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CBETJIOH ITAMATH
TAHEYKH BOI'JAHOBOIM (IJIA30BOH )
IIOCBAIIAIO

NMPEANCITIOBUE

O6b1uHO (U3NKY M3YUAIOT IO yuyeOHUKaM — cHavyasa 060
BCEM MOHEMHOKKY, a B CTapIINX KJIaccaxX yKe MogpobHee I O 3aBe/ICH-
HOMY JaBHBIM-/IABHO PACIHCAHUIO: MEXAHNKA, TEITIOBbIE SIBJECHIS, 2JIeK-
TPOAMHAMHKA, KOJeOAHUS U BOJIHBI, ONTHKA U, HAKOHEI], KBAHTOBAs
(pusuxa. CaMble TaJaHTIUBbIE yueHble U II€[arOTd HEelIPePbIBHO COBEP-
HIEHCTBYIOT METOJUKY IIpeliojiaBanus (pU3UKU B cpe/iHell IKoJie, 00HOB-
JIIS MaTepuall CTapbIX yYeOHUKOB U CO3/1aBasl HOBLIE.

Dusnyeckue 3aKOHbl OTKPBIBAIOT IIepe/| HaMU [IpaBHJIa, 110 KOTOPbIM
SKUBET MIPUPO/A, TalHbI YCTPOICTB I MEXaHU3MOB BOKDYT Hac. 3HaHHe
3aKOHOB U YMeHHe pellaTh 3aa4ll JaeT HaM BO3MOKHOCTDb HCCIe0BATh
OKPY’KaIOmUR MUP U OODBSICHATD TO, YTO paHblIle Ka3aJoCh HeOObICHNU-
mpiM. OruisieMcst Bokpyr. Ha Bee s «Iloyemy?» u «Kak?» mMbl MoskeM
6e3 Tpyna orBetuTh? HaBepmsxa, wer! Tak maBaiite moTpyammcs, mo-
pasMBIIIIAEM, CPaBHUM BO3MOKHBIC BapHMaHTBl W TOMpoOyeM HailTH
OTBETBI HAa Pa3HbIe, B TOM UHCJIe «HEOUeBH/IHbIe» , BOIIPpochl. Cresas aTo,
MBIl CTaHeM JIyullle 4yBCTBOBaTb (pu3UKy sBJeHuil. Beab oGyuaTbes
(pusuke, kax 1 BceMy /pYyroMy, MOKHO HE TOJIbKO 1O y4eOHUKAM, HO 1
uccaenysl okpyskawoouwmil Hac mMup. VHocTpaHHbIil A3blIK, HanpuMmep,
MOKHO BbLyYHTb, IIPOCTO II0EXaB B Ty CTPaHy, I/le Ha HeM FOBOPST. A HaM
TIOBE3710, TIOCKOJIbKY CTpaHa-(hu3MKa BCET/Aa BOKPYT Hac 1 HaM HUKY/A
e Hasio exarth. Tak GyeM ske yIuTbCS ee A3BbIKY, Ha0moas 1 06 bACHAS
BCe TIPOMCXOJdIiee BOKPYT. Beab cioBo «dusmka» B TepeBoje C
IPEYECKOro O3HAYAET <«IIPUPOJA».

Uuras sTy KHUTY U OTBedas Ha IIPOCTble U CJIOXKHbIE BOIIPOCDI, BbI
OTKpoeTe /7151 ce6s1 3aKOHbI IPIPOADI B 6y THIYHBIX (aKTaX U SIBJICHIAX.
Dusuka — oueHb IosesHass Hayka. Tak, IIpaBUJIO pblyara JaeT COBeT,
KaK, He HAJOPBABIINCH, TTOJHUMATD OOJIBIINE TSXKECTH, a 3aKOH APXU-
MeJa — KaK CTPOUTb HOBble Kopabuu. 3akoHbl HbioToHa yuyaT MeTKO
CTPEJISITh U 3aIlyCKaTh PAKeTbl, a 3aKOHbI TEPMOJUHAMUKY — KOHCTPYU-
POBaThb XOJIOAUIBHUKU U aBTOMOOMJIbHbBIE ABUraresu. 1, KoHeuHo ke,
6e3 3HaHNS (PU3NKH OBLTO ObI TIPOCTO HEBO3MOXKHDBIM CO3/[aHUE Pa3/IHy-
HBIX TEXHMYECKUX U 3JIEKTPOHHBIX YCTPOWCTB, B TOM YMUCJIE U KOMIIbIO-
TepoB. IloaTOMy MOXKHO cunMTaTh, YTO HMEHHO (DU3NKA B TedeHHe
TBICSTUEJICTUI TOJIKAJIA YeJIOBEUeCTBO 110 IIYTH HIPOTpecca.

Opanako ¢usuka He TONBKO CeJasla Hally >Ku3Hb 6osee KoMdopT-
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HOI, HO U JIaJ1a BO3MOXKHOCTb Y3HATh, KAK YCTPOCHDBI MbI CAMH, OTKPBITDH
MPUYMHBI MHOTUX 00JIe3HEN 1 HATH METObI UX JieueHusT. BoJIbITIMHCTBO
pa6oT 1o GUoOJIOTMK U Me/IMIHe, yaocToeHHble HobeneBckux mpemuit,
ObLM GBI HEBO3MOXKHBI Ge3 ydactusi (puankoB. Dusnueckue Mojesn
00TIIeCTBa TO3BOJISTIOT MPEICKa3aTh, KakUM Oy/eT Haie OOIIeCTBO B
OyayiieM, a usndeckne Mojesn OUPIKEBBIX TOPrOB — KakuMu GyyT
LleHbl Ha akmuu 3aBTpa. (DU3WKa COeIUHSET MKy co60il MHOTHE
OTpaCJIM 3HAHUI: aCTPOHOMUIO, XUMUIO, OMOJIOTHIO, COIHOJIOTHIO, KO-
HOMUKY, Teorpaduio, TeoJIOTHi0 M JApyrue HayKHu B MOIIHOE OpYy/ie
MMO3HAHUS.

[Tpesiaraemas BaieMy BHUMAHUIO KHUTA IPEJICTABJSAET cOO0i Kpart-
KOe U3JI0’KeHHe Kypca Jekinii « Hayka u TexHuka jiist 1i0603HATEIbHBIX >,
TIPOYNTAHHBIX aBTOpoM yueHuKaMm 10—11 KaccoB MOCKOBCKOM TIIKOJIBI
1326 B Teuyenne 2003—2006 rogoB. B KHure Ha MHOTOYMCJIEHHBIX
puMepax MoKa3aHo, KaK MCIO0Jb30BaHNe U3BECTHBIX 3aKOHOB (DU3UKN
[IOMOTaeT PACKPBITh 3ara KM SBJIEHHIT TIPUPO/Ibl, OBCEHEBHON XNU3HN
1 4YeJoBeYecKoro obiiectBa. MHOTHe TJIaBbl KHUTH ObLIM /IO 9TOTO
OTyGJINKOBAHbI B HAYYHO-TIOMYISIPHOM  (DU3NKO-MATEMATUYECKOM JKYP-
HaJsle 7151 IMIKOJbHUKOB U CTYJeHTOB «KBanT» m B razere «®Dusmkas
(Uszparenbckuii gom «IlepBoe cenrsaGps»).

Kuura Mosxer ObITb MCIIOIb30BAHA YUnuTe MU (DU3UKH TIPU paspa-
60TKe MPOrpamMM MpodUIbHOTO UK YTAyOJIeHHOTO U3yYeH s [TPeJIMETa,
JUI IpoBeieHus (pakyJJIbTaTUBHBIX M KPY’KKOBDBIX 3aHATHI M 4YTEHUS
JIOTIOJTHUTETHHBIX KypcoB. CTapiiekIacCHUKN CPEJHUX TITKOJ, JIUIEEB 1
TMMHA3Uil CMOTYT BOCIIOJIb30BATLCS MaTepHAaMi KHUTH MPH BbIGOPE
TEeM W TNPU HOJATOTOBKE JOKJIAJ0B HA HIKOJBHBIX MJIU WHBIX HAYYHO-
[paKkTHYeCKnX KoH(pepeHusax. A BooOle, KHUTa a/[pecoBaHa BCEM TeM,
KTO cuuTaer cebst JM06G03HATETbHDBIM.

CunTao CBOMM TIPUATHBIM /IOJITOM BBIPA3UTDh GJIATOAPHOCTD INPEK-
topy mkoJsbl 1326 H.M.CanbHuKOBY, KOTOPbBIN HPUTJIACUT MEHS 1IPO-
4ecTh ATOT Kypc Jeknuit. Kpome Toro, s odenb 6sarofiapeH TJaBHOMY
penakropy razerbl «Dusnkas H.J[.Ko310Boil, KoTOpasg npeasioxuia
O11y6JINKOBATh HECKOJIBKO JIEKIIMI MOEro Kypca Ha CTPAHUIIAX ra3eTbl 1
9TUM NpUGIU3NIA poxkIeHne Aannoil Kauru. Oco6eHHO XOYeTCsT OTMe-
TUTDb TOJIE3HbIE 3aMeYaHus 3aMECTUTEJIs IJIABHOTO PEJaKTopa JKypHaJa
«KBant» A.M.YUepnoymana, mepBoro ynuTaresiss MHOTUX TJIaB 9TONW KHU-
', ¥ BBIPA3UTDh MY MO0 HCKPEHHIO0 GJ1arojapHoctb. CuactimBast ujiest
orry0/IMKOBaTh 3Ty KHUry B cepun «bubmumoreuxa «KpanT» npumiia
uyieny peaxoJiernn «Ksanras 10.M.Bpyky Bo Bpems goarux tesedoH-
HBIX PA3rOBOPOB C HUM, 34 YTO s €ro TOXKe 6J1aroapio.

K.IO. Bozoanos



[TIABA 1

NOCOBUE MO ®U3UKE
AN NOKYMNATEJNEN NAMMOYEK

OcBereHHbIE OKHA JOMOB U YJIUIIBI, OTHU PEKIAMBI 1
MIPOHOCSIIIUXCST MUMO aBTOMOOHWJIE — BCe 3TO IMPUMETHI Hallei
nuBHsm3annu. VcKkyccTBeHHOE OCBEIIEHHE C/IeJIaJIo Ye0BeKa MeHee
3aBHCHUMBIM OT COJTHEUHOTO cBeTa. [lepska B pyKax ropsumii (paket,
JIIO/IN MOTJIM TIepPe/[BUTAThCSI 110 HOYaM M YCTpamBaTb HOUJEr B
riyOuHe Ielep, Ije 10 CUX HOP HAaXOJAT X HACKAJIbHbIC PUCYHKH.
Cger (akesioB czuenasn pabounii JieHb 1epBOOBITHBIX JiOJEl GoJiee
MTPO/IOJIBKUTENBHBIM U ITPO/LYKTUBHBIM, CIIOCOOCTBYSI TaKUM 06pa3oM
rporpeccy veJsioBedectBa. C TeX MOP Kak YesJ0BeK BIIEPBbIE UCIIOJb-
30BaJ1 pakes1 /ISl OCBEIIEHNS, TIPOIIJIO HECKOJIBKO JIECATKOB ThICSY
JIeT, HO U ceifyac, caMy TOTO He 3aMevasi, Mbl IIPO/IOJIKAEM NCIIO0Tb-
30BaTh (pakespl, BeJb CJOBO «JIaMIa» HMPOUCXOAUT OT TPEYECKOr0
AoUToL , 4TO O3HAUYaeT haked.

Jlo xonra XIX Beka HCKycCTBEHHOE OcBelleHne GbLIO Ta30BbIM
MJIM KEPOCHHOBBIM U BCET/Ia COMPOBOXK/IAJIOCH KOIIOTHIO, & MHOT/A 1
HCKPaMH, OT KOTOPBIX JIETKO MOT BO3HUKHYTb 1okap. IIpu ropennn
KOHIIEHTPAIMs KUCJIOPO/a B BO3/yXe MOMEIIEeHNsT YMeHbIIaJach, a
YTJIEKHCJIbIN ra3 HaKalJIMBaJICsS — CTAaHOBHJIOCH JYITHO. Jlaxe ecsn
3QKUTAJN MHOTO CBETHJIBHUKOB OJIHOBPEMEHHO, CBETA HE XBAaTAJO.
[la n ropiouee CTOMIO OPOTO.

Hayunbie uccaemosanust B.B.Iletpoa (1761-1834), TI.[lou
(1778-1829), II.H.d6noukosa (1847—1894), A.H.Jlojabiruna
(1847-1923) u T.duucona (1847-1931) pamm yesoBeuecTBy mnep-
BYIO rasopaspsijinyio Jamnouky (cseda S6109Kk0Ba) u JlaMity Haka-
JINBAHUSA, OTKPBIB 3PY 3JIEKTPUIECKOTO OCBEIIeHNsS — 6e3 KOMOTH,
rasza ¥ JpIMa. JJeKTpuueckas Jamna Oblaa 1moskapobesornacHa, ee
He HY)KHO ObLIO PETYJISIPHO OTKPbIBATh, YTOObI 3alIPABUTh TOPIO-
YUM WM NOJIIPaBuTh PUTHIb. ['0/IOM POKIEHUS 3JIEKTPUYECKOTO
ocBelleHust cuutaor 1880 rox, M ¢ TeX MOp y 3JEKTPUUECKON
JIAMITBI HET KOHKYPEHTOB.

N3BecTHble U HeHM3BECTHbHIC MMEHa B JIaMIIOBOM ceMelicTBe.
Hacrynaer feHb, 1 Mbl WeM B Mara3uH, 4ToObl BbIOPATD TTOXO/Is-
niyto Jamiy jist joma uim oduca. Kaxyio samiy Boi6pats? [louemy
OHU TaKue pasHble 1o BUy U 1iene? Y BooO1ie, 4eM OHU OTJIMYAI0TCS
JpyT OT z1pyra?

CymiecTBYIOT /1B OCHOBHBIX THIIA JIAMIL:



o JIAMIIBI HAKAJTMBAHWS, UCTOYHMKOM CBETa B KOTOPBIX CJIY>KUT
pacKasieHHass MeTalndecKast Huth (Cupadn);

« TA30Pa3PAAHBIE, CBET B KOTOPBIX BO3HUKAET M3-32 HJEKTPUIEC-
KOTO paspsa B JaMIIaX, HATOJTHEHHBIX PA3IMIHBIME Ta3aMu.

OpHako JaMITbl HAKaJWBaHUS ObIBAIOT DPa3HbIE: APTOHOBbIE,
KPHUIITOHOBbIE, KCEHOHOBbIE, IajJOTeHHbIE M KBapll-rajorexHnbie. B
CBOIO 0Yepe/Ib, Ta30PA3PS/IHbIE JAMIIbI MOAPA3AEIAIOTCS Ha Te, T/e
ra3 BHYTPH HAXOJUTCS:

MO/ HUBKMM JaBJjenneM (JIaMITbl THEBHOTO CBETa, MJIN JTIOMIUHEC-
HEHTHBIE, YIbTPaUONETOBbIE U TaK HA3bIBAEMBIE HEOHOBBIE JIAMIIBI
PEKJIAMHBIX OTHEl);

0/1 BBICOKUM JlaBJieHueM (PTyTHbIE ITapOCBETHDIE JIaMITbl, HATPU-
eBble JIyTO-Pa3psi/lHble U METaJLIOTAJOTeHHbIE JIAMITBL).

Tasopaspsi/iHbIE JTAMITbI BBICOKOTO JIaBJIEHUsT 00 TaIAI0T OTPOMHOMN
SAPKOCTBIO M HE TIPEHA3HAYEHBI IS [AOMANIHUX ycaoBuil. OHu
IIUPOKO HCTIOJIB3YIOTCS B OCBETUTEJBHBIX YCTAHOBKAX PA3JHMIHBIX
KOMMEPUECKHX TIOMEIIEHUIH, BBICTABOK, TOPTOBBIX EHTPOB, CJIyKe(-
HBIX MOMENIEHU, FOCTHHUIL U PECTOPAHOB, /IS TIO/ICBETKN PEKJIaM-
HBIX NMIUTOB U BUTPHH, /Il OCBEIEHUS CIIOPTUBHBIX COOPYKEHUH 1
CTaJIMOHOB, /ISl ADXUTEKTYPHON 1O/~
CBETKM 3/JJaHUIl U COOpY KeHUIl.

Yto Kacaercs JaMIl HAKaJIUBAHHSI
(puc.1), To 31ech Bpoze Gbl Bee SICHO.
Yepes BOIbPPAMOBYIO HUTH MPOXO-

Puc.1. Cxemamuuecxkuii paspes o6viu-
notl amnel nakaiusanus: 1 — onopel,
Guxcupyrowue noaoxenue Cnuparu;
2 — gonvghpamosas numo, ceepnymas 6
cnupanv; 3 — cmekaAaHHas Koaba JdM-
not; 4 — cmexasnunas cmouxa, nodoep-
JKUGAIOWAS, ONOPbL CRUPAU; 5 — GUMN-
Moeoll dneKmpuyeckuil Kowmaxm, 6 —
UB0NAMOP; 7 — HUNKHULL INeKMPUUCCKULL
Konmakm aamnvl; 8 — umnepmuolll 2ds,
3ANONNAIOUULL 1AMNY HAKAIUCAHUS

JINT 9JIEKTPUYECKUN TOK, HakajsieT ee go0ejia, U OHa CTAaHOBHUTCS
MCTOYHUKOM cBera. HemoHsATHO TOIbKO, 3aUeM JIaMIIbl HaKaIMBaHUs
3AMOJIHSAIOT TO APTOHOM, TO KPUIITOHOM, a TO U rajorenamu. Hassa-
HUSI OCTAJbHBIX JIAMII BBI3BIBAIOT ele GoJibiiie BOMpPocoB. To, 4to
Paspsi/i MOJIHUU MOKET HA MTHOBEHUE OCBETHUTH BCE BOKPYT, /I0KA3bI-
BaTh HE HAJI0, HO KAK TaKKe JKe Pa3psi/ibl YepPe3 HATIOJTHEHHYTO TTApOM
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JIAMITy MOTYT ObITh MCTOYHUKOM TIOcTOsiHHOTO cBeta? Il BoOOIIE,
oTKy1a Gepercsi cBetr?

CBeT u3/Iy4aioT BEIIeCTBa, JOBEJEHHDIE /[0 PACKAJIEHHOTO COCTO-
SHU. B TI1aMeHu cBeT U3JIyYaloT PacKaJeHHbIe YACTUYKU CaKH, a B
JlaMTie HaKaJWBaHWS — BoJbdpamoBas HHUTh. Kcratu, B TIepBBIX
JlaMTIaX TOK ITPOITyCKaJIH Yepe3 XJOMKOBbIe HUTH, TIOKPBITHIE YTOJIb-
HOU TBLIBIO, ¥ TObKO B 1915 roxy amepuxanckuii ¢pusux W1.Jlenr-
miop (1881-1957), Oyaymmii maypear HoGeneBckoii mpemun 10
xumun (1932 1.), IpeI0KUI U3rOTOBIMBATD HUTH HAKAIUBAHUA U3
€aMoro TYTOILJIAaBKOTO MeTaJijia — BOJIbdpama, 4To B HECKOJBKO pa3
YBEJIMYIJIIO CPOK MX CJIYXKOBI M SPKOCTD.

UeMm Bblllle TeMIlepatypa HUTH, TeM OOJbINas 4acTb JHEPTHUH,
MOJIBOAMMOI K JiaMIiie, u3Jydaercsi B Bujie cBera. Ho uem Guske
TeMIepaTypa HUTH K TeMITepartype miastenus Boabdpama (3380 °C),
TeM ObICTpee HUTb UCIApPSIeTCs, a JaMIo4yka neperopaer. Uto6br
3aMe/IJINTh UCHapenue HUTH, JIEHrMIOp TIPE/IIOKUI 3aM0THITD JTaM-
Tl HAKAJUBAHUS WHEPTHBIM Ta30M. JTO YBEJIUYMBAET CPOK CJIYKOBI
gamm o0 1000 gacos.

MuepTHblit Ta3 BHYTPH JaMN HakaJuBaHusA. [louemy 3amourme-
HUE JIAMIT HAKAJMBAHWS WHEPTHBIM Ta30M 3aMeJisieT UCHapeHue?
[TpencraBum cebe, 4TO OHA U3 MOJIEKYJT BOJIb(paMa, HAXOASAIAICS
HAa TIOBEPXHOCTU HUTH, TOJYYHB OT COCENell /OCTATOYHO SHEPTHUH,
4TOOBI «UCTIAPUTHCS», TIOKI/IAET TOBEPXHOCTb, HO CPa3y >Ke HaTaJ-
KUBaeTcs «J06 B J06» Ha MOJIETAIONYI0 K HUTH MOJIEKYJIy Tasa.
Ou4eBU/IHO, YTO PE3YIHTATOM TAKOTO CTOJIKHOBEHHS Oy 1€T BO3Bpalile-
Hue «6JIyIHOI» MOJIEKY bl BOb(paMa 06paTHO K HUTH. A 3HAYHUT,
MPUCYTCTBUE Ta3a B JIaMIle HAKAJIUBAHUS [TOJDKHO 3aME/JISITh HMCIIa-
penne Bosbdpama. C apyroii cTOpoHbl, YTOOBI BoJb(paM He moTe-
DS CBOE YHUKAJIbHOE CBOICTBO — OBITh CAMBIM TYTOILJIABKIM METaJl-
JIOM, 3TOT Ta3 He JO0/UKEH BCTYTMATh B XWMHYECKYIO PEAKITIo C
BOTb(PAMOM, T.e. OJKEH OBITb WHepTHBIM. Ho Kakoif WHepTHBIH
ra3 BbIOpaTh?

K uneprabim (i 61aropoAbIM) TazaM OTHOCSATCS LIECTh dJIe-
MEHTOB — TeJIuii, HEOH, aprOH, KPUITOH, KCEHOH W PAJOH, HaXOJIs-
nmxcs B VIII rpynme mepmoamyeckoit cuctembr MenpeneeBa. CBoe
HA3BaHWE OHU TIOJIYYUJIM 32 TO, YTO IMPAKTUYECKH HE BCTYHAIOT B
XUMUYECKHe PEAKIIH JlaXke TIPU BBICOKMX TeMIepaTypax. Buermsis
3JIEKTPOHHAST 000JIOYKA UX ATOMOB 3all0JHEHA IOJHOCTHIO, 4YTO
MPETSITCTBYET COEAMHEHUIO C JAPYTUMH aTOMaMu, JeJiasi 9TH Ta3bl
UHEPTHDBIMU.

[TepspiM, B 1868 Tomy, o6HApYsKUIN TeIHii, HO He Ha 3eMJe, a Ha
Commiie. ITo ceiand acTPOHOMBI, KOT/Ia CTaJM M3y4aThb CIEKTDP
HCIYCKAeMOTO COJHEYHBIM JNCKOM cBeTa. JIMHWA B 3TOM cIleKTpe
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yKa3blBaJa Ha MPUCYTCTBUE HEM3BECTHOTO XMMHUYECKOTO dJIEMEHTA.
Ero nasBasu requii — matunackoe helium ot rpeueckoro helios, T.e
COJIHIIE, CYUTASI, YTO OTKPBLIN CBEYEHHE OJHOTO U3 HEM3BECTHBIX
METaJIJIOB, HaXodmmxcs Ha moBepxHocTu Cosria. [Toatomy oxoH-
YyaHMe <«ium» B €ro Ha3BaHWU COOTBETCTBOBAJIO METAJINYECKOI
MIPUPOZIE OTKPBITOrO aJjieMeHTa. CIyCTs MHOTO JIeT OKa3asjoCh, 4TO
reJivii He MeTaJlJI, a CaMblil JIETKUI U3 NHEPTHDIX Ia30B, HO Ha3BAHUE
ocranoch mpeskanM. OTKPBITHE BCeX MHEPTHBIX TazoB (Kpome pajo-
Ha) ObLIO ceNaHo Ipu akTHBHOM ydactun Y.Pamsas (1852-1916)
B camoM konie XIX Beka, u 3a 310 eMy ObLIa IPHUCYIKICHA
HoGenesckas npemust nmo xumuu (1904 r.). U xoHe4yHo, Bce MHEPT-
Hble Tazbl (KpoMe resivst) NoJIyYrIi Ha3BaHUs, OKAHYNBAIOIIUECS Ha
«ON», MPHUHSTBIE JUJISI Ta30B.

Boi6upast nHEpTHDII ra3 JIJIs1 J1aMIl HAKaJIUBAHUS, YIUTbIBAJIH €r0
cBoiictBa u goctynuoctb (1eny). Pagon, AB/sgsach IPOLYKTOM Pa/iio-
AaKTUBHOTO pacraja paausi, cam o06Jafaj PaJuOaKTUBHOCTBIO U
MO3TOMY Cpa3y ke ObLJI UCKJIIOUEH U3 CIIMCKA BO3MOXKHBIX KaH/INIa-
10B. Tesuii (oTHOCUTE IbHASE MOJIEKYIIPHASA Macca 4) GbLIT uepecuyp
JIETKUM JUJISI TOTO, 4TOOBI OTTAJIKUBATH UCIIAPSIONIUECST ATOMbI BOJIb-
dpama (oTHOCHTEIBHAS MOJIEKY.IApHasa Macca 184) o6paTHO K HUTH.
Heon (ornocurenbras mojekyaaphas macca 20), Xors u ObL1
TsKeJiee Tesus B 5 pas, Ho crous pa3 B 10 moposke. CreayomuM B
crmcke Obun apron (OTHOCHTE/bHASA MOJIEKYJASpHas Macca 36).
Konrenrpanns aprona B armocdepe — okoJo 1%, u M03TOMy OH
SIBJISIETCSI CAMbIM JIENIeBbIM M3 MHEPTHBIX Ta3oB. KouienTtpanus
kpuntona B armocdepe 3emsu B 7000 pa3 Menbine, a KCeHOHA — B
200000 pas MeHbllle, yeM y aproHa, 4to JeJaao X IPOU3BOICTBO
oueHb JoporuM. Bce 3TO Ha J0JiTOe BpeMs OINPEIeJUIO BBIGOD
M3TOTOBUTEJEH JIAMTT HAKaJMBAHWA: aproH.

OpmHako co BpeMeHeM HOBBIE TeXHOJIOTHN CIeIaIN TPON3BOCTBO
kpunrona (orHocHTEIbHAs MOJIeKyasapHas Macca 72) (M KceHoHa,
OTHOCHTEIbHAST MOJIeKyIsipHast Macca 108) OTHOCHTEIbHO JeNeBbIM,
YTO [TO3BOJIMJIO UCIIOJIb30BATH KPUIITOH BMECTO apPTOHA IIPU 3aII0JTHE-
HUU JIaMIT HaKajuBanusi. Kak u cjeoBasio 03KuaaTh, CPOK CJIYKObI
KPHUITOHOBBIX JIAMIT YBEJWYNJICS, MO CPABHEHUIO C ApPTOHOBBIMHU.
Kpome TOr0o, KpUITOHOBBIE JIAMITBI TIO3BOJISTIOT YBEJUUYUTD TEMIIEpa-
TYpy pacKaJeHHOH BOJIb(GPaMOBOH HUTH, COXPAHSAS TOT Ke CPOK
CJIyKObBI, UTO U y aPrOHOBBIX. B pe3ysbraTe sipKOCTb KPUITOHOBBIX
samit Mozker ObiTh Ha 10% BbIlle, YeM y aprOHOBBIX JIAMIT TOW K€
MOIITHOCTH.

T'asorennast 1amMma — COBpeMEHHBII MpejeJ 1Js JaMIbl HaKa-
JuBanus. OOBIYHAS TaMTa HaKa MBaHW, Jaske HATIOTHEHHAS KPUTI-
TOHOM, 00J1a/1aeT PsI/IOM HeJocTaTKOB. O/INH U3 HUX — OTHOCUTEJbHO
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6oJIbIlIE pa3MepPbl, TaK KaK CTEKJIO JIAMITbI MOYKET PACILJIaBUTHCS,
eci TPUOIU3UTD €ro K CHUPATA J0CTATOYHO OGJn3Ko. MOKHO,
KOHEYHO, BMECTO OOBIYHOTO CTEKJIA UCII0JIb30BaTh KBAPIIEBOE, TEMIIe-
paTypa IJIaBJeHIs] KOTOPOTro ropasio Bbime. OHAKO TOJbKO 3aMeHa
0OBIYHOTO CTEKJIAa HAa KBapIleBOE HE TTO3BOJISET TOJYYUTh KOMIAKT-
HyTO JJaMIy HakajamBaHus. Vcmapsiomuiics BoibdpaM, ocask1asch
Ha MEHDIIYIO IOBEPXHOCTD JIaMIIbl, ObICTPO 3aTeMHSIET ee, GJOKUPY s
CBET, UIYINN OT pacKaJeHHONH HUTH.

B 1958 roay B kommanum </lxenepan anextpux» (General
Electric) 6bL10 HaiiIeHO TEXHOJIOIMYECKOE PEelIeHne — TaK Has3bIBa-
€MBIIl TAJOTeHHBIN IUKJ, C TTOMOIIBI0 KOTOPOTO MOKHO yAAJSATDh C
BHYTpPEHHEe! TTOBEPXHOCTH CTEKJIA OCEBIINE TaM aTOMBI BOJTbdpama.
UTo6bl TaJOreHHbIH UK 3apaboTajl, JaMIly HAaKaJInBaHUS HAI0
3AM0JHUTD CMECHIO WHEPTHO-

( 7 2
ro rasza (aproHa Uil KpPUITO-  ~sssssss s —_> P rrovr-y
Ha) u rasa-ranorena (Hanpn-  .2.Se %2
[} (=
Mep, 6poMa), a IMOBEPXHOCTD g cesagaa 200000

cTerJIa MpubIN3UTh Tak GJIn3-
KO K pacKaJeHHOW HUTH, YTO-
Obl €ro Temieparypa craja T 1=
soime 200 °C. TasoreHHbIit 6

muka (puc.2) paGoraer cie-
JyIOIUM 06pa3oM:

{ — WcmapuBIIasCcsa MoJe-
KyJIa Bostb(ppaMa IBUKETCS TI0
HAPABJIEHATO K CTEKJy JIaM-
bl 1 OCaXKAACTCA Ha HeM;

T o0 g0 °

°

o
06252 90 CRCARCER )
e ° @ % & o,

o o 0%0° o <

Puc.2. Cxema zanrozennozo yuxaa: 1—

4 — nocaedosamenvHvle IMaANvL UUK-
aa; a — 60abhpamosas numv; b — xkoa-
6a iamnot, cOeLAnHAs U3 MY2ZONAACKO-
20 cmeKa; KpynHvle KpYKouKu — amo-
Mol 80SbPPAMA, MeaKUe — 2AN02eHA

2 — HaxXo/sICh Ha TOBEepX-
HOCTH JIaMITbI, MOJIEKYJIA BOJIb-
¢pama ob6pasyeT MOTEKYIy C
aTOMOM GpOMa U MePeXO/IT B
razoo0pasHoe COCTOSTHHE;

3 — Mosekysia BoJbdpPaM-6pOM JBIIKETCS ¢ KOHBEKTUBHDLIMU
MTOTOKAMU Ta3a M CJIyYaiiHO «HATbIKAETCS» HA PACKAJIECHHYIO CIIUPAJIb
JIAMIIBI;

4 — OKa3aBIINMCh HA CHUPAIH, COoefnHenne Bosbgpama 1 6poMa
aucconuupyer (pacragaercs) Ha Bosibdpam, ocraonuiicss Ha crupa-
sn, u 6pOM, YXOJSNINN B Ta3, HAMOJJHSIONIMN JIAMITY.

Takum 06pa3oM, TaJOreHHbI UK OYMIAeT BHYTPEHHIOIO I0-
BEPXHOCTb CTEKJIA OT OCAK/JAMNIMXCS TaM MOJIEKYJ BoJbdpamMa u
O/THOBPEMEHHO BOCCTaHABJINBAET I1€JIOCTHOCTb BOJIB(PAMOBOI HUTH.
[TosTOMy WCIHOJB30BAHNE TAJOTEHHOTO IUKJA IO3BOJSET YMEHb-
HIMTH PA3MePhI JIAMIT HAKAJTUBAHUS, UTO JIeJAeT UX He3aMeHUMbIMU
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B KauyecTBE HCTOYHUKA CBETa, HAIPUMEDP B
aBTOMOOWIbHBIX (hapax, W MOAHSATD TeMIle-
parypy mutu ¢ 2500 g0 3000 °C. B pesyib-
TaTe TaJoreHHbIE JIAMITBI 06J1a/Ial0T HE TOJIb-
KO YABOEHHBIM pecypcoM paborbl (2000 ya-
COB), HO ¥ yBeaudeHHOil Ha 20% APKOCTHIO
[0 CPABHEHUIO ¢ OOBIYHBIME JIAMITAMU HaKa-
JINBAHMS TAKOH >Ke MOIMHOCTUA. VHbIME cJ10-
BaMU, OHU SKOHOMST 3SHEPTHUIO, pacxXojye-
MYIO Ha OCBellleHre. [aJoreHHble JIaMITbl MO-
TYT UMEThb caMble Pa3JIUYHbIe (DOPMBI, HO UX
pasMepbl, KaK TIPaBUJIO, MEHbIIE, YeM y 00bIY-
HBIX JTaMI Hakaguanus (puc.3).
na (cresa) u 0w UKaK 3a’Keyb CBET B/JAJHU OT dJIEKTpPHYEC-
nas nanna naxaiea-  KOH PO3ETKH. Kak IIpaBujIo, Mbl BCIIOMUHAEM
nus (cnpasa) 06 3JIeKTpUYECKOM (POHAPUKE TOJIBKO TOT/IA,
KOT/la y HAC JIOMa TacHeT CBEeT. DJIEKTPUYeC-
kuii ponapuk, paGoraomuii Ha 6arapeiikaxX WM aKKyMyJsTopax,
CJIY’KUT OJHUM U3 MPUMEPOB HU3KOBOJIbTHBIX MCTOYHUKOB OCBEIIle-
HUS. A caMbIM PaCIPOCTPAHEHHBIM HU3KOBOJBTHBIM HCTOYHUKOM
OCBEIIEHUsT SIBJISIIOTCSI, KOHEYHO, aBToMoOmibHbie (apbl. Kpome
TOTO, HU3KOBOJIbTHOE OCBEICHHE IIMPOKO MCIOJb3YETCS TaM, T/e
BEJINKA BEPOSTHOCTD TOPAJKEHUS DIEKTPUYECKUM TOKOM, — TPH
nojicBeTke GacceilHOB U (DOHTAHOB, a TAKIKe 3arOPOJHBIX [IOMOB
(puc.4).
Bo/bIIMHCTBO COBPEMEHHDBIX HU3KOBOJIBTHBIX JIAMIT HAKAJINBA-
HUS — 9TO rajIOTEeHHbIE JIaMIibl, padoraioiiue ot Hanpsiykenus 12 B.

Puc.3. Munuamrwop-
HAS 2AN02eHHAsL JAM-

Puc.4. Huskoeorvmuas 1amna Haxaiueanus ¢ napadosuieckum ompaxd-
menem (caesa) u ee ucnov3oeanue 0s JOKATLHOU NOOCEEMKU CHAPYHKU
3az20podHozo doma
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Hwuskoe ajieKTpraeckoe HAPSUKEHNE TT03BOJIAET CAETaTh 3TH JIAMITBI
HE TOJIbKO 3JIEKTPUYECKH GE301aCHBIMU, HO U CBEPXMUHUATIOPHBIMHU.
W Botr 1oueMy. IJIEKTPUUYECKUI TOK uYepe3 OOBbIYHYIO TaJOTeHHYIO
JIaMTTy ¥ HU3KOBOJIBTHYIO OJIMHAKOB, TaK KaK €ro BeJUYMHA Olpejie-
JISETCS TOJIBKO IMaMeTpOM BosibpamMoBoil HuTH. C APYTOii CTOPOHBI,
3akoH Oma Tpe6yer, 4TOOBI B HU3KOBOJBTHBIX JAMIOYKAX, T/C
3JIEKTPUUYECKOe HaTpsUKeHne yMeHblneHo B 20 pa3, COMPOTHBJIEHHE
3JIEKTPUUYECKOMY TOKY ObLIO yMenbiieno toxe B 20 pa3 1o cpasme-
HUIO C OOBIYHBIMU TAJOT€HHBIMU JIAMIIAMU, MTPEIHA3HAYCHHBIMU J1JIsT
nanpsikenus B 220 B. Takum o6pasom, JIMHA HUTH HAKAJTUBAaHUS B
HU3KOBOJIbTHBIX JIaMIaX Mpu6u3uTespHo B 20 pa3 MeHbIle, 4To 1
o6ecrieunBaeT UCTOYHUKY CBETa OYeHb Majible padMepbl (TouedHbIil
UCTOYHUK CBETa).

McToynnky cBeTa MaJbIX pa3MepOB MINPOKO MCIOJb3YIOTCS IS
[OJIyY€HUs] MIPAKTUYECKU TMAPAJIJIEJbHBIX ITYYKOB CBETA, IS Yero
HCTOYHUK MOMEIIAoT B pokyce napabosmyeckoro 3epkasa. [lapas-
JIeJTbHBIE TYYKW CBETa IMPUMEHSIOT /IS JIOKAJBHOTO OCBEIIEHUS
00BEKTOB M M30PAHHBIX HAIPABJIEHHN B OKPY)KAIONIEM MPOCTPAH-
CTBE, YTO, OYEBH/IHO, TTO3BOJISET CHU3UTD dHEPTETHICCKHE PACXO/IBI
Ha ocsemenne. [loaToMy HU3KOBOJIBTHBIE JaMIbl HaKaJTHMBAHUA,
cHaGKeHHbIe TapaboIMYeCKIM 3ePKAJIOM, Yallle BCEro UCIIOJIb3YIOT B
TeX CJAyYasix, Korja Heo6Xo[uMa JIOKAJbHAS MOJICBETKA.

Eme omHO mpenMyIecTBO HU3KOBOJBTHBIX JIaMIT — BBICOKAS
YCTOHYMBOCTD K TPSICKE. DTO UX CBOWCTBO OMATDH CJEAYET M3 MaJOi
JUTITHBI ¥ MacCchl X HUTH HAaKaJWBaHUA. B pesysbraTe CHIBI MHEP-
1IN, BO3HUKAIONINE TIPH YCKOPEHUAX JIAMIIbI U SIBJISIONINECS OCHOB-
HOH NMPUYMHON pas3pbiBa HUTH HAKAJIUBAHUS, MPUOIU3UTEIBHO B 20
pa3 MeHbllle, 4eM y JiaMIl, paccunTaHHbIX Ha 220 B. A 3nauurt, u
YCTOWYMBOCTh HMU3KOBOJIBTHBIX JIAMIT K TPSCKE BO CTOJBKO JKe pa3
BBIITIE.

OHako HU3KOBOIBTHBIE JTAMIIBI HE JINIIEHDI M HEJIOCTaTKOB. TeMm,
KTO He XOUeT BO3UTHCS ¢ GarapeiikaMu 1 aKKyMyJIsiTopaMu, Heo6Xo-
JIUMO TIproGpecTu TpaHcPOpMaTOp, MOHMKAONIUN HAIPSLKEHUE C
220 B 1o Toit BeJIMUMHBI, /IJIs KOTOPO# Mpe/iHa3HaYeHa HU3KOBOJIb-
THas JlaMTia. JTO HECKOJDbKO Y/OPOKAeT W YCJIOKHSET YCTAaHOBKY
HI3KOBOJBTHOTO OCBEIICHNUS.

l'azopaspsanasg jamMma: cBeTHT, HO He rpeer. [JTaBHBIM Hes0-
CTaTKOM JIAMII HAKAJWBAHUS SIBJISIETCS TO, 4YTO OOJIbIAst YacCTb
SHEPIuH, PACXOJyeMOil Ha OCBeleHUe, TPATUTCS Ha HATPEB JIaMII.
Jlaske B caMbIX 9KOHOMUYHBIX TAJOTE€HHBIX JaMmaxX ToJbko 10%
3aTpaveHHON SHEPrUU MPEBPAIAETCS B CBET, a ocTaabHbie 90% — B
terio. OHAKO UMeeTCs M IPYTOi cocob ¢eIaTh CBET U3 3JIEeKTPH-
YecTBa — HJIEKTPUIECKUN Paspsl.
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DJIEKTPUUECKUH TyTOBOH Pasps B BO3/AyXe BIIEPBBIE OIMHCAT
Bacnummit Bragnmuposuu IlerpoB B 1802 romy. OcuenureabHO
SPKMIT CBET 3JEKTPUYECKOW IyTH TOT/a JaBaj HAAEX.Iy, 4YTO CO
BpPEMEHEM JIIO/IM CMOTYT OTKAa3aThbCs OT CBEYEH, JYIMHbBI, KEPOCUHO-
BOIT JIaMIIbI U J1a’ke Tra3oBbIX poHapeii. OHAKO B MEPBBIX TYTOBBIX
CBETHJIbHUKAX TPHUXOINJIOCH TOCTOSHHO CABHUTATH ITOCTaBJCHHDIC
<«HOCAMW» JPYT K JAPYTY YTOJIbHBIC DJIEKTPOJABI, U II0ITOMY OHHU
jpoctatouHo ObicTpo Bbiropasu. B 1875 romy IlaBes HuxkosraeBuu
S16,109K0B TIPEIOKUI HAZIEXKHOE 1 TTpocToe perteHne. OH pacioJio-
SKIJI YTOJIBHBIE 3JIEKTPO/IbI TapalIeIbHO, Pa3/IeJuB UX U30JUPYIO-
muM cjoeM. V306peTeHne nMeso KOJIOCCATbHBIN yCIlleX, U <«CBeda
S167109K0OBaY , WM «PYCCKUI CBET», HAIILJIA IIPOKOE PACIIPOCTPaHe-
nue B EBpore.

Caeua $16/10uK0OBa, CTaB MEPBOIl CEPHUITHO BBIITYCKAEMOIT ra3opas-
psIHOW JTaMIioi, o6/1aiaa IByMsi IPEUMYIIECTBAME [0 CPABHEHUIO
C JIaMIIaM¥ HaKaJUBaHUs D/IMCOHA: BO-TIEPBBIX, €e CBET ObLI GeJsIbIM,
a He JKeJITOBATBIM, KaK y JIaMIl HaKaJWBaHUS, W, BO-BTOPBIX, OHA
JaBasia GOJIBINYIO SIPKOCTD 10 CPABHEHHIO C JIAMIIAMU HAKAJINBAHMS
ToOi1 sxe MomHocTu. [losaToMy oHa, HalpuMep, B TeueHUue MHOIMX JIeT
HCIIOJIb30BAJIACh B KAUECTBE JIAMIIBI KHHOIPOEKTOPOB, MOKAa HE
I10ABUJINCDH 60.]166 COBEpIIEHHbIE UCTOYHNKN CBETa — KCEHOHOBbIC U
rajioreHubie Jamibl. Ceuy S16109K0Ba MOXKHO CUUTATD «6A0YIITKOIT»
BCEX COBPEMEHHBIX Ta30Pasps/IHBIX JIAMII.

Hy, a «I1arom» COBPEMEHHDBIX JIaMII /THEBHOT'O CBETa (I/IJII/I JIIOMU-
HECLIEHTHBIX JIaMII) CTaJ0 Hu300peTeHre aMepuKaHCKOro (usnka
IT. Xpiouta, npeanoxkusuiero B 1903 B KadecTBe MCTOYHMKA CBETa
HCII0JIb30BATDh 9JIEKTPUUECKUN PA3PSI MEXKIY IJIEKTPOIaMU B CTEK-
JISHHOI JlaMIle, 3aroJTHeHHOU mapamu pryTH. Ilod:ke ycraHoBum,
9TO 6OJIBINAS YACTh M3JyYEHNS yTOBOH JTaMIbl XbIOUTA — yJIbTpa-
(buroseroBas, T.e. HeBUAMMAs /JIS TJ1a3a YesoBeKa. J{Jist Toro 4ToGe
c/eyqaTtb ee BI/II[I/IMOI‘/JI, TIPEAJIOKNJIN TIOKPBIBATDH JIAMIIbI Xbioura
U3HYTPHU CIIEIUATBHBIM BEIIECTBOM, JIOMUHO(POPOM, KOTOPOE MOTJIO-
1asio 661 yabTpaduoeToBOe U3IyvYeHne, a B3aMeH U3Jy4alio BU/IU-
Mmoe. CHauaJia /11 3Toro Bei6pasn 6epuInii, HO OH OKa3aJcsi OYeHb
TOKCHYHBIM (0COGEHHO BPEAHDBIM [/ JIEFKMX), a IIOTOM OCTaHOBH-
Jmch "Ha ¢pocdope. ITokpoiToie m3HYTPH hochopoM, JaMITbl XbIOUTa
IIoJIydnJin Ha3BaHNE€ JIIOMUHECIIEHTHDBIX 1 CTaJ/JId HINPOKO HCII0JIb30-
BaTbcsl B ocBemenun ¢ 1938 roma. OCHOBHBIMU TIPEMMYIIECTBAMU
JIIOMUHECIIEHTHBIX JIaMII, 110 CPaBHEHUIO C JaMIlaMU HaKaJuBaHUA,
CcTaj WX Topasno OGOJbIIMT CBETOBOH BBIXOA — [0JISI 9HEPTHUH,
mpeBparaeMoii B cset, gocturana 40% , M yBeJIMUEHHBIH B MIECTD Pa3
paGounii pecypc — MPOOJKUTENBHOCTD PAGOTBI JIAMITBI /IO TOTO, KaK
OHa BbBIXO/IUT N3 CTPOA. A 31O 3HA4YUT, 4YTO JIOMHUHECIIEHTHDbIC JIaMIIbI
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60ﬂee JOJITOBEYHDBI 1 9KOHOMUWYHBI 110 CPAaBHEHUIO C JIaMIIaMU HaKa-
ymBanus. K cOKaTeHUo, y JTIOMUHECIIEHTHBIX JIaMII, KaK U y BCEX
razopasps/IHbIX, €CTh M HEJOCTATKU — OHU JIOPOKE, UX HEBO3MOIKHO
c/le1aTh OYeHb MAJEHbKUMHU, 2 B KAUECTBE MCTOYHUKA DIEKTPUUECKO-
IO HAIPSBKEHUS HeJIb3sl UCTOJIb30BaTh HU3KOBOIbTHBIE (1,512 B)
Garapeiiki MM aKKyMyJIsITOPBI.

IToyemy samMmbI THEBHOTO CBETA TaK CJOKHO YCTPOEHBI. MHo-
e HeJECTHO OT3BIBAIOTCS O JIAMIIAX [HEBHOTO CBETa, CUMTast, 4TO
MUTraHue NPH BKJIIOYEHUH ¥ Ty/IeHIe TPH PaBoTe JIeJaloT UX UCIOJb-
30BaHMe JIoMa BecbMa npoGiaeMaTnuibiM. OJIHAKO 5TO HEBEPHO, TaK
KaK COBPEMEHHBIE MOJIEN JIOMUHECIIEHTHBIX JIAMIT JIMIIEHBI HTHX
HegoctatkoB. Ho cmavana pas6epemcs, Kak paGoTaer OObIYHAS
JIOMUHECHEHTHAs J1aMIia, uMeromas GopMy JAJMHHOI IUIMHAPUYEC-
koit Tpy6ku. Kak Buano (puc.5), maMma JHEBHOTO CBeTa, BOOGIIE

1 1 6
/ /\ —
e

| I °—|_b 4 -
2 o
5

Puc.5. Kax ycmpoena nwomunecyenmuas aamna (caeéa) u xax ona noo-
xaouaemes k cemu (cnpasa): 1 — sonvghpamosvie cnuparu; 2 — crmeco
napos pmymu u apeona, sanoansiowas ianny; 3 — momunogop (gocghop),
NOKPLIBANULUTL 6HYMPEHHIONW NOGEPXHOCMb NAMNYL; 4 — naMna é cxeme
nooxaiouenus; 5 — cmapmep; 6 — dpoccev

rOBOPS, HE JIAMIIA, a HJEKTPUYECKHil MpuGop, COCTOSAMMUA 13 co6-
CTBEHHO JlaMTibl (4), KOTOpast CBETUTCSI, KOT/Ia BHYTPH HEE MPOUCXO-
JIIT IEKTPUYECKUil pasps, craprepa (5), pasorpeBarmero saeKT-
POIBI JTAMIIBI TIepe/] BO3HUKHOBEHUWEM paspsifa, u apoccens (6),
OrpaHMYMBAIONIEr0 BEJMYMHY BJIEKTPUYECKOTO TOKA YEPE3 JIaMIly.
YTo6bl B razopaspsi/IHOii JTaMIle BO3HUK HJIeKTPHYECKNii paspsl,
nanpsorenns cern (220 B) Mexay ee alekTpoaMu HEJIOCTATOUHO,
TaK Kak ra3 BHyTDH Hee, COCTOAIIMI U3 CMECH apTOHA M MAPOB PTYTH
(1%), He ABAAETCS TPOBOJHUKOM HJIEKTPUYECTBA. Y CJIOBUEM BO3-
HUKHOBEHUS Pa3psiia ABJIAETCS MOHUBAIINS HTOTO Tasa, T.e. PacIlen-
JIEHHWE YaCTH aTOMOB T'a3a Ha 3JEKTPOHbI U TIOJIOKUTENbHO 3apsKeH-
Hble MOHBI. JleJaeTcst 5TO ¢ MOMOIIBIO CTapTepa, KOTOPbIi Ha
KopoTkoe BpeMsi (1—2 ¢) BKJIOYAET HATPEB METAIMYECKUX HJIEKT-
ponoB (Bob(paMOBBIX cTMpaseil), HaXOAANMXCSA B MTPOTHBOIO-
JIOKHBIX YACTSAX JIAMIbl. Kak TONBKO 9JIEKTPOJI HATPEETCs, 4acTb
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HJIEKTPOHOB MCTIAPUTCS € €70 MOBEPXHOCTU U TIO/ ACHCTBUEM HJIEKT-
PUYECKOTO TI0JIS1 HAYHET JBUTATHCS K MPOTHBOMOJOKHOMY 3JEKTPO-
Ay, BpeMA OT BPpEMEHU HaATbIKadACb Ha aTOMbI Tra3a. CTOJIKHOBGHI/IE
JIETSTIEr0 HJIEKTPOHA C HEHTPATbHBIM aTOMOM Ta3a BbI3bIBAET MOHHU-
3alMI0 TIOCJIE/IHET0, B PE3YJbTaTe Yero KOJMYECTBO CBOGOHBIX
HJIEKTPUUECKUX 3aPS/I0B JABMHOOOPA3HO YBEJINUMBACTCS, B JIAMIIE
BO3HUKAET HJCKTPUYCCKUI Pa3psAjl, a CTOJKHOBEHUE 3aPsKEHHBIX
YACTUI C aTOMAMM PTYTH COTPOBOMKIAETCS YJIBTPAPHUOJIETOBBIM
ceevenueM. [locje BO3HUKHOBEHUS HJIEKTPUUYECKOTO Paspsijia Mojlo-
rpeBaTh HIEKTPO/IbI YIKE HE HY)KHO, TaK KaK dJEeKTPUYECKHil paspsil
caM MoJIepKUBAET HEOOGXOAMMBIIT YPOBEHb MOHU3AIMH.

CTapTepr, XO0TA U MOTYT ABJATHCA CaMbIMU pa3JINYHbIMU yCT-
poiictBaMu, npeacTaBiasior co6oit TymGaep (3aMbiKkaTesb), Ha KO-
POTKOE BpeMsi 3aMbIKaloNuii aBa Kontakra. Ha pucynke 6 mokasa-

) HO BHYTpPEHHEE YCTPOIICTBO CaMOro pacipocTpa-

’ HEHHOTO CTapTepa, KOTOPbIM OCHAIIEHBI GOJIbIINH-
CTBO JIaMII JIHEBHOTO cBeTa. Kak BUAHO, cTaprep
— 9TO MapaJIebHOE COeIMHEHNEe HEOHOBOM JaM-

N
\n

Puc.6. Cxemamuueckoe uzobpasenue guympennezo yc-
N mpoticmea cmapmepa JuoMUHecy,eHmuoi ramnvl: 1, 2 —
nexmpurecKue KOHMAaKmol cmapmepd; 3 — HeOHO6As
AAMNOUKA; 4 — 371eKmpo0 HeOHOBOU JAMNOUKU, U30ZHY-

6 multi 6 sude nepeseprymoii Oykev U; 5 — Opyeotl dnex-
—”— mpoo HeOHOBOU JAMNOUKU; 6 — IAEKMPUUECKULl KOH-
Oencamop. ITynxmupnoi aunueti 0603naueno nosoxe-
— Hue KoHua pasoezpemozo snexmpoda (4) neonosoi ram-
1 2 nouxu

noukn (3) m asnekrpudeckoro Kougencatopa (6). JIeBblii 51eKTPO/
HEOHOBOU Jiamnouku (4) W30THYT B BH/E IEPEBEPHYTOH GYKBbI
«U» u mnpexcrasisier co60il GUMETAJIMYECKYIO TIJIACTUHKY, T.€.
CHAsIH U3 IBYX METAJJIOB C Pa3HbIMU KO OUIIMEHTAMU TEIJIOBOTO
pacimupenus. A 3TO 3HAYUT, YTO MPHU HATPEBAHUU ITOT AJEKTPOJ
MOKeT pasrubarbcst, npuHuMas Qopmy, 6amskyio k «I»>. Ilpu
BKJIIOYEHUH JIAMIIbI B JIEKTPUYECKYIO ceTh Bee Hanpsikenue (220 B)
MPUKJIA/(bIBAETCST K HEOHOBOI JIaMIIOUYKe, a TaK KaK PACCTOSHHUE
MEXK/y 3JEKTPOJaMu JIAMIIOUKH Bcero okosio 1 mm, TO gaxe 6e3
MPeIBAPUTEIBHOTO HATPEBA 3JIEKTPOJIOB B HEll BOBHUKAET 3JIEKTPU-
yeckuit paspsii. Cpagy mocsie HayaJa paspsi/ia JEBbId 3JIEKTPOJ
(4) HeOHOBOH JTAMIIOUKH, PA30rPeBasCh, HAYMHAET PasruOaThCs M,
HaKOHeIl, Kacaercst mpaBoro szekrpoga (5). Kak ToJbKO 3TO Hpo-
HCXO/IUT, HEOHOBAsl JIAMIIOYKA TacHeT, W TOK U3 JJEKTPUYECKON
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CeTH TIePeKJIIoYaeTcs Ha HarpeB 3JEeKTPOJIOB JAMIIBI JHEBHOTO CBe-
ta. Co BpeMeHeM HEOHOBAs JAMIOYKA, JICKTPUUYCCKUI Paspsal B
KOTOPOH MPEKpaTUICSI, HAUMHAET OCTbIBATb, a BMECTE C Heil OCThI-
BaeT n OUMETAJJIMYecKas IJIACTHHKA JIEBOTO aJieKTpoja. Yepes
1-2 ¢ HeoHOBas JaMIIOYKa OCTBIBAET HACTOJIBKO, YTO KOHTAKT
MEK/y ee 3JIeKTPOJaMHU HCYe3aeT, W HAIPSIKEHUE 3JIeKTPUYecKOH
CETH ONATH NMPUKJIAIABIBAETCA K JIOMHUHecIeHTHO Jamne. Ho ceii-
Yyac B JIaMIIe JTHEBHOTO CBETA 3JEKTPOJABI y’Ke PAa3orpeThl, U B Hel
BO3HUKAET 3JIEKTPUYECKUI paspsifi. IJIEKTPUUECKUI KOH/EHCATOP
(6), 3aMbIKAOIMI KOHTAKThl CTapTepa, YMEHBIIACT 3JIEKTPOMAr-
HUTHBIE TIOMEXM, BO3HUKAIOI[NE NPU Pa3MbIKAHUM W 3aMbIKaHUU
3JIEKTPOJIOB HEOHOBOW JTAMIIOUKH.

Ecuin Gbl B J1aMIie IHEBHOTO cBeTa He GbLio apoccess (MHIYKTHB-
HOTO COIPOTUBJICHUS TIEPEMEHHOMY TOKY ), TO TOK 4epe3 Hee MOr Obl
MIPEBBICUTD JIOIYCTUMBII 1Tpejies, n oHa Obl Meperopesa, Mmo3aToMy
NCIIOJIb30BATh JIIOMUHECIIEHTHBIE JIaMIIbl Ge3 Jipoccesieil HeJb3s.
Crapble Mojie/In Jpoccesieil mpe/icTaB/Isiin co60ii MOJOBUHY 3JIEKT-
pudeckoro tpancdopmaropa (KaTyiika TpOBOja ¢ METALIHYECKUM
CEPIAEYHIKOM), U IIPOILYCKAHKE YePe3 HUX TIEPEMEHHOI0 TOKA YacTo-
toit 50 I'm BBI3BIBAJIO Kyskskanuwe wian TyJ. Hoble Mojenn Jjami
JTHEBHOTO CBETA OCHAIIEHbI CHEINATbHBIMU 3JIEKTPOHHBIMU OIPaHM-
YUTEJSIMU TOKA U 1103TOMY GeCIITyMHBbI.

[Tpu BRJTIOYEHWN JIIOMUHECIIEHTHBIE JIAMIIbI, KaK MPaBHUJIO, He-
CKOJIbKO Pa3 MHTaioT. CBS3aHO 3TO MOXKeT ObITb C:

« HU3KOH TeMIlepaTypoil OKpysKalolleil cpe/ibl, KOrja OAMHOYHO-
IO IIPOrpeBa AJIEKTPOIOB JIAMIIbI ObIBAET HEOCTATOUHO IS MHUIH-
ally AJIEKTPUYECKOTO Paspsijia;

« IJIOXUM COCTOSTHMEM 3JIEKTPOJIOB JIaMIIbl, KOT/IAa UX HarpeB HE
MIPUBO/INT K [IOCTATOUHOMY HMCHAPEHWIO 3JIEKTPOHOB U3 HUX;

« HEMCITPaBHOCTBIO CTapTepa, KOT/a, HallpiuMep, JIeKTPOIbI Heo-
HOBOI JTAMITOUKH 3aMbBIKAIOTCS Ha OYeHb KOPOTKOE BpeMsI, Hel0CTa-
TOYHOE [IJIS1 PA30rpeBa 3JEeKTPO/IOB JaMIIbl JIHEBHOIO CBETA.

U Bce-Takm, HECMOTPS HA KAXKYILYIOCS CJIOXKHOCTD PaGOThI JIIOMU-
HECI[EHTHBIX JIaMII M UX OTHOCHTEJbHYIO /IOPOTOBHU3HY, 110 CpaBHe-
HUIO C JaMIIaMi HaKaJIWBAaHUS, UM BCET/JA CJELyeT OTJaBaTbh IPe/-
TOYTEHNe, TaK KaK JIAMITBI JHEBHOTO CBETa TO3BOJIAIOT B 3—4 pasa
CHU3WTD HEPTO3aTPAThI Ha OCBelieHne. KpoMe Toro, Kak MoKa3bIBa-
€T MPOCTOIi pacyer, aKCILIyaTalus JaMil, 06JIa/Ial0INX B IIeCTb Pa3
601b1IUM PaboUYNM PECYPCOM U TOPA3/I0 MEHBIINMU dHEPTo3aTpara-
MU, OBICTPO OKyHaeT PacxXo/bl HA UX IIpHOGpeTeHne.

KoMnakTHbie JIOMHHECIEHTHBIE JIaMIIbI — PEKOMEH/aNus CIe-
HUaJIMCTOB. YestoBeKka oueHb TsKe0 yOeuTb CMEHUTD OCBEIeHe B
CBOEM [IOM€ CO CTApOro, MCHOJIb3YIOMIETO JIAMIIbI HaKaINBAHI, Ha
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HOBOEC — C JIIOMUHECIICHTHbIMU JIaMIIaMU, Ja’Ke €CJIM OHU HEe MUTraloT
u He Ty AT npu paGore. J[Jist 9T0ro HY;KHO BBIOPACHIBATH U TIOKYTIATh
HOBbIE JTIOCTPbI, 6pa 1 HaCTOJIbHbIE JIaMIIbl — B€/I[b BCE€ 3TU OCBETU-
TesibHble TPUOOPBI CO/IEPIKAT TAK HA3BIBAEMBIH MATPOH, KOTOPBIN
TOJIUTCST TOJIBKO JIJIsT JIaMIT HakasimBauusi. Kazanoch Obl, MOjlepHU3a-
1us ocBelienus: TpeGyer oueHb GOJIBIINX 3aTPAT BPEMEHH U JIEHET.
OHaKoO, €CTb BBIXOI.

B nauame 1980-x romoB ObLau pa3paGoTaHbl KOMIIAKTHBIE JIIO-
MUHECIEHTHBIE JIaMIIbl, 00JIa/IAf0ue BCEMU JOCTOMHCTBAMU JIAMIT
JIHEBHOTO CBETa, HO YCTPOEHHbIE TaK, YTO MX MOKHO BBUHUYHBATH B

Puc.7. Buewmnuil 6u0 HeCKOIDKUX KOMNAKIMHBLY JIOMUHECUEHNMHBLX 1AM,
coaepmamux aﬂexmpOHani nYycKopezyaiamop u OKAndUBaouUUxci maxKum
Ke 6UHMOBbIM KOHMAKMOM, KAK U Y 00BIUHBLY IAMN HAKATUGAHUSL

HaTpoH juis 00bI4HOIl aMiibl HakaauBanus (puc.7). Kaxk u Muorue
COBPEMEHHBIE MOJIEJIN JIAMIT JTHEBHOTO CBETA, 9TU JIAMIIBI IpU pabo-
Te He TY/AT M He MepIaIoT, TaKk KakK BMECTO cTapTepa M JAPOCCeJist
OHU COJIEPIKAT HJIEKTPOHHBIH MyCKOPEryJIATOp, 0becrneunBaionuii
ux GeCITyMHYI0 M CTaGuIbHYI0 pabory. OUeBHIHO, YTO MCHOJAB30-
BaHME KOMIMAKTHBIX JTIOMUHECIICHTHBIX JIAMIT O3BOJISIET 3HAUNTE/b-
HO CHM3UTH MaTepuaibHblE 3aTPaThl MPH TEPEXOJe Ha HHEPTO-
c6eperaoiye TeXHOJOTHH TIPU OCBENIEHUH HAIIErO JI0Ma.
Creroauozabsl — namnbl 6yayumero. HesameTHo /st MHOTUX 13
HaC TPOUCXOJAT, MOKHO CKa3aTh, PEBOJIONMOHHBIE COOBITHA — K
BJIACTH TIPUXOJAT TMOJYIPOBOJHUKOBBIE OCBETHTEJbHBIE yCTPOii-
CTBa, CBETOAMO/IBI. PaHblie CBETOAMOBI MCMOMB3OBATH TOJIBKO B
KauecTBe 3eJIeHbIX M KPaCHBIX WHIMKATOPHBIX JAMIIOUEK, JAlONINX
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BO3MOYKHOCTD CJIEIUTh 32 PAGOTON PA3JIMYHBIX HJIEKTPOHHBIX YCT-
poiictB. Ceffdac ke OHM HAYMHAIOT KOHKYPHPOBATb C JaMIIaMHU
HAKAJIMBAHUS ¥ JIOMUHECIIEHTHbIMU JaMmnamu. [Ipoucxomut 3to
MMOTOMY, YTO CBETOJMOBI Topaszno 6oJice addeKTuBHO Mpeobpasy-
10T 9JIEKTPUYECKYTIO JHEPTHIO B CBETOBYIO.

CxeMa, MLTIOCTPUPYIONIAst CTPOEHHE CBETOAMO/A U eT0 PaloTy,
nokasana nHa pucytnke 8. Tak, nanpumep, ye ceifyac CBETOOT/aua
(oTHOUIEHNE CBETOBOIT SHEPTUM K PACXOAYEMON IJIEKTPUUECKON )
JIMOJIOB, UCITYCKAIOMUX KPacHblil cBer, B 10 pa3 mpeBbIaeT Tako-
BYIO JIJIsI JIaMIl HaKajuBauusi. To 4TO CBeT, MCIyCKaeMbIil HOja-
MU, BCETJa OKpAllleH, He O3HAYaeT, 4YTO CBETOJAMO/(bI He MOTYT
crarb UCTOYHUKaMu Oejioro csera. CocraB/isgsl UCTOUHMK CBeTa U3
HECKOJIBKUX CBETO/IMOJIOB, MCITYCKAIONMX KPACHDII, 3eJieHblil u

<N

e G N

1

Puc.8. Ceemoouod e paspese (caeea) u cmpoenue noiynposoOHUKOB0Z0
wuna, ucnyckauezo céem (cnpasa): 1 — memaiiuueckue KoHmaxmol 0
NOOKIIOUEHUS. K UCTNOUHUKY NOCIMOAHHO020 TOKA; 2 — NPOIPAUHBIL KOKYX
ceemoduoda; 3 — ceem, ucnycxaemviii c6emoouodoM; 4 — noaiynposooHUKo-
6O UUN, CAOU KOMOPOZO CXEMAMUUECKU NOKA3AHBL CNPABd; 5 — napadou-
UeCKUll 3ePKANLHLIL OMPAKAMENb, COOUPAIOWUT C6EM 6 NAPAINCTLHOLU
nyuox;, 6 — caoi, 00aa0auuil <ObPOUHOT>, UAU P-NPOBOOUMOCTNDIO;
7 = axmusnoLii CA0t, XUMUECKULL COCMAG KOMOPO2Zo onpedeisiem napamem-
puL ucnycxaemozo ceema; 8 — CA0U, o6aadarouwuil <INEKMPOHHOU», UU T~
npoeodumMocmvio; 9 — aNeKMPONPoeoOAUAs NOON0KKA YUnd. DIeKmpoHyL
Ha cxeme cnpasa 0003HAUCHbL UEPHLIMU KPYKKAMU, d <OblpKU> — OenbIMl.
daexmpuueckoe HanpsKenue, NPULOKeHHoe MeKdY N- U P-CAOAMU NO-
AYNPOBOOHUKOB020 UUNA, NPUBOOUM K OBUKEHUI) INEKMPOHOE U3 N-CIOS
(8) 6 axmusnoii caoit (7). Odnospemenno myda xe nod Oeicmeuen
NPUNOKENHO0Z0 HANPsKenus 06UKYMCSL <OvipKu» u3 p-caos (6). B axmus-
HOM Ca0e <ObpKUs> U IJEKMPOHbL BCMPEUAIOMCS U YHULMOKAIOM OpYe ¢
Opyeza, u npu amom uacmo mepeuu evidesemcs 6 sude céema ( nynxmup-
Hole cmpenxu,)
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CHHHIT CBET, MOYKHO MOJIYYUTH JI0ObIE OTTEHKU GEJIOT0, KaK YrOIHO
6IM3KO TIPUOIMIKAST €r0 CIIEKTP K COJHEYHOMY.

CBeTono/ bl YK€ CTAaj BBITECHSTb JAMIIbI HAKAJTUBAHUS U3
ABTOMOOMJIbHBIX OCBETUTEJIbHBIX YCTpPOiicTB. Tak, Gosee MOJIOBIUHBI
BBITyCKaeMbIX B EBpore aBTOMAIINH HCHOJB3YIOT KPAacHbBIC CBETO-
JINOJTBI B KAUeCTBE «BBICOKOTO» CTOI-CUTHANA, a TaKyKe yKasaTeJiei
MOBOPOTA U TaGapUTHBIX OTHEW. Y BEJUYUBAETCS C KAXKIABIM TOIAOM
npoieHT cBetodOopoB, pabOTANINX HA CBETOAMOAAX, HPH ITOM
YCTAHOBKA Ka’K/IOTO HOBOTO CBETOMOIHOTO CBETOMOpa MO3BOJISET
B 5 pa3 CHM3UTb HHEPro3aTpaThl 110 CPABHEHUIO CO CTAPbIMH CBETO-
dopamm, rae 6eJblii CBET, MOJIyYaeMblil OT JiaMI HaKaJIUBaHUS,
poxoasd 4epe3 (UIBTPHI, TIPEBpAIAJCS B KPACHDBIH, XEITHIH 1
3eJIeHbII.

B orsmume oT XpyNKUX JaMIT HAKAJTUBAHUS U JTIOMAHECTIEHTHBIX
JIAMII, CBETO/MO/IbI OYEHD ITPOYHBI MEXAHUYECKHU, & CPOK UX IKCILTY-
ararmu Moxket jgocturatb 100000 wacos. IlpaBaa, ectb u HegocTat-
KI Y CBETO/INO/THBIX OCBETUTEIBbHBIX YCTPOWCTB — OHU CTOSIT JIOPOKE
Jla U CBETST HE TaK SIPKO, KaK XoTesoch 6b1. Ho 00a aTn HepoctaTKa
MOJKHO OOBSICHUTDH «MOJIOZOCTBIO» CBETOAMO/IHBIX JAMIIOYEK — BEIb
HoGeneBckyto mpemuio mo (usuke OJHOMY U3 UX <«POJUTEJEH
poccuiickomy ¢usuky sKopecy VBanoBuuy AsndepoBy, Aaau TOJb-
ko B 2000 rogy. O6 uHTEHCUBHOCTU PAGOT B 06JIACTH CBETOUO/HO-
T'O OCBEIIEHNS TOBOPUT TOT paKT, uto 3a nocuenuue 10 et cBeToor-
Jlavga IMOJHBIX JTaMIiouek BbIpoca B 10 pas, a aTo 3HAUNT, UTO €CJin
HAYYHO-UCC/Ie0BATENbCKIE PAGOTBI GYIYT TPOJOJIKATHCS TaKUMU
JKe TeMITaMU, TO y’Ke 4epe3 HeCKOJIbKO JIET WX CBETOOT/Iada TPEBBI-
CUT JlasKe TI0Ka3aTesu JydinuX (hJyopeciieHTHbIX JIaMII.

Hy, a gasnbime geo 3a Mpon3BOICTBOM M PEKJIAMON, 1, AEHCTBYS
coo00111a, OHU B KOHIIE KOHIOB yOe/ISAT HAC C/leJaTh BBIGOD B MOJIb3Y
CBETO/INO/IOB, KOTOPBIM, Kak cuntaeT /K. V. Andepos, mpuHaaIeKUT
Oyyliee.



[TIABA 2

NMOYEMY JINCTbA KAMYCTbl U JIOTOCA
BCErAA YANCTbIE?

HermpocTbie OTHOIEHNS CYIIECTBYIOT MEXKIY SKUIKO-
CTHIO U TIOBEPXHOCTDHIO TBEP/IOTO TeJIa UJIN MEXKIY ABYMSI COIPUKAca-
IOMIUMUCST TBEPABIMU IOBEPXHOCTsIMU. Karim BOJbI, HalpuMep,
«JTI06SIT> BETPOBOE CTEKJO aBTOMOOWJISI U, CKaThIBasiChb C HETO,
OCTaBJIAIOT Ha HEM JIJIMHHbBIE MOKPBIE TTOJIOCHI, & BOT HA TIOBEPXHOCTH
JINCTA JIOTOCA WJIN KaIyCThI OCTABUTD CJIe/l KamiaM He yaaercs. He
PaBHO/YTIHBI IPYT K APYTY ¥ TBEP/ble MaTePHAJIBI, M 3TO OIMpe/iesaeT
KaK JIETKO WX MOXKHO CHasiTh, CBAPUTb, CKJIEUTb WM TIOKPACHUTD.
OxasbIBaeTcs, «B3auMHbIE YYBCTBA» MAaTEPUAJIOB 3aBUCIT OT CMAvu-
BaHUs U aJre3uu — PU3NYECKUX SBJICHUI, C KOTOPBIMU MbI CTaJIKU-
BaeMcsl Ha KaXK/JOM IIary.

Bce geno B cmaunBanun. CMaunBanie — siBJeHIe, BO3HUKAIOIIEe
TPU CONMPUKOCHOBEHWH KUIKOCTH C TIOBEPXHOCTBIO TBEPAOTO TeJia
WJIN IPYTOH SKUIKOCTHU U SIBJISIONIEECS Pe3yJIbTaTOM MEKMOJIEKYJISIP-
HOTO B3aMMOJIENCTBUS B 30He 9TOro KoHTakTa. OHO BbIpa)kaercs, B
YACTHOCTH, B PACTEKaHWM JKUIKOCTH IO TBEP/ON IMOBEPXHOCTH,
HaXO/IAIIeHCS B KOHTAKTE C Ta30M WJIH JPYTOil KIIKOCTHIO, MPOIHU-
TBIBAHUU TIOPUCTBIX TEJ W MOPOIIKOB, MCKPUBJEHUU TTOBEPXHOCTU
SKUJKOCTH Y TTOBEPXHOCTH TBepAoro Tesa. CMauynBaHUe OMpeessaeT
dopMy Kamm Ha TBEPAOW MOBEPXHOCTH, a MepOil CMauynBaHUS
CJYKUT KPAaeBOI YroJ @ MeXKIy MOBEPXHOCTSIMU TBEPIOTO Tesa H
sKkuAKoCTH B Mecte konrakTa (puc.9). Korza 6 < 90°, rosopsar, uto
SKMJIKOCTh CMAUYMBAET MOBEPXHOCTD, a Korja 6 >90° — He cMaunBaer.

He cmauusaem Cruavusaem

Puc.9. KpaeeozZ Yyeol, K020a Kanis KuOKOCMU CMAUUCACT UJU HE CMAYU-
eaem nogepxHocmv 77286])6020 meJd

KpaeBoii yrosr 3aBUCUT OT COOTHOIIEHMS CUJT CIIETJICHHS MOJIEKY.I
SKHJIKOCTH € MOJIEKYJIAMH cMauuBaeMoro tesa (aaresus) um cui
CLeIIeHusl MOJEKyJ »KMAKOCTH Mexay co6oil (koresus). Ecim
MOJIEKYJIBI SKH/IKOCTH IPUTATHBAIOTCS APYT K APYTY CHJIbHEE, 4eM K
MOJIEKYJIaM TBEPIOTO TeJa, KHAKOCTh CTPEMUTCS coOpaThcsl B Ka-
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nesbky. Ecion ske, HA060pOT, MOJIEKYJIbI JKUJIKOCTH TIPUTSATHBAIOTCS
APYT K Apyry cjabee, 4eM K MOJIEKYJIaM TBEPJAOrO TeJa, SKUAKOCTD
<IIPIDKUMAETCSI» K MOBEPXHOCTH, paciibiBaeTes 1o Heil. ITosepx-
HOCTb, Ha KOTOPOH KI/IKOCTb PACTEKAETCs, Ha3bIBAIOT JNOMIIbHON
(rpeu. — Jo6siiast PAaCTBOPEHNUE) MO OTHOIIEHUIO K JIAHHOI SKUJIKO-
cTi. B Tex ke ciaydasx, Korja pacTeKaHus He IIPOUCXO/INUT, TOBEPX-
HOCTb HasbIBaloT JmodobHoi (rpeu. — Gosmascs pacTBOPEHMs).
Wamepsist Besmunny yria 0, oleHuBaioT JHo(pUIbHOCTb U J10p006-
HOCTb HMOBEPXHOCTEH MO OTHOIIEHWIO K PAasJIMYHBIM JKU/IKOCTSIM.

3HaveHHNe CMAYNBAEMOCTH BO MHOTMX TEXHOJIOTHYECKHUX ITPOIIec-
cax, SIBJIEHMSX SKMBOH M HEKMBOWH HPUPOABI M B OBITY TPY/HO
1epeolennTb. Xopoliee cMaylBanne HeOOXOMMO, HAIPUMED, TPU
CTUPKe, KPAIleHN!, CKIeNBAaHNN, Talike, CO3JaHNN TH/IPON30.JIAIIN-
OHHBIX MaTepuayioB. Ha siBienun cMaunBanuu ocHoBaHa (uroTarus
— OJIMH 13 OCHOBHBIX METOJIOB OGOTAllleHNs] MHHEPAJbHBIX PYL.
AP DeKTUBHBIMU PETYIATOPAMU CMAYMBAHUS SBJISIOTCST TOBEPXHOC-
THO-aKTHBHbIE BEIECTBA.

Koad punuent moBepxXHOCTHOTO HATSI’KEHHSI ONPENEAET CMa-
YHBAaeMOCTb. TaK KakK ¢ BeJMINHON TTOBEPXHOCTH KUKOCTH CBI3aHa
MOTEHINAIbHAS JHEPIUs MOBEPXHOCTHOTO HATSKEHUS, TO SKH[I-
KOCTb, CTPEMSICb K MMHUMYMY IOTEHIIMAJbHOI 5HEpruu, Bcerja
CTapaercsl ¢/ieJ1aTh 3Ty MOBEPXHOCTb KaK MOKHO MeHblIe. 3BecTHO,
4To 1ap o6JaaeT MUHUMAJIbHOI MOBEPXHOCTHIO JIIsT BeeX (uryp
Takoro sxe o0bema. [loaToMy ecm Ha KaITio KUIKOCTH HE AEHCTBY-
10T HUKAKWe BHEIHWE CUJIbI, TO OHA TpuHuMaeT GopMy Iapa, Kak
9TO MIPOUCXO/NT, HATIpUMED, B HeBecoMocTu. U uem Gouibiie Koag-
(punmeHT MOBEPXHOCTHOTO HATSKEHUST KU/IKOCTH, TEM aKTHBHEE OHA
Oy/IeT CTPEMUTHCSI MUHIMU3UPOBATh CBOIO TOBEPXHOCTD IIPU IPOYNX
PaBHBIX YCJIOBHIX.

[ToreniuanbHOI SHEPTHEN TOBEPXHOCTHOTO HATSIKEHUsT 00.J1a/1a-
10T He TOJBbKO MOJEKYJBbI JKUAKOCTH, HaXOJAIINecs Ha TpaHUIe
«KHJIKOCTb — Ta3», HO M MOJICKYJIbl TBEPJOro Teja Ha IPaHUIAX
«TeJI0 — JKUJIKOCTb» M «Teslo — ra3d». Takum o6pa3oM, Korja Kars
JKUJIKOCTH  TIOTIAJIaeT Ha IOBEPXHOCTb TBEPOTO Tesa, 3a/ady O
MUHIMM3AIUN HOTEHIIMAJbHON SHEPruM MPUXOJUTCS PellaTb UM
Brpoem: TBepaomy teay (1), sxugkoctu (k) u rasy (r). Ecium aaresus
SKUJKOCTH W TBEPAOTO TeJa TaK BbICOKA, 4TO s Hux (Kamiu u
MOBEPXHOCTH TBEPJOTO TeJIa) CTAHOBUTCST 9HEPTETHYECKH BBITOIHBIM
CMa4MBaTh MOBEPXHOCTD, JlaKe YBEJUYNBAsK MOTEHIMAJbHYIO SHEp-
TMIO CHJI TIOBEPXHOCTHOTO HATSKEHUS] HA TPaHMIE <XKUJIKOCTb —
raz», TO Kalljisl PACIUIONINBAETCS BJOJb IOBEPXHOCTH TBEPJOTO
Tesa. JTO MPOJI0JLKAETCs JI0 TEX Mop, MOKa JAajabHelillee pacTeKaHne
KAllJIi CTAHOBUTCS Y’Ke JHEPTEeTUYECKH HEBBITO/[HBIM.
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[Ipy HaCTYIMBIIEM PaBHO- Tas
Becuu cobJrioaercst Gaanc ro- - SKudkocmo
PU3OHTANBHBIX CUJI, PACTATH-
BAIOINX U CKUMAIONNUX TTI0BEP- <
xuocth Karan (puc.10), xoto-

PblIil 1103BOJIIET BBIUUCJIUTD Be-
Puc. 10. K svruucnenuio xpaeeozo yzia

‘HHI{HHy KpdeBOrO yrﬂa e 110 no 6d]ldHCy CUJl NOBEPXHOCIMHOZO HA-
U3BECTHBIM 3HAYCHHAM KO- 0o o

(bUIMEeHTOB IIOBEPXHOCTHOIO
HATSKeHUSA O, U Oy !

Teepdoe meo

K
Gy = Oppy + 0y COSO .

IIagare co 3manmem gesa. Ilaiika BO3MOJKHA TOJIBKO B TOM
cJIy4yae, KOT/ia IPHUITOH CMauynBaeT CoeInHseMbIe IeTai. JTO IPOUC-
XOJIUT, €CJIU CUJIBI IPUTSKCHUS MEXKIY aTOMaMU MPUTIOS W METaJIa
60JIblIle, YeM MeXK/ly aTOMaMU BHYTPH caMoro mpuros. Ecim xanis
MIPUTIOST HE CMAYUBAET MIOBEPXHOCTH, TO OHA He CIIOCOOHA 3aTeKaTh B
Y3KHe 3a30Pbl MEXK/IY COEAMHSIeMbIMU MaTtepuaiamu. [Ipu Hammdmm
3arpsi3HEHMIT COe/IMHSIEMbBIX MOBEPXHOCTEl a/Ire3ust TIPUTIOs yXY/IIla-
eTcsl ¥ BO3MOYKHO 06pasoBaHNe HECMAaYyMBAaeMbIX 30H, UYTO CHUIKAET
KadvecTBO Maiku. /[y ycTpaHeHns TIIIeHKN OKNCJIOB € TIOBEPXHOCTEH
METaJIJIOB M YMEHBIIEHNS CUJT TOBEPXHOCTHOTO HATSIKEHWS PACILIaB-
JIEHHOTO TIPUTIOS HA TPAHWIIE «METAJLT — IIPUIION» CIYKAT CTIeINAb-
Hble MaTepuasbl — ¢uiiochl. [Ipu anekTpruyeckoM MOHTaxKe HanboJiee
IIMPOKO MPUMEHSTIOTCST (DJIIOCHI HA OCHOBE KaHU(OJIH.

@oTanMs: CHJIbl MOBEPXHOCTHOTO HATSKEHUsI 3a PaGoOTOii.
Bompuryio poib WTpaloT CHJIBI MOBEPXHOCTHOTO HATSKEHWS BO
(roTarm — MMPOKO pacipocTpaHeHHOM criocoGe oGoraiieHus pas-
HOOGpasubIx pya. Metoa ¢uotaruu OCHOBaH HAa HCIIOJIb30BAHUH
PA3JMYHON CMAuYMBAEMOCTH BOJIOW MHMHEDAJIOB, COIEPKAIINUXCS B
pyze. [l 3TOT0 U3TOTOBJSIOT MYJIBITy — CMECh M3MEJIbYEHHOI PY/IbI
U BoAbl. B mysbiy 106aBaSIOT crielnaJbHOe XMMUYECKOe COeIHe-
HIe, KOTOpOe, B3aNMOIEHCTBYS C HCKOMBIM MUHEPAJIOM, JIeTaeT eTo
HOBEPXHOCTb J0(GOGHOI 110 oTHOUIeHNO K Boge (ruapodoGHOit).
[TocJie aToro yepes IyJibIlly HAYMHAIOT IIPOITYCKATD 11y3bIPbKH BO3/LY-
xa. Tak kak Bojla He cMauMBaeT MUHEPAJI, MO/JIEXKANUN U3bITHIO U3
PYZIbI, TO OH BBITAJIKUBACTCS U3 JKUJAKOCTH, TIPUJIUTIAET K TTy3bIPbKaM
MPOITYCKAEMOTO Yepe3 IyJbIy BO3/yXa W BCIJIBIBAET HA IOBEPX-
HOCTD, OTKY/Ia W yaJsgeTcsl BMeCTe C TIEHOM.

CMauynBaeMOCTh 3aBHCHT OT MHKPOCTPYKTYPbI MOBEPXHOCTH:
adpdekr aoroca. Jloroc (puc.11) — oano U3 TpexpacHemMX
BOJHBIX pacTeHuil Ha Hamieil TmaHere. Ero 1BeTku He TOJIbKO
U3YMUTEJIbHO KPACUBDI, HO U YUCTDHI Ja’Ke TOT/Ia, KOT/Ia BOJa BOKPYT

21



MyTHas U TpsA3Had. JIncTos n nser-
K HEe CMAuYnBalOTCI BOOI, IT0TO-
My KaIlJIi BOJbI CKATBIBAIOTCS C
HUX, KaK IMAPUKK PTYTH, CMBIBAs C
HUX BCIO TPpsA3b. [laske KanisaMm Kiest
U MeJla He yaeTcs yaepsKarbes Ha
TMOBEPXHOCTH JIUCTBEB JIOTOCA.
KcraTtn, TaknMn ske yHIKAJIbHBIMI
cBolicTBaMU 00/1a/1al0T JINCTbs HE
TOJIBKO JIOTOCA, HO M MHOTHUX JIPY-
IMX PACTEHUH, B YACTHOCTH OOBIK-
HOBEHHOM KAaITyCTBHI.
OxasbiBaeTcs, BCS MOBEPXHOCTD
JIUCTBEB JIOTOCA TYCTO IOKPBITA
MUKPOIIYIIBIPBIIIKAMUA BbICOTOM
okoJio 10 MKM, a caMu IyTIbIPbIIII-
KH, B CBOIO OYepe/lb, TOKPBITHI
. o - MUKPOBOPCUHKAMH €e1lle MEHbBIIETO
Puc.11. Jlomoc opexonocnoiil, unu ~ PASMEPA (puc.12). Hccaepoanus

unduiickuii (Nelumbo nucifera) MOKa3aJii, 9TO BCE 3TU MUKPOILY-
MBIPBIIIKA ¥ BOPCUHKHU CJI€JIAHbBI

13 BOCKa. VI3BECTHO, YTO BOCK /IEHICTBUTENILHO IJIOXO CMAuMBAETCsI
BO/IOH, HO TOJIbKO HAJIM4Ne BOCKA Ha TIOBEPXHOCTH JINCTHEB JIOTOCA HE
MOKeT O0BSICHUTD TO, YTO COOTBETCTBYIONIUN KPAEBOW yToJI COCTaB-
nger 6onee 160°. /L1 IMCTheB MarHOJINK, HAIPUMEDP, KOTOPbIE TOXKE
MOKPBITBI BOCKOM, KPaeBoil yroa paser jumb 54°. CieoBaTesnbHo,

Maznoaus
sty

Puc.12. Muxpogomozpaduu nosepxnocmu JuUcmvee J0mocd t MazHOAUU.
Buusy caeea cxemamuuecku nokazam 00uH MuKponynvlpulex
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MMEHHO IyTIbIpYaTas CTPYKTyPa MOBEPXHOCTH JINCTBEB JIOTOCA 3HA-
YUTEJBbHO YMEHbBIAET UX CMAaYMBAEMOCTb, B TPU pas3a yBeJUYMBast
COOTBETCTBYIOIUIT KpaeBoit yroa. V1 BoT mouemy.

Kanist Bozipl, TIOTIaB Ha MMOBEPXHOCTD JIMCTA JIOTOCA, MTOXO0XKYIO Ha
MacCakKHYI0 IIETKy, He IIPOHUKAET MeXK/y MUKPOIYIIbIPHIIIKAMI,
TaK KaK 3TOMY MeIIaeT BBICOKOE MOBEPXHOCTHOE HATSKEHNE SKHU/KO-
ctu. Benb /17151 TOro yToGb! IPOHUKHYTH MEXK/Y MUKPOILYIIBIPBIIIKA-
MU, KaIlJle Ha/J[0 YBEJNYNTD CBOIO TOBEPXHOCTD, a 3TO SHEPTETUIECCKH
HeBbITO/HO. [T0aTOMY KalIst «HmapuT Ha MyaHTaX», MEX/y KOTOPbI-
MU HaXO/SITCSl IIy3bIPbKHM BO3/lyXa, YTO 3HAUYUTEJbHO YMEHbIIAeT
CHUJIBI QJITe3UN MEK/y KallJielt 1 ToBep-
XHOCTBIO JIMCTA JIOTOCA. DTO 3HAYNT, UTO
Kalje CTAaHOBUTCS HEBBITOJHO pacTe-
KaTbCs M CMAYUBATh «KOJIOYYIO» TIOBEP-
XHOCTb JINCTA JIOTOCA, 1 OHA CBOPAYNBa-
eTcsl B IMApUK, JIEMOHCTPUPYS OYEHb
BBICOKHII KpaeBoil yroJi, Kak 3T0 U3006-
paxkeHo Ha pucynke 13.

IToBepxHOCTD, aHAJIOIUYHAS MACCAK-
HOI MHUKPOIIETKe, YMEHbBIIAET a/re3uio
HE TOJIbKO Kallesb BOJbI, HO M JIIOOBIX
yacTuuek pasmepom 6osiee 10 MKM, Tak  Puc.13. Kanas 600v na
KaK OHW KacaloTCS TaKOW MOBEPXHOCTH  <«MACCAKHOU MUKPOUEMKE>
JINTIb B HECKOJBKNX To4KaxX. [Toatomy
YACTUYKU I'PSI3U, OKA3ABIINECST HA TIOBEPXHOCTH JIOTOCA, JHOO caMu
CBAJIMBAIOTCS € HETO, JIMOO YBJIEKAIOTCS CKATBIBAIOIIMMUCS KATLJISIMU
BO/IbI, a/Ire3usl K KOTOPBbIM y HUX TOpas/io 60Jibllle, YeM K KOJIoveit
MIOBEPXHOCTH JicTa. Takoe caMOOUHIIEHNe JI0TOCA OT YACTHIL I'PSI3N
HazbiBaloT addexrom soroca. IToxoxum o6pa3oM ycTpoeHa MoBep-
XHOCTb KPbLJIbeB 6a60ueKk U MHOTUX JPYTUX HACEKOMBIX, JIJisi KOTO-
PBIX 3auTa 0T U3GBITOYHON BOJIbI JKU3HEHHO HEOOXONMA: HAMOK-
HYB, OHM TOTEPsIIM Obl COCOGHOCTD JIETATD.

BoiBesiaB y TpUpPO/IbI €€ CEKPeTbl, y4yeHble CMOIJIM CO3/aTh
NCKYCCTBEHHbIE CAMOOUHIIAIONIMECS TOKPBITHSA. DddeKT Joroca
UCTIOJIb3YETCS B IIPOMBIIIJIEHHOCTH JIJIS1 CO3/[aHNsT BOJOOTTAIKNBAIO-
HMIUX CAMOOYHIIAIONIMXCST MOKPBITUI U Kpacok. PaspabarbiBaercs
CaMOOYHTIAIoNIeecs BEeTPOBOE CTEKJIO, BHEMIHSAS MOBEPXHOCTh KOTO-
POro TIOKPbITAa MUKPOBOPCUHKAMU — HA TAKOM CTEKJIE «/[BOPHUKAM>»
nenath Heuero. COBCEM CKOPO MOSIBATCS MOCTOSIHHO YUCTbIE JINCKU
JUIsT KOJleC aBTOMOOWJIEH, CaMOOYMIIAIONINECST € MCIOJIb30BAHUEM
adekra JoToca, a yxe ceifyac MOKHO MOKPACUTb CHAPYXKHU JIOM
KpacKoif, K KOTOPOH T'psA3b He MPHUJINTAeT. Y TaKUX TEeXHOJIOTHIH
60J1b11I0e Gy TyTIee.




MMABA 3

TPEHUE: APYI N BPAI?

C TpeHmeM MBI CTAJIKHBaeMCsS Ha Ka’KJOM IIary, HO
6e3 TpeHUs1 MbI He cjiesiann Obl U mara. HeBo3MOKHO IPeACTaBUTh
cebe Mup 6e3 cuJI TpeHusi. B oTcyTcTBHE TPEHMS MHOTHME KPAaTKOBpe-
MEHHbIE JBIKEHHS MTPOI0JIKATUCH Obl 6ECKOHEUHO. 3eMJIs T10/IBEP-
rajiach Obl HEIIPEPbIBHBIM 3eMJIETPSICEHISIM, TaK KaK TEKTOHIMYECKHe
IJIATBI TIOCTOSTHHO CTJIKMBAJNCh ObI MeK/y coboil. Bce senHukn
€pasy ke CKaTUJIHICH Obl € TOP, a [0 HOBEPXHOCTH 3€MJIH HOCHJIACD ObI
TIBLTH OT TIPOTIJIOTO/THETO BeTpa. Kak XopoIro, 4To Bce-TaK! ecTh Ha
cBete cusa Tpeaus! C ApyToil CTOPOHBI, TPEHHE MEXIY ACTATIMU
MalllMH TPUBOJUT K MX M3HOCY M JIONOJHUTEJIbHBIM Pacxo/aMm.
[Tpubsm3nuTesbHbIE OIIEHKN MOKA3bIBAIOT, YTO HAyYHbIE MCCJIEL0BA-
HUS B TPUOOJIOTHH — HAYKe O TPEHUH — MOTJIH Obl c6epedb OKOJIO OT
2 10 10% HaIMOHAJIBHOTO BAJOBOTO TIPOAYKTA.

