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BCTVII

301apIIIeHHsT BUPOOHUIITBA 1 TIOKPAIICHHS SKOCTI OLTKOBHX KOPMIB, SK
OJHI€] 3 HAWBAKIMBIMIUX 33734 B MiABUIICHHAI MPOIYKTHBHOCTI TBAPUH Ta TITH-
I, MOKe OyTH 3AIMCHEHO 3a PaxyHOK YJOCKOHAJICHHS TEXHOJIOTI mepepoOKu
MaKyXH, fKa Ha ChOTOJHI OOMEXKYETHCSA MOAPIOHCHHSAM 3 MOAATBIIAM BBEICH-
HSM B KOMOIKOPMH.

YnockoHanieHa B [HCTUTYTI OMMWHAX KyJIBTYP TEXHOJIOTiS MepepoOKH Ma-
KYXH 32 PaxyHOK BBEJICHHA JTOJATKOBOI orepalili MexanigHoro (ppakiiioHyBaHHS
noApiOHEHOT MaKyXW Ha OLIKOBY 1 JyIMMUHHY (pakiii J03BOJSIE BHIIIUTH
outei sik 40 % OLTKOBOTO MOPOIIKY 3 BMICTOM MPOTEiHy HEe MeHIe 38 %.

JlymmuaHa (pakiiis, mo BKIIOYAE OCHOBHY Macy KIITKOBHHH, BUKOPHC-
TOBYETHCS JJI1 BUTOTOBJICHHS TMAJIABHUX OPHUKETIB.

Bwict B 61koBoMy mopomky 8—12 % omi cipusie mBHAKOMY HOTO OKHC-
JICHHIO, 10 MPU3BOJNTH A0 3HUKEHHS SIKOCTI MPOTeTHOBOI n00aBKu. [y 301Th-
IMIEHHS Yacy MPOXODKEHHSA MPOIECY OKUCICHHS 3alpOIIOHOBAHO BUTOTOBJISTH
OUTKOBY (PpaKIito y BUTIIAI TICTIET.

KpiM yHUKHEHHS TIBUAKOTO OKWCJCHHS, 3aBIAKH TIPOIECY TEICTYBAHHS,
OyIyTh 3MeHIICHI 00’ eMH 30epeKCHHS TEICT Y CKIQJACHKHX IMPUMIMICHHSIX Ta
3MEHIIICHI 3aTpaTH Ha iX TpaHCMOpPTyBaHHsS. TOMy BUpIIIEHHS MUTaHh MEXaHI-
3aIli mepepoOKW MaKyXH 3a PaXyHOK YJIOCKOHAJICHHS TEXHOJIOTII Ta YCTaTKy-
BaHHS I PO3AUICHHA ii Ha OLTKOBY (hpakiito y BUTJISAAl TENET 1 JYIITTAHHY
y BHIJIS/I TTAJTUBHUX OPUKETIB € TOCUTh aKTyalbHUM [1].



1 TEXHOJIOI' IS KOMILIEKCHOI BE3BIIXIIHOI TEPEPOGKU

IcHyroue ycrarkyBaHHS IS IEPEPOOKH MaKyXH, OACPKaHOI 13 HEIIEPETO-
BAHOT'O0 HACIHHA COHSIIHUKY, 3a0e3Ieuye JIUIIE IpoIec MoaApPiOHEHHS 3 TTOAab-
MMM BBEJACHHIM B KOMOIKOPMHU [2], B 3B’S3Ky 3 UMM BHKOPHUCTAHHS ii /T4 TO/I1-
BJIl CBUHEH 1 MTHI Hee)EKTUBHE UEPe3 IMiABUIICHUN BMICT KJIITKOBHHH, TOMY
JUTA TIOJTINIIICHHAS TIOKUBHOI MIHHOCTI W PO3MMPEHHAS chepr BUKOPUCTAHHS BH-
COKOJTYIIIMTMHHOI MaKyXH JJIs TOMIBJI YCIX BU/IB TBAPWH 1 MITHINl HEOOX1IHA TO-
JATKOBA OTepalisi 3 pO3AIJICHHS ii HAa OUTKOBY 1 TyMMAHAY (pakii — cenapartis.

binkosa (pakiiis Moxke OyTH BUKOPHUCTaHA HAa KOPMOBI IIUTI B SKOCTI Tpa-
HyJT (TIeJIeT), a IyNIMAHHA — B IKOCTI CHPOBHHH ISl TBEPAOTO OlomavBa (majiu-
BHUX OpuKeTiB). TeXHOIOTIS OTPUMAaHHS TBEPAOTO O10TIAJIMBA 13 POCIMHHOI CH-
POBUHHM OCHOBAaHA Ha YIMIIJIbHCHHI 010MacH Mij BIUTMBOM BHUCOKOTO THCKY IO
30 MIlla. Tlpu mpoMy KITITHHHA CTPYKTypa Marepiaay pyHHYETHCS, YHMCIICHHI
MOPOKHEYI 3HUKAIOTh, B PE3YJIbTATI YOTO MIIJIFHICTh MaTepialy 30UTBITYETHCS B
JICCATKH Pa3iB B1J CBOTO MEPBUHHOTO cTaHy 1 ctaHOBUTH 900—-1400 xr/m® [3].

JIns BU3HAUECHHS OCHOBHHMX €TAMlB TEXHOJIOT KOMILJIEKCHOI O€3B1IX1IHO1
nepepoOKr MaKyXH OJIHHUX KyJbTYp MPOBEACMO aHAJI3 ICHYIOUNX TEXHOJIOT1H
BATOTOBJICHHA MAJTUBHUX OPUKETIB 1 KOPMOBUX TEJIET (TPaHyJI).

BupoOHuireo 6i0majuBHAX TPaHYJ 31 CBIXKO3PYyOaHOT NepeBUHA (CHPOTO
MaTepiay) CKIQMaeThesl 3 HACTYMHUX eramiB. Crodarky 3 JEPEBUHHU ILIAXOM
MOTIEPETHHOTO POOJICHHS OTPUMYIOTh TPICKY, MIICYTIYIOTH 1i, BUAAJISIOUN 3aki-
BY BOJIOTY, 1 3HOBY MOJIPIOHIOIOTH 10 TUPCOMoai0Horo crany. [lix wac cymmaAs
BKKO OTPUMATH ONTHUMAJIBHY BOJIOTICTH MaTepiajly, TOMY TEPECYIICHy aepe-
BHHY 3BOJIOKYIOTH JI0 HEOOX1AHOTO 3HAYCHHS 1 MAAA0Th TpanyroBanHio. [1o-
TIM TPaHyJH OXOJIOMKYIOThb, TPOCIIOIOTh 1 (hacyroTh. TEXHOJOTIYHA CcXeMa
OTPUMaHHS MAJUBHUAX TPaHyJI 31 CBIKO3PYOaHOi AEPECBUHM HAaBEJICHA HA PUCYH-
ky 1.1 [4]

Jlia monepenHboro MOoAPIOHEHHS NEPEBUHY MOMAIOTh TpaHCTOpTEpoM |
JI0 ABOX TOCHIAOBHO po3MimeHux apodapok 2 1 3. [licns mporo 3pyOku nepesu-
HY TTHEBMOTPAHCTIOPTEPOM TIOAAIOTH 0 OyHKepa 22, 3BIIKH BOHH NTHEKOBHM 3
Ta CTPIYKOBUM 6 TpaHCIIOPTEPAMH HAMPABIIIOTHCSA A0 OapabaHHOI cyrmapku 7.
JIns SKICHOTO TpaHyJIIOBAaHHS BOJIOTICTh CHPOBWHHU TMOBHHHA OYTH B MEXax 8—
10 %. Tomy aepeBHI BIAXOAW MiAAAOTh CymmuHO. [licns cymiaas 3pyOku ne-
PEBUHH TTHEBMOTPAHCTIOPTEPOM 8 TIOIAIOTHCS HA KIHIEBE APOOJICHHS A0 Apoda-
pku 9, sika MoAPiOHIOE CHPOBHHY HA YACTKH PO3MIPOM HE Outbimie 4 MM, MiCHs
YOro MOAPIOHCHUM MaTepiall MHEBMOTPAHCIIOPTEPOM 8 TMmoaeThes 10 OyHKepa-
HakornmuyBaua 10. B momaneimomMy cupoBuHa 3 BOJIOTICTIO 10 8 % uepes mo3a-
Top 11 3a qOMOMOTOIO MITHEKOBOTO TpaHcHopTepa 12 momaeThesa Ha 3MityBay 24,
KyJIi TaKOX TMOAAETHCS Tapsda Boja abo mapa. [licias mporo cymim mogaeTbes
70 Tipec-TpanysiaTopa 13, ne BiaOyBaeTbcsi BUPOOHUIITBO O10TAIMBHUX TPaHYJI,
temreparypa skux csarae 70-90 °C. JInsg iX OXONOMKEHHS BUKOPHUCTOBYETHCA
0XO0JI0/DKyBad 16, 10 SIKOTO TPaHyJIH MOJAIOTHCS 3a JOTOMOror Hopii 15. Tlwun,
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1 TEXHO/IOIMA KOMMNNEKCHOT BE3BIAXIAHOI MEPEPOBKI

AKWUIA B/IOBNIOETLCSA CUCTEMOKO MWUIOBNOBAOBAHHA 17, i gpibHa (pakuyia, BUAi-
NeHa 3a 4onomMoro BibpauiinHoro cuta 18, HanNpaBNAKTLCA HA MOBTOPHE BUKO-
pucTaHHA. KOHAWLIAHI rpaHyivM 3a AOMOMOroK CTPIYKOBOro TpaHcnoprtepa 19
Ta Hopil 20 nogatoTbCa A0 OGYHKepa rotoBoOl NpoAykuii 21, 3BiAKM MAYTb Ha
3BaXKYBaHHA Ta (pacyBaHHSA 40 MaKyBalbHOT MalnHN 23.

PucyHok 1.1 - TexHoNoOriyHa cxema BMPOOHMLTBA rpaHy/nbOBaHOro 6iona-
nvBa 3 Bonorux marepianis: 1, 6, 14, 19 - cTpiuykoBUIA TpaHcNop-
Tep; 2, 3, 9 - apobapka; 4, 8 - NnHeBMOTpaHcnopTep; 5, 12 - WHe-
KOBWI TpaHcnopTtep; 7 - 6apabaHHa cywapka;, 10 - OyHKep-
HakonuyyBad; 11 - posatop; 13 - npec-rpaHynarop; 15, 20 - Ho-
pia, 16 - oxonogxysady; 17 - cuctema MWUIOBNOB/IKOBAHHS,
18 - npocitoBay; 21 - 6yHKep roToBoOT NPOAYKUii; 22 - OyHKep; 23
- nakyBajibHa MallnHa; 24 - 3miwysay

TexHoNoriyHa cxema BMPOOHMUTBA 6GionanMBHUX rpaHyn (mener) i3 co-
NOMW HaBefeHa Ha pucyHky 1.2 [4].

MoapibHeHHA TIOKIB conomu BigbyBaeThcA B ABi cTagii. CnoyaTky THOKU
nogpiGHIOTLCA B pi3anbHid MawuWHI 2, NOTiM Ha Apobapui 4, e conoma nopa-
PIGHIOETLCA [0 PO3MIpiB, HEOOXIAHMX AN rpaHynsauii. Iicna uboro TOHKOMO-
ApibHeHMn MaTepian 3MilLYETLCA 3 Mapok0 B 3MillyBayi 6 | NPecyeTbCs y rpaHy-
N Ha rpaHynatopi 7. MNicna rpaHynauii NnpoAyKT 3a AONOMOro Hopii 8 noja-
€ETbCA A0 OXO0N0[KYyBauya 9, nicna Yoro NPoCitOETLCA Ha BibpauiiHomy cuTi 11.
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1 TEXHO/Or 1A KOMIM/IEKCHOI BE3BIAXIAHOI MEPEPOBKI

Hopieto 12 rpaHynu nogaroTbCa A0 6yHKepa rotoBol npoAykuii 13, a noTim Ao
nakyBasbHOI MallnHu 14,

AHaNOriyHo BMPOOGHULUTBY MeneT CUPOBMHA A/1 BUTOTOB/IEHHA NaNUBHUX
OpPUKETIB NOAINAETLCA HA BONOTY (AepeBHa Tupca) i cyxy (conoma).

PucyHok 1.2 - TexHO/OriyHa cxema BMPOOHULTBA GiONaNMBHUX FpaHyn i3
cyxoro matepiany: 1- cosioma B THOKax; 2 - pi3asibHa MallunHa
Ans TOKIiB cofiomu; 3 - OYHKep-Hakonuyysay MogpibHeHOT
cupoBuMHU; 4 - apobapka; 5- 6yHKep-Hakonu4yyBay po3MesieHol
CUPOBUHU; 6 - 3MilyBay; 7 - npec-rpaHynatop; 8, 12 - Hopis;
9 - oxonogxysay; 10 - cucTemMa MWNOB/IOB/IHOBAHHSA;
11 - npocitoBay; 13 - OyHKep roToBOI npoaykuii; 14 -
nakyBasibHa mMalluHa

TexHonoriyHa cxema BUPOOHMLTBA NaMBHUX BPUKeTIB 3 TUPCK NpejcTa-
BNeHa Ha pucyHky 1.3 [5].



1 TEXHO/IOIMA KOMMNNEKCHOT BE3BIAXIAHOI MEPEPOBKI

Tupca nigrpi6atoymm wHekom 1 nogaetbcs A0 cuTa 2, Ae BUAINAIOTLCA
KPYMHi YyacTKu, AKi nogaTbca Ha apobapky 6 ana nogpibHeHHA. OpibHa Tupca
nojaeTbCcsa A0 OyHKepa cuMpoi TUpcK 3, KyAM TakoX MoJaeTbcsa ApibHa Tupca 3
apobapkn 6 vyepes UMKAOH 7. Oani matepian HanpaBnseTbCca A0 G6apabaHHOT Ccy-
Lapku 4, nicng 4oro po3finseTbCcsa Ha ABa NOTOKW. YacTuHa NofaeTbca 40 OYH-
Kepa-HakonuyyBsaya 9, 3BigKM nofgaeTbca A0 KoTna 10, 3 AKOro TOMOYHI rasu
Tpybonposogom 11 nogatoThca A0 6apabaHHOT cywapku 4. IHWa yacTuHa cyxol
TUPCU LUHEKOBMM TpaHcnopTepom 12 noctynae 40 npec-6pukeTyBasibHMKa 13.

TexHonoria BUPOO6HMLUTBA NafMBHUX OGPMKETIB i3 COMOMWU Bigpi3HAETHLCA
Bifl TEXHONOTIT OTPMMaHHA Ma/MBHUX OPUKETIB I3 TUPCU BIACYTHICTIO onepawil
CYLIHHS.

PucyHok 1.3 - TexHoOnOriyHa cxema BMPOOGHMLTBA NaMBHUX OPUKETIB 3
TMpcK: 1 - nigrpi6atoymini WHeK; 2 - cuto; 3 - OGYHKep cupol
TMpcu; 4 - 6apabaHHa cywapka; 5 - nNHeBMOTpaHCnopTep;
6 - gpobapka; 7 - UWKIOH; 8 - BeHTUnATOp; 9 - OYHKep-
HakonuuyBa4; 10 - koten; 11 - Tpy6onposig;, 12 - LWHEKOBUA
TpaHcnopTep; 13 - npec-6puKeTyBasbHUK

TexHonoriyHa cxema BMPOOGHMLTBA NaMBHUX OPUKETIB i3 CONOMU Mpes-
cTaBneHa Ha pucyHky 1.4 [5].

[na BUpOGHMUTBA NaMBHUX OGPUKETIB i3 CONOMM HailuvacTilwe 3acToco-
BYIOTbCA MeXaHiyHi LLHEKOBI npecu.

Conoma Hacunom nofaeTbcs A0 POTOPHOI Apobapku 1, 3BigKM yepes Ha-
NpaBnsYNIA NOTOK 2 - [0 3aBaHTaXyBasibHOro 6yHKepa 3, i3 AKOro 3a 40onomo-
rol BOpPYLIUIbHUKA 4 HanpaBnseTbCa 4O Npec-OpuKeTyBanbHUKa 6, e npecy-
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1 TEXHO/Or 1A KOMIM/IEKCHOI BE3BIAXIAHOI MEPEPOBKI

€TbCA 3@ AOMNOMOrOK KOHIYHOrO LWHeKa 5. [ns nonerweHHAa 6puKeTyBaHHA CO-
NnomMa HarpiBaetbca Harpisayem 7. LLLinbHICTb 6PUKETIB Ha BUXO/AI PerytoeTbCs
nignpecosysayem 8.

PucyHok 1.4 - TexHoforiyHa cxema BMPOOGHMLUTBA Ma/MBHUX OGPUKETIB i3
conomu: 1 - poTopHa Apob6apka, 2 - HanpaBAsitOUMA NIOTOK;

3 - 3aBaHTaxXyBalbHUW OyHKep; 4 - BOPYLWMUIbHUK;
5 - KOHIYHWM/A LWHeK; 6 - Kopnyc npec-6puKeTyBa/lbHUKA;
7 - enekTpoHarpiBayi; 8 - MexaHi3M [na  peryntoBaHHSA

WinbHOCTI 6puKeTiB (NignpecoByBay)

B IHCTUTYTI oninHmx kynsTyp HAAH po3pobneHa TeEXHONOriS nepepobKu
MaKyXu 3 HacCiHHA ONINHUX Ky/bTyp 3 OTPUMaHHAM MPOTEIHOBUX [06aBOK Ta
TBepAoro 6ionanmea 3 NyWNUHHOT Ppakuii [6, 7, 8, 9, 10].

TexHonoriyHa cxema BWUIOTOB/IEHHS MAMBHUX OPUKETIB 3 NYLINUHHUX
(hpakuii Makyxu HaCiHHS ONiIMHUX KYNbTYp NpeAcTaBneHa Ha pUCYHKy 1.5.

HaciHHA ONiMHUX Ky/bTyp LUHEKOBUM TpaHCMopTepoM 1 NojaeTbca o
npec-ekcTpygepa 2, Ae BifdyBaeTbCs BUAABAOBAHHA ONiT | OTPUMAHHA MaKyXMW.
Makyxa LWHeKOBUM TpaHcnopTepom 3 MofaeTbCA 4O MOJIOTKOBOI Apobapku 4,
NOAPIOHIOETLCS | HANPABNAETLCSA Ha MexaHiuHe pakLioHYyBaHHA [0 LLiTKOBOro
POTOPHOro npocitoBava 6. MNMpocisgHa 6inKoBa PpakLis HAKONMYYETLCA B HaKo-
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1 TEXHOJIOT' 151 KOMITJIEKCHOI BE3BIAXIJAHOI ITEPEPOBKU

nuyyBauli 7/, a CXOJ0Ba JIymNMWHHA (pakiis TMOJAEThCA IO  Tpec-
OpukeryBanmbHrKa 13. BugasieHa onisi caMOIIMBOM 3alIOBHIOE €MHICTH 9, 3B11-
k1 HacocoMm 10 yepes puteTp 11 HampaBiaseThCA 10 HAKOMHUIYBATLHOI €MHOCTI
12. I1pu BiiCyTHOCTI MPOTIECY EKCTPYASPHOTO YABJICHHS HACIHHS OJIIHHUX KYJIb-
Typ MaKyXa IIHEKOBHM TPAHCHOPTEPOM 8 MOJAETHCSA A0 MOJIOTKOBOI Japodap-
Ku 4.

Pucynok 1.5 — TexHomoriuHa cxema BUPOOHHWIITBA TAJMBHUX OPHUKETIB 3
JYIIMAHAAX (Ppakifiii Makyxu HACIHHA OJHHWUX KynbTyp: 1, 3,
5, 8 — mHekoBuMi TpaHcmopTep, 2 — mpec-ekcTpyaep, 4 —
MOJIOTKOBA ApoOapka; 6 — MITKOBUI POTOPHHM MPOCiIOBaY; 7 —
Hakomm4uyBad O1TKOBOI (hpakiii; 9 — mpomikHA €MHICTH IS
omi; 10 — macoc; 11 — ¢iasTp; 12 — HakoMUyBajbHA EMHICTH
utst onii; 13 — mpec-OpuKeTyBATBHUK

JloonpamsoBana po3pobiiera 8 [IOK HAAH Texnomoria nepepodku Maky-
XU 3 HACIHHS OJIIMHUX KYJIBTYP BBEACHHAM B ii KOHCTPYKTHBHO-TEXHOJIOTIUHY
cXeMy po3po0sIeHOi KOHCTPYKTUBHOI CXEMHU TBUHTOBOI YCTAHOBKH JIJISI BUTOTO-
BJICHHS TIEJIET (PUCYHOK 1.6).
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1 TEXHOJIOI'Ts1 KOMITJIEKCHOI BE3BIAXIJIHOI TIEPEPOBKU

Pucynok 1.6 — TexHojoriuHa JHIS KOMIUICKCHOT O€3B1IX1AHOI mepepoOKH

MaKyXd 3 HACIHHSA OJIHHWUX KYJBTYyp 3 OJACpPKaHHAM
BHCOKOSIKICHUX IOBHOIIIHHUX IMPOTEIHOBHUX J00ABOK Y BHIJISAIL
mejaeT Ta TBepmoro OiomaymmBa: 1, 3, 5, 8, 14 — mHekoBui
TpaHcmopTep; 2 — mpec-ekcTpyaep; 4 — MOJIOTKOBa Apodapka;
6 — M TKOBWH POTOPHUI MPOCIIOBaY;, 7 — HAKOMWYIyBad O1JTKOBOI
¢dpakmii; 9 — mpomikHa emuicTh i omi; 10 — Hacoc,
11 — diasTp, 12 — HakommdyBajgbHA €EMHICTH U OJIi;
13 — mpec-OpukeryBalibHUK; 15 — menereparop
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2 IITKOBUI POTOPHUI ITPOCIFOBAY ITOJAPIBHEHOI
MAKYXU

2.1 AHaJji3 KOHCTPYKUiil MpociroBaviB MaKyXu

OcHOBHUM 13 CIOCOOIB TIEPEPOOKH MaKyXH 3 HACIHHA OJIIHHUX KYJIBTYD €
noApiOHeHH [2]. VY #oro 3a1ady BXOAWUTH OJEPKaHHA YaCTOK ONTUMAJILHUX PO-
3MipiB, TPUAATHUAX IS BUKOHAHHA HACTYMHWX TEXHOJOTTYHUX OTepaIiiii, Ha-
MPUKJIA, TOAaBaHHS 10 KOMOIKOPMY 3 HACTYITHUM 3MIITyBaHHAM 1HTPEAI€HTIB.

Makyxa 3 oNiifHOTO HACIHHS MOAPIOHIOETHCS MOCHIIOBHO Ha TBUHTOBHUX
JoMavax, JUCKOBUX MJIMHAX a00 OJHOMApPHUX PHU(ICHUX BAIBIIHOBUX CTAHKAX,
MOJIOTKOBHX ApoOapkax. [licns moapiOHEHHS MaKyXOoBe OOPOIIHO MOBHHHO OY-
TH MaKCHMaJIbHO OJJHOP1IHUM 1 MicTUTH 80 % 4YacTok, sIKi B 3MO31 IPOUTH depe3
CUTO 3 OTBOPOM | MM /J14 COHSAIIHUKOBOI 1 JUISTHOT MaKyXxH [2].

OCHOBHUMH BHUMOTAMH JO MaKyxXH 3 HACIHHS COHSAINIHUKY 3TIIHO 3
I'OCT 80-96 [11] €:

— MacoBa YacTKa BOJIOTH 1 JIETKUX PEUOBHH Y MaKycCl HE TIOBUHHA Tmiepe0i-
apinyBatu 8,5 %;

— MacoBa YacTKa CHPOTO MPOTEiHY Yy MEPEPaxyHKy Ha aOCOJIOTHO CYXY
peuoBuHYy — He MeH1e 38 %;

— MacoBa YacTKa CHPOi KINTKOBHHH Y TEPEPaxyHKy Ha aOCONIOTHO CyXy
peuoBuHy — HE O1bITIe 12 %

VY 3B’sA3Ky 13 CTBOPEHHSAM HOBHUX IIMPUEMCTB 3 EPEPOOKH HEIIEPETOBA-
HOTO HACIHHS COHSAIIHWKY, PIMaKy, JbOHY, TIPYMIN TOIMO 13 3aCTOCYBAHHAM
IpeCc-EKCTPYASPIB, BUPOOHUIITBO MaKyXH ITOCTYIOBO 301IbITy€eThCsa. HasBHICTS
T IBAIIIEHOTO BMICTY KJIITKOBHHHM Y T[iif MaKycCi 32 paxyHOK JYIITTUHHOT (ppakiiii
3HIDKYE 11 SIKICTh, 0OMEXY€ TPOIECHTHHAN BMICT y KOMOIKOpPMax Jyisi CBUHEH 1
NITUIT 1 HE BIMOBIIa€ HOpMAaTUBHUM BUMoOTaM (Tabmmrs 2.1) [12].

Tabmums 2.1 — XiMiuHMI CKJ1a MaKyXH 3 HACIHHS COHSIITHUKY, %

Cyxa bezazotucro-
Bun makyxu peuo- |IIporein [Kmtkosuna| Kup | ekcTpakTusHi | 301a
BHHA PEUOBWHHU
Makyxa
3 HemeperoBaHoro | 94,2 19-24 16-19 [9-13 26-29 8.4
HACIHHS
Makyxa 10—
3 IIEPETOBAHOTO 93,5 26-32 12-14 15 24-28 7.1
HACIHHSA

Amnanizytoun Tabmuio 2.1, MoxHa 3poOUTH BHCHOBOK, IO SIK MakKyXa 3
HEIEPETOBAHOT'0 HACIHHS COHSAIIHUKY, TaK 1 3 MIEPETOBAHOTO HE BIAIOBIIAE HO-
PMAaTHBHUM ITOKA3HHKAM.
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2 IITKOBUM POTOPHUM ITPOCTIOBAY ITOJIPIBHEHOT MAKYXH

Tomy BupileHHS TUTaHb MeXaHi3alli MepepoOKH MaKyXH 3a PaxyHOK
YJOCKOHAJICHHSA TEXHOJIOT1i Ta yCTAaTKyBAaHHA 3 METOIO BUAUICHHS OUTKOBOI (hpa-
KITii € TOCUTh aKTyaJbHUM.

VY nporneci moApiOHEHHS MaKyXH YTBOPIOIOTHCSA YaCTKH, SKI PI3HATHCSA 32
po3mipoM, (OPMOIO, MIIBHICTIO, acpoauHaAMIYHUMU BiacTuBocTsaMu [13]. Lle
OB’ 13aHO 3 THM, IO MOAPIOHEHA MAKyXa € CHITKOK CYMIIIIIIO 1 CKIATaeThCs 3
MOAPIOHEHOTO # YaCTKOBO 3HEKHUPEHOTO Spa, IO MICTUTh OCHOBHY KIJIBKICTh
MPOTeiHy 1 MOAPIOHESHOTO JYIIIIHHHS, SKEe CKIAAAEThCA TMEPEBAXKHO 3 KIITKOBH-
Hu. lle gae 3mory cenmapyBatu moApiOHEHY MaKyXy Ha OUTKOBY (pakiiro siapa i
JAYIIMUHAY (PaKIIiFo, IO CKIAAAETHCS MEPEBAXKHO 3 KIIITKOBUHH.

Haiib1p1m1 mupoke po3moBCIOMHKEHHS UTS TIPOCIIOBAHHS CHITKUX MaTepia-
7B ofepikaja MmexaniuHa cemaparitis [13]. [Ipwu Hilt po3aiIeHHS CUTKOTO MaTepi-
ajry, HaPUKJIa A, MPOAYKTIB TTOAP1OHEHHS 3epHA, BII0YBAETHCSA HA MPOCIFOBAYAX,
kiacudikars SKuX HaBeJICHA HA PUCYHKY 2.1, 1 aK1 MOXyTh OyTH BUKOPHUCTaHI
JUTSL PO3/TIICHHS TIOAP1OHEHOT MaKyX¥ Ha OUTKOBY 1 JIYIIMUHHY (hpaKItii.

TexHiuHI XapaKTEPUCTHKHU JCSIKAX MAIWAH TS TPOCIFOBAHHS CHIIKUX Ma-
TeplaiiB peacTaBieHl B Tabmuipax 2.2-2.6.

Tabmumg 2.2 — TexHiuHa XapaKTePUCTHKA PO3CIBIB MAdOBOTO THITY

[Toka3Huku Mapra
3PII-4M 3PIII-6M

KiapKiCTh CHTOBHX paM B CEKITIi, IIT. 16 16
KopwuchHa nnoma cur, m? 17,0 255
Yacrora obepTtiB, 00/XB. 220 240
Paniyc TpaekTopii, MM 40-50 40-50
[ToTy>xHicTh nBHUTYHA, KBT 3 4
Butparu moBiTpsi, M /TOAL. 360 480
["abapuTHi po3mipu, MM:

JIOBJKWHA 2400 3060

IAPUHA 1390 1994

BUCOTA 2370 2370
Maca, kr 1920 2972
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2 IIUTKOBUM POTOPHUI TTPOCTIOBAY ITOIPIEHEHOT MAKYXH
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OapabaHHui IPOCIIOBAY

Pucynok 2.1 — KOHCTPYKTHBHO-TEXHOJOTIYHI CXE€MH TpocitoBadiB: 1 —
CUTOBA paMa; 2 — cuTOo; 3 — TpocC; 4 — mpuiiMalibHUI pyKaB; 5 —
7 — kopmyc, 8 —
BUBAaHTAXYBAJIbHUHA KOpoO; 9 — pemero; 10 — mmiTkoBUH
Oapaban; 11 — pama; 12 — BHUBaHTaXXyBajlbHEC BIKHO, 13 —
BHBAHTAXXyBaJIbHA TopyioBuHA; 14 — Gapaban; 15 — mmiTka

BUIlYCKHUWA PYKaB,

JIHAKA;

Tabmua 2.3 — TexHiuHa XapaKTepUCTHAKA PO3CIBIB PAMHOTO THITY

[TokazHukn Mapra

3PM 3PM-2M
Kopucha nnoma cut, m? 22.5-294 22.5-29.4
Yacrora obeptiB Baja Oaancupa, 00/XB. 210 210
Pamiyc K0710BUX KOJTUBAHD, MM 45 45
Po3mipu cutoBHX pam, MM 1600 x 930 | 1600 x 930
ButpaTtu nositps, M?/c 0,15 0,15
IToryxHicTh nBUTYHA, KBT 2.8 1,7
Maca, kr 2000 2000
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2 IITKOBUM POTOPHUM ITPOCTIOBAY ITOJIPIBHEHOT MAKYXH

Tabmum 2.4 — Texaiuna XxapakTepucTrka po3ciBiB , Ilmanocrap™” 1 ,,KBa-
apoctap” ¢ipmu ,.bronep” (Llsetinapis)

E- §“ Qg: ["abaputHi po3mipw, MNII

= § g = )E E — “
g i= m .| C s = = =) g = =
S| 5 | 58| 2%| E = = o X | § | B
2 o 5 - = % c;s = 'S ! o

s lg |8 | &|E | 5|82 |°

3] S = = S =

5 | 5 & = 5 =

=) 7 m
J1manoctap” MPAD
412 4 12 10,6 | 2770 | 1085 | 1365 | 2085 | 1920 | 9.7
422 4 22 19,5 | 2770 | 1085 | 2036 | 2760 | 2570 | 12,0
612 6 12 15,8 | 3730 | 1085 | 1365 | 2085 | 2320|122
622 6 22 29.0 | 3730 | 1085 | 2036 | 2760 | 3140 | 16,1
712 7 12 15,2 | 3730 | 1085 | 1365 | 2085 |2430 | 122
722 7 22 27,7 | 3730 | 1085 | 2036 | 2760 | 3320 | 16,1
812 8 12 144 | 3730 | 1085 | 1365 | 2085 | 2450|122
822 8 22 264 | 3730 | 1085 | 2036 | 2760 | 3370 | 16,1
.KBagpocrap” MPAE

414 4 14 134 | 1708 | 2330 | 1364 | 2084 | 1915 | 10,3
417 4 7 16,5 | 1708 | 2330 | 1364 | 2084 | 1990 | 10,3
418 4 18 17,5 | 1708 | 2330 | 1700 | 2420 | 2150 | 12,1
422 4 22 21,0 | 1708 | 2330 | 1700 | 2420 | 2250 | 12,1
423 4 23 22,0 | 1708 | 2330 | 2036 | 2756 | 2410 | 13,0
427 4 27 25.8 | 1708 | 2330 | 2036 | 2756 | 2500 | 13,0
614 6 14 20,2 | 2430 | 2330 | 1364 | 2084 | 2630 | 14,0
617 6 17 24,6 | 2430 | 2330 | 1364 | 2084 | 2750 | 14,0
618 6 18 26,0 | 2430 | 2330 | 1700 | 2420 | 2960 | 16,5
622 6 22 31,6 | 2430 | 2330 | 1700 | 2420 | 3120 | 16,5
623 6 23 33,0 | 2430 | 2330 | 2036 | 2756 | 3330 | 19,0
627 6 27 39,0 | 2430 | 2330 | 2036 | 2756 | 3400 | 19,0

AHam3youn mepeBard 1 HeAOIIKH 00JIaTHaHHS I ceraparli CUIKUX Ma-

TepiaiB, MOXHA 3POOUTH BUCHOBOK, IO HAWOIBIT MPUAHATHAMHA TS TPOCIFO-
BaHHA OLTKOBOI (hpakili 13 moapiOHEHOI MaKyXH MOKYTh OyTH BUMOJIbHI Malllu-
HU 3 IIITKOBUM POTOPOM 32 YMOBH, ITI0 IIITKH OYyIyTh BUKOHYBATH POJIb SIK Tpa-
HCIIOPTYIOYOTO poO0UOoTo opraHa, Tak i ounucHuka [14, 15,16, 17, 18].
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2 IIUTKOBUM POTOPHUI TTPOCTIOBAY ITOIPIEHEHOT MAKYXH

Tabmurs 2.5 — TexHiyHa XapaKTePUCTAKA CUTOBIMHMX MaITHH

[Toka3zHukn Mapra

3MC-2-2 | 3MC-24 | 3MC-1-4
ITpoayKTHBHICTB, T/TO/,. 1,020 1,020 0,75-1,0
Uwrcio mapanenbHuX MPUHOMIB KPYIIOK, TIIT. 2 4 4
[[TuprHa NPUHAMAJIBHOTO CUTA, MM 400 x 2 200x 4 200 x 4
AMIUTITY 12 KOJIMBaHb CHTOBOTO Ky30Ba, MM | 5,055 5,055 5,0
Yacrora KoJMBaHb, 1/XB. 530-550 | 530-550 | 530-550
BuTparyd moBITPS HA ACIIPaLiiio, M /TOL. 3600 3300 2400
IToryxHicTh nBUTYHA, KBT 0,8 0.8 0,6
["abapuTHi pO3MIpH, MM:
JIOBKHUHA 3180 3155 200
IITUPUHA 1230 1300 1240
BHCOTA 1550 1600 1600
Maca, kr 800 835 670

Tabmums 2.6 — TexHiuHa XapaKTepUCTHKA MIITOYHUX MAITAH

[Toka3zHuku Mapra
I[IIMA BII1O-1,5
[TpoyKTHBHICTB, KT/C. 1,0 0,45
I1noma cutoBoro 6apabana, M* 3 2,75
JliameTp curoBoro 6apabaHa, MM 800 750
Yacrora o6epTiB mitouHoro 6apabdana, 00/XB. 300 300
Yacrora obeptiB cutoBoro Oapabdana, 00/XB. 8 18
IToryxHicTh 1BUTYHA, KBT 2.8 5,5
Maca, kr 870 930

JlymmuaHy ¢pakiiio, sSka 3aJUIMAEThCS, MOXHA BUKOPHCTOBYBATH IS
roaipiai BPX, BurotopneHHs maauBHUX OpUKETIB a00 TEIET.

