Microwold 4.
Superfluidity of Helium

N.N. Leonov

At extremely low temperatures liquid helium contains atoms in which electron and nucleus are arranged on the
same straight line and both electrons are from the same side of the nucleus. The existence of such atoms allows for
gaining a simple, eye-minded understanding of all amazing properties of superfluid helium.

*

Liquid helium has very strange and amazing properties. These properties of liquid helium
were discovered following extraordinary ingenious and high-skilled experiments.

At extremely low temperatures liquid helium exhibits a superfluid component featuring ultra-
high thermal conductivity, ultra-low viscosity and capability of getting on vertical walls of
vessels that it is contained by and flowing over the same.

Helium has two stable isotopes, “He and ®He, and is the only element featuring a unique
superfluidity feature in liquid state. “He becomes liquid at T<4.21 K while *He becomes liquid at
T<3.91 K. A superfluid component occurs in “He at 7<2.17 K and in *He at 7<2.6-10° K.

An eye-minded comprehension of the phenomenon of liquid helium superfluidity has been
gained in the result of building structural models of helium atoms.

*

*He nucleus consists of two protons, two neutrons and has two nucleonic magnetic clusters
(Fig. 1).
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Fig. 1. “He nucleus diagram

The “electron shell” of neutral *He contains two electrons and may be of three different shapes.
There is one electron per nucleonic magnetic cluster in A-shaped shell. Both of B shape electrons
are arranged on one of the clusters at different sides of the nucleus while C shape electrons are
on the same cluster from the same side of the nucleus.

A-shape is the most stable. The first ionization potential for (*He, A) is equal to 24.586 eV,
for B shape it is equal to 2.788 eV. The less stable is C-shape as its outer electron is at a far
distance from the nucleus. The sufficient energy to knock it out from the atom is 1.449 eV.

*

The C-shaped electron shell of helium atoms allows gaining an eye-minded understanding of
all amazing properties of superfluid helium.

The outer C-shell electron is 20 times farther from the nucleus than the inner one which is
located at the closest distance to the nucleus. Therefore, (*He, C) atom has pronounced electrical
dipole properties. Due to electrical attraction (*He, C) atoms can unite into long, thread-like
polyatomic molecules. Magnetic interactions keep atoms of these molecules from approaching
each other too much.

These molecules can consist of two atoms if the exposure level does not exceed 0.862 eV.
The less the exposure energy is the more atoms unit in a long molecule.



If we abstract from sizes of electrons and atomic nucleus the shape of (*He, C) atom is one-
dimensional. Therefore, long polyatomic molecules consisting of (*He, C) atoms have a thread-
like structure.

The most fascinating fact is the magnetic orientation effect makes these long polyatomic
molecules tend to take a straight shape, a shape of a long thin needle.

*

Exceptional properties of superfluid helium include, first of all, the fact that it features ultra-
high (as compared to other liquids) thermal conductivity and ultra-high viscosity. However, the
most amazing, almost fantastic thing is its capability or rising up along vertical walls of vessels
containing it and flowing over the same. Thermal conductivity and viscosity of various degrees
iIs @ common feature of any and all liquids. However, the capability of flowing over elevated
walls is the unique feature of liquid helium superfluid component.

It has been experimentally found that superfluid helium covers vertical walls with quite a
thick (about hundred of atomic sizes) film. Because of such a film physicists thought that liquid
helium flowing over the vessel walls can be explained by a siphon effect. That explanation
would be reliable if they could explain who the film is formed.

The fact that superfluid helium consists of ultra-long thread-like polyatomic molecules
tending to become straightened under the impact of magnetic interactions among elements of
these molecules allows obtaining an extremely simple, eye-minded explanation for such film
formation process.

At extremely low temperatures one-dimensional polyatomic helium molecules may reach
macroscopic lengths. That why they are multi-folded in liquid helium vessels.

Because of the magnetic orientation effect folded thread-like helium molecules tend to
unfold and reside in internally stressed state like contracted springs. Due to internal tension end
and intermediate fragments of thread-like molecules are pushed out from liquid at the interface
between solid surfaces and liquid helium. Pressurized by internal tension fragments of thread-
like molecules are creeping over solid surfaces, particularly over vertical walls, enveloping them
with helium film.

If vertical walls are not too high the molecules may be pushed beyond the vertical wall edges
of vessels and flow over the same.

If the edges of these walls are made necked inwards the vessel liquid helium will flow down
in the same vessel as long as the required temperature of liquid helium is maintained.

*

Experiments with liquid helium showed an ultra-high thermal conductivity of superfluid
helium: thermal agitation of any small portion of liquid helium is accompanied with almost
instant dispersion and uniform distribution of this thermal agitation throughout the volume of
liquid helium.

Thermal conductivity is a concept related with heat transfer from one layer of a medium to
another describing velocity of heat propagation in the medium.

