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AHHOTAIUSA

B pabote paccMoTpeHBI BapHaHTHl IOCTPOCHHS YCTPOWCTBA BHECEHHWS HEWCIPABHOCTEH B
JNeKTpudecknii kabemp cBs3u. C  HWCHONB30BAaHHMEM METOJA aHAIMTHYECKOW HepapXuu
000CHOBaHa IIeJIecO00pa3HO HMCIONB30BaHMS Ul €r0 peau3allii: KOHTAaKTHBIX pelie — JUis
HMHTALUH O0pPbIBA, IEPEMEHHBIX PE3UCTOPOB C CEPBONPHUBOAAMH — JUI UMHUTALMU aCUMMETPHUU
XKWJ, MHOTOIO3MLMOHHBIX IEPEKII0YaTeNIell C IIaroBbIMM [BUTATESIMM — JAJIs1 BHECEHHS
HEUCIPAaBHOCTEW “HapylleHHe WM30JSAIHM MEXAY ABYMS KHJIAMHU pa3HbIX Map” U “HapylieHue
W30JSIMM TI0 OTHOIIEHHIO K 3a3eMileHHI0”. ONTUManbHBIA BBIOOD OCYIIECTBIEH MO TISITH
HanOojiee YacTO MPHUMEHSIEMBbIM KPHUTEPUSIM: CTOMMOCTb, MaccOra0apuTHbBIE I1OKa3aTely,
OIIEPAaTUBHOCTH (CKOPOCTh MMHUTALMM HEHMCIPAaBHOCTEH), SHEPTrOMOTpeOIcHNEe MPU BHECCHHBIX
HEUCHPABHOCTSX M YHUBEPCAIbHOCTh IPUMEHEHUS.

KiroueBble cjioBa: METOI aHAINTHYECKOH HEPapXHM, Py4Has KOMMYTauus, aBTOMaTH4ecKas
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Abstract

The paper discusses the options for building a device for making failures in the electrical
communication cable. Using the analytical hierarchy method, it is reasonable to use for its
implementation: contact relays - to simulate a break, variable resistors with servo drives - to
simulate the asymmetry of the wires, multi-position switches with stepper motors - to introduce
faults “insulation failure between two wires of different pairs” and “violation insulation to earth
ground”. The optimal choice was made according to the five most frequently used criteria: cost,
weight and dimensions, efficiency (speed of fault simulation), power consumption in case of
faults and versatility of use.

Keywords: analytical hierarchy method, manual switching, automatic switching, insulation
damage, short circuit, resistance asymmetry.
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BBE/[EHUHE

OaHuM U3 BaXHBIX BOIPOCOB, pPEUIAEMbIX B XOA€ NPOEKTUPOBAHUSA PA3IUYHBIX YCTPOUCTB,
SIBJISIETCSL BEIOOP CITOCO0a MX peanu3aliiu, YAOBIETBOPSIONIETO MPEIbIBISIEMBIM TPEOOBAHUSIM.

B kauecTBe mokasareseii 15 BbiOOpa criocoba peanu3aluy yCTpoicTBa BHECEHHSI HEUCTIPAaBHOCTEH
B AJICKTPUYECKUN Kabelb CBSI3U MOTYT UCIIOJIb30BAThCA:

— TeXHUYECKasi XapaKTepUCTUKa (XapaKTepUCTHKHU), HauOoyiee BaxkHas AJi KOHKPETHOW 00jacTu
NPUMEHEHUS YCTPOHCTB BHECEHHUs HEUCIPaBHOCTEH (YHCIO WMHUTHPYEMBIX HEHCIPABHOCTEH,
OIEpPaTUBHOCTb UX BHECEHUS, OCPKUBAEMbIE TUIIBI AJIEKTpUUYECKOro kabens cBsi3u u T. 1.) [ 10];

— HaJIC)KHOCTb;

— MaccorabapUTHbIE XapaKTEPUCTUKH YCTPOMCTBA;

— COOTBETCTBHE crenuduueckuM TpeOOBaHUSM 3aKa3uyWka (HATUYHE CEePTH(PUKATOB, OMBIT
MPUMEHEHHUS B IPYTUX 00JIacTAX, 0COOEHHOCTH MPOrPaMMHOT0 OOecreyeHus 1 T. 11.);

— IEPCIIEKTUBBI BBITYCKA CEPUU YCTPOHCTB, COBMECTUMOCTh C JIPYTUM TEIEKOMMYHUKAIIMOHHBIM
o0opyI0BaHHEM;

— CTaOMIIPHOCTh TEXHUYECKOU MOIICPIKKH ITPOU3BOTUTES,

— HaJIMYMe MaKCHUMAaJIbHO MOJIHON TEXHUYECKOU JOKYMEHTAIIHH;

— CTOMMOCTHBIE XapaKTEPUCTHKHU U JP.

