SABasiercs Jim Ja3ep KBAaHTOBBIM reHepaTopom?

Jlazepbl cuMTarOTCsI KBAaHTOBBIMM TIeHeparopamu. IM3BecTHO, 4YTO
Ja3epHOE  M3JIy4eHHE O0JIaJaeT BbICOKOW  KOTEPEHTHOCTBIO U
HaIlpaBJIEHHOCThIO. B  paguoTeXHUWKE XOpOWIO W3BECTEH MPUHLHII
IIOCTPOEHUS U3JIy4arolUX CUCTEM, UMEIOIIUX BBICOKYK) KOTE€PEHTHOCTb
U HamnpaeleHHOCTb. OH 3aKJIIOYaeTcsi B HCIOJIb30BAHHUU OOJIBIIOrO
KOJIM4Y€eCTBa AJIEMEHTAPHBIX (bazupoBaHHBIX u3JTy4dartesne,
pPACIIOJIOKEHHBIX B ompeneléHHOM nopsanke. HaseiBarores Ttakue
CUCTeMbl (pa3upoBaHHBIMH aHTeHHbIMU pemieTkamMu (DPAP). I[puuém,
4yeM 0oJibliee KOJIMUECTBO 3JEMEHTAPHBIX M3ITydaTesled UCIONb3yeTCs U
yeM OoJiblle pa3Mepbl MPOCTPAHCTBA, HA KOTOPOM OHHU PACIIONOXKEHBHI,
TeM OOJbBIIYI0 HAMpPaBIEHHOCTh M MOLIHOCTh MOXKHO MOMY4HTbh. Jlis
IIOJIyYCHHUS] BBICOKOW HAIPABICHHOCTH JIMHEWHBIE pa3Mepbl CHCTEMBI
JOJKHBI OBITh 3HAUUTEIBHO OOJIbIIIE, YEM JUIMHA U3Ty4aeMOU BOJIHBI.

B pabouem BemiecTBe jlazepa TOKE BCErJa COJEPKUTCS TPOMaIHOE
KOJIMYECTBO 3JIEMEHTApHBIX WM3J1y4yaTelei, KOTOPbIMU SIBJISIFOTCS aTOMBI
WIN MOJIEKYJIbl pabouero BemecTBa. Eciu peub UAET O TBEPIOTEIBHBIX
Ja3epax, HalpuMep Ha OCHOBE pyOMHA, TO H3JIyYalollUe aTOMBI,
KOTOPBIMH SIBJIIFOTCSI aTOMBI XPOMa, TOKE PACIIOJNIOKEHBI B KPUCTAJLIE
pabouero BemecTBa B CTPOTO OMPEeNeNEéHHOM Topsake. Bo3HukaeT
BOIIPOC, YTO OYAET, €ClIM TaKue aTOMBI, SIBJSIIOIIMECS 3JIEMEHTAPHBIMU
U3Ty4yaTels MU, KaKUM-THO00 00pa3oM CHHXPOHHO BO30YIUTh, MPUUEM
TaK, 4YTOOBI UX KoJeOaHus ObLIN (pa3upoBaHbI OMpPeNeIEHHBIM 00pa3oM.
C paanoTeXHNYECKOM TOUKH 3PEHMS TaKas CUCTEMA MOXKET 1aBaTh OYEHb
Y3KOHAINPABJIEHHOE H3Jy4€HHE, T.K. KOJWYECTBO M3IIydaTejed OYEHb
BEIMKO, a JJIMHA M3JIy4aeMOM BOJIHBI TOpa3l0 MEHbIIE JIMHEHHBIX
pa3MepoB pabouero snemeHta. Ho Bo3HHKaeT BoIpoc, KakuM o0pa3om
MOHO BO30yAUThH aTOMbl. OHIM U3 TAaKUX CIIOCOOOB SBISIETCS YIapHOE
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UMITYJIBCOM OT JIAMITbI BCTIBITIKY. Eci MoHOKpHCTaTy pyOnHa caenathb
COOTBETCTBYIOILLYIO OTPaHKy U HAHECTM H €ro rpaHud METALUIMYECKOE
MOKPBITHE, TO TAKON KPUCTAJUT MPEBPAIIAETCS B OOBEMHBIN pe30HATOD, Y
KOTOPOTO UMEETCSI OOBIIIOE KOJIUUECTBO COOCTBEHHBIX MOJ KOJICOAHMIA.
Ecnu ywacrora kosiebaHuM aTOMOB XpOMa COBIMAJAET C OJHOM U3 MOJ
KoJieOaHui 00BEMHOTO PE30HATOPA, TO TAKHE PE30HAHCHI OKA3BIBAIOTCS
CBSI3aHHBIMH, W BO30YXJCHHE KOJICOAHWH aTOMOB XpoMma IMPHUBEIET K
BO30Y)KJICHHI0 MaKpOCKOMUYECKOTO pe3oHaTopa. YTOObl U3IydeHUE U3
MAaKpOCKOIIMYECKOTO pPE30HATOpa BBIBECTH HAPYXKy, METALUIMYECKOE
MOKPBITUE HA OJHOW W3 TPaHEW pE30HATOpa ACNA0T MOJIYyHPO3pavyHbIM
IS DJEKTPOMAarHUTHBIX BOJIH. (CleaoBaTeNbHO, TaKOW TE€HEPATOp
paboTaeT MO BCEM 3aKOHAM OJJIEKTPOJWHAMUKH W PATUOTCXHUKH, H
HHUYETO B HEM KBAaHTOBOI'O HET, XOTSA HAa3BaHUE Y HETO OUYEHb KPACUBOE —
JIBYXYPOBHEBBIN KBAHTOBBIN I'€HEPATOP.

