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AHHOTAIIA

JluniomawMiA poexT: 56 crop., 15 tabn., 4 puc., 16 nepmomkepen, 1 mogatox

OOrpyHTOBAaHO PO3pPOOKY TEXHOJIOTIYHOTO TIOTOKY IIeXy 3 BHPOOHHIITBA
€JIEKTPOI30JIALIHHOTO TpaHchopMaTopHOTro manepy. HaBeneno ctanaapT Ha CHPOBUHY
(XBOMHY HEBUOLJIEHY €IEKTPOI30JIAIINHY 1IETF0I03Y) Ta TOTOBY HMPOIYKIIIIO.

Po3pobiieHo Ta ommcaHo TEXHOJIOTIYHY CXeMY BHPOOHHIITBA €IIEKTPOI30ISIIIHOTO
TpaHchHOPMATOPHOTO MAarepy, po3paxoBaHO MaTepiaJibHUN OajaHC BOAM Ta BOJIOKHA, a
TaKOX TETUIOBUI 0ajaHC KOHTAKTHOTO CIIOCOOY CYIIIHHS Marepy.

OnucaHo OCHOBHI TEOPETUYHI BIJOMOCTI MPO PO3MEIIOBAaHHSA, CYIIIHHS Ta
KaJlaHJPYBaHHSI, a TAKOXK 3/[1ICHEHO BUOIP OCHOBHOT'O TEXHOJOTIYHOTO 00JIaHAHHSI.

CrpoekToBaHO 00’ €MHO-TIJIAHYBaJIbHE PILLICHHS OY/IIBIII 1IEXY.

HaBe):[eHo 3ax041 1040 OXOPOHHU HABKOJIMIIHBLOI'O CCPCAOBHIIA.

IIEJTIIOJIO3A, PO3MEJIIOBAHHS, JUCKOBHMII MJIMH, BUXPOBUU
OUYMCHUK, TTPECYBAHHS, CYIUIHHSA, KAJTAH/P, EJIEKTPOI3OJIALIIMHUIA
TPAHC®OPMATOPHUIM TTATIIP

A117101.00.000 I13

3m. Jlucr Nepoxkymenrta [Migmuc] [ara
Pozpobus Bopur K.P. Jlitepa Apxymn Apky
1B
Tepesipns | BapGam B.A. Lex 3 BUpoOHUIITBA 7
SJIEKTPOI30JMIHHOTO
H.xonTponb
TpaHCHOPMATOPHOTO Tarepy 3
3areepane  |Bap6am B.A. PO3POOKOIO0 TEXHOJIOTIYHOTO MTOTOKY HTYY «KIII im. Irops
Cikopcbkoroy, IX®, JII1-71




ANNOTATION

Graduation project: 56 p., 15 tab., 4 fig., 16 primary sources, 1 application

The development of the technological flow of the shop for the production of
electrical insulating transformer paper is substantiated. Standards for raw materials
(coniferous unbleached electrical insulating cellulose) and finished products are given.

The technological scheme of electrical insulating transformer paper production is
developed and described, the material balance of water and fiber, as well as the thermal
balance of the contact method of paper drying are calculated.

The basic theoretical information on grinding, drying and calendering is described,
and also the choice of the basic technological equipment is carried out.

The spatial planning solution of the shop building has been designed.

Measures for environmental protection are given.

PULP, GRINDING. DISC MILL, VORTEX CLEANER, PRESSING, DRYING,
CALENDER, ELECTRIC INSULATION TRANSFORMER PAPER
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BCTYII

[Tamip mpencraBisie co000 YHIKAIBHMA MaTepiai, 0 MPUCYTHIN y BCiX cdepax
JI0JICBKOTO KUTTSA. HaBiTh enekTpoHH1 HOCIT 1HpOpMAaIlii, 1110 YBIMIIUIA B HAIIIE KUTTS B
OCTaHHI NECATWIITTSA, HE MOXYTh B3ATH Ha cebe yci (ynkmii mamepy. [lamip — e
3HaHHA, IHTEp'€p, TPOIIl, TaKyBaJIbHHI MaTepial Ta Oararo iHmoro [1].

VY cTpyKkTypl BUpOOHHIITBA Manepy B YKpaiHi MepeBaka€ BUPOOHUIITBO TAPHOTO
kapTony (54,4 %), a yactka razetHoro nanepy — Menie 1 %. [Ipu npomy norpedu
HaIllOHAJIBbHOI €KOHOMIKHM B KapTOHHO-TAINEPOBii MPOAYKIIii 3a0€3NeUy0ThCs JIUIIIE Ha
TPETUHY BIACHUMH BHUPOOHUKAMHU, a pelra IMIOPTYETbCcs. Y  BITYM3HSHIN
L[EJIF0JIO3HO-TIANEPOBI MPOMHUCIOBOCTI JII0Th 42 MiANPUEMCTBA, $KI BHPOOJSIOTH
namip Ta kapToH. Cepen HaWOUIBIIMX 13 HUX Takl akI[IOHEPHI TOBApPUCTBA, SIK
KuiBcbkuii kapToHHO-manepoBuit komOiHat (OOyxiB), PyOixkaHChKHII KapTOHHO-
narnepoBuii  komOiHaT, KoprokiBcbka (abpuka TexHiyHuMX mnanepiB (YepHiriBcbka
0011.), [HuinponerpoBchka mamepoBa (abpuka, ManuHcbka mnamnepoBa ¢adpuka
(OKutomupcrka 0051.). BUIBIIICTD BENUKUX LEJIIOJ03HO-MANEPOBUX MIANPUEMCTB
VYkpainu mpairorote yxe monan 100 pokis, 1 auiie 4otupu 30yaoBani micias 1960 p.
OTxe, TEXHIYHMM CTaH MIAOPUEMCTB  IEITIOIO03HO-TIANEPOBOi  MPOMUCIOBOCTI
XapaKTepU3y€eThCs 3HAUHUM 3HOCOM OOJIaJIHaHHSA, MI0 MiATPUMYETHCS MEPEBAXKHO 3a
paxyHOK BiJTHOBJIFOBAJIBHOTO PEMOHTY ¥ MojepHizariii. [2].

Icnye GaraTo BUIIB Nanepy 1 KapTOHY, Cepell IKUX € TaIip, 110 BUKOPUCTOBYEThCS
CICKTPOTEXHIYHOIO  ramy33to. Jlo  Takmx  BHIIB  Tamepy  BITHOCHUTBHCS
€JICKTPOI30JISALIIMHUN Tartip.

BukopucTanHs mnanepy B SKOCTI €JEKTPOI30JSLIMHOTO MaTepialy moyanocs Ha
nmovatky XX ctomiTrs. OCKUTbKM BUHUKIIA TTOTpeda B €ICKTPUYHHUX TpaHChOopMaTopax
BHCOKOI HaNpyr, BUHUKIIA TIOTpeda 1 B 130JIALIITHOMY MaTepiali, SsKuii Ou BUTPUMYBaB
BHCOKI €JICKTpUYHI Ta (PI3UYHI HANPYTH, CIPUYMHEH] HABKOJIO CEp/ICUYHUKA Ta OOMOTOK.
[IpecoBanuii KapTOH, BUTOTOBJICHUI ITUISIXOM CTUCHEHHSI IIapiB Marepy Ta ixX CyIIiHHS,
BUKOPHUCTOBYBAJIACS JIJIS 130JIsMMi1 B OaraThOX MEpIIMX eNeKTpUYHUX MarmmHax. OmHak
13 30UTBIICHHSIM E€JIEKTPUYHOI TEXHOJIOTII 3pocTasia moTpeda B Marepiaii 3 OUIBIIO0

IIUTHHICTIO, SIKMI MIT O 130JTF0BaTH O1IBIIN Ta BHIII TpaHCHOPMATOPH HATIPYTH.
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[Tporpec B kinii 20-X pokiB XX CTOMITTS y chepl eAeKTPOI30SILIMHNX MaTepiaiB
craBcs 3aBasaku kommawnii H. Weidmann Limited. Ha BiamiHy Bijg cTapux MeETOJIB
BUPOOHMIITBA KapTOHY, TpaHC()OPMATOPHUN KapTOH OYB BHUIOTOBJICHHM HE 3
0aBOBHSIHUX BIJIXOJIB, @ 3 BUCOKOSAKICHOI cynb(daTHOi memtoiao3u. HoBuit nmpoaykr OyB
BUTOTOBJICHUN BUKIIIOYHO 3 LETIOJ03H 0e3 cMoi abo 3B'A3yI0UOro, IO MOJIIIIIHIIO
SJIEKTPOI30JIAIIHI BIacTHBOCTI [3].

B saKoCTi enexTpoi3oiAIifHOro mamnepy B JaHWK Yac BHUIYCKAIOTh PI3HI MapKu
KaOeIpHOTO Manepy, MPU3HAYEHOTO JJIsi BUTOTOBJICHHS CHJIOBHMX KaOeiB Ha pi3HY
HAIpYry; KOHACHCATOPHUUN Marip pi3HUX MapoK JUIsl CHJIOBHX KOHJIEHCATOPIB; Marlip
PI3HOI TOBIIMHU JJII KOHACHCATOPIB MOCTIMHOIO CTPyMYy, B TOMY YHCIII TOBIIUHOIO 4
MKM I MalorabapuTHUX €JNEKTPUYHUX KOHIEHCATOpIB; KOHJEHCATOPHUU Marlip
MIIBHUINEHOI IMUIBHOCTI 1 3 MaJIMMH JIeJICKTPUYHUMH BTpaTaMu; Mamip s
CJEKTPOJITUYHUX  KOHJEHCATOpIB,  TeIe(OHHUU  EJNEKTPOI3OSALIMHMA  Marip;
MPOCOYYBaJIbHI, HAaMOTYBaJIbHI 1 I1HIII BUJU EJIEKTPOI3OJALIMHOIO mamepy, Kl
BUKOPHUCTOBYIOTHCS JIJISl BATOTOBJICHHSI PI3HUX €JIEKTPOI30JSALINHUX MaTepiaiiB, B TOMY
YKUCIIi reTrHakca 1 (p10py; MIKaJIEeHTHUM Marip, M0 3aCTOCOBYETHCS ISl MA30BO1 13011111
eNeKTPOABUTYHIB. [Imst 0aratbox eNeKTPOI3OMSALIMHUX BHUAIB TManepy BaKIUBOIO
XapaKTEPUCTHKOIO € CJCKTPUYIHA MIIHICTD [4].

Jlo mepeBar Takoro BUIY 13011111 BIAIHOCUTHLCS JICIIEBU3HA BUTOTOBJICHHS], BUCOKI
MOKA3HUKW MIIHOCTI, MOJIUBICTb CTBOPEHHS JIOCUTh TOHKHX EJIEKTPOI30JSAIIHHUX
MarepiaiiB 13 BHUCOKMMH E€JIEKTPUYHUMHU XapaKTEPUCTUKAMH, 110 3a0€3MeUyI0ThCs
MPOCOYCHHAM Tanepy HaQTOBUMH MacjaaMHu Ta XJIopoBaHuMHU audeHizamu [5].

3apa3 BHKOPHCTOBYETBCS OyKe Oarato eHeprii Jis 3a0e3leueHHS TEIJIOM Ta
€JIEKTPOCHEPTIE0 MailXke yciX MICT CBITY, TOMY AJIA ii IEPETBOPEHHSI BUKOPUCTOBYIOTh
BCE OLTBII TOTYXHI TpaHCHOPMATOPH, SIKI TOBUHHI MaTH O1JIBII SIKICHY 1307111110, ToMy
METOI0 JUIIJIOMHOTO TMPOEKTY € PO3pOoOKa TEXHOJOTIYHOTO IMOTOKY 3 BUPOOHMIITBA

€JIEKTPOI30JIALIMHOrO TpaHC(hOPMATOPHOTO Narnepy.
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1 OBIPYHTYBAHHS PO3POBKH IMPOEKTY LEXY 3 BUPOGHUIITBA
EJIEKTPOI3OJISALIHHOI O TPAHC®OPMATOPHOI'O MAIIEPY

OCHOBHOIO METOIO JUIUIOMHOT'O MPOEKTY € po3po0Ka TEXHOJIOTTYHOTO MOTOKY JJIs
BUPOOHMIITBA  €JIEKTPOI3OJAIIAHOTO TpaHchopmaTopHOoro mamepy. Jlms  ioro
BUPOOHUIITBA B AKOCTI CHPOBHHHU MPOMOHYETHCS BUKOPHUCTOBYBATH XBOMHY HEBUOLIEHY
cynb(daTtHy enekTpoizoisauiiny uemtono3dy mapku EKbB-2, mo mae goctaTHbO BHCOKI
MOKA3HUKH MIIHOCTI, SIK1 JI03BOJISITH OTPUMYBATH MPOAYKIIIIO BUCOKOI SKOCTI.

Jns eNeKTpoi3osAIiMHOro  TpaHChOPMATOPHOTO Mamepy BaKJIMBI — BHCOKI
NOKa3HUKHA PO3PUBHOIO 3yCHJUISI Ta BIJHOCHOTO BHJIOBXKEHHS, a TaKOX BHCOKa
HIUTBHICT. TOMY y TEXHOJIOTIYHOMY TMOTOLIl BHPOOHMUIITBA €JIEKTPOI30JSALIAHOTO
TpaHCHOPMATOPHOTO Tamnepy 3arpolOHOBAHO HACTYMHI KOHCTPYKTHBHI PIIIEHHS, SIKI
HaBeJICH] HIDKYE.

1. BcranoButu opHoauckoBi MiumHM Tunmy MJI[-1, mo 3a0e3nedaTh HU3BKI
€Hepro3arpaTu Ta Majl eKCIUTyaTalliiiHi BUTpaTH Ha BUPOOHUIITBO Marepy 3a paxyHOK
OLIBII MTPOCTOT KOHCTPYKIIIT TAPHITYPH Ta MIIMHA 3araJiOM.

2. BcranoBuTH CUHTETHYHY CITKY (ipmu «Xaik», 1m0 30UIBIIUTE TEPMIH i
cnyk6u B 10 pa3iB y MOpIBHSAHHI 3 TIPOCTOI0 METAJICBOIO CITKOIO 1 MOJIETIIMTh YMOBH
3aMIHU CITKM 4Yepe3 il He3HauHy Bary. Jlo Toro Xk, e MOKpalMTh SKICTh MHamnepy
OCKIJIbKM CITKa BUTOTOBJIEHA O€3 1IBiB, Ha Manepi He 0y/1e MapKyBaHHSI.

3. BcraHoBUTH B MpPECOBI YAaCTHHI TPHOXBAJIBHHUI MpPEC 13 MOJBIMHOIO 30HOIO
npecyBaHHS JJsi 3a0e3nedeHHs e(EeKTUBHOIO 3HEBOJHEHHS IarnepoBOro IMOJIOTHA,
3MEHIICHHS PO3MIpPIB MPECOBOI YaCTHMHHU Ta JIKBIJAIli MIISHKA BUIBHOTO MPOOITY
MOJIOTHA MIX BajlaMu MPECIB.

4. Tlicns manepopoOHOT MamWHUA JOJIATKOBO BCTAHOBUTH CYIEpPKAJIAHIP MapKu

CKK-10, 1o 3a6e3ne4nTh HEOOX1AHY HIUIBHICTh TOTOBOI MPOAYKIIII.
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2 TEXHOJIOI'TA BUPOBHUIITBA ITAIIEPY

2.1 XapakTepucTuKa CHPOBUHH, XIMIKaTiB 1 TOTOBOT IIPOTYKIIi1

Llenronoza XBOMHA

cynb(daraa

HeBUOLIEHA

CJIEKTPOI30JIAIIITHA

[6]

BUKOPHUCTOBYETHCS [l BUTOTOBJICHHS €JIEKTPOI30JIsIIiiiHOr0 nanepy. s BupoOHUIITBA

€JIEKTPOI130JIALIMHOr0 nanepy oopano mapky nemntono3u EKB-2, xapakTtepucTuku sikoi

HaBeaeHo B Ta0i. 2.1.

