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3ABAJIO3AXHUINEHICTD 3AIIMTYBAJIBHUX PAJJIOTEXHIYHUX CUCTEM

Hasooumwscsi ananiz 3asadocmitikocmi ma CKpumHoCmi 3anumysaniboHUX padiomexHiuHux CUCHeM.

Knrouoei cnosa: padiomexuiuni cucmemu, CUSHAL 3aNUMY, CUSHA 8ION0BIOT, BMOPUHHA PAJIOIOKAYIAL.

IlocTanoBKa 3aBJIaHHA
Ta aHaJdi3 JgiTepaTypu

Bupimenss 3aBnansp, ki cTosaTh nepen [lopiTpsHu-
MH CHJIaMH, 0arato B 4YOMy BHU3HaudaeThcs iH(opmamiii-
HUM 3a0e3nedeHHsM. OCHOBOIO iH(OpMaIliiiHOrO 3a-
Oe3redeHHs € CHCTEMHU NIEPBUHHOI pajionokanii. OqHak
CHUCTEMaMH, IO 3a0e3MeUyloTh, a 1HOAI W OCHOBHUMH
iHpOpMaliHIMHU CHCTEMaMH, € 3alUTyBaJlbHI pajioTe-
xuiuni cucremun (PTC), sxi mpusHadeHi s poss’s-
3aHHs TaKHX 3ajau:

BU3HAYEHHS KOOPAMHAT JiiTajapHoro amapata (JIA);

ojiepKaHHA JOJATKOBOI MOJMBOTHOI iH(opmarii, He-
00XiZHOT Ui KOHTPOJIO Ta KepyBaHHS IOJbOTAMH 1
HaBeneHus JIA;

pazionokariiine OMI3HABAHHS JEPXKABHOI TPHHA-
JIS)KHOCTI BUSBIICHUX TOBITPSIHUX 00 '€KTIB;

JCIIETYePChKe omizHaBaHHs JIA.

OriHrOBaHHS 3aBaZOCTIMKOCTI iICHYIOUMX 3alHUTyBa-
apHEX PTC pocratHpo moBHO po3risiHyTa B [1 — 3]
OjHaK MUTaHHAM 3aBaJI03aXHUILEHOCTI 3alUTyBaJIbHUX
PTC ne mpuaineHo 10CTaTHRO yBaru.

Mera cTaTTi — OIIHIOBAHHA 3aBal03axXUIIEHOCTI ic-
Hyouux 3anutryBansHux PTC.

OcHoBHHIT MaTepian

3armutyBanpHi PTC yTBOpeHi 3amuTyBadeM Ta Bia-
MOBi/Ia4eM 3a IPUHIMIIOM HECHHXPOHHOI Mepexi, Of-

HOKaHAJILHOTO MPUCTPOI0 OOCIYrOBYBaHHS MEPIIOTO
MPaBWJIbHO TpHHsATOTO curhaiy 3amuty (C3) i Biakpu-
THX cHCTeM MacoBoro obcmyroBysanus (CMO) 3 Bin-
moBamu (puc. 1). Taka moOya0Ba OCTaHHIX BiJIKPHBA€E
LIMPOKI MOXKJIMBOCTI CYMPOTHBHHUKY II0JI0 HECAHKIIO-
HOBAHOTO BHKOPHCTAHHS BIAMOBIAAYIB IUX CHUCTEM IS
JAJTBHBOTO BUSBIICHHS JIA, a TakoX JUIs MOBHOT Mapati-
3aril [UISIXOM ITOCTAHOBKH KopeiboBanux 3aBaj (K3)
HEOOXiMHOT I1HTEHCUBHOCTI. MOKIMBICTG 3HIWKEHHS
3aBajgocTiiikocti 3anutyBansHUX PTC cympoTHBHUKOM
o0yMOBIJIEHa THM, IO BiIIIOBiZa4 Ma€ yac mapaii3allii,
SIKUH JTy’)Ke CYyTTEBHH IPH poOOTi B iMiTOCTiiiKOMY pe-
xumi. J{iicHO, MPUHIWT TOOYAOBH iICHYIOUMX 3aITUTY-
BagpbHUX PTC BUKIIOUMB SIK 9acoOBi, TaK i MPOCTOPOBi
PO3XOKEHHS] MK KOpPUCHMMH Ta imitoBaHumu C3.
[Ipu poOGori Bianosigaya Tineku B moui aii cBoix PTC,
[0 CTBOPIOIOTH BHYTpilHBOCHCTEMHI 3aBagu (BC3),
koediuient rororocti (KI') BimmoBimaua 3aBkad MeH-
me oauuui. ITix KI' BimmoBizada po3yMieTbes iMOBIp-
HICTH BIATIOBiAl Ha 3aIIUT KOHKPETHOTO 3aIMTyBaya, 10
€ Hi YAM IHIINM SK HOTO BiIHOCHOO IIPOIYCKHOIO 371a-
THicTo. KI' BigmoBizada 3ajeXuTh Bill IHTEHCHUBHOCTIL
motoky C3, yrBopeHoro n ToxoMm C3 Bix cycimHix 3a-
muryBansnx PTC (BC3), motokom HaBmucHux K3
(imiToBani 3aBamu), a Takox mMoTokoM 3C, 10 YTBOPHB-
Cs1 13 MOTOKY HABMHUCHHX 1 HCHABMUCHHMX HEKOPEIbOBa-
HuXx 3aBajg. PiBenb BC3 MoOke KOHTPOJIFOBATHUCS 1 IUM,
0TXe, 0OMEXKyeThcsl TpaHnyHe 3MeHmeHHs KI' Biamosi-
naua. CTBOpEHHS! CYNPOTUBHUKOM HaBMucHUX K3, sike
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HEMOXKJIUBO KOHTPOJIIOBATH, MOXKE IIJIKOM Hapaii3yBa-
T BIANOBIZAY 1 UM ICTOTHO 3HHU3UTH 3aBaJOCTIUKICTH
3anutyBaibHUX PTC.

