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OUIHIOBAHHA E®EKTUBHOCTI 3ACTOCYBAHHSA KACETHOI BOMOBOI
YACTUHU HA OCHOBI IMITALIINHOI MOAENI

Y emammi poszensioaromucs nioxoou 00 oyiHi08aHHs eheKMUSHOCME 3ACMOCYBARHSL OCKOIK0B8O-Iy2acHUXx 60¢€-

npunacie, AK OOHUX 3 HAUOINLWUX | POIGUHEHIUUX KIACI8 DOENPUNACIE, NPUSHAYEHUX OIS YPAJICEHHA NPAKIMUYHO
yeix munig yineil. B ocnogy memody oyintosanns 60110601 egheKmusHoOCmi 0CKOIK080-(hyeacHux OOENpUNAcie nokia-

Oenuti memoo imimayii. Taxe piuienHs 003680110 GiOiUMU 8i0 BUKOPUCIAHHSA CKIAOHUX AHATIMUYHUX 3AAedHCHOCIell

i 3HAUHOI0 MipoIO cnpocmumu noby0o8y mMamemamuynoi mooeni Oii 8paxicaroyux eiemenmie yux 60enpunacie Ha
00'exmu ypadxcenus. Tlouamkosi 0ani, Wo SUKOPUCHOBYIOMbCSA 8 MOOei, MAmMb ACHUL Qi3uuHUL ceHc, 8i00bpa-

Jrcaroms OaHull npoyec ypaxceHus yinetl, wo eubpaHi kacemHoo 00108010 YACMUHOI0, i € 0buUcI08aHuMU. 3anpo-

NOHOBAHA IMIMAYIUHA MOOEIb HA OCHOBL OOCMYNHUX NOUAMKOSUX OQHUX O0380JISIE NPOBOOUMU KINbKICHE OYIHIOB8AH-

HSl eqheKmMuUBHOCMI 3aCOCY8AHHA KACEMHOT O0L080T YaCmMuHU I MUM CamMum OYIHIO8AMU PIUEHHS, U0 NPULLMAOMb-

s, npu NIAHY8AHHI OOU0BUX Onepayiil.

Knrouosi cnoea: imimayiiina moodens, kacemua 00U08A YACMUHA, YPANCAIOYULL eeMEeHN.

BecTtyn

IocranoBka nmpodsaemu. OCKOJIKOBI i OCKOJIKOBO-
(hyracui Ooenpuacu yTBOPIOIOTH OAWH 3 HAHOLIBIINX i
PO3BHHEHIIMNX KaciB OoenmpumnaciB, MpU3HAYCHUX IS
YpaXXCHHs MPAKTHYHO YCiX TUMIB Lijei. Buxomsiun 3
IIbOT0, PO3pOOKa METOAMYHOTO amapara, o 3ade3nedye
iX parioHanbHE 3aCTOCYBaHHS, 3AIMIIAETHCS BAKIIMBUM
HAYKOBO-IIPaKTUYHUM 3aBIaHHsAM. B nepuy uepry oc-
HOBHOIO BHMOTOIO TYT CTa€ JOCTYIHICTh HOYaTKOBHX
JIaHUX, NIpU 30epekeHHI HUMH (PI3MYHOTO CEHCY 1 MOX-
JUBOCTI IX OTPUMAHHS B OpraHax 00MOBOTO yIIpaBITiHHS
BiJIMIOBiTHUX PiBHIB.

[Ipu pimwenHi Takoro poay 3aBjiaHb, SIK HPaBHIIO,
MOJICTIIOBAHHS CTa€ €IMHO MOXKJIMBUM CIIOCOOOM JOCs-
THEHHS TIOCTaBJICHUX LLTEH.

AHani3 ocTraHHIX JocaimKeHb i myOsaikamii.
AHami3 cydaCcHHX BOE€H Ta 30pOMHHX KOH(QIIIKTIB aae
MiJCTaBU TOBOPUTH MpPO IIMPOKE BHUKOPHUCTAHHS
kaceTHHx OoroBux uvactuH (KBY), sk mpo edexTuBHY
cyuacHy 30poro [1-3]. 3okpema, B [4] mpuBencHi
NpUKIaAd BUKOPUCTAHHS KBY nns  BoraeBoro
YpaXeHHS CYNPOTHBHHUKA, BiJ3HAYAE€ThCA BHCOKA iX
MPOJYKTUBHICTh TPH JIOCATHEHHI MOCTAaBJICHUX MLiIEH.
Crin 3a3HaYWTH, MIO NMPAKTUYHO B YCIX MyOmiKamisx
npu po3riaai KbBY, sk edextuBHOI 30poi, mepemycim
Hmerscst mpo 1X OOWOBI MOXIMBOCTI. IIWTaHHS XK
pauioHanpHOro 3actocyBanHss KBU mpakTuyHO OCBiT-
JICHHS HE 3HAXO/UTh.

