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Odecvbka HAYIOHATbHA AKAOEMIst XAPHOBUX MEXHONI02IT

THHOBAIIIMHE OBJIAJTHAHHS XAPYOBUX BUPOGHUIITB

MIMIANKOIO Ta y anapari KOJIOHHOTO TUITy. Byio i1eHTH(iKOBaHO eKCIIepUMEHTAaJIbHI JaHi iCHYIOUUM TEOPETHYHUM MO-
nensiM. JlocmipkeHO BIUIMB MOPHCTOCTI COpOEHTa Ha Horo copOmiiHi BiactuBocti. Meromamu [Y-criekTpockorii Ta
€JIEKTPOHHOI MIKPOCKOMIT MiATBEPPKEHO M0 MOJIEKYIH MOJIOYHOI KHCIOTH aICOPOYIOThCS BHYTPIIIHBOIO ITOBEPXHEIO
TIOp IIEOJIITY .
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Ha 6a3i nomokoso-npocmoposux mexnor02iuuux cucmem MOACYMsb WUPOKO GUPIULYBAMUCS NUMAHHS KOMNIEKCHOT
asmomamu3ayii BUPOOHUYUX NPOYECi8 BUCOMOBNEHH MA YNAKOGYBAHHS DI3HUX GUPOOIE | GUKOHAHHS NPOZPECUBHUX
mexHono2iunux npoyecis. CyuacHuti po3eumox HAYKOBO-MEXHIYHO20 Npoyecy € NiOSPYHMAM Ol HOBUX MEeHOeHYil
KOMNO3UYii ma npuUHyunié cmeopenHs mexHiku i mexnonoziunux cucmem. Cmeopioromscs mexHiuHi cucmemu 3 SHy4KU-
MU ABMOMAMU30BAHUMU KOMNIIEKCAMU, NOCMIUHO YOOCKOHAIOIOMbCS | CMEOPIOIOMbCS (DYHKYIOHANbHI MEXHOI02TUHI
MO0V 3 AKICHO HOBUMU GrACMUBOCMAMU | Modcaugocmamu. OOHAaK, 00 OIICHO20 uacy we He 6USYEeHi NUMAHHS CEO-
PeHHs | (DYHKYIOHYBAHHS AGMOMAMUYHUX MEXHOIOSITYHUX KOMNIEKCHUX cucmem 6e3nepepeHoi Oii 01l NaxKyeanibHux
npoyecis. He suxonano ananiz 3a2anvhux CmpyKmypHo-QyHKYIOHATbHUX NAPAMempie asmoMamuyHux mexHoI02IYHux
cucmem 0Oesnepepenoi Oii 0N NAKYBANIbHUX NPOYECi8 3i CKIAOHOI0 HPOCHMOPOSOI0 CMPYKMYPOIO MEXHOIOZIYHUX
enemenmis. Biocymui 3azanvHi npunyunu KOMROHOGKU | NPOEKMYSAHHS MEXHOJIO2IYHUX CUCIeEM 3i CKIIAOHOI NPOCO-
POBOIO CIPYKIMYPOIO i KIHEMAMUKOIO0 (DYHKYIOHYBAHHS MEXHON02IYHUX eleMenmis. Buxooauu 3 6ukiadeno2o suuye, pos-
PpobKa memodie NPoeKmy8aHHs ABMOMAMUYHUX TMEXHOA02IUHUX cucmem be3nepepeHoi Oii 0 NaKy8albHUX Npoyecie €
AKMyanbHOIO0 HAYKO0BOI0 3a0avero, i HAnpasieHd Ha KOMWIEKCHe PIUeHHs 3a0ai No CMEOPEHHIO AGMOMATUYHUX
MEeXHON02IUHUX cucmem be3nepepHoi il 0Jisk NAKy6aIbHUX JIHIIL.
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YV po6omi pozensinymo ocob6aueocmi KOMNOHY8AHHS | NPOEKMY8aHHA nomoxkogo-mpancnopuux ainit (ITJ1) naxy-
BANLHUX Onepayill, a MaKodIC 3anPONOHOBAHO HA OCMAHHLOMY eMAni CXeMHO20 PO32s0Y MEXHONO2IMHOL cucmemu 6u-
KOPUCTOBY8AMU  NPUHYUNOGO-CIMPYKMYPHI  modeni. Tomy 6 pobomi 6UKOHAHO aHANI3 | CUHME3 NPUHYUNOGO-
CMpPYKmypHux mooeieil i po3pobiena 3azaibia mooeisb nobyooeu ITTJI.

On the basis of flow-spatial technological systems can greatly decide the question of complex automation of pro-
duction processes of manufacturing and packaging to various products and implementation of advanced technological
processes. Modern development of scientific and technological process is the basis for the new trends of composition
and principles of creation equipment and process systems. Created technical systems with a flexible automated com-
plexes, are constantly being improved and created functional process modules with qualitatively new properties and
possibilities.

However, to date has not explored the issues of establishment and functioning of the automated complex manufac-
turing systems, continuous packaging processes. Not the analysis of General structural and functional parameters of
automatic technological systems, continuous packaging processes with complex spatial structure of technological ele-
ments. There are no common principles of layout and design of technological systems with complex spatial structure
and kinematics of the technological elements.

Based on the above, development of methods of designing automatic assembly technological systems of continuous
action for the Assembly processes is an important scientific problem, and is aimed at complex solution of tasks on crea-
tion of automated technological systems, continuous packaging lines.

The paper discusses the features of layout and design with precisely-transport lines (PTL) packaging operations, as
well as proposed at the last step of scheme consideration the technological system to use a fundamentally-structural
model. Therefore, the analysis and synthesis of fundamentally-structural model and developed a General model of con-
struction of PTL.

