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Hamsmu
Feopeun Hearnosuua Kocoyposa

NMPEAWCJ/IOBUE PEAAKTOPA

®n3HKa — 3T0 HAayKa  3KcllepHMeHTafb-
Hasi, B TOM CMEICJle, YTO OCHOBHEIE 3aKOHbLI IIPHUPOALI,
H3yyeHHEM KOTOPHIX OHA 3aHMMAaercs, YCTaHABJIHBAIOTCS
HAa OCHOBaHMHM JAaHHHIX 3KcnepuMenta. Ilpoeogs Ty win
HHYI0 3KCNEPHMEHTAJbHYIO Pabory, (H3HK-3KCllepHMEHTa-
TOP MO CYHIECTBY 33Jla€T BONPOC NPHPOAE, HO NMPHPORA OT-
BEYaeT TOJNBKQ HA MPaguUAbHO 33JaHHEIH  Bompoc. 3to
3HAUNT, 41O (PH3HYECKHH SKCNEPHMEHT JoJikeH OBITh TOXKeE
POCTABJIEH MPaBHJIbHO, B NPOTHBHOM CJlyuae 3KCrepHMeH-
TATOp HE MOJYYHT HYKHOTO €My OTBeTa.

TanaHT 3rcrepuMeHTATOPa H OIPENeJIAeTCst €ro CHo-
COOHOCTBIO NPABHJBHO CTABHTb 3KCICPHMEHT.

DKCIIepHMEeHTAJNbHAA (PH3HKA — yBJIeKaTeJbHast Hayka.
Ee meronpl MO3BOJSHOT [OHATE H OOBSACHHTB, 4 BO MHOTHX
CJIyuasX H OTKPHITE HOBLIE sIBJICHHA MPHPoJibl. M yem paubiue
yeJoOBeK IpHy4aercsl NPOBOAMTH (PH3HYECKHe 3IKCIIEPH-
MEHTEl, TeM PaHplle OH MOXKET HAJESATbhCH CTATh HCKYCCHBIM
$H3NKOM-3KCNIePHMEHTATOPOM.

CoBpemenHasi 9KCnepUMEHTaNbHasi QH3HKA HCIOJb3Yer
‘OUeHb CJIOXKHYI0 H JOPOrOCTOSINLYI0 TeXHHKY, COCPeIoTo-
YEHHYIO B KPYNHBIX HAyYHLIX HHCTHTYTaX M JIAGOPaTOPHAX,
COTRYIHHKAMH KOTOPBHIX, KaK §1 HAJIEIOCh, CTAHYT BIOCJICA-
CTBHH MHOTHE H3 YHTateseill 3TOil KHHTIH.

Ho npocthie um TemM He MeHee yBJieKaTe/bHBIE OILITbI
MOXXHO NOCTAaBHTh H y ce0s goMa. B mpepsaraeMoli KHure
On{CaH psAZ TAKHX HMEHHO OILITOB. B pa3sHoe BpeMs OHH
NyOJHKOBAaJIHCE B xypHate «KBaut» B BHJAE OTHEJBHBIX
crareil H Temepb cobpanb! Bmecte. llepedpasupyst HaBect-
HYIO MOTOBOPKY, YTO «l1y4Yile ONHH pPa3 YBHETb, YeM CTO
pas yCABILATEY, MOXHO CKa3aTh, YTO JIy4ylle OIHH pas
CaMOMYy MPOBECTH 3JKCIIEPHMEHT, 4YeM MHOTOKPATHO NpOYH-
Tath O HeM. IIo3ToMy MBbl pEKOMEHIYeM UYUTATeNIiM CBOHMH
PYKaMH NPOBECTH ONUCAHHHIE B 3T0H KHHre onpithi. Heo6-
XORHMEIE JIJisi 3TOr0 CPeJCTBA JIETKOAOCTYITHE H MX BCerna
MOXKHO HaHTH.



Ypyratesap yOemurcsi, 410 MPOBEICHHE ONBLITOB JIJIO UH-
TepecHoe H YBJEKATeJbHOE. CoBceM He o0si3aTesbHO OIpa-
HHYHBATHCS TOUHBIM BOCMPOH3BEICHHEM TOTO, 4TO OMHCAHO
B kuure. OfpiThl MOXKHO pa3uoo0pasuTh H Paclupsth, H
Torna 370 ye OyJieT HACTORILMM HayqHBM HCCJIEIOBAHHEM..

Kuura fOCBSUIEHA NaMsTH ORHOTO. M3 OpraHH3aTOPOB
xypnana «Ksaum Teoprisi VpaHoBnua KocoypoBa, KO-
TOpBLil BEJl pasjest ONLITOB B JKypHasne B nepBbiil rof Cy-
HIeCTBOBAHKA KypHana H CaMm Hanucan HEeCKOJbKO OYCHb
MHTepecHbIX CTaTei, BKJIOUERHBIX B HaCTOsIHi COOPHHK.

Cpenu aBTOPOB cTateli 3TOil KHHIH €CTh (PM3HKH-IKCIIE-
pHUMEHTATOPRL C MHPOBOH H3BECTHOCTBIO. Ho ectb U CTaTbH,
hamMCaHHBIE LIKOJbHHKAaMM (ToUuHee, HeJlaBHHMH IUKOJIb-
HuKamu). Mbl HaZeemMcsl, UTO 5T KHUTd GyzeT NoJb30BaThCs
ycnexom H JOCTaBHT PajioCTb TBOpUECTBA HE TOJBKO TEM,
KTO HHTepecyercs (QuanKod H MeuTaeT HOCBATHTH €il CBOIO
GymylLylo JesTesbROCTD, HO H uX JApy3bsM, KOTOPLIM
OHH GYIyT AEMOHCTPHPOBATH CBOH OTIBITHI.

H. K. Kukout



AEMOHCTPALIMSI HEBECOMOCTH
A/ lozopos

CocrosiiHe HeBECOMOCTH HOCTHTaeTcsi B CBO-
GoxoM nostete. M cnyTHHK Ha opGure, u CBOOOMHO JIeTSMHii
KamMeHb, H NOMIPBITHYBIHE YeJIOBEK HAXONATCH B COCTOSI-
HUH HEBeCOMOCTH. ['pys, nojBeieHHLI Ha HHTH, B cBobon-
HOM 1OJIETeé HEBeCOM H, CJICNOBATEABHO, HE HATATHBAET
HHTb. JIErKO HSIOTOBHTH NPHOOP, KOTOPHIi Jiaer BO3MOMK-
HOCTb «Ha0/MOfATb» COCTOAHHE HEBEeCOMOCTH.

Ha puc. | nava npuumumuanouas cxema npubopa.

B «nopmMasibHOM» cocTosinmm rpys (I') HaTsiruBaer HuTh,
yopyrasi nuiacthda (Y1) uaruGaeTcsi, paspeiBasi KOHTAKT
Mexpy wraemvamd (K1 w K2) wenu. Ilpu stom Brmouen-
Hast B uenb Jiamna (J/7), ecrecTBeHHO, He roput. Eciin Bece
YCTPOHCTBO nOAGPOIEHO BBEPX, IPY3 HAXOMHTCH B COCTOSI-
HHH HEBECOMOCTH, a CJIENOBATEJIbHO, He PACTAIHBACT HUT.
Ynpyras nJactHea BosBpauwaercs B HEH30THYTOE [10J10-
JKCHHE, KJIEMMBbl 3aMBIKAIOTCH, 3arOPaeTcst JIaMIouxka. Jlam-
fIOYKA TODHT JIHIIL B TOM CJy4yae, €CIH BCe YCTPOHCTBO
HaXONUTCs1 B COCTOSHHH HeBecoMocTH. O6patite BHUMAHHE,
UTO COCTOSIHKE HEBECOMOCTH OCYWECTBJISIOTCS H NpH ABH-
KEHUH BBEPX, H NPH [BHKEHHH BHH3.

Perynuposounsiii Buut (B) nossosiser YCTAHOBHTD KJIEM-
MBI TaK, 4ToObl OHH [PH HEMOABHKHOM  [OJIOMKEHHH ycrT-
pofictBa ObuH cJlerka PasnsunyTh. Bce ycrpoiictBo kpe-
TIATCE BHYTPH npospauHoii kopoGku. Ha puc. 2 nokasan
obuwii BHA npuGopa.

Heckonbko npaxthueckux coseros o H3TOTOBJIEHHIO
PHGOPa. UYToOE MOMXHO GBIIO 110/1b30BATBCSH KAK (7)1 81400}
(naockoii) Garapeiikoii, TaK H MAJICHBKON «KpoHoii», ayuiue
TIDH H3TOTOBJICHMH ODHEHTHPOBATHCH HA GoJee KPYITHYIO
TJIOCKYI0 Gatapeiiky. Uame Bcero B NpHOOPE MPHXOAHTCS
MEHATL HMEHHO Oarapefiky, No3ToMy AOCTYHN K Heil JoJIKeH
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OwTh MPOCTHIM; MOXKHO NPHKPENHTH €€ K HAPYIKHOI 4acTw
yCTPOHCTBA, a JINsi COGNHHHTENIBHEIX IIPOBOJIOB CHEJATH
B KOpuyce HeGOJbIINe OTBEPCTHS.

B kawecTBe ympyro#l nyiacTdunl rofuTes JoGasi TOHKas
NOJIOCKA YNPYroro MeraJijia, fake MoJIOBHHKA JIe3BHA 6e30-
nacHod OpHTBHL (BbI CPa3y yBHAMTe, 3aKpeNHB  Jie3BHE
B CTOHKe, KyJla yjoGHee NMpUBA3aTb HHTHb OT Tpy3a).

KoHCTpyKUMIO ycTpoiicTBA MOMKHO cresiaTh Gosiee npo-
ctoif. Hanpumep, cOBMECTHTB peryJTHPOBOMHHI BHHT M
Knemmy K1 u cnenate Tak, utoObl ynpyras IJ1acTHHA Ur-
pana eme H ponb kaemmel K 2 (puc. 3). Ha puc. 4 npusenena
¢otorpausi Takoro BapHaHTa YCTPOCTBA, B KOTOPOM BO-
ofle HeT peryJnupoBouHoro BHHTA. Hemuoro NOALYMAaB, Bbi,
GBITH MOET, NIPeJJIoKiTe elue 6oJiee NpoCTyIo KOHCTPYKIHIO.

