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Somsikov A.l.
Causes of river channel curvature

Baer's law and Einstein's tea leaf paradox are considered.
Introduction

A. Einstein has indicated the issue of river channel curvature in his article "The Cause of the
Formation of Meanders in the Courses of Rivers and of the So-Called Baer's Law"
http://ufn.ru/ufn56/ufn56 5/Russian/r565j.pdf.

The causes of the meanders are, of course, the effects of the forces that make them curved. It
remains to be seen what these forces are.

Some of them are caused by the movement of the surface itself, while others are caused by
the change of its shape.

The liquid is physically simulated by a ball indicating its local volume.

Free motion

If the surface is flat and horizontal, the ball can lie on it without moving. If you give the
surface a translatory motion, the ball retains its spatial position by inertia and moves backwards
from the surface. We can say that the motion is caused by the inertia. But this force is fictitious,
because it is not the ball that moves, but the surface pulled out of under it.

The same thing happens when the surface rotates. The ball retains its spatial position by
inertia and will rotate backwards from the surface with a radius determined by the distance to the
centre of rotation. The rotation of the ball relative to the surface can be described within the balance
of centrifugal Fcr and centripetal Fcp forces, which are also fictitious in this case.

The same is true of the motion of water relative to the earth's surface caused by its rotation.
At first, this motion is free and inverse to the earth's rotation, but then due to friction resistance on
the surface, the river channel is formed. The motion of the liquid becomes already bounded.

Bonds

The bonds restrict the possibility of moving in the selected directions. The water placed in
the extended channel, simulating the river channel, is bounded in the direction across the channel
and is not bounded to the possibility of free motion along it.

The bonds create forces that act in a given direction. Now they are real, not fictitious, as in
the absence of bonds.

What are the forces acting on the liquid here? Due to the bond represented by the channel,
the liquid cannot move perpendicularly to it. The channel rotates together with the surface, forcing
the liquid to rotate. It can also be replaced by a straight edge that simulates a steep river bank.

Why do rivers flow

Let the channel on the rotating surface simulating the river channel be positioned along the
rotation radius.

Forced rotation of the liquid causes the appearance of a centrifugal force Fcr acting on it,
directed along the channel.

If an angular velocity is w, then Fcg = mw?R, where m is liquid mass, R is rotation radius. In
the absence of a bond that prevents the liquid from moving along the channel, there is no centripetal
force Fcp to counteract centrifugal force Fcg. Under the influence of a single centrifugal force Fcr,
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the rotating liquid comes into accelerated motion along the channel from the center to the edge of
rotation.

This is the natural cause of water courses on the rotating surface. But this rotational-induced
centrifugal force Fcr is not the only one.

Another force, called Coriolis force, is caused by the motion of fluid along the channel.

Coriolis force

The linear rotation speed V, of the liquid in the channel is V, = wR and is perpendicular to
the rotation radius R. The change of V, corresponds to the acceleration of the liquid

a = dc\j{[i = a)((jj—Ft2 and the Coriolis force F,, =ma, acting on it, also perpendicular to the rotation
radius R.
So, the liquid moving along the radial channel is affected by two mutually perpendicular

forces — the centrifugal force Fce directed along the channel and the Coriolis force F., directed

perpendicularly to the channel. The centrifugal force Fcg does not act on the radial channel, and the
Coriolis force F., acts on the liquid from the side of the channel in the direction of rotation, with

the channel itself being counteracted F.,, =—F., , causing one of the banks of the river flowing
along the earth's surface to be eroded, gradually shifting towards the direction of counteraction.

Baer's law

Baer's law defines which of these two banks is affected by this counteraction. The rotation
of the surface and the Coriolis force are directed in the same direction, and the counterforce is the
opposite. If the surface rotates counter clockwise, the right bank of the course is eroded, and if it
rotates clockwise, the left bank is eroded. This corresponds to the northern and southern
hemispheres of the Earth, which differs from the flat model in that its surface is spherical with a
radius Re and geographical latitude ¢, and the observer of the northern hemisphere is the antipode
of the observer of the southern hemisphere. That's why the rotation with the radius R = Recosg is
counter clockwise in the northern hemisphere and clockwise in the southern hemisphere. When the
direction of the river course is radial from the centre of the river to the edge of rotation, the Earth's
surface can be equipotential when there is no effect of gravity.

The reverse radial direction of the river course from the edge of the surface to the centre of
rotation is not possible for the equipotential surface and can only be caused by gravity that exceeds
the centrifugal force. At the same time, water is directed towards a lower potential, i.e. in the
direction from top to bottom. And acceleration is determined by two components — centrifugal acr,
determined by rotation, and centripetal acp, determined by gravity. They're directed in the opposite
direction, so they're subtracted. If ace > acp, the course is still directed from the center to the edge of
rotation, although it slows down; if acg = acp, the course stops; if acr < acp, the course moves from
the edge of the surface to the center of its rotation (Nile, Irtysh, Lena). This motion reduces the
linear rotation speed V, , which corresponds to the action of the opposite Coriolis force, which is no

longer accelerating but braking force and is directed at the opposite direction of rotation.

At the same time, when the course changes direction, the right and left river banks are
swapped. The Coriolis force is now directed in the opposite direction of rotation, and the
counterforce is still applied to the right bank of the river course.

Now the contents of Baer's law are becoming clear. It is also clear that it defines the only
possible direction of river channel shift: towards the right bank for the northern hemisphere; a shift
to the west for rivers flowing south; to the east for rivers flowing north.



In practice

And how is this law enforced in practice?

Here we need a comment on the wording of the law itself:

"Baer's law is the rule that erosion occurs mostly on the right banks of rivers in the
Northern Hemisphere, and in the Southern Hemisphere on the left banks."

Which is that the law is somehow also called the "rule” here. And the "rule” also implies
exceptions, and it is not known which ones — rare, frequent or permanent.

This law is, to a certain extent, unique in this respect. On the one hand, it is a law, on the
other hand, it is not, because it can be defined by the words "usually (but not always)", "as a rule
(i.e. quite often, but not necessarily)". Other laws of physics do not suggest anything like this.

What is this supposed to mean? Let's consider it on concrete examples.

What does the impact of current water on any of its banks mean? The fact that the water
erodes it away, shifting the river channel in the direction of its impact. Since the course affects the
right bank in the northern hemisphere, all rivers flowing from the north to the south (Volga,
Dnieper) should eventually move to the west and rivers flowing from the south to the north (Nile,
Irtysh, Lena) should move to to the east.

And until when? Until they encounter a significant obstacle in the form of steep ground rise,
although not stopping the motion itself, but slowing it down. If the steep is rocky, the river,
continuing its shift before and after the obstacle, first bends along its contour, then gradually breaks
through the new channel behind it, then joins again, leaving the obstacle behind and continues to
shift further in the same direction, leaving a sign of temporary slowing down of the process in the
form of a curve in this area which may be the first possible answer to the question about the reasons
for the channel curvature, which is not explained by Baer's law. And the right river bank is always
steep, and the left bank is gentle.

It all looks simple and clear. It remains to look at the map to check the correctness of these
logical structures. And what do we see? The Dnieper should turn to the west, and instead it is
clearly going to the east in the southern part. The Volga in the south also turns to the east. As if
Baer's law does not apply at all.

