
3¢ PexTUBHOCTH padoThI GOTO3IEKTPOHHBIX NPeodpasoBaTese

B 3aBUCHMMOCTH OT 4YMCTOTBI KPEMHHMH MOXKHO KilacCHU(PHUIMpPOBATh Ha Takue
TUNBl 1O MPUMEHEHHUIO: METAUIyprUYeCKUd, TEXHUYECKUN (BBICOKOUMCTBHIM
Metaurypruyecknil), «comneunsliny (IIKK) u anexkrponnsiii (tadun. 1) [1,4-6]. Ocoboe
BHUMaHUE yJemsieTcsl TakuMm npumecsMm kak 6op (B) u docdhop (P), ontumansHoe
CoJiep’)KaHNEe KOTOPBIX B «COJHEYHOM» KPEMHHUH JOJIKHO COCTaBJATH He Oosee 0,3
ppmw u 0,6 ppmw COOTBETCTBEHHO [5].

CornacHo maHHBIM PabOTHI [5], cymecTBeHHOE BIMSHHUSA Ha 3((HEKTHBHOCTH
paboOThl COJNHEYHBIX (DOTORIEKTPOHHBIX TMpeodpaszoBareneii (DPOII) Ha ocHOBE
MOHOKPHUCTALTUYECKOTO KPEMHHUS 0OKa3bIBAIOT METaNInYecKue npumecu (puc. 1).

Hanuune npumeceit TuTaHa U kelie3a B MOJTYKPUCTATUTMUECKOM («COTHEUHOM))
KPEMHHHU CYIIECTBEHHO CHIDKAIOT Mpou3BoauTeabHocTh OIII (Tadm. 2).

[ToaToMy mpenenbHble KOHIICHTPALUU MpUMEced XMMHYECKUX 3JIEMEHTOB B
«COJIHEYHOM» KPEMHHUM He JOJUKHBI mpeBbimarh 1,25-10%° - 5-10'° ¢m, mpu stom

COJEpIKAHUE TEPEXOTHBIX DIEMEHTOB OrPaHMYEHO KOoHIeHTpamuendn 5107 cm
(Tabum. 3).
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Tao6auna 1
Kunaccudukanus KpeMHHS 110 CTENeHH XUMHYECKON YUCTOThI
XnMHUYEcKas YUCTOTa, Yo Hpumecn
Tun MEPEXOAHBIX
(o6o3HaUCHUE™) w
METaJJIOB
MeTamtypruueckuii KpeMHU 98,5-99,0 Ooiee
(metallurgical-grade, MG-Si) 10000 ppmw
TexHU4YEeCKUi UM BBICOKOYUCTBIN 99,9 (3N) 1000 ppmw
MeTaiTyprudeckuid kpemuuii (upgraded | B <1 ppmw,
metallurgical-grade, UMG-Si) P <5 ppmw
[Monukpucraiuueckui uim 99,9999% (6N) 1 ppmw
«COJIHEYHBIN» KPEMHUU B <0,3 ppmw,
(solar-grade, SOG-Si) P < 0,6 ppmw
MoOHOKpUCTAINTNYECKU I WU 99,9999999% (9N) 1 ppbw
AIEKTPOHHBIN KPEMHUI 99,999999999% (11N) 1 ppbw

(electronic-grade, EG- Si)

B <1 ppbw, P <5 ppbw

>kppbW - OJHAa 94aCTb Ha MHUJUIMAPA, ppmw - OJJHAa 4aCTb Ha MHUJIJIMOH 110 MacCCC
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Puc. 1. Biusinue metaninyeckux npumeceii Ha 3ppekTuBHOCTH padoThl ®II1

1o!8

3a nocnenuue 10 ner HabmogaeTcs nuHamuka pocta yuctoThl [IKK mams OOI1

(puc.

2). OTo 0O0BsACHAETCS BO3POCHIMMH TpeOOBaHUSMU K 3PGEKTUBHOCTH

(OTOSTIEMEHTOB C OJHON CTOPOHBI W YJEHIEBICHUEM MPOU3BOJICTBA KPEMHHUEBBIX

nojgoxek mist @OI1 ¢ gpyroi [§].

Kaxnaplid TUIT KPEMHHSI MUMEET CBOK TEXHOJOTHIO W3rOTOBJICHUS, MPU HTOM
METAJLUTYPTAYECKUN KPEMHHUM B TOCIEAHEE BPEMSI pACCMATPUBAETCS KaK ChIPbE IS
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IMPOU3BOACTBA «COJTHECYHOI'O» W OJICKTPOHHOI'O KPCMHUSI.

Tadanuna 2
Cumkenne 3ppexkrtuBaoctu padborbl @III oT MeTaIMYeCKUX IpuMeceii [5]
CHuxeHue KoHueHTpamust MeTasinyecKux npumecei B
3¢ HEeKTUBHOCTH «COJIHEUHOM» KPEMHUH, ppmw
paboter OOII, % Ti Fe
2 0,07 2,5
5 0,20 8,0
10 0,40 25,0
Tadanna 3

IIpeneabHble 3HAYCHUS KOHUEHTPAIUNA MPUMecel «COJTHEYHOr0» KpeMHus |35, 7]
KOHIIeHTpaIys XMMHUYECKOTO dJIeMEHTa, ppmw (cM™)
(0] C B P As Fe, Al, Cr, N1, V, Cu, Zn
1 1 0,5 0,025 0,025 a1 Kaxkaoro (< 5-1013),
(5:10'% | (5:10'%) | (2,5:10') | (1,25:10%%) | (1,25:10") | cymmapnas (< 5-10'9)

100%

80%

60%

40%

20%

0%

2009 2012 2015 2019
m <6N >6N <9N ®m>9N <1IN = >1IN
Puc. 2. luHaMU KA YUCTOTHI MOJUKPUCTAINYECKOro KpeMHus aast OII1

12.2. MeToabl MOJy4eHHUS MOJYKPHCTAJVINYECKOI0 KPEeMHHS BbICOKO
YHCTOTHI

AHanmu3 JUTEpaTypHbBIX MCTOYHUKOB [1,3-5,8-11] mokaszan, 4YTO MOXKHO
BBIJICTIUTh 7 OCHOBHBIX TPYNI METOAOB, KOTOPHIE COOTBETCTBYIOT XHUMHUYECKUM,
ANEKTPOXUMUYECKUM U MeTaJuTypruueckuMm texHosnorusm mnonydenus I[IKK. B
Tabnuie 4 MpeCcTaBICHO CpaBHEHHWE OCHOBHBIX METOJIOB IMOJTy4YeHHs KpemHus [1,4,
5,7,11,12].

