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TEOPETUYECKHUE UCCJIENOBAHUSA TAPAMETPOB T'EHEPATOPA
C CUCTEMOM ®A30BOM MOJACTPOMKH YACTOTHI

Obecneuenue HaceneHus Ni00080L NPOOYKYUel onpeoensemcs He MONbKO YPOBHEM Npou3eo0cmsd, HO U
appexmusno opeanuzayueti xpanenus. IIpaxmuyeckuii onvim nokaszvleaem, 4mo O1s XpaHeHus nio0080-1200HOU
NPOOYKYUU WUPOKOE PACHPOCMPAHEHUE NOLYHUUL MEMOO XPAHEHUSI NI0008 8 XOI0OUTbHBIX KAMEPAX C pe2yiupyemou
2a30601 cpedoil. CywecmsenubiM HeOOCMAMKOM 2a3080U Cpedbl AGISEMCS MO, YMO 3HAYUMENbHAS 00/ NOmepPb
n1o0os (0o 30 %) 6 nepuoo xpanenus, RPUXOOUMbCSL HA NOPANCEHUE UX PUIUOTOLULECKUMU DACCIPOUCMEAMU U
bonesnamu (niecenv, pubKU, cnoposvie baxmepuu. B cea3u ¢ uem 603nuKaem HeobXo0UMoCmy 8 paspabomre HOGbIX,
Oonee OOCMYNHLIX U MeHee 3aAMPAMHLIX MEXHOA02UU XPAHEHUs HA OCHOBE NPUMEHEHUs INEeKMPOMACHUMMHBIX
uznyyenuil. B cmamoe uccredosanvt hnykmyayuonnvie npoyeccot 6 cucmeme QAIY eenepamopa c onpedenenuem eé
OocHOBHbIX napamempos. Teopemuueckutl aHanu3 NOKA3AL, YMO 0Nl YHUYMOJICEHUS. MUKPOOP2AHU3MOG HA
nogepxHocmu s100K cledyen nposooUMsb ¢ UCHOIb308AHUEM INEKMPOMASHUMHO20 U3IYYEHUsl 6 OUANA30He YACTOm
73-77 I'Ty, axcnosuyueit 60-80 c., mowgnocmwio 650—750 MBm u omuocumenvhou Hecmabunvrocmwio ywacmomul 10
108, Ananuz NOIYYEHHbIX OAHHBIX NOKA3AT, YMO 00HOKoIbYesas cxema DAY ne moarcem Obimsb UCNOIBL308AHA OJA
C030aHusl CMAOUIBLHO20 NO HACMOME 2eHepamopa Nepecmpausaemozo 6 OUAnd3oHe Yacmom MULIUMEMPOBO2O
Juanasona ¢ xodpduyuenmom ymuodcenus 1500 edunuy. Jns aumamuza GryKmyayuoHHbIX XapaKmepucmux
BLIXOOHO20 CUCHANA 2eHepamopad NpeodNiodCeHo MAmemMamuyeckoe Onucanue npoyecca CUHXpOHU3AYUU Yacmomyl
CUHXPOHUZUPYEMO20 2enepamopa 0Jisi 00HOKObYesol cucmemovt PAITY.

Kniouegvle cnosa: snexmpomazHumnoe usnyueHue,; KpauHegblcoKo4acmomuulli Ouanaszon, oucnepcust ghazol
Koaebanutl, napamempul cucmemvr PAINY.
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TEOPETUYHI JOCIIIKEHHA IAPAMETPIB TEHEPATOPA
3 CUCTEMOIO ®A30BOIo NiiCTPOIOBAHHA YACTOTH

3abe3neuennss nacenenms na0008010 NPOOYKYICIO BUBHAYAEMbCA He MINbKU pieHeM 6upoOHuymea, a i

eghexmuesnoio opeanizayicro 3oepicanns. [Ipaxmuunuil 00ceio noxkasye, wo 0iist 30epicans ni00080-12i0HOI NPOOYKYil

WUPOKO20 NOWUPEHHA HabYy8 Memoo 30epieanHHs NA00i68 8 XOJNOOUNbHUX KAMEpax 3 pecylbO8aHUM 2a308UM
cepedosuugem. Icmomuum HeOOIIKOM 24306020 cepedosuwa € me, wjo 3HauHa yacmxa empam niodie (0o 30%) 6
nepiod 36epieants, 00600UMUC HA NOPA3KY iX (izionociunumu posnadamu i xeopobamu (Yeinb, spubKu, cnoposi
baxmepii). V 36'a3ky 3 yum eunuxac HeoOXiOHicmb 6 po3podYyi HOBUX, OilbUL OOCMYNHUX | MEHUL BUMPAMHUX
MexHon02ill 30epieants HA OCHOBI 3aCMOCYB8AHHS eNeKMPOMASHIMHUX SUNPOMIHIOBANb. Y cmammi 00Cai0NCceHO
Gnykmyayiuni npoyecu 6 cucmemi @PAIIY eenepamopa 3 eusnauenHsm ix ocnosHux napamempis. Teopemuuruii
aHaiz NoKazas, Wo 05 3HUWEHHs MIKPOOP2aHi3Mi8 Ha NOGePXHI AONYK Ci0 NPOo8OOUMU 3aX00U 3 BUKOPUCTNAHHAM
eNeKMPOMAHIMHO20 8UNPOMIHIO8AHHA 8 Olana3oui wacmom 73-77 [Ty, excnosuyicto 60-80 c., nomyoicnicmio 650-
750 MBm i gionochorw necmabinvricmio uacmomu 10-7-10-8. Ananiz ompumanux danux noxazas, ujo 0OHOKLIbYe8d
cxema @AIIY ne mooice bymu GuKOpucmaua O CMEOPEHHS CMAOLIbHO20 3a YACMOMON 2eHepamopa ma
nepe6y008ycmucs 8 0ianazomi Yacmom MilimMempogo2o dianasony 3 Koegiyicnmom muoodicenns 1500 oounuyv. /[ns
aHanizy QAyKmyayiuHux Xapaxmepucmux 6UXioH020 CUSHALY 2eHepamopd 3anponoHO8AHO MAMeMamudHull Onuc
npoyecy CUHXpOHI3ayii yacmomu, AKUN NOMPIOHO CUHXPOHI3YEAMU 3 2eHePaAmopoM O/ OOHOKINbYe8oi cucmemu
QAITY.

