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BCTYII

AKTYaJIbHICTHL TeMH. /[[1 HOPMaIBHOTO (YHKI[IOHYBAaHHS OpPraHi3mMy
Benukoi poraroi xynodu (BPX) 1 3a0e3meueHHss LMX TBAapHH HEOOXITHOKO
€HEPrI€0, Ty>KE BAKIMBO BHOCUTH B KOPMH 3€pHOBI KyJIbTypu. Cepen KOPHUCHHUX
s BPX 3¢pHOBUX KyJbTYp MOXKHA BUALTUTH SSUMIHb, MILIEHUIIO 1 OBEC.

HeHanmexxHi yMOBH 3aroTOBKM, a TakOX 30€piraHHs MNPHU3BOASTH 0
IUTICHSBIHHS KOPMIB 1 YTBOPEHHS B HBbOMY MIKOTOKCHHIB. [l €()EKTUBHOIO
BUPOOHUITBA MPOAYKTIB TBAPUHHULTBA HEOOXITHO PALiOHAIIBHE BUKOPHCTAHHS
KOPMIB, K€ BKIIFOYAE B ce0¢ METOJM MIABUUIICHHS iX O10J0TYHOI Ta MOXKWUBHOI
IITHHOCTI.

OnHuM 3 MEPCHEKTUBHUX METOAIB MIJATOTOBKUA KOPMIB /10 3rOJJOBYBAHHS €
eKkcTpy3is. B mpoueci ekcTpy3iiiHOoi 00poOkM Ha mepepoOiroBaHWil Marepial
YMHHUTHCS OJIHOYACHWI BIUIMB TUCKOM 1 TEMIEPATYPOIO, B PE3YJIBTATI 4YOTo
3MIHIOETBCS CTPYKTYpa KIIITKOBUHM KOPMY, BiIOYBA€TbCS EKCTPUHI3aALlS
KPOXMAJIKO 10 TJIFOKO3W, CTEPUIII3allisi KOPMY, IHAKTHBALlisl 1HTIOITOPIB TPABHOTO
TPaKTy, NOJINIIYOTHCI CMAKOBI SIKOCTI.

JIOWITbHUM € CTBOPEHHS MIHI-IIHIA 3 BHKOPUCTAHHIM EKCTPY31HHOIrO
obOnaaHanHs. OJHAK CydacHE E€KCTPy3iiHE OONaJHaHHS BIJIPI3HIETHCS BHUCOKOIO
€HEPro- 1 peCypco3aTpaTHICTIO.

CydacHa TEHACHLIS PO3BUTKY CKCTPY3IHHHUX TEXHOJOTrIA TOJAraE B
3a0e3MeUeHH] MAaKCUMAIBHOTO 3HM)KEHHSI €HEPrOEMHOCTI MPOLECIB EKCTPY3ii Mpr
OJIHOYACHOMY TOJINIICHH] IKOCTI €KCTpyAara.

[IpiopuTeTHUM  HampsIMKOM  JOCHIUKEHb B 00JAcTi  OTPUMAHHS
BUCOKOSIKICHUX €KCTPYJOBAHUX KOPMOBHMX MPOAYKTIB 1 MiJABHINEHHS 1X MO>KUBHOI
Ta OI0JIOrTYHOI LIHHOCTI € 3aCTOCYBaHHS MPEC-CKCTPYACPIB, KOHCTPYKIIS SIKUX
J03BOJISIE  CBOEYACHO 3MIHIOBATM IMMApaMETPW BIUIMBY HA Marepiai, 1o

nepepoOIsSETHCS B 3AJIEKHOCTI BiJl HOTO CTPYKTYPH.
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Meta po6oTH. YIOCKOHANIEHHS! KOHCTPYKTHBHUX MapaMeTpPiB IIHEKA MTpec-
eKcTpyaepa Ans  3a0e3MEUCHHsT 3HW)KCHHS ~ €HEPrOBHTPAT HA  MPOLEC
€KCTPYAYBaHHS 1 N1ABUIICHHS SKOCTI TOTOBOTO MPOAYKTY.

O0'eKTOM JOCTIZKEHHSI €: TPOLEC EKCTPYAyBaHHS KOPMOBUX MPOAYKTIB 3
PEryJIbOBAaHUM MMiATPUMAHHSIM TUCKY B IIIHEKOBIA KaMepi.

IIpeameTroM IOC/ITKEHHSI €: TPEC-CKCTPYAEP 3 MapamMeTpaMyu LIHEKa, 110
3MIHIOKOThHCS O€3MOCEPEIHBO B TPOIIEC poOOTH.

IlpakTU4Hy HiHHICTH. 3aPONOHOBAHO B €KCILIyaTalllk0 €HEPro3oepiraouy

KOHCTPYKIIIO HITHEKOBOTO MPEC-EKCTPYAepa 31 3MIHHUMU MapaMeTPAMHU LITHEKA.



PO3/LT 1

CTAH IIUTAHHSA TA BUBIP HAITIPAMKY JOCJ/I/’KEHDb

1.1. Anani3 icCHyr040ro 00/1aJHAHHA 1JI BUPOOHHLTBA €KCTPYAOBAHUX

KOPMOBHX NPOAYKTIB

EkcrpysiiiHa 00poOka Bhepuie Oyna 3acTOCOBaHA MPH  BUPOOHHUIITBI
0e3moBHUX TpyO B AHII B 1797 poui, Micis 40T0 JAHWH METOJ OTPUMAB IIAPOKE
NOLIMPEHHSI, JO3BOJMBLIN BUTOTOBUTH TPYOH 13 3aCTOCYBAHHSM THUCKY 1 KUIBLICBUX
Hacaaok [1]. HezaGapom Oyiau BUTOTOBIEH] 1 1HII BUPOOH 3a LIUM K€ TPHHLIUAIIOM:
HITY4YHI BOJIOKHA, KaOEJIbH1 BUPOOU, IUTIBKH, 1IETJIA, MUJIO, 1 T.]I.

B nanwmii yac ekcTpyaepy IUPOKO 3aCTOCOBYIOTHCS Y BUPOOHUIITBI KOPMIB 1
KOPMOBHX J00ABOK, 30KpemMa AJisi 00pOOKM 3€pHOBOI CUPOBHHM (IIIEHULS, TYMiHb,
KyKypy/Z3a, TOpoX, >KUTO, 000u, cos 1 T.4.). Illupoke mnomwupeHHs 0OpoOKH
MaTepiaiiB POCIMHHOTO MOXOKEHHS METOIOM EKCTPY3ili MO>KHA MOSCHUTH THUM,
10 EKCTPYJAEPH MOKYTh OEHYBATH B COO1 Psiji Onepaiii, BAKOHYIOUM iX HIBUIKO
1 Oe3nepepBHO (CKIaAaTH KOMITO3HMIIT 3 ACKIJIbKOX KOMIIOHEHTIB, MEPEMIIITYBATH,
CTHCKaTH, HarpiBaTH, BAPUTH, CTEPHITIZYBATH, (POPMYBaTH MPAKTUYHO OJHOYACHO)
[2].

[To KOHCTPYKIIi TMpec-eKCTPyACPH MOXKHA PO3AUIMTA HA TUOM, IO
BIAPI3HSAKOTBCA TIO: PEKUMaM  poOOTH, crmocodaMm €KCTPYIyBaHHs, KUIbKOCTI
pobouMx OpradiB, mapaMeTpaMm OCHOBHOIO PoOOYOro oprany, (popmi BUXiTHOTO
NEPETUHY, BUAY OACPKyBaHOTO mnpomaykry. Ha pucynky 1.1 mnpencraBnena
Kiacuikaris npec-ekcTpyaepis [3].

Pazom 3 TUM, 17151 BCIX TIEpEpaxoBaHUX BHILE MPEC-CKCTPYAEPIB 3araibHUMHA

€ TaKi XapaKTepH1 O3HAKH, sIK [3]:



11O PEZKHMY (POBOTH

[TonmiTponHi ] [ ABTOTeHHI
| ]
110 CHOCOBY |EKCTPY/IYBAHHS

Cone (o |

MO ®OPMI BUXLT| HOT'O ITEPEPI3Y

-

HO BHILY OTPHMA |HOI'O IIPOJAYKTY

B B 5 G

IO THITY OCHOBHOTO | POLOYOI'O OPTAHY

-' -

Pucynok 1.1 — Knacudikamis npec-eKCTpyaepiB

Pa3om 3 TuM, A5 BCIX NEPEPAXOBAHUX BUILE MPEC-EKCTPYACPIB 3arajJbHUMHU
€ TaKl XapaKTepH1 O3HAKH, SIK [3]:

1. HasBHiCTh KOpmyCy 13 3aBaHTXYBAJbHUM NPUCTPOEM 1 (opmMu
THCTPYMEHTOM, @ TAKOX OJJHOr0 a0 AEKIIBKOX POOOUYMX OPraHiB.

2. llpouecm, mo BIAOYBAaOTbCI B MPEC-EKCTPYACPl. 3MILIyBaHHS,
NEPEMILICHHST MaTepiaily, [0 NEePePOONSIEThCS Y30BK KaHATy LIHEKA, PO3IrpiB

Marepiaiay, 010 MepepoOseThCs 3a PpaxyHOK TepTs 00 pobOoul opraHu ado
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30BHIIIHBOTO  MiABEACHHS  Teruia, Iuacthdikamis ado  PO3IJIABIECHHS,
roMOreH13auist i OopMyBaHHS FOTOBOTO MPOIYKTY.

3. MOXIUBICTh MEPEPOONIATA HA MPEC-EKCTPYAEPI CHPOBUHY, IO AOCUTH
BIJPI3HAETHCS 32 PEOJIOTIYHUMH 1 PI3UKO-MEXAHIYHUMH BJIACTUBOCTSIMH.

[To pexumy poOOTH HIHEKOBI MPEC-EKCTPYIEPH AUISTH HA JBI FPYIH, MO
BIIPI3HAIOTHCS TEPMOAMHAMIYHUMHU OCOOTUBOCTSIMH [4]: aBTOr€HHI 1 TOJITPOITHI.

ABTOr€HHI — TEIJIOBA E€HEPrisl, sKa HEOOXIJAHA I MPOTIKAHHS MPOLECY
EKCTPYAYBaHHS, TPH TAKOMY PEKHAMI YTBOPIOETHCS TUTBKH 3@ PAXYHOK CHJT TEPTSL.

[TomiTpomnHi — Anst po3irpiBy A0 HEOOXITHOI TEMIIEpaTypH 1 MOXKIIMBOCTI ii
PETyJIFOBaHHsS 3aCTOCOBYKOTH JIOJATKOBE 30BHILIHE NIABEACHHS TEIUIA, IO
J03BOJISIE IIBUIKO BUATH HA pOOOUYME PEXUM 1 cTabuTi3yBaru Horo [5].

[Ipn ekctpy3iiiHiii 0o0poOl 3€pPHOBOI CHUPOBMHM JJIsi  OTPUMAHHS
EKCTPYJAOBAaHUX KOPMOBHMX MPOJIYKTIB PEKOMEHIYETHCS 3aCTOCOBYBATH ABTOTCHHI
pexumu [6].

Ha choroaHimHii AeHb iICHY€e O€3714 MPEC-EKCTPYAEPIB, IO BiAPI3HAIOTHCS
TEXHIYHUMHU XAPaKTEPUCTUKAMH. AHAJII3 PUHKY BUPOOHMKIB EKCTPY31MHOI
TEXHIKH, MPEACTABICHUI KpaiHaMK K €BPOIK, TaK 1 A3li, NOKa3as, 110 HAOIIbIIE
NOLIMPEHHST CEPEll EKCTPY3IHHOrO YCTAaTKYBAaHHS, SIKE 3aCTOCOBYEThCS IS
BUPOOHUILTBA KOPMOBUX MPOAYKTIB OTPUMAJIM LIHEKOBI Mpec-eKcTpyaepu. Chin
TAKOXK 3a3HAYUTH, IO OUIBIIICT CYYaCHMX NPEC-CKCTPYACPIB  MAaroTh
ABTOMATWU30BAHE YIIPABIIIHHSI.

JIOWITbHUM € CTBOPEHHS MIHI-TIHIM 13 3aCTOCYBaHHIM EKCTPY31MHOIO
oOnagHaHHs, MPOTE Cy4YacHI EKCTPYACPH BIAPI3HSIOTHCS BETUKAMU radaputraMmi i
BUCOKMMHM €HEProBHTpaTaMM Ha BHPOOHMUTBO OavHMLI mnpoxaykuii (100-300
KBT'T07/T), TOMy po3po0Ka €(PEeKTUBHOTO MaIorabapuTHOrO MPEC-EKCTpyAepa As
BUPOOHUITBA E€KCTPYJOBAHUX KOPMOBHX NPOAYKTIB €  MEPCHEKTUBHUM

HAIPAMKOM.
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1.2 AHaJIi3 KOHCTPYKTHBHHUX 0COOJIMBOCTEI LIHEKIB MpeC-eKCTpyAepiB

OnHuM 3 OCHOBHHX POOOYMX OPraHiB y BCIX ITHEKOBUX MPEC-EKCTPYACPaAX €
mHEK, (QyHKOis  gakoro  3a0MpaTH  3aBAaHTKYBAJbHWIA  Marepial  BiX
3aBAHTAKYBAIBHOTO MPUCTPOIO, TPAHCIIOPTYBATH MO0, MEPEMINITYBATH, CTUCKATH,
IACTA(]IKYBaTH 1 EKCTPYAYBaTH y BUTTISAL OJHOPLAHOI MacH [6].

[ITHEeKOBI MPEC-CKCTPYAEPH HA CHOTOJIHINIHIA J€Hb JTOCHTH PI3HOMAHITHI 1
BIJIPI3HSIOTECS  OJMH  BIJL OJHOTO, SK KOHCTPYKIIEW B IUIOMYy, TaK 1
KOHCTPYKTUBHUMH NAapaMeTpaMH IIHEKIB. JOBKMHOIO, MOJUIOM Ha 30HH, YUCIIOM
3aX0/1iB, KPOKOM T'BUHTOBOI JIH1i, IMUOKWHOI0 1 TpodisieM Hapi3kH, (POPMOKO KIHLS
ITHEKA, MATEPIAIOM 3 IKOTO BUTOTOBJISETHCS MIHEK [7].

[[lupoke 3acTOCYyBaHHS B MPOMHCIOBOCTI OTPUMAIMA IIHEKOBI MpEC-
eKkcTpyaepu [7], dKi BUIYCKAaKOThCS 3 OJHMM ab0 JBoma [mHekamu. OJHaK
HaAlOUTbIIy TepeBary Mpu BHPOOHUUTBI E€KCTPYJAOBAHMX KOPMOBHUX MHPOIYKTIB
BIJITAETHCS OJTHOLIHEKOBUM MPEC-EKCTPyaepam [8].

OCHOBHMMH €JIEMEHTaMH OJHOLIHEKOBOTO MPECYKOYOr0 MEXAHI3MY €
HIHEKOBA KaMmepa, M0 CKIIAJAEThCs 3 IMHEKA 1 IIHEKOBOTO KOPIYCY, a TaKk caMo
MaTpuLs 3 GOPMYIOUMMH KaHATaMH 1 3aBAHTAXKY BAJIbHUH TIPUCTPii [8].

[[THekoBy Kamepy HaivacTilie OUISITH HA JBI - TpW 30HM: | — 30HA
3aBAHTAKEHHS; 2 — 30HA Turactudikaiii (TaBiaeHHs ), 3 — 103yr4a 30Ha (PUCYHOK
1.2).

[Ipu npoMy 30HY 1uacTUdikamii MOXKHA PO3AUIMTH HA CETMEHTH
TPAHCHOPTYBAHHS 1 CTUCHEHHS, a 30HY JI03yBaHHS — HA CETMEHTH TOMOTeHI3amii 1
dopmyBanHs [9]. Lleil moain oOyMOBICHO TUM, IO HA PI3HUX MAUISHKAX [IHEKA
BIIOYBAKOTHCSI JOCUTH PI3HI MEPETBOPEHHS B MepepoOHOMY Marepiam. OmHak 1l
30HM HE € PO3MEKOBAHUMH €IIEMEHTAMM, TaK SIK MPEACTABIISIOTh €IUHUN LIISAX
JUIS PYXOMOTO Marepialy BiJl 3aBAHTAXYBAJILHOTO MPUCTPOXO A0 BHXOILY 3

(hOpMYyOUYOTO OTBOPY.
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\4 9

SoHa

30 1a61e Jona 003vean:
SO ANCCH IR JoHa niaereHHA ¢ VEAHHA

Pucynok 1.2 — 3oHM 1HEKOBOI KaMmepu mpec-exkcrpyurepa: 1 -
3aBAHTAKYBAIBHUNA NPUCTPIH; 2 - (naHLeBl 3'eAHaHHs; 3 - (hopMyroUa roJIoBKa; 4 -

KOPITyC mpeca; S - HeK; 6 - MPUBIiJA MPECYeE IIHEKA

3a popmMor0 KOPITYyCYy NTHEKOBI MPEC-CKCTPYAEpH OyBarOTh IMIIIHAPUYHI a00
KOHI4HI. Sk mpaBuio, (opMa IIHEKA MOBMHHA MOBTOPIOBATH (POPMY HIHEKOBOTO
kopnycy [10]. ¥V mnpec-ekcTpydepiB KOHIYHOI (OPMH 3BYKEHHS J1aMeETpa
ITHEKOBOTO KOPIYCY Yy HampsIMKy A0 (OPMH OTBOPY JI03BOJISIE€ 30UTBIINTH
3aMOBHEHHSI MPECYIOUOr0 MEXaHI3My NEPEPOOIIOBAHUM MATEPIAJIOM, a TaKOXK
NIABUIIATA THCK MpecyBaHHa. ONHAK B MPAKTHLI NEPEBAKHE MOIMPEHHS HAOYIN
LIHEKOB1 KOPIYCY WWIIHAPHYHOI (DOPMH, TaK SIK BOHM MPOCTILIE Y BUTOTOBJICHHI 1
eKCIITyaTarii.

[ITHekoBI KOpIycH, Yy SKUX NO0BXWHA Oulbiie 500 MM, BUTOTOBIISIOTH, SIK
OPABWIIO, CKIIAAECHUMH, TOOTO 30MparOTh 3 OKPEMHX CEKUid (MOIyJIB),
CTHKYBAHHSM OJIMH [0 OJHOTO B3JIOBX TMO3M0BXKHBOI OCl. Taki KOHCTPYKIIii
KOPNYCIB J03BOJISIFOTh MPH 3MIHI poO0YOi JOBKUHU IIHEKA MIHATA TEXHOJIOTTYHY
JOBKHHY TEPEMINICHHS 1 BIAMOBIAHO Yac NepeOyBaHHS EKCTPYI0BAHOIO

marepiany B mpec-ekctpyaepi [11].
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[To mHii po3'eMy MOIYJIIB ICHYIOTh BaplaHTH BHKOHAHHS SIK MOMEPEK, TakK 1
B3/I0OBX TO3/JI0BXKHBOI OCI KOPIYyCy INHEKA, WI0 CHPOIIY€E OYMINEHHS TMpeEC-
€KCTpyiepa 1 103BOJISIE KOHTPOJIIOBATH CTaH MOBEPXHI poOOYOro Oprasy.