Sk mokazanu monepeaHi aHATITHYHI 1 eKCIEPUMEHTATbHI JOCTIHKEHHS, Y
AKOCTI TPOCIIOBavYa HAWOUTBINT MTPUAHATHUAM JUTsl BUAUTCHHS OUTKOBOI (hpakini 3
noAp1OHEHOT MaKyXHu MOXe OyTH BHMOJIbHA MaIllMHA 3 MIITKOBAM POTOPOM, Tie-
peobitaHaHa I TPOCIFOBAHHS CHITKOTO 3a0JIIEHOTO MaTepiaiy 1 3a YMOBH, IO
IITKA OyAyTh BUKOHYBATH POJIb SK TPAHCIIOPTYIOUOTO pOoOOUOTO OpraHa, Tak i
ourcHUKA. [IJist 11bOTO HEOOXIAHO MO0 MITKA MPUMHUKAIN IO TMOBEPXHI CHTA 1
Oyu po3TaimoBaHi O BIHOMIEHHIO IO HHOTO 1O TBUHTOBIHM JIiHI.

[IponoHoBaHMI MIITKOBUM NPOCIFOBAY, HABEACHUI Ha PUCYHKY 2.2, mpe/-
cTaBjsie co00t0 pamy 1, Ha AKIH KPIMUTHCS MPUBOA 2 1 Kopmyc 3 13 1BoMa O0Ko-
BUHAMH 4 1 5, M)XK SIKHMH PO3MIIIICHO POTOP, IO CKIIAJAETHCS 3 Basia 6, HA KO-
My PO3TalioBadi OOOWIITKH 7 3 MAJBIAMH 8, 10 SIKUX KOPCTKO 3aKPITIICHI TIjIac-
taHA 9. J[0 CyMIXHUMX TUTAaCTHH 3aKpIIIOTHCS miTkH 10. boOuikm MaroTh Mo-
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2 IITKOBUM POTOPHUM ITPOCTIOBAY ITOJIPIBHEHOT MAKYXH

JKIUBICTh 00€pPTATHCSA BIHOCHO Baja, 3MIHIOIOYH KYT 3aKpydyBaHHS IIITOK.
Mix GokosuHamu 4 1 5 HarsarayTo cuto 11 Tak, mo miitkr 10 mpu obepranHi
KOTIIOIOTH HOTO TOBEPXHIO, CTBOPIOIOUN KOJIUBHMMA pyx [19, 20, 21].

Jlo xoprmycy mpuMHUKae 3aBaHTaXyBaJibHa 12 1 BUBaHTaXXyBajbHa 13 rop-
ngosuHU. [lix cuTOoM po3TamoBaHe BUBAHTAXyBaJbHE BIKHO 14, 3aKpimieHe 10
pamu. CHTO y BepXHIH YaCTHHI 3aKPUTO KOXKYXOM 15,

' A
12 4 |<E
/ 5

3 —|_|_|_|||||III||||IIIl||!.I'III||||II|||III|l|IIIII|||||||||||||I||||||||IIII

H]};[:/ *ﬁ% J“E‘* .

2"“ . N -rrr|.||l|||||||||||||||||||||||||

— ——

Pucynok 2.2 — KOHCTPYKTHBHO-TEXHOJIOTIYHA CXEMa IMITKOBOTO POTOPHOTO
mpocioBaya: 1 — pama; 2 — mpuBom;, 3 — kopmoyc; 4, 5 —
OookoBuHM; 6 — Baj, 7 — OoOmmika; 8 — manens; 9 — mIacTuHa;
10 — mmitka; 11 — curo; 12 — 3aBaHTaXyBajlbHA TOPJIOBUHA, 13 —
BUBAHTA)XyBaJIbHA TOPJIOBMHA, 14 — BHBAHTa)XXyBaJbHE BIKHO,
15 — koxyx

[TonpibHeHa Makyxa pIBHOMIPHO MTOAAETHCS A0 3aBAHTAXKYBAIBHOI TOPJIIO-
BUHHM 12, 3B1IKM Yepe3 BIKHO B OOKOBUHI 4 MOTparuisie 10 poO0Uoi 30HH MIXK IITi-
tkamu 10 1 curom 11. 3axommorounck MITKaMu nNpu 00epTaHH1 Baia 6, Mpoxia-
Ha NpoTeiHoBa (ppakIlisa MpociBaEThCA Uepe3 OTBOPH cuTa 11 1 BUBOAUTHCA Y BH-
TSIl AP1OHOAMCIIEPCHOTO TMOPOIIIKY Uepe3 BUBAHTAKyBajbHE BikHO 14. Hempo-
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2 IIUTKOBUM POTOPHUI TTPOCTIOBAY ITOIPIEHEHOT MAKYXH

ClsiHAa MaKyxa, IO Mae OUTHINT BETUKY (hpaKIiifo, BUBOJAUTHCS UEPE3 BUBAHTAXKY-
BajbHy ropsosunHy 13. [pocisHa ¢pakiis Moxxe OyTH BUKOpPUCTaHA K OLTKOBA
no0aBKa B KOMOIKOPMH CBHHSM 1 ITHIII, @ TAKOX B AKOCTI XapuOBOTO MPOAYKTY,
3aJIC)KHO BiJI BMICTY B HIM OUJIKa 1 KINITKOBUHH, 10 PETYJTIOETHCS 3MIHHUMH CH-
tamu. CxooBa (pakinist — JyNImuHAA, B CBOEMY CKJIa/l BMIIILY€E TIEPEBAKHO KITi-
TKOBHUHY 1 MOXe OyTH BUKOpHCcTaHa juisi roAisal BPX 1 BUTOTOBICHHS MaTuBHAX
OpHKETIB.

Oco0UBICTIO MPOTIOHOBAHOTO IIITKOBOTO TIPOCIIOBAYA € T€, IO JI0IaTKO-
BE OUMINCHHA CHUTA 3IMCHIOETHCS CTPYIIYBaHHSAM HOTO y Tporieci oOepTaHHS
poTopa. 3a yac nepeOyBaHHs MOAPIOHESHOI MAaKyXH HA TOBEPXHI CUTA MPOX1THHI
Marepiajl TOBWHEH TIOBHICTIO TIPOCIATHCS dYepe3 #oro Biuka. KpiMm ToOro
MATIHAPAYHE CUTO 3aKPITJICHO TITHKYU HA MMOYATKY 1 B KIHIN 30HU MPOCIIOBAHHS.

2.2 Po3paxyHoKk mnapaMeTpiB WIITKOBOIr0 POTOPHOr0 MpPocCiroBaua
noApiOHEeHOT MaKyXH

Posrasmaroun moapiOHeHY MaKyxy SIK OJHOPIAHE CHITyYe CYMIJIbHE cepe-
JIOBUIIE, MOYKHA BUKOPUCTATA METOAN MEXAHIKH CYIIJILHUX CEPEIOBHIIL 1 3aCTO-
CyBaTH Il METOJW /Il BU3HAUEHHS MPOIIECIB Ta X XAPAKTEPHUCTHK Y BUMAAKY
MEPEMIITIICHHST MaTeplaiy MiTkaMu mpocitoBada. [Ipu mpoMy BUHMKAE HEOOX1-
HICTh BCTQHOBUTH TIapaMETPH JIIHIA CKOB3aHHS, SKI BUHUKAIOTh 32 YMOBH Tpa-
HUYHOTO HaMpy’KeHOTO CTaHy cepeaonuina [22, 23].

Jlo ocHOBHOI 3aJaul MOKHA BIJHECTH: BH3HAUYEHHS OOKOBOI JIIHII CKOB-
3aHHS TI0 X0y PYXY MIAMIPHOI CTIHKH (B MOJAIBIIOMY OyJAeMO Ha3WBATH MIIT-
KOIO) B IIapl CYIUTLHOTO CEPeAOBHINA (B MOAATBIIOMY — MaTepiall) 1 TapaMmeTpiB
1€ JIiHii.

I3 emmipuuHrx MeTOIB MOOYAOBH JTiHIN CKOB3aHHA T CHIIKMX MaTepia-
7B HaWOUThI OU3bKY 30DKHICTH 3 aHamTHUYHUM gae metoa Ope. el meTon
nepenadayvae ¢hopMy JIiHIT CKOB3aHHS, sIKa CKIIAJAEThCS 3 ABOX ckiamoBux. [lep-
11a sABJIA€ coOO0 Torapudmivyny cripanb (pUcCyHok 2.3).

1y =r,e"?, (2.1)
e I — TOTOYHHH pajilyC pO3rOPTKH CIIpaJil;

T, — TTIOYATKOBH PajilyC PO3TOPTKH CIIPAJIl;

0; — MOTOYHMIA KyT PO3TOPTKHU CITIpaTi;

(¢ — KyT BHYTPIIITHBOTO TEPTS MaTeplajy;

Il — KYT OCHUTIAHHS,

Tmin — MIHIMaJIBHUHN Pa/lyC PO3TOPTKH CIIpaJTi,

Tmax — MAKCUMAJTbHAM PajilyC PO3TOPTKHU CITIpaTi;

L — BumiT HOCKA cripa.

Jlpyra — e mpsiMa JIiH1sA, TOXI1IHA BIJ CIipail B TOUIl A, sSKa 3T1IHO 3 Te-

: T
opiero Kynona-Mopa yTBOpIO€ KyT 1 g
[TpoananizyeMo 3ri1HO 3 pUCYHKOM 2.3 B3aEMOJIIO TIITKH 1 MaTepiay.
IliTka Ha Marepian mie 3ycuursiM P, po3noaiternm mmo mpoxkuHi BE. Tomi
BCEPEIMHI OHOPITHOI MAaCH BUHUKAIOTHh HATIPY>KEHHSA, SIKI MOYKHA PO3UIUTH Ha
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2 IITKOBUM POTOPHUM ITPOCTIOBAY ITOJIPIBHEHOT MAKYXH

TpH 30HU. [lepmia 30Ha, 0OMEkeHA MIITKOIO 1 JorapuMIYHOIO CHipauTio (30HA
ABE), mae cTtan 1BOBICHOTO CTUCHEHHS, SIKe BUHUKAE TIPH Jli cvi P, mpu mpo-
My Halpy»KeHH: Gy = const 1 6, = const.

Hampy:xenns o oci y nepenaeThes 1o jiHli AB Ha cuto 1 mpu pyci mate-
playy mpoXijHi HOTO YaCTKH HAHOUTBIIT 1HTEHCUBHO MPOCIIOIOTHCS KPi3b OTBOPH
cuta. [I{iTka pU 1OMY OUYHMINAE CHUTO BIJ 3aCTPSTIUX YacTOK Makyxu. [lpyra
30Ha OOMEXYETHCS CIIPAIUIIO 1 JIIHIEID ocumanHs marepiany (3oHa ACD) ta mae
CTaH OJHOBICHOT'O CTHCHEHHS B3MIOBX JIiHII ckoB3aHH: (TI0 cripaimi). [lix miero
1150T0 HanpyxkeHHs map ACD nepeminyeTbcs Bropy 1o Cripai, HaKOTTHIY€Th-
csl TaM 1 ¢cXoAuTh BHU3 Mo JiiHIi ocumanns CD. Llei map mo mnii AD xoHTakTy€e
3 CHTOM 1 MaTeplaj Mae MOXKJIUBICTh MPOCIIOBATUCA. TpeTs 30Ha 0OMEKYy€eThCS
JiHIEIO ocunaHHsA 1 BUTbHOIO oBepxHero KE. Tyt marepian BUIbHO pyXa€eThes MO
miHii CD, nocarae cura, KOHTaKTy€ 3 HUM, IIPOCIBAETHCS, HakonmuayeThes. Llei
MPOIIEC MMOBTOPIOETHCS JTOMOKH MaTepiaja HE MPOcCieThesa abo He 3iiae 3 cuTa y
BHTJISI KPYIHOI (ppakiii.

Pyx marepiany B370BK 0C1 pocCitoBadya 00yMOBJICHHH HAXWAJIOM TIITKH 10
TBIPHOI MWJITHAPAYHOTO CUTA. PO3rNIIHEMO pyX JEAKOi YaCTKW MaTepiajay B 3a-
rajbHOMY 00'€MI, PO3AUISIOUN IISH PYX Ha MUKW, Y IUIOMY IIUKII CKJIQTA€ThCS
3 MBOX KpokiB. [lepmmii kpok — miaiiMaHHS YaCTKH Pa30M 3 CEPEAOBHINEM TI0
norapudmiuHii cmipaii. el pyX mpoxXoauTs MePNEeHANKYISPHO TBIPHIN ITHITIH-
Jpa CUTa, AKIINO YABHUTH 1€ B TUIaHl. MaTeMaTHuyHO PO3TISHYTH e PyX BaXKO.
Bsaram Hac mikaBWTh MEPEMIMEHHS YacTKH B3A0BXK ocl. [Ipu mepmiomy kporti
1boro niepemimieHds Hemae (muist BC), pucynok 2.3.

JlpyTHii KpoK — OIMyCKaHHS YaCTKH 3 3arajJibHOI0 MAcOI0 MaTepiaty o Jii-
Hii ocunannsa (pucyHok 3.4). Tyt AC — TBipHa mwmiuapa, AB — jiHIg mITKY,
K;C — mnia mmiimanas, CD — miHig omyckanss, KD — nepemiieHHs 4acTKy.

Iei pyx BimOyBaeThes nepnieHaukysapao mti (miHis CD). Takum un-
HOM 3a OJIMH IUKJI 9YaCTKa MEPEMICTUTHCA B30BXK CUTa Ha BenmumHy KD, sky
BU3HAYAEMO 3 PUCYHKY 2.4

KD =(CD)sinaq, (2.2)
A€ O — KyT 3aKpy4qyBaHHS IIITKH.

Skimo ysBUTH, IO YacTKa B CBOEMY PYCl 32 OJHH ITUKJ TPOXOUTH JIBI
(hazm — maiiMaHAsS TPUBAJIICTIO t, 1 CIIOB3aHHS TPHUBATICTIO t., 3arajibHa TPHUBa-
JICTh ty; HUKITy CTAHOBUTH:

t= ty e (2.3)

[TincTaBuBIIY 3HAYEHHA t 1 OEpYyUH A0 yBary, 1o Mye =Vp/R, oTpuMaemo:
O,48hmR2

t =5,16 (2.4)

1,33gR* -vi(h, —R)’

A€  Vp— pajianbHa MIBHKICTh MEPEMIIIECHHS YACTKH.
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2 IIUTKOBUM POTOPHUI TTPOCTIOBAY ITOIPIEHEHOT MAKYXH

Ly Lo
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Pucynok 2.3 — Cxewma NiHi# CKOB3aHHS I CHITKAX MaTeplaiB

X
¢ 73 A
lv 24
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y

Pucynok 2.4 — Cxema mepeMmillieHHS ACAKOI YacTKH B 3arajbHIA Macl
Marepiany 3a OuH KT

Buxonsum 3 pucynky 2.4, 3a TOauHy t; yacTka MEPEMICTUTHCA Ha BIJC-
taub K|D, ipu 1iboMy cepeans MBUAKICTh IEPEMITIICHHS JOPIBHIOE:
0,208h  sina,

0,48h R’ ' (2.5)
1,33gR* - v2(h, —R)

3HAYCHHA KyTa Of 3HAXOAUTHCS B 3aJICIKHOCTI:

Vep =
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2 IITKOBUM POTOPHUM ITPOCTIOBAY ITOJIPIBHEHOT MAKYXH

0,48h,,

o =arcsin| 0,38v 2.6
’ 1,33gR2—v§(hm—R) 2.6)

ctgp |.

I'padiuna 1HTEpIIpETAIis IMi€i 3aJIEKHOCTI HABEJACHA HA PUCYHKY 2.5, e
MPEACTABIICHO 3AJICKHICTh KyTa 3aKpPYdyBaHHS IMITKH Of BiA pajiyca CHTOBOI
noBepxH1 R 1 MBUAKOCTI v, HEpEMIIIEHHS 110 H1i YaCTKH.
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Pucynok 2.5 — 3amexHiCTh KyTa 3aKpydyBaHHS TINTKHA BIJ IIBUAKOCTI
MEPEMITTIICHHS MaTepialy IO CUTY Ta HOTO pajiyca

3 pucyHKY 2.5 BUIHO, IO TTPH 30UTBIIEHH] MTBUIKOCTI TIEPEMITIICHHS Yac-
TKH TIO CHTOBIM TOBEPXHI KyT 3aKPy4yBaHHS TITKA 30UTBIITYETHCSA, TPUUIOMY
YUM MEHINUH pajlyc CUTOBOI NOBEPXHI IPU OJHUX 1 TUX JKE€ 3HAUEHHAX Vp, THM
OnbIIMA KyT 3akpydyBaHHsa LITKH. Tak, mpu R, = 0,15 M 1 3M1HI IBUAKOCTI vy, 3

1 mo 2,5 m/c xyT 3akpydyBaHHS MIITKX Bapitoe B Mexkax 6—13°.
Jlna cknaganus AudepeHIIitHOTO PIBHAHHS KIHIICBUX KOJHUBAHb MPSMOTO

CTPYKHA HEOOX1THO MPUHHATH TaKl JOMyTIeHHS [24]:
1. IlpyxHa BICh CTPYIKHS TPAMOIHIAHA 1 30ITAETHCS 3 JIHIEIO TEHTPIB

TSOKIHHS TIOTIEPEYHUX TIEPETHHIB CTPYOKHS 1 IO BICH MPUHMAIOTh 32 KOOPIWHAT-
HY BICh ,,. X, BIJ] AKOi BIUTIUYIOTH BIJXHWJICHHSA €JIEMEHTIB CTPYOKHS TIPH TIOTIEpE-

YHUX KOJINBAHHSIX.
2. BBaxkaroTh, M0 BIAXWICHHSA OKPEMUX TOUOK OCl CTPYIKHSA B1AOYBA€THCA

NEPICHANKYJIAPHO 70 ocl ,, X 1 mapanebHAMHA TIEPEMIICHASIMA BITHOCHO OCi

HEXTYOTb.
3. IlpunyckaroTh, IO BIAXHISHHS TOYOK OC1 CTPHYKHS MPOXOAWTh B OJTHIH

TUTOIIAHI.
4. Taki BIOXWJIEHHS BBAXKalOTh MaJIMMH, TOOTO BIJHOBJIIOIOYH CHIIH, 3a-

JUTIAIOTHCSA B MEKaxX MPOMOPIIHHOCTI.
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2 LWITKOBWIN POTOPHUIA MPOCIKOBAU MOAPIEHEHOT MAKY XU

Toal BIAXWNEHHS TOYOK OCI CTPVDKHA MPU MOMNEpPevyHnX KONMBAHHAX MNO-
[AK0Tb Y BUTNALI PYHKUIT ABOX NEPEMIHHUX:

Y = Y(x, £), ie X - KoopamnHara; t - yac.

[Mpwn BiNIbHMX MONePeYHNX KOMMBAHHAX (DYHKLiA 3a[10BOJIbHSAE NiHIN-
He AudepeHLuiiHe PIBHAHHSA B NMPMBATHUX MOXIAHUX YETBEPTOro Nopsagky. Ans
oro nobyAoBM BBOAMMO MO3HAYEHHS:

A - Maca OgMHNLI OOBXUHMN CTPUXHA, KT cek2Acm2,;

E - moaynb Npy>XHocTi, KI'/cM2;

- MOMEHT iHepLjii MOMepeyHOro nepepisy CTPUKHS, CM4;

E, | - XXOPCTKICTb Ha MPOruH.

LLLiTKy npocitoBaya MOXHa MpeAcTaBUTU SK CYUIiNbHWUA O4HOPIAHWUIA
CTPUXXEHb, LWAapHIPHO 06NepTUIA Mo KiHUAX, PUCYHOK 2.6 [25, 26].

PucyHok 2.6 - Cxema LWapHIPHOro 3akpinsieHHsa LWIiTKKM npocitoBaya y
BUINAL4I CYLINbHOTO OAHOPIAHOTO CTPUKHSA

3rigHo 3 [25, 26] piBHAHHAM KOMMBAHHA WITKM MOXHa 3anucatm y BU-
rnagi (pucyHok 2.7):

y(x4) - * [MiCCMPiO+" 6irKpiiX6in— ’ (2.7)
i= b
ae nocTiiHi Mi i N13HaxoaaTbecsa 3 MOYaTKOBUX YMOB.

PuUcyHoK 2.7 - BnacHi popMn KOMBaHb CTPUXKHA
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2 LWITKOBWIA POTOPHI MPOCIKOBAY MOAPIEHEHOT MAKY X!

Hexail 1o CTpuXHSA B TouLi X =X1, (pucyHOK 2.8) npuknageHa 3ocepegxe-
Ha rapmoHinHa cuna Q = Qosm(tot +an), e an- no4vyaTkoBa (Pasza 30YyMKYHUOI
cunn.

3rigHo 3 [25, 26] piBHAHHAM KOMMBAHHA LWITKW NPU NPUAHATIA YMOBI
(pMCYHOK 2.8) MOXHa 3anucatu 'y BUrnsgi:

yeJT) = 2a01/  8In@msin”
N4ELL- a 2) A

(2.8)

PucyHok 2.8 - Cxema NpUKNafeHHs A0 CTPMXXHS rapMOHIHOT cuim

Mpn BMOGOPI KOHCTPYKTUBHO-TEXHOMOTIYHOT CXEMW NpocitoBava 414 npo-
CitoBaHHA NOAPIGHEHOT MaKyxu, siKa BK/KOYaEe NepeBaXKHO 6iNKOBY (pakuito,
NYLWMNWUHHY 1 YaCTKOBO 0/it0, B AKOCTI iHTeHCcuikaTopa MoXe BUCTynaTu cama
WiTKa, AKa 38 YMOBU NPUMMUKAHHA A0 LUWNIHAPWUYHOT CMTOBOT MOBEPXHI 3 MNEB-
HOK amMnAiTYZAOK i 4acToTOK 30y[)KYE B Hel KOnMBanbHi pyxu. ToMmy nigcras-
NAKYM YNCIOBI 3HAYEHHS B PIBHAHHA (2.7)-(2.8), MAEMO HACTYMHI KOHCTPYKTHK-
BHO-PeXMMHI napameTpun npocitoBaya: A0BXWHa npocitoBaya - 0,8 m; pagiyc
Kamepu - 0,3 M; yacToTa 06epTiB poTopa - 140 06/xs.

MpoAYKTUBHICTL POTOPHOrO NpocitoBaya 3rigHo 3 [13] MoXXHa BU3HaA4YNTU
3a hopmynoto:

Q=F X0 XxRx ¢ xnp, (2.9)
ne Y. nnowia paMmku i3 Wwitkamn, m<;

0 - KyTOBa LWBMAKICTb 06epTaHHA pamku, 1/c;

R - paaiyc pamkn, m;

P - WiIbHICTb NPOAYKTY, Kr/M3;

¢ - KoedilieHT BUKOPUCTaHHS 06CcAry poboyoi KaMepu, L0 BPaXOBYE He-
MOBHE 3anMOBHEHHA nowi pamku npogyktom (¢ = 0,1 ...0,3).

MigcraBnsatoumn B (2.9) UNCNOBI 3HAYEHHA, OTPUMYEMO 3HAUYEHHS MPOAYK-
TUBHOCTI po3pobneHoro npocitoBava 0,42 kr/c (1512 kr/rop).

[ns 3abe3neyeHHs po3paxoBaHOi 4acTOTU 06epTaHHA paMKu i3 LWiTKamm
Ta NPOAYKTUBHOCTI 6YyAeMO BMKOPUCTOBYBATWM MOTOP-PELYKTOP MNOTYXXHICTHO
3,2 KBT.

2.3 MeTogmMKa  eKCnepuMeHTaNbHUX  AOCNiAXKEeHb  LLITKOBOrO
POTOPHOIO NpocitoBaya

Mporpama 6yna po3pobneHa Ha OCHOBI paHille NPoBeAeHNX TEOPETUUHUX
Ta eKCrnepuMeHTaNlbHUX AOCNIAXKEHb.
Y nporpamy ekcriepuMeHTanbHUX A0CNIAXKEHb BXOANTb:
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i LLITKOBWI POTOPHI MPOCIKOBAY MOAPIEHEHOT MAKYXI

- [OCNIMKEeHHA BNANBY 3aBaHTaXEHHSA maTepiany g, 4acToTu obepTaHHA
poTopa N Ta KyTa a 3akpy4yyBaHHA LWITOK Ha CTYnNiHb MpOCitoBaHHA 6iNKOBOI
(pakyii ~n.

- BM3HAYEHHSA ONTUMaNbHUX NapameTpiB WIiTKOBOro npocitoBaya.

[na npoBefleHHA AOCNIAXeHb 3rifHO 3 nporpamoro 6yna po3pobneHa i
3MOHTOBaHa eKcrnepuMeHTasibHa NiHia (PUCYHOK 2.9), fiKa CKnagjaetbecsa 3 nogpi-
OHIOBaYa 1, XXMBUIbHWKA 2 | POTOPHOTO Nnpocitosaya 3.

3aranbHWn BUrNA4 npocitoBava i WITKOBUI 6apabaH npefcTaB/ieHi Ha pu-
CYHKy 2.10.

a)

6)
PucyHok 2.9 - EKcnepuMMeHTanbHa MiHis nepepobKM MaKyxu HaCiHHS
ONINHMX KyNbTyp: a - 3aranbHWii BUrNsfA; 6 - TeXHONMOTriYHa
cxema; 1 - pgpo6apka; 2 - KWUBWAbHWK; 3 - LWiTKOBWUIA

npocitoBay; 4 - npuiimay 6iNKOBOro MOpPOLLKY; 5 - npuiimay
NYLWNUHHOTO MOPOLLKY
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2 LWITKOBWIA POTOPHI MPOCIKOBAY MOAPIEHEHOT MAKY X!

6)
PucyHok 2.10 - POTOpHMIA WITKOBWIA NpocitoBay: a - 3arajbHUIA BUTNAL;
6 - WiTkoBui 6apabaH npocitoBaya

OCHOBHMMW po60OYMMK OpraHaMy pPOTOPHOro npocitoBava (PUCYHOK 3) €
Witk 10 i cuto 11. LLiTKM po3milyeHi BiAHOCHO Bafa poTopa nif NeBHUM Ky-
TOM 3aKpyu4yBaHHA.

CuToBa NOBEPXHA BUKOHaHa 3 KanpoHOBMX abo nosiamigHUX HUTOK 3 Yu-
C/NIOM BiYOK Ha 1 CM [OBXWHMU, AKe AOPiBHIOE 29.
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2 LWITKOBWIN POTOPHMIA MPOCIKOBAU MOAPIEHEHOT MAKY XU

Y aKocTi 06’eKTa focnigkeHb 6panacsd Makyxa i3 HacCiHHS riépuaa coHs-
WHMKY 3anopi3bkunii 28, sika nogpi6bHoBanacs Ha gpobapui.

MogpibHeHy Makyxy macoto 10 Kr 3acunann B OYHKep >KUBU/bHUKA.
BMukanu gBuryH npocitoBaya, a noTiM XuBWabHUKa. Ticnd npocitoBaHHA Ma-
Tepian, AKMA NPOMLLIOB KpPi3b BiuKa CUTa, 3BaXKyBanu i BU3Ha4yaau CTyniHb Npo-
Cit0BaHHA .

Mpwn npoBefeHHI AOCNigKeHb BUKOPMUCTOBYBanoca cuto Ne 29 3 po3mipa-
MU BIYOK 258 MKM.

Mogauy martepiany peryntoBanu XXUBUAbHUKOM 2 (PUCYHOK 2.9) 3a paxy-
HOK MepeMmilleHHs 3ac/iHK/ LIHEeKa, PO3MILLEHOro Haj Moro KOXyxom, 3MiHto-
l0UM NpU LbOMY 06’eM 3axBaTy MaTepiany LUHEKOM.

YacTtoTy 0bepTiB poTOpa npocitoBava perynoBany nepeTsoproBayemM yac-
TOTN (pUCyHOK 2.11).

PucyHok 2.11 - 3aranbHuii BUrnsg nepeTBopoBaya 4acToTu

[N KOHTPONLHOrO BUMIpPY 3aBAaHOro mapameTpa KOPUCTYBa/MCb Taxo-
MeTpoM (PUCYHOK 2.12).

KyT 3akpyyyBaHHA a BCTAHOB/IHOBABCA 3a PaxyHOK B3aEMHOI0 3MiLleHHS
6006MLLIOK BiAHOCHO Bana poTopa, AKi ikcyBanucs reBuHTamu.

Y npoueci eKcnepuMeHTIB (PIKCyBann MOTYXXHICTb ABUIyHa 3a A0MNOMO-
roto npunaagy Pr-50 (pucyHok 2.13).
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2 LWITKOBWIA POTOPHY MPOCIKOBAY MOAPIEHEHOT MAKY X!

PucyHok 2.12 - 3aranbHuii BUA TaxomeTpa

PucyHok 2.13 - 3aranbHuit Burnsag npunagy Pri-50

Y AKOCTi BapinioBaHMX (hakTopiB 6panu Taki napameTpu npouecy:

- 3aBaHTaXXeHHA maTepiany (, Kr/c:

- yacTtoTa 06epTiB poTopan, 1/xB.;

- KYT 3aKpy4yBaHH# WWITOK a, rpag.

IHTepBanu i piBHI BapitoBaHHA (MaKTOpPIB POTOPHOro npocitoBava npea-
CTaB/ieHi B Tabnuui 2.7,
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2 IIUTKOBUM POTOPHUI TTPOCTIOBAY ITOIPIEHEHOT MAKYXH

Tabmursa 2.7 — IaTepBanu 1 piBHI BapitoBaHHs (HaKTOPIB MPHU AOCITIHKCHHI
ITITKOBOrO IIPOCIFOBada

IHo3nauennsa Pisai
‘ ) ' : [aTepBan
(axropis HatimenyBanHns (akTopis BapliobaHHA BapifOBaH-
KOJOBaHE HaT}I,{peaHI’- Ta OAWHHMII BUMIPIOBAHHS +1 0 | -1 HA
X, q 3aBaHTa)XEHHS Marepiaiy, 0,6 10402 0,2
Kr/C.
% . Yacrora ob6epTanHs poTopa, 120 [100]| 80 20
1/xB.
X, o KyT 3akpydyBaHHS IIITOK, 15 101 5 5
rpaj.

JIna TutanyBaHHS JOCIIDKEHb BUKOPUCTOBYBAJIACSd CTaHAApTHA TPHUPIBHE-
Ba MaTpHIl ONTUMAIBHOTO MJIaHy bokca-beHkiHa Apyroro mopsiaky mjis TPhOX
¢dakropiB (Tabmuis 2.8).

Jlns omucy 06s1acTi ONTUMYMY BHKOPHUCTOBYEMO TIJIaH JAPYTOTO MOPSIKY,
0 Ja€ MOXJTUBICTH OJCPKaTH MAaTEeMAaTHUYHY MOJETh Y BUTIIAM (DYHKITT BITY-
Ky Y, IpEeICTaBIICHOI TTOJIIHOMOM APYTOTO MOPSAAKY.

Y =b, +b;x; +binin +bﬁXiZ, (2 10)

ae b, bi, by, bii — xoedimentu perpecti.

KoedimenTn mMareMaTHdHOT MOJCHI APYTOTO MOPSIAKY PO3PAXOBYIOTHCS
3a gomomororo EOM. Ilepesipka ixHbO1 3HAUMMOCTI BUKOHYETHCS 32 KPUTEPIEM
CrbrozieHTa.

Tabmuns 2.8 — TpupiBHEBa MaTPHUIIS ONTUMAIBLHOTO TUTaHY bokca-
benkina npyroro nopsaaky juist TphoX (pakTopis

No., dakTop No, dakTop

JOCITITY X, X, X3 JOCITITY X X, X3
1 1 1 0 9 0 1 1
2 -1 -1 0 10 0 -1 -1
3 1 -1 0 11 0 1 -1
4 -1 1 0 12 0 -1 1
5 1 0 1 13 0 0 0
6 -1 0 -1 14 0 0 0
7 1 0 -1 15 0 0 0
8 -1 0 1
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2 LWITKOBWIA POTOPHI MPOCIKOBAY MOAPIEHEHOT MAKY X!

