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Ceemaoti namamu
Taneuxu boedamnosoii (Irazoeoil)
nocesuwaro.

HBCI[I/ICJIOBI/IC

®Du3nky U3ydaloT 00bIYHO IO yuyeOHMKaM. DPusndeckue 3aKOHbl OTKPbI-
BalOT Ilepel HaMu IIpaBWia, MO KOTOPHIM XKUBET IPUpPONA, TalHBI YCT-
pPOMCTB M MeXaHM3MOB. 3HaHME 3THUX 3aKOHOB WM YMEHME peliaTb 3a1ayu
Jal0T BO3MOXHOCTh HCCJIEIOBaTh OKPYXKAIOIIWN MUP U OOBSICHATH TO, UTO
paHbllle CYUTANIOCh HEOoOBICHUMBIM. [lompodyeM OrjsiHyThcs BOKpYr. Ha
BCE JIN «I10o4eMy?» U «Kak?» ecTb oTBeT? HaBepHsika, Het! Tak mnompobyem
HaWTH 3TH OoTBeThL. Ilociie 3TOro MBI CTaHEM JIydllle YYBCTBOBaTb (DU3UKY
saBjeHuit. Benb oOyuyaTbcsa U3MKe, KakK U BCeMY IPYTOMY, MOXHO HE TOJIb-
KO 10 y4yeOHMKaM, HO M uccienys okpyxaiomuii mup. MHocTpaHHBIN
SI3bIK, HallpUMep, MOXHO BbIYYUTb, MPOCTO MOEXaB B Ty CTPaHy, [I€ Ha
HEM TOBOpST. A HaM IOBE3JIO: BeAb CTpaHa-(QU3UKa BCErda BOKPYT Hac, M
HaM HUKYyJa He Halo exaTh. Tak JaBaiiTe YYUTHCS SI3bIKY (DU3UKU, HAOMIO-
Iass 1 o0bsICHSAS BCe MPOMCXOsiiee BOKpYT. Benb ciioBo «(pu3suka» B mepe-
BOJIE C TPEYECKOr0 O3HAYaeT «Mpupoma». Yuras 3Ty KHUTY UM OTBeuyas Ha
MMPOCThIE U CJIOXHBIE BOIPOCHI, BbI OTKPOETE IJ ceOsl 3aKOHBI NMPUPOILI B
OyIHUUYHBIX (paKTax U SIBJICHUSIX.

®Dusznka — odeHb MmoJyie3Hast Hayka. [1paBWio pblyara 1aeT COBET, KaK, HE
HaOpBaBIIUCh, IMOAHUMATh TSKECTU, a 3aKOH Apxumena — KakK CTPOMTH
HOBbIe Kopabu. 3akoHbl HbIOTOHa y4aT METKO CTpeNsiTb U 3aIllyCKaTb pa-
KEeTHI, a 3aKOHBl TEpPMOIMHAMUKU — KOHCTPYUPOBATh XOJIOIUJIBHUKUA U aB-
TOMOOMWJIbHBIE OBUrarenud. M KOHEeUYHO Xe, 0e3 3HaHUs (U3MKU CO3IaHue
BCEX TEXHUYECKUX M 3JIEKTPOHHBIX YCTPONCTB, B TOM YHUCJE U KOMIIBIOTE-
pOB, OBUIO OBl IPOCTO HEBO3MOXHBIM. [l03TOMYy MOXHO CYUTaThb, 4TO
MMEHHO (pU3MKa B T€UEHME THICIUYEIETUI TOJKaja YeJOBe4YeCTBO 0 IYyTH
nporpecca. OgHako (u3MKa He TOJBKO Clejaja Hally XW3Hb 0ojiee KOM-
¢opTHOH, HO M Hayia BO3MOXHOCTb Y3HaTh, KaK YCTPOEHBI Mbl CaMH, OT-
KPBHITh NPUYMHBI MHOTHX 3a00JieBaHUII M HAWTU METOABl UX JIEUECHUS.
BOBIIMHCTBO paboT Mo GUOJIOrMU M MeAMIIMHe, ynocToeHHbix Hobenes-
CKUX NpPeMU, ObUIO OBl HEBO3MOXHO 0e3 yyacTusl (pusukoB. Dusuyeckue
MOJeau OOIlecTBa MO3BOJISIOT IpelacKas3aTh ero Oyayliee, a (U3UYECKUE
MOZENN OUPXEBBIX TOProB — LIEHBI Ha akuu 3aBTpa. Pusuka — 3TO Ha-
yKa, COeQUHSIoNIass MexXmy co00ii MHOTME OTpaciv 3HAaHUNA: aCTPOHOMHUIO,
XUMMIO, OMOJIOTHIO, COLIMOJIOTUIO, 3KOHOMMKY, Teorpaduio, TeoJIOrHIo
M Ip. — B MOIIHOE OpYXXM€ MO3HaHUS.



I'naBa 1

OTTAJIKUBASsICh OT aTOMOB

BoJuabiine U MajeHbKHE Ha MnmporyJjike

YTO OIa3ablBaeM, U repexoguMm Ha Oer. Ilpu xompbe B 060K MO-
€HT BpEMEHM XOTs1 Obl OJHA M3 HOT 00s13aTEJIbHO COIPUKACAETCs C
3eMJieil. B orinume ot xoopObl, Npu 6ere B KOPOTKUII MHTEPBaT BPEMEHU
YeJIOBEK He COIpHuKacaeTcst ¢ 3emiieid. [103ToMy Takoit criocob repeaBuxke-
HUSI MPEICTaBJIsIeT COOOM IMOCeN0BaTEIbHOCTh IIPhLKKOB. MaKcuMabHast
CKOpPOCTh, C KOTOPOH MOXET MIOTH B3pOCJIBIM YeloBeK, okojo 2,5 M/c. ber
MO3BOJISIET 3HAYUTENBHO YBEJIMYUTh CKOPOCTh IMEPENBUXEHUS, U ¥ CIIOPT-
CMEHOB OHa MOXeT mocturaTth 10 m/c.

3HakoMasl KapTUMHA: pOAUTENIU, Crella Kyna-To, BeayT peOeHKa 3a pyKy,
M OH, HE ycrieBasl 3a HUMM, BBIHYXIEeH OexaTb. [louyeMy 111 JOCTUKEHMS
OIHOM U TOH e CKOPOCTM B3pOCJIble W AETU MOJIb3YIOTCS Pa3IMIHBIMU
crocobaMu TepeaBKeH s ?

PaccMoTpuM, Kak M3MeHSIETCS TTOJOXKEHME LIEHTpa TSDKECTH MPU XOOb0e.
Ha pucynke 1.1 cxemaThuecku M300pa’k€HbI IMOJIOXEHUS YEJIOBEKa U €ro
LIEHTpa TSLDKECTH B NIBE IOC/eNOBaTeNbHbe (ha3bl xonnObl. Eciau cuuTars,
YTO IPU COMPUKOCHOBEHUHM C 3eMJIEl HOTM HAXOHSITCSI B BBHINPSIMJIIEHHOM
COCTOSTHUM, TO OYEBMIHO, YTO LIEHTP TSXKECTU OyIeT pacrmosiaraTbCs HUXKe
B TOJIOXXEHUHU, Korma obe HOTU KacaloTcs 3emud. HauBbiciieMy mojoxe-
HHUIO LIEHTpa TsKeCTU OyNeT COOTBETCTBOBAaTH MOMEHT, KOrma € 3emiiei
coImpuKacaeTcss ogHa Hora. Takum o06pa3oM, LIEHTP TSDKECTH, pacIioio-

K'(;Fﬂa HEKyna CII€IUTbh, Mbl WIOEM IICIIKOM. Ho BoT MbI YYBCTBYEM,
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KEHHBI# B HMXHEN 4YacTWh TYJOBHU-
11a, OpU XonbOe NBIXKETCS IO Oyre
OKPY>KHOCTH, paIiuyC KOTOPOIl MOX-

HO CYMTATh PaBHBLIM JJIMHE HOTH.
M3BecTHO, UTO TEO, IBHXKYIIEECs
CO CKOpPOCTBIO U II0 OKPYXHOCTHU
pamuycoM R, MMeeT yCKOpeHue, Ha-
MpaBJI€HHOE K LIEHTPY 3TOH OKpYX-
Hoctu. Ilpu xompbe Ha deyoBe-
Ka JelCTBYIOT JBe CHJIbI — Ccuja
TSKECTH U peakuus ONOPBI.
PesyneTupylomas 3THX OBYX CHJI U
Puc. 1.1. Kosebanusi  BBICOTBI ~ LEHTPa  GBASIETCI MCKOMOM ILEHTPOCTPEMMU-
TSDKECTH TNPH XO1b6e TeJbHOH cuioi. OueBUIHO, YTO OHAa
HE MOXEeT OBbITb OOJIbIlIe CUJIbI TSXKe-

muv
ct. IToaToMy mpu X0onbOe MOJIKHO COOMIONAaThCs HEPABEHCTBO R < mg,

re m — Macca MAyIero 4eiaoBeka. M3 3Toro HepaBeHCTBa CELYET, YTO
vP<gR. (1.1)

JnvHa HOru B3pocyioro 4yeynoBeka cocramisier okoyio 0,9 M. Iloxmcras-
Jisise 3TO 3HadyeHue i R B HepaBeHCTBO (1.1), monydaeM sl MaKCUMailb-
HOI CKOPOCTM XOObOBI YeJoBEKa 3HaUY€HHE OKOJIO 3 M/C, YTO COOTBETCTBY-
eT peaJbHOMY ee 3HaueHUIo. Y JeTeil HOrM KOpodye, 4eM Yy B3pOCIbIX,
M MakCUMalbHasi CKOPOCTh XOABOBl MeHblle. [103TOMY IJIsi TOrO, UTOOBI
He OTCTaBaTh OT B3pOCJbIX, AETAM YacTO NMPUXOMUTCS IEepeXoquTh Ha Oer,
K KOTOpOMY HepaBeHCTBO (1.1) He MMeeT HUKAaKOIro OTHOILLIEHUS.

C nokJiiaxkei Ha roJjiose

MHorwue, nyreumectBys 1Mo Adpuke u A3uu, OBIBAIOT MTOPaAXXEHbI, YBUIEB
JXKEHIIWH, HEeCYUIUMX Ha IOJIOBE Tpy3bl OTPOMHBLIX pa3MepoB (puc. 1.2). He-
penko Bec Takoi mokJsaxu coctapiser 70% Beca 4enoBeka. EcrecTBeHHO,
YTO MOMHSATH ceOe Ha roJIOBY TaKylo HOIIY 6e3 ITOCTOPOHHEN MOMOLLIM XeH-
IIMHA HE MOXET, U MO3TOMY MOTHUMAIOT Ipy3 ejie-ejie NBOe, IMOCJe Yero
JKEHIIIMHA OfHAa C JIETKOCThIO ero HeceT. Heyxxenu HeNUCTBUTENbHO Jierye
MEePEeHOCUTh Ipy3bl Ha TrojioBe?

H3BecTHO, YTO TIOKa3aTelieM SHEPreTUYECKUX 3aTpaT 4YejioBeKa MOXET
CITy>KUTb CKOPOCTb IOTpeOJIeHUSI UM KUCJIOpOoaa, IpU 3TOM 1 J1 u3pacxomo-
BaHHOTO KMCJIOpOJa COOTBETCTBYET 3Hepruu, paBHoit 20,1 kJIxx. YueHble
9KCHEPUMEHTAIbHO YCTAHOBWIM, YTO TMPU OOBIYHOM CHOCOOE HOILEHHUS
rpy3a (3a CIIMHOH) NOTpeOJieHHME KHUCJIOpoda pacTeT MpOIOPLIMOHAIBHO
YBEJIMYEHUIO HOIUM TaK, 4TO rpy3, paBHbI 50% Beca Tejla HOCWJIBIIUKA,
yBeJIMYMBAET ero 3HepreTuyeckue 3atpaThl Ha 50%. Takas e 3aBUCUMOCTD
“MeeT MEeCTO U B TOM CJIy4yae, KOraa rpy3 IMepeHOCsIT Ha TOJIOBE.

KakoBo xe OBLIO ymMBJIeHHE yYEHBIX, KOTOa OHU OOHApYXWJIM, 4YTO Y
adhpuKaHCKUX XEHIIWH TpHU IepeHoce Ipy3a, paBHoro 50% Beca HOCWIIb-
LIMKa, Ha rojioBe MOTpebdjieHre KUCJIopona yBeauuyuBaetcs Juiilb Ha 30%)!
[Touemy 310 nMpoucxoaut?

OTBETUTH Ha 3TOT BOIIPOC ITOMOMIU HaOmoneHusi. OObIYHAs TSI TEX MECT
KapTUHa: XeHIIIMHA UAET C HalOJIHEHHBIM 10 KpaeB BOAOU BeApOM Ha roso-
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Puc. 1.2. 2KeH1uuHbl ¢ NOKJIaXel Ha rojose

Be. Kak 3T0 HU ynMBUTENBHO, HO BOAA HE PaCIUIECKUBAETCS. A 3TO 3HAYMT,
YTO MPU ABIXKEHUHU OTCYTCTBYET (WJIM MOYTU OTCYTCTBYET) BEPTUKAIbHAS CO-
crapjsiioliast yckopeHus. CrenoBaTelbHO, U LIEHTP TSOKECTU appUKaHCKOH
>KEHIIMHbI BMECTE C TPy30M He IBWIKETCS B BEPTUKAJIbHOM HaIlpaBIEHUU.

N3BecTHO, 4TO MpU OOBIYHOM XOAbOE BBLICOTA LIEHTPA TSKECTH MpeTep-
IeBaeT 3aMeTHhIe KojiebaHus (CM. puc. 1.1), mepuoauyecKy MOTHUMASICh U
OITyCKasiCh Ha HECKOJIbKO CAaHTUMETPOB. ECTeCTBEHHO, UTO Ha TaKMe€ HUKO-
MY HE HyXHble KoJieOaHHUs LIEHTpa TSKECTHU 3aTpauyuBaeTcsi 3HAYUTENbHast
sHeprus. [ToaTomy Takoi croco® XoabObl MOXHO CPaBHMUTb C €3M0H Hadyu-
Halolero aBronoouTtess. [IbTasich COXpaHUTh MOCTOSTHHYIO CPENHIO CKO-
pPOCTb IBUXXEHMSI, OH TMOIMEPEeMEHHO HaXXMMaeT TO Ha akKcejleparop, TO Ha
TOPMO3, pacxonysl B pe3ynbTaTe ropasno Oonbiie ToruiMBa. B oTiauuume ot
3TOr0 y MHOTHMX XHUTeJiell cTpaH A3uM U AQpUKM BbipaboTanach IOXOAKa,
IpM KOTOPOil OHM YAEPXWBAIOT CBOM IIEHTP TSDKECTHM Ha TMOCTOSHHON
BBICOTE, YTO 3HAYMTE/IbHO YMEHbIIIaeT UX SHEPreTUYECKUE 3aTpaThl.

s Tex, KTO XomuT OOBIYHO, He 3a00TICh O IMOAAEPXKAaHUMA LEeHTpa Ts-
JKE€CTH Ha MOCTOSIHHON BBICOTE, YY€Hble MPUAYMAaId CIeLUaIbHOE YCTPOU-
CTBO, KOTOpOE Ipeobpa3yeT 4YacTh SHEPTUM BEPTUKAIBHBIX NTEPEMELLIEHUN B
3JIEKTPUYECKYIO SHEPrUio. DTO YCTPOMCTBO JIETKO MOMEUIAeTCsl B HEOOIb-
IO PIOK3aK U MpeACTaBisieT coO0il 3JIeKTpOreHepaTop, KOTOPhI HauuHa-
eT paboTaTh, KOrJa ero MpUBOIAT B KoyiebaHUSI C HEOOJBIIOW YacTOTOM
(BBepx — BHM3 — BBepX — BHU3). [Ipu 00bIYHOI XOmb0€ MOIIHOCTDH TaKOTO
reHepaTopa CoCTaBJsieT 0KoJio 7 BT, UTo mocTaToO4HO, Hanpumep, IS MOa-
3apsiIKM MOOUJIbHBIX TeJIE()OHOB.

Yro TaKoe TpeHue: ApYyr WM Bpar

C TpeHHEM Mbl CTAUIKMBAEMCS Ha KaXKIOM IIary, HO 6e3 TpeHHUsl He CHe-
Jany Obl M miara. HeBo3MOXHO MpencTaBUTb ceOe MUpP 0e3 CHJI TPEeHMSI.
B otcyrcTBHE TpeHMSI MHOTHME KpPaTKOBPEMEHHBIE IBVXKEHHUS IIPOAOJIKA-



10 IF'naBa 1

JIMCh OB 6ECKOHEYHO. 3eMJIsi COOpO-
rajach Obl OT HeEIpEepPLIBHBIX 3eMlie-
TpSICEHUI, TaKk KaK TeKTOHUYECKUe
IUTUTBl TIOCTOSIHHO CTIKMBAIUCH OBI
AN Mexay coboil. Bee neqgHuKM cpasy xe
CKaTHJIUCh OBl C TOp, a IO IIOBEPXHO-
CTH 3eMJTM HOCWJIACh OBl IIBUTb OT MPO-
uutoronHero erpa. Kak xopoiiio, 4yro
Bce-Taku ecTb cuia TpeHust! C gpyroit
N ; CTOpPOHBI, TpEHHE MEXIy OEeTAISIMU
MalIMH TPUBOIMUT K UX U3HOCY U JIO-
TIOJIHUTEIbHBIM pacxomaM. [Ipubnnsu-
TeNbHbIE OIIEHKH II0Ka3bIBAIOT, YTO
Hay4yHble HCCJIeMOBaHMA B TpubOIO-
Puc. 1.3. K QopMynupoBke KJIacCHYECKO-  THY — HayKe O TPEHWM — MOTJIM Obl
TO 3aKOHa TPEHHSI cbepeuyb mpumepHo oT 2 mo 10% Ha-
IMOHAJIBHOTO BaJIOBOTO IIPOMYKTA.
[Ba cambIX TJIaBHBIX M300peTeHMs 4YeloBeKa — KOJiIeCO M JOOhIBaHHUE
OTHS1 — CBSI3aHBI C CUJION TpeHus. M300peTeHure KoJjieca MO3BOJIMIO 3HAYH -
TeJbHO YMEHBIINTh CWIY, IIPENATCTBYIONIYIO IBMXEHUIO, a TOObIBAHUE OT-
HSI TIOCTaBWIO CHJIy TPEHHUS Ha CIyX0y yenoBeky. OQHAKO 10 CHX ITOp y4de-
Hble JajieKu OT MOJHOTO MOHUMaHUsS (U3UYECKUX OCHOB CHMJIbI TPEHMSI.
WU BoBce He OTTOrO, YTO JIOAEN C HEKOTOPHIX ITOP MEPECTATIO UHTEPECOBATh
ato sineHue. [lepBasi ¢GopMyJMpPOBKA 3aKOHOB TPEHMSI MPUHAIJIEXUT Be-
jukoMy Jleonapmo (1519). OH yTBepXnaji, YTO cwjia TPEHUs, BO3HUKAIO-
1ast Py KOHTAKTe TeJjla C MOBEPXHOCTHIO APYrOro Tejia, NponopioHaTbHa
CWIe Mp¥XKaTus, HalpapjieHa NPOTUB HaIpaBJIeHUS! IBMXKEHUSI M HE 3aBH-
CUT OT IUIOIIAAM KOHTaKTa. DTOT 3aKOH OBLI 3aHOBO OTKPHIT uyepe3 180 yet
I'. AMOHTOHOM, a 3aTeM yrouHeH B pa6otax III. KymoHa (1781). AMOHTOH
u KynoH BBenu mnoHsATHEe KO3GMGULUMEHTAa TPEHUS KaK OTHOILUEHMS CHIIbI
TPEHMs] K Harpy3ke, MpuaaB eMy 3HaueHUue (U3NYeCKONM KOHCTaHTBI, IIOJI-
HOCTBIO ONpEAESIONIe CWIy TPeHUS ISl T000H TMapbl KOHTAKTHPYIOLLIMX
MarepuasoB. o cux nmop 3ta dopmyia

F,=uN, (1.2)

N F =uN

D

rae F,, — cuna tpeHus, N — cocTaBisiolas CUIbl IPUXATUS, HOpMaJlbHast
K l‘IOBerHOCTI/I KOHTaKTa, a |l — Koaq)(bnunem TpeHusl, SIBISIETCSI €OUH-
CTBEHHOM (OpMyJioil, KOTOPYI0O MOXHO HaWTH B Y4eOHHKax IO (U3UKeE
(puc. 1.3).

B TeueHue nBYX CTONETHI SKCIIEPIMEHTAIRHO MOKA3aHHBINM 3aKOH (1.2) Hu-
KTO HE CMOI OIPOBEPIHYTb, M JO CHX IIOp OH 3BYYMT TaK, Kak v 200 jieT Hazam.

1. Cuna TpeHUS MNpPSIMO MPONMOPLMOHAIbHA HOPMAJILHOM COCTAaBJISTIO-
el CUJIbI, CXXUMAIOIIeN ITOBEPXHOCTH CKOJIB3SIIUX TeJl, U BCeraa IeiicTBY-
€T B HampapJIeHUM, IPOTUBOIIOJIOXHOM HaIlpaBJIeHUIO IBYDKEHMS.

2. Cuna TpeHHUs He 3aBUCHUT OT IUIOIIAOW ITOBEPXHOCTHM CONPUKOCHO-
BEHMSI.

3. Cwia TpeHHUsI He 3aBHCHUT OT CKOPOCTH CKOJIbXEHMS.

4. MakcuMalibHasi CUJIa TPEHUSI MOKOSI BCerga OoJibliie CHUJIBI TPEeHMS
CKOJIBXEHHS.

5. Cuna TpeHUs 3aBUCUT TOJBKO OT IBYX MaTEpPHUAIOB, KOTOPHIE CKOJIb-

34T OPYT IO APYTY.
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Kak TpeHue momMoraer pa3orpetrbcs

Cuna TpeHHus — OlHa U3 IMCCUIIAaTUBHLIX CWJI. JpyrMMuU cioBaMM, BCs
paborta, pacxomyemasi Ha ee IpeomojieHUe, MepexoauT B TeIUIo. 3HauYeHUs
[, TIPMBOAMMbIE B MHXEHEPHBIX CIIPABOYHMKAX, MO3BOJISIOT OLEHUBATh
9TOT HarpeB B IIPOEKTUPYEMBIX Ipubopax U ycrpoiicTBax. Hy, a Mbl Imompo-
OyeM HallTU KOJIMYECTBO MepemaHHOI TeIUIOThI, KOrma Mbl, pa3orpeBasich,
IIOTHPaeM PYKM WIM Pa30rpeBaeM C MX IOMOIIBIO OXJIAXXIEHHBIE YYaCTKU
Tena.

Ilycts MBI cxxumaeM janoHu ¢ cwioil 0,5 H, koadduumeHT TpeHuUs W
KOXH 0 KoxXy coctapisieT 0,5. Torna cwia TpeHUSsI, KOTOPYIO MBI IIPEOI0JIe-
BaeM I1PU CKOJIbXXEHUU OJHOU JaIOHU MO MOBEPXHOCTU APYToii, OyAeT paB-
Ha 0,25 H. Ecnu cuurtarb, 4TO, pasorpeBasiCb, Mbl 3a BpeMsi #=1 ¢ coBep-
lIaeM 4eTblpe MepeMeLleHUs JanoHu, Kaxmoe rno 0,1 M, To MOUIHOCTb,
pacxomyeMasi Ha MpeoaojieHue CUJIbl TpeHus1, coctasisieT 0,1 BT. 3a Bpemsi
t=10 c Takoro pasorpeBa B 001aCTU KOHTAaKTa JIalOHEU BBIACJIUTCS IHEP-
rusi, paBHas 1 JIx. IlycTe Bce Teruio uOeT Ha pa3orpeB yyacTKa MOBEPXHO-
cti kKoxu Mmowanpio 0,025 M?> u tommuHoi 0,001 M, KOTOpBII HMMeeT
Maccy okoJio 25-107° Kr v yleJabHYIO TEIUIOEMKOCTD, OJU3KYIO K TEIIOEM-
KOCTH BOIBbI. 3HAUUT, Halll yyacTokK Harpeetrcs Ha 10 °C. BunHo, YTo OLieH-
Ka Harpesa IOJy4ujachb SIBHO 3aBBIIIEHHOH. Bonblliasi 4yacTh TEIUIOTHI OT
pa3orpeBa, KOHEUHO, YXOIMUT B TKaHU, PacIlOIOXXEeHHbIE IOI KOXeil, U pa3-
HOCMTCSI IO Tely C KPOBOTOKOM, HO M OCTaBIIEMCSl YaCTU OKa3bIBaeTCs
JIOCTAaTOYHO, YTOOBI MOMHSITh TEMIIEPATYPY KOXM Ha HECKOJbKO FpamgycoB.

Kak ucnoJyib3yroT 3aKOHbI TPeHUs
uHcnekTopsl I'MMBJ1/]

JBa aBTOMOOWISI CTOJKHYJIHUCh Ha MEPEKPECTKE, MMOBPEXACHUS TTOJYyUH-
JIU HeOoJIbILME, TaK KaK KaXIblii BOAUTEb MEped aBapUed YCIeJ IOYTU
IOJIHOCTBIO 3aTOPMO3UTh. [103TOMY M BUHOBaThIM ce0si HUKTO HE CUMTAaI.
[IpuexaBIIMii MHCIIEKTOP PEIIMJ, YTO BUHOBAT TOT BOAUTEJb, Y KOTOPOTO
JIJIMHA TOPMO3HOIO IyTM — YEPHOTO Cjena OT Kojiec — Ooiblie (puc. 1.4).
[Touemy?

[lycTs aBTOMOOWJIb BbIe3XaJl Ha IEPEKPECTOK CO CKOPOCTHIO U, U €ro
BOJMTEND, YBUIEB IPYroii aBTOMOOWIb, CTaJl TOPMO3UTh, OCTABUMB Ha JOPO-
re cien mmuHoit L. Eciau cuuTath, YTO K MOMEHTY CTOJIKHOBEHHUS BCSI KM-

Puc. 1.4. [Inuna cnemga, ocTaBjieH-
HOro KoJjiecamMu aBTOMOOWJISA Trociie
TOPMOXEHMS, [OMOraeT OLEHUTh
CKOpOCTb aBTOMOOMJISI
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HeTHUYecKasl HEPrusi aBTOMOOMIIA Tiepelia B paboTy MO MPEeOAOTIEHUIO CU-
JIbl TpeHUs1 (B TEILIO), TO

muv?
7 = WmgL,

rme m — Macca aBTOMOOWIISI, g — YCKOpeHMe CBOOoaHOoro nmageHusi. OTkKyna
CJIEAYET, YTO IJIMHA TOPMO3HOTO IyTH MPOMOPLIMOHANIbHA KBaJpaTy CKOpPO-
CTH aBTOMOOWJISA. 3HAYMT, TOT U3 BOAUTENEH, KTO MOMBE3KAT K MEPEKPECT-
Ky ¢ OOJibllIell CKOPOCTBIO, UMEET M OONbUIYI0 AJIUHY TOPMO3HOTO MYTH.
Tak, Hanpumep, s W= 0,7 nnuHa TopMo3Horo mytd 30 M COOTBETCTBYET
CKODOCTH NBMXKEHHUS 73 KM/4, 4TO Ha 13 KkM/4 Gonbliie pa3pelieHHON CKO-
POCTH IBWIKEHUS IO YJIMlaM ropoja.

IToyemy Bce HIMHBI YepHbIE

Bce U3rotoBUTENM WUMH UCHOIL3YIOT OAMH U TOT € MPOLIECC — BYJIKa-
HU3aLUUIO XKUIOKOM pPE3UHBI, NMPU KOTOPOM OJIHOM H3 100aBOK CIIYXXMT
yroyibHas myapa. B pesynpraTe OMMHHBIE MOJIEKYJIBl XUIKOI pE3UHBI CLUM-
BalOTCsI MeXOy COOOM aTroMaMM YIJIEPOJa, YTO IpeBpalllaeT €€ B 3JaCTH4-
HBIA U NPOYHBINA MaTtepuall. Tak Kak 4YaCTUYKU YIJISl YepHblE U UX OTHOCH-
TeJIbHO MHOTO (OKo0JIo 25% Beca), TO M pe3uHa CTAaHOBMTCS 4yepHOoi. UeMm
Gosibllie 0O00ABIATH B Mpollecce BYJIKAHM3alMM YroJbHOM IMyIphbl, COCTOSI-
L€l MpaKTUYECKW U3 OJHOTIO YyIiepoma, TeM 0oJjiee KECTKOU, MpPOYHO#Nl U
MeHee NMPUIMIYMBON OyINeT pe3uHa.

Kak HaxXumaTh Ha ra3 u TOPMO3

HexoTtopble BomuTenu, yBuaeB, 4YTO Ha cBeTodOpe 3axercs 3ejeHblii
CBET, BOABIMBAIOT Mefajb ra3a N0 KOHLA, IBITAasgCh KaK MOXHO OBICTpee
HabpaTb MakKCHUMAaJbHYIO CKOpocCTh. CBMIETEIM TAKOIrO CTapTa CJBIIIAT
CBUCT MPOCKaJIb3bIBAIOIIMX OTHOCHUTENBHO AOporu mHH. Co CTOPOHBI 3TO
BBIIJISIAUT JecTBUTENbHO Brieuatisionle. Ho xkak Ha camom nene? Heyxe-
JIU [J11 TOTO, YTOOBI MalllMHA MpUoOpesia Haubosbllee YCKOpeHue, Halo 3a-
CTaBJISAITh KOJieCa CKOJNB3UThb M0 JOPOXHOMY IMOKphITUIO? KOHEeuHo, HeT.

~
o Hauajo
2 CKOJILXKEeHU S
Er..["
e’
‘é‘ Cyxoe
e
v
[
=
< Moxkpoe
E Puc. 1.5. 3aBHcUMOCTb CHJIBI Tpe-
&) HUS, OENCTBYIOLLEH Ha TejlO, OT CHU-

TﬂHyHIaﬁ BIepeJ cHuJia (F’ H) Jibl, KOTOpasg MOXET MNPHUBECTH WJIU
NpUBOOMT K MOBUXCHUIO TEjJa 1A

CYXOr0 W MOKPOTO [IOPOXHOTO TII0-
KPBITHS
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M3BecTHO, YTO OBMXYIIENW CUIOKM aBTOMOOWJISI CIIY>KUT CHJIa TPEHUS KO-
JleC O JOPOXHOe MOKpbiThe. Eciiu pe3ko HaxaTh Ha Menainb rasa, BbI3BaB
MpOCKanb3bIBAHUE IIMH OTHOCUTENIbHO acanbTa, TO MaKCMMAaJIbHOE YCKO-
peHue OyneT NMpOMOPLMOHAILHO CHUJIE TPEHMSI CKOJIbXEHHs, KOTopas Bce-
ria MeHbllle MaKCUMaJbHOU cwibl TpeHUs Mokos (puc. 1.5). [ToaTtomy ObI-
CTpee YCKOPSIIOTCSI He Te, KTO CXMIraeT pe3UHY IOKpBIIIeK, a Te, KTO
HCIIOJIb3YeT CUJIYy TPEHUSI MOKOs (T. €. He AOMYCKAaeT CKOJIbXEHMSI) B TOM
JIMarna3oHe, TAe OHa IMPEeBbIIIAET CUIY TPEHUS! CKOJIbXEHMUS.

Pe3koe TOpMOXE€HHUE, KaK U YCKOPEHUE, MOXET IMPUBECTU K CKOJIbXe-
HUIO KOJIEC IO JOPOXHOMY IMOKPBITHIO, 4 3HAYUT, K YMEHbIIEHUIO CUJIBI,
TOpMO3sillieii aBTOMOOWIIb. Beap TopMo3siluel Cuaoi TOoXe SIBJISETCS Cuiia
TpeHus. IloaToMy, HaXXaB OYeHb Pe3KO Ha Menaib rasa M JOIMYCTUB Ipo-
CKaJlb3bIBAHUE, Mbl YBEJIMUMBAEM TOPMO3HOU IYTh.

YT0o6bI MMHUMHU3UPOBATh TOPMO3HOM MYTh, B COBPEMEHHBIX aBTOMOOU -
Js1x ycraHaBnuBaloT cucteMy ABS (Antilock Brake System), Kotopasi, nipe-
ISITCTBYSI CKOJIbXXEHMIO KOJIEC MO MOPOXHOMY IMOKPBITHUIO, TpaHCHOpMU-
pyeT pe3Koe HaxaTue Ha TOpPMO3 B IOCIeIOBATEIbHOCTb HECKOJbKUX
TopMOXeHU. D¢peKTuBHOCTL ABS-TOpMOXEHHST 0COOEHHO BBICOKA Ha
MOKpBIX JOpOrax, Korma MakCHMMajbHas CUjla TPEHMSI MOKOsSI MOXET B He-
CKOJIBKO pa3 MpeBbIIIaTh CUIY TPEHUS CKOJIbXEHUSI.

,Z[JI}I Yero HyzKHbl KAHABKM HA HIMHAX aBTOMOOMJIA

Eciu aBTOMOOUJIbL BbE3XXaeT B JIYXY, a Boda He YCIeBaeT BBICKOYUTH
HU3-TOJ KoJieca, TO CLeNJIEeHHWe C JOpOroil TepsieTcsi, U KOJIECO MOXET Bpa-
LIATbCSI BOKPYT OCHM, HE MCIIBITBIBAasl TpeHUs. B 3ToM cilyyae aBTOMOOWIb
TepsieT OBUXKYIIYIO CWJIy M CTAaHOBUTCS HeylpaBiiseMbiM. BOT moyemy Ha
MOKPBINIKAX aBTOMOOWJIBHBIX IIIWH [ejaloT KaHaBKW MJISi OTBOJA BOMIbI
HU3-TIOMA KOJjieca, YTO IOMOraeT pe3WHe UIMH OBICTPO HAaXOAUTh KOHTaKT
¢ MokpbiTHEeM goporu (puc. 1.6). 3uMoOi BOIMTENM MCIOJBL3YIOT 3UMHIOIO
pe3uHy. Ecnu 3uMoif e30MTh Ha JIETHUX IMOKPBIIIKAaX, TO Y3KME KaHaB-
KM OBICTpO 3a0BbIOTCS CHEroM, a OH, IPEBPATUMBUIMCH B JiEd, CAENAET U3
aBTOMOOMJISI TPeKpacHOe CpeACTBO IS HEYIpaB/sIeMOro CKOJIbXEHHUS MO
noporaM. ITo3TOMy MHOKpBIIIKM, MPUCIIOCOONEHHbIE [Jisl €3[bl 10 3acHe-
>KEHHBIM M O0JieleHeIbIM NTOpoTraM, UMEIOT IIMpOKHe KaHaBKU U ropasio
OOJBUIYI0 MOBEPXHOCTb KOHTaKTa C JOpPOXHBIM MokpeiTueM. Hy, a ecnu
MPEeICTOUT e31a IO Ge3I0pOXblO, TO MOKPHILIKU AOJLKHBI OBITh TITyOOKO
pudeHHBIMU, TaK Kak rpsi3b, UMewolas 00JblIyl0 BSI3KOCTb, HE IPOJIE3ET
yepe3 y3KMe KaHaBKM, KOrma OydeT ABUTaThCs IMOJ BECOM Hae3Xaloliero
KoJeca.

Puc. 1.6. TloKpbIlUKK aBTOMOOWIIb-
HBIX LIWH, TMpeaHa3HauyeHHble IS
JIETHUX (cieBa), 3UMHUX (CepeluHa)
opor 1 6e310poXbs (crpasa)
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KakuMu noJKHBI OBITH IIHHBI
Y FTOHOYHBIX aBTOMOOWJIEH

Kaxnplit mWwIoT TOHOYHOTO 0O0JIMAa XOUeT UMETh XOPOIllee CLEIUIEHUE C
IIOporoi, 4ToObl 0OECneuYnTh OBICTPBIN CTAPT. DTO 3HAYMT, YTO IIIMHBI aB-
TOMOOWISA MOJKHBI XOPOIIO IPWIMNATh K JTOPOXHOMY ITOKpHITHIO. Benmb
TOJILKO TOTZIa MaKCHUMaJIbHasi CuJIa TPEHUs MOKOos OyneT Benuka. Ho Takas
MPWIXIYMBAs IIIMHA BCerma OymeT OCTaBiIsATh Ha JHOpore cied M3 4acTHUYeK,
HaBCerna MpWINIILIKUX K JOPOXHOMY MOKPHITHIO. JIpyTMMHM CJIOBaMM, U3HOC
IIUH C BBICOKMM CUEIUIEHHEM TOXe BhICOK. IloaToMy Ha roHkax «®opmy-
JIBl-1» cpenHuil pecypc HIMHBI 0K0Jo 200 KM, B TO BpeMs KaK y OOBIYHBIX
IUMH OH MOXET COCTaBJIITh HECKOJIBKO IECSITKOB THICSY KIJIOMETPOB.

H3BecTHO, YTO aBTOMOOWJIbHEIE TOHKU IMPOXOAAT Ha <«JIBICOM» pe3uHe
WIM ILIMHAaX C HECKOJbKMMHM O4Y€Hb HENNIyOOKMMHM KaHaBKaMu (puc. 1.7).
KaHaBky B IIMHaX FOHOYHBIX aBTOMOOWIEil He HYXXHbI, TaK KaK OHHU yBe-
JIMYMBAIOT CUEIUIEHUE C JOPOTOoM TOJBKO TOINA, KOTIa OHAa MOKpas. A Ipu
MOKpOM1 Topore rOHKM He IPOBOISIT.

JJ1s1 IpOM3BOACTBA IIIMH TOHOYHBIX aBTOMOOWIEH HCIONb3YyeTCs CIELM-
ajbHas JuIKas pesuHa. Cujia TpeHUS 3TUX IIMH Ha CyXOil JOpore pacTeT ¢
yBEIMYEHUEM IUTOIAAM KOHTAaKTa, TAKMM 00pa3oM BCTyIIasl B MPOTHBOpE-
4yye ¢ KIaCCUYeCKMM 3aKOHOM, CIIpaBeJIMBBIM IJISI TPEHMS TBEPIBIX U He-
3JIaCTUYHBIX ITOBepXHOCTel. YTOOBI obGecrneunTh MaKCUMAJIBHYIO CUJIY Tpe-
HMSI, IIMHBI KOJieC TOHOYHBIX aBTOMOOMJIEN [ealoT O4YeHb IMMPOKUMU
(mo 0,38 M), 4TO TakKe MO3BOJISIET JIyUIlle pacCerBaTh TEIUIO, 0Opa3ylollee-
Csl TIpYU TPEHUH O JHOPOXKHOE ITOKPHITHE.

Yucras pesuHa MpuiIdIaeT K 1opore Jydiie, 4yeM rpsasHas. Iloatomy me-
pel caMBIM CTApTOM ITOKDBIIIKKA C IOMOILUBIO CIIEIUAIBHBIX YCTPONCTB U
npouenyp HarpeBaioT g0 80 °C, ouuimiasi MX MOBEPXHOCTb U obecrieyuBast
Xopolllee MPWIMIIaHME K TOpPOXHOMY IOKpbITHIO. KcCTaTu, IUMHBI TOHOY-
HBIX aBTOMOOWIeil MHOrma HamyBalOT YMCTHIM a30TOM, TaK KakK Bjiara, Co-
Jiepxaiasics B OOBIYHOM BO3Oyxe, IpU HarpeBaHUM IIMH HCIIApsETCS M
yBEJIUUMBAeT JaBJeHUE B KOJIeCcax, YTO CO3MaeT IOIOJHUTEIbHbIE TPYIHO-
CTU B yIIpaBJIEHUM.

O 4yeM DOIOT KoOJIeca

IIIyM, u3gaBaeMblil KojecaMyu aBTOMOOWIe — OIHA U3 OCHOBHBIX IIPO-
Onem GosbLIMX roponoB. OrpoMHBIE CPEACTBA TPATATCS €XEromHo Ha OOpb-
Oy C 3TUM LIYMOM, TaK KaK CTOMMOCTb OJHOIO KWJIOMETpa 3BYKOIOIJIO-
awouero 6aprepa, yCTaHaBJIMBAaEMOIO BAOJb IIOCCE, OYEHb BbICOKAa. ECTh
HECKOJIbKO Teopuil BOZBHMKHOBEHMsI 3TOro myma. OmHa M3 HUX yTBepKaa-
€T, YTO OH BO3HMKAaeT M3-3a KojieOaHuM nedOpMHPOBAHHBIX Y4YaCTKOB
BHEIHEH! 4acTU MOKPBILIKM, ITOCJIE TOrO KaK OHM pacnpsmisiorcs. Jdpyras
TEOpHsI CBSI3BIBAET IOSBIEHME IUyMa C OTJIMIIAHMEM pPE3UHbl OT ITOPOIM.

Puc. 1.7. LIuHBI rOHOYHBIX GONMAOB
«PopMyJibI-1» 0YeHb IIMPOKUE U CO-
BCEM <«JIBICBIE»
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Hy, a camass poMaHTUYHAasI TUIIOTe€3a OOBSICHSET LIYM TEM, YTO MPUYMHOMN
BCEMY SIBJISIETCS BO3MOYyX, ABMXKYILUUMCA ITO KaHaBKaM aBTOMOOWIBHBIX IIO-
KpBIILLIEK, KaK 10 TpyOdaM OpraHa, U IO3TOMY ITOIOLUMIA.

Bceraa im cnpaBeiMB KJIACCHYECKHMd 3aKOH TPEHHUA

Yxe B XIX B. ctajio sicHO, 4To 3akOoH AMOHTOHa — Kymona (1.2) He
BCerna NMpaBWILHO OMHKCHIBAET CWIY TpeHMs, a KO3(MDODUILIMEHT TPeHUs OT-
HIOOb He SIBJIIeTCS YHMBEPCAIbHON XapakTepucTuKoit. Ilpexne Bcero 610
OTMEYEHO, 4YTO KO3Gh(MUIIMEHT TpeHUs 3aBUCUT HE TOJBKO OT TOTO, KaKue
MaTepUaIbl KOHTAKTUMPYIOT, HO M OT TOTO, HACKOJIBKO IJIAIKO 00pabOTaHbI
KOHTaKTUPYIOIIME IOBEPXHOCTU. BBISCHWIOCH, HallpUMep, YTO CHUJIa Tpe-
HUS B BaKyyMe BCerga OoJibllle, YeM NMPU HOPMAaJIbHBIX YCIIOBUSIX.

KoadduuueHT TpeHUs MOKOS, K
Martepuanbt
B BaKyyMme Ha BO3IyXe
Crajip — cTajlb 0,8 0,3
Menps — menp 1,2 0,8

Jlaypeatr HobGeneBckoii mpemun mo ¢usuke P. @eitnman (1965) B cBoMx
JIEKIMSX OTMedaeT: «...Tabaullbl, B KOTOPBIX MEepPeYrCIeHbl KO3GPUIIMEH-
Tl TPEHHUS «CTaJU IO CTalW», «MeOu II0 Meou» W IIpodyee, — BCE 3TO
CIUTOIIHOE HaIyBaTeJIbCTBO, MO0 B HUX STHUMM MeJOoYaMM IIpeHebperalor,
a Belb OHMU-TO U ONIpENeNSIIOT 3HaueHue |l TpeHue <«Meau O MEIb»
U T. I. — 3TO Ha CaMOM JiejIe TPEHHUE «O 3arpsi3HeHUs, IIPUCTaBIIME K MEI».

MOXHO, KOHEYHO, TTOATHU IO IPYroMy ITyTH Y, U3ydass TPEHUE «MeIu 10
MeIr», UBMEPSTh CIIbI IIPH ABUKEHUM HMIOCATBHO OTIOJMPOBAHHBIX U JE-
ra3upoBaHHBIX ITOBEpXHOCTEN B Bakyyme. Ho Torma aBa Kycka Menu IpocTo
CIIANHYTCS, U KO3GPUIMEHT TPEHHUS ITOKOS YBEJIMIUTCS CO BpeMEeHEM, KO-
TOpOEe MPOIIJIO C HadyajJla KOHTAaKTa MoBepxHocTel. [lo TeM Xe npuyuMHam
KO3(POUIUEHT TPeHUs CKOJIbXEeHUs OyIeT 3aBUCETh OT CKOPOCTH, T. €. YBe-
JIMYMBATBCS C €€ YMEHBIIEHWEM. 3HAUUT, TOYHO OIIPENeIUTh CUILY TPEHUS
IUISL YKCTHIX METAJUIOB TOXE HEBO3MOXHO.

Tem He MeHee ISl CYXUX CTaHOAPTHBIX IMOBEPXHOCTEM KJIACCUYECKUI 3a-
KOH TpEHHs IOYTH TOYEH, XOTs IIpMYMHA TaKOTO BHOA 3aKOHA JO CaMOIo
IIOC/IETHETO BpEMEHH OCTaBaJIaCh HETIOHSATHOM. Belb TeOpeTHYeCKH OLIEHUTh
K03 PUIIMEHT TPEHUS MEXIY ABYMS MMOBEPXHOCTSIMU HUKTO TaK U HE CMOT.

Kak aTomsl TpyTCA ApPYT O Apyra

CII0XHOCTh M3ydeHMSI TPEHUS 3aKJII0YaeTcsl B TOM, YTO MECTO, TAe 3TOT
rpoliecc MPOMCXOMUT, CKPBITO OT HccienoBareiis. HecMoTpst Ha 3To, yde-
HbIE YK€ JAaBHO IPHUILIM K 3aKJIIOYEHUIO, YTO CHJIa TPEHHUS CBsSi3aHa C TEM,
YTO Ha MMKPOCKOITMYECKOM YPOBHE (T. €. €ClIi ITOCMOTPETh B MUKDPOCKOIT)
COoIpHUKacaloluecsl TOBEPXHOCTU 1UEPOXOBaThl JaXe B TOM cliydyae, Korga
OHM XOPOILUO OTIOJUPOBaHbl. I103TOMY CKOJIBKEHHUE IBYX IMOBEPXHOCTEH
JIpPYT 1O OPYTYy MOXeT HAllOMMHATh (haHTacTMYeCKUU ciay4yai, Koraa me-
peBepHyThie KaBka3ckuie ropbl TpyTCs, Hampumep, o ['mMmanau (puc. 1.8).
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PDoToIEeTEKTOD

bﬁpaaeﬁ

Puc. 1.8. CxemaTtuueckoe  u300paxeHHe
MeCTa KOHTaKTa CKOJB3SIIIMX ITOBEPXHO-
creil mpu Majoi (a) U GoJbLIol (6) CXu-
Mawulei Ux cuie

Puc. 1.9. IpuHuun paboTbl aTOMHO-CH-
JoBoro Mukpockona. LltpuxoBoii nuHuER
NoKasaH Xo[ Jyya Ja3epa

IIpexne mymanu, 9TO MEXaHHU3M TPEHHUS HECJIOXEH: IMOBEPXHOCTh IIO-
KPBITAa HEPOBHOCTSIMU, M TPEHUE €CTb Pe3yJIbTaT CIEeMYIOUIMX APYT 3a ApYy-
IrOM LIMKJIOB «IIOIbEM — CIYCK» CKOJIb3slMX yacTteil. Ho 310 HempaBuib-
HO: Belb TOrda He OBLIO OBl IOTEph SHEPIHMM, a IIPU TPEHUU SHEPrus
pacxonyercsa. IlostomMy OoJiee IpaBWIBHOM MOXHO CUMUTATh CJIEIYIOUIYIO
Momnerb TpeHus. [Ipu CKOJBXEHUU TPYIIUXCS IMOBEPXHOCTEH MUKDPOHEPOB-
HOCTHM 3aJeBaloT OPYyT 3a Opyra, U B TOUKAaX CONPUKOCHOBEHMS IPOTHUBO-
CTOSIILIME OPYT APYTY aTOMBI CUEILIIioTcs. Ilpu manbHeieM OTHOCUTENb-
HOM IBMZKEHUM TeJI 3TU CHEIIKM PBYTCS M BO3HUKAIOT KOJebaHUS aTOMOB,
NMONOOHBIE TeM, KaKue MPOUCXOAST IIPU OTHYCKAHUM PACTSIHYTOW TpPYXKU-
Hel. Co BpeMeHeM 3TH KoJiebaHUs 3aTyXaloT, a MX SHEPTUs NMpeBpallaeTcs
B TEIUIO, pacTeKalollieecs II0 000UM TejlaM. B ciydyae CKONBXEHUS! MSTKUX
TeJ BO3MOXHO TakKe paspylleHHue MHUKPOHEPOBHOCTEN, Tak Ha3bIBAEMOE
«IIpOIIaXMBaHHUE», B OTOM CJlyuyae MeXaHW4ecKas 3HEeprus pacxomyeTcsl Ha
paspylieHre aTOMapHbIX CBs3E.

TakuM 06pa3oM, eCI MBI XOTUM M3y4aTh TPEHHE, HAaM HalO YXUTPUTh-
Csl IBUTATh IECYMHKY, COCTOSIIYI0 U3 HECKOJBKO aTOMOB, BIOJb MOBEpPX-
HOCTHM Ha OYeHb MaJICHBKOM PAacCTOSHUM OT Hee, U3Mepsisl IIPU 3TOM CHUJIBI,
IEUCTBYIONIME HA 3Ty IIECUMHKY CO CTOPOHBI MOBEPXHOCTU. DTO CTANIO BO3-
MOXHBIM IIOCJIe M300peTeHUs] aTOMHO-CUJIOBOII MuKpockonuu I'. BuHuH-
roMm u I'. PopepoMm, kotopeiM B 1986 r. Gbuta mpucyxneHa HoGeneBckast
npemus o ¢usuke. Co3maHue aTOMHO-CHJIOBOTO Mukpockorna (ACM),
CHOCOOHOTO YYBCTBOBATb CIJIBI IIPUTSDKEHUS U OTTAIKMBaHUSI, BO3HUKAIO-
1IMe MEXIY OTAENbHBIMU aTOMaMU, JaJ0 BO3MOXHOCTb, HAKOHELI, «IIOLLYy-
IaTh», YTO TaKOE€ CUJIbI TPEHUS, OTKPHIB HOBYIO 00JIACTh HAYKU O TPEHUU —
HaHOTPUOOJIOTUIO.

OcHoBoit ACM (puc. 1.9) ciy>XuT MUKPO30OHI, OOBIYHO U3rOTOBJICHHBIH
U3 KPeMHUsS U TIPENCTaBIIIOMMH cOO0M TOHKYIO IJIACTUHKY-KOHCOJb (ee
Ha3bIBalOT KAHTUJIEBEPOM, OT aHIJ. cantilever — KOHcOJb, 6anka). Ha KoH-
e kantwieBepa (mimHa 500 MxM, mupuHa 50 MKM, TollIMHa 1 MKM) pac-
IOJIOXEH OYeHb OCTphIY Iun (BbicoTa 10 MKM, paauyc 3aKpyrjieHus ot 1
no 10 HM), OKaHYMBAIOUIUICA TPYNION U3 OJHOTO WU HECKONBKUX aTO-
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Puc. 1.10. Cxemaruueckoe u3o6pa-
JK€HUE MMUKPO30HIa aTOMHO-CHUJIO-
BOrO MMKDOCKOMA, CKOJIb3SILUErO
HaJ aToMaMu TMOBEPXHOCTUM Ha MO-
CTOSIHHOM BbICOTE (a), U M300paxe-
Hue noBepxHocTM NaF (2 x 2 M),
MOJYYEHHOE C [OMOLIbIO 3TOro
MUKpocKorna (6)

moB. Ilpu nepeMelieHUM MUKPO30HAA BIOJb ITOBEPXHOCTH O0Opasla OCTpUe
1IMIIA TIPUITOTHMMAETCS U OIyCKaeTcsl, oYepurBas MUKpOpeiabed IMOBEpX-
HOCTU MOJOOHO TOMY, KaK CKOJB3UT II0 rpaMIUIaCTHHKE IaTeOHHAas UIJia.
Ha BricTynmaloiieM KOHIlE KaHTWieBepa (Han IIMIIOM) pacroJioXeHa 3ep-
KaJbHasg [UIOLaJKa, Ha KOTOPYIO IManaeT M OT KOTOPOW OTpaxaercs Jyd
nazepa. Korma mumn omyckaercss M IMOAHUMAETCS] Ha HEPOBHOCTSIX IIOBEPX-
HOCTH, OTPAXXEHHBIN JIyd OTKIJIOHSIETCSI, U 3TO OTKJIOHEHUE PErUCTPUPYET-
csa dorogerekTopom. JlaHHble (oTOmeTeKTOpa MCIONBL3YIOTCS B CHCTEME
0o0paTHOU CBsI3M, KOTOpass MOXET oOeclneuyuBaTh JIMOO MOCTOSHHOE yaaje-
HME IIMIIA OT IIOBEPXHOCTHU 0Opasiia, JIMOO ITOCTOSTHHYIO CHUTY NABJICHUS
OCTpMsI Ha oOpasell.

B nmepBoM ciyyae nbe303JEeKTPUYECKUIT Mpeodpa3oBaTe/ib MOXET peru-
CTPUpOBAaTh IBUKEHWE KaHTUJIEBEpa, MPBIraloiero OT OAHOIO aToMa MC-
clieyeMOi IIOBEPXHOCTU K OPYTOMY, CTpOs TakKuM 00pa3oM OOBEMHBIN
penbed MOBEPXHOCTH 00paslia B pexXuMe peanbHOro BpeMeHM. Pasperraio-
11asi CrioCOOHOCTb METONa COCTaBiseT IpuMepHo 0,1—1 HM MO TOpU30HTa-
au u 0,01 HM mo BepTukanu. CMelas 30HI 110 TOPU3OHTAIN, MOXHO ITOJIY-
YUTh CEPUI0 PeSibeOB U C MOMOILIbIO KOMITBIOTEPA ITOCTPOUTHh TPEXMEPHOE
uzob6paxenue (puc. 1.10).

C nomoubto ACM ¢ Havana 1990-x IT. mMpoBOASATCS CUCTEMATUYECKUE
WCCIICOOBAaHUSI CWIbl TPEHMS MUKPO30OHIOB IIPM HMX CKOJBXEHWH BIOJb

a) o 6) o
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Puc. 1.11. 3aBMCHMMOCTb CHWJIbI TPEHUSI CKOJIbXXEHUsI MUKPO30HAA OT BHEIlHed cwibl NV, Npu-

KHMalollei ero K rpaMTOBOM MOBEPXHOCTH: a) paauMyCc KpUBU3HBI 30HAa 17 HM; 6) panuyc
KpUBHU3HbI 30HIa 58 HM. [Ipu Manbix N 3aBUCUMOCTb KDUBOJIMHEHHAs, a Npy OOJBILMX OHA
npubauxaercs K npssMoi, 0003HaUEHHON LITPUXOBOW JIMHUEN
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pa3IMYHBbIX MOBEPXHOCTEH M 3aBMCHUMOCTU 3THUX CHJI OT CUJIbI IIPUKATHSI.
Oxkasanoce, 4YTo [UISI UCIIOJIb3YEMBIX OOBIYHO 30HIOB, CIEJNAHHBIX U3 KpeM-
HUsI, MMKPOCKOIHUYECKas CHJa TPEHHUS CKOJIbXEHHS COCTaBJISIET OKOJIO
60—80% oOT mprKMMAaIOIIel CHUJIbI, KOTopas cocTasjser He Gosee 10 HH
(puc. 1.11, a). Kak 4 ciegoBajio 0XuIaTh, CWiIa TPEHUSI CKOJbXEHUS yBe-
JINYMBaeTCs C pa3MepoM MUKPO30HIA, TaK KaK YUCJIO aTOMOB, OIHOBpE-
MEHHO €ro MpUTATUBAIOLINX, YBeJIuduBaeTcs (puc. 1.11, 6).

Takum 06pa3om, cuiia TpeHUSI CKOJbXEHUSI MUKPO30HIA 3aBUCHUT OT
IUIOLIANM €r0 KOHTAKTa C IMTOBEPXHOCThIO, YTO TIPOTUBOPEUUT KIACCUUECKO-
My 3akoHy TpeHMs. OKazaloch TakKe, YTO CIJIA TPEHUSI CKOJIBXEHMSI HE
CTAHOBUTCSI DaBHOMW HYMIO MPU OTCYTCTBUM CUJIBI, MPMKUMAIOLIEN MHKPO-
30HI K IOBEPXHOCTU. Jla 3TO U MOHATHO, TaK KaK OKpYXKalollhe MHKpPO-
30HI aTOMBI IOBEPXHOCTU TaK OJIM3KO PacHoyIoOXeHBl K HeMy, YTO IIpU-
TATUBAIOT €ro NaXxe B OTCYTCTBME BHEIHEH CUIbI cxatus. [1oatomy u
OCHOBHOE IIPENNOJIOKEHUE KJIACCUYECKOro 3aKOHA — O MPSIMOH IIPOIop-
LIMOHAJIBHOM 3aBUCUMOCTH CWJIbI TPEHHUS OT CHJIBI CXKAaTUSI — B HAHOTPUOO-
JIOTUM TOXE He COOJoIaeTcs.

OnHako BCE 3TH PACXOXAEHUSI MEXIY OCHOBHBIM 3aKOHOM M JTaHHBIMU
HAHOTPUOOJIOTUHU, MOJIYYEHHBIMUA C noMolibio ACM, JIETKO YCTpaHSIOTCS.
Ilpu yBeMyeHUU CUJIbI, IIPYKMMAIOIIEN CKOJIB3SIIEE TEJIO, YBEINYMBAETCS
YUCIIO MMKPOKOHTAKTOB, a 3HAUYUT, YBEJIUYMUBAETCS U CyMMapHasi Ciia Tpe-
HUS CKOJNBXeHUsI. [103ToOMy HUKaKUX IPOTUBOPEYUN MEXIY MOJTyYeHHBIMU
NaHHBIMU YYEHBIX M CTaphIM 3aKOHOM HeT.

Honroe BpeMsi ObUIO IIPUHSATO CYWTATh, YTO, IPHUHYXIOAs OIHO TEJIO
CKOJIB3UTh IO IPYTOMY, MBI JIOMaeM MaJjible HEOMHOPOIHOCTU OIHOTO TeJa,
KOTOpBIE€ LIEIUIIOTCS 33 HEOLHOPOIHOCTU MMOBEPXHOCTU Apyroro. st sTo-
ro ¥ HyXHa cwia TpeHus. [1o3ToMy 1O cTapbiM MpeacTaBIeHUSIM BO3HMK-
HOBEHHUE CUJIbI TPEHUSI YacTO CBSI3BIBAIOT C MOBPEXIEHUEM MUKPOBBICTY-
MOB TPYIIUXCSI TIOBEPXHOCTEM, C HUX TaK Ha3bIBa€MbIM M3HOCOM.
HanoTtpubonoruyeckue uccienoBaHus ¢ ucnojb3oBaHueM ACM u Opyrux
COBPEMEHHBIX METOIUK ITOKa3aIu, YTO CHJIa TPEHUSI MEXIy ITOBEPXHOCTS -
MM MOXET OBbITh JaXe B TeX CIydasix, KOrJa OHM He moBpexnaloTcs. I1pu-
YUHOU TaKOW CWIBbI TPEHUS CIIYXKAT MOCTOSTHHO BO3HHMKAIOIIIME W PBYIIHECS
CBSI3U MEXIY TPYIIUMUCS aTOMaMU.

IToyemy nen CKOJb3KUMA

Y3HaTh, MoYeMy MOXHO CKOJIb3UTh IO JIbAY, YOAJIOCh YYEHBIM TOJIBKO
ceityac. A HayaJoCh BCe TaBHBIM-IAaBHO, Korna B 1849 r. 6partes JIXeiMc u
YunbsaM ToMcCOH (BTOpOMY BITIOCIEANCTBUHM 3a OOJIbLIME 3aCIyTH ObLI TMpPU-
CBOE€H TUTYJ Jiopna KenbBHMHA) BBIABMHY/IM TUIIOTE3Y, COIJIACHO KOTOpPOI
Jien moA HaMmu IUIaBUTCSI OTTOrO, YTO MBI Ha Hero JaBuUM. Ilo3ToMy MBI
CKOJIB3UM Y€ HE IO JIpAy, a MO OOpa3oBaBILEHCS Ha €ro MOBEPXHOCTU
IUIEHKE BOABI.

[eiicTBUTENIbHO, €CJIM YBEJIMYUTD JaBJIEHUE, TO TeMIlepaTypa IJIaBJIeHHs
Jbpaa noHusutcs. Ilporcxonut 3To BOT nmodyeMy. M3BeCTHO, YTO MJIOTHOCTD
Jiba MEHbIIE, YEM BOABI, U MOITOMY, KOTHA Jied CXUMAaIOT, OH, MBITasCh
YMEHBIIUTD NethOopMalivio, BEI3BAHHYIO YBEJIUYEHUEM AAaBJIeHUS, MOHIDKAET
TeMIepaTypy IUIaBJIeHHs. DTO OOHO M3 IIPOSBIEHMM TaK Ha3bIBa€MOTro
npuHiuna Jle Ilarense: «BHeUIHEe BO3AEHCTBUE, BHIBOOSIIEE CUCTEMY M3
TepMOIMHAMUYECKOTO PaBHOBECHSI, BBI3BIBAET B Hel IIPOLECCHI, CTPEMS-
1IMecs: OClIabuTh Pe3yJabTaThl 3TOrO BO3IECUCTBUS».
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Kak nmoka3anu pacueTsl U 3KCMEPUMEHThI, YTOOBI IIOHU3UTh TEMIIEPATY-
py TUIaBJI€HUS Jbla Ha OAWH rpamyc, HEOOXOOUMO HdaBlIEeHUE YBEIUYUTh 10
121 at™. (12,2 MIla). I[TormpoOyeM mocyuTaTh, KAKOe HaBJIEHHUE OKa3biBaeT
CIIOPTCMEH Ha Jiell, KOraa CKOJb3UT 10 HEMY Ha OMHOM KOHBKE C JJIMHOM
ne3Bust 20 cM U tonmmuHOM 0,3 cM. Eciim cyuTaTh, 4YTO Macca CIIOpTCMEHA
75 KT, TO €ro AaBiA€HUE Ha Jiel COCTaBUT oKojio 12 arm. Takum oGpasom,
CTOS1 HAa KOHbKax, Mbl €lIBa JIU CMOXEM IOHU3UTh TEMIIEPATYPY IUIaBIEHUSA
nbaa 6ombliie, yeM Ha 0,1 °C. 3HauuT, OOBSICHUTL CKOJIBXEHHUE 10 JbAY Ha
KOHBKax, U TeM OoJjiee B OOBIYHOI 00yBHU, omnupasichk Ha nmpuHuun Jle I1la-
TeJbe, HEBO3MOXHO, €CJIM 33 OKHOM, Harnpumep, —10 °C.

B 1939 1., korma crajio sICHO, 4TO ITOHIDKEHUEM TeMIIEpaTyphl IUIaBJie-
HUsI CKOJIBb3KOCTh Jibjla He 00bsicHUTh, D. baynen u T. X503 IIpeIonoxu-
JIU, 4TO TEIUIOTY, HEOOXOMUMYIO IJISI IUIABJIECHUS JIbAa IOJ KOHBKOM, HAET
cuna TpeHusi. OnHAKO 3Ta TEOpUsST HE MOIJa OOBSICHUTH, IIOYEMY TSIXKe-
JIO CTOSITh Ha JibOy, maxe He nBurasch. C Havayma 1950-X IT. yyeHBle CTAIU
CUUTATh, YTO JieH CKOJIb3KMIA M3-3a TOHKOU MJEeHKM BOAbI, 00pa30BaBIIEICS
Ha €ro IOBEPXHOCTU B CIIy KaKMX-TO HEM3BECTHBIX HPUYUH. TOJIBKO
B KOHLE 1990-x IT. M3yuyeHue Toro, Kak Jiel pacCeMBaeT PEHTITEeHOBCKUE JIy-
Yy, DeUCTBUTENBHO IM0KA3aj0, YTO ITOBEPXHOCTD JIbJa HE SIBJISIETCS YIIOpS-
MIOYEHHON KPUCTAJUIMYECKON CTPYKTYpOii, a CKOpee ITOXOXa Ha XUIKOCThb
(puc. 1.12).

Y4yeHble OOBSCHUIM 3TO TEM, UTO PACHOJIOXKEHHBIE Ha ITOBEPXHOCTHU
JIba MOJIEKYJIBI BOIB! OKAa3bIBAIOTCS B OCOOBIX ycloBUSX. Cuibl, 3acTaB-
JISIIOIIME UX HAaXOOUTHCS B y3JIaX reKCaroHAJIBHOM peIleTKH, NeMCTBYIOT Ha
HHUX TOJBKO CHM3Y. I103TOMY IMOBEPXHOCTHBIM MOJIEKYJIaM HUYETO HE CTOUT
«YKJIOHUTBCSI OT COBETOB» MOJIEKYJI, HAXOMSIINXCS B pEIleTKe, U eCIM 3TO
IIPOMCXOIUT, TO K TAKOMY XX€ PEUIEHUIO «IIPUXOIAT» Cpa3y HECKOJIBKO IT0-
BEPXHOCTHBIX CJIO€B MOJIEKYJl BOOBI. B pe3ynbTare Ha ITOBEPXHOCTH JIbAa
obOpa3syeTcsl IUIEHKa XUIKOCTH, CIyXKalllas XOpollle cMa3KoW TpU CKOJIb-
XeHuu. Kcratu, TOHKME IUIEHKM XWIKOCTU 06pa3yloTcsl HE TOJIBKO Ha
MOBEPXHOCTH JIbJIa, HO U HAa MTOBEPXHOCTH MHOTUX JPYTUX KPUCTANJIOB.

TomuuHa XUIKOW TUIEHKW YBEJIUIUBAETCS C POCTOM TeMIlepaTyphbi. UeM
BBILLIE TeMIlepaTypa, TeM OOJIblile BHYTPEHHSISI 3HEPTUSl MOJEKYI, U TeM
0oJblile ITOBEPXHOCTHBIX CJIOEB BBIPHIBAETCSI U3 FeKCAarOHAJIbHBIX PEIETOK.
Hanuuue npumeceit (MoneKys1, OTIUYHBIX OT BOABI) TOXE MEIIAET MOBEPX-

Ilnenka
BOJbI

Puc. 1.12. CxemaTtuueckoe u3obpa-

XEHHE MOMepeyHoro cpe3a Abaa. bec-
MOPANOYHOE PACTIONOKEHUE MOJIEKYI

BOZbl Ha TMOBEPXHOCTH COOTBETCTBYET Jen
TUIEHKE XUIAKOCTH, a reKCaroHanbHast

CTpYKTYpa B TOJIUE — JibAy. TeMHbIE

KPYXKH — aTOMbl KMCJIOpPONa, CBET-

Jible — aTOMbl BOLOPOa
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HOCTHBIM CJI0SIM 00pa30BbIBaTh KpUCTANIMYecKUe pelleTku. [loaToMy yBe-
JIMYUTh TOJIIMHY XUIKON IJIEHKM MOXHO, pacTBOPMB B HEl Kakue-aubo
MpUMeECHU, HarpuMep OOLIYHYIO COJIb. DTUM W MOJb3YIOTCS KOMMYHAa/TbHbIE
CJIy>kObI, Korga 60ploTcsl 3MMOil ¢ o0JiefeHeHUeM JOpPOr U TPOTyapoB.

YT0 Takoe TPEHHUE KAYECHMUA

B npeanbHOM cilydae, KOrma KoOJIECO, U3TOTOBJIEHHOE M3 HECXKHMMAaeMOro
Martepuasa, 1o MHepLUMU KaTUTCS MO Iagkoi HenedopMHUpyeMOM MOBEPX-
HOCTHM, HUKAKHE CUJIbl TPEHUsI Ha 3TO KoJieco He AeHcTBYIOT (puc. 1.13).

Puc. 1.13. Kayenue HecxumaeMoro aucka
pamuycoM R 1Mo HECXUMaeMoit MOBEPXHOCTH.
K — Touka KacaHuUsi MU MTHOBEHHBIN LEHTP
BpallleHWs] JWCKA C YIVIOBOM CKOPOCTHIO ),
pe3y/IbTATOM KOTOPOro SIBJISIETCSl IBUXXEHHUE
ueHTpa aucka O co CKOpOCThIO U = WR

Puc. 1.14. BO3HMKHOBEHUE CHUJBI TPEHMUS
NMpu KauyeHWM TBEPIAOro AMCKa MO MSTKOM
nmopore

Kosneco, kacasicb MoOBepXHOCTU B Of-
HOIl TOuKe, BpallaeTcsi BOKPYI 3TOHU
TOYKM, TOTOM TOYKOM KacaHUs W
LIEHTPOM BpallleHUsI CTAHOBUTCS IpY-
rag Touka v T. 4. Tak Kak To4yka Ka-
CaHUsl HE [OBMXETCS OTHOCHUTEJbHO
MOBEPXHOCTH, TO M CHUJIA TpEHUSs
CKOJIbXEHUS] OTCYTCTBYET.

OgHakO B pealbHbIX YCIOBUSIX
IIOPOXXHOE TOKPbITUE W MaTepual,
U3 KOTOpOro ciejaH OMCK KoJjeca,
He SBJSIOTCS a0COMIOTHO KEeCTKU-
Mu. PaccMoTpuM cHauana ciayvyail Ha
pucyHke 1.14. Eciu noctaBuTh KoJie-
CO Ha MSATKYIO IOBEPXHOCTb, Hada-
BUTh CBEpXy CUJOi P M TmbiTaTbes,
Bpallasi ero, NMpoOABUMHYTb BIIEpel CO
CKOpPOCTbIO U, TO Mbl CTOJKHEMCSl C
CMJION CONPOTUBIIEHUs KayeHus F, .
Koneco nedopmupyeT MOBEpPXHOCTh
noa co0oit Tak, 4TO BIepeau MOsIB-
JisieTcst Oyropok, KOTOpblii BCce Bpemsi
MPUXOAUTCS TNpeodojieBatb. lopu-
30HTaJIbHASl COCTaBSIONIAs CUJ pe-
aKIIMM 3TOro Oyropka W MnpeacTaBiisi-
eT coboit cuily TpeHus1 KaueHus £ .
BepTukanbHble COCTaBISIOLIME CUII
COIPOTUBJIEHUS] OYyropka KOMIEHCH-
PYIOTCSI CWJION TSIKECTU aBTOMOOWIIS.
Tak kaxk BbicoTa Oyropka IpoIop-
LMOHaJbHa Becy aBTOMOOWISI, TO U
cwia TpeHust KadyeHust F - TOxe
MPpOIOPLMOHAIbHA BECY aBTOMOOWJIS
U CWIe peakUMU CO CTOPOHbI JOPOTH
N: F,  =uN.

PaccMoTpuM cnyyaihk Ha pUCYH-
ke 1.15. [Ipu KayeHUU MSITKOro KoJje-
ca IO TBEPIOIl JOpore Ha MepeaHIOn
yacThb CcOIpMKacawlleicsi ¢ Joporoii
IOBEPXHOCTH KoJieca (OKpalleHa CBeT-
JIbIM) BCE BpeMmsl «Hae3xawoT». [1o3To-
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My OHa cXXuMaeTtcsi OoJibllie, YeM 3al-
HSISI, U CWia peaklUMU OT IepeaHeit
4yacTHh KOJleca, Halpas/jieHHas MNpOTH-
BOMOJIOXKHO JIBMXEHUIO, TOXE OOJIbIIIE.
Cuna TpeHMsl KayeHMsl paBHA pa3HO-
CTU TOPU3OHTAIBHBIX COCTABJISIOLIMX
CWUJl peakUdy OT MepeaHer W 3aaHeH
yacTeit Koneca. Tak Kak cxarue Kose-
ca MponopUMOHaJIbHO Becy aBTOMOOU-
nsg (WM cwie peakuuy Oropbl), TO
Fry «=nN.

CuJibl TpEHUSI KayeHUs ornpenesi-
JOTCS1 )KECTKOCTBIO MaTEpUATIOB KOJIe-
ca U JOpPOXHOro TMoOKpbITUsl. Yem
00JblLIE XXECTKOCTb, TEM MEHBIIIE CU-
na TpeHusi kauyeHus. [loatomy mis
TOTO, YTOObl COKpPaTUTbh pacxoibl Ha
TOMJMUBO, HEOOXOAMMO KaK MOXHO
CUJIbHee HakKauuBaTb aBTOMOOWJIb-
Hble KoJjieca, Oejiass ux Oojiee XecT-
KuMU. JlocTaTOYHO noulynaTh KoJieca
rpy30BUKa, YTOObI yOEOUTLCS B STOM.
Y naccaxupckoro aBTOMOOWJISI OaB-
JIEeHUWE B KoOJiecax Iopa3fo MEHblIE,
TakK KakK C XXE€CTKMMH KoJiecaMy mnac-

Puc. 1.15. BO3HUKHOBEHME CHWJbI TPEHMUS
KayeHMsl MSTKOro KoJjieca Mo XEeCTKOW 10-
pore. Ilpy KayeHUM MSTKOro KoJjieca ne-
¢dopmaums ero nepeagHUX y4acTkoB (Bblle-
JIEHO CBETJbIM) OoJibllie, YeM 3adHMUX, 3TO
NPUBOAMUT K TMOSIBJIEHHIO TOPU3OHTAIbHOM
COCTaBJISIIOLIEN CWJIbl, [EHCTBYIOLUEH CO
CTOpPOHBI OOPOTU, U TOPMO3siLIEi ABUXe-
HUE — CHUJIbl TPEHUS] KaYeHUs

caxKMphl OynyT oulyllaTh BCE HEPOBHOCTH OOpory. B pe3ynbTaTte ero minHbI
Gonblie 1edOPMUPYIOTCSI 1 COOTBETCTBEHHO pacTeT CUjla TPEHUS KaueHMUs.

st odeHb JanbHUX TEPEBO30K IOCTPOMIIM XKeJie3Hble NOpOrv, rae Xe-
JIE3HOE KOJIECO KATUTCS IO XeJIe3HOMY peJibCy C OYEHb MaJIbiM KO3 duuu-
eHTOM TpeHusl kaueHus: (Tabu. 1.1). TopMo3ST noe3na MeajieHHO, HO 3KC-

IJiyatauuss UX O4YE€Hb BbIrOOHA.

Tabauya 1.1

[ToBepxHOCTb

KoadbdbuuueHr
TPeHUsT KaueHwus, |

KoaddpuuueHt
TPEHUSI CKOJIbXEHHUS, L

Koneco naccaxupckoro

KOJIECO Ha peJibCce

aBTOMOOWJIsI Ha acanbTe 0,015 0,8
Koneco rpy3oBuka

Ha acdanbTe 0,006—0,01 0,8
XKenesHonopoxHoe 0.001 N




I'n1aBa 2

C Apxumenom n HeioToHOM

BBCPX M BHM3 depes aTMocghe_RX

MoO2KHO JIM yJeTeTh B KOCMOC HA BO3AYUIHOM ILape

yaja BO3MOXHOCTb, a IIOTOM HEBO3MOXHOCTb TaKHUX IIOJIETOB.

M tonbko B 1903 r. BelMKUI YYEHBIM Nal OTBET Ha 3TOT BOIpPOC B
CTaBLIEU Kiaccuyeckoit pabore «MccienoBaHUE MUPOBBIX IPOCTPAHCTB pe-
aKTUBHBIMM IPpUOOpaMU».

PaccuuTbiBasg HeoOXonMMBbIe pa3MephI ll1apa Maccoi 1 Kr, HanoJIHEHHO-
ro BOZOPOIOM, KOTOpblIii MOI Obl IMOOHSTH IOJE3HBINA Ipy3 Maccoil 1 Kr Ha
BbICOTY 27 KM, LIMOJKOBCKUI TMpUlIe] K 3aKIIOYEHUIO, YTO «...[aXe Mamnu-
pocHasi 6ymara OyneTt B 5 pa3 TskeJjiee TOW MaTepuu, KOTopasl AOIXKHa ObITh
ynoTpebsieHa Ha Hai a’pocTaT. Takas MaTepusi, B MIPUMEHEHUH K a3pocTa-
Ty, HEBO3MOXHa, ITIOTOMY YTO 000JI04Ka, CAEaHHAas1 U3 Hee, OyneT pBaThCs
Y CWIBHO TIpoIlycKaTh rad». M nanee: «4Tto Xe cka3aTh O MOJHATUM MPUOO-
poB Ha 60JIbIITY1I0 BEICOTY? Pa3Mepbl a3pOoCTaTOB JOJIKHbI ObITh €llle 3HA4YU-
TeJIbHO OOJiblile, HO HE Halo MPHU 3TOM 3a0bIBaTh, YTO C YBEJIUYEHUEM pa3-
MEpOB BO3OYIIHOIO Iapa pa3pblBalolLMe OOO0JOUKY CWIbl Bce Oosee u
OoJjiee OepyT miepeBeCc Hal COIPOTUBIEHUEM Marepuala. 3a mnpeaelibl
atmocdepsl NoaHATHE NPUOOPOB C NOMOIULIO BO3AYIIHOrO IIapa,
pa3ymMeeTcsi, COBCEM HEMbICJAMMO...» TakuM 00pa3oM, MO MHEHUIO

BTC‘{CHHE MHorux JeT K. O. IIMoNKOBCKUIA TBITAJICS 0O0CHOBATh CHA-
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LIMOIKOBCKOrO, TOJIBKO IO MPUYMHE
OTCYTCTBUSI MaTepUaloOB I a3po-
CTaTOB, KOTOpble OBbLJIM OBl JOCTATOY-
HO TOHKMMU M IIPOYHBIMM, TOJIET
a3pOCTaTOB B KOCMOC HEBO3MOXKEH.
IIpouino Gosnee cra JieT, U ceityac
CO30aHO OOBOJIBHO MHOIO MaTepua-
JIOB, O KOTOpbIX llMonKoBckuit He Mor
M1 MedTtaTh. McrosibzoBaHUE MOJIUITHU-
JIEHOBOM TUIEHKM TOJIILMHON 3,4 MKM
JaJI0 BO3MOXHOCTh YUYE€HBIM U3 SIIOH-
CKOr0 MHCTHMTYTa KOCMMYECKMX MC- AR
CJeNOBaHUN M3rOTOBUTH CTPATOCTAT 7 8 9 10
BU60-1 o6semom 60 000 M* (nnameTp
50 M), Macca KOTOpOIO COCTaBMJIA BCe-
ro 35xr. B mae 2002 r. 3TOT cTpaTO-
CTaT YCTAaHOBWI PEKOpI, MOOHSIBIIMCH
Ha BBICOTY 53 KM C IIOJIE3HBIM T'Py30M
Maccoit OKOJO 5 KI, COCTOSILLMM U3
nByx TB-xamep u mpubopa GPS nns
ornpenesieHus] BbICOTHI (puc. 2.1).
Oka3zanoch, 4yTo IpopodecTBO LIMOIKOBCKOro He coBceM BepHO. Benb
MOHO CUMTaTh, YTO C MOMOIIbIO BO3MYIIHBIX LIAPOB IPUOOPHI 33 Ipeaeibl
atMocdepbl Bce-TaKM MOAHSIU. Tak, MOXeT ObITb, BOOOIllE HE CYILIECTBYET
BEpPXHEro Mpenesa sl BHICOThI, HA KOTOPYIO MOXET MOAHSAThCS CTpaTocTaT?

Bricora noawsema (H, Km)

Bpewms cyTok, u

Puc. 2.1. I'paduk pexkopmHoro mnoxbema
crparoctata BUG60-1, mosyyeHHBIN# ¢ Mo-
mombio GPS 23 mas 2002 r.

OunenuBaeM 3HEPruro
OINyCKAaomerocs atMoc(epHoro crojioa

A3poCcTaT ABMXKETCS BBEpX, TaK KaK CHU3Y Ha HEro IeiCTBYET BBITAIKU-
Baioliast cwia Apxumena. [lonHMMasiCh, a3poCTaT OCBOOOXIAET MECTO TOM
co00it, KOTOpOe 3aHMMaeT BO3MyX, BHITECHEHHBIM a3pOCTAaTOM CBEpXY. DTOT
JBIDKYIIUICS CBEpXy BHU3 BO30YX YMEHBLIAET CBOIO HMOTEHLMAIBHYIO SHEp-
TUIO, U YacThb 3TOM SHEPTHM IIepexo-
AT B MEXaHUYECKYlO0 3HEPTUIO CTpa-
Toctata. TakuM 0OpasoM, eciu

-

M, — Macca cronba atMocepbl Har E

crpatocTtatoM, a H — xapakrepHast = 1,5

BBICOTa CTpATOCTAaTa, TO MaKCHMalb- =

Hag 3Heprusa W, KoTopas MOXET < 1

OBITH IEepefaHa CTpaToCcTaTy OT OITyC- A

KaIOLIErocs cToji6a atMocdepbl, paBHa 3 0.5}
jas] ’
1N

W, =M, .gH. 2.1) S ‘ ‘

=

M3 crpaBoYHHMKAa MOXHO Y3HATb, 0 20 40 60
4TO TUIOTHOCTBb p BO3AyXa B aTMocde- Bercora (h, km)
pe YMEHBIIAETCS C BBICOTOM A 3KCITO-

HEeHUMaNbHO (puc. 2.2):

ok Puc. 2.2. V3MeHeHHEe IUIOTHOCTH BO3dyxa
p = pO e, (22) a‘moccbe 7
Dbl C BBICOTO
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roe p, = 1,23 kr/M* — MIOTHOCTH BO3ayxa Ha ypoBHe Mopsi, b =0,00013 m~".
Ecay MakcuMalibHasl IJIOLIAAb MTONIEPEYHOTO CEYEHUSsl CTpaTocTaTa B ropu-
30HTaIbHOU IJIOCKOCTU paBHa S, TO, UHTErpupyst popmyiy (2.2), MOXHO
MOJY4YUTb, YTO

MaTmszO'S' (23)

[Toacrasasisi opmyny (2.3) B popmyny (2.1), monydaem

w__ =P8 gy~ Py, (2.4)

max b

rae V' — obbem cTpaToctaTa. BeanuuHa (p"b—gj paBHa aTMOC(EpPHOMY IaB-

Jenuto y camoii semuu: P, = 101 k[la.

MoKHO JIM HaBcerJa NOKHHYThb 3eMJII0
Ha cTparocrarte?

CpaBHMM 3HEPIUIO OIyCKaloulerocsa crojba atmocdepsl W, ¢ aHepru-
el W,, KOTOpy10 HEOOXOOUMO IepenaTh TeJly MacCoMi 72, YTOOBI OHO HaBce-
rija MOKMHYJO 3eMJlo, MPUAAB €My BTODPYI0 KOCMUYECKYIO CKOPOCTb

(11,2 kM/c). MOXHO MokKa3aTh, 4YTO
W, =mgR,, (2.5)

rae R; — paguyc 3emnu. Eciy cyuTath, 4TO BCS DHEPIUs OIyCKAIOLLETOCs
cTtonba atMocdepbl MEPEXOAUT B KMHETUYECKYI0 3HEPIUlo MOTHMUMAIOLlIe-
rocs Tena, To, Kak ciaeayet u3 dopmyia (2.4) u (2.5), 3T0 TejsO, MOAHUMA-
SICb, MOXET JOCTUYh BTOPOM KOCMMYECKON CKOPOCTH, eC/IU

m_ Po . 10-3 3
ng-R3 1,5+ 107 kr/m’. (2.6)

YpaBHeHue (2.6) DOKa3bIBaeT, YTO JANIEKO YJIETETbh B KOCMOC, 3aTpaTHB
TOJBKO BHEPTUIO aTMOC(ephl, TEJIO CMOXET TOIJa, KOorga Mbl HayduMMCs
«3arnoJIHATh» MTOYTH HEBECOMbIE U OUYeHb IPOYHBIE CTPATOCTATHI BAKYYMOM.
Hamnpumep, eciy M3roToBUTh 3aIlOJHEHHBIM BaKyyMOM CTPaTOCTaT Maccoit
1 kr 1 o6bemMoM 1000 M3, TO TaKOM TMIIOTETMYECKUI CTPATOCTAT B [TPUHLU-
ne mor Obl yJieTeTb HABCerga B KOCMOC, €CJIM He OyleT CONpPOTUBICHUS aT-
Mocdepbl ero ABvXKeHWI0. KOHEYHO, CeronHss Bce 3TO MOXHO CUMTATh
($aHTAaCTUKOM, HO CKOJIbKO TaKUX (DAHTACTUUYECKMX MPOEKTOB YEJIOBEYECTBO
clenano peajbHOCThIO!

Konuyaem ¢paHTasupoBaTh M OLEHHUBAEM
MaKCHMAJIbHYIO BBICOTY NOIbEeMA CTPATOCTATA

O00JI0UKy CTpaTocTaTa Ha 3emJie 3aMoJHSIOT JHUIIb YyacTuUuHO. Ecnu no
KOHIIAa HaTyTh CTPaTOCTAT TEJMEM €llle y 3€MJIM, TO, MOJHSIBLUIUCh BBICOKO,
OH MOXET JIONIHYTb, HE BbIAEPXAaB pa3sHOCTU AaBieHUi. [1o3TOMy OTpHI-
BAIOIIMICS OT 3€MJIM CTPATOCTAT ITOXOX Ha JJIMHHBIA CMOPILEHHBINA YyJIOK,
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c/erka pacwupsomniica kpepxy. [lonHumasce B pa3peXeHHbIE CI0U aT-
MOCGEDDI, CTPATOCTAT IMOCTENEHHO pPACIUUPSETCS U NPUHUMAET (opmy,
0M3KY10 K 11apoobpasHoil. OLeHUM MaKCUMaJIbHBINH MOIbeM TaKHUX CTpa-
TOCTaTOB.

CrparocTar nepecTaHeT IBUraTbCsl BBEPX U JOCTUIHET MaKCUMMabHOM
BBICOTHI A, ., KOTJa CUJla ApXMMEa CTaHET paBHOM cuiie TskecTu. K Tomy
BPEMEHM CTPATOCTAaT pa3AyeTcsl MOJHOCTbIO 10 obbeMa V. ., a cuna Apxu-
Mena F, cTaHeT paBHa

F,=p,-etmx .} .g 2.7

[Tycth Macca 000JIOUKM cTpaTocTaTa U obopygoBaHUsl paBHa M, a 00b-
€M TeJiksl, KOTOPBIM ObL1 3aMOJIHEH CTPAaTOCTaT Ha 3eMJie MpU TeMIlepaType
293 °K ¥ HOpMaJIbHOM aTMOCGEPHOM laBjieHuu, cocrtasiser V.. Torma
macca my,, 3aloJIHSIOIET0 CTparocTar, paBHa Py V... Takum obpasom,
cuia TaxecTu F,, NedCTByIOLIasl Ha CTpaToCTaT, paBHa

F=M+my)g=Mg+py.Vin-& (2.8)

IpupaBHUBas npaBble YacTU ypaBHeHUH (2.7) u (2.8), mojyyaem BhIpa-

JKEHME IJI1 MaKCUMaJlbHOW BBICOTHI MOgbEMA /1, TE€JIMEBOrO CTpaToOCTaTa!

_ l Po * Vinax
h = ln[M+pHe- 5 J (2.9)

W3 ypaBHeHust (2.9) ciemyer, 4To yeM MeHblIe 00beM V.., TeM BbllIe
ctparoctaT nogHuMeTcs. ONHAKO yMeHbIIATh 00beM V. Mbl MOXEM TOJIb-
KO 10 TeX MpeesioB, KOTOPbIE MO3BOJSAT CTPATOCTAaTy OTOPBATbLCA OT 3€MJIU.

Kak nerko rmokasarb,

Vini 1
> . 2.10
M Po— PHe ( )

BenuuuHa B npaBoii yacty HepaBeHcTBa (2.10) oyeHb OM3Ka K 3Haye-
Huio 1 M¥/kr. TakuMm oGpa3oM, cTpaTocTaT Maccoii (6e3 rasa) 40 kr gocta-
TOYHO 3arOJHUTHL reineM oobeMoM 40 M?, ¥ OH MEIJIEHHO TOWAET BBEpX.
Ho na camom nene o6beM V. JOMKEH OBITH Ha MOPSANOK OOJbIIE, YEM
MpenctaBjieHHbI HepaBeHCTBOM (2.10). 3anoyiHsis CTpaToCTaT, Mbl OOJIK-
HBI €ro paclpaBWThb, MHaue, MOMHMUMAsICh BBEPX, HE3arNOJHEHHBIN HUIeid
cTpaTocTaTa MOXET 3amyTarbcsl. Jpyrumu ciosamu, renavii oobemom V.
JIOJIKEH OKa3aTbCsl B BepXHEH 4yacTU CTpaToCTaTta, IJIsl Yero U COOpYKaloT
cnelraNibHyl0 T1aT¢opMy, Ha KOTOPOM 3amojIHAIOT CTparocTar. bynem

CYMTATh, Hanpumep, 4to V. V_ /100. [oacrasnsis B ypaBHeHue (2.9)

min — ¥ max
Vin

M=40«kr, V,_, =60000m, V_ =600m, (—M'—" = 15M3 /kr |, monyyaem,

4to A, =~ 48,2 kM. WTak, Hala OLieHKa MOYTH COBIAja C PEKOPAHOM BbI-
cotoit mogbema BU60-1.