Kniouoegi cnosa: erexmpomacimmue UnpoMiHIOBaHHs, 6KPAUl GUCOKOUACMOMHUL Jlana3oH,; oucnepcis asu
Koauearv, napamempu cucmemu PAIY.
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THEORETICAL RESEARCH OF THE PARAMETERS OF THE GENERATOR
WITH THE SYSTEM PHASE FREQUENCY ADJUSTMENT

Providing the population with fruit products is determined not only by the level of production, but also by the
effective organization of storage. Practical experience shows that for storing fruit and berry products, the method of
storing fruits in cold rooms with a controlled gas environment has become widespread. A significant drawback of the
gas environment is that a significant proportion of fruit loss (up to 30%) during storage is due to their defeat by
physiological disorders and diseases (mold, fungi, spore-forming bacteria. Therefore, there is a need to develop new,
more affordable and less costly storage technologies based on the use of electromagnetic radiation. The article studies
the fluctuation processes in the PLL system of the generator with the definition of its main parameters. Liz showed
that for the destruction of microorganisms on the surface of apples, it should be carried out using electromagnetic
radiation in the frequency range 73-77 GHz, exposure time 60-80 s, power 650-750 MW and relative frequency
instability 10-7-10-8. The data showed that a single-ring PLL cannot be used to create a frequency-stable oscillator
tunable in the frequency range of the millimeter range with a multiplication factor of 1500 units. To analyze the
fluctuation characteristics of the generator output signal, a mathematical description of the frequency synchronization
process of the synchronized generator for a single-loop PLL system is proposed.

Keywords: graine of mulberry silkworm; electromagnetic radiation; range of high-purity; dispersion of phase
vibrations; parameters of the system phase tuning frequency.

BBenenune

ObecrieueHre HacejleHUE IUIOJAOBOM MPOAYKIIMEH OINpenensieTcss HE TOJbKO YpPOBHEM
MIPOU3BOJICTBA, HO M 3(pPEeKTUBHOIM OpraHu3aueil XpaHeHHUs.

[IpakTHueckuil ONBIT MOKAa3bIBAET, 4YTO JJIl XPaHEHUs IUIOAOBO-ATOJHON MPOAYKIIUU
LIMPOKOE PAaCHpOCTPAHEHUE IOJIyUYMJI METOJ XpaHEHMs IUIOJOB B XOJIOAMJIBHBIX KaMmepax ¢
perynmupyemoit razoBoii cpemoit (PI'C) [1]. CyiiecTBeHHBIM HEIOCTATKOM Ta30BOH CpPEJIb
SIBJSICTCSI TO, YTO 3HAUUTEIIbHAS J0JIs1 oTeph 110,108 (10 30 %) B epro/1 XpaHeHH s, IPUXOIUTHCS
Ha MOpaxkeHHe UuX (UMOJIOTMYECKUMHU pacCTpoiicTBaMu U OoJje3HAMHU (IJIECeHb, TPHOKH,
criopoBbie Oaktepuu U 1p.) [1, 2]. B cBsA3u ¢ yem BO3HHKAET HEOOXOIMMOCTh B pa3pad0TKE HOBBIX,
0ojee MJOCTYNMHBIX M MEHEE 3aTPAaTHBIX TEXHOJNOTHMH XpaHEHUsS Ha OCHOBE MPUMEHEHUs
ANEKTPOMAarHUTHBIX u3nydeHuil [3]. [IpumeHeHne Takux TEeXHOJIOrHi TpeOyeT NMpPOBEACHUS Kak
TEOPETUYECKHUX UCCIIeI0OBAaHUI IO OTIpeIeTICHIIO OMOTPOMHBIX MapameTpoB DMII, Tak u coznanus
BBICOKOCTAOMJIBHBIX 10 YacTOTE I'€HEpPaTOpPOB B KOPOTKOBOJHOBOW 00JaCTH MMJUIMMETPOBOIO
nrana3oHa Juist 00ydeHus I0JI0K B MPOIECe UX JITUTENBHOTO XpaHeHHs [2].

W3 nutepaTypHBIX UCTOYHHMKOB CIEAYET, YTO CO3JaHHE BBICOKOCTAOMJIBHBIX MO YacTOTE
HMCTOYHUKOB DM H31IydeHUs: B KOPOTKOBOJIHOBOM YaCTH MHJIJIMMETPOBOTO JHMANAa30Ha SIBISETCS
JIOBOJIBHO CJIO’KHOM HayYHO-TEXHHUYECKOM 3amaueii [3].

B Hacrosiiee BpeMs CyIiecTBYIOUIUE MOTYIPOBOIHUKOBEIE TPUOOPHI TO3BOIISIOT CO3/1aBATh
BBICOKOCTAaOMJIbHBIE, IIEpECTPAauBaEMBbI€ 110 YACTOTE T€HEPATOPbl MUJUIMMETPOBOIO TUANa30Ha, Yy
koTopbix CBY uacTts moctpoeHa Ha ocHoBe (pa3oBoii mepecTpoiiku yacToThl (DAITY).

He.]'lb H 3a1a4YM1 UCCJICT0OBAHUA

Lenbto HacTosIIEH CTaTbU SIBISIOTCS MCCIEAOBAaHUS (IYKTYallMOHHBIX MPOIIECCOB B
cucreme OAITY reneparopa c onpeesneHreM e€ OCHOBHBIX apaMeTpOB.

OcHoBHAA YaCTh

Teopernuecknii aHaIWM3 TIOKa3ajd, 4YTO I YHUYTOXKCHHS MHKPOOPTaHW3MOB Ha
MOBEPXHOCTU S0JIOK CIEAYeT MPOBOJUTH C UCIOJIB30BAHUEM DJICKTPOMATHUTHOTO U3TYYCHHS B
muamasone yactor 73-77 I'Tu, skcmosurmenr 60-80 c¢., mommuocteio 650-750 MBT u
OTHOCHUTEIBLHON HECTAOMIBLHOCTEHIO YyacToThl 10-7-10-8.
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AHanu3 cepuiiHO BBITYCKAaeMOM ammapaTypbl B MHJIMMETPOBOM JMaNa3oHe AJUH BOJIH
MoKas3aJl, 4YTO JTa amnmaparypa HE YIOBIETBOpSET TpeOOBaHMAM [UIS  YHHUTOXCHHS
MHKPOOPTaHU3MOB Ha TTOBEPXHOCTH 500K [4, 5].

