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BU3HAYEHS ITPOI'HO30BAHOI'O YACY I'ACIHHA
ITOZKEXI HA ITPOMUCJIOBUX TIAITPUEMCTBAX

OTpuMaHi 3a7I€XKHOCTI ISl PO3PAXyHKY MPOTHO30BAHOTO Hacy ra-
CIHHS MOKEX1 MOKEKHO-PATYBAILHUMHU MiPO3ALIaMU Ha IIPOMHUCIOBUX
HiIPUEMCTBAX 3 BHUKOPUCTAHHSIM HEOOXITHOI TEXHIKH Ta TMOMKEXKHO-
TEXHIYHOTO YCTaTKyBaHHS.

Ilocmanoeéka npoonemu. Po3paxyHOK cui 1 3aco0iB TMOXKEKHO-
PATYBAIBHUX MIAPO3ILIIB SIS TACIHHS TOXKEXK1 € OJTHUM 3 BOKIMBUX €Jie-
MEHTIB IUITaHyBaHHSA OOMOBHX MiH, K1 B MIEPIIy Yepry BILUIMBAIOTh HA TPH-
BaJIICTh JIKBLAAIIl Tokexk1. JIJist po3poOaeHHs, HAIPUKIIaA, ONIEPATUBHOTO
IJIaHy MOXKEXKETaciHHS HEO0OX1HO OPIEHTYBATHCS Ha CEPEAHBOCTATUCTUY-
HE 3HAUYCHHS 4acy TaciHHS MOXeXli. B OBIAKOBIM JiTepaTypi HaBEIACHO
OpPIEHTOBHI 3HAYEHHS TPHUBAJIOCTI TFAaCIHHS MOXKEX1 Ha MEBHUX 00’ €KTaX.
AJie 111 JaHH1 HE OXOIUTIOIOTh BC1 MOXKJIMBI 00’ €KTH, OCOOJIMBO MPOMHUCIIO-
BUX MIJANPUEMCTB, 1 HE JO3BOJISIOTH 3 JIOCTATHHOIO TOYHICTIO BU3HAUUTH
BC1 HEOOX1HI YMHHUKHU IJIsI BU3HAUEHHS CWJI 1 3aCO0IB TaciHHA IMOXKEXKI.
Tomy HaWO1IBII AOLUIBHUM € BCTAHOBJICHHS 3aJICKHOCTEH NJI1 BU3HAUCH-
HSI TIPOTHO30BAHOTO Yacy TaciHHs TMOXKEXK1 Ha MPOMUCIIOBUX ITiANPUEMCT-
Bax.

Ananiz ocmannix oocsaznens i nyonixkayiu. Binmosigao mo [1, 2]
TPUBAJICTh PEATLHOT TTOKEXKI MOXKE KOJIMBATHUCS B 3HAYHUX MEXKaX, MPOTE
B OUIBIIIOCTI BUIMAJIKIB BOHA HE nepeBuinye 2-3 roaunu. Ha mpoMucnoBux
MIMPUEMCTBAX TPUBAIICTH JIKBIJAIII MMOXKEXK1 3HAXOAUTHCS B Mexax 2-3
TOJIMHU 1 OuIblIe. B HOPMAaTUBHUX TOKYMEHTAaxX 3 MPOTUIIOKEKHOTO BOJO-
MOCTa4aHHs PO3PAXyHKOBY TPHUBAIICTh TACIHHS MOXKEXK1 MPUUMaIOTh 3 TO-
nuHu [3], Ha MiACTaBl YOro BH3HAYAIOTH 3allaCd BOTHETACHHX 3acOOiB.
TpuBanicTh raciHHsS TOXEX1, BIUIMBA€ HAa E€KOHOMIYHI Ta OIEpaTUBHO-
TaKTH4HI 3aX01 Ta MOTpeOye HAYKOBO-MTPAKTUYHOTO OOIPYHTYBAHHS.

