Pe30HAHC IJIOTHOCTH BO30Y KI€HHBIX YACTHIL
PaccmoTtpum crienyroliiyto cxemy ypOBHEH 3HEpruu:
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JlazepHoe cBeTOBOE MOJIe TepedpachiBaeT MOJIEKYJBlI C YPOBHS dHEpruu 1 Ha
ypoBeHb 3. C ypoBHs 3 HaOMIOAAIOTCS CIIOHTAHHBIE TIEPEX0/IbI HA YPOBEHB 2.

OnTuyeckasi cxema i HAOJIFOACHHSI PE30HAHCOB TJIOTHOCTH BO30YXKICHHBIX
YaCTHUII TIPE/ICTABIICHA HA HIDKECIIEAYIONIEM PUCYHKE
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[IycTh MOIIHOCTH TEHEPALIMY J1a3€pa HE 3aBUCUT OT YAaCTOThI T€HEPALMH, TOT A
3aBUCUMOCTh MHTEHCHBHOCTH (KaK M MOUIHOCTH) CBE€Ta Ha NPUEMHHUKE OT YACTOTHI
reHepanum jazepa OyeT UMEeTh CIEAYIOLUN BU:

I3

®31 ®
34ech 1O BEpPTUKAIM OTJIOKEHAa HWHTEHCUBHOCTh CBETa HA 4YacTOTe
CIIOHTaHHOI'O0 IIEPEX0Ja @3y, a [0 NOPHU3OHTAIM — YacTOTa IeHepaluH jasepa B
OKPECTHOCTH JIMHHWH MOTJIOLIEHUS Ha IPYIOM IIEPEXOJIE C YACTOTON @3] .
HMurencuBHOoCTh [ CBETa CIOHTaHHBIX IIEPEXOJOB HAa YacTOTe @3)
MPONOPIMOHAJIbHA 3aCEJICHHOCTH YPOBHS 3:
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Pe3oHaHC HACBIIEHHS ILIOTHOCTM BO3OYMKIEHHBIX YaCTHI — 3TO y3KMi
mpoan B LeHTpe KoHTypa [ (). Pe3soHaHC IUIOTHOCTH — 3TO PE30HAHCHOE

YMEHBIICHHE 3aCEIICHHOCTH BEPXHETO YPOBHS SHEPIHH, KOT/IA YacTOTHI BCTPEUHBIX
CBETOBBIX BOJH COBNAJAIOT C IEHTPOM JOIUICPOBCKH YIIMPCHHOW JIMHHUH
MOTJIOIICHUS.

HabGmonenne ¢ayopecueHmu — 3TO OAMH W3 BO3MOXHBIX CIIOCOOOB
pEeTHCTpalMi  pe30HaHCa IUIOTHOCTU. JIpyroif, omnroralibBaHHYECKHH CHOCOO
PETHCTPALUK PACCMOTPUM UYYTh ITO3/HEE.

KauecTBeHHOE OOBSICHEHHE PE30HAHCA IUIOTHOCTH COCTOUT B CIEAYIOIIEM.
BcTpedHbie cBETOBBIC BOJIHBI C OJIMHAKOBOM YaCTOTOH OOBIYHO TOTJIOMIAIOTCS ABYMSI
pa3HBIMH HAa0OpaMH MOJICKYJ C JIy4eBBIMH CKOPOCTAMH V., YIOBIETBOPSIOMINMHU

IABYM paBeHCTBaM @ F kV, = w3. Korma 4acTora CBETOBBIX BOJH @ COBHIAIAET C

LIEHTPOM JIMHUHM IOIVIOILEHHs (3], 00€ BCTPEUHBIE BOJIHBI MOMIOIIAIOTCA OJHUM U
TEM K€ HaOOpOM MOJIEKYJ C HyJIEBOH JydeBoil ckopocTeio V, =0. Ilormomaromux

MOJICKYJI TP O3TOM CTAaHOBUTCS BIBO€ MEHBINE, YTO BEAET K YMEHBIICHUIO
nmorJionmenus. B pe3ynbrare yMEHBINAETCS 3aCeICHHOCTh BEPXHETO YpPOBHS
nepexoja. ITo U €CTh PE30HAHC TUIOTHOCTH BO30YKIEHHBIX YaCTHII.

C nmpyroit CTOpOHBI, YMEHBIIIEHNE TOTJIONICHUSI — 3TO PE30HAHC HACHIIICHUS
MOTJIONICHNUS, HO JUIS €Tr0 PETUCTPallid HYKHO PETUCTPUPOBATh HE MOIIHOCTH
dayopecueHIIMM, a MOIIHOCTh TMpOIIeANmed BOJHBL. Pe30HAHC HACHIIICHUS
MOTJIONICHUSI — 3TO PE30HAHC TMPOCBETICHHUS CPEIbl Ui TPOIICIIIeH Cpemy
pOOHOM BOJIHBI, TO €CTh PE30HAHC B 3aBUCHMOCTH MOITHOCTH TIPOIIEIICH BOTHBI OT
4acTOThl. B OMHON W TOH e KIOBETE C ra3oM, KOTJa CBETOBas BOJHA IMPOXOIUT
KIOBETY Tylna W 00paTHO, GOPMUPYIOTCS 00a pe30HaHCa: W PE30HAHC HACHIIICHUS
NOTJIONICHUST W PE30HAHC TUIOTHOCTH BO30YXKIEHHBIX dYacTuil. Kakoil uMeHHO
PE30HAHC PETUCTPHUPYETCS — ATO 3aBHCHUT OT CIIOCO0A pEeruCTpalIii.

PaccmoTpuM KONMMUECTBEHHOE OMHCAHWE PE30HAHCA HACKHIIMICHUS IUIOTHOCTH
BO30YKJICHHBIX YaCTHUIl B MPUOIMKEHUHA CKOPOCTHBIX PAaBHEHUH.
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3/1ech CKOPOCTHBIE YpPAaBHEHMs 3alMCaHbl JUIS pacHpeleseHUud IO Jy4eBOH
ckopoctu V, 3aceneHHocreii N; m N3 ypoBHeW oHepruu 1 m 3 ¢ yd4eToMm IBYyX

BCTPCYHBIX CBCTOBBLIX BOJIH ] u 2 ¢ IUIOTHOCTSAMH IIOTOKA (1)OTOHOB ']1 u J2,
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HanomHuM, 4TO INIOTHOCTH MOTOKA (1)OTOHOB J CBsi3aHa C MHTEHCHUBHOCTBIO

cBeta / COOTHOIIEHUEM J :h—.
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Pemum CKOPOCTHBIC YPABHCHHUA B CTAIMOHAPHOM CJIy4ac, KOraa IIpOU3BOJHLIC

0 BPEMEHHU OT 3aceleHHOCTel paBHbl Hymto N|=N3=0. Torma BMecTO IBYyX

mubdepeHManbHbIX  YpaBHEHH  Moly4aeM  JiBa  JIMHEHHBIX  yYpaBHEHHUS
OTHOCUTEJIBLHO JIBYX HEM3BECTHBIX NIV uN;, .
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Tornma perieHue CUCTEMBI CKOPOCTHBIX ypaBHEHUM Il MHTEPECYOIeld Hac
BEJIMYUHBI N3V OyJleT UMETh CICAYIOIINI BUI:
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3aBHCHUMOCTh N3, ot & HenMHeHHas.
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Haiinem Ttemepp 3acelleHHOCTh BEPXHEr0 YypoBHA N3, Kak HMHTErpajl oT

pacaopeaciCHus 3aCCICHHOCTH 110 nyquoﬁ CKOpOCTH
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UToObl MOJYyYUTh AaHAJUTUYECKUW pe3yibTaT TMPH HHTETPUPOBAHUU,
pPacCMOTPHUM pelIeHHuEe ISl MOABIHTErPANbHON (YHKIIUU N3V B Cily4ae cla0bIx
z

