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Bb106tuma Hoeasl cunomezad 0 mMexaHuime 06pa306anz 2pa0a 6 yC]ZOGM}ZX
ammocgepul. Ilpednonacaemcs, umo 6 omauyue OmM U3BECHHBIX NPEObLOYUIUX
meopuii, obpazosanue 2paoa 8 ammocghepe 00)Cl0BNIEHO 2eHepayuell BblCOKOLL
memnepamypuvl npu paspsoe MmonHuu. Peskoe ucnapenue 600vi no paspsaoHomy
KaHamtny u 60Kpye e2co npueodum K DE3KOMY 3amep3aruio ee C NoABJIeHUem zpa()a
pasuvlx pasmepos. [lnis obpazosanusi epada He obs3ameneH nepexoo HyNesou
uUzomepmul, OH 00pazyemcsi U 6 HUMICHeM meniom cioe mponocgepwl. I posotu

conymcmeyem epad. Bvinadenue epada nabarooaemcs moavko npu CUNbHLIX 2PO3aX.

KuroueBwble cioBa: epaduna, Hynesas memnepamypa, ucnapenue, noxXoio0aHue,

MOJIHUA, cpOo3a.
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ABSTRACT

Put forward a new hypothesis about the mechanism of formation of hail in the
atmosphere. Assuming it's in contrast to the known previous theories, hail formation
in the atmosphere due to the generation of heat lightning. Abrupt volatilization water
discharge channel and around its freezing leads to a sharp appearance with its hail
different sizes. For education is not mandatory hail the transition of the zero
isotherm, it is formed in the lower troposphere warm. Storm accompanied by hail.
Hail is observed only when severe thunderstorms.

Keywords: hailstone, zero temperature, evaporation, cold, lightning, storm.

YemoBek 3a49aCTyrl0 CTaJIKMBACTCSA CO CTpPAalIHbIMHU CTUXUUHBIMH SIBIICHUSIMHA
IIpupoaAbl 1 HCYCTAHHO 60peTC}I IIPOTHUB HHUX. CTuxumHele 6GIICTBI/IH U IMOCIICACTBUA
KaTacTpOUUYECKUX MPUPOIHBIX SBICHUUN (3emiempsicenus, ONOJ3HU, MOJHUU,
YYHaMU, HABOOHEHUs, U3BEPIUCEHUS  BYIAKAHO8, MOPHAOO, Ypazauvl, 2pao)
MIPUBJICKAIOT BHUMaHHWE Y4Y€HbIX Bcero mupa. He cmywaiino, yro nmpu IOHECKO
CO3/IaHa crenuaibHas KOMHUCCHS To Y4€Ty cruxuitHbix OenctBuit — UNDRO
(United Nations Disaster Relief Organization — Jluxeuoayuu nocredcmeuii
cmuxuunolx ~ 6edcmeuti  Opeanusayuei  Obveounénnvlx  Hayuu).  1lo3HaB
HCO6XOI[I/IMOCTI> O6T>€KTI/IBHOFO MHpa, U HeﬁCTBYﬂ, B COOTBETCTBHUH C HCHO, YCJIIOBCK
IIOJUYUNHACT 0666 CUJIbl IIPHUPOABI, 3aCTAaBJLICT HMX CIYXKHTb CBOMM IOCIKIM H
npeBpaiaercss U3 pada MpPUPOIbI BO BJIacTEIWHA MPUPOALI M TEpecTaéT ObITh
OCCCHUIIBLHBIM TIepel MPUPOIOH, CTAHOBUTCSA CBOOOIHBIM. OJIHUM U3 TaKUX CTPAITHBIX
OeACTBU SIBISIETCS Tpajl.

HenaBno Oblmu  omyOnukoBaHbl [7] HEKOTOpbIE AJIEMEHTHI  Ipoliecca
oOpa3oBaHusl rpaja B KpaTKoil popme.

Ha wmecre mnameHust rpaa, B NEPBYIO O4YEpElb, YHHUYTOXKAET KYJIbTYPHBIE
CEJILCKO3SIMCTBEHHEBIE paCTCHUA, y6I/IBaeT CKOTa, a TaKKC CaMOI'0 4Y€JIOBCKA. I[GJ'IO B
TOM, UTO BHE3AaITHOC U C 6OJ'II)IHI/IM IMPUTOKOM HACTYINUICHUC I'pajia UCKIIIOYACT 3alIUTy
oT Hero. MHor1a 3a CYNTaHHYI0 MUHYTY MOBEPXHOCTHh 3EMJIM MTOKPBIBAETCS TPATOM C

TonmuHOM 5-7 cM. B paiione KucnoBoacka B 1965 roay Bbiman rpaja, HOKPHIBIIUN



3eMiito cioeM B 75 cm. OObruno rpaa oxsarbiBaeT 10-100 xm paccrosnus. JlaBaiite
BCIIOMHHUM HECKOJIbKO CTPAIIHBIX COOBITHIA U3 MPOILIOTO.

B 1593 roay B ogHO# 13 mpoBUHIMK PpaHIIUKM BCIIEACTBHE OYIITYIOIIETO BETpa
Y CBEpKaIOIeil MOJIHUU BbIMAJ Ipaj] ¢ TpoMaaHbM BecoM 18-20 ¢ynT! B pesynbrate
ATOro ObUT HaHECEH OO0BIION yIepO MoceBaM U pa3pylIeHO MHOTO 1IEPKBEH, 3aMKOB,
JIOMOB M JAPYTUX coopyxkeHui. XKepTBaMu 3TOT0 y>KaCHOrO COOBITHS CTald U CaAMH
monn. (30ecv naoo yuwecms, umo 6 me 6pemenHa (pynwm Kax eOuHuya eeca umel
HeCKOIbKO 3HayeHuti). ITO ObUIO YXKACHOE CTUXHITHOE OelICTBHE, OJIHO M3 CaMbIX
KaTtacTpouyecKux rpago0duTuii, oopymmBimuxcs Ha @pannuio. B BocTouHoit yactu
mrata Konopano (CIIIA) exxerogHo MpoOUCXOAUT OKOJIO IIECTH IPajoOnuTH, KaXK10e
U3 HHUX TPUHOCUT OTPOMHBIC YOBITKHM. ['pamoOutus wyamie BCEro Ciy4aroTcs Ha
CeBepnom Kagkaze, B AsepOaiimxane, ['py3un, ApMmeHuH, B TOpHBIX pailoHax
Cpenueit Azun. C 9 na 10 umrons 1939 roma B ropome Hanmpuuk BeIman rpaj
BEJIMYUHOW C KYpHUHOE SMII0, COMTPOBOXKAAIOLIMNCS CUIIBHBIM JINBHEM. B pe3ynbrare
OBLJI0O YHUYTOXEHO cBblIe 60 THICAY ra MIIEHUIBI U OKOJIO 4 ThICAY Ta JAPYrUX
KYJIbTYp; ObLIO YOUTO OKOJIO 2 ThICSY OBeIl'".

Koraga peur umaér o rpaavHe, B NEPBYIO OYEpellb, OTMEYAIOT pa3MEphl €e.
['pamunbl, Kak OOBIYHO, OBIBAIOT pa3HbIE MO BEIUYMHE. MeTeoposiorn U Apyrue
MCCIIeIoBaTeNn 00pamaT Ha ce0si BHUMaHUE caMble KpyrHbIe. JIF0OOMBITHO, y3HATh
0 coBepuieHHO (aHTacThueckux rpaauHax. B Munuu m Kutae Obuio oOHapykeHO
nmajieHue ¢ HeOec JesIHbIX TIBI0 BecoM 2-3 xe. Jlaxke roBopsT, 4To B 1961 roay B
Cesepnoit Unauu tspkénas rpaguna youna ciona. B 14.04.1984 roxy B HeOoJIbIIIOM
ropoge l'omanranmx pecnyonukyd banrimangem mamand TpaJuHbl Maccod B 1 K,
NpUBOJAIIME K THOenn 92 4yeloBeK U HECKOJBKO JIECATKOB CIOHOB. Jlake 3TOT rpan
3aHecéH B KHUTY pekopaoB ['mnneca. B 1988 roay B banrnanem 250 yenoBek ObLIN
xepTtBamu Tpagooutus. A B 1939 romy Obuta oOHapy»)eHa TpaauHa ¢ BecoM 3,5 xe.
CosceMm HepaBHO (20.05.2014 r.) B ropone Can-Ilayny bpasunuu Bbnana rpaguHa
HACTOJIKO KPYIIHOW pPa3MEpPHOCTH, Ky4yy KOTOPOW U3BJIEKAIU C YIMI TKEIOU

TEXHUKOMU.



