B npenpinymmx cratesx, Bkiovas u «llapycy, st cTapaiics He 3aTparuBath
nonstue Bpems. Ho, kak He «kpyTu», 6€3 3TOr0 MOHATHS HE OOOUTHUCH.
[Ipennarato BMecTe pacCMOTPETH €TO.

Kak paspabatbeiBaiicst mpuOOp Mo ONPEEICHUIO aHTUTPABBI Y
HACEKOMBIX M YTO W3 ATOTO BBIIILIO.

B ocHOBY paboTh! 3TOro npudopa noa0kKeH IPUHIUI KOMOMHAIIMOHHBIX YacToT. O0 3TOM
IPUHLINIIE 51 y’KE€ TOBOPUJI, HO, TEM HE MEHEE, OIISATh IIPUAETCS NOBTOPUTH ISl O0JIee JIydIlIero
IIOHMMAaHUS ITpoLecca.

[Tpunuumm, win emé ropopsT, METOl KOMOMHAIIMOHHBIX YaCTOT, ObUI OTKPBIT OIBITHBIM IIyTEM
Ha 3ape opraHu3anuy 3pUPHOro paguoBeIIaHus. DTO ObIIO CAETAHO COTPYTHUKAMU
Hwxeropozackoit paguonaboparopuu, KOTopoid pykoBoaui bonus-bpyesnd, 60ib1IeBUK,
copaTHuK JIeHnHa.

C 3T0#1 TOUYKHM HUCTOPUYECKOIO OTCUETA MOILIA BCS HEJIMHEHHAs TEXHUKA CBA3H. MBI, Kak
HOTOMKH, JIEHCTBUTEIBHO MOXKEM TOPIUTHCS TEM, YTO 3TO ABJICHHE IPUPOABI ObLIIO OOHAPYKEHO
HaIIMMH COOTE€YECTBEHHUKAMM, XOTs U OOJIbILIEBUKAMH.

Jlj1 TOro BpeMeHHU, J1a ¥ JIs1 KOE-KOT0 U3 HAIETO BPEMEHH, 3TO CJIOKHBIN MPOLIECC VIS
noHuManusa. Ho 3To Ha nepBsIii B3I, HE OoJiee, - HAOOOPOT, HE CIIOKHBIM, 8 UHTEPECHBIM.

A OTKpBITHE MOITY4YHIIOCH TaK.

Jlns Bemanus ObUIM yCTAHOBJIEHBI JIBa pajuonepenaTiyrka, onud B Huxunem Hosropone, BTopoit
B MBanoBe.

U BBIX0/1MJI0, UTO €clu paboTaIu 3TH NepeJaTuuKi OJHOBPEMEHHO, TO IPUEMHHUK,
HacTpoeHHbI Ha HoBropoa, npunumMan Hosropoa. PaguonpueMHuk, HacTpoeHHbIN Ha MBaHOBO,
npuHUMal VIBaHOBO, UTO BIOJHE HOPMAJIBHO.

Ho HeHOpMasIbHBIM OBLJIO TO, YTO B IPOCTPAHCTBE 0OPA30BBIBAIMCH APYTUE YACTOTHI, HA
KOTOPBIX PUCYTCTBOBaNa Moyysanus u MiBaHoBo, 1 HoBropoaa oTHOBpEMEHHO, TaKO BOT
«BUHETPETHK.

OT0 OBLTO KpaliHe II0X0, TAK KAaK 3TH YaCTOTBHI, [10JIy4aJ0Ch, YTO 3aCOPSIN paaroddup, mpuieM
3aCOpsUIM TakK, 4To OoJiee ABYX CTaHLMI B 3TOM MECTHOCTH pabOTaTh HE MOTJIO.
KoneuHo ke, Bce cuiibl OblIN OpOILIEHBI Ha U3YYEHUE ATOrO siBJieHUs. I onpeaenunu, 4To 3TH
KOMOWHAIIMOHHBIE YaCTOTHI BOSHUKAJIH 110 MIPUHLIUITY CIIOKEHUS U BBIUUTAHUS, OT UCXOJIHBIX,
YUUTBIBasi UX TAPMOHUKHU

Fk = +-mF1 +- nF2.

Bcé 310 00BACHAIOCH TEM, YTO B COBMECTHOM 30HE PAaCHpOCTPaHEHUS! PaJUOBOJIH OT OJHON U
JPYroil paguoCTaHIIMK €CTh 00IaCTH HETMHEHHOCTH 3(hUpa U B 3TUX 00IACTIX MPOUCXOTUT
B3aMMOJICIICTBHE YaCTOT Ha 3TOM HEMMHEHHOCTH. DPUp B 3TOM CiIydae paccMaTpUBaeTCs Kak
cpelia, B KOTOPOM paclpoCTPaAHSIOTCS paaHOBOJIHBIL.

CwMmero Bac 3aBepUTh, UTO MPOBEACHHBII 3KCIIEPUMEHT ObLT BECbMa YHCT IO MIPUYKHE
OTCYTCTBHS B T€ BpEMEHA PAJIOM IPYIHX PaAUOCTAHLIUM.

O6nacTu 31U NoKanpHbIE. [I[prynHa NMPOUCXOXKIECHUS UX HE U3BECTHA.

[Touemy noxaneHbie? Jleno B ToM, 4TO eciu 661 Dhup ObLIT «HETMHEECH» BECh, TO «KOMOMHAILIKH»
ObLTH OBI IOBCEMECTHO, CIUIONTL U PSIIOM, a 3TOM cTabuiIbHOCTH B [Ipupose He HaOmo1aeTcsl.
Ho yem Gosbie miomniaae 1 00beM COBMECTHOTO NMEPEKPHITUs pagroBoiHamu [IpocTpancTBa ot
obenx paarocTaHiuid, TeM 3 (PEeKT KOMOMHAIIMOHHBIX YaCTOT TOCTOSIHEH.

OueBUIHO, YTO, UMEsl CTAOMIIbHBIN MAIOTa0ApUTHBIN «HeJIHHenTeb» Ddupa, TO B Iyyax
HNOPTATUBHBIX NEPEJATUUKOB HA ITOM IPEIMETE II0JIyYaIUCh)» Obl KOMOMHAIIMOHHBIE BOJIHBI U
uXx Obl, IpeIMET, U3Ty4aj Obl B IPOCTPAHCTBO.



B cBoe Bpems sl IbITalICS OpraHU30BaTh U IPOBECTU 3THU SKCIIEPUMEHTHI HA KUBBIX
OpraHu3Max, o ONpeeICHUI0 TaK Ha3bIBAEMOT0 OHOTMOJIS YeJI0BeKa U JKUBOTHBIX, HO 3TOTO
CeNaTh HE IPUBENIOCH.

Uro KacaeTcsl HalIuX TENEepelHuX MpoosieM, B CBA3H ¢ u3ydeHueM miargopmsl [ pebeHHrKOBa
U COIYTCTBYIOIIMM €ii, I1aropme, SBICHUAM, Y MEHS €CTh HAMEPEHUS! CHA TIOIBITKU
BO300HOBUTH.

Ho B0300HOBUTH NONBITKY ONPEEIICHNS HETUHEHHOCTH, CO3/1aBAEMbIE HE OpraHU3MaMu
YyeJioBeKa U )KMBOTHBIX, @ HEJTMHEHHOCTH Ddupa, co31aBaeMbIMU HACEKOMBIMHU.

S oToXAECTBIISAIO JTOKANBHYIO HemMHeHHOCTh [IpocTpancTsa ¢ DI1C, co3panHbiM
MOBEPXHOCTHBIMU CTPYKTYpaMU HacEeKOMBIX. [yt onmpenenenus u 3aMepa BCEro 3TOr0 HY>KHbI
npuOopst!

