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Ceped konoumepcokux 6upobie 0cobnuee micye 3aiuMaoms 21a3ypoeani 8UpPoOU ma uoKkouao,
OCHOGHUMU KOMHOHEHMAMU AKUX € KAKAO-MACIO0 | KaKao mepme, wo 00epiucyIoms 3 iMNOPMHOT
cuposunu: kakao-0606is. 11io wac eupobruymea enasypeu 0l KOHOUMEPCLKUX 8UPODIE NUTLHY
y8azy npuoiisfoms 3HUNCEHHIO 8 A3KOCMI KOMNO3UYILL | SMEHUEHHIO GUMPAMU KAKA0-NPOOYKMIe,
Hacamnepeo Kakao-macaa. 11a3yp ynosinbHioe npoyec OKUCIEeH s, YePCMBIHHA, NOMPANAHHS
807102U, Y MAKULL CROCIO NOO0BHCYIOUU MEPMIH NPUOAMHOCII 8UPODY, A MAKOXHC 3a0e3neyye 308-
HIWHIO NPUBAOIUBICTIb, KOMHOZUYIUHY 3a8epuieHicmy | cmMakogy nanimpy npooykmy. Inasypi
011 KOHOUMEPCLKUX 8UP00I8 € 6a2amoKOMNOHEHMHUMU cymiwiamu. B posnnasnenomy cmani,
3a K020 301UCHIOIOMbCS 6CI MEXHON02TUHI npoyecl, 60HU YMBOPIOIOMb c000I0 OUCNePCHI cuc-
memu. 3azanvHosioomumu emynveamopamu 0Jisk KOHOUMePCbKOI NPOMUCTIO80CI € Gocghamuou.
Bonu eghexmusno empumyroms HaOIUWOK 600U Y WOKONAOHUX 21A3VPAX, 00360JAI0UU MAKUM
YUHOM 00epacamu 2aA0KY 2AHCO8Y NOBEPXHIO WOKOIAOHUX HOKPUMMIG [ NpUEMHUL cMak. Akmy-
AbHOIO € Po3pobKa peyenmypu 21a3ypi 3 GUKOPUCMAHHAM eMYTbeamopie, KOMHOHEHMOM AKUX
€ CUPOBUHA GIMYUSHAHO20 BUPOOHUYMEA. B pobomi posenanyma Modicaugicms 6UKOPUCMAHHS
NPOOYKMie nepepobKu MEAPUHHO20 HCUPY, A MAKOIC MPONIYHOT 01T, AKA 3 KONCHUM POKOM HAOY-
6a€ OLNLULO20 NOULUPEHHSL 8 HAWIT KPAIHI. 3 Memor po3uWUpenHs acOpmumMenmy emyibeamopis
Y cmammi HA8e0eHO MONMCIUGICMb 3ACMOCY8AHHA KOMOIHAyil Gocghamuonozo KOHYyeHnmpany
3 CYMIMULIO MOHO- [ OU2niyepudis meapuHHO20 HCUpPY, d MAKONC I3 CYMIUULIO MOHO-, Ouliye-
puoie mponiunoi onii. I KomMOIiHaAYiA KOMNOHEHMIB 3aCMOCO8Y8ANACS 8 SIKOCMI eMYIbeamopie
y peyenmypi 2na3ypi 015 KOHOumepcoKkux supodie. Ha niocmasi nposedenux 0ocnioxcens ecma-
HOBJLEHO, WO ONMUMATIbHUM MA eKOHOMIYHO SUCIOHUM € 000A8anHs KoMOiHayii hocpamuonoeo
KOHYEeHmMpamy ma cymiui MOHO- ma Ouniyepudié meapuHHo2o Heupy 00 21azypi 0Jiss KOHOUmep-
cokux 6upobie y xinekocmi 0,4%. Came ye 003y8aHHs NPu3600UmMb 00 3MEHUEHHS 8 A3KOCMI
ma He 8NIUBAE HA OP2AHOLENMUYHI NOKAZHUKU 20MOB0T NPOOYKYi.

Knrwwuoei cnosa: xapuosa npomucnogicme, KOHOUmMepPCvKi eupobu, 2naszyp, gocghamudnui
KOHYenmpam, opeaHorenmuyHi NOKA3HUKY, 6 A3KiCmb.
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Holub L.S., Zemelko M.L. Development of emulsifiers for the confectionery industry

Among confectionery, a special place is occupied by glazed confectionery and chocolate,
the main components of which are cocoa butter and cocoa mass, which are obtained from
imported raw materials — cocoa beans. In the production of glazes for confectionery, special
attention is paid to reducing the viscosity of the compositions and reducing the consumption
of cocoa products and, above all, cocoa butter. The glaze slows down the processes of oxidation,
hardening, moisture, thereby extending the shelf life of the product, as well as provides external
attractiveness, compositional completeness and taste palette of the product. Glazes for confec-
tionery are multi-component mixtures. In the molten state, in which all technological processes
are carried out, they are dispersed systems. Well-known emulsifiers for the confectionery indus-
try are phosphatides. They effectively retain excess water in chocolate glazes, thereby allowing
you to get a smooth glossy surface of chocolate coatings and a pleasant taste. It is important
to develop a glaze formulation using emulsifiers, the components of which are domestic raw
materials. The paper considers the possibility of using products of animal fat processing, as
well as tropicallz)il, the availability of which is increasing in our country every year. In orager to
expand the range of emulsifiers, the article shows the possibility of using combinations of phos-
phatide concentrate with a mixture of mono- and diglycerides of animal fat, as well as with
a mixture of mono-, diglycerides of tropical oil. This combination of components was used as
emulsifiers in the glaze formulation for confectionery. Based on the research, it was found that
it is optimal and cost-effective to add a combination of phosphatide concentrate and a mixture
of mono- and diglycerides of animal fat to the glaze for confectionery in the amount of 0.4%.
1t is this dosage that reduces the viscosity and does not affect the organoleptic characteristics
of the finished product.

Key words: food industry, confectionery, glaze, phosphatide concentrate, organoleptic char-
acteristics, vViscosity.

Beryn. 3aransHoBiOMO, 1110 caMe XapuyBaHHs BU3HA4a€ 310poB’s HaceneHHs. [Ipa-
BUJIbHE XapuyBaHHA 3a0e31edye HOpMaibHE 3pOCTAHHS Ta PO3BUTOK JITEH, CIIPUSIE TIPO-
(hinakTHII 3aXBOPIOBaHb. HapocTaroua iHaycTpianizaliis i HayKOBO-TEXHIYHUH Mporpec
y PI3HOMAHITHHX Taly3sX XHUTTS 3 TMONILAY MEIUIMHA T4 MEIUYHOI eKOJOTil Hapasi
HE OILIHIOIOTHCS SIK BUKITFOYHO MPOTPECUBHE SBHIE. 3POCTAHHS TEMITIB BUPOOHUIITBA
Hje Ha mKoay Oe3Melli HACEICHHS Ta MOXe MPUHECTH CBOT TipKi mioau. Tak, pa3oMm i3
HECTPHUATIMBUM BIUTMBOM TEXHOTCHHUX W aHTPOIIOreHHUX YMHHUKIB HA MEPIINH MIaH
BUXOJUTH Jienaji OLIbIINI BMICT y POJAOBOJIBYIM CHPOBUHI Ta MPOAYKTaX XapuyBaHHS
XapyoBUX JOOABOK IITYYHOTO IMOXOKEHHS, KUTBKICTh KX repeBummmia 5000 Haiime-
HyBaHb. 3a JESIKMMU JaHUMHU, Cy4acHa JTIOAMHA B iHIYCTpPialbHOMY CYCHUIBCTBI OTPH-
Mye onHs 10 1,5-2,0 T 4yKopiJHUX PEUOBUH TEXHOTEHHOTO MOXOKeHHS [1].

3a3HaueHi BUIE OOCTaBUHH IPHU3BEIH J0 TOTO, 0 Y 3HAYHOT YACTHHU HACEJICHHS
BUHMKAE JeAaNi OUIbIINI iHTepec A0 CIOKUBAHHS BHKIIOUHO HATYPaJbHUX MPOIYK-
TiB K 3aCO0Y TiABUIIEHHS SIKOCTI )XUTTSA. OJHUM 13 TaKUX MPOAYKTIB MOYKHA BBAKATH
(docdaTumHuil KOHIIEHTPAT, OTPUMAHHUN Y MpoIeci IepepoOKH POCIHHHOI CHPOBHHH,
a TaKkoX JICLIUTHH, SIKUH OIepXKyIOTh 3 (poctarunHoro koHueHTpary. PocdarunHi KoH-
IEHTPaTH J00pe 3aCBOIOIOTLCS B OPTaHi3Mi JIFOJVHHU, CIIPHUSTIMBO BILUTUBAIOTH Ha Oij-
KOBO-)KHPOBHUI OOMIH Ta € JDKEPEIOM YTBOPEHHS OpraHidHoro ¢pocdopy, HeoOXiqHOro
JUIL HOpMaJIBHOTO Nepediry MiIacTHYHUX MPOIIECiB y MO3KOBIH 1 HEpBOBiil TKaHUHAX.

IMocTanoBka npodaemu. B ychomy cBiTi GocdaTuam 3acTOCOBYIOTHCS y peleTy-
pax ripkoro, MOJIOYHOTO Ta O1JIOro MIOKONAAy [T HaJJaHHS IIOKOJaHUM MacaM Oaka-
HUX B’S3KHX BIIACTUBOCTEH, a TAKOXK JUIsl 3ar00iraHHst ICyBaHHIO XHUpy. BMicT docda-
TUIHUX IPOAYKTIB y BUPOOHHUITBI mOKoIaxy ctaHoBUTH 0,1-0,7%.

®Docdaruan mig 4ac BUTOTOBICHHS IIOKOJIIAIHUX BUPOOIB BUKOHYIOTh YUMaJIo Oara-
TO(YHKI[IOHANBHUX 3aBJaHb, 30KpeMa:

— CIIPHUSIOTH 3HWKEHHIO B’ SI3KOCTI;

— MOKPAIIYIOTh BIACTUBOCTI TATYYOCTI B IIPOLEC] TEMIIEPYBaHHS;

— HaJalo0Th TapHi BIACTUBOCTI B Iporeci popMyBaHHS IIyKEPOK 1 IIOKOJIATY;

— MIIBHIIYIOTH BJIACTUBOCTI TUNTMHHOCTI i/l 9YaC IOKPUTTS.
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Docharuan epeKTUBHO BTPUMYIOTH HAJUIAIIOK BOJAM y LIOKOJAIHUX TNazypsx,
JO3BOJISTIOUN y TAaKWH CIOCIO omepaTH TIAAKY IISTHCOBY IOBEPXHIO IIOKOJATHHUX
MOKPHTTIB 1 mpreMHuid cMak [2]. Cepen KOHIUTEPCHKAX BUPOOiB HAHOLIBII MOMIHPEH]
rmazypoBaHi BupoOu. Ilig wac BUroTOBIEHHS IMasypeil 0coOnuBy yBary MpUAIISIOTH
3HIDKCHHIO B’SI3KOCTI KOMIIO3HIIIKA 1 3MEHIICHHIO BUTPATH KaKao-POMYKTiB, HACaM-
nepes; Kakao-Maciia. AKTYaJbHOIO € po3poOKa peLenTypu Iiazypi 3 BUKOPUCTAHHSAM
eMyJIBraTopiB, KOMIOHEHTOM SKHX € CHPOBHHA BITUM3HSIHOTO BUPOOHHUIITBA.

MeTta gociigKeHHs] — pO3IIUPEHHS ACOPTUMEHTY eMYJIbratopiB. Y poOoTi po3ris-
HYyTa MOXJIMBICTh 3aCTOCYBaHHS KOMOiHalii ochaTUAHOTO KOHLIEHTPATY 3 CYMIIIIIIIO
MOHO- 1 JUITIIEPHUIIB TBAPUHHOTO JKUPY, @ TAKOX 13 CYMIIIIII0 MOHO-, IUDIIIIEPUIIB
TPOIIYHOT OJIi1 B IKOCTI EMYJIbIaToOPiB Y pelenTypi riasypi A1 KOHAUTEPCHKUX BUPOOIB.

AHaJi3 ocTaHHIX A0CTiTKeHb i myOsikamiii. [T1a3yp s KoHauTepchKux BUPOOiB —
I1e TOHKOIMCIIEPCHA CYMIII, IO CKJIAJAETHCS 3 KaKao-MOPOIIKY, KaKao-Macia i IyKpo-
Boi mynpu. KpiM X OCHOBHHX KOMIIOHEHTIB, Y IJIa3yp Ui KOHIUTEPCHKUX BUPOOIB
BBOJISITH CMAaKOBI Ta apoMaTu4Hi 100aBku. B skocTi 700aBOK HAWOIBII TUPOKO BUKO-
PHCTOBYIOTH CyXe MOJIOKO, CyXi BEPILIKH, TEpPTi sSApa ropixis Tompo. B sxocti apomarn-
3aropa y miasyp JUlsl KOHIUTEPChKUX BUPOOIB IOJAIOTh BAaHUTIH 200 BaHIJIbHY €CCHIIIIO.
g po3pimkeHHs 11a3ypi B Hel BBOASTH HEBEIUKY KUIBKICTD JICLIUTHHY.

OcCTaHHIM YacoM pa3oM i3 JISIIUTHHOM Yy pelenTypi KOHAUTEPChKUX BUPOOIB 3aCTO-
COBYIOTh (pocaTuIHUIT KOHIICHTPAT — MOOIYHMIA MPOAYKT padiHallii COEBOI Ta COHSIII-
HUKOBOI oniif. PocdaTuaHi KOHIIEHTPATH CKIafaroThes 3: docdaruaiB 61-62%; omii
37-38%; Bomu 0,4-0,5%. Born noBuHHI MaTi TeKy4dy KoHcucTeHIito mpu 20° C. Xap-
yoBHi PochaTuaHUI KOHIIEHTpAT Ma€e OyTH )KOBTOTO a00 CBITIO-KOPHYHEBOTO KOJIBHOPY,
MOBUHEH MATH 3allax i CMak, BIACTUBUI odii, 3 K01 BiH oTpuMaHuil. Bmict docdomi-
MiJiB Ma€ CTaHOBUTH He MeHIe 50%, Bomoru — He OuabIne 4%. KucinoTHe yucio oiii,
BHJIIEHOT 3 HHOTO, TOBHHHO OyTH He MeHIe 18 Mmr KOH; konmbopoBe unciio, Mr Homy, —
He Oinbine 8.

®docdaruan He PO3UHHSIOTHCS Y BOJII, @ PO3UMHSIOTHCS B TapsiunX JKUPaxX Ta OJisX,
€ rapHUMH emynbraropami [3; 4]. @ocdaruaHnil KOHIEHTPAT € OBEPXHEBO-aKTUBHUM
areHToM. Bin no6pe mpairtoe Ha moBepxHi po3iny a3 pizHuX cyOcTaHIii. 3a HassBHO-
CTI IBOX HE3MIllTyBaHUX piakux (a3 GpochaTuaHnil KOHIIEHTPAT 3HIKYE TOBEPXHEBHI
HATAT 1 Jie sk emynbrarop. Ilim yac B3aeMomil MixK TBEpIO i pinkoro ¢azamu doc-
(aTuaHUil KOHLIEHTpAT Ji€ sIK 3MOYyBaJbHUI Ta Aucnepryoduii areHt. Pocaruai
KOHIIEHTPATH IIUPOKO 3aCTOCOBYIOTHCS B KOHIUTEPCHKIiH, X1i0omekapchKiil, KoMOiKop-
MOBIH Ta IHIIUX TaIy35X XapIOBOi IPOMHUCIOBOCTI. BBeneHHs GochaTnaHOrO KOHIIEH-
Tpary B IIOKOJIa/IHI BUPOOU MiJIBUIILYE TXHIO TOMOTEHHICTb 1 JO3BOJISIE 301 IKyBaTH
0,13-0,5% macna xakao. ®ocharunu (hocdomninian) MaroTh TOBEPXHEBY aKTHBHICTH
1 aHTUOKCHJIAaHTHI BJIACTUBOCTI, YMHSTH CIPHUSTIWBHUN BIUIUB HA JIMJIHUKA OOMIiH,
(yHKITIOHAJIEHUN CTaH MEYiHKHU, 3HIDKYIOTh TIIepX0JIeCTePUHEMIIO, MiABUITYIOTh aHTH-
OKCHJIAHTHUH TIOTECHIIA]l OPraHi3My, MICTATh HATypaibHI aHTHOKCUIAHTH, K1 3aXHIIa-
I0Th KIIITUHU BiJ] TIOIITKO/PKEHHSI BUTLHUMU pajiukanamu [5].

3aBasSKH CBOIM YMCICHHMM TEXHOJOTTYHHUM BJIACTHBOCTSM, a TAKOXK aCOPTHUMEHTY
(hocominiTHAX TPOIYKTIB, IO PO3IIUPIOETHCS, PochaTHIu MPOAOBKYIOTh BUKITUKATH
iHTepec KOHAUTEPIB, SKI PO3POOIIAIOTH HOBI PELIENTYPH HIOKOIaJHIX BUPOOIB.

Docomimiau BHOCATECS y PELENTYPyY MOKONATHUX Mac IS MiABUIIECHHS iX SKOCTI
Ta 3 METOI TOCHJICHHS €KOHOMIYHOTO e(eKTy. 3aBIsKH pO3piIKyBaIbHINA 30aTHOCTI
(ocdomniniais, M0 3HUKYIOTh B A3KICTh MIOKOIAJHOI MAacH Ta €()EKTUBHO YTPUMYIOTh
BOJIOTY B TIA3yPsX JUIsl KOHAMTEPCHKHIX BI/Ip061B PEKOMEH/IOBAHO BBOTUTH X y KiJIbKO-
cti 0,5-1,2%, Tak BogHOYAC 30€piracThCs CMaK i CTaH MOBEPXHI MOKPUTTS [6].
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®Docdominigun MaOTh MUPOKUHA CHEKTp Oi0XiMIUYHMX 1 (i3MYHUX BIACTHBOCTEH,
€ 010aKTHBHUMHE CHONYKaMH JUIA OpraHi3My. BoHH ciryaTh KepenoM JerkoIoCTyI-
HUX JIIHOJIEBOI KHCJIOTH, XOJIIHY Ta 1HO3WUTONY, 3/aTHI BIUIMBAaTH Ha O10IOCTYMHICTh
Garateox (hapMaKoIOTiuHO aKTHBHHX CIIONYK, & TAKOX BiJIrpalOTh MOMITHY POJIb SIK
CUHEPTICT JIIsl aHTHOKCUAAHTIB. KoprcHi epektn Gpocdomimi i BKIFOYAIOTh 3HUKCHHS
B KPOBI PiBHS JIMiJIiB 1 KOHTPOJIb PiBHS XOJNIECTEPUHY Ta TPUIIILEPUIIB, CTAOUII3ALII0
MeMOpaHHHUX (DYHKIIIH 1 HiATPUMKY HOPMaJIFHOTO (DYHKI[IOHYBaHHS MEYiHKH [7].

Tomy Oyno mocTaBieHE 3aBIaHHS — PO3POOUTH PEIENTYPY Tazypi ISl KOHIUTEp-
CBKUX BUPOOIB 13 BUKOPUCTAHHIM (HOCHATUIHOTO KOHLIEHTPATY, a TAKOXK CyMillli MOHO-
(mami — MI'), nurninepunis (mani — JII') TBApUHHOTO XHpY Ta TPOIIYHOI Oii.

Bukian ocHoBHOro marepiasy. Cepesl KOHIUTEPChKUX BHPOOIB 0COOMBE MicIe
3aliMaloTh INIa3ypOBaHi BUPOOU Ta IIOKOJIAJ, OCHOBHUMH KOMIIOHEHTAMH SIKUX € KaKa-
0-MAacJIo 1 KaKao TepTe, IO OJIEPXKYIOTh 3 IMIIOPTHOT CHPOBUHH: Kakao-000iB. ITix wac
BUPOOHHIITBA TIA3ypel Ui KOHTUTEPCHKUX BHPOOIB MIIBHY YBary MPUIUIIIOTH 3HH-
JKEHHIO B’S3KOCTI KOMIIO3MLIN 1 3MEHIIIEHHIO BUTPATH KaKao-MPOLYKTiB, HacCaMIepea
Kakao-Macyia. [Ja3yp YHOBUIBHIOE TMPOIECH OKHCJICHHS, YEPCTBIHHSA, MOTPAIUISHHS
BOJIOTH, TIOZIOBKYIOUH YV TaKAH CIOCIO TepMiH MPUAATHOCTI BHPOOY, a TAKOX 3a0e3re-
4y€ 30BHIIIHIO MTPUBAOIUBICTH, KOMIIO3ULIHHY 3aBEPIIEHICTh 1 CMAKOBY MANIiTPy MPO-
oykty [8]. I'masypi [u1g KOHOUTEPCHKUX BHPOOIB € 6araTOKOMIIOHEHTHUMHE CyMiIlIaMH.
B posmnaBieHoMy cTaHi, 3a SKOTO 3IIHCHIOIOTBCS BCI TEXHOJIOTIYHI MPOIECH, BOHH
YTBOPIOIOTH CO0OI0 AUCTIEPCHI cucTeMu. OfHIEI0 3 OCHOBHUX TEXHONOTIYHUX IPoOIeM
€ HEeOoOXI1THICTh 3HW)KEHHS B’SI3KOCTI WX CHCTeM. PenenTypa riasypi ans KOHAHTEp-
ChKHX BHpOOIB HaBegeHa B Ta0. 1.

Tabmmns 1
Peuentypa rna3sypi 1Jisi KOHIMTEPCHLKUX BUPOOIB
Peuentypa | Penentypa | Penentypa | Penentypa
Komnonenr Nl N2 N3 Ned |
IlykpoBa mmynpa, % 38,6 37,7 38,1 35,1
Kaxkao-macio, % 20-21 19,92-20,92 | 17,42-18,42 21-22
Kakao tepre, % 40,4 41,38 43,48 429
IloBepXHEBO-aKTHBHA PEYOBUHA 0-1 0-1 0-1 0-1

3Bakarouu Ha MONepeAHi JOCHiKeHHS [8], AN MOAaibIIUX eKCIIepUMEHTIB Oyna
obpana petentypa Ne 4.

AKTyaJlbHIM € CHOCIO 3HWDKEHHS B’SI3KOCTI 3a JTOTIOMOTOIO BBEICHHS ITOBEpPXHE-
BO-aKTUBHUX pedyoBuH (fami — [TAP), mio gae 3mory npaBUIbHO MiIOMpaTH B’SI3KICTh
IiJ] IeBHE NIPU3HAYCHHS KOHJAUTEPChKOi KoMIto3uIlii. Haliyacrimie B SKOCTi Takoi pedo-
BUHH TIPH BHPOOHUIITBI KOHIUTEPCHKUX BHUPOOIB BHKOPHCTOBYIOTH JICIIUTHH, BMICT
SIKOTO y WX KOMITO3UIIisIX CTaHOBUTH 0,4—0,6%.

[Ticyst 3HATTS OKA3HUKIB B’ I3KOCTI YUCTOT IJ1a3ypi B KOHIUTEPCHKY Macy JONAEThCS
0,2; 0,4; 0,6; 0,8; 1% MoOBepXHEBO-aKTHBHOT PEYOBHHH, a CaMe: CyMillli MOHO-, JIUTITi-
LEpUIiB TBAPUHHOTO KHUPY, CyMillli MOHO-, AUDIILEPUAIB TPOMiUHOi oiii [9] Ta iXHBOT
koMmmo3uii 3 ¢ocdommigamu. Bumipu npoBonunmcs 3a temneparypu 45° C ta 3a
nBUAKoCTI potopa 20 06./XB.

OTtpumMaHi AaHi B’A3KOCTI masypi 3a ponaBaHHs [IAP HaBeneni B Tabn. 2. B axocti
0a30B01 MOBEPXHEBO-aKTUBHOT PEUYOBHHU OyII0 BUKOPUCTAHO (hOChaTHIHHMIA KOHIICH-
TpaT, SIKUH BUKOPHCTOBYETHCS ITiJ] Yac BUPOOHHUIITBA KOHAUTEPCHKIX Ta3ypeil.
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Ta6murg 2
B’si3kicTh ria3ypi 1y KOHANTEPCHKUX BUPOOIB
3a 10/IaBaAHHS MOBEPXHEBO-aKTUBHUX PEYOBUH
KinbkicTs ITAP, %
Bu riazypi 0o | 02 | 04 | 06 | 08| 1
B’sazkicte rnasypi, mIla*C
[nasyp i KonAMTEpCERUX BHPOOIB | Ho70 | 3070 | 3150 | 3260 | 3410 | 3580
i3 JomaBaHHsM (hochaTumiB
I'masyp a1t KOHAUTEPCHKUX BUPOOIB
13 momaBaHHsaM kommo3urii MI'i I | 2970 | 2720 | 2570 | 2530 | 2340 | 2250
TBapUHHOTO JKUPY Ta TPOMIYHOI OJii*
['ma3yp asst KOHAUTEPCHKUX BUPOOIB
i3 qomaBaHHsM (ocdaruais i cymimm | 2970 | 3100 | 3340 | 3450 | 3590 | 3640
MI Ta I TpomigHOi ol

* [IpuMiTKa: CIiBBiTHOIICHHS CYMIIlli MOHO-, IUTITILEPHUiB TBAPUHHOTO )KAPY Ta MOHO-,
JTUTITEepUAiIB TPOIIYHOI o1Tii cTaHOBHTSH 1:1.

Ha puc. 1 HaBeneHo rpadik 3anexHOCTi B’ sI3K0CTi Bif KinbkocTi [TAP, siky monarotsb
JI0 TJ1a3ypi JUIA KOHJAUTEPCHKUX BUPOOIB.

4000

3800
. 3600 - —¢—Koumirepcera MAawP s
*E 2400 - 000 BaHHAM hocdaTaE
=
£ 3200
g 3000 +++ M- KoHmHTepChKA rNasyp 3
S 2200 . 0003 B3HHAM Gocd aTHe
5 '., Ta CyMili M ar
_ﬁ 2600 - .. TEAPHHHOTO HupY
“ Sa00 - e — i~ Konmurepcexa rnasyp s

.. = | nonzeaHHAM hochaTHAE
2200 1 Ta CyMiLLi M, ar
2000 - : . TpOmHHL il
0 0,2 04 0,8 1
Kinekicrs NAP, %

Puc. 1. 3anexcnicmo 3minu 8 ’a3kocmi 8i0 KilbKOCHI HOBEPXHEBO-AKMUSHUX PEHOBUH

Sk BuzmHO 3 puc. 1, B pasi nomasanss 0,4% ¢ocharnaHoro KOHICHTPATY B’ SI3KIiCTh
3MEHIIYEThCS, aJle OO HEe JIOCUThH JUTS MPOBEACHHS TEXHOJIOTIYHOTO MpOoIiecy. A Bxke
3a BBeZieHHs 0,4% koMOiHatii GpocdaTumHOro KOHIEHTpATy Ta CyMillli MOHO-, AUTIiIe-
pUIiB B’sA3KICTh 3HMKYEThC 10 2600 mIla*c. [Tomanbime 301TbIIEHHS KIJTBKOCTI BBEIC-
HUX J00aBOK TAKOK 3HHXKYE B’ SI3KICTh, ajic € CKOHOMIYHO HEOIITBHUM.

VY Tabn. 3 HaBeJCHI OPraHOJENTUYHI TOKa3HUKU OTPUMAaHMX IIIa3yped JUIs KOHIH-

TEPCHKUX BUPOOIB.
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Ta6muig 3
HocainxeHHs1 opraHoenTUYHUX MOKA3HUKIB IJ1a3ypei
JUTSI KOHAUTEPCHLKUX BUPOOIB
BiguyrTsa
3pa3ku IJIABJICHHS Cmak 3amax
B pPOTi
T'na3 JIsI KOHJIUTEPCHKUX . .
Yp U JITCp I'ipkyBato-conoaxuit
BUPOOIB 13 TOAABaHHIM
S Jobpe 6€e3 CTOPOHHBOTO
tdbocdaruais i MI, [II" TBApHHHOTO
. [IPUCMAKy
JKUPY Ta TPOIIIYHOT OJii .
BnactuBuit
I'Mmasyp amst KOHTUTEPCHKUX . " .
e INipkyBaTo-coNOaKMil | MIOKOJaHIH
BHPOOIB 13 T0JaBaHHAM .
. Cepenne 0e3 CTOPOHHBOTO 1a3ypi, 6e3
xomno3uuii MI' 1 II" TBapuHHOTO
Loony MpUCMaKy CTOPOHHBOTO
JKUPY Ta TPOITIYHOI OJii
3amaxy
[mazyp nmst KOHTUTEPCHKIX . .
. I'ipkyBaTo-cononkuit
BUPOOIB 13 JOAaBaHHIM
A o Ho6pe 0€3 CTOPOHHBOTO
dbocdaruais i cyminn MI™ Ta T
A MIPUCMAKY
TPOMIYHOT 0JTii

BucnoBku i mpomo3unii. Ha mifcraBi nmpoBeIeHUX AOCITIKEHb 3’SCOBAaHO, IO
ONTHMAIBHUAM Ta EKOHOMIYHO BHTIJIHAM € JIOJaBaHHs kKoMOiHamii GocdaTumaHoro koH-
IEHTPATy 1 CyMIlli MOHO- Ta JUIJIIEPHIIB TBAPUHHOTO JXUPY N0 IJIa3ypi VIS KOHIH-
TepchbKUX BUPOOIB y KinbkocTi 0,4%, 110 MPU3BOAUTH 110 3MEHIIEHHS ii B A3KOCTI il He
BILIMBA€E HA OPTaHOJICTITHYHI TTOKa3HUKH.

JocmimkeHas B HanpsMi po3po0KH eMyIbraropiB Al KOHIUTEPCHKOI IMTPOMHUCIIO-
BOCTI TpHUBa€ i Hajali Ta noTpedye JOAATKOBOTO BUBUEHHS.
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Modern trends in the formation of a healthy diet dictate the need to create new products with
increased biological and physiological value. An important role in this is played by the possibility
of using traditional agricultural raw materials grown in the immediate vicinity of the places of its
processing, which significantly reduces the cost of transportation and storage of raw materials,
to expand the range of food products.

Improving the nutrition of the population is possible due to the use in the recipe of food
products of natural plant raw materials, traditionally grown, harvested, prepared in Ukraine,
which has a high biological value. The need to monitor the development of modern technologies
requires constant improvement and implementation of innovations in the food industry on its own
due to the use of foods high in biological compounds.

Based on the analysis of literature sources on the use of microgreens in food, allows us to
conclude that today this raw material is promising and belongs to innovative foods. The use
of microgreens in the diet allows you to fill the human body with organic nutrients such as pro-
teins, vitamins such as C, B, K, E, carotenoids, minerals and other nutrients: potassium, cal-
cium, phosphorus, magnesium, iron, iodine, sulfur, and also essential oils. The paper presents
the results of research on the biological value of microgreens of different crops and its impact on
the human body. The use of the benefits of microgreens in the diet is associated with a therapeutic
effect, namely the presence in its composition of vitamins, amino acids that have a wide range
of biological activity with antibacterial, antiviral effect.

Key words: food industry, microgreens, biological compounds, vitamins, amino acids, con-
sumer properties.

Topau 0.0. Ananiz cnoxycusuux enacmusocmeil Mikpo3eneHi ma nepeeazu 3acmocyeanHs
Yy XapuyeanHi

Cyuacni menoenyii popmyeanisi 300p06020 payiony xapuyeantsi OUKMYIOmMs HeoOXiOHiCmb
CMBOPEHHS. HOBUX NPOOYKMIG I3 NiOSUUeHO0 bioN02iuHo ma (izionoziunow yinnicmio. Badc-
JIUBY PONb 8 YbOMY 8i0icpac MOMCIUGICIb GUKOPUCTNANHA MPAOUYIIHOI CilbCbKO2OCHO0aPChKOT
CUPOBUHU, AKA GUPOUWYEMbCA Y be3nocepednitl onuzbkocmi 6i0 mMicyb il nepepodku, wo 00360-
JISIE NOMIMHO CKOPOMUMU GUMPAMU HA MPAHCROPMYBAHHSA | 30epicanHA CUPOSUHU, POSUUPUTNU
acopmumenm npooyKmie Xapuy8anHs.

Toninwenns xapuyganns HACENEHHs MOJNCIUGE 3AB0AKU GUKOPUCHAHHIO 8 Peyenmypi Xapyo-
BUX NPOOYKMI6 HAMYPALLHOT POCTUHHOT CUPOBUHU, MPAOUYITIHO BUPOUEHOI, 3IOPAHOL, Ni020MO06-
JeHol 8 Yrpaini, wo mae sucoxy bionociuny yinnicms. HeoOXionicme 6iocmedcenHs po36umky
CYHACHUX MEXHONO02I NOmMpedye NOCMIUHO20 YOOCKOHANEHHSI MA GNPOBAOICEHHS THHOBAYIlL
Y Xapuogiti npoMUCcI080cmi Hacamnepeo 3a60KU GUKOPUCTIANHIO NPOOYKINIG Xap4y8aHHs 3 GUCO-
KUM emicmom 6iono2iuHux cnouyx.

