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The paper shows that the waves of anomalous amplitude are long-lived formations. They drift in the direction of the wave motion
with the group velocity of the wave packet, which is half the phase velocity of the main wave. The swing of the wave (the distance
from the hump to the trough) of the anomalous amplitude is more than three times the average value of the sweep of the wave
motion. The modulation instability of this wave form a perturbation spectrum, the energy of which is twice the energy of the main
wave in the developed process mode. The spatial size of the wave packet practically does not change, the amplitude of the swing in
the maximum first increases, then gradually decreases. The number of such waves in areas of strong wind exposure is much larger
than the statistics of random interference processes allow. This is due to the influence of the main wave (its amplitude remains
noticeably greater than the amplitudes of each of the modes of the wave packet) on the behavior of each pair of modes from the wave
packet of the perturbation. In the laboratory system, the duration of the anomalous wave coincides qualitatively with the time of
existence of the Peregrin autowave. Although the Peregrin autowave corresponds to a different physical reality, where the dispersion
of the wave is weak. Gravitational surface waves have a strong dispersion, and the NSE equation in this case is noticeably modified.
However, in rest system of the wave packet (moving relative to the laboratory system) the abnormal amplitude wave lifetime is much
longer. The distance that the wave packet travels with a persisting anomalous sweep is at least equal to several hundred wavelengths
and can reach hundreds of kilometers. A simple calculation of such waves by means of space monitoring due to the small viewing
area (frame) may be inaccurate. Once formed, such waves are able to drift over considerable distances. However, they may well get
into the next frame of view. That is, estimates of the number of such waves can be overestimated.
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The actual problem of the safety of shipping and oil and gas production in the oceans and seas is to determine the
conditions for the appearance of surface waves of abnormal amplitude that can lead to major disasters and accidents.
Earlier, when the intensity of shipping and oil and gas production was not so intense, the occurrence of such waves was
considered to be quite rare, and they simply did not consider it necessary to take into account their appearance and
impact. However, with an increase in the number of vessels and their personnel, numerous evidences of the appearance
of such anomalous waves appeared. However, people are not only worried about the detection of such waves of
anomalous amplitude, it is necessary to find out the characteristics of the life cycle of such waves, how long they are
able to exist and whether they can move. The purpose of this work is to try to find out the conditions for the existence of
waves of anomalous amplitude, the nature of their appearance and the dynamics of propagation.

DESCRIPTION OF SURFACE WAVES IN DEEP WATER
Large-amplitude surface waves in deep water that cause concern to ocean logistics have a frequency of [1]

w=\g-k-{1+] 4] K /2] (M
which approximately corresponds to the Lighthill-NSE equation [2] of the form
2
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where A:Z\ A, |-exp{—iw-t+ i(k0+ K)x} is the deviation of the surface, g is the acceleration of free fall, with the

K
maximum steepness for stable waves before they collapse H/A=0.11+0.13, where H = 2| A | is the steepness

(span) of the wave, that is, the distance between the upper point of the wave crest and the lower point of the wave
trough, A=27/k, is the wavelength of large amplitude. The width of the spatial instability spectrum under these

conditions is not so small; therefore, the equation for the complex slow varying (here the dependence
oc eXp{—i@-t+i@,} is excluded) field amplitude is represented as [3, 4]
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In the simplest case of a plane wave front, the field of perturbations is written in the form

A(;,T) = (uo + Z [uK 28 {+iK§ + l(¢1< _¢0)} tu_g -exXp {_iK; +i(¢_1< _¢0)}])a )

K#0
K>0

where the following notation is used, 4, /| 4, |=a, = a, | exp{id, } =u, exp{id, },

2 k' | 4, |?
koé::;” 0(21(0 |Ao 2’ T=t-4/gk, 0|20|’ K > K/ky, 20-¢; 0, =D =D .

