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Amnnomayus: B BacTosmen padbore 3KCIIEPUMEHTAABPHO ITOKA3aHO, YTO CA€ABI, OOHAPY>KEHHBIE HA

TPEKOBBIX ACTEKTOPAX B XOAE HCCACAOBAHHA HU3KOIHEPIeTUYHBIX AACPHBIX PEeaKIInii, 00pa3yrorca
TAK)KE B XOA€ MHOTHX IIIHPOKO UCIIOAB3yEMBIX TEXHHUYECKHX IIPOIIECCOB (FTOPEHHUE YTAEBOAOPOAOB,
paborta ABurareseii BHyTPEHHETO CTOPAaHUA, (PU3NKO-XVMHYECKHE IIPOLECCHI, COIIPOBOKAAIOIIHE
MPOIECC 3APAAKH AKKYMYAATOPHBIX Oarapeii cmaprdona). Takoe COBIIaA€HHE KAPTHHBI TPEKOB
IO3BOAfIET PACCMATPUBATh HHU3KOIHEPIreTHUYECKHUE AAEPHBIE PEAKIMU B KAdyeCTBE 3HAYMMOIO
9KOAOTUYECKOTr0 (paKTOpa, a TAK)KE YKA3BIBAET HA BA’KHYIO POAB “TEMHOI0 BOAOPOAA” B IIPUPOAE.
B paGore moka3aH KOHBEKTHBHBIA HEPEHOC “TEMHOr0 BOAOPOAA” M3 30HBI pa3psAAa II0 TPAKTY
ABIDKEHHA BOAO-BO3AYIIHOI cMecu. Taxoke ¢ HCIIOAB30BAHHEM TEOPETHYECKOM MOAEAU “TEMHOIO
BOAOPOAA” pa3zpaboOTaHBI U ONMCAHBbI IPUHIIUIINAABHO HOBBIE, MEHEE TPYAOEMKHE B CPAaBHEHUH
C TPEKOBBIMH, METOABI €0 perucrpamun: 1) usmepeHue 3A€KTPOCKOIIOM 3aPAAA MEAHOI'O KOpoOa
OPH €ro O0AyYE€HHHU ‘“TEMHBIM BOAOPOAOM”, 2) M3MepEHUE AABA€HUA B 3aMKHYTOM OObeMe IpH
06AyUeHHH “TEMHBIM BOAOPOAOM”, 3) NCIIOAB30BaHNE KPYTHABHBIX BECOB C HUKEAEBOI ITAACTHHOM
C MAarHUTAMH IIPU 00AyUYEHUH “TEMHBIM BOAOPOAOM”.

Karwueswie cr06a: HU3KO9HEpPreTUUHbBIE AACPHBIE PEAKIINU, “TEMHBIIl BOAOPOA’’, TPEKOBBIE ACTEKTOPHI,
TPeKH, METOABI PETUCTPALIUH.
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Abstract: This work experimentally shown that traces found on track detectors during the study of

low-energy nuclear reactions are also formed in the course of many widely used technical processes
(combustion of hydrocarbons, operation of internal combustion engines, physicochemical
processes accompanying the process of charging smartphone batteries). This coincidence of the
track pattern allows us to consider low-energy nuclear reactions as a significant environmental factor,
and indicates the important role of “dark hydrogen” in nature. The paper shows the convective
transfer of “dark hydrogen” from the discharge zone along the path of the air-water mixture.
Using the theoretical model of “dark hydrogen”, fundamentally new, less laborious, in comparison
with track, methods of its registration have been developed and described: 1) measurement of the
charge of a copper box with its irradiation with “dark hydrogen”, 2) measurement of pressure in a
closed volume when irradiated with “dark hydrogen”, 3) the use of a torsion balance with a nickel
plate with magnets when irradiated with “dark hydrogen”.

Keywords: low-energy nuclear reactions, “dark hydrogen”, track detectors, tracks, registration
methods
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n3aydeHus ¢ sHepruer 28 xoB m 260 * 30 kB
npu paspase 20 kB B BOAO-BO3AYIITHOI KaIlle ABHOM
CpeAe, M IIOCTPOEHA MOAEAB YACTHIBI “TEMHOTO
BOoAOpOAa”. B pabote [2] BBeacH cmMBOA Hz AAS
0003HAYECHNA ““TEMHOIO BOAOPOAA”.

B [3] mocrpoena moaean Hz’ IIO3BOAAIOIIASA

aHAAM3HPOBATD VHHKAABHBIC dusuko-
XUMHYECKHE CBOMCTBA Hz, 9TO TpedyeT paspaboTKU
OCOOBIX METOAOB AAfA €rO  PETrUCTpaluu U
uccAepoBanus. OAHHM H3 CBOWCTB ““TEMHOTO
BOAOpPOAQ”, KOTOpOe OTMedeHO B [3], ABAsderca
CITOCOOHOCTD
(aApamm) OKPY7KAFOIIIErO

BEIIIECTBA. HpI/I TAKOM peaKL{I/II/I HZC OKPY)KQ.IOH_II/IM

O6p2130BbIBaTb COCAMHEHHE C

ATOMAMHU YACTHIL
BEIIIECTBOM BBIACAACTCA SHEPTHUA B HECKOABKO COT
k5B Ha eammuHbBI akT. VIMEHHO 2TO CBOUCTBO
“rTeMHOTO BOAOPOAA” IOMOTAaeT OOPa3OBAHUIO
TPEKOB U KPATEPOB B BEIECTBE, PACIIOAOKEHHOM
PAAOM € ero mcTouHHKOM. “TemHBIT BOAOPOA”
pasmepom 10° M Momer ObITH OCHOBOH AAS
nocrpoenust 06bekToB pazmepom 107 M u Goaee.
B srom mHTEpBase pasMEpPOB ACKHT IMTAHTCKOE
MHOrooOpa3ue HOBBIX ‘‘HEU3BECTHBIX YaCTHIL’
BEIIECTBA.