Kiaaccuuecknii 3akoH TpeHusi. /[Ba caMbIX TJIaBHBIX H300peTe-
HUSI 4eJIoOBEKAa — KOJIeCO M JO0ObIBaHME OTHSI — CBSI3AHBI C CHJION
Tpenus. V3obperenne KoJeca MO3BOJNJIO 3HAUNTEIHHO YMEHbBIITHTD
CHUJTy, TIPETISITCTBYIONLYIO JBMKEHHIO, a JOObIBAHNE OTHS MOCTABUJIO
CIJTy TpeHusl Ha caysk0y uesoBeky. OJIHAKO /10 CHX IOp y4eHble
JIAJIEKN OT TIOJIHOTO MOHMMaHUs (PU3NYECKIX OCHOB CUJIBI TpeHus. V1
BOBCE HE OTTOTO, YTO JIO/ei ¢ HEeKOTOPBIX TOP MepecTago HHTepeco-
BaTbh 3TO ABJICHUE.

[TepBast popMyIMPOBKA 3aKOHOB TPEHUS TPUHA/JIESKUT BEJINKO-
My Jleonapao aa Bunun (1519 1.), KOTOPBIN yTBEpsKAaJI, U4TO CHIA
TPEHUsI, BO3HUKAIOIIAS [TPH KOHTAKTE TeJla C IOBEPXHOCTBIO IPYTOro
TeJsa, TPOIOPIIMOHAJNbHA CUJIe TIPIDKATHS, HAlpaBJjeHa IIPOTHB Ha-
TIPaBJICHNUS JIBIDKEHUSA W HE 3aBUCUT OT IJIOMQ M KOHTAKTa. JTOT
3aKOH ObL1 3aHOBO OTKpbIT yepe3 180 jser I'. AmonrtonoMm, a 3arem
yrouner B paborax III.Kynona (1781 r.). [lo cux nop dopmy.ia

Fy, =uN,

rae F - — cuna tpennsi, N — COCTaBJISIONlasi CHJIbI HPHKATHS,
HOpPMaJIbHAsT K TOBEPXHOCTH KOHTAKTa, a L — K03(pDUIIHEeHT TpeHns,
HIOJTHOCTBIO OTIPE/IEJISIONINIT CUJTy TPEHUS /IS JII000i Tapbl KOHTaK-
THPYIOMNX MaTePHUAJIOB, SBJIAETCS eANHCTBEHHO (POPMYJION, BBIpa-
skatorielt 3akon Tpenns AMonrtona — Kysona, KOTOpyIo MOXKHO HallTH
B yueOHMKaX 110 (pusnke. B Teyenne AByX CTOJETHI 3TOT SKCIIEPUMEH-
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TAJbHO TOKA3aHHBIN 3aKOH HUKTO HE CMOT OMPOBEPTHYTD, U /10 CUX
TIOp OH 3BYYHT Tak, Kak 200 et Hasam:

1) Cuia TpeHust npsAMO MPOTIOPIMOHATbHA HOPMAIBHOI COCTAB-
JISIONEH  CUJTBI, COKMMAIONIEH ITTOBEPXHOCTH CKOJIBb3SINUX TeJa, U
BCer/ia /IefiCTByeT B HAIlPaBJICHUH, TIPOTHBOIOJIOKHOM HAIIPABJICHUIO
JIBIDKEHMS.

2) CuJsia TpeHUS He 3aBUCHT OT BEJMYUHBI TIOBEPXHOCTH COIPU-
KOCHOBEHUS.

3) Cuna TpeHUS He 3aBUCHT OT CKOPOCTH CKOJIbKEHHUSL.

4) Cusia TpeHus TIOKOsI Beerja GoJibllle CHJIbI TPEHUSI CKOJTbKe-
HUS.

5) CuJibl TPEHUS 3ABUCAT TOJBKO OT ABYX MATEPHUAJIOB, KOTOPbIE
CKOJIB3AT JIPYT TIO JIPYTY.

Ilotnpaem pyku u npoBepsieM OCHOBHOIi 3akoH TpeHusi. Cina
TPEHUs — JMCCHUIIATUBHAS cuja. IJTO O3HA4YaerT, 4To Bcs paboTa,
pacxojiyemMasi Ha ee IIPeojioJIeHIe, Mepexo/AnT B TEII0. 3HAYEHUs
ko3 PUIMEHTA TPEHHS, TPUBO/INMbIE B MH>KEHEPHDBIX CITPABOYHIKAX
(cM. Tabauiy 1), TIO3BOJIAIOT OLIEHUBATH ATOT HATPEB B IIPOEKTUPY-
emMbIX npubopax u ycrpoiictBax. Hy, a Mbl nompoGyem Haiitn
KOJIMYECTBO TEIJIOTHI, BBIJEJIIONIeecs, KOT/a MBI, Pa3orpeBasch,
MOTHPAEM PYKH.

[omyctum, uyTo MbI cxkuMaeM Jajionu ¢ cuioii 0,5 H, a koaddu-
IIMEeHT TPEeHUs KoXu 06 Koy cocrasister 0,5. Torga cumma Tpenns,
KOTOPYTO MBI TIPEOJ0JIEBAeM TPHU CKOJIbXEHUN OFHOH JIAZOHWU II0
roBepxHocTu Jipyroii, Oyxer pasua 0,25 H. Ecsu cuurars, 4To,
pas3orpeBasgchb, MBI 32 O/IHY CEKYH/Y COBEPIIAeM YeThIpe ABIDKEHUS
JIaJloHelt n Kaxkjoe u3 Hux 1o 0,1 M, To MOIITHOCTD, pacxoayeMasi Ha
npeojiosieHne cuibl TpeHus, cocrapiager 0,1 Br. 3a 10 cekynn
TaKOTO pas3orpeBa B 06JIACTH KOHTaKTa JajioHeil Bbyieaures 1 JIx
tersia. I1ycTh Bee aTO TeJto ueT Ha pa3orpeB y4acTKa MOBEPXHOCTH
kosku momaapio 0,01 M2 u rommumuoii 0,001 M, KOTOPBINT UMeeT
Maccy OKOJIO 107 kr u V/IEJbHYIO TEIJIOEMKOCTb, OJM3KYIO K
TemnoeMkoctn Boasl, T.e. 4,2 wxJUx/(kr-K). 3uaunr, namm aeit-
CTBUS ITPUBEYT K HArpeBy aTOrO ydyacTKa Ha 25 rpajycos. Bujxo,
YTO OIIEHKA HarpeBa MoJIy4nJIach sSIBHO 3aBbIIEHHOI. BoJsbias yactb
TeTIIa OT pa3orpeBa, KOHEYHO, YXOANT B TKAHMU, PACTIOTOKEHHDIE TIO/T
KOXKefl, 1 PA3HOCUTCA IO TETy ¢ KPOBOTOKOM, HO M OCTaBIICHCS YacTH
TEIJIOBOW SHEPTMN OKa3bIBAETCS JIOCTATOYHO, YTOODI TIO/IHATD TeMIle-
paTypy KOKM Ha HECKOJIbKO TPaj/lyCcoB.

Yro Takoe TOPMO3HOI mMyTh? /[Be MalIMHBI CTOJKHYJHCH Ha
nepekpectke. [loBpesx/ieHnst HeGoJIbIINe, TaK KaK KasK/bIH yCIIeJ
TTOYTH TIOJTHOCTBIO 3aTOPMO3UTD MAIIMHY Tiepe/t aBapueii. [loaTomy n
BUHOBATBIM ce6sT CUNTATh HUKTO He XodeT. I[IpuexaBmuit mHCTIEKTOP
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Tabauya 1

Koaddumpentsr Tpenuns: ajas pasauvHbIX Oap MaTepHaioB

Koaddpunnenr | Koapdurnuent I'nagxue o6esskupeHHbIe
TPpEHUA MMOKOA TPpEHUA TIOBEPXHOCTH MATEPHUATIOB
CKOJIb>XEHHA IIpu HOPMAJbHBIX YCJJIOBHAX
14 Pesuna Teepapie Tema
0,5-0,8 Pesuna Cyxoii acanpt
0,2-0,7 Pesuna Mokpsrii achanbr
1 1 Markas craib Caunert
1,1 0,2 Uyryn Uyryn
1,0 0,3 Menp Uyryn
0,9 0,4 Crexrso Crekio
0,8 0,6 Crekio Huxkennb
0,8 0,4 TBepaas cramp TBepmas crauab
0,7 0.6 Msarkadg cTanb Markad cTanb
0,6 0.5 AmoMuHMi Markad cTanb
0.6 0.5 Koxa (BJIOJII)Z[B};éJIOKHa)
0,5 0,4 Menn Margag craab
0,5 0,4 Markas cTaab JlaTysb
0,5-0,3 0,3-0,2 Jlepeso JlepeBo
0,1 0,05 JIbpkn co cMaskoil Cuer
0,1-0,5 0,02-0,1 Jen Jen
0,04 0,04 Tednon Teduon
0,04 0,04 Tedon Crann
0,01 0,01 Cycrassl yesoBeka|CycTaBbl UeToBeKa

PENINJT, YTO BUHOBAT TOT, y KOTO J/IMHA TOPMO3HOTO ITyTH — Y€PHOTO
crena or kosec — Goabme (puc.14). Tlouemy?

[Iycth MammHa Bble3Kaaa Ha IEPEKPECTOK CO CKOPOCTBIO ¥ U ee
BOJINTENb, YBUAEB APYIYIO MallMHy, CTaJ TOPMO3HMTb, OCTABUB Ha
jopore caes aanHoi L. Ecou cuurarh, 4To K MOMEHTY CTOJKHOBEHUS
BCS KUHETHYECKas 9HEPrusi aBTOMOOMJIA Iepeniia B paboTy 110
MPEOSONEHNIO CHUIbl Tpernst (B TEII0), To

2

T = umglL

rze m — MaccCa aBTOMOéI/IJIH, a g — YCKOp€EHHne CB060I[HOI‘O ITa/leHuAd.
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Puc.14. ZZ/luH(l uepHozo c‘/zeaa, 0CMAGJIeHH020 KoJecdmMu MAWUHbL nocle
MOPMOIKEHUS, nomozaem OUeHUMb CKOPOCb asmomobuis

Orciofa cyrejtyer, 4TO JIMHA TOPMO3HOTO IIyTH MPONOPIIMOHAIbHA
KBa/IpaTy CKOPOCTH aBTOMOOUJIS. 3HAYHUT, TOT aBTOMOOMIIb, KOTOPBIIT
TO/Tbe3KAJ K IEPEKPECTKY ¢ GOJIbIIEl CKOPOCTHIO, NIMeeT 1 OOJIbIITYI0
JUIMHY TOpMO3HOTO ItyTu. Hanpumep, A = 0,7 AaMHa TOPMO3HO-
romytu B 30 M COOTBETCTBYET CKOPOCTU [IBUIKEHUS 73 KM /4, 4TO Ha
13 kM /4 6oJibllle pa3perieHHON CKOPOCTH JBHMKEHHS 110 YJIUIIAM
ropoja.

ITouemy Bce mmHbI YepHBbIE? Bce M3TOTOBUTEJIN IITMH NUCTIONb3Y-
10T O/INH U TOT K€ MPOIeCC — BYJIKAHU3AINIO KUIKOH Pe3UHBI, MPH
KOTOPOM OJIHO# U3 100aBOK CJIYKUT yroJibHas 1yjapa. B pesymbrare
JUTHHDIE MOJIEKYJIbI JKUIKOU PE3UHBI CITUBAIOTCS MEKLYy COOOM, UTO
IpeBpalaeT ee B 2JACTUYHBIN U IPOUYHBIH Marepmasn. Tak Kak
YACTUYKK YIJIsI YePHBIE U UX OTHOCHTENHHO MHOrO (0K0JIO 25% 110
Macce), TO M Pe3rHa CTaHOBUTCS 4yepHOi. UeM GoJiblie 106aBIATH
IIPY BYJIKQHU3AI[MH YTOJBHOH Iy/PbI, COCTOSIIEH NMPaKTHYECKH W3
OJTHOTO YTJIepO/ia, TeM GoJiee XKeCTKOM, TPOYHOI 1 MeHee MTPUJIUITIH-
BOIi Gy/leT pe3unHa.

Kak Haxumarh Ha ra3d u Ha TopMo3? HekoTopble BojuUTENH,
YBHJIEB, UTO Ha CBETO(OpPE 3a’Kercsl 3eJeHBbI CBET, B/IABJIMBAIOT
Tes1ajib rasa Jio caMoro MoJia, IMbITasiCh Kak MOXKHO ObIcTpee HAOpaTh
MaKCHMAJIbHYIO CKOPOCTh. CBUETENN TAaKOTO CTapTa CJBIIMIAT CBUCT
TTPOCKATB3BIBAIONINX OTHOCUTEJIBHO Jopord muH. COo CTOPOHBI 3TO
BBITJIAINT JCHCTBUTEJIbHO OYeHb Briedatr dome. Ho kak Ha caMoM
nene? Heyskesn st Toro 4ro6bl MamnmHa 1puo6pesa HanboJblee
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YCKOpEeHHe, HaJ0 3aCTaBJIATb KoJeca CKOJb3UTH IO JOPOXKHOMY
TMOKpbITHIO? KoHeuHo, HeT.

WsBecTHO, YTO ABIGKYINEH CHJIOH aBTOMOOWJIS CJIYKUT CHUJIA
TPEHUST ero KoJiec 0 JOPOKHOe MOKpbITHe. Ecjam pe3ko HaskaTh Ha
ne/1ab Ta3a, BbI3BAB MTPOCKATb3bIBAHIE IIINH OTHOCUTEIBHO acdasb-

A Ta, TO MaKCHUMaJbHOE YCKOpE€HUE

Hauanocw OyeT MPOIOPLUUOHAIBHO CHUJIE
« CKONbIAKEHIUE TPEHUS CKOJIBKEHNST, KOTOPast Bee-
3 I/la MeHbIIle MAaKCHUMAJIbHON CUJIbI
2 Cyro Tpenus nokost (puc.15). IToaTomy
§ ObICTpeE YCKOPSETCsl He TOT, KTO
3 Moxpo CIKUTaeT Pe3uHy MOKPLIIIEK, a TOT,
O KTO UCIIOJIb3YEeT CHJLY TPEHUS [O-
. Kos (T.e. He OIyCKaeT CKOJIbXKE-
Jleuxywas cuid “ Hud) B JAManasoHe, IJle OHa IIpe-
BBIIIAET CHJY TPEHUS CKOJbKE-

Puc.15. 3asucumocmv cunvt mpe- —

Hus, Oelicmsylowel na meso, om
CUNbL, KOMOPAST MOXKem npusecmu
UAU NPUBOOUM K O0BUKEHUIO Med
0Nl CYX020 U MOKPOZO 0OPOKHOZ0
nOKpLIMUSL

Peskoe TopMOXKeHUE, Kak |
YCKOpeHUe, MOXKeT TPUBECTH K
CKOJIbXKEHUIO KOJIEC 110 JOPO’KHO-
MY HOKPBITHIO, @ 3HAUUT, K YMEHb-
IIEHWIO CUJIBI, TOPMO3SIIEH aBTo-
MOGHUJIb, — BeJb TOPMO3SIieil CHUJION SBJSIETCS TOXKE CHJIA TPEHUS.
[TosToMy, HakaB 0OYeHb PE3KO Ha Ie/Ia/Ib ra3a u J0MYyCTUB IPOCKAJIb-
3bIBAHIE, Mbl YBEJIUYNBAEM TOPMO3HOM 1yTh. YTOOBI MUHUMU3UPO-
BaTb TOPMO3HOM ITyTh, B COBPEMEHHDBIX aBTOMOOHJISIX YCTaHABJIMBA-
1ot cucremy ABS (Antilock Brake System), xortopasi, npensarcrBys
CKOJIBYKEHUIO KOJIEC 110 JIOPOKHOMY TIOKPBITHIO, TPaHC(HOPMUPYeET
pesKoe Ha)KaTHe Ha TOPMO3 B IIOCJIE/IOBATENBHOCTD HECKOJDbKHUX
TopMoskeHnit. Db dexrTuBHOCTd ABS-TOpMOKEHNS 0CO6EHHO BBICOKA
HA MOKPBIX JIOpOraX, KOI/la MaKCHMaJsbHas CUJA TPEHHs IOKOs
MOJKET B HECKOJIbKO Pa3 MPEBBINIATh CUJIY TPEHUS CKOJbXKEHUS.

Jlisi 4ero Hy>keH PHCYHOK HA NIMHaX aBroMoOmiasn? Ecuu
MallliHa Bbe3yKaeT B JIy>KYy, a BOJA HE yCIleBaeT BBICKOYUTD M3-110/]
KoJIeca, TO CIeTJIeHHe € JOPOTOH TepsieTcs, U KOJIECO MOKET Bpa-
1IaThCsl BOKPYT OCH, HE UCIBIThIBASI TPeHus. B aToM ciydae maimmna
CTaHOBUTCS HeylIpaBJsieMoil. BoT mouemy Ha HMOKPBIIIKAX aBTOMO-
OUJIbHBIX IIIUH HAXO/ATCS KAaHABKHU, TIOMOTAloIIne BoJie BbIOGUPATHCS
M3-TI0/I KOJIeca, YTO MOMOTAeT pe3nHe IIMH JIa’ke B JIysKaX ObICTPO
HaXO/IUTh KOHTAKT ¢ MOKpbITHEM joporu (puc.16). 3umoii 601bImnH-
CTBO BojUTesIell 00yBAIOT CBOM MAIMHbBI B 3UMHIOIO pe3uHy. Ecun
€3/IUTh Ha JIETHUX TMOKPBINIKAX 3UMOM, TO y3KHe KaHaBKU ObICTPO
3a0bIOTCSI CHETOM, a OH, [TPEBPATUBIINCH B JIeJ[, CEJAeT U3 aBTOMO-
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Puc. 16. IToxpviuku asmomoburvtolx wun, npeondasnauennole 0 Jemuux
dopoz (caesa), sumnux dopoe (6 yenmpe) u Gesdopoxovs (cnpasa)

6UJIs TIPEKPACHOE CPEJICTBO LISl HEYIIPABJISIEMOTO CKOJIbKEHUS 110
noporaM. [loaToMy MOKPBINIKK, TPUCHIOCOOJIEHHBIE JJIS €3/Ibl 10
3aCHEXKEHHBIM 1 06JIe/IEHEIBIM JJOPOTaM, UMEIOT MIUPOKNE KAHABKU 1
ropasio GOJIBIIYIO TOBEPXHOCTD KOHTAKTA € IOPOKHDBIM TIOKPBITHEM.
Ecuin sxe mipesicrout exatb 10 6€3/[0pOXKbIO, TO TOKPBINIKH JI0JIKHBI
ObITb TJIYOOKO pupIeHbIME, TaK KAk TPsi3b, UMeIONas OGOJIbIILYIO
BSI3KOCTD, TIPOCTO HE IIPOJIE3eT yepe3 y3Kue KaHaBKu, Korja Oyer
JIBUTATLCS T10]] BECOM HAE33KAIOIIEro KoJeca.

Tonku «@opmyust 1» — BoitHa mmH. Kak/Iblii TIJIOT TOHOYHOTO
60/11/1a XOUeT UMETh XOPOIIee CIeTIeHne ¢ 0POroi, 4To6bl obecrie-
quTh GbICTPBIA ctapT. Ho 3TO 3HAYMT, YTO HIMHBI €r0 aBTOMOOUJIS
JIOJIKHBI XOPOIIO TIPUJINNATD K JIOPOKHOMY TOKpbiTHio. Ho Takas
1IMHa Beerza Gy1eT OCTaBJISATD HA JOPOTe CJIe/l U3 YaCTHYeK, PUJIUII-
IIMX HABCET/a K JJOPOSKHOMY MOKPBITHIO. /[pyrumMu cioBamMu, U3HOC
IIMH C BBICOKUM CIIETIJIEHHEM TOoXKe BBICOK. IloaTomMy Ha roHKax
«@opmyanl 1» cpemumii pecypc mmHBI Bcero okoso 200 kKM, B TO
BpeMsi KaK y OOBIYHBIX IIMHH OH MOXET COCTABJATb HECKOJbKO
JIECSTKOB TBICSY KHJIOMETPOB.

NsBecTHo, 4TO aBTOMOOUJIbHBIE TOHKHM IPOXOIST HA <JIBICOI»
pe3uHe WK Ha IUHAX ¢ HECKOJIbKUMU OUeHb HETJIyOOKIMMU KaHABKA-
mu (puc.17). KanaBku B IIMHAX TOHOYHBIX MAIIMH He HYSKHbI, TaK
KaK OHHM yBEJIWYMBAIOT CIETIJIEHNE C IOPOTOH TOJBKO TOT/A, KOT/a
OHa MOKpasi. A TP MOKPOii JIOPOTe TOHKH OTMEHSIIOTCSI.

JLJ1s1 IpOM3BO/ICTBA MIMH TOHOYHBIX aBTOMOOMJIEH HCIIOJIb3YeTCsl
crenuasibHast Junkas peauxa. [loaroMy cuia TpeHus aTUX IIUH HA
CyXOii JJopore pacteT ¢ yBeJMYCHUEM IJIONIAIN KOHTAKTA, BCTYIIas),
TakuM 06pa3oM, B MPOTHBOPeYHE € KJIACCHYECKUM 3aKOHOM, CIIpa-
BE/ITUBBIM TSI TPEHUS TBEPABIX U HE3JACTHYHBIX MOBEPXHOCTEH.
Uro6bl 06ectieunTb MAKCHUMAJbHYIO CHJIy TPEHHUs, IIMHBbI KOJIeC
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Puc.17. Iunot zonounvlx 6011006 «Dopmyavi-1» — ouenv wupoxue u co-
6CEM <JLbICbIE>

FOHOYHBIX aBTOMOOmIeH fnerator ouenb mmpoknmu (10 0,38 M), uTo
TaK)Ke MO3BOJISIeT JIyYllle PACCEUBATh TEIJIO, BBIJEJSIONeecs: pu
TPEHUU O JTOPOKHOE MOKPBITHUE.

Uucrasg pe3wHa MNPUJINIIAET K JOpPOre JIydllle, 4YeM Tps3Has.
[ToaTomy miepesi caMbIM CTapTOM TIOKPBIIIKK C TIOMOIIBIO CIIEIHAJIb-
HBIX yCTpOHCTB M mpouexyp Harpesaior go 80 °C, ounmmas ee
MMOBEPXHOCTb U 00ecIiednBasi XOpoliee MPUIUIIAHIE K IOPOKHOMY
HOKprTI/IIO. KCTaTI/I, IIMINHDBI TOHOYHDBIX aBTOMOéI/IJIEI‘/JI nHOT 1A Ha]IyBa-
IOT YUCTBIM a30TOM, TaK Kak BJIAra, COEP:KAIasicss B OOBIYHOM
BO3/lyXe, TIPU HATPEBAHUU IIIUH MCIAPSIETCS U YBEJUYUBAET /1aBJie-
HUE B KOJIeCaX, 4TO CO3/aeT JOIOJHHUTEIbHbIE TPYIHOCTH B YIIPaB-
JICHUN.

O uem noior koJeca? Illym, uzgaBaemblii KoJecaMu aBTOMOOU-
Jieit, — o/lHa M3 OCHOBHBIX IPOGJEM OOJIBIINX TOPOAOB. OrpoMHbIe
CpelICTBA TPATSITCS €KErofH0 Ha 60pbOy € ITUM IMIYMOM, TaK Kak
CTOMMOCTD OJTHOTO KUJIOMETPA 3BYKOIIOTJIomIaoniero 6apbepa, ycra-
HABJINBAEMOTO BJIOJIb IT0cce, GJIN3KA K OJTHOMY MUJLINOHY J0JITIAPOB.
EcTb HeCKOIbKO Teopuii BO3HUKHOBEHU 3TOro IrymMa. OfHa 3 HUX
CYNTAET, YTO IHIYM BO3HHUKAET M3-3a KoJiebaHuil 1ehOPMIUPOBAHHBIX
YUYACTKOB BHeIIHEil 4acTu TOKpPbINIKU. [lpyras teopus cBs3bIBaer
IIOABJIEHUE myMa C OTJIMIIaHUEM peSI/IHI)I oT .[[OpOFI/I. Hy, a caMaid
POMaHTHYHAS TUIIOTE3a OOBSICHSIET IIYM TE€M, YTO BO3/YX JBUTACTCS
10 KaHABKAaM aBTOMOOWJIBHBIX TIOKPBLIIIEK, KaK 10 Tpy6aM oprasa, u
MTO3TOMY TIOET.

Kaaccuku ne Bcerga mpaBbl. Yke B XIX Beke CTaJo SICHO, YTO
3akoH AmonTona — KyJsiona He Bcerfa /laeT 1paBHJIbHOE OIHUCAHNUE
CUJIbI TPeHMsi, a KOo3(p(PUIIMEHTbl TPEHHUs OTHIO[b HE SIBJISIOTCS
YHHUBEpCaJbHBIMU Xapaktepuctukamu. [Ipesk/e Bcero, 661710 oT™MEUE-
HO, 4TO K03 PUIINEHTDBI TPEHUS 3aBUCST HE TOJBKO OT KOHTaKTUPY-
OIINX MaTepUaJioB, HO M OT TOTO, HACKOJBKO IJIaJKO 06paGoTaHbI
COTIPUKACAIONTIECS TOBEPXHOCTH. BBISICHUIOCH, HATTPUMED, YTO CHJIA
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TPeHus B BAKyyMe Bceria GOIbIIe, YeM TPpU OOBIMHBIX yCIOBHAX (CM.
rabmmiy 2). Kak ormeuaer naypear HoGeneBCckoil TmpeMun 110
dusuke (1965 r.) P.Deiinman B cBoMX JeKuuax, «...TaGauupl, B
KOTOPBIX IepeuyncaeHbl Koo UIUeHTbI TPeHHsl CTali M0 CTaju,
MeJI¥ 110 MEJIN ¥ [TPOYEE, BCE STO CILIOMIHOE HaLyBaTeIbCTBO, HOO B
HUX 5THMM MEJOYaMM [TPEHEOPEraloT, a Beb OHU-TO U ONPE/e/ISaI0T
sHauenue . TpeHue Meau 0 MeJ(b ¥ T.JI. — 3TO Ha CAMOM JIeJIe TPEHHE
0 3aTPS3HCHUS, TIPUCTABIINE K ME/H> .

Tabuua 2

3aBucumocts K03 PumenTa TpeHus
OT OKpY:Kalomeil cpe/pl

Koaddunment tperns mokos
Marepuan
B BaKyyMe Ha BO3/lyXe
Crasp—craib 0,8 0,3
Mejpb— Meap 1,2 0.8

Mo:>kHO, KOHEUHO, HOHTH 110 JAPYTroMy IIyTH ¥, U3y4as TPEHHe
M€ 110 Me/I1, U3SMEPATDH CUJIbI ITPpU ABUKEHNU NA€AJIbHO OTIIOJINPO-
BaHHbIX U JlerasupoBaHHbIX IIOBepXHOCTell B BakyyMe. Ho Toraa asa
TaKUX KyCcKa MeJW IPOCTO CJUMHYTCSA, W KO3(M@UIMEHT TPEeHud
MIOKOST HAYHET PAcTH CO BPEMEHEM, IIPOIIE/IIEM C HauaJa KOHTAKTa
noBepxHocteil. Ilo Tem ske mpuyrHaM K03(POUIMEHT TPEHUS CKOJTb-
JKeHUst OyJIeT 3aBUCETh OT CKOpocTH (pacTh ¢ ee yMeHbIIeHueM).
3Ha‘II/IT, TOYHO OIIPEAEJINTD CUJTY TPEHUA JIJIS1 YNCTHIX METAJIJIOB TOKE
HEBO3MOXKHO.

Tem He MeHee, [ CyXUX CTAHJAPTHBIX MOBEPXHOCTEH KJACCH-
YeCKU 3aKOH TpeHUuda MOYTU TOYEH, XOTA INPUYMHA TaKOTO BUaA
3aKOHA JI0 CaMOro TI0CJIE/THETO BPEMEHHM OCTABAJIaCh HEMOHSITHON —
B€/Ib TEOPETUYECKN OIEHUTb KO3(M(UIMEHT TPEeHUS MEKIy ABYMs
ITOBEPXHOCTAMU HUKTO TaK M HE CMOT.

Kak aromsl TpyTcsl Apyr o Apyra: cIpamiMBaeM y YYeHbIX.
CJI05KHOCTD U3ydeHusa TpeHudA 3aKJ/aI0YaeTcda B TOM, 4TO MECTO, r/e
3TOT MPOIECC TPOUCXO/NT, CKPBIT OT HCCJIEI0BATESI CO BCEX CTOPOH.
Hecmorpst Ha 3TO, yueHble y)Ke JIaBHO MPUIIIN K 3aKJIOYEHUI0, YTO
CHJTA TPEHUS CBSI3aHA C TEM, YTO Ha MUKPOCKOTIYECKOM ypoBHe (T.€.
€CJIM MOCMOTPETb B MHUKPOCKOIT) COTPHKACAIONIMECS TOBEPXHOCTH
OuYeHb MIEPOXOBATHIE, JAKe eCJIH OHU GbLITH OTToIMpoBanbl (puc.18).
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ITosToMy cKoOJbXKenue JAByX
MOBEPXHOCTEH APYT TO APYTY
MOJKET HAIOMUHATD (DAHTACTH-
YecKuil cuayvail, Korja nepe-
BepHyTble KaBKazckue ropbl
TPYT, HampuMep, o I'mmaman.

ITpesxxae gymanu, 4To Mexa-
HU3M TPEHUS HECJOKEH: II0-
BEPXHOCTb MOKPBITA HEPOBHOC-
TSIMU, U TPEHUE €CTb PE3yJIbTaT
Puc.18. Cxemamuuecxoe usobpaxe-  CIEAYIONUX APYT 32 JPYroM
nue mecmd KOWMAKmMA CKOAb3AWUX — TUKJIOB <IOABEM — CITYCK»
nosepxnocmei. npu_mazroi (66epxy)  cxonpzamux uacreit. Ho st10
u 6omvwoii (6nu3y) coxumanwei ux HeIIPaBUJIbHO — Beb TOLJA He
cune 6blI0 Gbl MOTEPb SHEPrUH, a
NpU TPeHWH pacxopayercs aHeprusi. [lostomy 6osiee TPaBUIbHOI
MOKHO CYHTATh CJEIYIOUIYI0 MOJENb TpeHus. IIpm cKoJbXeHWH
TPYIINXCS TIOBEPXHOCTEH MUKPOHEPOBHOCTHU 33/I€BAIOT APYT 3a APY-
ra, 1 B TOYKAX CONPUKOCHOBCHWS MPOTHBOCTOSIINEC APYT JIPYTY
aTOMBI crerigiores. [Ipu gajgbHelieM OTHOCUTETbHOM JIBUKEHUT
TEJI ATU CIIETIKU PBYTCSI, ¥ BOBHUKAIOT KOJIeOaHISI aTOMOB, TI0JI06HbIE
TeM, KaKie IPOUCXO/ST IIPU OTIYCKAHUY PACTSIHYTOU Py KuHbI. Co
BpEMEHEM 5TU KoJleGaHUs 3aTyXaloT, a UX SHEPTUS IIPEBPAIIAeTCs B
TEeTIo, pacTekaomieecss Mo o6ouM TeraM. B ciaydae cKOMbKeHUS
MATKAX TeJ BO3MOKHO TaK)Ke pa3pylieHne MIKPOHEPOBHOCTEH, Tak
Ha3bIBaeMoe «IIPONAXNBaHUE», B 3TOM CJIydae MeXaHW4YecKas sHep-
IUsl PACXOJIyeTcsl Ha PaspyllieHrne aTOMAPHBIX CBSI3€N.

Takum o6pasoMm, ecau Mbl XOTUM HM3y4aTb TPEHHE, HAM HAJO0
YXUTPUTBCS [IBUTATH MECYMHKY, COCTOSIIYIO W3 HECKOJbKO aTOMOB,
B/IOJTb TIOBEPXHOCTH HA OYEHb MaJIEHbKOM PpACCTOSTHUH OT Hee,
n3MepsIst IPH 3TOM CHLJTBI, IeHICTBYIONIHE HA 3TY TIECYNHKY CO CTOPOHBI
MMOBEPXHOCTU. DTO CTAJIO BO3MOXHbBIM 110cJ/1e n300perenus . bunuu-
rom u I'.Popepom aToMHO-c1I0BOI MUKpOcKonuy, 3a 4To B 1986 rory
uM 6bL1a npucyskaena Hobenesckas npemus no dpusuke. Cosmanue
aToMHO-cu10Boro Mukpockona (ACM), crnoco6HOro0 4yBCTBOBATDH
CHUJIBI TIPUTSDKEHNUS W OTTATKUBAHNUS, BO3HUKATOIIIE MEX/IY OT/AE/Ib-
HBIMH aTOMaMH, /1aJ0 BO3MOXKHOCTDH, HAKOHEI[, <«TIOIIyTaTb», 4TO
TAaKOe CHJIbI TPEHUsI, OTKPBIB HOBYIO 00JIACTb HAYKU O TPEHUU —
HAaHOTPUGOJIOTHUIO.

Ocnosoii ACM (puc.19) cayskuT MUKPO30HA, OOBIYHO CeJIaH-
HBI W3 KPEMHUS W TPEJCTABISIONNI co60if TOHKYIO IMJIACTHHKY-
KOHCOJIb — ee HasblBaloT Kantuiesepom (ot anr/miickoro cantilever
— KomcoJb, Ganka). Ha komne kantmaeepa (mmmna 500 MKM,
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mupuna 50 MM, Toaum- — Domodemexmop
Ha 1 MKM) PacIoiosxKen
04eHb OCTPbIi mumn (BbICO-
ta 10 MKM, pajuyc 3aKpyr-
senus or 1 mo 10 HM),
OKAHUYMBAIOIIUICS IPYIIION
W3 OJIHOTO WJIM HECKOJIb-
kux aromoB. Ilpu nepeme-
MEHNH MUKPO30H/A BIOJIb
MOBEPXHOCTH 06Ppasiia ocT-
pue Iura MpUINoHUMAET-
cd W OIyCKaeTcs, O4epun-
Bast MUKpOpebed moBepX-
HOCTH, TIOJ06HO TOMY Kak
CKOJIB3UT IO TPAMILJIACTHH-
ke nartedonHas urja. Ha
BBICTYTIAIONIEM KOHIIE KaH-
TineBepa (HaJ MIMIIOM) PaCHoJIOKEHa 3epKajbHas IJIONAJKa, Ha
KOTOPYTO TTaJiaeT U OT KOTOPOI oTpaxkaeTcs Jyd Jasepa. Korpa mmmm
OTYCKAETCS W TIOJHUMAETCS HAa HEPOBHOCTIX MOBEPXHOCTH, OTpa-
SKEHHBIN JIyd OTKJIOHSIETCS, U 3TO OTKJIOHEHUE PErucTPUPYETCs
doroaerexropom. /lanHbie HOTOMETEKTOPA UCIIOJIB3YIOTCS B CCTEME
o6paTHOIT CBSA3W, KOTOpas MOKeT obGecredynBaTh JIMOO TOCTOSTHHOE
yAajeHne MHMa OT TTOBEPXHOCTH 06pasiia, JUO0 MOCTOSHHYIO CHJIY
JIABJICHWSI OCTPUST Ha 00pasell.

B niepBoM cirydae mbe303JIeKTPHUECKUIl TTPe00Pa30BATENb MOKET
PErucTpUpoOBaTh JABMKEHUE KAHTHUJIEBEPA, MPBITAIONIEro OT OIHOTO
aToMa MCCJIelyeMoil IOBEPXHOCTHU K J[PYTOMY, CTPOSI TAaKMM 06Pa3oM
06BEMHBI pesbed TOBEPXHOCTH 06pasiia B PEKUME PeaTbHOTO
BpeMenn. Paspernaioiiast cltocOGHOCTh METO/A COCTABJISIET TIPUMEPHO
0,1—1 um mo ropusonTaiau u 0,01 nm mo BepTukaam. CMmemnias 30H
110 TOPU3OHTAJIN, MOKHO TIOJIYYUTb CEPUIO Peibe)OB U C MOMOIIHIO
KOMIIbIOTEPA TIOCTPOUTDH TPEXMEPHOEe H300PA’KEHUE MOBEPXHOCTH
(puc.20).

C nomotpio ACM ¢ mavama 1990-x T0o/10B TPOBOJATCS CUCTEMA-
TUYEeCKUe UCCTEeIOBAHNS CUJIBI TPEHNS MUKPO30H/OB MTPU UX CKOJIb-
SKeHUW BJIOJTb PA3JIUIHBIX TIOBEPXHOCTEN W 3aBUCUMOCTH 9TUX CHJT OT
cubl npukatus. OKas3blBaeTcsi, 4To [Jisi OOBIYHO HUCIIOJIb3YeMbIX
30H/IOB, CIIEJTAHHDBIX M3 KPEMHIUS, MUKPOCKOIIMYECKAs CHUJIa TPEHUS
CKOJIbKEHMSI COCTaBJIsieT 0K0JIo 60—80% OT IpUsKUMArOLeil CUJIBI
(puc.21, nesbiii rpaduk). Kak u ciegnoBaio 0skuaarh, Cujia TPEHUs
CKOJIBJKEHMS PacTeT ¢ Pa3MepoOM MUKPO30H/A, TaK KaK KOJMYECTBO
ATOMOB, OJIHOBPEMEHHO IIPUTATUBAIOIIKX ero, yBeanunsaercs (puc.21,
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Puc.20. Cxemamuuecxoe u3obpaxenue Muxpo3onoa amommo-cuioeozo
MUKPOCKONA, CKONb3AUe20 HAO AMOMAMU NOEEPXHOCIU HA NOCMOSAHHOU
svicome (caesa), u usobpazxenue nogepxnocmu NaF (2 x 2 um), noryuen-
Hoe ¢ nomowpio Imozo muxpocxona (cnpasa)

npasblii rpaduk). TakuMm 06pasoM, CHJIa TPEHUSA CKOJIbKEHUS MUK-
PO30H/a 3aBUCHUT OT TIJIONAAN €T0 KOHTAKTa C MTOBEPXHOCTHIO, UTO
TIPOTHBOPEYNT KJACCUIECKOMY 3aKOHY TPEHU. BoIgcHMIOCH TakXKe,
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Puc.21. 3asucumocmv cuivl mpenus CKOJIbKenus MUKpo3onod om eneul-
nei cunvt N, npuxumarouwei ezo k¥ epagumoeoti nosepxnocmu. Jleeuiil
epagpux coomsemcmsyem paduycy Kpueunvl 30H0a 17 wm, npasviii — pa-
ouycy 58 um. Ipu marvix N 3asucumocmo xpusosunetinas, a npu 60.v-
wux ona npubauxaemcs x npsamoti (0603nauennol nyHKmMupom)

YTO CUJIa TPEHUS] CKOJIbXKEHUSI HE CTAHOBUTCS HYJIEBOW TIPU OTCYT-
CTBUY CHUJIBI, IPHKUMAIONIEN MUKPO30H/ K MoBepxHOCTH. /la 310 1
MOHSITHO — OKPYJKAIOIMe MHUKPO30H][ ATOMbI ITOBEPXHOCTH TaK
6JIN3KO PACIIOJIOKEHBI K HEMY, 4YTO IPHUTATMBAIOT €ro Jaxe B
OTCYTCTBUE BHEITHEN CUJIBI CKaTUsT. [109TOMY M OCHOBHOE ITPEIIIOI0-
JKEHHE KJIACCHYECKOT0 3aKOHa — O IIPSIMOM IIPOIOPIMOHAJIBHOI
3aBUCHMOCTH CHJIBI TPEHUST OT CHJIBI CXKATHSI — TOKe HE COOJTIO/IAeTCsT
B HaHOTPUGOJIOTHH.

O/Hako Bce 9TH PACXOXK/AEHUS] MEX/y OCHOBHBIM 3aKOHOM W
JIAHHBIMI HAHOTPUGOJIOTHH, TIOJTyYeHHBIMU ¢ 1toMotbio ACM, serko
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yerpansores. IIpu yBeanmdeHnn CuiIbl, MPIDKIMAIOIIEH CKOTb3sIee
TeJI0, YBEJNINBAETCS KOJUIECTBO MUKPOKOHTAKTOB, a 3HAYUT, yBe-
JINYUBAETCSI W CyMMapHasi CUJa TPEHUs CKoJbXenus. [loatomy
HUKAKUX MIPOTUBOPEUUI MEKIY TOJTBKO UTO MOJTYUECHHBIME JaHHBIMI
YYEHBIX ¥ CTapbIM 3aKOHOM HET.

[osroe BpeMs OBLIO NMPUHATO CYUTATDH, YTO, TMPUHYKAAS OJHO
TEJO0 CKOJB3WUTD 10 APYTOMY, MBI JIOMaeM MaJble HeOJHOPOTHOCTH
OJTHOTO TeJia, KOTOPbIe TEMIIIOTCS 3a HEOAHOPOIHOCTH TTOBEPXHOC-
TH JPYTrOTo, a [IJIE TOTO YTOOBI CJIOMATb 9T HEOAHOPOIHOCTH, W
Hy’KHa cusia Tpenusi. [loaToMy crapbie MpeCTaBIeHUS YacTO CBS-
3bIBAIOT BO3HUKHOBEHNE CUJIBI TPEHUS C TTOBPEXKIEHIEM MUKPOBBIC-
TYTIOB TPYIINXCS TOBEPXHOCTEHN, ¢ WX TaK HA3BIBAEMBIM HM3HOCOM.
Hanorpubonormieckne ncciaefoBanusd ¢ ucnosbzoBanneM ACM n
JIPYTUX COBPEMEHHBIX METOAMK TIOKA3aJHU, YTO CUJIA TPEHUS MEXKIY
MMOBEPXHOCTSIMI MOJKET BO3HUKATD JaKe B TeX CJy4asiX, KOTJa OHU
He noBpexaatorcs. [IpuunHoil Takoil CUJIbI TPEHUS CJIYKAT MOCTO-
STHHO BO3HMKAIOIINE U PBYIIMECS aJTe3WOHHbBIC CBSI3U MEX/IY aTo-
MaMH.

INoyemy sex ckoab3KUI? Y3HATDH, TOYEMY MOXKHO CKOJB3UTD TI0
JIbITy, YYEHBIM YJAJOCh TOJBKO cefiyac. A Ha4aa0Ch BCe TABHBIM-
nasio. B 1849 roay 6parbs [Ixeitve u Yunbam Tomconsl (mocae/ne-
MY BIIOCJIE/ICTBUY 32 GOJIbIITIE 3aCTyTH ObLIO PUCBOEH TUTYJI JTOP/IA
KesbBrHA) BBIABUHYJIM IHIIOTE3Y, COIIACHO KOTOPOIii JIe I MO HAMK
TIO/T JTaBJICHWEM IIJIABUTCS, W MBI CKOJb3UM y’Ke He TI0 JbAY, a I0
06pa3oBaBIIIeNCs TIJIEHKe BOJIbI HA €r0 MOBEPXHOCTH.

[leficTBUTEIBHO, €C/W YBEJIWYUTH JIaBJeHNe Ha Jied, TO TeMIie-
parypa IJIaBJaeHus JibJa moHu3uTcs. [Ipoucxoaut aTo BOT mouemy.
N3BecTHO, YTO TIJIOTHOCTD JIb/Ia MEHbIIIE, YeM Y BOJbI, U KOT/Ja Je/
CXKUMAIOT, OH, WBITAgCh YMEHBIIUTH JAedOPMaIlNio, BBI3ZBAHHYTO
pPOCTOM [1aBJIEHWS, TOHWIKAET TEMIIEpaTypy IJIaBJeHUS. IJTO OJHO
u3 nposasiaenuil npunnuna Jle Ilatenbe: «Buenmmee BosaeiicTsue,
BBIBOJISAIIEE CHCTEMY M3 TEPMOAMHAMUYECKOTO PABHOBECHSI, BbI3bI-
BaeT B Hell TIPOIIECCHI, CTpeMsIuecs OCJIabUTb Pe3yJbTaTbl 3TOTO
Bo3zelicTBusI». Kak mokasann pacdyeTbl W IKCIEPUMEHTBI, YTOOBI
MTOHU3WUTD TEMITEpaTypy IJIaBJEHUS Jb/a HA OAWH TPajyc, HeoOXO-
JUMO yBeJIMuuTh Aasiaenue g0 121 arm (12,2 MIla). TToupoGyem
OTIEHNTh, KaKoe JlaBJeHNe OKa3bIBaeT CIOPTCMEH Ha Jied, KOTa
CKOJIB3UT TI0 HEMY Ha OJIHOM KOHbKe JAWMHON 20 CM U TOJIUHON
0,3 cm. Ecam cuurarb, 4TO Macca CHOpPTCMEHa 75 Kr, TO €ro
JlaBjieHue Ha JeJ cocrapyser okoao 12 atm. Takum o6pasom, crost
Ha KOHbKaX, MBI €/IBa JIM CMOXKEM TIOHW3UTH TEeMIIepaTypy TLIaBJie-
Hust apfa gaxe Ha 1 °C. 3HaunUT, OOBACHUTD CKOJIbKEHHUE TIO JbIY
Ha KOHbKax wJm, TeM Oojiee, B OObIYHON OOYyBH, ONHMPAsCh Ha
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npunnun Jle Hlarenbe, HEBO3MOXKHO, €CJIU TeMIlepaTypa 3a OKHOM,
nanpumep, —10 °C.

Korga crano sicHO, 4TO TOHMKEHUEM TeMIIePATyPbl IJIaBICHUS
CKOJIb3KOCTD Jibjia He 06bsicHuTb, D.Baynen u T.Xbi03 B 1939 roay
TPETIONOKUIN, YTO TETLI0, HEOOXOAMMOE JIJIs TIJIABJIEHUsT JIbJA TIO/T
KOHBKOM, faeT cuya Tpenus. OJHaKo aTa Teopus He MOTJia 00bsc-
HUTD, TIOYEMY TaK TSIKeJ0 ObIBAET JIa’ke CTOSITb Ha CKOJIb3KOM JIbJLY .
C mauasa 1950-X rofioB y4yeHble CTaJIu CYUTATD, UTO JieJ[ CKOJIb3KUI
13-3a TOHKO¥ IJIEHKHU BOJIbI, 06pa30BaBIIeiics Ha ero MOBEPXHOCTH B
CUJTy KaKUX-TO HEM3BECTHbIX IPUUMH. Tosbko B KoHIE 1990-x rooB
U3YYCHUE TOTO, KAK PACCEMBAET Jie/[ PEHTTCHOBCKHUE JIY4YH, [IeHCTBU-
TeJTHHO TIOKA3aJI0, YTO TIOBEPXHOCTD JIbJIA He SABJISETCS yIOPSA09YeH-
HOI KPUCTAJJIMYECKOH CTPYKTYPOH, a CKopee TTOX0XKa Ha SKUIKOCTD
(puc.22).
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Puc.22. Cxemamuueckoe usobpasxenue nonepeunozo cpeda avoda. Becno-
pAadounoe pacnosoxenue MoeKys 600bl HA NOBEPXHOCMU COOMBEMCMEY-
em naenxe )KuOKOCMuU, a 2eKCazondIbids CMPYKmypd 6 moJuwe — meepoo-
my av0y. Cepuvle KpyKKU — amomvl Kuciopodd, benvie — 6000poda

Yuenble 00BSICHUIIN 9TO TEM, YTO PACHOJIOKEHHbIE HA TOBEPXHO-
CTH JIbJIa MOJIEKYJIbI BO/IbI TIPEOBbIBAIOT B 0COOBIX ycsoBUsX. CHIIbI,
3aCTaBJAIONMEe UX HAXOJUTbCA B y3JIaX IeKCaroHaJbHON pelleTKH,
JIeICTBYIOT Ha HUX TOJIbKO CHU3Y . I109TOMY TOBEPXHOCTHBIM MOJICKY -
JlaM HUYero He CTOUT <«YKJOHUTBbCS OT COBETOB» MOJIEKYJI, HAaXO/sl-
LIUXCS B PellleTKe, U eCJIM 3TO IPOUCXO/UT, TO K TAKOMY K€ PelIeHUI0
MIPUXOAAT CPa3y HECKOJIbKO ITOBEPXHOCTHBIX CJIOEB MOJICKYJ BOJBI.
B pesysibrare Ha MMOBEPXHOCTH JibJia 06pasyeTcs IJIEHKA KU/IKOCTH,
cayskalas xopoleil cMaskoil npu ckosibxenun. KceraT, ToHkue
IJIEHKN JKIJIKOCTH 06pa3yIoTcs He TOJIbKO Ha OBEPXHOCTH JIb/la, HO
7 Yy MHOTHUX JPYTUX KPUCTAJJIOB.

Tosmuua >KUAKOHN IJIEHKM pacTeT ¢ POCTOM TeMIlepaTypbl, Tak
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Kak Oojee BBICOKAs TEILIOBAas SHEPrHs MOJIEKYJ BBIPBIBACT U3
TeKCarOHAJbHBIX PEIIeTOK 0O0JIbllee YHCIO IIOBEPXHOCTHBIX CJIOEB.
Hammune mipumeceii (MOJIEKyYJT, OTIMYHBIX OT BOJABI) TOKE MEIIAeT
MOBEPXHOCTHBIM CJIOSIM OGPa30BBbIBATD CTPOTHE KPHCTAJNINYECKUE
pemrerku. [ToaToMy yBeIMYUTD TOJIIMHY SKUAKOH IJIECHKH MOXKHO,
pacTBOpUB B Heil Kakue JOO IIPUMECH, HANpUMep OOBIYHYIO COJIb.
ITUM U [10JIb3YI0TCS KOMMYHAJIbHBIE CIIy>KObI, KOT/1a G0PIOTCS 3UMOI
¢ o0JieieHeHueM JJOPOr U TPOTYapoB.

Tpenue xauenuss — 310 coBceM Apyroe. B njeanpHoM ciyuae,
KOT/Ia JINCK, C/AEJTAHHDIA U3 HECXKIMAEMOr0 MaTepUasa, 110 HHEePIH
KaTUTCs MO TJAAKONH HeaeOpMUPYEMOil MOBEPXHOCTH, HUKAKUE
CUJIbIl TPeHUsi Ha Hero He jeiictByior (puc.23). [luck, Kacasch
[IOBEPXHOCTU B OZHOI TOUKE, BpallaeTcs BOKPYT 9TOI TOUKHU, IIOTOM
TOYKOW KacaHHs U LEHTPOM BPAIIEHUSA CTAHOBUTCS ApyTas TOYKA U
Tak gasee. [Ipu aTOM cusa TPEHUST CKOJBKEHUS] OTCYTCTBYET.

P

e

K

Puc.23. Kauenue mnecxumaemozo  Puc.24. Bosnuxmnosenue cuivl mpe-

ducka paduycom R no mecxumae-
Mot nosepxnocmu; K — mouxa xa-
CaHust U MZHOBEHHbLIL UeHmp 6pd-
wenust OUcKa ¢ Y2060t CKOPOCMbIO
W, Pe3yILmamom Komopozo 6.is-
emcs dsusxenue yewmpa oucka O

HUs npu Kauenuu meepdozo Oucka
no MazKoi dopoze co CKOPOCMmvIo v;
u3-3a degpopmavuu nosepxmocmu
dopozu neped Ouckom o6pasyemcs
6y20poK, OMEEMCMEEHNIU 3d CUNLY
mpenus Kavenus

co cxopocmuvio v = OR

O/aHaKo B peasbHBbIX YCJIOBHUAX JOPOSKHOE TTOKPBITHE U MaTepu-
aJ, U3 KOTOPOrO CJleJIaH JUCK KoJjeca, He SBJISIOTCS a0COJIOTHO
skecTKuMA. Ecm mocTaBUTh KOJTeco Ha MATKYIO TIOBEPXHOCTD, Ha/la-
BUTb CBEPXY CUJIOI P 1 IbITaThCsl, Bpalas KoJeco, MPoJBUHYTb ero
BIIEPEJ CO CKOPOCTHIO ¥, TO Mbl CTOJIKHEMCSI C CUJIOH TPEHNST KaueHHst
F, . Kosteco ecpopMupyer NoBepXHOCTD 110/] COO0# TaK, YTO BIepe/in
ostBJIsieTcst GYTOPOK, KOTOPBIN BCe BpeMsl IPUXOANUTCS MPeoJioJie-
Batb (puc.24). TopusoHTAIbHAS COCTABJAIONIAA CUJT PEAKIU ITOTO
Oyropka u mpejicTaBisier coboit cuiy tpenus kadenusi F, . Tak kax
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BbIcoTa GYropka IIPONOPIHOHAIbHA
Becy aBTOMOOHUJISI, TO M CUJIa TPEHUS
KayeHusi TOKe MPOIOPINOHATIbHA
Becy aBTOMOGUJIsSI, PABHOMY CHJIE pe-
aKIMH CO CTOPOHBI joporu N:

E{ = “KN .

IIpu KaueHnn MATKOrO KoJieca 110
TBEP/IOI [OpOTe Ha MEPEAHIO YacThb
Puc.25. Bosnuxnosenue cuivl CONIPUKACAIONIEICS C IOPOTOii OBEPX-
Mmpenusi npu KaueHuu MAZKOO0  yoery gomeca Bee BpeMs <«Haes3iKa-
KoJiecd no ;Kkecmxkou dopoze. ZI@"

or» (puc.25). [losToMy oHa cxRUMA-
Goprnavus ezo nepednux yuac-

) erca GoJblie, 4eM 3aHdAd, U CUJIA

mxoe 6oavute, uem 3a0HUX, Umo "
npueoaum K NOsABJEHUNO CUJbL peaKHHH’ﬂeHCTByIOHIa‘H Ha HepeLIHIOIO
mpenus. kavenus 4acTb KoJieca M HallpaBJIeHHas IIPO-

THUBOIIOJIOYKHO JIBIKEHUIO, OKa3blBa-
etcsi Toske Gostbiiie. Cujia TpeHUsI KAaYeHUsT paBHA Pa3HOCTU TOPU30H-
TAJbHBIX COCTABJISIONINX CHIJI PEAKINH OT IepeiHel 1 3a/iHel JacTei
koJieca. Tak Kak cykaThe Kojieca MPOTOPIUOHATIBHO BECY MAIIHHBI,
WIN CUJIE PeaKIMU OIOPbI, TO

E{ = HI{N .

Cnibl TpeHUsT KaueHUsT OIPEE/IIOTCS )KeCTKOCTbIO MaTepPHaJIOB
KoJieca U JIOPOKHOTO MOKPbITHSi. UeM 06oJbllle JKECTKOCTb, TeM
MeHbIlle BeJInunHa TpeHust KadeHus. [loatomy, [sst TOro 4to6bl
COKPATHUTb PACXO/Ibl HA TOILJIMBO, HEOOXOIMUMO KaK MOKHO CHJIbHEE
HaKaunBaTh aBTOMOOMJIbHbBIE KoJieca, jieaast uxX 6oJiee JKECTKUMH.
JlocTaTouHO momynarh KoJieca Tpy30BUKa, YTOOBI YO UThCS B 3TOM.
¥ maccasKMpCKOro aBTOMOOWJIA JIaBjieHne B KOJIeCaX ropasjio MeHb-
e, TaK KaK C OYEHb JKECTKUMHU KOJIECAMH MacCaKupbl OyIyT
OIIYIIATh BCe HEPOBHOCTH JIOPOrH. B pesyJsbraTe ero muHbl j1edop-
MUpYIOTCs 60JIbIIIe, U COOTBETCTBEHHO YBEJMYNBAECTCSI CUJIA TPEHUS
KayeHusl.

Cnia, Heo6XoauMast ISl TIPEOJIOJIEHUs TPEHUs] KadeHUsI, Mpo-
MOPIMOHAJIbHA BECY aBTOMOOUJIS U, BOOOIIE TOBOPSI, HE 3aBUCUT OT
CKOPOCTH €ro JBHKeHus. UToObl M3MepuTh 3Ty CUJY, TIOMECTHTE
MAIINHy Ha TOPU3OHTATBHBIN Y4aCcTOK [OPOTH, IMOCTaBbTE pbIYar
MEPEKTIOUEHNsT CKOPOCTEN B HelTpasbHOe ToJI0KeHue (0TcoennHuTe
KoJieca OT JIBUTATeJs]) U BBIKJIOUUTE 3askuradue. llocae 3Toro
MIPUBSDKHUTE K aBTOMOOMIIIO TPOC, @ K HEMY — HPY’KMHHbBIE BEChbI, Kak
3T0 m3o0pakeHo Ha pucynke 26. IIpuksanpiBag K Tpocy CHILY,
rocTapaitech CABHHYTh MAIINHY C MeCTa U PAaBHOMEPHO TSHYTD ee.
OHOBpPEMEHHO € 3TUM Balll TIOMOIIHUK JO/UKEH CMOTPETb Ha TTOKa-
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Puc.26. I/I3mepeHue CUNbL MPEeHUSL Kauenus ¢ NOMOWbI0 NPYKUHHbLX 6€C06

3aHS BECOB W 3aTMICHIBATD NX. ECJIM HET MPYKUHHBIX BECOB, MOXKHO
WCIIOTh30BATh TaK HA3bIBAEMbIE BECHI /IJISI BAHHBIX KOMHAT, KOTOPbHIE
TpeIHA3HAYEHDI JIJIs1 B3BENTUBAHUS YeJoBeKa. TakuMu BecaMu MOK-
HO TOJIKATh MAIUHY, UCIOJb3ysl UX B KadecTBe Mpokaajaku. Cuia
TpeHus1 KaueHus /it aBromoOmsst maccoit 1000 Kr cocraBiisieT B
cpeaneM oxkosio 100 H.

Jlyi oueHb MalbHUX TIEPEBO30K TOCTPOEHBI JKeJIE3HbIE JTOPOTH,
T7ie JKeJIe3HOe KOJIeco KaTUTCA TT0 JKeIe3HOMY PEJIbCY C 04eHDb MaJIbIM
K09 duIenToM TpeHns Kauenusd. TopMo3AT Toe3na MeIJIeHHo, HO
IKCILIyaTalus UX OYeHb BLITOJHA.

Tabauya 3
Pazanuust k09(pPuIHEeHTOB TPEHHS KaYeHHS] H CKOJIbXKEHHUSI

[Tosepxnoctu Koadpdpurment Koaddurment
TPEHMS KAUYeHHs | TPEHUS CKOJbKEHUT

Kouneco TMACCAKUPCKOTO

0,015 0.8
aBTOMOOMJIA Ha acanbre
Koueco rpysosuka 0.008 08
Ha acdanpre
HKenesHomoposknoe KoJseco 0,001 0.1

Ha peabce

[[J'[?I CpaBHEHHA TPEHUA KaU€HUA U TPEHUA CKOJIb)KEHUA B TabJIn-
e 3 IpuBE€AEHbI HECKOJIbKO 3HAYEHU COOTBETCTBYIOIINX KOQ(l)(bI/I-
IIMEHTOB TPEHUA.



MABA 4

BOOA B BO3AYXE: NAP, TYMAH
N OBJIAKA

Yro Takoe map M CKOJbKO ero Ha 3emue? Bozmyx
BCET/Ia COMPUKACAETCSI ¢ KAKUMU-HUOY/[b BOJOEMAMU, a B HUX TIPU
JO0OH TeMIlepaType HayTCs TaKue HIyCTPble MOJIEKYJIbI, KOTOPbIE
CyMeIoT MOKUHYTD JKU/IKOCTh U 06pa3oBaTh BOAAHON nap. OqHoBpe-
MEHHO C WCIAapeHreM BO3HHMKAET U OOPATHDBIN IIPOIECC — KOH/eHCa-
1us, T.e. BO3BpAllleHUWE MOJIEKYJ W3 Tapa B JKUJAKOCTb. Ecim
HcIapeHye MPOUCXONT B 3aKPBITOM COCY/le, TO, OYEBU/HO, CHAYAIA
KOHI[EHTPAITH Tapa 6yeT pacTh, HO TIOTOM HACTYIIUT MOMEHT, KOT/1a
YHUCJI0 MOJIEKYJT, TOKUJAIONINX JKU/IKOCTD, OKAXKETCS PABHBIM YHUCJTY
MOJIEKYJI, BO3BpAIIAOMuXcsi 00partHo. Takoil map Ha3bIBAIOT HACHI-
IIEHHbIM, TaK KaK €ro KOHIIEHTpallud B BO3/yX€ COOTBETCTBYET
MaKCHMaJbHO BO3MOKHOII NPU JaHHBIX ycaoBHAX (JaBaeHud U
TemIeparype).

O‘{GBI/IIIHO, 4YTO Y€M BbIIIE TEMIIEpaTypa BO3/yXa, TEM WHTEH-
CUBHee WHCIapsieTcss Bojla M TeM OO0Jibllle BOJSHBIX I1apOB MOXKET
coJlepKaTh e[uHuIa ero o0beMa, a 3HAYUT, JAABJIEHUE HACHIIIEH-
HBIX I1aPOB TOkKe pacrer ¢ Ttemmeparypoir (puc.27). Ilostomy,
HaIlpuMep, KOHIIEHTPAIMs BO/SHBIX MAPOB B TPOMUYECKUX IITUPO-
Tax B CTO pa3 BBIIIE, YeM Yy moJriocoB. Ecam 661 Bech map, copep:ka-
mUics B BO3/yXe, BHE3AIMHO BBIIUJICS J0XK/EM, TO BOJU3N 9KBATO-
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Puc.27. Basucumocmv 0asienus HACLIUUEHHBLX 00SHIX NAPOE OM MmeMne-
pamypul: caeea — npu HOPMAILHOM amMocheprom 0agienuu, cnpasa —
0ast duanasona memnepamyp 6030yxa cpedueti nosocvl Poccuu. Obaacmo
HAO Kpusoi coomeemcmsyem 06pa3oeanuio mymand u 00.1axos, a nod Kpu-
60Ul — UX UCUCIHOBEHUIO
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pa BoImano 661 50 MM 0CaJKOB, a BOJIM3H MOJTIOCOB — TOJBKO 1 MM.
[Tpu aToM B cpeJiHEM HA TIOBEPXHOCTH 3eMJIM 00pa3oBaJsicst Obl CJI0i
BOJIbI TOJIIUHON 25 MM. V3BecTHO, 4TO 3a TOJ B CPEJHEM BbINIA/[a-
er 1 M 0CcaJKoB, 1T09TOMY HAGUBIIUN BCEM OCKOMUHY «KPYTOBOPOT
BO/IBI B TIPUPOJIe» cOBeplaercs, 1o Kpaiineit mepe, 40 pas 3a roj.
Konuenrtpanus (gasienne) BOAAHBIX ApPOB MAJaeT € yAaJeHUEM
OT TOBEPXHOCTH 3eMJIM TrOpas3jio ObicTpee, 4YeM s OCTAJIbHBIX
razos. IIpouncxoauT aTo M3-3a TOro, 4TO HPU MOJAHEME YMEHDIIAET-
cs TeMIeparypa BO3[yXa, a 3HAYUT, TOHWKAETCS U ero crocob-
HOCTb yjep:KuBaTh Bjary. Ha BbicoTe 5 KM TeMIiepaTrypa BO3/yXa
yke okojo —20 °C, MoaTOMy MOUTH IMOJIOBHHA BCEil BJIAaTH aTMOC-
(eppl HaxOIMTCS B CaMOM HIDKHEM cJoe aTMocdepbl, MMerolneM
tommuay 1,5 KM, U MeHee 5% BUCHT HaJl HAMHU Ha BBICOTE, GOJIDb-
meir 5 kM. OTHOCHTEIbHAST BJIAKHOCTH BO3AyXa TOXKE IAJAET C
BBICOTOI, coctaBiisisi B cpeareM 60—80 % y mosepxuocTu u 20—40%
Ha BbicoTe 9 KM.

Kax namepsior Br1akHOCTh Ha paccTrossHuu? UToO6bI mpe/cka-
3aTh TIOTOXY, HAMO Y3HATb, OTKyJa W KyJda ABIDKETCS BJIAXKHBIH
BO3ayX. /Ly aTOTO HA/0 YMETh OMPEACTIATh BJAAKHOCTD BO3AyXa Ha
paccrosinuu. [lesaior aTo, HaNpUMep, C MOMOIIBIO YCTAHOBJIEHHBIX
HA CIYTHUKAX JaTYNKOB, U3MEPSIONINX UHTEHCUBHOCTb MHQPaKpac-
HOTrO u3JydeHus 3emyn. BojsiHble Mapbl 0YeHb CHJIBHO MOTJIONIAI0T
3TOT TUN WM3JY4YeHUs, U 1M0oaToMy Ha pororpadusx 3emiu, cesaH-
HBIX CO CIIYTHUKA, SIPKOCTb M300PAXKEHUST 3aBUCHT OT KOHIIEHTPAIIUN
BOJISTHBIX TIAPOB, HAXOSIIUXCS HAJ[ JAHHOW TOYKOM MOBEPXHOCTH
mnanersr (puc.28).

Puc.28. Pacnpedenenue xoauuecmed 60011020 napa 6 ammocgepe 3emuu
30 aneapsa 2005 zoda. 3nauenus 3axo0uposanvl 6 yseme u COOMEEMCmey-
tom moawune caos ocadxos (& cm) 6 cayuae, ecau 6vi 6eCb nap CKOHOEHCU-
POBANCS U BLINAJL HA 3eMI0 6 6ude 00XKOs
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Kaxkasa BiaxkHocTs Jyume? llnTepecyschb IMPOTHO30M IMOTOBI,
Mbl PeJKO o6paliaeM BHUMaHUE HA BJIASKHOCTb BO3/lyXa, CUNTas, YTO
rJIaBHOE — 3TO TemIeparypa u ocajku. OJHAKO 3HAYEHUS OTHOCH-
TEeJIbHOHN BJIQKHOCTH TOKE OBIBAIOT OYEeHb BaKHBI. V3sminHe cyxoit
BO3/yX C OTHOCHUTEJIBHON BIKHOCTBIO MeHblie 40% aesaeT CyXuMu
C/AM3UCTBIe OOOJIOUKH JIETKMX W HOCOTJIOTKM, YBEJINYNBAs PHUCK
nHdexuii 1 KpoBoTedennit. Yepecuyp BIKHBIN BO3AYX C BIAKHO-
cTbio Gosiee 60% B TIOMEIEHNN CO3/A€T UACATbHBIE YCIOBUS [IJIsT
POCTa TJIECEHN 1 PA3MHOXKEHUST TaK Ha3bIBAEMbIX IbIJIEBBIX KJIEIIEH,
YTO MOYKET BbI3bIBATh AJIJIEPTHUIO Y JINIL, CKJIOHHBIX K 3TUM 3a60J1eBa-
HUAM. Kpome TOro, BBICOKAas BJIQKHOCTb MOXKET CTaTh IIPUYMHOM
TEMJIOBBIX Y/JIAPOB, TaK KaK MPH OOJIBINOH KOHIIEHTPAIIMN BOJSHBIX
[apOB B BO3/yXe HAM CTAHOBUTCS TSKEJIO OT[AaBaTh HU3OBITOUYHOE
TEeTJIO ¢ TOMOIIbI0 mortootAesneHusa. Kak ciaemayer m3 Tabamms! 4,
yBemuuenye Baaxkuoctw ¢ 50 go 70% upu Ttemneparype 32 °C
MIPUBO/INT K KAXKYIIEMYCSI POCTY TEMIIEPaTypbl OKPY’KAIOIIEro BO3-
nyxa ¢ 36 mo 41 °C. Hao6opor, Korja BIaKHOCTb HyJeBasi, Te iKe
32 °C omymarorcst namu kak 28 “C. IloaToMy, ecii BaM cTasIo 3516K0
B XOJIOJTHO KOMHATE, TIOCTaBbTE Ha TOJI Ta3 C TEIJION BOJON — CKOPO
BJIAKHOCTD BO3/lyXa YBeJMYNUTCS, U BaM cTaHeT Terstee. Cumraercs,
4TO yC10BUAM KoMdopTa cooTBercTByeT Temmeparypa 20—22 °C 1pu
OTHOCHUTEJIbHON BJIasKHOCTU Bo3jyxa 45—50%.

Tabauya 4
3aBHUCUMOCTD Kaxkyllelicsl TeMueparypsl Bo3ayxa (KypcHB) OT ero
peaJbHOll TeMIepaTypsl M OTHOCHTEJIbHON BJIA’KHOCTH

Temneparypa Bosnyxa, °C

%

BuaxuocTs,

21 124 | 27 [ 29 | 32 | 35 | 38 | 41 | 43 | 46 | 49
0 18 | 21 | 23 |26 |28 | 31 | 33 | 35 |37 | 39 | 42
10 18| 21 [ 24 |27 |29 | 32 | 35 | 38 | 41 | 44 | 47
20| 19| 22 | 25 | 28 | 31 | 34 | 37 | 41 | 44 | 49 | 54
30 19123 |26 |29 | 32 | 36 | 40 | 45 | 51 | 57 | o4
40 | 20 | 23 | 26 | 30 | 34 | 38 | 43 | 51 | 38 | 66
50 | 21 |24 |27 | 31 | 36 | 42 | 49 | 57 | 66
60 | 21 | 24 | 28 | 32 | 38 | 46 | 56 | 65
70| 21125 |29 | 34| 41 | 51 | 62
80 | 22 | 26 | 30 | 36 | 45 | 58 | 69
90 | 22 | 26 | 31 | 39 | 50 | 66 | 77
100 22 | 27 | 33 | 42 | 56 | 74
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I/ISBGCTIIO, 4TO 3UMOI BO3,[[yX B /IOM€ CTaHOBUTCA TaKUM CYXUM,
4TO MHOTA Jaxke mepimuT B ropJe. OObsiCHeHHEM 3TOH CyXOCTH
XOJIOAHOTO BO3AyXa MOJKET CJHYKUTH 3aBUCUMOCTDH IMMaplinaJbHOTIO
JIABJICHNS HACBHIIEHHOTO BOSHOTO Mapa OT TeMIIepaTypbl — Belb B
TEIIyI0 KOMHATY BO3AyX TIOCTyIAaeT CHApY)KH, TAE MaplaibHOe
JIaBJICHIE BOJSHBIX MTapoB oueHb Mayio. Hampumep, ecam Ha ysuie
0°C u 50% BmasKHOCTH, TO TaKoil Bo3myx mocse Harpesa a0 20 °C
Oy/ileT UMETh OTHOCHUTEJBHYIO BJIAKHOCTH Beero 13%, T.e. B 4 pasa
MeHbllle, yeM Heo6XxoauMo /it koMdopTHbIX ycmaoBuii. Hy a korzpa
33 OKHOM MOpPO3, TO BJIQKHOCTb BO3/[yXa B JIOME€ CTAHOBUTCS eIle
MEHbIIIE, U MPUXOANUTCS MpubGeraTh K MOMOIIN YBIakHUTEel. [lo-
9TOMY JK€, HallpUM€p, MHOTME KOMHATHbIE PaCTEHUA 3UMO PEKO-
MeHjIyIOT II0JINBATh 4alie, 4eM JICTOM.

IToyeMy TPOAYKTHI OBICTPO BHICHIXAIOT B XOJOAUIbHHKe? B
XOJIO[IMJIHON KaMepe caMoe XOJIOJHOE MEeCTO — WCIapuTesib —
HAXO/JUTCS BBEPXY, OTKy/Ja XOJIOIHBIN M T03TOMY 60Jiee TSKeJIbIii
BO3yX omyckaercsd BHu3. Compukacasch ¢ 60Jiee TeIIbIMI MPO-
JAYKTaM# U CTEHKaMH XOJIOJMJIbHUKA, BO3/yX HATPEBAETCS, a ero
OTHOCHUTEJIbHAS BJQYKHOCTb YMEHDIIAETCS, TaK KAK HATrPeTblil BO3-
JIyX B COCTOSIHUU TIOTJIOTUTH OGOJIbIllE BJIATH, YeM XOJOAHbIi. Ta-
KuM 006Pa3oM, XOJIOJHBIA BO3YX, HArPEBIINCH, CPa3y CTAHOBUTCS
CyXUM U OTOMpAET YacTb BJAru y mpoaykToB. I[lortom Teruibrii, a
3HAuuT, W 6oJee JIETKUI BO3yX TOJHNMAETCS BBEPX K MCIIapHTe-
JIO, T/Ie OXJIAK/AeTCs JI0 TIePBOHAYAIBHOI TeMIIEPATYPbhI, HO BJIAXK-
HOCTb €r0 OKa3bIBAETCsI BbIIIE M3-32 BO/IbI, OTOOPAHHON Y MPOIAYK-
TOB. JTO MOBTOPSIETCSI HECKOJIBKO Pa3, MOKA OTHOCUTEIbHAST BJIAK-
HocTh BO3ayxa He mpesbicut 100%, u Torja Ha TOBEPXHOCTH
UCTIAPUTEJIST TTOSIBJISTIOTCST KATIeIbKU BOJIBI WJTH KPUCTAJLIMKU JIb/IA.
Tak MUPKYJIUPYIONUI 1O XOJOIUJIBHUKY BO3IYX <IEPEBO3UT Ha
cebe» BoJy OT GoJiee TENJBIX IPOAYKTOB K 00Jiee XOJOIHOMY
ucrapuresio. IIpn 3TOM HPOAYKTHI, JHUIIASCH BO/BI, OXJAMKAAIOT-
Cd, TaK KaK OHM TEpAIOT TEILIO, HeOéXO[[I/IMOB A UCTlapeHust
Biaru. Jlerko mocuwrarb, Hampumep, 4to orypei; maccoir 50 r,
norepsiB Becero 0,1 T Biaru, oxsaautcs 60Jee yeM Ha OJMH TPAIYC.
[ToatoMy cyxXme TPOAYKTBI OXJAKAAIOTCS B XOJOAMJIbHUKE MeJ-
JIeHHee, 4YeM BJIaKHbIE. A BOOéH_Ie, JIyHIIE€ XPpaHUTb IIPOJAYKTbI
B XOJIOJMJIbHUKE B 3aKPBITON TI0CYy/le WJIM BJIArOHENPOHUIAEMON
IIJICHKE, XO0TA OCTbIBATb OHHt 6y£[yT, KOHEYHO, MeJieHHee.
UTo6bl YCKOPUTH IUPKYJISIUIO BO3/yXa U OXJAXK/CHHUE TPOMAYK-
TOB, B COBPEMEHHBIX MOJIEJISIX XOJOAMIbHUKOB MCIOIb3YIOT BEHTHU-
JISTOPBI.

Kak us6exarb 3amoreBanus cTekoJ? Biara m3 Temnoro Bos-
JlyXa KOHJIEHCHPYeTCs Ha XOJoJHOIl moBepxHocTH. M3 rpaduka
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3aBUCHMOCTH JIABJIEHNS HACBINIEHHBIX MApoB OT Temmeparypsl (cM.
puc.27) ciemyer, uTO BO3AYX € BIAKHOCTBIO 50%, HATpeThIil 10
20 °C, HauHer KOH/ICHCUPOBATLCA Ha MOBEPXHOCTAX, €CJAU UX TeM-
nepatypa mmxke 10 °C. IlosToMy, Korja Mbl BXOAUM C MOpO3a B
MOMeIIeHre, y HaC Cpa3y 3aloTeBalT OYKM, a MacKa JJis MOJBOJI-
HOTO TITaBaHWS OBICTPO 3aMOTeBAeT W3HYTPH TPHU TOTPY>KEHUHN B
BO/ly. ABTOMOGMJIMCTBI K€ YacTO JKATYIOTCSI HA 3aI0OTEBAHHE OKOH
BHYTPH HepasorpeTbix ele mMamuH. YTo6bl He Jarth o6pa3oBarbes
CKOILJICHUIO MeJIbYalIInX KareJeK Ha XOJOIHOM CTeKJe, Heo6Xo-
JIIMO YMEHBIITUTb MOBEPXHOCTHOE HATSKEHWE BOJbI, U3 KOTOPOii
oHM coctosT. Torma KameiabKaM CTaHET JHEPTeTHYECKU BBITOIHO
CJMBATBCS APYT € JAPYToM, 00pasys IJIEHKY BOJbI, KOTOpas CHOBA
caenaer okHa (mim oukm) TpospadHbiMu. UTOOBI MOHU3UTH BEJIH-
YUHY TOBEPXHOCTHOTO HATSPKEHUs, MOXXHO IMPOCTO HATEPETb KyC-
KOM MbLJIa MOBEPXHOCTb CTEKJIA, a TIOTOM C/IeJIaTh €€ OISIThb IMpPOo-
3pavHoOil, pacTtepeB KakouW-HUOY/Ib Tpsmouykoii. Takum ke o6pazom
pa6oTaioT ¥ (QpUPMEHHBIE AHTU3AIIOTEBATENH, II€HA KOTOPBIX YacTo
3aBUCUT OT (aHTasMM ¥ KOPBICTH WX TpomsBoauTeseii. Kpome
TOTO, CJIe[yeT MOMHHTD, YTO B IPOXJIAHYIO TIOTOAY OKHA aBTOMO-
O6uJist M3HYTPU He Gy/IyT MOTETb, €CJU BO3/yX y BHYTPEHHEHl 110-
BEPXHOCTU CTEKJA MMOCTOSTHHO [IBUXKETCS M KOI/la CTEKJIA U3HYTPH
yKe TerLible.

ITouemy camoser B HeGe ocramaser Oenbii caea? Otser
OUeBHU/IEH — TIO TOH Xe TIPHYMHE, 1O KOTOPOH TpH JbIXaHWH Ha
MOpO3e TIOSIBJISIETCS TyMaH ujau uHeil. B typ6unax camoJsiera cro-
paer yTrJeBOJIOPO/JHOE TOIIMBO, & OJHUM M3 IMPOAYKTOB TOPEHH
SIBJIIETCSI BOJIa, TOYHEE — ee Tap, HarpeTbliil 0 BBICOKOIl TeMiiepa-
Typbl. [opsiune Bo/stHbIE TIapbl, BbLIETast U3 COILJIA TYPOUHBI, Cpa-
3y HAYMHAIOT KOHEHCHPOBATHCsI, 06pasysi HureoGpasHoe 06JIaKo,
cocTodriee W3 MeJbUalinX KameJdeK BOJAbI WM KPUCTAJINKOB
JIbJIa, TaK Kak TeMIepaTypa Ha Takoii picore Hike —40 °C (puc.29).
WNuorma Bo3ayx Ha BbICOTE ObIBAET IEPEHACHIIIEH BJIATOU, KOTOPAsi

Puc.29. Benviii caed 3a iemsauum camoiemom
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He MOYKeT KOH/IEHCHPOBATHCSI TOJIBKO M3-32 OTCYTCTBHS TAK HA3bl-
BaeMbIX s/iep KOHJEHCAIMM — MeJbUYaHIMX 4YacTUll, HAIpUMep
mpM. B Takux ciydasx [poJieTalonmii camoJieT, OCTaBJisis 3a
cOGOI YaCTHUIIBI CAXKU — IPOJAYKT HEMOJHOIO CTOPAaHUs TOILINBA,
BBI3bIBACT KOH/ICHCAIIMIO TIEPEHACHIICHHBIX MapoB arMocdepsl. [1o-
3TOMY 110 HMHTCHCHBHOCTH GEJIOTO CJie[a OT JICTSIIETO camoJieTa
MOJKHO CY/IUTb O BJQKHOCTH BO3/lyXa B BEPXHHUX CJOSX Tporocde-
PBI, a 3HAYNUT, U O IpeJACToAmIe oroje. brictpo ncuesatonii nm
e/lBa 3aMETHDIIT CJie/l TOBOPUT O TOM, YTO BO3/JyX Ha BBICOTE CYXOii,
a moroza Gyner 6e306;auHOil. A ecsim Gesblil cJie/l TSHEeTCST depes
Bce He6O, TO CJIEAYET XKAATb YXYILUIEHUS TOTO/bI.

Ha dotorpadusx, cremannbIx co CIyTHUKOB, 3eMJII BO MHOTHX
MecTaxX HaKpbITa IJIOTHOW Gesioil CeTKOil CJIeJ0B OT IMPOJIETEBIINX
camosteto (puc.30). Bpuio mokazaHo, UTO B HEKOTOPBIX CJIYYasTX

Puc.30. Coenannas co cnymuuxa nad meppumopueii CILIA ¢homozpaghus,
Ha KOmMopou 6udHd cemxd 6envix c1ed06 0m NPOSeMEeSUUX CAMONEMOB

CJIeIbl OT JIETSIIETO caMoJIeTa MPeBPAIaoTcs B 06J1aKa IIO0Na/IbI0
ot 4000 1o 40000 KBaspaTHBIX KMJIOMETPOB, OKA3bIBAs BJIUSHIE Ha
kaumar. [Toatomy, Hanmpumep, HpeKpalleHne Ha TPU JIHS TI0JETOB
naj teppuropueit CIIIA nocne tparesmu 11 cents6ps 2001 roga
PE3KO YBEJNYNJIO TPO3PAYHOCTD aTMOC(EPDI, U B pe3yJibTare pasHul-
11a MeXK/ly CpejlHeil IHeBHON M HOYHOH TeMIlepaTypoil BbIpOcJja Ha
1 °C. Takum 06pa3oM, GeJible CJE/bl OT CAMOJIETOB CTY KAT OJIHUM U3
(hakTOpPOB TJIOGATBHOTO <«3aTEMHEHUS» IJIAHETbI, IIPOTHBOJCHCTBY-
T0MIETO ee TJI00ATHbHOMY TOTETJICHHIO.
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Yem omacHbl M 4eM IOJE3HbI /ISl YEJOBEYECTBA BO/ISIHBIE
Hapbl? OHaCHbI OHU TEM, YTO OTHOCATCA K TaK Ha3bIBAECMbIM Ilap-
HUKOBBIM TraszaM. B orymune ot ocrambubix Mosekya Bosayxa (N,
O, u CO,), MoJeKyJa BOJbl aCUMMETPHYHA M TI03TOMY MMeeT
MOCTOSIHHBIIi /IUTIOJIBHBI MOMEHT, 4TO JIe/IaeT €€ CIEKTP TOTJIOIe-
HUSI OYEHb TYCTBIM M CJOKHBIM M JIa€T BO3MOKHOCTB TIOTJIONIATh
nHdpaKkpacHoe U3JTyveHwe B IMMPOKOM crekTpe wactor (pumc.31).

a) T ) —

/
l/ \1 2)

6)

N\ /

Puc.31. Pasauunvie munv koaebamemvnoix (a—e) u spawamenvioix (z)
Osuskenuil MoKyl 600bl. CMPeKamu cXemMamuuecku NoKa3ansl Hanpas-
JEHUS. OBUKEHUT AMOMOE NPU IMUX OBUKEHUAX

ITO 3HAYUT, YTO BOJSIHBIE MAPbI, HAXO/SACH B atMocdepe, cBO6OI-
HO TIPOIYCKAIOT 4epe3 ceOsi CONHEYHYI0 KOPOTKOBOJHOBYIO Paju-
alMio ¢ TMKOM JIIMHBI BOJHBI OKoJIo 0,6 MKM, HO 3ajJep:KuBa-
10T WH(paKpacHoe W3Jay4YeHne 3eMJM C JJIHHOH BOJHBI OKOJIO
11 MKM.

[TapuukoBbiit 5(deKT BOASIHOrO Mapa CPABHUM [0 BeJHYUHE C
MAPHUKOBBIM 3 PEKTOM YIJIEKNCI0ro ra3a. MHoOrue, 0/iHaKo, CunTa-
10T, 4to ecau Obl 3dexTa BOASHBIX MAPOB He ObLIO, TO HAIa
rJanetTa HUKOrjga Obl HE OTOrpesjach OT KOCMHUYECKOTO XOJO0ja,
TeMIlepaTypa Ha ee TIOBEPXHOCTH COCTaBJsAIa 6bI Becero okosio 30 K
U JKU3HU Ha Hell, KOHeyHO, He ObLio 6bl. Ho B mocieaHee BpeMs
KOHIIEHTPAIHS BOASHBIX MAPOB B Tporocdepe HEYKIOHHO BO3pacTa-
eT, u 6OJIbIlIe BCETO — B TPOIUYECKUX IIMPOTAX, Te Kax/apie 10 et
ona yBennunBaercss Ha 13%. [IpoucxXoauT aT0 M3-3a MOCTENEHHOTO
HarpeBaHus Hallel IJIaHeThl.

[Tosiesen >xe BOASHON mAp TeM, 4TO OOPA3YIOIIHeCcss U3 HETo
o0J1aKa OTPAXKAIOT YacTb COJIHEYHOTO H3JIY4YeHUs, TaKuM o6pasoM
60psICh € TI06ATBHBIM TOTETLIEHIEM.
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Kak pasrousior o6aaka? HauGosee miaothble o6aka, 3amiu-
[[AIOIIe HAC OT COJIHEYHOrO CBETAa WM COAEPIKAIlne MHOTO BJIATH,
HaXOJIATCS, KaK TPaBUJIO, HA BBICOTE 2—3 KM U COJIEpPXKaT MHOTO
meabuaiimmx (10 — 100 MKM) Karnejexk nepeoxJak/JeHHOH BOAbI 1
KPHCTA/LIUKOB Jibda npu Temreparype Menbme —10 °C. UroGbi
YHIUYTOKUTH 06J1aK0, HEOO6XOJUMO BBI3BATH TOSBJICHUE KPYITHBIX
kanesb (Gosibiie 1 MM) U KPUCTAILIOB JIbJa B TYMaHE, COCTOSIIEM
U3 MEJbYAUNINX KaleJeK BOAbl U MUKPOKPHUCTAJINKOB JIbJA, TAK
Kak 006pa3oBaBIliiecss KPYIHbIE Kallli W KPUCTAJUIBI YIAAyT Ha
MMOBEPXHOCTh 3eMJid, U 06JaKo ucuesHer. [lysg atoro B obJakax
PACHIBLISIOT MUKDPOYACTHIIBI, KOTOPBIE CJY’KAT TaK Ha3bIBAEMbBIMHU
aapamMu I 06pa3oBaHusI KPYHHBIX Karejab W KpPUCTALnoB. B
KayecTBe TaKUX YaCTUI[ 4acTO MCHOJb3YIOT Hoju cepebpa, Kpuc-
TAJJINYecKasl CTPYKTypa KOTOPOrO OYeHb MOX0)Ka Ha TeKCAroHasb-
HYIO CTPYKTYPY KPUCTAJLIOB JIbJIA, U3-32 YETO a/re3usi KPUCTAJLJIOB
JbJla U KaleJeK BOJbI K 4YacTHYKaM Hojauaa cepebpa BesdKa.
[Toatromy B o6ake K KpHCTAIIMKAM Hoauja cepebpa MPUIHIIA0T
MOJIEKYJIbI BOJIBI ¥, CTaB TSIXKEJBIMU OT TIPUJIMIIIIEI BO/bI, HAYMHA-
10T Ma/IaTh HA 3€MJIIO, YHOCS ¢ co60i yacTb o6JaKa.

Eue ommn crioco6 ocaxzienns objaka — ero oxJaxjenue. [luas
aTOTO B 06JaKa 3a6PachlBAIOT KPUCTALIBI «cyXoro abaas (CO, ),
KOTOpBIE, OXJaXK/1ast 06JIaKO, BBI3BIBAIOT YCUJIEHHYIO KOHICHCAIIIIO
¢ 06pa3oBaHueM KPYITHBIX KareJb U KPUCTAJJIOB JIb/A.

Ectb u sipyrue mertozbl Gopp0bl ¢ ob6makamu. Hampumep, Mox-
HO pasbpacbiBaTb B 00JIaKaX MHKPOCKOIHMYECKUe KPYHNHUHKH T'MI-
pockormueckux coseit (NaCl wan KCl1), koropbie, nonas B o6.1a-
Ko, OyIyT TputsruBatb K cebe Bjiary u pasdyxarb, CTAHOBSChH
3apojpiiiaMn 6obmX Kareab. OJHAKO 3TOT METOM, KaK W HC-
MT0JTb30BAHNE EMEHTHOH TIBLIN JJIS OCAXKIACHUS 06JIaKOB, CUUTAET-
Cs1 9KOJIOTNYECKH HeGe30MaCHbIM.

Kak uckyccTBeHHbIIf TYMaH IOMOTaeT CeJbCKOMY XO3SHCTBY ?
Hawubosiee adpdextuBHOl TeXHOIOTHEH BBIPAIMBAHNS PACTEHUIT SIB-
JISIETCSI METOJl 3€JIEHOTO YePEHKOBAHUSI, KOTOPBIM MOJKHO DPa3MHO-
JKaTh pa3JIMyHbIe PACTEHMS — PO3bl, XPU3AHTEMbI, BUHOTPAJ, MHO-
THie TIIOOBBIE W SATOMHBIC KYJBTYDPBI U Ja)ke MOMUAOPHI. UTOGBI
pacrenue MpUKUIOCh, BJIAXKHOCTb BO3/AyXa MOJ/UKHA ObITh OJIM3KA K
100%, Tak KakK 3ejieHble YePEHKH C JIMCThAME HE MMEIOT COGCTBEH-
HOIl KOPHEBOI CHUCTEMbI W BJIATY ¥ [UTAHWE OHU MOTYT MHOJIYYUTD
TOJIbKO 4epe3 JIUCTbs. [109TOMYy BBIPAILMBAIOT CAXKEHIIBI B TEILIU-
11axX, I/le BpeMsi OT BPEMEHHU DPAacCIbLIseTcss BOJa, MojaBaeMasi 10
JIaBJICHIEM HECKOJBKO JEeCATKOB aTMocdep, 06pasys TyMaH, COCTO-
Amuii u3 Kanesek pasmepom te 6osee 30 MM (puc.32). Tyman us
60Jiee KPYIHBIX Karesjek ObICTPO OCeaeT.
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Puc.32. Hexyccmeennviil nap 6 menauue

Tyman B Terumiie He TOJBKO HACBINAeT BO3/yX BJAroil, HO U
MOJKeT TOHMKATh TeMIepaTypy B Hell Ha HECKOJbKO [IECSTKOB
IpajlycoB, OTHUMAS TEIIO, HEOOXOANMOE [T UCIIAPEHUS, YTO JaeT
BO3MOXXHOCTD HCIIOJIb30BATh TEILINIBI B YCAOBUSIX KAPKOTO KJINMa-
Ta. VCKycCTBeHHBIH TyMaH BO BpeMs HOUYHBIX 3aMOPO3KOB MPH
BBIPAIIUBAHNYN B OTKPBITOM TPYHTE COXPAHAET TeILIo, M3JydaeMoe
3eMJIeit, HAIPaBJISsE €T0 Ha COTPEB PACTEHUi. JTO MPONUCXO/NUT M3-3a
TOTO, YTO BOJSHbIE HMapbl WHTEHCHBHO IOTJIOMAIOT MH(pPaKpacHoe
n3JydeHue.