Jois YXBaJICHHS parioHaTBEHIX pimiens,
CHOpSAMOBaHHMX  Ha MiBUIIEHHS  €()EeKTHBHOCTI
3actocyBanHs KBY, moTpiOHa KiNBKICHA —OIliHKA

BIJIMOBIMHUX pillleHb, sIKi OyAyTh JIe)KaTH B OCHOBI
IulaHyBaHHST ~ OoloBux  omepauwid.  BupoOnenus
pamioHampHUX pimeHp Ha 3actocyBaHHi KBU 3
BUKOPHCTaHHSAM aHANITHYHUX MoOJenel 3B'sa3aHe 3i
3HAYHUMH TPYIHOIIIAMHU BUOODPY HEOOXITHUX
MOYATKOBHUX MHAaHUX, IO OIUCYIOTh JOCIIKYBaHHUHA
mporiec [5].

SIKHAMMOBHIIIA aJeKBATHICTh MPH IOCHIHKEHHI
IUX TIPOLECIB JIOCATAETHCS MUISXOM BHKOPHCTAHHS
METOAy iMiTariiiHoro MoxemroBanHs [6-9]. Taxwuit
MiAX17 T03BOJISIE BUKOPHCTOBYBATH IOCTYIIHI ITOYATKOBI
JaHi, IO JIETKO OOYMCIIIOIOTBECS 1
(hiznuHMii ceHc.

MeTto10 cTaTTi € OOTPYHTYBAaHHS MIAXOIY IO OIi-
HIOBaHHS e€()eKTUBHOCTI 3aCTOCYBaHHS KaceTHOI 0oifo-
BOT YaCTHHH B OCKOJIKOBO-(DyracCHOMY OCHAIICHHI 3 BHU-
KOPHUCTaHHSAM METOJy IMiTallii, SKHH TO3BOJSIE 3HAYHO

MalTh SCHUH

CHPOCTUTH BUMOTH JI0 MOYATKOBUX JaHHUX 1 THM CaMHUM
3a0e3Me4YnTH 3aCTOCYBaHHS IIbOTO MiIXOAY B yCiX JaH-
Kax OpraHiB
oTIeparii.

Buknag ocHOBHOro marepiany

YIpaBiHHSA [pH IUIaHYBaHHI OOHOBHX

VY cydacHOMY TpaKTyBaHHI ITiJi OCKOJIKOBHMHU 00€-
npunacamu (OBII) pozymiroTees 6oenmpunacu, mo ypa-
KAIOTh MiJb BHUCOKOIIBHIKICHAM IIOTOKOM BEIIHKOI'O
YHcia OJHOTHITHMX IHEPTHUX YypaKarouhx eJIEMEHTIB
(YE), mo po3cioioThes, K MpaBUIO, BHOYXOM 3apsty
Opu3anTHOI BHOYX0BOi peyoBunu (BP) [1].

Jlamo BepOanbHUI OMKC MOJIEII OIiHIOBaHHS ede-
KTUBHOCTI 3aCTOCYBaHHS OCKOJIKOBO-(hyracHOTo

Ooenpunacy. Hexait o0'ektm  ypaxkenus (OVY)
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pO3TamIoBaHi Ha MICHEBOCTI, Ky BH3HAUUMO SIK 30HY
ypaxenHs (3Y).
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Puc. 1. 3ona ypaxeHHs
Jlxepeno: po3poOIeHo aBTopaMu

B nanoMy BHmagKy MOBa BEIETHCS TPO IUIOMIMHHY
ITh SIK CYKYITHICTh O0'€KTiB, PO3MOMAITICHUX B MeEXax
nesikol twiomni. [lpu 1mpoMy yhap 3aBHaeThCsl HE IO
OKpeMux 00'€KTax, a 0 yCiii TITOMI MiJTi.

[lig gac BuOYXy OCKOJIKOBOTO OO€mpumacy yTBO-
PIOETBCSI OCKOJIKOBE I10JI€ — MOTIK OCKOJIKIB, 110 Xapak-
TEPU3YIOTHCS HANPSIMOM 1 IIBUIKICTIO PYXY, @ TaKOX
L[IJIBHICTIO, TOOTO KIJIBKICTIO OCKOJKIB Ha OJUHHUIIIO
TUTOII, SIKYy BOHU NEPETHHAIOTH [2].

OCKOJIKH B HEKEPOBAHOMY OCKOJIKOBO-(pyracHOMY
6oenpunaci (HODBE) moxyTs ¢popmyBaTucs:

— MIPUPOAHUM JPOOIICHHSM;

— 3a1aHUM JIPOOIICHHSAM;

— TOTOBUMH ypaxkatouumu enementamu (YE).

