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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
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© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28
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© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023
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Editorial chief
ZHURINOY Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
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ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
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Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences,
Nebraska University (Nebraska, USA) H = 32
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corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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2 Educational Institution "Military Academy of the Republic of Belarus", Belarus;
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A NEW METHOD OF MATCHING THE SYNTHESIS OF MATCHING DEVICES BASED ON
MODIFIED APPROXIMATION IN TELECOMMUNICATION DEVICES

Yerzhan Assel — PhD. Department "Telecommunications and Innovative Technologies". Almaty University of Power
Engineering and Telecommunications named after Gumarbek Daukeev, Almaty, Kazakhstan

https://orcid.org/0000-0003-3533-1371. E-mail: a.erzhan@aues.kz;

Boikachev Pavel — Educational Institution "Military Academy of the Republic of Belarus". 220 Nezavisimosti Ave., Minsk,
220057, Belarus

https://orcid.org 0000-0003-2873-9192. E-mail: pashapasha.boi@mail.ru;

Virko S. — Educational Institution "Military Academy of the Republic of Belarus". 220 Nezavisimosti Ave., Minsk, 220057,
Belarus, https://orcid.org 0009-0001-0153-3461, E-mail: ketsapog@mail.ru;
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Abstract. The article presents a technique for solving broadband matching problems based on a
generalization of the Darlington method using modified approximating functions. The methodology is
illustrated by an example. Hydrogeological organizations (surveying, prospecting and exploration of fresh
water and mineralized groundwater deposits) are among the regional production geological enterprises.
Engineering and geological studies are carried out by special engineering and geological detachments as part
of hydrogeological or complex geological exploration expeditions of regional subordination. Noticeable
progress in the technology of satellite and mobile telecommunication systems is largely due to new
developments in the field of electrostatic precipitators. The main efforts of the developers of these elements in
the last two decades have been aimed at increasing their selectivity, reducing spectral distortion of signals with
minimal weight and size indicators. Many publications are devoted to the calculation of matching
telecommunications devices, but practice shows that most of them are aimed at solving problems using
numerical methods. The disadvantage of numerical solutions is: the calculation of the parameter value at a
point and the inability to determine the nature of its changes in the vicinity of the calculated value; the
appearance of various types of errors in complex calculations, which dramatically reduces the value of the
calculations carried out; the complexity of using the calculation results when creating and fine-tuning
mathematical models. In turn, analytical solutions make it possible to investigate the influence of physical
parameters, initial and boundary conditions on the nature of the solution. The results of analytical solutions
contribute to the development of adequate mathematical models of the phenomena under study, the analytical
solution is well adapted for solving problems of parametric identification and diagnostics of the state of the
objects under study. Analytical solutions are more informative, the calculation of the solution at any particular
value of the argument can be done as precisely as possible, the ability to calculate the value of the solution at
one point without having to calculate values at other points.

Keywords: engineering geology, frequency response, approximation, broadband matching device, z-
parameters, polynomial, load

© A.A. Epwxan’, I1.B. Boiikaues?, C. Beipko?, K. JI. Man6eroa’, I1.A. lynaes’, 2023
Fymap6ek JlaykeeB aThiHIarbl AIMATHI SHEPTETUKA KIHE OalilaHbIC yHUBEPCUTETI, Anmatsl, KasakcTan;
’Benapych Ockepn AkageMuscel, Munck, benapycs;
3C. Celidymnun ateingarsl Kazak arpoTexHuKanblK yHUBEpPCHTETI, Actana, KazakcTaH.
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TEJEKOMMYHUKALIMSIBIK KYPBLIFBUIAP AT B MOJAUPUKALIMSAIAHFAH
JKYBIKTAY HET3IHIE YAJIECTIPY KYPBLIFBUIAPBIHBIH CUHTE3IH YIJIECTIPY IIH
JKAHA DJICI

