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HOMHYECKHX, re0(PU3nUecKux U OMOJOTUYESCKUX SIBICHUSX B JAMANa30HE MepuoaoB oT 1,64 mupa yer
mo 50 mer, a 3aTeM ee CyIIeCTBOBaHWE OBIIIO MOATBEPXACHO HaMH B MacmTadax BIUIOTH A0 107-15¢
Ha MpHUMepaX OCOOCHHOCTEW MaMsTH H CIIyXa YeIOBEKa, PsAla TEXHHUYECKHX YCTPOMCTB, B TOM YHUCIIEC
MEAMIIMHCKOTO Ha3HAYEHUs, M, HAKOHEN, B HACTPOWKAX 3pEHUS 4YeIOBEKa U JKUBOTHBIX. ITOT
OecrpereeHTHO MYJIbTHMACIITAOHBIH AMCKPETHBIN CIEKTP IMEPUOJ0B HCCIEAOBANCS [0 CHX IOP
HCKIIFOUUTENFHO Ha 0a3e JUTepaTypHBIX JAaHHBIX, H B pe3yJlbTaTe OBLIO MOKa3aHO, YTO MHOXKECTBO
CHCTEM pa3MYHON MPUPOJBI, B TOM YHCIE caMble OOBIJICHHBIC, (YHKIMOHUPYIOT Ha (oHe Oe3pas-
MEPHOTO CIIeKTpa MepHoa0B ~34/2". OH 6IM30K K CIEKTPY CTOXAaCTHUECKOTO aTTPAKTOPa, AAIOIIEro,
B YAaCTHOCTH, MU(ATOPEHCKYI0 My3bIKAIBHYIO OKTaBy. Pe3ynbTaT 3TOT0 (PEHOMEHOIOTHIECKOTO 0000-
IICHHUST MBI TMOJTBEPKIAEM OSKCIIEPUMEHTAIbHO, TECTHPYS Pa3MYHbIE T'€HEPATOPBI IIEKTPHUECKUX
KoJieOaHH.

Knrouesvie cnosa: ympoenue nepuoda, yHusepcanvbHas cucmema ympausarowuxcs nepuooos, peiaxcayu-
oHHbll 2eHepamop, R C-zenepamop, cmoxacmuueckuti ammpakmop OKmaevl, 3peHue, CIyx, namambo.

DOI: 10.1134/S0006302919020194

YHuBepcaidbHas CHCTeMa YTPAaWBAIOIIHUXCS TIe-
puozos (YCVII) omuceiBaercs ¢popmymnon T, =
P0-3k/2m; rne Py, = 114,57 ner, k = 51 + 15 n
m ~ —10 + 10. B Hacrosmee BpeMs IO JuUTepa-
TypHBIM naHHBIM YCVII oOHapyx)eHa B Auama3oHe
MEPUOAOB OT 1015 ¢ no 1,64 mipa ner. CHauana
YCVYII Obina BbIsiBIIEHA B pe3yibTaTax U3MEpEeHHH
ACTPOHOMUYECKHUX, T€O(PU3NMIECKUX M OHOoJIoTHYe-
CKUX siBJIeHUH [1], 3aTeM B 00yiacTu OMopu3nuecKux
SIBJIEHWH, B yacTHocTH, B YBY-tepanuu, B oco-
OCHHOCTSAX NaMATH, CIyXa M 3PCHUs 4YeJIOBEKa M
KUBOTHBIX [2-5] a Takke B TEXHHYECKUX YCTpOW-
crBax [6] (cM. puc. 1).

U neonorust ocobeHHol poau B 0no(pu3NIecKux
cUCTEeMaX JUCKPETHBIX COCTOSHHM M TEPEX0J0B
MEXJIy HUMU 3anoxeHa eme B 1950-x romax [9,10].
XOoTs U HE COBIAJAalOT B HEKOTOPHIX MOMEHTaX,
HO HIEHHO HOCTAaTOYHO OJM3KO K HAIIUM CTOST
uccnenopanus X. Mromnepa [11-19], npuBenmue,

Coxpamenue: YCVII — yHuBepcanbHas cucTeMa yTpauBalo-
IHUXCA TEePHOJOB.

B YaCTHOCTH, K CO3JAaHHUIO UM OHMOMEAMLIMHCKOTO
npubopa «Curator». Ucneitanus B UTOb PAH
3TOTO MpHbOopa HAa OMOTOTHYECKHX 00BEKTaX OKa-
3aJIUCh BIIOJIHE yCHEImHBIMHU [20-26].

Pesynprater pabot [1-6] cBHIETENHCTBYIOT O
AOMHUHUDOBAaHHHU TepuoOnoB T, = Py:3%2™ ¢ na-
pamerpom m = 0 m 1 nmpu 3HaueHusx k ot +15
no —40 (puc. 1) mu mamee mo —51 [27]. XoTsa Ha-
Onromaemasi MacmTaOHasT MHBAapPUAHTHOCTH CHUCTe-
Mbl YTPaUBAIOIIKUXCS MEPUOJOB yKa3blBaeT Ha CBO-
0omy BeIOOpaA HYJNS IMapamerpa k, B CBOUX paborax
[4,6-8 1 np.] MBI IO TPajMIIUU CBI3BIBAEM C k =
0 mepuox Py = T, = 114,57 ner, onpenencHHbIN
B MHOHEpCcKoi padote [1].

YHUBEpPCaIbHOCTh CHCTEMBl YTPaHBAIOIIMXCS
MEepHUOJIOB MOXKHO TPHUHATH 34 CBUJIECTEIHCTBO
(YHKIMOHUPOBAaHUS BCEX MEPEUNCICHHBIX, a TAKKE
MHOXECTBA JAPYTUX OOBEKTOB B «TEMIOPAJIbHOM
¢pakrane», ooOHapyxenHoM B ¢popme YCVII [1,7].
TepMuUH «TeMmopanbHBIH (QpakTan» B3sAT U3 TOH
xke paborsl [1]. CymecrBoBanme YCVYII moxHO
HNOATBEPAUTH SKCIEPUMEHTAIBHO IOCPENCTBOM
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Puc. 1. ®parMeHT ucciefoBaHHOTO JMana3oHa Iepuo-
NI0B, TJi€ TIOMEYEHbl OOHapyXeHHble nepuoasl T, =
Py:3k/2m, pxonsmue B YCVYII. Macmra6 norapudmu-
4eCKHH. ACTPOHOMHYECKHE, T'e0- U OMOIOTHYECKHE TIe-
puonsl Ty.,, 3aHnMamue auamason k = 0 + 15,
onucassl B padorte [1], 6nodusnyeckue nepuoast 7.,
HaliieHHBIe B OKpecTHocTH k = —10 m k = 75,
MpeAcTaBlIeHbl B paboTax [2—5], TeXHUYECKHE MEpHOIbI
T.m» OOHapYXCHHBIE B CBEPXBBICOKOYACTOTHOH 00-
nactH B okpecTHoctH k = —40, cM. B paGoTax [6-8].