[puiitMeMO HACTYTIHI JOMYIICHHS:

— HO®BE nagae BepTUKaIbHO 10 TOBEPXHI;

— HO®BE Bubyxae Ha 3ajaHiii BUCOTI /;

— ockoskn HODBE oxHopinHi 1 po3miTatoTbes mij
3a7laHUM KyTOM «;

— KIJIBKICTh OCKOJIKIB KiHIIEBA 1 3a7aHa.

[Minpus HO®BE 3niiicHIOETHCS, AK MpPaBUIIO, Ha
JIesIKii BifcTaHi Bix 00'€KTiB, mo ypaxatoThes. IloimiT
OCKOJIKiB TIPOXOAUTH B TOBITPIHOMY CEpEHOBHILI, IIIO
CTBOPIOE OIIip PyXy 1 MPU3BOIUTH IO MaAiHHS iX IIBHI-
KOCTI Ha TpaekTopii [3].

Pyx ockosika B TIOBITpi PO3IIISIHEMO NIPH HACTYTI-
HUX JIOITYIIEHHSIX:

— OIUIBHICT TOBITPS P, Y3JIOBX TPaeKTOpii
MOJIBOTY IOCTIHHA;

— BIUIMB CHJIM TSDKIHHS HE3HAYHUIA;

— IUTOIIA MiJeNnsi OCKOJIKA Ha TPAaeKTOpii MONBOTY
JIOPIBHIOE 11 cepeTHbOMY 3HaYEHHIO <S>}

— koe(ilienT 1000BOrO0 OHOpPY ¢, HE 3alEKUThH

BiJ| IIIBUIKOCTI OCKOJIKA.
PiBHSIHHS pyXy OCKOJIKa HAOYBa€ BUTIISY:

2
dv [ORY
6
m—=— (S ) Cys
dt 2
Jie vV — IOTOYHA MBHIKICTH OCKOJIKA.
Le piBHSAHHS MOXHA NPEICTABUTH Y BUTIISI

ﬂ:—sz,A:%(S)Cx ,
dt 2m

ne A — Ganictnanmii koediieHT, 1/m.
BukopucroByrouu 3aminy:
dv_dvdx dv

Lo 3)
dt dx dt dx
MOXHa MPEJCTaBUTH PIBHSHHS PyXy OCKOJIKa B MOBITPi

(M

2)

y BUIIIAAL
(4)

3 HBOT0 PIBHSIHHS, 30KPEMa, BUTIKAE, 10 BEIUYH-
Ha Av € BTpara IIBUAKOCTI OCKOJIKA Ha NUIAXY B 1MmeTp.

IHrerpyroun 1me piBHAHHS 332 TIOYaTKOBOI yMOBH
v(O) =YV , OTPUMYEMO:
v
In— = —Ax, 6)
Yo
3BIJIKU:
—Ax
v=vge . (6)

Le#t Bupa3 Bimomuii SIK 3aKOH EKCTIOHCHIIIaTHHOTO
3racaHHA IIBUAKOCTI OCKoNKa B oiboTi [9]. Hacmpasai
Koe(ili€eHT JI060BOI0 ONOPY €, 3al€KUTh BiJl IIBUIKO-

cTi 1 HabyBa€e MaKCHMaJIbHOTO 3HAYEHHS TP MIBUAKOCTI
OCKOJIKa, piBHIM IIBUAKOCTI 3BYKY. IIpu mpomy nomy-
IIEHHSA TOro, 0 KoedilieHT JI000BOTO omopy c, He

3aJIOKUTh B INBUJAKOCTI OCKOJIKA, € HAWrpyOilIMM.
BBaxatumemo, 1110 Bpakaroyi eJIeMEHTH MaloTb cde-

puuny dopmy. Toni pynkuisa c, (v) Mae Buraf [3]:

Cy =

0.865(1+5—0jnpuvz 5502
v C

7
- 1.49+0.51sin(86o°—35001gv)npu1503v<550ﬁ @
C

0.5mpuv <1502,
C

Takum ynHOM, 10 MoyaTkoBuX HaHux mit HODBE
BiJIHECEMO 3arajibHy KUIBKICTh Bpa)KarOuUX EJIEMEHTIB,
noexuay HOOBE, BucOTY migpuBaHHSI, KYT PO3IBOTY 1
MOYaTKOBY LIBUIKICTb METaHHSI.