Ho wu3BecTHBI MW MHOrOypOBHEBBIE KBAaHTOBBIE TI'€HEPATOPHI, B
KOTOpPBIX KBaHThl TepeOpachiBaloTcsi Ha Oosee BBICOKME YPOBHH, a
W3JIy4YCHUE MPOUCXOIUT MYyTEM HX OIYCKAaHUSI BHU3 IOCIEI0BATEIbHBIM
00pa3zoM MmyTéM MPOXOXKACHHUSI HECKOIBKUX ypoBHEW. M 3T0O yke TOYHO
KBaHTOBbIE TeHepaTropel. Ho mpo3anyHble paguouMHKEHEPHI U 3/ECh
FOBOPAT, YTO HHUKAKWE OHU HE KBAHTOBBIE, IPOCTO pE€Yb HIET O
HEJIMHEHHBIX MMapaMeTPUYECKUX CHUCTEMax, B KOTOPBIX, Omaromaps
HEJIMHEMHBIM CBOWCTBAM CPEAbI, MPOUCXOAUT WA MNapaMETPUYECKOE
YCUJICHUE WA NIapaMeTpuuecKast reHepamnus. Bee 3Tu mpoueccsl Xopouo
OIIMCBIBAIOTCS TAK HA3bIBAEMBIMU COOTHOLIEHUAMU Mennu-Poy.

UtoObl OBUIO MOHATHO, O 4YEéM HUAET peuYb, NPUBEAEM MPUMEP
OOBIYHOTO MEXAHMYECKOr0 pEe30HaTopa, Hampumep KameproHa. Eciu
YAApUTh KaMEpTOH, TO OH HEKOTOpOE BpEMsl 3BEHUT, TI'ECHEPUPY:
3BYKOBBIC BOJIHBI. [Ipu 3TOM OH TepseT 3HEpruto, U KoneOaHus B HEM
3aryxator. Eciu B030yauTh KamMepTOH B Bakyyme, TO OH OyaeT