Coznanue cTabMIM3UPOBAHHOTO 10 YaCTOTE MUCTOYHHMKA, [IEPECTPAUBAEMOTO B JIMAIla30HE
gactot 73—77 I'Tu, ssBAsieTCS TpyAHOM HAy4YHO-TEXHUYECKOH 3amadeit [6]. Kak mokazan ananms,
3Ty 3aJady MOXHO peIuTh Ha OCHOBe (ha3oBOM aBTOMOACTpOKH uyacToThl (DAIIY)
aBTOreHepaTopa Mo YacTOTe KBAapIEBOro reHepaTopa.

Pemenue 3agaum, CB3aHHOE C OMPEAETICHUEM CTPYKTYPHOH CXEMBbI BBICOKOCTaOMIBHOTO
ANIEKTPOMArHUTHOTO MCTOYHHMKA B JuanazoHe dYactoT Ha ocHoBe DAIIY, cBogutcs K
ONPEICNICHUIO 3JIEMEHTOB CHUCTEMBI IIEpEHOCAa CIIEKTpa OT KBAapLEBOrO TIE€Heparopa B
MUJTEMETPOBBIH quarna3oH [7, 8].

[Mpumenenne cucrembr @AY no3BomUT 0OeceUnTh TPEOYyEeMOE OTHOIICHNUE CUTHAI/TITYM
Ha BBIXO0JI€ TeHepaTopa Py MUHUMAIIbHOM 3HAUEHUHU AUCTIEPCUH (a3bl BHIXOJHOTO curHana [8].

dynkunoHanbHas cxema ¢ oHuM kosibiioM G AITY nokazana Ha puc. 1 [7].

! !
! !
i KT BI' VM ! )CM <« |CI L >
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L_____________________J A
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CHH > D1 >|OHY

Puc. 1. Cxema BBICOKOCTaOMIBHOTO TIO YAaCTOTE T€HEPATOpa C OJHOKOIBIEBOM cructemoit DAITY

B cxeme (puc. 1) Hanpspkenue cunxponusupyemoro reseparopa (CI') BpiIcokocTaOHIBHOTO
rerepatopa (BI') mpeobpazytorcs B cmecutene (CM) Ha nmpomexyTounyro (azy. Ha ¢a3zoBsiii
nerektop (®J1) nocrymaer HanpsbkeHue cunrezaropa (CHMH) m HanpsbkeHue MpoMeKyTOYHOMN
¢dazpr curnana. [Ipu Hamuuuu (a3oBOro paccoriacoBaHUS MEXAY STUMHU HANPSKEHHSIMH Ha
Bbixoge @/ mosiBisieTcs ynpasiisiiolllee HanpsbKeHUE, KOTopoe uyepe3 (PUiIbTp HUKHHMX YacTOT
(®HY) u ycunmutens mnoctossHHOro Toka (YIIT) wu3MeHseT dacToTy CTaOWUIM3UPYEMOTO
reHeparopa. B pesynaprare pabOTBHl CHUCTEMBI aBTOINOACTPONKH (ha3a TpPeoOpa3oBaHHOTO
CMECHUTEeIIeM CUTHAJIa MOJITIep>KUBAETCS paBHOM (aze cuHTe3aTopa. YacToTa CHHXPOHU3UPYEMOTO

w
reHeparopa ¢ TpW 3TOM paBHa PA3HOCTH YacTOT KBapILEBOrO TIeHepaTopa C BHIXOJA

o, =N o, —o,
ymHoxkutens (YM) u cuntesaTopa, To ectb < Kr CHH |

BbIXOOHBIM  HaNpsKEHUEM CUCTEMbI SIBIIIETCS  HANPSDKEHUE CHHXPOHHU3UPYEMOTO
reHeparopa. IlepecTtpoiika ero 4acToTbl OCYLIECTBIISIETCS U3MEHEHHEM YacCTOThl CHHTE3aTOpa.
Benuunna mocnenHel BRIOMpAETCs] 3HAYUTEIHHO MEHBIIEH, YeM YacTOTa BBICOKOCTAOMIBLHOTO
re’separopa.
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[TosToMy oOTHOCHTENbHAsT HECTAOMJIBHOCTh YacTOTHl C(OPMUPOBAHHBIX CHCTEMOW
KoJIeOaHUH OIpeAessieTcsl B OCHOBHOM HECTAOMIBHOCTBIO YacTOTHI KBaplLEBOI'O I€HEpaTropa U
YMHOXHTEJIS.

st aHanmu3a QUIyKTYallMOHHBIX XapaKTEPUCTHK BBIXOJHOTO CHTHAJIa TeHepaTopa HaljeMm
MaTeMaTH4ecKoe OINMCAHWE TIpolecca CHHXPOHHU3AIMM YacTOTHl TeHepaTropa B CXEMe,
n3o0paxkeHHoi Ha puc. 1 [7,9]. B nanHOW cxeme Ha CMECHTENb MOCTYMAIOT HANPSIKEHHUS OT
BBICOKOCTaOMIIbHOTO TeHeparopa (BI') u cuaxpoHn3upyemoro reaeparopa:

UBr (t) = UBF sin Por (t);
U ar (t) =U cr Sin Der (t)’ (1)

rIe:

t
Wpr (t) = Qopr T _[ Wpr (t)dt
O .

_ Posr _ yayanenas (baza BBICOKOCTaGHIBHOTO TeHEPaTOPa;
@y () .
— 4aCTOTa BBICOKOCTAOUILHOTO TeHEPATOPa;
t
e, (1) = Qocr + J o, (t)dt
0 — (ha3a CHHXPOHH3HPYEMOTO FeHEPATOPa.