KAPTE3UAHCKHUF BOHOJIA3 -
A Buaseuxuu

Bymaxneii  kopaGink nerko mepkutcst Ha
BOJie, HO Koria Oymara HaMOKHET, KOPaGJHK TOHer. Cyxo#
KOPab/MHK NePXKHT Ha MOBEPXHOCTH BOMLI BO3AYX, HaXo-
Asuyicss mox xyronoMm. Ecau
KynoJl HaMOKHeT H pacnoJi-
3eTcs, TO BO3AYX H3-Iofi Hero
BBIAJIET, M KOPaGJHK yTOHeT.
A Henb3s Jd cpenath Tak,
uT00bl BO3AYX TO BHLIXOIHJI H3-
[0l KYMOJIa, TO BXOJHJI, @ KO-
pabiHK TO TOHYJ, TO BCILIHI-
BaJl — 110 HAleMy JKeJaHHio?
Oxkasbisaercs, MoxkHo. Briep-
BbIE TAKYI0 HIPYIIKY cHeJsan
BEJIHKHI1 (pauiy3cKuii yueHbrii
1 Quiaocop Pene Jlekapr, u
TeNepL ee HA3bIBAIOT «KapTe-
SHAHCKHUM BOZOJIa30My» (IO Jla-
TeIH Pene Jlekapt 3Byunt kak
Penaryc Kapresuyc). Tonbko
B HEH BO3nyX He BXOIHUT H He
BBIXOAHT, 4 CKuUMaeTcsl HJIH Puc. 5,
paciuHpsiercs.
YeTpoiictBo «Bononasa» nokasaHo Ha puc. 5. Bosbmure
MOJIOUHYI0 OYyTEUIKY, nysbipek OT KaKkoro-HuOyap Jiekap-
CTBa i HALYBHOl PE3HHOBLI WAPHK (HM TpHJETCA noMXepr-
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BOBATb). ByThiIKy Hanonuute BOXOM MOYTH O TOPJbILIKA.
Ilysmipex omycTHTe OTBEPCTHEM BHH3 B BOAY H, HAKJIOHHB
€ro, BAYCTMTE B HEro HeMHOro BoJbl. KoJH4eCTBO BOIbI
B Ny3blpbKe HAJ0 OTPEryJHpOBATH TaK, UTOOBI Iy3BIPEK
JleprKajicsi Ha NMOBEPXHOCTH BOJbI, HO OT MaJIeHIlero TOJI4Ka
yxXonuJ noj BoAy (yAoOHO B3siTh COJIOMHHKY H 4epe3 Hee
BAYBAaTh IOJ BOJOH BO3AYX B Iy3bIpeK, NMOKa OH He BCIJIbI-
per). 3aTeM HAKpOHTE TOPJBILKO OYTHUIKH Pe3HHOBOil
IVIEHKO# OT IUAPHKA U NPUBSXKHTE €€ HHTKOH BOKpYT rop-
JIBIILKA.

HaxmuTe HA NAEHKY — H «BOZLOJA3» [OHAET KO JAHY.
OTiycTHTe — H «BOJ0J1a3» BCIWIbiBeT. TOHET OH BOT fouemy.
Korza Bel HaKHMaeTe Ha IJIEHKY, BO3AYX MOJ Heil CKH-
MaeTcs, JaBJeHUe B OYThUIKE YBeJIHYHBACTCS H 3aroHseT
B nyswipek eme HemHoro Bojel. Ilysbipek CTaHOBHTCS TH-
)esiee H onyckaercsi. Kak TOJBKO Bbl OTIYCKaeTe MJICHKY,
NaBJeHHe B OGYTbUIKE yMEHBINAeTCsi, CXKaThiii BO3AyX B My-
3LIPbKE BBLITOHSET JIHILHIOIO BONY, H «BOLOJIA3» BCINLIBAET,

ABTOMATHYECKHN CHOOH
B. Maiiep, H. Hazapos

C paGotoit cHdoHa — npocreiiiero  ycr-
poiicTBa JyUist MEPEeKAauYKH MKHAKOCTeHl — Bhl [O3HAKOMH-
JIHCh ele B HIecToM KJjacce. PacckasbiBaloT, 4TO 3HAMEHH-
THlil amMepuKaHCKuil ¢uauk PobGepr Byn eme mambuHILKOM
HAYHHAJ CBOH YBJIEKATEJbHBC JKCNEPHMEHThl HMEHHO C CH-
¢ona. Bor kak enuceiBaer ero onbithl B. CHOpYK B KHure
«Pobept Byn» *):

«Bokpyr J1y)H Obulo Bo3BhbiLUeHHe Gosibiie Yem Ha ¢yT,
M BCe XOpOWO 3HAJH, YTO BOAa He Teuer B ropy. Po6 no-
JIOKMJT WJIaHT Ha 3eMJI0, BeJes OIHOMY H3 MaJIbuMKOB 3aT-
KHYTb KOHell IaNblieM, a CaM HauaJl HAJMBAaTh BOJYy B IpYy-
roii, noka Bech LJIAHr He HanoJHWICS. YKe Toraa, Io
npupone cBoeii — gemoncrparop, Po6 B3sin 3TOT KOHeN(
W BMeCTo Toro, 4ro0bl MPOCTO [IOJIOKHTh €ro Ha 3emJlio,
MepeKuHyJl UWIAHT yepe3 BbICOKHI 3a60p, KOTOPBIH OTAEJSHI
Jiopory oT kKanasbl. Boja norekna uepes cugo. Jto, Be-
posiTHO, Oblia nepsasi nyGmuuHasi HayuHasi nobGena Byna».

OGbiunbi CH(POH HACTOJIBKO 1POCT, 4TO, Kasasochk Obi,
He HyXJaercs B ycoBepiueHcTBoBanusix. Onnako ero

*) B. Cu6py k. Pobepr Bys.— M.: Hayka, 1978,
10



HEJIOCTATKOM SIBJISIETCST HEOOXOAMMOCTb YJIaJisitTh BO3AyX
u3 KoJieH cudoHa mepel TeM, KAk OH HauHeT pa6oTaTh.
Ilpocto mOpasuTeibHa H30OPETATENbHOCTL YeJIOBEYECKOTO
yMa, KOTOpbIit, YSICHUB JIIsi ce0si CyTb 3TOTO HENOCTATKa,
cyme/a YCTPaHHTh €ro IPHMHTHBHEHIIMMu cpejcTBaMu!

Mbi pacckaxkeM BaM 00 aBTOMaTHYeckOM CHoHe *).
Crexnisinnyio TpyOKy JUIHHOH OKOJ0 60 cM M BHYTPEHHHM
JuameTpoM 3—4 MM H30THHTE Hajl IJa-
MeHeM Tak, 4To0bl OOpa3oBaJjiuch JBa
KOJIEHA, OJIHO H3 KOTOPBIX HMeeT IJIHHY
nopsiika 25 cm (puc. 6). B stom Ko-
Jewe Ha paccrosiHud 33—35 MM OT ero
KOHI[a pebpom Handuist (CMOYEHHOTO
BOJIOH) AKKypaTHO IPONUJNTe HeGOJb- /
moe otBepctue (). Iiomans ero nosmk-
Ha ObITb He Gojee 0,5—1 mm2. B creuke 7
LIApWKA JJIsl TNHHI-NIOHTA IUHJIOM [po-
KOJIUTE OTBEPCTHE M KpPyIJbIM Hajdu- J
JieM paciiupsiite ero Jo Tex [op,
[OKa CTeKJsiHHasi TpyOka He Oyger *  Puc. 6.

C TpeHHeM BXOAUTH B Hero. [lposmeunte

TPYOKY B CJeJIaHHOe OTBEpPCTHE TaK, YTOObl ee KOHer[
ynepcst B HaMeTPasibHO NPOTUBONOJOKHYIO TOUKY CTeH-
Ki mapuka. Ilpu stom oTBepcTHe B cTeksisiuuOl TpyOke
HO/DKHO OKasaTbCsl BHYTPH IUAPHKA BOJH3M €ro mNOBepX-
HocTH (cM. puc. 6). CoenuHeHue cTekssiuuOl TPYGKH ¢ Lua-
PHKOM JOJ/IKHO OBbITb TePMETHYHBIM. ECAH Bbl HEMHOIO
OLHOJKCE H Clieaid OTBEPCTHE B INAPHKE CJIHILKOM GOJib-
LIOr0 JHaMeTpa, MeCTO COEIMHEHHSI OOMA’KbTe MJIACTHJIIH-
HOM. B mapuke BOMM3K KOHUA TPYGKH, YMHPAOWErocs
B €ro CTeHKy, NpOKOJHTe ewle OnHO otBepctue (2). Ero
NEPBOHAUANILHBIE  JIHAMETP  JIO/KEH  ObiTb  IPUMEPHO
paBeH 1 mm. . )

Beictpo omyctute Koseno cudoua c IIApUKOM HA ero
KOHIE B cTakaH c Bonoil. Ilourn cpasy B stom koviene
TNOSIBISICTCST MOAHUMAIOLMHCST BBEPX CTOJG BOABI, pasjie-
JIEHHBIH NysbipbKamMH BO3fyXa. OH JOXOIUT IO MecTa nepe-
ruba cudona, onyckaercst no BTOpOMY KoOJieHy BHH3 (puc. 7),
H COycTsi HeGosibLiOe BpeMsi H3 OTBEPCTHSI BTOPOTO KOJIEHA
HaunWHAeT OuThb crjowHasu crpysil

*) AsToMaTHueckmit cughon u3oGperen C. JI. TTnaToHoBbIM ¥ omHcan
B XypHane «3aBopckas Jaboparopus», Ne 6 (tom 4), 1935.
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Ecau OOBIT HE MOJMYMAeTCsi, HY’KHO MNPOCTO TILATENBHO
OTAafHTh npubop. PaboTa aBTOMATHYECKOTO CH(OHA 34BH-
CHT OT MPAaBIJIBHOTO MOAGOpa miowazeli OTBepCTHil B CTEK-
AstHuOf TpyOke u apuke. Heynaynoe pacno/ioxkerne

Puc. 7.

CTEKJISTHHOl TPYOKH OTHOCHTEJBHO LUAPHKA HJIH HEA0CTa-
TOYHASI TEpPMETHYHOCTb COEJHHEHMsSt IIapHKa C TPYOKOH
TaK»ke MOTYT NpPHBECTH K IIOXOi pabore cudoua. Huametp
OTBepCTHSI B LIAPHKE MOXKHO IOCTENEHHO YBEJIUYHBATDL
HangusieM, AOGHBAsiICb HAWIYYLIHX Ppe3yJIbTATOB. Iocae
HaJiafKH npubopa LAPHK MOXKHO MPHKJEHTb K CTEKJsSH-
Hoit Tpybke kjaeeM b®-2.

Kak pa6otaer aBToMaruueckuil cugou? O6patuncs
cHoBa K puc. 6. Korza wapuk OnycKaroT B CTaKaH C BOBOH,
BOJa HAYMHAeT 3aXOINTh BHYTpb €ro uepe3 OTBEpCTHE 2.

4
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OnuoBpeMeHHO BOJIa NIOAHUMAETCS U 10 CTEKJISHHO# TPYGKe,
nonajas B Hee yepe3 OTKPBITHIA KOHer TPYOkH. CKOpOCTD
ofbemMa BOJbI B TpYOKe GoJibllle, yem B Liapuke. Crosi6
BOJIbI, TIOAHSIBLUMKCS 11O TPyGKe IO otBepcTusi I B ee CTEHKe,
Kak Obl nepekpuiBaer ero. Ilo mepe samosimenust Imapuka
BOJIOH JiaBJIeHHe BO3JyXa B LIAPUKE yBesiuuHBaetcs. B ka-
KOH-TO MOMEHT B OTBepcTHe | TPYOKH «IpOTaJKHBAETCSI»
MaJjieHbKHi BO3ylUHbIH ny3bipek. OH OTceKaeT HeGOMbIIOL
CTONOHK BOIbI M nojHHMaeT ero BBepX. Iloxuumaromasics
Mo TpyOKe BOja BHOBL nepeKkpriBaeT otBepctue I, M CHOBA
CHAThI BO3/YX NPOTAJNKHBAETCS B BHJE Ny3biPbKa B 3TO
OTBEPCTHE H OTCEKAeT HOBYIO MOpuHio Bogpl. Takum o6pa-
30M, B KOJieHe TPYOKH C IIAPHKOM OGpasyercsi BO3AYLIHO-
BORAHOH CTOJG, CPEeNHAI IUIOTHOCTB KOTOPOTO MeHblle
naotHocts Bofbl. Ilox pefictBHemM rmapocratnyeckoro nas-
JIeHusi 5T0T CTOJIO MOAHUMARTCH [0 meperuba TpyOKH, cnyc-
KaeTCsl 1Mo BTOPOMY KOJIEHY M, KOTHA WIAPHK MOJHOCTBIO
3aNOJIHUTCST BOJOH, «BBITATHBAET» 3a COOOH CHJIOWIHON [IO-
T0K BOjbl. CudoH Haynuaer pa6oraTh.