Posrisaemo KBY [4]. SIk mouarkoBi naHi, 3aja-
I0ThCS KOOPJAMHATH i po3KpHUTTs, KinbKicth HO®DBE i
KyT X po3nboTy. KoHKpeTHi 3Ha4eHHsS KOOpANHAT PO3-
kputtss KBY BHUDanmkoBi, po3mofiiieHi 3a HOpPMallbHUM
3akoHOM. Tounicth KBY XapakTtepusyerbcsi cepenHiM
kBagpatuaHuM BigxmwicHHAM (CKB) Big 3amarux xoop-
IUHAT 10 ocax X, Y, Z — o (BBaKaTUMEMO OJHAKOBUM
no ycix ocsix). Tonl iCTHHHI KOOpPAMHATH PO3KPHTTS
OTPUMYIOThCS IIISIXOM IiJICYMOBYBaHHS 33/IaHUX KO-
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opauHaT Xp, Yp, Zp 13 BUMAJIKOBUMHU BEIMYHUHAMH, 110
PO3MOIICHI 32 HOPMaJIbHUM 3aKOHOM i3 3amanuM CKB.
Ha npakTuii, mo0 oTpuMaTH HOPMaJbHHUH PO3MOILN,
JIOCUTH CKJIACTH LIICTh €K3eMIUIIPIB BUIIAJKOBOTO UHC-
na Bix 0 7o 1 [10]. Cyma 1ux IIeCTH Yucem:
Z=R +Ry+..+R. ®)
Bona mae po3nozin, HaCTUIBKY OIM3bKHUIA 10 HOP-
MAJIBHOTO, 10 y OUIBNIOCTI MPAaKTUYHUX 3aBJaHb HUM
MOJKHA 3aMiHUTH HOpPMAJbHE.

\

SN
\

\

N
Fbo

Puc. 2. Pagiyc kona naginas HO®BE
JIxepeno: po3po0iieHo aBTOpamMu

st Toro, mo6 OTpUMAaTH ICTHHHI KOOPAWHATH PO-
skputrts KbY X, Y,, Z,, HeoOXiHO MiJjlaTH BEIH-
YUHY Z JTiHITHOMY IepEeTBOPCHHIO:
X, =0,\2(Z-3)+ X,
Y, =0,N2(Z-3)+Y,: ©

Z,=c,\2(2-3)+2,-
3Ha4u KyT po3JIbOTy OOHOBUX €JIeMEHTIB 3 i BH-

coty po3kputts KbY Z,, 3Haiinemo pajiyc koja maiH-
st HODBE (puc. 2).
Ry, =Z,tg(p/2). (10)
BumankoBi koopaumHatu minpuBaHHs HO®BE
3HaiimeMo TakuM 4uHOM (puc. 3). LleHnTp kpyra cmiBma-
nae 3 koopaunatamu po3kpuTTss KbYU. Otpumaemo Bu-
MAJKOBE YUCIIO k, PO3MOMALUICHE 3a PIBHOMIPHHM 3aKO-
HOM B iHTepBani Bix 0 10 R, 1 aHanoriyHe 4mMCIO S B

inTepBadi Big 0 1o 360. Toxi koopannatn HODBE :
XHO(])63 = XV +kSiIl(S) 5

YViogir = ¥y +kcos(s).
x.-'

/_,_\

“'/Xﬁq;a:. v \

r 3y

III Ywﬁyl N

N

Puc. 3. Koopaunatu HO®BE
oxeperno: po3po0iieHO aBTOpaMu

(11)

VYpaxaroda il OCKOJIKa BH3HAYAETHCS TIIMOMHOIO
npoOuTTs mepemkonu. BukopucroByBatuMeMo Oepe-
3aHCBKY (hopMyisty (TIpH HEOOXIZHOCTI MOXYTh OyTH
BHUKOPHCTaHI 1 TouHimi popmynn) [2]:

h:KdizVo oSy, (12)

ne K —xoeQillieHT NMPOHWKHEHHS, IO XapaKTeph3ye
BJIACTHBOCTI Mepemkoau [M> ¢/kr];

g — Maca OCKOJIKa [KT [;

d — po3Mip ockoika [M ];

VO
[m/c ];

Yo — KyT (Bix HOpMaii) 3ycTpidui OCKOJIKa 3 Iepe-

— IIBUJKICTh HiJUTBOTY OCKOJIKA JIO MEPEIIKOIH

HIKOJIOXO.
Mexi 30HH ypakeHHS (prc. 1) BU3SHAYAIOTHCS:
— 10 oci X: Bt Xppin 10 Xppax
—mo oci Y: Bifg Y, 10 Yoax -
Toni, xosxxen HO®DBE 3 N, xoopauHate TaaiHHSL
aKkoro Xp, Yp nexars B Mexax 1o oci X Bin X,;, 10

Xmax » 10 oct Y Bixg Y. 1m0 Y,  HOTpanuB B 30HY

Ypa)KeHHS.