Ha Beixone cmecurens popMupyercs HanpspkeHUE, 3aBUCSINEE OT Pa3HOCTH (a3, KOTopast
paBHa:

Prp () = @ (1) — @ (1) ()
HanpsbkeHne oT yCHIIUTeNsl MPOMEXYTOYHON YacTOThl U CHHTE3aTOpa MOJAIOTCS Ha BXOJ
¢azoBoro aerexropa (DJ]), Ha BbIX0OI€ KOTOPOTO pa3HOCTH (a3 o(t) paBHa:
P(1) = @ (V) = Py (1) (3)
PaBencTBo (3) cipaBeasiuBO B TOM cllydae, €CJiM ToJioca nponyckanus Y114 3HauuTenbHO
npessilaet nosiocy npomnyckanus @HY [10].
VYhpasnsromee HapsKeHue U, (1) , cHUMaemoe ¢ QuibTpa HHU3KOM yactoTel (DHY),

U,®

CBA3aHO C HANPAXKCHUCM Ha BbIXOIC (1)8.30B01"O ACTCKTOpa C TIOMOIIBIO JIMHEHHOTO

i depeHmanbHOro oneparopa K, (p):
Um(t):K@(p)'Uﬂ(t) ()

CrpykrypHas cxema DAITY, nmoBeneHne koTopoil ommcwiBaercsi ypaBHeHusimu (1)—(4),
MIpUBEJICHA Ha pHUC. 2.
B nannoit cxeme 650k 1/p oToOpaskaeT omepanuio WHTETPUPOBAHUS, COOTBETCTBYIOIIYIO

t
[ (t)dt

uHTerpainy O , a Sy sBufSeTcsl KPYTHU3HON peryjiupoBOYHON XapaKTepHUCTUKU

cuaxpoHusupyemoro reueparopa; KY(p), KVIIT, KCI' — koapduuuents! nepenaun YIIY, VIIT

n CI.
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_______________ ‘ oCHH o(f)

: B @0 : Pip (1

15 >[Ny ﬂ:_)@)_)lw(p) — > [F@ | K(p)

| [ A

______________ - Y
Per (1) KYLT

Y
L 1/p I KCT' | |SVY
Do () .

Puc. 2. CtpykrypHas onHokosbleBas cxema DAY

N3 paccMmoTpeHus CTpPYKTypHO#l cxembl (puc. 2) cleayeT, YTO MOKa3aTeld CUCTEMbI
npeoOpa3oBaHUsl YaCTOTHI BCemeno ompenensorcs Tnokazaremsmu  DAITY:  monocammu
CXBAThIBAaHUSI M yJIE€p>KaHUS, YCTOWYUBOCTHIO, (DUIBTPYIOIICH CHOCOOHOCTBIO, YUCIOM KOJEI]
OAITY.

Ha xapakrepuctuku ®PAIIY okaspiBaioT Ooiblioe BiIUsHUE: KOID(UIMEHT YMHOXKCHHS
yacToThl NyMH, 3ama3JbIBaHUE B TPAKTAX YCUIIUTEIS, YMHOXKHUTEIS M CHUHTE3aTopa 4acToT,
MPUMEHEHHE MPOIMOPIHUOHATLHO-UHTErpUpytoero ¢uiabTpa mocie ¢a3oBoro nerekropa. B
pEATbHBIX CXeMaX yKa3aHHbIE OCOOCHHOCTH OOYCIaBIMBAIOT BBICOKHUU TMOPSIOK HEIUHEHHOTO
nuddepeHIMaTbHOTO YPaBHEHHsI, TOYHO OIMCHIBAIOIIETO IMOBEJACHHE MOAOOHONW CHUCTEMBI, U
CIIOKHOCTh ero wuccienoBanus. CTporoe HccleoBaHHE HEIMHEHHOTO nuddepeHnaibHoro
CTOXaCTHUYECKOT0 YPaBHEHHS C IEpeMEHHBIMU KOA((UIIMEHTAMH U CIIy4alHBIMH BO3JICHCTBUSIMU
MPEJICTABIISAIOT COOON TMpaKTHYECKH Hepaspemmmyto 3amaady [10, 11]. Tlpu maibIx cirydailHbIX
BO3JICHCTBUSX, Korja HenuHedHbiMH cBoiicTBamMu DAITY MoxHO TpeHeOpeyb, aHaIu3 MOKET
OBITh TIPOBEJICH C TOMOIIBIO MeTO/1a InHeapu3aiwu [8, 11].

Cuunraa, uro cucrema @OAIIY HaxoauTCs B COCTOSHMM CHHXPOHM3MA, 3allUIIEM
MTHOBEHHYIO Pa3HOCTh (ha3 CUTHAJIOB Ha BX0J1aX ()a30BOT0 JETEKTOPA CJICIYIONIUM 00pa3oM:

() =9 +Ap(t), (5)

rae.

- P _ cpennee 3Hauenne pasHocTH has;

Ap(t y y
w( )' OTKJIOHCHUEC MI'HOBCHHOU PAa3HOCTHU (1)33 OT CPCAHCTO 3HAUCHUA I10J ACUCTBUCM
ITOMCECX.

Pasnaras HemuuelHyro xapakrtepuctuky @D B pag  Teislopa BOKpPYr TOYKH,
COOTBETCTBYIOLIEH cpeaHeMy 3HaueHHIo (a3bl, W OrpaHUYUBAsCh JHMHEWHBIMU YJICHAMHU
pa3oxKeHus, HanpsikeHne Ha Beixozie @J] MOKHO MpeACTaBUTh CIIENYIOIIMM 00pazoM:

U () =U g COS @ +U g, [SIN A (L) + ©)
+ Ucbﬂmax Cos ¢[gBF (t) + gCF (t)]’

rie:
Ud)ﬂmax = KﬂUBFUCF; K

A — k03P PUIIHEHT NETEeKTUPOBAHUSL.
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B Beipaxkenun (6) mepBBIA YIEH MPEACTaBIsACT COOOW IMOCTOSIHHYIO COCTaBIISIONIYIO,
KOMIICHCUPYIOIIYI0 HAa4yaJbHYI0 PAacCTpOWKY TEHEpPaTOpOB IO YaCTOTE, BTOPOM WIEH —
MIEPEMEHHYIO COCTABJISIOIILYIO, IPONOPLHOHAIBHYI0 MTHOBEHHOMY OTKJIOHEHHIO pa3HOCTH (a3 OT
€e CTAalMOHAPHOTO 3HAYEHUS, a TPETHUH UIeH — MapasUTHYIO aMIUTUTYIHYI MOIYJISIIUIO
BbIxoAHOro curHana @J[, oOyclOBICHHYIO BapualUsSMU aMIUIMTYA BXOIHBIX CHUTHAJIOB.
[Tocnenusisi cocTaBisromas MPUBOIUT K Mapa3suTHOH pazoBoit moaysiiuu CI'. 13 Beipaxenus (6)

ClIeyeT, 4YTO NpU MajblX OTKIOHEHHUAX (Ha3bl OT CpPEIHEro 3HaYCHUS ¢ npupanieHue
HanpspkeHus Ha Beixoje ®J] OymeT onpeaensThes caeayronum Beipaxenrem [11]:

AU, = K@ﬂAgD’ )

rIe:

Koy ==K, sinp

— ko3 purment nepenaun ®JI, B ayurem cirydae paBHbIH 1.

Ecnu ydyectb MHEpLHMOHHOCTH BBIIpSAMUTENEH, TO mnepenatouyHas ¢ynkuus DJ] Oynmer
OTIPEIEIATHCS BHIPAKCHUEM:

Koz

1+ PT oy | ®)

K(Dﬂ (p)

rIe:

T,; =4C,(R, +R))

— nocTtosinHas BpeMeHu OJI;

- i — BHYTPCHHEC COIMMPOTUBIICHUC JUO/JA.

[Tonaras, yto Bce 3ama3abiBaHue cocpeaorodeHo B YIIY, n nuHeapu3ys XapakKTEepUCTUKY
($a3oBoTrO JeTEeKTOpa BOJU3H TOYKHM PaBHOBECHS, MOXHO Tporiecchl B cucreme ¢ @AITY onucarh
C MOMOIIBIO TMHEHHOTO OMEPaTOPHOTo ypaBHeHus [12—-14]:

pp+Q K(p)F(p)=Q, )

rac:
- ¢ — MI'HOBCHHAs pa3sHOCTb (1)8.3 Ha BbBIXOAC (1)33OBOFO ACTCKTOPA;

- Y —nonoca ynepxxanus cucremsl OAIIY;
Q .
- " — HayaJIbHasi Kpyrosasi pacCTPOMKa,
(p) — k03¢ (HUIIMEHT nlepeiaun pa30MKHYTOH CHUCTEMBI B OIIEpaTOpHOI Gopme.

Jlnst aHanv3a TaHHOW JTMHEHHON CHCTEMBI MOXHO HCIIOJB30BaTh XOPOIIO pa3paOOoTaHHBIC
METO/Ibl U3 TEOPUH ABTOMATHUYECKOTO peryiaupoBanus [12].

OntuManeHble mapaMeTpbl cxeMbl reHeparopa KBY numamasoHa ompenensiroTcss 1o
KPUTEPUIO MHUHMMYyMa JUCHEpCHMH YacTOThl (¢a3pl) KojeOaHWil BBIXOAHOTO CHUTHaiA
CUHXPOHHU3MPYEMOIO TeHeparopa € YYETOM XapaKTepHBIX OCOOEHHOCTEH CIEKTPOB BCEX
aneMeHTOB cxembl [10, 12, 13]:

o1 1
= — Q)—————dQ
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rae:

‘”0( ) — DHEPreTUYECKUH CHEKTP HM3MEHEHHUS 4YacTOThl BBHIXOJA CTaOWIM3HPYEMOTO
reHepaTopa;

- T — uHTEepBa) BpeMEHH U3MEPEHHUS;
2

o .
- % — nucnepcusi OTKJIIOHEHHUH YaCTOThI CTAOMIIM3UPYEMOT0 TeHepaTopa.

y S, (©)

C mwmenpro ompeneneHus cnekrpaiabHor wmomHocTH (CIIM) % paccMoTpUM
¢dbunprpyromee neiictsue GAIITY Ha criekTp BBIXOJHOTO KOjeOaHMs, IMojaras, 4To B KayecTBE
(GUIbTpa HU3KUX YaCTOT UCTOIB3YEeM IPOMOPIUOHATLHO-HHTETpUPYOMUi GuibTp ¢ QyHKIHUEH
nepenayu [13].

_ @+ pT,)A+ pTs)

K
D= @ty oty 1)

rac:

LT, T T,

— MIOCTOSIHHBIE BpEeMEeHU (DUITbTpA.

Cxema nponopiuoHaIbHO-UHTETpUPYIOIIero (GUiIpTpa MpuBeAeHa Ha puUcC. 3.

R1
L T
C1
o || || o
R2
Us Ll UBnl
X C2X
[o, O

Puc. 3. Cxema nponopiroHaaIbHO-UHTETPUPYIOMIETO GUIbTPa
_RCR,
B nmaHHOI cxeMme T =RC, + (Rl + RZ)CZ, T, = RZCZ, Ty = RlCl, b Ri+R, ,
T, >T,>T, >T41 C,>C,  R>R,

S‘PO (@) MOXET OBITh TIPEICTABIICHO BBIpAKEHUEM [§]:
2 2
1 W(jQ)
S (Q) =3 CI* (Q) . S HCITY (Q) -
20 Z 9
1+W,(jQ) L+w, (i) 12
i (N
Syer (€2)

— DHEPTEeTUYECKUMA CTIEKTP CUHXPOHU3UPYEMOT0 TeHepaTopa;
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S(/';qu (©) . .
— DHEPreTUYEeCKHi CIIEKTP BCEX HCTOYHHUKOB (IIYKTyalMid, CUUTas, YTO OHHU
HEKOPPETHPOBAHBI MEXKTy CO00IA;
W, (jQ) )
— nepenarodyHasi QyHKus pa3oMKHyTOH cructeMbl GAITY.