Kunro4oBi ciioBa: KOMIIOHOBKA, TPOCTOPOBA, CTPYKTY-
pa, MaKyBaJIbHi, JiHIl, TCXHOIOT1YHi, CHCTEMHU.
Vri n 3 6 Keywords: layout, space, structure, packing, line,
: process, system.

il B nanuit yac st HaKyBajdbHOI TEXHIKA OCOOJIMBO IITH-
\h i POKO 3aCTOCOBYETHCSI IPUHIIUIT ITPOCTOPOBOI KOMITAKTHOCTI
o « TexHIYHUX cucTteM. Lleil mpuHIMI OCOOIUBO aKTyaabHHMH
JUIE CTBOPEHHS TEXHOJIOTIYHUX CHUCTEM 1, 30Kpema, JIs
MIPOEKTYBAaHHS ABTOMATUYHHUX TEXHOJOTIYHUX JIiHIH 00-
poOku xap4oBuX TPOAYKTIB. IIpocTOpOBO-KOMIIAKTHI IT10-
tokoBo-TpaHcrioptHi yiHii (IITJI) 00poOku xapuoBux
MPOAYKTIB MalOTh OLJbII BUCOKI TEXHIKO-€KOHOMIYHI IIO-
Ka3HUKM BHUPOOHHMILTBA 1  BIJNOBINAIOTH  CYYaCHHUM
TEHJEHIISIM PO3BUTKY TEXHIKM, KOH'IOHKTYPH PHHKY 1
BUpILIIEHHS MUTaHb KOMILUIEKCHOI aBTOMAaTu3allii BUpOOHHU-
YHUX HPOIECiB. PO3rIssHEMO O1IIBIN JETATBHO NEAKI MUTAHHS
npocropoBoi  kommnaktHocti IITJI. [1] 3abe3neuenHs
MPOCTOPOBOi ~ KOMITAKTHOCTI ~ TEXHOJIOTIYHOI ~ CHCTEMH
(migcucreMu) TPYHTYEThCS HAa BHKOPUCTaHHI CYKYITHOCTI
CreLiaIbHUX MPUHIUIIB MMPOEKTYBAaHHs, TP SKUX 3a0e3-
MeYyIOThCS BUCOKA IIUIBHICTh PO3TALIYBAHHS MiJCUCTEM
‘ (e7IeMEHTIB) TEXHOJIOTIYHOI CHCTEMH B 3aJaHOMy 00'eMi
N MIPOCTOPY, MPOCTOPOBa Opi€eHTalisl (POCTOPOBE pO3TAIy-
© BaHHS) MiacucTeM (eJIeMEHTIB) IMIONO0 Npeamera oOpoOKu
(puc. 1).
®opMyJIOBaHHSI MPOOIeMH. AHATi3 MpoIecy CTBO-

penns ta ¢pyakmionysanus I1TJI [1,3] 103BOIHUB BCTAaHOBU-
TH Taki OCHOBHI NpPUHIOMIM IX TPOEKTYyBaHHS 1

"]
a) N

o)

B)

(YHKI[IOHYBaHHS:
- TIJBHIICHHS TOTYXHOCTI KOHIEHTpaIi Oe3iivi
Puc. 1 —Mozesi TexHOIOriIHHX 30H: TEXHOJIOTIYHUX eJIeMEHTIB (OJOKiB TEXHOJOTIYHOTO BILIH-
a - jiniiiHa (1-D), 0 - noBepxnesa (2-D), BY) ;
B — 00’emua (3-D) - CKJIaJIaHHs 3 KOHIIEHTPOBAHOI 6e3JTidi TeXHONOriuHIX

€JIEMEHTIB CHEliaIbHAX P-MIpPHHUX IpyH 3 HiJICHCTEMaMH K-
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To KJacy;

- 3a0e3neYeHHs YIOpsAKYBaHHS 0araTOBUMIpHOI 3aMKHYTOI PEKYPEHTHOI CTPYKTYPH TEXHOJIOTTYHHX €JIEMEHTIB 32
PaxyHOK yHnopsiAKyBaHHS mijgcucteM (K-1) -ro Kinacy B KOXKHIH MiICHCTEMI K-TO KJacy;

- IPOCTOPOBOI KOMITO3HIIiT TEXHOJIOT1YHHUX EIEMEHTIB 1 IIEpexXoay BiJl IX JiHIHHO-ITPOCTOPOBOrO KOMITOHYBaHHs (1-
D KOMIOHOBKa) /10 TOBEPXHEBO-IIPOCTOPOBOT0 KOMITIOHYBaHHS (2-D KOMIIOHOBK) 1 MOTIM JI0 00’€MHO - IPOCTOPOBOT'O
KoMIToHyBaHHS (3-D KOMITOHOBKA) ;

- MPOCTOPOBE KOMIIOHYBAHHS CTPYKTYPH TEXHOJIOT'IUHHX €JIEMEHTIB: y MPOCTOPi KOMIAKTHI CTPYKTYpH Lie JIa€
301IbIIEHHS KOe(illi€HTa BUKOPUCTAHHS TEXHOJIOTIYHOTO MPOCTOPY;

- 3a0e3neYeHHsl CKIIaHOI KIHEeMaTHYHOI CTPYKTYPU TPaHCHOPTHOTO pyXy 0araTOBUMIpHOI 3aMKHYTOI CTPYKTYpH
TEXHOJIOTIYHUX €JIEMEHTIB;

- 3a0e31e4eHHs BiIIOBITHOCTI (PIBHOCTI) 3arajJbHOTO YHCIa €IeMEHTApHUX TPAHCIIOPTHUX PYXiB, KIIBKOCTI KJIaciB

MiICKCTEM CKJIAJHOI 0araTOBHUMIpPHOI 3aMKHYTOI PEKYPEHTHOI CTPYK-

b TYpH TEXHOJIOT1YHHUX €IIEMEHTIB;
e , - 3a0e3neyeHHs napainenizmy, GpyHKIioHyBaHHs migcucreM (k-1) -
ro Kiacy B TiJCHUCTEMax K-TO KJIacy CKJIaJHOi OaraTOBHUMipHOL
} 3aMKHYTOI CTPYKTYPH TEXHOJOTIYHHUX EICMEHTIB;

- 3a0e3MeueHHs IOCTIOBHOrO (pa30BOro 3CyBy NpPOLIECY BUKO-
HaHHS 33/IaHUX OCHOBHHX 1 JOMOMDKHHMX (YHKLIH B mifcucremMax (K-
1) -ro kiacy mifICHCTeM K-TO KJacy CKJIaJHOi OaraToBHMipHOL
3aMKHYTOI CTPYKTYpi TEXHOJOTIYHUX €JIEMEHTIB;

- 3a0e3neyeHHst Oe3nepepBHOCTI (PYHKI[IOHYBaHHS BCIX MiJICUCTEM
CKJIaJHOi 0araToBUMIPHOI 3aMKHYTOi CTPYKTYPHU TEXHOJOTIYHHX
€JIEMEHTIB CUCTEMH; - MOJYJIbHICTh NPOEKTYBAHHS ITIJACUCTEM 1 BCiel
TEXHOJIOTIYHOI CHCTEMH ;

- peamizalisi TPUHLUIIB MEXAaTPOHIKM 1 aJaNTpPOHIKA IpH
CTBOPCHHI HOBUX TEXHOJIOTIH 1 TEXHOJOTTYHUX CHCTEM.
4

MoxHa BiI3HAYHUTH, IIO 3aPONOHOBAaHI NMPHHIMIK, CIUIBHO i3
BIIOMHUMHU MPHUHITUIIAMA TPOCKTYBAHHS TEXHOJOTIYHUX CHCTEM, CKJa-
JTAIOTh OCHOBHI BHXIJHI IOJIOKEHHS CTBOPCHHS BHCOKOC(EKTHBHHUX
TEXHOJIOTIYHUX CHUCTEM HOBOI'O IMOKOJIHHS, sKi oTpuManu Ha3y [ITC
Oe3nepepBHOI il.