Pa3IUYHBIX TEXHUYECKUX YCTPOUCTB, QPYHKIHOHH-
PYIOIMHUX NUKIWYECKN B CAMBIX pa3HBIX MacmTabax
BpeMmeHnu. Ilo cyTu, Bce 3TU yCTpoHCTBa SIBIAIOTCA
gacamu, nodTomy onucanue YCVYII ects onmcanue
COTJIACOBAHHOCTH MEPHUOINYECKUX MPOIIECCOB, MPO-
HCXOJMIINX B pa3IMYHBIX MacmTabax BpEMEHH,
JIPYTUMHU CIIOBaMHU, COTJIACOBAHHOCTH XOJla 4YacOB
B pasHbIXx MacmrTabax BpemeHu. CrnpaBelIMBOCTH
uneun o Bo3MoxkHoctu cBenenus YCVYII x Tpanu-
MUOHHOU Teopuu KoJIeOaHUN, B TOM YHCIIE K YacaM
KaK aBTOKoJeOaTenbHBIM cucteMam [28,29], ocra-
eTcs MoKa Mo BOMPOCOM. 31eCh OUIYIIAETCs HyXAa
B TOYHOM 3KCIEPUMEHTE.

MATEPUAJIBI 1 METOJBbI

I'enepaTrop peslakcallMOHHBIX KOJeO0AHUI HA He-
OHOBOI1 J1ammie. /{1151 SKCIIEpUMEHTaIbHON MPOBEPKU
cymectBoBaHus mepuonoB YCVYII B 0OBIIEHHBIX
Macmradax BpE€MCHHU MbI CHadalia MPOBCIN OIBITHI
C pelakCallMOHHBIM T'E€HEPaTOPOM dIEKTPHUUECKHUX
KoJieO0aHUi, CKAHUPYIOIIUM 00JaCTh IEPUOJOB, 0X-
BaTHIBAIOIIYIO IO KpaiHell Mepe HECKOJIbKO TIie-
puonos u3 MHoxectBa T, DOCTYIHBIX AN He-
CIIOKHOTO JKCIIEpUMEHTUpOBaHUsI. {DaKTHIecKn
MBI CO3Jalii CTEeHJ, KOTOPBIH OOecrmedymn  Harlsi-
HBbIH 3KcriepuMeHT. Hemanoe 3HaueHne uMeeT Bax-
Has JUIsS CTEHIIa MPOCTOTa yCTPOUCTBA (CM. pHC. 2).

B mpomnecce paboTel reHepatopa KOHIEHCATOP
Cl menneHHO 3apspKaeTcs 4Yepe3 CONPOTUBIICHHUE
R1 ¥ npu nocTukeHuM Ha KOHIEHCATOpE Hamps-
JKEHHS, JTOCTATOYHOTO JUIs 3aXUraHus jammbl JI1,
MPOUCXOAUT OBICTPBIM €ro paspsj depe3 ra3 JiaM-
MBI, TTOCJIE Yero JiaMIma TacHeT, U BCE HAauMHAETCs
cHauana. [eHepaTop HAcTpOEH Tak, 4TOOBl OH
paboTai B nuMama3oHE BH3yaJlbHO KOHTPOJIHpYeE-
MBIX BCIBIIIEK JIAMIIBI C MEPUOJOM, JIeKAIUM B
ypoOHOM s BocmpusTus nuanazone ~0,5-4 c.
Jns 3axkuranus HeoHOBOW mammbel JI1 (MBI HcC-
moJib3oBaidu jgamny MH-7) moHamoOumock mocrTo-
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Puc. 2. [IpuHnunuanpHas cXeMa peIaKCaHOHHOTO
reHepaTopa Ha HeoHOBOU namme JI1.

saHoe Hampsbkeane U =~ 70 B. Uto0BI 3amaTh
TpeOyeMBbIil Tepro/I BCIBIIIEK JTaMIThl, MBI BEIOpan
eMkocTh 160-BosTOoBOTO KOHAeHcaTopa Cl, 6mu3-
kyto kK 0,1 Mmxk®, u conpoTtunienue pesucropa R1
B HeckoJbko MOM (B penakcalluOHHOM TeHepa-
TOpe compoTHuBiIeHHe pe3uctopa R1 momxHO OBITH
MHOT'0 OOJIbIlIE COMPOTHUBJICHHUS HEOHOBOM JaMIIbI
IpU NPOTEKAHWHM dYepe3 Hee TOoKa paspsiia KOH-
JleHcaTopa).

Jns 3amuTsel BXOJa 3BYKOBOW KapThbl KOMIIb-
0Tepa, COMPSKEHHOTO C TeHepaToOpoM, OT Iepe-
TPY3KH MBI HCIIOJIL30Bajid, BO-TEPBBIX, KOHACHCA-
top C2 ¢ mapamerpamu 0,1 Mmx® u 160 B, otpe-
3aI0IANA MTOCTOSHHYI0 KOMIIOHEHTY BBIXOJHOTO Ha-
NpSKEHUs, M, BO-BTOPHIX, OTPAHUUYUTENH HaMpPs-
xkenus Ha auonax D1 m D2. Pesucrop R3 HOoMmMU-
HajgoMm 100 OM orpaHWYMBaeT TOK 4Yepe3 dTH JUO-
IIBL.

BriOpaHHBIN AMana30H NEepUOJ0B BCHBIIIEK He-
OHOBOM JIaMmbl CKaHUPOBAJU 3a CUET ILIABHOTO
M3MCHEHUS HANPSKEHUS MUTAHUS pPeIaKCalUOHHO-
ro reaepatopa. ns BeiOopa TeMna CKaHHUPOBAHUS
B CHCTEMY NHUTaHUs TeHepaTopa Ha OaTapeikax
4,5 B n/unu 9 B MBIl DONOJHUATEILHO MOJKIIOYAIN
Takue ke 0aTapelKky, 3alIyHTHUPOBAHHBIE PE3UCTO-
pom R2 c comporuBnenuem mopsaka 1 KOwm. B
mpomecce paspsaa 3allyHTHPOBAHHBIX OaTapeex
HalpsbKeHWE TUTaHUs pelaKkCallMOHHOTO TeHepa-
TOopa IJIaBHO CHWXKAJIOCh K MHHHUMajibHOMY Ha-
MPSIKEHUIO 3a’KUTaHUSI HEOHOBOU JaMIIbl, U IIEPUO T
BCIHBIIIEK JIAMIIBI OCTENEHHO BO3pacTal. Tak ocy-
LIECTBIISIJIOCh CKAHUPOBAHUE UCCIEAYEMOT0 Auarna-
30Ha MEPHUOJO0B, HAlEIEHHOE HAa MOUCK aHOMAJIUH,
0o0ycinoBIeHHBIX cymectBoBanueM YCVYII.

[Ipu u3MepeHHSX CUTHAJ O BCIBIIIKE JIAMIIbI
mojaaBaiu B HopMe KOPOTKOTO MMITYJIbCa C BBIXOa
reHepaTtopa Ha 3BYKOBYIO KapTy KOMIbIOTEpa W
ouudpoBeBanu HamnucaHHoW B cpene MATJIAB
MPOTPaMMO¥H, OCYIIECTBISIONICH O0OHAPYKEHUE ITUX
UMITyJIbCOB, HAKOIUICHHE PE3yIbTaTOB WU3MEpEHUi
U TEPUOJIUYECKYI0 3amuch B (aill Ha IUCK KOM-
MpIOTEpa C yKa3aHWEeM B HMeHH (¢ailma MOMEHTa
BpEMEHH 3aIlCH. 3a OCHOBY ObllIa BBEIOpaHa BHI-
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Puc. 3. IlpunnunuanpHas cxema pergakCcallMOHHOTO
reHepaTtopa Ha THUPUCTOPE, PEATU30BAHHOTO MOCPE.I-
ctBoM TpanzucropoB KT315T u KT361I'. Ceronuon
D3 — umHOuKaTOp/BU3yanH3aTOp HMITYJIHCOB.