TpuBanicTh raciHHs MOXKEX1 3aJIEKUThH BiJl 0OararboX YMHHUKIB, CYKY-
MHICTh SAKUX HE J03BOJISE NMEpe10aYnuTH 3HAUYCHHSI 111€1 BEIMYNHU B KOKHO-
My BUMaaky. IIpore, Ha OCHOBI JOCIIKEHb BEIMKOI KiJIbKOCTI JIIKB1I0OBa-
HUX TOXKEK MOKHAa BCTAHOBUTH BIPOTIIHY OIIIHKY TPUBAJIOCTI ii TaciHHS.
[Tpu 11bOMY JOIIBHO OKPEMO JTOCIIIIKYBATH P13HI TUIU Ta KJIACH TOXKEXK.

TpuBamicTh raciHHs MOXKEXK PO3TIIANAIOTH SIK HEPO3PUBHY BHUIIAJKOBY
BEJIMYHUHY Tr, 10 OMUCYETHCS BiAMOBIIHOIO QYHKITIEO po3noAity [3]

F(t) =P{t, <t}, (1)



ne P{t. <t} —iMOBIpHiCTb TOrO, L0 TPUBAIICTH FACIHHS IOXKEXI Oyne Me-

HIIIOIO JIEIKOTO 3HAYCHHS 7.

Pe3ynbprati CTAaTUCTHYHUX JOCHIKCHb [4] MOKa3yloTh, IO TpHUBa-
JICTh TAaCiHHA MOXKEXI1 75, ONMUCYETHCS 3a JAOMOMOroio posnonaury Epmanra
[5], A HYIBOBOTO MOPSIIKY KOO 3aCTOCOBYIOTH C€KCIOHEHIIAIbHUI 3a-
KOH PO3MOJILTY

t
F(t)=P{O£t, <t} =gne"dt =1- €™, (2
0
me m=1/t, ; t. - CEpEeIHbOCTATUCTUYHE 3HAYEHHS TPUBAJIOCTI JIKBigaLil
TTOXKEXKI.

JInsi HOpMyBaHHSI TPUBAJIOCTI TaCiHHS MOXKEXKI PEeKOMEHIYIOTh [4, 6]
pO3rIIsiIaT! IMOBIPHICTH NMPOTHJICKHOI BHIaakoBoi noxii P{t, 2 t}, ToOTO

IMOBIPHICTb TOTO, 110 Tr OyZ€e HE MEHIINM JESKOTO 3HAYEHHA T. 3 ypaxy-
BaHHSM IMOBIPHOCTI PHU3UKY & MPOTHO30BaHA TPUBAIICTb T'ACIHHS MOMXKEXK
BUXOJHUTH 33 MEKI HOPMAaTUBHOTO 3HAUCHHS 1, IKC HaBEJCHO B JIOB1IKOBIM
miteparypi [3, 7, 8, 9, 10]. B 3a3HaueHux /prepeniax He HABEICHO 3aJICKHO-
CTeH JUIsl BU3HAUYCHHS MPOTHO30BAHOTO Yacy TaCiHHS MOXKEX1 B 3aJIEKHOCTI
BiZl 11 kiacy. ToMy cTaBUThCS 3aj7aua OTPUMATH Ta HAYKOBO OOTPYHTYBaTH
3aJICXKHICTD JJIsl BUBHAYEHHS MPOTHO30BAHOT0 Yacy TaCiHHS MOXKEXI.

Ilocmanoeka 3a0aui ma it po3eé azanna. Mera poOOTH — OTpUMATH
3aJIe)KHOCT] ISl BH3HAYEHHS IPOTHO30BAHOTO Yacy TaciHHA TOXKeXi Ha
IMPOMUCIIOBUX MIANPUEMCTBAX Ha MIJCTAaBl OCHOBHUX MOJIOKEHb CTOCOBHO
pO3paxyHKy cHJ 1 3aco0iB, IIOJ0 TUIAaHYBaHHS OOMOBHMX 1M TMOMXKEXKHO-
PATYBaJIbHUX M1APO3/ILIIB.