Ynpaxuenns

1. 3KcrepumenTalbHO NOKAaXKHTe, 4TO B Wap¥K BOAa HOMKHA
3aTeKath Mel/eHHee, YeM B CTEKJIANHYIO TPYOKy. O6nsicuute, notemy
TAK [TPOUCXOAMT.

2. YUtobni ybeinTeCH B NPaBMJBHOCTH OBBACHEHHS NpHHIHNA
HeliCTBISl aBTOMATHYECKOrO Cu¢OHA, 3aMeHuTe Henpo3paynuifi wWapHk
HeGOMBIIUM CTEKIAHHLIM NY3EPHKOM C PesHHOBO# npobkoi. B nesom
BCe YCTPOIHCTBO € Ny3HPHKOM AOIIKHO GHTH TOUHO TAKHUM *e, Kak M
TIPH KCIO/Ib30BANMM WapHKa. CTekNgHHYI0 TPYOKy BOTKHUTe B Ny3bIpeK
‘lepes oTEepCTHE B Pe3nHOBOH mpobke. I1pospaunbe crenku ny3bIpbKa
NO3BOIAT BAM HaGJIOKaTh npouecc o6pasopamus BO3JYLIHO-BONSHOTO
cto/16a B CTeKJASHHON TpyGKe.

3. BoiAicHMTe, 3aBHCUT JWl BbICOTA MOIBEnA BO3AVILHO-BOJS HOTO
cron6a Cr rayGHHEL NOrpyIKeHus B BOAY KOTeHa cHOHa ¢ Luapukom.

4. UsrotoesTe  aBTOMaTHYecKHi CH}OH, 3aMeHHB CTERAAHHY IO
TpyOKy pe3uHOBOI.

BHXPEBBIE KOJIbLIA *)
P. Byn

B onbithl, noarorossennsie mas Mekumn mo

BHXPEBbIM KOJIbLAM, s BBeJl MHTEPECHBIE H3MEHEHHSI.
O6bluHB AmuK st HEMOHCTPAUMH BHXpeil XOpouwo
H3BECTeH M He TpeGyer mompoGHOro omucauus. Haume

*
] ) Cratbs ony6ankopaua s xypHazne «Naturer B 1901 r. Iepenesieria
€ atramiickoro JI. A. Casuuoii.
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YCTPONCTBO 3HAYHTENBHO GoJbllie TeX, 4TO OObYHC HCMOJb-
3y10TCsl. 2T0 KyGHUeCKW JIepeBstHHbIH SIHK CO CTOPOHOKH
OKOJIO MeTpa; OJlHA M3 CTEHOK C/€/aHa H3 TOHKOR KJICEHKH,
cBOGOJHO MOABELIEHHOH, € NBYMsI AHArOHAJISIMH H3 pesh-
HOBBIX TPYGOK, KPernKO MPHBSI3AHHBIX MO yr/aM. Pesuuo-
Bbie TPYOKH HYXKHBI JUIst TOTO, yTo6hl 0GecneynTh BO3Bpalle:
HHe KJEeHKH B NepBOHAYajibHOE IMOJIOXKEHHE.

Takoii siiuK BLIOpachBaeT BO3AYLIHbIE BHXDH 60JIbLIOH
cuJibl, TpHYEM YAAp KOJbIA O CTeHY JEKIHOHHOTO 3ana
OTYETJIHBO CJbILIEH M MOXOX Ha 3BYK OT JIETKOro yaapa
[OJIOTEHIeM. AYIHTODHS! MOXeT MNOJy4YHTb MpEeiCTaBIeHHE
0 «TBEpIOCTH» BpALAIOLIEroCsT BOSAYLIHOTO BHXPS, ecJid
[OCJIEIOBATENbHO BHINYCKATh HeBHAHMblE Kojbla B 3al.
Viap Konbila B JIMIO YeJIOBeKa OLIYIAETCst KaK MSTKHH
TOJMYOK MYXOBOil MOAYIIKOMH.

Jlas Toro uytoObl cresaTh KOJIblla BHIMMBIMH, HYKHO
HAIONHHTH SIIMK CMEChI0 aMMHAKa M XJOPHCTOTO BOXO-
poja NpH NOMOLIM Pe3uHO-
BbiX TPYOOK, MOLCOEUHEH-
HbIX K IBYM KOJ0aM, B KO-
topaix kunst NH,OH u HCL.
Sror cnocob JaeT XOpOLIKE
. peaynbTarel. Puc. 8 crenau
¢ ¢ororpaduy GoJbIIUX KO-
- Jien, TOJIyYeHHBIX — TaKHM
croco6om. Bun 60Ky Mpen-
cTaBjsieT OCOOBIH HHTEpec:
OH NOKAa3bIBaeT XBOCT (MOX0-
Uil Ha XBOCT KOMETHI), KOTOpBIii OOpa3yeTcsi H3-3a Tpe-
HMsI BHELIHHX YUACTKOB KOJiblia 06 atmoctepy MpH ABH-
JKEHHH BIIEpeN.

CHJy BO3AYLUHBIX KOJEN MOXHO MOKa3aTh TAKHM 006~
pasom. Hanpasum ¥X Ha NJIOCKHH KAPTOHHBIH SILIMK, CTOS-
Iuil HA HEKOTOPOM PACCTOSTHHH OT yCTAHOBKH. Ilpu 3tom
SIMK Cpa3y e [epeBOpayHBAeTCs WM Jaxe mnajaer Ha
nod. YIapoM BHXPEBOTO KOJbLA MOXHO MOTACHTD Iami
razosoii ropesku. Ilocje HEKOTOpPOH TPEHHPOBKH MOXKHO
HayyMTHCST BBIMYCKATh JBA KOJIbLA OLICTPOI OYepeblo, NpH-
yeM Tak, YToObl BTOpOe JIeTeao C HECKOJIBKO GosnbLiel
CKOpOCTbio, yeM repBoe. Torpa BTOpOE KOJIBLO HATOHNET
nepBoe, yAapsiercsi O Hero u OTCKAKMBACT, ofa KoJbIa
OCTAlOTCST Uesbl W [peBpariaiotcst B  BuOpupylouue si-
JMNCHl. DTO NOKAa3biBaeTy YTO TIa30Bbiil BUXPb obJsiafaer
YIpyrocthio.
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Xorst 6oJibluHe BUXPH, MNOJYYEHHbIE C IOMOLIBIO OIMH-
CAHHOH YCTAHOBKH, Jy4Ylle BCEr0 MNOAXOAAT JUISl JEeMOHCT-
pauuy Ha JIeKUUH, s CYMTAI0, 4To ropasjo Gojee KpacuBbie
H CHMMETPHYHBIE KOJbLA MOMKHO MOJYyYUTb, BHIIYCKAas
IbiM 13 OyMa>KHOH HJIM CTeKJSIHHOH TpYyOKH JHamerpom
2,5 cm *). Ecnu cmoTperk c60Ky Ha BbijyBaeMmbie KOJbIA
B HENOJNBHKHOM BO3[YXe OKOJO JIaMNBI HJIH MIPH COJTHEUHOM
cBeTe, TO BHJHbLI OYeHb KPACHUBbIE CNHPAJbHBIE JHHUH TOKA.
Mue ynanoch coTorpadupoBaTh OHO K3 KOJIEIl CJIeLYIOUHM
o6pasom. MoMeHTaJIbHBIH 3aTBOP Gbli YCTAHOBJIEH HA JBEPH
TeMHOH KOMHATHI, & IyroBasi Jiamna (oKycHpOBaJach Ha
€ro weib ¢ NOMOUIbo GOJIBLIOTO BOTHYTOrO 3epKajia. Poro-
IJIACTHHKA YCTAHABJIMBAJMach B TEMHOH KOMHATE TaK, YTOGBI
€€ OCBellas PACXONSLIMICA MyYOK Jiydeil, MiylMi OT Of-
pakeHust 1yru B 3epkajie (Korja 3aTBOp OTKpwiT). Ilepen
IJIACTHHKOH MOMeIlajach KpacHasi JiaMiia, a 3aTem KOJibLa
BBIYBAJIUCh K3 TPYOKu. Kak TONBKO KOJbLO, CHMMETPHY-
HOe 1o ¢opme u JBHTAIOLIEECS! HE CJIHIUKOM OBICTPO, OKa3bi-
BaJiOCh NepeJl MJIACTHHKOH, Mbl Jepraji 3a IIHYpPOK, Bely-
M K 3aTBOPY, M NJIACTHHKA OCBELIAJach OCJEeNUTe/bHO
Bembilikoit. OT KoJblia majajia YeTkasi TeHb Giarofiaps
He6GoJIbLIOMY pasMepy U OT-
JaJIeHHOCTH HCTOYHHKA CBe-
Ta. Puc. 9 cpesan ¢ noay-
yeHHOH ¢oTorpaduu. Konb-
UO COCTOMT H3 CJIOSI JBIMA
U cJjost Bo3ayxa, oGpasyio-
IMUX COHpaib W3 HECKOJib-
KHX 33KOHYEHHBIX BHTKOB.

. Ilo-Bupumomy, yraosast
CKOPOCTb BPAILUEHHUST YBEJIH-
UHBAETCsI 10 Mepe NPUOTMIKEHUS K HEHTPY KOJbLA, MPHYEM
BHYTPEHHHE YYAaCTKH 3allUIIEHBI OT TPEHMsT (ECAH MOIKHO
TIPHMEHUTE 3TOT TEPMHH) NPHJETAIWMMH BpPALLAIOLUMUCS
CJOSIMH. DTO JIETKO MOXKHO MOKAa3aTh, BHAOH3MEHMB OIBIT,
Hallpumep, cosnaBasi BO3AYLIHOE KOJIBLO C SAPOM M3 JAbiMa.
Ecnu Mbl chenaeM maneHbkuit BUXPEBOfi SIIMK C OTBEp-
CTHEM NHAMETPOM, CKaxeM, 2 CM, HAMOJHHUM ero NbIMOM M
CJIETKa yJlapuM 10 CTeHKe, TO, MO-BHUIMMOMY, MOSIBHTCS
TOJICTOE KOJIBIO, Bpalalomeecst OYeHb MeVIeHHO. OfHa-
KO €C/IH Mbl OYHCTHM BO3JyX OT ABIMA, BOJbEM B SIIHK

*
) e moxo NOJYHUTh, HAMPUMEP, NONOKHB B 3aKPHTYIO KOPO-

Gouky Treroulyio Gymary.
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HeCKOMBbKO Karejb aMMHAKA H CMaYkKeM KOHLEHTPHPOBAHHON
HCl wmikHIO yacTh OTBEpCTHS SIHMKA, TOTAA [bIM 00pa-
3yeT TOHKH{i CJIOfi y HuxHel yacTh orBepcTusi. [locne Jer-
KOr0 yjgapa O CTEHKY [IbiM NEepPeXOHJl B spO KoJibla, a
OCTajlibHAst YacTb KOJblIA OCTaBaflaCh HeBHIuMOH. Buuu-
Mast Je YacCTh, BHXPS Bpaiajgach ¢ YAHBHTEJBHO GOJbINOI
ckopoctbto. HyxHa Gosbluast JIOBKOCTh, YTOOBI CO3AATh
TaKue, MOXOXKHe Ha MoJymecsil, TOHKHe Buxpu. Jlyumme
pe3yJbTaThi OOBIYHO IOJIyYaJMCh IMOC/HE HECKOJBKHX IIO-
NBLITOK. B¥j ONHOrO Takoro siipa u3 JbiMa IOKA3aH Ha
puc. 10. JleHicTBHTENbHbIH pasMEp BUXPA OTMEYCH IYHK-

