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METHOD OF EXPERIMENTAL RESEARCH OF CUTTING HIGHLY

ABRASIVE MATERIALS WITH ABRASIVE REINFORCED CIRCLES
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Kyiv, Povitroflotsky Avenue, 31, 03037
Kuiscokuii Hayionanonuti Yuisepcumem byoienuymea i Apximexmypu,
Kuis, np. Illosimpoghnomcoxuii, 31, 03037

Anomauin. B pobomi poszensoacmvcsi oyinka 63a€mo0lii 8UCOKOAOPA3UBHUX Mamepianie 3
abpazu6HUM  APMOBAHUM — KpPYeOM, 5KA  30MUCHIOBANACL 34  OCHOB0I0  OOHOMAKMOPHOZO
eKCnepumMenmy 3a805AKU 3ACMOCY8AHHIO BUCOKOMEXHONIO2IUHO20 BUMIPIOBAILHO-DEECMPYIOU020
001a0HAHHA, WO 00360JUN0 UBUOKO 3 NEPUIOYEPOBUX OAHUX OMPUMYBAMU MOYHI pe3Vabmamu.
Obpobka ocyunocpam nonsaeand y 6UsHa4eHHi cepeoHbOMAKCUMANTbHOI opouHamu cunu pizanusa P
Ma 3HAX00JCeHHs iI cepeonbo2o 3HaAuYeHHs. 3a805KU 3ACMOCYBAHHIO 3ANPOEKMOBAHUM MA
PO3pOONEHUM —~ BUCOKOMOYHIL — cucmemi — Kepy8amHs  Nooayi  pobouozo  opzany  ma
BUCOKOMEXHOTIO2IYHOMY BUMIPIOBAILHO-PEECMPYIOUOMY 0OIAOHAHHIO, 5IKe 00380JAE WEUOKO | Oe3
NOBMOPIOBAHL 3 NEPULOUEP2OBUX OAHUX OMPUMY8AmMU OOCMAMHLO MOYHI OYIHKU B83AEMOOIT
BUCOKOAOPA3UGHUX Mamepianié 3 aOPA3UBHUM APMOBAHUM KpPY2OM Ma OAl0 MONCIUBICHIb
00pobnsmu ix 3a 0O0NOMO20I0 CYYACHO20 NPOSPAMHO20 3abe3nedenHs, wo no3oasuno 8io
mpyoomicmkoz2o npoyecy 006podoxu oauux. Lle, 6 ceorw uepey, 0ano modcaugicmv MIHIMIZy8amu
YUCNO BUMIPIE CUNU PI3aHHA NPU 3A0aHitl. MOYHOCMI [ HAOJIUHOCMI pe3yibmamis 00Caidy 3
gipocionicmro ompumanux oanux 6io 0,90 oo 0,95.

Knrwouosi cnosa: excnepumenmanvhi 00CaiodxHcens, 8UCOKoabpa3ueni mamepianu, adpasusHuil
ApMOBAHULL KPYe, BUMIPIOBAIbHO-peECMpPYIoye 00IA0OHAHHS, UMOBIPHICIb BUKOHAHHS HEPIBHOCTI.

Beryn. Ilpu mnpoBeneHHI €KCIIEPUMEHTAIbHUX JOCHIKEHb JIOCUTh YacTo
BUKOPHUCTOBYETHCS (PI3UUHE MOJEIIOBAHHSA, 110 J03BOJISIE MEPEBIPUTH BiIMOBIAHICTD
CKJIaJICHOT MaTeMaTUYHOI MOJENI YU AOCTIAUTU CKIIAJHI SBUIIA MPU HEMOKJIMBOCTI
MoOyIOBM MaTEMaTUIHOI MOJICTI.

Oninka B3aeMOil BHCOKOAOpa3HMBHUX MaTepialiiB 3 aOpa3sMBHUM apMOBaHUM
KPyrOoM 3JIHCHIOBAJIAaCh 3a OCHOBOIO OJHO(GAKTOPHOTO EKCIEPUMEHTY 3aBISKH
3aCTOCYBaHHIO BHCOKOTEXHOJIOTTYHOTO BHUMIPIOBAJIBLHO-PEECTPYIOUOTO OOJIaHAHHS,
10 JO3BOJIMJIO IIBHUJIKO 3 TIEPIIOUEPTOBUX JAaHUX OTPUMYBATH TOUHI PE3yJIbTATH.

OcHoBHmii  Tekcer. OOpoOka ocuujorpam TmoJssiraja y  BU3HAY€HHI
cepeIHbOMAaKCUMAJIbHOI OpJMHATH CWJIM pi3aHHsA P Ta 3HAXO/PKEHHS 11 CEpeIHBOTO

3Ha4YCHHAI.

ISSN 2567-5273 3 www.moderntechno.de


https://orcid.org/0000-0002-0355-002X
https://orcid.org/0000-0003-3151-4680
https://orcid.org/0000-0002-0355-002X

Modern engineering and innovative technologies Issue 25 / Part 1

HeoOxigHe YwMciIo MOBTOPEHb JOCHIAIB I BU3HAYEHHS OJHO(PAKTOPHOI
3aJIeKHOCTI BU3HAUYAJIOCS 3 piBHSHHSA [1]:

z
< i VVx = 2 Je 2dt (1)
Vot N

ne P* — IMOBIpHICTh BUKOHAHHSI HEPIBHOCTI y (DIrypHUX Qy’KKax; A, — BIAHOIICHHS
BIJIXHJICHHSI €MITIPUYHOTO CEPEIHbOT0 3HAYEHHS BHUITAJKOBOI BEJIMYMHH X BiJ HOTO
ICTUHHOTO CEPEIHBOTO 3HAUEHHS; 7 — YHCIIO BUMIPIB BEMYUHU X; W, — KOe]IillieHT
Bapiallii BEJIMYMHH X; Z — BEPXHS MeEKa 1HTerpaly WMOBIPHOCTI, 1[0 XapaKTEPHU3Y€E
HWMOBIPHICTb BIIyYEHHS CEPEITHbOT0 3HAUEHHSI B 33JIaHUK JTOBIpUUM 1HTEPBAJ.

3 Bupasy (1) Bu3Ha4aeMo HEOOX1HE YUCIIO BUMIPIB CHIIM Pi3aHHS MPHU KOKHOMY
CITOJTyY€HH1 YMOB JIOCTIiIiB

P*A,

ZZVVXZ

N 2)
Jie BEJIMYMHA Z BU3HAYAETHCS MO TAOIUISIX 1HTErpaja WMOBIPHOCTI BIJMOBIAHO 10
3a/1aHO01 IMOBIpHOCTI P*.

Ha pucynky 1 HaBeneHo rpagiku 3anexxHocTi n(W,) npu pi3HUX 3HAYEHHSIX A,
ta P* Hanpuknan, npu BigHocHOoMYy BiaxuiaeHH1 A,=0,1 Ta HiMoBipHOCTI P*=0,95
HEOOX1/IHE YKCJIO BUMIPIOBAHb CWJIM pi3aHHs /IS 3HaueHb KoedillieHTa Bapiallii B
Mexkax 0,2 - 0,3 moBuHHO Oyt 15-35. IlOBTOpPHICTH HOCHIAIB 3HAXOAWJIACH B
iHTepBal Bia 3 10 5 (mpu 4KCH BUMIPIB y KoxkHOoMY aochial Big 200 mo 500), mio
pu KoedimienTi Bapiamii gocaigaux BenuyuH Bix 0,2 1o 0,3 BiamoBigae BIporigHOCTI
orpuManux aanux Bix 0,90 mo 0,95 [1].

n

n2>
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3aoana mounicme A =0,05 abo A, =0,1
Pucynok 1 — I'padik 111 BU3HaYeHHS HEOOXIITHOT0 YK CJIa BUMIPIB cHJIN
Pi3aHHA NPH 321aHi TOYHOCTI i HAAIIHOCTI pe3yJbTaTIB A0CHiAy:
1-P*=0,99; 2 - P*=0,95 3 - P*=0,9
Icepeno: [1]
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JIluHaMOMETPpUYHHMI CTEHJ PEECTpallii CHUJIOBOTO HABAHTAXXEHHS aBTOPCHKO1
koHcTpykiii KHYBA [2] moomparsoBano miis mociipkeHHS (GI3UYHOI MOJei

MpoLeCy pi3aHHS BHUCOKOAOpa3WBHUX MaTepiaiiB aOpa3sUBHUM apMOBAHUM KPYrOoM
(pucyHOK 2).

PucyHnok 2 — /IlunamMmomMeTpuYHU Bi30OK
Asmopcbka po3pobka

Ha OokoBux moBepxHsX TeH300aiku | HakieeHi TeH3omatuuku J{1-/[4, 1o
PEECTPYIOTh JOTHYHY cwiy P, ska 1ie Ha a0Opa3uBHM apMoBaHuii Kpyr. Ha
TOPU30HTANBHIN TeH300aM1l 2 — TeH304aTYuKu /{5-/[8, 10 peecTpyIOTh HOPMAJIbHY

cuiny N, ska Jii€ MiJ 9ac pi3aHHS BOTHETPUBKOI IETJIM HAa aOpa3uBHUNA apMOBaHHI
KpyT (PUCYHOK 3).

2 i
‘: 1 1
I, (@7_ 18 TA7 | 22 173| ﬁ))
{0
75 76 U A7 |44
O g |
O o:l
0 ’Dl/l PZ
o ‘ A
= P S ‘ /
PX ~ | /- /
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7

Pucynok 3 — Cxema po3ranmiyBaHHSl TEH30aTYUKIB HA

AMHAMOMETPUYHOMY Bi3KYy
Iocepeno: [2]
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['pynu TeH30aTUYHKIB BKJIFOUEHO B €JIEKTPUYHI MOCTOBI CXEMH, 1110 IIOKa3aH1 Ha
pucynky 4. Cuia pi3aHHs dYepe3 KOHCTPYKIII0O abpa3WBHOTO apMOBAHOIO Kpyra
MepeaacTbesl TeH30AaTInKaM Jedopmariii SKux TPaHCPOPMYIOTHCS B 3MIHY OTNOPY
BHUMIPIOBAJILHUX €JIEMEHTIB, TaK Y BCIX MOCTOBHX CXEMax 3’ sIBJISIETbCA po30ajaHc.

B ocHOBy MeToniB BHMIPIOBAHHSA JaTYUKaMU  OMNOpY  MOKJIaJEHUMN
TEH30METPUYHHM e€PEeKT — 3MiHa EIEKTPUIHOTr0 (TOOTO OMIYHOI0) OMIOPY METaJIeBOTO
JPOTY MaTyuKa Mpu Horo npyxHii aedopmarii [3].

JlaTuMKy HaKIJIeE€H!I HA TMOBEPXHIO TEH30METPHUUYHOI OaJIKH, 110 AePOPMYEThCH,
MOJIIMEPHUM KJIEEM MO cHeliaibHii TexHousorii. [Ipu npoxomkeHH1 yepe3 IaTdyuku
€JIEKTPUYHOTO CTPYMY B pe3yJibTari AedopMaliii TeH30METPUYHOI OATKU 3MIHIOETHCS
omip AatyukiB. B pe3ynbTaTi 3MIHUTBCA Hampyra B €JIEKTPUYHOMY JIAHIIHO3I.
Ockuibku  Aedopmaliiss TpomnopiiiiiHa cuiaaMm, SKi il BHUKJIMKaKOTh, TO iM Oyje
MPOMOPIiiHA 3MIHA HAIPYTH CTPYMY B €JIEKTPUYHOMY KOJII.

Pucynok 4 — Cxema 3’€1HAHHS TEH30METPUYHHUX JATYHUKIB

Y BUMipIOBAJIbHI MOCTH
Iocepeno: [3]

Jatuuku 3’€IHYIOTHCSI B MOCTOBY cxeMmy. B maHomy Bumaaky Ha KOXHY
TEH30METPUYHY OaT0UKy (PUCYHOK 3) HAKJICEHO MO YOTUPH JATYHUKH, SIKI OJHOYACHO
BUKOHYIOTh QYHKIIT poOOYMX Ta KOMIEHCAIIMHMX AATYUKIB. Take MiIKIIOYCHHS
JATYMKIB JI03BOJISIE PEECTPYBATH TUIBKM PI3HULIIO HANpyrd Ha Oa30Bid IUISHIN
Oamouku (i, 3aMKHEHIH MK JJaTYMKaMH.

CraHoB1 OajlaHCy TEH30METPUYHUX CXEM (PUCYHOK 4) BUMIPIOBAHHS JOTUYHOI
Ta HOPMAJbHOI CKJIAJI0OBOI CHJI, IO [1I0Th Ha a0pa3WBHUN apMOBaHUN Kpyr Ta
BIJIMOBIAAIOTh PIBHOCTI

(R1 + R3)Rx = (Rz + R4 )Ra; (3)
(Rs + R7 )Rx - (R6 + R8 )Ra; 4)

ne R; s — omip TEH30JaTYWKIB (IUIeYl MOCTa OmMopy); R, — eTasoHHUU omip; R, —
BHUMIPIOBAJILHUH OIIIp.

ISSN 2567-5273 6 www.moderntechno.de
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B xoMIuiekT BUMIprOBaJIbHOT anapatypu (PUCYHOK 5) BXOJIUTh: OJIOK KUBJICHHS
l; xabemnp xuBieHHs 2: moxyiab ALl (anamoro-umdpoBuii mnepeTBOprOBay);
IMIMCTUKAHAJIBHUHN MIJICUIIIOBaY Ta MIKPOKOHTPOJIEPHHUM OJIOK KepyBaHHS 3; KaOenb
nepenaui curHany (iHtepgeiic SCI — Serial Communication Interface) 4; ta

nepcoHanbHu komn totep (Hazami 1K) 5.

Pucynok 5 — KommiekT BUMipIOBaIbLHOI aniapaTypH

Aemopcwvka pospodka

Curnan posbajlaHCy MOCTa 3 BKJIFOYEHHSM TEH30JIaTUMKIB MiJCUIIOETHCS 3a
JIOTIOMOTOI0  IHCTPYMEHTAJIBHUX  ONEpalliiHUX MIJCWIIOBa4YiB  (PUCYHOK  6),

YBIMKHEHUX 32 CXeMOI0 JudepeHIialpbHOTO TiJacuiitoBaya (PUCYHOK 7) 3
MOTANIEHHSIM CHH(Aa3HUX TIEPEIIKO/I.
Pucynok 6 — AIIII 3 6;10k0M migcH/IIOBaYiB
Iocepeno: [3]
www.moderntechno.de
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Pucynok 7 — Cxema qu¢epeHiaibHOI0 MiACHI0Ba4Ya
IDicepeno: [3]

3aBASIKM 1IbOMY BJA€THCA MIACWIUTH Jy’K€ MaJIMA pPIBEHb €JIEKTPUYHHUX
KOJIMBaHb 3 YHUKHEHHSM 3pOCTaHHsI MMapa3uTHUX LIYMIB Ta MPSIMOI0 MEPEAATOYHOIO
XapaKTePUCTUKOI. TakoXk, 3aBASKM BKIIOYEHHIO 32 TaKOK CXEMOI, BIAETHCS
YHUKHYTH Jpeddy Hyms, SKuil NpuTaMaHHUM 3BHYAHHM CXEMaM OIepaliiHuX
T ICHJIFOBAYIB.

3a ymoBu R4 R7 = R5 R 6 nepenatouHy (yHKIIO MOXHa MPEACTaBUTH y
BUTJISII:

Ueux = & 1+£+& (stZ _Uexl ) (5)
R, R, R,

BinMiHHOIO OCOONUBICTIO PO3IJISIHYTOI CXeMH € T[IOBHA HE3aJEeKHICTh
peryroBaHHs KOe(illieHTa MIJCHUIICHHS BiJl BUKOHAHHS YMOBH.

B skocTi omepaiiiiHuX MiJCHIIOBa4iB BUKOPHUCTaHI Cy4YacHI 1HCTPYMEHTAaJbHI
nigcuiroBadi BupooHunTea Analog Devices.

[Tincunenuit curHan nomaetbcsi Ha Moaydb ALl mms momanbmoi oOpoOKu.
[Ipunan mpairroe B 1BOX pexuMax 3 Koe(dilieHToM MiICUIeHHS CUTHaTY 1 Ta 2.

B saxocti ATl Bukopuctanmii 10-Tu po3psaHUN MOIYNb, KN BXOIUTH [0
ckianay MikpokoHtpoiiepa cimerictBa PIC (Peripheral Interface Controller) (pucynoxk
8).

Yac neperBopenHss ALII mg 3anpornoHOBAaHOTO KOHTPOJIEpAa BU3HAYAETHCS 34
dhopmyiioro:

TAD:N'TAD"'(H_n)(zTOSC), (6)
ne T'yp — vac aHAIOTO-IU(POBOTO MEPETBOPIOBAHHS HA OAWH OIT (PEKOMEHOBAHO

-6 .. ) .
1,6*10 ); n — kinbkicth po3psaniB AlIll; Tosc — TpUBaIICTh OJHOTO TaKTy
CHHXPOHI3YIOUMX IMITYJIbCIB.

ISSN 2567-5273 8 www.moderntechno.de
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Fic MLL

i —3
6 | Sart|  Rx cany

nputPins ——————————— |

' B Analog Mux
Z ; - —— | _T_,. — 11.C0Y
% I fz liﬁ/[l | RA RS23Z| o,
F—+—"0 Hololing CAP |

| T

|

|

PucyHnok 8 — 3arajnbHa cxema npuctporo aist AL
Icepeno: [3]

B cepennpbomy mpu yacToTi TakToBOro reHeparopa 20 MI'1 yac nepeTBOpeHHs

-6
0 OJTHOMY KaHaily ckiaaae 17,6* 107
[Ipy bOMY TOYHICTb MEPETBOPEHHS 3aJIC)KUTh Bl KPOKY KBAaHTYBaHHS , SIKUIM
CJIi po3paxyBatu 3a (OpMYJIOH:

U
n, = @
ne Uggr — onopHa Hanpyra (5B);
S35 om
2 1024

Intepdeiic RS232 mae HeTUIIOBI PiBHI HANIPYT, TOMY ISl Y3TOKEHHS 3 PIBHAMU
iHTep(eiicy MIKpOKOHTpoJiepa HEOOX1THO BHUKOpPUCTOBYBaTU meperBopioBau CONV
(pucyHOK 8).

Hudporuit curnan nopaerbes Ha 1K i momanpiioi oOpoOKU 3a JOMOMOTOO
CIeliaJIbHO HaMCaHoi porpamMu, mija Ha3Bow “Tenzo Cut” [4].

B pesynbrari BigOyBa€Thcsl peecTpallis CUTHAy B pealbHOMY daci Ta
BUBEJICHHS MOT0 Ha €KpaH y BUJIAII Irpadika (pUCyHOK 9).

IIporpama nossoise:

- OJHOYACHO PEECTPYBATH JIaHl 3 IBOX I'PYH JATYUKIB (pUCYHOK 9);

- TPUBOJUTH JIaHI JI0 3araJIbHOI OpJIMHATH 300paskeHHs (pucyHok 10);

- TMPOBOJMUTH TapyBaHHs, TOOTO Mepexij Bil OpAWHATH 300pakKeHHS 110 CUJIH,

110 JiF0Th Ha a0pa3uBHUM apMOBaHU KpyT (pUCYHOK 11).

- 00poOysaTH maHl (3HAXOJIUTU CEpEHE 3HAYEHHS Ta CEPEIHHbOKBAJIPATUUHE
BIJIXWJICHHS Ha 33JaHOMY TTPOMIXKKY) (pucyHOK 12);

- 30epiratu gani B ¢aiiini Ha OyAb-sIKOMY €Tarll peecTparlii Ta 00pooKu;

- 30epiraTu JaHi y BUIJISII TAOJMIN YUCEN JJIS MOAANBIIOI 0OpOOKH 1HIIMMHU
nporpamMamMu aHaiizy TabamyHux naHux (Hanpukiaa, Origin abo Microsoft
Excel).

Po3pobiieHe BUCOKOTEXHOJIOTIYHE BHUMIPIOBAIBHO — PEECTpyroUe OOJaaHAHHS

JI03BOJISIE€ MIBUAKO 1 6€3 MOBTOPIOBAHb 3 MEPIIOUEPrOBUX JaHUX OTPUMYBATH TOYHI
OIIIHKM B3a€MO/Ii1 BUCOKOAOPA3UBHOI 1I€TJIM 3 a0pa3suBHUM apMOBAaHUM KPYTOM Ta Ja€

ISSN 2567-5273 9 www.moderntechno.de
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MO>KJIUBICTb OOpOOJIATH IX 3a JOIOMOTOK CY4acHOT'O MPOTrpaMHOro 3a0e3leyeHHs,
10 T030aBUTH BiJ TPYAOMICTKOTO IpOIecy 0OpOOKH JaHUX.

HIBuakicTh momaul aOpa3MBHOIO apMOBAHOTO Kpyra B 30HY pi3aHHS
BCTaHOBJIIOBAJIACh 33 JOTIOMOTOIO MIIKIIOYEHHS MPUBITHOTO €IEKTPOIBUTYHA Yepes
yacToTHU nepeTBopioBay «Frecon» FR150A, cxema miK/IIoueHHs SKOTro 300pakeHa
Ha pUcyHKy 13 [5].

A MainF

PesynbTaTel  Ba3a AaHHbD

Crarge  Conmnected | Seies0 _|[v Seriss2 _| v Seriss 4 =]
150
Wimepsan 7000 4] (¥ Seies1 _|[@ Series3 [ 21 Toppomca | Tow.. |

135 : : ; H H

130

125

- Series 0
— Series 1
Series 2
- Series 3
Series 4

120

s

110

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 G000 6 500

| A | m sTART | stop | o Comparve | Pacer |
Pucynok 9 — Buruisia BIITBOPEHOT0 CUTHAJIY HA eKPaHi

Icepeno: [3]

PesyneTaTel Basa AaHHoix

Crerye  Connected [ [G Seies0 | Series2 | Series d |
3 50T Tot
WMrmepean [7000 [] | Seriest | Heries 3 M =l Mﬁ

— Series 0
— Series 1
Series 2
— Series 3
Series 4

T T T T T T T T T T T T T
S00 1000 1500 2000 2500 3000 3500 4000 4500 S 000 5500 6000 B500

]
w4 e e st | stor | Copoc | Cosparis | Paier |

Pucynok 10 — IlpuBegeHHs1 JaHUX /10 3araJIbHOI OPAUHATH 300paKeHHSI
Iocepeno: [3]
ISSN 2567-5273 10 www.moderntechno.de
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PezyneTaTEl PesynbTatel
Craryo  Connected [~ Series0 [~ Series2[ [ Series4 Craryc  Comnected [~ Seies0 _|[~ Seies2 _| ¥ Series 4 -
Wirepssn  [HB000 2] |1 Series1 | W Seres 3 Uirepsan 46000 (%] (I~ Series1 [ [V Series 3 m=

4]
}

|

|
|
|
|
‘ !
|
|
(
|
s

|
|
|
|
|
|
§
|
|
i

|
|
W 1
\
|

I F
| fremeemy ™ 40 -""'___"""'""'

i 5000 10000 15000 10 000 15000 200

wl <l el ml @) wl al sl m| | )
Pucynok 11 — TapyBanns a) 10 TapyBaHHs1, 0) MIiCJIA TAPYBAHHS
IDicepeno: [3]

el TRk R 105,77115631
[ Series 148 48103436 56,751683310
[ Series 2 -77,27234649¢ 128 64126586
315,77423095 82,235198974

(Series 2

.....

14400 . Pospax

Pucynok 12 — BikHo «Po3paxyHkoBi mapaMeTpu» 3 pe3yjibTaTaMu 00PaxyHKIB
IDicepeno: [3]

[BunkicTe mojaui podOOYOro OpraHy B 30HY pi3aHHA V, , BHU3HAYAETHCS

3aJICIKHICTIO!
np,

Vo —_ee
! 60 ) uK.n. ’ (8)
1€ Uy, — TIepEaTOYHE BITHOIICHHS KJIMHOMACOBO1 niepeaayi; 7, — 4acTora
oOepTaHHs Bally IBUTyHA; P. — KpOK TBUHTA TBUHTOBOI Iepeayi.

PerymtoBaHHs MIBUAKOCTI MOJa4l BUKOHYBAJIOCh 32 JIOMIOMOTOI 3MIHM 4acCTOTH
CTpyMy JIBHWTyHa f BiJ SIKOi 3aJie’KUTh CHHXPOHHA YacToTa (YacToTa OOCpTaHHS
MAarHiTHOTO TI0JIS):

601

= ©)
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a yactota oOepTaHHs Bajy €IEKTPOJABUTYHA BU3HAYAETHCS HACTYITHUM YUHOM:
ne :nd'kk ’ (10)
ne k, — KOB3aHHsI €JICKTPO JIBUTYHA [6].
TexHiyHa XapaKTepUCTUKA €JIEKTPOABUTYHA TIpEACTaBiieHa B Tabymii 1.
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TakuM 4YWHOM, 3aJaBIIM BIAMOBIIHY YacTOTy CTPyMy 3a JOTOMOTOIO
neperBoproBaya yactotu «Frecon» FR150A Mu mocsraeMo HEOOXiTHOI MIBHAKOCTI
moja4i po6o4oro oprany B pooody 30HY.
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Kinekicte 00epTiB aOpa3suBHOrO apMOBAHOTO Kpyra BCTaHOBIIIOBAjJach 3a
JOMOMOTOI0 PETYJSATOpa MPUBOJHOI MAIMHU, B SKOCTI SIKOI BHKOPHUCTOBYBAJIACH
pyuHa kyrtonutipyBanbHa MamuHa (pucyHok 14) [7]. BumiproBaHHS KIJIBKOCTI
00epTiB BUKOHYBAJIOCh 3a JOMOMOTOI0 ITu(ppoBoro PoroTaxomerpa (pucyHok 15) [8]

a

Pucynok 14 — Peryasitop o0epriB Ha RyTomniE])yBaanii/i MAaIIUHI
IDicepeno: [7]

Pucynok 15 — ®@ororaxometp

IDicepeno: [8]

TapyBaHHS TEH30METPUUHUX OAJIOK NEpe]] MPOBEACHHIM J0CHIIIB (PUCYHOK 16)
MPOBOJIMIIOCHh MEXAHIYHUM HABAaHTAXEHHSM B HANPSIMKY KOXXHOI 13 CKJIaIOBUX
MOBHOI CHJIH Pi3aHHs 32 JJOTIOMOTOI0 TUHAMOMETPA.

JlunamoMeTp oAHUM (PiKCATOPOM 3aKPITLITIOBABCS 10 MEXaHI13My TapyBaHHS, a
THIIIUM — JI0 TeH300aJIKU. 3a JIOMOMOTr00 MEeXaHi13My MepecyBaHHs IIPOBOIUIIOCH
HaBaHTaXXEHHS Ta (piKcallis CUTHAIY PEECTPYIOUOI0 anapaTyporo [3].

Ha pucynky 16,8 300paxkeHuil rpadik TapyBaHHS TEH300allOK, J€ TMOKa3aHO
3aJIe)KHOCTI BENMYMHHM CUTHANY BiJl BEIWYMHHU 3YCWJUIA TPU HaBaHTAKEHHI Ta
PO3BaHTAKEHHI.
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a) 0) B)
Pucynok 16 — TapyBaHHSI TEeH30MEeTPUYHHUX 0AJIOK: a) MOKA3M JHUHAMOMETPA HA
cTeHi; 0) ocuuiorpama; B) rpagik TapyBaHHs.
Asmopcovka po3pobka

BuchoBok:

3aBASIKM 3aCTOCYBAaHHIO 3alpOCKTOBAHMM Ta PO3POOJEHUM: BHCOKOTOYHIN
CUCTeMi KepyBaHHsS Tojadyl poOOYOoro OpraHy Ta BHCOKOTEXHOJIOTTYHOMY
BHUMIPIOBAJIbHO—PEECTPYIOUOMY  OOJIaIHAHHIO, fKE JIO3BOJIsI€ IIBUAKO 1 0e3
NOBTOPIOBAaHb 3 MEPIIOYEProBUX JAHWX OTPUMYBATH JOCTaTHHO TOYHI TpH
BiIHOCHOMY BiaxuieHHil A,=0,1 oliHKM B3ae€MOJii BUCOKOAOpa3sMBHUX MaTepialliB 3
aOpa3WBHUM apMOBAaHUM KPYTOM Ta JIaJl0 MOXKJIMBICTb 0OpOOJIATH iX 3a JIOMOMOTOIO
Cy4acHOTO IPOTpaMHOI0 3a0€3MeUeHHs, 110 M030aBUIO Bl TPYAOMICTKOTO MPOIECy
00poOku nanux. lle mamo MOKIMBICTH MIHIMI3yBaTU YHCIO BUMIPIB CHJIM Pi3aHHS
MIpH 33/1aHiil TOYHOCTI 1 HAIIMHOCTI pe3yJIbTaTIB JOCIITY 3 BIPOTIIHICTIO OTPUMAHUX
nanux Big 0,90 go 0,95.
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Abstract. Introduction. Evaluation of the interaction of highly abrasive materials with an
abrasive reinforced wheel was carried out on the basis of a one-factor experiment through the use
of high-tech measuring and recording equipment, which made it possible to quickly obtain accurate
results from priority data.

Main text. The processing of oscillograms consisted in determining the average maximum
ordinate of the cutting force P and finding its average value.

The torque stand for registration of the power load of the author's design of KNUBA has been
modified to study the physical model of the process of cutting highly abrasive materials with an
abrasive reinforced wheel. On the side surfaces of the load cell 1, strain gauges DI1-D4 are glued,
registering the tangent force acting on the abrasive reinforced circle P. On the horizontal tenso-
beam 2 — strain gauges D5-DS8, which record the normal force that acts during the cutting of
refractory bricks on the abrasive reinforced circle N.

The cutting force through the design of the abrasive reinforced wheel is transmitted to the
strain gauges whose deformations are transformed into a change in the resistance of the measuring
elements, so imbalance appears in all bridge circuits.

The basis of the methods of measurement by resistance sensors is the strain gauge effect — a
change in the electrical (that is, ohmic) resistance of the metal wire of the sensor during its elastic
deformation.

Sensors are connected to a bridge circuit. In this case, four sensors are glued to each strain
gauge (Figure 3), which simultaneously perform the functions of working and compensation
sensors. Such a connection of sensors allows you to record only the voltage difference in the base
section of the beam, closed between the sensors.

The set of measuring equipment includes: power supply, power cable: ADC module (analog-
to-digital converter); shistic amplifier and microcontroller control unit; signal transmission cable
(SCI — Serial Communication Interface); and a personal computer (hereinafter referred to as the
PC).

The program allows you to:

- simultaneously register data from two groups of sensors (Figure 9);

- bring the data to the general ordinate of the image (Figure 10);

- carry out taring, that is, the transition from the ordinates of the image to the forces acting
on the abrasive reinforced circle (Figure 11).

The feed rate of the abrasive reinforced wheel into the cutting zone was set by connecting the
drive motor through the frequency converter "Frecon" FR1504,

The number of revolutions of the abrasive reinforced wheel was set using the regulator of the
drive machine, which used a manual angle grinder. The measurement of the number of revolutions
was performed using a digital phototachometer.

The packaging of strain gauge beams, before the experiments, was carried out by mechanical
loading in the direction of each of the components of the total cutting force using a dynamometer.
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Conclusion:

Thanks to the use of designed and developed: a high-precision control system for the supply
of working organ and high-tech measuring and recording equipment, which allows you to quickly
and without repetition from the priority data to obtain sufficiently accurate with a relative deviation
Ax = 0.1 estimates of the interaction of highly abrasive materials with an abrasive reinforced wheel
and made it possible to process them using modern software, which saved from the time-consuming
process of data processing. This made it possible to minimize the number of measurements of the
cutting force with a given accuracy and reliability of the results of the experiment with the
probability of the obtained data from 0.90 to 0.95

Keywords: experimental research, highly abrasive materials, abrasive reinforced wheel,
measuring and recording equipment, probability of unevenness.
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Abstract. The experience of implementing a modern approach to the professional and
practical training of specialists at the level of higher education is analyzed. Examples of the use of
the group work method in classroom practical classes of students specializing in "Management of
ship technical systems and complexes" in specialty 271 "River and sea transport" for the first
(bachelor) level of higher education are given.

Key words: educational process, intensification of training processes, training of ship
mechanics, experience of organizing group work, technological stages of group work, an example
of the implementation of a group task.

Introduction.

One of the innovative tasks of modern education is to achieve a qualitatively
new level of mobility and professional and practical training of specialists, taking into
account the need for effective adaptation of a person to life in the conditions of the
modern media and information space. Currently, the main component of professional
training of a specialist is the ability to critically analyze, synthesize, reproduce and
competently use new information. In recent years, the issue of increasing the
innovative component of modern education has gained considerable interest among
scientists and practitioners who are related to the educational processes of education
[1- 5 and others]. An essential component of the innovative modernization of modern
education 1s the need to implement the latest methods in parallel with the existing
ones. It is also quite difficult to assess the effectiveness of the proposed
modernization in such conditions.

Basic text.

In the conditions of growing volumes of information from many fields of
science, engineering and technology, putting forward high professional requirements
for future ship mechanics, there is a need for constant intensification of the processes
and methods of their training.

Learning as a creative process became the process of solving non-standard
scientific and educational tasks using non-standard methods, methods of problem-
based learning, the essence of which was the formation of problem situations in the
educational process, identification and solving of problems by students, the solution
of which will allow obtaining the necessary training for successful work in the future.

The peculiarity of maritime education is that it is regulated by national and
mandatory normative documents of the International Maritime Organization. In
particular, the training of maritime transport specialists in Ukraine must meet the
requirements of the International Convention on Training, Certification of Seafarers
and Watchkeeping PDNV-78/95 (STCW) and the PDNV Code with Manila
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Amendments 2010 p. [6; 7].

The professional features of the processes of training and subsequent activities
of ship mechanics are also a sufficiently large volume of the practical component of
the educational complex. (For example, in the curriculum for the preparation of
bachelor's level specialists, such a form of educational process as practice takes up to
25% of the total time). In addition, certain features of the study of some issues require
a collective (group) solution through group discussions, role-playing games, acting
out situations, using simulators, etc [5].

Peculiarities of organizing group work:

- division of the academic group into working groups (2-4 students);

- each group receives a certain task and performs it together under the direct
supervision of the group leader;

- tasks in the group are distributed in such a way as to make it possible to
take into account and evaluate the individual contribution of everyone;

- the composition of the group is not constant (it is selected depending on the
content and nature of the expected work, taking into account the fact that
the educational opportunities of each member of the group can be
effectively realized).

Technological stages of group work in class:

The first stage is preparation for the group task:

« statement of the problem (problem situation) and its goal;

« division of the task into separate components;

 formulating tasks for groups;

The second stage is group work:

 familiarization with the material, planning work in a group;

« distribution of tasks among group members;

+ individual performance of tasks;

« discussion of individual results of work in the group;

» discussion of the general task of the group (remarks, additions,
clarifications, generalizations);

* registration of group results of a common task;

The third stage is the concluding part:

« notification of the results of the groups' work;

* summarizing the performance of group tasks;

 general analysis of the cognitive task;

* a conclusion about group work and achievement of the set goal
(commenting by the teacher on the work of the group).

During group work, the teacher monitors the progress of work in groups,
answers questions, regulates conflicting situations and work order, and provides
assistance to individual students or groups in case of extreme need.

Below is a fragment of the implementation of a group task on the example of the
task of assessing the condition of cylinders and pistons of a low-speed engine during
operation. The task plan and solution were formed on the basis of the instructions of
the engine builder MITSUI-MAN B&W ME(ME-B) ENGINES (Table 1) [7].
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Table 1. A sample of task performance results

TASK,
PERFORMER

DECISION

Task for group
1 - "Condition
of the cylinder.
General
Information."
Performer:

student A1, A2

General to obtain and maintain a good cylinder condition involves
the control of many factors. Since most of these factors can change
during the service period - and can be influenced by service
parameters within the control of the engine room staff - it is of
great importance that running conditions and changes are followed
as closely as possible. By means of continual monitoring, it is
normally possible to discover abnormalities quickly and thereby,
take countermeasures at an early stage. In particular, it is advisable
to regularly check the cylinder condition by means of inspection
through the scavenge ports from the scavenge air receiver and via
the small covers on the manoeuvring side as well - especially
concentrating on the piston ring condition.

Task for group
2 - "Condition
of the cylinder.
Function of
piston rings"
Performer -
students B1, B2

The function of the piston ring is to give a gas-tight sealing of the
clearance between the piston and cylinder liner. This seal is
brought about by the gas pressure above and behind the piston
ring, which forces it downwards, against the bottom of the ring
groove, and outwards against the cylinder wall. In order to ensure
optimum sealing, it is therefore important that the piston rings, the
grooves, and the cylinder walls, are of proper shape, and that the
rings can move freely in the grooves (since the piston will also
make small horizontal movements during the stroke). The
lubrication of the piston rings influences the sealing as well as the
wear and deposits. Experience has shown that unsatisfactory piston
ring function is one of the main factors contributing to poor
cylinder condition. For this reason, regular scavenge port
observations should be carried out as a means of judging the piston
ring condition.

Task for group
3 - "The state
of the cylinder.
Inspection of
the blow hole"
Performer:
students C1, C2

General Regarding intervals between scavenge port inspection, see
the instruction book “MAINTENANCE”, Chapter 900, “Checking
and Maintenance Program”. The scavenge port inspection provides
useful information about the condition of cylinders, pistons, piston
skirts, piston rods and piston rings. The inspection consists of
visually examining the piston, piston skirts, piston rods, piston
rings and the lower part of the cylinder liner directly through the
scavenge air ports, and measurements of the ring clearance, the CL
grooves and, if possible, the thickness of piston ring coating.

To reduce the risk of scavenging box fire, remove any oil sludge
and carbon deposits in the scavenge air box and receiver in
connection with the inspection. With the relevant pumps running
an evaluation can be made of the fuel valve sealing tightness,
piston tightness for lub oil and the cylinder cover’s sealing
tightness for cooling water.
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Task for group
4 - "Purge air
receiver
inspection
procedure”
Performer:
students D1,
D2, D3

1) Scavenge port inspections are best carried out by two persons.
The more experienced person inspects the surfaces and states the
observations to an assistant, who records them and later enters
them in engine builder standard forms.

2) Keep the cooling water, fuel oil and cooling oil circulating, so
that possible leakages can be detected.

3) Block the starting air supply to the main starting valve. Open the
indicator valves. Engage the turning gear.

4) Remove the inspection covers on the manoeuvre side of the
cylinder frame, and clean the openings. Open the access cover(s)
to the scavenge air receiver and then enter the scavenge air
receiver.

Task for group
5 - "Safety
technique of the
process of
inspection of
the purge air

1) Do not enter the scavenge air receiver before it has been
thoroughly ventilated.

2) The access cover to the scavenge air receiver must be locked
and secured in open position during inspection to prevent it from
closing by accident.

3) Take care when moving around in the receiver and bring proper

receiver" lighting. Pockets for thermometers are placed in head level. Wear

Performer: head protector (helmet etc.).

students E1, 4) Remember to take breaks to replenish fluid lost from sweating,

E2, E3 especially in hot climates. Bring in bottles with drinking water for
consumption in the scavenge air receiver.
5) When turning is carried out, prepare to be able to stop it in any
case. Always bring the turning gear switch into the scavenge air
receiver during inspection.

Task for group | Check and note the condition of the scavenge receiver:

6 - 1) No Sludge. Note that water from defect water mist catcher could

"Assessment of
the condition of
the purge air

cause a very clean scavenge air receiver;

receiver"
Performer:
students K1,
K2, K3
2) Normal picture. Indicates good cylinder condition;
ISSN 2567-5273 www.moderntechno.de
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3) Much Sludge. Remove any oil sludge and carbon deposits in
scavenge receiver.

Task for group Check thepiston crox;vn top for any leakages (remember to keep
7 - "Checking | cooling water, fuel oil and lubricating oil circulating during the
for leaks in the | inspection).

purge air 1) If oil is found on the piston, determine if it is fuel oil or lube oil.
receiver" Fuel oil will be black and sticky, indicating a fuel valve is leaking.
Performer: Lube oil will be brown and non-sticky, indicating it could be from
students M1, an exhaust valve.
M2, M3
2) Water on a piston indicates a cooling system leak.
If water is found, it is important to determine what the cause is.
Use either a mirror or photo, to establish if the leak is from the
cylinder cover, exhaust valve or a cracked liner.
Conclusion.

Learning as a creative process requires the solution of scientific and educational
tasks using the methods of problem-based learning, the essence of which consists in
the formation of problem situations in the educational process, the identification and
solving of problems by students, the solution of which will allow obtaining the
necessary training for successful work in the future. The given information can be
used as an aid in the development of educational and methodical documents
(curriculums, manuals, methodological instructions, etc.) to ensure the process of
training ship mechanics. Also, this approach makes it possible to develop similar
information justifications for other specializations of the system of education of
future sailors.
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Operation and Data — https://www.academia.edu/40324863/, last accessed
2023/01/23.

Anomauin. Cyuacnuii ocimuiil npoyec 3 UKOPUCTNAHHAM Memooie NpodIeMHO20 HABYAHHS
00380.7151€ ompumamu HeoOXiOHy Ni020moeKy 0151 YCniwHoi npayi cneyianicmie 8 matboymuovomy. B
pobomi npoaHanizo8ano 00cei0 8NPOBAONCEHHs CYUACHO20 NiOX00Yy 00 NPogheciiHo-nPaKMUYHOI
nio2omosKku axieyie pieHs euwoi oceimu winAxom opeauizayii epynosoi pobomu. Hasedeno
NPUKIAOU BUKOPUCMAHHA Memood 2pynoeoi pobomu Ha ayOumopHuX NpaKmudHux 3aHAmmsix
cmydenmis cneyianizayii « Ynpaeninua cyOHOBUMU MEXHIYHUMU CUCMEMAMU | KOMNIEKCAMU» 3d
cneyianvricmio 271 «Piukoguil ma MOpCbKUll mpancnopmy 0Jisi nepulo2o (bakanaspcbkoeo) pieHs
8ULOT OCcB8IMU.

Kniouosi cnosa: oceimuiti npoyec, iHmencughikayisi npoyecie HABYAHHA, Memoou
npooOIEMHO20 HABYAHHS, NIO2OMOBKU CYOHOBUX MEXAHIKIB, 00C8I0 opeaHizayii epynosoi pobomu,
MEeXHONI02IUHI emanu 2pynoeoi pobomu, npuKIa0 peanizayii 2pynoeoco 3a80aHHs.
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Anomauisn. Iliosuwenns HadiUHOCMI CiIbCLKO2OCNOOAPCLKOI MEXHIKU 3apa3 € HA038UYALHO
8ANCTUBOIO 3A0AYEI0.

Cyuyacnuii  po36umoK PpeMOHMHO20 BUPOOHUYMEA, AK 2any3i MEXHIYH020  Ccepeicy
BUMA2AE  BNPOBAONCEHHS NPOYeci6 peMoHmy Oemanei ONsi NiOBUWEHH HAOIUHOCMI ma
008208I4HOCTI CIIbCOKO2OCNOOAPCHKOL MexHiKu. Y cmammi npugedero 02110 CYYacHUX cnocooie
3MIYHEHHs 3HOWEHUX NOBePXOHb Oemaell. J0CHiONCeH s NO 3ACYBAHHIO POJIE NOBEPXHEBO20 AP
Ooemarneti npu GIOHOBNEHHI IX 2eOMeMPUYHUX NAPAMEMPI8 BUABIAIOMbCA akmyanvHumu. [IposedeHi
00CNIOMNCEHHS NO BUSHAYEHHIO CMYNEHIO 3MIYHEHHs NOBEPXHeB020 wapy 6IOHOGIeHUX Oemanell i
PI8HA 11020 meepooCcmi ma cmpyKmypu nH08epPXHe8oi 30HU Nic/isl 0OPOOKU.

Pesynomamu ceiouams npo, wo sibpayiiine niacmuune oepopmysanis 3a6e3nedye 3Ha4Hull
CMYNiHb 3MIYHEeHHs. MA 8UCOKT MEXAHIUHI 81ACMUBOCMI NOBEPXHesuUX uapie demanei. A ye, 8 c60i0
yepey, cnpusmume RNiOBUWEHHIO 006208iuHOCMI MmawuH. Omoice, MEXHONO2IUHI MONCIUBOCI
NIACMUYHo20  Gibpayiinoco Oeopmyeanus 008011 WUPOKI, [ NOmMpedyIomb NpPOBeOeHH s
000amKo8UX 00CNIONHCEHD.

Kniouosi cnosa: sionosnenns, eiopayii, niacmuuna oeghopmayis, CmyniHb NOBEPXHEBO20
SMIYHEHHS, NOBEPXHeBULL AP, 00820BIYHICTb.