OTOT, WK 3TU IPUOOPHI, HAM HEOOXOAUMBI JIJISl ONIPEIETICHHS AHTUTPABHI HE TOJIBKO Y
HACEKOMBIX, HO U y T€X CTPYKTYpP, KOTOpPBIE MBI OyIeM C03/1aBaTh HCKYCCTBEHHO, JOMYCTHM Y
BCEBO3MOXKHBIX AHTUTPABUTAIIMOHHBIX CETOYEK C slUEHKAMU B MEIKOCETKY.

Bce aTu npeamersl, BKIOYasi U HACEKOMBIX — MajorabapuTHbIE, [IOITOMY MBI C
«TIPOILYTBIBaHUS» OONBIINX 00beMOB Dupa MepexoauM B MEIKOJIOKAIbHOCTh, MUHYS U
OpraHu3M 4YeJOBEKa, TaK KaK OCHOBHBIM TOPMO30M B paboTe ¢ OromnoseM ObII0 TO, 4TOOBI «HE
B3STh IpeX Ha AyIlIy», o0ay4as pada 00Kbero cnenuajbHO BbIYUCIEHHBIMH JJIS1 3TOTO0 Jieia
9M U3JIY4ECHUSIMH.

OTnM4HO U enie To, YTO JIOKaJdbHas HenuHelHocTh [IpocTpancTBa, co3naBaeMas HACEKOMBIMHU
cTaOMIIbHA, C HEW MOYKHO KaK-TO paboTaTh, a He OeraTh 3a MPHU3PAYHON HEIIMHEHHOCTHIO,
orpezensseMoil KOMOMHAIMOHHBIMH YaCTOTaMU MepeAaTYuKOB PaIUOBEIIAHNUs, IEPEKPHIBAIOIIHE
orpoMHble paccrosiHus. OIIC, co3naBaeMble CTpYKTYypaMH HaCEKOMBIX, - JUIsl MEHS - 3TO POCTO
Haxozxka!

Toraa Bcro cuctemMy 3amMepa MOYKHO C/I€/1aTh HE TOJIbKO Ha MIPUHIIUIIE PACTIPOCTPAHEHUS] OM
U3Y4YEHUs «OT aHTEHH», HO ¥ Ha IIPUHIIHUIIE ONpeeIeHUs] KOMOMHAIMOHHOTO AM U3JTy4YeHUs
BHYTpH, JIOIYCTUM UHAYKTUBHOCTH, CO3/atoIIel BOKPYT ce0si U BHYTPH ce0sl JIOKAJIbHOE AM
u3nydyeHue. B aTom ciyuyae mpubop npuMeT BUA «METAIIIOUCKATENs » C KOJIbIIaMU-00MOTKaMH,
BBICTYNAIOIIMMH B KaUe€CTBE JaTYMKOB T'€HEpAIH U CHATHUS CUTHAjA.

Bce Ob1 X0po1110, HO JUIsl YETKOT'O OINPEIeNIEHHUs] aHTUTPABbl, TOMYCTUM Y JKydKa, €ro
HEO0OXOJJUMO «IIPOMYCTUTHY» Yepe3 3TU Koublia. Caenarb 3To JOBOJIbHO-TAKU TPYAHO, UYTO U
CAEPKUBAJIO U3TOTOBJICHNS aHTUTPAaBOMCKATEIS.

Ho OykBanbHO HeaBHO, IPOAYMBIBAs JIOBYIIKH B TIOMOIIb CBOMM SHTOMOJIOTaM JIsl paObOThI
Ha OyJyliee J1eTo, BCIUIbUIA HIes: 3TO KOJbLIO C MHAYKTUBHOCTSIMH Pa3MECTUTh Ha BBIXOJIE
CBETOBOM JIOBYIIKHU ['peOEHHUKOBA, a y»Ke OT Hero, oT Mpulopa, pacnpeneisTh MaJaronmx
HACEKOMBIX Ha OOBIYHbBIC U HEJIMHEHHBIE.

[Tpuuem, 3aberas Briepe, ONpeAesaTh U IEIUTh UX Ha «TPU KYUKH»: TMHEWHbIE; HETMHEHHbIE
CO 3HAKOM MHHYC; HEJTMHEIHBIE CO 3HAKOM ILIIOC.

KOHCTpYKTHUBHO 3TOT pacnpeaenuTeNb BHITISIUT TaK.



Fuc

1- KoabI0-0JIOK C TpeMs KaTylIKaMH, 2- TpyOa-TuHUS 3aJ€pKKHU, 3 — 3aCIIOHKU-OTCEKATENH,
4,5,6 — OOKCBI-pacpeAeTUTENN HACEKOMBIX, 7- 3JIEKTPOHHBIA IPUOOp, CUNTAIOIINN U
OTCEKAOIINNA HACEKOMBIX 110 MX HEJIMHEHHBIM CBOMCTBAM.

Takum 06pa3om, 3a Bpems aieHHsT HaCEKOMOTO 110 TpyOe 2, JeBas MM IpaBasi 3acJIOHKH 3
JIOJDKHBI yereTh cpaboTath. [Ipu 3TOM OHM OTKIIOHSIIOTCS! K IIPOTUBOIIOJIOKHOM CTEHKE U
OTCEKAIOT B «CBOI» O0KC HacekoMoe. OTKIIOHSIIOTCSI OHU «IIETYKOM» IPU cpabaTbIBaHUU CBOMX
3J1. MAarHUTOB.

Te HacekoMble, KOTOpPBIE HE 00J1a/1al0T CIIOCOOHOCTHIO CBOUMH CTPYKTYPAMHU «HEITHHEUTH)
O¢up — nposneraroT NpsMO B 60KC co 3HAKOM «O».

Cpazy OTMETHM HEJIOCTATKH 3TOW KOHCTPYKLIUH.

KoneuHo ke, 3a Bpemsi aJieHusi OTHOTO HACEKOMOTO 10 TPAKTY 2, B U3MEPHUTEIbHOM KOJIbIIE
MOYKET 0Ka3aThCsl JPYroe HaCEKOMOE, KOTOPOe «COOBbET PUTM» PabOThI 3aCIIOHOK.

Ho s Gonee ueM yBepeH, 4TO 3TOT MPUOOP MOKHO OCTABUTh C 3TUMHU HEJOCTATKaAMHU.
JlocTatouHo 4ToObI cpaboTa XOTh OJIUH CYETUHK, a «[I€PEMEPUTH» HACEKOMBIX, HA PaJ0CTHX,
MOKHO U «BPYUHYIO».

Jlpyroe mpuMeHEHHE 3TOTO KOJIblIa, KaK ¥ 3aMbIIUIIIOCh, MOXKET OBITh HUCIOIB30BAHO JUIS
ONpENIETICHUSI AaHTUTPABBI y T€X KYKOB, KOTOPBIE BBINOI3A0T U3 TPYHTa U AHHUTWINPYIOT €TO0,
rpyHt. Torna npuGop npuHUMaeT GOPMBI U TPUHIUIBI PAOOTHl HCTUHHOTO METAJNTIOUCKATEIIS.
B aTom cnydae npeycMaTpUBaeTCsl YBEIMUYEHUE MOLITHOCTH «ITOJAFOIINX» UHIYKTUBHOCTEHN C
1eNbIo OoJee TIIyO0KOro MPOHUKHOBEHUS UX OM U3ITyYEHHUN B TPYHT.



Kaxk yctpoen mpubop?
Jlyist TOTO, YTOOBI MOHATH KaK yCTPOSH MPHOOp, paccMOTpUM (HOPpMYITy KOMOMHAIIMOHHBIX YACTOT

Fk =+-mF1 +-nF2 ,rme m u n— aro0ble LEeable Yucia.

He 6ynem npoBouTh 3T0# GOpMyIbl JOCKOHATBHOE UCCIIEOBaHNe, a mpuMeM M =1 u n=1,
PaccMOTPUM TOJIBKO Pa3HOCTh M CYMMY KOMOWHAIIMOHHBIX YacTOT:

Fk1=F1+F2; Fk2=F1-F2, nopusrom nmpumem, uto F1<F2; wu F1>0,5F2,
HO TOT/Ia, B 3TOM Cilydae, 3HaueHue FK2 Oymer MunycoBoe.