Tabmums 2.1 — TexHiuHI XapaKTEPUCTHKHU IIENIOJI03M XBOWHOI HEBHOLIEHOT
€JIEKTPOI30JIALIHHOT
Hopmu niis Mmapku
s P “EKE-l _ Metoau
Bummii | [leprmit EKB-2 EKB-3 BUIIPOOYBaHb
copt copt
1. Crynins peniraigikarii 23-29 23-29 3a I'OCT
23-27" 23-27" 27-33 30-36 10070-74

2. JInHaMiuHa B’ SI3KICTh 3a IocTt
MiJTHOAMia4yHOTO PO3YHHY 3 12395-76
KOHIISHTPAIIEIO T[EITFOJIO3U
8 r/nm3, mITa-c, He MeHIIe 55 50 60 60
3. MexaHiyHa MIIHICTb TIPH 3a I'OCT 13525
po3memntoBanHi B [IPA no 1-79
60 IIIP, po3puBHa
JIOBJKHMHA, M, HE MEHIIIE 9300 9000 9500 9300
4. MacoBa yacTtka 3074, %, 3a I'oCT
He OinbIe 0,50 0,50 0,50 0,50 18461-73
5. pH BoaHO1 BUTSKKH, HE 3a I'oCT
OinbIe 8,0 8,0 8,0 8,0 12523-77
6. [luroma enexTpuiHa 3a T'OCT 8552-
MIPOBIAHICTH BUTSIKKH, 72
MKCM/cM, He OibIIe:

npu Motyni 1:50 20 22 20 20

- - - 120 40 44 40 40
7. Bonoricts, % 18+5 18+5 18+5 18+5 3a'OCT

3MH.
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[TpomoBxenus Tadm.2.1

8. 3acMIYEHICTD, 1110
BIJIMIOBiTa€ YMOBHIN Maci
500 r B aGc. cyx. cTaHi
1 M2, wr.:

wiomero 0,1-1,5 Mm?

wiomero >1,5 mm?

2000

2000

2000

2000

3aI'OCT

leexTpoizonsiiiiHoro Nanepy HaBeaeH1 B Ta0. 2.2

[Mamip enexrpoizossmiiauii [7] BurotoBiserbes Mapku TBY-085. Xapakrepuctuku

Tabmuusg 2.2 — TexHiuH1 XapaKTEPUCTUKU MANEPy €IEKTPOI30JIALIHHOTO

Hopmu nns mapku Metoau
IToka3zHuk
TB-120 TBY-085 TH-120 THY-085 BUIIPOOYBaHb

1. Cxnag mo BONOKHY, %,
LENI0JI032 XBOIHA
CJIEKTPOI30JIAIIIiTHA 100 100 100 100
2. ToBiiuHa, MKM 120+7 85+5 120+7 85+5
3. llinbHicTh, r/cM® 0,80+0,05 | 1,05+0,05 | 0,80+0,05 | 1,05+0,05
4. PyiiniBHe 3ycwmnsa, H
(xrc), He MEHIIE:

y MaIIMHHOMY
HAIPSIMKY 140(14,0) | 125(12,5) | 140(14,0) | 120(12,0)

y MOTIEPEYHOMY
HATPAMKY 65(6,50) 53(5,3) 65(6,50) 53(5,3)
5. BigHocHe BHUIOB)KEHHS,
%, HE MEHIIIE:

y MaIIuHHOMY
HAIPSIMKY 2,0 2,0 2,0 2,0

y MONEPEYHOMY
HATPSIMKY 55 5,0 5,0 5,0
6. MacoBa 4acTka 3aji3a,
%, He OLIbIIe 0,0040 0,0040 - -

ADK.
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[TpomoBxenHs Tadm.2.2

7. MacoBa 4acTKa asory,
%, He MeHIIIE - - 0,7 0,7
8. pH BOHOI BUTSKKH 6,0-7,5 6,0-7,5 7,0-9,0 7,0-9,0
9. ITuToMa enekTpuyHa
MIPOBITHICTH BUTSIKKH,
MKCM/cM, He OibIIE:
pu Moy 1:50 20 20 - -
- - - 120 40 40 - -
10. Tanrenc KyTa
JENEeKTPUYHUX BTpAT MpH
100 , He OinblIe 0,0025 - - -
11. EnexrpuvHa MIillHICTh
cyxoro namnepy, kB/mMMm, He
MEHIIIE 7,5 9,0 75 9,0
12. MacoBa 4acTka 30JH,
%, He OLIbIIe 0,40 0,45 0,90 0,90
13. Bomnoricte, % , He
OuIbIIe 8,0 8,0 8,0 8,0
ADK.
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2.2 TexHoJioriyHa cxema Ta ii onmc

TexHoJIOTIYHY CXeMy BHUPOOHHUIITBA E€JIEKTPOI30JIIIIHHOIO TpaHC(HOPMATOPHOTO
namnepy 13 XBOWHOT eIeKTPO130JIAIHHOT LIETI0I031 HaBEeIEeHO Ha PUCYHKY 2.1.

31 ckJIaay XBOMHA €JIEKTPO130JIsI1HA LIEeTI0103a OIA€Thes Y Tiapopo3ousau (1), e
BiJI0YBa€ThCs i1 pO3BOJIOKHEHHS 3a KOHIIEHTpalii 3,5%. 3aBanTakeHHs T1iapopo30rBaya
3MIACHIOETHCS  MEpPIOAWYHO, NS PO3MYCKaHHS  LIETIOJI03M  BUKOPHUCTOBYETHCS
neioHi3oBaHa Boga. O0'eM MacH B TiApopo30nBadi Ma€e OyTH MOCTIMHUM JIJIsl TOTO, 1100
KOHIICHTpAIliI HE 3MIHIOBajach. I3 Tigpopo3OMBaya HACOCOM Maca TOJAEThCST Y
npuiiManbHU O6aceitH (2), e aKyMyJIIOIOEThCS Mepe]] MOAAIBIIUM PO3METIOBAHHSIM.
Takox mepen po3MENIOBaHHSIM BCTaHOBJICHO o4yMCHUK Macu (3). PosmentoBaHHS
B1I0yBa€eThCsl HA OAHOAMCKOBUX MJMHax (4) 3a koHueHTpaiii 3,5% 110 cTyneHs: MiuBa
60£2°11IP. OckilbKK MOYaTKOBUM CTYIIHb MJIMBA IENI0JI03U cTaHOBUTH 124+2°11IP, To
PO3MENIOBAHHS HEOOX1HO MPOBOJUTH HA S NHUCKOBUX MJIMHAX 3a MPUPOCTY CTYIEHS
MJMBa Ha ogHoMmy MimMHI 8+2°IIP. g 3MeHIIeHHs BILUIMBY MJIMHIB Ha Macy MICHsS
TPETHOTO MJIMHA BCTAHOBIIOEThCS TpoMikHMM Oaceiin (5). Po3menena wmaca
aKyMYJIIOETBCSL B OaceifHi po3MerneHol memtono3n (6), 3BiIKM 3a JOIOMOTOFO
BIJILICHTPOBOI0 HAacoca IOCTymae B KoMmo3uliiHui Oaceiin (7). B 1ei ke OaceiH
TaKOX MOJAEThcsl 000poTHHM Opak. Ilicns kommo3uiliiHoro OaceiiHy Maca HacoOCOM
nmoctymae B Oak mocriiiHOro piBHA (8). s kpamoro ¢opmyBaHHS IarmepoBOTO
MOJIOTHA, y 3MilTyBaJIbHOMY Hacoci (9) maca po30aBisieThesi 00OPOTHOIO BOJOKO. 3
3MiNIyBaJIbHOTO Hacoca (9) Maca moiaeThCsl Ha MEPIIMKA CTYIIHb OYMIICHHS Y BUXPOBI
koH1yHl ouncHukU (10) mig Tuckom 300 xIla. Bigxoam Big mepmioro CTymneHs
30MPArOTHCS B 3aKPUTOMY K0J1001, pO30aBIISIOTHCSA 00ITOBOIO BOAOKO Ta MOCTYIMAKOTh Ha
OpYruil CTymiHb ouMileHHs. OuuileHa Maca 13 JIpyroro CTYINEHs MOJA€ThCs Ha
MMOBTOPHE OYMINCHHSI HA MEPUIUH CTyMmiHb. Bigxomu apyroro crymneHs 30UparoThCsl B
0J1001, Ta MOCTYNalOTh Ha TPETIA CTYMIHb OYMILEHHS. BiIxoaw TpeTboro CTymeHs
HAJXOMATh Y BiJ[BaJ], a OYMIIEHA Maca — Ha TIOBTOPHE OYMILEHHS HAa APYTUN CTYIiHb.
Jlani Maca HaJAXOIUTh HA By3JI0BIOBIOBaY (11), sIKUil oUyuIlye Macy BiJ YaCTHHOK, IO
CXOK1 32 Macol 3a BOJOKOH IIENIONIO3U. Biaxonau, mo He MPOWIUIM 4Yepe3 CHTO,
MOCTYNAKOTh Ha IUIOCKY BiOpariliHy coptyBaiky (12).

OumnIlieHa Ta BiJICOPTOBaHA Maca IMOJAETHCSA B HAMipHHE SimuK 3akp. Tamy (13), a
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notiM Ha ciTky [IPM. Jlns piBHOMIpHOTO PO3MOALITY MacH Ha MOYATKy CITKOBOTO CTOJY
micliss TPYAHOTO Bajdy BCTaHOBIIOEThCS (QopmyBanbHa jomika (14), cucrema
rijporuianok (15). OcTaHHIME eJIeMEHTaMH CITKOBOTO CTOJIY € BiJICMOKTYBaJIbHI SIHKA
(16) Ta rayu-Bain (17). [Ticis rayd-Baja mojaoTHO Mae cyxicth 18%.

[Ticast CiTKOBOI YacCTWHH IIOJIOTHO ITOCTyHnae B TpecoBy dactuHy (18), mio
MIPEACTABJICHA 3JBOEHUM TIpecoM I 3a0e3nedeHHs €(PEKTUBHOTO 3HEBOJHCHHS 31
3MEHIIICHHSAM pPO3MipiB mnpecoBoi uyactuau. CymmiabHa vactuHa (19) mpencraBiieHa
CYIIWILHUMH TWJIIHAPAMH, PO3TAIIOBAHUMHU B 2 SIPYCH 13 KOHTAKTHUM CIIOCOOOM
cyuninus. [licns cymiiHHA manepoBe MOJIOTHO Mae Temneparypy Omusbko 70 - 90°C,
TOMY MICJIA TapsSYuX HUIIHIPIB MOJOTHO OXOJIOMKYETHCS HA XOJOMMIBHUX LUIIHIpaX
(20) mo 30 - 50°C nns HamaHHS HOMY IIACTHYHOCTI Ta HEOOXiTHOT BOJIOTOCTI, a TAKOXK
nepenOayeHHs] BUHUKHEHHIO  €JIEKTPOCTATUYHOIO  3apsAay TMpU  MOJAIBIIOMY
KaJIaHJPYBaHHI.

Jan manepoBe MOJOTHO MOCTYIA€E CIOYaTKy Ha MallMHHUEN Kamauap (21), micns
4oro TMpOBOJUTHCS MalllMHHA O00poOKa, sika BigOyBaeThcs Ha HakaTi (22) Ta
cynepkaiganapi (24) mist oTpuMaHHS KiHIICBOT TJIQAKOCTi, THCHEHHS Ta YIIIIbHCHHS, Ha
MO3I0BKHBO-pi3aibHOMY Bepctati (25), 1 Ha makyBaJibHOMY cTaHkKy (26), a mami
HAJXOJIUTh Ha CKJIAJ] TOTOBOI MPOYKIITIi.

[lepen cynepkaJlanapoM BCTAaHOBIIOETHCS 3BOJOKYyBaIbHUM BepctaT Y (C—1000A
(23), sxuii HEOOXIigHMI A7 poOOTH CylnepKaiaHapa. 3BOJOXKYyBajdbHHN BepcraT YC—
1000A 3abe3neuynTh [ABOXCTOPOHHE 3BOJIOKEHHA. J[Ba  3BOJIOKYBAJIBHMX Baja
pO3TaIioBaHi OJUH HAJl OJHUM, TiJ] HIDKHIM 3HaXOJUTHCS BaHHA JJIA CTIKAHHS BOJIU.
Basnu 3pornyroThCst BOJIOI0 32 IOIOMOTOI0 ABOX CIOPCKiB. CTyIiHb 3BOJIOKEHHS Marnepy
PEryJIIOETHCS MOJAYEI0 CIIOPCKOBOT BOAM 1 TUCKY MIXK BajlaMH.

IlepepoOka 00irosoro opaky

3 METOI pO3IMYCKYy CyXOro MalIMHHOrO Opaky, SIKMM yTBOpPUBCS y MpoLEci
CylIiHHS 1 oOpoOku mamepy, nepeadaueHO BCTAHOBIEHHS TiApopo30uBaya CyXoro
Opaky (27). Po3myck BinOyBa€eThCst IpU BUKOPUCTAHHI 00IrOBOi BOIH, 110 HAIXOAUTH 3
Oaceliny perictpoBux BoJ. PO3BoIOKHEHa Maca HaIXOAWTh Ha MyJbcalliiHuii MivH (28)
JUTSL TIOPOCIYCKY, a TOTIM B Oaceiin Opaky (29), B SKMil TaKOXX HAIXOJUTH 3TYIICHUN

MOKpu# Opak i ckon 3 nuckoBoro ¢iaeTpy (30). 3 Gaceliny Opaky yepes 103aTop Maca B
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KUTBKOCTI He Outbie 5—6% HaIXoMuTh B KOMITO3UITIMHWNA OaceiiH.

Bukopucranns o0irosoi Boau

PerictpoBi Boau, siki Oarati BosiokHOM (3 koHmeHTpamiero 0,17 %) npusHaueHi Juis
BUKOPHUCTAHHS 3 METOIO p030aBJICHHS MacH B TiIpopo30KBayl 1EJI0JIO3H 1 CyXOro Opaky,
B 3MinryBaibHUX Hacocax Nel i No2, a Boja 3 OLTBII HU3EKAM BMiCTOM BOJIOKHA (3 KOH-
nenrpariero 0,1 %) Mae BUKOPHCTOBYBATHCS B JK0JI00ax Oarapei meHTpuKInHepiB. Boma
3 OaceiiHy HaJUIMIIKOBOI BOJM TOJAEThCS HA IMPOSICHEHHs, IMICJIS 4oro ii MO’KHa, 3a

YMOBH JI0JIaTKOBOTO MPOSICHEHHSI, BAKOPUCTOBYBATH 3aMICTh CBIXXO1 BOJIH.

ApK.
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2.3 TeopeTuuHi BizoMOCTI PO OCHOBHI MpoLecH BUPOOHUIITBA

2.3.1 Teopis mporiecy po3MeNtOBaHHS

Po3mernioBaHHS € OJHMM 3 HAWBAXJIMBIIIUX TEXHOJOTIYHUX TPOLECIB, SKHIA
3YMOBIIIOE OCHOBHI BJIACTUBOCTI TOTOBOI Mpoaykilii. OCHOBHA M€Ta PO3MEIIOBAHHS —
MexaHiuHa 00poOKa BOJIOKOH 3a MPUCYTHOCTI BOAM JUISI MiATOTOBKU J0 BIIJIMBaHHSI. Y
IpoIIeCi PO3METIOBAHHA 3 BOJIOKHOM BiZIOYBa€ThCsl HACTYIIHE:

- BOJIOKHA YKOPOUYYIOTHCSI BHACIIOK MOMAJaHHs MK HOXKaMU POTOpa 1 CTaTopa;

- BOJIOKHAa PO3IICTUIIOIOTECS B IO3J0BXKHBOMY HANpsIMKy, TOOTO ¥e mpolec
b16prITIOBaHHS;

- BOJIOKHa Ha0yXalThb Yy BOJHOMY CEPENOBHUILI, 3B'A30K MK (iOpunamu
HOCTa0III0ETHCS, BOJIOKHA JIETIIE PO3LICIUIIOIOTHCS, TOOTO BIOYBAETHCS PO3ILIECIUICHHS
BOJIOKHA.