Normal liquids consist of numerous finest molecular particles. Heat transfer in such liquids is
provided by means of relative movement of particulates and their intercollision at limited
velocities.

Thread-like polyatomic molecules of superfluid helium are so long that each of them fills the
volume of liquid helium quite densely. And since thermal agitations are propagated in such
molecules at the rate of electromagnetic interactions any thermal agitation of even a considerably
small portion of liquid helium will very quickly (almost instantly) spread uniformly throughout
the volume.

*

Experiments showed that, when moving in capillaries, superfluid helium features extremely
low viscosity.

Viscosity is understood as friction between the adjacent layers of liquid in motion. The
distinctive feature of normal liquid is the presence of molecular assemblies with a “flickering”



periphery. This “flickering” manifests itself in outer atoms of molecular assemblies repeatedly
joining the assembly and leaving it because of temperature fluctuations.

Friction is caused in normal liquids primarily by a partial contact of molecular assemblies
with each other. The more intense is the power interchange accompanying such a contact, the
higher is friction and thus the viscosity.

Normal liquids feature noticeable friction between the adjacent layers. Such friction
significantly limits liquid flow velocity.

Experiments showed that liquid helium capillary movement velocity is incredibly high
against flow velocity of other liquids and that helium superfluid component viscosity is
negligibly small. The reason is that superfluid helium consists of long and very thin molecules
which tend to get straightened due to magnetic interactions. There are no obstacles for that in
capillaries. Therefore, superfluid helium in capillaries is a multitude of long and very thin
needle-like molecules parallel to each other and to the capillary itself.

The presence of such molecules in liquid helium ensures the existence of real layers in
liquids rather than of conventional. These layers are multidimensional. There is neither atomic
exchange nor contact of molecular assemblies between these layers as well as between the layers
and normal liquid helium layers. This is the explanation for low viscosity of superfluid helium in
normal vessels and ultra-low viscosity in capillaries.

Sizes of (“He, A) atoms in part of liquid helium component that lacks superconducting
properties are measured by Bohr radius equal to 5.3-10™ m. Lateral dimensions of a superfluid
molecule are defined by the diameter of helium atom nucleus which is 4-10™ m according to E.
Rutherford. These values differ by four orders.

Numerous thin, straight superfluid molecules parallel to each other are moving in a capillary
with virtually no friction and no resistance from other molecules like a bundle of parallel, thin
and long needles is moving in a vertical cylindrical tube.

* *

There are number of experiments with superfluid helium detailed understanding of which
results in the quantum theory has not been gained still. These are, particularly, experiments using
thermal agitations and experiments using extremely fine-grained filters, so-called “super-slots”.
Knowing the structure of superfluid helium component it is easy to gain an eye-minded
understanding of observable phenomena in this case as well.

These experiments were conducted using two vessels containing liquid helium with
superfluid component and interconnected with a tube. There was the proper temperature
maintained as required for existence of super fluid helium component.

*

As soon as a small heater was placed in a vessel and put into operation the counter flow of
normal and superfluid helium components was induced in the connecting tube. The normal
component was flowing out of the vessel with the heater that subsequently was receiving
superfluid component flowing into it from another vessel.

The eye-minded explanation to this phenomenon is trivial. The temperature exposure
induced the local, near-heater disintegration of superfluid molecules into separate (‘He, C) atoms
which then became (*He, 4) atoms. Therefore, p,/p relation increased in that vessel. And since
there was a constant temperature maintained in the vessel without a heater pn/p relation remained
there the same. Due to such difference (“He, 4) atoms were flowing from the vessel with the
heater via the tube to the vessel without a heater partially turning into (“He, C) atoms to ensure
that pn/p relation remains the same in the vessel.

Since long superfluid helium molecules are multi-folded and reside in internally stressed
state due to magnetic interactions they tend to fill the whole volume of helium quite densely.
Consequently, the place of disintegrated fragments of superfluid molecules in a vessel with a
heater is refilled with superfluid molecules due to their movement from a vessel without a heater.

All of these processes took place as long as the heater was in operation.

*



When the tube interconnecting the vessels with superfluid helium was filled with extremely
fine powder the counter flow through the tube stopped. The powder filter did not pass the normal
component of liquid helium letting through superfluid molecules only. This made the pressure of
liquid helium contained in the vessel with the heater on rise.

These findings provide the direct experimental evidence of the fact that lateral dimensions of
superfluid helium component are much lesser than Bohr radius.

* *

He atom nucleus consists of two protons and one neutron. The nucleus has two nucleonic

magnetic clusters which axial lines are parallel (Fig. 2).
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Fig. 2. ®He nucleus diagram

The distance from the nucleus to the nearest electron is by four orders longer than the one
between the nucleus magnetic clusters. That is why magnetic fields of both the magnetic clusters
are indistinguishable in terms of atomic electrons which perceive them as a single magnetic field
with a doubled magnetic moment. Therefore, neutral *He may only exist in an “electron shell” of
C shape. And since the first ionization potential for (*He, C) is 1.313 eV such ®He shape can only
exist at extremely low temperatures; *He atoms exist in the natural environment in ionized form
only.