Spectrum modes are located in the intervals 0< K <2K,, and -2K, <-K<O0, K=0.3.L, i==+(1,2,..N),
N

@=0.05, N=100. The initial amplitudes u,(7=0)=10", and their phases ¢, (7 = 0) are randomly distributed in the

range of (0—27).
Finally, the system of equations describing the modulation instability of a wave of large amplitude takes the form
for the main mode

Juty +Ouy +2uy Y ugu_ sin®, =6, (5)
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and for the modes of the spectrum of the modulation instability developing in this case [5]
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where ¢ is the wave decrement, and to maintain the amplitude of the main wave, the same value is on the right-hand

side of (5).
Here, the description is used within the framework of the so-called modified S-theory [6], and the interaction

occurs only between the modes of the spectrum (kn +k_n =2k0, ks +k S =kn +k_n) that are symmetrical with respect

to pumping. In [5], it was shown that direct calculation of equation (2) and model (4) - (8) lead to qualitatively the same
results.

In the presented model, the characteristic spatial scale correlates with the wavelength, that is k,& = ¢, the time

. . . . oo . . . .
scale is determined by the ratio, that is 7 =¢ = the unit of measurement in space is the wavelength, and the unit of

measurement in time is the oscillation period multiplied by & - 7T .

MODELING OF THE PROCESS OF FORMATION OF WAVES OF THE ANOMALOUS AMPLITUDE
For each point in time, a relative maximum span is calculated: the ratio of the maximum span to the average over
the entire space.
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Fig. 1. Behavior of maximum wave span from time A __ (left) and relative maximum wave span H _, (right) in the interval

max rel

—1047 < ¢ <1047 (about 333 wavelengths)

At the initial stage of instability development, an exit to a quasistationary regime occurs with an average swing of
wave motion close to unity, which is approximately two times less than the initial value for the main wave. The largest
sweep of the waves is reached at the moment of time 7 =425 in the region near { = —482and also at the moment of
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time 7 =888 near { =956. For example, one can imagine phase diagrams and a field view in the vicinity of the swing

peak (Fig. 2).
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Fig. 2. Phase diagrams and field view near the maxima of the sweeps for the first maximum H
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It should be noted that, although the amplitude of the main wave (the fat point) is not small, it already loses control
of the instability. Indeed, in the developed mode, the energy of the main wave is half the energy of the spectrum
(Fig. 3), which by the way is characteristic of developed modulation instability modes in other cases [7].

2
U

2
2ug 1
K
2 2
U + Y uy
K

0.5

WK/\L—;.[\%W\/\ r\dﬁh%

.......

0 200 400 600
1-350

800

Fig. 3. Behavior in the developed mode of the energy of the main wave u02 (lower curve), energy of the spectrum Zuf{ (middle
K

curve) and total energy u,” + z u. (upper curve)
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It is of interest to consider the motion of wave packets with a maximum amplitude in space and in time (Fig.4.)
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Fig. 4. The change with time of the maximum amplitude of the wave packets near the maximums of swing for the first
maximum (left) and (right)
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For the first package (left), the maximum speed in units of model 21.6, for the second package (right) the
maximum swing speed is 21.7. That is, the movement of the crest of the anomalous wave occurs at the same speed. This
speed is the group velocity of the packet, which is easy to see when considering the ratio from where.
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In the laboratory system, the change in the amplitude of the wave crest of the anomalous amplitude is more
pronounced (Fig. 5). This qualitatively corresponds to the duration of the Peregrin autowave [9] in the laboratory
reference frame. Although it should be noted that the Peregrin autowave corresponds to a different physical reality,
where the dispersion of the wave is weak. It is easy to see that gravitational surface waves from expression (1) have a
strong dispersion, and the NSE equation (3) in this case is strongly modified. However, in rest system of the wave
packet (moving relative to the laboratory system) the abnormal amplitude wave lifetime is much longer.