Here is a clear illustration (Fig. 1).
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Fg. 1.arg Haulrs at Volga by Illya Repin

What can we say about this picture? Barge haulers at VVolga, of course, go up the river, that
is, on its right bank.

Which, according to Baer's law, should be eroded by the river course, and therefore be steep,
while the left bank should be gentle.
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But the picture doesn't look right, or rather, even wrong. But it's still just a picture. A
product of artistic creativity. But maybe it can be wrong in life, too? Would barge haulers have even
been possible, if the right bank, following Baer's law, had been steep, not gentle? They would have
to go only on the left bank.

The Baer's law seems to be cautiously called the "rule™ due to such strange behaviour of the
river course. Although its physical proof does not imply any exceptions.

Statement of a question

Einstein marked the issue with these words:

"It is common knowledge that streams tend to curve in serpentine shapes instead of
following the line of the maximum declivity of the ground. It is also well known to geographers
that the rivers of the northern hemisphere tend to erode chiefly on the right side. The rivers of the
southern hemisphere behave in the opposite manner (Baer's law). Many attempts have been made
to explain this phenomenon, and | am not sure whether anything | say in the following pages will
be new to the expert; some of my considerations are certainly known. Nevertheless, having found
nobody who was thoroughly familiar with the causal relations involved, | think it is appropriate
to give a short qualitative exposition of them."

Here, his key phrases are highlighted in bold:

— streams tend to curve in serpentine shapes instead of following the line of the maximum
declivity of the ground,

— many attempts have been made to explain this phenomenon,

— having found nobody who was thoroughly familiar with the causal relations involved.

Therefore, the issue of river stream behaviour is only the declivity of the ground.

When encountering a vertical obstacle, the horizontal stream pushes it off like a billiard ball
when hitting a table wall in the direction determined by the angle of incidence i between the normal
to the obstacle and the stream. Here, the force that deflects the stream is the repulsive force. To the
opposite bank, locally breaking Baer's law in the part of eroding only one of its banks.

The declivity of the ground to the horizontal plane, measured by the angle o, can vary in
range 0 < a < 7. It can be either positive (climbing) or negative (descending).

Here the effect of gravity is immediately apparent, slowing or accelerating the river stream.

The declivity can be located not in the direction of the river stream, but at an angle f to it,
which can be changed in the range 0 < g < #. The gravity is affected as follows.

Gravity (P = mg, where m is liquid mass, g is gravitational acceleration) forms a projection
F; on an inclined plane, equal to F; = Psina = mgsina. It in turn forms a projection F;
perpendicular to the river stream, equal to F, = F1Sing = mgsinasing.

The projection F, is summed up with the Coriolis force F., causing the river stream bend.

The result of this vector summation is determined by the angles o and f.

If the directions of F, and F_., coincide, their joint action reinforces the manifestation of
Baer's law.

Otherwise, if F., -F, >0, Baer's law weakens from the value defined for the horizontal
surface to zero, and if F., -F, <0, Baer's law ceases to be true, and the impact of the river stream

on its banks changes to the opposite.
This explains the river channel curvature, which reflects the vertical bends of the earth's
surface, which are randomly oriented to the direction of the river stream (Fig. 2).



Fig. 2. Example of a real river channel curvature

Accordingly to what the real river channel curvature can follow or not follow Baer's law,
which consequently is named a rule.

Over a cup of tea

In fact, Einstein concludes the case with a verbal description of the problem of following
Baer's law, as he immediately turns to another problem that allegedly explains it — the behaviour of

tea leaves in a cup of tea, trying to find the reason for the gradual migration of tea leaves to the
centre of the cup after being stirred (Fig. 3).

...explain why tea leaves migrate to the centre of the glass when stirring tea with a
spoon proved to be a serious matter. For example, the founder of quantum



mechanics, E. Schrodinger, could not find a reasonable answer. He confessed this
to the founder of the theory of relativity, A. Einstein, who later devoted a separate
scientific publication to the correct explanation of this experience.

Fig. 4. Attempting to solve this problem.

His proposed explanation is as follows.

To make the tea leaves distributed horizontally in the rotating water to be migrated to the
centre of its rotation, you need, of course, some force that would put them there. What is this force?

Since there is nothing else here, it is necessary to look for it in the water itself, which seems
to rush from all sides on the cup bottom to the centre of rotation, carrying away the tea leaves. And
then where does it go? Here the only way is from the bottom up to the surface from the centre of the
cup, followed by spreading to the edges of the cup. The result is a vertical circular current in the
form of a torus.

But what would make a horizontal circular current move perpendicularly to the centre of
rotation? Since, again, there is nothing else, the only possible explanation is the friction of the
rotating water against the wall and bottom of the cup. But friction only slows down rotation until it
stops. A completely unexpected result of friction is immediately proposed, which is not opposite to
the motion, as is always understood in physics, but perpendicular to it, parallel to the axis of
rotation on the walls and parallel to the centre of rotation on the bottom of the cup (Fig. 5).

Fig. 5. The scheme proposed by Einstein

The rest is a mere formality. Some circular arrows are drawn in the meridian section,
allegedly explaining the migration of tea leaves to the center of the cup. The fact that the water then
rushes upwards without taking away the tea leaves is explained quite simply: tea leaves are heavier
than water and just sink faster than the water carrying them upwards moves.

All this looks somewhat plausible, except for the key thing — why the horizontal circular
motion suddenly turns into a vertical one. The Coriolis force is used to explain this, because it is
directed perpendicularly to both the stream and the axis of rotation, but it is manifested not
somewhere, but only at the bottom of the cup, acting from all sides towards the centre of rotation.
But even if this is accepted, the result of such a symmetrical circular impact is a force balance, not a
shift of water from all sides to the centre of rotation. So, the proposed explanation just doesn't work.

By the way, it's all easy to check it out experimentally. According to Einstein, if to throw yet
not wet dry tea leaf floating on surface in the center of a surface of the rotating water, it will
immediately find itself in an unstable equilibrium in the center of rotation and should immediately
rush from the center to the edge of the glass at the slightest violation of symmetry, carried away
rising from the inside and spreading on the sides of the water stream. It is easy to see that it is not
true at all. The floating tea leaf remains stable in the center of rotation.

So, what remains? How it all began — the unexplained phenomenon of migration of sunken
tea leaves to the centre of the rotation of the aquatic environment, designed to explain another
phenomenon — the reason for the river curving in serpentine shapes instead of following the line of
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the maximum declivity of the ground, that is, on a non-equipotential surface. In fact, both
explanations have failed.

But the fact that Einstein did not find an explanation does not mean that it does not exist at
all.

Solution of the problem

Let's look at the behaviour of drowning tea leaves. Its explanation is as follows.

Wet tea leaves are heavier than the volume of water they displaced (have negative
buoyancy) and therefore slowly sink. If you now raise the glass vertically at a speed V, then sinking
tea leaves will rise at a speed V — AV (tea leaves lag the water motion). The same is true for the
horizontal water motion. The tea leaves carried away by water acquire the same momentum mV =
m;V1, where m is the mass of the displaced water, V is the speed of its movement, m; is tea leaf
mass (my > m), V is tea leaf speed (V1 < V). The tea leaves move more slowly (also begin to sink,
now in the horizontal direction).