Bce st nmaHHbIe TOBOPSAT O TOM, YTO HAHECEHHE yiiepda rpagoOutueM Ha
KUA3HENICSITEIbHOCTh YEJIOBEKa HMMEET HEMAIOBAXHOE 3HAYCHUE, 4YEM JApPYTrue
AKCTPAOPAUHAPHBIE NPUPOAHBIE sBJICHUS. CyAs IO 3TOMY, KOMIUIEKCHOE U3yYEHHE U
HaXOXXJEHUE TPUYHHBI 00pa30BaHUS €r0 C MPHUBJICUYCHUEM COBPEMEHHBIX (DH3HKO-
XUMUYECKUX METOJOB HCCJIEJIOBAHMM, a Takke OOpbObl € 3THUM KOUIMapHBIM
(heHOMEHOM SIBJISIIOTCS AKTYaJIbHBIMU 33JladyaMu TIepe]l YeJI0BEUECTBOM BCETO MUPA.

KakoB neiicTByrommii Mexanu3m o0pa3oBaHusi rpaga?

3apaHee OTMeUy, 4TO JO CHX IOpP HET MPABWIBHOTO U MOJIOKUTEIBHOTO OTBETA
Ha 3TOT BOIIPOC.

Hecmotps Ha co3nmaHue mepBOWM THIIOTE3BI IO 3TOMY MOBOJAY €IIE B IIEPBOU
nonouHe XVII Beka JlekapToMm, OAHAKO, HAYYHYHO TEOPHUIO T'PAJOBBIX MPOLIECCOB U
METOJIOB BO3JCHCTBUS Ha HUX pa3zpaboTaini (PU3NKK U METEOpPOJIOTH JHIIL B
cepeauHe npouuioro Beka. Cienyer OTMETUTD, UTO €IIE B CPEAHUX BEKaX U B MEPBOM
nosoBuHe XIX Beka ObUIO BBIJBUHYTO HECKOJBKO MPEIINOJIOKEHUN pa3HbIX
uccienoBarenie, Ttakux kak, byccenro, IlIBenoB, Knoccosckuii, Bomnbra, Pelie,
O®eppen, ['an, Dapaneit, 3ouke, PeitHonbn u ap. K coxaneHuto, UX TEOpPUH HE
MOJYYWJIN CBOM NOATBEpKAcHUA. ClenyeT OTMETUTD, YTO U MOCIEIHUE B3TJIAABI T10
JTAHHOMY BOIIPOCY HE MPEICTaBIIAIOT CO00I HAy4YHYI0 000CHOBAaHHOCTbH, U JIO CHX TTOP
HET HMCUEPIBIBAIOIIUX MPEACTABICHUM O MEXaHu3Me IpanooOpa3zoBanus. Hammuue
MHOTOYHUCIICHHBIX JKCIEPUMEHTAIbHBIX JIAHHBIX W COBOKYIIHOCTbH JIUTEPATYPHBIX
MAaTEPUAJIOB, MOCBSIMIEHHBIX J3TOW TEME Jajlyd BO3MOXHOCTb IIPEAIIOJI0KHUTh
CJIeYIOIMIA MEXaHW3M O00pa3oBaHMs Tpaja, KOTOpbIM Obul mpusHaH BcemupHoi
METEOPOJIOTHYECKON OpraHu3aleld U Mpoa0JIKaeT IeUCTBOBATh IO CUX TMOP (¥modbl
He ObLI0 pazHo2ACUll, Mbl O0CI06HO 6bl0aém dmu paccyxicoenus) [1,6,23]:

«lloonumarowuiicss om 3eMHOU NOBEPXHOCMU 8 HCAPKULL TeMHULL OeHb Menblil
8030VX OXIAAHCOAEMCSL C BLICOMOLU, A COOEPAHCAUWAACS 8 HEM 81d2d KOHOEHCUpPYemcs,
obpazyemcs obnako. llepeoxnasicoennvie Kaniu 6 0OIaKax 6Cmpeyaromcs oaxce npu
memnepamype — 40 °C (svicoma npumepno 8—I10 km). Ho smu xanmu ouews
Hecmabunonvl. TloOHamble ¢ 3eMHOU NOGEPXHOCMU Meabyauuiue Yacmuyvl neckd,

CONMU, NPOOYKMbl C20panus U Oadce Oakmepuu npu  CMOJIKHOBEHUU C
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NepeoxIaNCOeHHbIMU Kaniamu Hapywaiom xpynkuii oanawnc. Ilepeoxnasxcoennvie
Kaniu, 6CMynusuiue 6 KOHMAKm C mMEepobiMU YACMUYAMU, HPespaujaromcs 6
JIEOSIHOU 3apO0blld 2PAOUHDIL.

Menxue epadumnst cywecmeyiom 6 6epxHeti NOI08UHE NOYMU KAHCO020 KYUeBO-
000ic0e8020 001aKa, HO Yawe 8ce20 MmakKue 2pacutvl NPU NPUOIUNCEHUU K 3eMHOLL
nosepxvocmu maiom. Tak, eciu cKOpocmb B0CXO0AUUX NOMOKO8 6 Kyueso-
0odicoeeom obaaxe oOocmuecaem 40 Km/u, MmO OHU He 6 CUIAX YOepIHCamb
3apoousuiuecs epaoumvl, NOIMOMY, HPOX0Os. CKB03b MEeNIblll CIOU B8030yXd Ha
gvicome om 2.4 00 3.6 kM, OHU 8bINAOAIOM U3 001AKA 6 BUOE MEIKO20 «MIACKO20»
epada 1ubo u 6o6ce 8 gude 00x#cos. B npomuenom cayuae eocxooswjue nomoxu
6030yXa NOOHUMAIOM MeKUe epaouHsl 00 clloes 8030yxa ¢ memnepamypot om — 10
°C 0o — 40 °C (svicoma medxncoy 3 u 9 km), ouamemp 2paduH HavyuHaem pacmu,
oocmueas NOpou  HeCcKolbkux —cawmumempos. Cmoum ommemums, YMoO 8
UCKTTIOUUMENbHBIX CYYASIX CKOPOCb B0CX00AWUX U HUCXOOAWUX NOMOKO8 8 00JlaKe
moxcem Odocmueams 300 km/u! A uem 8vlute cKOpoCcmb B0CX00AUUX NOMOKOE 8
Kyues0-002ic0esoM obaake, mem Kpynmee 2pao.

s obpazosanusi epadunvl pasmepom ¢ wiap oas 2oavgha nompebdyemcs 6onee
10 muniuapoos nepeoxnaxdcOeHHvlX Kaneib 600bl, d Cama 2paouHa OOJHCHA
ocmasamuvcs 6 oobaake Kak MuHumym S5—I10 munym, umobwsl Odocmuub CmoJb
KpynHoco pasmepa. Haoo samemums, umo na gopmuposanue oOHOU Kaniu 00x#cOs
He0bX00uM NPUMEPHO MULTUOH MAKUX MEIKUX NePeoXnadcOeHHbIX Kaneib. | paounsl
ouamempom 0Oonee 5 cM 8CMpeuarOmcs 8 CyYnepAueluKo8ulX K)ueso-00MHCOeBblX
001aKax, 6 KOMOpbIX HAOAIOOAIOMCA OYEHb MOWHbIE B0CX00AWUEe BO30VUIHbIE
nomoku. MmeHHo cynepsaueurogvle epo3vl NOPOHCOAIOM CMEPUU-MOPHAO0, CUTbHBLE
JIUBHU U UHIEHCUBHBIE ULKBAIIbL.