«3By4yaTh» TOpa3lo JAojblle, T.K OyAyT OTCYTCTBOBAaTb IOTEPU Ha



BO30Yy>KJeHHE 3BYKOBBIX BOJH. JIr0O0Oi KosebaTenbHbIl Mpolecce
XapaKTepu3yeTcss TaKUM MapaMeTpoM Kak JOOPOTHOCTb, YeM MEHbIIE
aKTUBHbIE IIOTEPU B KOJEOATEIbHOW CHCTEME, TEM BbIlIE €€
n00poTHOCTh. OHA YMCIIEHHO paBHA KOJUYECTBY MEPHOIOB KOJICOAHMIA,
YKJIaABIBAKOLIEMCS B TOM IIPOMEXKYTKE BPEMEHH, 32 KOTOPBIM aMIUIUTYZAA
KoJIe0aHUN yYMEHBIIAETCS B € pa3. OTO OOBIYHBIN KJIACCHUUYECKUN BCEM
HNOHATHBIM MOAXOJ. DTOT MPOLIECC C MAaTEMAaTUYECKONM TOYKH 3pEHUs
MOXHO pacCMOTPETh IO-IAPYroMy, CUHMTas, 4YTO O3TO HUKAKOM HeE
MEXaHWYECKMH, a KBAaHTOBbIM ocuwuisaTop. M cumrars, dYro vy
BO30YXKAEHHOTO KaMEpPTOHAa HMEETCS JIBa JHEPreTUYECKUX YpPOBHS:
HYJICBOM MW BepxHUH (BO30YykAEHHBIN). B KBaHTOBONW MexaHUKE
CUMTAeTCs, YTO B TO BpEeMs, KOIJIa Mbl MEXaHHMYECKH BO30YykKIaeM
KaMEpPTOH, ATOT MEXaHUYECKUM PE30HATOP NEPENPHIrMBACT HA BEPXHUU
DHEPreTHYecKuii ypoBeHb. KBaHTOBas MEXaHMKa OIpPEAENsseT U BpeMms
KU3HHM Ha 3TOM BEpXHEM ypoBHE. OHO B TOUHOCTU PABHO TOMY OTPE3KY
BPEMEHU, KOTOPBIA HEOOXOAUM /JIsl TOTO, YTOOBI aMILIUTY1a KOJeOaHUH
B MEXAHUYECKOM PE30HATOPE YMEHBIINIIACH B € pas.

Eciu B35Th CTO MUJUIMOHOB KAMEPTOHOB M UX CUHXPOHHO BO30YIUTh,
Ja emé IPaBUIBHO pACIOJIOKUTh MX B IIPOCTPAHCTBE, TO MOXHO
IIOJIyYUTh KOTE€PEHTHBINM, y3KO HANpPAaBJICHHBIA 3BYKOBOM Jyd. Takue
CUCTEMBI C YCIIEXOM HCIIOJIB3YIOTCS B THAposiokaropax. M Beck 3TOT
IPOLECC TO-MPEKHEMY MOXKHO paccMaTpuBaTh Kak (pa3upOBAHHYIO
pELIETKY MEXaHUYECKUX OCHMUIATOPOB. C TOYKM 3pEHHS] KBAHTOBOU
MEXaHUKa Takas CHCTEMa SBISCTCA JBYXYPOBHEBBIM MEXaHUYECKUM
KBAaHTOBBIM reHepaTopoM. Takoi moaxo Hu4ero oouero ¢ Gu3MKon He
MMEET, a SIBISETCS Pe3yJbTaTOM TEX CXOJACTUYECKHX MATEMATHYECKUX
HOJIXOJI0B, KOTOPBIE TaK PaCIpPOCTPaHEHbI B COBPEMEHHOHN (PU3HUKE.

B pyOuHOBOM na3zepe B MaTpuile KOpPYHJa HEOONIBIION MPOIEHT
aTOMOB aJIOMHUHMS 3aMEUICHbl aTOMaMu Xpoma. OTH aTOMbl MMEIOT

CTPOTYIO OPHEHTAIIMIO B TIPOCTPAHCTBE U CBOKO PE30HAHCHYIO YaCTOTY, U



ecii uX BO30yIHUTh, TO aTOM XPOMBI OyAyT HUCITyCKaTh HE 3BYKOBEIE, a
AJIEKTPOMArHUTHBIE BOJHBI. Jlamee BcE MPOWCXOAUT, KaK M C
KaMepTOHaMH, TOJIbKO aTOMOB XpOMa B OJJHOM KyOWYECKOM CAaHTHUMETPE
pyOuHa HE CTO MUJUIMOHOB, a IECATH B IBAAIATh BTOPOM CTETICHHU.

