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OCHOBHBIE COKPAIIIEHNA 1 OBO3HAYEHUW A

AWM - aMnInTyTHO-UMITYJIbCHASI MOLYJISIUS
AIIT - ananoro-mudpoBoit mpeoOpazoBaTellb
LIAII - uudgpo-aHaIoroBslii mpeoodpazoBaTeib
BPK - BpemeHHOE pa3jenieHue KaHAJIOB

BTC - BbiienuTenb TaKTOBOIO CUHXPOCUTHAJA

NKM - uMInynbCHO-KOI0BasE MOTYJISLIUS

KV - xoppekTupyronuii ycunuTenb JIMHEHHOTO pereeparopa

HPII (OPII) - HeoOcmyxuBaeMblIii (00CITy)KUBAEMBIN ) pereHepallMOHHBIN ITYHKT
OLK - ocHOBHOI 1IM(POBOIT KaHAI

PV - pemaroiiee ycTporcTBO JMHEWHOTO peEreHeparopa

CII (IICII) - (mmudpoBas) cucreMa nepeaadn

UIIN - kox ¢ yepeaOoBaHUEM TOISPHOCTH UMITYJILCOB

A, - 3aIUIIEHHOCTh TAPMOHUYECKOTO CUTHAJIA OT ITYMOB KBAaHTOBAHUS

A, - 3alAIIEeHHOCTR OT TToMex Ha Beixoae KY win Ha Bxone PY
f, ~ wacToTa mHCKpeTH3aIUN

fr , Tt - TakTOBas YaCTOTa M TAKTOBBIA HHTEPBAIT

M - KOJUYECTBO Pa3psOB B KOJOBOM CJIOBE (KOJIOBOW KOMOHWHAIIUHM HITH
KaHaJIbHOM HHTepBaie) N- KOJIM4ecTBO KaHATIOB TOHAILHOW YaCTOTHI
P, - nonyctumMasi BEpOSITHOCTb OLTMOKM Ha OJIMH KMJIOMETP JTUHEHHOTO TPaKTa

L - mpOTSIKEHHOCTh JTMHEHHOTO TPaKTa

| max - MaKCHMaJIbHAs JUTMHA PEreHEPaIlMOHHOTO yJacTKa

Fu - K03 GUIHMEHT 1ITyMa KOPPEKTUPYIOIIETO YCUITUTENS

T, - cpenHee BpeMsl BOCCTAaHOBJICHHS IIMKJIOBOTO CHHXPOHHU3MA

Zg - BOJIHOBOE CONPOTHUBIIEHHUE LIEMHU IIEKTPUIECKOTo Kadens Uy,
~ aMIUIMTYAa UMITYJIbCa Ha BBIXOJE pereHeparopa
X - THTEHCUBHOCTh OTKAa30B 000pyA0BaHus ITU(GPOBOM JTUHUY TIEpeIaun

A A5 - 3amac moMexo3aluileHHOCTH Ha Beixojie KY unu Bxoae PP

a - KOd(P(UIIMEHT 3aTyXaHHs IEMH JJICKTPUUYECKOro Kabeliss Ha IMOJyTaKTOBOM
4acToTe

P,., ~ aOCONIOTHBI, YPOBEHb IHMKOBOM MOLIHOCTH HMITYJIECA Ha BBIXOJE
pereneparopa



OBIIUE YKA3AHUSA MO BBINOJHEHUIO KYPCOBOM PABOThHI

[{enpio KypcOBOM pabOTHI SBJSETCS OCBOCHHUE OOIIMX BOTIPOCOB ICKU3HOTO
npoektupoBanus L{CII Ha ocHoBe UKM-BPK 1 BhINOJHEHHIO HEKOTOPBIX
pacyeToB OCHOBHBIX nmapamMeTpoB HEeTUNOBBIX L[CII, pykoBOACTBYSICh 00IIIUMU
MPUHITUIIAMHU TTOCTPOCHUS CUCTEM TIEpeIady TUIC3HOXPOHHOM ITU(GPOBOMA HepapXun
(I1LN).

[Ipennaraemass  KypcoBass pabora Oynmer  cmocoOCTBOBaTh — Oosee
yrayoneHHoMy u3ydeHuto mnpuHnunoB mnoctpoenus LICII u npuobperenuro
HAaBBIKOB BBITTOJTHEHNS] MHKEHEPHBIX pacdueToB OCHOBHBIX mapameTpoB LICII.

Kaxxnplii CTylIeHT BBINOJHSET KYpPCOBYIO pabOTy B COOTBETCTBUU C
WHJUBUyalIbHBIM ~ 33JIaHHEM, BBIOOP KOTOPOTO OCYIIECTBISIETCS IO JIBYM
MoCJeIHUM IT(PpaM HOMEpaA CTYACHYECKOTro OuIeTa.

B pabore nomxHBI OBITh BBIMOJIHEHBI BCE PACUeThl, HEOOXOIUMBIC JIJIst
pelieHusl MOCTaBJIICHHOW 3aJayud, CJieJlaHbl BBIBOABI U JIaHO OOOCHOBAHUE BCEM
MPUHATBIM TEXHUYECKHUM PEIICHUSIM, MPUBEAECHBI OCHOBHBIE CTPYKTYPHBIE CXEMBI
y3510B npoektupyemoit [{CIT.

Pe3ynbraThl pacueToB 1 000CHOBaHUM, PUHATHIX B IPOCKTE PEIICHUU
MOCJIEIOBATENIBHO, O€3 TOBTOPEHUH U JIMIITHUX MOJPOOHOCTEN B OMUCATEIHHON
YaCTH M3J1araroT B MOSCHUTEILHOM 3amicke. Ee 00beM He NoDKeH mpeBhImaTh 25
CTpaHUI] PyKOTTUCHOTO TEKCTa, BKIIIOYasi PUCYHKH U TaOuIlbl. Pacyer
3AIMIIEHHOCTH OT ITyMOB KBaHTOBAHMUSI BBIMIOJIHSIOT B JIelO€Nax ¢ TOUHOCTHIO 0
1 nb.

[TosicHUTENbHYIO 3aMMCKY BBITIOJIHSIOT Ha CTaHAAPTHBIX JHUCTax Qopmarta
A4, TekCcT nuIyT Ha OAHOW cTOpoHEe jucTta. CTpaHWIBI TEKCTa, PUCYHKU H
Ta0JIUIBI HYMEPYIOTCS B TOPSJIKE WX TMOSBJICHUSA. PUCYHKH BBITIONHSIOTCS Ha
pasmepa A4 yepHOU macTo¥ Wi TyIIbIo ¢ coomoaenrem TpedoBanmnii ECK/I.

Bce ucnpapnenust U JONOJHEHHUS], CACIAHHBIE MO 3aMEYaHUsIM PEIICH3EHTA,

BBIHOCSIT Ha JIPYTyI0 CTOPOHY JIUCTa B TOM MECTE, /i€ OOHapy>KeHbl OIIMOKHU WU



3amanbl  BOMpOChl. CHHUCOK JIMTEPATYPhl, HCIOIL30BAaHHON MPHU BBINOJTHEHUH
KYpPCOBOMW paOOThI, MPUBOIAT B KOHIIE TTOSICHUTEIBHON 3aIICKH.
[ToaHOCTBIO BBIMIOJIHEHHASI pa0O0Ta BHICHUIAETCS B 3A04YHOE OTIEICHUE B CPOK
JI0 Ha4aJla SK3aMEHAIMOHHOMN CECCHUMU.
3amura KypcoBOM pabOThl CTYJE€HTAaMU MPOUCXOAMUT MO PACIUCAHUIO B
MepUo/1 SK3aMEHAIIMOHHOM ceccuu. [[s1 ycrnenHoi 3aiuThl HEOOXO0AUMO:
1. BHecTu ucnpaBieHus: 0 UMEIOLIUMCS 3aMEYaHHsIM PElIEH3eHTa, OTBETUTD
Ha MTOCTABJICHHBIEC BOIPOCHI.
2. YMeTb OOBSCHUTH XOJI BBIIOJHEHHUS PAcuyeTOB, CMBICI CHMBOJIOB,
BXOJIAIIMX B pacueTHbie (OopMyibl, 000CHOBATH MPABUIBHOCTH MPUHSATHIX
TEXHUYECKUX PEIICHUN.
3. YMeTh 0OBSCHUTH MPUHITUIIEI (YYHKIIMOHUPOBAHKS OCHOBHBIX y3JIOB
ctpykrypHoi cxemsl LICIT ¢ UKM-BPK.
4. YMeTh BBINOJHATH 33JIaHUSl W JlaBaTh WCUYEPIBIBAIOIINE OTBETHI Ha
KOHTPOJIbHBIE BOIPOCHI, NMPUBEACHHBIE B KOHIE JAHHBIX METOAMYECKHUX

YKa3aHUM.



CIIMCOK JIMTEPATYPhBI

(OcnosHnas tumepamypa)

1.

['opnuenko B.H., TBepenkunit M.C. MHOroKaHaJIbHBIE
TEJICKOMMYHHKAIIUOHHBIE CHUCTEMbl. Y4eOHHMK g By30B. M.: [opsuas
nuHus - Temexom, 2013.