Jisa xoxnoro HO®BE BBeneMo XapakTepUCTUUHY
BUIIAIKOBY BEIMYMHY U, ska HaOyBae 3Ha4eHHSI “17,
SIKIIIO BiH TIOTPAlUB B 30HY ypakeHHs, 1 3HaueHHA “0”,
SKIIO crocTepiraeTbess npomax [11]. Maremarnune
cnoxiBanus (MCII) wiei BUnaakoBoi BENWYMHH JOPiB-
HIOE:

(13)

VY cBoro 4yepry, micist npoBeneHHs K peanizauii
OLIiHKA Ii€] IMOBIPHOCTI BU3HAYAETHCS SIK:

my = pu1+(1—pu)0=pu ’

Pu=—"> (14)

K
ne S —uucno nonaganb HODBE B 30HY ypaxeHHs;
K —ancno pearnizaniii iMiTaniftHoi MoeIi.
3pobumo migpaxyHOK m, aus koxkHoro HO®DBE.
3 ypaxyBanHsaMm Toro, mo MCII cymu BunaakoBux Be-
mmauH nopiBHIoE cymi ix MCII [12], 3nafimemo MCII
gucna HO®BE, mo nmorpanunu B 30HY ypakeHHS IpH
3aJJaHUX TI0YaTKOBUX JIaHHX:
N
Myogpoe =Z‘1Pui . (15)
i=
Hexait yncno YE mis HOOBE Binome i ckianae G
onuHuNb. Toni, B cyTTeBoMy HabmmxkeHHi (rpyba omiH-
Ka), Ha KOXEH 00'eKT ypaxkeHHs mpumaae yucio YE,
SIKE TOPIBHIOE:

mnogbﬁeG
8oy :W’ (16)

ne OVs —cyMapHa KiJbKiCTh 00'€KTIB ypasKeHHs, PO3-

TAIIOBaHHUX B 30HI ypayKeHHS
Jnst tounimoi ominku aii HO®BE mo o6'exrax
YpakEHHST BPaxOBYBATHMEMO JIi0 OCKOJIKOBOTO MOJIS
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koxHoro HODBE Ha koxkeH 00'ekT ypaxkeHHs. s
ILOT0 HEOOXIJJHO B SIKOCTI MIOYATKOBUX JIAHUX 331aBaTH
KOOpJAMHATH 00'ekTiB ypakeHHs. Ilicnsg BHU3HauYeHHA
koopauHaT miapuBanHa HOODBE BH3HaYMMO KUTBKICTH
VE, mo notpanunu B OY. Koxen OV npeacraBnseTses
Yy BUDISAII NWIHIPA, OCHOBA SKOTO IOPIBHIOE TLIOIII
OV, a Bucora — Bucoti OV,

Puc. 4. ®opmysanns nons YE nns HOOBE
Jlxepero: BiApanboBaHO aBTOPAMH

BBenemo mmo3HadycHHS:
hy —BucoTa 00'eKTY;

hy;, — nosxxuna HODBE;

H p — BHCOTa migpuBanas HODBE;

R — HynboBuit pyOix HIKHBOT Mexi nosist YE;
o — KyT po3nboty YE;
¥y — IpUBEAEHUH pajiiyc 00'eKTy;

S, —moma 00'eKTy, IO yPaXKAETHC.

Busnaunmo BepxHIO Mexy noinst YE:

GV :Hp+hbb + ytga, (17)

Je y, —IOTOYHAa BIICTaHb BiJ TOYKM MiAPUBAHHS]

HO®BE.
Tenep BU3HAUMMO HUKHIO MexKy nosst YE:

G,=H,-yga. (18)
BusHauumo HynmbOBHiI pyODK HIKHBOI MeEXi
noust YE:
H
R=—"%". (19)
tgo

Posrnanemo Bunanxu, komu R >y, . Ha puc. 4 ne
1, 2, 3 BUDAJKH.
Hns Bunanaxy 1 — G, > hy. O6'exT He moTpamsie

mig giro YE, Sp =0.
Bunmanox 2 - G, > hy > G, .
Bumanox 3 - 7y > G, .
Sxmo y; > R, po3rasjaloThes BUNaaku 41 5.
Bunanox 4 - G, > A .
Bumanox 5— 7y > G, .

ITicnsa Toro, sik B 00'eKTi BH3HAY€HA ILIOIIA, IO
BpaXaeThesl, 3HaxoaumMo unciio YE, 10 motpanuiu B
HeT:

Sp N
- 2TC)’t(Gv_Gn) e

ae Np, — kinbkicts YE B HODBE.

JI1s1 KO)KHOT OAMHUIN BifiCEKOBOI TEXHIKH BBEIEMO
cTaHu [2]:

— 3HUIICHA,;

— BUBEJICHA 3 JIA1y;

— MOIaBJIcHA.