AnHOTaumus. Maxkanaga MoauUKAIMsIAHFAaH JKYBIKTAay (YHKUMSUIAPBIH KOJIAaHA OTBIPBIIL,
JlapIMHTTOH OMICIH KaIblIay HETi3iHIe KEH JKOJAKThI KEJIiCy MoCceNeNIepiH eIy 9MiCTeMeC KeNTipiireH.
Texnuka MpicanMeH cyperTenreH. I uaporeonmorusimelk yibiMaap (Tymsl ¢y KeH OpBIHIAPBIH IKOHE
MUHEpaJlaHFaH >Kep acThl CyNapblH TYCipy, i3[ey JoHe Oapiay) OHIpJIiK OHIIPICTIK T'eOJOTUSUIBIK
KOCIMOPBIHAAPABIH KaTapblHa >KaTaibl. MHXEHEPIiK-TeoNOTUsIIBIK 3epTTeyNepai OHIpIiK OarbIHBICTAFbI
THJIPOTEONIOTHSJIBIK HEMece KEIICHAl TeOJOTHUsUIBIK Oapiiay SKCHEeIUIHMSIAphIHBIH KypamblHIA apHaibl
WH)KEHEPIIK-TeOJIOTHSUIBIK  OTpsiATap okyprizeai. CHYTHHKTIK >KOHE MOOWIIBAI TENEKOMMYHHKALMSIIBIK
XKYHesep TeXHUKACBIHAAFbI eJleyJIi nporpecc kebiHece 31eKTpoMIbTpIEp calaChIHIAFbl J)KaHa d3ipieMenepre
OatinanpicThl. COHFBI €Ki OHXKBUIIBIKTAa OCBI AJIEMEHTTEP/Il JKacayllblIapAblH HETi3Ti KYUI-Kirepi olapibiy
CCJICKTUBTLIITIH  apTTBIPYFa, MHMHHUMAJJbl MAacCaJblK KOPCETKIITEPMEH CHTHAIAAPAbIH CIHEKTPIIK
OypManaHyblH a3aiiTyra OarbITTanrad. KemTereH X apusulaHBIMIAD KeENiCUITeH TelIeKOMMYHHKALUSIIBIK
KYPBUIFbLIAP/IbI €CENTEYTe apHaiFaH, Oipak ToHKIpuOe KOPCETKEHICH, OIapAblH KOIIILIIr eCenTepal CaHIbIK
omicTepMeH 1erryre OarpiTTanrad. CaHIbIK MICIIIMACPAIH KEMIIUIIT: TapaMeTp/IiH MOHIH HYKTEIE eCenTey
KOHE OHBIH eCENTEeNIeH MOHHIH MAaHBIHIAFbl ©3repiCTEepiHiH CHIATBIH AaHBIKTAY MYMKiH; op Typii
KaTeNKTepAiH Kypieli ecemnrTeylepiHme maiina Oodybl, Oy ecenTeynepliH MOHIH KYPT TOMEHIETEI;
MaTeMaTHKAIBIK MOJIENBACPAI KYpy JKOHE JKETUINIpy Ke3iHle ecenTey HOTHKENepiH mainananyby
Kypaeniniri. ©3 Ke3eriHae, aHAIUTHKAIBIK MIemiMaep (QU3UKAJIbIK THapaMeTpiepiiH, OacTamKbl KoHE
IIeKapanblK OJKaFJaiiapiblH IIENIiM CUIAThIHA JCEpiH 3epTTeyre MYMKIHIIK Oeperdi. AHAIMTHKAJBIK
HICIHIMICPIH HOTHXKEIEpl 3ePTTEICTIH KyObUIBICTApAbIH Oapabap MaTeMaTHUKAJIbIK MOJC/IBICPIH Kacayra
BIKIIaJ eTelli, AaHATUTHKAJIBIK JKOJIMEH IIeNTy TapaMeTpilik CONKEeCTeHAIPY JKOHE 3epPTTENIeTIH 00bEKTiIIepIiH
KarJablH JMAarHOCTHKAJay MOCelNeNepiH IIemyre »akchl OeHiMaenTeH. AHAIUTHKANBIK —IIemIiMaep
HEFYPIIBIM aKIapaTThI- JILIKKA Ue, apTYMEHTTIH Ke3-KeJreH HaKThl MOHI 0ap menriMi ecentey Ke3-KelareH a7,
0acka HYKTeJeperi MOHAEPI ecenTeMel, Oip HYKTe/Ie IIelliM MOHIH ecenTey MYMKIHIITI.