[TimBuiieHHs HAAIHHOCTI CUTHCHKOTOCTIONIAPCHKOT TEXHIKHU 3apa3 € HaJA3BUYANHO
BaXXJIMBOIO 3a4a4€10.

TpuBanicTe ekcrutyaTarii CUIbCHKOTOCIIOAAPCHKOT TEXHIKH [0 KamiTaJbHOTO
PEMOHTY Yy 3HauHIA Mipl 3aJIeKUTh BiJ 3HOCOCTIMKOCTI 11 Jetaneil Ta By3miB. Uepes
HU3bKY JOBTOBIYHICTH JI€Tajlel MOCTIMHO ICHY€ HEOOX1HICTh Y PEMOHTAX, 1110 BEJAE
70 BUCOKHMX BHUTPAT 3allaCHUX YACTUH Ta MIJBHUILYE BAPTICTh POOIT MO TEXHIYHOMY
cepBicy. Ilim 4Wac ekcruryartarlii ClIbCBKOTOCIOJAPCHKUX MAIlIMH Ta MEXaHi3MiB
CIpallbOBYIOThCA iX Jnetanmi. [loBepxHA Takux Jerajeid 3a3Hae PI3BHOMAHITHUX
BIUIMBIB: MEXaHIYHO1 Jli, TEMJOBUX BIUIMBIB, Aid 30BHIIIHBOIO CEPEIOBUIINA, SKE
Hepiako € arpecuBHUM. Ilin nmiero 1mux (QakTopiB 3MIHIOETBCS MIKPOCTPYKTypa
MOBEPXHI JeTalled, 3SBJISIOTHCS BHYTPIIIHI HAIPYXKEHHS, 10 MOXE MPU3BECTU [0
YTBOPEHHSI MIKPOTPIIIMH Ha T[OBEPXHI, TOBEPXHS 3HEMILHIOETHCSI, MOXKYTh
J0/laBaTHCsl TPOSIBU KOpo3li. Big BIIIMBY CYKYNHOCTI YyCIX ULUX (PaKTopiB
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MOYMHAETHCA pPYWHYBaHHS moBepxHi Aetami [1, 2]. Hame 3aBganHsa mnojsarae y
3HIKEHH1, a00 yCyHeHHI Aii mepeiiueHux QakrtopiB. Lle macTe HaM MOXIHUBICTDH
OiABUIIMTA 3HOCOCTIMKICTh, KOpPO31HHY Ta BTOMHY MIIHICTh aeraneil. I, sk
pe3yabTaT, MOXJIMBICTh T1BUIIUTH JOBTOBIYHICTH CITLCHKOTOCTIOIAPCHKOT TEXHIKH.

MeTta pocaigaxenb. MeTor HalmX AOCTIHKEHB € MiIBUINCHHS JOBTOBIYHOCTI
AeTaneil CUIbChKOTOCMONApPChKOI TEXHIKM 3a PaxyHOK 3acTOCYBaHHS Mpu IX
B1JIHOBJICHHI TJIACTUYHOTO Je(hOPMYBAHHS K 3MIITHIOIOYO1 TEXHOJIOT1].

VY mitepaTypHUX JpKepellax € JlaHi Ipo BUBYEHHS MapaMeTpiB IMPOILIECIB
BIIHOBJICHHS 13 3aCTOCYBaHHSIM IUIACTHYHOTO JaeopMyBaHHs. BUBUEHHSM NHUTaHb
CTBOPCHHS NIEBHUX MEXaHIYHMX BJIACTUBOCTEH BIHOBIICHHUX JETaJICH 3aliMajInCs Taki
HaykoBIll: €pmonoB JI.C., Aninosuy B.., Cxo6mno T.C., Haymenko O.A., Monoauk
M.B. Tta inmi. Ix pgocnmimxeHHs 103BoauaM cOPMYIIIOBATH TEXHOIOIIYHI OCHOBH
00poOKHM JieTasnieit s OJep>KaHHS 3a/IaHUX BJIACTUBOCTEN iX MMOBEPXOHbD.

Takox y umitepaTypi € psAa JAOCHIIKEHb IO OOTPYHTYBaHHIO BHMOT [0
IIOBEPXHEBOI0, 3MIIIHEHOTO Iapy Aetaneit [2,3,7]. Y HUX TOBOAUTHCS HEOOXIIHICTH
JIOCSITHEHHSI TAKOTO PIBHS 3alUIIKOBUX HAMNpPyXeHb MO TJIHOMHI Ta TBEPIOCTI
MOBEPXHEBOTO IIapy MeTady, SKi 0 MaKCUMaJbHO BIIMOBIJAIHM €KCIUTyaTallliiHUM
BHMOTaM.

Pe3yabTaTu gociimpkednb. [ TOCATHEHHS METH MOTPIOHO BUPIIIUTH HACTYTTHI
3ajga4di: BUOpaTH OCHOBHI MapaMeTpu MPOLECYy IUIACTUYHOTO JehOpMyBaHHS
BI/IHOBJTIOBAaHUX JIeTaJiel; BUBUYMUTH BIUIMB KOHCTPYKTUBHHUX 1 TEXHOJOTIUYHUX
napameTpiB IHCTPYMEHTIB Ha MOKA3HUKH SIKOCTI TOBEPXHI.

CyyacHe BHpPOOHMITBO Ma€ IIMPOKI MOXJIMBOCTI IO KEPYBAaHHIO pPIBHEM
JOBTOBIYHOCTI JIeTajleil MalllMH Ha yCIX CTajid iX >KMTTEBOrO LUKIY: IPOECKTYBaHHS,
BUTOTOBJICHHSI, €KCIUTyaTallii Ta peMoHTy. OJHUM 13 pe3yJIbTATUBHUX € 3MIITHCHHS
MOBEPXHI METOJAaMU 3MIHM CTPYKTYPH MOBEPXHEBOI'O Ta MPHUIOBEPXHEBOI'O LIAPIB.
Ile, Hacammepen: MexaHiuHa, (BI3UKO-TEpPMIUHA, €EeKTpOodi3uIHa 0OPOOKH, a TaKOXK
HaIJIaBKa YW HAIUJICHHS JISTOBAHUM METajoM [5].

3MIIHEHHS TIOBEpPXHI JeTaJiell MallMH € OJHUM 13 MUIAXIB ITiABUIIECHHS
JIOBTOBIYHOCTI CLIBCHKOTOCIIOAAPCHKOI TEXHIKH, 10 CIPUSIOTh OTPUMAHHIO 33JJaHUX
BJIACTUBOCTEH IMOBEPXOHb. 3aCTOCYBAaHHSI METOIB 3MIIIHEHHS MOBEPXOHb JeTaje
Ja€  MOXJIMBICTh ONTUMI3YBaTH MapaMeTpy IMOBEPXHEBUX IIapiB, a CaMe:
MIKPOTBEPAICTh, IIOPCTKICTH [2,7] Ta 3aJIMIIIKOBI HAMPYKEHHS.

Haii6inpm e@exkTuBHUM ciocoO0M 3MIITHEHHSI MMOBEPXHEBUX IIAPIiB JETajlei €
croci0 moBepxHeBoro riactuyHoro aedopmysannsa (III1[]). Bukopucranua mporo
croco0y J03BOJIIE OTPUMATH TOBEPXHEBUI 3MIIIHEHUWH wIap 13 MiABUIICHUMU
MOKa3HUKAMH SIKOCTI.

VY piTeparypHUX DKEpeNax, MEpeBaXHO, OMUCYIOTHCS TEXHOJOTIl 3MIITHEHHS
MEeBHUX JIeTajell mpu 1X BUTOTOBIEHHI. [Ipo BHUKOpPUCTAaHHS IUIACTUYHOTO
nedopMyBaHHS 3 BiOpaIli€l0 B peMOHTHOMY BHPOOHHUIITBI JaHUX HEAOCTATHBO, IO
BHMAara€e CaMOCTIMHHUX JOCIIIKEHbD [7].

Ha wam mnormsa, oaHuM 3 HaleeKTUBHIMIMX CIOCOOIB  30UIBIICHHS
JIOBFOBIYHOCTI JIeTaJie MaIllMH € IUIacTU4YHe Je(opMyBaHHA. 3acTOCYBaHHS
TUTACTUYHOTO Je)OpMyBaHHS JO3BOJISIE OTPUMATH 3MIIHEHHSI MMOBEPXHEBOTO IIapy
JeTai 3 MIBUILEHUMHU NOKA3HUKAMU SIKOCTI.
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Ane, mNpuUKIAAiB BUKOPUCTAHHS IUIACTUYHOTO JAeQOpMyBaHHA Yy Ipolieci
BIIHOBJICHHS 3HOIIIEHUX JICTaJIel MallTiH HEJOCTaTHHO. ToMy, pOOMMO BUCHOBOK IPO
HEOOXITHICTh TPOBEJACHHS TPYHTOBHUX JOJATKOBUX JIOCHI/KEHb IUIACTUYHOTO
nedhopMyBaHHS K METOA BITHOBJICHHS JIeTajeH.

[Ipotsirom gocuTh TpuBajoro Yacy Ha Kkadeapi arpoimkeHepii Ta
aBTOMOOUIBHOTO TpaHCnopTy IloaTaBCHKOro JEp>KaBHOTO arpapHOro yHIBEPCUTETY
BEyThCS POOOTH MO BHUBYCHHIO IUIACTUYHOTO JedOpMyBaHHS TPH BiJHOBJICHHI
3HOIICHUX JIeTaJell CLIbCHKOTOCIOMAPChKOT TEXHIKM 3 METOK  IiJIBUIICHHS
MICISIPEMOHTHOTO pecypcy wmamuH. ChiBpoOITHUKaMH Kadeapu BUKOHYIOThCS
JOCIIJKEHHS BILUTUBY BIOpallii Ha Mpouec IIACTUYHOTO AeOpMYBaHHS JIeTajei.

3apa3 BUBUYEHHSA BIUIMBY MapaMeTpiB OOpOOKM Ha SKICTh BIJHOBJICHHS
MIPOBOJIATHCS CITOYATKY Ha 3pa3kax, a MiCisd — JIeTajsiX, a came, Ha JISTAIIX JIBUTYHIB
Ta 1HIIKUX arperaris.

HedbopmyBaHHS  3AIMCHIOETbCS HA  €KCIIEPUMEHTANBbHIA  yCTAHOBIN  JIJIS
BiOpariiinoro jaedopmyBanns geraieit. [6]. Koporka cxema mpouecy il
EKCIIEPUMEHTAJILHOT YCTAaHOBKH: Yy MATPHUIIO EKCIEPUMEHTAIBHOI YCTaHOBKH
BCTAHOBIIIOETHCA JieTalbh (a00 EKCIepUMEHTAIbHUNM 3pa30K) Ta 3aKPIIUTIOEThCS
KPHUIIIKOI0 Matpulll. ['iIpocucTemMa yCTaHOBKH, sIKa CKIIQJAETHCS 3 TIAPOIUIIHAPIB,
OITyCKa€ IUIMTY 13 3aKPIMJICHUM Ha Hil BibOpatopoM. PoGouunii IHCTpyMEHT — ITyaHCOH,
BCTAHOBJICHUW y TATPOHI, OMYCKAETHCA Pa3OM 13 IUIMTOI Ta TPOIIUBAE BTYIKY.
Manometp ¢ikcye 3ycuis [3,7]. HedpopmyBanHst 31iiiCHIOBaNIOCS ITyaHCOHAMU
(pucyHok 1) 3 iHCTpyMeHTaJIbHOI cTail Y8 (3 TepM0oOOpPOOKOI0) TBEPICTIO POOOUOT
noBepxHi 62...65 HRC [6, 7]. KyTu Haxuily TBIpHOI KOHYyca MyaHCOHa 3 CKJajaiu:
109, 119, 12° Macrunom 6yno M-10I"2 3 nogaBanusam 1% ITA®D — 4.

PucyHnoxk 1 - Ilyanconu 11t npoBeeHHS 1e()OPMyBaHHA
Asmopcobka po3pobka

[Ipu ¢dopmyBanni penbedy mMOBepxHI 0OpoOMIOBaHOI Jerani BiOpariiiHe
HAIpPYKEHHs] Ma€ IHTCHCU(PIKYIOUHi BILIUB.

[lo pesynpTaTax BUKOHAaHMX EKCHEPUMEHTIB Oyjla BUKOHaHa MaTeMaTH4YHA
00poOKa OTpUMaHUX IMapaMeTPiB TEXHOJOTIUHOIO MPOIECYy Ta OTPUMAHI eMIIipUYHI
3QJIKHOCTI 3ycuJuis aedopmariii Bifg npunycky oopoOku (/7), KkyTa Haxuiay TBIPHOI
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nyaHcoHa (fg f), xoedimienta nedopmaiiii mo 30BHIIIHROMY AiameTpy naetani (Ki)
TSt IporieciB nedopmyBaHHs O6e3 BiOparlii Ta 3 BiOparri€ro BiamoBiaHo (Tadmurs 1).

Taboanus 1 - EMmnipuuni 3ajekHoCTI 3ycuLig 1e)OpMyBaHHS JeTaJlei

3ycuiis aepopMyBaHHs

eTalb - - -
A 0e3 BiOpaiii 3 BiOparriero

Hopresi manbiui CMJI- P=K,[1882(0.4+1gB)IT +52.2]| P =K, [404(0.4 +1gB)II +46.6]
60(62)

Topmmesi nanbui 3M3-405 | P =K, [91(0.4+1gp) +54.9] | P=K,[124(0.4+1gB)IT +21,2
(406)

Iopumesi nansui KamA3 | P =K, [1078(0.4 + tgB)IT + 68,2] | P = K,[417(0.4 + tgB)IT +108,5]

Brynkn ponika Kap- P =K, [18,94(0,4 + tg)IT + 4,002] P =K,[70.83(0,4+1gB)IT +3,41]
toriekonavyie KTH-2B

Brynku pinunanx Hacocis | P = K,[(0,7 + tgB)IT +52,2] P=K,[(04+1gp)I1 +42]

BTy/KH HATSKHEX P=K,[84(L1+1gB)T +1226] | P=K,[4574(11+gB )T +7.99]
MIPUCTPOIB THOEPO3KUIAUIB
I1TP-10

Aemopcovka po3pobka

OpHuM 13 3HAYUMUX MOKa3HHUKIB e(PeKTUBHOCTI ii BiOpartliil npu nedopMyBaHH1
MOKEMO Ha3BaTH CTYMiHb 3MIIHEHHS Marepiany. OTxe, HEOOXIAHO AOCTIIKYBaTH
e ITOKa3HUK.

CrymiHb 3MIIHEHHS MaTepiady JAeTall mpu oOpoOIll MOKHA OXapaKTepHU3yBaTH
3MiHOI0O BenmuuuHu TBepaocti (HV), abo mikporBepmocti (Hy, ) y 3anexHocT! Bifg
oy (h).

3mina mikpoTBepaocti AH, [7] BU3HauaeThCs 3a GopMyJIoH0:

_ Hy-Hys
ﬂH.“ - Hp::—: ' (1)

ne H, — MIKpoTBepIicTh MOBEPXHI JeTall micis 00pOOKH;

H,, — moyarkoBa MiKpOTBEpAICTh NOBEPXHI (0 0OPOOKH).

Ha xapaktep 3MiIHM MIKpOTBEPJOCTI TMOBEPXHEBOrO IIapy Micias 0O0pOoOKOIO
IOBEPXHI MJIACTUYHUM J1e(hOpMYBaHHSM MEPUIOYEPTOBUI BIIJIMB MAIOTh BJIACTUBOCTI
Marepiany JeTall Ta mapaMmeTpu peKuMy 0OpoOKH.

XapakTep 3MIHM TBEpAOCTI Je(hOpPMOBAHOTO IIapy IMICAs TOBEPXHEBOIO
IJIACTUYHOTO JeQOpMYyBaHHS HacamIlepe]] 3aJIeXKHUTh BiJl BIACTUBOCTEM MaTepiay
JeTall Ta peXUMiB 00OpOOKH.

Y Tabmumi 2 HABOAMMO J€AKi pe3yJbTaTH PO3PaxyHKIB 3HAYEHb CTYNECHIO
3MIITHEHHS.

[To ganmx HAMUX JOCIIKEHB, TAKOXK BUCBITIICHHUX 1y MOMEPEIHIX MyOIIKaIIsIX
[3, 7], cTyniHb 3MIITHEHHS MOBEPXHEBOTO APy IOCITIIHUX 3pa3KiB (CT. 3), Ky Jae
BiOpaniiine neopMyBaHHs 3 TPUIYCKOM Ha 00poOKy 0,6mMM y 1,9 pa3u nepesuiiye
aHaAJOrIYHI MOKa3HUKU Tpu JedopmyBaHHI Oe3 BiOpalii. A CTyMmiHb 3MILHEHHS
OpOH30BHX 3pa3KiB-BTYJIOK y 1,5 pa3u BuIIE Yy TOPIBHSAHHI 13 BTYJKaMH,
nedopMoBaHrME 0€3 BiOpallii IpHU aHAJOTIYHUX PEKUMaX.
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Taoauus 2 - Po3paxyHKoOBI 3HaAU€HHSI CTYIEHIO 3MIIIHEHHS €KCIIEPUMEHTAJIbHUX

3pa3KiB
Marepian [Tpumnyck Ha CrtyniHb 3MIITHEHHS
00poOKy, MM be3 BiOpamii 3 BiOpaliero
Crannb 45 0,2 0,012 0,017
0,4 0,022 0,028
0,6 0,028 0,034
bpon3a bp 0,2 0,021 0,035
OIIC555 0,4 0,037 0,048
0,6 0,041 0,063
Icepeno: [7]
M Pan 1l
W Pan 2

Pso 1 - oedhopmayis 6es sibpayii; pso 2 - dechopmayisn 3 siopayicto

Pucynok 1 - Jliarpama 3MiHH CTyNeHIO 3MIIIHEHHS €KCIIEPUMEHTAJIbHUX 3Pa3KiB

Asmopcvka po3pobka

JlocmipkeHHs MU OyJI0  BCTaHOBJICHO,
pexuMiB AedhopMyBaHHS JOCHITHUX AeTanel, rauoruHa 1eopMOBaHOTrO IIapy Micis
nedopMyBaHHs 0€3 BiOpalliifHOTO HaBaHTa)XXE€HHs ckjana 550 MKM, a 3 BiOpaliitHuM

HaBaHTaXEHHSIM — 820 MkM. A 11e 1.5 pa3u Bue.

Hamu Takoxx gocnipkyBaBcst BIUIMB Jedopmallii Ha YUCTOTy 0OpOOKHM MOBEPXHIi
netaneil. BusiBneHo, 110 Ha HIOPCTKICTh 00POOJICHOT MOBEPXHI Ma€ BIUIUB 3yCUIUIS Ta
MIBUAKICTh JedOpMyBaHHS, KyTa TBIPHOI KOHyCa ITyaHCOHa Ta TPUITYCKY Ha
00poOky. Ha pucyHnky 2 mokazaHa 3aJIe)KHICTh MOPCTKOCTI 0OPOOIeHOT TOBEPXHI Bij

napameTpiB MyaHCOHA.

0 MpU aHAIOTIYHUX MapameTpax
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14

12

10

IPIH,D,l W Pap 2

4 5 6
Bucora xamibpy 4oro mosicka, MM

Psol - oeghopmayisn bes sibpayii; pso 2 - dechopmayisn 3 eiopayiero
PucyHok 2 - 3aj1e:KHICTh IIOPCTKOCTI MOBEPXHI 32J1€KHO MMapaMeTPiB MYaHCOHY
Asmopcbka po3pobka

BucHoBkwm.
Bynu po3rnsnyTi:
» METOJIH 3MIITHEHHS MTOBEPXOHB JCTaJICH MPH 1X BITHOBIICHHI,
» OCHOBHI MapaMeTpHu MPOIECy MIaCTUYHOTO AeopMyBaHHS JeTajeH;
» BIUIUB KOHCTPYKTHBHHX 1 TEXHOJIOTIYHMX TMapamMeTpiB I1HCTPYMEHTIB Ha
MOKa3HUKHU SIKOCTI MIOBEPXHI
Bbynu otpumani:

v/ BHCHOBOK TIpO €(pEKTUBHICTH 3MILHEHHS IIOBEPXHEBHUX MIAPiB JeTaiei
BiOpariiinoro aepopMyBaHHS;

v/ eMIipuyHi 3a1€KHOCTI 3ycHyuIst aedopMartii BiJ NPUITyCKy 00pOOKH, KyTa
HaxwiIy TBIPHOI MyaHCOHa, KoedilieHTta aedopmallii Mo 30BHILIHBOMY
J1aMeTpy JeTali;

v/ BUABJIEHI TEXHOJOIIYHI IapamMeTpd, II0 MarTh BILUIMB Ha (GOpPMyBaHHS
XapaKTEPUCTUK OOpOOJICHOI MOBEpPXHI 1 BHU3HAYAIOTH i1 SKICTh: CTYITiHB
3MIITHEHHS TTIOBEPXHEBOTO MIApPy MaTepiady, YUCTOTY OOPOOKH ITOBEPXHI.

Otxe, TMOBEepXHEBE IIACTUYHE JehOpMyBaHHS Je€Tajeil Mpu BIAHOBIECHHI
neTajeld MaIlluH, JTO3BOJIMTH IMJABUIIUTH XapaKTEPUCTUKH MIITHOCTI ITOBEPXHEBOTO
mapy, 110, B CBOI Yepry, COPUSITHME TMIIBUIIECHHIO HAAIMHOCTI MAalluH B
eKCIUTyaTarii.
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Abstract. Increasing the reliability of agricultural machinery is now an extremely important
task. Modern development of repair production as a field of technical service requires the
implementation of part repair processes to improve reliability and durability of agricultural
machinery. The article provides an overview of modern methods of strengthening worn surfaces of
parts. Research on clarifying the role of the surface layer of parts in the restoration of their
geometric parameters is relevant. Studies were conducted to determine the degree of strengthening
of the surface layer of restored parts and the level of its hardness and the structure of the surface
zone after processing.

The results show that vibrational plastic deformation provides a significant degree of
strengthening and high mechanical properties of the surface layers of parts. And this, in turn, will
contribute to increasing the durability of machines. Therefore, the technological possibilities of
plastic vibration deformation are quite wide and require additional research.

Key words: recovery, vibrations, plastic deformation, degree of surface hardening, surface
layer, durability.
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FILTERING OF THE OUTPUT SIGNAL OF THE TWO-CHANNEL
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Anomauia. Cmamms npucesauena 00CIiOHCeHHAM Ditbmpayii UXIOHO20 CUSHATY ABIAYIUHOT
epasimempuyHoi cucmemu i3 OB0KAHANLHUM mMpanc@opmamopHum 2epasimempom. Poszpobneno
Memoouxy ¢inempayii, wo 00360159€ GI0OKPEeMAIOBAMU CUSHAN AHOMAJII NPUCKOPEHHS CUIU
MANCIHHA 0BOKAHANLHO20 MPAHCHOPMAMOPHO20 2pasimempa 6i0 HAOiNbULOI NepeuKooU CUSHALY
8EPMUKATILHO20 NPUCKOPEHHSL TIMAIbHO20 anapamy 3 Memoro ni08UweHHs MOYHOCmI 2pasimempa y
CKAa0l  agiayiliHol 2pasiMempudnoi cucmemu WIsIXOM 6UOOpPY 61ACHOI 4acmomu KOAUBAHD
0sokananvHozo mpancgopmamoprozo  2pasivempa 0,1 ¢!y mouyi nepemumny zpacpixie
CNEeKMPAIbHUX WINbHOCMEU KOPUCHO20 CUSHALY 2pasimayiuHoi aHomanii ma OCHOBHOI 3a8adu
8EPMUKATLHO20 NPUCKOPEHHS.

Kniouosi cnosa: osoxananvruuii mpancghopmamopHuil epagimemp, agiayiiia epagimempuyHa
cucmema, epasimayitina AaHOMais, 6epMUKANTbHE NPUCKOPEHHS.

Berym.

ABgiamiitHa rpaBimMetpuyHa cucrtema (AI'C) no3Boiisie 3100yTH TpaBIMETPUYHY
iHbOpMaIlil0 Yy BaXKOJOCTYIHUX pailloHaX 3eMHO1 KyJii Halarato MIBUAIIE Ta 3
MEHIIMMH BUTpaTaMH, HI)K 3a JTOMOMOI0I0 Ha3eMHUX a00 MOPCHKUX IpaBIMETPUYHUX

3aco0iB. PesynpTar BUMIpIOBaHb, OTPUMAaHHM 3a JIOMOMOTOIO  aBlaIliiHOT
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IpPaBIMETPUYHOI CUCTEMH MICTUTh SIK KOPUCHUI CUTHAJ aHOMaJIli IPUCKOPEHHS CUJIH
TsokiHHA (IICT), Tak 1 curHag BEpPTUKAJbHOTO TPUCKOPEHHA — HaWOUIBIIOL
MEPEIIKOAM, 10 3HAYHO BITUBAE HA TOUHICTh BuMiptoBanHsa AI'C.

Pe3ynbTar BUMiproBaHb, OTPUMaHMI! 3a TOTIOMOTOIO BiIOMUX rpaBimMeTpiB [1-8],
MICTUTh Ha TOPSAJOK OLIbINl MOXMOKM BUMIpIOBaHb. IHepiialibHe aOCONIOTHE
MPUCKOPEHHS 3yMOBJIEHE, B OCHOBHOMY, BEPTHKAIbHUM MPUCKOPEHHSIM JIITaJIbHOTO
anapary (JIA), Ha sSKOMy BCTaHOBJICHO rpaBiMeTp. Benwumna 3aBamm Moke OyTu
3HAYHO OLIBIIOI0, HIX BEJIIMYMHA KOPUCHOI CKJIAJI0BOI pe3yJbTaTiB BUMIPIOBAHb.
IToctynanbHi 1 KyToBI1 BiOpailii JIA Takox MOXYTh MPU3BECTH JI0 ICTOTHUX MOXUOOK
pe3yibTaTiB BUMiptoBaHb. DuIbTpallisi HOXMOOK BiJl BKa3aHUX 30ypeHb BiIOyBaslach B
AI'C 3 BizoMuMH TpaBiMeTpaMM Ha 3eMyll [POTIrOM  MICALIB  4acy.
BukopuctoByBanuch J10AaTKOBl (UIBTPH, 110 3MeHIIyBajio HaaiiHicTe AI'C 3
B1JIOMUMU I'PaBIMETPAMH.

Takum unmHOM, cyTTeBUM Henonikom AI'C 3 BigoMuMH TpaBIMETpaMH €
HEJIOCTATHS TOYHICTh BUMIPIOBAHb.

AHaJi3 JitepaTypHux qxepena. Y po6orti [4] bessecinbnoi O.M. mocmimxeHO
MOJIMBICTD 1 JOLUIBHICTH BUKOpUCTaHHA, K TpaBiMerpa AI'C, TipocKomiuHOTro
BUMipIoBada  npuckopeHb. Iloxubka  BumiproBaHHi D, AI'C mna OGa3i
riporpaBimMeTpa Oyna [4] 8 m['an. ¥ poborax bessecinmpbHoi O.M. 1 JlurBunenka IT.J1.
OOIPYHTOBAHO JOLIIbHICTb BHUKOpUCTaHHA #AK rpasiMerpa AI'C OIHOKIUIBLIEBOTO
JTMHAMIYHO HacTporoBaHoro ripockomna (JIHI'), moxuOka BumiproBanus Dg AI'C Gyna
5 ml"an. Tounicte AI'C 3 m’e30orpaBimerpom [9], ctpynnauM [10], Ta emuicHuM [11],
rpaBiMEeTpaMy TaKOX HEJOCTAaTHS JUIsl Cy4YaCHUX aBlalliiHUX TpaBIMETPUUHUX
BUMIipioBaHb: 2- 3 ml'an. Bkazani Bijmomi rpaBimetpu AI'C maroTh CBOi mepeBaru Ta
Henomku [9-11]. TipockomiuHi TpaBiMETpU — AYy>K€ KOIITOBHI Ta HEIOCTAaTHHO
YyTJUBI, 11’ €30IPaBIMETPU — 3aHAJTO IHEPIIHHI, CTPYHHI — CXWJIbHI O PE30HAHCIB,
€MHICHI — MalOTh HeCTaOUTbH1 XapakTepucTuku. PuibTpariisi HoXuOOK Bij 1ii 30ypeHb
IIUX TPABIMETPIB HEIOCKOHAA.

CporogHi OMHMM 13 HAWOUIBII TEPCIEKTUBHUX BBAXKAETHCS JTBOKAHATHHHIMA
TpanchopMaTopHmii rpaBiMeTp [12], skuit Mae HACTYMHI TIEpeBaru mepes] BiIOMUMU
rpaBiMETpaMH: MOTY>KHUI BUXIJTHUN CUTHAJI, JIHIAHY BHUXITHY XapakTEpUCTHKY Ta 1H.
OpHaK, 3aJIMIIKOBI MOXMOKM BiJl BIUIUBY BEPTHKAILHOIO mprckopenns i JIA (y 10° pa3
NEPEBUILYIOTH KOPUCHUN CUTHAT) OyyTh MaTH MICIIE.

Merta crarri — 30UTBIIMTH TOYHICTH BUMipioBaHo JTT" AI'C nuisxom BUpilIEHHS
3aga4i (UIbTpALli NUIIXOM KOMITEHCAIII{ BIUIMBY BEPTHUKAIBHOTO MPUCKOPEHHS.

MarepiaJ i pe3yJibTaTH A0CJIiKeHHS.

Ha PUCYHKY 1 IPEICTaBICHO KOHCTPYKLIIO JIBOKQHAJIBHOI'O
TpaHchopMaTOpHOTo rpaBiMeTpa. BukinagemMo npuHIUI oro podboTu.

Uytnusuii enement ATI cknamaerbes 13 Mmar"iTonpoBoay 1, pyxomoro sikops 2,
MepBUHHOT 00MOTKU 3 30y/)KEHHS Ta BTOPUHHOI BUX1JTHOT 0OMOTKM 4, sSika Ma€ JBl
OJIHAaKOB1 cekiii. Pyxomuii skip 2 3’€qHAHO 3 JBUTYHOM 5, SKUM ILIOCEKYyHIH
MIOCJTIIOBHO OTYCKAa€ sIKip 2 BHU3 Ta BBEPX MO MarHiTonpoBoay 1. JIBurynom 5 kepye
MPUCTPIA MepeMUKaHHs 6, KU MIAKIIOYEHO 0 JDKEpesia 7 Hampyrd yIpaBiIiHHS.
Buxigauii curaan 3 BTOpUHHOI BHX1THOI OOMOTKHU 4 MOJAETHCS HA BX1J IPHUCTPOIO 8
00YHMCIICHHS BUX1HOTO CUTHAIY.
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[Mpunnmn podotu JATI monsirae y 3MiH1 €I€KTPOMArHiTHOTO MOTOKY 30y I>KEHHS
@, B oOMoTHl 30yxeHHs W, Ta BimnosigHo nBox EPC E, Ta —F', y IBOX Cekmisx

oOMOTKH W, mij €0 MPUCKOPEHHS CUJIM TsDKIHHA g.. i Aiero cumm TsHKIHHSA SKIp
2 pyXaeTbCsi B CEpeAWHI MAarHiTOonpoBoAy | BHU3 1 BHKJIUKAE 3MIHY
eJICKTPOMArHiTHOr0o TOTOKYy @, Ta BianmoBizno £, ta —E',. YV Toumi
esnekTpomarHitHoi cuMetpii ATI" otpumaemo E, = ‘— E '2‘ 1 BUXigqHui curnan U, =0.

[Tpu 3mimeHH1 SKOpst 2 BIAHOCHO TOYKM CUMETpii BHU3 (pUCYHOK 1) abo BBepx
(pUCyHOK 1, 00BENICHO MyHKTUPOM) E, #|- E',|, BUXIIHUN CHTHAI rpaBiMeTpa Oyne

MIPOTIOPIIHHUT:
U, E|E2_E'2|Emgz (1)
Y AT npuctpii-nepemuxau (I1I1) 6, saxuii >XKMBUTHCS BiJ JKepesia HAMpyru
yIIpaBJIiHHSA 7, 4epe3 piBHI IHTEpBaJIU Yacy B 1 ¢ nepeMuKae mojaqy BepTUKAIbLHOTO
pyXy sikopst 2 BHU3 (pUCYHOK 1) Ta BBepX (pUCYHOK 1, OOBEIEHO IMyHKTUPOM) Yepes
JBUT'YH 5.

Jhepeno Hanpyrd 7

yIpastinus

| 6
Tlepenmuray

Buxia | | Baxig 2 5
e :
N

L .
47 3 [ i ]
2
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dlpucmpiin s
ofYuCTenHa
BUXIONGE0 CUZHATY

128.-
Pucynok 1 - Tpancgpopmaropumii rpaBimerp:

1 — maenimonposio, 2 — pyxomuii axip, 3 — oomomxa 30y0xucennss W;, 4 — emopunua
oomomxa W, 5 — osueyn, 6 — nepemuraroyuii npucmpiil, 7 — 0xcepeno Hanpyau
ynpaeninus, 8 — npucmpiil oo6uucients suxionoco cuenany [12]

ITpu nopaui Big IIII 6 iMmynbcy pyxy BHM3 SKOpIO 2, BUXIAHMM CHTHal f,

YYTJIUBOTO €JIEMEHTY IMOJA€ThCS y MPUCTPId OOYMCICHHS BHUXIJHOTO CHUTHATY 8.
UYepe3 1c momaeTscsi IMITyJIbC PYXy BBEPX SKOPIO 2 1 J0 TPHUCTPOIO OOYUCICHHS
BUXI1/IHOTO CUTHAJTY 8 HAJXOJUTh CUTHANI f,.

Y npuctpoi 00unCIeHHs] BUX1THOTO CUTHAITY 7 ()OpMY€EThCS KIHIIEBUN BUX1THUI
CUTHAI:

f:ﬂ+](2:gz+}i+gz_}i:2gza (2)
ne f,=g,+h— BuxigHuii curHan T npu pyci axops 2 BHM3; f,=g,—h—

BUXIJHUN CUTHAJ IPU pyCl IKOps 2 BBEPX; /1 — BEpTUKAIbHE MPUCKOPEHHS JTiTaKa.
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Tobto, y mpuctpoi 8 o6uucienns BuxigHoro curdHainy HTID dopmyerses
BUXIJTHUW CUTHAJI, IKWI PIBHUI MOIBOEHOMY 3HAYCHHIO 2g..

BrnuB 30BHINIHIX €IEKTPOMArHITHUX MOTOKIB MEPEIIKOIH, SIKUX € 3HAUHUM Ha
JIA, y ATT TakoX CKacoBY€ThCS 3aBIASKH 3YCTPIYHOMY 3 €IHAaHHIO BTOPUHHUX
0OMOTOK.

v BI/IXlI[HOMy curHami JTI BigcyTHi Taki MOXWMOKM BUMIPIOBaHb, SKI
CIIPUYMHEH] BIUIMBOM BEPTUKAIBHOTO MPUCKOpeHHS /4. OIHaK, MOXyTh OyTH
OPUCYTHIMHM 3aJIMIIKOBI MOXMOKHM Bi BIUIMBY BEPTHKAJIBLHOTO MPHUCKOPEHHS 13-32
HecumeTpii koHeTpykuii JITT Ta iHmumx dhakTopis.

[Tonsoennii curnan ATI 2g, BXoauTh 10 ckiaanay BuxigHoro curHainy AI'C.

Ockinbkn 'y HATIT BuUKOHYeTbCs Oe3nocepe/lHE BUMIPIOBAHHS IPUCKOPEHHS
CWIM TSKIHHA g, abo oro aHomanii Ag,, TO 3’ ABISETbCS MOXXIUBICTH BUKOHATH
GbiapTpalilo BUMIPIOBAJILHOTO CUTHATY.

Ha pucynky 2 mnoOynoBaHo rpadik CHEKTPadbHOI MIUIBHOCTI KOPHCHOTO
CUTHQJIy IPUCKOPEHHS CWIM TSKIHHA g, abo Horo aHomainii Gag(®) — Kpusa 1.
Takoxx moOynoBaHo rpadik CIEKTPAIbHOI HMIJILHOCTI CUTHATY OCHOBHOI MEPEIIKOIN
BepTUKaNbHOrO npuckopeHHs Gj(w) — kpuBa 2. [lepeBakHa yacTtoTa MeEpUIOro
curHairy aopisatoe 0,00175 pan/c, mepeBakHa wactota apyroro curaamy — 0,269
pan/c. 'padiku yacrotHmx criekTpiB 112 mepecikaroTbes y Touni ©=0,1 ¢!
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PucyHnok 2 - I'pagiku cneKTpajJbHUX IIIbHOCTEN KOPUCHOIO cCUrHaay 2g; (1)

i BepTHKAJIbHOT0 NpuckopeHns JIA (2) h [4]

OcHOBHa YacTMHa MOTY)KHOCTI ~ KOPHCHOI CKJIJJOBOI BHMIPIOBAJIBHOIO
CUTHaAJy 30cepelkeHa Ha yactortax, mMeHmmx 0,1 pan/c (kpuBa 1, pucyHok 2).
OcHOBHa YacTHMHA MOTY>KHOCTI TMOXMOOK BHUMIPIOBAJILHOIO CHUTHANy BiJl BIUIMBY
BEPTHUKAJIBHOTO MPUCKOPEHHS 30Cepe/eHa Ha uacrorax, Outemmx 3a 0,1 pan/c
(kpuBa 2, pucyHok 2). Skmo BuOpatu yactory BiracHux koiuBanb ATI" w¢ = 0,1
pan/c, to cam JTI' Oynme ¢inpTpyBatTh CUTHad TMOXHOKH BEPTUKAIHHOTO
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npuckopenHs (ATI Oyae Buctynatu, sk QiabTp HU3BKHX 4YacToT). BBeneHHs
nomatkoBoro ¢insTpa He moTpidbHe. Lle 30umpmrye HamiiaicTs AI'C 3 JITT, 1o € mie
onHoto nepesaroto JITT mopiBHSIHO 3 IHIIMMU BiTOMUMU Tunamu rpaBiMetpiB AI'C.

BucHoBkmu.

Bbyno 3amponoHoBaHo meTon ¢iIbTpalii BUXIIHOTO CUTHATY JBOKAHAJIBHOIO
TpaHC(HOPMATOPHOTO TpaBIMETpa aBiallliHOT TPaBIMETPUYHOI CHUCTEMH IUIIXOM
BHOOpY uactoTu BiaacHux komuBanb JITL 0,1c! y Touni mepernHy criekTpaabHHX
IIIJIBHOCTEH TPUCKOPEHHS CUJIM TsDKiHHA (200 Horo aHomasii) Ta OCHOBHOIO
30ypeHHs - BEPTUKAIBHOrO NpUcKopeHHs (6e3 ¢imprpanii y 10° pa3 mepepuinye
KOPUCHUI CUTHal), 3aBASKU skoMy Yy BuximHomy curHaii JTT ycyBaeTbcs BILUB
BEPTUKAJILHOT'O MTPUCKOPEHHS.
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Abstract. The article is devoted to the research of filtering the output signal of the aviation
gravimetric system with a two-channel transformer gravimeter. A filtering technique has been
developed that allows to separate the gravity acceleration anomaly signal of the two-channel
transformer gravimeter from the largest obstacle of the vertical acceleration signal of the aircraft
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in order to increase the accuracy of the gravimeter as part of the aviation gravimetric system by
choosing the natural frequency of oscillations of the two-channel transformer gravimeter 0.1 s at
the intersection point graphs of the spectral densities of the useful signal of the gravitational

anomaly and the main disturbance of the vertical acceleration.
Key words: two-channel transformer gravimeter, aviation gravimetric system, gravity

anomaly, vertical acceleration.
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Abstract. The article analyzes the existing mathematical models and methods for calculating
the process of extrusion processing of plant materials. Based on the analysis, their main advantages
and disadvantages are determined. It has been established that most models consider the process in
loading and compression zones where raw materials are only crushed and mixed. At the same time,
very few mathematical models describe the zones where the raw material passes into the
viscoplastic state, in particular, the zones before entering the matrix and in the matrix. However, it
is in these zones that the most complex hydrodynamic, heat exchange, biochemical and structural
transformations occur. Because of such difficulties, a number of simplifications are adopted in
existing models that do not allow determining the real parameters of the process and making such
models unsuitable for designing extruders.

The mathematical model developed by the authors takes into account the main determining
factors that allow applying the model and calculation program for different types of extruders and
for different types of raw materials. The developed program allows you to calculate the dynamics of
thermal and hydrodynamic processes along the entire channel and at local points. At the same time,
it is possible to assess the contribution of each of the dissipative factors responsible for the heating
of raw materials and calculate the loss of heat to the environment.

Key words: extruder, matrix, plant raw materials, heat transfer.

Introduction. Research and analysis of scientific works in the field of
development of modern extrusion equipment for the food industry showed that most
experimental studies are devoted to the study of quality indicators finished products.
At the same time, the heat exchange and hydrodynamic processes in the extruder
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channel remain poorly studied. The mechanism of their influence on the depth of
structural and physics-chemical transformations in raw materials also remains poorly
understood. Although it is these factors that determine the effectiveness of the
method and are responsible for the quality of the product. The lack of data in the
literature is associated with the complex specifics of the process, in particular, its
short duration and the inability of measuring equipment to access the extruder
channel for experimental study of the process.

Having investigated the state of the problem and taking into account the
previous experience of scientific works, the authors formulated the following tasks:

- development of a mathematical model that will allow you to calculate the real
parameters of the process at any point in the channel in the most complex
zones before entering the matrix and in the matrix. simultaneously take into
account the shortcomings and simplifications of mathematical models known
in the literature;

- develop a universal calculation algorithm for different types of extruders and
various types of raw materials.

Main text.

Mathematical models known in the literature, considering the extrusion process
in the processing of plant materials, divide it into several functional zones. Each of
them is described by the corresponding equations. Most models known in the
literature calculate the feeding zones (dosage), grinding (compression) and
homogenization, since they are the simplest when modeling. In these zones, there are
no phase transitions of raw materials, but only grinding and mixing. The number of
models that consider the zone before entering the matrix and in the matrix itself is
limited due to the complexity of the calculation. This is caused by the fact that in
these zones there is a transition of mass from dispersed bulk to viscous and plastic.
This condition is accompanied by a decrease in viscosity due to compression,
grinding, additional fat release and melting carbohydrates. In addition, the calculation
is complicated by the absence in the literature of thermophysical and rheological
properties of raw materials.

When modeling zones before entering the matrix and in the matrix, most authors
consider separately the zone in front of the matrix, assigning it to the homogenization
zone and the matrix zone, which does not allow obtain the dynamics of changes in
temperatures, pressures and velocities. Very often, mathematical models are based on
the assumption of the isothermal nature of the process, based on the fact that the
extruder body is made with thermal insulation or is heated. This does not take into
account an important extrusion mechanism — heating the melt due to viscous
dissipation. However, this factor is the main in the cone part of the channel [1,2].

In the overwhelming majority of works, the simulation does not take into
account the rotation of the screw and, accordingly, does not take into account the
influence of centrifugal forces on the melt and the effect of shear stresses of the
tangential velocity. Moreover, the component of viscous dissipation due to the
rotation of the cone and the heating of the liquid associated with this is not taken into
account. Very often in models, the melt in front of the matrix is assumed by a
Newtonian liquid that moves at a constant temperature and, accordingly, the viscosity
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coefficient in this zone is unchanged, and non-Newtonian properties appear only in
the matrix channel. This assumption simplifies the model, but does not allow obtain
real results of the process [2, 3]. The vast majority of works, citing a mathematical
model, do not give the results of calculations at all, and therefore such models cannot
be used in practice. Most models are designed to calculate only one type of raw
material and when processed in an extruder of only one type [3, 4].

In this paper, in the process of modeling, the authors took into account the
shortcomings of existing models. In particular, the raw material in the zone in front of
the matrix and in the matrix is considered as a homogeneous non-Newtonian
viscoplastic liquid. An orthogonal conical coordinate system is also used, which
makes it possible to take into account the rotation of the screw in the zone in front of
the matrix. For the matrix channel, a cylindrical coordinate system is used, which is
associated with a conical coordinate system by simple geometric ratios.

The initial data for the developed calculation algorithm are the geometric
dimensions of the channel, the speed of rotation of the screw, pressure, temperature
and moisture content at the entrance to the corresponding zones, thermophysical and
rheological properties of raw materials, as well as temperature, pressure and
thermophysical properties of the environment — air.

The basic equations of the developed model and algorithm are the classical
equation of motion, the continuity equation, the energy conservation equation and the
empirical equation for determining viscosity, in which the dissipative function is the
quadratic tensor of the deformation velocities. The solution of the system of the first
three equations according to the standard scheme makes it possible to calculate the
speed of flow, pressure and temperature of the liquid along the channel before
entering the matrix and in the matrix, taking into account the rheological properties of
the liquid.