MoXHO M, 3alOJHUB TOT XX€ CTpPaTrocTaT MEHbILIMM OObEMOM TIeus,
JIOOUTHCSI CYLLECTBEHHO GoJiblIe BbICOThI nomHATUA? [loacTaBuB, HANpu-

Mmep, V.

min

=400 M’ —]T/[i = 10M3 /kr | B ypaBHeHue (2.9), nonyyaem Ak, =

=~ 50,3 KM, UTO BCEro Ha 2 KM BbIILE.
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Kak cnemyet u3 ypaBHeHUs (2.9), 4TOOBI MOOHSATH CTPATOCTAT €IUE BbI-
1€, Mbl MOXEM He TOJIbKO yMeHbaTh V, ,, Ho u yBenuuusath V. Ornpe-
JeTuM 3aBUCUMOCTb BBICOTBI A, OT ob0wvema V., cuyuTasg, 4TO
—min — 10 M3/KT W CTpaTocTaT He NMOJHMMAET HMKAKOIO MOJIE3HOrO TIpy3a.
[TycThb MOJIHOCTBIO HAIOJHEHHBIA CTpaTOCTaT MMeeT (opMy 11apa paauy-
coMm R_ . Torma moBepxHOCTb 3TOrO Liapa paBHa 47 (R,,,)’, a Macca 060-
JIOYKM cTpatoctata My =py - d - 4n (R,,,)?, TOe p,s — MUIOTHOCTb MaTepua-
JI1a 000JIOYKH, a d — ee T%J'[I].[MHa. TakuM o6pa3oM, 1y TaKOTrO CTpaTocTara
Vmax max

M _3p06 ‘d,

Ipobu, OT KOTopoi Gepercs JyiorapudM B ypaBHeHuu (2.9), Ha M, moiny-
yaeM

OTHOLIEHUE

U, pa3fejiMB YUCIMUTEIb W 3HaMEHATEJ/Ib

R
V max Po + T
T 3pes-d
o 2| ] e
1+pHe'—;;n l+pHe"ﬁL
hmax= b = b . (211)

3aBucUMOCTb (2.11) BBICOTHI A_. OT oObeMa V__ ToOKa3zaHa Ha PUCYH-
max max o

Ke 2.3 1A cTparocTtaTta, CHOEJAHHOIO U3 TMOJM3TUIEHOBON IUIEHKHU

(pos = 1000 xr/M3) ToNUIMHOM d = 3,4 MKM (CIUIOLIHASI JIMHUS) TPHU YCJIO-

BHUU, YTO #“‘z 10 M*/xr. BugHo, 4TO ¢ yBeNIMUEHUEM OObEMa CTpAToOCTaTa

yBEeJIMUYMBAETCSl U BBICOTA A, €ro moabeMa, Ho B nuanasoHe ot 60 000 oo
120 000 M* numb Ha 1 kM. B TO Xe Bpemsi UCITOJIb30BaHUE 0OJiee TOHKOMU
TUIEHKH, HallpUMep, TOJLUMHON 2 MKM (LITPUXOBasi JIMHUSA), JAET YBEIUYE-
HUE BBICOTBHI MOABEMA MOYTH Ha 5 KM JUIsl CTPATOCTATOB JIIOObIX pa3MEPOB.

60 ——————""

50

MakcumanbHas
BeIcOTa moawsema (h ., KM)

40 | | 1
0 60 120 180

MakcumasbHBIN 00BeM cTpaTocTaTta (V,,

ax> THIC. M?)

Puc. 2.3
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Ouenum CKOpPOCTDbh noabemMa crparocrartra

CtpaTocTaT sBJsieTCS He3aMEHUMBIM YCTPOMCTBOM ISl ITOCIOMHOTO
U3ydeHUus1 aTMocdephl, TaK KaK OH IMMOIHUMAETCS] BBEPX MTOBOJBHO MeIJIeH-
Ho. Tak, Hanmpumep, crpatoctaT BU60-1 mo cBoeil peKOpIHOIl BbICOThHI
rnogHuMasncs 6ojiee Tpex 4acoB MpPaKTUYECKU PAaBHOMEPHO CO CKOPOCTHIO
okoJio 260 M/MUH (cM. puc. 2.1). OT Kakux NnapaMeTpOB 3aBUCUT CKOPOCTh
1 BpeMsl MoJbeMa CTpaTocTaTa, U MOXHO JIM UX OLIEHUTh TEOPETUYECKU?

Ha ctpaTtocTaT nefcTBYIOT TpU CWIbL: cuja ApxuMena, CUJia COMPOTHUB-
JeHust Bo3nyxa U cwia Tskectd. Cuna Apxumena F,, TOJMKaioliasi BBEpX
cTparoctat o0beMoOM V, HaxomosalIuicsl Ha BBICOTE /A, paBHA

F,=p,-e?-V-g. 2.12)

®opmyna st cuibl TskecTH F, cTpaTocTaTta, 3aroJHEHHOTO rejiveM,
ObLTa BbIBeleHa paHee [cM. dpopmyiy (2.8)].

I1pu paBHOMEpPHOM MOABEME CTPATOCTaTa CO CKOPOCTBIO U Ha Hero meit-
creyer cuna F.', paBHasi

2
F.=c, S(‘%J (2.13)

rae S — ruiouaab MOIEepeyHoro CeyeHusl cTpaTtocTaTa, a ¢, — 0e3pa3mep-
HbIN KO3(hDULIMEHT, KOTOPbIH IS Iapoobpa3Hoit OopMbl cTpaTocTaTa CO-
craaseT 0,24. [IpM yCKOpEHHOM OBMXXEHMM CTpaTOCTaT MpUIaeT yCKope-
HHE HEKOTOpOW Macce BO3dyxXa, Haxonslleilcs Imepel HUM, KOTOPYIO
Ha3blBalOT NPUCOEIMHEHHOI Maccoit M. IlpucoenuHeHHas macca M, BO3-
JlyXa Mpu YCKOPEHHOM MOoAbeMe IIapo0Opa3HOro CTpaToCcTaTa paBHA ITOJIO-
BUHE 00bEMa BO3IyXa, 3daHUMAaeMOTro CTPaTOCTATOM.

Utak, BCce CuUJibl, NEHCTBYIOIIME HAa CTPATOCTAT, OMMCAHbI, HO Tepend
TeM, KaK OLIEHUTb CKOPOCTb MOAbEMA, HAM HEOOXOAUMO OINMUCATh U3MEHE-
HUs DopMbl U oObeMa cTpaTocTata npu noabeMe. IlycTh BEpXHSIST 4acTh
cTpaTocTata Bcerma uMeeT (opMmy mojycdepbl paiuycoM #, paBHBIM pa-
IUYyCy MOMNEPEYHOro CeYeHUsl CTpaTocTaTa, a HUXKHSISI €ro YacTb MpeacTaB-
JisieT coOoi MOJOBUHY 3JUTMIICOMIA BpAlUEHUS C TMOJYOCAMM F, ¥, U L
(puc. 2.4).

IIpu mombeMe BBepX, KOrna JaBjieHWE BO3MyXa CHApYXM Manaer, oobem
CTpPaToCTaTa YBEJIMUYMBAETCs, IIOLIAAb €ro IONEPEYHOro cedyeHus: (1)
YBEJIMYMBAETCS, a BEepTUKAJIbHbIN pa3Mep L yMeHbLIAETCsI, MPUOIMKASICh K

B koHILIe KOHLIOB CTpPaTOCTAaT MPUHUMAET LIapoobpas3Hylo GopMmy pa-
auycoMm r,... UToObl omMcaTe Bce NMPOMEXYTOYHble (DOPMBI CTPATOCTATa,
MOXHO CYUTATh, YTO IJIS1 HAX CIIPABEIJIUBO CIEAYIOLIEE PABEHCTBO:

r+L=2r_. (2.14)

MOXHO 1oKa3aThb, YTO 00bEM CTPATOCTaTa, IJISI KOTOPOTO CMpPaBeIINBO
paBeHCTBO (2.14), paBeH

V= (4/3) trr 0 = (4/3) S¥pan (2.15)

rlTlle'

' Cuna CONpOTUBJIEHUs Bo3ayXa [, BKIIIOYaeT B ce0s IBE COCTaBIAIOLIME (TTOAPOOHEE CM.:
CraceHnko A. JI. ®usnyeckuie ocHoBbl rnosneta. — (bubauoreuka «KBaHT»). — Brin. 91. Biopo
Ksantym. — M., 2005).



28 FnaBa 2

V. V. V.
V=ﬁ V=ﬂ V=—mﬂ V=Vmax

| @.

Puc. 2.4. M3meHeHue dopMbl 1 0ObeMa V «MozpenbLHOro» cTparocTara npu NnoxbemMe

[Toka 06o0Ji0YKa CTpPaTOCTaTa HE HATSIHYTa, ero OObEM MOXHO BBIYMC-
JISITh 110 ypaBHeHUIO MeHneneeBa — KnaneiipoHa, cuuTtas, 4To AaBjieHUE U
TeMIIepaTypa reJiusl paBHbl COOTBETCTBYIOLIMM IapaMeTpaM BO3[yxa CHapy-
xu. Ilpu sTOM cuiaa Apxumena INpU MOOBEME OCTAETCS HEM3MEHHOW U
paBHOM

aTMVmin
Fy=fmomn p (2.16)

am™
IIpu 3TOM 00BEM CTpaTOCTAaTa IOCTUTAET CBOEr0 MaKCUMMalbHOIO OObe-
ma V. Ha BbIcOTe A:

V.
h:%m(ﬂ.%ﬂ‘_J=%ln(ﬂoM} (2.17)

M BO31 my, Maom PHe l/min

" in =300 M* BbICOTa /4, BbIUMCIIEH-
Hag no dopmyne (2.17), paBHa 40,9 km. Takum o6pazom, nepsbie 40 KM
CTpaToOCTAaT MOAHUMAJICS MO AEMCTBUEM MOCTOSIHHOMW CUJIbl ApXxUmena, 3a-
TEM 3Ta CWIa CTajila YMEHBILAThCA, TaK KaK 00beM CTpaTocTaTa yxe He Mor
YBEJIMYMBATBCS, a ellie yepe3 13 KM cujia ApxuMeaa crajla paBHa CUJe Ts-
JKECTU, U CTpATOCTAT OCTaHOBWIICS. Onpenenum CKOPOCTb NBUXEHUSI CTpa-
TOCTaTa Ha y4yacTKe TOIbEMA C MOCTOSIHHOU CUoN Apxumena.

C 0IHOI CTOPOHBI, Kak cienyeT u3 gopmynsl (2.13), cusia conpoTusie-
HUs Bo3ayxa F, 3aBUCUT OT npousseneHus Sp. C Apyroi CTOpoHbl, CTpaTo-
CTaT M3MEHSIET CBOIO (OpMYy U 0OBEM B COOTBETCTBUU C dhopmynoil (2.15),

OTKYyIa I1oJjJiy4dyaeM, 4TO
S = (3/4’,'/ J

Hns crpatoctatra BU60-1 o6bemom V,
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[MoacTtaBnsst 3T0 BblpaxeHue Wist S B dopmyay (2.13), noaydyaem

2
F.=c,- S(p" ): PV pppr o

2 8Fma RT v
— 3cv -paTMVmin
8r

max

. . 2
I M -0 (2.18)

aT™

OTKyZa CIEeLYeT, 4To K03 duuueHT npu v’ B popmyse (2.18) usmeHsietcs ¢
BBICOTOI Tak, Kak u3MeHsiercs c,. CHayajla aspocTaT UMeeT KarjieBUIHYIO
dopmy (c,=0,04), a B KOHUE mpuoOpeTaeT IIapoobpasnylo GopMy
(c,=0,24). Ewe pa3 obneryum 3amagy, cyuTas, 4YTO B cpemHeM c, = 0,14.
IlonpoOyeM cHayaja nipeHeOpeyb IMpUCOEAMHEHHOM Maccoil. Toraa
F,=F.+(M+my,)g, u, ucionb3yss ypaBHeHus (2.16) u (2.18), moxHo
MOJIYYUTD CJIEAYIOLlee BhIpakeHue IUIS CKOPOCTH U IIOAbeMa CTPaToCcTaTa:

_ 8-g M + my,
v—\/rmax " (1— i J, (2.19)

BbIT

rae M, . — Macca BBITECHEHHOTO CTPAaTOCTaTOM BO3JyXa Ha 3eMiie, paBHas
K02 ULIMEHTY TpU g B cbopMyne (2.16).

s crparocraTa BU60 Fox=25M u c,=0,14, M=40xr, m,, =
=68 kr (V_,, =400 M*), M, = 492 Kr (opmyia ‘@ 19) maer v=30,3 M/c =
= 1818 M/MUH, 4TO B 7 pa3 00JibIllE peaIbHOU CKOPOCTH, KOTOPYIO MOXHO
BBIYMCIIUTL U3 JAHHBIX, MOKA3aHHBIX HAa pUCyHKe 2.1. 3HAYUT, HAO CUU-

TaThb MPaBUJIBHO, T. €. YYUTHIBATL IIPUCOCINMHECHHYIO MaAcCCy.

CuMTaeM CKOpPOCTHh MOJAbEMA CTPATOCTATA,
YYUTBIBASA NPUCOETUHEHHYIO MACCY

Yuects 3pdexT npucoenMHeHHOUW MacChl M, HOBOJBHO JIETKO, €CJIU
3HaTh, YeMy OHa paBHa. JocTtaTrouHO B dopMyiy (2.19) mjisi BBIYUCIEHUS U
BCTaBUThL (M + M) BmecTo M:

8-g M+ M, +my
- . _ n *Mue | 2.2
y \/rmx - (1 M ] (2.20)

OCHOBHYIO TPYIHOCTb MPEICTABJISIET MOA00p (GOPMYJbl ISl BbIUMCIIE-
HUsI IpUcoeNMHeHHON Macchl. OKa3anoch, YTO 3HaUYE€HUE CKOPOCTU MOIbE-
Ma CTpaToCTaTa, IojiydyaeMoe ¢ Tomolnbio ¢opMyianl (2.20), 6arKe BCEro
COOTBETCTBYET JAHHBIM PUCYHKA 2.1, eclid cUuTaTh, YTO TPUCOETUHEHHAas
Macca paBHa 0,77 Macchl BO3[IyXa, BHITECHSIEMOTO CTPATOCTaTOM. DTO 3Ha-
YyeHue He BhI3bIBAET YAMBJIEHMS, TaK KakK IS I1apa OHO JOJIKHO ObITH paB-
Ho 0,5, a 119 WWIMHIpPA, IBVKYLIErocd neprneHaIuKyJIsIpHo cBoel ocu, 1,0.

TakuM obGpa3oM, Ha NMPUMEPE CTPATOCTaTa MBI JOKAa3aJM, YTO paccMarT-
pUBaThb IBUXEHHWE TeJl MAJOi IUIOTHOCTU B cpelax OOJIbILON IUIOTHOCTHU
MOXHO, YYUThIBasl 3P deKT npucoeanHeHHON Macchl. C Takol ke mpooie-
MOM MBI CTOJKHYJIUCh OBI, €ClId Obl CTaJiM pacCMaTpUBaThb JABUXEHUE IYy-
3bIpbKa BO3IyXa, BCIUIBIBAIOIIETO B XUAKOCTH. JleTsuiuii B BO3AyXe KaMeHb
TOXE€ BOBJIEKAET B JBMXXEHHME HEKOTOpYIO Maccy Bo3dyxa mepen CcoOOOii.
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OIHaKo IUIOTHOCTb BO3MyXa B TBICSYM pa3 MeHbIlle TUIOTHOCTU KaMHs, U
no3ToMy 3(GEKT MPUCOETUHEHHON MacChl B 3TOM Cjiydae OyIeT He TaKMM
3HAYUTEJILHBIM.

A ecJM NpbITHYTh U3 cTpaTtoccdepsl HA 3eMI0

HNnMenHo Tak chenan amepuxanen Jx. Kurrenmxkep 16 asrycra 1960 r.,
CIIPBITHYB CO CTpaToCTaTa, MOMHSBIIErocss Ha BHICOTY 31 kM. B TeueHue
nepBbiX 13 ¢ OH JieTea B CBOOOJHOM IMal€HWM, MTOTOM PacKphLI MaJieHbKUAMN
CTaGMIU3UPYIOLIHIA ITapalllioT fuaMeTpoM 1,8 M, KOTOpBIi JIUIIL cIerka 3a-
MEeUIIJI €r0 CBOOOIHOE MaaeHue, HO TpPeNOTBpPaTUJ CMEPTENIbHO OIMAacHOe
3akpyuuBaHue. Tak oH Jeren eme 4,5 MUH, OIYCTUBILIMCH 10 BBICOTHI
5,3 KM, Ha KOTOPOI1 YK€ pacKpbUI OOBIYHBIN IMAapallioT IMaMETPOM 8,5 M.

Korma cBob6omHOe MafgeHue napautoTUCTa MPOUCXOAUT B BBICOKUX CIOSIX
atMocephl, Ie BO3MYX OYE€Hb Pa3peXeH, ero CKOPOCTh MOXET HOCTUTaTh
OYeHb OOJIBIIMX 3HAaYeHUU. B 3TOM Mosiete ckopocTh KuTTeHmxepa BIUIOT-
HyI0 MpUOJIM3UIACh K CKOPOCTH 3ByKa M cocTtaBuwia 6osee 900 km/4. Ilo-
3TOMY BXOJ IAapallloTHCTa B 0oJiee IUIOTHBIE CJIOM BO3AyXa MOXHO OBUIO
paccMaTpuBaTh KaK CTOJKHOBEHHE CO BCEMHU BBITEKAIOIIUMM HOCJIEICTBHUS -
Mu. Tak, KutreHmxep, «yIapUBIIKCh» O IUIOTHBIE CIIOU BO3AyXa Ha BBICOTE
23 000 M, 4yBCTBOBaJI MEPErpy3Ku OKOJIO 1,2g. DTOT MPBLEKOK O CUX MOP
SIBJIIETCA HEO(DUIIMAIbHBIM PEKOPAOM IO BBICOTE CBODOOOHOrO MageHUs.
OgHako TIPBDKOK OBUI COBEpIeH NpH [OMOIIU CTaOWIM3UPYIOIIErO
rapailioTa, II03TOMY OH He ObLI 3aperMCTpMpPOBaH KaK PEeKOpII.

MOXHO OLIEHHMTh MaKCUMAaJIbHYIO CKOPOCTb TiameHus KurreHmxepa, ec-
JIU CYMTATh, YTO CTAOMJIM3UPYIONMIMI mapaimrioT Ha BbicoTe A = 30 000 M
cHeNaj ero IIOJIET PaBHOMEPHBIM, T. €. CIIa TSKECTH Obla MOJHOCTBIO
CKOMITEHCHpOBaHa CWJIOH COMNpPOTUBJIEHUS Bo3myxa [cM. (opmyny (2.13)]
Ha 3Toil BeicoTe. Torma ¢opMyia 3aBUCHMOCTU €ro CKOPOCTU OT BBICOTHI

OyIeT CIEoyIOLIEH:
2My g oh
v= /—e , 2.21
¢, SkPo ( )

e M, — macca Kurrenmxepa BMeCTe C IIapallloTaMH, COCTaBJIsBLLAs
okono 200 kr, Sy — IUIOIIaAb MOIEPEYHOIO CEYEHUS CTAOWIM3UPYIOLIETO
napainora auamerpoM 1,8 M, a ¢, — K03h@ULKUEHT a3pOIMHAMUYECKOTO
COIPOTHUBJIEHMS TapallioTa, paBHbINM 1. Eciu moacTaBuTh BCe 3TU NaHHbIE
B ¢opmyny (2.21), To Mbl moimyuyuM v =250 m/c =900 kM/4, 4TO OYEeHB
OJIM3KO K peajbHBIM 3HAUYEHUSIM CKOPOCTU PEKOPAHOTO MmpbDKKa. Takum
o6pa3oM, 1pu Iojietre Kurrenmkepa, Kak Mbl ¥ Mpenrnoiarajivu, Npucoeau-
HEeHHas Macca He OKa3bIBaeT CYIIECTBEHHOIO BIMSIHUS, TaK KakK <«ILIOT-
HOCTh» KUTTeHIXepa B MECITKU THICSY pa3 OOJIbIIE IUIOTHOCTU BBICOTHBIX
cJioeB aTMOC(QEpHI.
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Hoquy KOCTD

EPO‘-IHCC FPaHI/ITa 1 I10J1a4d BHYTEI/I

5

Basa, MpeXIe YeM clejaTh HaC TaKMMHU, KaKue MBI eCTh ceifvyac. Eciu

OBl Tepel UHKEHEpOM-MEXaHUKOM ITOCTaBUJIM 3aJadyy CKOHCTPYMpPO-
BaTh KOCTh Ye€JIOBEKa, TO OH HAaBEPHSKA Cpa3y Xe CIIPOCHJ Obl, U 4Yero
OHA HYXHa, TaK Kak (opma, pasMepbl U BHYTPEHHsISI CTPYKTypa KOCTH
IOJDKHBI OTIpenensaThes ee GyHKIMell B ckeyete. Kak Xxe paGoTaloT Hallu
koctu? Kak M 00ble CTPOUTENBbHBIE 3JEMEHThI, KOCTU HAIEro cKejeTa
paboTalOT B OCHOBHOM Ha CXaTHe, PaCTSDKEHWE WIU U3TH0. DTH PEeXUMBI
paboThl MPENbABISIOT K KOCTSIM, KaK K 3JIEMEHTaM CKeJeTa, Najieko He
OMMHAKOBbIe TpeOGoBaHUsl. KaxXmoMmy sCHO, YTO CHUYKYy WIM COJOMUHKY
IIOBOJIBHO TPYOHO pa3opBaTh, PacTATMBas MX BAOJb OCH, U OYEHb JIETKO
CJIOMaTh, U30THYB MX.

B MHXeHEPHBIX KOHCTPYKLHMSAX, KaK U B CKeJIETaX XUBOTHBIX, XeJlaTe/lb-
HO COYETaHHE TMPOYHOCTU C JIETKOCThI0. Kak moOMThCcS MaKCUMAaIbHOM
MPOYHOCTH KOHCTPYKLMHU IIPU €€ 3aJaHHOM Macce U U3BECTHOM MPOYHOCTU
Marepuana? DTa 3aJaya JOBOJILHO IIPOCTA, €CIM 3JIEMEHT KOHCTPYKIIUU
JOJDXKEH paboTaTh JIUOO Ha MPOMOJbHOE pacTsDKeHUE, JIMOO TOJIBKO Ha CXa-
THe. TlycTth, HampuMep, HalO IMMOIBECUTh HEKOTODPHBIN IPy3 Ha Tpoce OIlpe-
IeJIeHHOM mnuHbl. ITpoYyHOCTh Tpoca OymeT paBHAa IMPOYHOCTU €r0 CaMoro
TOHKOTO y4acTKa, II0O3TOMY €ro Bec OyleT HaMMEHbIIIMM TPU OIXUHAKOBOM
TUIOLIANM CEYEHUS IO BCEM MIMHE.

BCC MBI IJIOOBI 3BOJIIOLIMU. Hpnpoz{a MWJIJIMOHBI JIET OKCIICPUMEHTHUPO-
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Hoqemy KOCTb BHYTPH noJjasAa

Ecnu 31eMeHT KOHCTPYKLUMU pa-
Ootaer Ha M3rud, Hanpumep, Koraa
Mbl yAepXHUBaeM Ipy3 pyKoii, COrHy-
Toit B Jokte (puc.3.1), To 3amauya
MOMCKa MaKCUMaJbHOW MPOYHOCTHU
MpyY 3aJaHHOW Macce CTaHOBUTCS
bonee ciaoxHoi. YTOOBI OLIEHUTD,
Kak Ae(OpMUPYETCS JIOKTeBasi KOCTb
NpyY TaKOW Harpyske, YIpoCTUM 3a-
Jayy U 3aMeHUM KOCTb TOpPU30H-
TajlbHbIM CTE€PXHEM, OIMH KOHell
KOTOpPOTO HEIMOABUXHO 3aKperJeH
(puc. 3.2, Bepx). O4eBUIHO, UYTO MpHU
Puc. 3.1. JlokTeBas KocTb paboTaeT Ha M3- JHEUCTBUM BEPTUKAJIbHOU CHUJIBI Ha
rub, a rJedeBasi — Ha pacTsSDKEHUE, Koraa CBOGOJIHbIP'I KOHEL TaKOro CTEP2KHS
Mbl YIOEPXHWBA€M TIpy3 COTHYTOM B JIOKTE HUXXKHHE €ro CJOU CXKHNMAITCd, a
pyKO# BepXHUe pacTarusaiorca (puc. 3.2,

Hu3). [Ipu 3ToM nMHaA cepeduMHHBIX
CJIoeB TIpU U3rube JOKTeBOW KOoCcTU He u3MeHsieTca. [loatomy maTtepuan,
HaxOIsIIMICS B 3TUX CJIOSIX, He paboTaeT (T.e. He medopMupyeTcs), a
JIUIIb YTSXKEISeT KOCTh. 3HAYUT, JJIsg €e MPOYHOCTU 4YacTb MaTepuaja
BIOJIb OCH KOCTHM MOXHO yIaJUTh 6€3 6oabinoro yiiep6a. Takum obpas3om,
ONTUMAaJIbHOU OYyIeT KOCTb C YaCTUYHO OTCYTCTBYIOLIEH «CEpILIEBUHOMN»,
TaK KaK LUJMHIPUYECKUIN CJIOI OKOJIO OCH KOCTU HE MpeTeprieBaeT Cyllle-
CTBEHHBIX AedopMaluii Mpu U3rude M TOJAbKO YBEIUUMBAET €€ Maccy.

EcTtecTBeHHO, UTO MpPHUpOAA B MPOLECCE 3BOJIOLUU UCIIOJb30Bajia TaKoH
cnoco® yMEHBIIIEHHWS MacChbl 4YeJOBEeKa M JXMBOTHBIX IPU COXpPaHEHUH
MPOYHOCTU MX ckejieta. Hanbosiee 0TYETIIMBO 3TO MPOSIBUIOCH Y NTHUL, KO-
TOpbie OOMblUe APYTUX XUBOTHBIX 3aMHTEPECOBaHbl B YMEHbILIEHHUU CBOEM
maccel. HanpuMep, y ¢perata — NTULIbI, UMEIOUIEN pa3dmMax KPbUIbEB OKO-
J10 2 M — ckeneT umeeT Maccy Bcero 110 r. OgHako U y OeCKpbLIBIX XHUBOT-
HBIX KOCTH BHYTPHU TOXe IoJibie. U3MepeHHUs MoKa3biBalOT, HAalIPUMED, YTO
IUIsT caMOil KpynmHOW TpybyaTOl KOCTU ckeJjieTa, OelpeHHOU, OTHOIIEHHUE
BHYTPEHHEro AuMaMeTpa MOMNepeyHOro CeYeHUs K BHEIIHEMY Yy 4YeJloBeKa U
JPYTUX MJIEKOIUTAIOUINX COCTaBJSIET OKOJIO
0,6, 4yTO OAET BO3MOXHOCTb NPHUOIU3UTENBHO
T Ha 25% yMeHbILIUTb Maccy cKeJieTa IIpH coxpa-
T HEHWUU TOU K€ MPOYHOCTH.

IIneueBas KOCThb

JlokTeBasg KoCcThb *

T iaaasseans " oy,

LT Puc. 3.2. Cxematuyeckoe u300paxeHWe JIOKTEBOH KOCTU
(TOpU3OHTANIbHBIN CTEpPXEHb) B HEHArpy>XeHHOM COCTOSI-
HUM (Bepx) U mnpu nedopMauuu, BbI3BAHHOI AeiCTBUEM
P F cuibl F, MPUJIOXKEHHOH K ero cBOGOJHOMY KOHLY (HM3).
LliTprxoBasi MMHUSI 0603HAYAET TONOXEHUE HeaedopMH-
pyemoro cJost
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IToyeMy KOCTb NMpoYHEEe rPaAHUTA

[Ipexmne yemM XBaJUTh TIPUPOLY 3a €€ OCBEIOMJIEHHOCTh B BOIIPOCAX CO-
MPOTUBJICHUS] MaTepUaJiOoB, NMOCMOTPUM, HOCTATOYHO JU IPOYHBI HAIM
KOCTH.

3HavYeHUs: KPUTHYECKUX HANPSKEHUI
(oTHOmIEHHE CWJIbI K IUIOIIAAU MONEPeYyHOro ceyeHHusi o0pasia),
NPH KOTOPBIX HAPYLIAETCS LEJIOCTHOCTh Pa3IHYHbIX MATEPHAJIOB,
HCIBITAHHBIX HA CXKAaTHEe U PACTsDKeHMe, a Takke mx Moaym FOnra

Tabauya 3.1
verepan | [zt | Mpoweriane | Moo

Cranb 552 827 2070

Koctb 170 120 179

I'panut 145 5 517
Dapgop 250 55 _

Hy6 59 117 110

beton 21 2 165

Kak cnenyer u3 tabmuubel 3.1, KOCTh MO CBOEHl IMPOYHOCTU YCTYIIAET
TOJIBKO CTaJIM M OKa3bIBa€TCSl ropasao MpOoYHee CTaBIIMX oOpa3iaMu Mpoy-
HOCTU rpaHuTa M OeToHa. YeM Xe OOBSICHSIETCS TaKasl BbICOKas MPOYHOCThb
KOCTHOro MaTtepuaja?

KocTh — KOMMO3UIITMOHHBIM MaTepual U COCTOUT U3 ABYX COBEPILUEHHO
Pa3IUYHbIX KOMIIOHEHTOB:

¢ 3JIACTUYHOIO KOJUIareHa (M3 HEro B OCHOBHOM COCTOSIT BCE HAIlIM CY-

XOXWJIHUS);
e KPUCTALIOB TuApoKcuianatuta Kausuus, Ca,(PO,), - Ca(OH), —
60% macchi.

M3BeCcTHBIM MpPUMEPOM KOMIIO3MIIMOHHOTO MaTepuaja CIYXWUT CTeKJIO-
TUTACTUK, TIPENCTaBISIONINNA COO0 CMeCh CTEKIITHHBIX BOJIOKOH M CMOJIBL.
ITpuynHOIt BHICOKOI MPOYHOCTU KOCTH SIBJISIETCS COEIMHEHME 3JIACTUYHO-
CTM M TBepIOCTH. MHOrue OObIYHBbIE (HEKOMIIO3ULIMOHHBIE) MAaTepUaIbl,
001anast 0oJIbIION TBEPAOCTHIO, OUeHb XPYTIKU. KaXmplil BUIEN, KaK ObeTcs
crekio. OT MecTa, Iriie 1o CTeKJIy yaapuiu, pa30eralorcss TpellUHbI, KOTO-
pble U pacKaJibiBaloT ero. Eciu TpeluHbl He ycrneBaloT 00pa3oBaThCsl, KakK
5TO MIPOMCXOAUT MPU yaape IyJIu, TO CTEKJIO OCTaeTCs 1IeIbIM, 32 UCKIII0Ye-
HUEM 00JIacTU, Kyla ObUI HaHECeH yaap.

Takum obpa3oM, MPOYHOCTh MHOTMX MaTepuaioB ObUia OB TOpa3fgo BhI-
e, eciayu Obl MX CTPYKTypa IpEeNsITCTBOBaJa pPacIpOCTPAHEHHWIO TPEIIVH.
Hanuuue B KOCTU CETKM M3 KoOJUIareHa, o0JIafalolliero BHICOKOU 3J1acTUY-
HOCTBIO, CIYXXUT IIpErpanoit st paclipoCcTpaHeHUs B HEX TpemuH. B To Xxe
BpeMsl TBEPIOCTh KOCTU O0ecCledynBaeTcss KpUCTAJUIaMU TMIPOKCUIANIaTUTA
KaJIbLIMsI, OTJIOXHUBIIMMUCS Ha IIOBEPXHOCTH KOJUIareHOBBIX HuTeil. Ha
KOMIIO3UIIMOHHYIO MPUPOIY KOCTH YKa3bIBaeT ee HU3KOEe 3HAYEHUE MOMYJIS
IOHra no cpaBHeHUIO ¢ OMHOPOMIHLIMM MaTepUaIaMU TaKON XK€ IMTPOYHOCTH.
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Kakoii ke 3anmac nmpoYyHOCTH Y HAIIMX KOCTeM

CpenHsist 4acTh IIJIEYEBOM KOCTH YeJIOBEKA UMEET IUIOLIANb ITOMEPEeYHO-
ro ceyeHus: okoso 3,3 cm?. Mcronw3ys maHHbIE, IIPUBEIEHHBIE B TAOIMULE
3.1, MOXHO YTBEpXKIaTh, YTO MAKCUMAJILHBIN BeC Ipy3a, KOTOPBIN yaep:Ku-
BaeT KOCTb, HAXOMSICh B BEPTUKAJIBLHOM ITOJIOXEHUHU M paboTas Ha CXaTue,
om3ok X 60 000 H. B To ke BpeMss MakCHUMaJbHasl CHJia, KOTOPYIO MOXET
BBIIEPXATh Ta X€ KOCTh, paboTass Ha M3ru0, €CIM 3Ta CWiIa IPUWIOXeHa K
ee CBOOOTHOMY KOHILy, ITEpIIeHIUKYJISIPHO OocH, OymeT Onu3ka K 5500 H.

MexaHuka Kapare

IIpexpacHoO!l wimOCTpaveil MPOYHOCTH KOCTel YeloBeKa MOXET CIy-
KUTb TIOMYJISIpPHBIA BHI CIOPTUBHBLIX YIpaXXHEeHUN — kKapaTe. TeM, KTO
BIIEpBbIE BUIMUT KapaTUCTa, pa3bMBAIONIEro KpemnkKue OpycKM [IepeBa WU
0eToOHa, YacTO KaXeTcs, 4YTo 3To MuUcTUdukanus (puc. 3.3). Kak MOXHO
pyKo¥ pa30MBaTh TaKW€ MPOYHBIE MPEIMEThI, KaK NyOOBbIE WK OETOHHBIE
Opycku, He cioMaB ee? CHayana nonpobyeM OUEHUTh 3Hepruto W, Heob-
XOIMMYIO IJISl pa3pbiBaHUS OpyckKa. I/ICI'IOJ'IBBYH 3akoH ['yka mis ue¢)opMa-
MU O6pycka u Gopmyiy sl IOTEHIUABHON 3HEPIruu, 3araceHHol B cxa-
TOM IpYy>XUHE, MOXHO MOJYYUTh BhIpaKeHUE

VTZ
Wp = ﬁ N (3 ].)
rae V' — obbeM Opycka, T — MaKCUMAaJIbHOE HAIPSDKEHHE, KOTOPOE BBIAEP-
KMBaeT marepuan Opycka, F — momyns IOnra. ®@opmyna (3.1) moarsep-
KIaeT MHTYUTUBHBIE COOOpaKeHUSI, YTO YeM OOJIbllle OPYCOK, TeM TpyIHee
ero pasopBaTb. M3 Toit e opMyJbl CIeAyeT, YTO YeM 3JIaCTUYHEe MaTe-
puaj 6pycka, TeM TpyoHEe ero pa3opBaTh, TaK KaK Ha ero pacTsDKeHUe 3a-
TpauuBaeTCsl OOJIbIIAST SHEPTHs.

Kak mpaBwio, B CBOMX ITOKAa3aTeJIbHBIX BBICTYTUIEHUSIX KapaTUCTHI KC-
IOJIB3YIOT GeTOHHBIE KUpuun padMepoM 0,4 x 0,2 x 0,05 m. [TpuHuMast Bo
BHMMaHWe naHHble Tabmuubsl 3.1 u dop-
Myny (3.1), MOXHO IMOJIYYUTh, UTO IS Ta-
xux 6pyckos W, = 0,55 Ix. Ckopoctb
JIBUXKYIEHCS py'KI/I KapaTuCTa COCTaBJIsI-
eT npubau3uTenpHO 12 M/c, a ee Macca
0,7 xr. [ToaTOMyY 3Heprus, KOTOpPYyIO Iepe-
JaeT pyka B MOMEHT ynapa, Oiam3Ka K
50 Ix. TakuM oOpa3oM, pyka KapaTHUCTa
00JI1amaeT JOCTaTOYHBIM 3aIacoM 3HEPTUH,
YTOOBI pa3pyllIuTh OpPYCOK M3 OETOHA.

To, uTO pyKa KapaTucTa He JIOMaeTcs
IIpY yoape o 0eTOHHBIN OPYCOK, YaCTUYHO
00BsICHSIETCSL TOpa3no OOoJbILIEH IIPOYHO-
CTBIO KOCTH IIO CpaBHEHMIO C OETOHOM.
BBICOKOCKOPOCTHAsT KMHOChEMKa KyJiaka
KapaTMCTa B MOMEHT Yymapa IoKa3ana,
YTO €ro 3aMmelyIeHue IpU COIPMKOCHOBE-
Puc. 3.3. Kapartucr, pa36buBaroiuit HHUU C GPYCKOM COCTaBJILACT IIPUMEPHO
rOJIOH pyKO#i GETOHHbIH Gpyc —4000 m/c?. TloaToMy cuia, OEUCTBYIO-
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11as co CTOPOHBI OpycKa Ha Kyjak, macca Koroporo 0,7 KT, JOJDKHA OBITh
paBHa 2800 H.

Ecnu xynak B MOMEHT yfnapa 3aMeHUTb KOCThIO JJIMHOM 6 CM U IMaMeT-
poM 2 cM, GUKCMPOBAaHHOM B ABYX KpallHMX TOYKaX, a ymap o OGpycoK Mo-
IENMpOBaTh CUJIOHN, NENUCTBYIOIIE Ha €€ CepeauHy, TO B TAKMX YCIOBMIX
KOCTb MOXeT Beiaepxkath 25 000 H. Dto npubiusuteasHo B 8 pa3 Goiblie,
YyeM CWJa, OeHCTBYIONIAsl Ha Ky/laK KapaTHCTa IIpM pa3iaMbIBaHUKM OETOH-
HBIX OpYCKOB.

WTak, ccplaTbes Ha XPYNMKOCTh HAIIMX KOCTEU, ONpaBOBIBas CBOIO He-
PELIUTENIbHOCTh, MBI He BrpaBe. OHUM He ITOIBEMYT.

A cyxoxuaus 3ayem?

MHorue U3 Tex IBIDKEHUH, KOTOPhIE MBI COBEpIlIaeM, OBIBAIOT IIEPHUOTH-
yecKuMU. Bo BpeMsl 3TUX OBWXKEHUU pa3TUYHBIE YACTH TeJa IOBUXKYTCS He-
paBHOMepHO. Hamnpumep, npu Gere unu xonbbe Kaxmas M3 HOT IOIlepe-
MEHHO YMEHBIIAeT CBOIO CKOPOCTh O HY/SI, COIIPUKAcCasCh C 3eMIIei U
TOPMO3s IIPU 3TOM IlepeMellleHHe Tena. B mociemyionieM Ta Xe HOra, OT-
TAIKMBAsICh OT 3€MJIM, YCKODPSIET 3TO mepemMelleHue. s Toro, 4ToGH 3a-
CTaBUTb AaBTOMOOWJIb ABUTAThCS MOJOOHBIM 00pa3oM, HaM HYXHO OBLIO ObI
¢ yacrotoi okoJio 1 I'l HaxxuMaTh TO Ha Ienaib rasa, To Ha TopMo3. Ecre-
CTBEHHO, YTO Pacxoj roployero Mpu TaKOM UMITYJILCHOM XapaKTepe IBIDKe-
HUS PE3KO BO3PACTaeT, TaK KaK 4YacTh KMHETHYECKO# 3Hepruu aBTOMOOWIS
IIpM TOPMOXEHUHU MEPEXOOUT B TeruioTry. Heyxenu Oer yemoBeka M KUBOT-
HBIX TaK >X€ HE3KOHOMMYEH, KaK IBIDKEHME 3TOr0 TMIIOTETHMYECKOTO aBTO-
MoOwWIs?

KoneuHno, HeT. MccnemoBaHusl y4eHBIX IOKAa3ajik, 4TO IpU Oere 4acTh
KWHETUYECKON DHEPruU B (ha3e TOPMOXEHUSI XPAHUTCS B CYXOXWJIMSIX HOT
B BUIE IOTEHUUAIbHOW B3HEPTUU HUX OedopMalluM, KOTopas IIepeXOIUT
OISITh B KWHETUYECKYIO SHEPTUIO IMMOJOOHO TOMY, KaK 3TO IIPOUCXOIMUT IIPU
OTCKaKMBAaHMU PE3MHOBOTO MsSi4ya OT CTEHBI. TakKMM 0DOpa30oM, CYXOXMWIHUS
SBJBSIIOTCS 3allaCHUKaMM MEXaHMYeCKOM SHepruu Bo BpeMs Oera u IpyTrux
LUKJINYECKUX OBUXKEHUM.

CaoiicTBa CYyXOXWIMI OoJiee MJIM MeHee OOMUHAKOBBI Y BCEX XUBOTHEIX,
OIHAaKO KOHEYHOCTU KOTBITHBIX, HarlpuMep, OBell U JIollaneil, Haubosee
IpUCIIOCOONEHBI I XpaHEHUsI MeXaHW4YecKoil sHepruu. HekoTopnie
MBIIILBI B HDKHMX YaCTSIX HOT 3TUX XUBOTHBIX COCTOSIT IPAKTUYECKU U3
OOHUX CYXOXWJIMH, KaK, HallpuMep, y Bepomona. B Hore yemoBeka caMbIM
MOILIHBIM SBJISIETCSI axXWUIOBO CYXOXWJIME, Ha KOTOpOe€ IIpU Oere MOXET
[eiicTBOBaTh pacTiaruBawlias cuna go 4000 H.

Kaxnplit MOXeT caM yOenuThCS B TOM, YTO MeXaHMYECKasl SHEPTUsl Jeii-
CTBUTEJBHO 3aIlacaeTcsl B HAlllUX HOraxX, Kak B IIpyxuHax. g 3Toro mo-
npoOyiiTe mpucenarb, CUJIbHO Crubas KoieHU. BBl cpa3dy 3ameTuTe, 4TO
TMIOTHUMAThCSI TOPa3o JIerde, €CM BHITIPSIMIISITH HOTM cpa3y, a He 3ajiep-
JKMBaThCsl Ha CEKyHOy U OoJjiee B IMOJIOKEHMH C COTHYTBIMU HOTaMH. DTO
MOXHO OOBSICHUTH TEM, UTO IIPM CTUOAHMU KOJIEHEN CYXOXMIMS CHadasla
pacTATUBAIOTCS, U €CIM, He JaBasi UM YKOPOTUTBLCS, HAa4aTh pa3rubaTh KO-
JIEHU, TO 3allaCeHHas B CYXOXW/IMSIX INOTEHIMAJIbHAsl SHEpPrus Iepeiner B
KHUHeTHn4eckylo. Eciu xXe mo3BONIUTh UM YKOPOTUTHCS €llle OO MoabeMa, TO
3Ta SHEPrusl MeperiaeT BO BHYTPEHHIOW 3HEPIUIO.
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3araaku OZHOMEPHOTO 61/1111);12/121

MHOa, aMepuKaHKa, ITyJl, CHyKep U Ap. B kapamboJe, OnHOI U3 Urp B

OWIBSIpA, HET OaXe JIy3 IUIST IIapoB. A Mbl MompobyeM MOUTH elle
Jajpllle ¥ TMpeaoXuM UrpaTb B OWibspd 6e3 Jy3 Ha O4€Hb Y3KOM CTOJIE
UIMPUHOM, paBHOM quaMeTpy ogHoro mapa. [1o TakoMy OUIBIpPIHOMY CTO-
JIy IIapbl CMOTYT OBUTaThCSl TOJIBKO MO MpsiMoi. [ToaToMy Ha3oBeM npuny-
MaHHBI{ HAMU OWIbSIpO OTHOMEPHEIM (puc. 4.1).

IIpu urpe B OOBIYHBINM IBYMEpPHBIA OWIbSPA HUKTO HE CIEOUT, C KaKOH
YacTOTOM CTAJIKUBAIOTCS IIaphl C TOpliamMu cToyia. Bcex BOMHyeT pesyiib-
TaT — CKOJIbKO IIIApOB OKAa3aJIoCh B Jiy3aX. B omHOMepHOM Owibsipae Jy3
HET, ¥ eIMHCTBEHHOE, YTO MOXHO CUMTaTh — CTOJIKHOBEHUS LIADOB MEXIY
co0oit 1 ¢ TopueBEIMU GopTamMu cToja. JJisi TPOCTOTHI MPEANOJIOXUM, YTO
TpeHHe MEeXIy LiapaM{d Y CTOJIOM OTCYTCTBYET, a yAapbl MEXIy LIapamMy U
TOpPLIAMH CTOJIa aOCOJIIOTHO ympyrve. B Takux ycrnoBusiX HayaBlleecs OBU-
JXKE€HHEe IIapoOB HUKOTAA He TNMPEeKPaTUTCS U CTaHEeT MOCTOSIHHBIM UCTOYHHU-
KOM CBO€OOpa3HOM YeuyeTKH — MEePUOAMYECKOro IMOCTYKHMBAHHUS LIADOB O
TOplieBble CTEHKM OTHOMEPHOIro OWibspaa.

Ilyctb B OmHOMEpPHBI OWIbSpPH, 3aKPbITBHIA CBEPXY HEINPO3payHOM
KpBIIIKOM, UrpaioT ABa urpoka. C moMoubio KWl WIM APYroro crenyaib-
HOTO yCTpO#iCTBa NMpHUBENEM IIaphl B ABMXEHUE U MOMPOCUM UIPOKOB pas-
rajaTh CJEHYIOLIME 3aTagfKu OJHOMEPHOTO OUibgpaa:

1. OT 4ero 3aBUCUT CpEIHSsISl YACTOTa CTOJKHOBEHMSI KpaHUX LIApOB O
TOpUbl OUIbsipaa?

CymeCTByeT Gosee JecsATKAa pa3sHOBUIHOCTEN OWIbsIpHA: pyccKasi mupa-
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2. Kak MOXHO omnpeneiunTb, CKOJbKO IIapOB BHYTPU OTHOMEPHOIO
6ubsipaa?

3. Ecnu mapsl pasHOM MacChl, TO BO CKOJIBKO pa3 pa3jIM4aloTCsl MacChl
KpaitHUX 1apoB?

4. Yrto ob1iero Mexny OTHOMEPHBIM OMJIBSIPIOM U MPYKWHOM?

KTo mepBbIM pasragaer 3Td 3araiku, TOT U BeIMrpaer. Ilpu oTBeTe Ha
BOTIPOCHI MOXHO IOJIb30BAaThCSI KOMITBIOTEPOM M U3MEPSITh MHTEPBAJIBI Me-
Xy ITOCIENOBaTEIbHBIMM CTOJIKHOBEHMSIMU KpaWHMX IIIApOB C TOpLIAMH
OUIbsSpOa C MOMOIIBIO JIIOOBIX MPOCIYIIMBAIOIIUX YCTPONCTB.

OnpenenyM (u3MUecKue XapaKTEPUCTHKM CTOJIA W LIApOB JUISI UIPhl B
OIHOMEpHBIN OwibsipA. YToObBl CTOJI OBLIO JIETKO IMPUITOMNHSTh U BCTPSXHYTh
HaxXOIsIIIUeCs] Ha HEM Iaphl, MyCTh €ro MiMHa paBHa L =1 M. Ilapel mis
Owibsipia CHavajia Jejaiv U3 CJIIOHOBOM KOCTHM IUTOTHOCTBIO 1900 kr/m?, a
MOTOM U3 JIPYTUX MaTepvaJioB C TaKOH e IUIOTHOCTBIO M TaKUMU Xe Mexa-
HUYECKMMHU cBoicTBaMM. OOBIYHBIE Iapbl MMelOT guamMerp 50—60 MM u
maccy 150—200 r. Yto6sl 00erduTh cebe Urpy, BO3bMEM IIaphbl IMAMETPOM
D=30MM u Maccoit m=25r1. ByneM cuMTaTh TakxKe, YTO B HayaJle UIPhI
CreMaTbHOe YCTPONCTBO MepenaeT OOHOMY, HECKOJBKUM WM BCEM llapam
SHEPIUIO, BCEIna MOCTOSTHHYIO U paBHYIO £ =2 mJIx. Ecnu 3Ta 3Heprus ne-
penaercsl TOJIbLKO OJHOMY IlIapy Maccoit 25 I, TO OH HauMHAaeT ABUTAThCSI CO
ckopocTteio 0,4 M/c. Utak, HaUMHaeM UTrpaTh B OMHOMEPHBINA OWIbSIpPI.

Puc. 4.1. OgHoMepHBbI# GUBAPI

Koraa onHoMy Bce, a ApYyIrMM HHYEro

[Tyctp N 111apoB B OMTHOMEPHOM OUJIbSIpAE UMEIOT OMMHAKOBYIO Maccy, U
Mbl IIPUBOJIMM HMX B IBIDKEHUE, HAIIpUMEp, C MOMOIIbIO KU, yIapUB TOJb-
KO 0 OJHOMY M3 HMX (OUTKY) M COOOILIUB €My HA4albHYIO CKOPOCTb Uj.
B 3ToM ciyyae Mpu KaXnoM CTOJKHOBEHUU ILIAPOB 3HEPTHs IBIDKYIIETOCS
mapa OyAeT LUeIUKOM TepenaBaThCsl MOKOSIIEMYCsI, B pe3yjbTaTe Yyero pa-
Hee OBMXKYIIMICS 1Iap OCTaHOBUTCS, IlepedaB 3cTadeTy CIeayrolieMy.
B Takux ycioBUSIX TTOCTYKMBAaHME KpaHHUX IIApOB I10 TOpLIAM CToJia Oyner
PUTMUYHBIM, C UHTepBaJIOM 7T, paBHBIM

2L-2ND
vy ’

T= (4.1)

OnHako abCOJIIOTHO ONMHAKOBBIE 110 Macce Maphl CAENaTh HEBO3MOXHO,
U TO3TOMY MpaBUJia pa3pelialoT Urpath B OWIBSIpA KOMIUIEKTOM LLAPOB,
ecIM X Macca pasnuuyaercsa He Gosiee ueM Ha 10%. MHTepecHOo, Kak u3Me-
HuUTCS dhopmyna (4.1), ecau B OTHOMEPHBIA OWIIBSIDA UTpaTh LIapaMU, Mac-



38 I'nasa 4

ca KOTOpbIX Bapbupyercss B mnpenenax 5—10%? [lepBbiii OTBET, KOTOPBIii
MPUXOAUT B FOJIOBY: MHTEPBaJIbI 1 MEXIy yImapaMu KpalHMX LIapoB C TOP-
LIAMU CTOJIA TIPU HE COBCEM OMMHAKOBBIX Maccax OyayT cjierka U3MEeHSIThCS
BO BpeMEHM, HO BCe Xe cpelnHee 3HaueHue 7 MOXHO OYIET BBIUMCISATH IO
¢opmyie (4.1). UToObI OTBETUTH Ha 3TOT BONPOC TOYHO, CMOLEJIUPYEM HUI-
py B OwIbsApI Ha KoMmbloTepe. [10710XX1UM B OMHOMEPHBINA OWIbIApA TPU Lua-
pa, Macchl KOTOPbIX paBHHI 25, 23 1 27 1, ¥ yoapuM cpelHuii map (6bUToK),
npunas eMy sHepruio 2 MIx (v, =0,417 m/c).

Ha pucytke 4.2 mmoxkasaHo, Kak OyayT U3MEHSITbCS UHTEpBasibl 1 Mexay
COyJapeHUsIMM MpaBOro Iapa cO CTeHKOH (MHTepBanmorpamma). BumHo,
yTo 3HAuYeHUsI 1 U3MEHSIIOTCSI B HOBOJBHO IIMPOKOM IMala3oHe, ropasno
oonbieM, yeM 10%. Takum oOpa3oM, HAIUM OIIYIIEHHS HAac OOMAaHYJIH.
[Mpubau3uTeNbHO Takasi X€ KapTWHa HMMeeT MeCTO, Korma pasdpoc Imo
Macce 11apoB ellle MeHble — 25, 24 u 26 T.

Cynutb 0 TOM, KakK U3MEHSIETCSl cpelHee 3HayeHue 7' cO BpeMEHeM, IO
WHTepBajiorpaMMe, U300paXeHHOU Ha puUCyHKe 4.2, oueHb TpyaHo. [1oatomy
Ha TOM Xe PUCYHKe M300paxkeHa KpuBasi, T0OKa3bIBawollasi, Kak U3MEHSIETCS
cpenHee 3HaueHue 7 MpU YyCPEOHEHUM BOCbMM COCEIHUX MHTepBaloB. Bun-
HO, YTO B CaMOM Hauyaje CpeIHUl MHTEepBaJl COCTaBJisUl OKojio 4,5 ¢, 4To
Oo4eHb OJIM3KO K 3HAaYeHUIO, naBaeMomy dopmynoit (4.1). OnHako co BpeMe-
HeM cpelHee 3HaueHue 1 TOCTEeNeHHO YMEHBIUAETCs, UCIbIThbIBAsK 3aMETHbIE
KosjebGaHus, JOoCTUrasi 3HayeHUi, ONM3KUX K 2,5 ¢ (IUTpUXOBasi JMHMUSI Ha
puc. 4.2). To Xe NpouCXOOUT UM C APYTUM YMUCIOM HIapoB. [Ipu 3ToM, yeMm
OoJibllle YMCJIO LIAPOB, TeM ObICTpee cpeaHee 3HaueHue 7 O0Ka3blBaeTCs
MEHBbIIIE TOTO, KOTOPOE MOXHO BLIYMCIUTDL C MOMOILBIO (popmyinsl (4.1).

Ha pucyHke 4.3 moka3zaHo, KakKUX 3HaueHUM mocturaer 7" mjisi pasiany-
HOTO YMcJia WapoB (YepHble TOUuKW) yepe3 10—15 MuH urpsl. s cpaBHe-

(T, 0

O mIpaBBIHA TOpEIL

HNuaTepBan mexxay yoapamu niapa

Bpewms, 15 mun

Puc. 4.2. VHTepBajorpaMMa yaapoB TpaBoOro MAua 10 TOPLY OMHOMEPHOrO GUIbspaa TpH He-
GOJIbIIOM HEPABEHCTBE HAXONSIIMXCA B HEM TpeX Msuei. O6paTuTe BHUMAaHUE Ha MOCTENEHHOE
ydauleHue ynapoB. TeMHas KpuBasi — yCpeJHEHHBIE 3HAUEHWs M0 COCEIHUM BOCBMH TOYKAM
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Puc. 4.3. CpenHee 3HaueHWe MHTEp-
Bala 7 MexXOy coyZapeHUsIMU Kpaii-
HUX LUAPOB CO CTEHKO# (TOYKH) B pe-
albHBIX  YCJIOBHUSIX, KOIZa  Macchl 1 2 3 4 5 6 7 8 9
LIApOB cjerka pasnuyaiorcs. Ilpsamas Yuco mapos (N)
JIMHUS — 3aBUCHMOCTb, naBaeMasi

dopmynoit (4.1)

© H N W OB Ula

L L L s e L L L

HUSI Ha TOM X€ PUCYHKE MOoKa3aHa MpsiMasi, COOTBETCTBYyIoLIas (opmyie
(4.1). Utak, dopmyna (4.1) MoxXeT maBaTh OLEHKY CpedHero 3HadyeHuss T
IIpU HE3HAYUTEJIbHOM BapuvalMK Macc LIapoB TOJbKO B caMOM Hauajle Wr-
pbl. YTOOBI BBISICHUTD, TIOYeMy dopmyna (4.1) He pabGoTaeT yxe yepe3 He-
CKOJIBKO MUHYT, PacCMOTPUM, KaK IepenaeTcsi SHEprus OT liapa K liapy
IIpU HEpaBEHCTBE MX Macc.

Ecnu maccel cTankuBaloIMXCS 1IApOB pa3HbIe, TO ABMXKYIIUMCS LIap
HMKOTIIa HE CMOXET MepenaTh BCIO CBOIO 3HEPTUIO MOKOSIIIEMYCS, U [OCIe
CTOJIKHOBEHHS 06a 3TuX 1apa Oynyt obynagath 3Heprueil. Takum obpa3oMm,
HEPABEHCTBO MACC CTAIKMBAIOLIMXCS LIAPOB BCEraa MPUBOIUT K TOMY, 4YTO
SHEprus «pa3masblBaeTCs» MexXxay mapaMu. ITo3ToMy mnocjie 10CTaTOYHOTO
4YHACJa CTOJKHOBEHMH I11apoB, 00JagarouliMX pa3HOH Maccoi, cpemHss

3HEeprusl KaXmoro M3 HUX CTAHOBMTCS OJIU3KOM K —Ni, rne E, — nepBoHa-

yajibHasl SHeprusi 6uTKa, a /N — 4YKCJIO 1IApOB.

Jlejiexk 3HepruM U CTYK MO TOpLHAM

Mpul nokaszanu, yto dopmyna (4.1) cnpaBemMBa TOJBKO B MAEAJIbHBIX
CJIy4asix — KOra MaccChl 1apoB abCOMIOTHO OAMHAKOBbI. A TAKOTO HUKOTraa
He OBIBAET, U CTAJIKUBAIOLLIMECS LIApbl CO BPEMEHEM [EJSIT SHEPTUI0 MEXIY
coboil nopoBHy. Ho ocTaeTcsi HEMOHSITHBIM, MOYEMY 3TOT HeJIeK dHEPTruu
BCEraa COMpPOBOXIAETCS YMEHBILIEHUEM CpPENHEro MHTepBajia MOCTYKHUBA-
HUSl KpaWHUX 1IApOB MO TOpLAM. A BEpPHO JIM 3TO IJIsSI BCSIKHUX BapMaHTOB
repepacnpeneseHus SHepruu Mexny mapamu? MoxeT ObITh, 3aBUCMOCTb
CpeqHero UHTepBajia NOCTYKUBAHUS OT «JejiexXa» ropasfo 6ojee cioxHas?

YT10OBI OTBETUTH Ha 3TU BOIIPOCHI, OISATh OOpPAaTUMCSI 3a MOMOILBIO K
KOMIIBIOTEPY Y MOUTPaeM B ONHOMEPHBINA OWbSIpI C ABYMS HIapaMu abCco-
JIIOTHO OAVMHAKOBOW Macchl, pasfesisisi ¢ CaMOro Hayajla 3HEpPruio Mexny
HUMHM TaK, KaK HaMm 3axoyeTcs. Tak Kak KaX[Ioe CTOJKHOBEHHWE IIapOB C
ONMHAKOBOW MacCOW MPUBOIMUT K OOMEHY dHepruei, To CO BpeMEHEM pac-
NpeaesieHue SHeprur He u3MeHsieTcs. I1o3ToMy Ha Takoi CHUCTEME MOXHO
BBISICHUTD, KaK 3aBUCUT CPEAHUNA UHTepBal 1T MOCTYKMBAHUS MO TOPLAM OT
OTHOUIEHUS SHEPTUU 1LAPOB.
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Cpenuuii naTepsaa
CTOJIKHOBEHHUH C TOpIaMu
S

3 . i ‘ . . . Puc. 4.4. 3aBucumocThb CpelHEro
0,001 0,010,1 1 10 100 1000 MHTEpBa/a CTOJIKHOBEHUI C TOpLIAMH
OT OTHOLLUEHUH BDHEpPruil LIapoB IJjs
ONHOMEPHOTO OWIbsipAa C OBYMS Lia-
paMH OOMHAKOBOM Macchl

OTHoIlIeHWe 3HepPTUi I1apoB (EI/EZ)

Ha pucynke 4.4 mokasaHbl pe3yJibTaThl KOMITBIOTEPHOIO MOJEIMPOBa-

HHUsA WUIDBI B OHHOMeprIfI 6I/IJII:>Hle C IBYMS IIapaMUd OOUHAKOBOU MaccChl
E

INpyu pas3jIMdHBIX OTHOILICHUAX WX 3SHEPruu E—I n YCIOBHHU, YTO
2

E,
E + E,=2 mJx. IIpy yBenTUUYE€HUU OTHOLIECHUS —— 5. OT 0,001 mo 1000 cpen-
2

HUI UHTepBal 7 CTOJKHOBEHMIA IIapa C TOpLAMU 6I/IJ'[pr,[[a CHayajia Mo-

HOTOHHO YMCHBIIACTCA, OOCTUTagd MHUHHUMyMa IIpU E— —1 a INIOTOM TakK
2

€ MOHOTOHHO yBelnuuyuBaeTcs. Kak ciemyeT M3 pe3yjbTaToB MOIEIUPO-
BaHUsI, TMpU aOCONIOTHO HECIPABENJIMBOM DACNpENENEHUN OSHEPIUU

E E,
E—' On E— = oo | cpegHUl uHTepBal 7'=4,55 ¢, YTO COOTBETCTBYET
2 2

dopmyne (4.1). OgHako IpH Iepexolie K CIpaBeMIMBOMY pacIpeleeHUIO

—— =1| sHeprum cpemHuii wuHTepBan® 1 yMeHblnaeTrca no 3,16c.

E,
y E,
Beruuciuth cpenHuit uHTepBan 1 npu —E—=1 MOXHO U 6e3 MOMOIIH
2
KoMmIiploTepa. Tak Kak 3Heprm1 [IIapOB MOJENMIIIACh MTOPOBHY, TO CKOPOCThb

KaXaooro M3 HUX 6yneT paBHa roe v, paBHO TOM X€ CKOpPOCTH, YTO U B

‘\/_9
dbopmyne (4.1). IIpennonaoxumM Ternepb, YTo 00a IIapa OJHOBPEMEHHO Ha-
YUHAIOT OBWXXEHUE OT TOPLIOB OJHOMEPHOTO OMIbspIa K cepenuHe. Oue-
BUIHO, YTO BCTPETUBIUMCH B CEpEIUHE CTOJIa, OHH OTTOJKHYTCS IPYT OT
Ipyra U C TOM X€ CKOPOCTbIO NMPOMOJIKAT ABUKEHHE OOpaTHO K TOpPLIaM.
B TakoMm ciydae wHTepBas 7" MeXIy UX COYIApeHUSAMHU C GOPTOM COCTaBUT

T = ﬂ (4.2)

Yo
NG
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[Moncrasnsist B dopmyay (4.2) L=1wM, D=0,03 M, v,=0,4 Mm/c, nomydaem
7=3,11c, 4yTo 1OBOJBLHO OJU3KO K pe3yJibTaTy KOMIIbIOTEPHOIO MOAEIMPOBa-
Hus (7T=3,16 ¢). CpaBuuBas ¢popmyny (4.1) mia N =2 ¢ popmyoii (4.2), 3a-
MeuyaeM, YTO yMeHbllleHMe MHTepBaia 7  IMPOM3OIIUIO M3-3a TOTO, YTO ITYTh,
MPOXOIMMBIN 1lIapaMU MEXIY CTOJKHOBEHHSIMU C TOpPLAMM, YMEHBIIWICS B
2 pasa, a CKOPOCTb LLIAPOB JIMLLb B +/2. B pe3y/sraTe MHTEpBa1 CTOIKHOBEHHMIA
C TOpLIAMM TSI CAaMOTO CIPABEIMBOrO pacrpene/ieHrus] SHEPTUiA YMEHBIIIWICS

El
B /2. [lpu MeHee cripaBeUTUBOM pacripeeneHuy | 0 < o <1 | mpoucxomut
2
TO Xe CaMO€ — IYTb MEXNY CTOJIKHOBEHMUSIMU CO CTEHKOH YMEHBUIAETCS
ObIcTpee, 4YeM CKOpOCThb 1apoB. OIHAKO HAaTH aHAJIMTUYECKOE BbIpaxke-
HHeE, OMKChIBalOllee 3aBUCUMOCTb, U300paXkeHHYIO Ha pUCYHKe 4.4, aBTOpY
He ynanoch. [TbITIIMBBINA YMTaTENIb MOXET MONPOOOBaTh 31€Ch CBOM CHJIBL.

JleauM 3HepPruio NMOPOBHY
U pa3rajabiBaeM BTOPYIO 3arajaKy

Wrak, nmpu 11000M Hayajge Urpbl B OOHOMEDHBINH OWJIbSpA Yepe3 He-
CKOJIbKO MMHYT Yy pPeaJIbHBIX LIAPOB HEPIUs MOJEIUTC MEXIy co00il Tak,

YTO CpeNHsIsi IHEPIUs KaXIOTo M3 HUX GyaeT paBHa —=, roe E, — cymmap-

Hasi Heprusl Bcex 1apoB, a /N — 4ucio mapoB. Tenepb Mbl MOXEM pasra-
JaTh BTOPYIO 3araiky OIHOMEPHOIO OWJIbspla — y3HaTh, CKOJNBKO IIApPOB
BHYTpY. C MOMOIBIO KOMIIBIOTEPA ChITPaeM B OWJIBSIDA Pa3IWYHBIM YMC-
JIOM 1IapoB — OT 2 10 9 — M yepe3 Kaxabie 15 MUH U3MEPUM CPEIHMI UH-
TepBasl 1T MeXOy IMOCTYKMBAaHHUSIMM LIApOB O TOPIIbI cTona (puc. 4.5).

Ha pucyHke 4.5 nokasaHbl pe3yJbTaTbl KOMITBIOTEPHOTO MOJEIMPOBAHHUS
MpU U3HAYAJIBHO CIIPAaBEIMBOM pACIpeNeieHMM SHEeprud MexXny Hiapamu
paBHOI Macchl. BUOHO, YTO MpH 3TUX YCJIOBUSIX CPEIHUI WHTEPBAl MEXIY
MOCTYKMBAHUSIMU YMEHBIIAETCsl ropa3ao ObiCTpee € YBETWYEHHUEM YMCIIa
1IapoB, YeM 3TO BhIpaxaeTcs1 ¢opmysioit (4.1). KpuBasi, nzobpaxeHHass Ha

(T, ¢

CpenHuii MHTEpBaJI
CTOJIKHOBEHU C TOpIaMu

0 il n L L
Puc. 4.5. 3aBUCMMOCTb  CpEIHEro 1 3 5 7 9
MHTEepBaJla TMOCTYKWBaHMS TCp oT Yucso mapos (N)

yucaa wapoB N B OHIHOMEPHOM OWJIb-

sipe
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pucyHke 4.5, maeT BO3MOXHOCTBH OTranaTh BTOPYIO 3araaky OJHOMEPHOTO
OMIbspaa: Hamo JMIIbL U3MEPUTh CpedHee 3HayeHue 7, a MOTOM Io 3Tou
KpPHMBOI HaliTH cooTBeTcTBYyMoulee yuciao N. [Ipu 3TOM, onHaKo, UMeWTe B
BUIYy, UTO TIOJyYeHHAasl 3aBUCUMOCTb CIIpaBeUIMBa TOJILKO IUISI BBIOPaHHBIX
napametpoB 6wibspna (L=1wm, D=0,03 m, E;=2 mJx). OueBUAHO, YTO
w1 Ey>2 MJIX 5Ta KpyBasi IPOMIET HUXKE, TaK KaK CPedHssl CKOPOCTb ABU-
XKEHUs LIapoB Oyaer Oosblile, ¥ HA0OOPOT, MPU MEHbLIEM AUAMETPE LLIAPOB
(D < 0,03 M) KprBasi CIBUHETCSI BBEPX, TaK KakK YBEJIWUYUTCS] MyThb, IMPOXOAM-
MBI 1IapaMU MeXIy CTOJKHOBEHUsIMM. KoHeuHo, XoTenoch Obl BBIBECTU
aHAIUTUYECKOE BbIpaxeHue, cesa3biBatowiee 7, L, D v Ej, HO HaM IOKa 3TO
He no cwiaM. [Ja u BoobG1ue, MbI OMATh 3a0bUIM O Macce LIapoB.

30J10TO#i mIAp B OJJTHOMEPHOM OWJIbspIE

[TycTb KTO-TO M3 OOraTbix WIYTHUKOB BMECTO OQHOTO M3 TpeX OOBbIYHbIX
1LIAPOB IMOJIOKMJI Ha OWJIbSIPOHBIA CTOJI 30J0TOM IIap, 3aKpblil CTOJ KPbILL-
KOW W 3allyCTUJ IBMXKEHME 11apoB, NPUIAB UM CYMMapHYylO 3Hepruwoo £
MOXHO Jd OIpeneluThb, TAe HAXOAMUTCS 3TOT 30J0TOH IIap — COOKY WU
nocepenrHe — MpOCYyIIMBasi YEUYETKY CTOJKHOBEHMH KpalHUX IIapoB C
TOpLIAMM OZHOMEpPHOTro Oubsipaa?

Tak Kak ItoTHOCTB 30J10Ta B 10 pa3 GoJibllle IUIOTHOCTH CJIOHOBO# KOC-
TH, TO 30JIOTOM 1lIap AMAMETPOM 3 cM JosikeH uMeTb Mmaccy 250 r. Ilocra-
BUM 30JIOTOM IIap MEXTY OOBIYHBIMM IlIapaMU U C MOMOIIBLIO KOMIIBIOTEPA
TOUTPaeM B TAKOIl OMHOMEPHBIN OWIbSpPI, paciipeaeiuB IMTOPOBHY SHEPTUIO
Mexny InapaMu. MHTepBajorpaMMBbl JIEBOTO M TPaBOro OOBIYHBIX I1ApOB
MMOKa3aHbl Ha pUCYHKE 4.6.

Kak crmemyeT M3 MHTepBajlorpaMM, CpelHHe 3HauyeHus1 1 [Jjis JIEBOrO U
MIPaBOro IIapOB KOJEeOIIOTCS OKOJIO 2,5 C, YTO COOTBETCTBYET UHTepBany 1
IUIST TpeX OAMHAKOBHIX 1apoB (cM. puc. 4.5). Takum obpa3oM, eciu 30J10-
TOM 11ap HAXOAUTCSI MEXOY OObIYHBIMM, TO, IIPUCIYIINBASICh K MMOCTYKHUBa-
HUSIM KpaWHMX 1IapOB, OOHAPYXUTh €ro He YIacTCs.

a) T, (¢ 6) T: c
12 12 o

Bpems, 7 mun Bpewmsa, 7 mun

Puc. 4.6. ViHTepBaJlorpaMMbl JIEBOTO (@) M MpaBoro (6) 11apoB OMHOMEPHOIO OMJIbApAA, MEX-
[y KOTOPbIMHM HaxOOWTCs 30J10TOH wwap. BUAHO, YTO HanuuKe MeXAy HUMM TSIXKEJOoro 1iapa He
BJIMSIET Ha CPeNHUN MHTEPBaJ CTOJIKHOBEHMIA
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3oy0TON WIap — KpadHUA

Ecnu nonoxuth 30/10TO# 1ap He Mexny OOBIYHBIMU LIapaMH, a ¢ Kpato,
U MOBTOPUTb KOMITbIOTEPHYIO UTPY B OMHOMEPHDII OMIbSIPA C TPEMSI L1apa-
MM, TO OKaXETCsl, YTO YacTOTa MOCTYKMBAHUsI 30JIOTOTO IIapa O TOPLbI CTO-
Jla OyAeT ropa3no MeHblle, YeM YacToTa MOCTYKMBaHMsI OOBIYHOIO Ilapa,
Haxomsilierocsi ¢ Apyroit ctopoHsl (puc. 4.7). BUnHo, 4To cpenHUil UHTEP-
BaJl TOCTYKMBaHHsi JIeBOrO (OOBIYHOIO) Iapa OIsiTb BapbUPYETCS OKOJIO
T=2,5c. OnHako npaBblif (30J10TOM) ap yaapsieTcsi 0 TOPLbI ropa3no pe-
K€ — B cpelHeM oauH pa3 B 8,7 c. TakuMm o06pa3oM, eclii U3BECTHO, YTO
30JI0TOI 1ap HaXxOAMUTCsl C Kpaw, TO, CPaBHMBASl MOCTYKMBAHMSI KpalHUX
LIApOB, MOXHO HaiiTHU, C KaKOM OH CTOpPOHBI (TaM, rae yaapbl pexe). Bor
Mbl U HayajlM pasraabiBaTb TPETbIO 3araaky OAHOMEpHOro ounwsipaa. Oka-
3bIBAETCs, UTO €CJIM KpaliHMe 1apbl pa3HOM Macchl, TO, Y4eM MeHbIlle Macca
apa, TeM yalle OH CTYYUT O Topubl. Ho BepHO a1y 3T0 mas noboro yucna
apoB?

Macca KpaiiHero mapa
U CpelHsisl YacTOTA y/IapOB O TOPIIbI

YToOBI BLIAICHUTH 3aBUCMMOCTb CpeJHEH 4acTOThbl yIapoB KpaHMX Iua-
POB OT UX MAcChl, MPOBENEM HECKOJbKO KOMIIbIOTEPHBIX 3KCNEPUMEHTOB, B
KOTOpbIX OyaeM M3MEHATb Maccy IpaBOro KpailHero iiapa, OCTaBJjsisi HEMU3-
MEHHOI Maccy JieBoro KpaiHero wiapa. I[TycTh 4MC/IO 11apoOB ONsITh OydeT
paBHO TpeM, YTOOLI IPUTOAWIICS TOJYUEHHbIH pe3yJbTaT ¢ 30JI0ThIM ILIAPOM.
Ha pucyHke 4.8 rokasaHo, Kak yBeJIMYMBAETCSl CPEAHUI UHTEpBal MOCTyKH-
BaHHs MPABOTO 1apa C YBEJIMYEHWEM ero maccol m, . LlITpuxoBoit nuHue#H

o o m"D
roKasaHa arnpoKCHUMallusi 3TOM 3aBUCUMOCTU (yHkuueir 7 =29 [—.

neB

TakuMm 00pa3oM, K3 pe3yJbTaTOB MONEJIUPOBAHUS CJEAyeT, YTO Mepuon

a)T,c
14
12

Bpewms, 20 muH Bpems, 20 muH

Puc. 4 7. WHTepBajiorpaMMa CTOJKHOBEHMI JIeBOro (06bIYHOrO) 1uapa (a@) U MpaBoro (30J0-
TOro, 6) Mpu Urpe B OMHOMEPHBIil GWibspa B TpY Liapa. BUoHO, 4TO 30/10TOM 1ap CTalKUBa-
€TCSl C TOPLUOM ropa3fo pexe, 4YeM OObIUHBII
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OTHoOIIIeHHEe MacChl IIPABOTO H1apa
K Macce JIeBOTro (mrIp /mnea)

Puc. 4.8. 3aBucuMOCTb CpeoHEro WMHTEepBaJia IOCTYKMBAaHUS IPABOro Llapa OT OTHOUIEHHUS
€ro Macchl My, K Macce JIEBOro m,.,. KomrboTepHoe MoaeMpoBaHHUE OLHOMEPHOIO GUIIbSp-
Ja ¢ TpeMs liapamu

CcOoyIapeHUH IMpaBoOro liapa AODKEH ObITh NMPOIMOPLIMOHAEH KBaJpaTHOMY
KODHIO €r0 MaccChl.

AHaJIOTMYHbIE 3KCIIEPUMEHTBI ObIJIM NOCTaBJIEHBI aBTOPOM I APYTOro
yucna 1apoB /N — OT YeThIpEX OO [AEBSATH, M Be3ne ObuUla oOHapyxXeHa
KBagpaTU4YHas 3aBUCUMOCTh. I[lonmpoOyeM HaillTM NMPUUMHY 3TOI 3aBUCUMO-
CTU Y HaKOHEIl BBIBECTH (POPMYJIY, MO KOTOPOU MOXXHO BBIYUCIATHL 1, 3Has
N, mu E,

®opmyJia AaA nepuoaa KojieOaHui
«IPYKHHBI OTHOMEPHOTO OUJIBSIpIA»

Kak Mbl yXe yOemwiuch, y pealbHBIX I1apOB B OJHOMEPHOM OMIbsIpIe
SHeprusi pasfeaurcsa MnopoBHY. OueBHAHO, YTO M CpedHEe pPacCTOsTHME,
KOTOPOE MPOXOMUT KAXIBIA U3 /V LIApOB MEXIY COyIapeHUSIMU, TOXE SIBJISI-

€TCsl TOJIbKO N-ii oJiel IIMHBI Oribspaa. JJpyTuMu clioBaMu, CpeqHss UTH-
Ha CBOOOMHOro mpobera KaXxaoro Iapa COCTaBJIsIeT — [MosToMy cpen-
HMIt MHTEpBa T MeXIy COymapeHMsIMU KpaifHero liapa ¢ TOPLOM PaBeH:

L- ND
T=2—— Vo 4.3)

cp
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e v, — CPeAHsisl CKOPOCTb NBMXKEHUs AaHHOro mapa. Ecin cymmaphas
3Heprnﬂ BCEX LapoB OMibspaa paBHa E; U OHa pas3jiejieHa MOPOBHY MEXIy
HUMM, TO OYEBUIOHO, YTO
2E,
vcp = N—m, (44)
rme m — Macca gaHHoro iapa. IToacrasisast dopmyny (4.4) B (4.3), nony-
yaeM [I0JITOXIAHHYI0 GOpMYITy

=(L-ND) (4.5)

NEO

Ha pucyunke 4.9 xpuBasi, moctpoeHHas 1o ¢opmyie (4.5), HamoxeHa Ha
KCIIEPUMEHTAIbHbIE NaHHbIE, MOJyYeHHbIE NIPH MOJIEJIMpOBaHUM. BumHO,
yTto (popmyaa (4.5) DOBOJBHO TOYHO OIIMCHIBAET YEUETKY OJHOMEPHOIrO
omnbspaa. Tak kak ¢opMmyna (4.5) cBoeil 3aBUCMMOCTBIO OT 7 HAlTOMUHAET
dopmyny mis nepuoga kKonebaHU NMPYXXMHHOTO MasiTHHKa, MpeodpasyeM
ee CledylouM o6pa3oMm:

m —or |
=(L- ND)\/NEO on 4n2NEV =2n = (4.6)
2(L— ND)?

rae K, — 3KBUBAJIEHTHAs XECTKOCTh OIHOMEPHOTO Ounbsapaa.

Kak cnenyet u3 ¢opmMyinbl (4.6), KpaiiHUii 1Iap BOCIIPMHUMAET OCTallb-
HYIO YaCTb OMJIbSIpIa KaK MPYXUHY XECTKOCThIO K ¢. [Ipu 3TOM yem Goiib-
1IIe CyMMapHasi Heprusl 1apoB M UX YUCIO0, TeM OOJIbLIE XECTKOCTb TaKOW
«OUNBSIPAHOU MPY>XUHBI».

S
oz

P

w
I

co creaxkamu (T, c)

CpenHuilt MHTEPBAJI MEXKAY
CTOJIKHOBEHUSAMU

[u—y
T T T T

5 7 9
Yuciao uiapos (N)

[u—y
w

Puc. 4.9. TeopeTuuyeckasi 3aBUCMMOCTb CpEIHEro MHTEpBaJla CTOJIKHOBEHHUH CO CTEHKaMH
OGunbapaa (BepxHsasl KpWBasi), MocTpoeHHas no dopmyse (4.5), ¥ pe3ynbTaTel KOMIBIOTEPHOIO
MOJAENMPOBaHHUS (HUXHSST KPUBasi)
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Kak o6pasyrorca

1 JKMBYT aBTOMOOIIbHBIC IIPOOKM

HU JIOXXHOUW CKPOMHOCTU I10 OTHOIIEHUIO K OCTa/IbHBIM IpPEACTaBU-

TeJIsIM XXWBOTHOrO Mupa. [a M, KOHEYHO, 4YeJIOBEYECKOMY paszymy
€CTh YeM TropauThecs. Halliy mpeaku Ha NpOTSDKEHUM MHOTUX TBHICSYENETUI
MBITAIUCH CAENTaTh XM3Hb JToaeil 6ojee ynooHoii. M Korma crajio SICHO, YTO
yIoOHee XUTh U paboTaTh BMECTe, BO3HUKJIM TOpoda, a IIOTOM AOPOIU Me-
XIOy HUMM M, HaKOHEIl, CPeICTBa MEPEOBIKEHUSI 110 HUM — aBTOMOOWIH.
Hy, a xorma B ropomax CTajlo O4eHb MHOTO JIIOAEl, a Ha YIuIllax — O4Ye€Hb
MHOTO MAIMH, HayajJlyd BO3HMKAaTb aBTOMOOWIIbHBEIE MpoOKku. IloaTomy
aBTOMOOWJIbHBIE TIPOOKM MOXHO CUMUTATh NMOOOYHBIM NPOMYKTOM LMBUJIM-
3alMM, KaK U 3arpsasHeHue OKpyxaiouiei cpenbl. OmHAKO, B OTJIMYME OT
9KOJIOTUYECKUX TMOCIENCTBUMA LIMBUIM3ALIMU, YACTO MPUYMHA aBTOMOOWIIb-
HBIX IMPOOOK KpOeTcsl B NICUXOJIOTMM JIIOAEH, U TaKue NMPOOKU MOTYT OBIThb
yCTpaHeHBbI, €CJIM oo OyIyT BeCTU cebsl pa3yMHO.

Homo sapiens — 4yeJ0BeK pa3yMHbIi. Tak MblI ceOsi Ha3bpIBaeM 0Oe3 Te-

Hanm miiansl

CHauajia rmornpo0yemM MaTeMaTUYeCKW OINKMCaTh MOBeNeHWEe CPEIHEeCTaTH -
CTUYECKOIrO BOOMTENSI 3a pyJeM, a MMEHHO — KaK OH M3MEeHSIET CKOPOCThb
CBOEr0 aBTOMOOMJISI B 3aBUCHMMOCTH OT PACCTOSIHMSI OO BIIEPEOY WOYILETO
aBTOMOOMJIST M ero cKopocTu. IToTOM HamuileM MporpaMMmy s KOMITbIO-
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Tepa, ¢ IMIOMOLIBID KOTOPOW MOCaauM HECKOJbKO ThICSY BOOUTENEH B OqU-
HaKOBble aBTOMOOWIM U IIYCTUM TOHSITh MX IPYT 3a OPYTOM IO OJHOIIONIO0C-
HOW Mozenu KoJiblieBoi aBToMoOuibHOM nqoporu (MKAJL) miuHoi 100 kM,
YTO, KaK M3BECTHO, COOTBETCTBYET IJIWHE MOCKOBCKOI KOJIbIIEBOII aBTO-
MOOWIbHOU moporu. OnHako, B OTJIMYME OT peajIbHBIX YCIOBUM, Ha Hallein
MKAJI BoguTensaM 3aripelileHo oO0roHsaTh npyr apyra. Korma MKAJI 3apa-
boraer, nocrapaeMcsi BBISICHUTb, KakK 3aBUCUT CpedHsIs CKOpOCTh Ha
MKAJL ot yucna aBromoOuieit Ha Heit. [loToM cripoBoLMpyeM BO3HUKHO-
BEHME aBTOMOOUIbHOU npobku Ha MKAJI, ocTaHOBUB OIUH U3 aBTOMOOM -
JieW Ha OJHY MHHYTY, U INOCMOTpPUM, KaK 3Ta aBTOMOOWJIbHAsA ITpoOKa
OyleT BAMATH Ha NBUXKEHUE TpaHCHOPTa B 3aBUCHMMOCTH OT YMCJIa aBTOMO-
Ounei Ha nopore W MOBEIEHUsI BOAUTENEH.

Kunematnyeckuii moprper
CpeJHECTATUCTUYECKOI0 BOJAUTEJISA

YenoBek caauTcs 3a pyJib AJIS1 TOTO, YTOOBI OBICTpEE MIPEOJONETh IYTh U3
Touyku A B Touky b. IlosaTtomy, Korma mepegq HUM Ha IOpOre HET HUKAKMX
NPEIATCTBUM, BOOUTENL YCKOPSIET CBOE aBTO [0 TOM CKOPOCTH Uy, KOTOPYIO
CYMTAET Pa3yMHOH B NAHHBIX YCJIOBUSIX. OYEBUIHO, YTO CKOPOCTh U, Ha I0-
ponckux ynuuax (60—80 kM/4) 1oJDKHa OBITh MEHBIIE, YEM CKOPOCTb U, Ha
cKopocTHbIX aBTOoMaructpaisx (100—120 xkm/4). OmHaKO ajJrOpuTM IIOBe-
NIEHUsI BOOUTENS Cpa3y MEHSIETCsI, KOorma Brepenud ceOs OH BUIUT aBTOMO-
Ousb, ClAedyOLIMIA B TOM XK€ HallpaBjlieHUU. Temnepb BOOUTE/b JOJDKEH HE
TOJIBKO HCIIOJIb30BaTb CKOPOCTHBIE KayecTBa CBOEro aBTOMOOMIISI, HO U
Jlep>XaTbCsl OT BIIEpEOM UOYILIEro aBTOMOOMJISI Ha HEKOTOPOM 0e30ITacHOM
pacCTOsiHMM, He MeHblle, 4eM S, Ecau crpocuts n1060ro BoauTesst, Kak
MOXHO MaTeMaTU4YeCKM 3alucaTh 3aKOH, 10 KOTOPOMY OH YCKOpPSIETCS WJIU
TOPMO3UT, TO BEPOSTHOCTb TOYHOTO OTBETAa OTHOCUTENIbHO Maja. OmHaKO
YMUTaTeNsIM MOBE3JI0, U OHU HATKHYJMCh Ha BOOUTEJISI, 3HAKOMOTO C a3aMU
KMHEMaTUKU. BOT 4TO OH UM OTBETUJL.

CHauasia BOOUTENb PAa3rOHSAET aBTOMOOWIb 1O CKOPOCTHU U, €CIM BIEPEIU
HE BUIOHO OPYTHUX aBTOMOOMIIEl. JIOMyCTUM, YTO MaKCHUMaJIbHOE YCKOpPEHUE
a BOOWTENSl, KOTOpOe elle He BOABIMBAET €ro B KPecyo, COCTABISET OKOJIO
2 m/c?. Toraa (opmysly pasroHa MOXHO ObUIO Obl 3alMCcaTh, HAIIPUMED, TaK:

4
_, 1—(1) , (5.1)

Uy

[€ U — CKOPOCTb aBTOMOOMJISA B MOMEHT BpeMeHU ¢. BugHo, yto popmyna
(5.1) obecneynBaeT OOCTUXEHHME XKEJAHHOM CKOPOCTU U, U ee IMoAaepxa-

HUe B JaibHellieM. Kak HeTpyaHO moramaThbCs, MokasaTeb CTeNeHU Ui

0
OIfpeensieT CKOPOCTb peaKliMi CUCTEMbI aBTOMOOW/IbL — BOJUTENb, a TAKXKe
KeJJaHUe NOCTUYb CKOPOCTH U;, U MOXET ObITb OYEHb BBICOKMM Y BOLUTE-
Jiel, pa3be3KalollMX Ha MOIIHbIX aBTOMOOWJsAX. YeTBepTas cTeleHb B
¢dopmyne (5.1) BeibpaHa mpocTo misi npumepa. Jda u Boobiue, (dopmyna
pa3roHa morjia Obl UMETb COBCEM MHOU BUI U CONEPXaTh, HAMPUMED, IKC-
MOHEHTY WIM Kakue-HuOydb npyrue pyHkuuu. WM Bce ke dopmyny (5.1)
MOXHO, HaBepHOE, CYUTATh CAMOI IMPOCTOM, YTO OYEHb BAXKHO IJISI 3KOHO-
MUU BPEMEHU TIpU MOCJIENYIOLIMX BbIUUCIEHUSIX Ha KOMIIbIOTEDE.
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WHTYUTUBHO SICHO, UTO BOIUTEIb U3 COOOpaXXEHUN OE30MacHOCTU OA-
JKEH JIEPXKATHCS HA HEKOTOPOM PAaCCTOSIHUU, MPEBBIIAIOLIEM Sy, OT BIEPEIU
UIIYUIETO0 aBTOMOOWIA, U S, JOJDKHO YBEIMYUBATBCH C YBEJIMYEHUEM CKOPO-
cty v. O6 3TOM J1aXXe TOBOPUTCS B IMPaBWIAX JOPOXKHOIO JBUKEHUST HEKOTO-
PBIX CTpaH, IIe OT BOAUTEISI TpeOyeTCs yBeIMYUBATh S, Ha JUIMHY aBTOMOOM-
I MpU yBeJIWYeHWU ckopoctu Ha S M/c (18 km/4). Hy, a Tak Kak IyiuHa
CpeIHero aBTOMOOWISA 5 M, TO 3aBUCUMOCTD S, OT U MOXHO 3alliCaTb B BUIE

(5.2)

IIe T — MOCTOSIHHAsi BPEMEHHM, paBHasi | c, a s, — MUHUMAJIbHOE pac-
CTOSIHME MEXIY aBTOMOOWJIIMM, KOTIa OHU CTOSIT B IpoOKe. YTOOBI aBTO-
MOOWIM He lLapanaid ApYyT ApPYry Oamrepbl, MmycThb S, =2 M. Dopmyry
(5.2) MOXHO MPOYECTb U MO-IPYTOMY: TaK KaK TOPMO3HOM IIyTh yBEIUYM-
BaeTcs IPOIOPIUOHAIBPHO HAYaJlbHOW CKOPOCTH, TO M MUCTAHLIUS MEXIY
aBTOMOOWJISIMU JTOJKHA OBITH OOJIBIIIE COOTBETCTBYIOIIETO TOPMO3HOTO
IyTH, a T — 3TO AOITyCTUMOE BpeMsI TOPMOXEHUST NIpU OOBbIYHOM €31€.
OnHako ¢opmyna (5.2) crpaBedjiMBa TOJIBKO ISl TOTO CiIy4asi, KOraa BIIe-
peny WIOyIIMi aBTOMOOWIb MMEET TAaKylO XXe CKOpOCThb, T. €. v. [IpemcraBum
cebe, YTO BIEpeIM HOYIIMiI aBTOMOOWIb 32KEr KpaCHBbIN CUTHaJl TOpMO3a U
YMEHBIIIWI CBOIO CKOPOCTh Ha Av. OUeBHIHO, YTO BOIUTEINb Cpa3y K& HaXMET
Ha TOpPMO3, YTOOBI Ha CTOJBKO XK€ CHU3UTbH CBOIO CKOpocTh. IlycTh Halll BO-
IWUTeTh He OymeT oueHb PEe3KO HaXMMaTh Ha TOPMO3, U OTpHUIIATENIbHOE
YCKOPEHME MAIUHBI b cocTaBUT He Gonee 2 M/c?. TakuM oGpa3oM, Ha Mpo-
1IECC paBHO3aMeIJIEHHOIO TOPMOXEHMS OyIEeT 3aTpayeHO BpeMs % C, KOTO-
poe MBI JTOJDKHBI TTpUOGaBUTH K T B opMyie (5.2), yToObl cnenaTh Ge3omnac-
HBIM JIBIDKEHME JaXe B TOM CiIydae, KOrma BIIepelyd WAYIUUN aBTOMOOWIIb
3aTOpMO3WI. OUeBUIHO, YTO B CIyyae BHE3aITHOTO YCKOPEHUS BIIEPEIU UIOY-
LLIETO aBTOMOOMIIS BCe OymeT HaoOopoT, U T B hopMyJie (5.2) MOXXHO YMEHb-

Av
WMTb Ha —=, THe @ — KoM@opTHOoe yckopeHue 2 M/c?. TakuM o06pa3oM,

Sp=T0+S

min?

yimy4iieHHast hbopMyIa IS s,, CIpaBeJiiBasi B Clyyae YyCKOPEHHOTO WIH 3a-
MEIJIEHHOI'O JBVDKEHMS BIIEPEIU MIYIIEro aBTOMOOWS, OyneT UMeThb BUI

Av
So =T0+S8 i +vm, (5.3)
rIe a | b o3Havaer, YTo B CIy4ae YCKOPEHHUSI MM TOPMOXEHUs1 GepyT Beslu-
YMHBl @ WU b COOTBETCTBEHHO; AU — Pa3HOCTb MEXIY CKOPOCTAMM JaH-
HOTO ¥ BIEpeIy MAYLIEro aBTOMOOMIIEH.