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AHHOTanus. B cTarbe mpuBeneHa METOAMKA PEIICHUS 3a4ad IHPOKOIIOJIOCHOTO COTJIACOBAHMA Ha
ocHOBe 00001eHNsI MeToAa J[apIMHITOHA C HCIOJIb30BaHMEM MOAUMUIIMPOBAHHBIX AINPOKCUMHUPYIOLUIUX
¢ynkuuii. Metonuka wuOCTpupyeTcs: mpuMepoM. ['maporeosorndeckue opranuzaniy (CbeMKa, MOUCKU U
pa3BeKa MECTOPOXKACHUH MPECHBIX BOA W MHUHEPAIN30BAHHBIX TOA3EMHBIX BOJ) BXOIIT B YHCIO
PETHOHAIIBHBIX ~ NPOM3BOJACTBCHHBIX  TEOJIOTMYECKUX  Hpeanpuatuii.  MHXEHEepHO-T€OIIOTHYECKUE
UCCIIEI0OBaHUs (aHAJIN3bI) MPOBOAATCS CIELHUATIbHBIMA HMHKEHEPHO-IEOJIOTMYECKUMHU OTPSAAAMU B COCTaBe
THIPOTEOTIOTMUECKNX WM KOMIUIEKCHBIX T'€0JIOrOpa3BeIOYHBIX 3KCIEIUIMH PErMOHANIBHOIO MOAYMHEHMS.
3aMeTHBII Mporpecc B TEXHUKE CIYTHUKOBBIX U MOOWJIBHBIX TEJIEKOMMYHHKAIIMOHHBIX CHCTEM BO MHOTOM
00YCIIOBJIEH HOBBIMHU Pa3pabOTKaMu B 001acTH 371eKTpoduibTpoB. OCHOBHBIE YCHIINS Pa3pabOTINKOB ITHX
3JIEMEHTOB B TMOCJIEOHHME J[1Ba JACCATHICTUS OBLIM HampaBlieHbl Ha IOBBILICHWE WX H30MpaTeIbHOCTH,
CHIDKCHHE CIEKTPAIbHBIX HCKOKEHUH CHUTHAIOB IIPM MHUHUMAJbHBIX MAacCOraOapUTHBIX IOKa3aTessx.
Pacuery cormacyronmx TeIeKOMMYHUKAIIMOHHBIX YCTPOMCTB MOCBAIICHO HEMANO MyOJHKAIMH, OJHAKO
MPAaKTUKA ITOKa3bIBAET, YTO OONBLUIMHCTBO M3 HUX HANpPAaBJICHO HA PEelICHHE 33Aad YHCICHHBIMH METOJaMH.
HenocraTkoM 4MCIIEHHBIX pEIIEHNH SABISIETCA: BEBIYUCICHUE 3HAYEHHS TapaMeTpa B TOUKE M HEBO3MOKHOCTD
ONpEIEICHNS XapaKkTepa €ro N3MEHEHU B OKPECTHOCTH BBIYMCICHHOI'O 3HAYEHUS; MOSBIECHUE B CIOXKHBIX
pacderax pa3MYHOTO THIA OMIHMOOK, YTO PE3KO CHMKAET IIEHHOCTHh MPOBOJAUMBIX BBIYHCICHUI; CIOKHOCTH
HCIIOJIb30BaHMs PE3yJIbTaTOB pacueTa NpHU CO3JaHUM U JOBOAKE MaTeMaTHYECKHX Mojenel. B cBoro odepens
AQHAJMTUYECKUE PEIICHUs] TO3BOJISIIOT HWCCIENOBATh BIHMSHUS (UIUUECKUX IMApaMeTpOB, HAYANBHBIX |
TPAaHUYHBIX YCIIOBHH HAa XapakTep pelleHHus. Pe3ynbTaTbl aHaIUTUYECKUX pEIIeHHH CIOCOOCTBYIOT
pa3paboTKe aJeKBATHBIX MaTeMaTHYECKHX MOJIENIell HCCIelyeMbIX SIBJICHUH, PELICHHE aHATUTHYECKUM
CHoco0OM XOPOLIO NPUCTIOCOOIICHBI I PELICHHUS 3a/1a4 apaMeTPHUECKON MICHTU(HUKALMN U TUarHOCTHKH
COCTOSIHUSI iCCTIETyeMBIX O0bEKTOB. AHAIMTHYECKHE pelieHus OoJiee HH)OPMATUBHBI, BEIYMCIICHE PEIICHHUS
IpY JF000M KOHKPETHOM 3HAYEHUH apr'yMEHTa MOXKHO CIIEJIaTh KaK yTOJHO TOYHO, BO3MOKHOCTD BBIYHUCIICHUS
3HAYEHUS PeIICHHUS B OJJHOM TOUKe, HE MpHOeras K BBIYMCICHUIO 3HAYCHUH B JPYTUX TOUKAX.