10 /

4 He mMaroun MOXITMBOCTI JIETAJIHO PO3TJISIHYTH BC1 HABEIEHI BUIIE

L MIPUHIUIIH, HABEIEMO TIJIbKH AesIKi 3 IIMX NPUHIIUIIB NPOEKTYBaHHS Ta
¢ynkionyBanns [1TC.

Mera i Meroau mociimkeHb. [IpoaHanizyeMo MPUHIMIT TEPEXOTy

1 2 3 4 2 BiJl JiHIHHO-TIpocTOpoBOoro 1-D KOMMIOHYBaHHS [0 ITOBEpXHEBO-

npoctopoBoro 2-D kommnonyBaHHs i OTiM a0 3-D kommonyBaHHS. Y
KO)KHOMY KOHKPETHOMY BHIQJIKy BUOUPAETHCS Ta UM 1HILA ITPOCTOPO-
Ba KOMIIOHOBKA TEXHOJIOTIYHUX eneMeHTiB. Ha puc. 1 nokazani Mozedni
MPOCTOPOBHUX TEXHOJIOTIYHUX 30H: Ha pHC. 1, a - JiHIHHO-TIPOCTOPOBA
JiHiiiHa, 2 — noBepxHeBa, 3 — TexHonoriyHa 3oHa (1-D) ; Ha puc. 1, O - MOBEpXHEBO-IIPOCTOPOBA
006’eMHa TexHosoriuna 3oua (2-D) ; ma puc. 1, B - 00°€MHO - IPOCTOPOBA

TexHonoriuHa 30Ha (3-D - xommonoBka). Tyr mo3naveHo: 1 - BXiaHi

MTOTOKHU BUPOOIB, 2 - MOTIK OJMHUYHUX TEXHOJOTTYHHUX 30H, 3 - OJMHUYHA TEXHOJOTIYHA 30Ha, 4 - BUPIO (Mpeamer 00-

Puc.2 —3anexnicTh NPOAYKTUBHO-
CTi cucTeMHM Bi rabapuTHUX
po3MipiB TexHoI0riYHOI 30HM: 1 —

pOOKH), 5 - IPOCTOPOBA TEXHONOTYHA 30HA, 6 - BUXiaHI MOTOKK BUPOOiB. Jlitepamu mo3HaueHa Vrjy - TPaHCIIOPTHA

HIBUJKICTh BUPOOIB 1 /1; - Kpok BUpoOiB. TeopeTnuHa NpoayKTHBHICTh TEXHOIOTTYHUX CUCTEM 3 PI3HUMH BUaMHU IIPO-

CTOPOBHX TEXHOJIOTIYHHX 30H (pHUC. 2) BU3HAYAETHCS 38 TAKUMH 3aJIEKHOCTSIMH:
- NHIHHO-TTPOCTOpOBa TexHoJorivHa 30Ha (1-D KoMIOHOBKa)

c_ L _ _
i T, Vg P =Ny,
T, ohi .
; (1
- TOBEPXHEBO-IIPOCTOPOBA TEXHOJOTYHA 30Ha (2-D KOMIIOHOBKA)
S _ Si _ _
Iy = =b, Vin P;=b, N
T, o A Ei .

; @)
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- 00’ €eMHO-TIPOCTOPOBA TEXHOJIOTiYHA 30Ha (3-D KOMITOHOBKA)
v_ Vi _
II; = = 80iV1in Py =5, Ny,
T, Vg

o 3)
IENIEN I
ne 7771771 - TeopeTWYHA MPOMYKTUBHICTH TEXHOJIOTIYHOI CHCTEMH 3 JIiHIHHO-IIPOCTOPOBOIO, IOBEPXHEBO-

IIPOCTOPOBOIO, 00’ EMHO-TIPOCTOPOBOIO TEXHOJIOTIYHOIO 30HOIO BiJTIOBIIHO;

LS.V,

! - OBXXKHHA, IIOIIA, 00’ €M MPOCTOPOBOI TEXHOIOTTYHOI 30HH BiIIOBITHO;

hi’SEi’VEi

- TOBXKUHA (KPOK), ILIOIIA, 00’ €M OMUHUYHOI TEXHOJIOTTYHOI 30HH BiIIOBITHO;

O - TpHBAJiCTh OCHOBHOT'O Yacy TEXHOJIOT1YHOTO BIUIMBY 3HApsAb i 3ac00iB 00poOKU Ha BUPIO;

b .

01?70l _ mpuHa, IUIONIA TOMEPEYHOro Mepepi3y TEXHOJIOTIYHOI 30HH BiIIOBITHO;
Li>®Si>7 Vi _ pipifina, noBepXHeBa, 06’€MHA TYCTHHA BHPOOIB Y BiJINOBiJHHX IPOCTOPOBUX TEXHOJOTIUHUX 30-
Hax;

NL[’NSi’NVi IHTCHCUBHICTh TIOTOKIB BHPOOIB BIAMOBIAHO IS JIiHIHHO-IPOCTOPOBOI, IOBEPXHEBO-
MIPOCTOPOBOI, 00’ EMHO-IIPOCTOPOBOI TEXHOJIOTIYHOI 30HU.