Kpyxmanes B. B., Tl'opauenxo B.H., A. JI. Mouenos. L{udpoBsie cuctemsl
nepenaun: Yuebnoe nocodue. M.: IN'opsuas nunus - Tenexkom, 2012.
[{udpoBbie U aHAIOTOBBIE CHUCTEMBI Mepeaadyu. YUeOHHUK IS BY30B / TIOJ
penakiueit B.1. UBanoBa — 2-oe uznanue — M. ['opsiaast muaus — Tenekowm,
2005 — 232c.
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nepenaun» / CocraBurens CB. Uerkuii, norear MUC, Mocksa 2000.
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5. B.B. Benuuko, I'IL KarynuH, B.IL [IIyBasnos; OCHOBBI
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E.b. AnekceeB, B.H. I'opauenko, B.B. Kpyxmanes, u np.; Ilog pen. B.H.
I'opauenko n M.C. Tsepeukoro. - M.: I'opsiuast nunust - Tenekom, 2008.-

392c¢.: u.

6. Kopuunos W.N. Iudpossie muaum mnepemaun: YdeOHOe mmocobue T10

KypCOBOMY M IUIIIOMHOMY npoektupoBanuto. — [IMUPC, Camapa, 2000.



3aoanue Ha Kypcosyio pabomy:

Pa3zpaboTtaTh 3CKM3 HUQPPOBON CHUCTEMBI Mepenadyd Ha OCHOBE HMITYJIbCHO-
KOJIOBOIM MOJYJIAIIMY C BPEMEHHBIM pa3jieicHreM KaHaioB (naree mpocto LICIT) u

BBITIIOJTHUTB PACUCT HCKOTOPBIX OCHOBHBIX ITApaMCTPOB O60py,ZIOBaHI/I}I.

Bonpocsi, noonexcawue paspabomke 8 Kypcosoti pabome:

1. CtpyktypHas cxema He cTranaapTHou N-kananbHoi LICIT
CTPYKTYPY arperaTHOro noToKa X U ONPEACIICHUE €€ XapaKTEPUCTHUK.
2: Pacuér nmapamMeTpoB HEJIMHEHHOTO KOJICKA.

3. Pacuét mapameTpoB cucteMbl cunxpoHu3anuu rnepsuyHon [{CIT

4. CuHTE3UpOBaTh JIMHEHHBIN KOJI.

5. Pacu€r nnuHbl pereHepamoHHbIX Y4acTKOB, pabOTaIOIIUX 110

ACCUMCTPUYIHBIM, KOAKCHAJIbHBIM W OIITUYCCKHUM Ka0esM.

Hcxoonvle oanmnsie k Kypcogoil pabome

HcxogapiMu qaHHBIME 1T 3cku3HOM pa3padotku LICII Ha ocHOBE
HUKM-BPK saBnsarorcs:

- K 3aaanuto 1,2,3 nmapameTpsl mpeAcTaBlIeHHbIE B Ta0uIe 1.



Taomuna 1 — cxoguele qaHHbBIE

Homep BapuanTa ~ 1Be nocieanue mudpbl HOMEpa CTyJICHUYECKOro OmieTa Yucio SarieHdoct o1 Konosas JuBammy. JHecaruanoe

KaHATOB  [[TEPEXOTHOM rpyrma Jlnanazon D, umcio
N, ex, moMexy ABH, 1b PO...P7 b 4

00 01 02 03 |04 05 |06 07 08 09 60 55 11110101 14 131845

10 11 12 13 14 15 16 17 18 19 90 55 01101010 20 99715

20 21 22 23 24 25 26 27 28 29 120 60 11011001 26 65797

30 31 32 33 (4 35 36 37 38 39 150 60 01000110 32 69383

40 41 42 43 44 45 46 47 48 49 180 65 10111010 38 106883

50 51 52 5 |54 55 56 57 58 59 180 65. 00101000 44 73991

60 61. 62 63 64 65 66 67 68 69 150 70 10000110 50 69761

70 71, 72 73 74 75 76 7. 78 79 120 70. 01011111 56 86147

80 81 82 83 84 85 86 87 88 89 90 75 10110001 62 66569

90 91 92 93 9 95 96 97 98 99 60 75 01011011 68 162530

— | — — — — — — — — Hanpapnenust: — -niepeaun; «— npriema

1 2 3 5 6 1 2 3 5 6 UYncio KoziepoB e,

3 4 5 6 7 7 6 5 4 3 Koaddurment HakoIruIeH s 110 BBIXOTY HAa CHHXPOHU3MA Ty, €71,

1 2 3 4 5 1 2 3 4 5 Koadurment HakomieHus o BXOLY: B CHHXPOHH3M Tgx, €71,

-10 -16 -22 28 |34 -40 |46 -52 -26 -43 AOGCOMIOTHBIN YPOBEHh MOIITHOCTH CHTHAJIA Ha BX. KaHanma TUpc , 1bm

32 35 40 43 45 50 52 55 57 60 3aIMIIEHHOCTD OT MCKAKEHHI KBAHTOBAHKS, Ay, 1B

M BO M BO M BO M BO M BO Kabenn: M - metaumuecknii; BO - BOJIOKOHHO-ONTHYECKHIA

001 |010 |011 |100 (101 110 111 001 010 011 | HawanbHoe coctosiHue peructpoB A, B, u C reneparopa I1CIT

KBIT-3 CMI [KBII-3| BIF [KBIT-3] CMI [KBII-3| BIF KBIT-3 CMI | Tum nmuHeHOTO KOza




METO/IUYECKHUE YKA3AHUS K BBIITOJTHEHUIO KYPCOBOM
PABOTDI

BrlnonHeHne KypcoBOW pabOThl  IPENIOiaraeT IMOCIEI0BATENbHOE

pelieHue psjia 3aaa4 - 3aJIaHAi.

3aganue 1

Paspabomame u nauepmums 0606weHHYI0 CMPYKMYPHYIO CXEM) OKOHEUHO20
obopydosanus yugpoesol cucmemvl nepeoaiu, cooOmeemcmsyouyo 3a0aHHOM)
KOJUYeCms8y KAHAI08 U 0amb ee KpamKoe onucanue.

[locne wu3ydyeHuss wmarepuana, MW3JIOKEHHOTO B  PEKOMEHIOBAHHOM
mureparype JI1(ctp. 358 - 361), JI2(ctp. 49-53); J14(ctp. 147-150); JI7(cTp.117-
129). IlpuBecTr CTPYKTYpPy BPEMEHHOIO IMKJIA IEPBHYHOTO ITU(POBOTO IMOTOKA
¥ PacCUYUTaTh €r0 OCHOBHBIE NIAPaMETPBhL; JUINTEIBHOCTD LUKIA T, IIUTEIBHOCTS

KaHaIbHOTO 7,; JUIMTENBHOCTh pa3psAHOTO wuHTepBana f

s JIIMTETBHOCTD

paspsaHoro ummynsca T = T,,/2; wactory cnenosanus uumkiaos fi m uwacrtory
CIEeIOBaHMA KaHAJIBHBIX MHTEpBanoB f,, TakToByl0 dacTOoTy I€pPBHYHOIO
U(POBOrO MOTOKA WIIM CKOPOCTH Mepeayd MEepBUYHOTO IU(POBOTO MOTOKA U
YaCTOTY CIICIOBAHUS CBEPXIIUKIIOB, IIPEABAPUTENLHO BEIOPaB unciio IMKIOB N, B
CBEPXIIHUKIIC.

B macrosmiee Bpems peKOMEHIOBAHBI JBa THIA TEPBHYHBIX ITU(GPOBBIX
notokoB (IIL[N): E1 eBpomneiickuii crangapt 1[N na 32 kaHaIbHBIX WHTEpBaIa
(30 kaHa/OB TOHAJIBHON YACTOTHI MM OCHOBHBIX IU(POBBIX KaHaja), CKOPOCTh
nepenaun koroporo Cg=2,048 Mout/c m DS1 - ceBepoaMepukaHCKMi WU
ATIOHCKUM CTaHAApT Ha 24 KaHAJIBHBIX MHTEpPBAJIa, CKOPOCTh Mepeaadu KOTOPOTro

paBHA CDSl = 1,544 Mouwurt/c.



Ecnu 3aganuem Ha mpoektupoBanue uyucino KTU kpatHo 24, To crnemyer
opuentupoBatbcst Ha [1LII tuma DS1; ecnu xe uncno KTY kparao 30, cnemyer
BbIOpaTh LI Thna El.

Ecnu yncno KTY kpatao 24 u 30. To MOXeT ObITh clieiaH Jt000i BEIOOD Mpu
COOTBETCTBYIOIIEM €r0 000OCHOBAHUMU.

JInst  pacCUMTaHHOTO 4YHCIa DBJEMEHTOB B KOJIOBOM KOMOMHAmMd M
pa3paboTaTh CTPYKTYpY LHKJIA, PYKOBOACTBYACH CTPYKTYpPOW THIIOBBIX IMKJIOB,
puc. 5.1 u 5.2, JI2(ctp.50 1 52). B n0ossCHUTEIBHOM 3aIIUCKE PUBECTH BPEMEHHYIO
ctpykrypy nukia [ILII, kpaTkoe ee onucanne 1 OCHOBHBIE apaMETPHI.

Pa3paboTKy CTpYKTYpHOH CXEMbl BBINOJHSAIOT HCXOAS U3 3alaHHOrO 4Hciia
kaHasioB N. Crnenyer uMeTh BBHJY, YTO JIMHEWHBIN TpakT npoektupyemoin L[CII
CTPOUTCSl HA OCHOBE KOAKCHUAJbHOIO KaOels, UMEIOLIEro YEeThIpe KOAKCUAIbHbIE
napsl (IpU OJJHOKAOEIBHOW CXeMe OpraHH3alluH JIBYCTOPOHHEW CBs3M), TUOO Ha
OCHOBE CHMMETPUYHOIO OJHOYETBEPOYHOrO Kalensl MpH JBYXKaOEIbHOU cxeme
OpraHHU3alluK JBYCTOPOHHEH CBSI3H).