Bo

O6paSOBQ_HI/IC KpaTCpOB 48 TpCKOB B OKPY)KaIOH_ICM

MHOIHX  pabOTax  3aperucTpUpOBAHO
BEIIIECTBE IIPU SKCIEPUMEHTAX C IACKTPUICCKUMU
paspsasaMu [3] B ¢ HUKEAB-BOAOPOAHBIM PEAKTOPOM
[4]-

B macrosme#r pabore  3KCIEPHMEHTAABHO
ITOKA3aHO, YTO TPEKH M KpaTepel (IIPOM3BOAHBIC
“TeMHOTO BOAOPOAQ”) 0Opa3yroTci BO MHOTHX
APYTHX TIpoIiecca: BOAHM3H TIa30BOM TOPEAKH, B
BBIXAOIIE aBTOMOOHAfA, IIpU 3apAAke cMapTdoHa.
DTH 9KCIIEPUMEHTBI, CACAAHHBIE C HCIIOAB30BAHUEM
CD AHCKOB Kak AETEKTOPOB, TOBOPAT O Ooace

3HAYHUMOM POAH ““TEMHOTO BOAOPOAA” B IIPUPOAE.

C momompro CD  AHCKOB 3aperucrpupoBaH

KOHBEKTUBHBI IIEPEHOC  ““TEMHOrO BOAOPOAR”
U3 30HBI pPaspfsa II0 TPAKTy ABIKEHHS BOAO-
BOBAYIIHOI cpeArl, kKoraa CD Ancku pacrioaaraauch

BAOADB TpaKTa ABHKCHUSA.

B macrosmeir pabore perucrpanud ‘“TEMHOro
BOAOPOAQ” IPOBEAEHA €ITIE TPEMA IIPUHIIUITHAABHO
HOBbIMI/I, MECHCEEC TPYAOCMKI/IMI/I, YcM aHaAAU3 TPCKOB
ma CD, Mmeroaamu:

1) m3mepeHme 3AEKTPOCKOIIOM 3apAAd MEAHOTO
KOpPO0a IIpU €ro OOAYIEHHUH “TEMHBIM BOAOPOAOM;

TEPEHOC "TEMHOT'O BOAOPOAA" ATOMAPHBIM 321
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2) W3MEpEeHUE AABACHHA B 3aMKHYTOM OOBEME
IIpU OOAYYCHHH ‘“TEMHBIM BOAOPOAOM;

3) HCIIOAB30OBAHME KPYTHABHBIX BecoB ¢ Ni
IIAACTHHON C MATHHTAMU IIPH OOAYYICHHUH ““TEMHBIM
BOAOPOAOM.

DKCIIEPUMEHTAABHBIE  METOABI  PErHCTPAIINN
“remHOro BOAOpoAa” 1)-3) Obiam  paszpaOoTaHBI
HAa OCHOBE TEOPETHYECKON MOAEAH. Y CIIEITHASA
9THUX

pearmsanua MCTOAHUK IIOATBEPIKAACT ¢€¢

00OCHOBAHHOCTD.

2. PETMCTPALIMA HEM3BECTHDBIX
YACTHII C ITOMOIIBIO CD-AMMICKOB
Bo3MoOKHO, OAHHM H3 IEPBHIX HCCACAOBAHMUIA,
HCIIOAB3yIOIuX 1oBepxHocTh CD  Amcka Aad
PErucCTpanu HEM3BECTHOTO H3AYYCHHUA, OBIAQ
pabora [5]. Ao 2TOTO AAA PErHCTPALIHU CACAOB
HEN3BECTHOIO

N3AyICHUA HNCIIOAB30BAANCH

perrreHosckue nAeHku [4]. B Apyrux paborax

OIIMCAaHBI ~ CAEABI HEH3BECTHOIO H3AYYCHHUS,
3apUKCHpOBAHHBIE  HAa  CTEKAAX,  TIAAAKHX
METAAAMYECKHX  ITOBEpXHOCTAX [6] m Ha

KOITHPOBAABHOI Oymare.

[Tourn Bce ddororpadun, IIPeACTABACHHBIE
B HACTOAIIEH paboTe, IPUBCACHBI K CAHHOMY
MacirTady, Ipu Kotopom mupuna dotorpadpun
HAOATOACHIA B

COOTBCTCIBYCT 2 MM  IIOASA

MHKpOCKoIIe.  PasHonBeTHBIN
BepxHer dvactu Qororpaduii

32 OOKOBOIM IIOACBCTKH, KOTOpPasd ACAACTCH AAA

TPEYTOABHHUK B
BO3HHUKACT H3-

BU3YAAH3AITIH CACAOB HEM3BECTHBIX YACTHII.

[Tosepxuocte CD, kOoTOpas npu perucrpamun
CAEAOB HEM3BECTHOIO M3AYYEHHSA OOparmaercs K
HCTOYHHKY HEU3BECTHOTO H3AYICHUA, UMEET BUA
I'AAAKOH ITOBEPXHOCTH C AAFOMHHHUEBEIM OAECKOM.
Ho sTo He aAroMHHHEEBAA ITOBEPXHOCTD, KAK BHAHO
13 A€BOI YacTh pUC. 14,2 TOBEPXHOCTD OIITHYECKN