The solution of the equation of motion allows us to evaluate both the total
change in pressure in the channel and the contribution of each component separately.
In particular, a reversible pressure drop associated with a decrease in the cross-
sectional area of the annular channel, an irreversible pressure drop caused by the
action of normal stresses during channel narrowing, an irreversible loss of pressure
under the action of shear stresses in the radial direction caused by friction of the axial
flow with the wall, a change in pressure due to centrifugal forces caused by the
rotation of the screw. The equation does not take into account the component of mass
gravitational forces, since this value does not significantly affect the change in
pressure in the channel.

Evaluation of pressure losses caused by shear stresses due to friction of the flow

with the channel wall was carried out under boundary conditions: Vz (Rl) 0

andVz(R2)= 0. Determination of the change in pressure associated with the rotation
of the screw in the area in front of the matrix is carried out under boundary
conditions: Vo =®oRX| at u=Rx; and vg=0 at¥=Rx2. The solution of each
component of the equation of motion for the zone before the matrix is carried out in a
conical coordinate system.

The change in pressure in the matrix channel is caused only by friction of the
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flow with the channel wall. Therefore, the equation of motion is calculated in

cylindrical coordinate systems with boundary conditions: Vx = 0 at U=Ry

and @V [du 00 a4 0.

The basic equations of motion and the continuity equation include local
viscosity, which depends on the flow temperature and on the local values of the shear
velocities. During the calculation, averaging of local values is performed in each
section of the channel, which is later used in the equations as the value of the
effective viscosity.

The temperature change in the channel is associated with the viscous dissipation
of mechanical energy under the cumulative action of shear stresses, which are
considered as internal volumetric heat sources, as well as due to heat transfer to the
environment.

The continuity equation allows you to evaluate the contribution of each of the
components separately. In particular, the conductive transfer of heat through the wall
in the radial direction due to the temperature difference between the liquid and the
channel wall, the conductive transfer of heat in the liquid along the channel. At

Re>1 this component can be neglected and therefore it is not taken into account in
the calculation algorithm. Viscous dissipation of mechanical energy, which includes
the following dissipative components: the first is the action of normal stresses on the

segment 9Zin the direction of the axisZz; the second is viscous dissipation due to
friction between the flow and the wall; the third is viscous dissipation associated with
the rotation of the conical wall of the channel in the zone in front of the matrix. Due
to the dissipation of mechanical energy, the flow is heated intensively, and the
temperature of the raw material along the channels in front of the matrix and in the
matrix is continuously increasing.

The change in the average temperature of the liquid along the channel is
calculated by averaging along the cross section and takes into account the heat loss
due to the heat transfer of the liquid with the environment. It is considered as three
components. The first is the transfer of heat by convection due to the temperature
difference between the liquid and the channel wall at a given coefficient of heat
return. The second is the conductive transfer of heat through the housing of the
extruder in the radial direction due to the difference of temperatures between the
outer and inner walls of the housing at a given coefficient of thermal conductivity.
The third is heat transfer from the surface of the hull to the surrounding air due to
radiation and free convection with a known effective total heat transfer coefficient.
All coefficients are calculated by standard heat exchange equation. The value of the
heat flux, both for the zone before the matrix and for the matrix, is determined by the
overall temperature potential and the sum of three resistances. The calculation of the
value of the heat flux allows you to determine the temperature potential for each of
the three thermal resistances and, thus, estimate the temperature of the walls.

Based on the developed model, a computer program has been created that can be
used in calculating the zone before entering the matrix and in the matrix zone. A
computer program is universal for different types of extruders and different types of
raw materials.
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Summary and conclusions.

Calculations were carried out using numerical methods, in the program Turbo
Pascal. The main results of the calculations are shown in Figure 1. In the process of
passing the zone in front of the matrix and matrix, the temperature of the raw material
is constantly growing. Calculated dependences of temperature changes showed that
along these two zones there is an increase in temperature. The change in temperature
in the channel is associated with the action of a number of dissipative factors.

Figure 1 in relative units shows the change in the components of the temperature
gradient caused by tt(le action) of each of these factors: 1) shear stress due to screw

dT, /dz

rotation (component w); 2) shear stress due to friction of the axial flow with

the channel wall (component (dT 2/ dZ)rz); 3) by the action of normal stresses

(component (dT /dz )zz). In addition, a change in temperature gradient is shown
(dTZ / dz)q , associated with the loss of heat in the surrounding air.
(dTZ/dz)relafive ld‘I-Z/(:Iz’relai'iwe
100 T N
CIEL A 03
80 (B2} oporar / (0T /dz)zz f
7 T 0 ' t‘ ..-ur.r,!d=} general
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L >< (AT AdzZ)zs | '
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Figure 1 - Change in the relative values of the components of the temperature

gradient along the two zones before entering the matrix and in the matrix

The contribution of each of these factors is different as well as their area of
action. The increase in temperature in the area in front of the matrix is due to the

gradient (dT - /dz )w and caused by the action of tangential stress due to the rotation
of the screw. Further, the influence of this component gradually decreases to zero, but

the role of the component increases (dT - /dz )rz , which is explained by the narrowing
of the channel and the increase in flow rate. The influence of the
(dT, /dz)

component zz 1s insignificant and manifests itself only during the transition

from zone to zone. It was found that the loss of heat to the environment (dT./ dz)q is
insignificant compared to dissipative heating.

The model proposed by the authors allows you to calculate the change in speed,
temperature, pressure and viscosity along the entire channel and at local points. At
the same time allows you to estimate the loss of heat in the environment. Also
determine the degree of heating of raw materials due to the viscous dissipation of

mechanical energy caused by active factors and assess the influence of dissipative
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factors on pressure losses along the channel. In addition, it allows you to analyze the
change in the nature of the flow, the degree of heating and structural changes that are
associated with the peculiarity of the channel geometry or the speed of rotation of the
screw. The model is as close as possible to the real condition of the processing
process. All this in the end makes it convenient for practical use. In addition, it is
universal and can be used for different types of extruders and different types of raw
materials, as well as in the design of the geometry of the channel of two zones before
entering the matrix and matrix.
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Anomauia. B cmammi npoananizo8ano icHyo4i MamemamuyHi Mooei i Memoou po3paxyHKy
npoyecy ekcmpy3iinoi 00pooku pocaunuoi cuposunu. Ha ocnosi ananizy euznauemo ix OCHOBHI
nepeeazu ma Heodoliku. Bcmanosneno, wo Oinvuicms mooenei po32asioaroms npoyec 6 30HAX
3A68AHMANCEHH MA CMUCKAHHSA, 0e CUPOBUHA Nuuie NOOPIOHIOEMbCS ma nepemiutyemscs. Y moti
JHce yac oyoce MAio MamemMamudHux mMooenel, AKi Onucyroms 30HuU, 0e CUPOSUHA Nepexooums y
8 AI3KONIACMUYHUL CIAH, 30KpeMd, 30HU nepeo 8x000m 8 mampuyto i 6 mampuyi. OOnak, came
Yyux 30Hax 6i00yearmuvcs HaubOiIbWl CKIAOHI 2IOPOOUHAMIYHI, MEenI000MIHHI, OIOXiMiuHI ma
cmpykmypHi nepemeopents. Yepez maxi CKIAOHOWI 8 ICHYIOUUX MOOENAX NPULUMAEMbC PO
cnpowjens, AKI He 003601AI0Mb  GU3HAUAMU pedlbHi napamempu npoyecy i pobaamoy  ix
HenpuoamuuMu npu nPOeKmy8anHi ekCcmpyoepis.

B pospobaeniti asmopamu mamemamuyHii MoOeni 6pAX08AHO OCHOBHI BU3HAYATbHI
Gaxmopu, AKi 003801410Mb 3ACMOCO8YBAMU MOOENb MA NPOSPAMY PO3PAXYHKY OJisl PISHUX MUNIE
excmpyoepie ma 01a pizHo2o 6udy cuposunu. Pospobrena npoecpama 003601a€ uucenvbHo
po3paxysamu OUHAMIKY MEPMIYHUX MaA 2IOPOOUHAMIYHUX NPOYECI8 83008J4C 8CbO20 KAHATLY MdA 8
nokanvhux moukax. OOHOUACHO OYIHUMU 6KIAO KOJMCHO20 3 OUCUNAMUBHUX (HAKMOpIs,
BION0BIOANILHUX 34 HA2PI6 CUPOBUHU MA OOUUCIUMU 8MPAMU MENTIOMU 8 OMouyiode cepedosuue.

Knrouoei cnosa: excmpyoep, mampuys, poCiuHHa CUpOBUHA, MENT00OMIH
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Anomauia. B cmammi po3zenamymi winiaxu eKoHOMIi 8 eNeKmpomexHiuHux Hagpmoz2a3oeux
KoMnaeKcax. 30iiCHeHO ananiz 6NPOBAONCEHHS NPUCMPOIE NIABHO20 NYCKY ACUHXPOHHUX OBUSYHIG
HACOCHUX azpe2amis ma ix OYHKYIOHY8AHHA 6 PIZHUX pedcumax pooomu. 3anponoHosana cucmema
NIABHO20 NYCKY  00360JIA€ 3MEHWUMU 8Mpamu NOMYHICHOCMI ma 3abe3neuumu cmaoinizayiro
eNIeKMPOCNONCUBAHHS.

Knwuosi cnosa: enekmponpugoo, cucmema enekmpooONAOHAHHA, pedcumMu pobomu
eleKmMpOnpuU8o0Oy, 8Mpamu NOMY*CHOCMI, eHeP2oOUiaOHICMb.

Berym.

CyuacHuit eran COLI1AJTbHO-€KOHOMIYHOTO PO3BUTKY JEp’KaBU
XapaKTepU3y€eTbCcs 3HAUHUM POCTOM CHOXHUBaHHS enekTpoeHeprii. IlpuckopenHs
HayKOBO-TEXHIYHOTO TPOTPECy AMKTYE HEOOXIMHICTh BIOCKOHAJICHHS MPOMHUCIOBOI
€JIEKTPOCHEPIeTUKH, 30KpeMa MIATOTOBKM YMOB JUIsl LIMPOKOTO MepeBe/CHHs ii Ha
eHepro30epiraroumii mporec po3BuTKy [1].

P03BHUTOK 1 yIOCKOHAJIEHHSI CHCTEM €JIEKTPOIIOCTa4YaHHs, 3pOCTal04l BUMOTH 0
€KOHOMIYHOCTI Ta HAAIMHOCTI BHUMAarae BIPOBA/KEHHS MPUCTPOIB YMPABIIHHS
PO3MOJALIOM Ta CIOXUBAHHSM €JIEKTPOEHEpPrii Ha 0a3l Cy4acHOi OOYMCIIOBAIBHOI
TEXHIKH Ta CUCTEM TJIABHOTO MYCKY.

OCHOBHU TEKCT.

['070BHUM HEJOTIKOM ACHHXPOHHHUX EJEKTPOIBUTYHIB 3 KOPOTKO3aMKHEHUM
POTOPOM € HasBHICTh Y HUX BEJIHKUX IMyCKOBUX CTPYMIB. | SIKIIIO TEOPETUUHO METOAU
iX 3HMKEHHS Oyl J00pe po3poOieH] BXKE JIOCUTh JIABHO, TO OCh MPAKTUYHO BCi Il
PO3pOOKH (BUKOPUCTAHHS MMyCKOBUX PE3UCTOPIB 1 PEaKTOPIB, MEPEMUKAHHS 3 31PKH
HAa TPUKYTHUK, BUKOPUCTAHHS THPUCTOPHUX PETyJATOpIB HAmpyrda 1 T.1.)
3aCTOCOBYBAJIMCS Ty’K€ B PIAKICHMX BUIIAIKax [2].

[lepeBaxkHa OITBIIICTh EJIEKTPONPUBIAHUX MAIIMH TPAMIOIOTh Y BaXKUX
BUCOKOHABAHTAKEHUX PEKMMax Ta OCHAIIEHI MpU I[bOMY HEpEryJbOBaHUMHU
€JIEKTPONPUBOAAMHU HAa OCHOBI BHOYXO3aXMIIEHUX ACUHXPOHHUX €JIEKTPOJABUIYHIB.
Ile oOyMOBIIO€ MiABUIIEHE 3HOLIYBAaHHS IXHIX €JIEMEHTIB 4epe3 BUCOKI JMHAMIYHI
HAaBAHTAKEHHS, PUBKIB, OUIBIINUX ITyCKOBUX CTPYMIB, SIKi BAHHUKAlOTh B OCHOBHOMY B
MOYaTKOBUH MOMEHT TIPH MYCKY.

MeTtoau, O 3aCTOCOBYIOTBHCS IS 3HMKCHHSI AMHAMIUHUX HABAaHTaXEHb 3a
JIOTIOMOTOI0  TypOomy(dT,  enmeKTpoMarHiTHUX  My(pT 1  JABOIMIBHAKICHUX
€JIEKTPOJIBUTYHIB BOJIOJIIOTH PSAOM BiJIOMUX HEMOJIKIB 1 HE 3a0€3MeUyIOTh ITOBHOIO
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MIpOIO HalIMHUH Ta eHEKTUBHUHN 3aXUCT MAIIIUH.

Haii6inpm  epexTuBHUM cmocoOOM MyCKy Ta KepyBaHHS TPUBOJAAMU €
3aCTOCYBaHHS TEPETBOPIOBaYiB 4YacToTH. OJHAK BHCOKA BapTICTh 1 CKJIAJHICTH
OOCJTyrOByBaHHsI, a TaKOX MPOOJIEMHU OXOJOJKEHHS TEPEIIKOKAIOTh IXHbOMY
HIMPOKOMY MOIIMPEHHIO.

Tpu HalOUIBII MOMIMPEH] CXEMU BJIAILTYBaHHS IJIABHOTO MYCKY.

1. Cxema BiamITyBaHHS IUIABHOTO IYCKY ISl OAHO(A3HOIO ACHHXPOHHOTO
eJIEKTPOIBUTYHA. BOHA IPYHTY€ThCSA Ha IBOX CEMHUCTOPaX, BCTAHOBJICHHUX Ha 3yCTpid
onuH onHoMy. Taka cxeMa MOK€ 3aCTOCOBYBAaTHCS 1 IJIs TUIABHOTO TIYCKY
ACMHXPOHHOTO JBUTYHA BiJl TphOX (ha3, KOJIM JOCTATHHO MOJYJIOBATH TUIBKH OJHY
¢dazy. Hanpuknan, npu JerkoMy mycky, 1 OTY>KHICTb IBUTYHA - KiJIbKa KLJIOBAT .

2. Jlpyra cxema — 11e MOAYJISIIs 3a ABoMa (a3zamu. BoHa 3acTOCOBY€EThCS, KOJU
MOTY>XHICTh Y JIBUTYHA B)X€ BeJiMKa ( 10 KIJIbKOX COTEHb KIJIOBAT ), ajie OOMEKEHHs
CTpyMy 3a0e3neuyBaTd Hemae HEOoOXimHOCTI. OCHOBHUHM TIUIIOC TaKoi CXEMU —
TJIABHUW MYCK €JIEKTPOJIBUTYHA, KU KOIITYE JACIICBINE, HIXK TOBHOIIHHA TpU(a3Ha
MO Ty JISIITiS.

3. OcranHsi cxemMa — 1€ TIOBHOIIIHHE TpudazHe MOJYyJIOBaHHA. 3 TUIIOCIB —
MOJKJIMBICTh KOHTPOJIIO HaJ MyCKOBUMU CTPyMaMu, HAWOLIBII SKICHUW TUIAaBHHMA
IyCK ACHHXPOHHOTO €JICKTPOJIBUTYHA Ta 3yIMMHKA. 3 MIHYCIB — I[IHa, TOMY 110 Ha BCIX
TppOX  (ha3ax  BCTAHOBIEHI  CEMHCTOPH, a BOHH —  HalJIOpoOXKYa
JeTallb IPUCTPOIO MIIABHOTO MYCKY .

[Tpuctpiit mnaBuoro nycky AU COM HITACHI npu3sHauenuii 1jsi TUIaBHOTO
MyCKy TpU(a3HUX aCHHXPOHHHUX JABUTYHIB 3 KOPOTKO3aMKHEHHM POTOPOM.

[Ipuctpiii 3a0e3neuye IUIABHUM MYCK ACHHXPOHHOTO €JIEKTPOABUTYHA 3
KOPOTKO3aMKHEHUM POTOPOM 3 PETYIHOBAHOIO TpUBAMICTIO B1J 5 110 20 c.

TexHiI4HI XapaKTepUCTUKHU:

HominanbHa dYacTtoTa 3MIHHOTO CTpPyMy, IpH SIKIH TOBHHEH IpaltoBaTH
npuctpiit — 50 I'm;

HominansHa Hanpyra cuioBoro jaHiora — 1140/380 B;

HominansHuii cTpym cuoBoro nasiora — 250 A;

CTpyM TpaH3UTHOTO HaBaHTaXEHHs — 125 A;

[Ipuctpiii Mmae ickpoOe3IeUHi JIAHIFOTH AUCTAHIIIMHOTO KepyBaHHS;

KonTpoaroBanwii omip 3a3eminror0doro mposoay — 50 Owm;

YcTaBky CrpanboOByBaHHS MPUCTPOIO KOHTPOJIIO 13011111

npu Harpy3i mepexi 380 B — 30 kOw;
npu Harpy3i mepexi 1140 B — 100 kOwm;

CrioxrBaHa MOTYXHICTh JTAHITIOTIB 3aXKUCTy Ta KepyBaHHs He Outbiie 80 B-A.

EnexTpuyna cxema mpucTporo 3abe3rneuye: Bi3yadbHy 1HIUKAII0 TOTOBHOCTI 0
MyCKY MICJIsI oJlayl HAallpyTH Ha MPUCTPIi; Bi3yalbHYy 1HIUKAIII0 OYIKYBaHHS ITyCKY
Ta 4acy IyCKy; BI3yaJIbHY 1HAMKAIIIIO CTPYMY €JIE€KTPOJBUTYHA B XO/I1 ITyCKY Ta MiCs
HOro 3aKiHYEHHS; JOUCTaHIIHE KEpyBaHHS 3a JONOMOIOK KHOIIKOBOTO TIOCTa
KepyBaHHs a00 KOHTAKTIB arapaTypy aBTOMAaTU30BaHOTO KEPYBaHHs, YCTAHOBJIEHOIO
OKpPEMO BIJl MPUCTPOIO; MIAKIIOYEHHS TEMIIEPAaTypHOIO 3aXHUCTy, BOYIOBAaHOTO B
CJICKTPOJIBUTYH 1 SIKMA Ma€ peNedHWH BHUXIiJ; 3aXHCT BiJl CTPYMiB KOPOTKOTO
samukaHHs (K3), ski BigXoAsTh BiJ TPHUCTPOIO CHIIOBUX JIAHIIOTIB 1 CBITJIOBY

ISSN 2567-5273 43 www.moderntechno.de


https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=https://eleksun.com.ua/ustroystva-plavnogo-puska-11kvt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=https://eleksun.com.ua/ustroystva-plavnogo-puska-22kvt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=https://eleksun.com.ua/ustroystva-plavnogo-puska-315kvt

Modern engineering and innovative technologies Issue 25 / Part 1 éw

CUTHaJI3aIlito michs ii crpanboByBaHHs. [IoBHUI Yac cripalibOByBaHHS MPU CTPyMaX,
AK1 TEPEeBUIIYIOTh YCTaBKY MPUCTPOI0 MAaKCHUMAaJIbHOTO CTPYMOBOTO 3axucty B 1,5
pa3u, He noBHHEH nepesuiyBaTH 0,12 ¢; CTpyMOBHIA 3aXUCT BiJl NEPEBAHTAKCHHS
JIBUTYHA Ta CBITJIOBY CHUTHANI3aI[il0 TICAsS 1 CHOpalbOBYBaHHS; EJIEKTPUYHE
OJIOKYyBaHHSI, SIKE€ IEPEIIKOKA€ BKIIOYEHHIO KOHTAKTOPIB MPHUCTPOIO HPU OIOpi
130J1511111 B CHJIOBUX JIAaHLIOTaX, K1 BIAXOAATH, HIK4Ye 30 KOM mpu Hampy3i Mepexi
10 380 B 1 mmwxue 100 kOm mpu Hanpy3i mepexi 1140 B 1 cBiT/IOBY cuTHami3aIlio
MICIsl CHpallbOBYBAHHS OJIOKYBaHHS; HYJIbOBHH 3aXHCT; 3aXUCT NMpU OOpuBI abdo
30UTBLIEHH] OMOpPY 3a3eMJIIOI0YOr0 JIAHIIOTa MDK MPUCTPOEM 1 KEpOBAHUM
enekTpornpuiiMayeM 10 50 OM Ta Oulblie; 3aXMCT BiJ BTpaTH KEPOBAHOCTI MHpH
3aMUKaHHI TMPOBOJIIB JAHIIOTa JAWCTAHLIMHOTO KepyBaHHA MiIX co0ot0 abo i3
3a36MIIIOIOYMM  TPOBOJIOM;  3aXHMCT BiJl CAMOBKJIIOYCHHS TMPHUCTPOIO  TPH
KOPOTKOYAacCHOMY (He Ouiblie 1 C) MiJBMILEHHI HAlpPyrd *XUBUJIBHOTO JIAHIIOTA 10
1,5 Unom, mpu 1bOMY TPHUCTPIA TMOBHUHEH 3aJMINATUCS B Tpare3aTHOMY CTaHi;
MEePEBIPKY JIii MPUCTPOIO MOMEPEAHHOTO KOHTPOJIIO 130JISIII11; CBITJIOBY CHUTHAI3AIIIO
Opo  BKJIIOYEHMM CTaH  po3'elHyBaya 1  KOHTAaKTOPIB;  CIPAIbOBYBAHHS
3arajJbHOCITROBOTO 3aXHMCTYy BiJ] BHUTOKIB Ha 3€MJII0 Y BHIIAJIKy «3BapIOBAHHS
CHWJIOBMX KOHTAKTIB BaKyyMHHUX KOHTaKTOPIB Yy KOXXHOMY 13 TpPbhOX IIOJIOCIB Y
BIIKJTFOYEHOMY TIOJIOKEHH1 TPUCTPOIO (MPU HASBHOCTI MIAKIIOYEHOTO JIBUTYHA);
icKpoOe3IeKa JIAHIIOT1B JUCTAHIIMHOTO KEPYBAHHS; 3aXUCT Bijl IEPETPIBY CHUIIOBUX
TUPUCTOPIB 1 BI3yaJbHY 1HAUKALIK TEMIEPATypH;3aXUCT y JIaHI}031 30BHIIIHBOIO
HAaBaHTAXEHHs Hanpyror 36 B.

B ocHOBY po60TH MPHUCTPOIO TUTABHOTO IMyCKY MOKJIAICHUI MTPUHIINII KUBICHHS
Tpu(a3HOr0 ACMHXPOHHOI'O JIBUT'yHA IUIAXOM MOCTYHNOBOrO 30UIbIICHHS HaNpyru
IpU IyCKy, 3a0e3MeuyBaHOro TUpUCTOpHUM mnepemukadeMm (VD), ckimagaerscs 13
[IECTH TUPHUCTOPIB BKJIIOYCHHX MO JIBa TMapalieIbHO B KOXHIN (ha3i >KUBUIBHOI
Mepexi.

TupucropHuil nepeMukau J03BOJIsI€ IUIABHO 3MIHIOBATH HANPYyTy IPHU MOCTIHIHI
4acTOTI MepexXi 3a paxyHOK MOMEHTY BiJIKpUBaHHS THUpucTtopa. KepyBaHHs
IIBUJKICTIO HAPOCTaHHS BUXIJAHOI HAMpyrd 3a0e3NeuyeThecsi MIKPOMPOIECOPHUM
6;1oxkom kepyBanHs (MBK).

[IyckoBUii MOMEHT JIBUTYHA 3MIHIOETHCS MPOTOPIIAHO KBaApaTy HANpPYTH MpH
(dikcoBaniii yacToTi. IlnaBHe 301IbIIIEHHS HANPYTd BUKIIOYAE KHUJIOK CTPYMY B
MOMEHT BBIMKHEHHS, TP [[bOMY TaKOX BUKIIOYAETHCS MEXaHIYHUHN yAap y CUCTEMI
JABUTYH-PEIYKTOD.

CrpykTypHa cxema NpHUCTPOIO HAaBEJIEHA HA PUCYHKY 1.

Y mporpamy wmikpomnpouecopa MBK 3aknanena (yHKIisI KOHTPOIIO CTPyMy
HaBaHTaXeHHA. Llg ¢yHKUIA BUKOHYe 3axucT Big oOpuBYy ¢asu, 3aXUCT BiJ
NEPEBAHTAKEHHS JIBUTYHA Ta MiITPUMYE KPATHICTh OOMEKEHHS IyCKOBOTO CTPYyMY
CTOCOBHO HOMIHAJIBHOTO, SIKA 33JJA€THCS KOPUCTYBAUYEM 3a JOMIOMOTOI0 NTEPEMHUKAYIB.

MBK BukoHanuii y MeraseBomy Kkopiyci. Ha #oro mnepemHiii cCTiHII €
PITMHHOKPUCTATIYHUN AUCIUICH IS B1JOOpaKEHHS OCHOBHUX HaJallTyBaHb 1
napameTpiB. [lporpamyBaHHs mapamMeTpiB NYCKYy 3IIHCHIOETHCS 3a JOIMOMOTOIO
0araTomo3uIIMHUX TMEepeMUKadiB, PO3TAIIOBAHUX Ha 3aJIHIM CTIHII, 3a JOTIOMOTOI0
SIKUX 33JIal0ThCSl HACTYTHI JaHi:
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- 4ac MycKy;

- HOMIHAJIBHUN CTPYM;

- KpaTHICTh MYCKOBOT'O CTPyMY;
- ctaptoBa Hampyra (%).
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TA — oamuux cmpymy, BK3 — 610K KOMNIEKCHO20 3aXUCTY;
MPFK — mikponpoyecopuuii 6110k kepysanus,; VD — mupucmopHutl nepemuxay;
SA — eaxyymuuii koumakmop, M — acunxponuuil 08u2yH
Pucynok 1 — CTpykTypHa cxeMa NPUCTPOIO IIABHOIO MYCKY

TupucTtopHuil mepeMuKady BUKOHAHUM Y BUTIISIAL MOAYJIS, SIKMM CKJIQA€ThCs 13
IIECTH TUPHUCTOPIB, YCTAHOBJICHMX Ha 3arajbHOMY pajiatopi. s mpumycoBoro
MOBITPSHOTO OXOJIOMKEeHHsT pamiatop VD  ocHamenuit BeHTWIsiTopoM. KOHTpOIB
TeMIepaTypu pajiatopa 3I1MCHIOETHCS HAIIBIPOBITHUKOBUM JATYUKOM, CUTHAJ BiJl
akoro nepenaerbcsi B MBbK. 3HaueHHs Temneparypu BUBOAUTHCS Ha auciuiei. [Ipu
HarpiBanHi pazgiatopa nmoHan 80 °C MBK Bigkimtouae npuctpiit. Y MOyl € TaKoxX
miata TpaHcPopMaropiB, MO 3a0€3MEUYyI0Th TaJIbBaHIYHY PO3B'SI3KY CXEMH
KepyBaHHS TUPUCTOpPAMHU BiJl CHJIOBOI Ta IJIaTa CHHXPOHI3AIl CXeMU KepyBaHHS 3
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KOXKHOIO (pa30r0 Mepexi.

VY npucTpoi 3acTocoBaHi ABa BakyyMHUX KOHTakTopu. Kontaktop SAl myHTye
TUPUCTOPHUN TEPEMHUKAd IO 3aKiHYEHHI pO3roHy, 100 3amo0irTd HaaMipHOMY
MiBUIICHHIO TEMIIEpaTypyd THUPHUCTOPIB Yy 3aMKHYTOMY MpOCTOpi BHOYyXO-
HenpoHUKHOT o0OosioHku. KonTtakTtop SA2 3abesnedye y BIAKIIOYEHOMY CTaHi, B
MOPIBHSIHHI 3 TUPUCTOPAaMH, OUIbII HAAIMHY 130JSI[I0 CHUJIOBOTO JIAHIIOTA, IO
BIIXOINTD.

Anroputm pob6otn MBK mnoOyaoBanuii Takum 4MHOM, 100 NMPU BUKOHAHHI
komaHau «ITYCK» 3a0e3neunTu 0e3MyroBy KOMYTAIlll0 KOHTaKTOpiB, TOOTO
BKJIIOYA€TbCST SA2, BIAKPUBAIOTHCS TUPUCTOPH, BKIIOYAETHCS SAl, 3aKpHUBaIOThCA
TUpUCTOpH, Biakmovyaerbesi SA2. Ilpu Bukonanni komanau «CTOID» BkimrovaeTbes
SA2, BIZKpUBAIOTHCS TUPUCTOPHU, BIAKIIOYAETHCS SAl, 3aKpUBaIOTHCS TUPUCTOPH,
BIIKJIIOYaeTbCa SA2.

Bukopucrani mpu po3poOIll MPUCTPOI0 CXEMHI Ta KOHCTPYKTOPCHKI PIIICHHS
JI03BOJIFIIA PO3MICTUTH MOTO B BUOYXOHETPOHUKHIN 00OJIOHIII MTycKaya, 10 CepiitHO
punyckaerbcss I[IBP-P, dAxuil cknagaerbcss 3 Kopmyca, KpUIIKH, $Ka MIBUIKO
BIJIKPUBAETHCS, KPHUIIIOK BCTYITHOTO Ta BUBIAHOTO BiJJIIJICHb, KAOCIHHUX BCTYITHHUX
IIPUCTPOIB.

[IpucTpiii mIaBHOrO MycKy Ma€ OJHE TPAH3UTHE YBEJEHHS, TPU BXOJU IS
BBIMKHEHHSI CHJIOBUX KaOeIlB 1 YOTUPH BXOAW JJIi BBIMKHCHHS THYYKHX KaOemiB.
BXOJIM JIISl BBIMKHEHHSI CHJIOBMX KaOeliB pO3paxoBaHl Ha MiJIKJIIOUYEHHS SIK THYUYKHUX,
Tak 1 OpOHbOBAHUX Ka0EJiB 3 MOMKJIMBICTIO BUKOHAHHS CYXOT0 0OpOOICHHS.

Y kopmyci TNpUCTPOIO pO3TalllOBaHI  po3'€HyBay, MaHedb 13 JIBOMa
KOHTakTopamu Ha ctpym 250 1 160 A BIANOBIAHO, [Ba [OAaTYUKH CTPyMY,
TpaHcopmatop Hanpyru, ABa 610ka GpopcoBaHoro BKItOUEHHS KOHTakTOpiB (BDB) 1
BUBIJHI 130JISSTOPH.

VY mpoueci myckiB 3a JIONOMOIOK0 ocuuiorpada 3amnucyBanocss aMILTITyJIHE
3HAUYEHHS CTPyMy JBUTYHA 1 INBHUJKICTH OOepTaHHS Baja. 3 Hel BU3HAYEHO
napaMeTpaMM IMyCKy: 4ac Mmycky — 15 c¢; HomiHainpHUM cTpyM — 250 A; KpaTHICTh
CTpyMy OOMekeHHA — 3; moyaTkoBa Hanpyra — 10 % HOMIHAJIBHOI.

JIJist mycKy 3 TaKMMH MapaMeTpaMu XapaKTepHUMN TJIaBHUU PICT CTPYMY, OJIHAK
movyaToK 0OepTaHHS poTopa JABUTyHA 3a(iKCOBAHO TUILKH 4epe3 5 C Micis Imojadi
Hanpyru. Takuil pexxum Mmycky HeOakaHUii 32 yMOBaMH HarpiBaHHs JABUTYHA. BiibI
ONTHMAJPHUM € PEeXHM 3 HACTYIIHHMHU MpU MapaMeTpaMu: 4Yac Mycky — 14 c¢;
HOMIHANBHUN cTpyM — 250 A; KpaTHICTh CTpyMy OOMEXeHHS — 3; IMOYaTKOBa
Hanpyra — 30 % HOMIHAJIBHOTO.

AHami3 ocumwiorpaM IokKa3ye 30UIbLICHHS CTPyMy B IOYAaTKOBUNW MOMEHT
MYCKY, NIPU SKOMY CTBOPIOETHCS 00€pTarouuMii MOMEHT, JOCTATHIN AJ IMOJOJAaHHS
aaHoro MomeHTy omopy. OOepTaHHsS pOTOpa MOYUHAETHCS MEHII YUM 4Y€pe3 OJHY
cekyHay. [Ipu 1iboMy BiJICYTHI BTpaTH €HEPTii HAa HeOaXkaHe HarpiBaHHs JBUTYHA.

VY mpomeci BunpoOyBaHb BUMipsutacs Temiieparypa panaiatopa VD. Ilicns
BUKOHAHHS 15 MyCKIB HAaBaHTaXEHOTO JBUTYHA 3 IHTEPBAJIIOM 5 XBHJIMH TEMIIEpaTypa
30utbimmiacs Ha 30 °C, mo CBIIYWTH NMPO MPaBUIBHUM BUOIp IUIONI pajiaTopa Ta
ITOPUTMY KepyBaHHS THPUCTOPAMHU.
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Jlns onTUMAaIbHOTO TMYCKY OYJM €KCIIepUMEHTAIbHO Tiai0paHi HACTYMHI
napaMeTpu: 4yac MycKy — 7 C; HOMIHalIbHHUA cTpyM — 170 A; KpaTHICTb CTpymy
oOMexeHHs — 4; moyatkoBa Hanpyra — 25-30 % HOMIHAJIBHOI.

BucHoBku.

[Ipuctpoi miaaBHOrO MyCKy MalOTh MOKJIMBICTH 3MEHIIMTH PIBEHb IYCKOBHUX
CTpyMIB, 3MEHIINTH MEXaHIYHI MepeHaBaHTa)XCHHs ABUTYHA 1 HAcoca, 3MEHUIMTU
TiApoy/iapu B CUCTEMI Ta 3MEHIIUTH MEPEHABAHTAXKCHHS Ha 3aMipHY U PEryioudy
apmatypy. Sk pe3ynbTaT, 301IbIIYEThCS TEPMIH POOOTH 00JIaIHAHHS, MIHIMI3Y€EThCS
KUIBKICTh MOIIKOKEHb TPYOOIPOBOIB Ta 3MEHILIYIOThCSI BUTPATH HA PEMOHTH, a 1€
TAaKOX EKOHOMisl, Xo4ya 1 He mpsimMa. JloCHiPKeHHs TPUCTPOIO IJisi KepyBaHHS
MPUBOJOM Ha(TOBOrO0 HACOCY NEpeKaykd HaQTH Ha TOJOBHI CHOPYAM MHIATBEPIUB
HEOOXIJTHICTh PETENIbHOr0 MiAOOpY NapaMmeTpiB IMYCKYy MNPUCTPOI0 B KOXKHOMY
KOHKPETHOMY BHUIMAJIKY.
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Abstract. The article discusses ways of saving in electrotechnical oil and gas complexes. An
analysis of the introduction of soft start devices for asynchronous motors of pumping units and their
functioning in different modes of operation was carried out. The proposed soft start system allows
you to reduce power losses and stabilize power consumption.

Keywords: electric drive, electrical equipment system, electric drive operating modes, power
losses, energy saving.
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Anomauia. B pobomi pozensioacmuvcsi numanHs w000 nepcnekmus UpouLy8aHts NAaeLosHii,
K eHepeemuuyHoi cuposunu. Ilaenoswisi GuKOpUCMOBYEMbCA KpiM AK 6 IHOyCmpii, we 1 6
eHepeemuyi y 8uenA0i neiem, a makoxtc y ueisiol CUpOBUHU O BUPOOHUYMEA AIbMEPHATNUBHO20
bionanusa. Bpaxosyrouu ooceio €eponeticbkoco Coio3y 6 BUPOUWYBAHHI eHepeemUYHUX KYIbmyp, d
maxodxic enacmugocmell NAeNO8HIl, WOO00 UWBUOKO20 HAPOWy8aHHs Oiomacu ma GiOHOBIEHHS
3pOCmanHs Y NOEOHAHHI 3 THHOBAYIUHUMU MEXHON02IAMU BUPOWYBAHHS 0EPEBUHU, MOJCe Cmamu
BAJICIUBOIO UYACMUHOK NOJIMUKU eKOHOMII pecypcié [ eupiulenHs npooOnem, Nno8 s3anHux i3
CHOMCUBAHHAM eHepaii, 6e3 pusuKy 0Jisl HABKOIUUHBLO2O CepedosULd.

Knrwowuosi cnoea: enepeemuuni Kyibmypu, naenoswuis, oOionanueo, neiemu, 0i02a308i
VCMAHOBKU, bioemano, 6iodusenb, meniogiooaua, 0xcepeso meniogoi eHepeii

Beryn.

EnepreruuHi KyJbTypu € Ba)XJIMBOIO CKJIQJ0BOI0 Ol0EHEPreTUYHOrO CEKTOpa
€C. €ppomnelicbka 60ioeHepretnuna acoriamis (AEBIOM) oriHioe ChOroHiNIHIN
MOTEHI1aJI €HEPreTUYHUX KYJIbTyp B €Bpocoro3i Ha piBHI 44-47 MiH. T H.C./piK
(TonHa HadToBOro ekBiBaneHTy). Onna 3 uueit €C na 2025 pik — gocsartu 138 mutH.
T H.€. 610MacH y BaJIOBOMY KiHIIEBOMY €HEProcIoxuBaHHi, 1o Bignosigae 14% KCE
(KiHLIEBe CIOKMBaHHS eHeprii). HasBHUI mNOTeHIIan EHEePreTUYHUX KYJIbTYp
JI03BOJISIE TIOKPUTH OJIM3BKO TPETHHM THi€T i [1].

3a  gamumm 2021  p., 3aragbHa IUIOMIA I JIITHOIEIIOJIO3HUMH
eHeprokyiabTypamu B €C ctanoButTh nopsaky 130-140 twuc. ra. bausbsko 37% miei
ot (50 tuc. ra) npunanae Ha PymyHit0, 1€ BUPOIILY€EThCS MPOCO MPYTOMOII0HE.
3HayHl IUIOmN 3ajigHl TakoX y DIHIAHAIT i ABYKICTOYHIK TPOCTHHOIOMIOHUMN
(6mu3bko 19 Tuc. ra), y Benmuko6putanii — mig mickanryc (10-11 tuc. ra), B llIsemii 1
[Tonbui — mig BepOy (11 tuc. ra 1 5-9 Tuc. ra, BiIMOBIIHO ).

[lmomi mij eHeprokyibTypamMH, NPU3HAYEHUMH JJIsi BUPOOHMIITBA PIIKUX
OlonanuB, B €BpoIl Ha MOPSAIOK OUIbII — moHana 2,5 muH. ra B uuiomy no €C. B
OCHOBHOMY II€ 3€pHOB1 KyJbTypH i pinmak. Maibke 38% 1ri€i momi npumnagae Ha
Himeuuuny, ne 746,5 tuc. ra 3aiiHaTi pinakom (Ha Oiogusens) i 200 Tuc. ra —
LYKPOBO- Ta KPOXMaJIEBMICHUMH KyJIbTypamu (Ha Oioetanon). Ha 3HauyHuX miomax
(1157 tuc. ra) B miit KpaiHi TaKOX BUPOIIYIOTHCS KYJIbTYPH, SIKI € CUPOBUHOIO JIJIS
OTpUMaHHA 010Ta3y.
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Ha cphoroani B kpainax €Bpocoro3y 13,2 MJH. Ta 3eMelib € JOCTYIHUMU ISl
BHUPOIIYBAHHS €HEPrOKYJIbTYp; 10 2025 p. mei mokazHuk Moxke Bupoctd 10 20,5
MiH. Ta, a A0 2030 p. — 1026,2 miH. ra. 3a omiakoo €Bponeiickkoi Komicii, mst
nocarHeHHs uim 2025 poky (10% BJIE B TpancmoptHoMy cektopi €C) mia
EHEePreTUYHl KyJbTYypu HEOOXimHO 3amiatu 17,5 muH. Ta abo O6mm3bko 10% Bcix
BUKOPHCTOBYBAaHUX CLIILCHKOTOCIOIAPCHKUX 3eMelib kpaiH €C.

IHocTanoBka nmpodieMu.

Y €C BUKOPUCTOBYIOThCS Pi3HI 3aX0/I1, CTUMYJIIOIOTh BUKOPUCTAHHS OloMacH.
Bubip 3axomiB 3aleXuTh BIiJ KpaiHM Ta BiJ OCOOJIMBOCTEH TEXHIYHOI
1H(PACTPYKTYpH, NPUPOJHUX PECYPCIB, IHAYCTPIANIbHUX TPAAULINA, a TaKOX BIA
reorpa1yHOro MoJIOKEHHS, KIIIMaTUYHUX YMOB Ta MOJITUYHOI BOJi. ['0JI0BHI Baxeni
MO>KHA KJIaCU(PIKyBaTH HACTYITHUM YHHOM:

* peryJitoBaHHs, 3aCHOBaHE Ha PUHKOBOMY MEXaH13MI;
* 3BUILHEHHS 3 NOJATKIB;

* cyOcuii Ta rpaHTH;

* crieriaibHi cxeMu (piHaHCYBaHHS.

B ToOif wyac, Sk pPHUHKOBE pETYJIOBaHHS BUKOPUCTOBYETHCS TIABKU ISt
CTUMYJIIOBAaHHS BUPOOJICHHS EJEKTPOCHEeprii Ha 0a3i BIJHOBIIOBAHUX JKEpe,
[OJJaTKOBA CUCTEMa J103BOJISIE BIUIMBATH TAKOX HA BUKOPUCTaHHs O6ioMacu. 3a3BU4ai
11e O3Havyae abo OIoJaTKyBaHHS TUIBKM BHUKOIHHX MaJWB, a00 3BUILHEHHS BIJ
NoJaTKiB OlonaJuB mpu AUPEpPEeHIIHOBAaHOMY ONOJATKYBaHHI BCIX MaJIUB.
BukopHucToBy€eThCS TaKoK KOMOIHAIlS IIMX JBOX BaplaHTIB (Hampukian, ABCTpii,
[Bemii, HiMmeuunnu, @innsgaaii). B neskux BUMakax I1HBECTHUI] y Ol0MajauBoO
3BUIBHSIOTHCS BIJl MOAATKIB (MpUOYTKOBUHM MOAATOK) abo moaarok 3 oo0iry). Cyocuaii
Ta TPAHTH 3a3BUYall BUKOPUCTOBYIOTHCS ISl CTHUMYJISIT MEPEeXoay BiJl BUKOITHUX
nanuB 10 OioMaci. Sk crenianbHi 3aco0M (P1HAaHCYBAaHHS BUKOPUCTOBYIOTHCS '"M'sK1"
MO3UKH (3 HU3bKUM B1JICOTKOM a00 O€3MpOIICHTHI).

BuxkJiiag oCHOBHOT0 MmarepiaJy.

[TaBroBHIS pocTe 3 Pa3louOl0 MIBUIAKICTIO, IIBHUJIIE 3a CaKaHI TOMOJI,
HaOMparo4M Ha pik 10 3-5 M y BUCOTY 32 ONTUMAJIBLHUX YMOB. | BUTOTOBIISIE IO COTHI
TOH Ol0oMacy Ha rekTap IMmicis 3-X POKiB.

CepenubopiuHUl TPUPICT y TABJIOBHII B perioHax 13 CEpPeIHbOI0 PIYHOIO
temriepatypoto Bii +3 °C nmo +8 °C craHoButh Bin 2 10 2,5 M Ha piK, OpH
temnepatypi Bix +5 °C no +14 °C, y miBAEHHUX perioHax MpupicT CTAaHOBUTHME BiJ 3
10 5 M Ha pik. JliameTp cToBOypa y CIPUATIMBUX YMOBaX 3pOCTaHHS 3a MEPIIUI PiK-
aBa Moke gocsartu Bim 5 go 10 cm. CroBOyp miciasi KOXHOI BHPYOKH
CaMOBITHOBJTIOETHCSI, TPUYOMY IIBHUIKICTH 3POCTaHHS HE CIOBUILHIOETHCS.
[TaBnoBHIsI MOXKe BUTpUMATH A0 5-9 Takux 3py0iB. Taky BIacCTUBICTH JiepeBa BUT1IHO
BUKOPUCTOBYIOTH JIICO3aroTiBEIbHI TOCIIOAAPCTBA Ta JIEPEBOOOPOOHI MIANPUEMCTBA,
TaK SIK 1€ CyTTEBO 3HMKYE BUTPATH Ha IMOCAJKY J€peBa 3 HYJd Ta AOTJISA 32 HUM.
[Ipupict nepeBunHU cTaHoBUTHL 1 M 3a 7-8 pokis [2].