VY Bupazax (1)... (3), ryctuHa BHPOOIB y BIIMOBIAHUX MPOCTOPOBUX TEXHOJOTIUYHUX 30HAX BU3HAYAETHCS HA
MiJICTaBl HACTYITHUX BUPA3iB:

1 1 1
Pi =, P =—, Pi = —
’ hi ¥ Sk " Vi 4)

Amnauti3 Bupasis (1)... (3) T03BOJIHB BCTAHOBUTH 3aJISKHICTh BITHOCHOI MPOTyKTHBHOCTI
B
1, =11 I /1T I
b

TEXHOJIOTIYHUX MOAYJIIB 3 PI3HUMHU IPOCTOPOBUMH TEXHOJIOTIYHIUMHU 30HAMHM BiJ] X Ta0apUTHHUX BIJHOCHHX PO3MIpiB
MIPOCTOPOBOI TEXHOJIOTIYHOI 30HU (pHC. 2). BUKOHAHI TOCIIPKEHHS MMOKAa3ajH, 0 30UIbIICHHS radapuTHUX PO3MIpiB
MIPOCTOPOBOI TEXHOJIOTTYHOT 30HH MTPU3BOIUTH 10 301IbIIEHHS MPOIYKTUBHOCTI TEXHOJIOTTYHUX CUCTEM 33 HACTYITHUMH
3aKOHaMH : 3 JIIHIHHO-IIPOCTOPOBOIO TEXHOJIOTTYHOIO 30HOI0 (rpadik 1) - 1o npsmiii mporopiiifHoi 3aJeXHOCTI, 3 Io-
BEPXHEBO - MPOCTOPOBOIO TEXHOJIOTIYHOIO 30HOI0 (Tpadik 2) - O KBaApaTU4HIi 3aJIe)KHOCTI, 3 00’ €MHO-IIPOCTOPOBOIO
30HOI0; (Tpadik 3) - mo KyOiuHi 3aexHOCTI. TaKMM YHHOM, TEXHOJIOTTYHIM CHCTEMaM 3 MTOBEPXHEBO-IIPOCTOPOBUMHU 1
00’ €MHO-TIPOCTOPOBUMH TEXHOJOTTYHIUMH 30HAMU BJIACTHBI AKICHO HOBI, OLJIBIII BUCOKI TEXHIKO-€KOHOMIYHI ITOKAa3HH-
KU B TIOPIBHSIHHI 3 TEXHOJOTTYHUMH CHCTEMaMH 3 JIIHIHHO-ITPOCTOPOBUMH TEX-HOJIOTYHIUMHU 30HAMHU, 10 € BUKOHAHHU-
MU Ha 0a3i POTOPHUX i POTOPHO-KOHBEEPHUX MAIIMH 1 JiHIH. BakaIMBUM MOMEHTOM NpOLIECY CHHTE3Y CTPYKTYpH
TEXHOJIOTIYHUX EJIEMEHTIB CUCTEMH € iI opraHizailis B IPOCTOPOBI KOMIAKTHI CTPYKTypH. [Ipu 11boMy HEOOXiIHO 3aB-
KU TIPArHyTH 10 301IbIIeHHs KoedillieHTa BUKOPUCTAHHS TEXHOJIOTIYHOTO IPOCTOPY:

K=tk
]
Ty
OR 5)
ne Ky - xoedimieHT BUKOPUCTAHHS TEXHOJIOTTYHOT0 MPocTopy Ha R-My piBHi;
Vi - obciar mpocropy, B SKOMY pO3TAalllOBYETbCA TEXHOJOriUHEe OONaJHaHHA (TEXHOJOTIYHI eJIeMEHTH);

Vor - 3arajbpHHi 00cAT IPOCTOPY, 10 00MeXxye (HYHKILOHAJIBHY OAUHHUIIIO.

MoxHa BiI3HAYHUTH, IIO MPH MPOEKTYBaHHI CTPYKTYPH TEXHOJIOTIYHOI CUCTEMH HEOOXiIHO MparHyTH JO IIiJBH-
IICHHS IIUIBHOCTI TEXHOJOTIYHUX EJIEMEHTIB (OJIOKIB TEXHOJOTIYHOTO BIUIUBY) MPOCTOPOBOI TEXHOIOTIYHOI 30HU Ta
IHTEHCHBHOCTI iX (yHKUioHyBaHHA. KpiM TOro, mpu CTBOpEHHI TEXHOJOIIYHOI CHUCTEMHM, IO CKIANAETHCS 3 N
TEXHOJIOTIYHUX MOAYJIB, HEOOXiHO MPOCTOPOBO iX KOMIAHYBAaTH y BUpOOHHYI ocepenku (puc. 3) i MOTIM ocepenku
MIPOCTOPOBO KOMITOHYBAaTH B aBTOMAaTHU30BaHOI CUCTEMH KepyBaHHS (puc. 4), 3 MOXKJIMBICTIO 3MiHH iX IPOCTOPOBOTO
posramryBaHHs. [IppuomMy TyT TakoX CJiJl BECTH iX PO3MIIIEHHS 3 PO3PaxXyHKY IiABHIIEHHS IITBHOCTI TEXHOIOTTYHUX
MOIYJIIB y BUPOOHUYMX OCEpeAKaX i OCEpeaKiB y BUpoOHHUOMY exy. Lle m03Bosse miaBHIMTH KOE(DillieHT BUKOPH-
CTaHHSA MPOCTOPY 1 CepeaOBHINa. 3a JOMOMOI0K MpocTopoBoro kommnonyBanHus [1TJI makyBanbHUX JTiHIH, MOXYTh IITH-
POKO BHUINIYBAaTUCS NMUTAHHS KOMIUIEKCHOI aBTOMaTH3allii BUPOOHMYHMX MPOILECIB, BUTOTOBJICHHS 1 0OpOOKM pi3HUX
MIPOJYKTIB 1 BAKOHAHHS CKJIQJIHUX TEXHOJIOTIYHUX HPOIIECIB.
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Ha puc. 3 HaBeleHO TEXHONOTIUHY CXeMY BHCOKOMIBHAKICHOI MAKYBaJbHOI MAIIHHK JUIS MOTEPEIHbO chopMOoBa-
HUX MPOAYKTIB 3 HIDKHLOIO MOAAYCIO IO MaKyBaJILHOI'O MaTepiaiay. B KOMIOHOBII mependadcHe Oe3mocepeiHe BBECH-
HsI BTOPUHHOI YIIAKOBKH B TIPOIIECi 0OTOpPTAaHSI - [ie 0 KOHTAKTY 3 MPOJAYKTOM. MallnHa J03BOJISE 3MIHCHIOBATH TPY-
ITyBaHHSI OKPEMUX HPOAYKTIB 1 OJHOYACHE OOTOPTaHHS B CTIK IMAKETH.