Ecnu Ha moTONIKE BUCHUT JamMIlouKa HaKaJlMBaHMs, TO OHA HCITYCKaeT
HeKorepeHTHbIN cBeT. [louemy? A motoMy uTo ¢a3bl kKoneOaHuil Bcex
aTOMOB, KOTOpbIE€ KOJEONIOTCS B PE3yJbTaTe HArpeBaHUS HUTH,
Hec(a3upoBaHbl a CaMONpPOM3BOJIbHBL. [lo3TOMy, e€ciii MbI XOTUM
MOYYHUTh JIA3€pPHOE KOTEPEHTHOE M3ITYyYEHHUE, TO BbI JOJKHBI HE TOJIBKO
BO3OY/ANTH B aTOMaxX WM KaMEpPTOHAxX KoJieOaHWs, HO U BO30YIUTh MX
Tak, 4ToObl WX ¢a3pl ObUIM (Pa3UpPOBaHBI MO OMNPEACIEHHOMY 3aKOHY.
Torma u OyaeT moay4eHo KorepeHTHoe (J1a3epHoe) uznydenue. [lostomy
3a/laya CO3JlaHWs Jlazepa 3aKJIoYaeTcss He TOJbKO BO30YKICHHUU
KOJIeOaHU B OTIENIbHO B3ATHIX aTOMax (HampuMep aToMOB Xpoma B
pyOMHOBOM J1a3epe) HO emi€ W MOJyYeHUE MPaBUIbHOU (Ha3MpOBKU UX
KojeOaHuil mpu TakoM BO30yxiaeHuu. Ecimu 3Toro noOuthes, TO U
MOYYUTCS TO H3JIyYCHHE, KOTOPOE€ B KBAHTOBOM MEXaHHWKE HA3bIBAIOT
CTUMYJIUPOBAHHBIM. J[JIs1 3TUX LeJIel CIyKUT BHEIIHUNM pe30HATOp, Ky1a
MOMEIIAIOT aKTUBHOE BellecTBO. [Ipu 3TOM o71Ha U3 KoJieOaTEeNbHBIX MO/T
BHEIIHET0 pe3oHaTopa JOJDKHA B 00s3aTEeIbHOM IMOPSJIKE COBHNAAATH C
PE30HAHCHOM YacTOTON aTOMOB akTUBHOro BemiecTBa. dasupoBka mpu
oOnmydeHnn pyOWHA JIAMIION BCIBIIIIKON TPOUCXOIUT OYE€HHb IMPOCTO.
CBeT BCHOBIMIKK BO30YXIA€T HEKOTEPEHTHbIE KOJIeOaHHs B aToOMax
XpOMa, a BHEIIHUWA pE30HATOp OTOMpaeT W3 BCEro MHOXKECTBA
BO30YXKIAEHHBIX AaTOMOB, TOJBKO Te, (haza KoJleOaHUl KOTOPBIX
coBmajaer ¢ (azoit kosedbanuii B camoM pesoHatope. [loaromy u KIIJI y
pyOHMHOBOIO Jia3epa HEBBICOK. Pe30HaTOp B JaHHOM CiIy4yae BBIMOJHSET
Te (PYHKIIMU, KOTOpHIE BBITIOJHSICT PE30HAHCHBIA KOHTYpP MPUEMHHUKA
IpU €ro HacTpolke Ha ompenenéHHyro yactory. [losromy mnazep 3To

oObIuHasi MPaBUJIbHO (pa3upoBaHHAsl aHTEHHAs PEIeTKa.



Ho npuuém 3aecy cootHomenuss Maunu — Poy? OTu cooTHOLIEHUs
paboTaloT B TOM CiIy4ae, KOr/a B HEJIMHEHHOMN Cpejie UMEETCs HECKOIBKO
pe3oHaHcoB. B Takoif cpeme Takue pe30HAHCHI HE  SBISIOTCA
CaMOCTOSITENIbHBIMU U SHEPTreTHUECKHE MPOLIECChl B HUX CBsi3aHbl. Eciu
BO30YyAUTh OJWH U3 PE30HAHCOB, TO Oyay BO30Y>KICHBI M OCTaJIbHBIE.
[Ipu TakoM mporiecce, B COOTBETCTBUH C COOTHOLIEHUIMU Mauiu — Poy,
JHEprusi, 3amacéHHas B KaXIOM pe3oHarope, Oyae MpornopluuoHalIbHa
UX PE30HAHCHOW YacToTe. A MPOIECChl MEepeKayKud SHEPIUU U3 OJHOTO
pe3oHaTopa B APYrod oOecrieuynBaeT HEIMHEHMHOCTh cpeapl. KBaHTOBas
KE MEXaHHKa HHTEPIPETUPYET ATOT MPOIeCC KaK MEpenphirMBaHUE C
OJTHOTO JHEPreTMYecKoro YypoBHsS Ha napyroil. Takoil momxox ¢
(bu3NYECKOM TOUKH 3pEHHUS ABIISETCS HEMPUEMIIEMbIM.