KaloueBbie cioBa: uWH)XEHEpHass TIeOJOTHs, YacTOTHas XapaKTEepHUCTHKA, aIllpoOKCHMalus,
LIMPOKOIIOJIOCHOTO COMVIACYIOLIEr0 YCTPOMCTBA, Z-IapaMeTpaM, IIOJIMHOM, Harpy3ka

Introduction

The ability to determine the value of the desired parameter at any point, and not just at the grid nodes;
the stability of the result obtained gives the analytical solution (Dedus et al., 2004:1). At the same time, the
main disadvantage of analytical solutions is their limited ability to solve a number of complex matching
problems (Fano et al., 1965: 2).

These circumstances make it necessary to publish a detailed method of solving some complex
matching problems, which previously caused difficulties in solving them by analytical methods, as well as all
stages of calculation of matching circuits.

The geological and technical outfit is issued by the technological service of the expedition to the
drilling crew. It includes a design geological section, a well design, recommended types and brands of rock-
breaking tools and parameters of drilling modes, it specifies methods for preventing geological complications,
intervals for measuring the curvature of the wellbore, conducting geophysical studies and hydrogeological
observations.

The main volume of large arrays of digital data obtained with the help of geophysical equipment is
produced in the computing centers of the exploration enterprise equipped with modern workstations.

Loads with complex transmission zeros located on an imaginary axis (blocking loads) cause
difficulties in using analytical methods, since systems of restrictions on the limits of broadband matching turn
out to be unsolvable due to the limited variational capabilities of classical approximating functions (Filippovich
et al., 2005: 3; Orazbayev et al., 2021: 4). Interest in such problems remains due to the fact that loads of this
class serve as parametric models of some antennas and stop filters (Yarman et al., 2010: 5; Cherdyntsev et al.,
2010: 10; Gorshelev et al., 1977: 11; Yerzhan A. 2023: 13; Abdykadyrov et al., 2023: 14; Abdimuratov et al.,
2021: 15). The generalized Darlington method (Filippovich, et al., 2004: 6) with the use of modified
approximating functions provides significantly greater opportunities for solving such problems (Boykachev et
al., 2012: 7; Moldasheva et al., 2022: 8; Yerzhan A. 2023: 13). When examining the possibilities of matching
such a load, it was found that the solution by analytical methods exists for a limited range of classical
approximating functions (Zalatarev functions) and causes significant difficulties, and in most cases, it is
impossible to solve them using classical approximation functions (Filippovich et al., 2005: 3). The problem is
that the classical transfer functions do not contain zeros on the imaginary axis of the complex plane, therefore,
for the compatibility of the barrier load resistance functions and the input resistance function (Alekseeva et al.,
19879), it is proposed to use the modified Chebyshev function of the form (1)
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k2
Km(_sz): N 2 b
1+82H(502_1)2NTCheb(maS) (1)
40 ]:[0(52 +s:)’

where Téheb (m, s)— approximating Chebyshev polynomial of order m, first kind

¢ — coefficient of nonuniformity of characteristic in the filtration band,

so— the complex frequency at which the function takes a zero value,

k — power gain

q— the frequency at which the power transfer function takes a zero value.