Due to the nucleus magnetic field specificity neutral *He has weaker electric dipole
properties than *He. That is why *He becomes liquid at lower temperatures than *He while its
superfluid component is also formed at lower temperatures than in case with *He.

Superfluid component of ®He has the same properties as the one of *He.
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Mukpomup 4.
CBEpXTEKyUYECTh Ienust

JleonoB H.H.

IIpu upe3BbIyaliHO HU3KUX TEMIIEpaTypax B KUJKOM I'eJINH CYIIECTBYIOT aTOMbI, B KOTOPBIX 3JIEKTPOHBI U 5JIPO
pPacoNIoKeHbI HA OJHOW M TOHM K& MpsAMOM, W 00a 3JEKTPOHA HAXOJATCS C OJAHON W TOW e CTOPOHBI OT sipa.
CymiecTBOBaHHE TaKUX AaTOMOB TO3BOJIIET JOCTHYh TPOCTOTO, HATJSAHO-00pa3HOTO TIOHMMaHHUs BCEX
YAUBUTEIBHBIX CBOMCTB CBEPXTEKYUETO Ieusl.

*

['ennii B )KUAKOM COCTOSIHUM OOJIaZlaeT OYeHb CTPAHHBIMU U yJUBUTEIbHBIMH CBOHCTBAMHU.
OTH CBOMCTBA KMJIKOTO Telnusi ObUIM OOHApY)KEHbI B Pe3yJIbTaTe€ HEOOBIYalHO OCTPOYMHBIX U
BECbMa UCKYCHBIX 3KCIIEPUMEHTOB

[Ipu oueHp HU3KUX TEMIIEpaTypax B KUIKOM TeJIMU MOSBISAETCS CBEPXTEKydas KOMIIOHEHTA
CO CBEPXBBICOKOH TEIJIONPOBOAHOCTBIO, CBEPXHU3KOH BA3KOCTBIO MU CO CHOCOOHOCTBIO
3a0upaTbcs Ha BEPTUKAJIbHBIE CTEHKU COJIEPXKAIUX €€ COCYIOB U MepeTeKaTh Yepe3 HuX.
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[enuit o0nmamaeT nByMsi CTaOMIBLHBIMH M30TOMIAMH — *He u *He w sBIsSIeTCS SAMHCTBEHHBIM
3JIEMEHTOM, 00Ja/IalolUM YHUKAJIbHBIM CBOMCTBOM CBEPXTEKYYECTH B KHUAKOM COCTOSHUH. B
KHIKOM COCTOSHHH He HAaXOmWUTCS ng)n temneparype 7<4,21K, a *He — npu 7<3,91K.
CBepxTekyuasi KOMIIOHEHTa Bo3HUKaeT B He nipu 7<2,17K , a B SHe — ipu T <2,6-10°K.

Harnsgno-o0pa3Hoe NMOHMMAaHUE SIBICHUS CBEPXTEKYYECTH >KHJIKOTO TelHsl JOCTUTHYTO B
pe3ynbTaTe NOCTPOEHUS CTPYKTYPHBIX MOJIEJIEH aTOMOB TeJIus.

*
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MarHUTHbIMH Kjactepamu (puc.l). HelTpanbHblii aTom *He umeer B cBocii «QIEKTPOHHOU
00o0JI0uKe» JBa HJIEKTPOHAa M MOXET o0jajaTh Tpemsl pa3HbIMU (OpMaMU «JIEKTPOHHOMH
obonoukn». B dopme A4 Ha KakIOM HYKIOHHOM MarHMUTHOM KJIAcTEpe HAXOAWUTCS MO OJHOMY
351eKTpoHy. B dopme B 06a 35eKTpoHa HAXOIATCA TOJIBKO HA OAHOM U3 KIIACTEPOB, 10 pa3HbIe
CTOpOHHI 0T aj1ipa. B popme C 06a 35eKTpoHa HAXOJATCS HA OJJHOM U TOM K€ KJIacTepe, ¢ OJHON
Y TOM K€ CTOPOHBI OT spa.

®opma 4 Hambosee ycronuuBa. [loTeHIMan mepBOM HMOHU3AIMH aTOMa (4He,A) paBeH
24,5863B. Ilorenuman mnepBoi uoHu3anuu ¢opmbl B paBeH 2,7883B. Camoii cnaboii
ycroiunBocThio obnanaer popma C. Ee BHEMIHUN 3JEKTPOH JANEKO OTCTOUT OT sijpa. YToOsl
€ro BBIOUTH U3 aTOMa, JOCTATOYHO HHepruu B 1,4495B.