CrnenyeT OTMETUTH, YTO JI1 PA3IUYHBIX YCIOBUN MPUMEHEHUS CTENEHb BAXKHOCTU KaXKIOTO M3
YKa3aHHBIX MMOKa3aTesen pasnuuna. Hampumep, 1 IpuMEHEHUs TPOSKTUPYEMOT'O YCTPOHCTBA BHECEHUS
HEUCIPABHOCTEH B CHELHUATU3UPOBAHHBIX TENEKOMMYHUKAIIMOHHBIX CETSIX Hauboliee BaKHBIMU
SIBIITFOTCST TIOKA3aTeNIH, XapaKTEPU3YIONIUEe WX HAJCKHOCTh M 0€30MacHOCTh; MPU PEHICHHH y4eOHBIX
3a/1a4, B TOM YHUCJIE€ B YCJIOBMSX, OJIM3KUX K peajbHbIM, HauOojee BaKHOW SIBISETCS OMEPaTUBHOCTH
BHECCHUSI HEUCIIPABHOCTEH; IMPU OTPAaHUYCHHBIX (PHUHAHCOBBIX BO3MOXKHOCTSX HaWOOJiee BaKHBIMH
SIBJISIFOTCSI CTOMMOCTHBIE MTOKA3aTeNH U T.10. [9]

[lo pe3ynbraraMm MNPOBEAECHHON OIICHKM MO BBIOPAHHBIM TIOKA3aTeNIIM MOXET OBITh BBIOpPAHO
HEeOOJIbIIIOe YUCTIO0 (TPU-TISATH) CHOCOOOB BHECEHHS HEUCIPABHOCTEH B AJIEKTPUUYECKUN Kalenb CBS3H,
KOTOpble HamboJiee COOTBETCTBYIOT BCEM MPEABSIBISEMBIM TAaKTUKO-TEXHUYECKUM TPEOOBaHUSIM U
COTMOCTaBUMBI JPYT C APYrOM MO SKCILTyaTallMOHHBIM TMoOKa3aTeisiM. M3 3TUX OCTaBIIMXCS BapHAaHTOB
HE0OXOoaMMO BBIOpaTh HanWOoJiee MPUEMIIEMBI C TOYKH 3PEHUS TEXHUYECKMX U OIKCIUTyaTallMOHHBIX
noKasaresieil BapuaHT Ajs AaHHOM mpuMeHeHUs. [Ipu 3TOM, Kak MpaBUiIO, HEBO3MOXXHO HAaWTH BapHUaHT
peanuzanuu  (000pyIOBaHHWE, KOMIIOHEHTHYIO 0a3y), KOTOpPBIH SBISJICS OBl JIYYIIMM 10 BCEM
MPUBEICHHBIM BBIIIE MOKA3aTEISM.

B uyactHOCTHM, OTHENbHBEIC THIBI KOMIIOHEHTOH 0asnl, oOJiajaromme HauOoyee BBICOKOM
MPOU3BOUTENLHOCTHIO MM HAJIEKHOCTHIO, YCTYMAIOT MO JAPYTUM XapaKTEepPUCTHKaM; 0OOpYIAOBaHHE,
Jydiiee MO KOJMYECTBY TMOJIEPKUBAEMBIX THIIOB JJIEKTPUUYECKOTO KaOels CBSI3M, SIBISETCS OoJee
JOPOTUM U T. TI. DTH TMPOTUBOPEUHsS OTPAKaIOT TUIIMYHBIA XapaKTep BapHaHTOB MHOTOKPUTEPUATHHBIX
peleHui.