I'pao sevinadaem o06bIUHO NPU CUTLHBIX 2PO3AX 8 Menaoe 8peMs 200d, Ko2od
memnepamypa y nogepxnocmu 3emau ne Hudxce 20 °Chy.

Heobxoaumo moayepkHyTh, 4TO €€ B CepeArHE MPOLUIOro BEKa, BEpHEE, B
1962 romy @. JlagmemMoMm TakkKe TpeAioKeHa MmomoOHas Teopus [18],

MpeaycMaTpuBaroIas yciaoBue oOpa3oBaHus rpaavHbl. UM Takke paccMaTpuBaeTcs
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npouecc o0pa3oBaHUsl TPAAMHBI B MEPEOXJIAXAEHHON YacTH 00Jlaka U3 MEJKHX
BOJSHBIX KarejdeK W JICASHBIX KPUCTAUIMKOB MyTEM Koarymsamuu. [locmemHss
ornepanus J0DKHA MPOU3ZONTH CUJIBHBIM TOJHATHEM M CHUXXEHUEM TIpaJuHBI B
HECKOJIbKO KHJIOMETPOB, Tepexos HyleBylo u3zoTepmy. Ilo Bumam u paszmepam
IpaliH U COBPEMEHHBbIE YYEHBIE TOBOPST O TOM, YTO TPaJWHBI B TE€YCHUE CBOEU
(CKU3HU» MHOTOKPATHO YBJIEKAIOTCA TO BBEPX, TO BHHU3 CUJIBHBIMU TOKAMH
KOHBEKITUU. B pe3ynbpTaTe CTOJKHOBEHHS C MEPEOXIIKIEHHBIMU KATUISIMH TPAIUHBI
HapaluBalOT CBOU pa3MeEpBhI.

Bcemuphast Meteoposiorndyeckast opranuzanus B 1956 rogy gana onpejiesieHue,
qto Takoe rpax [5]: "I pao — ocaoku 6 éude cghepuneckux uacmuy unu Kycoukos ivoa
(epaounvl) Ouamempom om 5 0o 50 mm, uHo20a Ooavule, BvINAOAIOUUE
USOIUPOBAHHO UNU e 8 BUOe HEeNnpasUlIbHblX Komniekcos. I paounvt cocmosm
MOJILKO U3 NPO3PAYHO20 b0Ad UMU PAOA e20 Cl0E68 MONWUHOU He meHee I mm,
yepedyrowuxcs ¢ NOJYnpo3pPaA4HbIMU  CloMU. Buinadenue epada nabaooaemcs
00bIYHO NPU CUILHBIX 2po3ax”.

[Toutn BO Bcex OBIBIIMX W COBPEMEHHBIX HCTOYHHMKAX IO JIAHHOMY BOIIPOCY
YKa3bIBAIOT, YTO Tpaj oOpa3yeTcs B MOIIHOM Ky4eBOM oOOJaKe MpH CHIBHBIX
BOCXOJSIIMX MOTOKaxX Bo3ayXa. JTo BepHo. K coxaneHuto, coBcem 3a0bITO IMPO
MOJIHMHM W Tpo3bl. U mocneayromas uHTepnperamnus (popMupoBaHHUs TpaJuHbI, Ha
HAIII B3TJIS1]], HEJIOTHYHA U TPYIHO BOOOpazuMma.

[Ipodeccop KioccoBckuil TmaTenbHO W3Y4YWJ BHEIIHWE BHUJIBI TPAaJUH U
oOHapyuJl, 4YTO OHH Kpome cdepudeckoil (POpMbI, HMEIOT pAd JIpPYrux
reoMerpuueckux (Gopm cymectBoBaHus [9]. OTH  JaHHBIE yKa3bIBAlOT Ha
oOpa3oBaHue IrPaJIUHBI B Tporocdepe Mo HHOMY MEXaHU3MY.

[Tocne 03HAKOMIIEHHUSI CO BCEMH dTUMHU TEOPETHUECKUMU B3TIISAAMH, TTPHBIICKIIO
Hallle BHUMaHHUE HECKOJbKO WHTPHUTYIOITUX BOIPOCOB:

1. CocraB oOmaka, HaXONSIIErOCs B BEpPXHEH dYacTH Tpomocdepsl, TIe
Temreparypa jgocturaet mnpubmusutensHo — 40 °C, yKe COIEpKHT CMeCh
MePEOXTKIEHHBIX BOISHBIX KarelieK, KPUCTAIUIUKOB JIbIa M YaCTHI] TIECKa, COJIEH,

Oakrepuil. [loueMy He HapyIIaeTcst XpyNKUi SHEpreTuiecKkuii bananc?



2. [To mpu3HnaHHOW coBpeMeHHOM o0uieit Teopuu [1,6,23] , rpaanna morna
Obl 3apokaaThes U 0e3 paspsaa MOJIHHM Wiu Tpo3bl. [y oOpa3oBaHusi TpaguHbl C
OONBIIMM pa3MepoM, MaJeHbKHE JIbJAUHKH, O00S3aTEIbHO MOJDKHBI TMOJHUMATHCA
HECKOJIBKO KHJIOMETPOB BBEpPX (MHHHUMYM 3-5 KM) M ONyCKaTbCA BHH3, MEPEXOId
HYyJIeBYI0O H30TepMy. [IpuTOM 53TO AOMKHO TMOBTOPUTHCS JO TEX MOp, MOKa HE
oOpa3oBajiach B JIOCTaTOYHO OOJBIIOM pa3Mmepe rpaauHa. Emé k Tomy ke, yem
0oJbIlIe CKOPOCTH BOCXOJSIIMX TIOTOKOB B O0JIake, TeM KpyIHEe JOJDKHA
HOJIyYUThCs rpaauHa (0T 1 Kr-a 10 HECKOJMBKHUX KI) U JJIsl YKPYIHEHHUS OHA JI0JKHA
ocTtaBatbcs B Bo3ayxe 5 — 10 munyt. MHTEpecHo!

3. Boobmie, TpyaHO BoOOpa3uWTh, YTO B BEPXHHUX CIOSX aTMoc(hepsl
COCPEIOTOYUTCSl CTOJIb TPOMAJHBIX JIEASHBIX TIIBIO ¢ BecoMm 2-3 kr? Beixomut, 4To
IpaJvHbl ObUIH €€ KPYNMHBIMA B Ky4€BO-I0KJIE€BOM OOJlake, yeM HabJto1aeMble Ha
3emiie, MOCKOJBKY 4YacTb €€ pacTaeT NpU NAaJCHHUH, MPOXOJA 4yepe3 TEIUIbI CIon
Tpornocdepsl.

4, ITockoJIbKy METEOpOJIOTH HEPEAKO MOATBEPKIAIOT: ... 2pao evinadaem
00bIYHO NPU CUTBHBIX 2p03axX 6 Mménjoe epems 2004, Ko20a memnepamypa y
nogepxuocmu 3emau ve nHuxce 20 °C”, TeM HE MEHEE, HE YKa3bIBAIOT PUYHUHY 3TOTO
sBJIeHUs. EcTecTBEHHO, CIIPAIIMBAETCs: B UEM 3aKitouaeTcst 3pQGeKT rpo3bi?