JokeHHas B HTepHET B CBOOOHOE MOJIb30BaHHE
nporpamma geiger.m [30]; B mpolecce amanTupo-
BaHUS K 3KCIEPUMEHTY OHa OblJa COOTBETCTBYIO-
muM o0paszoM MoauduIMpoBaHa.

3BykoBas kapra oOecreduBana 4YacTOTy COM-
miuHra 44100 'n; u3mepeHuss mpoOBOJUIU C TMO-
JYMUHYTHBIM HHTEpPBAJIOM. 3a 3TOT HEpHUOJ Bpe-
MEHH MPUXOJUIO0 HECKOJIbKO UMITYIbCOB. [Ipu 00-
paboTKe HAKOIJIEHHBIX (PalJIoB MPUMEHSUIH TIPO-
rpamMmy Excel n3 makera MS Office.

[lepen wcCHBITAHUSMH DPEINAKCAIIMOHHOTO TeHe-
paTopa ObIJia BEITIOJTHEHA MPOBepKa CTaAOMIBHOCTH
paboTHI Bcelt M3MepHUTENbHON cucTeMBl. [ aToro
penaKCcalMOHHBIA TeHepaTop MOAMEHUIN CTaOWIIb-
HBIM KBaplEBBIM TE€HEPaTOPOM W MOJIETHIN ero
9acTOTY TaK, YTO TOJYYEHHBIH «MOIENbHBIN» IIe-
pHOI OKa3alics B OKPECTHOCTH TpPeX CEeKyHJ — B
nramna3oHe IMEePHOJI0OB, M3y4aeMOM B JTHX DJKCIle-
puMeHTax. MHOTOKpaTHBIE 3aMepbl MOCPEACTBOM
TECTUPYEMOUN HM3MEPUTENbHON CHCTEMBI MOKa3alu,
YTO MOJIETBHBIN MEePUOJl U3MEHSETCS He 0ojee yeM
Ha eNWHWIy B IecTod 3Hawamed mudpe. Ilpu
CKaHHPOBAHUH K€ MEIJIEHHO H3MEHSIOMIErocs Ie-
pHO/a penakcallHOHHOTO TeHepaTopa U3MEpEeHHBIE
3HAYEHHUA TO CTaOMIM3UPOBAINCh HA YPOBHE MATOH
3Havamel mudpel, To Kojedaauch B TpeThell. DTa
nepeMeHHasi HETOYHOCTh MMEET JB€ TJIaBHbIE MPH-
quHBL. B ciydae pemakcanmoHHOTO TeHepaTopa Ha
HEOHOBOU JlaMIle OJHa MPUYNHA OOYCIIOBJIEHa pe-
KUMOM BHEITHETO OCBEIIEHUS Ta3a HEOHOBOW JaM-
MBI U WTpaeT BTOPOCTENEHHYI pOJb, TaK KaK B
JKCIIEPUMEHTE HECI0KHO O0ECIeUnTh CTaOUIIbHBIE
YCIIOBUS — MOCTOSHHYIO TEMHOTY HIIH TIOCTOSTHHOE
sspkoe ocBenieHue. [pyrod HMCTOYHUK HETOYHO-
CTel — HABOJKHM OT JJIEKTPUYECKOM CETH, MPOsB-
JAIONINECS TPH MEJIEHHOM CKaHUPOBAHUH H3Y-
4aeMoro aruamna3oHa MepHoJ0B; B pe3yiabTaTe dTOH
MOMEX! B TEPUOJl MEXAY ABYMS MOCIEIOBATENb-
HBIMH HUMITyJbCaMH TE€HepaTopa pelaKCallmOHHBIX
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Puc. 4. Slnpo RC-reHepatopa mepuoIMYEcCKUX KOJe-
OaHmii. [Ins TOro 4TOOBl HAadYaJIBHBIA MEPHOJ TeHepa-
TOpa momajaana B 00JIacTh OKOJOCEKYHIHBIX MEPUOIO0B,
emkocte C BpIOMpanu Hu3 MUPOKOH OKPECTHOCTH
1000 Mx®. CompsixeHne ¢ KOMITBIOTEPOM, KaK Ha Tpe-
IBITYIIAX CXEMax.

KoJie0aHUiA omagaeT pa3Hoe YHUCI0 BOJH HaBOJKH
ot cetu 50 I'. B okpecTHOCTH TPEXCEKyHIHOTO
neprojia CIeAOBaHUs W3MEPSEMBIX HUMITYJIHCOB Te-
HepaTopa TUCKpeTHoe oTianume Ha 1/50 cexyHIbI
cocraBisier 1/150 ot m3mepsiemoro mepuona. Ilo-
TPENTHOCTh U3MEPEHHS B TPeThell 3HadaImed nudpe
He MOBJMsJIa Ha BBIBOJBI Halllel CTaTbH; OCHOBHBIE
pe3yabTaTHl TOJY4YeHBl TOCIE ycpeaHeHus Oomee
CTa TOCIENOBATENbHBIX H3MEpEHHI.

I'enepaTop peJlakcallMOHHBIX KO0J1e0aHUil HA TH-
puctope. OT HEOOXOAMMOCTEH YYHUTHIBATH PEXUM
OCBCIICHUA U UCIIOJIB30BATh HAIIPAXKCHUEC MOPAaKa
100 B cBobOonHa wHcIONb30BaHHAsT HaMH cXeMma
pEeTaKCallMOHHOTO reHepaTopa Ha HU3KOBOJIBTHOM
tupucrope (puc. 3). Camo ycTpolcTBO THPHCTOpa
(TOK paspsga KOHAEHCAaTOpa TEYeT B MOJYIPOBOI-
HHUKEC, 3alllUOICHHOM OT CBETa KOPIIYyCOM TpaH3HU-
cTopa) o0ecreynBaeT peXuM, aHAJTOTUIHBIN pabo-
T€ HEOHOBOW JaMIbl B TEMHOTE.

RC-renepaTtop Ha muxpocxeme KS531I'T'1. Ot
OTMBITOB C pEIaKCallMOHHBIMU TeHepaTOpaMU MBI
OBICTPO TMEpenuin K TEeCTUPOBaHHUIO Ooiee yno0-
Horo RC-reHepaTopa mepuoauuecKuX KoJieOaHUH,
nocTpoeHHoro Ha 6aze mukpocxembl K531T'T'1 nnnm
ee mpooOpasza SN74S124 (cm. puc. 4).

Hamnpsokenne nmuTaHus reHepaTopa B 3TOM CITy-
yae CTajlo HEM3MEHHBIM, a B KauecTBEe CKaHUPYIO-
orero (baKTopa MbI CTAJIN UCIIOJb30BaTh MEAJICHHO
WU3MEHSIONINECS BHEUIHUE YCIOBUs, NeMIMUPYS UX
BO3JEicTBHE HA TEPHUOJ T'eHepaTopa IyTeM YCTa-
HOBKH T'€HEpaTopa B U30JHPOBAHHOM TOMEIICHUU
C OTHOCHUTENHbHO TIOCTOSHHBIMH TlapaMeTpamu
W/UIIA B CHEIHUAIbHBIA KOXKYX.
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Puc. 5. (a) — Uror cyroyHoro MOHMTOPHHIA INEPHONA RC-reneparopa B okpecrHoctu mepuona T_jg; = 1,555 c.