Puc. 3 — IIpocTopoBa TexHO/IO0riYHA cXeMa NaKyBAJBHOI JiHil 1151 P OPMYBaHHSA INTYYHMX i TPYNOBUX
YHAaKOBOK

[TponyKTHUBHICTH MPECTaBICHHOI MAIIMHY 3MIHHA 1 3aJIEKUTD BiJl TUILYy BUPOOY: IYKepKH ipucku - 10 1500 mT / XB
(a); rpymoBa ymakoBka - g0 300 m1/ xB (0). 3a0e3MeUeHHs MPOCTOPOBOI KOMIIAHOBKU TEXHOJIOTTYHOI CUCTEMHU pHC.3
KEepYBaHHSIM MOTPIOHO3MINCHIOBATH TiJICHCTEMOIO, SIKA TIPYHTYETbCS HAa BHKOPUCTAaHHI CYKYITHOCTH CHELiaIbHHX
NPUHLOUIIB TPOEKTYBaHHS, NPH SKHX 3a0€3NeUylOThCs BHCOKa IIUIBHICTH PO3TAIlyBaHHS MiJCUCTEM (EJIEMEHTIB)
TEXHOJIOTIYHOI CHUCTEMH B 33JJaHOMY 00'eéMi MPOCTO-
Py, IPOCTOpOBa OpieHTaLisl (IPOCTOPOBE PO3TAIY-
BaHHS) MiJcHCTEM (€JIeMEHTIB) 100 IpeaMera 00-
pobku (puc.3) MiHIMi3amisg oOCATIB 1 radapUTHHX
PO3MIpiB mifcucTeM (€IEeMEHTIB). Y IbOMY BUIAIKY,
MPOEKTYBAaHHS  OPraHi30BYETHCS  BIANOBIMHO 3
(YHKI[IOHAJBHUM  TPHU3HAYEHHSM  TEXHOJOTIYHOI
CHCTEMH, 3aKOHAMHM MPOCTOPOBOI KOMMO3MUINi B

6 TEXHIIli, ePrOHOMIKH, IW3aiHy, aBTOMATH3aIlil BH-
POOHMYUX TIPOIECIB 1 IMOTY)KHOCTI MiJACHCTEM
(enemenTiB). ToOTO Ha MPOEKTYBAaHHS MPOCTOPOBUX
KOMITAaKTHUX TEXHOJOTIYHUX CHCTEM HAKJIaJaroThCs
5 Jiesiki OOMEXEHHsI, TIOB's13aHi 3 OCOOIMBOCTSIMH TIPO-

CTOpOBOTO po3TaliryBaHHs TmiicucreM B
TEXHOJOTIYHIN cucTeMi, Ta iX (yHKIIOHAJIHHUM
npusHaueHHsM (puc.4). [2]
/ MoskHa BiA3HAYUTH, IO IMUIBHICTH ITiJACHCTEM
Zp (emeMeHTIB) B 3aJaHOMY 00'eMi MPOCTOPY BHU3HAYA-
€TBCS SIK KUIBKICTD ITIZICUCTEM (EJIEMEHTIB TEXHOJIO-
riyHOI CHCTeMH B OJUMHUIN 00'eMy mpoctopy). Ilpu
IBOMY B  IIPOIECi  CTBOPEHHS  IPOCTOPOBO-
KOMITAaKTHUX TEXHOJIOT1YHHX CHUCTEM HEOOXiJHO mpo-
€KTYBAaTH MiJICUCTEMH (€IeMEHTH) 3 MiHIMAJIbHUMHU
po3MipaMu i 00CsITaM¥ 3T1THO 3 BUMOT'aMH HaIIHHOCTI 1 €KCIUTyaTaIlii.
Ha puc.4 mokazana cxema KOMIIaHyBaHHSI TEXHOJIOTIYHOI cucTeMHu (IiICHCTEMH) B 3alaHOMY 00'eMi ipocTopy Vi .
Ha pwuc.4 nokasano: 1,2,...,1,...,1 - MACUCTeMH (SIEMEHTH) TEXHOJIOTIUHOI CHCTEMU;
() - mpemMer oOpoOKH; rn - paxiyc-BEKTOp; Il - pajiyc-BeKTOp i -0i mificucTeMu (enemMeHTa); o,p, y - Tpu Kyt Eii-
Jiepa i-01 MiICUCTEMHU (SJIEMEHTA).
MoxHa BIA3HAYUTH, IO OPiEHTAIlA I i-01 mijAcucTeMH (eJIeMEHTa) IO 3aJa€ThCs IIICThMa MATPHIIMHU IIEPETBO-
peHHs ahiHHOTO MPOCTOPY Y BIANOBIAHOCTI 3 (YHKIIOHAJIHHUM IMPU3HAYEHHSM TEXHOJIOTIYHOI CHCTEMH, 3aKOHAMU

Puc.4 — CxeMa KOMIOHYBAHHSI T€XHOJIOTiYHOI
cucTeMH (macucTeMy) NAKYBAJIBHOI MAILIMHU Y
3aaHoMy 00'emi
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MIPOCTOPOBOI KOMIIO3HIIIT B TEXHIIli, EPrOHOMIKH, AU3aiHY Ta aBTOMAaTH3aIlil BAPOOHHYKX MPOIIeCiB. 3poOduMo apudme-
TUYHE IiJJICYMOBYBaHHS PO3MIpIB Pajiyc-BEeKTOPIB VISl N- MiJACUCTEM (EIEMEHTIB) TEXHOJIOTTYHOI CHCTEMHU, OTPUMAEMO

BHpa3:
n
R=2 1
i=1

ne R - anredpaiuHa cyma po3MmipiB pamiyc-BEKTOPIB IS N- MiACUCTEM (SJIEMEHTIB TEXHOJIOTIYHOI CHCTEMH.
[IpocTOpoBO-KOMITAaKTHA TEXHOJIOTIYHA CHCTEMa MOYKE OYTH CTBOPEHA Ha IiJCTaBi PIllICHHS HACTYITHOI CUCTEMH
PIBHSHB!