Ananiz nimepamypnux Ooicepen i3 SUKOPUCMAHHS MIKpO3eleHi y NpOoOYKmax Xapdy8aHHs
003607151€ 3pOOUMU BUCHOBOK, WO HAPA3L YA CUPOBUHA € NEPCHEKMUBHOIO A HANEHCUMb 00
iHHOBAYIIHUX NPOOYKMI6 XapuyeaHHs. Bukopucmanus Mikpo3eneHi 6 payioni Xapyy8anHs 003-
80/18€ HANOBHUMU OP2AHIZM JIOOUHU NONCUSHUMU OPLAHIYHUMU PEHOBUHAMU, MAKUMU AK OLIKU,
simaminu C, B, K, E, kapomunoiou, minepanu ma iHwi KOpUcHi eremernmu (Kanii, kanvyii, oc-

0p, MazHill, 3ai30, 100, cipka), a makodxc eghipui onii. B pobomi nagedeno pezynomamu 0ocui-

DiICeHb OI0N102IUHOI YIHHOCTI MIKPO3€ILEHI PIHUX CLTbCbKO2OCNOO0APCHKUX KYyAbmyp ma ii eniue
Ha Op2awizm a00uHY. Bukopucmanns nepesae 3acmocysants MikposeneHi @ payioni XapuyeanHs
nos ’s3ane 3 NiKY8alIbHUM eqheKmoM, 30Kpema, 3 HaAAGHICMIO 6 ii CK1adi 6iMAMIHI8, AMIHOKUCIOM,
WO Marmsb WUPOKULL cnekmp 6ioN02iYHOT aKMUBHOCMI 3 AHMUOAKIMEPIATLHUM, AHMUBIPYCHUM
eexmonm.

Knrwouogi cnosa: xapuosa npomuciogicms, MikposeneHv, 0ion02iuHi cnomyKu, 6imaminy, ami-
HOKUCTIOMU, CROJICUBYT 671ACMUBOCTNL.
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Formulation of the problem. Modern trends in the formation of a healthy diet dic-
tate the need to create new products with increased biological and physiological value.
An important role in this is played by the possibility of using raw materials grown in
the immediate vicinity of the places of its processing. This significantly reduces the cost
of transportation and storage of raw materials, expand the range of food. Improving
the nutrition of the population is possible through the use in the recipe of natural plant
raw materials, traditionally grown, collected, prepared and processed in Ukraine, which
has high biological value is an important scientific and technical task of the food industry.

Today, the requirements for food are constantly growing — they must not only
meet the established, traditional tastes of consumers, but also belong to the category
of healthy foods, not to harm the human body, but to strengthen it. There is a new need
for nutrition, in which the necessary component of food is recognized not only useful
but also dietary fiber. It is known that innovative products include those foods that have
a preventive or curative effect on the human body. One of such innovative products
is microgreens, which can be grown at home without the use of special techniques
and techniques of cultivation [1].

The cultivation of microgreens was started in the USA. Microgreens began to
appear on the menu of chefs in the 1980s in San Francisco (California). In Southern
California, microgreens began to be grown around the mid-1990s. At the beginning
of the use of microgreens as a food product with a high content of organic compounds,
not many of their varieties were used. Crops such as arugula, basil, beets, cabbage,
cilantro and a mixture called Rainbow Mix were mainly used for this purpose. Today,
microgreens are grown in many parts of the United States and the diversity of its species
is increasing every year. In the United States, there are many small producers who sell
their greens in farmers’ markets or restaurants. A small plastic container with drainage
holes, such as a flat box for seedlings or a packaging salad box, allows you to grow
sprouts on a small scale. Growing and marketing, high-quality microgreens on a com-
mercial scale is much more complex.

The main advantage of using microgreens in the food industry is that it is grow-
ing rapidly. The crop can be removed in 7-10 days after planting, it does not require
a special place for growing, enough space on the windowsill. Greens can be grown all
year round, especially in the winter and spring, when the human body is in dire need
of vitamins. In addition to the positive impact on the human body and quite convenient
and practical cultivation, the use of microgreens in raw form, can significantly save time
on cooking [2].

The purpose of the study is to analyze the results of research on the biological
value of microgreens of different crops and its impact on the human body.

Analysis of recent research and publications. Based on the analysis of litera-
ture sources on the use of microgreens in food, allows us to conclude that today this
raw material is promising and belongs to innovative foods. The use of microgreens in
the diet allows you to fill the human body with nutritious organic substances such as
proteins, vitamins (C, B, K, E), carotenoids, minerals and other nutrients (potassium,
calcium, phosphorus, magnesium, iron, iodine, sulfur), as well as essential oils.

Microgreens are often called modern superfoods, because they allow you to replen-
ish the human body with nutrients, vitamins and trace elements. Almost all crops can be
used as microgreens. These young plants are not exposed to any environmental influ-
ences, so they are of maximum benefit. Scientists have proven that microgreens contain
100 times more enzymes than raw vegetables, because it is in the active stage of growth.
During the first 10 days of its life, microgreens do not have time to accumulate harmful
substances from the atmosphere and live in environmentally friendly conditions [3; 4].
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In addition, the recent discovery of the medical and hygienic properties of micro-
greens, namely the content of large amounts of beta-carotene in it has led to its use in
the daily diet. From a medical point of view, the beneficial properties of microgreens are
due to the fact that it blocks ultraviolet radiation, protecting our skin, hair and nails from
the negative effects of the environment [5].

In addition, scientific studies to study the composition of microgreens show, how-
ever, that the germinated sprouts contain a lot of vegetable protein, vitamins (C, B,
K, E), carotenoids, minerals and other nutrients (potassium, calcium, phosphorus, mag-
nesium, iron, iodine, sulfur), and it is characterized by a high content of essential oils.
Each of these components has a positive effect on the human body.

Presentation of the main research material. Studies of the properties of individual
components allow to establish a positive effect on the human body. Yes, folic acid is
needed for the formation of new blood cells, which is especially important for women
who are planning to become pregnant. Vitamin C is the best antioxidant. Carotenoids
promote better immune function. Routine prevents blood clots and has an anti-inflam-
matory effect. Chlorophyll is a well-known antioxidant with antitumor activity.

Alsoafeature ofthe use of microgreens is its therapeutic effect on the body. Withregular
use of microgreens can improve the functioning of the cardiovascular, digestive, nervous,
reproductive and endocrine systems. In addition, microgreens prolong youth, improve
the condition of the skin, nails and hair, and are a diet food with minimal calories [6].

As microgreens, seeds of different crops can be used, as it is possible to grow micro-
greens from almost all crops, namely cereals, legumes and vegetables, except for plants
of the nightshade family (potatoes, tomatoes, eggplants and peppers), because their
seedlings contain solanine, which is a poisonous substance and can cause digestive
problems. It is also not necessary to grow pumpkin plants, because the microgreens
of them turn bitter. Bean sprouts contain toxic substances that can be poisoned.

The range of microgreens includes dozens of different crops, but the most popular
are: beets, radishes, sunflowers, peas, cabbage, watercress, soybeans, oats, buckwheat,
mustard, daikon, cilantro, amaranth [7]. Scientists from the United States analyzed
the content of vitamins C, E, K, beta-carotene and other carotenoids in 25 commercially
available species of microgreens. In general, the content of these vitamins and carot-
enoids in microgreens was about 5 times higher than in mature plant counterparts. To
grow microgreens, use only environmentally friendly microgreen seeds that have not
been previously treated or collected by hand.

The taste of microgreens of different cultures differs. Green sprouts taste similar to
the fruits of an adult plant, but are softer and more fragrant. For lovers of spiciness suit-
able: mustard, onion, cilantro and radish, and for lovers of sweet food, you should pay
attention to sunflower, corn, amaranth and peas.

Characterizing microgreens of anatomical and morphological structure are germi-
nated plants in the phase of cotyledon leaves up to 15 cm tall, with 1-2 leaves. Micro-
greens are grown from seeds of common greens and seeds of cereals. Solanaceae are not
used because they contain alkaloids. It takes 10—14 days from sowing seeds to harvest-
ing. Biological value of microgreens of different crops in tab. 1.

Thus, microgreens are a useful food product. In addition to vitamins, it contains min-
eral elements (calcium, potassium, phosphorus, magnesium, iodine, iron, etc.), essential
amino acids, chlorophyll. Regular consumption of microgreens strengthens the immune
system, increases the body’s efficiency, has a beneficial effect on the endocrine and nerv-
ous systems, improves kidney function. Microgreens contain insoluble fiber, which pro-
motes the excretion of toxins and toxins, as well as increases intestinal motility. Rutin,
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Table 1
Biological value of microgreens of different crops
Ne | Microgreens Biological value Health effects
vitamins, minerals, 14 amino accelerates wound healing;
acids that are necessary for the cleanses the body; useful
l. Alfalfa C L .
proper functioning of our body for the skin; protects against
and prevent a number of diseases 0steoporosis
vitamins: C, PP, groups B,
A, E, minerals: phosphorus,
manganese, iron, potassium,
2. Pea iodine, calcium, copper, promotes weight loss
magnesium, beta-carotene, folic
acid, carotenoids, enzymes,
chlorophyll, antioxidants
3. Arugula vitamin C, carotene, iodine providing the body with energy
4. Chia vegetable protein, healthy fats, prevention of blood clots
fiber
iodine, phosphorus, magnesium,
5. Sunflower calcium, zinc, vitamins E and K, maintaining immunity
folic acid
6. Asparagus potassium, vitamin A prevents aging of vessel walls
vitamins, phytosterols, which
7. Amaranth have cholesterol-lowering improving blood circulation
properties
vitamins K, A, C, E and B6,
. folic acid, copper, manganese, . .
8. Turnip dietary fiber, calcium, potassium, strengthens immunity
magnesium, iron, phosphorus
9 Barley proteins, dietary ﬁber,' vitamin E, intensively aﬁ"ects
’ beta-carotene, minerals the metabolism
strengthens the immune system, .
L promotes the excretion
10. Beet contains vitamins K, C and E,
X of cholesterol
beta-carotene and lutein
1 Broccoli vitamins A, C, K, soluble fiber, | gives the body endurance and

sulfur, protein and calcium strength

buckwheat microgreens contain
the “poisonous” substance
phagopyrine, moderate
12. | Buckwheat consumption will not cause strengthening blood vessels
problems, but excessive can
cause problems with skin
sensitivity

vitamin A, which helps prevent
vision loss, fiber, which

13. Carrot helps digestion; vitamin K, improves hematopoiesis,

. . . . metabolism
magnesium, calcium, folic acid,
potassium
14. Wheat nutrients, vitamins A, C, B, helps fight joint pain

amino acids, minerals
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contained in microgreens, reduces the permeability of capillaries and has anti-inflam-
matory effects, and sulforaphane has anti-cancer and antibacterial effects [7].

The advantage of microgreens is its unpretentiousness to light, heat, space. The har-
vest requires wide pallets and substrate — earth or jute, depending on the selected crop.
The lighting can be lamps fixed in the top part of a rack with a gap of 50-60 see In one
cycle — 10-12 days with an area of 4 m? you can get 20 kg of shoots. In fig. 1 shows
an example of growing microgreens from seeds of different crops.

Fig. 1. Growing microgreens from seeds of various crops

Conclusions. Based on the analysis of scientific research on the use of microgreens
in the food industry as a source of nutrients and nutrients with high biological value, we
can conclude that it is a valuable food raw material. Studies to determine the consumer
properties of microgreens, we conclude that it contains a large number of vitamins,
essential amino acids, minerals such as calcium, potassium, phosphorus, magnesium,
iodine, iron, etc. and chlorophyll, in addition, has a preventive and curative effect. It
strengthens the immune system, increases the body’s efficiency, has a beneficial effect on
the endocrine and nervous systems, improves kidney function, improves cardiovascular
function, reduces capillary permeability and has anti-inflammatory effects, and sulfora-
phane has anti-cancer and antibacterial effects. However, the further use of microgreens
in the food industry requires further studies of consumer properties, which took into
account their impact on the human body, ie sanitary, antiseptic, biological properties,
as well as their energy and medicinal value. In addition, today the issues of developing
resource-saving technologies for processing and storage of finished products remain
unresolved and relevant, which will significantly extend the shelf life and use of raw
materials, which in the future will lead to the possibility of using these products not only
domestic but also European markets.

Therefore, the development, expansion and systematization of consumer character-
istics of microgreens as food raw materials from different crops is an important task
today, given the trends in innovative technologies in the world and in Ukraine.
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Tpomucnosi KOHONIL — CYCRINbHO 0e3NeUHa CLlbCbKO20CNOOApCbKad POCIUHA, 6CT YACMUHU
AKOI 3HAXO0SIMb GUKOPUCTNAHHA 8 6A2amboX 2ANy3AX NPOMUCIOB0CMI. [ OpeaHizmy T0OUHU
YiHHiCMb Npedcmasiae KOHONIAHe HACIHHA Ma NPOOYKYIs HA 1020 OCHO8I. Addce HACIHHA Npo-
MUCTIOBUX KOHONENb € NOGHOYIHHUM 0JiCEPEoM POCIUHHUX OIIKIG, XapUO8UX 60I0KOH, HU3KU 6ima-
MIHI@ MA MIHEPANbHUX PEeYOBUH, KOMNIEKCOM He3aMiHHuX dcuprux xucrom. Ceimosa npaxmuxa
3ac6i0uye, Wo GUKOPUCMAHHA NPOOYKYIT 3 HACIHHA KOHONENb CIMAE NPIOPUMEMHUM HANPAMOM.
Bupobruxu na nocmitiHiti 0CHO8I 8npo8adNCYIOMb IHHOBAYTT MA NPeOCMABNAIOMb HA PUHKY HOBI
npoOyKmu. Yxpaincokuil puHoK npooyKyii 3 HACIHHA NPOMUCTIOBUX KOHONELb Nepebysae Ha emani
possumky. Lle 3yM06110€ NOWYK HOBUX HEMPAOUYIUHUX HANPAMIE GUKOPUCMAHHA AK HACIHHA,
max i Cynymuix npooykmis 1io2o nepepooxu.

Y emammi pozxkpumo yinnicms HACIHHA NPOMUCTIOBUX KOHONETb MA HABEOEHO U020 XIMIUHUL
cknao. Haoano maxooic xapaxmepucmuxy ma XiMidHuil CK1a0 cynymuix npooyKkmie nepepooxu
HACIHH3, MAKUX 5K CiUKa, nepesitl, 00010HKU, Qitbmpysanbruli ocad, makyxa. Ha ocnosi yboeo
3anpPOnOHOBAHO KOMNLEKCHY MEXHIKO-MEXHON02TUHY cXeMy 0acamoyinbo6oi nepepodku HacinHs
NPOMUCTOBUX KOHONENb. Y cXxemi 3aKkaadeHo nociioosHicms Jill ma onepayit, o 003601€ MiHi-
Mizyeamu 8i0X00U SUPOOHUYMEA Ma NIOGUWUMU eheKmUGHICMb nepepodKU HACIHHA 3A60KU
BUKOPUCMAHHIO 8CIX ompumanux npooykmis. Cxema nepeddoauae 00epicants KOHONIAHO20 A0pa
ma onii Xono0Ho20 npecysanHs 3 NOOANLUIUM BUKOPUCIAHHAM CYRYMHIX NPOOYKMie nepepooxu
5K CUPOBUHU OJis1 00EPHCAHHS NPOOYKYIT PI3HO20 NPUSHAYEHHS: MEXHIYHOT O, CUNKUX KOHONIISA-
HUX NPOOYKMI8, KOMOIKOpMIB, KOpMOBUX 000a8oK, meepdoeo bionanusa mowujo. Bnposadacenns
PO3pOONEHOI cXxemu 00360IUMb POUUPUMU ACOPIMUMEHM NPOOYKYIT 3 HACIHHA NPOMUCTOBUX
KOHONEIb Mma cnpusmume 6a2amosekmopHoMy po3eUmKY azpapHux i nepepooHux nionpuemcms.

Kntouogi cnoea: nacinms xononenb, KOHONIAHA Oisl, KOHONJAHE AOPO, nepepooKa.

Petrachenko D.O., Koropchenko S.P, Sova N.A., Khudaiberdiieva K.A. Technological
scheme of multi-purpose processing of industrial hemp seeds

Industrial hemp is a socially safe agricultural plant, all parts of which are used in many
industries. Hemp seeds and products based on it are of value to the human body. After all,
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industrial hemp seeds are a full-fledged source of plant proteins, dietary fiber, and the complex
of essential fatty acids, a number of vitamins, minerals. World practice shows that the use
of hemp seeds is becoming a priority. Manufacturers are constantly innovating and introducing
new products to the market. The Ukrainian market for industrial hemp seed products is under
development. This leads to the search for new non-traditional uses of both seeds and related
products of its processing.

The article describes the value of industrial hemp seeds and presents its chemical composition.
The characteristics and chemical composition of related products of seed processing, such
as chaff, shell, husk, filtersediment, presscake are presented. Based on this, a comprehensive
technical and technological scheme of multi-purpose processing of industrial hemp seeds is
proposed. The scheme includes a sequence of actions and operations that minimizes production
waste and increases the efficiency of seed processing through the use of all products. The
scheme provides for the production of hemp kernel and cold-pressed oil with the subsequent use
of by-products of processing as raw materials to obtain products for various purposes: technical
oil, bulk hemp products, compound feed, feed additives, solid biofuelsetc. The implementation
of the developed scheme allows to expand the range of products from industrial hemp seeds
and will promote multi-vector development of both agricultural and processing enterprises.

Key words: hemp seeds, hemp oil, hemp kernel, processing.

IMocTanoBka npo6aemu. [IpoMuCIIOBI KOHOIUII — OfHA 3 HeOaraThbOX BITYM3HS-
HUX CUIBCHKOTOCIOAAPCHKUX KYJBTYP, BCl YaCTUHHU 5KOi (cTe0J10, BOJIOKHO, HACIHHA,
KOCTPUILS, TUCTA) 3HAXOSTh BUKOPUCTAHHS B JIETKiH, XapuoBiif, KOCMETHUHIH, Oy/IiBeIIb-
Hill Ta IHITUX TPOMUCIOBOCTSX. [HTEpeC 10 KyJIbTypH 30UIBIIYETHCS Y 3B’ 3Ky 3 BUCO-
KOO LIIHHICTIO OTPUMaHuUX 13 Hel mponykTiB [1; 2]. 3aBasgku npupogHoMy 610XIMIYHOMY
CKJIaJy KOHOIIJISTHE HACiHHS Ta MPOMYKIIis Ha OTo OCHOBI eaii Oible IpUBEpTae 10
cele yBary, aJpke Ma€ BEJIMKY I[IHHICTb JUIA opraHi3my jronusu [3; 4]. Tomy po3poOka
Ta BIIPOBAKEHHS TEXHOJIOTIH NepepoOKH HACIHHS MPOMUCIOBUX KOHOIENb 3 METOIO
po3imMpeHHs cep HOoro BUKOPUCTaHHS € aKTyaJIbHUM HAIPSIMOM HAayKOBHUX TOCIiIKCHb.

AHaJji3 ocTaHHiX aocaiTzkeHb i myomikamiii. CBiTOBa MpakTHKa 3acBiA4ye, IO
MIPOMHUCIIOBI KOHOTUII HaOyBalOTh CTAaTyCy CTPAaTeTi4HOl KYJIbTYpH, BUPOILYBaHHS SKOi
CTa€ MPIOPUTETHIM HAIPSIMOM €KOHOMIUHOI IOJIITHKH YPAIiB Oararbox KpaiH Ta iHBec-
THUIIH puBaTHOTO Oi3Hecy. [IpoayKINifo 3 HACIHHS POMHUCIOBUX KOHOIIENh 3aCTOCOBY-
I0Th B MEIMYHIM, XapuoBiil, KOCMETUYHIii, MANKMBHINA Ta 1HIIUX MPOMHUCIOBOCTAX [5].
BupoOHUKYM TOCTIHHO JOKIAIal0Th 3yCHIIb 0 BIIPOBA/KCHHS 1HHOBAIIIHA Ta MPeCTaB-
JICHHS Ha PUHKY HOBHX IPOAYKTIB i3 KOHOIUISHOTO HaciHHsA. lle 30imblnye momyssp-
HICTh Ta MOIUT Ha IIe¥ BUJ] TOBApiB cepel epeciuHuX rpoMaisH [6; 7].

B VkpaiHi chorogHi puHOK MPOAYKIi, K 3 IPOMHUCIOBUX KOHONEIH 3arajioM, TaK
1 HaCiHHS 30KpeMa, MepeOyBae Ha eTari PO3BUTKY. 3yMOBICHO II¢ YIEPEKEHUM CTaB-
JICHHSIM YPSAY 10 POCIUHHM, 3apeTy/IbOBaHICTIO Ta 0ap’epaMy Ha 3aKOHOJABYOMY PiBHI,
BIZICYTHICTIO Cy4acHOi 0a3u Uil mepepoOKH CHPOBUHH 1 BUPOOHUIITBA MPOAYKIIT [8].
Xoua reorpadivHe MojoKeHHsT YKpaiHu Ta HayKOBUH CeJCKI[IHUN TOTeHIa 1a€ Kpa-
iHi BCi mepeyMoBH, 1100 CTaTH CBITOBUM JIiIEPOM IPOMHUCIIOBOTO KOHOILISAPCTBA [9].

HaciHHsi mpOMHCIIOBUX KOHOIENh € TOBHOIIIHHHM JDKepesioM (DYHKITIOHAIBHUX
IHTPETIE€HTIB, POCTHHHUX O1IKIB, XapUOBHX BOJOKOH, HU3KH BITaMIiHIB Ta MiHEpAJIbHUX
PEYOBHH, KOMIUIEKCOM HE3aMiHHUX MOJIIHEHACHYCHUX KUPHUX KUCHOT [3; 4]. 3aBasku
CBOEMY MPHUPOTHOMY CKIIQJy MPOIYKIIisi HA OCHOBI KOHOIUISTHOTO HACIHHS IPHBEPTAE
J0 ceOe aenmani Oibllle yBard He TiIJbKW IMOIIHOBYBAadiB 3I0POBOTO CIOCOOY >KHUTTS,
a i mepeciuHuX rPOMaJIsH, SKi HepeHMalOThCsl BIACHUM 3/J0POB’SIM.

IMocranoBka 3aBnanus. [ligBuinenuil iHTepeC 10 KyIBTYpU HMPOMHCIOBUX KOHO-
MEeNb 3yMOBIIOE TIOIIYK HOBUX HETPAIWIIAHUX HAMpsSIMIiB BUKOPHCTAHHS HACIHHS
1 CyNyTHIX IPOAYKTIB Horo nepepoOKu. YCHIIIHUM PO3BUTOK HOBUX HAIPSMIB rapaH-
TOBAHO JIUIIIE 32 YMOBH CIIPOIICHOTO BIPOBAIKCHHS TEXHOJOTIH Ta TEXHIYHUX 3aCO-
0iB 13 mepepoOKM HaciHHA B rOCHOJApPCTBAxX, sIKi 3aliMalOTbcs WOro Oe3nocepenHiM
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BUPOLILYBaHHAM. Po3poOka i BIPOBAaPKCHHS TEXHOJIOTiM Ta TEXHIYHHMX 3aco0iB IS
0araroIiLoBOi IepepOOKK HACIHHS TPOMHUCIOBHX KOHOIIEb CIIPUSTUMYThH O0aratoBek-
TOPHOMY PO3BUTKY arpapHUX i mepepoOHUX MiAIPUEMCTB.

Buxnax ocHoBHOro martepiajy. Hampsmu OararoninzpoBoi mepepoOKH HaciHHS
MIPOMUCIIOBHX KOHOTICNIh TIOBUHHI IPYHTYBaTHCS Ha HOTO (hi310JIOTIYHUX BIACTHBOCTSIX,
a caMme Ha foro 0610J10T14HiH Ta MOKHUBHIM HIHHOCTI. 3T1IHO 3 pe3yJIbTaTaMH IPOBEIEHUX
JociipkeHb (Tabm. 1) HaciHHS MPOMUCIOBHX KOHOIENb Oarare Ha MpoOTeiH, BiTaMiHH,
MiHEepaJdbHI PEYOBHUHH, TMOJIHEHACHYCHI >KUPHI KHCIOTH. A BpPaxXxOBYHOUYH Cy4YaCHHU
CYCIUIbHUUN MOMNMT Ha SIKICHI XapyoBl MPOAYKTH, OaraTi KOPUCHUMHU MIKpO- Ta MaKpo-
eJIEMEHTaMH, KOHOIUISTHA HACiHHEBA MPOAYKILS K OAHMH i3 HPOMYKTIB, IO MOKPAIILy€e
(hizioNoTiuHI MpOIIeCH B OpraHi3Mi JIFOJHWHY, SIKPa3 MOXKE 3alHATH BiIMOBIIHY HIITy Ha
BITYH3HSIHOMY PHHKY.

Tabmums 1
Ioka3HMKHU CKJIATY HACIHHS MPOMHCJIOBUX KOHONEIb
Ne 3/m HaiiMmenyBaHHS Bwmict
1. |MacoBa yacTKa KJIITKOBUHH, Yo 36,9
2. |Macosa gacTka npoteiny, % 24,7
Macoga yacTka BiTaminis, mr/100 r:
Bl 1,2
3 B2 0,07
" |B3 (PP) 4,1
B9 36,1
C 7,2
MacoBa yacTka MiHEpaJIEHUX PEYOBUH, T/KT:
Docdop 8,4
Kanpimiit 0,8
4 Maruii 2,6
© |3amizo 87,7
uuk 58,2
Kobanst 0,5
Mapranenp 69,5
BMmicT HeHaCHYEHHMX KHCJIOT:
5 C 18:1 oneinosa (®-9) 16,2
* | C 18:2 ninonesa (®-6) 54,8
C 18:3 anpda-rmiHoneHoBa (®-3) 14,8

AHaJi3 CBITOBOTO Ta BITYM3HSHOTO PUHKY KOHOIUICTIPOAYKIN MOKA3ye, 10 Tepe-
poOKa HACIHHS KOHONENb 0a3yeThCs HA JBOX OCHOBHHX IPOAYKTAX: OJii XOJOTHOTO
IpeCcyBaHHS Ta KOHOIUITHOMY sipi. Lli mpoxyKTH € OCHOBOIO AJISi BUTOTOBICHHS Pi3-
HOMAHITHOT MPOAYKIIii Xap4OBOT0, KOCMETUYHOTO Ta TEXHIYHOTO HampsaMmiB. Tomy s
0araroripoBoi IepepoOKU HACIHHS MPOMUCIOBUX KOHOIIENb IEePIIOYEPTOBUM IOCTAE
3aBJaHHS HAIArO/DKCHHS MPOIIECY OCPIKAHHS KOHOIUISTHOTO Spa Ta MPEeCcOBOI OJIii.

B [HCTUTYTI Y0’ STHUX KYJIBTYp PO3pOOJICHO Ta BiIIpalbOBaHO HU3KY TEXHOJIOTIH,
AK1 JTO3BOJISIIOTH MEPEepoOIATH HACIHHS MPOMHUCIOBUX KOHOIENb 32 MiHIMi30BaHUMH
TEXHOJNOTIYHUMH JIaHIForaMu. J[is 3a10BoNeHHs MOTped PUHKY B KOHOIUITHOMY SIpi
po3po0IIeHa TEXHOJIOTIS OJIepKaHHS BIJIBHOTO BiJl HEICTIBHOT 00ONOHKH sipa. TexHo-
Joris nependavae nepepoOKy HACIHHA KOHOIEIb YHCTOTOI 95-99% 6e3 mogaTkoBoro
KaniOpyBaHHs, BosoricTio 6—13% Tta nmo3Bomse orpumaru 28-38% roTtoBoro smpa,
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3acMiueHicTh sIKoro He nepesuurye 1%. I1in yac BHpoOHUIITBA KOHOIUISTHOTO SIPA B SIKO-
CTI CYIyTHIX MPOJYKTIB IMEPEPOOKH OJIEPIKYEMO TPH POIYKTH 3 BACOKUMH TTOKHBHHUMU
BIIacTHBOCTsIMU (Tab1. 2): ciuky (3—7%), nepesiii (11-17%) Ta obononku (52—58%).

Tabmuns 2
CrJ1aJ1 CynmyTHiX NPOAYKTIB BUPOOHMITBA KOHOIUISIHOTO SI/Ipa
BwmicTt y npoaykri B a6C01I0THO
Ne He o
a/n IMoka3Huk cyxiii peuoBuHi, %
Ciuka Ilepesiii 00010HKH

1. |IIpotein 20,81 20 12,82

2. | Kup 32,04 32,85 19,49

3. | KmitkoBuHa 29,4 27,6 37,7

4. |3oma 6,4 5,62 4,92

5. | be3a30THCTI €KCTPAKTUBHI PEYOBUHH 11,35 13,93 25,07

[MepmmM cymyTHIM IPOTYKTOM BUPOOHHUIITBA KOHOIUITHOTO si/pa € ciuka. Ciuka — e
JIpiOHO po3MeNieHe KOHOIUIsIHE HaciHHA, 30araueHe xupoM (32,04%) Ta KIITKOBUHOIO
(29,4%). Ho ii ckmamy Takoxx BxoguTh mpotein (20,81%), 6e3a30THCTI eKCTpaKTHBHI
pedoBunn (11,35%) i 30ma (6,4%). BpaxoBytoun moXKWBHI BIACTUBOCTI Ta CTPYKTYpPY
HPOIYKTY, CiUKa MPUAATHA [T BUKOPUCTAHHS Y TEXHOJIOTISIX BUPOOHUIITBA XapUOBUX
MPOMYKTIB O3M0POBYOTO TMPHU3HAYCHHS, I'PaHYIbOBAaHHX KOMOIKOPMIB Ta KOPMOBHX
JI00aBOK, TEXHIYHOT Oil.

JpyruM CymyTHIM IPOAYKTOM BUPOOHHIITBA KOHOIUISIHOTO SITpa € epeBiit. Biu sBisie
co0oro0 piOHI YacTKH sapa Ta 000IOHOK, 30aradeHi xupoM (32,85%) i KIITKOBHHOIO
(27,6%). [o #ioro ckiamy TakoK BXOAWUTH mpoTein (20%), 6e3a30THCTI eKCTpaKTHBHI
pedoBunH (13,93%) 1 30ma (5,62%). 3 omsiLy Ha CTPYKTYpPHI BIACTUBOCTI Ta MOXKHUBHY
IIHHICTH TePeBiii MOXXHA BHKOPUCTOBYBATH JJIsi BUPOOHHUIITBA TEXHIYHOI OJIil, rpaHy-
JILOBaHUX KOMOIKOPMIB ISl Xy/I00H, MITHIII Ta PHOU.

TpeTiM CymyTHIM IPOIYKTOM BHPOOHMIITBA KOHOIUISTHOTO sifipa € obomoHku. Lleit
BUJ] TIPOIYKTY CKIIQJAETHCS 3 PI3HOTO PO3MIPY YaCTOK OOOJIOHKH, 30araueHuX KITITKO-
BUHOIO (37,7%) Ta 06€3a30TUCTUMH €KCTPAaKTHBHUMHE pedoBuHaMU (25,07%). V ckmani
IPOIYKTY Takox HpucyTHi xup (19,49%), npotein (12,82%) ta 30m1a (4,92%). Bpaxo-
BYIOUM CTPYKTYPHI BJIIACTHBOCTI Ta XIMIYHHMHA CKJIaJ, IO (PPaKIiF0 MOXHA BUKOPHCTO-
BYBaTW Ul BUPOOHUIITBA TBEPIOro OiomajinBa, KOPMOBHX HOOABOK, a TAKOXK B SIKOCTI
HiACTHIKY Y TBAPUHHHUIITBI.

Jlis onmeprkaHHS KOHOIUITHOI OJIii XOJIOJJHOTO MPECYBaHHS PO3POOJICHO TEXHOJIO-
rito nepepoOKHU HACiHHA 3a CIIPOLICHOIO JIAHKOIO TEXHOJIOTIYHHUX omnepauiil. Taka Tex-
HOJIOTisI TO3BOJISIE IMEPepOONIATH KOHOIUISHE HACiHHS 4HCTOTOI0 97-99%, BomoricTio
7-10% Tta orpumyBatu 16—-22% ToTOBOi 10 BKUBaHHS (iNETpoBaHOI oiii. Pe3ymsrarn
JIOCHIKEHb MTOKAa3aJIH, IO OfIepKaHa KOHOILUIHA OJisl BiAMOBIIa€ HOPMATUBHHUM JIOKY-
MEHTaM Ta 33/I0BOJIBHSIE MOTpeOU CroXKuBadiB. [lapanenpHO 3 ONiEI0 OTPHIMYy€EMO IBa
CYIyTHI MPOAYKTH TepepoOku (Tabi. 3) 3 BUCOKHUMH TOXMBHUMH BJIACTHBOCTSMHU:
MaKyxy B KibKOCT1 65—72% Ta GiasTpyBasibHUE 0caj y KinbKocTi 5—12%.