Tenepp 3amuileM MaTeMaTHYeCKH ITOPUTM IOBEIEHUS] BOAMTEJNS, KO-
I1a OKa3bIBaeTCsl, YTO PACCTOSTHUE S MEXIy HUM U BIEpely MAYIIUM aBTO-
MoOwiieM oTiiM4aercs oT S,. O4eBHUIHO, YTO €CIIU S > S, TO BOAUTENDL OYIET
YCKOPATBHCS, CTapasich NMPUOIU3UTBCS K BIIEpENU UAYLIEMY aBTOMOOUIIIO, U
HaobopoT. [lostomy GopMyily, ONKCHIBAIOLLYIO CTPAaTETUIO PETYNIALMU S,
MOXHO 3alucaTh B BULIE

2 = (alb) 1—[%") , (5.4)

rae a | b uMeer Takoi Xe CMBICH, Kak U B dopmyne (5.3). BeiGop BTOpOIA
creneHu B popMyne (5.4) OGbUT cOoesaH IO TEM XE€ COOOpaXeHHUsSIM, 4TO U
BBEIOOD 4YeTBepTOU cTereHu B dopmyne (5.1), T. €. JOBOJBHO MPOU3BOJIBHO.
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Ecnu cpeaHuii BoguTenb, cobogasi IMCTAHLMIO, BCe-TAKW XOYET eXaThb
KaK MOXHO OBICTpee, TO ero CTpaTervsi, OYeBHUIHO, OIMUCHIBAETCI KOMOU-
Halye# rnpaBbix yacteit popmyn (5.1) u (5.4). [loaToMy BITOJIHE BO3MOXHO,
YTO CTpaTerueil BOAUTEJSI MOXET OBbITh cpeaHeapupMeTUIeCKasl CTpaTerus,
onuceiBaeMas rnonsycymmoi dopmyin (5.1) u (5.4):

2 4
%=(a|b) 1—(%0) -%+a 1—(1) % (5.5)

Do

MoxHO cuuTaTh, YTO MopMyibl (5.3) u (5.5) U ABISIOTCS KMHEMAaTHUe-
CKMM TIOPTPETOM BOIMTEJNSI; [JISIAST HAa HUX, MOXHO IIpeacKas3aTh, KaK OH
OynmeT BecTU cebs (HaxuMaTh Ha Iefajb TOpMO3a WJIM ra3a) B CaMbIX pas-
JIMYHBIX CUTyalUsIX Ha JOpOre.

ITo mammuam!

Ilocne Toro, KaKk Mbl y3HaJIM, UTO MOXHO OXWAATh OT BOAUTEJIsS, HANIU~-
IIeM TIPOTrpaMMy IJIsi KOMIIblOTepa, KOTopasi 6b UMUTHPOBAJia B3aMMOAEM -
crBue, Harpumep, 3000 Takux BoOUTENEH, enyIMX, HE OOTrOHSS, MO KOJIb-
ueBoil nopore mnuHoi 100 xm npyr 3a apyroM. Ilycte no Havyana XU3HU
MKAJL Bce ee 3000 aBToMOOUIeil HENMOABXKHBI U pPABHOMEPHO pacripee-
JIEHBI TI0 Bceil mIuuHe nopord. B MomeHT BpeMeHHU f=( Bce BOIUTENM OJI-
HOBPEMEHHO HAUYMHAIOT JBHXKEHHUE, BbipaxxeHHoe dopmynamu (5.3) u (5.5),
rae v,= 120 xM/4. Bce aBTOMOOWIM NEepeHYMEPOBaHbI TaK, YTO B Hayaie
JIBMXXEHMST Ha oTMeTKe «0) KM» CTOMT aBTOMOOWJIb /, a BOOAMTEb Yepe3 BeT-
pOBO€ CTEKJIO BUAUT Iepen co00M aBTOMOOWIb 2, a TOT, B CBOIO O4Yepe/b,
aBTOMOOWIb 3 U T. A. Ecnu N — 4yucio aBTOMOOWIENA Ha JOpOre, TO OKOJIO
oTMeTKH «100 KM» CTOUT aBTOMOOWIBb NV, nepen KOTOPHIM yXe CTOMT aBTO-
moomib 1, 1 MKAJI 3ambikaercs. Hy, a manbiue MOCMOTPUM, KakK >XKMBET
Haura MKAJI.

Ha pucynkax 5.1 u 5.2 rmokasaHbl JaHHble MONEJMPOBaHHUSI Ha KOMITbIO-
Tepe. Ha HUX BUOHO, KaK aBTOMOOMJIM YCKOPSIIOTCS U MPUOIU3UTENBHO 4e-
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50 IF'naBa b

z 1

s 140+ ===

b4 e -3

3 100f 4~

5 I ———u:

E 100 + 4

© 74

o) L /

g 80 )

5

5 60}

3 /

é 40+ . eene§

8-. 20| w::;;.____::: _______ 7 Puc. 5.2. Ckopoctb aBromobuns 300

g B 3aBCHMOCTH OT BPEMEHHU, TpoLiea-

&} 0 . : UIero Iocje Hayajla ABMXKEHUS, ISl
0 20 40 60 MKAJl ¢ pa3juuyHbIM YHCJIOM aBTO-
BpeMH IIocJie crapra (t, c) MobOuneit (N= 500, 1000, 2000, 3000,

5000, 8000, 10 000 ons xpuBbx 1, 2,
..., 7 COOTBETCTBEHHO)

pe3 30 ¢ mocTuraloT cBoeil ONTUMAaIbHOI CKOPOCTU, KOTOpasi, KaK U CJieNo-
BaJIO OXHWJAaTh, CUJIBHO 3aBUCHUT OT TOTO, CKOJbKO aBTOMOOMIe Ha MKAJI
(puc. 5.3). Ha pucyHke 5.1 BuaeH HeGoJiblloi pa3époc (0Kojao 5%) B 3Ha-
YEeHHUSIX CKOPOCTU, TOCTUTHYTOU 4yepe3 40 c. DTO roBOPUT O TOM, YTO CHUC-
TeMa MomIepXaHusl cKopoctu aBTroMmoOwieit Ha MKAJI, oxBaueHHasi MHO-
MMM OOpaTHBIMU CBSI3SIMHU, NOBOJIbHO cTabuyibHa. Hy, a pucyHku 5.2 u 5.3
JIIEMOHCTPUPYIOT BCEM U3BECTHYIO MCTUHY: YEM MEHbIlIe MalllMH Ha JOpOTe,
TeM 0 OOoJibllieli CKOPOCTH MOXHO Ha Heil pa3orHarbces.
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OnHOMMHYTHAs aBapus

ITocne Toro xak aBromobuau Ha MKAJI pa3orHanuch U JOCTUIJIM CBOEH
OINTUMAJILHON CKOPOCTU, CIIPOBOLIMPYEM BO3HMKHOBEHME aBTOMOOWIBHOM
Mpo6xu Ha nopore. Jjisi 9TOro 0OCTaHOBUM Ha OHY MUHYTY aBTOMOOWJIb IO/
HoMmepoM 500, «c1oMaB» €ero MOTOp, a MOTOM INOMPOCUMM €ro BOAMTEJNS] Ha-
yaTh ABMXKEHME W IOTHATh yexaBliiue Briepen aBromoOwiu. Ha pucynke 5.4
II0Ka3aHO, KaK BO3HMKAeT M XUBET aBTOMOOWIbHAs MpoOKa, Koraa Ha
MKAJ Haxonutcst 3000 aBTomoOuiiei, T. e. B cpenHeM 30 aBTO Ha 1 KM.

Pe3yiabTaThl MOIEIMPOBAaHUS I10Ka3ajy, YTO B KOHILIE OJNHOMUHYTHOMN
octaHoBkM aBToMoOwist 500 okosio 50 aBTOMOOWIIEH, CIedOBaBIIMX 3a
HUM, TOX€E OCTAaHOBWJIMCh, U TAKUM 00pa3oM MpoOKa MpOABUHYIACH ITOYTU
Ha MOJKMUJIOMETPA B CTOPOHY, TIPOTUBOIOJIOXHYIO ABMXeHHUI0. Jlaxe mociie
TOro, Kak aBToMmoouab 500, mepBUYHasi MpUYMHA aBTOMOOWIBHOW MPOOKH,
MPOIOJ/IKUJI CBOE NBMXKEHME, NOTOHSIST YLIEOIIUi BIIEped TPAHCIOPT, OCTa-
HOBMBIIIMECS 32 HUM Oamiiep K 6amrepy aBTOMOOWIH, CTaBLIME BTOPUYHOMI
MPUYMHONW NpPOOKU, MPOJOIKAIU 3adepXuBaTb HOPMaJIbHOE IBMXKEHUE.
Kak cienctsue 3TOro, aBToMOOMIbHAs MPOOKa MPOAOJIKala epeMELaThCs
no MKAJI B cTOpoHy, MPOTUBOIIOJOXHYIO OBIXKEHHUIO TpaHCIopTa. Tak,
yepe3 5 MMH MOCJIe TTOYMHKM MOTOpa, Korna aBToMoounb 500 yxe mpoexan
0KO0JIO 12 KM M IOTHaJ yexaBILIMX BIlepeld, CO3laHHAasi UM MpoOKa MpOOBU-
HyJach IOYTH Ha 2,5 KM OT MecTa aBapuM B CTOPOHY, IPOTHUBOIIOJIOXHYIO
IBMXKEHMIO TpaHcmopra (cM. KpuBylo 3 Ha puc. 5.4). ABTOMOOMJIbHAas
rmpobKa IpoaoiKaia ABUTaTbCsl HABCTpedy NBMIKEHUIO axe Toraa, KOoraa
OHa Hayajla paccachIBaThCS M BCe aBTOMOOWIM Ha JOPOTe CTajiy JABUTaThCS
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Puc. 5.4. CkopocTH aBTOMOOMJIEN B 3aBUCMMOCTH OT MX MosioxeHHUst Ha yuactke MKAJI me-
xay 10-M u 40-M KnJloMeTpaMu B pa3jiMyHbie MOMEHTbl BpEMEHM, KOrAa Ha JOpOre HaxonsTcs
3000 aBToMoOuseit: / — mo ocraHoBkM aBToMoOwas 500, 2 — B KOHLE €ro OJHOMMHYTHOM
OCTAaHOBKM, 3 — uepe3 5 MUH, 4 — uepe3 9 MuH, 5 — depe3 13 MuH, 6 — 4yepe3 20 MUH 1OC]IE
BOCCTAHOBJIEHUSI IBUXEHUS
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(cM. kpuBylo 4). Kak mokazano MoaenuMpoBaHHE, CKOPOCTb BCTPEYHOTO
IBUXEHUs] pobku cocTtaBaseT okono 500 m/mMuH. Yepes 2—3 MUH mocie
TOro, KaKk Hayajaoch OBUXEHHE TPaHCIIOpTa, MpoOKa W3MEHSIeT HarpaBiie-
HUE CBOEro MepeMelleHUs] Ha MOIyTHOe IBMXEHUE (CM. KPUBBIE 5 U 6).

Ecnu cyutath BpeMeHeM XH3HU aBTOMOOWIBLHON MPOOKU MHTEPBaJ, KO-
raa MUHUManbHas ckopocTb Ha MKAJI cHuxeHa Ha 30%, To npo6Gka, mo-
Ka3zaHHas Ha pUcyHKe 5.4, nnunachk He Oonbliie 10 MuH. MI3BecTHO, 4TO mo-
CJIEICTBUSI aBapMil Ha JOpOre CTaHOBATCSA ropasno Oojiee Ccepbe3HBIMMU,
€CJIU OHM TPOUCXOIST B YaChl MUK, KOTJa IJIOTHOCTh TPAaHCIIOPTa Ha JOpO-
re yBeauueHa. IlpogeMoHCTpUpyeM 3TO Ha Hallleil MOJEesH.

OCTOpOKHO, Yac NMHUK!

Ha pucyHke 5.5 nmoka3zaHo, Kakyue NMOCJIeICTBUS MOXET UMETh OJHOMMU-
HyTHas aBapus Ha aBuxeHue no MKAJI B yackl MK, KOTAa MJIOTHOCTh aB-
ToMoOuiel BospactaeT 10 40 Ha kuimomeTp. OUeBUIHO, YTO TaKas aBapus
MPUBEIET K OCTAHOBKE OOJIbILIErO YMCia aBTOMOOWIEH, CIeAyIoUUX 3a He-
ucnpaBHbIM Moa HoMmepoM 500. Yepes omHy MUHYTY UX yxe Gosee 60, u
BCE OHU CTAHOBSTCSI BTOPUYHBIMU MCTOYHHUKAMHU BO3HHUKIIIEN MPOOKH, KO-
roa aBTomMo6wnb 500 mOroHsieT OTOpBaBUIMICS BIiepen TpaHCIOpT. B pe-
3yibpTare NMpoOKa HAauMHAET IBUTaTbCS HABCTPedY ABMXKEHUIO TpaHCIIOpTa
co ckopocTtblo okono 500 M/MHUH. B oTiiMumne OT mpeablayliero ciydas, B
yachl MUK MpOOKa MOXET He paccachlBaThCs B TEUEHHUE OYEHBb JOJITOTO Bpe-
MEHM WM JaXe ObITb MOCTOSTHHOM, KaK 3TO IOKa3aHO Ha PUCYHKe 5.5.
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Puc. 5.5. CkopocTu aBTOMOGWJIEH B 3aBUCMMOCTH OT MX IoJoXeHus Ha yyactke MKAJL me-
KAy HyiaeBbIM U 30-M KWJIoOMeTpaMu, Korma Ha mopore Haxoaatcss 4000 aBromobuiieii, a xe-
JlaeMasi CKOpOCTb v, coctasiseT 120 km/4: 1 — 1o ocTaHOBKM aBToMo6unst 500, 2 — B KOHLe
€ro OJHOMMHYTHOH OCTaHOBKM, 3 — yepe3 3 MUH, 4 — yepe3 5 MMH, 5 — uepe3 10 MuH,
6 — uepe3 20 MUH MOC/ie BOCCTAHOBJIEHUsI ABUXEHUS
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Puc. 5.6. Cxkopoctu aBTOMOOW/IEH B 3aBUCHMMOCTU OT MX MOJOXeHHs1 Ha yyactke MKA/J
Mexnay 5-M U 35-M KMJIOMETpaMM B pa3jiMYHble MOMEHTbl BpeMEHHM, KOrga xejaeMasi CKo-
pocTh v, ymeHbLiaeTca 10 80 km/4 (Ha MKAJI 4000 aBTomo6unei): 1 — 10 OCTAHOBKM aBTO-
mob6una 500, 2 — B KOHLIE €r0 OOJHOMHUHYTHOM OCTAaHOBKHM, 3 — yepe3 5 MuH, 4 — uepes
7 MUH, 5 — yepe3 10 MUH, 6 — yepe3 15 MUH, 7 — yepe3 20 MUH MOCJiE BOCCTAaHOBJIEHUS
MBUXEHUS

[IpuynHON «BeYHO» MPOOKU CIYXUT NMHAMUYECKOE PaBHOBECUE MEXIY
YKUCJIOM aBTOMOOUJIeH, OCTaHABAMBAEMbIX 3TOU MPOOKOM, YU YUCIIOM CYACT-
JIMBYUKOB, BBIPHIBAIOLLIUXCS U3 €€ IIeHa.

Bo3MOXHBIM «IEKapCTBOM» OT aBTOMOOMJIbHBIX IMPOOOK B 4Yachl MUK
MOXET ObITb YMEHbIIEHUE IUIOTHOCTM CTOSILIMX B MpobOKe aBTOMOOUJIEH.
K coxaneHuio, Kak TOJIbKO BIEpeau CTOSIIIMII aBTOMOOW/b OCTaHAB/IMBa-
€TCsI, Mbl CTapaeMcsl NMpUOIU3UTBCS K HEMY KaK MOXHO OJIVDKEe, CUuTas,
YTO 3TUM Mbl NMpUOIMXKaeM LISl ce0s1 MOMEHT BbIXOda M3 aBTOMOOWJIbHOWM
npooku. OueBUOHO, UTO TaKas CTpaTerus owmnoodHa. [1pubimkasch oueHb
OM3KO K OaMIiiepy BIepenu CTOSIIIEro aBTOMOOWIISI, Mbl OTpaHUYMBaEM
yCKOpeHHue Oymyuiero pasroHa [cMm. ¢dopmyny (5.5)], a 3Ha4UT, U YUCJIO
aBTOMOOMJIE, OCBOOOXIAIOILIMXCS M3 IJIeHa B €MUHUILY BPEMEHHU.

YTtobBsl HEe co3maBaThb «BEUHbIX» aBTOMOOMWJIBHBLIX MPODOOK, AOCTATOYHO
CHM3UTb CBOIO XEJIAHHYIO CKOPOCTb U, [cM. dopmyay (5.1)] oo Toi ckopo-
CTH, KOTOpasi ONTHMajbHa I MOAHHOW IUIOTHOCTU aBTOMOOWJIEH Ha
MKAJI (cm. pucyHok 5.3). Hannpumep, v, aasgs MKAJL ¢ 4000 aBromobuiei
moria 6nl ObITh 80 kM/4. Kakoii 6bu1a Ob1 cutyanus Ha MKAJL B aToM ciy-
Yyae Mpy OJHOMMHYTHOI aBapuu, MOKa3aHO Ha puUcyHke 5.6. BumHo, 4TO
o0pa3oBaHME U paccacblBaHHE MMPOOKM OYE€Hb MOXOXHU Ha Te, YTO MIPOUCXO-
gt ¢ 3000 aBromoGuiteit Ha MKAJL mpu xenaHHoi ckopocTu 120 KM/4.
OTMeTUM, 9TO MPOHOJIKUTEIBHOCTb TAKOW MPOOKU, COCTOSIIIEN U3 OeHCT-
BUTEJIbHO pa3yMHBIX BOOMTENEN, COCTABISET BCETO 8§ MUH.

Hrak, moBTOpsieM: He cTapaiTech momoOparbcsl Mmobiuxke K Oammepy
BIIEpeNU UAYILETrO aBTOMOOWIIS!
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CTI/IPKa M 9UCTKA 10/l MUKPOCKOIIOM

YTo TaKoe BBIMBITHh PYKHU

Mep, IIOBapeHHasl COJib), TO BbIMbITb PYKM ObLIO Obl OY€Hb Jer-

KO — ONYCTUTb MX B BOAY M YYTb-4yTb IOHOXnaTb. K coxayneHuio,
0OJIbllIasi YacThb BELIECTB, K KOTOPBHIM Mbl IPUKACaeMcCsi, HEPaCTBOPHUMbI B
BOJE, U MO3TOMY €CJIM OHHM NMPWIMNAIOT K pyKaM WM oAexie, TO oJHa Boaa
HE MO3BOJISIET HaM M30aBUThCSI OT ITOM Ipsid3u U nsiTeH. OMHAKO MOXHO 3a-
CTaBUTH J1000OE BELIECTBO, XOTs1 Obl Ha KOPOTKOE BpeMsl (HECKOJIBKO ce-
KYHI), pacTBOPUThCS B BOAE, 00pa3oBaB 3MYJIbCUI0 — B3BECh (CYCIIEH3MIO)
MeJIbYalIlIMX YacTMYEeK BEUIeCTBa B BOAE. DTOrO BPEMEHU 4acTo ObIBaeT
NOCTATOYHO Uit TOTO, YTOOBI MTOTOK YMCTOM BOMbI CMbLI 3MYJIbI MPOBAHHYIO
[psi3b, CHEJIaB PYKU UMCTBIMU. MBUIO U CIYXKUT NMpPEeKpacHbIM 3MYJbraro-
pOM — XAMUYECKUM COEIUHEHHEM, OOJIeryarolmuM IoayyeHUe BOIHbBIX
SMYJbCUNA YaCTUUEK CAMbBIX Pa3jiMYHbIX BEIIECTB.

Ecnn Obl BCe, YTO HAC OKPYXaeT, pacTBOPSUIOCH B Bode (Kak, Harpu-

Kak POOMUJIOCH MBLJIO M KaK €ro IejlalT ceryac

ITpu packonkax apeBHero BaBuioHa ObUIM HalaeHBbl IJIMHSHbIE COCYAbI,
HaIOJIHEHHbIE BElIECTBOM, MOXOXMM Ha MbUIO. Haamucu Ha 3TUX cocynax
[JIJACWIH, YTO COOEPXKMMOE CAeaHO MPU KUISTYEHUM Xupa ¢ rnemjom. Io-
3TOMY CUMTAIOT, YTO BapUTh MbLIO yMeJHM elle B 2800-x rr. Ao H. 3. 3anucu
Ha nanupycax, OCTaBJI€eHHbIE IPEBHUMU eruntsHamu 3a 1500 jeT no H. 3.,
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TOXE COXPaHWIM peLerNThl MbLIOBAPEHUS! U3 CMECU KUBOTHBIX M PaCTU-
TeJIbHBIX Maces U mneruia. JipeBHUe Tpeku He 3HaJIU Mblia, a KOTda MbUIUCD,
TO CHayaja TepJiM cebsl TJIMHOM, NMeCKOM, NMEM30M U TEMJIOM, MOTOM HaHO-
CUJIM Ha TeJIO pacTUTEbHOE MAacjO M COCKpedajiuM €ro BMECTE C IPSI3blO.
Ogexny CBOI OHM MbUIM B NMPOTOYHON Bode 0e3 BCSIKOTO Mblia.

AHIAUICKOE CIOBO «S0ap» (MbLI0) MPOU30IIIIO OT Ha3BaHUS TOphl Sapo
B UTtanuu, Ha BepiuyHe KOTOPOM, COIJIACHO JiereHAe, MPUHOCUIN B XXEPTBY
>KMBOTHBIX, YOUBasg M cxXurasg MX. JloXIb CMBIBaJl BHU3, K IpOTeKaloliei
Heroganeky peke Tubp, cMech pacriaBlieHHOIO XXUpa W IpeBEeCHOro Ier-
ga. IlostoMy rivMHa BAoOJb TuOpa XOpOLIO MbUIKMIACh, YTO OBICTPO
OLIEHMJIM XEHIUMHbI, cCTUpalowne 6esibe Ha ero beperax.

o Btopoii MupoBOil BOIIHbl MbIJIO Bapuiyd KUISIYEHUEM B BOAE XXHUP-
HbIX Macesa co liejoyaMu. 2Kupbl — 3TO COENMHEHMS [JIMLEPUHA U Opra-
HUYECKMX KMCJIOT, U3BECTHBbIX KaK XXUpHblE KUCJIOThl. BO Bpemsi KuIisiue-
HHUS XMPOB CO 1LIeJoyaMu 0Opa3yloTcsl INIMLUEPUH U COJIA XXMPHBIX KUCJIOT,
T. €. MblJIA. Mcnonb3oBaHue Mbula mocje BTopoil MUpOBOH BOMHBI IOILIO
Ha yOblJlb, U €r0 MOCTENEHHO BbLITECHWIM CHHTETUUYECKHE MOIOIIME Cpeld-
crBa. I'naBHas nmpuYMHa craga noTpedjeHrsT Mbula COCTOSUIa B TOM, UTO B
JKECTKOM BoIe OOpa30BLIBAICH HEPACTBOPHMMBIE COJIM >KMPHBIX KMCJOT,
BblITaJalolire B 0caloK (KOJIbLEBOE IISITHO B BaHHE WJIM CEPblii OTTEHOK
Genbs). CUHTETMYECKME MOIOIIME CpencTBa (IETEPreHThl) MMEIT TaKoM
COCTaB, UTO 3TOH peaKLUUU HE MPOUCXOMUT.

YT10 TaKoe MbLIO

MbI10 — 3TO HaTpUeBasi WIK KaJIMeBasi COJIb OMHOMW M3 XUPHBIX KUACIOT.
HatpueBoe MbLIO OoOJiee TYCTOE M, KaK MPaBUJIO, TBEPHAOE; KaJWEBOE MBLIO
6oJiee MATKOE WIM Xuakoe. Mosekyia Mblia (puc. 6.1, Bepx) npencrapiisieT
Cco00 IJIMHHYIO LIEMOYKY (XBOCT), COCTOSILLYIO U3 AeCATKa U 0oJiee 3BEHbEB
—CH,—, coeIuHEHHBIX APYT C APYTOM, K OJHOMY KOHILy KOTODOii (roJIOBE)
anerrmeHa yacTh KapboxkcuabHOM rpymIel (—COO™). IIpocTediium Mbl-
JIOM, HallpMMep, SBJISIETCSl cTeapaT HaTpusl, KOTOPbIA MOXHO MpPENCTaBUThb
dopmynoit C;H,;COONa, rae 17 atoM0B yrjiepoia ¢ NpUCOeIMHEHHBIMU K
HMM aTOMaMM BOJOpOIA BBITSHYTHl B U3BWJIMCTYIO LIEMOYKY. ACUMMETPUS
MOJIEKYJIBI MbUIa — e€e BaxkHelllee cBoiicTBO. Korma MbulbHasg MoJeKyJjia

Nat[ Qo (IJ\}II é/(F\é)\I'{ (lj/(f\('J\}II (lj/?\(lj\lli (IJ/(F\(lJ—H
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Puc. 6.1. CxemaTuueckoe M300pakeHWe MbLIbHOI MoseKynbl — cteapata Na (Bepx). Pacrio-
JIOXKEHHME MbUIbHBIX MOJIEKYJI Ha MOBEPXHOCTH IUIEHKH BOAbI (HU3)
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cTeapaTa HaTpus MOINAajaeT B BOAY, OHA OUCCOLMUPYET Ha IOJIOXMUTEIBHO
3apsDKeHHbIM MOH Na® ¥ oTpuuaresbHO 3apskeHHbl uoH C,,H,,COO~
JKMPHOW KHUCJIOTBI. DTO OCHOBAHUE NPUTATMBAETCS K MOJOXUTEIbHbIM IMO-
JlrocaM QUIIOJIe MOJIEKYN BOABI, WU, KaK FOBOPSIT, UCIIBITBIBAET CPOJCTBO
¢ BOJOM. JIpyroil KoHeL MOJIEKYJIbl MbUIA 3JIEKTPUUECKU HEUTpaJIeH U IO-
3TOMY MHEPTEH IO OTHOLUEHUIO K BOIE.

OTpuLaTeIbHbIE HOHBI MBUIBHBIX MOJIEKYJl BbICTPAMBAalOTCS TaK, YTOOBI
C BOIOW COIPUKACAIMCh JIMIIb UX TOJOBbI, KOTOPHIE MCIBITBIBAIOT C HEM
cpoacTtBo (cM. puc. 6.1, Hu3). TakuM 00pa3oM Ha MMOBEPXHOCTU BOABI 00-
pasyeTcsl IOBYMEDHBIA «4acCTOKOJ» MBUIBHBIX MOJIEKYJ, TOJIOBBI KOTODBIX
TOTPYXEHBI B BOLY, @ XBOCTBbI TOPYaT Hapyxy.

Kak mMbL10 mOHMzKaeT IOBEPXHOCTHOEC HATSZ2KCHHE

MouJieKyibl Ha TIOBEPXHOCTHU XUIKOCTEN WM TBEPIBIX TeJ 00JanaloT U3-
OBITOYHOI MOTEHLMAIbHOM SHEPIUel M0 OTHOIIEHUIO K TAKUM X€ MOJIEKY-
JlaM, HaxOISIIUMCSI BHYTpU. DTa MOTEHUMAIbHASI DHEPTUsl paBHa paboTe,
HeoOXOOUMOM IJISI TOro, YTOObI BBHIMTH Ha MOBEPXHOCTb, MpPeOJojieBast CHU-
JIbl MIPUTSDKEHUST COCEOHUX MOJeKysa. O4eBUAHO, YTO 3Ta IOBEPXHOCTHAsI
MOoTeHILIManbHasg 3Heprusi U MponoplyoHalibHA TUIOMIAAX ITOBEPXHOCTH .S,
4TO MOXET ObITh 3amucaHo kak U=aS, roe 6 — koadhduumeHT nporop-
LMOHABHOCTH, KOTOPBIA UMeET pa3MepHocTb Jx/M? (viu H/M) U Hasbl-
BaeTcsi KO3 GULMEHTOM MOBEPXHOCTHOro HaTsokeHus. KoaddpuiueHrt mo-
BEPXHOCTHOI'O HATSDKEHMS OIPENessieTCs] CBOMCTBAMM COIPMKACAIOIIUXCS
KMIKOCTU U Ta3a WIM XUIKOCTU M TBEPHOro Tejla, a TakkKe TeMIlepaTypoit
okpyxaloweii cpenpl. Kak ciemyer u3 tabaunbl 6.1, KoadpduLueHT mo-
BEPXHOCTHOTO HATSKEHUS MOXET MU3MEHSTHCS B JOBOJIBHO LIMPOKUX IIpe-
Jenax, yBeJIMYMBAsCh B IECSITKM pa3 OT CIIUPTA OO PTYTH.

Tak Kak ¢ IUIOIAmbl0 MOBEPXHOCTH XKMIKOCTH CBSI3aHA TMOTEHIIMAIbHAS
SHeprusi C MOBEPXHOCTHOTO HATSDKEHHMSI, TO XHIKOCTh, CTPEMSICh K MUHU-
MyMy MOTEHUUATbHON HEPTUM, BCErla CTapaeTcs clesaTh 3Ty MTOBEPXHOCTh
MeHbllle. M3BeCTHO, YTO ITOBEPXHOCTH I1apa 00JIagaeT MUHMMATIbHOU ILUIO-
Wanblo sl Bcex (uryp Takoro xe oobema. IlosToMy eciin Ha Karumio Xumi-
KOCTA HE NEWCTBYIOT HUKAaKWe€ BHEIIHUE CUJIbI, TO OHa MpUHUMAET HopMy
urapa, Kak 3TO MPOUCXOAWT, HANlpMMeEp, B YCIOBMSIX HeBecoMOocTH. U uem
6osibliie KO3(GOUIMEHT MOBEPXHOCTHOTO HATSKEHUSI XKMIKOCTU, TeM ¢ OOJIb-

Tabauya 6.1
Kunkoctu IToBepxHOCTHOE HaTsikeHHe, MH/M
CnupT 3TUIOBBIN 23
ALETOH 24
beH3uH 29
OJNIMBKOBOE MacjIo 32
[nuuepuH 63
Bona 73
PtyTb 440
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el CWION OHa Oyner CTpeMUThCS
MMWHUMUW3MPOBaTh CBOIO MOBEPXHOCTb,
MPY MIPOYMX PaBHBIX YCIOBUSIX.
M3mepeHUs1 MOKA3HIBAIOT, UYTO MO-
JIEKYJIbl MbLJIa Ha TIOBEPXHOCTU BOIbI
MOHMXAIOT €€ MOBEPXHOCTHOE HaTsI-
XeHMe mnoyTd B 2,5 paza (mo :
30 mH/M). TlpoucxomuT 3TO Hu3-3a
TOTrO, YTO, HaXOMASICh HAa MOBEPXHOCTH
BOJBI T'OJIOBOII BHU3, MOJIEKYJIBI MbI- é
Jia, BO-TIEPBBIX, HE CTPEMSITCSI BHYTPh
1, BO-BTOPBLIX, OTTaJIKMBAIOTCS JpYT
OT Opyra, a He NPUTITUBAIOTCS, KakK
MOJIEKYJIbI Boabl. TakuMm o0Opazom,
YBEJIMUMBATh MMOBEPXHOCTH BOIbI, €C-
JIM B Hell pacTBOPEHO MBIIO, JIET4e.
A 3TO 3HAUUT, YTO XHUIAKOCTb MOXET
MPOHUKATh MEXIOYy HUTIMM TKaHU
(puc. 6.2). JIpyruMu cjIoBaMM, MBUIO HeJIa€T BOLY 0oJiee «MOKPOW».

Hawmpbliennsie
Karim

OOGbIuHBIE
Karau

Tkanb

Puc. 6.2. «HamblieHHble» Karuli  BOIbI
Jierye NMpPOHUKAIOT B MPOMEXYTKH MEXIY
HUTAMU TKaHU

Kak paGoraet MbLIO

MBbUIbHBII pacTBOp OOBOJIAKUBAET YaCTULILI IPsi3U, MPUBOIS K 0Opa3o-
BaHMIO BMYJIbCUI pa3/IMUHBIX 3arPS3HSIOLINX BELIECTB, U YAEPXUBAET He-
pacTBOPUMBIE YACTHUIIbl B COCTOSIHUM CYCIIEH3UM B MBUILHOM IEeHe U BOIE,
KOTOpbI€ TMOTOM YOAISIOTCS OT OYMILAeMOii
MOBEPXHOCTU MPOTOYHOU Bomoii. s Molole-
ro AEWCTBUSI BaXXHO TO, YTO YIJIEBOOOPOMHAsI
4yacTh (XBOCT) OTPUMLIATENIbHOTO MOHA MBUIBHOM
MOJIEKYJIbI HepacTBOpUMa B BOJAE, HO pacTBO-
puMa B Xupax U macinax. [loatomy, Kak moka-
3aHO Ha pUCYHKe 6.3, BOIOpacTBOpUMAasi OTPU-
LIaTeJIbHO 3apsiK€HHas ToJoBa OCTaeTcsl B
BOJE, TOTAAa KaK XBOCT MBUIbHOI MOJIEKYJIbI
MOrPYKAeTCA B XUP. AHHOHBI MBUJIBHBIX MOJIE-
KYJI CO BCEX CTOPOH OKPYXalOT KaleJlbKu XH-
pa, 00pa3ysi MULEJUIbl (LLIapUKK), U BbITACKU-
BalOT KX B BONY, B pe3yJibTaTe Yero obpasyercs

Puc. 6.3. OGpa3oBaHHe MULIE-
Jibl U3 MBUIBHBIX MOJIEKYN BO-
KPYT YaCTMYKY XHUpa WK IPs3u

B3BEChb KaIl€JIEK XHpa B BOIE. Tak kak Kaxnas
M3 MeJibYallluX KarejgeK HeceT Ha cebe OTpu-
LIaTEeIbHBINI 3apsaa, TO OHHM  OTTAJIKHBAIOTCSI

JIpyT OT Opyra, a He CJIIUBAlOTCS B OoJiee KpyIi-
HbIE KAIlIU. DTUM OOBSICHIETCS TUCTIEPTUPYIOIIMIA U SMYJIbIUPYIOIIUI 3~
¢deKT MBUIBHBIX PacTBOPOB.

IToyeMy ropsiuasi Boaa MoOeET Jiydile

Ilpu HarpeBaHUM CpeNHsIsI KMHETUYECKasi SHEPTUsl MOJIEKYJ BOObI yBe-
JIMYMBAETCS, a OTO 3HAUMT, YTO KaXKIOW U3 HUX, YTOOBI BHINTH Ha MOBEPX-
HOCTb, TpeOYeTCs MeHbIIIe JONOJHUTENIBHOI 3Hepruu. [1o3ToMy MmoBepXxHO-
CTHOE HATSDKEHWE BOIObI IPU HArpeBaHMM yMeHbliaeTcsl (puc. 6.4), U oHa
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Puc. 6.4. 3aBucumocTb MMOBEPXHOCTHOI'O HATAXEHUA BOAbI OT TEMIEPATYpPbL

MOXeET MPOHMKATh B CaMble MEJKME TOpbl U ObIPOYKU. BOT roueMy Hamo
MBITb PYKH Topsiueil Bomoil. MbUIO U NETEPreHTHI elle GOoJIblile YMEHBIIAIOT
MOBEPXHOCTHOE HATSDKEHUE TOpsiued BOIBI.

IToyeMy MBLIO IUIOXO CTHpPaeT B MOPCKOii Bole

Mopckasi Boja XapakTepu3yeTcsl BHICOKMM COINEPXXaHUEM IBYXBaJIEHT-
HBIX KaTHOHOB — Ca* u Mg?*. DTu KaTHOHBI CBA3bIBAIOTCS C OTPUIIATENb-
HO 3apsiKEHHBIMU I'OJIOBAMU MBUIBHBIX MOJIEKYJ, MeIliasi UM 00pa30BbIBATh
MUIIEJUTBl BOKPYT YacTUuekK Ipsi3u U xupa. [1o3ToMy noBepXHOCTHOE HaTsi-
KEHUE MBUIBHOTO pacTBOpa B MOPCKOI BOAE YBEIWUMBAETCsl, UTO CHUXAET
KayecTBO CTUPKHU. To e MpOUCXOOUT, KOTAa B BOAONIPOBOJHOM BOIE BbICO-
Ka KOHIIEHTpalUsl NBYXBAJIEHTHBIX MOHOB, Hanpumep, xenesa. Takyio Booy
Ha3bIBAlOT XECTKOW, U B HEM MBUIO TUIOXO CTUPAET.

IToyemy moJjiOCKATh HAXO B XOJIOHOH BoJe

Llens monockaHuss — yopaThb OCTaTKM MbLIa U3 BBICTUPDAHHOW TKaHU.
Ilpu cTupke MBI HarpeBaeM BOJY, YTOOBI MOHU3UTh MOBEPXHOCTHOE HATSI-
’K€HHE BOIbI, U MO3TOMY MBUIbHBIA pacTBOpP XOPOLIO MPOHMKAET MEXIY
BOJJOKHAMUY TKaHHU. YTOOBI pacTBOp OTTyda yA&IUTh, HEOOXOAUMO YBEIW-
YUTb MOBEPXHOCTHOE HATSKEHUE, W TOTHAa KaxKaasl U3 CIUIIOLLEHHBIX Kare-
JIEK OISITh CTaHEeT I1apoO0pa3HoOi, U OHU BBICKOUYAT U3 Y3KUX TIPOMEXYTKOB
Mexny HUTSIMU. [1o3ToMy mosiockaTh TKaHb TMOCJE CTUPKU ClIelyeT B XO-
JIOMHOW BOJE, KOTAa €€ NMOBEPXHOCTHOE HATSXXKEHUE BEJIUKO.

Y10 Takoe ordesMBarTeib

B Mooliux cpeactBax sl CTUPKU Oelibsi, TOMUMO COOCTBEHHO AeTep-
reHTa (MbL1a), UCIIOJB3YIOT elile ¥ oTOenuBaTe/b. OTOEIUBATENIM HE YA~
10T Tpsi3b, a JIUIIb OOeclLiBeunBaloT ee. OOMHU U3 HUX OKHCIISIIOT U TeM ca-
MBIM pa3pyllialoT HEKOTOpble BUABI 3arpsSI3HUTENIE M KpacsIlMX BELIEeCTB.
KrnaccuyeckuM OKUCIUTENIEM CIYXKUT XJI0p. B COBpeMEHHBIX CTUpPaJIbHBIX
MOpOILIKaX UCIOb3YIOT OoJiee U3bupaTeabHble OTOEIMBATENM, OCHOBAHHbBIE
Ha Opome. lpyrue oTOenuBaTeNly, Ha3blBa€Mble YCWIUTEISIMU OETU3HBI,
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nenaloT BbICTUpaHHOE Oefibe OyKBajbHO Oesee Oenoro. st 3Toro B CTU-
pajibHble TTOPOLIKHU N00aBISIOT (QIIOOPECUIMPYIONINI «OeCLIBETHBIN Kpacu-
TeJib», KOTOPbI 0OecrneyrMBaeT He TOJBKO IMOJHOE OTpaX€eHUE BUIMMOTIO
CBeTa, HO M YaCTUYHOE MpeBpallleHHue YJIbTPadHUOIETOBOTO CBeTa B Oe€JIblit
WY TOMy0OBaThi. B pe3ynbTaTe TKaHb CTAHOBUTCSI OCJIEMMUTENBHO OEJION.

YJ'lepa3By1( — MEXaHM4YeCKOo€ MBLIO

Pa3MeIbunTh Ipsi3b U MPEBPATUTD €€ B 3MYJIBCHIO MOXHO He TOJIbKO XH-
MUYECKH, KaK 3TO IeJaeT MbLIO, HO U MexaHMdecKU. KaXnbiii 3HaeT, YTo
€CJIM TOTEPETh MCMAYKAHHOE MECTO, a MTOTOM OITOJIOCHYTh €ro BOAOM, TO
MATHO CTAHET MEHEee 3aMETHBIM. I103TOMY 3HEprusi 3BYKOBBIX BOJIH IMpPH
CTHPKE MOXET CIVKUTb aJIbTEPHATUBON OOBLIYMHOMY MbLTy. JIJIS 3TOrO HO-
CTaTOYHO, YTOOBI CKOPOCTH OBVKEHUS YACTUI[ BOABI U TPSI3M B 3BYKOBOM
BOJIHE Pa3IMYaIMCh. TOrna 4aCTUYKKW BOIbI OYIYT CTAJTIKMBATBHCS C 4YaCTHY-
KaMM TpsSi3u, pa3pyliaTh (IMCMeprupoBaTh) UX U MepeMelInBaThCs, 00pas3ys
3MYJIBCUIO.

M3BeCcTHO, YTO B PACIPOCTPAHSIOLIENCS CO CKOPOCTBIO ¢ 3BYKOBOM BOJI-
HE MTHOBEHHbIE 3HAUYEHMS NaBJIEHUS p U CKOPOCTU U TIepeMellleHUsT YacTH-
LIbI CPENbl CBSI3aHbl CJIEAYIOLUIUM COOTHOILIEHHEM:

v=2, (6.1)
pc

roe p — MJIOTHOCTb cpenbl. JIponsBeneHue pc, Ha3bIBAEMOE aKyCTUYECKUM
UMIIenaHCcOM, st Xupa Ha 10% MeHble, YeM JJIsl BOIbI, IO3TOMY MPHU OIl-
HOM W TOM Xe€ 3BYKOBOM JaBJ€HUU CKOPOCTb IBUXKEHUSI YaCTUL BOOBI U
rpsi3u 6yneT pasauyHa. OueBUOHO, YTO YEM 4Yallle 3BYKOBAasl BOJIHA BCTPSI-
XUBaeT Ipsi3b, TEM JIydylle IJis YUCTKU U CTUPKU. [To3TOMy IJIsT JOCTHXKe-
HUSI MAaKCUMAaJIbHOTO TUCIIEPIUPYIOLIETO U 3MYyJibrupyloiiero agdexra uc-
NMOJIb3YIOT YAbTpa3ByK (Y3) ¢ 4acTOTOM M0 HECKOJIbKMX COT KUJIOrepil.

Kak nosyyaioT yJbTpa3sByK

VnbTpa3ByKOBblE BOJIHBI B XXUIKOCTSIX OOBIYHO BO30YXHalOT MarHUTO-
CTPUKLUOHHBIMU U TbE€303JIEKTPUYECKUMHU Mpeodpa3oBaTeasiMu (reHepa-
topamu). Tlbe3oanekTpuyeckue reHepaTopbl Y3 (puc. 6.5) npeobpasyior

a) 0) HHo 6aka ¢ BOogoi

Puc. 6.5. BHelHMit BUI (@) Mbe303JEKTPU-
4YecKoro reHeparopa Y3 M ero cxemaruue-
cKkuit paspe3 (6): 1 — 670K IbE303/IEKTpUYe-
CKHMX npeobpa3oBareneil; 2 — MeTaJUTIYECKoe
COeIHHEHNe C JTHOM KOHTEHHepa C BOLOM
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3JIEKTPUYECKYI0 3HEPIUI0 B SHEPIUIO0 YJIbTPa3BYKOBBIX KojieOaHHUil, HC-
MoJib3ysi OOpaTHbI Mbe303JIEKTPUUECKU 3¢hdeKkT — aedopMaluio HEKO-
TOPBIX MOHOKPUCTAJIOB (HalpuMep, KBaplia U CErHETOBOW COJIM), a TaKXKe
HEKOTOPbIX KEpAMUUYECKUX MAaTEpUAIOB (HanpuMep, TUTAaHaTa Oapus) B Ie-
peMEeHHOM 3JIeKTpuYecKoM roJjie. [1pu 3ToM B OKpyXalollieil cpeie BO3HU-
KaloT MeXaHu4yeckue KojedaHusl, pacrpocTpaHsiomuecs: B Bujge Y3. Ilbe-
303JIEKTPUUECKHE TeHEepaTOPbl MOTYT ObITh MOIIHBIMHM MCTOUYHUMKAMHU Y3 C
yactoroit 1o 1000 MTI'u. Mcronp3ys nbe3oKepaMuKy, IMOBEPXHOCTh YJIbTpa-
3BYKOBOI'O M3JyyarTesisl YacTo IealoT chepruyeckKoi, YTO MOo3BOJISIET (POKY-
CUpOBaTh U3JyYyeHUE Ha MaJoi IJIOIIAAM, MOJydyasi OYeHb OOJIBIIYIO WH-
TeHCUBHOCTh, Y3. Takasi (oKycupoBKa B JUTOTPUIICUM — APOOIEHUU
KaMHel B MOYKax U MOYEBOM Iy3bipe — MO3BOJISIET HAIpaBIsITh MOIIHBIN
VY3 ToAbKO Ha KaMHM, HE 3aTparuBasi OKpYXaloLIUX TKaHei.

MarHuTOCTpUKLIMOHHBIE reHepaTtopsl Y3 (puc. 6.6) npeobGpa3yloT cCHa-
yajga 3HEePrulo 3JeKTPUYECKOro TOKa B SHEPTHI0 MarHUTHOIO I10JIs1, a IOo-
TOM — BHEpPrui0 MarHUTHOTrO MOJIsi B MEXaHUYECKYIO (3BYKOBYIO WJIM YJb-
Tpa3BYKOBYIO) dHepruio. Mx nelicTBUe OCHOBAHO Ha TOM, YTO HEKOTODHIE
MeTasibl (HalpUMEp, HUKEIb) U UX CIUIaBbl 1e(OPMUPYIOTCS B MArHUT-
HoM rmoJjie. Ecniu crepxeHb M3 TaKOro MeTallla pacroJiOXUTb BOOJb JIU-
HUIl NMepeMeHHOTO MarHUTHOTO MOJsl, TO CTepPXEeHb CTAHET IMOoIepeMEHHO
COKpalaThCsl M YMIMHSITBCSI, BO30YyXdasi B OKpYXarollleil cpele yJabTpa-
3BYKOBBbI€ BOJIHBI TOMH XK€ 4aCTOThl. MarHUTOCTPUKIIMOHHBIE MMpeodpa3oBa-
TeJIW U3 TOHKOIO JIMCTOBOTrO MeTaj/la paboTaloT Jiydllle BCEro B HM3KOYaC-
TOTHOM YyJibTpa3BykoBoM guamnaszoHe (or 20 mo 50 kI'u), HO Ha Oojee
BBICOKMX YacTOTaX MX KO3(MOULMEHT MO0JIe3HOro HOEWCTBUSI CTAHOBUTCS
O4YeHb HU3KHUM.

[1pe303eKTpuYecKre reHepaTopbl MPEANOYTUTENIbHEE, TaK KaK UX MOX-
HO HCMOJb30BaTh B OoJiee IIMPOKOM Auaria3oHe yactor. Kpome Toro, npu
OIHOM U TOM Xe€ BBIXOAHOW aKyCTMYECKOU MOIIHOCTH IbE303JIEKTPUUYECKUE
reHepaTopbl ¥3 noTpeb/isioT MeHbllie 3JIeKTpuyeckon sHepruu. Yrto kacaer-
¢ aKyCTMYeCKOW MOILHOCTH, HEOOXOOUMOM ISl CTUPKH, TO YCTAHOBJIEHO,
yto 50—100 BT BrosiHE AOCTaTOYHO AJis1 CTUPKM B 4 71 Boabl. Eciu paccun-
ThIBaTb HEOOXOMHUMYIO aKyCTHMYECKYI0 MOILHOCTh Ha €OUHHILYy ITOBEPXHOCTU
YJIBTPa3BYKOBOIO M3JIyyaTejisl, TO OHa COCTaBUT 45—60 Br/am2.

a) 6)

JlHO 6aka ¢ BOgoit

Puc. 6.6. BuewHuit Bua (@) MarHUTOCTPUKLUKMOHHOIO reHepatopa Y3 M ero cxemaTu4ecKuii
paspes (6): I — cnasiHHOe COeIMHEeHUE MEeTANIMYECKMX IMUIaCTUH M OHA KOHTeiHepa, 2 — Ka-
TyIlIKAa U3 MPOBOJIOKH, 3 — JIMHUM MarHUTHOTO MOJs
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Y10 TaKoe KaBUTAIIUA

OOBSICHUTh 3MYJIBIUPYIOILEE NEHCTBUE
Y3 ToapKO0 hopMyIIoit (6.1) odyeHb TPYIHO.
Tak, HanpuMep, Y3 mnepecraeT 0Opa30BbI-
BaTb 3MYJIbCUM HECMEUIMBAEMbIX XHUIKO-
CTe#, ecnu 06e BTU XUOKOCTU HE Comep-
XKar raza. 3OTO TOBOPUT O TOM, YTO
CYLIECTBEHHYIO POJIb B MOJYYEHUU 3MYJIb-
CUIl UTpaeT KaBUTallUsl — OOpa3oBaHUE B
XHMAKOCTM TIOJIOCTeH, 3aloJHEeHHBIX Tra-
30M, MapOM WIM HMX CMEChIO (TaK Ha3bl-
BaeMbIX KaBUTAllMOHHBIX MY3bIPbKOB, WIH e
KaBepH). KaBurtainusi BO3HUKAET B pe3yiib- N N
TaTe JIOKAIBHOTO YMEHbIIEHUS NaBJeHUS
HIDKE KPUTHUUYECKOIO 3HaAYeHUSs Px (OHO Puc. 6.7. Bo3HMKHOBEHHE KaBHTa-
MpUOIU3UTENIBHO PaBHO JABJIEHMIO HACHI-  LUWMOHHBIX MY3BIPbKOB BO/IM3M  ro-
IIEHHOrO0 Mmapa 3TOM XWAKOCTH). Eciu  BEPXHOCTH JonacTH BpallalouIerocs
TIOHIDKEHUE NaBJIeHUs MPOMCXOAUT BCeN-  TPEGHOro BMHTA
CTBUE JIOKATBHOIO TOBBILIEHUSI CKOPOCTH
B [IOTOKE XMIKOCTHU (BCIOMHUM YpaBHEHUE BepHyiu), To KaBUTALMIO Ha-
3bIBAIOT TUIPOAMHAMUYECKON; B CIIyyae XK€ MPOXOXAEHUS B XKMAKOCTH aKy-
CTUYECKMX BOJIH — aKYCTUYECKOM.

B 0ObIYHOH XMOKOCTH BCEraa IMPUCYTCTBYIOT Mejbyaiiine nyablpbxn
rasa Wid napa, u, OKasaBLIUCh B OOJIACTH, [e NaBIeHUe MEeHbIIE p, , OHH
HauuHalT pactu. Ilocsne mepexona B 30HY ITOBBIIIEHHOTO AAaBJIEHUS pOCT
Ny3bIpbKa MPEKpaIIaeTcs, ¥ OH HAUMHAET COKpalaThcs. Eciu my3bIipek co-
IEepXUT JOCTaTOYHO MHOTO rasa, TO MO HOCTWXEHUM UM MHUHUMAaTbHOTIO
paguyca OH BOCCTaHABJIMBAE€TCS M COBEpILUIAET HECKOJbKMX LIMKJIOB 3aTy-
XalolUX KojiebaHMii, a eCcy raza Mano, TO My3bIpeK MOJHOCTBHIO 3aXJIOIbI-
BaeTCsl, U BOJM3M OOTEKAaeMOro Tejla CO3JAeTCsl KaBUTAllMOHHAsl 30Ha, 3a-
MTOJTHEHHAs! ABYDKYIIUMMUCS ITy3bIpbKaMu (puc. 6.7).

AKyCTI/l‘IeCKaH KaBUTaAllUA

Ecnu 3BykOBOE HaBjieHHE BO BpeMs MOJYIIEPUONOB pa3peKeHUs] yMeHb-
1Ia€TCSI HMXKE MHABJIEHMS HACBIIIEHHOTO Iapa, TO B XUIKOCTU BO3HMUKAIOT
KaBUTAUMOHHBIE IMy3bIPbKH, 3apOABIIIIAMU KOTOPbIX YaIlle BCEro SIBJISIOTCS
Menbyalilliie ra3oBble My3bIpbKU, colepxkaliuecsi B Xunkoctd. Cokpalile-
HME KaBUTAlLIMOHHOTO IMy3bIpbKa MIPOUCXOAUT C OOJIbIION CKOpOoCThio. Eciu
3TO OBICTpOE NBUXXEHUE BHE3AITHO MPEKPATUTCS] BCIAEACTBUE MOJHOTO CMbI-
KaHUS MOJIOCTH, TO CKOHIIEHTPUPOBAHHAs B HUYTOXHO MaJoM 00beMe KU-
HETUYEeCKasl 3HEPrusi OCBOOOAUTCS U MEpENIeT YaCTUYHO BO BHYTPEHHIOIO
SHEPrulo U B 3Hepruio cxartusi. [Ipu 3TOM U3 LieHTpa COMKHYBILEHCS IO~
JIOCTU PacIpOCTPAHUTCS KPaTKOBpeMeHHbIN (mopsimka 1076 c) umImynbe
nasineHus (mo 10° ITa u 6osee), CrIOCOOHBIN pa3pylIUTh JaXe BeCbMa IIpoY-
Hble MaTepuanbl. Kctatu, misi TUTOTPUIICUUM HUCIOJIb3YIOTCS YJIBTPa3BYKO-
Bble KOJIEOAHUSI C aKyCTMU4YeCKUM naBieHueM MmeHee 108 [Ta.

YToObI NPOBEPUTH, €CTh KABUTALIMSI WU HET, B XKUAKOCTh MOXHO OITyC-
TUTh TOHKYIO alloMUHUEBYIO ¢onbry. Ecau Y3 BbI3bIBaeT KaBUTALMIO, TO,
BBITAIIIUB KycO4eK (DOJNIbTU M3 XMIKOCTH, Mbl YBUAUM B HEM MajleHbKHE
IBIPOYKM — CJIedbl KaBUTALMOHHBIX YIAPHBIX BOJIH.
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YeM MeHbIIIE ra3a COOEepXKUT ITy3bIpeK, TEM CUJIbHEe OyneT KaBUTallMOH-
Hasl ymapHasl BoJIHA. BbICOKMe KOHIIEHTpallid pacTBOPEHHBIX I'a30B 3aMell-
JISIIOT CMBIKaHMe KaBUTALIMOHHBIX MY3BIPHKOB, MOMABJSIS OMHOBPEMEHHO U
sMyJbrupoBaHue. [loaToMy nmpoiieccy CTUPKM OOBIYHO MpPEANIECTBYET era-
3UpPOBaHUE XMUIKOCTU C MOMOIUBIO ¥Y3. DTO MPOMCXOOUT M3-3a TOIO, UTO
YK€ HMMeIolIMecs B XMIKOCTA MaJeHbKME IMy3BIPbKU Ta3a Iof HelCTBUEM
V3 coenuHAOTCA B 00JIee KpYTIHbIE U BCIUIBIBaIOT. KpoMe Toro, U cama Ka-
BUTAIIUS TTPUBOIUT K Jerasaliuy XXUAKOCTU. UHTeHCUBHBIE KOjIebaHus Ta-
30HAIOJHEHHBIX ITy3bIPbKOB BOJM3U ITOBEPXHOCTH TBEPHBIX TEJI CO3IAI0T
MUKPOTIOTOKHM XKHUIKOCTH, IeJalolue YJIBTPa3ByKOBYIO CTUPKY U YUCTKY
0osee 3¢ (HEeKTUBHOM.

Kak THJIpOoCTATHYECKOE JABJICHHUE
BJINACT HA KaBUTAILINIO

B BakyyMe XUIKOCTb JIMIII€HA MUKPOITY3bIPbKOB, ITIOSTOMY Y3 HE BBI3BI-
BaeT B Hell HM KaBUTAlIMM, HM SMYJIbIUpoBaHMS. [TOHMXEHHE BHEIIHEro
JIaBJIeHUsT Huke atMocdepHoro (<20 k[la) MelraeTr CMBIKAaHUIO BO3HUKAIO-
IIUX KaBUTAIIMOHHBIX ITY3BIPHKOB, YMEHBIIAs MOIIHOCTh KaBUTaIIMOHHBIX
yamapHeIX BoyiH. OueHb BbIcOokoe paBieHue (>10 000 xIla) yHu4TOXKaeT
MMKPOITY3bIPbKH, SIBJISIOIIMECS 3apONBIIIAMU KaBUTAllMU, U TIPEISITCTBYET
ee BO3HHKHOBeHMI0. OMHAKO yBeJIUYEeHUE THUIPOCTAaTUUECKOTO JaBJIEHUS IO
200 xITa moMoraeT 00 KOHIIa CXJIOBIBAThCSI OOJBIIMHCTBY KaBUTAITMOHHBIX
ITy3bIPEKOB. I103TOMY MOOBONHWUKU 3aMeYyaloT, YTO KaBUTAllMsI, U3Mepsie-
Masl TI0 MHTEHCHBHOCTY IIIyMa I'peOHBIX BUHTOB, Pe3KO YBEJIMYUBAETCS TIPU
norpyxxeHun Ha 10—20 M, a ITOTOM MIET Ha yObLIb.

YabTpa3ByKoBass OYMCTKA

C noMouipio Y3 MOXHO He TOJIBKO CTUpaTh, HO M OYHUIIATH ITOBEPXHO-
CTH METAUIa WIM CTEKJIA OT MEJIbYaMIINX IMOCTOPOHHMX YaCTUII, KUPOBOM
IUIEHKX Y OPYTUX BUIOB 3arpsisHeHMs. I 3TOTO MpeaMeT, MOIeKalvit
OYKCTKE, TIOMEIAIOT B XUIKOCTh C UCTOYHUKOM Y3, U CXJIOIBIBAIOIIIMECS
KaBUTAIIMOHHBIE My3bIPbKU CPBIBAIOT C 00pabaThIBaeMOil TTOBEPXHOCTH He-
XejaTeJbHble YacTULBI. B IIPOMBIIIUIEHHOCTH MCIIONB3YETCS YJIBTPa3BYKO-
BOe 000pyIOBaHME ISl OYMCTKM ITOBEPXHOCTU KBApIEBHIX KPUCTAJUIOB LIS
MeXaHH3Ma 4YacoB, OINTHUYECKOIO CTEKIa M IOBEJIMPHBIX YKpalleHWil. Y3
TaKXe MOMOTaeT COEeNaTh AeTAIU HIApUKOMOIUIUITHUKOB a0COIOTHO IJal-
KMMU U CHSITH 3ayCEHIIB C MaJIOrabapUTHBIX MeTaIei.

VYiabpTpa3ByK KaKoii 4aCTOTHI JIydille YHCTHT

YewM BHIIIIE YacTOTa Y3, TeM OoJiblliee 3BYKOBOE HaBJIEHUE TpeOyeTCs st
TIOSIBJIEHUSI KaBUTAIlUU. DTO IIPOUCXOIUT U3-3a TOTO, YTO 0Opa3oBaHUe Ka-
JKIOTO KaBUTAIIMOHHOIO ITy3bIpbKa TPEOYET OINpeNeIEeHHOTO BPEMEHM, KO-
TOpOE 3aBUCHUT OT Pa3MEpOB 3apOINbIIIeil KaBUTAIIMM M CTENeHU pa3pexe-
HusA. Harmpumep, B OOBIYHOM BOIE KaBUTAIMs BO3HUKAET IIPU 3BYKOBOM
nmapnenun 100 kIla, ecnm yacrtora 3ByKa 15 KI'II, ¥ IIpu 3BYKOBOM [aBJie-
Hun 400 xIla, ecan yactoTa 3ByKa 175 xI'11. MHepiiust KosiebaHUi KaBUTa-
LIMOHHBIX ITY3BIPbKOB JI€JaeT 3aBUCUMbBIM HX AUaMeTp OT YacTOThl 3BYKa:
npu 15 xI'y — 200 MM, nipu 175 kI'ix — 20 MKM.
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OueBUIHO, YTO 4YeM OOJibllle KAaBUTAIMOHHBINA ITy3bIpeK, TeM OOJIblle
SHEPrusl yIapHOU BOMHBI, 00pa3ylolleiics Mpu ero cxjaonbiBaHUU. IToaToMy
yacToThl HrKe 80 KI'II UCIONMB3YIOTCS, KaK MpaBUJIO, IJISI TEXHUYECKUX 1Ie-
JieH, rae TpeOyeTcs yIaJIuTh OOJbLIME 3arpsi3HEHUsT, 2 UHOTIA U CJIOU Tpsi3u
WY pxXaBYMHBI. OTHAKO KPYITHBIM ITy3BIPbKAM TSDKEJIO TPOHMKHYTh B IIE-
JI, 4TOOBI U3BJIEUYb OTTY[A Ipsi3b, 4 3HAYUT, HY>XXHBI U MEJIKUE ITy3bIPbKU.
ITosToMy 1151 XOopouiei YMCTKU U CTUPKU HEOOX0auM TreHepatop Y3 ¢ Imia-
Bawolell yacrtotoi. Takoi reHepaTop Takke OymeT NpeIsITCTBOBATh BO3-
HUKHOBEHMIO CTOSYUX BOJIH, B IYYHOCTSIX KOTOPBIX MOXET IPOUCXOIUTH
pas3pylieHue MaTepUaIOB.

Kak yapTpa3Byk 0opercs ¢ OaKTepusiMu

CaMbIiM 3¢ heKTUBHBIM CIIOCOOOM HEe3MHGEKLUU SIBJISETCS KUIITYEHUE.
OpgHako Koraa WHCTPYMEHT (HalpuMep, SHAOCKOIMYECKHMI 30HI), IOJJe-
Xamui ne3uHdekuuu, caelaH M3 IUIaCTMAcChl, TO KWIISYEHHE MOXET
HUCIIOPTUTH €ro. BBIXOZOM M3 MOJOXEHUSI B TaKUX CIy4asx SIBISETCS YJIb-
Tpa3BYKOBasi Ae3uH@eKusa. UMITyabChl naBeHUs], BOSHUKAIOIINE B KAaBU-
TAaUMOHHBIX MYy3bIpbKaX, MPUBOOIT K rubenu 6akTepuit ¥ MUKPOOpPraHMU3-
MOB, HAaXOIOSILUMXCS B BOOHOM cpene, MoaBepraeMoi Bo3neHCTBUIO ¥Y3.

IIpomuioe U HAacTOsIIEE
YJbTPa3BYKOBBIX CTHPAJIbHBIX MAIIUH

[lepBhiit pa3 B MBUIBHOM pacTBOpPE C MOMOIIBI0 Y3 BBICTHPAIM XJIOMYa-
TOOYMaXKHbIe TIPOCTBIHM, UCIIAYKAHHBIE XUPHOU caxeit, B 1949 r. g aTo-
ro nmoHamo6ujcs 1 4 U maTukpaTtHas cMeHa Bombel. OOBIYHASL CTUPKA B Ta-
KOM Xe pacTBOpe 3aHsa 3 4 ¥ MoTpeboBaia MATHAMIIATUKPATHON CMEHBI
Bonbl. [Ipoiuo Gosnee S50 jeT, HO MO CHUX TOP YIbTPa3BYKOBasi CTUpKa He
HaXOOUT IIMPOKOTO MPUMEHEHUS B ObITY. MUHUATIODHBIE YABTPa3BYKOBLIE
CTUpaJIbHbIE MaIlIMHbI, TOTPEOSIONINE OYeHb Majo MolHocTH (5—15 BT),
C usnyyateneM padMepoMm 5—10 cM, CTUpPAIOT JIMIIb HECKOJIBKO CJIOEB TKa-
HM, COIIPMKACAIOUIMXCS C ITOBEPXHOCTHIO HU3Jydartesis. TakuM oOpa3oMm
MOXXHO YOUpaTh MSITHA Ha TKAaHU Iepen oOBIYHON cTtupKoit. OnHako Y3 B
TaKMX MalllMHaX, KaK YTBEPXKIal0T U3TOTOBUTENH, neaeT 6ojee 3hdheKTUuB-
HBbIM JIUIIb OEHACTBUE NETEPreHTa, NOCTABJISS €ro K MecTaM 3arpsi3HeHUs.
B TO Xe BpeMsl HEKOTOphI€ KOMIIAHUM YX€ HECKOJIbKO JIET BBINYCKAalOT
VJIbTPa3BYKOBbIE CTUPAIbHbIE MAILUMHBI, paCCUUTAaHHbIE HAa 5—8 Kr Oesbs
U He TpeOylolye IJisi CTUPKU CTHUpaJbHOTO mopoiuka. [Ipu cTupke yepes
BOOY MPOITYCKAIOT TOK, U IPOWCXOAUT TUIPOJIU3 BOOBI, a IMOJIy4YaloUINecs
MPOAOYKTHl TUAPOJIM3a — aKTUBHBI KWCJIOPOJ, O30H M TMEpPEeKUCh BOIO-
poma — SIBJIAIOTCS TeM KOKTeilyieM, KOTOpPBIM BIOJIHE 3aMEHSIET CTUpalb-
HbI# mopooK. Tak Kak B BoIe BCErIa CONEPKUTCS XJIOP, TO IIPU TUIPOIHU-
3¢ eme obpasyercs runoxyiopHas kuciota HCIO, xoropast siBisieTcs
XOpOIIMM OTOeIMBaTeIeM U Ae3uHPUUUpyouMM npenaparoM. O4eBUIHO,
YTO JajibHeliIlee BHEIPEHUE YJIbTPA3BYKOBBIX CTHUPAJIBHBIX MAIIUH MO3BO-
JIUT YMEHBIIUTh SHEPTreTUYECKUE 3aTpaThl HA CTUPKY, a TaKKe KOJIUYECTBO
HCIIOJIb3YEMBIX JIETEPTeHTOB, Iejlas 3TOT IIPOIECC 3KOJIOTMYECKU Oosee
YUCTBIM.



I'nmaBa 7

JI1000Bb 1 HEHABUCTD

B MU pe MaTﬁ-PI/IaJIOB

BOBaTh IPYT ¢ ApyroM. OCOOEHHO 3TO OTHOCUTCSI K B3aMMOIENCTBHUIO

KUIKOCTU W TOBEPXHOCTH TBepaoro teja. KaruiM BOAbl, HampuMmep,
«II00SIT» BETPOBOE CTEKJIO aBTOMOOWJIS M, CKAThIBasICh C HETO, OCTABJIAIOT
Ha HEM JIMHHbIE MOKpHIE MOJIOCHL. A BOT Ha IMOBEPXHOCTH JIUCTA JIOTOCA
WY KamlyCThl OCTaBUTh CJiel UM He yaaeTcs. He paBHOAYIIHBI APYT K OPYTY
Y TBepAble MaTepUalibl, U 3TO OINpEAeIIsIeT, KaK UX MOXHO CIasTh, CBAPUTh,
CKJIEUTh WJIK MOKpacuTh. OKa3aioch, YTO B3aMMOIEHCTBUE MAaTEPUAIIOB 3a-
BUCUT OT CMayMBaHMS UM aAre3uu — QU3UYECKHMX SIBJIEHMI, C KOTOPBIMU
MBI CTJIKMBAaEMCA Ha KaXIOM Iary.

P&&ﬂlfl‘-leIe BEUIECTBA U MaTEpHaJIbl MOI'YT IO-pPa3HOMY B3aUMOJIEHCT-

Bce 1es10 B CMAaYMBaHUU

CMauyuBaHWe — SIBJIEHUE, BO3HUKAIOIEe TPU COIMPUKOCHOBEHUHU XHI-
KOCTH C ITIOBEPXHOCTBIO TBEPIOrO Teja WM APYTON XUIKOCTU B PE3YJIbTATE
MEXMOJIEKYJIIPHOTO B3aUMOIEHCTBUSI B 30HE 3TOro KoHTakta. OHO BhIpa-
XaeTcsi, B YaCTHOCTH, B paCTeKaHUM XMIKOCTU IO TBEPIOM ITOBEPXHOCTH,
HaxoASIUENWCs B KOHTAKTe C ra3oM WJIM APYroil XWIKOCTbIO, MPOIMTHIBA-
HUM MOPUCTBHIX TeJl U MOPOLIKOB, UCKPUBJIEHUN MOBEPXHOCTU XUIKOCTU Y
MOBEPXHOCTU TBepaoro tena. CMauyMBaHMe oOrpeaesigeT (popMy Karid Ha
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Puc. 7.1. Kpaepoit yron 6, Korma Karisi He cmauuBaer CmauuBaer
KUIKOCTH CMa4yMBaeT MM He CMauMBaeT
MOBEPXHOCTb TBEPAOrO TeJia

TBEpION MTOBEPXHOCTU, & MEPON CMauyMBaHUs CIYXKUT KpaeBOM yroa 6 Mex-
Iy CMayMBaeMOW MOBEPXHOCTHIO UM MOBEPXHOCTHIO KMIKOCTH Ha MEPUMET-
pe cMaumBaHus (puc. 7.1). Korma 6 < 90°, roBopsIT, 4TO XUIKOCTh CMa4yu-
BaeT IOBEPXHOCTh, a Korza 0 > 90° — He cMauuBaeT.

KpaeBoii yron 3aBUCUT OT COOTHOILEHUS CHJI CLIETUIEHUS MOJIEKYJT XU~
KOCTM C MOJIeKyJlaMHM WIM aTOMaMM CMayuMBaeMoro Teina (aare3us) M CUI
CLEIUIEHUSI MOJIEKYJT XUIKOCTH MeXIy coboil (kKore3usi). Eciu MoeKysbl
XKVIKOCTU NPUTITUBAIOTCS OPYT K APYTY CWIbHEE, YEM K MOJIEKYJaM TBep-
JIOro Tena, XUIKOCTh CTpEMUTCS coOpaThes B Karuto. Eciu xe, Hao60poT,
MOJIEKYJIBI XUOKOCTH NMPUTATUBAIOTCS OPYr K OPYry ciabee, 4eM K MOJIeKy-
JlaM TBEpIOroO Teja, XUAKOCTb MPUXXKUMAETCS K MTOBEPXHOCTH, PaCILIbIBAET-
cs o Heil. [loBepxHOCTb, Ha KOTOPO#l XMIKOCTb PACTEKAETCsI, HA3bIBAIOT
JIMOoQWIbHOM (Ipey. «110bsIasi pacTBOpeHHe») MO0 OTHOINEHUIO K JaHHOMN
KUIOKOCTU. B Tex xe ciydasix, Koraa pacTeKaHus He IPOMCXOIUT, TIOBEPX-
HOCTb Ha3bIBalOT JTMODOGHOI (rped. «bosiuascs pacTBopeHus»). M3mepsd
Yroj 0, OLeHUBAlOT JUOPUIBLHOCTh U JHODOOHOCTh IMOBEPXHOCTEHM MO OT-
HOILIEHUIO K PA3IUYHBIM XUIKOCTSIM.

3HaueHHe CMauyuMBaeMOCTH BO MHOTHX TEeXHOJOTMYECKHUX IIpolleccax,
SIBJICHUSIX XXMBOW M HEXWUBOW MPUPOIbI U B OBITY TPYAHO IIEPEOLIEHUTD.
YuuThIBaTh CMayMBaHME HEOOXOMMMO IpU CTUPKE, KpalleHUM, CKIeuBa-
HMM, NaiKe, CO3TaHUM TMAPOU3OJISIIIMOHHBIX MaTtepuayioB U ap. Ha sBie-
HUMU CMauyMBaHUs OCHOBaHa GJIOTaLMsI — OOWH M3 OCHOBHBIX METOJIIOB
oborallleHUs MUHEpaJIbHBIX PYI, a TAKXKe MHOTHE IPYTHe TEXHOJIOTMYeCKHe
npouecchl. DPDOEKTUBHBIMU PETYASITOpaMU CMayMBaHUsI SBJSIOTCS IIO-
BEPXHOCTHO-aKTUBHbIE BEIIECTBA.

CMauyuBaeMoOCTh 3aBUCHUT
OT NMOBEPXHOCTHOI'0 HATSDKEHHS

Tak xak oT rionanu NOBEPXHOCTU XUIKOCTM 3aBUCHUT MOTEHLIMaTbHas
SHEPrusi CUJI MOBEPXHOCTHOTO HATSXKEHMSI, TO XUIKOCThb, CTPEMSICb K MU-
HUMYMY HOTEHIMAIbHOM 3HEPTrUM, CTapaeTCs YMEHbUIMTb CBOIO MOBEPX-
HOCTb. MI3BECTHO, UTO MOBEPXHOCTH 1l1apa 0bjlagaeT MMHMMAJIbHOM IUTOIIA-
Obpl0 U3 Bcex GuUryp Ttakoro xe obbema. IloaToMy eciM Ha Karulo
XKMAKOCTM HE€ NEeHCTBYIOT HUMKAaKW€ BHEIIHME CWIbl, TO OHAa MPUHMMAaeT
¢dopMy Imapa, KaKk 3TO IPOMCXOOUT, HANpUMeEp, B HeBecOMOCTH. M uem
Oosblie KO3GOUIIMEHT MOBEPXHOCTHOTO HATSDKEHUST XWAKOCTH, TEM C
Oonblielt Cwioih oOHa OymeT CTPeMUTbCS MMHUMMM3MpPOBAaTh CBOIO
MOBEPXHOCTh MPU MPOYUX PABHBIX YCIOBUSX.

IloTenunanbHOU 3Heprueil MOBEPXHOCTHOIO HATSDKEHUsT 0OnanaioT He
TOJIBKO MOJIEKYJIbl XMIKOCTH, HaXOMSIIIMECs] Ha I'paHMLE XUIKOCTb — Ia3,
HO M MOJIEKYJbl TBEpPAOro Teja Ha TpaHUlle Tel0 — XUAKOCTb U Te-
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Puc. 7.2. K BblUMCNEHHUIO KpaeBOro yria
CMayMBaHUsl O 1o GanaHCy CWJI ITOBEPXHO-
CTHOTO HaTSIXEHUsI

Jo — ra3. [lo3ToMy Korma Karuisl KUOKOCTU IIOINanaeT Ha IMOBEPXHOCTb
TBEPIOro Teja, TO 3aJadyy O MUHUMMU3ALUU MOTEHLUATbLHON 3HEPTUU MpU-
XOIMUTCS peliaTb UM BTpOEM: TBepaoMy Teiay (T), XUIKocTh (K) u rasy (r).
Ecnu anre3ust XUAKOCTU U ITOBEPXHOCTU TBEPIOTO Tejia TaK BbICOKA, UTO
11 HUX (Karuld U MOBEPXHOCTU TBEPIOIO Tejla) CTAHOBUTCS dHEpreTuue-
CKM BBITOOHBIM CMa4yMBaThb IMOBEPXHOCTh, HaXKe YBEJIMYMBAsl MOTEHLIMAIb-
HYI0 3HEPrui0 CHUJ TIOBEDXHOCTHOTO HaTSKEHUsT Ha TpaHULE XUI-
KOCTb — Ta3, TO Karulsl pacIlIbIBA€TCsl BIOJb IOBEPXHOCTU TBEpHOTO Tena.
DTO MpomoJLKaeTcss OO TeX Iop, MOoKa NajibHelllliee pacIljibiBaHUE Kariv
CTaHOBUTCS YK€ DHEpreTUYecKu HeBbIrOAHbIM. IIpu HacTymuBilieM paBHO-
BeCHU cobJitomaeTcsi 6ajaHC FOPU3OHTAIBHBIX CUJI, PACTSTUBAIOIINX U CKU-
MaoIIUX MOBEPXHOCTh Karuiu (puc. 7.2), KOTOPBI MO3BOJSIET BLIYMCIUTD
KpaeBOW YTOJl O IO M3BECTHLIM 3HAYEHUSIM KO3(P@OUIUEHTOB MOBEPXHOCT-
HOI'O HATSKEHUS O, O, U O

G, =0, + O, * COS 0.

IIasgThr — 3HAYMT CMA4YMBATh

ITaiika BO3MOXHa TOJIbLKO B TOM CJiydae, €CJIM IIPUIION CMayuBaeT CO-
eIVHsIeEMBbIE NEeTATU. DTO IPOUCXOIUT, ECIIM CUJIbI MIPUTSKEHUS MEXIY aTO-
MaMM TIpUIIOS M MeTajiia OoJibllie, YeM MEXIY aTOMaMU BHYTPM CaMOro
npurosi. Eciy Karuisi pyunost He cMaYyuBaeT MOBEPXHOCTb, TO OHA HE CIO-
CcOoOHa 3aTeKaTb B Y3KMEe 3a30pbl MEXIY COeIUHSIEMbIMU MaTepuaiamu. [1pu
HaJIMYMU 3arpsI3HEHUI COeMMHSIEMBIX TTIOBEPXHOCTEN anre3ust MpUIIosT YXya-
I11aeTCsi, ¥ BO3MOXHO 00pa3oBaHMe HECMauyMBaeMbIX 30H, YTO CHMXAET Ka-
4yecTBO MaWiku. [Jis1 ycTpaHeHUsl IJIEHKU OKUCJIOB C MOBEPXHOCTENM MeTall-
JIOB U YMEHBIUEHMUS] CUJ IMOBEPXHOCTHOTO HATSKEHHs pacIlJIaBIEHHOIO
MPUIIOSI Ha TpaHMle MeTall — MPUITOM CiyXaT cneuMajibHble MaTepua-
Jbl — mtockl. [Ipy 21eKTpUYECKOM MOHTaXe Haubosee IMPOKO MpuMe-
HSIOTCSI (PJIFOCHI HA OCHOBE KaHUGOIU.

Kak cujipl MOBEpXHOCTHOTO HATSIZKEHHS
o0oraiaoT pyabl

Bonbiiyio posib UrparoT CHJIbI MOBEPXHOCTHOTO HATsKeHUs BO (ioTa-
LIMM — LIMPOKO PacIpoCTpaHEHHOM CIIOCOOe 0GOralleHUsl pa3IudHbIX PYI.
Merton ¢aoTauMu OCHOBAaH Ha CMayMBaHMM BOIOW MUHEPAIOB, COdEpPXkKa-
1mMxcs B pyade. it 3TOro M3roTOBISIOT IMYJIBIY — CMECh M3MeJbYeHHOI
pyobl M BOAbI. B mysbily DOGaBASIOT ClieLMAbHOE XMMUYECKOe COeluHe-
HUE, KOTOpOE, B3aUMONEUCTBYSI C MCKOMBIM MMHEDPAJIOM, HeJlaeT ero Io-
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BEPXHOCTb JMOMOOHOI MO OTHOUIEHHIO K Bome (rumpodobHoit). Ilocie
5TOr0 Yepe3 MyJblly HAaYMHAIOT MPOMYCKaTh My3bIPbKM BO3ayXa. Tak Kak
BOJla HE CMAuMBAaeT MUHEpa, MOAJIeXAalluil U3bITUIO U3 PYObl, TO OH Bbl-
TIKUBAETCS U3 XWIKOCTH, MPUIMNAET K Iy3blpbKaM IIPOIYCKaeMOTO ye-
pe3 MyJiblly BO3AyXa M BCIUILIBAET Ha IMOBEPXHOCTb, OTKyda U YyHasSETCs
BMECTE C IEHO.

YTo Takoe 3gdekT jJoroca

JloToc — 0nHO M3 MpeKpacHEWIIUX BOASIHbIX pacTeHUN Ha HalleW Ia-
HeTte (puc. 7.3). Ero 1BeTKM HE TOJbKO U3YMUTEILHO KPAacWUBBI, HO U UMC-
Thbl Jaxe TOrna, KOrga BoJa BOKDPYT MYTHast M Ipsi3Has. JIUCThS M LUBETKMU
HE CMauuBalOTCSl BOJOW, [O3TOMY KarUIM BOObI CKAThIBAIOTCS C HUX, KakK
IIApUKM PTYTHU, HE OCTaBSsIS cliela U CMbIBasl BCIO T'psidb. Jaxe Karuisim
KJesd M Mela He yIdaeTcsl yaepXaTbCs Ha ITOBEPXHOCTU JIMCThEB JIOTOCA.
KcTaTtu, TakuMHu K€ YHUKaJIbHBIMU CBOMCTBAMU 00J1a1a10T JIUCTbSI HE TOJIb-
KO JIOTOCa, HO M MHOTHUX AOPYTUMX PACTEHWI, B YaCTHOCTU OOBIKHOBEHHOM
KamnycThl.

Okazanoch, YTO BCSI IOBEPXHOCTDb JIUCThEB JIOTOCA TYCTO MOKPHITA MUK-
POIYNBIPbIIIKAMU BBICOTOU OKOj0 10 MKM, a caMu MYTBIPHILIKA, B CBOIO
oyepenb, MOKPHITI MUKPOBOPCMHKAMMU ellle MEHbIIero pasMepa (puc. 7.4).
HccnemoBaHusl Mokasany, YTO BCE 3TU MUKPOITYIIbIPbILIKYA U BOPCUHKH CO-
CTOSIT U3 BOCKAa, KaK U IOBEPXHOCTb MHOTMX pacTeHuUi. M3BECTHO, 4TO
BOCK ILJIOXO CMayMBaeTCsl BOAOW, HO TOJbKO HAJIMYKUE BOCKA HA MOBEPXHO-
CTU JIUCTBEB JIOTOCA HE MOXET OOBsIC-
HUTb TO, YTO COOTBETCTBYIOLIMMI Kpae-
BO#1 yros cocrtaBisieT Oosnee 160°, Tak
KakK ISl JIMCTbEB MAarHojiiu, KOTOphbie
TOXE MOKPBbITbI BOCKOM, KpaeBOW yrosa
paBeH JTUIIb 54°. 3HAYUT, UMEHHO IIy-
MbIpyaTasi CTpYKTypa MOBEPXHOCTU JIU-
CTBbEB JIOTOCA 3HAYUTEJIBHO YMEHbBIIAET
MX CMayMBaeMoOCTb, B 3 pa3a yBeJU4U-
Basi COOTBETCTBYIOLIUIA KpaeBOU yroJ.
N BoT nouemy.

Karuis Boabl, onaB Ha MOBEPXHOCTh
JIUCTA JIOTOCA, MTOXOXYI0 HA MacCCaXKHYI0
LLIETKY, HE MPOHUKAET MEXIY MUKPOIY-
MBIPBILLIKAMU, TaK KakK 3TOMY MellaeT
BbICOKOE TOBEPXHOCTHOE HAaTsIXKEHHUE
KUAKOCTU. YTOOBI MPOHUKHYTH MEXIY
MUKpPOMNYTIbIPbIIIKAMY,  KallJle  Hamo
YBEJIMYUTh CBOIO IMOBEPXHOCTb, a 3TO
3HEpreTU4YeckKd HeBbIronHo. IloaTomy
Karuisl «apuT Ha MMyaHTaxX», MeXIy KO-
TOPbIMUM HaxoOsITCSl My3bIPbKMA BO3MYXa,
a 3TO 3HAUYMTEJIbHO YMEHbIIAET CUJIbI
aare3uu MexIy KaIuled M IOBEepXHO-
CTBIO JIUCTA JIOTOCA. DTO 3HAYUT, 4YTO
Karuie CTaHOBMUTCSI HEBBITOOHO pacTe- Puc. 7.3. JloToc OpexOHOCHBIH, WM
KaTbCsl U CMayuBaThb KOJIOYYIO IMOBEPX- uHaniickuit (Nelumbo nucifera)
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Puc. 7.4. Mukpodotorpacdus noBepxXHOCTU JUCTbEB
JIoTOCa M MarHoJMM; CXeMaTUUecKoe H300paxeHue
OIHOr0 MUKPOIYMbIPbILIKA (HU3)

HOCTB JIUCTA JIOTOCA, U OHA CBOPAUYMBAETCS B LIAPUK, JEMOHCTPUPYS OYEHb
BBICOKMI KpaeBOW YTOJ, KaK 3TO U300pakeHO Ha pUCYHKe 7.5.

IToBepXHOCTb, aHAJIOTUYHASI MAaCCaXXHOM MMKpOLIETKE, YMEHbILAeT ad-
re3uvio (IpWIMIIAHUE) HE TOJBKO Karejb BOIbl, HO Y JIIOOBIX YACTUYEK pa3-
MepoM Oosiee 10 MKM, TakK Kak OHHU, Momamasi Ha MOBEPXHOCTh, KacaloTCsl
€e JIMIIb B HECKOJIbKHUX TOuKax. I103TOMy 4YaCTHUYKM Ipsi3v, OKa3aBUIIMECS
Ha MOBEPXHOCTH JIOTOCA, JIMOO CaMU CBJIMBAIOTCSI C HEro, JUbO YBJIEKaIOT-
Csl CKaThIBAIOIIMMHUCS KAaIUISIMUA BOJbI, aAre3usi K KOTOPbIM Y HUX TOpasio
fosible, YEM K KOJIIOUEH MOBEPXHOCTU JUCTA. Takoe caMOOYUIIEHUE JIOTO-
ca OT YacTHull Ipsi3u HadbiBaloT 3ddekToM noToca. IToxoxum o6pa3oM ycT-
pOEHa TMOBEPXHOCTh KPBLIbEB 0a004eK M MHOTUX APYTUX HACEKOMBIX, IS
KOTOPBIX 3alATa OT U3OBITOYHOW BOMBI XXM3HEHHO HEOOXOOMMA: HAMOK-
HYB, OHU TEPSIIOT CIIOCOOHOCTD JIETATh.

BriBenaB y nmpuponbl ee CeKpeThl,
y4eHble€ CMOTIJIM CO3[aTh MCKYCCTBEH-
HbIE CaMOOYMIIAIONIMECS TOKPBITHS.
DddekT n1oToca UCNONb3yeTCs B MPO-
MBILIUIEHHOCTH ISl CO3JaHUSl BOIO-
OTTAIKMBAIOLIMX CAMOOYMINAIOLIMXCS
MOKPBITUI U Kpacok. PaspabarriBaer-
cd  CaMOOYMIIIAoUIeecs  BETPOBOE
CTEKJIO aBTOMOOWISI, BHEIIHSS TMO-
BEPXHOCTh KOTOPOI'O MOKPhITA MUKPO-
BopcMHKaMM. Ha TakoM cTekJie «IBop-
HHMKaM» Jenath Hedyero. CoBceM CKOpO
MOSIBSITCSI  TOCTOSTHHO YMCThbie OUCKU
UL KOJIEC aBTOMOOWJIEH, CaMOOYU-
ujalouIMecs ¢ MCIoNb30BaHUEM 3¢-
¢ekTa JIoTOoCa, a YXKe celiyac MOXHO
CHapy>X¥l MOKPacUTh IOM KpackKoi, K
Puc.7.5. Kamna Bomel Ha MaccaxHoii KOTOpPOW Ipsi3b He MNpwiIvnaer. Y Ta-
MHKpOLLETKE KHX TeXHOJIOTMI OoJbllioe Oydyliiee.
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Hemuoro o q)nsmce Anna

aTUHCKOE M3pEUEHUE [JIaCUT:
' I «Omne vivum ex ovo» (Bce xu-
Boe u3 siua) (puc. 8.1). Ao
ObUIO U 1O CHUX TIOp OCTaeTCsl OCHOB-
HbIM OOBEKTOM H3yuyeHMsI B OHUOJIO-
rud. OmHaKo, TOJB3YSICb TOJBKO
OMOJIOTUYECKUMU METONaMHU MUCCJie-
JIOBaHUS, UHOrAa ObIBaeT TPYOHO OT-
BETUTh HAa, Ka3aloCb Obl, MPOCTbIE
Bomnpocel. Hampumep, mouemy siiia
HE pa3gaBiMBalOTCS ION  KYypH-
LEeW-HACceOKOM WJIM TI0OYEMY CBapeH-  Puc. 8.1. Situa konubpu u ctpayca
Hble silla Hago OBICTPO OXJIaoUTh,
YTOOBI OBLIO JIErYe UX OUUCTUTH OT cKopiymbl? IlormpoOGyeM ¢ nmoMOIbIO
3aKOHOB (DM3UKM OTBETUTb Ha 3TU BOIIPOCHI U €llle Ha HECKOJbKO IPYIUX.