Ho sTux snemeHTapHbIX Bemiel (pU3UKHU MPOCTO HE 3HAIOT, UX MPOCTO
TaK y4wid, BOWBas B TOJIOBBI BCSKHE CXOJACTMYECKHE CXEMbl, HUYETO
obmero c¢ @usukoil He wumewmue. J0OAT (U3NKKU  BCAKUE
CBEPXECTECTBEHHbIE INTYYKH. 1O y HHUX O3JEKTPOHBI COBEPILEHHO
HEBOOOpPa3UMBIM 00pa3oM ¢ OpOMTHI Ha OpPOUTY MEPENpHIrUBAIOT U
3araJlouHble KBaHThI U37Ty4atoT. To OJIM3HENbl B KOCMUYECKHX KOpaldsix,
HECYIIHUXCSI CO CBETOBBIMH CKOPOCTSIMH, [0 MWJUIHOHY JIEeT XKuBYT. Ho

WH)XEHEPBI ’TOMY HE BEPAT, U HE 3ps!

Is laser quantum generator?

The lasers are considered as the quantum generators. It is known that
the laser emission possesses high coherence and directivity. In radio
engineering the principle of the construction of the radiating systems,
which have high coherence and directivity, is well known. It consists in

the use of a large quantity of elementary phased emitters, located in the



determined order. Such systems are called the phased lattices. Moreover,
the greater the quantity of elementary sources it is used and the greater
the dimensions of space, on which they are located, the greater the
directivity and the radiated power can be obtained. For obtaining the high
directivity the linear dimensions of system must be considerably more
than the length of radiated wave.

In the work substance of laser also always is contained a huge
quantity of elementary sources, which the atoms or the molecules of
work substance are. If the discussion deals with the solid-state lasers, for
example on the basis of ruby, then the radiating atoms, which are the
atoms of chromium, it is also located in the crystal of work substance in
the strictly defined order. Arises question, which will be, if such atoms,
which are been elementary sources, are synchronously excited by any
means, moreover then so that their fluctuations would be phased in a
specific manner. From a radio-technical point of view this system can
give the very narrowly-directed emission, since. a quantity of emitters is
very great, and the length of radiated wave is much less than the linear
dimensions of working element. But arises the question, how it is
possible to excite atoms. The collision excitation, when the work
substance of laser they irradiate by short pulse from the flashbulb, is one
of such methods. If we to a single crystal of ruby make the appropriate
faceting and to apply n of its face metallic coating, then this crystal is
converted into the cavity resonator, in which there is a large quantity of
the eigen modes. If the frequency of the vibrations of the atoms of
chromium coincides with one of the modes of vibration of cavity
resonator, then such resonances prove to be connected, and the excitation
of the oscillations of the atoms of chromium will lead to the excitation of
macroscopic resonator. In order emission from the macroscopic
resonator to derive outside, metallic coating on one of the faces of

resonator makes with semi-transparent for the electromagnetic waves.



Consequently, this generator works according to all laws of
electrodynamics and radio engineering, and there is nothing in it
quantum, although the name in it very beautiful - two-level quantum
generator.

But are known and the multilevel quantum generators, in which the
quanta are thrown to higher levels, and emission occurs by the way of
their lowering downward by the course of several levels. And these are
already accurately quantum generators. But prosaic radio engineers here
say that any they not quantum, simply speech go about the nonlinear
parametric systems, in which, because of the nonlinear properties of
medium, occurs either parametric strengthening or parametric
generation. All these processes are described well by the so-called the
Menly-Rou relationships.