[lepmmM CymyTHIM MPOXYKTOM BHPOOHHIITBA ONii € Makyxa — 3HEKHUpPEHA OiIKO-
BO-KJIITKOBUHHA CHPOBHHA, Ky OTPHMYIOTH ICIs BWIyYEHHS 3 HaciHHA oxil. Ilei
MpOnyKT 30araueHuil KIiTKOBUHOW (35,42%) Ta 0e3a30TUCTHUMH EKCTPAKTHBHUMU
pedoBuHaMH (25,17%). ¥V cxmaai Takox npucyTHi npotein (21,16%), xup (11,57%),
3oma (6,68%). BpaxoByroun ckiiaji MakyXu, Mojajbllie ii BUKOPUCTAHHS MOMKIIMBE
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y BUPOOHMIITBI TPaHyIbOBAaHMX KOMOIKOPMIB 1 KOPMOBHX J00ABOK JI0 palioHy Xy100H
Ta MTHUIl, TIPUMAHOK JIJIsl puOanbCcTBa, & TAKOXK y TIepepoOIll Ha CHITKI KOHOILISHI Tpo-
IyKTH (OOpPOIIHO, KIITKOBHHY 1 O1TKOBI KOHIIGHTPATH).

Tabmuns 3
CxJ1aJ1 CynyTHiX NPOAYKTiB BUPOOHMITBA Ol
No BwmicTt y npoaykri B 2a6C01I0THO
- Moxa3Huk cyxiii peyoBuHi, %
3/m . "
Makyxa DiabTpyBaJIBHIH 0CAJ

1. |IIpotein 21,16 27,66

2. [ XKup 11,57 55,84

3. |KniTkoBHHA 35,42 3,77

4. |3oma 6,68 6,81

5. |be3a3oTHCTi eKCTPaKTHBHI peYOBHHU 25,17 5,92

JpyruM CymyTHIM IPOAYKTOM BHPOOHHIITBA OJii € QUIBTpyBadbHUI Ocam — ocasm,
KU BUIUIAETHCS 3 Odii mif Jac i ¢pinbTpyBaHHA 1 cKianaerbes 3 pocdarunis, onii,
BOJIOTH Ta >KHPOBHX JAOMIMIOK. DimsTpyBanmbHAN ocan 30araueHuit xupoM (55,84%)
i mpoteinoM (27,66%). Y ckirazi Takox MPHUCYTHI He3HawHi yacTku 300 (6,11%), 6e3a-
30THCTUX €KCTPAKTUBHUX pedoBUH (5,31%), kimitkoBunH (3,38%). BpaxoBytouun ckian
MPOIYKTY Ta MWOTO CTPYKTYpPHI BIACTHBOCTI, MOJAIIbIIE BUKOPHCTAHHS (DiBTPYyBab-
HOTO 0CaJy JOUIIbHE Y BUPOOHUIITBI KOHIUTEPCHKUX BUPOOIB, KOPMOBHX JOOABOK IS
XyJ00H Ta NTHIli, KOCMETHYHHUX 3aC00iB MO AOINIALY 3a HIKipOIo abo K OCHOBU y BUTO-
TOBJICHHI MPOAYKIIii EHEPTETUYIHOTO CIPSIMYBaHHS.

IIpoBeneHi MOCTIKEHHS JO3BOJWIA 00’€IHATH OKPEeMi TEXHOJOTIYHI JIAHIIOTH
Ta omnepallii, o JIATIIO B OCHOBY PO3POOKH TEXHIKO-TEXHOJIOTIYHOT CXeMU 0araToIiibo-
BOT IepepOOKH HACIHHS TPOMHCIOBHX KOHOTENb (HB. pUC. 1). 3aBISIKH KOMILUICKCHOMY
MIIXOy, BPaXyBaHHIO TOXXUBHHX 1 CTPYKTYpPHHX BJIACTHBOCTEH IISI CXeMa J03BOJISIE
3aNyYUTH Y BI/IpO6HI/IHTBO BCl CYyNyTHI MPOAYKTH MEPEepPOOKH KOHOIUISHOTO HACIHHS,
10 3HAYHO mmsmuye eexTuBHICTH Tporiecy. Cxema 6araToriiboBoi HepepOGKH KOHO-
IUITHOTO HACIHHS 0a3y€eThCsl Ha BUPOOHHIITBI TBOX OCHOBHUX MPOIYKTIB: KOHOILITHOTO
s7pa Ta onii XOJIOTHOTO IpecyBaHHA. BoHa moeaHye B co0i TexHOIOT1 BUPOOHHUIITBA
KOHOTLISTHOTO S1/Ipa, Xap4oBoi a00 TEXHIYHOT OJii, CUIIKUX KOHOIISTHUX MPOAYKTIB, Tpa-
HYJTbOBaHUX KOMOIKOpMiB Ta TBepAOro OionannBa. Buxonsuu 3 KiHIIEBOT METH mepe-
POOKH Ta HasBHOI KiTBKOCTI HEOOXiTHOI CMPOBMHM, TEXHOJIOTi4HI JIAHIIOTH MOXYTb
BUKOHYBATHUCSI ITOCTIITOBHO, a TAKOXK TTapajieNbHO.

B ocHOBYy BUpOOHMITBA KOHOIUIIHOTO fAApa MOKJIAJAEHO BUKOPHUCTAHHS MEXaHiy-
HOTO OOpYIIyBaHHS HACIHHS Ta MOBITPSHO-PEIIITHOI cenapaii. Y mporeci nepepodku
TEXHOJIOTisl OOpYIIyBaHHS HACIHHS Tiepenbadae oaepikaHHS (pakiii HeoOpYIICHOTO
HACIHHS — TaK 3BaHOTO MPOJYKTY MOBTOPHOI 00pobku. {10 Gpakiiito BUKOPHUCTOBYIOTh
JUTSL TIOBTOPHOTO OOPYIIYBAaHHS, 11O € AOIIBHUAM JIJISl OTPUMaHHSI MaKCUMAJIBHOTO Bifl-
COTKa KOHOIUISTHOTO sI/ipa ab0 Xap4oBoi OJii, SKIIO, OKPIM KOHOILISTHOTO siipa, Ha METi
€ ofiepaHHA oii. BaxxuBo mam’siTaty, o Ui OTpUMaHHS XapyoBoi 0J1i1 BUCOKOT KO-
CTi Il TEXHOJIOTIYHI JIAHIIIOTH TOBWHHI BiJIOYBaTHUCS MOCIIIOBHO B OJUH JIeHb. AJDKe
KOHOIUISTHE HACIHHS 32 CBOEIO MPUPOIOI0 CXIJIBHE 10 MIBUAKOTO OKUCHEHHS, IO TTOTip-
1rye Horo fKicTh Ta BIACTUBOCTI.

OTtpumaHi B mporieci 00pynIyBaHHs CYIyTHI IPOAYKTH: IIEPEBiil i CIUKy, MOKHA BUKO-
PHCTOBYBAaTHU JJIsI BAPOOHHUIITBA TEXHIYHOI OJIii 32 TEXHOJIOTITHOIO CXEMOIO OfIep KaHHSI
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onii, Ae BUKOHYIOTbCS Omepamii XOJOIHOTO IpecyBaHHS Ta (GinsTpyBaHHsS. IHIHIA
HaIpsSM BUKOPHUCTAHHS — [1e BUPOOHUIITBO TPaHYJIbOBAHUX KOMOIKOPMIB, TIijl Yac SKOTO
BUKOHYIOTbCS TEXHOJIOTi4HI omnepanuii noApiOHEeHHs, NPOCIIOBaHHS Ta rPaHyIIOBaHHS.
OTtpumaHni B mmpomueci oOpynryBaHHS 000JIOHKH 0e3 T0AaTKOBOI 00pOOKH MpUAATHI IS
BUKOPHUCTAHHS Ha eHepreTHYHi 1iti. OJHAK Y HATypaJbHOMY BHIVISIIII TPAHCIIOPTYBATH
Ta BHUKOPUCTOBYBaTH OOOJIOHKHM HE3py4HO. TOMy pEKOMEHIyEMO BUTOTOBJIATH 3 HUX
TBepAe 010MaInBO 3a JOMOMOTOI0 OAPIOHEHHS Ta IMPECYBaHHS B MANNBHI OPUKETH.
JIyiss BUpOOHMIITBA KOHOIUISTHOI OJTii MOYKHA BHKOPHUCTOBYBATH TEXHOJIOTIIO XOJIOM-
HOTO IPECYBaHHS, KA Mependavae oneparii BUITydeHHS OJIil 3a TOTIOMOTOI0 IPECYBaHHS
Marepiany Ta GpiTsTpyBaHHs. 3TiIHO 3 TEXHOJIOTIEI0 JUIA IPECYBAaHHS BUKOPUCTOBYIOTh
NTHEKOBUI OJHOCTYIIHUATHH Tpec, a Ul GuIbTpalii — 0e3BaKyyMHUN (QibTpyBaib-
HUll Mimok abo ¢ineTpyBanpHy JdiHiI0. OTpUMaHy B Mpoueci BUPOOHULTBA MaKyXy
CIPSIMOBYIOTH JIJIsI BUTOTOBJICHHS CUIIKUX KOHOIUIIHUX MPOAYKTIB. IS 1[bOTO BHKO-
HYIOTb OTlepallii MEXaHIYHOTO MOJAPIOHEHHS Ta MPOCIFOBAHHS, IO J03BOJISIE OJEPIKATH
TPH TOTOB1 MPOAYKTHU: KIITKOBUHY, OOPOIIHO Ta OiIKOBUH KOHIEHTpAT. [HIINi HampsiM

Puc. 1. Cxema bazamoyinbo6oi nepepobKU HACIHHI NPOMUCTOBUX KOHONETb
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BUKOPUCTAHHSI — 1€ BUTOTOBJICHHS TPaHYJIbOBAaHMX KOPMIB, Jie BUKOHYIOTH OIeparii
MOJPiOHEHHS, IPOCIIOBAaHHS Ta TpaHyToBaHHA. OTpUMaHUKA y Tpoleci BUPOOHHUIITBA
onii (inpTpyBalbHUI 0CaJ BUKOPUCTOBYIOTh B HAaTypaJbHOMY BUIVISI SIK 0O10JI0TTYHO
I[iHHY Xap4yoBY, KOPMOBY J100aBKy a00 Ha €HEPreTUYHI IIiIi.

BucHoBku. Po3pobiieHa TexHOMOTIYHA cxeMa 0araTouiaboBol mepepoOKH HACIHHS
MIPOMUCIIOBUX KOHOIEJb J03BOJIE 3aJyYUTH Y BUPOOHMLITBO BCi YaCTUHH HACIHHSA
Ta CyIyTHI NMPOAYKTH Horo mepepoOku. BrpoBamkeHHS TEXHOJOTIYHOI CXEMM A€
3MOTY OJIEp>KaTh HOBY MPOAYKIIIO Ta PO3IMUPHTH cepr BUKOPUCTAHHS CKIIAJHUKIB
HaciHHs. Peamizarist miei cxemu 0e3mocepeHbO y TOCIMOIAPCTBAX, M0 KYJIBTHBYIOThH
KOHOILNTI, T03BOJIUTH MiJBHIIUTH ¢(EKTUBHICTH BUPOIIYBAHHS KOHOIEIb Ta 30UIBIIUTH
CKOHOMIYHHH e(eKT.
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AHANI3 OPTAHONENTUYHUX MOKA3HUKIB AKOCTI XJIBA
NMWEHWYHOI O 3 NIABULLEHOIKO XAPYOBOIO LIHHICTIO

Pe3eux H.l. — kaHOuOam mexHiYHUX HayK,

doueHm kaghedpu iHxeHepii xap408020 8UPObHUUMEa
XepcoHCcbK020 OepxasHO20 azpapHO-eKOHOMIYHO20 yHigepcumemy
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Y ecmammi sucsimneno naiisascnusiwi 3a60anHs, AKi CMosimb neped Xapuo8or NPoMUCLO-
gicmio Yrpainu.

Ipoananizoeano naykosi pobomu, npucesueHi O0CIIOHCEHHIO NIUBY PISHUX 8UOI8 CUPOBUHU
Ha Op2aHONeNnMUYHi NOKAZHUKY AKOCI X1i0a NUEHUYHO2O.

Hocniosceno pobomu 6ueHux, cNpsAMOBaHi HA 8UBUEHHA 6NIUBY POCIUHHUX HCUDI6 ma Onill
Ha Op2awizm IH0OUHU | BUSHAUEHHS HOPM IX CROJICUBAHHS Y WOOEHHOMY PAYIOHI, PO3KPUMO IXHIO
PONb 8 HCUMMEODIATLHOCTIT OPLAHIZM).

IIpoananizoeano Haykosy aimepamypy ma pe3yiomamu GIMYUHAHUX I 3aKOPOOHHUX 00Ci-
021CeHb 3 GUSHAUEHHS XAPYOB0I Ma OI0N02IYHOT YIHHOCI HACIHHS KOHONETb K CUPOGUHU 0151 00ep-
arcanms pocaunnoi onii. Ilposedenuti ananiz xapuosoi ma 0iono2iyHoi YiHHOCMI HACIHHI KOHONENb
noxaszas, wo oo micmumu 25% 6inka, 31% swcupie ma 34% gyene6odis. ¥ cxnadi KOHONAAHO2O
Haciuns € 20 amiHoKuciom, 3 AKUX 8 He3AMIHHUX (60HU He CUHME3VIOMbCSL 8 OP2AHI3MI TIOOUHU,).
B rxononnsnomy nacinni micmumocs eenuxa Kinokicmo simaminie E, C, /[, K, éimaminu epynu B,
a Makooic Kapomuroiou (nonepeoruku imaminy A), Makpo- i Mikpoenemenmu (3ani30, MacHii,
Kanit, ghocghop, kanvyiil, Mapeaneyv, YUHK, CIPKA, XJ10p Moujo).

Hocniosceno enniug KOHONIAHOL OliL, WO 000ABANACY ) PIZHUX D03VBAHHSX ) peyenmypy x1iba
NUIEHUYHO20, HA 1020 AKICMb 3 MEMOl OMPUMAHHS OIEMUYHO2O MA 0300POGU020 NPOOYKMY
3 RIOGUWEHOIO XAPHOBOIO YIHHICIIO 3A605AKU 6MICMY HEHACUYEHUX ICUPHUX KUCTIOM Y KOHONIA-
Hill onii.

Pospobreno peyenmypy ma 30ilicHeHO OYIHKY OP2AHOLENMUYHUX NOKASHUKIE AKOCMI X1iba
NUEHUYHO20, OOCTIONCEHO 3MIHY YUX NOKAZHUKIS.

B pesynomami docnioscennsi opeanHonenmuyHux NOKA3HUKIE AKOCMI X1iba NuleHUuuHoz2o,
BULOMOBIEHO20 3 PIHUM 003YBAHHAM KOHONJAHOL Ol 6 peyenmypi, 6CMAH08IeHO, W0 AKICMb
nueHUYHo20 X1iba 3a 000asanHs 34—68 2 KOHONAAHOI ONii He No2ipuLyemsbCs, a 3aTUUAEMbCS
BUCOKOI0. 301NbUeHHSI KOHONIAHOT 0T 00 noHAO 68 2 y peyenmypi npu3eo0ums 00 NOZIPULEHHS
CMaKy, KONbopy, CKOpUHKU Xaioa. Takum uunom, y UpoOHUYMEI X1i0a NUeHUu4Ho20 3 KOHONIAHOKO
OJIEI0 MOJICHA BUKOPUCTOBYBAMU 010 8 KLIbKocmi 00 68 & .

Knrwowuogi cnosa: onis KoHonisiHa, Xnibonexkapcovka npooyKyis, xuio.

Rezvykh N.I. Analysis of organoloptic qulity indicators of wheat bread whith hight
nutritional value

The article provides information on the most important tasks facing the food industry
of Ukraine.

The scientific works devoted to research of influence of various kinds of raw materials on
organoleptic indicators of quality of wheat bread are analyzed.

The researches of the scientists directed on studying of influence of vegetable fats and oils on
a human body and definition of norms of their consumption in a daily diet are analyzed, their role
in vital activity of an organism is specified.

The scientific literature and the results of domestic and foreign studies to determine the nutri-
tional and biological value of hemp seeds as a raw material for vegetable oil are analyzed. An
analysis of the nutritional and biological value of hemp seeds showed that it contains 25% pro-
tein, 31% fat and 34% carbohydrates. Hemp seeds contain 20 amino acids, of which 8 are essen-
tial (they are not synthesized in the human body). Hemp seeds contain a large number of vitamins
E, C, D, K, B vitamins, as well as carotenoids (precursors of vitamin A), macro-and micronutri-
ents (iron, magnesium, potassium, phosphorus, calcium, manganese, zinc, sulfur, chlorine, etc.).

The influence of hemp oil, which was added in different dosages to the recipe of wheat bread,
on its quality in order to obtain a valuable product with high nutritional value, dietary and health
nature due to the content of unsaturated fatty acids in hemp oil was studied.
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The recipe is developed and the assessment of organoleptic indicators of wheat bread quality
is carried out and the change of its organoleptic quality indicators is investigated.

As a result of the study of organoleptic quality indicators of wheat bread made with different
dosages of hemp oil in the recipe, it was found that the quality of wheat bread with the introduc-
tion of hemp oil in the amount of 34—68 g does not deteriorate, but remains high. An increase
in hemp oil above 68 g in the recipe leads to a deterioration of its taste, color, crust. Thus, in
the production of wheat bread with hemp oil, you can use oil in quantities up to 68 g.

Key words: hemp oil, bakery products, bread.

Beryn. HaliBaxxmuBiniuMMy 3aBIaHHAMYI XapuoBOi IIPOMHUCIOBOCTI YKpaiHU B cydac-
HUX YMOBaX, 3rifiHo 3 Hakazom MiHictepcTBa arpapnoi monituku Ykpainu «IIpo 3aTBep-
JUKEHHS TaTy3eBOi IporpaMy pO3BUTKY XIi0omeKapcehkoi ramysi Ha mepion 10 2015 p.»
Bix 20 Oepesns 2008 p. Ne 164, €, mo-niepiiie, 3abe3medeHHs BCIX BEPCTB HACEICHHS
SKICHOIO MPOJYKII€I0 BiMOBIAHO A0 (hi3i0NOTiYHUX HOPM XapuyBaHHS, SKa MOKpa-
IIy€ CTaH 37I0POB’S Ta MOOBKYE TEPMiH JXUTTS; TO-APYTe, IMiIBUIICHHS KOHKYPEHTO-
CIIPOMOXKHOCTI XJ1IOOTIEKapChKOi Tamy3i, MOI0JaHHS KPU30BHX SIBHIL, 3a0e3MeueHHs ii
€KOHOMIYHO1 CTabUIBHOCTI 1 HOAANBIIOTO €(hEKTUBHOTO PO3BUTKY; IO-TPETE, BUPOOHH-
IITBO XJII000YIOUHUX BUPOOIB PO ITAKTUIHOTO TPU3HAYSHHSI TPYIH «3IO0POB’D», SAKi
XapaKTePU3YIOThCS I IBUIIICHOIO XapYOBOIO IIIHHICTIO, 301JTLIIIEHUM BMiCTOM XapuOBHX
BOJIOKOH, BiTaMiHiB, MiHEpaJIbHUX PEUOBUH, IPOTEIHIB, AaHTUOKCUAAHTIB [1].

IMocTanoBka npodaemu. [IpoBeneHi HayKOBISIME JOCIIKCHHS 3 BABYCHHS BIUTUBY
POCIHHHUX KHPIB HA OPTaHi3M JIFOMUHH Ta BU3HAUYCHHS HOPM 1X CIIOKHBAaHHS y IOACH-
HOMY pallioHi MOKAa3alH, 10 POCIHMHHI XUPH BiAIrPalOTh 3HAYHY POJIb B XKUTTEMISIIb-
HOCTI opraHi3My. Takox OyJ0 BU3HAYCHO CTYIHb Y4acTi pOCIMHHUX JKUPIB Y IIaCTHY-
HUX IPOIeCcax OpraHizMy Ta iX HOPMyBaHHS B XapayBaHHI.

3’scoBaHO, 110 0COOIMBE 3HAYCHHS MAIOTh MOJIHEHACHYEH] XKHUPHI KUCIOTH: JIIHO-
JieBa, JITHOJICHOBA, apaxiJJOHOBA, [0 HE CUHTE3YIOThCS B OPTraHi3Mi JIONWHH. Poib 1ux
JKUPHUX KUCIIOT MOJIATa€e B TOMY, 1110 BOHU OepyTh y4acTh B yTBOPEHHI TOPMOHONO1I0-
HHUX PEUOBHUH, SIKi BIUIUBAIOTH HA PETYJISILiI0 OOMIHHHX MPOIIECIB.

PocruHHI )KUpH € BAXKITUBUM JDKEpeioM BiTamiHiB A, E, /1, ki MO3UTHBHO BILTUBAIOTh
Ha (DyHKIIOHYBaHHS KICTKOBOi TKaHWHH, PO3BUTOK OpTaHi3My Ta iMyHHI mnpouecu [2].

AHastiz HayKOBOI JIiTEpaTypd Ta BITYM3HSHUX 1 3aKOPAOHHHX JKepen iH(opma-
1ii 3 BU3HAUCHHS Xap4oBOi Ta O10JIOTIYHOI IIHHOCTI HACIHHSA KOHOIENb SIK CHPOBHHU
JUISL OJIEpXKaHHS POCIMHHOI OMii JOBIB, IO BOHO MAa€ YHIKaJbHHHA aMiHOKHCIOTHHMA
cknan. Tak, mocmimxeHHs HaciHHs 10 KaHAJICHKUX MPOBIIHUX COPTIB KOHOIIENb, TPO-
BEJICHI BUYCHUMH, MOKA3aJIH, IO BMICT JKHUPIB Y HUX CTaHOBUTH 26,9-30,6%, a OLIKIB
23,8-28%. BuBUYEeHHSI BYCHHMHU >KUPHOKHUCIIOTO CKJIaQy KOHOIUISIHOT OJiii, onepkaHoi
3 HaCiHHS KOHOIIEIb, IOKA3aJ10, 1[0 BOHA CKIIAA€ThCS IIEPEBAXKHO 3 HEHACHYEHUX JKHP-
HUX KHCIOT. BMmicT miHoneBoi kucmotn (Omera-6) craHOBUTH 59,7%, a-TIiHOIEHOBOT
(Owmera-3) — 17%. B ycix agecsitu coptax y-Tokodepos OyB NPUCYTHINH y 3HAYHO BUILIN
KOHIICHTpAILil, HiX O-ToKodepon (2481 Mr/r mopiBHAHO 3 774 MI/T); BMICT (heHOIIIB CTa-
HoBUB 1,37-5,16 1/100 T; KOHIIEHTpAaIisA — Bix 25,9 mo 38,8%. YKpaiHChKUM YYCHUM
H.A. CoBoro Brepiie OyB NpoBeJeHUI aHaNi3 i3 BU3HAUYEHHS >KUPHOKUCIOTO CKJIATy
OJ1i1 3 KOHOTIENb YKPaiHCHKOTO cOpTy «lIecis», B pe3ynbTari skoro 0yIo 3’scoBaHO, 110
BOHa MicTUTh 54,8—55% niHoneBoi (OMmera-6), 16,2% oneinoroi (Omera-9), 14,7-14,8%
a-nonenoBoi (Omera-3) Ta 2,3% ramma-ninonenoBoi (Omera-6) kucior [3].

OTxe, IPOBe/IeH] 3aKOPJJOHHUMH Ta BITYM3HIHAUMY BUSHUMH HAYKOBI JIOCIKSHHS
MOKa3aJH, 1[0 HACIHHS KOHOIIENb 1 onepkaHa 3 HHOTO KOHOIUISHA OJisl MICTATH raM-
Ma-JTiHOJICHOBY KHCJIOTY, fIKa JIOCUTb DPIJKO 3yCTPIiUaeThCsl B POCIMHHIN CHpOBUHI,
Ta yHiKaJIbHI HEHACWYEH1 )KUPHI KACIIOTH, IOPIBHSHO 3 BiJIOMAMU POCITHHHUMU OJIISIMH,
30KpeMa COHSIIHUKOBOIO, Ta € 30aJJaHCOBAHUMH TPOAYKTAMU JIISI 30POB’ ST JTIOAUHH.
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VY 3B’43Ky 3 HETaTHBHUM BIUIMBOM Ha CTaH 3[0pPOB’S Ta TPUBAIICTh >KUTTS JIFOACH
HHUHIITHBO{ eKOJIOTIUHOI cuTyamii B YKpaiHi mocTae HeoOXiAHICTh y 3a0e3nedeHHi Hace-
JICHHS HaIIO1 Jep KaBH SKICHOIO MIPOIYKIIIEIO BIIMOBIIHO 0 (i3i0JOTIYHUX HOPM Xap-
YyBaHHJ, SIKa ITOKPAIIy€e CTaH 3A0POB s, COPHUSIE HOPMATFHOMY (DYHKIIIOHYBaHHIO OpTa-
HI3MY JIFOIUHH Ta MOAOBKYE TPUBATICTh KUTTSI.

JocsarTi iboro MoXkHa 3aBJsIKM €(heKTHBHOMY TIOITIOBHEHHIO PAIliOHY JFOUHHU, SKHHA
Hapasi XapaKTepu3yeThcs HEAOCTaTHIM BMICTOM BiTaMiHIB i MiHEpaJIbHUX PEIOBHH, IO
HAJIXOMATH 3 DKEI0, Ta MPOILYyKTaMH MacOBOTO CIIOKMBAHHS, 32 JOIIOMOTOIO 30araueHHs
XapuyBaHHA, 30KpeMa 1 xuiba, TuMH HyTpieHTamMH. OCKUTBKH XJTI0 € IIOICHHUM Tpo-
OYKTOM XapuyBaHHS, Jelai YacTille CIOKHUBadl BiIAIOTH MepeBary HOro HaTypalb-
HOMY PELeNITYpHOMY CKJIay Ta BiICYTHOCTI Xap4OBUX JOOABOK.

CroronHi B YKpaiHi A1 BUTOTOBIICHHS X/1i0a pa3oM i3 TpaauLiitHOI0 BUKOPHCTOBY-
I0Th 1 HEeTpaIUIiiHy CHPOBHHY, SIKa BIUIMBAE HA OPTaHOJENTHYHI MOKA3HUKH OfEpKa-
HOTO XJ1i00IeKapchKoTo BUPOOy, a came Ha 3MiHy CMaKy, 3alaxy Ta apoMary XJioa, a e
Hajae X110y HeoOXiIHI IS JIFOMWHKN BJIACTHBOCTI, TIOKPAIIY€E HOTO Xap4yoBy I[IHHICTE.
[ligBuIMTH XapyOBY WiHHICTH MPOAYKTY, HOTO OE3MEYHICTh 3 MOy 30aJaHCOBAHOTO
XapuyBaHHS MOXKHA 3aBIISIKA BUKOPHUCTAHHIO KOHOILISIHOT OJii JI7Isl BUTOTOBJIEHHS XJ1i0a,
3aMiHMBIIM COHSIIHUKOBY OJIIO B PELENTYPHOMY CKJIaJi, OCKIJIbKH KOHOIUISTHA XapaK-
TEPHU3YETHCS BUCOKMM BMICTOM HEHACHYCHUX YKUPHUX KUCIIOT 1 BiTaMiHiB.

Bararo poOiT TPHUCBSYCHO AOCITIIKCHHSM BIUIMBY DPi3HUX BHUJIB CHPOBHHH Ha
OpTaHONENTHYHI TTOKa3HUKH SIKOCTI XTi0a MIIeHHIHOTO. TakK, YKpaiHCHhKIMU BYCHUMHA
H.O. ®anenaum Ta F0.B. baapyk BcTaHOBIEHO, IO 3aBISKU JOAABAHHIO KOHOILISTHOTO
OoporuHa it onii BigOyBaeThbcs 30araueHHs XJ1i0a He3aMiHHUMH aMiHOKHCIOTaMH, MiHe-
paJIbHUMU PEYOBHHAMH, XaPUOBHMHU BOJIOKHAMU Ta MOJTIHEHACHUESHUMH YXUPHUMHU KHUC-
JoTaMu rpynH 03 i ®6. JlomaBaHHs KOHOIITHOTO OOPOIIIHA CTIPHSIE TAKOXK ITiIBUIIIEHHIO
ra30yTBOPIOBAIBHOI 3IaTHOCTI TiCTa Ta KHCIOTOHAKOMIYCHHS, 10 JO3BOJISIE CKOPOTUTH
TPHUBAIIICTH HOTO J103piBaHHS Ha 5—22 XB. KoHOMIsiHE GOPOIITHO HOMimiye (GopMOCTiii-
KICTh TicTa 3aBAAKH 30UIBIIEHOMY BMICTY KIIITKOBUHH, NIEHTO3aHIB 1 JeUUTUHY. XJIi0,
II10 MiCTUTh KOHOIUISIHE OOPOIIIHO Ta OJIi0, Ma€ MPHEMHUN KOHOIUISIHUI CMaK i apoMar,
TeMHO3a0apBJIeHy M’ SKYIIKY 3 3€JIeHYBaTUM BiATiHKOM [4].

ToMy BHBYCHHS BIUIMBY KOHOIUISHOI ONii Ha SKIiCTh XJi0a MIIEHUYHOTO 3 METOIO
OTPUMAaHHS JIETUYHOTO Ta 03JJ0POBYOTO MPOAYKTY 3 MiJIBHIICHOO XapYOBOKO IIIHHICTIO
3aBISIKM BMICTYy HCHACHUCHHX KHPHUX KHCIIOT € aKTyaJIbHIM 3aBIaHHSIM.

MeTtol0 gocitiaaeHHs € po3poOKa PeLENTYPH Ta OLiHKA OPraHOJENTUYHHUX MOKa3-
HUKIB SIKOCTI XJ1i0a MIIEHUYHOTO (DYHKI[IOHAJIBHOTO MTPU3HAUCHHS.

B pesynbrari pocmimkeHHsT OyJ0 3°sICOBAHO BIUIMB Pi3HUX JIO3yBaHb KOHOILISHOT
oJ1ii, sIKa JjoaBajacs J0 pelenTypy XJIi0a MIIeHHYIHOT0, Ha 3MiHy HOTO OpraHOoJIeTHY-
HUX ITOKa3HUKIB SKOCTI.

B po6oTi BU3HAYamM SKiCTh BUTOTOBJICHUX 3pa3KiB XJi0a MIICHUYHOTO 3 JIONABaH-
HSIM KOHOIUISIHO OJIi1 32 OPraHOJNICITUYHUMHE OKA3HUKAMHU.

Buxknan ocHoBHOro Marepiaiy. O0’ekTaMy TOCIIIKESHHS CTaJIN TaKi 3pa3ku Xjida
MIIEHUYHOTO: 1 — KOHTPOJIBHUN, BUTOTOBJICHUHN 3a TPAIUIIHHO pelenTyporo; 2 — i3
JIOJIaBaHHSAM KOHOIUISTHOI OJif; 3 — i3 J0maBaHHAM YIBIYi OLIBIIOTO JO3yBaHHS KOHO-
IUISIHOT OJ1ii; 4 — 13 TOJABaHHAM YTpHYi OUTBIIOrO JO3yBaHHS KOHOIUISIHOT oiii. Jljis
BHU3HAUYEHHS BIUIMBY OJIii HA IOKa3HUKH SKOCTI X/110a MIIIEHUYHOro MPOBOAWIN TPOOHE
BUITIKaHHS 32 3arajibHOMPUUHATOI0 METOAMKOK HAyKOBHX JOCIIJKEHb B Jaboparopii
3I0pPOBOTO Xap4yBaHHs Kadeapu iHkeHepii XapuoBOro BHPOOHUITBA XEPCOHCHKOTO
JIEPKABHOTO arpapHO-eKOHOMIYHOTO YHIBEPCHUTETY.
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Y nporieci BUpoOHHIITBA XJ1i0a BUKOPUCTOBYBAJIM TaKi IHIPEi€HTH: OOPOIIHO TIIIe-
HUYHE BUIOTO copty (600 r); npixmKi mpecoBani (6 T); ciib kKam’sHY (5 T); 0JIit0 KOHO-
wisiHy (34 1); nykop (24 1), Boxy (370 r).

Jis BU3HAUSHHSI OPTaHOJENTUYHHUX MMOKa3HUKIB SIKOCTI JOCIIAHHUX 3pa3KiB XJiOa
MIIEHUYHOTO 3 TOAaBAaHHAM KOHOIUITHOI OJIii 3aCTOCOBYBAJIH 3arabHONIPHUHHSTI METO-
nuku 1 HopMaruBHi gokymeHTu: JCTY 7044:2009 «Bupobu xmi6o0ymnouni. [IpaBuna
MpuiiMaHHs, METOAM BiIOMPaHHS P00, METOAM BU3HAYAHHS OPTaHOJEITUYHHUX TTOKa3-
HUKIB 1 Macu BupoOiB» Ta JICTY 7517:2014 «Xi0 13 mmeHunuHOTO O0poIHa. 3araibHi
TEXHIYHI YMOBU» [5; 6].

s Bizyamizarii Ta OUIBII TOBHOTO YSIBICHHS PO CTaH M’ SIKYIIKH Oylo 31iHCHEHO
JIOCITI/DKEHHSI CTPYKTYPH 3pa3KiB XJ1i0a MIIIEHUYHOTO, OTPUMAHOTO 32 HOBUMH pellel-
Typami (Tabm. 1).