Tonumaro. Hemnozo ne npusviuno. Ho 8 danvuetiuux Hawiux
paccyscoenusax Bpems 6yoem «cocumamuvcay u «pacmacugamuvcay u

oaoice «08U2ambCsy 6CNAMD.

A TCIICPb Pa3JI0KUM BCC 53TO HA OCH HaCTOTHOT'O CIICKTpPaA.

~-Fkz2 O Fk2 F7 2 Fri

FucZ

W3 n300pakeHuss 4aCTOTHOTO CIEKTPa BUJHO, YTO HAMH BBIOpaHbI IPEAHAMEPEHHO TPAHUYHbBIE
yenous tak, (F1<F2, F1>0,5F2), uto6b1 uacToTa cyMMBl Jieria Boiie F2, a yactota pa3sHOCTH
J0XKuIach B 06macTs Hinke F1.

Hcxons, u3 cobitoieHus 3TUX yCIOBHM, yIIpoIaeTcss KOHCTPYKIUs pudopa.

To ecTh, ecy MOSBUBIIASCS KaKas-TO 4acToTa OyaeT Boilie F2, To 7T0 KoMOMHAIIMOHHAS
4acTOTa «CYyMMBI», «+», a eciu 4actota MeHbie F1, To 3T0 KoMOMHAIMOHHAs YacTOTa
«PA3HOCTHY, «-».

Bpoze Bce HOpMaIbHO M, TPUMEHSS B IPHOOPE MPOCThIE (PIIIBTPHI, HACTPOSHHBIE HA
YaCTOTHBIE CTIEKTPHI BBIIIE MIIM HUKE OCHOBHBIX YacTOT, MBI IaXK€ MOXKEM HE MEPUTh HX
BEJIMYMHBI, 8 PUKCUPOBATH UX TOIHKO MO «HATHIHUION.

Ho BBEACHHOC MMOHATHUE — YaCTOTAa — 3TO HE TOYHOE cneum]mqecxoe AJid HAC MOHATHE, B
Bompoce paccMorpenus IlpocrpancrBeHHO-BpeMeHHBIX B3aMMOJECHCTBH.

Mmue KaXXCTCs, UTO Tecnan I[O6I/IJ'IC}I TAaKUX YCIICXOB, IIOTOMY YTO HC IMOJIb30BAJICA
OMMpECACIICHUEM «HacTOTa», a ONIPEACIIAT BCC KaK KOM6I/IHaI_[I/II/I BO BpEMCHHU. To ecTb oH
paccyxxaall Tak, 4TO, MOJI, TAKHUX K0JIe0aTeIbHBIX mponeccoB B ¢IMHULY BpCMCHU OBLIO
CTOJIBKO, a YTO-TO U3MCHHJI, H YK€ 3TUX BPEMCHHBIX KoJe0aTeIbHBIX mponeccoB, CTajao BOT
CTOJIBKO.



Kazanocs Ob1, uto TyT Takoro? Kakas /i Hac pa3HHIa, KAKUM HHCTPYMEHTOM HCCIIEI0BATh
¢usnueckue npoueccsl? B IIpupone-To u3MeHeHUe 3TUX NPOLIECCOB HE IPOU30UIET, Kak ObLIO,
TaK ¥ OCTaHETCsI, HE 3aBUCUMO OT TOT'0, KaK MBI BCE 3TO OyZieM paccMaTpuBaTh!

B Ilpupoze-To oHM OCTaHYTCsI, HO y Hac MOAX0/J] KO BCEMY 3TOMY HM3MEHHUTCs!

CmoTtpuTe camu!
[lepeBeneM nosrydeHHbIE HAMH YaCTOTHI BO BPEMEHHBIE OTPE3KU U OTJIOKHUM UX YKe Ha IIKaJe

BpPEMEHHU
F=1T;, T=1F.

-Tk2 a Tk Iz r7 Tk2

FPuc3

Bor e Ha! U kyna 3to «mone3» nepuoa TK2, (3a Honmb?!), B aHTHUMUP, YTO JIU?
Hy-ka nponemnaeM nmpeoOpa3oBaHus Ha yPOBHE YETBEPTOTO Kiacca, TPEThs YETBEPTh
0011e00pa30BaTEILHOM HITKOJIBI
F1=1/T1; T1=1/F1; F2=1/T2; T2=1/F2.
FK1=F1+F2=1/T1+1/T2=(T2+TL1)/T1T2,
Fk2=F1-F2=1/T1-1/T2=(T2-T1)I/T1 T2,
Ho F1<F2,torma Fk2 = munyc (T2 —T1)/T1 T2 «tam», 1160 «37€Ch»
Fk2 = (T1-T2)/T1T2
OueHb, OUE€Hb UHTEPECHO!
KouebarenbHbIi porece MpONCXOIUT B «aHTUMHPE, & €ro 3epKaIbHOE OTPAKEHHE 371eCh, B
HallleM pealbHOM MHpE M OTpakeHue cuMMmeTpuuHoe? Wi Hao60poT, «31eIHU»
KOJIeOATEeBHBIN MPOIIecC, TTOTYIeHHBIN TIPU ONPEeIICHHBIX YCIOBUSIX, BEI3bIBACT aHATOTUIHBII
K0JIeOaTeNbHBIN MPOIecC B «QHTUMHUPEY, B «3a3€PKAIIbE»?

HeiicrBurensho, nomyctum F1 = 60I'm, a F2 = 1001 m.
Wx mepuonsr T1 = 1/F1 =1/60 = 0,01666cex u T2 =1/F2 = 1/100 = 0,01cex.
Kom6unanuonnsie yacrorsl Fk1 =F1 + F2 =60 +100 = 16011,
Fk2 =F1-F2=60-100 = -40I'w.
Vxe ux nepuonst  Tk1 = 1/Fk1 = 1/160I'y = 0,00625cex, Tk2 = 1/-40'1x = -0,025c¢ek, 310
«ramy», a «3aech» Tk2=TI1T2/(T1-T2)=0,01666 x 0,01/(0,01666 — 0, 01) = 0,025cek.
3Ha4YeHUS 110 A0COJIFOTHOW BEIMYMHE OJIMHAKOBBIC, OTPAKEHHSI CHMMETPHUHBIE!
C nepsoeo 83ens0a modcem noKaA3amvCsi, Ymo st MAHUNYIUPYIO
3Hakamu. Hem, smo ne max. Bce Hauanocy ¢ HAYaIbHOU MPAKMOBKU
Ghopmynbl KOMOUHAYUOHHBIX HACMOM HA KPAZHOCHbY, «MAM
8CNIbLLY MUHyc. MHue dice, npuxooumcs napaiieibHo ¢ HUM, C
MUHYCOM, OMCIEHCUBAMb 8 XOO€ PACCYNHCOCHU AOCOIOMHbIe
senuuunsl. Kpome mozo, obunue snaka MuHyc 6 HanuCAHuu camoul



Gopmynvl nozeonsem 68010 «HaAMuHycumoy. Ho denams cetiuac mvi
9moeo He Oyoem.

[Iponoikum.
Tkl=T1T2/(T1+T2)

[Tepen Hamu Gopmyna, ompenessronas «IUTFOCOBOMH» KOMOMHAITMOHHBIN TIePHOJ] KOJICOaHMs,
MPEJICTABICHHBIN B BU/IE€ IEPHOJIOB UCXOIHBIX YaCTOT, TO €CTh BOJIH.