OTpuMaHHS 32J1€5KHOCTI VISl BU3HAYEHHSI 4Yacy, KUl BUTpaya-
€ThCH MOKEKHO-PATYBAJIBHUM MiAPO3XijI0M 0e3nocepeIHb0 HA omepa-
Iil0 raciHHsi I MokKexX Kjacy A (B sIKOCTi BOTHEracHOro 3acody BH-
KOPHCTOBYETHCS BO/IA).

JlJi OTpUMaHHS 3aJIeKHOCTI, 32 JOIIOMOTOI0 SIKOT MOKHA PO3paxyBaTu
IIPOTHO30BAaHUM Yac TaciHHS IMOXKEKI Ha IPOMHUCIOBUX ITIIMPHUEMCTBAX,
HEOOX1IHO Ha nepuiomy emani BU3HAYUTHU NMUTOMHUM pO3XiJ BOIHETACHOI
piauHu (JI/MZ), KU OM 3a0e31euyBaB MOBHY 11 JIOKaIi3alifo. 3riJHO JaHUX
YxpHAIIIb MHC VYkpainu cepeaHbOCTaTUCTHYHA TPUBATICTH JIOKAIII3aIl1
MOKeX1 HA MPOMUCIOBHX MiAMPHEMCTBAX YKpaiHU JTOpiBHIOE T, = 39 XB.
Buxonsum 31 3HaYeHHS CEPeAHHOCTATUCTHYHOI TPHUBAJIOCTI JIOKAaJi3allii
MOYKEKi, BUSHAYMMO THTOMHUI PO3XiZ BOTHEraCHOI pedoBHHH Ha 1M miori
raciaus S.. 3rigHo pexoMmeHaarii [3] mist raciHHS MOXKEX Ha MPOMHUCIIOBUX
MIJMPUEMCTBAX BUKOPUCTOBYIOTH B OLIBIIOCTI BUIIAJIKIB CTBOIM A, a A
3aXUCTy — CTBOJIX b.

[TpuiiMmaemMo 1HTEHCHBHICTh ITOJaBaHHS BOTHEracHOTO 3aco0y JJid Ta-



cinms 17=0,2 n/c-M?, a s 3axucry — 13=0,05 H/C'M2[3]. Pe3ynbpTaTu Teope-
THUYHUX JIOCIIKEHb SK1 OyJIM BHKOHAHI aBTOpaMHM, IOKa3ajH, IO ILIOINa
3aXUCTy MPUOIU3HO Yy 2...2,2 pa3u OibIla IJIOINIl TaClHHA, 10 OYyJI0 MpHu-
HHATO B po3paxyHKax JijIsi BU3HAUCHHS 3arajbHOI BUTPATH BOTHETACHOI pe-
yoBUHHU. DaKTUYHMI PO3XiJ BOrHEraCHOI PEYOBHMHHM BHU3HAYAIM 3T1IHO pe-
KoMeHaii [ 3] 3a 3anekKHICTIO

Q, =3,7(2N,+N,), n/c (3)

ne Na, Ny — KiTbKICTB CTBOJIIB A 1 b BiANOBITHO, SIKY BU3HAYAJIH 3 3a0KPY-
TJICHHSIM JIO I1IJIOTO YKciia B OUIBITY CTOPOHY, IPUMHSBIIHN 32 OCHOBY BU-
TpaTH BOIHETaCHOI PeUOBUHHU JIjIsi CTBOJIB A 1 b Bignosigno 7,4 ta 3,7 nl/c.
Toni

NA:SF A NB:S3 A5 (4)

3aranpHy BUTpaATy BOTHETACHOI PEUOBHMHU 3 YPaxXyBaHHSIM Yacy T, BU-
3HA4YAEMO 3a 3aJIEKHICTIO

W=Q, % , 60, JI. 5)

Toni muToMy BUTpaTy BOTHETacHO1 pedoBUHU QQ, MOKHA BU3HAYUTH
3a 3aJICKHICTIO

Q, = % , 1/m® (6)

Pe3ynbraTi po3paxyHkiB i1 BusHaueHHS Q B 3aJICKHOCTI BiT S B
exxax Bix 50 1o 800m° 306paxenni Ha prc.1. Tpadidna sanexnicts 1 moby-
JI0BaHa 3 BUKOPUCTAaHHAM (Gopmynu (6), a rpadivHa 3a1exHICTh 2 Ha M-
CTaBi arpokcuMallii rpadigHoi 3a71eXHOCTI 1 3 BUKOPUCTAHHSAM TPEHAO0BOI
CTeMeHeBOol MOJIeN MakeTy MpHUKIaaHuX nporpam Microsoft Excel.