2.4 Pe3ynbTaTu  eKCnepuMeHTallbHUX  A0CAiAXeHb  LLiTKOBOrO
POTOPHOro npocitoBaya

Pe3ynbTaTn eKcnepuMeHTanbHUX LOCNIgXKEeHb npouecy poboTn poTOpPHO-
ro npocitoBaya, BUKOHaHUX 3rifgHO nnaHa bokca-beHkiHa (Tabnnus 2.8) Ha piB-
HAX BapitoBaHHA (hakTopiB Ana cuta Ne 29, npefcrasneHi y Tabnuyi 2.9 [27, 28,
29].

Y pesynbTaTi 06p06KM AaHUX OTPUMAHO PIBHAHHA perpecii, aKke onucye
3a/IeXHICTb CTYneHa npocitoBaHHA nn(y %) Big BapinoBaHnX (hakTopiB:

/In=26,9 + 0,525n - 0,5125a - 0,4750an - 0,425na - 0,8583n2- (Tiv)
- 1,7667a2. ( )

OnTumManbHOK TOYKOK poboTu npocitoBaya i3 cutom Ne 29 (po3mip BIYOK
258 MKM), BUXOAAYMN 3 YMOBWN Oflep>KaHHSA MaKCMManbHOIr0 CTYMNeHs NpoCitoBaH-
HA, € a = 0,2 kr/c, n= 112,7 1/xB., a = 8,9 0. [Mpn LbOMY CTYMiHb MPOCIOBaHHA
CTaHOBUTL nn= 27,28 %.

P03p06/sieHO MeTOAUKY iHXEHEPHOro po3paxyHKy TEeXHOMOTIYHUX Pexu-
MIB Ta KOHCTPYKTUBHUX €/1IeMeHTIB POTOPHOro NpocitoBaya, Lo Aasno 3MOry BU-
3HAUYUTM Oro napameTpu:

- KOHCTPYKTUBHI - [0BXWHa 6apabaHa Lc.= 75 cm, pagiyc R = 15 cm, KyT
3aKpy4dyBaHHA WITKM a = 9 0, JOBXMHA WiTKN L, = 76 CM, IXHA KiNbKICTb Ha
pPOTOPi CTAHOBUTL Z = 4;

- KIHEMaTW4HI - wBKnakicte Vp=1,77 m/c.;

- TEXHONOTIYHI - MaKCUManbHe 3aBaHTaXXeHHA matepiany = 0,214 kc/c;

- MOTYXHICTb agBuryHa N = 1,1kBT.

Tabnuus 2.9 - Pe3ynbTaTu AOCNIAXKEHb i3 BU3HAYEHHSA CTYMNEHS
npocitoBaHHA nn, %

3HayeHHd 3amipiB  CepefHe 3HayeHHd 3amipiB CepefHe

Ne v ovs Mg Y2 Y3 Ap
1 275 249 247 257 9 251 228 226 235
2 250 232 256 249 10 252 225 249 242
3 261 246 246 251 11 266 251 251 256
4 288 252 282 274 12 250 21,9 245 238
5 243 236 248 242 13 291 264 261 272
6 257 244 262 254 14 269 255 274 26,6
7 256 246 251 251 15 274 264 269 26,9
8 250 230 252 247
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3 YCTAHOBKA JUIAA BUT'OTOBJIEHHSA ITAJIMBHUX BPUKETIB

3.1 AHaJji3 KOHCTPYKUii

bpukeTn BUTOTOBISIOTHECS METOJAOM €KCTPYACPHOTO MPECyBAaHHS MPH BU-
COKHX TeMIIepaTypax, 3B’ A3YIOUOI0 PEYOBUHOIO € JITHIH — HATypajIbHUH TIPO-
JOYKT, IO BUAUISETHCS TIPHA HArpIBaHHI, TAaKWH BHJI NAJWBA HE MICTHTh HISKHAX
JIOJTaTKOBHX XIMIYHUX A00aBOK. OCHOBHI €Tanmy BUPOOHHUIITBA MAJIMBHUX OpHKE-
TIB CKJIQAIOThCA 3.

—TOAP1OHEHHS CHPOBUHM 0 (hpaKiii, AKa MAXOAUTH I OpUKETYBaHHS,

— CYIIIKW CHPOBHHH JI0 PiBHSI BOJIOTOCTI 12 % ab0 HIKUOTO;

— IPECYBAHHS CUPOBUHU SKCTPYJACPHUM METOIOM.

Jlesika cMpOBHMHA, Taka SK HANPUKIAA COHSIIHHK, HE MOTpeOye Imoapio-
HEHHA Ta CYIIKH JOMATKOBUM OOJIQIHAHHSM, a JOCTAaTHHO TUTBKH TPaHyJIIOBAH-
HS €KCTPyAepHUM MeToaoM. lle Tomy, mo #oro BoioricTh HIKYA HIX 12 %,
a ¢pakiig AocTaTHbo M'sika. J{js OUIbI TBEPAOi CUPOBHHH, SIK ICPEBO, PEKOME-
HJYy€ThCS BKJIFOUATH MPOIEC MOAPIOHEHHS Ta CymiKu. Jl[ane oOmagHaHHSA HE BU-
Marae HisIKO1 CTIeMiaIbHOI JITICH31i, BOHO TIOKHM 1110 HE CTAHJAPTHE 1 BUTOTOBJIS-
€THCA 3a TEX3aBJaHHIM. B SKOCTI mpuUMIIEHHS 11l BUPOOHUIITBA Tiiiiae Oy ib-
AKWUW aHrap, MAIrpiB 1 BOAOMOCTauaHHs He 000B's3koBl. HaBuaHHs mepcoHanmy
B110YBAETHCA, SIK MPABUJIO, TT1T 9aC MyCKOHAJIAr0KYBATBHUX POOIT.

JlymmuaHy (pakiiio, ska 3aJUIIAEThCs, MOXHA BUKOPHCTOBYBATH IS
roaipial BPX, BUroTOBNCHHS MaIMBHUX OPHUKETIB, a00 TECT.

CupoBHHOIO AJis1 BUPOOHMIITBA MAJIMBHOTO OpPUKETY MOXKe OyTH THpca
M'SAKUX 1 TBEPAMX MOPIA ACPEB, JYIIMMAHAS COHANIHAKY, TPEUKH, COJIOMA Ta 1HIIT
POCIHMHHI BIAXO/IH.

Bumoru 1o cipoBuHY Ta MaJIMBHUX OPUKETIB HaBeACHI B Tabmui 3.1.

Tabnuis 3.1 — BuMoru 10 CHpOBUHU Ta MaJUBHUX

XapaKkTepuCTUKHA BUX1THOT Xapakrepuc-

CrposiHa CUPOBUHHU TUKU OpUKETY

Hacunna Bomno- Opak- | [Iuroma Bara,
maca, Kr/M’ | ricte, % | wwis, MM Kr/m’
JlymnuHHSA COHSIITHUKY 100 4-9 6-10 1150
JIlymmuHHS COHATTHUKY 260 6.9 75 1090

(moapiOHEHE)

JlymmuHHS rpeukn 160 5-12 2-5 1030
Pucose nymmnuHHA 125 5-12 2—6 1010
Tupca nyboBa 270 6—-12 2-5 1250
Tupca cocHOBa 125 6-8 2-5 1150

bpukeTn, HE3ameKHO BIJT TOTO 3 AKOi CHPOBHHM iX BUTOTOBJIAIOTH, Pi3HI —
e MOke OyTH «IIETJIMHA» YW MIIIHIPUYHA 1 MeCTUTpanHa (opMa 3 OTBOPOM
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3 YCTAHOBKA /14 BUTOTOBJTIEHHA NA/IMBHWX BPUKETIB

BCcepeAnHi abo 6e3. CTaHAAPTHUX PO3MIPIB Yy LbOro BUAY nanvMBa Hemae. 3ara-
NbHOMNPUIHATA JOBXMNHA 6puKeTy 20-30 CM.

OCHOBHMM (haKTOPOM, SIKMIA BM3HAYa€E MexaHiyHy MILUHICTb, BOAOCTIN-
KIiCTb i KanopinHictb 6puKeTy, € horo nutoma eara. Umm 6Ginblia NnMTOMa Bara
OpUKeTy, TUM BULLi NMOKa3HWKM NOro AKocTi. Hanpuknag, SKWO nutoma Bara
OpukeTy 650-750 Kr/m3, KanopinHictb gopisHioe 12-14 MDK/Kr; npu nuTOMin
Ba3i 1200-1300 kr/m3 KanopinHicTb cknagae 25-31 MIOX/Kr.

AKICTb OPUKETIB 3HAYHOK MIpPOK 3aneXuTb Bif BOMNOroCTi BUXIAHOT CU-
POBUHU. ONTUManbHa BONOTiCTb OPUKETIB 3HaX0AUTLCA B Mexax 4-10 %.

[ns BUIOTOB/IEHHSA Ma/MBHUX OPUKETIB BMKOPUCTOBYKOTLCA LUHEKOBI
OpPUKETHI Npecn abo npecu yaapHoTi fil.

Ha pucyHky 3.1 npeacTaBfieHnin WwHekosui npec ML-250, po3pobneHunii
(hipmoto «Epax», M. MapraHeLb.

MpoayKTUBHICTL npeca - 250 Kr/rof. BctaHoB/eHa NOTYXHICTb ABUTYHaA
- 15 kBT. Bonoricte cuposuHn - 12 %. Po3mip pakyii - 8 mm. lNMpouyec npe-
CyBaHHS NpoxoanTb npu temnepatypi 250-400 °C 3anexxHo Bif BUAY CUPOBUHMN.

Buxig rotoBoro 6pukeTy y BUrNA4i NpsaMOKYTHOro 6pyca, 3 OTBOPOM Yy
LeHTpI.

PucyHok 3.1 - 3aranbHuin Burnag npec-6puketysanbHuka ML-250

Ha pucyHky 3.2 npeactasfieHUi npec yaapHoi aii PB-500, po3po6neHuii
TOB «YepkacnEnesatopMatu». MNMpoayKTneHicTb npeca - 500 kr/rog. BcTaHo-
B/IeHa MOTYXHICTb ABUryHa - 35 KBT. Bonoricte cuposuHun - 10-12 %. Po3mip
(pakyii - 12 mm,
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3 YCTAHOBKA A4 BUTOTOBNEHHA MANTMBHWX BPUKETIB

PucyHok 3.2 - 3aranbHuii Burnsg ygapHoro npeca PB-500

Hain6inblie nowmMpeHHs oTpUManu WHEKOBI npecn. TexHiYHa XxapakTepu-
CTMKa HanbifNbl po3nNoBCIOAKEHNX NpPeciB nNpejcTaBneHa B Tabnuuyi 3.2.

Tabnuus 3.2 - TexHiYHa XapaKTepUCTMKa LUHEKOBMX Mpec-
6pVKeTYBaNbHUKIB

. MoTyXHicTb  Bonorictb Po3mip
Mapka npeca. [MpOAYKTUBHICTb,
[ABUTYHa, CUPOBUHMN, (hpakuii,
P0o3po6HUKK Kr/rog
KBT % MM

Mw-200
AN «Tpueag», 180-230 11 8-10 0o 5
M. KuniB
LLIBM-700
TOB «Tennogap», 650-700 67 8-10 no 10
M. [onTaBa
MB6-300
BiflbHAHCbKA BU- 400-500 46 o 10 fo 8
npaBHa KOJIOHIA
BIOMASSER
HaulonansHil ar- 50-60 8,2 10-12 Ao 16
papHWUin yHiBepcu-
TeT
EkcTpygep
€B-350-70
TOB «Yepkacu-
EnesatopMalu»

350-400 47,2 10-12 no 20
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Makcumansauii po3mip ¢paxmii 16-20 MM m1OmyCcKaeThCs TPU BUTOTOB-
JICHH]1 TAJIMBHUX OpHUKETIB 3 coioMu. [Ipr BUTOTOBIIEHHI OPUKETIB 3 JIYIITITUHHS
COHSTITHUKOBOTO HACIHHA, TPEUKH, TUPCH PO3MIp ¢pakiii moBuHeH Oyt HE Oil-
abine 10 mwm.

Bosoricts cupoBrHM B yCix BUTaakax He nepesuinye 12 %. 3nauna nu-
TOMAa €HEProeMHICTh BUTOTOBJICHHS OpukeTiB 10 100 kB1/T cTpumye iX mmpo-
koMmacmTabHe BUpoOHHUITBO. OHAK 3aBISKH TOMY, 110 TETIOTBOPHICTH TAJINB-
HUX OPUKETIB 3HAXOAWTHCS HA PIBHI TEIUIOTBOPHOCTI KaMm SHOTO BYTULIA, 15—
18 MJIx/xr, ix BHpOOHHUIITBO MOXE OYTH IEPCTICKTHBHIM.

Hocmmxenns [30], mpoBeaeHI HAMHU Ha EKCIIEPUMEHTATBHOMY O0JIaTHAH-
H1 JIIHIT 3 MEXaHIYHOTO (PpaKIiOHyBaHHS MOAPIOHEHOI MaKyXH, MOKAa3ajH, 10
IIPY TIEPITIOMY TIOAPIOHEHH] 1 TPOCIIOBaHHI OUTKOBOI (ppakii 3 MOmaIBIIAM TIO-
NPp1OHEHHSM JTIyIIUHHOT (DpakIii 1 T0JATKOBUM MPOCIIOBAHHAM MOXHA OepIKa-
TH O1IKOBOT (hpakini Ha 8§ % OLIbITe HIXK MPU OAHOPA30BOMY MOAPIOHEHH] 1 TIPO-
ciroBaHH1 (Tabnwmis 3.3).

Tabmursa 3.3 — Pesynbrat 1OCiKEHD BUXOAY OUTKOBOT (hpaKitli Bij
KUTHKOCTI TTOP1OHECHD

[Tpukman | KibkicHi 1 AKICHI TOKa3HUKHA MaKyxu | BenwunHa moka3HUKIB
Buxig 6opomina, % 26,6 £0,77
1 Bwmicr 6uika, % 39+0,75
Bwmict kmtkoBuHH, % 6,3 0,61
Buxin 6opomrna, % 34,7+ 0,82
2 Bwmicr 6iika, % 38,2 +0,78
Bwmict xmtkoBuHH, % 6,6 £0,57

B nmepmromy BuIaaky Ha MOJIOTKOBIH ApoOapIi Oyj0 BCTAHOBJICHO pEIIIe-
TO 3 miameTrpoM oTBOpiB 3 mMm. [lpu moapiObHeHHI NMymmuHHOT (pakiii Oyio
BCTAHOBJICHO PEIIETO 3 IIaMETPOM OTBOPIB 2 MM.

[Tomepeani AOCTIHKEHHAS 3 BUTOTOBJICHHS MAJIMBHUX OPUKETIB 3 JIYIITHH-
HUX (paKIid HACIHHA pinaky 1 ripuwni Ha nrHekoBomy mpeci [TII1-250 mokaza-
JW, MO0 THATOMA CEHEPTrOEMHICTh TMPOIECY OpHUKETYBaHHS 3HIDKEHA a0 25—
30 xB1/T. 3HMKEHHS €HEProeMHOCTI B1I0YJI0CS 32 PaxXyHOK TOTO, IO JIYIIITHHAA
(dbpakiiss B CBOEMY CKJIaJl Ma€ JSAKY KUTbKICTh omi, 8—12 %, 1 mporec OpHKeTy-
BaHHA MPOXOouTh mipu Temrepatypi 100-110 °C.

[Tpec TII-250 moxxke OyTH aHAIOTOM TpHU PO3POOI OpUKETyBaJbHUKA
JYIITTAHHOT (hpaKiii.

3anmponoHOBaHa yCTaHOBKA (PUCYHOK 3.3) ckiamaeThes 3 pamu 1, 10 SKOi
3aKPITUICHO €JICKTPOTIPUBOJ 2, IO MPUBOIUTH B 0OEPTOBHM PyX Bajl 3, po3Mi-
MCHWI B IMWNHAPUIHOMY Koprycl 4 3 miamunmHUKOBAM By3jioM 5. Han 1m-
JIHAPAYHAM KOPITyCOM 3aKpIMJICHO 3aBaHTaKyBaJibHUN OyHKEp 6, 3 AKOTO Ma-
TepiaJl MOJAETHCSA HA TBUHT 7, IO MPUMHKAE 70 Bayia 3, 1 BUKOHAHWHA y (popmi
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3 YCTAHOBKA JUIS1 BUT OTOBJIEHHSI ITAJIMBHUX BPUKETIB

IBUHTA 3 KOHYCOM Ha TOpIi. [ BHHT oOepraeThest B mepdopoBaHii Tib31 8 3
OoTBOpaMu 9, sika 3 OAHOTO OOKY MPUMHUKAE A0 MHJIIHAPHYHOTO KOPIyCy 5, a 3
1HIoTo — A0 ¢utbepyn 10, ska Mae KOHIYHY 3 TMEPEXO0I0OM B IMIJIIHAPHUIHY TTOBEP-
xHI0 14. O1abepa 3HaX0MUTHCA B cTakaHl 11 1 Mae MOKIIMBICTD TTEPEMITITY BATHCH
BIJIHOCHO Taiiku 12, Ha 30BHIMHIA MOBEPXHI AKOi 3aKPIMICHO €JIEKTPOHArpi-
Bau 13.

VYcTaHoBka AJiA BUTOTOBJICHHS TMAJIMBHUX OPWKETIB TMPAIIO€ TAaKAM UH-
HoM. JlymmuHHa (pakiis moaaeThea 10 3aBaHTaXyBaJbHOTO OyHKepa 6 1 mami
CaMOTUTMBOM — HA TBUHT 7, SIKWWA 00EPTAETHCS B M AMTAITHAKOBOMY BY3JIl 5, pO3-
MIIIIEHOMY B IAJIHAPHIHOMY Koprycl 4. OOepTaHHs TBUHTA BIIOYBAEThCS dUe-
pe3 Ball 3 BIJ €NEKTPONPUBOIA 2, 3aKpITUICHOTO HA pami 1. ['BUHTOM Martepiajn
TPAHCTIOPTYETHCS IO KAaMEPH CTHUCHEHHS, KA 3HAXOAUTHCA MK KOHIYHUMH TI0-
BepxHsamu rBuHTa 7 1 Putbepu 10. [lepemimenns crakana 11 3 diaseporo 10 Bi-
JTHOCHO Taiiku 12 mae MOXKIIMBICTh PETYIIOBATH 00 €M 30HU MPECYBAHHSA 1 TAKUM
YUHOM CaM THCK, ITI0 TIPH MEBHUX PEeXUMaxX PoOOTH YCTAHOBKHA TMPU3BOIUTH 10
BUXOy oii uepe3 oTBopH 9 rins3m 8. [1pu mpoxomi yepe3 30Hy mpecyBaHHS Ma-
Teplajl, MAalOUYM B CBOEMY CKJIJl MEBHY KUIBKICTh OJIli, 3 METOIO 3amoOiraHas ii
3aropaHHs HarpiBaeThcsa a0 Temneparypu 120-150 °C enexrponarpiBauem 13.
HassHicTs omii 3HaUHO 3HMKYE 3aTpaTH HA OpukeTyBanHs [31].

6 /
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o p ™ —“‘4\ \
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2
R 1
= - 13
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L1 L1
Pucynok 3.3 — KOHCTpYKTHBHO-TEXHOJIOTIUHA CXE€Ma YCTAHOBKH IS
BATOTOBJICHHA TaNWBHUX OpmkeriB: | — pama; 2 -

enekTponpuBod; 3 — Bam, 3, 4 — KOpIyc; 5 — MIAMUITHAKOBUN
By30i1, 6 — OyHkep, 7 — rBUHT, 8§ — mepdoposana riab3a; 9 —
orBopu; 10 — ¢inpepa; 11 — crakam;, 12 — raiika, 13 —
enekTpoHarpisay;, 14 — numiHapuyHa YacTrHa GUIbEPH
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3 YCTAHOBKA /14 BUTOTOBJTIEHHA NA/IMBHWX BPUKETIB

3.2 MeToAnKa eKcnepuMeHTaNlbHUX [A0CAigXeHb YCTaHOBKMU
BUTOTOB/IEHHA Ma/IMBHUX OPUKETIB

JlyWnuHHY (pakuito, gKa 3anuMwWaeTbCa nicnd MexaHiYHOro gpakuioHy-
BaHHA NoApibHeHOT MaKyxu, MOXHa BMKOpPUCTOBYBaTWU And rofisni BPX ab6o
BMIOTOBNEHHS NaJIMBHUX OPUKETIB.

[nsa focnif)keHHs npouecy 6pMKeTyBaHHA NYLWNUHHOT pakuyii 6y BU-
KOpPUCTaHWIN npec-eKcTpyaep ANs BifKUMY onii. BpuKeT oTpumMyBanmn 3a paxy-
HOK YCTaHOBKW (PiNbEp nmonepesy npecyryoro reuHTra.

MMporpamoto focnigxeHb nepegbdayveHo:

- BW3HAYEHHA 3aNeXHOCTI NPoAYyKTMBHOCTI Q (T/rofd.) Ta MOTYXXHOCTI
npusoay N (kKBT) Big aiameTtpa inbepu D, mMwm;

- BW3HAYeHHS 3aNeXHOCTI NokKasHMKiIB poboTn npeca (NPOAYKTUBHICTb
Q, T/rog.; noTyxHicTb npusogy N (KBT) Big f4OBXMHN (hinbepn L (MM) i yacTo-
TV obepTaHHs renHTa n (06/xs.).

[ns BUKOHaHHA nporpamu 6yno 3MOHTOBAHO YCTaHOBKY, MpeAcTaB/ieHy
Ha pucyHkax 3.3 i 3.4.

PucyHok 3.4 - 3aranbHWii BUrNaa yCTaHOBKM ANS BUTOTOBMEHHS MasIMBHUX
OpuUKeTiB

O6’ekTOM Ana AoCnigKeHHA 6yna NywnuHHa Ppakuis 3 MakyXu HacCiHHSA
COHALLIHUKY.
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3 YCTAHOBKA JUIS1 BUT OTOBJIEHHSI ITAJIMBHUX BPUKETIB

Jlymmwuana dpakiisg B kiutbkocTi 10 kr 3acumajace B OyHKEp 6 yCTaHOBKH
JUTSl BUTOTOBJICHHS TAJIMBHUX OpWKETIB. BMuKaBcs ABUTYH 1 3a JOMOMOTOIO
npwrany PI1-50 Bu3Hauamack MOTYKHICTh IBUTYHA.

[TpomykTuBHICTS OpUKETYBaHHS BH3HAYAJIACh 32 JTOMOMOTOIO CEKYHIOMIi-
pa.

JlocmipkeHHST TPOBOJWIMCH 3 YCTAaHOBKOKO TOUEProBO Ha Tpec-
excrpyaep putbep mamerpom 40, 50, 1 60 mm B TpHpasosiit mosTopHOCTI. Cepe-
JHE apu(pMeTHUHe 3HAYCHHS MOKA3HUKIB 3aHOCHIIOCH 110 Tabmui 3.4.

Tabmur 3.4 — Pe3ynbratu A0CHIKEHb BUX0My OUIKOBOI (ppaKiii Bi
KUTBKOCTI ITOAPIOHEHB

Jliaverp S;;Ibepn’ D, [ponykmBHICTH, Q, KI/TO]I. 3arparv noty»kHOocTI, N, KBT
40 189 11,6
50 264 9.3
60 276 5.8

3.3 Pe3yabTaTn eKcniepuMeHTAJILHUX J0CJII/KeHb

3amexHicTh poAyKTUBHOCTI Q (T/TO.), moTyxkHOCTI puBoxy N, kBT Bix
mametpa ¢inbepu D, MM mipeacTaBiieHa BiAMOBIHO Bupasamu [32, 33, 34, 35]:
Q=-0,315D*+35,85D — 741, (3.1)
N =-0,006D* + 0,31D + 8.8, (3.2)
AK1 TpadiuHO HaBEIEH1 HA PUCYHKY 3.5.
3naueHHA Koe(imieHTIB AeTepMiHamii 000X BUPa3iB HAOMMKAIOTHCS 10

OJIMHHIN, IO CBITYUTH TPO JAOCTOBIPHICTH MATEMAaTUYHOTO OMHUCY OTPUMAHUX
JaHUX.

300 T

r12
Q = _ ,SJ*" IN
T/iroA. pal KBT.
250 ——

T~ w0

- N
/ “h"‘h
200 1 ~ - 8
-
.
™
150 -l
100 4
40 45 50 55 D,mMM 60

Pucynox 3.5 — 3anmexnicte mpoaykTUBHOCTI Q (T/rom) Ta TOTYXKHOCTI
npuBoay N, kBT Bix miamerpa dinbepu D, Mmm.

36



3 YCTAHOBKA JJI51 BUT'OTOBJIEHH A ITAJIMBHUX BPUKETIB

Buxonsgum 3 aHam3zy aHaMITHYHHX 1 €KCICPUMEHTAJIHHMX JOCIIKCHB,
HaWOLIBII TIPUHHATHOIO (DUTHEPOIO YCTAHOBKW JIJII BUTOTOBJICHHS TAJMBHUX
JPYTOTO MyHKTY OpHUKETIB € dibepa mameTpom 50 M.

3ri1HO 3 MPOTPaMOI0 y SKOCTI BapiiioBaHuUX (pakTopiB Opaiu Taki mapame-
TpH Tiporiecy OpukeryBaHHA (Tabmura 3.5):; moBxkuHa ¢inbepu L, MM, gactora
00epTiB TBUHTA N, 00/XB.

Tabnuia 3.5 — [arepBanm 1 piBHI BapitoBaHHs (haKTOPIB MPH SKCTIEPUMEHTATTHHIX
JIOCITIPKEHHSAX YCTAHOBKH [T BUTOTOBJICHHS MTAJTABHAX OPHUKETIB

IosHauenns dakropis | Haiimenysarns paxropiB Ta | Pisni BapitoBanHs | [HTepBan
Konose | HarypanbHe |  ofmHMIT BUMIPFOBAHHS +1 0 | —1 | mapiroBaHHs
X4 L JloxuHa (UTHEpH, MM 180 | 150 | 120 30
X, n Ia"IOIaOO&p@XB“B BT 360 | 240 | 120 | 120

JIna maHyBaHHS AOCTIHKEHh BUKOPUCTOBYBAJIACS TPUPIBHEBA MATPHUILA
ONTUMAJILHOTO TIaHy bokca-benkina npyroro mopsaky mams aBox (akTopis
(Tabmuus 3.6).

Tabmusa 3.6 — TpupiBHEBa MaTPHIId ONTUMAIBLHOTO TUTaHy bokca mpyro-
TO TOPSIAKY IS ABOX (DaKTOpIB

Ne mocmimy
PaxTop 2 3 4 5 6 7 8 9
X, ] ] ] ] ] ] 0 0 0
X, ] ] 1| 4 0 0 ] ] 0

VY pe3ynbTaTi €KCIePUMEHTAILHHUX JOCIIKCHD MPOIECy POOOTH YCTaHO-
BKM JJIS BUTOTOBJICHHS TAJIUBHUX OpHKETIB 3 (iabeporo miameTpoM 50 Mm
OTPUMAHO PE3yJIbTaTH, MPEACTaBJeH! B TabmmIax 3.7-3.9.

[Ipn mocmiKEHHSIX MPOAYKTUBHOCTI 32 OTPUMAaHUMH JAHUMH MAa€EMO, IO
Ha 95 % piBHI AOBIpUOi UMOBIPHOCTI AUCTIEPCii OHOPIIHI Ta 3HAYEHHS KPUTE-
pito Koxpena G = 0,2412, mo MeHIIe KpUTHYHOTO TAOJIMYHOTO 3HAUCHHS, SKE
cranosuth G = 0,4775.

VY pesynbpTari cratucTHYHOI 00poOKkM manux 3a gomomororo ITIIIIT
Statistica oTpuMaHO PIBHAHHS (PYHKINI BIATYKY, TOOTO PErpeciitHy Moaeb mpo-
JTYKTUBHOCT1 OPUKETYBAaHHSA y BUTJIAI KBaJIPATHYHOTO TOJIIHOMA, a ii rpadiuHe
MPEICTaBICHHS TTOJAaHO HAa PUCYHKY 3.6.

Q =295,4456 — 0,6946 L + 0,344 n + 0,0026 L* - 0,0021 L n +
+0,0003 n2.

CraructryHa O1iHKa OTprMaHoi (PYHKIIHA BIATYKY TPOXYKTHBHOCTI OpH-
KETyBaHHS mpecTasjieHa y tTadmmmi 3.10.

(3.3)
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3 YCTAHOBKA JUIS1 BUT OTOBJIEHHSI ITAJIMBHUX BPUKETIB

Tabmums 3.7 — PesynbTaTi A0CTIKEHD BU3HAUEHHS TTPOyKTUBHOCTI
OpuketyBanHs Q (Kr/Tox.)

No 3HauCHHS 3aMIpIB Cepenne
- Y, Y, Y, Y
1 283 286 279 283
2 321 328 318 322
3 258 249 251 253
4 264 261 263 262
5 267 263 272 267
6 295 289 295 293
7 304 311 299 305
8 263 267 261 264
9 272 266 268 269

Tabms 3.8 — Pesynbrari nociimkeHb BU3HAUEHHS TIOTY>KHOCTI TprBoay N, kBT

No 3HaueHHA 3aMIpPiB Cepenne
) Y, Y, Ys Yep
1 6,1 6,3 6.4 6,27
2 54 5.2 5,5 5,37
3 9.8 94 9,2 947
4 8.5 8.8 8.6 8,63
5 7,2 7,3 6.9 7,13
6 7.4 7,2 7,5 7,37
7 6,6 6,5 6.8 6,63
8 8.8 8.5 8.7 8,67
9 6,9 6,7 6.8 6.8

Ta6mwrst 3.9 — 3BeieHI AaH1 00 PE3YIIBTATIB SKCIIEPUMEHTAITHHUX JOCTIKCHD

JloBxk1HA Yacrora o6eptiB | [IpoaykTuBHICTh OpH- [ToTyxHICTH
dbimsepu L, MM | rBuHTA N, 00/xB. | keryBanus Q, kr/roa. | nmpusoay N, kBt
180 360 283 6,27
120 360 322 5,37
180 120 253 947
120 120 262 8,63
180 240 267 7,13
120 240 293 7,37
150 380 305 6,63
150 120 264 8,67
150 240 269 6,8
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Tabmwnis 3.10 — CrarucTuyHa OIIHKA MaTEMATAYHOT MO eIl
MPOAYKTHBHOCTI OPHUKETYBaHHS

OLiHOYHUN MOKA3HUK 3HaUCHHS
Jlucnepcia HeaaeKBaTHOCTI MAaTEMAaTHYHOI MOJICIIL, S? 37,6862
Jlucnepcis moxuOKH TOCTIIB, S& 16,7407
Kpurepiit ®imepa, Foses. 30 2,2512
Muoxunnu# kKoediment perpecii moaeni, R 0,9864
Koedimient nerepminanii mogeni, R? 0,9730

3riIHO 3 OIIHKOI 3a Kputepiem dimiepa Moaelb aiAcKBaTHA, OCKUIBKH
P=0,1173 >P{Fvl,v2} =0,05.

XapakTepHl TOUKH PIBHAHHS perpecii, ToOTO MIHIMaJIbHI, MAaKCUMaJIbHI
3HAYCHHS MPOAYKTHBHOCTI Ta ii 3HAYCHHS B HYJBOBIM TOUINl HaBeICHI B Tald-
i 3.11.

Tabmura 3.11 — XapakrepHi TOUKH MAaTEMATHIHOI MOJIENI MPOAYKTHBHO-
CTI OpUKETYBaHHS

Maxkcumainbae| MiHiMaabHe | 3HAUCHHS B
[TokazHuk o :
3HAYCHHS 3HAUYCHHS |HYJIHOBIM TOUIT
JloBxxuHa pLIBEPH, MM 120 180 150
Yacrora obepranHs poTopa, 1/xB. 360 120 240
[TpoayKTHUBHICTB, KI/TOJ. 323,565 254,898 269

3a maammu Tabauipe 3.10 1 3.11 Gaummo, 1m0 po301KHICT MK €KCTIEPH-
MEHTAJIbHAUMHA 3HAUCHHSMH MPOAYKTHBHOCTI OPHKETYBaHHS 1 OTPUMAHUMHU 3a
PIBHSIHHSAM perpecii i MaKCUMaJIbHOTO 1 MIHIMQJIBHOTO 3HAUEHb HE TICPEBH-
y1oth 1 %.

3a pe3ynbTataMu AOCTIHKEHHS MOTYKHOCTI MPOTIecy OpUKETYBaHHS BHI-
HO, 1110 Ha 95 % piBHI MOBIPUOi HMOBIPHOCTI AUCTIEPCIi OTHOPIIHI Ta 3HAUCHHS
kputepito Koxpena G = 0,3256, mo MEHIIEC KPUTHIHOTO TAOJIHIHOTO 3HAYCHHS,
sike cranoBuTh G= 0,4775.

Y pesynbprari cratucTHYHOI 00poOKM manux 3a pgomomororo ITIIII
Statistica orpuMano piBHAHHS (yHKIIT BIATYKY, TOOTO perpeciiiHy MoJAesb To-
TYXHOCTI MPOTIECY OPUKETYBAHHSA y BUTIIA KBAAPATUYHOTO TIOJITHOMA!
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3 YCTAHOBKA JUIS1 BUT OTOBJIEHHSI ITAJIMBHUX BPUKETIB

N =10,5281 + 0,0105L — 0,0292 n — 1,061-10°L> +
+4,1667-10°L n + 3,5328-107 n2.
CrarucTiyHa OIiHKa OTpUMaHOi (DyHKIIli BIATYKY IOTYXHOCTI IIPOIIECY
OpHKeTyBaHHS IpeAcTaBicHa y Tadmmm 3.12.
3riHO 3 OIIHKOIO 3a KpuTepieM dirmepa MOIebh aAeKBaTHA 3 JOCTOBIPHI-
ctio 0,416686, mpote koedimieHT neTepminauii Mogeni craHoButs R* = 0,9218,
T00TO BiH niepesuitye 0,75, 10 CBIMUUTH TPO ii poOOTO3AATHICTD.