CraH “3HUIIEHA” HACTAa€ NP ITOBHOMY 3HHIIECHHI
6e3 MoxTMBOCTI BigHOBJIeHHS. CTaH “BHBeICHA 3 aay”

n (20)

BIJIMIOBIJIa€ CTaHy, KOJIA JJIs BIJHOBJICHHS MOTPIOHO
KaliTalbHUH (CepenHiit) peMOHT, 110 TIPOBOJIUTHCS CIIe-
miamizoBanumu opraHamu. CTaH “mojaBiieHa” BiAIOBI-
A€ CTaHy, KONU OOWOBa TOTOBHICTh BiTHOBIIOETHCS
cuitaMu 00MOBOTO PO3PaxyHKY IPH BHXOI 3 00¥0.

JUIss KO)KHOTO 3pa3ka BICHKOBOI TEXHIKH BHIUIH-
Mo gotupu obmacti. [Iepia ob6macTe — momaganHs B Ky
MPU3BOUTS JI0 3HUILeHHs. [lpyra o0acTs — momnaaaHHs
B SIKY BUBOJUTH TEXHIKY 3 Jlaxy. Tpers 00iacTh — mora-
JAaHHS B Ky TPU3BOIUTH JO MOJABJICHHS. | dyeTBepra
00J1acTh — MOoMNaaHHs B Ky He KpuTu4yHo. Hexaii mep-
nra 00sacth ckinagae 10% Bia 3araibHOro 00'eMy 3paska
TexHiKky, npyra — 20%, tpets, — 40%, i uerBepra — 30%
BiIOBiTHO (pHC. 5)

m 20 %

o051 82 30 S3 70 54

40 % 30 %

&
2

Puc. 5. 3ouu ypaxeHHs
Jlxepeno: po3pobIeHo aBTOpaMu

3amamo KinbKicTh YE, 1m0 moTpammiam B 3pa3ok
BiliCbKOBOi TexHikH. CTUTBKH X pa3iB 3BEPHEMOCS [0
JATYMKA BUIAIKOBUX YHCEN PIBHOMIPHO PO3MOIIICHIX
Ha Biapi3ky Bix 0 10 100. SIkmo natywk BHIae 3HAYCH-
Hs B iHTepBaii Big 0 mo 10, To BBaxkaemo, mo YE mor-
panmB B mepury o0iacTs. SIKIIO 3HAYEHHS IaTYWKa Jie-
*uTh B iHTepBaii Big 11 no 30, ro YE norpamnus B apy-
ry o0nacTh. AHAJOTIYHO, 3HAYCHHS JIYMIBHUKA B 1H-
tepsauni Big 31 mo 70 Biamosinae nonananxio YE B Tpe-
TIO 00J1aCTh 1 IPU 3HAYCHHI JIIYMIbHHKA B MeKax Bix 71
10 100 o3Hauae monanaHHs B 4eTBEpTY obsacth. Koxne
MOMAJaHHs Y BIAMOBIAHY OOJIACTh MiAPaXOBYETHCS B
JTuuabHUKAX S),S,,83,S,. SKmo B 3pa3ok BiCbKOBOI

TexHiku notpamio g,, YE, roxi ouinka MCII uncia

VE, 1110 moTpanuiy B nepiry 00JIacTh, CKIaIaE:

S
my=—1, 1)
Eoy
B ,upyry:
S
my =%, (22)
Eoy
B TpeT}OI
S
my =2 (23)
&oy
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1 B 4ETBEPTY:
_ 54

. (24)
8oy

My

Pospaxosana mo ¢opmyii (9) kinskicts YE g, ,

mo motparmk B OV, 103BOJsiE BU3HAYUTH, B SKY 3
obnacteit motpanuB xo4a 6 oauH YE. Skmo eHepreTn-
ka YE no3Bossie npooutn OV, To ocTaHHIN NEepexoanuTh
y BignoBigHuiA craH. ToOTO, SKIIO Mpu NoMaaaHHi 8oy