IMABA 5

OlroHb

Yro MemaeT usy4yaTp ropeHue Ha 3emuae? [Iporecce
TOPEHUs] — OJIMH U3 OCHOBHBIX (DUBMKO-XUMUYECKHUX IIPOIECCOB,
KOTOPBIil CONPOBOKIAET YETOBEUECTBO HA BCEM IIyTH €T0 Iporpecca:
«SIByenus1, HaGJMIOAIONINECS [IPH TOPEHUN CBEYH, TAKOBDI, YTO HET
HU OJIHOTO 3aKOHA IIPUPO/IbI, KOTOPBIN IIPU HTOM He Obl Obl TaK MU
unaye 3aTporyT» (u3 kuuru M. Dapajes «cropuu cseuns, 1861r.).
T'openue obecrieunBaeT sneprueii aBTOMOOUIN U TEILIOJIEKTPOC-
TAHIMU, HAMPEBAET HAIIM JIOMA U eIy ¥, KOHEYHO, POXK/IAET MOXKAPDI
u JiesaeT Hairy arMocdepy rpssHoil, npubsmkas rao6aabHoOe HOTell-
Jienne. VIzydenne mporiecca roperns Heo6xoanmo s 6oee apdex-
THUBHOTO PACXO/I0OBAHUST YIJIEBOJOPOIHOIO TOIJIMBA W 3allUThl OT
OIIyCTOMIUTENbHBIX MOKApoB. HecMoTps Ha Takyio Ba)KHYIO POJib B
HAamrell JKU3HU, TOPEHIEe N3YIEHO SIBHO HEOCTATOYHO MO CPABHEHUIO
C OCTAJBbHBIMH TpolieccaMu. I st 9TOro ecTb BecKasi MpUYnHa —
IpUTSPKEeHne 3eMJd, U3-3a KOTOPOTO NPU TOPEHUH BO3HUKAET KOH-
Bekist (JIBUJKEHNE BO3/lyXa) — HAIPETHINH BO3/yX CTAHOBHUTCS JieTdye
U YCTPEMJISIETCS BBEPX, A XOJIOJAHDIA BO3AYX MPUXOAUT eMy Ha
CMeHy. JTOT TIOTOK BO3/1yXa IPUBO/NT K 3HAYUTENbHOMY U3MEHEHUIO
TeMIeparypol BAoJb maaMern (puc.33) U 3HAUNTENBHO YCJIOKHSET
uccsegoBanme mpoiecca ropenusi. [1oaTomy nsdydarp ropenue jerde
B YCJIOBUSIX HEBECOMOCTH.
Kax ropur magaomasi cBeya? Eme B 1940 romgy coserckmit
yuenblii §1.5.3eb10BUY  1IPEVIOKUI MATEMATHYECKYIO MOJIE]b

Ceemao-seamutit, 1200 °C Ceemames
Benwiii, 1400 °C tacmuru
yaaepoda
Kpacuo-ropuunesuiil,
1000 °C
} R 600 °C
Opanxesniit, 800 °C =

Puc.33. Cxemamuueckoe uzobpaenue niamenu ceeuu u pacnpedeienue
MmemMnepamyp 6 PA3UUHbLL MOUKAX NIAMEHU NPU 20PEHUL & OObIUHBIX 1JC-
N08UAX
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TOPEeHus Ta30BOH ropioveii cMecn B HeBecoMocTH. OKasaaoch, 4TO B
ITUX YCJIOBHUSX TOPEHME Ta30BOil CMecH JIOJIKHO MPOUCXOJUTH B
U30JUPOBAHHBIX [JPYr OT Jpyra TasoBbIX HIapukax. Ilpm atom
KHUCJOPOJ/i M TOILIMBO TIOCTYIAIOT B KAXK/IbIi MIAPUK JINIIb MOCPE/I-
cTBOM N y3nn, n MOITOMY TEMIIEPATypa TOPEHHS B HEBECOMOCTH
JIOJKHA ObITb HUKE, YeM B OOBIYHBIX YCJI0BUSAX. TOJIbKO B Hayase
1990-x ro/10B Teopust 3esib1oBrYA OblJIa HOATBEPK/EHA HKCIIEPUMEH-
TaJIbHO.

JIJIst UMUTAIIUY HEBECOMOCTH TIOCTPOUIIH TUTAHTCKYIO (BBICOTOl
6osee 100 M) TpyOy, BHYTPH KOTOPOI OTKAUMBAJIM BO3/AYX, a CBEPXY
6pocasu Karicyay-naoparoputo (puc.34). Kak ToJbKO HAUMHAIOCH

Puc.34. Cneea: nadenue xancyivl ¢ 2opioueil CMeCbi0 GHYMPU 6ePMUKATb-
HOU MpYObL, CRPABA: MeabUATiwUe 20PAUUE 2A308ble UAPUKU, HA KOMOPbLE
paccoinaemcs nAaMs 6 HeecoMoCcmu

najieHue, JJISIeecst OK0JIO S5 €, B KalCyJie ¢ ropioyeil Ta30B0il CMeChIo
3arOpaJsioch IJIaMsi, PACCHITAIONIEECs] Ha MHOMKECTBO MIAPUKOB J[Ha-
Merpom ot 1 10 10 MM, ropeHne KOTOpbIX (PUKCUPOBAJH € TTOMOIIIBIO
HAXO/ISAINIMXCST BHYTPU BUJEOKAMeEpP. DTO MAPOOOPA3HOe IIaMs 10
CUX TIOP CJIY’KUT HE3aMEeHUMOIl MOJIEJIbIO /IS U3ydeHus: Ipolecca
ropenusi. [lmaMst Topsitieil cBeYn Mpu MaIeHIH TOKe PE3KO M3MEHSI-
JIOCD, TIPEBPAIAsCh U3 BBHITSHYTOrO BBEPX B IIapooGpasHoe.
3aueM B KocMoce HWrpaloT ¢ orHeM? Hecmorpss Ha TO 4TO
9KCIEPUMEHTUPOBATh ¢ OTHEM HAa KOCMHYECKUX affaparax O4YeHb
omacuo, B 1996 roay mHa kocMmuueckoil cranimu <«Mups» Gblin
coskskenpl 80 cBeveil, U OKa3al0Ch, YTO CBeva, MOJHOCTHIO Croparo-
mast Ha 3emJie 32 10 MUHYT, MOXKET TOPETh HA CTAHIINK B TedeHue 45
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MuHYyT. OHAKO T1aMsi ObLJIO OY€Hb CJIa0bIM 1 TOJy6OBaTbHIM, U €ro
JaKe Hesb3st ObLI0 3acHSITh Ha Bujeokamepy. I[loaromy, 4ro6b
JIOKA3aThb €ro CyIleCTBOBAHUE, IPUIIIOCh BHOCUTH B 9TO ILIaMSI
KYCOUYEeK BOCKA M CHUMATH €ro TIIaBJIEeHUE.

[Tportecc ropeHust B yCJOBUSX HEBECOMOCTU MOSKET IOJCPIKU-
BaThCSA TOJDBKO 34 CYET MOJIEKYJIIPHOW An(Py3nu UIN HNCKyCCTBEH-
HOW BEHTUJIAIUU. De3 BEHTUJISAIUM TelJIOBOEe H3JydeHhe odara
TOPEHUsI JIUIb OXJIAK/IAET €r0 U, B KOHIIE KOHIIOB, MOXKET IIpPeKpa-
TUTb TPOIECC, He OCTABUB Jake JbIMa. B OOBIUHBIX K€ YCJIOBUSIX
TEIJIOBOE W3JIyYeHUE CJIYXKUT IOJIOKUTETbHOI 06paTHOl CBSI3bIO,
no/iiepkuBaonieii roperne. [loatomy as1s mpexparieHus moxapa B
HEBECOMOCTHU /IOCTATOYHO BBIKJIIOYNATH BEHTHUJISIIIMIO U HEMHOTO IIO-
JIOK/TIATh.

/Kenro-opanskeBblil 1[BET BEPXYIIKH IIJIAMEHU B OOBIYHBIX YCJIO-
BUSX OOYCJIOBJIEH CBEYEHHEM YACTUYEK CAXKU, YHOCHMDBIX BBEPX
MTOTHUMAIOIIMMCS TIOTOKOM Topstuero Bozayxa. Caska — 3To MUKpoOua-
CTHIIBI, COJIepsKalle YTJIepO, He YCIEBIINil CropeTh, T.e. TIpeBpa-
tutbesi B CO,. B HeBecomMocTH NJIaMsi CBeYM HMeEET MeHbIINE
pasMepbl 1 TOPUT TIpu GoJiee HU3KON TeMIlepaType, 4yeM 1pu 00bId-
HBIX yCaI0BUAX (Tak KakK HET JOCTATOYHOrO IMIPUTOKA CBEKETO BO3MLY-
Xa, COAEPIKALIETO KUCJIOPOA), T0ITOMY Caku odeHb Majso (oHa He
o6pasyercs npu Temneparype Menbure 1000 °C). Ho gaske ecau 6bi
ee 6BLIO JIOCTAaTOYHO, TO U3-3a
HU3KOH TeMIepaTypbl OHa CBe-
THJIACh Gbl NH(PAKPACHDBIM CBE-
TOM, a 3HAYWT, IIBET Y IJIAMEHI
B HEBECOMOCTHU BCer/ia rosry6o-
BaTbI.

W3-3a TOTO YTO B HEBECOMO-
CTH HET BOCXOJISIIIETO [BUKe-
HUSI BO3/lyXa, IJlaMsi HMeeT
mapoo6pasuyio ¢dopmy (puc.
35). Ilo Toii sxe npuunHe cBeva
B HEBECOMOCTU TOPUT TIPAKTH-
gyecku 6e3 apiMa. OTATDH JKe U3-
32 HHU3KOI TeMIIepaTypbl Tope-
HUSI IPU HEBECOMOCTH 06pasy-
€TCsi MEHbIIIe TTapoB CTeapuHa
(nm mapaduna), HoITOMY CBe-
Ya JIaeT MEHbIIIe CBeTa M ObICT-
pee cropaer ¢uTtHab. Takum
o6pas3oM, cBeda B HeBecoMoctn  Puc.35. Topenue ceeuu na 3emne
J0KHA OBITh cienana u3 Be- (66epxy) u 6 nesecomocmu (snusy)
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IecTBa, IMeIoIero 6oJiee HU3KYIO TeMIIEpaTypy ILIaB/ICHNS, U IMETh
Hecropaemblii GpuTnib, HarpuMep u3 acbecra.

M3yuenue mnpoueccoB ropeHus ObLIO IPOJOJDKEHO Ha KOCMUYEC-
KX YEJHOKAX, T/I€ MTPOJEMOHCTPUPOBAJIH, YTO HIAPHKH M3 Ia30BOil
CMeCH TOPSAT, BBIJIEJISIS TAKYI0 Mayto MoiHocTh (MeHbine 1 Br), uto
TOpEHNE KajK/IOr0 M3 HUX MOXKET NPOJOJIKATHCS HECKOJBKO YacoB.
[Tpu aTOM MOTEPU HHEPTUM HA TETLJIOBOE U3JIYUeHe KOMIIEHCUPYIOTCS
BblJleJIEHIEM SHEPTUH [IPU CTOPAHNH I'a30BOi CMeCH, KOTOPAst TIOCTY-
maeT B MIapuku nocpeactoM auddysun ua okpysKkaioiieii cpezinl. B
OTJInYne OT OOBIYHBIX YCJOBUil, OTOHb B HEBECOMOCTH <HE XOUYeT»
pacnpocTpaHsTbes. Bosiee Toro, ropsiume 10 COCEICTBY IMAPUKH
BCerjJa OTTAJKHUBAIOTCA JPYT OT Jpyra, TaK KaKk MeXIy HUMH
KOHI[CHTPAIXS TOILJIMBA U OKUCJHTEJI MEHBIIE, a TOPEHUE PACIIpOo-
CTPAHSIETCST BCEr/la B TY CTOPOHY, r7ie ero GoJibiiie. A B 1997 roxy Ha
CTaHIUN «MUp» CJAYUNICS MOXKAp, KOTOPBIH, K CYACTBIO, YIAJ0Ch
HOTYHHTh. V Bee-Taku, Ha MEX/YHAPOIHON KOCMUYECKON CTAHITUHM,
KpysKaleil ceifuac BOKPYT 3eMJIH, TOKE IPELYyCMOTPEHO CO3/aHue
CIIEeNHAIBHOI JTaGOPATOPHU 110 M3YYEHUIO IIPOLECCOB TOPEHHS, TaK
KaK HAYYUTbCS yIPABJSATH TOPEHNEM, SKOHOMSI TP 9TOM HA TOILIH-
Be, — MeyTa KOHCTPYKTOPOB TEIJIOBBIX /[BUTATEJIEN 1 BCETO YesIoBe-
4ecTBa.

IToyemy cropeBmas cnuuka u3oruyta? Eciin 3aK:KeHHYTO CIIMY-
Ky Jep’KaTb TOPU30HTAJBHO, TO MO Mepe IEepE/BIKEHUS S3blYKa
IJTAMEHH ee CropeBIIast 4acTb OyAeT M3THOATbCs M IOJHHMATDHCS
(puc.36). ITOro He MPOUCXO/UT, €CJH CIIYKY AePIKATh BEPTUKAIb-
Ho. IlpuunHoil u3rn6a cropesieil CIIMYKH CJYKUT BePTHKATIbHOE
JBIDKEHUE BO3/yXa B 00JIACTH
ropeHusi, B pesyJbTaTe KOTO-
POTr'0 yCTaHABJINBAETCS HAIIPAB-
JICHHBIII CHU3Y BBEPX TeMIIepa-
TypHubIii TpaauneHt. Iloatomy
BEpXHSA 4acTb TOPSIMIEH cruy-
K1 Harpesaercs Jio GoJiee BbI-
COKOH TeMIIepaTypbl, 4eM HIK-
nasg. Ilpu ropennm macca u
06beM CIMYKH YMEHbBIIAIOTCS,
u, yeM OOJbllle TeMIepaTypa
ropenusi, TeM 60Jiee 3aMETHbI
9T U3MEHEeHNUs1. 3HAYNT, BEPX-
HSIST 4acTb TOPSIIEl CIUYKH
Puc. 36. Topusonmanvio pacnoiosxen-  yKOpaunpaercs B 60JIblIIeii cTe-
Hds CNUYKA npu 2openuu sazubaemcs IIeHu, 4€M HUKHAA, N CTOPEB-
66epx 1asi 4acTh CHUYKN 3arnbaeTcst
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BBEPX. JTOMY TaKKe CHOCOOCTBYET MOTOK BO3/lyXa, HAIPABJIEHHbBII
BCer/ia CHU3Y BBEepPX BOJIM3H rOpsIell CINYKH.

Ot uvero 3aBucuT uBer miaaMenu? l[Ber mamenu 3aBUCUT OT
TOTO, KaKWe 3JIEMEHTBI «CTropaloT» B HeM. Bbicokas Temmeparypa
IJIAMEHU JJaeT BO3MOJKHOCTb aTOMaM MePeCKaKUBaTh HAa HEKOTOPOE
BpeMst Ha 6oJiee BBICOKUE dHePreTuvecKnue yPOBHHU, a TIOTOM, BO3BPa-
IIasICh B MCXO/IHOE COCTOSIHNE, W3JIy4YaTh CBET ONpe/Ie/IeHHON 4acTo-
TbI, KOTOpasi COOTBETCTBYET CTPYKTYpPe 3JEKTPOHHBIX 0060J04YeK
JIAHHOTO 3JeMenTa. [a3oBast ropesika TopuT roTyObIM TITaMEHeM 13-
3a Hasmyust CO — yrapHoro rasa. yKesro-opan:keBoe 1iamMst CITYKH
06BSACHSIETCS HAJUYNEM coJieil HaTpus B JpeBecuHe. [loatomy, ecom
BBI XOTHUTE C/IEJIATh TIJIaMs Ta30BOI TOPEJIKU SKEJATHIM, TTOCHITIHTE €TO
OOBIYHON COJIbIO. ATOMbBI Me/U MPHU/IAIOT IIJIAMEHU SIPKO-3€JI€HbIN
1[BET, KOTOPDIII MHOT/[a BOCIPUHUMAETCST HaMu Kak Oesibrid. UToGbI
3TO YBU/ETb, JOCTATOYHO <«IIOCOJUTb» ILIAMSI I'a30BOU TOPEJIKH
MEJIHOW CTPY’KKO, KOTOPYIO JIETKO MOJIYYUTb U3 MEJHOTO MPOBO/IA
C TIOMONIbI0 HANWJIbHWKA. AJIIOMHUHUN U >KeJae30 He 06JaJaioT
BBIPAYKEHHOU CIIOCOOGHOCTHIO OKPAIITMBATD TLIAMSI.

Kax o6uapyskurp noxap? Cyrb 1106010 METO/a MPeA0TBpalle-
HUS HoXKapa — paHHee oOHapy:KeHne Boaropanusi. [locTosiHHBIMEI
CIIYyTHUKAMHU [I03Kapa SIBJSIOTCS BBICOKAs TeMIlepaTypa U JIbIM.
[ToaTroMy B KauecTBe JETEKTOPOB IMOKapa UCIOJIb3YIOT YCTPOICTBA,
U3MepSIoNe TeMIIePATypy U,/ WJIH YPOBEHb 3a/bIMICHHOCTH. JTH
JATYNKA TIOMEIIAIOT Ha TIOTOJIKE, TaK KaK TOPSYHii BO3AYX, COlepKa-
MW YacTWIIBI ABbIMA OT OdYara BO3TOPAHWS, BCET/Ia YCTPEMJIACTCS
BBEPX.

B mnomemenusix, rje MHOTO MHbLJIA ¥ [JbIMa OT PAaGOTAIONIIX
JBUTATENIel W THe XPAHSTCS JIETKOBOCILJIAMEHSIONINECS JKUIKOCTH
(aBTOMOGUIIbHBIE Fapayku, HAIIPUMEP ) , OYEBH/IHO, HE CJIeyeT M0JIb30-
BaThCSA JIETEKTOPAMU JIbIMA [T TIPEJOTBPAIEeHIS ToXKapa, Tak Kak
oHM OYAyT /aBaThb MHOTO JIOKHBIX CHTHAJOB. [loaTomMy B Takmx
Mectax 6oJiee yMeCTeH TeMIePaTypPHbIil JaTYNK, OObIYHO HACTPOEH-
ubrit 7a 60 °C. Kax [IPABUJIO, TaKUE JATYNKU MIPEACTABJISIOT COO0I
O6UMETAIINYECKUNT KOHTAKT, 3aMBbIKAIONIUNCS TPU HArPEBAHUU U
BKJIIOYAIOMNN TaKuM 06pa3oM MOKapHYIO CUPEHY W JPYTHe yCT-
po¥icTBa OTIOBEIIEHNA. DTOT TUM JAaTYNKA MOKAPHON CUTHATN3AIIN
— OJIMH M3 CaMbIX CTAPbIX M 4acTO cpabaTbiBaeT y)Ke TOTJa, KOTJa
MOKap yCIIEBAeT Pa3pacTUCh /IO YIPOKAIONINX Pa3MePOB.

B GosbimimHcTBE ciyyaeB mpu BbIOOpE THUIIA JIETEKTOPA MOXKap-
HOIl CUTHAJM3AIUN TPEJIOUYTEeHe OTAAeTCS bIMOBOMY [AaTUWKY,
TaK KaK MOKap OOBIYHO COMPOBOXK/IAETCS BbljieJieHrneM GOJIbIIOrO
KOJIMYECTBA /IbIMA, 1 IMEHHO 3TOT THTI JIETEKTOpa CTIOCO6EH TIPeyTI-
pPennTD Jofiel B 3aHUN 06 OTMacHOCTH. [[BIMOBBIE JATUYNKN NCHOJID-
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3YIOT MOHU3ANNIO WJN (POTOITEKTPUUYECKUN TPUHIHIL JIJIsT OOHApY-
JKEHUST [IbIMA B BO3JLyXe.

B uOHU3AIMOHHBIX [ETEKTOPAX JbIMA OCHOBHBIM 3JIEMEHTOM
ABJETCS UCTOYHMK PpaguoakTuBHoro (ambda) usayuyenus (Kax
npasmio, amepuimii-241, 2'Am ), MOHM3UPYIOIINI BO3/YyX B IIPO-
CTPAHCTBE MEK/TY METAJIMYCCKUMH TIJIACTHHAMU-3JICKTPOAMH, 3JICK-
TPUYECKOE COIPOTUBJIEHNE MEXK/Y KOTOPBIMU IOCTOSIHHO U3MepsieT-
€ ¢ TOMOWIBIO crenuaibHoii cxembl (puc.37). OkasbIBatomuecs
MEXK/y TLIACTHHAMU MUKPOYACTHIIBI JbIMA CBSI3BIBAIOTCS C MOHAMH,

Puc.37. Paboma uonusauuonnozo damuuxa ovima. Beepxy: 6 omcymemeue
JbiMa UOHbL 6030YXA OBUKYMCS MEKOY INEKMPOOAMU; SHUIY: UACTUUDL
OQvima (uepnvie mMaienvikue KpyxKi), C63vi8dsICh C UOHAMU, HEUIMPAIUIY-
10m ux 3apso, YeeiUNUBAS CONPOMUBILEHUE MEKOY INeKMPOOaAMU
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HEHTPAJN3YIOT UX 3aps/] 1 yBe-
JINYUBAIOT TaKuM 06Pa3oM CO-
[IPOTUBJIEHNE MEXK/Y 3JIEKTPO-
JlaMU, Ha YTO pearupyer 3JeKT-
pHuueckast cxema, 110/1aBast CHT-
Has TpeBoru. [laTumku, ycTpo-
€HHbIe Ha 9TOM MPHUHIINIE, Je-
MOHCTPUPYIOT BecbMa BIEYaT-
JISTIONYI0 4yBCTBUTEJIbHOCTD,
pearupyst ele /1o TOro Kak ca-
MBI/l TIEPBBI TIPU3HAK /IbIMA
00HAPYIKUBAETCS JKUBDBIM CYIIle-
ctBoM. CreiyeT OTMETHTD, YTO
HUKAKOIl OIIaCHOCTH [IJIST UeJsio-
BEKA ATOT MCTOUYHUK PaMalinu
He TIPEe/ICTABJISIET, TaK KaK ajib-
(ha-yun He MoTyT IpOITH TAKE
4yepes JucT GyMaru u moJHOC-
TBIO TIOTJIOMIAIOTCST CJIOEM BO3-
JIyXa TOJIITIHON HECKOIBKO CaH-
THUMETPOB.

W3BecTHO, 4TO TIpU yBeEJN-
YEeHUH BJIASKHOCTH PACTET 3JIEK-
TPOIPOBOAHOCTb Bo3ayxa. Ilo-
3TOMY HEJJOCTATKOM NOHM3AIH-
OHHOTO JIETEKTOPA SBJISAETCS €T0
YYBCTBUTEJBHOCTb K BJIAYKHOC-
TH OKpPY’KaloIero BO3/yXa.
ITOro HeJ0CTAaTKa JIMIIEH Ca-
MBIl pacnpocTpaHeHHbll JaT-
YUK IbIMa — ONTHYECKWi, HC-

[40)

Puc.38. Paboma onmuuecxozo oam-
wyuxa dvima. Beepxy: ¢ omcymcmeue
ObLMa YU ceema pacnpocmpansion-
cst om ucmounuxa (M) npsamonuneii-
no; enu3y: uacmuyvl dvina (cepoie
mouxu) pacceusaom iyuu ceema, no-
60PAUUBASL UACTND U3 HUX HA 90°, umo
pezucmpupyemcs homodemexmopom

(@)

noJb3yIonuii Tor (paKT, YTO YACTHMIBI J[bIMA PACCEMBAIOT CBET,
npoxoadaumii yepes Bozayx (puc.38). I109TOMY MHTEHCHBHOCTb
PACCESTHHOTO CBETa MOYKET CJIY’KUTH MOKA3aTeJeM 3a/(bIMJICHHOCTH

BO34yXa.



[MABA 6

BETEP: SHEPTUS N3 HAYEIO

3a cuer KaKuX UCTOYHHKOB YeJI0BEYECTBO COOMPAETCST
TOKPBIBATh BCE BO3PACTAIONINE 3aTPAThl 9HEPTUU? MUp paHo WUjan
MO3/IHO CTOJIKHETCSI C T€M, YTO 3alachl HEBO30OHOBJISIEMBIX ChIPbE-
BbIX pecypcoB — HedTH, raza m yrias — Oyayrt ucueprnanbl. [lo
pacyeTaM CIIeIMaJIUCTOB, TIPU HBIHENTHUX 06beMaxX JOObIYM YIS Ha
3emue xBatut Jer Ha 400 — 500, a HedpTw W raza — MakCUMMyM Ha
croserne. K TOMy :Ke, OITyCTOIEHME 3€MHBIX HEAP W CKUTAHUE
TOTIJINBA YPO/YIOT TJIAHETY W TOJ OT TOja YXYAIIAIOT ee 9KOJIOTHIO.
OnHUM CJIOBOM, TIepe/l YeJIOBEUeCTBOM CTOUT 3ajJada OCBOEHUS
9KOJIOTMYECKH YHCTBIX, BO30OHOBJISIEMbIX, UJIH, KAK UX €Ille Ha3bIBa-
10T, HETPAJAUIIMOHHBIX NCTOYHUKOB SHEPTUH.

Cxoupko sHepruu gaer Ham CouHne? [loutn Bce MCTOYHWKH
aHeprmm Ha 3emJie 00S3aHBI CBOUM IMPOUCXOXKACHUEM COTHEYHOI
pajinalyy — SHEPrUH, KOTOPYIO 3eMJIsl ToJIydasa, HoaydaeT u Oyaer
noayyatb oT CosHita. VICKJIIOUEHUIME SBJISIOTCS 9HEPTUS TeoTep-
MaJIbHBIX BOJI, & TAK)Ke MPUJIUBOB U OTJUBOB. MOIIHOCTD COJHEYHO-
ro U3JIy4yeHus, Iajaiollero Ha 3emJsio, cocTtaBJser 1, 74-10" Br.
Ouenp MaJiag vacTb 3Toil aneprun, npumepno 0,01%, samacaercs
PACTEHUSMH B BH/IE PA3JINYHBIX XIMUYECKIX COEJMHEHNI, KOTOpbIe
TTOTOM MOKHO WCIIOJTb30BATh [T €/bl Wi TorymBa. Hedtb, ras,
yToJib, TOp(d U JpeBecrHa — Bce ATO COTHEUHAs SHEPrus, MpUIaceH-
Hasl JIJIE HAC pas3JinuHbIMK pactenusimu. [opaso Goablie, okoso 1 —
2%, COJIHEYHOU SHEpruu, najaiolleil Ha 3eMIio, mpeoOpasyercs: B
aHeprmio BeTpoB. OHAKO A06BIBATH SHEPTUIO U3 BETPA OKA3aJI0Ch
nerpocto. ToJbKo ceifuac, Korja Bce 3aroBOpuin 00 9KOJOTUYECKH
YHCTBIX U BO3OOHOBJISIEMBIX MCTOYHUKAX SHEPTHH, JTIOM BCIIOMHUTH
0 BeTpe — BEYHOM JIBUTaTese Ha 3eMJe.

[TepBoii JiomacTHOI MaIMHOI, Pe06Pa3yIolell IHEPTUIO BETPA B
ABUKeHue, ObLa mapyc. Emy yske nourum 6000 ser (mox mapycom
XO[MJIM ellle JPEBHHUE EruITsaHe), HO [0 CUX HOP 9TO ApEeBHee
n3obpeTeHne 06JaaeT HAUBBICITNM K03 UINEHTOM IT0JIEe3HOTO
JIETICTBUST CPe/IN BCEX N3BECTHBIX BeTpoarperaton. [1o3ske mogBuimch
BETPSHBbIE MEJBHUIIBI, KOTOPBIE CJIYKUJIU YeJTOBEYECTBY HECKOJIBKO
CTOJIETHIT, BILIOTH A0 cepeauubl npourtoro seka (puc.39). Omnm
KayvaJiu BOJY, OJHIMAJIN KaMHU, BPAIAJIN MyKOMOJIbHbIC JKEPHOBA.
[Tpuimmenime UM Ha CMEHY BETPO3HEPTETUYECKHE CTAHINU ceifuac
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Puc.39. Cmapunnas meronuud u napx cOBPEMEHHbIX 6eMpOILeKMPOCMAan-
yudl, Kaxoas u3 komopoix, obiadas mowgocmoio 1 MBm, cnocobua ydos-
Jaemeopums Goimogvie nompedrnocmu ¢ aexmpuiecmeae 750 cemeil

BBIPA0ATBIBAIOT 3JIEKTPUYECKYI0 dHepruio. B cTpaHax ceBepHOI
EBpombl Bce 60Jblast 4acTb 3JEKTPOIHEPTUH 100BIBAETCS € MOMO-
MbI0 BeTporenepaTopos. Hampumep, B [lannn ysxe ceituac 20% Beeit
BbIPA0ATbIBAEMOIl dyIeKTpoaHeprun otnuMaercst y Berpa, a CIIIA
mwranupyioT Kk 2010 rogy moBecTH MOITHOCTb BETPOYCTAHOBOK [0
80000 MBTt, uro cooTBeTCTBYeT 5% OT 0O0MIell MOIIHOCTH BCEX
3JIEKTPOCTAHITHIA.

Cxoubko Betpa Ha 3emue? VccaenoBatesnn uz Crandopackoro
yuusepcutera (CIITA) B 2005 rogy COCTaBHJIE <BETPOBYIO» KapTy
MHpa, HaHeCcs HA Hee 3HAYEHMs CPEHEro/0BOI CKOPOCTH BETpa B
8199 mecrax ma Boicote 80 M (Ha 9TOii BbICOTE OGBIYHO PACTIONATAIOT
COBPEMEHHbBIE BETPOSJIEKTPOTEHEPATOPBI) OT MOBEPXHOCTH 3EMJIN.
Oxkasasioch, 4To CKOpOCTb BeTpa B 13% BcexX HMCC/e0BaHHBIX 00J1a-
cTell TakoBa, YTO, €CJAM PAa3MECTUTb BETPSIHbIE T€HEPATOPbI B 3TUX
TOYKAX, OHU IIEPEKPOIOT IIOTPEGHOCTH YEI0BEUECTBA B 3JICKTPOSHED-
MM B TATH pas, BbIpaGatbiBasg Mommocts 72 TBr (1 TBr =
=10" Br). Creayer oTMETUTD, YTO COBPEMEHHBIE MOJCIN BETPSI-
HBIX 3JIEKTPOCTAHIMI CTAaHOBSITCS 3(PEKTUBHBIMHU, KOT/Ia CKOPOCTD
Berpa npesbimaer 25 kM/4 (6,9 M/c). OaHako MOHIb 3€MHbBIX
BETPOB ObliIa SIBHO HEIOOIICHEHA, TTOCKOJIbKY M3MEPEHUsI CKOPOCTH
BeTpa, HanpuMmep, Ha nob6epesxkbe CeBepHoro JlegoBuToro okeana, a
TakXXe B IEHTPAJbHBIX paiionax AQpPHUKH B KapTy BKJIOYEHDI HE
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ObLIH. A UCTUHHASI CIIOCOOHOCTDH BeTpa CHAGKATh SHEPTHEN JesioBe-
YECTBO TOPa3/10 BbIIIE CACJTAHHbIX CErOAHA OICHOK.

Kak cosneunas sneprus posxkaaet Berep? Berep B armocdepe
BO3HUKAET TOTJa, KOI/la B HEll IMOSIBJASIOTCS 06JacTH HU3KOTO U
BBICOKOTO /1aBjieHNsI. OCHOBHAS MPUYMHA TIOSBJICHUS TAaKUX 30H 3TO
HEO/ITHAKOBBINT HarpeB mMoBepxHocTH 3emun CoJsHIEM — BOJU3H
9KBATOPA OYEHb CUJBHO M YYTh-4yTh OKOJIO MOJIIOCOB. B pesyibrare
9TOrO BO3/yX Ha 3KBaToOpe GbiBaeT packaen a0 +40 °C, a B ApkTuke
ero Temmeparypa Beerga nmke 0 °C.

Tabauya 5

3aBHCHMOCTD IJIOTHOCTH BO3/yXa M HACBIIIEHHBIX BO/SIHBIX NAapOB
OT TEMIIEPATyPbI IPH HOPMAJIbHOM aTMoc(depHOM JaBJjeHUH

Temneparypa, C I11orHOCTD I11orHOCTD
BO3/yXa, Kr/MS, HaCBIIEHHBbIX [1apoB, KT/MC

=25 1,423
=20 1,395

-15 1,368
-10 1,342

-5 1,317

0 1,292 0,005

5 1,269 0,007
10 1,247 0,009
15 1,225 0,013
20 1,204 0,017
25 1,184 0,023
30 1,165 0,030
35 1,146 0,039
40 1,127 0,051

W3 tabautipl 5 caenyer, 4To IIOTHOCTD BO3ayXa BOJIU3M TOBEPX-
Hoctu 3emsin Ha 9KBarope Ha 20% MeHbIE, YeM B MPUIOJSIPHBIX
paifonax ¢ TemmepaTypoii okosio —25 °C. A 5T0O 3Ha4HT, YTO «BEC>
aTMocepbl HaJ[ 9KBATOPOM [I0JIKEH OBbITb TOXKE MeHbIle, YeM Y
noJiiocoB. Takum o6Gpazom, armocdepHoe jaBjeHne Ha HKBATOPE
BCerjla HUKE, YeM B TPUIOJSPHBIX o6jactsax. HeoauHaKoBbIT
HATPEB BO3/[yXa — OCHOBHOU BETPSHOI J[BUKUTEb, HO HE €JINHCTBEH-
werii. OH ompe/iesisieT TJI06ATbHYI0O KaPTUHY BETPOB, JYIONHMX Ha
Bbicotax cebmre 1000 M (puc.40).

Bpamenne 3emin — BeuHbIil HCTOYHHK BETPOB. 3eMJIs, Bpallla-
sICb BOKPYT CBOEIT OCH, TIBITAETCS 3aKPYTUTH BO3/IyX BOKPYT ce0s1 B Ty
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Puc.40. Heodunaxoguill nazpee 3emiu COIHEUNIM USLYUEHUCH RPUSOOUM
K Momy, 4mo eaaxuvitl 6030yx nad 6oaee nazpemowmu obaacmsanu (dxea-
mop) nodnumaemcs na 6vicomy, 20e €20 600sHble NAPbL KOHOCHCUPYIOMCSL,
4mo conpogoskdaemcs videsenuem menid. B pesyrvmame noousewuiics
u 06e360KenHbLL 6030YX ONAMY HAZPeBAemMCsl, 00paA3ys 061ACMb BbICOKOZ0
dasaenus, 4mo npueooum K UUPKYAIUUU 6030yxd — 00pd306aAHUIO 2]10-
banvioll Kapmumvl 6empos

ske cropony. Opnako 3eMmie yaaeTcs BOBJIEYb B 3Ty KPYTOBEPTDH
TOJIBKO Kacarolecss TOBEPXHOCTH TIIAHETH CJIOM Bo3ayxXa. YeMm
BBIIIE HAXOJATCS CJIOM, TeM OOoJibllle WX JBUJKEHUE OTCTaeT OT
BpalleHust 3eMJan. JTo OTCTaBaHue BO3/yXa OT 3eMJiu, Bpallaoiieii-
csI Ha BOCTOK, BOCIIPMHUMAETCSI HAMU KaK BETep, TIOCTOSTHHO Iy FOTITIiT
Ha 3amaj. Taknm o6pa3oM, Bpararomasacs 3eMIs TOPOXK/IAeT TeTyTo
CUCTEMY BETPOB, SIBJISISICH TJIABHBIM (DAKTOPOM 06PA30BaHust TOTO/IbI.
[TosToMy m3MeneHust BpallleHns 3eMJIM, BbI3BaHHbIE MHOTUMU TIPU-
ypramMu (B TOM 4HMC/Ie M 3eMJIETPSICEHUSME), MOTYT IMPUBOIUTH K
U3MEHEHUIO KAPTUHBI BETPOB M MOTrO/bl. /[0JIKHO CYIecTBOBATH U
o6paTHOE BJIUSIHUE — U3MEHEHUs MOTOJbl M BETPOB MOTYT M3MEHSTD
CKOPOCTH BpallleHusT 3eMJIN.

OxasbIBaeTcs, eCTb CHJIbI, KOTOPbIE He JAl0T BO3AYXY /[IBUTATLCS
M0 MPsSIMONT m3 OGJIACTH BBICOKOTO [ABJEHWUS B 00JIACTh HU3KOTO
JIABJICHMUSI, €CJIN 3T 06JIACTH HAXOASTCS HA PA3HDBIX reorpaduyecKix
HIMPOTAX.

Cuna Kopuosmca. Ilyctp, HanpuMep, Macca BO3/yXa, HAXO/Is-
masicss BOsm3u CeBEepHOTro TOJII0CAa B 30HE BBICOKOTO JIaBJIEHUS,
HauMHaeT ABHUTaThest Ha or (puc.41). Kak TOJbKO 9TO IpOU30MAET,
Macca Bo3jtyxa Oy/leT OTKJIOHITBCS Ha 3araj] Bce 6oJiblie u GoJIblIIe.
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Puc.41. Cxemamuuecxkas uanocm-
pavus deticmeust cuavt Kopuonuca
(6ud na cesepnoe norywapue 3em-

W1 Bot movyemy. JTa Macca BO3/Iy-
Xa, HaXo/sACh BOJIM3U TI0JI0CA U
Bpalasach BMecTe ¢ 3eMJieil BOK-
pyr ee ocu, o6JaaeT HEKOTO-
PBIM MOMEHTOM MMITYJIbCA — BEK-
TOPHON BEJMYUHOI, YNUCJIEHHO
PaBHOH TIPOU3BE/ICHUIO JIMHEH-
HOIT CKOPOCTH BpAIlleHNs TIOBEPX-
HOCTH 3eMJHU B JIaHHOHU TOYKe
U3 Ha Maccy BO3jlyXa m W Ha
PacCTOsTHUE 7, JI0 OCH BPAIIEHH
3eMu. 3aKOH COXpaHEHUS MO-
MeHTa MMITyJibca TpeGyer, 4To-
Obl TIpU TIepeMeIeHnH ¢ M0JI0ca
Ha 10T, T/Ie PACCTOSTHUE 7 JI0 OCH

U U3 Kocmoca) BpaleHust 6oJblie 7,, IPOEK-
IS CKOPOCTH BO3/yXa B Ha-
TIPaBJICHUN 3aMaJ-BOCTOK CTajTa HECKOJBKO MEHBINe, KOMIEHCUPYS
yBeJIMUeHne pacCTosiHus 10 ocu Bpatenust. UtoObl 00bSICHUTD HTOT
adeKT, HAXOACh B HEMHEPIMAJIBHON CCTEME KOOPAMHAT, KAaKOBOM
SIBJISETCS TTOBEPXHOCTDb BpAIAoeiics BOKPYT Oocu 3eMJIU, BBOJST
cuny Kopunosuca, nHazBanuyio B uecTb (paHily3ckoro Qusuka u
umkenepa I'.Kopuomuca (1792 — 1843). Takum o6pasoM, B ceBep-
HOM TOJTyTIapuy BpalieHne 3eMJN 3acTaBJsgeT MOBOPAYMBAThH BCE
BeTpa TipaBee, M OHU JBIDKYTCA K O6JACTH HU3KOTO JABJICHUS IO
CHUPAJN, 3aKPYUNBASACH TPOTUB YaCOBOM CTPEJIKI, €CJIM CMOTPETD Ha
310 u3 Kocmoca. Hao6opor, B 10:xHOM mosyiapun cusia Kopuosuca
3aKPYYMBAET BETPa B MPOTHBOIOJIOKHOM HAIIPABJICHUN.

Ncnapenne u KoHAeHcanusl BOASHBIX MapoB. K BO3HUKHOBe-
HIIO BETPOB MOTYT MPHWBOANTL TaK)Ke WCIAapeHne W KOH/CHCAINS
BOJIbI. V3BecTHO, 4TO JIETOM /iHeM ¢ 03epa Ha Geper JIyeT MpOXJiajl-
HbIN Betepok — 6pus. [Iponcxoaur ato u3-3a TOro, 4To BO3/YyX HAJ
03epOM HarpeT MeHbllle, 4YeM Ha/Jl cylieii. BoJibias yacTb COTHEYHOTO
U3JIyYeHUsI, MAJafoNiero Ha BOy, OTPAXKAeTCs UM UIeT Ha uciape-
nue. Kpome TOTO, yAeapHas TEMIOEMKOCTb BOJBI B HECKOJIDBKO pa3
6oJpiie, 4eM y TOYBBI. [loaToMy naHeM nmaBieHHe HACHIEHHOTO
BJIATOW M IPOXJIQJHOTO BO3jyXa HaJ 03epoM GoJibllle, 4eM HaJ|
cymreii. Houbio — Bce Hao6opor. 3-3a MeHbIIeil TemnjioeMKoCTH
[MOYBBI OHA U BO3/IyX HaJ Hell GbIcTpee OCTHIBAIOT, YeM BOJIA B O3€pe.
Buiara B Bo3myxe Ha/l 03epOM KOHJICHCHUpPYeTcs, 06pasysl TyMaH, a
BBIJICJIATONIASICS TTPU 3TOM 3HEPTHs HarpeBaeT BO3/yX HaJ HOYHBIM
o3epoM. Ovar HU3KOTO JaBJEHNUS HaJ 03epOM TIPUTATHBAET K cebe
BeTep, AYIOUMI HOUBIO ¢ Oepera K BOJIE.
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Boizesienve Temsia mpu KOHIEHCAIMHM TEILIBIX BOJISHBIX IapPOB
HaJ| okeanamu, rporperbiMu 10 30 °C, CIy’KUT OCHOBHBIM HCTOYHH-
KOM 9HEPTUHU BO3HUKAIONUX yparanos. Temnbiii BO3AyX, HACHIIIEH-
HBIil BOJSIHBIMU ITapaMM, IOAHMMAETCS BBIE M BbBIIIE U, HAKOHEII,
JIOCTUTAET BBICOTHI, TJI€ €r0 TeMIepaTypa IMaJ[aeT HACTOJBKO, 4TO
HauMHAETCs KOHJAEHcalust mapa. [Ipm 5TOM BBIJAEJSIETCS TEILIO,
KOTOPO€e OISITh HATrPeBaeT yske 06e3BOKEHHDIH BO3/yX, W OH MOJ-
HuMaetcs ere Bbirre. Takum 06pa3oM, HaTUUKe BOASIHBIX [TAPOB 1 X
MOCIEAYIOTIAsh KOHJIEHCAIIUS TIO3BOJISIIOT CO3/1aTh HAJl TOBEPXHOCTHIO
OKeaHa CTaOUJIbHYIO 30HY HU3KOTO JIaBJIEHUS — JBUXKHUTENb Pa3py-
MIAIONUX YPATaHOB.

VnTepecHo ONEHUTh SHEPTHUIO, BBIJEJSIONIYIOCS TIPU KOH/EHCA-
LI HACBIIIEHHBIX BOASHBIX IAPOB, COAEPIKAIIIXCS B 1 KM° BO3J1y-
xa. Tak Kak nmpm KoHAeHcanmuu 1 KI BOASIHOTO Tapa BBIIEJSIETCS
2,26 M [l Teria, To Py KOHJEHCAIMH 3 - 107 xr 1apoB, cojiepsKa-
nxes B 1 km® BO3/lyXa, BbIJETUTCS 7 - 10'3 JI>x Teria, 4TO 9KBU-
BaJIEHTHO 110JIOBUHE SHEPIHU aTOMHOII 60MObI, cOpoleHHoi B 1945
rogay Ha Xupocumoit. Cienyer OTMETUTD, YTO MpHU (POPMUPOBAHIY
yparaHa W €ro JIBIKEHUH KOH/IEHCHPYIOTCS COTHH KyOHYeCKUX
KHJIOMETPOB BOJITHOTO T1apa, a Pa3pyHINTeJSbHbBIX [OCJe/CTBUII,
CPaBHUMBIX C ATOMHBIM B3DPbIBOM, HE MPOHCXOJUT TOJBKO MOTOMY,
YTO SHEPIHsl 3TA BBIIEJSETCS B T€UYeHHe HECKOJIbKUX [HEH, a TO |
nesesap. Ha pucynke 42 moxaszan CHEMOK U3 KocMoca TafidyHna, Ha
KOTOPOM BH/IHO, YTO cusia Kopuosuca 3akpyTujia ero B CIUPAJDb
MIPOTUB YaCOBOU CTPEJIKU.

Puc.42. 3axpyuennviii npomue 4acosoi cmpeixu matk-
¢yn 6 Kapubckom mope
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CxopocTb BeTpa U CTPYKTypa MOBEPXHOCTH. Bo3nyx — BaA3Kag
cpefa, W MOITOMY Y CaMOW TIOBEPXHOCTH 3eMJIM CKOPOCTh BeTpa
Bcerga oveHb Maja. llpum ypajseHund OT MOBEPXHOCTH CKOPOCTD
niocreneHHo pacter. Ha Bbicotax 0 100 M, rie oObIYHO HAXOASATCS
JIOTIACTH BETPOTEHEPATOPOB, CKOPOCTb BETPA CHUJIBHO 3aBUCHUT OT
CTPYKTYPBI ToBepxXHOCTU. Jlec W Tropoja 3HAYNTEJSBHO 3aMEJISAIOT
CKOpPOCTb BETPa, a CHOKOIHAS TTOBEPXHOCTb MOPST MPAKTUYECKU He
BJIMSIET HA €r0 MHTEHCUBHOCTHh. Kpome Toro, cmiia BeTpa HaJ MOpPeM
MO/[BEPIKEHA MEHDIITNM KOJIeOaHUSIM TI0 CPABHEHUIO C BETPOM, JYIO-
MM HaJ CyIIeH, TaKk Kak TeMmIieparypa BoJbl 6ojee cTabUJIbHA.
[ToatoMy a8 yBeIWYeHUS MOITHOCTU BETPOAJIEKTPOCTAHIIMN WX
PEKOMEHAYIOT yCTaHABIMBATD Ha MEJIKOBO/Ibe. EBpOCOTO3 MitaHnpyeT
JIOBECTH KOJWYECTBO BETPOTEHEPATOPOB, YCTAHOBJICHHDBIX HAa MEJKO-
Bozabe, 0 13000. Tak, manpumep, BOm3u Jlongona B 25 KM OT
6epera cKopo TosiBUTCS apk u3 270 BeTporeHepaTopoB ¢ CyMMapHOii
mortHoctbio 1000 MBT, uto coorBerctByeT 1% Bcex morpeGHOCTEN
Benmko6puTaHuN B 3JIEKTPOIHEPTHH.

MomHoctp Berpa. Kak m3BeCcTHO, MOIIHOCTh YHCJEHHO PaBHA
9HEPTUH, pacxofayeMoil B eamuuiry Bpemenu. [locraBuMm Ha myTH
BeTpa MEPHEHANKYJISIPHO BEKTOPY €r0 CKOPOCTH ¥ TIOBEPXHOCTH C
mroma/pio S. Torpa 3a emHUIy BpeMeHM BO3/yX IepeiacT 3Toi
MMOBEPXHOCTH CBOI0 MEXaHUYECKYIO 3SHEPruio, COHEPIKAIIYIOCS B
o6beme vS. Kunerndyeckasi aHeprusi atoro o6bemMa Bo3ayxa IJI0THO-
crpio P cocraut (poS )02 /2 = pSv? /2 . Takum 06pa3om, MOIIHOCTD
P, KOTOPYIO MOXHO OTHSITb Yy BeTpa, MPOHOPIMOHAIbHA Ky(Gy ero
ckopoctu (puc.43), MIOTHOCTH, a TakKe ILIOIAIM IIOBEPXHOCTH,
OoCTaHaBJIMBAONIEH BeTEp.
Orcrozia caeyer, 4To BJaXK-

2

A HBII BO3/1yX MOXKET HECTU Ha
HECKOJIBKO TIPOIEHTOB GOJTh-
4000 uie sHepruy, yeM CyXoi, a

JIOTIACTH  BETPOTEHEPATOPOB
HeoOX0UMO JejaTh Kak
MOXKHO Goubire. JliuHa Jio-
macTeil COBpEMEHHBIX BETPO-
TeHEPATOPOB C MOITHOCTHIO
0 ) 10 15 2 1 MBrt cocTaBasieT 0OKOJIO

Cropocmy sempa, M/ ¢ 50 M, Y4TO COOTBETCTBYET ILTIO-

Ia/in  IMOTOKa BO3/yXa, Yy

2000

s

Yoeavuas mownocms, Br /M

Puc.43. 3asucumocmu yoenvnoi (denen-
Holl na nonepeunyio niowadv nomoxa) KOTOPOro OHU OTHUMAIOT
Mowgnocmu 6030yxa om ezo ckopocmu — IHEPIHIO, pasnoii 2300 M.
npu HOPMAILHOM ammochepnomn 0agie- [IpuamMas pemrenne 06
nuu u memnepamype 15 “C YCTaHOBKE TOTO WJIM WHOTO

62



BETPOreHepaTopa, HeOOXOJAMMO 3HATh, KaKas MaKCHUMaJbHAs MOIII-
HOCTb BaM Hy’KHa. Harpumep, Bbl XOTHUTE HUCIIOJIb30BATh BETEP,
4TOGBI TIOHUMATD BOJY U3 KOJIO/IIA, /ISl 4er0 He Tpebyercst 60JIbIIOoi
MOIIHOCTH, HO HY)KHO, 4TO-
ObI reHepaTop paboTas Mmpu
MaJsiom Berpe. [list aTHX 11e-
Jielt IOION/IeT BETPSIK € GOJIb-
MM KOJIMYECTBOM JIOTIAC-
Tefl U HEBBICOKOH CTONKOI
(puc.44). Ecau sxe nocras-
JIeHa 3ajlada — KaK MOKHO
60JIbIIIe DHEPTUN U3BJIEYD U3
BETpa, TO HEOGXOAUMO TO/I-
HUMATD JIOMACTU BETPOTeHe-
paTopa BICOKO U JIEJIATh UX
TAKUMU, YTOOBI CHJIBHBIN
BETep He OIMPOKUHYJ BCIO

KOHCTPYKIIAIO.
Kpowme Ttoro, mist oten- ) :
KU MakCUMAaJbHOH MOIIHO- AN e VLI AD,

cr Oyjymieil BETPOIEKT-  pyc. 44, Bempsi manoi mowpocmu, npeo-
poCTaHIUN HEOOXOAUMO  nasuauenmvidl 05 YyMepennozo eempa
3HATb HE TOJDHKO CPEIHEro-

JTIOBYIO CKOPOCTb BeTpa B [JaHHOM MecTe, HO W TO, KaK dYacTo
BCTPEYAETCS Ta WJIM MHAsl ero BeJUYnHa cKopocTu. pyruMu cioBa-
MU, Ha/I0 3HATh, HAIPUMeEp, CKOJbKO [HEHl B TrO/y B 3TOM MeCTe
cpeiHsisi CKOPOCTb BeTpa Jieskut B auarnaszonax ot 0 g0 0,5 m/c, oT
0,5 m0 1 m/c, or 1 no 1,5 Mm/c u t.1. g0 unTepBasa or 12,5 1o
13 M/ c. Ilomydennnprii Habop Ynces HOCUT Ha3BaHWE «paclpejeie-
Hust» (MM TUCTOrpaMMbl) 3HadeHuil ckopocTu Berpa 3a rof. Ilycrb
B TpeX BOOOpasKaeMbIX MeCTaxX Ha 3eMJie PacIpe/le/IeHnsT 3HAUeHiT
CKOPOCTH BeTpa PasjndHbl 1m0 (opme, HO UMEIOT OJHO U TO Ke
cpennerooBoe 3navenue 6,75 Mm/c. B nepBom Mecte Betep Jyer C
HEW3MEHHOIl CKOPOCTbIO, W, 3HAYUT, €ro CPEIHEro0Bas yieJbHast
MOTITHOCTb TaM paBHa 188 BT/ M? . Bo Bropom cayvae (puc.45,a)
BO Bcex 26 BbIIIIENePeYnCaeHHbIX HHTEPBAJIAX CKOPOCTDb BeTpa Gblia
mo 14 nmeit B romy. Ecam mocymTaTh CpefHETroOBYIO MOITHOCTD
BETPa, COOTBETCTBYIOIIYIO 3TOMY CJIy4aio, TO OHA OKA’KETCS B /(B
pasa 6oJblie, a UMeHHO 363 BT/ M? . B tperbem ciyuae (puc.45,6)
Yale BCEro CKOpPOCTb Berpa Oblia Mesxkay 6 u 7 m/c¢ (52 nus), a
6esperpennble auu (Menbme 0,5 M,/c), paBHO KaK M OYEHb BETpe-
uble (Gosbire 12,5 M/ ¢), Oblau Beero 4 ansa B rofy. Ilojcuer st
9TOr0 CJiyyas JaeT CPeJHeroJl0Byl0 MOIIHOCTb BeTpa 282 BT/ M2
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Puc.45. /lea pasuvlx ciyuas usmenenus CKopocmu éempd é meuenue 200a
¢ odunaxosvimu cpednezodosvimu snauerusmu (6,75 m/c)

TakuM o6pa3oM, HECMOTPS Ha TO YTO CPEIHErOI0Basi CKOPOCTb
BeTpa OblTa OIMHAKOBA BO BCEX ATHUX CIAYYasdX, €T0 CPEAHEr0/I0Bas
yAeJbHAs MOIIHOCTh CHJIBHO pas3inyasnach M Obljaa BBINIE TaM, T/AC
JHeil ¢ 6oJiee BBICOKMMU CKOPOCTSIMU OBLIIO OTHOCUTEIBHO OOJIBIIE.
Bbi3BaHo 3TO TeM, YTO MOIIHOCTH BETPa MPOMOPIIUOHAIbHA TPEThEN
CTENEHH ero CKOPOCTH.

Bo3ayx 3amenssiercsi, ABUrasi JJomacTH BeTpsika. Kak ciemnyer
13 3aKOHA COXPAHEHWs 3HEPTHH, CKOPOCTHh BETPA 3a BPaIIAfOIMU-
csl JIomacTSMHU BeTporeHepaTtopa Bcerga GyfeT MeHbIe, 4eM Tepes
numu. TakuM 06pasoM, MUJINHAPUIECKUN TTOTOK BO3AYXa, JBIKY-
muiicss Ha BETPSIK CO CKOPOCTBIO 0y, /JOJUKEH IIPEBPATUTHCS B
TaKoll Jke MOTOK, HO JABMIKYIIUIiCS ¢ MeHbIIel cKopocThio v, . Tak
KaK TJIOTHOCTDH BO3/[yXa /IO BETPSIKA U TIOCJIe HEro OHA ¥ Ta e, U3
3aKOHA COXPaHEHUS MacChl CJeIyeT, YTO TOMepeyHoe CeUeHUE TI0-
TOKA BO3/lyXa II0CJE BETPSIKA JOJUKHO OBITh B 0 /v, pa3 GoJblie.
Oo6paszoBanue 60JIbINON OE3BETPEHHON 30HBI MOCJIE BETPSIKA CJIE/Y-
€T YYUTBIBATD IPHU pacyere MeCT PSJOM CTOSIIUX BETPSIKOB —
WHAYe OJMH BETPSK MOYKET TONACTb B «T€Hb» OT PaGOThI APYroro
BETpsKa.
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CKo0JIbKO DHEPrHH MOXHO OTHSTD y BeTpa? 113 3akoHA cOXpaHe-
HIS SHEPTUHU BBLITEKAET, YTO €CJW MBI OTHUMEM Y BeTpa BCIO €To
9HEPrUIo, TO BO3AYIIHBIH TOTOK OCTAHOBUTCS, W IO3TOMY MBI He
CMOJKEM OTHSATH 9HEPIUIO y CJIe/yIomieil ero 4acTu. 3HA4YnT, OTHH-
MaTh HEPTHUIO Y BETPa HAJI0 C YMOM, 3aMe/LJIsIsE €70 CKOPOCTD 10 TAKOM
CTEIeHH, YTOOBI TPOIEHT U3BJIEYEHNUS BETPOBOI SHEPTHH OblJI MaKCH-
MaiabHBIM. Hemerkmit ¢usuk A.Berr B 1919 rogy moxasarm, dyrto
BETPSIK MOJKET M3BJeub He GoJiee 16 /27 momrHoCTH BeTpa. BoT Kak
BBITJI/INT 9TO MPOCTOE JJOKA3aTEIbCTBO.

[lomycTuM, 4to uyepe3 JIONACTH BETPSIKA BO3/YX JBUXKETCS CO
cpesiHell CKOPOCTBIO, PaBHOH IOJIyCyMMe CKOPOCTe ©; /0 U 0,
nocsie Berpsika, T.e. (v) + 02)/2 . Torga 3a eanHUILy BpeMeHU uepes3
BETPSIK C MOMNepevyHoll IJIomaabio S MPOXOJUT Macca BO3/yXa,
paBHas

m = pSU1+—vZ’
2
rae P — IUIOTHOCTb Bo3ayxa. [Ipw atom MomHOCTb, or6Gupaemas
BETPSIKOM y BeTpa, pPaBHa

v —02 S
P = m1TZ :%(012 —022)(01 +0y),

a OTHOLICHUE STOH MOIIHOCTH K MOIIHOCTH BeTpa Py = pSvf/Z

COCTaBJIAeT
2

ﬂ — l 1 — 2 1 + 0_2

B 2 [ 0
Jlerxo noctpouthb rpaduK 3aBUCUMOCTH J0JH U3BJIEKACMON MOIHO-
CTH BETPA OT OTHOIIEHHsI CKOPOCTEN BO3/yXa I0cJje U JI0 BETpsIKa 1
y6emutbest, urto A.Ber 6bur mpaB, yTBepoK/ast, 4TO MaKCHMaJbHAs
apexTHBHOCTD BeTpsAKa
(59%) cooTBercTBYET
TOMY CJIy4alo, KOT/[a CKO-
POCTb BETpPa 32 BETPSIKOM
yYMeHbIIAeTcs B TPU pasa
(puc.46).

Ilouemy Betep Bpa-
NIAeT JOMACTH BETPSAKa?
Uro6bI Bpamarb Jiomnac- S
TH, MOKHO HCIIOTb30BATD 0 02 04 06 08 1,0 vy,
au60 COCTABJSIONIYIO

Puc.46. 3asucumocmv doau u3siexaemoi
CHJIBL  CONPOTUBJICHUA  yowmnocmu eempa om ommnowenus cxopoc-
BeTpa, MO0 MOABEMHYIO  meii 603dyxa nocie u do eempsKa
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Hodvemnasn CUJTY, aHAJIOTHYHYIO TOM, KO-
cura TOpas JEepyKUT caMoJieT B
Conpomusaenue  goznyxe. Ipu Mamoii cuie
6030yxa BETpa UMEET CMbICJI UCIIOJIb-
30BaTh MEPBbIil cr1ocob, Tak
KaK OH OTHOCUTEJIBHO JIELIEB,
a COOTBETCTBYIOIUE JIoIlac-
TH, UMEIOIIUe OJJUH U TOT XKe
Puc.47. Hodsemnasn cura ronacmu ¢ nps- 1poPuib 1o seeil e,
MOYZONLHOIM NpOPusiem — nepnenouxy- MOKHO HU3TOTOBUTH U3 IPO-
JAPHAS. COCMABAAIOUAAL CUTbL CONPOMUE-  CTBIX JIOCOK, KaK 3TO U JleJ1a-
Aenus 6030yxa JIM faBHBIM-1aBHO (puc.47).
[Ipm 60IBIMIX CKOPOCTSX

BeTpa JIONACTU, AHAJIOTMYHbIe CTAPUHHDBIM, HAUYHYT JAPOXKaTb, JIO-
MaTbCsl M IPOCTO TepecTaHyT paborarb. [loaromy st nosyveHus
CHUJIbI, 3aKPYUYUBAIONIEH JIONACTH BETPAKA, UCHOJIb3YIOT MO bEeMHYIO
CUJTy, BO3HMKAIOIIYI0 TIpH 00/yBe JIONACTH, MMeoleil Ipodub,
AHAJOTHYHBIN mpod o kpblaa. [lorbeMHas cnia BO3HWKAeT M3-3a
TOTO, YTO KPbLIO, KAK BU/IHO HA PUCYHKe 48, OTKJIOHseT Haberatonmit
Ha HEero BO3/yX BHM3, PHaBasi 9TOH Macce BO3/yXa COOTBETCTBYIO-
muit UMIyanc. B pesysbrare, B COOTBETCTBUU C TPETHUM 3aKOHOM
Hprorona, Bo3ayx AeHCTByeT Ha KPbLIO C PABHLIM, HO IPOTHUBOIO-

LS

QQ@

Puc.48. Iodsemnas cura xpouia (gepmuxaivhas cmpeixa) pacmem npu
yeeuuenuu yeaa amaxu o, u docmuzdaem maxcumyma npu o, = 25° . Ipu
Oanvnetiwem pocme O NOJGEMHAS CULA KPHLIA PE3KO nadaem us-3a 603-
HUKHOBEHUsL 8UXDEll U PA3PbI6d NOMOKA HAO KpoLiom (CM. Kpyzosvie cmpet-
K Ha HUKHeU 4acmu pucymka)
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JIOKHO HATIPABJIEHHBIM UMITYJIbCOM,
KOTOPBIHf U CO3/1aeT TOABEMHYIO
CUJTy KPbLJIA.

OnHako, B OTJIMYUE OT KPbLIa
caMoJieTa, KOTOPOE JIBHIKETCS T10-
CTyIaTeIbHO HABCTPEYY BO3AYXY,
JIOTIACTD BETPSIKA BPAIIAETCS, U 10-
3TOMY OTHOCHTEIbHASI CKOPOCTD BET-
pa pasiuvHa Juist obJacteil Jomnac-
TH BOJIM3YU U BAAJTH OT OCH Bpale-
Hug. IlockoapKy mogbeMHAs criia
KpbLTa MaKCUMAJIbHA TIPU HEKOTO-
pOM yrijie araku, TO, 4TOOBI BCe
YACTH JIOIIACTH JABAJIA MAKCUMAJIb-
HBIN BKJAJ B KPYTSIIMA MOMEHT,
HEOOXO/IUMO JIeJIaTh JIOTIACTb C TIPO-

(uneM, MSMEHSIOWIMMCA C ylase- Puc.49. Pomopnvie (xapyceno-
HIEM OT ocu Bpalenusi. Bor move- ) 6eMPOINCKMPOCAHUUIL 6P~
My TPOGUIb JIOTMACTI COBPEMCH-  yyqiomes coxpyez cepmuxaivnoil
HbBIX BETPAKOB SaprquHbIﬁ (BI/IH' ocu u pgéoma;om npu 1060M HA-
TOBOI1), a HE MOCTOSHHDBINA, KAK Y  npaeienuu eempd, Ol muxoxod-
KPbLJIa caMoJIeTa. Hole U MATOUYMHDIE

Mozker Jiu GbiTh BeTPSK 0e3
Jonacter? OKasbIBaeTcd, MOYKET
(puc.49). YcraHoB/ieHHbIH Ha BePTUKAJBLHOM Bajly S-06pasHblii
POTOP XOPOII TeM, YTO TAKOW BETPOJBHUraTe b HE HAJI0 BbIBOJUTH HA
BETEP U ero KPyTSIINil MOMEHT He 3aBUCHT OT HallpaBJIeHUs] BeTpa.

Cxoabko B Poccum Berpa? Cerosgnsi Poccust 3HaunTesIbHO
OTCTAeT OT Pa3BUTBIX CTPAH B MCIOJIb30BAHNH 9KOJOTMYECKN YHCTBIX
BO30GHOBJISIEMbIX 9HEPTOPECYPCOB, B TOM 4YHCJE M BeTpa. Y Hac
ceifyac JeHCTBYIOT BCETO HECKOJBKO JECSATKOB HEGOJBIINX BETPO-
aJexTpocTaniuii. MIX BKJIaj B 9HEPTeTHKY CTPaHbl HUYTOKEH —
BO30GHOBJIsIEMbIE HCTOYHUKH dHEPTUH Bce BMecte jgaioT menee 0,1%
BbIPA0ATbIBAEMOIl B CTpaHe SHEPTHH. A BETPO3JIEKTPOCTAHIMI Ha
OIPOMHBIX TIpocTpancTBax Poccun MorJio 661 ObITh Topaszto GoJiblie,
BeJlb Halra crpaHa 06/1a/jaeT MOIHBIM BeTPOIHEPTETHYECKUM TOTEH-
nuajoM, omennBaeMbiM B 40 Mapa kBT -4 amexkrposHeprum B rO/I.
Takue paiionnl, kak O6ckas ry6a, Kosbekuit mosryoctpos, 60Jblinast
vyacth mpubpexkHoil noJsocol /lanpuero Bocroka, mo MupoBoii Kiac-
cuUKaINN OTHOCATCSI K CAMbIM BETPEHBIM 30HaM, TJie CPEe/HEr0/10-
Bas CKopocTh Berpa Ha Bbicote 80 M cocraBiaser 11-12 M /c.
[TosTomy BeTposHepreTuke B HaIIEH cTpaHe JOKHO MPHHAIEKATh
Oyayliee.




[TIABA 7

KAKAfl TOPKA CAMAS BbICTPAA?

Kazamocs 61, 9eM Kopoue TyTh, TeM ObIcTpee 106e-
pembes 0 1en. IloaToMy KaTWThCS ¢ BEPUIMHBI TOPBI HAAO IO
HAKJIOHHOH IPSIMOI, cCoeUHAIONeH HavyaabHyI0 U KOHEUHYIO TOUKH.
Ho He Bce Tak mpocrto...

Emte B 1696 roxy U. Bepuymnu B xxyprasie «Acta Eruditorums
oIy 6IMKOBAJI TMNCHMO C MHTPHUTYIOINM 3arsasueM «Hoas samaua,
K peleHo KOTOPOi MPUTJIAIIAIOTCS MaTeMaTHK» . Y CJIOBUE 33/[aui

6b110 TakuM: «B BepTHKaNbHOI
yA IJIOCKOCTN JlaHbl Touku A u B
(puc.50). Onpenenuts myTs AMB,
CITyCKAsICh TI0 KOTOPOMY TOJL Jieii-
CTBHEM COGCTBEHHOH TSDKECTH WU
IIPH OTCYTCTBUH CUJI TPEHUS, TeJIo,
HayaB ABUTAThCI M3 TOYKN A, 0C-
B TUTHET TOYKN B B KpaTuaiiiiee Bpe-
>  wMa». U. Bepuymmm upemsioxni
Ha3bIBaTh KPUBYIO, COOTBETCTBYIO-
Y0 CKOPEHIIeMy CIIyCKY C TOpPbI,
GpaxuctoxpoHoii (0T ABYX rpedec-
Knx caoB PBpoytotol — camoe KopoTkoe m XPOvol — ppems).
W.Hpioton, I'.Jleit6unn, I'.Jlomurtamns u 5. BepHy/m oTKIMKHYIHCH
Ha 9TO MMCHMO, PENIMB 3a/lauy Pa3HbIMHU CHOCOGAMHU, HO TIOJIYYUB
OJINHAKOBBII OTBET: 6PAXMCTOXPOHA — 3TO IMKJOUIA.

Yro Takoe mukaonga. OJHNM U3 TIEPBBIX OIIpe/eIeHIe IINKJIO0-
uzapl fan Ilackanb, Ha3BaB ee KPHUBOH, «ONMCHIBAEMON B BO3/yXe
TBO3/IEM KoJieca, KOT/la OHO KAaTHTCS CBOMM JABIDKEHHEM C TOTO
MOMEHTa, KaK I'BO3/[b HAYAJ IMOJHUMATLCS OT 3€MJIH, 70 TOTO, KOT/a
HelpepbIBHOE KaueHKe KOJieca He TIPUBO/IHT €T0 OISITh K 3eMJIe TI0CJIe
OKOHYaHU 11eJ10r0 0o60poTas. Ilomnpobyem cHavasa pacmmdpoBarb
3TO Ollpe/iesIeHle IIMKJION/bl M BBIBECTH €€ ypaBHEHHE, a ITI0TOM
JIOKa3aTh, YTO OHA JCHCTBUTEJIBHO SBJAETCS OPAXUCTOXPOHOIL.

Bbi6GepeM Ha T1I0CKOCTH CHCTEMY KOOP/IMHAT TaK, YTOObI MpsiMas,
1I0 KOTOPO¥ KATHUTCS KOJIECO, COBMaJja ¢ ocbio OX, U MyCTb KOJECo
KaTUTCS B TOJIOKUTENBHOM HatnpassieHun atoii ocu (puc.51). Tlpea-
TIOJIO’KUM, YTO B HAYAJIbHBIH MOMEHT BPeMEHH HaOJII0/1aeMblil «<I'BO3/1b»
3aHMMaeT nojoxkenue B Havase xoopaunat O (0, 0). Ecom r —

X

Puc.50. Pucynok x 3adaue H.Bep-
HYJU O NOUCKEe OPAXUCTNOXPOHbL
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e} A B mwr 2r
Puc.51. ITuxrouda — Kpusas, KOmopyio OnUCvledem moukda ( 2603Bb), JleKa-
was na zpanuue xoJecd paauyCOM ¥, KamaAauw,ezocs 66’3 CKOJNbIKEHUS NO Npsi-
MO

pafmyc KoJieca, To ero 1meHTp C 6yaeT ABUTATHCS TIO MPSAMOI y = 7.
Uepes HEKOTOPOE BpeMs I'BO3/Ib OKayKeTCst B ToUKe P, a koJieco Oy/er
Kkacatbest mipssmMoit Ox B touke B. Ilycts PA — meprieHauKyJisp,
onymieHublii Ha Ox, a orpe3ok PD napasiesed Ox, Torja Jerko
MOJKHO BBIBECTH CJICYION[NE COOTHOIICHUS JJisi KOOPAMHAT TOYEK
IIUKJIOM/IbI:

x=0A=0B-AB=0OB-PD =r06-rsin9,
y=AP =BD =BC+CD =r —-rcosH,

rje @ — YroJ, KOTOpbI IIPU ABIDKEHUU KoJieca cJieBa HallpaBo
yBesmuuBaercs oT 0 10 271 . Mbl HoJIyun/n Tak Ha3bIBaeMoe [apamer-
pHuecKoe 3a/laHue IMKJIOW/bl: 00e KOOPJAMHATbI X W Yy TOuKH P
IIUKJION/IBI SIBJISIOTCS (PYHKIMSAMHI OT HEKOTOPOT'O BCIIOMOTaTeIbHOTO
napaMerpa @ . Mckmouas @, noiy4uM ypaBHEHUE IIUKJIOU/IbL:

X = rarccos (1 - gj —/2ry — y2 .
r

3Has ypaBHEHHE IINKJION/IbI, JOBOJILHO JIETKO BBIBECTU BbIPAsKe-
HUe JIJIT CHHyCa YIJla 0L MEXKIY KacaTesJbHOH K Hell 1 BEPTHKAJIDIO,
KOTOPOE HaM O4YeHb IIPUTOAUTCS [T JOKa3aTeabCTBa TOTO, UTO
LUKJION/Ia ATO OPAaxXUCTOXPOHA:

sino = l.
\ 27

IIpunmun epma u reomerpuyeckasi omrtuka. Vl.Beprymm
PENIT 33/1a4y O CKOPENIeM CITyCcKe, UCIIOIb3Ysl MPUHITUT HauMeHb-
mero Jieiicteusi, copMyJMPOBAHHBIN TEHUATbHBIM MaTEMAaTHKOM
XVII Beka II. Mepma. B 1650 rogy Depma jgan 3amMeyaTesbHYIO
WHTEPIPETAINI0 3aKOHOB TeoMeTpruecKoil ontuku. OH Mperosio-
SKIJI, YTO YT PACTIPOCTPAHEHNUS CBEeTa MEX/IY JBYMS TOUKaMU €CTb
TaKOI MyTh, /IS TPOXOSK/IECHIS KOTOPOTO CBETY TpebyeTcs HanMeHb-
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1iee BpeMsi 110 CPABHEHUIO € JIOOBIM JIDYTHM ITyTEM MEXKY 9THMU
Toukamu. Temepb 9TO yTBEp:KJEHWE HOCUT Ha3BaHWE IPUHITUTIA
Depma. W3 aToro npuHIMIA CAEAYET, B YACTHOCTU, YTO HOCKOIbKY
B OJTHOPOJIHOIT cpefie CKOPOCTb CBETA TIOCTOSTHHA, TO MUHIMAJIbHOMY
BPEMEHU COOTBETCTBYET MHHUMAJIbHOE PACCTOSTHUE, a 3TO 3HAYWUT,
YTO CBET B OJHOPOJHOI cpesie AOJUKEH PACIPOCTPAHATLCSA TI0 TPS-
MOTi.

Wcnonb3oBanne npunnuna Mepma B TeX ciaydadx, KOrja CBET
HATAJTKUBAETCS HA TPAHMILY pas/iesia Cpell ¢ PA3HBIMU CKOPOCTSIMU
pacIpoCTpaHeHusl, MO3BOJIIET JIEFKO BBIBECTU W3BECTHDBIC 3aKOHDBI
OTpPa’KeHWs W TIPEJIOMJICHUS CBeTa Ha TPaHWIIE pas/esa, a TakKe B
TeX cJaydasx, KOTAa Cpefia COCTOUT W3 TOPM3OHTAJbHBIX CJOEB, B
KaXZIOM M3 KOTOPBIX CKOPOCTb CBeTa TOCTOSTHHA. B mocsesnnem
ciaydae cBeT GyJIeT pacipoCTPaHAThCS 10 JIOMAHOI ¢ BEPITMHAMU HA
IPAHUIAX Pa3/esa, HO JIJIS KaXK 0k
BepiIuHbl 6yjeT co6II0aThCs pa-
BencTBO (puc.52)

o

sin o;
——=* =const,
G
rie O; — Yroa, KOTOPBIil 3BEHO

JIOMAHOMH, Jeskallee B CJIOe CO CKO-
Puc.52. PacnpocmpaHeHue cee- pOCTbIO cBeTa (;1. s 06pa3ye’1‘ C BepTI/I-
ma ceepxy G6Hus uepes Cou ¢ noc-  ganpio. Ecam ke B HEKOTOPOW Heo-
1e008AMENLHO YMEHLUAIOULUMCSL JIHOPO/HOM OITHYECKOil cpejie cKo-
KOIPPumUEHMON NPEOMIEHUS 11 cpera MEHSIETCS HETPEPBIBHO,

HO 3aBUCUT TOJbBKO OT 3HAUYEHUS
OP/IMHATDBI ¥, TO B 9TOIi Cpe/ie CBET PACIIPOCTPAHSIETCS 110 KPUBOM, 151
KOTOpOI

= const ,

rzie o(y) — yroJ Mex/y KacaTesabHOIl K KPUBOIl B TOUKe ¢ OPANHATOM
y 7 BepTHKaigbio. OT™MeTnM, 4To aTa opMyaa 6blaa MosydeHa U3
npuanuna MepMa, moJaras, 4To CKOPOCTb CBETA 3aBUCHUT TOJBKO OT
BEPTUKAIBHOTO MOJIOKEHHS TOYKH (BBICOTBL).

IMpunmun Mepma u ckopelinmii cnyck. V. Bepuysm sameru,
YTO CKOPOCTb TeJa, KAaTAIIEroCs C TOPbI 110 JIeHCTBHEM CHJIbI
TSDKECTH, TOKEe 3aBUCUT TOJBKO OT Nepenasia BhICOT ¥:

v =42gy -

ITostomy Bce BbIBOAbI U3 TpuHLuIa DepMa, cesannble /1 paciipo-
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CTPaHEHNs CBETA B CPEJie C U3MEHSIONIEN ST CKOPOCTHIO CBETA, MOMKHO
MepeHecTn Ha IOUCK YpaBHeHUs /it OpaxucToXpoHbl. [Ipyrumu
CJIOBAMU, TPAEKTOpPUS CKOPEHIero crycka Mexay Toukamu A u B
JIOJUKHA Y/IOBJIETBOPSITD TAKOMY YPaBHEHUIO:

sin (OL (y))
Jy

[TpocToe cpaBHenue aToii (POPMYJIBI € TTOTyIeHHOU paHee HOPMY.IOit

= const .

. Y . .
sSm o = ; IIOKa3bIBa€T, 4YTO TPACKTOPUEN CKOPEUIIETO CIIyCKa

JIOJUKHA OBbITh TIepeBepHyTast IUKJION/A.

Kak cmycrurbest 6bicTpee 0e3 uukaouasi? [yt Toro 4toGbi
YCKOPHTDb JIBHXKeHne Meskay Toukamn A u B, He 006s3aTesbHO
CITyCKAaTbCs MO TMKJIonJe. MOKHO, HAllpuMep, 3aMEHUTDb IIyTb 110
HaKJOHHOH TJTOCKOCTH JIBYMS HAKJOHHBIMHI TIJTOCKOCTSIMHU, PACIoJIo-
SKeHHBIMHU UyTh HIDKe. KcTaT, Takme sKCHEPUMEHTBI CTAaBUJI elle
Tasueit, nbiTasgch HaiiTh GPaxXuUCTOXPOHY 330,110 10 1. Bepuym.
[Tpocroit pacuer, KOTOPbIi Mbl IIpe/IaraeM c/ieJiaTb CaMOCTOSITE b=
HO, TIOKa3bIBAET, YTO BPEMsI CKOJIbXKEHNUS 110 TAKOM JIOMaHO HaKJIOH-
HOI TIOCKOCTH Gy/IeT TIOUTH BCer/ia MeHbIIle, YeM MO OObIYHOI.

Ecusin BepTuKanbHblit pa3Mep ropKu /2 He MPeBbIIIAeT ee FOPU30H-
TAJbHOTO pazMepa L, TO BpeMsi CIIyCcKa Mo JII000i JJOMaHOI HaKJIOH-
HOI ILJIOCKOCTH, JIesKalllell HUKe OObIYHOI HAKJIOHHON ILJIOCKOCTH,
oKa)keTcst MeHblle. Kak 1mokasasm pacyerbl, BbIUTPBIII BO BPEMEHU
(B %) st kaxa0ro h/ L 3aBUCUT OT TOTO, /i€ HAXOJUTCS Tieperu
1 HACKOJIbKO OH Tuy6okuii. Ha pucynke 53 mokasaHbl pa3JndHble
JIOMaHbIe HaKJIOHHBIE TIJIOCKOCTH C TIePeJIOMOM B HavaJle, CepenHe 1
Kouie Topru ¢ £/L = 0,2. Ecau Mbl ¢ caMOro Havyajia 3aMeHsieM
MOJIOTUI CITYCK OYeHb KPYTbIM, TO OBICTPO PAs3roHseMCcs /I0 MaKCH-
MaJIbHOW CKOPOCTH, a MOTOM Y’Ke I10 MHEPIIMU IPE0/I0JeBaeM BTO-

Buiuzpoiut

Puc.53. Ionozas zopxa: 60 epexenu (%)

BLIUZPYLUL B0 BPEMEHI NPU
cnycke no JOMAHOU Ha- CB—_227(4) a)
KJIOHHOU NIIOCKOCU, NO )
cpasnenuio ¢ obvrunwiyn  H—32,2
CNYCKOM, 6 Mex CYUAAX,

Ko20a nepesom Haxooum- B-37 6)
cs 6usxe x navany (a), 6 C-14,5
cepedune (6) u 6 xomye H-214
20pKU (8); B, Cu H coom-
semcmeyiom eepxuell,
cpedneti u HuKHel JoMa-
HbIM 6 KAKOOM CAyUae

-1, 8)
-5,
-8

’

T Ow

D = =
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PYIO, TIOYTH TOPU3OHTAJBHYIO 4YacTh IyTH 0 Touku B. Iloatomy
HeyIMBUTEIBHO, Y4TO MaKCUMasbHbIH Bhrpsin (32,2%) coorser-
CTBYET TOMY CJIy4aio, KOTJA TIepesioM TAyOOKUil U HAXOMWUTCS B
Havaje TOPKH.

Korma ropka kpytas (2 > L), BBIMTPBINI OT CIIyCKA 10 JOMAHOI
HaKJOHHON TTOCKOCTH OYeHb MaJl M HUKOT/Ia He MPEBBIIAET 7%. ITO
00DBSICHSIETCS TE€M, YTO, CKATBIBAsICh MO KPYTOil TOpKe, Mbl U 0e3
u3j0Ma GbICTPO HAGUPaeM CKOPOCTD, a M3JIOM 3HAYUTEIBHO Y IJITHSI-
eT myTb. [l0aTOMy MaKCHMAaJbHBIN BBIUTPBINT I KPYTBIX TOPOK
COOTBETCTBYET HE CaMOMY TJIyGOKOMY IepesioMy, a IIPOMEKYTOYHO-
my. Tak, mmst ropku ¢ h/L = 2, n306paxKeHHON Ha PUCYHKe 54,
MaKCUMaJIbHbII BHIUIPbILT BO BpeMenu cirycka (2,2%) cooTBercTByer
BepxHeil jjomanoit. Korja ske M3JIOMbI P CITYCKe € KPYTbIX TOPOK
CTAHOBSTCS OY€HDb IJIyGOKUME, CIHYCK TI0 TAKUM JIOMAHBIM ILJIOCKO-
CTSIM CTaHOBUTCA y3Ke HeBbIroAHbIM (cM. omanble C u H Ha pucyHke
54), M BMECTO YCKOPEHHS CIIyCKa MbI CJErKa 3allas/IbIBacM.

Takum 06pasoM, CITyCK TIO JIiO-
MaHBIM HAKJOHHBIM IIJIOCKOCTSIM
JTA€T BBIUTPBIII BO BPEMEHU TOJIBKO
C-0,25 TOr/1a, KOrJa TOPKA IOJIOTHE.
H-49 A Mosker Jid ObITh Ha <OBICT-
poii» ropke rop6? /la, Mmoxer, u
3TO JIETKO OOBSICHUTD.

CrauaJsia 3aMeHnM OOBbIYHYIO Ha-
KJIOHHYIO ILJIOCKOCTb JIOMAHOI, 110

Buiuzpviur 60
epemenu (%)

B-2.2

Hpouzpwviur 60
epemenu (%)

Y™

M

2V

Puc.54. Kpymas eopxa: eviueporw  Puc.55. Hnoeda daixe 2opb na nymu
U NPOUZPLIW 60 BPEMENU NPU CNYC-  CRYCKA C 20pbl He NoMeuldem nputi-
Ke no JOMAMOU HAKJIOHHOU NAOC- MU PAHbule Mozo, KMo Npocmo Kd-
KOCMU, NO CPABHEHUIO € OOLIYHLIM — MMUMCS. NO HAKIOHHOU NIOCKOCU
CNYCKOM NO HAKIOHHOU NIOCKOCTU

KOTOPOH CIycK oKaskercs ObicTpee (IIyHKTHPHAs JTUHUS Ha PUCYHKE
55). A TOTOM TIOi/eM elle JaJblie — 3aMEHMM KasKAbI U3 IBYX
JINHEHHBIX YYACTKOB TAKOU TOPKU IUKJIOWIAMU U MOJYyYHM <«GbICT-
PYI0»TOp6ATYIO TOPKY.



MMABA 8

KAK Mbl NMJTABAEM

Ecam crnpocurs y m060ro, Kak OH ILJIaBaeT, TO
CJENYET, ITIO-BUIUMOMY, OKN/1ATb /IBa BapuaHTa OTBETOB. B IIEpBOM
cJyyae BaM HAYHYT OODBSICHSTH, KAKUM CTUJIEM M KakK ObICTPO OHU
[IPEOI0JIEBAIOT BO/IHBIE MIPErpajibl. Bo BTOPOM — CKaXKyT, UTO CAJIsAT-
¢S B JIOZIKY, KaTep Wi Ha KopabJib. Bpsiji i cpefu crpanrimBaeMbiX
HaliJieTcsl 4eJI0BeK, KOTOPBIN TOCJe Ballero BOIPoca CTaHeT OObsic-
HATb (PU3WYecKIie OCHOBBI Hallleil cITocOOHOCTH Jep KaThCs Ha BOJEC
WM BBIYUCJATD KOI(P(DHUINEHT II0Te3HOTO JelcTBUS TpeOIoB B
sgonke. [lompoGyeM chIrpaTh poOJib TAKOTO YeJOBEKA — TEOPETHKA
IlJTaBaHuda — M OTBETUTb Ha HECKOJIbKO BOIPOCOB, KacCalolnuXcd
¢usuveckoil Teopun TIABAHUS.

Ilouemy mbI cpady He ToHeM? XOpOIIO YMEIOINX IIJaBaTh
obuaut takas (opma Borpoca. OHAKO TBEPJO YCTAHOBJIEHO, UTO
YyeJIOBEK, OCTABIINIICS OAWH Ha OJUH C BOJHOW CTUXHEH JAaJIeKO OT
6epera, paHo WJIH IO3/IHO Bce PaBHO yTOHET. OODBICHIIOT 9TO TEM,
4YTO Yy HECYaCTHOI'O0 KOHYATCA CUJIbl, U OH II€PECTAHET BbIIOJHATDH
IJIaBaTeIbHBIC IBMKEHUS, 32 CUET KOTOPBIX OH JICPKUTCS Ha TOBEPX-
HOCTH BOJIBI.

Kax ato HH 06uaHO, HO Ja’ke caMble YMHbBIEC U3 HAC TIPUMEPHO
Ha 70% cocrost u3 o6br4HON BOjbI. [loaToMy GbITyIOIIEe B Hapoje
MHEHUE, YTO €CJM YeJIOBEKa CUJIbHO yAapUTb, TO OT HEro <«O/[HO
MOKpPOE MECTO» OCTAHETCsI, WMeeT M0J] cOOO0W BIIOJIHE HAYYHYIO
ocHoBy. Ta6umma 6 mokasbpiBaeT, M3 Yero MbI COCTOUM Ha CaMOM
JieJie M KakKoBa IJIOTHOCTb Pa3JIMYHBIX cocraBasiomux (Traneii)
HaIlleTO OpraHu3Ma.

Tabauya 6
IInoTHOCTD pPa3/MYHBIX TKaHeil yejoBeKa
OTHOIIEHNe Macchl [InoTHOCTD TKaHM,
TKaHU K Macce Teja, % B 1000 ks
MbIIIIm! 43 1,04
AKup 14 0,92
Koct 10 1,90
Kposb 8 1,04
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Bosbiryio gyacTp Hamiero Tesa COCTABJSIOT MBITIIEI. Tak Kak WX
IJIOTHOCTH OOJIbITIE, YeM Y BOJbI, TO HPH IJABAHUU OHU J[OJIKHBI
TAHYTb HAC Ha aHo. Eie Gouibliie, Kak cieayer ud Tabuilpl 6, TSHYT
Ha JHO Hamu KocTu. KaskeTcst, 4TO TOJIbKO JKHPOBAs MPOCJOWKA
MOJKET CIIacTH HAC OT ObICTPOil Tbes . OIHAKO 9TO HEe COBCEM BEPHO.

BHyTpHn Ka)k0TO 4YeJOBEKa eCTb BO3AYIIHBIH MEIIOK — JIETKHUE.
OO0beM BO3/1yXa B JIETKUX 4YeJIOBEKA MOJKET U3MEHAThCsl OT 1 jmTpa
(mpu ray6okom BbLAOXE) 10 6 smTpos (mpu ray6okom Baoxe). Tak
KaK TJIOTHOCTb Bo3ayxa mpubausutenbio B 800 pas MeHbIle, 4eM y
BO/IBI, TO KaK/JbIil JUTP BO3/JyXa B HAIIMX JIETKUX TI0 3aKOHY
Apxumejia coszaer nogabeMuyto cuuy okosio 9,8 H. CoorercTBeHHO,
IJIOTHOCTD TeJsa uesoBeka P, uaMensgercd ot 940—-990 Kr/ M 1pu
noaHoM Broxe 1o 1010—1070 Kr/ M3 [PU TI0JIHOM BbIJIOXE.

FonoBa — Bcemy momexa! OrleHUBas IJIABYYECTb YeJIOBEKA,
HEOOXOIMMO YYHTBIBaTh, YTO TOJIOBA YeJIOBEKa, 0OBEM KOTOPOii
COCTaBJISAET OKOJIO 7% 00beMa ero TeJa, BCer/a JOJKHA HaXOUThCS
HaJl TTOBEPXHOCTBIO BOABI. IlycTh yesoBek B Boje 3aHMMAaeT BEPTH-
KaJbHOe moJioskenue. JIerko 1mokasarb, 4TO B TaKOM cJjydae Oyer
crpaBeinBa cjenyioiias GopMysia s OTHOIIeHUsT aGCOMIOTHDBIX
BEJIMYMH apXMMe/I0BOI CUJIbl Fy W cuJIbl TsKecTH F , IeHCTBYIOMNX
Ha YeJioBeKa B BOJIE:

Iy _ 0,930
F Py

riae p, U P, — IJIOTHOCTU BOZbI U YeJIOBEKA
cootBeTcTBeHHO. OTCIO/A CJELYET, UTO JIaXKe
[P caMOM TJIyGOKOM BJIOXe apXUMEI0BON
CUJIbI HE XBATUT JIJISI IOJTHON KOMIIEHCAIIUN
CUJIBI TSDKECTH IUIBIBYIIErO uyesoBeka. Ho
Jaxe ecau Obl apXnMejoBa CHJIa U Oblia
paBHa CHJIE TSKECTH YeJIOBEKA, OH HE CMOT
Gbl HETIO/IBUKHO JIEXKATh B BOJIE, HAXO/SCDH
B TOPU3OHTAJIBHOM TIOJOKEHUH. JTO BbI3-
BAHO TEM, 4YTO apXUMeE0Ba CUJA U CHJIA
TSDKECTH [IPUJIOJKEHBI K PA3HBIM TOYKAM
tesa: F, TPHJIOKEHA B IIEHTPE MACC BBITEC
HeHHOI TesioM skuaKocT (Touka A Ha pu-
zopusonmasnozo ¢ gep-  CYHKE 56), a F, — B leHTpe Macc TeJa
muxarsnoe nod deq. (10uka G Ha pucynke 56). Bropas touka
cmeuen cunnl mascecmy ~M3-38 HAJIMYUS BO3/AyXa B JIETKUX BCET/a
F u ewmankueamowei HAXOJUTCS JAJIbIIE OT FOJIOBBI, YeM IIepPBasi.
a;;xumeaoeoa curot F,  Bpesynprare Fy u F, 00PasyIoT napy CH,

Puc.56. Usmenenue no-
JOXKEHUSL Mead 6 600e U3
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KOTOPasi BPAIIaeT TeJO B BEPTUKAJBHON TJIOCKOCTH, TOKA OHO He
[IPUMET BePTHKAJIbHOE TTOJI0JKEHHE.

Jlerko J IJIBITh B BEPTHKAJBHOM moJoxKeHuu? ltak, ecim
CYNTATDB, YTO B BAC JIOCTATOYHO JKMPA M BO3/yXa, YTOOLI Cpasy He
YTOHYTb, TO MOKHO YTBEPIK/IATb, YTO BCKOPE ITI0CJE TOTO, KaK Bac
6pocAT B BOJY, Bbl IIpPUMETE BEPTHKAJIbHOE MHOJIOKeHMe. OIHAKO
Ka)K/IOMY S$ICHO, 4YTO IJIBITH BIEpPe/l, HAXO[SICh B BEPTHKATIBHOM
MOJIOXKEHNHU, O4YeHb TPYIHO — MEIIAeT OIPOMHOE COIPOTHBJEHHUE
SKUJTKOCTH, KOTOPOE, KaK M3BECTHO, MPOTOPIIMOHATIBLHO IO/
MOIIEPEYHOTO CEeYeHHs ABUTAIONIErocs Tesia. MHTepecHo, 9To oHUM
n3 TpeGOBaHMIl, TPEIbSABIAEMBIX K IJIOBIAM IIEPBOTO paspsja Ha
(rore napckoii Poccun, 6Gblio yMeHue MpOoILIbITh CTOsI 6e3 TOMOIIH
pyk 20 caxenb (1 caxenb = 2,13 m). Ouenka 10Ka3bIBaeT, 4TO
IJIONIA/Ib TIOTIEPEYHOrO CeYeHUs TeJsla YeJOBEeKAa Ha YPOBHE Mosica
moutr B 10 pa3 MeHblIe, 4eM MII0MA/b CEYCHUST BJIOJIb €I0 TO3BOHOY-
nuka. IloatoMy mepes TeM Kak MJIBITb, JIydllle BCe-TAKH TPHHSTD
TOPU3OHTaJbHOE TOJI0KeHne. OObIYHO 3TO JIeJal0T NMPOCcTo GoJITast
HOTaMH.