(3.4)

Tabmusa 3.12 — XapaktepHi TOUKH MaTEMaTHIHOI MOJIENI POAYKTHBHO-
CT1 OpUKETYBaHHS

OLiHOYHUN MOKA3HUK 3HaYCHHS
Jlucnepcia HeaIeKBaTHOCTI MAaTEMATHYHOL MOJIC]IL, S? 0,3603
Jlucniepcis moxXuOKH TOCTIIIB, S 0,0319
Kpurepiii @imiepa, Foss, 30) 11,3114
Muoxunnu# Koediment perpecii moaeni, R 0,9601
KoedirienT nerepminanii mogeni, R? 0,9218

XapakTepHl TOUKH PIBHSHHS, TOOTO MIHIMAJIbHI, MAaKCUMaIbHI 3HAYCHHS
MOTY>KHOCTI Ta i1 3HAUYCHHS B HYJIbOBIM TOYIl HaBeAcH1 B Tabmuin 3.13.

3a naanmu Tabmmii 3.13 6aurmMo, 1o po301KHICTh MIXK €KCTIEPUMEHTAITb-
HAMH 3HAUYCHHSAMH MPOAYKTUBHOCTI OPHKETYBAHHS 1 OTPUMAHUMHM 33 PIBHSIHHIM
perpecii 111 MaKCHMAaJbHOT'O 3HAUYCHHS CTaHOBUTH 3,3 % 1 M MIHIMAJIbHOTO
7,1 %, TOOTO 3HAXOAUTHCA Yy AOMYCTHMHX MEXKaX IS 1H)KCHEPHUX PO3PAXyHKIB.

Tabmu 3.13 — XapakTepHi TOUKH MaTEMATHUYHOI MOJIE/1 TTOTY>KHOCTI IPOIECY

OpUKETYBaHHS
MakcumainbHe | MiniManbHe |  3HAUCHHS B
[Toka3zHuk N :
3HAUCHHSA 3HAUEHHS | HYJbOBIH TOYII
JloBxxuHa (PuTHEPH, MM 180 120 150
Yacrora obepranHs poTopa, 00/XB. 120 360 240
[ToTtyxHicTh, KBT 9.158 5,824 6,8
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W

a)

6)
PucyHoK 3.6 - 3afieXXHiCTb NOKa3HUKIB pob60TK npeca Bif AOBXUHN (ifibepn
L (Mm) i yactoTu ob6epTaHHA TrBUHTA

n (o6/xs): a -
NPOAYKTUBHICTL Q, T/rof.; 6 - NOTy>XHicTb npusogy N KBT
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4 YCTAHOBKA JJI11 BUT'OTOBJIEHHSA KOPMOBUX TIEJIET

4.1 AHaniz TexHIYHHMX 3aco0iB [Jisi OTPUMAHHSA KOPMOBHX Ta
MaJTUBHUX MeJieT

[TeneTn (misieTH, MEUIETC, KOPMOBI TPaHyJIN) SBJISIOTH COOOIO ITHJIIHIPH-
yHOi (pOpMHU TIPECOBAHI MPOAYKTH 13 CLITHCHKOTOCTIONAPCHKOI CHPOBUHH Ta TIPO-
JTYKTIB HOTO mepepoOKH, BIAXOAIB MaCIONEPEPOOHOTO Ta 1HITUX BHUPOOHHIITB.
3a KOpIOHOM KOPMOBI TIEJIETH THUPOKO BUKOPHUCTOBYIOTHCS JUTS BITOMIBEITEHUX
aBTOMATU30BAHMX JIHIH SK KOPM JUIsl TBAPUH SIK IOMAITHBOTO, TaK 1 MPOMUCIIO-
BOTO PIBHS 332 PaxXyHOK TOTO, 11O BOJIOMIOTH 30aJJaHCOBAHUM CKJIQJIOM, MalOTh
3HAUHY €KOJIOT1YHY CKJIAJ0BY 1 TIABUINEHY CHEPreTHUHY IHHICTE. OcoOIUBO
oy isipHi menetr B [lompmi, [amii, ABcrpii Ta [IBemii. 111 kpainm € Takox Ji-
nepaMu B 00jacTi BUPOOHMITBA OONQJHAHHS 3 BHUKOPWUCTAHHA KOPMOBHX
MeJeT.

['panynroBaHHS — 1€ MPOIEC MEPETBOPEHHS MOPOIIKOMOAIOHOTO MaTepia-
Jy B YaCTHUHKH (3€pHA-TPAHYJIN) TIEBHOT BEIMUYMHN — YKPYITHCHHS 3 YTBOPCHHAM
(hopmMu 1 TOBEPXHI.

['panymoBaHHSA Ja€ MOXJIMBICTH TOJIIIIATH TEXHOJOITYHI BJIACTHBOCTI
rpaHyJIbOBAHOTO Marepiaiy: 3amobirae Horo CHiKaHHIO (3NMHUMAHHIO); 30UIBIIYE
CHUIIKICTB, 0 BaXKIIMBO I 3a0€3MEeUeHHS MOXKJIMBOCTI BUKOPHUCTAHHS MaTepia-
7y Ap1OHAMHA TIOPITIAMH, TIOJICTTITY€ BaHTAXKCHHS, TPAHCTIOPTYBAHHS, 30epIraHHs
Ta 1H.

OcHoBHE IPU3HAYCHHS TPAHYTIOBAHHA:

— TOJTIMIICHHS CHITYy4YOCT1 MaTepiay;

— 714 3amo0ITaHHs PO3MIAPOBYBAHHS CYyMITIIEH CHITyYHX MaTepiaiB;

— JUIs 3anm00IraHHs 3JIMIMAHHS YaCTHHOK P13HOI BEIMYMHHM 1 TTMTOMOI II1JTh-
HOCTI.

Po3pi3ustoTh Takl BUIU TPaHYJIAIMIi:

1) cyxa rpanysIsa — po3Men 10 TEBHOI BETUYWHM 3 TTOTIEPEIHIM YIITLTh-
HEHHAM (OpHUKETyBaHHM), a00 0€3 HBOTO;

2) BoJIOTA TPAHYJIAMISA — 3MIHCHIOETHCS TTPOIABITIOBAHHAM BOJIOTHX Mac, Y
3BAXKCHOMY Iapi 3 HACTYITHUM PO3MHITIOBAJIEHAM 200 KOHTAaKTHUM BUCYIITy BaH-
HSM

3) cTpyKTypHA TpaHy Al (TPaHyJIAIis B TICEBI03PIHKEHOMY TI1api).

Maimnuau, mpu3HadeH1 Tl TpaHyJiaii (Mpec-TpanyISTOPH ), MPAIIOI0Th 32
MPUHITUTIOM BHJIABJTIOBAHHS. CHUIMYyYl KOPMH, KOpMH, 00poOiieHi maporo, abo
3MilIaHl 3 BOJOI0, MEJISCOI0, MOTPATUSIFOYN Ha MATPHITIO, BUAABITIOIOTHCS Yepe3
ii oTBOpH mMpecyBaTbHUMH MexaHi3MaMu. DopMyBaHHS TOBKWHU TPaHYJIH BlI-
OyBa€eThCsI 3a AOMOMOTOIO BIIPI3HOTO MEXaHI3MY .

['panynpoBaHi KOMOIKOPMHU MArOTh, K MPaBUJIO0, (POPMY HEBETMKUX ITHITI-
HapiB aiameTpoMm Bia 2.4 mo 20 MM, AOBXKHMHA iX 3a3BHYal HE IepeBHIIye 15—
20 mm. Po3mipu rpanyn (pucyHok 4.1) 3amexats Bij ix 3actocyBanss [36]. Jpi-
OHI TpaHyNHd BiA 2,5-3 MM MPU3HAYCHI TIEPEBAKHO [T MOJIOTHSAKA NTaxiB (Kyp-
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4 YCTAHOBKA 0/14 BUTOTOBJIEHHA KOPMOBUX MEJIET

yart, KayeHAT i T. 4.); rpaHynm po3MipoM 6/IM3bKO 5 MM BMKOPUCTOBYHOTH A/1A
fopocnoi nrtuyi, puén; 8 Mm - nopocATam-BiA’eMuLLam; LOPOC/AUM CBUHAM -
10 MmMm; BenuKin poratin xygobi - 10-14 mm. [pu rpaHyntoBaHHI 3epHOBOT CU-
POBMHWN MOXXHa fofaBaTu BiTaMiHM Ta NpodinakTUYHiI npenapatyn ans npodina-
KTUKW PI3HMX 3aXBOPIOBaHb | KPaLLOro pocTy TBapuH i NTaxi..

PucyHok 4.1 - 3arasnbHWin BUA KOPMOBUX NeneT

(paHynboBaHi KOMGIKOPMU MalOTb HACTYMHI nepesaru nepef po3CUMHM-
MW: B KOXHIN rpaHyni cknag KoM6ikopMy OfiHAKOBWIA, | NpU rogyBaHHI TBapuUHU
OTPUMYIOTb MAKCUMYM MOXWUBHUX PEYOBUH; BTpPAT KOMOIKOPMY Npu rofyBaHHi
rpaHynaMmy Hemae; rpaHy/bOBaHi KOMOIKOPMYU flerko nigaatTbCsa TpaHCNopTy-
BaHHIO Ta 36epiraHHi0, MeHLIe NigaalTbCsa BMINBY 30BHILLIHBONO CepefoBuMLa,
3aiMaloTb MEHLW WA 06'eM; NPU MepemillleHHi rpaHy/n HemMae CamOCOPTYBaHHS,
3MEHLUYETLCA PO3NWUA MPOAYKTY. [paHynbOoBaHi KOPMW Kpalie HiXX PO3CUMHI
36epiratoTb MOXWUBHI PEYOBUHW | BiTaMiHK, WBWUAKO 3'TAal0TbCa i obpe 3acBo-
IO TbHCA TBAPUHAMMN.

Ko)Ha rpaHyna siBnse co60t0 MOBHOUiHHWIA Habip BCiX MNOXWBHMUX peyo-
BMH, YKNafleHUX y KOM6iKopMmi, ToAi K npu rogyBaHHi po3CUNHUM KOMOiKOp-
MOM NTaxy igAaTb TiNbKK Te, WO M NOA06aETbCA, 3anMarym YacTUHY KOMOI-
KopMmy. ["paHynboBaHi KOMOGIKOPMW TaKOX BaXK/IMBI A/18 XXYWHUX TBapwH i CBU-
Hel. 3pyudHi rpaHynu i gnsa pub, OCKifIbKM MalOTb BMCOKY BOAOCTINKICTb, i Ta-
KUM YMHOM Lina rpaHyna AoBro Moxe nepebysaTtu y BOAi, 36epiraoym noXxuBHi
PEYOBUHM.

MawunHn 418 rpaHy 1t0BaHHA KOPMIB KNacuikyoTb 328 OCHOBHMM BY3/10M
npeca, abo rpaHynaTopa - NpecyBa/bHUIA POOOYNIA OpraH, MPU3HaAYEeHUn Ans
6e3nocepefHbOro CTUCHEHHS KOPMIB 3 METOK OTPMMAHHA rpaHyn abo 6puMKeTIB.
Po60u4i opraHu Ans rpaHynt0BaHHA KOPMIiB MOXHa PO34ININTN HA YOTUPKU TPYNN:
WwremnensHi (MAyHXXepHi), BanbLbOBI, MAaTPUYHI (PONIMKOBI) i LUHEKOBI.

LLITeMnenbHi npecn 34iACHIOIOTL MPOLUEC rpaHynayil WasXom 3BOPOTHO-
MoCTynasbHOro pyxy wremnensa (NAyHXepa) B npecyBalibHOMY KaHasi BigKpu-
TOro abo 3akpuToro Tumny.

Y Bigkputomy KaHani pobo4ymin npouec BigbyBaeTbcA Tak. Cunydya Kop-
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MOBA CyMIII TIOJIAETHCSA JI0 MPECYBATBHOTO KaHAJY, JIE CTUCKAETHCS MITEMIICTIEM.
[Tpu mocsATHEHH] 3yCHIUTS, IO TMEPEBHINY€E CATY TEPTA CIPECOBAHOTO MaTEpiaTy
00 CTIHKHW KaHajTy, MaTepiajl BUINTOBXYETHCA 3 HACTYITHUM TIOMAIJIOM Ha OKpeMi
eneMeHTH. [I[pOTHTHCK TYT CTBOPIOETHCS B PE3YyJIbTATI TEPTS CIPECOBAHOTO Ma-
Tepiany 00 CTIHKH KaHAJTy.

Kanam ymMoBHO MOXHa PO3IJIUTH HA JIBI YACTHUHH. TEPITY, € KOPM YIIIi-
JBHIOETHC, 1 APYTY, € 3HAXOAATHCS TOPINi KOpMY, cripecoBaH1 paniie. [lepima
YacTHWHA KaHAy HA3WBAETHCS KAHAJIOM YIUIBHEHHS, IPyra — KaHAJIOM OTIOpY.
Perymoroun mornepeuHnii nepepi3 OCTAaHHHLOTO Ha BHXOJIl, MOXKHA 3MIHIOBATH
OImip TIEPECYBAHHIO CITPECOBAHOTO MaTepiajy 1 THM CaMUM IIUTbHICTh OPUKETY-
BAHHS.

B 3akpuromy mpecyBasibHOMY KaHaJIl TIPoIiec BiAOYBaeThCsA Tak. Matepi-
ajn, IOJaHUH 10 KaHaIy YIILJIbHCHHS, CTHCKAETHCSI MUK IITEMIICIEM 1 YIIOPOM.
[Ipu mocsATHEHHI MITEMTENEM KPaWHBOTO TOJIOKECHHS (DOPMYEThCA TIENETa, SKa
BHINITOBXYETHCA 3 KAHAJTy HACTYITHUM XOJOM IITEMTIENS TPH BIABEACHOMY YIIO-
pi. Po6oTa BUIMITOBXYyBaHHA MPHU IIbOMY 3HAUHO MEHIIA, HIXK TIPH MPECyBaHHI y
BIIKDUTOMY KaHAJI1, IO € 3HAYHOIO TepeBaroto. O Hak, He3BaKAlOUH HA MCHIITY
CHEPrOEMHICTD, 3aKPHUTI KaHAJM B IMPOMHMCIIOBHX KOHCTPYKIIISX MPECIB 3aCTOCY-
BaHHS HE 3HAWNLIN. [[0SCHIOETHCS 1€ TUM, IO JJI OTPUMAHHSA KOPMY PIBHOI
ITUIBHOCTI HEOOX1THA CTPOro OAHAKOBA ITOJava MaTepialy Ha KOXKEH X1 ITeM-
ness, 3A1MCHEHHS SKOi € 3aBJaHHSAM HaJ3BUUYaWHO CkiIaaHuM. Kpim Toro, Bu-
TPUMKA 11T THCKOM B TaKOMY KaHAJIl MaJjia, IO MOTIPIIYE 1 AKICTh MEJIET.

VY mpoMHUCIOBUX KOHCTPYKIUAX TAKUX TMPECIB PEali30BaHI IMITEMITCITHHI
poboui opraHu 3 BIAKPUTAM TPECYBAIbHUM KaHajoMm. Taki poOoul opranu 3a-
6e3neuyoTh MiHIMAbHE MPOOJICHHS MaTeplajay, IO MPECYETHCA, BUTPUMKY 11T
THACKOM OLJTBIN TPUBAJIMH Yac, 1 OTKE, OTPUMAHHSI TIEJIET KPaIoi IKOCTI 3 PI3HUX
KOpMiB. EHEpProeMHICT TIpoIiecy MpecyBaHHS y HUX MOPIBHAHO HeBenwka. Oc-
HOBHHI HEAOJIK IITEMICIBHUAX IPeCciB — 0OMeKeHa MPOIyKTHBHICTD, IO 3aje-
KUTh BIJ] YUCJIA XO/IB IITEMIIENS, YUCIIA TPECYBATBHUX KAaHAIIB 1 TUTOMNI iX TMO-
MIEPEYHOTO TIEPEPi3y.

Banb1poBi rpaHyIsTOpPH KOPMIB MAtOTh pOO0OYl OpPraHd y BUTIIAl Bajlb-
I11B, MPAITIOIOYNX 34 TMPUHITUTIOM MPOKATKH. BOHU ABIISIOTH c0O0I0 mapy obep-
TOBUX OJMH HA3yCTPIU 1HIIOMY MFJIIHPIB, SIKI 3aXOTUTIOIOTH TIPECOBAHMI MaTe-
pilaj 1 yIUTBHIOIOTh HOTO M1k COOOI0 B HECKIHUECHHY CTPIUKY. SKIIMO MOBEpXHS
BAJIBIIIB IJ1aJKa, TO € HEOOX1THAM JOJATKOBHH MPUCTPIH I HOALTY CTPIUKHA Ha
okpemi yactrar. OHAK IFO OTEpaIlito MOKHA 3IMCHIOBATH 1 TM1/T 9ac MPoIecy,
JUIS 9OT0 oAuH a00 0OMIBa BajbIll OCTAYAIOTh TOCTPHMH 3y0aMu. 3aX OILIIO0-
Ya 37aTHICTh BAJIBIIIB TIPH IIbOMY MIABUIIY€EThCS. B Takux MammmHax eHEproeM-
HICTh MEHIIIA 32 EHEPrOEMHOCTI 1HIIHNX, MPOTE crpoda iX MPaKTHIHOTO 3aCTOCY-
BaHHS YCIXy HE Mayia 4yepe3 HU3Ky npwuuH. [[JIsi OTpUMaHHA BEITUKOIO MIPOIO
YIIUTBHEHHS KOPMY, SIKE Ma€ MICIIC TIPHM TPaHyJIIOBAaHHI, HEOOX1H1 BAJIbIIl Iy KE
BEJIMKUX J1aMETPIB, IO TPU3BOANTH 0 BHCOKOI MAaTEPIaIOMICTKOCTI KOHCTPYK-
mi. baratocrymHayacTe ymiasHEHHA ASKIJTBKOMA MMapaMy BajIbIlliB TO3BOJISE 3a-
CTOCOBYBATH BaJIbIll MAJIUX MIAMETPIB, ajie¢ TIPH IOMY YCKJIQJHIOETHCS KOHC-
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TPyKUia. Ana OTpMMaHHA O4HAKOBOI LWiNbHOCTI nogaya martepiany Ha OAWH
06epT BanbLA NOBUHHA OYTW MOCTINHOMD, O € BAXKKO3iICHEHHUM 3aBAaHHAM.

KpiMm TOro BanbubOBUI PO6GOUMIA OpraH MOXe 3abe3nevynTun HeobXidHy
AN OTPUMaHHS SIKICHUX TpaHyn BUTPUMKY CMpecoBaHOro martepiany nif Tuc-
KOM TiNbKWU NpU Ay>Xe HU3bKUX LIBUAKOCTAX 06epTaHHA BasbLiB, WO Befde [0
3HMKEHHA NPOAYKTMBHOCTI Mpeca.

Hain6inble 3acTocyBaHHS i NOWMPEHHSA Y BUPOOHULUTBI rpaHy/IbOBaHOIO
KOMGIKOpPMY OTpuMManu Mpec-rpaHynaTopyu MaTpuyHoro tuny (pucyHok 4.2)
[37].

OCKIi/IbK/ BOHW He CKNafHi B PeMOHTI i 06C/yroByBaHHi, MaloTb Many Ba-
ry i rabapuTHi po3mipu, WO YacTo [L03BOMSE POOUTU TX MepecyBHUMMU, i 3acTO-
COBYBaTU AK MpU BefeHHi AOMalHbOro, abo pepmepcbLKOro rocrnojapcTs, Tak i
B Ma/IOTOHHaXXHOMY BMPOOGHUUTBI. PO3rnsgHemo ix gani.

PucyHok 4.2 - Tlpec-rpaHynaTopy KOpMiB: a - MaTPUYHOro Tuny;
6 - WHeKoBOro Tuny

MaTpuyHi npecy cknagarTbCa 3 MaTpuULi 3 NpecyBalbHUMW KaHanamu i
npecyBanbHUX BanbLiB (pUCYHOK 4.3, a). BoHn 6yBatoTb 5K 3 KiflbLEBOK (pUcy-
HOK 4.3, 6), TaK i 3 Nnocko MaTtpuueto (pucyHok 4.3, B) [38]. KinbueBi maTpu-
i MOXHa BCTaAHOB/MOBAaTW TOPU3OHTA/IbHO | BEPTMKA/IbHO, MAOCKI mMaTtpuyi -
TiIbKN ropu3oHTanbHo. Kifbuesi matpuui MOXyTb obeptatuca abo 6yTu Hepy-
XOMMMW. B npecax 3 maTpuueto, sika 06epTaeTbCs, npecysBasibHI Basbli BCTaHO-
B/OKOTb Ha Hepyxomux ocax. O6epToBi mMaTpuLi 3aCTOCOBYHOTb A1 rpaHyto-
BaHHA KOpMiB. lMepeTuH npecyBanbHUX KaHaniB Kpyrnvia, 3 giameTpom Big 2,5
[0 25 MMm.
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PucyHok 4.3 - Po60o4i opraHyu MaTpU4YHOro rpaHynsTopa: a - npecyBabHi
PONMKK; 6 - KiNbLeBa MaTpuLs; B - M0CKa MaTpuLS

Mpu rpaHyntoBaHHI KOPMIB Ha Mpecax 3 HEPYXOMOK MaTpULEero 3MeHLWYy-
€TbCA PYNHYBaHHA NeneT, OCKIiNbKW BiACYTHI BiALEHTPOBI cunu, Nig Ai€r0 AKUX
Ha npecax 3 MaTpuLeo, aKa 06epTaeTbCA, NeneTn KpuwaTbes Big yaapis 06 Ko-
XYX npeca. Ha npecax 3 HEpyXOMOK MaTpuULE MnpecyBaibHi €1eMEeHTU BCTa-
HOB/IEHI Ha 06epTOBOMY Basy.

[MepeBaroto npecis 3 BepTUKaIbHUMU KiNbLEBUMU MaTPULAMU € MOXKIN-
BICTb WBMAKOT | nerkoi 3amiHKM matpuui i Banbyis. KifbLuesi matpuuyi MOXYTb
MaTu Pi3HI npecyBanbHI eNeMEHTH, WO BIAPI3HAOTLCA 3aXO0N/0Y0K0 34aTHIC-
TIO MpecyBasibHOT Mapu. MartpuyHi npecu MNOAINAETLCA HA MPEecu 3 JIErKMMu
npecyBasibHUMUW efieMeHTaMu i 3 06epTOBMMU NMpPecyBasibHUMUN efieMeHTamK, AKi
oTpUMann HanbinbLue NOLWMNPEHHS.

Mpecun 3 06epTOBUMYU MpecyBaibHUMMN eNeMeHTaMU NOLINAKTLCA Ha npe-
CU 3 Ba/bUsAMU, AKi BiIbHO 06epTatoTbCA, BCTAHOB/EHI HA HEPYXOMUX OCSHX, i
npecu 3 NpUMycoBo 06epToBuMU. lNpecyBasibHi Banbli, AKi BiNbHO 06epTatoTh-
CA, MOXYTb OYTU rnagkumu i 3 puaeHoro 6i4HOO NMOBEPXHELD.

O6epTaloTbCa Ba/bli 32 PaxXyHOK CW/ TepTa martepiany WOAO BHYTpiLl-
HbOT MOBEPXHI MaTpuui i 6i14HOT MOBEPXHiI BanbLiB. 3axOMseHHsA i 3anpecoBy-
BaHHA KOPMY pOnMKaMu 3 rnafkor poboyor MOBEPXHEK 34IACHIOETHCA Hepo-
CTaTHbO e(EKTUBHO, TOMY L0 YacTWHA LIapy He 3axOM/ETbCA POSIMKOM, a
LUTOBXAETHCA HUM.

[MeBHWUI iHTepec NpeAcTaBNsAOTb KOHCTPYKLUIT NpeciB, B SKUX 415 NiABuM-
LLLEeHHS 3aX0NKY0T 34aTHOCTI Ba/bli BUKOHaHI 3 pUgIEHO, XBUACTOK abo
HaciyeHoto 6i4HOO noBepxHeto. Taki NOBepXHi CNPUAKTbL 3MEHLLEHHIO MPOCN-
3aHHA martepiany i, AK HacnigokK, NigBULLEHHIO NMPOAYKTUBHOCTI Mpeca 3a paxy-
HOK 30i/blWeHHA KoediuieHTiB TepTa. NMpecyBanbHi Ba/bli TAKUX rpaHynaTopiB
MOXYTb 6YTU UMNIHLPUYHUMM 260 KOHIYHUMU. OKPYXHI WBMAKOCTI KOHIYHUX
Ba/ibLLiB B LEHTpPI i Ha nepudepil 04HAKOBI, ane yepes pisHULI0 AiameTpiB Baslb-
LA 3axonrkya 34aTHICTb MOro no AOBXWHI HEOA4HAKOBA, L0 MPU3BOAMTL [0
BTpPaTW MPOAYKTUBHOCTI Mpeca, 3BaXak4yn Ha HepiBHOMIpHY nojayy martepiany
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Mo naow,i MaTpuui i 4O HePIBHOMIPHOTO 1T 3HOCY.

Y 0fHUX KOHCTPYKLi/A NpeciB 3 NI0OCKOK MaTpuueo B 06epTaHHSA NpPUBO-
AVTbCA BOAW/IO 3 BalbUAMKU, a MaTPULUA Hepyxoma, y iHWMX o0bepTaeTbCad mar-
puus, a oci BanbLiB HepyxoMi. Mpouec yuliNbHEHHS B TaKOMY po604oMy opraHi
BifbyBaeTbcs Tak. lMogaHui fo pobo4yol 30HM matepiasn, YTBOPEHU BHYTPILL-
HbOH MOBEPXHEK MaTpuui Ta 30BHIWHbLOK MOBEPXHEK Ba/blLsA, Ha Mo4yaTky
CTUCKAETLCA, a MOTIM BAABMKOETLCA B NMPOXIAHI KaHanu matpuui. ¥ Mipy ix 3a-
MOBHEHHA ONip MPOCYBaHHKO MaTepiany 36iNblWYETHCA, Y 3B'A3KY 3 UMM TUCK
NMpecyBaHHS 3pOCTaE i fJOcArae MakCMManbHOro 3Ha4YeHHs NPU MOBHICTIO 3anoB-
HEHNX KaHanax.

AK TINbKN TUCK NPeCcyBaHHA CTa€ PiBHUM CW/i TepPTA CNPecoBaHOro mare-
piany 06 CTiHKM KaHaniB, BiH BULUTOBXYETLCA Y BUTNALI rpaHy/l.

LLIHeKOBI Mpecu 34iACHIOTb FPaHyNtOBaHHA LUUNTHAPUYHUM ab0 KOHIY-
HAM LWHEKOM Yy BigKPWUTIN npecyBasibHiA Kamepi. LLIHeKn MOXyTb 6yTu 3 noc-
TiNHUM abo 3MIHHMM KpoKOM (pucyHoK 4.4, a). HesBaxawouuM Ha NpocTOTy
KOHCTPYKUIT, Ui pobo4i opraHn oTpumanu many npoMUCNOBY peaniszayito yepes
E€HepProeMHOCTI Npouecy | HeBUCOKY MPOAYKTMBHICTb. B Takmx npecax yacTumHa
eHeprii BUTPa4YaeTbCA Ha NOAONAHHA TepTa MaTepiany 06 MOBEPXHIO LUHEKA i
CTIHKM KOpMycCy, L0 BUK/INKAE 3HOC X | HArpiB KoOpmy.

Mpouec npecyBaHHA B TaKMX MallMHAX MPOXOAWUTb HACTYMHUM UYUHOM:
LLUHeK 3axon/toe i nofae nogpibHeHy CUPOBUHY, NPU LbOMY CTBOPKOKOYU TUCK
25-35 aT™m. o Matpuui (pucyHok 4.4, 6). BHacnigok Uboro matepian posirpisa-
eTbCA A0 90-110 °, CTUCKAETHLCA A0 BU3HAYEHOT LW INbHOCTI | NPOAaBNOETLCA Ye-
pe3 oTBOpW MaTtpuui. Ha BUXOAI OTPUMYETLCA rpaHyna - rapsada i nnacTuyHa.
Mpyn 0XONoMKeHHI | BUCUXaHHI BOHa 36epirae npuabaHy npu npecysaHHi ¢op-

My.

a) 6)

PucyHok 4.4 - Poboui opraHu LWHEKOBOTO Nnpec-rpaHynsaTopa KopMis:
a- npec-wHek; 6 - maTpuus

3a cnocobom nofayi cMny4voro KopMmy Afa npecysaHHA f0 poboyumx opra-
HIB rpaHyfAaAToOpU NOAINAKTb Ha:
- rpaBiTauiliHi, B AKMX MaTepian NoAaeTbCSA B KaMepy NpecyBaHHA nig Ai-
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€0 CUMN TXKIHHA,

- MPUMYCOBI, B AKX MaTepian NofaeTbCsa PiSHUMU NPUCTPOAMU.

paBiTayiliHi cucTemMn nogadi CMNy4oro KOpMy 3acTOCOBYHOTb Y npecax 3
rOPU30HTANIbHUMW KiNbLeBUMK abo NAOCKUMU MaTpuusaMu. BoHU Bifgpi3HAOTH-
CS MPOCTOTOK 3aBaHTaXXEHHA, OfHaK He 3a6e3rneyyoTb PIBHOMIPHOro Po3nofi-
Ny Matepiany no WupuHi MaTpuui, OCKINIbKW Nig AI€H0 CUIU TSXKIHHA BiH 36mpa-
€ETbCA B HWXXHIA YaCTWUHI KifbLEBOT MaTpuui, BCTaHOBNEHOT FOPU30HTA/IbHO.
OcTaHHE BUKNMKAE HEPIBHOMIPHWUIA 3HOC MaTpuLi.

Mpy NpumycoBiin Nnodadvi MaTepiany ycknagHeHa KOHCTPYKLia npeca, oj-
HaK CTabiNbHILWWIA TEXHONOTIYHMIA Npouec.

Po3rnsaHyTo TMNU poboumMx opraHiB Agns nenetyBaHHAa 6iomacu (pucy-
HOK 4.5) [4]. BpUKeTHI MalnHK 3a TUNOM POBOUYMX OpraHiB KnacuikyTb Ha
MOPLUHEBI, WTeMMesbHI (MyaHCOHKW) Ta WHeKOBI (rBMHTOBI). Hainbinbw posno-
BCHO)KEHMMWN MallMHamMu A9 6PUKETYBaHHA € MalinHK 3 pobouynmn opraHamu
rTBUHTOBOrO TUNY.

PucyHok 4.5 - Tunu pobounx opraHis pAnd nenetysaHHs 6Giomacu:
1- nopwHeBi; 2 - PYNOHHI; 3 - TpaHCMNoOpTepHi; 4 - LIHEKOBI;
5- BaNbLbOBI; 7, 8- MaTPUYHI

TexHiYHMX 3acobiB Ans rpaHyntOBaHHSA KOPMIB PI3HUX TUMNIB i BUPOOHM-
KiB iICHye 6e3niu [39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49]. OCHOBHI XapakTe-
PUCTUKWN JeAKMUX 3 HUX HaBedeHi B Tabnuui 4.1.