Puc. 11

TRPHBEIMH JIHHHSIME. DTOT ONBIT He NoJyyaercst B 6OJIbIOM
MaciuTabe, XOTsl §l JOCTHT HEKOTOPOIO ycnexa, pachblisis
HALIATHIPb Y BEPXHETO Kpasl OTBEPCTHS C IOMOLLbIO 3HI34r0-
00pa3Hoil KeNe3HOH IPOBOJIOKH, HArpeBaeMOH TOKOM.
TMpuHEMAas HEKOTOpBIE Meph! [1PEeNOCTOPOIKHOCTH, MOXK-
HO NONYYHTh ABIMOBOE MOJIYKOJBIO TaKoe, Kak Ha puc. 11.
Aro OsecTAmAs WJIOCTPALMs] TOTO, 4TO 0Opa3oBaHHE KO-
Jiel] HAKOMM 00Gpa3oM He 3aBHCHT OT Hasiuuusi AbiMa. Jlyu-
g cnoco® nosyYHTh MOJYKOIbHA COCTOHT B TOM, YTOOHI
OYeHb JIETKO BBIIOXHYTb JbIM B GymMaHYyl0 TpPYOKY, IO-
3BOJISISI €My Teyb MO JHY TPYOKH, NOKa OH HE JOCTHTHET
KOHIA. TOrza KOJbLO BHITAJKMBAETCS! JIETKHM BBIIOXOM.
Bo3MOkKHO, Jy4llle POBORHTL OIBIT B GOJIbIIOH aspoiHHa-
MHYECKOH TpyGe ¢ OTBEpPCTHEM Ha JHE, TaK Kak B 3TOM
cJIyyae MOXKHO HaGJiofaTh sIBJICHHS, IPOHCXOASIIHE BHYTPH.
JocTatoyHO JIETKO MOJIyYHTh KOJIbIO, B KOTOPOM OOJibluast
YacTh JibiMA COCPEJIOTOYeHa B HUKHEH MNOJNOBHHE; HO noJy-
UeHHe KOJiblld, OJHA [OJIOBHHA KOTOPOIO MOJHOCTBIO He»
BHIHNMA, H TAKOTO, YTOOb! rpaHHlla AbiMa Oblia pe3KO ouep-
yeHa (Kak mMokKasaHo Ha puc. 11), tpebyer Gosibmio# npax-
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THKH. $1 nepenpo6oBas pPasiUyHbIE CXeMbl, YTOOBI IOJTYUYHTD
5TH TIOJIYKOJIbL@ B GoMblloM Maclutabe, HO HH OXHA M3 HMX
He fajia pe3yJbTaToB, JOCTOHHBIX ynoMuHaHHsi. Kasanocs,
Y70 MpHMEHEHHe PacCKaJeHHOH MPOBOJIOKM C HAllaTbipeM
SIBJSIETCS] CAMBIM MHOTOO0e1aoLiM METOIOM, OLHAKO PE3KO
OYepuYeHHOH TPAHULIBI AbIMA 51 TAK H He MOJYYuJ,.a HMeHHO
3TO OTJIMYAeT MAaNIeHbKHE KOJIblld, NOJYYEeHHbiE ¢ MOMOLLBI0
TPyOKH.

OGbsicHsAsL 00pa30BaHHe BHXPEBLIX KOJ€ll, BpamaTtenb-
HOe JIBH’KEHHe YacTO MPHIIHCHIBAIOT TPEHHIO Me’K1y BbITE-
KAIOUIIMH  BO3JYIIHBIMH CTPYSIMH H KpaeM OTBEpCTHS.
OnHako Gonblied yacTeio 06pa3oBaBue BuXpel OGYCJIOBJH-
BaeT TpeHue ¢ aTMocepHbIM BO3AYyX0oM. HTto0bl npouJiiocT-
PHPOBATH 3Ty TOYKY 3pE€Hust, 51 PHUAyMaJ BHXPEBOH SHIUK,
B KOTOpPOM TPEHHE C KpaeM OTBEpPCTHS OTCYTCTBYET HJIH,
IIpaBHJIbHEE CKA3aTb, KOMIIEHCHPYeTCsl YPABHHBAHHEM €ro
10 BCeMy MONEpPEeYyHOMYy ce- .

YeHHIO BBIXOASIINEH CTPYH.

B nHe umauHApuueckoro
JKECTAHOTO SIIHKA HpOCBep-
JIUBAETCS  NPHONHU3UTENIbHO
200 otBepctHii guaMeTpoOM
1,7 MM Kaxnoe (puc. 12).
Ec/ld sIiHK HANOMHHUTDL ApI- Puc. 12.

MOM H BBHIYCTHTH CHUJIBHYIO

CTpYIO0 BO3jyXa, OT NOBEPXHOCTH, MOXOXEH Ha CuTo, OTHe-
JISETCSl KPacHBoe BUXPeBOe KoJiblO. MOKHO mnpocto
HOKPHITE KOHen, OyMaKHOiI TpyGKH KYCKOM TYIrO Ha-
TAHYTOH JIBHSIHOH TKAHH H BBILYTH ABIMOBOE KOJIbLO Yepes
Hee.

Ilpu onbiTax ¢ sHUMKOM, CHAGKEHHBIM ABYMSI KPYTJIbIMH
OTBEPCTHSIMH, Sl HaOMOfAN CJIMSIHHE ABYX KOJel, IBHTAIO-
HIHXCSl PSiIOM, B OJMHO GoJIbIIOE KOJBIO. Ec/JH KoJbLA
IMEIOT GO0JIbLIYI0 CKOPOCTb BPAIIEHHsI, OHH OTCKAKHBAIOT
APYT OT Jipyra, HO eCJIH KOJibila BpPallaloTCsi MeIJIeHHO, OHU
coenvusoTcs. B moMeHT coepuHeHMs popma BHXPSI OYeHb
HeycToiurBa. CoejHEHHbIE KOJbIA CKAYKOM MEHSIOT ro-
PHSOHTaJIbHOE MOMIOKEHHe Ha BepTHKAJbHOE Tak OBICTPO,
HTO 3T0 TPYJHO 3aMeTHThb, a 3aTeM MENJIEHHO NpUHOGPETatoT
¢bopMy Kombua. To e camoe MOMKHO NMOKA3aThb C NOMOUIBIO
ABYX OyMaxKHBIX TPYGOK, fiep»ka MX B pasHbIX yriax pra
W NOYTH mpapajiesbHO Apyr apyry. B moGom ciygae
EOSJIyx B KOMHaTe JOJI>KeH OBITh HPAKTHYECKH HEroJ-

HOKEH.
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O BUXPEBbLIX KOJIbIIAX
C.lllabarnoB, B.lUlyGumn

OBPA30OBAHHE BHMXPEBBHI X KOJIELL

Hast nosiyueHust B JiaGopaTOPHBIX  YCJOBHAX

BUXpeH B BO3Jy Xe Mbl MOJdb30BAJHCH ANNAPATOM

Tsta (puc. 13). OH mnpexctaBisier coGoM LMAMHAP, OXHH

TOpell KOTOpOoro (MemMGpaHa) 3aTsiHYT KAKuM-HHOy[b yrpy-

THM MaTtepHajoM (HanpHMep, KOeil), a B IPyroM HMeercsl

Kpyrjoe otBepcTue (nuagparma).
BHyTpu umjauHApa = Haxo-
JATCST Ba COCYZa: OIHH C CO-

Membparis Juagpoeme

ST (BN PN BN ) 2

Puc. 13. Puc. 14.

nanoi kucqoroi (HCL), npyroit — ¢ HAILATBIDHEIM CriMp-
Tom (NH,OH). B pesynibrate B umaHHape o6pa3yercst ryc-
To#l TymMaH (mblM) M3 HacTHYEK XJIOPHCTOTO aMMOHuA (Ha-
wateipst NH,CH).

VYnapsis no mMemOpaHe, Mbl COOOaeM HEKOTOPYIO CKO-
pocTh mpuieraiomeMy K MemOpaHe cnoo jbima. [lpuas
B JIBUXKCHHE, 5TOT CJOil BBI30BET YIJIOTHEHHE COCEIHETO
cliosi, TOT — CJejlylomero ¥ tak jgaiee. Korpa ynjoTHeHue
foiier jo aMadparmbi, JAbIM BBHIPBETCSI U3 OTBEPCTHSI, NpM-
BeJIeT B JiBHKEHHE pPaHee NOKOMBLUMHCS BO3LYX H Giaropaps
CHJiaM BSI3KOTO TPEHHsI CaM 3aKPYTHTCSI B JILIMOBOE KOJIBILIO.

Moxer 6biTh, B O0PA30BAHHM BUXPEBBIX KOJE€il IJiaB-
HyI0 pOJib HIpatoT Kpasi otBepcTusi? Ilposepum sto. Bmecto
oObIuHOil JuadparMbl noctaBuM B anmapate Tsta pewseto.
Ecan Hama rumote3a BepHA, NOJKHO MOJYYHUTLCS MHOTO
ManeHbKux KoJien. OjlHako ONBIT MOKa3blBaeT, 4YTo 3TO
He TaK,— o0pa3yercsi OBHO GOJIbIIOE BHXPEBOE KOJbLO
(puc. 14).
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(OueHb BaXHO, 4TOObI JibIM M3 AaNNaparta BHIXOAMJ OT-
JIeSIbHBIMH TIOPUHSIMH, a4 He HenpepbiBHOH cTpyed. Ecau
meMOpaHy 3aMeHHTb MOPLIHEM H IepeMelarb ero, M3 Or-
BEPCTHST BMECTO KOJICLl MOSIBUTCS HENPEPbIBHAS CTPYs AbiMa.

Buxpu B BOJE MOKHO MOJYYHTb C NOMOMIbIO OOLIKHO-
BEeHHOH muneTKH ¥ 4epHusa. HaGpaB B mnunerky uepHuJ,
HY?KHO HX Kamnath C BBICOTHl 2—3 CM B 4KBapUyM € XOpOLIO
ycTosiBLUeHcsT BOnoil (B KOTOPOH HET KOHBEKUIHOHHBIX IO-
TOKOB). B mnpo3pawHoii Boze XxOpoWIO 3aMeTHH 0Opasyio-
Hiuecss YepHuJbHBE KOJbua (puc. 19).

Puc. 15, Puc. 16.

MoxHo cpenatb HEMHOTO HO-APYTOMY: BBIYCTHTB
CTPYIO YEPHMJI U3 NMUIETKU npsiMo B Bopy (puc. 16). B stom
cJy4yae BHXPEBBIE KOJIbIA TOJYYAOTCS HECKOJBKO GOJBIIMX
pa3mepoB.

Ilpupona oGpa3oBaHHUsI BHXPEBbIX KOJiell B BOje —
TaKas ke, KaK B BO3JlyXe; MOBeJieHHe YepHuJ B BOJE aHa-
JIOTHYHO TIIOBEJEHHIO JibiMa B Bo3iyxe. B ofoux ciywasix
TJIaBHYIO pOJIb HrpaioT Cuibl Bsiskoro TpeHusi. (I1paBna,
ONBITHl IMOKA3BIBAIOT, YTO I[OJHASI AHAAOTHSI HMEeT MeCcTo
JUIIb B [€pBbli MOMEHT mnocie OGPa30BAHUS BuXpeil.
B panbheiiiueM nosejieHue BuXpeil B BOJE M BO3JyXe OKa-
3BbIBAETCS] PA3JIMYHBIM. )

ABM)KEHHUE CPEIBI BOKPYT
BHUXPEBBIX KOJIELL

Yto mpoucxomur ¢ OKpykaiomeil cpenoi

TIOCJIE TOrO, Kak o6pasoBasicsi BUXpb? OTBETHTH HA 3TOT
BOTIPOC HAM MOMOIJIH COOTBETCTBYIOLIHE OIBITH,

Ha pacctostiun 2—3 m or amnapatra Tsta noctapum

SaNGKEHHYIO cBevy. JlbiMOBOe KOJIBIO MYCTHM C TAKUM pac-

HYETOM, HTOOBl OHO He Bpesasioch B IJIaMs’ CBEYM, a IPOLLJIO
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psinom. Flnamst subo noracHer, JuGo Oyjer O4eHb CHJBHO
KOJIBIXAThCS. DTO FOBOPUT O TOM, YTO [BHXKETCHl He TOMbKO
BUJIHMAST YaCTb KOJbLA, WO W CJIOM BO3JlyXa, NpHJerarwiine
K KOJIbILY.

