IIpakTnuna podorn Ned
BU3HAYEHHSA ITOKA3HUKIB HAJIIHHOCTI
TEXHOJIOI'TYHUX CUCTEM IIPH
3AKOHI PO3NOALTY BEMBYJLIA

META POBOTMH - 03HaliOMUTHCh METOAMKOIO BU3HAYCHHS MOKa3-
HUKIB HaJIIMHOCTI TEXHOJIOTIYHMX CHUCTEM IIpU 3aKOH1 po3noairy BeitOy:-
na.

1 BKA3IBKHA 3 CAMOIIATI'OTOBKH 10 POBOTH

1.1 3aBpanus ajsa camocTiiiHol migroroBku (JoaaTtok A)
Busuumu:

- MPOIIECH, SKi BHHUKAIOTH IPHU SKCIUTyaTallii TEXHOJOTIYHUX CHCTEM.
O3natiomumucs:

- 3 (pi3MUHOIO CYTHICTIO BIIMOB TEXHIYHUX BUPOOIB.

Crnacmu 36im no pooomi:

- HOMep, HallMeHyBaHHs Ta MeTa POOOTH;

- IPOILIECH, SIKi BUHUKAIOTh MPU €KCIUTyaTallil TEXHOJOTIYHUX CHUCTEM;
- (hizmuHa MozeNb (pOpMyBaHHS BIAMOB TEXHIYHUX BUPOOIB.

1.2 Iuranusg a8 caMOMiArOTOBKH

1.2.1 ®akTopu, MO BU3HAYAIOTH IHTEHCUBHICTH 3MIH TEXHIYHOTO
CTaHy 00'€KTIB.

1.2.2 TlpuynHY MOSBU BiIMOB.

1.2.3 Mopens ¢popMyBaHHS BiIMOB

1.3 PexomMenmoBaHa jJiTepaTypa

1 Hanpiitaicts TexHiku. CUCTeMU TEXHOJIOTiuHI. TepMiHH Ta BH3HA-
gerns: JICTY 2470-94. - K.: depxcranmapt Ykpainu, 1995. — 28 c.
2. Hanifinicte TexHIKM. MeToau OLIHKKA MOKAa3HMUKIB HAIIHHOCTI 3a
excriepuMmenTanbHuME qarumu: JICTY 3004-95.-K.: Jlepkcranaapt
VYkpainu, 1995. —51 c.

3. HapiitHicTh clibcbkorocmoaapchkoi TexHiku: Iliapyanuk. / M.I.
Yepnosoi, B.1O. Yepkyn, B.B. Aynin Ta iH.; 3a 3ar. pen. M.1. Uep-
HoBousa.— Kiposorpama: TOB «KO/l», 2010. — 320 c.
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2 BKA3IBKH 10 BUKOHAHHS POBOTH

2.1 Ilporpama pooir

211 Bueuumu:

- CHCTEMY IMOKa3HUKIB HAJIITHOCTI MaIIHH;

- OCHOBHI XapaKTEePUCTUKHU 3aKOHY po3rnoairy Beibyma.

2.1.2 Ilposecmu po3paxyHox:

- TIOKa3HHWKIB HAJIHHOCTI TEXHOJOTIYHHUX CHUCTEM, SIKI MiATOPSIKO-
BYIOTBCS 3aKOHY po3mnonity BeiiOymna.

Cknacmu 36im ma 3axucmumu pooomy.

2.2 TeoperuyHi BitomocTi

2.2.1 CucremMa NOKa3HUKIB HAAIHHOCTI MalIMH

Haoiinicms — BnacTuBicTh 00’€KkTa (MallMHM) BUKOHYBAaTU 3ajlaHi
¢bynkuii, 30epiraroun cBOI1 eKCIUTyaTalliiiHi MOKa3HUKHA B MEXax 3aJaHOTO
yacy. HaniiiHicTe, cTHCIO, — 34aTHICTh MAIIMHUA HE BIAMOBISATH MiJ Yac
poboTH.

Haoiinicms — 11e KOMIUIEKCHA BIACTHUBICTb, SIKa 3aJIe)KHO BiJ MPHU3-
HadeHHS 00’€KTa Ta yMOB HOTO €KCIUTyaTallii CKIaJaeThCs 3 0e36i0MO6HO-
cmi, 008208iuHOCMI, peMOHmMonpudamuocmi, 30epesicysanocmi (puc. 1).

be36iomoenicmey — BIacTUBICTh MAIIMHU 30€piraTu Inpare3faTHiCTh
YIIPOJIOBXK JIESKOT0 Yacy abo HampaltoBaHHs (HaIpUKIIa, 10 MepIIoi Bif-
MOBH).

Hanpauroeannsa — 11e TpUBaJicTh 00 00CAT poOOTH MAITUHU 1 MOXKeE
BHU3HAUaTUCS KUIOMETpamH MpoOiry, rolMuHaMu, TOHaMH, KyOIYHUMHU MET-
paMM Ta IHIIMMHU MOKa3HMKaMH. B OCHOBHOMY 0€3BIIMOBHICTH pO3IJIsijia-
IOTh CTOCOBHO BUKOPHCTAHHS MAIIMHU 32 MPH3HAYCHHSM.

Jloe206iunicme — BNACTUBICTh MAIIMHU 30€piraTH mpame3gaTHicTb 10
2PAHUYHO20 CMAHY B YMOBAX yCTAaHOBJICHOI CUCTEMH TE€XHIYHOTO 00CITyTo-
BYBAaHHS Ta PEMOHTY.