UHTCHCUBHOCTEH BCTPEYHBIX CBETOBBIX BOJIH ¢ <<j};, KOIJa HeIMHEHHasd
3aBUCUMOCTh N3V or & mpejacTaBieHa oTpe3koM psina Teilmopa (B 3ToM ciyyae
z

MOJIy4aeTCsl Y3KUI PE30HAHC, YTO U MPEJICTABISAET UHTEPEC)
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WNHTerpai, kak U caMo pacupeesieHue 3aCeIeHHOCTH N3V , OyZleT UMeTh TpHU
z

cj1ara€MbIX C MMOABIHTEIPpAJIbHBIMHU BbIPAKCHUAMU COOTBCTCTBCHHO

OpONOPUHOHANBHBIMU: ~1, ~ &, ~ 52 . O0cyaum Kaxkzioe 13 3TUX TPEX cjlaraeMblX B

OT/JIEJIHLHOCTH.
Cnaraemoe NponopiroHaIbHOE eAUHUIE ~ 1
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JlaeT 3aCeJICHHOCTh YPOBHS TPU B HYJEBOM CBETOBOM IIOJIe B pe3yJsibTaTe OajlaHca
3aTyxaHWs M HaKaykW, HampuMep, B Cllydae paspsia B Ta3e WIH B pe3ysbTaTe
TETUTOBBIX CTOJKHOBEHUH MOJICKYII.

Cnaraemoe mpomnopIimoHaibHOe ~ &
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UMEET IMOJi HMHTETpajioM [BE JeNbTa-QYHKIMH OTHOCUTENIBHO Y3KHUX JlopeHleB
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WHuTerpan oT npou3BeaeHUs] HEKOTOPOH (YHKIUHU [ (x) Ha J1e1bTa-(PyHKIUIO
Hupaka & (x) paBeH 3HAUEHUIO MEePBOM (PYHKIHUU B TOM TOUKE, B KOTOPOH apryMeHT

zleJILTa—(pyHKuHH oOparaeTcsi B HOJIb
ff x XO) dx=f(x0).
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npejcTaBiIseT co0oi pacmpeneneHue MakcBeia MO JIyd4eBOW CKOPOCTH MOJICKYJL.
HHTeraH oT HpOI/I3BeI[eHI/Iﬂ 9TOI'O COMHOXHUTCIISI Ha I[eHI)Ta-(l)YHKHI/HO B HaAIIEM

cirydae JIopeHna paBeH 5TOMy COMHOXKMTENIO IIPU TAKOM 3HA4YE€HUH V,, P KOTOPOM
apryMeHT JiefibTa-(QOyHKIIMKY PABEH HYJIIO

_ P>
I => => ,
Qz =0 a)+kVZ—a)31:0 V __a)—a)31
: k
B pe3synbraTe
+00 £ I o (w_“%ljz
_[[NO - Ny j.—-dVZ:JZ(NIO—N3)——(J1+J2) ku
=) 73 73 kU

—Qo0



DTO U3MEHEHUE 3aCETEHHOCTH BEPXHETO YPOBHS 3a CUET JOIUIEPOBCKOM JTUHUU
MOTJIOIIEHUS.
OO6cynuM Tenepb HWHTErpaj, B KOTOPOM TMOABIHTETPAIBHOE BBIPAXKEHUE

HpOHOpHI/IOHaJIbHO ~ §2 . CoOTBETCTBYIOLIMI HHTETPATT UMEET BUJT

S e

COMHO}KI/ITGHB
2_ 42, 2 Q Q Q, Q,
—Jtof - L |+20J, 08 % @| -2 |+J? 68 -
g~ =Ji -0p ( - j /200 - ( . j ( T 2 .
COJIEPKUT JBa KBajapaTa JlopeHIeB, KOTopble BeayT cebsl, Kak aenbTra-QyHKIUU, U

npousseneHue JlopeHues.
Nurerpanel ot kBagpaToB JIopeHneB, Kak U MHTErpaisl Mpocto ot Jlopenues,

2
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AT BEJIWYMHY MPONOPUHOHATIBHYIO € ( ] . Ilppyuem B paccmarpuBaemMom
HaMM CJIy4ae MaJloi MHTEHCUBHOCTH CBeTa ¢ << )3 HHTErpajJloM OT KBaJpaTOB
JlopeHlileB MOKHO TPOCTO MpeHeOpeyb MO CPaBHEHUIO C WHTErpajioM OT CaMUX
Jlopenues.

HHTeraJ'I OT Tnpou3BezieHus AByx JlopeHiieB — cBeptka JlopeHies
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HAae3XarIlKX Ipyr Ha Apyra I0 Jy4eBOM CKOPOCTH NP U3MEHEHUU YacTOTHI J1a3epa,
paBeH JlopeHiy Toi ke mmpuHsbl 217 B mKane 4acToT
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DTOT MNpoBal JIOPEHIIEBCKOW (OPMBI U SBISIETCS PE30HAHCOM IUJIOTHOCTH
BO30Y>KJIEHHBIX YaCTHII.
B Takom cilyqae 3acelICHHOCTh BEpXHEro ypoBHd N3, Kak W

MIPOTIOPITMOHANIbHAS 3aCEJICHHOCTH HHTEHCUBHOCTH (hiyopectieHuu / ¢ ypoBHs 3 Ha
4acTOTE @3y, KaK (DyHKIUS Y4acCTOTHI Ja3epa, OyAeT UMETh CIEAYIOIINN B
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OnTorajabBaHMYEeCKH METO/ PETHCTPAIIMH PE30HAHCA IJIOTHOCTH
B0O30Y K/I€HHBbIX YaCTHIL
[IpenmyiiiecTBO  ONTOTraIbBAHUYECKOTO METOJAa PErucTpaldd pe30HaHca
MJIOTHOCTH BO30Y)KJICHHBIX YaCTUI[ COCTOWT B TOM, YTO TPU TaKOW PETUCTPAINH HE
TpeOyercs mnpueMHHK wu3IydeHus. CxeMma oOmbITa TPEACTaBlIeHa Ha CIETYIOIIeM
pUCYHKE
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Pe3onanc mimoTHOCTH BO30YXICHHBIX YacTHI] HAOIIOMAeTCS B 3aBUCHMOCTHU
TOKa pa3psija OT YaCTOThI TeHEPAIMH Jia3epa U UMEET CJICIYIOIINM BU]T

M3 o

OObscHeHHE pe30HaHCa IUIOTHOCTU BO30YKIEHHBIX YacTHIl B TOKE paspsaa
COCTOHUT B cienyromeM. Uem OoJjbllie aTOMOB HJIM MOJEKYJ B pas3psaHON TpyOke
HAXOJMUTCSI HA BEPXHEM YpPOBHE SHEpruu, TeM 3¢ (HEeKTHBHEE TPOUCXOAUT UOHU3ALIMS
rasza 3JIeKTPOHHBIM yaapoM. Yem 3 dexTuBHEE TPOUCXOAUT HOHU3ALHUS, TEM OOJIbIIIE
MOHOB M DJIEKTPOHOB B pa3psiie, U TE€M MEHbIE CONPOTHBIECHHE pa3psma. Uem
MEHBbIIIE CONPOTUBIICHHUE PA3PATHON TPYOKH, TeM OOJIbIIE TOK pa3psaa.

B pesynbrate oOkas3bIBaeTCs, UYTO K TOKY paspsjga ecTh Jo0aBka
HPONOPLMOHATIbHAS 3aCEJICHHOCTH BEPXHETO YPOBHS 3HEpruu. Pe3oHaHc MIIOTHOCTH
YacTUI] Ha BEPXHEM ypOBHE SHEPruH HAOIIOAAeTCs B TOKE paspsija.

ITaJIOHBbI YACTOThI U JUIMHBI.




[lepBoHaYaIbHO CEKYHJIa — MPOMEXKYTOK BPEMEHU MEXKIY JABYMs yaapaMu
cepaua.