TaxToBYIO YaCTOTY NEPBUYHOIO (KOMIIOHEHTHOT0) IIM(POBOro noroka Ha 30
kaHaioB TY no oueBuaHOM hopmyre:

fri =32 % f3+m =256 xm, k'Y,

Jlnst mepBuuHOro 1ugpoBoro noroka Ha 24 xanana TY TakTroBas yacToTa

onpenenseTcs no popmyse:
fr1 =24 f3+m = 256 xm, kl'y,

3amaya BTOPOW CTyINEHU HUGPPOBOro rpynnoodOpa3oBaHUsl UM BPEMEHHOTO
MYJBTUIUIEKCUPOBAHUSI COCTOUT B OOBEIMHEHMM HECKOJbKUX KOMIIOHEHTOB
M(POBBIX MOTOKOB B arperatHbiii HU(GpPOBOM MOTOK ¢ COOTBETCTBEHHO OOJIBIICH
CKOPOCTBhIO Tnepenaun. M3BecTHBI JBa MeToAa 00beauHEeHUs HU(POBBIX MOTOKOB
(BpEMEHHOTO TPYIIOOOPAa30BaHUsI MM BPEMEHHOIO MYJIbTUILIIEKCUPOBAHUA):
CUHXPOHHOE€ M AaCHHXpPOHHOE. Matepuan mo 3TOMYy BOINPOCY CIEAyeT HaWTH B
J1(ctp. 408-448), B JI4(ctp. 119-139), B JI6(cTp. 322-338). B paszpabarsiBacmoii
LICII pexomeHayeTcsi HMCHOJb30BaTh AaCHHXpPOHHOE oO0benuHeHue. CTpyKTypa

UKJIa — arperaTHoro I_[I/I(l)pOBOFO IIOTOKa IIpHU 3TOM 3HAYHUTCIbHO YCIOXHACTCA,
10



TaK KaKk MOMHUMO HWH(GOPMAIMOHHBIX M CIY>KEOHBIX CHMBOJIOB KOMITOHEHTHBIX
MMOTOKOB JIOJDKHBI OBITh BBEJCHBI CIIY’)KECOHBIC CHMBOJIBI arperaTHoro Iu@poBoro
MOTOKA: KOMaHAbl COTJIACOBAaHUS CKOPOCTEH, IIMKIOBBIX CHHXPOHH3AIUU
CIIy’)KE€OHOW CBSI3M, CHUTHAJIOB KOHTPOJS ¥ CHUTHAIHW3AIllM{, CHUTHAJIbl BBOJA
nuckpeTHor uHMopManuu. C yd4eToM OTOTO TaKTOBas YacTOTa arperaTHOro
1M poBoro moToka onpeaensercs no popmysie:

fr=fr*MxI+r1) |

rje

fr; — TakTOBas YaCTOTa KOMIIOHEHTHOTO ITU(POBOTO MOTOKA;

M — K0IM4ecTBO 00BETMHAEMBIX KOMIIOHEHTHBIX TTOTOKOB;

' — OTHOIICHHE KOJMYECTBA JIOMOJIHUTEIBHBIX CHMBOJIOB B IHUKIIE
arperaTHoro 1u(ppoBOTO MOTOKAa K OOIEMYy YHCIy CHMBOJIOB B IIMKJIEC, PaBHOE
0,012...0,032 (g yucina KaHAJIOB B arperaTHoM moToke g0 120, BenuuyuHa
r<0,032, a mama uucna xanamoB g0 480r = 0,013). Pexomenmyercss BBIOpaTh
3HAYCHHE TAKTOBOW YaCTOTHI KPATHOE YACTOTE JUCKPETHU3AIIH.

B mosicHuTenpHOM  3amucKke  CleayeT TPUBECTH  OPUEHTUPOBOUHYIO
cTpykTypy nmkia npoekrupyemoit LICII, B3sB 3a ocHOBY noctpoenuit nukiia [{CII
tura MKM-120 nim MKM-480.

OxoHeyHoe 000pyJ0BaHUE CTPOUTCS HAa OCHOBE 33JJaHHOTO YHMCJa KaHAJIOB
nepBUYHOTO IMPpoBoro rmoroka. OObeAMHEHHE KOMIIOHCHTHBIX ITU(POBBIX
MIOTOKOB B arperaTHbI OCYIIECTBISICTCS METOJaMU aCHHXPOHHOTO COIPSKESHUS
JBYMS CTYIIEHSIMH BPEMEHHOT'O TPYITO00pa30BaHUs UIN MYJIbTHUILICKCUPOBAHMSI.
Jlns  ycHemrHOro  BBIMOJHEHHMS  3TOT0  3aJaHus  CleayeT mpopadoTaTh
COOTBETCTBYIOIIMI MarepHal 1Mo pekoMeHaoBaHHON muteparype JI1(ctp. 358-
361, puc. 8.1 u ctp. 408-448); JI12.(ctp.22-35, puc. 4.7); JI3(ctp. 41-44. puc. 3,1
u ctp. 119-141); JI6 (ctp. 301-304, puc. 16.1. ctp. 322-331); JI7(ctp. 104-108).

11



3aganue 2

Onpeodenenue xapakmepucmux kooexa L[CII. Paccuumamo konuuecmeo
paspsoo8 6 KoO0o8oU KOMOUHAyuu u onpeoeiums 3auuieHHOCmb Om ULyMO8
keanmosanus Ha evixooe KTY I]CII.

[locnme w3ydeHuss Marepuana, MH3JIOKEHHOTO B  PEKOMEHIOBAHHOMN
autepatype: JI1(ctp. 328 - 342, 365 - 381), JI2(ctp. 10 - 14); JI3(ctp. 166 — 178);
Jl4(ctp. 21-30; 47-62); JI6. (ctp. 284-292; 307-317); JI7(ctp.85-104). Crnenyer
OIPENETUTh HAMPSHKEHHsI OTCYETa Ha BBIXOJE AeKkonaepa, OmpeseneHne 3HaYCHUS
pa3psA0B KOJAOBOM TPYIIIbI U BHIIOJHUTH OLEHKY BEJIMYMHBI 3aLIUILIEHHOCTH OT
WCKaXeHNH KBaHTOBaHWsA Ha BeIxoAe ka”ama TY LICII. I'paHuusl cermMeHTOB n

S3HAYCHHU: MIAI'OB KBAHTOBAHM: IIPUBCACHLI B Ta6J'II/IHe 2.1.

Tabnuna 2.1 — I'paHullbl CETMEHTOB M 3HAYEHMUSI 111ar0OB KBAHTOBAHUS

CermeHt Ug, MB Uy, MB o, MB
7 1570 785 49,1

6 785 392,7 24,5

5 392,7 196,349 12,27
4 196,349 98,17 6,14

3 98,17 49,1 3,07

2 49,1 24,5 1,535
1 24,5 12,27 0,767
0 12,27 0,767

3ananue 3

Paccuurare mapamerpsl cucteMbl cuHXpoHuzauuu nepBuuHor LICIL.
Paccuumams  ocnoénble napamempvl YuKI080U CUHXPOHUZAYUU NEPBUUHO0
Yyugposo2o nomoka u onpeoerumv mMaxKmogyly UACmomy NpoeKmupyemou

uughposoll cucmemvi nepeoati.
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Jliss  BBITIOJIHEHWS TIEPBOM YaCTU HTOTO 3aJaHUs IO PEKOMEHIOBAaHHOMN
marepatype: JI1l(ctp. 394-405); JI2(ctp. 53-61); JI4(ctp. 80-91);J16(cTp. 317-321);
J7(ctp. 109-115) - cnenyeT M3y4MTh COOTBETCTBYIOIIUI MaTepHUall.

YrpoieHHas METOIMKa ONpPENeeHUsT HEKOTOPBIX MapaMeTpPOB ITHKIOBOU
CUHXPOHHU3AINY TPU MCTIOH30BAHUH HEQIalTUBHOTO MPUEMHHUKA CHHXPOCHTHAIIA
cBOIUTCA K cienyromemy (JI5). B HeaganTHBHOM NMPUEMHHUKE C TOCIICA0BATEILHO
paboTaOMUMH TIETSIMHA TIOMCKA U YACp)KaHUS CHHXPOHH3Ma CpEeHEEe BPEMs €ro

BOCCTAaHOBJICHHA OIIPCACIIACTCA BBIPAXKCHUCM

TB = tH BBIX + tn + tH BX (31)
rae t, px Uty sx - COOTBETCTBEHHO BPEMSI HAKOILJICHMS 110 BBIXOY M BXOJy B
CUHXPOHM3M; 1, - cpeHee BpeMs ToucKa cCuHXpocurHaina. OLueHuTh CpeIHee BpeMs

ITIOMCKA MOKHO CIIEYIOITUM 00pa3oM:

)+ To, (3.2)

tl'l Mme_
2Mc—-1 k+m,

rae
K - konmuecTBO MH(POPMAIMOHHBIX TO3UIHMHA, 3aKITFOUYCHHBIX MEXIY ABYMSI
COCEIHUMU CHUHXPOTPYIIaMu (CHHXPOCIOBAMH);

M, - KOJIMYECTBO CUMBOJIOB a CHHXpOTrpyIie (CHHXPOCIIOBE);

To - BpeMEHHOM MHTEPBAJ MEXK1Y ABYMS COCEIHUMU CUHXPOrPYIIIaMH.