Pemonmonpudamnicms — BIIaCTUBICTh MAIIIMHH, IO XapaKTEPHU3YyE
npucmocoganicme i 10 BUSBJIEHHS MPUYUH BiIMOBH, 3pyYHOCTI BUKOHaH-
HSl TEXHIYHOTO 00CITyroBYBaHHA Ta peMOHTY. KinbKicHO pemonmonpuoam-
Hicmb BU3HAYAIOTh 3aTpaTaMu 4Yacy, mpaii Ta 3aco0iB. Jlo HalmpocTimmx
BJIACTUBOCTEH, SIKI BH3HAYAIOTh PEMOHTOINPHUIATHICTh MAIIMHHU, HaJIE)KaTh
JOCTYIHICTD 1 MOKJIMBICTh NPOBEJCHHS JIETKOTO JJIEMOHTAXY CKJIAAATbHUX
OJIMHHUIIH TA JIETajeH, B3aEMO3aMiHIOBAHICTh, CTYITIHb YHi(iKaIii Ta iH.
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BracTHEOCTI Ta MOKASHUKH HAMHHOCT 00'eKTIE

Besgimaos- PemonTO- . .
1 . — | 3bepexyEaHICTE |— JOETOBIMHICTE —
HICTE MPHIATHICTE -
HeeigHOEBTOEaHI BigHOEMmOEaHI
ofex ob'eKTH
OnueHM |4Hi DOK2BHHEM Hamill |Hocd
ImoBipHICTB C Hilt .. . .
Bip _ P ImoEipHICTE Cepenniii TepMiH -
BezeigMoEHOI HapoBGiToK Ha | X | i Cepemniii pecypc [+
X BiIHOBIEHHA 3bepexyeanocTi -
poboTH BIIMOEY -
. . Tamma EimcoT. .
IHTEeHCHEHICTE TlapameTtp IHTEeHCHEHICTE " T'amma EiICOTK.
. | X ! . [ TepMiH !
EiIMOE MOTOKY EiIMOE EiIHOBIIEHHA . pecypc
y zbepexyEaHOCT -
Cepemiit Tamma BifcoTK. Cepenna Cepemua - .
epe P EpEm CepenHiii TepMiH
HapobiTok oo [+ HapoBiToK mo TPHEALCTE [ TPYIOMICIKICTE R [
BiIIMOBH BiIMOBH BiMHOBIICHHSA Tex. obcayT (pem. g
KonmnercHi NOKa3HHEH HanifiHocTi .
i ¢ ¢ T'aMmMa BIICOTE.
TepMiH C1y:#0u
P Koedimient Koedinient
Koedinient o N e,cb
. OIEpaTMEHOT TEXHIMHOTO
TOTOEHOCT .
TOTOBHOCTI EHKOPHCTaHHSA

Puc. 1. BracTuBocTi Ta NOKa3HNKHN HAXilHOCTI 00’ €KTIiB

3o6epercysanicmps — BIACTUBICTh MALIMHU 30epicamu npaye3oam-
Hicmb T Yac 1i TPaHCIIOPTYBAHHS Ta 30€piraHHs 1 B OJAJBIIIOMY ITi/1 Yac
po6oTu. 30epexyBaHICTh XapaKTEPU3YETHCS onipHicmio KOHCTPYKLIT 3MiHi
XapaKTepUCTHK €IEMEHTIB MAlllMHU MiJ JI€I0 BOJOTH, aTMOC(EPHOTO THUC-
Ky, OIIPOMIHEHHS, HAaBKOJIMIIIHBOI TEMIepaTypy Ta BIaCHOI MacH mpu 30e-
piranHi. Bucoki noka3HuKU 30epeKyBaHOCTI JOCATAIOTh 3a PAXYHOK Tep-
MeTH3allii Ta BCTAHOBJICHHS CHEliaJbHUX 3ariylIoK, MPoOOK, 3aCTOCYBaH-
HS CHenialbHUX J1aKko(papOOBUX MOKPUTTIB, YCTAHOBJIEHHS CIELIaJIbHUX
IIPUCTPOIB.

HaniitHicTs MOXe OyTH KaTeropi€ro sIKOCTi, Ky Ma€ MallriHa, abo
sakicmio (B OJHUX BUMAJKaX MalllMHA HaJliHA, B IHIIUX — He 3abe3meuye
HEOOX1THOT HaIMHOCTI). AJie SIKICTh TIJIsITae 3MiHI 3 9aCOM, TOOTO Malllu-



4

Ha MO’K€ TIEPEUTH 3 HAJIHOTO CTaHy B HeHaiHui. [{ei mporec He € Bu-
M1a/IKOBUM, BiH 3aKOHOMIPHHH 1 € HACIIIIKOM MOCTYMOBHUX KUIbKICHUX 3MiH
y MaIluHi.

Pigenv naodivimocmi MallUH XapaKTEPU3YETHCS KUTbKICHUMH TOKa3-
HuKamu. [le IMOBIpHICHI XapaKTEPUCTHKH.

JlJis XapaKTepUCTUKH HAJIMHOCTI 3aCTOCOBYIOTh MOKA3HUKH, IO Xa-
PaKTEepU3yIOTh OKpeMi 11 BIACTUBOCTI — 1€ KLIbKICHI NOKA3HUKU, 1 TEK1TbKa
BJIACTUBOCTEH — KOMNJIEKCHI NOKA3ZHUKIL.

KinbKicHI MOKa3HUKH — 1I€ TOKA3HUKU 0e3810MO8HOCI, 008208iU-
Hocmi, pemoHmonpuoamuocmi ma 30epesicysanocmi. KinbKiCHI TOKa3HUKH
HaOIHHOCTI — II€ MOKAa3HMKH, SIKI HaJIEKaTh 0 OJHIEl 3 BJIACTHBOCTEH, IO
CKJIaIaIOTh HAIHHICTh MAIIUHH.

KomnuiekcHi mokasHMKHM HAJIHHOCTI, HAa BIAMIHY BiJl OJAMHUYHUX,
XapaKTePU3YIOTh OJJHOYACHO KUJIbKA BIIACTUBOCTEH MAIIIFHH.

IToxa3zauku 0e3BiIMOBHOCTI

Imosipuicme 6Ge3zeiomosnoi pooomu P(t) — iMOBIpHICTH TOTO, 11O B
3aJlaHOMY JIiana3oHi yacy t He BiiOyneTbcs BiIMOBU MAIlIUHU:

P(t) = NW 1)

ne Np — kinbkicts nmpane3gataux Mame (Np = N - n); N — 3aranbHa
KIJIBKICTh MAIIUH; N — KIJIBKICTh BiJMOB.

Hanpauytoeanns 00 6i0moéu — TPUBATICTH POOOTH MAIIMHH  JO
nepuIoi BiIMOBH.
Cepeone nanpayto8anHs 00 8iomosu

tcep == (2)

ne tj — gac poOOTH 0 BIIMOBH i-i MaIIMHH.