C uenplo ympouieHus MaTeMaTHUYECKUX BBIKIAJO0K IPEHEOPEKEHUEM 3ala3blBAHUEM B
TpakTax ymHOxuTens 1 YIIY, u Oynem cuutath K03 PUIIMEHTHI IEpeaun BCEX 3BEHbEB, KPOME
VIIY, ®/] u ®HY, He3aBUCUMBIMHM OT 4acTOTHI B IOJIOCE NPOIyCKaHus cucreMsl. Kpome toro,
npeHeOpekeM BIUSHUEM BETBUM CHHTE3aTOpa Ha INEpeqaToyHyl0 (YHKIMIO CHUCTEMbl U
OTPaHUYMMCSI  y4€TOM  COOCTBEHHBIX IIYMOB CHHXPOHH3UPYEMOTO TeHeparopa U
BBICOKOCTaOMIIbHOTO renepatopa (BI').

W3 paccMOTpeHHsI CTPYKTYpHOU CXeMbl (pHC. 2) cleayer, YTo NepeAaTodHast (hyHKIHS
Pa30MKHYTOH CHCTEMBI OyIET ONpeAeIsaThCs BhpaxenueM [8, 9]:

N Ooalt+ GO, Ji+ (0T, )
Ws(jQ)=—— = _ | -
L+ (19906 I+ (19064 L+ (GO, 1+ (iQ)T,]} i@
= Qo[+ (T [+ (GOTs (L + 105 + Op +0; +04) +
+(19)* (O +06Q0h +O0n 01 + 0604 + 0604 +010;) +
+(162)° 604 01 +01060; +Os04 0s ++T6 0104) + (1) 0e003 00N i}, (5

rae:

_ ng :Ky 'K@z 'KynT 'KCF 'Sy

— moJioca ynepskanusi cuctembl GATTY.

Torna, B coorBercTBHM C (12), SHEPreTUYECKUM CIIEKTP CUHXPOHU3UPYEMOI0 reHepaTopa
OyZeT UMeTh BUJ:

S, (Q)=S,e, ()| {L+ QT + T, +T,+T,) +

+ (] (T, Ty + Ty Ty + Ty Ty + Ty T, + T, T, +T.T,) +

+(JQ* (Ty Ty Ty + TTy Ty + T, Ty Ty + Ty T, T, + ( jQ)4(TyT¢ﬂT1T4)] jQ} [

| {[1+ JQUT, + Ty +T,+T,) + (JO) (T, Ty + TyT oy + Ty Ty + Ty T, + Ty T, +T,T,) +
+(JQV (T, Ty T, + T TyT, +T Ty, T, + Ty, T\T,) + (jQ)A(TyTMTlTA)]jQ +

QL+ (T JL+ (T + (14)
Sur (@[, W+ JQT )+ JOT,) [ x| L+ JQUT, 4T, +T,+T,) +

(JQ)(T,T, + TyTyy + Ty Ty +T,T, +T,, T, +T,T,) +

+ (] (Ty Ty T, + T.Ty T, + T, Ty Ty + T,y T,T,) + (JQ)* (TyT¢HT1T4)] jQ+

Q,, [L+ joT, i+ jor,]| 2}

Cornacuo [8,9,11] CIIM duykTyanuii BeicokocTabuibHOro reneparopa (BI') crout wus
KBapLIEBOT0 TeHEPATOpa U MAIOIIYMSIIET0 YMHOKUTENS YaCTOTHI.
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KBapueBblil reHepatop cOCTOUT W3 BO3OyAWUTENS, B KOTOPOM B KAaUe€CTBE CEJIEKTUBHOTO
3JIEMEHTA HCIIOJIb3YEeTCS KBAPIIEBBIN pe3oHaTop, U OydepHOro ycuiutens, rnperHazHaueHHOro
JUISL pa3BsI3KH M yCUJICHHS BBIXOAHOTO CUTHAJIa KBaplleBOro reHeparopa. B kBapiieBoM reneparope
94acToTa 3aBUCHT OT YPOBHS MOIIHOCTH, PacCeMBAacMOM Ha KBaplEBOM PE30HATOpE, MpUYEeM
W3MEHEHHUS YacTOThl PAacTyT IpU YBEIUMYEHUU 3TOM MourHocTd. [loaToMy reneparop BblIaér
CUTHAJI MaJIOi MOIIHOCTH (I€CATKH MKBT), KOTOPBIiA 3aT€M YCHIIMBACTCS C TIOMOIIBbIO Oy(pepHOTO
yewmrena. CIIM  ¢uykryanuii  BeicokocTabmnpHOro reneparopa (BIY) wmoxker ObITh
NPUOIIKEHHO ONMCaHa CIICIYIOIINM BhIpakeHueM |8, 9]:

A
S(/JBF(Q) = 51 + AZQ2 N 2
: (15)
rIe:

- Al — ko3pPUIHEHT, XapaKTepU3YIOIUH 1eicTBHE (IIMKKEp-ITyMOB, OH paBeH 10-10 I'u2;
- A2 — k03 duueHT, XapaKTepU3yIOIINii JeiiCTBIE aJIMTUBHOTO IITymMa U paBHbIit 10-13 I'a-1.

CrnexTpanpHas IUIOTHOCTh (QuyKTyammii (a3bl CHHXPOHHM3HPOBAHHOTO T€HEpaTropa
NPUOJIMKCHHO MOXET OBITh OIMKMCaHa CIICAYIONMM BhIpaxkeHueM [8]:

a
S«pcr (Q) = stz , (16)

rIe:

- G - KOX(QPUIMEHT, XapaKTepU3YIOIUH YPOBEHb IIIyMa CHHXPOHU3HPYEMOTO TeHepaTopa,
3aBUCSINMNA OT pekuMa pabOoThl AKTHUBHBIX JJIEMEHTOB TI€HepaTopa W HarpyKeHHOH
JTOOPOTHOCTHU KOJIeOATENbHOM CUCTEMBI;

- @ k0o DUIHMEHT, YUUTHIBAIOLINI YaCTOTHYIO 3aBUCHMOCTD IIYMa.