Ha miacraBi anpokcuMaliiii OTpUMy€eMO PIBHSHHS JUIsl BU3HAYCHHS ITH-
TOMOI BHTpAaTH BOrHeracHoi pedosunn Q, Bumy y=14184x " B samex-
HOCTI BIJI IJIOII raciddsa S, To0TO

Q, =1418,45, ", 1/m° (7)

Ha opyeomy emani Bu3HauaeMo 3arajibHy BUTPATy BOTHETACHOI peyo-
BUHHU HAa JIOKAII3AIII0 IO MOXKEXKI

W =Q, *S. =1418,4S ">, =1418,4>5. %%, 11. (8)
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Puc.1. 3anexxHICTh TUTOMOI BUTPATH BOTHETACHOT PEUOBHUHU
B1JT IJTOI TaCiHHS.

Ha mpemvomy emani Bu3Ha4aeMo 4ac JoKamizailii moxexi 3 BUKOPUC-
TaHHAM 3aiexHoctei (3) Ta (5)

‘= W 1418,48°%* _ 6,39>8%%
" Q.60 37(2N,+N;)*60 2N, +Nj

, XB. 9)

Ha uemeepmomy emani Bu3Ha4aeMo NMPOrHO30BaHMM Yac raciHHs 1O-
FKEKI

6 39 >6r0,893
2N, +N_

T

Xy, XB. (10)

ne Ki = Sp/Sr — xoedinienT, sskuii BpaxoBy€e MPOrHO30BaHMIA 4aC TaCiHHS
MTOXKEXKI.

Kpim 11p0ro, BpaxoByeMO 1HTEHCUBHICTb 110Jja4l BOTHETaCHOI pEYOBH-
HU BBEJICHHSIM MOINpaBo4YHOro koedinienta K; ra koedimienta Ky, sikuii
BpPaxoOBY€E€ BUKOPHUCTAHHS BIAMOBIAHOTO JlaMeTpa HacaJIKu Ha CTBojax A. 3
ypaxyBaHHSAM IUX KOEDIIIEHTIB 3aJIKHICTh U1 BU3HAYEHHS TPOTHO30BAa-
HOTO Yacy TaciHHS Ha0yBa€ HACTYITHOTO BUTJISTY

_ 6, 39 >61_0,893

tr
2N, +N

K A&, KK, XB. (11)

3nauenHs koediuieHtiB K; Ta Ky oTprumano Ha mijcrasi 6ararouuce-
JBHUX PO3PaxXyHKIB JUIsl BA3HAYEHHS (DAKTUYHOI BUTPATHU BOTHETACHOI Pi-
JIMHU B TIPOLIECi BUBHAYEHHS Yacy JIOKai3allii moXkexxi. 3HaUeHHS 1IuX KO-
edilieHTiB HaBeaeHOo B Tao. 1.



Tabmnis 1
3nauenns koedirienTiB Ky ta Ky
IHTeHCHBHICTD 110/1a41 BOTHETACHOT pEYOBUHHU Jiametpa Hacasiku Ha cTBOJIax A