AL D3 um

Onmiecknil nomkapsonar 0.3 MM g o nu

TomikapGorar

Tl Gowosoii
NOJCBETEH

JInHmA Ha oKyAp
MIEPOCKONA

Ofbemtios paspymetne ¢

Paspywcrne cros
AMOMITHIA

a 0
Puc.l. a) — gomozpagua paspesa CD nod muxpockonom

u 6) — peeucrmpupyrman nosepxrocms csexmceco CD  noo
MuKpockonom ¢ yeeauuerivem x40.
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IIPO3PAavdHOTO HOoAmKapObonara ToAmmHON 0.3
MM. AAIOMHHUEBBIH CAOH PACIIOAOMKEH TAyOIKE.
Takum 0Opa3oM, HEH3BECTHBIE YACTUIIBI, KOTOPBIC
peructpupyrorca CD, oCTaBAAIOT CBOM CAEABI B
ITOBEPXHOCTHOM CAO€ U B TAYOHMHE IIOAUKApOOHATA,
HAHECEHHOTO Ha CAOH aAromMuHHA. Takike
BO3MOIKHO IPHUAHUIIAHHE HEH3BECTHBIX YACTHUII K
rnosepxuoctu CD. Ha mpasoii cropone puc. 16
IIOKa3aHa perucrpupyromas nosepxuHocts CD
AO Pa3MEINEHHUA €ro B OKPECTHOCTH PEeaKTopa.
Buano, 4wro perucrpupyroimas IIOBEPXHOCTD
rAaAKasd U HE MMEET 3aMETHBIX KPaTepPOB, TPEKOB

1 HpI/IAI/IHI_HI/IX YaCTHUII.

3. EATHAA ITPUPOAA HEM3BECTHbBIX
YACTUII ITPH PABOTE PA3HbBIX
PEAKTOPOB

Maer

qacTuir’,

cunTaeM, dYTO MNPHPOAA “HEHM3BECTHBIX
KOTOPBIC PETHCTPUPYIOTCA BOAU3H:
d) HHUKEAB-BOAOPOAHBIX TEIIAOI'CHEPATOPOB, 0)
IIPH ACKTPOB3PBIBE METAAANYECKON (POABIH, 6)
Ipu PaspaAC B TE€TEPOICHHOM BOAOBO3AYIITHOMN
CpeAE, UMEIOT CXOAHYIO IIPHPOAY H ABAAIOTCA
CA€AAMH,  ODOpPa3OBAHHBIMK  IIPH  PEAKIIHHI
“TEMHOTO BOAOPOAA” MAU COEAMHEHUH ““TEMHOIO
BOAOPOAA” € OOBIYHBIM BEIIECTBOM MaTepHAAad
mosepxuoctu CD. OcHoBanmem AAfl TaKOTO
YTBEPIKACHUSA ABASCTCA PETUCTPALINSA IIPH PA3PAAC
cpeae

nsaydenus 28 kB u 260 kaB, xapakrepHOro AAf

B BOAOBO3AYIIHOI PEHTIC€HOBCKOTO
“TEMHOTO BOAOPOAA”, M COBIIAACHHE XapakTepa
caeaoB Ha CD BOAM3H HHKEAB-BOAOPOAHOIO
peakTopa M OKOAO pa3psiad B BOAOBOBAYIIHOMN
cpeae.

Ha AByx doTorpaduax puc. 2 cpaBHUBAIOTCA
CAGABI B Takux okcrepumentax. QPororpacus

a 3

Puc. 2. Cueder rneussecmmvix uacmuy a nosepxrocim
CD: a) — nuxens-6000poonsiil peaxmop |5, 6) — nacmoamasn

paboma, paspad 6 cemepozeriron  6000-6030yuiroll - cpede.
Cosnaderue gopmvr 16006 2060pum 0 £X001HOM Mexariume
Ux 00pasosaris, HecMOmIPA Ha COBEPULEHHO Dasnbie MmNl
peaxmopos, Koniopuie 2eHePUPOBAU HEUIBECHIHBLE YACINUYBL.
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puc. 2a — mnosepxaocth CD, maxoadmerocs
PAAOM C HHKEAb BOAOPOAHBIM PEAKTOPOM U3
cratpu [5]. PorTorpadusa puc. 26 — MIOBEPXHOCTD
CD, pacrioA0KeHHOTO PAAOM C BBICOKOBOABTHBIM
9AEKTPUYECKHM Pa3pPAAOM B BOAO-BO3AYIITHOM
cpeae (aamHag paboTa). Buano, 9T0 XapakTepHbe
YEPTHI CAEAOB B ABYX KCIIEPHMEHTAX COBITAAAFOT.
O6pruao wa CD mMeroTcs pasAWYHBIE THIIBI
CAEAOB. MBI CIIEIMaABHO BBIOPAAH 30HY C TPEKAMH,
ITOXOKUMU Ha TPEKH, 3APETrUCTPUPOBAHHEIE B [5].
DTO CPaBHUTEABHO KOPOTKHE KAIOIITKOOOpA3HBIE
Tpekn. BuanO, uTO He TOABKO OpMa TPEKOB,
HO M UX AAMHA Ha OTO puc. 24 m puc. 26 c
YIETOM MACIITA0OB OAMSKH APYT K APyry. Buano
Takxke, 910 U Ha oro puc. 2z m Ha HOTO pHUC.
20 IMEIOTCA TOYEUHBIE CAEABI, PACCHIIIAHHBIE ITO
30HE HADAFOACHUS.

4. HEU3BECTHBIE YACTHLIBI - DTO
ITPOAYKT B3AUMOAENCTBUSA
«TEMHOT'O BOAOPOAA» H, C
ATOMAPHBIM BEIIECTBOM

Beraer Bompoc, kakmm 0OpasoM IOABAAIOTCH

caeanr Ha CD. Hexoroprle mccaepsoBareAn
CYUTAIOT, YTO CACABI — 9TO IIpeoOpasoBaHUE
KUHETUYECKOU SHEPIUH «HEU3BECTHOI»

YACTUIIEL B TEIIAO, YTO IIPUBOAUT K HCHAPEHHIO
IIOANKAapOOHATA, MOKPBIBAIOIIETO AUCK. Ho ecan
IPUHATb BO BHHUMAHHE TO, YTO HMEIOTCHA TPH
THIIA CAEAOB — TPEKH, KPATEPHl U (IIPUAHUIIIIIHEY
YACTUIIE, IIPHYEM KpPaTepbl HMEIOT CAOKHYIO
dopMy H COBEPIIIEHHO HE ITOXOKHU Ha KPATEPHI OT
VAAPHOTO BO3ACHCTBHA, TO OOAEE €CTECTBEHHBIM
BBITASIAUIT TIPEATIOAOKEHHUE, YTO CACABI — PE3YABTAT
IpeOOpPa3OBAHUA IHEPIHH IAECKTPOMATHUTHOTO
HEU3BECTHON

B3aUMOAEUCTBUA YACTHUIIBI U

MOAEKYA IHOAMKapOoHata Amcka. [lpudgem B
TAKOM B3aHMMOACHCTBHH YYACTBYIOT HE TOABKO
AEKTPOCTATUYECKUE ITOTEHIIUAABHBIE CHABI, HO

U CUABI MATHUTHOI'O B3AUMOAEUCTBU.