Kak ke ouu nBHKyTCsl? Bo3bMmem JBe TPSIOYKH, ONHY
CMOYMM COJISTHOH KHCJIOTOH, IPyTyi0 — HAlUAThIpHBIM CIIHP-
TOM, ¥ MOABECHM HX Ha paccrostHuu 10—15 cm apyr or
apyra. IlpocTpaHCTBO Mexkay HUMHM CPa3y Ke 3arlOJHHTCH
IpivoM (mapamu Hamateips). Ilyctum B o6nako storo apma
JIIMOBOE KOJIbLIO K3 arinapara. Ilocne npoxoxKaeHHs KoJibla
yepes O6GNAKO KOJIBLO YBeJHYHMBaeTcsi B pasmepax, a o6-
NaKo NpPHXOLMT B Kpyrosoe nuxkeHne. K3 storo MOKHO
3aKJIIOYHTh, YTO BOKPYr BHXPEBOTO KOJbila BO3AYX Bpa-
maercst (puc. 17).

Puc. 17.

AHanoruyHbI ONBIT MOXHO NPOBECTH H C Bojiof. Men-
JICHHO Bpallasi BOAY B CTaKaHe, KalHeM B Hee YEpHHJ #
JajuM ycTosTbes. B crakaHe oOpasyloTCs YepHUJbHbIE
upty. Tenmepb NycTHM YepHHJbHOE KoJblO. IIpH npoxox-
JEeHHH KoJiba BOMM3M HHUTEll OHHM 3aKpy4YHBalOTCHl.

BUXPEBLIE KOJIbIIA B BOIE

PaccMoTpuM HEKOTOPBIC OCOOCHHOCTH [1OBe-
JeHHsT BOJSIHBIX BHXpEl.

B «/leTcKoil 3HUMKJIONEAHNHY NPHBOJAATCS OyeHb HHTEpec-
Hble W KpacuBbie ¢ororpaduu, Ha KOTOPbIX H300PaxeHo
MoceOBATENbHOE PA3BHTHE yHaBllell B BONY  Kallid
YepHHJI.

Mbt 3aMiHTepecoBaMCh ITUMH oTOTPAQUAMH H PEIUNJIH
cliesiaTh TAKOH e onbiT. Kak y»ke TOBOPHJIOCH BBILE, €CHH
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KanJio YEPHIJ KalHYTb C BbLICOTH 2-—3 cM B aKBapHym
¢ BOjOH, B Bojie 06pa3yerc YepHHILHOE BHXPEBOE KONbBLO.
Kak oHo Oyaer BecTH cebs Aajbiue?

OKa3nlBaeTcs, uYepe3 HEKOTOpoe BpEMS KOJBLO pasje-
JIUTCHA HA HECKOJIbKO HOBBIX KOJIEH, T€ B CBOIO OuY€pelb TOKe
pasjieiaTca H T. I. B ak-
BapHyMe NOABHTCA Kpa- — — — ——— e—
CHBBIH «3aMOK» (pHc. 18). :

Mbl 3aMeTHJIH, 4TO Ji€-
JIEHHIO TEPBHYHOTO KOJIb-
la npeaecTByer obpa-
30BaHHE Ha HeM YTOJile-
HHI, H3 KOTOPBIX NOTOM
POKIAIOTCA  BTOPHYHBIE
xoabua. Kak 310 MOXKHO
obbscuuTh? W3-3a Heoxn-
HOPOIHOCTH CPefibi, B KO-
TOPOF IBHIKETCHA YEPHHJIb-
HOE KOJIBbLO, HEKOTOphIE
€ro Y4acTKH HEecKOJbKO
onepexalT  OCTaJbHbIE,
‘HEKOTOpbie, Hao60poT, OT-
craor. Uepnnsia (6GoJee
TAXENble, YeM BOJa) CTEKaloT B Te Y4YacTKH, KOTOpbie
JBHIKYTCH BREPENH, H 3a CYET CHJ TMOBEPXHOCTHOIO Ha-
TAKEHHA (OPMHPYIOTCA YTOJULEHHA. 3ateMm H3 THX YTOJ-
ieHud poxpalTcs HoBole Kanau. Kaxpas kanja sener
ce0fl HEe3aBHCHMO OT HCXOIHOTO BHXPS, H uYepe3 HeKo-
TOpoe BpeMs H3 Hee 0o0pasyeTcsi HOBOE BHXPEBO€ KOJbLO.
Tak nopropsercss Heckonbko pa3. HurepecHo, uto Ham
HE YNAanoCh YCTAHOBHTb HHKAKOH 3aKOHOMEPHOCTH — B Jie-
CATH OMBbITAX KOHEYHOE YHCJIO KOJel YEeTBEPTOro «IoKoJje-
HHA» HH pa3y He COBNano.

OkaspiBaeTcsi, JUIAl CYLIECTBOBAHHA BHXPEBOTO KOJbLA
HeOOXONIUM HEKOTOPbIH «KH3HEeHHBIH» 0GbeM. Mbl yOennsich
B 3TOM Ha Takom onsire. Ha nyrn pmeuxkenns soganoro
KOJIbI@ Mbl CTaBWJIH TPYOKH.pPa3jHYHBIX AnaMerpop. Ecsn
AnameTp TPYOKH Gbil 4yTb-4yTh OOJiblIe AHaMeTpa KoJbua,
BJIETeBLIee B TPYOKY BHXpeBOEe KOJBIO pa3pyliajoch, a
B3aMEH BO3HHKAaJO HOBOE KOJbIO MEHBIUHX pa3MepoB.
Ecnn ke mnamerp tpyGru npumepHo B 4 pasa npeBbliual
AHAMETP KoOJibua, KOJbIO GecrnpensiTcTBEHHO MPOXOAHJIO
uepes TpyOKy. B Takom csiyuae BHXph NpPaKTHYECKH HE MNOJ-
BEPrajiCi HHKAaKHM BHELUHHM BO3JEHCTBHAM.
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"PACCESIHUE JOBIMOBHIX KOJIELL

Mul 1poBesH HECKOJBKO ONBITOB MO B3aHMO-
IeHcTBHIO J[bIMOBBIX KoJiel, ¢ jgHadparmaMH pasjiHyHbIX
IHAMETPOB H ¢ MJIOCKOcThIO. (Mbl HX HasBasiH OMNBITAMH Il O
paccess HHIO BHXDEBHX KoJe€l.)

[NpexcraBum cefe, 4TO KOMLIO HaneTaer Ha jauadpparmy,
AHaMeTp KOTOPOH MeHblle paHamerpa KoJbla. PaceMoTpum
IBa cay4asi: ueHTpajbHOe COyHapeHHe, KOrAa CKOPOCTh
MOCTYNATENLHOTO  [BHXKEHHA KOJbua MeprneHfHKYyJspHa
NJ0CKOCTH AHadparMbl, @ UEHTP KOJIbLA IIPOXOAMT yepes
uenTp aMadparmbl, W HeELEHTPajbHOe CcoyAapeHHe, Koria
LEeHTP KOJblla HE MPOXOIHT 4Yepe3 HeHTp AHadparmbl.

B nepeoM cayyae npoucXomur ciaenyiomee. Hanertato-
iiee Ha AMadparMy KoOJbIO pacceHBaercst, a no ApYyrymo
-cTopoHYy mHadparMbl BO3HHKAaeT HOBOE KOJbLO MEHbLIEro
nuaverpa. [lpuuHHa ero BO3HHKHOBEHHA — Ta e, YTO H
B anmnapate T3Ta: BO3LyX, ABHxKYLIMicA BOKPYI NepBOHA-
YyaJLHOTO KOJIbI@, YCTPEMJISETCSl B OTBEPCTHE M YBJEKaer
3a coBOfl AbIM OT PACCESAHHOIO BHXPs. AHajOrHYHO NPOHC-
XOIMT NEHTpaJbHOE COYAApeHHe B cliyyae, KOrja AHameTp
auadgparMbl  paBeH [HAaMeTPy KOJbHA HJIH HECKOJBKO
6osbile ero. d

Topasno Gojee HHTepeceH pe3yabTar HENEHTPaNbHOrO
COyNapeHHs: BHOBb OOPas3’0BaBLIMHCS BHXPb BbUIETAET MO
VIJIOM K HayaibHOMY HanpabjieHHIO pHxenna (puc. 19).
(MonpoGytite 0GBACHHTD, noyemy!)
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Puc. 19. Puc. 20.

Tenepp paccMorpuM B3aHMoOAEHCTBHE KoJibia € ILIOC-
Kocthi0. OnpiThi NOKasbiBalT, YTO €CJH IJIOCKOCTh NHepHeH-
IHKYASPHA CKOPOCTH KOJbIE, KOJBIO TOMLKO Kak Obl pac-
IJibiBaeTcs, He Tepss npu 3ToM cBoell ¢opmbr. OOBsICHUTDL
3TO MOXKHO Tak: MOTOK BO3LyXa, ABHKYIIErocs BHYTPH
Koabna, obpasyer 06JactTh MOBBILIEHHOrO jaapjieHHs, B pe-

22



3yJLTaTe HEro H MNPOHMCXOAHT PaBHOMEPHOE pacIuHpeHHe
BCero BHXPEBOTO KOJbHA.

Ecin k€ MJIOCKOCTh HAKJOHHTH NOJ HEKOTOPLIM YIJIOM
K NepBOHaYajLHOMY NOJIOXKEHHIO, BHXPb, HajleTasl Ha Joc-
KOcTb, Oyner orTankuBaThesl OT Hee (puc. 20). 3ror dakr
TOXKE MOXKHO OOBACHHTH BO3HHKHOBEHHEM OOJIACTH MOBHI-
LIEHHOTO HABJERHSl B MPOCTPAHCTBE MEXKAY KOJLLOM H

TI7I0CKOCTHIO,
B3AHUMOJIEMCTBHUE KOJIELL

BeccriopHo, caMbiMH HHTEPECHBIMH OKa3anuch
ONBITHl 1O H3YYEHHIO B3aMMOAECHCTBHS BHXPEBHIX KoJjell.
Mb! npoBOAMJIH IKCNEPHMEHTH! € KOJIbIIAMH H B BOfE, H
B BO3ZYyXe.

ITyctum kanuio yepHMI ¢ Bblcothl 1—2 ¢Mm B cocyn ¢ Bo-
JOH, a yepe3 CEeKYHAY NMYCTHM elle OfHY KalJiio, HO yiKe
¢ BbICOTH 2—3 cM. B cocyze o6pasyiorcs nBa BHXpA, IBH-
XKYWHECs C Pa3HBIMH CKOPOCTSIMHM; BTOPOIt — BhicTpee,
yemM nepeblil (U; >>v;). Korna kosbna okaxyrcs ma ofHO#M
BbICOTE, OHM HAYHYT B3aHMOAEHCTBOBATH APYT C HPYIOM.