Yro memaer 6oarars Horamu? Haiizem cuny F, 1eficTBYONIYIO
HA TeJIO TP €T0 JBUXKEHNUHU B BOJIE CO CKOPOCTHIO ©. CHJIbI CONPOTHB-
nenus skugkoct (MoK raza) JABMKEHUIO TeJl 3aBUCAT OT MX CKOPO-
ctu. IIpu MaJIbIX © TIOYTH BCE YACTUIIBI KUIKOCTHU TIEPE]T IBIKY IINM-
Cs Ha HUX TEJOM HMEIOT [[OCTATOYHO BPEMEHH, 4TOObI OTOWUTH B
CTOPOHY, He TpHOGpeTasi MpH JTOM HMIIYJIbCAa B HAIPABJIEHUN
CKOPOCTH TeJjia, 3a MCKJIOYeHUeM TeX YaCTHUI[, KOTOPble KOCHYJIHUChH
Tesa, — OHM TPUOGPETAIOT €ro CKOPOCTb. DTU YACTHIIbI, /[BUTASICh
BMECTE C TeJIOM, OY/IyT B CBOIO OYepe/Ib YBJIEKATH OUCHD TOHKHUIT CJION
SKUJTKOCTH, € KOTOPBIM OHU COCEJCTBYIOT. UeM Kperde CBSI3aHDI
MexK/ly cOOOW YacCTHIIBI SKUIKOCTH, WJIHM, YTO OJHO M TO Ke, 4eM
60JIblIle BSIBKOCTH JKUKOCTU, TeM OOJIbllle CHJIA CONPOTHBJEHUS,
JlelicTByIoIast Ha Tesio. B aToM cirydae cuiia CONPOTUBJIEHUS TTPSIMO
MIPOTIOPIIMOHATBHA BEJHUUHE O, CPEAHEMY Pa3Mepy Tesa B TLIOCKO-
CTH, TIEPNEHANKYISIPHON JIBUKEHUIO, U BS3KOCTU SKUIAKOCTH.

Tounyio ¢dopMysy st CHJIBI CONPOTUBJICHHUS TIPH MAJbIX O
MOKHO IOJIyYUTDb, HAIpUMep, /IS TeJa, uMeromiero (opmy Imapa.
Ira dopmy.a, HazpiBaeMas (opmystoit CToKca, WMeeT TaKoW BU/:

F, = 3mDo,

rae D — quametp 1mapa, a M| — KoaduimenT BI3KOCTH, paBHbBIN IS
Bozbl 0,001 Ila-c . Takum o6pasom, ecyin CKOPOCTb ABUYKEHUS TeJa
HEBEJINKA, TO Ha Hero Oy/IeT JAeHCTBOBATh CUJIa, MO BEJIUYUHE TTPSIMO
[IPOITOPIMOHAJNbHAS. CKOPOCTH U IIPOTHBOIIOJIOKHAS €il 110 Hallpas-
JIEHUIO.
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[TycTb Ternepb CKOPOCTH Tesia BO3POCJA, W YACTHUIIBI JKUJKOCTH,
HAXO/ISAIIIECST HA €r0 IIyTH, YK€ He YCIEeBAIOT OTXOUTb B CTOPOHY U
yBJIEKAIOTCST Briepe[. B arom ciayuae 3a BpeMsi ¢ Tejio yciieer
HATOJIKHYTbCS Ha MAaccy SKHJIKOCTH, paBHylo otSp,, rae S — mo-
a/Ib TIOTIEPEYHOTO ceuenust Tesia. Beeil aToil Macce SKUAKOCTU TEJO
COOOIIAT CKOPOCTh ¥ U UMITYJIbC 0*tSp, . 1l0aTOMY CHITY CONPOTHB-
JIEHUSsT, JIEFCTBYIONIYIO HA TEJIO CO CTOPOHbI JKU/IKOCTH 1P GOJIBIINX
CKOPOCTSIX, KOTOPYIO YACTO HA3BIBAIOT CUJIOI JI0OOBOTO COITPOTUBJIE-
HUS, MOKHO BBIYHCJUTD TIO CJeAyionieir ¢hopmy.Jie:

F, =0%Sp, .

Koneuno, u mnpu GOJBIIMX CKOPOCTSIX CHJIA COMPOTHBJIEHUS
3aBUCUT OT BA3KOCTU. UTOObI OLEHUTH, KaK U3MEHSETCS BKJIAJ
«BSI3KUX» CHUJI COTPOTHBJIEHUS C YBEJIMYCHUEM CKOPOCTH TeJa,
HaiizeM otHouleHue I k F; agsa mapa guamerpom D:

£ _ 1 Dop,

F12 n
Boipaxkerne Duop, /M, siBistionieecst 6e3pa3MepHOil BeJIMYMHOI, Ha-
3bIBaeTcs yncJjoM Peitnosbaca m o6osnavaercss Re. V3 mocienero
COOTHOTIEHUS cyeyeT, 9To pu Re > 100 BA3KOCTHIO CPebl MOXKHO
npere6peub, a CUJIY COIMPOTUBJIEHUS BBIYUCJATD 110 (hOpMYyJIe st
F, . Hao6opot, npu Maabix ynciaax PeiitHosbaca, Re <« 1, ciaeayer

YUUTBIBATh TOJbKO BSI3KOCTD

on SKM/IKOCTH, @ BBIYUCJIEHUE CHJIbI
COTIPOTHBJIEHWS TIPOBONUTD TIO
dopmyne nng F.
o t Pycaixa ¢ aactoil u 4ucio
Peiinoansaca. Ilocae Takoro ot-
CTYILICHUSI B 06J1aCTh TH/IPO/IH-

OM HaMUKH BepHEMCS K 3ajade o

- L — — TOM, KakuM 006pa3oM HY>KHO

6ositaTh HOramu, 4TOObBI Tiepe-

— ? BECTU Hallle TeJI0 U3 BePTUKAJIb-
v

HOTO TIOJIOKEHUA B TOPU3OH-
tajibHOe. UTOoObI YHUPOCTUTD 3a-
Aady, 6yﬂ6M CYUTaTb, 4YTO MbI
HCIIOJIb3yEM [IJI1 3TOro OJHY

Puc.57. Caesa npedcmasnena mooenn
pycaixu, nvimarouwelcs nepetumu u3
BEPMUKATLHOZO0 NOJOKEHUS. 6 20PU3OH-
manvhoe, deuzas nacmou. Cnpasa no- JIaCTy, HaJeTylo Ha o6e worm,
Kasamvl epaduxu usmenenus cxopoc- KAk Yy PYCAJIKHU, a TEJIO pyCalKu
mu aacmor v om @pemenu t npu cum- SAMCHUMIIOTY3aTOIJICHHBIM 110~
mempuunom (66epxy) u mecummem- JEHOM, K HIDKHEMY KOHILY KO-
puunon (enusy) deusxenuu TOPOTO U MPUKPETLIeHA TIO/IBVK-
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Hag Jacta ¢ TJIOMIAAbI0 TMOBEPXHOCTH S, CIOCOOHAS [IBUTATLCS B
rOPM30HTAMBHOM Hampasiaenun (puc.57). BygeMm Takxke cuMTath,
41O J1acta He JeopMUpYeTCs IPH IBUKEHIH, a ee Macca rpenedpe-
JKUMO MaJjia 1Mo CPaBHEHUIO C MACCOH IMOJieHa, YTOObI He YYUThIBATD
TepeMereHnii CyMMapHOTO 1IEHTPa Macc MPU U3MEHEHUH MTOJIOKEHUS
JIaCThI OTHOCHUTEJIBHO I10JIEHA.

[Tyctb wacrora Gostanust sacroii cocrasasier 1 T, a ammnTyna
pasua 0,25 M. Torma cpeaHsisi CKOPOCTb €€ [ABUKEHUST OyIeT
0,5 m/c. Cunras, 4To <«pasMeps» JacTbl 0KoJo 0,2 M, a BSI3BKOCTHb
Bozbl 0,001 TIIa-c, momyuaem Re = 100000. Takum o6pasom, npu
6OJITAHUN HOTAMU <«BSI3KUMW» CHUJAMH MOKHO TIpeHe6peyb, a CUJIY
COTIPOTUBJICHNUS HAJI0 BBIUNCIATD, UCTOAB3YSA Gopmyny maa F, .

Cummerpuyno wiam Her? [lycTh cHavasa rpaduk n3MeHEHHS
CKOPOCTH JIACTBI OT BPEMEHU BBITJISANT CUMMETPUYHO, T.€. U CKO-
POCTb M MHTEPBAJIbI ABMKEHUS JJACTON BJIEBO M BIIPABO OJMHAKOBBI.
OueBHU/IHO, YTO B 3TOM CJIyYae CUJIA CONPOTUBJICHUS BOJBI, & TAKIKE
ee CpeJHWII MMITyJIbC TIPH JIBMKEHUY BJIEBO ¥ BIIPABO TOXKe GyIyT
OIMHAKOBBI, & 3HAYNT, TEJO PYCATKH TaK M OCTAHETCS BEPTHKAJID-
HBIM.

[TonrpoGyem Teriepb ABUTATh JIACTY BJEBO € GOJIBIIEN CKOPOCTHIO
0y, 1eM BIIPABO CO CKOPOCTHIO 0 (CM. HIDKHUI rpapuk Ha PUCYHKE
57). Tak Kak pacCTOSHUS, IPOXOUMbIE JTACTON IIPU €€ JIBH>KEHUAX
BJIEBO U BIIPABO, JIOJIKHBI OBITh PABHBI, TO Of; = Oyty , THE & U ty —
JUTNTETHHOCTH JIBVKEHUS JIACTHI BJIEBO W BIIPABO COOTBETCTBEHHO.
Jlerko mokaszaTh, YTO TPHU TAKUX <«HECUMMETPHYHBIX» JIBWKEHWSIX
JIACTBI CPEHSS CUJia, EeHCTBYIONIAsg HA PYCAJTKy W HalpaBJIeHHAS
BIIpaBo, GyjeT paBHA

F‘cp = UESPB ﬂu .
L+t

Takum o6pazom, JiOGbIe TOBTOPSIIONIIECS] HECUMMETPUYHbBIE JIBH-
SKEHUS JIACTAMU MPUBEIYT K TOMY, YTO MbI IPUMEM TOPU3OHTATHHOE
[IOJIOJKEHUE U TIOTLIBIBEM.

A eciiu Ml 0Oka3ajmch B 60uke ¢ Mmexgom? Bsaskocrb mea B 10000
pa3 6oublirie, 4eM y Bozbl. [loaToMy ABUTATDH JacTaMy, HAaXO[SACh B
60YKe ¢ MeIOM, O4YeHb TPyAHO. Jlaxke ecm TPeINOJIOKUTD, YTO
CKOPOCTDb HAIUX JIBUKEHU B TAKUX YCJOBUSIX YMEHBIIUTCS TOJTBKO
B 10 pas (or 0,5 M,/ ¢ 10 0,05 M,/ ¢), TO OTHOIIEHHE CUIBI JJOOOBOTO
COTIPOTHUBJIEHUS K BSA3KON cuje coctaBut Menee 1,/10. ITo 3Hauur,
YTO OCHOBHBIMH CHUJIAMU, ACHCTBYIONINMHU NPHU BUKECHWH JACThI B
MeJle, SBJISIIOTCST cuaibl Bsiskoctu F . IlonpoGyem Terepb MoJIyduTh
BoIpakenue Jia Fy, B ciydae mecuMmeTpmuHbIxX jBmxennii. Kak
JIETKO TOKAa3aTb, MPH JIOObIX 0y, U 0y,t,, U KOTOPBIX CIPABE/I-
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JINBO PABEHCTBO Uity = Uyty , CPEAHAS 3a IUKJI CUJIA, JIefiCTBYTONas Ha
jacty, Oyger paBHa HYJIO. A 3TO 3HAYUT, YTO B OUYEHD BSI3KOIL
SKIIKOCTH, The uncao Re < 1, mmaBaTh HAJ0 He TaK, KaK B BOJE, a
O-ZIPYTOMY .

Boabmme Tpyanoctu Maabix cymectB. Kak ciexyer us gpopmy-
bl st otHotenust F,/F , odeHb MaJible CyIIECTBA, [JasKe ILTaBas B
BOJIe, MOTYT CTAJKUBATLCSA C TAKUMHU K€ TPYAHOCTSIMH, YTO M MBI B
BOOOpaskaeMoM MeloBOM o3epe. M3BectHO, uto GakTepuu, pasmep
KOTOPBIX OKOJIO 1 MKM, IIaBaioT B Boje co ckopocTbio 0,1 MM /c.
Jlerko mocunTath, 4TO Ymcg0 PeitHoJb/ca JIT TaKUX JBUKEHUI
6akTepuii 6JU3KO K 107, 3acTaByisAs UX MCIOJB3OBATD Npu TIaBa-
HUU TOJIBKO CHJIBI BSIBKOTO TpeHusl. KakuM ke 00pa3oM [ABHUTAIOT
GaKTepuy CBOMMM KTYTHKAMHU, 4TOObI CABUHYTLCS C MecTa?

[unametp xrytuka uyTh Oosibiie 100 A, 1 OH, KOHEUHO, JIUIIEH
MYCKYJIATypbl, TI03TOMY GaKTepHsi HE MOXKET 110 CBOEMY >KEJIAHWIO
COTHYTH KTYTUK WJIM MYCTUTb BOJb HETO BOJHY Aedopmariuii, Kak
JIeJIAI0T 3MEN MJIM HEKOTOpbIe PBIOBI JIJIsI CBOETO JBVIKeHU. EmamH-
CTBEHHOE, 4YTO MOXKET jiesiath GakTepusi, — 3aKPy4YMBaTbh JKIYTHK
B/IOJTb OCH, KaK MITOTOP. {71 3TOTO B MecTe COeMHEHNS KTYTHKA C
TesloM OGAaKTePUU €CTb CIIEIMAIbHbBII MOJIEKYJISPHBII MOTOPUYUK —
MpeMeT UCCJIC0OBAHMS MHOTUX YUYEHBIX, KOTOPbBIE /[0 CHX IOpP [0
KOHI[A He 3HAIOT, KaK OH paboTaeT. bakrepun BpaIaoT XKTyTUKOM C

|1 MKM
) —_—

Puc.58. @omo Gaxmepuu Kuweuno naiouku u cxemamuueckoe u3oopa-
JKeHUe NPUHUUNG ee 08UKEHUS C NOMOWDIO 3AKPYUUSAHUS K2YMUKA
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JAaCTOTON HECKOJBKO TEPI[, YACTO MEHSIST HATPABJIECHUS JIBUKEHIS
(puc.58).

Bce 3Haior, 4TO KPYroBbIE ABIKEHUS IITOMOPA MPOBUTAIOT €r0
6o Briepes, J00 Ha3a/l B 3aBUCHMOCTH OT TOTO, TIPOTHB UJIHU TI0
Y4aCOBOII CTPeJIKe Mbl KPYTUM PYKOSTKY. To jke caMoe TIPOMCXO/UT 1
¢ Gakrepueil, KOr/la OHa KPYTHT CBOii JKI'yTHK. OH «BKPY4YHBACTCS»
I «BBIKPYYMBAETCS» U3 KHJKOCTH, KOTOpas /ISl HETO ABJIACTCS
ouenb Baskoil ( Re < 10™ ), aBurasg GakTepuio BIIEpe]| WM HA3a[l.

Kak mubite Obictpee? [liisi 91010 HEOGXOJUMO HE TOJBKO K30
BCEX CUJI IBUTATh PYKAMU U HOTaMHU B OTIPE/IeJICHHOM MOC/Ie/[0BATEb-
HOCTH, HO U ODHEHTHUPOBATH CBOE TEJIO TAK, YTOOBI HMCIBITBIBATH
MHUHUMaJbHOE compoTuBJeHne Boabl. CoryacHo ¢opmyne masa F,,
cua JJOG0BOTO COMTPOTHBJIECHUST BOJIBI MPOMTOPIIMOHATBHA TIIOTIA/H
TOTIEPEYHOTO CeYeHUsT Tesia S, HO 9TO BBIPAKEHNE TAET 3aBBIIIEHHOE
3HAYEHUE IS CUJTBI, TAK KaK HE BCE YACTUIIBI BOJDI IIPHU CTOJKHOBE-
HUM C TEJOM MPUOOPETYT ero cKopocTb. OHako aToil GopmyJioii
MO>KHO HOJIb30BATbCS, €CJH B IPaBOil yacTH J06aBUTh Ge3pasmep-
ubIit Koaddutment Cp, — K0aPOUITHEHT JTOOOBOTO COMPOTUBIEHNUS:

F, = %CszSpB }

Kak nokasbisator akcriepumenTbl, Cp, CHIBHO 3aBUCUT OT (DOPMbI
tesa (puc.59). Bosbime pasnnuns 8 Cp, BO3HUKAIOT U3-3a TOTO, YTO

Puc.59. JTunuu moxa xuokocmu npu odmexanuu Ouckd, wapa u xanje-
6U0H020 Mead 00HOU U MOt HKe NAOUAIU NONEPEUHOZO CeUeHUS.
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BOJIA TI0-Pa3HOMY OOTeKaeT pa3jinvHble Tejaa. 3a JAUCKOM M MIApoM,
HarpuMep, 06pas3yercst 30Ha BUXPEH. A 3TO 3HAYWT, YTO, ABUTAST ITH
Tesia BIEPe/], Mbl JJOJDKHbBI TPATUTh SHEPIHIO HE TOJBKO HA MPEOI0-
JIEHIE BSI3KOTO TPEHHUsI, HO U Ha BO3HUKHOBEHUE BUXPeil. B or/mune
OT IIapa M JKCKa, 3a KalJIEBUAHBIM 00T€KaeMbIM T€JIOM BHXPH ITOUTH
He 06pa3yIoTcsl, U MO3TOMY CHJIA COMPOTUBJIEHHS BOJIBI JIJIST JIBUKE-
HUSI TAKOTO TeJIa MEHbIIE, XOTS ero ILIONAIb OMEPETHOTO CEYeHNUsT
Takas JKe.

Kaxk miaBaior peiosi? Uuicsio Peiinosbaca aast He6OIbIIUX PIO
cocrasiisier GoJsiee 100, M0ITOMY BpaIlaTh <«INTOMOP», KAK 3TO
Jle1aloT 6aKTepur, UM HEBBITO/HO. PBIOBI UCIIOJIB3YIOT, 110 KpaiiHei
Mepe, [[Ba THIA TJIABAHWUS — BOJHOOOPA3HbIE JBMKEHUST BCETO Tesa
WM IBMKEHUS Tobko xBocTta (puc.60). Poi6bl, nMeromnme 3mMee06-

Puc.60. /léa suda naasanus poi6 — 60a1000pA3NOE U UCROLLIYIOULEE TNOJLKO
OsuKeHue x60cma

pasnyio gopmy (Hampumep, yropb), IPUMEHSIOT HEPBbIiA TUII IL1a-
BaHus, U3rubasi TeJO TaK, YTO TOT U3rUG [BUIKETCS OT TOJOBBI K
XBOCTY, OTTAJKUBAs HA3aJl BOJY, B PE3YJIbTaTe Yero pPhlda ABUKCTCS
Brepea. IIpw BTOpPOM THIlE [IBIKEHUS BOJY OTTAJTKMBAET HA3a/l
GBICTPO PACTIPSIMJISTIONTAICST XBOCT PBIGHI.

Hepasrasanubsle 3araJikyu [JiaBaHusi MeY-pbiObl U jeabduna.
YdeHble 10 CUX MOP He MOTYT OTBETUTD HA BOIIPOC, KAK MHOTHE PBIGDI
u J1eabUHBI YMYAPSIOTCS IBUTAThCS B BOJE CO CKOPOCTSIMHU, HEJO-
CTYIHBIMU MHOTAA JIaske [T MITHIL, JETAIMX B Bo3yXe. Meu-ppioa,
HampuMep, IJIBIBeT co ckopocThio a0 130 kM /4, TyHem — [0
90 kM /4. Eciu M3roTOBUTH MYJISZK Me4Y- PBIObI U OINPEesNTb
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koadduiment s1060Boro corpotusienust Cpy , TO OKAXKETCs, UTO, [T
TOro 4to6bl HAOpPaThb TAKyl0 CKOPOCTD, Pbibe HEOOXOIMMO Pa3BUTDH
MOIIHOCTb aBTOMOOUIBHOTO MOTOPa — nopsizika 100 sromaiuHbIxX CuI.
OHeprust KUBbIX CYIIECTB — 3TO HEPTHS] OKHCJIUTETbHBIX MPOIIec-
coB. Ho pbi6pl — cymectBa XOJIOJIHOKPOBHbIE, UX TeMIEparypa
HEHAMHOTO BBIIIIe TeMIepaTtypbl Bojbl. IlosToMy Takme MOIHOCTH
/LTSI HUX ITPOCTO HEJOCTIKUMbIL. OCTaeTcst HPENON0KUTD, 4TO PbIOb
KaKUM-TO 00Pa3oM «yMeloT» OUYeHb CHJIbHO CHUYKATH COPOTHBJIEHNE
BO/JIBI.

[Tpu G6blcTpOM /BMIKEHNU OOBIYHOrO IIpe/JIMeTa B BOJE BUXPHU
006pas3yoTcss ToJbKO T03aau Tesa. CorsacHo 3akoHy bepnysuim,
JaBienne B 06JacTH BHUXPeW I1aJIaeT, YTO OKAa3bIBAET Ha TeJO
topmossiiiiee geiictBue. OpHa U3 TUIOTE3, OODBSCHSIONNX PE3KOE
CHIZKEHHE COIPOTUBJIEHUS BOJbI Y MeY-PbIObI, COCTOUT B TOM, UTO
Med, HaXOSANUICS cliepeiin, CJIYy>KUT TeHepaTopoM Buxpeil. B
pesyJibrare pbi6a ABIKETCS, CO BCEX CTOPOH OKPY’KEHHasl BUXPSI-
MU — 06JIaCTSIMH TIOHM>KEHHOTO JIaBJIEHUSI, YTO COOTBETCTBYET UpPe3-
BBIYAITHO HU3KOMY COTIPOTHBJICHUIO ABIKeHUs. Takoro e apdekra
MOJKHO JIOCTHYb, €CJIU MOBEPXHOCTb TeJa C/leJaTh IepOX0BaToil,
BO3MYTI[as TOTPAHIYHBIN CJIOH MEKIY SKHIKOCTBIO W TEJIOM U TIpe-
Bpallas TeueHue B Buxpesoe (TypOyJIeHTHOE) MO Beell MOBEPXHOCTU
KkoHTakTa. Kakoit n3 aTnx MexaHusMoB yMenbliieHus Cp, peaausyer-
cs1 y MeU-pbIObl U JIeJIb(DIHOB, yUeHble 0 CUX MOp He 3HAIOT.

ITouemy myka Bceraa goronut kapacs? OOiiensBectHa 1oro-
Bopka: «Ha To u nyka B Mope, uToGbl Kapach He jpemMaiy. Kaxkaomy
SICHO, 4TO NIyKa BCErJia JIOTOHUT Kapacs, eCJIu OH, KOHEYHO, He
ycreeT rae-Huby/ab crpsitatbes. /la u He TOJbKO Kapacs, a JoGyio
MeJiKyIo pbibeniky. Ho moueMy MakcmMaJibHast CKOPOCTb Y KPYITHOM
PBIOBI 6OJIBINE, YeM Y MEJKOI ?

CuJia conpoTUBJIEHNST, KOTOPYIO [TPe0/I0JieBaeT pbiba, [BUrasiCh B
BO/IE, TIPOIIOPIMOHAJIbHA IJIONA/N TIOTIEPEYHOTO CeueHus: pbiObl U
KBa/lpaTy CKOPOCTH ee iBMKeHusI. [10aTOMYy BbIpaskeHune /st MOIIHO-
¢t N, KOTOPYIO 3aTpaunBaeT pbiba IIpU IBUKEHUM, UMeeT BUJI

N = ko’ e by = %CDSpB'
OrnennM, Kak CBs3aHbl MeX/y COG0H MaKCHMasbHash MOIHOCTD,
pasBuBaeMasi MbIIIIENH KIUBOTHOTO, 1 ee pa3Mepbl. V3BecTHO, uTO
MaKCHMaJIbHAsI CHUJIA KAK/I0H MbIIIIbI TPOIOPIUOHATIBHA TIONA/N
e TIOMePEYHOT0 CEUCHIIS, & KaK/[blil CM> MBIIIIBI CIOCOGEH PA3BHTH
cuaty okosio S0 H. Mbrmina, pazsuBasi ycuine, yKOPaunBaeTcs, u
MaKCHMaJIbHAsI BEJIMYMHA 3TOTO YKOPOUEHUST He MOXKET ObITb GOJIbIIe
30% ee mcxopHoil juutbl. Takum 06pa3oM, YKOPOYEHHE MBIIIIbI
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MIPOITOPIINOHAJIBHO ee JjInHe. 3HAYUT, MaKcuMaJsbHas pabota, mpo-
M3BOAMMAS KAXKJAON MBIIIIIEH 1 paBHas MPOU3BEIEHUI0 MAKCUMAJb-
HOU CHJIbI Ha MAaKCHUMAJIbHOE YKOPOUYEHHE, TOJIKHA ObITh TIPOIOPITH-
oHasbHa ee 06beMy. Tak Kak MeXaHWU3M COKPAIeHUs] BCEX MbIIII]
OJIMH U TOT K€, TO U MaKCUMaJ/bHasd MOIIHOCTb TaKKe JOJKHA ObITh
MIPOIOPIUOHATBHAST 00BEMY MbIIIIIHI.

Eciu cumrarp, 4ro 6oJiblline W MaJieHbKHE PbIObI MOJOOHBI,
UCIOJIb3YIOT OJMH W TOT K€ CTHJIb ILJIABAHUS W AHAJOTUYHDIE
MBIIIIIIBI, TO MAaKCUMAaJIbHAsI MOIIIHOCTD, Pa3BUBaeMasi 9TUMK PbI6aMi,
JIOJUKHA OBITh MIPSIMO MTPOTOPIUOHATIBHA OGBEMY MBIIIIIL, 3aAHITHIX B
JIBIDKEHUH, & 3HAYUT, 1 00bEMY Kax/0i PbIObI:

N =kQ,
rae Q — o0beM pbiObl, a Ry — HOCTOSHHDI KOa(DdUINEHT, 3aBUCSIINIT

OT CTHUJIA IlJIaBaHUA W THIIA pblébl. HpI/IpaBHI/IBaH JBa IIOCJI€ITHNX
BbIpaK€HUA /111 MOITHOCTH, IIOJyHYaeEM

13
()

S
rae C, — koadduipenT, He 3aBUCAIINIT OT paaMepoB poIObL. IlycTb
v, vy, O, O, S/, S, — cropoctu, 00BEMbI ¥ TLIOIIAIN

ITOTIEPEYHOIO CeYeHUA GOJIBIIION 1 MaJEHbKO pb16 COOTBETCTBEHHO.

Torma numeem
3
ul 95

2 Q, S
Cunrast hpopMbl pbI6 TOJOOHBIMHU, & UX JVTIHBL PABHBIMU Ln L

MOKHO yTBEpHKIATh, Wt Q)/Q, = (L/L,)", a $/S, = (L1/L2)
[TosToMy TOC/IE/IHEE BHIPAKEHUE MOKHO MepPerucarh B BUIe
3

o) _ L

0 L,
Ecuin yuectp, 4TO [/InHa TeJla IyKKU OKOJIO 1 M, a yInHa TeJia Kapacst
gumb 0,1 M, TO IepcleKTHBa Kapacio IOMNacTb B IACTb IIYKH
0OPUCOBBIBAETCS BIIOJIHE YETKO.

3aMeTHM, YTO POCT U3BECTHBIX IJIOBIIOB — BBIIIe cpeHero. Taxk,
POCT MHOTOKPATHOTO YeMIHMOHA 1O TIaBaHmuio Asnexcanzapa Ilomosa
197 cm. O4ueBHAHO, yCIEXH 3THX «TYJJINBEPOB» B TJIABAHNN MOKHO
OODBSICHUTD TaK ke, KaK ¥ UCTOPHIO CO IIYKOH M KapaceM.

ITouemy Meskue pbIObI XOAAT KocsakamMu? B Kkocsike Bce pbiGbl
JIBUGKYTCSL B OJIHOM HArpasJieHnu apyr 3a apyrom (puc.61). Tpu
3TOM KOJIMYECTBO PHIO B KOCSKE MOKET ObITb OT HECKOJIbKUX IITYK JI0
MHJLTTHOHOB. I1JIBITH B KOCSIKE He TOJIbKO Ge3omacHee, HO U 9HEPreTH-
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YECKU BbITO/IHEE, €CJIN AEPiKaTbCA TOYHO 3a BUJIAIOMIUM BIepean
XBOCTOM, KOTOprI/I OCTaBJISIET TIOCIE ceOst 3aBI/IXpeHI/IH InIoATaJIKUBa-
onue TUIbIBYIUX C3aAu BIEpE. ]IBI/I- "
raTbCAa Tak, yTOOBI OKA3aThCS TOUHO MEK-

Puc.61. Kocsax meaxotl polbol u KOAbYd 3A8UXPEHUT 8 HeM, 00Jezuarue
polban deusxenue éneped

Ay ABYMA 3aBUXPEHUAMU, OCTABJICHHDBIMU BIIEpEAN H]IbIByH.IeIL/,I PbI-
60ii, MOMOTAIOT CIIEIMAJIbHbIE PEIENTOPbl GOKOBOI JIMHUK — BBICOKO-
YyBCTBUTEJbHbBIC JATYNKK JABJIECHUS.

Yro MemaeT ABHTaThbCsl B BOJE CO CKOPOCTbIO 3Byka? Bcs
9HEpPrusl MpH JIBIKEHNH B BOJle YXOJWT Ha IIPEOJIOJIEHUE CHJIbI
COTIPOTHUBJIEHUS BOJIbI. BsAzkocTh Boabl B 50 pas, a mioTHocTh B 800
pas 6ouiblile, 4eM y BO3/yXa. JTO U SBJSIETCS] OCHOBHOM MPUYNHON
TOTO, YTO CaMOJIETHI JIETAIOT B JIECSATKH, a MHOTJA M B COTHU Pa3
GbIcTpee, YeM IUIBIBYT OObIYHbIE MOABO/HBIE JOAKA U TOprieabl (nx
cKOpoCTb He Gostee 130 kM /).

Ho topmo3saT aBHXKEHHME B BOJE HE TOJLKO ee OOJbIuas Bs3-
KOCTb U TJIOTHOCTH, HO ¥ 30HBI HU3KOTO jaBjeHust (TypOyIeHTHOC-
TH W BUXPHU), BO3HUKAIONINE Ha XBOCTE MO/IONOK M TOpIea. B Tex
MecTax, rje JaBJeHHe MaJaeT HIKe JIaBJCHUST HACBIIIEHHbBIX TapOB
Bozbl (0,023 aTM NMpU HOPMAJBHBIX YCJIOBHUSX), 00pasyloTcs Iy-
3bIpbKN napa. [IpyruMm coBaMu, KOT/a JIaBJeHne 1aJiaer, ero He
XBartaer, 4ToObl JepPsKaTbh MOJIEKYJIbI BOJbI BMeCTe, ¥ OHU pasbera-
10Tcs1, o6pa3ys nap. Taxue mysbIpbKH Iapa Ha3bIBAIOT KaBUTAIlH-
OHHBIMH ITy3bIPbKaMHM, a IPOIeCC UX 06pPa30BaHUSI — KaBHUTAIMEN.
[Tocsemytoniee CXJIONbIBAHNE KABUTAIMOHHBIX ITy3bIPbKOB POXK/IAET
y/lapHble BOJIHBI, KOTOpBIE SIBJISIOTCS ITIPUYUHON aKyCTUYECKOTrO
HIyMa IO/[BO/JIHBIX JIO/IOK M 3PO3UM MX I'PeGHBbIX BUHTOB. [loatomy
KOT/Ia paHbllle KOHCTPYMPOBAJIM OOBIYHBIE TOPIIE/bI U IIOJ[BOJIHBIE
JIOZIKH, TO Bcerjia GOPOJINCh ¢ BO3HUKHOBCHHEM KaBUTAI[OHHBIX
ITy3bIPBKOB Tapa.
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Yro nam memaer, To HaMm U nmomosker! Eime B nauvame 1960-x
rOJIOB IIE€Pe/l COBETCKUMHU yYeHbIMU ObLIa TOCTAaBJIeHA 3a/1a49a paspa-
60TaTh MPUHITKIL [BUKEHUS 0] BOIOU CO CKOPOCTSIME, OJIU3KUMU K
CKOpOCTH 3ByKa. V Tor[ja BO3HUKJA W[es MPEBPATHTD 3aKJSTOTO
Bpara — KaBUTAIMIO — B TIOMOIIHUKA. Ecyin He 60pOThCs ¢ KaBUTAIN-
eif, a, Ha06OPOT, CO3/IaTh BCE YCJOBUS JIJISl HEE, TO IBUTAIOTIEECST TT0/]
BOJION TeJsIo OY/IET CO BCEX CTOPOH OKPY’KEHO 06JIAKOM KaBUTAI[OH-
HBIX TY3bIPbKOB. TakuWe yCJOBUS, Ha3BaHHbIE CyIMEpPKaBUTAIUEH,
MIPUBOJIAT K TOMY, YTO TEJIO TIEPECTAET COMPUKACATHCS C BOJOH 1 KaK
6Y/ITO JIETUT B OKPY>KAIOIEM €€ Ta30BOM My3bIpe. A 3TO 3HAYUT, UTO
PE3KO YMEHBIIIAeTCs CHUJIa COTMPOTUBJICHHUS M, COOTBETCTBEHHO, YBe-
JIMIUBAETCST CKOPOCTD ABWKEHUS 1101 BOAOH. OHAKO OYEBUIHO, YTO
CHJIa TATH TPeOHOTO BUHTA B YCIOBUAX CYTIEPKABUTAINN MAJaeT, TakK
KaK CO BCEX CTOPOH OH OKPY’KEeH Ta30BBIMU Iy3bIPbKAMU, MTOITOMY
JUIS ICTOYHUKA TATH B TAKUX YCJIOBUSIX GOJIbIIE TIOAXOAUT PAKETHBII
JIBUTATETh.

B 1977 rony nporusosiofounas topreja «IlkBany», nsuratoia-
dcsd B YCJIOBHUSAX CYIMEPKaBUTAINMH cO cKopocThio 6osee 100 M /c,
ObL1a puHsaTa Ha Boopyskerre BM® wnareii crpanbt. Texnosorunio
CO3/ITaHNs TAKUX TOJBOJAHBIX CPEJCTB HE MOTJN BOCITPOU3BECTH B
teuenue 30 siet, 1 TosbKO B cepenune 2005 roay Iepmanus 3asiBuia,
4TO pazpaboTasia aHAJIOTUYHYIO BBICOKOCKOPOCTHYIO Topreny «bap-
pakyaa». B Hacrosiiee BpeMsi yueHble ¥ KOHCTPYKTOPBI TTBITAIOTCS
WCTIOJIb30BATh CYTEPKABUTAIINIO /I CO3JAHNS TACCAKUPCKUX TOJI-
BOJIHBIX CY/IOB.



MMABA 9

YTO TAHET rojibd®CTPUM HA CEBEP?

OxeaHcKHe BOJBI, HAXOSACH B TIOCTOSTHHOM [IBIIKe-
HUU, [I€PEHOCAT TeIVIO OT KBATOPUAJbHBIX IIUPOT K HOJIOCAM, YTO
ypaBHHUBaeT TeMIIepaTypy Ha MOBEPXHOCTH 3eMJHU U BJIMAET Ha ee
kaumar. OKeaHCKue TedyeHus1 06pasyioTcs U HaXO/SITCS MO/ BJIUSHI-
€M BEeTPOB, COJIEHOCTH BOJIbI, €e TeMIIePaTypbl, TONOrpapun oKeaH-
CKOTO [Ha W cuibl Kopuosmca, BBI3BaHHOH BpalleHneM 3eMJIn

BOKpPYT OCH.

Tosbderpum (B mepeBojie ¢ aHTIMHCKOTO — MOTOK M3 3aJIMBa) —
TerJioe MOBEPXHOCTHOE TevyeHue, Hecylee okoJo 150 mMuH KyGuuec-
KHUX MeTPOB BO/IbI B CEKYH/Y U3 MeKcuKkaHcKoro 3aausa B CeBepiyio

ArnmanTUKY U JI0CTHTAIO-
mee GeperoB 3araHoi
EBportibl, T/ie OHO MeHsIeT
cBoe HasBanme na Cese-
po-AtyianTueckoe Teve-
uue (puc.62). OHo cmar-
YaeT KJMMAaT CEBEPO-3a-
najia EBporbl u ocThiBa-
er ¢ TpUGIIKEHNEM K
noJiocy. Teriyio Bomy
s Tonbderpuma mpu-
HOCSIT TIACCAThI — BETPHI,
JIYIOII[Fie Ha 3alaj] B 9K-
BaTOPUAJBHBIX IUPOTAX.
Termnoe aKkBaTopHaIbHOE
TeyeHue, Pas3OrHABIINCH
or Adpuku, pazbusaer-
cst y GeperoB AMepuku
Ha JBa — OJIHO UJIET HAa
cesep (Tombderpum), a
apyroe — na tor (Bpa-
smbekoe). Mesxay Ky-
60it 1 daopugoii F'osb-
(berpum umeer cKOpoOCTbH
OKOJIO 5 KM /4, MIUPUHY
okoso 70 KM, TIyOUHY

—

Puc.62. Kapma Amaanmuueckozo oxeamd;
SKUpHOU cmpeaxoll, o6osnauer Iorvpcmpum
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700 M u Temmepatypy 25 °C. /lBurasch Ha ceBepo-BOCTOK, [obd-
CTPHUM TIOCTETIEHHO PACIIMPSAETCS U 3aME/IAeTCS, W Ha MOJNIYTH K
EBporie ero ckopoctb cocraBisieT yske He Gojiee 7 KUJIOMETPOB B
JIeHb.

[l cpaBHEHMsI, caMas IOJHOBOJHAS peka B MUPe AMa30HKA
HeceT B Tuxuii okeat smiib 0koso 0,2 MJTH KyGU4IecKIX METPOB BOIbI
B cekynay — B 10000 pas menbie, yem T'osbderpum. Uto kacaercst
AMa30HKH, KaK BIIPOYEM U BCEX OCTATBHBIX PEK, BOJA B HUX TEYET,
KaK 10 HAaKJIOHHOH MJIOCKOCTH — € TOP B MOPs 1 OKeaHbl. Tpy/HO ceGe
mpejcTaBuTh, yTo6b! I'osberpum ckarbiBadics ¢ akBaTopa k Cesep-
HOMY TIOJIIoCcy, Kak ¢ ropbl. Urto xe Toraa TsHer losbperpum Ha
ceBep?

Ho cmauvasma oTrBetmM Ha aApyroii Bompoc: kKyxa B CeBepHoii
ATJIaHTHKe UCYe3aeT TaKOe OTPOMHOE KOJMYECTBO BOJIBI, TIPUTIIE/IIIee
¢ Tombderpumom? OTBer, Kazaaoch Obl, OYEHb IIPOCTOI — BOAA Y
6eperoB ['peHsiansinm OCTbIBa€T ¥ YXOAWUT HA [HO, a IOTOM C
XOJIOJTHBIM TTyOUHHBIM TeUeHNEeM BO3BPAIAeTCs K 9KBATOPY, BCILJIbI-
BaeT Ha TTOBEPXHOCTD, HATPEBAETCS COHIIEM U ONATH ¢ [oabdcerpn-
MOM Hecercs K ['pennanaun.

KpyroBopot Bojipl B ATJIaHTHKE HATIOMUHAET KAPTHHY KOHBEK-
THBHBIX TIOTOKOB BO/IbI B KACTPIOJIE, IIEHTPAJIbHAS YaCTh /HA KOTOPOI
nojorpesaercs ra3zoBoil ropesikoii (puc.63). Crpesiku Ha pUCyHKe
MIOKA3bIBAIOT HAIPABJEHNE [[BIDKEHUS SKMJKOCTH B KacTpoJe —
SKUKOCTD TTOTHUMACTCS B IIEHTPE OT JTHA, TTOTOM JIBIKETCS K CTCHKAM
7 OTIyCKaeTCs BJOJIb HUX ONATH Ha AHO. DTH KOHBEKTHBHbBIE TIOTOKH
JIETKO c/iefaTh BUANMBIMHU, €CJM OMYCTUTb B KACTPIOJIIO KaKwue-
HuOy b MasienbKre yactnuku ((pUabTpoBaabHOI GyMari nn IpoMO-
KalllKK) WK J06GABUTH B Hee HECKOJIbKO Kareib Kpacku. OObsCHUTD
JIBIDKEHHE BOJbI B KacTpIoJe,
cTodmieil Ha OTHe, JOBOJIBHO
mpocto. Boma, Harperas y aHa
KaCTpIOJIM, HUMeeT MEHbIIYIO
IJIOTHOCTb W IOJHUMAETCS
BBEpX, a el Ha CMeHy IIPUXO/IUT
OCTBIBIIASI y CTEHOK BOJIa, NMe-
1ormas 6OJIBIIYIO TIITOTHOCTD.

YUto6bl OOBSCHUTD JIBUIKE-
nue lonbderpuma uvepes Ar-
JIAHTHKY TaK JKe, KaK Mbl 00bsIC-
HUJI JIBUJKEHUE BOJbI B KacCT-
Puc. 63. Cxemamuuecxuil paspes xa- PIOJI€, HaM HaJl0 3HATDH, KaK
cmprosiu ¢ 600011, cmosawell Ha zazo- W3MEHSACTCS TeMIlepaTypa BOJIbI
601l 20peake Ha TTOBEPXHOCTH — OT 3KBATOPA
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J0 I'permananm u 1o rory6utie — OT TTOBEPXHOCTH 70 AHa. OKa3bIBa-
€Tcs, 9TO B THBApE PasHUIlA TeMIiepaTyp B MeKCHKAaHCKOM 3aJuBe 1
y 6eperos I'pernanmun cocrasser 0kos10 30 °C, a T1yGUHHbIE BOBI
Arnantukn (#Ha ray6une Gosee 3000 M) MMEIOT OAHY M Ty 3Ke
temnepatypy — okoJio 3 °C. Temneparypbl se TyGHHHBIX U TOBEPX-
HOCTHBIX BOZ y Geperos I'peHsIaHiNN MPAKTUYECKN HE OTJIMYAIOTCS.
JlocTaTouHO JI1 TAKOTO PaCIpe/ieieHist TeMIIEpaTyp, 4To0bl TOJIKATh
TFonbderpum ot Daopuapt k 6eperam ['pensangnu?

KoHBeKTHBHBIE TIOTOKM BOJ/IBI B KacTpioJie, CTOSIIEH Ha OTHe,
BO3HUKAIOT 13-3a TOTO, YTO ee HarpesaioT cuu3y. Harpes xacrprosin
ceepxy (HampuMmep, JIaMIIOi) PUBEJET K TOMY, YTO BEPXHUE CJOU
JKUJIKOCTU HArperoresi 60JIblile, YeM HIDKHUE, U BEPXHUE CJIOM CTAHYT
Jlerde HIDKHWX, HO HUKAKOTO JABIKEHNS BOJBI 3TO HE BBI3OBET, TaK
KaK BepXHIe cJion 1 /10 HarpeBa Oblin HaBepXy! OKeaH HarpeBaercs
CBEpPXy, a TeMIlepaTypa BEPXHUX CJIOEB OKeaHa BCET/a BbIIIE, YeM
HIDKHUX, W TI09TOMY TaKoe paclipe/iesIeHIe TEMIIEPATyPbl He CMOXKET
crartb jBuxuTesneM losabderpuma.

Yo xe Bce-Taku ToskaeT ['ompderpuM Ha ceBep?

Kak m B ciyuae ¢ Kactpiosieil Ha OrHe, B ATJAHTHKE JOJIKHBI
ObITh Mecra, Tje Gojiee JIerKue CJIOM BOJbI IOAHUMAJINUCH ObI C
ray6unbpl u,/uan 6ojiee TsKeJble CJIOW OIyCKaJuCh Obl C MOBEpPX-
HOCTM Ha TrJIyOMHY. DTH MeCTa W MOTJIN Obl CJIYKUTh «MOTOpPaMu»
TFombderpuma. 3aech HaM HEOOXOAMMO BCIOMHHUTH, YTO BOJa B
OKeaHe COJIeHasl, a MacCcoBas TJIOTHOCTD BOJBI 3aBUCUT HE TOJBKO
OT TeMIlepaTypbl, HO U OT ee cosieHocTn. Ha pucynke 64 mokasana
3aBHCIMOCTD MAaCCOBOW TIJIOTHOCTH BOJBI OT COJIEP)KAHUSA B Heil
XJIOPDUCTOTO HaTpus. DoJblliasg dvacTb coJieid, coaepKaluxcsi B
MOPCKOI BO/Ie, 3TO COJIM 3eMHbIX MUHepaJoB. Peku, crekas ¢ rop u
Hecst CBOM BOJIBI B MOPST 1 OKEaHbI, 5
BBIMBIBAIOT COJIM U3 KaMHel, jenast P ’Kr/;:[
Mopckylo Boxy coneHoil. Comepxa- 10404
HUE COJIMI B OKeaHe COCTaBJISIET B
cpemareM okoJo 3%, a 85% Bcex
coJieii, paCTBOPEHHBIX B OKEAHCKOW 1020+
Boze, 910 NaCl. Macca oxeanckoit
COJIM TaK BEJIMKA, UTO €CJW BCIO ee
VJAOXUTD BIOJTH 3€MHOTO dKBaTopa 1000 : :

A\ 4

CTEHON MUPUHON B 1 KM, TO BBICO- 0 2 4 6
Ta 9TON COJISIHOU CTEHBI COCTABUT NaCl, %
500 kM. Puc. 64. 3asucumocmv macco-

A Teriepb 00paTHM BHUMAHIE HA  goii naomuocmu 600 om codep-
TO, YTO OKOJIO 6eper013 rpeHJIaHzII/II/I Kanusi 6 el XA0PUCMOZ0 Ha-
0
COJICHOCTb BOJ/IbI, a 3HauuT, u ee  mpus npu 15 C.
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IJIOTHOCTDh Pe3K0 yBeJamunBaioTcs. IIponmcxoant ato moToMy, 4UTO
Jlake B MIOJIe TeMIlepaTypa Bo3ayxa B I'peHananm He TOAHUMACTCS
soime —20 °C. B pesyabrate Bech ron y Geperos ['penmangnn
OKeaHCKas BOJa 3aMep3aeT W TIpeBpariaercs B Jied. Tak Kak Jef
npecHplii (He COAEPIKUT COMM), TO MOA HUM KOHUEHTPAIMS COJIH
OUYeHb BBICOKA. Boja Mo/ TPEeHJIAHJCKUM JbIOM HE TOJbKO OYECHb
coJieHasl, HO W TsKeJasg, MOITOMY OHA OITyCcKaeTcs Ha JIHO, a Ha
00pa3oBaBIieecst «IycToe» MecTo y 6eperoB I'pensianinu nocrymnaer
gerkast Boga lonbderpuma. Omnyckaiomuecss Ha JHO COJICHbIE U
XOJIO/IHBIE BO/[bI 06PA3YIOT B HECKOJIBKIX COTHSIX KUJIOMETPaX K 10Ty
ot I'penstaninu BoAoBOpoThI AuamMerpoM 10—15 KM, KOTOpbIE XOPOIIIO
BU/IHBI 13 KOCMOCA U ObLTH OTMEYEHbI HA MHOTHX JPEBHUX MOPCKHUX
KapTax.

Wrak, MOXKHO cUnTaTh, 4TO0 MOPO3 y 6eperoB I'pensianiu mpuTs-
ruBaetr K ce6e [onbderpum.

TFonpderpum genaer kauMat B 3anaHoii EBporie oueHb MATKUM,
U 3WMHSS TeMmIlepaTypa, Hampumep, B JluccaboHe HHKOraa He
omyckaercss mmxke +10 °C, xora B HbIO-I/UIOpKe, HaXOIAIIEMCS
Brajexe oT losbdceTpnma, HO Ha TOW Ke IMMpOTe, TeMIepaTypa
3UMOi yacTo omyckaercsas Hmke 0 °C. YueHble yTBep:KIalOT, 4TO
MSATKHUH KJIUMAT CITOCOOCTBOBAJ PA3BUTHIO IUBUIN3AINN B 3aNaHON
Esporie. I'o6anbHoe noTenienne, mocTereHHo yBeTMIBAIOIee TeM-
neparypy Hamieil IJIaHeThbl, MOKEeT JIUIUTH |peHmananio cBoeil
npurararebHoil cuibl. [Ipoucxoasuiee taguue jgeiHukoB 'pensan-
[N yMEHDITAET COJIEHOCTb BOJbI y ee GeperoB, a 3TO, B CBOIO
ouepeib, aumaeT [oabdCTpUM CHUITIBI, TOJKAIONIENH ero Ha ceBep, u
EBporia Ha HexoTopoe BpeMsi 3aMep3aeT, YTO MPOUCXOIAUT BCE Yallle
U vamie. Y4YeHble OLEHWJIHM, KaK MOXKET M3MEHUTbCS KJUMAT B
EBporie, eciu riobanbHoe TioTeryienne He OyAeT OCTAHOBJIEHO.
Camprif Xyamnii ciieHapuii — 3To Bo3BpalleHne B EBpory JegHnKo-
BOTO TIepro/ia B Tevenne 3—3 jet. HaunboJiee ske BeposiTHOE pa3BuTHE
co6biTii — 60Jiee CypoBbIe 3UMbI, 3aCYXH JIETOM, HEYPOKAW U, KaK
cJIe/ICTBIe, BOWHBI.



IMABA 10

DOU3UKA CTUPKU N YACTKMW:
KAK MOIOT MbIJIO U YJIbTPA3BYK

Yro Takoe «BbIMBITH pyKu»? Eciii Gbl Bce, 4TO Hac
OKPY’KaeT, pacTBOpsaoch B Boge (Kak, Hampumep, MOBapeHHas
COJIb), TO BBIMBITH PYKH ObLIO GBI OUEHD JIETKO — OIYCTUTD UX B BOJLY
1 TOZIOK/IATh Yy Th-uyTh. K coskaseHuio, 60JIbIasi 4acTb BEIIECTB, K
KOTOPBIM MbI IPHKAcaeMcsi, HEPaCTBOPHMBI B BO/Ie, 1 TI03TOMY, €CJIN
OHI TPUJNMNAIOT K PyKaM HWJN OfeXJe, O/lHa BOJa HE I03BOJISIeT
n30aBUTbCST OT Tpsidu U 1siTeH. OJHAKO MOXKHO 3aCTaBUTh J1060€
BEIECTBO XOTs ObI Ha KOPOTKOE BpeMst (HEeCKOJIbKO CEeKYHJT) PacTBO-
PHUTBCA B Boje, 00pPa30BaB aMyJIbCUIO0 — B3BeCh (CYCIIEH3MIO) MEJIb-
YallMX YacTHYEK BElecTBa B BOJE. DTOrO BPEMEHH 4acTo GbIBaeT
JIOCTATOYHO JIJISI TOTO, YTOOBI MMOTOK YMCTOIH BOJBI CMBLIT 3MYJIbTHPO-
BaHHYIO TPsI3b, C/leaB PYKH YHUCTBIMU. MbIJIO U CJIY>KUT TIpeKpac-
HBIM 9MYJIbFATOPOM — XUMHYECKUM COe[MHEHNEeM, OOGJIerdaionmum
TIOJTy4eHIE BOHDBIX OMYIbCUI YACTHUEK CAMBIX PA3JIMUHBIX BEIIECTB.

Kak poauniocs MbLIO, M Kak ero jeJaioT ceityac? [Ipu packorn-
Kax JipeBHero BaBusioHa Oblay Hali/IeHbl IIMHSIHbIE €MKOCTH, HATIOJ-
HEHHbIE BEIeCTBOM, ITOXOXKUM Ha Mblyto. Haammcn Ha aTux cocyax
TJTACHJIN, YTO COAEPIKIMOE C/IeJIaHO IPU KUILSTYEHUN SKUPa C HerJIoM.
[Toatomy cumTaeTcs, 4To BapuTh MBLTO yMesn ete B 2800-x rogax 10
H.9. 3alnucH Ha HanupycaxX, OCTaBJCHHDIC [PEBHUMU ETUNTSHAMMU
1500 Jsiet 10 H.5., TOKE COXPAHUJIU PEIENTbI MbIJIOBAPEHUS 3 CMECH
JKUBOTHBIX M PACTUTEJIbHBIX Maces ¥ Telia. /[peBHue rpexnm He
3HQJIM MblJa, & KOT/la MbLINCH, TO CHavyaja TepJu ceOs TJINHOI,
MIECKOM, MeM30ii ¥ TIeIJIOM, TIOTOM HAHOCHUJIM Ha TEJIO PacTHTeJTbHOEe
MacJa0 U cockpebayau €ro BMecTe ¢ rpsasbio. Oexay CBOIO OHU
cTupaau 6Ge3 BCSIKOTO MbLJIa B IIPOTOYHON BOJIE.

AHTJINHCKOE CJIOBO «SOap» — MbBLIO — TPOU3OIILIO OT HA3BAHUS
ropbl Sapo B Mrtasmm, Ha BeplimHe KOTOPOI, COIJIACHO JIETEH/IE,
MIPUHOCUJIN SKUBOTHBIX B JKEPTBY, yOuBas u cxkuras ux. Jlosxap
cMbIBAT B peKy THOD, IPOTeKalonylo Hero/JaaeKy, cCMech PacIaB-
JIEHHOTO JKMPA U [PEBECHOTO TeIia, Mo3TOMy TJMHA BA0Jb TuGpa
XOPOIIO MbLJIMJIACH, YTO ObICTPO OLEHWJIHM KEHIIMHBI, CTHPAIOIINE
GeJibe Ha ero Geperax.

Jlo BTOpOIl MUPOBOIl BOWHDBI MBIJIO BapUJIM KUIISTYEHUEM B BOJIE
SKUPHBIX MaceJs co IesodaMu. JKUpbl — 3TO COeIMHEHMs TJNIEPUHA
U OPTraHWYeCKNX KHCJOT, M3BECTHBIX KaK JKUPHbIE KUCJIOTBL. Bo
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BpeMsI KHUIISUEHUsI JKUPOB CO IesiodaMu 06pasyloTcst TJUIEPUH U
COMN KUPHBIX KUCJOT, T.e. MbLIA. Vlcmonp3oBanme MbLia MOCTIE
BTOPOIT MUPOBOIT BOIHBI 11JI0 HA YOBLIb, U €0 MOCTETIEHHO BbITECHS-
JIN CUHTETUYECKHE MOIOIINE Cpe/CcTBA. [J1aBHAas TpPUYMHA CIa/a
noTpe6IeHUsT MbLJIa COCTOSJIA B TOM, YTO B JKECTKOI BoJie 06Pa30BbI-
BAJINCh HEPACTBOPHWMBIC COJIM SKUPHBIX KHCJOT, BBITAJAIONINE B
ocaok (KOJIbleBble MATHA B BaHHE WMJM CEPbIH OTTEHOK Gelibsi).
CuHTeTnuecKne MooIme cpeacTBa (JIeTeprenTbl) NMEIT TaKoi co-
CTaB, 4TO ATOH peaKIUu He MPOUCXOJIUT.

Yro Takoe MbLI0? MbLIO — 3TO HATpUEBAS WM KaJUeBask COJIb
OJTHOIT M3 KUPHBIX KUCJOT. HaTpuesbie MbLia 6oJjiee TycTbie U, Kak
[IPaBHJIO, TBEP/Ible; KaJeBble Mblia (oJjiee MSTKHE WJN SKU/KUE.
MouJieKyia MbLIa TIPEACTABIACT cOO0U IMHHYIO 1enouky (xBoct),
coCTosIIyI0 13 JlecsaTka u 6osiee 3BenbeB CH,, coemHeHHDBIX APYyT
C IPYTOM, K OJJHOMY KOHILy KOTOPOoii (rooBe) npuxperiena KapGoK-
cunbnas rpynna CO, . IIpocreitimum MbLIOM, HalpuMep, SABJISACTCA
creapar Na, KOTOPBIf MOXXHO TIpeACTaBUTH (QOPMYIOi
NaC;H;;COO , rae 17 aTomMoB yrjaepoja ¢ IPUCOCAUHEHHBIMH K
HUM aTOMaMK BOJOPO/IA BHITSIHYThI B U3BUIIKCTYIO 11enouky (puc.65).

SRR

Puc. 65. Cxemamuueckoe uzobpaenue mviavnotl mosexyivl (6sepxy) u
pacnosoxenue Imux MoiexyL na nogepxnocmu ¢oovt (6Hu3Y)

AcUMMeTpPHST MOJIEKYJIbI MbLJa — ee BakHeiilee cBoiicTBo. [osoBa
MOJIEKYJIbI B PACTBOPE 3aPsPKEHA OTPUIIATEIBHO U TI03TOMY TIPUTSITU-
BaeTcs K TOJIOKUTENbHBIM TTOJTIOCAaM JNTONEH MOJIeKYJT BOIBI MJIH,
KaK TOBOPST, UCTIBITBIBAET CPOJICTBO K Bozie. JpyToil KOHeI MoJIeKy-
JIBI MBLJIA 3JIEKTPUYECKN HeHTpaseH M TT09TOMY WHEpTEeH 110 OTHOIIIe-
HUIO K BOJIE.

Korpa mblibHas MoJiekysia creapara Na TonajiaeT B BOY, OHa
JINCCOTIMUPYET HA MOJOKUTETHbHO 3aPSI?KEHHDBIN NOH HATPUS U OTPU-
1areJjbHOEe OCHOBaHWE SKMPHON KucCJI0ThI. OTpuilatesbHble MOHbBI
MbBLJIBHBIX MOJIEKYJI BBICTPAHBAIOTCS TAK, YTOOBI C BOJION CONPHKACA-
JINCh JINTIH WX TOJIOBBI, KOTOpbIE WCIBITBIBAIOT K HEH CPOJICTBO.
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Takum 0o6pasoMm, Ha NOBEPXHOCTH BOJbI OOPA3YeTCs [BYMEPHbBII
«4aCTOKOJI» MbLJIBHBIX MOJIEKYJI, TOJIOBbI KOTOPBIX IOTIPYXKEHbI B
BO/IY, & XBOCTBI TOPYAT HAPYIKY.

Kak MbLIO TOHHKaeT IOBEPXHOCTHOE HATSKEHHe? MoJieKy bl
Ha TIOBEPXHOCTH JKUJKOCTH MJIU TBEP/BIX TeJ 06J1a/1a10T U3ObITOUHOIT
[OTEHIINAJIBHOI dHEPTUCH 110 OTHOIICHUIO K TaKHM K€ MOJICKYJaM,
HAXO/SAIMMCST BHYTPU. DTa dHEPTHsl paBHA 10 BesnunHe padore,
HEOOXOAUMOIL /LISt TOTO, YTOObI MOJIEKYJIAM BBIHTH HA IOBEPXHOCTD,
IPEOIOIEBAsT CUJIBI IPUTSKEHUST COCEAHNX MOJIeKy 1. OUeBUHO, YTO
MOBEPXHOCTHAsE NOTeHIa bHas sHeprust (U) mpomopiuoHaibHa
mronaau mosepxHoctu (S):

U=GS)

rre 6 — Koa(h@UIMEHT TTOBEPXHOCTHOTO HATSIKEHUSI, KOTOPBIN
olpezie/IseTcs CBOHCTBAMU COIPUKACAIONTUXCS XKIKOCTH U Ia3a MK
SKUTKOCTU W TBEPOTO TEJIa, a TAKXKe TEMIIEPATYPOil OKpYsKalomeit
cpenpl. Kak ciemyer uz tabauiibl 7, K0ahOUIUEHT TOBEPXHOCTHOTO

Tabaruya 7

KoadPpunuentsl moBepXHOCTHOTO HATSIMKEHHS
Pa3JHYHbIX SKHIAKOCTEH

e
CrnupTt 3TUIOBBII 23
Aneron 24
BeHsun 29
OJUBKOBOE Maco 32
Tunepun 63
Boma 73
PryTn 440

HaTS)KEHMA MOJKET M3MEHATbCA B JIOBOJIBHO IIMPOKHUX IIpejeJiax,
YBEJNYMBAACh B JECATKU Pa3 OT CIIUPTOB 10 PTYTH.

Tak Kak ¢ BeJTMYMHON MMOBEPXHOCTH KUJKOCTU CBA3AHA MOTCHIIN-
aJbHasg SHEPTUSA CHUJI IOBEPXHOCTHOIO HATSKEHUA, TO SKHKOCTD,
CTPEMACh K MUHUMYMY HOTEHIIMAJbHON SHEPTUHU, BCET/a CTapaeTcs
c/lesIaTh 3Ty MOBEPXHOCTb MeHble. V1 yem Goubiiie kKoadduiment
MOBEPXHOCTHOTO HATSXKEHUST SKUJKOCTH, TeM ¢ GOJIbIIell CHIoi oHa
Oy/IeT CTPEMUTHCS MUHIMH3UPOBATh CBOIO TOBEPXHOCTD IIPU MTPOYNX
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PaBHBIX yCJOBHUAX. VI3Mepenns mMoKaspIBAIOT, YTO MOJIEKYJIBI MBI
Ha TOBEPXHOCTH BOJIbI TIOHUIKAIOT €e TOBEPXHOCTHOE HATSKEeHUe
moutu B 2,5 pasza. I[IpomcxoanT aTo M3-3a TOro, 4TO, HAXO/ACHh Ha
MTOBEPXHOCTH BO/IbI «I'OJIOBOI BHU3», OHH, BO-TIEPBBIX, HE CTPEMSTCS
BHYTPDb U, BO-BTOPBIX, OTTAJKUBAIOTCS JIPYT OT Apyra, a He MPUTS-
TUBAIOTCSA, KaK MOJICKYJBI BOABI. TakuM o06pasoM, yBEJIHYNBATDH
TTOBEPXHOCTH BOJIBI, €CJM B Hell PacTBOPEHO MBLIO, Jierde. A 3TO
3HAYWUT, YTO KUJKOCTH MOKET MPOHWKATH B IIEJIN MEXIY HUTSIMU
TKaHu. /[pyrumMu cJoBaMu, MbLIO JieJlaeT BoAy «6ojiee MOKPOIi».

Kak pa6otaer Mb110? MbLIbHBI pacTBOP 00BOJIAKUBAET YaCTH-
I[bI T'PSI3H, TIPUBO/IS K 0OPA30BAHWIO AMYJILCHIT PA3TMYHBIX 3arpsi3-
HSTOIIIX BEIIECTB, M Y/EP>KUBAET HEPACTBOPHIMBbIE YACTHUIIBI B COCTO-
STHUT CYCTIEH3WH B MBLIBHOI TIeHe 1 BOJIe, KOTOPDIE TIOTOM YAATISIIOTCS
OT OYMIIAEMON IMOBEPXHOCTH TPOTOYHON Bojoi. [ljsg Moiorero

JICHCTBUST BA)KHO TO, YTO YTJIEBOAOPOIHAS

yacTh (XBOCT) OTPUIATENHLHOTO MOHA MbLIb-

& r. HOIl MOJIEKYJIbI HepacTBOpUMa B BOje, HO

.*’L IJV. pacTBOpMMa B XHpaxX U Macjaax. [loatomy

PV @ BOLOPACTBOPUMAs OTPHUIATENBHO 3aPsKEH-

Has TOJIOBA OCTAETCS B BO/IE, TOT/Ia KaK XBOCT

(J;S‘ VL‘ MBLIBHOU MOJIEKYJIbI MOTPYKAETCS B JKUP.

2 AHUOHDI MBLJIBHBIX MOJIEKYJI CO BCEX CTOPOH

OKPY>KaIOT KameJbKu JKupa, o6pasys Iapu-

Puc. 66. O6pasosanue ¥n — Munesant (puc.66) 1 BbITaCKUBAIOT WX

MUyesIvl U3 MulibHblx B BOAY, B PE3YyJbTaTe Y€ro 06pa3yeTca B3BeECb

MOJLEKYN 60KpYe uwac- KameJieK >kupa B Boje. Tak Kak Kax/jad u3

MUMKU JKUPA UAU 2PA3U MeJThUANIIINX KalleJieK HeceT Ha cebe OTpHiia-

TEeJIbHBIN 3aPsifl, TO OHU OTTAJTKUBAIOTCS JIPYT

OT JIpyTa, a He CJIMBAIOTCS B 6oJiee KPYIHBIE KA. DTUM 0ODbICHSI-

eTcs IUCTIEPTHUPYIONNH W dMYJIbTUPYIOMNN 3 PeKT MBLTHHBIX pa-
CTBOPOB.

IMouemy ropsivasi Boga moert jyumnie? [Ipu HarpeBanuu cpeHsis
KUHETUYECKast SHEPTUsi MOJIEKY T BOJIbI YBEJMUNBACTCSI, & 9TO 3HAUUT,
YTO KXK/JOU U3 HUX TPeOyeTCss MEHbIIe JOTOJHUTEIHbHON 9HEPTHH,
9TOGBI BBIITH HA TOBEPXHOCTH. 110aTOMY TOBEpXHOCTHOE HATSKEHNUE
BO/IBI YMEHBITTAeTCs TIPU HATPEBAHWU, W BO/AA MOKET TPOHWKATDH B
caMble MeJKHe TOpbI M IBIPOYKH. BOT moyeMy HAJ0 MBITh PYKH
ropsiueil BOOH. MBIJIO U JeTepreHthbl eiie OOJIbIe MOHUMKAIOT
MMOBEPXHOCTHOE HATSKEHUE TOPSTYeil BO/IbI.

IToyemy MbLIO IIOXO CTHPaeT B MOPCKOIi Boge? Mopckas Boja
XapaKTepU3yeTcss BBICOKUM COJEpKAaHUEM /IBYXBAJEHTHBIX KaTHO-
HoB Ca’" m Mg?". DTH KaTHOHBI CBASBIBAIOTCA C OTPHIATEJHHO
3apsKEHHBIMU TOJIOBKAMM MBLIBHBIX MOJIEKYJI, Melias UM 00pa3o-
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BaTh MUIIEJLIBI BOKPYT YacTHYeK rpsian u sxupa. [loaromy noBepxno-
CTHOE HATSIKEHHE MbLIBHOTO PACTBOPA B MOPCKOIT BO/IE YBEJMYNBA-
€TCsI, YTO CHIDKAET KauecTBO CTHPKU. TO JKe MPOUCXONT, KOrja
BOJIOIIPOBO/IHAST BOJIA COJIEPIKHUT BBICOKYIO KOHIEHTPAIIUIO JIBYXBa-
JIEHTHBIX MOHOB, HAIIPUMep KeJjie3a. Takyio BOJY HA3BIBAIOT <«KeCT-
KOI», 1 B HEll MbIJIO CTUPAET IJIOXO.

IMoyemy mosockaTh Haf0 B X0J10/1HOM BozAe? [lesb moockanms
— y6parb OCTATKU MbLIA M3 BBICTHPAHHOW TKauu. IIpu cTUpre MbI
HATPEBAEM BO/LY, YTOObBI IOHU3UTD TIOBEPXHOCTHOE HATSIKEHIE BOJIBI,
U [I0TOMY MBLIBHBIN PACTBOP 3aJI€3A€T B CAMbIE TOHKIE TPOMEKYTKI
MEK/y BOJIOKHaMU TKaHu. UToGbl OH BbLIE3 OTTY/a, HEOGXOAUMO
MTOBBICUTH MTOBEPXHOCTHOE HATSKEHUE, TOTAA KaKIOH U3 CILTIONIEH-
HBIX KalleJIeK OISTh CTAHEeT BBITOAHO CTATh IMAapoOOPAa3HOW, U OHH
BBICKOYAT U3 TOHKUX [TPOMEKYTKOB MK 1y HUuTsiMu. [loaromy moJioc-
KaTh TKaHb II0CJE CTUPKU CJEAyeT B XOJOMHON BOjE, KOTJa ee
[MOBEPXHOCTHOE HATSIKEHUE OOJIbIIIE.

Haz0 i1 ucnob30BaTh aHTHOAKTEPHAIbHOE MBLIO? MbLIbHbIE
MOJIEKYJIbI OOBOJIAKUBAIOT GAKTEPUU TAK K€, KAK W YACTUYKH IPH-
Jarineil Kk Koxe rpsisu. [loatoMy B MBLIBHOM PACTBOPE CKOPO
OKa3bIBaeTcst GOJIBIIMHCTBO OAKTEPHii. Y YeHble JOKa3aJIu, 4TO 06bIY-
HOE MbLJIO HUKAK He Xy’Ke 60peTcsi ¢ OaKTepHUsIMU, YeM Pa3peKIaMu-
POBaHHOE TIOBCIOY aHTHGAKTEpUaibHoe. B orimdme ot 06bIYHOTO,
aAHTHOAKTEPUATBHOE MBLIO COAEPIKUT XUMHUUECKHe mpernaparbl (aH-
THGHOTHKI),, yOuBatonme Gakreprn. OHAKO HMEHHO 3TO U SIBJISIETCS
HEIOCTATKOM aHTHOAKTepUaJbHOrO Mblia. /leio B ToM, uTo anTuGu-
OTUK HE B COCTOSTHUN YOUTH aGCOMIOTHO Bce GAKTEPUH, & OCTABIITHECST
B JKUBBIX «CyrepOakTepuiy 00J1a/1al0T He0ObIYaiHO BBICOKOII CTOIi-
KOCTBIO 110 OTHOIIEHUIO K JAHHOMY aHTHOHOTUKY. OHU HAYMHAIOT
PA3MHOXKATBCS, U CKOPO Ha Halllell KOXKe MOSIBJISIETCST CTOJIBKO K€
GaKTepuil, CKOJbKO GBLIO /IO MBITbsI, HO BCE 3TH OAKTEPUN SIBJISIIOTCS
«JleTKaMi» CyriepOakTepuii, u IOITOMY MHOTHE UX HUX TIEPEHSIJIN OT
CBOUX POJIUTENICil HETYBCTBUTEIBHOCTD K JIEHCTBUIO ATOTO aHTHOWO-
THKa. B pesyJbrate aHTHGAKTEPUAIBHOE MBLIO CKOPO CTAHOBHUTCS
6€eCroIe3HbIM, a CynepOaKTEPUN € KOXKH PACHPOCTPAHSIOTCS IO
BCEMY OpraHusMmy, m OOPOTbCS C HUMH HYKHO YK€ C MOMOIIBIO
Jpyroro, 6oJiee MOIIHOTO aHTHOMOTHKA. B 0011eM, <«xoTesn, Kak
JIydiiie, a HOJy4uJaoch...»

Yro Takoe or6GeamuBaresb? B MOWOIMX CPEACTBAX /ISl CTUPKU
6eJbs, HOMUMO COGCTBEHHO Jereprenta (MbLIa), UCIIOAb3YIOT elle 1
or6esmiBaresib. OrGesMBaTesin He YIAJSIOT IPsi3b, a JIUIb 00eciBe-
yuBaioT ee. OJHM U3 HUX OKHUCJSIIOT U TEM CaMbIM Pa3pyliaioT
HEKOTOPbIE BUIBI 3arPSI3HUTEIEH 1 Kpacsmux BeliecTB. Kiaccuyec-
KUM OKHCJHUTENEM JIJIsl OTUX IeJIell CJAYKUT XJop. B coBpeMeHnHbIX
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CTUPAJIBHBIX MOPOIIKAX UCIOJB3YIOT GoJjiee n30MpaTeibHble OTOe -
BareJsi, OCHOBaHHbIe Ha 6pome. [[pyrue orGemmBare i, Ha3bIBaeMble
yeunuresassMu  GeJTM3HDI, JIEaI0T BbICTHpPaHHOe Oejibe GyKBaJIbHO
6enee Gesoro. st 3TOro B CTHpAJIbHBIE IMOPONIKH JOGABJISIOT
doopectupyionuii GecIBETHDIN KpacuTesb, KOTOPbIil o6ecriednBa-
€T HE TOJIbKO IIOJTHOC OTPakKeHHE BHAMMOTO CBETA, HO U YaCTHYHOC
mpeBparenne yabTpaduoaeToBoro cBeta B GeJblii mianm roay6oBa-
ToIil. B pesyJibTare TKaHb CTAHOBUTCS OCJIEINTEJNHHO GeJloi.

YiabTpasByk — MeXaHHYECKOe MbLIO. Pa3MesbulTh Ipsidb U
[IPEBPATHUTH €€ B IMYJIbCHIO MOJKHO HE TOJBKO XUMUYECKUM 06Pa3oM,
KaK 9TO JIeJIaeT MbLJIO, HO U MeXaHudyecku. Kasx/iplil 3HaeT, 4To ecJiu
MOTEPETh UCIAYKAHHOE MECTO, a MOTOM CITOJOCHYTh €T0 B BOJE, TO
IIATHO CTaHET MEHee 3aMETHDBIM. HOSTOMy JHEPTUA 3BYKOBDBIX BOJIH
MOJKET CJIYKUTH aJbTePHATHBON OOBIYHOMY MBLTY 1pHU cTUpKe. [liis
3TOTO JOCTATOYHO, YTOOBI CKOPOCTH JBVIKEHMS YaCTUI] BOJBI U TPSI3N
B 3BYKOBO# BOJIHE OT/IMYaMiCh. Torga 4acTuuku Bo/bl OYAyT CTaj-
KUBATHCSI € YACTUYKAMU TPsA3U, paspyuiarh (Jucrnepruposarb) ux u
MEPEMENNBATHCST, 06Pasyst HMYIbCHIO.

V3BecTHO, YTO B PACHPOCTPAHSIONICHCS CO CKOPOCTBIO ¢ 3BYKO-
BOIl BOJTHE MTHOBEHHOE 3HAUEHNUE JIABJEHUS P U CKOPOCTH ¥ TlepeMe-
IIeHNA YaCTUIbI CpEeAbl CBA3aHbl COOTHOMIEHUEM

p

v =1
pc’

r7ie p — IJIOTHOCTDH cpeabl. [IponsBenenue pc, HaspiBaeMoe aKyCTH-
YEeCKUM UMITETAHCOM, Jiist kupa Ha 10% MeHble, 4eM [IJIs BOJIBI,
[I0TOMY [PU OJHOM ¥ TOM JX€ 3BYKOBOM [IABJIEHUH CKOPOCTH
JIBIZKEHMS YaCTHIL BOJDBI M Ipsi3u 6y/Jer pa3ianyubl. OUeBUIHO, YTO
YeM dalle 3BYKOBas BOJHA BCTPSIXUBACT TI'PI3b, TEM JIyUIe [JIs
YICTKW W CTUPKH, TT03TOMY JAJS AOCTHKEHWUS MaKCUMAJIbHOTO JIHC-
TEPTUPYIONIET0 U AMYJIbrupyoniero a(h(heKToB UCIOMb3YIOT yIbTPa-
3ByK (Y 3) ¢ 9acToToil 10 HECKOJIBKHUX COT KHJIOTEPI.

Kak nosyyaior yibTpa3Byk? Y IbTpa3ByKOBbIE BOJHDI B JKUIKO-
CTSX O0OBIYHO BO30Y KIAIOT MAarHUTOCTPUKIIMOHHBIMU U TTHE303JICKT-
puueckumu npeobpasosaresnsavu (reneparopamu). ITbe303/1eKTPH-
veckue reHepatopbl Y3 (puc.67) 1peolpasyior sJIeKTPUYECKYIO
9HEPTHUIO B IHEPTHUIO YJIbTPA3BYKOBBIX KOJIEOAHNUIT, NCIIONb3YsT 06paT-
HbIT 11be30asiekTpudeckuii ahdekT — aedopMalnio HEKOTOPbIX MO-
Hokpucranios (Hampumep, KBapla M CETHETOBOH COJM), a TaKKe
HEKOTOPBIX KepaMHuuecknx Mmartepuanos (Hampumep, TuTaHata Oa-
pHs) B IEPEMEHHOM 3JIEKTPUYECKOM 11oJ1e. IIpu 9TOM B OKpysKaiomieit
cpe/le BO3HMKAIOT COOTBETCTBYIOIME MeXaHHYecKre KoJeOaHus.
[Tbe3oa1eKTpHUYECKHE TEHEPATOPBI MOTYT ObITh MOIIHBIMH UCTOYHU-
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o 6axa ¢ sodot

= N
7

Puc. 67. Buewnuii sud nve3oaiexmpuuecxozo zernepamopa Y3 u ezo cxe-
Mmamuueckutl paspes: 1 — 670K nve30alexmpuveckux npeobpasosame.et,
2 — Memannuueckoe coedunenue ¢ OHOM KoHmelHepa ¢ 6000

kamu Y3 ¢ gactoramu g0 1000 MIm. Vcnomb3ys mbe3okepaMuky,
[MOBEPXHOCTD U3JIy4aTeJisi 4acTo JeIaloT chepudecKoil, 4To nmo3Bois-
eT (OKycHpOBaTh WM3JyYyeHUE Ha MaJjoil IIONAAW, TOJyYas TaMm
oueHb 6OJIBINYI0 MHTEHCUBHOCTD Y 3. Takas poxkycnpoBKa NCTIOIb3Y-
€TCA, HallpuMeEp, B JIUTOTPUIICUN — paSéI/IBaHI/H/I KaMHell B IMOYKax U
MOYEBOM ITy3bIPE C TIOMOIIBIO yJIbTPa3ByKa (e3 3aTparuBaHus OKpy-
SKAIOTUX TKaHeid.

MaruurocTpukinonnbie resepatopbl Y3 (puc.68) cuauana mnpe-
06pasyIoT SHEPTUIO HJIEKTPUYECKOTO TOKA B HHEPTUI0 MATHUTHOTO
MoJisi, a TMOTOM — 3HEPTUI0 MATHUTHOTO TOJIS B MEXaHUYECKYTO
(3BYKOBYIO WJIH YJIbTPa3ByKOBYIO) aHepruio. VX jeficTBre OCHOBaHO
Ha TOM, 4YTO HEKOTOPbIE METAJIJIbI (HaHpI/IMep, HI/IKBJII)) 1 UX CIIJIaBbI
nedopMupytoTcs B MarHuTHOM 1oJie. Ecau cTep:keHb M3 TaKOTro
MeTaJljla PacCIloJIOJKUTb BAOJIb JIMHUI
MEPEMEHHOTO0 MATHUTHOTO TOJIsI, TO

—

Puc. 68. Buewmnuii 6ud maznumocmpuxyuonnozo zenepamopa Y3 u ezo
cxemamuyeckuil paspe3: 1 — cnaanmnoe coedunenue MEMAIIULECKUX NAAC-
mum u OHa Koumetinepa, 2 — KAMywra u3 nPosoIOKU, 3 — AUHUL MAZHUMHO-
20 NOJsL

o 6axa ¢ 60dotl
NN
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JTOT CTEepPKEeHb CTAHET TOMEPEMEHHO COKPANIAThCS W YAJUHATHCS,
BO30Y3K/asi B OKPYJKAIOIIEN Cpejie yJIbTPa3ByKOBbIE BOJIHDBI TOI JKe
4acTOTbl. MarHUTOCTPUKIIMOHHBIE ITIPeoOPA30BaTeNn U3 TOHKOTO
JINCTOBOTO MeTa/la paboTaloT Jydille BCEro B HHU3KOYACTOTHOM
muanasone (or 20 no 50 kI11), a Ha GoJiee BBICOKMX UYACTOTAX UX
K03(pDUIHEHT TTOIE3HOTO JCHCTBUS CTAHOBUTCS OYCHD MAJIBIM.

Vcmosib3oBanme Mbe303IEKTPUIECKUX TEHEPATOPOB KasKeTcst 60-
Jiee TIPEIOYTUTENbHDBIM, TaK KaK WX MOJKHO HPHUMEHSTH B GoJiee
HMIUPOKOM Jiharnasone vactor. Kpome Toro, mpu ofHON M TO# Ke
BBIXO/IHOI aKyCTHYecKOil MOIHOCTH Y 3 11be303JIeKTPUYecKre reHe-
paTopbl MOTPEOJISIOT MEHBIIIE AJIEKTPUUECKOl aHeprun. UTo KacaeTcs
AKyCTHYECKOI MOIIHOCTH, HEOGXOAUMOIT JIJIsT CTUPKH, TO yCTAHOBJIE-
Ho, urto 50 — 100 Bt BmoJsHe 10CTaTOYHO AT CTUPKH B 4 JNTpax
Bozibl. Eciin paccunThiBaTh HEOOXOAUMYIO aKyCTHUECKYTO MOTTHOCTD
Ha EeNWHWIY ITOBEPXHOCTU WU3JIydyaress, TO OHA COCTABUT
45-60 BT?Z[MZ .

Yro Takoe kaButamus? OKasbIBaeTcs, CYIIECTBEHHYIO POJIb B
00Pa30BaHIK HMYJIbCHI UTPAET KaBUTAIM — 00Pa30BaHie B JKU/KO-
CTH TIOJIOCTEH, 3aITOJHEHHBIX Ta30M, MapoOM WM UX cMechio (Tak
HA3bIBACMBIX KaBUTAIMOHHBIX IIy3bIPHKOB, WM KasepH). Kasura-
1Us BO3HUKAET B PE3YJbTaTe JIOKAJbHOIO YMEHbBINCHUS IaBJICHUS
HMYKE KPUTHYECKOIO 3HAUeHUS Py, — OHO IPUOIU3UTEIbHO PAaBHO
JIaBJIEHUIO HACBIIIEHHOTO Tapa 3TOH »KuAKOCTH. Ecjum moHMKeHWe
JIaBJIEHNs TIPOUCXOIUT BCJIEJACTBHE JIOKAJBHOTO MOBBITIEHUS CKOPO-
CTH B TOTOKe >KUAKOCTH (BCIIOMHUM ypaBHeHHE DBepHyJuin), To
KaBUTAIWIO HA3BIBAIOT TUPOIMHAMUYECKON, B CIAyUYae Ke TTPOX0K-
JICHUS B JKU/JIKOCTU aKyCTUYECKUX BOJIH — aKyCTUYECKOI.

B 06bryHOIl JKMIKOCTU BCETJa IMPUCYTCTBYIOT MeJbyuailiiue Iry-
3BIPHKM T'a3a WJIM Tapa, W, OKa3aBIIUCh B 00JACTH, T/e JlaBJeHUe
MeHbIIE Py, , OHM Hauymnaior pactu. Ilociae mepexoma B 30HY
TTOBBITIIEHHOTO IABJIEHNS POCT My3bIpbKa MPeKparniaeTcs, 1 OH Haunu-
HaeT coKpamarbesi. Eciim my3bIpek COAepKUT JOCTaTOYHOEe KOoJInde-
CTBO rasa, TO 10 JIOCTIDKEHUHM MM MHHUMAJIbHOTO PaaUyca OH
BOCCTAHABJIMBACTCS U COBEPINAET HECKOJIBKUX I[UKJIOB 3aTyXatOIIX
KoJIeOaHUil, a ecyii ra3a Majio, TO Ty3bIPEK 3aXJIOMBIBAETCS TTOJTHO-
cThIo, n BOMM3M oOrekaemoro Tejaa (HanmpuMmep, Ha IOBEPXHOCTH
JIONACTH TPEOHOTO BUHTA) CO3AETCS <«KABUTAIIMOHHAS 30Ha», 3a-
MOJHEHHAS BIKYIIUMUCA TTy3bipbKamu (puc.69).

Axkycrtnueckas kaButanusi. Eciiu 3ByKOBOe /IaBJieHUE BO BPeMsi
MOJTYTIEPUO/IOB PA3PEKEHUST YMEHbIAeTCsl HIDKE /IaBJIEHUS HacCbl-
MIEHHOTO TTapa, TO B KU/KOCTU BO3HUKAIOT KABUTAI[IOHHDBIE TTy3bIPb-
KU, 3apOJBIIIaMI KOTOPBIX 4Yallle BCETO SBJSIOTCS MeJbyaiiiie
Ta3oBbIe MY3BIPBKH, cojepskamniiecs B skuakocTn. CokparieHne Ka-
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BUTAIIMOHHOTO T1y3bIPbKa IPO-
UCXOUT C OOJIBIION CKOPOC-
TDIO, W €CJIi 3TO OBICTPOE JIBU-
JKEHUEe BHE3AIHO MPEKPATHTCS
BCJIE/ICTBHE TIOJTHOTO CMBIKAH ST
IOJIOCTH, TO CKOHIIEHTPUPOBAH-
Hasl B HUYTOXKHOM OObeMe KH-
HETHUYECKast 9HEPTHSI OCBOOOIUT-
CS1 U TIepeijieT YaCTUYHO B Tell-
JIOBYIO 9HEPTuio M YaCTHYHO B
aHepruio cxkarus. [1pu sTom 13
[EHTPAa COMKHYBIIENCS MOJI0C-
TH PaCIPOCTPAHUTCST KPATKOB-
pemennbiii (mopsizka 1076 ¢)
uMITyJbe gaaenns (10 10° TIa
u Gosee), crnocoOHbII paspy-
HIUTHh JIa’Ke BECbMa IPOYHBIE
Matepuajbl. Kcratu, mis Jm-
TOTPUIICUU HUCIIOJIB3YIOTCSI  YJIbTPA3ByKOBble KOJEGAHUS € aKyC-
THyeckuM JaBienneM menee 10° Tla.

Jlst Toro 4TOGBI TPOBEPUTDH, €CTh KABUTAIMS WJU HET, B JKU[I-
KOCTb MOJKHO OIyCTHTh TOHKYIO ajioMmuuueByio ¢oubry. Ecin Y3
BBI3bIBAET KABUTAIUIO, TO, BBITAIIMB KYCOYEK (POJIBTU U3 YKUIKOCTH,
Mbl YBUJIUM B HEM MAJIEHbKUE JBIPOYKU — CJI€/Ibl KaBUTAIIMOHHBIX
y/apHbIX BOJIH. UeM MeHbllle Ta3a CoAepPIKUT My3bIPEK, TEM CHJIbHEEe
OyzieT KaBUTAIMOHHAs yapHas BosHa. C APYToit CTOPOHDI, BBICOKHE
KOHI[EHTPAI[MH PACTBOPEHHBIX TA30B 3aME/IJISTIOT CMbIKAHIE KaBHUTA-
[IMOHHBIX [TY3bIPHKOB, TO/IABJISIS OJIHOBPEMEHHO U 3MYJIbIUPOBAHUE.
[TosToMy TIporieccy CTUPKH OOBIYHO IPE/IIECTBYET JIeTa3upPOBaHIe
SKUJIKOCTU € TIOMOTIBIO YJIBTPA3BYKa. ITO MPOUCXOAUT U3-3a TOTO,
4TO YK€ MMEIOIINeCsT B JKUAKOCTH ITTY3bIPbKHU rasa IoJ| AelicTBueM
yJIbTPa3ByKa COEJIMHSIOTCS B GoJiee KPyIHbIE M BCIJIbIBAIOT. Kpome
TOTO, U CaMa KaBUTAIIUS TPUBOINT K Jlera3alin Xuakoctu. Muren-
CUBHBIE KOJIEOAHUST Ta30HATIOJTHEHHBIX MY3bIPHKOB BOJIM3H MMOBEPX-
HOCTU TBEP/BIX TEJ CO3/[AI0T MUKPOHOTOKU SKUJKOCTH, JEJIAIOIINe
YJIBTPA3BYKOBYIO CTUPKY U YUCTKY GoJiee apdHekTuBHOI.

Kaxk rugpocratnueckoe maBjieHne BJIMsSET Ha KaBuTanuio? B
BaKyyMe >KUJIKOCTb JIMIIIEHA MUKPOIY3bIPbKOB, M M03TOMY Y3 He
BBI3BIBAET B Hell HU KaBUTAIMM, HU sMyJbrupoBanus. [lonmkenune
BHEIIIHETO JlaBJicHIe HIKe aTMocdepHoro, menbiie 20 klla, memaer
CMBIKAHUIO BO3HUKAIONIX KABUTAI[MOHHBIX Ty3bIPbKOB, yMEHbIIAst
MOIIHOCTb KABUTAIMOHHBIX YAapHBbIX BOJIH. O4YeHb BbICOKHE JlaBJie-
nus, 6osbire 10000 klla, yHHYTOKAIOT MUKPOIY3bIPbKHU, SIBJISIO-
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HIMecs 3apoIbIIIaMU KaBUTAIMHU, TIPEISITCTBYSI e BO3HUKHOBEHUIO.
Opnako yBesmdenue Tujpoctatmueckoro pasienus g0 200 xlla
[IOMOTAeT CXJIOIBIBATHCS [0 KOHIA OOJIBIIMHCTBY KaBUTAIIMOHHDBIX
ITy3BIPHKOB, MTO3ITOMY MO/IBOTHUKU 3aMEYA0OT, YTO KABUTAIIMS, N3Me-
pseMas TI0 UHTEHCUBHOCTH TITyMa TPeGHBIX BUHTOB, PE3KO YBEJUYNU-
Baetcs npu norpykeHnn Ha 10—20 MeTpoB, a MOTOM UAET Ha YObLID.

YaprpaszBykoBas ounctka. C moMombio Y3 MOKHO HE TOJBKO
CcTUpaTh, HO W OYMINATH IIOBEPXHOCTH MeTasjla WMJN CTeKJa OT
MeJTbYANIINX TIOCTOPOHHUX YACTHI[, KUPOBLIX ILJIEHOK ¥ JPYTUX
BU/IOB 3arpsi3Henusi. [lyig aToro npeamer, TOJJIEXKAIMil OYUCTKE,
MOMENIAIOT B JKUJAKOCTD C MCTOYHUKOM Y3, W CXJIOTBIBAIOIIAECS
KaBUTAIMOHHBIE MY3bIPbKH CPBIBAIOT ¢ 00PabaThIBAEMON TOBEPXHO-
CTU HeKeJlaTeJIbHble YaCTUIbl. B IPOMBIIIIEHHOCTH HCIOJIb3YeTCs
YJIbTPa3ByKOBOe 060PY/I0BAHNE [/ OUUCTKU TIOBEPXHOCTH KBapiie-
BBIX KPUCTAJJIOB JIJIsi MEXaHU3Ma 4YacoB, ONTUYECKOTO CTEKJA U
IOBEJIMPHBIX YKpalleHnuil. Y3 TakyKe IIOMOTaeT c/eaTh abCcoTI0THO
TIQIKIMU JICTAJIU TAPUKOTIOANTUITHUKOB M CHATD 3ayCEHITBI C MaJIo-
rabapuTHBIX JleTajeil.

YabTpa3Byk Kakoit 4acToThl Jydmre YucTUT? UeM BbIlTe 4acTo-
ta Y3, TeM GoJibliiee 3BYKOBOE JIaBjieHne TPeOYeTCs JIJIs TOSIBIEHIS
KaBUTAIMU. JTO MPOUCXOUT U3-32 TOTO, YTO 0OPA3OBAHME KAXKIOTO
KaBUTAIIMOHHOTO TTy3bIpbKa TpebyeT ompe/ieieHHOro Bpemenu. Ha-
npuMep, B OOBIYHOI BOJe KaBUTAIUS BO3HUKAET TIPH 3BYKOBOM
pasiaeann 100 kIla, ecsm wactora 3Byka 15 kI, m TOmBKO TIpH
400 xITa, ecm wactora 175 k', Mneprus konebannii KaBUTAIMOH-
HBIX ITy3bIPbKOB JI€JIAeT 3aBUCUMBIM UX JIMAMETP OT YacTOTHI: TIPU
15 kI'p — 200 mxM, a npu 175 kI — 20 MrM.

OueBugHO, YTO uyeM O6OJIbIlle KABUTAIMOHHDBIN ITy3BIPEK, TeM
60JIbIIe SHEPTHS yIapHON BOJHBI, 06pa3yIoIelics IPH €To CXJIOTIbI-
Bannu. [Toatomy wactoTs! Hke 80 KT ncmob3yioTes, Kak mpaBu-
JIO, JIIST TEXHUYeCKuX Iesieil, rae Tpefyercs ynaautb OO0Jbline
3arpsi3HEHMsI, a MHOTJA M IeJIble CJIOW TPsI3M WM PIKABUMHDI.
OnHAKO KPYIHBIM Iy3bIPbKaM TSKEJIO IIPOJIE3Th B IIEJU, YTOODBI
BBITAIUTDb OTTY/IA TPsI3b, a 3HAUUT, HYXKHBI U MEJIKHE MY3bIPbKH,
KOTOpbIe Oy/iyT paGorarh TaM, rjie 6oJbiime He MoryT. [ToaTomy st
XopoTiel YUCTKA W CTUPKU HeoOXOIM TeHepatop Y 3 ¢ maaBaloniei
4acTOTOH.