48



4 YCTAHOBKA 0/14 BUTOTOBJIEHHA KOPMOBUX MEJIET

Tabnuua 4.1 - TexHiyHi 3acobu Ansa rpaHy/toBaHHSA KOPMIB

HasBa ab6o cepis MmawnHU (BUPOOHUK) XapakTepucTtuka
HT-20 (36) MpoAyKTUBHICTL - 220 Kr/4 (850 Kr/u)
«TOB "ApTmaLl"» MoTy»xHicTb - 7,5 KBT (36 KBT)
Po3mipu (mm) - 10007430x950
(1300x580x1080)

Maca (kr) - 190 (470)

YTIrMm-150 (600) MpoaykTMBHICcTbL - 150 Kr/u (600 Kr/u)
MoTyxHicTtb - 7,5 KBT (22,5 KBT)
Po3mipu (Mm) - 1100x520x1000
(1400x600x1200)
Maca (kr) - 200 (500)

K/-230 B (400 B) MpoaykTmneHicTb - 300 Kr/4 (900 Kr/u)
TM «®opa-3axig» MoTy>xHicTb - 11 KBT (30 KBT)
Po3mipu (Mm) - 1140x470x970
(1470x600x1150)
Maca (kr) - 290 (550)
Mrm-2000 MpoayKTnBHICTL - 2000 Kr/y

MoTyXHicTb - 90 kBT
Po3mipu (Mm) - 2350x1400x1750 mMm
Maca (kr) - 3600
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HasBa abo cepis mawunHu (BupobHMK)

KJ1-400 (600)

[K-200 (700)

TOB «3anopixcneymatu»

M-120 (180)
HB® «CoTta-cTtanb»

Mr-150 NMAT «EnekTpomoTop»

50

XapakTtepuctunka
MpoayKTnBHICTb - 400 Kr/4y (600 Kr/u)
MoTyxHicTb - 38 KBT (45 KBT)
Po3mipu (Mm) - 1600x850x1700
(1600x900x1700)

Maca (kr) - 1200 (1250)

MpoayKTnBHIcTb - 200 Kr/4y (700 Kr/u)
MoTy>xHicTb - 5,5 KBT (12 KBT)
Po3mipu (Mm) - 1110x420x870

(1430x620x1110)
Maca (kr) - 250 (450)

MpoayKTnBHICTb - 120 Kr/y (180 Kr/u)
MoTy>xHicTb - 7,5 KBT (11 kBT)
Po3mipu (Mm) - 1150x500x1400

(1160x500x1400)
Maca (kr) - 230 (270)

MpoAyKTUBHICTb - 150 Kr/y
MoTyXHicTb - 7,5 KBT
Po3mipu (Mm) - 1150x550x1000
Maca (kr) - 210
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HasBa abo cepiss MmawnHU (BUPoOHUK) XapakTepucTtumka
MPLU-50 3AT «YkpCtpoinOim» MpoAyKTUBHICTL - 50 Kr/y
MMoTyXHIiCTb - 4KBT
Po3mipu (Mm) - 14407°570x970
Maca (kr) - 150

P-160 BAT «[lapaHTarpo» MpoAyKTUBHICTL - 160 Kr/4
MoTyXHicTb - 7,5 KBT
Po3mipu (Mm) - 1150x500x1400
Maca (kr) - 230

M «aspiH» M-200 (600) MpoaykTmBHicTb - 200 Kr/u (600 Kr/u)
MoTyxHicTb - 7,5 KBT (22,5 KBT)
Po3smipu (Mm) - 1100x600x1000
(1300x700x1700)
Maca (kr) - 270 (740)

[ns Toro wo6 nopiBHATA i OLIHUTY e(heKTUBHICTb TEXHIYHUX 3acobiB Ans
rpaHy/itoBaHHSA KOPMIB PO3r/IAHEMO iX MUTOMY €HEProEMHICTb B Tabnuui 4.2.
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Tabmums 4.2 — IIutoma eHeproeMHICTh TEXHIYHHX 3aC001B /IS TPAaHYJIIO-

BAHHS KOPMIB

Twn marmvan

Haspa, cepis mamuau

[IuToma eHEeProEMHICTS,

kBT roa/kr
Marpuusi (po- HT-20(36) 0,034(0,042)
JIUKOBI) TIpEC- YIIT'M-150(600) 0,05(0,038)
IpaHyIATOPH KJI-230B(400B) 0,037(0,033)

[1TIM-2000 0,045

KJI1-400(600) 0,095(0,075)

I'K-200 (700) 0,028(0,020)
I11-150 0,05

I'-200(600) 0,038(0,038)

[[TnekoBi mpec- I'TI1-120(180) 0,05(0,061)
IrPaHyIsATOPHU I'PIII-50 0,050
I'P-160 0,046

3 Tabmumi 4.2 BUAHO, IO HAWMEHIIOK MHTOMOIO CHEPrOEMHICTIO TPH
I'PaHYJIIOBaHHI KOPMIB 1 BIIOBITHO BHCOKOK €(PEKTHBHICTIO BIAPI3HIETHCSI Ma-
TpuuHMi npec-rpanyiasaTop ['K-200 (700).

Marpuusi 1 ITHEKOBI TPAHYJISITOPH BIIHOCATHCA IO MPUMYCOBUX CHCTEM
mojadl Marepiajy 1 € MamHaMu 6e3nepepBHoi aii. [lopiBHIHO 3 Tpecamu miepi-
OMYHOI [li TEXHOJIOTTYHHUMA TPOIEC MPECYBAHHSI KOPMY MPOTIKAE TPH MOCTIH-
HUX HABAHTAXEHHSX 1 B OUTHIN CIPUATIIMBUX YMOBAX.

OcHOBHI TiepeBardn MaTPUYHUX 1 ITHEKOBUX TPECIB — O€3MepepBHICTH
IIPOIIECY, BIJICYTHICTh 3HAKO3MIHHUX HABAHTAXKCHB, MCHIIIA MaTEP1aJIOMICTKICTb.
Benmmka KibKICTh TIPECYBAIBHMX KaHAIIB B MaTpuin 3ade3rnedye TOCTaTHIO
MPOITYCKHY 3/IaTHICTh Tipeca. Hemomiku nmpeciB — eHEpProeMHICTh MPOTIECY, APO-
ONeHHs yIIUTHHIOBAHOTO MaTepiajly, MiABUIICHI BUMOTH J0 MPECOBAHUX MaTepi-
aJTiB 32 OJTHOPITHICTIO TTOAP1OHEHHS 1 PIBHOMIPHICTIO BOJIOTOCTI, CKJIQIHICTh BH-
TOTOBJICHHSI MaTPHIlh, BUCOKHI HArpiB SK IMIIMUIMTHAKOBHX, TaK 1 POOOUHX BY3-
JIB.

[luTromMa €HEproeMHICTh MATPUYHHUX TPECIB JUIS TPAHYIIOBAHHS KOPMIB
JICUMM BIJIPI3HIAETHCSA B CHEPTrOEMHOCTI IMHEKOBHUX, IO 3YMOBITIOE BHCOKY
e(heKTUBHICTH iX 3aCTOCYBAHHS.

Ha ocHoB1 npoBeeHnX maTeHTHO-1HGOPMAIIHHUX JOCIIKEHb CYydaCHUX
TEXHOJIOTIH Ta aHa3y KOHCTPYKIH pOOOYMX OPraHiB MPECYBATBHUX MAaIllTiH
BCTAHOBJICHO, M0 HAWOIIBIIT MPUHHATHOIO KOHCTPYKINEIO MOXKE OyTH TBHHTOBA
ycTaHoBKa. B 3B’s3Kky 3 MM po3poOjieHa KOHCTPYKTHMBHA CXE€Ma TBHHTOBOI
YCTAHOBKHM JUTsl BUTOTOBJICHHS TIEJIET 3 OUTKOBOI (hpakinii MaKyXu HACIHHS OJT1i-
HUX KyJbTYp (PUCYHOK 4.6).
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PucyHok 4.6 - KOHCTPYKTMBHO-TEXHO/OrIYHA CXemMa YCTaHOBKW A4
BUIOTOBNEHHA neneTt (nenetepatopa): 1- pama; 2 - enekTpo-
ABUTYH; 3 - WKiBKW; 4 - NigWWNHUKOBUIA BY30N;, 5- IBUHT; 6-
UMNTHAPUYHWIA - KOpNyC; 7 - 3aBaHTaXyBalbHWA OyHKep; 8-
(hopmytounin Kynayok; 9 - yuniHgpnyuHa matpuus; 10 - HixX

YcTaHoBKa ANA BUTOTOBJIEHHA MefieT CKNajaeTbea 3 paMn 1, eneKTpoaBu-
ryHa 2, Wkieis 3, NigWMNMNHNUKOBOro By3na 4, reuHTa 5, LUAIHAPUYHOIO Kopnycy
6, 3aBaHTaXyBa/IbHOro 6yHKepa 7, N’aTU OpPMYHUMX Kynaudkis 8, uuniHgpuny-
HoT matpuyi 9, Hoxa 10.

YcTaHOBKa npautoe TakmuMm YMHOM. Bca ycTaHOBKa BCTaHOB/IEHA Ha paMmi
1. binkoBa (hpakuis 3 MaKyXu HaciHHSA ONIKHUX KYNbTYyp PIBHOMIPHO NOAAETLCS
[10 3aBaHTaXyBa/nbHOro 6yHKepa 7, 3 AKOro noTpansse Ha rBUHT 5. MBUHT 5, BU-
KOHYOUYM 06epTOBUIA pyX 3a LOMOMOroK CUCTEMWU eNeKTPOABUryHa 2, LWKIBIB 3
Ta NiAWNNHUKOBOIo By3na 4, nepemiwye 6inKoBy (pakuito 40 (hOpPMYHUUX Ky-
naykie 8. MNpu ubomMy BigdyBaeTbCA YLLiNIbHEHHA 6IIKOBOT (PpaKLii 3a paxyHOK
3MEHLUEHHSA BUCOTU BUTKIB Ha NBUHTY 5. MoTpanuBLimn Ha POPMYHOUMIA KylavyoK
8, AKMI BUKOHYE 06epTOBUiA pyX, 6inkKoBa (hpakLisa YW iNbHIOETLCS | BUAaBIO-
ETbCA KPi3b HepyxoMy uuniHapnyHy matpuuto 9. Aani HixXk 10 3pi3ae yuwlifibHeHYy
6inKoBy (hpakuito. B pe3ynbtaTi HOro OTPUMYEMO LMNIHAPUYHI NENeTK.
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4.2 TeopeTu4Hi A0CTiAKEHHS TEXHOJIOTIYHOT0 TMporecy (popMyBaHHHA
neJjieT 3 OLIKOBOI0 MOPOIIKY

Jliis po3poOIeHHS MaTeMaTHIHOI MOJIEI MPOIECY MpecyBaHHS OLTKOBOI
¢dpakmi Makyxu GOPMYIOUMMH KyJdauKaMH TPUHAMEMO TaKl TPUITYIICHHS W
crpoiieHHs [50]:

— OLTKOBY (DpaKITII0O MAaKyXy MPUHMAEMO SK OJHOPIAHE 1 130TPOITHE Cepe-
JIOBUIIIC,

— Tporiec mpecyBaHHs OLTKOBOI (ppakimii Makyxu (popMyrOUMMH KyJTadka-
MU TIPEACTaBIsAe COOOI0 3aMauy MPO KOHTAKTHY B3a€MOJI0 a0COMOTHO TBEPAAX
TLI 3 iceBaopiauHOO [51, 52, 53, 54];

— nedopmartis mapy O1TKOBOI (ppakIfii MaKyXu B 30HI KOHTAKTy (hOpMYIO-
YUX KyJadKiB BiAOYyBA€ThCA TO TOBEPXHI Yy BUTJIAM BY3bKOi MOJOCH, MIMPHUHA
AKO1 3HAUHO MEHIIA y TIOPIBHSAHHI 3 ii JOBKHWHOIO, TOMY TIOCTABJICHY 3a7a4y BH-
PIITYEMO SIK IDTOCKY 3a7ady T€Opii mPY>KHOCTI.

Ha Bxomi B 30HY cTrckanHs map O1TK0BO1 (ppakiii MaKyXu PyXaeThCs TMo-
BUTHHIIIE, HK po00dl MOBEPXHI (POPMYIOUHX KYJIAUKIB, OCKUTBKH BIH MPOCITA3A€
Hazaa. B cBoio uepry Ha BUXO/I TIap MaKyXH PyXa€ThCsl MBUIIIE, OCKITBKA BIH
mpocnm3ae pueped. Y Aeskii Touri O B 30HI CTUCKAHHS, SIKa HA3MBAETHCS «HEH-
TPANBHOIO TOYKOIOY, IIap MAKyXH PyXaeThCs 3 TIEIO K MIBHIAKICTIO, O ¥ ¢dop-
MYIOUl KyJIauKd. Y I1{ TOYIl MPOCIU3aHHA 1 HAMPYKEHHS TEPTS 3MIHIOIOTH CB1i
HaIPsIM.

3riHO 3 PO3POOICHOI0 KOHCTPYKTHBHO-TEXHOIOTTYHOIO CXEMOIO PO3TJIA-
HEMO JUIAHKY B3aeMoii O11KoBOi (ppakimii Makyxu 13 (GOPMYIOUHM KyJAUKOM
(pucynox 4.7). Ha pucynky 4.7 mokazaHo map 3BOJIOXeHOI O1TKOBOiI (pakiii
MaKyXH 13 KOe(DIIMEATOM BHYTPIIMIHBOTO TEPTA 1), SIKAW 3HAXOAUTHCS MK HEPY-
XOMOIO MaTpuIleto 1 (OpMyIOUUM KyJIauKOM, SKUH O00EpPTAETHCS 13 KYTOBOKO
MBUIKICTIO ®. Po3rasmatoun nBoMipHY 3ajady, yMOBY PIBHOBAru Jyisi epeMmi-
IIICHHS 3BOJIO’KEHOI OLTKOBOT (hpakIlli MOXKHA TPEICTaBUTH y BUTIIsiAL [S3]:

op Ot 8( 8V]_ Y%
x oz o\ 'oz) "oz (4.1
>
ne  V — MBUIKICTH PyXY, M/C;

p — THCK, lla;

T — JOTAYHA HATIPYXKEHICTh, [1a;

1 — KoeiLieHT BHYTPIiLIHBOrO TepTs GiikoBoOi ppakwii Makyxw, [Ta-c*/M;

X, Z — KOOPJIUHATH, M.

Ockisibku Op/OX He 3aNeXUTh Bifl Z, TO piBHAHHS (4.1) MOKHA MpOIHTEr-

pyBaTH 1o Zz:

V(z):id—pz2 +Cz+C,, (4.2)

2n dx
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ne C1 C2- KOHCTaHTW IHTErpyBaHHS.
3 PUCYHKY 4.7 BUAHO, L0 Ha rpaHnLAaX BUKOHYHOTbCA YMOBMU:
y(n/R? ~x2)=0,
\

ne 0 - KyTOBa LWBMAKICTb 06epTaHHA OpMYOUMX Kynaukis, c-L

PucyHok 4.7 - Po3paxyHKoBa cxemMa AN BU3HAYEHHA KOHCTPYKTUBHUX
napamMeTpiB (POPMYHOUYNX KyayKiB

Migcrasnatoun (4.3) B (4.2) 0OTpUMYEMO:

V(WR? - x2) = (R2- x2)+c.T an X2+C2=0,
21, dx

VW X2+(7aTrxr+s)2)=)-£ + (4.4)

+C A x2+((T -xr+s!
\% y
3 cucTtemu piBHAHb (4.4) 3HAXOAMMO KOHCTaHTM IHTErpyBaHHSA:
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) :_%gz(Rf_xz)%gi(xu(mm)Z)_
1 —ﬂ+\/ ( R:-x’ +B)z
oo\/ +(\/m+B)Z
— R} =%’ +\/ ( R -x’ +B)Z
C, = ———(Rf —x*)+ (4.5)
2n dx
R 2w 2l (R 8] )
- Ri=x #yfx* + (R =< +B
JR X oyx* +({RT—x" +BJ
—\/ﬁ+\/ ( R: -x’ +B)z

[TincraBmsroun Bupazu mjist KoHCTAHT (4.5) B (4.2) ocTtaTouno maemo ¢y-
HKITIIO PO3HOLTY IIBHIKOCTCH:

. —ﬁg—p(& x2)+2ng§( (JRZ—X +B))
V(x, Z)__H&Z + \/ ( B) zZ—
— R} —x +4/x7 + —x +
w\/x +( R -X +B) L, Ld—p(Rz—x2)+

_\/er\/X +( Ri—x +B) 2ndx
m[_Ld_P(Rf Ll (R +BZ)]

S wTHB)
JTOJJ; (J(Tﬂg))

[IIBuakicTe mepeMilmeHHsT 00’ eMy MaTepialy Kpi3hb Mepepi3 po3paxoBy-
€ThCA 3a (DOPMYJIOIO:

(4.6)

+
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Q= RfV(z)hdz -
N 4P xﬂ(@ﬂ%)z
=E(—6d—x(—R1 +x )(—R+\/B +R2+2ByR: —x j—

3B 4RI -R; +2BJRI-x)
JRI=X =B’ +R: +2B,R; - x"
x(j—z(B2+R§—Rf +x° +2B\/W)—zn@\/32 +R§+2ij+ (4.7)
6 Rg—XZ(R—\/B2+R§+2ijX
(j—z(B2+R§—Rf+x2+2Bm)_2n®\/Bz+R§+2ij
~JRI=X7 +4/B* +R? +2BJR: —x*

ae  h—ToBmmuHA GOPMYIOUOro Kyaauka, M.
[Tpuiimatoun yMOBY HEPO3PHBHOCTI OUTKOBOI (hpakiili MakyXxH, K TICEB-

JOP1IHHH, MAEMO:
(D(R1 +\/x2 +(1/R§ —-x’ +B)2jh 4.8)

Q= 2

[Tpupisaioroun Bupasu (4.7) 1 (4.8) oTpuMy€eMO PIBHAHHS, PITICHHAM SIKO-
ro €:

dp | B +R+2BJR:—x* (B +R:-R:+2BRI-x Jo
—=|- +
dx 2(1/Rf—x2—\/B2+R§+2B Ri—x2)
JRI=x7y/B* +R: +2B/R: —x’ (R—\/BZ TR +2ByR: —x° )@
+

—JR7=x7 +/B? +R2 4+ 2ByR} — X’
+%(R1 +\/X2 +(B+m)m)+ (4.9)

(B" +R:-R?+2BJRI—x JB* +R: R’ +x* +2B{R —x )

4(1/R§ —X* =B+ R 42ByR: —x’ )n
(-R +X2X—R1 +4B*+R? +2BJR —ij

— +
2n

X

X

+
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AR B +R2-R7+x* +2BJR: - x')

2(—1/R§ —X? +/B’+R} +2ByR —ij

R} -IB*+R?+2B4R2 -x’
X(RI—\/B2+R§+2B1/R§—X2)+ i s .7

oM

X

)%

KyTtoBy mBuakicTs 00epTanHs GopMyIOUNX KyJIauKiB MOYKHA TTPEACTaBH-
TH Yy BHTJISIL
27n
O=—
60
2

A€ N —dactoTa odepTaHHs (OPMYIOUNX KyIaukiB, 00/XB.

Jlinst 3abe3neueHHs e(peKTUBHOIO IPECYBaHHS HEOOX1aHO MO0 THUCK Ha
Marepiajil HaOyBaB MaKCHMAaJIbHOTO 3HAYCHHS B TICBHIM TOUIIl 3 KOOPAWHATOO X.
JInsg 11h0T0 3 BUKOPHCTAHHIM TporpamMHOTO maketa Mathematica Bupinryemo

: : : d :
YHACEJIBHAMU METOAAMHU 1PPALlOHAIBHE PIBHIHHA P _o npu ymoBl R; =
X

(4.10)

0,05 M, B = 0,019 m; 1 = 0,0009 ITa-c*/m [5], n = 30-90 06/xB. B pesynbrari po-
3paxyHKY BCTAHOBJICHO, IO MPH Oy/b-sAKiii 4acTOTI 0O0EPTaHHS MAaKCHUMYM THC-
Ky CIIOCTepIraeThcs B Todrl 3 koopauHaramu x; = 0,00653 m 1 x; = 0,01845 m
npu pasiyci kynauka R, = 0,03 m.

Hactynmaum eranom qocimpkeHb € BU3HAUCHHS CHJI TEPT OLTIKOBOI (ppak-
I11i MaKyXu Marepiany.

binkoBa ¢pakiiis Makyxu pyXaeTbes MO MPSIMOMY KaHAJy, MO0 yTBOPIO-
€THCS TA30M 1 TJIAIKOIO TIOBEpXHEIO (opMmyrouoro Kyjadka. Ha Hel mie Tibkm
CHJIa OCHOBOTO THCKY 1 CHUIM TepTs. Po3risHeMo iX AOKIaAHIIIE Ha MPUKIAAL
eIeMeHTapHOTO 00'eMy (pruCyHOK 4.8).

3riaHO 3 TpeTiM 3akoHOM HbioToHa:
dFTpH = dFT'pH + 2d T';H + dFTpB (4 1 1)

>

ae  dF.;— Tepra enementapHoro o6'emy OulkoBoi (pakuii 06 mosepxHo ho-
pPMyrOUYoro Kymnauka, H,
dF,_, =P &dS

Py, — Tuck ynopy, Ila;

& — koedireHT 6IYHOTO PO3MOPY;

dS; — mutoma 31TKHEHHA eIeMEHTapHOTO 00'eMy OLTKOBOI (ppakilii 3 moBe-

pXHEO GOPMYIOUOro KyJIauka, M’

finvom — KoeditieHT TepTs O11koBoi dhpakiii 00 MeTalr,

Y — KYT MIX BEKTOpPaMH BIJHOCHOI 1 aOCONMIOTHOI MBHAKOCTEH Pyxy Oul-

KOBOi (ppaxkiii.

3HAUCHHA KyTa Y 3aJIGKUThH BiJ IMBUAKOCTI PyXy OUTKOBOI (hpakiti 1 B
IpoIIecl pOOOTH MOCTIHHUM HE €. 3a SKCIEPHUMEHTAIbHIMH JaHUMH HOTO 3Ha-
YEHHS 3HaXOAUThCA B Mexax 3045 °.

S €OSY (4.12)
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\
\
\'{OKp VOT%X

PucyHok 4.8 - [iarpama WBNAKOCTeN BiNKOBOT (hpakuii Makyxu i cun TepTs
B Masy wmartpuyi (mMaTpuulo  YMOBHO He  Bifo6paxeHo)
Yap - OKpPY>XHa  WBMUAKICTE  (DOPMYKOYOro  Ky/fauka;
Yac - abcontoTHa WBNAKICTb 6INKOBOT pakLii; YoM - BifHOCHa
LWBUAKICTb pyXy 6iNKOBOT (hpakuyil Woh0 PopMyroHOoro Kynayka

Po3rnsiHemo 3MiHYy TUCKY YNOpy Ha faHiil ginsaHui npu pyci B3f0BX OCi
LHeKa, AKY MOo3HaYMMOo AK Bicb OX. TOUKy, fAKa 3HaXO0A4MTbCSA Ha MOMepeyHin
NAOWMHI, WO NPOXoAUTb MO 3pi3y (iNbepu, NpUMMeMo 3a Mo4vaToK BiAsiKy.
OueBUAHO, WO B KiHLi AINSAHKN TUCKY YNOpPY He icHye. MpoBegemMo nonepeyHunii
nepepi3 Ha BigcTaHi dx Big noyaTtky Bigniky [55], piBHOMY LOBXWHI enemMeHTa-
pHOro o6'eMy 6iNKOBOI (hpakuii Makyxu. Ha uro nnowmny gie Tuck ynopy dPynl,
CTBOPIOBaHMIN neplinmM 06'eMoM 6iNIKOBOT hpakLii, 06yMOBNEHNIA MOr0 CUIOKD
TepTa 06 MeTanesi noBepxHi. Cuna TepTs, Y CBOK 4Yepry, BUHUKAE Yepes 3anu-
LWKOBUI BivyHMIA TUCK (0. Y 3B'A3KY 3 UMM nepenuwemo qopmyny (1) B 6isbLu
3pyYHOMY BUTNIALI:

Cpn = qolM1rdX !*\CM” (4.13)
pe  n- HaBegeHW nepuMeTp (hOPMYHOYOro Kyfadka Ha faHin gingaHui, m,
Mn =2bn+" +wun™ vy, (4.14)

br- wuprHa OpMyO4Oro Kynauka, Mm;

A - NOBXWHA OINAHKN nasa, Mm;

MMn- AOBXWHA Ayrn Kona opMytoyoro Kynayka, Lo nepekpmeae nas, Mm.

3BifiCKM TUCK ynopy, CTBOPKOBaHWIA NePLUIMM e/leMEHTapHUM 06'eMoM 6in-
KOBOT (hpakuii:
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q, - HH -dx - fKM—M
(1I)ynl = : (£1. ],fS)
TOpII
Cuna TepTs Apyroro ereMeHTapHoro 00'eMy OUTKOBOI (hpakiili BH3HAUA-
€THCSI HACTYTTHAUM YHHOM:

(1I:T ml
dEm==qo+iSp I dx- £y (4.16)
Jlns TpeThoro:
(1I:T ml + (1I:T n2
dIﬂmﬁ = qO +-i - - 'IIH 'dX>'fKM,M (4.17)

TOpII
1 TaK JaJ.
OueBHIHO, 1O TIEH 3aKOH € TPOTPECIEI0, 3aNCKHUN BIJT YMCIa SJIEMCHTA-
pHUX 00csATiB OLTKOBOI (hpakili, ska HA JaHIW MUISHIN 3HAXOAUTHCS 3a Hopmy-
JIOK0:

k Ly (4.18)
A’ '
ae Ly, — mupuna popMyrounx KyJlaukiB, M.
Uncmo k moBmaHO OyTH 1M,  CyMy WICHIB JaHOI mMporpecii MokHA
po3paxyBatu 3a (OpMYJIO

k +1) -1
Z&:ah ) L (4.19)
i=1 p
7€  a— Mepliui 4ieH nporpecii,
a=q, -, -dx-f .., (4.20)
P — MHOKHHMK NPOrpecii,
HH -dx - fKM—M
p=¢ 3 : (4.21)

ropm
Jlna Bu3HaueHHs Py, Ha mOYaTKy AUTSHKHA HEOOXITHO 3HAWTH CyMapHY
CHITy TEPTS BCIX €JIEMEHTApHUX 00CATIB O1TKOBOT (hpakirii 00 MOBEPXHIO KyJiad-
ka. CymapHe TepTs BU3HAUUTHCA K Mexa cymu [56, 57, 58] k-tux dneHiB npo-
rpecii:
Ly

. . . dX
E-11, -dx-f,, il
S ’ (4.22)

TopI

q, 'fKM—M )

F_=lim
P dx—0 é; 'iigkdfkd

3B17ICH 3HAWIEMO THCK YTOPY HA MOYATKY MIJITHKH:

P _ L 4.23
ynD - E; : ( . )

TOpI

[TpoayKTHBHICTH NMTHEKOBOTO TEJIETEPATOPa 3aJICKUTH Bl MPOAYKTHBHO-
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CT1 CaMOTO TTHEKA 1 TPOITYCKHOI 3JaTHOCTI MaTPUIl. 3HI>KCHHS MPOTYKTHBHOCTI
IITHEKA TIPH I[bOMY B1IOYBAETHCSA 3a PAXYHOK BHTOKY KOPMOBOTO MaTepiaiy i3
30HA BHUCOKOTO THCKY B 3aBaHTA)XXyBaJibHYy 30HY U€pe3 3a30pH MIXK BUTKAMH
IITHEKA 1 CTIHKOIO KOPITYCY, a TAKOXK Yepe3 MPOBEPTAHHSA MACH Pa3oM 31 IITHEKOM.

VY 3araJilbHOMY BUTJISAI TIPOIYKTUBHICTh IMHEKOBHX MPECIB 3HAXOIATHCA
3a popmyitoro [59, 60, 61, 62, 63, 64, 65, 66]:

3600t
Q K +K, Op. (4.24)
ne Ky — xoedinient reometpii popmyrodoro oprasa;

Kim 1 Kinp — mapaMeTpu reoMeTpii ITHEKOBOTO HArHITayua, M;

() — yactota o0epTaHHA IIIHEKA, ¢l

p — MUJTbHICTh KOPMOBOTO MaTepiaty, Kr/M".

K, ., =nDcosABH/2. (4.25)
B (4.26)
121

D — niameTp BHYTPIIIHBOI MOBEPXHI KOPIYCY, M;
A — KyT miaiioMy TBUHTOBOI JIIHI{ IITHEKA,
B — mmpuHa mHEKOBOTO KaHAITy, M;
H — BHcOTa IHEKOBOTO KaHAly, M;

L — noBkrHA MIHEKOBOT'O KaHAJTY, M.

Hesimomum mapamerpoM TyT € koedimieHT reomerpli popmyrodoro opra-
Hy. Jlia #ioro 3HaXOMHKEHHS B 3aJICKHOCTI B (popMHU KaHATIB ICHYIOTh CTaH1a-
pTHI opmysH. Ajie OCKIJTBKH JTaHA MATPHILSI HE € CTaHIAPTHOIO, TO OOUNCIUTH
el koediIeHT MOXKHA 32 (OPMYJIOK JUTS 3HAXOKCHHS TUCKY B IPEIMaTpHY-
HIHi KaMepi:

KH_IHI
Ap K +K, Ho (4.27)
>

ne W — B'a3kicTh O1TKOBOI (ppakii B hopmytouiii rososiil, [1a-c.

B nanomy Bunaaky Ap = Py, ¢ 3Bincu Bupasumo Ky, OCKUIbKY NPOTUTHCK,
CTBOPIOBaHUH (POPMYIOUOIO TOJIOBKOIO, HAM BIJIOMHIA.

K O
Kq) :P—I_KHJHZ' (428)
yi. .
[TpoayktuBHICTH HOPMYIOUOi TOJTOBKHA BU3HAYAETHCS 32 (POPMYIIOLO:
Kd)PyH ¢
Q, T - (4.29)

3naroun koedimieHT reoMeTpii (OPMyIOUOTO OpraHa, MPUBEAEMO BUPA3
JUTS TIPOTYKTHBHOCTI JTO HAIITMX YMOB:
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Ko KMo
L L
Q = 3600 V Py
Kyg+ MO o
V Pyt
3600.Pm'p K L
V Py

Migctasnaoun B (4.30) 4yncnoBi 3HAYEHHA OTPUMYEMO MPOAYKTUBHICTb
npeca B 3a/1eXHOCTI Bif 4acToTK 0bepTaHHA (pUCYHOK 4.9).

(4.30)

K

PucyHok 4.9 - 3anexHicTb NPOAYKTMBHOCTI nefeTepaTopa Bif 4acToTy
obepTaHHA

Y 3aranbHOMY BUTNAAI MOTY>XXHICTb, 3aTpavyeHy Ha po6b0oTy npeca, MOXHa
3HaNTK 3a Popmynoto:
N = Kxx + KwH + N4* (4.31)
ge N X- MOTYXHICTb, CNOXMBaHa rpaHynaTOPOM Ha X0N0CTOMY Xoay, BT;
NLUH- MOTY>XHIiCTb, BUTPAYa€ETbCSA Ha NPOCYBAHHA Macu No LUHeKY, BT;
- MOTYXHICTb, BUTPA4YaeTbCA Ha NPOCYBaHHA Macu B POPMYHYili ro-
nosui, BT;
Ndk= MYK"
MK- MOMEHT onopy 0b6epTaHHO opMYyOUMX Kynaykis, Hwm;
0 - yacToTa 06epTaHHA BTY/IKM, C-1
MOMEHT OMopy BUHUKAE TiNbKU Yepe3 TepTs MOBEpXHi POpMyHUOro Ky-
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nayka o6 6iNKoBY (PpakLit0 MaKyXu:
Mk = FpesinyszeRlI (4.32)

4.3 MeToankKa eKcnepuMeHTanlbHUX [OCAIAXEeHb TEeXHOMNOriYHOro
npouecy popMyBaHHSA NeneT 3 6i/IKOBOro NOPOLLKY

[na npoBefeHHs LOCNIgKEHb MaKeTHOro 3paska yCTaHOBKW A/l BUTOTO-
BNEHHS MefneT BUrOTOBMEHO NabopaTopHuMin cTeHa (pucyHok 4.10-4.11), fKuid
CKNafaeTbCA 3 MaKeTHOrO 3paska npeca, Matpuui, rinb3n Ta nyaHcoHa. Mix ny-
aHCOHOM | TBUHTOM npeca po3MiwleHnin guHamometp JOCM. binkoBa (pakuyis
3 MaKyXxun HaCiHHA COHALWHMKY 3aCUNAETbCA B Ti/ib3y Ha MOBEPXHIO MaTpuLi Ha
3afjaHy BMCOTY. 3a A4ONOMOrOK FBUHTA Npeca Yepe3 AMHaMOMETP i NyaHCOH 6i-
NKOBa (ppakuyis CTUCKyBanacs i BufasntoBanaca yepes oteip marpuyi. MNpu ybo-
MYy BW3Ha4yanacs Be/IMYnHa cuau, HeobXigHOT ANs NPoLaBnOBaHHA LOC/IAXKYBa-
HOro marepiany. MNpun gocnig>XeHHi 6panucb mMaTpuui TOBLMHOW 4, 61 8 MM 3
fiameTpamu 0TBOpIB 2, 4 i 6 MM. TTicns OTpUMaHHA NefeTn BM3Hayanacb ii nu-
TOMa Bara.

PucyHok 4.10 - Cxema YyCTaHOBKM [/ TMPOBEAEeHHA [LOCMI[XeHb 3
BUIOTOBNEHHA MefieT: 1 - MaKeTHWIn 3pa3oK npeca; 2 - MaTpuUud;
3 - rinb3a; 4 - nyaHcoH; 5 - amHamomeTtp AOCM; 6 - 6inkoBa
(hpakuis; 7 - nenetu

3anexHicTb CUNN BMAABNOBAHHA Ta NMUTOMOT Baru neneTtu Big AiameTpa
OTBOPY MaTpuui Ta il TOBLMHW npeAcTaBneHo B Tabnuui 4.1.

EkcnepumeHTanbHi LOCAIAKEHHSA MAKeTHOro 3paska yCTaHOBKWU A1 BU-
rOTOBMEHHS NeneT 3 6i/IKOBOT (hpaKLUil MaKyXn HaCiHHA ONIMHUX KYNbTyp Npo-
BOAM/INCA 3 BUKOPUCTAHHAM MaTeMaTM4YHOro MeToAy MiaHyBaHHSA eKCnepuMeH-
TY, AKUIN A03BONSAE BU3HAUMTIN MaTeMaTUUHI MOoAeni NpoueciB y BUrNALI PIBHSAHb
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perpecii (noniHoma) gpyroro nopsagky [67]:

e

K K K

y=ao+E aX +E aipix +Eaixe, (4.33)
ao, ai, aij, ail - KoediLieHTW perpecir;
XI5 X] - HesanexHi sMiHHI pakTopu.

PucyHok 4.11 - 3aranbHuWi BUrNAL yCTaHOBKM 418 NPOBeAEHHSA JOCNIIKEeHb

rnsaai.

ae

3 BUTOTOB/IEHHA NENET

PiBHAHHS perpecii 4pyroro nopsaky BU3HA4alTbCA Y KOLOBAHOMY BU-
KoayBaHHS hakTOpiB 34IACHIOETLCS 3a POPMY/IOHD:

Xi = —p---—--°-, (4.34)
8
Xi- KofoBaHe 3HauyeHHs pakTopa (6e3po3mipHa BeNNYMHA, PiBHI: BEpX-
Hil, HUXXHIR | B LEeHTPI No3HavaloTbes BignosigHo +1; - 1; 0);
J1i - HaTypanbHe 3Ha4YeHHA (PakTopa,;
A Q - HaTypa/ibHe 3HAYeHHA (haKTopa Ha HY/IbOBOMY PiBHI;

8 - HatypanbHe 3Ha4YeHHA IHTepBany Bapiauii hakTopa.
O6pob6Ka pe3ynbTaTiB AOCNIAKEHb, NPOBEAEHUX METOAOM MaTeMaTU4yHO-

ro PakTOpHOro njaHyBaHHA eKCrepuMeHTIB [68], BUKOHYyBanCb 3a A0NOMOrOH0
KOMN’loTepHOT nporpamun «Mathematical.