The same thing happens with circular motion. After stirring, the water gets the same
momentum as the tea leaves, but different speed. With even rotation, the centrifugal and centripetal
forces acting on the displaced water volume are balanced. This corresponds to the linear rotation
speed V for the given layer. However, the linear rotation speed of the tea leaf V; is less than the
linear rotation speed of the water layer V (V1 =V — AV), so it has the equality of centrifugal and
centripetal forces broken in the direction of exceeding the centripetal force. Its linear speed V;
corresponds to the adjacent circular layer, closer to the center of rotation.

Under the unbalanced centripetal force, the tea leaf moves to the inner adjoining circular
layer, which has a smaller momentum m(V — AV). There the situation repeats itself, so that the
rotating tea leaves gradually shift to the centre of rotation. This was to be proved (Fig. 6).

Fig. 6. Circular motion trajectory of sinking tea leaf is a fading spiral

The tea leaves floating on the surface, however, are lighter than the displaced water and are
not fully immersed in it. Having not negative, but zero buoyancy, they are carried away in
movement by a water surface with the same speed, as water itself. Therefore, being placed closer to
the edge, they do not gather in the center of its rotation.

Conclusion

We cannot say that readers do not feel that Einstein's "solution™ is not enough.

Not only feel it, but also try to improve it. Here are two such examples, taken from the
Internet: http://kvant.mccme.ru/pdf/1999/05/kv0599surdin.pdf, http://web-local.rudn.ru/web-
local/prep/rj/files.php?f=1830.

Their proposed improvement is as follows. Rotating water, encountering an external
obstacle formed by the edges of the cup, puts pressure on it, rising from the centre to the edge of the
surface, taking the form of a paraboloid of revolution (Fig. 7).
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Fig. 7. So-called improvement of Einstein's "proof"

This increases the pressure of the water layer on the bottom of the cup from the centre to the
edge, which is supposed to form a meridian rotation invented by Einstein.

But it is the same fiction that breaks the balance of the acting forces, although enriched with
a certain number of formulas. The problem is that the authors dare not even assume that he could
have been simply mistaken in this not too complicated issue.

[NPUMEYAHUME. DT0 mepeBoj cTaThbu C PYCCKOrO Ha aHIIMNCKUil s3bIk. Huke mnpunaraercs
OpUTMHAJIbHBIN ABTOPCKUH TEKCT.

ComcukoB A 1.

IIpruMHBI HCKPUBJICHUS PEYHBIX pyceJl

Paccmompenwvr 3akon bepa u 3a0aua Diinwmetina o nosedeHuu YauHox.
Beenenune

[Ipobnema MCKpHBIEHHsSI pEUHBIX pycen oOo3HaueHa B craTbe A.JiHIUTEHHA «[IprunHbI
o0Opa3oBaHUs U3BHINH B pyciax pex " TaK Ha3bIBAEMBIN 3aKOH bepa»
http://ufn.ru/ufn56/ufn56 5/Russian/r565j.pdf .

HpI/I'-II/IHaMI/I U3BUWINH SBJISAIOTCs, €CCTECTBEHHO, BOS}IGﬁCTBHe CHIJI, JAaIOIIHUX HUX I/ICKpI/IBJ'IeHI/Ie.
OCT aCTCA BBISICHUTB, KaKHUC K€ 3TO CHUIIBI.

O)IHI/I N3 HHUX BBI3BIBAKOTCA IABUXXCHUEM CaMOﬁ HOBerHOCTI/I, J:[pyme KE€ NU3MCHCHHCM €€
(bopMBL.

Kuakocts pu3nYecKk MOJEIUPYETCS C MOMOUIBIO IIapuKa, 0003HAYAIOUIETo JIOKAJIbHBINA ee
00BEM.

CB000aHOE IBMIKEHME

Ecan moBepxHOCTH IJIOCKAst W PACIOJIOKEHA TOPU3OHTAIBHO, TO IIAPUK MOXKET JIekKaTh Ha
Hell Oe3 nBuxkeHus. Eciu mpuBecTH ee B MOCTyNaTeiabHOE ABMXKEHHE, TO MIAPUK 10 HHEPIUU
COXpaHSIET TMPOCTPAHCTBEHHOE IOJIOKCHHUE, MPUAS OTHOCHTEIHHO TOBEPXHOCTH B OOpaTHOE
nBukeHre. Ero MoxHO Ha3BaTh BbI3bIBa€MbIM cujiod uHepuuu. Ho sta cuna ¢ukTUBHAS,
MMOCKOJIBKY JIBUKETCS HE IIAPHUK, a IOBEPXHOCTh, BBIICPrUBaeMast U3-1oJ Hero.
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To xe npoucxoauT W Ipu BpalleHHH noBepxHocTu. [llapuk mo uHepuuu coxpaHser
MIPOCTPAHCTBEHHOE IOJIOKEHUE, & OTHOCUTEIHHO MOBEPXHOCTHU NMPUAET BO BpalleHue, oOpaTHoe
BpAILEHUIO TIOBEPXHOCTH, C paguycoM R, olpenensieMblM pPAacCTOSHUEM 0 LIEHTpA BpAIECHHUS.
Bpamienue mapuka OTHOCHUTEIBHO IMOBEPXHOCTH MOXKET OBITh ONMCAHO B paMKax pPaBHOBECHUS
uenrpobexxnod F,; u unenrpocrpemurensHoii F . cun. Koropele B JaHHOM cilydae TOXKe

(DMKTUBHBI.

To e wHaOmomaeTcs W TPU JBIKEHUH BOJBI OTHOCHUTEIBHO 3EMHOW TIOBEPXHOCTH,
BBI3BIBAEMBIM €€ BpalleHueM. BHadaie 3To aBrkeHre cBOOOIHOE — 00paTHOE 36MHOMY BPAIICHUIO.
Ho 3atem BcieacTBre CONMPOTUBICHUS TPEHUSI Ha TIOBEPXHOCTH 00pa3yeTcsl yriayojleHHe — peaHoe
pycio. [IBmkeHue JKUAKOCTH IIPH STOM CTAaHOBHUTCS YK€ CBSI3aHHBIM.

Ces3u

CBsi3p OTpaHMYMBAIOT BO3MOXKHOCTb [JBIIKCHMSI 10 BBIICICHHBIM HalpasleHHAM. Bopa,
[IOMEILEHHAas B MPOTSKEHHBIN kET00, MOAEIUPYIOLIUN pPEYHOE PYCllo, CBA3aHa B HAIPaBJICHUU
HIOTIEpEK Kest00a 1 He CBsI3aHa ¢ BO3MOXKHOCTBIO CBOOOIHOTO JBM)KEHUS BJIOJIb HETO.

CBs13u cO37at0T CHIIBI, IEHCTBYIOIIME 110 3aJaHHOMY HalpasJIeHUI0. Tenepp yxe pealbHble, a
He (PUKTHBHBIE, KaK IIPU OTCYTCTBUH CBS3CH.