ABTOpOM cy4acHOi Teopii npouecy po3mentoBanHs € npod. SA.I°. Xinuin (1941 p.),
KU BUCJIOBHUB MPUIYLIEHHS IMpO 3BUIBHEHHS T1IPOKCUIBHUX TPYN MOJEKYJIU
[ETIOJIO3N Ta iX y4acTh B YTBOPEHHI BOJHEBOTO 3B'SI3Ky B TOTOBOMY Mamepi, TOMY

CydJacHa Teopis € TEOPIEI0 BOAHEBOIO 3B'S3KY.
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BoJIoromy ctasi (0) Ta y cycnensii (B)
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CyuacHa Teopis 103BOJIS€ MPaBUIBHO MOSICHUTH Oarato BIACTHUBOCTEH Mamepy, a
TaKOX JEsKl1 sIBUIIA MOB's13aH1 3 MPOLIECOM iX BUTOTOBIEHHS. [Ipu moTparnisiHHl BOAU Ha
namip BOJHEBI 3B’SIKM PYMHYIOTHCSA 1 MIIHICTh Tamnepy 3MEHIIYE€TbCA. 3MEHIICHHS
MIIIHOCT1 Mamnepy Mpu BBEJEHHI B HOTO KOMITO3UIIII0 MIHEpaJbHUX HAIOBHIOBAYiB Ta
IHIIMX 1HEPTHUX PEYOBHH TOSCHIOETHCSA THM, IO BOHM, PO3MILIYIOUUCh MIX
BOJIOKHAMH, MEPEIIKO/HKAIOTh YTBOPECHHIO MI)KBOJIOKOHHOT'O BOJIHEBOTO 3B's3Ky. [IpoTte
iX MIIHICTH MOXe OyTH 301jIbIIIEHA 332 PaxXyHOK THX J00aBOK, sIKi 3/1aTHI yTBOPIOBaTH
BOJHEBHI 3B'S30K 3 TAPOKCUIBHUMH IPyHaMH IETI0TI03H.

®daxTopu, 10 BIUIUBAIOTH HA MIPOLIEC PO3MEITIOBAHHS:

1. BruiuB Temneparypu BOJIOKHUCTOT Macu

[ligBumIeHHs  TeMIepaTypu Mach HETaTHBHO BIUIMBAa€E HA  TPUBAIICTh
po3MentoBaHHs 1 (Pi3MKO-MexaHIYHI BIACTUBOCTI mamnepy. BrumB TemmepaTypu Ha
PO3MEIIOBaHHS TMOSCHIOETHCS TUM, IO OJHIEI0 3 HAWBAXKIMBIIIMX YMOB, JJI XOPOIIO1
(G10puiiALii BONOKHA, € iXx HaOyxaHHA. Lleil mpolec exk30TepMiyHUM, a 3HAYMTh, IS
noJinieHHs GiOpHIIOBaHHS 13 CHCTEMH HEOOXIAHO BiABOAUTH Terwio [8].

2. KonueHnrparist Mmacu

3MeHIIeHHST KOHIIGHTpallli Macu MpU PO3MENIOBAHHI MPHU3BOAUTH 10 3MEHIIICHHS
TOBIIMHU BOJIOKHUCTOTO TMPOIIAPKY MIK HOXXaMH poTopa 1 ctaTopa. TomMy BOJOKHA
MIJJAI0ThCS B OCHOBHOMY pi3ajbHIM il HOXIB, MNPU LIBOMY BOHU YKOPOUYIOTHCS 1
MeHite Giopumorhes [8].

3. I'igpodinsHi 106aBKU

[Ipu nomaBaHHi iX B Macy mepel pPO3METIOBAaHHSIM, BOHU BCMOKTYIOTHCS Ha
BOJIOKHI 1 THM CaMHM CHPUSIIOTh KpaloMy HaOyXaHHIO BOJIOKHA 1 MPU PO3MEITIOBAHHI
BOJIOKOH HaOyBalOTh THYYKOCTI 1 enacTU4YHOCTI. [0 Takux m00aBOK BIIHOCSITHCS:
KpOXMaJib, MOJiaKpuiIaMifl, OMIBIHIIOBUM criupT, ceuoBrHa, KMLI. Tlpu BukopucranHi
X J00aBOK MOYKHA 3HU3UTH BUTPATY €JIEKTPOCHEPTii Ha po3meitoBanHs [9].

4. BruiuB rapHiTypu

XapakTepu3yeThCs TapHITYpa, 32 TaK 3BaHOI0 PO3MEIIOBAILHOIO 3[IaTHICTIO, TOOTO
MO BIJHOIICHHIO TMOBEPXHI IUIONII HOXIB J0 3arajbHOI IUIONI TapHITYpHU. SKIIO 11e
CHIBBIAHOIIEHHS CTaHOBUTH 65-70%, TO pO3MENIOBaHHA i€ B  HAMNPIMKY

di6pumoBanns. [Ipu 55% cniBBigHOIIEHH] BiIOyBa€eThCs (h1OPMITFOBAHHS 1 YKOPOUCHHS,

ApK.

[TosicHIOBanIbHA 3aMKCKa

20

3MH. ApK. Ne QoKyM. Mionuc | Aama




npu 30% CHIBBIIHOIIEHHI, TUIBKM BKOpouyeHHs. HaykoBo-mocmigHumu podoTamu
BCTAHOBJICHO HAWOLIBII ONTUMAabHI PO3MIPU HOXKIB TapHITYp IS OTPUMaHHSA Macu
KUPHOTO TOMOJY, TapHITypa MOBHHHA MaTH HOXI 3 HACTYMHOIO XapaKTEPUCTUKOIO:
TOBIIMHA - 4,8 MM, IIMPUHA KaHABKH - 3,2 MM, BucoTa - 4,8 mM. Jjisi OTpUMaHHs Macu
CaJIKOTO TIOMOJTY: TOBIIMHA HOXIB - 3,2 MM, IIUPUHA KaHABKU - 6,4 MM, BICOTa HOXa -
4,8 mm. Jlns oTpuMaHHs MacOBUX BHJIIB Marepy HOXI1 MatOTh po3MipH: BUcoTa - 4,8 MM,
TOBINKHA - 4,8 MM, IIMpPHHA KaHAaBKH - 4,8 MM [9].

5. BrumB pH cepenoBumia

Haii6inpmmii ctyninb HabyxaHHS BOJIOKHA crioctepiraetbest ipu pH =9 + 11. [lpu
NOJANbIIOMY MiABUIIEHHI pH crocTepiraeThCs MOXKOBTIHHA IIENIOJIO3H 33 PaxXyHOK
ay)HOT ectpykiii [8].

6. BruiuB Mi>kHOKOBOT'O 3a30py

OpHuM 3 HaBaXXJIMBIIIKX (PAKTOPIB pO3MEITIOBAHHS € 3a30p MK HOXaMHU poTopa i
cratropa. [Ipu po3memoBaHHI MacH TpU HU3BKUX KOHIEHTparmisx (3,5 - 5%)
MDKHOXKOBHM 3a30p ckiamae: 0,6-0,8 mm (piOpumtoBanus); 0,3-5 MM - 3BUYaliHE
po3memoBaHHs (piOprmoBanHs + BkopoueHHs); 0,1-0,2 MM-BKOpoUdeHHS BoJioKHa [8].

7. BruiuB OKpy>KHOI MIBUJIKOCTI POTOpA

3 MiABUIICHHSIM OKPY>KHOI HMIBUJKOCTI POTOpa 3pOCTAE THYUKICTH 1 MJIACTUYHICTD
BOJIOKOH, 30UIBIITY€THCSI MUTOMA TIOBEPXHsI BOJIOKHA. Bce 11e CpusATINBO MO3HAYAETHCS
Ha TANepOTBOPYMX BJIACTUBOCTAX Ta SKICHUX TMOKa3HWKax marepy [8]. [lpu okpyxHii
mBuakocTi 30 mM/c KoHueHTpauist ctaHoBUTH 5%, nipu 50 m/c — 7%. OnTtuManbHOIO
BBAXKAa€ThCS IIBUAKICTh TUCKOBUX MIHHIB 25—100 Mm/c. [ KOHIYHMX MIIMHIB 40 22 M
/c. 8. BrumB nipupou BojokHa Pi3HI BOJIOKHA MarlOTh pPi3HY MOP(QOJIOTIYHY CTPYKTYPY,
3 Li€1 MPUYMHU MOPI3HOMY PO3MEIIOIOTHCS. XBOIHI BOJIOKHA JOBI1 1 MaIOTh CTPIUKOBY
CTPYKTYPY, a JIUCTSIHI — KOPOTKi 1 TpyOuacTi. CTpiuKOBi BOJIOKHA Kpallle HABUCAIOTh HA
Kpallkax HOXIB TpHU PpO3MEIIOBaHHI, TOMY IIBUAIIE HaOyXarOTh 1 Kpauile
¢G16pwmoroThea. B ganuii yac B KoMno3ulii nmanepy, sik IpaBWiIO, BUKOPUCTOBYETHCSA
JUCTSIHA 1 XBOIHA 1ENI0JI03a B Pi3HOMY cHiBBigHOMIEHHI. Cy4acHi TEXHOJIOT1UHI CXEMU
nependayaroTh PO3AUIbHY CXEMY MIATOTOBKM JHUCTSHUX 1 XBOMHUX HamiB(aOpuKaris.
Takox HEOOXimHO MaMm'sTaTH, MO CyJdb(aTHa IETI0TI03a PO3METIOETHCS JOBIIE, HIK

cynbdiTaa [8].
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2.3.2 CymuiiHHA nanepy
VY mporeci cymnriHHS BiJOYBAa€ThCs HE TUIBKU OCTATOYHE 3HEBOJHEHHS MAariepOBOTO

MOJIOTHA LUISIXOM BUIIAPOBYBAHHS 3 HHOTO BOJM, ajie M 1HII MPOIECH, Kl BUZHAYAIOTh
AKICTh TOTOBOT MPOAYKIIii, 10 6araTo B YOMY 3aJICKUTH Bl pEXKUMY CYLIIHHS.

B mipy BupasieHHsI BOAM 3 BOJIOTOTO TIOJIOTHA BIIOYBAETHCS MOAAIIBINE 30JIMKEHHS
BOJIOKOH BHACHIIOK TOBEPXHEBOI'O HATITY BOJAU 3 YTBOPEHHSM MINKBOJIOKOHHUX
BOJIHEBHUX 3B'SI3KIB, BiJl KUTBKOCTI SKUX 3QJICKUTh MIIITBHICTH 1 MIITHICTh TIOJIOTHA. 3 YCIX
BIJIOMUX METOJIB CYIIIHHS Tarepy HAWMOIIMPEHINIMM € KOHTAKTHHUM CIOCIO, MpH
SKOMY TEIUIO TIEPENA€ThCs BOJOTOMY TIOJIOTHY O€3MOCepeHhO Bil TIOBEPXHI
CYLIMJIbHUX LMJIHAPIB, IO HArpiBalThCs 3CepelrHU TNapor. KOHTakTHE CyIIiHHS
BiJIOYBA€ETHCS B JIEKIIbKA €TaIIB: MEP10Ji HArpiBaHHS, MEPio 3 MOCTIHHOIO MIBUAKICTIO 1
nepioJi, M0 MPOXOAMTH 31 3HHIKEHHSIM IIBUKOCTI CylIiHHSA (puc. 2.3).

3aranpHui KoeQIli€HT TEIUIonepeaayl BiJl mapu J0 MOJIOTHA MAa€ CYTTEBUI BIUIMB
Ha MPOIEC CYUIIHHA Tanepy 4Yu KapToHy. Y PIBHSHHS, IO XapaKTEpHU3ye 3arajbHy
KUTBKICTh TEIUIa, IKe MOXe OyTH TepeaHe Bij Mapu A0 MOJOTHA, BXOJUTH KOSDIIIEHT

K [10], sixuit mopiBHIOE:

Bosoricts marepiany W, %

|
I
|
|
T
|
|
|
1

&

Yac, 1
cynok 2.3 — Kpusa cyminus: | - nepioa narpisanus; [I - cyun 10CTIiHHO
Pucynok 2.3 — Kpusa cyminns: | - nepioa narpisanus: [l - cyminng 3 nocriiinoro

usuakicrio; I CYLIHHA 1] IMEHITYBAHOIO IIBHKICTIO.

e o1 — Koe(iIieHT Temonepenayl MpU KOHIEHTpAIil mapu Ha BHYTPINTHIN

NOBEPXHI UUTIHAPA;
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0 — KOe(IIi€HT TerIonepeaavi Ha 30BHINHIN MOBEPXHI UITIHAPA;

A — Koe(illieHT Teruionepeaayi CTIHKY IUIIHIPA;

0 — TOBIIIMHA CTIHKY MIIIHPA, M.

3araibHUN KOe(DIIIEHT TEIUIonepeiayl 3aJIe)KUTh B OCHOBHOMY BiJI KO€(QIIi€HTIB
o1 1 O.

@Di3UKO0-XIMIYHI BJIACTHBOCTI IMIOJIOTHA 3HAYHO BIUIMBAIOTH HA TIPOIEC HOTO
CYIIIIHHS Ha MaIlliHi, 0COOJIMBO B MEP10] BUIAJIECHHS 3B's13aHOI BOJIOTH.

3 yCiX BIAaCTHUBOCTEH MOJOTHA HAWOIIBIITNI BIUIMB MAlOTh TaKi HOTO TIOKa3HUKH, SIK
TOBLIMHA i Maca 1 M? , BHJ] BOJIOKHA i CTYIiHb HOr0 MJIMBA, HASABHICTH HAIIOBHIOBAYIB Ta
IHIIAX ~ JOMIIIOK. 3 TIJBHUIICHHSAM TOBIIMHU IIOJIOTHA TOTIPUIYIOTHCS YMOBHU
TeIUIonepeaayl, KpiM TOro 3pocTa€e omip MPOXOHKEHHIO Mapu 3 KOHTAKTHOTO IIApy J10
30BHIIIHBOI TOBEpXHI. [IpupoaHO, M0 YUM UIUIBHIIIE OyJe MOJOTHO, THM BaXKye 3
HBOTO OyJle BUJIAJISITUCS BOJIOTA M1 Yac CYIIIHHS.

[lamip Ta KapTOH, sKI BUPOOJSIOTECA 3 JEPEBHOI Macu 1 MakyJaTypH,
BHUCYIIYIOTHCS Ha MaIllMHI 3HAYHO JIETIIE, HIK 31 3BUYAMHUX IEII0JO3HUX BOJIOKOH 32
OJTHAaKOBOTO CTYIIeHs MiIBa. Lle MOSCHIOETHCS THM, 1110 3 ITiIBUIICHHSM CTYIICHS MJIUBA
BOJIOKHA 3 JICPEBHOI MacW 1 MakyJaTrypu Tipiie HaOyXarTh, MEHII THYYKI, TpH
dbopMyBaHHI 3 HHX TIOJIOTHA YTBOPIOETHCS TIOPHCTA CTPYKTypa, SKa IOJICTIIyE

BUIAJICHHS BOJIOTH 3 HEl.