Kakoe 43 aByX CcTaJIKMBaeMbIX OJMHAKOBBIMM YACTSIMM
NacXaJibHbIX SMIL JOJZKHO Pa30MTbCA:
yaapsiemoe (HemoJIBHIKHOE)

WM ynapsioimiee (IBUxKyileecs)?

C 3amayu o OByx siiliax HayMHaeTcsl u3BecTHas kHura fA. U. Ilepensma-
Ha «3aHuMartejbHasl MexaHuKa». B cooTBeTCTBUU C IIPUHIMUIIOM OTHOCH-

TeJbHOCTU OBUMXeHUs1 [anuines pe3yabTar CTOJKHOBEHHWA HE OOJKCH 3aBU-
CE€Th OT TOIO, KaKO€ M3 ULl MbI GYILCM CYUTATh HEIIOABUXXHBIM, CBsI3aB C
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5TUM SHUIIOM CBOIO CHUCTEMY KOOpAMWHAT. HOC—)TOMy npeackasaTtb pe3yjbTaT
HUX CTOJIKHOBEHUSI, OCHOBBIBAsICh TOJIBKO Ha TOM, KaKO€ U3 ANl OBUXETCH,
a KaKo€ HEIIOIBW>KHO, HEBO3MOXHO.

IHoyemy sifia He pa3aaBJIMBAIOTCS
noa Kypuuemn-Hacenakou

XPYTKOCTB SIM1] KaKETCST O TOrO OYEBMIOHOM, UTO O HEell TOBOPUTCS JaXe B
HEKOTOPBIX ITOCIOBULAX, HanpuMep «He XpaHuTe Bce siilia B OMHONH KOp3u-
He». Ho ecnu Obl siilia NEWCTBUTENBHO ObUIM TAKMMU XPYNKUMH, TO ITOYEMY
SILIA TON KypUUEN-HACEeAKOW MacCcoi OKOJIO 2 KT, CHISIIEel Ha HUX IMOYTH
TPU HeAeNny, HUKOTAa He pa3zfgaBnuBaloTcs? CHavala IIOCMOTPUM, KakK Kypulia
opraHuM3oBaia KiIanky sivil. OKa3bIiBaeTcs, YTO BCe giflla B MSITKOM MOICTHIIKE
(conome) COpUEHTUPOBAHEI OCTPHIM KOHIIOM BBEPX, U HM OOHO HE JIEKWT Ha
60Ky. Tak Xe BepTMKaJIbHO COPUEHTHUPOBAHKI SIfIIA B CIIELIMAIbHBIX KapTOH-
HBIX KOHTEHHepax, KOraa Mbl UX IOKYyTaeM B MarasuHe. Bce 3To roBopur o
TOM, UTO Pa3gaBUTh ChIPOE SIALIO, IPUKIIAABIBASI CUITY BEPTUKAIBHO MEXIY Ty-
IbIM M OCTPBIM €r0 KOHIIAMM, Iopasio TSLKEsee, YeM CKuMasi ¢ OoKoB. ToT,
KTO He OOWTCS 3arnavykaTh PyKHM, MOXeT YOEAUTHhCS B 3TOM CaM.

OKOHYaTeIbHO YOOCTOBEPUTHCS B KPEIOCTU SIMUHOI CKOPJIYIIBI ITOMOXKET
clenylolui akcrnepuMeHT. Bo3bMeM N1Ba CHIPBIX sIiilla, Ha KOHLIAX aKKypaT-
HO MPOCBEPIMM IBIPOYKU (C MOMOUIBIO UTOJIKM WIM TOHKOIO CBepJsia) U ye-
pe3 HUX BBUIBEM coAepKHUMOe siMLl Hapyxy. K OOKOBOI MOBEPXHOCTU KaX-
[IOT0 gila MpUKIEUM JIMIIKYIO JIEHTY TaK, 4YToObl OHa pasiessiia SO Ha
[IBa MOJIyLUIApUsl — C TYIMbIM U OCTPbIM KOHUAMMU. JIMMKas JieHTa HYy>XHa IJIst
TOrO, 4TOOBI IOJYLIAPUS HE TPECHYJU, KOTOa Mbl OydeM OTAENSTh UX OMHO
oT npyroro. I1oToM Hamo B3SITh OCTPbIN pEXYIIM MHCTPYMEHT (CKaJlbIIeJib,
HOX WIA OpUTBY) M pa3pe3arhb IIyCThle Ailla MO cpeaHeill JTUHWU JIMIKOMN
JeHThl. MTak, MbI MOJYYWUIM YeThIpe MYCTBIX SIMUHBIX Tonyiuapus. IToso-
XUM MX Ha POBHYIO IIOBEPXHOCTh CTOJIa IOJIOCAMM BBepX (0Ope3aHHBIMU
KpasiMd BHHU3) Tak, YTOObI OHU OOpa30BbIBAIM KBAaIpaT CO CTOPOHON 15 cM.
A Temnephb aKKypaTHO MOJIOXKUM Ha HUX KHMIY, IIOTOM €llle OOHY U elle...
OkasbIBaeTcs, YTO SMYHbIE OIOPBI HEe TaK XPYIKU, KaK Ka3aJloch paHblie, 1
YX KOHEYHO MOTYT BBIOEPXXaTb BeC OObIIONW Kypulbl. [Touemy?

OOBSICHUTD, MTOYEMY STUIIO TSDKENO pa3faBUTh, NMPUKJIAObIBas CHIY K cde-
pUYECKMM KOHLIaM, MOXHO C MOMOLIbIO 3aKoHa Jlarumaca (pesynbraT GaiaHca
CUJI, TIPUIOXEHHBIX K 3JIEMEHTY CKODJIYTIbl), OMMCBIBAIOLLErO, KaK 3aBUCHT
HarnpspkeHue 7' (OTHOLUEHUWE CWIBI, CXXMMAIOILEel CKOpJIYITy, K ee IUIOIIaau
T[IOTNEPEYHOTO CEUYEHUSI) B UCKPUBJIEHHOM YaCTU CKOPJIYMbl OT BHELIIHETO NaB-
JIEHUS p, paouyca KpUBU3HbI IMOBEPXHOCTU R U TOJIIUHBI CKOPJIYIHI A:

R .
T= pT 0151 YUAUHOPUUECKOU NOBEPXHOCMU,
PR y
T = T 015 cghepureckoli NOBEePXHOCMU.

B cepenuHe sifua, roe moBepxHOCTh OJM3Ka K UMJIMHIPAYECKOM, BHEII-
HEE NaBJEHUE BbI3bIBAET HANpsIKEHWE CKOPJYIIbI, IO KpaWHeill Mepe B
2 pa3a Gonbliee, 4YeM B TOM CJIyyae, KOrga Takoe XXe HaBlIeHue NeWCTBYeT
Ha cdepuyeckue KOHIIH sifiia. Kpome toro, u3 3akoHa Jlamiaca cienyer,
YTO OCTPBIM KOHEl Sila, UMEIOLIUNA MEHBIIUNA paguyCc KPUBU3HBI, TOpPa3no
OoJsiee MpoyeH, yeM Tynoil. [1oaToMy Ha IacxajbHbIX SIMYHBIX TYPHUPax
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NPOTMBHMKA Hano OUTh OCTPbIM KOHLIOM, IpPeABapUTENbHO yOeauB ero 3a-
IWIMIIATBCS TYNbIM. 3akoH Jlariaca OObBSICHSET, ITOYEMY KPBIIUA MHOTUX
BEJIMYECTBEHHBIX 31aHU#l umMeloT opmy noaymapuii. Cepuyeckue KyIo-
Jla TO3BOJAIIOT B 2 pa3a YBEJIMUMUTh IIPOYHOCTh KOHCTPYKLIMMA, IO CpaBHe-
HUIO C LUJIWHAPUYECKUMH TOI XKe TOJNIIMHBI.

Kak oT/iMuuTh BapeHoe S0 OoT ChIPOro

IlpencraBum cebe, 4TO MBI ITOJIOXKWIM BapeHOE AMIIO0 B XOJOIWIBHUK
CpeIX ChIPBEIX, & IIOTOM 3a0bUIM €ero IojoxeHue B KoHTelHepe. CaMblii
IIPOCTOM CITIOCOO OINpPEeNenuTh, KAaKOE U3 SUII BApEHOE — IOJOXHUTh €ro Ha
CTOJI, pACKPYTUTBL U OTIIYCTUTh, CJIEAsl 3a TeM, CKOJIBKO O0OpPOTOB OHO CO-
BEPLIUT [0 IOJHOM OCTaHOBKU. ChIpoe A0 HUKOIIA He COBEPUIUT OOJb-
1ie 1ByX 060pOTOB, a BOT BApeHOE MOXET Jaxe U JecsaATh. IIpoMCXOoUT 3TO
IIOTOMY, 4TO, Bpalllasl ChIpO€ SWIIO, Bbl, BOOOIIE TOBOPSI, BpalllaeTe TOJIBKO
€ro CKODJYILY M ONDKAWIIMNA K HEW CIOM XUIKOCTU BHYTpU. CHUIIBI BSI3KO-
o TPEHUS COLEPXKMMOIO ChIpOro SMLa MPU BpaIlleHUU OCTaBJISIOT ITPaKTU-
YeCKU HENOABMXXHBIM LIEHTPAJIbHYIO €r0 4acTh. 3aTeM, KOTAa BhI IlepecTae-
T€ KPYTUThb SIMLIO, TO CUJIbI BSI3KOTO TPEHUSI Cpa3y HAYMHAIOT TOPMO3UTh
BpalllcHUE ONMKANIIMX K CKOPJIYIIE 4acTedl XUIKOCTM M CKODPIYIIBI IO
OTHOULIEHMWIO K LIEHTPAIbHBIM. B pe3ynbTaTe Moa AeMCTBUEM CHUJI BSA3KOTO
TPEHUST M TPEHUS CKOJIBXEHUS MEXIY SWUOM U CTOJIOM SIHIIO OCTAHABIU-
BaeTCs, CAenaB He OoJjblle ABYX 000pOTOB. B BapeHOM fiflle Mmon CKOpIy-
II0M HaXOOUTCS TBEPABIN Tefib, MU KOTAA BHI OTIIYCKAaeTe pacKpydeHHOE Ba-
pEHOE S0, TO OHO IBMXETCS LEIMKOM: TOPMO3UT €r0 BpallieHHWe TOJIBKO
Cwia TPEHUSI CKOJIBXKEHHUSI O MOBEPXHOCTh crona. IloaToMmy u BpallaeTcs
BapeHOoE SO OOJbIlE ChIPOTO.

Kak oTiu4uTh CBexKee S0 OT HECBEKEro

Macca cpenHero cBexero sitiia 58 r, ero o0beM 53 ¢cM?, O3TOMY TUIOT-
HOCTb npuMepHo paBHa 1090 kr/m?. TakuM 06pa3oM, cBeXee SNHLO JOJLKHO
OBICTPO TOHYTh B UYMCTOM Bode. Eciim B cKopaylie siiilia caeiaaTh TPELLUHY U
OCTaBUTb €ro B TEIUIE, TO OHO CKOPO UCIOPTUTCS. B mpolecce rHUeHUS B
SIALE TIPOMCXOIUT HAKOIUICHUE Pa3IMYHbIX Ta30B U uX IUdPy3us HApyxXy,
a 3TO BEIET K YMEHBIIEHUIO Macchl siiia. B pe3yibrate MCIIOpUYEHHBIE SIii-
11a MO0 OYEeHb MEMJIEHHO OITYCKAIOTCS Ha THO CTaKaHa, HAIIOJIHEHHOTO BO-
no#, 1ubo BooOllle BCcribiBaloT. CIIOCOOHOCTh CBEXUX SIMII OITYyCKAThCS Ha
IIHO B COCYI€E, HAaIIOJJHEHHOM BOMOI, MCIOJIb3YETCS] HEKOTOPBIMU XO3sTHKa-
MU IJIS1 CO30aHUSI CTAaHOApPTHOTO paccojia IpY KOHCEPBAallUM CBEXHUX OBO-
meit. OHM OITyCcKalOT B KACTPIOJIO C BOMOM CBeXee SIiilo U J00aBISIOT B
Hee COJib IO TeX IOp, IOKa SO He HayHeT BCIUIbIBaTh (0kojio 14 r Ha
100 M1 pacTBOpa).

Kak ycTpoena ckopjiyna M KaK OT Hee Jierde
OYHCTHUTh BapeHoe SI0

ToniuHa ckopuytbl okoio 0,3 MM, ee cpenHss ruromans 70 cm?. Ckop-
Jyna conepxut Kap6oHat Kanbplus (CaCO,) — OIMH U3 caMBIX paclpo-
CTPAaHEHHBIX MMHEpAJOB 3€MHOIl KOphl. Med, KOTOpbIM MBI ITHIIEM
Ha [OCKe, TOX€ KapOoHaT KayibLusi. B ckopiyne siilla MMeeTcsT OKOJIO
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10 000 MHUKpPOCKOITMYECKHX IMOp, HEOOXOMMMBIX IJIsI TOTO, YTOOBI pa3BU-
BalOIIUICS B SIALIE 3apOMBIII MOT AbIIAaTh. Yepe3 Mmophsl NpOUCXOOUT 0OMEH
razaMu C OKpy>kalolIUM BO3AYXOM — KMCJIOPOJ BXOIUT B SHLIO, a yIIeKHUC-
JIBIA Ta3 BBIXOAUT. DTU MOPHI Ha IMOBEPXHOCTH CKOPJIYIIbl MOXHO JIETKO
YBUOETh Yepe3 YBEJIMUUTEIBHOE CTEKJIO.

Bce x03#KyM 3HAIOT: BAPEHOE SHIIO JIeTYe OYMCTUTh OT CKOPJYTIBI, €CIU
Ccpa3y U3 KHUMATKA IOJOXUTb €r0 B XOJOOHYIO Bomy. HeiCTBUTENBHO, 3TO
tak! [Ip1 pe3KoM OXJIaXKIEHUM MPOUCXOMUT CXATHE CONEPXMMOTO gilia U
ero ckopiuynsl. OQHaKO BellleCTBa, COAepXKallluecs B sIilie, UMEIOT pa3jiny-
Hble KO3(pPUIMEHTH OOBEMHOTO paclIMpeHHUs k. Y KapbOoHaTa KaJiblIMS
k=2,7-107° K-!, a y 3aTBepaeBIiero rejsi anbbyMmuHa (6enka) Ko3hduim-
€HT O0BEMHOTO paclIMPEeHUs] B HECKOJBKO pa3 OoJibllie, UYeM Y YUCTOM BO-
IIbl, Y KOTOPOIi B IMana3oHe temreparyp Mexny 20 u 60 °C k=4 - 104 K.
JlormycTM, 4YTO NpU OXJIaXOEHUU cBapeHHoro siiua (7, = 100 °C) xononHoi
BOAOM M3-mof KpaHa (7, =20 °C) BHyTpeHHMi1 06bEM, OrpaHUYEHHBIN CKOp-
Jynoit, ymeHsiuutcs Ha 0,1 cm?, 0ObeM Gelka yMEHBILUTCS 110 KpaiHel Me-
pe Ha 1,7 cm3. Takum oOpa3oM, GEIOK CXUMAETCsI B 0ObEME Topasno 60JIb-
e, yeMm ckopiyna. Ilostomy mpu cxatuu Oenka obOosioyka (MemMOpaHa),
OKpyXajoiasi 0eioK, OTOpPBETCS OT BHYTPEHHEU ITOBEPXHOCTU CKOPJIYIIBI.
ITocne 3TOro OUMCTUTL OT CKOPJIYIIBI BapeHoe S1iillo He OymeT MmpobaeMoii.

Kak akKypaTHO OYHCTHTH OT CKOPJIYIIbI ChIpO€ SO

[pexne yeM MPUrOTOBUTH SUYHUILY, Mbl pa30WBaeM CKOPJIYMY yIapoM
HOXa U BBUIMBAEM COIEPXUMOe Ha ckoBopomy. Hy, a eciim Mbl XOTUM U3Yy-
YUTbh, KaK SIALIO YCTPOEHO BHYTPH, TOTAA MOXHO MOIBITATHCS PACTBOPUTH
€ro, Harpumep, B ykcyce. Eciu mojaoxuTs sIlio B YKCyC, TO uyepe3 24 4 ot
CKOpJIyTIbI HUYEro He OCTaHEeTCs, a Bce BpeMsl, MOoKa OHa OyIeT pacTBO-
pSATBCSI, MBI OyIeM CBUIETEISIMU BBIAEJIIEHUS MYy3bIPbKOB YIJIEKHUCIIOTO rasa.
TodHO Takas XXe y4acTh XIET U KycoueK MeJa, OMyLIEHHOIO B YKCYC.

K)’COK 2KeJITOro Mbliia B cepeauHe AAna

3HauuTeNbHAsl YacTh XKEJITKA — 3TO JIEHUTHH. Y MOJIEKY/bl JIELUTUHA
OOVH KOHEll MOJISIpHBIA (HeceT 2JIeKTpUYeCKUU 3apsn), a Apyroi — Heu-
TpasibHbINA. Takasi 0COOEHHOCTD JIELUTUHA MO3BOJSIET XEJATKY OMHOBPEMEH-
HO COEOWHSTBLCS C MOJEKYJIOM BOIBI (IOJSIPHBIM KOHLIOM) M MOJIEKYJIOi
XKMpa WIM Macia (HeHTpaJlbHbIM KOHLIOM). B pesyibTaTe Kycouku Macia
OTAEJISIIOTCS OT BOMABI CJIOEM MOJIEKYJI JIEUMTUHA, U 00pa3yeTcsl cTabuibHas
SMyJibcUsl. B OTCyTCTBME JIEIMTMHA YACTUYKU Macjia HAUMHAIOT OObEeTUHSTh-
cs1 OIpyT C IpYyroM, U, HAaKOHEll, MacJio M BoJa pacciauBaloTcs — CJIOH Maciia
Oyzner ruiaBaTh Han cioeM Bonbl. [TosToMy Takue BellecTBa, KakK JIELUTUH,
HAa3bIBAIOT 3MYJIbraropamMu. Ecii MoJIEKyIbl JIELIUTMHA OKa3bIBAalOTCS Ha I10-
BEPXHOCTHU BOJIBI, TO OHA MOIYT B HECKOJIBKO Pa3 YMEHBIIUTh €€ MOBEPXHO-
CTHOE HaTsDKeHUWe. TakuMm 00pa3oM, MOJIEKYJIbl JIEUMTUHA OYEHb CXOXHU IO
CBOMM CBOICTBaM C MOJIEKyJaMM MbUIa M IIAMITyHsI, cTeapaTa HaTpus, Ha-
NpUMep. A 3HAYUT, XKEJITKOM MOXHO BBIMBITH TOJIOBY, O YEM CTaplliee ITOKO-
JIEHUE, KOHEYHO, NOMHUT. HO eciiu XelTOK B IIaMIIyHe ellle MOXHO 3aMe-
HUTb Ha CTeapaT HaTpusi, TO IPU MPOU3BOJACTBE Pa3IUYHBIX IUIIEBBIX
SMYJIbCUH, HallpUMep, MalioHe3a (CMeCh BOIbI, PACTUTENIBHOIO Macia U yK-
cyca), XeJNTOK 0 CHUX MOp OCTAeTCsl HE3aMEHMMBbIM.
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Kanaib!l ¢Bs3u B okeaHe 6e3MOJIBUSL

Ky B BHJE€ BOJH — 3JIEKTPOMarHUTHBIX (CBET) M 3BYKOBbIX. McKillO-

YeHUs] COCTaB/ISIIOT JIMILbL T€ CBEIAEHHUSI, KOTOpbie Mbl MOJy4YaeM,
BIbiXasi pa3/iMyHbIe 3amaxy WM OLUYyNbiBas npeaMeThl. BricoKasi cCKOpOCTb
pacrpocTpaHeHUsT JIEKTPOMAarHUTHBLIX BOJIH, BO3MOXHOCTb pacrpoCTpaHe-
HUS B BaKyyMe, a TakKKe OTHOCUTEJbHO Mablii KO3(P(PUIIMEHT MOIJIoIIe-
HHUSI B BO3AyXe CHEJAIM 3TU BOJHBI OCHOBHBIMM HMCTOYHUKAMM MHPOpMa-
uuu. Panuo, TeneBugeHue, MOOUIbHAsA CBSI3b U WHTEepHET ObUIM OBl
HEeBO3MOXHbI 0€3 UCIOJb30BaHUST 3JIEKTPOMArHUTHBIX BOJIH.

HO'—ITI/I BCA VIH(bOpMal.II/IH 00 OKpyXarumeM MUPE IOCTYNACT K YCJIOBE-

Boga — riIymmrTe/ib 3JJeKTPOMArHuTHbLIX BOJIH

K coxaneHuio, KaKk TOJIbKO YE€JIOBEK CIyCKaeTcsl moia Boay, 000 Bcex
MpEeUMYILECTBaX 3JIEKTPOMATHUTHBIX BOJH €My MOXHO 3a0bIiTh. [deyio B
TOM, YTO BOJA OY€Hb OBICTPO MOIIOLLAET JEKTPOMArHUTHbIE BOJHBI, U MO-
3TOMY I10JIb30BaThbCS UMM ISl CBSI3U YK€ HEBO3MOXHO. Hanmpumep, UHTEH-
CUBHOCTb KpPacHOM COCTaBJisiioliell cBeTa ¢ MIMHOM BoJIHBLI 0,77 MKM, IpoO-
X051 yepe3 BOAY Ha paccTossHuU | M, ociabisercsa Gosiee yem B 10 pas.
[1pruMHOIT TaKOro CWILHOTO MOIJIOLUEHUST 3JEKTPOMArHUTHBIX BOJIH B BO-
JIe CIOYXUT IOJISIpHAsi CTPYKTypa MOJIEKY Bodbl. Tpu aToma, M3 KOTOPBIX
COCTOMT MOJIeKyJa (aroM KHUCJIOpoda U ABa aToMa BOAOpOJa), 00pas3yioT
paBHOOEIpPEHHbIM TPEYroJbHUK C YIJIOM Ipu BepuinHe 105°, roe HaxoguTcs
aToM Kucjopoaa. A TaKk KaK KMCJIOPOA MPUXUMAET K cebe 3J1eKTPOHBI TeC-
Hee, Y4eM BOAOpPOI, TO OKa3bIBAETCs, UTO BOJU3U KUCIOPOAa UX KOHUEHTpa-
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uMs GoJibllie, uem BOJM3M aTOMOB Bomopona. IToaTtomy mosiekyna BOIbI S1B-
JIAEeTCS IIEKTPUYECKUM IUIIOJNEM C «MHUHYCOM» OKOJIO aToMa KMCJIOpO/a.

H3BecTHO, UTO AUITOJM OPUEHTHPOBAHBI aHTUMNAPAJIEIbHO HAMPSIKEH-
HOCTH BHEIIHEro 3JIEKTPUYECKOro MOJIsl, MUMHUMM3UDPYSl MOTEHUUATbHYIO
SHEPTUIO B3auMoneicTBus ¢ HUM. Hy, a ecnu BHelliHee 1noJjie MepeMeHHoe,
TO IWIIOJM HEMPEPLIBHO BpAIIAlOTCS Tyda-Cloga, cjiemysl 3a U3MEeHEeHUSIMU
€ro IOJISIPHOCTU. DHepPrusl Ijis TMoAaepKaHus TaKuX KPYTUIIBHBIX Kojeba-
HUWH OUIIONElN BOObI MEPEXOdUT OT dHEpPrMM BHEIIHero mnojs. Kpyrsaumecs
107, AeMCTBUEM BHELIHEro ITOJIsI MOJIEKYJbl TPYTCS O coceneit, u 0OJbias
4YacTb 9TOM dHEPruu IMpeBpalliaeTcsl B TeruioTy. [lo3ToMy 3Heprus 3JeKTpo-
MarHMTHBIX KoJieGaHMWil MpU paclpoCTpaHEeHUM Yepe3 BOay ObICTPO MOINIO-
[IaeTcs, MpeBpallasicb B TEILJIOTY.

CrocoGHOCTb BOIbI ITPEBpAIIaTh SHEPTUIO 3JIEKTPOMATHUTHBIX BOJH B
TETUTOTY MCIIONIb3YyeTCsl B MUKPOBOJHOBBIX (MM CBY) meyax, wactoTta KoJie-
GaHMIT B KOTOpBIX cocTaBisseT okojio 2,45 I'Tu (mmmHa BOAHBL 12 cM).
OTMETUM, 4TO ropas3no OoJibIlle, YEM B BOJIE, MOIIOIIAIOTCS 3JIEKTPOMArHUT-
Hble BOJHBI B 3TUJIEHIVIMKOJIE (aHTU(PpU3E), a TAKKE B METUJIOBOM M 3TUJIO-
BoM criuptax. B 1000 pa3 meHblile, yeM B BOAE, MOIVIOMIAIOTCS JIEKTpOMar-
HUTHBIEC BOJIHBI B O€H3MHE, MOJIEKYJa KOTOPOTO HE SIBJISIETCS IMOJISIPHOM.

3BYKOBObI 1O BOAO#M

EnuHCTBEHHBIM BBIOOPOM CDEICTBA CBSI3M IUISI YEJIOBEKA U XHUBOTHBIX
MoA BOJOU SBJISIOTCSI 3BYKOBBIE BOJIHBI. K3yyeHUWEM pacrpOCTpaHEHWUsI
3ByKa MOJ BOAOM Hayalu Cepbe3HO 3aHMMAaThCsl BO Bpemsi BTopoit Mupo-
Boii BoiHBI. OnHoBpeMeHHO B CIIIA n CCCP uccienoBaiv OajJbHOCTb
pacnpocTpaHeHUsT 3BYKOBOIM BOJIHBI OT MOIBOTHOrO B3phiBa. OKa3aiocCh,
YTO, BONPEKU TEOPETUYECKUM pacyeTam, 3ByK OT B3phiBa 500-rpamMMoBOii
TPOTWJIOBOM IIAILIKM MOXHO 3aperMCTpUpOBaTh Ha pPaCCTOSIHUU Oosiee
3000 kM. OOBSICHUTH Takoe Majloe 3aTyXaHue aKyCTMYECKOro CUrHajia
MOXHO OBLIO, TOJIBKO IIpedrioyiarasi, YTo 3BYKOBBIE KOJieOaHUsI KaKWM-TO
0o6pa3oM (HOKYCUPYIOTCSI IIO[ BOAOH U Aajie€ C MUHMMAIbHBIMUA MOTEPSMHU
IIPOXOMST TBHICSUM KWIOMETPOB MO HEKOEMY 3BYKOBOIY.

B pe3ynbTaTe McciaeqoBaHU ObUIM CO3MAaHBI 1I€Jible CUCTEMBI ITPUOPEX-
HBIX U OKEaHCKUX I'MIpPOAaKyCTHMYECKMX aHTEHH W3 TMOABOAHBIX MUKPOdO-
HOB (rMApPO(OHOB) C 3alMCHIBAIOIUMMU YCTPOWCTBAMU Ha Gepery U BOEH-
HBIX KOpaOJIsIx. DTO TIO3BOJSUIO CHBIILIATH ILIYMbl MOABOAHBIX JIOMOK,
HaxomsIIIMXCsS TIpaKTMYECKM B 000 Touke MUpPOBOIO OKeaHa, W daxe
OTpenesiaTh X THUIl IO CIeKTpy luyma. OOQHOBpEMEHHO 0Ka3aJloCh, YTO B
OkeaHe MHOXECTBO OPYTMX 3BYKOB: LIYMbI BOJIH, T0JIOca KUTOB U Ielb(hu-
HOB, LIIYMBI OT U3BEPKEHUST ITOABOAHBIX BYJKAHOB U KOCSKOB DbIO.

Kak npoucxoaut ¢GpoKycupoBKa 3ByKa MO BOJOM

YTo 3acTaBisieT 3BYK PacIpOCTPaHSThCS IO 3ByKOBomy? M3 ONTHMKU U3-
BECTHO, YTO CTEKJITHHAS JIMH3a (OKYyCUPYET IMapajUleIbHBIM IMYy4OK CBETa
IOTOMY, YTO CKOPOCTh pacIpOCTpPaHEHUsI CBETAa B HEl MEHbllIe, Y4EM B BO3-
nyxe. CBET MOXET pacIpOCTPaHSIThCS 110 CBETOBOAY Ha OOJIBIIME PaCCTOSI-
HUS TakoKe M3-3a TOro, YTO CKOPOCTh paclpOCTpaHEHMUsI CBeTa B CEpILIEBU-
He BOJIOKHA MeHblIe, yeM B 000ji0oyke. TOYHO TaK K€ MOXHO OOBSICHUTh U
CyIIeCTBOBaHME ITOJBOIHBIX 3BYKOBBIX KaHajoB. Ha kakoii-to riayObuHe B
OkeaHe CKOpPOCTh PacIpOCTpaHEHUS 3ByKa MUHMMAaJIbHA, YTO U <«TSHET»
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3BYK Ha 3Ty INIyOMHY. 3BYK, KaK M Bce KoJieOaHUs, «JIEHUB» W BCerna WILEeT
MyTb, YTOObl TIPOMTHM €ro ¢ MHUHUMaIbHOW CcKOpocThio. Ho mouemy
CKOpOCTbh 3BYKa B BOJI€ HE TMOCTOSIHHA, U OT Yero OHa 3aBUCUT?

3BYK — 3TO pacHpoCTpaHEHME BOJH CXAaTUR W pacTSLKeHUH B cpeje.
KamepToH, onylieHHbIA B BOoY, 3aCTaBUT K01e6aThCsI COCENHUE MOJIEKYJIbI
BOJIbl, & TE — CBOM COCENHHE MOJIEKYJIbI U T. I. TaKk HAaUMHAIOTCSI BCE 3BY-
KOBbIE BOJHBI. YeM MacCHBHEe YacTWIIa Cpedbl, TEM TSKeslee ee CIBUHYTh,
A TEM MEHbIIE NOJDKHA ObITh CKOPOCTh PAacHpOCTpaHEHUs 3ByKa B 3TOMU
cpene. CinemoBaTenbHO, CKOPOCTh pAcIpOCTPaHEHMS 3ByKa B Cpele JOJDKHA
OBITh OOpaTHO NPONOPLUOHAIBHA €€ IJIOTHOCTH.

Jpyras xapakTepMCTHMKa BOIbI, OT KOTOpPOH 3aBHUCHUT CKOpPOCThb 3BY-
Ka — ee cxxumaeMocTb. IlpencraBbTe cebe HECKOJIBKO ONMHAKOBBIX IIIAPOB
Ha IOBEPXHOCTHU CTOJIa, PACIIOJOXEHHBIX Ha PAaBHOM PACCTOSIHUM OPYT OT
Ipyra U ¢ LIEHTpaMM Ha MpsMoi JuHUU. Bo3pMmeM miap I u TOJKHEM €ro
BIOJb O3TOM MPSIMOM, YTOOBI OH aOCOJIIOTHO YIIPYTO YyOApwicsl B ILIap
2 — kpaliHuif U3 nokosilumxcs mapoB. O0a CTOJIKHYBIIMXCS LIapa HAaYHYT
nedopMHUpOBaTbCSsl, U IIPA 3TOM paHee MOKOSLIUICS map 2 HA4HET IOCTe-
[IEHHO YCKOPSIThCS, a wap I 3aMeasiaThCsl. B KOHIle KOHLIOB, 1iap I ocTa-
HOBUTCSI, a HIap 2 MPOMOJIKUT MYyTh C TOUM Xe CKOpOCThIO K 1apy 3. Ode-
BUAHO, YTO BpeMs MpHU Mepeaaye CKOpOCTU OT 1apa / K mapy 2 paBHO
BpeMeHU, HeoOXomuMoMy sl neopMalliy LIAapoB, a MocjieaHee OyIeT TeM
MEHbllle, YeM 0oJiee XeCTKMMU OyayT 11apbl. 3HAUUT, CKOPOCTh paclpocTpa-
HEHUsI BOJIHBI AedopMaliuy OT 1iapa K LIapy MPONOpHUOHATIbHA XEeCTKOCTH
Marepuasia, M3 KOTOPOTO 3T lIapbl chaenaHbl. To XXe MOXHO cKa3aTb U O
3ByKe, CKOPOCTb pPacCIpOCTPaHEHUsI KOTOpPOIro NOJKHA OBbITh IPOIOPLIMO-
HaJlbHa XXKECTKOCTU Cpellbl, KOTOpasl XxapakTtepusyercsi moaysieM IOHra E.

HTak, mpocTbie paccyXAeHUs TIPUBEIU K BHIBOAY, YTO CKOPOCTh 3BYKa B
BOJE [OJKHA ObITh NpPSIMO IPONOPLMOHAIbHA €€ KECTKOCTA U OOpaTHO
MPoNopLUMOHATIbHA ee IUIOTHOCTU. IlonpobyeMm HaliTH opMyly Wisi CKOpO-
CTU 3BYKa, MCIIOJIb3ys TEOpUIO pasMepHocTeil. CuuTasi, YTO pa3MEepHOCTb
KI

M
N J, a CKOPOCTH 3BYKa U | —— |, TIONy-

KI
KecTkocTH F —— |, NIOTHOCTH d
CM

yaeM cienyiolryio ¢hbopMysy Ui CKOPOCTH 3ByKa U B BOIE:

v=k\/§, .1

rae K — MOCTOSTHHBIN KO3(hGUIIMEHT, KOTOPbIM HeJIb3s1 BBIUMCAUTD MO TEO-
pun pasMmepHocTei. IlomcraBiasss B GopMyly TaOIUYHbE AaHHbIE

(E=2,2-10°I1a; d=1000 —;—g) U CYyuTasd, 4To k=1, momy4yaeM v = 1483 %,

YTO OYEHb OJIM3KO K TAaGIMYHONW CKOPOCTU 3BYKa B Bome mis ¢ =20 °C. 3to
3HAYUT, YTO KO3GPPULUEHT K NeHCTBUTEILHO PaBeH €IUMHMIIE, U Mbl BbIBE-
JI1 BEPHYIO HOPMYILY.

Hy, a Teneps BepHEMCs K 3aBUCUMOCTU CKOPOCTU 3ByKa OT [ITyOMHBI,
YTOOBI OTBETHUTh Ha BOIMPOC, NOYEMY CYIIECTBYET IMOABOAHbBINA 3BYyKOBOM Ka-
Hayt. CHavaia ImogyMaeM, KaKue CBOMCTBA MOPCKOM BOIbI MOTYT U3MEHSTh-
cs1 ¢ riayouHoit. IlepBoe, 4YTO MPUXOOUT B FOJIOBY — BOAa C IJIyOMHOW CTa-
HOBUTCS Ooisiee xoyiomHoii. Ha pucyHke 9.1 BHOHO, YTO B TPOIMMYECKHUX
LIMPOTAX TeMIlepaTypa BOIBI IIPM ITOTPYXXEHHU pE3KO YMEHBUIAETCsl OT
23 °C nHa noBepxHocTu OkeaHa no 5 °C Ha rrybuHe 1,5 kM. OT0 pe3koe u3-
MEHEHHE TeMIIepaTypbl Ha3bIBalOT TEPMOKINHOM. Ero XxapakTepucTUKH U3-
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Puc. 9.1. 3aBuUCHMOCTb TeMIIEpaTyphl OKeE- Puc. 9.2. 3aBUCHMOCTb CKOPOCTH 3ByKa B
aHCKO# BOIbl B TPOIIMYECKHMX LIMPOTAX OT OKEaHCKOl BOAE OT MIyOMHBI C Y4EeTOM
TJ1yOUHbI TOJIbKO W3MEHEHUST TEMIIEPATYPbI

MEHSIIOTCS B 3aBUCHMOCTH OT C€30Ha, CTAaHOBSICh 00Jiee PE3KUMH B XapKylo
norony. Ilpu manpHeileM MOTpy:KEHWU TeMIlepaTypa HOBOJbHO MEIJIEHHO
yMeHblllaeTcsl, nocturasg 2—3 °C Ha riyOuHe 4,5 KM, IlIe OCTaeTcsi Heu3-
MEHHOM KpYIJIBIA rof.

Boma mpu HarpeBaHMM pacLIMpsieTCsI, a €€ IUIOTHOCTb yMEHbLIaeTcs.
Tak Kak yMeHbllIeHHe IUIOTHOCTU JOJDKHO NMPUBOAUTH K YBEIUYEHUIO CKO-
pocTH 3ByKa (okos0 3 M/c npu HarpeBaHuu Ha 1 °C), TO 3TO 3HAYUT, YTO
BO/IM3K noBepxHocTH OKeaHa CKOPOCTb 3BYKa JOJIKHA ObITh MAaKCUMaJIbHA,
eCcjii Ha Hee He JEHCTBYIOT ellle Kakue-nubo ¢akropsl (puc. 9.2).

OpgHako ¢ 1yOMHOM He TOJIBKO IOHMXKAeTCs TeMIleparypa MOPCKOI BO-
Ibl, HO Y YBEJIMYMBAETCS ee JaBjeHHe. YBeJUYeHNe NaBJIeHUs [efaeT BOOY
6oJiee KECTKO, a 3TO 3HAYMT, 4TO MoAyidb FOHra U CKOpOCTh 3ByKa C IJIy-
OMHOM JOJIKHBI yBeJinuMBaThbcsl. Eciu Obl yBelnveHue NAaBJACHUS C NIyOu-
HOIl ObUIO €IMHCTBEHHBIM (hakKTOPOM, M3MEHSIOIIMM CKODOCTb 3ByKa, TO
3Ta CKOPOCTb JIMHEIHO pocia Obl ¢ riyouHoi (15 M/c Ha 1 KM morpyxe-
HMA) TaK, KaK 3TO M300pakeHo Ha pucyHkKe 9.3.

YuurhiBasg cpasy oba ¢dakropa — TeMIepaTypy U JaBjieHWe, MOXHO MO-
JYYUTh peaqbHyI0 3aBUCHUMOCTb CKODOCTM 3ByKa OT IJyOMHBI (puc. 9.4),
«TflepeMHOXas» KpUBBIE, TIOKa3aHHbIe HA pUCyHKax 9.2 u 9.3. BugHo, 4yTO
peajibHast 3aBUCMMOCTh CKOPOCTH 3ByKa MMEeT MUHUMYM Ha I1yOUHE OKO-
o 1 kM. O4eBUAHO, YTO TEPBOHAYAJIbHOE YMEHBIIIEHUE CKOPOCTH 3ByKa
C myOMHOI CBSI3aHO C pe3KUM YMEHbIIEHHEM TeMIlepaTyphl (TEPMOKIIM-
HOM), a Tocjedylolliee YBEeJMYEeHHEe CKOPOCTH 3BYyKa IPU IMOTPYXEHUU —
C POCTOM JaBJIEHMS IIPM IPAKTUYECKU MOCTOSIHHOM TeMIiepaType BOIBI.

IlocTeneHHoOe yBeJIWYEHHUE COJIEHOCTH BOABI C ITyOMHON (Ha MOBEPXHO-
CTU COJIEHOCTb BOIbI 3,4%, a BOau3u AHa — 3,5%) BHOCUT He3HAYMUTEJbHBIN
BKJ1aJ B 3aBUCHMMOCTb CKOPOCTH 3BYKa OT IIyOMHBI Jajieko oT 6epera. OnHa-
KO BOIM3U Oepera, rje COJEHOCTb BOIBI (2 BMECTE C HEMl U ee IJIOTHOCTb)
MOXET M3MEHSITbCA B IMMPOKMX Ipeaefax M3-3a BMaJeHUS MPECHOBOIHBIX
peK, MoJOXeHWe MMHUMYMa CKOPOCTH 3aBUCHUT TaKXe U OT 3Toro dakropa.
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Puc. 9.3. KM3MeHeHHE CKOPOCTH 3ByKa B Puc. 9.4. 3aBHCHMOCTL CKOPOCTH 3ByKa B
OKEaHCKOW BOAE C TIIYOMHOH C y4yeToM OKEaHCKOI1 BOAe OT IyOMHbBI C yYETOM M3-
TOJIbKO POCTa HaBJIEHUs C IyGMHOM MeHEeHMI TeMIepaTypbl U AaBleHUs

O06aacTb ¢ MUHMMAJIbHON CKOPOCTbIO 3ByKa, HaXOMSAMIAsICA Ha TIyOMHe
OKOJIO | KM, U SBJISIETCS TEM 3BYKOBOJAOM, KOTODBIN CITOCOOEH IepenaBaTh
3BYKOBbIE BOJIHbI Ha THICIYEKWIOMETPOBBIE pacCTOsiHMs. IToABOAHBIN 3BY-
KOBOW KaHaj, paHee WCIOJb3YEMbIil TOJIBKO B pa3BelblBaTEIbHBIX LIEJIAX,
ceifyac roOMOraeT BCeM HccienoBaresisiM MUpPOBOTO OKeaHa.
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Bosiza, naromasg >XKM3Hb

Cepoue... cocumasncev U pacuupsascs noo4epeoHo
04151 8bI2OHA U NPUHAMUS KPOBU,

poxcoaem nyasc, uau oo,

OM3bIBAIOWULICS 80 8CEX

boesbix Hcunrax mena.

B. U. Jlans. Toakoewili croeaps

yacToToit okojo 1 I'i. Bo Bpemsi KaxKmoro UMIIyJIbca, IJISILIETOCS
npumepHo 0,25 ¢, cepalie B3pOCJIOIO YeJOBeKa YCIeBaeT BBITOJK-
HyTh B aopty okojo 0,1 mm* (0,1 1) kpoBu. KpoBb M3 aopThl momamaeT B
OoJiee y3KMe COCYIbl — apTepUM, JOCTABJISIOIINE KPOBb Ha Iepudepuio.
JBuXeHue KpOBU MO COCylaM — IPOLIECC TOBOJBHO CIIOXHBIN. CTeHKH
aopThl, KaK U BCEX apTepuii, o0janaloT BbICOKOI 3JaCTUYHOCTHIO: UX MO-
oynb FOnra B 10° pa3 menbiuie mMomyins IOnHra mertauios. [TosTtomy, Koraa
KpOBb IIOCTYIIaeT B aOPTY, €€ CTEHKW HAYMHAIOT PACUIUPSThCS, U PACIIUPSI-
I0TCSI OO TeX IIOp, ITOKa MPUTOK KPOBU He mpeKpatutcs. [locne 3Toro cuiiel
VIIPYTOCTU PACTSHYTHIX CTEHOK aOpThl, CTPEMSCh BEpHYTh UX K II€pBOHA-
YaJbHBIM pa3MepaM, BbBIXXMMAIOT KpOBb B 0OoJiee OTHATEHHBIH OT cepria
yYacTOK apTepuu (0OpaTHOMY IBMXKEHUIO KPOBHU IPEIISITCTBYET aopTajib-
HBIM KJIAIlaH cepmaiia). DTOT YYaCTOK apTEPMM pacTITUBaeTcs, U BCEe IIOBTO-
pseTcss cHauvana. Eciau perucTpupoBaTh OeOpMalldi0 CTEHOK apTepuu

HaI.LIC ceplle — 3TO Hacoc, paboTaloIIMA B MMITYJIbCHOM DPEXUME C
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OIHOBPEMEHHO B IBYX PaBHOYNAJIEHHBIX OT CepIlia TOYKAaX, TO OKaXKETC,
YTO MAaKCUMAaJbHBbIX 3HaYeHUN 3Ta AedopMalivsl JOCTUTaeT B pa3Hble MO-
MEHThl BpeMeHU. M yeM maiblie OT cepllia pacliojioXeHa TOYKa perucrpa-
LIMY, TEM TO3Xe nedopMalusl cocyla B JAaHHOM TOYKE MOCTUTHET CBOETO
MaKCHMyMa.

TakuMm 06pa3oM, Iocje KaXI0ro COKpallleHUs Cepaila BIoJIb apTEPUU B
HaIpaBJeHUU OT cepaua K nepudepuu mpoderaeT BoHa AedopMaluu, 1mo-
IO0OHO TOMY KaK pacrnpOCTPaHSIOTCS BOJHBI IO HATSIHYTOH CTpyHE WJIM Ha
MOBEPXHOCTU BOIBI OT OpOIllIeHHOTO KaMmHs. M eciu Ha aprepuio, Haxoms-
1IYyIO0CSl BOJIU3U MOBEPXHOCTHU Tejia (HallpyUMeEp, Y 3aMsICThbs), MOJOXMTD I1a-
Jiel, TO OH OydeT OllylaTh 3T BOJHBI B BUIE TOJYKOB (ITyJbca), O KOTO-
pBIX TaK Kpaco4yHo ckaszan B. W. Jlaneb.

3nech ciaenyeT OTMETUTb, YTO CKOPOCTb PaCIIPOCTPAaHEHHWSI BOJIHBI Je-
¢dopMalMu KpOBEHOCHOTO COCYIa MOXET 3HAaUMTEIbHO OTJIMYATbCS OT CKO-
POCTH paclpOCTpaHeHHUs] BOJHBI CXKaTusi B KpoBU. [lociienHsisi, 04eBUAHO,
paBHa CKOPOCTHM paclpOCTpaHeHUsI 3ByKa M COCTaBJISIET HECKOJIbKO COTEH
METPOB B CEKYHIY, TOTAa KaK BOJHBI JeOopMalMy MPOXOIST 32 CEKYHOY He
0oJiee HECKOJIbKUX METPOB.

ITyasc HA Bce BpemeHa!

IlepBbie ynmoMuHaHUS 00 M3MEpPEHUM IyJibCa y YeJOBEKa NaTUPYIOTCS
TPETbUM ThICSIUEIETUEM OO H. 3., KOrJa KMTalckuil ummepartop Xoam-Ty
¢ npuIBOpHbIM BpadyoM Jlu-Ile McHonab30Baid perucTpaluio Mmyjabca mjisl
MOCTAHOBKM NMAarHo3a. YYeHUe O IyJIbCE CTajl0 OOJHUM M3 OCHOBHBIX [IO-
cTvXeHuM nuarHocTuku B IpeBHeM Kutae. Mx KoHLeniusi, BbIpabOTaH-
Hasl B pe3y/JibTaTe MHOTOJIETHUX HaOJIONeHUI 3a CepaeyYHbIM IyJbCOM, 3a-
KJIIOYaJiach B TOM, YTO BCE TPOLIECCHI B OpraHU3Me TaK WM MHaye DOJIKHbI
BJIMSTH Ha GOPMY IMyIbCOBOI BOIHBI. OHM U3Yy4allu IIyJbC HEe B OMHOM TOY-
Ke Ha 3aIsicThe (Kak HenaloT ceiiyac), a B HecKoJbKuX. MMHorma uucio Ta-
KHUX TOYEeK MOOCTUTrajio mecsaTh. Kuraiickue Bpauu pasnmudaiv 28 THUIIOB
MmyJibCa: MOBEPXHOCTHHBIN, MIyOOKMM, pendKui, 4acTbl, TOHKUM, Ype3Mep-
HBbIM, CBOOOIHBIN, BA3KMIA, HATIPSKEHHBIA U T. I. 3a THICSYM JIET OO TOTO,
Kak ObUla HaydyHO OOOCHOBaHAa TeOpusl KPOBOOOpAaIIEHWS, OHM CUMTAIH,
YTO MMEHHO ITyJIhC OOYCJIOBIMBAaeT KpyroBopoT KpoBU. IIpocTora usmepe-
HUS TyJbca (He HYXHO HMKaKMUX TpUOOpPOB, KpOME CEKyHIOMepa) nejiaeT
€ro OJHMM M3 OCHOBHBIX ITOKAa3aTeJeN COCTOSIHUSI 3HOPOBbS M B HACTOSIIEE
BpeEMSI.

Ilyabc — BoaHa aedopManmu

PacnpocTpaHsioniasicss BIOJdb apTepuu BojJHA nedopMalluu e€e CTEHOK
MOJIyYrjia Ha3BaHME IYJIbCOBON BOJIHBI. M3MepUTh CKOPOCTb pacmpocTpa-
HEHMS IIyJIbCOBOI BOJIHBI YIAJIOCh JUIIb B Hayane XX B., 1 3HaYeHUE ITOMH
CKOPOCTH, KaK IpaBUJIo, paBHO OT 3 mo 15 M/c, 94TO B NeCSITKU pa3 MpEeBbI-
1IaeT CPEMHIOI0 CKOPOCTh IBVDKEHMSI KPOBU IO KPOBEHOCHBIM COCYIAaM.
OLIEHUTh CKOPOCTb PaCcIIPOCTPaHEHHUS ITyJIbCOBOIM BOJIHBI MOXHO, OMHOBpPE-
MEHHO M3Mepsis MOMEHTHI IIPUXOAa BOJIHBI Ha COHHOM U OEApEeHHOW apTe-
pusx. Tak Kak COHHasl apTepusl pacIiojoxeHa Npubau3uTesbHo Ha 70 cM
OmKe K cepauy, yeM OeapeHHasi, TO IMyJIbCOBasi BOJIHA K MECTY perucrpa-
LMY TOI MOom60pOIKOM OymeT MPUXOOUTh PaHbIIe, YeM IMOJ KOJIEHOM, e
XOPOIIIO MPOIIYNLIBAETCS MYJIbC OeNpeHHON apTepuu. YeM MeHbIle MHTEep-
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Bal MEXIY MOMEHTaMMu IpUXOHAa BOJHbI B 3TH TOYKH, TeM OOJbIIE CKO-
pPOCTb PacIIpOCTPaHEHHUsl IMYJIbCOBOIN BOJIHBI.

OKa3aJlochb, YTO CKOPOCTh PACIIPOCTPAHEHUS MYJIbCOBOM BOJIHBI 3aBUCUT
OT YIPYrOCTH apTEPUATbHBIX CTEHOK U MO3TOMY MOXET CJIYXXUTh noKa3arte-
JIEM €€ COCTOSIHMS NPH Pa3IMYHbIX 3a00j1eBaHMsIX. Tak, NMpU rUIEepTOHUU U
aTepOCKJIEPO3€ CTEHKHU apTepUil TePSIOT TaCTUYHOCTh U CTAHOBSITCSI OU€Hb
XKECTKUMHU, UTO IIPOSIBJISIETCS B PE3KOM YBEJIMYEHUM CKOPOCTH PacIpocTpa-
HEHMA MYyJIbCOBOM BOJNHBL. [louemMy CKOpOCTh pacIpoCTPaHEHUs MyJIbCOBOM
BOJIHBI TaK CHJILHO 3aBUCHUT OT 3JJACTUYHOCTH CTEHOK apTepuii? YToOs! OT-
BETUTb Ha 3TOT BOIPOC, PACCMOTPUM MOAPOOHEE IMPOIECC paclpoCTpaHe-
HUA ITYJIbCOBOM BOJIHBI M MOIMPOOYEM HANTH MaTeMaTMUYECKOE BBIpaXKEHUE
IUISl ee CKOPOCTH.

BoiBoaum ¢gopmMyly AJisi CKOPOCTH IYJIbCOBOW BOJIHBI

Ilycth apTrepusi ¢ BHELIHHWM OUAMET-
poM d TpencraBisieT coO0Oi TOCTaTOYHO
IUJIMHHBIA (4TOOBI MOXHO OBLIO IpeHeb-

Xd peyb TPaHUYHBIMHU YCJIOBUSMMU) LWJIMHAD
CO CTeHKaMM TOJIIIMHON A W MonyjieM
ynpyroctd HOura E (puc. 10.1).

[IpenmnonoXum, 4To AaBiAEHHUE p KpO-
BU B TOYKEe, YAAJIEHHOW Ha pacCTOsIHUE
X, OT CepAlla, U3MEHSETCS BO BPEMEHU

Puc. 10.1. CxemaTtuueckoe usobpaxe- Tak, Kak 3TO H306pa)KeH0 Ha pHUCYH-
HUe yyacTKa apTepuu ke 10.2, rme ® — CKOpOCTb pacHpocTpa-

HEHMS IyJIbCOBOM BOJIHBI. EC/IU cUUTaTh,
YTO IyJbCOBAasi BOJIHA IBUXXETCS BOOJIb COCyda Oe3 3aTyXaHMsl CO CKOpO-
CThIO O, TO paclipenejieHue JaBleHUs IO ero JIMHE OyIeT UMETh BUA, U30-
OpaxeHHbIM Ha pucyHke 10.3. Ha pucyHKe BHUIOHO, YTO KPOBb B JTaHHOU
TOYKe apTepuu OymeT IBUTAThCS TOJbKO TOTAA, KOIJa 4yepe3 3Ty TOYKY
MpoineT nyJabcoBasl BoJiHA. JelCTBUTENIbHO, TAKOE UMITYJIbCHOE ABUXEHHUE
KPOBH TPOMCXOAUT B KPYIHBIX apTepUsiX, OTXOASIIMX OT cepila, rae 3aTy-
XaHHEeM MyJIbCOBOI BOJIHBI MOXHO MpeHeOpeub. PacnmpocTpaHeHue MmyabCco-
BOI1 BOJIHBI B TaKMX COCYIdax Mbl U PaCCMOTDUM.

~—
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N . L : Puc. 10.2. Tloctynupye-
) xo/e (xo/e) +1,+ 1, Bpemsa (t) MOE B MOJENM H3MeHe-

Hauano uaraanusa HUE [aBJIEeHUS KDOBU B

KPOBH M3 cepAlia TOYKE apTEPMH, OTCTOA-

el Ha pacCTOSHUM X
OT cepaLa
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OT cepaIa
6)
JBuxkeHue
KpPOBH

Puc. 10.3. a) Pacnpenenenve napjeHusi U CKOPOCTH KPOBM BIOJIb apTEPUM CIYCTA X,/0 mo-
cjle Havyajla U3rHaHUs KPOBM M3 cepilia B aopTy; 6) cxeMaThyeckoe M300paxeHHe pacluupe-
HUS apTEpPUU IPU PacrpoOCTPAHEHUH IyJILCOBOM BOJIHbI

X o
B MomeHT BpEMEHHU ?0, OTCUHUTBIBAEMbBIN OT Haydajia COKpallleHUA CEpI-

1a, Ha Maccy KpOBM, HaxOMSIIYIOCS MEXIY IIONEepPEeYHbIMH CEUYEHUSIMU
X, — 0T, ¥ X, BIOJIb OCU apTepuM, OYyIET NEHCTBOBATh CUJIA, PaBHAasl Pa3HoO-
CTU CWI JaBJeHUS, IPWIOXEHHBIX K 3TUM IIOIEPEYHBIM CEYECHMUSIM:
(p,~py)nd? pOT, nd 2
4 4
M3 BTOpPOro 3akoHa HplOTOHA MOXHO IOJYYUTh YCKOPEHME 3TOW MaccChl
(py—po)
poT,
Ecnu npeHebpedyb CKOPOCTBIO ABMXKEHMSI KPOBM, MaJlOil IO CPaBHEHUIO
CO CKOpOCTBIO pacIIpOCTpPaHEHUs IyJIbCOBOIM BOJHBI (CM. paHee), TO Macca
KPOBU BOJIM3M TOYKHU X, B TE4EHHE BPEMEHM T, OyIEeT OBUraThCsd C YCKOpe-
HUEM a,, NOCJIe YeTo OBMXKEHUE KPOBU HAYHET 3aMEIUIATHCS, 8 COOTBETCT-
=(p1—py)
poT,
B pesynbrate 3a MUHTEpBaJ BPEMEHU T,, KOIa JaBJIEHUE B TOUKE X, pOC-
JIO, CKOPOCTb KPOBM, HaxXoAsIlIeHcsi B 9Toil 00JlacTH, yBeIUYWIACh C HYJIS
[0 a,t,. 3a CIIEAYIOIIMI OTPE30K BPEMEHU CKOPOCTbh KPOBU B TaHHOW TOYKE

(2 =po) p‘ep ©) 4 crana paBHo#t Hymo. [Toatomy pacnpenesneHue

. Tak kak Macca KpOBHU MEXIY CCYECHUSAMH paBHa , TO

KPOBM a, =

, T1€ p — IUIOTHOCTb KPOBH.

BYIOLIECE OTPUULATEJIBbHOEC YCKOPEHUE a_ CTAaHET PpaBHbIM

YMEHbIINJIACh Ha

X
CKOPOCTH BIOJIb COCYIa B MOMEHT BpeMEHH ?0 OymeT uMeThb BUI, U300pa-

XKEHHbIM Ha pucyHke 10.3 (mpaBas wikaia).
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IToyemy o06BEM K)IIC)OBI/I MeXIy Ce‘){CeHI/IHMI/I X, — 0 (1, 4+ T,) ¥ X, B UHTEpPBa-
Jie BpEMEHU MEXIY TO -1, —-1T, 4 FO yBesnnyuBaeTcsi? O4eBUIHO, IOTOMY,

4YyTO KOJIMYECTBO KpOBH, HpI/ITCKaIOIL[Cﬁ B 9TOT y4aCTOK apTepuu CJIEBa,
TIPpEBBIIIACT KOJUYECTBO OTI‘CKalOIJ.ICfI KpPOBH. B uauem ci1ydya€ CKOpPOCTHb
KpOBH, OTI‘CKEI]OIJ.ICVI M3 ydaCTKa apTe€puH, B TECHCHHUEC 3TOIr0 MHTEpBajla BPpE-
MeHHM ObliIa paBHa Hy/0. B To Xe BpeMs CKOpPOCTh IPUTEKAIOLIEN KPOBU
BCeria ObUIa OTJIMYHA OT HYyJIs1, a €€ Cp€OHEE 3HAYCHHUE 3a 3TOT MHTEpBal
(p1—py)

2p6
MEHHU T, + T, CKOPOCTh MPUTOKA KPOBU B BBILIEYKAa3aHHBIN y4acTOK apre-
(p1—py)

2p0

Tak kak KpOBb NPaKTHYECKU HECXKMMAeMa, TO NMpoUucCXonsliee yBEINie-
HUe 00beMa AV MOXHO MHOJYYUTh, YMHOXUB IPEBBILIEHNE CKOPOCTH MPU-
TOKa Haa CKOPOCTBIO OTTOKA Ha IUIoaab ITIOIIEPEYHOTO CEYEHHU cocyda U
HWHTEpPBaJl BPDEMEHMU!

BPEMEHM COCTaBUJIIO . Takum 00pa3oM, B TeUeHHE MHTEpBaja Bpe-

PHUHM IIPpEBBILIAET CKOPOCTh OTTOKA B CPEOHEM Ha

_ nd? (1, +71)( P, — Po)

AV 800

(10.1)

C Ipyroif CTOPOHBI, €CIU CYMTATh, YTO AUAMETP PACLIMPEHHOTrO y4yacTKa
apTepuy YBEJIUYMJICS B CpemHEM Ha Ad MO CpaBHEHUIO C OCTaJibHOU ee ya-
CTblO, TO, NIpeHebperas (Ad)? o cpaBHEHUIO C dAd, uMeeM
n8dAd (T, +1,)

—2—'-—2. (10.2)

IIpupaBHuBas BelpaxeHus (10.2) u (10.1), monyyaem CKOpOCTb pacmpo-
CTpaHEHMS IYJIbCOBOM BOJIHBI:

4p0?% =

AV =

(p1—po)
M) '
d
B BripaxeHue (10.3), moaydyeHHOE HaMU U3 3aKOHOB KUHEMATUKHU U OY-
HAMUKHU IBVMXKEHMSI KPOBH II0 COCYIY, BXOIOST OTHOCUTENbHAs nedopMalivs

(10.3)

CTEHOK cocyna > U yBeJIWYEeHHE NaBJIeHUss KPOBU B HeM (p, — p,). OTHO-

IIE€HHUE I3TUX OBYX BEIMYHUH MOZKHO HalTU C MOMOILUBIO 3aKOHa FYKa, CBsA-
3bIBAOLIEI0 OTHOCHUTEIIBHYIO }lerOpMaLII/I}O MaTepualia ¢ CUJIOM, BBI3bIBAIO-
11(S371 Ty }:[e(l)OpMa]_[I/IlO. Cnenan 3TO, ITOJIy4Ya€M OKOHYATCJIbHOC BBIPDAXXEHUE
IJI1 CKOPOCTHU pacClipoCTpaHCHUA MYJILCOBOM BOJIHBL:

2 _ Eh
0 _pd' (10.4)

IToocTaHOBKA YMCJIOBBIX 3HAYEHUM (g =01, E=10°H/M2 u p=

=103 Kr/M3) B BeIpaxkeHue (10.4) maer 3HayeHue O = 10 m/c, GiM3KOE K
CpelHEMY 3KCIIEPUMEHTAIbHO M3MEPEHHOMY 3HAYeHUIO CKOPOCTU pacIipo-
CTpPaHEHHUS ITYJILCOBOI BOJIHBI. AHATOMMUYECKME MCCIIeIOBAHUS MTOKa3biBa-

10T, YTO BEJIMYMHA E MaJjio UBMEHAETCA U IPAKTHYECKM HE 3aBUCUT OT TUIIA
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h
aptepuu. [1oaToMy, Y4uTBIBasi MOCTOSIHCTBO 7
POCTb ITYJICOBOI1 BOJIHBI M3MEHSIETCS TOJBKO NPU U3IMEHEHUHM YIIPYTOCTH
CTEHOK apTepuu, ee monyns FOHra.

MOXHO CYHUTATb, YTO CKO-

CKopoCTb MyJIbCOBO# BOJIHBI M THIIEPTOHUSA

C BO3pacToM, a Takke IMpU 3a00JIeBaHUSIX, COMPOBOXIAIOIINXCSI 3HAYM-
TEJIbHBIM yBeIuueHueM Momyist FOHra £ CTeHOK apTepuii (TMIIepTOHMM, aTe-
pOCKJIEpO3€), CKOpPOCTb 6 MOXET yBEeJIMYUBATbCS IMOYTU B 2—3 pa3a 1o
CpaBHEHMIO ¢ HOpMOM (Tabu. 10.1). DTO MO3BOJISIET UCTIOIL30BATh U3MEPEHUE
CKOPOCTU paclpOCTpaHEHMsI MTyJ1IbCOBOU BOJIHBI MPU ITOCTAHOBKE OUATHO3a.

3aBHCHUMOCTh CKOPOCTH PACHPOCTPAHEHUS IMYyJIbCOBOM BOJIHbI
O IPYAHOMY OTAEJy aopThbl YeJIOBeKa
OT BO3pacTa U JAaBJIeHHs KpoBH (M/C)

Tabauya 10.1

CpenHee naBieHME KpPOBU, MM PT. CT.
Bospact
50 100 150 200
20—24 3,3 3,6 4,5 5,7
36—42 3,5 49 6,7 8,9
71—78 4,6 7,6 11,1 14,7

Tomac FOHr: ¢usuxk m Bpau

HNutepecHo, uto BnepBble ¢opmyna (10.4) mIsg CKOPOCTH pacIipocTpaHe-
HUS IYJbCOBBIX BOJIH B apTepusix ObLla BhIBENEeHA aHTJIMNCKUM y4Ye€HBIM
Tomacom FOHroMm B 1809 r. T. KOHra Mbl 3HaeM IJIaBHBIM 00pa3oM Kak CO3-
[aTenss BOJTHOBOW TEOpUM CBETA, a €llie NMOTOMY, YTO €ro MMEHEM Ha3BaH
MOIYJIb YIPYTroCTH MaTepuayioB. KOHTr OBUT Takke aBTOPOM KJIACCHMYECKUX
paboT Mo TeopuM KpOBOOOpaIlleHUsI, B TOM YHUCJIE U paboT MO paclpocTpa-
HEHMIO ITyJbCOBBIX BOJIH B apTepUsIX. DTO ObLla [MOUCTUHE He3aypsimHast
JIMYHOCTB. YK€ B IOBYXJIETHEM BO3pacTe OH YMeJ YuTaTh, a K 14 romaMm B
COBEpIIIeHCTBE Blafes AECSAThIO siI3bIKaMU, UTpajl YyTh JIM HE Ha BCEX MY3bI-
KaJbHBIX MHCTPYMEHTax M Biafejl HaBbIKAMU IMPKOBOro aprtucra. Bcio
>KM3Hb OH COBMELIAN ABe Mpodeccuu: MpaKTUKYIOIIEro Bpaya U Qusuka.

OTpa)Kelme MyJibCOBbIX BOJIH

Kaxk u Bce BOJIHBI, IIyJIbCOBbIE BOJIHBI B apTepusix 00JagaloT CIIOCOOHO-
CTBIO OTpaXaTbCs OT T€X MECT, TIe YCIOBHUS MX PaclipOCTpaHeHUs U3MeHSI-
10Tcst. TakuMU MecTaMU ISl TYJIbCOBBIX BOJIH SIBJISSIOTCSI 00J1aCTU pPa3BETB-
neHus aptepuit (puc. 10.4). OtpakeHHass OT MecCTa BETBJCHUS BOJIHA
CKJIAIBIBAETCS C MEPBUYHOM, W B pe3y/IbTaTe KpHUBas U3MEHEHUS OaBICHUS
KpPOBHM B cOocyle CTaHOBUTCS OByropboii (puc. 10.4, 6). Ilo uHTepBany Mex-
Iy MakKCUMyMaMHW Ha KPWUBOW MABJIEHUSI M M3BECTHOU CKOPOCTU PACIIpO-
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a) OrpaskeHHaA 6) ‘ OTpaskeHHas
BOJIHA 0 P} BOJIHA
7 2 5 E
g =
/ EE P
m m 0
ITagaromas < o
BOJIHA =t & o

00,1 0,3 Bpewms(c)

Puc. 10.4. Bo3HMKHOBEHHE OTPaXXEHHOM MYJbCOBOH BOJIHBI B MECTE PAa3BETBJIEHUS] apTEPUM:
a) paspe3 BeTBdlllelcs apTepuu; 6) U3MEHEHHE apTepUaIbHOrO JaBjeHUsl NpY HaJIW4YMM OT-
Pa>XX€HHON BOJIHBI

CTpaHEHUs IYyJbCOBOW BOJHBI MOXHO OLEHUTH PACCTOSIHUE, Ha KOTOPOM
HaXOAUTCSI MECTO BETBJIEHMsI OT TOYKM perucrpauuu nasieHusi. MHorna
KpUBasi U3MEHEHUS JABJIEHUSI B KPOBEHOCHOM COCYI€ UMEET OOJIbLLE NBYX
MaKCMMYMOB, 4YTO YKa3blBa€T Ha MHOXECTBEHHBINH XapakKTep OTpaXKEHUsI
MyJIbCOBOUW BOJIHBI.

OrTpaxeHHas ITyJIbCOBasl BOJIHA, TaK € KaK M IepBUYHAsSI, COIIPOBOXIA-
eTcs gecpopMaumeil apTepualibHbBIX CTeHOK. Ho eciu sHeprusi ynpyroiu ne-
¢dopMalUM CTEHOK, BbI3BAaHHAs PAacCHpOCTPAHEHUEM IIEPBUYHOM BOJIHBI,
IIOTOM MEPEXOIUT B KMHETUYECKYIO SHEPIUIO IBVKEHUS KPOBU OT CepAuLa
K nepudepun, TO OTpaxkeHHasl BOJHA IMPEMsITCTBYET HOPMaJIbHOMY IBUXE-
HUIO KpoBU. [To3TOMYy OTpakeHHe MYyJbCOBBIX BOJIH 3aTPYIHSIET HOPMAaJlb-
HYl0 pa0OTy Haliel CMCTeMBbl KpOBOOOpAIIEHUS.

OT 4yero 3aBMCHUT aMILTATYyJa
OTPAKEHHOM MYyJIbCOBOM BOJIHBI

ITycTh mynbcoBasi BOJTHA BCTPEYAET HA CBOEM IIYTU PAa3BETBIECHUE, CXO-
Hoe ¢ n300paxeHHBIM Ha pucyHke 10.4, . Torna usMeHeHue AaBieHUs Ap
B MECTe BETBJIEHHMSI JOJKHO OBITb PaBHO CyMME HaBIEHUM, CO34aBaEMBbIX
nagalmen Ap,,, U OTpaxXeHHON Ap,., BOJIHaMH, T. €.

AP oy + AP oy = AD. (10.5)

OueBUIHO, YTO Macca KpPOBU, NPUTEKAIOLIENR K MECTY BETBJICHUS C ITyJib-
COBOI{ BOJIHOM, NOJDKHA OBITh paBHa CYMME MAaccC, OTTEKAIOLIMX C ITYJIbCOBBI-
Mu BosiHamu 1o aprepusim B u C. ([lasee paccMaTpUBaeTCsl TONBKO NEPEHOC
KPOBU ITyJIbCOBOU BOJIHOM, T. €. HE YYUTBHIBAETCSI MOCTOSTHHAsi COCTaBJISIO-
asi CKOPOCTU OBMXXEHUSI KPOBM, 3HaYEHHE KOTOPOW HUKAaK He BJIMSET Ha
MPOLECC OTPaXKEHUSI ITyJbCOBOM BOJIHBL) Torma MOXHO 3aIucarh, YTO

My — My, = Mg+ Mg, (10.6)

TI€ m,,, U m,  — Macchl KDOBU, NIEPEHOCHMbIE B EIMHHUILY BPEMEHU 4epe3
ceuenue OO’ aprepun A namaimouIel U OTpak€HHOU BOJIHAMU COOTBETCT-
BEHHO; My U M — CKOPOCTA MaccoIlepeHoca KPOBU ITYJIbCOBOW BOJIHOW B
Hauyasie apTepuii B 1 C COOTBETCTBEHHO.
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Kaxk 6bpU10 HaMu noka3aHo paHee (cM. puc. 10.3), U3MeHeHMe CKOPOCTHU
KPOBHU Av BO BpeMsI I1yJIbCOBOU BOJIHbI PaBHO
Ap

AUZP—G,

(10.7)

rie Ap — U3MeHeHue JaBjeHUs IpU paclpOCTpaHEHUHN IYJIbLCOBOM BOJIHBI.
CrenoBaTenbHO, IUISI MACCHI KPOBU M1, TIEPEHOCUMOIA ITYJIbCOBOM BOJHOM B
eOUHUIY BpEMEHHU Yyepe3 IoIepeyHoe cedyeHre cocyna S, mojiydaeM

m = AvSp. (10.8)

YuureiBag ¢opmyiabl (10.7) u (10.8), MOXHO mepemyucarb paBEHCTBO
(10.6) B Bume

A - A S
( Pnau Po’rp) A =AP(S_B S_Cj’ (109)

0, 6,  Bc

rae 6,, 65, 6, — CKOpoCTH IyJILCOBOH BOJIHBI IO aprepusim A, Bu C, a S,
Sp 1 S — IUIoLIaAy TONEePeYHOro CeYeHus 3TUX apTepuil. Peras ypaBHe-
Hug (10.5) u (10.9), monyuum

(S4 . S8 . Sc|

B DR P e O

(10.10)
OTKyZla MOXHO 3aKJIIOUMTb, YTO OTpak€HHAas BOJHA OTCYTCTBYET, €CIU CO-
MHOXUTEJIb B cCKOOKax B IpaBoii yactu (10.10) paBeH Hymo. Eciu cyuTath,
YTO CKOPOCTb PAacIpOCTPaHEHUs MYJIbCOBOI BOJIHBI HE M3MEHSETCS Iocie

BE€TBJICHHUSI, TAK KaK zi— u F ocraiorcs HEU3MEHHBIMHU, TO OTpa>XC€HHasA BOJI-

Ha OymeT OTCYTCTBOBATb IIpU
S,=8,+Sc. (10.11)

Crnenmyer OTMETUTb, YTO OOJbIIasi YacThb pPa3BETBIECHUM KPYITHbIX apTe-
puli B TOM WJIM MHOU CTeleHU yAoBJeTBOpsieT paBeHCTBY (10.11), koTopoe
TpeOyeT MOCTOSIHCTBA IUIOLIAAM IOIEPEYHOro CeYeHUs1 KPOBEHOCHOTO pycC-
Jia 10 U mocie BeTBIeHUs. OMHAKO B HEKOTOPBIX C/IydasX 3TOTO paBeHCTBa
HET, U MBI ceif9ac YBUAUM, K Y€MY 3TO IPUBOIMT.

AHeBpu3Ma

ITocne Kaxmoro CoKpallleHWs CepAla B aopTe YBEJIWYMBAETCA HaBJie-
HHUE KpPOBM', CTEHKM €€ paCTATMBAlOTCS, M IO HHUM paclpOCTpaHseTCs
nyJabCcoBasi BOJHA. DTO PUTMMYECKOE DPACTSKEHHE CTEHOK NOBTODPSIETCS
okosio 100 000 pa3 B AeHb M NPUOJIM3UTEILHO 2,5 MJIpA pa3 B TeYECHHUE
BCel XXU3HU. B mpuHIMIIE CTPYKTypa CTEHOK aOpThl CIIOCOOHA MPOTUBO-
CTOSITh 3TUM PUTMHMYECKMM THIPABIMYECKUM yaapaMm. MHorma, omHaxo,
CTeHKM aopThl HE BBIAEPXMUBAIOT M HAYMHAIOT paclIMpSIThCI, oOpasys
aHeBpu3aMy. OmgHaxXIbl Ha4aBIUKWCh, pacHIMpPEHHUE MMEET TEHIAECHLUIO YBe-
JIMYMBAThCSI Bce OO0JIbIlle, M HAKOHEL aHEeBpU3Ma pa3pbiBaeTCs, YTO IIPHU-
BOIUT K CMEPTHU.

! [ox naBneHueM KpoBH 3Iech ¥ Jajee TTOAPa3yMeBaeTCsl Pa3HOCTh MEXIY MCTMHHBIM ee
IaBjlleHWeM U aTMocdepHbIM naBieHueM. IMEHHO 3Ta pa3sHOCTb U paclUMpsieT KPOBEHOCHbBIE
COCyIbl, naBasi BO3MOXHOCTb KPOBH TPOTEKATh 4epe3 HUX.
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OObIYHOE MECTO BO3HWMKHOBEHMUSI

aHeBPU3MbI — OpIOLLIHAsI YaCTh a0pPThI,

YyTb  BbIlLIE €€  pa3BeTBJEHUS

(puc. 10.5). Cyuraetcsi, YTO aHEBPU3-

Ma BO3HMKAeT B 00/1acTU OTpaxKeHusl

Aopta MYJILCOBOM BOJIHBI OT MECTa pPa3BETB-
Jlenusi aopthl. Kak Obuio MMokasaHo

Cepaue |: Bbille [cM. BeipaxeHue (10.10)], am-

g TUIMTYJA OTPaXKEHHOU BOJIHBI MPOIIOP-

, LIMOHAJIbHA Pa3HOCTH MEXIy Iuioula-

~ IIMU TIOMEepeyHOro CeueHusl cocyna

IMoueunsie |] JI0 BETBJIEHUSI U CyMMAapHOIO CeYEHMUSI
aprepun | nocie BereieHusi. C BO3pacToM 3Ta

pPa3HOCTb YBEJIMYMBAETCSI MU3-3a CYXe-
HUS1 nepudepUUecKux apTepuii U am-
TUIUTYa OTPAaXEHHOM ITyJIbCOBOW BOJI-
Hbl BO3pacTaeT, YTO NPUBOLUT K
OOJIBLLIEMY PACTSDKEHHUIO aOPThI.

el ) )

AHeBpnama U 3akoH Jlamiaca

PocT aHeBpu3Mbl — 3TO MpOsIBiIE-
HMe 3akoHa Jlamnaca, ¢ppaHIIy3CKOro
acTpOHOMa Y MaTeMaTHKa, OTKpPbIB-
LIETO 3aBUCHMMOCTb MEXIY HarpsiKe-
IoaBamoiHbIE HueM 7, pacTITUBAIOUIMM CTEHKU

aprepun KPOBEHOCHOIO cocyna (OTHOLUEeHUE
CWJIbL K TLIOIIAAM MPOAOJLHOTO ceye-
HHSl CTEHOK cOcyna), €ro panuycom
R, naBneHuem BHYTPU cocyda p U
TOJILLIMHOM €ro CTeHOK /:

Puc. 10.5. MecTo BO3HMKHOBEHHsSI aHEB-
pU3Mbl a0pThbl (0003HAYEHO LUTPUXOBBLIMU

JIMHUAMMU) T = ‘DTR (10.12)

Yaue nonb3yloTcs Opyroid 3amuchlo 3akoHa Jlamnaca, B JieBOH 4acTu
KOTOpOU CTOUT Ipou3BedeHUe 7Th, YMCIEHHO paBHOE CHUJIe, pacTsSIrMBalo-
el CTEHKM cocyda U MPUIIOXEHHOMN K eAMHMIIE ero MIMHBL. B 3THX ciyya-
six, nonarast Th = T', uMeeM ciieaytolyto Gopmy 3anucu 3akoHa Jlannaca:

T'=pR. (10.13)

W3 3akona Jlamnaca (10.12) cienyeT, 4TO MpU YBEJWUYEHUU p MOSXKHO
YBEJIMYUBATBLCS U T, UTO MPUBOIMUT K PACTSDKEHUIO CTEHOK COCY[a U YBEJIU-
yeHuo ux paguyca R. Ho Tak Kak o6beM CTEHOK aoOpTbl MOXHO CUMTATh
MOCTOSIHHBIM, TO YBeJMYEHHE paguyca aopThl IOXKHO COMPOBOXIATHCS

YTOHYEHHUEM €€ CTCHOK. HO3TOMy IIpHu YBEJIMYEHHUHU p OTHOLIEHUE Z TOXE

JIOJDKHO YBEJMYMTBCS, 4YTO MpUBENeT K elle OosblueMy yBeauueHuwo 7,
u 1.1 Takum o6pa3oM, J1000€ IOBBILIEHHE apTEPHUAbHOTO HaBJIEHUS,
Ka3aJloch Obl, JOJLDKHO BbI3bIBaTh pa3pbiB aHEeBpPM3Mbl. I[louemy ke Ha ca-
MOM JieJie 3TO MPOUCXOIUT B OYEHb PEAKMX Cydasix M, Kak MpaBUIO, TOJIb-
KO B IOXMJIOM Bo3pacTte?
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BJIaCTl/lH, KOoJljlaréH 1 aHeBpHUu3Ma

[IprurHa BO3HMKHOBEHUSI aHEBPU3Mbl — HE TOJIbKO BO3pOCILAs aMTLIN-
Tyda apTepyuaibHOTO NaBAEHUS, HO U U3MEHEHWE MEeXaHUYECKHUX CBOICTB ap-
TEPUATbHBIX CTEHOK. Y 4YeJoBeKa BHYTPEHHMI AUaMeTp aopThl OKOJO 2,5 cM,
a TOJLMHA CTeHOK 2 MM. CTEHKM aopThl COCTOSIT U3 KJIETOK, COAepXKallMUX
JIBA OCHOBHbIX TUMA YIPYTUX MaTepUaJIOB — 3JACTMH M KOJIJIAreH.

B HepacTsiHyTbIX CTEHKax cocyla KoJlJlareHOBble BOJIOKHA 10 KOHLa He
pacnpsiMiaeHbl. [1oaToMy npu MasibiX neopMalUsIX YIIPYTOCTb CTEHOK aop-
Thl OMNpenessieT JEerko pacTsKUMBbIN amacTuH. [1pu 6onbinux nedopmaniusax
MeXaHUYeCKUE CBOMCTBA CTEHOK aoOpThl OINpeNe/sieT KOJUIareH, KOTOPbIi
o6nanaeT ropasno OoJibllIed XXECTKOCTbIO, YeM anacTuH. [loatomy mist Mo-
JIONBIX JIIOAEH 3aBUCUMOCTb pafiyca aopThl OT HampsikeHus 1, pacTaru-
BalOUIETO €€ CTeHKM, MOXET ObITh almnpoKCMMMUpOBaHa IBYMSI OTpe3KaMu
CIUTOIIHBIX JuHui (puc. 10.6). B moxunoM Bo3pacTe CBOMCTBa KOJUIareHa
U3MEHSIOTCsI, OH CTAaHOBUTCSI MeHee XKEeCTKMM, a CTEHKHM aopThl — JIETKO-
pPaCTSDKMMBIMU (IITPUXOBAsl JMHMS Ha pucyHke 10.6).

3Hasi ynpyrue xapakTepuCTUKU CTEHOK aopThl U 3aKOH Jlarutaca, MOXHO
HalTH M3MEHEeHMe padguyca cocyna MpU WU3MEHEHMHU IaBJieHUS KPOBU B
HeM. Tak Kak 3HayeHue p NOJKHO COOTBETCTBOBAaTb ypaBHeHHIO Jlaraca
(10.13) u ynpyrocTv CTEHOK aopThl, TO MpPU KaXKIOM 3HAYEHHHU p MOXKHO
MOJYYUTh COOTBETCTBYIOIIEE 3HaUeHUe R, ec/iu HAalTU OpAMHATY TOYKHU IIe-
pecedyeHus CIUIOLIHOM (MJIM LUTPUXOBOM JMHMHU (CM. puc. 10.6) co wTpuxo-
BOW MpPSIMOM.

Ilpu yBenWuYeHUM p HAKJIOH LUTPUXOBOM TMpPsSIMOM, OMMUCHIBAIOLIEH 3a-
KoH Jlannaca, ymeHbllaeTcsl M NMpUOAMXKAETCs K HAKJIOHY KOJIJ1areHOBOIO
yyacTKa CIUIOINHOM JuHMU. Korma OHM CTaHOBSITCSI pPaBHbIMM, TOuYKa
repeceyeHust MPSIMbIX OTCYTCTBYET, YTO COOTBETCTBYET JIaBUHOOOpa3HO-
MY YBEJHWUYEHHWIO R U pa3pbiBy aHEBPU3Mbl. Y MOJIOABIX JIOAEN TaKOW Ha-
KJIOH IUTPUXOBOM IIpsIMOM MOXeT ObiTh Tpu naBieHuu oxoJio 130 kIla
(1000 MM pT. cT.), KOTOpoe B 6—8 pa3 mnpeBbILIAET UX NEHCTBUTESIbHOE
apTepuanbHOe AaBjeHue. Y MOXUIbIX JIoAei XeCTKOCTh CTEHOK aOpThl MO-
XEeT YMEHbIIAThCS IOYTH B 5 pa3, a apTepualibHOE NaBjieHUe YBEIUUMBATh-
ca 0o 26 kIla (200 MM pT. CT.), 4TO esiaeT BOSHUKHOBEHHE U pa3pbiB aHEB-
pU3MBI OoJiee peabHbIM.

Puc. 10.6. 3aBuUCHMMOCTb paguyca aopThbl OT S
HanpsiXeHusl, pacTArMBalOLLEro ee CTeHKH, ’
IUISE MOJIOABIX (CIUIOLLIHASL JTUHHST) U TIOXU- ~
JbIX (wTpuxoBas nuHMs) moneit. Itpuxo- 7
Bble JIMHWUU — 3aKoH Jlaruiaca misi mMajoro Al
(p;) w Gonbluoro (p,) apTepUanIbHOIO [aB-

JIEHUS
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Kak 3alVIAAHYTDb B I‘JIY6b 3eMiin

(ceticMuYeckue BOJIHBI)

MpoLlecchl, HayaBuiMecsd oKojo 4,5 mipn jeT ToMmy Haszan. Kosoc-

callbHas 3HEprusl, 3aKlOYeHHasl B Helpax IUIaHEThl, MPOSIBJISIETCS B
U3BEPXKEHUSIX BYJIKAHOB M 3€MJIETPSICEHUSIX, CBSI3aHHBIX C TAK Ha3bIBa€MBbI-
MU TEKTOHMYECKUMHU ABIDKEHUSIMU — HETIPEPBLIBHBIM IEepeMeIleHueM 6J10-
KOB 36MHOM KOpbI (TEKTOHMYECKMUX IUIMT), HEeCyUIUX Ha cebe OKeaHbl U
KOHTMHEHTbI. JIBMXEHHE TEKTOHUYECKUX IUIMT OTHOCUTEIbHO HOPYT Ipyra
BBI3bIBAET 3EMJIETPSICEHNSI, KOTAA OO 3TOTO CXKATbIM MJIUM U30THYThI OTpOM-
Hblii MaccMB KaME€HHOW MOpOMAbl BAPYT pACIHPSMIISETCSI, COBEpILIas MpH
3ToM KoJjiebaHusi. KonebGaHus KaMeHHOIoO MaccHBa, HecyluMe B cebe
OrPOMHYIO 3HEPrulo, Nal0T HAYaJl0 CEMCMUYECKUM BOJIHAM, KOTOPBIE MOX-
HO 3apeTMCTPUPOBAaTh B 000N TOYKE IJIAaHETHI.

UToOBl mpencTtaBUTh cebe IHEPIUI0, OCBOOOXMAIONIYIOCS IPU OTHOM
3eMJIETPSICEHUU, CpPaBHUM €€ C DHeprueid BceX BUIOB, IOTpPebIIsieMON
JIONbMHU Ha MuiaHete B Teyenue roaa (4 - 102 Ix). Hanpumep, 3emierpsce-
Hue, npousolueniiee 26 nekadbps 2004 r. B MHaUiiCKOM OKeaHe OKOJIO Oe-
peroB MHOoOHE3uM M MMeBlIee MarHUTyny 9 OawioB 1o mikaie Puxrepa,
ObLIO SKBUBAJEHTHO MIHOBEHHOMY OCBOOOXIEeHMIO 3Hepruu 2 - 10'® JIx,
YTO MOYTU PABHO OBYXIHEBHOMY 3HEPIeTUUYECKOMY «PAallMOHY» BCEX JXMUTE-
Jieit 3emiu.

Kaxymanca He3bIOJIeMOit 3eMHasi TBEpIb CKPbIBAET 1101 CO00i1 OypHbIE
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Buapl ceiicMUY4E€CKHX BOJIH
U CNOCOObI UX PACNpPOCTPAHEHUA

CyllUecTBYIOT HECKOJIBKO TUIIOB CEMCMUUYECKUX BOJIH, Pa3inyalolliMXCst
no BuUay JedopMallMM Cpedbl, CONPOBOXIAWOIIEH MX pacrpocTpaHeHMeE.
B TBepmoi#i cpeme MOryT paclnpOCTPaHSThCSl BOJIHbI TPEX TUIOB: COOTBET-
CTBYIOLLIME MU3MEHEHUIO OObeMa 3JIeMEHTa Cpelbl, U3MEHEHUIO ero (OpPMbI
1 noBepxHOCTHBIE (puc. 11.1). BonHbl nepBoro turna — P-BOJHbI (OT aHII.
primary — nepBUYHbII) Ha3bIBAIOT IMPOJOJILHBIMM WM BOJHAMU CXKATUSA U
pacTskeHus. [1pu 3emileTpsiICEHMM OHM IMPUXOISAT MepPBbIMU, TaK KakK pac-
IPOCTPAHSAIOTCS C OTPOMHOI CKOPOCThIO — OKOJI0 6,5 KM/c. BosiHBI BTOpO-
ro tumna — S-BojiHbI (OT aHrjJ. secondary — BTOPUYHBINA), pacnpocTpaHe-
HHE KOTOpPBIX CBSI3aHO C U3MeHeHHeM (DOPMBI JIEMEHTA Cpelbl, Ha3blBaIOT
rnonepedHbIMU. CKOPOCTh pPaCIpOCTPaHEHUs] S-BOJH COCTaB/SIET OKOJO
4,5 KM/C, MO3TOMYy S-BOJIHBI BCeErga INpUXOIAT mocje P-BonH. OOBIYHO
ckopocTh S-BosH coctaBisieT 70% OT ckopoct P-BojiH. B XumxocTsx
S-BOJIHBI pacnpoCTpaHATBCS HE MOTYT, TaK KakK ymnpyroi nedopmauuu,
CIOBUTaOLIEN OOUH CJIOM XHIKOCTU OTHOCUTENBHO IPYroro, TaM OBITb He
MOXET — CJIOU TIIPOCTO «IOTEKYT».

ITo nmoBepxHOCTU 3eMJIM, a TaKXe BIOJb IOBEPXHOCTEN pasnesa cpeld
BHYTPM ILJIaHEThl MOTCYT pACIpOCTPAHSATBCS TaK Ha3blBaéMble MOBEPX-
HOCTHBIE€ BOJIHBI, OYEHb IOX0XHE Ha OObIYHBIE BOJIHBI HAa MOBEPXHOCTHU
Boabl. CKOPOCTb paclpOCTpaHEHUsI MOBEPXHOCTHBIX BOJIH camMasi MajleHb-
Kas (MeHblue 4 KM/C) cpelM ceicCMUYEeCKHUX BOJIH, U MO3TOMY OHU BCE-
rja IpUXOOSIT MOCJeIHMMHM, HO 3aTO MX aMIUIMTyna camas OoJibluasi
(puc. 11.2).