C He3anaMsTHBIX BpEMEH | cekyHaa paBHAa —————— YacTH CYTOK.
24-60-60

Bo3Mo0XHO, 4YTO MepBOHAYAILHO POJb METpa Urpajd OpPUTAHCKUU sSIpa —
paccTosiHhe OT KOHUMKA HOCa JI0 KOHYMKA CPEJHEro Mayiblia BHITSHYTOW B CTOPOHY
pyku Oputanckoro Mmonapxa 1 sapa = 0.91 m (10-i Bek).

B 1668—1675 romax MeTp MNbITAIUCh MNPUBA3ATh K [JIMHE MAasTHUKA C
nonyrnepuosoMm 1 cexynaa. [lomyduscst pa3Hblii METp Ha pa3HBIX MIUPOTAX.

1

— 4
40 000 000

C 1889 rona npuHAT MIATUHOBBIN ATAIOH METpA.
C 1960 rona 1 cexynna paBHa onpeneneHHon yactu 1900-ro rozaa.
C 1960 roga 1 metp paBen 1650 763.73 niauH BOJIH B BaKyyMe€ M3JIYUYCHUS

C 1792 rona 1 meTp paBeH aCTH MapUKCKOTO MEpPUIUAHA.

MEX/Ty YPOBHSAMHM 3HEPTHH 2p;o U 5ds aToma kpuntona Kr™,
C 1967 rona npuHST UE3UEBbIN CTAHAAPT YACTOTHI (M BpPEMEHM) HA MAarHUTHBIX
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IlepBoe HEOOHOPOJHOE MArHUTHOE TIIOJIE IIPOJIETAIOT TOJIBKO AaTOMblI Ha
noaypoBHsax myp =0. Ha ocranbHbIX @OIYpOBHAX aTOMBI CJIMIIKOM CHJIBHO

OTKJIIOHAIOTCA OT HCpBOHaanBHOﬁ TPACKTOPUHU M IIOINAAAIOT Ha II0JKOCAa MAr”HuTa.
ATOMBI Ha INOAYPOBHAX Mp = 0 TOXe OTKIIOHSIOTCS B HCOOAHOPOAHOM IIOJIC, TOJIBKO

Maiio. Ha HmwxkHeM ypoBHE F =3 artomsl JEeTAT nO Tpaekropuu I, a Ha BepxHEM



ypoBHE F' =4 aromsbl JeTAT 1o Tpaektopuu II. Ha nmpueMHHK momamaroT TONBKO Te
aTOMBI, KOTOPbIE B NIEPBOM MAarHUTHOM MOJie ObLIM HA OJHOM YPOBHE, a BO BTOPOM
— Ha APYroMm, TO €CTb aTOMBI, KOTOpbIE ucnbiTanu nepexoq B CBY nosne.

®opma CBUY pesonaropa moxoxka Ha OykBy II, moatomy mydok aromoB Cs
npoJsietaet yepes oomacte CBY nons aBa paza. Ecau atom nponetaer CBY o6macth
OJIMH pa3, TO (popMa CHEeKTPaIbHOU JIMHUU UMEET BHJI, KAK HA PUCYHKE CIIEBa,

/

dopmMa cNeKTpanbHOW NMHWUK: a-HEMCKaXMEHHOW; O-Habnogaemoi B cnyuae MNM-obpazHoro pezoHaTopa.

1
rJe CIEKTpajbHas WMpUHA A@ =— OIpPEACIACTCA BPEMEHEM MPOJIETA PE3OHATOPA
3

7. B cnydae Il-oOpa3Horo pe3oHaTopa Ha 3TOT CHEKTPAIbHBIA KOHTYpP

HAKJIQJbIBAETCS OCOOEHHOCTh O® =L, CBSI3aHHAas CO BPEMEHEM IMIpoJeTa 7j,
T12
Mexay JAByms dyacTsamu [l-oOpasHoro peszonHatopa. B pesynbrare Qopma
CHEKTPaJbHOM JMHUM CTAaHOBUTCS TaKOW, KaK H300paKeHO Ha PUCYHKE CIpaBa.
Koraa atom 1e3ust nposieTaeT nepByro 001acTb pE30HATOPA, B aTOME BO30YKIAIOTCS
KoJieOaHus TUMOJLHOTO MOMeHTa Ha yactote CBY mons. Mexy mepBoil U BTOPOM
00JIaCThI0 PE30HATOpPA aTOM MPOJOJKAET KOJeOaHWs JUIOJILHOTO MOMEHTA, HO Ha
cBoeit coOcTBeHHOU yacTote. Korga atom BiieTaeT BO BTOPYIO 00JacTh pe30HATOPA,
ero kosiebaHusi MOTYT OKa3aTbCs B (a3e ¢ KojeOaHUsSIMHU MOJIA PE30HATOPA, @ MOTYT
OKa3aThCs U B poTuBOo(daze. B mepBoM ciydae aToM MpoaospKaeT Mepexoa ¢ OJHOTO
YPOBHSI SHEPTHH Ha JAPYTOH, BO BTOPOM CIIydae aTOM BO3BpAIIAETCs HA WMCXOJHBIN
YpOBEHb U, CJI€I0BATEILHO, HA IPUEMHUK aTOMOB 11e3Usl He nonagaeT. Eciu yacroTta
aTOMHOTO TIEpexoja TOYHO coBmagaeTr ¢ yactoroil CBY mons, To HE3aBUCUMO OT
CKOPOCTHU JBUYKEHHUS aTOMOB Ha MPUEMHHKE OYJIeT MAaKCUMYM YHUCJIa aTOMOB 1€3Hsl.
C 1983 rona »TajmoHbl YacTOTHI U JIMHBI COBMEIICHBI. B KauecTBe CKOPOCTH

M
CBETA B IIyCTOTE MPUHATO HETOMJIEKAILEE YTOUYHEHHIO 3HaueHue ¢ =299 792 458—.
c

[Ipu >TOM B ONTHYECKOM JMala30HE YaCTOTHBIM perep MOJydyaeTcs C MOMOIIbBIO
PaAMOONTUYECKOTO YaCTOTHOTO MOCTa. B onTtuueckoM auamna3zoHe pernepoM 4acTOThI
CIIy’)KWJIa 4acToTa TIeHepaluu TeIui-HEOHOBOIO Jja3epa CTaOWIU3UPOBAHHOTO IO
PE30HAHCY HACHIIMIEHUS TOTJoNmeHuss B sueiike ¢ meranoMm: He-Ne/ CHy. [lnuna
BOJIHBI reHepanuu npumepHo A = 3.39 uxm . Yacrora: v =88 376181 603 000/ .

B HACTOAIICC BPEMA 3TAJIOHOM 4YaCTOTHI CIIYXKHUT HCBI/ICBBIﬁ OTAaJIOH 94aCTOThI Ha
OCHOBEC TaK Ha3bIBA€MOT'O IE3UCBOI'O (bOHTaHa.
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WNnmoctpanus NIST.

[IpunnunuaneHas cxeMa (POHTAHHBIX YacOB, pazpaboTaHHbiX B HanmoHanbHOU
naboparopuu ctannaproB CIIA. Illectp uH(ppakpacHbIX Ja3epoOB OXJAKIAIOT
HeOOJbIIOe 1e3ueBoe Oo0JaKko 10 MWUIMOHHBIX fgojeil  KenbBuna. Jlazepsr
BBIKJIIOYAIOT MPUMEPHO HA CEKYHAY, HO HIKHHMHA Ja3ep OTKIIOYAIOT YyTh MO3XKe
Apyrux JnaszepoB. B pesynpTate 005ak0 aTOMOB I€3Us MOIOPACHIBAIOT BBEPX H
HAMpPAaBIIAIOT €r0 K MUKPOBOJHOBOW kKamepe. OO0iako MpoJieTaeT KaMepy ABaXKIIbl.
Ecnu vactoTa 3neKTpOMarHuTHBIX KOJIeOaHHW B KaMepe CTaHOBHUTCS PE30HAHCHOM,
TO MaKCHUMAaJIbHO€ YMCJIO aTOMOB I1e3Msl B OO0Jake NepexoisT B BO30YKIEHHOE
coctosiHue. M3nmyueHue naszepa ornpoca MOTJIOLIAETCS TOJIBKO U3 BO30YKIEHHOTO
COCTOSIHUS aToMa. B cilyyae MakCHUMalIbHOTO MOTJIOIIEHMS CBETa Jlazepa omnpoca U
(dayopecueHius BOOK oOjiaka MpU BBIXOJAE M3 KaMmepbl OyAeT MaKCHUMalbHOM.
TouHOCTh Takux YyacoB olieHuBaeTcsa B 1 cekyHay Ha 20 MUJIJTMOHOB JIET.