Hcnonb3oBanue 53HEprocOEperarouiero pexxuMa caMopacnpOCTPaHSIOLINICS
BbIcOKOTeMmnepaTypHoro cunre3a (CBC) ¢ mogorpeBoM a0 Temmepatypsl 650-900°C,
MPUBOJUT K  AaBTOKATAJUTUYECKOMY IMpOLECCY, KOTOPbIA MIAET 3a CYET
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DK30TEPMUYECKOW pEaKlUU BOCCTAHOBIIEHUS KpPEMHHS, U HMEET HEKOTOpbIE
IIPEUMYLIECTBA.
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Taéauna 4
OcCHOBHBIE METO/IbI MOJY4eHHUS NMOJYNPOBOJHUKOBOT0 KPEMHHUS
Merton JlocTonHcTBa Henocratku
1 2 3

1. TlomyueHue KpeMHHS C
NPUMEHEHUEM  YTIIEPOIHOTO
BOCCTAHOBJICHHS:
KapOOTEPMUYECKUI;
BOCCTaHOBJICHHE KpeMHEe3eMa
KapOuaoM KpEMHUS;
BOCCTAHOBJICHHE€ MOHOOKCH/1a
KpEMHUS TEXHUYECKUM
YIIAEpOAOM WIIM METAaHOM

OTHOCHUTENIbHO HU3KAas
ce0eCTOUMOCTb, BBICOKAs
TEXHOJIOTUYHOCThH (BBIXO]I
KPEMHHUS1); OTHOCUTEIBHO
9KOJOTUYHBIM METOJI; HE

ucnomasiyercs Cl;
MOJTydeHUE

OrpaHuyeHHOCTh B 4aCTOTE
MOJIy4aeMOro KpeMHUS
96-99%; o0s13aTeNnbHA
nepepaboTKa METOJI0M

HAIpaBJIECHHON

KpUCTAJUIM3AI1MU; BEICOKAs
HYHEPTrOEMKOCTh; MaJiasi

TEXHOJIOTHYHOCTH TIpoIecca

2. DHIEKTPOXUMUYECKUI
CIoco0 MOy4YEeHUsI KpEMHUS

OcHOBHOM J1a00paTOPHBINA
METO/I TTOTyIECHUS
KPEMHHUSI OTHOCUTEIIEHO
BBICOKOM 4nCTOTHI 99,9%

Bricokas 9HCPIroCMKOCTD,
MaJiasd TCXHOJIOIN4YHOCTb
mponecca; TOKCMIYHOCTb

3. IlomyueHue KpeMHuUs ¢
MIPUMEHECHUEM
METaJJIMYEeCKUX
BOCCTAaHOBUTEJICH:
BOCCTAaHOBJICHUE KPEMHMUS
AIIOMUHHEM;, MarHUEM;

Hcnonp3oBanue
sHeprocOeperarIero
pexuma CBC ¢
MIOJIOTPEBOM J10
temmnepatyp 650-900 °C
Jlajiee mpoLece UIeT 3a

TpyaHOCTh OTYUCTKU OT
MOOOYHBIX POYKTOB;
OrPaHUYEHHOCTh B UUCTOTE
MOJIy4aeMOT0 KPEeMHUS
99,9-99,99 %; manas

TCXHOJIOTUYHOCTDb U

IIUHKOM; IIEJIOYHBIMHU CUeT IK30TCPMUUYCCKOU IIPOM3BOUTEIIEHOCTD;

MeTaJIaMH peaxiuu BBICOKAsI TOKCHYHOCTh
mporiecca

4. BoccraHoBiieHHe KpeMHHS | B03MOXXHOCTB Mmory4aTh | Majias TeXHOJOTHYHOCTD;

METOJIOM Ta30TPAHCIIOPTHOU KPEMHHI BBICOKOH HU3Kas

pEeaKIMK rajJou/I- 4aCTOTHI; CPABHUTEIIHHO IPOU3BOIUTEIILHOCTD;

COJZIEpKAIMUX COCAUHEHUMN
KPEMHUS: UOJUTHBIN CIIOCO0;
OpOMUIHBIN CITOCO0;
bTopuIHBII c10CO0;
XJIOPUIHBIN CIIOCOO

BBICOKas 0€30MMaCHOCTh

BBICOKasi CTOMMOCTb
UCXOJ/IHOTO CHIPbS U
TOKCHYHOCTH TPOIIECCa;
CJIO)KHOCTD arapaTHOTO
oopMIIECHUS;

5. BoccTanoBneHne KpeMHUs
BOJOPOJOM: BOCCTAHOBIICHHE
Tpuxiiopcuiiana (TXC)
BOZIOPOAA;

BOCCTAHOBJIEHHE OPOMUJIOB
KpPEMHHUS BOJIOPOJIOM;

Bo3MoxHOCTE  mOJIy4aTh
KpEMHUH pa3In4yHON
qyucToThl 99,9999  (6N-

ON); S5KOHOMHUYHOCTb;
IIPOCTOTA TIOJTyUCHHUS
TPUXJIOPCHJIAHA; BBICOKAS

CnoXHOCTb TEXHOJIOTHH;
TOKCUYHOCTh U
OTHOCHTEIIbHAS

JIOPOTOBU3HA TIPOIIECCa;

Majiasi TeXHOJIOTHUYHOCTD U
HU3Kas
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IIpoaxosxenue Tadaunbl 4

MOJTyYeHUE MOHOCHJIaHA U3
cwmnuaa maraus (Mg>Si) wiu ¢
MTOMOIIbIO (PTOPUIOB KPEMHUS U
TUIPATOB MIEIIOYHBIX METAIIIOB
WJIU C TIOMOIIBI0 (PTOPUAOB
KPEMHUS ¥ TUAPATOB KAIBIIUS, U3
AJTKOKCHCHIJIAHOB

kBT1/kr IIKK; cHmxaercst
cebecroumocth ITKK

1 2 3
BOCCTaHOBJICHHE (PTOPUJIOB 3 PEeKTUBHOCTD OYHCTKH | IPOU3BOIUTEITHHOCTD
KPEMHHS BOAOPOIOM; TXC; Hu3kas cedecTouMoCThb
bTopuaHast TEXHOJIOTHUS IIPOIYKLINH; BBICOKOE
IIPOU3BOJICTBA U3BJIIEYEHHME M CKOpOCTh
MOJIMKPUCTAIIINYECKOT O OCQXJICHUSI KPEMHMS; HU3KUE
KpPEMHUS; BOCCTAHOBJIEHHE TEMIIEPATYPbI polecca;
MOHOOKCHA KPEMHUS HU3Kas LIEHa
BOJIOPOJIOM BOCCTAHAaBJIMBAIOLIETO
pearenra; mnoaydyenue [IKK
HEOOXOTUMOM  YHCTOTHI B
OJIHY CTaJHNI0 OYUCTKHU
6. BoccraHoBieHNE KpEMHHUS Bo3M0XHOCTB ITOTy4YaTh B3peIBOOIIaCHOCTS;
TEPMUYECKUM PaA3JI0KEHUEM KPEMHHI BBICOKOW YUCTOTHI; | MOJyYEHUE THIPATOB;
MOHOCHJIAHA: HU3KHE 3Hepro3arparsl 30 JOPOTOBU3HA;

BBICOKas1 TOKCUYHOCTb
mnponecca; Mmajiasa
TEXHOJIOTHYHOCTb,

HHU3Kas NPOU3BOAUTCIBHOCTD

7. MeTo10M MIa3MEHHOTO
BOCCTAHOBJICHHUS COCIMHEHUI
KPEMHHUSI: KpEMHE3eMa;
KBapILUTOB C MaJIbIM
collepKaHUEM IIpUMeECEN B
MIJIA3MEHHOU Cpelie;
KPEMHHICO/IepKalllero ra3oBoro
BemecTBa B mazme CBY
paspsa; mia3sMeHHOe MOTyYeHuUs
MOHOOKCHa KPEMHUS U €r0
BOCCTaHOBJICHUS

[ToBbllIEHHAsT CKOPOCTH
MPOTEKAHUS XUMHUECKHUX
MPOIIECCOB; KOMIAKTHOCTh
obopyoBaHue,
OTHOCHUTEIbHAS
9KOJIOTHYecKast
0€30I1aCHOCTD; BO3MOYKHOCTE
MOJy4aTh KPEMHHUI BBICOKOU
YHUCTOTHI;