3 MeTOr0 3a0€3NEUCHHS TEXHOJIOTTYHOCTI BUTOTOBIICHHS INHEKA, OO KPOK 1
BHCOTA JIONATI MOBHUHHI 3aJMIIATACS MOCTIHHUMU MO BCl aoBxkuHI. [IpoTte ass
NIBUIICHHS PO3BHBAEMOI0 THCKY MPU MPECYBAHHI 1 3HMXKEHHS MPOTHUIIOTOKY
NEPEPOONIFOBAHOTO Marepialy, KPOK IIHEKAa Ha BHUXIJHIA JUISHII BUKOHYHOTH
3MCHIIYBAHUM. 3HU3UTH MPOTUIOTIK MI>K TBUHTOBUMH JIOMATSIMH IIHEKA MO>KHA
TAaKOK 3MEHUICHHSIM BHUCOTHW jonari. HaifyacTtiimme Ha mpakTuill 3aCTOCOBYHOTHCS
00uBa KOHCTPYKTHBHUX PILLICHHS.

SIKmo mnpu MEBHIH TEXHOJOTI EKCTPYAyBaHHS MOTPIOCH IIHEK OUTbII
CKJaaHoi (popMu, HAMPUKIIA, 3 PI3BHUM KPOKOM, A1aMETPOM a00 BUCOTORO JIOMATI,
HOro BHTOTOBJISIOTH CKJIQJACHWM 3 MOIYJIB 31 3MIHHMM KPOKOM 1 TJTMOHHORO
kanany [11].

Jlist  3a0e3neyeHHs TEXHOJIOTIYHOCTI IIHEKa, KOXKEH HOro MoayJib
BUKOHYETHCS 3 MOCTIHHUMH T€OMETPUYHUMHA NapameTpamu. Lle no3sonse 30uparu
IIHEKW, MPHU3HAYCHI UII BUKOHAHHS KOHKPETHOI TEXHOJOTIYHOI 3adadl, pi3HUX
npoduiB. Y MOAYJILHOMY BapiaHTI OKpeMi MOJyJl 30MPAOThCS HA 3arajilbHOMY
CTpwxH1 (Bany), (QIKCYHOUM NOPU3MATHYHUMHK IIMOHKAMU a00 LUTIIBOBUMH
3’€THAHHSMHU (paaiaibHa (Pikcaris 3 akClaTbHO-TBUHTOBUM KPITUICHHSIM Ha KIHII
Bany) [11].

['eoMeTpuuHl mapaMeTpu IIHEKIB € OCOOJIMBICTIO MPEC-CKCTPYIECPIB.
3aneXHO  BIJ  PEOJIOTIYHUX, CTPYKTYPHO-MEXAHIYHMX 1  (PI3UKO-XIMIYHHMX
BJIACTUBOCTEH MaTepialy, M0 MNepepoOIeThCs 1 HEOOXITHOT SIKOCTI TOTOBOTO
EKCTpyJaTa BUOMPAETHCS KOH(ITYypallis IHEKa B LijoMy [12]

[[THekoBi ™Moaynal mo TuX (yHKUIA AUATBCS HA:  TPAHCHOPTYHOY,
pO3irpiBaroyi, Ti IO 3MIMIYIOTH [12].

Moaynni TpPaHCHOPTYKOUOrO THIY B OJHOLIHEKOBUX MPEC-CKCTPYACpax
MAroTh TpaneueigaibHuii Npodiae HAPI3KKM TBUHTOBOI JIIHIT. Y TBOIIHEKOBUX MPEC-

EKCTPYIepax TPAHCMIOPTYIOUl MOJIYJIl MOKYTh MaTh NPOQuIb K TpaneueinaabHuid,
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TaK 1 KyJbkoBuid (pucyHok 1.3). HaliuacTiie Taki MOyJii 3aCTOCOBYIOThCS B 30H1

3aBAHTAKEHHS, AJIE MOKYTh BUKOPHUCTOBYBATHUCS 1 B IHIINX 30HAX.

Pucynok 1.5 — Ilpodun mHekis:
a) - TBUHTOBA KaHaBKa y (opmi Tpameuii, 0) - TBUHTOBA KaHaBKa y (opmi

MiBKOJIA

[Ipn nmepepoOili CHPOBUHU 3 MIJABUIICHUM BMICTOM Bojoru, Big 25% i
Oulbllle, BHHHUKAE HEOOXIAHICTh ii BHAadeHHS (3a0€3MEUYCHHS MPOLECY
PO3PSAUKEHHS). Y TAaKUMX BHIAAKAX MICAS 30HM IUIABJICHHS, 3aCTOCOBYIOTh
reoMeTpit0 NmpouIt0 1IHEKa, 10 mnepeadadae AUISHKY 31 3pOCTAOYMM 0
BIJTHOIIEHHIO JI0 JIaMeTPy KpokoM. [13].

Y MOoaynsix 3MILIyBalbHOrO THUMY AJIsi 3MIIOYBAHHS PI3HUX KOMIIOHEHTIB
CUPOBHHM TMepeadavaroThCsl CHEI[laibHl  €JIEMEHTH. MICHJIbHI, PO3MUHAJIBHI,
rOMOreH130BaHI. L{i eeMeHTH AO3BOJSAIOTE MOMIMIIUTH NEPEMIINYOYHANA eeKT, a
TaKOK 3a JOMOMOTOK HMX MOXXHA 3MIHIOBaTH 4ac nepeOyBaHHsS 0OpOOIHOBAHOIO
Martepialy B IIHEKOBIH kamepl. KonM MICWIBHI €JIEMEHTH BIACYTHI, MPOLEC
3MINTYBaHHS MPOTIKAE MOCTYIMOBO HA BCHOMY MPOTS31 pyXy 0OpoOJIOBaHOT Macw,
aJie 3 MEHIIIOK IHTEHCUBHICTIO [13].

BceraHoBneHO, M0 €HEpris, MO BUTPAYAETHCS HA MPOLEC EKCTPYIyBaHHS,
30KpeMa KOPMOBHUX MPOAYKTIB, BATPAYAETHCS HA CTUCHEHHS 1 PO3YaBIFOBAHHS
OPOAYKTY, HOro MEPEMIIIEHHS 1 MMOAO0JIAHHS BUHUKAOUMX CHIT TepTs. [[0TyKHICTB,

110 BUTPAYAETHCS HA CTUCHEHHsI Marepially B TBUHTOBOMY KaHali, CTaHOBUTH 30-



13

40% B MOBHOI BHTPAY€HOI MOTY>KHOCTI. 3aKOHOMIPHOCTI 3MIHM CIO>KHBAHOi
NOTY>KHOCT1 BiJl CTYNEHS CTUCHEHHS, IWIO NEPEPOOISETHCS 3MIHIOKOTBCSA 10
HEMHIAHOT 3ajekHOCTI. YWM BUIIE CTYMIHb CTHCHEHHS Mareplany, U0
nepepoOnseTbess, TUM OUIBIIE CIOXMBAHA TMOTYXKHICTH HA MPUBOJI TpEC-
excrpyaepa [14].

[Tpu oOepTaHHI HIHEKA PyXOMa MOBEPXHs BUTKIB, BCTYIIAKOUM B 3ITKHEHHS 3
YACTHUHKAMH Marepiaily, CIPUUYMHIE HA HUX TUCK, KU MEPeaacTbes 10 CYyCLAHIX
YACTUHKAX, K1 HE MepeOyBalOTh B JAHWI MOMEHT B O€3MOCEPEIHPOMY 3ITKHEHH] 3
BATKaMH [ 14].

[Ipy 1BOMY CIOCTEPITAEThCS 3HAYHE TEPTA YACTHHOK MO PoOOUYMX
NOBEPXHAX, TEPTS YAaCTOK OJWH 00 OJHOTO 1 BHYTPINIHE TEPTS B YACTHHKAX,
NoB's3aHe 3 iX MIacTHYHUMM JAcdopmanismu. Y mnepepoOaeHOMy Marepiaii
BUHUKA€E BHCOKA MOBHE Hampyra (CTBOPIOBAHA CYMOK) HOPMAIBHUX 1 JOTMYHMX
HANpy>KeHb), ITUIACTH MaTeplaly NOYMHAKOTh HADKIKATH OJWH HA OJHOTO,
YTBOPIOKOYM B NEPEpoONeHOMY Marepiam mopu. lle mpu3BOOuTh [0 BEJIMKOT
BUTPaTH €HEPrii Mpu poOOTI NIHEKOBOIO Mpeca 1 3HMKEHHS [IJIBHOCTI Marepiaiy,
1o nepepodnseTnes [14].

[Tpn mpoBeAcHHI €KCTPY31HHOI 0OpOOKHM € BaXXJIMBHM 3a0€3MECUEHHS YMOB
SKOMOTA HWYKYOi MOBHOI HAMMPYTH B NEPEPOOICHOMY MaTepiaii B 30HAX IJIABJICHHS
1 JO3yBaHHS 3 METOK 3amo0iraHHs MEXaHIYHOro pyHHYBaHHS Marepiany 1
3HM)KEHHSI €HEPrOEMHOCTI MPOLECY €KCTPy3li. A TaKOX OJHOYACHO CTBOPCHHS
SKOMOra OUTbIII BUCOKOI IMIJILHOCTI, 3 METOK) OTPUMAHHSI TOTOBOTO MPOIYKTY Ha
BUXOJ1 3 EKCTpyJepa OuTbII IIIJIBHOI 1 MIIHOI CTPYKTYpH, IO 3a0e3meuye
HEOOX1/IHY SKICTh €KCTPYAOBAHOTO KOPMOBOTO MPOAYKTY [15].

AHami3yloud  BHILEBHKIIAAEHE, MOXHA  3pPOOMTH  BHCHOBOK, IO
TEXHOJOTTYHUNA MPOLEC E€KCTPYAyBaHHS 1 HOTO EHEPrOEMHICTh B OCHOBHOMY
BU3HAYAKOTHCSA KOHCTPYKLIEO [THEKA.

B nanuii yac B OJTHOINHEKOBUX E€KCTPYJEPAX 3aCTOCOBYIOTHCS B OCHOBHOMY
IIHEKW 3 TBUHTOBOK HAPI3KOK MO BCI MOBXKHHI, a TAKOXK MOCTIHHUM KPOKOM,

PIBHUM 30BHIMIHBOMY JiaMeTpy HiHEeKka. HenommkoM mpH IbOMY € BIACYTHICTH
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MO>KJIMBOCTI OIMEPATHBHOI 3MIHM TMApaMmeTpiB IIHEKA (BIACYTHICTh MOKIMBOCTI
3MIHHM KPOKY 1 KyTa HaXHJly BUTKIB INHEKA) B 30H1 3aBAHTAKEHHS O€3M0CEPEAHBO B
nporect podOTH, a OTXKE, BIACYTHICTH MOKIIMBOCTI PETYIIOBAHHS MIBUIKOCTI
nojayl marepialy B 30HY IUIABJICHHS B 3aJ€KHOCTI BiJ BUAY Marepiaiy, IO
nepepoOnseThes, MO MPU3BOAUTH 10 HEAOCTATHHOIO a00 HABMAKK HAIMIPHOI
VIIUJIBHEHHST Marepialy B 30HI 3aBAHTAKCHHS 1 K HACHINOK, 3HW)KEHHS SIKOCTI
OTPUMYBAHOI MPOAYKLIi 1 MABUIICHHS EHEPrOEMHOCTI eKcTpyaepa [15].
[IpoBenecHuii aHami3 ICHYKOUMX KOHCTPYKIIH NOPec-€KCTPYIEpiB  UIs
BUPOOHUILTBA €KCTPYJOBAHUX KOPMOBUX MPOAYKTIB J03BOJISIE 3POOMTH BUCHOBOK
opo Te, WO HEOOXIMHO PO3POOMTH KOHCTPYKLIKD IIHEKA 3 MOKIMBICTIO
OMEPaTHBHOI 3MIHM MOro mapaMeTpiB. KyTa HaxXWiy 1 KPOKY TBHHTOBOi JOMATi
IIHEKa 0€3M0CEPEHBO B MPONECT POOOTH, 1O T03BOJUTH 3HU3UTH CHEPrOEMHICTh

NPOLECY EKCTPYyBaHHS 1 MIABULIUTH SIKICTh BUPOOJIEHOT MPOIYKILIi.

1.3. AHami3 XiMiYHMX | CTPYKTYpPHO-MEXAHIYHHX IEepPEeTBOPeHb B

E€KCTPYAOBAHOMY MaTepiaJii

BiagminHO0 0co0MMBICTIO 0OpOOKM MarepiaiiB METOAOM €KCTPy3ii mopsia 3
TPaIULIAHOK BOJIOTOTEPMIYHOD 0OPOOKOIO, € MPOTIKAHHS MPOLIECY MPU BUCOKIN
TEMIIEPATypi, TUCKY, HAMpyrax 3CyBY, MPW HEBHUCOKIM BOJOTOCTI CUPOBHHHU 1
MPOTIrOM KOPOTKOTO MPOMIKKY 4acy. Takuil mMeTos 0OpOOKM Na€ MOKIMBICThH
KUTBbKICHO 1 SIKICHO 3MIHIOBATH CTPYKTYPY 1 CKIIaJ €KCTPYAOBaHUX MPOAYKTIB [15].

OCHOBHMMH KOMIIOHEHTAMH CHPOBHMHH, 3 $KOi BHUPOOJSAIOTH KOPMOBI
NPOAYKTH, € OLJIKK, KPOXMAaJIb 1 KINITKOBUHA [ 15].

B xoa1 ekctpy3sii onpanboBaHui Marepial MpOXOAUTh LIMWHA psia (a3oBUX
NEPETBOPEHb. 3 TBEPAOrO0 CHUIYyYOro CTAHy B IUIACTUYHHNA, a TMOTIM y
B’ A3K0oTeKyumid [10].

3anexHo BiA MMUOWHU NMEPETBOPEHB, O BIAOYBAOTHCS B 0OPOOIIOBAHOMY

MaTepiail, eKCTPY31r0 UISITh HA TPA BUIU: XOJIOAHY, TEIUTY 1 rapsavy.
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HaiiGuibr nommpeHuM € X0I0aHui BU eKCTpy3ii. OQHaK OCTaHHIM 4acoM
THTEHCUBHO PO3BUBAKOTHCS METOM TEILIOT 1 rapsvoi eKCTpy3iiHOi 00poOku [12].

Y mpoueci xonoaHOi eKCTpy3ii B 0OpoOroBaHOMY Marepiaii, 4epes
MOBLILHE WOTO MEPEMILICHHS 1] TUCKOM, CIOCTEPITal0ThCs TUIbKA CTPYKTYPHO-
MEXAHIYH1 NEPETBOPEHHS 1 (POPMYBaHHS €KCTPyAara 3 yTBOPEHHAM 33aJaHuX (PopM.
OnpailboBaHui MaTepial TPU BOMY BOJIOAIE BHCOKOK) MJIACTUYHICTIO, @ TaKOX
HU3BKOK B'SI3KICTIO. BONOTICTh CHPOBHHM NMPH XOJOIHINA €KCTPYy3ii CTAHOBUTH BiJl
30 no 60%. TemnepaTtypa Marepiaiy, O NEPEPOONSIETbCS HE3HAYHO BILJIMBAE HA
HOro BIIACTUBOCTI 1 B 30H1 ()OPMYBaHHS 3HAXOAUThCA B Mexkax Bia 20 mo 60°C, a
TUCK cTaHOBHUTH 10 6 MIIa. [Ipn npoMy CroCTEpIrarOThCsl CTPYKTYPHO-MEXaH14HI
NEPETBOPEHHS Marepiany, MO MEepepoOIe€ThCS 3 MEPEXOAOM HOro 3 CHUIydoro
CTaHy B MPYXKHO-B's3KO-utacThunuii [14]. B OCHOBHOMY METOI XOJIOIHOI
EKCTPY3ili BUKOPHUCTOBYETHCS NMPU BUPOOHWITBI MAKAPOHHUX 1 KOHIAMTEPCHKUX
BUPOOIB [15].

B mpoueci temnoi abo BOpoUHOi eKCTPy3iiHOT 00pOOKH BOJIOTICTh BUX1AHOI
cupoBuHM cTtaHoBUTh 20 ... 30%, Temmneparypa B 30H1 ¢opmyBaHHs - Biag 70 10
110°C, Tuck Ttakox 30ublIyeTbes n0 8 ... 14 Mlla. IlinBuIIEeHHS THCKY 1
TEMIEPATYPHA MPU3BOAUTH K A0 CTPYKTYPHO-MEXAHIYHMX, TaK 1 XIMIYHMX 3MIH
o0poOsroBaHoro Marepiany. B pe3yabTari TEmioi 1 rapsvoi ekcrpysii oOpoOku
KPOXMAJIOBMICHOI CHPOBUHHM, BiJOYBA€THCS >KEIATHHI3ALIS KPOXMAII0, alieé MpU
bOMY HE BIAOYBAETHCS 3HAYHOrO 30UIBLICHHS OOCITY €KCTpyAara 1 yTBOPEHHS
NOPUCTOI CTPYKTYPH HA BUXO1 3 EKCTPYACPa.

EkcTpynoBanuii mpoayKT Ma€e HEBEUKY UIUIBHICTh, HE3HAYHE 30UTLIICHHS B
00cs131, BOJIOAIE€ IUTACTUYHICTIO 1 MOPUCTOK OyAOBOK. Y JACSIKUX BHITAIKAX
eKCTpyaaTry motpidHa nmojanbina oOpoOKa MiACYIIyBaHHSAM, OOCMaXyBaHHIM a0o
¢pitipyBaHHsm [16].

Bonoricte ekcTpy10BaHOrO MaTepiany MpH rapsdiii eKkcTpy3ii craHoBUTh 10
... 20%. Temneparypa B 30HI (pOpMyBaHHSI 3HAXOAUTHCI B Mekax Big 110 mo
200°C, tuck — 12 ... 25 MI1a. Yepes pi3ke najiiHHs TUCKY HA BUXOA1 3 €KCTpyIepa

BIIOYBAETHCS IHTEHCHBHE BUITAPOBYBAHHS BOJIOTM 3 €KCTPYAOBAHOTO MPOAYKTY,
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110 TPU3BOJAUTH A0 3HAYHOIO 30UIBIICHHS HOro 0O0CSriB 1 YTBOPEHHIO MOPHUCTOI
CTPYKTypH. [1in BIIIMBOM BUCOKMX TEMIIEPATYP 1 TUCKY B MEPEPOOHOMY Marepiani
BIIOYBAETHCS PO3PUB OUIKOBMX JIAHLIOTIB Ta KPOXMAJIbHHMX 3€pEH, TIHOOKa
JEKCTPUHI3ALIS KPOXMAIKO 1 YTBOPEHHS MOPUCTOI CTPYKTYPH, sIKa (PIKCY€EThCs
3aTBEPAUIAM MPH PI3KOMY OXOJIOKEHH1 Kpoxmasiem [16].