*

Hanuuue y aroMoB renust «3IeKTpOHHOM 000j04ku» (opMbl C TO3BOJISET MOTYYUTH
HarJsIIHO-00pa3Hoe 0OBICHEHHE BCEX HEOOBIYHBIX CBOMCTB CBEPXTEKYUYETO JKUIKOTO TEIIHSL.

B ¢opme C BHemHuit 31eKTpOH OTCTOUT OT sjpa B 20 pa3 npanblie, yeM BHYTPEHHUH —
Hanbonee Ommskmii K sapy. Iloostomy arom (‘He,C) oGmamaer spko BBIPaKCHHBIMH
AJIEKTPUUYECKUMHU JUIIOJIBHBIMU CBOMCTBaMU. braromaps iaeKTpu4eckoMy NMPUTSHKEHUIO, aTOMBI
(*He,C) MoOryr OOGBEIMHSTHCS B JUIMHHBIC, HHTENOZOOHBIE MHOTOATOMHBIC MOJEKYIIBL.
MarHuTHble B3aUMOJICHCTBUSL HE IO3BOJIAIOT aTOMaM B 3THX MOJEKYJaX CIHUIIKOM CHIIBHO
cOMMKaTHCS.

OTH MOJIEKYJIBI MOTYT COCTOSITh U3 JIBYX aTOMOB, €CIIM YPOBEHb BHEUIHETO BO3ACHUCTBUS HE
npesbiiiaer 0,8625B. UeM MeHbIle SHEPrUsl BHEIIHUX BO3AEHCTBUIA, TeM OOJbllIee KOJTUYECTBO
aTOMOB OOBEIUHACTCS B JAITUHHYIO MOJIEKYITY.

Atom (‘“He,C), ecim OTBIEYBCS OT pPa3MEPOB OHICKTPOHOB W ATOMHOTO S, HMEET
onHOMepHyIo ¢opmy. CrenoBaTenbHO, JAITUHHBIE, MHOTOATOMHBIE MOJIEKYJbl, COCTOSIINE M3
atomoB (4He,C), umeroT HUTEBUIHYIO (popMmy.

Camoe MHTEepecHOE 3aKJIIYaeTcss B TOM, YTO, Ojarojnaps MarHUTHOMY OPHUEHTAllMOHHOMY
3¢ ¢exTy, 3T [UIMHHbIE MHOIOaTOMHBIE MOJIEKYJIBI CTPEMSTCS MHPUHATh MPSMOIMHENHHYIO
dopmy, popMy JUTMHHOM TOHKOH CIIUIIBL.

*

Cpenu HeOOBIYHBIX CBOMCTB CBEPXTEKYUETO I'elius, MPEXkKAe BCero, 00paIlaloT BHUMaHUE Ha
TO, 4YTO OH O00JaJaeT CBEPXBBICOKON (10 CPAaBHEHHIO C JPYTUMH  JKHJIKOCTSIMH)
TETUIONPOBOAHOCTBIO M CBEPXHU3KOW BS3KOCThIO. OJHAKO, CaMbIM yIWBUTEIBHBIM, MOYTH



(haHTaCTHUECKUM BBITJIIUT €0 CIOCOOHOCTD MOJHUMATHCSA BBEPX BJIOJb BEPTUKAIBHBIX CTEHOK
COJIeprKallliX €ro COCYJIOB M MEpeTeKaTh Yepe3 3TU CTEHKH. TeIIONpPOBOAHOCTHIO U BSI3KOCTHIO
pasHON BETUYMHBI 00JIAAAI0T BCE )KUAKOCTU 0e3 uckioyeHus. CrioCOOHOCTBIO e MepeTeKaHHs
yepe3 BO3BBILICHHBIE CTEHKU 00JIaJaeT TOJILKO CBEPXTEKYy4asi KOMIIOHEHTA 5KUIKOTO TeIusl.

B 5kcnepumeHTax yCTaHOBJIEHO, YTO CBEPXTEKYYMM TIeIUH IIOKPBIBAET BEPTHUKAJIbHBIC
CTEHKH JOBOJILHO TOJICTON (IOPSKA COTHU aTOMHBIX pa3MepoB) MJIeHKOM. V3-3a HaIM4us Takoi
IUIGHKA (U3UKU PEIMIIM, YTO IMEepeTEeKaHHE XHUIKOIO Telids 4epe3 CTEHKH COCYIO0B MOXKHO
00BIACHUTH «CH(POHHBIM» 3P hekToM. ITO 00BsICHEeHHE OBLIO OBl MPaBIOTIOI00HBIM, €CITA ObI UM
yJIaI0Ch OOBSCHUTD, KaK 3Ta IUIEHKA 00pa3yeTcs.