TpakToBKa 3TOr0 MPOCTEHIIIEr0 BRIPAXKEHUS MIPEICTABIISACT I HAC ONPEACIICHHbBII HHTEepeC.
®opmysa TOBOPUT O TOM, YTO IUTFOCOBOM KOMOMHAIIMOHHBIN MIEpUO/I, B JAHHOM Cllyyae BOJIHA,
CO3/1aHa U3 BPEMEHHBIX OTPE3KOB MCXOIHBIX KOJIEOATENbHBIX M IPOLIECCOB, TO €CTh BOJIH. JTH
BOJIHBI C:KAJIMCh 110 BpeMeHU B PaBHbIN /111 HUX 001IMIi 0TPe30K BpeMeHH, BeIMYHHA
KOTOpPOTO MeHbIIle MeHbIero. bonee Toro, ata hopmyna uaeHTuaHa hopmyse oOIero
COTPOTUBIICHUS AJIEKTPUUECKON IIEMH MPHU BKIIOUYCHUH B HEE NapauIeIbHBIX COPOTUBICHMMA. U
MBI MOXEM JIs ce0s1 OTMETHTD, UTO IUIIOCOBAsi «BpeMeHHAasi KOMOMHALIKA MOJTy4YeHa
METO0/I0M «IaPaJLiIeJIbHOT0 BKJIIOYEHHUs» IBYX BpeMEHHBIX OTPEe3KOB B 001IUIl MOTOK
BpemMenH. [Ipn HaIMYuM ABYX KoJie0aTeJbHBIX POLECCOB, HAXOAAIIMXCH B (JOHOBOM
Bpemenn, HeaunneiinocTbio [IpocTpancTBa €031aHO IpYroe, TpeThe Kojledanue, Hecylee
HHPOPMALNIO 0 HUX, «IIPAPOIUTEIei» U HAXosIelcsl B ObIcTpoTeKymeM Bpemenu.

Ho 310 emie ue Bce!

Cxartue IByX M BOJIH U MPEBPAIICHUE UX B OJHY OOIIYIO — BJIEYET 32 COOO0I MOIIHBINA OTTOK,
OTCOC PHEPTUHU B JJAHHOM OTPE3KE BPEMEHH U B IAHHOM MECTE, IPUYEM «B3SITON» U3
okpyxkatomiero IIpoctpancTa. DTo BlleUET K YBEIMYCHHIO JIOKATBHOHN IJIOTHOCTH SHEPTHH,
wiotHocTu [IpocTpancTBa. He Takum mu o6pasom co3gaercs myunocts DIIC, kak mydHOCTb
BPEMEHHOM BOJIHBI?

OtmeTuMm Juist ceds — MOJIOCTHBIE CTPYKTYPbl B KOMOMHAIIUH ONpeETIeHHbIX (GOpM U
pa3MepoB CIIOCOOHBI JTOKAJIbHO B3aUMOJIEHCTBOBATH C OKPYKAIOIIUM DPHUpom,
B3aHMO/JEHCTBYs ¢ HUM 4Yepe3 Bpems!

(Jlormka MexaHW3Ma OTKaYKH SHEPTUH U3 OKPYKAIOIIEH CPEJIbl 32 CUET CKATHUS OM BOIIHBI BO
BpPEMEHH BBUIOKEHA MHOH paHee).

OTO0 MO «IUIOCY». A UTO K€ M0 KMUHYCY»?

Tk2 = munyc T1 T2/(T2 — T1), ¢ yuerom Toro, uro T2 < T1,
noJy4yaercs

Tk2=T1T2/(T1-T2)

Tyt eme nyume! Bot 4To s X0Ten mokasars.

Ecau 661 MBI paccMaTpuBalli MPOIECC BOSHUKHOBEHHS FK2 TOBKO B 4aCTOTHOM TIIaHE, TO

3HA4YE€HWE YaCTOTHI IIPOCTO CABUHYIIN OBI 110 IIKaJIe YaCTOT B «MUHYCOBYIO YacThb» U

«aBTOMAaTOM MpUITKcaU Obl €if 1 MUHYCOBOM MEPUO», TO €CTh BpeMsi ABUHYIOCH BCIISATh.
ITocTapaemcst B 3TOM pa3o0parhCsl.

KoneuHo ke, mepBoe 4To MPUXOIUT B roj0BY — 310 MamuHa Bpemenn! Cmero 3aMeTuTh, 4TO U

3TO HE JIMIICHO OCHOBAaHUS. MBI «II0IaIH B TIPOIIIIOE», «3a€XaJIN» 33 HOJIb BPEMEHHOH IIKAJIBL.

PazHocTHOE KOMOMHAIIMOHHOE KoJieOaHue GopMHUPYETCs B «OTPULIATETILHOM BPEMEHHY, B

aHTUMHUpE, 3a3epKajbe, a 31eCh, HasBY, €ro OTPaKEHHE, YTO JIH. ..

Jlaxxe npu «PUTOPMA:KHBAHUU» BPEMEHHOIi JIoKkaabHOcTH (Korna FK2 6e3 munyca) o
OTHOIIEHHIO K poHOBOMY, rie HaxomsaTcest F1 u F2, Oyzaer onrymarbecsi Kak ero, BpeMEeHHOU
JIOKAJIbHOCTH, «PACTSKKA», TBUKEHUE BCIIATb.

JIBUrasichb B pacCyKICHUAX Jaliee, elle Kpyde.

Moxet ObITh, 3TUM 00BsicHseTcs U panTom DIIC, Kak oTpaskeHHe U3 aHTUMUPA, U PaHTOM, TaM,
B @aHTUMUPE, XPAHUTCS KaK UCTUHHOE SIBJICHUE, & 31€Ch TOJIBKO €r0, UCTUHHOTO SBJICHUS B
aHTUMUpE, OTpaXKeHHe?



U smo ewé ne 6cé!
Hauunarom cmulxogvieamvcs u 0popMmasmuvcs 8 102utecKue pamki panee
coenanHvle npeonoIoNHCEHUsL O CE:3U 6Ce20 Huso2o ¢ lIpocmpancmeenno-
Bpemennvim konmunyymom.
Heno 6 mom, umo 23mo npeononodicenue 6azupyemcs Ha MolCiu O
«pacnpedenenuu Beesviuumnem kaxcootl nape-meapu no IlpocmpancmeenHo-
Bpemennoii cocmasnsaoweti».
A He xouy 0151 00bACHeHUs Yenisimb NOHAMUE YaACMOmd, HO COeNar dmo ¢
02080PKOIL U ONACKOU 01151 60JIee YemK020 NOHUMAHUS HUMHCE CKAZAHHOZO.
... Kaoicowvuii 6uo na 3emne 6 Ilpupooe scuseem 6 cmpozco omeeoeHHOM emy
yacmomuom ouanazore. Yacmomuule OUANA30Hbl PAZHLIX BUOOE MOV
nepeKpuleamvCsi 0€3 HANOHCEHUA OPY2 HA OPY2a YACHOMHBIX COCIABIAIOUUX.
Omo noszsonsem suUOAM HAXOOUMBCSL PAOOM 8 00UeM NPOCMPAHCMEe, He
CMemUBAsICL Medcoy coboll. B oannom ciyuae paccmampusaemcsi He
0bweacmpoHomuieckoe 6peMs, a 8peMeHHble KoJledamebHble NPOUeccol
6U006bIX op2anu3mos. A ne 6yoy 6 smoii cmamoe y2nyonamvcs 6 3mu
NOHAMUS, KOMOPble MO2YM N0Geub 3a OO0l maKue 00vbsACHeHUSA KaK
NPUIACUBACMOCTID 3AMEHEHHBIX OP2AHO8 8 Op2aHU3Me, OONYCMUM Yel06eKd,
CNOHMAHHOE Pa3eumue paKosvix KIemoK U max oaiee, 0OCMaHo81I10Ch 860M HAO
KAKUM PACCYHCOEHUEM.

Bcnomnume, kax Buxkmop Cmenanouy onucwiéa mpaHcnopmuposxy Ha
niamegopme u3 c60UxX 3an06e0HUK08 HaAceKoMblX. bvlio mpu eapuanma.
B nepsom cyuae - «ucnapuioce» nacekomoe uz npooupKu, npooenas
omeepcmiue 8 CmeHKe ¢ «XUMUHOBLLMUY KPASMU.
Bo emopom ciyuae — 83pocioe Hacekomoe 3a 8pems mpaHCROPMUPOSKU
npespamusioch 8 KyKoaky. /s neco Bpemsi «ommomanoce» nazao.
B mpemuvem ciyuae onu npocmo Kyoa-mo uc4e3aiu.