Y npomecit XOnogHOI €KCTpy3ii 4acTo BIAKOTHCS JO MPUMYCOBOTO
OXOJIO/DKCHHS, a NpHU TEmiid ado rapsyiid - NMpuMyCOBOMY MiJABOAY TEIUia 0
00po0Ir0BaHOr0 Marepiaity 330BHi [17].

ONHOIIHEKOBI ~ €KCTPYACPH, WIO0 3aCTOCOBYIOTBCS TPU  BUPOOHMIITBI
EKCTPYJOBAaHUX KOPMOBHUX MPOAYKTIB, B OUIBIIOCTI € MIACTH(IKYIOUMMH, TOOTO
BUXIJIHWIA Marepiajl 3aBaHTAKY€EThCS B €KCTPYACP Y BHUIISAI TBEPAMX YaCTHHOK
[17]. 1IHexk BUTKaMU 3aXOIUIKOE HAAXOOUTh B 3aBAHTAXKYBAJbHUI OTBIp
HEIACTU(IKOBAHUIA MaTepiaa 1 MOTIM TPAHCHOPTYE YAaCTKHA Y3AO0BXK IIHEKOBOi
kamepu. [Ipy nbomy BiOYBAaeTbCs iX PO3IrpiB 3a PaxyHOK CHJI BHYTPIIIHBOIO
TEPTs, BUKIIMKAHUX BEJIMKHUMH AcpopMalisiMu 3CyBy. Jlami 4acTKM PIBHOMIPHO
NOJAKThCA Yy BUIJISAI TOMOTEHHOrO pO3MyaBy 10 ¢opmyrouoi marpuumi [17].
OpHovacHO 3 miIacTU(iKALI€ BIAOYBAETHCS MPOLEC 3MIMTYBaHHS NEPEPOOHOTO
Marepiay Ta YTBOPEHHs TUCKY [17].

OnpanboBaHuii Marepian NOTPAIUIIE B 3aBAHTAXKYBAJIbHUI TPUCTPIH 1 30HY
3aBAHTAKEHHS B CUIYYOMY CTaHi. Y MIpy TOrO, IK MaTepiajl IPOCYBAEThCS Y3I0BK
KaHaJy IIHEKA, BIAOYBAEThCS MOro yUIUIBHEHHS 1 PO3IrpiB A0 Temmneparypu Bix 60
no 80°C, BHacmaok pobotu cui TepTd. [Ipu Takmx 3HAYEHHSX TEMIEpaTypH 1
Bosiorocti g0 30%, BiaOyBaeThCs  muacThdikamis  OUIKOBO-KITITKOBUHO-
KPOXMAJIOBMICHOI CHUPOBHHHM 1 MOro mEpexii 3 CUNYYOro CTaHy B MPY>KHO-
rmactuuHuii [ 18].

B mponeci rapsuoro nmpecyBaHHsl Micis 30HM IUIACTU(IKALI CITIIy€e 30HA
TUTABJICHHS. Y 1ii1 30H1 BIAOYBAEThCS PO3IJIABICHHS MaTepiany 1 WOro mepexig y
B'A3KO-TEKYUYMil CTaH, TaK K 3a PaxyHOK Aedopmarli Temmneparypa AOCATae BiJ
120 no 190°C. B pe3ynbrari BIUIMBY BUCOKHX TEMIIEPATYP, 3HAUHUX MEXaHIYHUX

3yCuib (CTHCHEHHSI 1 3CyBY), PYWHYETBCS TMOJIIMEPHA CTPYKTypa OCHOBHHMX
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KOMIOHEHTIB  O1JIKOBO-KIIITYACTOI-KPOXMAJIOBMICHOT  CHPOBHHM:  JICHATypaLis
OUIKIB 1 >KelaTuHizalis KpoxmamiB. OOjacti OlomoiiMepiB, sKi 3AaTHI 10
KpUcTami3aii (Taki SK amij03a 1 aMiJIONEKTHH B CKJIaAl KPOXMAIK0) MPH LbOMY
TUTABJIATHCA, & aMOP(H1 — NEPEXOJATH 3 HEBNOPSAAKOBAHOTO MPY>KHO-TIIACTUYHOTO
CTaHy B B's3KO-TeKyuu# [18].

Y no3yrouiii 30HI BiIOYBAETHCS 3aBEPLICHHS MEPETBOPEHHS OILIKOBO-
KJIITYACTOI-KPOXMAJIOBMICHOI CHPOBMHM B CTaH B'SI3KO-TEKy4Mid. Temmneparypa
00poOIIOBaHOrO Marepialy Ha MOYaTKy 30HMW J03yBaHHS MPAKTHYHO BIIMNOBIIAE
Temneparypi TuiaeneHHs. [lpu pyci marepiany B naHiid 30Hi, BIH MPOJOBXKYE
HArpiBaTUCS 3a PaxyHOK IHTEHCHMBHMX Jedopmaiiii 3cyBy, 1 Temmeparypa
JIOXOJUTH JI0 TEMIEPATypPH €KCTPY3ii. B el ke yac B1AOyBAEThCS rOMOTEHI3aIs
PO3IUIaBYy, OCTATOYHO PO3IUIABIISIFOTECS JPIOHI, MO0 HE PO3MJIABUJIUCA B 30HI
TUTABJICHHS BKITFOUEHHS 1 BUPIBHIOETBCS TEMIIEpaTypHe moJie [18].

3 yciX MNepepaxOBaHWX MMAPAMETPIB HAWOUIBII BaXIIMBHM € PO3IJIaB
OUTKOBO-KJIITYACTOI-KPOXMAJIOBMICHOI CHPOBHHHM, TOOTO MEPETBOPEHHS B MPOLIEC]
eKkcTpy3ii y  B's3ko-tekyuuidt cran [19]. Tlepexim  OLIKOBO-KJIITYACTOI-
KPOXMAJIOBMICHOI CHUPOBHHM Yy B'I3KO-TEKyYHMid CTAaH BW3HAYaE MOXKIIMBICTh
INPOBEJACHHS CAMOI0 MPOLECY 1 HOCUTh HA3BY «TEPMOILIIACTAYHA EKCTPY3isD».

OctanHIM YacoM mporec 0OpoOKH OLIKOBO-KITYTACHOI-KPOXMAJIOBMICHOT
CUPOBMHHM Ha MPEC-CKCTPYJEPAX BCE YACTILIC MOPIBHIOOTH 3 MPOLECOM OOPOOKH
noiMepuux wmarepiaiie [20] B xiMiyHHX peakTopax. OcoOnMBICTE 0OpPOOKH
OUTKOBO-KJIITYACTOI-KPOXMAJIOBMICHOI CHPOBHHH B TIPEC-EKCTPYAEPI - MPOBEACHHS
IPOLECY MPU BUCOKUX TEMIIEpaTypax 1 TUCKY, BENUKUX AcPopmalisaxX, akTHBHOMY
nepeMilyBaHHl  noiicaxapuaiB. CWIIbHE PYHHYBaHHS CTPYKTYPH YAaCTHHOK
NPECOBAHOI0 Marepiajly TOB'SI3aHO 3 CAMHM XapakKTepoM POOOTH MIHEKOBOTO
MEXAHI3MY — PYHHYBAaHHS 1 CTUPAHHS MEPEMIIICHUX YAaCTUHOK MpPU iX TEPTI MO
poOOUMX MOBEPXHSX 1 OJIUH MO OJHOMY, 1 IIEF0 BUCOKOTO TUCKY - PO3YaBJIFOBAHHS
marepiany.

31 30UIBIICHHSM TeMIepaTrypu BigOyBaeTbCs 3OIMBIICHHS CTYNEHS

VIIUJTBHEHHS B OTHEKOBIM Kamepi 1 301IbIIY€ThCS TUCK HAa BUXOA1 3 eKcTpyaepa. B
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pe3yabTari 30UTbLIEHHS THUCKY 1 CTYNEHS YIIUIbHEHHS BIAOYBarOThCS OLIBII
IIMOOK] XIMIYHI MEPETBOPEHHS B €KCTPYJOBAHOMY Marepiaii. 3BiJCH BUIUIMBAE,
0[O0 CTYMiHb YUIUTBHEHHS Marepiajy, 10 NepepolssseTbes Mae Oe3mocepeHiit
B3a€EMO3B'SI30K 3 TEMIIEPATYPOIO 1 TUCKOM, 1, SIK HACIIJOK, BIUIMBAE HA TJIUOMHY
XIMIYHHX TIEPETBOPEHD B IEpepoOHOMY Matepiani [21].

@OyHKIIOHATBHI BIACTHBOCTI TOTOBUX EKCTPYIOBAHUX KOPMOBUX MPOAYKTIB
BU3HAUAKOTLCA SK NapaMeTpamH, 010 NEPEepoOiseThes, Tak 1 MapameTpaMu
TEXHOJIOTTYHOTO Mpouecy. AHai3 (Pi3UKO-XIMIYHUX MPOLECIB, MO BiAOYBAKOTHCS
OPH eKCTPY31i OLIKOBO-KIITYACTOI-KPOXMAIOBMICHOT CHPOBUHM MOKA3Y€, 110 TakKi
PEKOMEHJIOBaH1 BEJIMYMHU TMApaMeTpiB, sK BOJIOTICTh, TEMIIEpaTypa, LIO
NEPEPOOIISIETEC, MOXKHA O€3MOCEPENHbO TMEPEHECTH 3 JIaDOpaTOpHOro Ha
OpPOMUCIIOBUN ekcTpyAep. OIHAK, OpH NEPEHECEHH! TAaKMX PEKOMEHIOBAHMX
BEJIMYMH, SIK AlaMeTpu (PUIbEP, 4acTOTa OOEPTAaHHS INHEKA 1 CTYIMIHb CTUCHEHHS,
BUHUWKAKOTh MEBHI CKIIAHOCTI, TaK SIK L€ TATHE 32 cOO0K0 3HAYH1 3MIHM apaMETPIB
npouecy. 1li 3aJeKHOCTI AOCHUTHh CKJIQJHI, 1 BUBYEHHS BIUIMBY KOXKHOTO 3
napamMeTpiB Ha (PYHKIIOHAJIbHI BJACTUBOCTI TOTOBOIO MPOAYKTY € JIOCUTh
TpyaoMicTKuM [20].

VY 3B'S3Ky 3 IIUM BUHUKAE HEOOXITHICTH MATEMATUYHOTO MOJCITFOBAHHS
OPOLECY EKCTPy3li, 1 NPOBEACHHS EKCIECPUMEHTAIBHUX JOCHTILKEHb IS
BCTAHOBJICHHSI ~ 3aJIC)KHOCTI  MMApPAMETPIB  €KCTPYJOBAHOrO  Marepialy  BiX
NapaMeTpiB  TEXHOJOTIYHOIO  MPOLECY, 30KpeEMa Bil  KOHCTPYKTHBHMX

0COOJIMBOCTEH TTHEKA PO3POOITFOBAHOTO TIPEC-EKCTPY IEPA.

BucHOBKH Ta 3aBIAHHSA I[OC.]'IiI[)KeHL

EdexkTrBHE BUKOPUCTAHHS TOKMBHUX PEUOBMH 3€PHOBUX KYJIBTYp, IO
BXOJIATh B KOPMH, MOJIATAE B MIIBUICHHI iX KUBUJIBHOT 1 010JI0MYHOT IIHHOCTI 3a
PaxXyHOK MPABWIBHOI 3aroTiBil Ta 30€epiraHHs, a TaKoXK AOAATKOBOi 0OpoOku. B

bOMY HANPSMKY 0 HaWOUIBII NEPCTIEKTUBHUX CIT1J BIIHECTH CIOCOOM, 3aCHOBAHI
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HA BUCOKOTEMIIEPATYPHHUX pexumax o0poOku. OOHUM 3 Takux CrocoliB €
EKCTPY3isl.

PamionasibHa ~ TEXHOJIOTIE ~ BUPOOHMIITBA  €KCTPYJOBAaHMX  KOPMOBHX
OPOAYKTIB TOBHHHA 3a0e3neuyBaTH 30€pEKCHHS KOPUCHUX  BIACTHBOCTEH
CUPOBMHHM HAa KOXKHOMY €Tami Horo mepepoOku. Y 3B'S3Ky 3 LUM € AOLIJIbHUM
BUBUYCHHS 3MIHU BJIACTUBOCTEH 1 CTPYKTYpPH Marepiaiy, O NEpPepoOnseTbes B
MPOLECT EKCTPY3Ii.

[[lupoke 3acTOCyBaHHS B MPOMHCIOBOCTI OTPUMAJM IIHEKOBI Mpec-
EKCTPYJICpH, SIKI BHMYCKAKOTHCS 3 OJHUM abo0 aBoMa HiHekamu. OJHAK aHai3
JITEpaTypHUX JDKEpPENl TOKa3aB, W0 HaWOUIbIIy mnepeBary Mpud BHPOOHHMITBI
EKCTPYJOBAaHUX KOPMOBMX TPOAYKTIB BIAJAETHCS  OJHOIIHEKOBHM  IIPEC-
EKCTPYAEPaM.

[TpoBencHuii aHalli3 ICHYHOUMX KOHCTPYKIIH HIHEKIB MPEC-EKCTPYACPIB IS
BUPOOHUITBA €KCTPYJOBAHUX KOPMOBUX MPOAYKTIB J03BOJISIE 3POOMTH BUCHOBOK
opo Te, WO HEOOXIMHO PO3POOMTH KOHCTPYKLIKD [IHEKA 3 MOKJIHMBICTIO
OMEPaTHBHOI 3MIHM MOro mapaMmeTpiB. KyTa HaxXwiy 1 KpPOKY I'BHHTOBOI Jiomari
ITHEKa 0€3M0CEPEHBO B MPONECT POOOTH, 1O T03BOJUTH 3HU3UTH CHEPTrOEMHICTh
OPOLECY EKCTPYyBaHHS 1 MIABULIUTH SIKICTh BUPOOJEHOT MPOIYKILIi.

OCHOBHI 3aBAAaHHSI JOCTI1IYKECHHS:

- TEOPETUYHO OOIPYHTYBATH MPOMOHOBAHY KOHCTPYKIIIO MPEC-EKCTPyAepa
JI0 3MIHHUX 0€3M0CEePEAHBO B MPOIECT POOOTH MapaMETPIB LITHEKA,

- BCTAHOBWTHM 3aJIC)KHOCTI MAPAMETPIB EKCTPYAOBAHOTO Marepialy Bij
napaMeTpiB TEXHOJOTIYHOTO MPOLECY;

- BU3HAYHUTH ONITUMAJIbHI PEXKUMHU 1 MAPAMETPU MTPOLECY EKCTPYAyBaHHS AJIst
3a0€3MeUeHHs] 3HWKECHHS EHEPrOEMHOCTI Ta NIABUIICHHS $KOCTI TOTOBOIO
KOPMOBOT'O IPOAYKTY;

- MPOBECTU TEXHIKO-CKOHOMIYHY €()EKTUBHICTb.
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PO3JILI 2

METO/IMKA I OCHOBHI METO/M JTOCJII/UKEHD

2.1. ExkcnepumeHTajibHa YCTAaHOBKA, MNPHJIAAW Ta O00JaAHAHHS,

3aCTOCOBYBaHI NPHU AOCTI/>KEHHSAX

JlocnikenHss OyJii BHKOHAHI HA JIaDOPAaTOPHOMY CTEHMl, KOHCTPYKIIs
SKOTO JTO3BOJISIE PETYJIFOBATH WIBUAKICTH Mogadi 0OpOOIOBAHOrO Marepialy B
30HY CTHCHEHHS, 3a JOMOMOIOI ONEPATUBHOI 3MIHM MApPaMETPIB LIHEKA
0e3mocepeIHb0 B Mpoiieci podOTH, a TAKOK BUMIPIOBAILHUMHU CUCTEMAMHU, IO
JI03BOJISIFOTh KOHTPOJIFOBATH 1 3HIMATH JTaH1 MPOTIKAKYOro MPOLIECY .

CreHn nmpeacTaBiisie OO0 MPEC-CKCTPYAEP 31 3MIHHUMU O€3MOCEPEAHBO B
npoueci poOOTH MapamMeTpaMy IMIHEKA: PEryJIbOBAHMM KPOKOM 1 KyTOM HAXWITY
BUTKIB IIIHEKA B 30H1 3aBAHTAXKEHHSI 1 MJIABJICHHSI.

CxeMa yCTaHOBKM IPEACTABIICHA HA PUCYHKY 2.1.

[
P

9 8 10 11 12
30 ; :
3ona Jona naasgiennn Jona dozyeanun
HAGAHMANCEHHA R
11;1; ‘l‘l': - I,l‘:)'[” cesmMenm cezmenm cesmenm
awcnop- . . e G :
CMUCKAHNA | 2aMO2eni3 dopmysanns
weyeannn_ | cavmozenizauii | popm, .

Pucynok 2.1 - KoHCTpyKIIisi OTHONIHEKOBOTO MPEC-CKCTPYAEPA;
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1 - miAMMNIHUKOBUI BY30JT;, 2 - 3aBaHTaKyBaJIbHA BOPOHKA, 3 - PO3'€eMHUI
KOPIyCYy IIHEKOBOi Kamepu; 4 - mpuBia, 5 - GopMyroda roJoBKa, 6 - MHEK; 7 -
BUTKHM IIHEKA, 8 - pi3pOOBIi Banm, 9 - mpuBogHMil MexaHizm; 10 - BTyJnkM 3

BCTAHOBJICHUMU nasiblsMu 11; 12 - HanpsimH1

KoHCTpyKIlisl NIHEKOBOT KaMepH Mpec-eKeTpyaepa Oyjia YMOBHO pO3JijcHa
HA TPU 30HU. 30HA 3ABAHTAKEHHS, 30HA IJIABJICHHS (IO BKJIOYAE CETMEHT
TPAHCIIOPTYBAHHS 1 CETMEHT CTHUCHEHHS), AO3YH0Ua 30HA (IO BKJIKOYAE CETMEHT
rOMOTrEH13allii 1 CErMEHT (POPMYBAHHS).

[TpuHIMn podOTH MPOMOHOBAHOTO MPEC - EKCTPYAEPA HACTYIHUN: CHPOBHHA
niJ] BIJIMBOM OOEPTOBMX BUTKIB 7 HIHEKA 6 MEPEMINIAETHCS B CETMEHT CTUCHEHHS
30HU MaBjicHHA. [licns cTUCKaHHs, Marepian 1o NepepoOseThes, HAIXOIUTh B
CETMEHT TOMOTEHI3alli J03YKU0i 30HW, J¢ BIAOYBAETbCA MEPETBOPEHHS
PO3M'SIKIICHHX YACTUHOK B OJHOPIAHMWI posmias. [loTiMm marepian motparuise B
CerMeHT (OPMYBaHHS 30HU JO3YBaHHS 1 NPOAABIIOETBCS Yepe3 (HopMyrody
rojioBky 5. JJabopaTopHa yCTaHOBKA 3 BUMIPIOBAIbHUMH €JICMEHTAMM MOKa3aHa Ha
PUCYHKY 2.2.