(6)

P
R

f,(F,K,1,D, 4,n) > max,
fr(F,K,I,D, 4,n)—> min,

V.= fy(F,K,I,D, 4,n)—> min,
M, = fu, (F.K,1,D, A,n)— min,

1

()

P - mipHICTh TigCHCTEM (€TIEMEHTIB) TEXHOJOTIYHOI CHCTEMH, OpPTraHi30BaHa y BiIOBITHOCTI 3 3ajeXkHicTIO fp BU-
pilleHHs] MUTaHb (PYHKIIOHATBHOI'O MPpHU3HAYEHHs MmifcucteMu (enemenra) F, mpocropoBoi xommnosuiii B TexHimi K,
epronomiku I, nuzaiiny D, aBToMaTu3allii mpon3BOJICTBEHIIMX MTPOLIECIB A 1 MOTY)KHOCTI N MiJICUCTEM (EJIEMEHTIB);

R - anreOpaiuna cyma po3mipiB pajiiyc-BEeKTOpIB, 32 paXyHOK MPOCTOPOBOI Opi€HTaLil mijacucTeM (eneMeHTiB) fr
JIOT1YHOI CHCTEMH Y BiJIIOBITHOCTI 13 3QJIEKHICTIO J0 PIillIEHHs Y IMTaHHI (YHKI[IOHAJIHHOTO MPU3HAUESHHS i ICHCTEMU
(eemenra) F, nmpocropoBoi kommo3uiii B TexHii K, eproHomiku I, muzaiiny D, A aBromaruzaiiii BApOOHUYMX MpoLIe-
CiB 11 - IOTYXXHOCTI MiJICUCTEM (EJIEMEHTIB);

Vi - o0csr npocropy i-of mijcucTeMu (eeMeHTa) TEXHOJIOTIYHOI CHCTEMH, OpPraHi30BaHMi y BIAMOBIIHOCTI i3 3a-
nexHicTio fiy BUpILIEHHS NMUTaHb (QYHKI[IOHAJIHHOTO MPU3HAYSHHS MifcucTeMu (enementa) F, mpocTopoBoi koMmo3umii
B TexHiui, eproHomiku K , quzaiiny D , aBTomMaTu3anii BUpoOHHYHX TpoLeci - A MOTYXHOCTI 1 - ITiACUCTEM (elIeMeH-
TiB);

Mi - Ge3:id, O OMUCY€e TabAPUTH 1-01 MiJACUCTEMH (EIEMEHTa) TEXHOJIOTIYHOI CUCTEMH, KA CIIPOSKTOBAaHA B BiJl-
TIOBIZIHOCTI 3 3aJIeXHICTIO fiyy BUpILIIEHHS NMUTaHb (PYHKIIOHAJIBHOTO MpPU3HAYEHHs mmifcucreMu (exemenra) F, mpocto-
poBoi xomnozutii B TexHini K, epronomiku I, auzaiiny D, aBromMaTn3anii BUpoOHNYMX MPOIECIB, A 1 MOTYXHOCTI n -
mijicucTeM (€JIEMEHTIB).

B sxocTi peasizallii mpocTopoBO-KOMITAKTHOI TEXHOIOTTYHOI CHCTEMH, Oyila 3alpolOHOBaHA MAllliHAa TPYIIOBOIO
MaKyBaHHs, pUC.S. 3aeKHO BiJ BUAY NaKyBaJIbHOI OAWHHUIN, IIPOAYKTHBHOCTI TEXHOJIOTIYHUX JIiHIH, 32CTOCOBYIOTh TPU
crocodu GopMyBaHHS TPYNOBOi YIIAKOBKH: TOPU3OHTAJIbHUHN, BEPTUKAIBHUMN, KOMOIHOBaHUMA. J[JIs1 TaKyBanbHUX O/HU-
HUIBb (opMH Mapajeserinesa IUPOKO 3aCTOCOBYIOTh FOPH30HTAIBHHUN CHOCIO 13 MOmapoBUM (OPMYBAHHSIM CTPYK-
TYpPHUX E€JIEMEHTIB TPYNOBOI yIMakoBKUA. Ha OCHOBI aHaii3y CTPYKTYpH Ta IMKJIOIPaMH MAIIMH JJIsl TPYIOBOrO IMaKy-
BaHHS IaKyBaJbHUX OAWHHIL (OPMH Mapajeserninena BCTAHOBJIEHO, IO JJIsl peali3alii BUCOKOI NMPOAYKTHBHOCTI
noTpioHo nudepeHIiroBaTy oneparii (opMyBaHHS CTPYKTYPHHX €IEMEHTIB Ta pOpMyYBaTH TPYIIOBY YIMAKOBKY IUISIXOM
HAKOMUYCHHS IIAPiB MaKyBaJIbHUX ONWHUIG HA IiIHIMAJIBHO-OMYCKHIHM miatdopmi. Ha OCHOBI aHami3y Ta CHHTE3Y
TEXHOJIOTIYHUX CXEM Ta CTPYKTYpPH MallIWH JUIS TPYIOBOTO MaKyBaHHs MaKyBaJbHUX ONUHHIL (OPMU Mapajesnerninena
3aIpOINOHOBAaHA HOBAa CTPYKTYpa 1 KOHCTPYKIIiS MaIllMHH, AKa 3a0e3euye Oe3nepepBHAN PEKUM YKJIaTaHHS IapiB pe-
T'YJIIOBAIBHUX ONUHHIL Ha TIAT(GOPMY MiJHIMAIBHO — OMYCKAIBHOIO MeXaHi3My , IO CYTTEBO MPOMYKTHUBHICTH Ma-
LIWHH.

MammHa CKIIQJIa€Thesl 13 HAKONMYYBAJIBHO-TIOAABAJIbHOIO KOHBEEpPA, MEXaHi3My YKJIaJaHHS, IIiJHiMaJIbHO-
OITyCKHOI'0 MEXaHi3My, MeXaHi3My 3LITOBXYBaHHS TPYIIOBOi YMAaKOBKH Ta IMPUCTPOIO ITO3MIIIOBAHHS 1 YTPUMAaHHS
TPaHCIIOPTHOI TapH.