Kaxk yabrpassyk Gopercs ¢ O6axrepusimu? Cambivm addexTun-
HBIM crioco6oM Jie3uH@erun Caykut kursaenne. OHaKo, Koraa
urHcTpyMeHT (HaIpUMep, SHAOCKOIMYECKUH 30HA), IIOJIEKAImii
Je3nH@EeKIn, cefal U3 TJIacTMACChl, KUTSTYeHNEe MOKET HaBCer-
Jla UCIIOPTHUTH €ro. BbIXO/OM M3 TOJOXKeHUs B TaKUX CJydasx
SIBJISIETCS]  YJIbTPA3ByKoBasi jie3urdekiusi. VMIyabebr jaBieHus,
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BO3HUKAIOIIME B KABUTAIIMOHHBIX MY3bIPbKAX, NMPUBOAAT K THOENN
GakTepuil ¥ MHKPOOPraHM3MOB, HAXO/SANIMXCS B BOJHOI Cpele,
nojBepraeMoil feiicteuio Y 3. Kpome toro, ycranosieHo, 4to Y3
PACIIETIIsIeT BBICOKOMOJIEKYISIPHBIE GUOTIOTMMEPBI Ha (PparMeHThI
C OTHOCUTEJIbHON MoJieKkyJIsipHOil Maccoil okosio 30000 mpu sxcrio-
surmn 5—10 MuH.

Hcropus u HacTosdmee yabTPa3ByKOBBIX CTHPAJbHBIX MAIIUH.
ITepBpIil pa3 B MBLILHOM pPacTBOpE € MOMOMIbIO Y3 BBICTHPAJIN
XJIOMYaTOOYMasKHbIe MPOCTBIHY, WCIIAYKAHHDbIE KUPHOI cakeil, B
1949 rony. [lnsa aroro nonamobuics 1 yac paboThl U MATUKpPATHAS
cMena Bojpl. O6bIYHAS CTHPKA B TOM K€ PacTBOpe 3aHsJaa 3 yaca u
norpe6oBasia ISATHAAIATUKPATHYIO CcMeHy Bojbl. Kak ormevasnn
n3o6peraresin, 1Mo CPaBHEHUIO ¢ OOBIYHON, YJIbTPA3BYKOBAsT YHCTKA
He CHIDKaJa MPOYHOCTD TpocThneii. ITpomrio 50 met, HO 10 cux mop,
K COXaJICHWIO, YJbTPa3ByKOBas CTUPKA HE HAXOJUT IITUPOKOTO
npuMeHeHuss B ObITY, XOTsS €e cTapiias CecTpa YJbTPa3ByKOBas
YICTKA aKTHUBHO paboTaeT B JaGOPATOPUSAX U B TPOMBIIIJICHHOCTH.

B mpogaske y Hac Bce garie MOSBJSIOTCS MUHUATIOPHBIE yIbTPa-
3BYKOBBIC CTHPAJbHBIC MANIMHBI, MOTPEOIAIONINE OYeHD MaJyio
mMomHocTh (5-15 Br) ¢ maayuaresem paszmepom 5—10 cm. Ho onn
CTHPAIOT JIUIIb HECKOJIBKO CJI0EB TKAHU, COITPUKACAIONINXCS C [TOBEP-
XHOCTBIO M3Jy4aTesisi. Takum o6pasoM MOKHO y6uparb IMSTHA Ha
TKaHU T1epe]; 00bIYHON cTUpKOoi. OpHako Y3 B TaKUX MalllMHaX, Kak
YTBEpXKJAAIOT M3TOTOBUTENM, JHIIL JAejaeT 6osee 3D EKTUBHBIM
JleficTBHE IeTeprenTa, JOCTaBJ/IsAs ero K MecTaM 3arpsisHenns. B o ske
BpeMs O/{HA U3 SMOHCKAX KOMITAHUH yKe HECKOJIBKO JIET BBITYCKAeT
yJIbTPAa3BYKOBbIE CTUPAJIbHBIE MAIIUHBI, PACCUMTAHHbIE HA 8 Kr
6esibsi, He TpeOyIoIue /s CTUPKU CTUPAJIBbHOTO mopomika. [lpu
CTHUPKe Yepe3 BOy MPOITYCKAIOT TOK, IIPOMCXOIUT TH/POJIN3 BOJBI, 1
TTOJTyYaloIinecs TPOAYKTEI THAPOIN3a — aKTUBHBIH KUCIOPOJ, 030H
1 TIePEKNCh BOJIOPO/IA — ABJIAIOTCSA TeM KOKTEHIeM, KOTOPBII BIOJIHE
3aMeHsIeT CTHPAJIbHDII TIOPOIIOK. A TAK KaK B BOJIE BCEI/1a COJIEPIKUT-
csl XJIOP, TO TIPU THAPOJU3e 06pa3yeTcs elle rUIoXJI0PHAs KIUCI0Ta
(HOCI), kotopas gBjsgercss XOpoIuM OTOeJIMBAIONIUM U Ae3uH(U-
IUPYIONIAM IPETapaToM.

OueBuaHo, YTO AasbHelilee BHEIpPEHNE YJIbTPA3BYKOBBIX CTH-
PAJIbHBIX MAIINH MO3BOJUT YMEHBITUTD dHEPTeTHYECKNE 3aTPAThl Ha
CTHPKY, & TaK)Ke KOJIMYECTBO HUCIIOJIb3YEMbIX JIETEPreHTOB, JeJiast
3TOT IPOIECC MEHEee IKOJIOTUUECKU BPEIHBIM.



MABA 1

TEMJ1IO N XOJOA:
DOU3BUKA N BMOJNIorng

JK¥U3HDb BO3MO’KHA TOJIBKO B OYEHD Y3KOM /IHaMa3oHe
TEMIIEPATyP OKPY’KAIOIIel CPeibl — OT HECKOJIbKIX TPAJyCOB HILKE
0 °C (remneparypa 3amepsannst unctoii Bojpr) 10 4050 °C Bbime
Hyss1. UTo6bI c/iesiaTh CBOIO KU3HDb 60Jiee KOM(OPTHON U He UCIIbI-
TBIBATh MEPEOXJIAKICHUS NN YPE3MEPHOT0 HArpeBa, YeJT0BeK HOCUT
O/IeK Ty, HATPeBaeT CBOH oM 3UMOIT 11 oXJIaskaaeT ero jgetoM. O ToM,
Kakasd (pu3MKa CTOUT 3a YYBCTBOM XOJIOJA W >Kapbl, YTO TaKoe
TETJIOBbIE HACOCHI M KPUOHMKA, W TIOHET peub B ATOM TJIaBe.
IMoyeMy yesiOBEK 4yBCTBYeT cels Jyuuie, KOrJa €ro Temie-
parypa okoao 37 °C? Hawm xopomo, xorga y nac 36,6 °C, no
CTOUT Hallell TeMIeparype YBeJIUYUTHCS WU YMEHBITUTLCS JIUIIb
na 1 °C, Ham craHoBUTCs KapKo WaH XoJoaHo. Hy a ecom Temre-
paTypa TeJa OTKJOHSETCS OT HopMaabHoi Ha 4 °C, TO XM3HH
YeJIOBEKA TPO3UT GOJIbINAST OIACHOCTDh. Takasi TOHKas 4yBCTBUTEIb-
HOCTb 4eJIOBeKa K TeMIleparype Tesja CBs3aHa C TeM, YTO CaMble
BRJKHDBIC XUMHUYECKIE PEAKINN B HAllleM OPraHu3Me IPOUCXOJST C
ydacTeM (epMeHTOB — XHMHYECKUX COCJIMHEHWI, YCKOPSIOIIIX
WM 3aMeJUISTIONINX MpoTekanue aTux peakinii. Crioco6HocTb dep-
MeHTa BJUATH HA CKOPOCTb OIpEeeHHON XUMUUECKOH pPeaKin B
TIEPBYIO OUYepe/ib ONPEIEISIeTCs TPOCTPAHCTBEHHON CTPYKTYPOI 9TOM
orpomMHoil MosekyJnl. C usme-
R HEHUEM TeMIIepaTypbl TpO-
37°C CTPAHCTBEHHAsS CTPYKTypa MO-
43°C JIEKYJIbl (pepMeHTa W3MEHseT-
cs, W OH mepectaer <«pabo-
\ tatb». lloaTtomy ckopocTb pa-
\ 55°C  G6orbl, T.e. aKTUBHOCTb, MHO-
rux (epMeHToOB MaKcUMasbHA
1y npu 37 °C, a npu HarpeBaHuK
Temnepamypa soiie 43 °C onn yxke neoGpa-
tumo noprsares (puc.70). Vs-
KUH AMama3oH TeMIepaTyp pa-

N
Cdl

AxmusHocmy pepmenmos

Puc. 70. 3asucumocmv axmuernocmu

pepmenmos (cropocmu xumuveckux
peaxuuil ¢ ux yuacmuem) om memne- 60Tl (hEPMEHTOB U OIpe/IeIs-

pamyput: cnaownas aunus — oopamu- €T TY 06/1aCTh TEMIEPATyP, B
Mble uzmenenus, nynkmupnas — neo- KOTOPOH MbI 4yBCTBYyeM ce0s
6pamunvie KOMDOPTHO.

100



Kak uesnoBek HarpeBas U NpPOJ0JKaeT HaTpeBaTh CBOE KHJIHU-
me? Mbl HaydYMJUCh HArPEBAThb CBOW [IOM TOPA3/0 PAHbBINE, YeM
oxJIasKaaTh €ro. UtoObl He 3aMEP3HYTb, HAIIN MPEIKH Pa3BO/IUJIH
KOCTPBI B Temepax. K coskaneHuio, Mbl HE JaJIeKO YILIH BIIEPE/.
[TpocTo 60JBIIMHCTBO U3 HAC HE BUISAT TEX KOCTPOB, KOTOPBIE /I€HDb
1 HOYD TOPSIT, YTOOBI B KBAPTUPAX OBLIO TEIIO0. B KPYITHBIX ropo/iax,
T7le TeTyiasg BOJIa yCIeBaeT OCTBITh HAa CBOEM JIOJTOM IIyTH OT TOTO
MecTa, T/Ie ee HarPeBaIoT, /10 KUJIBIX IOMOB, €€ IPUXO/INTCS MO0Tpe-
Barh ABaXAbI. [10aTOMY yacTo Tam, rie XOJOIHO, HO HEeT TOILINBA,
JIIOJI MEP3HYT, & CTPAHBI BOIOIOT MEXKIY cO60il 3a MpaBo 06J1a1aTh
MecToposK/IeHusAME Ta3a u Hedtu. Ho Temno okpyskaer Hac co Bcex
cropon! IIpocTo Hasio yMeTh B3STh €T0 W MEPEeHEeCTH B JIOM.

Kak nepenectu Temro atmocdepst u 3eman B gom? Koneuno,
€CJIM 3UMOH IIPOCTO BHECTH HEKOTOPbII 0GHEM BO3/LyXa NJIH KYCOK 3eMJIN
C yJUIIbL JIOMOH, TO B KBapTupe Tersee He craHeT. OJ[HAKO MOKHO
MOCTYNUTH Mo-Apyromy. Haxojsich Ha yuuile, BO3bMeM JKUIKOCTD,
KUTISAILY O TIPU HU3KOH TeMIieparype, Harpumep ¢ppeon-12 (CE,Cl, ),
7 HaJTbeM HEeCKOJbKO MIJITHJINTPOB €e B PE3WHOBLIH IMTapuK, Mocse
4ero cpasy 3aBsDKeM IMapuK BepeBKOH, uToObl mapbl ()peoHa He
yaeTydmanch. Tak Kak TeMmmepaTypa KurmeHus (peoHa paBHa
—-33 °C, To gaske 3uMOii Ha yJule Bech (DPEOH UCIAPUTCS, a LAPUK
nHagyercs. Kaxzapiit rpaMMm dpeona, ucnapssch, 6eper TeIio u3
XOJIOTHOTO BO3/yXa, KOTOPOE MOKHO OIICHUTH, 3HAas YEJbHYIO
teriory napooGpasosanus ¢ppeona (139 kI ,/Kr). A tenepb BHe-
ceM 3TOT IMIaphK B KOMHATY W COXXMeM ero. Koria faBienne BHyTpH
IIapuKa BBIPACTET HACTOJBKO, UTO Tapbl (PpeoHa HAUHYT KOH/ICHCHU-
pOBATbCs, BCS TA TEILIOBASI SHEPTHsI, KOTOPYIO MbI OTHSLJIU Ha YJIUIIE
Y XOJIOJTHOTO BO3/IyXa, BBIJIEJTUTCS B KOMHATE, U TaM CTAHET TeTLee.
Hy a mortom, Koria mapuk OCTBIHET, YTOOBI 3aBEPIIUTD UK, MOSKHO
OTISITh BBIHECTU €ro Ha YJIHUILY, YMEHBIINTD JlaBJeHne BHYTPU HEro u
CHOBA JIOXK/IaThCs, TOKa Bech (peon ucnaputcs. Takum o6pasoMm,
coBepiiiasi pabOTy HaJ I[apoM, MbI I[EPEHOCUM TeIIo OT GoJiee
xosoanoro teaa (Bosmyx Ha yamue) K Gosee termiaomy (Boszayx B
KoMHaTe). YCTpoiicTBa, Jejaionue 3T0 UMKJIMYECKH, Ha3bIBAIOT
TETLIOBBIMHU HacocaMu. Pagymeercs, TemoBble HACOCHI MOTYT 3aKaun-
BaTh BHYTPb [OMEIIEHHs TEIJIO He TOJIbKO aTMocdepbl, HO 1 IPyHTA
7 HAXOAMNXCS PSIOM BOJOEMOB.

TensioBble HAcOChI — XOJOAUJIbHUKH Haobopor! Hasephoe,
MOYTH BCE 3aMeYaJIi C 3a/[Hell CTOPOHDI HAITUX JIOMAITHUX XOJIO/IUJIb-
HUKOB SIBHO TEILIYIO, @ MHOT/IA JIJaXKe TOPSYYIO PEIeTKy PajuaTopa.
B mpunImme, HAIM XOJOAMJBHUK MOKHO Ha3BaTh TETJIOBBIM HACO-
COM, BBIKQUUBAIONIUM TEIJIO M3 XOJO/ANJIbHON KaMepbl B KOMHATY
na KyxHio. VI BooGiie, TerIoBble HACOCHI — 3TO XOJOAUJIbHUKH,

101



OTKa4YMBalomie TErJio, HallpuMep U3 He3aMep3alioninux I‘JIy61/III 3eM-
s, V3BectHO, uTO Ha TJIy6uHe 4—5 M u 6ojiee TeMreparypa rpyHra
B TedeHue r1oj/ia MPAKTUYECKN TIOCTOAHHA M COOTBETCTBYET CpeE/l-
HEroJIoBOi Temrieparype arMocgepHOro Bosjyxa. B kiammarnuec-
KHX YCJIOBUSIX Cpe/iHell noJiochl Poccun ata Temieparypa cocTaBJisieT
5-8 °C.

[TepBblii TenoBoil HACOC, HA3BAHHBIN YMHOKHUTEIEM Tellia, Obli
npeanoxken Yuabamom Tomconom (sopa Keassun) B 1852 toxy n
TIpe/ICTaBJIsL CO60i XOTOUIbHUK, NCTIOIb3YEMbIil /IS OTOTLIEHHS .
ToMcoH cunTast, 4TO OrpaHNYEHHOCTh SHEPTOPECYPCOB HE MO3BOJIUT
B OY/IyIIEM CXKUTATh TOIJIMBO B OTONNTEIbHbIX TT€YaX, & €0 YMHOXKH-
TeJb TellsTa OyaeT HMOoTpelJATh TOILIMBA MeHbIIe. TerIoBoil Hacoc
TomMcona B KadecTBe paboyero Tesa UCIOJb30BAT BO3AYX. Bosmayx
3acacbIBaJICA M3 IIOMEIICHUS B IMJIMHAD, PACHIUPSJICS U LIPU 3TOM
OXJIXK/IAJICS, a 3aTeM IMPOXOJMJI TeIJIOOOMEHHUK, TJle HarpeBaJics
Hapy»kHbIM BozayxoM. [locie coxxarnst 1o arMochepHOTO JaBJIeHMs
BO3/IyX M3 IMJIMH/Pa MOCTyNal B 060rpeBaeMoe IoMelleHne Harpe-
TbIM 10 TEMIEPATYpPbl BbIIIE HepBOHa‘IaJIbHOﬁ.

CoBpeMeHHbIe TEIIOBbIE HACOCHI PAOOTAIOT TI0 CJIE/YIOIIEN CXeMe
(puc.71). B ucmapurese temmosoro Hacoca (Temmoo6MeHHIKe, HAX0-
Id1eMcsl Ha yJH/Iue) TEIJIO 3€MJIM, BOJOEMOB WJIN OKPY’KAIOLEro

Puc. 71. Cxema pabomui
MEen06020 HACOCA, GbIKAUU-
6aI0WE20 MENLO U3 HADYK-
noeo eozdyxa: 1 — ucnapu-
menv, 2 — Komnpeccop, 3 —
xondencamop, 4 — xianam
(cy:xenue), pasdensiouguii
sony evicoxozo (cnpasa) u
nuskozo (cnesa) oasnenuil,
uepes KomopoLll Kuoxkui
xaadazenm medaenno nepe-
mexaem, nonaddas. 6 Hapyx-
HoLL MenI000 MeHNUK

BO3/yXa WCIOJB3YeTCs [UIsl WCTmapeHust xjajgarenta (GKHIKOCTH,
KuIstiieil mpu Huskoi remieparype). TToJaydeHHbIN ap CKUMAETCst
KOMIIPECCOPOM, U TeMIIepaTypa Hapa MOBbIIaeTcs. 3aTeM B KOH/IEeH-
carope (TerIo06MeHHIKe BHYTPH MOMEIIEHNU) TIap OCTBIBAET, U €0
TEIJIO MePesiaeTcss B CUCTEMY OTOIIEHHS M TOPSYero BO/IOCHAGKe-
nus. [Ipu 3TOM KOJMYECTBO TEIJIOTHI, TTOCTaB/IsIeMOe MOTPeOUTEIIIO,
MOKeT B HECKOJIbKO Pa3 IIPEeBBIIIATh 3aTPaTbl SHEPIUM Ha IIPUBOJL
KOMIIpeccopa.
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Koapdunuent npeo6pazoBanus X0J01UJIbHUKOB U TEILIOBBIX
HacocoB. OTHOIIEHNE TI0JIE3HOTO KOJIMYECTBA TEIIOTb K pabore,
3aTpauMBAEMOil HA MPUBOJI KOMIIPECCOPA, Ha3bIBAIOT KO3 uIlneH-
TOM Ipeo6Pa3oBaHysl TEIJIOBOTO Hacoca, B HamboJiee pacnpocTpa-
HEHHDBIX TeIJIOHACOCHBIX CHCTeMax OH jocturaer 3 u 6oJiee. Ilompo-
O6yeM IOHATDb, MOYEeMYy I0JIb30BATbCS TEIJIOBBIM HACOCOM TOPasfio
BBITO/IHEE, YeM JIaKe MIeaJbHbIM 3JIeKTpooborpesaresieM, K0addu-
IEeHT npeo6pa3oBaHus KOTOPOro pasen 1.

XO0JIOMJIBHUK U TEIJIOBOI HACOC — 3TO JIBUTATEJH, padoTaioIine
«Ha060POT» 110 OTHOIIEHHIO K TEIJIOBOI MallllHe, TaK KaK B HUX Mbl
coepiaeM pabory, 4ToObl OXJIAJNUTh 60JIee XOJIOJHOE TeJI0 W Ha-
rpetb Gosiee Terioe. M3Bectno, uro KII/l wpeanbHoro rtenyoBoro
asuraresss (Mammnbl Kapro), mpeoGpasyiomiero terio B paGory,
paBeH

A _T,-T, <1,
O+4 T,
rae Q — 3aTpayeHHOe KOJMYecTBO Tensaorel, A — pabora, T, n T, —
TeMIepaTypbl HarpeBartesst U XOJIOJUJIbHIKA COOTBETCTBEHHO. JTO
3HAYWT, YTO €CJHM Mbl 3aXOTHM HATPEBATDH JIOM C MOMOIIBIO U/I€ATb-
HOTO TETIOBOTO Hacoca, ero kKoaddmuiment mpeobpazopanns KOII
6y/ler paBeH

KIIJ =

o+A T,

A T,-T,
TaxkuM o6pasoM, HarpeBaTb KOMHATY TEIJIOBBIM HACOCOM TOPA3/Io
BBITO/IHEE, YEM HIEKTPUYECKIM KAMUHOM, TaK KaK W3 3eMJIU WU U3
XOJIOJIHOTO BO3/IyXa HaM YJIACTCSI BBIKAYATh B HECKOJIBKO Pa3 00JIb-
1Iee KOJIMYECTBO TEILIOThI.

Ceroziisi TOILJIMBHBIE HACOCHI BBITYCKAIOTCSI TEIJIOBOIl MOIIHOC-
o0 oT 2 kBt go 200 MBt. Kak mokasanum olleHKH, TIpuMeHeHue
TaKMX HACOCOB IIO3BOJIMT COKPaTHTh norpebsaenne tommba (Tas,
MasyT, yrojib 1 T./.) IpUOIu3uTeIbHO Ha 40%, 4TO COOTBETCTBEHHO
CHU3WT 3arpsA3HeHre OKpy:Kalomell cpeapl. B HacTosmee Bpems
o0Iuil  €KeroHblil O6bEM TIPOJAK BBIMYCKAEMbBIX 3a PYOEsKOM
TOILJIMBHBIX HAacOocoB cocTanJsieT 6osee 100 muapa posnapos CIIA,
YTO MPEBBIIIAET, HAIPUMEDP, MUPOBOI 06bEM TIPO/Ia’K BOOPYIKEHUIT B
HeCKOJIbKO pa3. [Iserust, ckaskeM, yske ceroaus 70% Terura moryva-
€T C TIOMOIIBIO TOIIMBHBIX HACOCOB, a MO TPOTHO3y MMpOBOTO
sHepreTndeckoro komurera k 2020 rogy MCIoNb30BaHNE TEIIOBBIX
HACOCOB BO BCEM MUPE [IJisl OTOILJIEHUSI U TOPSIYETr0 BOJIOCHAGKEHUST
npubusures K 75%.

Mo:kHO Ju 3UMOIf MCHOJIb30BATh TEIJIO NMPOUIEIIIEro Jera?
OxasbiBaercst, moskuo! B Apcrpun, Tonmmanaun u BesmkoOputanm
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TETLIO MPOIIIE/IIIErO JIETA UCIOJIb3YIOT 3UMOIT [IJIST IO0TPEBA JOPOK-
HOTO MOKPBITUST, YTOOBI M36€KaTh ero obseaenenusi. /[Jst 3Toro mozm
achasnbt Ha raybuny 12 cM 3aKambiBalOT MOJUITUJICHOBBIE TPYOKU
JMaMeTpoM 25 MM, pacroJjiarasi X Ha PacCTOSTHUM 15 ¢M pyT OT
apyra. CpenHsigs TeMmIlepaTypa TpPyHTa Ha 3TOH TJyOMHE paBHA
12 °C, "o netom ona nogauMaercs 1o 25 “C. B Teuenue Bcero Jeta
TEIJIYI0 BO/y 13 TPY( CJHUBAIOT B TEINJOU30JUPOBAHHbBIE €MKOCTH,
3aKOIMAHHbBIE PS/IOM C IOPOTOH. 3WMOH, KaK TOJbKO TeMIepaTypa
JIOPO’KHOTO IOKPBITHA ynager Hmwke 2 “C, 1o Tpy6aM HauMHAIOT
MIPOITYCKATh BO/Y, HATPETYIO MPOIILIBIM JIETOM, IIPEI0TBpaIias o6pa-
30BaHUE TOJIOJE/IA.

Iloyemy MbI HOCHM CBUTEP, a HA KOK€ MOSIBJISIOTCS MyPaNIKu ?
Bosjyx sBJIsSIeTCST XOPOIIMM TEIION30JIATOPOM U TIOMOTaeT Ham
COXPaHATh TEIJIO, HO TOJBKO €CJHM OH HeNnoABWXeH. JlBurasco
OTHOCUTEJIbHO Tejia, OH OoT6upaer y Hero Terwio. ToJiuHa cJ0s
HETIO/IBIXKHOTO BO3/[yXa YMEHDIIIAETCS TIPU CPEIHEM BETpe OT 2—4 MM
n0 1 MM, a cButep yBeauuuBaer ee jo 10 mm. Ilpu nosiBienun
MypallieK BOJIOChI «BCTAIOT», YTO TAK)KE YTOJIIAET CJON HEro/BIK-
Horo Bozayxa. Koneuro, /1ajieko He y Bcex 1pH HOSIBJIEHUN My palliek
BO3HUKAET HA TeJIie «CBUTEP» M3 COOCTBEHHBIX BOJIOC, HO MBI JI0 CUX
1Oop He MOKeM U36aBUTHCS OT ATOTO BPOKIECHHOTO pediexca HaIIX
JTAJICKUX W BOJIOCATBIX MPEIKOB.

ITouyemy mb1 fposkuM oT Xoa0aa? COoKpaIleHus MBIIII He TOJIbKO
JIAI0T HaM BO3MOKHOCTD [J[BUTATHCSI, HO W CHAGKAlOT HAC TEIJIOM.
MBbIIIbI He SIBJSIOTCS WJI€AJbHBIMU IIPYKIUHAMU, KOTOPbIE, CKIMA-
SICh, XpaHsT B cebe BCIO 9HepPruio gedopmanuu, a mpu paccaabieHun
coBepriaior pa6ory. [ledopmariyst MbIII HeyIpyras, U [O9TOMY
OHM, COKpallaschb M coBepiias paboTy, OJHOBPEMEHHO CJIy)KaT
HCTOYHUKOM TeTlyia. BBIMToNHASA cpeaHion GU3nIecKyio paboTy, MBI
pasorpeBaeMcsl, a MbBIIIIbI, COCTABJSIONIHE 0K0JI0 50% Macchl Halle-
TO TeJia, SBJSTIOTCS TP HTOM UCTOUHUKOM TIOUYTH 75% BCETO TTOJTyTa-
emoro Teria. Ocrayibibie 25% — 3TO TEIIO, BbIIESIONEECs TPU
Pa3IMYHBIX OMOXMMUYECKUX peakiusx. Korpa Mbl JApOXUM OT
X0JI0/1a, HAIKM MBIIIIBI 6ECMOPSIZIOYHO COKPAIIAIOTCS, M 3TO XOTS U
MeTTaeT KOOPAMHAIINN ABWSKEHU, HO TI03BOJISET HAM COTPETHCS.

Kaxk coxpansier temno TioJieHb, IiaBad B JlexoBurom oxea-
He? MOpKK U TIOJIEHU TIJIABAIOT B XOJIOJHOW BOJlE, TeMIleparypa
koropoii okoso 0 °C. Ilostomy ocHOBHas mpobiema, ¢ KOTOPOH
OHU CTAJIKMBAIOTCSI, 9TO KaK COXPAHUTH Terio. /st aToro Bce Teso
y HUX TIOKPBITO TOJICTBIM CJIOEM TOJKOXKHOTO KUPa, KOTOPBIii
CJIYKUT XOPOIINM Teryion30yaTopoM. OIHAKO Ha JacTaX M XBOCTE
(4T06BI OHM ObLIM JETKMMM W TOABMKHBIMH) >KMpPa HET, W HUX
Temmeparypa magaer o 1—-2 °C. IlosToMy 4epes 5TH HETOKPHITHIE
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JKUPOM KOHEUHOCTHU TEIJIO JIOJIPKHO YXO/UTb B OKPYIKAIOILYIO JIeJisi-
HYIO BOJy, Kak 4epe3 OTKpbITYI0 (doprouky. Ilouemy ke Tiojenn
HE 3aMep3aloT?

KpoBb cHa6kaeT KOKHbIE ITTOKPOBBI TIOJIEHS KHCJOPOJIOM W,
JIOCTABUB €T0 Ty/ia, Bo3Bpalaercss o6paTHo K cepaity. Ho Bmecre ¢
KHCJOPO/IOM KPOBb BBIHOCHT HA ITOBEPXHOCTb TIOJIEHS 1 TEIJIO — Be/lb
ray6oko BHYTpH Tena Bcerma 37 “C. Ilostomy KpoBooGpamienue
CJIY’KUT OJIHO} M3 OCHOBHBIX IIpUYnH Terionorepb. OHAKO My/past
[Tpupoga Taxk ycrpomsa cucteMy KPOBOCHAGKEHUSI KOHEYHOCTeH y
TIOJIEHEH, 4TOOBbI 3TN TTOTEepH ObLIIN MUHUMAJIbHBIMU. Kak MMeHHO?

IIpoTuBoTOYHAsI cucTeMa: 3KOoHOMMSI Temja. OIyCTHM B CHer
TpYOKY, H30THYTYIO B Bi/ie OykBbl U, 1 Gy/1eM IIPOILyCKaTb Yyepe3 Hee
ropauyio Bopy (puc.72, cnea). OueBHAHO, YTO, MPOTEKask Yepes
TpyOKYy, Boja Oy/eT IIOCTENEHHO OCTBIBATb, OT/AaBasi CBOE TEILIO
XOJIOJTHOMY CHETY, U II03TOMY
TEeMIIEPaTypa BO/IbI, BBIXO/ISIIEH
u3 Tpy6Ku, 6yJeT BCerja MEeHb- {L ﬂ {L 1}
e IIepBOHAaYaJIbHOI.

[Torpo6yem Ttemepn c6Jn-
3UTh HOJOBHHKH TPYOOK TaK, ‘l' 1‘
4TOObI OHM KACAJIHCh JAPYT JIPY-
ra, a IIOTOKHM BOJIbI, JABMKYIIH- l' T
ecsl B IPOTHBOMOJIOXKHbBIX Ha-

[paBJeHnsix, MOTJH OOMeHu- —

Barbcs TerioM. [Ipu takoii ipo-  Crez Cnez
THBOTOYHOI CHCTEMe ABIKEHUS
JKUJKOCTU Bojia GyneT OCTbI-
BaTb TOJBKO B JIEBOIl TTOJIOBHH-
ke TpyOku (cMm. puc.72, cupa-
Ba), JABUrasch BriyOb CHETOBO-
ro cJiosi. Korzia Bojia, c/ie1aB pa3Bopor, HalpaBuTcs: 06OpaTHO, K Hel
HAuHeT MOCTYIATh TeIJIo OT GoJiee HArPeToil BOJbI, TEKYIIEH PsIIOM
B TIPOTUBOIIOJIOXKHOM HAIIPABJIEHUN, W TEMIIEPATYPa BBIXO/SIIEH 13
X0JI0/Ia BO/IbI HAYHET TIOCTENIEHHO YBeJIMYMBaThcs. TakuM 06pasoMm,
MIPOTUBOTOYHOE /IBIKEHNE TT03BOJISIET 3HAUUTETbHO YMEHbBIINTD Tell-
JIOBbIE TIOTEPH, TaK KAK YaCTb TeIJa OT/AeTCsT XOJIO0/AHON JKIIKOCTH,
BO3BPAIIAIOIIENCsT 3 CHETA.

Y Tios1eHel 1 Mop:Keil KPOBOCHAOKEHE B KOHEUHOCTSIX ITPOTUBO-
TOYHOE, YTO II03BOJISIET YMEHbBIIHUTD MOTEPU TEIJIA, TaK KaK 4acTb
TerJia apTepuajbHON KPOBH, TEKylleil oT cepiuna K mnepudepni,
orzaercss 6osiee XOJIOHON BEHO3HOI KPOBH, BO3Bpallalolieiics: n3
OT/IAJIEHHOMN YaCTH JIACTHI UK XBOCcTa. UTOGBI TEILIONEpeada Mex /1y
aprepusiMu U BeHamu Obuia Gosiee a((peKTUBHON, BeHbI MPOCTO
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Puc. 72. Obviunas cucmema yupry-
asyuu 600u uepes cuez (caeea) u ee
nPOMUBOMOUHBLIL AHAN0Z, YMEHLULAIO-
wuii menaonomepu (cnpasa)



OTLJIETAIOT apTEPHH, HECyTIHe TEILTYIO KPOBD K
]l, KOHeuHOCTAM Tionens (puc.73).

ITouemy xomsik Bce BpeMs ect? Kax/o-
ro, KTo KOTJa-HUOYAb Aep:Kan y cebs noMma
XOMAKa WJIM BUJEJ €ro y 3HAKOMbIX, Iopa-
’Kaja ero IPO’KOPJIMBOCTb, O KOTOPOH Tak

9 MHOTO CKa3aHO B HAINUX CKa3KaX M TTOTOBOP-
7 KaxX. 3a /JeHb XOMIK, Ja U JI000i MeJKUi
I'PBI3YH, MOXKET CHECTb CTOJbKO, CKOJbKO caM
BecuT. B TO ke BpeMsa Macca eKeHEBHOI'O
panmona cjoHa cocrapysger menee 1,10 ero
MacChl, XOTd TO KaJOPUIHOCTH THINA CJIOHA
TTOYTH HE OTJIMYAETCS OT THIK TPHI3YHA, TaK
Kak 00a MUTAIOTCS] MCKJIOYUTETHHO PAaCTeHU-
samu. OT 4ero sxe 3aBUCUT KOJUYECTBO IHUIIH,
newnocmeii mionens:  HEOOXOMOE JKHBOTHOMY JUIS HOPMAJIbHOI
1 — apmepus, necy- SKM3HE/IesITe/IbHOCTH ?
wias Menayio Kpoeb K W3BecTHO, 4TO ompesiesieHHAs TeMIepary-
XOM00HOMY Kpaio aa-  pa TeJla y TEILJIOKPOBHDLIX JKUBOTHBIX IOAAEP-
cmol, 2 — 6envl ¢ Kpo-  JKUBAETCI 34 CUET BBIJIEJEHUS TeTsia MpHu Io-
6b10, MeKyuLel 0Mm  CTOSHHO IIpOTEKAIOUUX XUMUYECKUX peaKIu-
X021001020 Kpas 1dc-  gx — npoiteccax merabosmdma. Ilogcunrano,
mol 4TO TI0TPe6IeHIe OPraHu3MOM | ¢M° KHCIOPO-

Jla conpoBoskaercs BbienenneM 20 J[>x ter-
sa. IIpu 3TO0M 0CBOOGOAMBIIIEECS KOJTMUYECTBO TEILJIOTHI HE 3ABUCHUT OT
BU/I TTUTITH.

[Tycrp sxuBoTHOE MMeeT GopMY IIapa paauycoM R, a exuHUIa
MACChI JKHBOTHOTO HYK/IACTCS KAXK/IYI0 CeKYH/Y B § CM° KHCIOPOJIA.
Toraa kosdecTBo Terorbl Q; , 0CBOGOKAAIOIIEECS KASK/YIO CEKYH-
Jly B OpraHu3Me, COCTaBUT

Puc. 73. IIpomuso-
mounas cucmemd
KPOBOCHAD JKeHUs KO-

Q1:§nR3p~q~20 Jix

rjge p — IUIOTHOCTb Tesa >KUBOTHOro. Tak kak TeMmIiepaTypa TeJsa
0CTaeTCs TTOCTOSHHOI, KOJMYECTBO TEILIOTHI, 06pasylolieecs B opra-
HU3ME 32 CYeT MeTab0JUYECKUX TPOIECCOB, TOIUKHO PaBHSATHCS
KOJIMYECTBY TEILIOTDI, TIEPEIIeIIIEMY OT JKUBOTHOTO B OKPYKAIOTIYIO
cpesy. V3BecTHO, 4TO KOJMYECTBO TEMJIOTHI Q,, mHepexosiiee B
e/INHUITY BPEMEHHU OT 60JIee HArpPeToro Tesia K MeHee HarpeToMy TIpH
UX CONPHKOCHOBEHUH, MPONOPIMOHAIBHO IJIOMIAH COPUKOCHOBE-
Hus S, pagHoctun ux rtemueparyp AT, TEINJIONPOBOJHOCTH CPEbI
MEX/Iy HUMH ) U OGPATHO MPOMOPIHOHAIBHO TOJIIUHE CJOS ITOI

106



cpeapl Ax. Tak kak y Hamero mapooOpa3HOro <«KHBOTHOTO»
S = 41‘CR2, TO

AT
QQ:K~4RRZE_

[TpupaBHUBas KOJMYECTBO TEILIOTHI, OCBOGOKAAIONIEECS B OPraHi3-
Me TIpn MeTaGoJIMYeCcKUX IPOIeccax, M KOJNYECTBO TEIJIOThI, Tepsi-
eMoe TeJIOM Yepe3 ero MOBEPXHOCTD, MoJydaeM

k 3L AT
g=—,rme k=——.
R 20p Ax

MOKHO CUNTATD, YTO IIPM U3MEHEHNN PAa3MepPOB Halllero 1mapooo-
PA3HOTO «KUBOTHOTO» BEJIMYNHA R OCTAETCS TIOCTOSIHHOM, U, 3HAYNUT,
MOTPEGHOCTH EIMHUIBI MACCHI B KUCaopoze () pacTyT ¢ yMeHbIme-
HHMEeM pa3MepoB JKMBOTHOro. Tak kak Macca mapa paBHa

M = (4/3)nR% , 10 q MoOxHO
BbIPA3UTh 1 yepes M:

k k -1/3
q:—:—1/3~M/ ,

R M
4mp/3

OTKyZa CJefyeT, 4TO eIMHHUIle
MacChl XOMsIKa TpeOyeTcst Kuc-
Jiopojia ropasno 6oJbIile, YeM
TaKOM JKe eMHUIE MACChI CJIO-
Ha. A Tak KakK BeChb KHCJOPO] r—
pacxoayeTcs SKUBOTHBIM Ha
OKHCJICHUE IIUTAaTeJbHBIX Be-
[[ECTB, TO U KOJIMYECTBO IUIIN
B pacyere Ha EJMHUILY MAaCChI
TeJIa /189 XOMSAKa JOJKHO OBIThH
ropaszio 6OJbIEe COOTBETCTBY-
foITell BEJTUUNHBI /IS CJIOHA.

Koneuno, caenannoe aorry-
1ieHue 0 mapoo6pPasHOCTH KU-
BOTHBIX HECIpPaBeJAINBOE, HO

Puc. 74. Cxemamuueckoe usobpae-
nue 068Yyx NOJOOHBLX KUGOMHLIX,
OYeBU/HO, YTO NOJIyYeHHas

CIOAGUKOM YKAZAHO COOMBEMCMBYI0-
opmy.ta a5t g routes u s wee KoIuuecmeo meniomol, 6ol0ese-
BCeX MOJOGHBIX JKHBOTHBIX  yoe xamdviu KULOZPAMMOM JKUGOM-
(puc.74). Hy a 1 peambHbIX 1020 dus noddepxanus nocmosnnoi
SKUBOTHBIX U 4YeJIOBEKa, KaK  memnepamypol
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noKasau usMepenus, g =70M -3 KKaJI/(IleHb . Kr) , 4TO, HaIpH-

Mep, AJsT desoBeKa Maccoil 60 Kr cooTBeTCTBYeT HMpUOIN3NTE]HbHO
1500 xkas B genb. TakuMm 006pazoM, TOJDBKO IS HOJIEPSKAHUS
TTOCTOSHHON TeMIepaTypbl MBI JOJ/UKHBI TPAaTHTh Ha 00O0TpEB
1500 xkas B jienb. [pyrumMu cjioBaMu, YeJOBEK — 3TO JIAMIIOYKA
MOIIHOCTBIO OKOJIO 75 BT, Tak Kak B Tesie 4yesoBEKe, Jaske KOr/a
OH CIINT, NPOTEKAIOT XUMUYECKUE PEAKIINN C BblJeJEeHUEM TEILIa.

IMouemy yenoBeKy Hy>KeH HCKYCCTBEHHbBIH X0JOJ, U KaK €ro
H00bITh? VICKYCCTBEHHDII X0JI0/ 4acTO HeOoOXOMuM, 4TOObI 3allli-
TUTb HAIl OPraHu3M OT meperpeBa. Kpome Toro, xos10/1 HeO6X0 UM
MPO/IYKTaM, KOTOPbIE MbI CErO/IHsI He cobupaeMcs ectb. ViMeloTes, 1o
Kpaiineil Mepe, nBa crnoco6a oxaaanuThb ceOst: 1) BBLINTD cebe Ha PyKy
OJIEKOJIOH WJIM CITUPT, KOTOPBIE, MCIAPSISiCh, OTHUMYT TETLJIO Y PYKH,
a 3HAYNT, OXJIA/JAT €e; 2) OTKPBITh OAIOHUYMK CO CKATHIM Ta3oM M
HaIMPaBUTD €TO CTPYIO Ha PYKY, KOTOPBIH, PACIIUPSSACDH, OXJIQINTC,
1 MbI TIOUYBCTBYEM PYKOil yMeHbllleHne ero temieparypbl. O6a atn
crioco6a GbLIN UCTIOIb30BAHBI B paboTe JOMAITHIX XOJOIUJIbHIKOB,
MaccoBOe IPOU3BOJICTBO KOTOPBIX Havajoch ¢ cepeaunbl 1920-x
rOJI0B.

Kak paGotaer oObluHbIH (KOMIPECCHOHHDI) XOJIOAUIbHUK ?
Komnpeccuonnbrii xomogumbunk (puc.75) cocront ns: macoca (Kom-
peccopa), KOTOPbI co31aeT 06.1aCTh BBICOKOTO JABJACHUS B TPY60U-
Kax TernmooOMeHHNKA CHAPY’KH XOJOAMJIbHONH KaMepbl U 06JacTh

Xoaodunrvnas
Kamepd
Komnpeccop
3aonsas IL
cmenxda
X0I00UTIBHUKA *_ Kranan

Puc.75. Cxema xomnpeccuonnozo x0100ulvHuKd

HU3KOTO JIaBJIeHNs B TPYOOUKAX TEMJI00OMEHHUKA BHYTPH XOJIO/IUTb-
HOIT Kamepbl; KJianana (CyskeHust), pasaessionero st ABe CeKIUn
TEIIOOOMEHHIKA; XJIa/J[areHTa € TeMIepPaTypoll KHUIIEHUS] OKOJIO
—-30 °C, nepexo/AIero us oHON CeKINM TeIJI00OMeHHNKA B npy-
I'yIo, a TaK)Ke U3 ra3000pa3HOTo COCTOSIHUS B JKUJKOE U 06PATHO.
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Kask/pie 15 MUHYT B XOJIO/IUJIBHUKE YTO-TO MIEJIKAET, 1 PA3/IAETCs
nryM  paGoTaloliero JBurartesis. IJTO HACOC KOMIIPECCOPA Hayvasl
OuYepEeTHON UK PAOOThHI:

CKUMAETCS Ta3, HaXOSIIUICS BO BHEITHEM TEMJI00OMEHHUKE, U
€ro [IaBJIEHNE U TEMIIepaTypa yBeJINYHBAIOTCS;

JIBUTAsICHh 0 BHEITHEMY TEIIOOOMEHHUKY, T'a3 OCTBIBAET, HArpe-
Bas BO3AYX B KOMHATeE;

HaKOHeIl, TeMIlepaTrypa rasa MajaeT HAaCTOJbKO, YTO YacTb Tasa
KOH/ICHCUPYETCS B JKHUJIKOCTD;

BBICOKOE [IaBJICHUE Tepe][ KJANAaHOM BbIOPLISTUBAET KaleJbKU
SKUJIKOTO XJIAJIarCHTa B CEKIMIO TEIJIOOOMEHHUKA, HAaXOSIIYIOCS
110/ HU3KHUM JIaBJIEHUEM, T/le XJIaJ[areHT HAYMHAeT KUIIEeTb, UCIapsi-
SICh ¥ TIOHMXKAS TEeMITePaTypy XOJOIUIBHON KaMephl.

XonomuapbHuK JiHMTEHA. B KOMIIPECCHOHHOM XOJIOUIbHUKE
BCET/Ia €CTb 3JIEKTPOIBUTATEIb, IBUXKYIIUECS YACTH KOTOPOTO SIBJISI-
I0TCS MCTOYHUKOM IIyMa U 3HAYUTEJIHHO YMEHbBIIAIOT HAJEKHOCTD
ero pa6otbl. VIHTepecHO, YTO Y UCTOKOB CO3/IaHMS XOJIOIUJIHHITKOB,
He COIep KaINX MO/BIKHDBIX YacTel, CTOSJIN /1Ba M3BECTHDBIX (DU3N-
ka — Asp6Gepr ditnmmreitn u Jleo Crmapa. B 20-x rogax mporiioro
BeKa OHU MPE/JIOKNIN CPa3y HECKOIbKO TUIOB TAKNX XOJIOAUIbHNU-
koB (0MH U3 HUX M306paxeH Ha pucynke 76). [IpuaymMaTb HOBbI
TUI JOMAITHEero XOJOAWJbHUKA OJWHIITeiiHa TO6yAnIa CTaTbhs B
raseTe, T/l¢ PACCKA3bIBAJOCD, KaK GOJIbINAS CeMbsl yMepJia OT OTpaB-
JICHWST aMMHUAKOM, KOTOPBIH BBITEK M3 HEMCIIPABHOTO KOMIPECCHOH-
HOTO XOJIOAiMJbHUKA. J[Ba MX marTeHTa ObLIM KyIJeHbl (PUPMOI
«IJIEKTPOJIOKC» , KOTOPAd JI0 CUX TIOP MPOMU3BONT XOJOJANIbHUKNA.

Puc. 76. Cxema 001020 U3 X02100U1b-
HUK08, npedaosxennvlx A. diinwmeri-
nom u JI. Cyunapdom. C nomouwpio
sodocmpyiinozo nacoca 6 xoabe 1 co-
30aemcs Oasaenue menvule AMMOC-
¢epnozo. B pesyavmame xuoxuii me-
mamnon u3 3 nodnumaemcs no mpyo-
Ke 4 u ucnapsemcs, NOHUKAS meMne-
pamypy 6030yxa 6 2, credcmeaue uezo
oxaaxoaemces Kowmeinep 5, z0e mMo-
JKem, HanpuMep, Haxoo0umvbCs, MOpoKe-
Hoe. /lanvuie mMemanon emecme ¢ 60-
dotl cmvieaemes 6 6000npPo600 ¢ NO-
MOUBIO 8MMOPOZO B00OCMPYIUHOZ0 HA-
coca 6
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K cosxanennio, mpuxo/ K BJa-
cT (hammcToB, a MOTOM BTO-
pas MUpPOBas BOWHA TTOMETIAN
BOILJIOIIEHWIO ATUX IPOEKTOB,
TaK Kak JWHIITEHH SMUTPHUPO-
Ban B CIIA, a Coumapa — B
Anramio.

CaMmblii IPpUMHUTHBHBI XO-
JoauabHUK. OTHUM U3 CaMbIX
MPOCTBIX U HAJEKHBIX XOJIO-
JUTBHUKOB, KOTODPBIN 10 CUX
TTOp WCTIOb3YeTCsS KOPEHHDBIM
HacesJenneM apUKAHCKUX TTy-
CTBIHD, SBJISACTCS MTapa BJIOXKEH-
HDBIX JIPYT B JIpyTa TJUHSHBIX
ropuikos (puc.77). IIpocrpan-

. CTBO MEX/Iy TOPIIKaMU 3aI10J-
Puc. 77. ITpumumusHvlii X0100UNHUK, Ay TOp
cocmosuuii us deyx eaumnamvix zopu-  ACTCA MOKPDIM IECKOM, a BJIa-

K06 C 6AAKNBIM NeCKoM MexOy numy T, MCIUICHHO NCHApAACh, OX-
JTKIAET BHYTPEHHUI TOPIIOK,

3aI0JIHEHHDII, HarpuMep, oBoiamu. Vcroab3oBanne Takoro XoJo-
JIMJIBHUKA TI03BOJISIET B HECKOJIBKO pa3 TPOJUTH CPOK XPaHEHUs
OBOIIIEH.

Kpuounuka — gopora k 6eccmepruo. Kpuonuka, T.e. HayKa O
cOXpaHeHun OGHOJIOTHYECKUX OOBEKTOB IyTEM MX 3aMOPO3KH, OTHO-
CUTEJIbHO MOJIO/Ia, el Het eie u S50 JieT. YdeHble CYUTAIOT, YTO MPH
HU3KUX TeMIIEpaTypax TeJO IO/BEPIKEHO JIUIIb HE3HAYUTETbHBIM
U3MEHEHUSIM U TI03TOMY MOKET COXPAHSTbCS HEONIPE/IEJICHHO JI0JITOe
Bpems. Toraa ske mosBUIach n (paHTaCTIHYECKAS Ul 3aMOPaKIBATD
Tesla HEW3JeunMo OOJIbHBIX JI0 CBEPXHU3KUX TeMIIepaTyp, 4ToObl
OKUBUTb UX B Gy/yIlleM, KOT/la MEAUIIHA OCBOUT GoJiee JeiCTBEH-
Hble MeTo/bl Jedenusi. Vgest 6picTpo oBiajzesia Maccamu. [lpustho
CO3HABATh, YTO y TeOs €CTb HAaJeXK[a, TeM 6oJiee YTO HAyYHbIE U
NCeBIOHAyYHbIe Ty6aMKaImy, danracTuyeckue (UIbMbI M KHUTH
3Ty HACXK/IY MOCTOSHHO ITTO/IOTPEBATOT.

Bce mporieccsl B opramsMe — 3TO depefia OTPOMHOTO YHCTA
CBSI3AHHBIX MEX/Ly cO60i XuMudyecknx peakimii. [loHmkenne reme-
paTypbl 3aMe/lIsleT CKOPOCTb TENJIOBOTO JIBUKEHUSI MOJIEKYJ U
nuddysuio, B pe3yJibTare 4ero MOHIKAETCS U CKOPOCTb BCEX XMMU-
yecKUX peaknuii. [1oaToMy TIpu MOHMKEHWH TEeMIIEPaTyphl Tejia Ha
kaxpie 10 °C MHTEHCHBHOCTD (PU3MOMOTHYECKIX MPOIIECCOB TaaeT
HACTOJBKO, YTO TOTPe6IeHNe KUCTOPOIa KITBOTHBIMI YMEHBITACTCS
B 2—3 pa3a.
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KoBapubie kpucraist Jpga. MHorue >KUBOTHbIE BEJNKOJEITHO
epeHocsT 3aMopo3Ky. Oco6eHHO THUM CJIABITCST XOJOAHOKPOBHbIE!
TPUTOHBI, JIATYIIKA U PbIGBI MOTYT GBITH TIOMEIIEHBI B JIE][, COXPaHe-
HBI B T€YEHIE HEKOTOPOTO BPEMEHH, PA3MOPOYKEHbI — U JIasKe TOCJe
TAKOU MPOIeypbl OHM GyIyT YyBCTBOBaTh ceOsl BEJUKOJEITHO.
HekoTopbie TEMJIOKPOBHbBIE CYIIECTBA TAKKE CHOCOGHBI TIEPEHOCUTD
XOJIOJ, BIajias B JJUTebHYIO ciistuky. Ho ¢ ux 3amopaskubanuem
nena obcrosit Topasdno cuaosknee. Camasi GOJbINAst OMACHOCTD B
3aMOPO3Ke TEIJIOKPOBHBIX COCTOUT B TOM, YTO TIPH TEMIIEPATypPe
HUJKe HYJIST BOJa BHYTPU KJIETOK MTPEBPAIIAETCS B KPUCTAJJIBI JIb/[A
u paspbiBaeT TKauu. [[JIs1 IPEAOTBPAIEHNsT 9TOTO BO BPEMS OXJIAXK-
JIEHUST MOJKHO TIPUMEHSITH CIIEIUaIbHbIe BEIIECTBA — KPUOIIPOTEKTO-
PbI, KOTOPbIE TIOHMUIKAIOT TEMIIEPATYPY 3aMEP3aHUs BO/bI U TI0ITOMY
MIPEISITCTBYIOT 06PA30BAHUIO KPHCTAJIIOB.

Caunepun — JeKapcTBO OT 3aMep3aHUs Yy HACEKOMBIX H
agrymek. J/[aBHO M3BECTHO, YTO TJHMIEPUH PEIOXPAHSIET JKUBbIE
OpraHu3Mbl OT TIOBPEXKEHHS TIPU 3aMOPAKUBAHUU. [JMiepuH B
BBICOKOII KOHLIEHTpaIiu coaepykutes B remosumde (KpoBu) Haceko-
MbBIX, M C 3TUM CBSI3BIBAIOT X CIIOCOOHOCTH BBIKMBATH 1TPH HU3KUX
temreparypax. Tak, y OCbl K HACTYILJIEHUIO 3MMbI KOHIIEHTPAIHS
[JIMIEPUHA  COCTABJISIET OKOJIO 3% BCETO JKHUJIKOTO COJIEPIKUMOTO
3TOTO HACEKOMOro. B pesysbrare temiiepaTypa 3aMep3aHusi TeMo-
uMcbI ochl cHIKaercs g0 —17,5 °C.

CBoiicTBO rimieprta GbiTh XOPOHIUM KPUOITPOTEKTOPOM TIHPOKO
HCTIOJIb3YETCsT B Ouosiorun u Mejnine. VI3BecTHO, 4TO 9PUTPOIUTDHI
(KpacHbIe KJIETKM KPOBHM) MOMKHO MHOTO MECSIEB XPaHUTh 0e3
MOBPEIK/IEHUST B 3aMOPOJKEHHOM COCTOSIHWUMU, €CJIA MPEABAPUTETHHO
MOrpy3uTh ux B ruuiieput. C MOMOIIBIO TJHUIEPHHA MOXKHO 3aMOpa-
JKMBATD JIaske 1EeJbIX JKUBOTHBIX. Tak, y 3aMOPOKEHHBIX /[0 TeMIie-
patypsl =14 °C XOMSAKOB, B KPOBb KOTOPBIX OBLT M00aBJIEH TJIHIIE-
PHH, ucYe3au Bce npusHaky skusnu (Abixanue, cepuebuenue), u
OHU CTAaHOBUJIMCH COBEPINEHHO TBepAbIMU. OHAKO TPOOBIB B TAKOM
COCTOSTHMU OKOJIO Yaca, OHU OTTAMBAJIU W BO3BPAIIAIUCH K SKU3HU.

MrHoBeHHasi 3aMOPO3Ka — YHHBEPCAJbHBIA KPHOMPOTEKTOP.
OxJIa/uTh /10 OYeHb HU3KUX TEMIIEpATyp U He JaTb 06pa30BaThCS
KPUCTAJLJIAM JIbJIa MOJKHO JIa’Ke TOT/Ia, KOT/Ja He YAaeTcsi OKPYIKUTh
BCE KJIETKU TJIMIEPUHOM. [lJIsi 9TOro HY)KHO PE3KO 3aMe/l/TUTh
muddysuio — Besib TOJbKO auddy3ust MOJEKYJT BOIbI TOMOTAET UM
COEJINHUTBCST B KPUCTAJLIBI JibJia. 1109TOMY ecsii 04eHb PE3KO I0-
HU3UTH TEMIIEPATYPY BOJIbI, TO €€ MOJIEKYJIbl 3aCTHIHYT HA MeCTe,
Tak ¥ He 00pa3oBaB KpHCTAIoB. Boja mpm Takoii 3amMoposke
[peBpaTUTCs B cTekJoBujaHOoe Teso. [leficTBurenbho, ObLIO ycTa-
HOBJIEHO, UTO TIPU 3aMOPO3Ke co ckopocThio 1—10 °C B cexyHmy —
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cpasy Ha BCIO IJIyGUHY Tesla — MOJKHO OGOUTHCH U 6e3 KPUOIIPOTEK-
TOPOB.

A ecou yBeanmuutp nasiaenue? Enie B 1960-e rompr Gblia
Mpe/IJIo’KeHa ¥/iest UCTIOIb30BaTh /ISl YIIPABJICHHS KPUCTAJLIN3aIU-
eii BObI BbICOKOE jaBjieHue. Vjess sTa ocHOBaHA Ha IOHMKEHUU
TeMIepaTypbl (a3oBOro mepexoja «BoJAa — Je[» TIPU MOBBIMICHUN
nasienns. Tax, mampumep, mpu gaBiaennn 2045 aT™ TeMmeparypa
KPHUCTAJIM3AIUN YUCTOI BOABI cocTaBsger —22 °C, a 3HA4uT, Opu
TaKOM /JIaB/JIeHIU BOLY MOKHO OXJIaXK1aTh, Harnpumep, 10 —20 °C, He
6051Ch, YTO 06PA3YIOTCS KPUCTAJLIBI JIb/A.

JlaBJieH1Ee OKOJIO 2 TBIC. aTM C YCIIEXOM HCIOJIb3YEeTCs ceifuac mpu
3aMOPaKMBAHUY TIPOJYKTOB B IHUIIEBOIl IpoMbliieHnHocTd. [Ipu
3TOM TOCJIE J0JITOTO XPAaHEHUs TPU MAaKCUMAJIbHO HU3KOW TeMITepa-
Type BKYC 3aMOPOKEHHOTO MPOAYKTA IOYTH HE OTJUYAETCS OT
CBEXKEro, Tak Kak MpH 3aMOPO3Ke KPHUCTAJLIbI Jibjla He 06pa3oBbiBa-
JINCH, & 3HAYWT, HE ObLTH PA3PYIIEHBI KICTKHU.

K coxxasienuio, MeTosr ObICTPOI 3aMOPO3KH, MCIIOJb30BAHUE BbI-
COKOTO JIaBJIEHUS] U [IPYTHUE TIONBITKH 9KCTPANIOJUPOBATD [IPHHIIUITBI
3aMOPAKUBAHUST €/Ibl MJIN XOMSKOB U JISATYIIEK Ha 6oJiee KPYIHbIX
JKUBOTHBIX MTOKA He MPUBEJH K JKeJaeMoMy pedyJabrary. /o macro-
SIIIIET0 BPEMEHHU €I1le He CYIIECTBYET CII0CO60B, TIO3BOJISIONIIX 3aMO-
PO3UTb U Pa3MOPO3UTh, He MOBPEINB €ro, Jaske OT/eJbHbIN Opra,
HE TOBOPS y»Ke 0 YesioBeKe B 1iesioM. OHAKO MMeEIoNIecs JaHHbIe
BIIOJIHE TIO3BOJISIIOT HAJESATbCSI HA TO, 4TO (DaHTACTHYECKUE WUJIEN
CMOTYT CTaTh PeajibHOCTBIO.



[TABA 12

YTO OBLUEro MEXAY 4yaAoMm
CB. AHYAPUSA U BYPOBbIM PACTBOPOM?

B aroit rnaBe peub TONET O BSI3KOCTU SKUIKUX
cycriensuii. BepHee, 0o ToM, KaK OHAa M3MEHSIETCS.

Baskoctp (1M BHyTpeHHee TPeHHe ). JTO CBOMCTBO JKUIKOCTEN
XapaKTepHu3yeT COMPOTHBJICHNE, KOTOPOEe OHM OKAa3bIBAIOT IIPH Tede-
Hun. BeH3wH, Bofa M MOJIOKO — OTHOCUTETBHO KUJIKUE, OHW TEKYT
Jiyuriie, yeM 6oJiee BSI3KUE KUJKOCTH, TAKMe KaK M€, KeT4yI WJIH
cMeTaHa. 3HaueHue BS3KOCTH T| MOXKHO OIIPENEJUTh, H3MEpPSss
TOPU30HTAJbHYI0 CUIy F, KOTOpyI0 HEOOXOIMMO TIPUJIOKUTD K
ILTACTHHKE TIIOMA/(bi0 S, IIaBaolleil Ha TOHKOM CJIOe SKUIKOCTH

TOJIIUHON /2, 4TOOBI OHA JBUTAJIACD SKudxocmy  Tlidemurka

co ckopocrpio v (puc.78). B coor-
i Vos b F
BeTcTBUU ¢ (POPMYJIOIL, TIPE/JIOMKEH- 5 1 —
Hoil eme HproToHOM, T Cmon
F/S
= v/_h’ Puc. 78. Onwm Oas onpedene-
HUSL 8A3KOCTNU 2KUOKOCMU

T/le BBIpQ)KEHNE B UYNCIUTENe HA3BI-
BAIOT HAIPSDKEHUEM CIBUTA, & B 3HAMEHATEJIe — CKOPOCTBIO C/BHTA.
B epunuiiax CU Bszxoctb uamepsiercst B Ila - ¢, a B equnuiax CI'C
—pnyasax (0,1 ITa - ¢ ). B rabauue 8 npuBe/ieHbl 3HAYCHUS BA3KOCTH
PA3JIMIHBIX JKUIKOCTEN.

Kak mpaBwyio, 1 0cOOGEHHO /JIsT OPTaHMYECKUX BEIIECTB, BA3ZKOCTH

Tabauya 8

BsskocTd pasaM4HBIX JKHAKOCTEH

Kuakoctnb EH;;;;;; Kuakoctnb EH;;;;;;

AreToH 0,003 Tmanepwa 15

bensun 0,006 Men 100

Boga 0,01 Ketuyn 500

Crupt 0,012 Topuntia 700

PryTp 0,016 Cmerana 1000

Monoko 0,03 Cypryu 100000000000

MarmmaHOe 17

MacJsao
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pacTeT ¢ BO3pacTaHmeM OTHOCUTEIbHON MOJEKYIIpHOI Macchl. Bas-
KOCTb TaK’K€ YBEIMYMBACTCSA, KOT/Ia MEXAY YaCTUI[AMM O KIJIKIX
CyCIIEH3U WU MEK/y MAKPOMOJIEKY IAMU BOBHUKAIOT CBSI3U, IPUBO-
JISIMe K BOSHUKHOBEHHIO TTPOCTPAHCTBEHHBIX CTPYKTYp. [loaTtomy
BSI3KOCTD TaKUX JKUJIKOCTEH HA3bIBAIOT CTPYKTYPHOH BI3KOCTDBIO, a ee
BEJIMYMHA 3aBUCHT OT YCJOBUI TeueHnst — 0ObIYHO OHA YMEHbBIIAETCS
C POCTOM CKOPOCTH C/[BUTA.

VIMeHHO 3aBHCHMOCTD BSI3KOCTH KPACKM OT CKOPOCTH CJIBUTA
(puc.79) moMoraer HAHOCUTD ee, HAIIpUMeP, Ha creHy. Koraa kpacky
He nepememuBaioT (CKOPOCTb CABUTa PaBHA HYJIO), € BA3KOCTH

OYCHD BBICOKA. DTO 3HAYNT, YTO

]

5 IPH XpaHeHN} KPacka MpaKTh-
=100 YecKH He paccaamBaeTcsl Ha
g 10 KpacUTeab U PACTBOPUTED.
g 1 Kor/ia MblI BbIHEMAeM KUCTDb U3
§ 0,1 . . . Ganku c Kpackoii u ge1aeM 910
a2 0,01 1 100 1000’0 JIOCTAaTOYHO MeIeHHo (CKo-

Cropocmov cOeuzd, ¢ ' pocTh ciBura Membire 1 c'),
TO Ha KACTH OCTAeTCs JOBOJIHHO
MHOTO KPacKW, TaK KaK Bs3-
KOCTb €€ ellle JOCTATOYHO BbI-
coka. KocHyBIIUCh KUCTBIO C
KPACKOW CTeHbI, MbI HAUMHAEM WHTEHCUBHO [[BUTATD €10 U3 CTOPOHBI
B cTopony (CKOpPOCTb C/IBUTa JIeXHT B uuTepsase ot 100 10 1000 ¢),
yMEeHbBITIas 3THM BI3KOCTb KPACKH B COTHM pa3. B peaysbTare Kpacka
CTAaHOBUTCA KUIKOM, CTEKaeT ¢ KUCTU U PACTEKACTCS TOHKUM CJI0eM
10 MOBEPXHOCTU cTeHbl. HO cpasy mocse Toro Kak Mbl IiepectaeM
«JlepraTby 3TOT CJIOW KPACKU M HAYMHAEM KPAaCHUTb COCEIHUIl ydac-
TOK, BSI3KOCTD TOJIbKO YTO HAHECEHHOTO CJIOSI KPACKH YBEJINYNBACTCS.
Ecuin 61 3TOr0 HE MPOMCXO/INJIO, TO KPAcKa, Kak BoJa, cTeKkasa Obl
co credpl. TakmM 06pasoM, 3aBUCHMOCTb BSA3KOCTH KPACKU OT
CKOPOCTH C/IBUTA CJIYKHUT ee BayKHEHIel XapaKTepUCTUKOM, orpe/ie-
JISTIONIE TeXHOJIOTUIO KpatieHusi. To jke OTHOCUTCS U K KOCMeTUJec-
KUM KpeMaM, U3MeHEeHUe BS3KOCTH KOTOPBIX B ITMPOKOM /IHANIA30HEe
CKOPOCTEll c/IBUTA SBJISETCS TTOKa3aTeseM UX KadecTBa.

Casroii Bemkomyuenuk Sluyapuii. DT10T HEGECHBII MOKPOBH-
tesib Heanosist Gbiit kasHen sisprannkamu B Havase IV Beka. C tex
[Op €ro 3ameKIasicsi KPOBb XPAHUTCS B CHEIHUATIbHOM COCY/IE.
[TepBble ynioMuHaHUS O COCYy/ie ¢ KPOBBIO CB. SIHyapus 1 CBSI3aHHOM
¢ aToil pesukBueil uyje orHocATca kK XIV Beky. Uyzo cBgToro
Anyapus 3a peAIKUMH NCKITIOYCHUSMHI TTPOSIBJSET ceOs1 Ha TPOTSKe-
nnn 600 mTocseHNX JIeT W MpeACTaBisieT co0Oi TamHCTBEHHOE
TIpeBpalieHne Ha KOPOTKOEe BPEMs 3alleKIneiics KPOBH CBATOTO B
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6arpsIHyIo JKUAKOCTD Ha TJIa3aX y BCeX MPUCYTCTBYOMUX. Tpu pasa
B rojl — B Mae, ceHTsi6pe u jekabpe — HearoJMTaHIIbl CTEKAIOTCS B
rOPO/ICKOI co6op, 4ToObI CcTaTh CBUAETEassMU uyaa. B armocdepe,
OJIU3KON K WMCTEPUH, apPXMEIMCKOI JIEMOHCTPUPYET CTEKJISTHHBIN
COCY/I, COJIEPsKAIINI 3aCOXIIYIO KPOBb CB. SIHYyapusi, MOTOM HAuYMHA-
€T ero BCTPSIXMBAThb M, HAKOHEI[, OGBSIBJSET, YTO KPOBb CTaja
KUAKON mm octamack sacoxmmeit (puc.80). [locmeanee mponcxoan-
JIO CAUTAHHBIE PA3bl U BCET/IA PACCMATPUBAIOCH KaK MPeI3HAMEHOBA-
Hue 6e/ibl — HAIpUMep, 4yMbl 1527 roga (ecaTky ThiCSY yMepPIInX )
nm semyerpscenns B [Oxnoit Mrammu 1980 roza (tpu Thicsaun
SKEPTB).

Puc. 80. B oxudanuu uyoa ce. Anyapus

Ecin B cocy/ie AeiicTBUTENbHO HAXOAUTCS KPOBD CB. SIHyapust, TO
CITOHTaHHO TEePeNTn 13 TBepAoro (BameKmerocs) COCTOSHUS B JKU/I-
Koe oHa He Moxker. He IOMOKET 3TOMYy M BCTpsiXuBaHue. ECTb,
OJIHAKO, WEJIbIH KJACC BEHIECTB, BA3KOCTh KOTOPBIX YMEHBIIAETCS
MHOTJa B THICAYM Pa3 NPU BCTPAXHMBAHUKM MJIM TIE€PEMEIIMBAHUM.
[Tosromy yuenbie u3 VTaabsgHCKOI accolualny 3y4YeHus apaHop-
MaJIbHBIX SIBJEHUH YTBEPIKAAIOT, YTO B Yallle, [I0-BUAUMOMY, COJEP-
SKUTCS KOJTOMAHBIA pacTBOp ruapookucn xenesza FeO(OH), koro-
pbIil BHEIIHE HANOMMHAET KPOBb, OYYyYM TEMHO-KOPHYHEBBIM U
HOYTH TBEPABIM I'eJIEM, HO CTOUT €r0 HOTPSCTU, U OH PA3IKUIKAETCS.
Takue KuAKHE CMECH HA3bIBAIOT TUKCOTPOITHBIMH.

Tuxcorponusi. dror tepmun (ot rpeu. thixis — npukocHoBenune
U tropé — 1OBOPOT, U3MEHEHHE) OIKMCBIBAIOT CIOCOOHOCTH reJieii,
IIaCT 1N KUJAKHUX CyCHeHBHI‘P’I yMeHbH_IaTb BA3KOCTDH IIpU IIepeMeInBa-
HUM MW BCTPAXMBAHUU M BO3BPANIAThCS K MEPBOHAYAIBHON BsI3-
KOCTH B COCTOSIHMM HOKOS, KOIJ|d 3aKaHYMBAECTCA MEXaHHYECKOE
BosaeiictBue. Kak npaBuio, THKCOTPOIHBIMU SABJISIOTCA Keae00-
pasHbIe HKUAKOCTH, COCTOAIIME M3 KPYIIHBIX M HUTEBUHBIX MOJIE-
KyJl M [O3TOMY HMMEIOIIUe O4eHb GOJIbIIYIO BSI3KOCTh. BeTpsaxusa-
HUE YMEHbILIAET BS3KOCTb THUKCOTPOIIHON KUAKOCTH, TaK Kak OHO
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pa3phIBaeT MeKMOJIEKYIApHbIe (BOJOPOIHbBIE) CBA3H MEXKIY €€
MOJIEKYJIAMU MJIM MUKPOYACTUIAMH, /1aBasi BO3MOKHOCTb COCE/HUM
CJIOSIM JKUJIKOCTH JIBUTATbCSI CBOOO/IHEE OTHOCHTEIBHO APYT APYTa.

BypoBble pacTBOPbBI IOJCKHBI OBITH THKCOTPONHbIMHU. [Ipu
6ypeHNN CKBAKUHBI YACTHU ITOPO/IbI, Pa3pyIIEHHON 10JI0TOM, HE0OXO0-
JINIMO TIOJHATH Ha TIOBEPXHOCTD. [[J1 3TOTO TI0 KOJIOHHE 6y PHUIbHBIX
Tpy6 B CKBAKWHY 3aKauWBaioT GypoBoi pactBop (IpOMBIBOUHAsS
JKUAKOCTh WM OypPOBOM IIJIaM), T/E OH TMOAXBATBHIBAET YACTHUIIBI
MOpOJAbI U BBIHOCUT MX Ha nosepxuoctb (puc.81). Bonee Baskuii
PacTBOP BBbIHECET HA MTOBEPXHOCTH 6OJIbIIE B3BEIIICH-
HBIX B HEM BBIGYPEHHBIX YacTHIl TOpoabl. Ho mis
3aKauMBaHU BI3KUX JKIIKOCTEl TpeGyeTcst Goibliiee
JIaBJIeHNe, a 9TO JOTOJTHUTE/bHbIE U3HOC U TOJIOMKH
B GypoBOM 060PY/I0BaHUM.

Cro sier Hazaj GypoBOil PacTBOP IPECTABJISLI
co60ii cMeCh TJIMHBI U BOJBI, ¥ YACTO, [IJIS TOTO YTOGBI
ciesath ero, pa6oyre BBITYCKAJN CTAJ0 KOPOB B
T Kapbep, 3aroJIHeHHbINH BO/IOH. ['psi3b, KoTopas ocra-

BaJIACh TI0CJIE CTA/Ia, MOTOM 3aKauynBaju B GYPOBYIO
ckBaxkuny. Ceiiuac nHkeHepb! GOJIbIIIE He [0JIATal0T-
Cs1 TOJIbKO Ha BOJY, TJIMHY 1 KOPOB. BMecTo aToro onu
TIIATEIbHO Pa3pabaTbIBAIOT COCTABBI U CMECH, KOTO-
T T pbIe COOTBETCTBOBAIHN GBI OTIPEIeIeHHBIM TPeOOBaHN-

SIM TIPH PA3JNYHBIX ycaoBuaX 6ypenns. CoBpeMeH-
Hble OyPOBbIE PACTBOPBI — 9TO KPOBb CKBAYKUHbI, 6€3
KOTOPOIi COBpeMeHHbIe ITyGOKHe CKBAKMHDI HE MOTY T
CYIIIECTBOBATD.

Puc. 81. [su- [upkyasiinss 6ypoBOTO PAacTBOpa B CKBasKHMHE
Kenue 6yposo-  yyorpa MpePBIBAETCSI. IJTO MOKET IPOUBOUTH IO
&0 pacmeopd. pany NPUYMH, B TOM YKCJE M IIPU IIAHOBOM TIO/[HSI-
THM Ha TTOBEPXHOCTb KOJOHHDBI OYPUJIBHBIX TPYO J1JIst
3aMeHbl Josiota. [Ipu OTCyTCTBUM HUPKYJISIUU PACTBOPA YaCTH
MOPO/IbI, OTCJIOUBIIECS OT CTEHOK B IIpoiiecce OypeHusi, MOTyT
oceZlaTb Ha JIHO IMAXThl CKBAXKUHBI M CO3/1aBaTh MPOOKM, KOTOPbIE
CIoCcOGHBI BBI3BATD PSIJ] CePhe3HBIX TpobieM. CytecTBYIOT 6ypoOBbIe
PACTBOPBI, TEXHOJOTHYECKUE CBOICTBA KOTOPBIX IIPEJOTBPAIIAIOT
o0pa3oBaHie 0ca/Ka BbIOYPEHHON 1opo/ibl. [Ipu yMeHbiienun cko-
POCTH TIEPEBIKEHNUST BI3KOCTD 9TUX PACTBOPOB YBEJINYNBACTCS, OHU
MPEBPAIAIOTCS B T€JIb, KOTOPBI CIIOCOOEH YAEPKUBATH YACTHIIBI BO
B3BEIIEHHOM COCTOSTHUHU. Kor/1a pacTBOp BHOBb HAUMHAET JBUTATHCS,
€r0 TIIOTHOCTD W BSA3KOCTb 3HAUMTENIBHO YMEHbIMAroTcsA. Takmm
06pa3oM, GypoBble PacTBOPbHI JAOJIKHBI ObITh TUKCOTPOITHBIMH.




MMABA 13

KAK CMOTPETb CKBO3b CTEHY?

MbI IPUBBIKJIHM K TOMY, YTO MHOTHE TeJIa Helpo3pad-
Hbl. V3-3a cBoeil Hu3K0i aHeprun (DOTOHBI BUAMMOTO CBETa He MOTYT
MPOPBATLCSI BHYTPb TEJ M «OCBETUTb WX U3HYTpu». Kpome TOro,
JUHBL BoJIH Buammoro csera (400-700 um) ropasmo GoJblie
MIPOMEKYTKOB MK /1y aToMaMu. [109TOMY TOIBKO HCIIONb3Y sl U3JTyde-
HIUe ¢ OYeHb KOPOTKOH [IJTITHOI BOJHBI, MOKHO C/IeIaTh HEIpo3pay-
HbIe TeJsia Mpo3pavynbiMiu. Takoe ussyudenne 6bL10 OTKPbITO 6ostee 110
JIeT TOMY Ha3ag.

Peurren — nepsbiii aypear HoGesneBckoil npemun. B 1895
rogy HeMmerkuii dusuk Busbrenibm PeHTreH OTKPBLT HEM3BECTHDIE
panee jyun (X-1yun), NpOHUKAIOINE YePe3 HEIPoO3pavHble perpa-
nor. Coob6rienne PeHTreHa BBI3BAJIO OTPOMHBIN MHTEPEC, U MEIUKH
Cpasy OCO3HA/IM 3HaueHHe PEHTIEHOBCKOro uajydenuss (Kak ero
Terepb Ha3bIBalOT) s anarHocTukn. Ha Bpems X-nmyum cranm
ceHcanuell, 0 KOTOPOW pacTpyOWIu 1O BCEMY MHUPY Ta3eTbl U
skypHasbl. B 1901 rogy Penrren cran nepsbim jaypearom HoGesesc-
Kol mpeMun 1o (pusuKe, XOTs1 06 UICTUHHOI Tpupoje X-ydeil 6bL10
U3BECTHO OYeHb Maso. IIpum BpydeHnn mpeMun 6bLIO CKa3aHO, UTO
«HET COMHEHUST B TOM, CKOJIb OOJIBIIIOTO ycriexa JocTurHer dpusndec-
Kasl HayKa, KOTJia aTa HeBejoMas paHbiie gopma sHepruu Oyjer
JIOCTATOYHO uccegoBanas . [lonagobuaocs okoso 10 et ast 06bsic-
HEHUSI BOJTHOBOU HPUPOAbI X-jiyuell, a BIIOC/IEACTBUN 32 PabOThI B
06J1aCTH PEHTTEHOBCKUX JIy4eil O6bLI0 MpUCy:kaeHo emie ceMb Hobe-
JIEBCKUX TipeMmii. Kpome TOro, PEHTTEHOBCKHUM JiydyaM OOS3aHbBI
TaKWe BEJMKNE OTKPBITHSA, KaK pacumdpoBKa CTPYKTYPBI MOJEKYJT
reMorio6uHa, Ae30Kcupubonykaennosoit kucaorsl (JIHK) n Gen-
KOB, OTBeTCTBEeHHBIX 3a (porocuntes (Hobenesckue mpemun 1962 r.
u 1988 r.).

«BsInure MHe HEeMHOTO JIy4eil B KOHBepre»>. Uepes 1o/ mocJie
OTKpbITHST PenTreHoM X-jyueil oH MOJIy4YnJI MUCbMO OT aHTJINHACKOIO
Mopska: «Cap, co BpeMeH BOIWHBI Y MCHS B TPY/N 3aCTpsiJia MyJIsl, HO
ee HUKaK He MOTYT YAAJNTb, TTOCKOJbKY ee He BuAHO. U BoOT, 4
YCJIBIIAJ, 9YTO BbI HAIIM Jydn, yepe3 KOTOpbIe MO0 IMYJI0 MOYKHO
yBuzietb. Eciau 9T0 BO3MOXKHO, BBINLJIUTE MHE HEMHOTO JIyyeil B
KOHBEpTE, JOKTOpa HAWAYT IyJi0, U S BIILTIO Bam jyun Hasams.
Ortset Pentrena 611 ciaeayonmM: «B qaHHBIIT MOMEHT S He pacro-
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Jlarato TakuM KosmgecTBoM Jydeii. Ho ecaim Bam neTpy/amo, BoiTeTe
MHE CBOIO IPYAHYIO KJIETKY, g Haiiy IIyJiio u oronnmo BaM rpyaHyio
KJIETKY Ha3aj».

Yro takoe X-myuu? Pentrenonckas tpyOka (puc.82) — sro
CTEKJISTHHAS K062, U3 KOTOPOil OTKaYaH BO3/YyX /10 IaBJICHUS MeHee

O O O

U U

K a
Puc. 82. Cxemamuueckoe uzobpaxenue penmezenosckot mpyoxu. Cmpe.-
Kl 68 NPAsoil 4acmu PUCYHKA NOKA3bI6Am meuenue 600bl, 0X1dKIaOUel
anod

0,1 ITa. B tpy6ke naxosrcst as1eKTpo/ibl — kaTox K u anon A, Mex Iy
KOTOPBIMH ITPHJIOKEHO MOCTOSTHHOE Hanpsikenue U, , pasHoe oT 1 10
10000 xkB. JsekTponbI, BblIE€TAOININE N3 PACKAJEHHON HUTH KaTO/1a,
PA3TOHSIIOTCS IO/ AEWCTBUEM 3JIEKTPUUYECKOTO TTOJIST U TIOMAJAi0T Ha
anoz. [Ipu aTOM 2JIEKTPOH, CTOJIKHYBIIUNCS C AaTOMOM TIOBEPXHOCTH
aHO/1a, MOKET ObITb JINGO OTKJIOHEH €ro SIZIPOM TaK, KaK U3MeHseT
TPAEKTOPUI0 KOMETbl NpUTskeHue Omskaiimeil maaners: (puc.83,
cyeBa), 60 BBIMGAET OJMH 13 3JEKTPOHOB BHYTPEHHEH 000J0UKH
aroma, nonusys ero (puc.83, crnpasa).

B niepBomM cJryuae 3ame/iieHe 9J1eKTPOHA TIPUBO/IUT K U3JIYIEHHIO
(oroHa pEeHTreHOBCKOTO N3JIyYeHust, IJIHHA BOJHBI KOTOPOTO MOKET
aexats B ananasone ot 0,01 go 10 M (HenmpepbIBHBIH CIIEKTp).
MHTEeHCUBHOCTD TAKOrO U3JIYYEHUS IPOMOPIMOHATIbHA ATOMHOMY
Homepy (3apsamy sapa Z) XUMHYECKOrO 3J€MeHTa, M3 KOTOPOro
caenan anox. UeM BbIle HOMEp 3JieMEHTa, TeM CHUJIbHEE €Tro S/po
MOJKET 3aTOPMO3UTH JIETSIIUN 3JIEKTPOH 1 TeM GOJIbIIell sHeprueit
Oyzier o6Jasath (POTOH PEHTreHOBCKOro uaaydenus. Hy u koneuno,
yeM OOJIbIlIee HANPSDKEHHUE PUIOKEHO MEX/IY KaTO[0M U aHOAOM
PEHTIeHOBCKOI TPyOKU, TeM O6O0JIbllle MOIIHOCTb PEHTTEHOBCKIX
ayueit. IIpu aTOM € POCTOM HANPSKEHUS MUHUMAJbHAS JJTMHA
BOJTHBI PEHTTEHOBCKOTO (DOTOHA YMEHDIITACTCS.

Bo BTOpOM ciy4ae, Korza IMocJie CTOJKHOBEHHS C 3JEKTPOHOM
aATOM HOHH3YEeTCs, MEeCTO BBIOHTOrO 2JIEKTPOHA CPa3y 3aHUMAET
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Puc. 83. Zlea MeXAHUIMA 2eHepauul peHmzeno6CK0z0 U3lYyuenus. cieed —
OMKJIOHEHUEe I/IeKMPOHd ;z(?pom amomd, cnpaed — UOHU3AUUS dmomd ¢ Noc-
ﬂeaymmea 3amenotl 6vlouUM0o20 INEKMPOHA INCKMPOHOM U3 boJee <6blco-

KOU» 00040UKU

3JIEKTPOH ¢ 00Jiee BBICOKOH 060-
JIOUKH, a PA3HOCTD IIOTEHI[HAJIH-
HBIX SHEPruii BbIIEJSETCS B BUJIE
SHEPruH PEHTIeHOBCKOro (poToHA
€ 4acTOTOH, COOTBETCTBYIOIIIEH pas-
HUIle YPOBHEN /IS JIAHHOTO aTo-
Ma. Tak, HampuMep, W3 aJTOMU-
Hus (Z = 13) BoI6uBaOT (POTOHBI
¢ JunHOM BoJiHbI 0,8 HM, U3 Mean
(Z=29)-0,15 1M, a U3 IJIaTHHBI
(Z =78) — 0,02 uM. ITH AJTMHDBI
BOJIH Ha3BaJHM XapaKTepUCTUIec-
KMMH, TaK KaK OHU XapaKTepHu3y-
0T MaTepuas, M3 KOTOPOTO cjie-
JIaH aHO/I PEHTT€HOBCKOU TPYOKH.
[ToaToMy cIieKTp PeHTreHOBCKOTO
U3JIyYeHUS BBITJSIUT KaKk HAJO-
>KEHUe IJIaBHON KpuBoii (mepBbrit
MEeXaHU3M) U IIUKOB, COOTBETCTBY-
IOIUX XaPAKTEPUCTUUECKUM Yac-
ToTam Matepuasa anoza (puc.84).
CorsacHo 3akony Mo3suu, JAJUHbBI

Xapaxmepucmuyecxoe
T EY LT

Yucao homonos
Henpepuvienviil
cnexmp

0,04 008012016
Jlnuna eonnvt pomond, HM

Puc. 84. Cnexmp penmeenoecxozo
usnyuenus meonozo anoda. Iuxu
XaAPaKmepuUcmuuecrkozo ULyuenus
coomeemcmeyiom nepexody nex-
mponos ¢ M (neeviii nux) u L
(npaswiii) o6orouex na mecmo 6vi-
O6umozo snexmpona K o6orouxu
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BOJIH XapaKTEPUCTHYECKOTO U3IyUEHHs] YMEHDBIIAIOTCS 0OPATHO MPO-
TMOPITMOHAJIBHO AaTOMHOMY HOMEPY dJieMeHTa Z.

W3 Bceil MOIHOCTH, TOABOAMMOI K PEHTTEHOBCKOU TPYyOKe, B
PEHTTEHOBCKOE H3JyueHrne mnpeobpasyercss He Gosee 1% , a Bce
ocTaJbHOE MpeBpalaeTcs B TEIJIo, pa3orpesaioriee ano/. [loatomy
TIPUXOANTCS NCMOJIb30BATh CUCTEMY OXJIAXK/ICHNUS aHO/A U JIeJIaTh €TOo
13 TYTOIJIABKOTO MeTaJlja, HalpuMep BoJbdpama.

Yt0 TaKkoe PEHTT€HOBCKas ceKTpocKomusi? Kaxipiii xummaec-
KUl 9/1eMEHT 0COGEHHO CUJIBHO TIOTJIONIAET PEHTIEHOBCKOE U3JIyye-
HUE CTPOTO OIpe/eeHHOM, XapaKTePUCTUYECKOH JJIMHBI BOJIHBI.
ITpu 3TOM TIPOUCXOUT TEPEXO/] ATOMA U3 HOPMAJIBHOTO COCTOSHUS
B MOHM30BAaHHOE C OHNM YAAJeHHBIM aJeKTpoHoM. [loaTomy m3me-
PSSt 9aCTOTBI PEHTT€HOBCKOTO M3JIyUeHHs, Ha KOTOPBIX MOTJIOMIEHNUE
0COOEHHO BEJINKO, MOKHO CJ/IeJIaTh BBIBOJL O TOM, KaKue 3JIeMEHThI U
B KaKOM OTHOIIIEHUU BXOZAT B COCTAB BEILECTBA. ITO U COCTABJISET
OCHOBY PEHTT'€HOBCKOU CIIEKTPOCKOITUN MAaTEPUAJIOB.

IlouemMy KOCTH OCTaHABJIMBAIOT PEeHTTeHOBCKHE Jyun? [Iponu-
Karomiast CriocOGHOCTb PEHTTEHOBCKUX JIydeil, a APYTUMHU CJIOBAMU UX
SKECTKOCTD, 3aBUCUT OT SHEPTUHU NX (POTOHOB — (POTOHBI C MEHDBIIEH
JUTIHOI BOJIHBI TPOHUKAIOT Tiiy6:ke. [IpUHSTO HA3bIBATD U3JTyUeHHe
¢ JUIMHOM BOJHBL 6oJibie 0,1 HM MATKUM, a OCTaJIbHOE — KECTKUM.
Kaxk caenyer u3 tabmibl 9, AJis AUArHOCTUYECKUX IEJIel CJIe/lyeT
UCTI0JTH30BATh JKECTKOE U3JTyUeHHe C [ITIHOI BOTHBI He 60.1ee 0,01 HM,
WHaYe PEHTTEHOBCKWE JY4YM He MPOWIYT Yepe3 TeJo YesoBeKa.

Oxaszayioch, 4TO BEMECTBO TeM OOJIbIIE MOTJIONAET PEHTTEHO-
BCKOe M3JiyuyeHune, 4eM OOJIbIIe MJIOTHOCTh MaTepuasa;

I=1Ie ™,
Tabauya 9

3aBHCHMOCTh NPOHHKAIOINIEH CHOCOOHOCTH PEHTTEHOBCKOTO
H3JIyYeHHS OT €TrO /IJIMHBI BOJIHBI

TonmuHa MaTepuaa, 3a/epKIuBaoIas
Iueprusa | Hactota | [[nuna

dorona, | usmayde- | BosHBI,
n/lx ", [11 HM

TIOJIOBUHY M3Jy4Y€HUA, MM

Beron CBuHell Teno AtoMu-
qesoBeKa HUI

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
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rae I, — IepBoHAYaJbHAS HHTCHCUBHOCTb M3Jydenus, I — ero
MHTEHCUBHOCTD MIOCJIE TPOXOXK/IEHUST Yepe3 MaTePHaJl IIJIOTHOCTBIO P
U TOJIUHON X, a W — Ko3ddUiueHT, 3aBUCSIINNA OT MaTepUaJa.
Boutee TouHO — MOTJIOIIEHUE OTIPE/IEISIETCS YICIOM ATOMOB B €IITHUIIE
o6beMa ¥ TPONOPIMOHATBHO Ky6y aTOMHOTO HOMepa Z B TabJuIle
MemnieneeBa. Takum 06pa3om, yeM GOJibIlie ATOMOB HA CBOEM ITyTH
BCTPETUT PEHTIEHOBCKOE U3JIyUYeHHe U YeM GOJIbIIIe 3JIEKTPOHOB Oy /IeT
B 060JI0YKAX ITHUX aTOMOB, TeM 0OJIbllle BEPOSTHOCTD IOTJIONIEHHS
dorona.

Bor nouemy B TeJie Yesl0BeKa PEHTTEHOBCKUE JIy4U CHJIbHEE BCETO
MTOTJIOMIAIOTCS B KOCTSIX, MJIOTHOCTH KOTOPBIX OTHOCHTEIHHO BBICOKA
U B HUX MHOTO atoMoB Kasibius (Z = 20). IIpu npoxoxaeHuu Jiydeit
4yepe3 KOCTb MHTEHCHUBHOCTb HU3JIYUYEHHUSI YMEHDINAETCS BBOE
ugepe3 Kaxabie 1,2 cM. KpoBb, MBINIITE, JKUP U XKEIY/JOYHO-KHUIIECY-
HBIII TPAKT ropas/l0 MEHbIIIE TOTJION[AI0T PEHTIEHOBCKOE U3JTy4YeHUe
(3,5 cm ymenbnaior ero sasoe). Hy, a MeHbIIe BCero 3agepKuBaer
uzaydenne Bo3ayx B jgerkux (192 M ymenbmaior Basoe). Ioatomy
KOCTH B PEHTTEHOBCKHX JIydyaxX OTOPACHIBAIOT TeHb Ha (POTOILIEHKY,
U B 9TUX MECTaX OHA OCTAETCSI
npospaunoil (puc.85). B ocranb-
HBIX MECTax, I/le Jy4aM y/aJoCh
3aCBETUTH TIJIEHKY, OHA JIEIAeTCs
TeMHOR. ITO /1aeT BO3MOXKHOCTb
BpayaM BHUIETH TIAl[MEHTa Ha-
CKBO3b.

Ecm Bpauy He00X0UMO yBH-
JIETH JKEJIYJI0K, TO MAIUEHT BBIITHU-
Baer pacTBop coJjeil Gapus (Z =
=56), KOTOpbIE Cpa3y e CTaHo-
BSITCSI 3aMETHBIMU Ha PEHTTeHO-
BCKOM CHFIMKe, TaK KaK CHJIBHO
MOTJIONIAIOT u3JjydeHue. Baese-
Hue G6e3BPEHBIX CoJieil, comep-
JKaIMX aTOMBI C BBICOKUM Z, UC-
MTOJTb3yeTCsT TAKIKe IS TOTO, YTO-
OBl c/1e1aTh BUAUMBIMHI JIJIsT PEHT-
reHOBCKUX JIyueil pa3JjindHble Kpo-

BEHOCHDBIE COCY/Ibl YeJIOBEKA. Puc. 85. Crumox 6 X-ayuax pyxu
B Hatie BpeMst DEHTTEHONOTH- ey B. Penmzena c 06 pYyUaNLHBIM
YeCKHe UCCIe/I0BAHNsA B OOJBIINH-  xonvyom, noxasannvii napady c

CTBE CJTy4aeB IPOXOJAT 6e3 DOTO-  dpyeumu cnumkamu ¢ coobuenu
IJIEHKH, a TpOIe/liee yepe3 ma- 28 dexabps 1895 200y 06 omkpoL-
[MEeHTa M3JIyYeHue JAejaercs Bu-  muu X-iyuet
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JIIMBIM C TIOMOIIBIO CHENHAJBHBIX JIOMHHO(POPOB. ITOT METO[,
Ha3BaHHbIN (ooporpadueil, MO3BOJSIET B HECKOJIBKO Pa3 CHU3UTD
WHTEHCUBHOCTb U3JYyUYCHUA TIPpU 06C.]Ie[[OBaHI/I9IX n cjaejiatb €ero
6€30TIaCHBIM.