To, 4TO CBepXTeKy4Mil TeIHil COCTOMT W3 CBEPXIJIMHHBIX HHUTEBUJHBIX MHOTI'OATOMHBIX
MOJIEKYJI, CTPEMSIIUXCS PACHPSIMUTHCS, MOJ BIMSHUEM MarHUTHBIX B3aUMOACUCTBUI MEXITY
9JIEeMEHTaMHU 3THUX MOJIEKYJ, MO3BOJIIET MOJYYUTh YPE3BbIUAHHO MPOCTOE, HArSAHO-00pa3Hoe
o0BsicCHEHHUE Tporecca 00pa30BaHUs TAKOH IJICHKH.

[Tpu upe3BbIUANIHO HU3KUX TEMIIEpAaTypax, OJHOMEPHbIE MHOTOATOMHBIE MOJIEKYJIbI T'elIUs
MOTYT JOCTUTaTh MaKpPOCKOMHYECKOW JUTMHBL. [103TOMY, B OrpaHMYEHHBIX COCYJaX C >KUIKUM
reJIieM OHU OKa3bIBAIOTCS MHOTOKPATHO CBEPHYTHIMHU.

CBepHYTBHIC HHUTEBUIHBIC TEIUEBBIE MOJICKYNBI, H3-32 MarHUTHOTO OPHEHTAIIHOHHOTO
s dexTa, cTpeMaTcs paclpsSMUTHCS U HaXOJATCS BO BHYTPEHHE HANPSDKEHHOM COCTOSIHUU, Kak
CBEpHYTHIC NPYKUHKU. brarogapsi BHyTpeHHeH HanpsHyKeHHOCTH, KOHIIEBBIE U TIPOMEXYTOUYHBIE
¢dbparMeHThl HUTEBUIHBIX MOJEKYJ BBIIABIMBAIOTCS M3 KHUAKOCTH BOJM3H TOBEPXHOCTEH
TBEPIBIX TEJ, KOHTAKTHPYIOUIMX C JKUAKAM renueM. llox naBieHueMm, cO37aBaeMbIM
BHYTPEHHUM HampspKeHHEeM, (parMeHThl HUTEBUIHBIX MOJEKYJ 3aMoJi3al0T Ha TMOBEPXHOCTHU
ATHX TEJ, B TOM YHCIIC ¥ HAa BEPTUKAIbHbBIC CTCHKH, U OOBOJAKHBAIOT UX T'€IIMEBOM TNICHKOM.

Ecnu BepTUKaNbHBIE CTEHKH HE CIHMIIKOM BBICOKH, TO 3TH MOJIEKYJIbI MOTYT BBIIaBIUBATHCA
3a Kpasi BEepTHKAILHBIX CTEHOK COJIEPKAIIUX UX COCYIOB M TIEPETEKaTh Yepe3 ITH Kpasl.

Ecnu kpast 3TMX CTEHOK BBINOJHUTH B BHJIE TOPJIBIIIKA, HAIPABICHHOTO BHYTPb 3TOTO XKe
cocynia, TO KHUJIKUN Teluil OyIeT CTeKaTh OISTh B TOT YK€ COCYIl, U 3TO OYAET MPOJOIKATHCS 10
TeX MOp, MOKa MOAJEPKHUBAETCS HEOOXOAMMask TEMIIEpaTypa B )KUAKOM Te€ITHH.

*

OKCIEPUMEHTHI C KHUJIKUM T'eJiieM 0OHapyKUIM HAINYHE CBEPXBBICOKON TETIJIONPOBOHOCTH
y CBEPXTEKYYero reijiis: BHECEHHE TEIUIOBOTO BO3MYILEHHS B JIIOOYI0 BECbMa Mallyl0 4acTh
JKUAKOTO TEeJIUs COMPOBOKAACTCA MPAKTUYECKH MIHOBEHHBIM PAaCCEMBAaHUEM U BBIPABHHBAHHUEM
ATOrO TEIIOBOTO BO3MYILEHUS 110 BCEMY 00bEMY JKUKOTO TeIusl.

TennonpoBoHOCTh — MOHATHE, CBSI3aHHOE C Iepeaadell Ternjaa OT OJJTHOTO CJIOsl KaKoH-116o
Cpelbl K IPYroMy, XapaKTepU3yIOLIEe CKOPOCTh PACIPOCTPAHEHUS TEIIA B CPEJIE.

OOBbIYHBIE XUAKOCTH COCTOAT M3 MHOKECTBA MENbYaNIINX MOJEKYISPHBIX yacTull. Temno B
ATUX KUAKOCTAX PACIIPOCTPAHSIETCS 3@ CUET OTHOCUTENIbHBIX MEPEMEIIEHUI YacTUll KUAKOCTH U
uX coynapeHui. IIpoucxoaut 3To ¢ OrpaHUYEHHBIMU CKOPOCTSIMH.