TI'amma-siocomkose nanpayo8annsa 00 6i0mMoeu — 11 HANPAIFOBaH-
Hsl, YIIPOAOBXK SKOTO HE BiJJOYAEThCS BIIMOBU MAIIMHU 3 IMOBIPHICTIO 7.
Horo po3paxoByioTh y BigcoTkax, %.
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Hlinvnicmo po3nodiny 6iomoe

=0 ©
N, - At
ae N(t) — KiIbKICTh BiIMOB MaIlIMHU 3a yac At; At — iHTepBai Jacy;
Ng — mouarkoBa KiIbKICTh MAILIVH.
Inmencusnicmo 6i0M06 — 11e¢ YMOBHA IIIJIBLHICTh IMOBIPHOCTI TTOSIBH
BIIMOBH

n(t)
Alt) =———— 4
O @
ne Np — KiJTbKiCTh TIpaIie31aTHUX MaIliuH
abo
f(t
A=+, ©)

P(t)
[IpakTH4HO JJ1s BCIX CHCTEM IHTCHCHBHICTbH BIIMOB 3aJICKHTh BiJ
4acy i Ma€ XapakTepUCTUKY Y BUMVISAIL “BaHHU” (puC. 2).

A

ML)

-~
0 §] 12 1

Puc. 2. 3mina iHTeHCHBHOCTI BiAMOB MAIIIMHU
0-t; — mepiox MpHIIpaIFOBaHHS;
t1—t, — mepio1 HOpMaIbHOT eKCIUTyaTallii;
t > t, — mepioj 3HOLIYBaHHS Ta CTapIHHA

3miHa A(t) 32 yacoM Mae Tpu XapakTepHi JIITHKH.

Hinsuka 0—t; — e nepion npunpayroéanHs MalluHH, KOJIU 1HTEHCUB-
HICTh BIIMOBU 3MEHUIYEThCS. Y 1eH mepiof] BUSBIAIOTHCS KOHCTPYKTUBHI,
TEXHOJIOT14YHI i BUpOOHMYI JeeKTH. 3aKOH PO3IMOILTY BiIMOB JJIsi PI3HUX
MalliiH MOXK€ OyTH PI3HHMM, aje 3arajJlbHUM € 3MEHIIECHHS IHTEHCHBHOCTI
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B1IMOB /IO JIESKOTO MOCTIHHOTO 3HAYCHHS YIPOJOBK KOPOTKOTO MPOMIKKY
qacy.

Jlnst 3a6e3nedeHHsT HalIMHOCTI MAIIMHM T Yac i1 MpUIparroBaHHsI
HEOOXITHO PO3pOOMTH METOAM yCyBaHHs BiAMOB. [[ns ycyBaHHS BiAMOB
MiCIs CKJIaJaHHsl MAaIllMHU HEOOX1THO MPOBECTH il 0OkamKy Ha CTEH/1 abo
B peanbHUX ymoBax. [1i yac 00KaTKu MPOBOAMTHCS 3aMiHA €IEMEHTIB, SIKi
B1JIMOBHJIH, 3’ SICOBYIOTbCS IPUYMHU iX BIJMOBH.

[Tokasnukamu skocTi mpunpaioBanis MoxyTb Oyru KK, piBenb
IyMy, TemrepaTrypa MOBEepXOHb JleTanel, piauHu Ta iH. [Ipo 3akiH4YeHHs
poIleCy MPHUIPAIFOBAaHHS MTOKa3ye HE3MIHHICTh oka3Huka A(t).

Ha minsuani ti—t; (ue nepion Hopmanvhoi excniyamayii) 1THTEHCUB-
HICTh BiZIMOB cTae mpuOau3HO moctiiHoo (A(t) ~ const) i BU3HAYAETHCS
BHITaIKOBUMU (PaKTOPaMHU.

3 MOMeHTy t > {, IHTEHCUBHICTh BIIMOB 30L1bUty€mMbCsi BHACIHIIOK
MPOLIECIB CTApiHHA 1 3MIHM XIMiKO-(DI3UYHHUX BIIACTUBOCTEH EJIICMCHTIB
MAalIWHH, MOB'I3aHUX 3 11 JOBFOTPUBAIOIO eKCIUTyaTarielo. MexaHi3m Bif-
MOB Ha il TUISHIII MOSICHIOETHCSI MOJICTISIMU 3HOIITYBAaHHS, CTapiHHA 1 yTO-
MJTIFOBaHOCTI.

Ilapamemp nomoky 6i0moé — 1€ BIAHOIICHHS CEPEIHBOI KITbKOCTI
BiJIMOB BiJJHOBIFOBAHHUX MAIIIMH /IO IX CyMapHOTO HaIlpalfoBaHHS:

ot)= - (6)
2t

IMoxa3HuKH 1OBroBiYHOCTI

I{i mMOKa3HMKM OLIHIOIOTH BTpaATy Mpale3AaTHOCTI 3a BeCh MNepion
eKCIUTyaTallll MallliHU, TOOTO A0 MOSIBY il TPAaHUYHOTO CTaHYy.

Cepeoniit pecypc — HalpallOBaHHS MAIIMHU BiJl MOYATKy €KCILTya-
TaIii 10 TPaHUYHOTO CTaHy B TOJUHAX.

Pecypc — 11e 3amac MOXXJIMBOCTEH poOOTH MamuHU. J[1s1 HepeMOoHTo-
BaHMX BHUPOOIB BiH 30ira€Thcs 3 HANPAIIOBAHHIM JI0 BIAMOBH, JJISI PEMOH-
TOBaHMUX — BKJIIOYAE 1 TPUBAIICTH POOOTH MICJIA PEMOHTY JI0 TPaHUYHOTO
CTaHy:

l N
Tp.cep = Rcep = W ) Z Ri (7)

i=1

ne Ri — pecypc i-1 MmalmHu;
N — KIIBKICTH MAIIIWH.
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TI'amma-siocomkoeuil pecypc — HaNpallOBaHHS, YIPOJOBXK SKOTO
MaIIiHA HEe JOCSATHE TPAHUYHOTO CTaHy. BupaxaroTh Oro y BiICOTKaX.
Cepeoniiit mepmin cayycou — cepeliHE KaJeHJapHE HampalfOBaHHS
MAaIIMHU IO TPAHUYHOTO CTaHY B POKaxX:

1 & 3
mcep_ﬁ Zl cn.i ()

ne T, ; — TEpMiH CITy»XOH i-1 MaIIMHHA.
Takum 9yuHOM, TEPMiH CIIY>)KOM BiJl peCypCy BiJIpI3HSAETHCS JIUIIE PO-
3MIPHICTIO.