[TnanTami maBnoBHii € B CIIIA, Actpanii, Anonii, Kurai, BenukoOpuranii,
Icnanii Tta bonrapii. [laBnoBHIS MOXe 3pOoCTaTh pa3oM 3 IHIIUMHU KYJIbTypamu,
0COOJIMBO MPOTSTOM MEPIINX 2-3 POKIB.

barpkiBIIMHOIO OUIBIIOCTI BHUIIB POy POCIUH CIMEWCTBA TABJIOBHIEBUX
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(Paulowniaceae) € Cxigna A3sisa - SAnonis, Kopes, Kuraii, Jlaoc, B'ernam. Bci Buau
MaBJIOBHI, BUPOILIEHI B KOMEPIIIHUX LIJAX, € KIOHAMH, SIKI 1I€HTUYHI POCIUHAM 31
CHeU(PIYHUMH XapaKTepUCTUKAMU: Hampukiana, TiOpua mnasnoBHIT Fortunei mae
BJIACTHUBICTh IIBUAKO 3pOCTaTH 1 BUCOKY fKICTh JepeBHHHU, a Tomentosa - BiIOMHIA
CBO€IO CTIHKICTIO 10 MOPO3iB, TakokK BHpoIlytoTh Paulownia Elongata i moxigHi siki
TaKOX JIal0Th YyJI0B1 pe3yJbTaTH.

Kuraii Bxke Bupomlye y maBioBHIi OuIbIl HDK 32 MIJIH. Ta, B OCHOBHOMY Y
MOEHAHHI 3 THIIUMU KYJIbTYpPaMHU.

JlepeBrHa NaBIOBHIT HAKOMHUYYE Y BEIHMKINA KUIBKOCTI AYOWJIbHI PEYOBHHH, IO
pOOUTS ii CTIMKOIO A0 BIUIMBY 0aratbox IIKIAHUKIB Ta XBOPOO.

be3 cymuiBy, nepeBuHa mnanoBHii € 100% eKOJOrIYHO YUCTOK CHPOBHUHOIO,
M'siKa, JIerKa, CTiKa J0 BOTHIO, Bojioru Ta Aedopmartiii. Buau naBioBHIT gyke pi3H1
3a CBOIMM XapaKTEPUCTUKAMH 1 CTIMKOCTI 10 KJIIMaTHYHUX yMOB. Ha cboromHiniHin
JIeHb HA PUHKY TMPEJCTaBICHUN IIMPOKUM AaCOPTHUMEHT TiOpUAIB TABIOBHIT I
BUPOIIYBAaHHS SKICHOT JepeBUHU. CIAUHUIN CyTTEBUN MIHYC IIbOTO JIepeBa, HA KU
MOBUHHI 3BEPHYTH yBary BHUPOOHUKH, 11€ MOPIBHSHO HOTO HU3bKAa 3WMOCTIHKICTH,
a/pKe MpU CUIIbHUX Mopo3ax (Huxk4de -25°C) i maroHu MOXyTh oOMep3atu. Tomy y
3B'SI3KY 13 IIMM HEOOXIJTHO Jy>K€ PETENbHO MIAXOAUTH 10 BHOOPY MOCAIKOBOTO
Marepiaiy.

Oco0uBICTIO TABNIOBHI, SIK 1 Oy/[b-SKUX 1HITUX 0araTOpIYHUX KYJIBTYp € T€, 110
JIEPEBO CAIUTHCS OJIUH Pa3 1 MOKEe BUKOPUCTOBYBATHUCS KUJIbKA AECATKIB poKiB. [Tics
KOXKHOTO 00pi3aHHs JepeBo Biapoctae. OOpi3aHHA NPOMHUCIOBUX HACAHKEHb
MIPOBOJIATH 3 IHTEpPBAJIOM 4-8 pOKiB, a caMe JepeBO Moxke OyTH KopucHUM A0 50
POKIB 1 OlsIbllle, 3MEHIIYE BUTPATU Ha 3aKJIaJKy HOBHX HacakeHb. CTOBOyp MOXHa
oOpizaTu Oynb-siKOi Topu poky. lIpu HaylexxkHOMY JOTJIANI 4Yepe3 7 POKIB MOXKHA
orpumMatu 240-350 m> axicHoi nepesunn 3 1 ra [3].

[laBnoBHIs - 1€ OaWMH 3 HeOaraThbOX MOBHICTIO BIJHOBIIOBAHMX MPHPOJIHUX
pecypciB. ToMy 3aKOHOMIPHO BHWHHUKIO THTAaHHS BUKOPUCTaHHSA i  fK
aJIbTEPHATUBHOIO JHKEpEa eHeprii.

[Ipu cnoxuBaHH1 OlomanuBa, MO MOCTIMHO 3pOCTa€, BKE HAHOIMKUMM YacOM,
kpainam llenTpansHoi €Bponmu HE BHUCTaYaTUME CBOIX JICOBHX PECYpCIB, TOMY
Himeuunna, ['onnanais, BenukoOpuranis Ta IcnaHis miaHyrooTh 3HAUHO 301IbIITYBaTH
IMITOPT TIETIETIB.

CborojiHi, KOJIM TEXHIYHUA MPOTPEC BUMIPIOETHCS CTYNIEHEM 3aXUCTy NMPUPOIH,
BCe OUIbllle yBaru NpUIUISIM O10MajuBY 3 BIJIHOBIIOBAaHUX, BUCOKONPOAYKTHBHUX
E€HEPreTHYHUX KYJIbTYP.

BuxopucTtanHs naBiIOBHI{ y BUTIISAII €HEPTeTUYHOI CHPOBHHH MOKJIMBE KPIM SIK
B IHAYCTpIi, TaK 1€ i B €HEPreTUYHOMY CEKTOpl y BUIJISAL MedeT (TBepjAe MaauBO
JUIS. KOTJIIB 1 KaMiHIB 3 TIOBHICTIO aBTOMAaTHU30BaHOIO IMOJA4ei0 MajuBa), a TaAKOX Y
BUTJISAJII CHUPOBHMHH JUI  ajgbTepHAaTHBHOro  OlomanmuBa. Jlug 1ux  1iieid
BUKOPUCTOBYIOTBCSI BCl YaCTHHU JiepeBa: CTOBOyp, rinku Ta Jucta. Cxema
MOYKJIMBOT'O BUKOPHCTAHHS TIABJIOBHIT B EHEPIeTUIHOMY ceKTopi (puc.1).

VY nocnimpxenHi MixHapogHoro6 enepretuunoro areHTcTBa (MEA) iinocs mpo
Te, 110 Yepe3 I’ SATh POKIB 010MaIMBO CTaHE TOJOBHUM BIIHOBIIOBAIBHUM IHKEPEIIOM
EHeprii.
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Pucynok 1 — CxemMa MOKJIMBOI0 BUKOPUCTAHHSA MABJIOBHII B eHEPreTHYHOMY

CEeKTOpi

Bukopuctanus mNaBiIOBHII y BUIVISAAlI EHEPreTUYHOI CHUPOBHUHU OAYUTHCS

HAWOUIbII  MEepPCIEeKTUBHUM

3a  paxyHOK

3IATHOCTI

aepeBa 0

MBUAKOI'O

HapoIlyBaHHA OlOMacud Ta BIJHOBJCHHS 3pPOCTaHHS, BHUCOKOK TEIUIOBIIIAYCIO
nepeBuHU. [lopiBHAIBHUI aHATI3 EHEPreTHYHUX KyJIbTyp (Tad:. 1).

Tabauus 1 — [TopiBHAJBbHIN aAHAJII3 eHEPreTUYHUX KYJIbTYP

bioeneprernuni | Bomoricts | [IpogykTuBHicts | Tenmora | Hacumua | BupoOGHUIITBO
KYJbTYPH Oiomacu, | cyxoiOioMacu, |3TOpsiHHS, | HIUIBHICTD, TeIuIa,
% T/ra M JIK/Kr Kr/M> I'kan/ra
ITaBnoBHIS 50-60 20 15,0 310 62,5
Eneprernuna 50-60 15 13,0 400 42.8
BepOa
Tonous 40-50 12 14,0 430 34,2
Kien 50-60 10 14,0 450 28,5
SICEHOJIMCTHUI
MickaHTycC 20-30 25 16,0 200 80,0
IIpoco 20-30 18 15,5 120 57,0
MPYTOINOII0HE

[TaBnOBHISI MOK€ BUKOPUCTOBYBATHUCS SIK CUPOBMHA JJI1 BAPOOHULITBA IPOB JIJIsI
00IrpiBy OyJMHKIB, TEIUIULb TOIIO, MIEJET Ta O10€TaHOYy.

[Ipu BupouryBanni IlaBnoBHii Ha JIpoBa A OOIrpiBy Ha IUISTHKY PO3MIpOM
10000 m? (1 T'a) nacamkyerbes 1000 nepes. Ipu o6pizanHi BoceHu (/s OXHOPIUHOT
POCIMHM) BUPOOJIAETHCS O 7 KI' CyXOi MacH 3 KOXHOIO JiepeBa, TOX 3a 1 pik MOXxHa
orpumatu 7000 Kr cyxoi Macu 3 ogHOTO rekrapa! Lle 103BouTh He BUTpavyaTH IPoIIi
Ha IMaJibHEe JIJ11 001rpiBY CBOIO JKUTJIA Ta MMiJICOOHOTO rocnoaapcTaa [4].
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3aBISKM BHMCOKIM TEIUIOBIJa4yl IABJIOBHIIO IIMPOKO BHUKOPUCTOBYIOTBH ISt
BUTOTOBJICHHSI TeENET JUIA TBEPJAOMATUBHUX KOTIIB. Y pe3yibTaTi OTPUMYEMO
JICIIEBUN Ta €KOJIOTTYHUHN BUJ] NAJIMBA, TOMY IO IIPH FOPIHHI MABJIOBHII B aTMOchepy
HE BUKUJAIOTHCS MIKIAJIMBI KOMIIOHEHTH.

[lenetn — OlomannBO, adbTEPHATUBHE EKOJOTIYHO YHCTE JKEPEeo TEeIIOBOl
e”eprii. llina Ha memieTH Ha MDKHApOAHOMY PHUHKY CTaHOBUTH MpubiauzHo 100
€BPO/TOHHY, 1 II€ 3a BEJIMYE3HOTO TOMHUTY Ha BIIHOBIIOBAHI JKEpena TEIIoBOi
€HEeprii.

[Tenetn 3 [1aBnoBHIi MalOTh BUCOKY TeruioBiaaauy. [Ipu cnamoBanni 1 ToHHM
neset i3 [TaBnoBHii BUAIISETHCS CTIIBLKY X €HEPrii, SK npu cramosanni 480 m° rasy,
500 n. au3nanusa, 700 1. MazyTy.

[lenetn BiAPI3HAIOTHCS €KOHOMIYHICTIO Ta BHCOKOIO TEIJIOBOIO €(PEKTUBHICTIO
npu 3ropsiHHi. [Ipu npomy nenetu 3 IlaBiaoBHii Habarato eKoOJIOTIYHIII 3a 1HII
nepes'sii moponau. [Ipu cmamoBanui nenet 3 [laBnosHii Bix 10 g0 50 pasiB HUKYE
emicigs COy, Big 15 mo 20 pa3iB MeHIIIE 3011, TPAKTUYHO TTOBHICTIO BIJCYTHS CIpKa Y
BUKHJIAX.

[TeneTn BABIYI IMIUIBHIMNII, HIXK 3BUYAlHI JIEPEB'SIHI KyJIbKUA Ta BUPOOJISIOTH Yy 3
pa3u Oinblie TersioBoi eHeprii npu 3ropanHi (KK — 96 %).

UYepes Hu3bKkuii BMICT BoJiorn mnewieTd 3 [laBnoBHII BakaTh MEHIIE,
3MEHIIYIOUH IPU bOMY BapTiCTh TpaHCHopTyBaHHs. [lenetn He HaOUParOTh BOJIOTH
3 MOBITPS, TOMY iXHSI BUCOKA TEIUIONPOBIIHICTh HE 3HMKYETHCA 3 YACOM.

Jlucts maBiOBHIT BIAPI3HAETHCA AOCTATHHO BEJIMKUM PO3MIPOM, BPaxOBYIOUHU
BUCOKHMI TMpPUPICT 3€J€HOI Macu NaBJIOBHI, 1i MOXHAa BHKOPHUCTOBYBAaTHU IS
BUPOOHMIITBA OioTazy.

biora3 — 11e mxepesno BiIHOBIIOBAHOI €HEPTii, €KOJOTTYHO YUCTE Ta EKOHOMIYHO
nomineHe. lle ra3, mo ckimamaerbcsi, B ocHoBHOMY 3 Merany (CHy), miokcumy
Byrieio (CO,) Ta B HEBETUKUX KUTBKOCTIX 1HIIUX Ta3iB. Bunukae npu ¢pepmenrarii
OpraHiuHUX PEYOBHH B aHAEpOOHHX yMOBax (0e3 KHCHIO). biora3opi ycTaHOBKU — 11€
YCTaHOBKH, JI€¢ B1I0YBa€ThCs MPUCKOPEeHa (opMa MPUPOTHOTO LIUKITY PO3KIATaHHS.

Maroun BeNMKHI po3MiIp JIMCTS, NpPU PO3KIAJaHHI BUPOONSAETHCA Olble
OCHOBHUX Tras3iB, 3 SKHX O€3MOoCepelHbO CKJIalaeThcsl 0Oioras, MOPIBHSIHO 3
OpraHIYHUM MaTepiajJoM MPOIMOHOBAHUM IHIIUMHU THUIIAMH POCIWH, IO POOUTH
MaBJIOBHIIO 1I€AJIbHUM MPOTYKTOM JIsl OTPUMAHHS I[bOTO Olomanusa [5].

[nme 3actocyBanHsa I[laBioBHII — 1€ BUKOPUCTAHHS il SK CHPOBUHU IS
0loeTaHoy. AMEPUKAHCHKI BUEHI pO3pOOUIIM HOBY TEXHOJIOTIIO OTPUMAaHHS €TaHOJTy,
3aCHOBaHy Ha KOMOIHYBaHHI TEPMOXIMIYHOTO Ta OIOTEXHOJOTTYHOTO METOIIB,
BHACIIIJIOK SIKO1 3 OJIHIET TOHHU CyXOi I€pEeBUHU BUTATYeThCs 511 nmitpiB eranomy. Lle
€ IPUYMHOIO HA3BaTH Iie 1epeBo «HadToBOIO CBEpIIOBUHOION.

OnepxanHs 010€TaHOTY MOJKJIMBE JIBOMA CIIOCOOaMU:

* 3a TONIOMOTOI0 CTICIIAIbHUX MIKPOOPTaHi3MiB, Kl MOial0Th ET0JI03y MaBIOBHII,
epepoOIIIIOTh i1 Ta BUIAISIOTH €TAHO.

* 3a IOMOMOIOI0 €H3UMIB, SIKI PO3KJIAJAIOTh IEII0JI03y MAaBJIOBHII 10 OTPUMaHHSA
OioeTaHomy.

Hpyruii cnoci6 BUKOPUCTOBYIOThH YaCTIIIE TOMY IO BiH JIETIIMMA 3a peaizaili€ro
1 JICIIEBIIIE 32 BAPTICTIO.
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BucnoBku. IIpoananizyBaBmM Bce BUILECKa3aHE, MOKHa MiJACYMyBaTH, IO
MaBJIOBHIS — 1€ MaTepiajl Mail0yTHHOTO, AJIMBO HOBOTO MOKOJiHHSA. BoHO mpocte y
BUPOOHUIITBI Ta MOBHICTIO O€3MEYHE /IS HABKOJIUIIIHBOTO CEPEIOBHILA.

Yepes cBiil MIBUAKHUI PICT Ta 1HIII MO3UTUBHI SKOCTI MABJIOBHIIO SIK Oi3HEC 1€
BiJIMIHHA 1 MPUOYTKOBA 17esl.

[lepeBaru aJis JOBKIJLIA:

v/ NaBJIOBHiS MOXKE BHPOIIYBATUCS Ha OiHMX IIOXKUBHUMH PEYOBUHAMH Ta
3a0pyIHEHUX IPYHTAX ILISAXOM IHTEHCUBHOTO 3€MJIEpOOCTBA;

v/ BiIOyBa€TbCSA OUHMINEHHSA TPYHTIB, 3a0pyIHEHHUX BHACIIAOK €KOJOTIUHHX
KaTacTpod;

v/ morymHae BeMuKy Kijgbkicts COy;

v’ 3amo0irae eposii IpyHTy.

CTBOpeHHs IUIaHTallll, I[IBHUAKO 3pOCTAIOYMX JIEpEB, y IMOEIHAHHI 3
IHHOBALIIMHUMH TEXHOJIOT1IMU BUPOIIYBAHHS IEPEB B MaBJIOBHII MOXeE CTaTu
BAXJIMBOIO YACTHMHOIO TMOJITUKH €KOHOMIi pecypciB 1 BHpILIEHHS Mpodiem,
MOB'SI3aHUX 13 CIIOKUBAHHAM €Heprii, 0e3 pU3UKy 1JIs1 HAaBKOJIMIITHBOTO CepEeIOBUIIIA.
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Abstract. The paper considers the issue of the prospects of growing pavlovnia as an energy
raw material. Pavlovnia is used in addition to the industry, also in the energy industry in the form
of pellets, also as a raw material for the production of alternative biofuels. Taking into account the
European Union's experience in growing energy crops, as well as the properties of pavlovnia, in
terms of rapid biomass renewed growth, combined with innovative wood growing technologies it
can be an important part of policy resourse saving and solve problems related to the use of energy,
without risk to the environment.

Key words: energy crops, pavlovnia, biofuel, pellets, biogas plants, bioethanol, biodiesel,
heat transfer, heat energy source
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Abstract. Almost all enterprises that use corrugated cardboard boxes for packaging their
products face problems of transportation and storage. The main factor influencing the quality of
cardboard during operation is the deformation and destruction of materials under the action of
applied forces - these are the main phenomena that determine the mechanical behavior of
materials.

The paper analyzes the main properties that form the quality of corrugated cardboard. The
fiber of technical cellulose is characterized by six properties. These are the average fiber length,
the ability to compact in the wet state, the actual strength of the fiber, the cohesive ability, the
coarseness of the fiber and the ability to grind.

We also conducted a study on the effect of humidity on corrugated board samples. The
strength properties of corrugated board samples were determined and the effect of humidity on
them was studied.

Attention is focused on the evaluation of the influence of fiber properties on the cardboard
property. This property is defined as the "critical” fiber length.

Recommendations are proposed to reduce the likelihood of corrugated cardboard consumer
claims related to the collapse or subsidence of corrugated boxes during stacking.

Key words: corrugated board, humidity, properties, strength.

Introduction.

Before the military invasion of the "country on the swamps" into the territory of
sovereign Ukraine, the production of paper and cardboard consisted of about 200
enterprises.

Thus, Kharkiv region - 41; the city of Kyiv - 31; Dnipropetrovsk region - 18;
Zhytomyr region - 16; Lviv region - 11; Odesa region - 9; Volyn region - 8; Kyiv
region - 8; Zaporizhzhya region - 6; Rivne region - 5; Ivano-Frankivsk region - 5;
Kirovohrad region - 4; Kherson region - 4; Kherson region - 4; Khmelnytsky region -
4; Transcarpathian region - 4; Cherkasy region - 3; Ternopil region - 3; Luhansk
region - 3; Donetsk region - 3; Crimea - 2; Chernivtsi region - 2; Chernihiv region -
1; the city of Sevastopol - 1; Vinnytsia region - 1; Mykolaiv region - 1; Sumy region -
1.

Paper and cardboard production in Ukraine in January-May 2022 decreased by
44.7% compared to the same period in 2021 - to 198.2 thousand tons, corrugated
packaging - by 57%, to 126.9 million square meters. This was reported by Interfax-
Ukraine with reference to the data of the UkrPapir Association [11,27].

According to her, if in January this year, the production of paper and cardboard
lagged behind the last year's by 4.6%, and corrugated boxes exceeded by 3.5%, then
in January-March, taking into account the suspension of many enterprises with the
beginning of the full-scale war of the Russian Federation against Ukraine, the
production of these products decreased by 44% and 54%, respectively.

ISSN 2567-5273 54 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 1 (N§

At the same time, some enterprises that stopped their work at the beginning of
the war have not resumed it - in particular, due to the destruction in Rubizhne, the
largest Ukrainian producer of corrugated packaging - Rubizhne Cardboard and
Packaging Plant - has stopped working (but its "daughter" in the Kyiv region -
Trypillia Packaging Plant - is working) [11,27].

Also, the damaged Rohan Cardboard Factory in Kharkiv region has not resumed
work (and does not plan to).

Among the producers of corrugated packaging, Dunapak Tavria LLC, located in
Kherson region (produced boxes for Nova Poshta), is also not working, and Mena
Pak in Chernihiv region, according to the information available to the Association,
was able to resume work in May.

After three months of forced downtime in May, Zmiiv Paper Mill (Kharkiv
region) reported the production of 1863 tons of recycled paper against 783 tons in
May-2021.

At the same time, after the February suspension of production, the industry
leader Kyiv Cardboard and Paper Mill (the second after Rubizhne PPM in corrugated
packaging production last year), Zhydachiv Pulp and Paper Mill (Lviv region) and
Izmail Cardboard Mill (Odesa region), Malyn Paper Mill and Paper-Mal (Zhytomyr
region) have been operating since March.

In addition, according to the statistics, the Lviv Cardboard and Paper Company
did not stop working, keeping the production of paper and cardboard in January-May
at the level of the previous year, Poninkiv (Khmelnytsky region) and Lutsk (Volyn
region) cardboard and paper mills, Kokhavyn paper mill (Lviv region) [11,27].

According to the production method, European and Ukrainian producers divide
cardboard and cardboard products into four main types.

1. Cardboard of SBB class (SBS). This type of cardboard is a coated cardboard
made of bleached pulp, which we have repeatedly mentioned in our articles. SBS
class cardboard consists of 2-4 layers. The main feature of this type of cardboard is
the presence of two coated layers. Thus, the front and back sides of SBB cardboard
are always chalked. This type of cardboard has not only an average specific weight,
but also the best printing properties. Such features and properties directly affect the
scope of application of this type of cardboard. SBB cardboard is the main packaging
material for the manufacture of luxury products in various industries. For example,
SBS cardboard is actively used for packaging expensive perfumes, tobacco products
and many types of food products and dishes.

2. SUB class cardboard. SUB class cardboard is a pure cellulose chalkboard
made of unbleached cellulose. An interesting feature of this type of cardboard is its
use in the manufacture of kraft paper, which is also a common packaging material as
such. Due to this, the front side of the SUB class cardboard has a brown color. The
main field of application of this type of cardboard is the packaging of frozen and
chilled products, detergents, various types of shoes, toys and sets for children, as well
as various food products.

3. FBB class cardboard. FBB cardboard is a boxboard or chrome-erzac
cardboard designed primarily for the manufacture of containers. This type of
cardboard consists of 3, rarely 4 layers. The upper and lower layers are made of
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bleached pulp, and the middle layer is made of mechanical pulp, which we described
in previous articles. The coating is applied, of course, on the top layer and usually has
a white or cream color. The material used for the manufacture of this type of
cardboard must have a low specific gravity and a high index of cruelty. Due to this,
FBB cardboard is used in the confectionery, pharmaceutical and tobacco industries,
as well as for packaging frozen and chilled products.

4. WLC class cardboard. The last type of cardboard that will be discussed today.
WLC cardboard is a cardboard consisting of 3-4 layers containing at least 60% waste
paper. The top layer usually consists of the highest quality waste paper. WLC
cardboard is used to make packaging for shoes, toys, children's construction sets, etc.
Also, some companies use WLC cardboard to make packaging for frozen or chilled
products and some types of cereals. However, it should be noted that according to
sanitary standards, this type of cardboard should not be allowed to come into direct
contact with food due to the raw materials used in its manufacture. But the use of
food stretch film for packaging products makes it possible to comply with sanitary
standards and use WLC cardboard for packaging products [1-5, 31].

The evolution of cardboard manufacturing technology continues. Every year
there are new know-how related either to material science and improving the quality
of cardboard, or to other technical aspects of the production of this type of packaging
material.

Main text. The main factor influencing the quality of cardboard during operation
is the deformation and destruction of materials under the action of applied forces -
these are the main phenomena that determine the mechanical behavior of materials.

Cardboard is a complex object for the analysis of properties, because, possessing
only its inherent features, it shows at the same time the features of polymeric and
composite material.

The basic ideas about the structure of cardboard can be reduced to the following:

- cardboard is a set of fibers that differ significantly in length and have
differences in thickness; characteristic is the difference in strength of individual
components of the structure (fibers) and the bonds between the fibers. This
determines the whole range of physical and mechanical properties of cardboard as
well as all fibrous pulp and paper materials;

- specific features of the mechanical behavior of cardboard are determined by
the flexibility of the fibers, which is determined by many factors. Thus, the structure
of the paperboard is determined primarily by the properties of the fibers and the
bonding forces between the fibers.

The paper structure is composed of fibres and fibre fragments (it should also be
remembered that other components of the paperboard composition, including fillers
and various chemical additives, will influence the properties of the paperboard). Fibre
material is the most heterogeneous of these components. It is believed that the fiber
of technical pulp can be characterized by six properties [17-25]. These are the
average fiber length, the ability to compact in the wet state, the fiber strength itself,
the cohesive ability, the fiber coarseness and the grindability. In our opinion, the
property defined as the "critical" fiber length is useful to evaluate the influence of
fiber properties on the paperboard property.
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The fibrous semi-finished product after cooking contains a mixture of fibrous
and non-fibrous elements of different lengths: from 0.1 to 5.0 mm and more. For the
most part, these are tracheids - in the mass of coniferous wood, libriform and vessels
- from deciduous wood. Elements of non-fibrous nature are present in the form of
parenchymal cells, epidermal cells, fragments of fibers, vessels and are small in size
particles, about 0.1 mm, which are partially removed with washing water during the
washing of fibrous semi-finished products. Losses of small particles depend on
anatomical elements, mesh number and washing intensity.

The length of the fibers is determined under a microscope or with the help of
other optical devices and expressed in millimeters by arithmetic mean or weighted
average. The arithmetic mean length of fibers is determined by dividing the total
conditional length of all fibers by their number. When determining the weighted
average length, the mass fraction of fractions with different lengths is taken into
account.

The properties of paperboard are largely influenced by fiber properties such as
elastic modulus, twisting, bending and microcompression. As a rule, paper pulp fibers
have a full range of these deformations. The difference between twisting and bending
is that fibers during twisting are bent to a lesser extent, while during bending there
are sharp changes in the direction of the fiber segment and a larger bending angle.
Microcompression is understood as large sections of the fiber with a violation of the
surface structure.

One of the most important indicators of paper-forming properties of fibrous
semi-finished product is fiber thickness. This indicator depends both on the
morphological structure of the wood and on the method of obtaining the WFP. The
idea of the thickness of the fibers will give, on the one hand, the ratio of the cross-
sectional area of the fibers and their lumens, on the other - the degree of their
delignification. The measure of thickness is the thickness of the cell membrane. J.
Clark proposed to determine the thickness of the fibers by the mass of the
conventional unit of their length, in milligrams of absolutely dry fibers [17-25]. The
range of fiber coarseness of different fiber semi-finished products is in the range from
7 to 30 mg more per 100 m.

An example of coarse fibers are fibers obtained from late wood with thick shells
and small cavity. During processing, they retain their round shape, giving the paper
sheet its looseness. An example of elastic fibers are fibers obtained from early wood
with thin shells and a large cavity. Such fibers during processing take the form of
ribbons, forming a dense sheet.

There is a high correlation between the content of late wood fibers and
mechanical strength. It should be noted that longer fibers are almost always coarser,
semi-finished products from hardwood have less coarse fibers than semi-finished
products from softwood [17-25].

Strength of fibers. Plant fibers have high mechanical strength, which is not
inferior in most cases to the strength of metal. The strength of fibers can be
determined directly by the breaking force related to the breaking area. However, for
cellulose fibers, such a definition is time-consuming. Indirectly, the strength of
vegetable fibers can be judged by the zero-breaking length, 1.e. the breaking length of

ISSN 2567-5273 57 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 1

the paper obtained as a result of determining this indicator at zero distance between
the clamps of the breaking machine. Zero breaking length is calculated in kilometers
or meters. It is known that for hardwood pulp samples it is 4/10 and for softwood
pulp samples 1/3 of the tensile strength of individual fibers [17-25].

The ability of the fibers to compact during the formation of a sheet of paper is
also one of the most important vapor-forming properties. It determines the bound
surface area of the fibers and the presence of air spaces between them and,
consequently, the optical and strength properties of the paper.

The best characteristic of the ability of the fibers to compact is the density of the
paper (the inverse value is the looseness). Density is calculated by the ratio of the
mass of 1 m? of paper to its thickness, and is expressed in grams per centimeter cubed
or kilograms per meter cubed. The main factors that determine this property are: the
flexibility of the fibers, the thickness of their cell wall, the ability of the fibers to split
into fibrils and acquire plasticity during the grinding process.

Grinding increases the flexibility and plasticity of the fibers, so as the degree of
grinding increases, so does their ability to compact.

The bonding ability of the fibers is the most important factor in determining the
strength of the paper sheet. Interfiber bonding forces are mainly characterized by
hydrogen bonds, van der Waals forces and friction forces between fibers. The ratio
between them is different and depends on the physical and mechanical properties of
the fibers and the degree of their development during the grinding process. For
example, in paper castings made from well-ground pulp, hydrogen bonds provide
approximately 75% of the strength of all the bonds between the fibers, while in paper
castings made from the same pulp not subjected to milling, they make up only 20%.

An important role in the formation of hydrogen bonds between the fibers is
played by the surface tension forces of water, which pull thin and flexible fibers
together and bring them into close contact with each other during the pressing and
drying of the paper.

It is believed that the value of interfiber bonding forces is determined by the
contact area between the fibers and the concentration of bonds on it or the specific
bonding force per unit surface. The number of contacts between the fibers depends on
the total length of the fibrous material in the sheet, the width of the fibers and their
flexibility and does not depend on the length of the individual fibers. Cutting fibers
during grinding, accompanied by their shortening, theoretically does not reduce the
total number of contacts in the sheet, but only reduces the number of contacts of one
fiber [28-32].

Nowadays, the method of determining the interfiber bonding forces proposed by
Dr. J. Clark [17] is used.

The ability of fibrous semi-finished products to be milled. Grinding is one of the
main operations in the preparation of paper pulp.

Its purpose is to give the fibrous semi-finished product a certain size of fibers in
length and thickness, to provide the desired structure of the paper web and a certain
degree of hydration, which largely determines the adhesion forces between them.

By changing the grinding mode: specific pressure, concentration and
temperature of the mass, as well as the type of semi-finished products subjected to
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grinding and grinding equipment, it is possible to obtain different properties of the
manufactured paper. Variable grinding factors are widely used in production.

To compare the properties of different semi-finished products, grinding and
casting are carried out under standard conditions. In domestic practice, it is
customary to use a laboratory centrifugal grinding machine for standard grinding, and
a Rapid-type machine for casting.

To characterize the milled pulp, the degree of grinding, the time spent on
grinding to achieve a certain degree of grinding, and indicators of the main paper-
forming properties are used. A good idea of the milled semi-finished product will
give its specific surface, which is closely related to the properties of the fibers of the
raw material and depends on the methods of obtaining the semi-finished product.

An important effect of milling is to increase the flexibility of the fiber.
Sometimes this can occur as a result of reduced interchange. Strong compression of
the fibers can improve the mechanical strength by forming a "bristle" on the surface
of the fibers. The change of shape in twisted and curved structures improves the
adhesion in suspensions and paper. At the same time, it complicates molding.

Mechanical processing of fibers during grinding often also changes their
geometric structure. The chemical structure may also change.

Ultimately, these changes lead to the splitting of the secondary wall after the
formation of breaks in it as a result of grinding. The crystal structure of the fibers
may be disturbed as a result of processing and the angles of the microfibrils in the
wall may change. This in turn affects the mechanical strength of the finished paper
fibers.

Pulp and paper material cannot be manufactured unless there is a sufficiently
high level of interfibre bonds between the fibres in the structure. Thus, weak
interfibre forces - Van der Waals forces and hydrogen bonds, as well as friction
forces - are of great importance in paperboard production.

Van der Waals forces. The existence of these weak forces of attraction in the
structure of the cardboard can be explained by two reasons: first, it is the presence of
a permanent dipole in the molecules, that is, in the case of any polarized molecules in
the case of simple electrostatic attraction of two dipoles, weak interaction forces
arise; second, the interaction of dipole - induced dipole. The latter arises due to
polarization of molecules by dipoles of surrounding molecules.

Hydrogen bonding. It is known that a hydrogen atom can simultaneously
interact with two negatively charged atoms. In this case, the hydrogen atom serves as
a bridge between the two particles and can be considered as the cause of the bond
between the atoms. This bond is weaker than the covalent bond, but its presence
affects many physical and structural properties of the material.

Mechanical adhesion of fibers (friction forces). The forces acting between
tangent solids, generally speaking, are not applied along the normal to the interface of
the tangent bodies. The acting force P, as a rule, is directed at an angle to the surface
of contact of the fibers. The magnitude and direction of the acting force depends not
only on the elastic properties of the fibers, but also on the state of the fiber surface
(its roughness).

In the structure of the cardboard there is dry and liquid friction. The nature of
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the velocity dependence for friction forces between two solids and friction forces
between a solid and a liquid (or gas) is completely different. The most significant
difference in this difference is absolutely different behavior of these and other forces
at low speeds.

Namely, in the case of a collision of solids, no matter how small the velocity of
their relative motion, the frictional forces always have a finite value and retain a finite
value when the relative velocity of motion falls to zero. In the case of a solid body
colliding with a liquid or gas, the frictional and drag forces of the medium also
decrease with decreasing velocity and fall to zero when the velocity of the body
relative to the medium falls to zero [10, 12-16].

Micro- and macrostructure of cardboard Any material consisting of several
substances i1s a system, the strength of which largely depends on three factors:
adhesion, autogensis and cohesion.

Adhesion is the adhesion of two dissimilar liquids or solids. It is caused by the
molecular forces of adhesion of dissimilar molecules in the surface layer of the
contacting bodies (phases). These forces are called adhesion forces.

Autoghesis i1s the adhesion of homogeneous bodies. Unlike adhesion, self-
adhesion is due to the molecular bonding between the surfaces of homogeneous
bodies in contact. The forces of adhesion in this case are called the forces of
autoghesis.

Cohesion is the adhesion of substance molecules to each other in the body
volume. Cohesion is caused by a variety of forces: Van der Waals forces, chemical,
hydrogen bonds, etc. These forces are called cohesive forces.

The nature of deformation of the material.

According to rheological properties, materials are divided into three main
classes: linear-elastic, elastic-plastic and viscoelastic [10, 12-16].

A material is called linear-elastic if only instantaneous elastic deformations
develop in it during the application of mechanical stress until critical conditions are
reached. The material is called elastic-plastic if during its loading, along with
instantaneous elastic deformations, instantaneous plastic deformations also develop.
Depending on the volume of material involved in plastic deformation, there are two
types of elastic-plastic materials - pseudoelastic and plastic. A material is called
pseudoelastic if during its loading instantaneous elastic deformations develop in the
main volume, and instantaneous plastic deformations are localized only near the tops
of existing defects (cracks), and the length of the zone of these deformations is small
compared to the length of the cracks. If, when mechanical stress is applied,
instantaneous plastic deformations develop throughout (or almost throughout) the
entire volume, then such a material is considered plastic. Plastic materials also
include materials, during deformation of which intense plastic deformations develop
at the tops of existing defects, and the length of the zone of these deformations
exceeds 20% of the original crack length. Elastic-plastic materials, in which plastic
deformations have the character of viscous flow (Eyring model), are called elastic-
ecoplastic, or simply viscoplastic.

If during the loading of a material, at any load, along with instantaneous elastic
deformations, inelastic deformations develop in it, the value of which depends on the
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duration or speed of

load, then such materials are called viscoelastic. Depending on whether the
relationship between stress and strain rate is linear or nonlinear, linear and nonlinear
viscoelastic materials are distinguished.

A viscoelastic material is considered to be ideal nonlinear-elastic, if during the
application of mechanical load only reversible deformations develop in it -
instantaneous elastic and time-dependent viscoelastic (elastic) deformations, and the
sessile deformation of such a material occurs under the action of constant stress, then
the reversible viscoelastic component of the deformation tends over time to some
limit (equilibrium) value (Kelvin-Feucht model). In an ideal linear viscoelastic
material, under the action of an applied stress, along with reversible (instantaneous
elastic and time-dependent elastic) deformations, irreversible deformations of the
ideal (Newtonian) flow also develop, which, under the action of a constant load, grow
unlimitedly with time (Maxwell's model). In a nonlinear viscoelastic material, the
flow deformations are Newtonian. The most complex is the behavior of the material
in which viscoelastic deformations develop before or after the yield point or in the
entire load range, depending on the duration or rate of loading.

The nature of the material fracture.

According to the nature of fracture, materials are usually divided into brittle and
non-brittle. When assigning a material to a particular group, it is taken into account
how the material element breaks when a crack passes through it. In general, each
element of the material can be in one of the following states: solid, torn or
intermediate between them.

A material 1s called ideally brittle if, upon reaching critical conditions, its
elements adjacent to the surfaces (banks) of the crack immediately go from a solid
state to a torn one. In this sense, ideally brittle can be a material with any deformation
properties: linear-elastic, elastic-plastic, viscoelastic, etc.

A material 1s called non-brittle if, when it is loaded, the destruction of the
elements adjacent to the crack banks occurs in two stages. At first (at loads less than
critical), the elements of the material pass from a solid state to some intermediate
state characterized by a local violation of continuity. For example, due to the
accumulation of damage during the plastic deformation of metals and alloys, craze
formation in polymers, multiple cracking of the matrix and its peeling from the filler
in fibrous composite materials, etc. At the second stage, the elements of the material,
upon reaching critical conditions, pass from an intermediate to a completely
destroyed state. In this sense, materials with any rheological properties can also be
non-brittle (viscous).

Phase structure of materials.

According to the phase structure, materials in crack mechanics are divided into
homogeneous and heterogeneous. Homogeneous materials are characterized by
homogeneity of composition and identity of properties throughout the volume. In
contrast, heterogeneous materials consist of two or more phases, each of which is a
homogeneous part of the system, separated from the other parts by a clearly defined
interface and differs from them in composition and properties. According to their
rheological properties, both homogeneous and heterogeneous materials can be linear-

ISSN 2567-5273 61 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 1 (\§

elastic, elastic-plastic or viscoelastic, and according to the nature of destruction -
brittle or viscous.

Special methods of measuring resistance to deformation.

Consumer properties of corrugated cardboard and boxes depend primarily on the
type and combination of properties of the source materials.

This fact is beyond doubt, but the question of what properties of paper and
cardboard and the indicators that characterize them should be used is not
unambiguously solved in world practice.

The analysis of international and regional systems of standards and technical
specifications of foreign producers of containerboard allows us to conclude that there
are significant differences in approaches to assessing the quality of linerboard and
fluting, especially in comparison with the requirements of national standards [8,9].

Table 1 - Nomenclature of physical and mechanical characteristics of packaging

cardboard
litv Characterist Methods of Determination:
Quality Characteristics DSTU | ISO | TAPPI | SCAN

1. Weight 1m? , g (Grammage) 13199 | 535 | T410 P6
2. Thickness, mm (Thickness) 27015 | 534 | T4l11 P7
3. Bursting strength, kPa (Bursting strength) | 13525.8 | 2758 | T403 P24
4. Water absorbency of Cobbg, g/m? (Cobb | 12605 | 535 | T441 P12
sizing)
5. Ring crush force in transverse direction, N 10711 ) T818 P24
(RCT, Ring crush test) T822
6. Moisture % (Moisture test) 13525.19] 287 | T412 P4
7. Short span compression resistance, kN/m
(SCT - Short span compression test) - 9895 | T826 P46
8. Gurley air permeability (porosity), P19
s/100ml (Air permeance, Gurley) i >636/5| T460 P53
9. Tensile strength (rigidity),
N/m (Tensile stength (tensile stiffness - Sy)) - 1924/2| T494 P38
10. Stiffness at bending (stiffness bending - -
Sb):
static method 2493 - P29
resonance method 5629 | T535 P64
11. Strength in the z-direction (energy TS%3
Internal bond stength), J/m? or J, (Internal - - P80

T541
bond stength)
12. Dsnisson surface strength, - - T459 -
wax composition number

The mechanical strength of linerboard and corrugating paper is a crucial factor
that determines their ability to be processed on a corrugating machine and the
subsequent consumer properties of corrugated cardboard containers. It is important to
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note that the behavior of materials under mechanical stress consists of the ability to
deform (stiffness during tension and bending, viscoelastic properties, stability, etc.

There are two types of loads on boxes: dynamic, due to impact during free fall,
and static, caused by compression and tension during stacking and movement [12-
16].

With the improvement of loading and unloading operations, the likelihood of
dynamic loads has decreased significantly, while the requirements for the rigidity of
containers have increased sharply. This is due to the fact that the capacity of vehicles
and warehouses tend to increase by increasing the height of the stack.

A classification of products and products was developed according to their
ability to perceive external static and dynamic loads with the subsequent extension of
the established requirements to cardboard containers and cardboard for flat layers.
According to this classification, the entire range of paperboard is divided into two
types: rigid - for products that are not able to perceive external mechanical loads, and
strength - for products that are able to perceive such loads without affecting their
consumer properties.

Indicators of mechanical properties of corrugated cardboard components are
regulated by national standards. Mechanical properties of paper for corrugating
according to DSTU 7798:2021 Paper for corrugating. Technical specifications. are
characterized by absolute resistance to punching (P); resistance to end compression of
the corrugated sample in the transverse direction, determined by the CCT method
(corrugated crush test); resistance to in-plane compression determined by the CMT
method (concora medium test); specific tensile strength. The properties of the
linerboard in accordance with DSTU GOST 9142:2019 are expressed by two
mechanical indicators - absolute resistance to pressing (P) and the destructive force
during compression of the ring in the transverse direction, determined by the RCT
(ring crush test) method.

Analysis of standard methods used by European consumers to characterize the
mechanical properties of linerboard and fluteboard shows that they have undergone
significant changes. For example, some consumers refuse to use the crush resistance
to evaluate the mechanical properties, preferring indicators that characterize the
compressive strength in the transverse direction, although the importance of a high
level of crush resistance is not denied.

Since there is a close correlation between the compression resistance along the
plane of the outer and corrugated layers and the compression resistance of corrugated
board and boxes, the compression resistance of the original components is
undoubtedly one of their most important properties.

Therefore, it is necessary that the methods used to measure this property really
make it possible to determine the compression resistance independently of other
material properties.

Various materials are now used for transportation, storage and identification of
products - from traditional cardboard and glass to innovative polypropylene with a
barrier layer. In accordance with the requirements of Art. 7 p. 7 of the Technical
Regulation of the Customs Union of the EU "On food safety" (TR CU 021/2011), the
materials used for the manufacture of packaging of products in contact with food
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must comply with the requirements of the sectoral technical regulation TR CU
005/2011 "On packaging safety".

When choosing cardboard for food products, one should take into account not
only the features of cardboard as a packaging material and its environmental
friendliness, but also the ability to resist deformation. In addition, if the cardboard is
used for storing frozen and chilled products, milk, etc., the surface of the cardboard
should have a special coating that resists the absorption of fat, moisture and other
substances. In the case of storage of baked goods, confectionery, pizza, the cardboard
must be breathable, i.e. not chalky [1,2].

Corrugated cardboard is one of the most popular materials for the production of
packaging. The main components of corrugated cardboard are two types of materials:
cardboard for flat layers of corrugated cardboard (liner); paper for corrugation
(fluting). The flat layers of corrugated cardboard fix the position of the corrugated
layer, work for compression, tension, resistance to punching.

One of the reasons that contributes to the destruction of corrugated boxes in
almost 100% of cases is high humidity. An increase in relative humidity entails an
increase in the humidity of corrugated cardboard, accompanied by a decrease in all
strength characteristics: end compression resistance, delamination resistance, bending
rigidity, tensile strength.

The strength properties of corrugated cardboard were determined on a universal
testing machine IP 5158-0,5 in accordance with DSTU ISO 3781:2005 Paper and
cardboard. Determination of tensile strength after immersion in water (ISO
3781:1983, IDT). To determine the effect of humidity on the strength properties, the
samples were pre-exposed in conditions of 95% relative humidity for different times.

The results of determining the end compression resistance of conditioned
samples and samples exposed to 95% humidity for 15 days are shown in Table 2.

Exposure of corrugated cardboard in conditions of high relative humidity leads
to a decrease in the resistance to end compression of all samples to 56-74%. During
the operation of filled boxes in high humidity conditions, made of corrugated
cardboard, due to the loss of strength properties, the stack may collapse. This leads to
large losses and costs for both the corrugated cardboard manufacturer and its
consumer. Therefore, for strength during stacking, the box must have sufficient
compression resistance.