HU3KOE YHEPromnoTpeOICHHE,
HU3KHUHI pacxoJl BOJOPOAa,
BBICOKAs
POU3BOJUTENHHOCTD

Huzkas
MIPOU3BOIUTETHHOCTD;
MIPUMEHEHHUE CII0KHOTO
CITeIIHAILHOTO
000pynOBaHUS;
orpaHUYeHHas BO3MOYKHOCTh
MOJTYYEHUSI KPEMHHUS
BBICOKOM YHCTOTEI;
CJIO)KHOCTh IPOTEKaHUS
peaKIi BOCCTAHOBIICHUS
MOHOOKHIa KPEMHUS

HCO6XOI{I/IMO OTMCTUTb, YTO IOJIYYCHHC KPCMHHA MCTOJOM IIJIa3BMCHHOI'O

BOCCTAaHOBJICHUA

COEJIMHEHU U

KpEMHUS

XapaKTEPHU3yeTCs

HHU3KHUM

sHepronoTpednernem okoyio 10-20 kB1/kr (B 5 pa3 MeHbIIIe Ha MPOU3BOJACTBO | KI
KPEMHHUSI); BO3MOXKHOCTBIO TIOJIYYEHHS KpPEMHHsSI B OJMH JTam; BBICOKOU
MPOU3BOAUTENLHOCTBIO  TIPOLIECCa;  MOBBIMIEHHOM  TEXHUKOW  0O€30IacHOCTH;
MOHMKEHHBIM PACcX0/i BOJAOPOJIA; MPU 3TOM MPOTEKAHUE MPOLECCOB MPOUCXOAUT IPU
HE BBICOKHX TeMIIepaTypax, 4TO JAeT BO3MOXKHOCTh OOECIEUUTh HEMPEPHIBHOCThH
npousBoctaa [ IKK.

TpamuroOHHBIE TEXHOJOTHH OYUCTKH CHIPhS TOJYIPOBOIHUKOBOTO KpPEMHHSI
(MEeTaJuTypru4eckoro) ¢ moMoIIbIo XJIOPCHIaHOBOTrO nepenena (CumeHc-mponece) 10
«COJTHEYHOT0» WJIM DJIEKTPOHHOTO 3a mociemanue 50 jer xopomo OoTpadoTaHbl U
Pa3BUTHI: 3a CYET MHHOBAIMI B OTPACib 00ECTICUCHO TMOBBIIICHUE BBIXO/a KPEMHUS
Ha 45%, CHIDKEHHS SHEPreTHMUECKHX 3aTpaT, 3aTpaT Ha pacXOJHbIe MaTepHalIbl.

MOHOTPAPIHT 177 ISBN 978-617-7414-98-7



J{nnoaauummbte MEXHOAOZUU 8 KUSHU COBPEMEHHO20 UCAOBEKA

OnHaKO 3TH METOABI JOCTUTIIN CBOETO TEXHUUECKOTO MPEeia Pa3BUTHSL.

[Toatomy npousBogactBo ®III u anektponuku nepenuio Ha [IKK Ha HOBBII
YPOBEHb, C HCIIOJIb30BAHUEM OTHOCHUTEIBHO HOBBIX METOJOB OYHUCTKH CBHIPbS
ITOJIyITIPOBOJJHUKOBOIO KPEMHUSA, OJHUM H3 KOTOPBIX SIBIIAETCS MOHOCHJIAHOBBIM
METOJI. DTOT METOJ] OJHOCTHIO UCKIIIOYAET HUCIIOJIb30BaHUA XJIopcuiianoB. OH 6oree
HKOJIOTMYECKU Oe30MacHbIi, B 4 pa3za COKpaUIaroTCs 3aTpaThl 3JIEKTPOSHEPTUU HA
npou3BojAcTBa 1 Kr kpemuwus (Tad:. 5) [5,7,13,14].

Tabuauua S
CpaBHeHHE TEXHOJIOTHMH MOJYYEHHS «COJTHEYHOr0» Kpemuus [14]
XapaKTepUCTUKA TexHonorus
TpaaMLIMOHHAS HOBas

[Ipouecc ouncTKn XUMUYECKUU buzngeckuit
DuepronotpebdaeHue, KBt u/kr 250 15-30
Boixon kpemuust, % 6-10 80-95
CTOMMOCTh KPEMHHSI, IOJUL./KT 40-100 5-15
DKOJIOrnyecKas XapakTepUCTHUKa omnacHas quCTas

B Hacrosiiee BpeMst mpon3BoacTBO yucToro kpeMuus st GOI1 mo nanbonee

3¢ ()EKTUBHBIM U MPOMBIIUICHHO OCBOECHHBIM TEXHOJOTHSM MOXHO TIPEJCTABUTH B
BUJIe OJ10K-cxembl (puc. 3) [3,6,10-12,15,16].

MunepaibHOe KBapIleBOe CHIPhe
(TIe coK, KBapII, KBApPITHTEI)
I

Kapﬁmepmmecme BOCCTAHOBJIIEHHE 3JIeKTPOIYIOBEIX IIeUaxX
I

Mertamtypriude ckuit kpeMmuamit MG-Si1
[

Cumenc-mmporece | | OTOpHAHO-THAPHAHAA TEXHOIOTHA

DJIKTPOHHO-TyueBEIe U
ITa3MeHHEIe IIPOIeCCHI

[TomuxpucTamnie ckuii KpeMuui Pe-Si

Hanparnennas HemnpepriBHOe THUTEE BEIpaIIIBaHHe BRIpammuBaHie
KpHCTa/LlTH3aITHA B C UCMOJIB30BaHHEM TeHT uepes KpHCTATIOB IO
KBapIEeBhIX THITIAX HHTYKITHOHHOH brTBEpY TIO MeTOMTY MeToTy

(Heat Exchange IUTABKH B XOJIOIHOM e YoXpaTECKOrO

Method) THTTIE
4 l ¥ Y A 4 ¥
Texuomorus MynsTHKpHCTAUIHYe cKHE | | MoHOKpHCTa/IHYe CKHH «JIenTouHasm
«KBa3H-MOHO» erMHpﬂ‘T[ Me-Si erMHp[ﬁ Sc-Si TEXHOJIOTHA
(MonoCast, (String Ribbon)
MonO)

Y Y
\ @oTo3neKTpuYe CKHH

npeoodpazorarens OOI1

Puc. 3. biiok-cxema 0CHOBHBIX NPOMBIIIEHHBIX TEXHOJIOTHH MPOU3BOACTBA
kpemMHus st ©II1
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AHanu3upys JUHAMUKY TEXHOJIOTHH IPOU3BOJCTBA «COJIHEYHOT0» KPEMHUS 3a
nocnennue 10 Jier, MOXHO YBHIETb, 4YTO JIMJUPYIOIIEE MECTO, MO-NPEKHEMY,
3aHUMAIOT TEXHOJOruH KpeMHHEBbIX DOIl Ha OCHOBE MOHOKPHUCTAIUIMYECKOTO
kpemuust (metonr Yoxpanbckoro, CZ-Si). Ucnons30BaHne KPUCTAILIOB, BRIPAIIICHHBIX
0 53TOM TEXHOJIOTUH, MO3BOJIAIOT MOdy4yarh Oosiee Bbicokue 3HayeHus KIIJ,
npoMbinieHHO BeimyckaeMbix @DFEIIL, mopsaka 18-26%, obecnieuenust tpeOyemoro
YPOBHSI KOHIIEHTPALIMM U XapakTepa MpUMeced Ha Makpo- U MUKPOYpPOBHAX [3, 14-
15,17,20].