Ipuuuna ecemy smomy - none, cozoasaemoe niamgopmoil. Ho uenosexa
MO noJe YaCMU4HO WAoUo....

Takx som. Dmo ewe paz dokasvieaem mo, Ymo 8 huibmpax niamgopmoi
NPUMEHAIUCL CIPYKMYPbl, UOEHMUYHbIe NO PA3Mepam co CMpyKmypamu
HACEKOMBIX.

( He coomeemcmeayem au amo ymeepaicoenuio I pebennukosa, umo o6e3
Hacekomulx naamegopmy e nocmpoumsv? Ecau donycmuuib «Ouanazonuyo»
OWUOKY 8 pacuemax pazmepos MeiKoCemKl, Mo nocie nepeoll paz08UulcKu eé
AHCATIO3 — MOJCEULL OKAZAMBCA 8 «AHMUMUDED ).

ITnameopma, nepemewasice 6 [lpocmpancmee u, usmeHss 10KATbHbILL
XpoHan, eeHepuna 8oKpye ceds «Hacekomvuy vacmomsi. Ho opeanuzm u
CMPYKMYPbl NOBEPXHOCMU KAXHCOO020 NEPEBOZUMO0 HACEKOMO20 YMO-MO MOHCEe
2eHepsAm Ui KaKuM-mo 06pazom 60CNPUUMUUBLL K IMUM KOJLEOAHUAM.

Ilpu smom opeanuszm uenosexa Haxo0AWUUCA HA niamgpopme, 16HO20
He2amueHo20 8030€eliC8UsL He UCNbIMbIEAI, MAK KaK «HAXOOUNCA» 8 OpY2oll
YACMOMHOU «pacyecke» uiu, Opy2umu ciogamu, 8 opyeom Illpocmpancmeenno-
Bpemennom konmunyyme.

Hacexombu uacmommvie 63aumo0eiicmaus bliuBaIUCy 8 PAHHUE U
nocneodyrouue paccMompeHubie 8apuanmvl KOMOUHAYUOHHBIX YACMOM U, HA
OCHOBAHUU IMO20, HAM KAK-MO CIMAHOBUMCS NOHAMHA 9MA «PAHMACTNUKAY.
«Pacmseusasny epemennbie HACEKOMbU YUKIbL, (NPU SPAHUYHBIX YCIOBUAX, KO20d
NOABNIAEMCS MUHYC), Mbl, mMeM camblm, «3acmasnsiem» Ipupoody popmuposamo
HACEKOMUL OpeaHu3mM 6 0OPaAmHOIl 6PEMEHHOI NOC1e008aMmMeTbHOCHU.

IIpu smom FK1 —amo ycropenue Bpemenu, nienka 6 MasHumoghone Kpymumcsi
ovicmpee, FK2 — amo 3ameonenue Bpemenu, nienka 6 macHumoghone Kpymumcs



meonennee, a —Fk2, - smo osudicenue ecnsime, nienka 6 machumogpone
osudicemcest 8 oopamuyio cmopony! Tym dice ModCHO paccmompems u
CKOPOCMU 08UNCEHUS 6CNAMD!

IIpeocmasnsieme, umo s3mo 8ce 3a coboti enreuem?!?!

Hacexomoe u3 kykonxku ghopmupyemcea nedenamu, a uz 20mosoeo, 63pocioco
HACEKOMO20 nojiem niamgopmuvl opmupyemcs KyKoIKa 3a MuHymeol nonema!
Hanee. Onpedenus xponan cmpykmyp mozo Hacekomozo, y Komopo2o Bpems
OMMOMAIOCH HA3AO0, Mbl BbIXOOUM HA pabodue 4acmomsl naamagopmwl
I'pebennurosa, pewas 01 3mo2o, 6ce2o TUllb HA 8Ce20, YPABHEHUs C 08YMs
Heu38eCmHbIMU.

Ymo kacaemcs npobupku ¢ omgeepcmuem, mo mym sHoe QasuposanHoe
HANOdMCEeHUe YACMOm, MCHOBEHHAS KONOCCANbHASL OMKAYKA SHEPSUU U3
OKpYJHcaiouje2o npoOCmMpancmed 6 8uoe M KoreOaHuil u MeHO8eHHOe UChapeHUe.
Dmom npoyecc cpoOHU CAMOBO320PAHUSL OP2AHUZMA — IMO claboe euje
gzaumooelicmaue, a UChApeHue 3010Mmo2o KOIbYd ¢ Naibyd pyKu uaposoll
MonHuetl 6e3 0xcoea — 3mo mo!

Tym orce, 01151 mo2o umobvL pazoopamvCs 8 MoM, KK RPOUCXOOUM
g3aumooelicmeaue 8 YaCMoOmMHbIX, BDEMEHHBIX «PACYECKAXy, Npusedy npumep u3
NPaAKmuKu.

s yryywenus npuema meiegusuOHHO20 CUSHANA 3a Yepmotl 20poda Ovlia
Ycmanosiena OOnoIHUmMeNIbHAs. MeesU3UOHHAsA gblKa. A cmapas ocmanacs
pabomamu 6 npesichem pedicume. Ilocne ce2o 3moeo npuem menesuUUOHHbIX
npoepamm ne Yiyuwuica, a yxyowuncsa. Ilpumenenue y3KoHanpagieHHvlx
AHMEHH, HANPABTIEHHBIX HA KANCOVIO 8bIUKY COOMBEMCMEEHHO, He 0a8aL0
HUKAKUX pe3yibmamos.

Kozcoa cmanu pasbupamucs, mo 8bisAcHUNOCH cledyroujee: NPoUcxooum
g3aumooelicmeue 6 Ipupe oM 601H MeNeBUSUOHHBIX CHEKMPOE YACMOM.
Tenesuszuonnwiii cnekmp dice, cOO0U NPeocmasisiem «4acmomuylo paciecKky» ¢
waeom 6 501y, kaoposas pazeepmka.

Fia T

501y +
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A cnexmp cucHana 6mopou aHmeHHbwl, nepedaroueli Ha MoMm xHce
MenesU3UOHHOM KaHaue, Obll UOeHMUYEH C NEePEBLIM.

bBuino npeonosceno cosunyms 0oun uz cnekmpos na 251y, mem camvim
«pasveouHums yacmomuule 3yoywly. Ilocie smux meponpusmuii 6ce cmano Ha
ceou mecma. A menepv npedcmasome cede: NOJ10CA NPONYCKAHUSL
menesu3uoHHo20 cuenana 6,5 Mey, a ece peutuiocb 08a0YaAMbIO NAMBIO
T'epyamu!

W nociie Bcero 310ro, s TyT U3rajisiloCh HACYET aHHUTHIISILIMOHHBIX CTPYKTYP, IEPEN C
HACEKOMBIX Ha PACTECHHUs, BBICUMNTBIBAsL YIJIbI HAKJIOHOB MUKPOIUIOCKOCTEW U TOMY IIpouee, a
KOHEUHBIN pe3ybTaT JOCTUTAETCS. OTHOCUTEIIBHO IPOLIE.

JHocraTouHo B3sTh Be cTpYKTYpbl DIIC, nomoctu KOTOphIX 0100paHbl IO paHee
PacCMOTPEHHBIM COOOpaKEHUAM MOHIMKEHUS U (opMHUpOBaHUs KoslebaHus Dpupa, KaKk Mbl
cpa3y HoxydaeM: JJMOO0 MOBBIIIEHHE JIOKAIBHOM IUIOTHOCTH D(Upa A0 TaKOH CTENEHH, YTO 3Ta
IUIOTHOCTb MOJTHUMAET KYCOK ac(hajabTa BMECTE C TAHKOM Ha HEM cTosAlIeM; 1100 oOpa3yeTcs
JIOKaJIbHAS «YepHAs IbIpay, Ta e aHHUTWIIIU D(upa; Ipyu 3TOM JIeBUAIIPYsT BPEMEHHON
OTPE30K JIOKAJILHOTO KoJiebaTesibHOro mponecca J¢upa Ha BennuuHy Gr — cranem
HEBUJMMBIMU U «IIOMJIEM IO TPaMBasiM MEJIOYb THIPUTHY.