[IlHek mpec-eKcTpynepa TOPHUBOOUTBCS B OOEpPTaHHS  MPUBOJAHHUM
MEXAHI3MOM, IO CKJIAMAEThCS 3 PEAYKTOpa, BIAKPUTOI 3yOuacToi mepemayl 1
ACMHXPOHHOIO eNeKTpoaBUTryHA. [IIBHIKICTE OOCpPTaHHS IIHEKA 3MIHIOETHCS 3a
JOMOMOTOKO.

VYcranoBka mnpaimtoe B Takuid cnocid. Ha cranuHi 1 BCTaHOBJICHMIMA
€JICKTPOJIBUTYH, KW 4epe3 peMiHHy nepenady oOeprae MMIBUAKOXIIHWI Ban
peaykropa 2. TUXOXITHUNA BaJl PEAyKTOpa, 3a JOMOMOTOK BIIKPUTOI 3yO4acToi
nepeaadi, nepefac KPyTHUW MOMEHT Ha IWIHEK, SKWH pO3TalloBaHUN B
HUTHAPAYHOMY Kopiycl 4 13 3a(iKCOBAHOK HA HHOMY (DOPMYHOUOi TOJIOBKOKO 5,

MI1IKTFOYEHOTO 0 JBUTYHA YaCTOTHOTO nepeTBoproBada Toshiba VF-ASI.



Pucynok 2.2 — 3aranbHWil BUIJIS MOPEC-€KCTPYAEpa 3 BUMIPIOBAJILHOIO

anaparyporo: 1 - craHmHa;, 2 - peAayKrop, 3 - 3aBaHTaXyBalbHA BOPOHKA, 4 -
UWTIHAPUYHUN KOPIYC IIHEKA; 5 - (OpMYIOYa TOJIOBKA; 6 - MyJIBT YIPaBIiHHS, 7-
[IK; 8 - ananoro-umdposuii neperBoproBau (ALIL); 9 - rtaxomerp, 10 -

amnepmetp; 11 - BarmeTp

OnpauboBaHuii Marepial  3aBaHTAXKYETbCS B MPEC-EKCTPYAEP 4epe3
3aBAHTAKYBAIBHY BOPOHKY 3. 3amyCk 1 3yMHHKY MPEC-EKCTPYAcpa 3A1HCHIOIOTH

NyJIbTOM YIPaBJiHHSA 6.

[ITHek 31 3MIHHMMHM O€3MOCEPEAHBO B MPOIECl poOOTH MapameTpamMmu

MPEACTABIICHUAN HA PUCYHKY 2.3.
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PucyHok 2.3 — Po3poOneHa KOHCTpyKuis MIHEKa: 1 - pyuyka;, 2 — BHTKH

IIHEKA, 3 — TBHHT

2.2. Meroam npoBeAeHHsI eKCIIePUMEHTAJbHHUX JA0C/iIKeHb

B 3amponmoHOBaHy TEOPETHMYHY MOJENb CHOYATKy Oyl 3akKjiajcHi
NapaMeTpH, K1 BABHAYAIOTHCS EKCIIEPUMEHTAIBHO: TUHAMIYHIN KOE(DILIEHT TEPTS
HA MOBEPXHI IIHEKA fb, TMHAMIYHMI KOCPILIEHT TEPTS HA MOBEPXHI LWIIHIpPA fc,
MOJYJIb MPY>KHOCTI G 1 B'A3KICTh #. MOAYJb MPY>KHOCTI 1 B'I3KICTh BU3HAYAIIA
yepe3 KPYTHU MOMEHT B KIHII 30HM I[UJIABJICHHS. BUMIPIOBaHHS KpPyTHHX
MOMEHTIB TPOBOAMJIMCS MApaicIbHO BHUMIPIB TEMMEPATypu MPOAYKTY B
EKCTPYAEPI 1 TOKA3HUKIB SIKOCTI MPOIYKTY.

VY WHEKoBIA Kamepi mpec-eKeTpyaepa Oyiau BCTAHOBJICHI NPUCTPOL AJis
BUMIPIOBAHHS KPYTHMX MOMEHTIB Ha Biactani 0,08 m, 0,3 m 1 0,6 M Bifg
3aBAHTAKYBAIBHOTO MPUCTPOIO 1 JATUYUKHU JJI BUMIPIOBAHHS TEMIIEPATY PH.

OnpauboBaHuii MaTepiag HAAXOAUTh YEPE3 3aBAHTAKYBAIbHHUI MPUCTPii 1
B LWJIIHAPUYHMIA Kopmyc 2 mpec-ekcrpyaepa. [lpuctpiii, BCTaHOBJICHWH Ha
BiacTani 0,08 M, BUMIPIOE KpyTHMIA MOMEHT Mi B 30H1 3aBaHTAXKCHHS, 3a
BEJIMYMHOKO SKOTO MOXKHA CYJAMTH MPO BUJY MaTepialy, 10 NEPEPOONSIEThCS, 3

TOYKH 30py HOr0 CTPYKTYPHO-MEXAHIYHUX BJIACTUBOCTEH.
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Jlami  BuXigHWA Marepian Ml BIUIMBOM OOEPTOBMX BUTKIB IIHEKA
NEPEMILIAETHCS B CETMEHT CTHCHEHHS 30HM IJIaBJICHHS. [IprucTpiii, BCTaHOBICHUH
Ha BijacTaHl 0,3 M, BUMIPIOE KPYTHUI MOMEHT Mni B KIHI 30HU IJIABJICHHS. 3a
BEJIMYMHOK MOMEHTY B KIHIIl 30HHM IUIABJICHHS MOKHA CYJIUTH MPO CTYMIHb
PO3MUIABJIOHOCTI Matepiany. [licis cTuckaHHsi, Marepiajll HaJAXOAUTh B CETMEHT
rOMOTr€HI3alii 30HM AO03YBaHHS, J€ BiAOYBAE€TbCS NEPETBOPEHHS PO3M'SKIIEHHX
YACTMHOK B OAHOPiAHMK po3miaB. [loTiM Marepian mnoTpamisie B CETMEHT
(opMyBaHHs 30HM JO3YBAHHS 1 TPOJABIIOETHCS YEPE3 POPMYIOUY TOJIOBKY .

B pesyabrati aare3iiHo-KOre3iiHUX B3aeMO/I1i 00poOIOBaHOIO Marepiaiy,
KPYTHAH MOMEHT TEPENAETHCS BIJ MIHEKA 0 BUMIPHOBAIBHOIO MPHUCTPOIRO,
pO3TAIIOBAHOTO B paiioHl (popmyrodoi TrojoBKM Ha Biacrani 0,6 M BiX
3aBAHTAKYBAJIBHOTO MPUCTPOIO.

[IpucTpiii ns BUMIPIHOBaHHS KPYTHHX MOMEHTIB (PHCYHOK 2.4) sBIs€
COOOK LMIIHAPHUYHY BCTABKY 3 BAKEJEM, 10 YAHUTH BIUIMB METAJIEBY IJIACTHHY,
OpHA 3aKpydyyBaHHI BCTaBKM. Ha MeraneBy mIacTuHy 3 [OBOX CTOPIH HAKJICEHI

TEH30AaTYuKH [21].

Pucynok 2.4 — Tlpuctpiii ans BUMIPIOBaHHS KPYyTHHX MOMEHTIB. 1 -

(dnanelp; 2 - UITHAPAYHA BCTABKA 3 BAXKENEM; 3 - IJIaCTUHA, 4 - TEH30JaTYuK
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VY mpoueci eKCnEpUMEHTANBHUX JOCIIHKEHb OyJI0 BUBYECHO MEPETBOPEHHS
BUX1HOI 36pHOBOi cyMmimii B cknaai: mmeHuns - 10%, osec - 19%, suminb - 70% 1
CUlb KyXOHHa - 1%, B KOXHIA 30HI 3 TOYKHA 30py IIUIBHOCTI 1 TMOBHOTO

HANpPYy>KCHHs, IKC BUHUKAE B MEPEPOOIEHOMY Marepiani.
BucnoBku
[IpencrapneHa 3arajbHa METOIMKA AOCIIDKEHB, IO BPAXOBYE 3aJICKHICTh

KOHCTPYKTUBHUX 1 TE€XHOJOTTYHHX MAPAMETPIB HA MOKA3HWKH JOCIIHKYBAHOTO

IPOLECY BUPOOHMIITBA KOPMOBHUX MPOITYKTIB.
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PO3/ILI 3

PE3YJIBTATH TEOPETUUHMX I EKCHEPUMEHTAJIBHUX
JTOCJTUIKEHD

3.1. TeopeTruuHe OOIPYHTYBAHHSI KOHCTPYKIUII pec-eKCTpyAepa

3a ocHOBY Oyia mnpuiiHITA KOHCTPYKIIS CTAHAAPTHO MPALFOOYOTO,
BUITYCKAEMOTO CEPIMHO Mpec-eKCTpyAepa s MEepEPOOKH POCIUHHOI CHPOBHHHU
[TEIL - 60/4. JIns naHoi KOHCTPYKIIi Mpec-eKCTpyaepa podoya JOBKUHA LTHEKA
cknanae Hp.u. = 0,65, 30BHINIHIA AiaMeTp rBUHTOBOI JiHIT Dd = 0,059M, miameTp
Basnia mHeka Ds = 0,04 M. 3acTOCOBYIOThCA IIHEKH 3 KpokoMm W = 0,024 + 0,072m B
3QJIEKHOCTI Bl BUAY MaTepiaily, IO NepepoOsIeThCs, TOOTO BIJHOLIEHHS KPOKY
IBUHTOBOI JIONATI IIHEKA 10 30BHIMHbOMY miametpy L / D = 0,4 +1,2. [1lHekoBa
KaMepa Mae BHyTpimHIA giametrp D/x = 0,06 m. [IIHek Mae npecyrody TONOBKY 1
3MIHHHMIA KOMITJIEKT MATPHLb B 3AJIEKHOCTI BiJl BUY MPOAYKILIi, 10 BUPOOIISIETHCS.
YactoTta oOepTaHHs HIHEKA @, MOKE 3MIHIOBATUCS B Mekax Bia 60 1o 180 00/xB.

HenonikaMmu Takoi KOHCTPYKIIi €KCTpyAepa €. BEIMKA EHEPrOEMHICTb
POLECY, HEAOCTATHS OJHOPIAHICTh 1 HEBUCOKA SIKICTb TOTOBMX BHPOOIB, Yepe3
BIJICYTHICTh MO>KJIMBOCTI ONEPATUBHOIO KOHTPOJIO SIKOCT1, & TAKOX PETYJIFOBAHHS
KyTa HaxWjly BHUTKIB IIHEKA [0 BIJHOIICHHIO JI0 OChOBOi JIHII B 30HI
3aBAHTAXKEHHS, 4, OTKE, BIJICYTHICTh MOYKIJIMBOCTI PETYJIFOBAHHS MBUIKOCTI MOa4l
Martepialy B 30HY [UIABJIEHHS B 3&JCKHOCTI Bl BHAY Marepiainy, IO
nepepoOnseThes, MO MPU3BOAUTH 1O HEAOCTATHHOIO a00 HABMAKK HAIMIPHOI
VIIUJTBHEHHS MaTepialy B 30H1 3aBaHTAKCHHSI.

Byno BusiBNeHO, MO ANs 3HWKEHHS €HEPrOEMHOCTI Ta MiABMILEHHS SKOCTI
rOTOBOrO MPOAYKTY MEPETBOPEHHS CHUITy4Or0 MaTepiaay y B'SI3KO-IJIACTUYHUM €
JOUITBHUM 3aBEPIIUTH B NEPIIIA MOJOBHHI POOOUYOi KaMepu E€KCTpyAepa, TOOTO
i pobovoi 1oBkHUHM HEKA 0,65 M 1aH1 NEPETBOPEHHS JOUIIBHO 3aBEPIIUTH HA

BiacTaHl z2 = 0,3 M BiJ 3aBaHTAKYBAJIBHOTO MPUCTPOIO. TakMM YMHOM, 3 BHILE
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CKa3aHOTO MOKHA 3pOOMTH BUCHOBOK, IO MPUCTPOI [UIsi BUMIPIOBAHHS KPYTHHX
MOMCEHTIB, 10 BHU3HAYAIOTh (PI3UKO-MEXaHIYHI NApaMETPH, IO NEPEPOOISIEThCA,
CJIiJl BCTAHOBJIIOBATH B KIHI[I 30HM 3aBAHTAXXCHHS, & TAKOK B MICII MEPEXOIY
MaTepiay 3 CUIMy4Yoro CTaHy y B'S3KO-IJIJACTHMYHMWE 1 B KIHII IIHEKOBOi KaMEPH,

TOOTO JIs MPEC-CKCTPYAEpa 3 BHYTPILIHIM J1aMETPOM ITHEKOBOI Kamepu DIk =

0,06M 1 poOOUYOIO TOBKUHOO MIHEKA Hp.us. = 0,65 — BCTAHOBUTH Ha BIACTaH1 z/ =
0,08 M, z2 = 03 m 1 z3 = 0,6 M Bl 3aBaHTAXYBAJIBHOIO MPUCTPOIO, IO
3a0€3MeUnTh MOXIIMBICTD OMIEPATUBHOTO KOHTPOJIIO SKOCTI.

Tak sk OCHOBH1 IEPETBOPEHHS B MEPEPOOIEHOMY MaTepiajl BIAOYBAOTHCS B
30H1 TUIABJIEHHS (TOOTO meEpexig Mareplaly 3 CHIy4Yoro CTaHy Yy B'SI3KO-
MJIACTUYHMIA ), TO BUKOHYBATH IIHEK 13 3MIHHUM O€3M0CEPEIHBO B MPOLECT POOOTH
KyTOM HaxXWjy BUTKIB B 30HI JO3yBaHHS HE € AOUUIbHUM. Takok B 3B'A3KYy 3
BUCOKMM THUCKOM B 30H1 JO3YBAaHHS B TEHEPILIHIA 4ac LE TEXHIYHO HEMOKIIMBO.
Tomy OyJI0 NPUHHATO PILICHHS PO3POOUTH KOHCTPYKLIIO ITHEKA 13 3MIHHUM KYTOM
HAXWJIy TBUHTOBOI JIiHII 0€3M0CEPEAHBO B MPOLEC] POOOTH B 30H1 3aBAHTAKCHHS 1
TUTABJICHHS.

VY 3anmpornoHOBaHii KOHCTPYKIi BUTKM LIHEKA B 30HI 3aBAHTAKEHHS 1
IUIABJICHHS. BUKOHAHI 3 MOMJIMBICTIO OCHOBOTO MEPEMIMICHHS 3a PaXyHOK
0o0EpTaHHsT MPUBOJHMM  MEXAHI3MOM  Hapi3HOro Bajma (pucyHok  3.1),
PO3TANIOBAHOIO B TUIl HIHEKA, HA SKOMY PO3TAIIOBAaHI BTYJIKH J0 BCTAHOBJICHHMX
NAIBLSIMA, 3'€IHAHUMM 3 BHTKAMH [IHEKA 1 3AIMCHIOIOTH PyX MO HANPSIMHHX,
BUKOHAHMUM TakoX B TUll mHeka. [Ipm npomy pi3pOOBIH BaJl B TUTl LIHEKA (3a
YMOBH JOTPUMAaHHSI PIBHOBaru Mi>k HABAHTAKCHHSIMM HA IIHEK 1 pi3pOOBii Bal 1
BHYTPIIIHBOMY miameTpi mHeka Ds = 0,04 M) noBuHeH Matu pi3p0y M = 20X1,5,
110 BIAMOBIAA€ 3MIHI KPOKY TBHHTOBOI JIiHIT HA 1,5 MM 3a OJMH 00€pPT HAPI3HOTO

Baja.
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PucyHok 3.1 — 3miHa KyTa HaXuiy 1 KPOKY BUTKIB IIHEKA MPEC-EKCTPYAEPA:
a) BUXIIHUH KYT HaxWily 1 KPOK BUTKIB IIHEKA, 0) 3MIHEHHWHA KYT HAXWIy 1 KPOK
BUTKIB IIHEKA, | - 3aBaHTaKyBaJIbHWIA NPHUCTPIi; 2 - BTyJIKA 3 BCTAHOBJICHUM
najgbleM; 3 - NIHEKOBA KaMmepa;, 4 - BUTKHU IIHEKA; 5 - IIHEK; 6 - pi3bOOBHIA Bal B

TIJT1 IITHEKA

3MiHA KyTa HaXWjy TBUHTOBOI JIIHIT IIHEKA MPU [IbOMY PO3PAXOBYETHCS 3a
(dbopmynamu:
W, /2

!
wex

@,,, = arcsin —=—

2 (3.1)

1€ (s, — SMIHEHHN KyT HAXWJTy TBUHTOBOI JIIHIT NTHEKA,;
W gux — € TIOYATKOBUM €TAIIOM I'BUHTOBOI JIIHIT IITHEKA, M;

Dy — BIACTaHb MK KPafHIMU TOUKAMU MOXUIIO1 MOBEPXHI BUTKA LIHEKA, M.

2sin ¢, | (3.2)

W, =W_+154,.,M (3.3)
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1€ Wiz — 3MIHEHMI KPOK TBUHTOBOI JITHIT ITHEKA, M,

o6 — UMCII0 OOEPTIB HAPIZHOTO BaJIa, PO3TAIIOBAHOIO B T ITHEKA.

CupoBHHA, IO BHKOPUCTOBYETHCS JUISi BHPOOHMITBA EKCTPYAOBAHUX
KOPMOBHX MPOAYKTIB, YaCTO MOAPIOHIOETHCS B MPOLECT TEXHOIOTTYHOI 0OPOOKH 1
NEPEXOIUTh B TUCHEPCHY cucTeMy [22]. YacTuHKM aucnepcHoi ¢a3u mpHu LbOMY
OTOYEH1 JucnepcHuM (Oe3mepepBHUM) cepenoBhiieM. Koiu KOHIEHTpallis
YACTHHOK JUCTEPCHOI (ha3n BUCOKA, CUCTEMA HaOyBa€ MPY>KHICTh 1 MITACTUYHICTB 1
nepecrae OyTH JIETKOTEKY4OK. Y [bOMY BHOAAKY I OXapakTepHU3YIOTh SIK
TBEpAONOAIOHY. CucTeMa € JIETKOTEKYYOK 1 PIAKOMOAIOHOK TPH HEBUCOKIM
KOHIIEHTpaIlli, ToOTO MNPY>KHO-MJIACTUYHI BJIACTHUBOCTI HE BHpakeHi. KopMoBi
OPOAYKTH B JWCIEPCHOMY 1 HATypPalbHOMY BUIJISIAI BiAPI3HSAIOTHCS MNEBHOKO
OyJIOBOKO, TOOTO CTPYKTYPOIO, SIKA XapaKTEPU3YEThCS BUAOM 3B'S3KIB MIXK
€JIEMEHTaMH 1 00YMOBIIIOE MPOSIB PI3HUX (PI3MYHUX BIACTHBOCTEN. OnpanboBaHUiA
MaTepial HE Ma€ Hi YUCTO MPY>KHUX, HI YMCTO MJIACTUYHUX BIIACTUBOCTEH, TOMY
JUTS OMKCY MOro MOBEAIHKM MOTPIOHE CTBOPEHHS HOBHX PEOJIOTTYHUX MOACIIEH.