[Tpumep:

B ILICIT UKM-30 npunsTo M — 8, a KOJWYECTBO KAaHAIBHBIX MHTEPBAJIOB
paBHO 32. B HyJIeBOM KaHAJIbBHOM MHTEPBAJIE KaKI0I0 YETHOTO LIUKJIA MEpeIaeTcs
CHHXPOCHTHAJI, COCTOSIIMA W3 ceMu pa3psaoB (Mg = m-1=8-1=7). Tak kax
cuHxporpynna nepemaercs depe3 nukia To=2Ty — 0,25 mc. B kaxiaom yeTHOM
nukie pasmeniaercss 31x8=248 wuHPOPMAIMOHHBIX TMO3UIMH, a B KaXKIOM
HeYeTHOM -32x8=256. OO1ee KOIM4eCTBO HMH(DOPMAIMOHHBIX MO3UIUH MEXIY

JBYMsI coceqHUMU cunxporpymnamu k=248+256=504. Orcrona:
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k—-m.+1 k+m,—1 504—7+1 504+7—1
= ) <7 =(

+ - 0.25 = 1.23
2me — 1 k+m, 27 -1 504 + 7 >* Me

W3 npuHnmma [aeWcTBUS TPHUEMHUKAa CHHXPOCUTHala CIEIyeT, 4YTO
Gimex =10* Moo, @ lupx=L10*Tsx, THOE Iex — COOTBETCTBEHHO KO3 ULIUEHTY
HAKOILJICHUSI 0 BBIXOJy W3 CHHXPOHHM3MA M BXOJUT B CHUHXpOHU3M. Cremyer
000CHOBaTh BBIOOP KOA(DPUIIMEHTOB HAKOIJICHUS, YYUTBHIBAs, YTO [Imyx HE
PEKOMEHIyeTCsl BBIOMpATh MEHBINE YETHIpEX, a Il HEe MeHbIme AByX. Cremxyer
MIPOBEPUTH, YTOOBI 3HaueHHe T, BbIYMCIeHHOE mo (Gopmyne (3.1) He okazaioch
OonplIe 3aJaHHOTO. B NpOTHBHOM ciydae clielyeT NpPHUHSATh MEphl JIs €ro
CHWKCHHUS. MOXXHO, HalpuUMep, HCIONb30BaTh NPHEMHUK CHHXPOCHUTHANA C
napajieIbHO paboTaIOIMMU EMSIMH MOUCKA W yJepKaHUsl CHHXPOHHU3MA, JIMOO
U3MCHHUTH CTPYKTYPY IIMKJIA C TEIbI0 YMEHBINIEHHWS BpPEMEHH TMoucka t (cM.
dopmyiy (3.2)).

bonee monHO BOMpOCH pacueTra CpPEeIHEr0o W MaKCUMAaJbHOTO BPEMEHU
BOCCTAHOBJICHHSI COCTOSIHUS CHHXPOHHM3MA IIMKJIOBOTO COCTOSIHUS PACCMOTPEHBI B
JI2 (ctp. 54-57).

[Tpumep: Pacuer cpennero BpeMeHu BXOxAeHHs B cHHXpoHu3M TB. KauectBo
GYHKITMOHUPOBAHUS TTPUEMHHUKA ITUKIIOBOW CHHXPOHU3AINH OIICHUBASTCS ABYMSI
YHCIIOBBIMHU KPUTEPUSIMHU:

- cpenHee BpeMsi BOCCTaHOBIICHHUSI CHHXPOHU3MA — T

- JUTUTEIILHOCTh YJEp>KaHUs COCTOSIHUS CHHXPOHU3MA NP MPONaaHUH
CUHXPOCHTHAJA, T.€. IOMEX0YCTOMYNBOCThIO cuctemsl LIC.

TB: tH.BI)IX + tH + tH.BX.!

T2 tupux U typx -BPEMS HAKOTICHUS MO BBIXO/Y M BXOAY B CHHXPOHU3M,

t,— cpemHee Bpems MOMCKa CHHXPOCUTHATIA,

tH = TO 1
rae k=505 — xonmudyecTBO MH(DOPMAITMOHHBIX MTO3UIIUN, PAa3MEIICHHBIX MEXKTY
JIBYMSI COCETHUMHU CUMBOJIAMH

M, — KOJIMYECTBO CUMBOJIOB B CHHXPOTPYTINE, OHO PaBHO 7

T - BpeMEHHON MHTEpPBaI MEXKAY ABYMS COCETHUMU CUHXPOTPYIIIaMHU, T.€.
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T =246,582-10° c.

Torna t, = 246,582-10°=1,21495-102 ¢

W3 npMHIMIIA AEHCTBUS TPUEMHUKA MKIOBON CHHXPOHU3AIUH CIIEIYET:
tossx = Lo Tanx = 246,582-10°- 6 =1,48-10-3 ¢

tasx = To Tex = 246,582-10°-4=0,986-10-3 ¢

T,=1,48-10°+ 1,215 -10° + 0,986-10°= 3,681 -10° c.

3aganue 4

Heo6xo1uMo MocTpouTh KOJIOBYIO MOCJIEN0BATENBHOCTD. JJIsl 4ero BHaydase
HEOOXOJMMO BBITIOJIHUTH TEPEBOJ| JCCITUYHOIO YHUCIAa B JBOUYHYIO (opMmy U
KogupoBaHue. M300pa3uTh MOJYyYEHHYIO JBOMYHYIO TOCIEI0BATEIBHOCTD
cuMBOJIOB B kojme YIIM wu, B 3aBUCMMOCTM OT BHJAA JIMHEWHOTO TpaKTa
(MeTaTMYeCKU MM ONTOBOJIOKOHHBIN Kabenb), B koge CMI, BIF umu. KBII-3
paccuuTaTh U MOCTPOUTH IBOMUHYIO MOCJIEIOBATEIBHOCTH HA BBIXOJ/IE CKpeMOepa
C KOJIMYECTBOM COCTOsiHMi 23-1 U 3aJlaHHBIM HAYaJIbHBEIM COCTOSHHMEM PETUCTPOB
A, B, C reneparopa IICII, ucnoisib3ysi B Ka4€CTBE UCXOIHOW MOCIEA0BATENIbHOCTH
Ty, KOTOpas Oblja NoJy4YeHa.

JIns1 BBIOTHEHUS 3aJaHUsl CJIENYET U3YYUTh COOTBETCTBYIOIINI MaTepuai B
pekomeHoBaHHOU suTeparype: JI1l(ctp. 448-467); JI2(ctp. 62-66); J14(cTp. 98-
105); JI6(ctp. 347-350); JI7(ctp. 133-140).

CrpyktypHas cxema reaeparopa [ICIT umeet Bu (pucyHok 1):

Bbix Y1
- A - E - B - @ >

A

Pucynok 1 - Ctpykrypnas cxema reneparopa I1CII
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3aganue 5

PaccuutaTh  MakcMMaJdbHYH  JUIMHY  PEr€HEpallMOHHBIX  YYacTKOB,
paboTaloIUX 10 aCCUMETPUYHBIM, KOAKCUAJIBLHBIM U ONTUYECKUM KaOessiM JJIMHBI
pEereHepalMoHHbIX YYaCTKOB, pa0OTAIOIIUX MO0 ACCUMETPUYHBIM, KOAKCHAIBHBIM U
ONTUYECKUM KaOeJIsIM y4acTKa U OCYILECTBUTh BHIOOP THUIMA KaOeTs.

JIJisl BBIMOJTHEHUST ATOTO 3aJ]aHUsl U3YYUTh COOTBETCTBYIOIIUI MaTepHall IO
pekomenaoBanHoi nutepatype: JIl(ctp. 520-532); JI2(ctp. 71-82); JIS(ctp. 21-
24); JI6(ctp. 373-375); JI7(cTp. 146-148).

JInMHa pEereHepalMOHHOr0 y4acTKa ONPEACIISIETCS MOMEXaMU B JIMHEMHBIX
uupposbix Tpaktax LICII n TpeOoBaHHSIMHU K BEPOSITHOCTUA OIIMOKU Ha KUJIOMETP
JIMHENHOTO TpaKTa (CM. UCXOJIHBIE IaHHbBIE K KYpCOBOM padoTe).

JUisi CHMMETpUYHBIX KaOenell CBsI3M OCHOBHBIM HCTOYHHUKOM IIOMEX B
uuppoBom nuHeitHoM TpakTte (LIJIT) sABIAOTCA B3aMMHBIE BIUSHUA MEXIY
napamu, 0O0yCJIOBJICHHbIE KOHEUHON BEIMYMHON MEPEXOJHOTO 3aTyXaHUs MEXKIY
HUMU Ha ONWKHEM M JaldbHEM KOHIAX. OTH IOMEXHM 3aBUCAT OT crocola
OpraHu3alliid JBYCTOPOHHEW CBS3M: OJHOKAOENbHAsl cXema, IMPH KOTOpPOH Mapsl
nepeadr MpsSiIMOTO M OOpaTHOTO HAIpaBICHUN HAXOJATCA B OJHOM Kabene u
B3aMMHBIC BJIMSHUS MEXAY HUMH OMNPEACNISIOTCS MEPEXOIHBIM 3aTyXaHHEeM Ha
OnmkHEM KOHIle Ap; JByxKaOejbHash CXeMa OpraHu3alldé CBSI3HM, MPU KOTOPOM
napsl epeaadu npsiMoro 1 00paTHOTO HAPaBJICHUN HAXOAATCS B Pa3HbIX KaOesax
Y B3aUMHBIC BJIIMSHUS MEXKIY HUMU OINPEISSIOTCS MEPEXOIHBIM 3aTyXaHHWEeM Ha
nanbHeM KoHue Al.