Ho Bo3Bpamaemcs kK OTpUIIaTeIbHON KOMOMHAIIMOHHOW YacTOTe.

OTMmeuy, 4TO U3 ABYX HUCXOAHBIX M BOJIH, 00pa30BaJIOCh OJ1HA, [UIMHA BOJIHBI KOTOPOH,
0oJib111e OoJIbIIIel, TIPY YCTIOBUH COOJIIO/IEHUS OTOBOPEHHBIX TPAHUYHBIX YCIOBHM.
Yro KacaeTcst SHEPreTHYECKUX COOTHOLIEHUH, TO B JAHHOM cJIy4ae SHEeprus KoyiebaTenbHOro
npolecca, eCTECTBEHHO, YMEHBIUIUTCS, KaK Obl pacTAHYBIIKCH BO BpeMeHu. [lepekauanach ata
SHEPrus B OKpyxaromuil ¢pup, B JIOKAIBHOCTh PAOM CTOSIIEH MMyYHOCTH, IyMal0, 4YTO 3TO HaM
eI11e MPeICTOUT y3HaTh. Ho TO, 4TO B «IIpoluioM» MOSIBUIIACH MH(OPMALIUS U3 TEKYIIETO
¢onoBoro Bpemenu, 1ymato, 4To OTpULIATh HUKTO HE OYyET.

MBI e U3 3TUX pacCMOTPEHHBIX IPUMEPOB OTMEUAEM JIJIs ce0s, YTO M3MEPUTENIbHAs KaTyllKa
B KOJIbLIE Hallero npubopa Jyulie OyJeT pearupoBaTh Ha HETMHEHHOCTh «ILTIOCY», YEM Ha
«MHHYC.
«MuHycoBas» aHTUTpaBa OKUAAETCS OBITh «JIOXJION», XOTS KaK CKa3aTh, OMBIT pacCyauT.

Takum obpazom, eciu Mol U320MOBUM NPUOOD, MePAIOWULL TIOKANbHO Bpems 6
NYUHOCMU UTIU PA3PEHCEHHOCIU, MO NPUOOD 8 OOHOM Mecme NOKAXCen OnepexdceHue
Bpemenu, a 6 Opyzom — omcmasanue om ¢poHo8020. Bonpoc monvko 8 mom, Kaxk
nosvicums «uanpyey» I11C u kax amo nosviuernue onpeoenums. Ilosviuienue
«Hanpyauy moxcem 0vimb 00CMUSHYMO YMeHbUEeHUEM 00beM08 NoJ0CHmell
cmpykmyp, cozoarowux IIIC, a ee «3amepy, Kak HU CMPAHHO 368YYUM HA OAHHbILLL
MOMeHm — moibKo uepes3 Bpemsa!

[Tepen Tem kak mepeTu K 00CYXIEHUIO OJIOK-CXeMbI TpHOopa 1Mo 0TOOPY HACEKOMBIX,
PacCMOTPHM €I1€ OJIMH BaKHBIN JUIs1 HAC YYaCTOK YACTOTHOM IIKaJbI, PACTIOI0KEHHBIA MEKITY
Flu F2.

Ecnu u3mennuth TOJBKO 0/1HO ycinoBue F2 <0,5F1, (4To6bl He 3aMapaunBaThCsi C MUHYCAMH,
cpa3y U3MeHHUM rpaHundHble yciaoBust mo F1 m F2, F1>F2), kak TyT ke pe3Ko OTIHYAIOTCS
IIOJIy4YEHHBIE PE3YJIbTAaThl B CPABHEHHUH € IIPEABITYIINMA. BpeMeHHbIE 3HaYEHHS] aKKypaTHO
noxatcs mexxay T1 n T2 Ha ocu BpemeHu. Bpsa 1 94T0-TO HOBOE OHM ISl HAC HECYT, HO
rparanuHble ycnmoBue F2 =0,5F1 myist permeHust ypaBHEHUS, OISITH JKe€, MPEACTABIISIOT ISl HAC
uHrepec!
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/FZ
F2 = 05F7 F2=Fk2 11/
Fuch

JleliCTBUTENBHO:

Fk2=F1-F2=F1- 0,5F1=0,5F1=F2.
Fk2 = F2.
Yro 310 Takoe?
DTO TO, YTO JAET OTBETHI HAa HEMTOHATHBIE [JI1 HAC «BEIN.

MHe Bce BpeMst He 1aeT MTOKOsl IPUMEP C KAIbKYJIATOPOM, IPUBEICHHBIM
['peOeHHUKOBBIM B KaueCTBE B3aMMOJEICTBUS, a BepHee, AeiicTBus napsl. [1o oTaensHOCTH
OCHHO€ THE3/10 ¥ KUCTU PYK Ha KaJbKYJIATOP HUKAK HE ACUCTBOBAIU. TOJNBKO BO3AEHCTBHE HA
HETOo Mapoi MpUBOIUIIO K cOOr0 ero paboThl. Bel cripocute: «A re e HelmuHeHHOCTh?». [la
000 MO MK TPAH3KUCTOD, JK000i P-N mepexoa npeacTaniser co00il HeMUHEHHBIN YJIIEMEHT.
A mpoTekaromuii 1o MPOBOJAHUKY TOK 00pa3yeT BOKPYT ce0si MarHUTHOE I10JI€, @ MATHUTHOE
1oJie CIIOCOOCTBYET HAKOIUIEHUIO XPOHAJa, a XPOHAJ - 3TO Takas «0siKay, UTO KaJbKYJIATOP HEe
TOJIBKO «HAKPOETCsI», HO €lle U caM OyJEeT JeTaTh BOKPYT OCUHOTO THE3/1a.

A Ternepb CMOTPUTE, YTO 33 «KJIACC» B3aUMOJICHCTBHE JIBYX YaCTOT, COOTHOIIIEHHUE KOTOPBIX

noxuuHsieTcs ycnosuto F1 = 0,5F2.
Cywecmsyem 6 I[Ipupooe F2 u cops cebe ne snaem. Ho mym nosensemcs F1 u ¢ F2
MBOPUMCSL YMO-MO HEBO0OPAZUMOe. MO OHA MONCEM PE3KO YCUIUMBCIL NO
amnaumyoe (pazHoe Hanodcenue), Mo YMeHbUUMbCsL 00 HYas (¢hasnas paznocms
amniumyo), a Ha camom oeie nponadaem KoiebamenvHulll npoyecc 6 Ilpupoode. A
eciu YMom npoyecc cHopmMuposan Uil NOIYYeH 8 8ude npeoopPa308aHUsi KAKO2O-TUO0
nomoxa J¢upa, mo nponadaem oeticmaue 3mo20 HOMOKA.