Bci nocnigni 3pa3ku ximiba MeHnYHoTo Oyiii BUTOTOBJICH] 3 MIICHUYHOTO OOPOIITHA
BUILIOTO COPTY.

Cxutag xJ1i06a MIIEHUYHOTO KOPUCHUH, alle MosiBa IHHOBAI[ITHUX IHTPEIi€HTIB CIIOHY-
Kae JI0 MPOBENICHHS HOBUX JIOCII/KEHb. TOMy OTHHM i3 3aBIaHb poO0TH OYyII0 po3po-
OJICHHS pelenTypH XJIi0a MIIEHUIHOTO 3 JJOAABAaHHAM KOHOIUITHOI OJIi1, sIKa € IPKEPEeIOM
BCiX HE3aMiHHUX aMiHOKHCIIOT.

ITporoTnmom 00paHO HAWIOMMPEHIITy 32 BUKOPHUCTAHHSIM B YKpaiHi pelentypy
XJ1i0a MIIEHHYHOTO Ha OCHOBI COHSIITHMKOBO] OJIi.

PenenTypy AoCHigHUX 3pa3KiB Xni0a MIIEHUYHOTO HaBEICHO B Ta0M. 1.

Tabmuns 1
Penentypa focaiiHux 3pa3kiB xJ1i0a NeHNYHOTro

HaiimenyBannst penentypuux | Burparu cupoBunu na 100 r rorosoi npoaykuii, r

KOMIIOHEHTIB 3pazok 1 3pa3zok 2 3pa3zox 3 3pasok 4
BopoiHo nieHuyHe BUIOTO 60 60 60 60
copry
Iykop-1icok 2,4 2,4 2,4 2,4
Ouist COHALIHUKOBA

. 3.4 - - -

HepadiHoBaHA
Ouist KOHOIUIsTHA HepagiHOBaHA - 3,4 6,8 10,2
Cinp 0,5 0,5 0,5 0,5
Bona 37 37 37 37
Jpixmki 0,5 0,5 0,5 0,5

ITix yac BU3HAYECHHS NOKAa3HHWKA 30BHINIHLOTO BUIIISAIY MEPEBIPSUTH BiIIOBITHICT
BUTOTOBJICHOTO XJ1i0a MIIEHHYHOTO (POPMi, B SIKild TPOBOAWIIN BUITIKAHHS. 3T1IHO 3 HOP-
MATUBHUMH JOKyMEHTaMH BUTOTOBJICHHH XJIi0 MINICHUYHUN MOBUHEH MATU BHITYKITY
BEPXHIO CKOPUHKY 3 BIICYTHICTIO OOKOBUX HAILUTUBIB.

IToka3zHuK MoOBepxHi XJi0a MIIEHUYHOrO OLIHIOBAIM Bi3yajbHO, BU3HAYaJIH IJaj-
KiCTh 200 IOPCTKICTh, HASIBHICTH UM BiJICYTHICTh Ha IMOBEPXHi X1i0a 3a0pynHEeHb, HA-
KOJIIB, HAJIPi3iB, MOCHITKH, TPIlI[HH.

3a0apBieHHs CKOPUHKM OyJI0 OLHEHEe 3a CTyNeHeM ii iHTeHCHMBHOCTi. BUTOTOB-
JIeHI 3pa3KH XJ1i06a MIIEHUYHOTO PO3pi3aid HOKEM Ha JBi PiBHI YAaCTHHH, IPU IbOMY
3BEpTAJIM yBary Ha KOJip M’SIKyIIKH Ta ii BiATiHKH. Koiip M’SIKYIIKH BH3HAYaIH 32
JIEHHOTO OCBITJIEHHS, IOMYCKAEThCS rpajallisi KOJbOPY BiJl CBITIO-KOBTOTO JI0 TEMHO-
KOPUYIHEBOTO; BCTAHOBIIIOBAIN TAKOX HAsBHICTH MiATOPLIOCTI CKOPUHKH. BixsHauann




| Taspiticeknii HaykoBuit BicHHK Ne 5

28|

1 pIBHOMIPHICTh 3a0apBJICHHS Ta CTaH M SKYIIKH. 3TiAHO 31 CTaHAApTaMH M SKYIIKa
Mae OyTH TpOIIeYCHa, eIaCTHYHA, HEBOJIOTa Ha JIOTHK, 3 PO3BUHYTOIO IOPUCTICTIO, Oe3
CIIJIIB HENPOMICY M yIITbHEHHS. BiJ cTaHy M’ SIKYLIKHM 3aJI€XKHUTh T€, HACKIIbKH TOBHO
1 IBUAKO X110, 110 MOTPAIMTS JI0 IUTYHKY Ta KHIIEYHHUKA JIFOMHH, Oy/e 3aCBOIOBATHCS
il opraHi3Mom.

Tabmnurs 2
Pe3ysbTaTH 10CTiAKeHHA MOKA3HUKIB 30BHIIIHLOTO BUIISIAY 3pa3KiB XJi0a
MIIIEHNYHOTO 3 MiIBUIIIEHOI0 XaPUYOBOI0 IiHHICTIO
3pa3ku 3oBHiMHIA BUTIIST BuyTpiumnsa cTpykrypa

Apowmar (3amax) i cMak BU3Ha4YaJIH 1111 9ac MPOBEACHHS Aerycraiii xiiba. [Ipu oMy
KPUTEPIsAMH OIIIHKH apoMaTy Ta CMaky OyJid XapaKTepHicTh (crenu(iuHiCTh 11 1eB-
HOTO peLeNnTypHOro BapiaHTa) 1 CTYyHiHb BUPA3HOCTI LMX MOKAa3HMKIB. 3amax i cMak
BU3HAYAIN POIKOBYBAHHAM xJi6a. CMak i1 3amax Moxke OyTH HOpPMaJbHHUM, KHCIINM,
MPiCHUM, TipKyBaTUM a0o0 31 CTOPOHHIM, IO HE BIACTUBUI 1bOMY BUIY BHPOOY, MPH-
CMaKoM. XPYCKIT CBIYMTH PO HASABHICTh Y XJIi0O1 MiHEpaJIbHUX NOMIIIOK. Po3koBy-
BaHHS BU3HAYAETHCS TAKOXK ITiJl 9ac JACTyCTaIlii.
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ITpu npoMy 3BEpTalOTh yBary Ha IPYAKYBaTiCTh, COKOBUTICTH a00 CyXiCTh, HiXK-
HICTh 200 TBEPHAICTh, KPUXKICTh a00 KIICHKICTh M SKYIIKHA. Y XJi01 HE JOIyCKAarOThCS
CTOPOHHI BKJIFOYEHHS, XPYCKIT BiJl MiHEpaJlbHOI AOMIIIKH, O3HAKU XBOpoO. CTOpOHHE
BKIIFOYCHHS — 1€ BKIJIFOYEHHS B M’ SIKYIIIi XJi000yno4uHOro BUpOOY, SKE€ BHIHO Bi3y-
aJIBHO Ta SKE € HEOC3MEYHUM JIJIS )KUTTS 1 370POB’ S JIFOAUHU. XPYCKIT BiJl MiHEPAITBHOT
JOMILIKH — XPYCT, SIKUH 3’ SIBIAETHCS MiJ] 4ac POBKOBYBaHHs. Pe3ynabsraTu qoCiimKeHHS
OPTaHONENTUYHUX ITOKA3HUKIB SAKOCTI 3pa3KiB Xi1i0a MIICHUYHOTO 3 IiABUIIEHOIO Xap-
YOBOIO L[IHHICTIO HaBeIeHI B Ta0II. 3.

YV nocnigHux 3pa3kiB XJ1i0a cTaH M’ SKYIIKHA XapaKTEePU3y€EThCs K TOMIPHO BEJTUKHIMA
Ta piBHOMipHHH. Komip M’ SIKyIIKK TOCTiAHUX 3pa3KiB — Big 611010, O1710T0 3 CipyBaTUM
BiZITIHKOM Ji0 ciporo. I1ij 9yac mpoBeeHHS TOCIiPKEHb APEKTIB CMaKy Ta 3araxy HaMu
He BUsiBJIeHO. TakuM 4MHOM, BCi 3pa3ku xji0a Binnosigamu Bumoram JICTY 7517:2014
«X1i6 13 MIIeHUYHOro OOpoIHa. 3arajibHi TEXHIYHI YMOBWY, JKOJCH 3pa30K HE MaB
nedexTiB GopMH.

3a pe3yasraTamMu AOCHIKEHb OPraHOJIeNITHYHUX TOKa3HUKIB SKOCTI XJ1i0a mieHny-
HOTO 3 JIOJIaBaHHSM KOHOIUISHOT OJIi1 BCTAHOBJICHO, IO JIOCIiHI 3pa3Ku XJriba miie-
HUYHOTO MAlOTh MPSAMOKYTHY ()OpMy, HE PO3ILIMBUYACTY, O¢3 HAILIMBIB, BIAMOBIIAIOTH
(hopwmi, B sk mpoBoAMaHN BUMiKaHHA. CkOpUHKa X1i0a MIIEHUYHOro y 3pas3kax 1,213
HE 3MIHMJIACS Ta 3AJIMIINIACS BHITYKJIOO, a B 4 3pa3Ky Xi0a MIIEHNYHOTO BHITYKIIICTh
OXapakTepu3yBald K cepenHio. CTaH MOBEPXHI CKOPUHKH y 3pa3kax 1, 2 1 3 3 moma-
BaHHSIM KOHOIUISIHOT OJIii HE 3MIHMBCS — 3aJIMIIMBCS [IAJAKUM, 0€3 TPIlUH, HAJKOJIB
1 3a0py/IHEHHS, a y 3pa3Ky 4 HOro oxapakTepHu3yBaJIU K PiBHHU.

Komip ckopunku y 3paskax 1, 2 i 3 cBiTIo-KopuuHeBHi. TakuM YWHOM, ITiJ 4ac
JOCTIJKeHHs OyJI0 BCTAaHOBJEHO, IO 301IbIIEHHS BTPUYi J0O3YBaHHSA KOHOIUISHOI Ol
MPU3BOJUTE JI0 MOTIPIIEHHS KONEOPY CKOPHHKH.

3i 30UIBMICHHSAM JI03YBaHHS KOHOIUIAHOL OJIii B pelenTypi XJi0a MIIeHHIHOTO CI0-
CTEepIraroThbcs 3MIHM M y XapakTepUCTHUIII M SKYIIKH. 30KpeMma, y 3pa3Ky 2 3a Jaofa-
BaHHS JI0 perenTypu 34 T KOHOIUISHOT oJIil oTpuMyeMo Ouni kosip M’ sikymiku. Kostip
M’SIKYIIKU CTa€ OUTHM i3 CipyBaTUM BiTiHKOM B pa3i 30UIBIICHHS T03YBaHHS KOHOILIS-
HOi omii BABi4i. 301IbIIEHHS AOJaBaHHS KOHOIUISHOI OJIii BTpU4i IPU3BOAUTH [0 TIOTip-
IIEHHSI KOJbOPY M’SKYIIIKH, BOHA CTAa€ Ciporo.

EnacTuuHicTh M SKYIIKH B YCIX TOCIIPKYBaHHUX 3pa3Kax XJ1i0a MIIeHU4HOro, He3a-
JIEKHO BiJl KUTBKOCTI BHECEHOI KOHOIUISTHOT OJ1i1, Ay’Ke TapHa, micis HaTUCKaHHS Gopma
JIETKO BUPIBHIOETHCS, TOBEPXHS XJ1i0a MmporieveHa, HeJIUIKa, He BOJIOTa Ha JIOTHK, 0e3
HEMNPOMICiB.

CMak MIIeHWYHOTO XJIi0a 3a OoJaBaHHA KOHOIUISHOI OJlii Ta B pa3i 30iNbLIeHHS ii
B/IBIYi 3QJIMIIAE€THCS MIIIEHUYHAM, 03 CTOPOHHBOTO IIPUCMAKY, a B pa3i 30UIbIICHHS ii
BTPUYi CMaK CTa€ MPICHUM.

BucHoBkH. Sk BiTOMO, KOHOIUISTHA OISl € JPKEPEJIOM BCiX HE3aMiHHHUX aMiHOKHC-
J0T. B pe3ysprari HoCiiHKeHHsT OpraHOJIENTHYHUX IMOKA3HUKIB SKOCTI XJ1i0a MieHnY-
HOTO, BUTOTOBJIEHOTO HAa OCHOBi KOHOIUIHOI OJii, BCTAHOBJIEHO, IO AKICTh MIIEHWUY-
Horo xJ1i0a 3a qogaBaHHs 34—68 T KOHOIUITHOI OJIii HE TOTIPIIYEThCA, a 3aJIHIIAEThCS
BHCOKOI0. 30UTBIICHHS KOHOIUISIHOT OJIiT 710 MoHaa 68 T MPU3BOAMTE JI0 TMOTIpPIICHHS
CMaKy, KOJbOpY, CKOpUHKU. TakuM YUHOM, Y BUPOOHHIITBI X/1i0a MIIEHUYHOTO 3 KOHO-
IUISTHOIO OJTI€I0 MOJKHA BUKOPHUCTOBYBATH OJIiIO B KiJIBKOCTI 10 68 T .

BukoprcTaHHS KOHOIUITHOT OJ1i1 y BHPOOHUIITBI TO3BOIUTH PO3IIUPUTH ACOPTUMEHT
xJ1i6a Ta x1ai000ynouHOol MpoxyKuii, JaCcTh 3MOTY PO3pOOHUTHU 1 BIPOBAJUTU XJIi00O0Y-
JI04HI BHPOOW 0310pPOBYOTO, MPOMPIIAKTHIHOTO, AIETHYHOTO XapdyBaHHS IS Pi3HHUX
BIKOBUX TPYIH Ta 30H €KOJOTIYHOTO HEOMArOMOIyIdsL.
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3aBAsKM BHPOOHUITBY XJTi0a MIICHUYHOTO 3 JOJABAHHSIM KOHOIUISHOI OJIii Hace-
JeHHs YKpaiHu Oyne 3a0e3leueHe TMOBHOIIHHOK BUCOKOSKICHOIO XJIOOMEKapChKOO
OPOAYKIIE BIMNOBIAHO 10 (Di3i0MOTIYHMX HOPM XapdyBaHHS Pi3HHUX BEPCTB HAce-
JICHHS, 110 301IIINTH IIOJICHHE HAJXOMKEHHSI HE3aMIHHUX KOMIIOHEHTIB Xap4yBaHHS,
MIO3UTHBHO BIDIMBAaTHME HA CTaH 3J0POB’S JIIOAEH 1 TPUBANICTh IXHBOTO JKUTTSI.
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The purpose of the article is to highlight the results of the study of the parameters of the fer-
mentation process of birch sap to obtain on its basis new types of natural blended sap.

The general characteristics and expediency of using natural juices are given. It is noted that
the juices contain in unchanged form and in optimal amounts useful substances for the body (vita-
mins, easily digestible organic minerals, trace elements, enzymes, natural sugars, alkali metals,
natural medicines, plant hormones, antibiotics, etc). In particular, birch sap, due to the rich
composition of macro-and micronutrients, is an effective remedy for many diseases and a useful
vitamin drink to strengthen the immune system and nervous system, which is especially true dur-
ing the pandemic COVID-19.

The results of experimental determination of titrated acidity of fermented birch sap are high-
lighted. Calculations of titrated acidity were performed according to the equation of kinetics,
taking into account the kinetic coefficients determined according to experimental data. The
results showed good closeness to the experimental values. The value of the relative error is in
the range of 0.24—9.45%, which is quite acceptable for the mathematical description of biochem-
ical processes. The linear direct proportional nature of the dependence of the titrated acidity
of fermented birch sap on the initial concentration of sugars is determined: the rate of lactic
acid accumulation during fermentation is very low at the beginning of fermentation, higher in
the middle stage and reaches the highest values at the end of fermentation.

Given the described nature of the laws of kinetics of lactic acid accumulation, a rational
duration of the fermentation process in 4 days is recommended, which allows to achieve a suffi-
ciently high degree of lactic acid accumulation. A further increase in duration leads to a signif-
icant slowdown in the fermentation process. It is noted that even afier heat treatment and stor-
age, the developed types of juices have significant microbicidal activity, reducing the number
of microorganisms in the studied strains by 30 or more times.

a{(ey words: birch sap, biochemical processes, fermentation process, titrated acidity, lactic
acid.

Pozoeéa H.B., Bonoovko O.B. Jlocnioycenna napamempie npouecy ¢hepmenmyeanns
HamMypanbHUX COKig

Mema cmammi nonsieae y 8UC8ImMIeHHI pe3yibmamieé OO0CAIONCEHHs NApamempis npoyecy
Gepmenmysanns 6epe308020 coxy 015 OMPUMAHHSA HA 1020 OCHOBI HOBUX 6UOIE8 HAMYPATLHUX
KYRAJICOBAHUX COKIS.

Hageoeno 3acanvny xapaxmepucmuxy ma OOYINbHICMb 6)ICUBAHHS HAMYPATLHUX COKIG.
3aszuaueno, wo coxu micmamo y HeAMIHHOMY GU2TIS0L MA 8 ONMUMANLHIL KIIbKOCHI KOPUCHI 07151
OP2aHi3My peyosUHU (8IMAMIHU, 1€2KO3AC80I08AHT OP2AHIYUHI MIHepAl, MIKpOeleMeHMU, eH3UMU,
NPUPOOHI YYKPU, JIVIHCHI MEMANU, HAMYPALbHI NIKAPCLKI PEUOBUHU, POCIUHHI 20PMOHU, AHMUOI-
omuku mowo). 30kpema, 6epe30sull Cik 3a80AKU 6a2amomy CKAady MAKpo- i MiKpoeleMeHmis
€ eqhexkmueHUM 3ac060M 8i0 6a2amvbox X60pob Ma KOPUCHUM BIMAMIHHUM HANOEM 01 SMIYHEHHS
iMynimemy i Hepeog6oi cucmemu, o ocooIUo akmyanbro nio uac nandemii COVID-19.
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Bucgimneno pesynomamu eKcnepumenmanbHo20 GUSHAYEHHS MUmpo8anoi KUciomuocmi
Gepmenmosanozo b6epe306020 coxy. Pospaxynku mumposanoi kuciomuocmi npogedeHo 3a pie-
HAHHAM KIHEMUKU 3 YPAXY8AHHAM GUIHAUEHUX 30 eKCNEePUMEHMATbHUMU OAHUMU KIHEMUYHUX
Koegiyienmig. Pezynomamu nokazanu eapny madaudiceHicms 00 eKCnepumMenmanbHuxX 3HAYeHb.
Benuyuna nopisuanoi noxubxu oopistioe 0,24—9,45%, wo yinkom nputinamuo 0nist Mamemamuy-
HO20 onucy Oioximiunux npoyecis. Buznaueno ninitinuii npsamo nponopyiiiHull xapaxmep 3aedic-
HOCMI MUMpOBAHOi KUCIOMHOCHI (hepmenmosanoeo 6epe3o6020 CoKy 6i0 nouamro8oi KOHYeH-
mpayii yyKpia: weuoKicms HAKONUYY8AHHA MOLOYHOT KUCIOMU NI0 Yac ghepmenmyanhs oyxuce
HU3bKA Ha nouamky npoyecy, oOinvuia — 8 cepedHitl cmadii ma 0ocaeae HAUOIbUUX 3HAYEHD
HANpUuKiHyi pepmenmysanHsi.

Bpaxosytouu onucanuii xapaxmep 3axoHomipHocmel KiHeMuKu HAKONUYYS8AHHS MONOYHOT
KUCIOMU, PEKOMEHO0B8AHA PAYIOHAIbHA MPUBATIICIb NPoYecy (epmenmyeants 6npooosic 4 0io,
o 0036014€ d0csA2MU OOCUMb BUCOKO20 CINYNEHsI HAKONUYEHHS MONouHOI kucromu. Ilooanvuue
21C 301IbUIEHHS. MPUBATIOCHIT NPUZBOOUNMDb 00 3HAYHO20 YNOBLIbHEeHHS npoyecy hepmenmayii. Bio-
3HAYEHO, WO HAGIMb NiCis MepMiuHOi 06pobKU ma 30epicantsa po3poONeHi 8UOU COKI8 Maromy
3HAUHY MIKPOOOYUOHY AKIMUBHICIb, 3HUNCYIOUU KINbKICMb MIKPOOP2AHI3MIE O00CTIONCYBAHUX
wmamie y nonao 30 pasie.

Knrwwuoei cnosa: 6epesosuil cix, Oioximiuni npoyecu, npoyec ghepmenmayii, mumposana Kuc-
JIOMHICMb, MOIOYHA KUCTIOMA.

The study found that there is a significant potential for domestic producers of juices
and juice drinks, the use of which is limited by such factors, as the low level of purchas-
ing power of Ukrainian consumers and the growing level of competition in this segment
of the commodity market and modern technologies for harvesting raw materials for
the production of birch sap with the extended term of its preservation and substantia-
tion of recommendations on the production of new types of natural blended juices on
the basis of fermented birch sap therefore, that the processing industry until recently
used for canning only freshly produced birch sap [1]. At the same time, its shelf life
before processing is extremely limited, because at high temperatures, it can ferment
spontaneously, even during transportation. Unfortunately, the healing product of birch
lasts only 3—4 days.

Plant juices supply energy in the form of biophotons, normalize body func-
tions and encourage it to self-repair and produce antibodies against viruses, to dis-
eases and colds contribute to the normalization of biochemical and acid-base balance
of the blood and tissues, prevent premature aging. Vegetable juices improve digestion,
stimulate the heart, endocrine glands, increase the body’s overall resistance to microbes
and various diseases. Juice treatment takes into account that each of them has its own,
unique characteristics and a certain side effect, which, however, can be compensated by
using mixtures of juices [2].

Vegetable juices, or phytosocks (Latin phyto — plant, succus — juice) — a set of cel-
lular and extracellular juice of fresh plant organs, which is released freely (see Nectar,
Pasoka, Mucus, Resins and balms) or due to damage to the plant body (Pad, Latex,
Gum), or squeezed artificially. Natural juice is obtained from fresh vegetable raw mate-
rials (fruits, berries, vegetables, herbs, leaves, flowers) by pressing under high pres-
sure, without the addition of sugar, acids, artificial colors, flavors and preservatives.
They are the most useful and much more effective in the body, because they are formed
and undergo a biological cycle in a plant cell, which has much in common with the cells
of animals and humans. Such juices are easily and quickly (in 10—-15 minutes) absorbed
by the human body, are fully used to nourish the blood, regenerate and heal tissues,
cleanse the body and saturate it with nutrients.

Natural juices cause almost no side effects, allergic reactions, do not accumulate in
the body, act slowly, contain native BAS, show the greatest enzymatic, vitamin and vol-
atile activity. In the case of drying, extraction and storage of vegetable raw materials
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BAS undergo certain changes under the influence of enzymatic processes and other
factors.

From natural juices get juices:

— canned (stabilized) by treatment with chlorobutanol hydrate, ethyl alcohol or citric
acid;

— concentrated (condensed) juices are obtained from fresh plant material in vacuum
evaporators;

— dried vegetable juices are obtained by sublimation to a residual humidity of 2—3%.
They are more stable, free of ballast substances and are used for quick and easy prepa-
ration of medicines;

— pigmented juices contain, in addition to active metabolites, organic dyes (see plant
pigments).

For therapeutic purposes, juices are used only in doses, under the supervision
of a physiotherapist.

One of the most popular cooling and diet drinks is falcon — birch sap., or birch tears [3].

From ancient chronicles it is known that the collection of birch saps (juicers) was
carried out in the princely days. This fishery is not forgotten in our time.

Birch sap is a popular cooling and diet drink that is consumed not only by humans
but also by bees, which improves the quality of honey.

The pharmacological properties of birch sap are the ability to dissolve urinary stones,
most of phosphate and carbonate origin.

It is believed that it heals the blood, stimulates metabolism, strengthens the nerv-
ous system, acts as a diuretic. Prolonged use helps to remove kidney stones. It is used
as a vitamin, antisclerotic, anthelmintic and tonic. Birch sap is useful in scurvy, gout
and rheumatism, diseases of the kidneys, liver and gastrointestinal tract. It can be drunk
by diabetics, but without added sugar [4].

More than 5 million liters of birch sap are harvested annually in Ukraine. It heals
the blood, activates metabolism, strengthens the nervous system, normalizes the liver,
gastrointestinal tract (GI tract), promotes the excretion of salts, urinary and kidney
stones, have a vitamin, antisclerotic, anthelmintic effect, nourishes the skin, enhances it,
smoothes wrinkles removes pigment spots.

Until recently, the processing industry used only freshly produced birch sap for can-
ning. At the same time, its shelf life before processing is extremely limited, because
at high temperatures, it can ferment spontaneously, even during transportation. Unfortu-
nately, the healing product of birch lasts only 3—4 days [7].

Juices are made according to the technology used in the canning industry for the pro-
duction of blended juices. Fermented birch sap is mixed with prepared juices and sugar
according to the recipe and heated to 35—40° C. Finished canned food was sent for stor-
age in the warehouse.

To determine the duration of fermentation (t) of birch sap, which can provide
the required titrated acidity of birch sap due to the accumulation of lactic acid, depend-
ing on the initial concentration of sugars ¢ it is necessary to investigate the patterns
of fermentation. It is known that the kinetics of the fermentation process depend on
many factors. The most important of them are the initial concentration of sugars ¢,
and the duration of the fermentation process t. To reduce energy consumption for
the fermentation process, it is desirable to carry out without heating the juice at room
temperature.

From the literature [5; 6] it is known that the kinetics of most biochemical processes
have significant nonlinearity in duration, and can be described by various mathematical
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models, which include a number of kinetic coefficients, which are determined by exper-
imental data.

Taking into account the above, a plan of experiments on indicators was made,
given in the table. 1. The same table shows the results of experimental determination
of the titrated acidity of fermented birch sap.

Results. The obtained experimental data were approximated by a kinetic equation
close to the known mathematical model of Moser [5]:

a T"

T=T, el M

T is the titrated acidity, %;

Tm is the maximum value of the titrated acidity that can be reached at the end
of the fermentation process, %.

¢, — initial concentration of sugars in birch sap, %;

T is the duration of fermentation, hours;

a, ks, n — kinetic coefficients determined by experimental data.

Table 1
Experimental plan and results of research of kinetics
of birch sap fermentation process
Experiment | Experimental conditions Titrated acidity,% Relative
number C, % 7, hour. | experiment | calculation | tweak,%

2 3 4 5 6
1 1,4 0 0,00 0,00 -
2 1,4 1 0,12 0,13 5,45
3 14 2 0,48 0,49 1,93
4 1,4 3 0,78 0,84 7,10
5 14 4 1,09 1,06 2,55
6 1,4 5 1,25 1,20 4,21
7 14 6 1,26 1,28 1,48
8 0,9 0 0,00 0,00 -
9 0,9 1 0,1 0,09 9,33
10 0,9 2 0,38 0,35 7,75
11 0,9 3 0,6 0,60 0,24
12 0,9 4 0,75 0,76 1,48
13 0,9 5 0,84 0,86 2,14
14 0,9 6 0,90 0,92 1,80
15 0,4 0 0,00 0,00 -
16 04 1 0,05 0,05 1,64
17 0,4 2 0,21 0,19 9,45

The above kinetic coefficients a, ks, n, which are included in the kinetic equation (1),
were determined by us from experimental data by the method of least squares [5; 6],
taking into account which the kinetic equation took the following form:

_ z_2,410
T Y S @
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The calculations were performed in an MS Excel spreadsheet environment using
the “Solution Search” procedure.

Calculations of titrated acidity, performed according to the obtained equation
of kinetics, showed good approximation to the experimental values, the value of the rel-
ative error is in the range of 0.24-9.45%, which is quite acceptable for the mathematical
description of biochemical processes.

Geometric interpretation of the dependence of the titrated acidity of fermented birch
sap on the sugar concentration and duration of the fermentation process, obtained by
equation (2), is shown in Fig. 1.

Fig. 1. The dependence of the titrated acidity of the fermented birch sap from sugar
concentration and duration fermentation process

The figure clearly shows that the dependence of the titrated acidity of fermented
birch sap on the duration of the fermentation process has an s-shaped character, typical
of most fermentation processes: at the beginning of fermentation the process speed is
very low, in the middle stage it increases rapidly. It is also seen that with increasing
initial concentration of sugars ¢, the fermentation process proceeds faster and during
the same duration of the process the titrated acidity increases significantly.

The dependence of the titrated acidity of fermented birch sap on the initial concen-
tration of sugars c, regardless of the duration of fermentation, is linear and directly pro-
portional. However, it can be noted that the rate of lactic acid accumulation during fer-
mentation depending on the initial concentration of sugars ¢ is also different at different
stages of the process: very low at the beginning of fermentation, higher in the middle
stage and reaches the highest values at the end of fermentation.

Given the descriptive nature of the laws of kinetics of lactic acid accumulation can
be recommended as a rational duration of the fermentation process in 4 days. At this
duration, a sufficiently high degree of accumulation of lactic acid is achieved. A further
increase in duration leads to a significant slowdown in the fermentation process, which
is not rational.
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Kaghedpu iHxxeHepii xap4o80e20 8UpPObHUUMEa

XepcoHCcbK020 OepxasHO20 azpapHO-eKOHOMIYHO20 yHigepcumemy

Y ecmammi oocniosicero npobnemy noninuents AKOCmi CUpos sieHux M’ ACHUX RPOOYKMIE 3d
00NOMO2010 GUKOPUCIAHHA CIMAPMOGUX KYTbmyp. Y mexuonozii m’acuux npooykmie susnaua-
€MbCS MEHOEHYIS 00 BUKOPUCAHHS POCIUHHUX XAPYOBUX 000ABOK Y NOEOHANHI 31 CTNAPMOBUMU
Kyismypamu 01 NOTINUIEHHSA AKOCmI 20mogoi npodykyii. Bascnueor enacmusicmio € anmazo-
HI3M — NPUOYULEHHSL 3DOCIAHNS MIKPOOP2AHI3MIG, 1O CHPUHUHIOIOMYb NCYBAHHS NPOoOYKmY. s
8I0MBOPEHHS KONbOPY M SACONPOOYKMIB Y CKAAOI CMAPMOBUX KyIbmyp NOGUHHI Oymu 0eHimpugi-
Kytoui 6akmepii. /[0 0CHOBHUX MEXHONO2IUHUX 6I1ACMUBOCMEN CAPMOBUX KYTIbIYP MONCHA 8I0-
Hecmu 36poodIcysanisi 6y21e60016 I3 YMEOPEHHAM MOLOYHOI KUCIOMU, CKOPOUY6AHHS Hacy 003pi-
6aHHs1, 30LIbWEHHS BUXO0Y 20M06020 NPOOYKNY MA NOOOBIICEHHs MEPMIHi6 30epieantsi. B pasi
dodasanis NPONIOKOBUX Oakmepitl ICMOMHO NOKPAWYIOMbCs CPYKMYDHO-MEXAHTYHI 61aAC-
socmi npoOyKmy, 3a0e3nedycmovcs 3MeHWeHHsT 6mpam 3a Meniogoi 00pooKu, NiO8UWYEMbCA
607102038 "A3Y8AIbHA 30aMHICb, U0 NO3UMUBHO NOZHAYAEMbCS HA AKOCHI 2006020 NPOOYKNIY.
Monounoxucni 6akmepii € 6ioN02IUHOI0 OCHOBOKW DOPMYBAHHS KOBOACU 5K XAPUOBO20 NPOOYKNLY,
3a605KU HUM 8i00ysacmbcs Oionoziune nepemeopenHs 0OCHOBHUX KOMNOHEHMI8 M sica 3 Ymeo-
DEHHAM CHONYK, WO 3YMOGIIOIMb CMAK MA apoMam, KOHCUCEHYII0; 3MIHA DI3UKO-XIMIYHUX
napamempie M siCHO20 haputy Modice npuzeecmu 00 PO3GUMKY MIKPoOi6, 30amHUX GUKIUKAMU
neyeanusa m’saca. 3acmocy8anus Cmapmogux Kyasmyp y UpoOHUYmasi M acHux npooykmie 3abes-
neuye He auue CKOpOUeHHs 4acy MEXHON02IYH020 Npoyecy, a U 2apanmye Mikpooionoziyny oes-
nexy eomosoi npooykyii. Taxum uunom, 6axmepianvbHi 3aK8ACKU € HAUBANCTUBIUUM PAKMOPOM
Gopmyeanns skocmi m’sichux eupobis. ITIpasunbro nidibpani Kynemypu y 3aKeacyi cnpusioms
He MilbKU OPMYBAHHIO NPUEMHO20 CMAKY MA apoManty npooykmy, cmabinizayii 3ab6apenenns,
a U NpuOyWEeHHIO HCUMMEOLILHOCMI SHUNLHUX MA CAHIMAPHO-NOoKa308ux oakmepii. Kpiu
mMo2o, BCMAHOBIEHO, WO €Ki MIKPOOPLAHI3MU MAONb NPOMEONIMUYHY AKMUBHICMb, HYMPIli-
HbOKIIMUHKI (hepmermu, sKi 30amHui po3ueniiosamu OLIKu M 'scd, MAKuUM YUHOM NOKPAUWYIOUU
CMPYKMYPHI XApaKmepucmuxu 20mogo2o npooykmy. A O0eaAxi cmapmosi Kyibmypu MOdICymb
BUCHIYNAMU 8 PONT AHMUOKCUOAHMIB, NEPEUKOOANCAIOUY OKUCTEHHIO JHCUPY 8 KOBOACHUX 6UPOOAX.