Ha BenuuuHy mnepexoIHbIX IOMEX BIMSIET YHUCIO CHCTEM Iepeadd,
paboTaIuX M0 OJJHOMY U TOMY K€ Kabelto, IMHa pereHeparlMOHHOT0 y9acTKa 1
Kod(hpuIMeHT 3aTyXaHus Kabes.

3alMIIEHHOCTh OT ToMeX mnepexoanbix BiausHuid B LJIT, xak mpasuio,
ONpeeNsieTCsl B Mpeaenax OJHOTO PEreHEepalMOHHOIO Y4YacTKa, T.K. HAa BBIXOJE
nuHeliHoro pereHeparopa (PJI) mpoucxomut mojiHO€ BOCCTaHOBJIEHUE (POPMBI

JIMHEMHOT'O L[I/I(l)pOBOFO CHTHaJIa U IIOJHOC UCKIIOUYCHUEC BHCIIHUX ITOMCEX. OJIHaKO,
16



HEO0OXOJMMO YYUTHIBATh HEKOTOPOE CHIKEHUE 3aIIUIIEHHOCTH Ha BEIUUYHHY AAs,
O0O0yCIIOBJICGHHOE MEXCUMBOJIbHBIMH TIOMEXaMHU, JOMYyCKaMH Ha aMIUIMTYAy H
JUIUTEIBHOCTh ~ UMITYJIBCOB, TOYHOCTH KOPPEKUHUH AMIUIMTYIHO-YaCTOTHBIX
XapaKTEPUCTHK PET€HEPAIMOHHOTO YYacTKa YCTPOMCTBAMH KOPPEKIIMH JIMHEUHOTO
YCUIIUTENS perexneparopa (Ha3BIBAEMOTO YCHIIUTETIEM-KOPPEKTOPOM),
HECTAOWJIBHOCTBIO TIOpOTa M KOHEYHOW YYBCTBUTEIBHOCTBIO IOPOTOBOTO
ycrpoiictBa PJI, OTKIIOHEHHSIMH MOMEHTOB CTPOOUPOBAHUSI-TOYHOCTH BBIJICTICHHUS
TaKTOBOW YacCTOTHI B ycTpoiicTBe xpoHupoBaHus PJI. OObryHO Benmumaa AAj
pUHUMAETCS paBHOM 3...6 1b.

B kypcoBoii pabote cielyeT NpuHATh ABYXKAOEIbHYIO CXeMY OpraHU3aIlu
JBYCTOPOHHEHN CBSI3H. 3aIlMIIEHHOCTh OT NEPEXOAHBIX MOMEX I TAKOH CXEMBI
OpTaHU3alLMN CBS3U OINPEIEISAETCS MEPEXOIHBIM 3aTyXaHHEM Ha JAJIbHEM KOHLE U
ornpeaensercs no GopMmyie:

Ay =A;—axly,, —101gk — AA;, (5.1)

rae Aj - mepexoqHOe 3aTyXaHue Ha JajdbHEM KOHIE, Ab;

a — Kod(ppuuMEeHT 3aTyXaHusl mapbl Kabess, onmpeaessieMblil Ha pacyeTHON
4acTOTE, PaBHOM IMOJOBUHE TAKTOBOW YacCTOThI JIMHEWMHOro IU(pOBOro curHania,
nb/xm;

|,, — ITMHA pereHepanoHHOTO Y4acTKa, KM.

k — LICII, T.c. uncio cucteM pabOTAIOIINX HA MMapalIeIbHbIX ICIX;

AA; — BenMUMHA CHUKEHUS 3AIUIIEHHOCTH OJIMHOYHOTO PEreHeparopa u3-
3a JCHCTBUS PA3IMYHOIO BUJA JecTaOmiIn3upyromux ¢akropoB. OCHOBHbBIE
napameTpbl CHMMETPUYHBIX M KOAKCHUATBLHBIX Ka0Oemel npuBeaeHbl B Tabnuie 5.1.

3nauenus, a B (5.1) onpenensercs no cienyroiiei popmyre:
a=a; * fﬂ, (5.2)

3nech a1 — kKod(pPUIMEHT 3aTyXaHus Tapbl KaOems, MPUBEICHHBIN B Ta0I.
5.2, nb/xm;

fr — TakTOBas wacToTa JmHEHHOTO MU(poBoro curHaia, MI .
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Tabnuna 5.1 - OcHOBHBIE MapaMeTpbl CHMMETPHUYHBIX U KOAKCHAJIbHBIX Kalenei

Tun xabens a,,ab/xm | Z,,0Mm Ao, 1b A1, n1b Ch1, TBIC.pYO/KM.
3KIT 1x4x1.2 5,43 150 68 80 2x0,625
MKC 1x4x1.2 5,35 150 68 80 2x0,345
KM-42,6/9,4 2,36 75 3,6
MKT-41,2/4,6 5,33 75 1,6
Mukpo Koakcua
0,7/2,9 8,88 75 0,9

N3 (5.1) nomydaem Gopmyiy At ONpEAESICeHUs JJIMHBI PEreHepauoOHHOro

yY4acCTKa.

Aj—A31—101gk—AA
< 1—A3] g 3

Loy a

(5.3)

3allMIIEHHOCTh HAa JAJIbHEM KOHIIE TMPEACTAaBISIET TaK Ha3bIBAEMYIO
OKHJIAEMYI0 3aIUIIEHHOCTh, T.€. 3allHMIIEHHOCTb, OINPEICISIEMYI0 pPEATbHBIMU
3HAUYCHUSAMH TEPEXOHOTO 3aTyXaHUs, OXKHIAEMbIX CHIKCHHH 3alllUIEHHOCTH
OJIMHOYHOT'O pereHeparopa, JUIMHON pereHepallmoHHOTO y4acTka U KoddduimeHTa
3aTyXaHus Tapbl CHMMETPUYHOTO KaOes.

Oxupaemasi 3allMIIEHHOCTh OT MOMEX B JIMHEMHOM LHU(POBOM TpakTe
CpPaBHUBAETCA C JOMYCTUMOM 3allMIEHHOCTHIO0, KOTOpas 3aBUCUT OT AOIYCTUMOM
BEPOSITHOCTU OMIMOOK Pour gon. WM KOIPUITMEHTA OMIUOOK U THIA JIMHEWHOTO KOJIa
nM(pPOBOro cHurHaiga. 3aBUCUMOCTb BEPOSTHOCTU (KO3(p(ULIMEHTa) OMOOK OT
JOTTYCTUMOM 3alllUMIIEHHOCTH JUIs JII0OOTO BUIAa MOMEX Ha BXOJE PEIIAIOIIEro
yCTpOMCTBa JIMHEMHOTO pereHepaTopa JUisl JByXYpPOBHEBOTO (OJAHOMOJSPHOIO WIH
OMHAPHOTO) JIMHEHHOTO KOJ1a MpeJIcTaBlieHa B Taduie 5.2.

DyHKIMOHAIBHAS 3aBUCUMOCTb BUAA Az 1on = @ (Popjon.) AT OTOTO THUIIA
JMHEMHOT0 KO/1a MOXKET OBITh MPECTaBIeHa MPUOIMKEHHBIM COOTHOIIICHUEM.

A3 Jom. — 4,58 + 11;42 * lg(_ lg pom.,qon.) (54)
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Tabmuia 5.2 - 3aBUCUMOCTH BEPOATHOCTH (K03 dHUIIMEeHTa) OMNOOK

Az on 4B | 18,8119,7[205 [21,1 [21,7 [222 [226 [230 [234 |237

Pou.gon. 10®° |10°® | 107 |10® |10° |[10%° |10 (10" |10%® |10

3aBUCHUMOCTbD BCPOATHOCTH OImMOOK OT I[OHYCTPIMOﬁ 3alMUIICHHOCTH AJIsA

TPEXypPOBHEBBIX CUTHAJIOB (KBa3UTPOUYHOTO KO/Ia) MpUBEAeHa B Ta0IuIle 5.3.

Tabmuma 5.3 - 3aBUCUMOCTh BEPOATHOCTH  OIMMOOK OT  JIONMYCTUMOM

3AIIMILEHHOCTH I TPEXYPOBHEBBIX CUTHAJIOB

Asnon 4B | 196 [205 (215 [220 [229 [234 [245 [253

Pomson. | 10° | 10° 107 108 107 1010 10 1012

AHQIUTUYECKOE BBIPAKEHUE ISl ITOTO BUJA 3aBUCUMOCTH UMEET BHI:
Az o, = 10,62 + 11,42 — 1g(—1g po)-  (5.5).
B ¢opmymnax (5.4) u (5.5) BeAMUMHA Poy MPEACTABISIET BEPOSTHOCTh
OLIMOKHU OJJMHOYHOT'O PEreHepaTropa, KOTopasi paBHa:
Pom = Po — lpy (56)
3leCh pPo — JOIYyCTUMAasi BEPOSTHOCTh OMIMOKM Ha OJUH KHIOMETP
JMHEWHOTOo TpakTa, 1/KM;
L,y — JUIMHA pEreHepallnOHHOIO Y4acTKa.
3aBUCUMOCTb MEXIY OXKHJAEMOH 3alUIICHHOCTBIO U JIOIyCTUMOM
ONPENEIIAECTCS COOTHOIIEHUEM BU/IA!
A3 0K 2 A3 JIO1I. (57)
CnenoBaresibHO, pABEHCTBO:
A3 oK — A3 JIOII. (58)
MOXHO  HCHOJB30BATh JUIA  ONPEAENICHHS MAaKCUMAaJIbHOW  JIJIMHBI
pEreHepaluoOHHOr0 y4acTKa.
[Topsimok  ompeneneHuss UHBI  pereHepauroHHoro ydactka L[CII,

paboTaroieii Mo CUMMETPHYHOMY KaOEJr0, pACCMOTPHUM Ha CIIEAYIOIIEM MpUMepe.
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1. YcnoBusamu 3amaum 3aaH OAHOYETBEPOUHBbIN Kabenb. CienoBaTeNbHO,
guciio Bimsomux map (L[CIT) paBHo k=1. Tak kak cxeMa OpraHH3aIHH
NByXKaOenbHas, TO OXHJaeMas 3alUMIIEHHOCTb OT TEPEeXOJHBIX TOMeX
ompenensercs popmynoii (5.1) mpu ycnoBun, uto K=1, T.e.