From Fig. 4 it can be seen that the time of existence of an abnormal amplitude wave in the reference frame moving
with the group velocity of the packet does not exceed 40 units in the model under consideration. Given its speed, a wave
can go through hundreds of wavelengths (Fig. 6). It is worth noting that in the considered numerical experiment, at one
time point, two waves of anomalous amplitude of 333 waves appeared in the observation area (Fig. 1) and during the
time about 40 units of new waves did not occur, then people at sea may encounter this same wave more than once.
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Fig. 5. Changing the amplitude of the wave of anomalous amplitude for the second packet, the maximum values of which were

In conclusion, it is possible to imagine the dynamics of the motion of the wave packet, the maximum range of
which reached the highest value at the moment of time 7 = 425 in the region neary = —482.
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Fig.6. The dynamics of the wave packet, the maximum range of which reached its highest value at the time 7 = 425 instant
in the area near ¢ = —482 for time points a) 7 =420,b) T=425,¢) 7 =430
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CONCLUSION

Waves of anomalous amplitude, as it turned out, are long-lived formations drifting in the direction of wave motion
with the group velocity of the wave packet, which is half the phase velocity of the main wave. The longitudinal size of
the wave packet practically does not change, the amplitude of the swing in the maximum first increases, then gradually
decreases. The distance that the wave packet travels with a persisting anomalous sweep is at least equal to several
hundred wavelengths and can reach hundreds of kilometers for 300 meter waves.

It is important to note that a wave excited as a result of wind exposure as a result of modulation instability forms a
perturbation spectrum, whose energy is twice the energy of the main wave in the developed instability mode. It is the
interference of the modes of this spectrum that forms a bizarre wave pattern, where from time to time anomalous
amplitude waves appear.

On the one hand, the number of such waves in areas of strong wind exposure is much larger than the statistics of
random interference processes allow. This is due to the influence of the main wave (its amplitude remains noticeably
greater than the amplitudes of each of the modes of the wave packet) on the behavior of each pair of modes from the
wave packet of the perturbation. This is the effect of forced interference imposed by the main wave. However, the
simple calculation of such waves by means of space monitoring due to the small viewing area (frame) may also be
inaccurate. Once formed, such waves are able to drift over considerable distances. Moreover, they may well fall into the
next viewing frame, which will unreasonably increase the number of such waves in the entire observation zone. That is,
estimates of the number of such modes can be overestimated.

As shown in [7, 8], the shape of the packet, which contains a wave of anomalous sweep, more than three times the
average span of wave motion, is a train of three waves, similar to Peregrin's autowave [9]. V.E. Zakharov’s remark that
there are other types of anomalous waves of a given nature [10,11], based on observations [12,13], is explained by the
results of [14], where it is shown that converging wave fronts can certainly generate more powerful abnormal
perturbations of a different topology.