YE my > 11 enepretuka YE nozsonse npoduru OV, To
BiH NIEPEXOAUTH B CTaH “3HMINEHuil”. fAxmo my <1, TO
po3rIAgaEMo 3HaueHHS my,. Ilpu m, > 1 i mpoburri
OV, ocTaHHI{ IEPEXOUTh B CTaH “‘BUBEICHUN 3 Jay’.
Sxmo 1 m, <1, To, aHAJIOTIYHO, TOCTIJOBHO PO3TJIAaa-
€TbCs m3,my 1 OY nepexoquTs y BiIIOBIIHUN CTaH.
Jlo movaTKOoBHX YMOB MOZEIIOBAaHHS BiIHECEMO
MEXI 30HM YpaKEHHs, KUIbKICTh 1 po3TailyBaHHS Ha
MicueBocTi (KOOpAMHATH) 00'€KTIB ypaxkeHHs, iX reoMe-
TPUYHI PO3MIPH 1 XapaKTEPUCTHKH MIITHOCTI, XapaKTe-
puctuku TouHocti KBY, kimpkicte HO®DBE, kinbkicts
YE. B sKOCTI KpuUTepil0 OI[HIOBaHHS e(EeKTHBHOCTI
3actocyBanHs KbU B maniif onepanii Mo>ke BUKOPHCTO-
ByBAaTHCS BUPa3 3a 33aHUX TOYATKOBHX YMOB:

T
Wy > Wy s (25)
e Wy — KUTBKICTh 3HHUIIEHUX OO'€KTIB B oreparmii 3a
pe3yIpTaTaMu MOJICTIOBAHHS,

WyT — KUTBKICTB 00'€KTIB, sIKi MOTPIOHO 3HUIIMTH.

s ominka Moxe OyTH yTOYHEHa 3a paXxyHOK BBE-
JIeHHs1 0OME)KEeHHS Ha 4ac BiJHOBIIEHHS 00IOBOI roTOB-
HOCTI 00'€KTIB, sIKi BUBEJCHI 3 JIa/ly i IIO/IaBIICHI.

T
w,z2w,, (26)
8
s 2t W, +t,W,,

Je t, —cepeaHiil yac, noTpiOHUM Ha BiJHOBIEHHS 00'e-

pu

KTY, SIKUH BUBEICHUM 3 Jafy;
W

', — KUIBKICTh BUBEJICHUX 3 JIaly 00'€KTiB;

¢, — CpeAHiil yac BiJHOBIEHHS I1OJABIEHOTO 00'e-
KTY;
w,

", — KUIBKICTb ITOJJaBI€HUX 00'€KTiB.

BucHoBkuU

PosrisHyTHii BUIE minxin, noOynoBaHW HAa Me-
TOl iMiTalil, 3 BUKOPUCTAHHSAM DSy €MIIpHYHHX 3a-
JIKHOCTEH, 1a€ MOXKITMBICT BU3HAYUTH OCHOBHI BHMO-
TH IO OCKOJKOBO-(QyracHuUX OoempumaciB ais edexTu-
BHOT'O 1X 3aCTOCYBaHH:I 110 33JJaHNX 00'€KTaX ypaKeHHs,
a TaKOX MPOBOANTH KiTBbKICHE OIIHFOBaHHS €(EKTHBHO-
CTi 3acTOCYBaHHSA KaceTHOI OOHMOBOI YACTHHH 1, TAKHM
YMHOM, OI[IHIOBATH PIllIEHHS, 1110 MPUHMAIOTBCS Mifl Yac
TulaHyBaHHs1 0oifoBuX omepauiid. I1pu BapitoBaHHI BKa-
3aHMMH TapaMeTpaMu 3'SBISIETHCS MOJIMBICTH TPHIH-
STTS PalliOHAJIBHOTO pimieHHs Ha 3actocyBaHHsA KBU B
KOHKPETHUX yMOBaX BeIcHHs OoioBux mii. Taka imi-
TaliiHa MoJenb Moxe OyTH BHKOpHCTaHa B CUCTEMi
MIATPUMKH yXBaJCHHS pillleHh KOMaHAWPOM BiIMOBiJI-
HOTO PiBHSL.
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OLIEHWBAHUE 3®®EKTUBHOCTU I'IPVIMEHEHVIHVKACCETHOVI
BOEBOU YACTU HA OCHOBE MMUTALIMOHHOWU MOLOENA