Knrouogi cnosa: cupos’sneni kosbacu, nponionosi 6akmepii, MOI0YHOKUCAI bakmepii, cmap-
MOoGI Kyibmypu, IKiCmob NPOOyKYii.

Shinkaruk M.V., Baluk O.0. Promising starting cultures for craft sausages

The article presents the problem of improving the quality of cured meat products through
the use of starter crops. In the technology of meat products, there is a tendency to use plant
food additives in combination with starter crops to improve the quality of finished products. An
important property is antagonism — the suppression of the growth of microorganisms that cause
spoilage of the product. Denitrifying bacteria must be present in starters to reproduce the color
of meat products. The main technological properties of starting crops include the fermentation
of carbohydrates with the formation of lactic acid, reducing the ripening time, increasing
the yield of the finished product and extending the shelf life. The addition of propionic bacteria
significantly improves the structural and mechanical properties of the product, reduces losses
during heat treatment, increases the moisture-binding capacity, which has a positive effect on
the quality of the finished product. Lactic acid bacteria are the biological basis for the formation
of sausage as a food product, namely the implementation of biological transformations of the main
components of meat with the formation of compounds that determine the taste and aroma,
consistency, change of physicochemical parameters of minced meat in the direction unfavorable
for the development of microbes that can cause spoilage of meat. The use of starter crops in
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the production of meat products not only reduces the time of the technological process, but also
allows to ensure the microbiological safety of finished products. Thus, bacterial starters are
the most important factor in shaping the quality of meat products. Properly selected cultures in
sourdough contribute not only to the formation of a pleasant taste and aroma of the product, color
stabilization, but also suppression of putrefactive and sanitary — indicative bacteria. In addition,
it was found that some microorganisms have proteolytic activity, intracellular enzymes that are
able to break down meat proteins, thereby improving the structural characteristics of the finished
product. And some starter cultures can act as antioxidants, preventing the oxidation of fat in
sausages.

Key words: cured sausages, propionic bacteria, lactic acid bacteria, starting cultures,
product quality.

OpxHuM 31 HIUISXIB HOMIMIIEHHS KOCTI CHPOB’ AJICHUX M SICHUX MPOJYKTIB € BUKOPH-
CTaHHs CTAPTOBHX KYJIBTYP. Haii6inpimii iHTEpEeC CTAHOBIISATH MOJIOYHOKHUCII Ta TPO-
MOHOBOKHCTI OakTepii, mo PeryImoTh MeTa0OoNiYHI MpoIecH B opraHizMi. Okpemi ix
MPEJCTABHUKH B MPOLIECI KUTTEASIIBHOCTI MPOAYKYIOTh PEUYOBHHH, 110 HAJIAIOTh MPO-
OYKTy cHenu(piuHui cMaK Ta apoMaT, CIIPUSIOTh IPUCKOPEHHIO 1 cTabimizamii mpomecy
JIO3piBaHHS, TOMIMIICHHIO CaHITAPHO-TIFIEHIYHUX YMOB BHPOOHHUITBA. Y M’SICHOMY
BUPOOHHIITBI B SIKOCTI Xap4OBUX J00aBOK BUKOPHCTOBYIOTHCS OBOYEBI COKH, 30KpeMa
cik rap0Oy3a, Mopksu Tomio [1; 2; 3].

Hapasi B TexHOJOTIT M’SICHUX MPOIYKTIB CIIOCTEPIra€ThCsl TSHACHINSA 10 BHKOPH-
CTaHHSI POCIMHHHUX XapyOBHUX J00aBOK y MOEIHAHHI 31 CTAPTOBUMH KYIBTYpaMu IJist
TIOJITIIIEHHS SIKOCT1 TOTOBOT CHPOB’SUICHOT M’ SICHOT TIPOJTYKITii.

CrapToBUMH KyJIBTYpaMH, SKi BHKOPHCTOBYIOTBCS y M SICHIH IPOMECIOBOCTI,
€ MIKpOOpraHi3M# Pi3HUX BH[IB, 30KpeMa JIAKTOOAIMIIH, ETUOKOKKH, CTapiIOKOKH,
MIKPOKOKH, JPIXKKI Ta MilleTialibHi TprOH.

[ 3acTtocyBaHHS B TPOMHCIIOBOCTI CTapTOBa KyJIbTypa MOBHHHA MAaTH HH3KY
BJIACTUBOCTEM [2]:

— TeHETHYHY CTa0IIbHICTB;

— BIZICYTHICTh IATOT€HHOCT1 Ta TOKCUT€HHOCTI;

— BHCOKY HIBHJKICTh 3POCTaHHS 3a KyJIbTHBYBaHHS Ta 3/IaTHICTh CHHTE3yBATH
noTpiOHI MeTaboMITH B HEOOXIHIN KiTbKOCTI;

— CTIHKICTh JJO HECTIPUSTIMBUX YMHHUKIB 30BHIIIHBOTO cepeoBHIIa (B pa3i 3MIHU
pH cepenoBuia, TeMneparypHOro ONTUMYMY 3pOCTaHHS TOIIO).

[Ticns Toro sIK MITaM MOJIOYHOKHCITHX OakTepii, cTadiJoKOKIB, APLKIDKIB 1 Mille-
JmiaNbHUX TpUOiB BU3HAHUM O€3MEYHUM ISl BUKOPUCTAHHS Y CHPOB’SJICHUX M’ SICHUX
MPOIYKTaX, BUBYAIOTh HOT0 TEXHOJIOTIYHI Ta MpoOioTHyHi BiacTuBocTi. [ Gakrepiid
OCHOBHOIO TEXHOJIOTIYHOIO BJIACTUBICTIO € 31aTHICTh 30pOIXKYBATH BYIJIEBOIU (IIyKOP)
JI0 MOJIOYHOT KHCIJIOTH, BHACIIIOK YOTo Bi0yBa€eThCs (pepMeHTallisi M ACHOI CHPOBUHH.
[Tig iXHBOIO Ji€F0 BUHWKAE PO3UICTIIICHHS OLTKOBUX KOMIIOHEHTIB i3 YTBOPEHHSM IIeTI-
THIB 1 BUTbHUX aMiHOKHCIIOT, Y PE3yJIbTaTi IPOAYKT PO3M’SIKIIYETHCSA JO HEOOXiTHOT
KOHCHUCTEHLIIT 1 JIETKO 3aCBOIOETHCS. 3aCTOCYBaHHSA apOMAaTUYHUX CHONYK crpuse op-
MYBaHHIO XapaKTEepHOTO CMAaKy 1 3amaxy.

BaxmiBoIO BIACTHBICTIO CTAPTOBHX KYIBTYp € AQHTaroHi3M — TIPHIYIICHHS
3pOCTaHHS MiKPOOPIaHi3MiB, IO CIPUYMHIOIOTE IICYBaHHS MPOIYKTY, a TAKOXK HeOaxKa-
HO{ MOJIOYHOKHUCJIOT MiKpO(IIOPH, SKa Pa30M i3 MOJIOYHOKO KHCIIOTOI YTBOPIOE TTOO1IUHI
MPOAYKTH: OLTOBY KHCJIOTY, BYIJICKHCIHH ra3, eTHIOBHI CIHPT TOLIO, IIO IIKOISTH
nporecy ¢pepMeHTaii M’ ICHOT CHPOBHHHU.

J151s1 BIATBOPIOBAHHS KOJIEOPY M’ SICOIIPONYKTIB y CKJIa/li CTAPTOBHUX KYJIBTYpP IIOBHHHI
OyTH neHiTpudiKyrodi OakTepii, mepeBaKHO cTa(iIOKOKH 1 MiKPOKOKH, SKi BiJHOBITIO-
I0Th HITPaTH 1 HITPUTHU A0 OKCHJY a30Ty, pearyroTh 3 MioII00iHOM M’sica, B pe3y/bTari
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4Oro MpOAYKT HaOyBae CTAOUTFHOTO POXKEBO-YEPBOHOTO 3abapBiieHHs. 3HIKeHHS pH
y KHCITUH OiK CIPUATIUBE JUTS MPOIECIB KOJLOPOYTBOPEHHS Ta CTabiIbHOCTI 3a0apB-
TIeHHS Mij] yac 30epiraHHs [4].

OxcHp a30Ty TaKOK Ma€ BHPaXCHUH aHTHOaKTepianbHHUN eekT. BueHnmu mose-
JIEHO, IO OKchJ a30Ty B 125 pasiB edekruBHinie nie Ha Oakrepii poaiB Clostridium
i Listeria, Hi>k cam HITpUT [4]. OCHOBHOIO MIIICHHIO OKCHUAY 30Ty 3a MOTPAIUITHHS
B MiKpOOHY KIITHHY € (hepMEeHTH 1 OiNKM; KIITHHHA CTiHKa Ta MeMOpaHa; 3/aTHICTh
3B’s13yBaTH HE3aMiHHI ITOXXHMBHI PEUOBHHU; TCHSTHYHUH amapar.

CradiloKOKH TakoX CHHTE3yIOTh (PepMEHT Karajasy, SIKHH CHpHse 3amoOiraHHio
OKHCJIOBAJIBHOTO TICYBaHHs M’SICHUX IIPOAYKTIB i/ 4ac 30epiranus.

Ha ocHoBi mtamy-cyneprpoayienta ¢pepMeHTy HiTpuTpeaykrasu Staphylococcus
carnosus LIA-96 Gymna po3po0iieHa TeXHONIOTIs BapeHOi KOBOACH, IO O3BOJISE BUKITFO-
YHUTH 3QJIMIIKOBHAH HITPUT HATPIIO B TPOXYKTi 3aBISIKK HOTO TOBHOMY BiJTHOBJICHHIO [5].

CrapToBi KyNbTypH 34aTHI 3HHXKYBAaTH KUIBKICTh OI0T€HHUX aMiHIB y epMeHTOBa-
HUX M’SICHHUX HpOAyKTax. bioreHHi aMiHu — 11e 610JI0T1YHO aKTHBHI CIIONYKH, SIKi IPH-
CYTHI B )KMBUX OpraHi3Max i BUKOHYIOTh 0arato BayKJIMBHX (QYHKINH. Y M’SICHHX MpPO-
IyKTax OiOTeHHI aMiHM YTBOPIOIOTHCS 32 JOTIOMOTOIO BiJIIEIUICHHS 0-KapOOKCHIBHOI
rpyIH aMiHOKUCIIOT MiJ Ji€r0 MIKpOOHHX JeKapOOoKcuia3, KohepMEHTOM SIKUX € MipH-
Jokcaib-5 docdar. [TpomykTr ekapOOKCHITIOBAHHS MalOTh BUCOKY O10JIOTIYHY aKTHB-
HICTh, 3 IIUM TIOB’si3aHa ixHs Ha3Ba — OioreHH1 aminu. Cepen MPOTETHOTEHHUX aMiHiB,
TOOTO aMiHiB, 10 YTBOPIOIOTHCS 3 aMIHOKHUCIIOT, HEOOX1THO BUOKPEMHUTH ITyTPECIUH,
KaJlaBepuH, TUpaMiH, rictamit. [IyTpeciuH yTBOprOeThCS 3a AeKapOOKCHITIOBaHHS aMi-
HOKHCIIOTH L-OpHITHHY, KaJlaBepHH — 32 IEKapOOKCUITFOBAaHHS aMiHOKUCIOTH L-Ti3uHy.
KanaBepuH, K i MyTpecluH, BIIHOCITH 10 TPYIH NTOMAIHIB, BOHU YTBOPIOIOTHCS aHa-
epo0aMH 1111 Yac po3KJIaJaHHs THAJIOTO M’sica, TPYIIiB; MPOTE OTPYHHICTH IIUX JiaMiHIB
He3HavHa. [3 THpo3HHY 3a 1eKapOOKCHUITIOBAHHS aMiHOKHCIIOT YTBOPIOEThCs L-TupamiH,
a 3 rictuauay — L-ricramin [5; 6].

Uepe3 Te, 110 B OpraHi3mi JIIOAWHHA BeJIMYEe3HA KUIBKICTh O10T€HHUX aMiHiB BiJlirpae
poIb HeifipoMeiaTopiB, HaAMipHE HAIXOMKCHHS X PEYOBHH HETATUBHO MO3HAYAETHCS
Ha 3710poB’1. IIpH 1[bOMY MOXYTh CIIOCTEpIraTHCs HEBpaTii pi3HUX TUIIIB, HyAOTA, [ia-
pesi, MiABUINEHHS BHIICHHS IITYHKOBOTO COKY, TOYAaCTIaHHS CEPIEeONTTS, 3HIKCHHS
JiacTONIYHOTO KPOB’SIHOTO THUCKY, LiepeOpaibHa Jenpecis, NPUTHIYCHHS penpoAyKIIii,
Ba30JIWJIATAllisl, apTepialibHa TIIepTeH31s, PICT MyXJIHMH, JICHKOTaKCHC.

Cepen ycix 6ioreHHUX aMiHIB HaiOUIBII JOCHIPKEHO BIUIMB TiCTaMiHy Ha OpraHi3M
monuHd. HagxomkeHHs B opraHi3M ricraMiny B KitbkocTi 8—40 mr, 40—100 mr i oHax
100 mMr Moxe OyTH IPUYUHOIO CIa0KOTO, CEPEIHBOTO Ta IHTCHCUBHOTO OTPY€EHb, BIATIO-
BiHO. Haxo/mKeHHs B OpraHi3M TUPaMiHy B KUTBKOCTI moHaa 100 Mr cTae MpHYHHOIO
MirpeHi [7].

JIiis akyMyIrtoBaHHS O10TEHHUX aMiHIB Y M’SICHUX TPOIYKTaxX MOTPiOHE BUKOHAHHS
JESIKMX yYMOB, a caMe: IPUCYTHICTh IOIEpPeAHUKIB (TOOTO aMiHOKHCIIOT), a TaKoX
MIKpOOPTaHi3MiB 13 JieKapOOKCHIIa3 aMIHOKHCIIOT, HASIBHICTh CIIPHATIMBUX YMOB IS 1X
pocTy i IPOsIB IeKapOOKCHIa3HOT aKTUBHOCTI.

Bucoke MikpoOHe 4HCIIO, sSIKe BIacTHBE (EPMECHTOBAHHM IIPOAYKTaM, HEMHHYyYE
MPU3BOAUTH JI0 3HAYHOTO HAKOMMUYCHHS 010T€HHHMX aMiHiB, 0COOIMBO TaKWX, SIK THPa-
MiH, 2-(heH1IeTHIIaMiH, TPUIITAMIH, KaJIaBePHH, MyTPECIHH 1 ricTaMin. OHAK MOTPiOHO
3a3HAYUTH, IO KiNBKICTh OIOTEHHMX aMiHIB y MPOMYKTi OJHOTO i TOTO K THUILy MOXE
CWJIBHO Bifpi3HATHCA. 11i BIAMIHHOCTI 3aiekaTh BiJl 0arathoxX (hakTopiB: SKICHO-KiIb-
KiCHOTO CKJIaay MikpoOHOi ¢iopH, (i3HKo-XiMIUHUX ITapaMeTpiB, Tiri€HIYHUX YMOB,
CYIYTHIX TEXHOJOTIYHOMY MPOIIECy, HASIBHOCTI MONEPEIHNKIB O10TeHHUX aMiHIB — BijI-
MOBIJTHUX aMiHOKHUCIIOT [8].
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Hagitb 3a BiICYTHOCTiI OCOOJIMBUX NPOIECYATFHUX HOPM 1 NMOJIOKEHb IIOJ0 HAasB-
HOCTI ITUX CIIOJIYK Y KOoBOacax Ta iHIIWX (PepMEHTOBAHUX MPOAYKTaX OIOTCHHUM ami-
HaM MPHUIUTSIETHCS 0araTo yBaru, 0CoOMBO Yepe3 BEIUKY KiJIbKICTh CITOMKHBAYIB 13 TIi-
BUIICHOI YYTJIMBICTIO O HMX, 110 BU3HAYAETHCS HU3BKOIO aKTHUBHICTIO B OpraHizMi
JIFOJIMHU aMiHOKCHJIa3 — ()EPMEHTIB, 3aJIyUeHHX JI0 AETOKCHUKAIl uX CyOCTaHIiil.

CriepMinuH 1 criepMiH, MEHIIOIO MipOI0 MYTPECHUH — €IUHI aMiHH, SKi HasBHI
B 3HAUYHIN KUIBKOCTI y CBIKOMY M’SCi, III0 BUKOPUCTOBYEThCA JIs1 BUPOOHUIITBA (hep-
MEHTOBaHOI KOBOAacH. BUcoka KOHIICHTpaIlis MyTPECIMHY Ta 1HIINX aMiHIB € aTpuly-
TOM MiKpOOHOTO 3pOCTaHHS 1 3aJISKUTh BiJl CBIXOCTI M’sica. OIIHY 3 KIIOYOBUX POJICH
Yy HaKOIHMYEHHI 010TEHHUX aMiHIB Bilirpae siKiCTh BUXiJHOI M’sICHOI cupoBuHH. OJTHAK
iHOI 3MiHHI, Taki 9k pH, OKKCIIIOBaIbHO-BIAHOBHUH MmoTeHIian, koHeHTpamis NaCl,
KOMITOHEHTH, 1[0 BXOASATH 10 PELENTYPH, a TAKOXK PEKUMH TEXHOJOTTYHOTO MPOLECY
MOXYTh 3HAUHO BIUTUBATH HAa BUHUKHECHHS OIOTCHHUX aMiHIB y KoBOacax. 301IbIIICHHS
BMICTy O10TCHHHX aMiHIB HAIPUKIHII CYIIiHHS KOBOAC i B polieci 30epiraHHs € Hacia-
KOM PO3BUTKY aMiHOIO3UTHBHUX MOJIOYHOKHCIHX OaKTepiil abo 3aJIHIIKOBOI aKTHB-
HOCTI JilekapOOKCcHIIa3 MiKpoopraHi3miB i3 cimeiicTBa Enterobacteriaceae [8].

3a 03piBaHHS CyXUX CHPOB’SUIEHUX KOBOAC O1KOBI 3MiHH € HACIiKOM aKTHBHOCTI
MIKpOOHUX CHIOTeHHHX MpPOTEONTHYHUX (epMmeHTiB. HebinmkoBa azotHa (pakmis
301IBITYETHCS BIPOJOBXK IMPOIecy GpepMeHTallii 1 cymiHHsI KoBOAC Ta BKJIIOYAE BiJIbHI
aminokucioTu. [lixBummena reMneparypa, BUCOKI 3HaueHHsI pH Ta HU3bKa KOHIIEHTpa-
Iisl COJIi MOXYTh MPHCKOPIOBATH aKyMYJSIIIIO aMiHOKHUCIIOT, a, OTXKE, CTHMYJIOBATH
YTBOPEHHS aMiHiB, POTe (aKTOpH, 10 BIIMBAIOTH Ha aKTUBHICTH JAeKapOOKCHIa3HUX
(hepMeHTIB yIponoBXK Ipoliecy (epMeHTanii Ta JO3piBaHHs, MOXYTh OyTH BaJIHBi-
MU, HK HassBHICTH TIOIEPETHHUKIB.

pH — BaromMuii YHHHUWK, KWW BIUTMBA€E Ha aKTUBHICTH JIEKapOOKCHIIA3 aMiHOKHCIIOT.
bakrepianbHi gekapOOKCHIa3d aMiHOKHCIIOT 3a3BHYail MalOTh ONITUMYM il Y KHCIOMY
cepenosuli. Kopemnsiis Mixk yTBOpeHHSIM O10reHHUX aMiHiB Ta 3MeHIIeHHsM pH y koB-
0aci 3aBIsSKM MOJIOYHOKHCIIN (pepMeHTallii € OUEBUAHOIO.

ITinBUIIEHHST KOHIICHTpALii COMi 3HIKY€ MPOAYKyBaHHS OloreHHHX amiHiB. Lleit
BIUIMB MOXKHA TIOSCHUTH 3MCHIIEHHSIM KiJIbKOCTI KIIITHH MIKPOOPTaHi3MIB 3aBIsSKA
BrcOKiil koHneHTpanii NaCl Ta mocTynoBuM pyHHYBaHHSIM MeMOpaH KIITHH, Ha SIKUX
1 JIOKaTi3yIOThCS ieKapOOKchIa3Hi pepmenTH [8].

Temmneparypa 30epiranHs KOBOAC TaKOX BILTMBAE HA YTBOPECHHS O10TCHHHMX aMiHIB:
10 HMWK4Ya BOHA, TO MEHIIE aMiHIB yTBOPIOETHCS, OCKIIBKM HU3BKI TEMIIEpaTypH YIIo-
BIJIBHIOIOTH 3POCTaHHS MIKpOOPTaHi3MiB Ta 3HWXKYIOTh aKTHBHICTH (epMeHTiB. Bmict
OioreHHUX aMiHiB Y )epMEHTOBAHUX M’SICHUX MPOIYKTaX XapaKTePH3YEThCS 3HAYHOIO
MimmBicTI0. KoBOacu 3 MOpiBHAHHUM MIKPOOHHM MpodijieM MOXKYTh BIAPIZHATHCS 32
BMicTOM OioTeHHUX aMiHiB [9—-11].

Biorenni aminu (i3i070TiYHO IHAKTUBYIOTHCS aMiHOKCHIa3aMu — (hepMeHTaMH,
BUSIBIICHUMH Y KJIITHHaxX OakTepii, rpuOiB i TBapuH, 3J1aTHUMHU KaTaji3yBaTH OKHCHE
J€3aMiHyBaHHA aMmiHiB (TOOTO BimmensieHHs aminorpynu NH,) 3 yTBOpeHHAM anibje-
TiJIiB, IEPEKUCY BOIHIO Ta aMOHiI0. Y 3B’A3Ky 3 IIUM OyJM CENEKI[iOHOBaHi CTapTOBI
KYJIBTYpH 3 aMiHOKCHIa3HOIO aKTUBHICTIO.

CrapToBi KyJIBTYpH BUKOPHCTOBYIOTHCS Y BUPOOHHMIITBI HE JIHINE CUPHUX (hepMEH-
TOBaHHX KOBOAC, a i JeNlikaTeCHUX MPOAYKTIB: CHPOB’SUIEHHX, KOITICHO-BAPEHHX, KOTI-
4yeHo-3ame4eHuX. bakTepianbpHi mpenapard AOJAl0Th Y po3cin Oe3nocepesHbo Hepen
1H’€KII€I0 Ta PETEIbHO MepeMimlytoTh. Ilicis mpoBeaeHHs iH €K1l Ta HOBHOTO IUKITY
MacyBaHHs M SICHY CHPOBHHY HAIIPABISIOTH Ha I03PiBaHHS BIPOAOBXK 48—96 roauH.
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J10 OCHOBHHX TEXHOJIOTiYHHUX BIACTUBOCTEH CTApPTOBHUX KYJIBTYP MOXKHA BiJIHECTH:
30pOKYBaHHS BYIJICBOJIIB 13 YTBOPEHHIM MOJIOYHOT KUCIIOTH, CKOPOYCHHS Yacy JA03pi-
BaHHSI, 301IbLIIEHHS] BUXOAY TOTOBOTO MPOAYKTY Ta IMONOBXKEHHS TepMiHIB 30epiraHHs,
JeHiTpu(iKaIliro, conecTiikicTb. Takok cepes TEXHONOTIYHNX BIACTUBOCTEH BHOKPEM-
JIIOIOTh aHTArOHICTHYHY aKTHBHICTB JIO CaHITApHO-TIOKa30BO1 MiKpO(UIOpH, CHHTE3 OaK-
TEpiOLUHIB Ta aHTUO10TUKOTIOAIOHUX CIIOTYK (KOHCEPBAHTIB MiKpOOHOTO MOXOIKEHHS ),
JIIONi3, MPOTEOTi3 i YTBOPEHHS! CMAaKOAPOMAaTHYHUX CIIONYK, aHTHOKCUAAHTHY aKTHB-
HICTh (3aBISKH BUIIJICHHIO KIITHHAMH TakuX (PEPMEHTIB, SIK KaTajiaza, MepoKCHIa3a
Ta CYNEpOKCHUAIUCMYTa3a, HEOOXITHUX JUId YCYHEHHS TOKCHUYHOTO €(eKTy KHCHIO),
3HIKEHHSI BMICTy O10T€HHHX aMiHiB.

Jlo mpo0OiOTHYHUX BIACTUBOCTEW (a B IIbOMY BHIAJKy CTapTOBI KyJIBTYpH Ta 30a-
rayeHi HUMU MPOAYKTH € MPOCTHUMHU MPOOIOTUKAMH) BIIHOCITH CTIMKICTh JO KUCIOT
1 IIJT[yHKOBOTO COKY JIFOAMHU, a TAaKOX JO JKOBYI, are3if0 Ha CmiTelNii Ta IPIKUBICHHS
y TPaBHOMY TPAaKTI JIFOAWHHU, IMyHHY CTUMYJISIIIO, aHTATOHICTHYHY aKTHBHICTB IIIOIO
MaTOreHHUX MIKPOOPTaHi3MiB, aHTUMYTAreHH1 BIaCTUBOCTI.

SIkicTe OakmpenapaTiB BU3HAYAETHCS BMICTOM JKHUTTE3NATHUX KIITHH CTAapTOBUX
KYJBTYp, iIXHBOIO CTIHKICTIO JIO BIUIUBY HECIPHATIMBHX (DAaKTOPIB 30BHINIHHOTO Cepe-
JIOBHIIA, JOTPUMaHHIM YMOB 1 crtoco0iB ix ynakyBaHHs (6axkaHo, 1100 BoHHU Oynu yma-
KOBaHi il BaKyyMoM abo B iHepTHiil ra3oBiif armocdepi) Ta 30epiranHs (3a HU3BKUX
TeMIiepaTyp). ICTOTHO BIUIMBAIOTH HA SIKICTh CKJIAJ TOKUBHHX CEPENOBHIN, Ha SKHX
BOHU BUPOIIEHI, Ta NMPaBUIbHO MiJiOpaHi 3aXMCHI CepeOBHUINA, L0 3a0€3MeuyIOTh
BIDKHMBAHHS KIIITHH y IIpenaparax yrpoIoBX TPUBAJIOTO Jacy.

KinpKicTs )uTTE3MATHUX KIiTHH MOXe mocsratd 10'°—10'2 KYO/r. Cepen 0CHOBHHX
KOMITaHi#, IO MPOIOHYIOTh CTApTOBI KYJIBTYpU Ha PUHKY, MOXKHa Ha3BaTh Taki: BK
Giulini Chemie, Gewurzmuller, Danisco, Moguntia Interrus (Himeuunna), Chr. Hansen
(Manisn), Rhodia Texel (®panmis), Wiberg (Asctpis), Microlife Technics (CIHIA),
Bactoferm (Pociiicbka @enepartis). 3anexHo BiJ CKJIagy MIKpOOpPraHi3MiB, KUIBKOCTI
MIKpOOHUX KIIITHH, a TAKOX Bi/l HASIBHOCTI IPOTEKTOPHUX cepenosui Ha 100 kr dapury
HeoOxiaHo Bix 20 mo 100 r GakrepianbHOTO Mpenapary. bakrepianbHi mpemapary, 1o
BHKOPUCTOBYIOTBCA Y M’SICHIM TTPOMHCIIOBOCTI, MICTSTb y co0i cTapToBi KyIbTypHu
MIKpOOPTaHi3MiB, SKi Ial0Th CTapT npouecy (bepMeHTaun M’SICHOT CHPOBHHU.

Ckyan M1Kp0(1)n0p1/1 3aJICKUThH BiJl CHPOBHHH, YMOB 1 PEKHUMY MOCONY. 3 IUIMHOM
gacy B PO3COJI 3pOCTAE YaCTKa MOJIOYHOKUCIUX OaKTepiil, a cepes MOJIOUHOKHCIUX —
KIJIBKICTh IITaMiB, aJallTOBAHUX A0 yMOB Iocoiy. [lommpeni Ha ChOTOAHI CTapTOBI
KyJBTYpH MICTSTh IEPEBAKHO TaKi BUAH KYJIBTYp Mikpooprani3mie: Lactobacillus plan-
tarum, Lactobacillus fermenti, Lactococcuslactis, Bifidobacterium, Pediococcus, Micro-
coccus Ta Streptococcus lactis, Staphylococcus carnosus, Propionibacterium Torro.

Jns yTBOpeHHsS Ta 30epekeHHS KOMbOpY HAHOUIBII BaXKIHMBI INTaMH POLY
Micrococaceae — BOHM MarOTh 34aTHICTh PO3IICTIIIOBATH HITpaT (200 HITPUT, OKHUCIE-
HUH JIO HITpaTy), U0 CIPHUSE KOIbOPOYTBOPSHHIO, BIUTMBAIOTh HA YTBOPEHHS KaTalla3u
abo ncepnokaranasy, sika posmernmoe H O, 1 B Takuii crioci6 3ano6iraroTh 30,1 IHEHHIO
CUPOB’sJIEHOT KOBOACH.

Jns yTBOpeHHS cMaky Ta apoMaTy HalJacTillle BUKOPHCTOBYIOTh LITAMHU DPOIY
Lactobacillus, Pediococcus, Micrococcus, Staphylococcus. Okpemi mramu KoMOiHy-
I0ThCS TaK, I[00 3a0€3MeYNTH BCI TPH OCHOBHI MPOIIECH IiJT 9ac JO3PiBaHHS CHPOB’siIe-
HHX KOoBOAac .

B pesysprari ByniieBomgHOTo 00MiHY MIKpPOOPTaHi3MiB YTBOPIOIOTHCS MPOIYKTH, SKi
BiJIrpaloTh BaXJIMBY POJIb Y (POPMYBaHHI apoMary. Y TBOPEHI Pa3oM i3 MOJIOYHOIO KHC-
JIOTOIO MiPOBHHOTPAJIHA, OI[TOBA KUCIIOTH, ETHJIOBHHA CITUPT, AllCTOH Ta iHII PeYOBUHH
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HAJIal0Th CUPOBHUHI, a 3T0JIOM 1 M’SICONPONYKTYy CMaK Ta apoMar, sIKHi JOBro 30epira-
€Tbesl. BaxumBa pons y (OpMyBaHHI apoMaTy HaJEKHTh HMPOAYKTaM PO3IICIUICHHS
JKUPIB: BUTBHUM JKUPHUM KHCJIOTaM i KapOOHUIBHUM CIIOTyKaM. 3MiOHICTh MPOIYKY-
BaTH Jlinasw, 1o 6epyTh y4acTh B I[bOMY Iporieci, MaroTs OakTepii Lactobacillus [6].

Staphylococcus, siki y CTapTOBUX KyJIBTypax YTBOPIOIOTH (PEpMEHT Karaiasy, 1o
PO3KIIala€ IEPOKCH] BOJHIO, KOTPUH BUHUKAE B PE3YIbTATi )KUTTEAIAIBHOCTI TE€TEPO-
(hepMEHTAaTUBHUX IITaMiB MOJOYHOKHCINX OaKTepil, 3HIKYIOTh PU3HUK 3HEOAPBICHHS
Ta 3TiPKHEHHS M’ SICOMPOIYKTIB.

Y M’ACHI# IPOMHUCIIOBOCTI TaKOX LIMPOKO BUKOPUCTOBYIOTH OakTepii Pediococcus
cerevisiae. 3HrxeHHs pH mix yac BUpoOHUITBA CHPOB’SIICHUX BHUIIB KOBOACHUX BUPO-
0iB J103BOJISIE IPUCKOPUTH TIporiec IXHboro no3piBanus. [lItam Pediococcus cerevisiae
BUKOPUCTOBY€ETBCS B M SICHIM IPOMHUCIIOBOCTI SIK 3aKBacka Ta apoOMaToTBipHA 100aBKa.
3a IOmOMOro0 IITaMy MOXKHA PEryJIioBaTH IOKasHWK pH uepe3 mo3yBaHHS BYIVIEBO-
IiB, @ TAKOXK TPHBAJICTh 3TOPTAHHS Ta KUTBKICTh JIETKUX KUCITOT. JlomaBaHHS IyKPY A€
3MOTY 3aKBaclli YTBOPIOBATH MOJIOYHY KHUCJIOTY 1 HajJla€ M’SICHUM BUpoOaM crienudiv-
HUH, BIACTUBUHN IM apomar. 3aCTOCYBaHHS 3a3HAYEHOI KYJIbTYPH CKOPOUYE TEXHOJIO-
TIYHUN MpoIeC BUTOTOBJICHHS KOBOAcH 10 48 TOMUH, TOMI K 3a3BUYal 11 10 CYIIIHHS
BUTPUMYIOTH 3a Temneparypu 7—10° C ynpoxox 3—7 qHiB, a TOTiM cyluaTh 3a 27—44°
C ymponosx 2-3 aHiB [8].