HuteBuaHble MHOTOATOMHBIE MOJIEKYJBl CBEPXTEKYYEro relus HacTONbKO JUJIMHHBI, YTO
Kax/aas M3 HUX JOCTaTOYHO IUIOTHO 3aloJIHAET BECh O0BEM JKUAKOTO Teinus. A Tak Kak
TEIUIOBbIE ~ BO3MYIIEHHS B TaKMX MOJIEKYJaX  paclpOCTPaHSIOTCS CO  CKOPOCTBIO
AJIEKTPOMArHUTHBIX B3aUMOJICHCTBUH, TO JI000€ TEIMIOBOE BO3MYILEHHE, MPUIIOKEHHOE J1axke K
JIOCTaTOYHO MaJOMy (parMeHTy >KHJKOro Tefus, O4eHb ObICTPO (IIPaKTUYECKHM MIHOBEHHO)
pacTekaeTcs U BBIPAaBHUBAETCS 110 BCEMY 3TOMY 00beMY.

*

OKCHEpUMEHTHI IOKa3ajd, YTO CBEPXTEKYYMH Te€Iuil, NpU JABWXKEHUU B KalWJIAPaX,
o0saiaeT 4pe3BbIYaitHO HU3KON BA3KOCTHIO.

[Ton BA3KOCTHIO NMOHUMAETCA TPEHHUE MEXIY COCEIHUMU CIIOSIMU JIBHXKYLLEHCS JKUIKOCTH.
XapakTepHOH OCOOCHHOCTBHIO OOBIYHOW JKHUIKOCTH SIBIIACTCS HATWYUE B HEH MOJICKYJISPHBIX
arperaToB C YMOPSJAOYEHHOM CTPYKTYpOH M C «Mepuamomein» nepudepueid. 10 «MepuaHue
BBIPAXXACTCS. B TOM, YTO BHEIIHHE aTOMBI B MOJIEKYJIIPHBIX arperarax TO NMPUCOCHUHSIOTCSA K
arperarty, TO YXOJAT U3 HEero U3-3a TeMIIepaTypHbIX (PIIOKTyaluii.



Tpenue B 0ObIYHON KUAKOCTH 0Opa3yeTcs, B OCHOBHOM, 33 CUET YaCTUYHOTO 3alleTICHUS
JpYT 3a JIpyra MOJEKYJSpHbIX arperatoB. Uem Oosbliie SHEprooOMeH NMpH TaKUX 3aLEIUICHUsX,
TeM OOJIbIIIe TPEHUE, TEM OOJIBIIIE BSI3KOCTh.

OObIuHBIE KHUAKOCTH O00J1aJal0T 3aMETHBIM TPEHHUEM MEXAYy COCEJIHHUMH CIOSIMH. OTO
TPEHHE CYLIECTBEHHO OIPAaHUYMUBAET CKOPOCTh TEUEHUS KUKOCTH.

OKCIIepUMEHTBI M0Ka3aaH, YTO CKOPOCTh TEUEHHs JKUJKOIO Ielus B KamWUIAPHBIX KaHalIax
HEOObIUaliHO BBICOKA [0 CPABHEHUIO CO CKOPOCTBHIO TEUEHUS APYTUX KHUJIKOCTEH U UTO BSI3KOCTh
CBEPXTEKy4Yel KOMIIOHEHTHI T'elMs HUYTOXKHO Mana. IIpuumHa 3TOro 3akirouyaercsd B TOM, UTO
CBEPXTEKYUMH IeJINi COCTOUT U3 JJIMHHBIX, OUEHb TOHKUX MOJEKYJI. DTU MOJIEKYIbI, OJlarogapst
MarHUTHBIM B3aUMOJICHCTBUSAM, CTPEMSTCS paclpsMUThCS. B Kanmwiispax HUIYTO HE MeIIaeT UM
3TO cnenark. [loaToMy B Kammiuisipax CBEPXTEKYUYMH Teluii MpeAcTaBisieT co0OW MHOMXKECTBO
HapajIeNIbHBIX IPYT APYry U CAMOMY KalWIISAPY JUIMHHBIX, TOHKHUX, CIUIETIOM00HBIX MOJIEKYII.

Hanuune Takux MOJEKysl B JKUJKOM TE€IMU BBI3bIBAET CYIIECTBOBAHUE DPEAJbHBIX, a HE
YCIIOBHBIX CJIOEB B JKUIKOCTU. DTH CJIOM OJHOMEpPHBL. MEXIy 3TUMHU CIIOSIMH, a TaKKe MEXITY
3TUMM CJIOSMU M CJIOSMHU HOPMAJIbHOTO JKUIKOTO TIelus HET HU aTOMHOIo oOMeHa, HU
3alleIUIEHUs] MOJIEKYJISIPHBIX arperaroB. DTUM M OOBACHSAETCS HU3Kas BA3KOCTb CBEPXTEKY4Yero
requsi B OOBIYHBIX COCYAaX M CBEPXHHU3KAs BA3KOCTh B YCIOBHAX KAMMIUIAPHOCTH