AAf OTBETa HA 3TOT BOIPOC MBI CUHTAEM
LIEAECOOOPAZHEIM ~ IIPUBAEYD IIPEACTABACHUA O
“TeMHOM BOAOpOAE”, pasBureie B paborax [1-
3]. BompocoB 1o B3aMMOAEHCTBHIO —‘““TEMHOIO
BOAOpPOAR” H2 C ATOMapHBIM BEIIECTBOM OYEHb
MHOTO. MBI TOABKO IIPHCTYIIAEM K HCCACAOBAHHIO
sroil Tembl. [lo cyrm, peubr mAer O cospaHHH
CAMOCTOATEABHON HAyKH, KOTOpas MOMKET OBITh

HazpaHa “Xwumma BbicOkux sHepruir’. Ho yxe
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ceivac MOKHO KO€-9TO CKa3aTh O peakrnn (1)

. -

H2+A—>(H2 A) + g, (1)
TA€ OAUH U3 COCTAaBASAFOINMUX BEIIECTBO .4 aTOMOB
(ckopee Bcero

KIICAOPOA), B3aHMOACHCTBYET

¢ dactured ‘““reMHOTO BOAOpOAA” Hz’ (H2*A)
q J—

g MOXKET

— O6pa3OBﬁ.BLT_I21HCH KBAa3MMOACKYAAQ,

BBIACAUBIIIECCA  TEIIAO. Beanmunna

AOCTHUTATh HECKOABKHX MbsB, uro mnpuseaer
BEIIECTBA B

H*A4). Dra
H,

KBAa3MMOACKYyAQ O6AaAaCT MAaTrHUTHBIM MOMECHTOM

K IIAABACHHIO H I/ICHapeHI/II-O
OKPCCTHOCTI/I KBAa3MMOACKYABI

1 3aCTaBAAET OOpPA3OBHIBATE MHOTOATOMHBIE
CTPYKTYPBI H3 COCEAHHX aTOMOB KapOoHaTa. DTa
MHOTOATOMHAA CTPYKTypa BOCIIPUHHMAETCH, KAK
“npuanminas’  YaCTHIA, PACIIOAOKHBINAACA B

KpaTepe.

5. PETUCTPALIUA “ITPVAUTIIIX”
HEN3BECTHBIX UACTHUII. MATHUTHDBIE
CBOVICTBA HEM3BECTHBIX UACTUILI

B xadecrBe mpumepa dYacTHIl, IPHAHIIIAX K
ITOBEPXHOCTH, MOKHO IpuBecTH ¢oTorpaduro
ma puc. 3. Ha puc. 3¢ m puc.36 mokasan
CAGA KpacuBOH (OPMBI B BHAE “IIOABECKH H3
xemuyra”. Ha doro puc. 34 macmrrad takos, 910
B IIHPHUHY IIOKA3aHO 2 MM 30HBI HAOAFOACHHA.
Pasmep kpymHOM 9acTHIE B IeHTpe (POTO pHC.
3a npumepuo 17 mxm. Ha yBeamuennom doro
puc. 36 MOKHO YBUACTD, UTO B KPYIIHOI YaCTHIIE
BCTPOEHA YaCTHUIIA CHHEBATOTO IBeTa. Bo3moixkHo,
YTO 3TO IPHAHIIIIASL YACTHUIIA, OOPA30OBABIIAACA B
pe3yAbTaTe CAMIAHUA BEIIECTBA ITOAHMKApOOHATA
34 CYET MATHUTHBIX CBOMCTB ATOMA (HZ*A)

Pexkoncrpykima — kparepa  Ha
Amdopa B [7] puc. 44 IOATBEpPKAACT, 9YTO B
Kparepe 0OpasyroTcs
IIaPOOOPA3HOH (POPMBEL

MHKPOCKOIIE

“npuanmiime”’  YaCTUIBL

Ouenp gacTo KpaTepbl COCTABAAIOT KPYTABIC
CTPYKTYPBI, ABHO ITOXOXKHC HA IIOBCACHHC IACTHUI]
C MATHUTHBIMH CBOMcTBaMu. HaAnmdme MAarHITHBIX
CBOMCTB Yy CACAOB OT HYaCTHIl HCHU3BCCTHOIO

a 7
Puc. 3 I Ipusep uacmuy, npusunutux x nosepxrmocnu CD.
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=2 top view

bottom view

microscope AMPHORA

b ¢
Puc. 4. Ilpumep «reussecmmvix wacmuy» (uapuxos)
U AMOK (noKasai: KpacnsiMu cmipesxamus) ta 3040101
nosepxcrocmu: (a) us 7], ux mpexmepras pexorcmpykyus
moabKko 042 yuacmka 6 Geaom keadpame (b), npumep
Kpyniozo wapuxa ta @porne meaxux (c). Oy usmeperiua
nposederst 1a murpockone AMDOPA.

U3AYICHHSA ACTKO O6’I)HCHHCTCH, CCAM AOIIYCTHUTD,
9TO dYacTuna CTPOHUTCA C Y9IaCTHCM “TeMHOTO

BOAOPOAQ”,  KOTOPBIH  HMEET  3aMETHBIN
MArHUTHBIH MoOMeHT. B AeBo# wactm pmc. 54
XOpOIIIO BHAHBI ABA CACAA KPYroBOH (HOPMBI,

KOTOpPBIE COCTABACHBI U3 CAEAOB IIAPOOOPA3ZHON
dpopmsbrL.