Authors are grateful to prof. V.A. Buts for discussing the results of the work.
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JO MUTAHHSA ITPO YACTOTY I TIPOCTOPOBY NEPIOJUYHICTbD IIOSIBH
XBUJIb AHOMAJILHOI AMILIITYIA B OKEAHI
B.M. Kykain, E.B. Iloki1oHckuii
Xapriscoruti nayionanohuu ynieepcumem im. B. H. Kapasina, Xapkis, Ykpaina
M. Ce0600u 4, m. Xapxis, Vkpaina, 61022
B po6orti noka3aHo, 1110 XBHJIi aHOMaJbHOT aMILTITYIH € JOBIO>KMBY4YUMH YTBOPEHHSIMU. BoHU 1peiidyoTh B HAIPAMKY XBUIILOBOT'O
PYXY 3 TPYHOBOIO IIBUIKICTIO XBHJIBOBOTO MAKETA, sIKa BABIYl MeHIIE (a30BOi MBUIKOCTI OCHOBHOI XBuii. Po3max xBuii (BicTaHb
Bif rop0a [0 3amajiH{) aHOMAaJbHOI aMIUTITYAX OLTBIN HiXK BTPHUUI IIEPEBEPIIYE CEPEAHE 3HAUCHHS PO3MaxiB XBHUIBOBOTO pyXy. B
pe3ysbTaTi MOIYIAIIHHOI HecTIHKOCTI miel XBUI (opMyeThesl CIIeKTp 30y UKEHb, SHEeprisl SKOro BJBIUi Oiiblle eHeprii OCHOBHOI
XBHIII B pO3BUHEHOMY pexwuMi mporecy. IIpocTopoBuii po3Mip XBHIBOBOTO MaKeTa IPAKTUIHO HE 3MIHIOETHCS, aMILTITYa pO3Maxy B
MaKCHMyMi CIIOYATKy HapoCTa€, HOTIM MOCTYIIOBO 3MEHINYETHCS. UHCIO TAKUX XBWIb B 30HaX CHJIBHOTO BITPOBOrO BIUIUBY 3HAYHO
Oiiplre, HDK Ie JO3BOJISIE CTaTHCTHKA BHIAAKOBUX iHTepdepeHuiiinnx mponeci. Lle o0ymoBieHO BIUIMBOM OCHOBHOI xBHII (11
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aMIUTITY/la 3aQJHIIAETBCS MOMITHO OLNbIIE aMIUTITY] KOXHOI 3 MOJ XBHJIbOBOI'O IIaKeTa) Ha IMOBEAIHKY KOXHOI Mmapu MOA 3
XBHJIBOBOTO Takera oOypeHHs. Y 51abopaTOpHii cHCTeMi TPHUBAiCTh BUHUKHEHHS aHOMAJbHOI XBHJII SIKICHO 30ira€ThCs 3 4acom
icHyBaHHs1 aBToBONHU [leperpuHa. Xodva cilijJi 3a3Ha4YMTH, 10 aBTOXBWIs [leperpuna BiAmoBifgae iHIIO! (i3UYHOT peasbHOCTI, e
Jucriepcis XBii ciabka. ['paBiTariiiHi MOBEpXHEBI XBHIII MalOTh CHIIbHY auctiepciero i piBHsHHS HYIL B 1bOMy BHIIAAKY MOMITHO
MomudikyeTbes. OHAK B CHCTEMI CIIOKOIO XBHJIBOBOTO MAKETY, (SKa PyXaeThesl BITHOCHO JTaOOpaTOPHOi CUCTEMH) Yac YKUTTS XBHIIL
AQHOMAJIBHOT aMILIITY ¥ iCTOTHO Oinblie. BifcTanp, sSIKy MPOXOIUTH XBIIILOBOI MAKET 3 aHOMAJIBLHUM PO3MaxoM, BIAIIOBINAE KITBKOM
COTHSIM JIOBXKHH XBHJIb 1 MOXE JIOCATaTH COTEHb KiloMeTpiB. [IpocTHil miipaxyHOK TAKHX XBHIIb 32C00aMH KOCMIYHOT'O MOHITOPHHTY
4yepe3 HEBEIHKY 30HY (KaJp) Meperdisiay MOXe BUSBUTHCS HeTouHMM. OJHOTO pasy 3°sBHBLIMCH, TaKi XBHJII 3/aTHi ApeidyBaTn Ha
3HayHi Bijicrani. [IpM 1[bOMY BOHH LIJIKOM MOXYTbh MOTPANUTH B HACTYNHHI Kaap neperysity. ToOTO OLIHKK YMCIa TAKHX MOJ
MOXYTb OyTH 3aBHIIICHI.

KJIFOYOBI CJIOBA: 10BrojkuByya XBUJIsi aHOMaJIbHO aMIUTITY/IH, OKEaHChKE XBHIIIOBAHHSI, MOy ISIIIIiHA HECTIHKICTh

K BOITPOCY O YACTOTE U TIPOCTPAHCTBEHHON MEPUONYHOCTH IMOSABJIEHUASA
BOJIH AHOMAJIBHOM AMILIUTYIbI B OKEAHE
B.M. Kykaun, E.B. Iloxsioncknii
Xapvrosckuil nayuonanvhvlill yHueepcumem umenu B. H. Kapasuna, Xapvxos, Ykpauna
ni. Ce60600wi 4, 2. Xapvros, Ykpauna, 61022