TOJ'IIJ_II/IHa TOPU3OHTAJIBHBIX J'II/IHI/II/I KOTOPBIC Hpe,HCTaBJ'ISIIOT YPOBHHU YCYH Ka4€CTBCHHO OTBCYACT BCPOATHOCTU HX
HaGJ’lIOZ[eHPIH KoTOopas, CorjiiaCHoO HaKOIUICHHO U OMITUPHKE, 6LICTpO nmagac€t ¢ pocToM aGCOJ'[}OTHOI/I BCIIMYHHBI napameTpa

m nepuona Ty, Ha puCyHKe npencTaBiieHbl YeThPe YPOBHA — MajoBEPOATHbIC, T 54 7 = 1 039 cu T 149 =
1,555 ¢ (xupHas J'II/IHI/ISI) U HECKOJIBKO MEHee BepOSITHI)II/I T . 5=

(WITpUXOBBIE TMHUH), BECHMA BEPOATHBIH, T_jg. =

1,476 ¢

1,383 ¢ (cutomHas Gojee ToHKas nuHMS). ObuIyo KapTuHy ypoBHeil YCVYII B OKPECTHOCTH 3TOH 30HBI nepnonon

cM. Hwke Ha puc. 14 u 15. (6) — Obparumeiii mepexox mexay yposuamu YCYII T_jg. =

Ha 3aKJIIOYUTENLHOM 3Tafe CyTOYHOTO OTBITa, NpPEICTaBIEHHOTO Ha puc. Sa. Ilepexon npomomen B OerCTHOCTH
MOMEHTa MHOYTH TOYHOTO coBmajeHus mnepuoaa RC-renepatopa c mepuomom YCVII. RC-remepatop Haxoauics B
TEUYEHHE OIBITa B KOXYXE, HECKOJBKO AEMI(HUPYIONEM H3MEHEHHS TeMIepaTyphl B 1abOpaTopHH.

PE3VJIBTATBHI

I'enepaTop pejlakcallMOHHBIX KOJIeOAHUN HA He-
OHOBOI1 Jlamme. B sTom ciydae ObIT OoOHapykKeH
oxumaeMblii mepuoa YCVYII T 190 = = 3,111 ¢ (cm.
pabory [31]).

I'enepaTop pejakcalMOHHBIX KOJIEOAHUI HA TH-
puctope. Oka3anoch, 4TO 3TOT TEHEpPaTop IMO3BO-
nseT oOHapyXHUTh xapakTepHble mepuonsl YCVYII
B JOCTaTOYHO IIHPOKOH oOjactu mepuonoB. B
HCCIIE/lyeMOM JInana3one ~0,1 ¢ + ~4,0 ¢ ObLIM
Hal/ICHbl NCKOMbIE JUCKPETHBIC MePHOAbl T 5o =
0,518 ¢, T' 5y = 1,037 ¢, T 19, = 1555c1/IT190
3,111 c.

RC-renepaTrop mnepuoguyecKux KoJieOaHuil Ha
vukpocxeme KS531I'T'1 mpusenr k eme Oosee 60-
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raToMy CIEKTPY pe3yiabTaToB. [IpuMepbl HTOTOB
SKCIIEPUMEHTA C 3THUM THIIOM TeHepaTopa Mmokasa-
Hbl Ha puc. 5-12.

[lepBonauanbublii BapuantT Gopmynst ais T,
B pabore [l], a Takke MaccMB 0OCYIaBIIECs
TaM SMIOUPUKH HMEJIH CUJBHBIA AKLEHT Ha 3Ha-
yeHussx m = 0 m 1, Kak Ha XapaKTEPUCTHKAX
HauboJiee 4acTo npo;mn;nomnxcx ypoBHeil YCVII
(cp. ¢ puc. 1). Yposens T 4, = 1,555 ¢ (puc. 5a,
50) COOTBETCTBYET OJHOMY M3 OTHX BBIICICHHBIX
3HAYEHUW Tapamerpa m.

HdocTaToyHo CHIbHBIE OJHOHANpaBJICHHbBIC
temrnepatypHsie apelidsr B RC-renepatope nepuo-
OUYECKUX KOJeOaHUH MOTYT BBIABIATH YPOBHHU
YCVII, nenas nepexoAsl MEXKIY dTUMH YPOBHSAMU
HeoOpaTuMbIMHu (pHC. 6).
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Puc. 6. Cxadok 3HaueHuii nepuojna RC-reHepaTopa u3 oxpectHOCTH ypoBHSA T 5i., = 1,383 ¢ B OKpecTHOCTb ypOBHA

T _j9. =

1,555 ¢ B momeHT apeiidpa mepuona RC-reHepaTopa mepHoguuecKuX KojieOaHWH depe3 OKPECTHOCTh YPOBHS

VCVYII T_,,._,. Beepxy rpaduk cpeqHeuacoBhIX 3HAYEHHI B TEUEHHE ABYX CYyTOK, BHH3Y — TOJYMUHYTHBIX B TEYEHHE daca.

I35 %529 73 o7

L 1 ]
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Puc. 7. Cepust aHOMaNbHBIX BHIOPOCOB B pe3ylbTaTax
cpenHeyacoBbIX uU3MepeHuit nepuona RC-reneparopa.
MOMEHTBI BO3HUKHOBEHMSI aHOMAJIUN KOPPEIUPYIOT C

MOMEHTaMH cOBHaJieHus napeiidpyromero mnepuona RC-
reHepatopa ¢ ypoBHsimu YCVII.

EcTtecTBeHHO, YTO MAHCKPETHBIE NEPEXOabl C
YpPOBHS Ha ypOBE€Hb W OOpaTHO MOTYT MPOHCXO-
INTH CTOJb KPAaTKOBPEMEHHO, YTO HM3-3a MPOIEAy-

pBl ycpenHeHus oHM OyIyT HaONIONAThCA MPU U3-
MEpEHHSIX He KaK JHCKPETHbIe TMepexobl (CM.
puc. 5, 6), a TUIIH Kak KpaTKOBpEMEHHBIE BEIOPO-
Chl C JUCKPETHOTO YpOBHA (cM. puc. 7-9).

Hab6ntogaemsiit Ha puc. 7 1 9 MHOTOJIHEBHBIM
Ipeiid nepuoa — 3TO ClIeNCTBUE OCCHHETO MaeHHUs
TeMIepaTypsl B J1a0OopaToOpuH, a TEpHOTUYECKUE
BOJIHBI OTPa’KaIOT CYTOYHBIH HUKJ TeMIIEpaTypHl.
Bri6pocel — ciencrBue cBoeoOpa3HOro pe3oHaHca
reHepupyeMoil yactoTel ¢ yactotamu YCVII, 6o-
jee TIIATEJIbHO PAaCCMOTPEHHOTO HIDKE.

Ha puc. 7 u 9 npuBeaeHsl pe3yiabTaThl MOCIe-
JIOBaTEIFHOTO MOHHTOPHHTA TEepHoAa OJHOTO H
toro xe RC-reneparopa. B okpecTHOCTSIX MOMEH-
ToB mepecedenust yposHed YCVYII nabmionmarorcs
agoManuu B Qopme BBHIOPOCOB.