Ha puc. 56 mokasan 6oAce CAOMKHBIN CACA Ha
CD, BOKpyr KOTOPOTO BHAHEI MEAKHE KpaTephl,
0OpasyroIue KPyroBylO CIPYKTypPy, 9UTO TaKikKe
ITOATBEPKAACT

COOOpaKEHHA O  MATHHTHBIX

CBOMCTBAX YACTHII, OOPA3YIOIINX KPATEPEL.

a o
Puc. 5. Maenumiwvie ceoticmea meussecmmpix vacmuy
NPOAENAINIEA 6 00DPA30BAHUY KDY208bIX C1€008 U3 ULADPUKOS.
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6. IEPEHOC «TEMHOI'O BOAOPOAA»
ATOMAPHBIM BEIIIECTBOM

OAHUM u3 Pa3AEAOB HCCAEAOBAHUIL 110

B3AHMOACHCTBHIO ~ TEMHOTO  BOAOPOA@» U
ATOMAPHOIO BEIIIECTBA ABAAETCA BOIIPOC O TOM,
IIEPCHOCHTCA HAM HET “TEMHBIH BOAOPOA” Hz
ATOMAPHBIM BEIIECTBOM. B skcrepmmenTax 1m0
IIEPEHOCY “TEMHOIO BOAOPOAA” MBI MCHOAB30BAAN
anpoOHPOBAaHHBINA paHee [2,3] METOA reHeparun
“TeMHOro  BOAOPOA2” B BBICOKOBOABTHOM
SAEKTPUIECKOM PA3PAAE B MEAKOAMCIIEPCHOM BOAO-

BO3AYIITHOI CMECH.

Ha puc. 6 moka3aH yBAQKHUTEAD, CO3AAFOIIIUIN

IIOTOK MEAKOAHCIIEPCHO BOAOBO3AYIIIHOM
cMecH C ITOMOIIBIO BBICOKOYACTOTHBIX
KOACOAHUI  KEPAMHYECKOTO  IThE309ACKTPHKA.

W3 yBAaKHUTEAR TOTOK IO AUIAEKTPHYECKOMY
mAaHry Amamerpom 12 mm m aamuon 1.5 M co
CKOpPOCTBIO IHpuMepHO 1 M/cex HampaBaseTcs
B paspaaHyio kKamepy l. B paspaapoit xamepe
I pasmepamm 12X12X13 cmM, H3rOoTOBAEHHOMN
n3 10 MM oprcrexAa, BBEAEHBI ABA AEKTPOAA.
H3TOTOBACHBI

3aocTpeHHbIE 3AEKTPOABI

u3 MeAH, BoAabdpama u

craan. PaccrogHme MexAy sAeKkTposamMm  2-3

HUKEAUPOBAHHOM

cm. Ha 3AexTpoOABI OT HCTOYHHKA ITOAAETCA
BBICOKOE HamlpsKeHHe amuAuTyaor 15-20 xB.
DAEKTPOABL PACIIOAOKEHBI TAKUM OOPa3oM, 4TO
9AEKTPUYECKHH TOK, BO3HHKAIOIIHI B IIOTOKE
BOAOBO3AYIITHOI CMECH SAEKTPHYIECKOTO Pa3pAAa,
IIPOTEKAET BAOAD ITOTOKA. AaBACHUE B PA3PAAHON
armMocdepHoro,
IIPOIIIEATIIAS

KAMEPE  HECKOABKO  BBIIIE
IIO3TOMY BOAOBO3AVIIHAs CMECh,
gepes paspAA, IMOCTYIIAET 1O AHIAEKTPHIECKOM
TPyOKe U3 pa3spAAHOMN KaMeps I B pacrioAokeHHbBIE
BHHU3 110 IIOTOKY ITAOTHO 3aKPBITBIE ITAACTHKOBBIE
kamepy II m xamepy III. Paccrosmme mexAy

paspaaHon kamepoi I, kamepoit Il u xamepoi

—r —
Water - air_| Discharge —
" e — =
Humidifier = ook | Chamberll =
Flow Chamber I} Sm— —
— CD Il LD Il
ep.t

High Voltage Source
30- 12KV

Puc. 6. Cxema cmenda ona  wuccaedosanusn  neperoca
«meMH020 6000p00ay.
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a b

Puc. 7 Cueder na odsyx yuacmrax CD a) uw b) om
CHEU3BECIIHO20» U3LYHeHNA 6 paspaoHoll Kamepe 1.

a b

Puc. 8 Cueder na odsyx yuacmxax CD a) u b) om
“neussecmmozo” usnyuenus 6 xamepe 111.

III oxonro 7 cm. Aamna xamepser 11 u xkamepsr 111
14 cm. ITocae kameprr 111 BoAOBO3AyIIIHAA CMeECh
BBIXOAHUT B CUCTEMY BEHTHAALINH.

Bo Bcex xamepax pasmermensr CD  Anckm:
B paspasson kamepe I — CDI, B xamepe II —
CDII, B xamepe III — CDIII. Kpome Ttoro, mHaa
paspsaaHO# Kamepoi I pacmoroxen anck CDIV. B
AauHOH padore CD Bceraa momermasucs AnbO B
ITIAACTHKOBBIH, AHOO B OYMaKHBIN KOHBEPT, ITOOBI
saruTuTh 1oBepxHocth CD m m3baButhea OT
HAAWUIIAHUA HA HEE IIBIAM.