[TonpoOHee cMoTpuTe HOOeneBCKyro Jiekiuio 1o ¢usuke 2005 roxa:
Jix.JI.Xomn. OnpeneneHve W U3MEPEHUE ONTUYECKUX YaCTOT: MEPCIEKTUBBI
OINITHYECKUX YacTOT - U He Toabko. // YDH, 2006, T.176, N12, C.1353-1367.

Tam ke cMOTpUTE BOIPOCHI, CBSA3AHHBIE C PEKUMOM CHHXPOHHU3ALUU
Ja3epHbBIX MOJ], CBETOBOM ITyJeH, CIIEKTPOM ONTUYECKON IpeOEeHKHU (PEMTOCEKYHIHBIX
CTaOMIM3MPOBAHHBIX JIA3€pOB HAa KpuCTaie TuTaH-candupa. Jlazep akTUBHO
CTaOUIM3UPYETCSI B PEXKHUME LEJIOYHCICHHOTO OTHOIICHHUS HECYIIeW YacTOThl U
YaCTOTHI CJICOBAHUS UMITYJIbCOB.

[ToxpoOHee o 11e3ueBOM PoHTaHE CMOTPUTE PAOOTY

http://www.quantum-electron.ru/pdfrus/fullt/2004/12/2749.pdf

CTa0MIbHOCTDh M BOCIIPOM3BOAMMOCTb YACTOTHI T'€eHEePAIlMH Jia3epa.




N crabunbHOCT, W BOCIHPOM3BOJUMOCTH YacTOTBI TEHEpPAIMd — OTO
ov

BCJIIMYMWHBI BUAA —.
| 4

B ci1y4dac OIpcacICHUA CTaOMIBHOCTH YacTOTHI BEIMYMHA OV — DTO TaK
Ha3bIBacMasl Bapuamnus Annana. OHa BBIYUCIISETCS CICayromuum 06p330M. HYCTB V1
— CpPCAHCC 3HAYUCHUC YaCTOThlI TI'CHCpAllMMU Jia3cpa 3a HCKOTOpBIﬁ IMPOMCEIKYTOK
BpemMeHu 7, a VvV, — CpciHec 3Ha4YCHUC YaCTOThl I'CHCpAllMM 3a coCeIHuM

IIPOMEKYTOK BPEMEHU TOU KE CAMOM JUTUTEIBLHOCTU 7. Toraa

<(V1 —V2)2> |

ov =
2
Jlna ompeneneHus: BOCIPOM3BOJAMMOCTH YacTOThl T€HEpalMM ja3epa OV He
CBS3aHA C TMpPUBEIACHHOW BbIIe Qopmynoil. B 3tom ciaywae JOv — 310

CpeIHEKBaJIpaTUYHAasi Pa3HOCTh YAacTOT [JIBYyX CTaOWJIM3MPOBAHHBIX JIA3€pOB,
MaKCHMaJIbHO OJIMHAKOBO M3TOTOBJICHHBIX B Pa3HOE BPEMS U B PA3HBIX MECTaXx.

Jlyummme mnapameTrpbl CTaOUJIBHOCTH M BOCIHPOM3BOJUMOCTH  YaCTOTHI
reHepaiuu 1octurayTsl Ha 2003 rox Ha ocHoBe He-Ne nasepa ¢ sueiikoit CHy (A =
3.39 mxm) u Nd:YAG (1azep Ha anmoMo-utTpueBoM rpanate Y3;AlsOp, ¢ nodaBkamu
neomuma Nd** i yiBoeHHEM 4acTOTHI HA HETHHEHHOM KpHCTALIe) ¢ stueiikoii - 1, (A
~ 532 um). Bocnponssogumocts okoio 2*107™"°, crabunsrocts 5*10™"° mpu Bpemenu
ycpeanenus T~ 10-100 c. [lonpodHee cMoTpuTe B 0030pe:

E. B. bakmanos, II. B. IlokacoB. OnTtudeckue CTaHIApPThl YAaCTOTHl M
demTocexyHnaHbie nazepsol. // KBantoBas anextponuka. 2003. T.33. N.5. C.383-400.

AKTHBHAs cTa0WIM3AIUA YACTOThI TeHEPALIMH Jia3epa.
UacTtoTa reHepanuu Jja3epa CBsi3aHAa C JJIMHOW BOJIHBI €r0 U3JIy4YeHUSs

c
COOTHOIIICHHEM AV =—. I[J'II/IHa BOJIHBI U3JIYUYCHHA OMPCACIACTCA TEM, YTO HAa JJIMHE
n

A
pe3oHaropa L yxKiIaaplBaeTCsl LEJIOE YMUCIO ITOJYBOJIH L:mE. Takum oOpazowm,

IITyMBI JJIMHBI PE30HATOPa MPEBPAIIAIOTCS B IIIYMbI YaCTOTHI €0 TEHEPAITHH.

Menyennabpie IyMbl WK Ipeidbl JUTMHBI Pe30HATOPA BOSHUKAIOT B PE3yJIbTaTe
TEMITIEpAaTyPHBIX M3MEHEHHWH W3-3a TEIJIOBOTO PACIIMPEHUsT Ted. BeiCTpbie TIyMbl
MOTYT OBITh CBSI3aHBI C aKyCTHUYECKMMH KOJI€OaHUSAMH 3epKan pe3oHaTopa. Kpome
TOTO, OJJIGKTPUYECKHE IIyMbl CHUCTEMbl HaKauykd WIA CO3JaHUS HWHBEPCHUH
3aCENICHHOCTEH CO37ar0T IIyMbI ONTUYECKOHN JIMHBI PE30HATOpAa U Ha HU3KHUX M HA
BBICOKHMX YaCTOTaXx.

YcTpaHeHue 3TUX U APYTUX TUIOB IIIYMOB YacTOTHI TEHEPAINH Jla3epa Ba)KHO
IS TFOOBIX TOYHBIX U3MEPEHUH C UCIIOJIb30BAHUEM J1a3epa.

AKTHUBHAsI CTAaOMIM3AMs 9acTOTHI TEHEpAIMH Ja3epa MO3BOJIAECT 3HAYUTEIHHO
YMEHBIITUTH IITYMbI 9YaCTOTHI.

Oneparmmonusiil yeunurensb (OY).




AKTHBHas cTabuim3aiys J000ro mapaMerpa CUCTEMbl UMEET MHOTO OOIIHX
MoMeHTOB. Ctabunuzaiys JOCTUraeTcs MyTeM BBEJICHHS OTPHUIATEILHON 0OpaTHOM
CBSI3U, KOTOpasi IPH CIIy4aiHOM IITYMOBOM M3MEHEHUM MapaMeTpa MOChUIaeT Ha BXOJ]
CHUCTEMBbI CUTHAJI, YaCTUYHO KOMIIEHCUPYIOIIHUKI IITYMOBOE U3MEHEHHUE.

PaccMoTpyM OCHOBHBIE TPUHIMIB AKTUBHOW CTAaOMIM3allMM Ha TpUMEpe
paboTHI oneparmoHHOTO yeunuTtesns. OnepaluoHHbIA YCUIIUTENb OOBIYHO PaboTaeT ¢
OTpHUIIATEILHON 00paTHOM CBS3BIO.