Kakue cuibl, OEHCTBYIOIIME HA JKUAKOCTb, 3[€Ch BO3HUKAIOT? BBuay Hamuuus CBA3W,
MIPEJCTaBICHHON JKeI000M, IBM)KEHUE JKUAKOCTH TEPIECHINKYISIPHO €My HEBO3MOXHO. JKenob
Bpal[aeTCsl BMECTE C MOBEPXHOCTHIO, IPUBOJIS )KUAKOCTh B npunyoumenvroe BpameHue. OH MOXeT
OBITh TaKXKe 3aMEHEH NPSMOJIUHEHHBIM BBICTYIIOM, MMHUTHPYIOIIUM KpPYTOil Oeper pedHoro
TEYECHHUS.

IToyeMy pexkH TeKyT

[TycTh xeno0 Ha BpalaroIeicss MOBEpXHOCTH, MOJSIUPYIOIIUNA peYHOe PYCIIO, PACTIOI0KEH
0 PaIuyCy BpareHHs.

[IpunyauTensHOEe BpallleHHE >KUIKOCTH BBI3BIBACT TOSIBICHHWE JCHCTBYIOIIEH Ha Hee
LEHTPOOEKHON CHitbl F; , HanpaBIeHHOM B0 Keno0a.

IIpu yrioBo# ckopocTi @ Bpatienus F, =Mm®’R, raie M — Macca HAKOCTH, R — pammyc
BpallleHus. B oTcyTrcTBHE CBSA3M, MNPENSATCTBYIOLIEH JBHKEHUIO >KMJIKOCTH BJAOJIb XKeinooa,
LIEHTPOCTPEMUTENbHAA cula F, . mporuBoneiicTeus neHTpobexknoi cune F,; orcyrcryer. Ilon
JEWCTBHEM €IMHCTBEHHOM LEHTPOOEKHOH cuibl F,; Bpamaroomascs XUIKOCTh IPUXOAUT B

YCKOPEHHOE JIBI)KEHHE BJIOJb ’KeJIo0a OT IEHTPa K KParo BpaIlCHHUS.
TakoBa ecTeCTBEHHas IpUYMHA T[OABJIEHUS BOAHBIX TEUEHUH Ha BpALLIAKOLIEHCS
noBepxHocTu. Ho 3Ta BrI3bIBacMast BpalieHneM IeHTPOOSKHAs CHTa Fuz; HE €TUHCTBECHHAS.

Hpyras cuna, HassiBaemasi cuiou Kopuonuca, BBI3BIBA€TCS JBMXKCHHEM KUIKOCTU BJOJb
xKenooa.

Cuua Kopunoauca

JIuneitHast ckopocTh V|, BpalleHHs KHUJIKOCTU B ké&nobde coctaBnsier V, = wR u HampasieHa

HNEepIeHAUKYIIpHO panuycy R Bpamenus. I3meHeHuto V|  COOTBETCTBYEeT YCKOpPEHHE

dv, dR .
a = ot = a)a KHUJIKOCTH M JeiictByromass Ha Hee cwia Kopuommca F, =ma,, Toxe
NepHneHUKYISIpHbIE paanycy R BpamieHusl.

Wtak, Ha )XHIKOCTH, NBIDKYIIYIOCS BIOJIb PaIUaIbHOTO XKejoOa, NEUCTBYIOT JBE B3aMMHO

HEPIEHIMKYIIAPHBIE CHIIBI — IIEHTpoOexkHas F,; , HanpasieHHas BIOJb keno0a, u cuina Kopuonuca
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Fi., HampapJeHHas IEPIEHAUKYIAPHO kenoly. IlenTpobexnas cuna F,, Ha pagumansHo

HaNpaBJICHHBIN kKeno0 He neicTByeT, a cuiia Kopuonuca F, | nelcTByeT Ha KUAKOCTH CO CTOPOHBI
kKelnoba B HAMpaBJIICHUW BpAIICHHS, MPH 3TOM CaM JKEI00 HCIBITHIBACT MPOTHUBOJCHCTBHE
F,», =—F, . BpI3bIBatoniee noAMbIBAaHME OJHOrO U3 OEpPeroB peK, TEKYIIMX [0 3eMHOU
MoBepXHOCTU. [ocTeneHHO cIBUraeMoro B CTOPOHY HalpaBJICHUS IPOTUBOACHCTBHUS.

3akon bepa

3akon bepa ompenenser, Kakoil HMEHHO U3 O3TUX JBYX O€peroB HCHBITHIBAET 3TO
MpoTUBOJICHCTBUE. Bpamienue noBepxHocTd u cuia Kopuosinca HarmpaBiieHa B OOHY U Ty Xke
CTOpPOHY, a CHJIa MPOTHUBOJECUCTBUS —  IPOTHUBOIOJIOXKHO. EciM BpallleHne I[OBEpXHOCTH
IIPOUCXOJUT HPOTHUB YacOBOM CTPENKH, TO IMOAMBIBACTCS npaswili Oeper TEYeHMs, a €ClIU IO
YacOBOM CTpEJIKE — Jesblli. DTO COOTBETCTBYET CEBEPHOMY M IOKHOMY MOJIyLIapUsIM 3eMIIH,
OTJIMYAIOIIEHCs OT IJIOCKOM MOJENM TeM, 4TO €€ MOBEPXHOCTh cdepuueckas ¢ paauycom R; u

reorpaguueckorl MHUPOTOH ¢, a HaOMI0JAaTeNnbh CEBEPHOTO MOJYIIApUsl SBISETCS AHTUIIOIOM
1oxHoro. IlosTomy Bpamienue ¢ pagmycoMm R =R,C0S¢ B ceBepHOM MONyMIAPHH TPOUCXOIHT

MIPOTHB, a B FO)KHOM — TI0 YaCOBOM CTpenKe. 3eMHasi MMOBEPXHOCTh MPH PaauaIbHOM HalpaBICHUH
PEYHOTO TEYEHHS OT LIEHTPA K Kparo BPALICHUS MOXKET ObITh 3KEUNOMEHYUATbHOU, KOT/Ia BIUSHHUE
36MHOTO TSATOTEHHUS OTCYTCTBYET.

OOpaTHoe paauanbHOE HAIPaBJICHHE PEUYHOTO TEUEHHUs — OT Kpas MOBEPXHOCTH K LEHTPY
BpAIICHUS I 3KBUIIOTCHIIMATHLHOW TOBEPXHOCTH HEB03MOJCHO W MOKET OBITh BBI3BAHO TOJIBKO
JUIIb TpaBUTALMEH, MPeoAoseBaroleil eHTpoOexkHy0 cuily. Boga mpu sToMm  ycTpemisieTcst B
CTOPOHY MEHBIIIETO MOTEHIIMAJa, T.€. B HAlPaBJIEHWU CBEPXY BHHM3. A YCKOpPEHHUE OMpeesieTcs
JABYMsS  COCTaBIAIONIMMH  —  LEHTPOOEKHOW  @,,, ONpENENAeMOd  BpallleHHEM, H

LEHTPOCTPEMHUTENBHON &, ONpPEAENAeMON rpaBuTaleii. OHU HaNpPaBICHbl TPOTUBOIIOIOKHO H
noroMy BbrumTaroTcs. Ilpu @, >a,, TeuyeHHne MO-PEKHEMY HAIPABIECHO OT LEHTPA K Kparo
BpAIIEHUS, XOTS ¥ 3aMEIUISETCS, TIPH 8,5 =8, TCYECHHUE MPEKPAMIACTCs, TIPH &, < & TEUCHUE

ycTpeMJIsieTcsl OT Kpasi MOBEPXHOCTHU K LeHTpy ee BpauieHus (Hun, Upteim, Jlena). Ilpu stom
JBYDKEHUM JIMHEHHast CKOpocTh V| BpallleHHs YMEHBIIAETCs, YTO COOTBETCTBYET JICHCTBUIO YK€ He
ycKopsitolen, a mopmosaweii cuibl Kopronuca. HanpaBneHHON TPOTUBONOIOKHO BPAIIEHHUIO.