IMoka3HUKU PEMOHTONMPUIATHOCTI
Imogipnicms 6i0H061€HHA — IMOBIPHICTD TOTO, IO Yac BiJHOBJICHHS
MAaIllMHU HE NepeOUTBIINTE 33/1aHOTO (aHAJIOTis 3 IMOBIPHICTIO BiZIMOB).
Cepeoniit uac 6i0H06/1eHHA, 200
Zteid‘i
== 9)

Tsi(). cep N

Ie tgo ; — yac BigHOBIEHHS 1-1 MamuHK; N — KIJBbKICTh MAaIIKH.

IMoxa3nuku 30epexyBaHoOCTi
Cepeoniit mepmin 30epesxcysanocmi

T Ztsﬁ i (10)
36.cep !
ne 1,5 ; — mepioj 30epeKyBaHOCT1 1-1 MAIIMHY;
N — KiJIBKICTH MAIIIHH.

I'amma-giocomxoeuit mepmin 36epexncysanocmi — TepMiH 30epexy-
BAHOCTI 13 33J1aHOI0 IMOBIPHICTIO y, BUPAXXEHOIO Y BiJICOTKaX.

KommiekcHi moka3HUKHN HATIITHOCTI

CTOCOBHO CydacHUX MalIMH NepeadauyeHo AeKUIbKa MOKa3HUKIB, aje
HaOIIbII MIMPOKO BUKOPUCTOBYIOTH Koeghiyicnm comoenocmi Ta Koeqi-
YIEHM MEXHIYHO20 BUKOPUCHIAHHA.
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Koeghivienm zomoeénocmi — iMOBIpHICTh TOTO, IO MalllWHA Oy/e
MpaLe3JaTHOI0 y TOBUIBHUNA MOMEHT 4acy. XapaKTepu3ye JIBi BIACTHBOCTI

— 0€3B1IMOBHICTh 1 pPEMOHTOIPUIATHICTb:

__Ts
;=

TB +T8i()

ne T — HampalroBaHHs Ha BiJIMOBY;
T,ip — cepenHiii mepioJ1 BiTHOBICHHS.

(11)

[Ipu Bu3HaueHHi KoedimieHTa K- Iepiosl MpOCTOIB Y TEXHIYHOMY 00-
CIIyTOBYBaHH1, PEMOHTAaX Ta 3 OpTaHi3aliifHIX MPUYHUH HE BPAXOBYETHCH.
Koegiyiecnm mexuniunozo eukopucmanns
XapakTtepusye GaKTUIHUA TePMiH pOOOTH MAITUHU:
— TO
B —
TO + Tsid + TTO

ne T, — mepion mpaie3aaTHOro CTaHy,

Tsip — TIEPiO] BITHOBIICHHS;

T'ro — iepioJl TEXHIYHOTO 0OCITYTOBYBAaHHS.

(12)

2.2.2 OcHOBHI XapakTepucTHKH po3noainy Beiidyia

Po3noain BeiiGyna — nBonapaMeTpuyHUid 3aKOH PO3MOALTY BUIAI-
KOBOT'O HATpAIlOBaHHs 710 BIIMOBHU 3 TIapameTpamu: Ao, 0 BU3HAYA€E Ma-
cmtad, i K, mo Bu3Havae acumetpito. Posmoain BeiiOyiia mupoko BUKO-
PUCTOBYETHCSI JUIsl BU3HAUYEHHS MOKa3HUKIB HaniHocti TC, mpu mocmi-
JDKEHHI 1X MIIHOCTI 1 IOBroBiYHOCTI. HUM OMHCY€THCS IHTEHCUBHICTD BiI-
MOB Ha BCbOMY NpOoMIXKKY ekcrutryaTarii TC.

Poznoain BeitOynna OyB oTpuMaHuii eMIIIpUYHO B pe3yibTaTi aHalli-
3y BEJIMKOi KUJIBKOCTI PO3MOJUTIB pecypciB 1 BIAMOBIAAE CUTYyalli pyiHY-
BaHHS caMoi cJIa0Ko1 JIaHKU (eJeMeHTa) 3 JIeAKOi CYKYMHOCTI (CHCTeMH,
SKa CKJIAJJA€EThCSI 3 OKPEMUX E€JIEMEHTIB).

Po3nonin BeiiOysia xapaktepu3yeTbest TakKuMu QyHKIissMU (puc. 3):

- IMOBIpHICTIO 0€3BIIMOBHOI pOOOTH!

_ m
pt)=e !/t (13)
- IHTEHCHUBHICTIO BiJIMOB:

At)=(m/to k™ (14)



- UIUTHHICTIO PO3MOILTY:

f(t):mtmfle_tm/ b (15)
0
Posmoxin BeliOysmra Takox Mae JiBa rmapameTpu: mapamerp GpopmMu
m > 0 i macmtabamii mapametp to > 0.
MatemaTHyHe CIIOIBaHHS 1 CepeHE KBaJpaTHUHE BIAXUJICHHS BH-
3HAYAIOTh BiAITOBIIHO:

mI — Bmtollm ’ St _ Cmtol/m (16)
ne Bm i Cn - xoedimienTn.

1 . .
SIKIO MPOTArOM HEBHOTO yacy  BiZMOBH He BinOyBarOThCS, TO
IMOBIpHICTH 0€3B1IMOBHOI pOOOTH BH3HAYAIOTh 332 (DOPMYJIOIO:

P(t)= at-t)"/

IHOmi XapakTepucTuku po3noairy BeiOysia 3anucyroTh 3 BUKOPH-
CTaHHSIM IHIIUX MMO3HAa4YeHb. Hampukias, iMOBIpHICTh O€3BIIMOBHOI POOO-
TH MOXXHA TIOJIaTH TaK:

~{t/aP
P(t)=e
neb=mia=t"
Mo3kJIMBOCTI Ta yHIBEPCAIBHICTH 3aKOHY BeliOymia oueBuaHI 3 puc.