OmnepamoHHBIA YCHIUTEh — 3TO MHUKPOCXEMa C JABYMs BXOJaMU M OJHUM
BBIXOJIOM, €CJIM HE CUHMTATh KOHTAKTOB, MO KOTOPBIM IOJBOJMUTCS IJICKTPUIECKOE
MMUTAHUE YCHIIATETIS.

+12 B

1+

BX0AbI BEIXON

-12 B

Xopomuii U JeneBblid (IeXKypHBIN) onepauuoHHbld ycwiutenb TLO71, nBe
IITYKH 32 OJIUH JIOJIAp.

Hanpspkenue Ha BBIXOAE ONEPAMOHHOTO YCUJIMTENS PABHO YCUJIICHHOU
IPUMEPHO B MIIJIMOH pa3 Pa3HOCTH HANPSHKEHUN HA €r0 BXOJaX

U

8

a>2-10°).

o =a(U,—U_),rne a~ 10% >>1 — kos(duument yeunenns (s TLO71

AHanu3 OCHOBHBIX MPUHLUIOB paboTel OV ¢ oTpulatesbHON 0oOpaTHOU
CBS3BIO.

AHanu3 paboThl 000N CXEMbI C ONEPALMOHHBIM YCUJIUTEIEM BO3MOXKEH Ha
OCHOBE JIBYX COOOpa)KEHUH.

1). Hanpsikenust Ha aByx Bxojaax OY npakTU4YeCKu paBHBI IPYT APYTY

u_=U,,
TaK KaK €CJI BXO/JIHbBIC HAMIPSKEHUSI 3aMETHO HEPABHBI, TO B MIJITMOH pa3 yYCUJICHHAS
WX Pa3HOCTh OKAXKETCS 3a MpefeiaMH JIHUHAMHYECKOTO Juamna3oHa BBIXOTHOTO
HanpspkeHuss OY. JluHaMuyeckuil [uana3oH OrpaHWYeH JBYMS HaIpsSKEHUSIMU
nutanus OVY.

2). Bxonnbie Toku OY npeHeOpekruMo MaJibl

I =0.

6X_ =1 6X,

OV paspabarbiBarOTCsl TakK, YTOOBI MHHHUMH3HPOBATh BXOJHBIC TOKH. TeMm He
MeHee, BXogHoi Tok OV oTiavueH OT HyJs Jake NpH HYJICBOM HAIpPSDKCHHU Ha
BXOJIE, M03TOMY Kaxabiii Bxoa OV 00s3aTenbHO AOKEH OBITh CBSI3aH C OOIIMM
IPOBOJIOM CXEMbI XOTs ObI Yepe3 0O0JIbIIOE COMPOTHBIICHHUE.

IIpeoOpa3oBaTensb POTOTOK — HampspkeHue Ha ocHoBe OVY.

[Tpoananu3upyem paboTy THIIOBOI CXEMbI BKIIFOUCHHUS (DOTOIUOIA.




iy * 1 kOm

[Tox nmeiictBuem cBeta B (GOTOIMOIE BO3ZHUKAET (DOTOTOK MPOTOPIIMOHATHHBIN
MOIIHOCTH CBETa. DTOT TOK HE MOXKET MPOTEeKaTh yepe3 "—" BXoa omepanmoHHOTO
ycwurtens. CrnefgoBaTesibHO, BeChb (DOTOTOK MPOTEKAET Yepe3 pe3ucTop oOpaTHOM
CBSI3U conpoTuBIieHUEM R . TunoBoe 3HaueHue conpoTusiieHuss R =1MOm.

[Tmroc-Bxon OY coenuHeH ¢ o0mMM IpoBOAOM cXxeMsl, modtomy U, =0. U3
ycnosusa U_ =U, cnenyert, 4to U Ha MUHYyc-BxoJe OV HanpsikeHHe TOxKe OJIM3KO K
Hymo U_=0.

B Takom cnyudae HanpsbkeHue Ha ¢doTonuoae ONM3KO K HyI0. To ecTh
doTonmoa paboTaeT B TaK HA3bIBAEMOM PEKHME KOPOTKOro 3aMblKaHusa. B sTom
pexume poroanoa 00sanaeT BHICOKOW JTMHEUHOCTHIO MPeoOpa3oBaHUs MOIIHOCTH
cBeTa B (DOTOTOK M MaJIbIMU IITyMaMH.

Ha neBom kparo pe3uctopa ¢ CONPOTHUBIECHHEM R HYJIEBOE HANPSIKEHUE
U_ =0 oTHOcHUTENbHO 00IIEro MpoBoJia cXeMbl. B TakoM cilydae Ha MpaBOM Kparo

ATOTO pPE3HUCTOpa HANPsHDKEHHWE paBHO RI, Tak Kak dYepe3 pe3ucTop MPOTEKaeT
dotoTok /.

HanpsbkeHne Ha mpaBoM Kparw pe3ucropa R COBMANaeT C HANPSHKEHUEM Ha
BeIxo/ie OY M MpakTHYECKU COBMAJAET C HAMPSHKCHUEM Ha BBIXOJIC CXeMbl. Pe3uctop
conpoTuBiieHueM 1 kKOM BKITIOYCH MeX 1y BbIX00M OV U BBIXOJOM BCEH CXEMBI IS
TIOJIaBJICHUS] BO30YK/ICHHS TeHepaluu B retiie oopatHoii cBszu OY. Jleno B ToM, 4To
K  Bbeixomy OV  OOBIYMHO  HeNb3s  MOJAKIOYATH  €MKOCTh  OOJIbIIE

2On®:20-10_12@apa0. Nuave moBopor ¢da3el Ha RC-nienouke, rae R —

BbIXOJHOE compotuBieHne OV, MOXET cHaeJaTb Ha BBICOKMX 4YacTOTax
OTpHULIATENIbHYIO OOPAaTHYIO CBA3b MOJIOKUTENBHON. BKItOUeHne B cXxeMy pe3ncropa
1 xOM mno3BOJsE€T MOAKIIOYATH K BBIXOJY CXEMbl KOAKCHAJIbHBIM KaOesb
ocmuiorpada 06e3 HapymieHus: paboThl cXeMbl. EMKOCTh KOaKCHAJIBHOTO KaOeis
umeeT BennuuHy nopsiaka 100 md.

Ycunurens HanpskeHus Ha OY.

[Ipoananuzupyem paboTy NpoCTeHIIero ycunuTens HanpsbkeHus Ha OY.




Ry, | R
f =1 —
- UBHI
—1_ =
+
Ups 1 KOm
1 MOm

[Imoc-Bxon OV coeamHeH ¢ 0OmMM IPOBOAOM CXEMBI 4epe3 OOnbIIoe
conporuBieHue 1 MOM, 4T0OBI BXOJHBIE TOKH ILIIOC-BX0Ja FAPAHTHPOBAHHO MOTJIU
JOCTUTHYTH OOILETO NPOBOJA CXEMBI.

Hanpsokenne Ha BXOJ€ CXEMbl PaBHO HANPsHKEHUIO Ha Iroc-Bxoxe OV
U, =U,, . Cyuerom paBenctBa U_ =U_ nonydaem U_ =U,, .

Hanpsiokenue munyc-sxona OV npunokeHO K pe3UCTOpPy CONPOTHUBICHUEM
R;. Torna cuiia ToKa 4epes 3TOT pE3UCTOP

A
Ry R
U@X
Tox wmunyc Bxoga OVY mnpenebpexxumo wmain. Torma Becb Tok [ :R—
1

IIPOTEKAET YEPE3 PE3UCTOP CONPOTHUBIEHUEM R,. IIpu 3TOM naneHue HaNpsHKEHUs

Ha 000MX PE3UCTOPAX PaBHO HAMPSHKEHUIO Ha Bhixoqe OV

U6X

U@bzx:(Rl+R2)1=(R1+R2)R =

1

)
U@blx =| 1+ 'Uex'
Ry
OTHOHICHI/IC HaHp}I}KeHI/Iﬁ Ha BBIXOJI€ M Ha BXOAC CXEMBHEI IIO OHpGI[CHCHI/HO
paBHO K03(p(PHUIIMEHTY Tepeaaur CXEMBI 10 HAIIPSKEHHUIO:

Ky = Yewr _ 1, e

Uex Rl
OCHOBHBIE ITapaMETPLl CUCTEMBI CTAOWIM3AIMM HA OPUMEPE CTAOMIM3AIINUA
gHanpspkeHnsa U_ Ha ypoBHe Hamnpsikeaust U 4+_B CXCMC YCHIMTCIIS HANPsOHKCHUS Ha

ov. o o

OY MHOrokpaTHO yCWIMBA€T PA3HOCTh HAMpPsDKEHUH Ha IUIIOC M MHHYC
BXOJIax:

Ugix = Ot(UJr - U_) ,TIe a~ 10% — k03 unnent nepenaun OV co Bxona Ha
BBIXOJI.