OxasbiBaercs, BO3MOXHBI TPH caiyuasi. [lepsbiii caydai—

BTOPoE KOJIbIO 0OroHseT nepeoe, He 3ajesas ero (puc. 21, a).
1]
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Puc. 21.
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Ilpn s1OM fipoucxonut caenywouee. Bo-nepsuix, notoku
BOXbI OT 06OHX KoJsiel, KaK Gbl OTTAJKHBAIOT KoJblia ApYr ot
apyra. Bo-propuix, OOHapYyKHBaeTCsl NEPETOK YePHHI ¢ nep-
BOTO KOJbLIa Ha BTOPOE: BOASIHBIE MOTOKH BTOPOTrO KOJbLIA
Gosiee MHTEHCHBHH, OHM 1 YBI€KAIOT yepHHsia 3a CoGoil,
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Hrorza yacts 3THX YEpHHJ MPOXOIHT yepes BTOPOe KO.bLO,
yto Bnever 3a coGoii 0OpasoBaHHe HOBOTO HEGOJIBLIOrO
KOJIbLA. 3aTeM Kosiblld HAauHHAIOT NEJHTECH, Aablie HHYero
HHTEepecHOro HaM 3aMeTHTb He YAaioCh.

Bropoit cnyuail — KoJblo 2 npH obrone 3aeBaeT KOJb-
to I (puc. 21, 6). B pesyabrare Gonee HHTEHCHBAILIC 10-
TOKH BTOPOTO KOJblia paspyluaioT neppoe. Kak npasuo,
3 OCTABIIETOCs OT MEPBOTO KOMbUA CrYycTKa 4epHun 006-
pas’yloTcsl HOBbl€ MajeHbKHE BHXPH.

1 wmakomen, TperHit caydail — KOJbua HCIMBITHIBAKOT
UeHTpaJbHOe coynapeHue (pHC. 21, 6). Ilpu sToM BTOpOE
KOMBIO NPOXOMHT uepe3 Tepeoe 1 yMeHblaeTcss B pasme-
pax, a mepBoe, HaoGOpOT, paclIMpsiercs. Kak u B npefpl-
IYLIHX CydYasiX, 5T0 NPOUCXOMHT 32 cHeT B3aHMHOTO neHcr-
Bisl BOASHBLIX NOTOKOB OJHOTO KoJblia Ha apyroe. B nanb-
HefilleM KoJibla HAayHHAIOT JAEJHTHCH.

BaaumMoneiicTBHe ABIMOBBIX KOJiell B BO3JyXe MBI HCc/e-
[OBajH ¢ noMomibio annapara Tsta ¢ ABYMf OTBEPCTHSIMU.
Okasanoch, YTO Pe3yJabTarThi ONBITOB CHJIBHO 3aBHCAT OT
CHIIB M NPOAOIKHTEILHOCTH Yapa 1o mMemGpane. B Halueit
YCTaHOBKE YAap TNPOBORMJICS THMKENbIM MaATHHKOM.

Bruio 0GHApyXeHo, YTO ec/H paccrofnune [ Mexuy of-
BepCTHSIMH MeHplle JHamerpa d Kaxjoro OTBEpPCTHA
({<d), nBa noToka BO3AYyXa NepeMeLINBAIOTCS H ofpa3syercst
oxHo BuxpeBoe koabuo. IIpu d<<l<1,5 d xonbno, Kak

. ”E,ﬂﬁﬂﬁﬁlfwlbl]ﬂ i - Bmpﬂeﬁmmm 1
T N

el \

T T
| Mruroe @ﬁ'ﬂﬂb[/ﬂ i
1

Puc. 22.

npaBmo, BooOlie He obpasyercd. Bo Bcex ocrajbHbIX cily-
yasx BO3HHKaOT nBa KoJbua. Ilpu 3TOM, ecnH [>4d,
KoJblla He B3aHMOAEHCTBYIOT APYT € APYroM, a eCiiH 1,5d<<
< l<4d, xonbna cHauaja cOMHAKAIOTCS, a 3aTeM, B KOHIE
cBOeR KU3HH», HHOraa pacxofsrcH.

COHKEHHE MOXHO OOBSICHHTL T€M, YTO B MPOCTPAHCTBE
MeXay KOmbLaMH o6pa3vercs HEYTOo noao6Hoe «MHAMOMY?»
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koabiy (pHc. 22), KOTOPOe JBHKETCS B HPOTHBOMNOJOXKHYIO
cTopoHy. IIJOCKOCTH HACTOSIIMX, KOJIENl NOBOPauHBAIOTCS
APYr K ZIpYTy, H KoJblla HayHHAIOT cOmkarbes.

UTo MPOMCXOAUT € KOJMbL@MH B KOHIE «KH3HH», HaM

oOGBLEYCHHTL He YJanoch.

MOJIEJIH CMEPHA
B. Maiiep

Cmepuy — OZHO H3 CaMbiX TpPaHHO3HBIX H
3arajloYHbiX SBJAEHHH NPHPORLI. JHEPTHS €ro HacTOJILKO
BeJIHKa, 4TO NOYTH HHKTO H HHYTO HE MOXKET BBbIEPHaTh
CXBATKy €O CMEpYEM.

Kakum 06pa3oM cmepd NEPeHOCHT TSKeJble MpeaMeThl
nopofi Ha BechbMa 3HauMTesbHEIE paccTosiHusA? Kak oH 06-
pasyercs? Ha 3tH H MHorde pyrie BONPOCH COBpPeMeHHas
HayKa He B COCTOSIHHH JaTh HCHEPIBIBAIOIHX OTBETOB.

Mo32KHO Jil BOCCO3ZATh cMepy B J1aboPaToOPHLIX YCJAOBHAX?
INpeanaraem BaM Jipe 2KCrepHMeHTaIbHHE YCTAHOBKH, C MO-
MOIIbIO KOTOPbIX BOJAHHIE MOJEIH
cMepya HETPYAHO NOJYYMThL JAaxke B
NOMALIHHX YCJOBHAX.

1. K Bany MHKpPO3JEKTpoIBHIa-
reas tuna J1I1-12a (on ucnoawpsvercsa
BO MHOTHX JAETCKHX HIPYIUKax) npH-
nasifite JHCK H3 JATYHH HJIM JKECTH
nramerpoM 40 MM H  TOJIUIHHOH
0,6—1 mm. JlHcK HYKHO YKpenmuThb
CTPOro NepHeHAHKYJSIPHO BAJY, YTO-
OBl [IPH €ro BpallleHHH He BO3HHKa-
au 6uennn. Jlnsg repmerusanuu ABH-
rarejis nNOMUMNHUKH, B KOTOPHIX
BpalllaeTcsi BaJI, CMaXkbTe CONHAOJIOM
HJIH TYCTHIM Ba3eJHHOM, a KOHTaK-
TH ZIBHraTe/isl, K KOTOPBIM MpHNasHbl
NPOBOAHYKH, NOKpPoiiTe cjioeM Iuia-
CTHJIHHA.

Ha neo crakama (umm creksismHOM GaHKH) [HAMETPOM
9cm u BBICOTOM 18 cM npusiennre NJIacTHANHOBYIO JEMelKy
TOJIMUHHOH OKOJIO 5 MM, Ha Hell YKpelHTe MHKPO3JEKTPO-
ABHTaTeNIb TaK, YToOBl €ro Baji CHH3y He Kacajicsl IJacTH-
JIHHa. HPOBOIIHHKH, HAYILUHEe OT ABHrare/if, 3aKpenure Ha
CTeHKke crakaHa nunko#l JeHTOH wnM nuactuiaHHoMm. Ha

Puc. 23.
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puc. 23 nokasaHa yCTaHOBKa, FOTGBas K MPOBENEHHIO 3Kc-
NEPHMEHTOB.

Hauneiite B crakal Bofy, a NoBepx Hee — CJIOH MOACOJ-
HeyHoro macja ToJinuHoH 1—2 cM. [NopcoepuuuTe BLIBOIL
MHKPO3JIEKTPOABHIaTenss K Oatapeiike JIJs KapMaHHOTQ
¢oHapsa — AHMCK HayHeT BpaIlarhCd, MPH 3TOM KHAKOCTH
B cTaKaHe Toxe TNpPHAeT BO BpailaTejbHoe aBHXReHne. Ye-
pe3 HEKOTOpoe BpeMsi IpaHHIA pasfena MexAy BoAOH u
MacioM HayHeT npornGarbCs BHHU3, MOSBHTCH 3alOJHEH-
Hasi MacjoM BOPOHKa, Kotopaa Oyjier pactH 10 Tex nop,
NOKa He KOCHeTcsi AHcKa. B 3TOT MOMEHT AucK pa3obber
MacJio Ha KanjiH, H XHAKOCTh B cTakaHe momytHeer. [locae

Puc. 24, a. Puc. 24, 6.

BBIKJIIOUEHHs] JBHTaTesisl Kaniu Macja BCIJIBIBYT BBEpX,
BHOBb 00pa3ys CIJIOLUHOH cJIOH Ha IOBEPXHOCTH BONHL.
OnpBIT MOXKHO NOBTOPHTH CHOBA.

Ha puc. 24, a, 6 npusenensl gororpaduu, Ha KOTOPBIX
NoKasaH npouecc oO6pa3oBaHHs BO3LYNIHOH  BOPOHKH
B HECKOJIbKO HHOM 3KCTMIepPHMEHTE, KOrfa B CTakaH Gbija Ha-
JIHTa TOJBKO OXHA BOJA.

2. Eme GoJsee noxoxee Ha HACTOHLMH CMepd sIBJIEHHE
MOXKHO Halmoparh-BO BpPeMs TaKOro ONbITa.

K Bajy MHKPO3JEKTPOABHTaTessi NpHNasiite MemHYH
MPOBOIOKY JJHHOH OKOJIO 25¢M H IHaMeTpoM 2 MM (MOXKHO
HCMOJIB30BaTh BA3aJbHYIO crHny). K KoOHIY TpOBOJIOKH,
NepleHHKYJAPHO K HeH, IpUNasiiTe MNpAMOYIOAbHYIO
IVIAaCTHHKY H3 JaTYHH HJIH XecTH pasmepom 0,5 10 x 25 mm
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(puc. 25, a). Bkawounp ApHraress, npopepoTe Kak pabotaer
H3rOTOBJIEHHAs BaMH BEPTYIIKAa. EcaH BO3HHKHET HEO(0-
XOIMMOCTh, BHINPapbTe YAJIHHEHHB Bal (IPOBOJIOKY) Tak,
yTo6bl NPH BpAallleHHH OHeHHs! OblJIK MHHHMAaJbHBIMH.

OnycThTe BEPTYLUIKY BEPTHKAJbHO BHH3 B GaHKY C Bo-
noit muamerpom 15—20 cm ¥ Bbicotoil 25—30 cM M BKJo-
yute nHranHe. Bbl yBHAHTE MocTeneHHoe o0O6pa30oBaHHe
BOPOHKH Ha IOBEPXHOCTH BOJbI H POCT CMepya Mo Harpap-
JeHHIO K Bpauaiieiics niaacrunke (puc. 25, 6—e). Koraa
CMEpY CBOMM HHXXHHM KOHIIOM KOCHeTcsl BEPTYLIKH, 00pa-
3yeTcA MHOMKECTBO BO3AYHIHBIX NY3bIPbKOB, 00603Hayalo-
HIHX BHXPh BOKPYI BEpTYIIKH.

Ecan gnepxath IpHraresb pykoil, cmepu OyapeT BecTu
cebs coBceM Kak kHBOH. MoXxuo yacamu HaGJoAaTh 3a
«XHIIHBIMHY JIBHXKEHHAMH €ro KOHIA.