Jns mpoBeneHUS CpPaBHUTENBHOM OIEHKM M BbIOOpa JIydlllero BapuaHTa Mpeiiaraercs
WCIIOJIH30BaTh OJIMH W3 METOJIOB OIICHKH MHOTOKPUTEPHAIBHBIX aIbTEPHATHB — METO]| AaHAIUTUYECKON
uepapxuu. YKa3aHHBI METOJ| TOCTaTOYHO IIUPOKO MCIIONB3YeTCsl KaK CPEICTBO CpaBHEHHUS U BhIOOpa
JUIs HEOOJBIIIOTO YMCa 3aJaHHbIX anbTepHaTHB. OH MO3BOJISIET MPUMEHHUTH MAaTEeMaTHYECKHE METOJIbI
TUTst 00pabOoTKH HEM30€KHO CyOhEKTUBHBIX MPEANOYTEHHUH SKCIIEPTOB B 3a/1a4aX MPUHSITHS PEIICHHH.

OCHOBHAA 9YACTh
Br100p BapHaHTa NOCTPOEHHUH YCTPOHCTBA BHECEHHSI HEHMCIIPABHOCTEM
B YJIEKTPHYeCKUH Kalelb CBA3H
C y4eToM U3JI0’KEHHOTO BBIILIE MPEIaraeTcsi METOMKA BbIOOpa BapHaHTa ITOCTPOSHHS YCTPOHCTBA
BHECEHHUSI HEHCIIPABHOCTEN B DJICKTPUUYECKHI KaOeb CBsI3HU, BKIIIOYAOINAs CIeAYIOIIne dTamsbl [2]:
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1) BbIOOp M3 BCEro MHOXKECTBA TEXHHUYECKUX CPEJICTB JAHHOTO HazHaueHHUs oOpasioB, Hamboiee

YIIOBJIETBOPSIOUINX TPEOOBAHUSIM;

2) mist oTOOpaHHOM TPYNIBl TEXHUYECKHX CPEJICTB peaju3allid yCTPOICTBa C NMPUMEHEHHEM

METOoJa aHAJUTHYECKOM HEpapXHUN:

a) MPOBOJIUTCS CTPYKTypU3alMs 3aJauyd B BUJE HEPAPXUUYECKOM CTPYKTYpbl C HECKOJIBKUMH
YPOBHSIMHU: LIeJIb—KpPUTEpUN—aJIbTEPHATUBEI (puc. 1);
0) BBINOJIHSIOTCS IONAPHBIE CPAaBHEHUS 3JIEMEHTOB KaXJ0ro ypoBHsA. Pe3ynpTaThl cpaBHEHUN
IIEPEBOJIATCS B YKMCIIa C HOMOILBIO TaOIMLbI 1.

[esns BBIOOpa

Kpurepun
K; K Ky
AJBTEpHATUBBI
Bapuant A Bapuant B Bapuant R

Puc. 1. Nepapxuueckasi cxema npooseMbl BEIOOpa TEXHUUECKUX CPEACTB
Fig. 1. The hierarchical scheme of the problem of choosing hardware

Ixana oTHOCUTEJIbHON BAKHOCTH

Scale of relative importance

YpoBEHb BaXKHOCTU

KonmnuecTBeHHOE 3HAUEHHE

PaBHas Ba)xHOCTH

YMepeHHoe IIPEBOCXOACTBO

CuibHOE TIPEBOCXOJICTBO

3HAYUTENILHO OOJIBIIIOE MPEBOCXOJICTBO

OdyeHb 00JIBIIIOE PEBOCXOJICTBO

O [N |W|—

Tabruya 1

Table 1

B) BBITHUCIIAIOTCA BECA KPUTCPUCB (1)1. u KOS(b(bI/II_II/ICHTLI BA)KHOCTHU IJIA 3JICMCHTOB KaKI0I'0 YPOBHS

V.