AMIUINTYIa CEIICMUYECKUX BOJIH MOCTENEHHO YMEHBIUAETCS MpPH yaase-
HUM OT 3MULEHTpa 3emiieTpsiceHusi. Hanpumep, 3emierpsiceHue B Kanu-
dopHum (6,7 G6anna), npousolueninee B 1994 r., BbI3BajIo KoJjebaHUS MOY-
BBl C aMIUIMTYI0M okono 1 MM B r. Anbbykepke (CILA, 10°, uau 1110 km,
OT SMMUEHTPA), a MOYTH 4Yepe3 7 MUH CeHCMUYECKHE BOJHbI AOLLIU 10

a) P-BoJTHA

e

Puc. 11.1. PacnpocTtpaHeHue BOJIH
pa3Horo Tumna (B HanpaBJieHUH, MOKa-
3aHHOM CTpE€JKaMHU BHU3Y) B LJIMHHOM
CTEpXHE TNpPSIMOYTOJIbHOrO  CEYEHMS:
a) P-BonHa (1 — mecrta cKaTus,
2 — MecTa pacTsiXeHus); 6) S-BojHa
(3 — aMruiMtyna BOJIHbI, 4 — LIMHA
BOJIHbI); ) TMOBEPXHOCTHAasl BOJIHA
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Puc. 11.2. 3apeructprpoBaHHas

P B DuHIgHIMKM ceiicMorpaM-
§ 2001 J Ma 3eMJIETPSICEHUS] MAarHUTYy-
® = moit 7,1 6anna no wkane Pux-
E = J“' “ . Tepa, npousowenuero B 1989 r
o & | A e JUIm B KanudopHuu. MoMeHTbI
=) b At ,:‘.A_,WM, i f m iy
g % 0 WW‘VW”U!M : \f\ el M'M“‘ npuxoia BOJH OOGO3HAYEHBI
S °§ I 1 H cTpenkaMd. MecTto perucrtpa-
o m—200‘ p S UMM  OTCTOUT OT OIIMIEH-
QE_) Tpa 3emJeTpsiceHUMss Ha 71°
® ) - — (no nyre ©OOJBIIOTO Kpyra,
1000 2000 3000 1°=111 kmM). OTpe3koM Xup-
B HOW TIpSIMOM BbIOEJIEHbl MO-
pems (c) BEPXHOCTHbIE BOJIHBI, HMEIO-
LHe OFPOMHYIO0 aMILTUTYILY
—_
P bt
; . Ucnaxus
8T 500f
oA
58 o «
5 = X FYAJIb6yIcepR, CIIA Puc. 11.3. CeitcMorpaMMbi 3eM-
= ’g [ netpsiceHuss B KanudopHun B
© & "500: 1994 r.: HuXHsIA KpuBasl 3ape-
QE) TMCTPUPOBAHA Ha DPAaCCTOSTHUM
® 1110 KM OT 3MMLEHTpa; BEPX-

10‘00 20100 ’ 3IO|00 40}00 HsIsT KpWBasi 3aperucTprpoBaHa
B Mcnauuu. Ha obeux ceiic-

MOrpaMMax OTMEYEHBI MOMEH-
Thl Tpuxona P-BOJH

Bpewms (c)

Ucnanuu, orcrosiieli ot anuiieHTpa Ha 85°, e X aMILUIMTYIa KoyjebaHui
coctraBuiia Tobko 50 MxM (puc. 11.3).

Kak onpeaejAanT MeEeCTo,
rae nmpom3oujio 3eMJjerpsaceHue

Ilo ceiicMorpaMMe MOKXHO OIIPeNeNuTh, Ha KaKOM pacCTOSHUU OT
SMULEHTPAa OHA 3aperucTpupoBaHa. JlJisi 3TOro Hamo HU3MEPUTb MHTEpPBas
MEeXIy MpUXoaoM P- v S-BOJIH, a OTOM PELIUTh IPOCTYIO 3a7a4dy IO KU-
HEMaTUKe: ABa Teja U3 OMHOH TOYKM OTHOBPEMEHHO HAYMHAIOT ITPSIMOJIM-
HEMHOE U PABHOMEPHOE IBUXEHUE B ONHOM HAIIPABJIECHUM C Pa3HBIMU CKO-
poctsimu — v (P-BosnHa) u 0,7v (S-BosHA). Jlasee U3BECTHO, UTO B ropond NV
ObicTpoe Teso (P-BojiHa) MpUOBLUIO HA f ¢ paHblle, yeM MemieHHoe. Ha xa-
KOM pacCTOSIHUM L OT Hayajla OBUKEHHUS Haxomutcsl ropon N? JIerko mo-

Ka3aTh, 4yTo L = svt.
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Puc. 11.4. MeTton JnokaiuM3alud MecTa
3eMJIeTpsiceHUsI. TpeMsi TouKaMu OTMeue-
HO IOJIOXXEHUE CEeUCMHUUYECKUX CTAHLIM B
CHIA, bpaswiuu u HcnaHuu, a MecTo
TepeceyeHus OKPYXHOCTe C paaunyca-
MU, pPaBHBIMH PACCTOSIHUSIM OO SIMUIEH-
Tpa, OIpeoeNsieT €ero KOOpOWHATHl Ha
KapTe TIe-TO B CepenrHe ATJIAHTUYECKOTO
oKeaHa

ITocMoTpuM Ha puUCYHOK 11.2, Tme mokas3aHa cericMOrpamMMa, B KOTOpPO
uHTEpBa) Mexny P- u S-BomHamu cocrtaBimsieT 520 c. Iloxcraeiss
v=6,5 kM/c, monydyaeM L =7900 kM, 4yTO NEHCTBUTEIbHO PAaBHO pacCTOs-
Huo Mmexny KanudopHueit, roe npousounio 3emierpsiceHue, v OUHISH-
IMel, TIe OHO ObIJIO 3aperuCTpUpPOBAHO.

OnHako onpenelnTh pacCTOsTHUE L M0 SMUIIEHTPa HEIOCTATOYHO IJIA
ero JIOKaau3auuu. MOXHO JMIIb CKa3aTh, YTO 3MULEHTD 3eMJIETPSACEHUSA
HaXOIUTCH Iie-TO Ha OKPYXXKHOCTU paguycoM L ¢ LEHTPOM B TOYKE PETUCT-
paluy Haiueit ceicMorpamMmbl. Ho eciiv MOMEHT 3eMJIETPSICEHUS 3aperucT-
PUPYIOT IO KpailHell Mepe ellle IBe CeCMUYECKMEe CTAHUMU U B KaXIO U3
HUX W3MEPAT COOTBETCTBYIOLIME PACCTOSIHUS OO €ro SMULEHTpa, TO TPpHU
OKPYXHOCTH, IPOBEIEHHbIE M3 MeCT Ha reorpadudeckoil Kaprte, Ine Be-
JIMCh HaOMIOAEHUSI, IEPECEKYTCSI B OJHOUW TOUKEe — SMULIEHTPE 3eMIIETPSICE-
Hus (puc. 11.4).
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Kak miaBaTtph 1o 3aKkoHaMm (1)143141(1/1

OXHWOaTh IBa BapuaHTa OTBeTa. B mepBoM ciydae 4yeloOBeK HAYHET

OOBSICHATD, KAKMM CTUJIEM U KaK OBICTPO MPEO0JIeBAaET BOIHBIE Ipe-
rpanel. Bo BTOpoM — CKaXxeT, 4YTO CaauTCs B JIOAKY, KaTep WJIM Ha KOpabib.
Bpsin 11 cpenu ompalliMBaeMbIX HailAeTCs 4eoBeK, KOTOPBIH ITOC/IE BO-
Mpoca CTaHeT OOBSICHATb (PU3NUECKUE OCHOBBI CITOCOOHOCTU IePXKAThCsl Ha
BOJE WIMA BBIYMCJSATH KOI(POULUMEHT MOJIE3HOro AEHCTBUSI IpeOlIOB B JIOM-
ke. ITompoOyeM chirpaTh posib TAKOro YejioBeKa — TEOPETHKa IUIaBaHUS U
OTBETUTh Ha HECKOJIbKO BOIPOCOB, Kacalouuxcs (GU3nyecKoi Teopuu Ijia-
BaHMUSI.

ECJ’II/I CIIPOCHUTDL 4YE€JIOBEKA, KaK OH IuiaBac€T, TO, [10-BUAUMOMY, CIEOYET

ITouemy MBI Cpa3y He TOHEM

YMelonux Xopollo IuiaBaTh Takas dopma Bompoca ooumut. OmHAKO
YCTAHOBJIEHO, YTO YEJOBEK, OCTABUIMICS OAWMH HAa ONMH C BOAHOM CTUXME
JaJeko OT Gepera, paHO WJIM MO3IHO BCe PaBHO YTOHET. OOBSICHSIOT 3TO
TE€M, YTO Y HECYACTHOTO KOHYAIOTCS CWIBI M OH HEPECTAET BBIMOJHATD I1a-
BaTeJbHbIE MIBUXXEHUS, 32 CUET KOTOPBIX JEPXKUTCS HA MOBEPXHOCTH BOBI.

Kak 3To HM 0OMIHO, HO Jaxe caMble YMHbIE U3 Hac ImpuMepHo Ha 70%
COCTOSIT U3 OOBIYHOM BOIBI. I103TOMYy OBITYIOLIEE B HApOAE MHEHME, YTO
€CJIM YeJIOBEKA CUJIbHO YIAPUTh, TO OT HETO OJHO MOKpPOE MECTO OCTaHET-
csl, UMeeT IoJ coboil BNoJHEe HayuyHylo ocHOBY. TabGauua 12.1 nmoka3bIBaerT,
M3 Yero Mbl COCTOMM U KaKOBa IJIOTHOCTb 3TUX COCTABJISTIOIIMX OpPraHM3Ma.
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ITlnoTHOCTHL Pa3/IMYHBIX TKaHeil YyeoBeKa
Tabauya 12.1

OTHOLIIEHUE MacChl TKaHU [110THOCTh TKaHH,
K Macce Tena, % 1000 xr/m3
MbIuUiLBI 43 1,04
Kup 14 0,92
Koctu 10 1,90
Kposb 8 1,04

Boénbiyto yacTh Tejia 4esioBeKa COCTABISIOT MBIIIIIBL. Tak KakK MX IUIOT-
HOCTb 0OJibllie, YeM IUIOTHOCTb BOIbI, TO MPU IJIABAHWU OHU IOJDKHBI Tsi-
HyTb Ha nHO. Elle Gosblie, KaK ciaemyeT u3 Tabauibl 12.1, TAHYT Ha OHO
kocTtu. KaxeTrcs, UTO TONbKO XUpOBas MPOCIOMKa MOXET CITaCTH OT OBICT-
poit rubenu. OQHAaKO 3TO HE COBCEM BEPHO.

BHyTpM Kaxgoro uyenoBeKa €CThb BO3MYLIHBINA MelioK — jerkue. Oobem
BO3MyXa B JIETKMX Y€JIOBEKAa MOXET U3MEHSATbCS OT 1 J1 mpHu Iri1yOOKOM BBI-
Joxe 1o 6 J1 IIpu I1y0oKoM Baoxe. Tak Kak IUTOTHOCTh BO3IyXa NpUOIN3HU-
TenbHO B 800 pa3 MeHblIe, 4YeM IUIOTHOCTb BOIBI, TO KaXXIbIi JTUTP BO3OyXa
B JIETKHX ITO 3aKOHY ApxuMea Co3IaeT MoabeMHyto cuity okoio 9,8 H. Co-
OTBETCTBEHHO IUIOTHOCTD TeJia uesoBeKa p, usmeHsiercs: ot 940—990 kr/m?
npu nojsHoM Broxe 10 1010—1070 xr/m> mpu MOJHOM BBHITOXE.

I'onoBa — BCceMy moMexa

OuleHMBas IUIaBy4eCTh YeJOBeKa, HEOOXOAMMO YYUTHIBATh, YTO rOJIOBA
YyeJloBeKa, OOBEM KOTOPOW COCTaBJIsSIET OKoJo 7% obGwmeMma Teja, Bcerna
JMOJDKHA HaXOMUThCS Hal MOBEPXHOCThIO BoAbl. IIyCcTh uesioBeK B BOIE 3a-
HUMaeT BEPTUKaJIbHOE MOoJIoXKeHMe. JIerko mokasaTb, YTO B TAKOM CJy4yae
OymeT cripaBemiiBa cieayloias ¢GopMysia Il OTHOILIEHMS aOCOMIOTHBIX
3HaYEHUI apX¥MenoBOW Cuibl F, M CWIbl TSXeCTU F, NEACTBYIOLIMX Ha
YeJIOBEKa B BOJE:

Fy
F.

T

=0,93g—", (12.1)

Iae p, U p, — IVIOTHOCTb BOIABI U YEJIOBEKA COOTBETCTBEHHO.

M3 dpopmyisl (12.1) cienyeT, 4To maxe Mpy camMOM ITTyOOKOM BIOXE ap-
XMMEIOBOM CWJIbI HE XBAaTUT IJIS TIOJHOW KOMIIEHCALIMU CUJIbI TSXKECTU
IUTIBIBYLIIETO YesoBeka. Ho maxe ecnu Obl apxuMmenoBa cwia ObUla paBHa Be-
Cy 4YeJioBeKa, OH He CMOT Obl HETIOABIDKHO JIeXXaTh B BOAE, HAXOMsCh B TO-
PUM30HTAIBHOM TOJIOXEHUM, KaK 3TO M300pakeHo Ha pucyHKe 12.1. JTto
BBI3BAHO TE€M, YTO apxXvMeNoBa cwia F, U cuja TKECTU F, MPUTOXKEHBI K
pa3HbIM ToukaMm Tena. Cwia F, TIPUJIOXEHAa B LUEHTPE MAacC BHITECHEHHOM
TEJIOM XUJIKOCTH (Touka A Ha pucyHke 12.1), a ToukKa MPUIOXEHUST CHUJIbI
F. aBisieTcss UEHTPOM Macc Tejla M paclosloXeHa 4yTb Hixe (Todka G Ha
pucyHke 12.1), KkoTopas M3-3a HaJIUYMs BO3MyXa B JIETKUMX HaXOAUTCSI BCE-
r1a Jajibliie OT TOJIOBbI, 4eM Touka 4. B pesynbrare cuibl £, u F, o6pa3yror
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Puc. 12.1. W3MeHeHHe TMOJOXEHUs1 Tela M3
rOpU30HTANILHOTO (@) B BEepPTUKaJIbHOE (6) Mo
NEACTBUEM CHJIbI TAXECTH F, M apXxMMenoBOM
cuibl £y

M

napy Cuj, Koropas Bpallac€T TCJIO B BCpTHKaJIbHOVI TUIOCKOCTH, ITOKa OHO
HE€ NPUMET BEPTUKAJIBHOEC ITOJIOKCHUE.

Jlerko M IUIbITH B BE€PTUKAJIBHOM IOJJI02KCHHUH

HTak, eciM cyuTaTh, UTO B TeJie YeJIOBEKa JOCTATOYHO XUpa U BO3AyXa,
YTOOBl Cpa3y He YTOHYTh, TO MOXHO YTBEpXIaTh, UTO BCKOpE IOCJIE TOTO,
Kak 4eJioBeka OpOCST B BOAY, OH IPUMET BepTUKaJbHOE mojioxeHue. On-
HaKo IJIbITh BIEpEL, HAaXOAsCh B BEPTUKAILHOM ITOJIOXKEHUM, OUYeHb TPYI-
HO — MelllaeT OTPOMHOE COIMPOTUBJIEHHE XUIKOCTH, KOTOPOE IPOMOpPLIMO-
HaJIbHO TUIOWAOM TIOTIEpeYHOro ceyeHus. MHTepecHO, 4YTO OOHUM U3
TpeGOBaHUI, MpPedbsBISEMbIX K IUJIOBLAM II€pBOro paspsiia Ha ¢JjoTe B
uapckoit Poccum, 6bl10 yMeHHE MPOIMIbITh BEPTUKAIBHO 0€3 MOMOIIU PYyK
20 caxeneii (1 mMopckasa caxeHb = 1,83 M). OlieHKa IMOKa3bIBaeT, YTO ILIO-
manb IOIMEepPeYyHOro CeyeHWs Tejla 4eJoBeKa Ha YpPOBHE IIosica IOYTH B
10 pa3 MeHbIlie, 4YeM BIOJIb €ro Mo3BOoHOYHMKA. [loaTOMy, nepen TeM Kak
MJIBITh, JYYIllE BCE-TAKU NPUHSATh TOPU3OHTAJIbHOE IMoJioxXeHue. OObIYHO
3TO HeNaloT, MPOCTO 00JITasi HOraMU.

Yro Meniaer 00JITATH HOramMu

Haitnem cuny F, IeMCTBYIOLIYIO Ha TeJO MPU €ro ABMXEHUM B BOIE CO
cKOpoCThbio v. Cujia CONPOTUBIIEHUS] XUIKOCTH WJIM ra3a IBMXEHMIO 3aBHU-
CHUT OT CKOpOCTU. IIpy Majibix v TMOYUTH BCE YACTHUILIbI XMAKOCTU WM ras3a
nepen OBMKYIIMMCS Ha HHUX TEJOM MMEIOT JOCTATOYHO BpPEMEHU, UTOOBI
OTOWTH B CTOPOHY, HE IIPUOOpETas MPU 3TOM UMITYJIbCa B HAIPaBJIEHUU V.
IIpy Takoil Manoil CKOPOCTH TOJBKO T€ YACTHUIIbI, KOTOPhIE KOCHYJINUCH Te-
Jla, OOpPETAIOT €ro CKOPOCTh. DTU CABUHYTHIE C MECTA YACTHULIbI, IBUTasCh
BMECTE C TeJIOM, OYOyT, B CBOIO OYepelb, YBJIE€KaTb OU€Hb TOHKUM CJIOW
SKHUIKOCTH, C KOTOPBHIM OHHM TECHO CBA3aHBI. UeM Kperdye CBSI3aHbl MEXIY
co00ii CJIOM XMIOKOCTH, WIKU 4YeM OoJibllie ee B3KOCThb, TeM OOJblIe Cuia
CONpPOTUBJIEHUSI, NEHCTBYIOIIAs Ha TeJlo. B 3TOM ciIydae cuia CONpOTHUBIIE-
HUsI TPSIMO IPOMOPLMOHANIbHA CKOPOCTH U, CpPeoHEMY pa3Mepy Tesla B
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MJIOCKOCTH, MEPNEeHAUKYISIPHON U, M BA3KOCTH XUAKOCTU. TouHyio dop-
MYJ1y IUISl CUJIbI COMPOTUBIIEHUSI TPU MAJBIX U MOXHO TOJYYUTh, HAlpU-
Mep, MJis Tena, uMmelollero ¢opmy mapa. 9ra dopMyna, IMOJAydMBLIAsd Ha-
3BaHue GopMysibl CTOKCa, UMEET BUI:

F=3mDuv, (12.2)

rae D — nuameTp 1mapa, a 1| — Ko3(hGULUKUEHT BA3KOCTH, PABHBIN WIS BOIBI
0,001 Ila - c. Takum 006pa3oM, €CIINU CKOPOCTh IBUXXEHUS Tejla HEBEJIUKA, TO
Ha Hero OyneT NeicTBOBaTh CUJA, MPSIMO MPOMOPLUOHAIbLHAS CKOPOCTHU U
HarnpasjeHHasl TPOTHUBOIOJOXHO.

[TycTh Tenepb CKOpPOCTh Tejia YBEJIMYMIACh, M YACTULbI XUIKOCTH, Ha-
XOISIIMECS Ha ero MmyTH, YK€ He YCIeBalOT OTXOAUTb B CTOPOHY U YBJIEKa-
10TCs BIieped. B 3ToM cilydae 3a ¢ ¢ TeJO yCIleeT HATOJIKHYThCS Ha Maccy
>KMIOKOCTH, PaBHYIO ULSP, The S — IIolans MoMepeyHoro cedyeHus Tejia B
HamnpaBleHUU, MEPNEeHAUKYISIPHOM v. Bcell 3Toi Macce >XKMIKOCTH TEJO
COODIINUT CKOPOCTh U U UMITyNbC U*£Sp. TToatoMy cuity conpotusieHus F),
JIEHCTBYIOIIYI0O Ha TE€JIO CO CTOPOHBI XMAKOCTU IMPU OOJBIIMX CKOPOCTSIX,
KOTOPYIO 4acTO HAa3bIBAIOT CUJION JIOOOBOTO COIPOTUBJIEHMS, MOXHO BBbI-
YUCIUTh MO Clieaylolleit hopmyJie:

F,=v’Sp. (12.3)

KoHeyHO, ¥ mpy OOJBIIKUX CKOPOCTSIX HEKOTOpasl 4YacTh CHJILI COIIPO-
TUBJIEHUSI 3aBUCUT OT BS3KOCTU, U €€ MOXHO BBIYMCIUTH, UCIIOJIbL3YSI BbI-
paxenue (12.2). YTo6bl OLIEHUTh, KaK C YBEJIMYEHUEM CKOPOCTH Tejla H3-
MEHSETCS BIMAHUE BA3KMX CUJI CONPOTUBIIEHMS, HallleM OTHolleHue F| K
F nna mapa quamerpoM D, UCIIOIB3ysl BhipaxeHus (12.2) u (12.3):

F, 1 Dvp

F-12 (12.4)

Duv, . .
BripaxeHue —n—p, sIBJIsItOLIEeCs] Oe3pa3MepHON BEJIMYMHON, Ha3bIBaeTCs

yucioM PeitHonbaca Re. M3 dopmynsr (12.4) cnenyer, yto mpu Re > 100
BSI3KOCTBIO CpPEIbl MOXHO MpeHeOpeub, a CUJIY COIMMPOTUBIEHUS BBIYMCIISITh
no opmysie (12.3). Haobopot, npu Maibix unciax PeitHonbaca (Re << 1)
CNIEAyeT YYUTHIBATh TOJIBKO BSI3KOCTh XXKMIKOCTH, a BEIYMCIIEHHE CHUJIBI IIPO-
BOIUTH T10 popmyie (12.2).

Pycanka ¢ jacrom u uucjio Peiinoabaca

ITociie Takoro oTCTyIUIEHUSI B 00JIaCTh THIPOIUHAMMKY BEpHEMCS K 3aia-
4Ye 0 TOM, KaKuM 00Opa3oM HyXXHO OOJITaTh HOTaMU, YTOOBI TIEPEeBECTH HaIlle
TEeJI0 U3 BEPTUKAIBHOIO MOJIOXEHUSI B TOPU3OHTaIbHOE. YTOOBI YIIPOCTUTD 3a-
nady, OymeM CUMTaTh, YTO Mbl MCIIOJIB3YEM IS 3TOTO OOWH OOJBIIOM JIacT,
HaJeThblii Ha 06e HOTH, TOJOOHO XBOCTY pyCaIKU. Teo pycaiky 3aMeHUM I10-
JTy3aTOIUIEHHBIM TIOJIEHOM, K HIDKHEMY KOHILy KOTOPOIrO IIPMKPEIUIEH ITOd-
BIDKHbIM JIACT IUIOLLAIbIO TTOBEPXHOCTH .S, CIIOCOOHBIN ABUTATHCS B TOPM30H-
TaJlbHOM HampapiaeHuu (puc. 12.2, a). YToObl HE YYUTBHIBaThb IepeMeIlleHUM
CYMMAapHOIO LIEHTpa MacC NPy U3MEHEHUM ITOJI0XXEHUS JlacTa OTHOCUTEIHHO
rnojieHa, OyIeM CUMTaTh, YTO JiacT He nehOopMUpYeTCsl TIPU IBVDKEHUU U €ro
Macca IpeHeOpeXxXxrMo Majia Mo CPaBHEHUIO ¢ Maccoil moJieHa.
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g ; Puc. 12.2. Mopnens pycanku (a),
m NnpiTalolERcs MepenTH M3 BeEp-
o TUKJIBHOTO TOJIOXEHUSI B TOPU-
v @ : 30HTAJIbHOE, [BUTas JIaCTOM;
e rpaduKd HM3MEHEHHUSI CKOPOCTU
1
5 Jacta v OT BPEMEHHU MpU CHUM-

METPUYHOM (6) U HECUMMETPUY-
HOM (8) OBUXEHHUSAX

ITycTh yacToTa OBMDKEHHS BJIEBO M BIIpaBO jacToM cocTapiseT 1 I,
pa3Max aBkeHui 0,25 M, Torma cpegHUN MOMY/b CKOPOCTH IBUXXEHUs Oy-
et paBeH 0,5 m/c. Cunrasi, 4To pa3mep Jacta okojio 0,2 M, a BI3KOCTb BO-
b1 0,001 Ia - ¢, moaygaeM Re = 100 000. Takum 06pa3oM, Npu IBUKEHUU
JIACTOM BSI3KMMM CHJIAMM MOXHO IIpeHeOpedb, a CHIIY COIPOTUBIIEHUS Ha-
IO BBIYUCIISITh, UCIIONB3YA dopMyiry (12.3).

CHMMETPMYHO WJIH HET

ITycTh rpadMK M3MEHEHMSI CKOPOCTH JIaCTa CHAyaja BBINISUIUT CHMMET-
PUYHO, T.€. WHTEpBaJbl IBYDKEHMS JIACTOM BJIEBO M BIPAaBO OIMHAKOBBI
(puc. 12.2, 6). B aTOoM CiIy4yae M cwia CONPOTUBJIEHUSI BOAbI, U €€ CPeIHUI
WMITYJIBC TIPY IBYDKEHUHU BJIEBO U BIIPABO TOXE OyOyT OOMHAKOBHIMM, a 3Ha-
YUT, TEJIO PYCAJKM TaK U OCTAHETCS] B BEPTUKAIBHOM ITOJIOXEHUM.

[TonnpoGyeM Temnepb ABUIaTh JIACT BJIEBO C OOJbIIENH CKOPOCTBIO U, YEM
BIIPABO CO CKOPOCTBIO U, (pHUC. 12.2, 6). Tak Kak pacCTOsIHUs, IPOXOAUMBIE
JIACTOM TIpU [OBMXXEHUSIX BJIEBO M BIIPABO, NOJ/DKHBI OBITh pPaBHBI, TO
U\f, =Uyt,, TOE 1, U I, — BPeMsI IBMXXEHMS JIacTa BJIE€BO U BIIPAaBO COOTBET-
cTBeHHO. [IpM TakuMX HECUMMETPUYHBIX IBUKEHMSX JlacTa CpeOHssl cuia
F,,, nedcTBylolas Ha pycajKy M HalpaB/ieHHasi BIPaBo, OyIeT paBHa

t, t,— 1,

e 2
® =5 hT T, v1Sp,. (12.5)

Takum o6pa30M, J11o0bIe ITIOBTOPAIOUINECA HECUMMETPHUYHBIC NBUKCHUSA
JJaCTaMU IIPpUBEAYT K TOMY, YTO MBI IPUMEM TOPU3OHTAJIbBHOE IMOJIOXKEHUE U
ITOIJIBIBEM.

A ecsM Mbl OKa3aJMch B 00YKe ¢ MeIOM

Bsskocts Mena B 10 000 pa3 Gosnblile, yeM BI3KOCTh Boabl. [1oaToMy nBU-
raTh JJaCTaMU, HaxoOsIiCh B OOYKe C MeIOM, OYeHb TpyAHO. [laxe eciu mpen-
ITOJIOKHThb, YTO CKOPOCTb ABMXKEHMII B TAKHX YCJIOBUSIX YMEHBILUMTCS TOJILKO
B 10 pa3 (c 0,5 mo 0,05 M/c), TO OTHOIIIEHHE CHJIBI IOOOBOTO COIIPOTUBIIEHUS
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K BSI3KOM cuJiie, BblUMCIEHHoe no ¢opmyne (12.4), cocraBut Mmenee 1/10.
OTO 3HAYMUT, YTO OCHOBHBIMU CUJIAMMU, NEUCTBYIOLUMMU TPU IBUXEHUU Jlac-
Ta B Mele, ABJISAIOTCS CWIbl BI3KOCTU. [lonpobyeM Temephb MOAYYUTh Bbipa-
xeHue wist F,, aHanmornyHoe dopmyse (12.5), ucnonnsys dopmyry (12.2)
IUIsl HECUMMETPUYHBIX ABWKeHUM. Tlpu mobbix v, #, ¥ v,, 1,, 151 KOTOPBIX
CIIPaBEIJIMBO PABEHCTBO U\t = U,f,, 3a LMKJI CPEAHSS CUa, AEHUCTBYIOLIAs Ha
Jlact, OyneT paBHA HYJI0. A 3TO 3HAYUT, YTO B OUYE€Hb BSI3KOM XUIKOCTH, IIe
yucio Re << 1, mnaBath Hago He Tak, Kak B BOAeE, a MO-OPYTroOMY.

boabmiue TPYAHOCTHU MAJIbIX CYLIIECTB

Kax cnenyetr u3 ¢opmynsl (12.4), oueHb Majble CyLIECTBa, IIaBasl B BO-
[Ie, MOI'YT CTaJIKUBAaTbCsl C TAKUMU XK€ TPYAHOCTSIMU, YTO U MBI B BOOOpa-
’KaeMOM MenoBOM o3epe. M3BecTHO, 4TO GakTepuu, pa3Mep KOTOPBIX CO-
CTaBJIsIeT OKOJIO | MKM, MuaBaloT B Bone co ckopocthio 0,1 Mm/c. Yucio
PeliHonbaca sl ABMXKEHUN Takux GakTtepuit 61u3ko K 107, mostomy npu
UX TUIaBaHUHM AEWCTBYIOT TOJBKO CHMJBI BSI3KOro TpeHusi. Kakum xe oGpa-
30M OakTepuu OBUTalOT CBOMMM XIYTUKAMM, YTOOBI CABUHYThCS ¢ MecTa?

JuameTp XryTuka uyTh 6onbie 100 anrctpem (1 A = 10719 M), U KryTHK
JIULIEH MycKyJatypel. [loaToMy OakTepusi HE MOXET COTHYTh XTYTHK
WM IIyCTUTb BJOJIb HErO BOJIHY AehOopMalMid, KaK 3TO AeJalT IJis CBO-
€r0 IBUWXEHUSI 3MEU WIU HEKOTOPBIE PbIObl. ENMHCTBEHHOE, UTO MOXET Je-
JlaTb OakTepusi — 3aKpydyuBaTb XIy-

TUK BOOJIb OCHU, Kak mmronop. s

3TOr0 B MECTE COEAMHEHHUs XTYTHKa i \
C TenoM OaxkTepuu €ecCTb CHeLUallb-
HbIA MOJIEKYJSAPHBIA MOTOPYUK —
MpeaIMET UCCIEeIOBAHUSI MHOTUX yuye-
HbIX, KOTOpbIE O CUX MOpP OO KOHLA
HE 3HalOT, Kak OH pabortaer. bakre-
pUM BpalAIOT XIYTUKOM C 4aCTOTOM
B HECKOJIBKO Tepll, YaCTO MEHsis Ha-
MpaBjieHUe OBWXeHUs (puc. 12.3).

Bce 3HalOT, 4TO KpYroBbIE IBMXKE-
HUSI LITOTNOpa MPOJABUTAIOT €ro JMbo
Briepen, Jubo Hasan, B 3aBUCHUMOCTH
OT TOro, MO YacOBOM CTpejKe WU
MNpoTUB €ro KpyTar. To xe camoe
MpOUCXOOUT U ¢ OakTepueit, kKorma
OHAa KPYTUT CBOM XI'YTUK. OH BKpy4yM-  Puc. 12.3. ®oto GakTepnu KuLIEYHOH na-
BaeTCsl B XKUIKOCTb WJIM BBIKPYUMBA-  7104YKM (CEBa) U CXEMaTHYECKOE H300paxe-
€TCsa U3 )K]/I,[[KOCTI/I, KOTOpaﬂ 1S HETO HHUE NMpUHLMNA €€ NBUXEHUS — BpalllEHUE
ABnsieTcss o4eHb BA3koM (Re < 107°),  xrytukoM, kak wToropom. CTpenkoi Ha
JABUTast GaKTepI/IIO BII€pEO WJIMW Ha3and. PUCYHKE CclieBa yKa3aH OOWH U3 XIYTUKOB

1 MKM

Kak nibiTh ObICTpEE

YT1obb! ObICTpEE TUIBITH, HEOOXOAUMO HE TOJIBKO M30 BCEX CUJ ABUIaTh
pyKaMu M HOTaMU B OIpelNesieHHOW IOCAeq0BaTeIbHOCTH, HO U OPUEHTHU-
pOBaTb CBOE TEJO TaK, YTOOBI MCITBITHIBATH MUHUMAJIbHOE COIPOTHUBIECHUE
Bonbl. CorynacHo ¢dopmyrne (12.3), cuia CONMpPOTUBIEHUS MPSIMO MPOIIOP-
LIMOHAJIbHA TUIOLIAAM IIOINEePEeYHOro cedeHus .S, HO 3TO BBbIPaXEHUE HaeT
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Puc. 12.4. JIuHuM TOKa XMIOKOCTU
npu oOTeKaHWM OUCKa, 11apa W Kar-
JIEBUAHOTO Tejla OOHOM M TOM Xe
[UIOLIANM  TOIMEPeYHOro  CeyYeHHs.
CnipaBa mnpuBeNeHbl COOTBETCTBYIO-
we 3Hayenus wia Cp. Re =100 000

3aBBILIEHHOE 3HaueHue I F|, Tak KaK He BCE YaCTULIBI BOABI MPU CTOJIK-
HOBEHUM C TEJIOM NpPUOOpPETaloT ero ckopocTb. OmHako ¢opmynoi (12.3)
MOXHO MOJIb30BaThCs, ECIU €€ MMPaByI0 YacTh YMHOXUTh Ha Ge3pa3MepHbIit
k03¢puuueHT C;, — K03(POULUUEHT JI0OOBOTO CONPOTUBIIEHHUS:

Fy =2C,v'Sp,. (12.6)

ITpu 5TOM, KakK NOKa3bIBaIOT 3KCIEPUMEHTHI, C), 3aBUCUT OT (POPMBI Te-
na (puc. 12.4).

M3-3a Toro, 4Tto Boaa Mo-pa3HOMY OOTEKAaeT Teja, BO3SHUMKAIOT OOJIbLINE

pasnuuus B C,. 3a JUCKOM U LIapOM, HarnpuMep, o0pa3yeTcsl 30Ha BUXPEH.

A 3TO 3HAYUT, YTO INPU UX NBUKEHUU

BHepel MPOUCXOMIUT TOTEPS SHEPTUU

HE TOJBKO Ha BSI3KO€ TPEHUE, HO U

Ha SHEPTUIO BO3HUKAIOUIUX 3a HUMU

Buxpeil. B orauuue OT miapa u guc-

Ka, 3a KaIUIeBUOTHBIM OOTeKaeMBIM

TEJIOM BHUXpU TOUYTU HE 0Opa3yroTcs,

Y TIO3TOMY CUJIa COTIPOTUBIEHUS BO-

Dbl 1S IBUKEHUST TAaKOTO Tejia MEHb-

1Ie, XOTSI €r0 TUIOLanb MOIIEPEYHOro

& CeyeHUsl Takasl Xe.

? Kak niaBaoT pbiObl

Yucno PeitHonbaca mis HeGob-

mwux puid coctaBnsger 6ojsee 100, u

OHHM HE€ BpallaloT XIyTUK, KaK 3TO

JenalT 0akTepuu. PriObI MCIONb3Y-

10T 10 KpailHel Mepe ABa TUIA IU1a-

Puc. 12.5. [Ipa Buna miaBaHusa pei6 — Bon-  BaHMUSI — BOJIHOOOpa3HBIE NBUXXEHUS
HOoOOpa3HOe (a) W MCHOJb3ylollee TONbKO BCEro Tejla WJIM [OBUMXEHUSI XBO-
IBUXeHMe xBocta (6). Ha oboux pucynkax cTa (puc. 12.5). Pribbi, umeloniue
(cTipaBa HaJleBO) roKasaHa rociefosatelb-  3MEEOOpasHylo @opMy (Hampumep,
HOCTb U3006pax€HUI pbIObl MPY ABUKEHUU YIOpb), WMCIIOJb3YIOT TEPBBIA THUII
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IJIaBaHMS, U3TKOast TeJIO OT TOJIOBBI K XBOCTY, OTTAJIKMBAsi BOAY Ha3zal, B
pe3yibTaTe 4yero phiba ABUXETCsS Breped. IIpy BTOpOM THIIE NBUXEHUS
BOJY OTTAJIKMBAET Ha3an ObICTPO PACTIPIMIISIONIUMCS XBOCT PHIOHI.

Hepa3ragannpie 3araJKi ILIaBaHUsST MeY-PbIObI
u aeabduna

YyeHsle MOKa HE MOTYT OTBETUTh Ha BOIPOC, KAK MHOTUE PBIOBI U IEJb-
(MHBI IBYDKYTCSI B BOIE CO CKOPOCThIO, HEJOCTYITHON MHOTAA Jaxe IS Jie-
TAIIUX B Bo3ayxe NTULl. Med-pbiba, HalpuMep, IUIBIBET CO CKOPOCTBIO IO
130 xm/4, TyHen — 90 kM/4. Ecjin M3rOTOBUTb MYJISK MEY-PbIOBI U OIIpe-
nenuTh KoadduumeHT 1o6oBoro conporusieHus Cp, TO LI TOIO, YTOOLI
HabpaTh TaKyl0 CKOPOCTb, pbiOe HEOOXOAMMO Pa3sBUTh MOIIHOCTb, PABHYIO
MOIIIHOCTY aBTOMOOWWIBHOIO MOTOpa Iopsinka 100 JomanuHbIX CHI. DHep-
TUsl XUBBIX CYIIECTB — 3TO dHEPIrusi OKUCIMUTENBbHBIX npoieccoB. Ho poli-
OBl — CyIIIeCTBa XOJOMHOKPOBHBIE, UX TEMIIEpaTypa HEHAMHOTO BBIIIE TEM-
repaTrypbl BOJOBI, B KOTOPOil KHUCJIOPOA PAacTBOPEH B OYEHb HEOOJIBIIOM
KonuyecTBe. IToaTOMYy Takue MOIIHOCTU IUISI HUX MPOCTO HEAOCTUKVIMBL.
OcTaeTcs TIPENOJOXUTh, YTO PhIOB KaKUM-TO 00Opa3oM YyMEIOT OYE€Hb
CWJIBHO YMEHBIIATh CONPOTUBJIEHUE BOMIBI.

IIpu GBICTPOM IBUKEHUH OOBIMHOTO IIPEIMETa B BOIE BUXPU 0Opa3yroT-
csg TonbKo 1mo3anu Hero. ComiacHo 3akoHy bepHyinu, naBieHuE B BUXPSX
nagaeT, 4To OKas3bIBAEeT Ha TeJIO0 TopMo3siiee nefictBue. OnHA U3 TUIIOTES,
OOBSICHSIOLINX pPEe3KOe YMEHBIIIEHHE COINPOTHUBICHUS BOOBl Y MEY-DPHIOHI,
COCTOMT B TOM, UTO M€Y, HaXOMSIIUHCS BIEPEOU, CIIY>XXUT I€HEpaTOpOM
BUXpEW, KOTOpBIE IIEpeXOASAT ¢ Meuya Ha Tejo peibbl. B pesynsTate pbiba
JBUXETCSI B BOJE, CO BCEX CTOPOH OKpPYXEHHasl BUXPSIMU — O0OJIACTAMU
HU3KOIro JABJIEHHsI, YTO COOTBETCTBYET YpE3BbIUaHHO HU3KOMY COIIPOTUB-
JieHuio nBwkKeHus1. Takoro xe 3ddeKTa MOXHO JOCTHUYb, €CIU IOBEPX-
HOCTh Tejla CIeJaTh IIIepOXOBaTOl, BO3MyllUasi IMOTPAHUYHBIM CI0H MEXIy
JKMIKOCTBIO U TEJIOM U IIpeBpaiiasi TedeHue B BUXpeBoe (TypOyJIEHTHOE) 1O
BCell MOBEPXHOCTU KOHTakTa. Kakolf M3 3TMX MeXaHU3MOB YMEHbIIEHUS
C,, peanusyercsi y Me4-phIObl U JeJb(MUHOB, YYEHBIE IO CUX IIOP HE 3HAIOT.

ITouyemy myKa BcerJa JOTrOHMT Kapacs

OO6uen3BecTHas noropopka «Ha To ¥ 1ryka B Mope, 4TOOBl Kapach He
IpeMall» Moapa3syMeBaeT, UTO IyKa Bcerda AOTOHMUT Kapacs, €ClId OH He
ycreeT Tae-HUubynb crpsTaThcs. Jla U He TOJIBKO Kapacs, a JII00yI0 MEeJIKYIo
pbibemky. Ho mouemy MakcuMalibHasi CKOPOCTh y KPYITHOU pBIOBI 60JIbILE,
yeM y MeJIKOH?

CornacHo ¢opmyie (12.6), cujia CONPOTUBIECHUSI, KOTOPYIO MPEeonoe-
BaeT peIOa, OBUTasiCh B BOAE, IPM OAMHAKOBOU (opMe Tena MpsMO IIpo-
[IOpUMOHAJIbHA TIJIONIAAX MOMEePEeYHOro cedyeHUs S pbiObl U KBagpaTy CKO-
poctd v? ee ABUXeHHUsA. [103TOMy MOUIHOCTb /N, KOTOpYIO 3aTpayuBaeT
pbiba npu OBWKEHMU, paBHA

N=kv?, (12.7)

rae k, = —;—CDSpB.
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OueHUM, KakK CBSI3aHbl MeXIy
coOoif MakKCHUMaJlbHasi MOIIHOCTb,
pa3BUBaeMasl MBIIILIENH >XUBOTHOIO,
1 pa3Mepbl 3TOH MbILILbI. Makcu-
MajbHasg CuJa KaXHIOH MBbIILLIBI
NMpsIMO MPONOpPLIMOHAJIbHA €€ TIJ10-
magu MOIepPeYHOoro cevyeHusl,
a MMEHHO: KaXOblii KBaOpaTHBIN
CAaHTUMETP MBILILbI CIOCOOEH I10-
neiictBoBaTh cwioii okono 50 H.
MBI1ILA, TIPUKJIaabBasl TaKylo CUITY,
YKOpayuBaeTcsl, U MaKCUMaJbHOE
Puc. 12.6. [lBe Meu-peiGbl pa3HBIX pa3Me-  YKOpPOUEHME HE MOXET OBITH GOJIbIIE
POB, [JIsi KOTOPbIX MPOBOAMUTCSI OLIEHKA MakK- 50% ee ucCXOOHOW [UIMHBLL. Takum
CUMAaJIILHOW CKODOCTH TUIaBaHMs! 00pa3oM, YKOpPOUYEHHME MBILILbLI IpO-

HNOPUMOHAJILHO ee JJIMHE. 3Ha4uT,
MakCHMaJibHasl paboTa, MPOMU3BOAMMAs KaXIOW MBIILEed U paBHasI IIPOU3-
BEIEHUIO MaKCUMaJbHOM CHJbl Ha MaKCHMaJbHOE YKOpPOYEHME, MOOJIKHA
OBITH MMPOMOPLIMOHANIbHA €€ 00beMy. Tak Kak MeXaHU3M COKpallleHUsI BCeX
MBIIIL OJUHAKOB, TO M MaKCHMaJibHas MOILMHOCTb TaKXxe OOJXKHA OBITh
MPOIOPLHXOHATIbHA 00BEMY MBIIILIBI.

Ecnu cuutath, yro OOJbIIME U MajlleHbKME PbIObI MOAOOHBI, KaK 3TO
HM300paxXeHo Ha pUCYHKE 12.6, U YTO OHU HCIIOJL3YIOT OOMH M TOT Xe
CTWIb TUIABAHUS U MMEIOT aHaJIOTMYHbIe MBILILBI, TO MAKCMMaJIbHAsI MOILI-
HOCTb NN, pa3BuBaeMasi 3TUMU pbIOaAMU, MOJKHA OBITH MPSIMO MPOIOPLIMO-
HajibHa 00bEMY MBIIIL, 3aHATHIX B ABMKEHUU:

N=kV, (12.8)

rae ¥V — o0beM phIObl, K, — MOCTOSIHHBIA KO3(P(OULUEHT, 3aBUCAILUIA OT
CTWIS TUIaBaHUs U TUMa phIObl. IlpupaBHuBass dopmynsl (12.7) u (12.8),

IoJ1y4aeM
%
v=C2(%) : (12.9)

rae C, — k03 ULMEHT, He 3aBUCAIIMI OT pa3MepoB puIObL. IlycTh v, v,,

Vi, Vz, S, S, — CKOpOCTH, 00BEMBI M ILIOMIAAM TMOMNEPEYHOr0 CEYECHUS
0GonbLIOMH u MaJeHbKOH pBIO cooTBeTcTBeHHO. Torma u3 gopmynsl (12.9)

MO2KHO ITOJIYYHUTDb
3
U _ VS,
(UzJ = 7,5, (12.10)

Cuunrag GopMbl OONBILIOK U MaleHbKON phIO I‘[OJIO6HbIMPI a MX JUIMHbI

aBHbIMU L, U L,, MOXHO yTBE aTh, 4TO d L a S|4
p 2 YTBEPXKI V2 3 5, = I,

ITosToMy BeIpaxenue (12.10) MOXHO mepenucaTh B BUIE
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Puc. 12.7. Kocsik Menkoit peibbl (a)
M KOJblla 3aBUXpeHUH B HeM (6),
obneryatoiire ppib6aM nBUXEHHUE BIie-
pen

Ecau ydyecTb, 4TO IjiMHA Tejna IIyKM okoio 1 M, a Kapacg 0,1 M, To
MEepCcHeKTUBa Kapaclo MOMacTb B IACTh LIYKM OOPUCOBBIBAETCSI BITOJIHE
YEeTKO.

PocT M3BECTHBIX IJIOBLOB, KaK M y 0acKeTOOJIUCTOB, BBIIIE CpPETHETO.
Hanprmep, poCT MHOTOKpaTHOTO 4YeMIIMOHA IO IUIaBaHMIO AJleKcaHapa
ITonmoBa 197 cM. O4eBUOHO, YCIIEXU ITUX «TYJIJIMBEPOB» B TUIABAHUM MOX-
HO OOBSICHUTDb TaK e, KAK YU UCTOPHUIO CO LIYKOH U KapaceM.

ITouemy MesiKHe PbIObI XOIAT KOCSAKAMH

B Kocsike Bce phIOBI IBMXXYTCSI B OMHOM HAIlpaBJI€HUM JIPYT 3a IPYIOM.
[1Ipu 3TOM 4YHCIIO PBIO B KOCSKE MOXKET OBITh OT HECKOJBKUX IUTYK OO MWII-
JIMoHOB. I/IBITh B KOCSIKE HE TOJBKO 0€30I1acHee, HO U SHEPreTUYECKU BbI-
rogHee, eC/M JepKaThbCs TOYHO 3a BUJISIOIIUM BIIEPEAU XBOCTOM, KOTODHIH
OCTaBJIsIET MmocJje cebs 3aBUXPEHMSI, MOATAJIKMBAIOLIME BIIEPeN IUIbIBYIIHUX
c3agu (puc. 12.7). JIBUrathcsl Tak, YTOOBl OKAa3aThCS TOUHO MEXIY OBYMS
3aBUXPEHUSIMU, OCTaBJ€HHBIMM BIIEpEeIM IUIBIBYIIEH pBIOOI, IMOMOramoT
ClleMaJIbHbIE pPeLEeNnTOpbl OOKOBOM JIMHUU — BBICOKOYYBCTBUTEJILHBIE IAT-
YUKW JABJIEHMS.

YTo MeliaeT ABUraTbCs B BOe CO CKOpPOCTBHIO 3BYKQA

Bcst sHeprus npu ABMXXKEHUM B BOJAE YXOOUT HA IMPEONOJAEHUE CUIBI CO-
MpoTuBieHus. Bs3kocte Boabl B 50 pa3, a miotHOcTh B 800 pa3 Gosblue,
yeM BO3OyXa. OTO U SIBJSETCSI OCHOBHOHM MPUUMHON TOTO, YTO CaMOJIETHI
JIeTaloT B JECSATKU, a MHOTAA U B COTHU pa3 ObICTpee, YeM IJIbIBYT MOABOJ-
Hble JIOAKU U Topreanl (He 6onee 130 xm/4).
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Topmo3sT ABMXKEHUE B BOMIE HE TOJBKO ee OOoJibIllas BSI3KOCTh U ILIOT-
HOCTb, HO U 30HBI HU3KOTO JaBjieHUsl (TypOyJIeHTHOCTH M BUXPHU), BO3HM-
Kalolllie Ha XBOCTe MOABOMHBIX JIONOK M Topred. B ToM Mecre, raoe masie-
HUE TafaeT HWDKE NaBJIEHUSI HachIUIEHHBIX MapoB Boabl (2,3 kIla npu
20 °C), obpasyeTcs Mmy3bIpeK napa. JIpyruMu ciioBaMM, KOIia JaBjieHUe Ia-
JTaeT, ero He XBaTaeT, YTOObl Jep>KaTb MOJIEKYJIbl BOAbI BMeCTe, U OHM pa3-
JietaloTcsi, obpa3ysl nap. Takoi my3bIpek Imapa Ha3bIBalOT KaBUTALIMOHHBIM
My3bIpbKOM, a Mpoliecc — KaButaiueit. Ilocaemyioliee cXJoNbIBaHHE Ka-
BUTAJUOHHBIX MY3BIPHKOB POXMNAET yNapHble BOJHBI, KOTODbIE SIBJISIOTCS
MPUYMHONA aKyCTUYECKOTO ILIyMa MOJBOAHBIX JOOOK U 3PO3MU UX I'PEOHBIX
BUHTOB. [lo3TOMy TpM KOHCTPYMPOBaHUM TOpIIed ¥ IIOABOOHBIX JIOHOK
BCEraa YYUTHIBAETCSI BO3HMKHOBEHME KaBUTALIMOHHBIX ITy3BIPHKOB Iapa.

Y10 Ham MemaeT, TO HAM M NMOMOXKeT

Eure B Hauase 1960-X IT. mepen COBETCKMMM YYeHBIMM OblLla IOCTaBIIe-
Ha 3ama4a pa3paboTaTh INPUHIUI IBWXKEHMS I1OA BOIOM CO CKOPOCTHIO,
OMM3KOM K CKOPOCTH 3BYKa. M Torma Bo3HMKIIA MOESI MPEBPATUTh 3aKJISITO-
ro Bpara — KaBUTallMIo B moMourHuka. Ec-
JIM He YCTPaHATh KaBUTAIIMIO, a, HA00OPOT,
co31aBaTh €€, TO IBMXYIIEECS IO BOIOM
TeJio OyIeT co BCeX CTOPOH OKPYXeHO 00-
JJAKOM KaBUTallMOHHBIX My3bIPbKOB. Takwue
YCJIOBUSI, Ha3BaHHBIE CYTepKaBUTAIIUEH,
MPUBOIAT K TOMY, YTO TEJIO MEPECTaeT CO-
TpUKacaThCs ¢ BOOON U Kak OyOTO JIETUT B
OKDYXXaIolllEM €ro rasoBOM IIy3bipe. 3Ha-
YUT, PE3KO YMEHBIIAeTCsI CUla COIMpo-
TUBJIEHUSI U COOTBETCTBEHHO YBEJIMYMBa-
€TCSI CKOpPOCTb JOBWXEHHUSI IO BOIOM
(puc. 12.8). Cuna Tsaru rpebHOro BHHTA B
YCIIOBUSIX CyII€pKaBUTAllMM YMEHBIIIAETCS,
TaK KaK CO BCEX CTOPOH OH OKpYXKEH ra3o-  Puc. 12.8. CxemaTuueckoe u306pa-
BbIMU ITY3bIpbKaMH. HOG)TOMy IJ1s1 UCTOY- XKEHUEe OObMMHOW [MOMIOAKH, OKpYy-
HUKA TSITU B TAKUX YCIOBUSIX OOJIbIIIE MO~  KEHHOH MAIEHbKAMHM KaBUTALMOH-
XOOUuT paKeTHbIﬁ OBUTATEIb. HbIMM ITy3bIpbKaMM INapa, 1 TOpIienbl,

B 1977 r. mpOTHUBOJIODOYHAS TOPIENA  JeTAlell B KABUTALMOHHOM Ta30BOM
<<H_IKBaJ'I>>, OBYKyLIasacsa B YCIOBUAX ny3bipe (CynepkaBUTaLVsI)
CyNepKaBUTAIlUM CO CKOPOCTBIO Oosee
100 M/c, ObLIa IpPUHSATAa Ha BOOPYXEHHUE
BM® CCCP. TexHOJOTHIO CO30aHUs TaKUX MOJBOJHBIX CPEACTB HE MOIIM
Bocripou3BecTu B TeueHue 30 jiet, ¥ Toiabko B cepenune 2005 r. [epmaHus
3asiBWJIa, 4YTO paspaboTajia aHAJOTMYHYI0 BBICOKOCKOPOCTHYIO TOpIIENY
«bappakyna». B HacTosiliee BpeMsI y4eHble M KOHCTPYKTODbI IBITAIOTCS
KCTIO0JIb30BaTh CYNMEpPKaBUTALMIO JJISI CO3MaHUS IaCCaXUPCKUX NMOIBOIHBIX
CYyIOB.
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Peosorusa — HAayKa O TOM, 9TO BCC TCYCET

€0JIOTHSI — HayKa o AedopMaliusxXx U TeKydyecTU Tesl, 00 UX YIpYTHuXx,
IUIACTUYECKHUX U BSI3KUX CBOMCTBaxX B pa3IM4YHBIX codyeTaHusX. CioBo
«PeoJIOTHsl» IMMPOUCXOMUT OT IPEUECKOro ClIoBa «peo» — TedeHue; ado-
PU3M «BCE TE€UET» IO-TPEeYeCKU 3BYUMUT «IIAHTA PEU».
Yopyrue nepopManiy BO3HMKAIOT B TeJie TIPU TIPWIOXKEHUU HArpy3kKu U
HMCYe3aloT, €CJIM HAarpy3Ku CcHATh. IlnacTuueckue nedopMauvy MOSBISIIOTCS
TOJIBKO B TOM cJlydae, KOIZa BhI3BAHHbIE HArpy3KOW HAIpPSDKEHHUS IPEBHI-
LLIAIOT Mpeaes TeKydeCTH; OHU COXPaHSIOTCS TOCJie CHATUSI Harpy3ku. Bss-
KO€ TeyeHHUEe OTJIUYAETCS TeM, YTO OHO BO3HUKAET IpPHU JIIOOBIX CKOJIb YTOJI-
HO MAaJIbIX HaIPSDKEHMSIX, C POCTOM HANpPsSDKEHUH YBEJIMUYMBAETCS CKOPOCTh
TedeHUsI, U TIPU COXpPaHEHUH HAIpPSDKEHUIN BSI3KOE TEYEHUE IMPOAOJIKAETCS
HEeorpaHUYEHHO.
Bs3koe TeyeHME MPOSIBISIETCSI BO MHOTMX IMPUPOOHBIX IIpOLECCAaX U B
OOJIBLIOM YHUCJIE TEXHOJOTMYECKHX. MHOro BEIIeCTB YJaCTBYET B TaKHUX
mpolieccax:
* [IOPOIbI, COCTABJISIIONINE 3EMHYIO KOPY, MarMa, ByJIKAHUYECKAs JIaBa,
e He(dPTh U TJIMHMCTBHIE PACTBOPHI, UTPAIOIIME BAXHYIO POJb B INOOBIYE
HedTH;

e BIAXHAas DJIMHA, LIEMEHTHas IacTta, 6eToH M ac¢aibToO0eToH (CMech
acdanbTa U IecKa);

e MacJIIHbIE KpacKu (CMeCh Macijla M 4aCTULl MTUTMEHTA);

® PAacTBOPHI U pacIUIaBhbl MTOJMMEPOB B MPOLIECCE U3TOTOBIECHUS HUTEH,
IUIEHOK, TPYO IMyTeM 3KCTPY3UH;
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e xJIeOHOE TECTO M TeCTOOOpa3HbIe MACCHI, U3 KOTOPBHIX M3TOTOBJISIOT
KOH(ETBI, COCUCKH, KPeMbl, Ma3u, 3yOHbIE MACThI.

Peonorust mo3BoJisIeET yTBEPKAATh, YTO MPU OBICTPbIX BO3IEHCTBUSIX BCE
Tejla BeOyT cebs KaK TBepAble, IIPpU MEMIEHHBIX MOSBIseTCS TeKydyecTb. Ho
MOHSITUSl «OBICTPbIM» U «MEMJIEHHBIM» U1 pa3HbIX Cpel pa3iuMyHbl. Yaap o
Boay Ha ckopoctu 200 KM/4 Majylo 4yeM OTJIMYaeTcs OT yaapa o6 ac-
¢anbT — Boma BeneT cebs Kak TBepmoe Telo (ee TEeKydyecTh He yCIIeBaeT
MposIBUTbCST). Keyie306eTOHHBIN CTON0, KOCO IPUCIOHEHHBIA K CTEHE,
yepe3 Mecsll OKa3blBaeTCsl KpPUBBIM — OeTOH TedeT. CTpyHBI Ha TUTape,
OCTaBJIEHHbIE B HATSIHYTOM COCTOSIHUHM, CHUXKAIOT TOH. B pesynbTaTe men-
JIEHHOTO Te4YeHMUs] MaTepuaia WX UIMHA YyTh-UyTh YBEJIWYMBAETCS, COOT-
BETCTBEHHO YMEHbILIAETCS HATSXKEHWE, WU CTPYHBI NPUXOOUTCS TMONTITH-
BaTb. lOpHble mNOpOdbl 3a TEOJOTUYECKHME TNEpPUOIbl CMHHAIOTCS B
ckaakyu — oOpa3yloTcsl TOpHbIE CUCTeMBl. [Mana3oH BpeMEHU B PEOJIOTU-
YECKUX SIBJIEHUSIX MPOCTUPAETCS OT M0Jiel CEKYHIbl 4O MUUIMOHOB JIET.

Bsaskocts — TO, YTO MeIaeT TeYb

Bs13KoCTh — 3TO BHYTpEHHEE TPEHUE XUIKOCTU, MPEMSATCTBYIOILEE COCel-
HUM CJIOSIM [IBUTaTbCs C pa3lIM4YHOU cKopocThio. Hampumep, CHIbl BSI3KOTO
TPEHUSI OCTAHABIMBAIOT TOHKUI CJIOM BOObI y Oepera peku, U 3TOT OCTAHOB-
JIEHHBIA OGEpPEroM CJIOW 3aMeISIET COCeHUE CJIOU BOIbl B peke. beH3uH, BO-
1a ¥ MOJIOKO — OTHOCHUTEJIbHO XUMIKWE, OHU TEKYT JIydllle, 4yeM OoJjiee Bs3-
KY€ XHWIOKOCTH, TaKue, KaK Mell, KeT4Yyn WIM cMeTaHa. BS3KOCTh 1 MOXHO
OMNpEAEIUTb, U3MEPSISI TOPU3OHTAIBHYIO CUaY F, KOTOpYI0 HEOOXOOUMO MpH-
JIOXUTb K IUIaCTMHKE TUIOLIanbo .S, Iu1aBatolieil Ha TOHKOM CJIO€ XXMIKOCTU
TOJLIMHON A, 4TOOBI OHA ABUTajach CO CKOpOCThIo v (puc. 13.1).

B dopmyne

npemjioxeHHoi eire M. HploTOHOM, BhIpaxkeHue, CTOsIEEe B YUCIMUTEE,
Ha3bIBalOT HANpPsKEHWEM CABUra, a B 3HAMEHaTeJie — CKOPOCTbIO CIOBUIA.
B cucteme CI'C enuHuuei BsizkocTu siBisiercst imyas (0,1 Ia - ¢). B ta6au-
ue 13.1 npuBeneHbl 3HaYeHUs BSI3KOCTH Pa3IMUHBIX KHIKOCTEIA.

HKuarkocers IlnacTuaka

S

2]l
I
=

e

pesi

F Puc. 13.1. OnbIT ¥ dopMy-
J1a ISl OTIPENESIEHUS BA3KO-
CTH 1
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Tabauya 13.1

XKunkoctp BsizkocTb, nyas Kunkoctb Bs3kocTb, nya3
AueToH 0,003 MainHHoe Macio 1-7
beH3uH 0,006 [nvuepuH 15
Bona 0,01 Men 100
Crnupt 0,012 Keruyn 500
Pryth 0,016 CMmeTtaHa 1000
Mosnoxko 0,03 Cypryu 100 000 000 000

Kak mnpaBuio, misi opraHMYeCKHUX BeIECTB BS3KOCTh YBEJIUYMBAETCS C
BO3pacTaHUEM MOJIEKYJISIDHOTO Beca. BsI3KOCTb Takke yBeJIWUYMBAaeTCsi, KO-
roa MeXny 4acTMUAMM XUIKUX CYCIIeH3UR WM MaKpOMOJeKYy/JIaMu BO3HU-
KaloT CBSI3U, MPUBOISAIIME K BOSHMKHOBEHHIO IIPOCTPAHCTBEHHBIX CTPYK-
Typ. Ilo3TOMy BSI3KOCTh TaKMX JKHAKOCTEH Ha3bIBAlOT CTPYKTYPHO#
BSI3KOCTB1O, OHA 3aBHCHUT OT YCJIOBUI T€YEHUS U B OCHOBHOM YMEHbIIIAeTCsi
C pOCTOM cKOpoCTU casura (puc. 13.2).

MMeHHO 3aBUCHMOCTDb BSI3KOCTU KPAaCKM OT CKOPOCTM CABUra IIOMOTaeT
HaHOCHUTH ee, HalpuMep, Ha cTeHy. Kak BumHo u3 rpacduka (cMm. puc. 13.2),
KOIJa KpacKy He IepeMelIMBaloT (CKOpOCTh caBura paBHa 0 c7'), ee Bs3-
KOCTh HauboJibllias. DTO 3HAYMT, YTO MPU XPaHEHUHM Kpacka MpakTUYeCKU
He paccjaMBaeTCs Ha KpacuTellb U pacTBopuTesib. Korma Mbl BRIHUMaeM
KHUCTh M3 0aHKH C KPAacKOU U OejaeM 3TO NJOCTAaTOYHO MeIJIEHHO (CKOPOCTh
caosura <1 ¢’'), To Ha KMCTU OCTaeTCs NOBOJBHO MHOTO KpacKM, TaK Kak
BSI3KOCTb ee OoJibliasi. KOCHYBIIMCH KHUCTBIO C KPACcKOW CTEHbI, Mbl HAYH-
HAaeM MHTEHCUMBHO IOBUraTh €10 (ckopocTb casura ot 100 mo 1000 c™),
yMEHbIAass 3TUM BSI3KOCTh KPaCKW B COTHM pa3. B pesysnbTaTe Kpacka cTa-
HOBUTCS XHUIKOM, CTEKAaeT C KUCTU U pacTeKaeTcsli TOHKMM CJIOEM IO T0-
BepXHOCTH cTeHbl. Ho cpa3y mocje Toro, Kak Mbl NepecTaeM TporaTb 3TOT
CJIOi KpacKM W HauMHAeM KpacUTh COCEIHUH y4acTOK, BS3KOCTb TOJIBKO
YTO HAHECEHHOIO CJIOS KpackKM yBeJIWYMBaeTcs. Eciu Obl 3TOro yBenuue-
HUs1 BI3KOCTH TOHKOTO CJIOSI KpacKM Ha CT€He He MPOMCXOIWIO, TO Kpacka,

100+

0,1} ‘ . . . . .
0,01 1 100 10000

Puc. 13.2. 3aBucHUMOCTH
BaskocTH N (B Ila - ¢) Bomo- CxopocTs casura (¢1)
pacTBOPUMMOM  Kpackh OT

CKOpPOCTH caBura (B c")
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KakK BOJa, cTekaja Obl C ee IOBEpPXHOCTU. TakuM oOpa3oM, 3aBUCHUMOCTH
BSI3KOCTH KpackM OT CKOPOCTH CABUTA CJYXUT €€ BaXKHeHllleil xapakTtepu-
CTUKOM, ONpenessioneil TEXHOJIOTHUIO KpalreHus. To Xe OTHOCUTCS U K
KOCMETUYECKMM KpeMaM, H3MepeHUE BSI3KOCTU KOTOPhIX B LIMPOKOM
JMarna3oHe CKOpPOCTEN COBMTA SIBJISETCS ITOKAa3aTeJieM MX KauecTsa.

Peosiorns wyna cearoro SInyapust

CasaToli BeJIMKOMYy4YeHUK SIHyapuii, HeOGecHbIi IMOKpoBuTeab Heamosns,
ObUT Ka3HeH sI3pIYHMKaMM B Hayasie IV B. C Tex mop ero 3amnekiiasicsi KpoBb
XpaHHUTCS B creuuaibHoM cocyne. IlepBble yIOMMHAHUSI O COCYOe C Kpo-
BblO CBATOTO flHyapusi M CBSI3aHHOM C 3TOH peJIMKBUEN 4yde OTHOCSTCS K
XIV B. Uyno cBaToro fHyapus 3a peIKUMU HUCKIIOYEHUSIMU INPOSIBIISET Ce-
65 Ha npoTsikeHUM 600 MmocienqHuX JIET M MPeACTaBIseT CO00ii TAMHCTBEH-
HOe TIpeBpallieHre Ha KOPOTKOe BpeMsl 3amekiieiicss KpoBU CBATOTO B Oar-
PSHYIO >XKMAKOCTb, IPOMCXOJsIlee TaMHCTBEHHBIM 00pa3oM Ha rjasax y
BCEX MpUCYTCTBYIONIUX. Tpu pa3a B ron (B Mae, ceHTs10pe U nekabpe) He-
aroJINTAHLIbI TIPUXOMAT B TOPOACKON cOOOp, YTOOB! CTaTh CBUIETEISIMU Uy-
Ja. ApXUEenrCcKOIl JEMOHCTPUPYET CTEKJISIHHBIN COCYI, coaepKalluii 3acoX-
IIYI0O KpPOBb CBSTOro JSIHyapusi, MOTOM Ha4MHAeT €ro BCTPSIXMBaThb U
HakKoOHell OOBSBIISIET, YTO KPOBb CTaJla XWUIKOW WIA OCTIACh 3aCOXIIEH
(puc. 13.3). KpoBb cBsiToro flHyapusi octaBajgach 3aCOXLIEN CYUTAHHBIE pa-
3bI, YTO BCETIa paccMaTpUBAIOCh KaK IMpea3HaMeHOoBaHUe Oenbl. bencTBus-
MM, KOTOpbI€ COIVIACHO MOJIBE CHyYaJIUCh TOTAa, SABISIOTCS yyma 1527 r. u
3emieTpsicenue B KOxnHoit Mrtanuu 1980 r.

Ecnu B cocyne nelCTBUTENIbHO HaXOOUTCSl KpOBb cBSITOro AHyapusi, TO
CIIOHTAHHO MEPEeNTH U3 TBEPHOOro (3amneKIIerocsi) COCTOSIHUS B XMIKOE OHA
He MoxeT. He momoxeT 3ToMy U BcTpsixuBaHue. EcTh, ogHako, Lieabli
KJIacC BElIECTB, BSI3KOCTb KOTODBIX YMEHbIIIAeTCs WHOrAa B ThICSYM pa3
MpY BCTPSIXMBAHWM WM IepeMemuBaHUMM. [1o3TOMy rpymnmna yyeHbIX M3
HTanpsHCKON accouualuy W3ydeHHUs IMapaHOPMasIbHbIX SIBIEHUM yTBep-
XOaloT, 4YTo B vaiie eile co CpeaHeBeKOBbsl, MO-BUAUMOMY, COAEPXKUTCS
KOJUIOMAHBIN pacTBOp coeauHeHUs: xene3a FeO(OH), KOTopblii BHeIIHE
HaAIrtlOMWHAeT KpPOBb, SIBISSICH TEMHO-KOPMYHEBBIM U IOYTU TBEPAbIM TIe-
JieM, HO CTOMT ero IOTpsSICTU, U OH pazxuxkaeTcsl. Takue XHUIKHUE CMECU
Ha3bIBalOT TUKCOTPOITHBIMU.

Puc. 13.3. B oxunaHuu 4yna cBsitoro SIHyapus
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YT0 Takoe THUKCOTPONUs

Tuxkcorpornust (oT rped. thixis — nmpuKocHoBeHMe U tropé — MOBOpPOT,
M3MeHeHHe) — CIIOCOOHOCTh Tejlell, MacT U XUAKUX CYyCIeH3U YMEeHbIIIaTh
BSI3KOCTb IIpU ITepeMeIINBAaHUY WU BCTPSIXMBAHUU M BO3BpAIIATHCS K Iep-
BOHAYaJIPHON BSI3KOCTHU B COCTOSTHUM TIOKOSI, KOT[a 3aKaH4YMBaeTCsl Mexa-
HMYeckoe BoznelicTBue. [lameko He Bce XUOKOCTU 0061analT TUKCO-
TPOIIHBIMKU CBOMcTBamMHu. Kak mpaBWiIo, TUKCOTPOITHBIMU SIBJISIIOTCS
keneo0pasHble XUIKOCTU, COCTOSIIIME U3 KPYIHBIX U HUTEBUIHBIX MOJE-
KyJ ¥ TIO3TOMY MMEIOILME OYeHb OOJIbIIYI0 BI3KOCTb.

BcTpsixvBaHMe YMEHBIIAET BI3KOCTb TUKCOTPOITHOM XUAKOCTU, TaK Kak
OHO pa3phIBaeT MEXMOJEKY/ISIpHble (BOIOPOIHBIE) CBSI3U MEXIY €€ MOoJie-
KyJaMM WIM MMKpPOYAaCTMIIAMH, OaBasi BO3MOXHOCTh COCEIHUM CJIOSIM
>KMIKOCTH JIBUTraThCsl CBOOOTHEE OTHOCUTENBHO APYT Apyra. Kilaccuyeckum
MPUMEPOM TUKCOTPOITHOM XMOKOCTU CIIY>XUT KeTyymn. Kaxnplii 3Haer, 4To
BBUIMTb KETYYIl U3 OYTBUIKM TOpa3io JIerde, €CIM Iepel 3TUM OYThUIKY
HECKOJIBKO Pa3 BCTPSIXHYTb.

TuxkcoTponus OypOBbIX PacTBOPOB

I1pu 6ypeHHUM CKBaXKUHBI YaCTh MOPOABI, PAa3PYLIEHHOW OOJIOTOM, HEOD-
XOJIMMO TTOOHATh Ha MOBEPXHOCTD. JIJI1 3TOTO MO KOJOHHE OYypUIBHBIX TPYyO
B CKBaXXMHY 3aKauMBalOT OYpOBOIl pacTBOp (IIPOMBIBOYHAS XUIKOCTb WJIU
OypoBO# 1IJIaM), TJie OH IOAXBAThIBAET YACTULBI ITOPOABI XU BBIHOCUT UX Ha
rmoBepxHOCTh (puc. 13.4). bonee BSI3KUMI pacTBOP BBIHECET HA ITOBEPXHOCTh
0osIbllie B3BENIEHHBIX B HEM BHIOYpPEHHBIX YacTull ropoabl. Ho mis 3akauu-
BaHUSI BSI3KMX XMAKOCTeW Tpebyercsl OoJiblee maBieHWEe, a 3TO NOMOJIHHU-
TeJIbHbIE M3HOC U IIOJIOMKA B OypoBOoM 00opymoBaHuU. Ilo3TOMYy BsI3-
KOCTb — BaXXHOE CBOMCTBO OypOBBIX PaCTBODOB.

Cto netr Ha3agl OypoOBbIE pPacTBOPHI
MPENCTABISIIM COOOM CMeCh IVIMHBI U BO-
IbI, U 4YacCTO Ui U3TOTOBJIEHUS pacTBOpa
pabouue BBHIITYCKaJIU CTal0 KOPOB B Kapb-
ep, 3alOoJIHEHHBIN Bomoi. I'ps3b, kKoTOpas
ocTaBajlach IOCJie CTana, MOTOM 3aKayu-
BaiM B OypoBylo ckBaxuHy. Ceilyac UH-
keHepbl OOJIbllle HE I0JaraloTCsl TOJIBKO
Ha Bomy, INIMHY U KOpoB. Bmecto sToro
OHM TLIATEJbHO pa3pabaTbIBalOT COCTaBbI - f
U CMeCHU, KOTOpble Obl COOTBETCTBOBAIMU 9
OIpenesieHHbIM TpeOOBaHUSIM IpU pas- o
JIMYHBIX YCJIOBUSX OypeHUsI. =1

Hupkynsinusi 6ypoBOro pactBopa B
CKBaXMHe MHorma mpepbiBaetcs. [lpu oT-
CYTCTBUU LMPKYJISLMM pacTBOpa 4YacThb
IOPOIbl, OTCJIOUBHIASICS OT CTEHOK B IIPO-
liecce OypeHMs], MOXET ocedaTb Ha IHO
IIAXTBl CKBaXXWHBI M CO3[1aBaTh IPOOKHU,
YTO IPUBOOUT K CEPbE3HBIM ITpoOJIEeMaMm.
YT06Bl 3TOrO0 HE OBLIO, OYPOBBIE PACTBO-  Pyc. 13.4. HampapieHne IBIXEHMS
pbl, KaK KpacKyd U KPeMbl, HODKHBI OBITb  Gyposoro pacTsopa TMpu 6ypeHMH
THUKCOTPOIITHBIMH. CKBaXMHBI
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Kaxk MOEOB HPI/ITHI‘I/IBaCT MOPCKYIO BOAY

Puc. 14.1. Kapta ATiaHTHYeCKOro okeaHa.
AKupHoi#t crtpenkoit I o6o3HayeH [onbd-
CTpUM

KEaHCKWE  BOIBI, HaxoIsdCh
OB MOCTOSIHHOM ~ IBUXKEHUU,
MEepeHoCcsAT TerUlo OT 3KBaTo-
pUMalbHBIX IIMPOT K IOJIOCaM, YTO
ypaBHMBAET TeMIIEpPATypy Ha MOBEpX-
HOCTH 3eMJIM W BJIUsIET Ha €€ KIIH-
Mat. OKeaHCKUE TeUEeHHUsI 00pa3yloT-
Ccsl M HaxomSTCs TON BIUSIHUEM
BETPOB, COJIEHOCTU BOJbl, €€ TeMIIe-
paTypel, Tomorpacud OKeaHCKOTo
IHa u cwibl KopuoJsrca, BbI3BAHHOIM
BpalleHueM 3eMJIU BOKPYT OCH.
T'onbdpcrpum (Gulf Stream B rme-
peBoie C aHMIMUCKOro — MOTOK U3
3aJIMBa) — TEIUIOE  [MOBEPXHOCTHOE
TeYyeHUe, Hecylee okoao 150 MiH m?
BOIbI B CEKYHOY U3 MeKCUKaHCKOro
3aquBa B CeBepHyr0 ATJIAHTUKY U
JocTturaiouiee OeperoB  3aramHoit
EBpomnbl, rie OHO MEHSIET CBOE Ha3Ba-
Hue Ha CeBepo-ATIaHTHUECKOE Teue-
Hue (puc. 14.1). OHO cMsATYaeT KJu-
MaT ceBepo-3amnaga EBponbl u
OCTbIBAa€T C MPUOIUXKEHUEM K IOJIO-
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Puc. 14.2. CxeMaTWyecKWii BEPTUKAIBHBIN pa3pe3 ATJIaHTHUYECKOro okeaHa ot 6eperoB do-
punel 1 mo I'pennanmuu 2. JIByMsl CBETJIBIMU CTpeJIKaMU IoKazaHo ABuxeHue [onbdcrpuma
Mo TMOBEPXHOCTH OKeaHa, a TEeMHBIMU — O0BpaTHOE XOJIONHOE IyOWHHOE TeyeHue, BO3Bpa-
piaroliee BoAbl K 3kBaTopy. Lludpel Ha cxeMe 0003HAYAIOT TEMIIEPATYPY U COJIEHOCTh BOABI B
COOTBETCTBYIOLIMX MECTax

cy. Teruryio Bomy misi TosibdcTprMa MPUHOCAT IMaccaTbl — BETPHI, AYIOLIKE
Ha 3araj B 3KBAaTOPUAJIbHBIX LIMPOTax. Teluioe 3KBaTOPUAIBHOE TEYEHME,
pa3orHaBlIMCh OT Adpuku, pazdbuBaeTcs y OeperoB AMepukKd Ha OBa —
onHo Teder Ha ceBep (Ionbdhcrpum), a npyroe — Ha wor (bpaswibsckoe).

Mexny Ky6oit u @nopunoii ['onbGCTpUM MMeEET CKOPOCTh OKOJIO 5 KM/,
wupuHy okono 70 kM, rybuny 700 M u Temnepatypy 25 °C. JIBurasicp Ha
CEBEPO-BOCTOK, ['0Mb(PCTpUM ITOCTENEHHO PaCIIUPSETCS W 3aMesIeTcd, U
Ha noinyti K EBpore ero cKkopocTb COCTaBIISIET YKe He 6osiee 7 KM B CYTKU.

g cpaBHEHMS: camas ITOJIHOBOJIHAsI peka B MUpe — AMa30HKa HECeT B
Tuxuit okeaH auwpb okosio 0,2 MiH M® Bomel B cekyHay, 3To B 1000 pas
MeHblle, yeM lonbhcTpuM. YTo Kacaercss AMAa30HKHM, Kak, BIIpOYEM,
M BCEX OCTAJbHBIX PEK, BOAa B HEM TeueT KakK MO HAaKJIOHHON ILIOCKO-
CTU — C TOp B MOpS U OKeaHbl. TpynHo cebe mpeactaBuTh, 4ToObI 'onbod-
CTPUM CKaThIBaJICd ¢ dKBaTopa K CeBepHOMY MOIIOCY, KakK ¢ ropbl. YTo Xxe
torga TssHeT [onbdeTpum Ha ceBep?

Ho cHayajia oTBETMM Ha JIpyroi Bompoc: Kyna B CeBepHON ATJIAaHTUKE
HCYe3aeT TaKoe OTPOMHOE KOJWYECTBO BOnbI, npuienuiee ¢ [onbbeTpu-
MomMm? OTBeT, Ka3ajloch Obl, OYeHb IPOCTOH: Boma y OeperoB ['peHnanmum
OCTBIBAET M YXOJUT Ha IHO, a IOTOM C XOJIOOHBIM IJIYOMHHBIM TeYEHUEM
BO3BpalllaeTCsl K 3KBaToOpy, IOAHMUMAETCS Ha IMOBEPXHOCTb, HAIPEBAECTCS
COJIHLIEM U oIaTh ¢ TonbdeTpuMoM Hecetcs K ['pennannuu (puc. 14.2).

KpyroBopoT Bombl B ATIaHTMKE HAMOMUHAET KapTWHY KOHBEKTUBHBIX I10-
TOKOB BOIbI B KAaCTPIOJIE, LIEHTpaJIbHAasl YacTh JHA KOTOPOM MOAOIPeBaeTcs ra-
30Boi ropenkoit (puc. 14.3). CTpelki Ha pUCYHKE MOKa3bIBalOT HaIlpaBIeHUE
JIBIDKEHUS XHUIKOCTA B KACTPIOJIe — XWUIKOCTb MOJHUMAETCS B LIEHTPE OT [IHa,
[OTOM [IBMKETCS K CTEHKAM M OITyCKAeTCsl BIOJb HUX OMSITh HA JTHO. DTU KOH-
BEKTUBHbBIE IIOTOKM JIETKO CIENaTh BUAWMMBIMU, €CIIM OIYyCTUTb B KAaCTPIOIIO
MaJIEHbKYE YaCTUYKM (DWILTPOBAIBHON OyMaru Wiy NPOMOKAIIKWA WIM 100a-
BUTb B Hee HECKOJILKO Karejb Kpacku. OObSICHUTH OBVDKEHME BOIBI B KaCTPIO-
Jie, CTOSALIEN Ha OrHe, JOBOJILHO IPOCTO — BOMA, HATPEBasiCh Y THA KACTPIOJIH,
YMEHBIIIAeT CBOIO IUIOTHOCTh M ITOIHUMAETCS BBEPX, & €l Ha CMEHY IPUXOIUT
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Puc. 14.3. CxemaTuueckuil paspe3 KacT-
pIOJIM C BOLOMW, CTOSIILIEH Ha rasoBOW ro-
penke. KpyroBeiMu cTpenkaMu o6o3Haye-
Hbl HanpaBJeHUs] KOHBEKTHBHBIX IIOTOKOB
BOZbI

OCTBIBLIASI Y CTEHOK BOHa, MMeloIast
OONBIIYIO TUIOTHOCTb. Ha pucyHke
14.4 moka3aHo, KaK U3MEHSIETCST ILIOT-
HOCTh BOIBI TP HarpeBaHMMU.

Y1o0bl  OOBSICHUTH  ABUXXEHUE
lonbpdcrpuMa yepe3 ATIAHTUKY Tak
K€, KaK Mbl OOBSICHWIM [BUXEHUE
BOIBl B KacTprojie, HaM Haao 3HaThb,
KaK W3MEHSIEeTCSl TeMIlepaTypa BOJIbI
Ha TIOBEPXHOCTU OT 3KBaTtopa [0
I'peryiaHIMM U OT TIOBEPXHOCTU MO
nHa. Ha pucyHke 14.2 mokasaHo, 4TO
pasHuIla TeMIlepaTyp B SIHBape B
MeKCUKaHCKOM 3aJiiBe U y OEperos
I'perylaHIMM ~ COCTaBIsSIET  OKOJIO
30 °C, a rryOMHHBIE BOABI ATJAHTU-
Ku (Ha niyouHe 6ojee 3000 M) ume-
0T OOWHAaKOBYIO  TeMIlepaTypy —
okojio 3 °C. TemrmepaTyphl Xe IJy-
OMHHEBIX M MOBEPXHOCTHBIX BOI y Oe-
peroB I'peHylaHOIMK MpPaKTUYECKU HE

pasnuyalorcs. JJocTaTOYHO JIM TaKOTO pacrpeesieHusl TeMIepaTyp, YTOOBI
tosnkaTe TonsdcTpum ot @nopunbl K 6eperaM ['peHnannum?
KoHBeKTHBHBIE MOTOKM BOIbI B KAaCTpIOJ€ BO3HMUKAWOT U3-3a TOIO,
YTO ee HarpeBaloT cHU3y. HarpeB kacTpionu cBepxy (Hampumep, JIaMIIOif)
HarpeeT BEPXHHUE CJIOM XUIKOCTHU OOJIbINIE, YEM HUXHUE, U BEPXHUE CIIOU
CTaHYT JieT4ye HMXXHMX, HO HMKAKOrO IBUXEHUSI BOLBl 3TO HE BBI3OBET,
TaKk Kak BEpXHHE CJIOM M JO HarpeBa ObutM HaBepxy. OkeaH HarpeBaeT-
cd CBEpXY, a TeMIlepaTypa BEPXHMX CJIOEB OKeaHa BCEraa BBILIE, YEM
HIXKHMX, U TIO3TOMY TaKOe pacIipelieieHUe TeMIIEpaTyp He CMOXET CTaTh
nerxuteneM loabdcTpuma. Uto Xe Bce-Taku ToJikaeT ['onbdcTpuM Ha

cesep?

p, Kr/m3
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Puc. 14.4. 3aBUCHMMOCTH TUIOTHOCTU BOIBI
OT TeMIepaTyphl
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Puc. 14.5. 3aBUCHMMOCTb IUIOTHOCTH BOAbI
OT COIepXaHUsI B Hel XJIOPUCTOrO HaTpus
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Kak u B ciyyae ¢ KacTproyieit Ha orHe, B ATJIaHTHKE JTOJDKHEI OBITh MECTa,
rae OoJiee Jierkue CJIOW BOAbl MOJHUMAIMCh Obl C NIyOMHBI U/WIKM OoJiee TsI-
>KeJIble CJIOM OIMyCKaJIMCh Obl C MOBEPXHOCTH Ha NIyOMHY. DTH MeCTa U MOIJIU
OBl CTyXUTh MOTOopamMu lonbdheTpumMa. 3nech HaM HeoOXOIMMO BCIIOMHMTb,
yTo Boaa B OKeaHe COjieHasl, a IUIOTHOCTb BOIbI 3aBUCUT HE TOJIbKO OT TeMIIe-
paTypbl, HO U OT ee coneHoctd. Ha pucyHke 14.5 mokasaHa 3aBUCHUMOCThb
[UIOTHOCTH BOIBI OT COOEPXKaHUs B HEH XJIOPUCTOrO HATPUs (B MacCOBBIX %)
npu temneparype 15 °C.

boénbiias yacte coneit, comepxaniuxcsi B MOPCKOM BOIE, — 3TO COJIM 3€M-
HBIX MUHepayioB. Pexu, crekast ¢ Top U HecsI CBOM BOIBI B MOPSI U OKEaHBhl,
BBIMBIBAIOT COJIM M3 KaMHeH, nenasi MOPCKylo Bomy cojieHoil. ComepxaHue
coinu B OKeaHe COCTaBIIIET B cpeqHeM okoJio 3%, u 85% Bcex cojeil, pacTBO-
PEHHBIX B OKeaHCKOU Boze, — 3To NaCl. Macca okeaHCKOM COJIM Tak BeJIMKa,
YTO €CJIM BCIO €€ YIOXMTh BIOJb 3€MHOTO 3KBaTopa IMIMPUHOHN 1 KM, TO BBICO-
Ta 3TOW COJISTHOM cTeHbI cocTaBUT 500 KM.

A Temepb IIOCMOTPUM OIIATh Ha PUCYHOK 14.2 1 0OpaTMM BHMMAaHHUE Ha
TO, YTO OKOJI0 OeperoB I'peHNIaHIUM COJIEHOCTb BOABI, 2 3HAYUT, €€ IJIOT-
HOCTb, PE3KO yBeJIM4MBaeTcs. I1poMCXOOUT 3TO MOTOMY, UTO AaXe B HIOJie
TeMIlepatypa Bo3ayxa B I'pennmanmuu He nogHuMaercs Boiie —20 °C. B pe-
3yJIbTaTe Bech rofl y 6eperoB ['peHIaHOIMM OKeaHCKasl BOIa 3aMep3aeT U Ipe-
BpauiaeTcs B Jied. Tak Kak Jiel NMpecHbIi (He CONEPXUT COJIU), TO HOI HUM
KOHIIEHTpallMsI COJIU O4YeHb BbICOKas. Boma mon rpeHIaHACKUM JIbIOM He
TOJIBKO OYeHb COJIeHas, HO Y Tsokenass (cMm. puc. 14.2). IloatoMy oHa oryc-
KaeTcsl Ha JHO, a Ha oOpa3oBaBllieecs ITyCcToe MecTo y O6eperoB ['peHnaHauu
rocTytiaer jerkasi Boga ['onbdcrpuma. Olryckalomascss Ha OHO COJIeHass U
XOJIOAHAs BOJa 00pa3yeT B HECKOJBKMX COTHSIX KWIOMETPOB K 10Ty OT I'peH-
JJAHOWKM BONOBOPOTHI muameTpoM 10—15 KM, KOTOpblE XOpOIIO BUIHBI U3
KOCMOca M ObUIM OTMEUYEHBl HAa MHOIMX AIPEBHUX MOPCKMX KapTax. UTak,
MOXHO CYMTaTh, YTO MOpO3 y OeperoB I'peHyiaHAMU IPUTSITUBAET K cebe
T'onbsdeTpum.

lonbdcrpuM nmenaetr kiuMar B 3amanHoit EBpomne odeHb MSTKUM, U
3MMHAS TeMIlepaTypa, Hampumep, B JIlnccaBoHe HUKOTIZAa HE OIlyCKaeTcs
Huxe +10 °C, xots B Hpio-Mopke, HaxonsimueMcs nganeko oT ['onbderpuma,
HO Ha TOH Xe IIMpOTe, TeMIlepaTypa 3UMoU yacto omyckaercs Hinke 0 °C.
YuyeHble YTBEPXKIAIOT, YTO MSATKUM KJIMMAT CIIOCOOCTBOBAJI Pa3BUTUIO LIM-
BwiIM3aluu B 3anagHoit EBpore. I'moOanbHOE MOTEIUIEHUWE, MOCTENEHHO
yBeJIMYHMBalOlIee TeMIIEPATypy Halleil IUIaHeThl, MOXeT JMIIUTh [ peHnaH-
IMIO CBOell TNpUTAraTeJIbHOM Ccuiibl. Ilpoucxomsinee TasHUE JIETHUKOB
I'peHnaHauM yMEHBIIAET COJIEHOCTh BOIBI Y €¢ OEperos, a 3T0, B CBOIO Oye-
penb, nuiaetr [onbdCcTpuM CWIBI, TOJNKAOIIEH ero Ha cesep, U EBpomna Ha
HEKOTOpOE BpPEMsI 3aMep3aeT, YTO ITPOMCXOIUT BCe Yallle U yalle. YUYeHbIe
OLIEHMJIM, KaK MOXET M3MEHUThCSl KiiMMaT B EBporie, ecinu rmobanbHOe Mo-
TeIJIeHWe He OyneT ocTtaHoBieHO. CaMbIl XyOUIUN ClieHapuii — 3TO BO3-
BpalleHue B EBpomny JiemHUKOBOro Mepuonaa B TedeHue 3—35 net. Haubonee
K€ BEpOSITHOE pa3BUTHE COOBITUI — 00Jiee CYpOBBIE 3UMBI, 3aCYXM JIETOM,
HEeypoxXau U, Kak CJIeICTBUE, BOUHLI.
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HaB — BOJia, KOTOPAs JIerue Bo3/yXa

YTo TaKoe map M CKOJIBKO ero Ha 3emJe

JAl0T XUAKOCTh U 00pa3yloT BOASIHON Map. DTOT IpoLiecC Ha3bIBa-

erca ucnapeHueM. ODHOBPEMEHHO C MCHApEHUEM MPOTEKAeT Y
0oOpaTHBIi TIpollecC — KOHAEHCAIIUsI, T. €. BO3BpallleHUE MOJIEKYJI M3 Tapa
B XMIKOCTb. EC/IM McnapeHue MpOMCXOAUT B 3aKPHITOM COCYAE, TO CHadaia
KOHIIEHTpaLIus Mmapa OyIeT pacTu, HO MOTOM HACTYIIUT MOMEHT, KOIla Y1C-
JIO MOJIEKYJI, MOKUIAIONIUX XUIKOCTb, CTAHET pPaBHBIM YHUCIY MOJIEKYIH,
BO3BpAlAIONINXCS B XUIKOCTh. TakKoi map Ha3bIBalOT HACBHILIEHHBIM, TaK
KaK ero KOHIIEHTpallusi B BO3dyXe COOTBETCTBYET MaKCUMAaJIbHO BO3MOX-
HOIl MpU JaHHBIX YCJIOBMSX (HaBJIeHHUIO U TeMreparype). OueBUOHO, 4TO
yeM BEHILLIE TeMIepaTypa BO3[dyXa, TeM WHTEHCUBHee HUcCHapsieTcsl BoZa U
TeM OoJibllle BOISHBIX IApOB MOXET COOEPXKAaThCs B eAMHMLE OoObeMa, a
3HAUMT, AaBJieHUWE HACHILIEHHBIX MapOB TOXE pacTeT C TeMIlepaTypoi
(puc. 15.1). IToaTOMy KOHILIEHTpPALMs BOASHBIX IAPOB B TPONMYECKUX IIU-
potax B 100 pa3 BhIllIe, YeM Y IOJIIOCOB.