OAHOBpEMEHHO NIpHU CMEHE HalpaBJICHHUs TEYEHMsI MpaBbli U JIEBbI Oepera MEHSIOTCS
MECTaMH.

Cuna Kopuonuca Temepp yK€ HalpaBlIcHa IPOTUBOMNOJIOXKHO BPAIEHUIO, a CHIA
MPOTUBOICHCTBUS MO-TIPEKHEMY PUIIOKEHA K TIPaBOMY Oepery peqHoro TeYeHHsI.

Tenepb CTaHOBUTCS MOHATHBIM COJAEpX.aHUE 3akoHa bepa. fICHO Takke M TO, YTO OH
OIPEETSIET eOUHCIMBEHHO B03MOJICHOe HAIIPAaBICHNUE CMELIEHUs pedHoro pycna. /s ceBepHOro
HOJTyIIapHs — B CTOPOHY IIpaBoro Oepera. [l pek, TeKyIux Ha 0T 3TO CMEIeHUe K 3anady. s
PEK TEeKYILIUX Ha CEBEP — K 60CMOKY.

Ha npakruke

A Kak BBITIOJIHAETCS ATOT 3aKOH MPAKTUYECKU?

31ech HEOOX0IMM KOMMEHTApUi K caMoil (pOpMyITHMpPOBKE 3aKOHA:

«3akon bepa — npasuno, coenacho KOmopomy 6 Ce8epHOM NOLYWApUu peKu, mexyuue 6
JH0O0OM HANPABIeHUU, NOOMBLBAIOM NPABbLLL bepee (8 10HCHOM NOYUAPUY — JIEBbLIL)».

Cocrosmmii B TOM, 4TO 3/1eCh 3aKOH Ha3BaH MOYEMY-TO TAK)KE U «IPABUIOM». A «IIPaBUIIO»
MOJIPAa3yMEBACT U UCKIIOYEHUsL, TPUYEM HEM3BECTHO KaKUe — PEAKHUE, YaCThIC HITH JK€ TIOCTOSIHHBIC.
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OTUM JTaHHBIN 3aKOH B U3BECTHOW cTeneHu yHuKaneH. C oqHON CTOPOHBI OH Kak ObI 3aKOH, C
JIpyro# ke — Kak Obl U HeT. [IocKoIbKy MOXKET ONpeAensiThCs CIOBAaMH «OOBIYHO (HO HE BCEra)»,
«KaK TPpaBWIIO (T.€. JOBOJBHO YacTO, HO BCE XK HE 00s3aTenbHO)». J[pyrue 3akoHbl GU3UKKU HIUYETO
MoA00HOTO HE TPEAIOaraT.

Kaxk »3To monumars? — PaccMOTpuM 3TO Ha KOHKPETHBIX ITpUMEpax.

Uro o3HauaeT BO3ZCiCTBHE TEKyllel BOAbI HA KakoH-HUOYAb ee Oeper? — To, 4yTo BoAa ero
pa3MbIBaeT, CMELIasi PEYHOE PYCJIO B HAIPABJIEHUU CBOEro Bo3aeiicTBUs. [IockonbKy B CeBEpHOM
MOJTyILIapUK TE€YEHHE BO3JCHMCTBYET Ha MpaBblii Oeper, Bce peku, TeKylue ¢ cesepa Ha tor (Boura,
JlHernp), DOJDKHBI B UTOTE CMEIIAThCs K 3amajy, a peKu, Tekymue ¢ tora Ha cesep (Hun, UpTthim,
Jlena), — kK BOCTOKY.

A 5o xakux nop? — Iloka He BCTPETAT CyLIECTBEHHOE IIPEMATCTBUE B BUAE KPYTOrO MOAbEMA
MECTHOCTU. XOTA U HE OCTaHABIHMBAIOLIETO CaMO JIBUXKEHHE, HO TopMo3siero ero. Eciu noasem
CKaJMCTBIN, TO peKa, MPOJOoJKash CBOE CMELIEHHUE 0 W I0CJIE€ BO3HUKAIOIIEIO MPENnsTCTBUSA,
CHayaJjla M3rubaeTcsi IO ero KOHTYpY, 3aT€M IIOCTEIEHHO MPOPBIBAET 10331 HEr0 HOBOE pYCIo,
II0CJIE YETr0 CHOBA COEAMHSETCS, OCTAaBUB IMPENSATCTBUE 0331, U MPOJOJIKAET JajbHeilliee cBoe
CMEILEHHUE T10 NPEKHEMY HarpaBiieHHI0. OCTaBUB cJ€ll BpEMEHHOTO 3aMEIJIEHUs IIpoliecca B BUIE
n3ruba Ha 3TOM ydacTtke. YTo MOXeT ObITh MEPBBIM BO3MOXKHBIM OTBETOM Ha BOIPOC O MPUYMHAX
UCKpUBIIEHUs pycel, He oObsicHieMoro 3akoHoM bepa. Ilpu sTom mpaBblif Oeper pexu Bcerna
KpPYTOM, a JIEBBII — ITOJIOTUH.

Bce BBIMIAOUT NPOCTHIM W MOHATHBIM. OCTaeTcs TOJNBKO B3IMVIAHYTh Ha KapTy, 4YTOOBI
IIPOBEPUTH MPABUWIBHOCTh ITHX JIOTUYECKUX NocTpoeHuil. 1 uto xe mbl BuauM? JlHenp AOIKeH
OTKJIOHATBCS K 3aIajy, a BMECTO 3TOrO OH B FO’KHOM 4acTH sIBHO MJET K BOCTOKY. M Boxra Ha rore
TOKE OTKJIOHSETCS K BOCTOKY. Kak Oyaro 3akoH bepa BoBce He nieiicTByeT.

Bot narnsannas nunroctpanus Puc. 1.

Puc. 1. 1.E. Peniun. bypnaku Ha Boure.

Uto MOXHO cKka3zaTh 00 9Toi KapTuHke? — bypiaku Ha Bonre uayrt, ecTeCTBEHHO, BBEPX IO
peke. To ectb o npasomy ee Gepery.

Kotopwiif momxen, corimacHo 3akoHy bepa,  moaMbIBaThCs peyHbIM TedeHueM. U
COOTBETCTBEHHO OBITh KPymblM, TOT/Ia KaK JIEBIM Oeper — MoJoruM.

Ho Ha xapTuHe BCe 3TO BBITIIAIUT Kak-TO HE TakK, BEPHEE CKas3aTh, Jaxke cCOBceM He Tak. Ho
3TO BCE-TaKU BCEro JuIllb KapTuHa. [IpoaykT XynoskecTBeHHOro TBopuecTBa. Ho, mMoxer, u B
JKU3HU TOXe ObIBaeT ne max? Jla v Obun ObI BOOOIIIE BO3MOKHEI Oypiliaku, eciu Obl IpaBbli Oeper,
MOAYMHSISICH 3aK0HY bepa, oka3zasncst BeICOKUM, a He mojoruM? OHU JOIKHBI ObUTH OBl UITH TOJIBKO
0 JIeBOMY Oepery.