Yacte Hanpsokenust ¢ Beixona OV ¢ genurens HanmpspKeHHUsS, COOPAHHOTO Ha
COIIPOTUBIIEHUSAX R, M R, mocrynaer Ha MuHYyC-BXoZ OV B KauecTBe CHUrHaia

OTpHUIIATEIHFHON 00paTHOM CBSI3U

C BBIXO/1a HA MUHYC-BXO/]Il OCTYNAET YacTh HaNpshKkeHus f = 7t Torga
Rl + R 2

U_=pU,,, . Bemmuuny [ Ha3bBaloT KOX(QQULUUEHTOM IEpelayd C BbIXOJA Ha
MHUHYC-BXO/I.

[Ipoussenenue ko3¢ PUIIMEHTOB Mepeaayn co BXOAa Ha BBIXOJ U C BbIXOJa Ha
MHUHYC-BXO/] Ha3bIBAIOT K0P HUILIMEHTOM Mepeiauu NeTI 0OpaTHON CBSI3U

Ko=ap,
rjae uujekc 0 — 3To HaMeK Ha MeTIIIO.

Bemnmuuny U, —U_ Ha3bpIBalOT CUTHAJIOM OIIMOKHU. DTO BEIUYMHA, KOTOPYIO
CHUCTeMa CTaOMIN3alUU CTPEMUTCS YMEHBIIUTD J10 HYJISL.

IMoncraBum B dopmyny U_= U, . Beipaxkenue Uy, = oz(UJr —U_) U

blx

MOJIy4UM
U_=af(U,-U_)=Ky(U,-U_) =  U_=Ky(U,-U_) =>
U_=&UJr => UjL—U_z;UJr =>

I+ K, 1+ K,
1
u,-v_=——-0U,.
+ 1+K0 86X
3nece U, —U_ — HeOTCIeKEHHAas 4YacTh BXOAHOro Bo3mymeHus U,

CUCTEMBI CTa6I/IJII/I?>aI_II/II/I.
OTtHOcCHUTEIbHAS YaCTh HEOTCICKEHHOTO HaIps>KCHUSA
u,-u__ 1
U 1+ K,

86X

g

Torna
1+ Ky — Ko3pPULUEHT CTAOUIN3ALUU CUCTEMBI C OOPATHON CBSI3BIO.

Koaddunuent nepenaun K MOMKET OBITh KOMIUIEKCHOW BelM4MHOM. Tak,
Harpumep, kodpduruent nepenaun RC -11eMIOYKH



b
K= la)C1 _ .1 .
R+ 1+iwRC
ioC

3necb w=2xf ,Tne f — 4acToTa U3MEHEHHUS HAIPSIKEHUSI.

KomriekcHbiii K03(DGUIMEHT Mepeadyr MOXHO 3amucarh, Kak KOMILICKCHOES
YKCIIO B OKCIIOHEHIIHAILHON (hopme
i-arg( K
K =|K]|-&"elK).
3aBUCUMOCTh KOMIUJIEKCHOTO KOC‘)(I)(I)I/IHI/IGHTa nepeaadn OT 4acCTOThI 06I)II'IHO
HpeI[CTaBHﬂIOT ABYMsI COOTBeTCTBYIOH_[I/IMI/I 3aBUCHUMOCTSIMU. aMHHHTYﬂHO-qaCTOTHOﬁ

XapaKTEPUCTUKOM WJIM  3aBHCUMOCTBIO ‘K ‘ or f u (a30BO-4aCTOTHOU
XapaKTepUCTUKON WM 3aBHCUMOCTBIO arg(K ) or f. Hna RC-uenodku 5Tu
3aBUCHUMOCTH UMEIOT CJIEYIOIINU BUL

K| I
1 |
| L1
| f
|
0 1 f
2rRC
u
ag(K) 4
2nRC
0 |
f
T
> -
3n1ech ‘arg(K )‘ — 3TO 3ama3ipIBaHue 10 ()a3e HANPSHKEHUS HA BBIXOJIE CXEMBI

OTHOCHTCIIbHO HAITPSPKCHHA Ha BXO/JIC. 3aH33I[BIBaHI/Ie, TaK KaK arg(K ) <0.

HaHpH)KeHI/IC Ha BBIXOAC JIF000M CXEMBbl HE MOJKET IOSIBUTHCS paHblIc, 4eM
IMMOsIBUTCS HAIPsAKCHUEC Ha €€ BXOJC. 210 YCJIIOBHUC HaAKJIaAbIBACT HEKOTOPOC



MHTETPAIbHOE COOTHOIIEHHE MEXY aMIUIUTYIHO-4YaCTOTHOM M (ha30BO-4aCTOTHOM
XapaKTepUCTHUKaMH JI000M cuctembl. VHTErpanbHOE COOTHOILIEHUE MPUBOIUT K

. . 1
TOMY, 4YTO JTI000M crmag aMIUIMTYyAHO-Y4CTOTHOM XApaKTCPUCTUKU BHAA ~ —;

1

HEeHU30eKHO MPUBOAWT K OTCTaBaHUIO mTo ¢aze Ha —. Kaxawli cmang Buma ~—

T
2
w
MMPUBOJAUT K AOIMOJHHUTCIILHOMY OTCTABAHHIO 110 (1)336 5 .

Bo30yxaenue wim reHeparys CUCTEMbI ¢ 00paTHOM CBS3bIO.
B n1060ii cucteme ¢ oTpuIiaTeNbHON 00pAaTHOW CBA3BIO Ha BBICOKMX YacTOTaX
o0Opa3yeTcsi HEKOHTPOJIUPYEMbIN CHaJl aMIUIUTYAHO-4aCTOTHON XapakTtepucTuku. Ha

1
KaKHuX-TO 4aCTOTaX HAYMHACTCA CIiad BHJa ~ —, Ha 0os1ee BBICOKHX YacTOTax cran

~—5, 3aTeM ~—= 1 TaK jajnee. COOTBETCTBEHHO 32 STHMH YaCTOTAMH MPOUCXOIHT
T AT T
oTcTaBaHue 1o (haze Ha 3 25 , 35 U TaK Janee.

@da30Bblil CIBUI PaBHBIM 77 O3HAYAET, YTO OTpULATEIbHAs OOpaTHas CBA3b Ha
3TOU YaCTOTE OKA3BIBAETCS ITOJIOKUTEIILHOM.
Ecnu B BeIpaxeHUM JU1si OTHOCUTEBHOM HEOTCIICKEHHOW YaCTH HANPSKEHUS
1

f=—
1+ K

TOJIOKUTENBHBIN K03 (ULMEHT Nepefaun NeTau oOpaTHOM cBsi3u K, 3aMEHMTb Ha

OTPHUIATENbHBIN, YTO U COOTBETCTBYET (PAa30BOMY CIABUTY Ha 7, TO OKaXKETCS, YTO

OTHOCHUTEJIbHAsI HEOTCIIeKEHHAs] 4acTh OOJbIle €AUHULIBI & >1 MpH YCIOBHH, UTO

‘Ko‘ <1. Ecimm xe Ha 3TOM wyacToTe MOAYIh Kod(d(duiMeHTa mnepedaud NeTIu

oOpaTHOW CBsI3U ‘Ko‘ MEHBIIIE €IUHMIIBI U CTPEMUTHCS K EIUHMIE, TO & —> ©.

beckoHeuHast HeoTcneKEHHAs! YaCTh O3HAYAET BO30YKJIECHUE WM TEHEPALIMIO B TIETIe
00paTHOM CBSI3H.