Sk curnamu BigmoBigi (CB) 3anutyBaneaux PTC Bu-
KOPHCTOBYIOTHCS IHTCPBAIbHO-YACOBI Ta YaCOBO-YaCTOTHI
KOIM, SIKi YTBOPIOIOTHCS IEKUTPKOMa BY3bKOCMYTOBHUMH
CHTHaJIaMU Ha OJHII UM JIBOX HECYYHX YacTOTax, 4acoBa
BIZICTaHb MK SKUMH 1 € kogoM CB. BukoprcTanHs By3b-
KOCMYTOBHX CHTHAJIIB, BiIOMHX HECYYHX 4YacTOT, arpiop-
HO BIJJOMHX YacOBHX PO3CTaHOBOK imITys1bCiB CB Ta HasB-
HicTh cnabocnpsiMoBaHoi aHTeHH Ha JIA TpHU3BOAUTH 10
Toro, mo JIB € 6axxannm 00’ekToM 3ac00iB pagioTexHiy-
Hoi po3Biaku (PTP) cynporuBHuKa.

OuiHuMoO 3aBaji03axuuIeHICTh 3anuTyBanbHUX PTC,
TOOTO EHEepPreTHYHy CKPUTHICTh Ta 3aBaJOCTIHKICTB.
Pospaxynknu 3pobumo mpu po6oti 3amuryBanbanx PTC
B IMITOCTIFIKOMY peXuMi.

[IpoBeneMo OIiHIOBaHHS CKPUTHOCTI iCHYIOYHMX 3a-
mutyBanbHuX PTC. Bynemo npoBoauTH i 3a KpUTEpieM
nanpHOCTI BusiBieHHs CB tunoBux JIB. Sk cuctemy
PTP ckopucraemocs pi3HHIIEBO-/IaIIEKOMIPHOIO CHCTe-
MOI0, SIKa CKJIaIa€ThCs 3 TPHOX NPUHMAIBHUX ITYHKTIB.
Po3B(s13aHHs KOOpAMHATHOI 3aaaui cucremoro PTP mo-
JKIJIMBE MPU BUSIBJICHI CHTHAJIB HA BCIX NMPHUAMAIbHUX
myHkTax. Ilpu mpomy ciif 3a3HaguTH, Mo cuctema PTP
MOXKEe pO3B(SA3yBaTH 3aBIaHHS OITi3HABAHHS KOOPAMHAT
JIA mpwu BUSBJICHHI 0MHOYHKX iMmybciB CB (n = 1), a
takox ycboro CB (n =2 qu n = 3).

Ha puc. 2 HaBenmeHa 3aJeXKHICTH NAITBHOCTI BHSIB-
nenHa CB tunosux JIB tunosoto cucremoro PTP.
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Puc. 2. Jlanbuicts BusiBnenus CB 3anutyBansHux PTC

HaBeneHi po3paxyHKH MOKa3ylOTh, 110 BUSBIICHHS
CB cyuacnux JIB tunosoro cucremoro PTP e mae Tpy-
JTHOIIIIB, 1[0 BKa3y€e Ha BIACYTHICTh €HEPTeTUIHOI CKpHU-
THOCTI icHytouux 3anurtyBanbHux PTP. [Ipu upomy ciin
3a3HAYMTH, IO BUSBICHHS CUTHAJIIB 31iHCHIOETHCS IS
30H JIii CHCTEM IePBUHHOT pali0IOKAIIii.