A3 oK — Al —a* l AA3 (59)

py

N3 tabmuupbr 5.2 ciaexyer Ai;=80 nb, BeiOepem Benuuuny AAs = 4 nb.
Benmnuuny a onpenenuM BOCIOIB30BaBIIMCH Gpopmyioit (5.2), HO JyIs 3TOr0 HAI0
3HaTh 3HAY€HHUE TaKTOBOW yacToThl juHelHoro curHana LICII tuma MKM-480.
Jliis oOprgHOTO OMHApHOTO KoJjia TakroBas yactora MKM-480 pasno fr = 34,368
MI 11, HO Tak Kak B Ka4eCTBE JIMHEHHOro MU(GPOBOr0 CUTHAJNA UCIOIb3YETCS KO
tuna NBmB (m>n), To TakroBas 4acToTa JMHEHHOTO IMH(POBOr0 CHUrHajga OyAeT
paBHa:

fr = f*(m/n) =34.368*(6/5)=41.24 MI 1.
Benmnunna ko3¢ uinrenTa 3aTyxaHusi ONPEIeTUuTCs, €ClId B HEe TOICTaBUTh

3HA4YCHUS aj, B3SITOC U3 Ta6J'II/II_[I>I 5.2.1e.

’ /41.24
a=a, * ]%m = 535+« — = 24, nb/xm

[ToacraBuB 3Hauenust A1, AAz, u a B hpopmyny (5.9), momydaum

Agon. = 80 — 24,3 % [,y — 4 = 76 — 24,31,
2. HOHYCTI/IMaH 3allIUIICHHOCTh OJI1 JAaHHOI'O THIIA JIMHEHOT'O KoJa

coriacHo (5.4) OyaeT paBHa
Az jon. = 4,58 + 11,421g[—1g(107%° — 1, )]
3.JlmMHa pereHepallMOHHOrO y4acTKa ompejaensieTcss u3 paBeHcTBa (5.8)

MOCJIe MOACTAHOBKHU B HET'O 3HAUYCHHUH A3 ox U A3 jon.
76 — 24,3 % ,, = 4,58 + 11,42 * Ig[—1g (10710 « [, )],
KOTOpPOE Mpeodpa3zyeM K BUY:

6,254 — 2,128 x ,, = lg[—1g(1070 x [ )] (5.10)
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4. O6o3HaYMM JIeBYI0 YacTh paBeHcTBa (5.10) wepes X(1,y) T.€.
X(lpy) = 6,254 — 2,128 % I, (5.11)
a paByro yepe3 Y (lpy):
Y(Ly) = lg[—1g(10720 « [ )] (5.12)
VYpasuenue (5.9) pemaercs rpaduueckn. Touka mepeceueHus (QyHKIIHMA
X(lpy) 1 Y(l,,) u Oyzmer ero penieHreM, BO3MOXKHO U aHAJTUTUYECKOE 00JIee TOUYHOE
peleHre TpaHCIeHAeHTHOTO ypaBHeHus Buaa (5.10).
5.IToctpoum rpaduk 3aBucumocteit X(l,y). OT0 ypaBHeHHE IpsIMOii, puc.2.
6.IToctpoum rpaduk 3aBucumocterr  Y(l,). DOto norapudmmueckoe
ypaBHEHUE, PUCYHOK 2.
7. Haxomum touky mnepeceuenus ¢ynkuuit X(l,y) u Y(l,). Bonpmee
3HAYEHUE U OYyJIET paCYCTHONH MaKCUMAIbHOM JUTMHOW PEreHEPAIIMOHHOTO Y9acTKa,
T.€. by yaxc=2,48 KM.

Xt B vt

51 Y(im)

X(ley)

T

W]
]
len [ s

Pucynok 2 - K onpenenennto qiuunbl pereneparmonnoro yuactka L{CII

paboTaromieit Mo CHMMETPHIHOMY KaOedro |y,

Pacuer nnunbl perenepanontoro ydactka L{CII mo koakcuanabHbIM KaOensim

21



OCHOBHBIM BHJIOM IOMEX, ONPEAEISIONMX KaYyeCTBO MEpPeaadn JIMHEHHOTO
1 pPOBOT0 CUTHAJA MO KOAKCHATBHBIM KaOelsaM, SBISIOTCSA COOCTBEHHBIEC TOMEXH,
BKJIFOUAIOLIUE B c€0sl TEIUIOBBIE IIYyMbl JIMHUM, TEIUIOBBIE LIYMbI anmnapaTypbl U
COOCTBEHHBIE ITYMbI YCHIIUTENSA-KOPPEKTOPA JIMHEHHOTO pereHeparopa.

OxupaeMasi 3alMIIEHHOCTh OT COOCTBEHHBIX IIOMEX OIPEAEIAeTCs 10

NpUOIMKEHHOM hopmyIie:
Acuox, = 10lg =2+ 103 —a * L, + 114 — 101g fr — 10lgF,  (5.13)

rie Uyep — aMIUTUTYa HAaOpsKEHUS UMITYJIbCa Ha BBIXOJIE PEreHepaTopa;

Z; — BOJIHOBOE COMPOTHUBJICHHE IETH KOAKCUATILHOTO Kabes;

a — Ko3(ppuuueHT 3aTyxXaHdhs LENUM KOAKCHAIBHOTO Kabens Ha
MOJIyTaKTOBOM 4acTOTE;

|,y — IMHA pereHepannoHHOTO y4acTKa,

fr — TakTOBas wacToTa JIMHEHHOTO MU(poBoro curHaia B MI

Fu — kodpduIMEeHT IIyMa KOPPEKTUPYIOIIETO YCUIIUTENS JUHEHHOTO
pereHeparopa.

Jlist  ompesenieHdss MaKCUMAaJbHOM JITMHBI PEreHepallMOHHOTO y4yacTKa
BOCroJib3yemcsi  paBeHcTBOoM (5.8) B (Qopme, cBs3bIBalOmIE OXKUIAEMYIO
3aMIUIIEHHOCTh OT COOCTBEHHBIX ITYMOB Ay ox M JOMYCTUMYIO 3aIMIIEHHOCTH OT
COOCTBEHHBIX IITYMOB A ¢y on.

ACLLI.O}K = ACLLI.L[OI'I. (514)

PacuetHoe YPaBHCHUC JJIA OIIPCACIICHUA MaKCUMaJIbHOM JJIMHBI
PErecHepanroOHHOIO Y4YaCTKa IIpW HMCIIOJbB30BAHWH JIBYXYPOBHCBBLIX CHUTHAJIOB C

yuaetom (5.4), (5.6) u (5.13) Gyner uMeTh BUA:
axl
T =9 [=L9(Po * Iyy)] (5.15)
rac

B——— =110+ 10g

Ugep*1o3]
11.42

Zy* fr*Fy

(5.16)

I{HH TPCXYPOBHCBBIX CHIHAJIOB WM KBASUTPOUYHBIX KOAOB CHIHAJIOB

udpoBoro jnuHeHoro Tpakra (5.14) ¢ yuerom (5.5), (5.6) u (5.13) pacuetHoe
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YpaBHCHHUC IJIA OIIPCACICHUA MaKCHUMaJILHOM JJIMHBI PCTCHCPAIMOHHOI'O y4aCTKa

MOKET OBITh MPEICTABICHO B hopMe:

axl

— e = lg[-1g(po * Lyy)] (5.17)

rac

(5.18)

Ugep*103]

1
B——— =104+ 10g P

11.42
Hanmomuum, yto B (5.15) u (5.17) po — AomycTumMas BEpOsSITHOCTh OIIUOKU Ha
OJIMH KHJIOMETP JIMHEHHOTO TPAKTa.
Kak BuguMm, ypaBaenust (5.15) u (5.17) npenctaBisitoT TpaHCUEHCHTHbIC
ypaBueHus Buja (5.10), pemieHns KOTOPbIX rpad@UIecKUM CIIOCOOOM PaCCMOTPEHBI
paHee, cM. mosicHeHus1 K puc.2. Mcmone3sys o6o3Hauenus upa (5.11) m (5.12)

MPUMEHUTENBHO K (5.15) u (5.17), monyuum:

X(lpy) =B — =2 (5.19)
Y(lpy) =lg [—lg (pO * lpy)] (5.20)

Metoauky onpeneneHus MaKCUMAJIbHON UIMHBI PETEHEPALIMOHHOIO y4acTKa
LICII mo xoakcHaJlbHbIM KaOeJsiM pacCMOTPUM Ha CIIEAYIOLEM IPUMEpE.