C Lenbio YIpOIIEHHs AUCTIepCHu mojtaraem & ~ 2, Torna, BeIpakeHHE Il CIEKTPATIbHOMN
IUIOTHOCTH (Pa30BBIX (IIYKTyallii CHHXPOHU3UPYEMOrO IeHepaTopa MOXKET OBITh 3alMCaHO B
BHJIE!

S(pCF (Q) = ng 1 a7)

A criekTpanbHas IIIOTHOCTh YaCTOTHBIX (IIYKTyaluid Oy/1eT UMETh CIe1YIOLIee BhIpaKEHUE
[8l:
(04
__cr
S(pCF (Q) - Qz '
(18)
rae:

4
a.. =10

ar I'n3.

JIist OIIEHKH BO3MOKHOM MHMHHMAJIBHON aucriepcud (asbl (4acTOThI) OJHOKOJBIEBOM

cuctemMbl PAIIY ompenenrM MakCUMalbHOE M MHUHUMAIbHOE BO3MOKHOE 3HAYEHUE IOJIOCHI
yAEpKaHUs.
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MakcuMansHO BO3MOYKHOE 3HAUCHHE ITOJIOCHI YACPIKAHUSA 6y,£[CT OnpeaACIIATECA 3HAYCHHUEM

. . T .
IMOCTOAHHOU BPEMCHU YCWIIMTCIIA HNPOMCEKYTOYHOHU YaCTOThI YV u3 yCi10BUA YCTOMYUBOCTU
CUCTCMBI:

1

\%/4 D P —
2rT, (19)

. T
[TocTosiHHYIO BpEMEHH YCHIIMTENSI TPOMEKYTOUYHOM YacTOTHl = Y MOKHO OINpPEACTUTh U3
BbIpaxkeHus [9]:

(04
Ty =Nn- —A T
x  Af (20)
I'ne
- N _ygpucno kackanos;

(04
- A — (yHKIUMs, 3aBUCSIIIAS OT TUIA KACKAJIOB YCUITUTEIIS;

1.2

- AF_ roJoca nponyckanust yeuaurens. O6prano N 2 3, Ay =

[Tonaras Af :1MF11, BEITUYMHA Iy Oynet paBHa:

T T~

0,1-10°

Q
YA Qynmer MeHbIIe pan. MunuManeHO nomycTHMoe 3HaueHue Y4 Oyzder

y F
OTIpEeETATHCS TON0CcoM cxBaThiBaHus (- X ) OATIIY:

Qyﬂ >27F., 21)
DI(S FCX 2(510" +5cr)' N - fKI“.
= h = —76’5 ~ 1530 10 "
[Monoxxum frr =50 MTI 1, fr 0,05 : Oy =10 : O =10 IpH

7, =100 Fo, = 7,65-102rLI . Qy, >48,04-10°

C. HpI/I TaKuX JaHHBIX

QY
CJ'IGI[OBaTeJ'IBHO, I 1eKHT B npeaciax:

6
108 <Q,, <01-10
5-10 pag -V SV pan (22)
Anamu3 cucteM ¢ ®AITY nmoka3bIBaeT, 4YTO YeM MEHBIIE T0JI0ca yAepKaHUs, TeM OOIbIIe
3arnac yCTOMYMBOCTH CUCTEMBI [8].
[MoacraBnsass (15) m (18) B (14), mOdMydnMM DHEPreTUYECKUN CHEKTP HA BBIXOJE
CUHXPOHHU3UPYEMOTO TE€HEPATOpPa B CICIYIOIIEM BHU/IE:
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S, (Q) :%\ {[1+ JOT, + Ty + T, +T,) +

+(JQ) (T, Ty +TyTyy + Ty T, + T, T, + T, T, +T.T,) +

+(JQ (Ty Ty Ty + T, T T, + T, Ty Ty + Ty, T\ T, + (jQ)4(TyT¢ﬂT1T4)] jQ) [ x

| {[1+ JO(T, +Toy + T, +T,) + (I (TTy +TyTyy + Ty Ty + Ty T, + Ty T, +T,T,) +
+(JQ (Ty Ty Ty + T,T T, +T Ty Ty + Ty, T.T,) + (jQ)° (TyT¢ﬂT1T4)] jQ+

QL+ (GOT,JL+ (I)T] [~ + 23)
[§%+A§ij4ﬁ%ﬂa+jQﬁ)a+jQR)fx\h+jQU}+7;H+71+TQ+

(JO*(T\ Ty +TyTyy + Ty Ty + Ty T, + Ty, T, + T.T,) +
+(JQ) (Ty Ty Ty + 1,1 T, + T, Ty, Ty + Ty, T.T,) + (jQ)° (TyT¢ﬂT1T4)] jQ+
Q,, 1+ jQT, Y1+ joT,) | 2}

Jlis  ompeneneHUs ONTHMAIBHBIX MMAapaMeTPOB  MPOMOPHHUOHATEHO-HHTETPUPYIOIIETO
(GWIbTpa HUCIOIB3yeM YAaCTOTHBIC MMOKA3aTeNIM, KOTOPHIC OMPEACISIOTCS IO KBaJpaTy MOJYJIs
ko3 puIIMeHTa Iepeaaun 3aMKHYTOM cucteMsr [8, 9]:

i | eI

1+W,(jQ)

(24)

rie:
- W, (i)
KBagpat Moy/Ist 3aMKHYTOii cucTembl DATITY (prc.2) GyeT ONpeaelsIThes BhPaKEHIEM:
W, (JQ) =| Qu, U+ JOT,) A+ JOT,) [ x| [L4+ JOT, + T, +T,+T,) +
(1) (T, Ty +Ty Ty + Ty T, + Ty T, + Ty T, +T,T,) +
+(JQP (T, Ty Ty 4T, T Ty 4T, Ty Ty + Ty T,T) + (JQ) (T, T, T.T,) i+
Q,, L+ jQT, 1+ joT,) [ .

— K03 PUIMEHT nepeadn pa3OMKHYTOW CUCTEMBI.