2.3.3 KananapyBaHHs nanepy

CyTHICTh TpoOIleCy KaJaHApPYBaHHS TOJIATa€ B TOMY, IO TOJIOTHO TMiTa€ThCS
MOCTYIIOBO 3pPOCTAlOYOMY MEXAHIYHOMY THCKY KaJaHAPOBUX BalliB. Y pe3yJbTaTi
MIJBUILEHOTO THUCKY IJIAJIKUX BaliB 1 MPU IBOMY YacTKOBOIO NPOCIU3aHHS iX,
Bi/IOYBAETHCS 3MEHIIIEHHS 1 BUPIBHIOBAHHS TOBIIMHM TMOJIOTHA TI0 BCi WOTO MIMPUHI, a
TaKOX IMABUIIIEHHS MOT0 TJIAKOCTI, TUCKY 1 MIIBHOCTI.

Y nmnpoueci KalaHIpPyBaHHS 3a PaXyHOK THCKY 1 TEpTS BalliB 3 TOJOTHOM
B1IOYBa€ThCsl IOTO HarpiBaHHs, Y Pe3y/ibTaTi YOTO BOJOKHA CTAIOTh €JACTHUHIIIMMH 1
TOMY TIPOJIOBXKYETHCSA IXHE TOAaNbIIe 30JMKCHHS 3 YTBOPCHHSIM JIOJATKOBUX
MI>KBOJIOKOHHHMX 3B's13KiB [10].

VY BUMajKy KaJllaHApyBaHHS MEPECYLICHOrO MOJOTHA ab0 3 HEPIBHOMIPHOIO MOro
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BOJIOTICTIO MOKE€ CIOCTEpIraTucs Mepepo3noil MIKBOJIOKOHHHUX 3B'SI3KIB Y
nmoJIOTHI 200 iX po3puB. Tomy B 3ajie’KHOCTI BiJl YMOB KajlaHJIPYBaHHS 1 KOMITO3MIIi1
MOJIOTHA MILHICTh HOTO Ha PO3PUB MOKE MIABHUIYBATUCS a00 3MEHIITYBATHUCS!.

Ha mnpormec kamanapyBaHHs Tamnepy BIUIMBAIOTh 0arato YWHHUKIB: BOJIOTICTh
MOJIOTHA 1 HOTO TeMIiepaTypa, KOMIO3UIlIS ManepoBOi Macu i CTYIiHb il MJIMBA, TUCK
MDK BajJaMM, CTaH IXHbOI MOBEPXHI, KUIbKICTh 3aXOIUICHb y KaJaHJpi, JlaMeTp BaliB 1
iXHS TBEPIICTh, MBUAKICTH MAITUHU TOIIO.

3 MiABUIIICHHSIM BOJIOTOCTI IMOJIOTHA BOHO CTA€ OUTBIN M'SIKUM, €TaCTHYHUM, KPaIle
VIIUTBHIOETHCS 1 3MIQJKYEThCS TpU  KadaHapyBaHHI. OjHaK Mpu  HAAMIPHOMY
MIJBUIIIEHH] BOJOTOCTI TMOJIOTHA MYYKH BOJIOKOH PO3JABIIOIOTHCS 1 HAOYBalOTh BUIY
MEPraMeHTOBAHMX IUISIM, IO MiJABUILYE BUAUMY 3aCMIYEHICTh 1 MOTIPUIY€E HOTO SIKICTb.
[lepecymieHe TMONOTHO - HAaBMAKH, CTA€ JKOPCTKHUM, JIAMKHUM, BOHO IIOT@HO
KaJIaHJAPYETHCS 1 9acTo MpHU IIboMy oOpuBaeTbes [10].

[lamip, mo MICTATh y CBOIM KOMIO3WLII €JaCTUYHE 1 THYYKE BOJOKHO, Kpaule
KaJlaHJPYEThCSA, HDK OTPUMAHHMM 3 KOPCTKUX 1 TpyOHUX BOJIOKOH. 3 MiJABUIICHHSIM
CTYNEHSI MJIMBa MAacH TOJIMNIIYETbCS CTPYKTypa IIOJIOTHA, HOTO TOBEPXHSA CTa€
TJIAJIIIOK, 1 TOMY B TPOIECI HACTYMHOTO KaJdaHAPYBaHHS BOHO BIJJHOCHO MEHIIIE
YIIUTBHIOETBCS, HI’K OTpUMaHEe 3 MEHIII po3MesieHuX BostokoH [10].

31 30UTbLIEHHSM 4YHMCIa 3aXBaTiB IMOJOTHA B KaJaHApl Ta 31 30UIbLICHHSAM
JTHIAHOTO TUCKY MIX BajaMu IPOLIeC KaJlaHIPYBaHHS TOJIIITY€E€ThCS.

3 MiABUINEHHSM TEMIIEpaTypH TOJOTHA, IO KAJTaHAPYETHCS, 301TBIIYIOTHCS
TUTACTHYHICTh BOJIOKOH 1 MIBUJAKICTH MEPEPO3MNOALTY MIKBOJIOKOHHHX 3B'A3KIB, TOMY B
JAaHUW Yac 4acTo MPAKTUKYEThCS MIAIrpiB BajiB no temneparypu 180 - 200 °C, mo

JTO3BOJISE 3MEHIIINTH KIIBKICTh BAJIIB 1 3HU3UTHU TUCK MK HUMHU.
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3 BUBHAYEHHSA HIOTPEBU B CHUPOBUHHUX PECYPCAX JJIA
BUPOBHUIITBA ITAIIEPY

3.1 buok-cxema 0ajiaHCy BOJH i BOJIOKHA

brok-cxema 6anancy Boau Ta BOJIOKHA MpeICTaBlIeHO Ha puc. 3.1.
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Puc. 3.1 — biok-cxema OanaHcy BoJu Ta BOJIOKHA
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3.2 BuxiaHi 1aHi I po3paxyHKy MaTepiajabHOro 0ajancy

B tabnumi 3.1 HaBejaeHO BUXITHI JaH1 ISl pO3paxyHKY MaTepiaibHOro OajlaHCy

BOJM Ta BOJIOKHA [11] /1 BUpOOHUIITBA €IIEKTPOI30JIAIIHHOTO Marepy.

Tabmums 3.1 — Buxigai gadi MmaTepialbHOTO OanaHcy

3MH.

Buxigai nani
HaitmenyBanus crareit Bssito mis
= PO3paxyHKy
1. KonneHTpaiiisi Macu Ha pi3HUX CTaisIX BUPOOHHUIITBA, %o
Ha nakari 96,00 96,00
[Ticnst mpeciB 42.00 44,00
[Ticns rayu-Bana 19,50 18,00
[Ticst BIACMOKTYBAIbHUX SIIIUKIB 12,00 12,00
B HamipHOMY SIIUKY 0,60 0,50
B 6axy noctiitHoro piBHS 3,50 3,50
B kommno3utiitnomy Oacerini 3,50 3,50
B mammaHOMY Oaceiii 3,50 3,50
B 6Gaceiini o6opoTHOrO Opaky 3,50 3,50
Ckomn micist TUCKOBOTo GuIbTpa 3,50 3,50
3rymryBad MOKpOTro Opaky 3,50 3,50
I'iapopo36uBay cyxoro 6paky 3,50 3,50
['inpopo36uBayu XBOWHOT HEMOI03U 3,50 3,50
3MinryBad MOKpOTo OpaKy 0,80 0,80
Baceita o6opoTHOTO OpaKy 3,50 3,50
[Ticns cenextudaiiepa 0,60 0,50
[Ticst 3minmyBanpHOTO Hacoca Nel 0,5100 0,5030
[Ticst 3minmyBampHOTO Hacoca Ne2 0,7415 0,7304
[Ticnst 1-ro cTymeHs eHTPUKITIHEPIB 0,67 0,7100
[Ticnst 2-TO CTYNEHS NEHTPUKITIHEPIB 0,4 0,4100
2. KonneHrpartist BigxigHux BoJ, %
PerictpoBa Boza 0,1800 0,1700
ITixciTkoBi BOAH 0,0030 0,0040
Bi BiICMOKTYIOUYH STIHUKIB 0,1000 0,1000
[TpecoBi Boau 0,1000 0,1000
ADK.
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[Tponosxxenus Tab:1.3.1

Bin npomuBaHHS CITKH 0,0040 0,0030
Bix nmpoMuBaHHS CyKOH 0,0010 0,0010
OCcBIiTIICHHX BOJ 3 JUCKOBOTO (DiIbTpa 0,0010 0,0010
B OaceliHi Ha/UIMIIIKOBUX BOJI 0,2200 0,2000
Binx mimockoi copryBanku 0,62 0,60
Bix 3rymnryBavya Mokporo 6paxy 0,05 0,04
3. Butpara cBixo0i Ta HaJJIMIITKOBOI BOJIH, JI/T Manepy
CBixa BOJ/Ia Ha TPOMHUBAHHS CITOK 15000 16000
HannuimkoBa Bo/1a Ha COPTYBAJIKY 500 850
CBika BOJIa Ha CIIOPCKHU Ta BiJICIYKH 8500 8000
Caika BoZla Ha MPOMHUBAHHS CYKOH 7000 5000
Caika Bojia Ha BIJICIYKH B rayui 3000 3500
4. Kinpkicts Opaky, % Bix Macu namepy
[Tpu 06pobui namepy 1,5 1,00
Ha nakari 2,0 1,00
[Tpu cymrinHi nanepy 2,0 2,00
Moxkpwuii Opak 2,0 2,00
[Ticns rayu-Bana 15 1,50
5. Komno3wuris marmepy, %
[enros103a XBOWHA HEBUO1JIEHA SJIEKTPOI30JIAIIIHA 100 100
6. KoHueHTpariist BiIXoiB copTyBaHHs, %o
Bingxonu By310BIOBIIIOBaYA 1,0 1,00
HenTtpuknuuepu 1-ro crynens 1,1 1,10
[lenTpuKIMHEPH 2-TO CTYTIECHS 0,72 0,70
LlenaTpukiuHepu 3-TO CTYIIECHS 0,65 0,60
Bigxonu miockoi copTyBaiku 1,0 1,00
7. CyxicTb BUXiiHUX HaniBabpukaris, %
[enro103a XBOMHA HEBUO1JIEHA SJIEKTPOI30JIAIIIHA 88,0 88,00
8. KinbKkicTh BIIXOI1B cOpTyBaHHS, %o (KI/T)
Llentpuxmninepu 1-ro cTyneHs 4,5 5,00
Cenextudaiiep 1,0 0,99
[{enTpukiinepu 3-To cTyneHs 1,0 1,10
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3.3 Po3paxyHoKk MaTepiajbHOro 0ajancy

Po3paxyHok maTepialibHOTO OajaHCy BOJM Ta BOJIOKHA MPOBOAMUTHCS 3T1IHO 3 OJIOK-

CXEMOI0, HABEJCHHOKO Ha PUCYHKY 3.1.

g ¢ dzOH

Clelstso 5°

fesHES Yy

Ha ckman noctynae 1000 kr mamnepy i3 3aaHo0 cyxicTio 96 %.

OTxe, B HbOMY MICTHTbBCS:

Boau 1000 — 960 =40 kr.

abconoTHO—CcyXx0ro BosiokHa 1000 - 0,96 = 960 kr,

] So L HisHe) @zOEz) dzd?2 o jtemlkOls (11 1)
HajimenyBaHHs Maca, xr Konuenrpanisi, % | BojokHo, Kr Boaa, kr
3 HaKaty 1010,00 96,00 969,60 40,40
Haniiinuio(Bcsoro) 1010,00 969,60 40,40
Ha ckman 1000,00 96,00 960,00 40,00
B 1/p036.cyx.6paky 10,00 96,00 9,60 0,40
ITinuio (BCLOFO) 1010,00 969,60 40,40

1L OC Ols
HajimeHyBaHHS Maca, Kr Konuenrpanisi, % | BojokHo, kr Boaa, kr
[Ticns cynrinas 1020,00 96,00 979,20 40,80
Hapiiimno(Bcboro) 1020,00 979,20 40,80
Ha TTPC 1010,00 96,00 969,60 40,40
B r/p036.cyx.0paky 10,00 96,00 9,60 0,40
[Timmo (Bcboro) 1020,00 979,20 40,80

gdbkzh ddz2 d20 yOMmlilsd dzO

nicias npecis P1Cy
6pak P4Ca <«—— CymwibHa yacTMHA |—» Iapa P3Cs
Ha Hakat P.C>
HajimeHyBaHHs Maca, Kr Konnenrpanisi, % | BosokHo, kT Boaga, kr
ITicns mpecis 2269,09 44,00 998,40 1270,69
Hapiiimno(Bcboro) 2269,09 998,40 1270,69
Ha naxkar 1020,00 96,00 979,20 40,80
Brpatu mapy 1229,09 0,00 0,00 1229,09
B r/po36.cyx.0paky 20,00 96,00 19,20 0,80
[Timo (Bcboro) 2269,09 998,40 1270,69
ApK.
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lteiMmMtsea © yOMmilsd dzO

CBIXKa BOJIa JIJIsl IPOMUBAHHS CYKOH P

l

|

3 ray4-Basia P1C1

——— npecoi Boau P3Cs
Mokpuii 6pak PsCs 4 Hpecosa wacruna ——» BOJM Bijl IPOMHMBaHHs
l cykoHP4C4
Ha cymiHHs  P2C»
HaiiMenyBaHHs Maca, kr | Konuenrpauis, % | Bosokno, kr | Boga, kr
ITicns rayu-Bana 5614,31 18,00 1010,58 4603,73
CB.BOJIa HA TP.CYKOH 5000,00 0,00 0,00 5000,00
Haniiiuio(Bcboro) 10614,31 1010,58 9603,73
Ha cyminns 2269,09 44,00 998,40 1270,69
ITpecosi Boam 3325,22 0,1000 3,33 3321,89
Boau B/pom.cykoH 5000,00 0,0010 0,05 4999,95
B r/3mimn.mokp.0paky 20,00 44,00 8,80 11,20
[Tinuto (BCchOTO) 10614,31 1010,58 9603,73
1 O\ dz
micisd BiACMOKTYBaIbHUX AmukiBe P1C1
CBIXKa BOJa v BOJ/Ia B OaceiH
Ha BIACIYKHM — ) Iayu-Baj ) HAJIMIIKOBHX BOJI
| "
Mokpuii 6pak  P4Cy B nipecoBy yactuny P2C>

HajimenyBaHHs Maca, Kr Konuentpanis, % | Boaokno, kr Boaa, kr
ITicist BigCM.AIIUKIB 8446,07 12,00 1013,53 7432,54
CB.BOJ1a HA BIJICIUKHA 3500,00 0,00 0,00 3500,00
Hanitinuio(Bcboro) 11946,07 1013,53 10932,54
Ha npecoBy.qacTuny 5614,31 18,00 1010,58 4603,73
Boswu Bij ray4-Baia 6316,76 0,0040 0,25 6316,51
B r/3mimn.mokp.0paky 15,00 18,00 2,70 12,30
I[Timo (Bchoro) 11946,07 1013,53 10932,54

J t

Hihdis S Islzo Odz! dz

th'gq'

3 perictpoBoi yactuau P1Cy

CBIKa BOJa

}

Ha BIACIYKH—
P

BincMokTyBaJIbHI SIIUKHA

l

Ha ray4-Ban P2C»

|__,.BOjIa B OaceifH CMOKTYHOBHX
Ta miaciTkoBux Box P3Cs
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HajimeHyBaHHs Maca, kr Konnenrpanisi, % | BosokHo, kT Boaa, kr
[Ticns pericTp.yacTUHU 15829,40 6,50 1028,91 14800,49
CB.BO/Ia Ha BIICIUKA 8000,00 0,00 0,00 8000,00
Hanitinio(Bcboro) 23829,40 1028,91 22800,49
Ha rayu-Ban 8446,07 12,00 1013,53 7432,54
Bonu B 0ac.BingcM.Boax 15383,34 0,1000 15,38 15367,95
[Tinuto (BchOTO) 23829,40 1028,91 22800,49

i e Mteso © YyOMmlisd dzO

3 HaripHoro simuka P1Cy

!