DaKTUYHO MPOLEC MEPETBOPEHHS KOPMOBOTO MaTepialny B €KCTPYAEpl CIIif
PO3JIUIATH Ha JBA €TalH;

- TIEPETBOPEHHS Marepialy 3 TBEPAOr0 CTaHy B TBEPAO-IUIMHHHAN
(rumactudikanis),

- YUIUTbHEHHS 1 (POPMYBaHHS TBEPAO-TEKYUOro Marepiaiy (To0To 103yBaHHS
m1acTU(IKOBAHOTO MaTepiay).

JUta Toro mo® NpHATH A0 KUIbKICHOTO OMHMCY NPOLECY PYyXy TBEPAOi
PEUOBUHM, [0 BUKIMKAETHCS CHIIOK TEPTsL, Oyu 3po0JIeH] HACTYIHI MPUNYIIEHHS
[22]:

1. Okpemi TBEP/II YACTUHKH MOBOAATHCS MOAIOHO CYHUIBHOMY CEPEIOBHUIILY.

2. Trepaa nmpoOka 3HAXOUTHCS B KOHTAKTI 3 YCIEK CTIHKOK KaHaly, TOOTO
NOBEPXHEHO LMJIIHAPA, TUTOM INHEKA, aKTUBHOK CTOPOHOKO HAPI3KHM 1 MACHBHOK)
CTOPOHOIO HAapI3KH.

3. 'nuOuHa kaHay MOCTIiHA.

4. 3a30poM Mi>K BUCTYIIOM HAPI3KM [IHEKA 1 [IAJIIHIPOM MOKHA 3HEXTYBATH.
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5. TBepma npoOKa pyXaeThCs SIK NOPLICHb.

6. TUCK € TITbKKA (PYHKIIEO BIACTaH] Y310BXK KaHATy IIHEKA.

7. KoedimeHT TEPTS HE 3AIEKUTh BiJl TUCKY.

8. CuM TSOKIHHSL HEXTYBAHO MaJll.

9. 3MiIHOK LIUIBHOCTI TBEPAOI a3u Marepiany B IpoOLl HEXTYEMO.

[lepun n'sTe NpUNyUIeHs TPARMAKOTHCS B OLTBLIOCTI TEOPIN PyXy TBEPAOTO
marepiany. [IpoTaroMm OCTaHHIX M'ATH MPUIYLIEHb YACTO PI3HUMH JOCIIIHHUKAMU
He posrsiaanucs. OCHOBHUI METOJ aHAI3y pyXy MaTepiany NoJisirae B pO3IJisil
€JIeMEHTa TBEPAOi MPOOKK B KaHajl IMHEKA 1 BU3HAYECHH] BCIX CHJI, K1 JIOTh HA
HbOr0. BU3HaYaIbH1 CUIM — 1€ CUJIM TEPTS HA TPAHMISIX 1 CHJIM, U0 BUHHUKAKOTh
BHACJI1IOK TPAJIEHTIB TUCKY B TBEpAOMY wapi [23].

Ha pucynkyk 3.2 npeacraBieHa cxema [23], mo UTOCTPY€E Pi3HI CHIU, SK1
JIIOTh HA €1eMEHT TBepAoi MpoOKu. [Ipyu bOMY BBOAMTHCS AOMYIIEHHS, IO ITHEK
HEPYXOMUH, a UMITHAP O0EPTAETHCS.

Cuna TepTst MK TBEP0I0 TPOOKOKO 1 TUTOM IIIHEKA 33/IA€THCS PIBHSHHSIM
F. = PWdkf., (3.4)

ne P —1uck, Ia;
s — IMHAMIYHUH KOE(QILIEHT TEPTS HA MOBEPXHI IIHEKA,
W — BiacTaHb MI>K BUTKAMU IITHEKA, M.
Hopmaneha cuna, mo Ai€ Ha TBEPAMHM IIAP HA AKTHBHIA CTOPOHI HApPI3KH,
BU3HAYAETHCS CITIBBIAHOLICHHSIM
F,=PHdx+F", (3.5)

ne H — rnubuHa kaHaiy, M;

I — noparkosa HopMasibHa cuia, H.
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Pucynok 3.2 — Cunu, mo AitOTh HA €JIEMEHT TBEPJOro IIapy, 1 BIANOBIIHA
Jiarpama mBUAKOCTER [14]: F, — cuna TepTs MK TBEPJAOK MPOOKOK 1 TUIOM
LIHEKA 3a1A€ThCS PIBHIHHIM, [1,, — HOPMaJibHA CHJIA, IO JI€ HA TBEPAMH 1Iap Ha
AKTUBHIA CTOPOHI Hapi3KW; [, — HOPMaJIbHA CHJA, IO Jl€ HA TBEPAMH [ap Ha
NIACHBHINA CTOPOH1 HAPI3KU; F, — cuia TEPTS MK TBEPAOK MPOOKO 1 aKTUBHOKO
CTOPOHOIO HAPI3KH; F4, — CHIIA TEPTSA MK TBEPAUM IIAPOM 1 MACHBHOK CTOPOHOK)
Hapi3Ku, Ip; — CUla, M0 Jl€ HA MOBEPXHI €JIEMEHTa TBEPAOI MPOOKH BHACIHIIOK
JIOKaJIbHOTO TUCKY P; F); — cHna, MO i€ Ha MOBEPXHI €JIEMEHTA TBEPAOi MPOOKH
BHACJIIIOK JIOKAJILHOTO TUCKY P + dP; I}, — cua TepTs MiXK TBEPAMM IIAPOM 1
NOBEPXHEIO WNHAPA; [ — rMOWHA KaHaiy; J¥/ — BIACTaHb MI>)K BATKAMH IIHEKA, @
— KyT HaxWJIy BUTKIB IIHEKA;, & — KYT 3 IJIOIIMHOKO, MEPHNEHAUKYISPHINA OC1 IIHEKA,
Dy — miaMeTp MHEKa 30BHILIHIA; Dy — TlaMEeTP MIHEKA BHYTPILIHINA; 0y — IIBUAKICTH
LWIHIPA, Vg — WBUAKICTIO TBEPAOTO IApy;, Av — PI3HULS MBHIKOCTEH MIK

HUTTHAPOM 1 TBEPAUM LIAPOM
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Cuna TepTst MK TBEP0I0 TPOOKOKO 1 AKTUBHOIO CTOPOHOK HAPI3KH:

F,r}: = F‘ii:lv'fﬁ k) (36)
Cua TepTst MK TBEPUM IAPOM 1 TACUBHOKO CTOPOHOIO HAPIZKHU:
- s ) e A
F, = PHdxf,, (3.7)

Cuna, 010 Jl€ Ha TIOBEPXHI €JIEMEHTAa TBEpAOi NPOOKM BHACIIIOK

JIOKaJIbHOI'O TUCKY F:

!‘:ﬁ‘ = “’IJFP, (3 8)

Cuna, w0 Jl€ Ha TIOBEPXHI €JIEMEHTa TBEpPAOi NPOOKM BHACIIIOK

JIOKQJIBHOTO THCKY P + dP:

F,, =WH(P+dP), (3.9)

Pe

O4eBUHO, SKIIO TPAIIEHT TUCKY B HAMPSMKY B3JI0BXK KaHAIy JOPIBHIOE
HYJTX0, TOA1 Fp; = 2. Pe3ynpTyroua cuna [ € CUIIO0 TEPTS MK TBEPAUM LIAPOM 1

NOBEPXHEHO LMJITHAPA:

F, = PWuxf, (3.10)

1€ fp — AMHAMIYHHAA KOS(IIIEHT TEPTS HA MOBEPXHI LIAJIIHPA.
Cuna F) CTaHOBHTH KyT € 3 IUIOIIMHOK, MEPNECHIMKYJSIPHIA OCl IIHEKA.
Hanpsimok nii cunm £, BA3HAYAETHCS HAMPSAMOM PI3HUII BEKTOPIB LIBUIAKOCTEH

MIK HUTIHAPOM 1 TBEPAUM MIAPOM:
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Av=v,-v,, , (3.11)

v, . . D, .
A€ "~ BEKTOP MIBUAKOCTI HWJIIHAPA 1 — BEKTOP MIBUAKOCTI TBEPIOIO

mapy BIAMOBIAHO. 3 AlarpaMy MIBUAKOCTEH, 300pa’keHOi Ha pucyHKy 3.1, crae

. Av .
3pO3yMUIMM HAMPsM 1 Fp. KyT 60 € KyT, 10 BU3HAYa€ HAMPSAMOK PyXy
TBEPAOrO Marepiany. SIKImo e KyT BU3HAYEHO, TOAI IIBUAKICTh TBEPAOTO LIAPY

MO>ke OyTH o0uKciieHa O0e3M0CePEIHBO 3 PIBHIHHS:

sin @
v, =0, |CosQ—-—— />
te( + @)

(3.12)
1€ ¢ — KyT HaxWIly BUTKIB ITHEKA.
PiBHsIHHS MOXE OyTH MEPENUCAHO HACTYTHUM YHHOM:
sin 0
O, SU—————,
sy 0+(,'0) (313)

Pi3Hungs BEKTOpIB MIBUAKOCTEH v MDK MBUAKICTIO TWIHAPA Uy 1

I]_IBI/II[KiCTIO TBCPAOro Hiapy Usx BU3HAYACTLCA HACTYIIHUM YMHOM:

|
Av—(v; +v;, —2v,|v, |cose)?,

(3.14)

Bupa3 ansg kyta pyxy TBepAOro marepiany ¢ BUXOAWTH 3 OalaHCy CUJIM B

HANpSMKY OCl KaHaITy:

PWdkxf, [cos( O+@)— [ sinf 0+ (p)] = WHdP + Pdxf (W +2H), (3 15)
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Jlts Toro mo6 OTpUMAaTH 3AJICKHICTh TUCKY Bl BIJCTaHI B HAMPSAMKY OCI
KaHaJy, PiBHSHHSA i npoiHTterpyBaru. Tuck npu x = 0 gopiBHtoe P (x = 0) = PO.

PiBHSIHHS MOKa3ye, IO MPU NEBHOMY KYTI PyXy TBEPAOTO Marepiajly THUCK
301IBIIYETHCS C€KCIIOHEHIIANBHO SK (DYHKIS BIACTaHI Y3A0BXK KaHaiy. Lle
O3HAuae, M0 B 30HI PyXy TBEPAOrO Mareplainy, NPUHAHMHI, TEOPETUYHO MOXKYTh
CTBOPIOBATHCS AYXKE BHCOKI THUCKH. PiBHSHHS MOK€ OyTH NEPETBOPEHO TAKUM

YUHOM, MO0 OTPUMATH 3aKIHYEHY (POPMY BUPAKEHHS IS KyTa PyXy TBEPAOIO

marepiany:

|

@) = arcsin (+/ —/\"‘)  — fk Y
1+ £
(3.16)
Ac
’) . 5
/;,: P“ _/, W )

(3.17)

Ha migcraBi piBHSHHA KYT pPyXy, 1, OTXKeE, IIBUIAKICTB PyXy TBEPAOTO
Martepialy MOKHA PpO3paxyBaTH, SKIIO BIAOMUA TpamieHT TUCKy. [Ipouemypy
PO3paxyHKy MOKHA 3MIHUTH HA MPOTHIECKHY. SKIO (paKTUYHA IIBHAKICTH PYXY
TBEpAOro Marepiay BigomMa. OOHaK KyT pPyXy B pIBHSHHI TOBHHEH OyTH
BUPAKECHUH K (PYHKIIS IBUAKOCTI TBEpAOi mpoOku. [Ipodins Tucky, oTpumanuii
HA M1JCTaB1 PIBHSAHHS (MOJENb TUIOCKOTO KaHAy ), MOXKe OyTH 3alvMcaHuil y TaKui

cnocio:

(. 1-af W -2H ) x
P(x) = P, exp ’ /—U/I—/ —” ’L , Ila,
\" (@ +1)"° " JH (3.18)
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v, sin
a=tg(0+ @)= S 2
v, COSP—U,,

ae

¢ — KyT HaXuJ1y BUTKIB ITHEKA,

6 — KyT, 110 BU3HAYAE HANPSIMOK PYXy TBEPAOIrO MaTepiaiy;

Up — IIBHAJIKICTH IWIIHIPA, M/C;

Usx — IIBUAKICTH TBEPAOTO IIAPY, M/C;

PO —Tuck npu x = 0, [1a;

/S — nMHaM1YHUI KOe(ILI€HT TEPTS HA MOBEPXHI LIHEKA,

/b — nHAMi4YHUH KOE(ILIEHT TEPTS HA MOBEPXHI LIWIIHAPA,

X — BIACTaHb BiJl 3aBAHTAXKYBAJIbHOTO MPUCTPOIO, M;

W — BiicTaHb MI>K BUTKAMU IITHEKA, M,

H — rnu0uHa KaHaiy, M.

3 PIBHSHHS BUAHO, 10 €KCMOHEHIANBHA CKJIAI0BA 3POCTAE 31 30UTBIIECHHIM
fb 1 3MeHImyeTbCs 3 POCTOM fs. TakMM YWMHOM, MIOHOM THCKY BHSBIISETHCS
HAOUTbII IBUAKUAM, KoM fb Bemuke 1 fs mane. EkcnoHeHmianbHa CKIaa0Ba
00epHeHO nponopiiiiHa rmbuH1 kaHany H. Omxe, THCK Oyae pOCTH MOBUIBHILIE,
SKIIO TTMOWHA KaHATy BEJMKA.

B1ianoBiaAHO A0 3aKOHIB TEOPETHUYHOI MEXAHIKUA (PUCYHOK 3.3) B KOKHOMY
NOMEPEYHOMY TEpepi3l KPyTHUI MOMEHT MPECYBaHHS MOKHA BH3HAUWTH 3

JIOTIOMOT 00 (POPMYJIH:;

D D 7 2 C
T ~c0:~;go--7-([)ll, -D_ )-P. H'M,

M, == "
2 4 (3.19)

ne Dy — AlaMeTp IIHEKA 30BHIMIHIH, M;
Dy — niaMeTp IIHEKA BHYTPILIHINA, M;
P, —Ttuck, I1a;

¢ — KyT HaXuJ1y TBUHTOBOI JIONAT1 IITHEKA.
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TN/

Pucynok 3.3 — Ilapamerpu mHeka mpec-ekcrpyaepa: 1 - Banm mHeka, 2 -
IBUHTOBA JIOMATh IHEKA;, Dd — miaMeTp IIHEKA 30BHIMIHINA, s — IlaMeTp IIHEKA
BHYTPILIHIN;, Px — THCK; ¢ — KYT HaXWly TBUHTOBOI JIOMATI MIHEKA; M, — KpyTHHN
MOMEHT

IlepeTBOpHBILIN, OTPUMAEMO:

M,=—" _(D,+D,)-(D)} -D?*)-P,, Hm,

Bieos- @ (3.20)

Takum 4MHOM, OTPUMAaH1 3AJEKHOCTI 3MIHM KyTa HaxXWiy 1 KPOKY BHUTKIB

HIHEKA Bl YyMclia 00EPTiB HAPI3HOTO BAJIA, PO3TAIOBAHOIO B TUII ITHEKA.

3.2. JIoCHiZKEHHSI 3QJI€KHOCTI CTPYKTYPHO-MEXaHIYHUX BJIACTHBOCTEH

EeKCTPYAOBAHOI0 MaTepiady Bil mMapaMeTpiB TEXHOJOTIYHOIO MPOLeCy

3 METOK BHUBYEHHS 3aJI€KHOCTI CTPYKTYPHO-MEXAHIYHMX BIIACTUBOCTEH
€KCTPYJOBAHOTO Marepialy BiJ MapaMeTpiB TEXHOJIOTIYHOrO mpouecy Oyna
OPOBEJACHA CEpisi CKCIEPUMEHTIB, NpH [KUX OyJM BHBYEHI 3aJICKHOCTI
JUHAMIYHOTO KOE(ILIEHTA TEPTS, MOAYJS MPYXKHOCTI 1 B'A3KOCTI Bl MapaMeTpiB

eKCTpyiepa 1 NepepoOIIOBAHOTO MaTeEpially.
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3MiHY KyTa Haxwily BUTKIB IIHEKA 1 BIACTaHI MI>K HUMH JOLIIBHO BUPAKATH
y BUIVIAl BIJHOIICHHS KPOKY TBMHTOBOI JIOMAaTl IIHEKA A0 ii 30BHIMIHBOTO
mametpy (L / D). Sk mapameTpu, 1m0 BIUIMBAIOTh HA AWUHAMIYHI KOE(IIIEHTH
TepTs, Oyau oOpaHi: BIAHOWIEHHS KPOKY TBUHTOBOT JIONATI IIHEKA /10 30BHILIHBOTO
miamerpa (L / D), KpyTHM MOMEHT B KIHII 30HU 3aBaHTXEHHS (Mi) 1
TEMIEPATypa CAPOBHHM HA BXOA1 B ekcTpyaep (7). [licas cepii excriepuMeHTiB OyB
PO3pOoGJIEHHIA TIaH MOBHOrO (DAKTOPHOIO ekcrepuMenTy BOE 2°, 3 BKIKOYEHHSIM
KJIFOYOBMX TOYOK 3 METOK OTPHMAHHS PIBHSHB IPYroro MOPSAKY. 3HAYEHHS
JOOCHKEHUX (PaKTOPIB B IUIAHI MPEACTABICHI B YMOBHUX OJUHUISX. Kimrouosi
TOYKH IJIaHY €KCIIEPUMEHTY B YMOBHUX OJMHMIISIX 1 HATYPAJIbHUX 3HAYCHHSX

npeacTaBieHi B Tabmmui 3.1.