I'pan mouTu Bcerna BhIMAAAET MNEpei JIMBHEM WIM OJIHOBPEMEHHO C HUM H
HUKorAa nocie Hero. OH BbIMaaaeT O0JNbIIEIO YaCThIO B JIETHEE BpeMs U THEM. ['pan
HOYBIO — sIBJICHHE BecbMa peakoe. CpeaHsis IpoAOIKUTEIbHOCTh TPaJoOUTHS — OT
5 mo 20 mMunyt. I'pag kKak OOBIYHO, MPOUCXOIUT HAa TO MECTO, TJI€ MPOUCXOJUT
CUJIbHBIN pa3psij MOJIHUM M BCET/a CBSA3aH C Tpo3oil. be3z eposwl epada He Ovisaem!
CrnenoBaTenbHO, MPUYUHY 00pa30BaHUs Tpaja, HEOOXOAMMO Pa3bICKUBaTh UMEHHO B
5ToM. ['JaBHBIM HEIOCTATKOM BCEX CYUIECTBYIOUIMX MEXaHU3MOB OOpa30BaHUs
rpaja, Ha HAll B3IV, SIBJSETCS HEMPU3HAHWE JOMUHHUPYIOMICH pOJM pas3psiia
MOJIHUMU.

HccnenoBanus pacupeneneHus rpagaoB U rpo3 B Poccun, npoussenéuusie A. B.
KioccoBckum [9] mOATBEpPKIalOT CYIIECTBOBAHUE CAMOM TECHOM CBSI3M MEKIY

9TUMHU JABYMA ABJICHHUAMU: I'pad BMECTC C I'PO3aMU ObIBaeT OOBLIKHOBEHHO B IOIO-
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BOCTOYHOW YacTU LUKIOHOB; OH uauje mam, 2oe yauje 2posvl. CeBep Poccun Oenen
CIy4asiMd BBITIQJIEHUsI Tpajia, WHA4Ye CKa3aTh, TPAJOOUTHSIMHU, MPUYMHA KOTOPOTO
OOBSCHSIETCSI OTCYTCTBHEM CHJIBHOTO paspsiia MOJHHH. A Kakyl0 pojib HWIPaeT
MoHUA? OOBSICHEHUS HET.

Heckosbko MOMBITOK HAXOXKJEHUSI CBA3U MEXIY TpajoM U Tpo3oH emé ObuIo
npenanpunaTo B cepeaune XVIII Beka. [10]. Xumuk ['toliTon 1e MopBo, oTBeprasi Bce
70 HEro CyIIECTBYIOIIME HJEU, MNPEIJIOKUI CBOK TEOPHUIO: HAIIEKMPUIOBAHHOE
ob.1ako yyue nposooum snekmpuvecmeo [22]. A Homne BuiaBuHYN uaero [25], uro
BOJa Hcrapsiercs ObICTpee, KOIJa OHa Ha’JIEKTPHU30BaHAa U PacCyXAall, YTO 3TO
JOJIKHO HECKOJBKO YCHJIMTBH XOJIOJ U Takxke (paHTa3upoBal, YTO MAp MOXKET CTaTh
Jy4YlIUM TPOBOJHUKOM TEIUIA, €CJIM €ro Hal’JIeKTpu3oBaTh. [TOWTOHA mMOJBEPT
kputuke Xan Anzape Mowx> u nucan [24]: 3TO BEpPHO, YTO 3JIEKTPUYECTBO
YCUJIMBAET HCHApPEHUE, OAHAKO HARJIEKTPU30BAHHBIC KaIUIAd JIOJDKHBI B3aHMMHO
OTTAJIKUBATKLCS, @ HE CIUBATHCS B OOJIBIIINE TPAUHBI. DIIEKTpUUYECKas TEOpHsl rpajaa
ObLIa MpeioKeHa APYTuM U3BECTHBIM (hu3ukoM Alekcanapom Boabera [27]. Tlo ero
MHEHHIO, 3JIEKTPUYECTBO UCIIOIB30BAIIOCh HE B KAY€CTBE NMEPBOIPUUYUHBI X0JI0Aa, a
JU1sl OOBSICHEHHS TOTO, OYEMY TPAJUHKN OCTAIOTCS B3BEUIEHHBIMU CTOJIb J0OJTO, YTO
YCIIEBAIOT BHIPACTH. XOJIOJ BO3HUKAET B PE3yJbTaTe OYEHb OBICTPOrO HCHApECHUS
00J1aKOB, KOTOPBIM CIIOCOOCTBYIOT MOIIHBIN COJIHEUHBIN CBET, Pa3peKeHHBIA CyXOu
BO3YX, JErKOCTh HCHApeHUsi IMY3bIPbKOB, W3 KOTOPBIX, CHEJIaHbl o00jaKa, Hu
npeanonaraemMpii  3pQekT srIeKTpuyecTBa, MoMorampimiero ucnapeHuto. Ho kak
rpaJvHbl YACPKUBAIOTCS B BO3JyXe B TeueHHe AoctaTtouHoro Bpemenu? Ilo Bombry
ATy NPUYUHY HYKHO HAWTH TOJIBKO B dJekTpuuectBe. Hy kak?

Bo Bcsikom ciydae, k 20-m rogam XIX B. cioxuiioch oOiee yoexIeHue, 4To
COYeTaHue rpaja U MOJHUU O3HAYAET JIUIIb, YTO 00a ITH SBJICHUS BO3HUKAIOT MPU
OJIMHAKOBBIX YCIIOBUSAX MOTO/bl. TakoBO ObUIO SICHO BhIpaxkeHHOE B 1814 T. MHEHHE
¢on byxa [19], a B 1830 1. 310 e pemmuTensHo yTBepxaan Jlenucon OmpMcTen U3
Wens [26]. HaunHas ¢ 3TOro BpEeMEHHM TEOpUU Tpaja ObUIM MEXaHMYECKUMHU U
OCHOBBIBAJICH ~ Ooyiee WM MeHee TBEPAO Ha MPEJACTABICHUSX O BOCXOMISIIMX

nmotokax Bo3ayxa. I1o reopun @eppens [20], kaxkaast rpagruHa MOXKET HECKOJIBKO pa3
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najgaTh U mogHuMathes. [lo dncnmy ciio€B B rpagnHax, KOTOPHIX WHOTJA OBIBAET 0
13, ®eppenb cyauT o uucie 00OpPOTOB, COBEPUICHHBIX TpaauHOoW. Llupkymsims
IPOUCXOJUT A0 TEX MOp, MOKa I'PaJuHbl HE CAeNarTcs oueHb Ooibpmmmu. Ilo ero
BBIYHMCIICHUIO, BOCXOISAIIUN TOK CO CKOPOCTHIO 20 M/C B COCTOSHUW TMOJACPKUBATH
rpaj B 1 cM B AuameTpe, a 3Ta CKOPOCTh JJIsi CMepyYeil emi€ TOBOJbHO YMEpPEHHas.

HmeeTcss psii CpaBHUTEIIBHO HOBBIX HAy4HBIX HcchemaoBanuii [12,14,15],
IIOCBSIIEHHBIX BOIPOCAM  MEXaHM3Ma oOpa3zoBaHusi Tpaga. B wyacTHOCTH,
YTBEPKJIAIOT, YTO UCTOPHUSL 00Opa30BaHus I'pajia OTpaKEHA B €ro CTPYKTYpPE: KPYNHAA
2paouna, paspe3annas nonoiam, noO0OHA TYKOSUYe: OHA COCMOUM U3 HECKOJIbKUX
cn0és voa. Unozoa epadunvl HanOMUHAIOM CILOEHbIIL NUPO2, 20e Yepedyromcs €0 U
cHee. M smomy ecmb c80€ 00bsICHEHUE — NO MAKUM CIOSAM MOXNCHO BbIUUCIUMD,
CKONLKO pa3 KYCoueK Jb0d CO8EepULAl CMPAHCMEUE U3 00HCOeBblX 001aK08 8
nepeoxnaxdcoénuvle ciou ammocgepvi. TpyaTHO BEpUTH: TpajJ ¢ BECOM 1-2 KI MOXKET
U TEPENpbITHYTh €II€ HaBepX A0 paccTosiHuA 2-3 KM? MHOrOCIOMHOCTH Jibla
(TpaauHbl) MOXKET MOSBUTHCS O Pa3HbIM puunHaM. Hanmpumep, pa3HOCTh JaBlIEHUS
OKpY Kalolllel cpeibl CTaHeT MPUYUHOM Takoro pernomena. U, BooO1e, mpuuém 311ech
cHer? JTo pa3Be CHer?