Ecnau 6Bl Bechb Mmap, comepXallMIiCs B BO3MyXe, BHE3AIlHO IMepeliesn B
IOXOb, TO BOJMM3M 3KBaTOpa BBIMTaIO O6bl 50 MM OcamkoB, a BOJM3U IOJIO-
coB ToJbKO 1 MM. Ilpu 3TOM B cpedHeM Ha MOBEPXHOCTU 3emMiau 0Opa3o-
BaJIcsl Obl CJIO BOIBI TOMLIMHOM 25 MM. MI3BECTHO, UTO 3a rof B CpedHEM
BbInanaeT 1 M ocankoB. [ToaToMy HaOUBILIMHA BCEM OCKOMMHY KPYrOBODOT
BOIbI B MPUpPOIE coBepliaeTcs Mo kpakiHei mepe 40 pa3 3a ron. KoHieH-

MOJ’IGKYJILI BO3IyXa Hal BOLOEMaMHU INpHU JI0OOi TeMIepaType MOKU-
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Puc. 15.1. a) 3aBUcCUMOCTb HaB/ieHHs HACbILIEHHBIX BOISHBIX MapoB OT TEMIEpaTypbl NpHU
HOpMaJIbHOM aTMochepHOM aaBiaeHuH. ObaacTb Hall KpUBOM COOTBETCTBYET 0Opa30BaHUIO Ty-
MaHa 4 00/1aKOB, MOA KPUBON — UX MCUE3HOBEHHUIO; 6) 3aBUCUMOCTDb [U1Sl AMala3oHa TeMrepa-
Typ Bo3ayxa cpefHeii rnosjocsl Poccuu

Tpauysl (IaBjieHHe) BOASHBIX IapOB C yOaJeHWEeM OT IMOBEPXHOCTH 3eMIIU
MajgaeT ropasmo OBbICTpee, YeM IS OCTaIbHBIX ra30B. I[IpoMCXOOMT 3TO
M3-3a TOTO, YTO C BBICOTOM YMEHBIIIAETCS TEMIIEpaTypa BO3[Iyxa, a 3HAYUT,
M €ro CrioCOOHOCTH yIepXXuBaTh Biary. Ha BeICOTe 5 KM TeMIiepaTypa BO3-
nyxa okono —20 °C. I1oaToMy MOYTH ITOJIOBUHA BCeM Bjlaru aTMocgephl Ha-
XOIUTCS B HIDKHEM €€ CJioe, MMEIOIIEM TONIIUHY 1,5 KM, 1 MeHee 5% Ha-
XOIOUTCS Ha BhICOTe Goyiee 5 kM. OTHOCHUTENbHASI BJIaXHOCTb BO3[yXa TOXeE
YMEHBIIIAETCS C BBICOTOM, cocTaBisis B cpenHeM 60—80% y MOBEpXHOCTH
3emau u 20—40% Ha BhICOTE 9 KM.

Kak u3MepsioT BJIaKHOCTh HA PACCTOSIHUH

Yro06Bl mpeacka3aTh IMOrooy, Hamo 3HaTh, OTKyJa M Kyda IBUXETCS
BJIAXHBINM BO3AyX. JIJIsT 3TOTO OMPENENIOT BJIAXXHOCTh BO3IyXa Ha paccTosi-
HUHU. enamoT 3T0, HApuMep, C MOMOIUBIO JTaTYMKOB, U3MEPSIOIIMUX WH-
TEHCHBHOCTh MH(PAKPACHOTO M3JTyYeHH s 3eMJIH, YCTaHOBJIEHHBIX HA CIYT-
HMKax. BoosiHble Mmapbl O4eHb CHIBHO ITOTJIONIAIOT 3TOT TUIl U3JTyYeHUs, U
MMO3TOMY Ha ¢oTorpadusax 3eMiu, coeJaHHBIX CO CIYTHUKA B 3TOil 4acTu
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CIIeKTpa, SIPKOCTh U300pakeHUsl 3aBUCUT OT KOHIEHTPALMU BOASHBIX Ma-
POB, HaXOMSIIUXCS Hall TaHHOW TOYKOM IMOBEPXHOCTH IUIaHETHI. [ToaToMYy,
u3Mepsia SIPKOCTb MHGMPAKPACHOTO H3JIYyYeHUsI pPAa3IMYHBIX YY4aCTKOB
3eMJId, MOXHO OLIEHUTb CPEMHIOI BJIAXHOCTh BO3AyXa Hal HHUMHU.

Kakas BJaKHOCTD Jrydlie

WHTepecysich MPOTHO30M IOTOMbI, MBI PENKO obpalllaeM BHMMaHHWE Ha
BJIAXXHOCTb BO3MyXa, CUMTas, YTO IJIABHOE — 3TO TeMIlepaTypa M OCaIKM.
OnHako 3HaYEHUSI OTHOCUTENBHON BJIAXKHOCTH TOXE OBIBAIOT OYEHb BAXKHBI.
HznuirHe cyxoi BO3MyX ¢ OTHOCHUTEIBHOM BIaXXHOCTBIO MeHbile 40% nenaer
CYXUMHU CJIU3UCTbIE 00O0JIOYKM JIETKMX U HOCOIJIOTKH, YBEIMYMBAS PUCK MH-
dexuuii ¥ KpoBoTeueHMl. BiaaxHsblii Bo3nyx (Gosplie 60%) B IMOMELIEHUH
CO3MaeT UaeaibHbIe YCJIOBUS IUISI pOCTa IUIECEHU U Pa3sMHOXEHMS TaK Ha3bl-
BaeMbIX TMbUIEBBIX KIEIeHd, YTO MOXKET BBI3BIBATH AUIEPTUIO Y JIIOIEH,
CKJIOHHBIX K 3TOMY 3a00neBaHUI0. KpoMe TOro, BHICOKAs BIAXHOCTh MOXET
CTaTb MPUYUHON TEIUIOBBIX YyOApOB, TaK KakK IMpPU OOJBIION KOHLIEHTpAlUU
BOISIHBIX IMAPOB B BO3MyXe HaM CTAHOBUTCS TSIKEJIO OTIABAaTh M30BITOYHOE
TEIUIO C TOMOIIIbIO0 noTooTaeneHus. Kak cnemyer u3 tabnuinesl 15.1, yBenuye-
Hue BiaxHocTH ¢ 50 mo 70% npu temmnepatype 32 °C NMpUBOIUT K KaXylle-
MyCsl POCTy TeMIIEpaTyphbl OKpyxXkaloiero Bosmayxa no 41 °C. HaobopoT, Ko-
ra BJIaXHOCTh HyJIeBasi, TO Ta Xe TeMIiepaTypa 32 °C HaMH oIIyllaeTcs Kak
28 °C. IToaToMy eciii BaM CTalIO 3I0KO B XOJOZHOM KOMHATE, TO IOCTABbTE
Ha 1oJI Ta3 ¢ Terutoit Bogoil. CKOpo BIaXXHOCTh BO3AyXa YBEJIUYUTCS, M BaM
craHeT Terviee. CuuTaeTcs, YTO0 KOM(MOPTHBIM YCIOBUSIM COOTBETCTBYET TEM-
nepatypa 20—22 °C npu OTHOCHUTEJIBHON BIaXHOCTH Bo3ayxa 45—50%.

W3BecTHO, YTO BO3MyX 3UMOI B JOME CTAHOBUTCS CYXUM, OTYErO MHOrIA
naxe nepuiuT B ropie. OOBbSICHEHHEM 3TOM CYXOCTU XOJIOOHOTO BO3dyXa
MOXET CIYXUTh 3aBUCUMOCTb MaplLMaJIbHOTO JABJIEHUS] HACHIILIEHHOIO BO-

Tabauya 15.1

BraxHoCTD, Temneparypa Bo3ayxa, °C
% 21 | 24 | 27 | 29 | 32 | 35| 38 | 41 | 43 | 46 | 49
0 18 | 21 23 |1 26 | 28 | 31 33 135|371 39| 42
10 18 | 21 24 | 27 | 29 | 32 | 35| 38 | 41 | 44 | 47
20 19 | 221 25 | 28 | 31 34 | 37 | 41 | 44 | 49 | 54
30 19 | 23 [ 26 | 29 | 32 | 36 | 40 | 45 | 51 | 57 | 64
40 20 | 23 | 26 | 30 | 34 | 38 | 43 | 51 58 | 66
50 21 24 | 27 | 31 36 | 42 | 49 | 57 | 66
60 21 24 | 28 | 32 | 38 | 46 | 56 | 65
70 21 25129 | 34 | 41 51 62
80 22 | 26 | 30 | 36 | 45 | 58 | 69
90 22 | 26 | 31 39 | 50 | 66 | 77
100 22 1 27 | 33| 42 | 56 | 74
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JSTHOTO Tapa OT TeMIIepaTyphl, BeAb B TEIUTYI0 KOMHATY BO3OYX IOCTYIIAeT
CHapyXHu, TIe NapuvajlbHOE JaBJIeHUE BOASHBIX MapoB O4YeHb HU3Koe. Ha-
npuMep, eciau Ha yauie 0 °C 1 50% BIaxXHOCTH, TO TaKO# BO3AYX IOCIE
HarpeBa o 20 °C OydgeT MMeTh OTHOCHUTENBHYIO BJIAXXHOCThL Bcero 13%,
T. €. B 4 pa3a MeHbllle, YeM He0OXO0muMO MJist KOMGOPTHBIX YCJIOBUM. A KO-
ra 32 OKHOM MOPO3, BIaXXHOCTh BO3[lyXa B IOME CTAHOBUTCS €llle MEHBIIIE,
A TPUXOOUTCA NOpuberatb K MOMoINU yBiIaxHutedaei. IloaTtoMy MHOTHE
KOMHATHbBIE pacTeHUS] 3UMOU peKOMEHIyeTCs IOJUBATh Jallle, YeM JIETOM.

IToyemMy mpoOAYKTBI OBICTPO BBICHIXAIOT B XOJOAMJIHHUKE

B xonogunbpHOI KaMepe caMoe XOJOTHOE MECTO, UCHapUTeNh, HAXOOUT-
Csl BBEpXY, OTKyda XOJIOOHBIA M IIO3TOMY TSIKEJIBIM BO3MyX OITyCKAaeTCs
BHU3. CompHUKacasich C MPOAYKTaMHU UM CTEHKaMM XOJOOWIbLHUKA, BO3IyX
HarpeBaeTcsi, a er0 OTHOCHUTEIbHAS BJIAXXHOCTh YMEHBIIIAeTCs, TaK KaK Ha-
TPETBI BO3MYX IMOTJIONIAeT OOJbllle Biaru, 4eM XOJOAHbI. Takum oOpa-
30M, XOJIOMHBIA BO3OyX, HArPEBIIUChH, CPa3y CTAHOBUTCSI CYXUM U OTOUpaeT
YacThb BJIary y NMpoayKToB. I10TOM TeIUIbI, a 3HAUUT, JIETKWUI BO3MyX ITOTHU-
MaeTcsl BBepX K MCIIApUTENIO, TlIe OXJIAXKIAaeTCs IO MepBOHAYaIbHOUM TeMIIe-
paTypbl, HO BJIQXXHOCTb €r0 OKa3bIBAeTCsl BhIIIE ITEpBOHAYAILHOI M3-3a BO-
IIbl, OTOOpPaHHOI y IIPOAYKTOB. DTO IOBTOPSIETCS HECKOJNbKO pa3, IT0Ka
OTHOCHUTEJIbHASI BJIAXXHOCTb BO3myxa He IipeBbicut 100%, M Torma Ha IoBepx-
HOCTH WMCIAapUTeJIsl MOSBISIOTCS KaneJabKK BOIbI WIM KPUCTAUIMKM JIBIA.

LupKyIupyomui Mo XOJOIUIBHUKY BO3MYyX «IIepEeBO3UT Ha cebe» BOIY
OT OoJiee TeIUTbIX IIPOAYKTOB K Oojiee xonomHOoMy ucnaputeinio. [Ipu atom
OPOMOYKTHI, JUIIASICh BOABI, OXJIAXNAIOTCSI, TAaK KaK OHU TEPSIOT TEIUIO, He-
obxonuMoe 1jid UcIapeHus Biaru. JIerko ImocuyuTaTh, HalIpUMeEp, YTO OTy-
peu Maccoit 50 r, motepsiB Bcero 0,1 r Biaru, oxnagutcs Oojiee 4yeM Ha
onuH rpanyc. IloaToMy cyxue NMpOXYKTHI OXJIaXITAIOTCS B XOJIOAWIbHMKE
MEIJIEHHee, YeM BJIaXKHbIe. A BOOOIle, JIydllle XpaHUTh ITPOAYKTHI B XOJIO-
IWIBHUKE B 3aKPBITON MOCYye WIM BO BJIarOHEIIPOHUIIAEMON IUIEHKE, XOTS
OCTBIBaTh OHU OYOyT, KOHEYHO, MemeHHee. YTOObl YCKOPUTh LIUPKYIISLIHIO
BO3IyXa U OXJaxIeHHe IMPOAYKTOB, B COBPEMEHHBIX MOIENSIX XOJOMWILHU~
KOB HCIIOJIb3YIOT BEHTWISTOPHI.

Kak n30exxaTh 3an0TeBaHHA CTEKOJI

Bnara u3 teruioro Bo3myxa KOHIEHCUPYETCS Ha XOJIOQHOU MOBEPXHOCTH.
M3 rpaduka 3aBUCUMOCTH IaBJIeHHUS] HACHIIIEHHBIX ITAPOB OT TEMIIEPATypPhl
cienyet (cM. puc. 15.1), 4To Bo3ayx BiaaxHOCTbIO 50%, HarpeThIil 10 TEM-
repaTtypsl 20 °C, HauHeT KOHAEHCUPOBAThCS Ha ITOBEPXHOCTSIX, TEMIIEPATY-
pa xotophix Hizke 10 °C. [To3ToMy Koraa Mbl BXOOZUM C MOpPO3a B MOMeENIe-
HHE, TO cpa3y 3amoTeBaloT OYkM. Macka IJisg IOABOOHOIO IUIaBaHUS IIPU
HBIpSIHUM B BOJOY OBICTPO 3aIloTeBaeT U3HYTPU. ABTOMOOMJIMCTHI 4YacTO
HUCHIBITHIBAIOT HEYN0OCTBA MPU 3all0TeBaHUM U3HYTPU OKOH B ellle HE pa3o-
IPETHIX aBTOMOOWIISIX.

YTtoObI He JaTh 0O0pa30BaThCSl CKOIUIEHUIO MeJIbYaillliiX KaIrejleK Ha XO-
JIOTHOM CTeKJIE, HEOOXOIMMO YMEHBIIUTb ITOBEPXHOCTHOE HATSKEHUE BO-
IIbl, U3 KOTOPOU OHU COCTOSIT: TOTHA KalleJIbKU COJIBIOTCS IPYT C IPYTOM,
00pa3ysl IUIEHKY, KOTOpas CHOBa clejlaeT OKHO WM OYKU IPO3PAYHBIMHU.
UToOBI MOHU3UTh MOBEPXHOCTHOE HATSDKEHUE, MOXHO NPOCTO HATepeTh
CTEKJIO KyCKOM MbLIa, a IIOTOM IIpoTepeTh Tpsirnoukoit. KpoMe Toro, ciemy-
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€T IMOMHUTb, YTO B MPOXJIANHYIO MOTOAY OKHA aBTOMOOMWJIS U3HYTPHU He Oy-
IYT 3am0TeBaTh, €CJIM BO3MyX MOCTOSIHHO OBUXETCSl Y BHYTPEHHEN MOBEpX-
HOCTM CTeKJIa M CTeKJIa U3HYTPHU YK€ TEeILIbIE.

ITouemy camoJieT B HeOe oCTaBJIsAeT O€Jiblii cJiel

B TypOuHax camoneTa cropaeT YrjeBOOOPOJHOE TOIUIMBO, a OMHUM U3
MPOMYKTOB TOPEHMS SBJISIETCS BOIA — €€ Map, HarpeThblif 1O BBHICOKON TEM-
neparypbl. ['opsiuunii BoAsiHOU mnap, BbLIETast U3 cOIjla TYPOUHBI, HAUMHAET
KOHIeHcupoBaThes. IIlpu 3ToM 00pa3yeTcss HUTeoOpa3Hoe 00J1aKO, COCTOSI -
ulee U3 MeJbYalilnuX KPpUCTAUIMKOB JIbla, TAK KaK TeMrepaTypa Ha TaKoi
BeicoTe Hike —40 °C (puc. 15.2). MHorma Bo3ayx Ha BBICOTE OBIBAeT mepe-
HACBILLIEH BJIaroi, KOTopasi He MOXET KOHIEHCUPOBAThCS M3-32 OTCYTCTBUS
TaK Ha3bIBaEMbIX SIIEP KOHAEHCAIIUM — MeTbYaNIIMX YacTull, HarpuMep
neUTd. B Takux ciiyqasix mpoJieTaloluii caMoJIeT, OCTaBISIIONIUI 32 cobOoi
YacTULIBl Caxu (MPOMYyKTa HEMOJHOTO CrOpaHUs TOTUIMBA), BHI3bIBAET KOH-
IeHCAUMIO IepeHachIIeHHbIX mapoB aTtMmocdepnl. [losaTomMy mo Oenomy
clefy OT JIETSIIETO caMoJieTa MOXHO CYOWUTh O BJIaXHOCTU BO3IyXa B BEpX-
HUX CJIOSIX Tponocdepsl, a 3HaYUT, U O IMpeacTosiieit nmoroge. bricTpo uc-
yes3alouMii U enBa 3aMETHBIN CJied TOBOPUT O TOM, YTO BO3IyX Ha BBICOTE
cyxoil u morogma Oymer Oe3obnauHoit. Hy, a eciu Oenblit cien TsHeETCs
yepe3 Bce HeDO, TO clenyeT XKIaTh YXyIIUEHUST MOTOMIbI.

Puc. 15.2. Benslit cien 3a JETSAIIMM CaMOJIETOM

Ha ¢otorpadusix, coenaHHBIX CO CIIyTHUKOB, 3eMJisi BO MHOTHX MeCTax
HaKpbITa IUIOTHOU 6€JI0N CEeTKOM ClIeq0B OT IMpOJETeBIIUX CaMolIeTOB. BbI-
JIO TIOKa3aHO, YTO B HEKOTOPBIX CJIydasix CJedbl OT JIETSIIEero caMoJjeTa
npeBpauialoTcs B obyaka mwiomaneio or 4000 mo 40 000 kM2, okasbiBas
BJIMSTHME Ha KIJIMMAT.

Yem onmacHbl U MOJIE3HBI JAJIs YeJIOBEYECTBA
BOJsIHBIC INAPbI

BomaHble maphbl OnacHBI TEM, YTO OTHOCATCS K TaK Ha3bIBAEMbBIM IapHU-
KOBBIM razaM. B oTimuue or octanpHbIx Mosiekys Bosayxa (N,, O, u CO,),
MoJieKyna Boabl acuMMerpuuHa (puc. 15.3). IlosToMy oHa MMeeT MOCTOSIH-
HBIA OUITOJIBHBEIM MOMEHT, UTO JEJAET €€ CIIEKTP MOIJIOIIEHUS OUeHb I'yCThIM
M CIOXHBIM M JaeT BO3MOXHOCTBH TOINIOMIATh HHGpaKpacHOe H3ITydYeHUe
B IIMPOKOM CIIEKTp€ 4YacTOT. DTO 3HAYMUT, YTO BOISHBIE IMapbl, HAXOMSICh
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B aTMocepe, CBOOOTHO IPOIMYCKAIOT YEPE3 Ce-

051 COJIHEYHYIO KOPOTKOBOJIHOBYIO pagvaivio C

MUKOM [UIMHBI BOJIHBI OKojiio 0,6 MKM, HO 3a- T

JIep>XUBalOT UH(PpaKpacHOE U3JTydyeHre 3eMJIu C a)

IUTMHOM BOJIHBI OKOJIO 11 MKM. e \>\
IlapHuxkoBbiii 3 ¢ekT BOAIHOTO mapa

cpaBHUM ¢ 3(deKToM yriaekucaoro raza. MHo- 6)

rue, OJHAaKO, CYUTAIOT, YTO €CJIM Obl MApHUKO- 5/\

Boro ad@¢eKTa BOASHBIX MapoB HE OBUIO, TO N e

Halla IUlaHeTa HUKOTJa Obl HE OTOrpesach OT

KOCMUYecKOoro xosiona. TeMnepaTypa Ha ee Mo- B) F/ﬂi;

BEPXHOCTH cocTaBistiia 6wl okoyio 30°K, u LY

KWU3HU Ha Hell, KOHeYHo, He Obuio 6kl. Ho B /e

rocjieHee BpeMsi KOHIIEHTpaIlysl BOASIHBIX Ia- i

poB B Tpomocdepe HEYKIOHHO BO3pacTaeT, U r)

OOJIbIIIE BCETO B TPONMMYECKMX IIMpOTaX, TIe A&-}
kaxnele 10 ymer oHa yBenuumBaercsa Ha 13%. l
IIpoucxoouT 3TO H3-3a IIOCTENIEHHOTO Harpe- -~

BaHMs Haulel rutaHeThl. IloneseH xe map Tem,
yTO OoOpa3yloliuecs U3 Hero o6jaKka OTpaXaroT
4YacTb COJTHEYHOIO M3JIYy4YEHUsl, TAKUM 00pa3oM

Puc. 15.3. Pa3nuyHble TMIIBI
Oopsich ¢ riao0aabHBIM MOTEIUIEHUEM.

KosieGaTeNIbHBIX (@ — 6) U Bpa-
areJbHbIX (&) OBUXEHUH
Kak Pa3rOHAIOT OGJIaKa MosieKynbl Bombl. CrpenkaMu
II0Ka3aHO HalpaBJICHUE [OBHU-

Hawub6osee 1uioTHbIe 06aka, 3alliMIIAIONIME  XeHHi aToMOB
HaC OT COJIHEYHOTO CBETa U colepKallue MHO-

TO BJIaTU, HAXOMSITCS, KaK MpPaBUJIO, HA BHICOTE

2—3 KM U comepxaT MHoOro Mejpyaimux (pazmepoMm 10—100 MxMm) karme-
JIeK TepeoxJaXIeHHOl BOObl M KPUCTAJUIMKOB JibJa IIpU TeMIlepaType
MeHnbiie —10 °C. YToObl YHUUTOXUTH 00J1aKO, HEOOXOOMMO BBI3BATh I1OSIB-
JIeHUe KPYIHBIX Kameb (6oJyibiile 1 MM) M KpUCTa/UIOB Jibda B TYMaHe, CO-
CTOSIILIEM U3 MeJbYalIIUX KareleK BOAbl U KPUCTALIUKOB Jbja. [{ns1 aToro
B 0o0Jlakax pacHbUISIIOT MUKPOYACTUIIbI, KOTOPBIE CITY>KaT TaK Ha3bIBAEMBI-
MU siIpaMM JIJis1 0Opa3oBaHUs KPYITHBIX Kamejlb U KpUCTa/uioB. B kayecTse
TaKWX YaCTUII YACTO UCIOJB3YIOT MOAUI cepedpa, KpUCTAUIMYECKas CTPYK-
Typa KOTOPOTO OYeHb IOXOXa Ha IeKCAarOHAILHYIO CTPYKTYPY KPHUCTaJIIOB
JIbJa, M3-3a YEro aare3vss KpHMCTA/UIOB JibIa U KarnejaeK BOAbl K 4acTU4KaM
vonguaa cepebpa Benuka. [ToaToMy B o0ake K KpUCTAUIMKAM MOAUIA CE-
pebpa MPWIMIIAIOT MOJIEKYJbl BOABI, M, CTaB TSDKEIBIMM, OHM HAYUHAIOT
najgaTh Ha 3eMJTIO, YHOCS ¢ cO0OI yacTh obnaka.

Hpyroii cnoco6 ocaxneHusi objlaka — ero oxjaxaeHue. g 3Toro B
o6yiako 3abpachiBaloT KpucTauibl cyxoro jbaa (CO,), KOTOpBIH, oxj1axnas
00J1aKO, BBI3BIBAET YCHUJIEHHYIO KOHIEHCAIIMI0O C 00pa30BaHUEM KPYITHBIX
Kafejib U KpUCTALIOB Jibaa. EcTh U gpyrve MeTonabl 60OpBOBI C OOIaKaMM.
Hanpumep, MoXHO pa3bpachiBaTh B 001aKax MUKPOCKOIIUYECKUE KPYITUH-
ku rurpockonuueckux cojeit (NaCl wiu KCl), koropsie, nonas B obJa-
KO, OyIOyT NMpUTATHBATL K cebe Bjary M pa3dyxaTb, CTAHOBSICh 3apObIIIa-
MU OonpmiMx Kamejib. OOHAaKo 3TOT MeTOld, KaKk U UCIOJb30BaHUE
LIEMEHTHON TMbUIM IS OCaXIEHUSI OOJIAKOB, CUMTAETCS 3KOJIOTMYECKU
HEeOE30IMaCHbIM.
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Kak uckyccTBeHHbII TyMaH
MOMOraeT CeJIbCKOMY XO03SiCTBY

Haunbonee acddexTrBHON TexHOOrMeil BhIpAIlMBAHUS PACTEHUI SIBJISI-
eTCsl METO[ 3eJIEHOTO YepEeHKOBaHUsI, KOTOPbIM MOXHO pa3MHOXaTb pacTe-
HUSA — PO3bl, XPU3AHTEMBI, BUHOIPall, MHOIUE IJIOLOBLIE U SITOOHbIE KYJb-
Typbl ¥ Aaxe TOoMUIOpbl. YTOOBI pacTeHWe MNPUXUIOCH, BJIAXHOCTb
BO3Iyxa HOKHA ObITh OM3Ka K 100%, Tak Kak 3eJieHble YEPEHKHU C JIUCTh-
SIMM HE HMMEIOT COOCTBEHHOII KOpPHEBOM CHUCTEMbl M Bjiary, a TakXke IUTa-
HUE OHU MOTYT TOJYYUTb TOJBKO Yepe3 JUCThS. CaxKeHILbI MO3TOMY BbIpa-
LIIMBAIOT B TeIUIMLIAX, TIe€ BpeMs OT BpeMeEHW pacIbUIIETCS BOJIa,
romaBaemasl IMoj AaBJieHUEM B HECKOJIbKO IECSITKOB aTMocdep U 00pa3yio-
1masi TyMaH, COCTOSIIIMII M3 KameJieK pa3MepoM He 6onee 30 MKM
(puc. 15.4). TymaH 13 6osiee KPYIHbIX Kanenab ObICTPO OCedaeT.

Puc. 15.4. HckyccTBeHHbIH nap B Te-
ruMLe

TyMaH B TerulMle He TOJbKO HAChIILAET BO3AyX Blaroi, HO U MOXET IO-
HIDKATh TeMIlepaTypy B Heil Ha JecsiTb W Oojiee rpagycoB. DTO NaeT BO3-
MOXHOCTb MCITOJIb30BaTh TEIIMLbI B YCAOBUSIX Xapkoro kiumara. Mckyc-
CTBEHHBIII TyMaH BO BpEMsl HOYHBIX 3aMOPO3KOB IIpYU BhIpalllMBaHUU
pacTeHuil B OTKPBITOM IPYHTE COXpaHSIeT TEeTUIO, U3JlydaeMoe 3eMiieil, Ha-
MpapJysisi €r0 Ha UX 00OrpeB. DTO MPOMCXOOUT U3-3a TOIO, YTO BOISIHbIE
napbl MHTEHCMBHO TOIJIOLIAIOT UH(MpaKpacHoe U3NyyeHue.



['maBa 16

TCPMOI[I/IHaMI/IKa BOEPYI‘ " BHYTPI/I HacC

HECKOJIbKUX FPaldyCOB HMXKe TeMIlepaTyphl 3aMep3aHUsI YUCTOMH BO-

bl (0 °C) mo 40—50 °C Bpiie Hyns. YTtoObl caefiaTh CBOIO XHU3Hb

6onee KOMMOPTHON ¥ HE UCIBITBIBATH ITEPEOXIAXICHUS UK YPE3MEPHOTO

neperpena, 4yeJoBeK HOCHUT OIEeXIy, HarpeBaeT CBOIl JJOM 3MMOM U OXJIaXK-

naet ero jetoM. O TOM, KakK C TOUYKU 3peHUsT (PU3UKU OOBACHUTDH, YTO Ta-

KO€ YYBCTBO XOJIOAA M Xapbl, UTO TAKOE TEITJIOBble HACOChl U KPHOHMUKA,
MOWIET peyb B 3TOM TIJIaBe.

}Kzsxﬂb BO3MOXHA TOJBKO TMpPHU TeMIIEPAType OKPYXAIOLIENH CPeabl OT

ITouemMy ye/iOBEK YyBCTBYET ce0s Jydlle,
Koraa ero temmeparypa okoJio 37 °C

Yenosek 4yBCTBYeT cebsi XOpOIIO, KOrna y Hero Temmepatypa 36,6 °C.
Ho crout TemnepaType Tena yBEIWYUTHCS WM YMEHBIUUTHCS JIMIIb Ha
1 °C, eMy CTaHOBUTCS XapKO WIM XOJIOTHO. A eC/IM TeMIlepaTypa Tejla OT-
KJIOHSIETCSI OT HOpMaibHO# Ha 4 °C, TO XM3HHU 4yejloBeKa I'pPO3UT OOJIbIlAsK
OMacHOCTh. Takast YyBCTBUTENBHOCTh YEJIOBEKA K TeMIIepaType Teja CBsI3a-
Ha C TEM, YTO CaMble BaXXHble XMMMYECKME PEaKllMd B OpraHU3Me IIpOMC-
XOOAT C ydyacTueM (DepMEHTOB — XMMHYECKMX COEIUHEHUI, YCKOPSIOMINX
WIHA 3aMEeUISIIOIIMX MpoTeKaHue 3Tux peakuuil. CriocoOHOCTb (epMeHTa
BJIUAATD HA CKOPOCTh OINpPENEIEHHON XWMMYECKOM peakiuud B IIEPBYIO
ouepennb OIpPENESIETCSI MMPOCTPAHCTBEHHON CTPYKTYpPOM 3TOM OIpOMHOM
Mosekyabl. C uM3MEHeHHEM TeMIlepaTyphl IIPOCTPAHCTBEHHAsl CTPYKTypa
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Puc. 16.1. 3aBMUCHMMOCTb aKTMBHOCTH (hep-

MEHTOB (CKODOCTM XMMMYECKHMX DEaKLMi C

37°C UX ydacTueM) OT Temnepartyphl. CruloLiHast

l 43°C JIMHUSA — OBPATUMbBIE U3MEHEHUS; HITPUXO-
Bas — HeoOpaTUMble

\ MOJIEKYJTBl (hepMeHTa H3MEHSIETCS,
\ U OH TepecTaeT «paboTaTh». [103TO-
\ MY aKTUBHOCTb MHOTHX (PEPMEHTOB
155 °C MakcuMajlbHa IIpU  TeMIeparype
\ 37°C, a Tipy HarpeBaHUM BBIIIIE
! 43 °C oHM yXe HeoOpaTHUMO TepsIoT
Temmeparypa CBOI0O  crocobHocTh  (puc. 16.1).
V3kuii quarnazoH TeMrepatyp aKTUB-
HOCTU (hepMEHTOB M OMNpENeIsieT
TeMmIlepaTypy Teja, pu KOTOpOii ye-
JIOBEK YYBCTBYET ceOsi KOM(MOPTHO.

AKTUBHOCTEL hepMEHTOB

Kak genoBek Harpesaj M nmpoaojnkaetrT
HarpesaTb CBO€ 2KWJIMIIIE

YesoBeK HaydwJiCsl HarpeBaTh CBOM IOM FOpa3mo paHblie, YeM OXJIaxk-
natb ero. YTtoObl He 3aMep3HyTh, HAIUU MPEAKM B INeulepax pa3BOIUIU KO-
ctpbl. C Tex MOp MaJio 4TO M3MEHWIOCh. I1pocTo GOJBLIMHCTBO U3 HAC HE
BUIISIT T€X KOCTPOB, KOTOpPhIE AEHb U HOYb FOpsIT, YTOOLI B KBAPTUpaX OBLIO
TEIUT0. A Belb TEIUIO OKPYXXAeT HAc CO BceX CTOpoH. IlpocTo Hago yMeThb
B3SITh €70 U HEePEeHEeCTH B JIOM.

Kak nepenectu Temao atmMocgepsl U 3eMJIM B IOM

Ecnau 3uMolf BHECTM HEMHOTO BO3IyXa WIM KYCOK 3€MJIM C YIUIIBI JO-
MO, TO B KBapTUpe Teruiee He cTaHeT. OQHAKO MOXHO MOCTYIMUTh MO-IpY-
roMmy. Bospmem xunxocts, Hanpumep ¢peon-12 (CF,Cl), nu Haibem ee
(HECKOJIbKO MWUIMJIUTPOB) B BO3AYIIHBIN pEe3WHOBHIN ILIApUK, IMTOCJE YEro
IIApUK Cpa3y 3aBsKeM BepeBKOH, 4TOOBI mapbl (peoHa He YIeTYIWIHCh.
Tak kak Temneparypa KuneHus ¢peona —33 °C, To gaxe 3UMON Ha YJIUIIE
BeCh (DpeoH MCIapuTCs, U IapuK HamyeTcs. [1pu 3ToM, ucnapssch, hpeoH
OTOMpAET TEIUIO Y XOJOMHOTO BO3ayxa. Terepb BHECEM BO3MYIIHBIN 1IapHK,
HamnoJIHeHHBIN ImapamMu (peoHa, B KOMHATy U coxmeM ero. Korga masie-
HU€ BHYTPH HIapHKa YBEJIMYUTCS HACTOJBKO, YTO Iaphl (ppeoHa HAYHYT
KOHIIEHCHUPOBAThCSI, TO BCS Ta DHEPrus, KOTOPYIO MOJYYIJIM Ha YIULE
OT XOJIODHOTO BO3IyXa, BBIIEJNMUTCSI, 1 B KOMHaTe cTaHeT Teruiee. IloToMm,
KOTJIa BO3MYIIHBIM HIAPUK OCTBIHET, MOXHO OMSITh BHIHECTH €r0 Ha YIJIMILY,
YMEHBIIIUTh JaBJI€HUE BHYTPU €0 U CHOBA MOXKOAThCS, TIOKA BeCh (DpEOH
WMCITApUTCS.

TakuMm obpa3om, coBepHIMB paboTy Had nmapaMy (peoHa, Mbl IIepeHe-
CJIM TEIUIO OT OoJsiee XOJoOHOro Teaa (BO3MyX Ha yiaulle) K Ooliee TEILIOMY
(Bo3oyx B KOMHare). Takue ycTpoiicTBa Ha3bIBalOT TEIUIOBBIMM HACOCAMHU.
TerioBele HACOCHI MOTYT 3aKaYMBAaTh BHYTPb MTOMELUEHUS TEILIO HE TOJAbKO
atMocdepbl, HO ¥ TPYHTa X HaXOMSIIMXCS PSIIOM BOZOEMOB.
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TemoBble HACOCHI — XOJIOAWJIbHUKH H3060p0T

B 0OBbIYHbIX OBLITOBBIX XOJIOAWIbHUKAX pElIeTKa paauaTopa, Haxoasaiuas-
Csl C 3allHE CTOPOHbI, Bceraa Terviasi, Jaxe ropsiyasi. B npuHUMIIEe X0J10-
IWIbHUK MOXHO Ha3BaTh TEIJIOBbIM HAaCOCOM, OTKAYMBAIOIUWM TEIUIO U3
XOJIOOWJIBHOM KaMepbl B KOMHATY MJIM KYXHIO. A BOOOIIE TEIIOBbIE HACO-
Cbl — 3TO XOJIOAWNbHMKU, OTKAUMBAIOLIME TEIUIO, HAIIpUMEP U3 He3aMmep-
3al0lMX IIyouH 3emau. Ha rybuHe 4—5 M 1 Gosiee TeMnepaTypa rpyHTa B
TeUEeHHUEe roja MpakKTUUYECKU TIOCTOSIHHA M COOTBETCTBYET CpEIHETroJ0BOI
TeMIlepaType aTMOC(epHOro Bo3ayxa. B KIMMaTWYeCKHX YCIOBHSX Cpell-
Heif nonockl Poccun 3Ta Temreparypa cocTasiseT +5...+8 °C.

IlepBoIit TEMIOBOM HAcOC, Ha3BaHHBIM YMHOXMWTENIEM TeIjla, ObLI Mpea-
JoxeH YwibsiMoM TomcoHoM (Jiopnom KensBuHOM) B 1852 r. 1 mpencTaB-
JISIT COOOM XOJIOOUAbHUK, UCTIONb3YEMBbli [JIst OTOIUIEHHMSI. TOMCOH CUMTAJ,
YTO OrPAaHUYEHHOCTb 3HEPrOpecypcoB B OyAyllleM HE MO3BOJUT CXMIATh
TOIUIMBO B OTOIIMTEJIbHBIX Ileyax. B KauecTBe pabouero Tejsa B TEILUIOBOM
Hacoce ToMcCOHa MCIOIb30BaJICSl BO3nyX. Bo3myx 3acachiBajics U3 MOMeIle-
HUSI B UWIMHID, PacLIMpPsUICS U TIPU 9TOM OXJaXKAajics, 3aT€M IMPOXOIMI
TEeIJIOOOMEHHUK, Trie HarpeBajcsl Hapy>XHbIM Bo3ayxoM. Ilocie cxartusi o
aTMOC(EepHOTro JaBJIeHMUS] BO3MYyX M3 LIMJIMHApPA MMOCTYIal B ob6OrpeBagMoe
TIOMEIIEHUEe HATPEThIM 1O TEMIIepaTyphl Bbillle NEPBOHAYATLHOM.

CoBpeMeHHbIE TEIUIOBBIE HACOCH pabOTalOT IO CXeMe, M300pakeHHOM
Ha pucyHKe 16.2. B ucnapuTese TEIJIOBOro Hacoca TeIJjo 3eMJIM, BOTOEMOB
WIK OKpPYXAlOLIero BO3IyXa MCIOJb3yeTcsl ISl MCMapeHMsl XJaJoareHTa
(CKUIKOCTH, KMIISIIIENH NMpu HU3KOH TeMmeparype). ITomydyeHHbIA nap CxXu-
MaeTcsi KomripeccopoM. [Ipu 3ToM TeMmepaTypa Iapa MOBBIILIAETCS, U €ro

Puc. 16.2. Cxema paGoTbl TEMJIOBOrO HAcOCa, BbIKAYMBAIOILETO TEIUIO U3 HapY>KHOTO BO3MoyXa:
1 — TennooOMeHHUK, HaXOASLUNACA Ha YJIMLE, B KOTOPOM MPOMCXOOMT MCIMapeHHUe xJ1amo-
areHTa (HampuMep, peoHa); 2 — KOMIIpeccop, CXKMMAIOLIMI napbl XjlagoareHra, B pesyJibTa-
T€ Yero yBeJIUYMBAETCS MX TeMmIeparypa; 3 — TelVIOOOMEHHMK, HaXOMSLIMIACS B NIOMELLEHUH,
B KOTOPOM OCTBIBAIOT Maphbl XJ1afoareHTa, HarpeBast OKpyXXarlluii Bo3nyx; 4 — KianaH (cyxe-
HMeE), pa3geNsolIMi 30HY BBICOKOrO (CrpaBa) MU HM3KOro (cieBa) JaBJIEHUs, YEPE3 KOTOPBIA
KUIKUIA XJ1afioareHT MEeIEHHO MepeTeKaeT, monanasi B HapyXHbIil TETUI00OMEHHUK 1
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TEIUIO B KOHIOEHcAToOpe (TEIIOOOMEHHUKE BHYTPU IOMELUECHMS) MepeaaeT-
Csl B CUCTEMY OTOIUIEHMS M rOpsi4ero BOAOCHAOXEHMs, a KOJIWUECTBO Tell-
JIa, TIOCTaBJIIEMOro MOTPEOUTENIO, MOXKET B HECKOJIBKO pa3 MpeBbILIaTh 3a-
TpaThl HEPTUU Ha MPUBOI KOMIIpECCOopa.

Koadgpuument npeodpa3oBanmsi X0J0IUJILHUKOB
U TEeIJIOBbIX HACOCOB

OTHouIeHHE MOJYYEHHOro Teria K paboTe, 3aTpauydBaeMOi Ha IPUBO.
KOMIIpeccopa, Ha3biBalOT KO3(M(HUIMEHTOM MpeoOdpa3oBaHUsl TEMJIOBOIO
Hacoca. B Haubosiee pacrpocTpaHEHHbIX TEIMJIOHACOCHBIX CUCTeMax OH pa-
BeH 3 u 6onee. IlonpobyeM MOHSATH, MOYEMY MOJIb30BaThCsl TEIUIOBbIM Ha-
COCOM TOpa3lo BHITOIHEe, 4eM 3JeKTpooborpeBartesieM, KO3(POULIMEHT
nmpeodpa3oBaHUsI KOTOPOTro paBeH .

XOoJIOOWIBHUK M TEIUIOBOM Hacoc — 3TO ABUIaTeu, paboTarolliue Ha-
000poT, TakK Kak IIpyM COBepileHMH paboThl oxJaxaaeTcsi bojiee XOJOOHOE
Tejo W HarpeBaeTcsi 6osee Teruioe. M3BectHo, uto KII uaeanbHOro tem-
JIoBOoro asuratens (MauuHbl KapHo), npeobpasylollero KOJaM4ecTBO TeEI-
JIOTH Q, MOJy4eHHOE OT HarpeBartesisi, B paboTy A, paBeH:

A_Ty-Ty
KM =5 ===,

roe Ty u Ty — TeMIlepaTyphbl HarpeBaTelsd U XOJO4WIbHUKA COOTBETCTBEH-
HO. DTO 3HAYMT, YTO €CJAM Mbl OyleM HarpeBaTb OOM C IMOMOILLUbIO UOEaTb-
HOTO TEIUJIOBOTO Hacoca, Mojlyyast TeIUIO OT YJIMLBI IIpU TemnepaTtype 7y U
nepefaBas JOMY KOJMYECTBO TEIUIOTHI Q mpu Temmneparype 71 1oma, TO €ro
koadpuumeHT rmpeodpazoBanuss KOII bymer paseH:
0 Ty
KOIl = AT T, Ty > 1.

TakuM 06pa3oM, HarpeBaTb KOMHATy TEIUIOBBIM HACOCOM Fopa3io Bbl-
rogHee, 4YeM 3JEKTPUYECKMM KaMHUHOM, TaK KaK OT 3eMJIM WJIM OT XOJOI-
HOTO BO3[yXa HaM yIOaeTcs IOJyYUTb B HECKOJBbKO pa3 OoJiblliee Kojaude-
CTBO TEIUIOTHI, 3aTPa4ynBasi OOHY U Ty XK€ dHEpPruIo.

CerofHs TeIUIOBbIE HACOCHI BBIMTYCKAIOTCSI MOIIHOCTbIO OT 2 KBT mo
200 MBT. ITo omeHkKaMm CIELMaIUCTOB, NMPUMEHEHMUE TEIJIOBBIX HAacCOCOB
MO3BOJIUT COKPAaTUTh IMOTpebieHue ToruiMBa (ra3, MasyT, Yrojb 4 T. [I.)
npubnausuteabHo Ha 40%, cHuXas 3arpsi3HeHUe oKpyatoieit cpenbl. 1o
MMpOrHo3aM MHUPOBOT0 3HepreTudeckoro komurera, Kk 2020 r. ucrojab3oBa-
HME TeILAGCBhIX HAcOCOB BO BCEM MMpE [ OTOIUIEHMS W TOPSYEro
BOJIOCHAOXeHUs1 Tpuoau3uTes K 75%.

MoOKHO M 3UMO MCHOJIb30BATHh TEIJIO
npoineaniero Jjera

OxkaspbiBaeTcsi, MoxHoO! B Ascrpuu, l'omwtanouu u BenukobputaHuu
TEIUIO TMpPOIIEIIero JieTa UCIONAb3YIOT 3UMON ISl MOJOrpeBa JOPOXKHOIO
MOKPBITUSI, YTOOBI M30exaTh ero obyeneHeHus. Husg sToro mopn acdaibT
Ha TIayouHy 12 cM 3akamnblBalOT IOJUAITUIEHOBBIE TPYOKM OUaMETPOM
25 MM, pacriojiarasi X Ha pacCcTosiHUM 15 cMm npyr ot apyra. CpenHsisa TeM-
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rnepatypa rpyHTa Ha 3Toi raybuHe 12 °C, HO Je€TOM OHa MOAHUMAETCS
no 25 °C. Jletom Termaylo Body U3 TpyO CAMBAalOT B TEIJIOU30JMPOBAHHBIE
HaKOMMUTEIN, 3aKOMaHHbIE PsIOM C Joporoi. 3uMoil, Kak TOJbKO TeMIiepa-
Typa JOPOXHOrO MNOKPBITUSL MOHU3UTCS o0 2 °C, mo TpydbaM HayWHAIOT
MPOMNycKaTh TerJylo BoIy, MpedoTBpaliasi o0pa3oBaHMe rojoJjena.

IToyemy MBI HOCHUM CBHUTEp,
a HAa KOXKe NMOABJISIOTCA
MYpaUIKH

Bo3nyx siisieTcst XOpOIIMM TeIio-
MU30JISITOPOM U TIOMOTaeT HaM coxpa-
HATb TEIJIO, HO TOJIBKO €CJIM OH He-
noaBuxkeH. Ilpd IOBMDKEHMM BO3IyX
oTOupaer y Tena Terwio. TomnuuHa
CJI0S1 HEIIOJBMXXHOIO BO3IyXa yMeHb-
[IaeTcsl MpU cpeaHeM BeTpe ¢ 2—4 MM
no 1 MM, a cBUTEp YBEIMYMBAET TOJI-
1MHYy 3Toro ciost no 10 mm. Ilpu no-
SIBIEHUM MypallleK BOJIOChl Ha KOXe
«BCTAlOT», YTO TAKXKe YTOJILIAET CJIOM
HEMoOABUXHOro Bo3ayxa (puc. 16.3).

Puc. 16.3. YToniueHWe cnosl HEMOABUX-
HOro Bo3ayxa (8) Mpu MNOsIBIEHWH Mypa-
lIeK Ha KOoXe

IToueMy MBI APOKHM OT X0J10Ja

CokpallleHUe MBIIIII HE TOJbKO IaeT BO3MOXHOCTb NBMUIaThCsl, HO U
cHaGxXaeT Hac TerioM. Bedb MbIliILbI HE SIBJSIIOTCS MAEANbHbIMU MPYXHUHA-
MM, KOTOphle, CXHMAasiCh, XpaHAT B cebe 3Hepruio nedopmalvu, a MpU
pacciabieHuu coBeplualotr padory. JdedopMauusi MbILIL HEYNpyrasi, U 1mo-
3TOMY, COKpalllasich M COBeplliasi paboTy, OHU OMHOBPEMEHHO CyXaT HC-
TOYHMKAMM Teria. BBINOJHSA cpedHiolo dusMyecKyro paboTy, Mbl pa3o-
rpeBaeMcsi, a MbIIIIbI, 3aHUMMaloue okono 50% Macchl Hallero Tena,
SBJISIIOTCS IPYM TOM HMCTOYHMKOM OKojio 75% Bcero Ttemna. OcrajibHble
25% — 3TO Terulo, BhIAEISIOLIEECs] TPU Pa3IMYHBbIX OMOXMMUYECKUX peak-
umsix. Korna Mbl JpoXUM OT X0J10[a, HallM MBILULIBI OECIIOPSIIOYHO COKpa-
LIAIOTCSI, U 3TO MO3BOJISIET COIPEThCSI.

Kak coxpaHsieT TeIio TIOJIeHb,
niaaBas B JlezoBUTOM OKeaHe

Mopxu U TIOJEHM IU1aBalOT B XO-
JIONHOH BoAde, TeMIliepatypa KOTOpOW
okos0 0 °C. Bce Tes0 y HUX TTOKPBITO
TOJICTBIM CJIOEM MOAKOXHOIO XHpa,
KOTOpPbI CHYXXUT XOpPOLUMM TEIUIO-
usonsitopoM. OngHaKo Ha Jacrax
1 XBOCTE, YTOObl OHU ObUIU JIETKUMU
M TOABMXHBIMH, XUpa HET, U HUX
TeMmnepatypa nmnamaetr no 1—2°C
(puc. 16.4). Kazanoch Obl, UTO yepes
3TU HE MOKPBITbie XUPOM KOHEYHO-  Puc. 16.4. TioneHs B lensHol Bone
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CTU TEIUIO AOJDKHO YXOIUTh B OKPYXAIOLIYIO JIENSHYIO BOMLYy, KakK d4epe3
OTKpPBITYI0O popTOuKy. [loyueMy Xe TioJeHU He 3aMep3aioT?

KpoBb cHabxaeT KOXHble MOKPOBBI TIOJEHS KUCJIOPOIOM M, HOCTaBUB
ero Tyna, Bo3Bpallaercsl obpatHo K cepauy. Ho BMecTe ¢ KHCIOpPOIOM
KPOBb BHIHOCUT Ha IMOBEPXHOCTb TIOJEHS U TEIUIO, Bedb INIYOOKO BHYTPU
Tena temrneparypa Bcerga 37 °C, mo3ToMy KpOBOOOpAILEHUE U CIIYXUT O~
HOIl M3 OCHOBHBIX INpPUYUH TeruonoTepu. OgHAaKo Mynapasi NMpUpoda TakK
yCTpOWJIa CUCTEMY KPOBOCHAOXEHHSI KOHEYHOCTEH y TioJieHel, YTOoObl 3TU
MOoTepU ObUIM MUHUMAIbHBL.

HpOTl/lBOTO‘lHa}I CMCTEMA: DKOHOMMA TeEIllia

Onyctum B cHer U-oOpa3Hylo TpyOKy ¥ OydeM IIpOIycKaTh Yepe3 Hee
ropsuyio Bomy (puc. 16.5, a). Ilpotekas yepe3 TpyOKy, BoJa OyIET IOCTe-
[IEHHO OCTBIBaTh, OTAABasi CBOE TEIUIO XOJIOIHOMY CHETY, U IIO3TOMY TeM-
neparypa BOJbI, BbIXOASUIEW M3 TpyOKM, OydeT Bcerma MeHbIlIe IIEpBOHA-
yanbHoi. IlompobOyeM Temepb COJM3UTL ITOJIOBUHKM TPYOKM TaK, YTOOBI
OHH KacaJlUCh APYT APYra, a MOTOKU BOMIbI, ABIDKYIIMECS B IIPOTUBOIIOJIOX-
HBIX HAIlpaBJIEHMSIX, MOIJIM OOMEHMBAThCs TeIUIOM. IIpu Takoil IpOTHBO-
TOYHOH CUCTeME IBMXXEHMS XUIKOCTU Boma OYHET OCTHIBATH TOJLKO B Jie-
BOM IMOJIOBUHKE TpyOKH (puc. 16.5, 6), ABUrasch B INiyGb CHETrOBOIO CJIOS.
Korna Bona, cieiaB pa3BopoT, HAIIpaBUTCS BBEPX, K HEil HAYHET MOCTYIIaTh
TeIUI0 OT OoJiee HarpeToit BOIbI, TEKYILE psIoM BHU3, U TEMIIEpPAaTypa BbI-
Xonsiieil U3 TpyOKU BOABI HAYHET MMOCTENEHHO YBEJIUYUBAThCA. TaKuM 00-
pa3oM, IMPOTUBOTOYHOE IBUXXEHME I1I03BOJISIET 3HAYUTEIBHO YMEHBUIMTH
[I0TEPM TeIUIa, TaK KaK YacTh TeIUla OTIAETCsl XOJOMHOM BOIE, BO3Bpalllalo-
LIEUCs U3 CHera o0paTHO B TEILIO.

Y TioNeHel U MopxKeil KpOBOCHAOXeHHEe B KOHEUHOCTSX IPOTHMBOTOY-
HOe. DTO IMO3BOJISIET YMEHBIIUTD IIOTEPH TEIJIa, TAK KaK 4acTh TEILIa apTe-

a) 0)

XoJsiogHada Boza
Topsiuas Bonma
-
—_—
XoJsiogHad Boga

T'opsiuas Boga
-
—

Puc. 16.5. O6bryHas cuc-
TeMa UMPKYJISILIMA BOIbI
yepes3 cHer (a) U ee Nnpo-
THUBOTOYHBIH aHaJIor,
YMEHBILIAIOWMKNA  TEIIo-
norepu. Crpenkamu mo-
Ka3aHO ABMXXEHHE BOJIbI
U Teruionepenaya

Cuer Crer
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Puc. 16.6. IlpoTMBOTOYHasI cHCTEMA KPOBOCHAOXeHMUS
KOHEUHOCTEeN TioJieHs: /| — apTepusi, Hecyluasl TEraylo
KPOBb K XOJIOIHOMY Kpalo J1acTa; 2 — BEHbl C KPOBbIO,
TeKylleH OT XoJloaAHOoro Kpas Jjacta. CTpejkaMM noka-
3aHO ABMXEHHE KPOBU

puyalbHOM KPOBU, TEKYyWIEeH OT cepaua K Ie-
pudepuu, otToaercs Oojiee  XOJOAHOM
BEHO3HOW KPOBM, BO3Bpallalollieiicss U3 oT-
JaJIEHHOM 4YacTW JlacTa WIM XBOCTa. XOpO-
1masi Terviornepenaya MexXny apTepusiMU U
BEHaMM OOBSCHSIETCS TE€M, UTO BEHBI IIPO-
CTO OIUIETAlOT apTepHM, HECYILMe TEeIUTYIO
KpPOBb K KOHEYHOCTSIM TioyieHs1 (puc. 16.6).

ITouemy XOMSK BCe BpeMs €CT

Ha6nionas 3a xoMsikamu, MmopaxaeubCsl UX MPOXOPJIUBOCTU, O KOTOPOH
TaK MHOTO CKa3aHO B CKa3Kax W ITOroBOpKax. 3a JeHb XOMSK, Ja U 1000
MEJIKMI TPhI3yH, MOXKET CheCTh CTOJIbKO, CKOJIBKO caM BecuT. B To xe Bpe-
Ms Macca eXeqHEeBHOTO pallMOHa CJoHa cocTaBisieT MeHee 1/10 ero macchl,
XOTSI MO KaJOPUWHOCTU MHILIA CJIOHA MOYTH HE OTJIMYaeTcCsl OT TUILUU Tphl-
3yHa, TaK Kak 00a IUTAIOTCS UCKIIOYUTEIBHO pacTeHUsIMHU. OT yero 3aBU-
CUT KOJIMYECTBO NMUIIM, HEOOXOOUMOE XMBOTHOMY [IUISI TIOAIEPXKAHUSI HOP-
MaJIbHOM XW3HEIesITeNbHOCTH?

M3BecTHO, UTO MOCTOSTHHAsI TeMIlepaTypa Tejla y TETUIOKPOBHBIX XKHUBOT-
HBIX TMOMAEPKUBAETCS 3a CUET BBIIEJIEHHUs TeIlla MPU IOCTOSIHHO MpOTe-
KalolllMX XMMHUYECKUX peakuusix (rmpouecchl metadbonusma). IlomcuuTaHo,
4TO MpH NMOTpediieHnn opraHuaMom 1 m* kucmopona Beigenstercss 20 MJIx
3Hepruu. [Ipu 3TOM KOJIMYEeCTBO OCBOOOIUBIIENHCS TETUIOTHI HE 3aBUCUT OT
BUAA MUIIU.

ITycte XuBOTHOE MMeeT opMy Hiapa paguycoM R, a eIMHMLIAa MaccChl
KMBOTHOTO HYXIAETCsl KaXIylo CEKYHOy B Kuciopone oobemoM g m>. To-
rIa KOJUYECTBO TEIUIOTHI (), OCBOOOXIAIOLIEECS KaXIyl0 CEKYHIY B opra-
HM3ME, COCTaBUT

Q0=4/3-7R*-p-q-20-10° [Ix, (16.1)

TIe p — IUIOTHOCTb Tesla XXMBOTHOTO.

Tak kak TeMIiepaTypa Tejla OCTAaeTCsl IOCTOSIHHOM, TO 3Heprusi, obpa-
3YIOIIasiCsl B OpraHU3Me 3a CYET MEeTabOJMUYECKMX IIPOLIECCOB, NOJIKHA paB-
HSTBCS KOJWYECTBY TEIUIOTHI, MepelleflleMy OT XXWBOTHOTO B OKpYXalo-
uiyio cpemny. VI3BeCTHO, YTO KOJMYECTBO TEIUIOTH (,, TNEpexonsiiee B
eIMHMILy BpeMeHHM OT OoJiee HArpeToro Tejla K MeHee HarperoMy Ipu HX
COMPUKOCHOBEHWH, IPONOPLUUOHAJIBHO IUIOINANAM COIPUKOCHOBEHUS .S,
pa3Huile ux Temrepatyp A7, TEIJIONPOBOIHOCTUA CPEObl MEXAY HUMU X U
06paTHO MPOMOPLMOHAIBHO TONIIIMHE CJIO0S 3TOM cpenbl Ax. Tak Kak y Ha-
LIETO LIAapooBpa3HOro XMBOTHOrO S = 41R?, TO

AT
0, =x-4nR? A (16.2)
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IIpupaBHMBasE KOJIUYECTBO TEILJIO-
Thl, OCBOOOXIAlOIIeecs] B OpraHu3Me
npu MeTraboanyeckux IIpoieccax
(16.1), K KOJIHUYECTBY TEILJIOTHI, TE-
psieMOMY TeJIOM Yepe3 ero IOBEpX-

i HOCTb (16.2), moayyaem
k 3x AT
=, rmek=—-=>>-— ",
1= M= 07 Ax

MOXHO CYMUTATh, YTO MPU U3MEHE-
HUY pa3MepPOB HallIero 1apoodpa3Ho-
ro XMBOTHOIO BeJIMYMHA Kk OCTaeTcs
IIOCTOSIHHOM, M 3HAYMT, IOTPEOHOCTH
€IUHMIIEI MacChl B KMCJIOPOAE ¢ pac-
TyT C YMEHBbIIEHUEM pPa3MEpOB XMU-
BotHoro. Tak Kak Macca Iapa
M= (4/3) TpR®, TO g MOXHO BbIpa-
3UTh U uyepe3 M.

Puc. 16.7. Cxematuueckoe u300paxeHUe k k 1
IByX TMOAOOHBIX XUBOTHBIX. CTONGHKOM q= R = —% ~M 3,
YKa3aHO COOTBETCTBYIOLIEE KOJIMYECTBO Te- M
IUIOTBI, BBIIEJSIEMOE KaXIObIM KWJIOTPaM- a7 =
MOM >KHBOTHOTO JUISl TIOAAEPXKAHHUS [TOCTO- p- A L
SIHHOM TeMIlepaTypbl
OTKYyda CjaenyeT, 4To CAMHUIIEC MacCChl

XOMsIKa TpeOyeTcsi KUCIOpoLa ropasfno OOoJblle, YEM TAaKOH XK€ eJUHMUIE
Macchl CJIOHa. A TaK Kak BeCbhb KHCJI0pOO pacxXxomyerca >KMBOTHBIM Ha
OKHUCJICHHE ITHUTATCJIBbHBIX BEUIECTB, TO KOJIMYECTBO IINIIH, HCO6XO,£[I/IMOC
XOMSKY, B pacye€Te Ha €AMHHUILY MACChl TEjia OJOJI2KHO OBITH ropasaoo 00Jb-
1€ COOTBETCTBYIOLICIO KOJIMYECTBA ITHUINMU OJIA CJIOHA. KOHG‘-IHO, coeJIaH-
HO€ OOIIYIIEHHUE O LHapOO6pa3HOCTI/I 2KMBOTHBIX HECIIpaBCOJINBO, HO OYC-
BMIHO, YTO IIOJy4eHHass dopmysa OJjst g OydeT CIpaBeljinMBa W IUIS BCEX
MOJOOHBIX XUBOTHHIX (puc. 16.7).

HJIH PCAJIbHBIX 2KMBOTHBIX M YECJIOBCKA, KaK IIOoKa3ajii HN3MEPCHUA,
q=T70M"* — XK yro, Hanmpumep, cootBeTCTBYeT 1509 KKan B AEHD

OJE€Hb -+ KT

1A 4yejoBeka Maccoil 60 kr. Takum 00pa3oM, TOJNBKO Ui IONNEPXKAHUSA
IIOCTOSTHHOM TEMIIEPATYpbl MbI HOOJIXKHBI TpaTUTb Ha O6OIpCB OKOJIO
1500 kkay1 B meHb. JIpyruMu cJIOBaMU, YEJIOBEK — 3TO JAMIIOYKa MOIIHO-
CTBIO OKOJIO 75 BT, Tak Kak B TeJle YeJIoBeKa, JaKe KOIIa OH CIIUT, IIpOoTe-
KaloT XUMHUYCCKME PECAKIIMU C BbBIOCJICHUEM TEILIA.

IToyeMy 4eIOBEKY HY?KEH MCKYCCTBEHHBIA XO0JI01
M KaK ero I00bITh

McKyccTBEHHBIN X0JIOA 4acTO HEOOXOAWM, YTOOBI 3alUTUTL OT Ilepe-
rpeBa Haul opraHusM. Kpome Toro, xonon HEOOXOOUM [JIS TOTO, YTOOBI CO-
XPaHUTh TIPOAYKTHI CBEXMMM. ECTb Mo KpaliHell Mepe ABa criocoba oxyia-
IUTh cebsi: 1) BbUIUTb ce0e Ha PYKy ONEKOJIOH WM CIIMPT, KOTODHIE
IIpYM HCIapeHUr 3abupaloT TeIio y pPyKM, a 3HA4YWUT, OXJIAXIAKT ee,
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XoJjsioguibHaA
KaMmepa

M
CHapymu ‘ Komnpeccop
XOJIOAUJILHOU

KaMephbl je—Knanan

Puc. 16.8. Cxema komIipeccu-
OHHOTO XOJIOAMJIbHUKA

1 2) OTKPBHITh OAUIIOHYMK CO CXAaThIM Ta30M W HaIlpaBUTb CTPYIO Ha PYKY;
B pe3y/ibTaTe ra3, pacuiMpsisiCh, OXJIaAUTCS, U Mbl ITOYYBCTBYEM pPYKO
yMeHbllleH’e ero TemrepaTypbl. O6a 3T cnocoba ObUTHM MCIOJIb30BaHbI B
paboTe MOMAIIHMX XOJOOWJIBHHUKOB, MAacCOBOE€ IIPOM3BOJICTBO KOTOPBIX
Hayajaochb ¢ cepeauHbl 1920-x rr.

Kak pabGotaer 00ObIYHbIi XO0J0AUJIBHUK

KoMIipeccHOHHBIN XOMOAMIBHUK (puUc. 16.8) cOCTOUT:

e 13 Hacoca (KOMIIpeccopa), KOTOPbIM co3aeT 061acTb BLICOKOIO 1aB-
JIeHUs B TPyOOYKax TETUI00OMEHHMKA CHapYyXH XOJIOAWIbHON KaMephl
1 00JIaCTh HM3KOTO [NaBjieHUS B TPyOOYKaxX TErJIOOOMEHHMKa XOJIO-
IWJIbHOU KaMephl;

e U3 KJanaHa (Cy>KeHHUsI), pa3desiioiero 3TU ABE CEKLIUU TEeIJI00OMeH-
HMKA;

e U3 XJaloareHTa ¢ TeMrepaTypoit kurneHus okosio —30 °C, nepexonsi-
LIETO U3 OJHOMN CeKIIMM TeIJIOOOMEHHUKA B IPYTYIO, a TAkKKe U3 ra3o-
BOTO COCTOSIHMSI B XXUIKOE U OOpaTHO.

Kaxnple 15 MUH B XOJIOMWIbHMKE YTO-TO LIEJIKAeT M pas3naercs IHIyM pabo-

TaIOIIEro JABMUraressi. OTO HAacOC KOMIIpECCopa Hayal OuepeaHOUN LMKII paboThl:

e CKMMAEeTCsl ra3, HaxXOISIIUICS BO BHEIIHEM TEIJIOOOMEHHUKE, U €TO
JaBJIeHHWe U TeMIlepaTypa yBeJIM4WBalOTCS;

e JBUTasiCh IO BHELIHEMY TEIUIOOOMEHHMKY, I'a3 OCThIBaeT, Harpesas
BO3IYyX B KOMHarte;

e 1 HaKOHEll, TeMmIlepaTypa ra3a IMajaeT HacTOJbKO, UYTO 4acTb rasa
KOHIEHCUDPYETCS B XUAKOCTD;

e BBICOKOE laBJieHHE Iepel KJaraHOM BOPBI3TMBAeT KameldbKH XUIKO-
ro XJIagoareHTa B CEKLMIO TeINIOOOMEHHMKA, HaXOIsILUIyloCs MOA HU3-
KUM HaBJIeHHEM, TOe XJagoareHT HauYMHaeT KUIETh, UCMAPSISCh U MO-
HUXasl TEMIIEPATypPy XOJOIUIbHON KaMephl.

Xo10ouabHUK A. DifHIITeHHA

B KOMIIPECCHOHHOM XOJIOOWJIBHUKE NBYXKYIIHWECA YAaCTH 3JIEKTpOOABUIA-
T€JAA SABJAIOTCA HMCTOYHMKOM lIyMa. OHU-TO U YMEHBIIAOT HaOCXHOCTb
€ro paGOTbI. MHTCpCCHO, YTO Y UCTOKOB CO3JaHHUA XOJIOOUJIbHMUKA, HE CO-
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Puc. 16.9. Cxema 0mHOro U3 XOJOLWJIBHUKOB,
MpemnoxXeHHbIXx A. DitHiuTeHoM u JI. Cuun-
napaoM. [laBneHue BOIbl, BbITEKAWOIIENH W3
KpaHa (CM. BEpTUKaJIbHYIO CTpENKy B JIEBOii
BEpPXHeU YacTu), cO3[aeT, Mo 3aKOoHY BepHyi-
JY, B Kosibe / AaBiieHWE MEHblUe aTMOC(epHO-
ro. B pesyabTare Xunkuit MeTaHon u3 cocyna 3
MogHUMaeTcs Mo TpyoOke 4 U ucnapsieTcsi, Mno-
HMXas TeMIlepaTypy Bo3ayxa B cocyle 2, B pe-
3yJibTaTe€ YEro OxJaxnaeTcsi KOHTelHep S5, rume
MOXeT, HanpuMep, HaxOOUTbCS MOPOXEHOE.
[anblie MeTaHOJ BMECTE C BOLON CMBbIBaeTCs B
BOAOINPOBOJ C MOMOLIbIO BTOPOTr0 BOOOCTPY¥i-
HOro Hacoca 6

IepxXamiero  NOABWXKHBIX  yacTeit
(puc. 16.9), crosin nIBa H3BECTHBIX
dusnka — AnpbepT DitHIUTENH U Jleo

Cuunnapa. B 20-x rr. mpoluIoro BeKa OHU NPEIJIOXWIN Cpa3y HECKOJIbKO
TUNOB TAaKUX XOJOMWIbHMKOB. IIpvayMaTh HOBBI TUIN JOMAIIHETO XOJIO-
JWIbHMKA DHHINTeiHa MoOyausia CTaThsl B raseTe, Ie paccKa3bIBalIOCh,
Kak GoJbllIasi CEMbSI YMepJia OT OTpaBJIEHMs] aMMUAaKOM, KOTOPBIA BBITEK U3
HEUCIPABHOI0 KOMIIPECCUOHHOTO XOJIOAWIbHMKA. [IBa MX maTeHTa ObLIU
KyruieHbl ¢pupMoit Electrolux, KoTopas 10 CUX IOP MPOU3BOIUT XOJIOIMIb-
Huku. K coxaneHulio, MpUxol K BjIacTu (alrucToB, a motoM Bropas Mupo-

Puc. 16.10. TIpUMHUTHBHBI XOJIOAMIBHHUK,
COCTOSUIMI M3 ABYX IIMHSHBIX TOPLIKOB C
BJIaXHbIM MECKOM MEXIY HUMM

Basi BOilHa ITOMEIIAJM BOIUIOLLIEHUIO
STHX IMPOEKTOB, TaK KakK DUHHIITEHH
ummurpupoan B CIIA, a Cuun-
Jlapa — B AHIJIHIO.

CaMbiii IPUMMTHBHBIA
XOJIOAWIbHUK

OoHUM M3 caMbIX MPOCTBIX U Ha-
JIEXHBIX XOJIONWIbHUKOB, KOTOPBIA 10
CHX IIOp MCIOJIB3YeTCSI KOPEHHBIM Ha-
celeHueM adpPUKAHCKUX IIYCTHIHb,
SIBJITIOTCST  1BAa [JIMHSHBIX TOPIIKA,
BJIOXEHHBIE ApYr B apyra (puc. 16.10).
IIpocTpaHCTBO MeXIy TrOpIIKamMu 3a-
MOJIHSIETCSI MOKPBIM IECKOM, a Bjiara,
MEIUIEHHO  MCIApSsiCh,  OXJIAXOAEeT
BHYTPEHHUI TOPILOK, 3allOJTHEHHBIH,
HanpuMmep, opolllaMu. B Takom xono-
JWIBHUKE MOXHO XpaHMTb OBOIIU
JIOCTaTOYHO MIOJITO.
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KpuvoHnuka U KoBapHble KPMCTAJUIBI JIbJIA

KproHuka — Hayka O COXpaHEHUU OMOJIOTMYECKMX OOBEKTOB IIYTEM HX
3aMOPO3KM — OTHOCHUTEBHO MOJIOfA, el HeT elle u 50 yieT. YUueHble cuuTa-
IOT, YTO MPU HU3KUX TeMIlepaTypax TeJO MOABEPXKEHO JIUIIL OYEHb HE3HA-
YUTEJIbHBIM M3MEHEHMSIM U MO3TOMY MOXET COXPaHSAThCS HEOIpeaesieHHO
JIOJITOE BPEMS.

HekoTopble X0JIOMHOKPOBHBIE XUBOTHBIE (TPUTOHBI, JIITYIIKU U PHIOHI),
TOMEIIEHHbIE B JIed, JIETKO MEPEHOCAT 3aMOPO3KY U IOCJIE Pa3MOPOXEHUS
YyBCTBYIOT cebsi Xopoio. HekoTopble TEeIIOKPOBHBIE XWBOTHBIE TaKXKe
CITOCOOHBI MEPEHOCUTh XOJION, Bramasi B UIMTEIbHYIO cIistuky. Ho cimox-
HOCTb UX 3aMOPaXMBAHUsl 3aKJIIOYAETCS B TOM, YTO IIPU TEMIIEPATYpPE HIIKE
0 °C Boma BHYTPM KJIETOK IMpPEBPALIAETCS B KPUCTAJLIBI JIbIA, U OHU Pa3phbl-
BalOT TKaHW. JIJisi MpemoTBpalleHusi pa3pbiBa TKaHei BO BpeMs OXJIAXIe-
HUS NPUMEHSIOT CIELMATbHbIE BEIECTBA — KPUOIMPOTEKTOPDI.

I''muepuH — JIeKapCcTBO OT 3aMep3aHUs
Y HACEKOMBIX M JIATYIIEK

I'muuepuH B BHICOKOW KOHLIEHTPALIMU CONEPXUTCS B remMosuMde (Kpo-
BH) HACEKOMBIX, U C 3TUM CBSI3BIBAlOT MX CIIOCOOHOCTb BBLKMBAThH IMpPU
HU3KHX TeMneparypaxX. CBONCTBO [JIMLIEpUHA OBITh XOPOIIIUM KPHUOMPOTEK-
TOPOM IIMPOKO MCIIOJIB3YETCS B OMOJOTMM M MEAULIMHE. DPUTPOLUTHI
(KpacHBIe KJIETKU KpPOBHM) B 3aMOPOXEHHOM COCTOSIHUM MOXHO XPaHUTh
0€e3 MOBPEXIECHHMSI MHOTO MECSLIEB, €CJIM MPEABAPUTENBHO MOIPY3UTh UX B
rmuuepuH. Tak, y 3aMOpOXEHHBIX M0 TemIiepatypbl —14°C XOMSIKOB, B
KpPOBb KOTOPBIX ObUI 100aBjeH INIMLUEPUH, UCUE3aTIM BCE MPU3HAKU XU3HU,
M OHU CTAaHOBWIMCH COBEPILEHHO TBepAbIMU. OTHAKO, MPOOKLIB OKOJIO Yaca
B TAKOM COCTOSIHUM, OHM OTTAUBAJIM M BO3BPAILAIMCh K XW3HHU.

MrHoBeHHasl 3aMOpPO3Ka —
YHHBEPCAJIbHbIA KPUOMPOTEKTOP

OxJIaguTh IO OYeHb HU3KUX TeMIlepaTyp U He IaTb 00pa3oBaThCsl KpU-
CTaJUIaM JIba MOXHO [IaXXe TOrIa, KOrJa He yJaeTcs OKPYXWUThb BCE KJIETKHU
MIMLEPUHOM. IJIs 3TOro HY>XKHO pPe3KOo 3aMemIUTh Auddy31i0 MOJIeKyJl BO-
IIbI, YTOOBI MPEIOTBPAaTUTh UX COEAWHEHUE B KPUCTAJUIHI Jibaa. Eciu oueHb
OBICTPO TOHM3UTH TEMIIEPATYpY BOIBI, TO MOJIEKYJbl 3aCTHIHYT, TaK U HE
o0pa3oBaB KpUCTa/UIOB. Boma mpu Takoil 3aMOpO3KE MPEBPATUTCS B CTEK-
JIOBUAHOE Teno. JIeHACTBUTENBHO OBUIO YCTAHOBJIEHO, UTO MPU 3aMOPO3Ke
co ckopocthio 1—10°C B cexkyHay MoOXHO oboiituce u 0e3
KPHUOIPOTEKTOPOB.

A ecim yYBE/IMUUTD JABJICHHC

DTa uaess OCHOBaHA Ha MOHIKEHWHM TeMIlepaTypbl (ha30BOro mepexona
BOJA — Jied IIpU IOBbIIIEHWM OapjieHus. Tak, Harpumep, MpU AaBICHUU
2045 atM TeMmmepaTypa KpUCTaUTM3allMM YUCTOM BOnbI cocTaBisieT —22 °C.
3HAYUT, MPU TaKOM AABJIEHUM MOXHO OXJIaX/IaTh, HAIIPUMED, IO TeMIlepa-
Typsl —20 °C, He 6051Ch 00pa30BaHUsA KPUCTALIOB JIbIA.
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I/Irpbl C OTHEM

Henernus, nabarodaemole npu 2operuu ceeuu,
makoewvt, Ymo Hem HU 0OHO20 3AKOHA APpUpoobl,
Komopblil npu 3mom He Obla 6bl mak UaU UHave

3ampoHym.

M. Dapadeii. Hcmopuu ceeuu

KOTOPBIM COMPOBOXIAET YeJIOBEYECTBO Ha MYyTHU ero mporpecca. [1pu

TOPEHUU BBIOEIISIETCS SHEPrusi, KOTOpasi MCMNOJb3yeTcsl B OBITY, MpPO-
MBILUIEHHOCTU, aBTOMOOW/JIBHOM TpPAHCIIOPTE U TEIUIOJIEKTPOCTAHLUSIX.
B TO e BpeMsi OHO MOPOXIAeT IOXapbl U NeJaeT aTMoCc(epy 3arpsi3HEH-
HOIi, npubnanxas rinodanbHOe MNoTeruieHue. M3ydyeHue Ipoliecca TOpeHus
HeobOxomuMo st Oosee 3(PHEKTUBHOrO pacxomOBaHMSl YIJIEBOAOPOLHOIO
TOIUIMBA Y 3aLUTHl OT OMYCTOLUUTEIbHBIX MOXAPOB.

ropeHMe — 9TO OOMH M3 OCHOBHBIX (DMBMKO—XI/IMI/I‘ICCKI/IX npo1leccoB,

YT1o Memaer u3dydyaTh ropeHue Ha 3emie

HecMoTpsi Ha BaXHyl0 pOJib TOpPEHHMSI B Halllei XW3HM, H3Y4EHO OHO
SIBHO HEIOCTaTO4YHO. W Wi 3TOro ectb NMpUYMHA — MPUTSKEHUE 3eMJIu,
M3-3a KOTOpPOTO IpY TOPEHMM BO3HMKAET KOHBEKLMS (IBUXEHHUE BO3MIY-
Xa) — HarpeThlii BO3MyX CTAHOBUTCS Jier4e U YCTPEMJISIETCS BBEPX, 4 XOJIO/ -
HbIA CHU3Y MPUXOOUT €My Ha CMeHYy. DTOT MOTOK BO3AyXa MPUBOIUT K
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3HAYUTEJbHOMY W3MEHEHUIO TeMIle-
paTypsl BOOJb IuiaMeHu (puc. 17.1) u
YCJIOXKHSIET MCCIeNOBaHME Ipolecca
ropeHust. [103ToMy B YCIOBUSIX HEBe-
COMOCTH U3y4aTbh 'OpEHUE Jerde.

Kak ropurt nagampunias cse4ya

Eme B 1940 r. coBeTCKUi YYEHBIMH
S. B. 3enbooBUY MpEIIOXKWI MaTeMa-
TUYECKYI0O MOHEJb TOpEHHUs T[a30Boil
ropiroueii cMecu B HeBecomocTu. Oka-
3JI0Ch, YTO B 3TUX YCJIOBUSX TOpEHUE
ra3oBoOil CMeCM IOJDKHO IPOUCXOIUTh
B M30JIMPOBaHHBIX IOpPYr OT Ipyra ra-
30BbIX IIapukax. [Ipy 3ToM KucIopon
1M TOTUIMBO IMOCTYTAKOT B KaXXAbI U3
IIAPUKOB TOJbKO IOCPEACTBOM mH-
¢y3uu, U I03TOMY TeMIlepaTypa rope-
HHsI B HEBECOMOCTH JOJLKHA ObITh HU-
Xe, 4YeM B OOBIYHBIX YCJIOBUSIX.
Tonbko B Hayane 1990 rr. Tteopus
3eabpaoBrYa Obla MOATBEPXKIEHA 3KC-

CBeTJI0-3KeJaThIH, Caerarcsa
° YaCTUUKU
1200 C caru

Beunrii,
1400 °C

Kpacmo- |
KOPHYHEBBIH,

1000 °C

OpanxeBblit,
800 °C

600 C

Puc. 17.1. CxemaTuyeckoe u300paxeHHe
IUIaMEHM CBEYM M TEMIIepaTyp B pasjiuy-
HbIX TOYKaX IJIAaMEHU MPU FOPEHUM B HOP-
MaJIbHBIX YCJIOBHSIX

nepyuMeHTaIbHO. IS MMUTALlMM HEBECOMOCTU IIOCTPOMJIM THUIaHTCKYIO
(BbicoTOM OOoJsiee 100 M) TpyOy, BHYTPU KOTOpPOH OTKayMBalu BO3IyX, a
cBepxy Opocanu Kamcyny-jiabopatopuio (puc. 17.2). Kak Tojbko HauuMHa-

a)

Puc. 17.2. a) TlageHue Kancysbl C ropioyeit CMECbi0O BHYTPU BEPTUKaIbHOM TPYObl, B Teue-
HME KOTOpPOro M3y4aloT, KaK BJIMSET HEBECOMOCTb Ha ropeHue; 6) Mesbyailliue ropsiiiue ra-
30Bble LLIApDMKHM, HAa KOTOPbIE PACCHINAETCsl aMsi B HEBECOMOCTH
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JIOCh MaJeHue, IISIIIEECS OKOJIO 5 ¢, B KarcyJje ¢ roployeil ra3oBoi CMeChlo
3aropajioch IjiaMsi, pacchinaloiieecsi Ha MHOTO IIapMKOB AUAMETpPOM OT 1
no 10 Mm. T'opeHue IApUKOB (PUKCHPOBAIM C IIOMOIIBIO HAXOMSAIIUXCS
BHYTPU BUIEOKaMep. DTO 1IapooOpa3HOEe IIaMsi OO0 CHUX IIOp CIYXUT
MOJENBIO IJIST M3YUYeHUs TMpollecca ropeHusi. Ilmams ropsieil cBedyu IIpu
MMageHuY TOXE Pe3KO MU3MEHSUIOCH, IPEeBpAallasiCh U3 BBHITSIHYTOTO BBEPX B
1mapoo0pa3Hoe.

3aueM B KOCMOCeE HIrpalT ¢ OrHemM

B 1996 r. Ha KOCMUYECKOM CTAaHUMHU «MHUp» OBLIM NPOBENEHHI SKCIIEPU-
MEHTHI 10 CXXUTaHMIO cBeuel. OKa3aoch, UTO CBeya, IOJTHOCThIO CrOparo-
mas Ha 3emsie 32 10 MUH, HA CTAHIIUM MOXET TOpeTh B TeUeHUEe 45 MMH.
OnHako 1aMsi ObUIO O4YEHb CIa0bIM M TOJyOOBaTbIM, M €ro JaXe HeJb3s
OBLIIO 3aCHATH Ha Buaeokamepy. [loaToMy, 4TOOBI 10Ka3aTh CYILIECTBOBAHUE
Mpoiiecca TOpeHus, NMPUIUIOCh BHOCUTH B IJIaMsl CBEYM KyCO4YeK BOCKa U
CHUMATb €ro IUIaBJIEHUE.

[Iporuecc ropeHHs B YCIOBUSIX HEBECOMOCTH MOXET IOINEepKHBATHCS
TOJIbKO 3a CUET MOJEKYJSIpHONH OTUDDY3UM UM UCKYCCTBEHHOUN BEHTWJISI-
uuy. be3 BEeHTWISILIMU TEMJIOBOE U3TyYeHUE Oovara ropeHus JIMIIb OXJIaX-
[laeT ero U B KOHIIE KOHIIOB MOXET OCTAaHOBUTb IMPOILIECC, HE OCTABJISAS Aa-
Xe 1ObiMa. B OOBIYHBIX XK€ YCIOBUSIX TEIUIOBOE U3JIyYeHUE CIIYXKUT
TOJIOXKUTEIbHOM 0OpaTHOU CBsI3bIO, MoAAepKUBawllueil ropeHue. IloaTomy
IIJISL TIpEKpallleHUsI IoXapa B HEBECOMOCTU JOCTATOUYHO BBIKJIIOUYUTh BEHTH-
JISIUMIO U HEMHOTO MOMOXIATh.

CBeTJIO-XKENThIM 1IBET BEPXYIIKU I[UIAMEHU B OOBIYHBIX YCJIOBUSIX OOY-
CJIOBJIEH CBE€YEHHEM YacTHUYeK CaXKM, YHOCHUMBIX BBEPX ITOJHUMAIOIIUMCS
MOTOKOM ropsiyero Bosmyxa. Caxa — 3TO MHUKPOYACTUIIBI, COIepXKalllle
YIJIEPOJ, HE YCIEBUIUI CTOPETH, T. €. IpeBpaTuThes B CO,. B HEBecoMocTH
IJ1aMsl CBEYM UMEET MEHBIIKE pa3Mephbl U TOpUT IIpU 0ojiee HU3KON TeMIie-
parype, 4eM IIpU OOBIYHBIX YCJIOBUSX, TaK KaK HET JOCTATOYHOIO IPUTOKAa
BO3dyXa, coaepxaiiero kuciopon. [lo3ToMy caxku o4eHb Majio, TaK Kak
oHa He oOpasyercs pu Temiieparype MeHblne 1000 °C. Ho maxe eciiu ObI
ee M ObUIO JOCTaTOYHO, TO U TOTIA M3-3a HU3KOH TeMIlepaTypbl OHa ObLIa
Obl UCTOUHUKOM MH(PPAKpacHOTO U3TydeHMs. 3JHAUYUT, LIBET Y IUIaMEHU B
HEBECOMOCTHM Bcerna roiayooBartbiit (puc. 17.3).

a) 0)

Puc. 17.3. TopeHue cBeuu: a) Ha 3emJe; 6) B HEBECOMOCTHU
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M3-3a TOro, 4To B HEBECOMOCTU HET BOCXOMSLIErO ABHXEHHSI BO3AyXa,
IiaMsi uMeeT 1apoodpasHyto ¢opmy. [1o Toit ke mpuyKHe cBeya B HEBECO-
MOCTM T'OPUT NpakTuiecku 6e3 AbiMa. B HeBeCOMOCTH M3-32 HU3KOM Temrepa-
Typbl TOpeHUst oOpa3yeTcsl MeHbllle MapoB cTeapuHa (Wid napaguHa), Mo3To-
MYy U CBeYa CBETUT cJiabo, U ObicTpee cropaet GuTWib. TakuM obpa3oM, CBeua
B HEBECOMOCTM [IO/LKHA OBITh CAE/aHa M3 COCTaBa, UMEIOLIEro 60see HU3KYIO
TeMIlepaTypy IUIaB/ieHUs1, U HecropaeMoro GbUTUIsI, HanpuMep U3 acbecra.

M3yyeHue mpouLeccoB ropeHust Obl0 NMPOAOIKEHO HA KOCMUYECKUX Yel-
HOKaX U MPOJEMOHCTPUPOBAIO: IIAPUKM M3 ra30BOM CMECH TOpST, BbIAESIA
TaK Majio 3Hepruu (Menbiue | BT), UTO ropeHue KaXgoro M3 HUX MOXET
MPONOJLKATbCS HECKOJIbKO YacoB. [lpu 3TOM moTepu 3HEpruu Ha TEIUI0OBOE
U3TyYyeHue KOMIIEHCHPYIOTCS BbIAEJICHHMEM JHEpruu, INPOUCXOASIIMM MpHU
CrOpaHMU Tra30BOii CMeCH, KOTopasi MOCTYMAaeT B IIapUKU MOCPeACTBOM AnUd-
¢y3uu K3 OoKpyxawue cpeabl. B oTivumMe OT OOBIUHBIX YCJIOBUM OrOHb B
HEBECOMOCTU «HE XOYeT» paclpocTpaHsIThes. bojee Toro, ropsiiiue rno co-
CEICTBY LIApMKM BCerga OTTAJIKMBAIOTCS APYT OT Apyra, TaK KaKk MexXIy HU-
MM KOHLIEHTpaliysl TOILUIMBA U OKWCJIUTENS] MEHbLIE, & TOPEHUE pacnpocTpa-
HSEeTCsl Bcerga B Ty CTOPOHY, e KOHLeHTpauusi 6onbiie. A B 1997 r. Ha
CTaHLIMKM «MMUp» CIAyYUIICs MOXap, KOTOPbIM, K CYACTbIO, yAAJI0Ch MOTYIUMUTD.
M Bce-Taku Ha MexXIyHapoOHONH KOCMUYECKOU CTaHLMM MPEeITyCMOTPEHO
CO3[IaHME CIelUaTbHONW J1abopaTOpuX IO MU3YYEHHUIO IIPOLIECCOB TOPEHUS,
TaK KaK HaydyUTbCS YIPaBISITb FOpeHUWEM, DKOHOMSI MPU 3TOM Ha TOIUIM-
BE, — MeYTa KOHCTPYKTOPOB TEIUIOBbIX IBUraTejieil 1 BCEro YEJI0BEYECTBA.