To 4TO PEeHTreHOBCKOE M3JIy4eHHe CHJbHEE MOTJIOoNaeTcst 6oJiee
[JIOTHBIMU TIPE/IMETAMU U TSKEJIBIMU aTOMAMU, JIeJIaeT ero He3ame-
HUMBIM TIpU Pa3JNYHbIX BHIaX [JOCMOTpa. TaK, IIpocBeYNBaHME
HACKBO3b TI03BOJISIET OIPEAENUTh KOHTYPbI ITPEMETOB, C/IETAHHBIX
U3 TSDKEJIBIX METAJLIOB, HAIIPUMED OPYIKUe WM 30JI0ThIE U3JE/Hs.
O/1HAKO HA MTPOCBET OIPE/IEUTh AIMA3bl, HAPKOTHKH UJIU B3PbIBYAT-
KY HEBO3MOJKHO, TaK OHH MPAKTHYECKU He MOTJIOMAIOT PEHTTeHO-
BCKOe U3JIy4eHue.

Kaxk penrreHoBckue Jydu BHAAT JierKue aTomMbi? Uem MeHbIe
3apsijl Spa aToOMa, TeM NHTEHCHBHEE PEHTIEHOBCKHUE JIyUH TIePeatoT
AJIEKTPOHAM CBOIO 3HEPruio. J[pyruMu cJOBaM#, PEHTTEHOBCKOE
ussydenne 06JaaeT CoCOGHOCTBIO PACCENBATHCS B BEIECTBE, CO-
CTOSIIIEM U3 JIETKUX aTOMOB. Tsikesibie aTOMbI B GOJIbINEH CTENEeHn
MOTJIONIAIOT PEHTIEHOBCKOE H3JIydeHue, YyeM PacCenBaloT €ro, Tax
KaK UX 3JIEKTPOHDBI OUEHb CHJIBHO CBSI3aHDI C SIIPOM. Takmm 06pasom,
MaTepuasbl, COAEPIKAINE TOJIBKO JIETKHE 3JeMeHThl (HampuMmep,
BOJIOPOJL, YIJIEPO/L, a30T U KUCJIOPO/), YACTh PEHTTEHOBCKOTO M3JIy-
YeHUs BO3BpANIAlOT 00PATHO, YMEHBIINB €ro KeCcTKoCTh (yBeJauunB
JUIMHY BOJIHBI). ITUM TIOJb3YIOTCS s OOHAPYKEHUS B3PbIBYATKI
WM HAPKOTUKOB, HAXO/SAINIMXCS B METAJJIMYECKOM SIIUKE, WU
Jofiel, CIpsATaBIUXCcs BHYTpH Kouteitnepa (puc.86).

Puc. 86. Pezucmpauuﬂ paccesinnozo penmezeHo6CK0z0 U3NYUuenus no36015-
em OéHapy}KUdeb Jnodei GHYMPU MEMALIULECKOZ0 Koumedﬂepa uau yna-
KOBKU C HAPKOMUKOM, CnpsimdanHbvle 6 asmomoobuie



[TIABA 14

KAK OKEAHbI TOBOPAT APYT C AIPYTOM:
NnoABOAHAA AKYCTUKA

[Tourn Bcs wungopmanus 06 OKPYIKAIOIEM MUPE
HOCTYTIAeT K YeJOBEKY B BUJE BOJH — 3JEKTPOMArHUTHBIX (cBer) u
3BYKOBBIX. BBICOKAst CKOPOCTh HJIEKTPOMATHUTHBIX BOJIH, BO3MOJK-
HOCTb PACHPOCTPAHEHUSI B BAKyyMe, a TAKyKe OTHOCUTEJbHO MaJIblil
K03 PUIMEHT WX TIOTJIOMEHNUsT B BO3/yXe CJIEJIaJi 3TU BOJIHbI
OCHOBHBIM MCTOUYHUKOM HH(MOPMAIINN.

Boaa — raymuTesb 3JIeKTPOMArHUTHBIX BOJH. K coxaseHmo,
KaK TOJIbKO Y€JIOBEK CITYCKAETCsI O] BOAY, 000 BCEX IPEUMYIIECTBAX
AJIEKTPOMATHUTHBIX BOJIH €My MOYKHO 3a6bITh. [les10 B TOM, 4TO BOJa
O4YeHb CHUJIBHO TIOTJION[AET 3JEKTPOMATHUTHBIE BOJIHBI, W TI0ITOMY
10JIb30BATHCSI UMU JIJIST CBSI3U YK€ HEBO3MOsKHO. Harnpumep, nuren-
CHBHOCTH KPACHON COCTaBJISIONIEIl COJIHEYHOTO CBeTa € JIJTMHOI
Boutabl (0,77 MKM, ipoxo/s B Boje 1 M, ocirabisiercst Gosee yem B 10
pas. [Ipuunnoii Toro, 4TO JEKTPOMATHUTHDIE BOJTHBI TAK UHTEHCUB-
HO TIOTJIOMIAIOTCST B BOJE, CJAYIKUT NOAIPHASL CMPYKMYPA ee MoJie-
kyJs. Tpu atoma, U3 KOTOPBIX COCTOUT MOJIEKYJIA BOJbI, T.€. aTOM
KHCJIOPO/Ia U JIBa aTOMa BOJIOPO/Ia, He HAXOASTCS Ha OJHOMN IIPSIMOIi,
a 06pasyioT paBHOGEPEHHbBIN TPEYTOJbHUK C YIJIOM TIPU BeEPIINHE
105°, T/1Ie HAXOUTCS aTOM KUCJAOPOJA. A Tak KakK KHCJIOPOJ| TeCHee
MPIKUMAET K cebe 9JIeKTPOHDI, YeM BOIOPOJI, TO OKA3bIBAETCS, UTO
BOJIM3U KUCJIOPO/IA X KOHIeHTpalus 6oJibliie, yeM BOJIU3M aTOMOB
Bostopo/ia. [ToaToMy MoJieKyJia BOJbI SIBJSIETCS DIEKTPUIECKUM [TH-
M0JIEM C «MUHYCOM» OKOJIO aTOMa KHUCJIOPOJIA.

V13BeCTHO, YTO JAUIIOJN CTAPAIOTCS OPUEHTUPOBATHCS aHTHIIAPAJI-
JIEJTBHO HATIPSKEHHOCTU BHEITHETO 3JIEKTPUYECKOTO MOJIsI, MUHIMU-
3UPysl TMOTEHI[HATBHYIO SHEPIUIO0 B3aUMOIEUCTBHUSI C HUM. A ecjm
BHEIITHEE 110JI€ IEPEMEHHOE, TO [IUITOJIU HEIPEPHIBHO MOBOPAYNBAIOT-
Cs1 «Ty/la-CIofIay, CJeYsl 32 U3MEHEHUSIMU TTOJISIPHOCTHU TIOJIs. DHEP-
TS IS TOJJIEPKAHUST TaKUX KPYTUJIBHBIX KOJEeOAHUN uTosei
BOJIbI Oepercsi u3 aHeprunm BHeITHero noJist. Kpytsiecs noj jeii-
CTBHEM BHEIIHETO MOJISI MOJIEKYJIbI «TPYTCSI» O cocefieit, u 6oJbiast
9YacThb 9TON SHEPTrHuW mpespamiaerca B Temsno. Iloatomy smeprus
AJIEKTPOMATHUTHBIX KOJIeOaHUil IPU PACIIPOCTPAHEHUN B BOJE ObIC-
TPO TOTJIOMAETCS, Tepexo/isi B TeIioByio. CIIOCOGHOCTBIO BOJIbI
MIpeBpAaIaTh SJHEPIHIO HJTEKTPOMATHUTHBIX BOJIH B TEILJIO MOJIB3YIOTCS
BCe Te, y KOro joma ectb Mukpoposrosbie (mmu CBU) mneuxwu,
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yacroTa KoseGaHuii B KOTOPBIX cocTaBisger okoqo 2,45 I'Ti (amina
Bosbl 12 cm).

3ByKOBO/IbI O/ BOAOH. CUIbHOE IOTJIOIEHIE BOOU 3JIEKTPO-
MaTHUTHBIX BOJIH /IeJTA€T UCTI0JIb30BAHNE 3BYKOBBIX BOJIH JIJISI [TO/IBO/I-
HOW CBSI3W €MHCTBEHHBIM BBIGOPOM /IS YEJOBEKA U KUBOTHBIX.
W3yuenneM pacmpocTpaHeHNs 3ByKa IO/ BOJOH Havyald Cepbe3HO
3aHIMATBCS BO BPEMS BTOPOW MHUPOBOH BOWHBI. OIHOBPEMEHHO B
CIDA u B CCCP wuccnenoBasu, Kak JaJeKO PaCHpOCTPAHSIETCS
3BYKOBAasi BOJIHA OT IMOJ{BOTHOTO B3pbiBa. OKa3aa0Ch, YTO, BOIPEKH
TEOPETUYECKUM pacyeTaM, 3ByK OT B3pbiBa 5S00-rpaMMOBOIT TPOTHJIO-
BOI1 TIAIITKK MOKHO 3aPETUCTPUPOBATh Ha paccTosHuu 60siee 3000 K.
OODBICHUTD TAKOE MAJIOe 3aTyXaHle aKyCTHYeCKOro CUrHAIA MOKHO
ObLIO, TIPEITOJIOKUB, YTO 3BYKOBbIE KOJIE6AHUST KAKUM-TO 06pa3oM
doxrycupyiorcss 1ol BOAOH M Jajiee ¢ MUHUMAJBHBIMU TIOTEPSIMU
MIPOXO/IAT THICSYN KUJIOMETPOB M0 HEKOEMY <«3BYKOBOJLY».

Matepuasbl IO TIOABOJHBIM 3BYKOBBIM KaHAJIaM J0JITOE BPeMs
OCTaBAJINCHh 3aCEKPEYEHHBIMU. BbIIN CO3/JaHbI T1eJIble CUCTEMBI TTPU-
OpPEeXKHDBIX U OKEAHCKUX THUIPOAKYCTHYECKHX AHTEHH U3 TO/BO/HBIX
MukpodonoB (ruapodoHOB) ¢ 3aIUCHIBAIOIMMU YCTPOHCTBAMY Ha
Oepery u Ha BOEHHBIX KOPAGJISIX. DTO MO3BOJISIO CJBIIIATH MIYMbI
MO/[BO/IHBIX JIOJIOK, HAXOJSIINXCS IPAKTUYECKU B JIIOOOI TOUKe
MUPOBOTO OKeaHa, W Ja’ke OMpeJessTh UX THII TI0 CHEeKTPY IHIyMa.
OHOBPEMEHHO OKAa3aJI0Ch, YTO B OKeaHe MHOKECTBO 3BYKOB: IIIyMbI
BOJTH, TOJIOCA KUTOB W /I€JB(MIHOB, IMIYMBI OT M3BEP>KEHUS MOBOI-
HBIX BYJKAHOB M OT KOCAKOB pbi6. [locre oKOHUaHWSA XOJTOAHOM
Boitabl, B KoHile 1990-x rojoB, Muorne paGoThbI 110 TUAPOAKYCTUKE
PAaCCEeKpeTU/IN, U yYeHbIe MOJTYUYHIN BO3MOXKHOCTH Gojiee CBOGOIHO
U3y4yaTb MPOUCXOKCHUE TTOJBOHBIX IITYMOB.

Kak npoucxoaur ¢poxycuporka 3Byka mox Boaoii? O6cyanm,
YTO 3aCTaBJAET 3BYK PACIPOCTPAHATHCA IO 3BYKOBOAY. V3 omTnkm
M3BECTHO, YTO CTEKJIAHHAS JMH3a (POKyCHPYeT MapasieJbHBbIH ITy-
YOK CBETa MOTOMY, YTO CKOPOCTb PACIPOCTPAHEHUS] CBETA B JIMH3E
MeHbllle, YeM B Bo3ayxe. CBeT MOKET PacipoCTPaHITHCS 110 CBETO-
BOMy Ha O6OJIbIIUE PACCTOSTHUS TOXKE WU3-3a TOTO, YTO CKOPOCTD
pacIpoCTpaHEHNS CBETAa B CEpAIICBHHE BOJOKHA MEHbBIIE, YeM B
o6ojiouke. TouHO Tak K€ MOXKHO OOBSICHUTH U CYIIECTBOBAHUE
HO/IBOJIHBIX 3BYKOBBIX KaHauoB. Ha kakoii-ro riy6uHe B OKeaHe
CKOPOCTb PACIpPOCTPAHEHUSI 3ByKA MUHUMAJbHA, UYTO U <TSHET»
3BYK Ha 3Ty TJyOuHY. 3BYK, KaK U BCe KOJeOAHUs, «JIEHUBBI»> U
Bcerjia uiieT Takoi MmyTb, KOTOPbI MOXXHO MIPONUTH ¢ MUHUMAJTbHON
ckopocTbio. Ho moueMy ckopocThb 3ByKa B Bofie He moctosgHHa? OT
4ero OHa 3aBUCUT?

3BYK — 3TO pacIpocTpaHeHWe BOJH CKATHH 1 pa3pekeHi yepes
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cpeny. Jposkamuii KaMepTOH, OIYIIEHHBIN B BO/LY, HAUMHAET PUTMU-
YeCKH TepeMeliaTh CoCe/[HIe MOJIEKYJIbI BOJIbI, T€ — CBOMX cOCe/leil 1
tak gasee. Tak 3apoK/IAI0TCS BCe 3BYKOBbIE BOJIHBI. UeM MacCcHUBHEe
YACTHYKA CPEJbI, TEM TsKeJiee ee CABUHYTb M TeM MeHblie Oy/er
CKOPOCTH PACIIPOCTPaHEH s 3BYKa B ATOiI cpejie. A 3HAYUT, CKOPOCTh
pacrpocTpaHeHust 3ByKa B Cpe/le [IOJIKHA ObITh MPOTIOPIUOHATIbHA
BeJIMYKHE, 06PATHON €€ IJIOTHOCTH.

Bropas xapakrepuctuka cpefibl, OT KOTOPOil 3aBUCUT CKOPOCTb
3ByKa, ee CKUMaeMocTb. [IpejcraBbre ce6e HECKOIBKO OMHAKOBBIX
[IapOB HA MOBEPXHOCTU CTOJIA, PACIIOJOKEHHBIX O MPSMON JIHHUT
HA OJIHOM U TOM JK€ PACCTOSIHUM JIPYT OT Jpyra. Bo3bMeM elie ojuH
mwap (7) U TOJKHEM ero BAOJIb 9TOU MPAMOii, 4T0ObI OH a6COJIOTHO
YIPYro yaapuics B KpaiiHuii w3 nokosimmxcest mapos (2). O6a
CTOJIKHYBIINXCS Mapa HAYHYT 1e(DOPMUPOBATHCS, U IIPH 9TOM paHee
nokousiuiicss map 2 6yAeT MOCTENEeHHO YCKOPSTbCs, a map |
3aMeISAThCsI. B KOHIlEe KOHIOB, KOT/[a CTOJIKHOBEHHE OKOHYUTCS,
map 1 OCTAaHOBUTCS, a map 2 MPOJOJIKHUT MYTh C TOW K€ CKOPOCTHIO
K mapy 3. OueBH/JHO, 4TO 3aJepyKKa IPH Iepejiade CKOPOCTH OT
mapa ! k mapy 2 paBHa BpeMeHH, HeOOXONMOMY 7T AepOpMAITIH
11apoB, a 1ocJe/iHee Oy/IeT TeM MeHblle, 4eM 6oJiee KecTKUMU Oy 1yT
mrapel. 3HAYUT, CKOPOCTh PACIIPOCTPAHEHHS BOJHBI lehOpMaIu OT
mrapa K 1apy MmporopiuoHaIbHa KECTKOCTH MaTepuasa, u3 KOTOpo-
TO ATU apskl cjenanbl. To jKe MOXKHO CKa3aTh M O 3ByKe, CKOPOCTh
pacrpocTpaHeHusi KOTOPOTro J0JBKHA GbITh POTIOPIIHOHAIBHA JKeCT-
KOCTH cpe/ibl, Xapakrepusyemoii moayJem [Onra E.

Wrak, mpocTtble paccy»K/AeHUs MIPUBEJIN HAC K BBIBOAY O TOM, YTO
CKOPOCTh 3BYyKa B BO/JIE JIOJKHA OBITh MTPOMOPIUOHATIBHA €€ JKECTKO-
CTU U BeJIMYrHE, 06patHoii ee miotHoctr. [TonpoGyem Haiiti hopmy-
JIy JIJIsI CKOPOCTH 3BYKa, UCIIOJIb3YsI TeOpHUIo pasMepHocreii. Cunras,
4TO pazMepHoCTh KecTkocTH ecth [E]=kr ¢ M, miotHocTH —
[p] = kr-M™, a ckopoctn 3ByKa — [0] = M- ¢!, OMyHAeM caeyio-
1yio (popMyJty LIS CKOPOCTH 3BYKa B BOJIE:

v=o0o |—

p

re o — TOCTOSHHBIN Koacl)q)HuMeHT BCJIMUMHY KOTOPOTO HEJIb3s
BBIYUCJNTD U3 Teopuu pazmepnocreit. [loactasisgs B oty dhopmyry
TabINYHbIE JaHuble JUId Boabl £ = 2,2 - 10° Ta u p =1000 «r, 3

)

M
u cuntas, 4yro o = 1, nonyyaem v = 1483 m/c — o4yeHb GJHU3KO K
TabamuHoll ckopoctn 3ByKa B Bome aast 20 °C. DTo 3HA4MT, UTO
Koa(puImeHT o AeHCTBUTEBHO pPaBEH €IMHUIIE, W MbI BbBIBEJIH
BepHYIO popMyy.
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Hy a rernepb, 4To6bI OTBETUTH HA BOIIPOC, TIOYEMY CYIIECTBYET
TTO/IBOJTHBIN 3BYKOBOI KaHAJ, BEPHEMCSI K 3aBHCUMOCTH CKOPOCTU
3ByKa oT riiyOuHbl. CHauaJa 1ojyMaeM, Kakie CBOWCTBA MOPCKOM
BOJIBI MOTYT HM3MeHATbcs ¢ Tuy6uHoil. [lepsoe, 4rto mpuxoaut B
TOJIOBY, BOJla ¢ TJyOMHOH craHoBHUTCS OGoJiee XOJogHOH. M3
pucyHKa 87 BHIHO, YTO B TPOIMYECKUX MIMPOTAX TEMIIEPATYPa BObI
PN TIOTPYKEHUN Pe3Ko yMmenbmaercss ot 23 °C Ha NMOBEPXHOCTH
okeana o 5 'C ma ray6ume 1,5 KM. ITO pPe3KOe H3MEHEHHE
TeMIepaTypbl Ha3bIBAIOT MEPMOKAUHOM. Ero XapakTepucTHK n3me-
HSIIOTCSI B 3aBMCHUMOCTH OT CE€30HA, CTAHOBSICb OCOOEHHO PE3KNMU B
sKapkyto moroay. [Ipu gasnbreiinemM orpysKeHnn Temieparypa /10-
BOJIGHO MeJJIEHHO yMeHbmiaercst, gocturasg 2 — 3 “C Ha ruay6ume
4,5 KM, TAe ocTaeTcs HEM3MEHHOH KPYTJIbIH TO.

W3BecTHO, 4TO BOJA 1P HATPEBAHUH PACIIUPSIETCS, a ee ILIO0T-
HOCTb YMEHDbINACTCA. Taxk kax yMeHnblieHue IJIOTHOCTU [JOJIKHO
NPHUBOJUTH K POCTY CKOPOCTH 3ByKa (0KO/I0 3 M /¢ IpU HATPEBaHUU
a1 °C), 1o 810 3HAYNT, 4TO BOJIM3H MOBEPXHOCTH OKEAHA CKOPOCTD
3ByKa [IOJDKHA OBITh MaKCHMaJibHa, €CJi Ha Hee He JeHCTBYIOT
HuKakue apyrue dhakropsr (prc.88). OpHako ¢ riyGHHON He TOJTbKO
MOHMKAETCS TeMIIepaTypa MOPCKOI BO/bI, HO M YBEJIUYUBAETCS €€
JlaBjieHue. YBeJnueHue JJaBJeHus JleJIaeT BOJy MeHee CXKUMaeMOoi
(GoJiee sKecTKOii), 3HAYUT, CKOPOCTb 3ByKa € TJIYOUHOI JOJKHA

Temnepamypa,°C
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Puc. 88. 3asucumocmv cxopocmu
36yKa 6 600€ 0M ZAYOUHbL, eCAU YUU-
MoleaAMs MOJLKO UIMeHeHue mem-

nepamypo.

Puc. 87. 3asucumocmv memnepa-
mypvL MOPCKOU 8006l 8 MPOnUUec-
KUX Wupomax om zayounwl
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yBesnuuBaTbesi. Eciu Obl yBesnuenue apjaenust ¢ riayOuHoil ObLIo
€/INHCTBEHHBIM (DAKTOPOM, M3MEHSIONIUM CKOPOCTb 3BYyKa, TO OHA
JUHEHHO pocyia 6b ¢ ray6unoit (15 M,/ ¢ Ha 1 KM NOTpy/KeHus ) Tak,
KaK 3TO M306pakeHo Ha pucyHKe 89.

YuntbiBasi cpasdy o6a ¢akropa — TeMIepaTypy U JaBJIEHHE,
MOKHO MTOJIYYHUTDb PEaTbHYI0 3aBUCHMOCTb CKOPOCTHU 3ByKa OT I1y0H-
HBI, «IIePEMHOXKXIB» KPUBBIE, TIOKa3aHHbIEe Ha prucyHKax 88 n 89. I3
pucynka 90 BHAHO, YTO peasbHAs 3aBUCUMOCTb CKOPOCTH 3BYKa
nMeeT MMHUMYM Ha riay6uHe okoso 1 KM. JTO O3Hayaer, uToO
MepPBOHAYAIbHOE YMEHbIIIEHNEe CKOPOCTH 3BYKa C TJIyOMHON CBSI3aHO
C PE3KUM yMEHbIIEHUEM TeMIIepaTypbl (TEPMOKJIMHOM), a MOCJe/y-
0TI POCT CKOPOCTH 3BYKa ITPH TOTPYXKEHUU — C POCTOM JIABJIEHUSI.

[TocTeneHHOe  yBeJMYEHHE COJIEHOCTH BOAbI ¢ rayGunoii (Ha
MOBEPXHOCTU COJEHOCTD BOABI 3,4%, a BO/MM3K JHA — 3,5%) BHOCHT
HE3HAYUTEIbHBIH BKJIA/| B 3aBUCHMOCTb CKOPOCTH 3BYKa OT I'JTyOUHbI
najexo ot 6epera. OpHako B6M3M Gepera, T/e COJEeHOCTb BOo/bI (a
BMECTE € Heil M ee IJIOTHOCTb) MOYKET HM3MEHSATHCS B IIHPOKUX
rpe/iesiax M3-32 BIAJIEHHS TIPECHBIX PEK, TOJIOJKEHHe MUHUMYyMa
CKOPOCTH 3aBHCHUT TaKyKe U OT 3Toro ¢akropa.

Wraxk, o61acTh ¢ MUHUMAJIBHOM CKOPOCTBIO 3BYKa, HAXOISIIASCS
Ha riay6une okosio 1 KM, U SIBJSIETCS TeM 3BYKOBOJOM, KOTOPBIii
croco6GeH Tiepe/laBaTh 3BYKOBbIE BOJIHBI HAa TbICSYEKHJIOMETPOBbIE
PaCCTOSIHUS.

Cropocmb 36yrad, M/ c Cropocmb 36yrad, M/ c
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Puc. 89. Hsmenenue ckopocmu 36y-
Ka 6 600€ ¢ eYyOUHOU, ecu Yuumot-
6aMb MONLKO POC 0ABACHUSL C 21Y-
bumnoil

Puc. 90. Peanvnas 3asucumocmo
CKOPOCIU 36yKa om 21yOunvl npu
yueme cOOMEEMCMBYOUUX USMEHE-
HUil memnepamypvl u 0ae eHus



MMABA 15

3AKOHbI HbIOTOHA
ANA NAHUKYIOLLEA TONMNbI

[Tanmka — aTO WyBCTBO CcTpaxa, KOTOPOE, OXBATHIBAS
cHavasia HeGOJIBIIYIO TPYIINY JIO/ei, 3aTeM MePeaaeTcs: OCTAIbHbBIM,
repepacTasi B HeyIpasJisieMblii poiiecc. [Ipupo/a yesoBeka Takosa,
YTO YaCTO B OKCTPEHHBIX CUTYAIUSX KAXK/IbII YEJIOBEK BeJleT ce6si TakK
ke, KaK 1 Bce BOKPYT. VIMCHHO TI09TOMY KOJIJIEKTHB JTTO/Ieil, 06 bATHIX
TAHUKOI, TIO CyIIeCTBY TmepecTaeT ObITh KOJIJIEKTHBOM, TEPSET €TO
[IPU3HAKY, CTAHOBSICH HEyIIPaBJsIeMON TOJIIOI.

Vcropust XpaHUT MHOTO [IPUMEPOB TOTO, K KAKUM YeJIOBEUECKUM
TparegusM MPUBOMIA TTaHUKA TOMNbl. OnHa U3 HUX — XOJbIHCKAs
katactpoda, uiau 1mpocto <«XOJAbIHKAa» — IMPOU3O0ILJIA HAa CEBEPO-
3amajzie MocKBBI BO BpeMs HapojHoro Tyasgubs 18 mag 1896 roma B
nuu KopoHanuu umieparopa Hukomas I1. Ilo tpagunmm, Hapom,
TIPUCYTCTBYIONIII TPW KOPOHAIIH HOBOTO T[apsi, BCET/Ia OJapIBAJIH
nojapkaMu. A B TOT pa3 XOWUJU CJAYyXH, YTO MOJAPKU OyayT OYeHb
noporumu. (Ha camom aese, mogapounblii HaGop BKJIIOYaT B ceOst
3aBsi3aHHbIC B IJIATOK OYJKY, MPSIHUK, KOJI6Aacy, HEMHOTO CYIIEHbIX
(pPYKTOB 1 OPEXOB, a TaK)Ke HMAJNPOBAHHYIO — B TO BpeMs 60JIbImast
JUKOBHHKA — KPYKKY C HMIepatopcKuMu BeHseasmMu. C aToif
KPYJKKOH MOJKHO OBLIO TOJONTH K MHOTOYHCJEHHBIM KpaHaMm C
UBOM M MeJOBYXOi.) [10sTOMY IpuBedYeHHAs GECILIATHBIMU TOC-
TUHIIAMU ¥ 3peJuiiaMu myGJanKa Hadyala CTeKaTbCst K XObIHCKOMY
MOJII0 €ellle C Beyepa, a K paccBeTy, KOT/a YUCJIO CTPAKIYIIIX
YBEJIMYIJIOCH /10 TIOJYMUJITOHA, eCJIi He 60Jiee, TIPOIIeNT CIyX, YTO
6yeTunKy HaYaJ i OJIEJSATD «CBOMX» M YTO NMPUMACEHHOTO HA BCEX
He xBaTuT. Ilo cBUAETEIBCTBY OYEBHIIEB, TOJIA BAPYT BCKOUMJIA,
KaK OJMH YeJIOBEK, M Opocmjach BIiepej, Kak OYJATO OT IoXKapa.
Mesk/y TeM, MECTHOCTD, Ha KOTOpPO#l ObLin BbicTpoeHbl 150 6y10k ¢
nozapkaMu u 10 MUBHBIX MMaBUJIbOHOB, ObLIA OT/IEJIEHA OT CTPAXKILY-
X orpoMubiM osparom (3 merpa B ray6uny u 30 B mmpumny),
OTKy/la MyHHUIUITAJIbHbBIE CTYKObI OOBIYHO OpaJiil eCOK, He0OXO0/H-
MBI [T COZIepKaHUs B TOPS/IKE MOCKOBCKHUX yJHIl. B oTBeT Ha
JIETEBIITIE CO BCEX CTOPOH TPeOOBAaHUS HAYATD Pa3ady TOCTUHIIEB
pactepsiBiiinecs: Oy(QeTuynKy MPUHSIUCH MIBBIPSITDH Y3€JIKU B TOJITY
HayTaj — 1 TYT HA4aJI0Ch caMoe cTpairHoe. Knocku 6pasu mrypMom,
3a/THUE PS/IbI HATIMPAJIN Ha cpejiHue. .. [Iponsorniia g1aBka, B KOTOPOii
moru6Jin, mo odunuasbHeIM AaHHbIM, 1389 wenoBek n oxomo 1300

128



noyunan yBeubd. Ilo cBumereanctBy A.C.CyBopuHa, KpyKKa U3
nogapounoro na6opa crowsia 10 komeek, m Ha 5 Koreek ObLIO
TOCTUHIIEB — BOT W BCsSI CTOMMOCTD TIOJaPKa, 32 KOTOPDBI CTOJIBKO
JIoJlell 3amaTtuan sKu3Hblo. /g oumctku coBectu Huwkomair 11
pacropsiinycs BBITLIATUTD KaKo0il cembe morubmmx mo 1000 py6-
Jeit.

Kcrarn ckasath, ¥ B IPyrux cTpaHax caydaaoch nojo6noe. Taxk,
B 1867 roay, korga B bpuranuu ormevasnu 5SO-1eTre BCTYIIEHUS HA
TPOH KopoJieBbl Bukrtopuu, B JloHI0HE TIPU CXOXUX OOCTOSITEJD-
ctBax moruban okosio 4000 uesoBeK — W HUYEro, MPUBOPHbBIE
1IEPEeMOHUN He OBLIN HAPYIICHBI.

Moskro qu mu36exkarb naBkn? Komneuno, mal Ho mpexkne uem
JlaBaThb KOHKPETHDBIE COBETBI, MOCMOTPWM, KaK BO3HHWKAaeT JaBKa,
HCTOJIb3YS JIIST 9TOTO METO/IbI (PU3UKHU CJIOKHDBIX CHCTEM — pasjesia
(pusuKM, U3yvaioIiero CUCTEMbl, COCTOSIIHE U3 GOJIBIIOTO YHCJA
06BEKTOB, B3aUMOJICHCTBIE MEX/Y KOTOPBIMH TOIUNHSIETCS KAKUM-
Jm60 OIpe/ieJIeHHBIM 3aKOHAM. TakuMu OOGBEKTaMH MOTYT ObITb
ATOMBI, MOJIEKYJIbI WJIM MECYNHKU, 00PA3YIOlie [[IOHBI, a TaKKe,
JIIO/TM, MEXAHWYECKN B3aWMOCHCTBYIOMINE APYT C JPYTOM B TOJIIE.

Kaxkue cuibl aeficTByIOT Ha yeJloBeKa B ToJme. B cooTBeTcTBUN
€O BTOpBIM 3aKoHOM HbIoTOHA, /1/isf TOrO YTOObI TIPECKA3aTh MOBe-
JICHWEe TOJIIBbI 4yepe3 WHTepBaJ BpeMeHu Al , HeoOXOAUMO 3HATb
MTOJIOJKEHNE U CKOPOCTb KAXK/[OTO YeTOBEKa U CUJIBI, /ICHCTBYIONIIE HA
HEro B JaHHblii MoMeHT t. [Ipyrumu cjioBamu, HaM HEOGXOAUMO
HaImMCcaTh COOTBETCTBYIONINE YPABHEHN /LI BCEX UJIE€HOB TOJIIHBI, a
TIOTOM PEIHUTDb 3Ty CHCTEMY yPaBHEHHUI.

CuauaJia nniepeHyMepyeM Bcex Jo/lell B ToJitie, cocrosiieit uz N
YeJsIOBeK, BbIOEpEM dYeJIOBEeKa T0JI HOMEPOM i U PACCMOTPUM CHJIBI,
JefictBytonte Ha Hero. O4YeBUIHO, YTO OHA U3 CUJI, 3ACTABJISIONIIX
YesJoBeKa i JABUTATHCS, 3TO TOPM3OHTAJbHAS MPOEKITNS CHJIbI peak-
LT OTIOPBI, T.€. 3eMJIM, OTTANKMBASICH OT KOTOPOil OH 1 JBIKETCS B
n3bpanHom Harpasiernn. O603HAYNM 3Ty CUILY F . Harankusa-
SCh Ha MPETSATCTBUS, KOTOPBIMHA MOTYT OBITh M OCTaJbHBIE JIOAN U3
TOJITIBI, YEJIOBEK  NCTBITHIBAET Ha ceOe JIENCTBIE CHJIIbI COTIPOTHBIIE-
HUSI, KOTOpPYIo Mbl o6o3Haunm F.; . TakuM o6pasoM, ecjn JOTyc-
THUTb, YTO BCE JIIO/IN B TOJITIE IMEIOT OJTHY 1 TY K€ Maccy 7, HalpuMep
80 xr, To ypaBHeHHe BTOpOTrOo 3akoHa HbloToHa /s i-TO YeloBeKa
TOJITIBI TIPUHUMAET BU/]

rjae AZ)l- — U3MEHEHNE CKOPOCTHU i-TO YeJI0OBEKa, Ipousoueaiiee 3a
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WHTEpBAJ BPEMEHU At B pe3yJabTaTe JACHCTBUSA CHJ, CTOAINX B
TIPaBOil YaCTH ypaBHEHMUS.

Temnepp 3aiiMeMcsl KaXKAONH M3 YIOMSHYTBIX cuj. PaccMoTpum
CHavyasa, 4eM PYKOBOJICTBYETCS KaykK/Iblii M3 Hac, OKa3aBIINCh B
TOJITIE OJIEPKUMBIX WATH Ky/Ja-To. [TycTb, Hanpumep, Bce cTpeMsarcs
BBIITH 13 MOMEIIEHNs, T/e Hadajcs mokap. Torzga, O4YeBHIHO,

BEKTOP CHJIBI F; 6yeT HAaIIpaBJIeH K 6y Kaliiieli ABepu, a abCcoToT-
Hasg BesmunmHa F,; OyzeT 3aBHUCETb OT TOTO, HACKOJBKO UYETOBEK
VIOBJIETBOPEH CBOEH CKOPOCTHIO ABI)KEHUS B CTOPOHY 3aBETHOI
nBepu. VHBIMU CJIOBaMH, 17:1 MOJKHO CUYMTATh MPOTIOPINOHATBHON
PA3HOCTH MEXKTy «KeJaeMoil» s JIAHHOTO 4eIOBEKa CKOPOCTDIO
JIBIDKEHUS Up; W HACTOSIIINM ee 3HaueHHeM U . ITO TPEIOTOKEHNE
TTO3BOJIIET 3AMUCATD CJEIYIONee COOTHOIIEHNE [IJIsT F“- :

= %i Y
=m0t
T
rae T — K0a(pdUIMeHT MPOMOPIUOHATBHOCTH, UMEIONHHA pa3Mep-
HOCTb BPEMEHH, KOTOPBIN COMOCTABUM C MHTEPBAJIOM, HEOGXOAUMbBIM

YEeJIOBEKY /ISl PA3TOHA JI0 <KeJaaeMoii» ckopoctu (IycTh, Hapumep,
T =0,5¢). HeTpy/iHo forafiaThesi, 4T BEKTOP U; BCEI/a HATIPaBJIeH
B CTOPOHY /IBEpH, a €ro aGCOJIOTHAs BEJIMYMHA XapaKTepuayer
CTpeMJIeHIe OXBAYE€HHOTO TTAHNKOI YesIoBeKa BLIOPATHCS U3 TOPSIIe-
ro oMenteHus. Kaxiomy 4esoBeky Kaxercs, 4To 4eM 6oJiblie OyaeT
3Ha4YeHue v,;, TeM PaHblile OH BbiGepercst oTTy/a. Takum o6pasoMm,
Up; MOJKET CJYKUTb MEPOIl MaHUKK B TOJIIIE.

[Tocsre Toro Kak ¢ MOMOIIbIO GOPMYJIbI OIMCAHA CUJIA, BIEKYIIAs
1-TO 4YeJI0BeKa K /[BEPU, PACCMOTPHM CHJIBI €r0 B3aMMOJIEHCTBUS C
MPEISITCTBUSIME, BCTpedaiomumucs Ha nytu. OueBu/iHO, 4TO JaxKe B
YCJIOBUSIX TTAHUKHU YeJIOBEK IPEANOYUTAET HE MOAXOMUTD BILIOTHYIO
K BIIEPE/IN UYIIEMY, €CJIM, KOHEYHO, ero He TOJIKAIOT B CIIUHY C3a/[1.
Takoe HelkesnaHne HAXOAUTBCS O4YeHb OJIMBKO K JAPYTHM JIOJSM
9KBHUBAJICHTHO CYIIECTBOBAHUIO HEKOIl CHMJIbI OTTAJKUBAHUS MEXKIY
JIIO/IBMM, KOTOpasl BO3PACTAeT C yMEHbBIIEHHEM PACCTOSTHUS MEXK1Ly
HUMH, aHAJOTHYHO KYJIOHOBCKOI CHJIe B3aUMO/IEHCTBUS OTHOMMEH-
HBIX 3apsaoB. I TPOCTOTHI MOCTEAYIOMNX BBIYMCICHIH MOXHO
CYUTATDh, YTO HA i-TO YEJOBEKA CO CTOPOHBI j-TO YeJOBeKa JIEHCTBYeET
OTTAJIKMBAIONIAST CUJIA, a0COJIOTHOE 3HAUYEHNEe KOTOPOI paBHO
Ji-slp
F;=4e B >

rae D — monepeuyHblii pagmMep vesnoBeka, nyctb D = 0,6 M, A u B —
nocrosiinbie, paBabie 2000 H 1 0,08 M cOOTBETCTBEHHO, a BEPTUKAJIb-
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HBIMHU CKOOKaMK 0603Ha4eH0 aGCOTIOTHOE 3HAUEHNE PA3SHOCTH BEKTO-
POB, IPOBE/ICHHBIX M3 HA4a/1a KOOP/MHAT K i-My uesoBeky ( z; ) M K
j-My uesoBeky ( Z ), KOTOpPOE PABHO PACCTOSHUIO MEXKLY ITUMU
gmiogbMu. Tak, B COOTBETCTBHN € 3aMMCAaHHON (POPMYIOH, KOCHYBIIN-
ecst IpyT JpyTa JIo U IPOTHBOCTOAT oTTanmKuBaorei cute B 2000 H,
KOTOPast MPH UX B3aMMHOM OT/IQJICHUN YMEHbIIAETCS B € pa3 yepe3
KasK/ible 8 cM.

Kak nokasbiBaeT >KUTEHCKUIT OTIbIT, ABUTASICDH, YeJTOBEK M36eraer
KacaHWs He TOJBKO C JPYTUMHU TeTeX0oJaMi, HO W CO CTeHaMH 1
TMPOYNMHI  OTPKAeHUAMA. {19 ommcanns 3TOH XapaKTepUCTHUKH
JIBIDKEHUS 1-TO YeJIOBEKA BBEJIEM OTTATKUBAIONLYIO CUJTY, JIEHCTBYIO-
IIYIO HA HETO CO CTOPOHbBI GJIMIKANIIEr0 YYacTKa CTEHbI MePIeH/IKY -

JIIPHO €€ IOBEPXHOCTH, U o6o3HauuM ee [, . OueBHIHO, UTO

dopmysa asst 3Havenust aGCOMIOTHON BEJUYUHDI 3TOU CHJIBI MOYKET

UMeTb BUJI, aHAJOTUYHBIN TpeAbIAyIieil popmyie, a IMEHHO
_d,-DJ2

=Ae B |

F,

CT1
riae d; — kpardaiiiiee pacCTOsTHIE MEXK/1y i-M YeJOBEKOM 1 OJmKaii-
el creHoil, A m B — Te ke, 4TO U /I CUJIBI Ej .

Cnibl, «OTTAJKMBAIOINIME» 4YeJ0BeKa OT IPEINsTCTBUI, ONICaH-
HbIE COOTBETCTBYIOMNME (DOPMYJIaMHU, TIOMOTAIOT eMy n36eratb CToJI-
KHOBEHWI, HO He Bcerja. B Tex cuydyasx Korja MJIOTHOCTD JIOJeH 1
UX «KeJaeMast» CKOPOCTDb BEJIMKH, CyMMa CHJI E n F,.; He cracaer
X OT CTOJIKHOBeHHil. Kpome TOro, CTOJKHOBEHHIO JIFOJeil MEXIy
c060ii 1 €O cTeHaMu CIIOCOOCTBYIOT HEOOXOANMbIE HHOT/A TIOBOPOTbI
Ha MyTH K BBIXOAY. [l0aTOMY A7 TTOTHOTO OTMMCAHUS CHJI, TEHCTBY-
IOIIMX BO BPeMs JIaBKH, HEOOXO/IMMO BBECTH CUJIbI YIIPYTOrO B3aMO-
JICICTBUS ¥ TPEHS [IPU CTOJIKHOBEHUU JIIO/IEl MesK/ Ly co60ii 1 JTio/ieit
CO CTEHAMH.

[l mpoctoTbl Gy/leM CUMTATh, YTO NPHU CTOJKHOBEHUH JIIOJei
MeXXIy co60H W CcO CTEHOH WX MOXKHO 3aMEHUTb BEPTHKAJIBHO
CTOSATITIIMH IINJIMH/IPAME C KPYTOBBIM HOMEPEYHBIM CeYeHNeM TnaMeT-
pom D. OueBHHO, YTO CTOJIKHOBEHNE TAKUX IIINH/POB, MOJICJINPY-
OIUX JIIOJIell 1101 HOMepaMu i U J, MPOUCXOAMT TOT/Ad, KOTJa
paccTosiHue MEK/y MX OCSMHU CTAHOBUTCS MeHblie D. Besnunny
CUJIBI YIIPYTOTO B3aMMO/ICHCTBUS, OTTAJKHMBAOIIEH WX JPyr OT
JIpyTa, B COOTBETCTBHUHU C 3aKOHOM ['yKa MOKHO ommcaTh GOpMyJIoif

R =[5,

rae k — koadPUImenT, MporopIHOHAIbHbBIN KECTKOCTH Ye0BeKa B
nonepeunom Harpasaenun (120000 H /m). Mopmy.ia, aHagoruaHas
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3TOH, OYeBU/HO, CIIPABE/JINBA U I/ CTOJTKHOBEHNUS -TO YeJI0BEeKa CO
CTEHOI U MMeEeT CJeIyTONni BU/I:

FyCTi = k(D/Z—dl) y

rae d; — MMUHUMaJbHOE PACCTOSIHUE MEXK/Y OCbIO i-I'O IMJIMHIPA 1
CTEHOI B 00J1aCTH MX KOHTAKTa.

Yro kacaercs CUJIbI TPEHUS FTpi , leficTByToIIell Ha i-TO YeJ0BeKa
[IPH CTOJIKHOBEHUH C «UY3KOW» MOBEPXHOCTDIO, TO €€ BeJInunHa Oy/ier
3aBHCETD, BO-TEPBBIX, OT TOrO, C KAKOH CKOPOCTBIO Uy; OH Oy/er
JIBUTATBCST B/IOJb «4Y3KOH» TTOBEPXHOCTHU, 1, BO-BTOPBIX, OT BEJUYH-
Hbl JgedopManuu A TpU CTOJKHOBEHUH, KOTOPAsl 3aKJIOUeHa B
CKOOKH B IBYX Tocjeuux (opmysiax. Ecan aTH BeTMYIMHBI N3BECT-
HbI, TO CUJIa TPEHMS IIPU CTOJKHOBEHUH, JeHCTBYIONasl B CTOPOHY,
TTPOTUBOIIOIOXKHYIO CKOPOCTH, paBHA

Fl‘pi = _bvni A )

e b — xoapurment tperns (120000 kr/(m-c) ).

Taknm o6pasom, cusa F,; , cTosIas B IpaBoil YacTH ypaBHEHHS
BTOpPOro 3akoHa HpbioToHa, SBJSETCS CYMMON CHJI, OTIMCAHHBIX
MOJTy4eHHBIMU BbIllie opmyaamu. [lpu atoMm eciam i-ii yesoOBeK
O/THOBPEMEHHO CTAJIKIBACTCS C HECKOJBKIMU JIPYTHUMHU, TO COOTBET-
CTBYIOIINE BBIPAKEHNS CIEAYET BBIYUCIATD /IS BCEX CTOJKHYBIINX-
cst mojeit. Kpome Toro, /7151 Bcex HEOGXO0IMMO BBIUUCJISITH ajarebpa-
MYECKYIO CYMMY CHJI, IPUJIOKEHHBIX K KAXKOMY U3 HIX B PaNaJIb-
HOM HAIPABJEHUM, TAaK KaK H3BECTHO, YTO €CJU 3TA BEJIUYMHA
npesbicuT 3000 H, TO yesoBek MoKeT MOTEPATb CO3HAHUE U CTATb
JKEPTBON TMAHWKU. A BCAKHH, KTO TepseT CO3HAHWE B Pe3yJbTaTe
JIaBKI, TIepecTaeT ABUTATLCS W TTO3TOMY CTAHOBUTCS JOMOJHUTEJID-
HBIM TIPETSITCTBUEM JIJIsI TOJITIbI HA €€ MyTH.

Ilopa Bkmouats KommbioTep! Uurarenb yske HaBepHSIKA yCTaJ
oT GopmyJi U KOaPPUIIMEHTOB, B3STHIX, KAK OH CYUTAET, C IOTOJIKA.
ABTOp YaCTHYHO paslesisieT TaKyio OIeHKY, o6eiast GoJiblie He
UCTIBITBIBATD TepIieHre uYnTaTesiss. VICKycCTBO MOAENUPOBAHUS U
3aKJII0YaeTCI B TOM, YTOOBI BOBpEMsI OCTaHOBUTHbCS. Kpowme TOTO,
OYEBU/IHO, YTO MOJHOCTBIO OIUCATh B TePMUHAX (DU3MKHU U MaTeMa-
THKHU TaKue CJIOXKHbIE IIPOIIECCHI, KaK TTOBe/leHne YesoBeKa, BOobIe
HEBO3MOXKHO. U Bce-Taku monpobyeM IpejicKas3arh [BUMKEHUE TOJI-
IIbI, WCIOJIb3ysl TOJydeHHbIe (OPMYJIbI, XOTS HaBEPHSIKAa TaKoe
OTIMCaHNUE SBJISETCS BeCbMa TTPUOIIMKEHHBIM.

[Tyctp B mpsIMOYTroJIbHOM 3asie JAuCKoTekn pasmepom 20 Ha 7
MeTpOB HaxozsATcss N 4eToBeK M B MOMEHT BpeMeHU ¢ = () BHe3ammHo
TIPOUCXOUT BO3TOPAHUE 3JIEKTPOANIAPATYPDI, CTOAIIEH B YTUIY
3aja. B pesyJsibraTe BO3HMKAaeT TaHWKA, W BCE YCTPEMJSIOTCS K
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BbIXO/ly. UTOOBI HAYaTh MOJIEIUPOBATD J
JIBUIKEHWE TOJIBI, HaM Heo6xomammo | /
3a/1aTh HAYAJbHDIE YCJIOBUSI — MTOJIOXKe-
HUe JIIO/Ieil U CKOPOCTHU MX JIBUKCHUS B
moMeHT BpemeHu t = 0. Iloatomy c
TTOMOIITBIO KOMTIBIOTEPA PACIPE/ICTNM
JIofielt 1o 3a7Ty TakK, KaK 3TO MOKa3aHo —>
Ha pucynke 91, u 71 TPOCTOTHI MOJIO-
JKUM, Y4TO B MOMeHT Bpemenu t = 0 Bce
JIIOJTH CTOSLJIU MTPAKTUYECKU HETIO/IBIIK-
HO W JK[IaJIM, KOT/Ia HAKOHEIl BKJIIOYAT
My3bIKy, T.c. 0; =0 muma 1<i< N,
Hy, a Temeppb HauHeM mucaTh IPOTpaM-
My, KOTOpasi Morjia Obl OTCJIEKUBATH Puc. 91. Pacnpedenenue no-
JBISKEHUE KA3K/I0T0 YeNOBEKA B TOMIC.  joiy ¢ npamoyeonsnoil xomna-
[TporpamMma goJsKHa, YUHTBIBAS e pasmepon 20X7m ¢
PacioJIo’KCHUE M CKOPOCTU JIIOACH B nauanvhoil MOMeHmM epemenu
MOMEHT BPEMeHN ¢, IS KaKJI0To i-To ¢t = 0 (v, =0 ). Jwou 060-
4YesI0BEKA BBIUYUCJUTD CYMMY CHJI, CTO-  SHAUEHDL CePbiMU KPYKOUKA-
SANYIO B NPaBOii yacTu ypaBHeHus BTo- Mu  duamempon 0,6 u.
poro 3akona HpiotoHa, a motoM Haiitu ~ Cmpesxoii nokasan 66100 ue-

— pes dsepv wupunoti b= 1,5 n
npupaiienyie Ay; , NPOU3OIIE/IIee 3a
unrepsas Bpemenu At . Ilocse sToro nporpamma BbIYUCJIA€T HOBbIE

3HAYEHHWA ©; , COOTBETCTBYIOIIME MOMEHTY ¢+ At , U IepeJBUraer

1-TO uYesJOBeKa B HAIIPABJIECHUN BEKTOpa v; + Av; Ha pacCTOsHIUE,

paBHOe |v—, + A—vl At . U1 Bce IOBTOPSIETCSI CHOBA.

OueBuHO, YTO 4eM MeHbIle OyneT 3HaueHue At , TeM TouHee
6yayT Hammu pacueTsl. OJHAKO OJJHOBPEMEHHO C yBeJINYeHNEeM TOYHO-
CTU PACUYETOB PACTET BpeMsi, HeOOXO/MMOe KOMIIbIOTEPY [IJIisl peliie-
nng 3agaun. CrexyeT 3aMeTHTb, YTO € KaKOTO-TO 3HAUeHUS Af
HA30BEM €ro KPUTUYECKUM, [aJbHENIIee €ero yMeHbIIEHUE YKe
MPUBOJUT K eBa 3aMeTHbIM u3MeneHusiM. [loatomy Al Gepyr,
HalpUMEDP, B J[Ba pa3a MeHbIIIe KPUTHUUECKOTO 3HAYEHUS, 3HAUNTEb-
HO 9KOHOMSI, TaKMM 06pa3oM, BpeMs I Bbuncaenwii. Vicxoas us
3TUX coobpaskenwnii, 6bL10 BBIOparHo At = 0,002 ¢, 94TO TIO3BOJIUIO
MOTPATUTDh OKOJ0 40 MUHYT A1 MOJETNPOBAHNS ABMKEHUS TOJIIHI,
cocrositieit u3 60—70 dvesoBek, B TedueHume OAHONH MUHYTHI. Kax
0Ka3aJI0Ch, OJHOI MWHYTBI BIIOJTHE XBATUJIO ITOU <«TOJIIE», YTOOBI
MMOKUHYTD B TIAHWKE TIOMEIIEeHNEe, TIPAB/Ia OCTABUB 32 CO60I HECKOJIb-
KUX «C/JIaBJCHHBIX» BEPTUKAIBHBIX ITMJINHAPOB. UTOOBI yIIPOCTUTDH
BBIYUCJIEHUS, TTPEATIOJIATaIoCh, YTO a6COTIOTHOE 3HAUEHNE «Kesae-
MOIi» CKOPOCTH ¥y; Y BCEX JIO/IeH N3 TOJIIBI OINHAKOBO, U TTO3TOMY
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Puc. 92. Honyuennoe 6 pesyivma-
me modenuposanus pacnpeoeenue
aodetl 6 Komname uepes 4 c¢ nocie
nauwara nawuxu (vy =1,1mfc, b =
= 1,5 u). Ilromnocmo 3axpawuea-
HUsL COOMBEMCMBYEM GeIUUUNHE CYM-
MAPHOTL CUNbL CIKAMUSL, NPUTLOKEHHOU
K KAKOOMY 4el06€KYy CO CMOPOHbL
OKPYKAWUX 1100€tl U CeHbvl, 6 Co-
0meemcmseuu co WKAI0l, NOKA3IAH-
HOUL 30ech iKe

Wy

Puc. 93. Pacnpedenenue nodeii 6
KoMHame uepe3 22 ¢ nocie naudid
nanuxu ( vy =1,1m/c, b= 1,5 m),
K020a NOUMU NOJOBUNHA U3 HUX YKe
eviunu u3 nomeuenust. Kax eudno,
neped 0eepvio 06pPA306ALACH ZpPYN-
na modeil, mewarnwux opyz opyzy
eoutimu (6.10x)
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B JlasibHeiineM OHO 0003HAYAET-
c Kak 0 .

IHocmoTpuM, YTO mNOJNyYH-
Joch. Kak 1MoKa3pIBaOT Pes3yJib-
Tarbl MofeupoBanus (puc. 92),
MPOXOJUT COBCEM KOPOTKHI
NIPOMEKYTOK BpeMeHU f; , BCETO
HECKOJIBKO CEeKYHJI, /10 TOTO MO-
MEHTa, KOT/Ia TEPBbI YeJOBEK
BBICKAKUBACT U3 MOMEICHUS, U
3TO BPEMS, KOHEYHO, YMEHBIIa-
€TCsl C POCTOM TAHWYECKUX Ha-
crpoenuii (IIpy yBeJIMYeHnn v ).
Hampumep, ajisi HavyaJbHBIX yC-
JIOBUH, M300pa’KEeHHBIX HA PH-
cynke 91, BpemMa f; yMeHbIlaeT-
ca.c 7 10 4 c Ipu yBeJUUCHUH 0
¢ 0,7 1o 1,7 M/ Cc COOTBETCTBEH-
Ho. Tak uTo /151 JI1oj1ell, OKa3aB-
X cst BOIM3Y BBIXO/1a, TIO/ITBEP-
JINJIOCH U3BECTHOE TIPABUJIO: «UeM
60JIbllle TTAHUKYEIlb, TeM ObICT-
pee y6eXWIIb OT HETMPHUSITHOC-
Teit» . OTMETHM, OJTHAKO, YTO He-
CKOJIBKO Y€eJIOBEK, CJEe/IYIONNX 3a
CYACTJIMBYMKAMHE, OKA3aJUCH C3Ka-
TBIMU JAPYT APYTOM, YTO MOKa3a-
HO Ha pucyHke 92 6osiee MHTEH-
CHBHBIM 3aKPaIlBaHUEM COOTBET-
CTBYIOIIHMX KPY>KOUKOB.

Ha pucynke 93 usoGpakeno
[OJIOKEHUE JIIOJEH B TOJIIIE B MO-
MEHT BpeMeHH lyp, Korjga ye
MIOJIOBWHA JTIO/IeH BBINLIN U3 TIO-
MemeHus. Buano, 4To K aToMy
BpeMeHH y JiBepeil 06pa3oBaiach
MOYTH CUMMETPUYHAST TOJIA, U
[I09TOMY Y€JIOBEK, OKA3aBIIHIICS
B IIpOEM€ [IBepU, HUCIIBITHIBAET
cKaTHe C Pa3HbIX CTOPOH.

B ra6auie 10 mpuBemena 3a-
BUCHMOCTDb BPeMEH! BbIX0/1a TIep-
Boro uwesoseka (4, J€B. Bepx),



Tabauya 10

[[Tuprma aeepu|lInpuna msepu|llInpuna asepu(lllnpuna nsepn
b=1,1n b=13u b=1,5u b=1,7u
ITanuka, 7 46 7 46 6 44 6 39
v, =0,7m/c| 50 | mer 40 | ner 29 HET 24 HeET
TMamuka, ) 75 ) 86 4 79 4 78
v,=1,1m/c| 60 | mer 32 | wmer 22 | wer 18 | wmer
ITanuka, 4 95 4 | >100 4 99 3 93
v, = 1,5M/c | 6i0K | HeT 33 1 19 | wmer 15 | =mer
TMamuka, 4 |>100| 4 |>100| 4 |>100| 3 [=>100
v,=1,7m/c| 6mok | 3 27 2 35 2 17 )

HOJIOBHIBI Beex Jmofeit (fy,, JieB. HU3), MaKCHMAJbHOI CHJIBI
cKaTusl y ABepedl B mpoleHtax K gomycrumoii (ipas. Bepx) u
KosmuecTBa KepTB (IIpaB. HU3) OT YPOBHS TaHUKH (BEJMIUHBI
CKOPOCTH 7 ) U MIMPUHBI ABEPEi /I HaYaabHbIX yCIOBUIi, n306pa-
JKeHHBIX Ha pucynke 91. V3 tabuuiipl caeayer, 9YTo poCT CKOPOCTH
U ZlaeT OUYEHb MaJIbIil BBINTPBIII /7151 GOJIBITMHCTBA JIO/Iel B ToJIIE,
0CcO6EHHO 1 MaJIeHbKUX fBepeii. Tak, mig aBepn mupuHoi 1,3 M
yBesmuenre v, ¢ 1,1 10 1,5 M/ ¢ BooO1e He IPUBOJUT K yMEHbIIIe-
umio fy; . Kpome toro, kax mimocrpupyior tabunia 10 u pucyHok
94, nipu naHuKe ¥ HEJOCTATOYHON IITUPUHE /IBEPU JlaBJIEHUE, CKUMA-
oliee JIOeil B IIEHTPE TOJIIbI, YacTO JIOCTUTAET KPUTHUYECKOTO
3HAYEHMUS, TTOCJIE YETO OUEPETHON «C/IaBJIEHHBII» YeJIOBEK CTAHOBUT-
CA JTOTIOJHUTEJIbHBIM MPENATCTBHEM [ TOJIbBI, 3aTpPYIHSAS ee
asuskenue. Iloatomy 711 KaXK10# TPyIIIbL JlIOJiell, Haxozsuleiics B
JIAHHOM TIOMEIIIeHUH, CYIIECTBYeT HEKOe 3HAUeHUe v , 3aBUCSIIEE OT
IIMPUHBI BBIXO/JHBIX JBEPEll MOMEIIeHUsI, MPEBBINIATh KOTOPOE He
PEKOMEHJIYeTCsI, eCJI Mbl XOTUM u36eKaTh YeJOBEYECKON /1aBKH.
Kax HeTpyaHO f0oTagaTbes, OTHOCUTENBbHO MaJblil apdeKT Bims-
HUSL YBeJIMYeHHsl 0y, Ha lyo OOBSICHSIETCS TeM, YTO JIO[U, CIKUMAs
JIPYT JIPYTa, YBEJIMYUBAIOT CUJIbI TPEHUS MeK/Iy c060ii. B pesymbrare
OTHOCHUTEJIbHAS JI0JIST YCUJINIT, 3aTPAYEHHbBIX HA JBUKEHUE B CTOPOHY
JIBEPY, YMEHDBIIAETCSI, & BMECTE C 9TUM YMEHBIIIAETCS U BBIUTPBHIII OT
YBEJMUEHUST Uy . B 3TOM M 3aKJI0YaeTcss OCHOBHOE OTJIMYNE MEXKLy
JBIDKEHNeM BA3KOH (HO HECKMMaeMoii) KMJKOCTH YEPe3 MECTO
Cy’KeHns ¥ [ABIDKEHNEM TOJIBI 4epe3 /Bepb. B mepBoM cuydae
CKOPOCTb TTOTOKA JKUKOCTH TIPSIMO TTPOTTOPITUOHATBHA TTPUIOKEHHO-
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Puc. 94. Pacnpedenenue nio-
deti 6 Komname uepes 4 c
nocie Hawaid NAHUKU
(vy=1,7m/c, b = 1,7 n).
ITossunucy nepsvie xepmsbv
(usobpaxenor wepnoimu 6y6-
AUKAMU), CYMMAPHAS CULA

My pgasienunio. Tosma sxe 1Mo cBOUM
MeXaHUYEeCKUM CBOHCTBaM OJIM3KA K
cokuMaeMoil skuakocTn  (Hampumep,
SKUJIKOIT pesuHe), y KOTOPOi BA3KOCTDH
(Tpenne MeX/y COCEHUMU JIBHIKY I[H-
MHCS CJIOSIMHU) PacTeT ¢ POCTOM JIaBJie-
HUS, W T03TOMY yBeJWdeHne MpuKJIa-
JIBIBAEMOTO JIABJIEHUS MPUBOJIUT K He-
MPOTIOPIIMOHAIBHO MEHbBIIIEMY POCTY
CKOpPOCTH TIOTOKA.

Kak Buano usz tabsunbs 10, ¢ poc-
TOM HaHWUKHN U CY’KEHUEM JBEPH PacTeT
KOJIMYECTBO <«CJAaBJEHHBIX» JIIO/eH,
60JbIIIast 4acTb KOTOPBIX HAXOJUTCS
BOJIM3U [[BEpeii. DTO U HEYIUBUTEIBHO.
Benpb y nBepu, HaxozsIeiicss B IieHTpe
CTEHDbI, CTAJKWUBAIOTCS, 10 KpaliHel
Mepe, TPU MOTOKA JIIOe, CTPeMSIINX-
€S K BBIXOZLY, — /IBA BJOJIb CTCH W OJTNH
TepHEeHNKY JISPHBIN TTpoeMy /Bepu. B

CXKAMUSL KOMOPLIX NPEBbLCU-
Ad 0ONYCMUMBLL MAKCUMYM

3000 H

UTOTE JIABJEHNe Ha KaXKI0T0 YeJI0BeKa,
JIOCTUTLIEro ABepeil, yBeanynBaercs, 1
€CJIM OHO JIOCTUTAET KPUTHUECKOTO 3HA-
YEHUS, TO STOT YEJOBEK CTAHOBHTCS JKEPTBOH TOJIIBI.

Ha pucynke 95 mokazaHo, Kak M3MEHIETCS MAaKCUMAIbHOE [aB-
nenne (cKatwe) B TOJINE 10 MEPE TOTO KaK JIOAM TIOKUAAIOT
rnomMerenne. BuaHo, 4To caMbIX BBICOKMX 3HAYEHUI JIaBJICHHIE JJOCTU-
raer B IIepBble CEKYH[bI IIOC/J€ BO3HUKHOBEHHs MNaHHKH, KOIJIa
Pa30THABIIKMECS JIO/IM, PACHOJIOKEHHDbIC GJIM3KO K JIBEPAM, CTAJIKH-
BaIOTCS APYT ¢ APYTOM. I10TOM, ¢ yMEHbIIEHWEM KOJIMYECTBA JIIOEH
B TOJITIE, JaBJICHNE MOCTEIIEHHO Ma[aeT, MCIBbIThIBAS GOJIBbIIIE KOJIe-
6aHusi, COOTBETCTBYIONNE OOPA3OBAHUIO U PA3PYIIECHUIO «IYTU» U3
Jofielt, He >KeJalomuX MPOIycKarh Apyr apyra (CM., HampuMmep,
pucynok 93). IloaToMy pocTy c:KaTHs COOTBETCTBYET BPEMEHHOE
npeKparenne BbIxoja Joeil n3 momemenus (naTepBanb Meskay 11
u 12 ¢, a takke mMexay 14 n 16 ¢ Ha pucynke 953).

O‘IeBI/IIIHOy I1IT06]JI yMeHbLHI/ITb KOJINYECTBO >KepTB, Hy}KHO yMeHb—
[IUTD YHCJIO TIEPECEKAIONIXCSI IOTOKOB BOJIM3U JIBEPEil, a ellle JIyvilie
— UCKJIIOYNTD UX IlepeceueHe Boobie. CamMoe mepBoe, 4To NPUXO/HT
B TOJIOBY, 5TO IIOIPOCUTb BceX CTaTh B odepelb. Komeuno, B
YCJIOBHSAX MaHUKU 5TO HEPeasbHO, HO TIOMENIEHHE MOYKHO CIIPOEKTH-
poBaTh Tak, 4TOOBI Jake MaHUKYIOIas TOJMIA, TIOAXOS K JABEPSM,
BbIHy}KI[eHa 6bIJIa BbICTpaI/IBaTI)CH B O‘Iepeﬂb.
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Bpema, c

Puc. 95. 3asucumocmo xoruuecmea nodetl, nokunyswux nomewerue (Kpu-
eas 1), u maxcumanonoi eesuaunvl cxamus ¢ moane (kpusas 2) om epe-
Mmenu, npowedwezo nocae nauara nawuxu ( vy =1,7m/c, b=1,7 m, ucxoo-
HOE YUC/O UeN06eK 6 KomHame 63, namv U3 KOmopvlx CMAIl Kepmedamu

dasxu)

BricTpanBaem toamy B ouepeab. Ha pucynke 96 mzobpazkeHo
MOMEIEeHNe, BBIXO/S M3 KOTOPOTO, JIOJW JIOJUKHBI IPOHTH uepes3

CY3KAIONIUICS KOPU/IOP, B PE3yJbTaTe
4ero Bce OHHU Y JIBEpeil UMeT OJuH 1
TOT JKe BEKTOP <«JKeJaeMoii» CKOPOCTH
U—o . MapiMu cstoBaMu, HAINpaBJISIONIII
KOPUIOP, TPE/IIIECTBYIOIUI IBEPSIM,
MIPETATCTBYeT BOSHUKHOBEHUIO BCTPEY-
HBIX JIIOJICKUX IIOTOKOB y aBepeii. Ilo-
9TOMY Pa3yMHO TIPEJNOJOKHUTD, UYTO
[P TeX JKe HAYAJIbHBIX YCJIOBUSIX TOJI-
1a BbIIET W3 IOMENIeHUs Yepe3 Cy-
JKaromuiicss Kopugop ObicTpee u 6e3
SKEPTB.

Pesysbrartel  MojiempoBanusi  Ger-
CTBA TOJITIBI M3 TAKOTO MOMEIIEeHNs T10-
Ka3aHbl HA PUCYHKAX, KOTOPbIE WJLIIO-
CTPUPYIOT PAa3JUYHbIE MOMEHTBI [[BU-
SKEHUST: TIOIXO/I K HAIIPABJISIONIEMY KO-
pugopy (puc.97), BbicTpauBatue B oue-
peltb 1 BBIXO/[ IEPBOTO YeJIOBEKA Yepe3
aBepb (puc.98), a Taxkike MOMEHT, KOTI-

Wy

S

—>

Puc. 96. I[lomewenue mex xe
PAsmMepos, Umo u Ha PUcyHKe
91, no ¢ nanpasasiouum Ko-
pudopom, npeduecmeyrouum
6b1x00y. Hcxoonoe pacnpede-
Jenue 100ei mo ke, umo u
na pucymnre 91, vy =0
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Puc. 97. Pacnpedenenue niodeii 6
KoMuame uepes 3 ¢ nocie HAudLd
nanuxu, K0z0a nepewvie 1100u docmue-
AU nanpagisiouezo xKopudopa
(vg=1,Tmfc,b=1,1n)

Wy

S

<>

Puc. 98. Pacnpedenenue modeti 6
Komuame uepes 11 ¢ nocae navara
nanuKu, K0z0a nepevlil 4ea06eK no-
xudaem nomewenue (vy =1,7 mfc,
b=1,1m)

Jla TI0JI0BUHA JTiofiel mokuuym momemntenne (puc.99). 3aBucumocTsb
BpeMeHH BbIXOJa HepBoro uenoseka (J1eB. BepX), IIOJOBUHbBI BCEX
mogeil (J1eB. HHM3), MAKCUMAJbHOW CHJbI CKaTus y jBepeil B
IPOIeHTaxX K jonyctumMoii (Ipas. Bepx) u KosmdecTsa xeptB (1pas.
HI/IS) OT YPOBHA IIaHUKN U IINPUHDBL nBepeﬁ I Ha4aJIbHbBIX yCJIO-

Wy

<]

2% —

Puc. 99. Pacnpedenenue nodetl ue-
pe3 21 ¢ nocae nawana nanuxu, xoe-
da noumu no06uHa 1100l NOKUHY-
. nomewenue (vy =1,7n/c, b =
= 7,7 M)
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BHUil, N3006PA’KEHHBIX HA PUCYH-
ke 96, mpuBenena B tabuuie 11
(mocTpoeHHON aHAaIOrHYHO Tab-
aure 10).

Kak u ciemoBasio 0Kumath,
HAIPaBJISAONINNT KOPUAOP 3Ha-
YUTEJbHO YMEHbBIIAET [[aBJIeHIe
JIOJIEN IPYT HA [IPyTa, [IeJ1asi ero
MEHbIIIe KPUTHYECKOTO, UTO HC-
KJIIOYaeT MOsIBJIeHNE JKEePTB JIaB-
KII B TOM JKe JIfalla30He U3MeHe-
HUST ITUPUHBI IBEPEIl 1 CKOPOCTH
v, - Kpome toro, xak nimocrpu-
pyer tabmauiia 11, Hampasisio-
I KOPUIOP [IeJIaeT 3aBUCH-
MOCTb BpeMeHH Ly OT MIupUHbI
JIBEpU ejle 3aMeTHOI. 3HauuT,
JECTBUTENbHO 3aBUCHMOCTD L/
OT UIMPHWHBI [BEPU, HUMEBINAs



Tabauya 11

[[Tuprma aeepu|lInpuna msepu|llInpuna asepu(lllnpuna nsepn

b=1,1w b=13m b=15m b=17wm
[Tanuka, 24 61 24 21 24 18 23 23
v, =0,7m/c| 45 | Her 43 HET 42 HET 42 | Her
[Tanuka, 16 38 16 48 16 38 16 32
v,=1,1m/c| 30 | mer 28 | wmer 28 | wmer 27 | wer
[Tanuka, 12 64 12 60 12 86 12 44
v, =1,5m/c| 23 | Her 22 | mer 22 | mer 21 | wmer
[Tanuka, 11 68 11 77 11 94 11 60
v,=1,7m/c| 21 | mer 20 | mer 21 | wmer 18 | mer

MECTO B TOM CJlydae, KOrja ABepb Oblia B cepeanne crenbl (tabiuiia
10), BO3HUKAET M3-3a [IEPECEYECHNS TAM HECKOIbKIX MOTOKOB JIIOJICH.

WNurepecHo, 4To B TeX cjydasX KOrja IIMPUHA JBEPU HE TT03BO-
Jager 4epes Hee npoitu cpasy asoum (1,1 M), HampabJsionmii
KOPUIOP TPAKTHYECKN YCTPAHSET 3aBUCUMOCTb CHJI CXKATUS U OT
ypoBHst anuku (v, ), KOTOpas MPUCYTCTBYeT Tpu GoJiee TMHPOKUX
aBepsax. OTCYTCTBHE POCTa CHUJT CXKATHS MPH MAaHUKE B 3TOM CJIydae
TO>Ke TOBOPHUT O TOM, YTO TPACKTOPUH JBIKEHUS JIIOJIeH He Tepece-
KaIoTCs.

IIpogon:xure camu, ecau BaM HHTEpecHO! Moenpys JBIKe-
HUE TOJITBI, MBI PACCMOTPEJIH BCETO /[BA CJIydasi — IBEPh PACIIOJIOKe-
Ha B IIEHTPe CTEHBI NJIN NMeeTCs HapaBJsaionuii kopuaop. [Ipm atom
BCEX JNOJIEN MbI C/lesain OJJMHAKOBBIMU. A 4TO GyJIeT, HalpuMep,
€CJTH B TOJITIE €CTh JIeTH, «/INaMeTp» 1 Macca KOTOPDIX, KaK M3BECTHO,
MeHbIlle, 4eM y B3pocybix? Kak 3aBHCHUT KOJUYECTBO KEPTB OT
pas6bpoca mapameTpoB Jojieii? Kto crpamaer B mepByio ouepe/n?

Masno TOro 4TO MBI B CBOEil MOJENW CHAEJATN BCEX Jrojei
OIMHAKOBBIMHU, MBI JINIINJIN UX padyMa, Ha/IeJIB TOJbKO CTPEMJICHN-
eM — BEKTOpOM, HampaBJeHHBIM K ABepu. Ha camom gese, Kaskabril
YesJIOBeK [[aXKe B YCJOBUSIX MMAHUKH OTJISIIBIBAETCS TI0 CTOPOHAM W,
ecJI BUIUT, YTO [[BUJKEHUE B HAINPABJEHUM BBIXOJA 3aTPYIHEHO,
HAaYMHAET WCKaThb OOXOo/JHbIe MmyTH. Eciam Bama mporpaMma y:xe
HaIMcana, MonpoOyiTe BKJIIOUNATL <«OTJISABIBAHNE» B €€ TEKCT —
TTOJTydYeHHbBIE TaHHbIe Bac, MO-BUANMOMY, YIUBSAT.



[MABA 16

MOJIHUA: BOJIbLLE BOIMNPOCOB,
YEM OTBETOB

B kaskpIii MOMEHT BpeMeH! B PA3HBIX TOUKaX 3eMJn
cBepkaior Mmosiauu Gosiee yeM 2000 rpos, Kaskayio ceKyHy 0KoJ0 S0
MOJIHU YIAPSIIOT B 3eMJIIO, U B CPEHEM OJIUH KBAIPATHDBIN KILIOMETD
nopaykaeTcst MOJIHUEH oKoJio 1ectu pa3 B roay. Emnie b.dpankanx
MTOKA3aJ, YTO MOJHHHU, OBIONINE 0 3eMJie U3 TPO30BLIX 06JIAKOB, —
3TO 3JIEKTPUUYECKIE PA3PSA/IbI, TePeHOCATINEe Ha Hee OTPUIaTeTbHbIIH
3aps. [Ipu aToM Kask/plil U3 PaspsiioB cHabKaeT 3eMJI0 HECKOJIb-
KUMHU JIeCATKAMHI KYJOHOB, a aMILIUTyAa TOKa MPH yJAape MOJHHUH
cocrassieT oT 20 10 100 KA.

CxkopocrHasi poTochbeMKa 0Ka3aia, YTo Pa3psii MOJHUM JIJTUTCS
HECKOJIbKO IECATBIX I0JIel CEKYHIBI M COCTOUT M3 HECKOJIbKUX 6oJiee
koporkux (puc.100). Monnu
13/1aBHA MHTEPECYIOT YUEHDIX,
HO U B Hame BpeMsi 06 uX
[IPUPOIE MbI 3HAEM JIUIIb He-
MHOro Oouibie, yem 250 Jjer
TOMY Has3aJ, XOTs CMOTJu 06-
Hapy>KUTb MOJHHHU [a)ke Ha
JIPYTUX TLIaHeTax.

MoJsHus1 — BEeYHbIH HCTOY-
HUK I0/13aPA/IKHU 3JIeKTpHYeC-
koro mosasti 3emuu. C momo-
IIbI0 M3MEPHUTEJIbHBIX TTPH6O-
pPOB, yCTAaHOBJEHHBIX Ha ar-
MocepHBbIX 30HAaX, B Hadase
Puc. 100. Pazpsd moanuu XX Bexa ObLI0 UI3MEPEHO AJIeK-

TpHUYecKoe MoJie 3eMJH, Ha-
MPSPKEHHOCTh KOTOPOTO Y MOBEPXHOCTH OKa3aJach PaBHON OKOJIO
100 B /M, 4TO COOTBETCTBYET CyMMapHOMY 3apsi/Iy IJIaHETHI TPU6JIH-
sutespHO 400000 Kii. IlepenocumkoM 3apsmoB B aTMocdepe 3eMJIn
CJIY’KaT MOHBI, KOHIIEHTPAIINS KOTOPBIX YBEJIMINBACTCS C BBICOTOH 1
JIOCTUTAET MaKCHUMyMa Ha BbicoTe 50 KM, T/ie 1oj[ AeHCTBUEM KOCMHU-
YECKOT0 M3JTyueHnst 00Pa30BaJICs HJIEKTPOIPOBOISAIINI CJI0# — MOHOC-
depa. TloaTomy asiekTpuueckoe 1moJie 3eMJu — 3To 1oJe chepuyiec-
KOr'0 KOH/IeHcaTopa C IPUJIOKeHHbIM Halpsi>keHueM okoJio 400 kB.
[Ton meficTBEEM 3TOTO HATIPSIKEHNUS U3 BEPXHIX CJIOCB B HIDKHUE BCE
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BpeMs Te4eT TOK MOPSAKa 2 — 4 KA, IIIOTHOCTb KOTOPOTO COCTABJISACT
(1-2)-107'2 A/m?, u Boigensercs sueprust o 1,5 IBr. U aro
9JIEKTPUUECKOE 110Jie ncyeso Obl, ecau He OblIo Obl MOJHUIL!
[TosyyaeTcsi, 4TO B XOPOIIYIO TIOTO/Y AJEKTPUYECKUIT KOHIEHCATOD
3eMJI Pa3psKAEeTCs, a [IPU TPO3E — 3apsiKACTCS.

UYesi0BeK He YyBCTBYET 2JIEKTPHYECKOTO IOJIST 3eMJM, TaK Kak
SIBJISIETCS] XOPOUINM TIPOBO/IHUKOM. [loaTomy 3apsi/i HaxoauTcs 1 Ha
[TOBEPXHOCTU YEJIOBEKA, JIO-

_____________________________ 2008.
KaJIbHO HCKAKAS OJIEKTPIIEC  E 700 R nr \ /
koe nose 3emsn (puc.101). g 0B
I[Tox rpos3oBbIM o6JakoM [
IJIOTHOCTH HaBeJEeHHBbIX Ha / LR

3eMJIe TIOJIOJKUTEJbHBIX 3a-
PAIOB MOXKET 3HAYMTENbHO
BO3pacTaTb, a HalpsKeH-
HOCTD 3JIEKTPUYECKOTO TTOJIS
mosket jgocturatb 100 kB /M,
T.e. B 1000 pa3s mpeBbImIaTh
ee 3HaUeHNE B XOPOIIYIO TO-
rony. B pesynbrate BO  pyc. 101. dxeunomenyuarvnvie runuu
CTOJIPKO JK€ Pa3 YBEJMYUBA-  31eKxmpuueckozo nois 3emiu 6e3 ueno-
€TC4 ITOJIOKUTEJIbHbIN 3ap${11 GeKd U UX UCKdAKenue CMOAUUM Yejloee-
KayK/JIOr0 BOJIOCKA Ha TOJIOBE KoM
YeJIoBeKa, CTOSIIETO IO TPO-
30BOH Tyueil, I OHM, OTTAJKHUBASICDH PYT OT APYra, BCTAIOT IBIOOM.
daekTpusausa — yAaJeHUHE <«3aPSDKEHHOW» mbLM. UToObI
MOHSTH, KaK 06JIaKO Pa3/ieJIsieT JIeKTPUUECKUe 3apsijibl, BCIIOMHUM,
YTO Takoe ajekTpusaius. Jlerdye Bcero 3apsjiMThb TeJO, MMOTEPEB €ro
0 ZIpyroe. DJIeKTPU3AIH TPEHNEM — CaMbIil CTapblii criocob moryye-
HUS 2JIEKTPUUECKUX 3apsioB. CaMo CJIOBO «3JIEKTPOH» B MEPEBOJIE
C TPEYEeCKOTO O3HAYaeT SHTApPb, TaK KaK SHTAPh BCET/A 3apsuKascs
OTPUIIATEJBHO TIPU TPEHUM O TEPCTbh WU MieJK. Bemmunna 3apsijia
U €r0 3HAK 3aBUCAT OT MATEPUAJIOB TPYIIUXCS TEJI.

Cunraercs, uTo TeJO, /10 TOTO KaK €ro CTaju TepeTb O JIPyToe,
3JIEKTPOHEHTpaIbHO. [lelicTBUTENIbHO, ecJii OCTaBUTDH 3apsi’KeHHOe
TeJ0 B BO3AyXe, TO K HEMy HAUHYT MPHUJINNATL TPOTHBOIOJIOKHO
3apsDKEHHBbIE YAaCTHUIBI MBIIM U WOHBI, B pe3yJbTaTe 4ero depes
HEKOTOPOE BPEMs TeJO OKAKETCS JJIeKTPOHEHTpasbHbIM. Taxum
06pa3oM, Ha MOBEPXHOCTH JIIOOOTO Tesla HAXOAUTCS CJIOI 3apsiKeH-
HOU TbLIM, HelTpanuayiomuit 3apsa tena. [loatomy anekTpusanms
TPEHUEM — 3TO MPOIECC YACTUYHOTO CHATUS 3aPSYKEHHON TbLIN C
o6oux Tesi. [Ipu aTOM pesysibraT GyieT 3aBUCETH OT TOTO, HACKOJBKO
JIy4Iie WIN XysKe CHUMaeTCs 3apsbKeHHas MbLIb ¢ TPYITIXCS Ted.
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O6aako — ¢pabpuKa 10 NPOU3BO/CTBY IJEKTPHYECKUX 3aps-
noB. ['po3oBoe 06J1aKO — 3TO OrPOMHOE KOJIMYECTBO Iapa, 4YacTb
KOTOPOTO CKOH/ICHCHPOBAJIACH B BH/E MEJIbYANIINX KalleJeK Wi
JbINHOK. Bepx rposoBoro o6Jiaka MOYKeT HaXOAWTbCS Ha BBICOTE
6—7 kM, a HuU3 HaBucaTb HaJ 3emuieil Ha BbicoTe 0,5—1 kM. Bbre
3—4 KM o6Jlaka COCTOSAT W3 JIBAUHOK PA3HOTO pa3Mepa, TaK Kak
TeMIiepaTypa TaM BCerjia HIDKe HyJid. JTH JbJANHKH HAXOJATCS B
IIOCTOSIHHOM JIBIZKEHIN, BBI3BAHHOM BOCXOZISIIIMMU IIOTOKAMHE TEILIO-
ro BO3/yXa, TOHMMAIOIIETOCS CHHU3Y OT HArpeToil MOBEPXHOCTH
3emun. Mesikue JbMHKY Jierdye, yeM GoJiee KPYITHbIE, YBJICKAIOTCS
BOCXO/IATIIMYU TTOTOKaMu Bo3yxa. [loaToMy 1rycTpbre MeJIKHe JIb/IUH-
KU, JIBUTASICh B BEPXHIOK 4acTb 06JIaKa, BCE BPEMS CTATKUBAIOTCS C
KpymHbIMA. [Ipl Ka’X70M TaKOM CTOJTKHOBEHUH ITPONCXONT DJIEKT-
pusaius, B pe3yJabTaTe KOTOPOU KPYIHbIE JbIUHKU 3apsKAIOTCS
OTPHIIATEJBHO, a MeJKHEe — TOJI0KHUTENbHO. CO BpeMeHeM TT0JI0KH-
TeJIbHO 3apsiyKEeHHbIe MEJIKIE JIbIMHKI OKa3bIBAIOTCS B BEPXHEH YacTh
o6J1aKa, a OTPUIIATEIbHO 3apsyKEHHbIE KPYTTHbIEe — BHU3Y. Ipyrumu
CJIOBAMH, BEPXYIIKA I'PO30BOT0O 00JIaKa Telepb 3apsiKeHa MOJI0KH-
TeJBbHO, & HU3 — OTPHUIIATENbHO. Bee TOTOBO I pa3psiia MOJHUH, TPU
KOTOPOM TIPOMCXOUT TPOGOil BO3[AyXa M OTPHUIATESbHBIN 3apsil C
HIDKHEH JacTn rpo3oBoil Tyun meperekaer Ha 3emuio (puc.102).

Puc. 102. Ompuyamenvro sapaxennas
S D HUNKHASL UACMb 001AKA NOASPUIYEM N0~
sepxnocmy 3emau noo coboil max, umo
OHA 3aPAKAEMNCSL NOJOKUMENLHO, U KO2-
da 603HUKAIOM YCA08USL OISl INEKMPU-
ueckozo npo6os, npoucxooum paspso

==== SPiipiari Se=e—= MOJTHUU

MosHusi — mpuBeT U3 KOCMOCA M HCTOYHHK PEHTTE€HOBCKOTO
uzaydenusi. OHako caMo 06JaKo He B COCTOSIHUM TaK HAdJEeKTPH-
30Barb ceOs1, YTOODbI BHI3BATH PA3PS/] MEK/IY HIDKHEN 4acTbio 006./1aKa
u 3emJieii. HanpsikeHHOCTD 9/IEKTPUYECKOTO T0JIisi B TPO30BOM 06.1a-
Ke HuKorjga He mpesbimaer 400 kB ,/M, a ajnexkrpudeckuii mpo6oit B
BO3/yXe TPONCXOAUT TIpU HampsKeHHOCTH Gousbime 2500 xB /M.
[ToaToMy a8 BO3HWKHOBEHWS MOJHWN HEOOXOIMMO YTO-TO eIIle,
KpoMe ajexTpuueckoro nomst. B 1992 roxy poccniickmii ydaeHbit
A.Typesnu n3 dusnveckoro nucruryra um. I1.H.J/le6egesa PAH
MIPEITOIOMKII, YTO CBOEOOPAZHDBIM 32 KUTAHUEM [IJISI MOJHUH MOTYT
6BITH KOCMUYECKUE JIyUYH — YACTHUIIhl BBICOKUX IHEPTHil, 06pyIIBa-
folrecs Ha 3eMJII0 M3 KOCMOCAa C OKOJIOCBETOBBIMU CKOPOCTSIMH.
Thicsaun TakUX YacTHUI[ KOKAYIO CEKYHY GOMOAPANPYIOT KasK/IbIi
KBaJIPATHBIH MeTp 3eMHOH aTMocdephl.
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Corsacuo Teopun I'ypeBnya, 9acTuIa KOCMIYECKOTO H3JIyUCHNS,
CTAJIKUBASCh C MOJIEKYJION BO3/IyXa, HOHU3YET €e, B Pe3yJIbTaTe YeTo
00pa3yeTcsi OrpOMHOE YHCJIO 3JIEKTPOHOB, O00JIAJAI0NINX BbICOKOMN
sHeprueii. Ilonas B asiekTpruuecKoe 1mose Mexay 06JaKoM U 3eMJlel,
3TH 3JIEKTPOHBI YCKOPSIIOTCS 10 OKOJIOCBETOBBIX CKOPOCTEH, HOHU3H-
Py MOJIEKYJIbI BO3/lyXa Ha IIyTH CBOETO J[BIXKEHUS 1 TAKIM 06pa3soM
BBI3BIBAS JIABUHY 2JIEKTPOHOB, JABIDKYIINXCS BMECTE C HUM K 3€MJIE.
VMonnsnpoBanublil KaHaJ, CO3JAHHBIN 3TOH JIABUHOW 3JIEKTPOHOB,
cpasy JKe MCIIOJIb3YeTCsI MOJTHUEH /st paspsijia.

Kaskaplit, KTO BujieJl MOJHAIO, 3aMETHJI, YTO 3TO HE SIPKO CBETSI-
masicst IpsiMast, CoeIMHSoNas 06J1aKo U 3eMJII0, a JJOMaHas JINHUS.
[ToatomMy mpoBoAATINIT KaHAJ /J paspsiia MOJTHUN Ha3bIBAIOT ee
«CTYTICHUATBIM JHepoM». Kaskmasg W3 TaKUX <«CTYIIEHEK» — 3TO
MeCTO, T/Ie PA30THABIINECS [0 OKOJOCBETOBBIX CKOPOCTEH 2JIEKTPO-
HbI BBIHY K/ICHbI ObLIM OCTAHOBUTHCS M3-32 CTOJIKHOBEHUIT C MOJIEKY-
JlaMM BO3/lyXa ¥ M3MEHUTb HallpaBJieHue JBIKeHus. [lokasaresb-
CTBO JUJISL TAKOW MHTEPIIPETAINN CTYIIeHYaTOro Xapakrepa MOJTHIN —
BCITBINITKYA PEHTTEHOBCKOTO M3JIyUeHs, COBIA/IAIONINE C MOMEHTAMH,
KOrJia MOJIHUS, KaK Obl CIIOTBIKASICh, U3MEHSIET CBOIO TPAEKTOPUIO.
Henasuue nccse1oBanns NoKa3an, YTO MOJHHUS SIBJISETCS JOBOTIHHO
MOIIIHBIM NCTOYHNKOM PEHTT€HOBCKOTO M3JIy4€HUsI, SHEPIUst KOTOPO-
ro MoKeT cocTaBydaTh 10 250000 2/1eKTPOH-BOJIBT, YTO PUMEPHO B
/IBa pasa IPEBbBIIAeT SHEPTUI0, UCIOIb3YEMYIO IPU PEHTTEHOBCKOM
TTPOCBCUNBAHNN TPYIHON KJICTKH.

Kax MosxHO BBI3BaTh pa3psaj MOJHHM? lI3ydyaTb TO, YTO TIpO-
M30H/IeT HETIOHATHO T/le U KOT/Ia, OYCHb CJOXKHO. A MMEHHO TaK B
TeyeHue JOJTUX JIeT PaboTaju yY4yeHble, WCCJe/LyIoNiue TPUpoiLy
MoutHnu. CunTaercs, 4To rpo3oil Ha HeGe pyKoBoanT Wibsa-npopok,
1 HaM He JIaHO 3HaTb ero manbl. OHAKO y4YeHbIe JJABHO IBITATNCDH
3aMeHNTh Vablo-TpopoKa, co3jgaBas MPOBOAAIINI KaHAT MEX[IY
rpo3oBoil Tyuell u 3emJeil. b.MpaHKIUH A/ 9TOrO BO BpeMs I'PO3bl
3aITyCKAJ BO3/YITHBIN 3Mell, OKAaHUNBAIONTUICS IPOBOJIOKON 1 CBS3-
KOU MeTaJIMYeCKNX KJio4yeil. DTUM OH BBbI3bIBAJ cJaabble Pas3psiibl,
CTeKaoIne BHU3 M0 ITPOBOJIOKE, W TIEPBbIM JI0KA3aJI, YTO MOJHUS —
3TO OTPUIATEJIbHDIH AJIEKTPUYECKUIT pa3psijl, CTEKAIONHI ¢ 00IaKOB
Ha 3emuio. Ompitel DpaHKANHA OBLTA YPE3BBIYANHO OTACHBIMHU.
OnnH 13 TeX, KTO MBITAJICS NX MOBTOPUTD, pycckuil ¢pusuk I'. Pmxman
B 1753 roxy noru6 or yjapa MOJHHU.

B 1990-x romax yuenble Hay4MJUCh BbI3bIBATL MOJIHUM, He
1o/[Beprasi OlaCHOCTH CBOIO kKM3Hb. OjMH n3 croco60B BbI3BATDH
MOJIHHIO — 3aITyCTUTD € 3eMJIH HEGOJIbIIYIO PaKeTy IPSIMO B TPO30BYIO
tyuy (puc.103). Baosib Beeii TpaeKTopuu pakerta HOHUBUPYET BO3-
JIyX U CO3/[aeT TaKuM 00Pa30M MPOBOJSIINNI KaHaA MEK/Y Tydeil u
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semuieii. U1 ecm orpumaresn-
HDBII 3aps/T HIDKHEH 9acTh Ty4n
JIOCTATOYHO BEJHK, TO BJOJb
CO3/IaHHOTO KaHaJa MPOUCXO-
JIUT Pa3psii MOJIHUY, BCE Tapa-
METpPBI KOTOPOTO PETHCTPUPY-
10T TIPUGOPBI, PACIIOIOKEHHDIE
PSIOM CO CTapTOBOM TLJIOMIA-
Kol pakerbl. UToObl €O31aThb
ellie JIydIe YCJAOBHS [T Pa3-
psilla MOJTHUM, K TaKOW pakere
TIPUCOEITHSTIOT METAINIECKITH
TIPOBO/I, COEAMHSIOMNI ee ¢
3eMJIet.