Tabmuus 3.1 — 3HaYeHHS TOCHIKEHUX (PAKTOPIB

BigHOIIEHHS KPOKY JIOMATI IIHEKA 10 30BHIIIHBOTO AlaMeTpa

YMoBHI oaunuI, L/D -1 0 1

Harypanbhi Benmuuunm, /D’ 0,4 0,8 1,2
KpyTHHIA MOMEHT B KiHIIl 30HHA 3aBAHTAXKEHHS

VYMoBHI oguHUIN, M, -1 0 1

Harypanbhi Benmuuunu, M, ', H-m 5,4 4.6 3,5
TemnepaTypu CUpOBUHM HA BXOJIl B EKCTPYIEP

YMOBHI OUHMUIIL, ¢ -1 0 1

Harypanbhi Bemmunnmy, ¢/, °C 20 40 60

Y 3B'$3Ky 3 BIJCYTHICTIO MOMJIMBOCTI BUMIPIOBAHHS JAWHAMIYHOTO
KoeQiieHTa TepTs 0€3N0CEPENHBO B EKCTPYAEPI, HOr0 BUMIPIOBAHHS TPOBOAMIIN
Ha npucTpoi. [Ipu npoMy nonepeHbO BCTAHOBHIIH:

- 3QIEKHICTh MBUAKOCTI PyXy TBEPAOTO MATEPIATY Upen. B BIIHOIICHHS
KPOKY TBHHTOBO{ JIONATI IIHEKA A0 30BHIMIHBOTO JiameTpa /D, sika ONMUCY€eThCs

dbopmynoro [21]:




" p”'//l),l

v =y’ D*Ho, tanp =y’ D*Ho L/ D ,

me,

Cos @

zie y — 00'eMHa Bara Marepiaiy, 1o nepepodIseThes, KI/M’;

D — 30BHIIIHINA T1aMETP MIHEKA, M;

W — BiICTAHb MK BUTKAMU IIIHEKA, M;
H — rnmubuna kaHany mHeka, M;

0b — WBUJKICTH LIWIIHPA, M/C;

¢ — KyT HaxXuJ1y BUTKIB ITHEKA,

@, — 9acTOTa 00EPTAHHS IIHEKA, pan/c .
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(3.21)

- 3AJIEKHICTh TUCKY P BiJl KPyTHOIO MOMEHTY B KIHII 30HW 3aBaHTA)KCHHS

[ToTiM 3aMiHMIM TApaMETPH, IO BIUIMBAKOTH HA JUHAMIYHWANA KOE)ilieHT

TEPTS HA NapaMmeTpu, O€3MOCEPEeAHBO MOB'sI3aHI 3 HUMHU, a CaMe. BIAHOUICHHS

KPOKY FBMHTOBOI JIOMATI IIHEKA 0 30BHIMIHBOTO A1aMETPa — HA IIBUIKICTH PYXY

TBEPJOro Marepiany, KPyTHHH MOMEHT B KIHIIl 30HUA 3aBAHTAKEHHS — HA THCK B

KIiHI[l 30HW 3aBAHTAKCHHS, 3HAYCHHS SIKUX MPECTaBIIEH! B Tabnuil 3.2.

Tabnmuus 3.2 — 3HaYEHHS TOCIKEHUX (PAKTOPIB

BiaHOWIEHHS KPOKY JI0MATI IIHEKA 10 30BHIIIHBOTO AlaMeTpa

VYMOBHI OJIMHUIIL, Upg.nn. -1 0 1

HarypaiibHi BEUYUHU, Uy, 1.4 0,89 0,26
KpyTHHIT MOMEHT B KiHIIl 30HHA 3aBAHTAXKEHHS

VYMoOBHI oauHuUII, P -1 0 1

Harypanbni Benmmuuny, P’, kl1a 111,7 | 109,8 | 106,8
TemnepaTypu CUpOBUHM HA BXOJIl B EKCTPYIEP

YMOBHI OUHMUIIL, ¢ -1 0 1

Harypanbhi Bemmumnmg, ¢/, °C 20 40 60
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[lnan excrnepumenty BOE 2° B yMOBHHMX OJMHHMIAX MPEICTABICHHH B

tadmuiu 3.3.

Tabmuug 3.3 — [1nan exciepuMenTy

Ne nocniny Do, P ]
1 -1 -1 -1
2 -1 1 -1
3 1 -1 -1
4 1 1 -1
5 -1 -1 1
6 -1 1 1
7 1 -1 1
8 1 1 1
9 -1 0 0
10 1 0 0
11 0 -1 0
12 0 1 0
13 0 0 -1
14 0 0 1
15 0 0 0

Jliisa 3a0e3nedyeHHst He0OX1AHOT TOYHOCTI BC1 JOCTIAM MPOBOAWINCS B TPHOX

NOBTOPHOCTAX. Pe3ybTaTy EKCIEpUMEHTY MPEACTaBIICHI B Tabmuui 3.4.

Tabnmuug 3.4 — Pe3ynbraTt €eKCIEPUMEHTY

JlnHamivyHuH KOE(DILIEHT TEPTS, fp

Ne mocminy ITOBTOPIOBAHICTH
Nel No2 Ne3

/ 2 3 4

1 0,32 0,325 0,33
2 0,27 0,28 0,285
3 0,325 0,33 0,315
4 0,274 0,275 0,271
5 0,358 0,351 0,357
6 0,28 0,34 0,32
7 0,342 0,36 0,354
8 0,311 0,306 0,298
9 0,307 0,304 0,2965
10 0,307 0,305 0,295
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[Tponos:xenns tadu. 3.4

] 2 3 4

11 0315 031 0,33
12 0,273 0,28 0,29
13 0,273 0,305 0,29
14 02875 0315 0,329
15 022 03 0,29

JluHaM14HME KOe(iLi€eHT TEPTS HA MOBEPXHI IIHEKA PO3PAXOBYETHCS 3a

(hopMyoK0:

=1k, (3.22)

1€ fs — IMHAMTYHUI KOE(DILIEHT TEPTS HA MOBEPXHI [WIIH/PA,

k1 — KoeilieHT, oo 3aJICKATh Bl MaTepialy MIHEKA 1 UJIIHIpA.

JUis HalO1IBII MOMMPEHOTO BUMAAKY mpuiimMaemo k1 = 1, ue o3navae, wio f
=f..

3a pe3ysibTaTaMu E€KCHEPUMEHTY OyJI0 OTPUMAHO PIBHSIHHS perpecti, 1o
aJICKBATHO OIMKCYE 3AICHKHICTh JMHAMIYHOTO KOE(DILi€HTA TEPTH fp, BI BIIHOIICHHS
KPOKY TBMHTOBOI JIONATI IIHEKA A0 30BHIMIHBOTO J1AMETPY, KPYTHOIO MOMEHTY B

KIHI[l 30HW 3aBAHTAXCHHS 1 TEMIIEPATYPUA CUPOBHUHU Ha BXOJ1 B EKCTPYAEP:

f, =0307-0,021-M,-0,014-1-0,0002-L/D-M_-1+00138-L/D" +
o/ : - 9, . : .
+0,0119- M +0,0121-¢ (3.23)

ae L/D, Mu, t — BIANOBIAHO BIJHOIICHHS TBHHTOBOI JIOMATl IIHEKA 0
30BHIIIHBOTO JlaMETPy, KPYTHUH MOMEHT B KIHII 30HM 3aBAHTAKEHHS 1
TEMIEPATypa CUPOBMHM HA BXOAl B EKCTPYACP NPEIACTABICHI B YMOBHHX
OJIMHULISIX.

JUts mepeBeNcHHs HATypaJlbHUX BEJIMYMH B YMOBHI OJMHUII HAaBEICHI

PIBHSIHHSL:
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LID=25-L/D'-2

M, =-0,4223-M' +1,5764

1=0,05-1"-2. (3.24)

Benmnuna#M 31 IITPUXOM HATYPaNIbHI.
BumiproBaHHs KpyTHOTO MOMEHTY Marepiaiy, IO MNepepoOseThes, 3a
JOMIOMOTOK)  LMIIHAPUYHAX HACAJOK HA KOPIYC €KCTpyaepa  JI03BOJISIE

PO3paxyBaTy BUHUKAKOUY HAMPYTY 1 LIBUAKICTE 3CYBY 3a (pOpMyIaMH:

r=M,/2a,R"); y=wR, /a, (3.25)

ne M, — kpyTHuil MOMEHT, H-M;

L; — NOBXKUHA 3a30DY, M;

)

@ — YacToTa 00EPTaHHA POTOPA, 3-1;
R; — BIACTaHb JI0 3a30pYy, M;

a — WIMPHUHA 3a30PY, M.

VY ekcTpyaepl Mpu CTajoMy peXKUMI WBUAKICTH Aedopmanii mocriiHa, 3

- 4
a'(
W

oraay Hamo A e M =11 =1 grpumaemo:

2

r=y-nl—e ™

(3.26)

TakuM 4YMHOM, CHOCTEPITAE€ThCS YITKMIA 3B'SI30K MK IIBHAKICTIO 3CYBY 1

AOTHYHHUM HAIIPY>KCHHAM.

. v=const, a 1.G
V Bupasi ‘ » 8 77,

BU3HAYAIOTHCA MO 3aJEKHOCTAX JOTHYHOIO
HANpPYy>KCHHS B1J1 3CYBY.
Hanpuknan, Ha pucyHky 3.4 npeactaBicHa 3aJICKHICTh JOTUYHOI HAMPYrd

BiJl IIBUJIKOCTI 3CYBYy NPW MOMEHTI B KIHII 30HW IJaBiaeHHs M, = 11,7 H-m,
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Temneparypi nepepodHoro marepiany /; = 105°C 1 yacToTi 00epTaHHs poTOpa W] =

.' — 1 ]
120 06/xB, oTpMaHa MpH MOCTIHH1I MBHIKOCTI 3CYBY et s ek :

240

220

2ooq s s s A L4 -
. \\ //

ey I
120 \ /
100 \
80 AN
60 / \\
I
20 /

ol

Jdornune nanpyxenus, klla

0 0,005 0,01 0,015 0,02 0,025 0,03
ey
A JliHis rpaHHYMHOIO IHAYCHHS ~—#— EKcnoHeHIHA 3a71¢/KHICTh

B PospaxyHkoBa 3a7€KHICTh Excrioneniniina (po3paxyHKkoBa 3a7IeAHICTE)

PucyHok 3.4 — 3aexHICTh JOTUYHOTO HAMPYKEHHS BiJl 3CYBY MPH MOMEHTI
B KIHI[l 30HW IUIaBieHHsS M,, = 11,7 H-Mm, Temneparypi marepiany, U0

nepepodsierbes £; = 105°C 1 wacToTi 00epTanHs poropa w; = 120 00/xB .

3 rpadika, MPEACTABICHONO HA PUCYHKY 3.4 BWAHO, 10 TPAHUYHE
(MAaKCUMAJIbHO MOSKJIMBE) HAMPYKCHHS 3HAXOJAUTHCS B  HE3AJIEKHOCTI  BiJl
BEWYUHM 3CYBY, o/l = 211,04 kl[la. Buxoasiun 3 €eKCOHEHIIIHOT 3aJIEKHOCTI 4 =
210,04; B = 1,6592. Toxai, 3 ypaXxyBaHHSIM TOr0, IO PEOJIOTTYHI BIACTUBOCTI
Marepiay, o NepepoOnseTbCcs OTPUMAEMO:

- B'SI3KICTh MPH MO3J0BKHBOMY MEepeOIry:
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A 2 :
7= s S =0,284«lla-c
* 743,75 ¢
¥ (3.27)

- MOyJ1b MPY>KHOCTI MPH MONEPEUHOi aedopmartii:

G=B-n-y=16592-74375-0.284 =350,5xlla, 3 5,

Sk mapameTpu, O BIUIMBAKOTh HA PEOJIOTIYHI BJIACTUBOCTI Marepiany, Lo
nepepoossieTbest, Oyau oOpaHi: KPYTHH MOMEHT B KIHIII 30HW TJIABACHHS (M),
yacToTa 0OEpTaHHs IIHEKA W, 1 TEMIIEpaTypa MaTepialy, mo nepepoossierbes (),
MIHJIUBI B MEXKaX:

56H-m<M, <168H - m;
6000 / mun < w, = 18000 / mun;

60"C <t, <120°C. (3.29)

JU1s BCTAHOBJICHHS! 3aJIE5KHOCT] PEOJIOTTYHUX XAPAKTEPUCTUK MaTepiay, o
nepepoONseThCs MPU EKCTPYAyBaHHI BlJ BEIMYMHU KPYTHOIO MOMEHTY B KIHI
30HM TUIABJICHHS, TEMIIEpATypy Marepialy, W0 NepepoOsIeTbes 1 KyTOBOI
IBUKOCTI 00epTaHHs [IHEKa OyB CKIaJACHHUH TPhOX(AKTOPHUN €KCHIEPUMEHT MO
KOMIIO3MI[IHHOMY OpTOroHansHoMy Iiany B®E 23 Ha mixcraBi pesyibTaTiB
EKCIIEPUMEHTY OTPUMAaHI PIBHSIHHS PErpecii Apyroro NopsaKy.

JlocnimkenHss OyJii BUKOHAHI B TPhOX MOBTOPHOCTAX JUIsl KOXKHOI TOYKH
EKCIIEPUMEHTY.

PiBHSIHHS perpecii MarOTh BUTIISL

7 =0283+0,0903- M_ —0,00442 - —0,00182 -1, —
~0,0045- M, -, —0,006- M, - @, -1, —0,0068- M.
G=3428+19,053- M +8507 -w,+4-M, -o, +

+ 8 2 A‘[”, ® (U) x ’l + 7,83 ’ A"[,j', b 8.756 $ ’? (3 30)
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JI€ BEMUYUHUA My, @, 1 TPEICTABIECHI B YMOBHUX OJMHUILSX.
Jlisi mepekiiay HarypaJibHUX BEJIMYMH B YMOBHI OJIMHUII HAaBEJCHI

PIBHSIHHSL:
M, =-0]1781-M! +2,044
w, =0,0167 - -2

t, =0,0333-7 -3 (3.31)

BenmnunaM 31 ITPUXOM HATYPANIbHI.

CkiageHl PIBHSHHS — 3aJ€KHOCTI  PEOJIOTIYHMX — XAPAKTEPUCTHK  BIJ
TEXHOJIOTTYHUX MapaMeTpiB TPOLECY EKCTPYAYBAHHS JO3BOJSIOTH HAWOIBII
NOBHO BpaxyBaTH OCOOJIMBOCTI Marepiany, 0 MepepoOsieTbCss B pO3pOOIICHI

MaTeMaTU4HIil MOIETI.

3.3. AHaJii3 BIANOBIAHOCTI PO3PAXYHKOBHX JAHUX €KCIIEPUMEHTAIBHUM

JUts aHamidy BIAMOBIIHOCTI PO3PAXYHKOBHX JAHMX EKCIIECPUMEHTAILHUM,
OPOBEIM CEPIK0 EKCIIEPUMEHTIB, IO CYMPOBOKYIOTECS BHUMIPOM KPYTHHUX
MOMEHTIB B KJIFOUOBHMX TOYKAX: B KIHII 30HW 3aBaHTakeHHs (Ha Biactani 0,08 m
BIJl 3aBAHTAXYBAJILHOTO MPUCTPOIO), B KIHIIl 30HM IJaBicHHs (Ha BiactaHi 0,3 M
BIJl 3aBAHTAXXYBAJBLHOTO MPUCTPOIO) 1 B 30HI M03yBaHHsS (Ha BijacTtaHi 0,6 M Bix
3aBAHTAXXYBAJIBHOTO MPUCTPOIO). [Ipn MpOBEACHHI €KCIIEPUMEHTIB, 32 OCHOBHUMA
napaMeTp, MO BH3HAYAE TEXHOJIOTIYHUI peXUM, Opai BIJHOLIEHHS KPOKY
IBUHTOBOI JIOMATI MIHEKA A0 30BHIMIHBOMY aiameTpy L / [D. BukopucroByBaimcs
TaKi TEXHOJIOTTYHI PEXUMH. CTaBJIECHHS KPOKY TBHHTOBOi JIOMATI IIHEKA [0
3oBHIMHBOMY qiametrpy 0.4, 0,8 1 1,2, Temmeparypa CHPOBMHM Ha BXOJI B
excrpyaep 40°C, yacrora odepranHs mHeka 120 00/xB.

KopekTHicTe  BIANOBIAHOCTI  pO3pOOJIEHOT  MaTeMaruyHoi  MOAEII
3a0e3neuyBajiacs 1ACHTHYHICTIO BUXIIHWUX JAHUX B NPOBEACHUX 1 UYMCEIBHHMX

CKCIICPUMCHTAXx.



45
ExcnepuMeHTaIbHI  AOCIIPKEHHST TMPOBOJMIM HAa MPEC-CKCTPyaepl 31

3MIHHUMH O€3MOCEepENHO0 B MpoIlEecl poOOTH MapamMeTpaMu IIHEKa. 3a
pe3yJibTaTaMu €KCIEPUMEHTIB OyayBajaucs rpadiku, 3 0JHOYACHUM HAHECEHHSM
PO3PaXyHKOBHUX 1 EKCIIEPUMEHTATLHUX JTAHUX.

Ha rpagiky 3.5 HaBencHi KpHBI KPYTHMX MOMEHTIB NPA BHPOOHMITBI
EKCTPYJOBaHUX KOPMOBHMX MpOAYyKTiB. KpuBi, moOyaoBaHi OCHOBHUMM JIHISIMH,
BIIOOP@KAIOTh EKCIIEPUMEHTAJIbHI 1aH1, & MyHKTUPHUMHU — OTPUMAaH1 MPH THX 3K

YMOBAXx 3a JOMOMOrOK0 MaTeEMaTHYHOT MOJENI.

100 A

MomenT, H'm

0 01 02 0.3 04 0.5 0.6 07

Bixcrane Bil 3aBaHTAKYBAILHOIO NPHCTPOIO 10 BAMIPIOBAIBHOIO €/IEMEHTY, M
w12 —&— 'n —o— 2a —e— b & 3a - 35
Pucynok 3.5 — 3MmiHa KpPyTHHX MOMEHTIB B TNPEC-€KCTPYIEpl NpH

BITHOIIIEHH1 KPOKY TBMHTOBOI JIOMATI NIHEKA A0 30BHIMIHBOMY aiameTpy 0.4, 0.8,
1,2, wactoti oOepranHs wmHeka 120 00/xB 1 TeMmmeparypl CUPOBMHM HAa BXOHl B
exctpyaep 40°C: la, 16 — BenuumHa KpyTHOro MomeHnty npu L/D = 0,4; 2a, 20 —
BEIMYMHA KPYTHOro MomeHty npu /D = 0,8; 3a, 30 — BenuuMHAa KPYyTHOTO

MOMEHTY nipu /D = 1,2
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[TopiBHIOKOUYM EKCIIEPUMEHTAIIbHI J1aHl 3 pe3yJibTaTaMud MOJCTIOBAHHS,
MOKHA 3POOMTH HACTYMHWH BHCHOBOK. E€KCHEPUMEHTAIbHI 3HAYEHHS KPYTHHX
MOMEHTIB B KIHII 30H 3aBaHTaXXEHHs Mi, nnaBneHHs Mni 1 no3yBaHHs Mo
BIIPI3HSAIOTHCA BiJ PO3PAXYHKOBHX B KOXHIH TOUll HE Oinplie HiXK Ha 3-5%, mo
3a10BOJIbHSIE HEOOXI1THIH TOYHOCTI MOJCTFOBAHHSI.

3 4oro ciig 3p0OUTH BUCHOBOK, IO TEOPETHUYHI PO3PAXYHKH IMiATBEPIKEH]
EKCIIEPUMEHTAIBHO, & PO3po0JeHa MaTeEMAaTHYHA MOJEIb JOCUThH J00pEe OmHMcye

peaJIbHUIA MPOIIEC EKCTPY3Ii.