BBemeHHst y M SICHY CHPOBHHY IIPH IOCOJI M’sICa 3aKBACKH IIPOITIOHOBOKHCIINX Oak-
Tepiit, HanpuKiag Ha ocHOBI Propionibacterium shermanii, icToTHO mokpaiye cTpyk-
TypHO-MEXaHiuHi BIACTHBOCTI MPOMYKTY, 3a0e3leuye 3MEHIICHHs BTpaT 3a TEIUIOBOI
00poOKH, MiABHUIIYE BOJIOT03B’I3yBaJbHY 30AaTHICTh, IO MO3UTUBHO ITO3HAYAETHCS HA
SIKOCT1 TOTOBOTO MPOAYKTY. IIpomioHOBa KMCIIOTA, a TAKOX iHIIT METabONITH Mpomi-
OHOBOKHCITUX OakTepidd, MO HAKOIMUYYIOThCS B pa3i BUKOPUCTAHHS HUMH JIAKTATIB —
MPOIYKTIB JKUTTENISUTEHOCTI MOJIOYHOKHCIHX OaKTepid, 3a0e3MeUy0Th TOCTPHIA CMaK
Ta apoMmar CHpiB, a TaKOK KOHCEPBALI0 MPOAYKTY. 3aBISKH 3[aTHOCTI JO CHHTE3Y
BiTamiHy B, npormioHoBOKHCI OakTepii 3HAHIUIM 3aCTOCYBaHHs B MIKPOOiOJIOTiuHiH
ramysi K IpOAYIEHTH I[bOT0 HAHBasKIMBIIIOTO IS 300POB’ S IIOMMHA Ta TBAPHH 1 TyKe
nedinuTHOro BitaMiny. [IponionoBokuci 6akrepii MiABUILYIOTh IMyHHHI cTaTyc opra-
Hi3My JIIOIMHH, a TAKOXX HOTO aHTHUCTPECOBI Ta aHTUMYTAareHHi BIACTUBOCTI, 3aBASKU
YoMy TIOps 13 JIakToOarpIaMu Ta 0iigo0akTepissMH B OCTaHHI POKH YCIIIIITHO BHKO-
PHUCTOBYIOThCS B TPOOIOTHUHUX (hapMaKoIlleHHHUX Mpenaparax.

MomnouHokuci 6akTepil € 610J0TTYHOI0 OCHOBOIO (DOPMYBaHHSI KOBOACH SIK Xapyo-
BOTO IPOIYKTY, HAHBaXITUBIIIUM (PaKTOPOM, IO KOHCEPBYE. 3a TOMOMOTOI0 MOJIOU-
HOKHCITUX OakTepiil BinOyBatoTbCs 010XiMiUHI NEpETBOPEHHS OCHOBHUX KOMIIOHEHTIB
M’sica 3 YTBOPEHHSM CIONYK, 1[0 3yMOBIIOIOTh CMaK Ta apoMar, KOHCHCTEHIII0; 3MiHa
(hi3MKO-XIMIYHUX TIapaMeTpiB M’SICHOTO (apIiry MOXKe MPHU3BECTH JIO0 PO3BHTKY MIKpO-
0iB, 37JaTHUX BUKIIMKATH [ICYBaHHS M’sCa; TP/ IIYIOTh PO3BUTOK LIKIJJIMBOI Ta MaTo-
TeHHO{ MleO(I)J‘IOpI/I 3aBJIAKH YTBOPEHHIO p13H1/1x PEUYOBHH 3 aHTI/IMleO6HOIO bisla ) [8]

Pa3oMm 13 BUKOpUCTaHHIM M1Kp00praH13MlB IO MalOTh ITO3UTUBHI TEXHOJIOTIUHI
BJIACTUBOCTI, 0COOJIMBO aKTyaJIbHUM € JOCTIJKEHHS MOXJIIUBOCTI BBEJCHHS 10 CKIIaTy
OakTepiaJIbHUX TMPEenapaTiB ITaMiB, sIKi BA3HAYAOTh 37J0POBUN O10IICHO3 B OpraHizMi
monuHU. BioneHo3 crumyimioe mporecu pepMeHTartii B MLTYHKOBO-KHIITKOBOMY TpPaKTi,
piBEHb 3aCBOIOBAHOCTI MOKUBHUX pedoBUH. Hapa3i Hail0inbll IEpCIEKTUBHUM € CTBO-
peHHS OakTepiaJbHUX TIpenapaTiB i3 BUKOPHUCTAHHSIM IIPEACTaBHUKIB HOPMAaJIbHOI
Mikpodiopu Jronuaum [12].

CrapToBi KyIbTypH MiJ 4Yac BHUPOOHHUIITBA M’SICHUX HPOAYKTIB BHKOPHCTOBY-
I0TbCS A1 (PepPMEHTATHBHOTO ITIEPETBOPCHHS CTPYKTYpH CHPOBHHH, (popMyBaHHS
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cnenudivHOrO apomary, cradinpHOTO 3a0apBieHHs. BipHuit BUOip KymbTyp 13 3aCTOCy-
BaHHSM K KJIACHYHUX, TaK 1 CIEMiaJbHIX METOJIIB CEJICKIIil 1a€ 3MOTy JOCITTH Oaxa-
HUX 1 3aIJIAaHOBAaHUX PE3YJIbTATIB.

BupoOGHMIITBO Xap4OBUX M’SICHUX MPOAYKTIB, IO YTPUMYIOTh CTa0iNbHI IMOKa3-
HUKH SIKOCTI B TIpolleci 30epiraHHs, — OJIHE 3 HAWBAXKJIHMBINIMX 3aBJaHb Xap4dOBOi
MPOMUCIIOBOCTI. [HTEHCHUBHE PO3IIMPEHHS ACOPTHUMEHTY HPOAYKTIB MPHU3BENIO OO
BUKOPHCTAHHS B TEXHOJOTil Xap4oBHX 100aBOK. 11 MOKpamieHHS peororivHuX
XapaKTePUCTUK 1 30UTBIICHHS TEPMiHY MPUIATHOCTI 3aCTOCOBYIOTH CTa0LIi3aToOpH,
KOHCEPBAHTHU Ta aHTHOKCHJIAHTH PI3HOTO MOXOmKeHHs. OIHAK JOTenep He BUPIICHI
BCi acreKTH 0100€3MeKH, 0 BUHUKAIOTH ITiJ1 YaC BUKOPUCTAHHS Y BUPOOHHUIITBI MPO-
JYKTIB XapuyBaHHS XapuoBUX T0OABOK.

3abe3neueHHs SKICHUX XapaKTepUCTHK Ta 301IbILIEHHS] TEPMiHiB 36epiraHHs[ po-
JZ[YKTIB XapayBaHHs € OHUM i3 OCHOBHHX HaIpsIMiB Xap4oBoi npomucioBocti. Hapasi
y M’SICHif IPOMHCIIOBOCTI BHKOPHCTOBY€TBCS YHMAIIO p13HI/IX CHHTETHYHUX apOMaTH-
3aToOpiB, OAPBHUKIB, KOHCEPBAHTIB JJIs MMOJIOBKEHHS TEPMiHIB 30€piraHHs TOTOBOI IPO-
IyKIii, 0 3arpoXXye 300poB 10 criokuBaviB. OmHAK € 1 mpHpoaHi J0OaBKH, SKi CIIpuUs-
I0Th HE JIvIe 301IbIIEHHIO TePMIiHIB 30epiraHHs, a i JOIoMararTh MOKPAIIUTH JSIKi
OpraHOJNENTHYHI Ta (PyHKIIOHATBHO-TEXHOJIOTIUHI BIACTUBOCTI MPOAYKTiB. Jl0 Takux
J00aBOK HaJEXaTh CTAPTOBI KYJIBTYPH.

BioTeXHONOTIYHI 0COOIMBOCTI TpoleCy BUPOOHHUIITBA (EPMEHTOBAHHX M’SCO-
IPOIYKTIB, TAKUX SIK CUPOB’sUIEHI KOBOACH, a TaKOX BIJICYTHICTb CTalii TepMiuHO]
00poOKM BUMarae IiJBUIICHOI YBaru 0 JOTPUMAHHS CaHITAPHO-TITi€HIYHUX Ta TEX-
HOJIOTIYHUX YMOB iXHBOTO BHUPOOHHWITBA. be3meka (epMEeHTOBAHHX M’SICOMPOIYK-
TiB 00yMOBJICHa YCYHEHHSIM HU3KH PHU3UKIB Ol0JIOTIYHOTO IOXOJKEHHS, HacaMIle-
pen MmikpoOionoriuaoro xapakrepy. OJIHUM 13 MEPCIEKTUBHUX HAIPAMIB pO3pOOKH
0ap’epHHUX TEXHOJIOTIH € BUKOPHCTAHHS Y BUPOOHUITBI (PepMEHTOBAHUX M’SICOIPO-
IYKTiB CTapTOBUX KYJIBTYp, a TaKOX OI10JOTiYHO AKTHBHUX PEYOBHUH, IO MPOIYKY-
FOTHCSI HUMH BHACJIIOK XUTTENISIIIBHOCTI.

AHTaroHiCTUYHI BIACTHBOCTI MIiKPOOPTaHI3MIB MOXYTh OyTH 3yMOBICHI Pi3HUMH
MeXaHi3MaMH:

— BUCOKOIO IHTEHCHBHICTIO PO3MHOXCHHS;

— 371aTHICTIO pi3ko 3MiHIoBaTH pH cepenoBuia;

— BUJIUVICHHSIM TOKCHYHUX MPOAYKTIB METa00i3MYy;

— CHHTE30M IMPOTEOITUIHHX ()EPMEHTIB;

— YTBOPEHHSIM aHTUOIOTUYHUX PEIOBHH TOIIIO.

Kynsrypa Lmb. casei 3a BBeZCHHS 10 MOJCIBHO-(DAPIIOBUX CUCTEM BUSIBIISIE BUCO-
KHi 1HTiIOyI0unit edekt ctocoBHO Staph. aureus ta Pr. vulgaris. Bukopucranss Kyib-
Typu Lmb. casei sk cTapTOBOI 3aKBaCKH J103BOJISIE TapaHTyBaTH Oe3neKy (epMeHTOBa-
HUX M SICONPOIYKTIB IIIOI0 PO3BUTKY MiKpoOioiIoTidHNX pHu3HKiB [13].

Kpim Toro, mociiHUKaMH BCTaHOBJICHO, IO PiBEHb HITPHTIB, SIKi JOAAFOTHCS IO
koBOacHoro (apury 3 Meroro nmpuayeHHs pocty Clostridhim botulinum, MmokHa 3MeH-
IIWTH 3aBISKU BBEICHHIO MOJIOYHOKHUCIHNX OakTepiil. BogHowac GakTepiaibHi KyasTypH
BUSBJISIIOTh W aHTArOHICTUYHY JIit0 B M’SICHUX MPOIYKTaX MIOJ0 TAKHX MIKPOOPIaHi3-
MiB, sik Salmonella, Clostridhim botulinum, Staphilococcus aureus.

Leuconostoc lactis — MikpoopraHi3mu, 10 3/1aTHI BUPOOIATH OaKTEePiOUHH (CTICIH-
(biuHi OUTKH, SKI MPUTHIYYIOTH KATTEMISIIBHICTD KIITHH IEAKAX BUAIB OakTepiid). Tak,
TPOIYKTH, 10 CKJIaAy SKUX BXOAUTH Leuconostos lactis, MarOTh MIMPOKHIA CIIEKTp aHTH-
OakTepianbHOi aKTHBHOCTI, MOKJIMBICTh IIPUAYIIYBAaTH 3pPOCTAHHS TA PO3BUTOK JESKUX
BHJIB MiKpoOiB [14].
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OcTaHHIMH pOKaMH 32 KOPJIOHOM yBary akICHTYIOTh Ha HOBUX CTapTOBUX KYJIBTY-
pax, 110 CHHTE3YIOTh €K30TI0JIiCaXapu/H, SIKi € He TUIBKY HaTyPaJIbHOIO AIETEPHATHBOIO
Xap4YoBUM JJ00ABKaM, IO MOKPAIIYIOTh PEOJIOTIYHI TOKa3HUKH MPOIYKTiB, a i BUCTY-
MaroTh y poiii (akTopis, AKi CIPUSIOTH aaAre3ii KOPUCHUX MIKPOOpPTaHi3MiB Ha CTIHKaX
kuiKiBHuKa. OcoOnuBuii intepec 10 EIIC-akTHBHUX KyIbTyp NpOOiOTHYHHUX MIKPOOP-
TaHi3MiB 3yMOBJICHUI THM, 110 HA MIDXKHAPOAHOMY PiBHI MOJIOUHOKHUCIHM Ta Oidinobax-
Tepisim HanaHo cratyc 6e3nekn GRAS (Generally recognized as safe), mo miareepmkye
MOXUIHBICTh 3acTocyBaHHs EITC-TpoayKyro4rx MTaMiB IUX MIKpOOPTaHi3MiB y BUPOO-
HUITBI O€3MEUYHUX MPOMYKTIB XapuyBaHHS.

OxcHp a30Ty TaKOK Ma€ BHPaXCHUH aHTHOaKTepiambHHUN eekT. BueHnmu mose-
JIEHO, 0 OKcUJ a30Ty B 125 pa3iB edekruBHime aie Ha Oakrepii poaiB Clostridium
ta Listeria, Hix caMm HITpUT. OCHOBHOIO MIIICHHIO OKCHUAY 30Ty 3a MOTPAIUISHHS
B MIKpoOHY KIITHHY € (hepMEeHTH 1 OLNKM; KIITHMHHA CTiHKa Ta MeMOpaHa; 3/aTHICTh
3B’sI3yBaTH HE3aMiHHI TIO)KMBHI PEYOBUHM; TeHETHUYHHH amapar. CTadiIoOKOKH TaKOX
CHHTE3YIOTh (PepMEHT Karanasy, sSIKHi 3a1o0irac OKACIIOBATEHOMY TICYBaHHIO M’ SICHUX
MPOIYKTIB ITiJ] 4yac 30epiranHs.

V BITUM3HSHOMY BUPOOHHMUTBI BiTaMiHy B , B SIKOCTI NPOJYUEHTa 3aCTOCOBYHOTh
Propionibacterium freudenreichii var. Shermanii. Hanpuknaa, y po6oti [13] 3anpormo-
HOBAHO CTOCi0 MiKpOOi0IOTIYHOTO CUHTESY BiTaMiHy B, ) 3a jonomMoru mramy 6akrepii
Propionibacterium shermanii B-4891, mo n103Bosisie gocsraTi KOHIIEHTpAIlii BiTaMiHy
B, y KyabTypanbHii piguni 10 40 MKI/MIL

Biramin B, — cki1ajHa HenosiMepHa CIoIyKa, M0 MICTHTh MiKPOEJIEMEHT KOOAIbT,
BXIIUBUHN ISl KUTTEASUIBHOCTI OpraHisMy JronuHu. Hapasi medinuT BiTaMiny B12
3yMOBJICHUH 3pPOCTaHHSIM CIHOKMBAaHHS MPOIYKTIB, MO MiJAAIOTbCA TEXHOJOTIHHIN
00po0ui, BkuBaHHAM pactdymy. JledinuT BiTaminis rpynu B , Moxke BUHMKHYTH B pasi
PO3BHTKY Mapa3sUTAPHOTO 3aXBOPIOBAHHS, Ha (OHI MPOOJIEM 13 MepeKUBAHHIM, PO3JIa-
IiB TPABJIEHHS, TIMOAIMIHOTO Ta aTpO(IYHOTO TaCTPUTIB. B, CHHTE3y€ThCSA BUKIIFOUYHO
MIKpOoOpraHi3MaMu: OaKTepisIMH, aKTHHOMILIETAMU Ta CHHBO-3EJICHIMH BOIOPOCTSIMH,
TOMY Ma€ HaJXOAUTH B OPraHi3M i3 HKero.

3aBasSKM 3AaTHOCTI CHHTE3YyBATH HAWBAXIUBIIIMNA JJIS1 KUTTETISUIBHOCTI JIOMUHH
BiTamin B, mpomioHoBOKKCII GakTepii NMPOKO 3aCTOCOBYIOTHCS B MIKPOOiOIOTiUHOT
rajysi sk MpOXyLEeHT 1boro BiTaMiHy. [IpomioHoBokucHi OakTepii MiABHINYIOTH iMyH-
HUH CTaTyC OpraHi3My, a TAaKOXX aHTHCTPECOBI Ta aHTUMYTareHH1 BIaCTUBOCTI; 3aBISKA
IOMY Pa3oM i3 JlakToOammaamMu Ta 0idimo0akTepisMi BUKOPUCTOBYIOTECS K MPOOio-
TUYHI IIpenapati. 3a MOp(hOJIOTiEr0 HaleKaTh O NAIWYKONOAI0HUX.

binpmricTs MponioHOBOKUCIUX OakTepiil He po3BUBaeThCs 3a pH cepenoBuIna HibKUEe
5,0-4,5. Bonu — daxynsraTuBHI aHaepoOH, MOXKYTh EPEHOCHUTH JIMIIIE HU3BKUH HapIli-
OHAIILHUI THUCK KHCHIO0. ONTHMalbHa TeMIeparypa ix po3sButky — 30-35° C, Biamupa-
10Th 3a Temnepatrypu 60—70° C. [IpomioHOBOKUCII GakTepii Ha TBEPIUX CEPEIOBHIAX
3a IOCTYIy NOBITPSI HE 3DOCTAIOTh, 4JDKE HE BATPUMYIOTH HasiBHOCTI arMocdeproro O,
3[aTHI POCTH B aHaepOOHUX yMOBaX 1 pereHepyBaTy 3aBAsKH eHeprii OpoaiHHs. [x BBa-
»KaJii OpraHi3Mamu, o 00JIIraTHO 3MIHCHIOIOTH OpoiHHs [14].

B yMoBax cyuacHHX BUMOT pUHKY Ta KOHKYPEHTHOI O0pOTHOH 32 CIIOKUBYMH MTOTIAT
Ba)XXITMBUM 3aBJaHHSM € 3a0€3MEUUTH Kpally 37aTHICTh 10 30epeKeHHs TOTOBOTO TIPO-
IYKTY.

3acTocyBaHHS CTapTOBHX KYJIBTYp Yy BHPOOHHUIITBI M’SICHUX MPOLYKTIB A€ 3MOTY
HE JIMIIe CKOPOYYBaTH 4ac TEXHOJOTIYHOIO MPOIECY, a i rapaHTye MiKpoOioJoTiyHy
6e3meKy roToBoi MPOIYKIIi.
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Ockinbku y BUPOOHHYNX YMOBax (PepMEHTOBAHMX M’SICHHX BHPOOiB Oe3mexa mpo-
JYKIT1 3aJIe)KUTh BiJl aKTUBHOCTI MOJIOYHOKHCIIMX MIKPOOPTaHi3MiB Ta CTOPOHHBOI
MIiKpO(IOpH, BapTO JOCIIAUTH BILUIMB CTAPTOBUX KYJIBTYP MOJOYHOKHCIUX OakTepii
Ha PO3BUTOK IITaMiB CaHITAPHO-TIOKA30BUX MIKPOOPTaHi3MiB y M’sSICHiil CHpOBHHI.

HacamkiHenb CITiJi HAarOJIOCHTH, 110 PE3YJIBTaTH, OJepKaHi BUCHUMH, BiIIKPHUBAIOTh
IIMPOKI MEPCIIEKTUBY IS MOLIYKY HOBUX IITaMiB IPOOIOTHYHUX MIKPOOPTaHi3MiB, SIKi
CHHTE3YIOTh IiHHI 010JIOT1YHO aKTHBHI PEYOBHMHH, 3 METOIO MOAANBIIOI peamizarii ix
VHIKaJIBHOTO MeTaboIi3My B 610TeXHOJIOTIi. Takox 0OIpyHTOBAaHO MOAANbBIIE TEPCICK-
TUBHE iX 3aCTOCYBaHHS y CTBOPEHHI Xap4OBUX TEXHOJOI1H i3 HU3bKUM BMIiCTOM XOJIeC-
TEpUHY 3 M SCHOI cupoBuHH [13].

TakuM 9rHOM, OaKTepialibHI 3aKBACKU € HAWBAXUIUBIIINM (haKTOpOM (OpPMYBaHHS
AKOCTI M’sicHUX BUpoOiB. [IpaBuibHO mimiOpaHi KylnbTYypH B 3aKBaclli CHOpPHUSIOTH HE
TINBKH (OPMYBAHHIO IPHEMHOTO CMAaKy Ta apoMary HpOIyKTy, cTadimizarii 3abaps-
JICHHS, a W MPUIYIICHHIO KUTTENISUTBHOCTI THIIBHUX Ta CaHITApHO-TIOKa30BUX Oax-
Tepii. KpiM Toro, BCTaHOBNIEHO, IO NEAKi MIKPOOPTraHi3MH MarOTh MPOTEOTITHYHY
AKTHBHICTH, BHYTPIIIHBOKIIITHHHI (DEPMEHTH SKHX 37aTHI PO3IICIUIIOBATH OiIKH M’sica,
MOKPAIYIOUHN Y TaKhii CII0Ci0 CTPYKTYPHI XapaKTEPUCTHKH TOTOBOTO IMTPOMYKTY. A IesKi
CTapTOB1 KYJIBTypH MOXKYTb BUCTYIIATH B POJIi aHTUOKCUIAHTIB, IEPEIIKOAXKAIOIHN OKUC-
JICHHIO JKUPY B KOBOACHHX BHpOOax.

3 oniAy Ha BHIIEBUKIIAJCHE OAANBIIE JOCTIHKEHHS CIIPSIMOBaHE Ha MOMIYK Hay-
KOBO-OOIPYHTOBAHOTO Mifi0OPY CTapTOBUX KyJBTYp IS BI/IpO6HI/IIITBa CHPOB "SUTEHUX
KOBOAC, 3JaTHHUX HE JIHIIC 3a6esnequaTI/I BHUCOKY SIKICTh IIPOAYKTIB, ayie i 36araquaTH
Hp0610TI/I‘{HI/IMI/I MIKpOOpraHi3MaMH, a TAaKOXK e(heKTHBHO MPUIYITYBATH CaHITAPHO-TIO-
Ka30By Mikpogiopy.
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Y ecmammi nagedeno npunyunu enepeoegpexmusrnoi gooonodaui nacocnux cmanyiti Kaxos-
CbKOI 3pouty6anvHoi cucmemu. Busnaueno npobnemu, ski nompebyoms HegiOKIAOH020 PO38 s-
3aHHA 3 02170y HA AHANI3 AimepamypHux Odcepen. Po3kpumo cnocobu pezynto8anus nooadi
HACOCHUX ycmano8oK. Hasasui cnocodu pezynto8anns CHpamMo8ani na UpiuleHHs mMexHono2iy-
HUX 3a60aHb [ NPAKMUYHO He 6PAX0EYIOMb eHepemuyHi acnekmu mpaHCHOPMY6anHs GOOU.
Iodano nopsadok nepepaxyHKy 3a 3aKOHAMU 2eOMEMPUYHOL ma 2i0poouUHamiuHoi nodibHocmel.
Poskpumo ocnoeHi 3anesxcHocmi, SKi Xapaxmepuzyoms eHepeemuKy HAcocig, a came: Nomyic-
HICMb, CHOJICUBAHY HACOCOM, 3MIHY OCHOGHUX NAPAMEMpI6 pobOmu HACOCHO2O0 azpecama 3d
3MIHU WEUOKOCTI 00epmaHHs pobo4020 Koleca HAcoca;, NOMYAICHICMb, CHONCUBAHY NPUBOOOM
0suzyHa. J{isi MOYHUX PO3PAXYHKIE 3aNPONOHOBAHO OMPUMAMU GUXIOHI OAHI: NACNOPMHI OaHi
Hacoca i 1020 npueooHo20 d8ucyHa. Bucnoeneno nponosuyiio ooepicamu pe3yiomamu 6UMIpié
3a NOBHICMIO 3AKPUMOI HANIPHOI 3ACY6KU, a MAKOHC pe3yIbmamu UMIpie 3a i0Kpumoi Hanip-
Hoi 3acysku. Hagedeno epaghiuny xapakmepucmuxy CHONCUBAHOL ROMYICHOCTIT 3a PI3HUX 3ACO-
6i6 pe2yniosanHs weuokocmi obepmanns éana nacoca. Ilooano 0obosuil epaghix eumpam 600u
3a pe3ynemamamu 6UMIpie. 3anponoHo6ano po3paxyHoK GelUdUHU eKoHoMiuno2o egpexmy. Leii
PO3DAXYHOK 3ACHOBAHUN HA GUIHAYEHHT PI3HUYT MIdIC BETUUUHAMU GUKOPUCTHANHS eleKmpPOeHep-
2ii 3a pe2ymosants MUcKy Hacoca yepes Opoceniogants HaAnipHOI 3ACY8KOI0 I 30 Pecynio8anHs
3a donomoeoro YPII. Hagederno 000amko6i no3UmMueHi MOMeHmMU ni0 4ac nputiHAmMms pilleHHs.
000 6NPOBAOIICEHH YACMOMHO20 pe2yNiogants npusoda. Poskpumo ooyinvhicms Guxopu-
cmanna YPII. Busnaueno, 3a 00nomMo20i0 AKUX YUHHUKIE 3MIHUMbCS egpekm nid 4ac yCmaHo8Ku
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nepemeopiosayie yacmomu. B sxocmi npuxaady ons 6npo6aoddiceHHs nepemeopiosayie uacmomu
posenanymo Kaxoscvky spoutysanvny cucmemy. I[looano xapaxmepucmuxy HACOCHUX CMAaHyill
3powenHs 8 XepCoHcuKiti oonacmi.

Knrwwuosi cnosa: enepeoepexmusricms, 6000n00aud, 3pOuLy8aibHi HACOCHI CMAHYIL, cno-
coOu pezynioeanHs, YaCMmomHoO-pecynio8aIbHULl NPUSoo.

Voloshin M.M., Kuzmych A.A. Energy efficient water supply of pumping stations of
Kakhovka irrigation system

The article presents the principles of energy efficient water supply of pumping stations
of Kakhovka irrigation system. The problems that need to be addressed immediately from
the analysis of literature sources are listed. Methods of regulating the supply of pumping
units are given. Existing methods of regulation are aimed at solving technological problems
and practically do not take into account the energy aspects of water transportation. The order
of recalculation according to the laws of geometric and hydrodynamic similarity is presented.
The main dependences characterizing the energy of pumps are presented, namely: power
consumed by the pump, change of the basic parameters of work of the pump unit at change
of speed of rotation of an impeller of the pump,; power consumed by the motor drive. For accurate
calculations, it is proposed to obtain the initial data: passport data of the pump and its drive
motor. It is proposed to obtain the results of measurements with a fully closed pressure valve,
as well as the results of measurements with an open pressure valve. The graphic characteristic
of the power consumption at various means of regulation of speed of rotation of a shaft of the pump
is resulted. The daily schedule of water consumption according to the results of measurements is
presented. The calculation of the magnitude of the economic effect is proposed. The calculation
of economic efficiency is based on determining the difference between the values of electricity use
when regulating the pump pressure by throttling the pressure valve and when adjusting by means
of CRP. Additional positive moments at decision-making of introduction of frequency regulation
of the drive are resulted. The expediency of using CRP is given. It is presented due to which
factors the effect will change when installing frequency converters. The Kakhovka irrigation
system is presented as an example for the introduction of frequency frequency converters.
The characteristics of pumping stations for irrigation in the Kherson region are given.

Key words: energy efficiency, water supply, irrigation pumping stations, control methods,
frequency control drive.

IHocTanoBka npodJaemu. [TiBUIIEHHS LiH HAa €JIEKTPOSHEPIilo Ta BOAY 3yMOBIIOE
Jenaii OiIbpIIMi iHTEpeC 0 eHepro30epekHUX TeXHONOTiH. Ha 1e Takok crpsMoBye
3akoH Ykpainu «IIpo eHeprozOepexeHHs», B AKOMY 3a3HaYCHO, 0 «eHeproeeKTHBHI
MIPOMYKITis, TEXHOJIOT1s1, 00JIaJHAHHS — I1€ TIPOIYKIIisi a00 METO/, 3aci0 ii BApOOHUIITBA,
mo 3a0e3MeuyloTh palioHaJbHEe BUKOPUCTAHHS ITaJHBHO-CHEPTETUYHHUX PECYpPCIB,
MOPIBHAHO 3 IHIIMMHU BapiaHTaMH BUKOPUCTaHHA a00 BUPOOHUITBA MPOAYKLIT OJHAKO-
BOTO CIIO)KUBUOTO PiBHS YU 3 aHAJIOTIYHUMH TEXHIKO-€KOHOMIYHUMH TIOKa3HUKaMu [ 1].

CraH BUBYeHHS NpodaeMu. AHai3 JiTepaTypHux Jpxeped [2; 3; 4] cBiquuTh, 110
HaHOIIBIIOro TOMMPEHHS B HaIIi KpaiHi HaOyB CIOCIO TPaaUIiifHOTO PETYITIOBaHHS
mojiadi HACOCHHUX YCTAaHOBOK, SKHMH TOJSTaE B JPOCETIOBaHHI (I 3MEHIICHHS abo
301JIBIIIEHHS MOa4i 32 JOMOMOTOI0 BIAKPUTTS a00 3aKPUTTS 3aCYBKH) HAIIPHHUX JIHIHA
HACOCIB 1 B 3MiHi y 3arajlbHOMY YHCJIi arperaris, 10 NPaIiol0Th, 10 OAHOMY 3 TEXHOJIO-
TYHHUX MapaMeTpiB: TUCKY Ha KOJIEKTOpi a00 B KOMaH/HIM ToYLli Mepexi, piBHS B IPH-
HMaJIbHOMY Ta PETYIIOBAILHOMY pe3epByapax.

3aBnaHHA i MeToAUKA JOcChaiIKeHb. HaBeneHl crmocoOu perynroBaHHS CIPSIMO-
BaHI Ha BUPINICHHS TEXHOJOTIYHUX 3aBJIaHb 1 MPAKTUYHO HE BPAXOBYIOTh CHEPreTHYHI
ACTIEKTH TPAHCIIOPTYBaHHS BOJH.

3a takoro peryiroBaHHA Big 5 10 15%, a iakonu 10 25-30% crokuBaHOi eNeKTpo-
€Hepril BUTpayaeThCs HEPALliOHATBFHO Yepe3: BTPaTh €HEeprii B Oprai, o APOCEIIOE;
CTBOPEHHSI HAIMIIKOBUX THCKIB Y TPYOOHPOBITHIM Mepexi; Tedi Ta HEMPOLYKTHBHI
BUTPATH BOIH B MEPEXKIi i y CIIOXKMBaya; 301IIICHHS TEOMETPHYHOTO TiIHOMY ITiJT 4ac
BiJIKauyBaHHS BOJM 3 Pe3epByapiB KaHAII3alliHHUX HACOCHUX CTAHIIIH TOIIIO.
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HacocHi ycTaHOBKH NpawioloTh 1in01000Bo0. Bix ix pobotu Ge3nocepennso 3aie-
JKUTh €Hepro- i pecypco3oepexeHHs. [Ipo eeKTHBHICTD PETYTIOBaHHS PEKUMIB POOOTH
BiJILIEHTPOBHX HACOCIB 3a JIOMOMOT0I0 3MIHU KyTOBOI IIBUJIKOCTI POOOYMX KOJIIC BiJIOMO
JIaBHO. XapaKTePUCTUKH BiAIIGHTPOBUX HACOCIB MEPEPAXOBYIOThCS 3a 3aKOHAMHU reoMe-
TPHUYHOT 1 TipOIMHAMIYHOT TOAIOHOCTEH. 3T1THO 3 MK 3aKOHAMHU, B Pa3i 3MiHU YaCTOTH
o0OepTaHHs 10/1a4a HAcOca 3MIHIOETHCS POMOPLUIHHO MEPIIOMY CTYIEHIO, TUCK — IPO-
MOPUIHHO APYTOMY CTYTICHIO, OTY>KHICTh — IPOMOPIIIHHO TPETHOMY CTYIICHIO YaCTOTH
obOepraHHs, KOe(IIliEHT KOPUCHOT JTii MPaKTUYHO HE 3aJICXKHUTh BiJl YaCTOTH OOCpPTaHHSI.
TakuM 9MHOM, SKIIO 32 HOMIHAJIBHOT YaCTOTH OOEpTaHHs NH HAcOC mija yac nojadi QH
po3BuBae TUCK HH i cokuBae mOTyXHICTH NH, TO 3a 9acTOTH OOepTaHHS Ha HOBIH
XapaKTEPUCTHIN LiK TOUIli BiAMOBIiZaTHME TOUYKa 3 momadeto Q = QH (n/nH), THCKOM
H = Hu (n/nH)?, notyxkHictio Ha Bary N= NH (n/nu)’. HaBegeMo mopsiiok po3paxyHKy:

1. OCHOBHI 3aJIE)KHOCTI, 110 XapaKTePU3yIOTh EHEPreTUKY HACOCIB.

THomyoicnicmo, cnooicusana Hacocom:

N=(Q-H-981)/KK], xBr, 1

ne Q — mpomyKTUBHICTE, M’/c; H — BECOTa THCKY, 110 TOPIBHIOE CYMi BUCOT BCMOKTY-

BaHHS 1 HarHiTaHHA, M. B. ¢.; KKJI — koedimieHT KOpUCHOI Ii1 yCTaHOBKH, 1110 TpUiiMa-
€THCS BIJIMOBIIHO JI0 KaTrajiory abo macmopra.