OG6’eKT AOCNIMKEHHS - NPOLEC BUrOTOB/IEHHA neneT 3 6iNKOBOT dpakuii

MaKyXu HaCiHHA ONIMHUX KYNbTYP (COHAWHUK, Tipunus, puxKin) gna ntuui.

MpeaMeT [AOCNIAKEHHS - 3aKOHOMIPHOCTI BM/AWBY KOHCTPYKTUBHO-

TEXHONOTIYHMX napameTpiB YCTAaHOBKW [A/11 BUTOTOB/IEHHA MefneT Ha KifbKICHI
Ta AKICHI XapakTepUCTUKN rOTOBOT NPOAYKLIT.
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Tabmunsa 4.1 — 3anexxHicTh CvH BHAaBMOBaHHA P Ta mutomoi Barm p
TMIEJICTH Bl TOBIIMHM MaTpHIl t Ta miamerpa d oTBOPY

T ) Iloxazauku
f;;??aMM;_ If\igf;;fﬁo;sﬁfay Cwuta BHIABIIOBAHHS ITuToma Bara
’ ’ P, H p, Kr/m?
4 2 12348 624
4 4 901.6 569
4 6 7154 482
6 2 1597 4 731
6 4 1254 4 628
6 6 921.2 534
8 2 1901,2 785
8 4 15582 711
8 6 12348 664

Jlocmimkeras OyIyTh TPOBOJUTUCH 3 METOIO BH3HAUCHHS PAIllOHAJIEHAX
KOHCTPYKTHBHO-TEXHOJIOTTYHUX MMAPaMETPIB YCTAHOBKHU JUISi BUTOTOBJICHHS Tie-
JeT 3 OUTKOBOI (ppaKIlii MaKyxu HACIHHSA JUTS BIATOBIAHOI OMIMHOI KYJIBTYPH.

Ile 3aBmaHHSA BHKOHYETHCA Ha 0a3i MOMEPEAHIX TOCHIIKEHb HAyKOBO-
BApoOHMUOi naboparopli mexanizarii Tta moiisaunTBa [OK HAAH Ta 1Hmmx
nocmuaamkiB:  O. Tayde, I'. Temeryxm, II. I'pmabka, B. JlommHCBKOrO,
B. ly6oposina, I'. Kamernika, M. Kaminuuka, M. Kopuemuoro, X. JliHca,
1O. MarBeeBa, M. Menpanuyka, B. Muponenka, M. Mxitapsna, B. Tlominyka,
O. nuuaka, I'. [lItprobens, X. [lynbua.

Bukonanns po0it Oyme mpopeaeHo BiamosigHo g0 JICTY 3973-2000
«Cucrtema po3poOWIICHHS Ta TIOCTABJICHHS MPOAYKIIli HAa BUPOOHUIITBO. [Ipasu-
Jla BUKOHAHHA HAyKOBO-AOCTLAHUX PoOiT» [69] 1 odopmaeno 3rigno 3 JACTY
3008-95 «Jlokymenramis. 3BiTH y cdepl Hayku 1 TexHIKH. CTpyKTypa 1 MpaBuia
odopmaerus [70].

Miciie mpoBeAcHHS: BUPOOHWYE MPUMIMIEHHS HAyKOBO-BUPOOHHWUOI Jia-
Ooparopii mexanizaii ta momisaunTBa IOK HAAH.

3a pe3yJbTaTaMu JOCHIKECHb CKIIagaeThbes 31T mpo HJIP.

JlocmimkeHHsT IPOBOAATHCA BIAMOBIAHO 10 moroBopy HamionameHoi aka-
nemii arpapHux Hayk Ykpainu 3 [Hctutytom omiitHux kynetyp HAAH 3a ma-
HOM HaykoBoO-mocaigaux podit Ha 20142015 poxkm 3 BHKOHAHHS 3aBJAHHS
33.01.00.65I1 «JloompalroBaT TEXHOJIOTII0 KOMILIEKCHOI O€3B1IX1IHOI Iepepo-
OKM MaKyXH 3 HACIHHS OJIHHUX KyJbTYP 3 OJCP>KaHHAM BUCOKOAKICHUX TTOBHO-
IIHHKMX MPOTEIHOBHUX J00ABOK y BHIJISAI TIEJIET Ta TBEpAoro Olomaausay [71].

Kanenmapuuit mman IOK HAAH na 2015 pik 3aTBepmakeHnii 2 JIIOTOTO
2015 p. metommunoro komiciero IOK HAAH (mporokon Ne 3).

Mertoto mpoBeneHHS TOCHTIKEHb € BU3HAUCHHS PalllOHAJFHUX TapaMeT-
piB poOOUYMX OpraHiB YCTAHOBKH JJIA BUTOTOBJICHHS TejeT 3 OUTKOBOI (ppakimi
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MaKyXW HaciHHS.

[Mporpama pocnigpKeHb MICTUTb METOAW BU3HAYEHHA KOHCTPYKTUBHUX,
KiHEMaTUYHUX | TEXHONMOTIYHMX MapameTpiB poboymx opraHiB yCTaHOBKW A/d
BMIOTOB/IEHHA NefeT.

Mporpama gocnifiXeHb nepegbayae HaCTyMnHe:

1. BU3HaYeHHA 3a1eXHOCTI BUTPAT MOTY>KHOCTI 4711 BUTOTOB/IEHHA Nenet
Bifl yacToTK 06epTiB Ta KOH®irypauii po6o4yoro opraHa, nogadi martepiany Ta
A0ro BONOrOCTiI.

2. Bn3HayeHHA 3a/1eXXHOCTI MUTOMOT Barv OTpUMaHUX MNesneT Bif 4acToTu
06epTiB Ta KOH(irypauii po6o4oro opraHa, nogayi matepiany Ta iMoro Bosoroc-
Ti.

3. Po3paxyHOK NoXn6oK BUMipHOBaHHSA KOHTPO/IbOBAHMX NapameTpiB.

4. OnTumisayis napameTpiB pob6o4YMxX OpraHiB yCTaHOBKW [ANA BUTOTOB-
NEHHA nesieT 3a NOKasHUKOM NMUTOMUX EHeprosuTpar.

[na [oCnif>XeHHA TeXHONIOrYHOro npoLecy BUrOTOBJIEHHS MesieT 3 Ma-
KYXW HaCiHHA ONlINHUX KY/bTyp PO3P06/IEHO KOHCTPYKTUBHO-TEXHOJOTIYHY
CXeMy i CTBOPEHO eKCnepuMeHTanbHy YCTaHOBKY (PUCYHOK 4.12) ans inoro pe-
anisauit.

B ycTaHOBUi ANA BUTOTOB/IEHHA MefieT € MOX/MBICTb BCTAHOB/IEHHA He-
006XiAHOT KOHIrypauii po3mileHHs GopMyUmMX Kynaudkis 5.

[l0 cknagy YCTaHOBKWM BXOAWUTb UMAIHAPUYHA MaTpuua 6 3 BiANOBIgHUMMU
AiameTpamum 0TBOpPIB - 3 MM.

a B r
PUCYHOK 4.12 - EKcnepuMeHTaNbHUI 3pa30K YCTaHOBKMW A1 BUTOTOB/IEHHS
nenet (nenetepatopa): a - 3aranbHUn BUrnsag; 6 - TBUHT,

B - (DOPMYHUNIA KyNa4okK; I - UuNiHApUYHa MaTpuLs
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YcTaHOBKa 4NA BUTOTOBJIEHHA MefieT NPUELHYETLCA Yepes3 Ban npueoga 1
A0 MOTOpP-peayKTopa MakcMMasibHOT MOTY)XXHOCTI - 7,5 KBT, KU 3’€HYETbLCA
I3 yactotHum nepetsoptoBavyem Danfoss VLT Micro Drive. 3 BUKOPUCTaHHAM
4aCTOTHOroO NepeTBoOptOBayYa € MOX/IMBICTb 3MIHIOBATM YacTOTy 06epTaHHA Basa
npueoga B fiana3oHi - 0-100 06/xB. Cxema enekTpuMyHa NpuUHUMNOBa NigKMt0-
YeHHS YacToTHoro nepetsoptoBaya Danfoss VLT Micro Drive fo enektponsu-
ryHa MOTOp-peAyKTopa npeAcTasieHa Ha pUCYHKy 4.13.

3afaHa nogada 6inkKoBOT hpakLuil A0 3aBaHTaXKyBanbHOro 6yHkepa 4 34in-
CHIOETLCS 3a AONOMOrOK Peryntoryol 3acniHku. LBuakicte nogadvi 6inKoBoOi
(hpakuii MOXKHa 3MiHOBaTK B Aiana3oHi - 0-80 kr/rog,.

Mepen noyaTkoM eKcrnepuMeHTanbHUX AOC/ifXKeHb HEOOXiAHO BM3HA4u-
TV YMOBU NPOBELEHHSA AOCMIAKEeHb Ta MiArotyeaTn 6iNKOBY (hpakuitd HaCiHHA
ONIRHNX KYNbTYP (COHALWHMK, Tipunus, puxin) macoto 10 Kr 418 KOXHOro goc-

nigy.

PucyHok 4.13 - Cxema efleKTpnyHa nNpuHUMNoBa nigK10YeHHS YacTOTHOrO
nepetsoptoBavya Danfoss VLT Micro Drive [0 eneKTpofBuUryHa
mMoTop-peaykTopa: L1 L2 L3, A, B, C - (a3Hi npoBoAM Ha BXOAi
Ta BUXOf4i wWwau KepyBaHHA BignosigHo; N - HYNbOBWIA NpoBig;
KA - KomyTauiHuii anapaT (aBTomMaTtuyHWin BUMMKa4); KM,
KM2 -  koHTakTOpu; SB1l, SB3 - KHONKM  «[1yCK»,
SB2, SB4 - kHonku «CTon»
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Jlna koxxHOI mopiti 617TKOBOi (hpakitli HACIHHSA OMHHUX KyJIbTYP HEOOX1-
HO Bu3HaunTH BOJIOTICTh 32 ['OCT 27548-97 «Kopmu pocnunHi. MeTtonm Bu-
3HaueHHs Boyiorw» [72], omiitHicTs 32 ['OCT 13496.15-97 «Kopmu, kombikop-
MW, KOMOIKOpMOBA CHpPOBWHA. MeTOAM BU3HAYCHHS BMICTY CHPOTO KHPY»
[73], Bmict Ginka 3a JICTY 7169: 2010 «Kopmu, kombikopmMu, KOMOIKOPMOBA
cupoBrHA. MeToa BHU3HAYCHHS BMICTY a30Ty 1 CHPOTo MpoTeiny» [74].

0O6’emHa Maca K0kHOI Topiii O171K0BO1 (hpakiii HACIHHSA OIHHUX KYJIbTYP
BH3HAYAETHCS 3a METOAMKOIO [75], sika mepeadaydae 3BaKyBaHHA MacH OLTKOBOI
(hpaxii, po3MimmeHoi B smuKy po3mipamu He MeHine 10 cm x 10 cm x 10 cm 6e3
VIIUTBHEHHS Ta BPIBEHD 3 HOTO KPasMH, TIPW BUTBHOMY TaAiHHI O17TKOBOI (hpak-
mii 3 Bucotu 10 cM Bix HOro BepxHBOTO Kparo. Maca 3paska Ou1koBoi (pakii
BU3HAYAETHCS MUIIXOM CTAaTHYHOTO 3BAXKYBAHHAM HA EIICKTPOHHUX Barax
AA-200.

[Tepen KOXHUM TOCIHIIOM HA YCTAHOBKY JUUISi BUTOTOBJICHHS TICJIET BCTa-
HOBJTFOETHCSA BIAMOBITHA KOHDITYparlis po3ramryBaHHg (GopMyIOUNX KyJIadyKiB.

JIsis TpOBEACHHS TOCIITY BMHUKAETHCS €JIEKTPOABUTYH MOTOP-PEIYKTOP 1
3a OMOMOTOIO0 YacToTHOro nepersopioBada Danfoss VLT Micro Drive BcTaHo-
BITIOETHCS HEOOX1THA YacTOTa 0OSPTaHHS Bajia MPUBOJA YCTAHOBKH ISl BUTOTO-
BJICHHS TICJIET.

binkosa ¢pakmis macoro 10 kr 3acumaeThcst y OYHKED 1 32 TOMOMOTOIO Bi-
IKkamOpOBAaHOI PETYJIIOIYOi 3aCIIHKH BCTAHOBJIIOETHCS 3aJ1aHa MIBHKICTH I10-
Javl MaTepialy B YCTAHOBKY ISl BATOTOBJICHHS TIEJIET.

B nportect mocmimkeHHs PIKCyeThCS 3HAUCHHS MOTYXHOCT1 €JIEKTPOIBH-
T'YHa, SKa BATPAYA€ThCsl, HA 4acTOTHOMY meperBopioBaui Danfoss VLT Micro
Drive 1 vac npoxomkenus 10 kr maTepialy Kpi3b YCTAHOBKY TS BUTOTOBJICHHS
neJer.

TpuBamicts BUpOOHUYOTO TMKITY 3aMIpsAEThCA ceKyHmoMmipoM. [louaTkom
BUPOOHWYOTO MKy BBAXKABCA TPOIEC 3aBAHTAXKCHHS BUXIJTHOTO MaTepiaiy.
3aKiHYeHHS BUPOOHUYOTO UKy — TIO 3aBEPIICHH] MPOTECY HAKOTHYCHHS Tie-
JIeT.

B kiHI1 10CHI Ty YCTaHOBKA BUMHUKAETHCS 1 TOTYETHCS IO HACTYITHOTO.

OTpumMaHi MeNeTH MAIATAI0Th BUSHAUCHHIO TEOMETPUYHUX PO3MIPIB, Ma-
CH 1 HacUITHOI 00’ €MHOI MacH.

B sikocTi omiiiHOT Ky IbTypH 00paHO COHATTHUK.

Jlocmimkernas Oy IyTh TPOBOUTHUCS IS BaplaHTa KOHQITYpallli po3rarry-
BaHHs (hOPMYIOUMX KyJaukiB (pucyHOK 4.14) — hopMytoul KyJTauku po3TamioBa-
H1 TTOCT1A0BHO 0€3 3MIIICHHA.

dakropaMu TOCHIKEHb € YacToTa OOEpTIB Bajla MPHWBOJA, IIBUAKICTH
noAadl 6uTkoBoi (hpakiii Ta ii BomoricTs. [HTEepBan® 1 piBHI BapitoBaHHA (HaKTO-
pamu HaBeneH1 B Tabnwmii 4.2,
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PucyHok 4.14 - BapiaHTU KOHGirypayii posTawyBaHHA (OpMyrUnxX
KynauykiB yCTaHOBKW [4/19 BATOTOB/IEHHS MeneT

Tabnuus 4.2 - IHTepBanu i piBHI BapitoBaHHSA (haKTOpPIB NMpu eKCrnepuMeH-
TaNbHUX LOCAIIKEHHAX YCTAaHOBKMW 4N1F BUTOTOBNEHHA NeneT

[Mo3HayeHHs o i PiBHI
: HainMmeHyBaHHSA hakTopiB . IHTepBan
(bakTopis Ta O4MHNLA BUMIPIHOBAHHSA BapHOBAHHA BapitOBaHHS
KogoBe HatypanbHe A H P -1 0 +1 P

X1 . UJBM,D,!(ICTI: nogaui o5 59 75 o5
marepiany, Kr/rog.
YacTtoTta 06epTiB

x2 " poboyoro opraHa, 06/xs. 50 60 90 30

s W BonoricTb 6iNKOBOI 50 30 40 10

(ppakuii, %

JocnigkeHHA NPoBOAATHLCA 3a MJaHOM TPbOX(AKTOPHOr0 eKCNepuMeHTy
33 npu BapitoBaHHI (paKTOpiB BMKOPUCTOBYBasacb MaTpuus niaaHyBaHHA ekcrne-
puMeHTiB bokca-beHkKiHa. Jocnign NnpoBoAATLCA Y TPUPa30Biil MOBTOPHOCTI.
3a KpuTepii gocnigpkeHb 06paHO NPOAYKTUBHICTbL BUPOOGHMYOIO npouecy
CTBOpPeHHA neneT Q, 06’eMHa maca nesieT p i NOTYXHICTb eNneKTpoABuUryHa P,
LLL0 BUTPAYAETLCA Ha 34iMAICHEHHA npoLecy.
MPOAYKTUBHICTb BUPOOHMYOIO NpPOLeCY BU3HAYAETLCA LUIAXOM po3paxy-
HKY 3a (DOpMY/I0H0:
Q=1 /" (4.35)
je T - Mmaca 6inkoBoTl pakuyii, T = 10 Kr;
t - TpuBanicTb BUPOOHMYOTO UUKIY, TO4.
B AKoCTi KpuTepito onTumizauii (pakTopiB AOCNifXXeHb 06paHO MNUTOMI
eHeproBuTpaTK, AKi BU3HAYaTLCA 3a (HOPMY/IOH0:
E=P/Q, (4.36)
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BiaTBopeHHS AOCIIIIB BU3HAYAETHCS 32 OHOPIAHICTIO PE3YIbTATIB BHUMI-
pIOBaHb. YMOBH OJHOPIAHOCTI (popMam3yrOThCs Tak, 100 ycl BHMIPIOBaHHS,
AK1 BXOJATh Y JaHy CYKYITHICTh, MOTJIA BHUTJISAATH K 3HAUCHHS OJIHIET BHUIMA-
KOBOi BEJTUWUMHH, TI1 AMOPSAIKOBAHOT HOPMAJIBHOMY PO3IIOILITY.

YMOBH OIHOPIAHOCTI MOCTIAIB TPUMYCKAIOTh MPHUOIU3HO OTHAKOBHMA
BILTHB ITIOMMJIOK 32 yCIMa TOUKaMH Y IuIaHl gocaiay. st mepeBipKy BIATBOPEH-
HS TOCHIIB, AKI BUKOHYBAJIACS Y TPhOXKPATHIN MOBTOPHOCTI, BAKOPUCTOBYIOTh
kputepiit Koxpena. lle BiaHOIIEHHS MaKCUMaIbHOT JUCTIEPCIT IO CYMH YCIX JTH-
CIIEPCIH:

2
G - G,” max
P N, 0 (4.37)
2.6,
i=1
2 - . .
Jie 0,” max— HalOIIbI1Ia OPAAKOBA AUCTIEPCIS;
N
2 co
Zci — CyMa MOPSAAKOBHX JUCIICPCIH.
i=1
Jlucnepcis oOuuCIoeThCs 3a HOPMYIIOHO:
m —
vV -V
2 ;( v ) (4.38)
G, = ,
m-1
Iie Y. — 3Ha4YeHHA KPUTEPLIO omTuMmizauii B u-My AOCaiAl Ho 1-H mo-

u

BTOPIOBAHOCTI,

VY — cepeaHe 3HAUCHHA KPUTEPIIO ONTHMI3amii B U-My JOCHTII;

m — KUTHKICTh TIOBTOPIB Y JTOCIIII.

OO6uncmoBaHe 3HAUCHHS AUCTIEPCli TTOPIBHIOETHCA 3 TAOJMYHUAM, MPUYO-
My AucHepcli BBAXKAOTbCSA OJHOPIIHUMHU 3a YMOBH Gp < Gryoyp. LIPH Gp> Orgen.
HEOOX1JHO I1IBHIIMTH TOYHICTh BUMIPIB a00 BCTAHOBHUTH MEHII 1HTEPBAJIN Ba-
piarii (akTopis Ta 30UTBMIMTH KUTHKICTh TIOBTOPIB Y AOCTIIAX.

Tabnmuune 3HaueHHs aucnepcli BU3HAYaeThes it 95 % piBHA m0Bipuoi
BIPOT1THOCTI Ta CTyTeHs cBodoam: x =m — 1.

[Ipu BM3HAUEHHI MOXWOKHA PE3yJIbTATIB JOCII/IIB BPAXOBYETHCA, IO Bij-
XUJICHHS B1Jl CEPEIHBOTO apu(METHUUHOTO 3HAYCHHS HE TTOBUHHO TICPEBUIITYBa-
TH MEXI MMOMWIKH 136 (G — cepeaHbOKBAAPATHUHE BIAXWICHHS). ToMy B1IXH-
JICHHS, SIKE TIEPEBHUIIY€E 3a CBOIM 3HAUEHHAM *3G, MOKasye, 1o Horo Tpebda Bu-
KJIFOUHUTH 3 po3risany [76].

JIoBipul MEX1 BHIAIKOBOI MOXHUOKK PE3yJIbTATIB BUMIPIOBaHb OOUMCITIO-
I0ThCS 32 kKpuTepieM CThIOICHTA:

T=t-6,, (4.39)
ne t — xoediment Creiomenta it aosipuoi Biporigaocti p (TOCT 8.207-76

[77]);

G, — CEPEeIHbOKBAPATUYHE BIAXUIICHHS PE3YIbTaTIB BUMIPIOBAHb.

binbmr rpy61 mOMHUIIKH BUMIPIOBaHb BU3HAUAIOTHCS 3 HACTYITHOTO BUPA3y:
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LISIND. G (4.40)
O.

1

Iy X g~ CYMHiBHe 3HAQUCHHA IMOKA3HUKA,

n

X — cepeHbOapru(PMETHUHE 3HAUCHHS BUMIPIOBAHOTO TMMOKA3HUKA,
G, — CepeAHbOKBAAPATHYHE BIIXUJICHHS PE3yIbTaTy BUMIPIOBAHb.

KoedimenT Bapiamii BU3HAYAETHCA 3a (GOPMYJIOKO:

V:(Gj/ch)'IOO %. (441)
CepenHbOKBAIpaTHYHE BIAXHIICHHS JOPIBHIOE:
o - Hz (X, - X_ )2}/(m _ 1)} | (4.42)
CepenapoapudMeTHUHE 3HAYCHHS BUMIPIOBAHOI BEJIHMUHMHH
Xep=(XXj)/m, (4.43)

ne X — 3HAYCHHS BUMIPIOBAHOI BEJIMUHWHH,

M — KUTHKICTh BUMIPIOBAHb y JAOCHIII.

AbGcomoTHa MOXuOKa CepeTHBOTO ApU(PMETHUHOTO 3HAYCHHS BIIXHJICHHS
BH3HAYAETHCS 32 GOPMYJIOKO:

A=13 6. (4.44)
[Toxubka 1ociay po3paxoBy€ETLCS 3a BUPA3OM:
I =3 6;/ X, 100 %. (4.45)

3 METOI0 TIEPEBIPKHU TIMOTE3W HA aJEKBATHICTh MOJEII JPYTOTO TOPSIKY
MPOBOIUTHCS CTATUCTUYHUHN aHaNI3 PIBHAHD PErpecii.
AJIEKBaTHICTh MOJIEII TIEPEBIPIAETHCS 32 TOIIOMOTOI0 KpuTepito dimepa:

F =— (4.46)

ne S, — QMCTEpCis HeaJeKBAaTHOCTI MaTEMATHYHOI MOJIEII;
S, — AMCIepCis TOMUIKH I0CTify.

Jl1s1 aA€KBATHOCTI MOJIEN TOBUHHA BUKOHYBATUCh YMOBA Fpp < Foyey.
3HaunMICTh KOS(DIMIEHTIB perpecli mepeBipsaeThCs 32 AOMOMOTOIO BH3HA-
YeHHS JOBIPYOTO 1HTEpBANy A koedimeHTiB perpecii. Koedimient perpecii
BBA)KAETHCS 3HAUUMHUM, SIKITIO HOTO aOCOIIOTHE 3HAUCHHS TIEPEBUIIY€ BEIMUNHY
JIOBIPUOTO THTEPBATY AB;, AKUH BU3HAYAETHCA 32 (POPMYIIOIO:
+ ABj=+t S, (4.47)
ne Sy — KBagparwuHa moxubka koediiieHTa perpecii;
t — TabMuuHEe 3HAYEHHS t-KPUTEPITO TIPH YKCIIl CTYTICHIB CBOOO TN IS Syz.
2
S, = Sy , (4.48)
N
ne N — KUIBKICTB JOCJIIIB.
Sxmo xoedimieHTH 3HAYMMI, 11¢ 03HAYAE, IO I OJHOTO 3 HHUX 3aJICKHUTh
BIJl PIBHS, HA AKOMY 3HAXOJUTHCS 1HIMNN (hakTop. SIKIIO BiH Mae MO3UTHBHUI
3HAK, TO BETUYMHA KPUTEPIIO ONMTHMI3AIl TBUIIY€ThCS, TOOTO 0OnBa (hakTo-
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pPH OJTHOYACHO 3HAXOMATHCS HA BEPXHIX PIBHAX (200 HA HUXHIX). AKmo koedi-
IIEHT Ma€ HETAaTHMBHUM 3HAK, TOJI MHIABUINECHHIO KPHTEPIFO ONTHMI3AIli CIpHS-
I0Th CIIOJTyUeHHS (PaKTOPIB HA PI3HUX PIBHSIX.

®13uuHe 3HaueHHA KoedinieHTa Bjj nosidrae B KUIbKICHIHA 3MIHI apamer-
pa onTuMi3amii py 3MiHI (akTOpa HAa BEIMUHUHY OJHOTO IHTEPBAITY BapllOBaHHS
(mpu 3akonoBaHuX (akTopax) ado Ha OJWHUINO BUMIpIOBaHHS (dakTopa (TpH
PO3KOI0OBAHUX 3HAUCHHSX ).

3Hak wiroc abo MiHyc nepen B; Bkaszye Ha 30uIbmIeHAS a00 3MEHIIICHHS
kputepiiB ontumizamii. Koedimient B, Mae mpubnusHo cepenne 3HaUECHHS KPH-
TEPI0 ONMTUMI3AIi.

[Ticma oTpuMaHHS MaTeMaTHYHOI MOJEINI MPOIECY BU3HAYAOTHCSA OMTH-
MajIbH1 3Ha4YeHHS (PaKTOPIB (KOOPAMHATHA ONMTUMYMY TIOBEPXHI BIATYKY) Ta BH-
BUYAIOTHCS BJIACTUBOCTI IT1€1 TTOBEPXHI OUIA ONTUMYMY JTA 3pa3ka mpeca. [lomyk
ONITHMYMY BEIETHCA METOJOM KAHOHIYHOTO TIEPETBOPEHHS MaTEMaTHIHOI MO-
nem y hopMy HaCTyTHOTO BUTIIAY

Y - Y,=Bi X ’+BnXo’+ ... + B X, (4.49)
ne Y — 3HAUCHHS KPUTEPIIO ONTHUMI3AIlI B ONITHMAaIbHIH TOYII;
Xi, X;..., Xg — HOBI OCl KOOPAWHAT, TOBEPHYTI BIIHOCHO CTAPHUX X1, X»..., XK.
B, Baa, ..., Bxx — koedimienTn perpecii y kaHoHIYHIH dhopmi.

KanoniuHe mepeTBOPEHHS MOJIET BUKOHYETHCA 32 BCTAHOBJICHOIO METO-
K010, Pe3ynbTaToM mepeTBOPEHHS PIBHAHHS perpecii € opma moBepxHi BiI-
T'YKy Ta ONTHUMaJIbHI KOOPAWHATH TIOBEPXHI BIATYKY a00 ONTHMAaJbHI 3HAYCHHS
(hakTopiB mportecy podbOTH BaKyyMHOT'O Hacoca. [1icis mporo mpoBOaATs aHAII3
MOBEPXHI BIATYKY 3a IOTIOMOTOI0 IBOMIPHUX TiepeTrHiB. [[00ymyBanHs mBoMip-
HUX TIEPETHHIB BHKOHYIOTHCA 3 BHUKOPHUCTAHHSAM MPOTPAMHOTO TMaKeTa
«Mathematicay.

[Tomyk onTUMyMy BEAETHCS PIIICHHSIM KOMIIPOMICHOI 3a/1adi, TICIs BU-
3HAUCHHS MaTEMaTHYHWUX MOJEIICH TPOIeCy 3a OIHIOBAJIBHUMH MOKa3HUKAMHU
Ta BU3HAUCHHA ONTHUMAaJbHUX MapameTpiB. Ha mouaTky BUALTAIOTHCS HANOUTBII
3HauMMI (DaKTOPH MO KOXKHIA MOJIENI Ta iXHI ONTUMAJIbHI TTApaMETPH, TMOTIM 13
3arajbHOTO CIHUCKY BW3HAYAIOTHCA CHUTHHI (DAKTOpPW 1 aHAMBYEThCS Aiama3zoH
iXHIX ONTUMAJIbHAX 3HAYCHb.

3a pe3ysbTaTaMu EKCIECPUMEHTAJIbHUX JIOCHIIKeHb Oyae MmoOyaoBaHO
MaTeMaTHYHy MOJIEJb 3aJICKHOCTI MPOTYKTAUBHOCTI BUPOOHUIOTO TPOIECY BH-
TOTOBJICHHS TICJIET, TTOTYKHOCT1, HEOOX1AHOI T BUTOTOBJICHHS TIEJIET Ta iXHBOT
00’eMHOT MacH BiJ TIBUIKOCTI MOJa4l MaTepialy, HOTO BOJOTOCTI 1 YaCTOTH
o0epTiB Bajia MPUBOJA IS JBOX BapiaHTIB KOH(Iryparii po3ranryBaHas ¢op-
MYIOUYHX KYyJIauKiB Ta KOKHOI OJIIMHOI KYJIbTYPH — COHAIIHUKY, TIPUHIIl, PHKIFO.

Busnaueni moxuOKku BUMIPIOBAHHS 1 aJICKBATHICTh PO3POOIICHOI MaTeMa-
TAYHOT MOJIEII.

Pospaxosani pariioHanbHI KOHCTPYKTHBHI, KIHEMAaTHYHI Ta TEXHOJIOTTUHI
napaMmeTpu poOOUYNX OpraHiB YCTAHOBKH JIJIi BUTOTOBJICHHS TIEJIET 3a KPUTEPIEM
MATOMHUX CHEPTOBUTPAT BUPOOHUUOTO TIPOIIECY.
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4.4 PesynbTaT eKcrnepMMeHTanbHUX AOCNIAXKeHb TeXHO0riYHOro
npouecy hopMyBaHHSA NeneT 3 6i/IKOBOro NOPoLLKY

B pesynbTati npecyBaHHA 6i1KOBOro MOPOLIKY Ha N1abopaTOPHOMY CTeHZi
OTPMMaHI Nenetn 3 Makyxu HaciHHA ripumui (pucyHok 4.15, a) | COHALWHUKY
(pucyHok 4.15, 6).

B pe3synbTaTi 06p06KN eKCnepuMeHTaNbHUX JaHUX OAepXKaHi maTtemaTtu-
YHI MOfeni 3a1eXHOoCTi CUInU, HeoOXiAHOT ANnA NpoAaBnOBaHHSA 6INKOBOT (ppak-
LiT Yepe3 OTBOPM MaTpuLb, Ta MUTOMOT Barm OTPUMaHUX Npu UboMy nenet (pu-
CYHKU 4.16, 4.17):

P =834,634 + 190,284 d - 158,841 t- 9,1875dt+ 7,352 (4.50)

p = 649,0556 + 10.6667 d - 47,5417 t + 2,0417 d2+ 1,3125 d t (4.51)
fe P - cuna BuaaBnoBaHHA, H;

p - nuTOMa Bara nenet, Kr/m3;

d - giametp oTBOpPY MaTpuLi, MM;

t - TOBLWMHA MaTpULi, MM.

PucyHok 4.15 - 3aranbHuid BWUrAa4 nenet 3 HaCiHHA ripumdi (@) i
COHALWHUKY (0)

BuxogAaun 3 npoBefeHUX AOCNIAKEHb, MOXHa 3p06UTU BUCHOBOK, LWO
npy 36iNblEHHI TOBWWHW MaTpuULi | 3MEHLLEHHI AiaMeTpa OTBOpPIB cuna BUAAB-
NOBaHHA GINIKOBOro NOPOLLKY | MUTOMA Bara OTpUMaHux nenet 36inbWyHOThCS.

[ocnif>KeHHA KOHCTPYKTUBHO-TEXHOJIOTIYHUX napaMeTpiB YCTaHOBKM
AN BUTOTOBNIEHHA MefieT MPOBOAMANCH i3 3aCTOCYBaHHAM MeTo4y martematuy-
HOro nnaHyBaHHA 6arato(akTOPHOro eKCnepuMeHTy, AKWUIA [03BOJIAE BU3HAUN-
TV MaTteMaTtuyHi Mogeni npouecis y BUTNALI PiBHAHb perpecii [78, 79].
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PucyHoK 4.16 - 3anexHicTb cunn BuAasntoBaHHA P Big AgiameTpa OTBOPIB
maTtpuyi d Ta TOBLLMHKM MaTpuui t

PucyHok 4.17 - 3anexHicTb NMTOMOI Baru neseTt p Big AiameTrpa OTBOPIB
matpuui d Ta ToBLWMHA MaTpuui t

3aranbHWUii BUMNSA NpPOLIECY TMPOBEAEHHS eKCMepuMEeHTanbHUX AoChi-
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[KeHb NpeacTaBneHO Ha PUCYHKY 4.18, 3paskum OTpuMMaHux nenet 3 6iNKoBOI
(hpakyii MakKyXun COHALHUKY NpUBeAeHi Ha PUCYHKY 4.21.