[TpoBeneMo OILIHIOBaHHS 3aBaJIOCTIMKOCTI iICHYIOUHX
3anutyBaibHuX PTC, 1 9oro nocniuMo BIUTMB MOTO-
Ky C3, yrBopenoro cymapaum notokoMm C3 cycimHix
sarutyBaabHux PTC (puc. 1), MOTOKOM HABMHUCHOI KO-
penbOBaHOT 3aBa/ii CYMPOTUBHHUKA 1 XaOTUYHOT IMITYJIb-
cHoi 3aBaau (XI3), Ha IMOBIPHICTH OJEpPKAHHS KOOPIH-
HaTHOI iHpopMmarii Bix JIB.

ITpu nanxomxenni Ha BXing JIB 3amutyBansroi PTC
motoky C3 i XI3 OymyTh croctepiraTucs Taki CUTYyaIlil,
0 MPUBOJATH 10 BUKIIOUeHHs (opmyBanHs JIB cur-
HaniB Bianosiai (CB) 3anutyBagyam:

nmonasieHHss C3 JaHOTO 3alMTyBava uyepe3 YTBOPEH-
Hi1 3 XI3 BunepemkanpHux xuOHuX C3 (xuOHA TpHBOra
MEePIIOro POAY), IO BUKINKAIOTH BUIpOMiHioBaHH:S CB
abo crparbOBYyBaHHS CXEMHU MOJABJICHHS y OiUHUX ITe-
moctkax (ITBIT);

nojasneHHss C3 aHOTO 3amMTyBada 4epe3 BHIIEpe-
mkanpHAi C3 4K CYCiAHIX 3alUTyBadiB, TaK i 3amuTy-
BayviB CYyIPOTHBHHKA,

BHUCOKOYAaCTOTHE MOJABJICHHS OKPEMHX IMITyJIbCIB
C3 nmaHoro 3anuTyBaua mpu 30iry 3a 4acoMm IMITyJIbCiB
noroky C3 i HecripusATINBHX (HAa30BHUX CIIBBITHOIICHD;

nozaasieHHs C3 1aHoro 3amuryBada uepe3 BUIEepe.-
xaJdbHUil XxuOHMA C3, 10 yTBOPIOETHCS B pe3yJIbTaTi
B3aeMozii nepmoro imMmynscy C3 naHoro 3amuTyBaya 3
BUIIEpeKATBHAM (Ha 0azy koay) immynbcom XI3 um
IIC3 (iMOBipHICTh XMOHOI TPHUBOTH APYroro pomy) i
3yxBajioro BUmpoMiHioBaHHS CB 4u cmpaiboByBaHHI
cxemu I1BI1;

nonasieHHss C3 y pe3ynbTati poOOTH CXeM 4acOoBOL
CeJIEKIIIT BiAIOBIIayiB;

nogasneHHss C3 y pe3ynbTari iHEpIIMHOCTI CXeM
BXimHUX (opMmyBauiB nmemmdparopa # oOMeXeHHs 3a-
BaHTa)XEHHs BIINOBiAaYa.

BusHaueHHsT iMOBIpHOCTI IIUX TOfiH Oymemo 31itic-
HIOBaTW y TMpPUIYIICHHI, IO IOTOKH CUTHAJIB 3aIHTY
(IT3C) ta XI3 girots Ha C3 AaHOrO 3amUTyBaya Hesale-
YKHO OJIMH BiJl OTHOTO 1 IO KUIBKICTH JKepen, siki dop-
MyIOTh 3arajgbHuidl moTik C3, mocTaTtHs Ajsl TOro, mood
BBa)KaTH NOTIK ITyaCCOHIBCHKUM.

[Tpumyctumo, Mo Ha BXiJ BiAMOBigada HaIXOAATH

XI3 inTencuBHIicTIO A9, [IC3, moO BHUKINKAE BHIIPOMi-
HioBaHHs CB, ske Bxirouae notik C3 cycinHix 3amury-
BadyiB i moTik iMiToBaHMX C3 CyNpOTHUBHHKA, iIHTCHCHUB-

HICTIO A7, Ta moTik C3, M0 BUKIMKAE CIIPAlbOBYBAaHHSI

cxemu ITBIT, iHTEHCUBHICTIO A.