L

rne W, —coGcTBeHHBIN BEKTOp, ONpeeNnseMblii Kak KOPEHb 71-i CTENeHN (1 — pa3sMEPHOCTh MAaTPHIIBI)

W3 TPOU3BEICHUN DJIEMEHTOB KaXXJOW CTPOKM MAaTpUIbl CPaBHEHHWU I KpUTEpUEB; N — 4YUCIO

KPUTEPHUEB;
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V, =

i T M ?
SW,
Jj=0
rie VVij — COOCTBEHHBIM BEKTOpP MATPHIBI CPABHCHHWH allbTEPHATUB IO [-My KpUTEpHuio; M — 4YuCio

aJbTEPHATHUB;
I) TOJCYUTHIBACTCS KOJMYECTBEHHBIA IOKa3aTellb KadecTBa Vj KaXJ0W W3 aJbTEPHATHUB U

OIPCACIIICTCA HaWIydlllasa aJlbTCPHATHUBA:
N
Vi i Z (DiVij >
i=0

1

rae Vj — IIOKa3aTelb KauyecTBa j-H albTEPHATHBBI, (O, —BEC (-0 KPHUTEPUS; Vl.j — K03QPuUIMeHT

BAKHOCTH j-1 abTEPHATUBBI 110 I-My KPUTEPHIO.

Hwxe paccMOTpUM 3TH 3Talbl IPUMEHHUTENBHO K peIaeMoi 3a1aye.

Jns peanuzanuu BbIOOpa BapHaHTa IOCTPOCHHUS YCTPOMCTBA BHECEHHMS HEUCIPABHOCTEH B
JJIEKTPUUECKUIl KalOesb CBA3U PACCMOTPEHO YEThIpE allbTepHATUBHbBIX BapuaHTa [2]:

1) pyuHass KoMMyTalusi HEUCHpaBHOCTEH (MMMTaLMs KOPOTKOTO 3aMblKaHMs, OOpbIBa LEMH,
HOJKJIIOYEHUS]  PE3UCTOPOB, M3MEHSAIOLIMX CONPOTUBICHHWE H3OJIALMU) B CXEME YCTpPOHCTBa
(anmprepnaruba 1);

2) aBTOMaTUyeckass KOMMYTallMs HEHUCIPABHOCTEH ¢ TIOMOIIbI0 Habopa KOHTAKTHBIX pelie
(anmpTepHaruBa 2);

3) aBTOMaTuyeckas ~ KOMMYTallusi  HEMCIIPaBHOCTEW Ha  OCHOBE  AQHAJOTOBBIX  KIIIOYEH
(anmpTepHaruBa 3);

4) umuTtanus oOpbIBa € MOMOLIbIO KOHTAKTHBIX peJie, aCUMMETPUHU KUJI C IOMOILBIO IEPEMEHHBIX
PE3UCTOPOB C CEPBONPHUBOIAMH, HEUCIPABHOCTEN “‘HAPYIICHUE U30JISLUU MEXAY JBYMs KWIAMH Pa3HbIX
nap” U ‘“HapyllieHHE H30JSLUU IO OTHOIICHUID K 3a3€MJIEHUIO” C TOMOIIBI MHOTONO3UIIMOHHBIX
MepeKIIoYaTesei ¢ MAaroBsIMK IBUTATEsIMU (aIbTEpHATHBA 4).

AHanu3 TEXHUYECKUX XapPAKTEPUCTUK YKa3aHHbBIX AJIbTEPHATHBHBIX BAPUAHTOB IOKA3bIBAET, YTO
KaXKIbI U3 HUX TI0 OT/AEIbHBIM [10KA3aTENsIM IPEBOCXOIUT IPYIHe BapUaHThI, a [0 OTAENIbHBIM YCTYIaeT
uM. B uactHOCTH, anbprepHatuBa | obOnamaer Oosee BBICOKOM HAJEKHOCTBIO, Il ANbTEPHATUBBI 2
XapakTepHa HauOoJsbllIas MO CPAaBHEHUIO C aHAJIOraMU ONEpPaTUBHOCTb, ajbTepHaTHBa 3 obOiagaer
HaMMEHBIIMMU MaccOrabapUTHBIMU MTOKa3aTEIsIMH.

[Ipennonoxum, 4TO BBHIOOP CPEACTB peaaU3allMy yCTPOWCTBA BHECEHUS HEUCIPABHOCTEH B
JNEKTPUUECKUI Kabelb CBA3M MPOMU3BOJAMTCA IO NATH HaWOOJee YacTO MPHUMEHSEMbIM KpPUTEPUSIM:
CTOUMOCTH (KpuTepuil 1), mMaccorabapuTHble ToOKa3zaTenu (KpuUTepuil 2), onepaTMBHOCTb (CKOpPOCTb
UMHTALUU HeucrpaBHoOcTel) (kputepuil 3), sHepronmorpeOiieHHe NpU BHECEHHBIX HEUCHPAaBHOCTSX
(kputepuit 4) U yHUBEpCAJIbHOCTh NMpUMEHEHMs (KpuTepuil 5). MaTpulia cpaBHEHUN NI KpUTEpPHUEB
npencraieHa B Tabimuue 2. Illkama OTHOCHTENbHOM BaKHOCTH KPUTEPHUEB COOTBETCTBYET
npeJcTaBlIeHHON B Ta0nuie 1.