B nenaBHem caiite [16] Erop Ueme30B BbIIBHUTAaeT CBOK HICK M CTapacTcs
00BACHUTH 00pa3OBaHME KPYMHOTO Tpaja M yMEHHE €ro OCTaBaThCA B TEUCHHUE
HECKOJIbKUX MUHYT B BO3JYyX€ C MOSIBICHUEM «UYEPHOTO JbIpa» B caMoM obuake. I1o
ero MHeHuto: «['pam mnpuHHMaeT oOTpuUIATENbHBIA 3apsa.  Yem  Oosblie
OTpUIIATEIBHBIN 3apsi] 00bEKTa, TEM MEHbIe KOHIeHTpaluu 3¢upa (hu3ndeckoro
BaKyyma) B 3TOM 00bekTe!? A ueM MeHbIle KOHIEHTpalus dpupa B MaTepruaibHOM
o0BeKkTe, TeM Ooublliel aHTUTpaBuTanuei o obnanaet. [lo UemesoBy, u€pHas apipa
SABJISIETCSL XOPOIIEH JIOBYIIKOM Uil TrpaavHbl. Kak TOJIBKO, CBEPKAET MOJIHUS,
MoramaeTcsi OTPUIATENbHBIN 3apsi/l, U HAYMHAIOT NaJaTh FPaJUHBI.

AHanu3 MHPOBOH JTUTEPATYPHI TOKA3BIBAET, UTO B 3TON 00JIACTH HAYKU UMEETCS
MHOT'0 HEJIOCTAaTKOB U HEPEJKO CIECKYJISIITUH.

ITo 3aBepmenuto Bcecorosnoit koHdepenumun B Muncke B 13.09.1989 T,

MOCBANIEHHOM 1o TeMe: « CuHTe3 u HCCIICAOBAHUC IIPOCTArlaHAuHOB)», MBI C
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COTPYJHUKAMU MHCTUTYTA TTyOO0KOI HOYBIO BO3BpAIIAIMCh CaMOJIETOM U3 MUHCKa B
Jlenunrpaza. Ctroapaecca cooOluia, 4To Halll CaMOJIET JETUT Ha BbicoTe 9 xm. Mbl
OXOTHO HAOJIOJIau YyJOBUIIHEE 3peiullie. BHU3Y Moj HaMU OT HAC B PacCTOSHUU
npuMepHO 7-8 xkm (4yTh BBINIE MOBEPXHOCTH 3eMJIM) OyATO LLIAa CTpallHas BOITHA.
Oty ObUIM MOIIHBIE TPO30BBIEC Pa3psiAbl. A HaJl HAMU SCHAs TIOTO/IA U CUSIOT 3BE3/IbI.
U xorga mel ObuH Haj JIGHUHTpagoM, HaM COOOLIMIIM, YTO Yac Ha3aj B TOpO/1 BhIMall
rpag ¢ HoxkaéM. C 3THM 3MU30[0M XO4Yy OTMETHUTh, YTO TIPAJOHOCHAs MOJIHUA
3a4acTylo cBepkaer Onmxe K 3emie. [[ns BOSHMKHOBEHMsI Ipajla U MOJHUU HE
00s13aTeTbHO TOJHATHE MOTOKAa Ky4eBO-I0KIIEBbIX 001akoB Ha BbicoTy 8-10 xm. U
COBEPILEHHO HE HYXXHO NMEpeiTH o0jlakaMm BBIIIE HYJEBOro u3oTepma. ['pomagHbie
JesiHbIe TIBIOBI 00pa3yloTcs B TEIIOM ciioe Tponocdepsl. [l Takoro mporecca He
TpedyeTcss MUHYCOBBIE TEMIIEpaTypbl U OOJbIIME BBICOTH. Becem u3BecTHO, 4TO 063
rpo3bl MU MOJIHMM He Hactymaer rpan. llo-Bumgumomy, 1 oOpa3oBaHMs
AJIEKTPOCTATUYECKOTO MOJII HE 00s3aTENIbHO CTOJKHOBEHUE U TPEHUE MEIKUX U
KPYIHBIX KPUCTAJUIMKOB TBEPAOro JbAa, KaK 00 3TOM YACTO MHUILYT, XOTA IJIA
COBEpUICHMSI YKa3aHHOIO SIBJIEHUSI JOCTATOUYHO TPEHUE TEMIBIX U XOJOIHBIX 00JIaKOB
B JKHKOM COCTOSIHUU (KOHBeKIus). /st oOpazoBaHus rpo3oBoro obyaka Tpedyercs
MHOTO Biard. [Ipy omHOM W TOW K€ OTHOCHUTEIBHOW BJIAXKHOCTH TEMJIBIA BO3IYX
COJICP’KUT 3HAYUTENIbHO OOJIbIlIE BJard, 4eMm xoJioaHblid. [loaToMy rpo3a u MoaHUH,
00BIYHO, TPOUCXOJIAT B TEIJIbIE BPEMEHA I'0JIa — BECHOM, JIETOM, OCEHBI0. MexaHu3M
oOpa3oBaHMs DJEKTPOCTATUUYECKOrO0 TMOJid B oO0Jakax Takke I0Ka OcTaércs
OTKPBITBIM BOIIpOocoM. Mmeercst MHOTO mpeanosiokeHnid no 3romy Bompocy [10]. B
OJIHOM M3 HEJIaBHUX COOOIIAeTCs [S], UTO B BOCXOAIINUX MTOTOKAX BJIAYKHOTO BO3yXa
HapsJy C HE3apsHKEHHBIMM SIApamMu BCErja IPUCYTCTBYIOT IIOJIOXKHUTEIBHO U
OTpULIATETILHO 3apshKeHHble sapa. Ha mro0bIX M3 HUX MOXET NPOUCXOJUTH
KOHJIEHCAlMsl BJIarv. Y CTAHOBJIEHO, YTO KOHJEHCAUUs BJArd B BO3JyX€, NEPBBIM
HAaYMHAETCS Ha OTPULATEIBHO 3apsDKEHHBIX SApax, YE€M Ha  IOJOKUTEIbHO
3apsHKEHHBIX WM HeWTpanbHbIX sapax [11,13]. Ilo 3Toil mpuumHe B HUKHEW 4acTH
o0Jaka HaKaIIMBAIOTCS OTpULIATElIbHBIE  YaCTUIBl, a B BEpXHEW dYacTu —

nonoxutenbHble.  CrenoBarenbHO, BHYTpU  oOOJaka co3ga€rcss  IpOMaJHOE
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3MEKTPHYECKOE TOJe, HAMPSHKEHHOCTD KoToporo coctasister 10°-10° V, a cuma Toka
10°-3-10° A. Takas cuibHas pa3HUIla NOTEHIHAJIOB, B KOHIIE KOHILIOB, MPUBOAUT K
MOILHOMY SJICKTPHYECKOMY paspsity. Paspsn MoiHuE Moxer mmuthesi 10° (omma
MUJJIMOHHAS) CeKYHIABL. [Ipu paspsoe MOMHUU BblCBODOOMNCOAEMCS KOJOCCANbHASA
mennosas onepeus, u memnepamypa npu smom oocmueaem— 30000 °K/! Drto
OpUMEPHO B 5 pa3 Oosbllie, yeM TemriiepaTypa noepxHocTu ComHua. besycioBHo,
YJaCTHIIBI TAKOW TPOMATHOW SHEPTeTHUECCKOW 30HBI JOJKHBI CYIIECTBOBATh B (hopMe
IU1a3Mbl, KOTOPBIE MOCJE pa3psiia MOJTHUM MYTEM PEKOMOMHAIMK MPEBpAIllalOTCs B
HEUTpaJbHBIC ATOMBI UJIU MOJICKYJIBI.