Cnenyer oOpaTuTh BHHMaHWE Ha OTHOCUTEIHHO HEJABHIOI MOJU(PHUKAIUIO
MYJIbTUKPUCTAINTNYECKOTO KPEMHHUS — TEXHOJIOTHIO «KBA3U-MOHO». DTO TEXHOJIOTHUS
no3BosisteT nosydats @EII ¢ KIIJ[ nopsaka 18%, 4To BhIlIe, 4eM MPU TEXHOJIOTUAX
«JICHTOYHOT'0» U MYJBTUKPUCTAIUIMYECKOTO KpemMHus, npu kKotopbix KIIJ[ DEII e
npesbimaet 17%. KpoMe 3TO, TakuM TEXHOJIOTHSM XapaKTEPEH Malbld BBIXOJ
TOJTHOM YaCTH CIUTKOB KPEMHHS.

BbIBOABI.

Takum 00pa3oM, MMEETCS MHOKECTBO CIOCOOOB M TEXHOJOTHUW TMOJTyYCHHUS
MOJIUKPUCTAIIMYECKOTO KPEMHHSI PA3JIMYHOM YUCTOTHI, OJHAKO JI0 CHUX IMOp HE
penieHa npobiema OanaHca MEXAy €ro LEeHOM, YpPOBHEM KauecTBa, SKOJIOTMUYECKOU U
TEXHOJIOTUYECKON 0€30MaCHOCThIO, TEXHOJIOTUEH TPOU3BOJICTBA.

Cnegyer OTMETHTb, YTO YHCTOTa IIOJyY4aeMOIO «COJHEYHOT0» KpPEMHUS
HaMpsMYI0 3aBUCUT OT KayeCTBa MCXOJHOTrO ChIpbs. [loaTOMy HeoOXoaumo pemiaTh
ONTUMHU3AIMOHHYIO 3aJladyy 10 BBIOOPY CBIPbS, ONTUMAJIBHBIX YCJIOBUH €r0
nepepaboTKH, KOTOPBIM COOTBETCTBYET MHOI000pasue MmapaMeTpoB MpolEcca,
KOTOpBIE, B CBOKO OYE€pE/b, BIUSIOT HA 3HAYECHHWE KOHUEHTPAUHUHU TEX WA HHBIX
npumeceil B [IKK.
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I'JTABA 12. METOJ HOCTPOEHUSI ®OPMbI U BHEITHET'O BUJIA
OYHKINOHAJIBHBIX MOJAEJEU JIS1 UTHTEPIIPETAIIMN HOBBIX

HU30BPAKEHUI
A METHOD FOR CONSTRUCTING A FORM AND AN EXTERNAL VIEW OF
FUNCTIONAL MODELS FOR INTERPRETING NEW IMAGES
METO/ IIOBYAOBU ®OPMMU TA 30BHIIIIHBOI'O BULY ®YHKIIIOHAJIBHHUX
MOI[EJ]EVI JJIA lHTEPﬂPETAuli HOBUX 306PAKEHD

DOI: 10.30888/2663-9882.2020-01-019

BBenenue

BonpmMHCTBO 3a7ad, K KOTOPHIM MOXHO ObLIO OBl C MOJB30H HPUMEHHUTH
MaITuHHOE 3pPEHHE, SBISIOTCS CIOKHBIMU. Hampumep, HEMPOCTO HHTEPIIPETUPOBATH
MEUITMHCKUE WM300paKeHHS W peIIaTh 3ajady pacro3HaBaHUS JIHI], a TaKXKe IS
MHOTHX JAPYTUX 00JjacTeil. BOIBITMHCTBO HETPUBUAIBHBIX MPHIOKEHUN CBS3aHBI C
HEOOXOJAMMOCThIO aBTOMATHU3UPOBAHHON CHUCTEMBI '"TOHUMATh" H300paKEHUs, TO
€CTh, BOCCTAHOBHUTH CTPYKTYpPy H300pak€HUs. DTO MPEAINOJIaraeT HMCIOJIb30BAHHE
MOJIeJIel, KOTOPBIE OMHUCHIBAIOT W MApPKUPYIOT OKHUJAEMbIE CTPYKTYphl. PeanbHbie
MPUMEHEHUs  XapaKTePU3YIOTCS ~ HEOOXOAMMOCThIO  OOpabOTKHM  CIIOKHBIX
MEPEMEHHBIX CTPYKTYP. 3aja4ya pacro3HaBaHMs JIUIL SBIISICTCS XOPOIIMM IPUMEPOM,
TaK KaK Ha HM300paXEHUSX YacTO MPHUCYTCTBYIOT IIYMBI, a TaKXKE MPHUXOIUTCS
oOpabaTbiBaTh HEMOJIHbIC HW300pa)keHUs. MEIUIIMHCKUE U300paKEHUsI TOXKE
SIBJITFOTCSI XOPOIIIMM TIPUMEPOM, TaK Kak HEBO3MOXXKHO WHTEPIPETHPOBATH JAHHBIC
n3o0paxkeHusi 0e3 MpeBapUTEIBLHOTO 3HAHUSI aHATOMUU. MeToAbl, OCHOBAaHHbBIE Ha
MOJCINISAX, TMpejaraloT IOTEHIMAJbHBIC  PEIICHHS BCEX OTUX  MpoOJeM.
[IpeaBaputenbHOe 3HAHUE MPOOJIEM MOXKET OBITh MCIOJB30BAHO IS Pa3peIICHUs
MOTEHITUATBHOW HEOJHO3HAYHOCTH, BBI3BAHHOW CTPYKTYPHBIMH CIIOKHOCTSAMH, H
JIeaeT  BO3MOXKHBIM  00pabaTbiBaTh  3alllyMJICHHBIE  HM300paXEHUS U C
OTCYTCTBYIOIIMMHU JAHHBIMHU. JTO BXOAUT B 33]]a4y BOCCTAHOBJICHUS CTPYKTYpHI. J1Jis
ATOTO0 HEOOXOUMO MOCTPOCHHUE CTATUCTUUECKUX MOJeliel (POPMBI U BHEIIIHOCTH.