Puc. 103. Heckoavko paspsdos moJ-
HUl, BOI36ANHBIX NYCKOM PAKEMbL 6 ZPO- Moanus: moxapusmas
306y10 myuy. Camas nesas eepmu- KH3Hb H SBJISIONASICS ABUra-
Kanonas aunus — cied om sanyuen- TeJeM aBoonun. B 1953 rogy
HoU paxemol OGUOXMMHKH 3KCIIEePUMEHTAD-
HO TIOKasajW, YTO OAHMU W3
«KUPIUYUKOB» JKU3HU — AMUHOKHUCJIOTBI — MOTYT ObITb CO3/IaHbl
IyTeM MPOIyCKaHUs Paspsijia MOJHHUU 4Yepe3 BOJY, B KOTOPOM
DACTBOPEHDI Tasbl «IIePBOOBITHOI» atMocdepbl 3emmun (MeTaH, aM-
Muak u Bogopoa). Cryerst 50 JieT 5TH OMbBITHI GbLIM MOBTOPEHBI U
JlaTi Te JKe Pe3yJ bTaTbl. BOT moueMy HayuHasl TEOPUST 3aPOKACHIS
SKU3HH Ha 3eMJIe OTBOJUT Y/Iapy MOJTHUN OCHOBOTIOIATAIONLYTO POJIb.
[Tpu mporyckanny KOPOTKUX MUMITYJIbCOB TOKA uepe3 OakTepuu B
ux o6os0uke (MeMOpaHe) TOSIBIAIOTCS OPBI, Yepe3 KOTOPbIe BHYTPb
moryTt mupoxoautb dparmentsl JHK apyrux 6akrepuii. Taxum
00pa3oM, TEHbI OT OJHOTO BHA OGAKTEPHIl MOTYT HEpexXOo[uTb K
JPYTOMY, 1 3TO MOKET ObITb OJHUM U3 MEXaHW3MOB IBOJIOIN.
@yaprypur — cJeJ MOJHHH Ha 3emJie. lIpn paspsge MomHuN
BbI/IE/IIETCS DHEPrusi Iopsi/iKa 10% =101 J>x . bombmas gactb
3TOW HHEPIUU TPATUTCSI HA TPOM, HATrPEB BO3/1yXa, CBETOBYIO BCIIBIII-
Ky W JpyTue 2JIeKTPOMAarHUTHbIE M3JY4YeHUs, U TOJbKO MaJleHbKast
YacTh BBIJEJNSETCS B TOM MeCTe, TJle MOJIHHS BXOAUT B 3€MJIO.
OaHako M 3TONH MasleHbKOW YacTW BIOJHE JOCTATOYHO, YTOOBI
BbBI3BATH MOXKAP, YOUTb YesOBeKa UM Pa3pyluTh 3janne. MoJsHus
MOKET pas3orpeBaTh KaHasl, IO KOTOPOMY OHa JABIDKETCS, [0
30000 °C, uto B 5 pa3 Bblllle, YeM TeMIepaTypa Ha IOBEPXHOCTH
Counnna. Temmeparypa BHYTPHM MOJIHHUU TOPA3/l0 BbIIle TeMIepaTy-
pol mnasnenus necka (1600—-2000 °C), HO pacmiaBuUTCS IIE€COK
WM HeT, 3aBUCUT TakKKe OT JJINTEeJbHOCTH MOJIHUM, KOTOpast MO-
SK€T COCTaBJIATH OT JECATKOB MHKPOCEKYH /0 J0Jel CeKyH/BI.
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AMIIMTYZIa TOKA MOJIHUM OGBIYHO PAaBHA HECKOJBKUM JIECSTKAM
KIJIOAMITED, HO WHOTJA MOXKeT npeBbimath u 100 kA. Jlumib cambre
MOII[HbIE MOJIHUU BBI3bIBAIOT POKeHue (yabrypPUTOB — MOJIBIX
IUJIMH/IPOB, CEJaHHbIX U3 omlasienHoro necka (puc.104, 105).
HanGosiee jyinHHbIE M3 PACKONAHHBIX (DYJIbTYPUTOB YXOUJIN TIO/
3eMJI10 Ha riyOuHy 6oJiee MsTH METPOB.

[

Puc. 104. Kpynnwiii ¢yaveypum maccoii 7,3 Ke, Hatl0enuvlii asmopom Ha
okpaurne Mockeuvl (ceea) u ezo noavie yuirunopuveckue gpazmenmol, 06-
pasoeanmvie U3 ONIAGLEHHOZ0 NEcKa

Puc.105. Cocna, pacnonoxennas na sanaomou oxpaune Mockebvl. 1100 co-
CHOTL HAXOOUMCS 0ZPOMHBIIL PYLv2YPUM, NOIMOMY KOPHU COCHBL YX00AM 6
3eM10 Ha 60bwoM paccmosnuu om cmeoad. 110 mnenuio agmopa, cemeuxo
COCHbL 0KA3ANIOCH BHYMPU NOJI0Z0 UUAUHOPA (PYAbzypUmd, 00PAI06ANH0Z0
paAspsioom MoanUU

3umoii rpo3bl oueHb peaku. 3uasu 06 atom n M. 1. Tiorues, korga
mIcas «Jio0ai0 TPO3y B Havyajge Mas, KOrJa BECEHHHUH MepBbIil
rpoM...» Uto6bpr 06pa3oBasioch Tpo3oBoe 061aK0, HeOOXOAUMbBI BOC-
XOZSIINE TIOTOKU BJIAYKHOTO BO3/yXa. KOHIEHTpaIis HACBIIEHHBIX
[IapOB PAaCTeT € TEMIIEPATypoil W MaKCHMaJbHA JIeTOM. PasHocTb
TEMIIEPATyp, OT KOTOPOH 3aBHCHUT BO3HUKHOBEHHE BOCXOJSIINX
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MIOTOKOB BO3/LyXa, TeM 00JIbllle, 4eM BbIIIE TEMIIEPATYPA Y TOBEPXHO-
cTH 3eMJi, TaK KaK Ha BBICOTE HECKOJIbKUX KHJIOMETPOB TEeMIIEpaTy-
pa He 3aBUCUT OT BPEMEHM T0/la. 3HAUYUT, NHTEHCUBHOCTb BOCXO/IsI-
MIMX TTOTOKOB MaKcHMaJsbHa Toxke JietoM. [loaToMy n rpo3bl y Hac, B
cpe/Hell mosloce, uale Bcero ObIBAIOT JIETOM, a Ha ceBepe, TJe U
JIETOM XOJIOJTHO, TPO3BI /IOBOJIBHO PE/IKN.

Ilouemy rpo3bl 4amie ObIBAIOT HAJ CylNei, 4eM Hajx Mopem?
Uro6b1 06J1aK0 Pa3psiINIOCh, B BO3[AYXE IO HUM JOJKHO ObITH
JIOCTATOYHOE YHCJIO HOHOB. BO3/yX, COCTOSIIMI TOIBKO U3 MOJIEKY.JT
a3oTa M KUCJIOPOJA, HE COJEP)KUT MOHOB, M €r0 OYEeHb TSIXKEJO
HNOHU3NPOBATh JIaXKe B 3JIEKTPUYECKOM I0Jie. A BOT €CJI B BO3/LyXe
MHOTO MHOPOJHBIX YaCTHUI[, HANPUMED MbLIM, TO M HOHOB TOKE
MHOTO. Mombl 06pasyioTcst py JIBUKEHUH YaCTHI[ B BO3/LyX€e aHAJIO-
IMYHO TOMY, KaKk 9JIEKTPU3YIOTCS IIPU TPEHUM APYyr OT Jpyra
passimuHble Marepuasbl. OYeBUIHO, YTO TIBLIM B BO3/yXe ropasjio
6oJTblIIe HAJI CyIIeit, yeM Ha/l okeaHaMu. I10aToMy-TO rpo3bl 1 TpeMsT
Haj cymeii yame (puc.106). 3ameueHo Takske, 4TO 0OCOOEHHO YacTo

Puc. 106. Pacnpedesenue wacmomul zpo3 no NOGEPXHOCU CYWU U oKed-
HOG:! caMble meMuvle Mecmd HA Kdpme COOMEEemCmEYom UdCmoman He
6onee 0,1 zpo3vl 6 200 HA KEAOPAMHBLIL KULOMEMP, d CAMbIE CEEMIbIE —
boee 50 2po3 6 200 na KeaOpammoLil KUIOMEMP

MOJHAU OBIOT TI0 TeM MecTaM, T/le B BO3/yXe OCOOEHHO BeJINKA
KOHI[CHTPAIHS a9po30Jiell — BLIOPOCOB NpeAnpusaThii Hepremepepa-
6aTbIBAIOIIEl TPOMbIIIJIEHHOCTH.

Kak ®@pankauH oTKJI0HHI MOJHHIO? K cuacTbio, GOJIBITHHCTBO
Pa3psi/IoB MOJHUU TIPOUCXO/AT MeXay OO6JaKaMu M I103TOMY He
YTPOXKAIOT 3/I0POBbLIO Jiosieil. OJfHAKO CYMTAeTCsl, YTO KasK/Ibli TOJ|
MOJIHUU yOUBAIOT GoJiee ThICSYH JTIo/Ieil 110 Bcemy Mupy. I1o kpaiineit
mepe, B CIIIA, rae Begercs Takast CTaTHCTHKA, KaXKAbIH TOJ] OT yapa
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MoJsHUH cTpajaioT okoJo 1000 veso-

Bek n GoJiee crta M3 HUX TIOTHOAIOT.

Ydenble JAaBHO MbITAJUCH 3ANIUTUTD ‘
JIoJIEl OT ATOMN «Kapbl 60:Kbeli». Ha-
puMep, U306peTaTeib IIEPBOTO JIeK-
TPUYECKOTO KoHeHcartopa (JyeiigeHc-
kag Ganka, 1745 T.) roJulanjcKuii
¢usuk Ilurep Ban Mymen6pyxk B
cratbe 06 3JEKTPUYECTBE, HATUCAH-
HOIl /iJi5 3HAMEHWUTON (DPAHITYy3CKOI
<« DHITIKJIOTIINN >, 3AIUIIAT TPALI-
IUOHHbIE CIIOCOODI TIPEJIOTBPAIeHus
MOJIHUM — KOJIOKOJIbHBIM 3BOH U
cTpesibOy u3 IylieK, KOTOPbIe OH CUN-
Tajs A0BOJBHO 3(PDEKTUBHBIMU.
B.(.DpaliKJH/IH, NbITasACh SAMUTUTD KA b 107 Zoum ¢ zpomoomeo-
HUTOJIMIL CTOMIMIBL IITaTa MapuieHs,  jou. Moders npodasarace &
B 177501“011}’ UPHKPEIT K SAAHMIO  XTX gexe u nois306a1dacsy
TOJICTBIM JKE€JIE3HDbIN CTEPKEHDb, BO3- cnpocom

BBIMIAIOMNNCSA HAJ[ KYIIOJOM Ha He-

CKOJIbKO METPOB M COE/IMHEHHDBIN € 3eMJiell. YUYeHbIl OTKa3aJcs
MaTeHTOBAaTh CBOE WM300peTeHue, Kejas, 4ToObI OHO KaK MOXKHO
CKOpee HAavyaJso CIy>KUTH JIIOAsSM. BripoueM... TpOMOOTBO/I IPUKPeETI-
JIICs He TOJbKO K 3aanuam (puc.107).

Bectb 0 rpomoorBoge Dpankanna 6picTpo pasznecsach 1o Es-
porie, n ero BbIGpaAIM BO BCe aKaJeMuu, BKJjiodas u Poccuiickyio.
OnHAaKO B HEKOTOPBIX CTpaHax HAGOKHOE HaceJeHUe BCTPETHIIO
310 M306peTeHue ¢ Bo3mylieHneM. Cama MbICJb, YTO YEJOBEK TaK
JIETKO U TIPOCTO MOKET YKPOTHTD TJIaBHOE OpY:KHe 60XKbero THEeBa,
Kasajach KoIyHCcTBeHHOH. [loaToMy B pasHBIX MecTaxX JIIOAW W3
6J1arouecTUBbIX COOOpPAKEHUIl JIOMaan TPOMOOTBO/IbI. JII0GOIBIT-
HbII cayyvail npousotes B 1780 rosy B 07iHOM HEGOJIBIIIOM TOPO/IKE
Ha cesepe Dpaniuu, rje roposkane MoTpe6OBAIU CHECTH >KeJie3-
HYI0O MauTy TPOMOOTBO/IA ¥ JIeJIO JOILIO 0 cynebGHOro pasbupa-
TeabeTBA. MOJOION aBOKAT, 3aIWINAaBIINN TPOMOOTBO/ OT Halla-
JIOK MPako0ecoB, MOCTPOUJI 3AIUTYy HA TOM, YTO M PasyM 4YesoBe-
Ka, U ero crocoOGHOCTb IMOKOPSITh CUJIbI TPUPObI MMEIOT OoxKe-
CTBEHHOE MPOUCXOXK/eHue. Bce, YTO momoraer Cractu KU3HD, BO
61aro — J0KasbIBaJ MOJO/0I amBokar. OH BBIUTPAJ IIPOIECC U
CHUCKaJ GOJIBIIYI0 M3BECTHOCTb. A/IBOKATa 3Baju MaKCHUMUJINAH
Po6ectibep. Hy a ceiiwac moprtpeT m3o6peraTesis IPOMOOTBOJA —
camasl JKeJTaHHasg PEMpPOAYKINS B MUpe, BeJb OHAa yKpaliaeT M3Bec-
THYIO BCEM CTO/IOJITAPOBYIO KYMIOPY.
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Kak Mo0’HO 3amUTUTBCA OT MOJHHH C TOMOIIBIO CTPYH H
Jagzepa? YueHble UPEIJIOKUIN TPUHIIUIUAIHHO HOBBIH CIOCOO
60pbObI ¢ MOJIHUSIMU — CO3/IaTh I'POMOOTBO/] U3... CTPYHU KUIKOCTH,
KOTOpOil GYAYT CTPEJATb C 3€MJIU HEIMOCPEJCTBEHHO B TPO30BbIC
o6siaka. I'pOMOOTBOIHAS JKUIAKOCTH TPEACTABJISET cOOOI COJIEBOI
pacTBOp, B KOTOPBIH OyayT M06aBJCHBI KUAKUE TIOJTMMEPBI: COJb
TpeiHasHaueHa /IS YBEJIMYCHNUS 3JI€KTPOITPOBOAHOCTH, a MOJUMED
Oy/IeT MPENsITCTBOBATD «PaClafly» CTPYH Ha OT/e/IbHbIE KAIeJIbKH.
JluaMeTp CTpyH COCTABUT MIPUMEPHO OJIMH CAHTUMETP, & MAKCUMAJIb-
Hasg Bbicota — 300 merpoB. Korga skuakuii rpomMooTBoj GyeT
JopaboTaH, WM OCHACTAT CIIOPTHBHBbIE W JIETCKUE TLIOMIQJIKU, T/e
cTpys 6yZeT BKJOYATBCS aBTOMATHYECKH, KOTZA HAIpPSIKEHHOCTD
JIEKTPUYECKOTO TIOJISI CTAHET JOCTATOYHO BBICOKOM, a BEPOSITHOCTD
yaapa MOJHUM — MakcuMaJbHOi. [lo cTpye KuaKoCTH ¢ TPO30BOTO
obyaka OyleT «CTeKaTb» 3apsill, JeJias MOJHHUIO 6e301acHOU [IJist
OKPY KaIOIUX.

AHaJIOTMYHYIO 3aIUTy OT Pasps/ia MOJHUHM MOXKHO ClIeJaTb U C
TTOMOTITBIO JIa3epa, Jy4d KOTOPOTO, MOHU3UPYS BO3/AYX, CO3/IACT KaHAT
JUIST 9JIEKTPUYECKOTO Pa3psia BAATH OT CKOTLIEHUS JIOEN.

MoskeT i1 MoJIHMS cOUTB Hac ¢ myTu? /[a, ec/in BbI 10JIb3yeTech
Komracom. B m3BectHoM pomane I'.Memsuiana «Mobu /Iuk, nan
Besprit Kut» onmcan uMeHHO Takoil ciyvail, Korjia pa3psi/i MOJIHUH,
COTIPOBOKIAIONINICS CUJIBHBIM M3MEHEHHEeM MarHUTHOTO TOJIs, Tie-
pPEMArHuTU/I CTpeJiky Komiaca. OHAKO KalUTaH Cy/Ha B3s11 00bIY-
HyIO TIBEHHYIO WIJIy, yAapua TO Heil, 4ToObl HaMarHWUTHTD, W
TTOCTaBUJI €€ BMECTO MCIIOPUYEHHOM CTPEKN KOMIIAca.

Mosker JU NOpPa3uTh MOJHHS, €CJH Bbl HaXOAUTECh BHYTPH
noMa uau camodieta? K coxanennio, nal Tok rpo3oBoro paspsja
MOJKET BOITHU B [IOM, HATIPUMED, 10 TeTe(POHHOMY TIPOBO/LY OT PSIIOM
crosimiero crosi6a. [Toatomy 1ipu rpose crapaiitech He MOJIb30BATHCS
00bruHbIM Tesiedpornom. Cumraercsi, 4To Ge3orachee rOBOPHUTbH 10
pasuoresnedony uan 1o mMo6usbHOMY. He6GesoracHo KacaTbesi BO
BpeMsi TPO3bl TPYO IEHTPATHHOTO OTOILIEHUS, KOTOPbIE TOXKE SIBJISI-
I0TCST AJIEKTPUYECKUM TTPOBOIHUKOM, COEJMHSIONINM JIOM C 3eMJIeii.
N3 atmx ke cOoO6pakeHWil CIEIAaTHCTBl COBETYIOT IIPH TPO3e
BBIKJTIOYATD BCE 3JIEKTPUUYECKIE TPUOOPBI, B TOM YHCJI€ KOMITBIOTEPBI
U TeJIeBU30PHI.

Yro Kacaercsi caMOJIETOB, TO OHHU, BOOOIEe TOBOPsI, CTapaioTCsi
o6JieTaTh palloHbI ¢ TPO30BOIl aKTUBHOCTDIO. U Bce-Taku B cpeHeM
pa3 B TroJl B KaXKJAbIi M3 caMOJIETOB Iomajaer MoJjHus. Ho B
TT0/IaBJITONEM GOJIBIIMHCTBE CJIyYaeB MTPH MOMAJaHIH MOJTHUN HIYe-
TO He TMPOWCXOJWT, TaK KaK aJIOMUHUN, MOKPHIBAIONIUN caMOJeT
CHApY>KH, JIETKO MPOMYCKaeT ee BHU3 K 3eMJe.



[TABA 17

KAK BbICTPEE CNYCTUTbCA HA JIUDTE
B YAC NUK

Mbl Bcerzia Ky/1a-To TOPOIMMCS, CIIENIKA yyKe CTaja
MPU3HAKOM [1eJI0BUTOCTH. I T03TOMY HEYIUBUTENbHO, YTO HAIle
CTpeMJIeHNEe He OMO03/aTh YacTO CTAJKUBAETCS C AHAJOTHYHBIM JKe-
JlaHueM Jpyrux Jjojeil. Kak mpaBusio, 3TO TPOUCXOIUT YTPOM,
Kor/la MBI Bce maeM Ha pabory mam yueby. MHOTHX u3 HAc, KTO
SKUBET B MHOTO3TJKHBIX /IOMaX, CIENTKa OXBATBIBAeT y)Ke Ha JIecT-
HUYHOH IJIOMIA/IKE, KOT/Ia Mbl BbI3bIBaeM JIU(PT, 4TOOBI CIIyCTUTHCS
Ha TEPBBIH 3Tak W BBINTH W3 goMa. MBI CMOTPUM Ha dachl,
MMOHUMAsI, YTO OISITH OMA3/[bIBAEM, U E€CJU TOADBE3N 0OCTYKUBAIOT
nsa sudra, To, 4rob6pl JUGT Tpuiiea ObicTpee, HaxKuMaeM o06e
KHOTIKH.

Wrak, kasamoch 6bI, MBI c/IeJaTl Bce, 9YTOOBI KaKk MOXKHO OBICT-
pee CIyCTUThCA Ha TepBbIil atak. Ho, Tak s aTo?

3alberast BIiepe/], YCIOKOIO BCEX TEX, KTO HAKUMaeT 06e KHOIKH
JIHEM WJIU TI03[{HO BeuepoM. JlelicTBUTEIbHO, BbI3bIBasi 06a Judra
cpa3y He B uachl UK, Bbl ycKopsieTe cBOH crnyck BHU3. OHAKO
O/THOBPEMEHHBII BbI30B BCEMU JABYX JHQPTOB B YACHI TIHK HE TOJBKO
HE J[aeT BBIMTPBHINIA, HO MOXET JaXke YIJUHUTD OKHJaHWe Ha
JIECTHUYHOW TIoma/ike. Jlymaio, 4to y OOJIBIIMHCTBA YHUTATEeN
TAKOE TIPE/IOCTEPEIKEHNE «HAKMMAIONIMM J[BE€ KHOIIKH»> BbI3BAJIO
yabiOKy. [lo ux MHEHMIO, 5TOTO MIPOCTO HEe MOXKET ObITb!

Yro o6mero Mexay pbi6ajakoil U BbI30BOM JupTa? A BOT U
MIPOCTON JIOBOJ B 3aIINUTY «HAKMMAIOMINUX /[BE KHOIKIY> — HAKUMAs
o6e KHOMKH, MBI yBEJIWYMBAECM B /[BA pa3a BEPOSATHOCTH TOTO, UTO
XoTs1 6bl O/iuH JIUQT TIOSIBUTCSI B T€UYEHHE, CKAXKEM, OJIHON MUHYTbHI
1ocJIe HasKaThs KHOMOK. J[pyrumu cjoBamu, pbiGak ¢ JBYyMsI y/104-
KaM# CKOpee IOIMAeT CBOIO MEPBYIO PbIOKY, uyeM PbIGaK, y KOTOPO-
ro TOJIbKO ojHa yaouka. Ho BepHo s Takoe cpaBuenue? Eciu u
€CTb aHAJIOTUSI MEXK/y BBIZ0BOM 060MX JHUQTOB U PLIGHON JIOBJIEH,
TO OHa JOBOJIbHO HeoGbluHast. Bo-mepsbix, pbibok (audros) B
MPYAY JOJUKHO ObITh TOJIBKO JIBE, a BO-BTOPBIX, KaXK/bIH MONMaB-
mmit ppiOKy [IOJKEH OTIIYCTUTh ee 0OpaTHO B HPY/, 3aTPaTHB Ha
aTO Kakoe-To BpeMs (OTKPbIBaHWE W 3aKpbIBaHUE aBepeii). A uto
ecaM Bee PhIGaKy 3aKMHYT 110 ABe yA0uKU (HasKMyT JBE€ KHOIKMN)?
BoicTpee i oHU MOIMAIOT TaKyIO <«30JI0TYIO» PBIOKY, TLJIBIBYIIYIO
BIOJIb 6Gepera Tpyaa TyAa u o6paTtHo?
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Hagepnoe, uutartesb yske JHOCTATOYHO 3aIlyTajcs, W HPUIILIO
BpeMsi 00paTHTbCS 34 MOMOIIbIO K KoMibioTepy. OueBHHO, UTO
BOIIPOC «O JIBYX KHOIKax» HE €JMHCTBEHHBIH, HA KOTOPbIH MOT Obl
OTBETUTH KOMIIbIOTEP. A KaK, HAIpUMep, 3aBUCHT BPEMsI OXKH/IaHHs
mudra (BOJI) OT 3TasKHOCTH [IOMA WJIH OT TOTO, € KAKOrO 3Taxa
cienan Bb13oB? Kak m3menserca BOJI mpu mocTaHoBKe OJHOTO M3
JudToB Ha TIaHoBBI peMoHT? Korma BOJI maumnaer 3aBmceTdb OT
TPy30H0beMHOCTH JudTa?..

Ycrpoum Bce Tak. UTOObI OTBETHUTb Ha HEKOTOPbIE U3 3THUX
BOIIPOCOB, MOIMPOGYEM CMOJIEIMPOBATD COOBITUSI, TIPONCXOJISIINE
npu aKciryatanuu Judra B rederne yaca (¢ 8 go 9 yrpa, Hanpu-
Mep), KOrja Ha KaxkAylo u3 16 JIeCTHUYHBIX IJIOIAJO0K MOAbe31a
17-9TaKHOTO JJOMa BBIXOJAT 8 4esioBeK 1 BbI3bBAOT it (01uH i
06a), YTOGBI CITyCTUTHCS Ha TIEPBBIN TasK. ByeM cauTtaTs, uto ecm
B MOMEHT OUEPEHOTO BbI30Ba JUMT yrKke ABUrasicst (BbITOTHsIS OJUH
U3 TPEBIIYIUX BbI30BOB), TO HOBBIH BbI30B 3aHOCUTCS B TIAMATH
JM(TOBOTO KOMIIbIOTEPA, KOTOPBI COCTABJISET OUePe/ib 3aKa30B [T
rocJeayioniero Boinosnenus. Kaxpiit u3 aByx jaudroB obsajaer
nHdopmaimeil ToIbKO 00 0UEPEHOCTH CBOUX Oy/IyNMX 3aKa30B U
HUYEro He 3HAET O TOM, IJ/le HAXO/UTCS M KaKie 3aKa3bl BBIIOJIHSIET
napyroit iudt. IloaTomy opun U3 TU@TOB MOKET IIPUOBITH 110 BHIZOBY
Ha 3TaXK CIIyCTS, HAIIPUMEP, OJIHY CEKYH/y II0CJie TOTO, KaK BCEX
mozeil ortyaa 3abpas apyroit smdr. [IpyruMum cioBaMu, Hamm
JIUTDI JIMIIEHBI KAaKOTO-JIN60 WHTEJIEKTA.

Paccmorpum [iBe cutyainu, B 1epBoii U3 KOTOPBIX BEPOSTHOCTD
rosiBJIeHs uyesioBeka y Jiudra Oy/eT HOCTOSHHA, T.e. He Oy/er
3aBHCETh OT BPEMEHU B TeUeHHe JaHHOTO Yaca (CM. «paBHOMEpHOEe»
pacupesesenne Ha pucynke 108,a), a Bo Bropoii oHa Gyger MakcH-
MaJlbHa B cepeinHe yaca, T.e. B 8 u 30 Mun (cM. «HOpMAJbHOE»
pacupenesienne Ha pucynke 108,6). 3agagum tarke ciemyionme
mapameTpsl udTa: ckopocThb v = 0,5 aTaK / ¢; BpeMs Ha OTKPBIBAHHE
u 3akpbiBanue asepeit T = 10 ¢; TpysonogbeMHOCTD — 4 desoBeKa.
s mpocrorer pomycrum, yto B 8:00 o6a smdra Haxomdrcs Ha
MEePBOM 3Ta)ke W K/IYT BbI30BA.

Ternepb MOPOCHM KOMIIBIOTED BBIIATD «CIydaliHyI0» T10CJIe/[0Ba-
TEJIbHOCTD TIOSIBJIEHUS JTIO/Iell B T TOBBIX XOJIIAX HA BCEX TAXKAX
0/Ibe3/1a, a IeEPBOro U3 HUX — HAXKATh HAa KHOIKY BbI3oBa jndra. He
NPUHYXKJAs K BbIOOPY TOTO WM MHOTO JudTa, MbI JHUIIb Oy1em
«CJIE[IATb», OJIHY MJIN 00€ KHOIIKM HA’KaJl <«4eJOBEK», U BBIYNCJISATh
BpeMsI OKMJIaHusl UM JuTa, a Takke OCTAJbHbBIE MTApaMETPbl ero
IKCILTyaTaruu. [Ipi aToM MbI CMOKEM YIIPaBJIATb Cpe/Hel BeJIdn-
HOW OTHOIIEHUsT CJydaeB, KOrJa ObLIM HaXaTbl 006e KHOIKH, K
00II[eMY YNCJTY BBI30BOB JU(TOB.
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Puc.108. 3asucumocmv xoauvecmea Kuivtoe (eepmmcaﬂbuaﬂ ocv), 8vIXO-
dsiugux na aughmosvie naowadxu 17-amaxnozo doma Kax)oyio Munymy, om
spemenu mexdy 8:00 u 9:00 ympa (zopusonmaivnas ocv, 6 MUHYMAX).
Yepnvie cmoabuypt — npumep 0as 00nozo u3 365 onetl zoda, nynxmupinas
Kpusas — ycpeduennoe no 365 onsam 3nauenue. Bpems 6vixo0d Kuivloe na
AuUpmosvle NIOWAIKU 3A0ABAIOCH 2eHEPAMOPOM CAYUAUNBLY YUCeN KOMNb-
1omepa, npednodzds ux pasiomepnoe pacnpedenenue (a) uiu Hopmaivroe
pacnpedenenue (6). C xaxdozo amaxa ¢ meuenue mozo 4dcd Audpm 6ol-
3vieaiom 8 uenosex

Wrak, sxcmryatarms audToB Havangach. 1 mpocToTsl OyaeMm
CUYUTaTh, YTO TIePBBIil aTaX nmeet nomep 0, BTopoii — Homep 1 u T.71.
(Kcrartu, Takas HyMepalys IPUHATA B HEKOTOPBIX cTpaHax EBpoIb
u CeBepHOil AMepuKky, rjie TIepBbIl 9Tak B HallleM TOHUMaHUU
Ha3bIBAIOT <«3eMJIAHBIM>.) Torzna oueBnjHo, uto BOJI yesnoBexoM,
KOTOPBII CaMbIM ITEPBBIM BBIIIET U3 CBOE KBAPTUPHI B MOIbE3/IE,
PaBHO OTHOIIEHWIO HOMepa dTaxka F, T/le pacrioioKeHa ero KBapTH-
pa, K CKopocTH ABIDKeHns Jjudta v. Ecam 3a BpeMs oxXupanus
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JudTa HA JIECTHUYHYIO TIJIOMIAKY BBIAJET ele KTOo-HUOY/Ib, TO eMy
(s eit) moseser, Tak Kak coorBercrsyiomee BOJI Gyner Menblie,
YeM y 4esJoBeKa, yke BbI3BaBmero judr. Ha mocaaxy yxomut T
CeKyH/I, nocJie uero audT HaunHaet aBuxkenne Buu3. [Ipubimxasco
K Ka)K/JOMY 3TaxKy, KOMIIbIOTep JuTa 1npoBepsieT, eCTb MJIU HeT
BBI30BA C [IAHHOIO 3Ta)ka, M €CJU €CTb, TO OCTAHABJIUBAETCS,
OTKPBIBAET M 3aKPBIBAET [[BEPH, TIOCJIE YETO MPO0JIKACT ABUKCHUE.
JlocTUTHYB ypOBHS HYyJIEBOTO 3Ta’Ka, BCE MACCAKUPHI JUQPTA BBIXO-
JIAT, A Halll KOMIIbIOTED 3aHOCUT B IAMTh, CKOJBKO OH IPOEXasi
ITaXKel, KaKoe MOTPATUJ BPeMsl M KAaKOBa ObLIa 3arpy3Ka BO BPeMsi
JanHoro peiica. Kpome atoro, g KaxI0oro W3 WMCIOJTHEHHBIX
BBI30BOB TIporpamma Boruucser BOJI, xpanut B namsiTi mHGOpMa-
1IIIO O TOM, OJIHA Wi 06€ KHONKU ObLIN HAXKATBI, a TaKXKe C KaKOTO
aTaka ObLT cesaH BbI3oB. [locse aToro T TOTOB MOAHATHCS 1O
O4yepeIHOMY BBI30BY, U TaK IPOUCXO/UT, TIOKA BCE BBI3OBbI, MOCTY-
[UBIIIIE B TeueHue yaca, He Oy/yT MCIOJHEHDI.

[l Toro 4to6bl c/iesiaTh Pe3yJbTaTbl TAKOTO MOJEJMPOBAHUS
60Jiee IOCTOBEPHBIMU, TIOMPOCUM KOMIIBIOTED TIPOCJENTD 33 9TUM
yacoM pa6oTbl ABYX Ju@TOB B TedeHue 365 [HEi, KasK/blii pa3s
CJy4aitHbIM 06pa3oM 3a/1aBasi MMoCJIeI0BATEIbHOCTD BbIXO/A JIHO/Iei
13 CBOUX KBApTUP, a MOJYYEeHHbIE JaHHbIE YCPEAHUTD.

JKMeM TOJIBKO OZHY KHONKY M paccyxaaeM o0 ouepen.
CHauasma TOCMOTPUM, CKOJBKO BpeMeHU (B CPeHEM) JIOAM JKIyT
npuxoga Jjudra. Kak 1mokasano MojeIMpoBaHKE, €CJU KUJIbIDI
17-3TaKHOTO ZIOMa BBI3BIBAIOT TOJBKO OJWH M3 JABYX JUQPTOB U UX
BBIOOP paBHOBEPOSITEH, TO cpeanss BesnunHa BOJI cocrasiser 59 u
180 cexymnza ang pacrpeneseHnii, m306pakeHHbIX Ha pucynke 108,a
u 108,6 coorBercTBeHHO. OUEBHIHO, YTO TPEXKPATHOE YBETUICHUE
BOJI ipu «HOpMaJIbHOM» pacipe/iesieHini MOMEHTOB BbIX0O/Ia JIo/Iei
K JudTy BbI3BaHO 60Jiee 4YeM [IBYKPATHBIM YBEJIUYEHUEM YHCJIa
JIIOJIel, BBI3BIBAIOIIUX (T B MUHYTBI, 6TM3KIE K CepPe/IMHE Yaca, 1o
CPaBHEHWIO C <PaBHOMEPHBIM» pacmpezaeneHueM. OTMeETHM, 4YTO
JlasKe TP «PABHOMEPHOM» PACIPe/esIeHNnH, KOTAa KaXKIayi0 MUHYTY
B cpeziieM 2,1 4esioBeKa BbI3bIBAIOT JHQT, TIOYTH BCET/IA CYIIECTBYET
ouepe/b, COCTOSIAS 3 HECKOJbKUX BBIZOBOB. 3aMETUM, YTO 3/1eCh
peub ujer 06 oyepen BbI30BOB JUMTA, XPAHSIIEHCS B €r0 KOMIIbIO-
Tepe, a He O TpPyNIax JIOJel, OXUAAIMX BMeECTe Ha OHOI
JIECTHUYHON TIJIOMIAIKe Tpuxoaa JudrTa.

Ecuin 61 ouepesin He CynecTBOBAJIO, a KOJMYECTBO TAXKeN B JJoMe
6b10 N, TO, Kak Jierko nojcuurarb, cpeanee BOJI gocrurio 6bt
CBOEr0 MUHUMYMA U COCTABIIO

min(BOH)z% . 1)
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s 17-stasxnoro goma min(BOJI) = 17 ¢ (a me 59 ¢, kak Ha
caMoM ziesie). BosHUKHOBEHME ouepe/ i CBSA3aHO € TEM, YTO CPeAHee
BpeMsi OOCJYKUBAaHUS OJHOTO IMacca)Kupa, paBHOE
2min (BOJI) + 2T = 54 ¢, moutn B [Ba pasa NPEBbIMIaeT CpejiHee
BpeMs Meskay BbizoBamu Judra (28 ¢). CymecrBoBanue ABYX
JudTOB He cracaeT MOJOKEHNS, TaK KaK, HAXKUMAas Ha KHOTMKY, MBI
He 3HaeM, cBoGojeH Judt wim Her. OUYEBUAHO, YTO C POCTOM
ATAKHOCTU JIOMA YBEJTMUNUBAETCS 1 0YePe/b O3KMIAI0NTNX BBIZOBOB, a
BMecte ¢ Hell — u cpeaee BOJI, ecain KOTMYeCTBO KUJIBIIOB HA ATaKe
U XapaKTEPUCTHKHU JTHPTA OCTAIOTCS MPEKHUMHE.

Bor Kak BBITJISAUT 3aBUCHMOCTD BPEMEHU OKUJAHUS JUDTA OT
ATAKHOCTU JIOMa IPU BbI30BE OJHOTO U3 ABYX JUMTOB (MOMEHTbI
BBIXOZA B JMQTOBBIA XOJT MMEIOT PABHOMEPHOE PACHPEAETEHNE):

Komnaecrso sTaskeit 8 13 17 21

Cpennee BpeMd OKMIAHHS,C 13 29 59 197

Kak u caenoBano oxumarb, BOJI pacrer ot 13 ¢ amga 8-ataxxnoro
goma 10 197 ¢ B 21-sTtaskHOM J0MeE.

B orcyrerBue ouepenum BOJI nomkHO JmHEHHO 3aBHCETD OT
HoMepa ataxa F, ¢ KOTOpPOro JiesiaeTcst BbI30B, TaK Kak JudT Bceraa
npuxoaut ¢ ataxka «0» u 3arpaunBaer Ha 310 F /v cekyna. OaHAKO
peanbHas 3aBucumoctb BOJI oT HOMepa aTtaka jajieka oT JUHEHHOH.
Ha pucynke 109 npuBeeHb! JaHHBIE KOMIBIOTEPHOTO MOJEINPOBA-
HUS, TTOKA3bIBAIONINE, YTO /IJIS BCeX dTaKell peaqbHasd KPUBas JTEeKUT
TOpa3/0 BbIIIEe TOI, KOTOPas COOTBETCTBYET OTCYTCTBHUIO OYEPEH.
Bpocaerca B rnasza HemnponopimonanbHoe ysesaundenne BOJI s
BEPXHUX 3TaKeil /[oMa — OHO IOCTUTAET TTOYTH TPEX MUHYT JIJIsT HTAXKA
«16». Bce aTo TOBOPHUT 0 TOM, YTO OT OYepeaN JU(PTOBBIX BHI30BOB
CTPAJAIOT JKUJIBIIBI BCEX JTa)keil, HO OCOOEHHO Te, KTO JKUBET
HaBepxy.

[Tocmorpum, kak Oyner 3asucerb BOJI or Homepa araxa B
JIOK/IJTUBBIN BOCKPECHDBIN JIeHb, KOT/1a GOJIBITMHCTBO YKUJIBIIOB MIPe/I-
MOYTYT OCTAThCS JIOMa ¥ TOJIBKO 25% BBIHAYT U3 joMa. OueBUIHO,
YTO B 3TOM CJydYae odvepelb M3 BLI30BOB JOJ/UKHA 3HAUUTETBHO
YKOpOTHUTBCS, a 3aBucumoctb BOJI ot HoMepa ataska — npubJIn3nTb-
cga K JmHeitHol. Kak mokaszamo KOMIbIOTEPHOE MOJIEeJNPOBAHUE,
«BOCKpeCHasT» 3aBUCHUMOCTh (HWKHsSS KpuBasg Ha pucyHke 109)
JIEIICTBUTEIbHO OYeHb OJIM3Ka K 3aBUCUMOCTH MuHUMaJbHoro BOJI
OT HOMEpa 3Ta’ka, MPOXO/S BBINIE JHUIIb HA HECKOJDbKO CEKYH/I.
TaxkuM o6pasoM, Jaxke ecJaW B TeUEHWE Yaca OJUH W3 JBYX JH(TOB
BBI3BIBAIOT TOJBKO 32 4YeJOBEKa, WX BBI3OBBI, TeM HE MeHee, MOTYT
HAKJIAJIBIBATBCST JIPYT HA ApyTa, o6pasysi ovuepe/lb, U B pe3yJbTrare
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Puc.109. 3asucumocmv cpednezo ape-
menu oxudanus augpma (eepmurxanv-
HAS OCb, 6 CEKYHOAX) Om HOMEPd IMA-
ka (zopuzowmanvhas ocv) ¢ Komo-
po20 6vL1 coenan evi306. [lanivie no-
AYUEHDL C NOMOUDIO KOMNBLIOMEPHOZO
Modenuposanus u ycpeornenus no 365
Onsm 0as 17-amasxnozo doma, npeo-
noaAzas pasHoMeproe pacnpedeienue
MOMEHMOE NOABACHUS KUALUOE HA
AUDMOBHIX NAOUWAOKAX U 663068 UM
001020 U3 dsyx augpmos. Bepxmnss
KpUSAsi COOMBEIMCcmayem Cayuai, Koez-
0a KOIUUECNBO KUNDYOB, BbI3LIBAIO-
WUX IUpm ¢ Kaxoozo sMaxa, pasHo
8, 6onee nuKHAS KpUSAs — MO XKe, HO
K020a KOAUUECNBO KUY, BbL3bIEA-
owux augm ¢ xaxdozo smaxa,
ymenvwaemces ¢ 8 do 2 uenosex. Ips-
MAsL JTUHUSL — 3O MUHUMATOLHO 603
MOKHOE 8peMst OxKudanus augma, co-
omeemcmsyiouee OMCyYMEmMeuIo oue-
peou

cpeanee (3a 365 Bockpecennii)
BOJI cranoButcst cierka Bbiiie
€ro MUHUMAJIbHOTO 3HAYEHUS.
Ilouyemy HaBepXy IPUXOUT-
cst moabmie kaath Judr. Kak
MJLTIOCTPUPYET BEPXHSS KPUBas
Ha pucynke 109, sxkuresan Bepx-
HUX 9Ta)Keil HallleTo IoMa MOTYT
pa3 B [ATb JOJbIIIE KAATh Jud-
Ta, 4eM JXuresu repBbix 8—10
ataxkeil. U nmesio 3mech, KOHeEd-
HO, HE B TOM, YTO JUMT I0JIbIIE
WJeT 0 BEPXHUX ATaxkeil, uem
[0 HIDKHUX, — 9Ta <«KUHEMATh-
YyecKasi» Pa3HUIA COCTABJISIET He
6onee 30 cexynma. Orkyma xe
6epytes ente 110 cexkyH/ 3a1epK-
K B OOCJY>KUBAaHUN >KHJIBI[OB
BEPXHMX aTaxkeit? OTBET TOT Ke
— ouepenb. OKka3biBaeTcs, oue-
penb ISt BbI30OBOB, MOCTYIUB-
IIMX C BEPXHUX ITaxeil, Bceryaa
nuaHee. V1 BOT movemy.
OueBHUIHO, YTO I/ «PAaBHO-
MEPHOTO» pacipe/iesIeHusT Bepo-
STHOCTb TOTO, UYTO HaKABITUI
KHOIIKY BbI30Ba 4Yepe3 BpeMs
F/v yBugut mnepen co6oit or-
KpPBIBAIOIINECS [IBEPIIH JTHPTA,
He 3aBUCUT OT HOoMepa ataxka F,
a paBHA OTHOIIEHUIO BPEMEHH,
Kotopoe JudT TPOBOJUT HA ITA-
ke «0» B OXKuJiaHuu BbI3OBOB, K
CYMMapHOMY BpeMeHHU ero pabo-
TBI, T.€. K 3600 cexynmam. On-

HaKO CeCTb B ]II/I(I)T MOJKHO HE€ TOJIbBKO B TOT, KOTOpr‘/JI CaM BbI3BalJI,
HO U B OHyCKaIOLHI/IfICH CBEPXY U HpOXOI[HLHI/IfI MUMO TBOETO 9TaKa.
3/16CI)-T0 1 CTAaHOBUTCA 3aMETHDbIM MPEUMYIIECTBO T€X, KTO JKUBET B
HIMKHHUX 9TaKaX, — OHU Ca/JATCA B ﬂH(prI, COOTBETCTBYIOIINE 6oJiee
PaHHUM 3aKa3aM, HO CJAeJIaHHbIM JKUJIbIlaMU 60Jiee BBICOKHIX TaKeil.
BosmosknocTh cecthb B HpOXOﬂHHIPIfI HH(bT YKOpA4YuBa€T OY€PENDb
JIHCI)TOBOFO KOMIIbIOTEPA, HO <«YyCHUJIUBAET» HECIIPABEAJINBOCTD [1JIS1
JKHATE el BEPXHUX aTa)Kell — UX BBIBOBBI IpOAO0JIKAIOT HaKallJINBaTb-
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¢ B €ro MaMsITH. JTO W SABJSETCS MPUYUHON HEMPOTOPINOHATHHO
6oupimoro pocta BOJI gmst tex, KTO KuBeT OJU3KO K KPBIIIE,
0ObACHAA 3aBUCUMOCTD, IIOJYYEHHYIO HpU MozaeaupoBanun (CM.
BEPXHIOIO KPUBYIO Ha pucynke 109).

ITonpoGyem BbI3bIBaTh cpasdy 06a qudra. Hy a ternepnb nomnpo-
CHM BCeX JKUJIBIIOB HAKMMaThb o6e KHOMKM Bbi3oBa JudTa. Kak u
TIPEITI0JIAaraaoch, KOMIBIOTEPHOE MOJETMPOBAHNE MOKA3BIBAET, UTO
BBI3OB OJIHOBPEMEHHO /BYX JU(PTOB HE YCKOPUT MPUXOM HA PAGOTY
i yueby KUJIbIIOB Hartero 17-araskHoro goma, a cpepnee BOJI mpu
atoM yBesnuutcs ¢ 59 g0 70 cexyna. «Hy m 4to? A BApyr arto
omu6Ka MPOrpaMMbl?» — CKaKET YUTATeNb. /[efiCTBUTEIBHO, TPYIHO
[IOBEPUTH, YTO, BbI3bIBas ob6a Judra, Mbl jesnaem ceGe xyske. Ho
OTMETUM, YTO BBIUTPDIII OT Ha-
sKatust 00enX KHOIMOK MCYe3aeT
TOJIbKO B TOM CJydYae, KOrja
BCE naxxumaiotr o6e KHOIIKH.
Korpa ke TPOIEHT KUJIBIOB,
BBI3BIBAIOIINX cpa3y ob6a Jnd-
Ta, "Hesblcok (ot 1 10 5%), TO
JTHU KUJIBIIBI TOYTH B [[BA Pa3a

100+
80+
60+

401

MEHbIIIE, YeM OCTAJIbHbBIE, JKAYT 20
npuxoja Judra — cM. HHUX-
HIOIO KpUBYIO Ha pucyHke 110. 0 20 40 €0 80 100

HOCMOTPI/ITB TEIIEPb Ha BEPX-

HIOIO KPUBYIO HAa 3TOM PUCYHKE
— OHa TIOKa3bIBA€T, KaK CTpa-
JIaloT OT TOro, 4TO KTO-TO BbI-
3bIBa€T Cpa3y /[iBa ]II/I(i)Ta, Te,
KTO IIO-IIPEKHEMY HAKHUMaAlOT

Puc. 110. 3asucumocmv epemenu 0Ku-
Oanus nugpma (eepmuxarvnds oco, 6
cexyndax) om donu xuavyos (zopu-
30HMANLHAS OCb, 68 % ), 6bI3bIEAIOUUX
cpasy oba nugpma. Bepxuss xpusas

— 05 mex, KMo 6bl3bledem MoAbKO
00un augm, nuxnsis — 05 Gvl3blIEA-
owux oba augpma

TOJIBKO OJIHY KHOTIKY. BuHo,
YTO BBIUTPBIN TeX HEMHOTHX,
KTO HakuMaeT o00e¢ KHOIIKH,
ITPOMCXO/IUT 32 CYET 3aMeJIeHUsT OOCJY>KUBAHUS BCEX OCTAJIbHBIX
SKUJIBIIOB JIOMA.

U3 pucynka 110 Bumgno, uto Korga 80% >KHIBIOB KMYT Ha 06e
KHOTIKM, OHM Y’X€ HMYEro He BBIUTPBLIBAIOT TI0 CPABHEHUIO C TeM
cJIydaeM, KOT/Ia BCE BbI3bIBAIOT TOJIbKO OJIMH KaKOW-HUGY/b JUT.
[Touemy sxe ¢ pocToM uucsa Jio/eit, BbI3bIBaOIUX 06a judra, ux
o6CIy KuBaHue MoKeT 3aMe/isiTbesi? OTBeT oueHb npoct. Haskumast
06e KHOITKM, Mbl MCKYCCTBEHHO YBEJIMUMBAEM JUJIMHY O4Yepe/u [IJIst
SKUJIBIIOB, BBIXO/ISIINX K JIM(TOBBIM XOJIJIAM TTO3Ke HaC. A €CJIN KTO-
TO Ha)KaJ o6e KHOIKHU Ha JAPYTOM 3TaxKe /[0 TOTO, KaK 3TO CJ/lesIan
MBI, TO JIITHA OYePEN YBEIMYMBACTCSA W /LIS HaC.
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OpHako Takas HeCIpPaBe/IMBOCTD IPH HAXKATUH 00€NX KHOIIOK —
KOTZla ofHU Je3yT 0e3 odepe[y, a BTOpbIE CTPAJAOT OT 3TOr0 —
nc4yesaeT, ecJin ouepen Ha OéCJIy}KI/IBaHI/Ie HET, T.€. IPU OTHOCUTEJIb-
HO PEIKOM IOSIBJCHUH JKHUJIbIIOB HA JIECTHUYHBIX TLIONagkax. Ha-
IpUMeP, eCJ, CIIyCKasiCh BHHU3 IIO3/IHO BEYEPOM, BCE TOITHCUMKH
Beyephux raser (25% Bcex >KUABLOB) OyAyT HasKUMaTh Ha o6e
KHOIIKH, TO OHH B cpejHeM OyayT skiaath judra Tonpko 13 cexynj,
1o cpaBHeHMIO ¢ 19 cexyHmamMu B ciaydae BbI3oBa ofanoro Jjudra. Ilo

TOIT JK€ TIPUYIHE B BBIUTPBITIIE OT

407 O/THOBPEMEHHOTO HAKATHS JIBYX
357 KHOTIOK GYAYT ¥ SKUTEJTH MaJio-
30 1 3TaKHBIX JOMOB. MogennpoBa-
25 1 HIe [T0Ka3aJ10, YTO HanOOJIbIIN
20 A BBIMIPBIIT OT HAYKATHS JIBYX KHO-
15 - MOK B 3TUX CJYYasiX IMOJIYy4aioT
10 1 JKUTE/IM BEpXHUX aTaxeil. Pucy-
5 HOK 111 remMoHCTpUpYET, UTO /IS
0 . : : : | BDI30BOB C dTaXa «16» HaxxaTme
1 4 7 10 13 16 ABYX KHOIOK HO3BOJSET COKPA-

tuthb BOJI ¢ 35 110 24 cexynn. B
TO JXe BpeMs, OJIHOBPEMEHHDII
BBI30B JIBYX JH(PTOB C TEPBBIX

Puc. 111. 3asucumocmo epemenu 0xu-
Oanus aughma (eepmuraivnas oco, 6

cexyndax) om nomepa smaxa (2o0pu- o
- YeThIpeX ITakedl IPaKTUYECKU
30HMANLHASL OCY), C KOMOPOZO COeNan

6bl3086, 025l <NOONUCUUKOE egeuepHux HE aCT HUKAKOTO BLIMTPDIIA IT0
2azem», K020d KOAUUECNE0 6b130606 ¢  CPABHEHMIO C BDISOBOM OAHOIO
uac ¢ kaxdozo smaxa cokpawaemcs 13 HUX. DBosee Toro, cpefHee
c 8 do 2. Bepxusasa (6onee xpymas) 3Hadenue BOJI nng staxa «16»
Kpueas — npu 6vi306e 001020 U3 06YX CTAHOBUTCS HA 8 CEKYH]] MEHb-
MUGPMOE, nuKIAL — NPu 00HOEPeMeN-  Tire, Ka3aJOCh ObI, MUHIMAJb-
HOM 6b1306€ 060UX AUPmMOs noit Beqmumasl BOJI, pasHOIT

F /v = 32 c. Heysxesnn KoMIIbIO-
TepHas nporpamma Hac Boaut 3a Hoc? Her! IIpocro dopmyna s
mMuHnMaiabHoro snavennsa BOJI 6bl1a HaMy BbIBeeHA IS BBI30BA
ojHOro Jmdra, a JJsg BbI30Ba 060MX OHa HecrpaBe/uBa. I Bor
oveMy.

[Tpn HaskaTUM Ka)KABIM TOJBKO OHOW KHOMKM JUQT Ha TOCe-
JTHTH 9T’k MOXKET IIPUHTH TOJIBKO ¢ ataxka «0». Ecom Bce HAKMMAIOT
110 JiBe KHOIIKH, TO I'/Ie-TO HIsKe dTaxka «16» 06sa3aTe/IbHO BOSHUKHET
cUTyanms, Korja mycroil JudT npuieT 1Mo BbI3OBY, a MacCasKupa,
C/IeJIaBIIero BbI30B, YiKe He Oy/IeT, TaK KaK OH yexXaJl Ha IPUObIBIIEM
panee apyrom jmdre. B aToM ciydae mudT ocTaHeTcs Ha JAHHOM
aTake JKAATh CJEAYIONIETo BBI30BA, W ecJn OH 6y/eT ¢ aTaka «16»,
to BOJI Gyner mmxe 16 /v, Tak kak Judry norpebyercss MeHbIIeE
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BpeMeHH, 4ToObI 106patbest 0 aTaka «16». [loatomy 1o Bockpece-
HbSIM HAKaTHe ABYX KHOIOK 1 JaeT GOJIbIIe MPEUMYIIECTB KUJIbI[AM
BEPXHIX JTaKEH.

Ho 3a BockpecenbeM Bcerjia mpuxojsar OYIHH, a C HUMU — U
ouepe/n JNMTOBBIX BBIZ0BOB. BOT Kak BuIT/IAUT 3aBuCHMOCTb BOJI
MpU HAXKATUU 00€WX KHOTIOK OT 3TAKHOCTH JIOMa:

Konwmdectso ataxkeit 8 13 17 21
Cpepitee BpeMst OKIAHUS TIPH
BBI30BE 060UX JUPTOB,C 7 22 70 336
CpepiHee BpeMst OKIAHUS TIPH
BBI30BE O/IHOTO M3 ABYX JIH(TOB,C 13 29 29 197

Ecin Beputhb pe3ysibraTaM KOMITBIOTEPHOTO MO/IETUPOBAHIS, TIPUBE-
JICHHBIM B 9TOU TalJIUIe, TO JKUJIbI[aM MHOIOITAKHBIX JIOMOB C
KOJIMYECTBOM 3Takeil 17 1 BbIllle HE BBITOJ{HO BBI3BIBATD /IBa JUDTA
cpasy, Tak kak cpexnee BOJI mpu aTOoM Bo3pacTaeT 10 CpaBHEHUIO
C HasKaTHEeM TOJIbKO OJHONW KHOIIKH.

ITOT Ppe3yJIbTaT yXKe He Ka)KeTCs YAMBUTEJNbHBIM, TaK Kak
HECKOJIBKO PAHbIe MbI C YUTATEJEM MPUILIA K 3aKJIOUEHHUIO, UTO
BbBI30B 060UX JUQPTOB YCKOPSIET 0OCAYKUBAHUE TOJIBKO TOT/A, KOTI/Ia
CpeHuil MHTePBAJT MEXK/Y BBIXOJOM KUJIBIIOB U3 CBOMX KBapTHUD
(CHB) npesbluaer cpejHee BpeMs HX OOCHYKMBAHUA JH(PTOM
(CBO). dns BochmmsTaxuoro goma CHB pasen 64 ¢, a CBO
MOJKHO BBIYHCIUTD, TPUOAaBUB K JByM MuHuMasibibiM BOJI yaBoen-
HOE BPEMsl OTKPDIBAHUS-BAK- o
pbIBaHUST ABEpeil, 4YTO Jaer
36 c. 3HauyuTebHOE TPEBDBI-
mennie CUB nax CBO He gaer
BO3HHUKHYTD Ouepe/in B 8-3Tax-
HOM JIOME U JIeJIaeT BBITO/[HBIM
HaXKaTHe cpasy ABYX KHOIIOK.
B 17-staxxnom nome CUB pa- i
BeH 28 ¢, cocTaB/gd TOJBKO 10
nosoBuHy Besuunasl CBO 1 6 11
(54 ¢), 4TO U CJIyKUT IIPUYHU-
HOH BO3HUKHOBEHWS JIJIMHHBIX
ouepeieil, Jesrast OIHOBPEMEH-
HbBII BBI30B 060UX JTU(TOB He-
BBITO/{HBIM.

100

1
16
Puc.112. 3asucumocmo spemenu 0Ku-
Oanus aupma (sepmukarvnas oco, 6
cekyndax) om nomepa smaxa (zopu-
30HMANLHASL OCD), € KOMOPOZO OH 6bL3-
san. Bepxuss (Goree nonozas) xpu-

JKuibnam BepxHHX 3Ta-
’Kel oIsiTh He Be3eT. Mbl yxe
3Ha€M, 4YTO JKHUJIbIIbI BEPXHUX

6aAsL — BCE KUNLYbL BbI3LIBAIOM OOUH
u3 08Yx JUDMOB, HUKHSSL — 6CE GLL3DL-
saiom o6a sughma
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aTa’kell BBIHY’K/JCHBI IPOCTANBATh B OXUAAHUM JU(Ta TOpasro
JIOJIBIIIE, JIAKe €CJIN BCE B MOIbE3IE BHIZBIBAIOT TOJIHKO OMH U3 IBYX
sudToB. He Beser UM u B TOM cjIydae, KOT/a BCE KMYT /IBE KHOIIKH.
Kak sasucut BOJI ot HOMepa ataska B 17-3Ta’KHOM JloMe, TTOKa3aHO
Ha pucynke 112. BumHo, 4TO 0/IHOBPEMEHHDII BBI3OB /IBYX JU(TOB
HO3BOJIET YKUJIbIAM HUKHUX 9Taxell (BILIOTH 110 «11») yMEHbIINUTD
BOJI, ognako, Haunnag ¢ ataxa «13» To ’Ke JaeT MPOTUBOMOJIOXK-
HBII pPe3yJIbTaT, a JJIS SKUJIBIIOB aTaxka «16» HaxkaTme IByX KHOIIOK
npuBouT K yBesuuenuio BOJI noutu B 1Ba pasa.

[TpuumHOl TaKoli HEeCIPaBEJIMBOCTH 110 OTHONIEHHUIO K JKUTEJISIM
BEPXHUX ITAXKeW SBJSETCS TO JKe, 4YTO JIeJIajio HeCIPaBe/JINBbIM
Haiie «ndToBoes 00IIECTBO, KOT/Ia BCE BbI3BIBAJIN TOJBKO OJIUH U3
JIBYX JU(PTOB, T.e. odepeb. /151 MHOTIX BBI3OBOB C HIDKHUX aTaKei
OHA OTCYTCTBYET WJIM OYE€HDb HEBEJINKA, TaK KaK MOXKHO «IIPOUTH 6e3
ouepe/iy» , BOCIIOIb30BABIIKUCDH TPOXO/SIIM MUMO JudToM. Kuiib-
1IbI CBEPXY TPOIiTU 6e3 ouepeit He MOTYT M BBIHY K/ICHBI OTCTOSITD €€
Bcio. [ToaTomy, Koria Bce HAYMHAIOT JJaBUTHh Cpady Ha o6e KHOIKH,
60JIbIIIE BCETO CTPAAAIOT Te, KTO CBEPXY.

INoaBeaem uroru. KommbioTepHoe MOEJNPOBAHNE JKCILTyaTa-
mmu gudra B 17-9TaKHOM J0Me, T/le Ha KaX/O0M dTaxXe 8 4esOBeK,
4TOGBI CITYyCTUTHCSI BHU3, BBI3bIBAIOT JUMT B TeueHue yaca, yOeauio
HAC, YTO BBI3BIBATH CPa3y JiBa JU(Ta BBITOIHO, €CJU ATO JeJaeT
He6oJbinas rpyima gojaeil (1—-5%). IIpu 9TOM BBIUIPBIII BO BPEMEHH
OXXUaHUSA TudTa y 9TOH MaJIeHbKOH TPYIIIBI JOCTUTAETCS 3a CUET
3aMeJITTeHNsT OOCTYKMBAHWUS OCTAJBHBIX SKIJIBIOB. Korma dmciio
BBI3BIBAIOIINX cpa3dy JBa Judra Boipacraet 10 50%, TO X BBIMIPHIIIT
yMenbIiaercs: Basoe. Hy a eciu o6e KHONKM Ha’KMMAalOT BCE, TO
BpeMsl OKuJaHus JudTa JasKe yBEJIUIMBAETCS, U OCOOEHHO [IJISI
skuTesiell BepXHuX aTakell. Takum o6pasoM, cTpaTerust, PUHOCS-
111ast BBIMTPBIIT HeOOIbINOI TPYIIIe JIO/Iel, TlepecTaeT GbITh TAKOBOII,
KOT/[a OHa OXBATBIBAEeT Bce OGIIECTBO.



IMABA 18

KUHETUKA COUMUAJIbBHOIO
HEPABEHCTBA

OO0111eCTBO MOKHO TPEJACTABUTh KaK MHpaMUy, Ha
BepIInHe KOTOPOI HAXOUTCS €Tr0 3JUTa, COCTOSMIas W3 JIOJeH,
006J1a/1AI0MIHUX BJIACTBIO U GOJIBITMMU MATEPUATbHBIMU IEHHOCTSIMU, &
HIDKHEE 9Ta’KU OTBEIEHDI, KaK IIPUHSITO TOBOPHTD, TIPOCTHIM JIIOISIM.
3aBUCTb MHOTOYWCJIECHHBIX JKHUTEJel HIDKHUX 3Takel K 6OTaTCTBY
TeX HEMHOTHX, KTO OKa3ascs Ha CaMOM BepXY, YacTo ObIBaeT TPYIHO
OTJINYUTH OT JIIOOBU K CIIpaBeMBOCTU. Tak Kak 3juTa 00IecTBa
paccraBatbCsi CO CBOUMEU GOraTcTBaMU He COOMPAETCs, TO 3aKOHHOE
CTpeMJIEHUE TIPOCTBIX JIIOJIEN KUTh JIydllle BCET/[a HATAJIKIBAECTCS Ha
COIIPOTHBJIEHUE JKUTEJIE BEPXHUX ATaKeW 3TOM nupamuzibl. Takum
o6pa3oM, MIpaMu/ia HaIero oOIecTBa — BEYHDIN TOBO/L JIJISI PEBOJTIO-
IIMOHHOW 6OPBOBI GeHBIX ¢ GOTaThIMU, & WCTOPHS YeJOBeYeCcTBa —
ucropus 60pbObBI 32 COIUAIBLHOE PABEHCTBO.

CoI1o/10ru, MHOTUM U3 KOTOPBIX YYBCTBO 3aBUCTH TOXKE HE OBLIO
YyIK/J0, He Pa3 [JaBaJii COBETHI, KAK MOCTPOUTH OOIIECTBO, T/e BCE
O6bli Obl paBHBI. Ecau #mcKaTh TeoMeTpPHUYECKHe aHaJOTUU, TO
«OOIIECTBO PaBHBIX» MOYKHO ObLJIO ObI MPEJACTaBUTH cebe B BUJIE
JINCKa OYeHb OOJIBIIOrO JUaMeTpa ¢ BBICOKOW OalrHell B TeHTpe, U3
OKOH KOTOPOH BBITJISAIBIBAIOT HECKOJBKO TIPE/ICTABUTENEN U3 «PaB-
HBIX», OTBETCTBEHHBIX 3a TOJJIEp)KaHIe PABEHCTBA.

K coskasnenuio, mcropusi IMOKasajga, 4TO TEOPHS IOCTPOEHUS
«001IecTBa PaBHBIX» HE BBIJIEPKUBAET UCIIBITAHNE TTPAKTUKON XOTS
Obl M3-32 TOTO, YTO HEKOTOPbIE JIOJIU HE XOTAT ObITb PaBHBIMU
JIPYTHM U TAaKUM CBOMM TIOBE/IEHUEM OTBJIEKAIOT HEITOMEPHO GOJIBIITIE
MaTepuaJbHble CPEACTBa OOIECTBAa HA TO/IEPKAHIE PABEHCTBA.

He BpaBasich B JaJbHENNIYIO TTOJEMUKY O TOM, KAKUM JIOJIKHO
OBITHb COBpEMEHHOEe OOIIEeCTBO, 4YTOOBI KAXKIOMY B HEM JKIJIOCDH
XOPOIIIO, TIOMBITAEMCS JIUIITh OTBETUTDH HA BOIIPOC, TIOYEMY TOPTOBbIE
OTHOIIICHUS MEXK/Iy YJeHaMu OOGIecTBa IMPUBOJAT K TOMY, YTO B
pyKax MeHbIeil yacTh o6IIecTBa OKa3bIBaeTcs OOJIbINAs 4acTb €To
6oratctB. Ho cHayanma mocMOTpuM, Kakue CYIIECTBYIOT OIEHKH
COTIMATbHOTO HEPABEHCTBA.

ITapeTo mepecyuTbiBaeT yyskue GorarcTa. [lepBbiM, KTO OIH-
caJl MareMaTHU4ecKoil (popMyJsoii colMaJbHOE HEPABEHCTBO, OBLT
uTagbsHCKUN akoHoMucT Buiabdpeno Ilapero. B 1896 romy o
my6ankyet «Kypce mosmrndeckoil akoHOMUM», Te co6paHbl CTaTHC-
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THYECKWE TAHHbIE O PACTIPE/IETEHNHN OX0/I0B B PA3JMIHBIX CTPAHAX.
Anamsupysa ux, Ilapero npuxoaur K 3akJIO4eHHIO, 4TO BO BCe
spemera (¢ XVI nmo XIX B.) u BO BCEX CTpaHAX pacrpeeseHne
JIOXO/IOB MOKHO ONUCATDh cIe/yiomeil popMy1oii, KoTopast ¢ Tex 1op
HOCHUT €ro UMsi:

log N =loga —blogx ,

rae N — 4ucjao Jojeil, UMEmnUX J10Xo OoJblie X, a a u b —
MMOCTOSIHHDBIE, XaPAKTEPHbIE [JIs JAHHOI CTPAHbI W BPEMEHH, IMPH
aTOM b cocTaBJsieT BeJnunny okoJio 1,5.

Opnako B 30-e ro/ibl MPONLIOrO BeKa BbIAICHUJIOCH, 4TO [lapero
u3ydas CTATUCTUKY JIOXO/I0B TOJIbKO GOraThiXx U OYeHb OOraThix
JIIOJIEN TOTO BpEMEHH, B TO BPeMsI KaK CTATUCTHKA JIIOAEN C MaJIbIMHU
U CpeHIME J0X0/1aMi Gbljia TIPOCTO HUKOMY He u3BectHa. Kora ke
CTajM AaHAJTM3UPOBATDH pacIpeiesieHue JOX0/0B «IIPOCThIX» JIOEN,
TO OKa3aJI0Ch, YTO 9Ta 3aBUCUMOCTb 0YeHb OJIN3KA K 9KCIIOHEHIUAIIb-
HOIf, a cooTBercTBYyIOMas dopmyaa [lapero npuHUMaeT Bu

N(x)= %e_vﬁdx ,

rone N (x) — OTHOCHUTEJIbHAL JI0JI JII0/Lel, 00/1aJaI0INX COCTOSHIEM
(B jeneskHOM BbIpaskenuu) 6oJiblie X, HO Menblie x + dx, a M —
CPE/THUI JIOXO/T «ITPOCTBIX» JIIO/IEN.

Tosbko B konite 90-X ro0B Npomioro Beka pusnku oOpaTHin
BHUMaHWe Ha TO, 4TO (POpMyJa, OIKUCHIBAIONIAsS pacipe/eseHne
JIOXO/TOB B 00IIIECTBE, OYEHD [TOX0’KA Ha pacrpeaeenne bobivana—
T'u66ca — MakcBeJsia, KOTOPOE MO3BOJISIET OIIEHUTDh OTHOCHTEIHHYIO
JIOJII0 [ MOJIEKYJ Tasa, uMeioniero remieparypy 1', MexaHudecKast
IHEPTHsT KOTOPBIX HAXOAWUTCS B mpefeaax E + dE/2:

_E
e kT
f= WdE ,

riae k — nocrognHag bBosblMana.

Uto ke 06111eT0 MEXK/IY paclipe/ie/ieHueM MeXaHnYeCKON SHEPTUu
cpenn MOJIEKYJl Ta3a W pacipesie/ieHneM JOXOJ0B B 06IIecTBe?
OKkaszajoch, 4TO MEX/IY ITHUMHU, Ka3aJaoch Obl, JAJEKUMHU J[PYT OT
Jpyra TIpolieccaMn JeHCTBUTEJBbHO MHOTO OOIIero. A WMEHHO, B
0001X carydasix coOJII0/IAI0TCS 3aKOHbI coxpanenust. [1pu croskHoBe-
HUU JIBYX MOJIEKYJl Taza uX OOIas MeXaHWuecKas SHEeprusi He
U3MEHSIETCS, a MOMKET JIWIIDb TIePEXOJUTh OT OJHOI MOJIEKYJIbl K
JIpyToii. AHaJIOTHYHbBINH 3aKOH JeHCTBYeT M IPU <«CTOJKHOBEHUU»
TIpoJaBIla M TOKyTaTesas ToBapoB min ycayr. [locse coBeprenns
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CETKHM COCTOSIHME OJHOro M3 Hux (MOKymarteas Wau MpOJaBIa)
cTaHoBUTCs GOJIbIIE, & APYTOTO — HA CTOJIBKO K€ MEHbIIE, XOTS OHU
MOTYT U HE [IOTa/IbIBATHCS 06 9TOM, TaK KaK TOYHYIO [[EHY TOBapa Ui
YCJIYTU OTPEJETUTh HEBO3MOKHO. 3aKOH COXPAHEHUS] CyMMapHOTO
6orarcTBa JeificTByeT Take pu o6MaHe Win rpabeske — 60TaTCTBO
JINTID TIEPEXOUT OT OJHOTO YEJOBEKA K JIPYTOMY.

O6bacHsIeM KOMIBIOTEPY, KaK TOProBaTh. BO3MOKHO, MHOTUM
TaKash aHaJoOTUsT MEXAy OOIIEeCTBOM W Ta30M BCE K€ KaKeTCs
HesocTaTouHol. [[1s1 TOro 4to6bl OOBSCHUTD IKCIOHEHIIMAIbHBII
XapakTep pacrpe/iesieHust 6oraTcTBa B 06IIeCTBE, CMOJIETNPYEM, KaK
TOProBJIsA MeX/y ujeHamu obmectBa (4ecTHas W HedecTHast) mepe-
pacmpesesnsgeT 60TaTCTBO BHYTPH HETO.

Ilyctp mama mozenb obmectBa cocrout u3 10000 rpaskmam.
Koneuno, uem OoJibilie TpaxkgaH B OOMIECTBE, TeM JIydlle JIJist
MO/IeJIH, HO YBeJn4eHne pa3mMepos obiiecTBa, Hanpumep, g0 100000
yBeJIMYUIO 6bl BPeMs BBIYUCJIEHUI O/IHOI 3a/[auil Ha KOMIIbIOTEpe
aBTopa [0 2 4YacoB W cjenano Obl HANWCAHWE CTaTbU BeCbMa
rpobsieMaTudnbiM. C PYTroil CTOPOHBI, ecsiu Gbl PE3YJIbTATHI MO/Ie-
JIMPOBAHUS 3aBUCETN OT pa3MepoB obiectBa B auamaszone ot 10000
no 100000, To 3Ty 3aBUCHMOCTb MOKHO ObLIO Obl yBH/ETb TIpU
yBesmuenun yncyaennoctu ot 1000 go 10000, Ho Takoii 3aBUCUMOCTH
o6HapyskeHo He 6bL1o. TakmM o6pasom, 10000 yesoBeK BBITJISAAST
BITOJTHE PA3yMHOI 1 yI06HOI BEJWYMHOIN TSI MOJEJNPOBAHUS.

Yro6bl HayaTh TOproBarTbes (IpoAaBaTh W MOKYIATh), UJIEHbI
0O0IIeCTBa [TOJDKHBI MMETHh KAKOI-TO CTapTOBBIN KaluTaa U 0OI[He
npaBusIa Toprosyu. [loaToMy pasgauM BceM rpaskaHaM M0 COCTO-
siamio, skBuBaseHTHOMY 100 py6IIsiM, 1 BBEIEM CJIeIyIOIIIE TIPABIIIA
TOPTOBJIN:

A) pas B IeHb KayK/I0T0 TPasKIaHMHA OTIOBELIAIOT O TOM, C KEM eMy
CeTOHS BCTPEYAThCS /1T TOPTOBJM, 3TOT CIHCOK TEHEPHUPYETCS
KOMIIBIOTEPOM W SBJSCTCS CJIY4aiHBIM;

B) korjga mpoMcXoAMT 3allaHMPOBAHHAS BCTPeYa MPOJABIA U
MOKYTIaTeJisl, KOMIIbIOTEP CJyYaillHbIM 06Pa30M OIIPEIeISIeT TOr0, KTO
[OJTIy4aeT BBITOMY OT TOPrOBJHU, U €€ pa3Mep; COOTBETCTBEHHO,
60TaTcTBO HEyJAAYHWKA YMEHBINACTCS HA TY K€ BEJIHYIHY;

B) BBIroga 0T TOProBAM MOKET GBITH

« B1 — mocToguHoll BeNMYMHON, Kak HalpuMep, B HEKOTOPBIX
BHU/JAX JIOTEPEU WJIM CJyYalHBIX COOSIX KOMIIbIOTEPA KaCcCOBOTO
amnmnapara,

« B2 — cayuaitHo onpenesnsiemoii moseit 6oraTcTBa HEyIaYHUKA,

« B3 — cayuaiino ompenessiemMoii fosieii cyMMapHOTO 60TaTCTBA
YYaCTHUKOB C/ICJIKT;

') B Tex ciydasgx KOrjaa rocyapcTBo coOGHPAeT HAJIOT CO BCeX, KTO
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TIOJIYYHJI BBITO/LY BO BPEMsI TOPTOBJIM, OHO PACIIPE/IENSIET €ro ITOPOB-
HY CPe/ii BCEX YJIEHOB OOIIECTBA.

Brageionuy HaBBIKAMH TPOTPAMMHUPOBAHUS OyIET HECTOMKHO
HAIINCATD IIPOrPaMMy, KOTOPast «CJIeAnaas Obl 32 06IIECTBOM, OITH-
CaHHBIM BBIIIE, U 32 TeM, KaK MeHsIeTcsl 6JIaroCOCTOSIHUE OT/EIbHBIX
ero rpaxiaH. I'ylaBHoe — 3TO BBIGPATH S3BIK IIPOrPAMMHUPOBAHUS,
1pe/iHa3HaveHHblil /7151 paGoThl ¢ GOJIBITMMHU MACCHBAMH HepeMeH-
HbIX. MHade BbI Gy/iere TPATUTD YaChl JIJIsI TOJIyYEHUs] JIUIITh OJIHOTO
pacipesieieHusi, 1 MOXKeTe TOTePSITh WHTepeC K JaHHOi mpobJeme.
Bce mpuBesieHHbie B cTartbe JaHHbIE ObIIU TOJYYEHDI, MCIOIb3YS
nporpamMMmupoBatune Ha siabike IDL (Bepcust 5.5), paspaGoTaHHOM
komianueil Research Systems (www.ResearchSystems.com).

Paccmorpum cHavasma Takoil Buz toprosiau (B1), Korga Kasxapiii
JIeHb TIPOJIAaBell U MOKyIare b CJAy4ailHO 0OMaHbIBAIOT APYT pyra,
HIYEro He MO03peBasi 06 3TOM. ITO MOXKET MPOUCXOIUTD, HANPH-
Mep, M3-3a HEHCIPABHOTO KACCOBOTO allapara, KOTOpPbIil, mevaTast
YeK, CJIy4YailHO yMEHbIIAeT MJM yBeJIWunBaeT IieHy Ha 1 py6ub.
Hasosem Takoe o6miectBo «B1», Bcem ero unenam gajgum 1o 100
pyOuieil n BKJIIOYMM KOMIIBIOTED.

Caenum 3a aBukeHueM aeHer B oGmecrse «B1». Ha pucynke
113 nokasano pacnpeaenenne 6orarcts cpean 10000 dreHoB obie-

ctBa «B1» Ha caenyomuii 1eHb 1oc-

3500+ Jle Havaja TOPTOBJIM; 3/IeCh TI0 OCH
Op/INHAT OTJIOXKEHO KOJUYECTBO UJie-
3000+ HOB 0011ecTBa, 00JIaAA0NNX 60TaT-
CTBOM, 00O3HAYEHHBIM 110 OCH a0C-

2500 nuce B py6Iax.
BumHo, 4TO HECKOJBKO ThICIY
2000+ YJeHOB OOIECTBA YBEJWYHUJIN WU
YMEHBIIIIJIN CBOE COCTOSTHTE Ha OJTIH,
15001 JBa win gaxke tTpu py6ust. [pubnu-
3UTEJBHO TPETh BCEX UJIEHOB OOIiie-
1000 CTBa, TIOXO0Ke, BOOOIIE HE yUaCTBOBA-
JIU B TOProBJie, TaK KaK B CayvailHON
500 BBIOOPKE KOMIIBIOTEPA UX HOMEPOB
HE 0Kas3aJoCh, a APYTUM TIPUILIOCH
MTOTOPTOBATHCSI C COCEISIMU 110 O6IIIe-

0 100 2(|)() CTBY /iBa MJM Jiaske Tpu pasa. OjHa-
Puc.113. Pacnpedenenue denez KO CCIYIONIIE CIyvaiitble BBIGOPKIL,
6 obwecmee <B1> na caedyio- OUCBHIHO, CKOMIIEHCHPYIOT 9TOT «He-
wuii deny nocae nauaid mopzos- JOUET», M, CKAXKEM, 3a TOJ] BCE UJIeHbI
JL € UCNOAb306aNUeM cloManno- OOIECTBA CXOAAT HA UMIIPOBU3NUPO-
20 KACCO8020 annapama BAaHHBIN PBIHOK 0 364—365 pas.
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Ha pucynxe 114 mokazano, kak
N3MEHUJIOCHh pacipejieienne 6oraT-
crBa uepes 100 gueit (uam npuGau-
3UTEJILHO Yepes 3 Mecs1a) MoJIb30Ba-
HUS UCIIOPYCHHBIM KACCOBBIM arliia-
parom. O61ectBO «B1» cierka pac-
CJIOMJIOCDH, U 6OTATCTBO HECKOJIbKUX
CaMBIX yIa4IUBBIX ero wieHos (150
py6.ieit) yske B TpH pasa IIPeBbIIIaeT
COCTOSTHUE €T0 CaMbIX O/HBIX TPaK-
nan (50 py6uieit). 3ameTnum, 0HAKO,
4TO THK rpaduKa, WU THCTOrPaM-
MBI, KaK 11 Ha pucyHKe 113, HaxoanT-
cs na ormerke 100 py6ueit, rpaduk
MO-TIPE3KHEMY OCTAJICSI CUMMETPHY-
HBIM U JIMITh PACIIOJ3CS 110 MIUPUHE
U, COOTBETCTBEHHO, YMEHBIIUJICS TI0
Boicore. Mubivu caoBamu, 100 py6-
Jeit n uepe3 3 MecsIa OCTATHUCH
HaunboJiee BePOSTHON BEJTMYMHON CO-
CTOSIHUSI B OOIIECTBE, & KOJIMYECTBO
o6eanesmmx (MJI0MAAb THCTOrPaM-

350

300+

250

2004

1504

1004

50

0 100 200

Puc.114. Pacnpedenenue denee é
obwecmee «B1»> uepes 100 onei
noc.ae HauaIa Mmopzos.au ¢ UCNONb-
3068anUEM CAOMANHOZO KACCOBOZO
annapama

Mbr caieBa ot 100 py6aieit) no-npeskHeMy paBHO KOJIUYECTBY 060TaTHB-
muxest (wiontaap rucrorpammbl cipasa ot 100 pyGieit).

B o6mecrse «B1» nossagiorcs uumue. TncTorpamMma, WnLmocT-
pupyiolias pacupejiesienne coctosinuii B obiiectse «B1» uepes 3
roga toprosiu (1000 gmeii) ¢ HeMCIIPaBHBIM KAaCCOBBIM AIlIIAPATOM,
rokasaHa Ha pucyHke 115. Kak BuaHO, 3a 3TO BpeMs paccjoeHue B

o0111ecTBe cTajIo eme 6oJjee 3aMeT-
HBIM, U B HeM Jake IOSBUJINCH
rpaxjane (nx okos0 15), He nMe-
oM1e HUKakuX cpencts. OmpHako
OHM MOTYT NPUHUMATb y4acTue B
aKTaX TOProBJIM, Ha/IesICh HA OING-
Ky KaccOBOTO armapara 1 3a4ncJe-
Hne Ha ux cuer 1 py6as. Ho mo-
rpexkHeMy HanGoJiee BEPOSITHBIM
cocrogHueM 4yieHa oouecrsa «B1»
ocraercst 6orarctBo B 100 py6.eit,
U COOTBETCTBYIOIIUN IrpacduK BbIT-
JISITAT TAKUM K€ CUMMETPUYHBIM.

Co BpeMeHeM KOJHYECTBO I10JI-
HOCTBIO Pa30PEHHDBIX TTPOIOJIKAET

1004

80+

60+

404

20+

0 100 200 300

Puc.115. Pacnpedenenue Oenee 6
obwecmse <B1» uepes 1000 onei
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yBeJINYNBATbCA, N HYeEepe3
2000 gueit (nam wepes 5,5

80 JIeT) TIocJie Hadasa >KU3HH
obmectBa «B1» oHo yixe
60 cocrasJisgger 6oJee 40 yeso-

Bek (puc.116). Oanako ru-
cTorpaMma Bce ellle MMeeT
Pa3IMYMMBII THK Ha OT-
Mmetke 100 py6eii.

Yepes 3000 nueii, kak
0 100 200 300 400 MOKAa3BIBACT THCTOrpaMMa
Ha pucynke 117, xosmde-
CTBO TOJIHOCTBIO Pa3oOpeH-
HBIX YJEHOB 0O0I[ecTBa
«B1» yxe 6m3ko k 60, a
pacripejiesiecHie He MMeeT
OTYETJIMBOTO MaKCHMyMa.
Kpome Toro, tucrorpamma
yoKe He BBITJISIUT CUMMET-
pUYHONW ¥ IpeJCTaBJSeT
co6oii MOHOTOHHO YObIBa-
I0MIYI0 DYHKIIHIO.

Ipomuao 55 xer. Hy a
Ternepb IMOMPOCUM KOMITb-
I0T€pP TOCTPOUTH pacrpe-
Jiesierrie 6orarcts B oflie-
crBe «B1» wepes 20000 aueit (mmu 55 set) mocsie Hadasa TOProBJIM
C WCIOJb30BaHMEM CJIOMAHHBIX KAaccoBbIX ammaparoB (puc.118).
OrMeTHM cHavasIa, 4To 3TO pacipe/iesieHne IPaKTUIecKN He OTJInda-
eTcs OT pacrpezesernii, mosydeHnbx nocae S000 nan 10000 gmeii.
[ToaTOMY MOKHO yTBEPK/JATbh, YTO PACIPEIEJEHNUs], COOTBETCTBYIO-
mree 100000 grsim nin gaske oJJHOMY MUJLIHOHY JIHEH, TOKe He Oy 1y T
OTJINYATHCS OT MOKAa3aHHOU Ha pucyHKe 118 rucrorpamMmbl.

Taknm 06pa3oM, TOProBble OTHOIIEHNS B OOIIECTBE, I/l KACCOBbIE
anraparbl 6apaxJiiT, IPUBOJAT K TAaKOMY Iepepacipe/eseHnio 60-
raTtcTB B HEM, YTO TUCTOIPAMMA CTAHOBUTCS MMOXOKEH Ha AKCIIOHEHTY
(cm. Genyio kpuBylo Ha pucydke 118). 3amerum, uto crpemjeHue
00111eCTBA K 9KCIIOHEHIIMATIBHOMY PacIpe/ieJIeHNIO JIOX0/I0B He 3aBU-
CUT OT HAYaJbHbIX YCJOBUI. ABTOP MOJIEIMPOBAJ KU3Hb TaKUX
TOPTOBBIX OGIIECTB PN CaMbIX PA3JIMYHBIX HAUAJIbHbBIX CUTYAIUSIX 1
MIpaBUJIaX TOPTOBJU, & UMEHHO:

o I[P PABHOMEPHOM paclipe/ieieHnu OOraTCTB Iepeji HavajioM
TOPTOBJIM, T.e. KOT/la [OJIsl JOJiell, uMmeiomunx GOratcTBO X, He
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Puc.116. Pacnpedenenue denez 6 obuecmese
«B1» uepes 2000 oneii
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Puc.117. Pacnpedenenue denez 6 obwecmee
«B1» uepes 3000 oneii



3aBHUCHUT OT €ro Beqnuynubl; 100
e DU HCKYCCTBEHHOM
nenennn Bcero obmecta 80

repeji HAavajaoM TOPTOBJIH

Ha HECKOJIBKO T10100mmects, 60
BHYTPU KOTOPBIX JOXOJbBI
OJIMHAKOBBI;

o TIpU cuTyanum B2,
KOT/Jla BBIUTPBII MOJKET
COCTaBJATh CJYYAUHYIO .
JIOJTIO COCTOSTHUT TPaK/IaH; 0 100 200 300 400

« DU BMEIIATETHCTBE
rocy/lapcTBa, KOorja OHO
o6J1araeT HAJIOTOM BCE TOP-

40

20

Puc.118. Pacnpedenenue denez ¢ obwe-
cmee «B1» uepesz 20000 Oneit nocae na-
uana Mmopzosal ¢ UCNONAbIOBAHUEM CIO-
TOBbIE PHGBLIL. MAHHO020 KACC06020 annapama. Beaas au-

Hepeﬂ TEM KaK IbITaTb- HUus coomeemcecmeyen axcnOHeHuua/leod
51 OGBSICHUTD 9TO CTPEMIIE-  xpusoii

HUe K 9KCIIOHEHTe, MOCMOT-
puM emte pa3 Ha pucynkn 113—118. Buano, 94To B Teyenne mepBoii
TBICSIYU JIHEN CJydaitpiii o6MeH pyOJIsaMU MEXAY TIPaskIaHaMu
HNPUBOUT K PACILIBIBAHMIO (PasMbIBAHMIO) IEPBOHAYAIBHOTO TTHKA
pacIipe/ieieHsi, HO €ro MaKCUMyM OCTAeTCsl Ha IPEKHEM MecTe.
Omnako yxe mocie 2000 gueil pacrpezesieHre 60raTtcTB CBOUM
JeBbiM (HUIIMM) KPaeM HATaJKUBAETCS Ha BEPTUKAJIbHYIO OCb, K
KOTOPOIl HAYMHAIOT <«IIPUJIHIIATH> TOYKU. B pe3ysibraTe KOJMYECTBO
JIOJIEH ¢ MAJIBIM COCTOSTHEM HAYMHAET HEIPOIIOPIMOHAIbHO PAaCTH,
U pacripeie/ieHue CTAaHOBUTCS dKCIOHEHIna bHbIM. [lonpobyem mo-
Ka3aTb 3TOT (PaKT TEOPETUYECKHU.

JIJist TeX, KOMY XO4YeTCS BHIBECTH <OO0IIECTBEHHYI0> HOPMYTy
pacnpegenenusi Boapumana. Yepes ¢ jreit sxu3nm o6IecTBa paso-
ObeM BceX TpakjiaH Ha TPYIIbl B COOTBETCTBUH C KOJMYECTBOM
JIeHer, KOTopbiMu oHu 00sasaioT. Ipyriy «0» coctaBsT Heygavynu-
KU, KOTOPbIE€ B JJAHHBI MOMEHT UTPbI OKA3aJHCh PA3OPEHHBIMU U
BOOOIIe HE UMEIOT HUKAKUX JieHer. B rpymmy «1» oTHeceM Bcex Tex,
y KOTO €CTb TOJBKO MO OJHOMY pyO6JIio, B TPYNIY <«2» — TeX, KTO
obnazaer TONbKO AByMs pyGasmu, u T.1. OGosHaunm P (m,t)
KOJIMYECTBO IMPAXK/IAH, MPUHAJIEKANMX TTocye ¢ Hell K TpyIie m,
T.e. 001a1a10MUX M PYOJISIMU.

[onpoGyem onucaTh, Kak JA0JKHA MU3MEHUTbCA Bestnunna P (m,t)
32 OJTUH TIPOIIEJIIIII IEHD, a TIOTOM Hali/leM YpaBHEHMeE [IJIs TPe/Iieib-
Hoit gynkuun — dyHkuuu, K Koropoil crpemurcs P (m,t) npu
yBeJmdeHun yncaa aueit t. Pasaenus P (m,t) na obliee Kol1uuecTBo
rpaxkaan N, HOJy4nM OTHOCHTEJBHYIO JIOJIO STUX TPAKIAH, WU
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BEPOSITHOCTD p (m,t) HAIITH CPe/ TPasK/al TeX, KTO UMEEeT POBHO M
py6.ieit uepes t aueit toprosau. Iocae ciaemyomero, (¢ + 1)-ro, aus
p(m,t) MOKET UBMEHUTDBCS, TAK KAK HEKOTOPBIE TPAKAAHE TPYIIIIbI
«M» MOTYT:

« OJIAPUTH JAPYTHX TPaXKAaH OAHUM PyOJeM U COOTBETCTBEHHO
nepefitu B rpynmy <«m — 1» (1);

« IOJTY9UTH B TIOAAPOK OT APYTHX OAMH PyOJIb U COOTBETCTBEHHO
nepeiitn B rpymmy «m + 1» (2).

Kpome TOro, ujienbl COCEHUX TPYII 4€Pe3 OAWH AEHb MOTYT
CTaTh YJICHAME TPYIIIbBI </, €CJIH:

o WJeHbl IPYNIbI «m — 1» yBejamuar cBoe cocrosghue Ha 1
py6(3);

« WIEHBI TPYIIBI «m + 1> yMeHbIIaT ero Ha cToJbKo ke (4).

Ouesuano, uTo B caydaax (1) m (2) ancieHHOCTD TPYIITBI <712
yMenbliaercs, a B caydaax (3) m (4) — ysemmuusaercsa. Jlerko
jorajgarbes, uro mexanuambl (1) un (3) mepecraror geiicTBoBaTh /115
TeX, KTO OKoHuareJabHo pasopen (rpynma «0»). ITO M CIHYKHT
MPUYAHON <«ITPUJIATIAHNS» TOYEK K BEPTUKAIBHON OCH, Ha YTO MBI
o6paTn/In BHUMaHWe, PacCMaTpUBas Pe3yJbTaThl MOAEJMPOBAHNS,
TOJTyYeHHbIe ¢ TIOMOITHI0 IBM.

W3 teopun BepogTHOCTEl cjeyer, 4TO JJS TpaxJaH TPYIIIbI
«m» BEPOATHOCTb HOJYYUTH OAUH PyOsb B MOAAPOK OT I'PaxkaaH
rpynmsl «k» (k> 0) paBHa npousseenuio BepositHocTelt p (m,t) u
p(k,t). Hoaromy usmenenue p(m,t), MPOUCXOJsIEe B CHIY TIPH-
yunbl (2), MOKHO 3amucaTb B BUIE

dyp(m,t) = —p(m,t) S p (k1)

Te sxe coobpakeHusi 1O3BOJISIIOT 3amucarb usMenenue p(m,t),
npoucxozsiee B cuy npuunsst (1), kax

dip(mt) = —p(m,t@p(k,t).

OrvernmM, uto dyp (m,t) oramuaercst ot dyp(m,t) TOIBKO OAHUM
cJIaraeMbIM, Tak Kak py6uib B I0JAPOK HEJIb3sI OJIYYUTb OT YIEHOB
rpymibl «0».

AHajornynble JIOMYLEHNS] AT BO3MOXKHOCTb BBIYUC/IATD

dsp (m,t) u dyp(m,t): )
dap(m,t)=P(m—Lt);P(k,t),

d4p(m,t>=p(m+1,t)§p<k,t>.
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Cymmupys Bce 4eTbIpe M3MeHeHUs BepoATHOCTH p(m,t), a
TaKKe YUUTbIBas, 4TO

Sp(t)=tn Zpki)=1-p(0),
HoJTyqaeM cJefyloliee BbIpaKeHue:
p(mt+1)—p(mt)=
=(p(m+1,6)—p(mt))—(p(mt)—p(m-1t))+
+p(0,t)(p(m,t) - p(m—1,t)).

MopenupoBanue Ha DBM roka3biBaer, 4To CO BpeMeHeM paciipe-
nenerne p(m,t) crpeMuTcs K cBOeii ipeesiboil pyHkimu p (m, o).
Ira PyHKIUS He 3aBUCUT OT HAYAIbHBIX YCJIOBUH, & 3aBUCUT TOJIBKO
OT KOJIMYECTBA TPAKAaH W CYMMBI DO3JAHHBIX uM JeHer. Kormga
p (m,t) OyAeT mpuOIIKATBCS K CBOEMY Npejesy, ona Gy/leT 0ueHb
MAaJIo U3MEHSITbCSI CO BPEMEHEM, MOITOMY JIEBYIO YaCTh TTOCJEHETO
PABEHCTBA MOJKHO TPHUPABHATH K HYJIO, YTO JaeT CJeayloliee
ypaBHeHUe [IUIsT HaXOXKeHust p (m,oo):

(p(m+1,00) = p(m,e0)) = (p(m,0) = p (m —1,00)) +
+p(0,0) (p(m,00) = p(m—1,0)) = 0.
BTO ypaBHeHI/Ie HnMeeT TaKkoe pemeHI/Ie:

1 -
p(me)=sre ™,

rae M — cpe/Hsisi BeJIMYNHA COCTOSIHUSI B OOIIECTBE.