C.H. 3urnsany, H.IT. U3romcrkuii, FO.H. Aragonos, A.B. Komens

B cmamve paccmampusaiomes nodxodsl K oyeHusanHuio dPdekmusHocmu npUMeHeHUs 0CKOI0YHO-Py2acHbIx boenpuna-
€08, KaK OOHUX U3 CAMBIX OOWUPHBIX U PA3GUMbIX KIACCO8 DOENPUNACO8, NPEOHASHAUEHHBIX O NOPANCEHUS, NPAKMUYECKU 8CeX
munos yenei. B ochogy memooda oyenusanus 60eoil 3¢hhexmueHocmu 0CKOIOYHO-PY2ACHBIX OOENPUNACO8 NOJIONHCEH MEmo0
umumayuu. Takoe peuteHue NO360AULO YUMU 0N UCHOAb3068AHUS CIONCHBIX AHATUMUYECKUX 3A6UCUMOCTEN U, 8 SHAUUMETbHOU
Mepe, YRPOCMUmMb NOCMPOEHUe MAmemMamuyeckol Mooeau 8030eltiCmaus. Nopadicaloujux d1eMeHmos OaHHbX 00enpunacos Ha
00vexkmul nopasicenus. Hcnonvzyemvle 6 Mooenu UCX0OHble OaHHbIE UMEIOM ACHBII PUIUYECKUN CMBICT, OMPAICAIOM PACCMAam-
pusaemulil npoyecc nopadxicenusi 6blOPANHLIX yenell Kaccemnol 60egoll Yacmvio U ABNAIOMCS GbluUCIUMbIMU. [Ipednodcennas
UMUMAYUOHHASL MOOEb HA OCHO8E OOCHYNHBIX UCXOOHBIX OAHHBIX NO3BOIAEM NPOBOOUNb KOIULECBEHHYIO OYEHKY dhdexmus-
HOCMU NPUMEHEHUSI KACCEMHOU 6060l Yacmu U, mem CambiM, OYeHUBAMb NPUHUMAEMble peuleHUs NPy NIAHUPOSaHuU 00esblx
onepayuil.

Knrouesvie cnosa: umumayuoHHas Mooeib, KACcemnas 60eeas 4acmy, NOPANCAOUUL DNEMEHNI.

ESTIMATION OF EFFICIENCY OF APPLICATION
OF CASSETTE BATTLE PART ON THE BASIS OF SIMULATION MODEL

S. Zviglyanich, N. Izumskiy, Yu. Agafonov, A. Koshel

The article discusses approaches to assessing the effectiveness of the use of high-explosive fragmentation ordnance as one
of the most extensive and developed classes of ammunition designed to destroy almost all types of targets. The method for evalu-
ating the combat effectiveness of high-explosive fragmentation ordnance is based on a simulation method. Such a solution al-
lowed us to get away from using complex analytical dependencies and to greatly simplify the construction of a mathematical
model of the impact of the striking elements of these munitions on targets. As an ammunition, the model describes the most effec-
tive ammunition in the form of a cluster warhead equipped with unguided high-explosive fragmentation combat elements. The
separation point of the cluster warhead and the coordinates of the explosion of unguided high-explosive fragmentation ordnance
are considered in the model as random variables with a normal distribution law. Accuracy characteristics of both the cluster
warhead itself and unguided high-explosive fragmentation munitions are expressed in terms of the corresponding standard de-
viations. Damaged objects in the process of striking can go into the following states: “destroyed”; “disabled”; “suppressed”.
The state “destroyed” occurs with complete destruction without the possibility of recovery. The state “disabled” corresponds to
the state when a major (average) repair is required by the specialized authorities for restoration. The “suppressed’ state corre-
sponds to the state when the combat readiness is restored by the forces of combat crew when leaving the battle. To determine the
corresponding state in each lesion, four areas are distinguished. The first area - hitting and breaking through leads to destruc-
tion. The second area - hitting and breaking through breaks the equipment out of order. The third area - hitting and breaking
through leads to suppression. And the fourth area - hitting and breaking through is not critical. Based on the size of these areas,
it is determined for each of them the number of striking elements that hit the object, at which at least one of the striking elements
falls into the corresponding area. In each implementation of the simulation model, the process of launching a cluster warhead
taking into account the accuracy characteristics at a certain point in space is played out. For each unguided high-explosive
fragmentation ordnance, the fact of its falling into the area of location of the objects of destruction is established. Knowing the
number of such uncontrolled high-explosive fragmentation warheads that hit and the number of destructive elements in each of
them, the total number of destructive elements affecting the targets is determined. Having determined the average number of
damaging elements acting on the affected objects, the number of objects in this implementation is calculated that received the
corresponding defeat, expressed through the states discussed above. After carrying out a given number of implementations of the
simulation model, the processing of the obtained statistical material is carried out. In the end result, the estimate of the mathe-
matical expectation of the number of objects of damage that received such degrees of damage as “destroyed”, “incapacitated,”
“suppressed” is determined. For a more accurate assessment of the effectiveness of the use of a cluster warhead, it is proposed
to simulate the explosion points of each unguided high-explosive fragmentation warhead and determine the number of damaging
elements that fall into each described object of destruction. Further, similarly, it is determined that the object of the lesion re-
ceived an appropriate degree of lesion. The model does not take into account the fact of accumulation of damage received by the
target. It’s just that each implementation takes into account the maximum damage received in the process of considering the
impact on it by each unguided high-explosive fragmentation warhead. The proposed simulation model based on the available
source data allows us to quantify the effectiveness of the use of cluster warheads and thereby evaluate the decisions made when
planning combat operations.

Keywords: simulation model, cluster warhead, striking element.
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