Ha BIJICMOKTYBAJIbHI SIIIMKH

CBDXKa Boza . —» P.Co
PericTpoBa yacTuna N
Ha MPOMHUBAHHS —> BOJIa B 0aceiiH CMOKTYHOBHUX
citrku P l Ta miacitkoBux Bog P4Ca
CBIKa Boja
HajimeHyBaHHS Maca, kr Konuenrpanisi, % | BosokHo, kr Bopaa, kr
[Ticns v.sUKa 303782,19 0,50 1518,91 302263,28
CBixa BOJIa Ha ITPOM.CITKH 16000,00 0,000 0,00 16000,00
Hanitinio(Bchoro) 319782,19 1518,91 318263,28
Ha Bigcm.amuku 15829,40 6,50 1028,91 14800,49
PerictpoBi Bogu 287952,79 0,1700 489,52 287463,27
ITizxciTkoBI BOoou 16000,00 0,0030 0,48 15999,52
[Tinuto (BChOTO) 319782,19 1518,91 318263,28
10 " tedzed?2 whdg
13 cenextudaiiepa P1Cy
Hanipuuii stk
B perictpoBy yactuy P2C:
HajimeHyBaHH Maca, kr Konuenrpanisi, % | Bosokno, kr Boaa, kr
[Ticist By3JIOYJIOBITIOB. 303782,19 0,5000 1518,91 302263,28
Hanitinio(Bchoro) 303782,19 1518,91 302263,28
Ha per.uactuny 303782,19 0,5000 1518,91 302263,28
[Timo (Bcboro) 303782,19 1518,91 302263,28
ApK.
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g jdzj CleidW ©2

31 3minryBanbHOTO Hacoca Nel P1Cy

)

Cenexrudaiiep

l

B HamipHuii sk P2Co

—>

Ha COPTYBAJIKY
P3Cs

HajimenyBaHHs1 Maca, kr Konuenrpanisi, % | Boaokno, kr | Boja, kr
ITicist 3mimn.Hac. Nel 306789,64 0,5049 1548,99 305240,65
Haniiiumo(Bcboro) 306789,64 1548,99 305240,65
Ha u/smux 303782,19 0,5000 1518,92 302263,28
Ha muiocky copryBai. 3007,44 1,0000 30,07 2977,37
ITinmio (Bchoro) 306789,64 1548,99 305240,65
dtclslzo OdzGC O
13 cenextudaiepa P1Cy
Boza 3 baceiina l BOJa B Oaceiln
CMOKTYHOBUX Ta :
MiJCITKOBHX BOX 7] Coprysaika —> PericTpoBIX BOA
P3Cs
P2Co l
B IIeX BUPOOHMIITBA 1HIIMX BUAIB nanepy PaCs
HaiimenyBaHHs Maca, Kr Konuenrpauisi, % | Boaokno, kr | Boaa, kr
3 0ac.HaIHIIK.BOL 850,00 0,0564 0,48 849,52
[Ticst cenextudariepa 3007,44 1,0000 30,07 2977,37
Haniitno(Bcboro) 3857,44 30,55 3826,89
B 6ac.perictp.Bon 2013,21 0,6000 12,08 2001,13
B niex BupoOH. iH. B. marl. 1844,23 1,000 18,44 1825,79
[Timo (Bchoro) 3857,44 30,55 3826,89
1 OMi2d ic Mlstesodn o SH

13 COPTYBAJIKH
P2C>

—>

13 perictpoBoi yactuau P1Cy

)

pericTpoBa Boaa

Baceiin pericrpoBux Boj

L_» B TI/p XBOIHOI
L IIEJTI0JI03H

' /D
pericTpoBa Bojia B I/p CyXoro

opaxy PsC3

pericTpoBa Bojia Ha ray4-

mimanky PeCs

pericTpoBa Bojia

pericTpoBa

B 3/H Nel BOJA
P:Cs B 3/H Ne2
PsC3

P3Cs

Ha/JTUIIOK PEericTpoBOi
Bomu  PoC3
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HajimeHyBaHH Maca, kr Konuenrpanisi, % | Boaokno, kr | Boja, kr
3 pericTpoBOi YaCTHHHU 287952,79 0,1700 489,52 287463,27
Bix miock.coprys. 2013,21 0,6000 12,08 2001,13
Hapiiiino(Bcboro) 289966,00 501,60 289464,40
Ha 3m.Hacoc Nel 117170,20 0,1730 202,69 116967,51
Ha 3m.Hacoc Ne2 138289,05 0,1730 239,22 138049,83
Ha r/po36.xBoiiH.11e71. 28368,82 0,1730 49,07 28319,74
Ha r/po36.cyxoro Opaky 1112,11 0,1730 1,92 1110,18
Ha 3mim.mokp.6paky 1789,43 0,1730 3,10 1786,34
B Gacelin Ha1.BO 3236,39 0,1730 5,60 3230,79
[Timo (Bcboro) 289966,00 501,60 289464,40
1R 2o Odzt dzd?2 dzOMmtst 1
BiJ neHTpukiauHepiB 1 crynenss P1Ci
l 13 OaceiiHa pericTpoBHUX
3mimyBanbHuii Hacoc Nel  |¢— Box P3Cs
Ha cesnekTudaiiep
P2C2
HaiimenyBaHHs Maca, kr Konuenrpanisi, % | Boaokno, kr | Boja, kr
PericroBa Boga 117170,20 0,1730 202,69 116967,51
[Ticns nentpuki. Icr. 189619,44 0,7100 1346,30 188273,14
Hanitinio(Bchoro) 306789,64 1548,99 305240,65
Ha cenekrudaiiep 306789,64 0,5049 1548,99 305240,65
[Timmo (Bchoro) 306789,64 1548,99 305240,65
AidzlstedS dzddzjited 1 Mlsky j dgv

31 3mimyBasibHOrO Hacoca Ne2 P1Ci

!

HenTpukiaunepu 1 crynens

Ha LEHTPUKIMHEPH 2 1 3

L » crynens P3Cs

v
y 3mimyBanbHH Hacoc Nel PoCp
HajimeHyBaHHS Maca, Kr Konunenrpanisi, % | Bosokno, kr | Bopaa, kr
[Ticns 3mimn.Hacoca Ne2 200085,44 0,7304 1461,42 198624,02
Hapiiinmo(Bchoro) 200085,44 1461,42 198624,02
Ha 3mimryB.Hacoc Nel 189619,44 0,7100 1346,30 188273,14
Ha nearpuka. 111 I cr. 10466,01 1,1000 115,13 10350,88
ITinuto (BchOTO) 200085,44 1461,42 198624,02
ApK.
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Aj dzlsted € dzd dzj te d

2 t

3 mMiskzy j dgw

3 neHrpukimHepiB [ ctynenss P1Cy

BOJIA B K0JI00U
Nel 1 Ne2 3 Gaceiina
CMOKTYHOBHX Ta
IMJICITKOBUX BOJL

y

—

HenTpukiaunepn 2 i3
CTyneHsl

BIJIXOJIM B CTIK
Ly P4Cs

P.C> l
B 3MinnyBasibHHM Hacoc Ne2 P3Cs
HajimenyBaHHs1 Maca, kr Konuenrpanisi, % | BosokHo, kr Boga, kr
ITicns nenTpuki. I cr. 10466,01 1,1000 115,13 10350,88
Hapyum.Bona B 5011006 1 1
II 20126,37 0,0526 10,59 20115,78
Haniiinuio(Bcboro) 30592,38 125,71 30466,66
B 3minryB.Hacoc Ne2 30442,38 0,4100 124,81 30317,56
Binxonau y BigBan 150,00 0,6000 0,90 149,10
[Tinuto (BCchOTO) 30592,38 1,1000 125,71 30466,66
LB " zo Odzt ded 2 dzOMtsfy - 2
3 Oaka mocriiiHoro piBHs P1C1
BOJIa 3 OaceitHa l 3 IICHTPUKJIMHEPIB 2
PEricTpOBUX BOA — 3mimyBajibHU HACOC N2  |¢— CTYNCHA P4C4
P3Cs l
Ha uentpukiaunepu I crynenst P2Co
HajimenyBaHHs Maca, Kr Konuentpanisi, % | Boaokno, kr | Boaa, kr
PerictoBa Boza 138289,05 0,1730 239,22 138049,83
Binx nenrpuxms. I cT. 30442,38 0,4100 124,81 30317,56
3 BITP 31354,01 3,5000 1097,39 30256,62
Haniimno(Bchoro) 200085,44 1461,42 198624,02
Ha nentpuki. I cr. 200085,44 0,7304 1461,42 198624,02
[Timo (Bchoro) 200085,44 1461,42 198624,02
1 O sMmis' 2 dzese s o' o dagv
HajimenyBaHHs Maca, Kr Konuentpanisi, % | Boaokno, kr | Boaa, kr
ITiciist MmamuH.0acelina 31354,01 3,5000 1097,39 30256,62
Haniiimo(Bchoro) 31354,01 1097,39 30256,62
Ha 3minr.macoc Ne2 31354,01 3,5000 1097,39 30256,62
ITinmio (Bchoro) 31354,01 1097,39 30256,62
ApK.
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[ Oh ddzded?2 B OMJ 2 dz
HajimenyBaHHA Maca, kr Konuenrpanisi, % | Boaokno, kr | Boja, kr
ITiciis koMmo3.0aceiina 31354,01 3,5000 1097,39 30256,62
Hanitinio(Bcboro) 31354,01 1097,39 30256,62
Ha BITP 31354,01 3,5000 1097,39 30256,62
[Tinuto (BchoTO) 31354,01 1097,39 30256,62

st tsL gy’ 2 dzd 2

BOMJ 2 dz

3 Biginy miaroroBku macu P1Ci

3 OaceliHa

0060poTHOTO l

Spaky CKOII 3 JUCKOBOI'O

P,C, —»  Komnosuuiiinumii 6aceiln  |[«— dinsTpa

B MamuHHuM O0aceiH P4Ca
HajimeHyBaHHS Maca, kr Konuenrpanisi, % | Bosokno, kr Bopaa, kr
I3 r/po30uB.XB.11CII-31 29485,78 3,5000 1032,00 28453,78
I3 Gaceiina o0ir.0Opaky 1552,85 3,5000 54,35 1498,50
Ckon 3 auckK.(pipTpa 315,38 3,5000 11,04 304,34
Hapiiiimno(Bcboro) 31354,01 1097,39 30256,62
B mammuauii 6aceitn 31354,01 3,5000 1097,39 30256,62
[Tinuio (Bchoro) 31354,01 1097,39 30256,62
] " HiestesL Bdo Oy vy dz¢ dzsL d

HaijiveHnyBaHH#A Maca, kr Konnenrpaunisi, % | Bosokno, kr | Boaa, kr
XB.11e1-32 31 CKIIay 1116,96 88,00 982,93 134,04

Bopa 3 6ac.per.Bon 28368,82 0,1730 49,07 28319,74
Hanitinio(Bchoro) 29485,78 1032,00 28453,78
B xoMno3umiiinuii 6ac. 29485,78 3,50 1032,00 28453,78
[Tinuto (BChOTO) 29485,78 1032,00 28453,78

ITepepoOka cyxoro ta MOKporo opaky

] HtostesLBdo Oy Mkrtsets BtOCE

Binxosu 3 [1PB, cymunbHOi yactunu, Hakaty P1Ci

!

I'inpopo3ouBay cyxoro
ﬁp?xy

3 OaceifHa pericTpoBHX
-« Boz1 P3C3

v

B Oaceiin ob6opoTHoro Opaky P2C»

3MH. ApK. Ne QoKyM.

Mionuc | Aama
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HajimenyBaHHs Maca, Kr Konuentpanisi, % | Boaokno, kr | Boaa, kr
3 IIPC 10,00 96,00 9,60 0,40
3 Hakary 10,00 96,00 9,60 0,40
3 cymiiHHS 20,00 96,00 19,20 0,80
3 Oac-Hy per.Boj 1112,11 0,1730 1,92 1110,18
Haniiino(Bcboro) 1152,11 40,32 1111,78
B Gaceitn 060p.Opaky 1152,11 3,5000 40,32 1111,78
[Tinuto (BchOTO) 115211 40,32 1111,78

| O " OdzC ©

BiJXo/u 3 mpecoBoi yactuau  P1Cy

BIIXOIU Big

ray4-Basa P4Cy

)

3 OaceliHa PeriCTPOBUX

— Iayu-mimanka «— B0z P3Cs3
Ha 3rymryBay P2C»
HajimenyBaHHs Maca, Kr Konuentpanis, % | Boaokno, kr | Boaa, kr
3 IpecoBOi YaCTUHHU 20,00 44,00 8,80 11,20
3 ray4d-Bajsia 15,00 18,00 2,70 12,30
3 Gac-Hy per.BoJy 1789,43 0,1730 3,10 1786,34
Hanitinuio(Bcboro) 1824,43 14,60 1809,84
Ha 3rymi.mokporo 6paky 1824,43 0,8000 14,60 1809,84
[Tinuto (BCchOTO) 1824,43 14,60 1809,84

16khzo Oy

13 rayy-mimankuP1Cy

)

B OaceiiH HaJJIUIIKOBHUX

3ryuyBau

Ly Bog P3Cs

1

B Oaceiitn o6opotHoro 6paky P2Cp

HajimenyBaHHs Maca, Kr Konuentpanisi, % | Bosokno, kr | Boaa, kr
[Ticst 3mit.MOKp.Opaky 1824,43 0,8000 14,60 1809,84
Haniiimo(Bchoro) 1824,43 14,60 1809,84
B Gaceitn 060op.Opaky 400,74 3,5000 14,03 386,72
B 0Oaceiin Ha1.BO 1423,69 0,0400 0,57 1423,12
[Timmo (Bcboro) 1824,43 14,60 1809,84
ApK.
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1 O0Mj?2dz BB IsdzsG s

13 Tigpopo3ouBayda cyxoro Opaky P1Ci

y

Baceiin o6opoTHOro opaxky

l

B KOMITO3UIiiiHM Oaceitn P3Cs

4__

BtcOC Iz

31 3rymryBava P2Co

HajimenyBaHH Maca, kr Konuenrpanisi, % | Boaokno, kr | Boja, kr
3 r/po36uB.cyx.0paKy 1152,11 3,50 40,32 1111,78
31 3MII1.MOKpPOTO OpaKy 400,74 3,50 14,03 386,72
Hanitinio(Bcboro) 1552,85 54,35 1498,50
B xommno3zui.0aceiin 1552,85 3,50 54,35 1498,50
[Tinuto (BchOTO) 1552,85 54,35 1498,50
I OfMi2ds dzOH d&Zdh Csodn o SH
3 DaceiHa pericTpoBHX 3 OaceiiHa CMOKTYHOBHUX Ta
Bog P1C1 mijgciTkoBux Box P2Co
Bi ¢ v BiJ] 3TyIyBaya
Fayq'gjg — Baceiin HaAJIHIIKOBHX BOJ — P4C4
HAJTMIIOK Ha JUCKOBHH (iIBTP
PsCs
HaiimenyBaHHs Maca, kr Konnenrpanis, % | Bosokno, kr | Bopga, kr
3 OaceitHy per.Boj 3236,39 0,1730 5,60 3230,79
3 OaceitHy miACITK.BOJT 16000,00 0,0030 0,48 15999,52
3 GaceifHy BOJI BiJICM.III. 15383,34 0,1000 15,38 15367,95
Bix rayd-ana 6316,76 0,0040 0,25 6316,51
Bix crym.Mokp.Opaky 1423,69 0,0400 0,57 1423,12
Hanitinio(Bcboro) 42360,18 22,28 42337,89
B %0100 Nel i Ne2 20126,37 0,0526 10,59 20115,78
Ha copryBanky 850,00 0,0526 0,45 849,55
Ha muckoBwuii GinbTp 21383,81 0,0526 11,25 21372,56
[Tinmuto (BchOTO) 42360,18 22,28 42337,89
ApK.
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dmStsead?