Ecnu B IIpocTpancTBe HAXOAUTCSI MHOTOIIOJIOCTHASL CTPYKTYpa C MHOXKECTBOM NEPUOAMYECKHUX
OJIMHAKOBBIX TMOJI0CTeH, (hopmupyromas u3 noroka Idupa II1C-2, B Buae koyedaTeIrHOTO
npoiiecca, YKJIaJpIBatoluiics B orpe3ok Bpemenn T2 (F2), To HaBenenHas Ha 3toT DI1C-2 yxe
OIIC-1, apyroit cTpyKTYphI ¢ KostebaTelbHbIM mporieccoM umutenbHocThio T1 (F1) - mubo
pe3ko yeusut 31oT JIIC-2; - 1100 «ybeper» ero, IpOaHHUTUIMPYET 10 HYJIS.
Bce 310 MBI MOXEM MOIY4YHUTh [IPH OJHOM YCIIOBHUH:

F1 =2 F2, u BpemeHHbIE OTPE3KU KOJIEOATENBHBIX MPOLIECCOB

1/T1 =2/T2,

T2=2TI.
Jpyrumu cioBaMu, €ClIM TOJIBKO CYIIECTBYET JUHeNHAasl 3aBUCHMOCTb MEX1y 00beMaMu
MOJIOCTEH CTPYKTYP U ATUHAMHU, POPMHUPYEMBIMU UMM BOJIH, TO 0OBEMBI TIOJIOCTEH CTPYKTYPhI
Ne2 nomxusl ObITh (poBHO!) B 11Ba paza meHbe Nel!
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PacmonosxeHue mo BBIXOYy U3 MOTOKA Ddupa: cHavyala Mallble MOJIOCTH MEITKOCETKH, 3aTEM
MEJIKOCETKA ¢ sTueiKoi 00beMa B JiBa pasa Oosbliie, corjacHo ¢opmyne B.d. 3omorapena!l
XoTtenoch Obl, YTOOBI KaHIIEIAPCKash KHOIKA, MPUBS3aHHAS K CTOTIKE MPABUJILHO
Pacno/I0:KeHHbIX CeTOK I10 NX 00beMaM CTPYKTYp, cTana Obl HAa KaKOe-TO BpeMsl HEBUIUMOI.
B nanHOM ciydyae umeercs B BULy «yBoI» F2, Kak OJHOUM M3 MCXOJHBIX BOJIH, U3 OOIIETO
BpeMEHHOTO (hoHa.
Ha kakyto e BeJIMUMHY HaJ0 YBECTH, CABUHYThH B «CTOPOHY» 3TOT nponecc? Kak onpenenurs?
He «nipobonTancs» nu ciaydaiiHo re-Hu0yb 00 3toM caM Bukrop CtenanoBuy?
Touno, roBopuit! «llucema BHYKY», 3peiblil S3bIK!
...ub0 mym peanuzyomcs Hegedomvie OONbUUHCINGY YUEHBIX HAULUX MYdiCell
CBOUCMBA PAGUMAUUU U 8DEMEHU,; ONbIM NOKA3AL HEOOHOKPAMHO, YMO
00CMAamo4HO JI000MY RPEOMENLY OKA3aMbCsl CMEUEHHbIM 8 XPOHANbHOM
OMHOUWIEHUU — O eCMb 80 BPEMEHU — HA OYEeHb 0ddice KPOXOMHYIO 8eIUdUHY (N0
MOUM 2pYObIM ONpedesieHUAM MO MeHbuUle 00OHOU 0eCAMUMBICAUHOU 001U
CEKYHObl), KaK OH OKA3bl8Aemcsi AOCOIIOMHO HEBUOUMBIM...

[Tomydaercs, 4To BpeMeHHas JeBuanus mpoiecca Jiexut B npeaenax 0,0001 cekyHabI.
Yrto coboli peACTaBISIET 3Ta BeJIMYMHA B OoJiee HapaOOTaHHOM, HO «BPEIHOMY IS HAaC
noHsaTuM, kak yacrora? F =10 0000 I'i, mim 101!
JloBonbHO mpuemiiemasi BennunHa. OueHb HHTEPECHO, K TOMY K€ HaXOAUTCS B 3ByKOBOM
JHara3oHe.
A KaKoBO MOKET ObITh 3HAU€HHE OCHOBHOM BETMYMHBI KOJIEOATEILHOTO MPoLIecca, K KOTOPOMY
JIeBUALIMPYET Ha3BaHHAs BEJIUYHHA?

[Tpou3BOIBHO JTFOOOM.
Cornacen! Ho x0Tk npuOIM3UTENHHBIE BEIMYUHBI Y€T0-TO MOKHO Ha3BaTh, YTOOBI «IUISICATH)» OT
HHX, BSJIMYHH?
MosxHo! D10 «pa3Mepb» METKOCETKH (UIbTpa MIaTGOPMBbI, pa3MePbl 0 KOTOPBIX Mbl MOKEM
MPUOIU3UTENBHO TOBOPUTH U TO, YTO ATH pa3Mepbl MOTYT MEPEUTH B MUKPO. ITO «pa3zMepbl» U
Cpennero Konyca u To, 94TO 3TH pa3Mephl MOTYT MEPEHTH B MaKpoO, CO3AaHHBIMH bobiim
Konycom. Hcxoas u3 3TX cooOpaKeHH MBI MOXEM MPEANOI0KUTh, YTO TJIABHOE —
JAeBHAIUSA, 2 K YeMYy OHa MPHUKIIAIBAETCS K MEJIKO UM MAKpO — ATO YXKe IPYroi BOIpoc.

S cuuTaro, 4TO 3TUMH JIOTUUECKUMU PACCYKIECHUSMHU MbI CACTAIN €€ OUH «IIaXOK» K
OTKPBITHUIO TalHbI 1aT¢opmbl Bukropa CtenanoBuya ['pebeHHUKOBA, K YCTPOHCTBY U
INPUHIINITY paObOThl €€ TPaBUTALMOHHBIX «(PHUIBTPOBY.

3aroHUM 3TOT MIAXKOK B «ITATBIIEBOEY 3aKITFOUCHHE.
['paBuTanimoHHbIe GUIBTPHI MIATHOPMBIL, JEHCTBUTENBHO, MOTYT HUMETh CTPYKTYPY MEJIKOCETKH.
OUIBTP MOXKET COCTOSATH U3 CTOIKHU 3TUX CETOYEK, TICHKH KOTOPBIX MOTYT OTJIMYATHCS 1O
o0BbeMy Mex 1y co0oil B JiBa pa3a M HE TOJIBKO B J1Ba. TyT ’e OroBapuBalo, €CIM BeIMYUHA ITHX
00beMOB (QOPMHUPYET JIMHEIHO YaCcTOThI U3 OTOKa Ddupa.
B nokansHOM 00beMe, 0671aCTH COBMECTHOTO NepeKpbIThs ABYX U O6osee DIIC, BbIeNeHHBIX U3
OKpy>karotiero Jdupa KoaedaTeNbHBIX MPOIECCOB, MOTYT HabIt01aThCs TpU (hakTopa
B3aUMOJICHCTBHS:
1. - HEeBUIUMOCTB, KaK CIIEICTBUE «YBOa» OJTHON M3 MCXOTHBIX BOJIH,
coznanue [IpocTpancTBeHHO-BpeMeHHOro KOHTHHYYMA, U HE TOJIBKO CO
3HaKOM «MHHYCY;
2. -anHUTWIIIKA Ddupa, yMEHbIIEHHE €0 JIOKATbHOH MI0THOCTH,
OTCTaBaHHUe JIOKATbHOIr0 BpemeHnu 1o oTHomeHHIo K (hoHOBOMY;
3. - 1100 yBenuUeHUEe JOKATbHOU TNIOTHOCTU D(upa Kak CIeCTBUE
«CYMMHPOBaHUS UCXOJHBIX YaCTOT», TEM CaMbIM, OllepeskeHHe JOKaIbHOIO
Bpemenu no oTHOIIEHHIO K (HOHOBOMY.
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Hasrom, o BPEMEHM, kak o ¢pusnuyeckoii n3MeHs1ieMoOil yepe3 KoJiedaTejbHbIEe POLECChI
Jdupa - BeIHYMHE — 10K BCE.