PucyHok 4.18 - 3arasibHui BUTNAL, npouecy npoBeaeHHs
eKCcrnepmuMeHTa/ibHUX LOC/IAXKeHb

PucyHok 4.19 - 3pa3km oTpumaHuX nenet 3 6IiNKOBOT (paKuii mMakyxu
COHALIHUNKY

3rigHo 3 pesynbTaTtaMy JOCnifKeHb 6yf0 CTBOPEHO MaTeMaTu4yHy Mo-
[eNb BMNANBY AOCNIAKYBAHUX (PAKTOPIB Ha e(PeKTUBHICTb TEXHOMOrIYHOro Mnpo-
Lecy opMyBaHHS nenet 3 6i/IKOBOro MopoLLKy.

OTpuMaHa maremaTMyHa MOfAeNb BNAMBY [LOCNILKYBaHUX (DaKToOpiB Ha
06’eMHY Macy neniet mana BUTNAL:
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Y1=638,778 + 1,08333 xi + 0,444444 xi2+ 92,8333 x2+
+1,16667 x1x2- 27,2222 x2 + 88,9167 x3- 2 x1x3+ (4.52)
+ 2,16667 x2x3- 21,7222 x2.

[ns uboro piBHAHHA Ha 95 % piBHI 4OBiIpYOT NMOBIPHOCTI Ancnepcii oa-
HOpiAHI Ta 3HavyeHHs KpuTepito KoxpeHa G = 0,1674< Go,052, 15) = 0,3346.

[vcnepcia agekBaTHOCTI marteMaTuyHol mopeni Sgf = 7,66; gucnepcia
noxmnokn pocnigis Sy = 4.15; 3HayeHHA Kputepito Piwepa F = 1,8469 < FOXK(7,
30) = 2,33; Mofenb € afileKBaTHO Ha OyAb-AKOMY PiBHi f0BipYOi MMOBIPHOCTI.

3a po3paxoBaHMMU 3HAYEHHAMW KOe(iLIEHTIB Kopendauii Ta KpuUTepito
CTblofeHTa 3HaYyLW MMM Ha PiBHI A0BIpYOT MMOBIPHOCTI Ginblie 95 % € Bigno-
BifHI KOEMILIEHTN, NPK AKUX PIBHAHHS perpecii npuinme BUrnag:

y1=1638,778 + 92,8333 x2- 27,2222 x2 + 88,9167 x3+

+ 2,16667 x2x3- 21,7222 x3. (4.53)
Y po3K00BaHOMY BUTNISiAI MOfeNb Ma€ BUTNAL;
p=-119,194 - 0,0302469 n2+6,50741 n + (4.54)

+0,00722222 W n + 21,8917 W - 0,217222 W?2
AHanisytoumn piBHAHHA (4.54), MOXHa CTBEPAXKYBaTH, WO Ha 06’ EMHY Ma-
Cy MeneT BM/MBAE /NMLLE BOMOrNICTb BMXIAHOro martepiany i yactota obepTiB po-
604oro opraHa. Mpu UbOMY 3i 36iNbLLIEHHAM 3a3Ha4YeHUX (haKTOopiB 306iNbLIYETh-

cs i 06’eMHa maca neset. ONTUMaNbHUM 3HAYEHHAM AN JaHOTO PiBHSAHHSA €:
p (n =90 06/xB., W =40 %) = 775 Kr/m3 (4 55)
MpaiuHa iHTepnpeTauid piBHAHHA (4.54) npeacTaBneHa Ha PUCYHKY

4.20.

PucyHok 4.20 - 3anexHicTb 06’¢MHOI Macu nenet Bifg gakTtopis, LWO
AOCNIAKYOTbCA
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OrpumaHa mMareMaTWdHa MOJEIb BIUIMBY JOCIIKYyBaHUX (DaKTOPIB Ha
MPOIYKTUBHICTh BUPOOHWYOTO MPOIECY CTBOPEHHS TIEJIET MaJia BUTJIS;
y2=57,8333 +9,1375 x; — 5,23333 x> + 4,475 x, + 7,70833 x; X5 —

9,525 x> + 15,7125 x5 + 0,116667 x; x5 — 0,125 x5 x5 — 9,83333 x5°

Jlna mporo piBHAHHEA HA 95 % piBHI KOBIpYOi HMOBIPHOCTI AUCIIEPCli O1-

HOp1aHI Ta 3HaueHHs kputepito Koxpena G = 0,1685< Gy ps(2, 15) = 0,3346.
Jlucnepcisa aaeKBaTHOCTI MaTEMaTHYHOI MOICII Saﬂ2 = 0,872; mucnepcis

MOXUOKHU JTOCIIIIIB Sy2 = 0,91; 3nauenns kpurepiro Gimepa F =0,9583 < Fyo5(7,

30) =2,33; Mmozenb € aIeKBAaTHOIO Ha Oy /Ib-IKOMY PiBHI JOBIPUOi HMOBIPHOCTI.
3a po3paxOoBaHUMHU 3HAUCHHAMHU KOC(DIIIEHTIB KOPEIAIli Ta KPUTEPIIO

CrproficHTa 3HAYYITUMU Ha PIBHI JOBIpUOi WMOBIpHOCTI Outhiie 95 % € Biamo-

B1JTHI KOC(IIIEHTH, TIPH AKUX PIBHIHHS perpecii IpuiitMe BUTIISA:

v, = 57,8333 +9.1375 x; — 5,23333 x> + 4,475 x, + 7,70833 x1 X, —

(4.56)

4.57
—9.525 x5 + 15,7125 x5 — 9.83333 x5° (4.57)
VY p0o3K0I0BAaHOMY BUTJISI MOJICH MA€ BUTIIS;
Q=-133,229 - 0,0105833 n*> + 0,905278 n + 0,0102778 q n + (4.58)

+0,586167 q— 0,00837333 ¢* + 7,47125 W — 0,0983333 W*

I'padiuna i1aTepnperamist piBHsHHA (4.58) TpeacTaBieHO HA PUCYH-
Ky 4.21.

Amnamizytoun piBHIHHS (4.58), MOXHA CTBEPKYBATH, IO HA MPOAYKTHB-
HICTh BUPOOHHUOTO MPOIECY CTBOPEHHS TIENET BILTUBAIOTH BCl ¢akropu. [Ipu
II6OMY 31 301JTBITIEHHSAM BOJIOTOCTI BUX1JHOTO MaTepialy 30UThITY€ETHCS 1 TIPOIY-
KTHBHICTh, a TIPH BapifOBaHHI 3HAYECHb YACTOTH 00epTiB poOOUYOro opraHa 1 mo-
Javl BUXI1THOTO MaTepialy CIIOCTEPIraeThes MakCuMyM. ONTUMaIbHAM 3HAYEH-
HSAM JUISL JAHOT'O PIBHIHHS €

Q(q=75«kr/ron.,n=79,2 06/xB., W =379 %) =71,91kr/rox. (4.59)

Orpumana MaTeMaTHYHA MOJEH BIUIMBY MOCIHIKYBaHUX (pakTopiB Ha

CIO’KMBAHY MOTYKHICTh €JICKTPOABUTYHA MaJjia BUTJIS;
y3 = 144778 + 574,167 x, + 143,611 x,* + 1071,25 x*+
+482.5 x; X, +1059.,44 x,> + 498,75 x5 — 9,16667 x; x5 — (4.60)
— 6,66667 x5 X3 + 617,778 x5°.

Jlna mporo piBHAHHEA HA 95 % piBHI K0BipYOi WMOBIPHOCTI AHUCIIEPCli OA-
HOp1aHI Ta 3HaueHHs Kputepito Koxpena G = 0,1447 < Gyps(2, 15) = 0,3346.

Jlucnepcis aaeKBaTHOCTI MAaTEMAaTHYHOI MOJIEII Saﬂ2 = 14572; nucnepcis
MOXUOKH JAOCTIIB Sy2 = 16192; 3nauennsa kpurepito dimepa F =0,8999 <
Fo0s(7, 30) = 2,33; Mmoaenb € afeKBaTHOO Ha Oy Ib-SKOMY PIBHI TOBIPUOi HMOBI-
PHOCTI.
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4 YCTAHOBKA [J14 BUT'OTOBJIEHHA KOPMOBUX MEJET

PucyHoK 4.21 - 3anexHicTb NPOAYKTUBHOCTI BMPOOHMYOro npouecy Bif
(haKTopiB, WO AOCNIAKYHTHCA Npu (PiKCOBaHMX ONTUMaNbHUX
3Ha4YeHHAX (4.59)

3a po3paxoBaHMMW 3HAYEHHAMM KOe(iUIEHTIB KOpenauyil Ta KpUTepito
CTblOoleHTa 3HauYyLW MMM Ha PiBHI A0BIpYOT MMOBIPHOCTI Ginblie 95 % € Bigno-
BifHI KOE(ILIEHTN, NPU AKUX PIBHSAHHS perpecii npuiime BUrnsag:
Y3= 144778 + 574,167 X1+ 143,611 X122+ 1071,25 x2+

+ 4825 x1x2 +1059,44 X2 + 498,75 X3+ 617,778 X2 (4.61)
Y pO3KOZO0BaHOMY BUINA4i MOAENb Mae BUMNAL:
P = 896292 + 117716 n2-137,718 n+ 0643333 qn- 386111 g+ .

0,229778 g2- 320,792 W + 6,17778 W2.
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4 YCTAHOBKA 0/14 BUTOTOBJIEHHA KOPMOBUX MEJIET

MpadpiyHa iHTepnpeTauid piBHAHHA (4.62) npeAcTaB/ieHa Ha PUCYHKY
4.22.

20

PucyHOK 4.22 - 3aneXHIiCTb CNOXXMBaAHOT NOTY)XXHOCTI e/1eKTPOABUTYHa Bij
(baKTopiB, WO AOCAIAKYHTLCA NpU (PIKCOBaHMX ONTUMaNbHUX
3HaYeHHAX (4.63)

AHani3yumn piBHAHHA (4.62), MOXHa CTBEPAKYBATH, WO Ha CMOXUBAHY
MOTY)XXHICTb €NeKTPOABUIYHa BMAMBAKOTL BCi akTopu. MNpu ubomy 3i 36i/b-
LLEHHAM BOJIOrOCTi BUXiAHOro martepiany 36ifbLWYETLCS | MOTYXHICTb, a Mpwu
BapitoBaHHI 3Ha4YeHb YacTOTM 06epTiB PobOYOro opraHa i nogadi BUXigHOro ma-
Tepiany CrnocTepiraeTbCAa MiHIMyM. ONTUMaNbHUM 3HAYeHHAM AN LbOro piBs-
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4 YCTAHOBKA UIs BUT'OTOBJIEHHS KOPMOBHX TTEJIET

HSHHSA €
P (q =25 xr/ron.,n= 51,7 06/xB., W =259 %) = 834 kBr. (4.63)
3aBAaHHSAM BUPIMICHHS KOMIIPOMICHOI 3amadl Oyja MiHIMI3amis BHTpAT
CIO’KMBAHOI TMOTY>XHOCTI €JIEKTPOJABUTYHA TTPU MAKCHMAaJIbHOMY 3HA4YCHHI TIPO-
TYKTUBHOCTI miesieTeparopa. [Ipu mpomy o0’eMHa Maca OTpUMaHUX TIENET HE

3
noBUHHA OyTH MeHIo0 32 600 kr/M:

P(q,n, W) — min;
Q q,n,W — max; (464)
p(q,n, W)> 600kr/m*.

B3siBImu BITHOIIEHHST CIOXKMBAHOI MTOTY>KHOCTI IO IMPOJXYKTHBHOCTI, IIe-
PETBOPHUMO TTOCTaBJICHY 3aaauy (4.64) mo Bursiy:

P(g,n, W :
E(q, n, W) = % — min,

p(q,n, W)> 600kr/m’.

Bupimenns 3amaui  (4.65) 3a [A0NOMOroOl MPOrPaMHOrO  MAaKeTa
«Mathematica» nmpuzBenu 10 ONTHMATBHAX KOHCTPYKTUBHO-TEXHOJOTIUYHUX TIa-
paMeTPIB YCTAHOBKH T BUTOTOBJICHHS TICJICT:

P (q=35,7 xr/roa., n = 50,5 06/xB., W =28.9 %) = 20,2 Br-ron/kr,
p (q= 35,7 kr/roa., n = 50,5 06/xB., W = 28,9 %) = 601 kr/m’.

[Ipu maHWX ONTHMAJILHAX 3HAUCHHSX KOHCTPYKTHBHO-TEXHOJIOTTYHHX TIa-
paMeTPIB CTIIOXKUBAHA MOTYXKHICTh €JICKTPOJABUTYHA YCTAHOBKH T BUTOTOBIICH-
HA TIeeT ckinamae 973 Br, a ii mpoaykTuBHICTS — 48 KT/TOSI.

(4.65)

(4.66)
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5 TEXHIKO-EKOHOMIYHA OHIHKA EQEKTUBHOCTI
TEXHOJIOI'TI

BusHaueHHs €KOHOMIYHOT €(PEKTHBHOCTI TEXHOJIOTIl BHIIJICHHS MPOTEi-
HOBOTO KOHIICHTPATy 3 MaKyXHW HACIHHS OJIIMHUX KYJIbTYP BUKOHYETHCS METO-
JIOM TIOCJIIJIOBHOTO TOPIBHSHHS a0COIOTHUX 3HAUCHb IMOKA3HHMKIB 0a30BOTO M
MPOTIOHOBAHOTO BapiaHTiB [80].

3a GazoBwmii BapiaHT OyJi0 OOpaHO 3arajJbHOMPUUHATY JIHIIO TEPEPOOKH
HACIHHS OJIAHUX KyJbTYp (pUCYHOK 5.1), 10 cKiTamy SKOi BXOJATh. JKUBHJIBHHK,
MPEC-CKCTPY ISP, MpUHMaIbHa MICTKICTh JUTS OJii, HAcoC, (PUIBTP, HAKOTTUIYBAY
JUTST OJTIi.

Pucynok 5.1 — IcHyroua KOHCTPYKTHBHO-TEXHOJIOTIUHA CXe€Ma JIHI]
nepepoOKy HACIHHS OMWHUX KyJbTyp: | — )XKUBUIBHUK, 2 — Mpec-
exkcTpynep, 3 — mpuiiMajgbHa MICTKICTh Ui ofii; 4 — Hacoc;
5 — ¢pinbTp; 6 — HaKOTIMUYBAY IS OJTIi

TexniuHI XapaKTEePUCTUKN OOJIaTHAHHS JUTS 3arajJbHOTPHHHSITOI JIHIT TTe-
pepoOKH HACIHHS OMUHUX KYJbTYp MPeACTaBiIeH] B Tabmui 5.1,
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5 TEXHIKO-EKOHOMIYHA OLIIHKA E®EKTVBHOCTI TEXHO/MONIT

Tabnuus 5.1 - TexHiYHi XapaKTepUCTUKM 06NafHaHHSA A1 3aranbHON-
PUARHATOT NiHIT Nepepo6bKN HACiHHA ONINHUX KYNbTYp

MokasHUK Tpancnoprep pec- A g oro
ANs npeca eKcTpygep  (inbTpauii
Mapka LT-3 MMLL-130 Nd-2
MpoAyKTUBHICTb, Kr/rog, 3000 130 70
MOTYXHICTb, KBT 2,2 7,5 2,2
Buxig onii 0 0,36 0
LliHa, rpH 5250 26900 12900 45050,00

3a NpoeKTHWI BapiaHT MPUAHATO  pPO3P06NEHY  KOHCTPYKTUBHO-
TEXHO/IOMIYHY CXeMY NiHIT 0flep>XXaHHS KOPMOBMX NeNeT i Na/IMBHUX OPUKETIB i3
MaKyXu OflinHOro HaciHHs (PUCYHOK 5.2), A0 cKnagy SIKOT BXOOATb: LUHEKOBI
TpaHCcnopTepu, Mpec-eKCTpPyAep, MOMOTKOBa Apobapka, LWITKOBUA POTOPHWUIN
npocitoBay, Hakonuuyeay 6ifIKOBOT hpakLii, NPOMiXXHA EMHICTb A5 0ONii, Hacoc,
(hinbTp, HakonuMyyBanbHa EMHICTb Ans ONil, Npec-6puKeTyBa/lbHUK, Nenetepa-
TOP.

PucyHok 5.2 - T[lponoHoBaHa KOHCTPYKTWBHO-TEXHO/OriYHa cxema MNiHii
Oflep>XXaHHS KOPMOBMX MNeneT i MaMBHUX OPUKETIB i3 MaKyxu
oNniHoro HaciHHA: 1, 3, 5, 8, 14 - LWHEKOBUI TpaHCNoOpTep;
2 - npec-ekcTpygep; 4 - MONOTKoBa Apobapka; 6 - WiTKOBMI

POTOPHMIA npocitoBay; 7 - HakonuyyBay O6ifIKOBOT (hpakuil;
9 - npomiXHa eMmHicTb Ana onii; 10 - Hacoc;, 11 - dinbTp;
12 - HakonuyyBsasbHa €MHICTb Ans  onil; 13 - npec-

ObpuKeTyBanbHUK; 15 - neneteparop

TexHiuHi xapakTepucTnukmn obnagHaHHsA Ans NPONOHOBaHOT KOHCTPYKTUB-
HO-TEXHONOTIYHOT CXeMu NiHIT 0f4ep>KaHHA KOPMOBMX MeneT i naiMBHUX 6puke-
TiB i3 MaKyXu ONiAHOT0 HaCiHHA npeacTas/ieHi B Tabnuui 5.2.
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5 TEXHIKO-EKOHOMIUHA OLIIHKA E®EKTUBHOCTI TEXHOJIOI'IT

Tabnums 5.2 — TexHiuH1 XapaKTEPUCTAKHU OO0IaAHAHHS I TPOITIOHOBAHOT
KOHCTPYKTHBHO-TEXHOJIOTTYHOI CXEMHU JTIHIT OJIeP>KaHHS KOPMOBHX TIEJET 1 1Ma-
JUBHUX OPUKETIB 13 MAKyXH OJIIHHOTO HACIHHS

Tpancnoprep| Ilpec- Jlimsa | Tpancmoptep | [po-
[Tokaznuk .
UL ipeca | ekerpyaep | binpTparii| ms qpodapku| Oapka
Mapka IIIT-3 MMIII-130| JID-2 IIIT-3 MJI-210
Hponykrie- 3000 130 70 3000 210
HICTB, KI/TOJI.
IToTyxHicT, KBT 2.2 7,5 2.2 2.2 2.2
Buxig omi 0 0,36 0 0 0
Iina, rpH 5250 26900 12900 5250 9400
Tpancnop- H.[lTKOBI/IEI [Ipec- Ienerepa-
[Tokaznuk TEPp I pPOTOpHHI | OpUKETY- o Beboro
MPOCIIOBaYa | MPOCIIOBAY | BAJIbHHUK P
Mapka T3 Bnacha Bnacna | BmacHa pos-
po3poOka | po3poOka pobOka
Hponyserue- 3000 500 300 100
HICTB, KI/TOJI.
IToTyxHicTh, KBT 2.2 2.2 7.5 7.5
Buxig omi 0 0 0 0
1ina, rpH 5250 17700 23400 25400 131450,00

Buxigni mapameTpu utst po3paxyHKy €KOHOMIYHOI €(heKTHBHOCTI TIPEACTa-
BJICH1 B Ta0nwmi 5.3.

Tabmumg 5.3 — Buxigai mapamMerpy utst po3paxyHKy €KOHOMIUHOT €(DeKTHBHOCTI

ITokazHuk 3HAUCHHS

Maca HaclHHsI COHANTHUKY, KT 50000
Maca orpumManoi oii, Kr 18000
Maca oTpuMaHOi MaKyXH, KT 32000
Maca 611koBoi dpakii (Tener), kr 8000
Maca nymmunHoi dhpakiii (OpUKETIB), KT 24000
Baprticts | kr HACIHHSA COHSTITHUKY, TPH/KT 8
Bapricts 1 kr onii, rpH/Kr 25
Baprticth 1 kT KOpMOBHX TIEJIET, TPH/KT 11,3
Baprticts 1 kr OpukeTiB, TpH/KT 2
Bapricts 1 kr Mmakyxu, rpa/Kr 2.5
KinpkicTs pobounx rogus 3a 1 aeHb, TOI. 8
KinpkicTs poboumnx mHIB 250
Tapudna craBka poOITHHKA, TPH/TO/I. 25
Baprticts 1 kBT enexrpoeneprii, rpa 1,81
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5 TEXHIKO-EKOHOMIYHA OLIIHKA E®EKTUBHOCTI TEXHOJIOI'IT

Po3paxyHKH BHKOHAHI 3T1JHO 3 METOAOM €KOHOMIYHOI'O OIIHIOBAHHS TE-
XHIKM Ha eTaml BUNMPOOYBaHHS, fAKa € TaJly3eBUM CTaHAAPTOM Y KpaiHu
JCTY 4397: 2005 [81], 1 3aransHOTpHitHATOIO MeToauKoO [82, 83, 84, 85]. Ha
OCHOBI OTPHUMAHHX PO3PAXYHKIB BU3HAUYCHI IMOKA3HUKHW SKCILTyaTallliHUX 3aTpaT
JUIA KOXKHOTO 3 BHIB 00JaAHaHHA A 6a3oBoro (tabnuis 5.4) 1 MPOEKTHOTO

(Tabnuus 5.5) BapiaHTIB.

Tabmua 5.4 — Excrutyaraiiifai 3aTpaTs I KOXKHOTO 3 BAIIB 00J1a/THaH-
Hs 1711 0a30BOr0 BaplaHTa

Tpancnop- oec- Jlinis
[Tokazuuk Tep i P ¢bieT- | Bevoro
. eKCTpyAep
peca pari
Mapka IT-3 I”H1”3HHO S| JI®-2
Yac poboTH yCTaHOBKH, TOJI. 16,67 384,62 257,14 | 658,42
KigpkicTh poOITHHKIB, JFOI. 0 1 0 1
3aTpatu nparti, IO, TOJ. 0,00 384,62 0,00 384,62
Tpsiwi 3aTpaTh npari, rps 0,00 961538 | 0,00 96? 3
ITuTomi 3aTparw mpari, IpH/Kr 0,00 0,19 0,00 0,19
3aTparH eIeKTPOCHEPTii, 36.67 2384 62 56571 34870
kBT Ton. ’ ’ ’ 0
[Ipsami 3aTpatu eaeKTPOCHEP- 66.37 599115 | 1023.94 6311,4
rli, TpH ’ ’ ’ 6
[Tutomi 3aTpaty eneKTpOCHEP- 0.00 0.10 0.02 0.13
rii, TpH/KT ’ ’ ’ ’
3atpaty Ha amMOpTH3AIIO 00- 6,13 72423 | 23220 | 962,56
JaHAHHS, TPH
HHTle 3aTpaTv HA aMOPTHU- 0,00 0.01 0,00 0.02
3amio 00J1aTHAHHS, TPH/KT
3aTpaTu HAa PEMOHT 1 TEXHIYHE 6.56 775.96 248.79 10313
00CJIyrOBYBaHHSI, TPH 1
[Turomi 3aTpaTv HA PEMOHT 1
TEeXHIYHE 00CITyTrOBYBaHHA, 0,00 0,02 0,00 0,02

TPH/KT

>

>

>

>
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5 TEXHIKO-EKOHOMIUHA OLIIHKA E®EKTUBHOCTI TEXHOJIOI'IT

Tabmuma 5.5 — Excrutyarariiiai 3aTpata Ui KOXKHOTO 3 BUIIB 00J1aTHaH-
HS JIJIs1 TPOSKTHOTO BaplaHTa

Tpanc- . Tpanc- | Mono-
opTep IIpec- Ntz HOpTep | TKOBA
[MToka3uuk himbT-
JUISL IPE- | EKCTPYIIEP .. | st gpo- | mpoba-
pauii
ca Oapku pKa
MMIII- MJ-
Mapka IT-3 130 JID-2 IT-3 210
Yac poOoTH yCTaHOB- 16,67 38462 | 25714 10,67 152,38
KH, TOJ.
KinbkicTe poOITHHKIB, 0 1 0 0 1
JIFOA.
3arparw mpai, 0,00 384,62 0,00 0,00 152,38
JFOA. TOA.
lr_g;ﬂMl 3arparuy npat, 0,00 9615.38 0,00 0,00 3809,52
[TuTomi 3aTparu mpai, 0,00 0.19 0,00 0,00 0,08
I'pH/KT
3aTpaTi eNeKTPOCHEp- 36,67 | 2884,62 | 565,71 | 2347 | 33524
rii, kBt-rox.
[Tpsmi 3aTpaTH CIeKT- 66,37 5221.15 |1023,94| 4247 606,78
pO-eHeprii, rpH
[Turomi 3aTpaTH ClIeK- 0,00 0,10 0,02 0,00 0,01
TPO-EHEeprii, TPH/KT
3arpati Ha aMOpTH3a- 6,13 72423 | 232.20 3,92 100,27
11110 00JaAHAHHSA, TPH
[Tmromi 3aTpaTy Ha
aMopTH3alio 06aj- 0,00 0,01 0,00 0,00 0,00
HAHHSI, TPH/KT
3aTpaTH Ha PEMOHT 1
TeXHIYHE 0OCIYTOBY- 6,56 775,96 | 248,79 4,20 107.43
BaHHS, TPH
[Tmromi 3aTpaTy Ha
PEMOHT 1 TeXHIYHE 00- 0,00 0,02 0,00 0,00 0,00
CIIYTOBYBaHHS, TPH/KT
BracHa Bnacna | Bnacna
Mapka -3 pospotka | POPO” po3pO0-
OKa Ka
Hac poboru yctanos- |, o 64,00 | 80,00 | 80,00 |[1056,14
KH, TOJ.
Kinbkicte poOITHHKIB, 0 0 0 0 2

JIOM.
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5 TEXHIKO-EKOHOMIYHA OLIIHKA E®EKTUBHOCTI TEXHOJIOI'IT

Tpanc- . Tpanc- | Momo-
oprep Ipec- H.IHM noprep | TKOBa
[TokazHuk (h1aBT-
JUIS TIpe- | eKCTPYAEP .. | ang apo- | mpoba-
parii

ca Oapku pKa
Sarparu npamw, 0,00 0,00 0,00 0,00 | 537,00
JIFOA."TOJI.
[Tpsm1 3aTtpartu npar, 0.00 0,00 0,00 0,00 134249
I'PH 1
Huromi sarpatu npawi, |- 0,00 0,00 0,00 0,27
TPH/KT
3aTpaTh eNeKTpOeHEp- | 53 4 140,80 | 600,00 | 600,00 |520997
rii, KBT-Tos.
Hpsmi satpati enekt- | 45 47| 55485 | 108600 | 1086.00 | 943004
pO-eHeprii, rpH
Huromn satparu enex- | 0,01 0,02 0,02 0,19
TPOCHEPTIi, TPH/KT
3atpaTv Ha aMOPTH3A- | 3 oy 7930 | 131,04 | 14224 |142324
1110 00aHaHHSA, TPH
[Turomi 3arparu Ha
aMOpPTH3aIIio 001aI- 0,00 0,00 0,00 0,00 0,03
HaHHS, TPH/KT
3arpaTv HAa PEMOHT 1
TEXHIYHE 00CITyTOBY- 420 84,96 14040 | 152,40 | 152490
BAHHSL, TPH
[Turomi 3arparu Ha
PEMOHT 1 TeXHIUHE 00- 0,00 0,00 0,00 0,00 0,03
CIIyTOBYBaHHS, TPH/KT

[TpoBiBmM TOPIBHAHHA 0a30BOTO 1 MPOEKTHOTO BaplaHTIB 3a €KOHOMIY-
HUMU TOKa3HUKaMH (Tabauis 5.6) BCTAaHOBJICHO, 1110 3aCTOCYBAaHHS 3aMpONOHO-
BAHOI TEXHOJIOTI] BHUIJICHHS MPOTETHOBOTO KOHIIEHTPATy 3 MaKyXd HACIHHS
OJIIMHUX KyJIBTYP Y MOPIBHAHHI 3 ICHYIOUOIO /1a€ 3HAYHUH €KOHOMIUHUH e(eKT.

Tabmunsa 5.6 — [opiBHSHHS 6a30BOTO 1 MPOSKTHOTO BAPIAHTIB 32 €KOHO-

MIYHUMH IMOKa3HUKAMH

[Toka3Huk [IpoekTHnii | bazoswmit
CyKynH1 €KCIUTyaTariiiHi 3aTpaTH, TPH 25803,09 | 17920,71
[TuTom1 ekcruTyaTariiifi 3aTpaTu, TPH/KT 0,52 0,36
BapTicTh HaciHHS COHSAIIHMKY, TPH 400000,00 |400000,00
BapticTe oTpumaHoi omii, TpH 450000,00 |450000,00
BapTicTh KOpMOBHX IEJIET, TPH 90400,00 0,00
Bapricts OpukeTis, rpH 48000,00 0,00
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5 TEXHIKO-EKOHOMIUHA OLIIHKA E®EKTUBHOCTI TEXHOJIOI'IT

[TokazHuk [IpoekTHnii | bazoswmit
Bapricte Makyxu, TpH 0,00 80000,00
[luroma BapTICTh OTPUMAHOI OJTli, TPH 9,00 9,00
[luroma BapTICTh KOPMOBHX TEJIET, TPH 1,81 0,00
ITuroma BapTICTh OPHUKETIB, TPH 0,96 0,00
[luroma BapTICTh MaKyXH, TPH 0,00 1,60
[IuTomi 3aTpaT Ha JIOTICTHKY, TPH/KT 0,80 0,80
3arpartu Ha JIOTICTHKY, TPH 40000,00 | 40000,00
Opena TpUMIIIEHHS, TPH/TO/. 12,00 12,00
[Tutomi 3aTpaTy HA OPEHTy MPUMIIICHHS, TPH/KT 0,17 0,17
3arpatH Ha OPEHTy IPUMIIIEHHS, TPH 8571.,43 8571,43
Baprticte oTpriMaHoi mpoayKiii, rpH 588400,00 | 530000,00
[IuToma BapTICTh OTPUMAHOT IPOYKITi, TPH/KT 11,77 10,60
Cyky1iHI 3aTpaTt, TPH 47437452 | 466492 14
CyKyTHI TATOMI 3aTpaTH, TPH 9,49 9,33
[TpudyToK, rpH 114025,48 | 63507,86
[Turomuit npubyTOK, 'PpH 2,28 1,27
Exonomiunmii edexr, rp 50517,63 -
[Turomuii ekoHoMIuHU €heKT, TPH/KT 1,01 -
PizHmng BapTocTi 0051aTHaHHS, TPH 86400,00 -
CTpOK OKYMHOCTI, PiK 1,71 -
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BUCHOBKMU

1. Ha ocHOBI mpoBeAeHUX MATEHTHO-1H(GOPMAIIHHNX TOCIIKEHb Cydac-
HUX TEXHOJIOTTYHUX JIHIH TIepepoOKA MaKyXd CTBOPEHO TEXHOJIOTIIO KOMILICK-
cHOi 6€3B1aX1HOI MepepoOKN MaKyXH 3 HACIHHS OJIHHUX KyJbTYpP 3 OAcp KaH-
HSM BHCOKOSIKICHMX TTOBHOIIIHHHAX TMPOTEIHOBUX M00ABOK Yy BUTJIAMI TEJET Ta
TBepaoro Ol0MaanuBa.

2. Po3po6i1eHO KOHCTPYKITIIO IIITKOBOTO POTOPHOTO MPOCiroBava moapio-
HeHOT Makyxu. CTBOPEHO METOJMKY 1HKEHEPHOTO PO3PaXyHKY TEXHOJIOTTUHUX
PEXKUMIB Ta KOHCTPYKTHBHUX €JIEMEHTIB POTOPHOTO MPOCIFOBAYA, M0 AAJIO 3MO-

Iy BW3HAUWTH WOTO TMapamMeTpu:. noBxuHa Oapabana L, = 75 cm, pamiyc
R =15 cM, KyT 3aKpy4yBaHHs IITKK o = 9 °, qoBkKHA MITKU Ly, = 76 cM, iX Ki-
JBKICTh HAa POTOPI CTAHOBHTh Z = 4; INBUAKICTh IEPEMIIICHHS IIITKA

vp = 1,77 M/c.; MakcuManbHe 3aBaHTa)keHHs Marepiany dy =0,214 kc/c; moTyx-
HicTh qeuryna N = 1, 1kBrT.

3. Po3po6iieHO KOHCTPYKINIO 1 €KCIIEPHMEHTAIbHO OOIPYHTOBAHO KOHC-
TPYKTUBHO-TEXHOJIOTTYHI MApaMeTPH YCTAHOBKH I BUTOTOBJICHHS TMAJTUBHUAX
OpukeTiB. BeranoBneHo, 1m0 HalOUIhIT ¢(peKTUBHUM € YCTAaHOBKA Ha OpHUKETY-
BaJIbHUK (pibepu miameTpoMm 50 mwm. [Ipu miboMy TPOIYKTHBHICTh OpPHKETYBaH-
HS CTaHOBUTH 264 KT/TOM, 3aTpaTH MOTYKHOCTI HAa OpukeTyBaHHg — 7,2 kBT

4. Po3po0ieHO KOHCTPYKITIO TBUHTOBOI YCTAHOBKH JIJII BUTOTOBJICHHS
KOPMOBHX TEJIeT 3 O1TKOBOI (ppakimii MakyXu HACIHHSA OJIHHUX KYJIBTYP y CKJIa
TEXHOJIOTIUHO1 JiHil. ONTUMaNbHUMH KOHCTPYKTHBHO-TEXHOJIOTTUYHHMH TIapa-
METpaMH YCTAHOBKH JJI1 BUTOTOBJICHHS TEJET € IMBHAKICTH MOJAYl MaTepiary
q = 35,7 kr/rox., yactora o6epTiB podouyoro oprana n = 50,5 06/XB., BOJOTICTh
oumkoBoi ¢pakmii W = 28,9 %. [Ipu mboMy moTyXHICTh ycTaHOBKK P = 973 Br,
a 11 mpoaykTuBHICTh Q = 48 kr/TOI.