W ¢t

w

dz! Is te

13 Oacelina HaMImKkoBux Box P1Ci

!

JAuckoBuii GiabTp

|y Oaceiin P3Cs

v

B Oaceitn mposicieHoi Bogu  P2C»

CKOIl B KOMITO3ULIIHUHI

HajimeHyBaHHs Maca, Kr Konuentpanisi, % | Boaokno, kr | Boaa, kr
3 Oaceliny HaJ1.BOJ 21383,81 0,0526 11,25 21372,56
Haniitno(Bcboro) 21383,81 11,25 21372,56
B xommo3sur.0aceiin 315,38 3,50 11,04 304,35
B Gaceiin 0CBITII.BO 21068,42 0,0010 0,21 21068,21
[Tinuio (Bchoro) 21383,80 11,25 21372,56
1 OMmMj2dze ftetsw fdzj dzd 9 SH
baceiin nposicHeHOI BoaH
HaiimenyBaHHs Maca, kr | Konuenrpauisi, %0 | Boiokno, kr | Boaa, kr
[Ticnst nuckoB.inbTpa 21068,42 0,0010 0,21 21068,21
Hanitinio(Bcboro) 21068,42 0,0010 0,21 21068,21
Ha ouncni cnopyau 21068,42 0,0010 0,21 21068,21
[Tinuto (BCchOTO) 21068,42 0,0010 0,21 21068,21

liLi s stesls dz

9lstcOIlsd o sdzts ¢ dzO

[Tin wac po3paxyHKy OE3MOBOPOTHHX BTPAT BOJIOKHA BPaxOBYIOTHCS BCi HOTO

BTpaTH JJisl JAHOTO BUPOOHUIITBA. be3moBOpOTHI BTpaTH BOJIOKHA CTAHOBIISTS:

982,93 — 960,00 = 22,93 xr.

B upomMy Bumnaaky BuMoi BosiiokHa (BB) cTaHOBIATS:

BB = (22,93-100)/982,93 = 2,33 %.

BpaxoByroun, 10 BIIXOAU TUIOCKOT

COPTYBAJIKM MOKHA BHKOPUCTATH Y

BUPOOHHUIITBI 1HIIMX BUJIIB MANEPy, OTPUMAEMO:

3MH.

ApK. Ne QoKyM.
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Jdama
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BB =((22,93-18,44) -100)/982,93 = 0,46 %.

PesynpTaTn 3BefeHOoro OamaHcy BOAM 1 BOJIOKHA BUPOOHHUIITBA mMamnepy

€JIEKTPOI30JIAIMHOTO MPU3HAYCHHS HABEACHO B Ta0MIsx 3.2 Ta 3.3.

Tabmuis 3.2 — 3BeneHuit MatepiaibHUN OalaHC IO BOJIOKHY

BoJiokHo (abc.cyx.),Kr HanxoakeHHst Burpara
XBoliHA HEBUOLIEHA LIEJIFOJIO3a 982,93
0,00
Bceboro: 982,93
I'oToBa mpoyKiis 960,00
Binxomu nenrpuxminepis 11 cT. 0,90
3 IpecOBUMHM BOAAMU 3,33
ITpomuBKa CyKoH 0,05
Ha ouncHi ciopynn 0,21
Binxonu copryBaiku ( B 11eX B-Ba IHIIKUX BUIB
rarepy) 18,44
Bceboro: 982,93
Tabnuns 3.3- 3BeneHuit maTepiaabHU OajgaHC 1Mo BOAL
Boaa, kr Hanxom:xeHHsa Butpara
3 XBOMHOI HEBUOLICHOIO IIEITI0JIO3010 134,04
CBika BOJIa HAa IPOMUBAHHS CITOK 16000,00
CBiXka BOJ1a Ha BIJICIYKH BIJICM. SIIIHUKIB 8 000,00
CBika BOJla Ha MPOMUB. CYKHA 5 000,00
CBika BOJIa Ha BiJICIYKH B raydi 3 500,00
Bcboro: 32 634,04
3 rOTOBOIO MPOAYKIII€IO 40,00
3 maporo npu CyuriHHi 1229,09
3 Bigxonamu neHtp. I cr. 149,10
3 MpecoBUMHU BOJAMU 3321,89
ITpomuBKa CyKOH 4999,95
Ha ouucHi ciopyau 21068,21
Bigxoau copryBasiku ( B 1ieX B-Ba 1HIIMX BHIIB
namnepy) 1825,79
Bcboro: 32 634,04

3MH. ApK. Ne QoKyM. Mionuc | Aama

[TosicHIOBanIbHA 3aMKCKa

ApK.

38




3.4 Po3paxyHOK TeIJIOBOI0 GaJaHCy

B tabnumi 3.4 HaBeleHO BUX1JIHI 1aH1 I PO3PaxyHKY TEIJIOBOTO OajlaHCy.

Taomuig 3.4 — BuxiaHi Jadi TEILUIOBOTO

Buxigni mami

[TpoayKTHBHICTH, KT/TOT G 1749,6
[TouaTkoBa BoJoTicTh MaTepiaiy, % Wi 56,00
Kinnesa Bosoricte Marepiany, % W 4,00
[TouatkoBa TemMmeparypa mMaTepiaiy, t1 20,00
[TouaTrkoBa Temiieparypa moBiTps, 01 15,00
[TouaTkoBa BOJIOTICTh MOBITPSA F1 0,40
Kinmesa TemmepaTrypa noBiTps, 04 85,00
Kinnesa BojioricTh MoBiTpst F> 0,84
TemmnepaTypa MOBITPs MiCs TEMII00OMIHHUKA, 02 30,00
Temmeparypa rparouoi napu, Onap 130,00
Tabmuug 3.5 — TeruoBuii 0anaHC CylIHHA
Ipuxin k/x/ron
1. 3 mapowm, 1110 MOCTyMae B CYIIWIbHI HUTIHAPU 5817523,71
2. 3 mapom, 110 TIOCTYIa€e B Kajmopudep 877752,68
3. TeTI0, M0 BUKOPUCTOBYETHCS B TEIUIOOOMIHHHUKY 260553,01
Bceroro 6955829,41
Butpara k/x/ron
1. Ha minirpis 472900,97
2. Ha cymky B 2-My Ta 3-My nepiozax 5235249,07
3. Ha BTpaTu B HABKOJIMIITHE CEPEIOBHUIIIEC 31765,29
4. Ha BTpaTu 3 HEBUKOPUCTAHUM IOBITPSIM 26055,30
5. Ha migirpiB noBiTps B TEMJI00OMIHHUKY 260553,01
6. Ha BTpatu 3 BiIXiAHUM MOBITPSIM 929305,75
Bceroro 6955829,41
Ta6nuis 3.6 — Pe3ynbpTaTi po3paxyHKy TEIIOBOTO OallaHCy
Butpara mapu B cynmmiibHii 4acTHHI, KI/TOJ D1 2649,88
Butpara nmapu B kanopudepax, Kr/roj D2 399,82
3aranpHa BUTpaTa Mapu, Kr/Toj D 3049,70
Butpara nmapu Ha 1 kr Matepiany Dyx 1,74
KiTbKiCTh MOBITPSI, IO MOTAETHCS HA CYIIIHHS, KI/TOJ L 17266,58
KinbKkicTh CBI3KOTO MOBITPS, KI/TO Lo 18993,24
TToBepXHs TeIUIONepeIayi AT HATPiBa CYIIKH, M2 F1 6,01
TToBepXHs TeIuIonepeayi s CyIIKH, M2 F2;3 84,81

3MH.
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[Tponossxenus 1a6a.3.6

3arajbHa MOBEPXHs TEILIONepeadi, M2 F 90,82
Temmeparypa noBiTpsi Ha BXO/Ii B CYIIWJIbHY YaCTHUHY, 03 80,53
Temneparypa maTepiany mpu CyIIiHHI t2 60,00
Cpenn. Temneparypa maTepiairy Bo 2,3 nepuojaax, ts 78,90
CpenH. TemnepaTtypa marepiany, ts 40,00
Temmepatypa MaTepiany micis CyIIiHHS, t3 113,55

3MH.

ApK. Ne QoKyM. Mionuc | Aama
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4 BUBIP TEXHOJIOTTYHOI'O OBJIA/THAHHSA

ITanepopoOHa mammHa

Jlnst BUpOOHMIITBA mMamnepy eJIeKTPOI30AIIHHOTO TPU3HAYEHHS! MPONOHYETHCS

BUKOPUCTOBYBATHU HanepopodHy Mamuny mapku b5-53 [9]. Ii xapakrepuctuku HaBeneHo

B Ta0Omu 4.1.

Tabmuns 4.1 — Texuiuni xapakrepuctuku [IPM b-53

XapakTepucTruka 3Ha4YEHHS
OO0pi3Ha mKpUHA MTOJIOTHA, MM 2500
[IponykTUBHICTB, T/100Y 3-30
IBUAKICTB 32 IPUBOAOM, M/XB 150

dopmyna s po3paxyHKy NPOAYKTUBHOCTI MAIlIMHU:
Qror= 0,06-Bo-v-0-K1-Ky,
e 0,06 — koedillieHT nepeBeIeHHs MBUAKOCTI 33 4aCOM Ta MacH 1M? IPOTyKIIii;
By — 00pi3Ha muprHa MoJ0THA, M;
V — IIBUAKICTH MAIlIMHU, M/XB.;
q — maca 1 M? manepy, r/m?
K1 — xoedimient xonocroro xoay [1PM;
K7 — koediiieHT BUKOPUCTAHHS MAIIUHU.
Po3paxoByeMo ToauHHY MPOIYKTUBHICTH TAIEPOPOOHOT MAITHHM:
Qror= 0,06-2,5-150-90-0,9-0,96 = 1749,6 xr/ron
JloOoBa MPOTyKTUBHICTH MAIIIMHH:
Qro6= Qroxti=1749,6-23 = 40240,8 xr/n00y = 40,24 1/700y
[1maHoBa piuyHa TPOIYKTUBHICTh MAIIIMHU CKIIAJIAE:
Qpiv= Qnos- Teqp = 40,24-345 = 13882,8 1/pix = 13900 1/pik

ne Tep = 345 — KIIBKICTh HENEPEPBHOI pOOOTH MAIIMHMU, JHIB Ha PIK.

ApK.
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I'inpopo3ouBau
Jns po3mycKy XBOMHOI €JEeKTPOI30JISIIIIAHOI IETI0JI03M 00paHO BEPTUKAIBHUM

rizpoposousau Ty ['PB-16 [9], xapakTepucTuku sKoro HaBeaeHO B Ta0m.4.2.

Tabmur 4.2 — TexHiuHi XapaKTepUCTHKH Tipopo3ouBaya ['PB-16

XapakTepuCTHUKa 3HavYeHHs
O6’eM BaHHU, M° 16
[ToTyXHICTh €JIeKTpOoABUTYHA, KBT 200
Yacrora 06epTaHHs poTopa, XB 180
[IponyKTUBHICTB, T/100Y 45

KinekicTs rigpopo3ousauis I'PB-05 3a popmynoro:

~

Ll

U = = 0,9 = 1 rimpopo36uBay.

””

JInckoBHii MJIMH
Jlns  po3MentoBaHHS oOpaHo guckoBud wimH Ttauny MJI-14 [9], Texniuni

XapaKTEpHUCTHKA SIKOTO HaBeIEHO B Ta01.4.3.

Tabmuus 4.3 — TexHiuHI XapaKTEPUCTUKU AUCKOBOTO MinHa M/[-14

XapakTepuCTHUKa 3HaYCHHS
JliameTp qUCKIB, MM 630
[ToTyXHiCTh €NeKTpOABUTYHA, KBT 160
Yacrora o6epTaHHs poTOpa, XB. ™ 750
[TponykTuBHICTB, T/100Y 20-80

KiIbKiCTh MJIMHIB PO3PAXOBYETHCS MO MPUPOCTY CTyNeHs MiuBa. [lodarkoBuit
CTymiHb MiMBa ckiagae 12+2 1P, a kinnesuit — 60 IP. [Ipupict Ha 1-my MiauH1
cranoBuTh 8-10 IIP, TOMy KUIBKICTh MIIMHIB CKJIAJIA€:

kL4

0) = = 4,7 = 5 MJIMHIB.

ApK.
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YcraHoBKa BUXPOBHX KOHIYHUX OYHMCHUKIB

Cxemoro HGpGI[62l‘ICHO BCTAHOBJICHHA YCTAHOBKHW BHXPOBUX KOHIYHMX OYHMCHHKIB

tuny YBK-50-02 [9], TexHiuHi XapaKTepUCTUKH SIKOT HaBEICHO B Tabm.4.4.

Tabmui 4.4 — TexHiuHI XapaKTEPUCTHUKU YCTAHOBKY BUXPOBUX OUYHCHUKIB

XapakTepuCTHUKa 3HavYeHHs

[IpoayKTUBHICTB, T/100Y 50
KinpKicTh OUMCHUKIB 32 CTYIICHSIMU Icr. - 20;

Il cT. - 6;

[Icr. -2
[IpomyckHa 37aTHICTB, JI/XB 400
JliameTp OYMCHHUKA, MM 160
JliameTp oTBOpa HacaJKu, MM 24
["aGapuTHi po3Mipu, MM 4,36 x 3,87 x 3,10
3aranpHa Maca yCTaHOBKH, T 10,9

KibKiCTh yCTAaHOBOK BUXPOBUX OYMCHUKIB CKIIAIAE:

N

ByssoBiioBioBau

-~ X

= 0,805 = 1 ycranoBkKa.

[To 3HaueHHsMm n000Boi mpoaykTuBHOCTI [IPM oGpano By3nornoBmoBau B3-02

[9], TexHiUHI XapaKTEepUCTUKH IKOTO HaBeeHO B Ta0. 4.5.

Tabmuns 4.5 — TexHiUHI XapaKTepUCTUKU By310BIoBmOBa4Ya B3-02

XapaKkTepuCTUKA 3HaYCHHS
[IponyKTUBHICTB, T/100Y 25-50
[Troma cuta, M? 1,17
KonmnenTparis macu, % 1,3
[lepenan Tucky, Mlla 0,015-0,035
KigpkicTh TonaTew, mr. 2
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[Tponossxenns tabn.4.5

YacroTta 00epTaHHS POTOPA, XB. ™ 300
[ToTyXHICTh €NEKTPOABUTYHA, KBT 10
["aGaputHi po3mipu, M 2x1,28x 1,99

KinpKicTh By3JI0BIIOBITIOBAYiB CKIIA/IA€:

~

L L4

N
n

= 0,805 = 1 By370BIOBITIOBAY.

CopryBaska
[lo 3nadennsmM n0060Boi mpoaykTuBHOCTI [IPM o00pano coptyBanky ¢ipmu

«DolT», XapaKTepUCTUKHU SKOI HaBEIEHO B Ta0I. 4.6.

Tabnuus 4.6 — TexHiIuHI XapaKTEPUCTUKU COPTYBAIKHU

XapakTepuCcTHUKa 3HaYCHHS
[IponyKkTUBHICTB, T/100Y 20-50
[Tnoma cuta, M? 1,15
KonmnenTpartis macu, % 0,3-0,5
[lepeman Tucky, Mlla 0,015-0,035
KinbkicTe nonarei 3
[ToTy>XHiCTh €NneKTpOoABUTYHA, KBT 15
Yacrora o6epTaHHs poTOpa, XB. ™ 300
["aGapuTHi po3mipu 1,43 x 1,04 x 1,05

KisbKiCTh COPTYBaIOK CTAHOBUTH:

kL4

U N A y

~ v

= 0,805 = 1 copryBanxa.