Bo30yxaenue B metsie oOpaTHOM CBSI3U MPOMCXOAMT B TOM M TOJBKO B TOM
cilydae, €clid Ha 4acToTe (Da3oBOro CABHUTra METIU PABHOTO 77 MOAYJIb KO3 (dULIMEHTA
nepenayu neTiu 0oJblile WK PaBeH €IMHULIE.

YacrtoTy, Ha KOTOpOoW (a3oBBIA CIBUT paBeH 7, OyJeM Ha3blBaTh 4acTOTOU

renepanyu f,. Ecin ‘KO‘ >1 Ha Tak Ha3bIBAEMOH 4acToTe reHepauuu f = f,, TO
aMIUIUTyJa CHUHYCOMJIBI Ha 4YacTOTE TIeHepauuu f, BO3PAacTaeT BO BPEMEHHU OT

CIy4allHOTO IIyMOBOTO 3HA4y€HUs A0 TEeX II0p, IOKa CHUHYCOHWJAa HE Ha4HET
OrPaHUYMBATHCA HANPSDKEHUSIMU TMHTAaHUS cxeMbl. OrpaHuyeHue NpUBEAET K
YMEHBILICHUI0 MOJYJIs KO3PPUIIMEHTa Iepeaun, U aMIUIUTy1a CTAOMIH3UPYETCS 110
BEJIMYMHE [IPU yCIOBUU ‘Ko‘ =1 Ha yacToTe reHepanuu f,.



Uro6sl m30exarh BO3OYKIEHUS CHUCTEMbl CTAOWMIIM3ALUMU HYXHO O0OECIEeUUThH
HEPABEHCTBO ‘K0‘<1 Ha yactore f = f,, Ha KOTOpPOH (a30Bbli CABUI B IETIE

OoOpaTHOM CBSI3U PaBeH 7 .
C aT0i1 1Henpo BHYTpU MUKpocxeMbl OY OpraHu3yroT NpUHYIAUTENbHBIA CIajq
aAMIUIATYJHO-YaCTOTHOM XAapaKTEPUCTUKHM, HA4YMHAs1 C OYEHb HU3KHX 4YacCTOT.

. /4
Cozpmaror cmax BHOa ~7, KOTOPOMY COOTBETCTBYET (Da3oBBIA CHBHT R Ha

. . V4
4acToTaxX, Ha KOTOPBIX MOSBISIETCS HEKOHTPOJIUPYEMBbI (ha30BbIil CIABUT eIlle EX

Kod(pUIMeHT nmepenavn mMeTau oOpaTHON CBA3U OKAa3bIBACTCS YK€ JOCTATOYHO Mal,
yTOOBI CHCTEMa OOpaTHOM CBSI3U HE BO30YK/1al1acCh.

Tak ecaum HEKOHTPOJMpPYEMbIE IMOBOPOTHI (pa3bl MOSBISIIOTCS HA YacTOTE
1 MI'u, 1 Ha HyJ€BOM YacToTe MOAYJIb KOA(DUIMEeHTa Nepenauynd NeTiau o0paTHOM

6 . 1
cBs3u paBeH 10°, TO cmaj aMIUIMTYAHO-YaCTOTHOW XapaKTEPHCTHKW BUIA ~ —

JOJKEH HAUMHATHCA ¢ 4aCcTOThI npumepHo 1 '
TTU-peryasropsl (PID).

Plant /
Process

Arturo Urquizo, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0>, via Wikimedia
Commons

Ecau HaIpsHKCHUC Ha BbIXOJAC CXCMbl MMCCT CIlald aMHHHTYHHO—qaCTOTHOﬁ

XapaKTepUCTUKN BUAA ~—, TO JTa CXE€Ma UHTErpupyeT BXOAHOM curHai. Ecim k

BbIXOO4Y CHI'HAJIa I/IHTCFpI/IPYI-OHICﬁ CXEMbI ,ZIO63BI/ITB CHUTHAJI HpOHOpHI/IOHaHBHIﬂﬁ

1 .
BXOJHOMY, TO CIlad ~ — Ha BBIXOJC CXCMbI C HCKOTOPOU YACTOTBI HPCKPATUTHCA.

Ecau oTa qacToTa coBIIagacT C IIaCTOTOI\/’I, Ha KOTOpOﬁ IIOABJIACTCA

y 1 y
HCKOHTPOJUPYEMBIN ClIad ~ — IICTIH 06paTHOI/I CBA3H, TO A0 YaCTOThI IIOABJICHUA

1 . 1
CJIEMYIONIETO Chaja ~— CHUCTEMa OOpaTHOW CBS3U OyJeT MMETh OJWH Craa ~ —.

3TO MO3BOJUT YBEAUUYUTHh KOAPOUIMEHT CTAOUIU3ALMHU U OBICTPOJIEWCTBUE CUCTEMBI
C 00OpaTHOM CBSI3bIO.

AHanoOruyHO JNEUCTBYeT U J100aBKAa K CUTHAIY HAa BBIXOJI€ CXEMbl YCHUJICHUS
CUTHaJa IPOMOPLUHUOHAIBHOIO MPOU3BOJAHON OT CUTHAJIA HA BXOJE.

CyMMma uHTerpajga OT BXOJIHOI'O CHUTHajia, BXOJHOTO CUTHajda U MPOU3BOJHOMN
OT BXOJHOTO CHUTHAJIA C Pa3sHbIMU BECOBBIMU MHOXHUTEISIMA U SIBJISICTCS BXOJHBIM
curHasiom ycunurens [IU]-perynsropa.



Crabunuzaiys YacTOThl TeHEPAIIUH JIa3epa 10 €ro MOUTHOCTH.
Paccmotpum creayronryro TpUHIMIHAIBHYIO CXEMY CTaOMJIM3allMU 4acTOThI
reHepaluy jazepa

CTElﬁH.]'IHSHpOBaHHOE
|
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PeryJHpOEKa MOIIHOCTH
reHepalHH J1azepa

31ech HalpsDKEHUE C BhIXOJa AU(PPEpEeHLNaTIbHOTO YCHWIIMTENS MOJAeTCsl Ha
[IbE30KEPAMMKYy, Ha KOTOPOM YKPEIUIEHO OJHO W3 3€pKaJl jlazepa, I yNpPaBIICHHUS
4acTOTOM TeHepanuu nasepa. PasHocte Hampsbkenuid U, —U_ Ha IByX BXoJax

aupdepeHInaaTbHOT0  YCHWJIMTENSl  SIBISIETCS  CUTHAJOM  OMIMOKH  CHCTEMBI
crabunuzanuu. To ecTh cuctema cTaOMIM3ALMKU YAEP)KUBAET MOILHOCTbh T'€HEpaluu
Ja3epa Ha TakoM ypoBHe, 4To0bl U, —U_ =0.

HaHpH)KeHI/IC Ha INIIOC-BXOAC YCHIIUTCIIA U+ IMPpOIOPHUOHAIIBHO MOIIHOCTHU

reHepauuu jasepa P. [lycTs nazep paboTaer B 0OIHOYACTOTHOM pEXUME reHepaluH,
TOTJla 3aBHUCHUMOCTb MOIIHOCTH TEHEpaluud OT YacTOThl HPUMEPHO MOBTOPSET
3aBUCUMOCTh KOA(h(dUIIMEeHTa YCUJIEHUS Ja3epHOM cpelbl OT 4acTOThl. TOJIBKO OCh
abciucc 3TOW 3aBUCMMOCTH MPUIMOJHATA O YPOBHS IMOTEPh pe30HATOpA Jazepa.
Mo1HoCTh reHepaluu, Kak GyHKIMs 4acTOThl, UMEET CJISAYIOIIUNA BH/T

31ecp @y — 4YacToTa LEHTpa JHWHHM YCHJICHHS JIa3€pPHOM CpPEIbl,
TOPU30HTAJIbHAS NYHKTHpHAs JMHUA Ha ypoBHE U_ COOTBETCTBYET BEJIMYUHE

HampsDKeHUs, KOTOpOe ¢ TOTEHIMOMETpa  MOJAeTcs Ha  MHUHYC-BXOJ
Qg epeHInaIbHOTO YCUIUTENS.