IMpu m < 1 dpyskmii ﬂ,(t) i f(t) cnanaroui.

IIpu m = 1 po3monin NMEPEeTBOPIOETbCS Ha EKCIOHEHI[IaNbHUN 3
At)=const i f(t) — cnaguna dynxmis.

SAxmo m > 1 ¢pyHkuis f(t) Mae€ BEpUINHY, SIK y jJorapudmiuHo HOp-
MaJbHOMY PO3MOJLIL, TO QYHKIIIS X(t) € 6e3nepepBHO 3pOCTayOIo 1 IpH 1
<'m < 2 BHITYKJIOIO, a IpA M > 2 — YBIrHYTOIO.

3a ymM0oBU M = 2 QyHKIIIsA k(t) niHiiHA y po3noaini BeliOymia nepert-
BOPIOETHCS Ha BiTOMHM po3noain Penes.

Sxmo m = 3,3, To po3nonin BelOysa 0113bKuil 10 HOPMAIBHOTO.

I'padiuae oOpoOneHHs pe3yabTaTiB BUIPOOYBAaHb 3 BUKOPUCTAHHSIM
posnoainy BeitOynna npoBoAiTh y TAKOMY MOPSIKY:
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- jorapumMyroTh GYHKIIIF0 HamiiHOCTI Ig P(t) =—t" / t,-0,4343;
- BBOJUITD [IO3HAYCHHS y = —]g P(t);
- norapumyrors Igy =—mligt—A;
ne A=Ilgt, +0,362.

Binknasmm pe3ysibTaTé BUIIpoOyBaHb Ha rpadiky 3 KOOpJIAUHATAMH
Igt—Igy (puc. 3) i, 3’€AHABIIM OTPUMAHI TOYKHU MPSAMOIO, MATHMEMO

m=1ga; lgt,= A—0,362, 1€ O - KyT HaXWIy IpsIMOi 110 oci abeuuc; 4 -
BIJIPI30K, SIKUU BiJICIKA€ MpsiMa Ha OC1 Op/IMHAT.

i _t,=0.5; m=0,5 P

[

1.5} 1.0

a 6O

M0l 12y
40 m>2 t,=1:m=2

1:0.5

Il>m>03

(0.5: 0.5

- \
.04 12’1
. tgr
|

Puc. 3. Xapakrepucruku posnoainy Beii0yJna:
a — IJIBHICTH po3noainy; 6 — GpyHKLisl HANIHOCTI; 6 — IHTeH-
CHBHICTb BiAMOB; 2 — rpa¢iyHe BU3HAYCHHS NIapaMeTPiB Po3MOIiIy
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Posnonin BeitOymna qocuth yHiBepcanbHU. BiH 3a10BUIBHO OnmHCye
HaNpaIlOBaHHs 10 BIIMOBH JieTajel MAIlluH, SKi pyWHYIOTbCS BiJl yTOMH.
Posnonin Beiibymia € 1ocuTh THYYKOO (YHKITIE0, 3IaTHOIO J100pe BHpPIB-
HIOBAaTH PI3HOMaHITHY CTaTUCTUKY BIJIMOB, 1 MOKe OyTH MOJEIUIIO BiJ]MOB,
B OCHOBHOMY, — MEXaHIYHUX BHPOOIB.

Ipuknan. Bunankose HampalroBaHHs BUpOOY MOBHICTIO PO3MO/Iisie-

HE 3TiHO 13 3aKkoHOM Beiibymna 3 mapamerpamu o =2, A ~107%. 3uaiitn
HMOBIpHICTh 0€3BiIMOBHOI poOOTH BUPOOY NpHU 3aJaHOMY HaIlpalOBaHHI
T, =300TO/MH Ta 3HAWTH HampalroBaHHS MOBHICTIO MPH HMOBIPHOCTI 0€3-

BiZIMOBHOI po6oTu 99 %.
Pimenns:
BuxopuctoByemo dopMyiy Ui po3paxyHKy WMOBIpHOCTI O€3BiMO-
BHO1 poboTH npu posnoAini BeitOymia
P(300) =g " =g 107300 _ 107910 _ (9139
Otxe, HWMOBIpHICTh 0Oe€3BiMOBHOI pobotu mpotsarom 300 roawH

cknamae 91,39%.
BukopucroByeMo piBHAHHS IMOBIPHOCTI 6€3BIAMOBHOI pOOOTH:

Pt)=1-F()=e"".

0,99 =" gpinkn IN0,99=—-10°-T,,,2

Toas = 4 [Ii]f% =100 roauh.

2.3 3aBaaHHS J1Ji51 CAMOCTIi{HOT0 BUPillIeHHSA

3acBOIBIIM TEOPETUIHUN MaTepiajl, BUPIIIUTH HACTYITHY 3a/1a4y.

BunazakoBe HampaitoBaHHsI BUpOOY MOBHICTIO PO3MOJIIIEHE 3T1HO 13
3akoHOM BeltOymna 3 mapamerpamu « =3, A=10°. 3HaliTH HMOBIPHICTb
06e3B1IMOBHOT p0OOTH BUPOOY MpPH 33/laHOMY HAINPALFOBAHHI T, = 200 TOMH

OTXKEC

Ta 3HAWTH HaIpaloBaHHS MOBHICTIO U KMOBIPHOCTI 6€3B1IMOBHOI po0o-
™ 98 %.
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2.4 Xix npoBeeHHsI

2.4.1 TlepeBipka BHKJIaa4eM CaMOCTIHHOI MIATOTOBKH CTYIEHTIB 10
MPaKTUYHOI POOOTH (HASBHICTh MHUCHMOBHUX BIJIOBIJEH Ha HaJaHI MUTAaH-
HA).

2.4.2 Buknagad 3HaHOMHUTH CTYIEHTIB 3 METOIO, 3MICTOM JIaHOi po-
00THU Ta BUMOTaMH JI0 3aXHUCTY.

2.4.3 BUBUMTH TIPOLIECH, SIKI BUHUKAIOTh MPU EKCILIyaTallii TeXHOJIO0-
TYHUX CHCTEM; MOJieNb (POpMYBaHHS BiZIMOB TEXHIYHHX BHPOOIB; BIACTH-
BOCTI Ta MOKa3HUKH HAAIMHOCTI 00’ €KTIB.