Ipononure sKcrnepument..[lonoxuTe Ha MOBEPXHOCTDL
BOfibl JIPEBAHHBIH KYGHK — OH Oyler BTHHYT CMepHeM.
TonpoGyiite nogo6parh CKOPOCTL BPAIlleHHH BEPTYUIKH TaK,
yrofbl KYOHK, Bpailiasicb B BOPOHKE, IJIHTENLHOE BPEMd oC-
TapaJicl Ha OfHOH H TO# ke rjyOHHe noj NOBEPXHOCTHIO BO-
ael. Cvepy Gyzer BTSrHBaTth H Teja, MNJOTHOCTH KOTOPHIX
6oJib1lIe NIIOTHOCTH BOAB (B OTJIHYHE OT IEPEBSHHOTO KYOHKa)
H KOTOpHE 0 00pasoBaHHs cmepya JiexanH Ha jaHe GaHkh.

Pacnononte ABHrartesnb Tak, yToObl €ro Bajl ¢ BepTyiu-
Kol Haxomujacs Ha ocH OaHku. Bopl oGHapyikHTe BOPOHKY,
CNOM3aLYI0 BHH3 N0 Basly, a HOJA BePTYIUKOH — Nponos-
JEHHe 3TOH BOPOHKH, 0003HaueHHOe BO3AYIIHLIMH NY3biPb-
kamu (pHc. 25, 0). Ilomectns Ha aHO GaHkM XOPOWIO NIPO-
MBITEIl peuHOil MNecok, Bbl CMOMKeTe Habmoiath CTPYKTYpY
cMepua IM0f BepTYLIKOH.

[pennaraempie ONbITH NOKa3bIBAIOT, YTO NPHYMHOH O0-
pa3opaHHA cMepua BCErja SBAAETCA BHXPb B KHIAKOCTI
HJIH ra3se.

BYMEPAHT *)
d Tecc

[pencraebre ceGe, uto OpOLIEHHBIH Bamy
KYCOK JiepeBa JIETHT 10 KPYLOBOH TPaEKTOPHH, NOTOM BO3-
BpalllaeTcl H CNOKOHHO JIOXHTCA y Bammx Hor. A6eypy!
Onnako HMEHHO Tak Befier ceGsi GymepaHr, KoHewHo, ecil
Bbl €ro NpaBHJLHO H3roTOBHTE H OpOCHTE KaK HaNo.

*) CoKpauleHHbiil BAPHAHT CTaThH, ONYGIHKOBAHHOH B HOSGPBCKOM
HoMepe xypHaia «Scientific American» 3a 1968 r.
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BnepBoie Gymepanr Obl1 CliesiaH TY3EMHBIMH KHTEJIAMH
Ascrpanun. Hnraresb, BeposiTHO, HEMHOrO pasoyapyercs,
y3uap, 4TO OOJBILHHCTBO aBCTPANHICKHX OymepaHros He
Bo3Bpailaercsi. bymepanry MoxHO rpy6o pa3nesinis Ha ABa
THMA: BOeHHble H Bo3Bpailamiiiecs. Bymepanri nepsoro
THNA HCHOJb3YIOTCS KaK OpYy2KHe, ANfA BOHHBI HJHN OXOTHI.
XopouHii BoeHHBIH GymMepaHr JETHT OYeHb AaJieKo, HO He
Bo3ppainaerca. Bosppamaiomuecs e GyMepanru HCrosb-
3yIOTCS MOYTH HCKJIOYHTENLHO AJISl HTPH.

Ha canmom nene pasoGpatbesi Bo BeeX CYILECTBYIOHIHX
THIaX 6yMepaHroB He Tak NPocTo, KaK MOXKeT NoKalatecd. B
ABCTpajiii CYHIECTBYeT MHOXKECTBO BHIOB TY3€MHOIO OpYy-
2KHs1. ¥ pasHbiX nyieMer jopma Gymepanra pasnuusa (puc. 26).

Ilo pmeliHeMy BHAY HeJETKO 3aKJIOYHTH, BO3Bpalllaefcs
JIH JavHbif 6ymepaHr. Kak npaBuiio, BO3Bpalaonnics 6y-
MepaHT MeHee MacCHBeH, B YIoJ MeXAY €ro reyamu Gonee
octpuifi. O6bMHO OH OptBaeT AAHHOM oT 25 10 75 cantHMer-
poB, HIMDHHOH OT Tpex A0 NHTH CaHTHMETPOB H TOJIIHHOI
OT [OJIOBHHBI JI0 [IOyTOpPa CAHTHMETPOB. YTOJI MEXKIY IIe-
yamH Gymepanra MoxeT meHsitbest oT 80 o 140 rpapycos.
Macca nocruraer 300 rpammos.

-XapakrepHasi GananoBrnHas Qopma GosblMHCTBA Oy-
MEPAaHroB ejipa JIH BJHSET Ha €ro cnocoGHocTs BO3Bpa-
marscst. Bymepanru B opme 6yxks X, V, T, H, Y (Bugumo,
BO3MOIKHBI H APYrHe (OPMBI) MOKHO CHeJIaTh TaK, YTO OHH
GyAyT BO3Bpauarscs. BamkHo, 4TOGB Mjeuy OymepaHra
Oblin € OAHOK CTOPOMBI GOJiee BHITYK/IBIMH, ueM ¢ Ipy-
roif (puc. 27). O6a nseua GymepaHra HOMKHBL JIEHATH
GoJiee UM MEHee B ORHOM TJIOCKOCTH. Jlyuie Beero cnenare
OyMepaHr M3 KycCKa jepeBa OKpYIJICHHOI dopmet, crenys
CTPYKType ero BojiokOH. Ho MoxHO HCnosib3oBats B Ipyroi
Mar€puai, Hanpumep, ¢amepy, njaacTMaccy MJHM KapToH.

Kak Gpocars Bosppamaommiics 6ymepanr? OBbIYHO ero
GepyT nmpaBoii PyKoli 3a OfHH U3 KOHIOB H Jiep:kKat BepTH-
Ra/lbhO, MyTh NOBEPHYB BJIEEO BBUIYKJYIO cTOpoHy. Ilpn
3T0M 00a kouua Gymepanra HanpaBneHb! JHOO Briepes (Tak
Gpocaior aBctpanufinl), nuGo Hasaz. Bui momere BHIOpATH
M0G0H  crnoco6. 3atem, pasMaxHyBUIHCh MpaBoH pyKoii,
Gpocaor Gymepanr BIEpen B ropu30HTa LHOM HanpaBJieHHH
:I‘}’Il(‘)lc‘:()(’;l; fBgsﬁé I;J:l? ycnexaﬁneoéxo,unmo, BO-€PBHIX, 4TOGH
S rg y a npu Gpocke Obia NOYTH BepPTHKAJb-

4KJIOHEHA BNPaBO, HO TOJILKO HE FOPH30H-
E;ZE{%EMBHOSI&?UX’ OymMepanr Hy:KHO 3aCTaBHTE ObicTpo
; O MOXKHO JOOHTBLCH, €CJIH B MOMEHT Opocka
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pesko 3ajlepxkaThb JBHKEHNE TpaBOi DYKu BIepes. Tlo
yHepuMH OyMepaHl Cpasy e HauHeT BpalaThCsi BOKPYT
TOYKl, 32 KOTODYIO €ro pepraj Meratelb, H, CJIefoBa-
TeJIbHO, NPHOOPETET OIHOBPEMEHHO MOCTYNATENbHYI0 H
BpalaTeJbHyI0 CKOPOCTH.

CHuayaJsia Kaxercs, 9r0 OyMepaHr yJieTaer, HO BCKOpe
ero TpaeKTOPHsl OTKJIOHSAETCs BJIEBO, d 9aCTO U BBEPX. 3atem
OH feJiaeT IHPOKYIO, 6oJiee WM MEHee OKPYIJIYIO NMeTJio H
najaer rje-to y Hor 6pocaBiuero, HHOT/Ja, BIIpOYeM, OMHCHI-
Basi Mlepejl 3THM ellle ofiny HeGoJbiuylo netmo. Bropas netnis
GbiBaeT HCKPHBJIEHa B JIPYTyIO CTOPOHY, TaK 4TO BCS Tpa-
eKTOpHsl B 3TOM CJIyyae umeer QopMy Bocemepku (puc. 28).

Puc. 28.

Bemikosenunoe spemuiie, xorma GyMepaHr, OIHCAB MNEeTJIO
H T€psisi CKOpOCTh, MAPHT H NOTOM MEIJIEHHO CITycKaercs,

Kaxnmbiit Gymepanr xapakrepusyercsi JIerkocTbio Mera-
HHsl, BUJIOM TPa€KTOPHH U CIIOCOGHOCTBIO K Mapenuio. Kpome
TOrQ, JoGoit GymMepaHT MOMKeT OMHCHLIBATH PasHbIE OpOUTHL
B 3aBHCHMOCTH OT criocoGa Gpocanusi. TounocTs Bo3Bpalie-
HUSl BO MHOTOM 3aBHCHT OT MacrepcTBa MetaTedsi. JlaJib-
HOCTb nosieta Moxer Gbith 40 MeTpOB, a MOXeT GbiTh M BJBOE
MEHBLIE, BbicoTa mosieta — okos10 15 MerpoB, XOTsI MOMer
Ohithb 1 1,5 merpa. CoBpemennbie aBctpanuiickue GymepaHry
fIPOIeTAIOT paccrosinne Gosiee 100 merpos, MpH 3TOM OHH
HEMIoXo BosBpamarorcss. K comasienmo, cam s He cmor
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chenath Oymepasr, Jjetanomuit fajiee, uem Ha 950 Mer.
POB.

Ho cux nop MBI MOJYANMBO NPEANIOSArasu, YTO MeETa.
TeJb He JeBlia ¥ GyMepaHr y Hero Toxe «ipasblii». Eciy
CMOTpeTb Ha OObIYHBIH «npaBblii» OymMepaHr Bo Bpems No-
JieTa ¢ BBITYKJIOH CTOPOHBI, OH OyJleT BpamaThCsl NPOTHR
yacoBoii cTpesiku. [lo3TOMy MOXKHO TOBOPHTH O BEAYIEM K
BEJIOMOM KpasiX KaXporo mjeua OyMepanra. ¥ GyMepaHra
Ty3emleB 06a Kpas Ka)IOro H3 nJjed Gosee AW MEHee
octprie. Ho y coBpemennoro GymepaHra eayuiu#i Xpaii
njeua TYNoOH, Kak BefylHi Kpal Kpewia camosiera. Huorna
nedH OymepaHra HeMHOro H3rubaroT, TaK YTO KOHIBI €ro
BellylluX KpaeB cJierKa NPHINOJAHHMAIOTCS.

OGbacHUTb fBJAEHHA, NpPOHCXORsUIHe ¢ GymepaHrom,
MOXHO TOJIBKO paccMaTpHBas ero B3aUMOAEHCTBHE C BO3.y-
xoM. Benp B BakyyMe OH HE MOXKeT OHMCATh HHYEro, KPoMe
napabosbl. OnHako 5ta 3allaya OueHp CJOXKHA, NO3TOMY
nonpobyeM B3IANYTb Ha npo6iemy IpoLie.