BucHoBku

1. TeopeTruHO OOIPYHTOBAHO MPOMOHOBAHA KOHCTPYKIIS MPEC-EKCTPyAepa
JI0 3MIHHMX 0€3M0CEePEIHBO B MPOLECI pOOOTH MapaMeTpiB MIHEKA. J{J1s1 3HUKEHHS
€HEProEMHOCTI Ta MIABUILCHHS SKOCTI €KCTPYJOBAHMX KOPMOBHX MPOAYKTIB €
JOUITbHUM BHKOHATH IMHEK MPEC-EKCTPyJepa A0 3MIHHMX O€3MOCEPEeNIHbO B
nporeci poOOTH KPOKOM 1 KyTOM HaxWily BHTKIB B 30HI 3aBAHTAKCHHS 1
TUTABJICHHS, 4 TAKOK BCTAHOBUTH MPHUCTPOI AJIsl BAMIPIOBAHHS KPYTHUX MOMEHTIB
B KIHII 30H 3aBAaHTAOKCHHS, IUIABJICHHS 1 JO3YBaHHs, s 3a0€3MEYCHHS
OMEPATHBHOTO KOHTPOJIKO SIKOCTI.

2. BcTaHOBIICHO, 1O /s MPOMOHOBAHOI KOHCTPYKIIi Mpec-eKCTpyaepa 3
BHYTPILIHIM 1aMETPOM IIHEKOBOi Kamepu Dj. = 0,06 M 1 poOOUYOK TOBXHHOKO
mHeka Hp . = 0,65 M JOUUTBHO BCTAHOBUTH MPUCTPOI IJI1 BAMIPIOBAHHST KPYTHUX
MOMEHTIB Ha Bijctadi 0,08 m, 0,3 M 1 0,6 M Bij1 3aBaHTaKyBAJIbBHOTO MPUCTPOIO.

3. OTpuMaHO PIBHSHHS PErpecii, O OMUCYIOTh 3AJICKHICTh JTUHAMIYHOTO
Koe(ilieHTa TEPTSA BiJ BIAHOLICHHS KPOKY T'BMHTOBOI JIOMATI LIHEKA, KPYTHOTO
MOMEHTY B 30H1 3aBaHTAKCHHS 1 TEMIEPATYPU CUPOBMHH HA BXOJI B EKCTPY IEP.

4. B pesynprari aHamily  BIANOBIAHOCTI  PO3PAXyHKOBUX  JaHHMX
EKCIIEPUMEHTAIbHUM BCTAHOBJICHO, LI0 BIACOTOK BIAXWJICHHS MAaTEMaTHYHOI

MOJEIII BiJl EKCIEPUMEHTANIBHUX JaHUX CKJIaB 3-5%, 110 3aI0BOJIbHSE HEOOXITHINA
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TOYHOCTI MOJCITFOBAHHS. TeopeTnuni PO3paxXyHKH 1 ATBEPKEH]
EKCIIEPUMEHTABHO, a pO3po0JIeHa MaTeMaTUYHA MOJENb JOCUTH H00pE OMUCYE

peaJIbHUIA MPOIIEC EKCTPY3Ii.
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PO3JILI 4

PEKOMEHJAIII II[OI0 MPAKTIUYHOI PEAJII3AIIIL PO3POBOK

4.1. Exojioriuyna ekcneprusa po3podok

Ekonorivuna excneprusza B YKpaiHi — BAJ HAYKOBO-MPAKTAYHOI A1SUTBHOCTI
CHCLIATBHO  YMOBHOBAXCHHUX  JEPKABHUX  OPraHiB,  E€KOJIOrO-€KCIIEPTHHUX
(dopmyBaHb Ta OO'€OHAHb TPOMAISAH, WO TIPYHTYETHCA HA MDLKTAITY3€BOMY
€KOJIOTTYHOMY JIOCJII/DKEHHI, aHal31 Ta OUIHLI MEPEANPOEKTHUX, MPOEKTHHUX Ta
HIIAX MaTepiaiiB ud 00'€KTIB, peai3alis 1 Ais SKMX MOKE HETaTWBHO BIUIMBATH
a00 BIJIMBAa€E HA CTaH HABKOJMIOHBOTO MPUPOJHOTO CEPEAOBHMINA Ta 3I0POB’S
JIOACH, 1 CIpsAMOBAHA HA MIATOTOBKY BUCHOBKIB MPO BiAMOBIAHICTh 3aINTAHOBAHO1
Yl 3A1MCHIOBAHOI AISUTBHOCTI HOPMaM 1 BMMOraM 3aKOHOJABCTBA MPO OXOPOHY
HABKOJIMIIHBOTO TMPUPOAHOIO CEPENOBMINA, PALIOHAIBHE BUKOPHCTAHHSA U
BIATBOPEHHS IPUPOIHUX PECYPCIB, 3a0€3NEUCHHS EKONIOTTYHOT OC3MEKH.

MeTor €KOJIOTIYHOi €KCIEPTU3M € 3ano0iraHHs HETaTMBHOMY BIUIMBY
AHTPOMOreHHOI JISUIBHOCTI HA CTaH HABKOJIMIIHBOTO MPUPOAHOIO CEPEIOBHINA Ta
3/I0POB'Sl JIFOACH, a TaKOK OI[IHKA CTYNEHS €KOJIOTiYHOI O€3MEKU rocnoJapChbKoi
JISUTBHOCT1 Ta €KOJIOTTYHOI CUTYaL(li HA OKPEMUX TEPUTOPISIX 1 00'€KTax.

O0’ekTH, Cy0’€KTH, BUM €KOJIOTIYHOI €KCHEPTHU3H BHUCBITIEHH] Y 3aKOHI
VYxpainu «IIpo exonoriuny ekcieptusy» (9.02.1995p.).

Ekonorivna excriepruza Moxe OyTH JE€p’KaBHA, TPOMAJIChKA Ta THIIA.

JlepkaBHAa €KOJIOTIYHA  €KCIEpTU3a  MPOBOJUTHCS  EKCIICPTHHUMH
M1PO3ALIaMHU Yl  CHENIaIbHO  CTBOPIOBAHUMHU  KOMICISIMH  CHEIAJbHO
YHOBHOB@KEHOTO LEHTPAIBHOIO OPraHy BHKOHABYOi BIAJAM 3 IMHTaHb €KOJIOTIi
Ta MNPUPOJHUX PECYPCIB Ta MOro OpraHiB Ha MICISIX HA OCHOBI MPHUHIIUAIIB
3aKOHHOCTI,  HAYKOBOi  OOIPYHTOBAaHOCTI,  KOMILJIEKCHOCTI, HE3aJIEKHOCTI,

IJIACHOCTI Ta IOBFOCTPOKOBOT'O MPOTHO3YBAHHS.



49

JUia ydacTi B MPOBEACHHI JIEP>KABHOI E€KOJIOTIYHOI €KCIEPTH3U MOXYTh
3a]Ty4aTucsl BIAMOBIIHI OPraHu ACPXKABHOTO YNPABIIHHS YKpaiHU, TPEICTaBHUKA
HAYKOBO-AOCHIIHAX,  NPOEKTHO-KOHCTPYKTOPCBKMX,  IHIIMX  YCTAHOB  Ta
Oprasizaiiii, BHIIMX HABYAJIbHUX  3aKJIaJiB, TPOMAACHKOCTI, E€KCHEPTH
MDKHAPOJHUX OPTaHi3allii.

BHCHOBOK JAep:KaBHOI €KOJIOTTYHOI E€KCIEPTH3W MICHs  3aTBEPIKCHHS
CHELIATBHO  YMOBHOBAKCHUM  LEHTPAJBHUM  OPraHOM BHKOHABYOi BJIAIU 3
NUTaHb €KOJIOTI Ta NPHPOJHHUX PECYPCIB € OOOB'SI3KOBUM JUIsi BAKOHAHHS.

[To3nTUBHMI BHCHOBOK JACPXAaBHOI €KOJIOTIYHOI  EKCIEPTH3U €
N1JCTABOKO JUIsl BIAKPUTTS (PIHAHCYBAHHS BCIX TPOrpaM 1 MPOEKTIB.

Peanizanis nporpam, MpPOEKTIB 1 pillicHb 0€3 MO3UTHBHOIO BUCHOBKY
JIEP>KaBHOI €KOJIOTTYHOT €KCTIEPTH3U 3a00POHSIETHCS.

['pomMajachka €KOJOTIYHA  EKCOEPTM3a  3AIACHIOETBCS  HE3AICKHUMHU
rpynamy CHEHIAJIICTIB 3 1HII[IATUBA IPOMAJICHKUX 00'€IHaHb, a TaKOXK MICHEBUX
OpraHiB BIaJM 3a PAXYHOK iX BJIACHMX KOIWITIB a00 Ha rPOMAIChKMX 3acajiax.

['pomMajachbka €KOJIOTIYHA €KCHEPTU3a  MPOBOAUTHCS  HE3AICKHO  BiA
JEPKaBHOI €KOJIOTTYHOI EKCIIEPTH3H.

BucHOBKM TpoMaaChKO1 €KOJIOTTYHOT SKCHepTu3n MOXYTh
BPaxOBYBaTUCS opraHamu, Kl ~ 3IIACHIOIOTH  JCPXKaBHY  E€KOJIOTTYHY
EKCIEPTH3Y, A TAKOK OpPraHaMM, [0 3aIHTEPECOBAHI Yy peai3auii NPOEKTHUX
piteHb a0 EKCIUTYaTYOTh BIAMOBIIHUH 00'€KT.

[HIII  €KONOriYHI  EKCIEePTH3U MOXKYTh 31CHIOBATUCS 3a
HI[IaTUBOKD 3AlHTEPECOBAHUX HKOPUAWYHMX 1 (PI3UYHUX OCI0  Ha JOTOBIPHIi
OCHOBI 13 CHEMIATI30BAHUMH €KOJIOT0-€KCIIEPTHUMH OpraHamu 1 OpMyBaHHIMH.

3aBAAHHSAM €KOJIOTTYHOI EKCIIEPTU3H €:

a) BHM3HAYCHHS CKOJIOTIYHOI O€3MEKM TOCNOJAPIOBAHHSA Ta 1HIION
JUSUTBHOCTI, SIKa MOK€ HHUHI a00 B MailOyTHbOMY MpsMO ald0 MOCEPEIHBO

HCIaTUBHO BIUVIMHYTH HA CTaH HABKOJIMIIHLOI'O CCPCAOBUIIA,
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0) BCTAHOBJICHHS BIAMOBIAHOCTI TMEPEANPOEKTHUX, NEPEATUIAHOBUX,
NPOEKTHUX Ta IHIIMX PIIMICHh BHMOTaM 3aKOHOJABCTBA TMPO OXOPOHY
HABKOJIMIITHBOTO CEPEAOBULIA,

B) OLIHKA MOBHOTH i OOIPYHTOBAHOCTI mepeadavyyBaHUX 3aXOJIB IIOAO
OXOPOHHM HABKOJIMIDHBOTO MPHUPOJHOTO CEPEIOBHINA TA 3J0POB'S HACEJICHHS, sSKa
3OIACHIOETEC ~ MIHICTEPCTBOM ~ OXOPOHHM  HABKOJIMIIHBOTO — MPUPOJHOTO

CEPEIOBHILA PA30M 13 MIHICTEPCTBOM OXOPOHM 30POB'S YKpaiHU.

4.2. Oxopona npaui

OxopoHa mpami B HamNid KpaiHi OXOIUIKOE 3aXO0Jd MO MOJATBLIOMY
MOJICTIICHH] YMOB Tpalll HA OCHOB1 MEXaHi3allii BaXKKUX 1 IIKIJIABUX BUPOOHUUMX
MPOLECIB, MUPOKOMY BIPOBA/PKCHHIO CYYacCHMX 3ac00IB  OXOpOHMW  Mpalll,
YCYHEHHIO MPUYHH, 110 MOPOKYIOTh TPaBMAaTH3M 1 Mpo(eciiiHi 3aXBOPHOBAHHS
poOITHHKIB. BOHA TICHO MOB’sA3aHa 3 yMOBaMH Iparil.

Oxopona mpami Ta Oe3neka B HAA3BHYAWHUX CHUTyalisX B yMOBax
CUIBCBKOTO BHUPOOHMIITBA — BAXJIMBE 3aBJAHHS, BHPILICHHS SKOrO 3a0e3MeunTh
HOPMaJIbHI YMOBH Mpall NpaliBHUKAMH CLIBCBKOTO rocnojapcersa. Lle 3axoam mo
NOJAlbIIOMY  MOJIMIIEHHKO 1 O3JOPOBJIECHHIO YMOB Ipali, IIAPOKOMY
BIPOBA/KCHHIO CYyYaCHUX 3ac001B OE3MEKH, YCYHEHHIO MPUYWH, O MOPOKYOTh
TpaBMaTH3M, CTBOPEHHIO HA BHUPOOHMLTBI HEOOXIAHHUX TITEHIYHHUX 1 CaHITApHO-
no0OyTOBUX YMOB.

Koxxna monuHa 1, Oe3mepedHo, JIIoAWHA 3 BUIIOK OCBITOK) MOBHHHA
YCBIIOMJIKOBATH BAKIIMBICTh MUTAHb YHUKHEHHS PU3UKIB Y JKUATTI Ta MpaL(l.

VYkpaiHa B OCBITHBOMY IJIaH1 MpUEAHATIACA 10 €BPONEHCHKOI Mporpamu
HaBuyaHHs 3 pu3nkiB FORM-OSE. be3neka >kutts Ta npaiii ¢borojHi GopMyeThCs
K MeraHayka, 0e3 sSKOi JIFDJICTBO MPUPEUYCHE Ha 3HAYHI BTPATH.

YMOBHM Mparll — [1e CKJIaJHe 00’ €KTHUBHE CYCHUIBHE SBHILE, IO (POPMYETHCS
B MPOLECT TPYJAOBOi JISJIBHOCTI TMiJi BIUIMBOM B3a€MOIMNOB’s3aHUX (DAKTOpIB

COLIATPHO-€KOHOMIYHOTO  XapakTepy, sKI  BIUIMBAKOTH  HA  3J0POB’A,
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NPALE3AATHICTD JOAUHM, HA 11 BIIHOWMIEHHS A0 Mpall Ta CTYMiHb 3aJOBOJICHHS BiJ
HEl, Ha €(DEKTUBHICTh MpALll Ta 1HII €KOHOMIYHI PE3yJbTaTH BUPOOHHUITBA. BoHM
XaPAKTEPU3YIOTHCS  OI[ITHOYHMMM TMOKA3HUKAMM MIKPOKJIIMATy, HasSBHICTIO B
po6oulil 30H1 WKIATUBUX Ta HEOE3NEUHUX BUPOOHUYMX (PAKTOPIB, MCUXOPIZUUHUM
T4 €ECTCTUYHUMH €IEMEHTAMH I1S7IbHOCTI TPALIBHUKIB TOCMIOIAPCTBA.

OxopoHa KUTTA Ta 30POB’Sl TPOMAJISH Y POLEC] iX TPYIOBOI MISTIBHOCTI,
CTBOPEHHS OE€3MEYHUX TA HEWIKIAJIMBUX YMOB Mpalll € OJHUM 3 HAaHBAKIMBIIIAX
JEPKaBHUX 3aBJaHb. YCIIIIHE BHUPIMICHHS LbOTO 3aBJAHHS 3HAYHOK MIPOKO
3QICKUTh BIJ HAICKHOT MIATOTOBKM (PaxiBUIB YCIX OCBITHBO-KBATI(PIKaIAHUX
PIBHIB 3 MUTaHb OXOPOHU MTpalli.

3 Yacy BMHHMKHEHHS JIOACBKOT LMBLMI3alli KOXKHA JIFOAMHA a0ajia IMpo
BJacHy Oe3neky Ta 0e3MeKy CBOIX OJIM3bKUX TaK Camo, sIK 1 JIOJCTBY JTOBOJUIIOCH
n0atu npo Oe3meKy CBOro iCHyBaHHS. JIFOAChKa IUBLIIZALIS AOCATAE BCE OUIBIIOT
MOTYTHOCTI, a mpobnema Oe3meku ii 1CHYBaHHs CTAa€ BCE OUIBII TOCTPOKO.
AKTyalbHICTh MPOOJIEMH OXOPOHH Mparll Ta OE3MEeKN B HAA3BUYAMHUX CUTYallIsIX B
CBITI 3HQYHO 3pOCJ/Ia HA MOYATKy TPETHOTO TUCAYOMTTS. ChOroHi s npodiema
CTajla MPIOPUTETHOKO JJIsl CBITOBOI UBLTI3allli.

OCHOBHMMH TEXHIYHUMH 3aC00aMU OXOPOHH Mpalll € 3aXUCHI MPUCTPOI.

Jlia 3ano0iraHHs 3aXOIUICHHS, yAapy poOOYMMH MEXaHI3MaMH BCi BUAM
nepenay pi3HUX BEPCTATIB 1 YCTAHOBOK, sIKI BUKOPUCTOBYIOTHCS MPU BIHOBJICHH]
r'JIb3 1 HAHECCHHI MOKPUTTIB MOBUHHI MaTH OTOPOJKYBAJIbHI MPUCTPOI - KOKYXH,
UIUTH, CKPaHH, KO3UPKH, MUIAHKK, Oap'epu (CyUIbHI Ta CITYACTI).

Kpim TOro 3actocoByrOTh: OJIOKYBaJIbHI MPUCTPOi (MEXaHI4HI, EJICKTPOHHI,
€JICKTPUYHI, MTHEBMATHYHI, T1PaBIIYHI), MPUCTPOi, A0 AKAX BIIHOCITHCS CUCTEMHU
3aXUCTY BiJl YPAXKCHHS €ICKTPUYHUM CTPYMOM, IPUCTPOi CUTHATI3aLLli.

Jlnas  Oe3meku  ekcityarauii OpA  HOPMAJIBHOMY — PeXumi  poOoTH
€JIICKTPOYCTAHOBOK HEOOX1THO 3a0€3NEYUTH 3aXUCHE 3a3CMJICHHSI.

[Tpu BUSIBNEHH] HATPIBY TEPTHOBUX JAETAICH, OB rapy ado AMMY BEpCTar
NOTPIOHO HEraHO 3YMWHWUTH 1 NPUCTYNUTH 10 TaCiHHS TMOKEXKI HAABHUMHU

3aco0amMM, BHKIIMKATH TMOKEKHY KOMaHAy. JIBUTryH, I[mo 3aropieBcs, ado
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€JICKTPOMPOBOJIKY HEOOXITHO TacUTH CYXUM TNICKOM a00 BOTHETaCHUKOM
(BYIJICKMCIIOTHAM a00 MOPOIKOBUM). [IpyM 3HaYHOMY MOIIMPEHHI MOKEXK1, KOJIH
HOro He MO>KHA JIIKBIyBaTH HAsSBHUMH HA OUISHII 3aco0amu, pOOITHUKH OyayTh
€BAKYIOBATUCS YEPE3 3a3AAJIET1Ib EPen0aueHy HEOOXIHY KIJIbKICTh TBEPEH.