Conclusions. So, cardboard is a set of fibers that differ significantly in length
and have differences in thickness; characterized by a difference in the strength of
individual components of the structure (fibers) and the bonds between the fibers. This
determines the whole range of physical and mechanical properties of cardboard, as
well as all fibrous pulp and paper materials; specific features of the mechanical
behavior of cardboard are determined by the flexibility of the fibers, which is
determined by many factors. Thus, the structure of the paperboard is determined
primarily by the properties of the fibers and the bonding forces between the fibers.

To reduce the likelihood of corrugated cardboard consumer claims related to
collapse or sagging of corrugated boxes during stacking, the following
recommendations should be taken into account: - maintaining the relative humidity in
warehouses within 60-70%; - periodically check the quality of papers and cardboards
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for compliance with the certificate presented by the manufacturer; - control the
quality of the corrugated cardboard produced with the issuance of a corresponding
certificate to the consumer.

Table 2 - Resistance to end compression

Ne | End compression resistance, kN/m | Decrease in General view
specimens samples after 15 end of the sample
after days exposure at| compression
conditioning | 95% RH resistance, %

I-1 3,3 0,9 73

-2 3,4 1,3 62

-3 3.4 1,5 56

-4 33 1,4 56

-5 3,4 0,9 74

-6 3.4 1,0 70
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Anomauia: I[Ipakmuuno 6ci nionpuemcmeda, w0 SUKOPUCMOBYIOMb O/ NAKYBAHHA CBOEL
NPOOYKYIi Awuku 3 20Qpo6aHoco KApmMoHy, CMUKArOmMvca 3 npooiemamu mpaHcnopmysanHs ma
cknaoysanns. lonosnum ¢axmopom enaugy Ha AKicmb KAPMOHY 6 npoyeci excniyamayii €
Odepopmayis ma pytHysanHs mamepianie nio Oi€l0 NPUKIAOEHUX CUNL - Ye OCHOBHI A8Uwd, Wo
BU3HAYAIOMb MEXAHIYHY NOBEOIHKY Mamepiais.

Y pobomi nposedeno amaniz ocmosHux enacmusocmeu, wo QGopmyrOmy  AKICMb
2oghpoxkapmony. Bonokno mexniunoi yenonosu xapaxmepusyemsca wicmoema eracmusocmamu. Lle
cepeOdHsi 008IUCUHA BOJIOKHA, 30AMHICMb 00 YUWIIbHEHHS VY 80]I020MYy CMAHI, 61dCHe MIYyHICMb
B0JIOKHA, KO2e3TUHA 30amHiCMb, 2pYOiCmb 80JI0OKHA [ 30AMHICMb 00 PO3ZMENIOBAHHSL.

Takootc Hamu npogedeHo O0O0CNIONHCEHHs 13 6NAUBY B0J020CMI HA 3PA3KU 20(PPOKAPMOHY.
Busnaueno miymnicni enacmugocmi 3paskie 20hpoxapmony ma 6U84eHo 6NIUE B0N020CTI HA HUX.

Axyenmosano yeacy Ha OYIHKY 6NIUBY GIACMUBOCHEU B0JOKHA HA 61ACMUBICINb KAPMOHY.
Lsn énacmugicmo, 6UBHAUAEMBCA AK «KKPUMUYHAY O0BHCUHA 80JIOKHA.

3anpononosano pexomenoayii 0 3MEHUWIEHHS UMOBIPHOCMI GUHUKHEHHS NpemeH3il
cnoxcusaua 20Q)poxkapmony, nog'si3aHux 3 008aneHHAM AO0 NPOCIOAHHAM 20(POAWUKIE NI ydc
wmabento8anHs.

Kniouoegi cnosa: cogppoxapmon, eonocicms, 61acmusocmi, MiyHicmo.

CratTs Bianpasnena: 17.01.2023 r.
© KousiHoBCbKa JI.M.
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AHoranis. Mema. Bcmanosnenus 3aKoHOMIpHOCMEU 3MIHU CMPYKMYPU WEUOKOPI3ANbHOT
aucmosoi cmani P9 6 3anexcnocmi 6i0 napamempie gionany. BcmanosenenHs 3aKoHOMIpHOCMEU
npoyecie cgepoiousayii ma Koanecyenyii Oocnionoi cmani 8 mnpoyeci @ionany. Busnauenns
MexaHizmie npoyecie cgepoiousayii ma xoanecyenyii 0ocrionoi cmani 6 npoyeci 8iOnamy npu
PI3HUX napamempax.

Memoouxa. Jlocniodcents npogoounucs 8 1abopamopHux ymMo8ax WIAXOM 8IONANy 3pasKié
3a0an020 XiMiuH020 cKknady npu pisHux napamempax. Pazo6i ma cmpyKkmypHi nepemeopents, ujo
BUHUKAIOMb NPU 0OPOOYI, BUBYANU 3 BUKOPUCAHHAM MEmOoOi8 ONMUYHOI Memanocpagii.

Pe3ynomamu. Jlocniodxceno CcmpyKmypHi 3MIHU NpU  BUCOKOMEMNepPamypHOMY GIOnaii
aucmosoi cmani P9 3 memoro ycynenus xapaxkmepnoi xap6ioHoi HeoOHopiOHOoCmi. Bcmanoseneno
3aKOHOMIpHOCMI  (DOPMYBAHHA CMPYKMYPU NpU  PI3HUX MEMNEePamypHux napamempax ma
mpusanocmi. Busueno mexamizm npoyecy cghepoiouzayii ma xoanecyeHyii y npoyeci 8i0nauy.
Busnaueno, wo cgepoiousayis ma xoanecyenyis 6 npoyeci 8ionany npuzeooums 00 30L1bUICHHS
CmyneHs 1e208aHOCMI MBep0020 pPO3UUHY, WO HPU3B00UmMb 00 NOKPAWEHHS MenOCMIKoChi
UWBUOKOPI3AIbHO20 IHCMPYMEHM) .

Haykoéa mnoeuzna. B pobomi nokazaHa MONCIUBICMb NOBHO20 YCYHEHHS KapOIOHOT
HeOOHOPIOHOCMI TUCTNOB0T WBUOKOPINCYHOI CMAli, BUKOPUCMOBYIOUU 080CMYNEHeBUll 8I0NAJl.

Ilpakmuuna yinnicms. Ilokazana mModxciugicmoe OMpUMAHHS JTUCMOBO20 UBUOKOPI3AILHO20
IHCMpyMeHmy 3 AKICHO SUWUM DIBHEM 61acmuocmel 8 NOEOHAHHI 3i 3HUNCEHHAM eHep2emuiHUX

pecypcis.

KaouoBi  ciaoBa:  cgepoiouzayis,  xoanecyenyis, Kapbiona  HeoOHOPIOHiCMYb,
BUCOKOMeEMNepamypHull 8i0NAl, WEUOKOPI3ATIbHULL IHCIPYMEHM
Beryn.  TpanuuiiiHa ~— TEXHOJIOTiIE — BUPOOHUITBA  MIBUJKOPI3aIbHOTO

IHCTPYMEHTY, IO OCHOBaHAa Ha JUTTI Ta rapsuid nedopmaiii 3TUTKIB Mae psin
BIJIOMHX HEJIOJIIKIB, O SIKHX MOKHA BIIHECTU KapO1IHY HEOAHOPIAHICTh Ta HU3bKHI
KoeQillieHT BUKOpUCTaHHS MaTepiany [1, 2].

3HKEeHHST KapOiTHOI HEOJHOPIIHOCTI MPHU3BOAUTH 0 3HAYHOrO 301JIbIICHHS
CTIMKOCTI Ta TPOJYKTHUBHOCTI IMIBHUIAKOPI3AIBHOTO 1HCTpyMeHTY. KapOigny
HEOTHOPIAHICTh MO’KHA 3HU3UTH 3a JOIMOMOTOI0 OXOJIO/UKEHHS MPU KpHUCTasizallli,
MOAPIOHIOYM JIUTY CTPYKTYpy [3], BukopuctoByroun moaudikyBaHHs [4, 5],
MEXaHIYHy Ta YJbTPa3BYKOBY BiOpallifo [6], BUKOPUCTOBYHOYHM CKJIaJHI 00'eMHI
cxemu nedopmyBanHs [7]. ABTopamu [8, 9] BU3HaU€HO, 110 PO3IMOIiA €BTEKTUUHUX
KapO1/1iB cTae OUIBII PIBHOMIPHUM, SIKILIO TIJIACTUYHA Jieopmarlis 371UTKA TPOXOAUTh
M1CJISI BACOKOTEMIIEPATYPHOTO BiAmaly.
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3 MeTOr MOJpiOHEHHSI eBTEKTUYHMX KapOiaiB Ta OTPUMAHHS PiBHOMIPHOIO iX
PO3MOIUTY 3JMBKHM IIBUIKOPI3aIbHOI CTajll BiAMAIIOIOTh, MPOKOBYIOTH Ha Ipecax,
MPOKATYIOTh Ha COPTOBUX cTaHax. s oTpumanHs nucta 13 craii P9 wmarpiti 1o
1000...1050 °C 3nmuBku mpokaTyioTh 3a 5...11 mpoxosiB 10 MiHIMaIbHOT TOBIIMHH
1,4..1,7 wmm. Ilpokatka TmpoBOIUTHCS 3 OJHMM ab0 JBOMA TPOMDKHUMH
HarpiBaHHAMHU. [licast OXOJOKEHHsS JUCTIB y CTOMI BOHM 3a3HAIOTh 3BUYANHOIO
Bijnany — HarpiBaHHs 12 roaus Ta 6 ronuH, BuTpuMKa rnpu 880 °C abo 130TepMivHMIA
Binan — 2-rogunaHa BuTpuMka rpu 880 °C 1 oxomomkeHHs 3 miuyto g0 740...750 °C,
BUTPUMKA 4 TOJIMHM 1 OXOJIOJPKEHHSI Ha TIOBITP1 a00 y BOJII.

JUisi oTpuMaHHA JIMCTIB MiHIManbHOT TOBIIMHM 1,2...0,8 MM 3aCTOCOBYETHCS
X0JI01Ha TpokaTka. [ToTpiOHa TOBIIMHA JTMCTa TOCATAETHCS XOJIOTHOIO MPOKATKOIO 32
5...8 nmpoxoxiB. [ToTiM MpOBOAUTHCS BifNal JUCTIB 32 PEKUMOM: HarpiBanHs 10 720
°C, BUTpUMKA 6 TOJUH 1 TOBUIbHE OXOJIOJIKEHHSI 3 TYYIO.

3 BUKJIQJICHOTO BUIIE BUHO, III0 BUPOOHUIITBO TOHKOJUCTOBOI cTalli Mapku P9
32 ICHYIOYOI0 TEXHOJIOTIEI0 € BUKIIOYHO TPYJOMICTKMM Ta MAaJONPOIyKTUBHUM
npoiiecoM. ToMy HEOAHOPA30BO BUHMKAIA HEOOX1THICTh PO3POOUTH KapOiHY CITKY
JUIIEe BIANAJIOM, MHUHAIOUM Oararopa3oBy MPOKATKY. Jns  mporo  Oyno
3aMpONOHOBAHO 3aCTOCYBATH BUCOKOTEMITEPATYPHUN MIBUIKICHUM BiIal.

Marepiaa i MeToauka aocaigxeHb. MatepiasoM sl TOCTIIKEHDb MOCITYKUIH
3pa3ku ctami P9 macrymHoro ximigHoro ckiany: 0,92% C, 9,2% W, 4,1% Cr, 2,4%
V, 0,6% Mo, 0,2% Co, 0,2% Mn, 0,1% Si, 0,15% Ni, 0,01% S, 0,013% P, 3anumoxk
Fe. BucokoTemneparypHuil Biamaja 3pa3kiB 3J1HCHIOBABCS IpHU Temmeparypax 950
°C, 1000 °C, 1100 °C, 1200 °C 1 1250 °C 3 Butpumkamu 25, 50, 75 1 100 xBusuH.

CTpyKTypHI NEpETBOPEHHS, IO BIAOYBAalOThCA MiJ 4Yac OOpPOOKH, BUBYAIH 3
BUKOPHUCTAHHSM METOIB ONTUYHOT MeTanorpadii.

Pe3yabTatu gociaimkenb Ta ix oOrosopenHsi. Ctpykrypa crtam P9 micns
(dhopMyBaHHS JINCTA CKJIAJIAE€THCA 3 TIEPBUHHUX JICHJIPUTIB ayCTEHITY, HEOHOPIIHUX
3a BEJIMUMHOIO, YACTKOBO MEPETBOPEHUX HA MAPTEHCHUT 1 TPOOCTUT, & TAKOXK TOHKOI
KapOigHOi abo JeneOypuTHOI CITKM B TMPOMDKKaX MDK HUMH (pucyHku 1 a, 0),
TBepaicTh ckiana 500 HB.

Pucynok 1 — MikpocTpykTypa 3pa3kiB y no4aTtkoBomy ctaHi: a — X900, 6 — <500
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VY Bcix 3pa3kax MeTanorpa(piqyHO BHUSIBICHO XapaKTEpHY IJISl JIMTOI CTPYKTYPHU
HEOJHOPIAHICTH 1O TOBIIWHI JIUCTA. Bij MOBEepXHI Briub JMCTAa TOMUPIOIOTHCS 30HH
3 TPaHCKPUCTAIITHOIO Oy/n0oBOo0. MiX 30HaMH 3 TPAHCKPUCTAIITHOIO OYIOBOIO
BUABIIIETHCS 30HA PIBHOBICHMX KpucTaiiB. PosramoBanHa MK NEpBUHHUMHU
ACHIPUTAMH ayCTEHITy CciTKka KapOimiB Oulg TOBEpPXHI JIMCTa YCHAaJIKOBYE
TPAHCKPUCTATITHY OyAOBYy. VY cepeiauHi JHCTa Yy 30HI PIBHOBICHUX KPHUCTAIIB
CIpsIMOBaHa OPIE€HTAITIS BIJICYTHS.

CrpykTypa, 1mo Oyja oTpumaHa micisi GOpMyBaHHS JIUCTIB, XapaKTePU3y€EThCS
OBl APIOHO3EPHUCTOIO OYyIOBOIO 1 PIBHOMIPHUM PO3MOAIIOM KapOiAiB, HIXK Y
3IUTKY .

MikpocTpyKTypH 3pa3kiB, BiananeHux npu 950 °C, mpeacTaBiieHi Ha pUCYHKaX
2 a, 0, cBiAYaTh MpoO Te, 110 METaJeBa MATPULS SIBJIsE COOOI0 NEHIPUTH ayCTEHITY,
[0 YaCTKOBO IMEPETBOPUBCS HA MApTEHCHUT; KapOigHa CKIIaJoBa PO3TAIIOBYETHCS B
MDKIEHAPUTHUX JTUISTHKAX.

[3oTepmiuna BuTpuMmka mpu Temreparypt 950 °C  chpuse YacTKOBOMY
po3uMHEHHIO KapOifiB. EBTeKTHYHA CITKAa JEII0 TMOTOHIIYETHCS 1 PO3PUBAETHCS
(pucyHok 2 a). 30UIbIIIEHHS BUTPUMKHU TIPU BUCOKOTEMIIEpATypPHOMY Bijmaii Bij 25
10 100 XBUJIMH HE J1a€ TOMITHUX 3M1H CTPYKTYpH (pucyHoK 2 0). Tpuzonna Oynosa i3
30HOIO0 CTOBITYACTHX KPUCTANIB 30epiraeThcsi. B pe3ynbTaTi AESIKOTO PO3UMHEHHS
KapO1HOT CKJIaI0BO1 CTYMIHB JIETOBAHOTO TBEPAOTO POIYUHY ITiJIBUIILYETHCSI.

PucyHnok 2 — MikpocTpyKTypa 3pa3KiB, Bianajaeni npu remmneparypi 950 °C:
a — npomsieom 50 xs8; 6 — npomszom 100 xe; x900

Bignan npu Temneparypi 1000 °C 3 Butpumkamu Bijg 25 10 100 XBUIUH TaKoXK
BUKJIMKAE YaCTKOBE PO3YMHEHHSI CITKM €BTEKTHMYHMX KapOiaiB, sKi JIEIIO
chepoiTu3yIOThCS, ajieé XapakTep IXHHOTO pO3TallyBaHHS B 30HI PIBHOBICHUX
KpHUCTaliB 30epiracThes (pUCYHOK 3).

Bigman mpu temmeparypi 1000 °C ne 3Humye crtoBmuactocti. KapOigHa
CKJIaZloBa  3aiiMa€ MUKACHAPUTHI  JUISHKH, HACHIAYyIOUM iX  CHOpPSAMOBAHE
pO3TaIlyBaHHS Yy TPAHCKPUCTANITHHX 30HaX. B pe3ynpTaTi BUCOKOTEMIIEPATYpHOTO
Bignany npu 1100 °C kiIbKICTh €BTEKTHMYHUX KapOifiB 3MEHIIYEThCS, ajié BOHU
MTOTOBITYIOTHCS (PUCYHOK 3 0).
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36inbmeHHs Temmnepatypu Bianainy g0 1200 °C npu3BOAWTH 10 MOAAIBIIOTO
ApoOJIeHHST CITKM EBTEKTUYHHX KapOigiB Ta iX PO3YMHEHHS, BHACIIJOK 4YOTO
KOHIIEHTpALIls JIETYIOUHX €JIEMEHTIB y TBEPAOMY PO3UHHI ITi/IBUIITY€E€THCSI.

Pucynok 3 — MikpocTpyKTypa BianajgeHux 3pa3kKiB: a — npu memnepamypi 1000
°C npomsicom 75 x8, 6 — npu memnepamypi 1100 °C npomsiecom 50 x8, 6 — npu
memnepamypi 1200 °C npomscom 50 xs8; x900

Bianman npu temneparypi 1200 °C cnpusie nogansiiii cgepoiauzaiii kapoiais.
MicussMi BOHHM PO3TAIllOBYIOTHCS y BUTJISAAI JIAHITIOKKIB 32 MEKaMU KOJHUIITHIX
ayCTEHITHUX 3€pEeH, MICISIMU €BTEKTUYHUX KapOiliB B3araji HeMae (PUCYHOK 3 B).
Taka kapTHHA CIIOCTEPIra€ThCs MPHU BCIX 130TEPMIYHUX BUTPUMKAX, TOUUHAOYH Bij
25 xBwiH 1 3akiHuytoun 100 XBUITUHAMH.

Haiinikasimii pe3ysabTaTé OTpUMaH1 micis Biamanmy mpu temmepatypi 1250 °C.
PerenbHe MIKpOIOCHIIPKEHHS 3pasKiB, M0 NpounuiM Bigmaid mpotsrom 25...100
XBUJIMH, CBIIYATH TIPO MOBHE 3aBEpIIeHHS Mpoiiecy cepoinuzaiii. Ha sxomHomy 13
3pa3kiB He OyJ0 BHSBJIEHO 3aJMILKIB KapOiaHOI CiTKU. EBTeKTHYHI KapOiau HaOyu
(¢bopMH pIBHOBICHUX JIPIOHUX KPUCTAJIB, IO PIBHOMIPHO PO3TalIOBYIOTHCS B 00CS31
BChOro ciuiaBy (pucyHok 4). OmnodacHo 31 cdepoiguzaiiiero BiAOyBaeThCs 1
KOaJIeCIEeHI1s KapOiJliB Ta IX PO3YMHEHHS Yy TBEPAOMY PO3YMHI, IO MPU3BOJIUTH JI0
MiBUIICHHS CTYTIEHS HOTO JIETOBAHOCTI.

L]

PucyHnok 4 — MiKpOCprKTy 3pa1ca, 1)1a.11enoro npu temmneparypi 1250 °C
nporsrom 25 xB; x900
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[IIBuakopizanbHa cTanb HAJNEKWUTh 1O caMmo3arapToByBaHux craned. [lpu
OXOJIO/IPKEHH1 BiJI BUCOKUX TEMIIEpaTyp Ha MOBITPl BOHA HAOyBa€e BHCOKOI TBEPIOCTI
(356...215 HB). Taka cranp Ma€ HU3bKY IUIACTUYHICTh. Y 3B'SI3KYy 3 IIUM YC1 3pa3Ku
MiCJsT BUCOKOTEMIIEPATYPHOTO BiJNaly MifAaBajld HU3bKOTEMIIEPATYPHOMY BIAMAITY
npu temmeparypi 750 °C. HaxnaneHHs HU3pKoTeMIepaTypHoro Bianany Big 10 go 25
TOJUH CIpHs€E IIe OUTBIIOMY PO3BUTKY cepoinu3aiii eBTEKTUYHUX KapOiaiB Ta iX
MOJAJIBIINA KOAJECIEeHINl, a TakoX cdepoiamu3alili Ta KOAJIECICHINT €BTEKTO1THUX
kapOiiB. (pucyHku 5 a, 0,B; 6 a,0,B17 a, 0, B).

a § B
PucyHnok 5 — MikpocTpyKkTypa 3pa3ka, BianajgeHoro npu remmneparypi 1250 °C
NMPOTSATOM 25 XB 3 HACTYITHUM HH3bKOTEMIIEPATYPHUM BianmajoM npu
Temmneparypi 750 °C:
a — npomsieom 10 200, 6 — npomszom 15 200, 6 — npomscom 25 200; *900

Pucynok 6 — MikpocTpykTypa 3pa3ka, BianajaeHoro npu remmeparypi 1250 °C
npotsaromM 50 XB 3 HACTYNHUM HU3bKOTEMIEPATYPHUM BiANAaJIOM NpH
Temmneparypi 750 °C:

a — npomsieom 10 200, 6 — npomszom 15 200, 6 — npomscom 25 200; *900

Takum uywmHOM, Biaman mpu Temieparypax 1250 °C + 750 °C 3 pi3HUMH
BUTPUMKAMH TPU3BOJUTH JO OTPUMAHHS CTPYKTYpH CTajli 3 PIBHOMIPHUM
po3noauioM KapOiaiB. EBTexkThyH1 kapOiiM y BUIIIAAlI JApIOHUX PIBHOBICHUX
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KpUCTAJIIB PIBHOMIPHO PO3MO/IIJEHI B 00CsI31 BCIX 3pa3KiB, Haraayoudu 30psiHe HEOO
(pucynok 8 a). Jlyis mMOpiBHSHHS HaBEICHO CTPYKTypy cTtami P9, BuroroBneHoi 3a
TPAAUIIITHOIO TEXHOJIOTI€0 (PUCYHOK § 0).

Pucynok 7 — MikpocTpyKTypa 3pa3ka, BianajgeHoro npu remmneparypi 1250 °C
npotsairoM 100 xB 3 HACTYITHMM HU3bKOTEMIIEPATYPHUM BiANIAJI0M NPH
Temmneparypi 750 °C:

a — npomsieom 10 200, 6 — npomseom 15 200, 6 — npomseom 25 200; *900

Pucynok 8 — Mikpocrpykrypa craui P9: a — iuma cmpyxkmypa nicas éionany npu
memnepamypi 1250 °C npomsieom 25 xé + 750 ° C 20 200, x500; 6 — ompumana 3a
CMAaHOapmHo mexnoaoziero, *600

Taxe 3icTaBieHHS TPU3BOAUTH J0 BUCHOBKY, IIO B JOCIITHUX 3pa3kax KapOiau
3HaYHO APIOHIII, OJHOPITHIII 32 BEITUYMHOIO, MAlOTh OLIbII PIBHOBICHY (opMy 1
OLIBIII PIBHOMIPHO PO3MOAUICHI B MATPHIIL.

Posrasmemo Ounbin aeranbHO mporiec chepoiam3aitii kapOiai. Cruias, B SIKOMY
KpuCcTamM KapOigHoi (a3m MaroTh BHIJISAA IUIACTHH, Ma€, BHACIIJIOK BEIHMKOI
MDK(}a30BOi MOBEpPXHi, MIJBUIIEHY BUIbHY €Heprito. SKIo Temmeparypa CIUiaBy
JOCUTh BHMCOKAa, TO IUIACTUHHM TIOCTYIOBO MEPETBOPIOIOTHCS HA PIBHOBICHI
BKitoueHHs. He3nauna cdepoiausaiis, sk BKa3zyBajocs, CIIOCTEPITa€TbCs BXKeE MICIs
Bianany npu 950 °C (pucynok 2). HIBunkicte chepoiauszaiiii 301IbIIYETHCA 3
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MIIBUIICHHSAM TEMIIEpaTypy 3a3BUYail HACTUIBKUA 3K, SK 1 MBHAKICTh AUDy3il
KOMITOHEHTIB Y CIUIaBi. 3 OJHOTO BUTSATHYTOTO BKJIIOYCHHS MOXKE YTBOPUTHUCS OIHE
PIBHOBICHE BKJIFOUCHHS, ajle MOXKE BiIOyBATHCS MO IUIACTUHU HA KiJbKa YaCTHH,
10 CIIOCTEPIraeThCs B 30H1 PIBHOBICHUX 1 CTOBIYACTUX KPUCTATIB (PUCYHOK 3).

SKuio B TBEpAOMY PO3UMHI € HEPIBHOBAXKHE BKIIIOUEHHS KapOinHOi ¢asu, To
KpUBH3HA MDK(}a30BOi MOBepxHI Oyae HeoAaHakoBow. Ll pi3HULSA KpUBHU3HU
MDK(})a30BOT MOBEPXHI MPU3BOIUTH O XIMIYHOT HEOJHOPIAHOCTI TBEPJOTO PO3UUHY.
KoHueHTpanis Byrjieio Ta JIETyIOUUX €JIEMEHTIB Y BICTpS IUIACTUHU OUIbINA, HIXK Y
IJIOCKOI TpaHuIli po3nimy. CTBOPIOEThCS Tepemnas KOoHIeHTpaliil. Jlocuts TpuBana
130TepMiyHa BUTPUMKA IMPH BHUCOKUX TeMIEpaTypax HPU3BOAUTH 10 AU(y31MHOIO
MEPEHECEHHsI aTOMIB BYIJIEHIO Ta JIETYIOUMX EJIEMEHTIB BIJ BICTPSA JO IUJIOCKOI
rpanuii. [lpu 1mpomy OIS MIOCKOI TpaHHULl PO3YMH 30arayyerbcsl ByTJIELEM 1
JIETYIOUMMH €JIEMEHTAMH 1 CTa€ mepecuyeHuM. B pesynbTaTi AUISTHKA 3 OLIBIIO0
KPUBH3HOIO TMOBEPXHI PO3YMHATUMYTHCS B HEHACHYCHOMY PO3YHWHI, a JUISHKH 3
MEHIIIOI0 KPUBHU3HOIO — 3pOCTAaTUMYTh 3a PaxyHOK BHUAUICHHS KapOimHoi (azu 3
NEPECUYEHOTO TBEPIOTO PO3UUHY.

Y peanpbHUX IUTACTUHYACTHUX KpHUCTalax € Oe3mid  MicueBux JedekTiB
(CKynm4eHHsI JOMIIIOK, BHYTPIIIHI HAMpyTrH, MIKPOTPIIIMHU 1 T.I.), AKI MOXYTb
30UTBIIUTH PO3YMHHICTh OKPEMUX IIISHOK KpHUCTaja, M0 1 MPU3BOJUTH J0 MOMALTY
Horo Ha okpemi yacTuHH. T0oOTO chepoiau3aliis NPU3BOAUTH JO IPOOJEHHS CITKH
EBTEKTHYHHUX KapOiAiB Ha OKpeMi IUIACTUHM 1 TEPETBOPEHHS iX Yy pIBHOBICHI
KpUCTaJIU OKPYIJIOi (hopmHu.

[TinBumenns remneparypu Big 950 no 1250 °C 31 301IbIIEHHSIM Yacy BUTPUMKHU
BUKJIMKA€ MPUCKOPEHHs cdepoian3alii i, AKmo npu temmneparypax 950, 1000 1 1100
°C He3aJeXHO BIJ 4Yacy BUTPUMKH CIOCTEPITaeThCs JeAb MOMITHA chepoian3amis
(pucynox 2, 3), To mpu 1250 °C mporiec cepoinuzairii MOBHICTIO 3aBEPIIYETHCS 32
25 XBUJIMH BUTPUMKHU (PUCYHOK 4).

Jlns peamizartii mporecy KoajecleHIli HeoOXiqHa HEeOAHOPIIHICTh Y Po3Mipax
kapOinHoi (a3u. HasBHICTh KapOIMHMX YACTUHOK PI3HOI BEJIWYMHU MPHU3BOJUTH JI0
TOTO, IO TBEPAUN PO3YMH, NMEPECUUYCHUN BETUKUMH YaCTUHKAMHU, € HEHACUYCHUM
npioHuMu. BHacmigok 1mporo JpiOHI, IO TOTO XK 1€ TEPMOJMHAMIYHO MEHII CTIHMKI
KapOlHI YaCTUHKUA pO3YUHAIOTHCS. (CTBOPIOETHCA KOHIICHTPALIMHUI Tpajli€eHT,
BUHUKAE MU(Qy31HHUNA TTOTIK aTOMIB BiJl MICIIb 13 OUIBIIOI KOHIIEHTpaIli€ew (apioH1
YJaCTKH) 0 MICIIb 13 MEHIIIOI0 KOHIICHTPAIIEIO (BEIUKI YACTKH).

3 aHai3y €KCIIEpUMEHTAIHUX JIaHUX, MPOIIEC KOAJECIEHIIIT MICIs BIANANY MpU
950 1 1000 °C ne cnoctepiraerscsi. B pe3ynbraTi BUCOKOTEMIEPATypHOTO BiAmNaly
npu 1100 °C, sx 3a3Ha4yanocs BHINE, YUCIO €BTEKTUYHUX KapOi/liB 3MEHIITYETHCS,
BOHU TOTOBINYIOTHCS (PUCYHOK 3 0), 0 MOke OyTH MOSICHEHO MEepeOiroM Mporecy
KOaJIECLEHII].

[linBuIIEeHHS  TEeMIlepaTypud CHJIBHO TMPUCKOpIOE  nudy3ilo, OTKe, 1
KOaJIeCIIeHITI10, K audy3iiHui nporec. ToMy BHUCOKOTEMIIEpATypHUN Bifmail Mpu
1250 °C npu3BoauTh 10 HOpMYBaHHS MIKPOCTPYKTYP, HABEJICHUX HA pUCYHKax 5...7.

TakuM YUHOM, «PO3CUIIAHHS CITKM €BTEKTMYHMX KapOiliB 1 OTPUMAaHHS B
KIHIIEBOMY PaxyHKY PIBHOBICHMX KpPHUCTaJIB KapOiaHOi (pa3u, KIIBKICTh SIKOT 3HAYHO
3MEHIIUJIAcsSd B MOPIBHAHHI 3 BUXIJHOIO, MOSCHIOETHCS TapajeIbHUMU MPOIECaMU:
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chepoiauzaliiero, pO3YNHEHHSIM 1 KOAJIECIICHITIEIO.

HusbkotemMiiepaTypHauii Bifmaa NpU3BOAUTH A0 3HIKEHHS TBepAocti 195...220
HB. 3umxeHHs TBEpAOCTI CIijl MOB'I3yBaTH TOJIOBHUM YHUHOM 31 CEpOIIU3alli€r0 Ta
KOAJIECLICHLII€I0 €BTEKTOITHUX KapOidiB, a TaKOX 3 MOAAJBIIOK cepoinuzaiiero Ta
KOAJIECLIEHLI€I0 eBTEKTUYHUX KapOi/liB.

VY deputHO-KapOiaHINA Maci, MmO (OPMYETHCS B MPOIECI PO3Maay ayCTEHITY,
kapOigHa (asa mucrieproBaHa y BUMIISIII HAWTOHINIUX TJIACTUHYACTHX KPHUCTAIB,
KOT€PEHTHO TMOB'SI3aHUX 3 PEIIITKOI TBEPAOTO PO3UHHY, IO MPU3BOIUTH 0 BEITHUKUX
MPY>KHUX BUKPUBIICHb PEUIITKU. Taka cyMill Ma€ MaKCUMAaJIbHY TBEPAICTb.

Konu eBrexToignux kapOimiB 6arato i BOHM ApiOHI, TO HABKOJO HUX BUHUKAE
BUKPUBJICHHS KPHUCTATIYHOI PEUIITKH, IO MEPENIKOKAE PYXy AUCIOKAIIA 1 CTalb
HaO0yBa€ BHMCOKY TBEpAICTb, HaBITh KOJM KapOiid MarTb (QOpMy pIBHOBICHUX

KpHUCTaJIB.
[Ipu wmamiii KUTbKOCTI KapOiAHUX BKIIOYEHb IJIACTHYHA Jedopmarlis
PO3BUBAETHCS  BITHOCHO 0e3IepenIKo/IHo, 1 BJIACTUBOCTI  Marepiairy

XapaKTepU3yIOThCS HEBHCOKOIO TBEPIICTIO. TOOTO Mpolec KOaJNeCIEeHIIl 3HHKYE
TBEPIICTh. 31 30UIBIIEHHAM BUTPUMKH HU3BKOTEMIIEPATYPHOTO BIAMAIY CTYIHb
KOAJIECIICHIi EeBTEKTOIIHUX KapOiMiB MIABUIILYETHCS, a TaKOXK 31HCHIOETHCS
oJabIIa KOaJaeCIEHIIIsl eBTeKTHIHUX KapOiaiB (PUCYHOK 7).

B pesynbrari Bucokoremmneparypaoro Bignaity npu 1250 °C 3 BUTpuMKamMu mpu
temriepatypl 750 °C npotsirom Big 10 10 25 roauH oTpuMaHi MIKpOCTPYKTYpPH CTall
P9 (pucynku 5...7, 8 a) 3 piIBHOMIpHUM PO3MOJIIJIOM PIBHOBICHUX KapOIiJiB OKPYTJIOi
dbopmH, IpUYOMY B JTOCHIIHHMX 3pa3kax KapOiyd 3HAYHO ApIOHIIIE, OJHOPIAHINI 32
BEJIMYMHOI0, MAIOTh OUIBII OKpYIILy (hOpMY 1 pIBHOMIpHIIIE PO3NOIIJIEH] B MaTpPHIIi,
HIXK B CTaJli, OTPUMAHO1 3@ ICHYIOYOI0 MPOMHUCIIOBOIO TEXHOJIOTIEI (PUCYHOK § 0).

BucnoBku. IlpoananizoBaHO CTPYKTYpHI NEpPETBOPEHHS, L0 BiAOYBAaIOThCS B
Ipolieci BUCOKOTEMIIEpaTypHOTO Bianany rpu temmneparypax 950 °C, 1000 °C, 1100
°C, 1200 °C 11250 °C 3 Burpumkamu 25, 50, 75 1 100 xBuiuH.

Bucokoremnepatypuuii Bianan npu temmnepatypi 950 °C crpusie 4aCTKOBOMY
PO3YMHEHHIO €BTEKTHYHUX KapOiiB. 30utbieHHs BUTPpUMKH 10 100 XBHIMH HE Jae
MOMITHUX CTPYKTYpHUX 3MiH. Binman npu temmnepatypi 1000 °C TakoX BHUKIHMKA€E
YaCTKOBE PO3YMHEHHS CITKM EBTEKTHYHMX KapOigiB B Tporeci cdepoiauzarii.
30unpmieHHs TeMmreparypu Biamamy o 1200 °C npu3BOAMTH 10 MOJANIBIIOTO
JpOOJIEHHSI CITKM €BTEKTUYHHUX KapOi/IiB Ta iX po3unHeHHs. Bianan mpu temmneparypi
1250 °C npu3BOAUTH 10 TIOBHOT'O YCYHEHHsI KapO1HOT HEOJHOPITHOCTI.

Hactynnuit Hu3skoTeMnepaTypHuil Bianan npu temmneparypi 750 °C crpusie e
O1IBIIOMY PO3BUTKY cdepoinn3aliii kapOi/iiB Ta iX MoAanblIol KoajecueHuii. Biqnan
npu temrepatypax 1250 °C + 750 °C npu3BOAUTH 1O OTPUMAHHS CTPYKTYpH CTajl 3
PIBHOMIPHUM PO3MOJIIJIOM KapOiiiB.

PymiiitHoto cuiorw cdepoimmzaiii € TPaal€eHT KOHIEHTpAIli JIETyHUux
KOMITOHEHTIB Ha BICTpii Ta IJIOCKIA TpaHUIl KapOiMHUX BKJIOYEHb. bins mimockoi
TpaHUIll PO3UYMH 30aradyyerbcsi BYyIUVICIEM 1 JIETYIOUMMU €JIIEMEHTaMH CTa€
nepecudeHuM. JliIssHKM 3 OUIBIIOI0 KPUBHU3HOIO TOBEPXHI PO3UYUHITHUMYTHCS B
HEHAaCMYE€HOMY pO3YHMHI, a JAUISHKM 3 MEHIIOK KPUBU3HOIO — 3pOCTaTUMYTh 3a
PaxyHOK BHJIIEHHS KapOiHOT (ha3u 3 MepecuueHOro TBEPAOrO POIUUHY.
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Bignan, mo Bukiaukae chepoiauzaliio Ta po3uMHEHHs KapOiiB, TPU3BOAUTH JI0
3017IBIIEHHS CTYIEHS JIETOBAaHOCTI TBEPAOrO PO3YHMHY, HIO TAKOXK Ma€ MOJIMIIUTH
TEIUIOCTINKICTh HIBUAKOPI3aIbHOTO IHCTPYMEHTY.
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Abstract. Purpose. Establishing patterns of changes in the structure of the high-speed
sheet steel depending on the annealing parameters. Establishing regularities of the processes of
spheroidization and coalescence of the research steel in the annealing process. Determination
of the mechanisms of spheroidization and coalescence of research steel during annealing at
different parameters.

Methodology. The study was carried out in laboratory conditions by annealing of samples
of a given chemical composition at various parameters. The phase and structural
transformations that occur during processing were studied using optical metallography.

Findings. Structural changes during high-temperature annealing of sheet steel P9 were
studied in order to eliminate the characteristic carbide heterogeneity. The regularities of the
formation of the structure under different temperature parameters and duration have been
established. The mechanism of the spheroidization and coalescence processes during the annealing
was studied. It was determined that the spheroidization and dissolution of carbides in the process
of high-temperature annealing leads to an increase in the degree of alloying of the solid solution,
which leads to an improvement in the heat resistance of the high-speed cutting tool.

Scientific novelty. The possibility of complete elimination of carbide inhomogeneity of sheet
high-speed steel using two-stage annealing has been shown.

Originality. The possibility of obtaining a sheet high-speed cutting tool with a
qualitatively higher level of properties in combination with a reduction in energy resources has
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been shown.
Key words: spheroidization, coalescence, carbide heterogeneity, high-temperature
annealing, high-speed cutting tool
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Abstract. The article provides a detailed review of technologies and techniques of grain
drying. Attention is paid to the transformation of the agrarian industry during the war.

One of the main problems of providing quality grain is its storage. Along with promising
methods of grain preparation for storage, special attention is paid to the method of infrared
irradiation as one of the physical methods of food processing. With the use of infrared radiation,
the duration of heat treatment is significantly reduced due to the lack of thermal resistance of the
boundary layer of the product to the radiant flux, the energy of which is directly absorbed by the
surface of the raw material particles. At the same time, infrared radiation is actively absorbed by
water contained in the product, but is not absorbed by the fabric of the product that is dried or heat
treated.

Key words: drying, grain, infrared radiation, humidity, power, soybean, rapeseed.

Introduction.

Drying of grain, as a technological component, has long been known as a
process that prevents spoilage of grain that has not been processed and it was
necessary to bring it to a stable state for long-term storage.

The war in 2022 also made its adjustments to the grain storage process in
Ukraine. This year, the Agrotransformation 2022 project was launched. In the
conditions of waiting for the opening of ports, overcrowded elevators, or the risk of
damage to elevators during massive shelling, high storage costs, and the
establishment of favorable prices for farmers for grain and oilseeds, polymer sleeves
as a means of storing grain have become increasingly necessary and popular.
Therefore, along with the classical methods of grain preparation for storage, new
approaches and technologies are emerging.

But, despite the universality of new methods, the process of stabilization of
moisture in grain, necessary for storage of grain crops, remains problematic. This is
inextricably linked to the need for continuous improvement of the technology of
basic operations of post-harvest grain processing and, above all, drying, since it is
this final operation that determines the quality of preservation of the harvested crop.

Analysis of recent research and publications. Freshly harvested grain (grain heap
from under combine harvesters) is a colloidal capillary-porous body consisting of dry
matter, water and air. In grain, as in any living organism, there are various life
processes, including respiration. Important factors determining the intensity of
biological and biochemical processes in grain are its temperature and humidity. At
higher humidity and temperature, the respiration process i1s enhanced, and as a result,
the intensity of heat generation and mass loss increases [5,10,15]. The resulting
"sources" of self-heating promote the growth of microorganisms, harmful insects,
reduce the food quality of grain and cause seed spoilage.
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But already at a grain moisture content of 14% and below, the grains are in a
state of anabiosis, that is, their vital activity and respiration become minimal. Thus,
the main purpose of drying is to remove excess moisture from the grain to increase its
stability during further storage.

The main requirements for the drying process are to preserve and improve the
technological quality of grain. During drying, grain properties should be fully
preserved and, if possible, improved in accordance with its purpose: color, shape,
appearance, viability, feed and food quality.

Reduction of grain moisture creates unfavorable conditions for the development
and existence of pests. High temperatures applied with appropriate heating exposure
are an effective measure for the destruction of pests.

Compared to other methods of grain disinfection (chemical, mechanical, etc.),
the thermal method has significant advantages.

Thus, drying, which allows to store and process hundreds of thousands of tons
of harvested grain annually, to improve its quality, is of great national economic
importance. This determines the goal and objectives of further improvement of
technology and technical means for drying grain.

Modern grain drying technology is based mainly on the method of thermal
drying, when moisture is removed from the grain to its surface, and evaporates from
the surface into the environment. That is, the method is based on the principle of
using heat to convert water from liquid to gaseous state, which is associated with
significant heat consumption.

The main parameters of the drying mode are the temperature and speed of the
drying agent, the temperature (edge) heating of the grain in the drying chamber, the
thickness of the grain layer in the direction of movement of the drying agent and the
exposure of the grain heating (and cooling) process.

We will analyze the existing (recommended) drying modes, using modern
technologies and approaches along with fundamental works [1-31].

For shaft grain dryers, single-stage and differentiated modes of drying wheat
grain are provided, under which the temperature of the drying agent is set from 90 to
160°C (depending on moisture, and in differentiated modes - depending on fiber),
which increases stepwise from the direction of grain movement in the shaft. As a
result of the adopted ascending change in the temperature of the drying agent, the
grain is slowly heated in the shaft, and its temperature reaches the limit value only at
the end of the drying zone. Ascending and differential modes were substantiated by
the need for gradual heating of grain to exclude "hardening" of grain. The
recommended modes based on the dependence of biological changes during grain
heating on humidity and time of thermal exposure were worked out. In the proposed
modes, it was assumed to increase the heating of grain in the process of reducing its
moisture content in accordance with the limit of "conditionally safe" temperatures.
Thus, in the mode after the grain reaches a temperature of 50° C, a further gradual
increase in its temperature to 70° C allows to increase the moisture yield of grain by
55 ... 79% [16]. It should be noted that from a thermodynamic point of view,
increasing the initial temperature is always advisable, since it increases the thermal
efficiency of the dryer [4, 9].
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To increase the efficiency and productivity of shaft dryers, descending
progressive modes have been developed, under which the grain is heated to 35...400C
at the end of 0.25 height of the drying zone of the shaft. A drying agent with a
temperature of 170...190°C is supplied to this heating zone. It is established that after
rapid heating of the grain, the change in its temperature in accordance with the edge
temperature i1s achieved by reducing the heat flux, which for downward modes is
carried out by reducing the drying temperature during the process to 120°C. At the
same time, the grain does not "harden". But the increase in grain temperature with a
decrease in its moisture content is quite complicated by the imperfection of the design
of grain dryer shafts.

Reducing the amount of heat supplied to the grain in the direction of its
movement can also be achieved by changing the speed of the drying agent and the
thickness of the grain layer along the height of the shaft. The downward distribution
of heat allows to reduce the exposure of grain heating and more fully meets the need
for heat to remove moisture due to a decrease in the intensity of drying by the height
of the shaft.

For shaft grain dryers, a pulse drying method has been developed, which is
based on the alternation of heating and cooling of grain (or grain storing). This made
it possible to increase the temperature of the drying agent to 150...210°C. The pulse
method significantly intensifies drying and increases the thermal efficiency of the
grain dryer.

With the introduction of the method of determining the quality criterion for
drying grain (both seed and food) by germination, the introduction of "reduced" and
softened drying modes began to prevent losses in grain quality. This led to a decrease
in the productivity of grain dryers by 20% [19] and an increase in specific energy
consumption.