B 3amayax MammHHOTO 3pEeHHS MPUMEHSIOT 3HAHUS 00 OXHAaeMbix (popmax
CTPYKTYP, IPOCTPAHCTBEHHBIX OTHOLIEHUHN U UX BHEIIHETO BUA JJI PACIIO3HABAHMSI.
OcoObIii MHTEpEC MPEACTABISAIOT TCHEPATUBHBIC MOJCIH, TO €CTh TaKHEe MOJICIIH,
9TOOBI OHU MOTJIM TEHEPHUPOBATh PEATHUCTHUYHBIC H300paKEHUS TECIICBHIX OOBEKTOB.
Hampumep, obpazern; Moaenu nuia crocoOeH TeHepUpOBaTh YOSAUTEIbHBIE 00pa3bl
T000TO YeIOBEKa, M3MEHSS MX BBIPAXEHUE W TaK Jajiee. PeanbHbIC NPHIIOKCHUS
9aCTO UMEIOT JIEJIO0 ¢ KilaccaMu O0OBEKTOB, KOTOPBIC HE UICHTHYHBI, HATIPUMED, JTUIIA.
[ToaTOMY MPUXOAUTCS UMETH JIETI0 C HM3MEHYMBOCTBIO. ITO €CTECTBEHHO MPUBOIUT K
unee nedopmupyemMoit Moaenu. To ecTb, MOJENH, KOTOpPHIE COXPAHSIOT
CYILIECTBEHHbBIE XapaKTEPUCTUKHU KJacca OOBEKTOB, KOTOPhIE OHU MPEACTABIISIOT, HO
KOTOPBIA MOXKET Ae(POPMUPOBATHCS, YTOOBI COOTBETCTBOBATH sy MpUMEpoB. ECTh
JIB€ OCHOBHBIE XapaKTEPUCTHKH, KOTOPHIMH Takue Mojaenu obnanatoT. Bo-mepBbix,
OHHM JIOJDKHBI OBITH OOIIMMH, TO €CTh JOJDKHBI OBITh CIIOCOOHBI CO34aTh JIFOOOI
MpaBIONOAO00HBIN MTPUMEDP KJIacca, KOTOPbI OHHM MPENCTaBISAIOT. BO-BTOPBIX, U 3TO
OYEHb BAXXHO, OHU JIOJDKHBI OyJbT€ KOHKPETHBI. TO €CTh OHU JOJDKHBI OBITH
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CIIOCOOHBI TEHEPUPOBATH HYKHbIE TPUMEPBI. UTOOBI MOTYYUTh KOHKPETHBIE MOJEIH
MEPEMEHHBIX 00BEKTOB, HY)KHO MTPUOOPECTH 3HAHUS O TOM, KaK OHU Pa3INYatOTCs.

Metonbl, OCHOBaHHbIE Ha MOJEJH, HCHOJB3YIOT NPEAIIECTBYIOLIYI0 MOJENIb
TOTO, YTO OXKUIAEeTCd B H300paKCHUH, U OOBIYHO MBITAIOTCS HAWUTH HaMIydllee
COOTBETCTBHE MOJIEJIN JaHHBIM B HOBOM H300pakeHuu. B nmeromeiicst mogodpanHon
MOJEJIA, MOYKHO 3aT€M CJleJaTh HM3MEPEHUs U IPOBEPUTH, SBISECTCA JIH OHA
MOAXOAIICH. DTOT MOJAXO] SABJISIETCA CTpaTeruer "CBepXy - BHHM3'" M 3HAYUTEIBHO
OTJIMYAETCS OT CTPATErMH «CHU3Y — BBEPX», TO €CTh OT METOAOB «YIpPaBIsEMbIX
JaHHBIX». B mocnegHem ciyyae JaHHbIE M300paKeHUsI pacCMaTpUBAIOTCS HA HU3KOM
YPOBHE, BBIYMCIISIS JIOKAJIbHBIE CTPYKTYPbI, TaKWe Kak pedpa wid 00J1acTh, KOTOphIE
coOuparoTcsi B TPYyMIbl, B MOMbITKE HUAECHTU(UUHUPOBATH OOBEKT HHTEpeca. bblio
n3y4eHo 0oJbIlIoe pazHooOpa3ue Moaxo 0B, OCHOBaHHbBIX Ha Mojeisax. Heooxoaumo,
yTOOBI MOJB30BaTEIh MOI OTMEYaTh '"3HAKOBBIE' TOUYKM Ha KaXKJIOM OOydaroIiem
M300pOKEHUH TaKUM 00pa3oM, 4YTOOBl KaXKIbIii OPUEHTUDP TMPEJCTABISI COOOM
pa3IMuMMyl0 TOYKY, MPUCYTCTBYIOIIYIO Ha KaXJIOM IpuUMepe H300paKeHusl.
Hanpumep, npu nocTpoeHUN MOJAEIN BHEIIHErO BUJa 00BEKTa IJla3 B U300paKEeHUH
JIUIA, XOPOIIMMH OpPUEHTHUpaMu OyayT YTOJKU Tja3, TaK KaKk OHU OyAyT JIETKO
OTIPEENATHCA U OTMEYAThCS B KaXJAOM H300paK€HHH. DTO OTrpaHUYMBAET BUbI
OPUJIOKEHUH, K KOTOPBIM HpUMEHsAeTcs MeTol. TpeOyercsi, 4TOOBbI TOIMOJIOTHS
00BEKTa HE MOTJIa U3MEHHUTHCS, 1 OOBEKT ObLT HE HACTOJIBKO aMOP(HBIM, YTOOBI HE
OBLJIO YETKUX OpUEHTUPOB. K coxkajaeHuto, 3TO UCKIIIOYAET MPUMEHEHHUE AJI KIIETOK
U MPOCTBIX OPraHU3MOB, KOTOPBIE MPOSBISIIOT OOJbIIME W3MEHEHUs B (opme.
Onucanbl nBa noaxona. llepseiii - ymnpasiser (opMoH MoAENW Uil ONUCAHUA
pPacnoJIOKEHUs] CTPYKTYp B LEIEBOM H300pakeHHH. BO BTOPOM - MaHUNYJIUPYIOT
MOJIEJIbIO, CIIOCOOHOW CHHTE3UPOBATh HOBBIE H300pPAKEHUS HHTEPECYIOIIETO
o0beKTa. ANTOPUTM CTPEMHUTCS HANTH TapaMeTpbl MOJEIH, KOTOpbIE CO3/al0T
CUHTETUYECKOE M300pa)kKeHHE KaK MOXHO OJM3KOe K IeJIeBOMYy H300paxeHuto. B
KOKJOM cllydyae mapaMmeTpbl HauboJiee MOJIXOJSAIIEIO 3K3EMIUIIpa MOJIETH MOXKHO
WCIIOJIb30BaTh JUIsl JaibHednielr oOpabOTKH, Hampumep, g HU3MEPEHUs WM
KJIaCCU(UKAIIUH.

13.1. MeToabl 10 UCIO0JIb30BAHMIO T1eOpMHUPYEMBIX MOA el IJIst
HHTepHpeTanuu usodpaskenuii [1-7]

Camas mpocrtas MOIeNTb 00BEKTa — 3TO HUCIIOJIB30BAHUE TUIIMYHOTO MPUMEPA B
KayecTBe oOpasma. MeToa  COOTHOUIEHHS  MOXET  HCIIOJNb30BAThCS IS
COIIOCTaBJICHUsI 00pa3ia n300pakeHus: ¢ HOBBIM H300pakeHueM. Hampumep, MOXKHO
OTpEeACNUTh NMPUOIUZUTEIBHBIE MECTOTIONOKEHUSI MHOTUX CTPYKTYpP B H300pakeHUU
MO3ra IyTEM PpErucTpalMi CTaHAApPTHOTO MW300paKeHUs, TJ€ CTaHIapTHOE
U300pakeHne ObLIO COOTBETCTBYIOIIMM 00pa3oM omucaHo skcnepTamu. OJHaKo
U3MEHYHUBOCTh KaK (POPMBI, TaK U TEKCTYPhl OONBIIMHCTBA OOBEKTOB OrPAHUYMBACT
TOYHOCTh 3TOro Mmeroja. OauH U3 TOAXOAOB K MPEJICTaBICHUIO BapHalluii,
HaOJIOlaeMbIX Ha M300pak€HUHU, - ATO "pyuyHas pabota" Mojenu Uisl pelieHHs
KOHKPETHOM TpoOJieMbl B HacTosiIee BpeMsi paccmarpuBaercs. Hampumep, B [8]