K yeMy MokeT NpUBECTH ITO YKACHOE TEIJI0?

MHOrUM H3BECTHO, YTO TMPU CHIBHOM pa3psAae MOJHUUA HENTPaIbHBIN
MOJIEKYJISIPHBIN KUCJIOPOJ BO3/lyXa JIETKO MPEBpaIaeTCs B 030H U YYBCTBYETCS €ro
crienupUIecKuii 3anax:

20, + O, — 2041 (1)

Kpome Toro, ycraHoBI€HO, YTO B 3THUX CYPOBBIX YCJIOBHUSAX OJIHOBPEMEHHO
pearupyeTr Jake XMMHUYECKH MHEPTHBIN a30T ¢ KUCIOPOoJoM, oOpa3ys MoHO- NO u
mrokcun azota NOo:

N2 + 02 — 2NO + 02 — 2N02T (2)
3NO, + H,O — 2HNO3| + NO (3)

Ob6pazyrommiics amokcun azora NO, , B CBOIO odepenpb, MPUCOSAUHSACH C
BOJIOM, mpeBpamaercs B a3oTHyro kuciaory HNO;, koTopas B cocTaBe ocajka
BBINIAJIAE€T HA 3EMITIO.

Panee cumranu, 4To, comepikaiie B Ky4eBO-AOXKJEBBIX OOJIaKax IMOBapeHHAs
coiab (NaCl), kapoonarsr menounsix (Na,CO3) u mEnounozemenbHbix (CaCOgz)
METAJJIOB PEarupyroT ¢ a30THOW KHUCJIOTOM M B KOHEYHOM HTOTE OO0pa3yroTcs
HUTPATHI (CEJUTPHI).

NaCl + HNO; = NaNO; + HCI 4)
Na,CO;3; + 2 HNO3; = 2 NaNO3 + H,0O + CO, (5)
CaCO; + 2HNO; = Ca(NOs3), + H,0 + CO, (6)
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CemuTpsl B CMECHM C BOJOW SBIAIOTCS OXJIQAUTEIbHBIMUA BEIIECTBAMMU.
YuuteiBas 3Ty mpeAnochuiky, ['accennu ¢aHTazupoBall HACI0, YTO BEPXHHUE CIIOU
BO3JyXa XOJOJHbl HE TIOTOMY, 4YTO OHHM [JaJE€KM OT MCTOYHMKA TeIIa,
OTPAXAIOLIErocss OT 3€MJIM, a M3-32 «a30TUCTBIX KOPITYCKYJD» (CEIUTPbI), KOTOPHIE
TaM OYE€Hb MHOTOYMCIICHHBI. 3UMOM MX MEHBIIE, U OHH ITOPOXKAAIOT JIMIIb CHET, HO
JeTOM MX OoJbllle, TaK YTO MOKET oOpa3oBbIBaThCA rpan [21]. BnocneactBuu sta
TUIOTE3a TaKXkKe Oblila OIBEP)KeHa KPUTHKE COBPEMEHHUKAMHU.

Y10 MOKeET CIIYYNTHCS € BOAOI NPH TAKUX CYPOBBIX yCJIOBHAX?

06 smom 6 aumepamype nem ceedenuti. Harpesanuem no temnepatypsl 2500

°C [2] unu  mpoIyCKaHHEM Yepe3 BOAY MOCTOSHHOTO 3JIEKTPHYECKOTO TOKa IPH
KOMHATHOM Temreparype [8] oHa pasimaraercsi Ha CBOM COCTAaBIISIOIIME KOMIIOHEHTBI
U TEII0BOM A (EKT peakiuy MoKa3aH 1o ypaBHeHHO (7):

2H0(0c) — 2H1(2) + O21(2) = 572 ke (7)

2Ha1(2) + Oa1(2) = 2H0(0k) + 572 kllre - (8)

Peakuus paznoxxenue Bojbl (7) ABISETCA SHAOTEPMHUUYECKUM IPOLIECCOM U IS
pa3ppiBa KOBAJIEHTHBIX CBSI3€M JHEPrusl JOJDKHA BBOJAWUTHCS CHapyxku. OnHako B
JAHHOM CJIy4a€ OHAa  HMCXOJUT U3 CaMOW CHCTeMbl (B J@HHOM Cly4yae —
MOJISIPU30BaHHasl B 3JIEKTPOCTATHYECKOM IIOJIE BOZA). JTa CUCTEMa HAIlOMUHAET
annabaTUYeCKUi Mpoliecc, B UICTEUEHUN KOTOPOTO OTCYTCTBYET TEIIOOOMEH rasza ¢
OKpYXalollleld Cpeloil M Takue MPOLECChl COBEPUIAIOTCA O4YeHb OBICTPO (pa3psin
MosiHun). CroBoM, npu aauabaTHOM pacIIMpeHHH BOAbI (Pa3joXKeHUs BOJbI Ha
BOZIOpOA M Kuciopon) (7) pacxonyeTcsi €e BHYTPEHHSSI SHEPrus M, CJIEI0BaTEIbHO,
HAaYMHAET OXJAaIUTh caMa ce0s. be3yciaoBHO, MpHU paspsjie MOJHHM PAaBHOBECHE
HaLEJIO0 CABUHYTO B IIPAaBYIO CTOPOHY M IOJYYEHHBIE r'a3bl — BOJOPOJ U KHUCIOPOA
JNEUCTBUEM DJIEKTPUUYECKONM AYTd MOMEHTAIBHO C TPOXOTOM («TIpeMydasl CMEChH))
pearupyroT oOpaTHO ¢ oOpa3oBaHUEM BOJBI (8). DTy peakiuio JETKO MpPOBECTH B
nabopaTtopHbIX ycioBusAx. HecMmoTpst Ha yMeHbIIeHHE 00bEMa pearupyrouux
KOMITOHEHTOB B 3TOM peaKIMH, MOTy4YaeTcsl CUIbHBIN rpoxoT. Ha ckopocTh 0OpaTHOM
peakimu 1o mpuHiuny Jle Illarense OmarompusTHO AEUCTBYET MOJYyYEHHOE B

pe3yabTare peakiuu (7) BbICOKOE AaBieHue. Jleno B ToM, uTto u nipsiMast peakius (7)
12



JOJDKHA UATH C CUJIBHBIM TPOXOTOM, TaK KaK M3 KHJIKOTO arperatHoro COCTOSHUS
BOJIbl MTHOBEHHO OOpa3yroTCsl ra3bl (00IbUWUHCIEO ABMOPO8 C8A3bIBAIOM MO, C
CUTbHBIM — HAZPeBAHUeM U pacuiuperuem SHYMpU uiu GOKpye KaHaia 6030yXd,
€030a8aeMblM CUIbHbIM paspsaoom moaxuu). He UCKII0YeHO, 4TO MO3TOMY 3BYK
rpoMa HeE MOHOTOHHBIH, TO €CTh, HE YIIOMHHAET 3BYK OOBIKHOBEHHOTO B3PHIBUATOTO
win opyausi. CHayasla HACTYyMaeT pa3iioKeHHe BOJbI (MIEPBBIM 3BYK), BCJEHA 32 3TUM
MIPUCOEAUHEHNUE BOJIOPOJIa C KHUCIOPOAOM (BTOpOHM 3BYK). OAHAKO 3THU MPOIIECCHI
HACTOJIBKO OBICTPO MPOUCXOIAT, UX PA3INIUTH HE KAXKIOMY.