PoGora 3 peuoBMHAMH CTBOpHOE HEOE3MEKY OTPY€EHb, OMIKIB Ta
npo(eciiHuX 3axBOPIOBaHb. BAWXaHHS WIKIUIMBUX PEYOBHMH NPHU3BOJIUTH JIO
YPOKEHHS BEPXHIX TUXATbHUX LUISIXIB 1 3arajlbHOTOKCUYHOTO BILIMBY. [lomananus
KHACIOT 1 JYTriB Ha IWIKIPY MOXE BHKIMKATH TNOJApa3HeHHs abo omik. Tomy
HEOOX1/IHO MPAIFOBATH B CHELAIbHINA 3aXUCH1 (opmi.

[Topsm 3 XIMIYHEMH HEOE3MEUYHUMHM 1 IIKIUIMBUMH  (pakTopamu
TEXHOJOTTYHUHA TPOLEC XAPAKTEPH3YEThCA 1 (PISUYHMMHU (PAKTOpPaMH: ILIyMOM,
BIOpaLi€r0, 3aAMAIEHICTIO TA 1H.

[1{o6 3aXUCTUTH MPALIOOYMX BiJ 3aMUAJIEHOCTI, IIyMy 1 BiOpamii moTpiOHO
BCTAHOBUTH B MPHUMILIEHH] BEHTHISLIIO, KOHAUIIIOHEPH, 3BYKO130JIFOI0U1 KOXKYXH,
€KpaHu, CTIHU, MEPETUHKHU, SIKI BUTOTOBJISIOTH 13 UIUIBHOTO Marepiay.

Tako>x U1sl TpaLiBHUKIB MOBUHHI TPOBOJAUTUCH BC1 MOTPIOHI IHCTPYKTAXI 1
HABYAHHS 3 OXOPOHM IpalLll, MOBUHEH OyTH >KypPHAIT 3 MPOBEACHHS 1HCTPYKTAXKIB, 3
BIIOBITHAMH 3aMITKAMH.

Beske mopylieHHS aHAIITUYHOI LIJIOCTI opraHizMy abo HWOro QyHKmin
BHACJIIIOK NI Ha JHOAMHY, A1l OyJb-IKOro HeOE3MeyHoro (akropa BU3HAYAETHCS
K TPaBMa.

AHani3 HeOE3MEYHUX YMOB, SIK1 ICHYOTh Y BUHUKAKOTh O€3MOCEPEIHBO HA
BUPOOHUITBI MOKA3aB, 10 X MOKHA NOJIIMTH HA TPYTIH, SIKI:

- XapakTepu3yrTh CTaH a00 PIBEHb HEOE3NEKW BUPOOHUYOrO OOJIaIHAHHS
a00 MeBHOro poOOYOro Miclsl, KOHCTPYKTUBHI HEAONIKA KOHKPETHOTO BY37a YU
MAaIIHHU,

- CNOHYKAKTh MPALIOYOro IOMYyCKAaTH MOMWIKH Y Mpoueci poOOoTH,

HU3bKa KBATI(IKALlls MPALFO0YOTO Ta PIBEHb 3HAHb 3 OXOPOHH Mpalll;



53

- CTBOPIOKOTh MOKJIMBICTh TPOHUKHEHHS MPALIOI0YOr0 Y HEOE3MEUHY 30HY
B HACJIJOK BIACYTHOCTI BIAMOBIAHOTO KOHTPOJIIO 3a AOTPUMAHHSM MpaBWI 3
OXOPOHH ITpalll, Ta 1HUII.

Y po3nial OXOpOHW mMpail MNPEACTABJICHWM aHaji3 3arajbHUX MHUTAHb
OXOPOHU Tpalll, pO3MJISIHYTO OCHOBHI MIK1/UTAB] (DAKTOPH, [110 BUHUKAIOTH B Ii]T Yac
TEXHOJOTTYHOTO MPOLECY Ta iX BIUIMB HA OPraHi3M JIFOJWHH, 3aMPOINOHOBAHO
3axX0u [T 3a0€3MEUEHHS] HOPMAJTbHUX YMOB Tpalil:

1) nns 3a0e3neueHHst Oe3neku OOJaJHAHHS 3alpOMOHOBAHI 3aXMCHI 1
OrOpOJKYBAJIbHI MPUCTPOT,

2) aud  BUKIKOYCHHS YPAKCHHS CIEKTPUYHAM CTPYMOM  HEOOXIIHO
3aCTOCYBAHHS 3a3EMITFOKOUMX TPUCTPOIB,;

3) and 3axucTy Bl HEOE3NECYHMX XIMIYHUX PEYOBUH — BUKOPHCTAHHS
CHELIAIBHOTO 3aXUCHOTO OJIATY

4) nas 3MEHIICHHS 3alMWICHOCTI — BUKOPUCTAHHS BEHTWIALID, IS

3MCHILIEHHS IIyMYy 1 BiOpalliif — 3ByKO130JIF0K0Y1 3aCO0H.

4.3. TexHiKo-eKOHOMIYHE OOIPYHTYBAHHSA PO3POOOK

Y pobori Oynu mnpoBeAcHI BUOPOOYBaHHsS, CIPSMOBAHI HA BHBYCHHS
€(PEKTUBHOCTI MPOLECY BUPOOHUITBA E€KCTPYAOBAHWX KOPMOBHMX MPOIYKTIB Ha
PO3POOJICHIN 1 CTaHAAPTHIA KOHCTPYKIIli Mpec-€KCTpyaepa, s 4oro OyJio
IPOBEACHO EKCTPYAYyBaHHS 3€PHOBOI CyMIllll B CKJIAJIl SIMMEHIO, MIIEHUII] 1 BIBCA 3
OTPUMAaHHSM KIHLIEBOTO KOPMOBOTO MPOIYKTY.

Buxiani nasi.

Jlo6oBa MOTY>KHICTH BUPOOHUIITBA KOPMOBOTO MPOAYKTY MPH 8 TOJMHHIA
poGorti nexy cknane Kr = 2480 kr (3 uux K!'r = 248 xr muenuni, K7 = 1736 xr
sumento, K7 = 471 xr Bisca i K% = 24,8 kr coji) — KOPMOBOIO IPOLYKTY
€KCTPYI0BAHOIO 3a CTAHJAPTHOK TeXHOOricro abo Ky = 2880 xr (3 mux Ky =

288 xr muennui, K2 = 2016 kr sumento, K’ =547 kr Bisca i K’ = 28,8 kr comi) —
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KOPMOBOTO MPOAYKTY, EKCTPYIOBAHOIO N0 3aMPONOHOBaHIi TexHonorii. [1nanoBy
YUCENBHICTh MPAIIOI0UYUX CTAHOBIIATH 4 JIFOAWHM, 3 HUX 3 JTHOJUHU - pOOITHUKH, |
moauHa - [TIL. Jlng BUpOOHMITBA KOPMOBOrO MPOAYKTY 32 MPOMOHOBAHOKO
TEXHOJIOTIER0, HEOOX1THO BUTOTOBJICHHS IIHEKA JUTsl TPEC-CKCTPy Aepa (OP1EHTOBHI
BuTpatu 70 TUC. TPH.). BapTiCTh peluTH yCTaTKyBaHHS, 3 IKOTO CKIIAAA€ThCS JIHIS,
cknazne / =1500 tuc. rpH.

Butparu Ha cupoBUHY:

a) CTaHapTHA TEXHOJOT IS

[Tmenuns: pivHa BUTpaTa
P.=J-K,. (4.1)
P! =236-248=58528xke .

Butparu Ha 1 Tomy C;=7Tmc. rpH. 3 ypaxyBaHHAM BHTpaT Ha

TPAHCIIOPTYBAIBHO-3ar0TIBENIbHI  POOOTH pivyHA BapTICTh MINEHUIl CKJIAAC

397.,4 TUC. TPH.
Sluminb: piuna eutpara Py = 2361736 = 409696xz .

Butparu Ha 1 Tomy C;=5Tmc. rpH. 3 ypaxyBaHHAM BHTpaT Ha

TPAHCIIOPTYBAIBHO-3ar0TIBENIbHI  POOOTM  piduHA BapTICTh  SYMEHIO  CKJIAJAC

1987 Tuc. rpu.
Osec: piuna Butpara P = 236-471,2=111203xz.

Butpatu Ha 1 Ttomy C;=3Tuc. rpH. 3 ypaXyBaHHAM BHMTpaT Ha

TPAHCIIOPTYBAIBHO-3arOTIBENIbHI ~ pOOOTHM  piYyHA  BapTICTh  BiBCA  CKJIAAC
431,46 Tuc. rpx.

Cinb: piuHa BUTpara

P} =(P}+ P} +P})-1/100. (4.2)

Py =(58,528+ 409,696 +111,203)-1/100=5,8m
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3 ypaxyBaHHSIM BHUTPAT Ha TPAHCHOPTYBAJIbHO-3aroTiBENIbHI POOOTH pidHA
BapTICTh COJII CKIaae 56,2 THC. TPH.

3aranbHi BUTPaTH
B,=B,+B;+B, +B,. (4.3)
B, =397,4+1987+ 431,46 + 56,2 =2872,06 Tuc. rpa.

a) 3aPOIMOHOBAHA TEXHOJIOT IS

[Tmenuns: pivHa BUTpaTa
P, =J-K,. (4.4)
P, =236-288=67968xe.

Butparm mHa 1 Tony C; =7Tmc. TpH. 3 ypaxyBaHHSAM BHTpaT Ha

TPaHCIIOPTYBAIBHO-3ar0TIBENIbHI pOOOTH plYHA BapTICTh MuieHWNl cknaae 461,5

THC. TPH.

Slamins: piuna sutpara P, = 236-2016 =475776xz .

Butparm mHa 1 Tomy C;=5Tuc. TpH. 3 ypaxyBaHHSM BHTpPaT Ha

TPAHCIIOPTY BAIBHO-3ar0TIBENbHI POOOTH pivHA BApTICTh SYMEHIO ckiane 2307.5

THC. TPH.

Osec: piuna Butpara P, = 236-547,2=129139,2kz.

3
Butpatn wa 1 Tomy C;; =3Ttuc. TpH. 3 ypaxyBaHHSIM BHTpaT Ha
TPAHCHOPTYBAIbHO-3arOTIBEJIbHI POOOTH piuHA BapTICTh BiBca ckiaae 501,06 Tuc.
IPH.

Cinb: piuHa BUTpara

Py =(P}+P; +P;)-1/100. (4.5)



56
Py, =(67.968+475,776+129,139)-1/100 =6, 7m.

3 ypaxyBaHHSIM BHUTPAT Ha TPAHCHOPTYBaJIbHO-3aroTiBENIbHI POOOTH pivHA

BapTICTh COJII CKIIaae 65,3 THC. TPH.

3aranbHi BUTPaTH

B,=B,+B.+B, +B} (4.6)

B, =461,5+2307,5+501,06+ 65,3 =3335,4 tuc. rpn.

Bceroro 3arpar Ha BAPOOHUIITBO €KCTPYIOBAHUX KOPMOBHUX TOOABOK:

a) CTaHapTHA TEXHOJOT IS

B, =3, +1,+A.+1,, +E,. (4.7)

ne 3;; — BUTPATH HA 3apoOiTHY IIaTy, IPH.

I', —BUTpaTH HA BUIUIATY Ha COIliaJIbHI BipaxXyBaHHS, IPH.
A, — amopTu3aliiiai BijpaxyBaHHs, TPH;

I’y — BUTpaTH Ha BONY, T'PH;

E,, — BUTpaTH Ha ENEKTPOCHEPTIIO.

B,, =2872,06 +1632+300+5,27 + 49,56 = 4858.89 Tuc. rpH.

0) 3anpONOHOBAaHA TEXHOJIOTIS

B,,; =3335,4+1632+308+6,12+47,2=5328,8 THC. TPH.

Co01BapTICTh TPOAYKLII:

a) CTaHapTHA TEXHOJOT IS

L (4.8)



57
 4858,89
" 236-2,48

»O THUC. TPH.

0) 3anpONOHOBAaHA TEXHOJIOTIS

53289
" 236-2,88

»O THC. TPH.

ExoHOoMiuHa €()EKTUBHICTD

a) CTaHapTHA TEXHOJOT IS

i
PII, = H—Tloo. (4.9)

T
| 2434,076

_ 100 =33, 40,
"= 7729.966 .

0) 3anpONOHOBaHA TEXHOJIOTIS:

 3476,36
T 8805.16

>

100=39,59,

OtpuMaHi pe3yJIbTaTd €KOHOMIYHMX PO3pPaxyHKIB 1 JaHi €(EKTUBHOCTI
3aCTOCYBAHHs E€KCTPYJOBAaHMX KOPMOBHMX IMPOAYKTIB, CBIAYATh MPO €KOHOMIYHY
e(peKTUBHICTh BUPOOHMITBA. Tak 3aMiHa YaCTUHU PALIOHY MOJOIHSKY BEITUKOI
poraroi XyaoO0M KOPMOBHM TNPOAYKTOM, €KCTPYIOBAaHMM HA CTAaHJAPTHIA 1
PO3POOJICHOT  KOHCTPYKINi, JO03BOJIMJIA 3HU3UTH COOIBAPTICTH BHPOOHMIITBA
NPUPOCTY >kKUBOi Mack Ha 4,2% 1 6,8% 1 30uTbIMTH TPUOYTOK HA 298.7 1463,6 rpH
Ha T'OJIOBY BiAMOBIIHO.

[Tpu 3amiHl yacTuHU paniony BPX KOpMOBHM MPOAYKTOM, €KCTPYAOBAHUM
Ha PO3poOJICHIM KOHCTPYKINi Ha 2,5% 3HUKYEThCA COOIBAPTICTh BUPOOHHUIITBA
OPUPOCTY KMBOi Macu 1 301IbLIYEThCS NPUOYTOK Ha 165 I'pH. HaA TroOJIOBY, Ha

BIIMIHY B1Jl KOPMOBOT'O IPOAYKTY, €KCTPYAOBAHOIO HA CTAHAAPTHII KOHCTPYKIIII.
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BucHoBku

[IpoBeneHa €KOJOrIYHA EKCOEPTHU3a CBIQUATH, LIO0 3amPONOHOBAHA
KOHCTPYKI1s MOAPIOHIOBAaYa 3€pHA UIsl OTPUMAHHS KOMOIKOPMY € O€3MEYHOK0 AJIst
HABKOJIMIITHBOTO CEPEAOBUIIA.

BukoHaHO aHami3 yMOB BUHHMKHEHHS 1 PO3BHTKY TpaBM 1 aBapiil, anms ix
YCYHECHHSI 3alPOMOHOBAHI HACTYIHI 3aXOAW. BCTAHOBJICHHSI 3aXWCHUX IIHUTKIB,
OJIOKYIOUMX MPUIAIIB, 3a3€MJICHHS MPU POOOTI 3 METAT000POOHUMU BEpCTaTaMH,
BUKODUCTAHHS CHELOJATY JJIi NPUTOTYBAaHHS  TEXHOJOTIYHMX  PO3YMHIB,
POBEIACHHS PETYIISPHUX IHCTPYKTAXKIB 3 TEXHIKM OC3MEKH.

[Tpu 3amiHl yacTuHM paniony BPX KOpMOBHM MPOAYKTOM, €KCTPYAOBAHUM
Ha PO3poOJICHIH KOHCTPYKINi Ha 2,5% 3HUKYEThCA COOIBAPTICTh BUPOOHUIITBA
OPUPOCTY KMBOi Macu 1 30UIbLIyeThCS NPUOYTOK HA 165 TpH. HaA TroOJIOBY, HA

BIIMIHY B1Jl KOPMOBOTO POAYKTY, €KCTPYAOBAHOIO HA CTAHAAPTHIM KOHCTPYKIII].
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3AT'AJIBHI BUCHOBKHA

1. TeopeTuHO OOTPYHTOBAHO MPOMOHOBAHA KOHCTPYKIIS MPEC-EKCTPyAepa
JI0 3MIHHMX 0€3M0CEPEAHBO B MPOLECI pOOOTH MapaMeTpiB MIHEKA. {151 3HKEHHS
€HEPrOEMHOCTI Ta MIABUIICHHS SKOCTI €KCTPYJOBAaHMX KOPMOBHX MNPOAYKTIB €
JOUITbHUM BHMKOHATH IIHEK NPEC-€KCTPyJepa A0 MIHIMBHX O€3MOCEPEIHBO B
nporeci poOOTH KPOKOM 1 KyTOM HaxWily BHTKIB B 30HI 3aBAHTAKCHHS 1
TUTABJICHHS, 4 TAKOK BCTAHOBUTH MPUCTPOI AJIE BUMIPIOBAHHS KPYTHUX MOMEHTIB
B KIHII 30H 3aBAaHTA&KCHHS, IUIABJCHHS 1 JO3yBaHHsA, Ui 3a0e3MeucHHs
OMEPATHBHOTO KOHTPOJIKO SIKOCTI.

2. BcraHOBIICHO, 1O A MPOMOHOBAHOI KOHCTPYKIIi Mpec-eKCTpyaepa 3
BHYTPILIHIM J1aMETPOM MIHEKOBOi kamepu D = 0,06M 1 poOOUOK0 TOBXKHHOKO
mHeka Hp.uw. = 0,65 M JOLUTBHO BCTAHOBUTH NPUCTPOi UIsl BUMIPIOBAHHS
KpyTHUX MOMEHTIB Ha Biactani 0,08 m, 0.3 m 1 0,6 M BiJl 3aBaHTaXXyBaJbHOIO
IPUCTPOKO.

3. OTpuMaHO PIBHSHHS PErpecii, IO OMUCYIOTh 3aJCKHICTh JUHAMIYHOTO
Koe(llieHTa TEPTSA BiJ BIIHOLICHHS KPOKY T'BHHTOBOI JIOMATI IIHEKA, KPYTHOIO
MOMEHTY B 30H1 3aBAHTKECHHS 1 TEMIIEPATYPH CUPOBUHU HA BXO/ll B EKCTPYAED.

4. B pesynprari aHajily  BIANOBIAHOCTI  PO3PAXyHKOBUX  JaHMX
EKCIIEPUMEHTAIbHUM BCTAHOBJICHO, LIO0 BIACOTOK BIAXWJICHHS MAaTEMATHYHOI
MOJIEITI BiJl €KCIEPUMEHTATIBHUX JAHUX CKJIaB 3-5%, 110 3a/10BOJIbHSIE HEOOX1TH1A
TOYHOCTI MOJCITFOBAHHS. TeopeTnuni PO3paxXyHKH 1 ATBEPKEH]
EKCIIEPUMEHTAIBHO, & PO3po0icHa MaTeMaTHYHa MOJENb JOCUTh J00pEe Ommucye
pealIbHUIA MPOIIEC EKCTPY3Ii.

5. Ilpm 3amini yacTuHH pauiony BPX kopMOBUM  mpOAyKTOM,
EKCTPYJOBaHUM Ha PO3pOOJICHIH KOHCTPYKIIi Ha 2,5% 3HUKYEThCS COOIBAPTICTH
BUPOOHUITBA MPUPOCTY KMBOI MacH 1 30UTbLIyeThCs TpUOYTOK HA 165 rpH. Ha
rOJIOBY, Ha BIAMIHY BiJl KOPMOBOTO MPOAYKTY, €KCTPYJOBAHOIO HAa CTaHAAPTHIA

KOHCTPYKIi.