I'inpopo30ouBa4 cyxoro Opaky
st po3nmycky cyxoro Opaky micis BUPOOHHIITBA Tarepy 0OpaHO BEpTUKATLHUN

rigpopo3ousau tumy I'PB-00, xapakrepucTuku sikoro HaBeJeHo B Ta0.4.7.
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Tabmuns 4.7 — TexHiuHi XapaKTepuCTHKH T1ipopo3dusaya ['PB-00

XapakTepucTuka 3HaueHHs
JliameTp BaHHU, MM 1400
Hiametp poTopa, MM 600
[ToTyXHICTh €JIeKTpOABUTYHA, KBT 10
YacroTta 00epTaHHS POTOPa, XB ™ 560
[IponyKkTUBHICTB, T/100Y 2

KinekicTs rigpopo3ousauis I'PB-00 3a popmyoro:

L1 4

U

NN

Ve

= 0,81 = 1 rigpopo36uBay.
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5 OB’EMHO-IIVTAHYBAJIBHE PIIIEHHA BY AIBJII LHEXY 3
BUPOBHUIITBA EJEKTPOI3OJIALINHOIO TPAHC®OPMATOPHOI'O
IHAIIEPY

[IpumimeHHss mamnepopoOHOro IeXy 3a KOHCTPYKIIEO — KapKacHe, 30ipHe
3ai300eToHHe. 3aliMae aBa moBepxu. Jlosxkuna 174 M, Bucota 23,5 M, mmpuHa 24 M.
[Tpumimenns cnupaeThes Ha 30 KOJIOH, X KPOK — 6 METpiB.

B 3an1 manepopoOHoro nexy po3MimieHa 1 mamnepopoOHa mammHa. BigmiTka BUCOTH
JPYroro MoBepxy CKiaaae 6 MeTpiB.

CtTiHM BeJIMKOMAHEIbHI 3 OJHOIIAPOBUX Ta300€TOHHUX TAaHEJICH, TOBIIWHA CTIHU
ckiagae 200 M.

[IpumimenHss mae 2 eBakyaliiiHUX BHUXOAH. J[Bepi B NpPHUMIIIEHHI BIIKPUBAIOTHCA
Ha30BHi. Po3mipu npoxosiB ckianaots 1,35 M, miomanok — 1,4 M, asepeit — 1,4 m.

B npuminienni nepeadayeHo J1Ba MOHTaXKHI OTBOPH JUIS 31MCHEHHS TEXHOJIOTTYHUX
Ta PEMOHTHUX ormnepaniid. Tako O0OCIyroByBaHHS WEXYy 3IIHCHIOETHCS MOCTOBUM
KpPaHOM.

Ha nepmomy moBepci po3milieHl MallMHHUK OacelH, rayd-Millainkd, Hacocu. Ha
npyromy noBepci [IPM, Hakat, 3BOJOKHIOBAY, CyMepKalaHJIp, MOB3/I0BKHbOPI3aIbHUN
BEPCTAT Ta MaKyBaJIbHUI CTAHOK.

BikHa okpemi, Ha niepiomy 1 apyromy nosepci posmipamu 3000%2400 mm.

@dyHIaMEeHT, Ha SKUH ONMHUPAIOTHCS KOJIOHU CIIOPYIH, CTOBIMYACTOrO THUITY —
0arato00koBUl. PO3MIpH HMKHBOT IIIMTH (QPYHIAMEHTY: IIUpUHA — 2,5 M, JOBXHHA —

2,5 M. 'mubuna 3amsranas pyHIaMeHTy - 2,3 MeTpa.

ApK.

[TosicHIOBanIbHA 3aMKCKa 46

3MH. ApK. Ne QoKyM. Mionuc | Aama




6 3AXO0/JIU 3 OXOPOHU MIIPAIIl HA BUPOBHULTBI

[entono3Ho-manepoBa MPOMUCIOBICTh HAIEKUTh JO TAaKOi MPOMHCIOBOCTI, sKa
BHUTpAYa€ 3HAUYHY KUIBKICTh BOAM. € HABITH BUAM MAMeEpPy, U1l BUTOTOBJICHHS | T SIKOTO
BUKOpUCTOBYeThes Oibie 1000 M3 cBixkoi Boau. AJle 3a CTATHCTHKOIO, KiIbKICTh BOJIH,
III0 BUKOPHCTOBYETHCS Y BHYTPIIIHBO IEXOBOMY 000poTi, Aocsarae 70-90% [13].

B nmanoMmy QUIIIOMHOMY MPOEKTI CBiXa BOJAa BUKOPHCTOBYETHCS HA TIPOMHUBAHHS
CITOK, JUIS BIJCIYOK Ha BIJCMOKTYBAJIBHUX SIIMKax, ajieé TaKoX IepeadadyeHo
BUKOPUCTAHHA  OOITOBHMX  BOJA. TakoXX  BHPOOHHITBO  €IEKTPOiI30JSAIIHHOTO
TpaHCPOPMATOPHOTO TANepy HE Mependadyae BUKOPUCTAHHS XIMIKATIiB, IO TMOJETIIYE
IPOLIEC OUMILICHHS Ta MPOSICHEHHS BOJI.

Bonu, ki BIAXOIATH Bij ManepopoOHOI MalllMHM, MAalOTh Pi3HY KOHIICHTPAIIO
BOJIOKHA B 3aJIGKHOCTI BiJ JUISTHKH, 3 SIKOi BOHM BiIOuparoThcs. Bojna, ska BiAXOauTh
BiJl (hOpPMYIOUOi YACTUHU MAIIMHH, BUKOPUCTOBYETHCS JUIsI pO30aBIIEHHS IMarepoBOi
Macy B MAacOMIArOTOBYOMY BIJJILIII, TaK SIK MAa€ JOCTATHHO BUCOKHI1 BMICT BOJIOKHA.

Bona 3 HIbKuuM BMICTOM BOJIOKHA, a caMe Ha/JIMIIKOBA BOJA 3 rayy-Baja, Bij
BIJICMOKTYBAJIbHUX SIIMKIB Ta BIJl MPOMHUBAHHS CITKH 1 CYKHa BUKOPHUCTOBYETBCS IS
po30aBJIeHHS ManepoBoi MacH i po3IMycKy 00OPOTHOTO manepoBoro 6paxy. Ckorl, micis
JTMCKOBOTO (DUTbTpa, HAMPABIIAETHCA Ha3a/l Y TEXHOJIOTIYHUHN MpOIIeC.

[ToBTOpHE BUKOPUCTAHHS CKOITY 1 BOJIU CTIPUSE HE JIMIIE 3a0IaHKCHHIO BOJIOKHA
1 BOIM, a ¥ poOOWUTH JaHe BUPOOHHUIITBO EKOJIOTITYHO OE€3MEYHUM, OCKIJIbKA He
3a0pyIHIOIOTHCS] BOJAOUMH.

Ha BupoOHMIITBI B 3ajlax ManepopoOHUX MAIIWH HAsIBHE HAJIUIIKOBE BUIALICHHS
Teria BiJ CYIIMJIBHUX YaCTUH MAallMHU, €JIEKTPOJABUTYHIB, TPUBOJIIB Ta 1HIIE, a TAKOXK
BOJIOTOBU/IUJIEHHS 3 CYIIMJIBHOI 1 MOKPOi YaCTHH MAaIllMHU Ta IHIIOTO O0JaJHAHHS.

VY 3B’A3Ky 3 HasBHICTIO B 3aJiaX MarnepopoOHUX MaIllMH 3HAYHUX BTpaT TEILIia, B

HUX MPOEKTYETHCS TIIBKHA YEPTOBE OMAJICHHS (TEIJIOpEereHEPAIlITHUMU arperaTaMu).

Di3nKo-XiMivHIi I CAHITAPHO-TIri€HIYHI XapaKTEePUCTUKHU MIKIIVIUBUX PEY0OBUH

BianoBiHO 10 TEXHOJIOTIYHOT YACTUHU MPOEKTY MAKOTh MICIIE IIKIJIJIUBI, MTOKEXKO-
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HeOe3MeuHl MaTepiaiy Ta peYOBUHHU.

BukopuctoByeThCs €eKTpUYHA, MEXaHIYHa, TEIJIOBA €HEpris, CTUCHEHE MOBITPA,
BHYTPIIIHBOLIEXOBUH TPAHCIIOPT, CTPIYKOBI TPAHCIIOPTEPH.

[1ix yac ekcrutyarariii 06J1aIHaHHS TEXHOJIOTTYHOI JIIHIT Ha 00CITyTOBYIOUNN

MepCoHAN MOXKYTh JITH HeOe3euHi BUpOOHUY1 (PaKTOpH:

1 MAIIIMH Ta MEXaHI3MIB, 1[0 PyXalOThCS;

1 HE3aropoHKEHUX €JIEMEHTIB YCTAaTKyBaHHS, III0 PyXalOThCsl.

q MIepeMIIICHHS TOTOBOI MPOAYKIIIT,

i M1JIBUIIICHA TEMIIepaTypa Ta BOJIOTICTh MOBITPS poOOYOi 30HHU;

1 HeOe3MeYHU piBEHb HAIIPYTH B EJIEKTPUYHIN MEpexi.
[IxiamuBi BUpoOHMYI PaKTOPH:

| MJBUIIIEHA TEMIIEpaTypa NoBepxXH1 00JaHaHHs (B CYIIMIbHINA YaCTHHI

MAIHHN);

i MIJBUIIICHUH PIBEHb IIIYMY Ha POOOYOMY MICIIL;

| M1JBUIIEHUN PIBEHD MUY B MOBITP1 pOOOUOi 30HU;

a1 M1JIBUIIICHUH PIBEeHb CTATUIHOI CIICKTPUKH;

| HEJIOCTATHS OCBITIIEHICTh POOOYO0i 30HHU.

M

[Ipu  BUPOOHUIITBA  ENEKTPOI3OJAIMIAHOTO  TpaHchopmMaTOpHOTO  mamnepy
YTBOPIOETHCS THJI, SKUW € IIKIJJIMBUM BUPOOHWYMM YHWHHUKOM, OCKUTBKM HaIae
HIKIJTUBY IO HAa CIU3UCTY OO0JOHKY OY€H Ta TUXAIbHUM IIIJISTXaM.

['paHn4HO MOMyCTMMa KOHIIEHTpAIlis MIKIIJIMBUX PEYOBHH, 30KpeMa MarepoBOTO
MUy y HOBiTpi po60odY0i 30HM He IMOBMHHA mepeBunryBatd 6 mr/m° srigno 3 TOCT
12.1.005-88 [14] (IV knac 6e3meku, 0coOMMBOCTI il Ha opraHizm: A — anepriuny, © —
(b16poreHny).

OunnieHHss TOBITPS PoOOYOi 30HM HA PEKOHCTPYHOBAHOMY  IMiANPUEMCTBI
3a0e3neyyeThesl 3arajbHO OOMIHHOIO MPHUMYCOBOIO MPUTOUYHO-BUTSDKHOIO CHCTEMOIO
BEHTWISAIi, Ta MICIIEBOI MPUTOYHOI BEHTUJIALICI0. [IpaliBHUKM TEXHOJIOTIYHOTO

MOTOKY (SIKIIIO € HEOOX1AHICTh) 3a0e3meuyroThcs peciiparopamu Y -2K.
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Io:xexna Oe3neka

Ha TEXHOJIOTIYHOMY MOTOII BUT'OTOBJICHHSA CJICKTPOI30JISAIIMHOTO
TpaHC(HOPMATOPHOTO Tarepy BUKOHYIOTHCSI BUMOTH TIOKEKHOI O€3MeKH 3TiIHO 3
HpaBUIaMHU TIOXKEKHOT Oe3neku B Ykpaini [15].

[TartepoBe BUPOOHUIITBO — TOXKEex)OoHeOe3neune. [lokeka MOKe BUHUKHYTH
BHACIIIJIOK  HAKOMMMYEHHS CTAaTHUYHOI  EJEKTPUKHA,  HECIPABHOCTI BHUPOOHHYOTO
o0JilaTHaHHS, TIOPYIICHHS TEXHOJIOTIYHOTO TPOIIeCy, Te€Ul MACTUJIbHHMX MaTepiaiiB,
mpo0OI0  eNEKTPUYHUX KabeliB, HECIPaBHOCTI €IEKTPOOOIaHAHHS, 10 MOXKE
BUKJIMKATH ICKPIHHS, KOPOTKE 3aMUKaHHs, HAIMIPHUI HarpiB roprodoi 13071111 kabesiB
1 IpoBO/IiB, mopyieHHs [1i1 yac nmpoBeeHHST BOTHEBUX POOIT, MaIHHS B 3a00POHEHUX
MICIISIX.

CymmiibHa 4YacTMHA Ta Hakar, JUIBHULS OOpoOKM mamepy HeOe3meuHi y
MOXKE)KHOMY BiJIHOIIEHHI. HaliOuiblly HeOe3neKy CTaHOBUTh HAKOIMMYEHHS Opaky Ta
ATy, Te9a MACTHII, BUCOKA TeMITepaTypa YaCTHH OOJIaTHaHHS.

Jlns 3amoOiraHHs HeOe3leKd BUHHUKHEHHS Ioxkexki Ha IIPM cran oOmamHaHHS
MOCTIAHO KOHTPOJIIOETHCSI Ta MOCTIMHO MIATPUMYETbCA B  clipaBHOMY cTaHi. He
JIOMYCKAEThCSl HAKOMMYECHHSI Opaky Ta MWIy B CYIIMJIbHIM yacTuHl Ta Hakati [IPM i
OIS MO3/IOBXKHBO-PI3AIBHOTO BepcTary. OuucTKy OOJagHAHHS CYIIWJIHHOI YacCTHHH,
HakaTy Bijl Opaky Ta MUy MPOBOASATH MPAIlIBHUKA TEXHOJIOTIYHOTO MOTOKY TUIBKHU il
yac 3ynuHku [IPM nunonpubupanbHUMU yCTaHOBKaMHU, SIKI MalOTh BHOYXO3aXHUIIEHE
BUKOHAHHS, 32 JOTIOMOTOI0 BakyyMy ab0 CKpeOKaMH 3 BUKOPHUCTAHHSM HETOPIOYUX
MUIOUUX PO3YUHIB.

Ocepenok MoXKexi racsiTh 3a JIOMOMOTOK) BOTHETACHUKIB Ta BOJIOIO 3 TOXKEKHUX
KpaHiB. EnextpoycrtaTkyBaHHs, sike 3HaXoAauThes mif Hampyroro no 1000 B racsarts
BYTJICKHCIOTHUMU a00 TOPOIIKOBMMHU BOTHETacHHKaMu. Ha moxexoHeOe3neuHomMy
yCTaTKYBaHHI Ta B MOKEKOHEOE3MEYHUX MICISX, 1110 CTAHOBJISATH HEOE3MEeKy 3aiiMaHHs

a00 BUOYyXY, BUBIILIECHI 3HaKH, 5IKi 3a00pOHSIOTh KOPUCTYBAHHS BIIKPUTHUM BOTHEM.

Bupoouuumii mym ta Biopamis [16]
BupoOnununii mrym Ta BiOpallis HaJalOTh WIKIJUIMBY J1I0 Ha CIyX JIOAMHHU Ta MOTO

HEpPBOBY cucTemy. J)eperno mymy B 11eXy BUPOOHUIITBA €IEKTPOI3OISIIIHOTO TpaHC-
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(opMaTOpHOTO Tanepy — YaCTUHU MAaIlIUHH, 110 00EpPTAIOThCs, HACOCH, BEHTUIIATOPH,
JABUTYHH, BEJIMKHHA IIyM CTBOPIOIOTH BaKyyM 1 MOBITpOAYBKHU. JlomycTume 3HauEHHS
TucKy 3BYKY 3rinHo 3 JICH 3.3.6.037-99 Binnosinae 80 nb.