HaxonuuyBanbHO-1ToaBajbHAN KOHBEEP HABEIEGHO Y BUIJIAII POJIMKOBOrO KOHBeepa 4, NPHUBOAOM SKOTO €
¢pukLiiiHo-TacoBa nepeaaya. KoHCTpyKIi€ro MallvHA Nepen0adeHo MepeMilieHHs] HA HaKOMMYyBaJIbHUN KOHBEeEp 4,
nornepeIHbo ChOPMOBAHOIO LIAPY MAKyBAIBHUX OMUHUIb. J{J1s MO3KMIIIOBAaHHS [Iapy MaKyBaJIbHUX OIUHHUIb Ha T0/a-
BaJIbHOMY KOHBEEpI BCTAHOBJICHO YIIOPHY IUTONIMHY 13, sika 3[iHCHIOE 3BOPOTHO-TIOCTYANBHUN pyX. MexaHi3M ykiia-
JIaHHS! KOHCTPYKTHBHO BUKOHAHMHU y BUIIISAJI BOX 3aMKHEHHX JIAHI[IOTOBUX KOHBEEPIB 6, MiXK SKUMH Y JBOX MO3HILISAX
BCTaHOBJICHO POJIMKOBI JIOPIKKH 1.

JIoBXKHMHA POJIMKOBUX JOPIXKOK BH3HAYAETHCS JOBXKUHOIO LIapy MaKyBAIGHHX ONUHUIG. POMMKOBa MOpiXKa, IO
po3TaloBaHa y BEpXHii MO3UIi TPUBOAUTHCS 0 PYXY (PUKIIIHO-IIACOBOIO MEpeIavyel0 CHHXPOHHOIO PYXY POJIMKIB
Ha TMoOJaBaJibHOMY  KoHBeepi. OOMeXeHHs pyxy IIapy NaKyBaJbHUX OJMHUIF HAa POJIHMKOBOMY KOHBeepi 1
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3IIHCHIOETHCS YITOPHOIO TUIONIMHOI0 9. MiX JIaHIFOrOBUMH KOHTYpPaMHU PO3TAIllOBAHWH Yy BUIJISII HIOPHOEP3bKUX HO-
xub 8. [IpuBOIOM Takoro MexaHi3My HPHUHHSTO ITHEBMONPUBOA. Hecydoro IUIOMMHOI HIOPHOEP3BKUX HOXHUID €
ruiatdopma 7 Ha SKiH 1 HAKOITMYYIOTHCS AP MTaKyBaIbHUX OJUHHIIb.
g Vv MexaHi3M 3IITOBXYBaHHSI TPYIOBOI
YIIAKOBKM ~ HaBEAEGHO Yy  BHIJIII
BEPTUKAJIBHOI IUIOIIMHH, SIKA PYXaeThCs
y TOPU30HTAIIFHOMY HAIpPSIMKY 3a JOIO-
MOT'0IO ITHEBMOIIPUBOZA 11, Ta
Hanpsimaoi  12. CdopmoBana rpymnosa
YIIaKOBKA MEPEMIIYEThCSI B TPAHCIIOPT-
Hy Tapy 14, sKka TO3HMIIOHYEThCS 1
YTBOPIOETHCS BiAMOBITHAM MEXaHI3MOM.
[MpuHomn poOGOTH  MalIMHU — TaKWil.
B CcopmoBanuii map mnaxyBalbHUX OJH-
HUIb ITOAETHCS Ha MOJABAJILHUN
KOHBeep 4 10 MOMEHTY HOr'0 KOHTAKTy 3
YIIOPHOIO IUIOMIMHOK 13. Y MOMEHT Ko-
% JIM TIEPUIMH POJIUK, POJIMKOBOI JOPIXKKH,
MIEPEMICTHTHCSL Y BEPXHIO T'OPU3OHTAIIb-
HY TO3UIII0 CHHXPOHHO BKIIIOYAIOTHCS
0 pyxy (puKLiiHO-TIacOBI Tmepeaadi,
M01aBaJIbHOTO i YKIIaJAIEHOTO
KOHBeepiB. YmopHa HampsmMHa 13
MO I HiJHIMAETbCA JOTOPH 1 IIap NaKyBallb-
. 1 HUX OJUHUIIb IEPEMIlIyeThCsS Ha YKIa-
e p nanbHUl  ponukoBuit  KoHBeep. [lpu
- JIOCSITHEHH] TTaKyBaJIbHUMU ONUHHILIMA
YIIOPHOT HANPSIMHOT 9 BOHU 3yNHHSIOTH-
cs, a POJIMKOBA JIOpIXKa HPOIOBXKYE
MepeMilllyBaTUCh 110 KOHTYpY JIAHIIIOTA.
BinBeneHHsT poinKOBOi JOPIXKH i3 i MIapy NaKkyBaJlbHUX OAWHHIL MPU3BOIUTH JI0 YKIaJaHHA iX Ha matdopMmy
I IHIMAJIEHO-OITyCKHOT'O MEXaHi3My, a00 MorepeIHbO YKIIaIeHWH map NaKyBaJlbHUX OAMHHMIG. [Iporiec Hakonu4YeHHs i
YKJIaJ[aHHS [1apiB 3IHCHIOETHCS Y O3MepePBHOMY PEKUMI, III0 A€ 3MOTY CYTTEBO 301IBIIUTH MPOAYKTUBHICTH MaIIIH-
Hu. ChopmoBaHa TpyrnoBa YIakoBKa MEXaHi3MOM 3IITOBXYBaHHS IEPEMIIIYETbCs y TMONEpenHbO c(hOpMOBaHUH i
3Mmo3uLiioBaHnil ropoKapTOHHUH SIUK. TpHUBaJicTh ornepallii 3UITOBXYBaHH 1 MEPEMIIIEHHs Y BEPXHE ITOJIOKEHHS,
3aJIOKHUTH BiJI TPUBAJIOCTI MEPEMIIEHHS Mapy MaKyBaJbHUX OJMHUIIG i3 MO3UII MOJaBaJLHOTO KOHBEEPA B MO3HILIIO
YKIIaIATbHOTO KOHBEEDPA.

Jlis 3a0e3neueH s IKICHOro HaKOIMMYEHHS IIapiB MMaKyBaJIbHUX OJMHUIIL Ta BKIIOYEHHS TPUBAJIOCTI YKJIaJaHHs
Iapy 3 MOXKJIMBHM BHOOPOM palliOHaJIbHUX T'€OMETPUYHMX, KIHEMATHYHHX 1 CHIIOBUX NapaMeTpiB MeXaHi3My YKIa-
JIaHHS, BUKOHAHI JIOIATKOBI JTOCII/PKEHHS onepanii yKiiaJaHHs TaKyBaJbHUX OJMHUIG Bi/IBITHOIO IPHBOIHOIO POJIH-
KOBOIO JTopixkkoto [4]. TpuBanicTs onepauii ykiagaHHs IIapy NaKyBaJbHUX OJMHUIIb BiAITOBITHOIO POJMKOBOIO MPH-
BOJIHOIO JTOP1XKKOIO BU3HAYEHO 32 (HOPMYIIOF0:

3

Puc.5 — MamuHa JJ1s1 FpynoBoro NaKyBaHHs NAKYBAJbHUX OJHHHIb
¢opMu napaseneninena

i=5
T, =n) 1, (8)
i=1

Jie N -KUTBKICTh NMaKyBaJILHUX OJWHHIG B PSIy MIapa; ti - TPUBAJICTB i-T0 CTaHy ollepallii yKJIagaHHs [aKyBaJbHUX
OJIMHUIIb Ha ITiAHIMAIFHO — OITyCKaJbHY IIaTdopmy.