From the above review it can be concluded that the main technological measures
to improve the efficiency of grain drying are to increase the temperature of the drying
agent and the time of grain residence in the shaft. The latter has a negative impact on
productivity. In this case, the grain is heated to the "edge" temperature only after
passing most of the drying zone of the shaft.

Based on experimental data on the significant influence of the material
temperature on the intensity of its drying, it was determined that a radical measure to
further intensify the drying process in shaft dryers is preheating, and the technical
implementation of such a technique can be the development of such modes when the
grain temperature reaches its maximum value at maximum speed and maintains it
until the end of the dehydration process.

In studies [17, 22], a significant step dependence of the coefficient of moisture
diffusion in grain on the heating temperature was obtained:

4y = a,, ()" i
v = (53", M
where T - is the grain temperature;
amo - diffusion coefficient without heating;
n = 8...18 (depending on humidity).
Studies [15,22] have shown that preheating of grain in the "fast" mode allows to
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reduce specific energy consumption for drying by almost 2 times; at the same time,
heat consumption for preheating increases by 60%. When the heating temperature is
increased to 120°C, energy saving is 20%.

It is proved in [19, 24] that a progressive direction in the development of grain
drying in the near future should be considered the transition from traditional shaft
grain dryers to high-performance units with intensive heating of wet (raw) grain,
followed by drying in isothermal mode with partial grain recirculation. Recycling of
such modes will increase productivity by 25...30%, reduce fuel consumption by 10%
and electricity by 10...15%.

It i1s shown in [29, 31] that, for any method of convective drying, grain stacking
is one of the progressive methods of energy saving during grain drying; moreover,
the influence of stacking on reducing heat and energy costs is higher, the lower the
moisture-release ability of grain.

Different variants of the grain drying process at step, "progressive" and high-
speed modes have found a constructive design, which is associated with the
reconstruction and modernization of shaft grain dryers.

Research results.

In the world practice of grain drying different ways of utilization of the spent
drying agent are used.

Some foreign companies ("Behlen", USA) produce grain dryers, in which the
waste heat carrier is used for preheating of grain; in this case it is possible to utilize
up to 10% of all heat consumed, but the possibility of condensation of moisture in the
grain, which must be evaporated again in the future, is not excluded. Condensation
can be prevented by applying preheating of grain. The most common method of
reducing the energy intensity of grain dryers is partial recycling of the coolant
through its reuse. The effect of heat saving according to generalized data is up to 300
kcal/kg. The principle of recirculation is used by grain dryers of American companies
"Berico", "Campbell", "Blount", "Blaine", French "Love", "Cominor". These are
multi-stage (multi-storey) dryers operating in "increasing" temperature regimes: cold
air entering the dryer is heated in the first zone, then fed to a special heat generator to
increase its temperature to 70...90°C, after which the drying agent enters the third
zone, and then again to the heat generator, from which it enters the first zone. This
makes it possible to return 30...40% of air to the cycle, which saves 10% of heat.

It is widely practiced to connect dryers with almost complete return of heated air
and classical dryers in series. The company "Cecil" offered a dryer with a "saving
unit", which is a dryer with almost 80% return of the drying agent, and a utilizer of a
classic dryer.

Well-known dryers of "Law" company (France) work with recycling of drying
agent.

There are several options for using the spent drying agent:

- use as a heat carrier for heating fresh air in different types of utilization plants;
- recirculation of part of the exhaust air (mixing with fresh air or with combustion
products and air).

The second method is much simpler and more economical, but leads to an
increase in drying time and a decrease in dryer productivity.
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Abroad (France, USA, Poland) there is a wide variety of technical solutions to
this problem: with the help of heat recycling (company "Law") and reuse of the
exhaust air at the bottom of the dryer with a temperature of 50 ... 60° C, which is fed
to the upper part of the shaft, or to the furnace.

Depending on the method of using the secondary heat and the design of the
dryer, it is possible to reduce energy consumption from 1419 to 1257 kcal per kg of
evaporated moisture.

Thus, the energy saving of 419 kJ/kg of moisture gives the method of double
passage of the drying agent through the grain layer. Fresh coolant with a temperature
of 120°C 1s supplied to the lower zone, and the spent coolant in the lower zone is
slightly saturated with a temperature of 60...65°C is supplied to the upper zone for
drying grain.

More economical is the method of drying grain in two zones with two furnaces.
The furnace of the upper zone additionally heats the exhaust air in the lower air zone
(up to 50°C), and after passing the layer of wet grain, the air is saturated, its
temperature drops to 45...50°C. This method allows to reduce fuel consumption by
25% and bring energy consumption to 3352...3562 kJ/kg of moisture. A similar effect
can be achieved by reusing the heated slightly saturated air in the lower part of the
dryer, which is sent to the furnace with a temperature of 60...70°C, or mixing it with
the heated air coming out of the furnace heated to 110°C. Fuel saving in this case is
20%.

According to the company "Cecil" (France), the inclusion of additional
"economy units" in two-storey dryers, which can completely return warm air, will
bring fuel consumption to 2807...2891 kJ/kg of moisture (for corn at a moisture
content reduction from 35 to 15%). The F1-43M-50 dryer requires 4034 kJ/kg of
moisture when the moisture content of wheat grain decreases from 20 to 14%. Thus,
the sequential combination of a dryer with almost complete air return and a classical
dryer when using the "economy unit" will allow to achieve the minimum specific
energy consumption.

In the USA, the use of shaft dryers with recirculation of the spent drying agent
and cooling air has recently become widespread. According to companies, such
dryers save 50% of fuel. There are also dryers with parallel flows of drying agent,
which moves from top to bottom in the direct flow with the grain, and cooling air,
which moves in the counterflow with the grain.

In the «Mand W 450p» shaft direct-flow dryer, the drying process is carried out
in three stages. At the first stage, part of the drying agent is used to preheat the grain.
In the next stage, the grain moves downwards in a direct flow with the drying agent.
At the third stage, cooled air passes through the dry heated grain, taking away some
of the heat. All the cooling air and about 60% of the spent drying agent circulates
between the fan and the combustion chamber. According to the manufacturers, fuel
consumption saving reaches 35%.

In the grain dryer of the company «Bentley» (England) atmospheric air after
cooling the grain is fed to the mixing chamber of the furnace, where it is mixed with
combustion products and then fed to the drying zone.

In the grain dryer of «Svenska Flaktfabriken» (Sweden) atmospheric air from
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the grain cooling chamber is supplied to the steam heater of the second drying zone.
At the exit from the second zone, the exhaust air is heated again and sent to the first
zone of the dryer.

The well-known «Blant» dryers are equipped with a system of partial
recirculation of the exhaust coolant and all the exhaust air in the grain cooler (CFR
10-60A dryer).

In the CFR 10-60A dryer, in addition to partial recirculation of coolant and air,
there is also partial recirculation of grain and preheating of grain.

For rice drying, this company produces the SSR grain dryer, which uses
preheating of grain conductively due to contact heat exchange by the drying agent
exhausted in the lower zone with its intermediate heating. After heating, the grain is
fed to the resting zone and then to the second drying zone, where it is treated with a
fresh drying agent. After the cooling zone, the grain is again subjected to storing.

To reduce fuel consumption, «Omniumy» (France) has improved the dryers. In
the first drying zone, the thickness of the grain layer is reduced, which is processed
by fresh coolant with a maximum temperature of 160°C, the temperature of the
coolant is reduced in the course of grain movement to 110°C. The lower drying zone
provides for the return of the spent coolant for recirculation. The air from the cooler
is also reused.

"Law" company also offers dryers with recirculation of coolant and air cooling.

Dryers of SO.CO. company (France) belong to energy-saving equipment. Dryers
are equipped with a system of recirculation and regeneration of coolants and air. In
addition, they carry out heating (intermediate) of the coolant used in the lower zone.

The company "Flukt" (Finland) produces grain dryers, which contain drying,
storing and cooling zones with multiple use of coolants, which allows to achieve heat
consumption of 1200-1850 kcal per kg of moisture.

The "Behlen" dryer, applying the principle of reusable heat, becomes less
efficient and more difficult to implement, as it requires additional heaters to heat
them along the way.

The use of heat pumps for heating the drying agent instead of traditional
installations (furnaces for burning liquid and gas fuels) can significantly improve the
quality of the product, eliminate air pollution and utilize low-potential energy of
thermal emissions from dryers. In addition, heat pumps make it possible to carry out
heating and cooling of different process flows in one installation.

Air heating in the condenser of the heat pump reaches a temperature of 61-67°C,
which allows to obtain a grain temperature of up to 43°C.

Experiments conducted in Switzerland during the drying of grain with a heat
pump installation with a decrease in the moisture content of corn grain from 20 to
15%, revealed great energy efficiency: energy costs are reduced by 4 times compared
to the operation of the dryer on liquid fuel.

When drying grain (up to 14%) of corn with a moisture content of 33.5% with a
heat pump dryer, energy consumption is reduced by 40% (at a heated air temperature
of 44°C).

When the dryer operates with a fully closed cycle, when the drying agent is
heated by the heat of the exhaust coolant, the energy consumption for drying is
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reduced to 71%.

The use of heat pumps in combination with solar collectors allows to increase
the drying efficiency.

Reduction of fuel consumption by thermodynamic methods is possible mainly
by reducing the heat emissions of the grain dryer (its grain drying part).

The method of infrared irradiation is one of the promising physical methods of
food processing. The use of infrared radiation significantly reduces the duration of
heat treatment, due to the lack of thermal resistance of the boundary layer of the
product to the radiant flux, the energy of which is directly absorbed by the surface of
the raw material particles. At the same time, infrared radiation is actively absorbed by
water contained in the product, but is not absorbed by the fabric of the product that is
dried or heat treated. Therefore, moisture removal is possible at low temperatures (40

. 60°C), which makes it possible to maximize the preservation of vitamins,
biologically active substances (BAS), natural (natural) color, taste and aroma of
products that are subject to drying or heat treatment. It should also be borne in mind
that radiation drying has the lowest specific energy consumption.

Although considerable attention is paid to the study and application of infrared
radiation in various fields of technology, the introduction of this progressive method
into the practice of food production is slow. The design of technological equipment
under the condition of infrared energy supply is a rather complicated and time-
consuming process, which is impossible without a developed methodological basis.
The developed methods of calculation of certain types of IR installations cannot
adequately describe a wide range of IR equipment and solve many types of problems
arising in food processing.

For the installation with infrared irradiation of oil material, hardware and design
features at the levels of functional and structural elements and functional and
structural units are determined by the following conditions: firstly, they must provide
(taking into account the initial technological factors of the processing object) the
required level of activity of anti-nutrients and humidity; secondly, constructive
solutions for the organization of infrared irradiation, providing the necessary energy
and technological efficiency of the process.

A number of experimental studies were conducted to prove the effectiveness of
using infrared radiation for drying oilseeds.

During the processing, the product is placed on a metal grate, under which there
are generators of infrared radiation. The essence of the process of processing food
raw materials in the field of infrared irradiation in an open working space is that
electromagnetic waves from the radiation source penetrate the product to a depth of 2
mm and are partially or completely absorbed in it. In this case, electromagnetic
energy is converted into thermal energy, which causes heating of the product. In
addition, the product is heated convectively, i.e. by the hot air of the working space
(175...350°C), and conductively - by the surface of the grate of the apparatus.

As a rule, the processing process in the infrared equipment consists of two
stages: the first stage is the processing of the product at the maximum temperature of
the infrared irradiation source until the formation of a browning crust on the surface
of the product; the second stage is bringing the product to full readiness at a reduced
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constant temperature of the generators. Reducing the temperature at the second stage
is carried out by reducing the electrical power or increasing the distance of the
product to the source of infrared irradiation. Design solutions for the layout of the IR
lamp unit and the generators themselves ensure the achievement of uniform
irradiation in accordance with the requirements of processing the corresponding oil-
containing material, including the content of anti-nutrients.

The results of experimental studies conducted by us show that the reduction of
product moisture from the involvement of an IR irradiator is effective. In addition, it
was found that an increase in the specific loading of both crops to 7.5 kg/m? leads to
an increase in moisture yield, and a further increase in the specific loading is
inappropriate, because moisture extraction does not increase (when drying rapeseed),
or, in general, decreases (when drying soybeans), which can be explained by the
insufficient penetration of infrared rays into the entire loaded product (Figure 1).
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Figure 1 - Dependence of moisture reduction on loading for rapeseed at constant
power.

From these graphs it can be seen that with a smaller load of products moisture is
removed faster and more completely due to the good penetration of infrared rays into
the grain layer.

According to the results of these studies, it was found that drying using an
infrared irradiator at a power of up to 300 W leads to a gradual and complete
evaporation of moisture, but it takes more time; in contrast, increasing the power to
400-500 W leads to faster moisture extraction, but the product is heated faster to the
critical limit, which can significantly worsen its properties (Figures 2-5).
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Figure 2 - Thermograms for rapeseed at variable input.
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Figure 3 - Drying lines for rapeseed with variable loading.
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Figure 4 - Drying Kinetics at constant chamber loading and changing the power
of the infrared field for rapeseed grain.
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Figure 5 - Thermograms for rapeseed at variable power.

From these thermograms it can be seen that at a power of 100 W the heating of
products i1s gradual, but it takes a lot of time. When using a power of 200 W, there is
a sufficiently gradual heating with much less time. At a power of 300 W and above,
the products are heated very sharply.

It is best to use a power of no more than 100 watts. At the same time, the
moisture removal rate is high enough with no risk of product damage due to sharp
heating to critical temperatures (Figure 6).

When drying soybeans with different loads, the tendency to increase the
moisture yield and drying speed at lower loads was also preserved. At loads of 100
and 200g, the moisture yield rate is significantly higher than at 300 and 400 (Figures
7-9).

The graphs show that the fastest and less energy-consuming removal of moisture
from soybeans occurs at a power of 400 W.

To study the influence of technological, energy and design parameters under IR
irradiation on the efficiency of moisture removal from the product, an experimental
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installation was created, the scheme of which is shown in Figure 10.
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Figure 6 - Dependence of moisture reduction on loading for soybeans at constant
capacity.
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Figure 7 - Thermograms for soybean seeds at variable loading.
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Figure 9 - Dependence of moisture content on power for soybeans at variable
power.
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It works as follows: a certain amount of whole grain of rapeseed or soybean is
fed to the belt, obtaining a specific loading value equal to 1.5; 3.5; 5 kg/m?,
respectively. After that, the belt was set in motion at a speed of 0.13, 0.33 or 0.54
cm/s. During the movement of the belt under infrared radiators, the products were
exposed to irradiation of a certain power of 100, 200, 300W. At the same time, one,
two or three emitters were turned on along the belt.
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Fig. 10 - Scheme of the experimental conveyor installation for IR drying:
1 - drive roller; 2 - belt; 3 - tension roller,; 4 - infrared irradiators; 5 - products.

According to the results of the research, it was found that the optimal power for
irradiators is 200 W, and the specific loading of more than 3.5 kg/m? is inexpedient to
use because a large layer of products does not allow infrared rays to process all the
grains, especially at high enough belt speeds. The power limit is set because
increasing the power above 200 W can damage the product due to high temperature,
and the use of several irradiators gives a greater drying effect than one, but with
greater power. Moisture extraction with the help of several radiators is more effective
because the nature of the process is determined by the mechanism of moisture
transfer in the material and the mechanism of moisture transfer from the surface of
the material to the environment through the surface layer, which is located near the
surface of the material. Therefore, drying in several stages prevents the formation of a
crust on the surface of the material, due to which the process of moisture transfer will
slow down. And short breaks between drying stages allow moisture to be distributed
from the middle of the material to its surface.

Conclusions.

The number and designs of grain dryers with various devices for utilization of
exhaust gas heat: heat exchangers, heat pumps and other equipment to reduce the
moisture content of the drying agent, which is reused. But for reasons of
thermodynamic efficiency, it is necessary to deal with the reduction of heat emissions
into the atmosphere as efficiently as possible.

Also, we have created an experimental installation to study the influence of
technological, energy and design parameters under infrared irradiation on the
efficiency of moisture removal from the product.

It was found that the optimal power for irradiators is 200 W, and the specific
loading of more than 3.5 kg/m? is inexpedient to use due to the fact that a large layer
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of products does not allow infrared rays to process all the grains, especially at high
enough belt speeds.

It was also found that an increase in the specific loading of soybean and
rapeseed crops to 7.5 kg/m? leads to an increase in moisture yield, and the subsequent
increase in the specific loading is impractical, because moisture extraction does not
increase (when drying rapeseed), or, in general, decreases (when drying soybeans),
which can be explained by insufficient penetration of infrared rays into the entire
loaded product.
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Anomauin. B cmammi npoeooumvcs O0emanvHull 02180 MEeXHON02I ma MexXHIK CYWIHHSA
3epHa. 36epmaemuca ysaza Ha mpancgopmayii acpaproi npomMuUcio8ocni 8 yMosax GitiHu.

Oouiero i3 0CHOBHUX NPobAeM 3abe3neyeHHs AKICHUM 3epHOM € tlo2o 30epicanns. [lopso i3
NepCneKmuHUMU MemoO0amu Ni020MOBKU 3epHaA 00 30epieanHs, 0coOauU8y y8azy NpeocmasieHo
memody [H-onpominiosanns, K 00OHOMY i3 DI3UUHUX MemOOi8 0OPOOKU Xapuosux npooykmis. 3a
ymosu 3acmocyganus 1H-eunpominoeanHs 3HAYHO CKOPOUYEMBCA MPUBANICMb  MEPMIUHOT
00poOKU, WO 00YMOBIEHO BIOCYMHICMIO MEPMIUHO20 ONOpPY NOSPAHUYHO20 WApy NPOOYKMY
NPOMEHUCMOMY NOMOKY, eHepeisi K020 0e3n0cepeOHbo NO2IUHAEMbCA NOBEPXHEI0 YACMUHOK
cuposunu. Ilpu yvomy [9-eunpominioeanhs axmueHo NO2NUHAEMbCA 600010, AKA MICMUMbCA Y
NpOOYKmi, ane He NO2NUHAEMbCS MKAHUHOK NPOOYKMY, KOMPUL BUCYULYEMBCL AOO NPOXOOUmbs
mepmiuHy 00poOKy.

Knrouosi cnosa: cywinns, 3epro, inhpauepsone UNpPOMIHIOBAHHS, 80JI02ICIb, NOMYHCHICTD,
cos, pinak.
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Abstract. The article provides a detailed review of technologies and techniques of oilseeds
extraction. The principal structural scheme of oilseeds processing is developed.

The main attention is paid to the waste-free oil and fat complex, from the improvement of pre-
press preparation of seeds to the extraction of meals with the output to almost complete extraction
of the valuable component using solvents.

Also, the oil and fat industry has undergone the most effective rate of development due to the
intensification of extraction processes by the influence of various physical and mechanical factors.
One of such factors is the influence of microwave field on the extraction process.

The article presents foreign and domestic studies on the effect of electromagnetic field on the
extraction of valuable components in the food industry.

Key words: extraction, microwave exposure, electromagnetic field, power, hydraulic module,
solvent, pressing, technological scheme, oil and fat industry, soybean, rapeseed.

Introduction.

The oil and fat industry in our country occupies a leading place in the agro-
industrial complex, which is associated with the widespread introduction of scientific
and technological achievements in the food industry, comprehensive intensification
of production and high demand of the world market.

The production of vegetable oils is one of the leading branches of the food
industry of the country. Its main products are vegetable oils - edible and technical.
Edible vegetable oils, along with other products, form the basis of rational human
nutrition. They are used for food both in pure (unchanged) form and in the form of
processed products: margarine, cooking fat, mayonnaise and other products.

Technical oils are used for the preparation of soaps and detergents - household
and technical, as well as oxidized oils used for the production of drying oils,
varnishes, paints and biodiesel fuel. Some types of vegetable oils are used for the
preparation of lubricants for special purposes, solvents for medicines, in the
production of cosmetic products.

Wastes of vegetable oils production are of great economic value. After oil
extraction from seeds - meal - is used as a concentrated feed for livestock, as a raw
material for the preparation of food protein and other products.

Main text.

Seed hulls - husk, husk - are raw materials for hydrolysis production, the
products of which serve as a source for obtaining various chemical products, as well
as roughage for livestock.

The production of vegetable oils has been known since ancient times. Perhaps
for the first time man began to use fruits and seeds of plants, which contain a lot of
easily separated oil, to obtain vegetable oils. Most likely, the first were olive and
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palm oils, which are easy to extract from fruits with very little external pressure. With
the development of technical capabilities, people began to extract oil from fruits and
seeds, which are composed of strong plant tissues and contain relatively small
amounts of oil.

The crushed seeds were usually pre-heated before pressing the oil, as heating
contributed to a more complete and rapid separation of the oil. This is how the press
method of vegetable oil production was formed, the basic sequence of technological
operations of which: cleaning seeds from impurities, separation of shells, crushing the
kernel and seeds, heat (moisture-heat) treatment, pressing - remains virtually
unchanged for centuries.

The extraction method of obtaining vegetable oils is the most effective. It
provides almost complete extraction of oil (oil residue in the skimmed material is less
than 19%). This makes it possible to extract oil even from low-oil materials that are
inaccessible to the most advanced presses.

For a long time, the extraction oil due to the imperfection of the solvents used
and technological equipment was worse in quality than the pressed oil. This led to the
creation of technological schemes of double extraction of oil, which included the
extraction of the main part of the oil from the seeds by pre-pressing, and then
extraction of the remaining oil from the pressed material. Pre-pressing of the oil
allowed to improve the quality of the main part of the oil obtained and, in addition, to
intensify the work of the extraction equipment. Preliminary and final degreasing was
used not only at extraction plants, but also at pressing plants, where the final pressing
of oil was performed on presses that develop high pressure but have relatively low
productivity.

To extract oil from oil raw materials in the world practice of vegetable oil
production there are two fundamentally different methods:

- mechanical oil extraction - pressing;

- extraction of oil in the form of a solution in volatile organic solvents with
subsequent removal of the latter from the solution - extraction.

In the technological schemes of oilseed processing into oil, there are
preparatory, main, auxiliary and additional operations (Figure 1).

In some cases, which are determined mainly by the nature and quality of the
processed oilseeds, various combinations of these methods are used.

The preparatory operations include seed cleaning from impurities, drying, kernel
dehulling.

Technological schemes used both in Ukraine and abroad are shown in Figure 2
(hot pressing) and Figure 3 (cold single pressing).

According to the hot pressing technology, the process is carried out as follows.
Pre-cleaned and dried seeds are poured into the receiving hopper 1 and transported by
a screw conveyor 2 to the roller machine 3. Here the seeds are crushed, turning into a
mint.

The resulting mint 1s fed by conveyor 2 to the three-part roaster 4, where it is
heated. For heating the mint in the fryer is the furnace 10.

The heated peppermint is transported by a screw conveyor 2 to the final press 5.
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Figure 1 - Principal structural diagram of oilseeds processing

ISSN 2567-5273

94

www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 1 (N

Figure 2 - Technological scheme of hot, one-time pressing:
1 - receiving hopper, 2 - conveyor, 3 - grinding-rolling unit,; 4 - roaster 3 - vats;
5 - press; 6 - conveyor for cake selection; 7 - oil collector with pump, 8 - hopper for
cake; 9 - oil storage tank; 10 - oven.

Figure 3 - Technological scheme of cold, one-time pressing:
1 - receiving hopper; 2 - conveyor; 3 - grinding-rolling unit,; 4 - heated conveyor;
5 - press; 6 - conveyor for cake selection; 7 - cake hopper, 8 - oil collector with
pump; 9 - oil storage tank.

The resulting oil passes through the gaps in the zeer cylinder, is collected on a
pallet and drained into the oil collector 7, from where it is pumped by a pump to the
oil storage tank 9. The cake coming out of the press is transported to a special hopper
8.

The operation of the line according to this scheme has a significant energy and
metal consumption of production, in addition, the use of equipment for heating the
oilcake leads to a decrease in oil quality and an increase in the cost of the final
product.

The introduction of such a technological process in the conditions of farms with
small volumes of raw materials production is impossible due to the branching of
operations, which leads to high costs.

The technological scheme of vegetable oil production by the method of cold,
one-time pressing differs from the previous one by the absence of a furnace for heat
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treatment of mint, which somewhat simplifies the technology, but has a sufficiently
large number of units of complete equipment, which in turn leads to high metal
consumption.

Also, during the analytical review of the literature, a generalized classification
of methods that allow accelerating the extraction process was described, taking into
account the fact that the efficiency of extraction largely depends on the method of
preparing raw materials for the process. At this stage, intensification methods provide
the necessary shape, size and dispersed composition of particles, increase the cell
permeability of raw materials. To date, from the known studies, the use of microwave
heating has allowed to intensify the process of heat treatment of raw materials and
extraction of stable soluble substances. Positive results of using electromagnetic pulse
radiation were obtained in the production of food dyes from beets, fruit and berry raw
materials, in the scheme of accelerated maturation of cognac alcohols, in the
extraction of cedar oil from Siberian pine seeds, in laboratory conditions to accelerate
the extraction of fungicides from wood materials in the production of soybean oil, in
the extraction of oils from mint leaves, rosemary, tea tree, sandalwood and other
plants, in the extraction of nicotine from tobacco raw materials [4-8].

The basis of the use of microwaves in the food industry is their ability to heat
products. Here are the positive characteristics of microwave heating in comparison
with traditional methods of food processing:

1) high process speed (thus, drying time is reduced by 10 ... 30 times);

2) short time to enter the mode (does not exceed 1 ... 2 minutes);

3) the material is heated more uniformly (heat is distributed throughout the
volume of the material, regardless of its thermal conductivity);

4) selectivity of the process: wet parts of the material warm up faster than dry,
which is not typical of convection heating;

5) inertia-free heating and the possibility of full automation of the process
(heating can be quickly started and also quickly stopped);

6) high efficiency of the process;

7) significant reduction of heat losses to the environment and reduction of its
pollution (no need to use coolants);

8) reduction in the need for production space by 3 ... 5 times;

9) high bactericidal effect of microwave energy;

10) high nutritional value of products, preservation of vitamins;

11) reduction of service personnel by 10 ... 50%;

12) the possibility of obtaining finished products with new properties.

The use of MHP allows to significantly intensify the technological processes of
food production, to implement waste-free and energy-saving technologies, improves
the economic performance of production and the quality of the product.

Although there are a number of disadvantages that limit the use of processes in
the microwave field in production lines:

- high initial cost;

- insufficiently high operating life of microwave generators (10 ... 15 thousand
hours), while the share of the cost of generators in the total price of the installation is
about 50%;
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- lack of cheap enough containers made of dielectric materials with high
temperature resistance;

- highly qualified personnel is required;

- lack of sufficient reliable material on the dielectric characteristics of food
products and their absorption capabilities when absorbing electromagnetic energy;

- the need for sufficiently strict dosimetric control over the level of stray
radiation;

- lack of sufficient material for economic justification of efficiency and
evaluation of engineering in processes in the microwave field. It should be
emphasized that the prospects of processes in the microwave field are enormous,
especially since the experience of their practical use in food production is positive
Technological processes of food production using pulsed electromagnetic energy,
which makes it possible to significantly intensify the process, very often it is used in
conjunction with other sources of heat - steam, hot air, which allows to obtain the
most rational conditions for the process. In addition, the effect of the microwave field
has proven to be an effective way of pretreatment, which allows to combine the
increase of juice yield due to damage of protein-lipid cell membranes with the
simultaneous inactivation of oxidative enzymes.

Microwave energy supply has unique abilities that create prerequisites for
obtaining new technological effects - volumetric and selective nature of energy
absorption. The selective nature of microwave energy absorption allows varying the
moisture content and quality of water inside the product (free water, physically and
chemically bound, etc.) to create the basis for the formation of various combinations
of temperature, pressure and concentration fields inside the processed product.

The possibility of varying the pulse width of the energy supply gives an
additional opportunity to achieve the destruction of cell membranes without a
significant increase in temperature, and, consequently, to preserve the physiological
active, nutrient and vitamin groups of the native product.

Due to the above features, the implementation of some processes achieves
positive effects that are unlikely to be achieved with old technologies: intensification
of freeze-drying processes, increasing the degree of extraction, drying of thermolabile
products at low temperatures, etc.

Microwave process technologies are used for liquid and gas phases, both under
normal and supercritical conditions. Some examples of the use of microwave
processes in the liquid phase are: extraction of valuable oils, flavoring substances
from plant raw materials, biphenols from animal tissues, polycyclic aromatic
carbohydrates from polyurethane foams, which are used in the monitoring of air and
various solids - soils, precipitation, etc. The second application of microwave
processes is the extraction of dissolved organic matter from water.

In the UK, the use of microwave processes for sample preparation instead of the
Soxhlet method has reduced the process time from 8...16 hours to 30 minutes, energy
consumption by about 90%, while increasing the yield and purity of the extract.
These properties not only reduce production costs, but are also considered more
environmentally friendly. The method allows to determine more than 100 pollutants
from various sources (soil, water, animal tissues, etc.) [14].
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Microwave field processes are widespread in France, where they are used to
determine the amount of fat in meat and dairy products [23]. In Canada, they are used
to analyze the composition of river, lake and drinking water, polluted water of
enterprises, due to the unique mechanism of energy transfer from substances that
strongly absorb microwaves to water. A comparative analysis of the performance of
conventional supercritical CO, extraction and liquid CO, extraction using microwave
energy was carried out. The experimental results were similar, but in the second case
there was no need for high pressure, which significantly reduces the capital cost of
the equipment and reduces its metal consumption [2].

Scientists of the Technological University of Malaysia [14] considered the
problem of using microwave extraction to obtain valuable vegetable oils from tea tree
leaves, rosemary and other plant materials. Ethanol was used as an extractant for
cineole, pinene and terpenoids. Gas chromatography was used to analyze the final
solution, and an electron microscope was used to study the morphological structure of
the cells. It was found that the yield of soluble substances was higher the higher was
the dose of electromagnetic pulse radiation (1 dose is equal to 750 W for 60 seconds).
To study the nature of the effect of the microwave field on the cells of plant material,
photos of tea tree leaves before and after extraction, taken on an electron microscope,
were compared. In the photo, there are noticeably fewer cells that include oils, the
texture of the leaves looks deformed compared to the leaves that were not exposed to
electrophysical influence [23].

The dissertation work of S. Armstrong presents the results of studies of
microwave extraction of fungicides (substances with antifungal properties) from
wood in order to prepare samples for laboratory analysis. The experiments showed
that the longer the extraction time, the higher the yield of the final product. Optimal
conditions for fungicide extraction: power - 90 W, time - 15 minutes. High power can
lead to overheating and destruction of substances.

It was found that important components do not degrade under the influence of
microwave energy. In order to understand the mechanism of microwave energy effect
during extraction, two wood samples (with and without field exposure) were studied
under a microscope. As a result, the following process mechanism was proposed. The
capillaries of the tree are cylindrical, hollow in the middle, passing through
themselves water with nutrients along the tree. Capillaries hold a large amount of
water and under the influence of microwave energy can overheat, because the
solution can not give off heat as fast as it absorbs. Microwaves interact with the
solution and free water molecules, resulting in localized overheating. As a result,
there is a heterogeneous temperature increase to the boiling point of water, and
sometimes - higher. Consequently, the pressure in the middle of the capillaries
increases, the walls of the capillaries can not withstand and collapse, allowing
substances to freely escape into the extractant. Photographs of samples confirm this
theory: capillary ruptures are visible on the image of the sample after microwave
extraction.

The dissertation of V.G. Terziev [15] considers the possibility of improper use
of PMWP in the production of spirits. Experiments on the extraction of oak wood
with water in the boiling mode showed that the processes in the microwave field
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achieved a concentration of 1.5%, which is 5 times higher than with conventional
electric heating. This discrepancy is explained by the effect of barodiffusion.

All of the above shows that the use of microwave processes for the extraction of
plant raw materials requires less time for the process itself. At the same time, the
yield and quality of the resulting product increases with less energy consumption.

In addition to the above positive qualities, extraction of plant material by means
of microwave field does not require high pressure, has a selective extraction ability,
does not require serious capital investments, does not require preliminary drying of
the material, however, this technique requires accurate determination of the
parameters of the microwave field, for which the generator must be designed so that
the most important parameters of the process can be easily controlled. The speed and
the possibilities of variation of this technology open up great opportunities for further
activities.

Intensification of the process of extraction of target components from plant raw
materials.

As a rule, the latest technologies arise following the formation of new
requirements for product quality. Currently, the transition from quantitative to
qualitative indicators is primarily related to the food industry.

Recently, attention to the development of modern technological processes,
including the extraction process, has increased, as evidenced by a large number of
scientific works in this area.

The greatest opportunity to intensify the extraction process is associated with the
effect on the mass transfer coefficient, which depends on the hydrodynamics of the
process, that is, on the speed of relative motion of the solid phase. This speed is also
called the flow velocity. With an increase in the speed of the extractant relative to the
raw material particles, the molecular transfer mechanism changes to convective and
sharply reduces the size of the diffusion boundary layer. The choice of optimal
hydrodynamic conditions makes it possible to replace expensive extractants with
more affordable ones and, of course, reduce the costs associated with the grinding of
raw materials.

When studying the effect of electromagnetic field on the extraction of oil from
rapeseed and soybean, the results of significant intensification of the process were
obtained. They showed that the yield of the target component during the
intensification of the electromagnetic field is on average 30% higher than the
extraction by the traditional method of infusion for a long time, and the time saving
was 97%. Thus, in the study by the infusion method, the extraction lasted 5 hours,
and when intensified by an electromagnetic field - 10 minutes with a difference in oil
concentration up to 40% [12,15,16].

In our study, we used experimental stands Nel and Ne2 (Figures 4,5). The main
elements of bench Nel were a chamber, which, thanks to the magnetron, created a
microwave field, as well as a container in which the extraction process was carried
out.

The stand provided regulation of the microwave field power. The principle of
operation of the experimental stand is as follows: in a container with the product 3,
the extraction process takes place under the influence of a microwave field in
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chamber 1. The extractant vapor enters the reflux condenser 2, condenses and flows
back into the reaction vessel with the sample and solvent.
The range of experimental studies on the installation Nel is shown in Table 1.
The main factors affecting the extraction process are the size of the raw material
fractions (d, mm), the presence and power (N, W) of the pulsed electromagnetic field
(PEM field), the hydraulic module of the extract (§), temperature (t, °C), extraction
time (1, s), solvents: alcohol C;HsOH_hexane C¢H 4.

Figure 4 - Stand for oil extraction Nel:
1 - microwave chamber; 2 - reverse water cooler; 3 - container with the product.
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The principle of operation of the unit Ne2 (Figure 5): seeds of the studied oil-
containing crops of rapeseed and soybean are fed into the fitting with a container for
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filling with solid phase 1, the solvent enters the extraction tank 4 through the fitting
with a container for filling with solvent 2. The solvent condenses in the reflux
condenser 3. Extraction intensification takes place in the electromagnetic intensifier
5.

During the study, the temperature of the product at the inlet 7 and at the outlet 8
of the microwave intensifier, as well as the temperature of the intermediate coolant 6,
were measured using sensors.

Figure 5. Extractor with microwave intensifier (MHI):
[ - fitting with a container for filling the extractor with a solvent,; 2 - fitting with a
container for filling the reaction volume with a solid phase; 3 - reflux cooler,

4 - extractor, 5 - electromagnetic intensifier, 6 - sensor for measuring the
temperature of the intermediate coolant; 7 - sensor for measuring the temperature of
the product at the inlet to the microwave, 8 - sensor for measuring the temperature of

the product at the outlet of the microwave.

Characteristics of the experimental setup Ne2 for research (Table 2).

Table 2 - Characteristics of the extractor with microwave intensifier (MHI)

Installation characteristics Quantity
1 2

volume of solvent (V) 0,008-0,015 m?
mass of oil-containing rapeseed (Mn;,) 2-5kg
mass of oil-containing soybean seeds (Mnj) 2-5kg
extraction time (1) 15-32 min.
mass of rapeseed oil yield (Mo,) 0,83-2,10 kg
soybean oil yield (Mo,) 0,40-1,00 kg
MHP power (N) 0,8-1,2 kW/kg
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The temperature of the intermediate coolant sensors located at the inlet and
outlet of the microwave intensifier was measured at intervals of 2 minutes (Figure 6).
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Figure 6 - Dependence of temperature on time in the process of extraction of
rapeseed and soybean with ethanol in the extractor with MX intensifier.

As can be seen from the figure, the temperature of the micelle at the outlet of the
MHI is the highest and during the study its maximum value was 59° C, at the inlet the
maximum temperature was 56° C, and the temperature of the intermediate coolant
was no more than 48° C at the end of the study.

During the extraction, samples were taken every 7 minutes to determine the
concentration of mesta (Figure 7).

12

35

Figure 7 - Dependence of concentration on time in the process of extraction of
rapeseed and soybean oil with alcohol in a microwave intensifier:
1) rapeseed+alcohol, 0.5-1 mm whole seed, 1:4, 800 W, 2) soy + alcohol, 0.5-1 mm
whole seed, 1:4, 800 W.
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For the study, rapeseed and soybean seeds crushed to a fraction of 0.5-1 mm
were used as the most effective in extraction. The ratio of solid and liquid phases is
1:4. The microwave field power is 800 W.

An important indicator of the obtained samples of rapeseed and soybean oil is
their chemical composition. The samples were examined in the laboratory of PJSC
"Vinnytsia Oil and Fat Plant". The samples fully met the requirements of "SSTU
4534:2006 Soybean oil. Technical specifications" and "SSTU 46.072:2005 Rapeseed
oil. Technical conditions".

The effectiveness of the use of polar solvent ethyl alcohol for this process is
confirmed by the results of gas-liquid chromatography, which show that under the
action of an electromagnetic field, this solvent intensifies the release of biologically
active substances, in particular tocopherols Cy9yHs0O,, from rapeseed and soybean
seeds in addition to fatty acids. The content of tocopherols in the studied samples of
oils obtained using a microwave intensifier is on average 2 times higher than in oils
obtained by the traditional method.

In the scientific and technical literature devoted to the extraction of oils with
hexane and ethyl alcohol solvents from soybean and rapeseed seeds under the action
of a microwave field, there are practically no data on the mechanism of the process,
phase equilibria, kinetics of mass transfer.

The use of the method of dimensionality analysis, obtaining the parameters of
the combined extraction process was used in this work to process the experimental
data and derive the criterion equation from the classical similarity numbers, taking
into account the values of the parameters to get to the calculation of the extraction
apparatus:

Sh=A4-8c¢°-5"-Bu’ | (1)
where A, o, w, o are dimensionless constants;
Sc - Schmidt number, which shows the ratio of the amount of flow movement
to the diffusion flow;
C - hydromodulus;
Bu - Bourdeau number, the number of energy action.

Constants A, o, 7, 6 of equation 1 were determined experimentally.

The constant o for the Sc number was taken equal to 0.33 as the influence of the
Sc number in traditional mass transfer problems is usually established.

For the dimensionless complex of the solid-liquid phase ratio, the constant © was
determined from the graphical dependences (Figures 8-9) of the hydromodule on the
complex Z for the conditions "rapeseed-alcohol", "rapeseed-hexane", "soybean-
alcohol", "soybean-hexane".

Z=Sh/Sc%% (2)

The coefficient ¢ for the energy number Bu was determined from the graphical
dependence of the number Bu on the complex C (Figure 10).

C=Sh/(Sc"*3-(™) 3)
The constant A was determined by the dependence:
A=C/Bu° 4)
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ratio on the complex Z for the conditions ""soybean-alcohol", "rapeseed-

alcohol".

C=f(Bu) tg=07

Bu

MM, 1:3, 3 M, 10%8.,
78,3C, 42581

MM, 1:3, 3 MX, 10x8.,
78,3C, 12781

MM, 1:3, 3 M, 10%8.,
78,3C, 255 B1

—e— COA+CIMET, MK 2-4
MM, 1:3, 3 MX, 10x8.,
78,3C, 42581

*  COA+CMWAT, MUK 2-4
MM, 1:3, 3 MX, 10x8.,
78,3C, 255 B1

& COA+CIMPT, MUK 2-4
MM, 1:3, 3 MX, 10x8.,
78,3C, 12781

MM, 1:5, 3 MX, 10x8.,

4 PiNAK+COMPT, KMHK 2-4

—=— PiNaK+CIMPT, MUK 2-4

—— PINAK+CNHAT, KUK 2-4

—l piNaK+CNHPT, KUK 2-4

Figure 10 - Dependence of the energy action number Bu on the complex C for

C=f(Bu) tgF0 2

Bu

—b— pinartTeRCEH, NMHX 2-
dym, 1:3,3 MK, 10
xp, 68,7 C, 425 Br

—— pinartrencan, mmmx 1
4mm, 1:3,3 MK, 10
b, 68,7 C, 127 Br

—4— piMarTERCAH, TMHK 2-
dwm, 13,3 MK, 10
xn, 68,7 C, 235 Br

—+— piMaRTERCAH, TMHX 2-
dum, 15,3 MY, 10
xp, 68,7 C, 255 Br

a¥  piNartTeRCRH, NMHX 2-
4um, 15,3 MK, 10

~  xn,687C 425 Br

—+— pinartrencan, mmmx 2
dmm, 1:5,3MK, 10
xp, 68,7 C, 127 Br

—l— CORFTe oAk, HMHX 2-4
m, 1:3, 3 M, 102z,
63,71C, 423 Br

—— CORFTECaK, HMHE 2-4
mo, 1:3, s M, 10 xs,

68,7C, 235 Br

the conditions '"soy-alcohol", "rapeseed-alcohol', '"soy-hexane", "rapeseed-
hexane"'.

ISSN 2567-5273

104

www.moderntechno.de




Modern engineering and innovative technologies Issue 25 / Part 1

The calculations of the values of mass transfer coefficients and similarity
numbers for the conditions of studies of extraction of oil-containing rapeseed and
soybean under the influence of the microwave field are presented.

As a result of the determined constants from the graphical dependences and on
the basis of calculated and experimental data, the criterion equations for the
conditions "rapeseed-alcohol", "rapeseed-hexane", "soybean-alcohol", "soybean-
hexane" were obtained:

For rapeseed with alcohol: Sk =1,7-5c -¢** - Bu®’ 5)
For rapeseed with hexane: Sh=0,9-Sc”* -¢c%* - Bu®? ()
For soybean seeds with alcohol: Sk =18-Sc"” -¢** - Bu®’ 7
For soybean seeds with hexane Sk =0,7-Sc¢”* - ¢** - Bu"’ 8)

Analysis of experimental and calculated data of dependences (5-8) showed that
the calculation error is within 16% [1-27].

Conclusions.

Thus, the extraction of plant material by microwave field does not require high
pressure, has a selective extraction ability, does not require serious capital
investments, does not require preliminary drying of the material, however, this
technique requires accurate determination of the parameters of the microwave field,
for which the generator must be designed so that the most important parameters of
the process can be easily controlled. The speed and possibilities of variation of this
technology open up great opportunities for further activities.

The positive characteristics of microwave heating in comparison with traditional
methods of product processing are: high speed of the process (for example, drying
time is reduced by 10 ... 30 times); short time to enter the mode (does not exceed 1 ...
2 min. ); the material is heated more homogeneously (heat is distributed throughout
the volume of the material, regardless of its thermal conductivity); selectivity of the
process: wet parts of the material are heated faster than dry, which is not typical of
convection heating; inertia-free heating and the possibility of full automation of the
process (heating can be quickly started and also quickly stopped); high efficiency of
the process; significant reduction of heat losses to the environment and reduction of
its pollution (no need to use coolants); reduction in the need for production space by
3 ... 5 times; high bactericidal effect of microwave energy; high nutritional value of
products, preservation of vitamins; reduction of staff by 10 ... 50%; the ability to
obtain finished products with new properties.

Although there are a number of disadvantages that limit the use of processes in
the microwave field in technological lines: high initial cost; insufficiently high
operating life of microwave generators (10 ... 15 thousand hours), while the share of
the cost of generators in the total price of the installation is about 50%; lack of cheap
enough containers made of dielectric materials with high temperature resistance;
highly qualified personnel is required; lack of sufficient reliable material on the
dielectric characteristics of food products.
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Anomauyia. B cmammi npogooumvcsi OemanbHUuli 027110 MEeXHOA02iU ma MexXHIK
eKCmpazy8anHs ONUHUX Ky1omyp. Po3pobneno npuHyunogy cmpykmypHy cxemy nepepooxu oniuHoi
CUPOBUHU.

OcHogHy ysazy npuoineno 6e38i0X00HOCHI ONIUHO-HCUPOBO2O KOMNIEKCY, 8i0 YOOCKOHANEHHS
00npecoBoi ni02omosKU HACIHHA © 00 NPOBEOEeHHS eKCMPA2yB8aHHs WpPOmie i3 8UX000M 00 Matiice
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NOBHO20 BUNYUEHHS YIHHO20 KOMNOHEHMY 3a 00NOMO2010 PO3UUHHUKIE.