Pasmepsi atromoB (‘He,A), M3 KOTOPHIX COCTOMT KOMIIOHGHTA JKHIKOTO TEHs, He
oOnanaromias CBOMCTBOM CBEPXIPOBOJMMOCTH, OLEHUBAIOTCA BeIWYMHON «bopoBckoro
pamuycay», paBaoro 5,3-10" M. Tlonepeunbie pasMepsl CBEpXTEKyUei MOIEKYIIbI, OPEICISIOTCS
BEITMYMHON JTMaMeTpa siipa aToma rejiusi, olleHKa KoToporo, no J.Pesepdopay, paBHa 4- 10w
OTH BEIMUMHBI PACXOATCS Ha YEThIPE MOPSIIKA.

MHOXECTBO TOHKHX, JUIMHHBIX, MPSAMOJIMHEHHBIX W TMApAUICTBHBIX APYr JPYTY
CBEPXTEKYUMX MOJIEKYJl ABMIKETCS MO KaWIUIAPY MPakTHUeCKH Oe3 TpeHHsl, He HCIBIThIBAs
COMPOTUBIIEHUSI CBOEMY JBM)KEHHMIO CO CTOPOHBI JAPYTUX MOJEKYJ, TaK XKe, KaKk Iy4oK
napajielbHbIX, TOHKUX U JUIMHHBIX CIUI JBMXKETCS] B BEPTUKAJIBLHON IIUIIMHIPUYECKON TpyOKe.

* *

CymecTByeT emé psal dKCIEPUMEHTOB CO CBEPXTEKYUUM TIEJIMEM, JETAIBHOE NOHMMAHHE
Pe3yJIbTaTOB KOTOPBIX B KBAHTOBOM TEOPHM 10 CHX IOpP HE JOCTUTHYTO. DTO IKCHEPUMEHTHI C
UCIOJIb30BAaHUEM TEIUIOBBIX BO3MYILEHHUI M SKCIEPUMEHTHI C HCIOJIb30BAHUEM Ype3BbIYAHO
MEJKO3EPHUCTHIX (DUIBTPOB — «cBepxiueseil». 3Has CTPYKTYypy CBEpXTEKydel KOMIIOHEHTBI
refiusi, HeTPYIHO JOCTHYb U 3/1€Ch HAIJIATHO-00Pa3HOT0 MOHUMAaHUs HAOII01aeMbIX SBJICHUH.

OTH SKCIEPUMEHTHl NPOBOAMINCH Ha JBYX COCYJax, COAEpXallUX KHUAKUM Treiauil co
CBEpXTEKy4Yeld KOMIIOHEHTOW, COEIMHEHHBIX MeXIy coOoi TpyOkoil. B o0oux cocymax
NoJJIepKUBajlach TEMIEPATypa CyLIECTBOBAHUS CBEPXTEKyUYeil KOMIIOHEHTHI T'eIusl.

*

Korna B oauH U3 cocyoB momemaics HeOOIbIION HEerpeBaTeiab U MO HEMY IMOABOJUIOCH
TEIJIO, B COCAMHUTENILHOW TPyOKe HAUMHAIOCh BCTPEUYHOE TEUEHHE OOBIYHOM M CBepXTeKydei
KOMIIOHEHT renusi. M3 cocyna ¢ HarpeBareneM BbITeKana oOblYHAs KOMIIOHEHTa, a B HEro, U3
JIPYToro cocyza, BTeKaja CBEpXTeKy4asi KOMIOHEHTA.

HarnsigHo-o0pa3Hoe o0bsiCHEHUE 3TOTO SIBJICHUS TPUBUAIBHO. B okpecTHOCTH HarpeBaTes,
O] BIUSTHUEM TEMIIEpaTypPHBIX BO3JECHCTBHM, MPOUCXOAMI JOKAJIBHBIN pacnajg CBEpXTEKYUHX
MOJIEKYJI Ha OTJEJIbHBIE aTOMBI (4He,Q, KOTOpBIE MIPEBPAILAINCH B ATOMBI (4He,A). [TosTomy B
ITOM COCYZ€ MPOUCXOIMIIO YBEINYEHUE OTHOIICHHS pn/p. A Tak Kak B cocyne 0e3 HarpeBaTes
NOJJIEPKUBATACh TOCTOSHHAS TEMIlEpaTypa, TO OTHOIICHHE pp/p OCTaBaIOCh B HEM
NOCTOSIHHBIM. M3-3a 3TOM pa3HOCTH M3 cocylla ¢ HarpeBaTelieM B cocy]l 0e3 HarpeBaTens, yepe3
COETMHUTENIbHYIO TPYOKY, IMepeTeKanu aTOMbI (4He,A), 4acTh KOTOPBIX MPEBPAIIAIACH B ATOMBI
(*He,C), ato6b1 oTHOLICHHE pn/p B cOCye Ge3 HArPEBATENs OCTABANOCH HCH3MEHHBIM.