[Tonmydaercs, 94TO, ¢ OJHOM CTOPOHBI, HAOIIO-
naercst tAroreHue kK ypoBHAM YCVII (xorma-to
npuBeamiee k oOHapyxeHuto (enomena YCVII),
a ¢ Ipyroi — O4eBUAHO H30eraHHWe dTUX ypOBHEH
B BHIE BBIOPOCOB. DTy CUTyalUIO0 pPa3bsICHSIOT
puc. 10-12, rie B HECKOJBKO YCOBEPIIEHCTBOBAH-
HOM 3KCHEpHMEHTE, BO-IIEPBBIX, I0KA3aHO BO3HHUK-

BUO®U3UKA Tom 64 BrII. 2 2019
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Puc. 8. BoiOpocsl (pe3ko Bo3pocuine (GaykTyalldd) B MOMEHT IepecedeHusi mepuoaoMm RC-reHepaTtopa OKPECTHOCTH
nuckpetHoro ypoBHs YCVII T_jg.q = 1,555 c. B Teduenme 30-CeKyHIHOrO M3MEPEHHS 3TU BBHIOPOCHI MOTYT BO3HHKATh
M3-33 CMEIIMBAHUS HEM3MEHEHHBIX IUCKPETHBIX 3Ha4YeHud mepuopa T_jo.; ~ 1,555 ¢ M pe3ynbTaTOB NMPOM3OUIEAUINX

3a 3T1 30 ¢ KpaTKOBpEMEHHBIX NEepexoJ0B Ha apyrue nuckperHeie ypoBHU YCVYII. [Ipu 3TOM cpenHedacoBoe 3HAUYCHHE
nepuona Habmaronaercs Toxe Kak Hekud BpIOpoc ¢ ypoBHA T_j9.q (puc. 7 um 9).

LU i

1.35

1 13 25

37 49 61
t,4

Puc. 9. IIpomomkeHue ombiTa, NPEACTABICHHOTO Ha puc. 7. 30Ha aHOMAaJbHBIX 3HAaYeHWH mepuona (BEIOPOCOB)
pacrionaraercs Tenepb B OKPECTHOCTH ypoBHA T_j4.9 = 1,476 c.

HOBEHHE JOJITOKUBYIIETO COCTOSHHUS B OJM3KOM
okpectHocTu ypoBHsS YCVII, T.e. dpakTuuecku Ha-
nu4Yne 3ampera Ha OoJiee TecHOe MpUOIIKEeHUE K
IUCKPETHOMY YPOBHIO, U, BO-BTOPBIX, IOKa3aHO
CKayKo0Opa3Hoe MPeoJoJIeHUEe ITOTO 3amperTa, T.e.
HaJdu4yue y3KOU 30HBI 3alpelIeHHbIX 3HAYEHUM Iie-
puoga B OKPECTHOCTH TOYHOTO 3HAYCHUS Tk;m.

IIpeononenue yposHeir 7', NPOHCXOMUT C
TPYAHOCTSMH, OHO COBEPINAETCS JUCKPETHBIMH
CKa4yKaMH, CIPOBOIMPOBAHHBIMU Pa3THYHBIMH
BHEUIHUMHU OOCTOSITENbCTBAMH. B dacTHOCTH, B
ONBITE, MpeIcTaBIeHHOM Ha puc. 11, ckadok oT
m = 0 Kk m = 8 MOI NPOU30UTH B MOMEHT
BO3HUKHOBEHUS HCKPHI MPHU OTKIIOYEHHH OT DJIEK-
Tpudeckoi ceru (220 B) Omoka muTaHHS OIHOTO
n3 npubopoB. B oTcyTcTBHE K& MOAOOHBIX BHEII-
HAX BO3MYIIEHWH ATO THIMYHAS CHTYyaIus BO3-

13 BUOOU3UKA Tom 64 BrII. 2 2019

MOJKHOCTH JOJITOTO W HAaJAeKHOTO HAOII0JeHHS
ypoBHs YCVII (a Ha camMoM jene 3Ha4YeHUs, 0Ju3-
KOTO K 3TOMY YpOBHIO, HO OTJMYAOIIerocs Ha
~0,3%). MBIl mpenmonaraeM, 4TO MHOTOKpPaTHOE
MOBTOpPEHUE 3TON CHUTYyallMd B pa3HBIX MacmrTadax
BpPEMEHH MOTJIO NMPHUBECTH K UJEE CYIIECTBOBAHHUSA
dbenomena YCVII.

[TepBoIii qUCKpeTHBIN mepexox Ha puc. 11 mpo-
M30IIeNT W3 OKPECTHOCTH BBICOKOBEPOSITHOT'O CO-
crosaus T 5 (¢ m = 0) B OJIM3KYIO OKPECTHOCTDH
cocequero (cMm. puc. 14) ManoBepOSITHOTO COCTOSI-
HUA ¢ m = 8, TAe KoJyebaTenpHasl CHCTeMa 3aTeM
npebbIBasa OKOJO MoJiydaca. B Onau3koil okpect-
HOCTH COCTOsIHUS T’ 5, ) OHA NPeObIBaIa K MOMECHTY
cKayKka yxe 0oJiee ABYX CyTOK (MMes Meproa 0KOJIO
1,040 c, cM. mato ma puc. 10). OOpamaror Ha
ce0s1 BHHUMaHHE HEpEOKHe [JIsi TaKhX CKaYKooO-
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Puc. 10. PesynpraT MoHMTOpuHra nepuosa RC-renepatopa B OaM3KoH okpecTHOCTH T 0.0 =
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1,037 c. Bo3moxHOi#t

NpUYNHOW HAaOTIOAEHUS YHUBEpPCAIbHONH CHCTEMBl YTPaWBAIONIMXCS IEPHOJOB AN ApeHdyromux 3HaUYeHHH Nepuoma
MOJXET OKa3aTbCsl ()EHOMEH UX CTaOMIIM3alUM B OKPECTHOCTAX ypoBHed T.,.
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Puc. 11. OnuHOYHBIH BEIOPOC — 0OpAaTUMBIH AUCKPETHEIH Iepexol] Mexay cocenHuMH ypoBHAMH YCVII B nanpHeimem
X0JI¢ MHOTOCYTOYHOTO MOHHTOPHHTa, MpeAacTaBieHHOro Ha puc. 10 (cp. ¢ puc. 50).

pa3HBIX MEPEXOJHBIX MPOILECCOB 3aTyXaloUIHe KO-
nebaHus BOKPYr (pUHANBHOTO ypOBHS (CM. Hayajb-
HYI0O 30HY IOCJIE CKayka).

Ha puc. 12a u 126 unmocTpupyroTcss BOCIPO-
M3BOJIMMOCTH M BBICOKOE pa3pelieHne pe3ylIbTaToB
W3MEpEHUH, JTOCTUTHYTHIE Mocie (HHAIBHOW MO-
nuuKanuu METOOUKHU JKCIEpUMEHTa — MpUMeEHe-
HUS YIYYIIEHHOTO JemIipepa H3MEHEHHH TeMIie-
paTypsl OKpYXaloIIero BO3AyXa M YTOYHEHHOTO
BpIOOpa BETWYUHBI crapToBoro mnepumoga RC-re-
HepaTopa IMOCpencTBOM 12-paspsaHoro mudpo-
aHajoroBoro npeoopasosarens Arduino Due. [1pu
3TOM BBIXOJHOE HANpsDKEHHE MpeoOdpa3oBaTens mo-
naBanu Ha K531I'T'1/2, u nanpsbkenue 5 B — Ha
K531I'T'1/3.