Hynesoil  curnan  ommbkum  cuctembl  crabwmmszamuun U, -U_=0

COOTBCTCTBYCT ABYM 4HaCTOTaM I'CHCpalldH J1a3€pa, 0003HAaYCHHBIM Ha PUCYHKE, KaK
W n w. OI[Ha U3 A3TUX YacCTOT SIBJISETCS 4YacTOTOU YCTOP'I‘{I/IBOFO paBHOBECHUA

CUCTEMBbI CTaOWIM3aIIH, a Apyras — 4acTOTOW HEYCTOMYHMBOIO PABHOBECHSI.

bynem nind  onpeneneHHOCTH CUMTATh, YTO KpPEIUIEHUE 3€pKajga Ha
IbE30KEPAMUKE YCTPOEHO TAaKMM 00pa3oM, YTO IMPHU YBEIWYEHUM HANPSDKEHUS HA
[IbE30KEpaMUKE YacTOTa T€HEPALUU J1a3epa BO3PACTAET.

Torna @, — 4JacTora yCTOHYMBOIO paBHOBECUS CHCTEMBbI crabmiausanuu. 1

nenctBuTenbHO. [lycTh B HauyadbHBII MOMEHT BPEMEHH CHCTEMa CTaOWITU3AINH
HaxoAauTcs B coctossHuM paBHoBecus U, —U_=0. M mycTts yacToTa reHepanuu

Ja3epa IO CiydalHbIM NPUYMHAM HCIbITajJa HEOOJIBIIOE IIYMOBOE H3MEHEHHE B
CTOPOHY YBEJIWYEHHUs YacTOTHl BIPABO II0 OCU 4acTOT. Torga B COOTBETCTBUU C
3aBUCUMOCTBIO MOILIHOCTU OT YaCTOTHI MOIIHOCTh I'€HEPALMU Jla3epa YMEHBIINIACS.
YMeEHbIIEHNE MOIIHOCTM IIPUBEJIO K YMEHBIICHWIO HAINPSHKEHUS C NPUEMHHUKA
U3JIy4€HHs] U YMEHBIICHUIO HanpsbkeHus U, Ha Maroc-Bxoae Jud@epeHnuanbHoro

YCUIIUTCIIA. YMEHbIIICHHE 3HAYCHUS U+ IMPHUBCJIO K YMCHBIICHHUIO HAIIPSOKCHUA Ha

BBIXOJIE YCWIHTENII M K YMCEHBUICHUIO HAIPSDIKEHHWsT Ha IIbe3oKepamuke. B
COOTBETCTBUM C HAIIMM IPEANOJOKEHHEM YMEHBIICHUE HAINpsOKEHUS Ha
IIbE30KEPAMMKE IPUBOJNT K YMEHBIIECHHIO YaCTOTHI TEHEPALINH J1a3epa.

Hrtak, mymoBO€ yBEJIMYEHHME YACTOTHl T€HEPALMU IPUBOIUT K TOMY, YTO
cUCTeMa CTaOWIM3aluu BbIpaOATHIBAET CHUTHAJ, KOTOPBIM YMEHBLIAET YacTOTy
reHepaluu. JTO U O3HAYAET, YTO () — YacTOTa YCTOMYMBOIO PABHOBECHUS CUCTEMBI

cTaOMIM3alINH.

[TpeumyIinecTBo MPEMIOKEHHOTO METOJIa CTAOMIM3AIdd COCTOUT B TOM, YTO
CTAOWIIM3UPOBAHHYIO YACTOTY T€HEPAIIMH MOYKHO TIEPEeCTPanBaTh, U3MEHSS BETUINHY
Harnpsbkenus: U_, oJlaBaeMoro Ha MHHYC BX01 MU PepeHIInaTbHOTO YCUITATEIIS.

HCI[OCTB.TOK Takoro wMeroaa -— MHN3MCHCHHUC 4YaCTOTbl TICHECpallh IIpU
N3MCHCHHUH YCUIICHUSA HaBCpHOﬁ Cp€Aabl, YTO BUAHO M3 HUXKCCIICAYIOIICTIO PUCYHKA

3nech A®w — W3MEHEHHE CTaOWIM3UPOBAHHOM YacTOTHI T'€HEpaluH Jja3epa
IPHU U3MEHEHUN YCHUJICHUS CPEIbI.

Crtporo TroBOpsi, B PACCMOTPEHHOH CXeMe CTaOWIM3HPyeTCs HE 4YacToTa
TeHepaIiy Jiaepa, a MOIIHOCTh FeHEPaITnH.

CraOmwimsanusi  4acTOTHl T'e€Hepalliy  Jja3epa [0  YacToTe IPONYCKAHWS
unrepdepomerpa Padbpu — Ilepo.




[Ipocreiimmii  unreppepomerp Dabpu — Ilepo — 310  mWpo3paynas
IUIOCKOIIapajulebHas IUIACTHHKA, Ha TMapajuleJbHbIE TPaHU KOTOPOW HaHECEHBI
MHOTOCJIOMHBIE TUAIIEKTPUYECKUE 3epKaIbHbBIE TIOKPBITHS.

[lpuniunuanbHas cxeMa CTa0MIu3alui YacTOThl TeHepalyu Jiasepa IIo
yacToTe npomnyckanus nuureppepomerpa @adpu — Ilepo mpencraBieHa Huxe

nazep
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PaccMoTpuM Ha ogHOM rpaduke ABE 3aBUCHMOCTH OT YaCTOTHI. 3aBUCUMOCTH
MOIITHOCTA TE€HEpallMu Jlazepa © 3aBUCUMOCTh KOI(PPHUIMEHTa MPOITyCKaHUS
unrepdepomerpa ®adpu — Ilepo.

P,K
%/I—MOH.[HOCT]: reHepaHHi

npollyckaHHe HHTepheponerpa ®abpu-Tlepo

MomHocTh CcBeTa Ha NPUEMHUKE U MPONOPLMOHAJIbHASA €H BeIMYMHA
HaAMpsDKEHUs] Ha IUTIOC-BXO/€ NU(PPEpeHIINaNIbHOrO YCUIUTENsST BeayT cels, Kak
IPOU3BEICHUE TPEICTABIICHHBIX BbIIIE ABYX ()YHKIIHIM

™ 0021&)2 (i)

31echr @ U @) — BO3MOXKHbIE CTAOUIM3MPOBAHHBIE YaCTOThl T€HEPALUH, AJIS
KOTOPBIX cUrHas omuOku paBeH Hymo U, —U_ =0, 1 3Tu NOJI0KEHUST PaBHOBECHSI

CHCTCMBI CTa6I/IHI/ISaHI/II/I yCTOﬁQHBLI, €ClIn 4YacToTa Ja3c€pa BO3pacTract C
YBCIIMYCHUCM HAIIPSOKCHUA HA IIBE30KEPAMUKE C JIa3CPHBIM 3€PKaJIOM.



W3 pucyHKa BHJIHO, YTO NPU WU3MEHEHUU YCWJIEHMS JIA3€pHOM Cpenbl 4acToTa
re€HEepalry Ja3epa HE MOXKET U3MEHUTHCSA CUJIbHEE, YEM HA MOJIOBUHY IIMPHUHBI MTHKA
npomnyckanusi uHTepdepomerpa ®adpu — Ilepo. B 3ToM 1 cOCTOUT NpeuMyIIeCTBO
JAHHOM CXeMbl CTaOMITM3AIMKU YaCTOThl FEHEPALNH JIa3epa.