«TemMneparypas> 0OIECTB 10 U MOCJ€E UX CAUSTHUSA. VTaK, Mbl
MTOKA3aJIH, YTO B OOIIECTBE, I/ie TOPTOBBIE CIEJTKN MEK/Y IPasK/IaHa-
MU COTTPOBOK/IAIOTCS CJIYYAITHBIM BBIUTPHIIIEM B 1 py6JIb /11T OTHOTO
7 TAKNM >Ke TIPOUTPBIIIEM /I IPYTOTO, pacrpesiesieHre TPaxkIaH 1Mo
WX COCTOSHWIO BCET/Ia CTPEMUTCS K 9KCIOHEHIIMAJIHbHOMY U He
3ABUCHT OT TOTO, KAKUM OHO ObLIO BHAYaJie. /[pyrumu ciioBamMu, O/HI
00513aTeIbHO TEPSIIOT JEHbI'M BO BPEMSI TAKUX TOPTOBBIX OIlepalluii,
HY a IpyTHe, COOTBETCTBEHHO, 6orarefor. CpaBHEHNE pacipe/eIeHus
Bosbnmana ¢ mocsreaneit popMysioii MOKa3bIBAET, YTO POJIH «TEMIIe-
paTypbl» B paclpefieJIeHIH COCTOSTHUI B OOIIECTBE NTPAET CPEIHSIS
Besimunia cocrositiust M. [loatomy uem Bbiiiie Oy/IeT CpeHUl 10CTa-
TOK B ofIiecTBe, TeM 0O0Jiblllasi 4acTb Jiojeil B HeM OyIeT MMETb
cocrosgHue 00JIblIe YeM M.

A Temepb AOmMycTHM, YTO ABa obmiectBa «Bl», B Kaxaom us
KOTOPBIX [IOXO/IBI pacIpefie/ieHbl B COOTBETCTBUHU C TOJYYEHHOI
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dopmyoii, o6beaunuanuch (Kak 3TO MNPOU3OILIO, HAIPUMED, C
3amagnoit m Bocrounoit I'epmanusvu B 1990 roxy miam xak aTo
NpOUCXOAUT €O crpanamu Esporneiickoro Comosa cefiuac). OueBns-
HO, YTO 4Yepe3 HEKOTOpOe BPEeMs CJOMaHHbIe KacCOBbIE alliapaTbl
C/IeJIAlOT CBOE <«4YepHOoe» /170, B HOBOM OOIIECTBE YCTAHOBUTCS
paBHOBecHe 1 PacHpeie/ieHne COCTOSTHUN ero TPask/jaH OISATh CTaHeT
9KcIoHeHIaabHbIM. HeTpyano porajgarbes, uro Besnuuna M, pas-
Hasl CPe/HEMY COCTOSIHUIO TPask/aH HOBOTO OOINECTBa, WJIHM €ro
«reMmneparype», Oy/leT paBHa

N;+ N, )

rne M, M, n Ny, Ny, — cpeinuii JJOCTaTOK W YUCJIO TPa)XJaH B
IIEPBOM U BTOPOM OOIIECTBAX COOTBETCTBEHHO [0 UX OODbEANHEHHUA.
Buino, uto Besmunna M sesxur rie-to mexxay My u M, , a 6;1130CTh
ee K TocJIe/iHell 3aBicuT oT oTHommeHust Ny/N, .

ITocmoTpuM Tenepb Ha 110CIeAHION GOPMYJLy ¢ HO3ULMI TepMO-
JMHAMUKH, IJle Tpaskate o6liecTBa 9KBUBAJEHTHDI CTaIKUBAIONIIM-
csi MoJiekyJaM Ttaza. Torma M moxkno 3amenutb Ha RT, a N B
TEPMOAMHAMUYECKOM BapHaHTe OyZeT COOTBETCTBOBATH ILJIOTHOCTH
<«MOJIEKYJI-TPK/JaH», U HOBast (pOpMyJia IpUMeT BUJ

(N, + Ny) kT = N\kT, + NokT, .

M =

Tax xak NRT 4YHCJIEHHO DPABHO [ABJEHUIO HCAJBHOrO Tasa, TO
IpaBast 4acTb 3TON (DOPMYJIBI 3TO CyMMa «IapIUaIbHBIX JaBJICHNN»
obmectB 1 u 2 g0 uX oObeAMHEHUs, a JieBas — </aBJeHue»
CYMMapHOro 06IIecTBa TOCJIe TOTO KaK Mpoliece 00beJinHeHns 3aBep-
e, OTMETHM, UTO, MOCKOJIBKY cyMMapHoe Goratctso (B TepMo-
JIMHAMUKE — 9HEPrus) o0IIecTBa COXPAHSETCsI, TO MPOIece 00ben-
HEHNUST [IBYX «Ta30BBIX» OOIIECTB CJe/IyeT CUUTATh a/inabaTHIecKuM.
Taxum 06pa3oM, causiHue ABYX OOILIECTB C PA3JINYHBIMU CPEAHUMU
JIOCTaTKaMM aHaJIOTMYeH, C TEePMOJUHAMUYECKONH TOUKM 3peHusd,
a/inabaTyecKoOMy IIPOIIECCY CJNSIHUS JIBYX TA30B, UMEIOIUX PAa3HbIe
TeMIlepaTyphl.

PagHoBeposTHOCTh 0OGoramenus u pazopenusi. CraOuIbHOCTh
o6mecrBa. lI3BecTHO, YTO IHApbl IPH YHIPYIOM CTOJKHOBEHUH
0OMCHUBAIOTCS DHEPTUSAMH, XOTS UX CyMMapHasi 9HEPrHsi 1 UMITYJIbC
ocraiorcs moctostnabiMu. [Ipu aToM, BOOGIIE TOBOPST, HET KAaKNX-T100
OrpaHUYeHUil Ha BeJIMUUHY 9HEPIUH, Iepe/laBaeMoil IIPU CTOJIKHOBe-
nuu. Hampumep, TeopeTndecky MpU CTOIKHOBEHUN € HOKOSIIIMCS
1IApPOM BCSl 9HEPTHUs IIePeXO/IUT K HeMy, a paHee JIBUTaBIIUIiCS map
ocTaHaBJMBaeTcsa. B ocTaJbHBIX cilydadx [0/ CyMMapHOW aHEpTui,
MEHSIIONIast X03siuHa, MoKeT cocTaBisath or 0 go 100% u odemnsb
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CJIOKHBIM 00PAa30M 3aBUCHUT OT TEOMETPHUYECKUX XapaKTEPUCTUK
CTOJIKHOBEHWS M TIPUHATHIX AomyTeHuii. Tak uim nHave, Mbl BIIpaBe
CUYUTATH, YTO ¥ P CTOJKHOBEHUU MOJIEKYJI ra3a MeKIy cOOOIl HeT
KaKUX-7T160 OrpaHNYEeHUIl Ha BEJMYNHY SHEPTHUHU, CJIYJYaiiHO TIepexo-
Jieil oT olHOIM MoJieKyJIbl K Apyroid. JIpyruMu cjaosamu, mpoiiecc
o6MeHa SHEPTUSAMHI MEXKIY MOJIEKYJIaMI MOXKHO CUUTATD CHMMETPIY-
HBIM — YMEHbIIIEHNE 9HEPTHH MPH CTOJIKHOBEHNH TaK K€ BEPOSITHO,
Kak W ee yBeqwdeHwe. VIMeHHO paBHOBEPOSITHOCTb TOJYYHUTb U
MOTEPSITH SHEPTUIO TIPU CTOJTKHOBEHUY TIPUBO/IUT K TOMY, YTO SHEPTUSI
cpenu MOJIEKYJ rasa pacipejiesisieTcs 1o 3aKoHy bBosibiMana.

To >xe camoe oTHOCHUTCS U K OGIIECTBY, T/i€ TPaKAaHe, CTATKUBA-
SCh IPYT C IPYTOM, TEPSIIOT YaCTh CBOETO WJIN TPUOOPETAIOT CIyYaii-
HYTO JI0JTI0 YY>KOTO COCTOSHUSA.

Xoreau, kak Jyyme... O4eBU/HO, YTO TPAKTHYECKH HEBO3MOK-
HO TIOCTABUTH HKCIIEPUMEHT HaJl ra30M, OrPaHUYKUBasi 0OOMEH dSHEPTU-
AMH MeXay ero mosekysaamu. C JIIOABMHU TPOIIE — IOCTATOYHO
u3narh 3akoH. Hy ckakeM, mompocuM BceX CO6JIOAATD 3aKOH «/IJIST
3aIIUTHI OT HEZOOPOCOBECTHBIX TOPTOBIEB», cokpaiienHo 3HT. B
COOTBETCTBHM C 3TUM 3aKOHOM, BBITOZ[A OT TOPTOBOI CICJIKH MEXKIY
JIBYMS JIIOJBMU He JIOJUKHA TPEBBINIATh MUHUMATBHOTO COCTOSTHIS
ABYX TOpryiomux o caeakn (cm. obmectBo «B2»). MubiMu ciosa-
MU, €CJIU BCTPEYaIoTCs TOProBIbl ¢ coctosiHusiMu 50 u 150 py6eii,
TO BBIMTPBIIIEM OJTHOTO W MTPOUTPBITIEM JAPYTOTO MOXKET ObITh CyMMa,
ne npesbiiiaiomast SO py6aeit. Kazanocs 6b1, 3akon 3HT — Briosime
Pa3yMHbIN 3aKOH, 3AIUIIAIONINI Oe/[HIKa OT MOJHOTo pazopennsi. K
CO’KaJIEHUIO, 3TOT 3aKOH, KaK M MHOTHE JIPyTHe 3aKOHBI, COTBOPEH-
HbIe JIIO/IbMU, MIPUBOJUT K IIPOTUBOIIOJIOKHOMY pe3yJsbrary. 1 BoT
rnoyemy.

3axon 3HT mapymiaer cuMMeTpHIO BEPOSITHOCTHOTO oborarie-
HUS, U €CJIU KTO-HUOY/Ib CAYIANHO JUIIHIICS GOJIBIION YACTH CBOEro
COCTOSIHMSI, TO €My y’Ke O4YeHb TsKeso OyJleT BbIGpaThCsl, TaK Kak
3aKOH OTPAHIYUBAET €r0 BO3MOXKHBII BBIUTPDIII BEJUUYUHON €ro JKe
COCTOSTHUSI. A ecJin ThI MMOJIHOCTBIO Pa3opeH, TO B COOTBETCTBUU C
ITHM K€ 3aKOHOM Te6e yKe He Ha YTO PacCYUThIBaTh. OHUM CJIOBOM,
3akoH 3HT mpuBoauT K mMporpeccupyionieMy paccJ0eHIT0 06IIeCTBa.

Ha pucynke 119 mokasano, kKak IPONCXOANT paccjoenne obire-
ctBa «B2» co BpeMeneM, OTJI03KEHHBIM 110 OcH aGCICC B HSX, TIOCTIE
navana pefictsus sakona 3HT. JKupnasa kpuBas nHa BepxHeMm
PUCYHKe MOKAa3bIBaeT, KaK IOCTENEHHO YBEJUYUBAETCS KOJIMYECTBO
rpaskaan (B npoleHTax K o6IeMy UX YHCIY), Y KOTOPbIX COCTOSHHE
YMEHBIINJIOCH ITO CPABHEHUIO C TIEPBOHAYATBHBIM. TOHKAsA KpUBasi HA
TOM K€ PUCYHKe MJLTIOCTPUPYET, KakK TaJaeT co BpeMeHeM OTHOCH-
TeJIbHOE YNCJI0 pa3boraTeBUINX TpakaaH obiectBa «B2». HuxmHuii
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Puc.119. Paccaoenue o6uwecmea «B2» co BpeMEHeM, OMILOKEHHBIM NO OCU
abcuyucce 6 Onsix nocie Hauaaa oeticmeus 3axona 3HT. JKupnas xkpusas
ommnocumcs x Gedneuum 2paxoanam, a moukas Kpueas — x 6ozameio-
wuM epaxoanan

PUCYHOK ITOKA3bIBAET, YTO CO BPEMEHEM CPe/THEE COCTOSTHIIE PA30PUB-
muxcs rpaskaan obuiectsa «B2» ymenbinaercsa (kupHas kpusas), a
pas6orareBmmx — pacrer (TOHKas KpuBast).

Bumno, uro yxke depes 10 gmeit mocae gefictBus 3akona 3HT
73% rpaxnan (a ux Beero 10000) yMEHBIIMIN CBOE COCTOSHHE MO
CPaBHEHMIO C IIEPBOHAYAJbHBIM B cpe/iHeM Ha 85%, 1 BCe BMECTEe OHM
o6aazmaror Jmmib 11% 6GorarcrBa obiectBa. B 10 jke BpeMst ocTajib-
Hpie 27% Tpaskjan pazboraTesn Tak, 4TO UX CyMMapHOE COCTOSIHUE
cocrasiisier 89% OoratctBa obmiectBa. Yepes 100 mueil peiicTBust
3aKOHA PACCJIOEHUE CTAHOBUTCS elile 60Jiee 3aMETHBIM, U PA30PEHHDI-
MU OKa3bIBAIOTCS YoKke 93% rpask/aH, KOTOPbIE Bce BMECTe 00J1aat0T
MeHee yeM 2% OOGIIEHAPOAHOTO JOCTOSIHUSI, B TO BpeMsl Kak 7%
6oraueii o6mamaior ocraabHbiMu 98% Bcex Gorarcrs. Taxum o6pa-
30M, 3akoH 3HT mpuBoANT K MPOrpeccCMBHOMY POCTY YHCJA TIOJHO-
CTHIO PA30PEHHDBIX TPAKIAAH W OOPA30BAHUIO HECKOJIBKUX OJIUTap-
XOB, Y KOTOPBIX HAXOJSATCST Bce GorarctBa OOIIecTBa.

OueBuiHO, uTO 0O6IECTBO, BO3HUKIIEE B PE3yJbTare [eiCTBUS
sakona 3HT, okazanock nexxnsnecrnoco6HbiM. Kpome Toro, Kak aTo
WLITIOCTpUpPYeT pucyHok 119, paBHOBeCcHOe COCTOSIHHE B TaKOM
0011[eCTBe HUKOT/IA He HACTYTIAET, MOCKOJIbKY KOJUYECTBO HEMMYIIIUX
YJIEHOB OOIECTBA MOCTOSTHHO PACTET, a YMEHBIIAIONEecs: YHCJI0
UMYX CTAHOBUTCS HEJOCTATOYHBIM JIJISI CTATHCTUYIECKOTO PaBHOBE-
cug. Otmerum, 4yTo B orcyrctBue 3akoHa 3HT, kak mokasasno
MoJienpoBanue obiiectBa «B1y, rpaskane, mpuHaIeKaIue rpyr-
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Puc.120. Paccroenue obuecmea «B3» co epemenem, 0OmaoKeHHbIM no 0cu
aocyuce 6 onsix. Obo3navenus me xe, umo u Ha pucynxe 119

e «0», yxxe yepe3 1000 nueit MoryT okasdatbcest B rpyiiie «100s», T.e.
06J1a1aTh CPEIHUM COCTOSTHHEM 3TOTO OOIIECTBA.

Ha pucynxke 120 mokasano, Kak I3MEHSIETCS OTHOCUTETbHAS OIS
GeIHBIX B TOM CJIydae, KOTa BhIUrpbiil (M IIPOUrphINI) OT TOProBoii
caenku He orpanmnuer 3akonoM 3HT u fefictBytoT npasuia obiecTsa
«B3». NubiMu csioBamMu, JiBa YYaCTHUKA TOPTOBOM CHEJNKH KJIALYT
BCE CBOM [[€HBTU «HA GOYKY», a KOMIIBIOTED CJIYYailHBIM 06pa3oM
orpe/iesisieT, Kakyio J0J10 ¢ «60UKiy> GepeT KasK/blil 1Py yCJIOBUH,
YTO JIeHeT Ha Hell He OCTaeTcs.

Bujno, uro B obmecrse «B3», cocrogmem uz 10000 uesnosek,
OoueHb OBICTPO HACTYTIAET COCTOSTHUE, TIPU KOTOPOM [I0JISI IIPOUTPaB-
KX B Pe3yJbTaTe NPOU3OIIEANINX TOPrOBbIX ¢AeJ0K (depHas Kpu-
Basg) U uX cpejaHee cocrognue (KpacHasg KpuBas) ysKe MEpecTaior
MEHSATBCS CO BpEMEHeM, J0CTHTrast cTaOuIbHbIX BenunH. U xorsa 63%
JII0fielt OKa3bIBAIOTCSA TPOUTPABIINME, NX CYMMapHOe COCTOSTHIE BCe-
TakU cocTaBJisieT 27 % 6orarcTB OOLIECTBA U OCTACTCS CTAaOU/IbHBIM, B
OTJIMYME OT TOTO cJjydasi, Korja aeiictByer 3akon 3HT.

Ilyctp 3Haer kaxkapiii, 4T0... OO6IIECTBO, T/Ie TPAK/IAHE BCTYIIA-
10T JIPYT C APYTOM B 9KOHOMIYECKHNE OTHOIICHUS, BCET/A PaccIanBa-
ercs Tak, 4To Ge[HbIX B HeM OKasbIBaercs 6oJiblile, 4eM OOorarTbIX.
ITpu aToM pacmpe/iesienrie T0X0/I0B B 0OIECTBE PABHBIX BO3MOKHO-
cTell, T/e He [MEeHCTBYIOT 3aKOHbI, aHajgorndyHbie 3akoHy 3HT,
0CTaeTCsl HEU3MEHHBIM, UTO U JleJaeT TaKkoe OOIIeCTBO CTAaOUJIbHBIM.



rMABA 19

MblJlb: AOMA N B KOCMOCE

Yro Ttakoe mbLib? IlblIb — 3TO B3BEIIEHHbIE B
BO3/[yXe U OCeBIINE Ha IOBEPXHOCTb TeJ OYeHb MEJKHE TBep/ble
YACTUIBI OPTAHUYECKOTO MJI MUHEPAJILHOTO TPOUCXOKIeHus. O6brd-
HO IIBLJIb TIO/T IEfICTBIEM BJIAYKHOCTHU ITPEBPAIAETCs B Ipsidb. OT/iesb-
HbIe YacTUIbl bl uMeioT pasmepol ot 107 1o 107 M u camyio
pazsimuHyto ¢opmy. OHH MOTYT HECTH 3JIEKTPUYECKUI 3aps MJIu
ObBITb 3JIEKTPOHENTPAIbHBIMI. KOHIIEHTPAIINIO MTBLJIN YacTO BbIpaska-
10T YHCJOM YacTUIl B einHHIle oObeMa. MeHbIle BCero MbLIM Ha
BepIIMHAX TOp — HApUMep, B AJbIIaX ee KOHIeHTparms Bcero 200—
2000 cm . Ha ysnuiax KpyIHbIX FOPO/IOB IIbLIKM B COTHH Pa3 00JIblIle,
a B JKIJIBIX /IOMaX ee KOHIIEHTPAaIus jocTuraer 6 MaH cM ™.

[ToCTOSTHHBIMU MCTOUHMKAMHU IbLIN SIBJSIIOTCS. HEKOTOPbBIE BH/IbI
ITPOM3BO/ICTBA, CEJbCKOTO XO3SHCTBA, TPAHCIOPTHBIE CPEJCTBA, a
TaKIKe T0KAPhl, M3BEPIKEHUsT BYJKAHOB, J[BUKYIIUECS JIEJHUKH U
passmubie karactpodbt (puc.121). Ibuib npuyunser ymeps mpo-
MBIIIJIEHHOMY OGOPY/IOBAHHMIO, CHUYKAeT Ka4yeCTBO BBINYCKaeMOM
MTPOLYKIINH, & TAKKe MOKET ObITb IIPUYMHOI CaMbIX Pa3HbIX 3a60J1e-
Banuii. IloaToMy mccreoBanme MbLIN — BasKHAsI HAYYHO-TEXHUYEC-
Kas Ipo6JIeMa, CTOSIIAsI Mepe/l YeTOBeYeCTBOM.

Kak usGaButbes or mpumm? [l ycTpaHeHUs IbLIM BO3LYX
MIPOIYCKAIOT Yepes3 CIHeluaIbHble IbLIeYJIOBUTENH, B paGoTe KOTO-
PbIX MOIYT UCIOJIb30BaTbCs pasjiduHble TexHoJoruu. Muorocsoii-
Hble TKaHeBble (PUIbTPHI GbITOBBIX IBLIECOCOB MOTYT 33/I€P’KMBATDH
99,9% wacrui; ¢ pasmepoM Gosiee 1 MKM. Tak Kak 4acTUI[bI IIbLIN
CIOCOGHBI 3JIEKTPU30BATHCS, TO JUJIS IblJIeYIaJIeHUsT 4acTO TPUMEHsI-
10T (PUIBTPBI, BHYTPH KOTOPBIX HAXOAUTCS 3JIEKTPO3apsKEHHDIH
9JIEMEHT, NMPUTATUBAIOINI K ce6e MUKpOYacTuilpl. [1isi Toro 4to6bl
cienath nbLieyaaenue 6osee aPEKTUBHBIM, BO3/IyX B IOMEIEHUN
NOHU3NPYIOT. B HEKOTOPBIX COBPEMEHHDBIX IIBLIEYJIOBUTENSX ObITO-
BOTO ¥ ITPOMBIIIJIEHHOTO ITPUMEHEHNUST UCII0JIb3YETCs IIEHTPOOEKHbII
€1oco6 KOHIIEHTPAIlM! MUKPOYacTuIl. Bo3ayX B 3THX yCTpoOHCTBAx
3aCTaBJ/ISTIIOT BPAIATDHCS, TOCJE Yero YacTHIbI MBLIN, OTOPOIIeHHbIE
OT TleHTpa BpallleHusi, co6upaior Ha mnepudepun.

ButaxXHBIN BO3/IYX CJIY’KUT XOPOIIMM MHINKAaTOpoM mblan. Kon-
nencanus Biaarn (o6pasoBaHue TyMaHa) M3 I1apa MOKET IPOMCXO-
JIITb TOJIbKO HA TaK HAa3bIBae€MbIX s/[paX KOHJeHcanuu. Takummn
saApaMn M CJIy’KaT MeJbYailliiie HbIJIMHKY, Tapsiine B BO3JyXe.
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Puc.121. Odna u3 xpynueiiwux xamacmpogh cogpemennocmu, kozda 6 pe-
3yavmame obpyuwenus 08yx nebockpe6os Beemupiozo mopzosozo yenmpa
6 Hoio-Hopre obpasosanocy 6oaee 100000 mornn Muxpockonuueckoi noliu

[Toaromy wem GoJiblile TbLIM B BO3AyXe, TEM dalle U TYIIE TaM
TyMaHbl. Ocakaasch Ha 3eMJTI0, TYMAHBI OYUIIAIOT BO3/yX OT TIBLIH.
OpHako n36aBJsATBCST OT TIBLIN, OCAX/Iasi ee TapamMu BO/bI, valle
BCETO HE TIPECTABJSETCS BO3MOXKHBIM. A KOTJa 3TO yAaeTcs, TO
MIPUXOJUTCS YKe 60POTHCS € I'PS3bI0, KOTOPYIO Mbl pasdsesin. [ToaTo-
My (PUBUKH Ceifuac UCCAeIyIOT IIPOIECChI, TIPUBOISIIUE K CAUTAHIIO
YACTUYEK IbLIH, YTOObI BIIOCJIEACTBUN MU YIIPABJISATD, MIPEBPAIast
00J1aKO TIBLIM B MAJIEHbKHI KaMyIIeK, MaJaionnii Ha 3eMJIIO.

Yro takoe cuanl Ban-gep-Baaabca? [maBnbivu ciumamu, mpuBo-
JSIIIAME K CJMMAHUIO OJIMHAKOBBIX MOJIEKYJ U COCTOSIIUX M3 HUX
MeJIbYAHIINX YacTuvek, SBJSA0Tes cuibl Ban-gep-Baasbca.

Ha pucynke 122,a 1upuBeieHo cxemaruieckoe u3oOpaskeHue
HeroisapHol Mosieky bl (Hanpumep, O, min H,), T.e. MoxexyJibI,
B KOTOPOIT KOJIMYECTBO HJEKTPOHOB CJIeBA M CIIPaBa OJHO W TO XKE.
OmHako faske y HEMOJISIPHOH MOJEKYJbI BpeMs OT BPeMEHW OMH
13 KPaeB OKAa3bIBAETCSI OTPHUIATEJNBHBIM, a MPOTUBONOJOMKHBIN —
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ITO U ecTb cuJibl Ban-

nep-Baasnbca, kotopbie

MHOT/[A HA3bIBAIOT TaK-

JKe JIUCTIEPCHOHHBIMU CUJIAMHU, T.e. CUJIAMH, TPEISITCTBYIONIMI

paccpinannio (PacblIeHNIO) TBEPABbIX TeJ M UCHAPEHUIO JKUAKUX.

K coxasennio, B COBEpIIEHCTBe YIIPaBJIATh cuiaamMu Bamn-gep-Ba-

anbca (UBNKU MOKA HE HAYYUJINCH, TaK YTO MIHOBEHHO MpPEBpa-

THTH, HAIpUMep, O0JAKO YrOJIbHOI MBI B KyCOYEK YTJIS elle He
MOTYT.

Koraa nsuis B3pbiBaercsi? To 4To MyKa B3pbIBOOTIACHA, JIIO/H
y3HAJIM OYeHb JaBHO. J[OCTATOYHO YpPOHUTH TaKeT ¢ MYKOW Tak,
4TOGBI KOHIIEHTPAIUS MYKH B Bo3ayxe cocraBmia Gosee 50 r/ M3, a
MOTOM «CJIYYAiHO» 3aKeUb CIIUYKY — HEMUHYEMO PA3/IacTCsi B3PDIB.
Taxue B3pBIBBI JIOBOJIBHO YacTO MPOUCXO/SAT HA 3JeBaTopax u
MHOT/[A CONPOBOXKIAIOTCS sKeprBaMu. [Ipoucxonur ato ms-sa Toro,
4TO B MyKe MHOIO KpaxMmaja, a KpaxMaJ — 3TO MHOrO-MHOTIO
MOJIEKYJI caxapa, COeJMHEHHBbIX Mexay cob6oii. Kaxpas sxe u3
MOJIEKYJI caxapa <«XOPOIO» CropaeT B BO3/yXe, MPeBPaIiasch B
YTJIEKUCIIBIN Ta3 1 BOLY W BBIAEJSIS TIPH ATOM GOJIBIIOE KOJTHYECTBO
TEIIOTDI. 3aropaHue CJay4aeTcsl TOT/la, KOT/A YACTHYKU MYKH pac-
IbLJICHBI B BO3/yXe M Kak/as M3 HUX OKPY’KEHa KUCJI0pojioM. B
9TUX YCJOBMAX YacTHYKaM MyKn pa3mepoM menee (0,1 MM Jerko
COEJIMHUTBCST ¢ KUCJOPOJIOM, M OHU CrOPAIOT € OTPOMHON CKOPOC-
THIO — JIETOHUPYIOT.

Yro Takoe xocMuyecKasi mbLib? AcTpodusnKaM He JaeT MOKOs
KOCMUYecKasi Tblib. [locseiHie THIIOTE3bI CBSI3BIBAIOT TIOSIBICHUE
KOCMHYECKOIT B CO B3PbIBOM 3BE3/L M YTBEPKJAIOT, YTO 3Ta IIbLIb
6blyla TIEpPBBIM TBEP/BIM BeliecTBOM Bo Bcesernoil. Kocmmrueckas
MbLJIb MeIIaeT BeCTn HaGJIO/eHUs] aCTPOHOMAM, 3ACJOHSIS OT HUX
HEKOTOpBbIe OGJTACTH 3BE3JHOTO Heba U CO3/IaBasi BMECTO HUX TaK
HA3bIBaeMble TEMHBIE TYMAHHOCTH. B IPyTHX CIydasix CBET COCETHUX
3Be3/, paccemBasicb Ha 006JaKaX KOCMHUYECKOW TBLIM, [eJaeT UX
BUANMBIME. XMMHYECKHIH aHAJII3 IOKA3aJ1, YTO B KOCMHYECKOIT ITBLIH
ouerb MHOro yriepoga (5—10 %), U HO9TOMY OHA AEHCTBUTETHLHO
MOTJIa CTaTh HEOOXOMMbIM HCTOYHUKOM BO3HUKHOBEHUS OPraHnyec-
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KO JKM3HN Ha 3eMJe, TOCTPOEHHOI Ha OCHOBe yraeposaa. B cpennem
KaX/IBIN IEHb Ha OANH KBA/IPATHBIN METP HaIIel IIaHeThbl OITyCKa-
eTCs OIHA KOCMIYECKAs MBIJINHKA, YTO B CYMME COCTABJISIET OKOJIO CTa
TOHH B JI€Hb.

KocMudeckue TBIIMHKE PasMepoOM € YacTHYKY, 06Pa3yIoNryio
JIBIM, SIBJISTIOTCST KPOIIEYHBIMU POJICTBEHHHUKAMU METEOPUTOB, T.€.
mMukpometeoputamMu  (puc.123). AcCTepomabl W KOMETBI CJy>KaT
IIOCTOSIHHBIMM ITOCTABIIUKAMU KOC-
MUYecKoil b Ha 3emuo. Crenn-
aJibHasl TporpamMMa c6opa u usyde-
HUSI KOCMUYECKOW TIBLIN TIPOBOJINT-

Puc.123. Muxpogomozpaghuu uacmuuex kocmuueckoti noiau. I'opusonmansv-
Hoill pasmep ne60zo pucynxa 18 mxm, npasozo — 10 mxm

cs1 Ha OKOJIO3EMHOI OpOHTE € TIOMOIIBIO MEXK/LyHAPOJHON KocMudec-
KO CTaHINH.

BecrnmorHble kKocMuueckue KopalJiu, NCCIe0BABIINE OKPECTHO-
ctu Ommrepa n Carypha, o6Hapy>kKMJIM TaM MOTOKHU KOCMUYECKOMN
MBI, MCTOYHUKAMU KOTOPBIX CJYKAT 9TH TMTAHTCKUE TIJIAHETDI.
Oxkasajioch, 4To MeJbyaillliie YacTUIbl IBLIM Pa3MepoM OT 2 10
50 uM mecytcs or Carypna co cropoctbio okoso 100 xM/c.
Pasrousrbest 10 TAKUX BBICOKMX CKOPOCTE MM TIOMOTAeT 3JIeKTpH-
YeCKUil 3apsifi, IPUOOPETEHHDIIT OC/Ie B3AUMO/IECHCTBUS C COTHEUHO
pajimanyeil, U MarHUTHOe ToJie 3Toi TaHerbl. OJHAKO MOTEpU
TMTAHTCKUX IIJIAHET OT MOCTOSTHHOTO <ITBLJIEBOTO BETpay, JYIOIIEro B
KocMoc, HnuToxkHbL. Tak, IOmnmTep Tepser Kax/yio cCeKyH/y BCEero ot
20 r 1o 1 Kr Macchl.

JlyHHast npLab. JTO camast U3ydeHHasl U3 BCeX BHU/IOB KOCMUYEC-
Kot mpun. Ermte 3a/1071T0 10 BbICAKN KOCMOHABTOB Ha JIyHy ydenble
3a/1aJIMCh BOIIPOCOM: CYIIECTBYET JIM CJIOW TIBLIM, Mapsimuil Ha
BBICOTE HECKOJIBKUX KUJIOMETPOB HAJl €e MOBEPXHOCTbIO? B mpuHim-
1ie, TaKoil CJIO TN MOT MOSIBUTHCS IIPU PABEHCTBE MEXK/LY JIEKT-
POCTATHYECKOI CUIION OTTAJIKUBAHIS OJJHOUMEHHO 3aPSKEHHDIX ITBLIH
n JIyHBI W CHJIOH TI'PAaBUTAIIMOHHOIO IIPUTSDKCHUS MEXKIY HEMH.
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Ou4eBU/IHO, YTO TAKOI CJIO¥ MBI c/iesial Obl IPOIeCC PUIyHEeHUs
OUYeHD CJIOXHBIM 1 onacHbIM. OHAKO TIPOCTON pacyeT MOKA3bIBAET,
YTO PABEHCTBO 3JIEKTPOCTATUYECKUX M I'PABUTAIMOHHBIX CHJI, €CJIU
OHO ecTb, Oy/ieT CHPaBEAJNBO JUIS JIOO0TO PACCTOSHUS MEXKITY
JIyHOIi 1 IbIMHKOM, & TO3TOMY HUKAKOTO IIJIOTHOTO CJIOSI BN GbITh
TaM He MOJKET.

B 1972 rogy amepmkanckomy actpoHaBTy X.I[IIMmary mocie
BBICAAKN Ha JIyHy M TIPOTYJKM IO ee TBLIbHOH MOBEPXHOCTH
1I0Ka3aJI0Ch, YTO BOKPYT TaxXHeT 1MopoxoM. IIpnunHoii aToro okasa-
JIaCh JIYHHA TIbLJIb, TPOCOYMBIIAsics B ckadan/p actponanta. [IImuar
JlaskKe CTaJl YNXarTh, M Y HETO PA3BUJIACD AJIJIEPTUs — JIYHHBIH BapHaHT
CeHHOHN Jmxopajgku. Kpome Toro, mpuimmaioniasi CHapyXHU K CKa-
(hangpy mBLIb Melmasra IEPEABUTaThCS U CO3/IaBasa MacCy Ipo0IeM
B pa6oTe MHOTHUX CHUCTEM U TPUOOPOB.

OrcytcrBue armocdepbl Ha JIyHe €03/1a/10 H/leasbHble yCJI0BUS
JIJIs1 BOSHUKHOBEHUST M COXPAHEHUST TaM OY€Hb TOJICTOTO CJIOS MBbLJIN.
M Bor mouemy. Bo-mepsbIX, Bce, WTO JeTeJ0 B CTOpOHY JIyHBI,
6JIaTOIOJIYYHO [I0JIeTeJIO JI0 ee IOBCPXHOCTH, a He Cropesio B
atMocdepe, Kak 3To TPouCcXoauT Ha 3emie. Bo-BTopoix, Ha Jlyne Her
BETPOB, PEK M JOX/EBDbIX IIOTOKOB, & 3HAUUT, BCS KOCMHUUYECKas
IIbLJIb, CMEIIIaHHASI C MUKPO- X MAKPOMETEOPUTAMU, JIEXKUT TaM, Ky/1a
yliaja OueHb JaBHO WJIM COBCEM HEJ/IABHO.

MUKpPOCKONMYEeCKUiT aHAJIM3 JIYHHOH IbLIN ITOKA3aJ, YTO OHA
SBJISETCS CMECBhIO MeTbUalnX 6a3aJbTOBBIX (DParMeHTOB, MIAPUKOB
U OCTPBIX KYCOYKOB BYJIKAHWYECKOTO CTEKJA C BILIABJICHHBIMU
muHepanamiu. Ilocse Toro kak HeCKOIbKO COTEH KHJIOTPAMMOB IIbLIN
ObLIM JIOCTABJIEHbl AMEPUKAHCKUMK KOCMOHABTaMH Ha 3€MJIIO, BO3-
HUKJIM TIPOEKTBI 10 60pb6e € MbLJIBIO TIPU CJIEAYIONMX BbICAIKAX Ha
Jlyny. Okasasoch, 4TO JIyHHas TIbLIb OYeHb Gorara aJeMeHTapHbIM
skesme3oM. Ha 3emite BCTPEUaloTCst TObKO OKHCJIBI JKeJle3a, a YnCcToe
JKeIe30 cpasy OKHUCJSETCS U PKaBeer.

WsBecTHo, 4TO aTOMBI Keje3a abcoOpOUPYIOT MUKPOBOJIHOBYIO
9HEPrui0 HAa YacTOTax, MCIO0Jb3yeMbix ObiToBbiMu CBU-meuxkamu
(2,45 TTu). IloaToMy aBTOPbI OZHOIO U3 IPOEKTOB IIPEANATAIOT
noctaButh Ha JlyHy CBU-ycrpoiictBa n o6paboTaTh BCIO TBLIb B
Mecte Oyaymieil Boicanku. Ilox geiictBuem CBU-nsmyuenns sxese-
30, BKpAIUICHHOE B CTEKJITHHDIC IILIIMHKH, OBICTPO HArpeeTcst 70
1200 °C u pacnnasurcs. Ilocse aToro pacmiaBieHHOE JKese30 Had-
HeT HarpesaTb CTEKJO, KOTOpOe TOXKe paciiaBurcsl. B pesyisbrare
coce/IHIe YACTUYKHU JIYHHOH TIBLIM JIOJIKHBI CIJIABUTBCS M 06paso-
BaTh IJIAJKYI0 CTEKJOBU/HYIO IIOBEPXHOCTb. IJTO MOIJIO Obl yOe-
peub SKUNAK OyAyIeil aKCIenIu OT HeGIaronpusiTHbIX BO3/Ieii-
CTBUIl JIyHHOI TIBLIH.



IMABA 20

NMPOBOAA AN CBETA: CBETOBO/bI

Wnes ympaBisaTh CBETOM TaK, KaK MBI HAYUNJINCH 3TO
JleaTh ¢ 3JIeKTPUIECKUM TOKOM, JaBHO BJajie/a yMaMi yIeHbIX. Bo
Bropoii nososuHe XIX Beka B MUpe MOSBUJNCH JEKTPOYTOBBIE
ucToyHuKK cBeta. OMHON 2JIEKTPUYECKOHN [yTOil, AaBaBiieil B TO
BpeMs Topasio OoJIbllle CBETa, YeM TIepBbIe JaMITIOUKN HAKAJINBAHM
D/INCOHA, BIIOJHE MOKHO OBLJIO OCBETUTH CPa3y HECKOJbKO KOMHAT,
60JIbIIIOE TIOMENIeHre WJN TPOU3BOACTBEHHBIN TieX. OmHaxo st
9TOTO HEOOXOIMMO ObLIIO HAYUUTHCS «/IeJIUTh U 3aBOPAYNBATD> CBET,
nepejiaBasg €ro Mo KPHUBOJIMHEHHBIM TpaeKTopusaM. Kpome Toro,
3JIEKTpUYecKast ayra Oblia OTHIOAb He Ge30TacHa, U JaBaTb ee CBET
MTOPOXOBOMY TIeXY HaJ/l0 6bLIO TaK, YTOODbI He B3JIETETh HA BO3YX, a
UMEHHO — CTaBUTb JYTOBOI CBETHJILHUK T/Ie-TO B CTOPOHKE M OT HETO
pa3BOANTH CBeT Kyaa Hamo. Ho xax?

B XIX Beke anrmmiicknit ¢pusuk J[>x. Tungan mokasasu, 9to s
U3MEeHEeHUsT HAIIPABJICHUST CBETa MOXKHO MCTOJIb30BaTh a9 HEKT mo-
HOTO BHYTPEHHETO OTPa’KeHUsI Ha I'PAHUIE «BOJAa—BO3IyX». B ero
OTIBITaX CBET PACIPOCTPAHSJICS BIOJDb CTPYH BOJBI, BBITEKAOIIEH U3
cocy/ia, BHYTPH KOTOPOTO HAXOJMJICA MCTOUYHMK cBera (puc.124).
O1bIT, KOHEYHO, ObLJI KPACHBBIM, HO Pa3BOUTH CBET 110 KOMHATAM 1
1eXaM C TTOMOTIBIO BOJSHBIX CTPYH HUKTO HE XOTEJI.

[TpumepHO B TO XK€ BpeMsI BO3HUKAET Uesl MCIOJIb30BATh CBET
misg nepegaun uHdopmanuu. B 1880 tomy motmanzpen A.bBesn
MOJTyYaeT TATEHT HA OITHYECKUil TenedoH, KOTOPBLIH OH Ha3Bat
dorodonoM, Ho ero GoJiee paHHee M306-
perenne — TesedOH — OKA3aJ0Ch Ky/Ia
6oJiee IPAKTUYHBIM. BeJit caurali, 4To
dorodon mozker paborarb, MnocblIas
CBETOBbIE CUTHAJIBI 4epe3 aTMocdepy
K JPYTHM TaKHM K€ armaparaMm u
yaaBauBass ux curHaiapl. Ho oxasa-
Joch, 4YTo arMocdepa He crocobHA
CJYKUTD JIJIST CBeTa TAaKUM JKe HaJ[e)K-
HBIM KaHAJIOM Tepeaun, KaKk MeTaJ-
JIMYCCKUIT TIPOBOJ IS BNEKTPUYECKO-  Pyc. 124, «Boimexanues cee-
ro toka. [Ipomio eme 70 snet, n U306~ ma us oceewennoso aamnoi
perenne besta 6b1I0 BOIJIOIIEHO JIMIIb  cocyda
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B HECKOJBKUX YCTPOHCTBAX, HANPHMEP KaK CPEICTBO ONTHYECKOI
CBSI3U MEK/Ly KOPaOJISIME, HAXOSIIUMICS HeJAJeK0 IPYT OT [ApyTa.
Wpest ucnosib3oBanust CBeTa J/ijisi BBICOKOCKOPOCTHOI TIepeiayil H-
dopmariu Tak W ocraBaiach uieell M3-3a OTCYTCTBUS CHOCOOOB
nepesiauu cBeTa Ha GOJIbIITIE PACCTOSAHUS 6e3 3HAUUTETbHBIX TIOTEPH
€ro MHTEHCUBHOCTH.

B cepeaune XX Beka cTasio OYEBUIHO, UYTO COBCEM CKOPO
KOJIn4ecTBO TejiehOHHBIX U APYTUX JIMHUU CBSI3U Ha 3emiie Oyer
TAaKOBO, YTO BCIO JOOBIBAEMYIO Me/lb IIPUJIETCS TEpEIJIaB/saTh B
aJIEKTpUYECKNE TIPOBO/Ia, a UX — 3apbiBaTh 06paTHO B 3eMJiio. /la u
KayecTBO TPOBOIHON CBS3M y)Ke HE YCTPAWBAJIO MHOTHX, OCOGEHHO
TeX, KTO XOTeJ C/IeJIaTh CBA3Db TIOMEX0YCTOHYIBOHN, HeJOCTYITHON /IS
JAPYIUX U BBICOKOCKOPOCTHOH. M TyT BCIHOMHMJIM O Ka3aBHIMXCSA
paHee CMeNTHBIMH OMNBITaX TWHIAJA W CTAJId TIBITATHCS [IeJIaTh
CBETOBO/IbI M3 CTEKJA, TaK KaK TecKa — OCHOBHOIO MaTepuasa st
M3TOTOBJIEHUST CTeKJia — Ha 3emJje 6oJiee 4eM JJOCTATOYHO, Ja
U paHbIlle CTEKJIO WCIIOJIb30BAIH /IJISI «OTBEIECHUS» CBETA C YJIUIIBI
B JIOM.

Tak kak K0a(PUIMEHT TPETOMJICHUS cTekaa okoio 1,7, a 'y
Boszayxa 1,0, TO OOBIYHBIN CTEKJSHHDIN CTEPKEHb MOXKET ObITh
CBETOBO/IOM, €CJIH JIy4 CBETA, OKA3aBIINCh BHYTPU CTEP:KHS, OyeT
COCTABJISITb C €r0 OChIO YroJl MEHBIIIE yTJia TIOJHOTO BHYTPEHHETO
OTpasKEHMs, T.€. MEHbBIIIE arccos (1,0/1,7) , WJIN OKOJIO 34 TPajyCoB.
TaknM crmoco60M AOTOJHUTETBHON MOJCBETKH TOJIB3YIOTCS 0 CUX
Op HEKOTOpPble BpauW, TPIKUMAs S3bIK TAIlMeHTa CTeKJSHHON
MTAJIOUKOI 1 OCBeTas IPYTUM ee KOHIIOM Y/aJeHHbIe YUaCTH TJIOTKH.
O/iHaKO XOPOIIMMU CBETOBOJAMU CTEKJISTHHbIE CTEPIKHU CTaTh He
CMOTJIM M3-3a TOTO, YTO TIOBEPXHOCTDH CTEKJA OBICTPO 3arpsI3HsIIACDH
U ONTHYECKNE XapPaKTePUCTUKHU CBETOBOJAA yXymmaJuuch. [loatomy
penmIn Ha CTEKJISTHHBIH CTep-
JKeHb CBETOBO/[a HAHOCHUTD 3aIl[T-
ublii cnoii (06010uUKy), HMeIo-
Ui 1oKasareab IPeJOMIEHUs
MEHbIIIE, YeM y CTeKJa.

Ha pucynke 125 mokasan xXoz
;2 JIBYX JIy4el depe3 CBETOBO/I, BO-
Puc.125. Cxemamuuecxoe uzobpa- TIEAMINX 9€PES €T0 TOPUEBYIO 10~
JKenue ceemoeo()a, Hd Komop()/n BerHOCTb’ BUH'IIHO’ qTo JIyLI 7’
cepduesuna u o6orouxa pazdesenp, ~ COCTABJIAIOMNI C OCBIO CBETOBO-
nyHKkmupHol;mu aunusymu; 1 ou 2 —  AQ 6oJiee oCTpbIii yrosi, yem Jy4
Ayuu, nadaiouue na mopey, céemo- 2, UCIIBITBIBAET IIOJTHOE BHYTPEH-
600a n00 pasmviMu yeiamu Kk ezo — Hee OTPasKeHue OT 060J0uKH. B
ocu TO K€ BpeMs JIyd 2 TP KaXKJA0M
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OTpakeHu OT OOGOJIOUKH TepsieT YacTb CBOEH 3SHEPTUH, KOTOpas
BBIXOJIUT M3 CBeTOBOJA. OUeBUHO, UTO CYNIECTBYET MpEIeTbHbIN
YIOJI C OCBIO Oy, , IIPU KOTOPOM JIy4, JABUIACH 110 CBETOBOAY, €llle
rpeTeplieBaeT IOJHOE BHYTPeHHee OTpakeHue. BesnuyuHy aTtoro
yrJja JIErKO BbIUYNCJNTD, IPUMEHHUB 3aKOHbDI IIPEJIOMJICHUS U OTpaske-
HUS CBeTa Ha TOPIEBOW M GOKOBOI IMOBEPXHOCTSX CEPJIIIEBUHBI

CBETOBO/IA:
_ . 2 _ 2
Olpax = arcsina/ng —ngs

e n, M Ny — KOI(PQUIMEHTbI NPEJOMJEHHUS CEepIEBUHbI 1
060JI0YKK CBETOBO/IA COOTBETCTBEHHO.

Bo Bcex cBeTOBO/IAX /I0JIKHO COOTIONATHCS HEPABEHCTBO 71, > Ny
1 TOT/Ia BCE JIy4H, JIesKallne BHYTPU yTJIa Oy, , Oy/IyT IIpeTepresarb
TTOJTHOE BHYTPEHHee OTpakeHne MpH KakJ0H NX BCTpede ¢ oTpaka-
fonieli rpanuiieii. M XoTa TpaeKTopus KaxKIO0TO Jiyda MpPeCTaBIsSeT
c0o060ii JIOMaHYIO JIMHUIO, CBETOBOII ITYYOK B 1[€JIOM PACIIPOCTPAHSIETCST
10 CEp/AIEBUHE BJOJb OCH CBETOBOJA. YTOT O, OIlpeIessier
BXO/IHYIO YIJIOBYIO amlepTypy CBETOBOJA, a JY4YW BHYTPH HETO
Ha3bIBAIOT artepTypHbiMu (HanpassieMbiMi) . BHeaneprypHble Jiyuu,
rajiast Ha rPaHuIly «cep/iieBnHa — 000J04Kay , YACTUYHO MPEJOMJIsI-
I0TCS1, BBIXO/SAT B 000JIOUKY, a TIOTOM M BOOOIIE OKU/AIOT CBETOBOL.

Bce reoMerpuueckiie COOTHOIIEHUS /ISl YIJIOB TAI€HNUsT, OTPasKe-
HUS U NPEJOMJIEHUST OCTAIOTCS TMPAKTHYECKU HEU3MEHHBIMU, €CJIH
CBETOBO/I U30THYTH, O/IHAKO HE CJUIIKOM pe3ko. [loaTtomMy cBeTOBOI
My4oK OyeT MOCJYITHO CJIe0BAaTh 3a BCEMU M3THOAMU CBETOBOJIA,
PaCIPOCTPaHSISICh 110 JII060H KPUBOJIUHENHOM TpaekTopun. Tak Kak
TOJII[HA CAMBIX TOJICTBIX BOJIOKOH CBETOBOIOB COCTABJISIET HE 60JIee
0,1 MM, TO Jaxke HaMaTbIBaHUE €rO HA KapaHJ/Alll MPAKTUYeCKH He
yMeHblInaeT cserornepeauy. Co BTopoii mooBuHbI X X BeKa CBETOBO-
JIbI HAYMHAIOT TTUPOKO TIPUMEHSTH [IJIS JIOKAJbHOTO OCBENICHUS W
«JTOCTaBKW» M3006Pa’KEHUS.

OnHako BOCXWINEHWE TIEPBBIMU TOSBUBIIUMUCS CBETOBOIAMH,
caenandpiMu B Havase 1950-x T00B M3 HATYpaJbHOrO KBapIia
(peunoro mecka), cMeHHJIOCH pasodapoBanueM. OKa3aloch, 4To,
HECMOTPSI Ha JIEHICTBUTENbHO OYEHb IIPHUBJIEKATEJNbHbIE CBOWCTBA,
CBETOBOJIbI 06JIaIaii SIBHOH <«6JIM30PYKOCTBIO> — OHHM HE MOTJIH
repeaBaTh CBET Ha OGOJBIINE paccTOsSTHUSA. Tak, Ha pacCTOSHUN
1—2 M WHTEHCHUBHOCTH CBeTa Tajaja B /Ba pa3a. A 9TO 3HAYWT, YTO
na paccrosganu 100 M U3 TAKOrO CBETOBOJA MOKHO OBLIO B3SITH
TOJIBKO O/IHY MUJIJIUOHHYIO YacTh TePBOHAYAIbHON WHTEHCUBHOCTU
cBeta. [IpuumHoil Takoro GbICTPOrO OCJIABJIEHUS CBETA SBJISLINCD
MpUMeCH U HEOJHOPOJHOCTH, CO/EpsKaluecss W TOSBJSIONINECS B
KBapIeBBIX HUTSIX CBETOBOJA MPH MX BBITSDKKE. [IpnMecn yMmenbIia-
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JIT TIPO3PAYHOCTD KBAPIa U PACCENBAIN UIYIITHI TO CBETOBO/LY CBET.
dra GbLaa nepBast mpobieMa, KOTOPYIO MPEJICTOSJIO PEIIUTD.

Ho nosiBusach m Bropasi npo6sema. CBeTOBO/bI PENIHIn HC-
10JIb30BATh HE TOJIBKO JIJisl OJCBETKHU, HO U JIJisI niepeadun uHdop-
MaIlnu, JIJisi 9eT0 BXO/] CBETOBO/IA OCBEIIAIN KOPOTKUMH UMITYJIbCAMH
cBera. OKa3aysoch, YTO UMITYJIbCI CBETA, TIPOXO/IS Yepe3 CBETOBOJI,
He TOJIBKO TEPSTIOT CBOIO MHTEHCHBHOCTD, HO M «PACTIIBIBAIOTCS> BO
BpPEMEHH, CTaHOBsCh Gosee mmpokumu (puc. 126). Ito He gaBaso

L M\

Puc.126. 3asucumocmo om épemenu uHmMeHCUSHOCMU ceemd, nadaouezo
na 6xo0noit mopey, ceemosoda (caesa), u euixodsuwezo us nezo (cnpasa)

BO3MOKHOCTHU IIPOITYCKATh 4€Pe3 CBETOBOJ BbICOKOYACTOTHBIE MM-
MyJIbChI CBETA, OTPAHMYMBAS TEM CaMbBIM €ro IPOIYCKHYIO CIIOco6-
HOCTb.

O mnpuunHe 3TOrO HEAOCTaTKA CBETOBOJA MOKHO JIOTaaThCs,
ecJm BHIMATEJIbHO PACCMOTPETb XOJ, Jyueil Ha pucynke 125. Bua-
HO, YTO JIy4YH, yTaBIIHE HA TOPEI[ CEPAIEBUHBI MEPIEHIUKYISIPHO
€ro TMOBEPXHOCTH, OYAYT JABUTATHCS IapajijieJlbHO OCH CBETOBOA U
BBIIIYT MEPBBIMU U3 HETO, TaK KaK UM JIJIsl 3TOTO HAJO TIPEO/I0JICTh
MeHbIHIi myTh. [loTOM BBIUAYT Te JIy4m, KOTOpPbIE YAl Ha TOPEIl
1mo/i HeGOJIBIUMHU yTJaMi, ¥, HAKOHeI[, MOCJeJHUMU JI0 KOHIA
CBETOBOJ/IA JOM/YT JIy4d, IIyTh KOTOPBIX ObLI CAMBIM JIOMAHBIM U
JIUHEBIM. [lOHSATHO, YTO pacI/ibIBAaHHE CBETOBBIX HMITYJIbCOB B
cBeToBOle Oy/JIeT 3aBUCETb OT [UaMeTPa BOJIOKHA: YeM MEHbIIe
JINaMeTp, TeM MeHbllle paciibiBanue. [1oaToMy, yMeHbIas quamMeTp
CepIEeBUHBI, MOKHO JOOUTLCS TOTO, YTOOBI TI0 CBETOBO/LY PACIIPOC-
TPAHSIIICS TOJIBKO OJIH OCEBOIT JIYY, TOT/Ia PACILIbIBAHIE UMITYJIbCOB
WCUYE3HET.

Haxouertr, TpeTbst mpo6JjemMa Ipy MCIOJIb30BAHUN [IEPBBIX CBETO-
BO/IOB OblLIa CBSI3aHA C TE€M, YTO TOT/A elle He ObLIO0 JIa3epoB —
MOTI[HBIX NCTOYHUKOB MOHOXPOMATHYECKOTO CBeTa. A KOT/la B CBETO-
BOJI 3aITyCKasu GeJIblii CBET, TO Ha BBIXO/IE€ OH OKA3bIBAJICS OKpAIeH-
HBIM, TAK KaK BeJMYMHA BXOAHOW aleprypbl 3aBucut ot 1sera (oHa
MakcuMasibHa 7 (puoseToBoro csera). B 1960-x rogax mosBuImuch
MepBbIe JIa3epbl, a MOTOM M CBETOIUO/IbI, U C TEX IOP IPOTPecc B
U3TOTOBJIEHUU CBETOBOJIOB H/IET 6OK 0 GOK C IMPOrPECCOM B CO3/[aHIH
HUCTOYHUKOB MOHOXPOMATUYECKOTO U3JTYYECHUS.

Hacrosmast peBoJIIoIs B N3TOTOBJIEHUT CBETOBO/IOB TIPON3O0IILIA
B 1970 romy, Korja mosgBUIACh BO3MOKHOCTD BBITYCKATh KBapIieBoe
CTEKJIO C TAaKOI BBICOKON MPO3PAYHOCTDIO, YTO 1 KM cTeKJIa ocralisi-
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eT UHTEHCHBHOCTH CBeTa TOJBKO B 40
pas. Texnosorus U3roToBJeHUs BbHICO-
KOIIPO3PAYHOTO KBapPIIEBOTO BOJIOKHA
JUIST CBETOBOJIOB TIOKAa3aHa Ha PUCYHKE
127. Cuavasa 4epe3 pacKaJeHHYIO
KBapIEBYIO NCXOAHYIO TPYOKY TIPOITyC-
KAlOT Ia30BYI0 CMECh YEThIPEXXJIOPHC-
toro xpemuus (SiCl, ) u xucmopona,
rjie Ipu BBICOKOI Temmeparype (0KoJI0
1400 °C) npotrekaer peakius ¢ 06pa3o-
BanuneM kBapia ( SiO, ), KoTopsiii oce-
JlaeT Ha BHYTpPEHHE} TOBEPXHOCTH TPY-
6b1. Korga cioit HaHeceHHOTO KBapiia
JIOCTUTaeT HeOOXO[MMON TOJIIUHBI,
TpyOKY eiiie 60JIbIlle HAIPEBAIOT, 1 OHA
cxJjonbiBaetcs. [ToroM nosryyeHHyio 1u-
JIMHPUYECKYIO 3aTOTOBKY MCKYCCTBEH-
HOTO KBaplla HArPEBAIOT W JIEJIAIOT BCe
TOHDIIIE U TOHbBINE, [OBOMAS AMAMETP
kBapieBoro BosokHa 10 10—100 MM,
1ocJie 4ero CHApy’KU HAHOCAT TIOJIH-
MepHYI0 060JI0YKY C MaJIbIM TIOKa3are-
jieM Tpesomyenns. YToObl u36exaTh
rpuMeceii, Bce Ta30BbIE CMECH TIIATE b~
HO OYMIIAIOT, TI09TOMY U IIPO3PAYHOCTD
BOJIOKOH M3 MCKYCCTBEHHOTO KBaplia
OKa3bIBAETCSl OYEHDb BBICOKOIA.

B nauvase 1980-x romos craJio sicHO,
4TO ¢JIes1aTh KBapIl ere 6oJee mpo3pad-
HpiM Gy/leT oueHb cJoxHo. CBer ¢ /-
noit Bostuet 0,75 MKM OT J1azepa, pa6o-
TAIOIIEr0 HA KPUCTAJLIE aPCEHUIa TaJj-
snus-amomunus, tepsii 40% cBoeit wc-
XO/THOUl MHTEHCUBHOCTH, TIPOIi/Is Yepes

o

Puc.127. Ocnosnvie amanwl
U320MOBLCHUA KEAPYLE020
soaoxna: 1 — ocaxodenue
Keapua na enympenneti no-
6EPXHOCIIU KEAPUEBOL MPYO-
Ku npu ee naepese; 2 — <CxJ0-
nvisanues mpyoxu npu 0d.io-
HeluleM ee HAzpesanuu; 3 —
BHIMSIKKA KEAPUCEOZO BOJOK-
na ¢ duamempom 10—100 mim
U Hamamvleanue ezo Hd Kd-
mywxy

ToJy 1 KM Takoro cTeksa. ITO Kas3aJoch MPeJeIoM BO3MOKHOTO.
Y IyqmuTh TPO3pavHOCTb KBapIia MOXKHO, €CJIN NCTIOIb30BaTh GoJree
JIMHHOBOJIHOBOE U3JIydenne. Beib M3BECTHO, YTO ueM KOPOUe CBETO-
Bast BOJIHA, TeM OOJIbIIle OHA PACCEMBAETCS MTPH NTPOXOXK/IEHUN Yepe3
cpemy. OHAKO J1a3epbl C JIJINHON BOJTHBI 1 MKM TOXKe He yCTpanBaJIn
TeX, KTO 3aHUMAJICSI BOJIOKOHHO-ONTHYECKON CBs3bi0. OKasasoch,
YTO MOJIEKYJIbI BO/bI, M36€KaTh BKJIOUEHNE KOTOPBIX B KBapl| HE
y/laeTcsl, O4eHb CUJIbHO IMOTJIONAIOT n3IyueHne B o6mactn 1 MKM 1
«PABHOAYIIHBI» K U3JIYYEHUIO C JTMHON BOJIHBI 1,5 MKM, HO3TOMY
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(PpUBUKOB-1a3ePITUKOB TOMPOCHIN CAeNaTh JIa3ep UMEHHO € TaKOi
JUTHHOH BOJIHBI. BeKope GbLI CHHTE3MPOBAH HOBBIN KJIACC TIOJIYIPO-
BO/ITHUKOBDIX COG[[I/IHBHI/IfI, COCTOAMINX U3 YETbIPEX KOMIIOHEHTOB —
WH[WIA, Taannii, MpIIbIK 1 (ocdop, KOTOPBIN M3Iydas Ha IJINHE
BOJHBI 1,55 MKM. DTO MO3BOJIAJIO YBEJIUYUTH TTPO3PAYHOCTD KBap-
IIEBOTO CTEKJIA 70 HEBUIAHHBIX BEJUYMH — MeHee 5% MOTEPb TPH
TpoxoskaeHnn yepe3 1 KM cTekmaal

N navanoch 6ypHOe pa3BUTHE BOJOKOHHO-OIITUYECKOI CBSI3U.

Kaxk MbI y:Ke TOBOPUJIH, YMEHBINAs [UaMeTP KBapIleBOTO BOJIOK-
HAa, MbI TIOJy4YaeM BO3MOKHOCTb YBEJIUYHUTb CKOPOCTDH II€pelavyn
CBETOBBIX UMIYJIbCOB, N36aBJISSICH OT BOJHOBOIT quctiepcun. [Toato-
MY OCHOBY COBPEMEHHOI BOJIOKOHHO-OMTHYECKON CBS3M COCTABISAIOT
KBapIleBble BOJIOKHA C cep/aieBuHol guamerpom 5—10 Mrm. B tex
CJIYUasiX KOT/JA HE TPEIbSBISIOTCS BbICOKHE TPEGOBAHUS K 4aCTOTE
nepeaBa€MbIX CBETOBbIX UMITYJIBCOB, CBETOBO/l COCTOUT U3 BOJIOKOH
TOMIMHON 0KOJI0 100 MKM.

Baxneiinme 10CTOMHCTBA COBPEMEHHBIX CBETOBO/IOB M BOJIOKOH-
HO-OTITHYECKOH CBSI3U 9TO:

« HIYTOKHO MaJloe 3aTyXaHHe CUTHATa B KBapIleBOM BOJIOKHE
— paccTosiHue MEeXY PEeTPAHCIATOPAMHU MOJKET [OCTUTATHh
100—200 kM, 4TO BO MHOTO Pa3 MPEBbBINIAET TAKOH JKe MOKa3aTeb JIJIs
OGBIYHBIX TTPOBOJIHBIX TeJIe(OHHDIX JIMHMUIA;

« BbICOUANIIas IMPOIMYCKHAS CHOCOOHOCTb, KOTOpasi [OCTHTaeT
necaTkoB I'our /c;

« HCYYBCTBUTEIBHOCTD K 3JIEKTPIHUECKIM TTOJISAM, T.€. K pa3psaaaM
MOJTHWI, CUTHATIAM PAJANONEPEIaTINKOB U TIOMeXaM OT 3JIEKTPO/IBH-
rareJieii;

« HEBO3MOYKHOCTb HECAHKIIMOHUPOBAHHOTO JIOCTYIA K Tiepe/iaBa-
eMoii mHQOpMAIH, TTOCKOJbKY CBETOBOJ HE CO3/aeT BOKPYT cebs
3JIEKTPOMATHUTHBIX TTOJIEH, KOTOpbIe ceffyac Hay4InJInCh JEeTKO pern-
CTPUPOBATH,

e B JICCATKN WJN [Ja’XK€ COTHU pa3 MeHblllasdA, IO CPpaBHEHUIO C
METAJJINYECKUME TIPOBOJIAMHU, Macca, 4TO O6JIer4aeT IMPOKJIAIKY
KabeJei;

« OTHOCHUTEJIbHAS JICTIEBU3HA U TOCTYITHOCTH OCHOBHOTO MaTepH-
aja — KPeMHNS;

« CTOHKOCTD K OKHCJIEHUIO.



[TABA 21

DOU3NKA ABTOMOBWJIbHbBIX MPOBOK

Homo sapiens — uyenosek PA3YMHBIIN. Tak wmbr
cebst Has3biBaeM 06e3 TEHU JIO)KHON CKPOMHOCTH 110 OTHOIIEHHWIO K
OCTAJIbHBIM IPEJCTABUTEISIM JKUBOTHOrO Mupa. /la u KoHewHo,
YeJI0BEeYECKOMY Pa3yMy €CTb YeM TOPIUTHCS.

Hamu npeakn Ha MPOTSIKEHIH MHOTUX THICSUEJETHIl MTBITATNCH
caenath JKU3HD Jiofell 6osee ymob6Hoit. Korma cramo scHo, 4TO
yo0Hee JKUTh U Pab0TaTh BMECTE, BOHUKJIM TOPOJA, TIOTOM MOSIBH-
JINCH TOPOTH MEXX/Yy HUMU, ¥ HAKOHEIl — CPE/ICTBA MePeABIKEHNUS 110
HuM, T.e. apromobuaun. Hy a kKorja B ropogax crajo OueHb MHOTO
JIojiell, a Ha yJHWIAaX OYeHb MHOTO MAIlMH, HA4yaJi BO3HUKATD
aBTOMOOMJIbHBIE TIPOOKH, B KOTOPBIX JIIOIU TIOTYCTY TEPSIIOT BPEMS.
[ToaToMy aBTOMOOGHUTbHBIEC TTPOOKM MOKHO CUYMTATH MOOOYHBIM TTPO-
JAYKTOM TIMBUJIN3AIIAN.

OpaHako, B OTJIMYNE, CKa)KeM, OT IKOJIOIMYECKUX II0CJIEICTBUIL
UBUJIN3AINN, TPUYNHA aBTOMOOUIBHBIX MTPOOOK KPOETCST B MCUXO-
JIOTUH JIIOJIEN U BIIOJIHE MOXKET ObIThb yCTpaHeHa, ecju Jioau GyayT
Bectu ce61 PASYMHO.

Ira cTarbs aJpecoBaHa TeM homo sapiens, KTO X0UYeT MOHSTH, KakK
00pa3yIoTcsi aBTOMOGUIbHBIE TPOOKU U KAaK MOKHO UX TIPE0TBPa-
THUTD.

Hamu mnaunbt. 1) TTonpoGyeM MareMaTU4ecKu OIMKUCATh HOBEe-
HUE «CPEIHEr0» BOAMTEJS 32 PyJIeM, a UMEHHO TO, KaK OH U3MEHSIET
CKOPOCTH CBOEI MAIIMHbBI B 3aBUCUMOCTH OT PACCTOSTHUS JI0 BIIEPeIN
UAYIIell MaITHHBI 1 OT ee CKOPOCTH.

2) Hanuiem nporpaMmy JJist KOMIIbIOTEPa, ¢ HOMOIIbIO KOTOPOH
«paccaiuM» HECKOJBKO TBICIY «CPEIHUX» BOJIUTENEN MO OJMHAKO-
BBIM MaIlTTHAM U 3aITyCTHM TOHSTD UX JPYT 32 [PYTOM TI0 OTHOTIOJIOC-
HO#T KoJ1b1eBoit gopore aunoil 100 kM (4T0, Kak M3BECTHO, COOTBET-
crByer jymHe MOCKOBCKOI KoJbleBo# asrogoporn). OaHako, B
OTJINYME OT PEAJbHBIX YCJIOBUI, <«CPEIHUM» BOIUTENSIM OyIeT
3amperieHo o6roOHATD APYT ApyTa.

3) Korjia 1oJioskenne Ha Haieil MoJeJbHOI KOJIbLEBO Jopore —
MK/l — crabuimusupyercsi, mMOCTAPAEMCSI BBISICHUTD, KaK 3aBUCUT
cpenHsst ckopoctb Ha MK/I or KommyecTBa MalimH Ha HE.

4) JIns cospanus asroMoOuabHoil npo6ku Ha MKJI ciaenaem Tak,
YTO y HEeKOTOPOIi MaIWHbI, HarpuMep 1o HomepoMm 500, BpeMeHHO
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(Ha ogHy MUHYTY) 3arJIOXHET MOTOP M BO3HUKHET aBTOMOOWJIbHAsS
npo6Ka, KOTopasi MOTOM B TeYeHUe J[0JITOr0 BpeMeHu Oy/eT BJIHSTDH
Ha aBokenne mo MK/I.

5) BblacHuM, Kak XapaKTepHCTUKH aBTOMOGHIbHON HPOOKH
3aBUCAT OT KOJMYECTBA MAIllMH Ha JOPOre M OT [OBEJEHMs BOJUTE-
JIel.

Kunematnueckuii moprper <«cpeaHero» BoauTess. Yesosek
CAJIUTCST 32 PYyJib JJisi TOrO, 4TOObI GbICTpEe TIPEOI0JIETh IIyTh U3
toukt A B Touky B. Iloatomy, Korja mepej HUM Ha JIOPOTe HET
HUKAKWUX TPETSITCTBIN, BOIUTEIb YCKOPSIET CBOE ABTO JI0 TOIl CKOPO-
CTU ¥, , KOTOPYIO CYNTAET PA3yMHOI B JAaHHBIX ycsaoBusix. OueBnj-
HO, 4TO ©, st ropojackux ymui (60—80 kM, 4), KoJKHA GBITH
MEHbIIE, 4YeM JJIST CKOPOCTHBIX aBroMaructpanei (100—120 km,/q).

Ho asroput™m TOBefeHusi BOAUTEJST CpPa3y MEHSIETCs, KOTIa
Briepein ceGst OH BUJIUT MAIMHY, CJIEAYIONIYIO B TOM K€ HAllpaBJie-
Huu. Terepb BOAMTEND JOJKEH HE TOJBKO HCIIOJIb30BaTh CKOPOCT-
HbIE KaueCTBA CBOEH MAIMHbI, HO W JIEPKAThCS OT BHEPEAN W/Iy-
el Ha HEKOTOPOM (€301IaCHOM PACCTOSIHUM, HE MEHDBIIEM YeM S .
KoneuHo, ecsim cripocuTb JIOGOTO BOAUTES, KAK MOKHO MaTeMaTH-
YeCKH 3arucaTb 3aKOH, 110 KOTOPOMY OH YCKOPSIETCS HJIA TOPMO-
3UT, TO BEPOSATHOCTb TOYHOIO OTBETA OTHOCUTEJbHO Maja. OQHAKO
MPE/IIOIOKUM, YTO YUTATEJSIM TI0BE3JI0 W OHU HATKHYJUCh Ha
BOJUTE/I, 3HAKOMOIO € as3aMy KUHEeMaTHKHU. BOT 4TO OH UM OT-
BETHT.

CHavasa 0 pasroHe /0 ¥y, KOTJa BIEPEAU HE BHIHO HUKAKUX
Maru. /[omycTuM, 4TO MaKCHMaJbHOE YCKOPEHUE «CPEIHEro» BO-
JIUTEJISE, KOTOPOE €lle HE BJABJIMBAET €r0 B KPECJO, COCTaBJISET
a=?2 M/ ¢? . Torga GpopMyTy pasroHa MOKHO 3aIliCaTh, HATPHMED,
TaK:

do (2 ¥

rrkd i
rJic ¥ — CKOPOCTb aBTOMOGUJISI B MOMEHT BpeMeHH ¢. BujiHo, uto ata
opmy.ta obecrieunBaeT JOCTHKEHUE JKEJAHHON CKOPOCTH 0y H ee
HnojJep)kanue B gasapHeiineMm. Kak HeTpyzaHO porajgarbes, HOKasa-
TeJb CTENEHN OTHOIIEHUS 0/U, ONpeesieT CKOPOCTb PEeaKInu
CHCTEMDI «MAITMHA—BOJUTENb> U MOKET ObITb OYEHb BBICOKHM Y
arpeccUBHBIX BOJMTEJEH, Pas3be3sKaIoNMUX HA MOIIHBIX aBTOMOOMH-
asx. YerBeprad crerenb B (hopMyJre BbIOpaHa IIPOCTO [T IPUMEPA.
Ha u BooOuie, ¢opMysa pasroHa Morjia Obl UMETb COBCEM HHOM
BUJI — CO/IEPKATD, HAIIPUMED, IKCIIOHEHTY WJIH KaKkue-HUOY b Ipyrue
dyuximu. U Bce xe, nanmyio popmysy, HaBepHOE, MOKHO CUUTATD

184



caMoii IPOCTOH, YTO OYEeHb BAYKHO JIJIsT IKOHOMHUN BPEMEHH TIOCJIe/TY-
IOMMX BBIYUCTIEHNN HA KOMIBIOTEDE.

N3 coobpaskenuii 6€301aCHOCTU MHTYUTUBHO SICHO, YTO BOJUTEJD
JIOJDKEH JIepsKaTbCsl OT BIIEPeH WJIYIIeH MallMHbl Ha HEKOTOPOM
PACCTOSIHUM, MPEBBIIIAIONIEM Sy, U YTO S JOJSKHO YBEJIMIMBATHCS
¢ yBeqmueHneM cKopoct v. O6 3TOM jlaxKe TOBOPHUTCS B NPaBIJIAX
JIOPOKHOTO JBIKEHNS HEKOTOpbIX cTpadH. Hampumep, B CIHIA ot
Bo/UTEST TPEOYIOT YBEJIMYMBATH S, Ha JUIMHY aBTOMOOWJIS TIpU
yBesauueHun ckopocti Ha 5 M,/ ¢ (1.e. 18 kM /4). Hy a Tak Kak jjmHa
CPE/IHET0 aBTOMOOWJISI 5 M, TO 3aBUCUMOCTb S, OT U B 3TOM CJIy4ae
MOJKHO 3aIHcaTh B CJIe/LyIOIEM BUJIE:

So = L0+ Sy
rje ¢t — 1OoCTOsTHHAsI BpeMeHu, paBHas 1 ¢, a Sy, — MUHUMAJbHOE
paccTosiHue MeXK/ly MallMHaMM, KOT/Ja OHM CTOSIT B aBTOMOOMJIbHOM
rpo6ke. /Lt Toro 4To6bl MANIMHBI He Iapanajm ApyT ApyTry 6amiie-
PBbI, TOJIOXKUM Sy =2 M.

DopMy.Ty 3Ty MOKHO IIPOYECTDb H MO-ApyroMy. Tak Kak TopMo3-
HOW TIyTh YBEJMYMUBAETCS MPOMOPIUOHATIBHO HAYAJIBHOI CKOPOCTH,
TO ¥ JMCTAHIUS MEXK/Yy MAIIMHAMU JI0JDKHA ObITh GOJIbIIE COOTBET-
CTBYIOIIIETO TOPMO3HOTO 1y TH. IIpn TakoM B3rJIsi/ie KOHCTAHTa ¢ — 3TO
JIOIYCTUMOE BpeMsI TOPMOXKEHUST IPU OObIYHOI e3/ie.

Opanaxo ¢gopMyJIa cripaBe/IInBa TOJbKO /IS TOTO CJIydast, KOT/ia
BIEpEJM WAyNIAas MalliHa HMeeT TakKylo K€ CKOPOCTb, T.e. 0.
IIpeacraBuM cebe, 4TO HaA BIepeayu WAYIIeH MalIHHe 3a)ercs Kpac-
HBIIl CUTHAJI TOPMO3a M OHA YMEHDBIINMJA CBOIO CKOPOCTb Ha AD.
OueBu/IHO, YTO «CPEHUII» BOJAUTENb CPA3y K€ TO)Ke HaXXMeT Ha
TOPMO3, YTOOb!I CHU3UTDh CBOIO CKOPOCTb HA CTOJIBbKO sKe. IlycTp Hamn
BO/UTEb He Oy/ieT OYeHb Pe3KO Ha’KMMaThb HAa TOPMO3, M OTpHUIlA-
TeJIbHOEe YCKOPEHHE MAIllnHbI COCTaBUT He GoJiee b = 2 M/ ¢? . Taxnm
00pa3oM, Ha IMPOIeCC PAaBHO3aMe/[JIEHHOTO TOPMOKEHUsT Oy/eT 3aT-
pavero Av/b cekyHj, KOTOpbIe MbI JOJIKHBI IPHOABHTD K ¢, 4TOObI
cziestaTb 6e30MacHbIM JBIDKEHUC Jaske B TOM CJIydae, KOrJa BIepean
pymas MalinHa 3aTOpMO3uIIa. SIcHo Takke, 4To B cjlydae BHe3all-
HOTO YCKOpPEHMsI BIepe/y Hylleil MamuHbl Bce Gyer Hao60poT u
BpeMsi ¢ MOXKHO YMEHbIIUTb Ha Av/a , rhie @ — BeaudnHa KoMgopT-
Horo yckoperus (2 M/c? ). Takum 06pasoM, yrydmennas GopMmy.ia
AT Sy, CIIPaBeINBAs B CJAyYastX YCKOPEHHOTO MJIN 3aME/IJIEHHOTO
JIBIDKEHIS BIIEPEH MyIell MalmHbl, Oy/eT UMETb BUJL

Av
+0

So = L0 + Sy —_
0 min d|b’
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re a|b— osmavaer, 4TO B CIydae YCKOPEHHS I TOPMOKEHHS
6epyT BEJUYUHBI @ WJIH b COOTBETCTBEHHO.

Tenepb onuieM MaTeMaTHYECKH AJTOPUTM TOBEJICHUST «CPE/IHE-
rO» BOJMTEJIsI, KOT/IA OKA3bIBAETCSI, YTO PACCTOSIHUE S MEX/y HUM U
BIIEpE/H UAYIIEH MAIIMHON OT/InYaeTcst ot Sy . OUeBUIHO, YTO €CJIu
$> ), TO BOAUTE]b Oy/leT YCKOPATLCS, CTapasch NPHOJU3UTBC K
BIIEPEN WJYIIEN Marinie, nu Hao60poT. DOpMyJIy, OIUCHIBAIOILYIO
CTPATETUIO PETYJISIUU S, MOXKHO 3AIICATh B BUJIE

do _
dt ~

So

(alb)|1- ?2

3zech @ | b umeer takoil xe CMBICT, Kak 1 B npeapiayIeit popmye,
a BbIGOD BTOPOH crerneHu ObLT C/leJiaH, PYKOBOJCTBYSICh TEMU Ke
COOOPKEHNSIMH, UTO W BBIOODP YETBEPTOIl CTENIeHN B 1IepBOii (popMy-
Jie, T.e. JJOBOJIbHO ITPOM3BOJIBHO.

[TockosbKy j1aXke «CpeaHuity BOAUTENb, COOIONAs ANCTAHIINIO,
BCe-TaKM XOYeT eXaTb KaK MOJKHO OBICTpee, TO €ro CTpaTerusd,
OYEBM/IHO, OIIMCHIBAETCSI KOMOMHAIMEH TIPaBbIX 4acTeil 1epBOH U
4yetBepToil popmyt. Tak uTo BIOHE BO3MOXKHOI CTpaTerueii «cpe-
HEero» BOJUTEJST MOXKeT ObITb cpejHeapuMeTHuecKast CTpaTerus,
oTMchbIBaeMast MOJyCYyMMOI TIPaBbIX dacTeil aTuxX (hopMy.I:

do 2 4

do So. 1 v 1
dt ~

(alb)|1- val1-(2) |1

2 2N 2"

ITo mammuam! Tlocsie TOro Kak Mbl y3HAJIM, 4TO MOXKHO OKH/IATh
OT «CPeIHUX» BOJAMTEJEN, HAIUIIEM TIPOTPaAMMY [IJISi KOMIIbIOTEPA,
KOTOpasi UMHUTHpOBajsa Obl B3aMMOEHCTBHE TpPeX THICSAY TaKUX
BOJMTEJNIEH, eAyIUX TI0 KOJblleBoii gopore anuHoi 100 KM mpyr 3a
apyrom He obrouss. Ilycrb go navama asmkenus ce 3000 mammu
HETO/IBYKHBI ¥ TTIOYTH PABHOMEPHO pacIipeiesIeHbl 10 JJTIHE TOPOTH,
a B MOMeHT BpeMenu ¢ = () Bce BOAUTEU OJHOBPEMEHHO HAUYMHAIOT
JIBUTATbCSI B COOTBETCTBUM C IMOJIyYeHHBbIMEU (hOpMyJIaMu [T S, U
do/dt, tne vy =120 M ,/4. Bce MalmmHbl nepeHyMepOBaHbI Tak,
YTO B Hayajle JABIKeHHSI Ha oTMeTke «(0 KM» CTOUT MallliHa C
HOMepOM «1» W ee BOJIUTENH Yepe3 BETPOBOE CTEKJIO BUIUT TEPe]
co00il MalmHy <«2», a TOT, B CBOIO OY€Pe/lb, BUIUT MAIIUHY <«3»
u T.4. Ecam N — 3TO 4mMCa0 MallluH Ha J0pOre, TO OKOJIO OTMETKHU
<100 xM» cTout MaimHa ¢ HoMepoM «N», TTepeji KOTOPOI y»Ke CTOUT
MmammmHa ¢ HoMepoM «1», u MK/l 3ambikaercsa. Hy a panbiie
IIOCMOTPUM, Kak <«kuBeT» Hama MK/I.

Ha pucynrax 128 n 129 nmpuBeseHbI JaHHBIE MOETNPOBAHNST HA
KOMIIBIOTEPE — BU/IHO, KAK MAIIUHBI YCKOPSIOTCS U TMPUOIU3UTEID-
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1o depe3 30 cexyH] JOCTUTAIOT CBOEH ONTUMATIBHOH CKOPOCTU. IJTa
CKOPOCTb, KaK W CJIeJ0BAJO0 OKH/JATh, OYE€Hb CUJIBHO 3aBUCHT OT
Toro, ckosbko Mammd Ha MEKJ[ (puc.130). Ha pucynke 128
o6pamiaer Ha ce0s BHUMaHue OYeHb MaJieHbKuii pasépoc (0KoJIo
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Puc.128. Cxopocmu mawun 6 3asucumocmu om ux nopsoxogozo mHomepa
uepes 5 (kpusasi 1), 10 (xpusas 2), 20 (xpusas 3) u 40 (xpusas 4) cexyno
nocJje navaia paszzond
5%) B 3HAYEHWAX CKOPOCTH, JOCTUTHYTOW uepes 40 cexyHm. ITo
FOBOPHUT O TOM, YTO CHUCTeMa Tmojjep:kanus ckopoctu Ha MK/,
OXBAauCHHAsT MHOTMMHU OOPATHBIMU CBSI3SIMU, JJOBOJIHBHO CTAGUJIbHA.
Hy a pucynku 129 u 130 nemon-
CTPUPYIOT BCEM W3BECTHYIO TIC-
THHY — 4YeM MEHBITe MallliH Ha
Jopore, TeM /10 6oJIbIIell CKOPO-
CTU MOKHO Ha Hell pa3oTHATHCS.
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{ 150+ CBOEH OMITUMAJIBHO CKOPO-
z CTH, CITPOBOIIUPYEM BO3HUK-
< 120F HOBEHHE aBTOMOGUJIbHON
g po6Ku Ha jopore. [1ist aT0-
g 9or IO OCTAaHOBUM MAIUHY O]
= 6ot HomepoM <«500» Ha omHY
g MUHYTY, <CJIOMaB» €€ MO-
é 301 TOP, a IIOTOM TOIPOCHM €€
S 0 L L L L L BOJIUTEJISI HAUATh [[BIDKEHIE
G 2000 4000 6000 8000 10000 W JIOTHATD yeXaBIIie BIIe-
Konuvecmeo mauiuin pe MallluHbI.
Puc.130. Cpednas cxopocmv mawun @ Pucynok 131 moxasbl-

3asucumocmu om ux koauvecmea na MK/l Baer, Kak BO3HUKAET U K-

BET aBTOMOOWJIbHAST TIPOG-
Ka, korga Ha MKJ[ naxopgrca 3000 mammH, T.e. B cpennem 30
MalllMH Ha OJIHOM KuJoMeTpe. Pe3ysbraTbl MOIeIMPOBAHMS TT0Ka3a-
JIM, YTO B KOHIIE OJHOMUHYTHOI OCTaHOBKU MammuHbl HOMep «500»
o010 50 MaImH, CJEJOBABINNX 3a HEH, TOKE OCTAaHOBWJINCH, W
TakuM 06pa3oM MpoOKa MPOJBUHYJIACH TIOYTH HA MOJKUJIOMETPA B
CTOPOHY, IPOTUBOIIOJOXKHYIO IBIKeHnIo. [ToaTOMy fase 1mocse Toro
kak MaiHa ¢ HomepoM «500» (llepBuYHag NMpUYMHA AaBTOMOOUJIb-
HOIT MPOOKKM) HPOAOJIKUIA CBOE [ABMIKEHHE, JOTOHSSA yIIeAumii
BIIEpe/l TPAHCIOPT, OCTAHOBUBIIMECS 3a Heil 6Gamrmep K Gamrepy
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Puc.131. Cxopocmu mawun 6 3a8ucumMocmu om ux NOJ0KeHUus. Ha yuacm-
xe dopozu mexdy 10-m u 40-m KurOMEMPAMU 8 PA3IUUILIE MOMEHIDL BPe-
menu: 1 — 0o ocmanosxu, 2 — 6 Konye 0OHOMUHYMHOU OCMAHOBKU, 3 — uepe3
5 Munym nocie 6occmanosaenus 0suxenus, 4 — uepes 9 munym, 5 — uepes
13 munym, 6 — uepes 20 munym
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MAIIUHBI, CTAB BTOPUYHBIM UCTOUYHUKOM TIPOOGKH, MPOIOJIKAIN 3a-
JIEP’KUBATh BO30OHOBJIEHNE HOPMATBHOTO BUKeHus1. Kak ciencrBue
3TOT0, aBTOMOOUJIbHAS TPOOKA ITPO/IoJKaa mepemerntarbest mo MK/
B CTOPOHY, MPOTHBOIOJOXKHYIO IBIUKEHUIO TpaHcmopra. Tak, yepes
5 MHUHYT TIOCJIE€ «[TOYNHKI» MOTOPA, KOT/J[a MallnHa ¢ HoMepoM «500»
yKe Trpoexasia okoJio 12 KM 1 [orHasa yeXaBllne BIepe/l MalliHbI,
co3/laHHas el npolOKa MPOJBUHYJACH TIOYTH HA 2,5 KM OT Mecra
«aBapun». Takoe «BCTpeuHOe» JBIYKEHHE aBTOMOOHJIbHON MPOOKU
COXPAHWJIOCHh Jla’Ke TOT/AA, KOorja IMpoOKa Hayvaja paccachlBaThCs U
BCe MAaIllMHbI Ha JIOpOre Havaj M JABUTraThcsa. Kak mokaszano Mojesu-
poBaHme, CKOPOCTh BCTPEYHOTO JABUKEHUS TIPOOKU COCTABJISIET OKOJIO
500 M,/ Mun. Yepes 2—3 MUHYTBI TIOCJ€ BO30GHOBJIEHUS JABUIKEHUST
po6Ka MeHsIeT HallpaBJeHHe CBOEro IlepeMelleHis] Ha TIOIyTHOe
JIBIDKEHUIO TPAHCIIOPTA.

Ecau cuurarh BpeMeHeM JKU3HU aBTOMOOWIBHON TTPOOKH WHTEP-
BaJI, KOTJa MUHUMaJsIbHast ckopoctb Ha MK/l cHmkena va 30%, TO
npo6Ka, MPONJLTIOCTpUPOBaHHAs pucyHkoM 131, nimach He 60bIie
10 munyT. VI3BeCTHO, YTO TTOCIEACTBIS aBapuil Ha T0POTe CTAHOBST-
cst ropaso 6oJjiee Cepbe3HbIMHU, €CJIU OHU MTPOUCXOISAT B YACHI MUK,
KOr/1a TIJIOTHOCTD MAIITMH Ha Jopore yBesundena. [IpogeMoHcTpupyem
3TO Ha Hallleil MoJieJii, YBEJNYUB TJI0THOCTb MaimuH Ha MK/I.

A Kakwue TIOCJIeICTBUS MOXKET UMETh OJJHOMUHYTHASI «aBapusi» B
Yachl MUK, KOT/Ia MJIOTHOCTh MalTuH Bo3pacTaeT /10 40 Ha KIJIoMeTp?
OueBUIHO, YTO TENEPD «aBapusi» MPHUBEIET K OCTAHOBKE GOJIBIIETO
4ycJaa aBTOMOOUJIEN, CJIEAYIONMX 3a HeuclpaBHbiM. Yepesd ofHy
MUHYTY uX Oyner yxe 6osee 60, u Bce OHM CTaHyT BTOPUYHBIMU
HUCTOYHUKAMU BO3HUKIIEN TPOOKH, KOr/a MainHa ¢ Homepom «500»
6y/ZieT JIOTOHSTh OTOPBAaBIIWIICS BIepej TpaHCIOPT. B pesyibrare
mpo6Ka HAaYMHAET ABUTATbCS HABCTPEUY ABIDKEHUIO TPAHCIOPTA C
TOH ke cKOpocThio 0Kos0 500 M,/ MUH, HO, B OTJIMYHNE OT TPEBIIY-
IETO CJIy4asi, B 4achl MUK MTPOOKA MOKET HE PACCOCATHCSI B TEUEHNE
OY€Hb JI0JITOTO BPEMEHU UJIU JIa’Ke MOXKET CTaTh HocTosinHou. [Ipu-
YUHOI «BEYHOI» MPOOKHU CJIYIKUT AMHAMUYECKOE PABHOBECHE MEK/LY
KOJIMYECTBOM MAIITHH, OCTaHABJMUBAEMBIX ATON NMPOOKOI, U YNCJIOM
CYACTJIMBYNKOB, BBIPBIBAIONINXCS U3 €€ TIIeHa.

B03MOKHBIM «JIEKAPCTBOM» OT aBTOMOGUJIBHBIX TPOGOK B YaChl
[TUK MOKET ObITh yMeHbIIeHNe MJIOTHOCTH CTOSIIHUX B ITPOOKE aBTO-
mob6uieit. K coxasernnio, Kak TOJbKO BIIEPE/IU CTOSIIUI aBTOMOOWID
OCTAaHABJMBAETCS, MbI CTapaeMcst IPUOTU3UTHCS K HEMY KaK MOKHO
IJIOTHEE, CUUTast, YTO ITUM MbI TPHOJIMKAeM A1 ceOsS MOMEHT
BBIXO/Ia U3 MPoOKW. OUeBUIHO, YTO TaKas CTpaTerws OIMMuOO0YHA.
[Tpubnmxasich ouenb GJU3KO K GaMIIepy BIIepe/n CTOSIIIErO aBTOMO-
OuJIst, Mbl OIPAHMYMBAEM BEJHUYMHY YCKOpeHus: Gy/YIIero pasroma,
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a 3HAYUT, U KOJUYECTBO MAIMH, OCBOOOXKIAIONINXCS M3 TLJIeHA B
€IMHUILy BPEMEHHU, YTO MOXKET CHeJaTh MPOOKY «BEYHON».

Jljist Toro 4To0bl HE CO3/aBaTh «BEYHBIX» ABTOMOOUJIBHBIX MPO-
60K, JIOCTATOYHO CHHU3WUTH CBOI <«KEJAHHYI0» CKOPOCTb ¥, JO TOIl
BEJIMYUHBI, KOTOPAsk ONTUMAJbHA JIJIsI JIAHHON TIJIOTHOCTH MAaIuH Ha
MK/I. Hanpumep, mias MK/ ¢ 4000 mammH ©, Morsia ObI ObITh
nopsiika 80 km /4. Kakoii crasa 6br curyarus na MK/ npun
OTHOMUHYTHOH «aBapuu» Telepb, TTOKa3aHo Ha pucynke 132. Bun-
HO, 4TO 06pa30BaHKe U PaccachiBaHue MPOOKU B ATOM CJIyvae OYeHb
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Puc.132. Cxopocmu mawun 6 3a6UCUMOCINU OM UX NOJOKEHUS HA YUaACm-
Ke dopozu MeKOY 5-M u 35-M KULOMEeMPAMU 8 PA3IUUHBIE MOMEHINbL PeMe-
Hu: 1 — 0o ocmanosxu, 2 — 6 KoHye 00HOMUHYMHOU OCINAHOKYU, 3 — uepe3
5 Munym nocae 60ccmanosienus 0suxenus, 4 — uepes 7 munym, 5 — uepes
10 munym, 6 — uepes 15 munym, 7 — uepes 20 munym

moxoXke Ha TO, uto mpoucxoauT npu 3000 mammaax Ha MK/l n
«KeJaHHOI» ckopoctu 120 kM /4. OTMeTHM, YTO HIPOJOJIKUTEJID-
HOCTb Takoil mpobKu, cocrosiieil u3 aeiicrsurespno PA3YMHDIX
BOJIUTEJIE, COCTABJISIET BCETO 8 MUHYT.

Wrak, mosropsem: «He mpubmkaiitech Kk 6ammepy BIEpean
UAyIell MamnuHb! »
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