[Ipu Gonee coBepiieHHOM NeMIGUPOBAHUHN B
W30JIMPOBAHHOM IIOMELICHUH TEMIEpaTypbl OKpY-
KAIOIIEro TeHepaTop BO3AyXa 3a CUET BBEACHUSA
elle M IEHOIUIACTOBOTO KOXKyXa 4acToTa IeHepa-

TOpa crajia CTaOMJIBHOM, U BO3HHUKJIA BO3MOXHOCTh
MPOU3BOJIUTE CKAHHUPOBAHUE YACTOTHI IMOCIEA0Ba-
TEJIbHBIMU MHUHUMAJIbHBIMUA U3MCHCHUSIMH BEITHUYH-
HBl BBIXOJHOTO HAIpsKeHUs MUPPO-aHATIOTOBOTO
npeobpasoBarens. HaOmomasmwuiics Ha puc. 12
MJIaBHBIA Jpeiid CMEHWIICS MHOXKECTBOM exkedac-
HBIX MEJIKHX JHCKPETHBIX CKa4YKOB IEpHOJaa IO
0,14 mc. ([ms cpaBHEHHSA: CKOPOCTH ILIaBHOTO
nperipa Ha puc. 12 cocrasaser 0,03 mc/u.) [lo-
MOJTHUTENbHOE M3MEHEHHE YCIOBHUHA JTOTO OIBITa
COCTOSJIO B 3aMEHE KOHJCHCAaTopa C IeIbio yia-
neHus npuoau3uTenbHo B 30 pa3 4acTOThl TreHe-
patopa OT rapaHTUPOBaHHOW I'PaHUYHOU YACTOTHI
ucronb3yeMoilt Mukpocxemsl (st SN 745124 oxoino
0,1 T'm, a mna ee coBerckoro anajora K531I'T'1 —
okoJio 1 I'i, T.e. BEIUYMHBI, YKa3aHHOW B TacCopTe
MHUKPOCXEMBI, HO peallbHO NPUOIU3UTETBHO [0
0,2 T'm), u mocnenyromed KOMIEHCALIUEH HTOTO
W3MEHEHUs ACNUTEIEeM 4YacTOThl Ha 27, 4TO BO3-

BUO®U3UKA Tom 64 BrII. 2 2019
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Puc. 12. (a) — ®parment puc. 11 B okpectHOCTH Tepuona 1,037 ¢ mpu OonpmieM yBeNMWYEHHH 1O BepTUKaH. B y3koit
okpectHocTH 3ToTO nepuona YCVII pacnonoxeHa cumMmerpuuHas o6mnacts (+ 0,3%) 3ampenieHHbIX 3HaUe€HUH mepHuoa
tectupyemoro RC-reHepatopa nmepuoandeckux koiebaHui. (0) — Pe3yapTaT aHATOTHYHOTO OIBITA, BHIITOJHEHHOI'O IIPU
npyroit Hactpoiike RC-renepatopa. CuMMeTpuYHas 001acTh 3ampenieHHBIX 3HaueHui nepuoaa YCVYII, oOHapyxkeHHas
B 9TOM OIIBITE, COBIAJaeT ¢ 00JacCThIO 3alpelleHHbIX 3HaueHui nepuona YCVYII B ombiTe, mpeacTaBiIeHHOM Ha puc. 12a.

Bpalago U3MEepsSEeMbIi MEPUO B OKPECTHOCTH OJI-
HOM cekyHabl. CTONb TOYHOE CKAaHMPOBAHHUE HH-
TepBalla, BKJIOYAIOIIEro 00a ypOBHS, MPOSBUB-
muecs Ha puc. 12, morpedboBamo 26 cyTok. Pe-
3yJAbpTAaT W300pakeH Ha puc. 13: Ha cria)XeHHOM
rpaguke OTYETIMBO TPOSBIUINCH OXHJAEMbIe
yposuu YCVII.

Mgl cuuTaeMm, 4YTO METOOUKA 3THUX XOPOIIO
BOCIIPOM3BOAMMBIX OIBITOB YX€ MOXET OBITh IO-
JIOKEHAa B OCHOBY KakK AaJbHEHILEro 3KCIepHUMEH-
TaixpHOTO M3yueHus ¢eHomena YCVII, tak u cos-
JaHUs €ro MHOFOO6pa3HBIX MPpaKTUYCCKHUX IPHIIO-
HKEHUM.

OBCYXIAEHUE PE3VYJIBTATOB

1. Oka3zanoch, 4TO B BBIOpAaHHOM JJis HCCIIe-
JIOBaHWs AWAIa30He MEepHoA0B, YAIOOHOM s BH-
3yallbHOTO KOHTPOJIS, AEUCTBUTEIHHO, IPOSIBUIUCH

BUO®U3UKA ToMm 64 BpII. 2 2019

Bce oxunpaemble nepuoasl YCVYII. Yacte sToro
nuamna3oHa MpuBeneHa Ha puc. 14.

B mpemensHO ckaTOoW ¢GopMe HMMaHEHTHOE
camomnogobue YCVII orpaxkeno Ha puc. 15, raoe
ocb nepuonos 7., 3anaHa B JOrapupMHUICCKOM
macmTabe. 3aMeHa ecTeCTBEHHOTo MacmTaba
YCVII pwuc. 14 nporapudmudeckuMm caeinana ode-
BHJHBIM TEPUOJINYECKOE MOBTOPEHHE IO BEPTH-
KaJbHOW OCHM OJHOM M TOW K€ CTPYKTYphl pe30-
HaHCOB BOKPYI COOTBETCTBYIOUIUX II€HTPaJbHBIX
(c m = 0) mepuoaoB.

TpuBHANBbHYI0 MEIKYI0 «IOYTH IEPHUOIAY-
HOCTB» CTpOs mNHU(aropedckux pe30HaHCOB, T.e.
pacnonoxenus nepuonoB YCVYII na puc. 15 (cm.
BCIO CHCTEMY TOPHU30HTAIBHBIX MOJOC) CHIBHO 3a-
TyIIEBAaIH JBE SKCIEPUMEHTAIBHO OOHApYyKEHHbIE
ocobennoctn crmekrpa Ty.,,. OTO, BO-IEPBBIX,
yMeHbIIeHHe poan nepuona Iy, ¢ pocrom abco-

13*
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Puc. 13. Cocennue yposuu YCVII T,y = 1,037 ¢ u T_;5.4 = 0,984 ¢ HalineHBl B X0J€ CKaHMPOBAHHUSA IOCPEICTBOM
- SITHOTO IH(PO-aHAIOTOBOTO I BaTeNsl MepHoJa XOpOIIo TepMOCTAOMIM3MPOBAHHOTO TeHepaT Te-
12-pa3 oro 0-aHaJIOTOBOTO Mpeobpa3oBaTe epHuoaa XOpoIIo TEePMOCTAOMIN3MPOBAHHOTO T'eHepaTopa Ie
PUOINYECKHX KoJeOaHui. DKCIEpUMEHTANbHBI DS YMCEN Cria)eH 12-KpAaTHBIM NPUMEHEHHEeM airopurma Y+l =