Kaxk o0pa3yercs rpaa?

[Ipu paspsize MOJTHHMM BCIEACTBHE IMOJYYCHHS OTPOMHOTO KOJIMYECTBA TEIla,
BOJIa 1O KaHajy pa3psja MOJHUHM WM BOKPYT €r0 MHTEHCHBHO HUCHApSETCs, Kak
TOJIBKO TPEKPAIIaeTCs CBEpPKaHHE MOJHUHM, OHa HAUYWHAET CHJIBHO MOX0J0aeTh. [lo

M3BECTHOMY 3aKOHY (DHM3UKH cuibHoe uchaperue npusooum K HOX0J00AHUID.

[IpumeyaTenbHO TO, YTO TEIUIO TP pa3psie MOJHUU HE BBOJATCS M3BHE, HA0OOPOT,
OHO HMCXOAMT U3 CaMO#l CHUCTEMBbI (B JIaHHOM CIIy4a€ CUCTEMA: HOJAPUI0BAHHAS 8
anekmpocmamuyeckomM nole 6oda). Ha mporecc wucnapeHuss pacxoiyercs
KMHETUYECKass JHEPIHUs CaMOM MOJIIPU30BAaHHOM BOAHOM cucTeMbl. [Ipu Takom
Mpollecce CHIbHOE M MTHOBEHHOE HMCIApEeHHE 3aBEPINAeTCs CHIBHBIM U OBICTPHIM
3aTBEpAEBAaHUEM BOJbl. UeM cubHEE HCHapeHUE, TEM WHTEHCHBHEE peaIu3yercs
mpoliecc 3arBepAeBaHus BoAbl. [[ns Takoro mpouecca He 00s3aTeIbHO, YTOOBI
TeMIlepaTypa OKpyXKaromiei cpeapl Obuta Huxke Hynsa. [lpu paspsge MoaHHH
o0pa3yroTcs pasHOOOpa3Hble BHUALI TPaAUHBI, OTIUYAIOMIUECS W BEJIUYUHOM.
BenuunHa rpainHbl 3aBUCUT OT MOIIHOCTH U MHTEHCUBHOCTH MOJHUU. UeM MoliHee
M WHTEHCUBHEEC MOJIHHH, T€M KpyIHEee MoJydarTcs TpaauHbl. OOBIYHO OCaloK
rpaJHbI OBICTPO MPEKpaIlaeTcs, KaK TOJIHKO NMEPECTAHET CBEPKAHUE MOJIHUM.

[Ipomecchl moOmOOHOTO THMA JEUCTBYIOT W B Jpyrux cdepax I[lpuponsr.
[IpuBenEM HECKOIBKO MMPUMEPOB.

1. XononuibHble CUCTEMbl pabOTAIOT MO YKa3aHHOMY MpUHLMMY. TO ecTh,
MCKYCCTBEHHBIA XOJIOJI (MHHYCOBBIE TEMIIEpaTypbl) 00pa3yeTcss B HCIApPUTENE B

pE3YJIbTATC KHUIICHUA JKHUIAKOro XJjagarcHra, KOTOpBII\/'I HOI[aéTCSI Tyga 110
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KanuwuispHol TpyOke. bmaromapst orpaHnd4eHHONM MTPOMYCKHOW CIIOCOOHOCTH
KamWUIApHOM TpyOKH, XJIaJareHT TOCTyNmaeT B HCHApUTENb OTHOCHTEIHHO

MCAJICHHO. TeMnepaTypa KHIICHHUA XJIaJdarcHTa OOBIYHO COCTaBIISICT nopsaagka — 30

°C. Tlomagast B TEIUIBIA MCHIAPUTEINb, XJIAJAreHT MOMEHMAIbHO 8CKUNAent, CUIbHO
oXJlaknaas CTeHKU ucmapurtens. [lapel xjmagareHta, oOpa3oBaBIIMECS B pe3yJibTare
€ro KUIEHUS, MOMaJaloT U3 HCHapuTessi BO BCACBIBAIOUIYI0 TPYOKY KoMIpeccopa.
OTkauynBas W3 UCHApUTENS T'a3000pa3HbIN XJIAJareHT, KOMIIPECCOp HarHeTaeT ero
M0J1 BHICOKHUM JIaBJIEHWEM B KOHJieHcaTop. ['a3000pa3Hblil XJ1agareHT, Haxoaaiuncs
B KOHJCHCAaTOpEe TMOJi BBICOKMM  JIaBJICHUEM  OXJIAXKJAACh, IOCTEIEHHO
KOHJIEHCUPYETCS, MEPEX0/I U3 Ta3000pa3HOTO B KUIKOE COCTOSHHUE. 3aHOBO JKUIKHIMA
XJIaJJaTeHT U3 KOHJIEHCATOpa MOAaETCs MO KaMWUIAPHON TpyOKe B HCMApUTEIh U
LIUKJI TTOBTOPSIETCS.

2. XuMHKaM XOpOIIO U3BECTHO MojiydeHue TBEpaoro yriekucioro raza (CO,).
VYTrieKucblii ra3 0OBIYHO MEPEBO3UTCA B CTATBHBIX 0AJIOHAX B CXKMYKEHHOM KUIKOM
arperatHoi ¢aze. [Ipu MensIeHHOM MPOIyCKaHUU ra3a W3 OajioHa MpU KOMHATHOU
TEeMIlepaType IMepeXxoquT B Ta3000pa3HOE COCTOSHUE, €CIU €r0  GblNYCKAmb

UHmMmeHcueHo, To OH TYT K€ IICPCXOAUT B TBépI[OG COCTOsAHUC, 06pa3y;1 «CHEI» HJIN

«Cyxoi Ié€m», uMemMH TeMmeparypy cyomumamum or —79 mo —80 °C.
NHTeHCUBHOE HCHapeHUue MPUBOJIUT K 3aTBEPACBAHUIO YIIEKUCIOrO Tra3a, MHUHYS
Kuakyo ¢dazy. OdeBUJIHO, TeMmreparypa BHYTpU OajijloHa IUIIOCOBasi, OJHAKO,
BBIJICTICHHBI TakKUM TyTEM TBEPABIM YriIeKUCHbIM Tra3 («Ccyxoil 7€) umeer
TeMriieparypy cyonmmmanuu npumepao —30°C [17].

3. Emé€ oamH HEMaJIOBaXXHbIM NpUMEp, Kacaromuicss dtod teme. [louemy
4esioBeK moTeeT? BeceM M3BECTHO, YTO B OOBIYHBIX YCIOBUAX WJIU MPHU (HU3HUYECKOM
HaMpsOKEHUH, a TakKKe MPU HEPBHOM BOJIHEHUH 4eNIOBEK moteeT. I1oT — *KUAaKoCTh,
BBIJICTIIEMas TOTOBBIMU JKelie3aMu U coaepskamas 97.5 — 99.5% Boxawl, HeOOIIBIIIOS
KOJIMYECTBO coJieh (Xmopusl, hocdatsl, Cylb(aTsl) 1 HEKOTOPHIC APYTHUE BEIIECTBA
(M3 OpraHMYeCKUX COCAMHEHUNW — MOYEBHHA, MOUYCKHUCIIBIE COJIM, KpeaTuH, d(UPHI
cepHoil kucnotel) [3]. IlpaBna, MoOBbIIEHHAs MOTIMBOCTh MOXET YKa3blBaTh Ha