L, 2 0,1 0,15 0,2 0,25 0,3 0,4 d’
nlc-m MM

K; 132| 1,16 | 10| 088 | 0,7 | 058 | K4 | 1,0 ] 0,85 |0, 75| 067 | 05

19 25 28 32 38

J11st mepeBipKU TOYHOCTI MTPOTHO3YBAHHS TPUBAJIOCTI TAaCIHHS MOXKEXKI,
10 BU3HAYAETHCS 3a 3aekHICTIO (11), Oy/10 BUKOHAHO MOPIBHSHHS Jiiic-
HOTO Yacy JIKBIaIlil MOXKEeXi 3 pO3paxyHKOBUM 3a 3anexHictio (11). byna
PO3MIISIHYTA MOXKEXa, iKa BUHUKIIA Ha mianpueMcTBl T30B «JIbBiBIpeB» 25
oepesnst 2008 poky (M. JIbBiB, Byn. ['opogoneka 172) [11]. Miciie BUHUK-
HEHHSI — CKJIaJl TOTOBOI MPOAYKIii; hopma moxesxi — kyrosa 180% Posmipu
NPUMILIEHHS JO3BOJISUIA BBECTU CTBOJIM AJIA raciHHs 1o ¢ppouty: Ha raciu-
HS TOXEXI Oyno mojgaHo 2 cTBojia A 3 giamMeTpoM Hacamok 28vMm Ta 1
ctBon b. 19ron 46xB — BBeAieHHS mepmux cTBOJIB; 20ron 38xB — joKami3a-
g noxexi, 21rox 31xB — mokexxa JikBimoBaHa. Ilmoma moxexi Sy =
169m°.

JIist po3paxyHKy MPOTHO30BAHOIO YacCy JIIKBIJALI MOMXKEXK] 3a 3a1eXK-
HicTiO (11) BU3HAYMMO HACTYIIHI JaHHI: BUXOSYH 3 POPMH MOXKEXKi (KyTO-
Ba 180°) pospaxoByemo paziyc moxesxi R

R:\/zsn - [2469 _pg 4
p 314 '

TJI0IIIA TaCIHHS B IbOMY BUMAAKY OyJie
S- =0,5pgR* - (R- h)*}=0,5x314§10,4% - (10,4- 5)°§=123,2 m’;

3 ypaxyBaHHSM IHTEHCUBHOCTI 0J1a4yl BOTHETACHOT P1IMHU Ta J1aMeTpy
Hacagok 3rigHo i3 Tadi.1 K; = 1; Kyq = 0,75, a koedimient Ky = Sy/Sp =
169/123,2 = 1,37.

Toni yac mokai3ariii moxxexi oOyze

_ 6,398.%% _6,39>123, 205

t
TOO2N, N, 2x0+1

>0, 75=70,5 XB,

[Iporano3oBanuii yac JiKkBiIaIlil OXEX1 Oy/ie
t, =t K, =70,5%,37 =96,7XB.
Buxonsuu 3 aHamizy pe3ylnbTaTiB JIKBiAAIi MOKEKl MOYKHA KOHCTa-

TyBaTH HACTYIIHE. MIMCHUH Yac JOKaji3armii MOXexXl T, =D2XB; 3arajbHUM
yac gikBigarii moxexi 105xB. 3a 3anexnictio (11) mporno3oBanuii yac Jjo-



Kami3anii moxexi t, =/0,5XB, a MporHo30BaHMi Yac JIIKBIJAIll MOXKEXi
96, 7xB. Pe3ynbpTaTl MpOBEACHUX JOCIIKEHb 300paKeHl Ha PHUC.2, HA KO-

My rpadidyHa 3aJIekHICTh 1 moka3ye AiCHHUM Yyac JIoKami3alii Ta JIKBigarii
MOXKEX1, a rpadivyHa 3aJIeKHICTh 2 — MPOTHO30BAHUIA PO3PAXyHKOBUHN Yac
JoKami3aiii Ta JikBijamii moxxexi. BigHocHa moxubka mporHo30BaHOro ya-
Cy JIKBIJAIli MOKeXi y MOPiBHAHI 3 MIMCHUM YacoM ckianae 7,9%. bara-

TOYMCEJIbHI MOPIBHAJIbHI PO3pPaXyHKH MOKa3ajld, IO BIAHOCHA MOXHOKa

MPOTHO30BAHOTO YacCy JIKBIJALII MOXKEXK1 Yy MOPIBHSIHHI 3 AIICHUM 4acom

He nepesulrye 10%.
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Puc.2. I'padiuna 3a51eKHICTh pO3BUTKY Ta JIKBIAAII] MTOXKEXKI.