BukopucToByloun METOAMKY PO3paxyHKy 3a3Hade-
HHUX IMOBIPHOCTEH, TOCUTH JOKJIAJHO BUKIANEHUX Y [2],
OJICPIKYEMO PE3YJIbTaTH PO3PAXyHKY 3aBaJ0CTIHKOCTI
icHytounx 3anutyBaidbHuX PTC mpu BupimeHHi 3amadi
omi3HABAaHHS BUSBIICHHX IliJicH, HaBeneHi Ha puc. 3, 4
(puc. 3 — pospaxyuku KI' Bigmosizaua, puc. 4 — iMOBi-
PHICTb BHSBJICHHS IIiJTi).

Amnani3 HaBeJeHUX Ha puc. 3, 4 po3paxyHKIB 3aBa-
JocTidkocTi icHytounx 3anutyBanbHuX PTC mokasye,
110 MOXIIMBICTH CYINPOTHBHHMKA TIOJIABJISATH 3aIllMTYyBa-
aeHY PTC 3a paxyHOK HECAHKI[IOHOBAHOTO BHKOpHC-
tanHs JIB moTpiOHOT IHTEHCHBHOCTI CTaBUTH il CYMHIB
MOXIIMBICTh POOOTH IIMX CHCTEM Y KOHQIIIKTHHX CHUTY-
arisax.

Bce 11e miaTBepIIKy€e TBEpIDKSHHS, IO CyYacHI 3a-
nutyBaibHi PTC XapakTepu3yoThcs HU3KOKO 3aBaj0C-
TiHKICTIO.

Takum uwmHOM, icHyroui 3amutyBanbHi PTC xa-
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Puc. 6. Brmus 6a3u CB Ha KT" JIB

PaKTEepHU3YIOTHCS BiJICYTHICTIO €HEPreTUYHOI CKPUTHOC-
Ti Ta HU3BKOIO 3aBAIOCTIHKICTIO, IO BKa3ye Ha HEIO-
CTaTHIO 3aBaJI03aXUIIEHICTh 3anuTyBadbHUX PTC.

[TizBUIIEHHST eHEPreTUYHOI CKPUTHOCTI 3aIUTyBalIb-
aux PTC wMoxnmmBe 3a paxyHOK BHKOPHCTaHHS
ckiaamuaux curHamiB. JliicHo, Ha puc. 5 mokasaHa
JIaNbHICTh BUSBJICHHs curHaniB JIB npu BUKOpHCTaHHI
sk CB cxmagaux curnaims 3 0asoro B = 1000.
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Puc. 7. Biuis 6a3u CB Ha BusBiIeHHS il

Po3paxyHkun, HaBexeHI Ha pHcC. 5, MOKa3yrOTh, IO
BHKOPHCTaHHS CKJIagHuUX curHaimiB sk CB cyTrreBuM
YMHOM MOXYTh MiJBHIINTH EHEPreTHYHY CKPUTHICTH
sanutyBaidbHuX PTC. OpHak mepexin 10 BUKOPUCTaHHS
CKJIaIHUX cUrHaiiB sk CB mpu3BoauTh 10 pO3MIMpPEHHS
gacoBoi 0asu CB, mo y CBOI0O uepry Npu3BOIUTH 10
301IbIIICHHS Yacy napasiisamii JIB, skuil mpu3BOIUTh 10
3MeHIIeHHs 3aBanocTiiikocTi JIB.

Ha puc. 6, 7 HaBOIATBCS pO3paxyHKH 3aBajio-
crifikocti 3anmutyBanbHuX PTC mpu BHKOpPHCTaHHI
cxnananux curHanis y JIB 3 6azoro 1000. PospaxyHku
HaBeJIeHI IpH (DIKCOBAHMX IMOTOKAX CHUTHAJIB 3aITUTY.

TakuM YHMHOM, BUKOPHCTaHHS CKIAJHAX CHTHANIIB Y
3anutyBajdbHuX PTC 103BoJIsIE TiIBUIMTH CKPUTHICTB,
aJie TpH 1IbOMY IOTIPIIY€ETHCS 3aBaJIOCTIHKICTb.

BucHoBkn

OLiHIOBAHHS 3aBaJI03aXHUIIEHOCTI
PTC mnoxazano:

icaytoui 3anutyBanbHi PTC He MaroTh CHEPreTHYHOT
CKPHUTHOCTI Ta XapaKTePU3YIOTHCA HU3BKOI 3aBajoC-
TIHKICTIO;

BukopucTanus sk CB ckiagHUX CHUTHAIIB JO3BOJISIE
MiJBUIIUTH CKPUTHICTb, aJIe 3HUKYE 3aBaJJOCTINKICTB.

Y mopmampmioMy TOTPIOHO pPO3MIITHYTH MOJKIIHBI
NUIAXA Ta METOIU MPUWHATHOTO MEPEXOy 0 3aBaio-
3axuuieHux 3anutyBanbHux PTC.
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