MOHOTPAPIHT 181 ISBN 978-617-7414-98-7



Hunoeayuonnvle MEXHOAOZUY 6 KUSHIU COBPEMEHHOZ0 HEAOBEKD ' iﬁf{

CO37al0T MOJEJb YEJOBEYECKOTO TJia3a C  HCIOJIb30BAaHMEM KOMOWHAILIMMA
napaMeTPU30BAHHBIX OKPYKHOCTEH U TyT. XOTS 3TO MOXKET ObITh 3((HEKTUBHBIM, HO
3TO CJIOXKHO, U JIJISl KQXKI0TO MPUJIOKEHUS TpeOYyeTCsl COBEpPIICHHO HOBOE peleHue. B
pabore [9] mnpexncraBieHbl (GOPMBI OOBEKTOB MEIUIIMHCKUX H300paKeHUH, C
UCIOJIb30BaHUEM TMpeoOpa3oBaHust Dypbe, AECKPUNTOPHI 3aMKHYTHIX KPHUBBIX.
Br160p k03 duUIMeHTOB BIUsAET HA CIOXKHOCTh KpUBOHM. PasMelieHne orpaHuyeHui
Ha Kbl KOd()PUITMEHT HECKOIBKO OTpaHnYuBaeT (PopMy, HO HE CUCTEMATHIECKH.
MosxHO TOKa3aTh, 4TO Takue moaenu Dypbe MOTYT OBITh MPSMO SKBHUBAJICHTHBI
CTAaTHUCTUYECKUM MOJIENISIM, HO HE SIBIISTFOTCS OOIITIMH.

B [10] npencraBneHbl aKTUBHBIE KOHTYPHBIE MOJENHN, KOTOPbIE MUHUMU3UPYIOT
DHEPrul0 KpUBBIX. B opurHHambHOW (QOPMYITUPOBKE IHEPIHsi MMEET BHYTPEHHEE
3HaYeHHUE, KOTOPOE CTPEMHUTCSI 00ECIIEUNTh TTIAJIKOCTh KPUBOMW, U BHEIIHEE 3HAUCHUE,
KOTOPOE HaIpaBJIeHO Ha U300pakeHne ocoOeHHocTe. OHU OCOOCHHO IMOJIE3HBI IS
0oOHapyKEeHHSI KOHTYPOB 00IIMX aMOp(PHBIX 00beKTOB. OTHAKO, TTOCKOJIbKY HUKAKAS
MOIeNib (KpoMe TJAJKOCTH) HE HAKJIAJIbIBACTCA, OHU HE SIBISIOTCS ONTUMATbHBIMU
JUIS pa3MelieHuss O0OBbEKTOB, KOTOPhIE MMEIOT M3BeCTHYIO ¢opmy. JlaeTcs Ooiee
NOJIHBIM ~ 0030p AePOpMHUpPYEMBIX MOJENEH, UCHOJIb3YEMBIX TIpU  aHAJIN3e
MEIUIIMHCKUX n300pakennii B [11].

B nannoit pabGorte mnpemsaraeTcss mocTpoeHue (GYHKIUOHATBHBIX MOJENei
dbopmbl u BHemHero Buja. llpennaraembiii meTon Oa3upyercs Ha MOAXOAE, B
KOTOPOM MOJENIb CTPOUTCS Ha OCHOBE aHalu3a MOSIBICHHUS Habopa MOMEYEHHBIX
npuMmepoB. CTPYKTypbl MEHAIOTCS B (popMme U TeKCType, uTOObl y3HaTh, KaKue
BapUaHThl TPaBIONOAOOHBI, a Kakue HeT. HoBoe wu3zo0pakeHue MOXET ObITh
UHTEPIIPETUPOBAHO C  TIOMOIIBIO TOWCKAa HAWIYYIIEro MPaBIONOA0OHOTO
COOTBETCTBUS MOJIEN JaHHBIM U300pakenus. OJJUH U TOT K€ aITOPUTM MOXKET OBITH
OPUMEHEH KO MHOTHUM pa3jMYHbIM 3ajadyaM, MPOCTO TPEACTaBIsAs pa3INdHbIC
npuMepbl 00ydeHHsl. DKCHEpPTHbIE 3HAHUA MOTYT OBITh OTMEUYEHBl B aHHOTAIIMH
y4eOHBbIX MpuUMEpoB. Mojenu JaloT KOMIIAKTHOE TMPEACTaBICHUE JIOMyCTHUMOTO
U3MEHEHHS, HO JOCTATOYHO CHEelu(pUYHBI, YTOOBI HE JOMYCKaTh MPOU3BOJIBHBIX
Bapualui, OTIUYHBIX OT T€X, 4TO HabmomarTcs B oOydatomiem Habope. Cucrema
JOJDKHA CJeNaTh HECKOJbKO MPEABAPUTENBHBIX MPEANONIOKEHUN O TPUPOC
MOJIENIUpYyeMbIX 00BEKTOB. Kpome Toro, yTo oHa y3HaeT u3 yueOHOro Habopa.

13.2. PazpaboTka meToaa nocrpoeHusi GopMbl M BHEIIHEI0 BUAA
(pyHKIMOHAJBHBIX MOJeJIel

DyHKIMOHAIBHBIE MOAENH GOPMBI z= £ (x,y,z) OyIdyT MCIOIb30BATHCS IS

MpeACTaBiIeHus] 00BEKTOB B ciieHe [1, 2]. dopma oOBEeKTa mpencTaBieHa HAOOpOM
(GYHKIIMOHATILHBIX MMOBEPXHOCTEH U 00BEMOB, KOTOPbIE MOTYT HAaXOIUTHCS B JTFOOOM
u3MepeHnr. OOBIYHO TIOBEPXHOCTH HAxXOMATCS B Tpex wu3MepeHmsx. Dopma
ompenaensercss KodhUIMEHTaMH, YpaBHEHHS TIOBEPXHOCTEH — B SBHOM BHJIC.
PaccmarpuBaem npeoOpa3oBaHue noaoous (nepeBof, MOBOPOT u
MacmradbupoBanue). Dopma 00BEKTa HE HU3MEHSETCS NpPH €ro IMepeMellcHUH,
MOBOPOTE WJIM MACIITAOUPOBAHUH.
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Llenp paboOTBHI COCTOUT B TOM, YTOOBI MOJYYUTh MOJEIH, KOTOPHIE MO3BOJISIOT
KaK aHaJU3upOBaTh HOBBIE (POPMBI, TAaK U CHUHTE3UPOBATh (POPMBI, MOJOOHBIE TEM,
KOTOpele B yueOHOM Habope. OOyuaromuii HaOOp, Kak MpaBWiIO, MOIY4arOT U3
Habopa oOyyaromux uzoopaxenuii. [lyrem ananusza usmeHeHus: GopMbl 00yUAIOIIETO
Habopa, CTPOUTCS MOJIEIIh, KOTOPAsi MOKET HIMUTUPOBATH ATY BapHAIIHUIO.