Takooic HatleheKMuBHiU020 MeMny PO3BUMKY 3A3HANA ONIUHO-HCUPOBA 2ATY3b 3d PAXYHOK
IHMeHCUhiKy8anHs Npoyecie BULYYEeHHs WIAXOM BNIUBY PIZHOMAHIMHUX (DI3UUHUX MA MEXAHIUHUX
gaxmopis. OOHuM i3 MaKux paxkmopis € 6NaU6 MiKPOX8UILOBO2O NOJIA HA NPOYEC eKCMPA2y8aHHSL.

B cmammi nasoosmvca  3apydidicni  ma  GIMUUHAHI  OOCHIOMCEHHs 13 GNAUBY
e1eKMPOMAHIMHO20 NOJIAL HA NPOYECU GUTYYEHHS YIHHUX KOMNOHEHMIB 8 XAP408ill NPOMUCTIOBOCHI.

Kniouosi cnoea: excmpazysanus, MIKpOXGUNbOBULL 6NIUB, eN1eKMPOMAHImMHe noJe,
NOMYHCHICMb, 2IOPOMOOYIlb, POZYUHHUK, NPECYBAHHS, MEXHOIO02IUHA CXeMa, ONIUHO-JHCUPOBA 2al)3b,
cos, pinax.

Crarts Bignpasiena: 17.01.2023 r.
© KomstHOBCBKA JI.M.
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Anomauia. Ilposedeno amaniz 3miulyeauié pisHUX KOHCMPYKYIU, GIO3HAYEHO iX CMYNIiHb
BNIUBY HA cepedosuuje, ad MaKodC HeOONIKU Npu 8UOOPI GiON0GIOHUX napamempis y Npo8eoeHHI
MOOepHI3ayii, peKoHCMPYKYii 0e He 8PaAxX08yeEmMbCs HeoOXIOHA MIKpOCMPYKmMYpa Hanisgabpuxamy,
WO BU3HAYAE 11020 NOBEOIHKY | AKICMb.

Poszenanymo  3miwiysamna Ak uucmo  MeXawiyHuti npoyec  83AEMHO20  (POpMYBaHHA
biononimepHux mamepianie 6 yMoeax meuii 3cy8H020 0eOpMy8aHHs, ICHYBAHHA B3AEMO38 SI3KIG
MIdIC memMnepamypoio, NPUKIA0eHUM 3YCUTLIAM, 8CEOITYHUM CMUCKAHHSA, 3 00HO20 OOKY, 1 IHWUMU
81ACMUBOCMAMU OIONONIMEPIB, 3 IHULO2O0.

Biosnaueno, wo euxopucmanns ncesoo3piodxcenus ma 6ibpayii 6 nepioo 003)6aHHS
KOMHOHEHMI8 Ha cmaoii 3Miuly8anHs cnpusie inmencugbikayii 63aemooii oucnepcHoi gazu, moomo
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SAK NPUHYUN OUCKPEMHO-IMNYTbCHO20 66edenHs eHnepeii ([{IBE) i3 inwumu ¢izuunumu egpexmamu
CMBOPIOE WBUOKI 3MIHU PYXY KOMHIOHEHMIS.

Poszenanymo mamemamuunuii onuc npoyecy opmyeanHs nomoxy piouHu ma OUCNepCHO20
NOMOKY 4aCMUHOK O6OPOWHA, YMBOPEHUX 8I6P0003amMOPOM GOPOWHA | PO3NUTIOIOUOI0 OPCYHKOIO
(Hacaokor). Ompumaro @YHKYIOHATbHY 3ANeHCHICMb DIBHOMIPHOCMI YMBOPEeHHS OVIbOAULOK
cepedosuwja  6i0 mpvox ¢paxmopie vi=f(h,V,v;). Ilepesipxa o0O0HOpiOHOCMI Oucnepcill,
A0eK8amHICMb OMPUMAHOT YHKYIOHANbHOT 3A1eHCHOCE ma NOULYKY ii Onmumymy 6UKOHAHO 8
cepedosuwyi Komn tomepHoi mamemamuxu Maple.

Kniouoegi cnosa: smiutysay, micmo, nce8003piodceH s, MOOENOBAHHS.

Beryn.

HanpsiMmku migBUILIEHHS SKOCTI YTBOPEHHS CyMIIIEH NpW 3MillyBaHHI Yy
Xap4yoBiil Ta (apmarleBTUYHIN TPOMHCIOBOCTI, € aKTyaJdbHUMH. TOMY ChOTOAHI
MPUIIISETCS BEJIMKA yBara, sik y Hallliil KpaiHi, Tak 1 3a KOpJIOHOM. AJI’K€ B yMOBax
PUHKOBOI €KOHOMIKM HaWKpamuM Oyze TOW mpouec Ta o0JaJHaHHA, 110 ONTHUMIZYE
TEXHOJIOT1YHI MPOIIECH 3 MEHIITUMHU CHEPTETUYHUMH Ta MaTePiaIbHUMH BUTPATaAMH.

BopormHo € omHuM 3 HAaHOUIBIIT MOMYJSIPHUX TMPOIYKTIB MEPEepoOKU. Y BChOMY
CBITI MPOCTO Bpa)karoua KiJIBKICTh CIOXKMBAHOTO OOpOITHA B po3Mipax, (opmax,
TEKCTYpl 1 CMaKy pi3HUX BHU[IB BUTOTOBJIEHWX HamiBpadOpukatiB. [IpuroryBaHHs
HamiBpaOpUKaTy B KOMIUIEKCI 3aJIeKUTh HE TUIBKH Bijl BXIAHHX IHTPEMIEHTIB, a |
napameTpiB 00JIaHAHHS Ha SKOMY BOHH TMepepoOssitoThes. HeoOXigHO BIAMITHTH,
AKuM O0U “‘cydacHuM” Ta “eexkTUBHUM’ HE OyJM 3MilTyBadi, 0e3 sIKICHOI CHPOBUHU
OTPUMATH SKICHUH TIPOTYKT HEMOKIIHBO.

3aeb6inbiioro, oOfagHaHHS ISl 1€l omepanii oOWparTh BUXOJAYU 3
0COOMBOCTEW BUPOOHMIITBA, 33JaHOI MPOTYKTUBHOCTI, XapaKTEPUCTHUK CHUPOBHUHH,
MOKa3HUKIB SKOCTI FOTOBOI CyMIllll Ta& €KOHOMIYHUX MOKIIMBOCTEH MIANPUEMCTBA.
MexaHiyHe NepeMilllyBaHHS Yy XapyoBiil NPOMHCIOBOCTI HaAOyJ0 HAWMIMPLIOro
BUKOPUCTAHHA 3aBJSKA CBOIM BIJHOCHIM MPOCTOTI, a TaKOX PI3HOMAaHITHOCTI
TUIIOPO3MIPIB 1 KOHCTPYKI[IH 3MIIIyBajJbHUX pOOOYMX OpraHiB. K CTBEPIKYIOTH
apropu [1], poboui opraHu HE TUIBKK CIYy>KaThb [JIsi TEPEMIIIyBaHHS, ajie €
YHIBEPCAJTLHUM 3ac000M JUIsi TOMOTEHi3allii MagoB'SI3KUX i B'S3KUX CepeloBHII. IX
e(eKTUBHICTh BUKOPUCTAHHS € BHUIIOIO, HIXK 1]l YaC PO3UUHEHHS Y CTalllOHAPHOMY
mapi KOMIIOHEHTIB. IM HaleXuTh PIBHOMIpHMII Ta iHTEHCHBHHII MacOOOMIH Mixk
TBEp1010 (ha3010 Ta PIAUHOIO.

TexHOOoT1YH1 MAllIMHU PI3HUX KOHCTPYKIIH PO3PI3HAIOTHCS CTYNEHEM BIUIMBY
Ha KoMIioHeHTH [2]. [le¥ BIIMB MPU3BOAUTEL 1O OTPUMAHHS KIHIIEBOTO MPOIYKTY 3
HEOJHAKOBUMHU CTPYKTYPHO-MEXAHIYHAMH BJIACTHBOCTSIMH Ta TOTOBOI MPOIYKIIii
pizHOi siKOCTI. BuBYEHHS BIJIMBY OKpEeMHUX 3MIIIyBauiB Ha BIIACTUBOCTI
HaniB(paOpuKaTiB 103BOJISIE POOUTH TOMIYK Y 1X HAMOLIBII AOMIIBHUX KOHCTPYKIIISAX
10 MiA00PY ONTHUMAIBHUX PEXKUMIB 3MIIITYBaHHS.

ABTopu Bim3HavaroTh [3,4], mo0 y MmaHWA dYac TpW BUOOpPI TAKOTO
TEXHOJOTIYHOTO OOyiagHaHHs a0o0 TMPOBEIEHHI MOJEpHi3alii 3 BiANOBIIHUMHU
rnmapaMeTpaMl HE BPaxOBYEThCS HEOOXigHA MIKPOCTPYKTypa HamiBdaOpukaTy, II0
BM3HAYa€ MOro MOBEAIHKY 1 AKicTh. Hepiako icHyroue ycTaTKyBaHHS OOyMOBJIEHE
chOpMOBAHUMH TPAAMIIISIMHU, TOCTYIMHICTIO HWOrO BUTOTOBJIEHHS, a00 HEMOBHUMHU
3HAHHSAMU MPO JaHUM mpouec. ToMy NMEepCHeKTUBHUM HAIPSIMKOM IPH 3MIlIyBaHHI
CyMillli KOMIIOHEHTIB € BHUKOPHCTaHHS HOBOTO TOKOJIHHA OOJIaHAHHA, IO
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J03BOJIMIIO O 301IbIIYBAaTH TYpPOYIIi3alliio 1 MUPKYJISII0 TOTOKIB MPH OJHOYACHOMY
3HWKEHH1 €HePrOCIOKUBAHHSA 1 METAJIOEMHOCTI.

Po3pobka KOHCTPYKIT OOJagHaHHA s TNPUTOTYBAHHS PIAKUX BOJHO-
OopouHsIHUX HamiB)aOpHUKaTiB, eMyJbCiii, CyCHeH31i BITYM3HSHOTO BUPOOHMIITBA
ChOTOJIHI MpPAaKTUYHO BIACYTHS, a ICHYIOUYl - JIOCUTh KOHCEpBaTHBHI Ta
Manoe(deKTUBHI. Y IHUX MalluHaX ci1ad0 BUPIIIEHI BUMOTH, 1110 CTaBUTh CYYacCHICTb.
YacTtkoBo BijicyTHS a00 He30amaHCcOBaHa Jisi pOOOYOro OpraHy Ta pobOodoi Kamepu
MAaIlIMHH, HE TIepeA0adyeHo peryIioBaHHS PEXUMY 3MIITyBaHHSA, 10 MPU3BOIUTH J0
MIJBUILEHHS HAarpiBy cepeoBuUIIa 3 HE IOCTaTHBOIO HOTO aepalli€ro.

OTxxe, HAYKOBI JOCHIDKCHHS Yy I1id 00JlacTi 3HaHb BIJKPUBAIOTH LUISAXH IS
MOJIEpHI3aIlli ICHYIOUMX Ta pPO3pOOKHM HOBUX KOHCTPYKIIH 3 HEOOXITHUMU
napamerpamMu. Ha Ham mornsg OJHUM 13 MOXKIMBUX IUISIXIB  YJOCKOHAJICHHS
3MINIyBaHHS € CTBOPEHHS IMCKPETHO-IMITYJILCHOTO BIUIMBY, MyJbCAIliii THCKY Ta
IIBUJKOCTI PIAMHHOTO MOTOKY, PO3BUHEHOI TYypOYJIEHTHOCTI B JIOKAJIBHHUX 00’ €Max
IIOTOKY B poOOUYiii KaMmepi MaIlliHH.

AHaJi3 0CTaHHIX X0CJIiI7KeHb.

[IpoGnema pO3YMHEHHS TBEPAUX YACTHHOK (OOpOIIHA) Yy MPOMHCIOBOCTI
BUPIIIYETHCSI  PI3HUMH ~ METOJAMH: 3  MEXaHIYHUM a00  TMHEBMAaTUYHUM
MepEMIITYBaHHSM, 13 TICEBIO3PIIKEHUM IIAPOM, TIEPEMIIITYBAHHS CTPYMEHEM PIANHU
a00 MOBITPS, 3 PyXOMHUM ab0 CTAI[lOHAPHUM IIAPOM TBEPIOT (ha3u.

Bigomo [4], mo OopomHO 1€ BHUCOKOMOJICKYJISIpHHI —OiomodiMep B
po31po0JIeHOMY (JIMCIIEPCHOMY) CTaHI1 1 € MOPOLIKONOAI0HUM afcopOerToMm. [Tutoma
IIOBEPXHS PI3HUX COPTIB MIIEHMYHOr0 OOPOINHA KOIMBAETHCA y Mexax 60...270 m?
/xr [4]. BopomiHo, 0cO0JIMBO 3 TBEPIAUX COPTIB MILEHMUIIL, CKIATAETHCS 3 TUCKPETHUX
YaCTMHOK. XO4Ya Il YACTHUHKU MPEACTaBISAIOTHCS MaJICHbKUMM, HACHpPaB/l BOHHU
nocuth Benuki (100...200 mMxm), HabaraTo OuIbIIE TpaHyl kpoxMaito (5...40 MKM) 1,
3BUYAITHO, OLIBIIIE MOJIEKYJT O1IKA.

[Ipu ¢opmyBaHHi O10MONIMEPHUX MaTepiajiiB OCHOBHE 3HAYCHHS MalOTh
mpoiiecu Teuli B yMOBax 3cyBHOro nedopmyBanHs. [Ipu Oyap-sikiil mMBUAKOCTI mii
po0OOYHX OpraHiB ICHY€E B3a€MO3B 30K MK TEMIIEPATYPOIO, MPUKIIAJICHUM 3y CHILIISIM,
BCEOIYHOTO CTHCKAHHSA, 3 OJHOTO OOKY, 1 THIIMMHU BJIACTHBOCTSIMH O10TMOJIMEPIB, 3
iHmoro. BuBuUeHHsAM BCiX acmekTiB naeopMyBaHHS CEpENOBHINA IIiJl BIUIMBOM
MPUKJIAJCHUX HAMPYKEHb 3aiMA€ThCA CIIEHIAIbHAN PO31T MEXaHIKH — PeoJioris [5].

B mpaui [6] CrpeHk Bij3Ha4ae: CTBOPEHHS SIKICHOI CyMiIll HE PIBHO3HAYHO
OTPUMAaHHIO PIBHOMIPHOI KOHILIEHTpAllli YaCTUHOK TBEPAOIrO TUIa B PIAMHI Y BChOMY
00’emi amapata. YacTo Takoro cTaHy JOOUTHUCS HEMOXJIMUBO. YTiM, 1€ ¥ He
000B’s13K0BO. PIBHOMIpHa KOHIIEHTpAllisl CyCcHeH3li y BCbOMYy 00’€Mi 3MilllyBaya,
ICTOTHOTO 3HAYEHHSI HE Mae€, ajie BaXJIMBO, 00 BCl YAaCTMHKUA TBEPAOrO Tija
3HAXOJUJIMCS Y PIAUHI B MiABIIIEHOMY CTaHi. TakoXX HEOOXITHO CTBOPUTH JOCHUTh
BEIIUKY TYpOYJEHTHICTh PITUHU HABKOJIO YACTUHOK 3 METOIO 3MEHIICHHS TOBIIMHU
JaMIHApHOTO IIapy HAa MEXI piuHA — TBEPE TLIO.

Otxe, mpollec 3MINIYBaHHS PO3IMIISIAETHCA SK YUCTO MEXaHIYHHUM MpoIiec
B3aEMHOTO TPOHUKHEHHS. MeTa TPOHMKHEHHS CHpPSIMOBaHA Ha OTPUMAHHSA
MaKCHUMaJbHO OJHOPIIHOTO CYLIIBHOTO cepefoBulla. B3aemonis YacTHHOK
CYIUIBHOTO CEpPEJOBUINA 3 OAHUMHU (PI3MUHUMH BIIACTUBOCTSMU MDK YaCTHHKAMU
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CYIIJILHOTO CepeoBUIlla 3 I1HIMMMU (I3UYHUMH BJIACTUBOCTSIMH CTBOPIOE HOBI
BJIACTUBOCTI, 1110 BiJIPI3HSIOTHCS BiJl BIACTUBOCTEH 3MINTYBAHUX CEPEIOBHIIL.

ABTOpaMH CTatTTi [7] PO3MISIHYTO MOJIENl MCEBIAO3PIIKEHHS MOJIIUCIIEPCHUX
cycriensiil. Ha ocHoBI (hi314HOT CyTi mporiecy 0yJio 3alpONOHOBAHO CUCTEMY PIBHSHb
U1 MaTeMaTUYHOTO MOJIECIIOBAHHS KHUIUISTYOTO LIapy MOJIITUCIEpCHOI cycrnensii. B
poOOTI HaBeneHO PIBHAHHSA, Tpadiku Ta AlarpamMH 3a pe3ysbTaTaMu JOCIIJKEHb.
Hepnonikom 3amponoHoBaHOi MOJENI € Te, 110 BOHA HE BPAaxOBY€ PI3HY IIBUJIKICTb
PYXy YaCTHHOK.

VY pobotax [9,10,11] HaBeaeHO 3MilTyBay, 10 MICTUTh UAJTIHAPUYHUN KOPITYC 3
THUIIEM, KPUIIKOIO 1 nmarpyOKamMu, BEpTUKAIBHHUIA Bajl 3 Taplib4acTUMH POOOUYUMHU
opraHamMu, a TaKOX 3MOHTOBaHI Ha BHYTpIIIHIM MOBEPXHI KOPIYCy TralbMiBHI
enemenTu. Tak B po6oti [10] Big3HAUEHO, 110 BUKOPHUCTAHHS TCEBAO3PIIKEHHS Ta
BiOpanii B mepioJ [03yBaHHA KOMIIOHEHTIB Ha MepuIiid crajaii 3MillyBaHHS
1HTeHCU((DIKYE TEXHOJIOTTYHHM Tporec 13 aucrnepcHoro (azoro. el miaxin, skuii
Ha3BaHMI IPUHIIUIIOM JTUCKPETHO-IMITYIbcHOTO BBeieHHS eHeprii ({IBE), 6a3yerncs
Ha KOPUCHOMY BUKOPHCTaHHI 3rajlaHUX BHWINE MEXaHIYHUX Ta I1HIMMX (DI3UIHUX
edekTax, 110 BUHUKAIOTh B TICEBIO3PIPKEHOMY CEPEIOBUIII MTPH MBUAKINA 3MIHI PYXY
KOMITOHEHTIB Ta BHYTPIIIIHOTO THCKY.

Ineonoris JIIBE mae Ha yBa3i HasBHICTh B yTBOPEHIM PIAKiA (a3l BEIUKOI
KUIBKOCT1 PIBHOMIPHO PO3MOJUJIEHUX YacTHHOK OopormrHa, OynbOamok. [ToBeminka
Oyl1b-SIKO1 OKpPEMOi YaCTUHKHM BU3HAYAETHCS BILIMBOM HAWOIMKYMX 1HIIUX CYCIAHIX
YaCTUHOK. /[MHaMIuHI XapaKTEpUCTUKHU B JIOKAJIbHIM TOYIL PIAUHU PO3IISAAIOTHCA 3
ypaxyBaHHSIM BIUIMBY BCiX YaCTHHOK TO3YHOUMX KOMIMOHEHTIB. Lle mpu3BoguTh 110
YTBOPEHHSI BCEPEUHI PIIMHHOI (pa3H XaOTUYHOTO, O€3MepepBHO 3MIHHOTO B 4acl 1 B
MPOCTOP1 MOJIIB IMIBUAKOCTEW 1 THCKIB. MikpoTeuiss B MIXX(pa30BOMy MHPOCTOpPI Mae
BUXpOBUH xapaktep. Lle hopMye mosst TUCKIB 1 IIBUIKOCTEH, 10 HATaTyIOTh 32 CBOIM
XapaKTepOM BIJIMOBIJIHI MOJIST Y TypOyJ130BaHOMY MOTOLIl PIUHU.

TakuMm YHMHOM, MPOCTOPOBO-YACOBA CTPYKTypa TMOTOKY IMPH IMIIYJIECHOMY
BBEJICHHI €HEeprii € yTBOPEHHS M0OJM3y MOBEPXHI po3aAilny ¢da3 KOHIIEHTPOBAHUX 30H
JMCHIIAIIT €Heprii, 10 MEePEeBUIIYIOTh TUCHUIAIII0 SHEPT1l IPH 3BHYANHUX criocobax
MIPOBE/ICHHS TPOIIECy Ha JACKUIbKa MOPSAAKIB. BHACHiAOK IIOTO B MPUTPAHUYHOMY
mapli poO3BHBAIOTLCA PI3HOTO POAY MOTYXKHI (akTopu, SKI I1HTEHCU]IKYIOTh
MepeHeCceHHsl Teruia 1 Macu. Bce 1ie mpuBOAWTH 10 MIJABHUINCHHS 1HTeHCcH]IKarii
TEIIOMacOOOMIHY Ta JI0AaTKOBOTO 3MIIITyBaHHS.

OxkpiM T1APOAMHAMIKH TPOIIECY, BAXKIMBOIO XapaKTEPUCTHKOI PO3UYMHEHHS € i
kiHeTuka. CymapHa IIBUIKICTh MPOIIECY PO3UYMHEHHS BH3HAYAETHCS 1HTEHCHUBHICTIO
KIHETHYHOI Ta Audy3iiHoi craniid. KiHeTnka € 0qHUM 13 HaBaXJIMBIIINX ACTEKTIB
po3unHeHHs. BoHa BCTaHOBIIOE 3aKOHOMIPHOCTI Mepediry mpoliecy y yaci, BU3HaYae
MBUAKICTh mporecy. Hero Takok BHU3HAYa€TbCsd NPOAYKTHBHICTH —arapariB-
po3unHHMKIB [12,13]. dopMyBaHHS aJleKBaTHUX KIHETUYHUX MOJEJICH 3a3BUYaid
0a3yeTbCs Ha TIONEPEAHIX EKCIIEPUMEHTAIBHUX JTOCTIHKEHHAX. Y 1IbOMY B1JHOIICHH]
3HAYHUN 1HTEpeC NPEACTaBIs€ JOCHIDKEHHsS, 10 MPOXOJAUTh B  00JacTi
reTeporeHHoro po3uuny [13,14].

[IBUAKICT, TETEpPOreHHUX MPOLECIB 3aJEKUTh BIJl BEJIWYUHU IOBEPXHI
MIK(}a3HOro KOHTAKTy 1 Bi aAudy3sii. [Ipuuomy 30UIbIIEHHS MIBUAKOCTI MPOIECY
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BIIOYBA€ETHCS B OCHOBHOMY 3@ PaxXyHOK IIOHOBJIEHHS KOMIIOHEHTIB Ha MOBEPXHI
KOHTaKkTy a3, TaKk sK IIBHIKICTh nau(y3ii He3HauHa. ['eTeporeHHa peakiis
CKJIQIA€ThCS 3 JACKIIBKOX MOCIIJOBHUX CTald MIX PIIUHHOIO (a30i0 1 YaCTUHKAMU
OoopomrHa. Pe3ynbTyroua MIBHUIKICTE BCHOTO MPOLIECY BHU3HAYAETHCS IIBUIKICTIO
B3aemoin (das.

JUIs TIONETIIEHHS aHalli3zy 3aKOHOMIPHOCTEH mpolecy 3MIlIyBaHHS Ta
BUSIBJICHHS TIOCTQIIMHUX palliOHATBHUX TapaMeTpiB Horo 3a0e3MedeHHs] aBTOPAMHU
[4,10] yaockoHaJaeHO 3apoIlOHOBaHY TpUCTaaiiiHy mojaeinb npouecy O.T. JlicoBenko
[13], sixa 6a3yeTbest Takoxk Ha po3podkax X.JI. YeitHepa, H. KBenara ta iHImx.

BaxxnuBuM € HoCTiKEHHS BIUTMBY KOHIIGHTpAIIil HA IIBUAKICTh, 3 KOO TBEP/A
YacTMHKa OOpoIIHAa pO3YMHAETbCS Yy piauHHINA (a3il. ocaianukamu pobotu [14]
3p00JI€HO BHCHOBOK, IO HIBUAKICTH, 3 SKOK TBEpJa PEUOBHHA PO3UUHSIETHCS Y
pO34YMHI, TMPOMOpIiHA PI3HUII MK KOHIEHTpAIll€l0 ILOTO PO3YMHY Ta
KOHIEHTPALI€}0 HACHYEHOTO PO3YNHY.

3MmilnyBaHHS B TICEBIO3PIHKEHOMY CTaHI Ta 3 BHKOPHUCTAHHSIM OOEPTOBUX
MIIIAJIOK — TIAPOMEXAHIYHUMA TPOIEC, B SIKOMY TIAPOJAMHAMIKA Ma€ BHUPIIIAIbHE
3HAUEHHS JJIS SIKOCTI KIHIIEBOTO CTaHY CEpEJOBHINA, BUPOOY Ta MPOAYKTHBHOCTI
npoiiecy. OIHO3HAYHO, KOHCTPYKIIiSI 3MIITYBJIBHOTO MPHUCTPOIO, B IMEPIIy Yepry,
Mimanaky, Oe3nocepeHb0 Oepe ydacTh y (OpMyBaHHI TOJISI IIBUIKOCTI Ta
XapaKTEPUCTUK TYpOYJIEHTHOIO i KOHBEKTUBHOT'O MIEPEHECEHHS Ha CTaJli yTBOPEHHS
cymimn. g cramis Ge3nmocepeaHbO BIIMBAaE Ha €(DEKTUBHICTh W BU3HAYA€ PIBEHb
3MIIIYBaHHS, TOOTO PO3YMHEHHS TBEPAUX YACTUHOK OOpOIIHA 3 YTBOPEHHAM
oOHOpiAHOI coHueHTpamii. Ilix yac 3MillyBaHHS B3a€EMHO PO3YMHHUX PIIAH 1
OopomrHa, TO Il XapakTEPUCTUKH TOBHICTIO BH3HAYAIOTh Yac PO3YMHEHHS
(romorenizanii). OkpiM KOHCTPYKIIi poOOYMX OpraHiB, KOpPIyC poOO4YOi Kamepu
TaKOX Ma€ BIUIMB Ha TIJPOJMHAMIYHI XapaKTEPUCTHKH PYXOMOIO IOTOKY B
3MilIyBadul.

Metow po0oTM € onTuMmizallis KIHETUKH PO3UYMHEHHSI JHUCIIEPCHOT CyMIIIi
OopoITHa Ta PIIKUX KOMIIOHEHTIB 1]l Yac iX TCEBIONEPEMINIyBaHHS Y 3BAKEHOMY
CTaHi.

MeToau i maTepiasm.

B saxocti 00’e¢kTa JOCHIIPKEHHA OOpaHO TIpoIeC 3MIIIyBaHHS, SK YHCTO
MEXaHIYHUI MpolleC B3aEMHOTO MPOHUKHEHHS YAaCTHMHOK OOpolIHa 3 (Gi3UYHUMHU
BJIACTHBOCTSMU Ta YAaCTUHOK PIAMHHOTO CEpPeloBUINA 3 I1HIIMMU (PIZUYHUMH
BJIACTHBOCTSAMHU. PO3IISHYTO CHTyallil0 IIOJ0 PO3B’SA3KY MOJETIOBAHHAM 13
3aCTOCYBaHHSIM TOHSTTS MPUBEICHOI IBUAKOCTI PITUHHO-Ta30BO1 (ha3u.

AHaNI3 10CTITAKEHD.

Ha wamy nymky 1 aBropiB [9,14], migBumieHHs eHEpProedeKTUBHOCTI
3MINIyBaHHS MOXJIMBO 32 YMOBM BHU3HAQYeHHs Ta BCTAHOBJEHHS palllOHAIBHUX
napamMeTpiB CTPYMHHHOTO TPUCTPOI0 Ta TEXHOJOTIYHUX TapaMeTpiB MpoLecy
3MilryBaHHs. Takuil pe3ynbTaT MOXKJIMBO OTPUMATH MPU JAUCKPETHO- IMITYJICHOMY
JI03yBaHHI KOMIIOHEHTIB 3 BIPOBAXKCHHSM KOHCTPYKIII €KEKTOpa COIIOBO1
CHUCTEMH 3MiIlTyBaya KOMIOHEHTIB (CTpYMUHHUN TIpUCTpiit). KOHCTpyKIIis mpUCTporo
3aCHOBaHAa Ha CTBOPEHHI MaKCHUMAaJbHOI PI3HUIN MIBUAKOCTEH (a3, 10 J03BOJISIE
3HU3UTH €HEPreTHYHI BUTPATH Ha MPOBEACHHS AucnepryBaHHsa. CTyMiHb Ha MEPIINX
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XBUJIMHAX 3B'I3yBaHHS HE3HAYHOI KIJIBKICTh PIAMHHOI a3y aKTUBHOI TiapodiabHOT
rpyl YacTHHOK OOpOINHA, CHpHUsA€ YTBOPEHHIO BOJSHUX 000JOHOK. B3aemomis
piauHHOT ¢a3u 3 TiAPOPUIBHUMHU TpymamMH BiIOyBa€TbCAd HE TUIBKM Ha IOBEPXHI
YaCTUHOK OopolIHa, aje 1 B 00'eMi. [Iporec npotikae 3 BUAIIICHHIM 1 MOTJIMHAHHIM
TerioTu (ex3oTepMiuHo). KinmpkicTh yTpuMyBaHoi piquHHOI Qa3u 6mu3bko 30 % He
MIPU3BOJUTH J0 BEJIMKOTO 301IBIIICHHS 00'€MY YaCTHHOK PHC.

OTxe, Ha BONOMOTIMHAIBHY 3[aTHICTh OOpOIHA BIUIMBAE ii JAUCIEPCHICTH,
TOOTO PO3MIpP YACTUHOK. [3 3MEHIIEHHSIM PO3MIPY YaCTHHOK 30UIBIIYETHCS MUTOMA
MOBEPXHSI B OJIMHULII Mach OOpOLIHA, TOMY MOXKe OyTH aJcOpOLiitHO OljIbIie 3B's13aHO
Boau. [lornuHaHHs BOAM YacTHMHKaMU 3 JIpIOHUMHU po3MipamMu BiIOYBAE€THCS 3HAYHO
mBuame. OCHOBOI0O crmoco0y 3MIITyBaHHS, IO PO3MIIANAETHCS, € 3BOJIOKCHHS
MAJIOBUJIHUX YaCTOYOK OOpOIIHA, SKI nmepeOyBatOTh Y 3aBUCIOMY CTaHi, CTPyMEHEM
PIIMHU 1] THCKOM 32 YMOBHU TEPMOJIMHAMIYHUX MpolieciB. B3aeMoiss KOMIIOHEHTIB
CHpsMOBaHa Ha IHTEHCHUBHICTh BIUIMBY TEIJIOMAacOOOMIHY B MOJEIbHIN oOmapHii
KOMITO3UIII1.
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Puc. CTpykTypHa cxemMa B3a€MO/Iii KOMIIOHEHTIB Y BATOBOMK CTaHi
Asmopcovka po3pobka

[lepeBenenns cepenoBHia B pPEXHM aniabaTHOl B3aeMOfili TOB’s3aHE 31
3HIDKEHHSM TUCKY, 10 JJIsl TEMIIEpaTypHUX 1HTEpBaJIiB PIAMHHOI (a3 Mae CKIagaTu
Bignosigno: 30-38 °C. 3 mopiBHAHHSA 0COONMMBOCTEN crIOCOOY BUTIKAHHS Ta B3a€MOJII1
KOMITIOHEHTIB,  JOCATHEHHS  BKa3aHUX  TEMIEPATypPHUX  PEKHUMIB  Ma€
CYNpPOBOKYBAaTUCS OJIHAKOBUMHU CHEPTEeTHYHUMH BUTpaTaMu. Tak, Tepexin Bij
TBEpI0i $a3u 10 PIIMHHOI CYIPOBOIKYETHCS HarpiBaHHSIM YTBOPEHOTO CEpPEeIOBUIIIA
Ha At =10°C, y 3B’5I3Ky 13 YUM TEIIOBI BUTPATHU CKJIATyTh:

QCS = mCECCS ﬂt 5

1€ Meep 1 Ceep — BIATIOBITHO Maca Ta TEMJIOEMKICTh CEPENOBUIIA.

OckibKM B3a€MOJiss OOpoIllHAa 13 piAKOK (a30r J0 3arajlbHOI Macu Mae
miaBUIMTH ii Temreparypy Ha 10°C, To 1ie o3Hadae, 110 MOBMHHA BUKOHYBAaTHUCS
yMOBa J103yBaHHsA. Ha OCHOBI OCTaHHBOTO TOCATAETHCS MOMJIMBICTH BU3HAYUTH Macy
YaCTUHU CEpeIOBHINA, IO yTBOpIOEThes. lle o3Hauae, mo maca cepenoBuina, ska
MiJJIsITaE PEKUMY BaroBOro 3MIITyBaHHS y 3,5 pasu MeHIA 3a 3arajibHy Macy
YTBOPEHOTO CEPEIOBHIIIA.

BaxxnrBoro 4acTHHOIO TE€HEPYBAHHS B CEPENOBHINI PIUHHOI (a3 TPH OIIHIT
IpoIleCy BaroBOTO 3MIIIyBaHHS, BapTO JK 3BEpHYTH yBary Ha Te, IO BIH
3MIMCHIOETBCS 3a PAaXyHOK TEIUIONPHUTOKY depe3 IMOBEPXHIO TEIUIONepe1aBaHHs.
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[Ipouiec cnpuiimaeThes B nepiny yepry OOpoiHoM depe3 piauHHy ¢a3zy. Lle o3nauae,
10 OKPIM 0OMEXEHHsI 00pOOII0BaHOT YaCTHHH €(PEeKT AECTPYKIIl YaCTUHOK OOpOIIHA
nocaratucst He Oyxae. JlocArHEHHS OCTaHHBOTO MOJKJIMBE JIMIIE B PEXKHUMI
an1a0aTHOTO HarpiBaHHs CEpEAOBHUINA, peali3allis SKOro 3a JeKOKUIHHUM CIOcOoO0M
00poOKH Mae CympoOBOKYBATHCS HarpiBaHHsIM 10 Temneparyp >40°C 3a paxyHOK
MEXaHIYHOTO BIUIMBY B poOouiii kamepi MammHH. [IpoTe, MOXKINBOIO € peasi3aiis
peXUMy aaiabaTHOrO HarpiBaHHs 1 3a PaXyHOK MPUMYCOBOTO 3HMXKEHHS THCKY B
poOouiii kamepi, TOOTO 3a paxyHOK BaKyyMyBaHHfA, 3a PaxyHOK I1HTeHCHQIKaIlii.
[lepexin 10 pexumiB aaiadaTHOTO HarpBaiHHA B 000X BHUIMAJKaX O3HAYaAE
BUKOPUCTAHHS €JIEMEHTIB JUCKPETHO-IMITYJIbCHUX TEXHOJOTIH, HACIIJKU BILIUBIB
SKUX Ha Cepe/oBUINA HE MOTPeOyIOTh JOJATKOBUX J0Ka3iB. OIHAaK, Bijalouu
nepeBary OJHOMY 4YHM IHIIOMY HampsMKy, CIiJlI 3BEPHYTH yBary Ha MOXJIMBI
TEXHOJIOT14HI HachiAku. [IposiB OCTaHHIX TakOXX MOB’SI3YEThCSA 3 TeMIlepaTypaMu 1
4acoM nepeOdiry MpoIieciB 3 TOYKU 30py BIUIMBY Ha depMeHTaTHUBHI KoMruiekcu. Lle
Oo3Hayae, 110 HArpiBaHHS cepefoBHINA BiJ 3amaHoi Ttemmnepatypu a0 40°C sBHO 1
CYTTEBO MEPEBUIIY€E TEeMIEpaTypy OLYKPIOBaHHS, 10 HE MOXKE HE BIUIMBATH Ha
(dbepMeHTaTUBHY aKTUBHICTh CUCTEMH MPU OPOIIHHI.

HaBeneni mipkyBaHHSI MPUBOJISATH O BUCHOBKY IPO MOKJIMBICTH peajizailii
peXUMIB a7ia0aTHOrO0 HArpiBaHHS, NMPHU IbOMY IOTEHIla] €HEPreTUYHHX BILIUBIB
OLIIHIOETHCS TEPENajoM TeMIepaTyp, SKUil CHpalbOByE B PEXKUMI JIOCATHEHHS
CEpEeOBUILEM HOBOTO CTaHy TEPMOJAMHAMIYHOI PIBHOBAru.

OkpiM TiIpOAVMHAMIKK TIPOIIECY, BaXKJIMBOK XapPaKTEPUCTUKOK B3aEMOIi
KOMIIOHEHTIB € iX KiHeTuka. CyMapHa MIBUIKICTh MPOIECY B3a€MOJIIi BU3ZHAYAETHCS
IHTEHCUBHICTIO KIHETHMYHOI Ta Judy3iiHoi cramid. KiHetuka € ogHuM 13
HalBaXJIMBIIIKMX acCHEKTIB B3aeMoAll (a3 KoOMIOHEHTIB. BoHa BCTaHOBIIOE
3aKOHOMIPHOCTI Tepeliry Mpolecy y 4yaci, BH3Hayae MIBHIAKICTH mpouecy. Hero
TAKOX BHU3HAYAETHCS MPOAYKTHBHICTH 3MimryBayiB [5,9]. YV 1pomy BiJHOIICHHI
3HaYHUI 1HTEpeC MpPEACTABIISA€ JOCIIKEHHS, MPOBEIEHE B 00JACTI I'eTepOreHHOl
B3a€MO/Ii1 OOpOIITHA 3 PIAKMMU KOMIIOHEHTaMu |3, 4].

Mu Bxe 3rajyBaju, 10 B3aeMOJ1sl OOPOIIIHA 13 PO3CITHUM CTPYMEHEM PIAUHHO1
da3u  BimOyBaeThCS TMEPEBAXHO XAOTHUYHUM Mpolec, TOOTO iX B3aeMOAdis 3
nepeminryBaHHs. TakuM YHWHOM, Y HAIIOMYy pO3TJSHYTOMY BHUIAIKY MiA JI€I0
BiOparlii Ta mepemMilryBaHHS y 3BaXXCHOMY CTaHI, CYMIIl HaMara€ThbCs IMEperTH y
KBa3iBpiBHOBakeHUI cTaH. lle BimOyBaeThCs 3 ypaxyBaHHSM II€PETBOPECHb CHII
BHYTpIIIHBOTO TepTsa. PasoM 3 TUM Ha cTaH pIBHOBaru CYyTTEBO BIUIMBAIOTH
BUHUKAIOUl y TPOIlECi TpaBiTalliiiHl CHJIM, sIKI BU3HAUYAIOTh HE TUIBKH PO3MIPH 1
HIUIBHICTh, @ TAKOXK (OPMY Ta 1HIII MapamMeTpu CYMIIIIi.

Hagseneni MipkyBaHHS 1 CIIBBIAHOIIEHHS TPUBOJATH 0 JIOTTYHOTO BUCHOBKY IPO
TE, M0 MOJIMBOCTI OpPOJIHHS TICTa 32 MOKA3HUKOM IIBUAKOCTI PO3YMHEHHS KUCHIO
NOBHMHHI BIANOBIAATH JOWHAMII crokuBaHHS O, IpDKIKaMU B TEpepaxyHKy Ha
IIBUJIKICTh MPUPOCTY CEPEIOBHUIIA a00 HA MIBUIKICTh 3MEHILIEHHS KOHIEHTPALT IyKpY
B cepeoBuIili. Taka BiIMOBIIHICTh OAJIAHCIB BIIOOPAKYETHCS 3AJICKHICTIO:

Mok Fe, ) T, ()
ne k, — KoedilleHT Macomnepenadl Ha MexXl NOJUTy JUCIIEpProBaHoOi razoBoi ¢asu 1
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pigMHHOrO cepenosumia, Mm/c; F— mmoma mosepxHi mominy ¢as, M2 c, 1 ¢ —

BIJIMOBITHO KOHIIEHTpAIlisi HACHYCHHS 1 ITUTMHHA KOHIICHTpAIlS Macormepeaadi.
JHo6yTok k F Ha3uBaroTh 00'€MHUM KOE(]IliEHTOM Macolepeaaui:

3
k,=k_F, MT 2)

Yucnosi 3HaueHHs KOoe(]IMieHTIB Macomnepeaadi 1 MoBepxHI Moty ¢a3 3aieKarh
BT (IBUYHUX TapaMeTpiB PIAMHHOI 1 ra3oBoi a3, sSK TeMIeparypa, B'SA3KICTb,
MOBEPXHEBUM HATAT, TIAPOAUHAMIYHUA PEXKHUM Ta30pIIMHHOIO CEPEOBUIIA, YMOBH
YTBOPEHHS JMCIIEPrOBaHOI ra3oBOi (pa3u, ra30yTPUMYBAJIBHOI 3aTHOCTI, IIBUIKOCTI
CIUTMBAHHSI Fa30BUX OYyJILOAIIIOK TOIIIO.

OCKUTbKM ~ IHTEHCHUBHICTb  TIAPOAMHAMIYHUX  PEKUMIB  3aJCKUTh  BiJ
ra30yTPUMYBaJIBHOI 3JATHOCTI, TO TIOITYK MTEPIIOTPUIHHH CITiJ] TOYMHATH 3 BU3HAYCHHS
napameTpiB BIUIMBY Ha Hei. BiAMoBiAb Ha MUTAHHS MPO BIUIMB PIBHS aeparlii 3aBKIu
no3uTHBHA. Tak, 30UTBIIEHHAS KITBKOCTI (IHTEHCUBHOCTI) BX1IHOTO TIOTOKY TOBITPSI, 110
BBOJIUTHCS] B CHICTEMY, Ta30yTPUMYBAIbHY 3/IaTHICTh migBuIIye. Came Ha OCHOBI IbOTO
(baKTy BHKOpI/ICTaHHH 3HAXOIUTHh METOAMKA OIIIHKU IHTEHCUBHOCTI Ha OCHOBI KUJIBKOCTI
THOBITPSL B M° CEpEJIOBHINA 32 OJIMHHINO HACY. [Tpu pomy CTBEPJLKYEThCS MO>KJIMBICTh
MOJICTIOBaHHS TIAPOJAUHAMIYHAX DPEXKHUMIB, Y TOMY YHCIl 1 B CEpPENOBHINAX PI3HOI
reoMeTpii, IO BiIOOPAKYETHCS PIZHUMHU CHIBBIJHOUICHHSAMU IUIOLII IONEPEYHOrO
nepepizy 1 BUCOTH CTOCOBHO 13000'€MHOTO PiBHS B POOOUiN KaMepi MallluHU.

Curyartis 040 PO3B’si3aHHS MOHATTS MPUBEACHOI IBUAKOCTI Ta30Boi (azu [14],
AKa BM3HAYACTHECS BiTHONIEHHSAM PiJMHHO-Ta30BOr0 IOTOKY V B M°/C 70 ILIOI
MIOIIEPEYHOTO TIepepi3y poOooUdoi KamepH f,

_V
Wop =F
art

€)

TakuM YMHOM, pPEeKUMY MOJICTFOBAHHS T1IPOIMHAMIKA B CEPEIOBUII BIANOBIIAE
HAOJIM>KEHHS 10 BUKOHAHHSI YMOBH Wy, = const. CaMe 11e 03Hadae 3MEHILIEHHS Ta30BOr0
NOTOKY V TIpH KpaTHOMY 3MEHIIICHHI TUIOII MOoIepeyHoro nepepisy fu; 1, HaBmaku, 3a
BIJIIIOB1THOTO 30UIBIIIEHHSI CTOCOBHO 13000'€MYy.