N-— the number of frequencies at which the power transfer function takes a zero value.

The modified Chebyshev function differs from the classical Chebyshev function in that zeros are added
to it in a certain way (1). These zeros are formed by double complex-conjugate pairs located on the imaginary
axis of the complex s-variable plane; the roots of the numerator and denominator (1) obey quadrant symmetry,
so that the coefficients of the Hurwitz polynomial are valid and the matching chains with the selected transfer
function are physically feasible.

In the course of visual consideration of the function (1), accept m=5, £=0,349, k=1. Asan
example, introduce transmission zeros at frequencies s, = 1.1j into the transfer function considered above (1).
For the selected conditions, function (1) will take the form:

K(—s2)= —s'—2.425*-1.46 (
—s" 245> —1.464+11.28£%'° +28.22%" +24.6952° +8.82¢%s* +1 2)

Function (2) in s-coordinates forms the surface shown in Figure 1. The cross section of the surface
shown by the plane s = jw represents the frequency response of power transmission (2) shown in Figure 2.

K

Figure 1. Surface of a modified transfer function (2) in the s-plane dissected plane S = Ja)
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Figure 2. Frequency response of power transmission (2)

It should be noted that the zeros of the transmission on the imaginary axis, are located on the interval,
from the cutoff frequency to infinity. As the frequencies at which the function takes a zero value are removed
from the cutoff frequency, the modified function tends to the classical Chebyshev approximation, i.e., at

S, — % the modification degenerates and the function takes the value of the Chebyshev function.

The initial data for calculating the matching circuit are the parameters of the matched load. The load
can be set either as an analytical transmission function when the electrical circuit of the load is known, or in
the form of measured parameters (antenna resistance, S—transistor parameters measured at a number of
frequencies). In the latter case, it is necessary to choose an equivalent circuit that describes the load resistance
with sufficient accuracy.

In the most general form, the functions of resistances and load resistance can be represented as follows:

Zin(s) = my+n, myy +nqyy

Zy(s) = ———, 3)
where m and n with the corresponding indices mean the even and odd parts of the polynomials of the

my, +n,’ Myy + Noy
resistance functions.
As an example, we will set a five-element blocking load Figure 3:

Lu

Ch R~

) 1
Figure 3. Model of the blocking load
The load resistance shown in Figure 3 is described by the following expression.
a,, +a,5+a,s +a,8s
b,, +b,,s+b, s  +b, s’ +b, st
where a, =R, a,=L,+L,,a, =R, L,C,+R,L,C a, =L L,C,+LL,C,
b, =L b,=R,C,b, =L,C,+L,C,,b,, =L,C,RC.b, =LCL,C,.
It can be seen from expression (3) that the load resistance has transmission zeros on the imaginary
axis. To determine them, we will set the normalized values of the load parameters: L , =0,295, C , =2,
L =03,C, =05, R, =1.Inthis case, the function Z,(s) will take the form (5).

Z,(s)=

4

H
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1+0.79s +0.67s> +0.33s’
Z,(3)= ; 3 s (5)
1+0.74s" +0.17s” + 0.08s
As a transfer function, we choose the modified Chebyshev function (1).
Let's set K =15, =1,3j and get a transfer function (1) of the form (6):
~2.85-3.38s —s* (

K (-s%)=
(89 —2.85-3.3852+11.95%¢> —s* +95.25%¢> +266.65°c> +304.7s*c> +121. ©)