[TpogomkuM KOHCTpYHPOBAaHKE TPHOOPA IO OMPECIICHUIO HeTMHEWHOCTH-aHTUTPABEL Y
HACEKOMBIX.
W3 panee pacCMOTPEHHBIX COOOPAKEHUH MpeIararo 3a1aTh TPAHUYHBIC YCIOBUS ISl €70
paboTHI:
F1>F2;, F2>0,5F1, F1=10x Grig
Gr=0,0001cex - BenmmuunHa I'peGeHHUKOBaA, U3MEpsieMas B
CEKyH/IaX, BpeMEeHHOM MPUPOCT AeBHAIIUM;

Grig = 1/Gr — BenmuuuHa ['pur, oOparHas BelUYHHE
I'peGenHmKOBA,
u3mepsiemas B I'u u paBHag 10 x['w, wactoTHbIi
a0COTFOTHBIM MPUPOCT TeBHANMH YaCTOTHI.
TakuM 00pa3oM, BBIXOJUM Ha OCS3aCMbIC BEIIMYUHBI:
F1=10x10xl'u = 100x['u, F2 mpumem kpatHoii F1 u3 ycnosust F2 >0,5F1, nonyctum
60kI 1.
Toraa komOuHaIoHHas yacrora cymmbl Fk1 = F1 + F2 = 100 + 60 =160 kI'u;
KOMOMHaIMOHHas yactota pazHoctu Fk2 = F1 —F2 = 100 — 60 = 40 kI'u.
BpemenHoit oTpe3ok neproa (moyemy mnepuoja — OyaeT sCHO HHKE)
Tk1 = 1/Fk1 =1/160 000 =6,25 Mk cek, a Tk2 = 1/Fk2 = 1/ 40000 = 25 Mk cek.

Konebanns F1 u F2 coznaem npu nomomu nHAyKTHBHOCTH L1 m L2, xomebaHus ke TOKA B
3TU UHAYKTUBHOCTH I0JIaeM 0€3 pe30HAHCHBIX MOMEHTOB, B «Hariaywo». MaKCUMalbHYIO
OTJIauy KaTyIIKaMH B OKPY arollee MPOCTPAaHCTBO M U3JIYUYECHHUS ONpEeIseM
HKCIEPUMEHTAIBHO, TOJJO0POM UX YHUCIIA BUTKOB.

N3mepuTenbHy0, TPEThI0 HHAYKTUBHOCTh PACCYUTHIBAEM TaK, UTOOBI «yBECTH» Mapa3uTHBIN
PE30HAHC Ha BXO/AHOM eMKOCTH KOMIIapaTopa B 00J1acThb, yXOsIel 3a peenbl
komOuHarmoHHbIX YactoT Fk1 n Fk2. KomOuHanmnoHHbBIE YaCTOTHI OMPEACISIEM METOAO0M
UMITYJIECHOTO 3aIOJTHEHHS «Iepedpocay OTKIMKA YABOCHHOH 9acTOTOMH, (M03TOMY Mepuon),
M3MEPUTENIbHON UHIYKTUBHOCTHU. J[JI1 TOTO 4TOOBI HE «IIPOMOPraTh» TO HACEKOMOE, KOTOPOE
MOJKET IEBHALIMPOBaTh BpeMs Uil CBOEH 3aIMThI, OKa3aBIINCh B HEPEIBUIECHHON Ul HETO
o0cTaHOBKE, 100aBJIsieM CJI€Ba U CIpaBa Ha mikaie 4yacToT no 10kI'1, yacTOTHBIN U BpeMEHHOMN
packiajl BBUIOKEH HUXKE.
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To ecTb, eciun «OTKIUKY MO CBOCH BPEMEHHOM JITTUTEIHHOCTU OyIET B IITUTEIHLHOCTH
nuanasona TK1, To cpaboTaeT 3acoOHKa [0 «IUTFOCY» M HACEKOMOE OKaXKETCS B IUTFOCOBOM
6okce. 11 HaoOOpOT, eciK JUTUTEBHOCTD «OTKIIMKa» Oy/er B nuanazone TK2, wim naxe eciu
MIPONJIET €MUHUYHBIN CKaueK BBEPX, TO CpabOTaET 3aCIOHKa OOKCa 10 «MUHYCY.
OyHKIMOHATBHAS 0JI0K-cXema Mpudopa n300pakeHa HIDKE.
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[Tpubop paboTtaeT cnenyromuM 00pazom.

Ot 3aparomiero reueparopa B 6MI 1 mosryyaeM 1Be ocHOBHBIE 4acTOThI B 100k 11 1 60kI 1.
Bydepnsbie, okoHeuHbIe KaCKaabl (OPMUPYIOT CHHYC U3 -00pa3Horo Meanapa. M3 cxemsl
BUJTHO, YTO KOHEUHBIE YaCTOTHI C(ha3upOBaHbI U CBSA3aHBI MEKIY co00ii. B cBs3u ¢ 3TUM,
3aJal0IINK TeHEPaTOP MOXKET ObITh U HE KBAPIIOBAHBIM.

CornacHo MOCTPOSHUIO CXEMBI, pUC.7, HEOOXOUMO BBIACIUTH Bbl1aBa€Mble HU3MEPUTEIHHON
WHIYKTUBHOCTBIO «OTKJIMKW» MEPHOJ0B KOMOWHAIIMOHHBIX 9aCTOT.

Bpemennbie oTpe3ku Mexay 6 u 7 Mkc, 1 20 u 33 MKc.

Oto npoucxoaut Tak. KommapaTtop K Bel1aeT kaxplil pa3 UMITYJIbC, IPU IPOX0XKIECHUU Yepe3
HOJIb CUTHAJIa OT U3MEPUTEIbHONU HHAYKTUBHOCTH. [103TOMY, Ha IEprUOA MPUXOAUTCS TPU
MMITYJIbCA, MBI JK€ OTCIIEXKMBAEM «OTKJIMKK» B JIBa UMITYJIbCA, TEM CAMBIM MEpseM
JUTUTEILHOCTD MOJYNEPHO/IA, «3arOHSS» B U3MEPHUTENbHBIN CUETUUK «IBOWHYIO YaCTOTY) -
2MTI'1.

Pa3pernienrie Ha 3amoiHeHUE U3MEPUTEIHLHOTO CYETUYMKA U «BBIIAYN» CUTHAIA IPOU3BOIUT
Tpurrep-3amienka T3 uepe3 anement M. Tpurrep 3amienkuBaeTcs Ha MOIYyIIEPHOIe, TPH
MPOXOXKACHUH BTOPOTO UMITYJIbCA, TUM 3alpeliaeT 3arnoJIHeHHE CYeTYNKA U, OJHOBPEMEHHO,
CUETYMK BbIIa€T 3aMEPEHHOE KOJIMYECTBO UMITYJIbCOB.

Ecnu ux 6 unu 7, To yepes noruky 1 3amyckaercst OATHOBUOPATOp, (HOPMUPYIOLIHI
JUIMTEIBbHOCTh CUTHAJIA, JOCTaTOYHYIO JUISl CpadaThIBaHUs AJIEKTPOMArHUTa-OTCEKATEINS 110 «1».
CueT4uK «+» OTCUUTHIBAET KOJUYECTBO MPOIIEIIINX HACEKOMBIX. TYT ke TpUrrep-3aienka
NEPEBOJUTCS B UCXOJIHOE COCTOsIHME. Eciu mpoiietaeT yepes KoJbLo ¢ U3MEPUTEIIbHON
WHAYKTUBHOCTBIO HACEKOMOE, (opMUpYIOlIee «KMUHYCOBYIO» KOMOMHAIIMOHHYIO YaCTOTY, TO
CYeTUYHK OyJeT 3anoiaHAThCs Mexkay 20 u 33 ummynscamu. B aTom ciydae cpaboTaeT 3armiernka
0 «MUHYCY.

Ecnu n3meputenbHas MHAYKTUBHOCTD BBIJACT OAMHOYHBIM OTKJIMK WM OLIMOOYHYIO
JUINTENILHOCTh HE JIeXKalllel B rpejienax TpeOyeMbIX IMana3oHoB, TO B TOM clIydae B UCXOJIHOE
COCTOSIHUE TpUITEp OyJIeT BBOAUTD JOMOJIHUTENbHBIN CUeTUUK :34.

I'me-to Tak, 'ocnoga. KTo MOKET 1 XOUET YTO-TO JOIOJIHUTE?

Buxrop I'pur
HOs10pb 2007 Toxa.
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