Cpasraenne caeaos Ha CD puc. 7 (B paspasHON
kamepe) u puc. 8 (kamepa III) mokasweisaer, urO
OHH OYEHb IOXOKH. DTO IIOATBEPKAAET TE3HC,
9TO ““TEMHBII BOAOPOA”, KaK MCTOYHHK CAEAOB
HEU3BECTHOIO H3AYYEHHUSA, IIEPEHOCHTCHA BAOAD
TPAKTA COBMECTHO C ABHKEHHEM BOAO-BO3AYIITHOM
cpeanl. MuTepecHo 1o, 910 Ha AMCKE, HAXOAAIIIEMCA
B kamepe II, 3apermcrpupoBaHO MEHbBIIIE CAEAOB,
gyem B kamepe IlII, pacroAoxeHHON AaAbIIe II0

TPAKTY OT Pa3pAAHOI Kamepsr L.

7. ITIPOLIECCBHI, B KOTOPbBIX
TEHEPUPYETCSH «TEMHBI BOAOPOA»

B aamboii pabore m paborax ApPyrux aBTOPOB
ITOKa3aHO, YTO HCTOYHHKOM HEH3BECTHBIX YACTHUIT
(o “TeMHBIN
BOAOPOA”’) MOIYT OBITH HACBIIIEHHBIE BOAOPOAOM

METAAABl U cpeae,

HaIITuM HPCACTaBACHI/I}IM 9TO

SACKTpI/I‘ICCKI/Iﬁ paspfm B
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CD guck B
nnams
biia ® NoAU3ITUAEHOBOM
nakere
/ ropenka HEeroprYMii aKpaH

HannNoH4YMK C
roproYMm rasom

Puc. 9. Cxema onvima c casosoii eopesxoil.

Puc. 10. Credvr na CD nocne 3x wacosoii sxcnosuyuu
pAdoM ¢ 2a30s0il eopeaKoil.

COAEPIKAITICET BOAOPOA. baaroaapsa mpoaeAsaHHBIM
HAMHJ 3KCIICPUMEHTAM, KPyI' HCTOYHHUKOB ‘“TEMHOTO
BOAOPOAQ”” MOJKET OBITh 3AMETHO PACIIIHPEH.

7.1. TEHEPAITUA «TEMHOT'O BOAOPOAA» ITPU
C)KUTAHUU ITPOITAHA B TA30BOI1 T'OPEAKE

Ha pwuc. 9 noxazama cxema oOmbITa C TIa3oBOU
ropeakoit m CD  AmckoMm, pacrioAOKEHHBIM 32
HeroprogynM skpaHoMm. [locae 3 gacos skcrrosunun
HAa YHCTOM AHCKE B ITIOAHITHACHOBOI VIIAKOBKE
HOSBUAOCH MHOKECTBO CAeAOB - Puc.10.

7.2. “TEMHBIT BOAOPOA” B BBIXAOITHBIX TA3AX

ABTOMOBUMAA

| BblxXnonHaA

‘! Tpy6a

CD guck B
NoOAUSTUIEHOBOM
nakeTte

Puc. 11. Cxema onvima ¢ ewvixaonmusimy easamu

pabomaruezo na bersurne dsuzanes.

Puc. 12. Cueowr na ducke nocae 20 murymiod sxcnosuyun
) 8611010 172DY0bL.
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/ cmapThOoH Ha #/

3apraKe

CD gunck &
NoNUaITHNEHOBOM
naxerte

Puc. 13. Cxema onvima co cvmapmgporom 60 spemsa sapaoKi.

Puc. 14. Credvr 1a oucke nocae 2 wacoson xcnosuyuu
80131 cMapmgpora.

Ha puc. 11 mokaszama cxema OIbITa C BBEIXAOITHOM
TpyOoOI padoTarorero apromoouad u CD anckom.
[Tocae 20 MHUHYTHOM SKCHO3HMIIMH B IIOTOKE
BBIXAOITHBIX I'a30B PabOTAOIIEro aBTOMOOHAA Ha
YHCTOM AHCKE, Pa3MEITIEHHOM B ITOAHITHACHOBOM
ITaKeTe, IOABHAOCH MHOKECTBO CACAOB - Puc. 12.

7.3. TEHEPALTMA “TEMHOI'O BOAOPOAA” ITPU
3APSIAKE CMAPT®OHA

Ha puc. 13 nmokasana cxema OIIBITA IIO PETUCTPAIIAN
caeaoB Ha CD AmcKe, PacIIOAOKEHHOM PAAOM CO
cMapTOHOB BO BpeMms 3apaaku. [Tocae 2-x gacoBoit
5KCITO3UIINN HA YHCTOM AHCKE, PACIIOAOKEHHOM B
ITOAMSTHACHOBOM ITAKETE ITOABHAOCH MHOKECTBO
cAeAosB - Puc. 14.

8. HOBBIE METOABI PETTICTPALIVI
“TEMHOI'O BOAOPOAA”

8.1. DAEKTPOCKOIT

Bompoc o BBIXOAC NIPOHUKAFOIIUX 3aPAAKEHHBIX
YACTHI] U3 30HBI Pa3psAAa BO3HUK B CBA3H C ABYMA
obcrosreabcTBamu. Ilepsoe - 210 HabAroAeHHE
CAEAOB HEH3BECTHON IPHPOABI BHE 30HBI Pa3pAAa
3a  AmdAeKTpmYeckumu nperpajamu. Mo Bropoe,
310 TO, 9TO dvactuna (“TeMHBIE BOAOPOA” [1-
3]) c ABymd

HECMOTpA Ha c¢ KBaSHHCfITpaAbHOCTb, CO3A2€T B

PEAATHBHCTCKUMH ~ 3ACKTPOHAMH,
OKPYZKAFOITIEM ITPOCTPAHCTBE SAEKTPHUUIECKOE TIOAE,
YTO BOCIPHHHMAETCH OKPY/KAOIIHMMH 3aPAAAMH,
KaK HAAHYHE 3aPAAA B ﬂz. DTOT 3apSA UAU TOYHEE
CYMMYy S3THX 3aPfSAOB MBI 3aMEPHAH C ITOMOIIBIO
3AEKTPOCKOITA.