2.4.4 O3nailoMUTHCh 3 (PI3UYHOIO CYTHICTIO BIIMOB T€XHIYHHX BUPO-
01B.

2.4.5 TIpoBecTH po3paxyHOK MOKA3HUKIB HAJAIMHOCTI TEXHOJIOTTUHUX
CHUCTeM, SIK1 MiMOPAIKOBYIOThCS 3aKOHY po3nofiny Beiibyma.

2.4.6 CamocriiiHe OnpaioBaHHs CTYACHTAaMH TEOPETHYHUX BiIOMOC-
Tel 3 JaHOi TeMH Ta O(OPMIICHHS 3BITY.

2.4.7 3axucT NpakTUYHOI POOOTH 3a OTIOMOTOI0 TECTIB HANPHKIiHII
3aHSTTA, IPU YMOBI IPaBUIILHOTO ODOPMIIEHHS 3BITY.

2.5 Iic/ia BUKOHAHHA PO00TH, CTYIEHT CKJIAJA€ 3BIiT, AKUI BMI-
1Y€ JaHi:

1. HaiimeHnyBaHHs, HOMEp Ta METY POOOTH;

2. Ilpomecy, Ki BHHUKAIOTH TPU EKCILTyaTalii TEXHOIOTIYHUX
CHCTEM;

3. ®i3nuHa Mozaens GOpMyBaHHS BiIMOB TEXHIYHUX BHPOOIB;

4. OCHOBHI XapaKkTepUCTUKHU po3no/uly Beiibya,;

5. Po3paxyHOK MOKa3HUKIB HAIIWHOCTI TEXHOJOTIYHUX CHUCTEM, SKi
HANOPSIKOBYIOTECS 3aKOHY po3noziny Belibyma.

Ilynkmu -2 cmydenm GUKOHYE CAMOCHMIUHO, K NI020MOBKY 00
NPAKMu4HUX 3aHAMb.

2.6 KoHTpoJibHi 3anuTaHHS

2.6.1. ®i3uyHa CYTHICTh BI]MOB TEXHIYHUX BUPOOIB.

2.6.2. Mogaens ¢popMyBaHHS BiIMOB.

2.6.3. BnacTuBOCTI Ta MOKa3HUKHA HAMIHHOCTI 00’ €KTIB.

2.6.4. KoMmiekcHi MOKa3HUKY HATIMHOCTI.

2.6.5. 3akoH po3noainy Beiibysa.

2.6.6. [1apameTrpH, SIKUMHU XapaKTepU3YeETbCA 3aKOH po3noaury Beii-

Oynna.
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JOIJATOK A
(moBiIKOBUIN)

IIpouecu, siki BUHMKAIOTL NPHU eKCIUIyaTalii TeXHOJOTIYHHX
cucremM

BinMoBHM 4M mo€THAHHS BiIMOB Pi3HOMAaHITHUX €JIEMEHTIB TEXHOJIO-
rivaux cucteMm (TC) MOXyTh IPUBECTH 70 Ti€l UM 1HIIOT OCOOIMBOT CUTYa-
i,

Jns ckmagaunx TC MOKHA BU3HAYUTH BEIIMKE YMCIIO KOMOIHAIlINA Bi-
JIMOB €JIEMEHTIB, 110 O0YMOBIIIOIOTH MOPIBHSHO HEBEJMKE YHCIO (PyHKITiO-
HaJIbHUX BIAMOB cucTeM. CyKyNHICTh PI3HOMaHITHUX CIOJY4€Hb BiJMOB
€JIEMEHTIB, 110 BHKJIMKAIOTH BiIMOBY CHCTEMH, BH3HAYAIOTh 3 aHAIi3y il
L[1JIbOBOTO NPU3HAYEHHS, KOHCTPYKTUBHUX OCOOJIMBOCTEH, a TAKOXK CTaTH-
CTHYHHX JIaHUX TPO PE3yIbTATH EKCIUTyaTallil CHCTEMH.

TicHuli 3B'I30K MOKa3HUKIB HAMIMHOCTI 3 O€31eK00 poboTH Ta edhek-
TUBHICTIO BUKOpHCTaHHS TC CBIMYUTH MPO BaXJIMBICTH HOPMYBAaHHS BU-
MOT JI0 HaAIMHOCTI Ta ii 3a0e3neueHHs y IpoIeci eKCIuTyaTaiii.

[Tpu excrunyaranii TC BUHMKAIOTH JABa B3aEMHO MPOTHIICKHHUX HPO-
[[ECH: TPOIEC 3MIHM TEXHIYHOTO CTaHy OO'€KTiB BHACHIJOK 3HOIICHHS MU
(G13UKO-XIMIYHOI 3MIHU CTPYKTYPH €JIEMEHTIB IPHU IXHbOMY (YHKIIOHY-
BaHHI Ta IpOLEC BIJHOBJIEHHS TEXHIYHOro craHy o6'ektiB mpu TO i1 P
(puc.1).

[HTEHCUBHICTh 3MIHM TE€XHIYHOTO CTaHy 00'€KTIB BU3HAYAETHCS HOTO
KOHCTPYKTUBHUMHU OCOOJIMBOCTSIMH, SIKICTIO BUPOOHHIITBA, a TAaKOX YyMO-
BaMH Ta peXXMMaMH eKCILTyaTallii.

KoncTpykTHBHO-TeXHiYHI ¢aKTOpHM, 1110 BU3HAYAIOTh HAAIMHICTH,
BUPAXKAIOTHCS:

- CTPYKTYpHOIO 1100y0BOt0 cucteM TC, 110 BCTAaHOBITIOE B3a€MO3B'sI-
30K €JIEMEHTIB Ta PeXXUMHU IXHBOI pOOOTH;

- KOHCTPYKTUBHUM BUKOHAHHSM OKPEMHX €JIEMEHTIB Ta CUCTEMHU Y
iJI0MY;

- CTyNEHEM BIJNOBIAHOCTI KOHCTPYKTHUBHUX Ta CXEMHHUX DIillIEHb pe-
albHUM yMoBaM ¢yHKuioHyBaHHs TC;

- cryneHeM npuaatHocti Bupo6iB TC no TO Ta BiiHOBJIEHHIO Mpalie-
3JTaTHOCTI y pa3i MOsBU BiJIMOB.
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BupoOHHY0-TeXHOJIOTIYHI (paKTOPH BU3HAYAIOTHCS:
- pealtizalli€ro nepeoBUX TEXHOIOTIYHUX MPOIIECIB;
- BUKOPHUCTaHHSIM Cy4acHOTO 00JIaIHAHHST,
- TOTPUMAHHSIM BUMOT TE€XHIYHOI JOKyMEHTAIIil;
- 3a0e31eueHHsIM cTablIbHOCTI sikocTi BUupooiB TC.