5. B pe3ynbTaTi TeXHIKO-€KOHOMIYHOI OIIHKHN €(heKTHBHOCTI pO3pOOIEHOT
TEXHOJIOT1i KOMIUTEKCHOI O€3BIX1THOI TMEPEPOOKH MaKyxH 3 HACIHHS OJIIMHHUX
KYJbTYP 3 OJCPKaHHSAM BHUCOKOSKICHHX MOBHOIIIHHAX MPOTETHOBUX MT00ABOK y
BHTJISA/II TIEJIET Ta TBEPAOro Ol0MajinBa BCTAHOBIICHO, IO MUTOMHUN €KOHOMIYHHI
edexr cxmanae 1,01 rpa/kr, a ctpok okynmHOCTI oOnaananss — 1,71 poky.

88



JITEPATYPA

1. I'punienxo B. T. [lepcnextviBu otprMaHHs OUTKOBMX 00ABOK 1 Glomanvea 3
HaciHHa omianX Kyiasryp / B. T. I'punenko, P. O. bakapmkwe / Mexanizams ta
eIeKTPUIKALIIS CLIIECHKOrO TocroaapeTBa. MiKBIIOMYHIM TEMATHYHII HAyKOBHH 30IPHHK
HartionansHoro maykoBoro 1ieHTpy «IHCTATYT MeXaHizari Ta efeKTprudikaii CiTbChKOro
rocriofapcteay. — I eBaxa, 2013.—T. 2. — Bun. 98. — C. 152-157.

2. TexHomorus TPOM3BOACTBA PACTHTENBHBIX Macen ; mox ped. mpod. B. M.
Koneiikobckoro u gomr. C. M. Jlanwmbuyk. — M. : JI€rkas v nuinesas MpoMBIIICHHOCTD,
1982.—415¢c.

3. bionammBa (Texsororti, Mamman 1 obmamHanssa) / B. O. Jlyoposin, M. O.
Kopuemnnii, 1. T1. Macro [Tain.]. — K. : TITT «Eneprervka 1 enexrprdixartisy, 2004, — 256 c.

4. lyoposin B. O. HanpsiMku po3BUTKY BITUM3HSHO! TEXHIKH 151 TBEPIOTIATTABHIX
BupoOHuIB / B. O. [lybpori, O. 1. €pemenko // Mexanzamisa Ta eaeKTprQIKaris
CUTHCHKOTO TOCTIONAPCTBA. MIXKBIIOMYMIA TEMAaTHUHHIA HAyKOBHIA 30ipHIK HaroHamsHOTO
HAYKOBOIO IICHTPY «IHCTUTYT MexaHizarti Ta eNieKTpriKartii CUTHCHKOrO TOCTIONAPCTB). —
I'nepaxa, 2013. — Tom 2. — Bum. 97.—C. 13-24.

5. I'punienko B. T. CpoocoObl monmydeHrsi ONIKOBOTO TMOPOIIKA M3 CEMSH
nozconaedrrka / B. T. I'punenko / HaykoBo-TexHiuHMIA OlojieTeHb [HCTHTYTY ONMMHKX
kynsTyp YAAH. — 3anopiiokst, 2003. — Brm. 8. — C279-283.

6. I'punieaxo B.T. Po3poOka TexHomorii nmepepoOKy HaCIHHS OMIHHMX KyJIBTYp Ta iX
makyx / B.T. T'pumenko, FO.O. Jlypin // CoBpeMEHHBIC BOMPOCHI CO3IAHHS H
HCTIONTB30BAHMSI COPTOB M THOPHJIOB MACIMYHBIX KYJIBTYD : ¢0. Te3ucoB MexayHap. KoH(.
HNMK YAAH. — 3anopoxnbe, 2002. — C. 25.

7. Iar. 87579, Yxpaina, MIIK C10L 5/40. Croci6 onepskaHHS MTATMBHAX OPUKETIB 3
omitHoi cuposraH / [ punieako B. T., Uexos A. B.; 3a4BHUK 1 TAaTCHTORIACHHK 3aITOPI3bKHUA
IactaryT omiianx kyaeryp YAAH. — No 200712549 ; zasem. 12.11.2007 ; omy6m.
27.07.2009, brom. Ne 14, 2009.

8. Iar. 74880, Yipaina, MKW A 23 j 1/14. Cnoci6 oneprxanHs OLIKOBOTO GOpOITHA
13 Makyxu ommiiHoro HaciHHs / ['punienko B. T., YexoB A. B. — Ne 2003109430; 3asB.
20.10.2003; omy6r. 15.11.2005, brom. Ne 11, 2005.

9. I'purierko B. T. Po3po0ka KOHCTPYKTHBHO-TEXHOJIOTTYHOI CXEMH JIHIT TISPEPOOKH
MaKyxH 3 HaclHHA omiHuX Kynsryp / B. T. I'purierxo / HaykoBo-TexHiunmii OrONeTeHb
[aCTHTYTY OMmitiAvX KymeTyp. — 3anopbioxs, 201 1. — Bum. 16. — C. 153-156.

10. I'punienko B. T. TexHomoruamiA niporiec BHAUTCHHS OUTKOBOI (DpaKITii 3 MaKyXH
HaciHH omitanX Kymstyp / B. T. ['prnienxo / Karanor HHOBamMHUX TEXHONOTIH 3a
pesynbTaraMi BeeykpalHChKOro KOHKypCy HHOBamiMHNX TexHomoriid. — K., 2006. — C. 139—
143.

11. XKwmpix noncomHeunbiii. Texamueckue ycnosus: [OCT 8096, — M.
I'ockomuTer mo cranapram, 1996.—4 c.

89



JUTEPATYPA

12. 3aiinesa H. M. Mcnonbs3oBanue MIPOTOB MACIMUHBIX KyJIBTYP B KOPMIICHUH
xwmeoTHBIX / H. 1. 3aiiniesa, }O. T. Kopanenko, A. I1. Tuxomuposa. — JI. : Komoc, 1968. — 77
C.

13. Texuomorust iepepadoTku 3epHa ; oA pe. pod. I'. A. Eropoa. — M. : Koroc,
1977.-35c.

14. Poraua 1O. I1. Tlomyku parfoHaIbHOI KOHCTPYKTHBHO-TEXHOJIOTTYHOI CXEMH
npocitoada / FO. I1. Porau, B. T. I'pumieaxo, C. B. Komomiern // Tlparu Tapitickkoi
JIepPKaBHOI arpoTeXHIYHOI akaniemil. — Memmrorions, 2004, — Bur. 24. — C. 129-132.

15. I'pmmenko B. T. Texwomorii 1 JmHIi mepepoOKd OMMHOTO HACIHHA 3
BUKOPHUCTAHHAM EKCTpyepHOro Merony Bipkumanns omi / B. T. ['punieako, FO. O. dypia
// HaykoBo-TexHiuamiA OrosieTeHs [HeruTy Ty omitanx Kyistyp Y AAH. — 3anopiioks, 2002,
—Bur. 7. - C.181-183.

16. I'punienko B. T. CmocoObl monmydeHrsi O€IKOBOrO TIOPOIKA M3 CEMSH
nozaconaeurrka / B. T. I'punenko / HaykoBo-TexHIuHMIA OrojieTeHb [HCTATYTY OmiHHX
kyisTyp YAAH. — 3anopiiokst, 2003. — Bumn. 8. — C279-283.

17. I'puneaxo B. T. Po3poOka TexHomori nepepoOKH HACIHHS OMMMHNX KYJIBTYP Ta
ix makyx / B. T. I'pumenko, KO. O. Jlypin / CoBpeMeHHBIC BOMPOCHI CO3MaHHS H
HCIIONh30BaHMSI COPTOB M THOPHIIOB MAaCIMYHBIX KyJbTyp: ¢0. Te3ucoB MexxayHap. KoH). —
3anopoxbe, 2002. — C. 25.

18. Uexop A. B. Texromoris ofepskaHHS OUTKOBHX TTOPOITIKIB 3 MAKyX OJIIHHOIO
HaciHas / A. B. Uexos, B. T. I'punierko, FO. O. [dypin // IlepcrieKTiBHBIC HanpaBIIcHHUS
Pa3BUTHS TUIIIEBOM MPOMBIITIEHHOCTH: cOopHUK crared. — Onecca. : [THTH, 2003. — C.
22-24.

19. I'prmienko B. T. Anani3 mocmipkeHb Mporecy cerapartii CHrkoro Marepiany / B.
T. I'prmierxo // HaykoBo-TexHIuHmiA OroieTeHb [HCTHTYTY OMMHMX KYJIBTYP. — 3aophioKs,
2011.—Bun. 16.—C. 136-141.

20. Tlar. Ne 66901A VYxpaina, MKW B0O7B1/08. YcranoBka /11 TpOCIFOBAHHS
marepiams / [ prrienxo B. T., 3axapuenko C. B. — No 2001085637 zasmsi. 08.08.01; ory6.
15.06.04, Brom. Ne 6, 2004.

21. Ilar. 89851 VYkpaina, MK B0O7B 1/08. PotopHmii miiTKOBHI mpocitoBay /
I'prtienko B. T., Uexo A. B. — Ne 200803973 3asten. 31.03.08; omy6m. 10.03.10, Brom. Ne 5,
2010.

22. Jlxoncon K. Mexanmnka koHTakTHOro B3ammozectus / K. JIxorcon. — M. :
Mup, 1989. - 508 c.

23. I'prmienko B. T. Texromorunmii mporiec BUUICHHS OLTKOBOI (ppaKiiii 3 MaKyxH
HaciHHs omitanX KymeTyp / B. T. ['prnienko // Karanor tHHOBaMMHUX TEXHONOTIH 3a
pesynbTaraMu BeeykpaiHCHKOro KOHKYpCY HHOBamAMX TexHomoriid. — K., 2006. — C. 139—
143.

24 . babakop 1. M. Teopus xonebanmii / 1. M. badako. — M. : Hayka, 1965. —
560 c.

90



JIITEPATYPA

25. BuOparmu B Texnuke: B 6 Tomax; o pea. wi-kop. AH CCCP B. B. bonotuHa.
—M. : MaumnHoctpoenue, 1978. —T. 1.—-352 c.

26. BuOparmm B TexHHKE: B 6 TOMax; oA pejl. 1-pa ¢m3.-mar. Hayk M. 1. brexmana.
-T2 -351c

27. Porau YO. I1. ExcriepumenTasbHI AOCTIPKEHHST pOTOpHOro mpocitopaya / FO. T1.
Porau, B. T. I'prmienko // Ilpam Tappiiicbkoi AepikaBHOI arpoOTEXHIUHOI aKamemii. —
Meriroronb. —2004. — Bum. Ne 22, — C. 116-123.

28. I'purierxo B.T. Pesynpraty nonepeHix BANPOOYBaHb MITKOBOIO POTOPHOTO
npociropada / B. T. ['prmienko, O. M. Iamyna, B. JI. Kymies, €. C. Mixno //
Hayxkoso-texniunmii OGronerens ety Ty omiiianx kymsTyp HAAH. — 3anopiioks, 2013. —
Bur. 19.—C. 117-122. - ISSN 2078-7316.

29. Ames E. b. Pe3ymprati eKCHEpUMEHTANIBHUX AOCTIHKEHb IITKOBOTO
poropHoro mpocitopada / Eb. Ames, O. O. Konbacn, 1. A. Pyumii / 30ipauk T€3
MuixHapoaHoi HaykoBOi iHTepHET-KOH(epeHii «OmitHi  KyJIbTypr. TECHICHIN Ta
niepcriektusm» (1 ymctonana 2016 p.). — 3anopuioks: IOK HAAH, 2016. - C. 132-133.

30. I'pumerko B. T. Texnomori 1 JnHI mepepoOKd OMMHONO HACIHHA 3
BUKOPHCTAHHSM €KCTPYIepHOro Metony Bimpkumanhas omi / B. T. ['punienko, FO. O. dypia
// HaykoBo-TexHIaHwi OrosteTeHs [HetuTy Ty omitanx Kymstyp Y AAH. — 3anopiioks, 2002,
—Bun.7.—-C. 181-183.

31. bakapmxues P. O. Ilapamerpu KymiCHOrO KOPOMHCIIO-TIOB3yHHOTO IIpeca-
opuxeryBanphrka / P. O. bakapmxwes, B. T. I'punenko / 30ipHMK Hayk. Iparib
TaBpliicbkoro JIEpKaBHOTO ~ arpO-TEXHOJIONYHOTO  yHiBepewTery. — 1.3, Bum.13. —
Menironons : TIATY, 2013, —C. 23-31.

32. Ames E. b. Pesynbrari ekcriepiMEHTATHHIX JIOCTIHKEHD MAKETHOI YCTAHOBKH
JUTSI BATOTOBJICHHSI TIEJIET 3 OUTKOBOI (hpaKIIii MaKyX HaCIHHS omiiHKX KyJsTyp / E. b. Ames,
O. M. Taryma // Texriunl cruCTeMH 1 TEXHOJOTI TBAPUHAMIITBA ;| BiCHUK XapKIBCHKOTO
HAIIOHATGHOTO  TEXHIYHOTO YHIBEPCHUTETY CUIBCBKOrO rocromapctea iMeHi  lerpa
Bacwenka. — X, 2015. — Bumn. 157. — C. 222-226.

33. I'pumieako B. T. Pesynerarn monepeHix BUNPOOyBaHb YCTAHOBKH YIS
BUTOTOBIIcHHS naymBHUX OprketiB / B. T. ['prmienko, O. M. Tlaryia, B. JL
Kyrimes, €. C. Mixno / HaykoBo-TexHianmii OrOieTeHb [HCTUTYTY OMMHMX KyJBTYp
HAAH. — 3anopixoxst, 2014. — Brm. 20. — C. 219-223. — ISSN 2078-7316.

34. TIpuneako B. T. EkcnepumeHTanbHI JOCHDKCHHS —OpHKETYBAIbHHKA
JyIINMHHOL (ppakini 3 MaKyxu HaclHHA omiauX Kyistyp / B. T. ['prrienko, 0. M
[Mamyna, B. JI. Kymines, €. C. Mixso // HaykoBo-TexHIuHHI OroieTeHb [HCTHUTYTY OMMHAX
KyIsTyp. — 3amopiioks, 2013, — Bum. 19.—C. 110-116.

35. Ames EbB. Pesyneramn ekcriepuMEHTaIbHUX JOCITDKCHh YCTAHOBKH IS
BUTOTORJICHHST TATTMBHUX OPHKETIB 3 JIYIIIMHHOI (PpaKiIii MaKyX HAaCIHHS OJIIMHUX KYJIBTYD
/ Eb. Ames, OM. Tlanyma, O.C. I'aBpunbuenko // TexHIYHI CHCTEMH 1 TEXHOJIOTI

91



JUTEPATYPA

TBApUHHMIITBA, BicHEK XapKIBCHKOIO  HAIOHAIBHOIO TEXHIYHOIO  YHIBEPCHTETY
CUIBLCHKOTO Tocroaapersa iMeH I letpa Bachnenka — Xapkis, 2016. — Bum. 170.—C. 3-7.

36. Kowmmanms Ilommpy0 [Onektponnbii  pecypc] / CereBoii  pecype
www politraude.comua, Kommanust Ilomampyd. — Pexum mocrosHHOro mocrymna:
http://www politraude.com.ua. — Jlara mocneasero nmpocmotpa 20.05.2014.

37. Kommanust Arpol pyrm [Onektpornbiii pecype] / CereBoii pecypc Www.
borex.comua, Kommanmst Arpolpymm. — PexuM  MOCTOSHHOTO — JOCTYTIA:
http://www borex.com.ua. — Jlara nocnemrero mpocmotpa 20.05.2014.

38. OO0 «Apmvamm» [Onektporsbiii pecype] / CereBodi pecypc Www.
tokrab.comua, 9000 «Apmmany. — PexuM mnocrosHHOro gocryma: http:/www.
tokrab.com.ua. — Jlara mociemsero npocmotpa 20.05.2014.

39. UIl «bmaecCrpoi»y [Onexrponnsiii  pecype] / Cereoii  pecype
www biznesstroy.comua, YII «bmaecCrpoi». — PekuM IMOCTOSHHOTO —JIOCTYIIA:
http://www biznesstroy.com.ua. — J{ara mocneasero npocmotpa 20.05.2014.

40. Kommanmsa DOPA-3AXIJ] [Onexrponnbni pecype] / CereBoii pecype
www fora-zakhid.com.ua, Kommaans ®OPA-3AXI]] — PexuM mOCTOSHHOTO JIOCTyMA:
http:// www fora-zakhid.com ua. — Jlara mocnemrero mpocmotpa 20.05.2014.

41. 000 «KJI3» [Onexrponnsiii pecypc] / Cereoit pecype 138392 ua.all.biz , OO0
«KJI3» — Pexxum noctostaHOrO focryma: http:// http://138392 uva.all biz. — Jlara mocnemHero
npocmotpa 20.05.2014.

42. 3A0 "VrpCrpoii/lom" [Onexrponnbii pecypc] / CereBoit  pecype
www .ukrstroydom.com.ua/contacthtml | 3AO "YxpCrpoii/lom" — Pexxum mOCTOSIHHOTO
noctyma: http://www.ukrstroydom.com.ua/contacthtml. — Jlara mocnemHero mpocMotpa
20.05.2014.

43. Komanmsi «Arposekropy [Onekrponseiii pecype] / CereBoii  pecype
agrovektor.com/index php, Komanust «Arpoektop» — PekpiM MOCTOSHHOrO J0CTyIIA:
http://www agrovektor.com/index php. — Jlara mociemaero mpocmotpa 20.05.2014.

44, HII® «Cora Cram» [Onektponnsii pecype] / CereBoit  pecype
167125 va.alLbiz, HII® «Cora Crampy — Pexxum mocrosHHOro jgocryma: http:/www.
167125 va.all biz. — Jlara mocremaero npocmotpa 20.05.2014.

45. TIAO «Onektpomoropy [Onekrponnbiii pecype] / CereBoii  pecype
www elmotor.com.ua/contak, TTAO «OnexrpoMoTop» — PeskpM TIOCTOSIHHOTO JIOCTYTIA:;
http://www elmotor.com.ua/contak. — J{ara mocneasero mpocmotpa 20.05.2014.

46. Kommanms «Bce Onokm» [Onekrponssii pecype] / CereBoit  pecype
www.vsebloki.comua, Kommanmst «Bce Onmokm»y — PexpiM TOCTOSHHOrO JIOCTyMA:
http://www.vsebloki.com.ua. — J{ara mocnearero mpocmotpa 20.05.2014.

47. 000 «Ipanr Arpo» [Onektponnsii pecype] / CereBoii pecype
www garantagro.com/content/36, OOO «I'panT Arpo — PexkpiM TOCTOSIHHOTO JTOCTYTIA:
http:// www .garantagro.com/content/36. — Jlata mociemaero npocmotpa 20.05.2014.

92


http://www.politraude.com.ua
http://www.politraude.com.ua
http://www.borex.com.ua
http://www
http://www.biznesstroy.com.ua
http://www.biznesstroy.com.ua
http://www.fora-zakhid.com.ua
http://www.fora-zakhid.com.ua
http://138392.ua.all.biz
http://www.ukrstroydom.com.ua/contact.html
http://www.ukrstroydom.com.ua/contact.html
http://www.agrovektor.com/index.php
http://www
http://www.elmotor.com.ua/contak
http://www.elmotor.com.ua/contak
http://www.vsebloki.com.ua
http://www.vsebloki.com.ua
http://www.garantagro.com/content/36
http://www.garantagro.com/content/36

JIITEPATYPA

48. Ull «Jlappw» [Onekrponnbiii pecype] / Cereoit pecype lavrin.all.biz, OOO
«paar Arpo — Pexum mocrosaHoro gocryma: http:// www. lavrinallbiz. — Jlara
niocienHero npocmotpa 20.05.2014.

49. Kpacosckuii I'. M. [InaanpoBanne skcriepuMenTa; yued. mocoome /1. WL
Kpacosckuii, [ @. Gunaperos. —MH. : U3n-Bo BI'Y, 1982. - 302 ¢.

50. Ames Eb. BusnaueHHs! KOHCTPYKTHBHMX TapamMeTpiB (hOPMYFOUHX KYJIAUKIB
yctaHoBkH 111 BuroTopieHnHs nener / Eb. Ames, FOM. Jlabarrok, OM. ITlamyna //
Bicank Creny. Haykoswii 301paUK. «CTaH Ta TIEPCIISKTHBA PO3BHTKY arPOIMPOMHCIOBOTO
BupoOHHMITTBa Yipaiamy. — Brm. 13. — Kiposorpan, KOJI, 2016. — C. 125-128. — ISBN 978-
617-653-010-7.

51. Ilomymucko C. A. T'mmpoauHamuyeckas MOAETb TEUCHUS KUAKOCTH B
MOPUCTOM Marepuajie Mmpu €ro oOpabOTKE BAIKOBHIMH YCTPOWCTBAMU TEKCTWIBHOTO
oraenounoro obopymosanmst / C. A. IlomymmckoB, B. Y. CmmproB // 13B. By30B.
TexHomorus TekcT. mpoM-cTu. — 1996. — Nel. — C. 82-85.

52. Jletibenzon JI. C. JIprbkeHrE MPUPOIHBIX *KUAKOCTEH 1 ra30B B IIOPHCTOM CpeJie
/J1. C. Jletibernson. — M. : OI' 13, 1947.— 246 ¢.

53. Jlxoncon K. Mexanvka koHTakTtHOro B3ammonekictsust / K. Jhxoncon — M. :
Mup, 1989.—508 c.

54. Anexcarnpos B. M. BeezeHre B MexaHWKy KOHTAKTHBIX B3aUMOICHCTBIM / B.
M. Anexcanapos, M. 1. Yebakos. — Poctos-Ha-/lony : OOO «LIBBP», 2007.— 114 ¢.

55. Annopo M. K. Marematuka mra texamkymoB / M. K. AamopoB. — M.
Beicmas mkora, 1965. — 822 c.

56. Anennmma A. I'. Kparkwii dmsuko-mMaremarudeckuii cripaBoudnk / A. T
AnenviH. — M. : Hayka, 1990.—364 ¢.

57. Bemmoackuii M. S1. CrpaBounmK TIO 3neMeHTapHOM maremaruke / M. S
Bomoackuii. — M. : [ 'ocyqapcTBeHHOE MB3IATENTBCTBO TEXHUKO-TEOPETUYECKOMN JIATEPATYPHI,
1956.—412 c.

58. [TIunaues B. C. Bricias maremaruka / B. C. [TIunaues. — M. : Bricitas mikosa,
2001.—479 c.

59. Kaenxwmit I'. JI. Ilporecchl m armaparel muimeBbIX mpomssoacts / 1. ]I
Kagerkuii. — M. : Arponpomusaar, 1991.—432 c.

60. Kaserkwmit I'. JI. Tlpomecchl m armaparbl mameBbix TexHomorwid /I /1,
Kagenkuii. — M. : Kooc, 2000. — 552 c.

61. Kanonmmn FO. A. Tlpaktukym mo pacueram o0Oopy0BaHHs XJICOOMEKapHOTO 1
MakapoHHoro rporsBozcTs / FO. A. Kaormmn. — M. : Arponpommsmar, 1991.— 158 ¢.

62. Maunxun FO. A. CoBpemeHHOe 00OpyZi0oBaHHE B 0OpaOOTKE TMHINEBHIX
MarepuasioB AasiaeareM / FO. A. Mauuxwun, C. H. Iaadwnos, I I1. 3ypabumsum. — M. :
B3I1H, 1991.-308 c.

63. Menmpenes ['. M. TexHomorus MakapoHHOTo niporsBozcTea/ I'. M. MenBeneB. —
M. : Kormoc, 2000. — 270 c.

93



JUTEPATYPA

64. Huxomaes A. 1. Iporiecchl 1 anmnaparsl MUIIEBBIX MPOM3BOACTB. [Ipumeps! 1
sanaun / A. I1. Hukomae. — K. : Beicimas mxona, 1992. —232 ¢.

65. Ocramuyk H. B. OcHOBBI MareMaruecKoro MOJISIMPOBAHUS TIPOLICCCOB
rvtieBbIx porsBoAcTB / H. B. Ocramuyk. — K. : Beicmas mixoma, 1991. —366 ¢.

66. Yeprnos M. E. OGopynoBaHue TIPepHATHIA MAKAPOHHOH TPOMBITTICHHOCTH /
M. E. Yepros. — M. : Arponpomuzaar, 1988. —262 c.

67. Menpaukop B. B. IlnanmpoBanue 53KCEpUMEHTa B HCCIICIOBAHHSIX
CeITbCKOXO3MCTBEHHBIX Tiporieccop / B. B. Menbraukos, B. P. Anémkun, I1. M.
Ponwn. — J1. : Konoc, 1972.— 194 c.

68. Kanoma B. K. Maremarndeckast o6padoTka pesynsraroB skcriepumenTa / B. K.
Karmomma, C. 1. JIo6ko, T. C. Unkosa. — MH. : Beicimast mkona, 1982. — 103 c.

69. JICTY 3973-2000. Cucrema po3poOnieHHS Ta TOCTABICHHS TPOAYKIN Ha
BUpoOHMITTBO. [IpaBmiia BHKOHAHHA HayKoBO-mocaaHux poOiT. — K. JlepskcraHpapr
VYxpainan, 2001. - 20 c.

70. JICTY 3008-95. HoxkymeHramist. 3BitH y cdepl Haykd 1 TexHikH. CTpyKTypa 1
npasuiia opopmiterss. — K. : Jlepskeranmapr Yipaiam, 1995.— 38 c¢.

71. Ame E. b. Metomvka eKCIEpUMEHTATBHHX JIOCTIKCHb YCTAHOBKH TS
BUTOTOBJICHHS T1eJIeT 3 OLIKOBOI (DpaKii MaKyxu HaciHHS omitHuX KyJbTyp / E. b. Amies, O.
M. Ianyma, B. JI. Kyrines // Haykopwii BicHuK HarmoranmsHOTO yHIBEpCHTETY Oi0pecypciB
1 mpupoaoBrkoprcTanas Ykpaian. Cepist Texnika Ta ereprerrka AIIK. — K., 2015. — Bur.
212,1.1.—C. 63-69.

72. TOCT 27548-97. Kopma pacturenbabie. Metosbl  OnpeAeyieHust ConepKaHus
srary. M. : UTIK Uzmarenscrso cranmaptos, 1998 : Crarnapraagopm, 2005,

73. TOCT 13496.15-97. Kopma, koMOMKOpMA, KOMOMKOPMOBOE ChIpbE. MeTosibl
onpenerenus coaepxkanus ceiporo xupa. — M. : MK M3narenscrso cranmaptos, 1998
Craanapraagopm, 2011.— 12 ¢.

74. ICTY 7169: 2010. Kopmu, komOikopmy, komOikopMoBa chpoBrHa. Meromm
BU3HAYCHHS BMICTY a30Ty 1 cuporo npoteiny, 2011.

75 . Metonwmkm uccrenioBanmii B sxuBoTHOBOICTBE / . D. DiicHep (otB. pen.), A. W
Bunorpanckuii, B. K. I'aspu [u ap.|. — K. : Yposkait, 1965.—C. 102-132.

76. T'ocynapcTBeHHast cucTeMa OOECTCUeHHs €IMHCTBA W3MepeHui. [Ipsmble
W3MEPEHUST C MHOTOKPAarHbIMM HAOMoAeHUsMUA. Metoapl  00paboTKK  pe3yJIbTaToB
Haomoaennit. OcHoBHele nonioxkeHyst: ['OCT 8.207-76. — Jleticteurenen ot 1977-01-01. —
M. : Cranmapruadopm, 1982.—8 ¢.

77. KpustioB A. M. Jlechopmartuist 1 pazpyIiieH|e TBEPIBIX TN C MUKPOCTPYKTYPO# /
A. M. Kpugiio. — M. : ®mmarur, 2007. — 304 c.

78. Ames E.b. Pesynbraru mocimkeHh KOHCTPYKTHBHO-TEXHOJIOTTYHHX TIApaMETPIB
ycraHoBkr Jutsi BurotoBienns mener/ Eb. Ame, OM. Tlamyma // 30ipauk T1e3
MiskaapoHoi HayKoBOi iHTepHET-KOoH(epeHtTi «I [epcrieKTvBY Ta cTparerist alanTHBHOTO 1

94



JIITEPATYPA

PeCcypco30epirafouoro BAPOITYBAHHA OMMAHMX KyJbTyp B yMoBaxX 3MmiHH Kmmary» (30
xoBTH: 2015 p.). — 3anopoioxst: IOK HAAH, 2015. - C. 146-147.

79. Ames Eb. Pesynsramn eKcepUMEHTAIBHHX JOCTDKCHb YCTAHOBKH IS
BUTOTOBJICHHA TIeJieT 3 OLIKOBOI (pakimi Makyxu omitHux Kyisryp / Eb. Ames, OM.
[Mamyna // HaykoBo-rexniunmii OronereHs IHcTHTYTYy oOmiiHux Kyastyp HAAH —
Zanopiioks, 2015. — Bumyck 22. — C. 150-158. — ISSN 2078-7316.

80. Ames E. b. TexHiko-¢kOHOMIYHA OIUHKA ©(ESKTHBHOCTI  TEXHOJIOTI
KOMIIJIEKCHOI O€3B1IX1THOI TTepepOOKH MaKyXH 3 HACIHHS omiHuX KyibTyp / Eb. Ames, O.
M. Tlanyma // 36ipauk Te3 MDbKHApPOIHOI HAyKOBOI 1HTEpHET-KOH(epeHIi «OmiiHi
KyJIBTYPH. TeHICHIT Ta TiepcriekTvsiy (1 ycronmana 2016 p.). — 3amopiiokst: IOK HAAH,
2016.—C. 136-137.

81. JICTY 4397: 2005. Cimbchkorocnonapchka TexHIKA. MeToy eKOHOMIUYHOTO
OITIHIOBAHHS TEXHIKM Ha eTarm BunpoOyBanHs. — K. : JlepskcrioskuBeranmapr Yipainm, 2005.
—15c

82. Kocaues I'. I'. DxoHOMIYECKast OIeHKA CEITCKOXO3SIHCTBEHHOM Texaukn / . T,
Kocauen. — M. : Koroc, 1978.—240 c.

83. TumoBas MeTONMKA KOMIUICKCHOM SHEPreTHUECKOM OICHKA TEXHOIOTHH
kopmMornpor3eozcTea. — M. 29.040 85, lociumnuiikoe, 1985.—35 ¢.

84. IIImumko A. B. Metonpl onpeneneHus SKOHOMHUSCKOH ek TrHBHOCTH
TEXHOJIOTHH M CeTbCKOX03sHcTBeHHOM TexHuKH / A. B. [TImammsko. — M. : MUHCEITBX03Mpo/T
P®. Bcepoccuiicknii  HayYHO-MCCIIEIOBATENILCKAN  MHCTUTYT 3KOHOMHKH — CEJTBCKOTO
X03s1cTBa, 1998.

85. TOCT 23729-88. Meroapl SKOHOMHYECKOM OIICHKH CIICITHATM3UPOBAHHBIX
matmH. Been, 01.01.1988. — M. : T'ocynapcteennbiii komurer CCCP no crannapram, 1988.
—-6¢.

95



HAYKOBE BUAAHHA

IHCTUTYT ONMINHNX KYIbTYP
HALJIOHANBHOI AKALEMIT ATPAPHUX HAYK YKPAIHW

ANIEB EnbynH baxTtuap ornu
MALLYNA OnekcaHap Mukonanosuy
MPNUEHKO BikTop TpoxumoBuy

TEXHONOrMNA KOMMNEKCHOT BE3BIAXIAHOT MEPEPOBKW
MAKYXW 3 HACIHHA OJTINHUX KYNbTYP 3 OAEPXAHHAM
BUCOKOAKICHUX MOBHOUIHHWUX MPOTEIHOBUMX OBABOK
Y BUTNALI NENET TA TBEPAOI O BIOTTAJTIMBA

HayKkoBO-MeTOANUHI peKkomeHdauii
ENeKTPOHHUIA aHanor ApyKoBaHOro BUAaHHA (eNeKTPOHHA KHUra)

PeparyBaHHs i KopekTyBaHHs 1. M. Muxainnosa
Komn’ioTepHa BepcTKa i Xyf0XHe opopmneHHs E. B. Anies
TeKcT Nny6nikyeTbCA B aBTOPCLKIN pefakuii.

[HCTUTYT ONINHUX KYyNbTyp HauioHanbHOT akageMil arpapHuUX HayK Y KpaiHu
BYN. IHCTUTYTCbKA, 1, cenuiie CoHAYHE,
3anopi3bKuii painoH, 3anopisbka 06nacTb, YKpaiHa, 69093
Ten.: (061) 223 99 99, (061) 223 99 59
Ten./tpakc: (061) 223 99 50, (061) 223 99 75
e-mail: iocnaas@gmail.com, imKk.zp.ua

ly Bupaseupb:
TOB «BnpaBHMUTBO ,,CtaTtyc“»
Afnpecapepakuii: YkpaiHa, 69035, M. 3anopixxs,
C TaTycC Co6opHuit npocn., 4. 158, od. 249.
" mo6. +38 (068) 448-11-28, mail@status.zp.ua

CBifoLTBO MPO BHECEHHSA CY6’eKTa BUAABHMUYOI CNpaBu [0 LepXKaBHOI0 peecTpy
BMAaBLiIB, BUTOTOB/HOBAYIB | PO3NOBCIOAXKYBaYiB BMAABHMYOT NPOAYKLiT
cepia [ K Ne 5316 Big 03.04.2017p.

34aHo B Habip 22*VI<2017. MignucaHo o apyky 03*VI1*2017. ®dopmat PDF.
apHiTypa Times New Roman. O6’em 4,42 Mb. O6n.-Bua. apk. 2,84.
Tupax 100 npum. 3amoBneHHA Ne 8556/06.2017-A.

ISBN 978-617-7353-59-0O


mailto:iocnaas@gmail.com
mailto:mail@status.zp.ua