Yr,+2Yr+ Y% )4

Puc. 14. ®parment crnektpa mepuonos YCVYII B oxpectHoctn ypoBHA T_jg. =

1.5

)

1,555 ¢ (cp. ¢ puc. 5-12). Bnonp

BEPTHKAJIbHOH OCH OTIOXEHBI 3HadeHHs mepuogoB YCVYII, ropms3oHTampHass OCh HIPaeT BCIOMOTATENBHYIO POJIb:
nepruoasl YCVYII m300pakeHBl Kak TOPH30HTAIbHBIE YPOBHH, TOJIIINHA KOTOPHIX KaYECTBEHHO OTPaKaeT 3HAYMMOCTH
Mepuoja, BEPOATHOCTh ero HabOmiogeHusa. Lludpbl B mpsMOyroibHHKax IOKa3bIBAIOT 3HAYEHHUS TMapamerpa m I
KakJI0TO U3 ypOBHEH; BEPOATHOCT OOHAPYKEHUA yPOBHSA Iy, (TONIIMHA JIMHUM) 3aMETHO NAJAET C POCTOM abCOMIOTHOH

BCIIMYHUHBI m.

BUO®U3UKA Tom 64 BrII. 2 2019



SKCIIEPUMEHTAJIbHBIN [MoAX0J K MCCIEAOBAHUIO 405
log3(Tk’m/1 c)
0.5
3/2
4/3
= 9/8
1
n 0.0 I '
-5 0 5 10 ,,
8/9
3/4
2/3
-0.5"-

Puc. 15. Ctpata YCVII B okpecrnoctu nepuoga 7y = 1,037 c. {Be HanGoJee KUPHbIE JIMHUM OTBEYAIOT IEPHOJAM
¢ m = 0 u 1, oTMeYeHHBIM enle B NUOHEpPCKoW pabore [1] BepXHss M HIDKHAS TpaHUIBI CTPATHl IOMEYEHBI
TOPU30HTATbHBIMU INTPUXOBBIMM JUHHUSIMM, 3TO BCIIOMOTATENbHbIE JHHUM PUCYHKA. Bplle M HuXe 3TOH CTpaThl
HAXOJATCA CTPAThl C TOYHO TAaKUM JK€ paclpe/ielieHHeM pe30HaHCOB MO OTHONICHHIO K COOTBETCTBYIOIINM IIEHTPaIbHBIM

nepuoJaM CTpar, T.C. [0 OTHOIICHHIO K MEepHOJaM ..
UTOTE HaeT MoyHoe mpexacraBieHne o6 YCVII.

JIIOTHOTO 3HA4YeHUs Mapamerpa m (Ha pUCYHKE 3TO
CHW)KCHHE TOJIIHWHBI TOPHU30HTAJIBHBIX JWUHUUA C
poctoM |m|), W, BO-BTOPHIX, 3aMETHO MEHBIIAS
BEPOSITHOCTH TMOSBIEHUS MEPUOJOB C OTPHUIATENb-
HBIMH m, HpeAnojaraeMass Ha OCHOBE HAaKOIMB-
nreiics K JaHHOMY MOMEHTY SMIUPUKHU. BneBo u
BIIPaBO OT 0OJIACTH 3HAYEHUH m, NPUBEACHHOU
Ha puc. 15, cymecTByIOT CMelIeHHble BHU3 U BBEPX
Ha OJHY MU(AropercKkyro KOMMY TOYHO TaKue ke
CHCTEMBI aHAJIOTHYHBIX, HO OoJiee caObIX ypOBHEH,
a Jajpllie BIEBO M BIPABO — CMEIICHHBIX €IIe Ha
onHy nudaropernckyo KOMMY | erie 0ojiee ciadbix
u T.4. (O tecHolt cBs3u YCVYII m croxacTuueckoro
aTTpakTOpa MY3bIKaJbHOM OKTaBbl [32] cM. Hamry
paboty [33]; ux oTaumume B ToM, yto st YCVII
3HAYEHUsd /M O3TO LeJble 4yuciaa, a Uil HOT OHU
3aBHCAT OT HECKOJIPKO Pa3IMYaloONuXcsi HaCTPOEK
MY3BIKQJIbHBIX HHCTPYMEHTOB, HO MPH 3TOM TECHO
KOHIIEHTPUPYIOTCA BOKPYT MOJYLENBIX YHCEN).

BUO®U3UKA ToMm 64 BpII. 2 2019

., 91,037 ¢, 3-1,037 ¢, a takxe 1,037/3 ¢, 1,037/9 c, ...

, 94TO B

2. JIns wLIIOCTpanuy Ba)XHOCTU OHOQu3nUe-
ckux cieactsuit cymecrsoBanus YCVYII Huxe npu-
BEJIEHbl CBOJIKM IIBETOBOTO 3pPEHHS] NTHIBI U de-
nmoBeka (puc. 16 u 17) [34]. OHu pa3nuyaior 1BeTa
B OKpPECTHOCTH MJIMHBI BOJHBI CBETa, ONM3KOW K
500 HM, 49TO cooTBercTBYeT mepuony I s, T.C.
LEHTPY cTpaTel HOomep —S1.

Ha puc. 17 nanouykam ceT4aTKH rijiasa 4eloBeKa
COOTBETCTBYET JKHpHas TOPU30OHTANIbHAS JIUHUS C
m = 0 (ueHtp crtpathl). KpacHbiM Kkoysboukam
OTBEYAET OBOJIPHO WHTEHCHUBHAS/TOJICTAsl JTHHUS
¢ m = 3, CHHEUM KOJIOOYKaM — McHee MHTEHCUBHAs
nuHUA ¢ m = 5. 3eIeHBIM KOJ0OYKaM COOTBETCT-
BYET COBOKYIHOCTHh IBYX CIaObIX JTWHHHA, pasie-
JIEHHBIX 0 4acTOTE WHTEPBAJIOM B OJHY mudaro-
pelickyio kommy; mnga Hux m = —8 u +11. Ilo-
CIeTHUI THUI CBETOYYBCTBUTENBHBIX KJIETOK TIja3a
YeJIoBeKa — CBETOUYBCTBUTENbHBIE HEPBHBIE KJIETKHU
ceTyaTKM — HAcCTpPOEHBl Ha m = 8.
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Puc. 16. MaKCI/IMyMLI CBETOYYBCTBUTCIILHOCTHU BCEX YETHIPEX THUIIOB KOH60‘ICK, 06€CH6‘{I/IBaIOHII/IX OTULOaAM-TETpaxpoMaTaM
HUX TETPaxpoMaTUUYCCKOE 3pC€HHUE, OTBCYAIOT YPOBHIAM YCYH, HUMCIHOIIUM IMOBBIIICHHYKO BEPOATHOCTH (Ha PUCYHKE
MOBBILNICHHAs BEPOATHOCTHL OTpaXCHa MOBBIIICHHOW TOJIIIMHON COOTBETCTBYHOIIUX TOPHU3OHTAJIBHBIX J'[PIHPIﬁ)

A, HM

—2}671

B

637

(-3 597

o]

378

[+3]

Puc. 17. MaKkcHMyMBI CBETOUYBCTBUTEILHOCTH TPEX THIIOB KOIOOUEK, 00ECIETNBAIOIINX YEIOBEKY €T0 TPUXPOMATHIECKOE
(RGB) 3penne, orBevaror ypoHsM YCVYII, uMeromuM camMyio pa3HyI0 BEpOSTHOCTH (Ha PHCYHKE 3TO OTpa)KeHO Kak
«pa3HOKAIHOEPHOCTH» COOTBETCTBYIOIIUX TOPHU30HTAJBHBIX JINHUM — TOJICTasl, TOHKAas, LITPUXOBHIE).