The ratio between the reflection coefficient and the power transfer function (6) has the form (7):
K, (=s")=1-p (5)p (-3), (7
In expression (7) p (s)p (—s) —is a function of the reflection coefficient at the input of the matching
circuit for a low-frequency prototype of the fifth order, we represent it as a ratio of polynomials (8)
b.s® +b,s* +b,s® +b,s* +bs+b, —bys’ +b,s* —bys® +bys’ —b, (

p(s)p(=s) =
ass’ +a,;st +as’ va,st +as+a, —ags’ vast —ayst va,st —a S

find a system of equations for determining the coefficients of polynomials:
b,” =0;2b,b, —b,> =11.9025%;2b,b, —2b,b, +b,” =95.2257;
2b,b, —2b,b, —b,* =266.6165%;-2b,b, +b,” =304.7¢%;b,” =121.8¢;
a02 =-2.852a,a, —a12 =11.9¢*-3.3;2a,a, —2a,a, + a22 =95.22¢&%;
2 2 2
2a,a, —2aa,—a, =266.616¢’;—2aa, +a, =304.7¢*;a, =121.88¢°
as a result of solving which, together with a system of constraints, find the input resistance function

9):
0.72s5 + 1.82s* + 3.41s3 + 4.03s2 + 3.255 + 1.88

0.56s* + 1.42s3 + 2.27s2 + 2.14s + 1.5 ’

Zin(s) = )

Thus, the function Z;y(s) contains all the zeros of the transfer of the function Z,(s) of at least

multiplicity. Finding the joint z-parameters of the approximating function and the load indicates a variant of
the z-parameters (Yarman et al., 2010:5) which has the form:

_ mmyy —mnyy | _ oy — Ny
m = ) Zn = )
RyMyy —MyNoHy nyMyy —Myhoy
12 (10)
[(mymy — nyny )(mymyy — gy )]

212 =

b

NyMyy — Myloy
where  my, m,, ny, n, — accordingly, the even and odd parts of the polynomials of the rational
function Z;y (s);
respectively, the even and odd parts of the polynomials Z;(s)
miu, Mau, Ny, N2n — respectively, the even and odd parts of the polynomials Zx(s).

Substituting in (10) the components of the resistance functions (5) and (9), we obtain a system
of z-parameters of the matching circuit

0.75s* +1.93s* +1.11 0.55s* +1.82s° +1.51
z,,(s) = T Zn(®)= 5 3 ’
0.99s +0.588s 0.588s” +1.99s” +1.69s
2 4
Az(s) = 1.97+2.35s"+0.707s

1.69+1.99s* +0.588s*

The ladder realization of the matching circuit can be obtained as a result of the synthesis of the input
resistance of the matching circuit (9). The latter is determined by the found z-parameters.
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A, + 211 (S)zu(s)

11
Z22(8) +zy(s) (1

Zin(s) =

what results in:

2s) = 0.25s5 + 0.63s* + 1.19s3 + 1.41s2 + 1.14s + 0.66 1)
INGS) = 019954 + 055 + 07952 + 0.755 + 052

The resulting input resistance can be realized as the resistance of the ladder circuit loaded on the active
resistance, with normalized values of the elements: C, =1.05, L, = 0.96. The synthesized scheme of a

broadband matching device (BMD) for the resistance of the signal source together with the equivalent load is
shown in Figure 4.

Lus
YT Y
L1 Ly
O Y Y Ciir Y
Zin(s) e e Re

) 1
Figure 4. Diagram of a broadband matching device (BMD)

Figure 5 shows the normalized frequency characteristics of power transmission: a dotted line — without a BMD, a solid one
— with a BMD.

Ko (w)

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0 0.5 1 1.5 2 2.5 3 W,paalc

Figure 5. Frequency characteristics of filter power transmission

Conclusions

The given method of synthesis of broadband matching devices can be used by specialists to solve a
wide range of circuit problems, it allows synthesizing matching circuits for complex loads having transmission
zeros on an imaginary axis with a low level of frequency response unevenness and a large slope of decline
characteristic of modified approximating functions.

The main end result is geological, hydrogeological, mining—geological and other data necessary for
the preparation of a feasibility study of permanent conditions and development of the field.

These properties are particularly important for the construction of receiving and transmitting paths of
modern broadband radars, satellite information exchange systems, as well as various communication systems.
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