Martpuiisl CpaBHEHMI aJIbTEPHATHB 110 KaKIOMY U3 KPUTEPHEB MTPUBEICHBI B TabIUIax 3—7.
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Tabauya 2
Matpuiia cpaBHeHM 1J11 KpUTEepHeB
Table 2
Scale of relative importance
Kpurepun 1 ) 3 4 5 Co6cTBEeHHBIH Bec
BEKTOP KpUTEPHS
1 1 3 1 7 1 1,8384 0,1521
2 1/3 1 1/5 1/3 1 0,4670 0,5761
3 1 5 1 1/3 1/3 0,8891 0,0736
4 1/7 3 3 1 1/3 0,8441 0,0698
5 1 1 3 3 1 1,5518 0,1284
Tabauya 3
Matpuua cpaBHeHHH AJIbTEPHATHB N0 KPUTEPHIO “CTOMMOCTH”
Table 3
Matrix of comparisons of alternatives by “the criterion of cost”
AnbTepHatusa 1 ’ 3 4 CoOCTBEeHHBIH Koaddurment
BEKTOP Ba)KHOCTH
1 1 9 7 5 3,1598 0,5860
2 1/9 1 5 1/3 0,7137 0,1324
3 1/7 1/5 1 1/3 0,3942 0,0731
4 1/5 3 3 1 1,1247 0,2086
Tabnuya 4
Martpuua cpaBHeHMii a1bTEPHATHB 10 KPUTEPHIO “MaccoradapuTHble oKazareaun”
Table 4
Matrix of comparisons of alternatives according to the criterion of “weight and dimensions”
AnbTepHaTuBa 1 ’ 3 4 CoOcTBEHHBIH Koadpdpumment
BEKTOP BaXHOCTHU
1 1 7 7 5 3,0049 0,5697
2 1/7 1 5 1/3 0,7505 0,1423
3 1/7 1/5 1 1/3 0,3942 0,0747
4 1/5 3 3 1 1,1247 0,2132
Tabnuya 5
MaTtpuua cpaBHeHHMi aTbTEPHATHB 10 KPUTEPHUIO “ONepaTUBHOCTD”
Table 5
Matrix of comparisons of alternatives by the criterion of “efficiency”
AnbTepHatisa | ’ 3 4 CoOcTBeHHBIH Koaddunment
BEKTOP Ba)XHOCTH
1 1 1/9 1/9 1/9 0,2676 0,0521
2 9 1 1 3 1,9332 0,3765
3 9 1 1 3 1,9332 0,3765
4 9 1/3 1/3 1 1 0,1948
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Tabauya 6
Martpuna cpaBHeHHH aJIbTePHATHB M0 KPUTEPHIO “IHepronoTpedieHne Npu BHECEHHBIX HEUCTTPABHOCTSIX”
Table 6
Matrix of comparisons of alternatives according to the criterion “energy consumption in case of faults”
AnbTepHaTiBa 1 ’ 3 4 CoOcTBeHHBIHI Koaddumment
BEKTOD BaKHOCTH
1 1 9 9 9 3,7372 0,6308
2 1/9 1 1/7 1/5 0,3165 0,0534
3 1/9 7 1 1/3 0,7634 0,1289
4 1/9 5 3 1 1,1076 0,1869
Tabruya 7
MaTtpuua cpaBHeHH# aJIbTEPHATUB N0 KPUTEPUIO “YHHBEPCAJIBLHOCTH NPUMEHEeHUs”
Table 7
Matrix of comparisons of alternatives according to the criterion “universality of application”
AnbTepHaTuBa 1 ) 3 4 CoOcTBeHHBIH Koadpumment
BEKTOD BaKHOCTH
1 1 9 9 5 3,3227 0,5892
2 1/9 1 7 1 0,9510 0,1686
3 1/9 1/7 1 1/7 0,2959 0,0525
4 1/5 1 7 1 1,0696 0,1897