So that would be understandable, the discussion deals with than, let
us give an example of usual mechanical resonator, for example tuning
fork. If we strike tuning fork, thus for a while rings, generating acoustic
waves. In this case it loses energy, and fluctuations in it attenuate. If we
excite tuning fork in the vacuum, thus it will “sound” much longer, since
will be absent excitation loss of acoustic waves. Any oscillating process
is characterized by this parameter as quality, the less the ohmic losses in
the oscillatory system, the higher its quality. It is numerically equal to a
quantity of oscillatory periods, plotted in that time interval, for which the
amplitude of fluctuations decreases in e of times. This is usual classical
by all intelligible approach. This process from a mathematical point of
view can be examined differently, considering that this is any
mechanical, but quantum oscillator. And to consider that the excited
tuning fork is had two energy levels: zero and upper (excited). In
quantum mechanics it is considered that when we mechanically excite
tuning fork, this mechanical resonator jumps over to the upper energy

level. Quantum mechanics determines the lifetime at this upper level. It



is exactly equal to that interval of time, which is necessary so that the
amplitude of fluctuations in the mechanical resonator would decrease in
e of times.

If we take one hundred million tuning forks and it is synchronously
phased to excite them, it is on top of that correct to arrange them in the
space, then it is possible to obtain the coherent, narrowly directed sonic
ray. Such systems successfully are used in the sonars. And this entire
process as before can be considered as the phased lattice of mechanical
vibrators. From the point of view of quantum the mechanics this system
is two-level quantum generator. Certainly, this approach in common with
physics has nothing, but it is the result of those scholastic mathematical
approaches, which are so extended in contemporary physics.

In the ruby laser in the matrix of corundum the small percentage of
aluminum atoms are substituted by the atoms of chromium. These atoms
have strict attitude sensing and their resonance frequency, and if they are
excited, then atom chromiums will emit not acoustic, but electromagnetic
waves. Further entire the same histories as with the tuning forks, only
atoms of chromium in one cubic centimeter of the ruby not of one
hundred millions, but ten into twenty second degree.

If on ceiling hang incandescent bulb, that it emit incoherent light.
Why? But because the phases of the oscillations of all atoms, which vary
as a result heating tungsten, are unphased and they are spontaneous.
Therefore, if you want to teach laser coherent emission, then you must
not only excite in atoms or tuning forks of fluctuation, but also excite
them then so that their phases would be phased according to the specific
law. Then you obtain coherent (laser) emission. Therefore the problem of
developing of laser consists not only the excitation of fluctuations in the
separately undertaken atoms (for example the atoms of chromium in the
ruby laser) but still and obtaining the correct phasing of their fluctuations

with this excitation. If we this attain ourselves, then will learn the



emission, which in quantum mechanics is called stimulated. External
resonator for these purposes serves, where active material is placed. In
this case one of the oscillating modes of external resonator must in the
required order coincide with the resonance frequency of the atoms of
active material. The phasing during irradiation of ruby by flashbulb
occurs very simply. The light of flash excites incoherent fluctuations in
the atoms of chromium, and external resonator selects from entire many
excited atoms, only those, the phase of fluctuations of which coincides
with the phase of fluctuations in the resonator itself. Therefore efficiency
in ruby laser is low. Resonator in this case fulfills those functions, which
carry out the resonant circuit of your receiver with its tuning for the
specific frequency. Therefore laser this is the usual correctly phased
antenna array.

But moreover here the Menly-Rou relationship? These relationships
work when in the nonlinear medium there is several resonances, let us
say three resonances. In this medium such resonances are not
independent and energy processes in them are connected. Moreover if we
excite one of the resonances, then I will be excited and rest. With this
process, in accordance with the Menly-Rou relationship, the energy,
stored up in each resonator are proportional to their resonance frequency.
But the nonlinearity of medium ensures the processes of energy transfer
of one resonator in another. However, quantum mechanics interprets this
process as spring from one energy level to another. This approach from a
physical point of view is unacceptable.

But simply they do not know these elementary things of physics,
simply thus they taught them, and with it drove into the head any
scholastic diagrams, nothing general with physics having. Love physics
any super-natural pieces. That in them electrons in a completely
inconceivable manner from the orbit in orbit jump over and mysterious

quanta emit. That twins in the spacecraft, which are carried with the light



speeds, on millions years live. But engineers to this do not believe, and

not in vain!