Ha ocHOBI aHaii3y Ta CHHTE3Y TEXHOJIOTIYHIX CXEM Ta CTPYKTYPH MaIIHH JUIs TPYIIOBOT'O NMaKyBaHHS MaKyBaJIbHUX
omuHHIb (HOPMHU MapaeNerinena 3apornoHOBaHa HOBa CTPYKTypa 1 KOHCTPYKINS MaIlluHHM, sSKa 3abe3neuye Oesmepe-
PBHHH pEeXHUM YKJIaJIaHHS LI1apiB PEryJroBaJbHAX OJAWHHIL Ha MIATGOpMY MiTHIMAIBHO — OMYyCKAaJbHOI'O MEXaHIi3MYy ,
IO CYTTEBO NPOAYKTHBHICTH MamvHU. Jlisi BUOOpY paliOHANBHMX KiHEMAaTHYHHX 1 T€OMETPUYHHX IapaMeTpiB
MeXaHi3My HaKOIHMYEHHsI MIapiB MaKyBaJbHUX OAWHUIL PO3POOJICHO MaTeMaTH4Hy MOJIENb MepeMIllieHHs] Iapy naKy-
BaJIbHUX OJIUHMIIb BIIMOBIJHOK POJHMKOBOI IMPHUBITHOI JOPIKKOK Ha IUIaTGopMy MiTidMaNbHO — OIMYCKaJbHOI'O
MEXaHi3My.

BucnoBku. Ha ocHoBi Bupa3y (1) BUKOHYETBCS IPOEKTYBaHHS IIPOCTOPOBO KOMITAKTHUX TEXHOJIOTIYHUX CUCTEM, Y
tomy yucni, i [ITJI TexHonoriyaux BUpoOHUITB Oe3nepepBHoi aii. Lle nae MmoxnuBicts crBoproBatu [1TJI HoBOro Tex-
HIYHOT'O PiBHSL.
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Y poGoTi po3rIIsIHYTO 0COOIMBOCTI KOMIIOHYBaHHs i poekTyBaHHs [1TJI nakyBambHHUX CHCTEM, a TAKOX 3aIpOIo-
HOBaHO Ha OCTAaHHBOMY €Talli CXEMHOT'0 PO3IJISIY TEXHOIOTIYHOI CUCTEMH BUKOPUCTOBYBATH IPHHITUIIOBO-CTPYKTYPHI
Mojeri. B po0oTi BUKoHaHO aHalli3 i CHHTE3 MPUHIMIIOBO-CTPYKTYPHUX MOJIelNel i po3po0OiieHa 3aranbHa MOJEb To-
oynosu IITJI. [nst cTBOpEHHSI TEXHOIOTIYHUX CUCTEM 3aJlaHoi KOH(QIryparii 3amporoHOBaHO alNrOPUTM 3araibHOl Me-
toauku cunaTesy [1TJI 6e3nepepBHOI 1l Ta po3pOOIEHO METOUKY ONTHMI3AI[IHOIO CHHTE3Y X KOHCTPYKIIIH.

3anpononoBano Bupasu (1), (2), (3) s BU3HAUYEHHS MPOIYKTUBHOCTI TEXHOJOTIYHUX CHCTEM 3 PI3HUMH BHJIAMHU
MIPOCTOPOBHUX TEXHOJOTIYHUX 30H, IO Aaj0 MOXJIHBicTh cTBoptoBaTH I1TJI HOBOro TexHiyHOro piBHsA. BcraHoBieHO,
10 pO3pOOJIEH] TEXHOJIOTIUHI CHCTEMHU 0COONIMBO €(DEKTHBHI IS KOMILIEKCHOI aBTOMAaTH3allii MaKyBaIbHUX BUPOOHHU-
YHX MPOLECIB.

Takum urHOM, Ha 6a3i po3podnenux [1TJI Ge3nepepBHOI Aii Moke 3a0e3neyyBaTUCs TOANbIIA KOMIUIEKCHA aBTO-
MaTH3alis i iHTeHcUdiKalis BUPOOHUYUX MPOIIECIB. 3alPONOHOBaHI TEXHOJIOTIYHI CHCTEMH JIO03BOJISIIOTH ICTOTHO ITiJ-
BUIIIUTH TEXHIKO-€KOHOMIYHHX ITOKAa3HUKIB BUTOTOBJICHHS BUPOOIB 1 SIBJISIIOTH COOOI0 CUCTEMHU 3 SIKICHO HOBUMU TEXHi-
YHUMH 1 TEXHOJIOTTYHUMHU BiacTHBOCTIMH 1 BcokuM KK/I.
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Posxpusaemuvcs cymv 3anpononosanux piuieHs 3 peKOHCMpPYKYii cucmemu acnipayii Ha 00HOMY i3 3epHONnepepoo-
HUX nionpuemcms TepHONITbUUHU,A TMAKOINC MONCIUBT ULTSXU OYIHKU eKOHOMIYUHOI 8U200U 8I0 3ACTNOCY8AHHS NULOOHU-
cHo2o obnaonanns. Ha ocnosi ananizy pobomu HAnoOWuperiuozo o4ucHo20 00IAOHAHHSI HA NIONPUEMCMEAX nepepod-
HOi npomucnosocmi Ykpainu nputiname piulenHs npogecmu peKOHCMpPYKYito iCHYI04oi cucmemu acnipayii wisixom 3a-
Minu epynosux yuxionie L{OJI bamapetinum yurkioHoM 3 Hcamo3iHUMU eremenmamu miei sc npodykmuenocmi. Ilepe-
obaueHe maxoxic CKOPOUEeHHs NOGIMPONPOBOOIE K HA BePMUKATIbHIN, MAK I HA 20PU3OHMANbHIU OLaHKax cucmemu. 3a
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