(25)
3aBHCHUMOCTh KBaapaTta MOOYJIA SaMKHYTOﬁ CUCTEMBI OT YaCTOTBI IIPU PaA3JINYHBIX

napameTpax nponopHHOHAILHO-UHTEIPUPYIOIEro GHIbTpa MpUBEACHA Ha pHcC. 4.

y T
[Ipu BBIOOpE MOCTOSHHOM PUIBTpPa ~ 2 HAJO CTPEMUTHCA K TOMY, YTOOBI BBIMOJIHSIOCH

Tl > ;
AQY AQ)

COOTHOILIEHUE K i (& @AITY - 110710Ca MIPOITYCKAHUS CUCTEMBI. B 3TOM cityuae He
MPOUCXOUT YXYJIIEHUS YCTOMUMBOCTU CHUCTEMBI NMpPHU HEOOXOIUMOHM I0JI0OCE MPOIYCKAHUs

AQ@AHII 2 QY,ZI )
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N3 puc. 4 cnemyer, Yro ONTUMAJbHBIMU TMapaMeTpaMyd MPOHOPIHOHATBHO-

T,=10" o T :10*36’ T,=10" . T =10"°

uHTerpupytouiero ¢uiaptpa OyayT C Ipu
_104
MOJIOCE NPOMYCKAHUSI CUCTEMBI AQ@A”" =10 pan.
AvS)
1,6
3
1,2 X

0,8 \

NN
NV
N
10 102 103 T04°% P4

Puc. 4. AMIuinTyiHO-4acTOTHasl XapakTepUCTUKa 3aMKHYTOH cucteMbl DATIY:

1 -TY=10-6¢c; T®OJ=10-3¢; T1=10-3¢; T2=10-4¢; T3=10-5¢; T4=10-6 ¢c; QY]] =104
paxn;

2 —-TY=10-6¢; T®I=10-3¢; T1=10-2¢; T2=10-3¢; T3=10-4¢c; T4=10-5¢; QY]] =104
pan;

3 -TY=10-6 ¢; T®I=10-3¢; T1=10-1¢; T2=10-2¢; T3=10-3¢; T4=10-4 c; QY]] =104
pan;

C yuerom nonmyueHHbIX naHHbIX (TY = 10-6 ¢; T®J[ = 10-3 ¢; T1 = 10-2 ¢; T2 = 10-3 ¢;
T3 =10-4 ¢; T4 = 10-5 c; QY]] = 104 pan; N = 1530) oTHOCUTeIbHAS CpeAHEKBaApaTHUYEeCKas

T
BapHalysl 4YacTOTbl CHUHXPOHU3MPYEMOTO TEHepaTopa 3a HMHTEpBal HM3MEpeHus * Oyaer
OTIpEeIEIATHCS BhIpaKeHUEM [ 8]

o((p)r)y _ 1 \/i(’fs @—L 4o
27 % P T14+(0,5Q7,)

a)CF COC]"

(26)

AHanu3 ToOKa3bIBaeT, YTO HMHTETPAT B BhIpaXeHUH (26) OymeT pacXoIuThCs, MOITOMY

2

MpeaAcCiibl UHTCTPUPOBAHUA HCOGXOJII/IMO OTpaHHUYUTh: HIDKHUN npeacii — OTHOUICHUCM T ( BpeMA
HU3MCPCHUA HECTaOMJIBHOCTH YaCTOThI CHUT Hana).
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T Mt
Ecnu B Teuennn Bpemenn T nenutcs Ha M 3a Bpems ~ “, To T OyaeT paBHO u,

-3 2
[Tpunumas M =20 5, BpeMsi 10 C, HIDKHUH mipeien OyeT paBeH 10 pan.

Bepxuuii mnpenen wuHTErpana B BblpaXkeHHH (26) Oyner ompeaensaTbes IMOJI0COM

4
IIpOIyCKaHHA CUCTEMBI — 10 pan.

YucaeHHBIN aHaJn3 IIOKa3al, 4qTOo OTHOCHUTCIIbHAsA HECTAOMIIbHOCTD HaCTOThI

31-10°,

CUHXPOHU3UPYEMOI'0 FeHepaTopa A ogHoKoIb1eBOM cucteMbl @AIIY cocraBuser a

OTHOIIEHNE MOIIIHOCTY CUTHAJIA K MOIIHOCTH IIIYMOB B / B, obuT0 paBHO ( 5 nb).

AHanu3 MOJy4YeHHBIX JaHHBIX MOKA3bIBAET, YTO OJHOKOJbIEBas cxema DALY He moxer
OBITh MCIOJIB30BaHA JUIS CO3/IaHMs CTAOMJIBHOTO II0 YacTOTE T'eHepaTropa, IMepecTpanBacMoro B
JMara30He YacTOT MIJTMMETPOBOTO Juarna3oHa ¢ ko dunueatoM ymaoxkerus 1500 equau.

Ot PE3YyIbTAThI MMOATBCPIKAAOT U3BCCTHBIC ITOJIOKCHUA O TOM, 4YTO IIPU KOS(I)(bI/ILII/ICHTe

4
YMHOXKCHHS N=>1-10 cnekTp cur”Haina pacceimaercs [9]. Ilostomy cremyer paccMOTpeTh
cucteMy ¢ 1ByMsa kosblamu OAITY.

BrIBoabI

1. UncneHHbIk aHaJIn3 IIoKa3sali, 4qTo OTHOCUTCJIbHAaA HECTAOMJIBHOCTD HaCTOTHI

31-10°

CHUHXPOHU3UPYEMOI'O I'CHEPATOPa IJIA OJHOKOJIbIIEBOM CHCTEMBI ®AIIY cocraBiser

C, @ OTHOIIIEHHE MOLIHOCTH CUTHaJIa K MOIITHOCTH LITyMOB B / B, ObLI10 paBHO (— S5 nb).
2. AHanu3 MoJy4eHHBIX JaHHBIX NTOKA3bIBAET, UTO OJAHOKObIIEBas cxema GATIIY He MokeT ObITH
WCIIOb30BaHa JUIsl CO3JaHUSl CTAOWJIBHOTO MO YacTOTe TeHepaTtopa, MepecTpauBaeMoro B
JMarna3oHe 4acTOT MUJUTUMETPOBOTO quana3ona ¢ kodddunrentom ymuoxenus 1500 exunmil.
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