BcranoB/1eHHSA 32J1€KHOCTI )i BUSHAYCHHS 4Yacy, AKMH BUTpaya-
€ThCH TMOKEKHO-PATYBAJIBHUM MiAPO3AijIoM 0e3locepeIHb0 HA omepa-
it racinns nmo:kex kjiacy B (B sikocTi BOrHeracHoro 3acody BUKOpHC-
TOBYEThCS MiHA).

AHanoriyHo MeTofy, KUl OyB HaBEJEHUM BHUIIE, JJIs BU3HAYEHHS
MPOTHO30BAaHOTO Yacy raciHHS MOXeX Kiacy B Oyna oTpumaHa HacTymHa
3aJIeKHICTD

B 0’42 )SFO,9233

T, N XK, XK, XKy, XB. (12

I'Tic
ne S, — IUIola raciHHs, M Nrpc — kinekicts ctBoiiB I'TIC; ne Ky = Sy/Sr
— KOe(IIIEHT, AKHI BPaxoBy€ IMPOTHO30BAHMM 4Yac racinHs noxexi, Ky, —
KoeIIli€HT, IKUI BpaXxOBY€E iIHTEHCUBHICTH To1adi 6% po3uuHy mpu raciu-
HI TIOKEX MOBITPSIHO-MEXaHIYHOIO MiHOI0; Krpe — Koeditient, sskuii Bpa-
XOBY€ BUKOpHUCTaHHs BignosigHoro tumny crBoia ['TIC. 3nauenns koediri-
entiB K; ta K HaBeneni B 1adn.2.

Tabanis 2

3uauenHs koedimieHTiB Ky, Ta Krpc

[HTeHCHBHICTD TTO1a4i 6%0p0O34YHHY MTOBITPSHO

MEXaHIYHOI ITIHU
I'TIC I'TIC I'TIC
005(010(0,15/0,20|0,25| 0,35| Tuno 200 600 2000

Kip 30 ]152| 10 |0,75]0,60| 043 | Krnc 2,7 1,0 0,33

Tun ctBoma ['TIC




[TopiBHANBHUN aHATI3 PO3PAXYHKOBUX PE3YJIbTATIB 3 JIMCHUMU MOKA-
3aB, 10 BIIHOCHA IMOXHUOKA Tr 3a 3aeKHICTIO (12) 1Mo BiIHOIIEHHIO 10 Iiii-
cHOTO Tr He nepesuiye 12,3%.

BucHoBKkH

1. OtpumaHoO 3aJ€XKHOCTI, K1 JO3BOJISIIOTh BU3HAUATH MPOTHO30BAHUI
yac raciHHs MOoXex Kiacy A 1 B Ha mpoMUCIOBUX MIANMPUEMCTBAX.

2. 3a7eXKHICTh I BUSHAYCHHS TMPOTHO30BAHOTO Yacy JIKBimallii mo-
YKEXK Ha IPOMUCIIOBUX MIANPUEMCTBAX JO3BOJISIOTH PO3POOISATH TEOPETUY-
HO OOIPYHTOBaH1 ONEpPATUBHI IUIAHU TMOXKEXKETaCIHHSI Ta 3/1CHIOBATH KOH-
TPOJIb IO BUKOHAHHIO 0OMOBUX Jii, Ta MJCTABOIO ISl BU3HAYCHHS HOpMa-
THBHOTO Yacy JIIKB1IAIliil TTOXKEK.

3. OTpumaHni 3aJ€KHOCTI /11 BU3HAYCHHS MPOTHO30BAHOTO Yacy ra-
CIHHA TIO’K€XK1 MOXKYTh B TOJIaJILIIIOMY BJIOCKOHAJIIOBATUCS HA MIACTaBl pe-
3yJIbTATIB CTATUCTHKH I10 JIKBIIAIlIT MTOKEK.
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