Hoquy cropesuiasi Crmuy4kKka MU30rLyrTa

Ecny 3aXCKeHHYI0 CIUYKY AepXaTb ro-
PU30HTAIIBHO, TO MO M€pe NEPENBUXEHUS
sI3bIYKa TUIAMEHU €€ CropeBllias 4yacTb Oy-
JeT u3rubarbcs BBepX (puc. 17.4). Ipuuu-
HOM u3ruba CropeBlUEd CIUYKU CIIYXUT
BEPTUKAJIbHOE JABUXXEHUE BO3[yxa B obsac-
TU TOPEHMs, B pe3yJbTaTeé KOTOpPOro ycTa-
HaBJIMBAETCSd HANpaBJI€HHbI CHU3Y BBEDPX
TEMIepaTypHbIi rpaaueHT. [loaTomy Bepx-
HSIS1 4acTb TOpsillied CHUYKU HarpeBaeTcs
no 6GoJsiee BBICOKOH TeMIIEpaTypbl, 4YEM
HWXHss. Ilpu ropeHuM Macca U 06BEM
CMIMYKM YMEHBILIAIOTCA, WM 4YeM Oosblie
TeMIlepaTypa ropeHusi, TeM 0oJiee 3aMETHbI
5T M3MEHEHUs. 3HAuUT, BEpXHssl 4yacTb Puc.17.4. TopusoHTanbHO pacrio-
TOPSILIEN CIIUYKU JOJDKHA YKOPAUUBATLCS B JIOXKEHHAdA CIIHYKA MPU FOPEHHH 3a-
0OJbLIECH CTENEHU, YEM HUXHSS, U I03TO- rubaerca BBEPX
My CropeBuiasi YaCTb FOPU3OHTAILHO rOps-

LIENW CITUYKM 3arubaeTcsi BBEPX. DTOMY Takoke COCOOCTBYET IOTOK BO3AyXa
BOJIM3U ropsiiueil CIMYKU, HaIlpaBJIEeHHbIA BCEraa CHU3y BBEDX.

OT Yero 3aBUCHUT LBET ILUIAMEHH

HBCT TJIaMEHHU 3aBUCHUT OT TOIo, KaKM€ 3JIEMEHTBI B HEM Cropalor. Bbi-
COKas TemIiepaTtypa IJIaME€éHH OacT BO3MOXHOCTb aTOMaM IE€pPECKaKUBATb
Ha HEKOTOPOE€ BPEMS Ha 0oJiee BbICOKME SHEPrETUUYECKUE COCTOSAHUS, a 10~
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TOM, BO3BpalllasiCb B MCXOJHOE COCTOSIHUE, U3JIy4aThb CBET ONpeneaeHHOMN
4acTOTbl, KOTOpasi COOTBETCTBYET CTPYKTYpe 3JIEKTPOHHBIX 00OJIOUEK IaH-
HOro sjieMeHTa. 'a3oBasi ropenka ropuT TOJyObIM TJIaMEHEM M3-3a HaIU-
yusi CO, yrapHoro rasa. 2KeiTo-opaH:XeBoe IIaMsl CIIMYKU OObSICHAIOT Ha-
JIMYMEM B JpeBeCUHE CcoJied HaTpus. ATOMbl Medu IIPUIAIOT TUIAMEHHU
SIDKO-3€JICHbIA LIBET, KOTOPBII MHOIAA BOCIIPMHMMAETCSI HAMM KakK OeJiblif.
ANIOMMHUH U XeJie30 He 00J1afaloT BhIPAXXEHHOUN CIIOCOOHOCTbIO OKpalliu-
BaTh IJIaMmsl.

Kak oOGHapyKuth mozkap

CyTp n1060ro MeToma OOHapyXeHHUs IoXapa — paHHee OOHapyXeHUe
Bo3ropaHusl. [IOCTOSIHHBIMU CITyTHUKaMU TOXapa SIBJISIOTCS BbICOKAsi TEM-
nepatypa U ObIM. [lo3TOMy B KauyecTBe HETEKTOPOB I10XKapa WUCIIOJIb3YIOT
YCTPOWCTBa, U3MEPSIOLIME TEMIIEpaTypy W/WIW YpPOBEHb 3aIbIMIEHHOCTH.
DTU JaTYMKMU NOMELIAIOT HA MOTOJIKE, TaK KaK TOpsYMii BO3OyX, comepxkKa-
LIMA YacTULBI AbIMa OT OYyara BO3TOpaHMsl, BCErIa YCTPEMJIETCS BBEPX.

B nmomeuieHusX, Tae MHOTO MbUIM M IbIMAa OT pabOTamOLIMUX IBUraTeNeil
VU XpaHSTCS JIETKOBOCIUIAMEHSIIOIIMECS XUIKOCTU (aBTOMOOWJIBLHBLIE Tapa-
>KH), OYEBUIIHO, HE CIIEAYET MOJb30BAThCS AETEKTOPAMH IbIMa IJisl IIPENAOT-
BpalleHUs [10Xapa, TaK KaK OHU OYIyT MaBaTh JIOXHbBIE CUTHABI. [TosTOMY
B TaKMX MecTax 0ojiee YMECTEH TeMIlepaTypHbIM HaTYMK, OOBIYHO HACTPO-
eHHbli Ha Temniepatypy 60 °C. Kak npaBuio, Takue OaTYMKU MpPEncTaBiIs-
10T CO00I OGUMETANIMUECKMIT KOHTAKT, 3aMbIKAIOUIMICS MMPU HAarpeBaHUU 1
BKJIIOYAIOLIMI IOXAapHYI0 CUPEHY WIM IpYyTUe YCTPOMCTBA OMNOBELUEHHSI.
DTOT TUI JaTYMKA TMOXAPHOM CUTHAIM3ALMM OOMH K3 CAMBIX CTapbiXx U
4acTo cpabaThIBaeT YXe TOraa, KOrga IoXap ycreBaeT pa3pacTUCh 10
YTPOXAIOIIUX pa3MepoB.

B OonpuiMHCTBE ciy4yaeB MpU BbIOOpE THUIIA JNETEKTOpA MOXAPHOM CUT-
HaJIM3allMU TMIPEAINOYTEeHUE OTHAeTCsl AbIMOBOMY NAaTYMKY, TaK KakK Moxap
OOBIYHO COIPOBOXIAETCHd BbIAENEHWEM OOJbLIOTO KOJMYECTBA ObiMa, U
WMEHHO 3TOT TUIl AETEKTOpa CNOCOOeH MpeayNnpeauTh Jloaei B 30aHMu 00

Puc. 17.5. Pa6ora MOHM3aLIMOHHOIrO OATYMKa AbIMA: d) B OTCYTCTBHME IbIMAa MOHBI BO3LyXa
IBIDKYTCS MeXIY 3JIEKTpodamU; 6) 4acTHULIbI IbiMa (YepHbie MaJible KPYXKH), CBS3bIBasiCh C
MOHaMH, HEUTPAIU3YIOT UX 3apsill, YBEJIMYMBasl CONIPOTUBIIEHHUE MEXIY 3/1eKTpoaaMu
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le2)

Puc. 17.6. Pabota onTHueckoro gatyudka AbiMa: @) B OTCYTCTBME AblMa JIyUM CBETa pacrpo-
CTPaHSIIOTCA MPSAMOJMHENHO OT UCTOuHKKA H; 6) YacTHLibl ObIMa (CEpble TOYKH) PacCeuBalOT
JIy4Hu CBeTa, NMOBOpauyMBasi 4acTh U3 HUX Ha 90°, yTo peructpupyetcs doToaeTeKTopom P

OMacHOCTU. B NbIMOBBIX JaT4yMKaxX MCIOJb3YIOT MOHM3ALMIO WiM (HOTO-
2JIEKTPUYECKUHA MPUHLMIT 111 OOHApYXE€HUST IbIMa B BO3IYyXE.

B MOHM3aLMOHHLIX JETEKTOpax IbIMa MCIIOJb3YeTCS MCTOYHMK paguo-
akTUBHOro (asbda-) u3nyyeHus (Kak IMpaBUIO, aMepuLMii-241, *'Am),
MOHU3UPYIOUIMA BO3AYX MEXIY METAIUUYECKMMHU IUJIAaCTUHAMM-2IEKTpOAa-
MM, DJIEKTPUYECKOE COIPOTUBIEHUE MEXIY KOTOPBIMU IIOCTOSIHHO HU3ME-
psiETCA C IIOMOLLbIO CIleluanbHOi cxeMbl (puc. 17.5). OkasbiBaoliuecst
MeXIy IJIaCTUHAMW MMKPOYACTUIIbl AbIMa CBSI3bIBAIOTCSI C MOHAMHU, HEM-
TPAIM3YIOT UX 3apsil U YBEJMUMBAIOT TaKUM 00pa3oM COMPOTUBIEHUE MEX-
LIy JIEKTPOJaMH, Ha YTO pearupyeT 2JIeKTpUUECKass cXeMa, [oaaBasi CUTHajl
TpeBOTU. JlaTYMKHM, YCTPOEHHble IO 3TOMY MPUHLMIY, ONEMOHCTPUPYIOT
BeCbMa BIEYAT/ISIOLIYIO YYBCTBUTEIBHOCTD, pearupysl euie 10 TOro, Kak ca-
MBIl TIEPBbIN MMPU3HAK AbIMa OOHAPYXUBAETCSl XUBBIM cylllecTBoM. Creny-
€T OTMETUTb, YTO HMKAKON OMAacHOCTU MJIsI YeJOBeKa 3TOT UCTOYHUK pa-
IMAalM¥ He NpeicTaBisieT, Tak Kak ajlbda-iyyud He MOTIYT IPOWTU [axe
yepe3 JUCT OyMaru ¥ MOJHOCTBIO MOTIJIOLIAIOTCS CJIOEM BO34yXa TOJLLMHOMN
B HECKOJILKO CAHTUMETPOB.

M3BecTHO, UTO INpU YBEIUYEHUU BJIAXHOCTU 3JIEKTPOINPOBOAHOCTb BO3-
nyxa pacreT. [103ToOMy HEIOCTaTKOM MOHM3AaLMOHHOIO JETEKTOpAa SIBJISIETCS
€r0 YYBCTBMTEJIBHOCTb K BJIAXXHOCTH OKPYXAIOILUEro BO3AyXa. DTOr0 Helo-
cTaTKa JMIleH caMblil pacnpOCTpaHEHHBIA JaTYUK [bIMA — OINTUYECKUNA, B
KOTOPOM MCIOJB3YETCs TO, YTO YACTHULIBI IbIMa paCCEUBAIOT CBET, MIPOXOsi-
wuil 4yepes Bo3oyx (puc. 17.6). ITo3TOMy HMHTEHCHMBHOCTb PAacCESHHOTO
CBETa MOXET CIAYXXUTh MMOKa3aTeJeM 3aabIMJIEHHOCTU BO3MyXa.



I'naBa 18

O J1aMIIO4YKax — U HE TOJIbKO

Ccs MUMO aBTOMOOMUIEiN... Bce 3To mpuMerhl Hauleid UMBWIM3ALMMU.

HckyccTBeHHOE OCBEIIEHUE CENA0 YEJIOBEKA MEHEE 3aBUCUMBIM OT
COJIHEYHOro cBeTa. Jlepxa B pyKax ropsiiuii pake, J10O1 MOIJIU NepeaBU-
ratbCs MO HOYAM M YCTpauBaThbCsl HAa HOWIEr B IIyOMHE Ielllep, TOe A0 CUX
[I0Op HaxoAsT HacKajlbHble PUCYHKHU. CBET (hakesaoB IPOMIUI «pabouuii
[IeHb» MEPBOOBITHBIX JIIOAEH, caeaaB ero 0ojee MPOAYKTUBHBIM U CIIOCO0-
CTBOBaB, TaKUM 00pa3oM, mporpeccy yejaoBeuecTBa. C Tex MOp MPOIILIO He-
CKOJIBKO TBICSIY JIET, HO U ceiyac, caMu TOro He 3aMeuasi, Mbl MpOJOJIKaeM
MCNOJIb30BaTh (pakesnbl, Bedb CJIOBO «JIaMIla» B IIEPEBOMAE C IPe4YecKOro
O3HayaeT «pakes».

OCBCLL[CHHBIC OKHa JOMOB M YJIUIBI... Oruu PEKJIAMBbl U IIPOHOCAILINX-

N3BecTHBIE U1 HEU3BECTHBIE MMEHA
B JJaMIIOBOM CeMeicCTBe

Kak BbIOpaTh noaxonsinyto jgaMmiry? ITouyeMy oHM Takue pa3Hble IO BUOY
u ueHe? M BooOle, yeM OHU OTIIMYAIOTCS APYT OT apyra?

CyliecTBYIOT 1Ba OCHOBHBIX THIIA JIaMII: JIAMITbI HAKaJUBaHUS, UCTOY-
HUKOM CB€Ta B KOTOPBIX CIYXXUT pacKajJeHHasi MeTaJUIMuecKasi HUTb (CITU-
paJib), U ra3opaspsiiHble, CBET B KOTOPBHIX BO3HMKAET M3-3a 3JEKTPUUYECKO-
ro paspsiia B jaMIlax, HallOJJHEHHBbIX Pa3JIMUHbIMU Ta3aMM.

OpHako ¥ naMIbl HaKaJIMBaHUSI OBbIBAIOT pa3Hble: aproHOBBIE, KPUIITO-
HOBbIe, KCEHOHOBBIE, TaJIOTEHHbIE UM KBaplieBO-TaJloreHHble. B cBoio oue-
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penb, razopa3psiiHble JaMIbl TOAPA3NEISIOTCS Ha T€, Y KOTOPBIX ra3 BHYT-
pU HaxomuTCsl TOA HU3KWM OaBjieHHWeM (JaMIbl JHEBHOIO CBETA WJIU
JIIOMUHECLIEHTHBIE, YIBTPA(UOJIETOBbIE U TaK Ha3bIBaEMble HEOHOBLIE JIAM-
bl PEKJIAMHBIX OTHEI), U Ha Te, y KOTOPBIX ra3 BHYTPU HAXOOUTCH IO Bbl-
COKUM [JaBjeHueM (PTYTHbIE TMApOCBETHBIE JIAMIIbI, HATpUEBLIE Ayropas-
pSIIHBIE U METAJUIOTAJIOT€HHbIE JIAMITBI).

HMHepTHBIN ra3 BHYTPH JIaMII HAKAJIMBAHUSA

3ayeM HyXXe€H WUHEpPTHBIN ra3 B jlaMnax HakanubaHus? IlpencraBum ce-
0e, 4yTO ooHa W3 MOJEKYl BoJibpaMa, HaXOASIIAsCs Ha MOBEPXHOCTHU
pacKaJIeHHOW HMTH, MOJy4YUB OT COCEIHUX MOJEKYJ IHOCTAaTOYHYIO 3HEp-
TUI0, TOKUJAET 3Ty MOBEPXHOCTb, HO CPa3y Xe CTAJIKMBAETCS C MOMAJIETalO-
e K HUTU MoJieKyJioi raza. OueBHIHO, YTO pe3yIbTaTOM TaKOI'O CTOJIK-
HOBeHMs1 OyIeT BO3BpallleHUWE MOJIEKYJIbl BOJb(paMa oO6paTHO Ha
[MOBEPXHOCTb HUTU. 3HAUMUT, NPUCYTCTBHE TIa3a B JlaMIle HaKaluBaHUS
JIOJDKHO 3aMeJISITh UcapeHue BoJibdpaMa. DTo ¢ 0HO# cTopoHbl. C npy-
roil CTOpOHBI, YTOOBI BOJIb(paM He TMOTepsI CBO€ YHUKAJIbHOE CBOMCTBO —
OBITH CaMBbIM TYTOIUIAaBKUM METALJIOM, 3TOT a3 HE MOJDKEH BCTYIATh C HUM
B XMMMYECKYIO PEaKIiuio, T. €. ObITh UHEPTHBIM. HO Kakoili MHepTHHIN ra3
BBIOpaTh?

BriOupas MHEPTHBIN ra3 mJisg JaMIl HaKaJMBaHUsI, YYUTHIBAIM €r0 CBOM-
CTBa U AOCTYNHOCTH (lLieHy). PanoH, sBisiACh NPOAYKTOM paguOaKTUBHOTO
pacmnanga paaus, objgagaji paiMoaKTUBHOCTbIO, U TIO3TOMY Cpa3y e ObLI Uc-
kimoueH. I'enuit (MaccoBoe 4yuciio 4) ObUT Yepecyyp JIETKMM [IJis TOTO, YTO-
Obl OTTAJIKUBATh MCIIApAIOIIMecs: aToMbI BojbgpaMa (MaccoBoe yucio 184)
o0paTHO Ha MNoBepxHOCTh HUTU. HeoH (MaccoBoe umciao 20) XOTa U ObLI
TsiKesee requs B 5 pa3, Ho ctowi B 10 pa3 gopoxe. KoHueHTpalysl aproHa
(MaccoBoe uuciio 36) B aTMocdepe 0KojIo 1%, U MO3TOMY OH SIBJISETCA Ca-
MbIM J€LIEBbIM U3 MHEPTHBIX ra3oB. KoHIIEHTpaLMsI KPUIITOHA B aTMOC(e-
pe 3emuin B 7000 pa3 meHblire, a kceHoHa B 200 000 pa3 MeHblIe, 4yeM ap-
rOHa, YTO Jejajlo UX MPOM3BOACTBO OYE€Hb NOpPOTUM. Bce 3T0 Ha monroe
BpEMS1 OMPENETUIIO BbIOOP U3TOTOBUTENEN JlaMIl HaKalUBaHUSI — aproH.

OnoHaKoO CO BpEMEHEM HOBbIE TEXHOJIOTUM CIAEJIakd IMPOU3BOICTBO KPUII-
TOHa (MaccoBoe 4uc/io 72) U KceHOHa (MaccoBoe uuciao 108) oTHocUTENb-
HO JELIEeBbIM, YTO MMO3BOJIMJIO MCIIOJIb30BaTh KPUIITOH BMECTO aproHa IpU
3aroJHeHWH JlaMIl HakainuBaHusl. Kak ¥ clienoBano oXuaaTh, CPOK CIYKObI
y JlaMIl, HarOJHEeHHBIX KPUIITOHOM, ObLI OOJbIle, YeM y aproHoBbix. Kpo-
M€ TOro, KpPUIITOHOBBIE JIaMIThl MTO3BOJISIIOT YBEJIUUUTh TEMIIEpaTypy Haka-
JIUBaHUS BOJb(MPaMOBOIl HUTH, COXpaHSs TOT XK€ CPOK CIyXObI, YTO U Y
aproHOBBIX. B pesynbpTaTe SIpKOCTb KPUIITOHOBBIX JIAMII MOXET OBITh Ha
10% BbIllIe, YeM SIPKOCTb APTOHOBBLIX TOM XK€ MOIITHOCTH.

I'anoreHHass 1aMna — COBPeMEHHBIH mpeae.t
JJIs1 JIaMIIbl HAKAJIMBAHUS

JlaMna HakanMBaHUsI, 1axXe HAMOJHEHHAass KPUNTOHOM, OOJafaeT psiioM
HenoctaTkoB. OAWH K3 HUX — OTHOCUTENbHO OoiblIve pasMmepbl. Eciau
YMEHBIIIUTh pa3Mephbl, MPUOJIU3UB CTEKIIO K CIIMpaM, TO CTEKJIO pacIlia-
BUTCSI. MOXHO, KOHEYHO, BMECTO OOBIYHOTO CTEKJIa UCTIOIb30BaTh KBaplie-
BOe, TeMIlepaTypa IUIaBJIeHUSI KOTOpOro ropasfo Bbiliie. OOHAKO TOJBKO
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""'*'-_-:"" FReFo00
aacsataa cae.c.p Puc. 18.1. Cxema rajJloreHHOTO LIMK-
a Jla, B pe3y/ibTaTe KOTOPOro MCHapuB-
T I j/ l nivecsi aToMbl Bosibdpama (6osblune
KDPYXXKH), B3aUMOIEHCTBYs C aTOMaMu
/ rajoreHa (Majnble KpPYXKH), BO3Bpa-
; b UIAIOTCSI HA pacKaJEHHYIO Crupab
e ':.a—.: Jnamnel:  /—4 — nocnenoBaTebHbIE
oo < @ Oe O 0. 3Tanbl TaJOreHHOro UMKIa, a —
2ol BoJibpaMoBasi HUTb, b — UWJIMHIDU-
4 3 yeckast Kosiba JaMIibl, cAeJaHHas W3

TYTOILIAaBKOTO CTE€KJIa WK KBapua

3aMeHa OOBIYHOTO CTeKJIa Ha KBaplLIeBOE HE IMO3BOJISIET MOJIYYUTb KOMIAKT-
HYIO JaMIly HakaniuBaHus. Mcmapsiouiuiicss BojbgpaM, ocaxnasch Ha
MEHBIIYI0O MOBEPXHOCTb JIaMITbI, OBLICTPO 3aTEMHSIET ee, OJOKUpYS CBET,
UOYLIUNA OT pacKaJICHHOW HUTH.

B 1958 r. B xomnanum General Electric 6bu10 HalileHO TeXHOJIOTHYE-
CKOe pellieHHe, TaK Ha3bIBaeMbIil TaJlOT€HHBbIH LHMKII, C TOMOILBI KOTOPOTO
MOXHO YyHalsIiThb C BHYTPEHHEH TMOBEPXHOCTU CTeKJIa OCEBILINE aTOMbI
BoJibpama. YToObI rajloreHHbIH LIMKJII 3apaboTal, JIaMIIy HaKaJMBaHUS Ha-
JIO 3aMOJIHUTh CMEChI0O MHEPTHOTO ra3a (aproHa WJv KpUITTOHA) M ra3a-ra-
JloreHa (Hampumep, Opoma), a IMOBEPXHOCTh CTEKJIa NMPUOJU3UTb K pac-
KaJleHHOW HUTM TakK, 4ToObl ero Temmeparypa crtana Beime 200 °C.
Tl'anorenHsit uuki (puc. 18.1) paboraer ciemywolyMm obpasom: 1) wucna-
pUBLIasicI  MOJIeKylda BoJibpama
JIBUXETCS MO HAMPAaBJIEHUIO K CTEKITY
JIAMITBI M OCaXIaeTcs Ha HeM;
2) HaxomsChb Ha TMOBEPXHOCTH JiaM-
Mbl, aTOM BoJibpaMa obpa3yeT MO-
JIeKylly ¢ aTOMOM Opoma U Tepexo-
OIUT B Tra3o00pa3sHOe COCTOSIHUE;
3) Monekyia BoJib(hpaM — Opom
IBUXETCSI C KOHBEKTUBHBIMU ITOTO-
KaMM rasa M CTaJIKHBaeTCsl ¢ pacKa-
JIEHHOW cIupaiblo JaMinbl; 4) oOKa-
3aBUINCh Ha CIUpaIU, COENWHEHHE
BoJib(ppamMa U OpoMa OUCCOLIUMPYET
(pacnagaeTcsi) Ha BoJibdpam, oce-
NAIOLIUKCS Ha CITUpaiu, U OpoM, Mo-
rnagarolUii B Tra3, HAMOJHSOIIWNA
JIaMITy.

TakuM  o6pa3oM  rajOreHHbIN
LMK OYMUIAeT BHYTPEHHIOKIO IIO-
a) 0) BEPXHOCTb CTEKJIa OT OCAXIAIOLIMXCSI

MOJIeKyJ1 BOJb(dpaMa U OQHOBpPEMEH-
HO BOCCTaHaB/MMBAeT LIEJIOCTHOCTh

Puc. 18.2. MuHHMaTIOpHAs raJloreHHas! JlaM- Bo/b()paMoBoO# HuUTU. [losTOoMy uc-
na (a) v oGbIYHasK laMIa HakanupaHus (6) ~ 110/IB30BAHME  TAJIOTEHHOTO  LMKJa
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MO3BOJISIET HE TOJILKO YMEHBIIIUTL pa3Mephl JJaMIT HAKaJIMBaHMS, YTO Jejia-
€T UX He3aMeHMMBIMH B KayeCTBE MCTOYHHUKA CBeTa B aBTOMOOWIBHBIX (ha-
pax, HO U MOAHATH TemIiepatypy HUTH ¢ 2500 oo 3000 °C. B pesynbrate ra-
JIOTeHHbIE JIaMITbl 00JamaloT He TOJIbKO YIBOEHHBIM pECYPCOM paboThI
(2000 4), HO ¥ yBenuueHHOU Ha 20% SIPKOCTBHIO IO CPaBHEHUIO C OOBIYHBI-
MM JIaMITaMHM HaKaJUBaHUs TaKO# Xe MOIMHOCTU. MHBIMM ClIOBaMU, TaJio-
reHHbIe JIAMITBI 3KOHOMST 3HEpPryio, pacXogyeMylo Ha ocBellleHue. ['ajio-
reHHBIE JIAMITBl MOIYT WUMETh Pa3IWYHyl0 (GOpMy, HO MX pa3Mephl, Kak
MIPaBWJIO, MEHbIIIE, UeM Y OOBIYHBIX JIJAMIT HaKaiuBaHus (puc. 18.2).

I'azopaspsaaHas jjaMna: CBETUT, HO He rpeer

['maBHBIM HEOOCTATKOM JIaMIT HaKaJMBaHUS SIBJIIETCSI TO, UTO OOJIbIIAS
YacThb dHEPruH, pacXomyeMOii Ha OCBeIlleHHe, WIeT Ha HarpeB Jiami. Jlaxe
B CaMbIX 3KOHOMHYHBIX TaJIOTEHHBIX Jiammax ToJibko 10% 3aTpayeHHOI
SHEPTUM TIpeBpalaeTcss B CBeT, a ocTaibHble 90% — B Terio. OmHako
MOXHO TOJYYUTh CBET U3 3JIEKTPUUECTBA C IMOMOIIBIO 3JIEKTPUYECKOTO
paspsiga. DJEKTpUYECKMI MTyTrOBOUl pas3psii B BO3AYXE BIEPBBIE OMUCAI
B. B. Iletpos B 1802 r. OcnenurenabHO SIpKU CBET 3JEKTPUUYECKON TYTU TO-
rIa JaBajl HameXxmy, YTO CO BpeMEHEM JIIOIU CMOTYT OTKAa3aThCsl OT CBEYEH,
JIy4MHBI, KEPOCHHOBOI JIaMITBl M JaXe ra3oBbiX (oHapeil. B mepBeIx myro-
BBIX CBETWJIBHUKAX ITOCTOSIHHO ITPUXOOWJIOCH CIOBUTaTh ITOCTaBJI€HHBIE Ha-
MPOTUB IPYT IpPYyTa YTOJbHbIE 3JEKTPOAbI, U IO3TOMY OHU HOCTATOYHO OBICT-
po BeiTopanu. B 1875 r. I1. H. 16;7104uK0OB Npemioxiul HaAeXHOE U IIPOCTOe
peureHyie. OH pacMoJIOKIUT YTOJIbHbIE 3JIEKTPOIbI MapajUIe/IbHO, Pa3de/IuB UX
H3oJMpytoluM cioeMm. M3006peTeHre UMeNno KOJOCCaIbHBIN ycreX, U cBeva
S16;104KOBa, WIM PYCCKHIT CBET, Halllla IITMPOKOE pacrnpocTpaHeHue B EBpo-
rme. CBeua SI0JI0YKOBa, CTaBIllasl IEPBOU CepUITHO BBLIITYCKAaeMOW ra3opas-
PAIHOM JIaMIION, TTO CPAaBHEHUIO C JIAMITAMM HaKalMBaHUS DIUCcOHA obana-
JIa IBYMsl TIpeMMYIIeCTBaMU: OEIbIM CBETOM, a HE XEITOBaThIM, U OOJbIIEH
sspkocTbio. [ToaToMy cBeda S10I04KOBa B TeUeHHE MHOTUX JIET MCIIOIb30Ba-
JIach B KMHOIIPOEKTOpAX, IMOKa He TOSIBWIMCh OoJiee COBEpIIEHHBIE UCTOY-
HUKU CBeTa — KCEHOHOBBIE M rajloreHHble JaMIibl. CBeuy S16J04YKOBa MOX-
HO cYuTaTh 6A0YIIKOI BCEX COBPEMEHHBIX ra30pa3psiiHBIX JaMIl.

Hy, a marro#t coBpeMeHHBIX JIaMIT THEBHOTO CBETa (WU JIIOMUHECLIEHTHBIX
JIaMIl) CTal aMepUKaHCKMiT u3o0peratenb [1. XbloUT, NpPeIOKUBIIUMA B
1903 r. B KauecTBe MCTOYHMKA CBETa MCIIOJB30BAaTh 3JIEKTPUYECKUMN paspsim
MEXIY 3JIEKTpOIAaMU B CTEKJSIHHOM JlaMIle, 3aloJHEHHOM IapaMU pTYTH.
[To3xe ycTaHOBWIM, UTO OOJBINAS YACTh M3TYYEeHUs DyTOBOM JaMIlbl XbIOU-
Ta — ynbrpaduoneroBas, T. €. He BUAMMAS ISl TJ1a3a yenoBeka. UYTobbl che-
JIaTh ee BUAMMOM, MPEMIOXIWIY MTOKPbIBATh JaMITbl XbIOUTA U3HYTPU BELIECT-
BOM-TIOMUHO(OPOM, KOTOPOE IOIJIOLIANO OBl YIbTpaduOoIeTOBOE U3JTYYEHUE,
a B3aMeH uanydyaio Obl BuguMoe. CHavaia [ijisi 3TOro BeIOpaiM OepyWLUInid, HO
OH OKa3aicsd O4YeHb TOKCHYEH (OCOOEHHO VISl JIETKHX), & TIOTOM OCTaHOBH-
Jiuck Ha docdope. [MokpeiThie U3HYTpU HochopoM JaMITbl XbIOUTA MOTYYHIN
Ha3BaHME JIOMUHECHEHTHBIX U CTAIM IMPOKO UCIOIb30BATHCSl B OCBEILEHUU
¢ 1938 r. OCHOBHBIMHM TIPEUMYIIECTBAMU JTIIOMUHECLEHTHBIX JIAMII 110 CPaBHE-
HUIO C JIAMITAMM HaKaJIMBaHMS CTAJId WX Tropasfno OOJBIIMIA CBETOBOU BBIXOX
(mons 3Hepruu, mpeBpaliaeMoii B CBeT, mocturajia 40%) v yBelIWMdYeHHBIN B
6 pa3 pabouuii pecypc — MpOIOJDKUTETLHOCTh paOOTHl JIaMIIBl IO TOTO, KakK
OHa BBIXOAUT U3 CTPOS. A 3TO 3HAYHMT, YTO JIOMHUHECLEHTHBIE JIAMITBl Oojiee
JIOJITOBEYHB! ¥ SKOHOMUYHBI IO CPAaBHEHHIO C JIaMITaMu HakanuBaHus. K co-
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JKAJIEHUIO, Y JIOMUHECLUEHTHBIX JIaMIT, KaK W Yy BCEX ra3opaspsiiHbIX, €CTb U
HEIOCTATKM — OHU JIOPOXeE, UX HEJb3sl CAesiaTb OYeHb MaJeHbKHMM, a B Ka-
4yecTBE MCTOUYHMKA 31eKTPUUECKOTO HAIPSDKEHUS] HEJIb3sl MCIOJIb30BaTh HM3-
KoBOJIbTHbIE (1,5—12 B) Gatapeiiky Wi aKKyMYJsITOPBI.

l'loquy JIaMIIbl THEBHOIo CB€TA TAK CJIOZKHO YCTPOEHbI

M3-3a MUraHusi npu BKJIIOYEHUU U TYAEHUU MPU pabOTE UCIONb30BaHUE
IloMa jlaMIll JHEBHOTO CBETa BecbMa IpobieMaTudyHO. OnHAKO COBpEMEH-
Hble MOJENU JIIOMUHECLIEHTHBIX JIaMIT JIMILIEHbl 3TUX HeaocTaTkoB. Ho cHa-
yana pa3bepemcsi, Kak paboTaeT oOblUHasl JIOMMHECLIEHTHAs JlaMna, UMelo-
wasi GopMy IJIMHHON LIMAUMHAPUUYECKON TpyOoku (puc. 18.3).

Kaxk BUAHO M3 pUCYHKa, JaMIla JHEBHOTO CBETa — 3TO 3JEKTPUUECKUM
Npuodop, COCTOSILIMM M3 COOCTBEHHO JiaMIbl 4, KOTOpasi CBETUTCSI, Koraa
BHYTPM €€ MPOUCXOIUT BJIEKTPUYECKUH pa3psil, cTaprepa S, pa3orpeBaio-
LIero 3JeKTPOoIbl JaMIlbl Mepel BO3HUKHOBEHUEM paspsiga, U Apoccelis O,
OrpaHUYMBAIOIIETO 3JIEKTPUYECKUN TOK uepes JamIly.

YTo6bl B ra3opa3psiiHON JlaMIe BO3HUK 2JIEKTPUUYECKUI pa3psil, Hamnpsi-
xeHust cetd 220 B Mexny ee sieKTpoJaMu HENOCTaTOYHO, TaK Kak ra3
BHYTPMU JIaMIIbl, COCTOSIIIUN U3 cMecH aproHa u napoB pTytu (1%), He sB-
JISeTCsl MPOBOAHUKOM 3JIEKTPUYECTBA. YCIOBUEM BO3HMKHOBEHMSI pa3psiia
SIBJISIETCSI MIOHU3ALMsl 3TOrO rasa, T. €. paculerjieHMe 4acTu aTOMOB ra3a Ha
3JIEKTPOHbI U TMOJIOXUTENBHO 3apsiKEHHble MOHBI. Jlenaetrcsi 3ToO ¢ MOMO-
LWIbIO CTapTepa, KOTOPHIM Ha KOpPOTKOe BpeMsi (1—2 c¢) BKJIIOYAeT Harpes
METALIMYECKUX 3JEeKTpOAOB (BOJAb(MPAMOBBLIX CHMpasei), HaxXOOSLIUXCS B
MPOTUBOMOJIOXHBIX 4YacTsX JamIiibl. Kak ToJbKO 3JeKTpod HarpeBaeTcs,
4YacTb 3JIEKTPOHOB UCIAPSIETCS C €ro MOBEPXHOCTU U IMOJ NEHCTBUEM BJIeK-
TPUYECKOTrO MOJSI HAYMHAET NBUTaTbCs K MPOTUMBOIOJOXHOMY 3JIEKTPOLY,
BpeMsl OT BpEMEHU CTAJIKUBAsICh C aToMaMu rasza. CTOJIKHOBEHUE JIETSILETO
3JIEKTPOHA C HEUTpaJIbHbIM aTOMOM TIa3a BbI3bIBA€T MOHM3ALNIO MOCIEIHEe-
ro, B pe3yJbTaTe Y€ro YMCIO CBOOOMHbBIX JEKTPUUECKUX 3aPSIIOB YBEINUU -~
BaeTCsl, B JlaMIe BO3HMKAET 3JE€KTPUUYECKHUIA pa3psil, a U3-3a CTOJKHOBEHUS
3apsiKEHHBIX YAaCTUL C aTOMaMM pPTYTU TPOUCXOAUT YIbTpaduoieToBOe
ceeyeHue. [locie BOZHUKHOBEHHUSI 3JIEKTPUYECKOTO pa3psifa MOmOTpeBaTh
SJIEKTPOIBI YK€ HE HYXXHO, TaK KakK JJIEKTPUYECKMI pa3psia caM NOMAep-
>KMBAE€T HEOOXONMMBbIA YPOBEHb UOHU3ALIMU.

a) 0)

1 1L 2
miE] | \ : 3ie “@J‘
g

Puc. 18.3. YcTpo#icTBO JIOMHHECUEHTHOI JaMnbl (@) U TMOOK/IIOUEHUE ee K ceTh (6):
| — BonbdpaMoBble crnupaiu; 2 — CMecb MapoB PTYTM UM aproHa, 3arojHAoUlas JaMily;
3 — momuHodop (dbochop), NoKpbIBaOLLIK BHYTPEHHIOIO NMOBEPXHOCTD JIaMIlbl; 4 — JlaMMna B
CXeMe MOAKIIoYEeHHUs; 5 — cTapTep; 6 — Apoccenb
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Puc. 18.4. CxeMaruyeckoe u300paxeHHe BHYTPEHHETO YCTpoOiicTBa
crapTepa JIIOMUMHECLIEHTHOM JlaMIbl: [, 2 — 3JIeKTPUYECKHE KOHTAKThI
crapTepa; 3 — CTeKJISIHHbI Ga/lIoH HEOHOBOM JIaMIbl; 4 — 3JIEKTPO/L,
HEOHOBOM JlaMIlbl, U3OTHYTbI B BUOe mnepeBepHyTod OykBbl U (N);
5 — npyroii a/eKTpol HEOHOBOIt JIaMIlbl; 6 — 3JIEKTPMYECKUI KOH- 14 ~ 82
neHcatop. LITpuMxoBO# JMHKEH 0603HAYEHO MOJIOXEHHE KOHLIA pa3o-

IPETOro 3J1eKTpoAa 4 HEOHOBOM JIaMIIbl

CrapTtep npenctasisier coboit TyMOJep (3aMBIKaTeIb), HA KOPOTKOE Bpe-
MS 3aMbIKalomIui nBa KOHTakTa. Ha pucyHke 18.4 rmoka3aHo BHYTpeHHee
YCTPOMCTBO CaMOTO PacHpOCTPAaHEHHOTO CTapTepa, KOTOPBIM OCHAILEHO
OOJIBIIIMHCTBO JIaMIT JTHEBHOro cBeTa. Kak BHUIOHO, cCTapTep — 3TO Mapal-
JIENbHOE COeNMHEHUE HEOHOBOH JIaMIIbl 3 M 3JIEKTPMYECKOTO KOHIEHCATO-
pa 6. JIeBblif 2JIEKTPOJ HEOHOBOM JIaMIThl 4 WU30THYT B BUIE IEPEBEPHYTOM
oykBbl U (N) u npeactaBiseT coO0M OUMETAIMYECKYIO TJIACTUHKY, CITasH-
HYIO M3 JIBYX METAJUIOB C pa3HbIMU KO3(P@PUIIMEHTAMU TEIUIOBOTO pacCIIv-
peHUsI. A 3TO 3HAUMT, YTO IIPU HArpeBaHUU 3TOT JNEKTPOH MOXET pa3ru-
0aTbcs, MpuHUMasi GopMy, MOX0Xylo Ha OykBy I'.

Ilpu BKJIIOYEHMU JaMIlbl B 3JEKTPUYECKYI0 CETh BCE HaIpsDKeHHe
(220 B) nmpuKkiIaabiBaeTCss K HEOHOBO J1aMIle, U TaK KaK pacCTOSTHUE MeX-
Iy 3JIeKTPOJlaMM JIaMIIbl BCET0 OKO0JIO 1 MM, TO Jaxe 6e3 IpeaBapuTeIbHOTO
HarpeBa 3JIEKTPOIOB B HEll BO3HMKAET JIEKTpUUYECKMii paspsa. Cpa3sy mo-
cJie Hauasia paspsiia 3JIEKTpol 4 HEOHOBOM JIaMITbl, pa30TpeBasiCh, HAYMHA-
eT pa3rubaTbCsi U HAKOHEll KacaeTcs ajekTpona 5. Kak TonbKo 3TO Ipo-
WCXOOUT, HEOHOBas JiaMIla TacHET, M TOK M3 3IJIEKTPUYECKON CEeTH
MepexJIIoUaeTcsl Ha HarpeB 31eKTPOJOB JaMITbl THEBHOTO CBETA.

Co BpeMeHeM HEeOHOBas JlaMIla, 3JIEKTPUIECKMI1 pa3psil B KOTOpPOii Tpe-
KpaTUJICS, HAYMHAET OCThIBaTh, a BMECTE C Heil U OMMeTajuiuyecKasi Iia-
CTUHKa 35ekTpona 4. Yepe3s 1—2 ¢ HEOHOBas JiaMIla OCThIBA€T HACTOJIBKO,
YTO KOHTAaKT MEXIY €€ d3JIeKTpogaMu 4 M 5 ucye3aeT, W HallpsikeHUe B
asiekTpuueckoi cetu (220 B) omsTh NpUKIIagbIBaeTCsl K JTIOMUHECLIEHTHOM
namrne. Ho ceityac B j1aMIie THEBHOTO CBETa YXe pa30orpeThl 3JIEKTPOIbI, U
B Hell BO3HUKAET JIEKTPUUECKUI pa3psii. DIeKTpUUECKU KOHIEHcaTop 6,
3aMbIKAIONIWI KOHTAKThI CTapTepa, YMEHbIIAET JIEKTPOMATHUTHBIE TIOME-
XU, BO3HUKAIONIWE MPU pa3MbIKAHUU U 3aMbIKAHUM 3JIEKTPOIOB HEOHOBOM
JIaMIIBI.

Ecnu Obl B 1aMIle JHEBHOTO CBETa He OBbLIO Apoccens (3MeKTPUYECKOTO
COTPOTUBJIEHUS TEPEMEHHOMY TOKY), TO TOK Uepe3 Hee MOT Obl IPEeBLICUThH
JIOITYCTHMMBIN Mpenes, U oHa Obl meperopeia. I103ToMy MCIIOJB30BaTh JIIO-
MMHECLIEHTHEIE JIaMIThl 6e3 apoccenielt Henb3sl. Crapble MOIENM Apoccesei
MPEACTaB/IsUIM COOOI TOJIOBUHY 3JIEKTPUYECKOTO TpaHcgopMartopa (Ka-
TyIIKa TMpOBOJAa C METAaJUTUYECKUMM CEepIeYHUKOM), U IpONyCKaHHUE yepe3
HUX IIEPEeMEHHOI0 TOKa BBI3BIBAJO XYyXxCKaHUe WM ryi. HoBble Momenu
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JIaMIT JHEBHOTO CBETa OCHAIIEHBI CTIELMAIbHBIMU 3JIEKTPOHHBIMU OTpaHU-
YUTEISIMU TOKA U TIO3TOMY OECILIyMHBI.

[1py BKIIOUEHUM JTIOMUHECLIEHTHBIE JIAMITbI, KaK MPaBWIO, HECKOJIBKO pa3
MuraroT. CBsi3aHO 3TO MOXET ObITh C HU3KOW TeMIlepaTypoil OKpyXarolleit
Cpenbl, KOTIa ONMHOYHOTO IIPOrpeBa 3JEKTPOIOB JIAMITbI ObIBAET HENOCTATOU-
HO ISl MHULIMALUM 3JIEKTPUYECKOTO pa3psima; C IUIOXMM COCTOSIHUEM 3JIeK-
TPOIOB JIaMIIbl, KOTIa UX HAarpeB He MPUBOAUT K JOCTaTOYHOMY MCIApeHUIO
3JIEKTPOHOB U3 HHUX; 4 TAKKE C HEMCIPABHOCTBIO CTapTepa, KOraa, HarpuMmep,
3JIEKTPOABI HEOHOBOI JIaMITBbl 3aMBIKAIOTCS Ha OYe€Hb KOPOTKOE BpeMsl, He-
JIOCTAaTOYHOE 7151 pa30rpeBa 3JIEKTPOIOB JIaMIThl JHEBHOTO CBeTa.

N Bce-Taku, HECMOTpS Ha KaXyUIylOCs CJIOXHOCTh pabOThI JIIOMHHEC-
LIEHTHBIX JJAMIT U UX OTHOCUTEJIbHYIO TOPOTOBU3HY, IO CPAaBHEHUIO C JIaM-
MaMy HaKaJIWMBaHUSI UM BCerga clieayeT OTHaBaTh IIpeAINoOYTeHHEe, TakK Kak
JIaMITBl THEBHOTO CBETAa MO3BOJSIOT B 3—4 pa3a CHU3UTh 3HEPro3arparhkl Ha
ocseleHue. KpoMe Toro, Kak nokasblBalOT pacyeThbl, SKCILTyaTallusl JIaMII,
obsagaomux B 6 pa3 6GJbIINM pabOYUM pECYPCOM U ropasio MEHbIIUMHU
SHepro3aTpatamMu, ObICTPO OKYTIaeT pacXolIbl Ha UX IMPUOOpPETEHHE.

KomnakTHbie JJIOMUHECHEHTHbIE JIAMIIbI —
peKkoMeHaanusa CrnenuajaiucroB

YenoBeka oO4YeHBb TSDKENIO YOEOWUTh CMe-
HUTH B CBOEM OTOME OCBELIEHHE CO CTaporo,
UCITOJIB3YIOLICTO JIaMIlbl HaKaJIMBaHWsI, Ha
HOBO€ — C JIIOMUHECUEHTHBIMU JIaMIIaMU.
I[JIH 9TOro Hy>kHO CME€HUTb OCBETUTCJIBHBIC
NnpubOophl, comepxKalllle TaK Ha3bIBaeMBIi
MAaTpoOH, KOTOPBI HCIOJB3YETCS] TOJBKO B
JlaMIlaX HaKaJIMBaHUA.

B Hayane 1980-x rr. 6pU1M pa3paboTaHbI
KOMITAKTHBIE€ JIIOMUHECLEHTHBIEC JIaMIIhbI,
obagaolle BCeMU TOCTOMHCTBAMU JIAMII
JHEBHOT'O CB€Ta, HO YCTPOCHHBIE TaK, YTO
Puc. 18.5. BHewHuit BuUm Heckonb- HMX MOXHO BBHHYMBATb B IaTpOH LIS
KMX KOMMAaKTHBIX JIOMMHeCLeHTHbIx OOBIYHOM JIaMIbl HaKaiavMBaHus (puc. 18.5).
JIaMIl, COOEpXKalUMUX  3JIEKTPOHHBIA Kak wu MHorue COBpPEMEHHBIE MOICIU
ITyCKOPETYJIITOP MU OKaHYMBAIOWIUXCS JJaMIT OHEBHOIoO CB€Ta, 3TU JIaMIIbl IIpU
TaKMM Xe BUHTOBBIM KOoHTakTom E27, paboTe He TyasT M He MeplaloT, TaK Kak
KakK Y Y OObIYHBIX JIaMIT HaKaJTMBaHUSI BMECTO CTapTeépa H JOpoOcCcCesisI OHU CO-

IepXaT »JJIEKTPOHHBIA TYCKOPETYJISATOP,
obecrnieyrMBalOIINA UX OECIHIYMHYI0O M CTaOUJIbHYIO paboTy. O4eBMIHO, YTO
HUCITIOJIb30BAaHUE KOMIIAKTHBIX JIIOMUHECLIEHTHBIX JIaMITI IIO3BOJIIET 3HAYU-
TE€JIbHO CHU3UTH MaTEpUAJIbHBIC 3aTpaThbl IIPpU INEpexXxone Ha 3Heproc6epe—
ralomme TEXHOJIOTMU IIPHU OCBCIICHUU IOMaA, B KOTOPOM MBI XKXUBEM.

CBeTOoamMoapl — JaMnbl Oyayuniero

He3aMeTHO I MHOTMX M3 HAac Ha CMEHy JlaMIlaM HaKaJluBaHUs U JIO-
MUHECUEHTHBIM JIaMIIaM TIPUXOAAT ITOJYTIPOBOIHUKOBBIE OCBETUTEbHBIE
yCTpoiicTBa — cBeTOAUONObI. [IpOMCXOAUT 3TO MMOTOMY, YTO CBETOJMUOIBI TO-
pa3no 6onee 3(GHEKTUBHO MPeoOpa3yioT IMEKTPUIECKYIO SHEPTUIO B CBET.
CxeMa, WLIIOCTPUPYIOIIIAs CTPOEHUE CBETOIMONA U €ro paboTy, MoKa3aHa
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Puc. 18.6. a) Cseronuon B pa3spese;
6) CTpoeHWe TONYNPOBOJIHUKOBOTO
4yura, Mcryckawouero ceet: I — Me-
TAUIMYECKHE KOHTAKTbI IJ151 MOAKIIIO-
YeHHs] K UCTOYHHKY MOCTOSSHHOTO TO-
Ka; 2 — npo3payHbii KOXYX
cBeToauona; 3 — CBET, MCIyCKaeMbli
CBETOAMOIOM; 4 — IONAYNPOBOIHUKO-
Bblif YMII, CJIOM KOTOPOTO I1OKa3aHbI
CXeMaTHYecKH; 5 — rnapabojnyeckuit
3epKaJbHbI OTpaxaresab, cobupalo-
LIMA CBET B TMNapajuleJbHbIA My4yoK;
6 — cnoii, obGnaamaloUIMi IBIPOYHOMI
WIX p-TIPOBOAMMOCTBIO; 7 — aKTHUB-
HbIM CJIOH, XUMHYECKHUHA COCTaB KOTO-
poro oImnpeaeisieT NMapaMeTphbl MCITyCKaeMOro cBera; & — cjioif, obianalouiMii 371eKTPOHHOM
WX K-TIPOBOOMMOCTBIO; 9 — 3JIEKTPONPOBOMSILASA TMOMIOXKA YMIA. DJIEKTPOHBI Ha CXeMe
0003HaYeHbl YEPHBIMU KPYXKaMM, a OBIDKM — OesibIMU. DJIEKTPUYECKOE HaIpsDKEHUE, MpU-
JIOXKEHHOE MeXIy K- U p-CJOSIMU MOJYNIPOBOJHUKOBOTO UMIIA, IPUBOIUT K IABMXKEHHUIO 3JIEK-
TPOHOB (OTpULATENbHBIX 3apAN0B) U3 1-CJI0 & B aKTUBHBIN cjioit 7. OMTHOBPEMEHHO Tya Xe
Mnoa OeCTBUEM MPWIOXEHHOrO HaIpsiXeHUs] OBUXKYTCS ObIPpKH (I0JOXUTENbHbIE 3apsiibl) U3
p-cnos 6. B akTUBHOM cJ10€ 7 IBIPDKY M 3JIEKTPOHBI BCTPEYAIOTCS M YHUUYTOXAIOT APYT C ApYra,
Y TIpY 3TOM YacTb SHEPTMU BBIOENAETCS B BUIE CBeTa (LUTPUXOBBIE CTPEJIKH)

Ha pucyHke 18.6. Tak, Hampumep, yxe ceifyac cBeTooTAaya (OTHOIIEHUE
CUJIBI CBETa K pacxodyeMOil 3Hepru) AMOMOB, MCIYCKAIOUIUX KpPaCHBIN
cBeT, B 10 pa3 npeBhILIaeT TAKOBYIO IUISL JIaMIT HaKaiuBaHus. To, 4TO CBeT,
HCITyCKaeMbIii THMOJaMM, BCEria OKpallleH, He O3HayaeT, YTO CBETOMMOIIbI
He MOTYT CTaTh UCTOYHMKAMHU Oestoro cBera. CoCTaBIsAsi MICTOUHUK CBETa U3
HECKOJIbKUX CBETOOMOMIOB, MCITYCKAIOLIMX KpAaCHBI, 3€JIEHbII U CUHUM
CBET, MOXHO TIOJIyYUTh JI0OOble OTTEHKM OeJloro, Kak yromHo OJIM3KO
MPUOGIMKAs ero CIEKTP K COTHEYHOMY.

CBeToIMOIb! YK€ CTATA BBITECHSTD JIAMITBl HAKAJIMBAHUS U3 aBTOMOOWIb-
HbIX OCBETHTENbHBIX YCTpOMcTB. Tak, Harpumep, 0ojiee ITOJIOBUHBI BBITYC-
KaeMbIX B EBpome aBTOMOOWIEH HCIONB3YIOT KpacHble CBETOAMOMIBI B Kaue-
CTBE BBICOKOTO CTOII-CHTHajla, a TaKKe yKasareleil MoBOpOoTa M rabapUTHBIX
OTHEMN. YBENMUMUMBAETCS C KaXIBIM TOJOM IIPOLIEHT CBETO(OPOB, pabOTAIOIINX
Ha CBETONMONAX, M YCTAHOBKA KaXIOTO HOBOTO CBETOOMOTHOIO cBeTodopa
IO3BOJISIET B 5 pa3 CHU3WUTh SHEPro3aTpaThl MO CPABHEHMIO CO CTapPbIMM CBE-
Topopamu, rae Oesiblif CBET, MOJyyaeMbI OT JIaMIl HaKaJIMBaHU4, IPOXOIs
yepe3 (UILTPBI, MpeBpaIaICs B KPaCHBIN, XEIThI U 3€JICHBI.

B omMyMe OT XpYNKHUX JIAMIT HaKaJWBaHUSI U JIIOMUHECLIEHTHBIX JIaMII,
CBETOIMOIBI OYEHb IMPOYHBI MEXaHMYECKM, a CPOK UX IKCIUTyaTalluu MO-
xeT gocturath 100 000 4. EmpHCTBEHHBIE HEAOCTATKM CBETOOUOIHBIX OCBE-
TUTEJBHBIX YCTPOMCTB — OHM CTOSIT IOPOXE U CBETSAT HE TakK SIPKO, KaK XO-
TeJoch Obl. Ho Ham ycTpaHeHHMEM 3THUX HENOCTaTKOB paboTaioT
y4eHble-uccIeoBaTeNu, U, Kak cuutaeT JKopec Asdepos, naypeat Hobe-
snesckoi npemun 2000 r., cBeTOOMOIAM TPUHAMLIEXKUT OymTyllee.
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ITbUIb U 31EKTPUYECTBO
JOMa U B KOCMOCE

Y10 Takoe nbLib

MeJIbYaiIlve TBEPIBIE YACTULIBl OPraHUYECKOTO WJIM MUHEPaTbHOTO

rpoucxoxnaeHusi. OObIYHO NbUIb MO NEHCTBUMEM BIAXHOCTU Mpe-
BpallaeTcs B rpA3b. OTIEIbHBIE YACTULIBI bUIM UMEIOT pa3Mepsl ot 10~° 1o
10 M 1 pasnuuHyo ¢hopMy. OHM MOTYT HECTU DJIEKTPUYECKUN 3aps WU
ObITb 3JIEKTPOHEHTpaTbHBIMU. KOHIIEHTpAlMIO TMBIIA YacTO BBIPAXKAIOT
YHCJIOM YacTHUll B eIUHUIIE 0O0beMa. MeHblle BCEro IbUJIM Ha BepILMHaX
rop, Harmpumep, B AJblax ee KoHueHTpauus Bcero 200—2000 B 1 cm®. Ha
yJIMIIaX KPYIHBIX TOPOIOB MbUIM B COTHU pa3 OoJblile, a B XUIbIX JOMax ee
KOHLIEHTpaLMs JOCTUraer 6 MiaH B 1 cm>.

ITOCTOITHHBIMM MCTOYHMKAMU IbLUIM SBJISIIOTCS HEKOTOPBIE BUABI IMPO-
M3BOJCTBA, CEJbCKOIO XO34MCTBa, TPAHCIOPTHBIE CPENCTBa, a TaKxXe
MOoXaphbl, W3BEPXEHUs] BYJKAHOB, IOBWXYIUMECS JEOTHMKM W pa3nuy-
Hble KatacTpodbl. IIblIb NpUYMHSET yuiepd MNPOMBIILIEHHOMY 000-
PYIOBAaHMIO, CHMXaeT KayeCTBO BBIMYCKaeMOUM NPOAYKIIMU, a TaKxke
MOXeET OBbITh NPUUYMHON pa3HbIX 3abosieBaHuil. [lo3TOMy MccienoBaHue
NbIJIM — BaXXHasg HaydHO-TEXHUYeCKas IpobjeMa, CTosIlasi Iepen 4yelso-
BEYECTBOM.

Hbl)lb — OTO B3BCHICHHBIC B BO3AYXE M OCEBILIME HA INOBEPXHOCTH TECII
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Kak u30aBUTBHCH OT NBLIU

JJis ycTpaHeHHs MbLIX BO3MYX MPOMNYCKAIOT uyepe3 crielHalibHbIE Mblie-
YJOBUTENU, B pabOTe KOTOPHIX MOTYT UCIIOJb30BAThCSl pa3jMYHble TEXHO-
Jiorud. MHorocioiiHble TKaHeBble (DMJIBTPbl OBITOBBIX IIbLJIECOCOB MOLYT
3anepxuBath 99,9% uvactuil pazamepoM Gosiee 1 MKM. Tak KakK YacTULBI Mbl-
JIM CIOCOOHBI 3JIEKTPU30BAThCS, TO IJISI TblIEYIUIEHUs] YAaCTO MPUMEHSIOT
(buAbTPBI, BHYTPU KOTODPBIX HAXOAMUTCH BJIEKTPO3apSKEHHBIA 3JIEMEHT,
MPUTSTUBAOIINI K cebe MMKpoyacTUllbl. UTOOBl caenaTh NblieynaieHue
6osnee 3(pheKTUBHBIM, BO3AYX B IIOMEIIEHUN WOHU3YIOT.

B HekoTOpbIX COBpEeMEHHBIX IMbLIEYJOBUTENSIX OBITOBOTO M IPOMBILI-
JIEHHOTO NMPUMEHEHUs WCIOJIb3yeTcs] LEeHTPOOEXHBIN CIocod KOHIEHTpa-
oMU MUKpoyacTUll. Bo3myx B 3THUX yCTpONCTBax 3acTaBJISIOT BpalliaThCsl,
rnocjie 4Yero 4YacTUllbl IIbLJIM, OTOpOIIEHHblE OT LEHTpPa BpaLleHMUs],
coOupaloT Ha repudepuu.

BaxkHbIi BO3MYyX CIYKWUT XOPOLIMM MHAMKAaTOpoM nbuii. KoHneHcanus
Bjary (oOpa3oBaHMe TyMaHa) U3 Ilapa MOXET IPOUCXOIUTH TOJBKO Ha Tak
Ha3bIBaEMbIX sIIpaxX KOHAEHCAalMU. TakKuMHU siIpaMu U CIy>XaT MeJlbJyaiiiye
MBUJIMHKY, Tapsiinue B Bo3myxe. [1oaToMy, yeM OOJIblle ITbUIM B BO3MOYyXeE,
TEeM yallie U T'yilie TaM TyMaHbl. TyMaHbI, OCaXIasiCh Ha 3€MJIIO, OYUILAIOT
BO3IyX OT mbuUiM. OOHAKO U30aBAATHCSA OT MMbIIM, OCAaXIast ee MmapaMu BO-
IIbl, Yallle BCEro He IpeACTaBisIeTCs] BO3MOXHBIM. A KOTAa 3TO YIaeTcs, TO
MPUXOIUTCS OBOPOTHCS YXKe ¢ Ips3bio. [103TOMYy (DU3MKU ceiiyac MCCenyioT
MPOLIECCHI, NPUBOISAIIME K CIMIIAHWUIO YaCTUYEK IbLIM, YTOOBI BIIOC/EMI-
CTBUM UMH YIIpaBJIsITh, NpeBpalliasi 00JIaKo MbIJIM B MaJIEHbKUI KaMyIlekK,
Manamliuil Ha 3eMJIIo.

IIsuib U cubl Ban-aep-Baanabca

Cunbl, NMPUBOMSILNE K CIMIIAHWIO MEXIY COOON OMMHAKOBBIX MOJIEKYII
M COCTOSIIIMX M3 HMUX MeJbyalllliMX 4YacTUJeK, Ha3bIBalOTCS CUJIaMU
BaH-nep-Baanbca. BoT kak paboTaioT 3TU CUIIBI.

Ha pucynke 19.1, a npuBeaeHo cxeMaTu4eckoe U300pakeHue Hemossip-
HO# MoJekyasl (Harpumep, O, uiau H,), T. e. MoJieKyJibl, B KOTOPOH YUCIIO
3JIEKTPOHOB CJieBa M CIpaBa OAWHaKoBO. OOHAKO Haxe Yy HEMNoJIIpHOMI
MOJIEKYJIbI BpEMST OT BpEMEHM OIUH M3 KpaeB CTAHOBUTCS OTPULIATENbHbIM,
a TMPOTUBOMOJIOXKHBIA — TMOJOXUTENbHBIM. CTAaHOBSICb HA OYEHb KOPOTKOE
BpeMs IUIIONEM, MOJIEKYJIA 3JIEKTPU3YET COCENHIO MoJieKyy (puc. 19.1, 6),
Y OHM MPUTIATUBAIOTCS OPYr K Opyry (puc. 19.1, 6).

D10 U ecTb cuibl BaH-nep-Baanb-
ca, KOTOpble MHOTOA €llie Ha3blBaloT
IACIIEPCUOHHBIMU CUIAMU, T. €. CWIa-

MU, MPEMATCTBYIOIIMMHU PACCHITAHUIO a) O

Puc. 19.1. Kak cunsl Ban-nep-Baansca npu- .

BOISIT K CNMMAHUIO YacTUL MbUIM (@), cxema- 6) - + '_‘_Q
THYeCcKoe U300pakeHHe HeroJsipHOM MOJeKy-

sibl. CTaHOBSICb Ha OYeHb KOPOTKOE BpeMsi

IUTIONIEM, MOJIeKy/la 3JIeKTPU3YET COCEOHIO B) '+ ‘+
MOJIEKYNY (6), U OHU MPUTATMBAIOTCS APYr K

apyry (e)
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(pacmbUIEHUIO) TBEPABIX TNl U UCIIAPEHUIO XUOKUX. JIerko mqoramaThCs, YTO
yeM OoJIbllie pa3Mep HEMOJSIPHON MOJIeKyIbl (HAIIpUMEpP, MHEPTHOTO Ta3a),
TeM B OONBIIMX TIpeneiax MOXeT U3MEHSAThCS ee OUIIOJb, OCTaBasiCh B
cpeqHeM DaBHBIM Hy0. [103TOMy MpUTSDKEHHE MEXOY COCETHUMM MOJie-
KyJlaMi BBICOKOMOJIEKYJISIPHBIX COeIUHEHUI OymeT OoJbllle, YeM Y HU3KO-
MOJIEKYJISIDHBIX, MIPA MPOYUX PaBHBIX YCIOBUSX. A 3HA4YUT, TeMIlepaTypa
KUTIEHUST Y BEICOKOMOJIEKYJISIPHBIX XUIKOCTe! HOJIXXHAa OBITh BHILIE, YEM Y
HU3KOMOJIEKYJISIpHBIX. K coxajieHu1o, B COBEpPIIEHCTBE YIIPaBIATh CUIaMU
Ban-nep-Baannca ¢dusuku eiie He HAyYWINCh, U TTO3TOMY MTHOBEHHO IIpe-
BpaTuUTh 00J1aKO YTOJbHON MBbUIM B KyCOYEK YIJIS ITOKA He yOaeTcs.

Y10 TaKoe KOCMHYECKAasl NbLIb

AcTpoU3UKaM He NaloT IMOKOsI MBICIM O KOCMHYecKOi mbut. I1o mo-
CJIeMHUM TUTIOTe3aM, IOsIBJIEHHEe KOCMUYECKON TBIIM CBS3BIBAIOT CO B3pPbI-
BOM 3Be3[. YUeHbIe YTBEPXKIAIOT, YTO 3Ta IbUIb ObLIA MEPBBHIM TBEPIBIM Be-
mecTtBoM BO BcenenHoil. CyuTaeTcsi, YTO BCe IUIAHETHI 0OPa30BAIMCH M3
CTYCTKOB KOCMHWYECKOW IbUTM TIOA MAEUCTBUEM CUJI TpaBUTAllUM, XOTS
OKOHYaTeNlbHasi MOJETb 3TUX IPOIIECCOB ellie He ITOCTPOEHa.

Kocmuyeckast buTh MelllaeT BECTH HaOJIIONeHUs] aCTPOHOMAaM, 3aCIOHSS
HEKOTOphIe 06JIACTH 3BE3MTHOT0 HebGa M co3JaBasi BMECTO HUX TaK Ha3bIBae-
MbIe TEMHBIE TYMaHHOCTH; HO HMHOTIA CBET COCEIHUX 3BE3M, pacCEUBAasACh
Ha 006J1akaX KOCMUYECKOW IMBLIN, OejTaeT UX BUIAUMBIMHU.

XVMUYECKU aHaIW3 1M0Ka3ajl, YTO B KOCMHYECKOH ITBUIM OYEHH MHOTO
yoiepona (5—10%), u IO3TOMY OHa MOILJIa CTaTh HEOOXOOUMBIM UCTOYHM-
KOM BO3HHKHOBEHMSI OpPraHMYeCKOH XXW3HM Ha 3eMJjle, MOCTPOEHHON Ha
OCHOBe yIJiepoia, Belb B CPENHEM KaXIbIi JeHb Ha 1 M? Halleil MIaHeTsl
OITyCKaeTCsl OfHa KOCMMUYecKasl MBUIMHKA, YTO B CYMME COCTaBJISIET OKOJIO
100 T B cyTKM.

KocMuueckye NBUIMHKKM pa3MeEpPOM C YacTHIy, OOpasyIolIyIO IbIM,
SIBJSIIOTCSI KPOLUIEYHBIMU PONCTBEHHUKAMU METEOPUTOB — MHKPOMETEOPH -
TamMu (puc. 19.2). AcTepouabl 1 KOMETHI CIYXAT ITOCTOTHHBIMU [1OCTABILIU-
KaMM KOCMHUYecKoil mbuiM Ha 3emiio. Mainble pasMepbl (MeHee 0,2 MM)
TO3BOJIIIOT UM JTOCTUYh TOBEPXHOCTU 3eMJIM, He CropeB mpu 3ToM. Ha
3emiie KOCMUYECKYIO TIbLIb MOXHO HAWTH B IIyOOKOBOMHBIX OTIOXEHHUAX

Puc. 19.2. Mukpodororpacduu yactu-
YeK KOCMUYECKOW MBbUIU
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Ha JHE MOpEH M OKEaHOB, B TOJILUE aHTApKTUYECKOTO JibAa U B CTpaTo-
coepe. CrienpanbHasl IrporpaMma cbopa M U3y4YeHUs] KOCMMYECKOW MNbLIU
MPOBOAUTCS Ha OKOJO3EMHOW OpOUTE C MOMOLLbI MeXIyHapomoHOW Koc-
MUYECKON CTAHIUU.

becniunotHele KOCMMUUYECKHME KOpabiM, MCCIENOBaBLIME OKDPECTHOCTHU
IOnmutepa u CarypHa, OOHapyXXWIuM TaM MOTOKM KOCMHUYECKOH IBIIH,
HUCTOYHMKAMU KOTOPOM CIIyXaT 3TU TMraHTCKue IuiaHeThl. OKa3ajaoch, YTO
MeJIbYanIle YacTULIbl IbUTKM padMepoM oT 2 1o 50 HM Hecyrcs ot CarypHa
co ckopocTbio okoyio 100 kM/c. Pa3roHsThCs A0 TaKUX BBICOKMX CKOpOCTeit
UM IIOMOTaeT 3JIEKTPUYECKHUI 3apsill, TPUOOPETEHHBIN MOCIe B3aMMONECT-
BUSI C COJTHEYHOW paauauueil, ¥ MarHUTHOE MoJjie 3TOH IutaHeTsl. OgHaKo
MOTePU 3TUX TMTAHTCKUX IUUIAHET OT IIOCTOSSHHOIO MBUIEBOTO BETpa, OylO-
1IeT0 B KOCMOC, HUYTOXHBI. Tak, IOnmuTep TepsieT Kaxaylo CEKyHOY BCETO
oT 20T mo 1 Kr Macchl.

JIyHHas nblIb

JIyHHasT IbUTh — caMasi M3yYyeHHasl M3 BCEX BMIOB KOCMMUYECKO IThUIH.
Eie 3amoiro mo BEICATKKM KOCMOHABTOB Ha JIYHY yueHble 3aJaluch BOIIPO-
COM, CYIIECTBYET JIU CJION TBUIM, MapsIIUil Ha BHICOTE HECKOIBKUX KWIO-
METPOB Hall ee MOBEPXHOCThIO. B NpUHIIUIE TaKOW CJIION NBUIM MOT IO-
SIBUTBCS TP PABEHCTBE MEXIY 3JIEKTPOCTATUYECKON CHJION OTTATKUBAHUS
OTHOMMEHHO 3apsDKeHHON MUK M JIYHBI U CUJION MPUTSKEHUS MEXITY HU-
M. OYeBUOHO, YTO TAKOH CJION MbUIM cAeday OBl MpOIeCC MPUITYHEHMS
OYEHb CJIOXHBIM M ONAacHBIM. OQHAKO IIPOCTOM pacyeT, JOCTYITHBIH 11060~
MY CTaplIEKIACCHHKY, ITOKa3bIBaeT, YTO PABEHCTBO 3JEKTPOCTATUYECKUX
KYJIOHOBCKHX CHUJI OTTAIKMBAHMS Y IPaBUTAUOHHBIX CUJI, €CIM OHO €CTb,
OymeT CIpaBeUIMBO IS J1000ro paccTosTHUSI MeXny JIYHON M IBUTMHKOM,
a MO3TOMY HUKAKOTO IUIOTHOIO CJIOS ITbUIM TaM OBITh HE MOXET.

B 1972 r. amepukaHckoMy acTtpoHaBTy X. [lIMunry (AmoiuioH-17) mocie
BhIcanky Ha JIyHY ¥ IpOIyaKW IO €€ IBUTbHOM MOBEPXHOCTHU MOKAa3aJioCh,
YTO BOKPYT MaxHeT MOpoxoM. IIpuumHOIl 3TOro okasaiach JIyHHasl MbUIb,
MIPOCOYMBIIasica B ckKadaHap acTpoHaBTa. IIIMMAT maxe cTan 4yuxarh, U Y
HEro pa3BWIACH aJUIEPryusl — JIYHHBIN BapuaHT CEHHOM nuxopanku. Kpome
TOro, IIPWINIAIOIIAS CHAPYXU K cKadaHIpy IbUTh Melllajia MepeIBUrarbes
M co3[aBajia Maccy IpobyieM B paboTe MHOTMX CUCTEM M MPUOOPOB.

OrcyrcTBUe aTMocdephl Ha JIyHe co3maio uaeanbHbIe YCIOBUS JISI BO3-
HUKHOBEHHS U COXpaHEHMSI TaM OYE€Hb TOJICTOTO CJIOS NMbUIM. Bo-TepBoIX,
BCE, YTO JIETEJIO B CTOPOHY JIYHBI, GJIaroTroydyHO JOJETEN0 OO €€ MOBEpX-
HOCTH, a He cropejio B arMmocdepe, Kak 3TO INPOMCXOOUT Ha 3emJe.
Bo-BTOpHBIX, Ha JIyHE HET BETPOB, PeK M HOXIEBBIX IIOTOKOB, & 3HAYUT, BCS
KOCMMUECKasl NMbLIb, CMENIAHHAS C MUKPO- ¥ MaKpOMETEOpUTaMH, JIEXKUT
TaM, Kyla yIaja O4eHb JaBHO WJIM COBCEM HENaBHO.

MUKpPOCKOITUYECKUIT aHAIU3 TYHHOW TMBUTM TTOKa3aJl, 4YTO OHA SIBJIAETCS
CMECBHIO MebYyaiIIMX 0a3aJbTOBBIX (PPAarMEHTOB, IIIAPUKOB M OCTPBIX Ky-
COYKOB BYJIKAHMYECKOTO CTEeKJIa C BIUIaBJIEHHBIMU MUHepaiamu. [Tocie To-
IO KaK HECKOJbKO COTEH KWIOTPAaMMOB TBUTA OBLIA HOCTaBIE€HBI aMepu-
KAHCKMMH acTpOHaBTaMHM Ha 3eMII0, BO3HUKIM TPOEKTH MO 6Goppde C
ITBUTBIO MIPY CIeAYIOIINX BhIcamkax Ha JIyHy. Oka3aioch, 4YTO JIyHHasl IIbUIb
o4yeHb OoraTa 3jieMeHTapHBbIM Xejle3oM. Ha 3emie BCTpedaloTCs TOJBKO
OKCHIBI XeJjie3a, a YUCTOE XKele30 Cpa3y OKUCISIETCS U pXKaBeeT.
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Moaunusg, nin Kak 3apsKaeTCH 3eMist

Cas
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Huu 6onee geM 2000 rpoz (puc. 20.1). B kaxmyo cexyHOy OKOJO

50 MOJIHMI yIapsioT B IOBEPXHOCTh 3€MJIM, U B cpenHeM | Km? mo-
paxaeTcsi MOJHUEeH okoso 6 pa3 B rony. Ewe b. @paHkiuH nokasai, 4To
MOJIHUM, ObIOIIME B 3€MJI0 U3 IPO30OBBIX
00JIaKOB — 3TO 3JIEKTPUYECKHME pa3psiibl,
MepeHocsAIllMe Ha Hee OTpUIaTeIbHBIN
3apsa. [Ipu 3ToM Kaxnobiii paspsin cHad-
KaeT 3eMJII0 HECKOJbKUMU JecATKaMu
KYJIOHOB, a aMIUIMTyJa TOKa MpU yHape
MosiHuM coctaBasger oT 20 go 100 kKA.
CkopocTHast (oTocheMKa IMoKasaia, 4YTO
pas3psii MOJIHUM IJIMTCS OECSAThIE NOJU Ce-
KYHIbl U COCTOUT U3 HECKOJIbKUX OoJjiee
KODOTKUX pa3psgoB. MoJHMM M3daBHA
WHTEPECYIOT YUeHBbIX, HO U B HaIlle BpeMs
00 MUX MpMPOJE MBI 3HAEM JIMILb HEMHOIO
oonplie, ueM 250 JieT TOMYy Hazal, XOTS
CMOIJIM UX OOHAPYXXMUTh Haxke Ha IpPYrux
Puc. 20.1 TJIaHeTax.

B KaXIblii MOMEHT BpEMEHHU B pa3HBIX TOUYKax 3emiu CBEpPKaKOT MOJI-
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MoJuHusi — BeYHbIH MCTOYHUK NMOA3APSIAKHA
3JIEKTPUYECKOro noJjiss 3emMiiu

C noMol11bio U3MEPUTETbHBIX TPUOOPOB, YCTAHOBJIIEHHBIX Ha aTMOcdep-
HBIX 30HIax, B Hayaje XX B. ObLJIO MU3MEPEHO 3JIEKTPUYECKOE IToJie 3eM-
JIM, HampsKeHHOCTh KOTOPOIO Yy MOBEPXHOCTM OKa3ajiach PaBHOM OKOJIO
100 B/M, 4TO COOTBETCTBYeT CYMMapHOMY 3apsily IUIaHEThl OKOJIO
400 000 Ku. lNepeHocuukaMu 3apsiioB B aTMocdepe 3eMJIM CIyXKaAT MOHHI,
KOHLIEHTpALMsl KOTOPBIX YBEJIMUMBAETCS C BBICOTOM W JIOCTUTaeT MaKCH-
MyMa Ha BblcoTe 50 KM, rae Moa AeHWCTBMEM KOCMUYECKOro H3Iy4YEeHMUsI
0o0pa3oBajiCsl 3EKTPONMpPOBOISIIMI ciloit — noHocdepa. I[losTomy snek-
TpU4ecKoe roje 3eMiu — 3To noJie chepudecKoro KOHIeHcaTopa ¢ NMpu-
JIOXKEHHBIM HanpsbkeHueMm okojio 400 kB. Ilon meiicTBueM 3TOro Hampsxke-
HUSI U3 BEPXHUX CJIOEB B HIXKHHE BCE BpeMs IPOXOIUT TOK 2—4 KA,
IUIOTHOCTb KOTOPOro cocrtasisger 1—2 - 1072 A/M?, u BbIOENsAETCS SHEPrusi
no 1,5 'Br. M 310 anekTpuyeckoe moJjie UCYe3ao Obl, eclu Obl HEe ObLIO
MoJiHui. [1oaTOMy B XOpoulylo MOroay 3JeKTPUYEeCKU KOHAeHcaTop 3eM-
JIM pa3psixKaeTcsl, a MpU Ipo3e 3apsiKaeTcs.

YeoBeK He UyBCTBYET 3JIEKTPUUECKOTO Mojsl 3eMJIM, TaK Kak sIBJIsSIeTCS
XOpOIIUM NMpoBOAHUKOM. [1o3ToMy 3apsia 3eMaM HaxoAMTCS U Ha MOBEPX-
HOCTM ueJioBeKa, JOKaJIbHO MCKaxasl 3JieKTpuuyeckoe mnoJe (puc. 20.2).
IMoa rpo30oBbIM 00J1aKOM TUJIOTHOCTh HaBEIEHHBIX Ha 3eMJIe TMOJOXUTEIb-
HbIX 3apsiIOB MOXET 3HAaUMTEeJIbHO BO3pacTaTh, a HAMpPSXEHHOCTb 3JeK-
Tpuueckoro mnojisi MoxeT npesbliath 100 kB/M, yto B 1000 pa3 Gosblie
ee 3HaueHMs1 B XOpOollylo norony. B pe3ynbrare Bo CTOJIBKO Xe pa3 yBeIH-
YMBAeTCsl IOJIOXUTEJNbHBII 3apsil KaXIOoro BOJOCAa Ha TOJIOBE yesloBeKa,
CTOSILLIETO MOJ TpO30BOM Tydyeil, U OHU, OTTAJIKMBAsICb APYr OT ApYyra,
BCTAIOT AbIOOM.

Puc. 20.2. DKBUMOTEHUHAbHbIE JIMHWUH 3JIEKTPUYECKOTO MoJis 3eMiu Oe3 uenoBeka (a) U ux
MCKaXeHHe CTOSILIIMM YesIoBEKOM (6)
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DaekTpu3anusa — yAajJeHue 3apsiKeHHOW NbLIN

UToOBI MOHATh, KaK 00J1aKO pa3fesieT 3JIeKTpUuUecKre 3apsiabl, BCIIOM-
HUM, 4TO TaKoe€ 3jieKTpu3anus. Jlerye Bcero 3apsimiuTh TEJIO, MOTEPEB €TI0 O
Ipyroe. DJeKTpu3auusi TPeHUEM — CaMbIi CTapblif Croco0 TMoJydeHus
3JIEKTPUYECKUX 3apsnoB. CaMo CIIOBO «3JIEKTPOH» B IIEPEBOMIE C rPeUYeCcKo-
IO O3HAYaeT «SIHTapb», TaK KakK SIHTapb TMpU TPEHUHU O ILIEPCTh WIU LIEJK
BCcerma 3apsikaeTrcsl (OTpULIaTeNbHO). 3apsii M ero 3HaK 3aBUCAT OT
MaTepuana TpyIIUXCs Tel.

Cuuraercs, 4TO TeJO, 0 TOTO KaK ero CTAIH TePETh O IPYTroe, SJIEKTPO-
HeNUTpanbHO. JeHCTBUTENBHO, €CIM OCTaBUTh 3apssKEHHOE TeJIO0 B BO3MY-
Xe, TO K HEMY HayHyT NPWIMNATh TPOTUBOMNOJIOXHO 3aps)KEHHbIE 4acTH-~
bl MBUIM M MOHBI, B pE3YJIbTATE YEro uyepe3 HEKOTOPOE BpeMs TeJo
OKaXeTcsl 3NMEKTPOHEUTpanbHbIM. TakuM o6pa3oM, Ha MTOBEPXHOCTU JIFOOO-
ro TeJla HaxXOOUTCS CJION 3apsk€HHOW NbUTW, HEWTPAIU3YIOIIUN 3apsia Te-
na. IloatoMy ajeKTpu3auuss TPEHUEM — 3TO MPOLECC YACTUYHOTO CHSITHUS
3apsDKEHHON MBUTM ¢ oboux Tea. Ilpu 3ToM pe3yibTaT OymeT 3aBHUCETh OT
TOTO, HAaCKOJIBKO JIy4lll€ WJIM Xy>XE€ CHUMAaeTcsl 3apsiKeHHasl MbLIb C TpY-
LIUXCS Tel.

O6aako — ¢adbpuka Mo NPoOU3BOJACTBY
3JIEKTPUIECKUX 3aPSI0B

Y ten MoxeT ObITh pa3jiMyHas 3apsLKeHHasl MbUIb, JaXe eCIM OHM U3T0o-
TOBJIEHBl M3 OOHOTO M TOTO € MaTepuajia. JIOCTaTOYHO, YTOOBI MHKpO-
CTPYKTypa IMOBEPXHOCTH pasznudyaiach. Hampumep, Ipu TpeHUM TIJIAgKOIO
Tesa O IIepoXoBaToe 00a OymyT 3JIEKTPU30BBIBATHCS.

I'po3oBoe 006/1aKO — 3TO OTPOMHOE KOJIMYECTBO IIapa, 4aCTh KOTOPOIO
KOHIIEHCUPOBAJIaCh B BUIE MeJbUalIlIMX KalejleK WiIX JbINHOK. Bepx rpo-
30BOro 06J1aKa MOXeT HaXOMUThCS Ha BBICOTE 6—7 KM, a HU3 HaBHCaTh Hal
3emieli Ha BbicoTe 0,5—1 kM. Briiie 3—4 kM o6y1aKka COCTOSIT U3 JbIUHOK
pa3HOro pasMmepa, TaKk Kak TeMIiepaTypa TaM BcCeraa HUXe HyJsa. OTu
JIBAUHKU HaXoHsSITCSI B MOCTOSTHHOM
IBVXEHWM, BBI3BAHHOM BOCXOISI-
UMW TIOTOKaMM TETIOTO BO3myXa,
[IOIHMMAIOWIETOCS CHU3Y OT Harpe-
TOU IMOBEPXHOCTU 3eMiiM. Menkue
JIBAIMHKU Jierye, 4eM 0OoJjiee Kpym-
Hbl€, YBJIEKAIOTCS BOCXOASLIUMU
norokamu Bo3ayxa. [lostomy uryct-
pble MEJIKWE JILAWHKU, [BUTasiCh
B BEPXHIOIO 4acTh 00JIaka, BCe Bpe-
MSI CTJIKMBAIOTCSI C KPYIHBIMMU.
Ilpy KaxxaoM TakoM CTOJKHOBEHUM
TPOVCXOOUT 3JIEKTpU3aLMsA, B pe-

e ok
+++++ o

Puc. 20.3. OtpuuartenbHo 3apsKeHHBIN HU3
obsaka Ionsipru3yeT NMoBEpXHOCTh 3EMJU MO
coboif Tak, 4TO OHa 3apsikKaeTcsi IMOJIOXHU-
TEJIbHO, M, KOTHa BO3HUKAIOT YCJIOBUS IS
3JIEKTPUYECKOro npobosi, BOZHUKAET pa3psin
MOJIHUY

3y/JIbTaT€ 4YEero KpYITHbIE JIbIWMHKU
3apsKaAlOTCsl OTPULIATENBHO, a MeJl-
Kue — nojoxureabHo. Co BpeMe-
HEM TIOJIOXHWUTENIbHO 3apsiKeHHbBIE
MeJIKME JIBAUHKU OKa3bIBalOTCS B
BepxHel yacTtu o0OJilaka, a OTpula-
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TEJIbHO 3apsiKeHHBIE KPYTMHbIe JbAWHKY — B HUKHEN. JIpyrMMU cjioBaMu,
Bepx 00J1aKka 3apsnKaeTcsl MOJOXUTEbHO, a HU3 — OTpULIaTeNIbHO. Bee ro-
TOBO IUISI pa3psiia MOJIHMM, TIPY KOTOPOM IPOMCXOOUT IpoOOM BO3AyXa, U
OTpPULIATENIbHBIN 3apsii C HUXHEH YacTH TpO30BOIl TydMu IIepeTeKaeT Ha
3emito (puc. 20.3).

MonHuss — npMBeT U3 KOCMOCa
M MCTOYHMK PEHTT€HOBCKOro M3JIydeHMs

OnHako camMoO 00JIakO HE B COCTOSIHUM TaK HadJIeKTPU30BaTh cebsl, UTO-
OBl BBI3BATh Pa3psill MEXIY HMXHEHW yacThio obysaka v 3emieil. HanpskeH-
HOCTb 3JIEKTPUYECKOIO ITOJISI B TPO30BOM 00jlaKe HUKOTIA HE IIpEeBBIIIAET
400 xB/M, a aneKkTpuuecKuii IpoOOi B BO3MyXe IPOMUCXOIMT IPU HAIpsi-
skenHoctu Oosnbine 2500 kB/M. [ToaToMy 1Jis1 BOSHUKHOBEHUSI MOJTHUU He-
00X0mMMO YTO-TO ellle, KpoMe 3jieKTpudeckoro nojs. B 1992 r. poccuii-
CKUM y4yeHBI!t A. I'ypeBUY NpenrooXusi, YTO CBOeOOpa3HOM 3axKUTaIKOM
IJIST MOJIHMM MOTYT OBITb KOCMHUUYECKHE JYyYU — YACTULIBI BBICOKHX DHEP-
TUii, oOpymuMBalonecss Ha 3eMJII0 U3 KOCMOCa C OKOJIOCBETOBBIMM CKOPO-
CTSIMU.

Teicsiun TakMX 4acTHUIL KaXIYyl0 CEKYHIY OOMOApaupylOT KaXIblil KBam-
paTHBI MeTp 3eMHOM aTMocdephl.

CornacHo Teopun ['ypeBuya, yacTUM1la KOCMUYECKOTO U3TYyYEHUSs, CTa-
KUBAsICh C MOJIEKYJION BO3MyXa, MOHU3YET €€, B Pe3yJIbTaTe 4ero oopasyercs
OTPOMHOE YHUCJIO JIEKTPOHOB, 00JamalolnX BeIcOKOW aHeprueit. [lonas B
3JIEKTPUYECKOE MOJIE MeXOY 00JIaKOM M 3eMJIE, 3TU 3JEKTPOHBI YCKOPSI-
JOTCSI 1O OKOJIOCBETOBBIX CKOpPOCTEM, MOHU3YSI MyTh CBOETO OBWXEHUS W,
TakuM 00pa3oM, BbI3bIBAsI JIABUHY JIEKTPOHOB, OBIDKYIIIUXCS BMECTE C HUM
K 3eMJie. B MOHM3MPOBAaHHOM KaHaJjie, CO31aHHOM 3TOU JJaBUHOH 3JIEKTPO-
HOB, Cpa3y Xe MPOUCXOAUT pa3psii MOJHUM.

MoJsiHUSI — 3TO He SIPKO CBETANIAsICS MpsiMasi, COENMHSIONAs 00JIaKo U
3eMJII0, a JIOMaHasl JIMHUSI, COCTOsIIIasi U3 MHOTMX cTymneHeK. Kaxmas u3
TaKUX CTYNEHEK — 3TO MECTO, Tle Pa30THABIIMECS 0 OKOJOCBETOBBIX CKO-
pOCTel 37eKTPOHBI BBIHYKIEHbl ObIIM OCTAHOBUTHLCS M3-3a CTOJKHOBEHUM
C MoJieKyJlaMu BO3[yxXa M U3MEHUTb HampapjieHUe OBUXXeHUs. Jloka3aTenb-
CTBOM TaKOM WHTepnpeTalyu CTYNEHYaTOTO XapaKTepa MOJHUM SIBISIIOTCS
BCIIBILUKY PEHTTEHOBCKOTO M3JYY€HMS, COBITAIAIOIINE C MOMEHTAMU, KO-
ra MOJIHMS, KaK OBl CIIOTBIKAsICh, U3MEHSIET CBOIO TpaeKTopuio. HemaBHue
McclieNoBaHUsl MOKa3aid, YTO MOJIHUS SBJSIETCSI JOBOJBHO MOIUHBIM MC-
TOYHUKOM PEHTT€HOBCKOIO U3JIyYyeHUsl, UHTEHCUBHOCTh KOTOPOIO MOXET
cocTaBisaTh 10 250 000 3B, yTo mpuMepHO B 2 pasa BhIILIE UCIIOJb3yEMOIO
MPY PEHTIeHe IPYNHOUN KIETKU.

Kak M0xkHO BbI3BaTh pa3ps MOJHUU

M3y4yaTh TO, 4YTO NMPOU30MIAET HEMOHSATHO II€ M KOILA, OYEHDb CIOXHO.
A MMEHHO TakK B TEYEHME HOJTUMX JIET paboTalu Yy4EHBIE, UCCIELYIO-
e IpUPoOay MOJMHUMI. B ApeBHOCTU CYUTAIM, YTO rPO30i Ha Hebe pyKo-
BOOUT MINbs-TpOpOK, W JIOOSIM HE JAHO 3HaThb ero IaHbl. OgHaKo yye-
HbIE OYE€Hb [JAaBHO MNBITAIUCH CO3HATh [POBONAIIMMA KaHal MEXIy
IpO30BOM Tydeit U 3emieil. b. @paHKIWH [IJiT 3TOTO BO BpeMsl Tpo3bl 3a-
ITyCKaJl BO3MYIIHBINA 3Mel, OKAaHYMBAIOILMICS NMPOBOJIOKOMN U CBSI3KOM Me-
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TaJIMYECKUX KJIIOYel, BbI3bIBast ciaabble
pa3psiibl, CTeKalollMe BHU3 MO IPOBOJIO-
ke. OH mnepBbIM JoOKa3ala, 4YTO MOJI-
HUSI — DTO OTPULIATENbHBIA 3NeKTpUUe-
CKUH pa3psig, cTeKawiMii ¢ obslakoB Ha
3eMmo. OnbiTel PpaHKIMHA ObUIM 4pe3-
BbIYallHO OMAaCHBIMHU, U OJUH U3 TEX, KTO
MX TMBITAICS MOBTOPUTb, PYCCKUI (UMUK,
akagemuk I'. B. Puxman, B 1753 r. moru6
OT ylapa MOJIHMH.