N3-3a mOAOOHBIX CTPAaHHOCTEH TOBEACHUS PEYHOTO TEUEHHUs 3akoH bepa, mo-Buaumomy,
OCTOPO’)KHO ¥ Ha3BaH «IIpaBUIOM». XOTS e€ro (uU3MYeckoe J10Ka3aTeIbCTBO OTHIOAb HE
MO/Ipa3yMeBaeT KaKux-Iu00 UCKITIOYCHHH.
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ITocranoBka Bonpoca

[TpoGiema o603HaYCHA DUHIITEHHOM TAKUMHU CIIOBAMHU:

«OO01Ien3BeCcTHO, YTO Pycja peK MMeIT TeHJAeHIHI0 NMPUOOpPeTaTh M3BHJIMCTYIO GopMy
BMECTO TOr0, YTOOBI CJI€I0BATh JUHHH MAKCHMAJIBHOr0 YKJOHA MECTHOCTH. [ eocpagam
Makice XOpouio U3BeCMHO, 4MO PeKU CeBePHO20 NONYWAPUSL PA3MbIBAIOM 2IABHbLIM 00pPA30M
npasvwiil bepee. Pexu 103icH020 nonywapus 6edym cebs npomuonoLoiCHbIM 0opazom (3axon bepa).
IIpeanpuHUMATOCH MHOTO MONBITOK /JIsl 00bSICHEHHUsI, U 51 HE YBEPEH, OYIET JIn I 3HATOKOB
HOBBIM TO, UTO 51 CKQXXy HUKE;, HEKOTOpasi 9YacTh MOMX COOOpaXKCHHI, HECOMHEHHO, SIBIIIETCS yXKe
u3BecTHOM. Tem He MeHee, He HAMAA HUKOIr0, KTO Obl /10 KOHIIA ObLI 3HAKOM C NPUYUHAMHU
o0cyxnaemMbIx 3¢ eKToB, 51 CUNTAI0 YMECTHBIM JaTh 3/I€Ch UX KPATKOE KAUeCTBEHHOE OMTUCAHUEY.

3/1ech KUPHBIM MIPH(PTOM BBIICICHBI €r0 KITFOUYEBBIC ()pa3bl:

— pyclla peK MMEIOT TEHJICHIUIO NMPHOOpETaTh H3BHIUCTYIO (OPMY BMECTO TOTO, YTOOBI
CIICIOBATh JIUHUU MAKCUMATLHO20 YKIOHA MECMHOCMU,

— IPEAIPUHAMAIIOCH MHOTO TTOTIBITOK JIJISt OOBSICHCHHSI,

— He HalJs HUKOT0, KTO ObI 10 KOHIIa ObLI 3HAKOM C MPUYMHAMHU 00CYKTaeMbIX 2P (PEKTOB.

[Tpobnema moBeneHHs PEUHBIX TEYCHUH, CTAJIO OBITh, COCTOUT TOJIBKO B YKIIOHE MECTHOCTH.

IIpu BcTpeue ¢ BEPTUKAIBHBIM MPENATCTBUEM, TOPHU30OHTAIILHOE T€UEHHUE OTTAIKHBAETCS OT
HEro IMoj00HO OWIIMapJHOMY IIapy NpU CTOJKHOBEHHWH CO CTEHKOW crosia. B HampaBnenuu,
OIPECISIEMOM YIJIOM MaJCHHS | MEXKIy HOPMAaIbIO K IMPEMSATCTBUIO M TEUYCHHEM. 3/IeCh CHUIIA,
OTKJIOHAIOLIAasi TEYEeHUE, €CTh CHUja OTTaJkuBaHUA. [IpuueM K NPOTUBONOJIOKHOMY Oepery.
JlokanbHo Hapywarowemy 3axkoH bepa B 4acTu oAMbIBa TOJILKO OJHOTO €€ Oepera.

HaxiioH MeCTHOCTHM K TOpHU30HTAJIBHOM IUIOCKOCTH, H3MEPSIEMBIM YIJIOM &, MOKET
u3MeHAThes B auanasoHe 0<a <. OH MOXeT ObITh KakK MOJOXKHUTEIbHBIM (IIOJIEM MECTHOCTH)
TaK U OTPULATENIbHBIM (CITYyCK MECTHOCTH).

35ech cpa3zy ke MpOSIBIISAETCS BIMSHUE TPaBUTALIUH, 3aMEUISIONIEH U YCKOPSIOLIeH peuHoe
TEUYECHHUE.

HaxioH MOXeT pacrionaratbcsi He B HalpaBJIEHUN PEYHOTO TEUCHHUS, a TIOJ] YITIOM [ K HEMY,
u3MeHsieMoM B quanazoHe 0< f <. [Ipu 3TOM BIMsSHUE TPaBUTALUU HPOSIBISETCS CIEAYIOIIUM
o0Opa3zom.

Cuna tsxkectn P=mg, rie m — macca )XMIKOCTH, § — YCKOpEHHE CBOOOJHOTO IMaJieHus,
o0pasyer npoekuoo F, Ha HAKIOHHYIO IUIOCKOCTh, cocTaBisomyo F =Psina=mgsina. Ona B
CBOIO ouepeAb o0Opa3zyeT mpoeknui F, Ha nepneHAuKyIsp K pPEYHOMY TEUEHUIO, PaBHYIO
F,=Fsing=mgsinasing.

ITpoexmus F, cymmupyercs ¢ cunoit Kopuonuca F, | , BbI3bIBaomeil OTKJIOHEHHE PEUHOTO
TEUEHHUS.

Pe3ynbTat 3TOr0 8ekmopHo20 CyMMHPOBAHUS OIIPEeIseTCs 3HAYSHUAMU YIJIOB & U f3.

Ecnmu wnampasnenus F, um F, coBmamaroT, TO HMX COBMECTHOE JACWUCTBUE YCHUJIMBAET
nposiBIeHue 3aKoHa bepa.

B mporuBHOM xe cmywyae, mpu F,, —F,>0 3akom bepa ocmabeBaer oT 3HaueHWUS,
OIpeNeNIAEMOr0 Uil TOPU30HTAIBHOM IOBEPXHOCTH, JO HyNsd, a Npu F., —F, <0 wne
8LINONIHAMbCSA, TPU ITOM BO3JEHCTBHE PEYHOTO TEUEHHs Ha €ro Oeper MeHseTcs Ha
NPOMUBONONLONHCHOE.

OTUM M OOBSCHSIOTCS MCKPUBJICHUS PEUHBIX PyCesl, OTpa)kalollue BEPTUKAIbHbIE M3THOBI
36MHOM MMOBEPXHOCTH, IPOU3BOJIBHO OPHUEHTUPOBAHHBIE K HAIIPABICHUIO PEYHOro teueHus Puc. 2.
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Puc. 2. Ilpumep peasibHOT0 UCKPUBJICHUSI PEUHOTO pycJa.