RENSIT/POHCWUT | 2021 | TOM 13 | HOMEP 3



326 BAPAHOB A.C., SATEAEITVH B.H.,,

PN3NKA KOHOEHCNPOBAHHOIO COCTOAHUA

ITAHYEAIOI'A B.A., IIMITIKVMH A.A.

[Ipearoaaranocs, YIUTEIBAS HEKOTOPBIN

OIIBIT MHOI'OYMCACHHBIX OTKa30B 3ACKTpOHI/IKI/I,
9TO HCKOMBIEC

YaACTHUIIBI CpaBHI/ITCAbHO ACETKO

IIPOCAIUBAIOTCA qaepes

CpeAy M 3aCTpEBarOT B MCTaAAaX. HPI/I 9TOM

AU AECKTPHUIECKYIO

METAAAMYECKHNT OODBEKT 3apsmxaerca. B kadectse
HAKOIINTEASl 3aPfAA HCIIOAB30BAACA KOPOO U3
MeAHOH oabru. Ero oraesssa oT 30HBI paspssa
AHIACKTPUYECKAA IIOACTABKA U3 IIAOTHOTO KAPTOHA.
Kopob coeamHsAACA MEAHBIM ITIPOBOAOM AAMHOM
1700 mm ¢ saexrpockoniom (Puc. 15). Mamepena
9ACKTPHYECKAS] EMKOCTb CHCTEMBI KOPOO-IIPOBOA-
saekrpockorr. Ona oxasasace pasuoit ~ 3-107 .
TecTroBble HCIBITAHUA 9ACKTPOCKOIIA IIOKA3AAH,
YTO IIOAAYa HA MEAHBIH KOpoO HampsmxeHus 1.8
KB IIpHBOAHT K CMEIIEHHIO €0 AHMIACKTPHYECKUX
AertectkoB Ha 1.5 Mm. Takoe cMerrenue AenecTkoB
BbI3bIBacTCA 3apiaom ¢ = C-U = 3:107:1.8-10° =
5.4:10° Ka. AHAAOTHYHOE PACXOKACHUE ACIIECTKOB
B 9KCIIEpUMEHTE TPOUCXOAUT 3a 10 ceKyHA pabOTHI
Pa3pAAHOM KaMepPhI C IOAAYEH BOAO-BO3AYIITHOM
cMecn. D1o o3Havaer, 410 32 10 cekyHA B KOpoOe
3acTpAAO N gacTuIr “reMHOTO BOAOPOAA” H2 KAKAAS
C 9A. IIOAEM, 9KBUBAAEHTHBIM ~ 10 eAmHIIIAM 32apAa
9AEKTPOHA:

N=5410°Ka/(100-1.6-10""Ka) = 3-10" uacrun
3a 10 cexyna

Pasunmia B BO3AEGHCTBHH  KOHTPOABHOTO
Hanpsxeausa 1.8 xB m 3apaaa or “remmoro
BOAOpPOAAQ” Ha 3AEGKTPOCKOII IIPOABHAACH B
CKOPOCTH pas3paAKH aAekTpockoma. CKopocTs
Pas3pAAKH AAA ““TEMHOTIO BOAOPOAA’ Ha ITOPAAOK
MEAAEHHEE, YTO COBEPIIEHHO IIOHATHO, ECAH
VYIECTh KaKas OOABIIAA MACCA Y YACTHIL “TEMHOTO

BOAOpOAa” CO CBA3aHHBIM C HHMM BEC€IIIECCTBOM.

T kopoG u3 MeaHon honbrn
/oﬁbemou 9x10%6 cm”

Ha AW anekTpHuyeckon
" nogetaeke

—12 kB | |

paspagHas kamepa oG remMom
14x15x13 cm?

+12 B

3nekTpockon

BRITANKE
_~ reHepartop

BOA0-BO3AYIWHONM
cMECH

Puc. 15. Cxema sxenepumernma no sapaoke xopoba us
MeoHol o2 «meMHbIM 6000p000MY.
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DTO HOKa KAaYeCTBEHHOE Ha6AI-OACHI/IC ABAACTCA

OYeHb yOeAHTEABHBIM ITOATBEPKACHHIEM
0OOCHOBAHHOCTH HAIIIEH TEOPETHIECKOH MOACAH.
Haao ormeruts, uro mpum paborte paspssa Oe3
IIOAQYH BOAOBO3AVIIHOM CMECH HAKOIIACHUS

sap;ma Ha 3ACKTpOCKOHC HE HpOI/ICXOAI/IT.
8.2. I3MEPEHUE AABAEHUS B 3AMKHYTOM OB BEME

HedrpaapHblil 1m0 3apsAAy ““TEMHBIE BOAOPOA”
CO3AAET BOKPYI €eOf CHABHOE 3JACKTPHUUECCKOE
IIOAC U CITOCOOEH COOHPATH AUIIOABHBIC MOACKY ABI
U3 BO3AYXa, B IIEPBYIO OYEPEAb MOACKYABI
KHCAOPOAA. YMEHBIIIEHUE KOANYECTBA YACTHIL
B 3aMKHyTOM oOObeMe Ipu (PUKCHPOBAHHOMN
TEMIIEPATYPE IPUBOAUT K IIAACHUIO AABACHH.
Takum 00pasoM, IIPOHHKHOBCHHE “TEMHOTO
BOAOPOAA” dYepe3 CTCHKH B 3AMKHYTHIH COCYA U
IIOCACAVIOINASA PEAKIUA “TEMHOIO BOAOPOAA”
C MOACKYAAMH BO3AYXa AOAJKHO IIPUBOAHTH K

IIAACHUIO AABACHUS.

Ha puc. 16 mnoxazama cxema 9SKCIEpUMEHTA
C M3MEPECHUEM AABACHHA B 3aMKHYTOM OOBEME B
OKPECTHOCTH UCTOYHHKA ‘“TEMHOTO BOAOPOAA™.