B 1990-x rr. yyeHble HAy4YUIMCh BbI3bI-
BaTb MOJIHWMM, He IOABEprasi OMNacHOCTHU
CcBO1O XM3Hb. OOUH U3 CITOcOOOB BbI3BaTh
MOJIHUIO — 3aMyCTUTb C 3eMJU HebOoJIb-
WYI0 pakeTy IpsIMO B TPO30BYIO TY4y.
Bnonb Bceil TpaeKTOpMM pakeTa MOHU3U-
pYET BO3AyX W CO3JaeT TaKuMM o0pa3om
MPOBONSILIMM KaHan MexXny Tyded U 3eM-
neit (puc. 20.4). M eciu oTpuuLaTeIbHbIA
3apsio HM3a TyYM OOCTAaTOYHO BEJIMK, TO
BIOJIb CO3JAHHOTO KaHaja TMPOUCXOAMT pa3psili MOJHMUH, BCE MapaMeTpbl
KOTOPOI'O PEruCTpUPYIOT MPUOOPDI, PACMOJOXEHHBIE PSIIOM CO CTApTOBOM
rjowanko paketsl. YToObI co3maTh eille Jy4ilMe YCAOBMSI [IJs1 paspsiaa
MOJIHUHM, K TaKOW pakeTe MPUCOEAUHSIOT METALIMYECKUN MPOBOI, COemdu-
HSIOLLIMIA ee C 3eMJIei.

Puc. 20.4. Heckonbko pa3psiioB MoJ-
HUI1, BbI3BAHHBIX MYCKOM pakeTbl B
rposoByto Tyuy. Camas neBasi Bep-
TUKalbHasl npsiMasi — CJIel OT 3any-
LIEHHOW paKeThl

MouaHusa — noJapuBmas KU3Hb
U JIBUraTeJib 3BOJIICIIMH

B 1953 r. 6uoxumukm Ctauau Mwinep u Fapoasa HOpu nokasanu, 4to
KUPMUYUKK XU3HU — aMHUHOKUCIOTBI MOIYT ObITh CO3JaHbl MPU IPOITyC-
KaHMU pa3psija MOJHMUU 4epe3 BOAY, B KOTOPOW pacTBOPEHBI ra3bl MepBO-
ObITHOM aTMocdepsl 3emau (MeTaH, ammuak U Bomopoa). Cnycrtst 50 ner
IpYrUe yYeHble TOBTOPWUIU 3TU ONBITHl U MOJYUYUIU T€ XK€ Pe3yJbTaTbl.
Taxum oOpa3om, Hay4yHasi TEOpUS 3aPOXAEHUS XU3HU Ha 3eMiie OTBOLUT
yaapy MOJHUU OCHOBOIOJIATAIOLIYIO POJib.

[Ipy mponyckaHUM KOPOTKUX WMIYJIbCOB TOKa uepe3 OakTepUU B MX
obosiouke (MeMOpaHe) TOSBISIIOTCS IOpbI, Yepe3 KOTOPhlE BHYTPb MOTYT
npoxoauTsk dparmentl JHK npyrux 6aktepuii. Takum o6pa3oM, TeHbl OT
ONHOTO BUOAa OaKTepuil MOIYT MEPEXONUThb K APYrOMYy, U 3TO MOXET OBITh
ONIHUM U3 MEXaHW3MOB 3BOJIIOLIMH.

(I)yJI])prl/lT — cJieaJ MOJIHUM HaA 3eMlie

[Mpu paspsne MonHuu Bbloensercss 3Heprus 10°—10'° Ix. Bonpwas
94acTh 3TOU 3HEPruM TPAaTUTCS Ha TPOM, HarpeB BO34yXa, CBETOBYIO BCIIbILLI-
KY U [IpyTHe 3JIEKTPOMArHUTHbBIE BOJIHBI, U TOJLKO Majasi YaCTb BBIIESET-
csl B TOM MECTe, TJie MOJHUS BXOOUT B 3eMiIi0. OQHAKO U 3TOro J0CTaTOY-
HO, 4YTOOBI BBI3BATh MOXAap, YOUTh YEJOBEKA U pa3pylUUTh 30aHUe. MONTHUS
MOXET pa3orpeBaTh KaHall, 0 KOTOPOMY OHA ABMXETCS, 10 TEMIIEPATYPHI
30 000 °C, uto B 5 pa3 BhIIlIE, YeM TeMIeparypa Ha rmoBepxHocTH CoJiHLA.
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Puc. 20.5. KpynHbiii dbynbryputr BecoM 7,3 Kr, HalOeHHbliA aBTOPOM Ha oKpauHe MOCK-
Bbl (@), W €ro roJjble UMJIMHAPUYECKUE (pparMeHTbl, 0Opa30BaHHbIE M3 OIJIABJAEHHOro rnec-
Ka (6)

Puc. 20.6. CocHa, pacrnoJioxeHHasi
Ha 3anagHbiX OKpauMHax MOCKBBI.
[Mon cocHoi HaxoouTCsi OrpOMHbIN
(hynbryput, 1 No3ToMy KOPHM COCHBbI
yXooAT B 3€MJIIO Ha OOJIbLUIOM pac-
CTOSIHMMK OT cTBoJa. [To MHEHMIO aB-
Topa, CEMEYKO COCHbl 0Ka3aioch
BHYTPU MOJIOr0 LUMAMHAPA (BYIbrypH-
Ta, 00pa30BaHHOro pa3psiioM MOJHUU

TemnepaTtypa BHYTPM MOJHMHK [Opa3no BbIIIE TeMIIEPATyphbl IUI1aBJEHUS
necka (1600—2000 °C). CaMble MOILIHbI€ MOJIHUM BbI3BIBAIOT DPOXAEHUE
(QYABrypUTOB — MOJBIX LIMJIMHAPOB, 00Pa30BaHHLIX U3 OIUIABJIEHHOIO Mec-
ka (puc.20.5 n 20.6). Cambie MJIMHHBIE M3 PACKOIAHHBIX (QYJIbIYpUTOB
YXOOWIU MOJ 3eMJII0 Ha TyouHy 6onee 5 M.

ITouyemMy 3uMOii rpo3bl 0YEHb PEeIKH

®. U. TiotyeB nucan: «J1100a10 rpo3y B Hadajle Masi, KOra BECEHHUM
nepBblii IpoM...» YUToObI 00pa3oBanoch IPoO30BOe 00J1aKO, HEOOXOLMMBI
BOCXOJSIIME MOTOKU BJIAXKHOTO Bo3ayxa. KOHUEHTpalus HachILEHHbIX Ma-
pPOB pacTeT ¢ TeMIlepaTypoif U MakCUMalibHa JieToM. PasHula Temmepartyp,
OT KOTOPO# 3aBUCST BOCXOIsIINE [TOTOKX BO3AyXa, TeM OOJibllie, YeM BbIILIE
ero TemmepaTypa y ITOBEPXHOCTHU 3€MJIM, TaK KaK Ha BbICOTE HECKONBbKUX
KWUJIOMETPOB TEMIIepaTypa BO34yXa He 3aBMCUT OT BPEMEHHU Toja. 3HAuMUT,
MHTEHCHBHOCTb BOCXOASILMX IMOTOKOB MaKCUMaJibHa Toxe JieToM. [loato-
MY U TPO3bl B CpelHel MoJjioce yalle Bcero ObIBAIOT JIETOM, a Ha CEBEpE, IOe
Y JIETOM XOJOIHO, rPO3bl NOBOJbHO PEIKMU.
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KonuuecTso rpos B rof (Ha Km?) :

[ ]0,01—0,09 0,1—1,9 Fo—19 [ 20—49 [ conees0

Puc. 20.7. PacnpeneneHue 4yacToTbl rpO3 MO MOBEPXHOCTH CYLUM U OKeaHOB. CaMblie CBETJIbIE
MeCTa Ha KapTe COOTBETCTBYIOT yactoTaM He Gosiee 0,1 rpo3bl B rom Ha KBaZpaTHbIA KUJIO-
METp, a caMble TeMHble — GoJjiee 50

IToyemy rpo3bl yaile Haa Cyluei, YyeM Hald MOpeM

YT1ob6bl 00/1aKO pas3psawioch, B BO3AYyX€ MOJ HUM [OJDKHO ObIThb IOCTa-
TOYHOE YUCJIO MOHOB. Bo3ayx, cocTosLLMIA TOMBKO M3 MOJIEKYJI a30Ta U KUC-
Jlopona, He COAEPXUT MOHOB, U €r0 OYEHb CJIOXHO MOHU3MPOBATHL JaXe B
3JIEKTPMYECKOM T10JIE. A BOT €CJIM B BO3IYyXe MHOIO MHOPOJIHBIX YaCTUL, Ha-
IpUMeEp TIbUIM, TO U MOHOB TOXe MHOro. MoHbl 00pa3yloTcst npy ABWKEHUU
YacTUL B BO3IyXe aHAJIOTMYHO TOMY, KaK 3JIEKTPU3YIOTCSl [IDU TPEHUU APYT
OT Jpyra pasniuyHble Marepuayibl. OUE€BUAHO, YTO MbUIM B BO3AYyXE ropasio
Oosibllle Hafd cyllei, yeM Han okeaHaMM. [1o3Tomy rpo3bl U IpeMsT Hal cy-
weit yame (puc. 20.7). 3aMedyeHo TakxKe, YTO OCOOEHHO YacTO MOJIHUM ObIOT
M0 TEM MECTaM, II€ B BO3AYXE BEJIMKA KOHLIEHTpaLus a3po30Jiei — BbIOpO-
COB MNpennpusTuii HedTenepepadaTbiBatOLIEH MPOMBILLIEHHOCTH.

Kak ®@paHKJIMH OTKJIOHHMJI MOJIHHIO

K cyacTbio, GOJIBIIMHCTBO Pa3psiioB MOJHUM MPOUCXONAT Mexay obaka-
MM U [I03TOMY HE YTPOXalOT 3M0POBbIO tonei. OnHAaKO M3BECTHO, YTO Kax-
IblA ro4 MOJHMU YOUBAIOT O0Jiee ThICSIYM JtoAeH o Bcemy Mupy. M3obpera-
TeJlb NEepPBOro 3JIEKTPUUECKOro KoHaeHcaropa (nelimeHckon Oanku) [lutep
BaH MyieHOpyK (1692—1761) B cTaThe 00 2JIEKTpUUECTBE, HAITMCAHHON TSI
(paHIy3CKON <«DHIMKIONEAMU», 3allMLIA TPAAULIMOHHBIE CIIOCOOBI Ipe-
JOTBpallleHUs] MOJTHUU — KOJIOKOJIbHBIN 3BOH M CTpebOy K3 MylleK, KOTOo-
pble, KaK OH CUMTaJl, OKa3blBalOTCsl NOBOJBHO 3(P(HEKTUBHBLIMU.
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b. ®paHKIWH, MBITasiCb 3aLUUTUTL OT
yaapa MoJiHMKM KanuTtonuit CTouLbl LITaTa
Mepuiena, B 1775 r. npuKpernui K 30aHUI0
TOJICTBIM XeJIe3HbI! CTEpPXeHb, BO3BbILIAIO-
LIMICS HAal KYMOJOM Ha HECKOJIbKO METPOB
U COeNUMHEHHBIN C 3emieil. YJeHblii OTKa-
3aJIC  3anaTeHTOBaThb CBOE M300peTeHME,
Xesasl, YToObl OHO KaK MOXHO CKOpee Ha-
yajio cayxuTh JoasaMm (puc. 20.8).

BecTb 0 rpomooTBoge PpaHKiIMHA ObI-
cTpo pasHeciach no EBpone, U ero BbI-
Opajiu BO Bce akameMuH, Bkiwouass u Ile-
TepOyprckyto. OOHaKo B HEKOTOPBIX
CTpaHaX BCTPETWIM 3TO U300peTEeHUE C
Bo3MylleHHeM. CaMa MBICIb O TOM, YTO
YeJI0BEK TakK JIETKO W MPOCTO MOXET YKpPO-
TUTh IJ1aBHOE OopyxXue boxbero rHesa, Ka-
3ajlach KOIllyHCTBeHHOI. [lo3ToMy B pas-
HbIX MeCTax Jiloou U3 OJaro4ecTUBbIX
cooOpaxxeHu  JoManud  [POMOOTBOAbI.
JIroOonbITHBIKH  ciayyald  MNpou3ollen B
1780 r. B HebGonbwioMm Tropoake CeHT-
Owmep Ha ceBepe PpaHIMM, IIe TOPOXAHE
moTpeboBaiM CHECTHM JKEJIe3HYI0 MauTy
rpoMOOTBOAA, U A0 OOLUIO 10 CYaeOHOro

Puc. 20.8. 30oHT ¢ TrpoMOOTBOAOM.
Mogens npoaaBaiach B XIX B. M
No/1b30Bajlach CIIPOCOM

pa3buparenbcTBa. Mo0AON aaBOKAT MOCTPOWI 3aLUMTY Ha TOM, UTO U pasyM
YeJIOBEKA, U ero CIIOCOOHOCTb MOKOPSITh CUJIbl IPUPOAbl UMET boxecTBeH-
Hoe npoucxoxiaeHue. Bce, yTo noMoraer cnactu Xu3Hb, — BO 0;1aro, Joka-
3bIBAJ1 MOJIoAOi anBokaTr. OH BBIMIpA MpOLECC U CHUCKAN OOJbLUyI0 U3-
BECTHOCTb. AnBokaTa 3BaiM MakcumuinaH PoGecnbep.

Kak MOKHO 3allMTHUTBCS OT MOJIHMHU
C MOMOIIBIO CTPYHM M Jiazepa

YueHble NpPeaoXUIA MPUHLUMIIHAIBHO HOBBIM crioco® ©0pbObI ¢ MOJI-
HusiMu. [poMooTBoa Oyder co3gaH U3 CTPYU XUAKOCTU, KOTOpoit OyayT
CTPENSITh C 3EMJIM HETTOCPEACTBEHHO B rpo3oBble oOnaka. ['poMOOTBOLHAsI

Puc. 20.9. BbicTpen XuAKOCTbIO UM
Na3epoM M0 TpO30BOIl Tyye, HaBUC-
el Hal CTaiMOHOM
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KUIKOCTh MpeCTaB/IsIeT COOO0M COJIeBOM pacTBOpP, B KOTOPKIN OyayT nob6aB-
JIEHBI XMUIKHME MMOJMMEDPHI: COJIb MpeIHa3HaYeHa IS YBEeJIMYEHUST 3JIEKTPO-
IIPOBOAHOCTH, a ITOJMMep OyAeT TMpeIsTCTBOBATh paciiajy CTpyd Ha
OTHENIbHBIE KameNbKu. JluaMeTp CTpyu COCTAaBUT MPUMEPHO 1 cM, a MaKCH-
manbHas BeicoTa 300 M. Korga >KMIKUi IpoMOOTBOJ OyIeT nopaboTaH, UM
OCHACTSIT CIOPTUBHBIE U AeTCKMe Tutoinaaku. Korna HanmpsokeHHOCTh 2JIeK-
TPUYECKOTO IT0JIST OyIeT HOCTAaTOYHO BBICOKOM, a BEPOSTHOCThL yoapa MOJI-
HUY — MakCMMAaJIbHOM, cTpys OynmeT BKIloYaThbCcsd aBTOoMaTudecku. Ilo
CTpye XMIKOCTH C TPO30BOro objiaka OyHmeT CcTeKaTh 3apsill, Jejias MOJIHUIO
6e3omacHoi Wi okpyxawiux (puc. 20.9). AHaJOIrMYHYIO 3alIUTY OT pa3-
psiia MOJTHUM MOXHO CIIeJIaTh M C TTIOMOINBIO Jla3epa, JIy4 KOTOpOro, MOHM-
3Upys BO3MyX, CO3MAET KaHaJ [JIs DJIEKTPUYECKOTro pa3psiia BIaJIM OT CKOII-
JICHUS JIIOOEH.

MozkeT JM MOJIHMSA COUTh HAC C IMYTH

B uzBectHOoM pomaHe I'. MenBuiia «Mobu Jduk» onucaH ciydai, Korma
pa3psi MOJHMU, COMPOBOXKIAIOIIUIACS CUIIbHBIM U3MEHEHHEM MarHMTHOTO
MoJisi, TMepeMarHUTWI CTpelKy Kommaca. OmHako KalnuTaH CyJgHa B3SJ
OOBIYHYIO IIBEHHYIO UITY, YAAPWUI MO HEM, YToObl HAMarHUTUTb, M IOCTa-
BWJI €e BMECTO MCIOPYEHHON CTPEIKU KoMIiaca.

MoxeT 14 IOPA3UTh MOJIHHSA,
€CJIM Bbl B JiIOM€ MJIM camMoJieTe

Tok rpo3oBoro paspsiza MOXeT BOWTH B JOM IIO TeJe(OHHOMY MPOBOILY
OT psiloM crosiuiero cron6a. IlosToMy mpu rpose crapaiTech He MOJIL30-
BaTbCsl OOBIYHBIM TesiehoHOM. CuMTaeTcsl, UTO TOBOPUTD 110 panuoTrenedo-
HY WIM Mo MOOWJIbHOMY TenedoHy Oe3omacHee. HebGe3onacHo KacaThCs BO
BpeMsi I'pO3bl TPYO IIEHTPaJbHOIO OTOIUIEHMSI, KOTOphIE TOXE SIBIISIIOTCS
3JIEKTPUYECKUM TPOBOIHUKOM, COEOWHSIONIMM OOM ¢ 3emieil. M3 aTux
K€ COOOpaXXeHMI CIeUMATMCThI COBETYIOT IPU IPO3€ BBIKJIIOYATh BCE JIEK-
TpUYECKHE MPUOOPHI, B TOM UMCJIe€ KOMITBIOTEPBI U TEJIEBU30DhI.

Yr1o KacaeTcs camosera, TO, BOOOIIE rOBOpsI, CAMOJIEThI CTapaloTcsl 0bJie-
TaTb paiOHBI C TPO30BOU aKTMBHOCThIO. M Bce-Taku B cpemHeM pa3 B roi B
KaXbld M3 CaMOJIETOB MOoMNagaeT MOJHUsS. B mopapisioleM OOJBLIMHCTBE
CJIy4yaeB MpPU MOMaJaHUM MOJIHUM HWYEro He MPOMCXOAMT, TaK KaK ajlloMM-
HUWI, MOKPHIBAIOLIMIT CaMOJIET CHAPYXKM, JIETKO IIPOITYCKAET €€ BHU3 K 3eMIIE.



I'maBa 21

Kak nckaTb 6paTbeB IO pasymy

BO BcesieHHOI

OJDKHO ObITb OKOJIO THhICIYU LMBUIM3aALML. Yke okosio 50 ner

y*aeﬂble CcYMTAlOT, YTo cpenu Oosiee 100 mapa 3Be3n Haiueil [aakTuKu
I

HCCIea0oBaTe/iM, BOOPYXUBWWCH AHTCHHaMW W YYBCTBUTCIIbHbBIMH

NpUEMHUKAMU PAAMOBOJIH, MbITAlOTCs 00-
HapYXWTb CUTHAJbI, TOBOPSILLIME O CYIE-
CTBOBaHMW BHe3eMHOro pasyma. OgHako
eCTb M BTOpOM, 6oJjiee aKTUBHbIM CIOCOO
MOKMCKAa BHE3EMHBbIX LIMBUIMU3ALUN — CO-
OpYAUTb CYNEPMOLIHbIN NepefaTuuK U ca-
MUM [OcsiaThb CUrHal Bo BceneHHylo, Ko-
TOpbIA MoOr ©Obl ObITb YCAbILIAH Ha
pacCTOSIHMM [EeCATKOB WIM [daxe COTeH
CBETOBBIX JIET, @ MOTOM >KIaTb OTBETA.
CHayajla Hamo BbIOpaThb MOJIOCY Yac-
TOT, B KOTOPOil Mbl cObMpaemcsl 3asiBUThb
0 cebe, a BMOCJIENCTBMU MOJYYUTb OT-
BeT. Ecnum HanpaBuUThb paaMoTesiecKon
(puc. 21.1) B HeOO, TO OKaXeTcs, YTO TaM
€CTh /[Ba BHJa lLIyMa — TajJaKTUUYECKUN M
atrMocgepHblit. [anmakTuyeckuid wym oOT-
HOCHUTE/IbHO HHW3KOYaCTOTHbI, U OH HE

Puc. 21.1. Panuoteneckon
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OyneT MellaTh HalllMM MeperoBopaM Ha yactote Bhillte 1 I'Tu. Atmocdep-
HbII1 IIIyM, COCTOSILIMI TJIaBHBIM 00pa3oM M3 CIIEKTPOB MCMYCKAHMSI MOJie-
KyJ BOObI M KHCJIOPOAA, BHICOKOYACTOTHBIM M OYIET YCJIOXHSATL CBSI3b C
JpYTUMM LIMBUAM3aLUsIMU Ha yacTtoTe Bhille 10 I'Ti. [Mostomy pamuoBosi-
HbI Y3CTOTOM B HECKOJIbKO rurarepll (1jiMHa BOJIHbI OKOJIO 1 M) BITOJIHE I1O-
MOUIYT IJIs MEX3BE3MHBIX IIEPETOBOPOB, Ja U TEXHOJIOTUS IpUEMa U reHe-
palyM 3JIEKTPOMarHUTHBIX BOJH B 3TOH 00JlacTU CIIeKTpa ceifyac O4eHb
pa3BUTa, MO KpaliHel Mepe Ha 3emiie, TaK KaK BCce pamuoTesie(OHbl, MUK-
DPOBOJIHOBbIE II€YM U MEHIKEPH pabOTalOT KaK pa3 B 3TOM IMaIa3oHe yac-
TOoT. KpoMe TOro, OOJBLIMHCTBO CHELHUAJIMCTOB, CKAHMPYIOIIUX panuo-
BOJHBI B IIOMCKaX WHBIX LMBWIM3ALUMIH, IIOYEMY-TO CYUTAIOT, YTO
WHOIUIAHETSIHE NOOJDKHBI pa3roBapyMBaTh C HaMM Ha 4acToTe, OJM3KON K
OCHOBHOM 4acToTe ucmyckaHusi atoma Bogopona (1,43 I'T'u) — mpocreii-
uiero ajeMeHTa BceneHHOM.

Hrak, nuama3oH pagvoBOJH, B KOTOPOM CJieyeT MCKaThb MOCJHaHUSI OT
WHBIX LIMBWIM3aLUA, Mbl Ollpeneawid. Ternepb momnpodyeM MOCTPOUTH CYy-
MEePUYBCTBUTEJbHbBIN NPUEMHUK, a CHavyasaa OonpeneainuM, KakuM OH JOJKeH
ObITb. OOHO U3 OCHOBHBIX ITOCTOMHCTB YYBCTBUTEJIBHOIO IpUEMHHUKA —
MUHUMAJIbHBII COOCTBEHHBIN LIyM. JIpyrMMu cjliOBaMM, €CJIM BOKPYT aH-
TeHHbl paguONpHEeMHUKAa BOOOIIE HET paalOBOJH IaHHOIO YacTOTHOTO
nuana3oHa (4TO O4YeHb TPYAHO cebe MpeacTaBUTh), TO HAa BbIXOAE HU3KO-
LIYMSILIETO MPUEMHMKA AOJDKEH OBITh HYJIb WIM HEOOJBILION 1IyM.

K coxanenuio, Bce MaTepuajibl, B TOM YMC/I€ U T€, U3 KOTOPBIX CIeJIaH
yCWIUTENb, IpU Temiepatypax Bbillie 0 °K SBIAIOTCS UCTOUHMKAMU 3JIEK-
TPOMAarHUTHOTO M3JIY4€HUS], OT KOTOPOrO HEBO3MOXHO M30aBUTLCS. DTOT
3JIEKTPOMAarHUTHBIN 1IYM OYE€Hb CXOX IO CBOMM XapaKTEPUCTUKAM C H3Jy-
YEeHUEM TaK Ha3bIBa€MOro alCOJIOTHO YEpHOro Tejla, Uil OMUCAHUS
CBOMCTB KOTOPOTO HYXHO 3HATh TOJIbKO ero Temieparypy. CoBpeMeHHEIE
TEXHOJIOTMU TIO3BOJISIOT CAENaTh YCWIMTEIb TMIrarepleBbIX BOJH C COO-
CTBEHHBIM WLIYMOM, 35KBMBaJIECHTHbIM IIIyMy aOCOJIIOTHO YEpHOIo Teia,
HMMEIOILEro TeMIlepaTypy BCero HeCKOJIbKO rpamycoB KesabBuHa!

OmgHako MMHUMM3alYs COOCTBEHHOTO IIyMa paguONpUEMHUKA — TOJIb-
KO OJHA W3 3amady uccienoBaTesiell BHE3eMHbIX ULMBUIM3aLUuid. Bto-
pasi — 3TO MUHMMM3allysi BHEIITHUX 3JEKTPOMArHUTHBIX IIYMOB, OT MHO-
FMX K3 KOTOPbIX TOXE HEBO3MOXHO H30aBUTbCS (aTMocGepHbIE IITYyMBI,
TaJIaKTUYECKUE MCTOYHUKM PAAUMOBOJH U KOCMMYECKOE M3JIy4yeHUe). DTU
BHEILIHUE IIIYMBI, TIOXOXME MO CBOMCTBAM Ha W3JIydeHHE aOCOJIIOTHO 4Yep-
HOTO Tejla, CYMMUPYSICh C BHYTPEHHUMM LlIyMaMH HAlIero CyrepycuinTe-
Jisl, 1al0T YCTAaHOBKY Ha TMPOCHYUIMBaHUE PaavWOBOJH BceneHHO ¢ Iyma-
MU, 3KBUBAJIEHTHLIMU IIIyMaM C TeMIiepaTypoii 15 °K.

[TonpoGyeM Temneppb OLEHUTh, KAKOH MOIIHOCTU JOJXKEH OBLITh MepenaT-
YUK, PaclojioXeHHbIH Ha paccTtossHuu 100 cB. jieT oT 3eMiu, 4ToObI Halll
MPUEMHUK MOT YJIOBUTb €r0 CUTHaN. A IJISI 3TOr0 MOILIHOCTb COOCTBEHHOTO
IymMa 36MHOTO CyTepYCUJIUTE/si PanMOBOJH MOXKHA ObITh MEHbIE MOII-
HOCTU CUTHaJIa, TIPUIIEANIero Ha aHTeHHY. Ho o4eBUAHO, MOLIHOCTh LIyMa
3aBUCHUT OT IIMPUHBI IOJIOCH NMPOIYCKAHMS HAalllero ycuautest. YeM yxe
rnoJjioca, TeM MeHblle yM. Ecny npeactaBUTe b MHOW LIMBUIM3ALUM 3aX0-
YeT nepeaTh Ha 3eMJII0 B KaUeCTBE MPUBETAa CBOU TeJeBU3UOHHbBIN CUTHAJ,
TO IJIS1 3TOrO IIMPWHA MOJIOCHl HAUIEro YCWIMUTENSl HOJDKHA OBITH OKOJIO
4,5 MI'u. Ecau Xe OH pelIMT TpaHCAUpOBaTh Ha BClo BceneHHylo pedb
CBOETO MPE3UEeHTa, TO MOJOCY MOXHO OyneT cy3uth Ao 2,5 kl'u. Hy, a ec-
JIU OH, MOJIb3YSICh a30ykKoid Mop3e, cO CKOPOCTbIO OmHA OyKBa B CEKYHIY
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Oyner 3HAaKOMUTb HAC C BbIAEPXKAMMW M3 ra3eT, TO HalleMy YCWIMTENIO Oy-
et noctatoyHo W 2,5 I'l. OcTtaHOBMMCS Ha IOCJeOHEM Ciydae, TaKk KakK B
9TUX YCJIOBMUSIX 1UyM Halleil yCTaHOBKM OyleT MHUHMMaJbHbIM. Tak Kak
LIYyM Halleil yCTaHOBKM aHAJOTUYEH LIyMY aOCOJIOTHO YEpPHOro Teja, TO
€ro MOLLUHOCTb P;; MOXHO BBIYUCIUTH MO (hopmyie

Py, =kT-Af=5,2-10"2 Br,

rne k=1,4-102 [Ix - K' — nocrossHuas Boabumana, 7= 15 °K — skBH-
BaJIeHTHas TeMIeparypa wyma, Af=2,5 'l — muMprHa MoJockl MPOMycKa-
HMS1 YCTAaHOBKM.

Taxum 0Opa3oM, eciau MOIIHOCTb PaJMOBOJH HAa BXOOE HAIIEro Cylep-
ycunutesss Oynet Gosblie 5,2 - 1072 BT, TO Mbl pa3iM4uM MODP3SIHKY MHO-
iaHeTssHWHA. YToOBI curHag ObUl OOJbIIE, BO3bMEM aAHTEHHY-TapeKy
miowansio 1 M2 Urak, B MPUHUMIIE Mbl CIIOCOGHBI YJIOBUTh MODP3SIHKY
IPYTUX UMBUAM3ALMIM, €CJIM MOLIHOCTh M3/JyYEeHUs] Ha IMOBEPXHOCTH 3eMIIU
cocraBut Gosee 5,2 - 1072 Br/M2.

Tenepb Mbl y>K€ MOXEM BbIYMCIWTb MOUIHOCTDb MepeJaTduka paJvoBOJIH,
Haxonsuerocs: Ha pacctossHuu 100 cB. JieT oT 3eMid, UHTEHCUBHOCTb CHUT-
Hajla OT KOTOPOrO Ha IOBEpXHOCTUM 3emiu coctasiser 5,2 - 1072 Br/M2.
[TycTp panMoOBOJHBI OT MepeaaTyMKa pacrnpoCTPaHsIIOTCS OOMHAKOBO BO BCE
CTOPOHBI U MX MOIIHOCTb yMEHbLIaeTcsi 00paTHO MPONOPLMOHAIBHO KBall-
paty paccrosiHus. Torma mpocTble BbIYMCIEHUS AAIOT CJAEAYIOLIYIO OLIEHKY
IUISL MOLLHOCTY panuornepenaTdyvka, Haxomsilerocss Ha paccrosHuu 100 cB.
JIET, C KOTOpPOIO MOXHO Obuio Obl pa3o0paTh MOpP3sSHKY Ha 3emie —
6 - 10" BT! D10 B ThICSIUM pa3 OOJbLIE, YEM MOIIHOCTh BCEX JIEKTPOCTAHLUIA
Poccuu. A 3To 3HaUMT, YTO JaxKe ec/iM Ha Bceil 3eMJie IoracHeT CBET, TO Ie-
pelaHHasi HaMu MOp3siHKa OymeT yc/bllaHa JIMIIb Ha PACCTOSIHUU, He GOJIb-
weM yeM 10 cB. jieT. A 3Be3[ Ha TaKOM MaJIOM pacCTOSIHUMM €IWHMILIbI, Bedb
Ha paccTosiHuu 100 c¢B. neT okosio 1000 3Be3n. Jda 1 1000 3Be3n Bcero JMILb
OJHa MUUIMOHHAs 4acTb IpoleHTa Bcex 3Be3n INanakTuxu!

M Bce xe He ciemyeT oTyauBaTbesl. Ceiluac Mbl MOXEM CHU3MTh 3KBU-
BAJICHTHYIO TEMIIEpATypy lilymMa npueMHUKa paauoBosH 10 15 °K. TlpoiineT
HECKOJIbKO JIET, U HOBBIE TEXHUYECKHE peLIeHMS ITO3BOJISIT YMEHBIIUTh ee
ellie B HECKOJIbKO pa3, a HOBbIE aJITOPUTMbI KOAUPOBaHUS MHGOpPMALUUA U
OrpoMHeilive aHTeHHbl (puc.21.2) cmenaloT BO3MOXHBIM TO, O YeM
celyac TOJIbKO MEYTaloT.

Puc. 21.2. Camblii KpymnHbIf pa-
nuoteyneckon B Mupe (Apecubo,
o. [lyspro-Puko) c¢ nmamerpom
3epkana 305 m
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Panyra — ypok ¢pusuku

Ha CBCKEM BO3JYXC

opueHTUpoBaTbcsd. OmHAaKO OBIBAIOT Cay4yau, KOrga CBeT Kak OyaTo
XOYET MpUBJeYb BHUMaHUE K cede, K TOMY, UTO OH CYLUECTBYET cam
no cede. DTO Urpa cpera.
Wrpa cBera — 3TO MHOXECTBO CBETOBbIX SIBJIEHMI, Ile MHOTOKpaTHbIE
MpEeJOMJIEHUS] U OTPaXE€HUsI CBETOBBIX JIyueid Ha MOBEPXHOCTSX pasdena
Cpel C pa3IM4yHOU ONTUYECKOU TUIOTHOCTBIO CO3JAaI0T CJAOXHYI0 M WHOrIa
OYEHb KpAaCHUBYI0 KapTMHY CXONSIIMXCA MJIM DPACXOOSIUMUXCS JIyyeit.
[TpocTelluMMU CaydasiMu UTPbl CBETA MOTYT ObITh:
e cobuparonias JiMH3a, B (hOKyce KOTOpPOI BCIbIXUBAET SIPKUIl CBET;
® Jlyd MPOXEKTOpa, BOZHUKAIOIIUMA, KOrJa TOYEYHbIH MCTOUHMUK CBETa
HaxoauTcs B (pOoKyce nmapaboInYecKoro 3epKana;

® CJIOXHasl OCBellleHHasi ¢purypa (kapauounaa), MosiBisIOLIAsICst BHYTPU
MOJIOr0, OTKPBITOrO CBEPXY UMWJIMHAPA (Hanpumep, Yallku) B pe3ysib-
TaTe OTPAXEHMUSI CBETa OT €r0 BHYTPEHHEU MoBepxHOCTU (puc. 22.1);

e pOXalllue SSYeHKU CBETA, KOTOPbIE MOXHO YBMIETb, €CJIM MOCMOT-
peETh CBEpPXY Ha MOpE€ WM OacceilH WM, HBIPHYB, OTKPBITb IJlaza U
B3[JISIHYTb CHMU3Y Ha MOBEPXHOCTh BOAbI (puc. 22.2);

® COJIHEYHbIE U JIYHHBIE Tajio ¢ UX «cob0aKaMu»;

® COJIHEYHBIE U JIYHHBIE JOPOXKHU Ha BOJHON MOBEPXHOCTH;

CBCT J€J1a€T BUOIMMBIMU NPEIMETbLI BOKPYI' U 1a€T BO3MOXHOCTb HaM
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Puc. 22.1. Kapavoupa, nosasiioiascs
BHYTPH MOJIOTO, OTKPLITOrO CBEpPXY LIM-
JIMHApPA B pe3y/ibTaTe OTpaXeHUs CBeTa
OT €ro BHYTpEHHE MOBEPXHOCTH

Puc. 22.2. Slueiiku  cBeTa, KOTOpbIe
MOXHO YBUIETb, IU1aBasi B GacceiiHe, ec-
JIM, HBIPHYB, OTKDBITD IJ1a3a U B3MISAHYTh
CHM3Y Ha MOBEPXHOCTh BOAbI

e cTONIOBI CBETA HAl 3aXOISIIUM COJIHLIEM U TOpsuIiuM ¢GoHapeM;
e paayra Ha HeOe.

Kak yBunerh paayry

UToOn! yBUAETh palyry, Hamo MOCje IOXOS BCTaTh CIIMHON K COJIHILY,
TaK Kak LIEHTp €€ IyTd HaXOOUTCS Ha MPOMOXKEHUM TPSAMOMN, UIYyIEH OT
COJIHLIA K HabmomaTento (puc. 22.3).

YrioBoit pasMep pagyry COCTaBIsIET OKOJIO 42°, MO3TOMY, KOrIa BhiCOTa
COJIHIIA Hag rOpU30HTOM Oosblie 42°, pagyra He BunHa. Korma cosiHie Ha-
XOIUTCS Hall JIMHUEN ropu30HTa, OOIbIIAS YaCTb paayTu (CM. CTPEJIKY BHU-
3y pUcyHKa 22.3) U UEHTp CKPHIThl OT HaOiiogaTessi, 1 TOJAbKO Ha 3akKaTe
MbI MOXEM BUAETh BCE MOJNYKPYXbe pamyru. C BEpUIMHBI IOpbI, MO BOIO-
nagoM WM U3 KaOWHBI JIETSUIETO caMoJIeTa YIaeTcsl YBUIETh OOJIbIlIe MO0~
BUHBI pagyru, a MHOI/A M BECh €€ KpYT.

\\\\\\\ \\\\&@
AN\
\ \ \ \\

Puc. 22.3. Kak yBuaeth pamyry

Kak oGpa3yercs pamyra

OIHKMM U3 MEePBBIX Iajl OOBsICHEHHE panyry (paHIy3cKuit ¢umocod,
MateMaTuk, GU3uK U (usuonor Pene dekapt B 1637 r. OH cumTal, 4To
NMPUYMHOM pamyru SIBASIOTCS MajleHbKHE Karuii (OIUaMeTpoOM MeEHbIe



162 Fnasa 22

Puc. 22.4. CxemaTtnyeckoe u3obpaxe-
HUME XOJa [OecsATU Jlydyel, nanalolux
FOPU3OHTAIBHO CJieBa Ha  KaIullo.
C/IOLIHBIMUY JIMHUSIMM TIOKa3aHbl JIy-
YUY, OTKIIOHSIEMble Karuieid MpueInU3u-
TeJIBHO Ha OAMH M TOT Xe yrona (Jiyd
[ekapra)

1 MM) TOJIBKO YTO IMpOLIENIIEr0o AOXIS, YAePXMBaeMble TEIIBIMU BOCXOLSI-
UMMM ITOTOKaMU Bo3ayxa. JIyuu cosiHLia mpeTepIieBaloT B Karljisx ABa Ipe-
JIOMJIEHMS U OJHO OTpaXXeHWe M BO3BpallaloTcs 0OpaTHO K HaGioJaTesio
MOJ, OINPENECIEHHBbIM YIJIOM.

[Ipocnenum myTh AECSATU NMapajUIe/IbHBIX JTy4eil KpaCHOIO LIBETA, MaJaKOLLKX
Ha cdepudeckyio Kawno Boabl (puc. 22.4), nonarasi, 4to Ko3hdULMEHT Ipe-
JIOMJIEHUS1 # Ha I'paHMIIe Boja — BO3dyX cocrtamisieT 1,32. Oxasalioch, YTO HE-
GoJiplUasl rpyrma Jiydel (CIVIOLLUHbIE JIMHMK) BBIXOOWUT M3 KaIlIM KOMIAKTHbIM
My4YkoM, o0pasys yroj okojio 42° ¢ HampaBleHHEM COJIHEYHbIX JIy4yeil, BCe
OCTAJIbHBIE JTy4M (LUTPUXOBBIE JIMHMM) PACXOOSITCSl ILIMPOKMM BEEPOM, MHBIMU
CJIOBaMU, paccerBaloTcsl. B uecTb MepBOOTKPLIBATENIST 3TOT KOMITAKTHbIA My4OK
Jlyyel HaspiBaloT JydoM [ekapra. Takum oOpa3oM, CTOsSI CIIMHOM K COJIHILY,
Habmonatesb MoA YoM 42° K COJTHEYHBIM JIydaM YBUIOUT MHOTOKPATHO YCH-
JIEHHBI Jlyd KpPacHOTIO 1IBeTa — KPAaCHYIO MOJIOCY PamyTH.

ITouemy B paayre HM>KHMIiI IIBET CHHMIA,
a BEpXHHUI KPACHBINA
HpOXO)KIIeHI/Ie COJIHECYHBIX leqeﬁ 4Y€pe3 Karlilo COIIpOBOXOACTCS OUC-

rnepcueit — Karuim paboTaloT Kak MUHHATIOPDHLIE IIPpU3MBbI, pasjiarasd CBET
Ha IB€Ta CIIEKTpa OT KpaCHOIo no Cl)I/IOJ'IeTOBOI‘O.

Puc. 22.5. OTK/IIOHEHHE KpacHOro (CrjioLl-
Hasl JIMHUS) U CUHEro (LITpUXOBas) Jyyei Puc. 22.6. Pasnble Kamiu MocbuialoT Ham
Hexapra karuieit Boasl pa3Hble LBETa panyrd
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Ha pucynke 22.5 noxasaH xon kpacHoro (n=1,32) u cuHero (n=
=1,34) nyueit JlekapTa B OQHOI U3 Kamneab. BUmHO, YTO Karisg BO3BpalliaeT
cuHuit ny4y [Jexkapta nond ymioMm 40,6°, a 3T0 3Ha4YuT, YTO CHUHAA I10J0OCA B
pagyre OyaeT HaXOOMTbCSl HYKE, YeM KpacHasl.

Crnenyetr OTMETUTh, YTO pa3Hble 1[BETA Palyrd Mbl MOJIy4aeM OT pa3HbIX
Karenb (puc. 22.6): KpaCHyIO0 IOJIOCY OT Kalejlb, BUCSIIMX BBIILIE, a CU-
HIOIO OT Kamejb, BUCSIIMX HMXe. OYeBUAHO, YTO BCE IIPOMEXYTOU-
Hble LBEeTa paayru (OpaHXEBbIU, XXENThbl WU 3€JIEeHbIH) OyayT HaXOOUThb-
Csl MEXIy CUHell M KpacHOH IoJlocaMM paayrd B COOTBETCTBMM C MX
Ko3(ppuLMeHTaMu IpejoMyieHus. YToObl 3alIOMHUTL ITOPSAOOK 1IBETOB B
pagyre (cBepXy BHHM3), IOCTaTOYHO 3ayyuThb MpemyioxeHue «Kaxmbii
OxotHuk 2Kenaet 3Hath, I'me Cumut da3aH», B KOTOPOM IepBble OYK-
BBl CJIOB COOTBETCTBYIOT MEPBbIM OyKBaM Ha3BaHUI LIBETOB.

IToueMy HeGO BHYTpPHM paayrd BCeraa sipue,
yeM CHapPYKH

Kaxnpiii, KTO Bumen paayry Ha ¢oHe TeMHOro Heba, 3aMeTH]I, 4TO
OHa BHYTPU ropasfo spuye, YEM CHApyXHU. DTO JIETKO OObSACHUTH, €CIU
OMSITh B3IMJISHYTh Ha PUCYHOK 22.4 M YTOYHUTb, Kylda YXOMUT OOJIBLIMH-
CTBO COJIHEUHBIX JIydyel, majalomux Ha Kario. BUaHo, 4To Bce OHM pac-
CeuBaloTCsl [0 HalpaBJieHUIO K HaOJIlogaTeNio IoA yrjiaMM, MEHBIIUMU
yeM Jiyd JlekapTa. DTO 3HAYMT, YTO JIy4M, He BolIeninue B Jyd JlekapTa,
OCBEIllAlOT YIIbl Heba, MeHbluue 42° — HallpaBjeHMs, JieXalllue BHYTPU
pagyTu.

ITouemMy MHOrIa CHaApy>Kud OOBIMHOW paayTH
Mbl BH/IUM BTOPYIO, MeHee SIPKYIO,
B KOTOPOii NMOPSIIOK IIBETOB 00paTHBIM
WNHornoa Ha (l)OHe TEMHOIO Heba B caMOM Hadyajie IOsIBIEHUS pagyru,

KOIZla OHa OY€Hb sIpKasl, CHAPY>XM OOBIYHOI pagyru CTAaHOBUTCS 3aMETHOM
BTOpasl paayra, MmeHee sipkas (puc. 22.7).

Puc. 22.7. BHeuiHsas (BTopasi) paayra ¢ 00paTHOW MOC/Ien10BaTeNbHOCTbIO LIBETOB U CXEMaTU-
yeckoe ee u3obpaxeHue (cripaBa)
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YrnoBoe pacctosiHMEe MexXay Iep-
BOM M BTOpOI1 paayramMu COCTaBJisieT
okosio 9°. IpuuuHoOit BTOpOit pany-
'Y, KaKk W MepBOM, ClyXaT MpejoM-
JIeHUs1 U OTpakeHWUsl cBeTa B Ka-
nenabkax Bodbl. OmHAKO KarleJbKH,
JlalolliMe Hayajlo BTOpPOil paayre, Ha-
XOOSITCSl BBILLIE TE€X, YTO CAYXaT MC-
TOYHUKOM nepBoil. Kpome Toro, ny-
YM COJIHEYHOTO CBEeTa, Meped TeM
KakK MpeBpaTUTbCS BO BTOPYIO pany-
ry, yCNEBalOT Ba pa3a OTPa3vThCs
Puc. 22.8. OTKJIOHEHHE KPACHOro (CMIowW- g BHYTPEHHEN TMOBEPXHOCTHU KaX-
Hasl JIMHUS) U CUHEero (IUTpHXoBasi) Nyyei IO Kanejbku. B orivuyume oT oc-
ﬂ,eKapTa KarnJei Boabl MpU BOBHUKHOBEHUH HOBHOH paﬂyr”, e KarejgbkKa KOH-
BTOPO#i panyru LIEHTPUPYET TMNYy4YOK Jydyed (Jyu

Jlekapra), nagampoliuMx cOOKYy Ha ee
BEPXHIOIO IMOBEPXHOCTb, BTOpasi paayra oOpa3yeTcsl U3-3a KOHLIEHTpaluu
Jlydyeit, ynapsiioliMX B HUXXHIOIO YacTb Karuiy, Mocje ABYX MpeloMJIEHUN U
JIBYX BHYTPEHHMX OTpaxkeHuil (puc. 22.8).

PucyHok 22.8 mokasblBaeT, KaK KOHLIEHTPUPYIOTCSI MpU 3TOM JIy4yu
KpacHOro u cuHero upeta. CBeT, Mamalolliuii Ha Opyrde 4acTH 3TUX Ka-
ejib, JMO0 MPOCTO MPOXOAUT YEpEe3 HUX, JIMOO, MPEeJoMJIsIsCh U OTpaxKa-
siCb, HEe 00pa3yeT KOHUEHTPUPOBAHHBIX MYYKOB, OCTaBasiCh [Jis Habiaoma-
TeNislt He3aMeTHbIM. OOpaTuTe BHMMaHHE Ha TO, YTO MOCJENOBaTE]bHOCTb
LIBETOB BO BTOpOU panyre obpaTHa TOl, KOTopasi BUIHA B OCHOBHOM pany-
re. [Ipoucxoogut 31O MOTOMY, YTO, B OTJIMYHUE OT OCHOBHOM pamyru, rae
KpacHbIM JIyd OIMyCKaeTcsl M3 Kallld Ha 3eMJIl0 Kpyye, YEM CHHHUU (CM.
puc. 22.5 u 22.6), Bo BTOpoii pamyre Bce Hao00poT (cM. puc. 22.8). IMoato-
MY, 4YTOOBI NEpPEBECTU B3MISI OT KpAaCHOM MOJIOCH BTOPOM palyru K CUHEH,
HaJo MOCMOTPETh YyTb-4YyTh MOBbINIE. IpKOCTb BTOPO# panyru MeHbllIe sip-
KOCTU MEPBOM M3-3a TOro, 4TO 00a BHYTPEHHHUX OTPAXEHMSI HE SIBJISIIOTCS
MOJHBIMU M YacTb CBETA BBIXOAUT U3 KAIUIU.

ITouyemy paayra Tak ObICTPO HCYe3aeT

Ecnu OBl Kamiu Bce BpeMsi BUCENIU B BO3AyXe, TO MOXHO ObLUIO ObI Ha-
Onomath pagyry B TeYEHME BCEro IpOMEXYTKa BPEMEHM, IMOKa COJHLE
onyckaercst ¢ 42° Han JIMHUMEW rOPU30HTA, U 10 3aKaTa, U B TEUEHHUE TaKOTO
e MpoMeXxyTka BpeMeHU mnocie Bocxona. Hy, a TaM, rae cosHile He noa-
HUMaeTcs Bblliie 42°, paayroit MOXXHO ObUTO Obl HAacaaXXAaThCs UM AeHb.
[Touemy xe 3Toro He mpoucxoauT? a MOTOMYy, YTO Kamjd HCIapsIoTCs
WU, CAMBAsICh APYT C APYToM, MafaloT Ha 3emio. Ha camom pene panyra
ycye3aeT 3a70JIro A0 TOro, Kak BCe KamejabKu MpeBpaTATcd B nap. Becrnom-
HUTE, BCe MOCTpoeHus JekapTa M Halllyd ObUIM CAeSiaHbl B paMKaXx reoMeT-
puyeckod onTuku. Kak Bbl 3HaeTe, reoMeTpuyeckasi ONTUKA CIIpaBeJivBa,
Korma pasMepbl OObEKTOB (B HalleM ciy4yae — KareJib) ropa3fo OoJiblile
IUIMHBI BOJIHBI (0K0Ji0 1 MKM). [ToaTOMy, Korna nMaMeTp Karleib CTaHOBUT-
ca menbwe 10 MkM, Teopusi [ekapra mnepecraeT paboTaTh, a panyra
CTAaHOBHUTCSI cjaboil M OecuBeTHOM M IIpU JajbHEHIleM yMeHbIUEHUH
I1aMeTpa BOOOIlEe HMCYe3aeT.
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Kak peHTreHoBckue Jay4du

ITIOMOTI'al0OT YBUJACTDb HCBUANMOC

MOTO CBeTa M3-3a MaJloii SHEPrMH He MOTYT OCBETUTb UX MU3HYTPH.

Kpome Toro, anuHa BosHbl BuauMmoro ceera (400—700 HM) ropasngo
Oosblle MPOMEXYTKOB Mexny atomMamu. [loaTomy, ucnonab3ys usnydeHUe
TOJIbKO C O4€Hb MaJIOW NJIUHOU BOJIHBI, MOXHO ClIeJlaThb HeNpo3payHhLIe Te-
Ja mpo3pauHbiMU. Takoe usiyyeHUe ObLJIO OTKPHITO HEMELKUM (U3UKOM
B. PeHTreHomMm OoJjiee Beka TOMY Haszam,.

Mbl 3Ha€éM, 4YTO MHOTHUE TE€Jila BOKPYI HEIIPO3payHBbl. DOTOHBI BUAM-

Pentren — nepsbiii Jaypear HoOeneBcKkoii npeMun

B 1895 r. Buibreabm PeHTreH OTKpbul HEUM3BECTHbIE paHee ay4yu (X-ny-
4yy), MPOHUKAIONIIME 4Yepe3 pasauuHble mnperpanbl. CoobiieHue PeHTreHa
BBI3BJIO OFPOMHbBIN MUHTEpPEC, MU MEAWKU Cpa3y OCO3HAJIM 3HAYEHHE peHTre-
HOBCKOTO M3JIy4eHMSs [JIs1 UarHOCTUKU. Ha BpeMmsi X-ny4yu cTtanu ceHcalu-
eil, 0 KOTOpO¥ Mucaiv ra3eThl U XKypHajbl o Bcemy Mupy. B 1901 r. PeHT-
reH cTajl mepBbIM JjaypeatoM HobGeneBckoif mpeMuu 1o GU3MKE, XOTS 00
WCTUHHOM mpupoae X-iaydyei ObUIO U3BECTHO oueHb Mayio. Ilpu BpyyeHUU
npeMuM ObUIO cKa3zaHo: «HeT coMHeHusI B TOM, CKOJIb OOJBIIOIO ycrexa
IOCTUTHET (pr3uyeckasl Hayka, KOrja 3Ta HeBeaoMasi paHblie ¢popMa dHep-
r'mu OydeT AOCTAaTOYHO HcclienoBaHa». IloHamobuiochk okojio 10 ner o
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OOBSICHEHUSI BOJIHOBOI MpUponbl X-ydyeil, a BIOCIENACTBUM 3a pabGoOThl B
00J1aCTH pEHTIeHOBCKMX JTyded ObLJIO MPUCYXIEHO elle ceMb HobeneBckux
npemuit. KpoMe Toro, 6iaromapsi peHTT€HOBCKMM JIydaM cCAelaHbl TaKue
BEJINKME OTKPBITUS, KaK pacIIM(PpPOBKa CTPYKTYPhl MOJIEKYJI FeMOIJI00MHa,
Je30KCUpHUOOHYKIeuHOBOM KucaoThl (JIHK) M OekoB, OTBETCTBEHHBIX 3a
dotocunTtes (mpemuu 1962 u 1988 rr.).

«BpIILIATE MHE HEMHOTIO JIyyeii B KOHBEpTE»

Yepes ron nocie oTkpeiTis PeHTreHoM X-ydeil OH MoJydus MUChbMO OT
aHDIMiAcKoro Mopsika: «Cap, co BpeMeH BOWHBLI Y MeHs B I'PYIM 3acTpsiia
MyJisi, HO ee HUKaK He MOTYT YIaJIUTh, ITOCKOJIbKY €e He BUIHO. U BoT g
yCabIIaa, YTo Bbl HAaNUIM Jy4d, Yyepe3 KOTOphlE MOIO IYII0 MOXHO YBM-
netb. Eciid 3TO BO3MOXHO, BBILJIUTE MHE HEMHOTO JIydeil B KOHBEDTE,
IOKTOpa HAWIYT IyJI0, U s BbIIUTIO BaMm Jiyuu Hazan». OTBeT PeHTreHa Obu1
clenyroluuM: «B maHHBIM MOMEHT S He pacliojaralo TakKuM KOJIMYECTBOM
sgyueii. Ho ecnu Bam He TpymHO, BBHILIJIWTE MHE CBOKO IPYIHYIO KJIETKY, s
Haimoy My U oTouutio BaM rpynHylo KJIeTKYy Ha3amy.

Yro Takoe X-ayuu

PeHntreHoBcKkasi Tpybka — 3TO CTeKJISTHHAasl K0Ji0a, M3 KOTOpPOH OTKayaH
Bo3ayx no maBineHust MeHee 0,1 [1a. B Hell HaxomsITCS 3/1€KTPOdbI, MEX-
Iy KOTOPbIMU IIPWIOXEHO TMOCTOSSHHOE HampsbkeHue ot 1 mo 10 000 xB
(puc. 23.1). DaeKTpOHBI, BhUIETAIONIME U3 pacKaJeHHON HUTU KaTtoda, pa3-
TOHSIIOTCSL MOJ OEMCTBMEM 3JEKTPUYECKOrO MoJisi U CTANKMBAIOTCS C MO-
BEPXHOCTbIO aHona. IIpu 3TOM 3JIEKTPOH, CTOJKHYBIIMKCSI C aTOMOM I10-
BEPXHOCTHU aHOJAa PEHTI€HOBCKOM TPYOKH, 1100 MOXET ObITb OTKJIOHEH €ro
SAIPOM TaK, KaK MU3MEHSIET TPAeKTOPHUIO KOMEThI MPUTSIXKEHUE OiinxKanien
1aHeThbl (puc. 23.2, a), 1M00 BhILIMOAET OAMH U3 JIEKTPOHOB BHYTPEHHE
000/104KH aToMa, UOHU3Ys ero (puc. 23.2, 6).

Puc. 23.1. CxemaTtnueckoe M3oOpaxeHHe PEHTreHOBCKOI TPyOKM, Mexmy KatonoM K W aHoO-
oM A KOTOpOii NPUJIOXEHO IOCTOsSIHHOe HanpsixeHue Uy, paBHoe oT | mo 500 kB. Dnekrpo-
HBI, BBUIETAIOLLME W3 PAacKajJeHHOM CHMpaiu KaTOda, pa3rOHSIOTCS MNOM OEMCTBMEM 3J1EKTPH-
4YEeCKOro MOJsi UM CTaJIKMBAIOTCSl C TOBEPXHOCTbIO aHolNa, B pe3yjbTaTe Yero BO3HMUKAET
peHTreHoBckoe u3nydyeHue X. XKupHble CTpeJKY B MPaBoOil 4YaCTH PUCYHKAa [0OKa3blBalOT Teue-
HHE BOAbI, OXJaXOawllueh aHon
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Puc. 23.2. JIBa MexaHM3Ma reHepaluu PEHTTEHOBCKOTO MW3JyYeHHWs: a) OTKJIOHEHME 3J1eK-
TPOHa SOpPOM aTtoma; ) WOHU3aLMs aToMa C MOoCc/edylollei 3aMeHOH BbIOMTOro 3JeKTPOHa
3JIEKTPOHOM C 0oJiee BbICOKOM 000104YKHU

B nepBoM cayyae (cM. puc. 23.2, a) 3aMeUIEHHEe 3JIEKTPOHA MPUBOIUT K
U3IYYeHUIO (POTOHA PEHTreHOBCKOTO M3/IyYEHUsl, TUara30H JJIMHbI BOJHbI
kotoporo coctapnseT oT 0,01 mo 10 HM (HempepbiBHbIM criekTp). MHTeH-
CUBHOCTb TAKOTO MU3JTy4eHMUSsI MpPOINOPLUMOHATIbHA aTOMHOMY HOMEpY (3apsi-
oy siapa, Z) XMMHUYECKOTO 3JieMeHTa BEUIeCTBa, M3 KOTOPOro CliejlaH aHOI.
Yem Oosbllle HOMEpP 3JIEMEHTA, TEM OBICTpEE €ro sApo 3aMeIJIMT JIETS LA
3JIEKTPOH U TeM OoJibleil sHeprueit 6yneT odnagaTte GOTOH PEHTIEHOBCKO-
ro usnyuyeHus. Hy u KoHeuHoO, 4yeM OoJibliee HampskKeHue NPUJIOKEHO Me-
KAy KaTOOOM M aHOJOM PEHTTEeHOBCKOW TPYOKH, TeM OOJibllle MOIIHOCTb
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XapaKTepuCTUYECKOe
U3JIyUYeHUe

CIeKTP

Yucno ¢poToHOB
—
HenpepoiBHBIHN

Puc. 23.3. 3aBUCUMOCTb MOLIHOCTH
PEHTIEHOBCKOTO M3JyYeHUs] MEIHOTO
1 |

aHoma OT [UTMHBI BOJIHBI (CMEKTD).
Iuk1 XapakTepUCTHUYECKOTO M3yde-
HMUSI COOTBETCTBYIOT MEPEXOAY 3JIeK-

1 I 1 l 1 I 1
0,04 0,08 0,12 0,16
JnmnHa BoaHBI (hoToHAa (M) TPOHOB ¢ M- (yieBbIit) U L- (TipaBblil)

000JI04EK Ha MECTO BBIOMTOTO 3JIEK-
TpoHa K-000JI04KH (CM. puc. 23.2, 6)

PEHTTeHOBCKUX Jiydeit. [Ipy 3TOM MUHUManbHAsl IJWHA BOJIHBI DEHTIE-
HOBCKOTO (hOTOHA YMEHBIIAETCSI, a €r0 3HEPrus C pOCTOM HamnpsXKEeHUsl Me-
KOy 3JIEKTpOOaMM YBeJIMYMBAETCS.

Bo BropoMm ciyyae (cM. puc. 23.2, 6), Korma Iocjie CTOJKHOBEHUS C
3JIEKTPOHOM aTOM WOHU3YeTCsI, MECTO BbIOMTOrO 3J€KTPOHA Cpa3y 3aHUMa-
€T DJIEKTpOH C 6oJjiee ymaJeHHOU 000JIOUKM, a 3HEpIus, BblOeJeHHas Mpu
3TOM, COBIIalaeT C dHEpPrueil peHTreHOBCKOro (hOoTOHA C YacCTOTOM, COOT-
BETCTBYIOLUENW pa3HHMIE YpPOBHEH I DJAHHOIO aToma. Tak, Hampumep, U3
amoMuHns (Z = 13) BeIOMBAIOT (POTOHBI C IJIMHOM BOJHHI 0,8 HM, U3 Menu
(Z=29) — 0,15 1M, a u3 miatuHbl (Z=78) — 0,02 HM. DTy IJIMHY BOJIHbI
Ha3Bajly XapaKTEPUCTUUYECKOM, TaK KaK OHa XapaKTepu3yeT MaTepuai, U3
KOTOpOIO CIeJlaH aHOI pEHTreHOBCKOM TpyOKu. IlosTOoMy criekTp peHTre-
HOBCKOT'O M3JIy4deHMUSs BHINVISIAUT KaK HaJlOXeHME IJIaBHOW KpUBOM (MepBbii
MEXaHU3M) U MUKOB, COOTBETCTBYIOIIMX XapaKTepUCTUYECKON YacTOTe Ma-
Tepuana aHona (puc. 23.3). CoriacHo 3aKOHY Mo3/u, IJIMHA BOJHbI Xapak-
TEpUCTUYECKOTO M3JIYUEHHUsI YMEHBIIAETCS OOpaTHO IPONOPLHUOHAIBHO
aTOMHOMY HOMepY 3JieMeHTa Z.

M3 Bceil MOLIHOCTH, MOABOAUMMONM K PEHTTEHOBCKOU TpyOKe, B pEHTIre-
HOBCKOe u3JlydeHMe rpeobpasyercs He bosee 1%, a BCA ocTaibHas MpeBpa-
aeTcsl B TEIUIo, pasorpesawoliee aHon. [To3ToMy MpPUXOAUTCS UCIOJIb30-
BaTb CHUCTEMY OXJaxaeHus1 aHoma (cM. pwuc.23.1) W nenaTb €ro us
TYTOILJIABKOTO MeTajlla, HallpuMep BoJibdpaMa.

Y10 Takoe PEHTIr€HOBCKAasa CIIECKTPOCKOIINA

Kaxaplii XMMMYECKMI1 3JIEMEHT OCOOEHHO CWIBHO ITOIJIOIIAET PeHTre-
HOBCKOE M3JIy4eHHE CTPOTO OIpeleIeHHOM, XapaKTepUCTUYECKOM MIUHBI
BOJIHBI. [IpM 3TOM IPOUCXOOUT MEpPEXon aToMa M3 HOPMAaJIbHOIO COCTOSTHUS
B HMOHM30BAHHOE C ONHUM YIAJEHHBIM 3JeKTpOHOM. ITo3TOMy, M3MeEpss
YacTOTY PEHTTEHOBCKOTIO M3JIy4eHMs, Ha KOTOPOii IMOIJIOoLIEHNE OCOOEHHO
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BEJIMKO, MOXHO CO€jaTh BbIBOO O TOM, KaKHE€ 3JIEMEHTBI 1 B KAKOM OTHO-
WIEHUU BXOJSAT B COCTaB BELIECTBA. DTO U COCTABISIET OCHOBY PE€HTI€HOB-
CKOM CIIEKTPOCKOIIMKU MaTEpuajioB.

IToyeMy KOCTH OCTAHABJIMBAIOT PEHTr€HOBCKHE JIy4H

ITpoHuKaoliass CritocCOOHOCTh PEHTIEHOBCKUX JIyUeil, ADYTHMHU CJIOBAMU,
UX XECTKOCTb, 3aBUCUT OT 3HEPTrUU (POTOHOB — (DOTOHBHI C Oolee KOPOTKO
JJIMHOM BOJHBI MPOHUMKAIOT Iy6xe. [IpuMHATO Ha3BIBaTh MSATKUM H3JTyde-
HUE C IJIVMHOU BoJHBI, Oonblueir 0,1 HM, a ocraimbHOe — XecTKuM. Kak
cienyet U3 Tabauubl 23.1, WIS IMarHOCTUYECKUX LieJieil ClIeayeT UCIoIb30-
BaTb XECTKOE U3JIydeHUEe C AJTUHOW BOJHHI He Oosiee 0,01 HM, UHaUe peHT-
T€HOBCKME JIy4YM HE MPOMAYT Yepe3 TeJIO YeloBeKa.

3aBHUCHMOCTDb NPOHUKAIOLIEH CNOCOOHOCTH
PEHTreHOBCKOro M3JIydyeHus1s OT AJHMHbI BOJHbI

Tabauya 23.1

ToniurHa MaTepuaia, 3aaepXXUBaloLias
DHeprus Yactota HdnuHa TOMIOBUHY HITyHCHHA, MM
P | e | e | con- | T10 | ano-
CTOH Hel deé]K(;' MUHU M
0,00016 2,4 - 10" 1,24 0,0009 0,0001 0,002 0,002
0,0016 2,4-10" 0,124 0,15 0,005 0,001 0,1
0,016 2,4-10" 0,0124 17 0,1 39 15
0,16 2,4.10% 0,00124 46 9 93 42
1,6 2,4-10% 0,000124 132 12 298 111

OKazaoch, YTO BELLECTBO TeM 0oJiblle MOMIOIAET PEHTIEHOBCKOE M3-
JlyueHUe, 4yeMm 0oJibLue MUIOTHOCTh MaTepuana: [ = [ e, rne /, — nepBoHa-
YajibHasi MHTEHCUBHOCTH M3JTy4YeHMs], / — ero MHTEHCUBHOCTb IOCJEe Mpo-
XOXIEHMUs1 4epe3 Marepual I[UIOTHOCTbIO p M TOJMIMHOA X, a W —
K03GGhULIMEHT, 3aBUCALIMNI OT Marepuana. bojiee TOYHO mMOrJOLIEHUE
olpenessieTcss YUCIOM aTOMOB B €IMHMIE 00beMa U TPONOPUMOHAILHO
aTOMHOMY HOMepy B Ky6e (Z°) B Tabuuue MenaeneeBa. TakuM o0pazoM,
yeM 0oJbllle aTOMOB Ha CBOEM MYTU BCTPETUT PEHTIE€HOBCKOE U3JydyeHue U
yeM OoJIbllie 3JIEKTPOHOB OyeT B 000JIOUKax 3TUX aTOMOB, TeM OoJibliie Be-
POSITHOCTb IOMJIONIEHUST OTOHA.

IlosToMy B Telle yenoBeKa pPeHTIEHOBCKUE JIYUM CHJIbHEE BCEro Iorjao-
1IAIOTCS B KOCTSIX, IUIOTHOCTh KOTOPBIX OTHOCUTENbHO OO0Jibllias U B KOTO-
pbIX MHOTO atomMoB Kaibliusg (Z=20). Ilpy npoxoxneHuu Jiyded yepes
KOCTb MHTEHCMBHOCTb H3JIy4€HUS YyMEHbIUAeTCsl BABOE 4Yepe3 KaXKIble
1,2 cM, 4yepe3 KpOBb, MBILILbI, XXUP U XKEIYIOUHO-KUIIIEYHbIM TPaKT — ye-
pe3 Kaxnple 3,5 cM. Hy, a MeHbllle Bcero 3aep>XuBaeT U3JIydeHue BO3ayX B
gerkux — 192 M. I1o3ToMy KOCTU B PEHTIEHOBCKMX JiydaX Ha (POTOIJIEHKE
00pa3yioT TeHb (puc. 23.4). B ocTanbHBIX MecTax, Tie JydaM yOdaioch 3a-
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CBETUTh IUIEHKY, OHA OEJaeTCsl TEM-
HOWM, YTO HaeT BO3MOXHOCThH Bpadam
BUIETh MallMeHTa HAaCKBO3b.

Ecnu Bpauy HeoOXOIMMO YBUIETH
XKeJIyOOK, TO MallMEHT BHIMTUBAET pac-
TBOp coueil Gapus (Z = 56), KOTOpHIi
cpa3dy e CTaHOBUTCSI 3aMETHBIM Ha
PEHTTEeHOBCKOM CHMMKE, TaK Kak
CUJIBHO TOTrjioniaeT usiaydyeHue. Yrto-
Obl cOoenaTh BUAMMBIMU IUISI PEHTIE-
HOBCKMX Jy4dell pas3iIuyHble KpOBe-
HOCHBIE COCYABI 4eJioBeKa, BBOOSATCS
Oe3BpenHbIE COJIU, coIepXallue aTo-
MBI C OOJBIINM Z.

B Hamie BpeMsi peHTTeHOJIOTHYE-
CKHE€ UCCIIENOBaHUSI B OOJBIIMHCTBE
cjiy4yaeB MpoxomsitT 6e3 (poTomnaeH-
KM, a TIpollellee yepe3 IMallMeHTa
U3JIyYEHUE OEeIaeTCsl BUIUMBIM IS
yeJloBeKa C TOMOIIbIO CHeUaIbHbIX
JIIOMUHO(MOPOB. DTOT METOH, HAa3bI-
Puc. 23.4. CHuMOK B X-Jy4ax pyKM XeHbl  BaeMBbIil dmooporpadueit, pu 06-
B. Pentrena ¢ o6pysanbHbiM KOMBLOM, MO~ ¢jieOBAHMSX TTO3BOJISIET B HECKOJIBKO
Ka3aHHbIM Hapsaany € OpYrMMW CHUMKaMH pa3 CHU3UTh UHTEHCUBHOCTD H3J‘[yqe_

BO BpeMsl COOOIUEHMS 28 nekabpst 1895 r. HUS U chelaTh ero 0e30IaCHbIM.
00 OTKpHITUH X-JTy4yei

Kak PEHTTr€HOBCKHME JIYUYH BUIAT JIETKHE€ aTOMbI

YeM MeHbllle 3apsid sapa aToMa, TeM OoJbllle peHTTeHOBCKUE JIYUM Te-
peNarT 3JIEKTPOHAM CBOIO 3HEpPTUio. dpyrMMu cjloBaMH, PEHTTEHOBCKOE
U3JlydeHue o0iagaeT CIoCOOHOCThIO pacceuBaThesl (siBneHue KoMnToHa) B
BEILIECTBE, COCTOSILLIEM M3 JIETKUX aTOMOB. TsKenble aTOMbl B OOJIbIIENH
CTEICHHU MOIJIOIIAT PEHTTEHOBCKOE U3JTydYeHHE, UYEM PacCEUBAIOT €ro, Tak
KaK UX 3JIEKTPOHBI CUJIBHO CBSI3aHbI ¢ simpoM. TakuM oOpa3oM, mMaTepua-
JIBI, COAEPKaLINe TOJbKO JIETKHWE 3JIEMEHTHI (HallpuMep, BOOOPO, YIJIepo,
a30T Y KUCJIOPOO), YacTb PEHTIeHOBCKOTO W3JTyYeHUs BO3BpallalOT
00paTHO, YMEHBIINB €r0 XXEeCTKOCTh (YBEJIWYWUB JIJUHY BOJIHBI). DTO CBOIi-
CTBO PEHTI€HOBCKMX JIyUeil UCTIONB3YIOT ISl OOHAPYXXEHUST B3PBIBUATKH U
HApKOTUKOB MpH JOCMOTpe Oaraxa.
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3aKOHbBI IPEJIOMJIEHUS CBETA

U caMasd 6I)ICTEaH ropka

KoHLa. [1o3TOMy KaTUTbCS C BEpUIMHBI TOpbl HAaZO IO HAKJIOHHOM
nockocth. Ho He Bce Tak mpocro. JIaBHO 3aMeTWIM, YTO HIapUK
CKaTbhlBae€TCS MO HAKJIOHHOW INJOCKOCTU HOJblIE, YeM [0 TpaeKTOPUH,
uMemolleil KpUBOJUHEHHbINM npoduns (puc. 24.1). Eme B 1696 r. U. bep-
HYJUIM B XypHaiie Acta Eruditorum omny6JnKoBaJI MMCbMO C UHTPUTYIOIIUM
3arnaBueM «HoBas 3agava, K pelieHWI0 KOTOpOW IpUIJallaloTCss MaTeMa-

KIE-1I33JTOCB ObI, YeM Kopoue IIyTh, TEM 6bICTpee ,L'[OGG]DCH_ILCH oo €ro

Puc. 24.1. JJaBHO 6bLIO 3aMeyeHO, YTO UIAPUK, KaTALIUMNACA MO HAKJIOHHOM IUIOCKOCTH M3
TOYKU A B TOUKY B, TpaTUT Ha CrycK OoJblile BpeMEHU, YeM TaKOH XKe IIapuK, CITyCKaloLHii-
csl 10 KPUBOJIMHEHHON TpaekTopuu AM B, nMelolliell crielMaibHbli Npodwib
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Puc. 24.2. PucyHok k 3anaye U. Bepnymnu o
MoMCKe OpaxMCTOXPOHBI. Mexay ToukaMu A u
B HeobxomMMo HaWTHM TPaeKTOpUIO CKOpei-
1ero crycka Ioj HEeWCTBMEM TOJBKO CHJIBI
TsKecTU. TOHKOW JMHMeH o6o3HayeHa Ha-
KJIOHHAsI TUTOCKOCTb, COENUHSIOmAs 3TH TOY-
KM, a LUTPUXOBOM — MCKOMasi GpaxiCTOXpOHa

TUKHW». YCJIOBUE 3aJayu ObUIO CIenyloLIuM: «B BEpTUKANBHON IJIOCKOCTU
naHbl Toyku A u B (puc. 24.2). Onpenenurs mytb AMB, crnyckasch IIO
KOTOpPOMY IIOJ HOeMCTBHMEM COOCTBEHHOH TSIXECTHM W IPU OTCYTCTBUM CUII
TPEHUs TeJIO, HayaB JIBUTaThCS U3 TOUKU A, JOCTUTHET TOYKU B B KpaTyaii-
nree BpeMsi». V. BepHyIIM NMpemIoXua Ha3bBaTh KPUBYIO, COOTBETCTBYIO-
LIYIO CKOpPEHIIEMY CITYCKY C TOpBI, «OpaXUCTOXPOHOI», COCTOSILEN U3 IBYX
rpeyeckux ciaoB: Ppoyiotol — camMmoe KOpoTKoe U Ypovol — BpeMs.
W. Heioton, I'. Jleitouuu, I'. Jlonmutans u 5. bepHyIIM OTKJIMKHYJIUCH Ha
5TO MHCbMO, PENIUB 3adady Pa3HBIMU CIIOCOOAMH, HO MOJYYHUB OJUHAKO-
BBIl OTBET: OpaXUCTOXPOHA — 3TO IUKIOUAA.

Y10 TaKoe IUKJIOUIA

OnHuM M3 MepBbIX OMNpeaesieHue LUKIouAbl Aan Ilackaib, Ha3BaB ee
KpUBOM, «OMUCHIBAEMOI B BO3MyXe I'BO3IEM KoJjieca, KOTHAa OHO KaTHUTCS
CBOUM OBUXEHHEM C TOro MOMEHTa, KakK I'BO3[b Hadyajl MOJIHUMAThCS OT
3eMJIM, OO TOTO, KOTIa HeIpepbIBHOE KauyeHWe KoJieca He IMPUBOIUT €ro
OIISITh K 3eMJIE MOCJe OKOHYaHMs 1ejoro obopora». CHayanga Mnompodyem
pacuimdpoBarh gJaHHoe [lackaneM oIllpeneneHHe LIMKIOUIBI U BHIBECTH €€
ypaBHEHHE, a MOTOM J0Ka3aTh, YTO OHA JeHCTBUTEJIBHO SIBJAETCS Opaxu-
CTOXPOHOM.

BriOepeM Ha IUIOCKOCTH CUCTEMY KOOpPIAMHAT TaK, 4TOOBI TpsiMasi, IO
KOTOPOW KaTUTCS KOJIECO, COBMaana ¢ ocblo OX, u MyCcTh KOJECO KaTUTCS
B TIOJIOKUTEJIBHOM HampaBiieHuu ocu OX (puc. 24.3). IlpeanonoxuM, 4To
B HAYaJIbHBIII MOMEHT BPEMEHM HaOII0OaeMBbIii I'BO3Ib 3aHMMAET ITOJIOXKE-
Hue B Hayane koopauHat O (0,0). Eciu r — paguyc KoJjieca, TO €ro LIEHTP
C Oyner nBuraThecs Mo MpssMoil y = . Yepe3 HeKOTopoe BpeMsT TBO3Ib OKa-
XKeTcd B Toyke P, a Koyieco OyaeT KacaThbcs npamoil OX B Touke B. Ilyctb
PA — miepneHIUKYISIp, ONyLIeHHBIM Ha ock OX, a orpe3ok PD mapanie-
JeH ocu OX;, Torma MOXHO BBIBECTH CJEOYIOIINE€ COOTHOIIEHUS ISl
KOOPIWHAT TOYEK LIMKJIOUMIBI:

x=0A=0B— AB= OB — PD=r0—rsin 0,
(24.1)
y=AP=BD=BC+CD=r—rcos0,
rae 6 = yron PCB, KOTOpPbIi MpyU IBUXEHHUM KOJeca cjieBa HallpaBoO YBEIU-

ypBaetrcs or 0 mo 27w, Mbl HOJMYYMJIM TaK Ha3bIBa€MOE MapaMeTpuiyecKoe
3aJaHNe LIUMKIOUIE: 006 KOOPOAWHATHI X M ¥ TOYKU P IUKIOUIBI SBJISIOTCS
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(0] A B nr 2nr X

Puc. 24.3. Llukiouna — XHUpHasl KpUBasi, KOTOPYIO OMMCBIBAET XXMPHAsl TOyka (rBo3nb), Jie-
Xalllasg Ha rpaHuLe Kpyra paauycoM #, KaTsilerocst 6e3 CKOJbXEeHHUs Mo NpsIMOii, coBManamo-
weit ¢ ocbio OX. OcTanbHble 0003HAYEHMs CaeNaHbl [Jis1 BLIYMCAEHUS KOODAMHAT TOYKH LIMK-
JIOUIbI, COOTBETCTBYIOLLEH MOBOPOTY KoJieca Ha yros 6. Yroi Mexny KacaTelbHOM K LMKIOHIe
W BEPTUKAIbIO PaBeH o

(YyHKIMSIMU OT HEKOTOPOM BCIIOMOTraTeNbHOI nepeMeHHO# 6. Mckiiouas 6
13 cucTeMbl ypaBHeHUH (24.1), MOXHO MOJYYUTh YpaBHEHUE LIUKIOUIbI:

x=r-arccos(1—%)—1/2ry—y2. (24.2)

3Hasl ypaBHEHUE LIMKJIOWIbl, MOXHO BBIBECTU BbIpaX€HHUE ISl CUHYcCa
yria o MexXny KacateJlbHOH K Hell U BepTUKaJIblo, KOTOPOE HaM MPUTOIUT-
csl 11 4OKa3aTeNbCTBa TOro, UTO LIMK/IOKAA — 3TO OpaxMCTOXpOHa:

sina:,/i. (24.3)
2r

IIpunuun depMa U reoMeTpUYECKasi ONTHKA

K. bepnyanu peminn 3amaqyy o ObICTPOM CIYCKE, WCMOJb3ys MPUHUMI
HauMMEHbBIIETO NEeHCTBUS, COOPMYJIMPOBAHHbIM Fr€eHUANbHBIM MaTEMAaTUKOM
XVII B. I1. ®epma. B 1650 r. depMa nan 3aMeyaTesIbHYIO MHTEPNpeTauuio
3aKOHOB OTpa*K€HUsI U TMpeOMJIEHUST CBeTa Ha rpaHULIE ABYX CpEX;

sin(a. nancHus )

Sin(a NpeaoOMJIEHHUS )

3

roe n — KO3(GULIMEHT MpeIoMIeHUs, KOHCTaHTa ISl (DUKCUPOBaHHOM
napsl cpen. OH MpenronoXui, YTo MyTh PAaclpOCTPAHEHUs] CBeTa MeXXIy
JIBYMSl TOUKAMM €CTb TaKOW MyThb, IS MPOXOXIEHHUS] KOTOPOTO CBETY Tpe-
OyeTcss HauMeEHbLIEe BPEMSI MO CPABHEHUIO C JIFOObIM APYTUM IyTEM MEXIY
STUMU TouyKaMmu. Termepb 3TO yTBepXKIE€HWE HOCUT Ha3BaHUE MpPUHLMNA
®epma. M3 npunuuna Pepma cieayer, B YACTHOCTU, UTO MOCKOJIbKY CKO-
POCTb CBETA B OJHOPOAHOM Cpejie MOCTOsSIHHA, TO MUHUMAJIBHOMY BPEMEHU
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¢

Cy

C3 Puc. 24.4. PacnipocTpaHeHue cBeTa
¢, CBEpXy BHM3 4epe3 CJIOU C MOcJeno-
c BATEJIbHO YMEHBIUAIOWMMCS KO3(h-
5 ¢unuentom npenomnenusi. 0O60-
Cs 3HAa4yeHbl YT/l MaleHusl CBeTa Ha

TpPaHWLLI pasfena o, ¥ CKOPOCTH
CBETA B 3THX CJIOAX C;

B ITyTH COOTBETCTBYET MUHUMAIbHOE PACCTOSIHUE, @ 3TO 3HAYMUT, UTO CBET B
OIHOPONHON Ccpene NOJDKEH PaclpOCTPAHSThLCS MO IPSIMOM.

Ucnonbs3oBanue npuHnuia MepMa B TeX CiIydasix, KOrna CBET HATAIKU-
BaeTCsl Ha IPaHMILy pasfeia Cpel C pa3HOW CKOPOCTBIO pacIpOCTpaHEHMs,
MMO3BOJISIET BHIBECTU M3BECTHBIE 3aKOHBI OTPAXEHUS U IMPETOMIIEHUS CBETa
Ha TpaHulie pasaesa, a TakKe B TeX CIy4asix, KOTha cpeia COCTOUT U3 Iropu-
30HTAIBHBIX CJIOEB, B KaXIOM M3 KOTOPBIX CKOPOCTb CB€Ta IMOCTOSIHHA ¢,
C,, C5... (pHC. 24.4). B nocnenHeM cityyae cBeT OyAET paclpOCTPAHATHLCS IO
JIOMaHOH C BeplIMHAMHM Ha TpaHUIaX pasnena, HO IJI KaXXIOW BEepIUUHE
OymeT cobIonaThCs paBEeHCTBO:

sino;

= const,

1
LOEe O, — Yroy, o0pa30BaHHBIA 3BEHOM JIOMAHOM C BEPTUKAILIO, JIEXAUIUM
B CJIOE CO CKOPOCTBIO CBeTa ¢;. Eciii e B HEKOTOpOii HEOJHOPOOHOM ONTH-
YECKOW cpelle CKOPOCTh CBETa MEHSIETCS HEINpepbIBHO, HO 3aBUCUT TOJIBKO
OT 3HAyeHUs1 OpAVHATHI y, TO B 3TOM cpele CBET pacIIpOCTPaHSIETCH IO
KpUBOH S, 1T KOTOpOH

sina(y)
c(y)

rae o (y) — Yyroj MexXmy KacaTeJIbHOM K KpHUBOH .S B TOUKE C OPOIMHATOM y
U BepTUKaiablo. OTMeTHM, 9T0 opmyna (24.4) Oblita IoydeHa U3 MPUHIM-
na ®epmMa, mosiarasi, YTO CKOPOCTh CBETa 3aBUCUT TOJBKO OT BEPTHUKAJIBHO-
ro TMOJIOXXEHHUS TOUKHU (BBICOTHI).

= const, (24.4)

IMpunmun Pepma v cKopedmnii CmyckK

W. bepHyanu 3aMeTw, 4YTO CKOPOCTb Teja v, KaTSIIErocsi ¢ ropbl Mom
NEeNCTBUEM CUJIBI TSIKECTH, TOXE 3aBUCUT TOJbKO OT Ieperana BbICOTHI Y.

v=.2gp. (24.5)

ITosToMy Bce BbiBombl M3 mpuHuuna Pepma, cresaHHble LI pacipo-
CTpaHEHUS CBETa B Cpelie C U3MEHSIOLIENCS CKOPOCThIO CBETA, MOXHO Te-
PEHECTH Ha MOMCK ypaBHEHHUS it OpPaxMCTOXPOHBI. JIpyrMMH CJIOBaMHu,
TpaeKTOpusi GBICTPEIIIero Crycka MexXxay To4ykaMu A U B JI0JIXHa ynoBie-
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TBOPSITh ypaBHEHHIO (24.4), rie BMecTO ¢ (1) Hago MOACTABUTh BhIpaKeHUE
(24.5) onsa v, nocne 4ero ypaBHeHUE [JIST OPaXUCTOXPOHBI PUMET BUI:

sino(y)

Jy

IMpoctoe cpaBHenue ypaBHeHUN (24.3) u (24.6) OKa3bIBAET, YTO TPAEK-
Topuei ObICTpelIIero Ccimycka NoJKHAa OBITh NTepeBEepHYTas LMKIOUIA.

= const. (24.6)

Kak cnycTurhcsi ObicTpee 0€3 MUKJIOUIbI

YToOBI YCKOPUTH ABIDKEHME MEXIy TouKaMu A U B, He 00s3aTeNbHO CITyC-
KaTbCsl MO LUKIoOWIe. MoXHO, HalpuMep, 3aMeHUTb ITyThb MO HAKJIOHHOM
TUTOCKOCTH, COEOUHSIIONIE 3TM TOYKU, NBYMS HAKJIOHHBIMU TUTOCKOCTSIMH,
pacIIoIOXXeHHBIMM YyTh HIDKe. KcTaTu, Takue Xe 3KCIepUMeHTHI ctaBwl I a-
JIWIEH, MBITasichb HaWTH OpaxucToxpoHy 3amonro 1o WM. bepnHymwm. Ilpoctoii
pacyer MoKasbIBaeT, YTO BpPeMsi CKOJIBLXEHUS MO TaKOil JIOMaHOW HAaKJIIOHHOM
TUTOCKOCTU OyIeT IMOYTH BCErIa MEHBbIIle, YeM MO OOBIYHOIA.

Ecnu BepTUKILHBIN pa3sMep TOpPKU A He IPEeBBINIAET €€ TOPU30HTAIb-
HOro pa3mepa L, To BpeMsl CITycka mo Jito60it JoMaHO HaKJIOHHOMN ILIOC-
KOCTH, JIeXalllel HuXXe OObIYHOM HAKJIOHHOM ITIOCKOCTH, OKaXXeTCSI MEHb-
M. Kak mokasany pacderhl, BBIMIPBIII BO BpeMeHM (B %) IS KaXIOro

I 3aBUCUT OT TOTO, I1Ie¢ HAXOOMTCS Meperud U HaCKOJbKO OH ri1ybokuii. Ha

PUCYHKE 24.5 mokazaHbl pa3jIMYHbIE JIOMaHble HAKJIOHHBIE ILJIOCKOCTH C

IIepeioMOM B Havaine (a), cepenuHe (6) U KOHIE (8) TOPKH C —hi= 0,2.

Berurpsim
BO BpeMeHu (%)

B—94 a)
C — 26,0

H— 32,2

B—371 6)
C— 14,5

H—21,4

B—1,1 B)
Cc—5,1

H—8,6

Puc. 24.5. Tlonoras ropka. BeMrpbIll BO BpeMeHM TIpM CITyCKe MO JOMaHOW HaKJIOHHOMN
TJIOCKOCTH MO CPaBHEHMIO C OOBIYHBIM CITYCKOM B TeX CJIy4asiX, KOr[a IepesioM HaxOgWTCs
ouxe K Hauany (a), B cepenvHe (6) v B KOHLIe (8) ropku; B, C 1 H COOTBETCTBYIOT BEpPXHEH,
cpefHed U HUXHEM JOMaHbIM B KaXIoi U3 naHeneu (a — B)
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Boerurpsim IIpourpsrm
BO BpeMenu (%) BO Bpemenu (%)
B—2,2 Cc—0,25

H—4,9

Puc. 24.6. Kpyrast ropka. Bbinr-
pPbiLl U TNPOMTIPHILI BO BpPEMEHU
MpU CNyCKe Mo JIOMAHON HaKJIOH-
HOM TUIOCKOCTM [0 CpPaBHEHHUIO
C OObIYHBIM CMYCKOM IO HAKJIOH-
HoM nockoctu; B, C v H coot-
BETCTBYIOT  BEpXHEil, cpenHeil
M HMXXHEU JIOMaHbIM

Korma ropka kpyrass (A > L), TO BBIMIpBILI OT CIycka MO JIOMaHOM
HAaKJIOHHOI IUTOCKOCTM O4YeHb Majl M HHUKOrga He InpeBbillaeT 7%. DTo
OOBIACHSIETCSI TEM, 4TO, CKAThIBAsICh 110 KPYTOM rOopke, Mbl M 0€3 u3noma Obl-
cTpo HabuWpaeM CKOpPOCTb, a €€ M3JIOM 3HAUUTENbHO YIJIMHSET IMyTh.
[TosTOMy MaKCHUMAaJbHBIM BBIMIPBHIL I KPYTbIX TOPOK COOTBETCTBYET
He caMOMy TJTyOOKOMY TMepesoMy, a TMpoOMeXyTO4HOMYy. Tak, sl TOpKU C

T= 2, u300paxXeHHOW Ha pUCYHKe 24.6, MAaKCHUMaJIbHBII BBIMIDBILI BO Bpe-
MeHU crycka (2,2%) cooTBeTCTBYeT BepxHel jsiomaHoi B. Korna xe u3nomMbl
IIPY CIIYCKE C KPYThIX TOPOK CTAHOBATCS OYE€Hb ITYOOKMMHU, TO CITYCK IO Ta-
KVM JIOMaHBIM [JIOCKOCTSIM CTAHOBUTCS Y€ HEBBITOAHBIM (CM. JiomaHble C
u H Ha pucyHke 24.6), 1 BMECTO OBICTPOro CIIyCKa MbI CJIerka 3ara3blBaeM.
TakuM 06pa3oM, CIyCK IIO JIOMaHbIM HAKJIOHHBIM IUJIOCKOCTSIM AA€T BbIMI-
DHILLI BO BpEMEHHU TOJILKO TOI[A, KOra ropku nojorue (4 < L).

A MoOXKeT JH ObITh HA OBICTPOI ropke rpedeHb

3aMeHUM OOBIYHYIO HAKJIOHHYIO IUIOCKOCTh, COeAMHAOIIYI0 A U B, no-
MaHOM, Mo KOTOpOM cHycK okaxeTcsi ObicTpee (puc. 24.7). Iloiinem eie
Jajipllie M 3aMEeHUM KaXIbli W3 OBYX JUHEWMHbIX YyYaCTKOB TaKOW TOPKHU
LMKJIOMIAMU, U TOTAA Mbl ITOJYYUM TOPKY, C M300paxeHus1 KOTOPOH W
Hayajach 3Ta IjaBa.

Yl

Puc. 24.7. Wnoraa paxe rpebeHb
Ha MYyTU CITyCKa C ropbl HE NOMe-
X LIaeT MPHUIATU paHblle TOro, KTO
MPOCTO KAaTUTCA MO HAKJIOHHOM
MJIOCKOCTH
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