Tak kak AJMHHBIE CBEPXTEKYYHE MOJIEKYJbl I'€JIUs MHOTOKPATHO CBEPHYTBHI M HaXOZATCA,
Onmarosapsi MarHUTHBIM B3aUMOJICHCTBUSAM, BO BHYTPEHHE HANpsSHKEHHOM COCTOSIHMM, TO OHHU
CTpeMSTCS JOCTaTOYHO IUIOTHO 3aIlOJIHUTh BeChb 00BEM >KHMIKOro reius. BceneactBue storo,
MECTO pacHaBIIUXCA (parMEHTOB CBEPXTEKYYMX MOJIEKYJ, B COCY/AE C HarpeBaTelieM, BHOBb



3aMOTHSUIOCh CBEPXTEKYYMMH MOJIEKYJIaMH, 3a CUeT UX I[epeMelleHus H3 cocyna 0e3
HarpeBaTels.
Bce st nponecchl npoTekany, Ioka B HarpeBaTesb N0JaBajoCch TEILIO.
*

Korna coenunutenbHas TpyOKka MEXIy COCyaMH CO CBEPXTEKYUYMM refiieM Obljia 3arojiHeHa
Ype3BhIYAITHO MEJIKMM MOPOILIKOM, BCTPEYHOE TEYEHHE Yepe3 3Ty TPYOKy NpeKpaTUiIoCh.
[TopoukoBbIil GMWIBTP HE MPOMYCKal HOPMAIbHYIO KOMIIOHEHTY JKUAKOTO TeNusi, MpPOITyCKas
TOJILKO CBEpXTEKyuHne MOJeKylbl. M3-3a 3TOro mJaBieHHE >KHUIKOrO TelIus B COCyAe C
BKJIIOYEHHBIM HArpeBaTeIeM MOBBIIIATIOCH.

OTHU pe3ynbTaThl AAOT MPSIMOE SKCIEPUMEHTAIBHOE JOKA3aTENbCTBO TOTO, YTO MONEpEeYHbIE
pa3Mepbl CBEPXTEKYUYel MOJIEKYJIBI T'eJIis HAMHOI'O MEHbIIIE BEJINYUHBI «bOpOBCKOro paguycay.

* *

SAnpo aroma *He cocrout u3 JIBYX TPOTOHOB W OJHOTO HeilTpoHa. OHO 00namaeT ABYMsI

HYKJIOHHBIMA MarHUTHBIMH KJIaCT€PaMH, OCEBbIE JIMHUU KOTOPBIX MapajieiabHbl (puc.2).
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Puc.2. Cxema sanpa 3He

Paccrosinue ot sapa no Onmkalliero »JIeKTpoHAa Ha 4YeThlpe Mopsaka OoJiblle, 4YeM
paccTosiHWe MEXAY MAarHUTHBIMU KiacTtepamu siapa. M3-3a 3TOro, MarHUTHbIE MOJII OOOUX
MarHUTHBIX ~ KJIACTEPOB, C TOYKH 3pPEHHMsS] AaTOMHBIX D3JEKTPOHOB, HEpPA3IUYUMBl H
BOCIPUHUMAIOTCS aTOMHBIMHU AJIEKTPOHAMHM KaK OJHO €JMHOE€ MAarHUTHOE I0JIE€ C YIBOEHHOM
BEJIMYMHOA MATHHTHOTO MOMeHTa. Il03TOMy B HeifTpaibHOM atome -He «IIEKTpOHHAs
000J104Ka» MOXET CYLIECTBOBATh TOJIBKO B popme C. A Tak Kak MOTEHIMAT IEPBOW MOHU3ALINUU
aToma (3He,C) paseH 1,3133B, To 3Ta popma aToma 3He moxer CYyILIECTBOBATh TOJIBKO IIPU
OYCHb HH3KMX TEMIICPATypaX; B €CTECTBCHHBIX YCIOBHAX ~He CyIIECTBYeT TOIBKO B
MOHM3UPOBAHHOM BH/JIE.

M3-3a crienuUKM MarHUTHOTO TONS SApA, HEHTpanbHBIA atom He obnamaer Gonee
CIaGBIMI HEKTPUYECKIMHA JHIONBHBIMI cBolicTBaMHu, dem ‘He. ITostomy *He mepexomut B
KHIKOE COCTOSIHHE TpH 0ojee HH3KMX Temreparypax, 4eM “He, a ero cBepxreKydas
KOMIOHEHTA 00pa3yeTcs TakKe Py Gojee HU3KHUX TeMIepaTypax, uem B “He.

CBepxTekydas KOMIIOHEHTa B 3He umeer Te xe CBOWMCTBA, YTO M CBEpXTEKydasi KOMIIOHEHTA
4
B He.
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