KoHTtpons 3a piBHEM LIyMy MpOBOAUTHCA 1 pa3 Ha pik 3a TOMOMOTOI0 IIyMOMipa
BIIIB-004. HaiiGinpmunii myMm B IIEXy CTBOPIOETbCA MpecoBoro uyactuHowo [IPM. Sk
1HAMBIAyaTbHHUNA 3aXUCT 3aCTOCOBYIOTh MMPOTUILITYMHI BKJIAIUIII, HABYIIIHUKH.

3axucT BiJ BiOparlii 3a0e3ne4yeThes:

1 3aCTOCYBaHHSAM 3aXOJlIB BIOpPO3axuCTy, IO 3HUXKYE Jil0 BiOpamii Ha
POOITHUKIB;
1 OpraHizalifHO-TeXHIYHUMHU  3aXOJaMu, MIJTPUMKOI0 BHCOKOTO  PIBHS

MEXaHIYHOTO CTaHy YCTaTKyBaHHS.

HeGesneka ypaxkeHHs enekTpudHuM cTpyMoM. [lo crymneHio HeOe3neku ypakxeHHs
€JIEKTPUYHUM CTPYMOM BHUPOOHUIITBO BIHOCHUTBCSA IO KJIacy OCOOJIMBO HEOE3MEUHUX

OPUMIIICHb, OCKUIBKU IPUMIIICHHS XapaKTePU3YEThCS:

1 HAsIBHICTIO BOTKOCTI (BOJIOTICTh Ounibie 75%);

1 HASIBHICTIO CTPYMOIIPOBIIHOI M1JJIOTH;

1 HasBHICTIO BUCOKOI TemnepaTypu nositps (35 °C);

1 MO>KJIMBICTIO OJHOYACHOTO JOTUKY JIIOJUHU 3 MeEXaHi3MaMH, M0 MaroTh

i€ THAHHS 13 3a3€MJICHHSIM, METaJIOKOHCTPYKIIiK Oy/iBesIh, MEXaHI13MIB 3 OJTHOTO OOKY
1 JI0 METaJIEeBOTO KOPITYCY €NEKTPOYCTATKyBaHHS 3 1HIIIOTO;

1 pPYWHYBaHHS 130JIS1I11 €JIEKTPOYCTaTKyBaHHS.

3 LUUTI0 TIOTIEPEKEHHSI 3arpo3u YPaKCHHS EJIEKTPUYHUM CTPYMOM B TIPOEKTI
nependadeHo psij] 3aXUCHUX 3aXO0/IiB:

1 JJIsl OCBITJICHHSI 0ACEiHIB 1 MPOCTOPY HaJl KOBMAKOM ManepopoOHOi MaIllMHU
3aCTOCOBYIOTh Mally Hampyry B 12-36 B;

1 BUOIp 1 YyCTaHOBKa OOJaJHAHHS TPOBEJEHI 3 BpaxyBaHHSIM YMOB

HABKOJIMIITHLOTO CEPEIOBHUIIIA,;

T
T

CTPYMOBIJIHI YaCTHHH €JIEKTPOOOIaJHAHHS OTOPOJHKEH] 1 3a3eMIIEH];

JUISL 3aXHUCTY BiJl CTPYMY NE€pEHaBAHTAXKEHHS 1 CTPyMY KOPOTKOTO 3aMUKaHHS

3aCTOCOBYIOTHCS IJIABK1 3aI001KHUKY 3 PEICHHUM 3aXUCTOM;

T

BCe 00J1aJHAaHHS MIOBUHHO MaTH CIIPABHY 130JISIIiO.
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BUCHOBKU

B nmanomy JOMIUIOMHOMY TIPOEKTI PO3POOJEHO TEXHOJIOTIYHUM TOTIK 3
BUPOOHMIITBA €JIEKTPOI30JIAIIHHOTO TpaHnchopmaTopHoro manepy mapku TBY-085 Tta
BUPIIICHO HACTYITHI 3aa4i:

1. OOrpyHTOBaHO pPO3pPOOKY TEXHOJOTIYHOTO IIOTOKY IIeXy 3 BHPOOHHUIITBA
€JIEKTPOI30JIALIIHOTO MAarepy 3 A0JaBaHHIM HACTYITHUX CICMEHTIB:

- BCTAHOBJICHHA OJHO JWCKOBUX MIIMHIB i1 3a0€3MEUYEeHHS HHU3bKHUX
SHepreTUYHUX BUTpAT Ta MaJUX EKCIUTyaTalliiHUX 3aTpaT HAa BUPOOHMIITBO Mamepy 3a
paxyHOK OLIbIII MTPOCTOI KOHCTPYKIII TapHITYpU Ta MIIMHA 3arajioM;

- BCTAHOBJICHHS CHHTETMYHOI OC3IIOBHOI CITKM JJi1 30UIBIICHHS CTPOKY
eKcCIUTyaTallli, MOJETeHHs MPoLecy i 3aMIHKM Ta BIJCYTHOCTI MapKyBaHHS Ha IMOJIOTHI
Ipy BUPOOHUIITBI Marepy,

- 3MEHILEHHS PO3MIPIB MPECOBOI YAaCTHMHMU 3a PAXyHOK BCTAHOBJIEHHS TPbOX-
BaAJILHOT'O TTpeca 13 MOABITHOI0 30HOI0 IPECYBAHHS,

- HaJIaHHS JI0JJaTKOBOI1 HIUTHHOCTI 32 PaXyHOK BCTAHOBJICHHSI CyINEpKaJIaHApy
CKK-10 Ta 3B0510)KyBaJIbHOIO BEpCTATA.

2. HaBeneHno cranaapTu Ha XBOMHY HEBHOLIEHY €JIEKTPOI30JISIINHY TETI0I03y Ta
narnip eJeKTPOi130JAIIHHNUNA TpaHCHOPMATOPHUIA.

3.  Po3pobneno Ta  ommcaHO  TEXHOJOTIYHY  CXeMy  BHUPOOHHIITBA
€JIEKTPOI30JIALIMHOTO TpaHCHOPMATOPHOTO TaTepy.

4. Po3paxoBaHO MaTepialibHUM OajlaHC BOJIU Ta BOJIOKHA!

- BCTaHOBJICHO, 1110 Ha BUPOOHUITBO | T mamepy BUTpadaeTrbcsi 985,59 kr
XBOWHOI €JIEKTPOI30JIAIIHHOT 11EITI0JIO3H,

- Ha BUpOOHMITBO |1 T manepy BuTpadaerbes 32634,40 xr Boau;

- BUMOI BOJIOKHA 3a pO3paxyHKOM MatepiaibHoro 6anancy cranoButh 0,46 %.

5. Po3paxoBaHo TemioBMH ~ OalmaHC ~ KOHTAKTHOTO  CIOCOOY — CYIIIHHS
€JIEKTPOI30JIALIMHOrO0 TpaHncpopmaropHoro mamepy. Ha  cyminHs 1 kr mnanepy
notpedyerhbes 1,74 kr mapw.

6. Onucano OCHOBHI TEOPETUYHI BIJOMOCTI PO MPOLECH PO3MENIOBAHHS, CYIITHHS

Ta KAJIaHAPYBaHHA.
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7. 3aificHeHO BUOIp OCHOBHOTO TEXHOJOTIYHOTO OOJaJHAHHS: HanepopoOHOi
MaIllMHU, T1IpOopo30UBaYiB IENIOI03U Ta CyXOro OpaKy, MJIMHIB, YCTAHOBOK BHUXPOBUX
KOHIYHMX OYMCHHKIB, BY3JIOBJIOBIIIOBaYa, COPTYBAJIKH.

8. CripoekToBaHO 00’€MHO-TIJIaHYBaJbHE PIIICHHS OYIIBII 11eXy 3 BU3HAUYCHHSIM
HOTO MOBXWHHW, NIUPHWHM, IJIAaHY II€Xy Ha BHUCOTI +6 M, a TaKOX IOMEPEYHHUMN Ta
MOB3JIOBXKHIM PO3PI3H MO BIATOBITHUM OCSIM.

9. HaBesieHo 3ax01 3 OXOPOHHU Ipalll Ha BUPOOHMIITBI BiJl BIUIUBY IIYMY, ITHITY, a

TAKOXK ITOXKEXKHa Oe3IeKa.
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CIIUCOK BUKOPUCTAHOI JITEPATYPU

1. Ponws Oymaru B u3HU yejoBedecTBa. EnekTponuuii pecype. — Pexxum goctymy:
https://rodikon.ru/rol-bumagi-v-zhizni-chelovechestva.html

2. BUPOBHUIITBO JEPEBMHHN M IIAIIEPY B VYKPAIHI TA CBITL
Enextponnmit  pecypc. —  Pexmm  moctymy:  https://textbooks.com.ua/9-
klas/geografiya9/4158-vyrobnyctvo-derevyny-i-paperu-v-ukraini-ta-sviti.htmil

3. Electrical insulation paper. Enekrtponnmii pecypc. — Pexum pgocrymy:
https://en.wikipedia.org/wiki/Electrical_insulation_paper

4. DnexkTpomMaTepuanoBeJeHUE - OIEKTPOU3OJLUOHHBIE OyMmaru, KapTOHBI,
¢bubpa, BOJIOKHUCThIE MaTepuayibl. ElekTpoHHUM pecypc. — Pexum goctymy:
https://forca.ru/knigi/arhivy/elektromaterialovedenie-36.html

5. @nare .M. Texnomorust 6ymaru. YueOHUK 171l By30B. — M.: JIecH. mpoM-CTb,
1988 — c. 370-371.

6. Llemmono3a xBoiHas cyibpaTHas HeOeneHas 3JIEKTPOU3OJISILIMOHHAS.
Texunueckue ycnosus: [OCT 12765-88 — M.: U3ngatenscTBO cTrangaptos, 1988 romg —
16 c.

7. bymara 535eKTpoM30JIILMOHHAs TpaH@opmaTopHas. TeXHHYECKHE YCIOBUS:
I'OCT 24874-91 — M.: U3natenbcTBO cTanmapToB, 1991 rog — 11 c.

8. ®nare JI. M. CpoiictBa Oymaru. — M3n. 3-e, mepepaboranHoe U 100aBICHOE.—
M.: JlecH. mpom-cTh, 1986 — 680 c.

9. UBanos C. H. Texnonorust Oymaru. — 2-¢ y31., M.: JlecH. mpom-cth, 1970 —

696 c.

10. Ilpumakos C. II., bapbam B. A. Texnonoris nanepy 1 kaprony: HaBuanpamii
nociOHuk st By3iB. — K.: EKMO, 2002 — 396 c.

11. TInockonoc B. TI'., IlpumakoB C. II., Yepronkina P. 1., Antonenko JI. II.,
Moguantok O. M. TexHouoris nanepy Ta KapTOHY: METOJ. BKa3iBKH JO BUKOHAHHS
pPO3paxyHKIB MaTepiaJibHOro OanaHcy BOAM 1 BOJOKHA JJii CTYACHTIB HampsMy
nigroroBkn 0513 — XiMmiuHa TeXHOJOrIsE mOporpaMu MNpodeciiiHOro CHpsiMyBaHHS
"XimMiuHa TEXHOJIOTis mepepoOKH JepeBUHU Ta pociauHHOi cupoBuHu — K.0 HTYY

"KIII", 2011 — 66 c.

3MH.

ADK.

Ne QoKyM.

Midnuc

Jdama

[TosicHIOBanIbHA 3aMKCKa

ApK.

53




12. boiiko B. B. Ilex 3 BUpOOHHMIITBAa €NEKTPOI3OJALINHOIO Marnepy B CHCTEMI
[TpuBaTHOTO aKI[iOHEPHOTO TOBApUCTBA ,,ManuHChKa manepoBa ¢adbpuka — Baiinmanu”
3 pO3pOOJIECHHSIM TEXHOJOTIYHOTO TTOTOKY : JUTUIOMHHUM MPOEKT ... Oakanmaspa : 6.051301

Ximiuna TexHouioris / boiiko Bitamit Bikropoud. — Kuis, 2019. — 59 c.

13. Boma B mOpemmpUATHSIX —LEUTIONIO3HO-OyMakKHOM  MPOMBIIIJICHHOCTH.

Enextponnmii pecypc. — Pexxum mocrymy: https://ros-pipe.ru/tekh_info/tekhnicheskie-

stati/vodoprovodnye-sistemy-i-oborudovanie/otraslevye-resheniya/1459/.
14. TOCT 12.1.005-88 Cucrema cranmaptoB Oe3omacHoctu Tpynaa (CCBT).

OOmue CcaHUTapHO-TUTHCHWYECKHE TpeOOBaHHWS K BO3AyXy pabouedi 30HBI /
MEXI'OCYJAPCTBEHHBII CTAHJIAPT // [Enextponnmit pecypc]. Pexum
nocrymy: http://docs.cntd.ru/document/1200003608.

15. IBH B.1.1-7:2016 TloxxexHa 6e3reka 00 €KTiB OyAIBHUIITBA. 3arajibHi BAMOTH
/ Jara mnpwmitaarts 31.10.2016 // [Enektponnuii pecypc]. Pexum mocrymy:
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=68456

16. CanutapHbie HOpMbI POU3BOJICTBEHHOTO 1IIyMa, YJIbTpa3ByKa U WH(Mpa3Byka /
MunuctepcTBo oxpanbl 310poBbst (MO3) / [lata npunsitusa 01.12.1999 // [Enextponnuii
pecypc]. Pexum JOCTYILY: http://online.budstandart.com/ru/catalog/doc-
page?id_doc=48147.

3MH.

ADK.

Ne QoKyM.

Midnuc

Jdama

[TosicHIOBanIbHA 3aMKCKa

ApK.

54



https://ros-pipe.ru/tekh_info/tekhnicheskie-stati/vodoprovodnye-sistemy-i-oborudovanie/otraslevye-resheniya/1459/
https://ros-pipe.ru/tekh_info/tekhnicheskie-stati/vodoprovodnye-sistemy-i-oborudovanie/otraslevye-resheniya/1459/
http://docs.cntd.ru/document/1200003608
http://online.budstandart.com/ru/catalog/doc-page?id_doc=48147
http://online.budstandart.com/ru/catalog/doc-page?id_doc=48147

JIOJIATOK A

EKCIIIIKAIISA OBJIAJIHAHHSA
1 — rizpopo36uBau BepTHKanbHMil [ PB-16
2 — ipuiiMasibHUI OaceitH
3 — OYUCHUK MacH
4 — ogHouckoBl MummaEN MJI-14
5,6 — GaceitH po3MeseHO1 IETI0I03H
7 — KOMITIO3UIIIHHUI OacerH
8 — 0ak MOCTIMHOTO PiBHS
9 — 3MinryBajIbHUN HACOC
10 — ycTtanoBKa BuXpoBuX KOHIYHHX ouucHUKIB Y BK-50-02
11 — By370BJIOBIIOBAY
12 — copryBasnka
13 — HamipHU# ATMK
14 — rpynna nomika
15 — rigporutanku
16 — BIACMOKTYBaJIbHI1 SIIUKH
17 — rayu-Ban
18 — mpecoBa yacTrHa
19 — cymuiapHI HTHITIHAPU
20 — XOJIOAMITbHI MITIHIPU
21 — MamMHANWNA KaJaHAp
22 — HakaT
23 — 0abiHHO-pI3aIbHUI CTAaHOK 31 3BOJIOKYBaueM
24 — cynepkanasap
25 — MO3/10BKHBO-PI3ATHHUI CTAHOK
26 — pyJIOHO-TIAKYBaJIbHUI CTAHOK
27 — rigpopo30uBay cyxoro Opaky
28 — nmynbcariitHuii MIIMH

29 — Gaceiin Opaky
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30 — guckoBHit PiIbTP

31 — GaceliH MPOSICHEHUX BOJT

32 — ray4-Milanka

33 — 3ry1nyBad MOKpOTro Opaky.
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