[Ipumep:

Onpenennts MaKCUMAIIBHYIO JUIMHY pereHepaunoHHoro yyactka L{CIT tuma
NKM-480, paboTaroiieid mo koakcuaibHOMy kaOemto tuna MKT-4, Bua kona
auHenHoro uudposoro curHana 4B3T, aMnnuTyna UMIyJabca Ha BBIXOJE B JTMHUIO
C BOJIHOBBIM conpotuBieHueM Z,=75 OM paBHa U,,,=5B; mimHa nuHeWHOro
Tpakta L=600 km; momycTumass BepOSTHOCTH OmHOKH (K03(pHIMeHT ommoOKm)

Po=10"° 1/km; ko> PumenT myma F,=8.

[TopsimOK BBINOJIHEHUSA

1. OmpepenuMm TakTOBYIO YacTOTy JHMHEHHOro HUGPOBOro CHUTHAJA.
TakroBas uacrota uudpoBoro mnoroka LICII tuma WMKM-480 nHa Bxome

npeobpasoBareis kojga paBHa fr=34.368 MInu. Kox muHeliHOro mugpoBoro
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CUTHaja mpeacTaBisieT andaBuTHbIM koa tuma NBNT, misa xoroporo pacuerHas

TakToBas yacroTa frompenensercs hopmyiioii:
fr=fr*— (5.21)
H, CJICA0BATCIIBHO,
L 34368 > 25.776 MT
= X — = . X — = .
fr="fr m 4 I

2. IloncraBuB B Qopmyny (5.16) 3nauenust U,e,=5 B, Fu=8, onpenemnnm

BEJIMYMHY B 1Jis1 KBA3UTPOUYHOTO KOJ1a (TPEXypOBHEBOTO)

B = 0,0876( 104 + 10! —U"Zep*103 = 0.0876( 104 + 10! 5% ¢ 107 2
- 0l ) = 00876 + 10l e e 776 v6) = 020

3. Onpeaenum 3Ha4YeHHE KOYPPHUITHEHTA 3aTyXaHUS a 711 KOAKCHATBHOTO
ka0enst Tuna MKT-4 o dopmyre (5.2), moacraBum B Hee 3HaueHue a;=5.33

nb/xkm, B3gToro u3 tabauiel 5.1, ¥ 3HaYEeHHE TaKTOBOM YacToThI f1=25.776 MI'11.

fr 25.776
a=a; * 5= 5.33 5= 19.13 nb/xm

4. IloncraBus 3HaueHue B B (5.19), nonyuum ¢pynknuro X(l,y) B popme:

a
X(lyy) =B — ==, = 9.29 — 1.681,, (5.22)

u Gynkuuio Y (1), moacrasus B (5.20) sHavenns Po=10"2, nonyunm B BHzE:

Y(ly)=1g [—lg(po * Ly) = 1g[—1g (10710 « lpy)]] (5.23)

5. MckoMast iiiMHa pereHepalioHHOI0 y4acTKa HaX0IuTCs Tpaduiecku,
MyTEM MOCTPOCHUS TPapUKOB QyHKIIHI X(lpy) " Y(lpy) Y HaXOXJICHUSI TOYKHU UX
MepeceyueHusi, CM. pUC. 2 ¥ TIOSICHEHHS K €r0 TOCTPOSHUIO TIPH ONPEICTICHUN
JUTHHBI pereneparmonHoro ydactka [[CII, paGorarorieit mo cuMMeTpuIHOMY
kabemto. [loydyenHass MakcumanbHas JJIMHA PEreHEPAIMOHHOTO yJyacTKa OyaeT

paBHa |y viaxc=5,04 KM.
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Tabnuua 5.4 — K pacuery nnunsl pereHepanronnoro yyactka LICII no anektpuueckum Kabensim

Tur cUMMETPHYHOTO Kaberst 3KII | MKC | 3KII | MKC | 3KII | MKC | 3KII | MKC | 3KII | MKC

THI KOaKCHATBHOTO Kabess KM-4| 3 032 | 04 | KM-4| 0,25 | 0,32 | KM-4| 0,33 | KM-4

Ko durmenT mryma xopp. ycunutens F, en 0,nc/HM.KM 4 5 6 3 7 8 3 5 4 6

Amnurtyna ummysscea nepeaarauka Upep, B 25 3 4 45 5 4 4,5 3,5 3 2,5

JonycTuMasi BepoATHOCTb OIIMOKK Ha 1 KM Howmep BapuanTa

JUHEHHOTO TpakTa Po, 1/kM

2:10710 00 01 02 03 04 05 06 07 08 09

10! 10 11 12 13 14 15 16 17 18 19
5-10°10 20 21 22 23 24 25 26 27 28 29
3-10°1° 30 31 32 33 34 35 36 37 38 39
1010 40 41 42 43 44 45 46 47 48 49
0,5-101° 50 51 52 53 54 55 56 57 58 59
10! 60 61 62 63 64 65 66 67 68 69
5-10°10 70 71 12 73 74 75 76 77 78 79
2-101° 80 81 82 83 84 85 86 87 88 89
101! 90 91 92 93 94 95 96 97 98 99




Tabnuua 5.5 — K pacuery nnunbl pereHepanronnoro yyactka [{CII mo BoJOKOHHO-ONTHYECKUM Kabensim

DHepreTHueckuii noTeHuua, ab. 38 40 42 44 39 41 43 37 39 45

Koodduument 3aryxanus OB, 16/km 0,22 3 032 | 04| 0,3 025 (032022033 ]| 04

HopmupoBaHHas cp.KBapaThy. IUCIepPCHs 0,NC/HM.KM 3,5 4 42 | 43| 3,2 3,0 4,3 3,2 3,3 4,2

[TupuHa MOAOCH ONTHY. U3Ty4eHUS AA., HM. 1,2 1,62 2 2,2 2,6 3 2,5 2,3 1,7 1,4
CkopocTh niepeauu THHEHHOTo I poBOro curaaiza Mowurt/c. Howmep BapuanTa

68,736 00 01 02 03 04 05 06 07 08 09

155,8 10 11 12 13 14 15 16 17 18 19

167,116 20 21 22 23 24 25 26 27 28 29

622,22 30 31 32 33 34 35 36 37 38 39

668,5 40 41 42 43 44 45 46 47 48 49

68,736 50 51 52 53 54 55 56 57 58 59

115,8 60 61 62 63 64 65 66 67 68 69

622,22 70 71 72 73 74 75 76 77 78 79

167,116 80 81 82 83 84 85 86 87 88 89

668,5 90 91 92 93 94 95 96 97 98 99

JIns1 Bcex BapUaHTOB:

1.Ctpoutenbhas mmna OK 1,=2 kM.

2.3atyxaHue B pa3beMHOM coearHeHnn Ap=0,5 nb.
3.KonnuecTBo pa3beMHBIX COETUHEHUM Npc=2
4.3aTyxaHue Hepa3beMHOro coequHeHust Ay=0,2 nb

5.9KkcmryTauMoHHbIN 3anac 2,=6 ab.
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Pacuem onunwvl pecenepayuonnozo yuacmka yugpoeoii cucnmemsl nepeoavu no

60JI0KOHHO-ONMUYECKUM KADEAM.

Ecnu 3amaHveM Ha TMPOEKTUPOBAHUE MPEAYyCMATPUBAETCS MPUMEHEHUE
BOJIOKOHHO-onTHYeckux cucrem nepenaun (BOCII) mie3snoxpoHHOW WU
CUHXPOHHOM HM(POBBIX HEpapXHil, TO CileIyeT BbIOMpATh ONTHYECKUE Kabenu

(OK) tuma OKJI, npenna3HadeHHBIX 715 paOOTHI HA JyTMHE BOJTHBI A = 1,55 MKM.

Jlnst pacuera jumMHBI pereHepanmoHHoro ywactka (PY) mpoextupyemoit
BOJIOKOHHO-ONTUYECKON JIMHUU repenadn (BOJII) pEKOMEHayeTCsA

OpPUEHTHPOBATHCS Ha cienytonue napameTpsl kadenss OKJI:

- K03 puuuMeHT 3atyxaHus ontuyeckoro BojokHa (OB) kabdens a=0,3 nb/km;

- HOPMHUPOBAHHOE CpeAHEKBaapaTHieckoe 3HadeHue aucnepcun OB op =
3,5 IC/HM * KM;

- CTpOUTENbHAS ATHHA |y,

Jmuaa PY mmdpoBoit BomokoHHO-onTHYecKkor cucteMsl nepenaun (LIBOCII)
3aBUCUT OT MHOTHX (DaKTOpOB, BaXHEHUITMM M3  KOTOPBIX  SIBJISETCS

DHEPreTUYECKUM MOTEHIMAN 3, PABHBIN

3= Prnep = Pup = AMaKCl (U—I)

31€Chb Puep — AOCOJIIOTHBIM YPOBEHb MOIIHOCTH ONTHYECKOTO CUTHAjJa Ha
Bxoje auHeitHoro OK, nbwm.
Pnp — aOCONIIOTHBIN YpOBEHb MOILIHOCTH ONTHYECKOIO M3JIy4EHHs Ha
BXOJI€ IPUEMHUKA;
Ayaxe — MAKCUMAJIBHO-JIOMYCTUMOE 3aTyXaHHUE ONTUYECKOTO CUTHaja B
OK, pa3beMHBIX U HEPa3beMHBIX COSAUHEHUSIX PEreHEePAIlMOHHOTO yyacTKa.