! USB)qm‘\ullx Aasnenna 0-200 «Ma
- CHNWKOHOEBAA myﬁomca
\\ _ABHYTD. AnameTp 3 mm gnuna 2700 mm

N
= [TEPMETHUHBIN COCYA,

HOTEYK W3 nnacTHka

V=10.5 nutoa
=12 B I I

paspwaa/lcauepa obvemom
14x15x13 c®

3KPAaH OT 3-M NoMex
" +12 B

BbITAKKA
_~ reHeparop
BOAO-BO3AYLWHON

Checu

Puc. 16. Cxema sxenepumenma no usmepernuro naderus

dasenus  6030)xa 6  cocyoe,
60d0podomy. Om paspada do cocyda 5 em.

05./1]%616]\40./\4 CIEMHBIM

wm | Pylla

& teek

Puc. 17. Aas.senue 6 cocyoe npu paspade bes napososdyuirori

cpedst.
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was | & e

an 100 = 0.0 4aa a0 saa 0 = w0 1096 1104 1200

Puc. 18. Aas.senue 6 samumnymom cocyoe, pacnososcerrom
pAdom ¢ om0l paspada, npu nodave 6 301y paspada
napososyuioll cmect.

AaBAeHUME B 30HE PAAOM C PaspAAOM IIpH
BBIKAIOYCHHOM IIOAAYE IIAPOBO3AVIIHOI CMecH
crabuapno, puc. 17. IIpu moaade mapoBOATHOI
CMECH AQBACHHE B COCYAC HAYHMHACT IIaAATb.
Aasaenme ymaro ma 0.02 xIla (0.02%) 3a 10
cekyna (puc. 18). Bcero B cocyae 13.4:10%
MOAEKYA BO3AyXa, n 3a 10 CEKyHA «TEMHBIN
ceazan  0.02% (27-10") moaekya

BO3Ayxa. EcAn cumrars, 910 B cocya nonaao 10"

BOAOPOA»

YaCTHIL “TEMHOTO BOAOPOAA” (COCYA IIO pasmepy
OAM30K K KOpOOy m3 (POABIHM U3 IIPEABIAYIIIEIO
5KCIIEPUMEHTA), TO MOKHO 3aKAFOYUTE, YTO OAHA
YacTHIA “TEMHOIO BOAOPOAA~ CBA3aAA ITOPAAKA
10® MmoAeKyA BO3AyXa.

briao  mposeaeHO  m3MepeHme  maAeHHA

AABAECHHA B ABYX COCYAAX, PACIIOAOKEHHBIX Ha
Pa3HBIX PACCTOAHMAX OT pa3psAAa, puc. 19. Buano,
4TO Ha OoAbmux paccroaHuax (30 cm) mapseHwme
AABAEHHSA B COCYAE IPAKTUYECKI HE HAOAFOAAETCA.
D10 coraacyercs € AaHHBIMEH paboTeEL [5], TAe

OOHAPYKEHO, YTO ‘‘HEU3BECTHBIC YACTUIIBI

Ha 1-2 mopsaxka mesbine peructpupyrorca CD
AUCKAMU Ha paccTOAHUAX OoApmux 20 cMm oT

peakropa XAC.

10145
10140
10135
10130
10128
10120
10015
10110
10105

101.00

10095 teew

00 5000 1000.0 19000 20000 25000 2000.0 35000 40000 4500.0 5000.0

Puc. 19. Msmenenue dasaenus 6 samxmymerx cocydax

(obwerm = 0.5 aumpa), o6ayvaemvrx “memmsim 6000podom”:
cunag Kpusas - 5 em om paspada, Kpacras kpusas — 30 cm
om paspada
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Peakrop (XSC).

Kpyrunsssie sece.  [lapadma.

Puc. 20. Oneim no sosoedicmeuro peaxmopa XAC na
Kpymuavisie sechr.

8.3 KPYTHUABHBIE BECHI C HUKEAEBOI ITAACTHUTHOM
U MATHUTHUKAMU

KpyTruAbHBIE BECH ¢ HUKEAEBOH MAACTHHON I
Marautukamu (Pmc. 20) mauymHaroT Bpamarbes
IIPOTHB YaCOBOM CTpeAKH BOAU3H peakropa XAC
COAEPIKAIIIETO HABOAOPOKEHHBIN HHKEAB (CM.
puc. 1). D10 0OBACHAETCA IIOTOKOM “TEMHOIO
BOAOpOAA”, XSC-
peakTopa, HabupaeT maccy B OAoke mapadpuna

KOTOPBI  BBIAETAET W3
(roammHa 6 CM) B PACKPYyYHBAET KPYTHABHBIE
BECHI.

9. BAKAFOUEHHME

1. Tlokasamo, 9TO BemecTBO, OOPA3yIOIEe TPEKH
u kparepsl Ha CD Amckax, mepenocurca 1o
TPAKTY C MAPOBO3AYITHOM CMECHIO.

2. Ilokazamo, w49ro BemecTBo, OOpasyroree
Tpekn u Kpatepsl Ha CD Amckax, oOpasyercs
IIPH TOPEHUH YIAEBOAOPOAQ, IIpH pabore
ABUTATEAA  BHYTPEHHETO

CFOpaHI/I}I, HpI/I

3apAAKe cMapTdoHa.

3. PaspaGoraHbl HOBBIE OOBEKTHBHBIE METOABI

AHATHOCTHKHI “TeMHOrO BOAOPOAR”,

VYUTBIBAIOIIME €ro  (DU3UYECKHUE CBOMCTBA.
[IpumeneHne 3THX METOAOB ITOKA3BIBACT, YTO H3
30HBI Pa3psiad B IIPUCYTCTBHH ITAPOBO3AYIIIHOM
cmecu BbiAeTaer He Menee 10! wactmir B
CEKYHAY, OOPa30BAHHBIX ‘“TEMHBIM BOAOPOAOM’ .
Kaxxaas wactuia moxer cazats A0 10° moaexya

KHICAOPOAAQ.
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