Ha ocHoBe 3THX Ta6J'II/II_I MOT'YyT OBITh pacCUUTaHbI ITOKA3aTCIIN Ka4CCTBa Ka)I(,HOﬁ N3 AJIbTCPHATHB.
HpOBGLIeHHI)IG BBIYHUCJIICHUSA ITO3BOJIAIOT OIMPCACIINTD:

V. =0,1521-0,5860+0,5761-0,5697 +0,0521-0,0521+ 0,0698 -0,6308 +
+0,1284-0,5892 = 0,54009;

V,=0,1521-0,1324+0,5761-0,1423+0,0521-0,3765 + 0,0698 - 0,0534 +
+0,1284-0,1686 =0,1552;

V,=0,1521-0,0731+0,5761-0,0747 + 0,0521-0,3991 + 0,0698 - 0,1289 +
+0,1284-0,0525 =0,0976;

V,=0,1521-0,2086 +0,5761-0,2132+0,0521-0,1948 + 0,0698 - 0,1869 +
+0,1284-0,1897 = 0,2063.

3AK/IIOYEHHE
B xozxe BbIOOpa BapuaHTa MOCTPOEHUS YCTPOICTBA BHECEHUS HEUCIIPABHOCTEH B AJIEKTPUUYECKUI
Ka0eJb CBSI3U ObUIO YCTAHOBIIEHO CIIEAYIOLIEe:

1. Hawnyummm BBIOOPOM  SIBJISIETCS  allbTepHATHBA | (V1 =0,5409), [pe1yCMaTpUBAIOLIAs

PYYHYIO KOMMYyTalMio HeucnpaBHocTed. OjHako €€ 3HAuuTEeNbHBIM HEJOCTATKOM SIBISIETCS HHU3Kas
OIEpaTUBHOCTH (CKOPOCTb BHECEHHs HEUCIPABHOCTEH), YTO BCTyNaeT B IMPOTHUBOPEYHE C LEJBIO
POEKTUPOBAHUS, B CBA3M C 4YeM, IpHU BHIOOpE BapuaHTa IIOCTPOEHHUS YCTPONCTBA BHECEHUS
HEHCIIPAaBHOCTEH B DJEKTPUUYECKUH Kalenb CBA3M CIEAyeT paccMaTpUBaTh albTEpPHATUBBl 24,
IIPEyCMAaTPUBAIOIINE ABTOMAaTU3aLAI0 OCHOBHOI'O IIPOLECCA.

2. Vcxozs U3 ONMUCAHHBIX YCIOBMH, JIydIlel sBIsSETCS albTepHaTHBa 4 (V4 =0,5409>V, >‘/3) ,

CJIeZIOBATENIbHO, IS peau3alMi YCTPOHCTBA BHECEHUSI HEUCIIPABHOCTEH B AJIEKTPUUECKHI Kabenb CBA3H
11eJ1eCO00pa3HO UCHOJIB30BATh: KOHTAKTHBIE Peie — IS UMHUTAUUU OOpbIBa, MEPEMEHHBIE PE3UCTOPHI C
CEPBOIIPUBOJIAMH — JJI1 UMUTALMN AaCUMMETPUU KHJI, MHOTOIIO3UIIMOHHBIE NTEPEKIIIOYATENH C IIArOBBIMU
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I—IA 5} I_II—IbIM CmupHos A.B., Bacos 0.0. Memoduka 8bl60pa mexHuveckux cpedcmea 0415 peaausayuu
ycmpolicmea HeceHus1 HeucnpasHocmell 8 31ekmpudeckull kabeab cesizu // 47
PE BYHE)TA ] Hayunblii pesyabmam. HngopmayuoHHbie mexHonozuu. - T.3, Ne4, 2018

RESEARCH RESULTINIEN
P

JBUTATESIMU — JJIsI BHECEHUS HEHCIPABHOCTEH “‘HapylICHUE U3OJSIUU MEXKIY ABYMs KHJIAMH Pa3HBIX
nap” u “HapyuieHue U30JISIUU 110 OTHOIIEHUIO K 3a3€MJICHUIO .
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