XopomuM BBEIOOPOM JIsi OPHEHTHUPOB SBISIOTCS TOYKU, KOTOPBIE MOTYT OBITH
MOCTIEIOBATEILHO PACIIONIOKEHBI OT OJHOTO M300paxeHus K Apyromy. Ecim oObeKT
OIMMCBIBACTCS N TOYKaMH B d M3MepeHusx, popma mpencraBiieHa nd dIeMEHTaMU
BEKTOPOB, KOTOpbIe GPOpMHPYyeETCs 00BEIUHEHHEM 3JIEMEHTOB OTACIBHBIX BEKTOPOB
NOJIOXKEHHS ToueK. Hampumep, B TpeXMEpHOM U300paKEHUHM MOXKHO MPEJICTABUTh N
TOYEK OPHUEHTHPA{(x;,y;,z;)} AL OJHOrO MPUMEPa BEKTOPHOTO JIEMEHTa inx

— T
F,Z[Cx:(xla-"axnaylaﬂ'ayn)Zla"-Zn) .
YuuThIBas 00y4aroulie IPUMEpHI S, TPOU3BOAMM TaKuX BEKTOpPoB X . Ilpexne

9YeM CMOYKEM BBINIOJHUTH aHAJINU3 IO 3TUM BEKTOpaM Ba)KHO, YTOOBI MPECTABICHHBIC
burypsl HaxOOWIHCh B OJHOM M TOW k€ KoopauHaTHOW cucrteme. HeobOxomumo
YCTPAaHUTh BapHallid, KOTOPbIE MOTYT ObITh OTHECEHBI K pa3pelieHHON r1o0abHOM
Tpancopmaruu T .

[IpumensieTcs MeTO BbIpaBHUBaHUS (Uryp B OOIYI0 KOOPJIAMHATHYIO CUCTEMY,
Tak, 4YToObl ~ CyMMa  pacCTOSIHUM  KaXJAoro o0beKTa J0  CPEIHEro

— 2
D=Z|xl~—x| MuHUMU3UpyeTcs. OH TJIOXO OMNpesAeNieH, €CIM HE YCTaHOBJICHBI

OrpaHUYEHUs] Ha BBHIPABHMBAHUE CPEIAHEro (HampuMep, OOECHEYEHHE €ro
LIEHTPUPOBAHMUs HA HAYAI0 KOOPIAMHAT, MMEET €IMHMYHBIA MacliTad U HEKOTOPYIO
(UKCUPOBAHHYIO, HO TIPOU3BOJILHYIO OPUEHTAIINI0). XOTS AHAIUTHYECKHE PEIIEHHS
CYIIECTBYET Ui Habopa BBHIPABHUBAHMS, MPOCTOM WTEPALMOHHBIA  OIXOJ
3aKimouaercs B caenyromiem: 1. IlepeBoa Kakaoro oObEKTa Tak, YTOObI €ro LEHTP
TSDKECTH HAXOJMWJICA B Hadajue KoopauHar. 2. BeiOop ogHOro o0beKTa B KayecTBe
HaYambHOHW OINEHKH cpefHedl (opmbl M MmacmrTaba Tak, 4To0w! [¥| =1. 3. 3ammch

IIEpBOM OLIEHKU KaKX,, Ul ONpEJENECHHs ONOPHOIO Kaapa IO YMOJIYaHHIO. 4.

BripaBHUBaHME BceX 0OBEKTOB C TEKYIIEH oreHKon cpemuei Gopmbl. 5. [ToBTOpHAs
OLICHKA CpEIHEro 3HA4YeHHs U3 BBIPOBHEHHBIX 00bekTOB. 6. I[Ipumenenue
OTPAaHUYECHHMS Ha TEKYILIYIO OLEHKY CPEIHETrO 3HAYEHUS ITyTEM BBIPABHUBAHUS €TI0 C
X, ¥ Macurtabuposanue, Tak 4to x| =1. 7. Ecim HeT cxonmmocTu, BO3BpaT K 4.

CxomuMOCTh OOBSIBIISIETCS, €CIIM OIICHKA CPEIHEr0 3HAYCHHs CYIICCTBEHHO HE
U3MEHSCTCS TIOCIIC UTEePAITHH.

Omnepanuu, paspelieHHbBIE BO BpeMsS BBIPAaBHUBAHUS, BIMAIOT Ha (GopMy
KOHEYHOTO pacnpeseiieHus. [IJis TpeXMEepHBIX 00bEKTOB OOIIUM TTOIX0IOM SBJISCTCS
IICHTPUPOBAHUE  KaXJIOTo 0ObeKTa B Hauvaime KoopauHaT. Heobxomumo
MacmTabupoBath, HTOOBI [¥| =1, a 3aTeM BHIOMpAaTh OPHMEHTANMIO, KOTOpAs

MuHuUMU3HUpyeT D. OrpaHuyeHre MaciiTaOMpOBaHUS O03HAYAET, YTO BBHIPOBHEHHBIC
OOBEKTHI JIeXKaT Ha runepcdepe, KOTOpas MOXKET BBOJUTh 3HAYUTEIbHBIC
HEJIMHEHHOCTH, €CIIU MPOUCXOAT OOJIbIINE U3MEHEHHS (POPMBI.

Orpannuenue maciuraba rapaHTHPYET, YTO BCE YIJIbl JIEKAT HA OKPYXKHOCTH
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BOKpPYI' Ha4aJla KoopAuHaT. JIMHEHOE U3MEHEHUE B COOTHOLIEHUU CTOPOH BHOCUT
HEJIMHEWHOEe W3MEHEHHE B MOJOKeHUs Todek. HeoOxomaumo, yToOBl TOUKU JI€KaIH
OnmKe K IpSIMOM JIMHUU, 3TO YIPOIIAET OMHCAHUE paclpeiesieHus, UCTI0Ib3yeMOro
II03KE€ B aHAJIHU3eE.
AJbTEpHATUBHBIM MOAXOJ 3aKI0YaeTcss B TOM, UTOOBI pa3peliuTh Kak
MacIITaOupOBaHUE, TaK U OPUEHTALUIO U3MEHATHCS TPU MUHUMU3anuu D.
[penmnonoxum, uto T ,(X) MacIuTabupyeT OOBEKT (¥) Ha S M MOBOPAYUBAET €€

Ha?. YTOOBI BBIPOBHATH JIBAa TPEXMEPHBIX OOBEKTA(X,) H(X,), KAKIBIH M3 KOTOPBIX

LEHTPUPOBAaH II0 Hayaly KOOpAWHAT X,.=X,.=(0, BeIOMpaeM MacmTad, s u

Sy =P "
BpallleHHed , YTOOBl MUHUMHU3UPOBATH |TS ,(X)—X,| , CyMMy KBaJpaTHBIX PaCCTOSHUM

MEXIYy TOUYKOM Ha 00bEKTE X2 U TOUKM Ha MAacCIITaOMPOBAHHOIN U MOBEPHYTOU BEpCUU
oObekTa x/.

Tpetuét mnoaxox 3akiovaeTcss B NpeoOpa3oBaHUM Kaxaod (OpMbI B
KacaTeJIbHOE MPOCTPAHCTBO K cpeaHeMy, yToObl MuHHUMU3NpoBaTh D. KacarenbHoe
IMPOCTPAHCTBO K (X,) ABJISACTCA THMICPIUIOCKOCTBIO BEKTOPOB, HOPMallbHBIX K(X,),

IIPOXOJSAIINX YEPE3 (X,) . T. €. BCE BEKTOPHI (X) X TaKHE, 4TO (X, —X).X, =0, Wik X.X, =1,
ecrn |5| =1.

Pa3znuynable TOAXOIBI K BBIPABHUBAHHIO MOTYT TMPHBECTH K Pa3UYHBIM
pacmpeneNieHusIM BBIPOBHEHHBIX (opM. HeoOXoaumMo CcOXpaHHTh KOMIAKTHOCTB
pacrpeeneHus: U CBECTH K MUHHMYMY JTF0ObIe HETMHEHHOCTH, TIO9TOMY HCIIOJIb3YeM
KacaTeJIbHOE IPOCTPAHCTBO CIIETYIOUIMM 00pa3oM.