B pabore moka3zaHo, YTO BOJHEI AHOMAJIBHOM AaMIUTUTYJBI SBISIOTCS IOJTOXUBYIIUMHU oOpasoBanmsimMu. Oum npeiidyror B
HalpaBJICHUH BOJHOBOTO JIBIDKCHHS C TPYIIIOBOH CKOPOCTBIO BOJHOBOTO ITAKeTa, KOTOpas BABOE MeHbIIE (a30oBOH CKOpOCTH
OCHOBHO# BOJHBL. Pa3max BoJHBI (pacCTOsiHUE OT ropOa J0 BIAJMHBI) aHOMAIBHOH aMIUIMTY/ABl B pe3ylbTaTe MOJIYJISLIHOHHON
HEYCTOHYMBOCTH, Oojiee uYeM BTpOE INPEBOCXOJUT CpeJlHee 3HAUCHHE pPa3MaxoB BOJIHOBOIO JIBHKEHHMs. B pesysbrare
MOJYJIALMOHHON HEYCTOHYMBOCTH 3TOH BOJIHBI (HOPMUPYETCS CIEKTP BO3MYILIECHHS, SHEPTUsi KOTOPOro BBOE OOJIbIIEC SHEPTUU
OCHOBHOHM BOJHBI B Pa3BUTOM pEXHMe Ipoiecca. IIpocTpaHCTBEHHBINH pa3Mep BOJHOBOTO IMAaKeTa MPaKTUYeCKH He MeHseTcs,
aMIUINTyZa pa3Maxa B MaKCHMyMe CHaJdajla HapacTaeT, IOTOM IIOCTENIeHHO yObiBaeT. UMCIO TakMX BOJH B 30HAX CHIIBHOTO
BETPOBOTO BO3JCHCTBUS 3HAUUTENHHO OOIBINE, YEM TO pa3pelIaeT CTaTUCTHKA CIyYaifHBIX MHTEP(EPEHINOHHBIX MPOIECCOB. DTO
00yCIJIOBIEHO BIMSIHUEM OCHOBHOW BOJHBI (€€ aMILUTUTY 1A OCTACTCsI 3aMETHO OOJIbIIe aMILUTUTY T KaJKIOH U3 MOJI BOJTHOBOTO ITAKETa)
Ha TIOBEACHHME KaKIOW Mapbl MOJ W3 BOJHOBOTO IIaKeTa BO3MYIICHHS. B mabopaTopHOi cucTeMe HpOAOJDKUTEINEHOCTh
BO3HMKHOBEHUSI aHOMAJIbHOM BOJIHBI KaYECTBCHHO COBIIAZAET C BPEMEHEM CYILECTBOBAaHUS aBTOBOJIHBI [leperpuna. XoTs cienyer
OTMETHUTB, YTO aBTOBOJHA [leperpnHa oTBeuaeT MHON (PM3MYECKOIl pealbHOCTH, IJie JUCIepCUsl BOJIHBI ciadast. ['paBUTallMOHHBIE
MTOBEPXHOCTHBIE BOJHBI 00JIaal0T CHIIbHOHN aucniepcueid u ypasHenne HYI B sTom cinyuae 3ametrHo moauduuupyercs. OnHako B
JBIKYIEHCST OTHOCUTENBbHO J1Ia0OPAaTOPHOM CHCTEME IOKOSI BOJHBI BpeMs >KH3HM BOJIHBI CYLIECTBEHHO Ooubiie. Paccrosnue,
KOTOpOE ITPOXOAUT BOJTHOBOM MAKET C COXPAHSIIONIMMCS aHOMAJIBHBIM pa3MaxoM, 10 KpaifHeil Mepe paBHO HECKOJIBKHM COTHSIM JITHH
BOJIH W MOXET JOCTHUTaTh COTEH KHJIOMETPOB. IIpocToif MmojcYeT TakWxX BOJH CPEACTBAMH KOCMHYECKOTO MOHHTOPHHIA H3-3a
HeOONBIION 30HBI (Kajgpa) NPOCMOTpa MOXKET OKa3aThesl HEeTOYHBIM. OHaXIbI 00pa30BaBIIMCh, TAKHE BOJHBI CIOCOOHBI
npeiihoBaTh Ha 3HAUUTENBHBIE paccTosTHUS. [Ipu 95TOM OHHM BITOJTHE MOTYT IONACTh B CIEAYIONIHH KaIp IpocMoTpa. To ecTh OIeHKH
YHCJIA TAKUX MOJ MOTYT OBITH 3aBBIIICHBI.

KJ/IFOYEBBIE CJIOBA: nonroxxuByiias BoJHAa aHOMaJIbHO aMIUIUTYIbl, OKEAHCKOE BOJIHCHUE, MOYJIALIUOHHAS HEYCTOHUMBOCTD