CoOOTBETCTBEHHO Y€MY pealbHOE OTKJIOHEHUE PEYHOIO TEUEHUS MOXKET MOJAYUHATHCS WU He
noouunsmucs 3akony bepa. KoTtopsblil mosTomMy u Ha3BaH npasuiom.

3a yanrkoii 4aro

CrnoBecHbIM 0003Hau€HHEM IPOOJIEMBbl BBINOIHEHUS 3akoHa bepa DHHIITEHH (akTHUeCKu
JICJIO W 3aBepIIacT, MOCKOJIBKY cpa3y ke MEePEeXOquT K IPYyrod mpodieme, SKoObl €€ 0OBSICHSIFOIICH,
— IOBEJICHUIO YaWHOK B yallke yas. [IpITasch HalTU NPUUYMHY IMOCTENEHHOTO CHOCA 3aTOHYBIIHUX
YaWHOK B LIEHTP YaLIKH M0CJIe pa3MelInBaHus BoJsl Puc. 3.

Puc. 4. TlombiTka pemeHus 3Tol mpooOIEeMBbI.
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[IpemnoskeHHOE UM O0OBSCHEHHE COCTOUT B CIECTYIOIIEM.

UYroObl YaMHKM, pacHpelesCHHbIE B TOPU30HTAJIBHO BpalAIOIIEHCs  BOJAE, OKAa3aIHCh
COOpaHHBIMH B IIGHTPE €€ BpAIICHUs HYXKHA, KOHEYHO, KaKasg-TO Cuja, KOTopas Tyna Obl HX
nomectuina. Yro 3to 3a cuna?

[TockonbKy HUYETo APYroro 3/1eCh HET, UCKaTh ee MpUXOoAuTcs B camoii Boae. Kotopast Oynro
OBbI M JI0JKHA CO BCEX CTOPOH YCTPEMMTbCS 1o OHY uawiku K LEHTPY BPALIEHUs, YHOCS 3a COOOH
JauHKU. A KyZa €il HoToMm aeBaTbesi? 3/1eCh MyTh OJIMH — CHU3Y U3 IIEHTPA BBEPX J0 IMOBEPXHOCTH,
C MOCIENyIOIMM pacTeKaHWEM II0 CTOpOHaM K KpasMm damku. C INOIy4eHHMEeM B HTOre
BEPTUKAJIBHOI'O KPYTOBOI'O TEUEHHUsS B BUJE TOPOUIA.

Ho uro wmormo Obl 3acTaBUTh TOPU3OHTAIBHOE KPYrOoBOE TEUEHHE JABHHYTbCA B
NIEPIEHIUKYJIIPHOM HAIPaBICHUM — K LIEHTPY BpamieHus? [10CKonbKy onsTh-TaKu HUYETOo JIPyroro
HET, TPEATIOKEHO SMHCTBEHHO BO3MOXKHOE OOBSICHEHHE — TPEHUE BPAIAIOIIEHCS BOJIBI O CTEHKU
1 qHO yaikyu. Ho TpeHue BbI3pIBa€T BCErO JIMIIb 3aMEJIEHUE BPALEHUS 10 €ro OCTaHOBKU. TyT ke
IIPEJIaraeTCsi YK€ COBEPIICHHO HEOXUAAHHBIA pe3ynbTaT TpeHusa. HampaBieHHbII He
IPOTUBOIOJIOXKHO JIBUKEHHIO, KaK 3TO BCErja MOHUMAIOT B (DU3HKE, a NEpneHOUKyIApHO eMY,
IIPUYEM Ha CTEHKAX — napaiiejibHo OCU BPAILLIEHHUs], a Ha JHE YalllKU — K LIEHTpy BpameHus Puc. 5.

Puc. 5. Cxema npennaraemasi DUHIITEHHOM.

JlanpHelinnee yxe €10 TEXHUKU. PHCYIOTCS HEKHE KPYroOBBIE CTPEIKHM B MEPHINOHAIBHOM
ceuyeHuu. SIkoObl OOBACHSIOUINE CHOC YaWHOK B IIEHTP YalKu. To, 4TO BOJA 3aTEM YCTPEMIISETCS
BBEPX, He YHOCA 32 cOOOM YauHKH, OOBACHSETCSA YK€ COBCEM NMPOCTO — YaMHKM TsKellee BOJbI U
MONPOCTY TOHYT. bbicTpee ueM ABMKeTCs yHOCsAIIasi UX BBEPX BOJA.

Bce 3T0 BBIMISAMT OTYACTU NPaBIOINOJO00HO, 32 HCKIIOUYEHHEM TIJIaBHOIO — MOYEMY 3TO
TOPU30HTAJILHOE KPYroBOE IBMKEHHE BJIPYI IpeBpamiaercss B BepTUKalbHOE. [l 0ObsAcHeHus
aToro npusiekaercs cuna Koprnonuca. Ilockonbky OHa HanpasiieHa NEPIEHIUKYISIPHO KaK CaMOMY
TEYEHMIO, TaK U OCH BpaieHuss. OAHAaKo MpOsBIsSIETCS HE TIe-HUOyAb, a TOJNBKO JIMIIL Ha JHE
yamky. [IeficTBys co BCceX CTOPOH B CTOPOHY LIEHTpa BpamieHusd. Ho maxe ecim 3TO NPUHATH, TO
pe3yNbTaT TAKOr0 CUMMETPUYHOTO KPYrOBOT'O BO3/IEHCTBHUS J1a€T CUIIOBOE PABHOBECHE, & BOBCE HE
CMEIIEHHE BOJBI CO BCEX CTOPOH K IEHTPY BpalieHus. Tak 4ro mnpeiaraeMoe OOBSICHEHUE
MOTPOCTY HE paboTaer.

Mexny npouuM, BCE 3TO JIOBOJIBHO IPOCTO IPOBEPUTH OSKCIIEPUMEHTAIBHO. Benp Mo
OWHIITEMHY BBIXOJUT, YTO €CIM OpOCUTH B IIEHTP MOBEPXHOCTH BpalllaloOlIEHCs BOJBI €Ille He
HaMOKIIYIO CYXYK YauHKYy, IJaBAlOLIyI0 HAa HEW, TO OHA Cpa3y K€ OKaXeTcsd B HEYCTOMUMBOM
paBHOBECHM B LIEHTpe BpaileHus. M mpu maneiiieM HapylmleHMM CUMMETPUHU TOTYacC e JO0JKHA
YCTPEMUTBCS U3 LIEHTPA K KParo CTaKaHa. Y HOCUMas IIOJHUMAIOLIUMCS U3HYTPH U PAaCTEKAIOLIUMCS
[0 CTOPOHAM BOJIHBIM NMOTOKOM. JIerko yOenuTbes, 4TO 3TO BOBce HE Tak. [lnaBaromias yamHka
YCTOMYMBO OCTAETCS B IEHTPE BpaILlCHUS.