[Ipeanonoxkum, 4To €CTh S HAOOPOB TOYEK(X,) , KOTOPBIE BHIPOBHEHBI B OOLIYIO

KOOPJIMHATHYIO CHUCTEMY. OJTH BEKTOPbI 00pa3yloT pacrnpejeneHue B nd-MepHOM
npoctpaHcTBe. HeoOxoaumo  MoJenupoBaTh 3TO  paclpelesieHue, 4YTOoObI
reHEepUpPOBATh HOBBIE MPUMEPHI, MOXOKHUE HA TE, YTO ObUIM B UCXOJHOW YCTAaHOBKE
oOy4eHHUs1, TOr/1a MOKHO HUCCIEA0BaTh HOBbIE (DOPMBI, YTOOBI PEIIUTD, SABISIIOTCS JIH
OHHM TPaBIONOAOOHBIMM TIpUMEpaMu. B yacTHOCTH, HIIEM MapaMeTpU30BaAHHYIO
Mozienb BUAaX = M(b), rae (b)- BEKTOp MapaMeTpoB Mojenu. Takas MOJeIb MOXKET
OBITh WCTOJIb30BaHa JUIsl TEHEPAIMM HOBBIX BEKTOPOB(X). UTOOBI MOIETUPOBATH

pacripesielieHne apaMeTpoB, MOXKHO OIPAaHHYUTh MX TakK, YTOObI CTEHEPUPOBAHHBIE
(*) GpTH TIOXOXM HA TPEHHUPOBOUHBIH HAGOpP (OPM. AHAJIOTMYHO JOJDKHA OBITH
BO3MOXXKHA OIIEHKa p (X) ¢ HCHOJb30BaHUEM Mojeiau. YToObI YHMpOCTUTH 3ajady,
HEO0OXOMMO CHayalla yMEHbBIIUTh Pa3MEPHOCTb JaHHBIX. D(H(HEKTUBHBIM MOIX0I0M
ABJIIETCS TPUMEHEHUE aHa/IM3a TJIaBHBIX KOMIIOHEHTOB JUIsl cBeaeHus. JlaHHbIe
o0pa3yroT o0iako Touek B mpocTpaHcTBe nd-D. C momMolplo aHaiu3a TIaBHBIX
KOMIIOHEHTOB  BBIYMCIISIIOTCSI OCHOBHBIE OCH O3TOro o00JIaka, II03BOJISIONINE
anmMpOKCUMHUPOBATH JTFOOBIE M3 MUCXOAHBIX TOYEK C MOMOINBIO MOJEIH C MEHBIIUM
konmuecTBoM mapameTpoB nd. Iloaxon 3akmiouaeTcst B cieayronieM. Beruncienue

I G
Cp€aAHCr0 3HA4YCHUA OAHHBIX - X :—le.. Brruncnenue KOBApUAHTHOCTHU HTAaHHBIX
S i=1

S =3 (% ~FNE -7
s—1i=
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Berancnenre COOCTBEHHBIX BEKTOPOB, ¢ M COOTBETCTBYIOIIMX COOCTBEHHBIX
3HAYCHUHN ¢ U3 § , OTCOPTUPOBAHHBIX TAK, U4TO 4 >, .
Ecnu ® comepiKut ¢ COOCTBEHHBIX BEKTOPOB, COOTBETCTBYIOIIMX HAHOOIIBIINM
COOCTBEHHBIM 3HAYEHUSIM, TO MOKHO TOIJa allIpPOKCHMHMPOBATh JIIOOOH U3

00yuaonMX HabOPOB, HCHONB3Yd (X): X ~X+®b, rﬂe&):(% ‘(Pz|---|€0t) U b -t-MEpHBII

BEKTOD, 3a/IaHHbIIH (OPMYJIOii b= O’ (¥-X) .

BekTop b ompejenser Habop mapamMeTpoB AedopmupyeMoil moaenu. Ilyrem
BapbUPOBAaHUSI  JJIEMEHTAa b MOXKHO  BapbupoBaTh  (GOpMy,  HCIONB3YS
ypaBHeHUeY ~x +®b . Jucnepcus I-ro mapamerpa, bi, mo BceMy oOydaromemy
HaOopy 3anaercsig, . [Ipumenenue orpaHuyeHus J_r3\/Z. K TapaMeTpy bi, rapaHTUpyeT,

yro copmupoBaHHas (opma TOX0ka Ha Te, YTO OBUIM B MCXOIHOM Habope
TPEHUPOBOK.

Yuciao coOCTBEHHBIX BEKTOPOB ISl COXPAHEHUS ¢, MOXKET OBITh BEIOPAHO TaKUM
oOpa3oM, 4TOObI MOJENb MpPEACTaBisjIa HEKOTOpbIE NOJU OT OOIed aucnepcuu
JTAaHHBIX, HITM TaK, 9TO0BI OCTATOYHBIC YCIIOBHUS MOTJIM CUUTATHCS IITyMOM.

Ilycte ¢ - coOCTBEHHBIE 3HAYECHUs] KOBAPHALMOHHOW MATpPUIIBI OOy4aromIMX

naHHbIX. Kaxknoe coOCTBeHHOE 3Ha4YeHHE JAeT AUCIEPCUIO JAHHBIX O CPEIHEM B
HAaIlpaBJIEHUU COOTBETCTBYIOIETO0 COOCTBEHHOrO BekTopa. Torga obmas aucnepcus
B 00y4alolMX JaHHBIX HPEACTaBIAET COOOM CyMMy BCeX COOCTBEHHBIX 3HA4YEHUII
V.=Y A . 3areM MOXHO BbIOpaTh t caMbIX OOJBIIMX COOCTBEHHBIX 3HAYEHUH, TaKUX

t
urto YA > fV,, rae fv onpenenser momro oOwWwied BapualuH, KOTOPyI0 Tpebyercs
i=1

00BbsCHUTh. Eciu mym Ha M3MEpEeHHSAX (BBIPOBHEHHBIX) IMOJIOKEHUH TOYCK HMEET
JUCIIEPCUIO ¢ , TO BBIOMpaeM camblil OOJNBLION ¢ TaKoi, 4TO A >o¢. , mpeamoaras,

YTO COOCTBEHHBIC 3HAYEHHS COPTUPYIOTCS B MOPSIIKE YOBIBAHUS.
Ha puc. 1. nmoka3zansl mpuMepbl 00bEKTOB U3 00yUaroIero Habopa

Puc. 1. Ilpumepsnl 00beKTOB U3 00yUaromero Hadéopa
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BriBOALI

[IpennoxxeH MeTOJ MOCTPOCHUS (POPMBI U BHEIIHETO BUJA (YHKIIMOHATBHBIX
MoOJeNel sl MHTEpHpeTalud HOBBIX U300paxeHuil. [IpeayioxKHBI HECKOJIBKO
Moau(uKauii, KOTOpble MOTYT OBbITh BHECEHbl B MOJE/Ib BHEIIHETO BHUJA.
VYnpasnenue napamerpamu (HOpMbl BO BpeMsi MOHMCKa MPUBOAUT K OoJiee ObICTPOit
CXOAMMOCTH. MeTo/, OCHOBaHHBIN Ha ¢popMe, OOHAPYKUBAET CXOJICTBO JOCTATOYHO
TOYHO. XOTS METOJ JEMOHCTPUPYETCS TOJIBKO [JJsi MOJENEH JIAL, OH HWMEET
LIMPOKYH IIPUMEHUMOCTD, HallpUMEp, B COIOCTABICHUU MOJeIel cTpyKTyp Ha MP-
M300paKEHUSIX.
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