TexHiunmii cran 00 eKTa

30BHIIIHE Pexam TOIP
CepeIoBHILI
KonctpykrrBHO- Slkictb 3ac00iB 1
BHPOOHMI (pakTOpH METOZB KOHTPOJFO
Pexmvm Slkictb po6it 3 TOIP
eKCIDTyaTartii

Puc.1. [Ipouecu, siki BUHUKaIOTH MpH ekcrutyartanii TC

ExcrutyaraniiiHo-TexHi4H1 (pakTOpu BU3HAYAIOTHCSA B YMOBaxX poOOTH
Ta 30BHINIHIX HaBaHTaXXEHb HA CHCTEMY, IO 3HIXKYIOTh HamiiHicTh TC, y
CYKYIHOCTI PEMOHTHO-TIPO(UIAKTUYHUX 3aX0JliB, sIKI BKJIIOYalOTh B cebe
(akTopu aKTMBHOI'O YIPABIIHHSA IPOLECOM MIATPUMKH Ta 3a0e3MeueHHs
HAJIMHOCTI CUCTEMH TIiJ] Yac i eKCIuTyaTarii.

EdexTHBHICTD yHpaBIiHHS J0OCATAEThCS HE TUIBKU 32 PaXyHOK BHUKO-
puctanHs nporpecuBHux meroAiB TO 1 P, ckopoudeHHs BTpaT poOOUOro
qacy, ajie ¥ 4epe3 MiJIBUIIEHHS PIBHS OpraHi3allifHOi Ta TEXHIYHOI KYib-
Typu nentpiB TO 1 P, ynockoHaneHHs TEXHOJIOTII Ta opradizaiii BUpoOHU-
IITBA.

@i3u4HA CYTHICTH BiAMOB TeXHiYHHX BUPOOIB

BiamoBa eneMeHTIB - sSBUIIE BUMAIKOBE, aje MPUYUHA MOSBH OYIIh-
KOl BIJIMOBM TOB'SI3aHA 3 MEBHUMH (DI3UKO-XIMIYHUMHU TPOIECAMH IO
00YMOBITIOIOTHCS TI€F0 TAKUX B3aEMOIIOB’ si3aHUX (PakTopiB (puc.2):
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- CTPYKTYPHOIO HEIOCKOHAJICTIO BHXIJIHUX MaTepiaiiB BHUPOOIB,
00yMOBJIEHUX HAsIBHICTIO JOMIIIOK, JUCIOKAIiN, IPai€eHTIB KOHLIEHTpAIil
ToImo (7/117/2""'7i!"'!7/n);

- KOHCTPYKTUBHO-TEXHOJIOTIYHUMHU JePeKTaMH MPOLEecy BUPOOHUIIT-
Ba (d,,d,,....d;,...d, )

- 30BHIMIHIMHU HaBaHTaXEeHHIMH G |

- PeKMMOM BUKOPHUCTAHHS O ;

KomriekcHuii BB mnepenideHux (HakTopiB BH3HAYA€E MPOXOKEH-
HSl CYKYITHOCTI (h13MKO-XIMIYHHX TPOLECIB Yy BUPOOi:

X = F(Vy, VoV Vi )

ae V, = f(yi,dj,Q,G,t)_mBHz[KiCTb MPOTIKaHHA [ —TO (HI3UKO-XIMIYHOTO

mpolecy, 10 BU3HAYA€ HaJJaHUI BUJ BIIMOBU BUPOOY;
t — yac.

Exkcrutyarariinuia
pexum Q

30BHilIHI
HaBaHTaxeHHs1 G

Texmiumi Di3uKo-xiMidHI Kinernka
. —p| pameTpa;
> rpieett V=P 0.6t
BUpOOU X=F(V1,. Vi) i fm(i >4, )
Hedexrn Buxinunx KOHCTpYKTHBHO-TEX-
y Ma}/Tepnan}l/B HoJIOTiuHI nedexTn Binmosa
(Fr2rzerein ) (dy,..,d;,-.,di)
BuxigHi MmaTepuanu BupoOHuumii npoiec

Puc.2. ®i3uyna mozens GopMyBaHHS BIIMOB TEXHIYHUX BUPOOIB
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KoHkpeTHHMII BUTIISAL MOJENeH IJii OKpEeMUX BUPOOIB BHU3HAYAETHCS
XapakTepOM BIUIMBY Pi3HOMaHITHHX (i3U4HUX (HaKTOPIB HA MPOIIEC BUHU-
KHEHHS Ta PO3BUTKY BiIMOB. JI0 TakuX (aKTOPiB BIAHOCATHCS 3HOLIYBAHHS
Ta CTapiHHS MaTepialliB, HAKOIMWYEHHS BTOMIIICHUX IMOIIKOKCHb, HAsIB-
HICTh BHPOOHHYO-TEXHOJOTIYHUX Je(EKTiB, MICIEBHX KOHIICHTPATOPIB
MOIIKO/PKeHb, HEOJHOPIIHICTh MaTepiaiiB, TPIIIUHU, HEBIANOBIIHICTH
(aKkTUYHUX YMOB Ta HaBAHTa)XEHb PO3PaXyHKOBHUM JOIYCTUMHUM 3HAYEH-
HSIM.

Biamosu Bupo6iB TC MaroTh pi3HOMaHITHI IPUYMHA BUHUKHEHHS Ta
pizHoMaHiTHI hopmu nposiBy. HaiiGinbm xapaktepHuMu (popMaMu MposiBy
BimMOB BHp00iB TC € BiIXuIIeHHS BUXIIHUX MapaMeTpiB QyHKIIOHATHHUX
CHCTEM Ta iXHIX arperaTiB BiJi HOpMaTHBHHUX 3HAUCHb YU BUXiJ] ITApaMETPiB
3a BCTAHOBJICHI OOMEXEHHsI, MEXaHIYH1 MOIIKOPKEHHS, 1110 MPU3BOJATh 10
MIOSIBU TPIIIUH, ITOJIOMOK, JIe(hoOpMaIlii.