MakcumanbHoe 3aTyxanue PY onpenaensercs mo cieayrolieit hopmyie:

Ayae =93 = alpy + nycAyc + anApC +A; +Ap 210)



rjae @ — K03 UIMEHT 3aTyXaHus ONTUYECKOTo Kabens, Kb/kM;
lpy — IUIMHA PETEHEPALMOHHOTO y4acTKa,
Nyc — YACIO HEPAZBEMHBIX COCUHECHUM;
Ayc — 3aTyxaHWe HEpa3beMHOTO ONITHYECKOTO COSUHECHHUS, Nb;

Ny — YUCJIO0 Pa3bCMHBIX COC,ZII/IHeHI/II\/'I;

p

A ¢ — 3aTyYXaHHUC Pa3bCMHOI'O OIITHYCCKOI'O COCANHCHUSI, I[B;

p

A;=0,5....1,5 nb — TemneparypHbie uamepenus napamerpos LIBOCII

1 ONITUYECKOTO Kadels;

Ag — 2...6 1b — nonycku Ha yxyamenue mapametpoB [IBOCII co
BpEMEHEM (CTapeHue, Jerpajainus, MoTeps MPO3pavyHOCTU ONTUYECKOTO

BOJIOKHA U 1. ).

Cymma Buga Ai+Ag=02; Ha3bIBACTCS OKCHIYAMAYUOHHBIM 3aNACOM U OepeTcs

paBHoit 61b. CnenoBarensHo, (2/]) MOXKHO TIPEICTaBUTH B BUJIE:
Avare =3 =a * lpy + Ny * Ape + Npc * Apc + 3, (31

B dopmyne (2/]) KomMyecTBO HEPa3bEeMHBIX COCAMHEHUM Ha JIMHE

pEreHepalMoOHHOTO y4acTKa PaBHO:

ne = (1) - 1 on

Lerp

[ToncTaBuB Nyc B hopmyny (3/]) ¥ BBIMOJHUB HECIOXKHBIC MPE0Opa30BaHMUS,
noyiyarM (popmyiy NIt OnpeAesieHuss MaKCUMaTbHOW JJIMHBI PEreHepaiuoOHHOTO

y4acTKa.

l _ 9-3;—Npc*ApctAnc
py Make a+Agc/lerp

(31
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Ha pnuHy pereHepallmOHHOIO yd4acTKa BIIMSET BEJIWYMHA JHCIEPCUU
OIITUYECKOr0 BOJIOKHA. lIpenenbHas qyMHa pereHepanvoHHOIO y4acTKa C y4EeTOM

nucnepcun OB paBHa:
lpyn = 0,25/0B (6/1)
TJIc 0 — IUCIIEPCHUS ONITHYECKOTO BOJIOKHA, C/KM.

B — ckopocth mepemaud IHUQPPOBOTO MOTOKA, COOTBETCTBYIOLIAS KOIY

JMHENHOr0 HU(POBOrO CUTHAJA.
J1J11 MHOTOMOJIOBOTO BOJIOKHA BEJTMYMHY 0 MOYKHO OIIPEAETUTH 10 GopMyJie:
o =0,25/AF (710)

3necs AF — xo3ddunment mmupokomnonocHoctu OB, I'm*km (Oepercs u3

MacrnopTHbIX 1aHHbIX OB).

I[JBI OJHOMOJOBBIX OB B IMAaCIIOPTHBIX JAaHHBIX YKA3bIBACTCA HOPMHUPOBAHHAA
CpC€AHCKBAAPATHICCKAsA OUCIICPCUA Op HC/HM*KM, KOTOpass CBsA3aHa C O

OTHOILIEHHUEM.
o =10"12 % AL, c/xm (8]1)

['me AA — mmpuHA MOJOCH ONTHYECKOTO M3TYyUYEHUS, HM, OMpPEICIsieTCs U3

CIIPpaBOYHLIX JAHHBIX COOTBCTCTBYIOIICTIO HCTOYHHUKA OIITUYCCKOI'O U3JTYYCHUS.

s cBeromsnmydaronux auoaoB AA =25..40HM w®w aId  J1a3epHBIX

MOJTYITPOBOHUKOBBIX T0oA0B AA = 0,2 ... 5 HM.

Ecnmu nnmvnaa perenepanimoHHOTO ydacTka, ompeneneHHas no dopmyre (6/1),
OKa3bIBaeTCS MCHBIIE JUTMHBI PEreHEPAIMOHHOTO YYacTKa, OIMPEISICHHOTO II0
dbopmyne (5/1), To BEIOMPAIOT JJIMHY PETeHEPAIIMOHHOTO y4acTKa, ONPeaeICHHOTO
o ¢opmyne (6/1). B mpoTuBHOM ciiydae cieyeT BoIOpaTh ONTUUECKHUN KaOelb ¢

JIPYTOU BEJIMYUHOUN JUCIIEPCHUM.
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PaccmoTpum npumep:

Onpenenenne mmuHBl pereHepannoHHoro yvactka miuga IIBOCII Ttuna
«Conka-4M», ecau W3BECTHO, YTO €€ DHepreThudeckuil moreHuuan I=38 nb,
pabortaer no kabemto Tuna OKJI ¢ xoaddunmuentom 3aryxanuss a=0.35 ab/km u
crpoutenbHas MUHON lp=2 kM. [IprMem sKcrmyaTanmoHHBIN 3amac 2,=6 1.
Yucno pa3beMHBIX COEIMHEHUN HE PETEHEPALlMOHHOM YYacTKe Np.=2. 3aTyxaHHe
OJTHOTO pa3zbeMHOro coenuHeHus Ap—=0,5 nb; 3aTyxaHue OgHOro HEpa3zbEMHOIO
coequHenust A,.=0,1 nb. Ckxopocth mepemauu JIMHEHHOro HU(PPOBOTO CHUTHANA

B=167,1168 M6wut/c nmu B=167,1168*10° 6ut/c.
[TonctaBuB B popmymy (5]1) HCXOaHBIE JaHHBIC TOTYIHM:

l _ 973 MpetApet Ay _38-6-2+05+01_
py make & + A /lerp 0,3+0,1/2

OnpenenuM JJIMHY PETEHEPAIMOHHOIO y4YacTKa C Y4YeTOM JMCIEPCUOHHBIX
ceoicte OB. Ilo dopmyne (8]) Hailnem CpemHEKBaJApaTUUECKOTO 3HAYCHUS

AUCIICPCHUH, IIO0JIOKHB B HEH.

IiC
AA = 2,6HM U g = 3,5— * KM
HM

o=10"2xAl*0, =10712 %26 %3.5=9.1 %1072 c/km
[To hopmyine (6]1), Haitnem JIMHY pereHepaluOHHOTO y4acTKa:
lpyn = 0,25/0 % B = 0,25/9,1 « 10712 % 167,1168 * 10° = 164 kM

Bri6upaercst nimHa pereHeparmoHHOT0 Y4acTKa, ompeessieMas 3aTyXaHueM

OIITUYECKOTO Ka0eJIA.
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MPUMEPHOE COJIEP)KAHUE MOSAACHUTEJIbHOM 3AIIMCKH

BBCI[CHI/IG (H?)JIO}KI/ITI) CBOC ITIOHMMAHUC COCTOAHUA U IICPCIICKTUB PA3BUTHUA
TCXHUKH MHOI'OKaHAJIbHBIX TCICKOMMYHHUKAIIMOHHBIX CHCTCM Ha OCHOBC

UG POBBIX CUCTEM MEPEIaUn ).
1. [Toctpoenune okoneunou ctanuuu LCII
1.1. CrpykrypHas cxema okoHeuHou ctanuuu L[CIT.

1.2. Pacdyer 3HaueHuii fu u fB 9acCTOT MOJIOCHI MPOMYCKAHUS TPYIIIOBOTO

AWM-Tpakra.

1.3. CrpykTypa KOMIIOHEHTHOTO UHU(PPOBOTO TMOTOKA MEPBUYHOMN

BPEMEHHOM TPYMIIBIL.
1.4. CrpykTypa HMKJIa arperaTHoro Hu@poBoro NoToKa.
2.  Ompenenenue xapakrepuctuk koaeka [ICII.
2.1. Omnpenenenre HaNpsHKEHUS] OTCYETA HA BBIXOJIE ACKOIEpa.
2.2 OrmpepaeneHue 3HAYCHHS Pa3psIOB KOJOBOM TPYIIITH.

2.3 OreHKa BeJIMUYUHBI 3alAIIEHHOCTH OT WCKaKEHWIH KBAHTOBAaHUS Ha

Bbixoje kanama TY LCII.

2.4  OrmpejeneHre KOJIMYECTBA Pa3psioB B MOJIAX KO/10BOM rpynmsl MKM-

64.
3. [TocTpoeHne KOHOBOK MOCIEIOBATEIIBHOCTH.
3.1. TlepeBoa AeCATUYHOIO YKCIa B IBOUUHYIO (POPMY U KOJUPOBAHUE.

3.2. Pacuer u mocTpoeHHE IBOMYHOW TMOCJIEIOBATEIIBHOCTH Ha BBIXOJE

cKkpemouiepa.

4, Pacuer nnunbl perenepanronnoro yyactka [{CIT .
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4.1. Pacuer nnunbl pereHepanronHoro ydactka L{CII no cuMMmeTpuyHbIM

Ka0EeJIsIM.

4.2. Pacuer nnunbl perenepannonHoro ydactka L[CII mo koakcuampHOMY

Ka0ertto.
4.3. Pacuer nqnunbl perenepanmonHoro yyactka L{CIT mo BOJIC.

3akmtouenue (KpaTkoe onucaHue BBINIOJHEHHONM paOOThl, 3HAYMMOCTD

MCII)

CHuCOK HCIIOJIb30BaHHBIX HCTOUYHHKOB.
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