JIOLIIbHICTh BUKOPUCTAHHS NTapaMeTPa Wy, B MOJAETIOBAHHI PEKUMIB 3MIIITyBaHHS
MATBEP/DKYETHCSI TOPIBHAHHSIM EHEPreTUUYHUX BUTpPAT Ha BBEACHHS B CEPEIOBHUIIA
PIIMHHO-Ta30BUX TOTOKIB. Taki BUTpaTH TMOB'S3aHI 3 HEOOXIIHICTIO MOOJaHHS
MOTOKAMH T1POCTATUYHUX TUCKIB 1 yTBOPEHHAM MixK(ha3HOi OBepxHi. J{J1s1 BU3HAUEHHS
MepIioi CKIaJ0BOI CKOPUCTAEMOCS TpPaHC(HOPMOBAHUM DIBHAHHSIM 17€albHOIO razy
Knaneiipona y dopmi:

o=

v
p1V1=p,V,, BT abo bi_Y2 , @
pz Vl

ne p; 1 p, — TIAPOCTaTUYHI TUCKM B 30HaX BBEJEHHS IMOTOKIB B TMOPIBHIOBAHHMX
3MinryBavax, [1a;
V, 1 V, — BiNOBiZHO 00'€MHI IIOTOKK PiIMHHO -Ta30B0i (hasu, M’/c.
Ockinpbku ymoBa (4) mepenbaudae pIBHICTh IMOTYKHOCTEM BXIIHUX PIIUHHO -
ra30BUX MMOTOKIB, TO P W =const MAEMO:

mp
Vi=wfis Vo=wf (5)
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1 3B1IICH
V=l =y, (6)
fy f
HaBeneni cmiBBIHOIIEHHS J03BOJISIOTH CHOPMYITIOBATH YMOBY MOJICITIOBAHHS
TIPOIMHAMIYHUX PEKUMIB Y (hOpMI:

p,Vy=p,V, =const npu w, =const. (7)

Eneprernyni BUTpaTH, 110 CTOCYIOTHCS YTBOPEHHSI MibK(a3Hoi nmoBepxHi F Takox
TIOB'sI3aH1 3 Ta30yTPUMYBAJIBHOIO 3/IaTHICTIO, OCKLJIBKU:

A =oF, (8)
ne A — pobota yTBOpeHHs Mix(a3Hoi moBepxHi, [Ik;
6 — kKoe(iLlieHT IIOBEPXHEBOTO HATATY, JIK/M>.

3a IHIUX PIBHUX YMOB MDK(pa3Ha MOBEpPXHs € (YHKIIEI Ta30yTPUMYBAIbHOT

31aTHOCTI:
F=F(u)
1 TOMY A =cF(u). 9)

VYTBOpeHHsT MiXk(a3HOi MOBEpXHI BIIOYyBA€TbCA B 30HI KOHTAKTYBaHHS PIAMHHOI
a3y 3 BXiTHUM MOBITPSHUAM ITOTOKOM 3 BIITIOBITHOIO €HEPTETUYHOIO TpaHC(opMaIIi€ro.

[Tpu 11bOMy B JIOKQJIBHIN 30HI CTBOPIOETHCS BUCOKOTYPOYIII30BaHUM PEKUM Ha
OCHOBI IMIOBHOTO TIOTJIMHAHHS KIHETUYHOI €HEPT1i OTOKY 3 TIOTY>KHICTIO:

N:pVWTZ,BT, (10)
Jie W — IIIBHJIKICTh BXO/PKEHHS B KOHTAKT MOTOKY PIAMHHOI (pa3u 3 OBITPSIM, M/C;
p — IUTOMA Maca PiIMHHO -Ta30BOr0 MOTOKY, KI/M°.

Pe3ynpraToM Takoi B3aeMO/Ii1 13 OOPOIIHOM € YTBOPEHHS AUCIEPrOBaHOI PiHMHHO-
ra3oBoi ¢a3u B CyNPOBOKECHHI JUCUTIATUBHUX SIBUII. SIKIIO OCTAHHIMU 3HEXTYBAaTH 1
BBA)XAaTH, IO MOTYXHICTh YTBOPEHHS MDK(a3HOI MOBEPXHI 1 MOTYXKHICTh BXIJHOTO
MOTOKY HAOJFMKEHO PiBHI, TO HA i OCHOBI BUHUKAE MOYJIUBICTh OITIHKHU IIBUAKOCTI 11
cuHTe3y. Bim MOMEHTY yTBOpeHHs ra3oBUX OyJIbOAIIOK MOYMHAE JTiSITH 3aKOH ApXiMea
3aBJIIKA CTBOPEHHIO PYLIIIHOTO (hakTopa:

Ppym :ppiggv6 s (1 1)
J€ p,;, — TYCTUHA PiIMHHOT (a3, KI/M>;

g — IIPUCKOPEHHS BIJILHOTO MaiHHs, M/C?;
vs — 00'eM OynpOarKm, M.

OcraHHs 3aIeKHICTh BKa3y€e HA Te, 1110 HAWOLIbIII CYTTEBUM (PAKTOPOM BILIUBY Ha
JTMHAMIKy CHHTEe3y MiK(]a3HOi MOBEpXHI € MIBUIKICTh KOHTAKTyBaHHs (a3. Baxiugo,
0 TEXHIYHA peajizallis y BHOOpI mapaMeTpa W € IIUIKOM JOCSDKHOIO 3a PaxyHOK
BUOOPY 3arajibHOi IUIONII POOOYOrO OpraHy Ta METOMAWINl JO3YBaHHS  PITKUX
KOMITOHEHTIB Y BILUIMBI Ha OKJIIO31I0 1 PIBHOMIPHICT PO3MOALTY B HUX Ta30BOT0 MOTOKY.

BucHoBok.

PamionansHuM ISt 3alIpOTIOHOBAHOT KOHCTPYKINT 3MilTyBadya 1 TEXHOJIOTi
JAUCKPETHO-IMITYJIbCHOTO ~ JI03yBaHHS KOMIIOHEHTIB BiJI0OYBAa€TbCA MpPU  MaJUX
3HAYCHHSX Koe(IIieHTy Bapiallii po3MipiB CyMIIli.

[Tpu vc=3% 3anexHicTh PIBHOMIPHOCTI IO3yBaHHS KOMITIOHEHTIB BiJl BIJIHOCHOI
BUCOTH h Ta mBUAKOCTI pyxy V Oyle MaTu BUTJISIA:
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v(ve=3%)=193,8- h*+0,039- V>~ 0,264- h - V —551,5- h —0,62- V +406,9
Opepxanuii Bupa3 audepeHliiHol (QYHKIII pO3MOAUTy YHClIa YaCTUHOK IIO
KyTOBOMY PO3CIIOBAaHHIO JIO3yIOUMX KOMIIOHEHTIB JO3BOJISIE 3pOOUTH  OIMHC

CTPYKTYPHU JAUCIEPCHOTO MOTOKY, 110 YTBOPUBCS MPH 3MIllIyBaHHI B NICEBAOIIAPI.
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Abstract. The article evaluates the component of the technological process of interaction of
components in the working chamber of the machine with the possibility of efficient formation of the
mixture on the basis of their redistribution with the creation of local zones. The direction of
improving the quality of mixing mixtures in the food industry is relevant, because the improvement
of technology and equipment for processing components by different methods, nature and degree of
impact is practically achievable for their improvement, especially today. The purpose of the study is
to improve the design parameters and increase the efficiency of the mixer by creating conditions
that will optimize the dissolution kinetics of the dispersed mixture of flour and liquid components
during their pseudo-mixing in the suspended state. The analysis of mixing machines of periodic
action and their degree of influence on components is carried out, the physical basis of the
principle and systems of redistribution and transformations of deformations in expediency of
constructive parameters for optimum modes of mixing is defined. A complex sequence of interaction
of components and dynamic flows with possible minimization of energy costs, which is achieved by
the degree of their direct interaction and possible transformation with each other, is considered.
Mixing is considered as a mechanical process of mutual formation of biopolymer materials in the
conditions of shear deformation, the existence of relationships between temperature, applied
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compression forces, on the one hand, and other properties of biopolymers, on the other. It is
determined that the use of fluidization and vibration during the dosing of components at the mixing
stage contributes to the intensification of the interaction of the dispersed phase. That is, the
principle of discrete-pulse energy input (DIVE) with other physical effects is used, which creates
rapid changes in the movement of components.

The properties of raw materials for methods of its quality determination are considered,
laboratory methods with the use of research tools are substantiated at the established planning
technique with the analysis of the received results and the Flow Vision software package is used in
plotting graphs based on thermodynamic laws. Processing of the experimental data set was carried
out by mathematical description of the process of formation of liquid flow and dispersed flow of
flour particles formed by flour vibrating batcher and spray nozzle.
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Abstract. The results of the study of phosphorus metabolism at a high level of lactation are
given. In the first phase of lactation, a high content of NF was found in the blood of cows, in
subsequent phases due to depletion of phosphorus reserves in the body, the level of NF decreased,
and with the end of lactation, the amount of NF increased again. It is noted that the concentration
of pyruvic acid increases in the blood of pregnant animals. In the blood serum of rabbits in the
second decade of pregnancy, the content of phosphopyruvic acid (FPA) increases, and by the end of
pregnancy it decreases, with the beginning of lactation (post-sucking period), the level of FPK
increases again, but in the second half of the post-sucking period (15-20 days after birth), it
decreases , reaching the lowest values by the end of lactation 25-30 days after the cycle. The
content of KrF increases significantly by the middle of pregnancy, decreases by the time of
parturition, and increases slightly again by the end of the suckling period. In the conducted
experiments, lactating females were slaughtered 22-26 days after parturition. At the same time, the
tissues of control (non-lactating) rabbits were studied. The clearest changes were found only in the
NF content. In the liver of animals, the content of FPK, total and inorganic phosphate decreased, in
the muscles the level of NF only decreased, and in the blood not only NF, but also CrF. In the bones
of lactating rabbits, the level of total phosphorus and calcium was also slightly reduced. The results
of the experiments are convincing that during intensive lactation, animals have a significant
phosphorus deficiency, which is reflected in the content of total and inorganic phosphorus not only
in blood, but also in other tissues, in particular - liver, muscles and bones. In the blood of pregnant
and lactating animals, a certain dependence is observed between the activity of alkaline
phosphatase and the exchange of phosphorus compounds.

Key words: phosphorus, element, animals, phosphorylation, blood, fetus, diet, insolation

Formulation of the problem.

During the period of formation of the fetus in pregnant animals, all types of
metabolism increase and energy expenditure increases. In order to carry out synthesis
reactions, an increased formation of ATP is necessary due to the activation of those
processes during which ATP is resynthesized, that is, primarily due to the reactions of
oxidative and substrate phosphorylation. In addition, pregnant animals, in connection
with the expenditure of phosphorus on the formation of the fetus, feel an increased
need for this element.

Analysis of recent research and publications.

The state of exchange of phosphorus compounds in pregnant and lactating cows
can be concluded primarily from the change in the level of inorganic phosphate (NF)
in the blood of these animals. As expected, the content of NF in the blood serum of
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pregnant animals is not constant. In cows, in the first half of pregnancy, there is an
increase in NF [7 ], from the sixth month, its level decreases. The minimum content
of NF is detected in the ninth month of pregnancy.

According to [ 2], the NF content in the blood of pregnant rabbits gradually
decreases until parturition. The main depot from which the body uses phosphorus
during pregnancy is bone tissue. In the middle of pregnancy, the bulk of phosphorus
is sent to the placenta. At the end of pregnancy, phosphorus especially intensively
leaves bone tissue and passes through the placenta to the fetus, saturating its tissues,
especially bone tissue.

The level of NF in the blood of pregnant women largely depends on the nature
of animal feeding. [ 6] in 50 pregnant rabbits, it was possible to prevent a decrease in
the level of NF in the blood by introducing phosphorus and calcium into their diet.
With a well-balanced diet with an optimal content of protein, phosphorus and
calcium, it is possible to keep the level of NF in the blood of pregnant animals within
normal limits.

Phosphorous metabolism reaches a significant stress at a high level of lactation.
In the first phase of lactation in the blood of cows [ 3] found a high content of NF, in
subsequent phases due to depletion of phosphorus reserves in the body, the level of
NF decreased, and with the end of lactation, the amount of NF increased again.

Studies [2, 5 ] showed that in winter and spring, the phosphorus balance in
lactating cows is negative (as early as the sixth and seventh months of lactation). A
positive balance of phosphorus appears only at the end of the lactation period.
According to the author's observations, in the summer months with the presence of
green fodder, the phosphorus balance becomes positive from the sixth month of
lactation. the main reason for the normalization of phosphorus-calcium metabolism
was the increased insolation of animals and the synthesis of vitamin D3.

Research material and methodology.

It was noted [4 ] that there is an increase in the concentration of pyruvic acid in
the blood of pregnant animals. In the blood serum of rabbits in the second decade of
pregnancy, the content of phosphopyruvic acid (FPA) increases, and by the end of
pregnancy it decreases, with the beginning of lactation (post-sucking period), the
level of FPK increases again, but in the second half of the post-sucking period (15-20
days after birth), it decreases , reaching the lowest values by the end of lactation 25-
30 days after the cycle. The content of KrF increases significantly by the middle of
pregnancy, decreases by the time of parturition, and increases slightly again by the
end of the suckling period. The content of ATP+ADP during pregnancy and lactation
changed relatively little. Only a slight increase in the level of adenine nucleotides was
observed in the middle of pregnancy and a slight decrease at the beginning of
lactation. By the end of the lactation period, the content of ATP + ADP increased
slightly again. The content of NF changed to a much greater extent. By the middle of
pregnancy, its level increased, and by the end of pregnancy it decreased, at the
beginning of the suckling period, an increase was observed again and a subsequent
significant decrease until the end of lactation.

In general, the dynamics of the studied components during pregnancy and
lactation is characterized by an increase in the level of macroergs and NF in the
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middle of pregnancy. The level of phosphorus compounds decreases by the period of
flowering. With the beginning of lactation, the content of KrF, FPK and NF
increases, and by the end of the suckling period, it decreases again.

The high content of phosphorus compounds and inorganic phosphate in the
middle of pregnancy indicates the activation of the metabolic processes of the
mother's body in connection with the intensive growth of the fetus. The simultaneous
increase in the amount of FPK, ATP + ADP, KrF and NF indicated the acceleration
of glycolysis and oxidative phosphorylation reactions.

In the second half of pregnancy, a significant part of nutrients is directed to the
fetus. The body weight of the embryos increases rapidly at this time. Intensive
synthesis reactions in the body of embryos require significant energy expenditure. In
connection with the mobilization of proteins and energy-rich phosphorus compounds
by the growing fetus, the reserves of these substances are depleted, and their level in
the blood of the mother's body decreases.

In lactating rabbits, a significant part of NF is excreted with milk. It is possible
that inorganic phosphate under these conditions becomes a factor that limits the
intensity of glycolysis reactions and ATP resynthesis, as well as phosphorylation of
components of the glycolytic cycle.

During intensive lactation, the ATP content in the blood of animals does not
decrease, but the amount of CrF decreases, the phosphate groups from which are
more intensively transferred to ADP (CrF + ADP — ATP + creatinine).

It was interesting to find out the influence of lactation on the content of
phosphorus compounds in animal tissues. For this purpose, the studied components
were determined not only in blood serum, but also in liver, muscles and bones. In the
conducted experiments, lactating females were slaughtered 22-26 days after
parturition. At the same time, the tissues of control (non-lactating) rabbits were
studied.

The most clear changes are found only in the content of NF. The content of
FPK, total and inorganic phosphate decreased in the liver of animals, the level of NF
only decreased in the muscles, and not only NF, but also CrF in the blood. In the
bones of lactating rabbits, the level of total phosphorus and calcium was also slightly
reduced.

The results of the experiments show that during intensive lactation, animals have
a significant deficiency of phosphorus, which is reflected in the content of total and
inorganic phosphorus not only in the blood, but also in other tissues, in particular, the
liver, muscles and bones.

In the blood of pregnant and lactating animals, a certain dependence is observed
between the activity of alkaline phosphatase and the exchange of phosphorus
compounds.

The activity of alkaline phosphatase changes significantly during pregnancy and
lactation in animals. It increases in the first half of pregnancy, sharply decreases in
the second half, remaining very low throughout it and in the first half of lactation. In
the second half of lactation, the activity of phosphatase is restored to the initial level,
which is determined in animals before the beginning of pregnancy.
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Table 1 - The content of phosphorus compounds in the tissues of lactating and
non-lactating rabbits (in mg% P)

components, Non-lactating rabbits lactating rabbits in %
that are number M+tm number M+tm
determined of of
animals animals
Liver
PDK 6 2,63 +0,39 6 1,72 £0,38 65,40
ATP + ADP 6 17,01 + 3,06 6 17,43 +041 | 102,46
HR 6 19,46 + 0,44 6 16,01 + 1,24 82,27
General R 6 325,6 £33,2 6 2279 £9.84 69,99
Muscles
PRK 6 3,14 £ 0,45 6 3,64 £0,28 115,92
Kp R 6 33,94 £ 0,35 6 31,45+0,29 | 92,26
ATP + ADP 6 22,80 +1,33 6 2294 +£1,00 | 100,61
PRK 6 21,16 + 3,44 6 13,66 £0,70 | 64,55
General R 6 310,0+ 334 6 2553+ 14 82,34
Blood
PDK 6 0,41 £0,03 6 0,31 £0,04 72,09
Kp R 6 0,72 +£0,13 6 0,42 + 0,03 58,33
ATP + ADP 6 2,92 +0,33 6 2,85+0,16 97,60
HR 6 4,01 £0,32 6 2,51 +£0,14 62,18
Calcium (mg%) 6 15,24 + 0,48 6 11,20+042 | 73,49
Bones 6
Phosphorus is 6 6514 £ 90 6 6139 £51 94,24
common
Calcium (mg%) 6 15740 £ 514 6 14811 =187 | 94,10

At the first stage of pregnancy, some parallelism is observed between the
components to be determined. With a sharp increase in phosphatase activity in the
second half of lactation, the content of labile phosphates and NF decreases, that is, in
this period, an inverse relationship is observed between these components.

The obtained materials showed the presence of rather complex connections
between alkaline phosphatase and the exchange of phosphorus compounds. As [7 ]
showed, with the increase in the activity of alkaline phosphatase in blood serum, the
level of NF increases. Similar results were observed when rabbits were irradiated
with UV rays. But such dependence is not always manifested. There are known cases
when an inverse relationship is found between the NF level and the activity of
alkaline phosphatase, and this will be more natural and understandable. For example,
with rickets in animals, high activity of the enzyme is often observed at a low level of
NF.

How the activity of alkaline phosphatase changes in the mammary gland of rats
during pregnancy is very clearly shown [ 1].
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If we compare the activity of the enzyme in the blood of pregnant rabbits with
the indicators of phosphatase activity in the mammary gland, it can be understood
that during this period the activity of the enzyme in the blood falls due to the
mobilization of alkaline phosphatase by the mammary gland.

It is possible that in the second half of lactation, the excretion of phosphorus with
milk and a significant decrease in the reserves of this component in the body cause a
low concentration of NF in the blood of animals. The need for growing baby chicks,
which suck their mother’s milk, is increasing every day. There is a persistent need for
additional mobilization of phosphorus into the blood, and then into the milk. One of
the ways of this mobilization is the increase in the activity of alkaline phosphatase, an
enzyme that catalyzes the separation of NF from organic phosphorus compounds.
Thus, the increase in the activity of alkaline phosphatase in this case, as in rickets,
should be considered as an adaptive act caused by a drop in the level of NF in the
blood to values that are below the physiological norm.

One of the reasons for the increase in the activity of alkaline phosphatase in the blood
of animals at the end of the lactation period is a drop in the level of metabolism in the
mammary gland due to the attenuation of its function
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Anomauia. Haseoeni pezyromamu 0ocniosxicenus Gochoprnoco oOMiHy npu 8UcoKom) pieHi
naxkmayii. B nepwiti ¢haszi naxmayii 6 kpogi kopie 3HaX0AUB sucoxuil emicm H®, 6 nacmynui ¢azu
8 368 13Ky 3 BUCHANCEHHAM 8 Op2aHi3mi 3anacie pocghopy, pisenv H®D 3nudicysascs, a i3 3aKiHueHHAM
nakmayii  kinekicms H® 3pocmana 3mn08y. Biomiueno, wo 6 Kposi 6a2imHux meapum
cnocmepieaemvcs 3pOCMAHH KOHYeHmpayii niposunocpaouoi xuciomu. B cupoeamyi kpoei
Kpinbuux 6 opyeiu 0exadi eacimnocmi Hapocmae emicm gocghoniposunozcpadrnoi kuciomu (OIIK), a
00 KIHYsl 8G2IMHOCMI 3HUNCYEMbCS, 3 Novamkom Jaakmayii (niocucnutl nepioo) pieenv PIIK
Hapocmae 3HO8Y, ane 6 Opyeili nonosuHi niocuchozo nepiody (15-20 0i6 nicis oxpony) 6iu
SHUNCYEMbCA, 0ocsa2arodu 00 Kinys nakmayii Ha 25-30 000y nicisi OKpOLy HAUHUNCYUX BETUHUH.
Bumicm Kp® 0o cepedunu 6azimnHocmi 3HAYHO 3pOCMAE, 00 MOMEHM) OKPOLY 3HUNCYEMbCA, A 00
KiHYsL NIOCUCHO20 nepiody 3HO8Y Odewo 3pocmac. Y TPOBEACHUX IOCHiIax JIAKTYIHO4l CaMKH
3a0uBanuch Ha 22-26 noOu micist okpony. OOHOUACHO OOCHIONHCYBANUCH MKAHUHU KOHMPOTbHUX
(Henaxmyrouux) kpinebuux.Haubinow uimxi sminu euseisiomvcsa auwe y emicmi H®. B neuinyi
meapun 3menwygascs emicm DIIK, 3aeanbHo2o ma HeopeaniynHozo ¢hocghamy, 6 m’azax auuie
sHudicyeascs pieenv HD, a 6 kposi ne minoku HD, ane i Kp®. B kicmkax nakmyrodux Kpiibyux
piseHb 3azanvHoco Gocgopy i karvyiro Oye makodc Oewo 3uudiceHum. Pesynomamu oOocnidie
NEepeKoOHYIOMb 8 MOMY, WO NpU [HMEHCUBHO NPOMIKAIOUIl J1aKmayii meapuHu Maroms 3HAYHUL
Odeiyum gpocghopy, wo 8idobpadcacmvcsi Ha 8MICMI 3a2ANbHO20 MA HEOP2aHiuHo20 pocgopy He
MINbKU 8 KPOBI, ane Ut IHWUX MKAHUHAX, 30KpemMa — nedinyi, M a3ax i Kkicmkax. B kpogi eacimuux i
JIAKMYIOUUX MEAPUH MIdC AKMUBHICMIO JIYAHCHOI ocgamasu i obminom GocgopHux cnoayk
cnocmepieaemvcs NeeHA 3A1eHCHICb.

Kniouogi cnosa: c¢ocgop, eremenm, meapunu, gocghopunysanus, Kpoe, N0, pPayioH,
IHCOnAYIA
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In the presented article, the question of the effectiveness of fattening of Bukhay cattle of a new
population of the Bukovina zonal type of meat Komologo Simmental cattle, at an average level of
feeding with the use of different feeds in ration recipes in percentage terms in different
physiological periods of cultivation in the conditions of the Carpathian region of the Carpathians,
is highlighted. It was established that during the 151 days of the first winter main period of the
experiment, the average daily gains of the animals of the control group amounted to 589 g, which is
33 g (5,6%) and 86 g (14,6%) less than the same-age Boga animals of the first and second
experimental groups where corn silage and hay age were separately included in the ration recipes.
It was determined that the introduction of 10% haulage and 10% corn silage into the recipe of the
diet of ruminants Il - experimental group in terms of nutrition contributed to the growth of average
daily gains of 775g, which is 166 g or 28% more than peers of the control group at the expense of 1
kg of gain 7,1 k. unit, which by 2,1 k. unit. less than control animals. On the prescription rations of
the second winter period, during 179 days, the daily gains of bulls in the Il experimental group
amounted to 732 g, which is (6,0%) higher than peers of the control group, with feed consumption
per 1 kg of gain of 11,6 units., which by 0,8 k. unit less than the people of Bugai, whose ration
recipes contained fodder accepted in this controlled farm. In the research, it was found that with
losses per 1 kg of growth, 121,5 MJ, consumption per 100 kg of live weight of 2,19 kg of dry matter,
and also, with the concentration of exchangeable energy in 1 kg of dry matter, 9,1 MJ by Bugai
cows of the III - research group contributed to obtaining the highest daily gains of 731 g for a full
growing cycle from birth to 20 months of age with the achievement of a final live weight of 445 kg,
which indicates a very high genetic potential of meat productivity The inclusion of 10% silage and
10% hay in the recipe of the ration of Bugai cattle of the IlI research group both in summer and in
winter increased the number of erythrocytes in the blood by 0,24 million/ml3, hemoglobin by 0,32
g% and protein in the serum - by 0,32%, also higher alkaline reserve and carotene content - by 26
mg2%o.
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Statement of the problem. In the conditions of military operations, one of the
main problems of the high productivity of the new population of beef cattle is the use
of cheap technology and high-quality feeding with low feed costs per unit of
livestock production, which is most relevant in the conditions of the foothills of the
Ukrainian Carpathians.

Currently, in the process of creating market relations, economic contradictions
and problems of livestock production are becoming very acute, both in dairy and in
meat cattle breeding. In the not-so-distant past, when the previously formed system of
regulation was destroyed by administrative levers, without changing them by new
market ones, it led to a decline in production and to a reduction in the sale of
livestock products in the area of the Bukovyna region.

Therefore, the main task in solving the above problems belongs to the meat and
livestock industry, as one of the main industries, the development of which
contributes to the solution of the food problem in this region of the Ukrainian
Carpathians.

Analysis of recent research and publications. Today, agrarian scientific
zootechnical research has become more and more active regarding the development
of promising cheap technologies for feeding young beef cattle, which is the most
valuable for obtaining profitable beef for basic and subsidiary farms for breeding
meat lump Simmentals for the Western Carpathian region.

In this regard, in order to realize the high genetic potential of meat productivity
embedded in the proven ruminant breeds of this region, new developments and
experimental justifications of the breed's own feeding technologies are needed, taking
into account the regional features of the fodder base of the Carpathian zone.

In view of the above, due to the various reasons for feeding beef cattle, where
straw and silage with low energy concentration prevail, both for agricultural science
and for production, an important condition is not only to identify the genetic meat
potential of animals, but also to identify them in optimal conditions with the use of
different ration recipes, when hereditary predispositions in ruminants are most fully
manifested, and to study their economic value in the production conditions of the
Carpathian region of Bukovyna.

At the same time, one of the important basic factors in the new conducted
research was to prove the justification of the concentration of exchangeable energy in
the dry matter of fodder, recipes of rations and their structure in different periods of
growing Boga cattle of the meat direction of productivity at an average level of
feeding in this controlled region of the Carpathians [2,8].

For the first time in our research, the following issues were planned: patterns of
consumption of exchangeable energy and dry matter per 100 kg of live weight of
cattle in age dynamics, concentration of exchangeable energy and structure of rations
by period, influence of different concentration of exchangeable energy in dry matter
of fodder on slaughter indicators, meat productivity and beef quality of experimental
animals [4,6].

Therefore, our goal is to study for the first time the features and effectiveness of
various models of ration recipes on the fattening qualities of Bukovyna zonal type of
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meat Komologo Simmental cattle at an average level of feeding with the use of
different feeds in a percentage ratio in different physiological periods of cultivation in
the conditions of the foothill zone of the Chernivtsi region.

Presentation of the main research material. Scientific and economic research
was carried out in the SE "Chernivetske" village. Tsuren, Hertsaiv district, Chernivtsi
region, in the beef production shop on four groups of cattle of the new population of
the Bukovyna zonal type of meat Komologo Simmental cattle in each of 10 heads
with an average live weight at the beginning of the experiment of 110 - 116 kg in 3
months. of age, which were grown up to 20 months of age according to the developed
scheme:

Scheme of a scientific and economic experiment

Peculiarities of animal feeding in the main period of the
Number :
Groups of heads experiment
IN SUMMER IN WINTER
Basic ration (OR): Basic ration (OR):
Control
10 green mass - 70%, barley straw, hay, corn
sroup final feed - 30% silage
I- OR: 50% - green mass, 20% | OR: corn silage - 20% in
experimental 10 - corn silage, 30% - final terms of nutrition
feed
IT - 10 OR: 50% - green mass, 20% OP: + hay - 20% in
experimental - hay, 30% - final fodder terms of nutrition
I11- OR: 50% - green mass, 10% | OP: + 10% corn silage +
experimental 10 - corn silage, 10% - hay, 10% hay for nutrition
30% - final fodder
Iy—- OR: 50% - green mass, 20% | OR: 20% - corn silage,
experimental 10 - corn silage, 30% - final 30% - final feed +
feed + stimulant stimulant

In researches, meat ruminants are fed twice a day, and they are kept captive.
Distribution of fodder in batches. Concentrated feeds were fed in a dry state.
According to the digested protein, the rations for the experimental bulls of all five
groups were equalized according to the adopted new detailed norms for beef cattle.

Therefore, all ration recipes were balanced according to the new norms, taking
into account live weight and average daily gains of 700 - 800 g [1,5]. They kept a
group account of the consumed feed by weighing the given and their residues. The
growth of Bugai children was calculated based on the results of monthly weighing.
Each period of the experiment began and ended with an individual weighing of the
Bugai people.

Control over the intensity of the growth of experimental animals was carried out
by weighing them individually at the beginning of grazing on cultivated pastures and
at the end of the accounting period of research. In the preparatory and final periods,
the Bugai cattle were on the diet adopted in the controlled farm.

At the end of the research, with the achievement of the average live weight of
421-430 kg by the bulls, a control slaughter of three animals from each group was
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carried out. The need for exchangeable energy was calculated on the basis of an
assessment of the actual nutritional value of feed, taking into account the
concentration of energy available for exchange in 1 kg of dry matter of feed.

Biometric processing of the results of the test indicators was carried out
according to the methods described in such publications under the editorship [7,9].

Research materials were processed by the method of variational statistics using a
personal computer.

Research results. Due to the use of fodder, the following amount of products
was obtained by the research cattlemen. It was established that during the 151 days of
the I - winter main period of the experiment, the average daily gains of the animals of
the control group amounted to 589 g, which is 33 g (5.6%) and 86 g (14.6%) less than
those of Bugai animals of the same age as the I and II - experimental groups where
corn silage and haylage were included in the ration recipes.

According to the results of the developed scheme of the experiment, it was
established that the introduction of 10% hay and 10% corn silage into the recipe of
the diet of Bugays III - experimental group in terms of nutrition contributed to the
growth of average daily gains of 775 g, which is 166 g or (28%) more than peers of
the control group with expenses per 1 kg of increase of 7.1 k. units, which by 2.1 k.
units. less than control animals. For the entire 1st winter period, each head of this
group received an additional 25 kg of growth.

So, feeding hay and corn silage to cattle up to 7 months of age in the winter
period contributed to a stable increase in daily gains of 755 g, while paying for feed
with products by 2.1 k. od. less compared to the control.

Our conducted research proved that during 123 days on summer prescription
diets with a combined type of feeding using fodder from storage and green fodder in
the amount of 50% in terms of nutrition, the growth energy of bulls of the II and III
experimental groups amounted to 707 g and 732 g, which on ( 1.1% and 4.7%) more
than the control. For 1 kg of growth in the III experimental group, 9.8 units were
spent, which is lower than 0.5 units. and for analogues - control.On the rations of the
second winter period of the experiment, during 179 days, the daily gains of bulls in
the III - experimental group amounted to 732 g, which is 6.0% higher than peers of
the control group, with feed consumption per 1 kg of gain of 11.6 units. which is 0.8
fodder units less than the animals whose ration recipes contained fodder accepted in
this base farm. Over the entire research period of 454 days, the increased growth
energy was preserved in the III experimental group, which was 731 g, which is 73 g
(11.6%) more than the control, with a feed consumption of 8.9 k.u., and at 0.8 k. unit
less than the 1st research group.

In the conducted studies, the main indicators of exchangeable energy
concentration, actual consumption of energy and dry matter per 100 kg of live weight
of Bugai cattle were determined according to the periods of the studies and are shown
in (Table 2).

According to the data (Table 2), it was established that the consumption per 100
kg of live weight of the exchangeable energy in Bugai residents of III - research
group in the second winter period is 19.8 MJ, which is 2.3 MJ less than peers of the
control.
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Table 2 - Concentration of exchangeable energy and dry matter per 100 kg
live weight of animals

P é i 5 E Costs pel.rlkg Consumptlon per 100
S 2 wg| B g2 of gain kg of live weight
—~ g £ 8| 8.8 M~
°S| 52| €8 8~ Exchan
GROUP | Period | £ 5| 2 2| & & 22| **° Dry
28 o= 258D g Exchange
S35 & 512279 5 ener Code energy, MJ matter,
S8 25 %855 gY; &Y g
Sl &8 o 5 M
Control 89 9.2 1056 | 92 30,8 3.36
group
I_
experimen 93 9.6 1039 | 10,8 312 325
tal The
I - first 151
experimen | winter 103 9,23 89,5 9,6 27,8 3,01
tal
I11- 111 9.4 834 | 89 26,8 2.86
experlmen 9 6, 6
tal
Control 87 8.8 10,0 | 103 245 2.79
group
I_
experimen 86 8.5 96,9 | 103 23,4 2.76
tal The | 103
- first 87 8.3 1045 | 102 242 2.92
. summer
experimen 90,1
tal 86,1
Control 124 10,2 1313 | 123 22.1 2.16
group
I-
experimen 128 10,1 1245 | 11,7 222 2.10
tal The
I - second 179
experimen | winter 124 9,6 128,7 12,1 21,3 2,20
tal
I11- 131 9.1 1215 | 11,6 19,8 2.19
R 126 9,1 1044 | 9,1 30,1 3,31

With the consumption of 1 kg of live weight gain, the exchangeable energy of
Bugai cows of the III - experimental group is 121.5 MJ, and the consumption of feed
units is 11.6 kg, which 1s 0.7 feed units less than the control. At the same time, the
concentration of exchangeable energy in 1 kg of dry matter was 9.1 MJ.
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Data analysis shows that the general age pattern is a decrease in the
consumption of dry matter and exchangeable energy per unit (100 kg) of live weight.
At the same time, it was established that an increase in energy concentration from 8.6
to 9.1 MJ/kg of dry matter in the dairy growing period contributed to a decrease in
the consumption of dry matter per 100 kg of live weight, but due to the higher
concentration, the total daily consumption per head did not decrease and was slightly
larger among the people of Bugai of the control and I - experimental groups.

Thus, with losses per 1 kg of gain of 121.5 MJ, consumption per 100 kg of live
weight of 2.19 kg of dry matter, and also, at a concentration of exchangeable energy
of 1 kg of dry matter of 9.1 MJ, by Bogays of the III - research group, they
contributed to obtaining the highest daily gains of 731 g for a full cycle of growing
from birth to 20 - months of age with reaching a final live weight of 445 kg, which
indicates a very high genetic potential for meat productivity of the offspring of a new
population of beef cattle bred in the Carpathian zone.

Therefore, taking into account this biological regularity, there is a need to create
the necessary physiological conditions for maximum digestibility and assimilation of
nutrients and energy of feed, in order to compensate for this decrease in energy
consumption per unit of body weight and, thus, to ensure a high genetic intensity of
growth of animals of this meat cattle.

The rational use of energy, feed protein per 1 kg of increase in live weight and
slaughter weight by cattle was studied.

Table 3 - Consumption of substances per 1 kg of live weight gain.

INDEXES GROUP
I- 11- I1I- 1V-
Control . . . :
group experimen | experime | experime | experime
tal ntal ntal ntal
For 1 kg of live weight gain
Exchange energy, MJ 96,9 105,1 107,6 96,8 96,8
Dry substances, kg 10,6 10,0 9,5 9,0 10,7
Fodder units, kg 9,7 9.4 9,0 8,9 9,6
Digestive protein, g 997 970 955 890 998
Final feed, kg 2.4 1,7 1,4 1,3
Per 1 kg of slaughter weight
Exchange energy, MJ 165 170 174 158 163
Dry substances, kg 16,9 16,2 15,3 14,7 15,8
Fodder units, kg 15,5 15,3 14,6 14,5 15,1
Digestive protein, g 1596 1570 1542 1453 1590
Final feed, kg 3.8 2,7 2,2 2,1
For 1 kg of carcass pulp
Exchange energy, MJ 86,3 84,3 84,8 78.4 85,6
Dry substances, kg 8,5 8,4 7,5 7,3 8,4
Fodder units, kg 8,1 7,6 7,1 7,2 8,0
Digestive protein, g 834 779 753 722 835
Final feed, kg 2,0 1,3 1,1 1,1 1,9
ISSN 2567-5273 www.moderntechno.de

132




-
Modern engineering and innovative technologies Issue 25 / Part 1 fj;{.

According to the data (Table 3), cattle of the III - experimental group spent 96.8
MJ of exchangeable energy, 9.0 feed units of dry matter, 8.9 of digestible protein,
890 g of digestible protein, and 1.3 of concentrated feed per 1 kg of live weight gain.
kg less than the control by 0.3, 1.6, 0.8, 107 and 1.1.

It was established that for 1 kg of slaughter weight, Bugai cattle, which were fed
corn silage and haylage at 10% nutritionally for a long time in the ration recipe, spent
158 MLd (9.5%) of exchangeable energy, 14.7 kg (8.7%) of dry matter , k. od. 14.5
(9.3%), digestible protein 1453 g (9.1%) and feed 2.1 (5.5%), less than peers of the
control.

In order to study the meat productivity when reaching a pre-slaughter live
weight of 450 kg, a control slaughter of Bugai cattle was carried out at the meat
processing plant at the age of 20 months, 4 heads from each group.

It was established that the slaughter yield in the animals of the III - research
group was 53.4%, which is 1.8% more, the weight of the paired carcass was also 19
kg more than the control. Thus, in terms of slaughter weight, bulls of the III -
research group exceeded the animals of the control group by 15 kg (p<0.05), and also
by 2.7% in terms of carcass yield. The mass of internal fat in bulls of the III -
experimental group was 7.3 kg, which is 1.4 kg (23.7%) more than peers of the
control group.

Thus, bulls of IIl - experimental group, which are characterized by higher
slaughter indicators (slaughter yield 53.4%, carcass yield 51.3%, slaughter weight
235 kg, weight of paired carcass - 228 kg in comparison with the control and I -
experimental groups Carcasses obtained from animals of III - research group are
characterized by better fullness and muscularity of the thigh.

To determine the quality of meat products, the morphological composition of
animal carcasses was studied. The results of deboning carcasses according to the
scheme of sausage production. The data analysis shows that bullocks of the III -
experimental group in terms of muscle tissue yield of 90.2 kg in the carcass exceeded
the control and experimental groups by 11.6 and 6.3 kg of meat, respectively. There
was no significant difference between the groups in terms of yield per 100 kg of pre-
slaughter mass, pulp, tendons and bones, but the Boga cattle of the III experimental
group had 2.1 kg (11.4%) more pulp than the control.

During the control slaughter, the mass of internal was determined organs of
experimental animals.

As shown by the data (Table 4), no significant differences between the groups of
animals were observed in the mass of the lungs, liver, heart, kidneys, and spleen. The
weight of all organs was within the physiological norm and depended only on the
pre-slaughter weight of the animal. However, the weight of the liver in the III-
experimental group was 6.1 kg, which is 0.45 g more than peers of the control group.

4 hours before slaughter, blood was taken from the experimental Bugai cattle.
The inclusion of 10% silage and 10% haylage in the recipe of the ration of the III
experimental group both in summer and in winter increased the number of
erythrocytes in the blood by 0.24 million/ml3, hemoglobin by 0.32 g% and protein in
the serum - by 0.32%, also higher alkaline reserve and carotene content - by 26 mg%.
No difference was observed in the rest of the blood parameters of individual Bugai
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cattle.

Table 4 - Absolute mass and index of internal organs of Bugai cattle, kg (M=t)

GROUP
bodies | Control | % I- % II- % [T - % IV -
group experim experim experim experim
ental ental ental ental
Lungs | 3,75+0, | 0,88 | 3,39+0, | 0,79 | 3,9+0,9 | 0,90 | 4,840,5 | 0,11 | 3,91+0,
2 8 3
Liver 5,65«1, | 1,3 | 5,900, | 1,4 | 5,8¢0,5 | 1,3 | 6,1£0,8 | 1,4 | 5,7+1,3
5 4
Heart 1,62+0, | 0,38 | 1,9+0,0 | 0,44 | 1,5+0,2 | 0,35 | 1,8+0,2 | 0,41 | 1,5+0,4
2 05
Kidney | 1,2+0,0 | 0,28 | 1,3+0,0 | 0,30 | 1,32+0, | 0,34 | 1,12+0, | 0,2 | 1,4+0,0
S 4 5 03 14 2
Spleen | 0,72+0, | 0,16 | 0,82+0, | 0,19 | 0,66+0, | 0,15 | 0,010, | 0,22 | 0,35+0,
07 09 2 9 04

Conclusions and suggestions. The use of long-term in the recipes of the diets of
the Bugai cattle of the new population of the Bukovyna zonal type of meat Komologo
Simmental livestock in a combination (hay + corn silage) contributes to the growth of
daily gains of 755 g with feed consumption of 8.9 k. units. (121 MJ of exchangeable
energy) per 1 kg of growth, a sufficient concentration of exchangeable energy in 1 kg
of dry matter of the adopted type of feed can be considered to be 9.1 MJ on average
for a full growing cycle at an average level of feeding in the conditions of the
foothills of Bukovyna.

The inclusion in the recipe of the ration of Bugai cattle of the new generation
meat Komologo Simmental cattle in a combination of corn silage 10% and haylage
10% in terms of nutritional value of the ration increases the output of the paired
carcass by 2.7%, the weight of the paired carcass by 19 kg (9.1%), slaughter yield by
1.8% and yield of muscle tissue by 11.6 kg (14.7%) from peers of the control group
in the conditions of the foothill zone of the Carpathian region of Bukovyna.
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Anomauin. Buceimieno 6 npedcmasieHili cmammi NUMAHHA eQeKmusHocmi 8i0200i6ni
Oyeatiyie HOB0I nonynayii OYKOBUHCHKO20 30HANLHO20 MUNY M ACHO20 KOMON020 CUMEHMATLY
Xyooou, npu cepeoHboM)y PIiBHI 200i61i 3 BUKOPUCMAHHAM DIZHUX KOPMIG 8 peyenmax payioHié y
NPOYEHMHOMY BIOHOWEHHI 6 pi3HI (hizionociuni nepioou supowyeanus 6 ymoeax Kapnamcvrozo
peciony Kapnam.Bcmanosneno, wo npomsazom 151 owig I 3umo6020 ocnogHo2o nepiody 0ocnioy
cepedHb00006061 npupocmu MEApUH KOHMPOIbHOI epynu cmanosunu 5892, wo na 33 2 (5,6%) i na
86 2 (14,6%) menwe 6i0 Oyeatiyie ananoeieé - pogechuxie I i II- docnionux epyn, de 6 peyenmax
Payionax oe OKpeMmo 3HAXO0OUBCS KYKYPYO3saHUU cuioc i cinadic. Busnaueno, wo yeedenus 00
peyenmy payiony sxcyunux Il - docnionoi epynu cinaxcy 10% i cunocy xykypyosamnozo 10% no
NONCUBHOCMI CHPUSLIIO 3POCMAHHIO cepeOHbo00008ux npupocmie 775 2, wo Ha 166 2 abo na 28%
Oinvbue 3a poBecHUKI8 KOHMPOIbHOL epynu npu eumpamax Ha I ke npupocmy 7,1 k. 00., wo Ha 2,1
K. 00. MeHuie 3a meapuH posecHuxie konmponioHa peyenmax payionax opy2o2o 3UM08020 nepiooy,
npomsicom 179 0Owis, 00606i npupocmu 6yeaiiyie 6 Il docniouin epyni cmanosuiu 732 2, wo Ha
(6,0%) suwe 3a posecHuKi6 KOHMpPOALHOI epynu, npu eumpamax kopmy Ha 1 ke npupocmy 11,6 k.
00., wo Ha 0,8k. 00. meHwe 3a Oyzalyie, 6 peyenmax payioHax AKUX OYIU KOpMU, NPUUHAMI &
OaHOMY NIOKOHMPOALHOM) 20Cno0apcmei. B docnioscennax sussneno, wo npu empamax na I ke
npupocmy 121,5 M/]xc, cnoxcusanusa na 100 ke scueoi macu 2,19 ke cyxoi peyosumny, a maxoaxc,
npu Konyenmpayii 0ominnoi enepeii 6 1 ke cyxoi pevosunu 9,1 M oyeaiiyamu Il - oocnionoi
2PYnuU CNpusiiu OMPUMAHHIO HAUOITbW 8UCOKT 000081 npupocmu 7312 3a nOBHUI YUK BUPOUYBAHHSL
810 HapoOocenHss 00 20 MicAUHO20 BIKY 3 00CACHEHHAM KiHYesoi icueoi macu 445 ke, wo ceiouums
npo Oydice BUCOKUL 2eHeMUYHUL NOMEeHYIAl M'SCHOI NpoOyKmueHocmi. BKritouenHs 00 peyenmy
payiony oyeaiiyam Il oocnionoi epynu 10% cunocy i 10% cinaosicy Ak 6 aimuil, max i 8 3UMOBUL
nepioou, nideuwyeano é Kposi Kinbkicmo epumpoyumis na 0,24 man./mn’, 2emoenobiny na 0,32 2 %
ma 6inky 6 cuposamyi — na 0,32%, makooic suwutl IyiHcHull peseps i emicm kapomuty — Ha 26 me%.

Kniouoegi cnosa: byeaiiyi, payionu, kopm , 00MiHHa eHepeis, 3a0iUHUL GUXIO
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