Tak uto xe ocraerca? — C yero Bce W HayMHAJIach — HEOOBACHEHHBIH (DEHOMEH CHOCa
3aTOHYBIIUX YaWHOK B LIEHTP BpAIlEeHUs BOAHOM cpexbl. IIpu3BaHHBINA B CBOIO 0Yepeab OOBSICHUTh
npyroi (heHOMEH — MPUYHHY TPHOOPETCHHS pEeKaMH HM3BUIUCTOW (OPMBI BMECTO TOTO, YTOOBI
CIIEI0BaTh JIMHUM MAKCUMANbHO2O YVKIOHA Mecmuocmu. TO €cTb Ha HE3KBUIOTEHLUAIbHON
noBepxHOCcTU. DakTHUECKH ke 00a 3TH 00BACHEHHS HE COCTOSIIHCD.
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Ho To, uTto DHIITENH HE HamIena dTOMY OOBSCHEHUS, elle He 03HA4aeT, YTO €ro BOBCE HE
CYIIIECTBYET.

Pernenne 3axaun

Paccmotpum nosenenue ToHynmx yauHok. Ero o0bsicHeHe TakoBo.

Hamokmmme yamHKH TsKellee BBITECHEHHOTO MMM 00beMa BOABI (MMEIOT OTPHUIATEIHHYIO
IUIaBY4YEeCTh) W IMOTOMY MEJUIGHHO TOHYT. Eciu Temepp MOJHMMATh CTakaH BEPTUKAIBHO CO
CKOpOCTBIO V , TO TOHYIIHME YaMHKH OyIyT MOJHUMATBCS CO CKOPOCThI0 V —AV (4auHKH OTCTaIOT
OT JBWKEHUS BOIbI). Tak e OOCTOAT Jesia U MPH FOPU3OHTAIBHOM JBIKEHUU BOABI. YauHKW,

yBIIEKa€MbI€ BOJIOM, IPHOOPETAIOT OAUHAKOBOE C HEM KOJIMYECTBO ABMXKEHUS mV =m\V,, rae m—
Macca BBITECHEHHOT0 00beMa BoJbl, V — CKOpPOCTh ee ABM)KEHHMs, M, — Macca YauHku (M, >m), V,

— ckopocth yauHku  (V, <V ). YanHKH OBHXKYTCS ME[UICHHEE (TOXKE HAUMHAIOT «TOHYTBY, Teleph
y’K€ B TOPHU30HTAILHOM HaIPaBIICHUN ).

To >xe mMpoMCXOAWT MpHU KPYrOBOM JBWXKEHHMU. Boma mocie pa3MemmBaHusi MpHOOpeTaeT
OJIMHAKOBOE C YaMHKaMHU KOJIMYECTBO JBUXEHUS, HO HEOJMHAKOBBIE CKOpOCTU. [Ipu paBHOMEpHOM
BpAIllEHUU LIEHTPOOEKHAsA U LIEHTPOCTPEMUTENbHAS CUJIbI, JEHCTBYIOIME Ha BHITECHEHHBIH 00bEM
BOJIbI, YPAGHOGeuleHbl. DTOMY COOTBETCTBYET JIMHEHHAs CKOPOCTh V BpalleHUs sl JaHHOTO
crnost. OngHAaKo, JHMHEHHAs CKOpOCTh V), BpalleHHs YauHKU MEHbIIE JHHEHHOW ckopoctn V

BpameHuss BoaHoro cios (V, =V —AV). Ilostomy y Hee paBeHCTBO LEHTPOOEXKHON u

LIEHTPOCTPEMUTENBHON CUJI HapyLIEHO B CTOPOHY IIPEBBIILIEHUS LIEHTPOCTPEMUTENBHON cuibl. Ee
JMHEWHass CKOPOCTb V, COOTBETCTBYET NPHMBIKAIOLUIEMY KpPYroBOMY CIIOIO, OJMXKEe K LEHTPY
BpalICHUS.

Ilon nelicTBMEM HEYpPaBHOBELIEHHOM LIEHTPOCTPEMMTENIBHONW CHJIBI YaMHKAa CMELIACTCS BO
BHYTPCHHUN NPUMBIKAIOIUNA KpYyroBou ciou. MMeromui MeHbliee KOJIMYECTBO JBUKEHUS
m( —AV). Tam cuTyanus B TOYHOCTH TOBTOPSETCS, BCIIEACTBHE YETO BPAIIAOIIMECS YaHMHKU

MOCTCIICHHO CMCIIAIOTCA K LICHTPY BpalllCHUS. Yron Tpe6OBaJ'IOCB Jloka3ath Puc. 6.

Puc. 6. TpaekTopusi KpyroBOro ABMKEHUSI TOHYIIEH YaUHKHU — 3aTyXarollas Cupab.

YauHKM K€, IUJIaBalolMe Ha IOBEPXHOCTH, JIeT4€ BBITECHEHHOTO O0beMa BOJa U HeE
IIOTPYXXEHBI B HEE MOJIHOCTHIO. VIMes IpU 3TOM HE OTPHULIATEIBHYIO, @ HYJIEBYIO IUIABYYECTh, OHU
YBJIEKAIOTCS B JIBI)KEHHE BOJHOM TOBEPXHOCTBIO C TOM K€ CKOPOCThIO, YTO M cama Boaa. U
OTOMY, OyTy4H MOMELICHHBIMU OJIMKE K Kparo, He cCOOUparoTCs B IIEHTPE €€ BpalleHusl.

3akjao4YeHue

Henb3s CKa3arThb, I-IT06LI YUTaTCJIM HC YYBCTBOBAJIM HCAOCTATOYHOCTH IMPCAJIAracMoro
DUHIITENHOM «PEIICHUSD.

He ToiBKO 4yBCTBOBaaM, HO U MBITAIUCh €TI0 YCHUIUTh. BOT 1Ba Takoro pojaa Ipumepa,
HABCKUJIKY B3sThic u3 MHTepHeTa, http://kvant.mccme.ru/pdf/1999/05/kv0599surdin.pdf
http://web-local.rudn.ru/web-local/prep/rj/files.php?f=1830
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[IpemyiaraeMoe UMM yCOBEPIICHCTBOBAaHUE CBOJAMUTCS K cleayroniemy. Bpamaromasics Boja,
CTAJIKWBAsCh C BHEIIHUM TMPEMIATCTBHEM, 00pa3zyeMbIM KpasMH KPYKKH, OKa3bIBaeT Ha HETO
JaBJICHUE, MPUTIOTHUMASICH OT IIEHTPa K Kparo MOBEPXHOCTH, MPUHUMAloIIel ¢opMy mapadoonia
Bpaienus Puc. 7.

Puc. 7. SIxoObI ycuiieHne «10Ka3aTenbcTBay DUHIITEHHA.

Ot 5TOrO0 HaBiIEHNE BOAHOIO CJIOSI HA JHO KPYXKKH OT LIEHTPA K KParo BO3pacTaeT, U3-3a Yero
AKOOBI U 00pa3yercs NpuayMaHHOE DUINTEHHOM MEPUIMOHAIILHOE BpAlllCHHUE.

Ho sT0 Takas ke pukuus, Hapyaromas paBHOBECHE JEHCTBYIOIINUX CUJI, XOTS U cJ00OpEeHHas
OTIpEICIEHHBIM KOJMYECTBOM HEKHX (opmyin. [IpoGiiema B TOM, YTO aBTOPHI HE CMEIOT Jaxke
IPENOI0XKHUTh, YTO OH MOT IOIPOCTY OMHUOATHCSA. B 3TOM He CIMIIKOM CI0KHOM BOIIPOCE.