HOHYTHO BBISICHACTCA, 4YTO LBETOBOC 3PCHUC
ntull [35] HaCTpOEHO 3aMETHO ynavyHee, YeM I[Be-
TOBOE 3peHme 4denoBeka (puc. 17) [27,36]. 1 nmemo
HE€ TOJIBKO B NPCUMYHICCTBEC TETpaxpoMaTOB HaJ
TpuxpoMatamu. HacTpoilka 1BETOBOTO 3peHHs

ntull Ha 0ojee BaxHbie ypoBHU YCVYII BRITISIUT
pE3yABTaTOM HM3BECTHON 3BOJIIOUOHHOW JPEBHO-
CTH DTHUX JXMBOTHBIX IO CPABHEHUIO C MIIEKOIIH-
TAOMIAMHU U, B YaCTHOCTH, C YEIOBEKOM — Y IITHII
Ob10 OoJibIIEe BPEMEHHM Ha HaCTpoiKy. Bmomme
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SKCIIEPUMEHTAJIBHBIN MMOJAXO0J K UCCJIEJOBAHUIO

MOJKET OKa3aThCs, YTO IMepe] HaMu ceiiuac mepBas
WILTIOCTPAIlis HOBOTO METOZIa CPaBHUTEIBHOU a-
TUPOBKH B JBOJIIONHOHHON OWOJOTHH.

Brenenue mousitus crpatel YCVYII (puc. 15)
MO3BOJIAET JeNaTh BechbMa OOIIUEe BBIBOJABI, 00be-
IIWHSS 3MIUPUKY, COOTBETCTBYIOIIYI Pa3lUYHBIM
3HaueHusAM k, Hampumep k = —51 (puc. 15 u 16)
u k= -20wu —19 (puc. 5-12). [Tadoc B TOM, YTO
COOTBETCTBYIONIHME OO0JACTH YacTOT OTIUYAIOTCS
Ha 15 [ecATUYHBIX NOPSAKOB BEIMYUHBI: 3TO
~10 T'ny u ~1 T'u. Ha ABaeHHAX, IPOMCXOISIINX
B yHOOHOW I OSKCHEepUMEHTa YaCTHOM cTparte,
n3o0pakeHHOW Ha puc. 15, MOTYyT MOAETUPOBATH-
cs, HalpHUMep, MeXaHU3MBl JBOJIIOIMOHHOM Ha-
crpoiiku Ha yactoTel YCVYII xapakTepuctuk 3pe-
HUsI YellOBeKa W JKMBOTHBIX. B wacTHOCTH, B ceT-
yaTke Tiaza u B RC-reHeparope mnepuoaudecKux
KoyieOaHWl BIOJHE MOTYT OKa3aThCSd CXOJIHBIMHU
(r3UYECKre MEXaHU3MBl OCYIIECTBICHHUS HACTPOW-
k# Ha yacToThl YCVYII. M&BI cuutaeM, 4To B 000HX
cIy4astX 37€Ch MOTYT MPOSBIATHCS XapaKTepHBIE
n3menenusa nepuoxa YCVII, cxomgueie ¢ nzobpa-
)KeHHBIMU Ha puc. 10-12. JlocTUTHYTBIE B JKCIIe-
PUMEHTE YCIIeXH MO3BOJISIOT HAaACATHCS Ha OBICT-
pbIii mporpecc B 3Toil o0nacTu.

B oToli crathe OBIIO MPEACTAaBICHO COCTOSHUE
el B BaXXHOM ISl OMO(HU3MYECKUX MPHIIOKEHUH
METOJle JKCIEPUMEHTAIBHOTO HAOIIONEHUS JHC-
KPETHBIX ypOBHEH YHHBEPCalbHOW CHUCTEMBI YT-
pauBaromMuXxcs MEpPUOA0B M, COOTBETCTBEHHO, aHa-
nr3a 0COOEHHOCTEH CBI3HM M3y4aeMbIX KOHKPETHBIX
OMO(PHU3NUECKUX SBICHHH C COOTBETCTBYIOIIUMH
¢bparmenramu YCVYII. OnmcaHHble TEXHUYECKUE
YCTPOHCTBA M METOABI WX HCIOJb30BAaHHUS OaIOT
BO3MOJXHOCTh JKCIEPUMEHTAIbHBIX HCCACAOBAHUMN
B 3TOW HOBOHW oOmactu. B crnoxHbIX MHOTO(DAK-
TOPHBIX MYJIBTUIIEPUOIUYCCKUX CHUCTEMaX, TaKUX
KaK, B 4YaCTHOCTH, OMOJIOTHYECKHE, yKe MOKa3aHa
CYIIIECTBEHHAs POJIb YHUBEPCAIbHOW CHCTEMBI yT-
pauBaromuxcs nepuoaoB. Uneonorus YCVYII oGe-
maeT JaibHEHIee pacHIupeHHe HOBBIX AaCHEKTOB
SIBIICHUH, Paco0XKEHHBIX Ha CThIKE (PU3UKHU, OHO-
moru, OMOPU3MKN M TEXHHUKH.

Astopsl 6marogapusl A.E. Korombery 3a mo-
MOIIb B JKCIIEPUMEHTE.

Pa6ora BrimosnHena mo ['ocymapcTBeHHOMY 3a-
nanuto MHCTHTYTa TEOpeTHYecKOod W dKCIepHUMeH-
tanpHOW Omodm3mkm PAH (Ne rocpermcrpamuu
01201351298).
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The Experimental Approach to the Investigation
of the Universal Period-Tripling System

V.A. Kolombet*, V.N. Lesnykh*, A.V. Elistratov*, E.V. Kolombet*,
M.V. Fedorov**, and S.E. Shnoll*

*Institute of Theoretical and Experimental Biophysics, Russian A cademy of Sciences,
Institutskaya ul. 3, Pushchino, M oscow R egion, 142290 Russia

**Skolkovo Institute of Science and Technology, ul. Nobelya 3, M oscow, 143026 Russia

The universal period-tripling system was discovered in astronomical, geophysical and biological
phenomena in the period range from 1.64 billion years to 50 years, and then its existence was
confirmed on a scale of up to 10713 seconds by examples of human memory and hearing, technical
and medical devices, and, finally, in the settings of human and animal vision. This unprecedented
multiscale discrete spectrum of periods has been studied so far exclusively on the basis of literature
data and as a result it has been shown that many systems of a diverse nature, including the most
common ones, operate against the background of a dimensionless spectrum of ~3%/2" of periods.
It is similar to the spectrum of a stochastic attractor, giving, in particular, the Pythagorean musical
octave. The result of this phenomenological generalization is confirmed experimentally by testing
various generators of electrical oscillations.

Keywords: tripling periods, universal period-tripling system, relaxation generator, R C-generator, stoc-
hastic attractor, octave, vision, hearing, memory
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