3mina ocnosHux napamempis pobomu HACOCHO20 azpe2ama 8 pasi 3MIHU WUBUOKOCIE
obepmanns pobouoeo Koneca Hacoca («popmynu nodiOHOCmI):

N,/N,=n’/n}, 2)
H /H,=n?/np, 3)
Q,/Q,=n,/n, @)

Jie n — 9ucio o0epTiB Bajia poOoYOoro koneca B XB.; N — MOTYKHICTb, CIIO)KUBaHA
HacocoM, KBT; H — THCK, 110 CTBOPIOEThCS HACOCOM, M. B. C.; Q — MPOIYKTHBHICTh
Hacoca, M*/c. Ingexcu 1 i 2 BIZHOCATHCS 10 MEPIIOTO i APYroro pekuMiB pobOTH ycTar-
KyBaHHS, BiJIIIOBITHO.

Jna eusHAUeHHs NOMYICHOCHI, CRONCUBAHOI npueoOHum osucyHom (NO, Bm) 3a
8I00MO20 1I020 CIPYMY, 3ACMOCO8YEMbCSL MaKa hopmyna:

Nza=1,73 - In - U - Cos @, (5)
ne Im — crpym ¢as3u asuryHa, A; U — Hanpyra nsuryHa, B; Cos @ — xoedimienT
MOTY>KHOCTI JIBUTYHA.

2. OTpUMaHHS BUXITHHUX JTAHUX JJIS PO3PAXYHKY.

JIOTTOMI>KHUMHM JJAaHHMU JJIs1 PO3PaxyHKY € TacIOPTHI JJaH1 Hacoca Ta Horo mpuBoI-
HOTO JIBUTYHA, 3aHEeCeH]1 B Ta0. 1.

Tabmums 1
IMacnopTHi 7aHi Hacoca Ta i{0ro MPUBOIHOIO JIBUTYHA
IMapametp 3HaueHHHA
ITotyxHicTh Hacoca, KBT

KKJI Hacoca

Tuck Hacoca, M

ITomaua Hacoca, M*/4
[otyxHicTb nBUTYHa, KBT
CtpyM aBuryHa, A

KK/ nBuryna

Cos @ nBuryna
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OCHOBHI [1aHi BHMIPIOIOTECS 32 PI3HUX PEXUMIB POOOTH HACOCHOTO arperara
3a JIOTIOMOTOO BIIMTOBIIHUX TEXHIYHHMX 3aCO0IB 1 3aMHUCYIOThCS y TAOIUII, MPHKIIAIH
SIKAX HaBEJICHI HIKYE.

Tabmuns 2
Pe3yjabraTn BUMipiB 32 NOBHICTIO 3aKPUTOI HANIPHOI 3aCyBKH
BumiproBanuii napamerp Hortyxuicts Nmin, kBT, a60 crpym Imin, A
3acib Bumipy Barmerp, amnepmerp abo JUMIBHHK EIEKTPOCHepTii

[TpumiTka: BUMipH 3a 3aKpUTOT HaMipHOT 3aCYBKH CJIiJ] HPOBOJUTH MaKCHMAaJILHO OTepa-
THUBHO, 1100 YHUKHYTH IIEpErpiBy Hacoca.

Tabmms 3
Pe3yabTaTn BUMIpiB 32 MOBHICTIO BiAKPUTOI HAMIPHOI 3aCyBKH
BumiproBanuii Hoty:xuicte Nmax, kBT, Butpara Bonn Qmax,
napaMeTp ado ctpym Imax, A m3/4
3acib Bumipy BaTMeTp’ AMIEpMETp a6q" Burparomip
JYUIIBHUK SJIEKTPOCHEPTil

[TpumiTka: BUMipH 3a BiIKpHUTOI HAIipHOI 3aCYBKH 0a)XaHO MPOBOAWTH MiJ 9ac MaKCH-
MaJIbHOTO PO300pPY BOIH.

3a manumu Tabn. 2 i 3 Oyayethes rpadik (puc. 1) 3anexKHOCTI CIIOXKUBAHOT MOTYX-
HocTi N Bix mopiBHAHOT BUTparu Boau Q/Qmax 3a pi3HUX croco0iB perymoBanHs. s
CIIOKMUBAHOI MTOTYKHOCTI B pa3i IpOCEIOBaHHS MOXKHA 3aIHCAaTH BUPA3:

Napoc = Nmin + (Nmax — Nmin) - (Q/Qmax). 6)
JI1s cioKMBaHOT MOTY)KHOCTI 32 YaCTOTHOTO PETYJIIOBAHHS MOYKHA 3allMCaTH BUPA3:
Nupn = Nmax - (Q/Qmax). @)

3aJeKHICTh CHOKMBAHOI MOTY)KHOCTI 3a JIPOCENIOBaHHA NIpPOC BiA MOPiBHSIHOT
Butpatd Q/Qmax (Q — moTouHa BUTpara, Qmax — MakCHMajbHa BUTpAaTa, 3a3HaYCHA

3a4ynHeHa Biguunena

Hamipna 3acyBka
I TP APOCEITIOBaHHI

N, kBt T T T T T T .\
1 1 1 1 1 1 1
1 1 1 1 1 1 1
12 +-F-- ; ; : 7 v ---
1 1 1 1
1 1

TToTyxHiCTb, CHIOKMBaHA
—  IIDH IDOCEIIOBAaHHI

| ToTyxHICTb, CHOKHBaHA
DM 9aCTOTHOMY DETVIIFOBaHHI

r  ExoHoMis enektpoeHepril

Q/ Qmax

Puc. 1. Cnoocusana nomyscHicms 3a pisHux 3aco6ie pe2yiogants
WeUOKOCMI 00epMAHHsL 8A1A HACOCA
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B Ta0J1. 3) yTBOpIOEThCA Ha rpadiky 3’ eqHaHHAM To9oK Nmax i Nmin npsmoro JiHi€ro,
3aJIe)KHICTh CIOXKHMBAHOT TOTYXHOCTI 3a BukopuctanHs YPIT Nupm Bing mopiBHSAHOT
BuTpatd Q/Qmax BHU3HAYAETHCA Mix Yac oOuHMciIeHHS Bupasy (7) 3 MiACTaHOBKOIO
B HBOTO BUMIPSIHOT paHilie BeInuyuHr Nmax i JIeKijbKoX 3HaueHb Q/Qmax (Hanpukia,
Bix 0 1o 1 3 xpokom 0,25).

Jna orpumanss iHpopManii npo 3aBaHTaKEHHS Hacoca BU3HAYAEThCA Ipadik Horo
po0OTH 3a repiogaMu Yacy 3 MPUOIU3HO OJJHAKOBUM HaBAHTAKECHHSAM (BUTPATOIO BOJIH).
Jlis BUMipiB BUKOPUCTOBYEThCS BUTpaTOMip. Bumipn 1000BOT BUTpaTH BUKOHYIOTHCS
BIIPOIOBX 2—3 NHIB. 3a pe3yJbTaTaMy TaKuX BUMIpiB 3alIOBHIOEThCS Tabi. 4. OTpuMaHi
JaHi moxo0 1000BO1 BUTPATH YCEPEAHIOIOThCA, 1 OyayeTses Tpadik 1000BOi BUTpATH
Bomu. [Ipukitan rpadika HaBeneHuit Ha puc. 2.

Q, M/r
40 r r r
1 1 1
________________ :_________________
H
1
1
30 - ——-----1---1----
1
| |
___________ P S S
1 1 1 1
1 1 1 1
1 1 1 1
T S e
1 1 1 1
| | | |
——————————— R R i it ettt
1 1 1 1
1 1 1 1
1 1 1 1
10 p—_t----- To---- 1----- am---- q-----
1 1 1 1 1
| | | | |
______ Ll
1 1 1 1 1
1 1 1 1 1
LI - - A
0 t,Tr
0 4 8 12 16 20 24

Puc. 2. [Jobosuii epaghix sumpamu 600u 3a pe3yrvmamamu 6UMIpie

Ta6muis 4
Jlo6oBa i 3arajibHa BUTPATH BOAU

Ilepion uacy ti, ronuna tl | €2 | t3 | t4 | t5 | ..

JHo6osa Butpara Qi, M*/u (mepuuii JeHs BUMIPiB)

Ilo6osa Butpara Qi, M*/4 (OpyTHii 1eHb BUMIpIB)

Jo6osa Butpata Qi, M*/4 (TpeTiii feHb BUMIpIB)

Cepenns no6oBa Butpara Qi cp, M>/4

SIK110 BUHUKAIOTh CKJIATHOCTI 3 BU3HAYCHHSM JIaHUX 32 T0OOBUM TpadikoM BUTpaTH
BOJU (HANPUKIIAJ, Yepe3 HEMOXKIUBICTh 3HATTS JaHUX PO BUTPATy KOXHI JCKiIbKa
roguH abo 4epe3 BiJICYTHICTh TEXHIYHHMX 3aCO0IB JUIsl aBTOMATH3allil IbOTO MPOIECY,
TaKUX SIK CAMOIIHMCEIlb, PEECTPATOP TOIIO), NOMYCKAETHCS BUMIPATH JIUIIE 3aralibHy
BUTpaTy 3a Jekiigbka (7—10) mHIB 1 cKJIacTH HMPUOMM3HHA BUDIAL M1000BOTrO rpadika
BuTparu Bonu. [1in yac po3paxyHKiB BBAKAETHCS, IO YCTATKYBAHHS MIPAIIOE B PEKUMI,
3a SIKOTO 3a0€3MeTyI0THCSl HOPMaJIbHI TapaMeTpH IOadi BOIH.
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3. Po3paxyHOK BETHMYHHU €KOHOMIYHOTO €(PEKTY.

Po3paxyHok eKkoOHOMIYHOT e(heKTUBHOCTI 0a3yeThCs HAa BU3HAYCHHI PI3HHIN MiX
BEJIMYMHAMY BUKOPUCTAHHS SIIEKTPOCHEPTIL 3a pecynosants mucky Hacoca yepes opo-
CenBanHs HaNiPHOIO 34CYBKOI0 MA 3a Pe2yNIO8aHH MUCKY HAcoca 3a 0onomozoro YPII.

JI1s KO)KHOTO paHilie TIeBHOTO Mepiony PoOOTH, B SKOMY BH3HAYEHO MPUOIU3HO
MOCTiliHEe HaBaHTaXeHHs Hacoca i, po3paxoBYeTbCs €KOHOMis MOTYXHOCTI: ANi =
Napoci— Nupni. Bennanau Napoci i Nupni obupatotses 3a puc. 1 abo 00UHCIIOIOTECS
3a ¢popmynami (6) i (7). Bennumna Butparu Qi 6epetbes 3 puc. 2. abo tabi. 4. [Totim
BU3HAYAETHCS CYMapHa €KOHOMIs eJICKTPOSHEPTIi 3a IEBHUI YaCOBUH iHTEpPBal poOOTH
yCTaTKyBaHHS (HAIIPHUKIIAI, 3a 100Y) 3a (OpMYIIOF0:

kK ADk =ANi - ti, i=1, ®)

e ADK — ekoHOMisl eneKTpoeHeprii 3a Bukopuctanus YPII 3amictb npocenbHOro
perymoBaHHs, KBT'T01.; ANi — eKOHOMIS TOTYKHOCTI 3 i-if epiox (Hanmpukiaz, 3 0.00
10 4.00), kBT; ti — 9ac, yIpomoBK SKOTO IPHBI[ MPALIOE 3 MOCTIHHIM HaBaHTAKCHHIM
Qi Hacoca (Hanpukian, 4 TOAMHM), TOJ.; K — YUCJI0 MEPioliB yacy 3 HOCTIHHUMH 3HAYCH-
Hsamu ANi - ti (Hanpukiam, 6 nepionis).

3a 1iIopivyHOi poOOTH Hacoca 3 MPHUOIHU3HO MOCTIHHUM JT000BUM IpadikKoM BUTPATH
piuHa eKOHOMisl elneKTpoeHeprii ADr BU3HAYAETHCS MHOXKEHHAM ADK Ha YHCIIO JHIB
poboTtu Hacoca B polli, TOOTO MokHa BBaxatu: ADr = ADk - 365. B pasi HasBHOCTI
B DOIll JEKITBKOX MEpiodiB Yacy 3 XapakTepHHUMH J000BHMH rpadikaMyd BUTPATH,
HaMpUKJIal 3uMa — JiTo Tomo, ADK 00YHCTIOETHCS IS KOKHOTO TaKoro mepiony, a ADr
00paxoBY€eTHCS K CyMa 3a0IIaKEHOT eNleKTpoeHeprii ADK 3a BcimMa nepiolaMH, B SIKHX
JIIOTh CBOI 0OOBI rpadiku BUTpaTH. Jlaii BU3HAYAETHCS BAPTICTh 3a0IAKEHOT eJIeK-
TpoeHeprii 3a Tapugom, 1o i€ A MiAIPUEMCTBA B I[if €HEProCUCTEMI, 3 YpaxyBaH-
HSM YMHHHUKIB €KOHOMIl, HAIPUKJIA] BOJH, EICKTPOCHEPTii. 3 JOCBiMy Ul OIIHKA
BapTOCT] 3HIDKCHHS BUTPATU XOJOAHOI BOIM MO)KE BBOOHUTHCS KoedimieHT 1,15, mis
rapsaoi Bogu — 1,2, mist moBitpa — 1,1, st manusa — 1,02. TakuM 4rMHOM, €KOHOMIsS
EJIEKTPOCHEPTii Ta peCypciB CTAHOBUTUME JUTSl XOJIOMHOT 1 Tapsiuoi BOMH:

CTa» =(1,15...1,2) - Ta - A3, ©)
ne CTa3 — BapTicTh 3a01Ia/KEHOT eJIEKTPOeHEPrii Ta pecypcis, rpH; T2 — Tapud Ha
EJICKTPOCHEPTil0 B eHeprocucTeMi, rpH/KBT ToxI.

JIs BU3HAUCHHS TEPMiHY OKYIHOCTI, 4, OT)KE, OLIIHKH €KOHOMIYHOT e(DeKTHBHOCTI
BukopuctanHs YPII BukopuctoByeThCs Gopmyna:

Tox = CTupm / CTho, (10)

ne Tox — tepmin okynHocTi ycraHoBku YPIL, pik; CT?3 — BapTicTh 3ao1iamkeHol
€JIEKTPOCHEPrii Ta pecypciB 3a oauH pik, TpH; CTupn — Bapticts UPII, rpH.

ITig yac yxBayieHHS pilieHHS PO JOUIIBHICTE BripoBakeHHs UPII ciix BpaxoBy-
BaTH, 1110, OKPIM €KOHOMIYHOTO e(eKTy BiJ 3a0lIaJKeHHS eJIeKTPOeHeprii, BUKOPH-
cranus YPII nae Husky nepesar, 30kpema:

— 3HWXKYETBCS 3HOC 3aIlipHOT apMaTypH, OCKUTLKH OIIBINICTh Yacy 3aCyBKH TOBHI-
CTIO BiJIKpUTI;

— OLIBIIICT Yacy HACOCH MPAIIOIOTh 32 3HIKEHHUX THCKIB, 10 3MEHIITY€ Tedi B CHC-
TeMI BOIOITOadi;

— 3HIDKYETBCS 3HOC KOMYTALINHOI anmapaTypH, OCKUIbKH ii nepeMUKaHHS BigOyBa-
€TBHCS 32 BIICYTHOCTI CTPyMY;

— 3HI)KYETHCS 3HOC MIiANIUITHAUKIB IBATYHA 1 HACOCA, a TAKOXK KPUIIBYATKU 3aBISKA
IUIABHiM 3MiHI uKcaa 00epTiB 3a BiACYTHOCTI BEIUKUX MYCKOBUX CTPYMIB;
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— 3MEHIIy€eThCs HeOe3MeKa aBapiil 3aBAsSKYM BUKITIOUEHHIO T1/IpaBIiYHUX YAAPiB;

— 3a0e3MeuyeThesl OHOYACHUH 3aXUCT JBUTYHA BiJl CTPYMiB KOPOTKOTO 3aMHKAHHS,
3aMUKaHHS Ha 3€MITI0, CTPYyMIB II€PEBaHTAXKCHHS, OOHO(PA3HOTO PEXXUMY, HEIOITyCTH-
MUX IIepEHAIPYKCHb;

— 3HIXKY€ThCS PIBEHb IIyMy, 110 0COOIMBO BaXJIMBO B Pa3i po3TalllyBaHHs HACOCIB
MOOH3Y KUTIOBUX 200 CIIyKOOBUX IMPUMIIIEHB;

— CIIPOIIYETHCS MOJANIbIIA KOMIUIEKCHA aBTOMATH3allisl 00’ €KTIB CUCTEMH BOJIOTIO-
Jaui [5].

4. ITepeTBOprOBaYi YaCTOTH.

[epeTBoproBay 4acToTu (200 YaCTOTHO-PETYIIOBAIBLHIN €IEKTPOIPHUBIT) — LIe CTa-
TUYHUH IepeTBOPIOBAILHUN PUCTPIl, MPU3HAYESHUI 111 3MIHU MIBUJKOCTI 00EpPTaHHS
ACHHXPOHHHUX €JIEKTPOJBUTYHIB 3MiHHOTO CTPYMY.

ACHHXPOHHI €IeKTPOIBUTYHN MAIOTh 3HAYHY IIE€pEBary Nepes eNEeKTPOIBUTYHAMHU
MOCTIHHOTO CTPYMY 3aBJSIKH MPOCTOTI KOHCTPYKIIIT Ta 3pydHOCTi 00ciayroByBaHHs. Lle
3YMOBITIOE 1X OTHO3HAYHE MEPEBAYKAHHS i TIOBCIONHE BUKOPUCTAHHS IPAKTHIHO B yCiX
ramy3six MPOMHCIIOBOCTI, EHEPTETUKU Ta B MICHKill iH(pacTpyKTypi.

Bimomo, mo perymtoBaHHS WIBUAKOCTI 0O0epTaHHS poOOYOro MexaHi3My MOKHA
3I1MCHIOBATH 3a JOMOMOTOI0 Pi3HHUX NPHCTPOIB (CIOCO0iB), cepen SKUX HaWOUIbII
BiZIOMi Ta ITOIIMPEHI TaKi:

— MeXaHIYHUH BapiaTop;

— TiapaBiiyHa MyQTa;

— eJIEKTPOMEXaHIYHUIl epeTBOPIOBaY YaCTOTH (CUCTEMHU KTE€HEPATOP — IBUTYH»);

— omip, 10 T0JaTKOBO BBOAUTHCS B CTAaTOp a00 (ha3HUi poTOp, TOILO;

— CTaTUYHUI IEPEeTBOPIOBAY YACTOTH.

INepmri 9oTHpPH CIOCOOM BiAPI3HSIOTHCS PI3HUMH KOMOIHALISIMH 1 MaroTh JesKi
HEOJIKU:

— CKJIaJTHOCTI Y BUKOPUCTaHHI, 00CITyrOoByBaHHI, eKCILTyaTallii;

— HU3bKA SIKICTb 1 Jiarna3oH peryatoBaHHs;

— HEEKOHOMIYHICTb.

Bci BkazaHi HemoMiKK BiACYTHI B pa3i BUKOPUCTAHHS IEPETBOPIOBAYiB 4acTOTH [6].
PerymioBaHHS IIBIIKOCTI 00€PTaHHSI ACHHXPOHHOTO EJIEKTPOBUTYHA B IILOMY BUIIAIKY
3IIHCHIOETHCS 32 TOMTOMOTOI0 3MiHM YaCTOTH 1 BEIMIMHU HAIPYTH KUBJICHHS BUTYHA.
KK]] Takoro mepeTBOpeHHsS CTAaHOBUTH ONMH3BKO 98%, 3 MEpekKi CIIOKUBAETHCS TIpaK-
TUYHO JIUIIE aKTUBHUI CKIAHUK CTPyMy HaBAHTa)KCHHS, MIKPOIPOLIECOPHA CUCTEMA
yIpaBiIiHHA 3a0e3leuye BHCOKY SIKICTh YHPABJIIHHS €IEKTPOABUTYHOM 1 KOHTPOIIIOE
0e3mid fioro mapameTpiB, 3a00irar0u MOKIMBOCTI PO3BUTKY aBapiifHUX CHUTyamii.

Edexr 3a ycTaHOBKH IEPETBOPIOBAYIB YACTOTH JOCATAETHCS 3aBASKH TaKUM YHH-
HUKaM:

— eKOHOMIi eHepropecypcis;

— 301IBIICHHIO TEPMiHIB CIY>KOM TEXHOJIOTIUYHOTO YCTaTKyBaHHS;

— 3HIDKCHHIO BUTPAT Ha IJIAHOBO-3aMI001KHI Ta peMOHTHI po0OTH;

— 320€3MeYeHHIO ONEePaTUBHOTO YIPABIIHHS i JTOCTOBIPHOTO KOHTPOIIIO 3a mepedi-
TOM TEXHOJIOTTYHHX TPOIIECIB TOLIO.

3HauHa EKOHOMIs EIIEKTPOCHEPTII JIETKO JOCATAETHCS 32 OJHI€T YMOBH — MIPUBOIHUHN
MeXaHi3M MOBUHEH L0-HEOYb PErymoBaTH (MATPUMYBATH OyIb-sIKUI TEXHOIOTTYHUN
napamerp). TakuM 4MHOM, BUKOPUCTAHHS NIEPETBOPIOBAUIB YACTOTU HA 3pOIIyBaIbHUX
CUCTEMax JIacTh 3MOTY TIOKPAIIUTH EKCIUTyaTalliiiHi MOKJIMBOCTI HACOCHHMX CTaHIIiM,
a TaKOXK JTO3BOJIUTH PallioHAJIHHO BUKOPHCTOBYBATH BOLY Ta EIEKTPOCHEPTIIO0.
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Pe3yabratn nocaimkenb. HaBememo mpukian BIPOBAKCHHS IEPETBOPIOBAYIB
gactotu. KaxoBchka 3pomryBaiabHa cucteMa (puc. 3.) € HalOLIBIIOI Ha TEepPHTOPil
YkpaiHy, sika Micisi TOBHOTO PO3BUTKY IMOBHHHA Oyia 3a0€3MEeYUTH 3POIICHHS 36MEb
Ha Teputopii wiomieto 780 tuc. ra Mixk [TiBHIYHOKPUMCHKAM KaHAJIOM i MoOJOYHUM
JTUMaHOM.

J>xepenoM 3poIIeHHs CITbChKOTOCIIONAPCHKUX YTifb cucTeMu € KaxoBchbke BOIO-
cxopwine. J{ist momgadi BoaM 3 HHOTO y TONOBHHNA KaxoBChbKHH MaricTpalbHUE KaHA
OyI10 CIIOPY/IXKEHO TOJIOBHY HACOCHY CTaHIIiI0, pO3paxoBaHy Ha mogady 530 m*/c Boau
Ha BHCOTY 25 M. CucteMy 30y/I0BaHO 3 3aKPUTOI0 BHYTPIIIHBOTOCIIONAPCHKO0 Mepe-
’KeI0, 3aCTOCYBaHHSIM BHCOKOIIPOAYKTHUBHOI JONTYBAIBGHOI TEXHIKH, aBTOMAaTH3aIli€l0
BOJIOPO3MOALTY 1 MOJHBY, KOHCTPYKTHBHUMH DIICHHSIMH, 10 3a0€3MeuyroTh Koedi-
IIiEHT KOPUCHOI Aii Ta 3€MEIbHOT0 BUKOPUCTAHHS. Bci cinbechKorocnomapehki yriaas
KaxoBcpKoi 3pomnryBaqbHOI CHCTEMH 3POIIYIOTHCS 33 JOTIOMOTOI0 MAaIIHHHOTO BOJIO-
oMy, MepeBakHO 3a JBOCTYMIHYACTOK CXEMOIO: MEpIIMHA MiAHoOM 3I1HCHIOETHCS
TOJIOBHOIO HACOCHOIO CTAHIIIEI0, JPYTUi — TOCHOAAPCHKUMH HACOCHUMH CTaHIISIMH,
SK1 3a0MparoTh BOAY 3 MaricTpalibHOTO KaHAy Ta PO3MOMIIBHUKIB 1 OJHOYACHO CTBO-
PIOIOTh HaMIp Y 3aKpUTiil 3polIyBajbHii MepExi, MOTPIOHUN ISt POOOTH TOILyBaIbHUX
ManH. J{ogaTkoBUH MigHoM BOIM 3 MariCTPalbHOTO KaHATY IMPOBOJUTHCS TITIBKH IS
nojiavi y 1Ba po3nofipHux kaHamm: P-1 ta P-1-1.

Mixrocnonapcbka 3polllyBajibHa MEpeXka Ma€ BUIVISA BiAKPUTUX KaHAMIIB i3 3aCTO-
CYBaHHSM ITPOTH(INBTPAIHHUX 3aX0/IiB, 30KpeMa IPYHTO- 1 6ETOHOIUTIBKOBUX CKPAHiB.
JlpeHakHi, MOBEPXHEB] Ta CKHJHI BOIU BIIBOIATHCS CKUIHHUMHU KaHAJIAMH 3arajibHOIO
JIOBKHUHOIO Maibke 160 KM O aKyMyJTIOBaJIbHUX CTaBKIB 1 BOJJOMMHMIIL, SIKi BUKOPHCTO-
BYIOTBHCS JIJIsl pUOHHIITBA.

lomoBHa HacocHa ctanmiss KaXxOBCHKOI 3poIIyBajbHOI CHCTEMH TAaKOXK IIOCTavdae
BOJy IHIIMM 3polryBajbHUM cucteMaMm: IIpua3oBcebkiil, Ciporosbkiit, [TiBHIYHOKPHM-
cpKkoMy KaHany, [eHivechbkilt, Kanmanvanpkiid Tomo. 3a nanumu bYBP HmxHabOTO JIHI-
mpa HaBeIeMo Taoll. 5.

Cranom Ha 01.11.2021 p. HacocHuMH cTaHIisiME KaxoBchKkoi 3pomryBaibHOI cUC-
Temu Oyio momano 621,9 mir M® Boau. s 1poro Oymo ButpadeHo 182,9 mun/kBt
€JIEKTPOCHETii.

Puc. 3. Cxema posmiwennsn nacocnux cmanyiii Ha Kaxoscwvxiu 3powysansvuiii cucmemi
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Tabmuns 5

XapakTepUCTHKA HACOCHUX CTAaHIIiN 3ponieHHs B XepPCOHCHKIH 00aacTi
KispKicTh HACOCHHX CTaHIIN 3pOLIEHHS, 239 IT.
3 HAX Ha KOHCepBamii 33 IIT.
ITomia o6ciyroByBaHHs 299301,625 ra
KinpKicTh BCTAHOBJICHHUX arperaris, 1226 TIT.
3 HUX Ti, IO TPAIIOIOTh 1162 LIT.
3araibHa IPOAYKTHBHICTH 359,19 Mm3/c
3arajibHa MOTYKHICTh 366669,5 kBT

BucHoBku Ta npono3uiii. 3a miABUIIEHHS 1iH HA EJIEKTPOSHEPTII0 Ta BOY 3aIIpo-
MMOHOBaHO BIPOBAXKYBAaTH €HEPro30epekHi TEXHOJIOTil, 30KpeMa 3acTOCYBaHHS Ha
HACOCHHUX CTaHIiIX KaxoBChKOi 3pONIyBaJIbHOT CHCTEMH TEPETBOPIOBAYIB YACTOTH.
BrpoBamkeHHsT MepeTBOPIOBaYiB YaCTOTH JIO3BOJIUTH IIOPIYHO €KOHOMHUTH OJIM3BKO
15-30% enexTpoeHeprii Ta, BiAMOBITHO, KOIITIB.
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B800HUX wWiisixie ma ix mexHiYHoI ekcrinyamauii

OdecbKo20 HaujioHarbHO20 MOPCLKO20 yHigepcumemy

ORCID ID: 0000-0002-0715-5190

Tlopmosi 020p0o0Hcy8aNbHI CHOPYOU: MOU MA XEUNEIOMU, NIO0AIOMbCS GNIUBY NPUPOOHUX
A6y, Wo 8i00Y8aOMbC Y 3eMHill, BOOHIU (MOPCbKil) ma nosimpsHnitl cghepax. [o 0ii npupoonux
ABULY NPUEOHYEMBCSL | BNAUS PAKMOPIB, W0 BUHUKAIOMb BHACTIOOK OISIbHOCME THOOUHU.

Li paxmopu moxcymo nOOLIAMUCS HA MAKI OCHOBHL 2PYNu: 2e0N02iUHI, 2I0poMemeopono-
2IYHi; excniyamayituti; pakxmopu 6UKOHAHHA pobim, celicMiuHI, BIiCbKOGI.

Ipaxmuxa OydieHuymea ma eKCniyamayii nOpmoeux 020poo0XNCY8AIbHUX CHOPYO CEIOUUMD,
Wo 3a NeeHUX 6UNAOKi@ Gaxmopu KONICHOI 3 Neperiuenux 2pyn MOdCymv Cmamiu npuduUHoI0
oehopmayii cnopyou. OOHAK Y3a2aibHeHUll AHALI3 MAMEPIANiE NPO NOULKOONCEHHS 020PO0NCY-
BANLHUX CHOPYO 003605E€ KOHCIMAMYBAMU, Wo 8 OLIbUOCMI 6UNAOKIE SUPIUATbHUMU OIS iX 30e-
Pedicen s € 2e0N02TuHI pakmopu, wo 3yMOGII0I0Ms Xapakmep 63acmooii gynoamenmy cnopyou
ma IpyHmy, a makodic GU3HAYAIOMb CIAH 3a2albHOI CIMILIKOCMI cnopyou i IPYHMOB020 MACUEY,
Ha AKOMY 8OHA 36€0€HA .

Topmosi 020podaicysanvhi cnopyou, nRi0OaOHUCL BNAUEY OOCUMb SHAYHUX BEPMUKATLHUX
i 2OpUBOHMATLHUX CUT, CMBOPIOIOMb THMEHCUBHT MA GelUKI 3a NIOWEI0 HABAHMAICEHHS HA
IPYHMU, HA AKUX PO3MAauiosani. Bucoke 3nauenns nanpyau ipynmy xapakmepHe Os MONi6 i X6u-
JeI0OMi8 2pasimayitinozo muny, wo nepeoaiomv HABAHMAICEHHS HA TPYHM 0e3nocepedHbo ado
yepes niocunxy. Haituacmiuie nosepxnesi wapu Mopcoko2o OHa, AKi € Hecyuumu 01 yux cnopyo,
CKAA0AIOMbCsL 3 HEOOHOPIOHUX | Jle2KO CIUCaIusux rpyumis. Tomy 2eono2iuni ¢paxmopu maome
nepuiopsaone 3Hauenns 6 nPOCKMy6anni i Oyoienuymsi 020pooicysanviux cnopyo. legopmayii
ma asapii cnopyo uepes HegiONOBIOHICMb NPOEKMY AO0 MeMO0i6 BUPOOHUYMEBA 2e0N02TUHUM YMO-
6amM mMpanaaomecs oysce yacmo. Ilpuuunoro maxoi HegiOnogioHocmi 3a36uyail € HenpasuibHe
VABGNEHHS NPO ABUWA, WO 8I00YBAIOMbCA 8 IPYHMI NIO HABAHMAICEHHAM, A OMIICE, 3ACTNOCY8ANHS
HenpasuibHUX pO3PAXYHKOGUX cXeM I MemooOi6 GUIHAUEHHs 63AEMOOII CnOpyou i IPYHMY, Wjo
JexHcums 6 it 0cHo8i. IH00i ye 3yMOBIEeHO He3a00B8LIbHUM NPOBEOCHHAM 2€0N02TUHUX GUULYKYBAHb.

Knrwowuogi cnosa: pospiodxcenns, niosoOHUl X6ULENOM, NiWaHuil IPYHmM, OUHAMIuHI Oil, npu-
CKOpEHHs, 3CY8il, MACUBU.