HaJu4Me cepbE3HbIX 3a0osieBaHuil. [IpuyuH MOXKET ObITh HECKOJBKO: MPOCTyAA,
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TyOepKyné3, 0)XKUpeHHe, HapylleHHe CepIeYHOCOCYIUCTON cucTteMsbl U T.1. OnHako,
[JIABHOE, NOmMIuocms  pecyaupyem memnepamypy mena. llotoornencnue
HOBBIIIAETCA B YCIOBHSIX FOPSYEro M BIAKHOTO Kiaumara. OOBIYHO MBI TOKPBIBAEMCS
IIOTOM, KOIZJa HaMm >Kapko. YeM BbIlIE TeMIepaTypa OKPYKarolleW Cpelbl, TeEM
cuibHee MBI oTeeM. TemIieparypa Telia 3J0pOBOTO YeloBeka Beerma pasaa 36.6 °C
U OAWH W3 NPUEMOB NOAJEPKAHUS TaKOW HOPMAJIbHOM TEMIIEpaTypbl — 3TO
oTooTaeNeHne. Uepes pacIMpeHHbIE NOPHI IPOUCXOAUT MHTEHCUBHOE HCIIAPECHUE
BJaru W3 OpraHM3Ma — YEJOBEK CWIBHO IMOTEET. A HCIapeHHe BJIAaru ¢ J00oH
IIOBEPXHOCTH, KaK YKa3bplBaJIM BBIIIE, CIIOCOOCTBYET €€ oxnaxiaeHuro. Korma rtemy
IPO3UT ONACHBIN JJIS1 3J0POBbsI IEPETPEB, MO3T 3AIYCKAET MEXAHU3M ITIOTOOTACIICHUS
U UCHAPAIOLIMNCA C HallleW KOXKM IOT OXJIAXKAAET IOBEPXHOCTh Teja. BoT mouyemy
YEJIOBEK IIOTEET B JKapy.

4. Kpome TOro, BOAy MOKHO TaK)K€ IPEBPATUTh B JIEA B OOBIYHON CTEKJISIHHOM
nabopaTtopHOl ycTaHOBKE (pHC.l), MpH MOHMKEHHBIX AaBJICHUAX O€3 BHELIHETO
oxnaxaerus (mpu 20 °C). HyXHO TOJBKO TNPHCOCAWHWTH K 3TOW YCTaHOBKE

(dhopBaKyyM HAcOC C JIOBYIIIKOM.

Puc. 1

BakyyMmHas ycTaHOBKa /IS IEPETOHKHU
y

B 3akmrodyeHnn Xouercs 3aTpOHYTb OYEHb BAXKHBIM BOIIPOC, KaCArOLIUMKCS

MHOTOCTIOMHOCTH TpagauH (puc. 2-3). Uem o00ycnoBieHa MYTHOCTh B CTPYKTYpE
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rpaaunbl? Cumrator [5,14,15], 4TOOBI HOCHTH TO BO3AYXY TpaguHy IUAMETPOM
okoJi0 10 caHTHMETpPOB, BOCXOJSIIME CTPYH BO3AyXa B T'PO30BOM Tyuye€ JOJIKHBI
UMETh CKOpocThb He MeHble 200 KM/4, U TakuM 00pa3oM, B HEro BKJIIOYAIOTCA
CHEXKMHKM M IIy3BIPBKM BO31yXa. Takou cJoM BBIMIAAAT MyTHBIM. Ho ecim
TeMIepaTypa BbIlI€, TO JIENA HAaMeEP3aeT MEJICHHEE, W BKIIOUEHHBIE CHEKUHKHU
YCIEBAIOT pacTasTh, a BO3AyX ylerydnBaercsa. [loaToMy mpeamnosiararoT, 4To Takou
CJIOW JbpAa Mpo3padHbli. 110 MHEHMIO aBTOPOB, IO KOJBLAM MOYXHO IPOCIEAUTH, B
KaKuXx closix o0jlaka moObIBaia rpajuHa, Ipex/ie YeM ynacThb Ha 3emo. U3 puc. 2-3
OTYETIMBO BHUJHO, 4YTO JEA, M3 KOTOPOrO COCTOST TIPAJIMHBI, JACHUCTBUTENIBHO,
HEOAHOPOHBI. [louTn Ka)knas rpaJuHa COCTOUT W3 YHUCTOTO M B LIEHTPE MYTHOIO
abaa. Hempo3payHOCTh JibJJa MOXKET BBI3BIBATHCS 110 pa3HbIM IpuuuHaMm. B Oonbiimx
rpaJlHax MHOTJA YEpEeAyIOTCs CIOU MPO3pavyHOro M HENpo3padHoro Jipaa. Ha Ham
B3IJIs1/1, O€Jbli CII0M OTBeYaeT aMOp(HYI0, a IPO3PAUYHbIN CIOW KPUCTAIMYECKYIO
¢dopmy npaa. K Tomy 3xe, amopHas arperaTHas gopma JipJa HOJY4arOT MYTEM
Ype3BbIYAHO OBICTPOTO OXJIAXKIEHUSI KUJKOW BOJIBI (CO CKOPOCTHIO MOPSIKA 10" °K
B CEKYH]Y), a TaK)Xe, ObICTPOTO MOBBIILIEHUS JaBICHUS OKPYKaIOLEH CpeIbl, TaK YTO
MOJIEKYJIbI HE yCIeBaloT c(hOPMUPOBATH KPUCTATUIMUECKYIO pelIETKy. [4]. B nanHOM
cllyda€ 3TO NPOUCXOIUT pa3psIOM MOJHHM, YTO IOJHOCTBIO COOTBETCTBYET
0JIarompUATHOMY YCIIOBHIO O0pa3oBaHUs METacTaOMIBHOTO amMOp(hHOro Jbja.
I'pomannbie rabIObI Becamu 1-2 Kr U3 puc. 3 BUIHO, 4YTO 00pa30BaIMCh U3 CKOTUICHUI
CPaBHMUTEIBHO MENKHUX TpaauH. Oba ¢pakmopa nokasvieaiom, umo obpazosanue
COOMEEMCmMEYIOWUX NPo3pPaAYHO20 U HENpO3PAYHO20  CI0E6 8 paspese 2paouHbl
00YCN08NIeHO 8030elicmeuemM 4pe38bluatiHo 8bICOKUX OABNeHULl, NOPONCOEHHLIX NpU

paspsioe MOIHUU.
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Puc. 2
AMop¢Has CTpyKTypa BHYTPHU TPaJAUHBI

Puc. 3

['e16B1 TpaiiH 00pa3oBaHBl M3 METKUX TPAJIUH
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BoiBoabI:

1. be3 paspsada monnuu u cunbHol epo3vl He Hacmynaem 2paod, a 2po3bl
ovisarom oe3 epada. I posou conymemayem 2pao.

2. Ipuyunoii popmuposanus epada a611emcs eeHepayusi MCHOBEHHO20 U
02POMHO20 KOIUHeC8a Menia npu paspsaoe MOJIHUU 8 KYUe80-00H4COesblX 001aKaX.
Obpa3zyoweecs makoe mocyyee menio NpuGOOUM K CUTbHOMY UCHAPEHUI0 800bl 8
Kanane paszpsoa mMoaHuu u 6okpye Hezo. CuibHOoe ucnapenue 600bl COBEPUIAETCS
ObLICMPBIM NOXONI00aHUEM ee U 00Pa308anUeM 1b0a COOMBEMCMBEHHO.

3. Omom npoyecc He mpebyem HeOOXO0UMOCMU Nnepexooa HY1e6ol
uszomepmobl.  ammocghepul, umeoujell OMPUYAMeEIbHYI0 MeMNnepamypy, U JaecKo
MOdHCem nPOU3OUMU NPU HUSKUX U MENJIBIX CTLOAX MPonocgepbl.

4, Ilpoyecc, no cywecmsy, OmuU30K K aduabamuieckomy npoyeccy,
HOCKOJIbKY 00pa3youancs meniodas sHepausi He 8800SMCs 8 CUCEMY U38He, U OHA
UCXOOUM U3 CAMOU CUCTEMDL.

5. MowHolti u uHmeHcusHblll pa3psao MOJHUU obecnedusaem yciosue 0s

00pa306aHUsL KPYNHBIX 2PAOUH.
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