3aneXHo BiJ XapakTepy pO3BHUTKY Ta (OpMHU BHUSBY BiAMOB BHpOOiB
PO3pI3HAIOTH (PYHKI[IOHANBHY HaIHHICTh (BUPIO 34aT€H BUKOHYBATH 3aia-
Hi ¢yHKIIT), napamMeTpuuny ((YHKI, 110 BUKOHYIOTHCS HE 3aJI0BOJIbHSI-
I0Th TOYHOCTI, €eKOHOMIYHOCTi, €()eKTUBHOCTI), MIIHICHY HaJiHHICTh (IO~
JIOMKH Ta TTOIIKO/KCHHS BUPOOIB).

MexaHi3M BIAMOBH BHpPOOIB BU3HAYAETHCS 3MIHOKO HOro BIACTHBOC-
Tell Ta mapaMeTpiB y yaci, 00yMOBIIEHUX 3MIHOIO MOJIOKEHHS CTaHy IMO0JIO-
KEHHSI MIKPOYAaCTHMHOK B CUJTy KIHETMKU IMPUYMHHO-HACITIIKOBHUX 3B'SI3KIB,
1110 MOPOIXKYIOTh BIIMOBH.

BinMoBu CyIIpOBOIKYIOTHCS PI3HOMAHITHUMHU MEXaHI3MaMH: KOHIIe-
HTpAL€l0 JJOKAJBHUX HAMPYT, HAKOMUYEHHSAM MIKPOTPIIIMH, MEXaHIYHUM,
KOpO31MHUM a00 €pO31iHIUM 3HOIICHHSM, aare31€0 mapis, MUy Ta MOPOII-
KiB, CTapiHHSM.

g TC xapuoBux BUpPOOHUITB BUpIIIaJbHE 3HAUEHHS Ha Ipale3aa-
THICTh €JIEMEHTIB 1 BUHUKHEHHS Bi]MOB MAlOTh MPOIIECH, IO BiI0YBaIOTh-
Csl Ha TOBEpPXHI1 KOHCTPYKLIN, SIKI MAJIATal0Th 0e3MmocepeHbOMY BILTUBY
HaBKOJIMIIHBOTO CEPEOBHUIIA, BOJIOTOCTI, 3a0pyAHEHHIO.

VY Micugx pyXxOoMHX Ta HEMOPYIIHUX 3'€IHAaHb JeTajlel BUHUKAIOTh
PI3HOMaHITHI BUJM MEXaHIYHOTO YM EJIEKTPOEpO31HHOr0 3HOIICHHS, KOH-
TaKTHO1 KOopo3ii. binbuicTe (13MK0-XIMIYHUX MPOLIECIB € TEPMOAKTUBOBA-
HUMH TpOIlecaMH, TOOTO IHTEHCHUBHICTh HPOTIKaHHS IMPOLECIB 301IbIIY-
€THCSI IPU HArpiBaHHI €JIEMEHTIB.
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TemnnoBi mpolieck BiAirparoTh BUPIMIAIBHY POJb Y 3MiHI BJIACTUBOC-
Tel Ta XapakTepuCTUK MarepianiB eneMeHTiB TC xap4oBuUX BHPOOHUIITB,
nporiecax pyWHyBaHHS Ta CTapiHHS IXHIX €JIEMEHTIB.

3aeHO BiJl MEXaHi3My BUHUKHEHHS BI]MOB Ta IMOIIKOKCHb BUPO-
618 TC ix MoxHa Ki1acu(iKyBaTH Ha TaKi TPYIIH:

- pyHHYBaHHS BTOMJIICHOTO XapakTepy, TpilllMHH, Aedopmariii, BuU-
KJIMKaH1 J1€10 eKCIUTyaTalliiHUX HaBaHTaXEHb;

- BUpPOOJICHHSI PYyXOMHX 3'€/IHaHb Ta 3aKJICNKOBUX IIBiB, OTEPTOCTI
Ta IHIII BUJIA MEXaHIYHOTO 3HOIICHHS €JIEMEHTIB KOHCTPYKIIIi;

- pyiliHyBaHHA Ta Aedopmalii, BUKIUKaHI Pa30BOIO Ji€I0 HAaBaHTa-
KEHHSI, 110 MEPEBUIIYIOTh PO3PaXyHKOBI Ta MOB'sI3aH1 3 OCOOIMBUMH YMO-
BaMU €KCILTyaTallii;

- BTparTa BJIACTUBOCTE MaCTWII Ta CHEIialbHUX PIIUH, 10 BUKOPHUC-
TOBYIOTBCS Y By3JlaX, arperarax ta cucremax TC;

- pyliHyBaHHS J1ako(hapOOBUX Ta 3aXUCHUX MTOKPHTB;

- Kopo3is eneMeHTiB KoHCTpyKIIii TC;

- MEXaHIuHI IMOIIKO/PKEeHHs (nedopmariii, IpoOOTHH, MOAPSIUHU Ta
iHm.), BukiMKaHi Hexbamictio mpu TO 4YM mpH BUKOHAHHI BaHTaXHO-
PO3BaHTaXXyBaIbHUX POOIT.

BinMoBHM Ta MOLIKOMKEHHS NEPUIMX ABOX I'PYH IMOB'A3aHI B OCHOB-
HOMY 3 pexkumamu ekcruryaranii TC. [TomkomkeHHs TpeTboi IrpyIu MoB's-
3aH1 3 SIKICTIO eKCIUTyaTallii.

JlepexkTr HaCTYmHHUX TPbOX IPYH BiAMOB 3aJIeKaTh TOJOBHUM YHHOM
B1Jl YMOB €KCIUTyaTalii, pexumiB Ta sxocti TO.

OctanHs rpymna BiIMOB Ta nomkoakeHb Bupo6iB TC nos's3ana 3 He-
JI0JIIKaMHU Ooprasi3anii mpaii Ta KBajigikaljiero oneparopa.