Mironenko 1.M., Litvinenko V.V. Coastal protection structure

Port protective structures — moles and breakwaters are exposed to natural phenomena occur-
ring in three areas: terrestrial, water (sea) and air. The influence of factors that arise as a result
of human activity is added to the action of natural phenomena.

These factors can be divided into the following main groups: geological; hydrometeorologi-
cal; operational; factors of production of work; seismic; military factors.

The practice of construction and operation of port protective structures shows that, in appro-
priate cases, the factors of each of the listed groups can cause deformations of the structure.
However, a generalized analysis of materials on damage to protective structures allows us to
establish that in the overwhelming majority of cases, decisive for their safety are geological fac-
tors that determine the nature of the interaction between the foundation of a structure and the soil
at its base, as well as determine the state of general stability of the structure and the soil massif
on which it is erected.

Port protective structures, being exposed to very significant vertical and horizontal forces,
create intense and widespread loads on the soils underlying them. The high value of soil tension
is characteristic of moles and breakwaters of the gravitational type, which transfer the load to
the soil directly or through the backfill. Most often, the surface layers of the seabed carrying these
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structures are composed of heterogeneous and easily compressible soils. Therefore, geological
factors are of paramount importance in the design and construction of protective structures.
Deformations and breakdowns of structures due to inconsistency of the design or work meth-
ods with geological conditions occur very often. The reasons for this discrepancy are usually
a misconception about the phenomena occurring in the soil under load, and, as a consequence,
the use of incorrect design schemes and methods for determining the interaction of the structure
and the soil at its base. Sometimes this is due to unsatisfactory geological surveys.

Key words: liquefaction, underwater breakwater, sandy soil, dynamic effects, acceleration,
landslides, massifs.

BeperozaxucHi ciopynu y BUDIIAI MiIBOAHUX XBUJIEIOMIB, XBHJIEBIA0OIHHUX CTIHOK
Ta OyH YTBOPIOIOTH CKJIaJIHY CUCTEMY, IO BKIItOYa€e B cebe caMy KOHCTPYKIIIIO 1 IpyH-
TOBE Ta BOTHE CEPEHOBHINA, IO KOHTAKTYIOTh 3 Helo. [loOymoBa mMomerneii, ski mepe-
OyBaroTh MiJi BIUIMBOM XBHUJIbOBHX, IHIIMX CTAaTUYHHMX 1 JUHAMIYHMX HABAHTaXCHb,
Ta iX KUTbKiCHA peai3allisi onycaHi B HeliHiiHIi mocTanoBui [1-2; 3, c¢. 87, c. 145].
Taki KOHCTPYKIIIi € TOPOTMMH 1 BAKOPHCTOBYFOTBCS JIJIS 3aXUCTY OeperiB Bil MOPCHKUX
XBUWJIb, JUIA 3aXUCTY OEpEroBHX CXWJIIB BiJ] 3CYBHHUX MPOIIECIB, 10 BUHUKAIOTH BHACTI-
JIOK pO3MUBY I'PYHTY. PO3IISTHEMO KOHCTPYKIIii, SIKi 320€31Me4y0Th CTIHKICTh CXHIIIB JIO
(bNBTpaIifHOTO THCKY BOIH, TUCKY I'PYHTOBOTO CEPEIOBHINA i 10 HABAHTAKECHHS, IO
Ha HUX JiI0Th.

[Ipoananizyemo oiHy 3 po0IIeM, OB’ s13aHy 3 PO3PIHKEHHSIM OCHOB ITiJl KOHCTPYK-
isIMH OEPETOBHX YKPIIUIEHB Yepe3 TMHAMIYHUAHN BILTHB MOPCHKHX XBHIIb.

B paiioni Jlamxepony B Opeci Ha Bincrani 100 M Bim Oepera Ha milaHe JHO
Oyno ykiajgeHo napanenbHo Oeperopiid miHIT 110 OyTOOSTOHHMX MAacHBIB Baror
17 ToHH KOkeH. J[OBXKHMHA CHOPYIKEHOTO XBHICIOMY CTaHOBWIA 250 M, MIMpUHA —
2,6 M, Bucota — 1,47 M, a mo4yaTKoBa rMTMOKWHA 3aIATaHHS MAacUBIB — 1,4 M HIOKYE OpIH-
Hapa. [licis 3aBeprieHHs OyJiBHWIITBA TMiBHIYHA 1 MiBJCHHA YacTHHU JIaHXepOHiB-
CBKOT'O IUISDKY MOMOBHUIIMCS MILIAHUMU HaHOcaMH. Lle miaTBepauio NO3UTUBHY POJIb
XBHJIETIOMY B 3aXHCTI MOPCHKOTO y30€pexKsl BiJl XBUIbOBHX HAaBAHTAXXEHb. 3T0OZI0OM IIiJ
OUHAMIYHUM BIUIMBOM MOPCBKHX XBWJIb MACHBH XBHJICJIOMY IIOYaJI 3aHYPIOBATHCS
B ITiIIaHE AHO 1 TOCTYNOBO Oyiy 3aMuTi. OHI€I0 3 IPUYKH PYyHHYBaHHS XBHJIEIOMY Oyrna
HE3a/I0BIIbHA TIITOTOBKA OCHOBH IIiJi MACHBH, 110 Oysia po3pifKeHa i Mi€I0 XBHIIb.

[HI1 pukaaM pyHHYBaHHS CIIOPYI, TIOB’s3aHi 3 PO3PIIKEHHAM IPYHTIB, HaBEJCHI
B pobotax [4—7]. HeoOXiiHO BiA3HAYUTH, 1110 II€ SIBUIIIE CIIOCTEPIraeThCsS 1 CIPUUUHIOE
3HauHi pyHHYBaHHS IiJ yac 3eMieTpycis [8].

[TuTaHHSIMH PO3PIIPKEHHS BOAOHACHUSHHX IMIIIIAHUX IPYHTIB CTAJIN 3aMaTHCS ITiCIIs
aBapii IpyHTOBOi rpedii y Cipcrpoi. Toai x Oyno po3mouato po3poOKy ¢inbTpamiitHol
Teopii TMHAMIYHOI CTIHKOCTI BOOHACHYCHHUX TICKiB. 3rogoM ¢inbTpaliiiHa Teopist Oymna
MiATBEPIXKEHA BEITMKOIO KUTbKICTIO JTAOOPATOPHUX 1 TTOJBOBHUX SKCIIEPUMEHTIB. 3TiTHO
3 HEIO JUIsl BU3HAYEHHS MEX BTPATH CTIHKOCTI BOJOHACHYEHUMH IiCKaMH HE0OXiTHO
3HATU KPUTHUYHE 3HAYCHHS IHTCHCUBHOCTI JUHAMIYHOTO BILTUBY, IO XapaKTEPU3YEThCS
KPUTHYHUM IIPUCKOPEHHAM a_. [IOHATTS MbOro MpUCKOPEHHS BiANOBIAAE Til KPUTHY-
Hill IHTEHCHBHOCTI KOJMBaHb, KOJH ITICOK, IO 3HAXOIWBCS JIO ILOTO B CTaOiIbHOMY
CTaHi, MOYMHAE 3HOBY yHIUTbHIOBaTHCA. Ofechka Oeperosa 30Ha MoTpedye MPOBEACHHS
EKCIIEPUMEHTIB UIs OiNBII TOYHOTO BH3HAUCHHS KPUTHYHOTO TPHCKOPEHHS ITiCKiB.
BomHodac MO)KHA CKOpHCTATHCS eMIipHIHIMH (opmynamu [6—7]. Takox CKIAZHO
00paxoBY€eThCs pO3PaXyHKOBE MPUCKOPEHHS YaCTHHOK y TOBILI BOJOHACHYEHOIO MIiCKY
a,, BOHH MOXYTb OyTH BU3HAYCHI EKCTICPUMCHTAIIBHO.

PosrsHemo IPYTHHA MiIXi[, M0 JO3BOJSE OUIBII TOYHO 3’SICYBaTH MPHCKOPEHHS
4acTUHOK. KpuTepieM MOXIUBOCTI MEPEeXody MIiCKy B PO3PLIKEHHN CTaH BUCTYIA€e
HepiBHICTH QinpTpaniitHoi Teopii:
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a >a.

po3p cr
ITpoBeneMo 1oCiAXKEHHS MMiIBOAHOTO XBUIIEIOMY, HETiHIHA pO3paxyHKOBa MOJEIb
SKOIo HaBeJeHa y [2]. BoHa cTaHOBUTH cUCTEMY, sIKa BKJIIOYAE XBUJIEIOM, HOro IpyH-

TOBY OCHOBY 1 BOJTHE cepenoBHile (puc. 1).

Puc. 1. IlinBoanuii XBHJIejaom

Hinsoanuit xBusienom OyB BUIIPOOYyBaHUH B HATYPHUX YMOBax B paioHi OnechKoi
XBHneﬂocniﬂHHubKo'f cranuii [9]. Moro posmipu: h, = 0,25 m; h = 2,90 m; a, = 4,40 m;
= 0,60 M. Bucora xBumi h = 3,00 M; cepenHs ,E[OB)KI/IHa k =29 M, a CepenHii
Heplou T, o= =5 c. Yxun gua i = 0,035. XapakrepucTuku rpyHTy ocrosu: E = 30 MIla;
n=0,3; 9,=30% c= 0,003 MIla. Xapakrepuctuku 6eTony xuienomy: E=30000 MIIa;
n=0,2; 6, = 1,3 MlIla; 6,= 17 MIla. Unnue HaBaHTa)XeHHs 00OPaXOBYEThCA 3 €MIOPH
XBUJIBOBOTO THCKY 3a 1% 3a0e3neueHocTi, ska moOyoBaHa 3a pe3yabraTaMHi HaTypHUX
crioctepekerb Ha ONIeChKild XBHIIEIOCIITHUIIBKIH CTaHIIi1.

Po3misiHeMO BHIIAIOK, KOJMM TPeOiHb XBWIII 3HAXOAWTHCS HAJ HMOXWIOK TPaHHIO
XBUJIEJIOMY 1 MOTIM BiAOyBa€ThCsA HOTO BIUIMB HA XBUJIEJIOM HE Y BHUIVISAI CTATUYHOTO
HAaBaHTAKCHHS, a y BUIVIAAL yZapy, IO CIIOCTEPIraeThes 3a HaTypHUX yMOB. [liist o0umc-
JICHHST PO3PaxXyHKOBOTO MPHUCKOPEHHS YAaCTHHOK IMIAHOI OCHOBH BHUKOPHUCTOBYETHCSI
fioro TUHaMi4Ha PO3paxyHKOBa MOAENb, po3podieHa B [2]. Po3pimkeHHs MHilfaHOro
TPYHTY BU3HAYAETHCS 3a (PiIBTpaIiifHOIO TEOpi€To.

Jlist BU3HAYCHHS PO3PAaxXyHKOBOTO NPHCKOPEHHS & 3aCTOCOBYeThCs MeTox Hbio-
Mapka, BuKiIaaeHui y [3, c. 203]. Kpurnune anCKopeHHﬂ KOJIMBAHb &  OOYMCITIOETHCS
3a pe3ynsTaTaMu BiOpOKOMIpECiHHUX BUIIPOOyBaHb. Y 3B 53Ky 3 Blz[cyTchTfo TOYHUX
JIaHMX BU3HAYEHHS a_ [T HAMUBHHX TicKiB OeperoBoi 30 Oyiecy Ha MiJCTaBi HATYP-
HHX Ta €KCIIEPUMEHTAJIbHUX JJaHuX [6—7] BBaXkaeThess a = 5 cM/c’.

Buxonani PO3PaXyHKH MOKa3a/Id, MO OTPUMAHE PO3PAXYHKOBE MPUCKOPEHHA A
y BY3JIOBHX TOYKAaX KIiHIICBHX CIIEMCHTIB BHUSIBHIOCS MEHIINM 3a KPUTUYHE IIPHUCKO-
penns (0 < a S 3 cM/c?), po3piKEeHHS MiCKIB HE MOBUHHO BiJ0yBaTHCS, IO Cymepe-
YHTH HABECHUM BUIIIEC peallbHUM MpuKiIagaM. HeoOxiaHo 3a3HaYuTH, 1110:

— XBHJIHOBE HABaHTAXKCHHS BU3HAYAJIOCH SIK YCEpeTHCHA BENMYMHA; 32 HATYPHUX
YMOB BOHO MOKE BIIXWJISTHUCS SIK Y OLIbIIMM, TaK 1 B MEHIIHH OiK;

— sIK TIOKa3aHo B po6ori [10], mig gac ygapy XBWIi MOKYTh BUHHKHYTH «TOJIKOBi»
MHTTEBI HaBaHTAKEHHS IHTEHCUBHICTIO ITOHAJ S\, Ie A — BUCOTa XBUJII; Jac 1X il cTa-
HoBUTH (,002—-0,005 ¢, a moBTOpIOBaHICTH HE NiepeBuILye 5—8%.
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Bynu BUKOHaHI pi3HI pO3paxyHKH IUHAMIYHUX HABAHTAKECHb, SIKi MOKa3aiy, II0
B JICIKHX BY3JIOBHX TOUKaX KiHI[CBUX €JICMEHTIB OCHOBH BUHHKAIOTH PO3PaXyHKOBI IIPH-
CKOPEHHS, 110 NIEPEBUILYIOTH BETUIHHY KPUTHIHOTO npuckopents (0 <a <8 cM/c?).
OTxe, B MilIaHiil OCHOBI i XBUJIEIOMOM MOXXYTh YTBOPUTHCS AITSHKH, B SIKUX BinOy-
Ba€ThCS PO3PIIKEHHS TTicKy. Hajaumi i JUISHKHA pO3IIHPIOIOTHCS, 1 MACHBH XBUIICIIOMIB
MOCTYIOBO 3aHYPIOKOTHCS B MIIAHY OCHOBY.

3aranoMm JUIs BUKJIIOUEHHSI PO3PILKEHHS OCHOBU MiJl XBHJICIOMOM CIIiJ[ BXKH-
BaTH 3aXO0Jld, IepepaxoBaHi B podorax [6—8]. B posnisHyTOMY BUMaIKy HEOOXiTHO
MiJi MacuBH XBHJIEJIOMY OOJAIITOBYBaTH KaM’siHy MOCTiIb. [Ipouec po3pilxeHHs
1 3MIIIHEHHS HE3B SI3HUX IPYHTIB HE 3aJISKUTh BiJl IX TPaHYJIOMETPUYHOTO CKIIAMY, ajie
31 30UTBIIICHHSAM KPYITHOCTI, a OTXKE, BOJIOHEITPOHHUKHOCTI 3MEHIIIYEThCS Yac iX nepeody-
BaHHS B PO3PIIHKEHOMY CTaHi. B pasi pyiiHyBaHHs CTPYKTYpH HEBEIUKUX LIAPIB BEIH-
KO3EPHUCTHX TPYHTIB IIeH Mepiof] TAKMKA Manuii, 0 B HUX IPAaKTUIHO HE CIIocTepira-
€ThCS TIPOSIB po3pikeHHs [11].
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BOOCKOHANEHHA METOAUKN PO3PAXYHKY NPOINHY
OAHOCXWUNOI BANKWU 3A 3MIHHOI XXOPCTKOCTI 3A AOBXWHOIO

SIHiH O.€. — kaHOudam MexHIYHUX Hayk,

doueHm kaghedpu bydigHuymea, apximekmypu ma ou3alHy
XepcoHCcbK020 OepxasHO20 azpapHO-eKOHOMIYHO20 yHigepcumemy
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Y cmammi nasedeno piwenns meopemuunoi 3a0a4i 6U3HAYEHHS NPOSUHY OOHOCXUNOL OAKU
3a MHIUHOT 3MIHU JCOPCMKOCMI 83008iC NPOIbOMY. AkmyanbHicms po36 ’sa3anus maxoi 3a0ayi
3yMo6nena HeobXiOHicmio 3abe3nedenis yMos HOPMAIbHOL eKCNIYamayii ma OOMpUMAanHs 6UMO2
mexnixu bes3nexu. Boockonanenns memoody usHaA4eHH MAKCUMATbHUX NPOSUHIE OANOUHUX elle-
Menmie 6a3yEmvbcs Ha MOMY, W0, 32I0HO 3 HOPMAMU NPOEKMYBANHS 3ANI300eMOHNOI OANKU, NPo-
2uH mpeba ob6paxosysamu 3a 3a2anbHUMU npasuramu 6ydigenvHoi mexaniku. Posensoaecmuvcs
BUNAOOK, KONU HANPYICEHHS 8 KOHCMPYKYIT Habazamo Menue 3a epanuyni 3navenns. Tooi naac-
MUYHUL CKIAOHUK Oepopmayii nopieHsHO Maiutl.

06’ exmom meopemuuHo20 00CHIOHCEHHA € OOHONPOILOMHA WAPHIPHO 06nepma 0OHOCXUNA
0anKka NpAMOKYMHO20 NONEPEeYHO20 Nepepizy, KA 3A8aAHMANCEHA PIBHOMIDHO PO3NOOLIeHUM
JUHIUHUM HasanmadcenHam. Binowicms cmanesux i 3a1i300emorHHUX 6AL0K MAarOmMb 080MABPO-
8ULl nonepeyHull nepepis, 0 AK020 0CbOBUL MOMEHM THepYii Y NAOWUHI 32Uy NPUOIUSHO NPO-
nopyitinui Kyoy eucomu. Tomy O CHPOUeHHS 83O NPAMOKYIMHULL nepepis.

Buxooauu 3 eeomempuunoi cxemu 6anxu, ompumano JHIUHY 3A1EAICHICMb MIdC KOOPOUHA-
Mmoo 8300624 nNporvomy ma it eucomoro. Ha yiti niocmasi cknadena yHKYisa 0cb08020 MOMEHMY
iHepyii nonepeunozo nepepisy.

Hns ompumanns ananimuunoi popmynu npounie i Kymie nosopomy Oaiku 3a 008iCU-
HOI NPONIbOMY BUKOHAHO IHMeSPY8anHs OUpepeHyilin020 pPiHAHHA 3ieHymol oci. 3eunanbHull
MomeHm y nepepizi 6anku 6i0 3a0aHO20 NIHINIHO20 HABAHMANCEHHA NPeOCmasnieHull y 6ueisioi
K68aOpAMuyHOI 3a1eHCHOCIMII.

Iocnioosne inmezpysanms ougepenyitino2o pieHAHHA 00360IUN0 OmpumMamu QyHKyii kyma
nosopomy i npocuny. Ilocmitini iHmespy8ants 8UX00AMb 3 MO20, WO NPOSUHU HA NI T NPAGili
onopax 0OpIiGHIOIOMb HYIIO.

s npakmuynoeo niomeepodicents NPAGUILHOCI OMPUMAHO20 Pe3YAbIMamy 015 NPOSUHie
PO321510a6Cst 6UNAVOK, KO VXU 6anku 00pisnioe Hymo. Ananiz gopmynu degpopmayiu 6anxu
noKa3as, wo mpeba posKpueamu MamemMamuyHy HeGU3HA4eHiCMy 3a 00NoMo2or0 npasuna Jloni-
mans. Taxe 3a60ants nog ’a3ane 3 NEGHUMU MAMEMAMUYHUMY MPYOHOWAMU | 6UPTULYBATIOCS 34
00nomo2or0 komn tomeproco cepedosuuia MathCAD.

3a0aua snaxodscenHs npo2unie i Kymie nogopomy Oaiku Oyna poss’s3ana 36 KOHMPOLbHUX
BUXIOHUX OaHuX. 3a donomozoio komn tomepHozo cepedosuuya MathCAD 6yno 6e3nocepedrbo
ompumane epapiune piuienns Oupepenyitinoco pieHsHHs 3i2HYmol oci, a makoxc no6yoo6ani
epagixu yHKyiti npocurie i Kymie nogopomy.

Ananiz yux epaixie nokazas, wo MAKCUMATbHULL RPOSUH | HYTbOBULL KYI NOGOPOMY MAIOMb
00HY abcyucy, wo 8i0nogioae meopemudHum nepedymosam. JJoeeoeno, uwjo Oaika Mae Maxcu-
MANbHULL NPOSUH He NOCEPEOUHT NPObomy, a baudicue 00 1isol onopu, oe il sucoma meHua.

Kniouogi cnosa: oonocxuna banka, npo2ut, Kym noeopomy, 3MiHHA JHCOPCMKICIb 83008IC
npoabomy, oughepenyiiine pieHAHHA 3i2HYMOoi OCi.

Yanin O.E. Improvement of the technique for calculating the deflection of a single-inclined
beam with variable rigidity along length

The article discusses the solution of the theoretical problem of determining the deflection
of a single-inclined beam with a linear change in stiffness along the span. The urgency of solving
such a problem is due to the need to ensure normal operating conditions and comply with safety
conditions. The improvement of the method for determining the maximum deflections of beam
elements is based on the fact that, according to the design standards of a reinforced concrete
beam, the deflection must be determined according to the general rules of structural mechanics.
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The case is considered when the stress in the structure is much less than the limiting value. Then
the plastic component of deformation is relatively small.

The object of theoretical research is a single-span hingedly supported single-inclined beam
of rectangular cross-section, loaded with a uniformly distributed linear load. Most steel and rein-
forced concrete beams have I-beams cross section, for which the axial moment of inertia in
the bending plane is roughly proportional to the cube of the height. Therefore, for simplicity,
a rectangular section is adopted.

Based on the geometric scheme of the beam, a linear relationship was obtained between
the coordinate along the span and its height. On this basis, the function of the axial moment
of inertia of the cross section is compiled.

To obtain an analytical formula for the deflections and angles of beam rotation along
the length of the span, the differential equation of the curved axis was integrated. The bending
moment in the beam section from a given linear load is presented as a quadratic dependence.

Successive integration of the differential equation made it possible to obtain the functions
of the angle of rotation and deflection. Integration constants are found on the assumption that
the deflections on the left and right supports are equal to zero.

For practical confirmation of the correctness of the result obtained for deflections, a special
case was considered when the slope of the beam is equal to zero. Analysis of the deformation
Jformula of the beam showed that it is necessary to disclose the mathematical uncertainty using
the Lopital’s rule. This problem is associated with certain mathematical difficulties, and it was
solved using the MathCAD computer environment.

The problem of finding the deflections and angles of rotation of the beam was solved with
the control initial data. Using the computer environment MathCAD, a graphical solution to
the differential equation of the curved axis was directly obtained, and graphs of the functions
of deflections and angles of rotation were also built.

Analysis of these graphs showed that the maximum deflection and zero angle of rotation have
the same abscissa, which corresponds to the theoretical assumptions. It was shown that the beam
has a maximum deflection not in the middle of the span, but closer to the left support, where its
height is less.

Key words: single-inclined beam, deflection, angle of rotation, variable stiffness along
the span, differential equation of a curved axis.

3anizo00eToHH1 Ta MeTasieBi OalKi IIHPOKO 3aCTOCOBYIOTHCS Y TIPOMHUCIIOBHX, I'PO-
MAaJICBKHX 1 )KUTIOBUX OYIIBISX B SKOCTI PHUTETIB, a TAKOX HECYUHX €JIEMEHTIB Iepe-
KPHUTTIB Ta MOKPUTTIB. /Iy 3a0e3medeHHs YMOB HOPMANBHOI €KCIUTyaTamii # JOTpH-
MaHHsI BUMOT TEXHIKM O€3MeKH TaKi KOHCTPYKIii MOBHHHI MaTd IEBHY >KOPCTKICTb,
BUXOJITYM 3 TEXHOJOTIYHUX, KOHCTPYKTHUBHHUX W €CTETHYHHX HOpM. Tomy HeoOXigHO
BIOCKOHAJIUTH METOAM BU3HAYCHHS MAaKCHMAaJbHUX IMPOTUHIB OaJOYHHX EJIEMEHTIB.
Bonu MoxyTh MaTH pi3Hi GopMu i po3MipH, SIKUM BiJIOBiAIOTh MEBHI MaTeMaTH4HI
METONM BU3HA4YCHHA jaedopMariii. 3rifHO 3 YMHHUMHU HOpMamu [1; 2] mporuH 3ami-
300eTOHHOT Oayky Tpeba BU3HAYATH 3a 3arajbHUMHU MIPaBUIaMH OyIiBeIbHOT MEXaHIKH
3 ypaxyBaHHSM MPYXHO-IUIACTUYHHUX BIACTHBOCTEH MarepiamiB. SKII0 HampyXeHHs
y KOHCTpPYKIIii Habararo MeHIe 3a TPaHW4HI 3HAueHHS, TO TUTACTUYHUHN CKIIaJHUK
nedopMmarii MOpiBHAHO Manuil. Y TakoMy pasi BiIOyBarOThCS IMEPEBAKHO MPYXKHI

ENEEEEREARNNENNERER
Y T

I

Puc. 1. Pospaxynrosa cxema danxku
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nedopmanii. 3rifHO 3 HOPMATUBHUMM BUMOTaMH [3] BU3HaYeHUI MaKCHMAIbHUH Mpo-
THH 0aJKH HE TOBHHCH NMEPEBHUIYBaTH TPaHNIHE 3HAYCHHSI.

Po3misiHEMO OHOIPOJIBOTHY MIAPHIPHO OOTEPTY OXHOCXMITY OajKy HPSIMOKYTHOTO
MOTIEPEYHOT0 TIepepisy, sKa 3aBaHTaKeHa PIBHOMIPHO PO3MOJIICHUM JTiHIHHAM HaBaH-
TaxeHHsM ¢ [4] (puc. 1). [IpumycTaMo, o Marepial mparoe MpyKHO.

Binbiiicte craneBux i 3ami300eTOHHUX OalOK MalOTh JBOTABPOBHM IONEPEYHHIMA
nepepi3, A SIKOTO OCHOBHM MOMEHT iHEpIii y MJIOIIMHI 3TMHY MPUOIM3HO MPOIOp-
midHWA KyOy BucOoTH [5—6]. ToMy /Ui CHpOINeHHS MOXKHA PO3IVISIATH MPSMOKYTHHA
nepepis.

Bincrans Bif J1iBOT OITOPH 0 TOYKY IEPETUHY JIiHINA BepXy 1 HU3Y OaJIKU TO3HAYUMO
h. Toni:

n=1L, M
ne H — Bucora Oanky Ha JiBii omopi; k
K — yXWJI BEPXHBOTO TOsICY OaKu.
ITosokeHHs TONepeyHOTro Nepepizy OalKH 3a JOBXKHHOIO OyJeMO XapaKTepu3yBaTH
abcrmcoro x abo z=h+x. 3MiHHa BHCOTa OAJKH Ha BiACTaHI X BiJ JIiBOI OTIOpPH 3 ypaxy-
BaHHAM (Gopmynu (1):

hy=H+hkx=k(h+x). )
Tozi 0chOBHIT MOMEHT 1HEPIIi] MOTIEPEYHOTO TIepepi3y B IbOMY MICIIi:
3
_ bh(x) _ bks(h + x)3
D) 12

Iie b — mMpHHA OIIEPEYHOTO TIepepi3y Oankw.

06 oTpumaTh aHATITHIHY (OPMYITY IPOTHHIB i KYTiB IIOBOPOTY OAIIKU 32 TOBXKH-
HOIO TIPOJIBOTY, Tpeba MmpoiHTerpyBatu audepeHiiiiine piBHAHHS 3irHYTOi Oci, SIKe Mae
BUTJISIA:

8 M(r)
—, “)
E-1,

ne M o 3THHAJILHUH MOMEHT y Tiepepi3i OaJIku Bijl 3aJ]aHOTO JIIHIHHOTO HaBaHTa-

JKCHHS ¢

3

y” —

1
M, = qu(l -X), %)

ne [ — npomit Ganku.
Iicis mizcTaHOBKH y qudepentiitne pipusnns (4) Bupasis wis 1 (x)1 M, 3 bopmyn
(3) Ta (5) orpumyemo:
w 6g x(I-x) 6 (z—h)l-z+h)

= = ©)
Ebk’ (h+x)’ EbK’ z’
ITocnigoBHO IHTErPYIOYH HOTO, OEPKUMO (DYHKIIIT KyTa MOBOPOTY 1 POTHHY:

, 6g [+2h  h(l+h)

=p= ~lnz- + +cl; (M
Y= e : T2
6g h(l+h)

y:Ebk3 [—(Z+l+2h)lnz+z(c+1)—7+d]- (®)

IMocriiiHi iHTErpyBaHHs ¢ 1 d 3HAWAEMO, BUXOJSIYM 3 TOTO, IO MPOTMHU Ha JIiBiH
1 IpaBiif onopax KOPiBHIOIOTH HYJIIO:

1) 3a x=0 (abo z=h) y=0;

2) 3a x=1 (abo z=h+l) y=0.
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Y pe3yneraTi OTpUMYy€eMO CUCTEMY PiBHSHB:
—(h+l+2h)1nh+h(c+1)—(lL2h)+d:O; ©)
—(h+Z+l+2h)ln(h+l)+(h+1)(c+1)—g+d=0. (10)
3BiakH
c:(2+%)ln(h+l)—(l+%)lnh—%; (11)
2 2
d=(4h+l+%)lnh—(2h+%)ln(h+l)+é+h. (12)

[Ticns migcTaHOBKY 3HAMICHUX MOCTIHHKUX iHTErpyBaHHs ¢ Ta d y hopmynu (7) 1 (8)
Oyaemo matH 3a z=h+x:

6qh’ 3h(h+x)
= +1+3h)1 +(2x+——>-
4 EbH3£(x Mt
I h X L AR, (13)
l h 2 2 2 2(h+x)
6qh’ h 3h., h+l
'=p= In—+Q2+—)In—-
O o ey TR
_ 10Ax +hl+2x1+3x° + 6h° (14)
2(h+x)°

o6 migTBepAMTH MPAaBUIBHICTH OTPUMAHOi (GOPMYNH Uil TPOTHHIB, AOLIIBHO
PO3IIISIHYTH YaCTKOBUM BUIIQJIOK, KoM yxui Oanku k=0 i h—oo. Jlnsa uporo tpeba
3HaI‘/’ITH,111_I};y . Ananizyroun ¢opmyiny (13), MoxkHa TIHTH BUCHOBKY, IO iCHY€E moTpeda
PO3KpHBaTH HEBHU3HAYCHICTh, HANPUKIAJ, 3a JormoMororo npaswina Jlomitans [7].
Taka 3a1a4a OB’ s13aHa 3 IEBHUMU MaTeMaTUYHUMHU TPYIHOIIAMH, TOX 11 JOIUTBHO BUPI-
IIyBaTH 3a JOTIOMOTOK KoMil roTepHoro cepemopuiia MathCAD. B pesynbrari Oyno
OTpPHMAaHO, IIO:

. 1 (2xX°1+x+1)
limy=——gx———=

15
h—> 2 EbH’ (15)

o, "

-0.005
¥ 1
)
i

-0.015

DI |
n. X J8,

Puc. 2. I'pagpix npocunis b6anku
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_0.0022587612838240'004

0.002

9ix)
— 1]

d
700

-0.004

- 0040779540055 g

o X 18,

Puc. 3. I'pagpix kymis nosopomy 6aixu

Leit Bupa3 36iractbed 3 Bigomoro hopmynoro [8]. Takum unHoM, popmyna 11 mpo-
ruHy (13) oTpuMalia ieBHE MiATBEPIKCHHSI.

3amaya 3HAXOMKCHHS MPOTHHIB 1 KyTiB MOBOPOTY Oanku Oyima po3B’si3aHa 3a
TaKUX KOHTPOJNbHUX BuXimuux manux: I = 18 m; H = 0,9 m; k = 1/12; ¢ = 30 xH/m;
E =30000 MIla; b= 0,3 H.

3a moromMororo koM 'totepHoro cepenosuma MathCAD 6ymo 6e3mocepeqHbpo oTpH-
MaHe rpadiuHe pimeHHs qudepeHIiiHHOro piBHIHHA 3irHyTO1 oci (6), ke Oyno mo3Ha-
gene Y (X), a Takoxk 1moOynosani rpadiku (GyHKuiH, srixHo 3 popmynamu (13) i (14).
Bonu HaBejeHi Ha puc. 2 1 3.

Ha puc. 2 rpadiku y(x) i Y (X) criBnam, o € e OQHUM IiATBEPDKEHHSM Mpa-
BUJIPHOCTI BUKOHAHUX MaTeMaTHYHUX IEPETBOPEHb. Take MiTBEPIKCHHS € JTyKe BaXK-
JIMBHM 3 TIOTJISIAY afeKBaTHOCTI 3aIIPOITIOHOBAHOTO PE3YIIBTaTY.

I3 rpadikiB BUAHO, 110 MAKCUMAJIbHUI MPOTUH 1 HYJIBOBUH KYT MOBOPOTY MArOTh
onHy aberucy X = 7,5 M <1/2 =9 M. ToGT0 Gaska Mae MaKCHMaIbLHUN IPOTHH HE TTOCe-
penuHi MPOJBLOTY, a OJIMKYE 70 JTIBOT OMOPH, e il BHCOTa MEHIIIA.
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