Ecan 6pocutnh GymMepanr roOpH3OHTaNbHO, 3aCTABMB Bpa-
HaThCsl B BEPTHKAJBEON IJIOCKOCTH, TO KaXKIOE€ €ro mJjedo

Oyner paccekatb Bo3nyX. H3-3a He-

F OOBLIYHOTO NpoduAs med BO3HHKaer
cuna F, ¢ Kotopo#l BO3ayX AaBui
Ha nJjiedd 6ymepaHra B HanpaBJeHHH
77 oT Bosiee MJIOCKo# K GoJiee BEINYKAO1
"”M vactu (puc. 29). dra cuaa no?laoﬁﬂa
v NONBEMHOH CHJIe, REeHCTByIOLIE# Ha

Puc. 29, Kpbisio camodera. Kpome Toro, co
€TOPOHLI BO3llyXa Ha nJjedo Oyme-

panra JAeHcTByeT CHJA CONPOTHE-

Jenns Q. Tlpu Gpocke npapoii pykoii cuna @ 6yner Hanpas-
JieHa cnpaBa HajieBo. Ho opHoii 370l cuabl HepoctaTouHo
AAsT TOro, WTOOB 3aCTaBHTb OYyMepaHr MOBEPHYTH BJICBO.

Ckopoctb nuieya GymMepaHra OTHOCHTENBHO BO3AYXa He
nocrosiuba. Korpa naeyo Haxonutcsi B Bepxmeil nosioBuie
ONMHCHIBAEMOH OKPYXKHOCTH, nocTynateJbHasi CKOPOCTb Gy-
MepaHra ¥ CKJanblBaeTCsl CO CKOPOCTBIO BpAllEHHMd f, a
KOrla B HHXKHEH, TO CKOPOCTH HanpaBJieHbl NPOTHBOMNO-
JIOXKHO, TAK 4TO Pe3YyAbTHPYIOWAS CKOPOCTh YMEHbLIAeTCH
HJIH [ia)€ COBCEM Hcye3aeT B HEKOTOpo# Touke (pmc. 30).
Takum o6pa3om, GymepaHr HCIBITHIBAET NEHCTBHE HE TOJBKO
CHJIbl, HamparBJCHHOH cnpaBa HajeBO, HO H MOMEHTa CII
F, u F;, noBopauynBaiomero €ro BOKPYT T'OPH3OHTAJIbLHOI
OCH H CTPEMSILIErOCH NEPeMECTHTb BEPXHIO 4acTh Gyme
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paura Baeso. Ho sroro nepemenicHis B NEHCTBNTENLHOCTH
nouyTn He HIPOHCXOIHT, T2K KakK 6yMepanr BpaliaeTcst Ha-
CTOJILKO ObICTPO, YTO BENET cebsi KaKk rHpOCKOIN.

Ho rupockon (KoTOpbIH NPENCTaBJSIET coboi (ﬁb[crpo
BpalaoLHics MaXOBHK) oé.na,naveT CJEeIYIOHIM CBONCTBOM:
HOJ AeficTBHEN CHJIbI, NbITAIOEHCst ero
NOBepHYTb, THPOCKON NOBOPAYHBACTCS
He B HaNpaBJeHNH JefCTBHA STOH CHJIbL,
a BOKPYI OCH, NepneHIHKYJISIPHOH Kak
oci Bpauwendsi, TaK W OCH, BIOJb KO-
TOpOit HanpaBi€H HoBOpaYHBaroNHN
ero vomeHT. B Hammem ciaydae Oyme-
paHr HauneT NOBOPaYHBATHCS BJIEBO.
D10 NBHAKEHHE HA3bIBAETCS! NPELECCHEH.

Htak, OymepaHr moBOpaYHBaeTCs
BJIEBO, ‘'TAK YTO MJIOCKOCTb €ro nocre-
NeHHO cocTaBissia Obl Bee  GOJBbLUHI
yros ¢ HanpaBieHHeM JBHIKEHHS, eciH
6bi He ObICTPO YBEIHYMBAIOLLMECS [H-
POCKONHYECKHE CHJIbI, KOTOPbie BHOBb
HanpaBJIsiOT NOJIET NAPasIeNbHO [JIO0- Puc. 30.
ckocTH Oymepanra. B pesynbtate Tpa-
€KTOpHS HMCKPHBJHCTCSH BJIEBO, H YTOJ MEXJY IJIOCKOCTHIO
OymepaHTa W HanpapJeHHEM ero [BHXKEHHS NoJAepHii-
Baercsl oyeHb HeOGOJIbLINM.

Yacro naockocTb OyMepaHra, [MOYTH BepTHKAaJIbHAS
B HayaJie MoJieTa, B KOHEe KOHLOB CTaHOBHTCSI MOYTH TOPH-
30HTANIbHOH, GymepaHr kak Obl «wioxutcsi». [lasalite pas-
OepeM 3TOT Bonpoc mnoapoGHee.

Kaxnoe nJieso Gymepanra GyzeM paccMaTpHBath KakK
KpBLIO camosieta. Takoe Kpblio JABH2KETCS Briepejl H B TO e
BpeMdA Bpauiaercs BOKpPYTr LUeHTpa Ts»ecTh OymMepaHra.
Bysem: cuntath, 4T0 sBHKEHHE, NMEPIEHAUKYJISIPHOE IJIOC-
KOcTH OGymepanra, otcyTcTByer. Y KpectooGpasHoro Gyme-
paHra HeHTp THAMKECTH JICXKHT Ha MepecedeHHH Jionacrteli, HO
Y OObiuHOrO Gymepanra 310 He Tak. Tam OIHO IJIeYo Haxo-
ANTCH Mepej 1eHTpPoM Macc, @ Apyroe — nosaau. Mol naso-
BEM  SKCIIEHTDHCHTETOM IJIeya paccTOfIHHE OT Hero Xo
LE€HTpa Macc. Kakayio TOYKY Kpblia OMBIBAET BO3NYLUHbIi
TIOTOK, MEHSIOLHIICS HeNpephiBHO M0 BEJMYHHE H HaIpas-
JIEHHIO OTHOCHTEJILHO 3TOH 4YacTH Kpblia. boiBaer 1ak, uto
BO3NYIIHBI NOTOK HANpapJeH HaBCTPeYy HeCymeMy Kpaio
Kpbijia. 310 J1erko MOHsATH, €CcJU [pPeJCTABUTL MEIJIEHHO
Bpamaiomuiicsi Gymepanr, mecymiuficss ¢ GOJIBLIONR [10CTY-

V=v+u
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flaTeJIbHOH CKOPOCTHIO, M B3IVIAHYTH Ha €ro Iie4o, Hanpap-
JenHoe BHH3. YTO ke 3a cHJBl JEHCTBYIOT B 3TOM CJyyae
Ha Jionactb GymepaHra?

Hapafite cHauasa paccMOTpPHM CJyuail MONPOIUE: Jio-
nacTh JIBHIKETCS NO MPSAMOH C MOCTOSAHHOM CKOpPOCThIO V
OTHOCHTEeJIbHO BO3JlyXa (puc. 31). Pasnoxum aspomuHamu-
YECKYIO CHJIY Ha JIBE COCTABJAIIIHE — NONBEMHYIO cHAy F
(nepnenpiuxkynsaphyio V) u cuny conporusienus Q (nanpas-

Puc. 32.

siennyio nporus V). OGe oHU, KaK OKa3bIBAETCs!, NPONOPLHO-
HasibHbl V2. EciM KpbLio He nepneHpuKyJsipHO HampasJie-
HHIO CKOpoctH, 10 y V nosiBasiercs cocrasiisiollast, napaJi-
JIeIbHAaA KPBWTY, KOTOpasi HHKAK He BJHSET Ha JBHXKEHHe.
IlosTomy MOXKHO 3aMeHHTb CKOpocTb V ee cocraBisiioLiei,
NEPNEHIMKYNAPHOH KpblIy, WK 3)dEKTHBHOH CKOPOCTHIO
V.,pe- B 31OM criyuae cuibl npornopuxoHanbHbL (Vogq)?.

Kaxnas Touka nneya GymepaHra npHHUMAET YyacTue
B MOCTYNateJabHOM JBHXkeHHH. CKOPOCTb € OTHOCHTEJIHHO
BO37yXa MEHseTCs OT TOYKH K TOYKe, TaK Kak Gymepaur
Bpamjaercsl. I'lpu ckopocTu BpalieHusi @ W PACCTOSHHH OT
‘ocM BpaleHus r (och NPOXOAMT 4Yepe3 UEHTp Mace Gyme-
panra) CKOpocTh TOUKH u=or. s Kaxmol ToukM mnJeya
MOXXHO, CJIOXKHB ¥ H ¥, HAlTH Pe3yJIbTHPYIOLLYIO CKopocTb V.
Ee cocrasnsiiomas, neprneHauKyJsisipHasi mieudy Gymepanra,
ectb V44 (puc. 32). Koneuno, Besmuuna V,gq List Kaxaoi
TOYKH mJieya OyneT HenpepbiBHO MEHATbCS BO BpeMsi Bpa-
wenusi. OueBnjiHO, 4TO BKJAN KaXKHOH TOYKH Ieya Gyme-
paHra B TOABEMHYIO CHJIY M CHJIY CONPOTHBJICHHS] B Kai-
Iblii MOMEHT BpaieHus nponopuHonaien (V,gq) 2.
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Ha Kaykloe M3 mJed Oymepanra JieHcTByeT cpefs
q cuna F (cwmwl Fi n Fs na xaxioe mnieqo
COOTBETCTBEHHO), CPeHU MOMEHT sroit criel My ornocu-
TebHO TOPH3OHTAJIbHOM OCH, NMApajeiblol ckopoctH Gy-
Mepanra, KOTOpbIH 3aCTaBJACT 6GyMepanr OTKJIORSATBECS
peBO, W MOMEHT Mj; — OTHOCHTEJbHO OCH, NepreHAHKY-
nsipHoit ckopoctli V, KOTOpbili sacTasJsier Oymepanr «io=
wuTbcs» (puc. 33). Kpome sroro, Ha Gymepanr peiicTByem

Uraxk,
HAS1 NOLBEMHA

Puc. 34.

Cpeiusisi cuAa cornpotneienusi Q, KoTopast yMeHbllaer
NOCTYNaTENbHYI0 CKOpocTh OymepaHra, H CpeAHHH MOMEHT
310t cuibl Mg, 3amejnsioliuii CKOPOCTb BpalUEHHA .
OxaspiBaercst, Hu OfHA M3 3THX BeJNH4YHH, Kpome M,, He
3aBUCHT OT 3KCUEHTpHcHTeTa, a M, CTPOro nponopuHo-
HaJlbHa BeJIWYHHE 3KCLEHTpPHCHTETa.

Cusibl 1 MomeHThl, JieficTByIOIHE Ha OGymepaHr B LenoM,
HOJYYaloTcsl  CJIOXKEHHeM BeJIHYHH i KaXkIoro IJiega,
Braage B M; or pasubix mueu GymepaHra MOTYT YacTHYHO
HJIH TOJIHOCTBIO YHHYTOXHUTH APYT Jpyra. p

Tenepr mbl mepexosum K BaxHOMYy BOHpOCY: Kak Gyzer
IBUraThcsi Gymepanr noj BJMsiHHEM BcbX S5THX CHI U MO-
MEHTOB (M CHJIBI TSI2KeCTH, KOHEYHO)?

Kak yxe ynommmanocr panbine, cpemumii moment My
BHISBIBAET THpPOCKOMMYecKylo mnpeneccuto Gymepawra. [la-
BaWTe NOCMOTPHM Ha THPOCKON MOBHHMAaTtesibHee. Eciu ru-
POcKon Bpamaetcsi BOKpYr cBoeil OCH CO CKOPOCTBIO © H
Ha Hero feficteyer momentT M, HanpaBleHHBIH BIOJNbL OCH,
HEpNenuKyNApHOil Ock BpameH:si, T0 THPOCKOI HAYMHAET
fIpeLeccHpoBaTh, npHyeM OCh MPENECCHH NEPIeHNHKYIApHA
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KaK OcH Bpaiulenusi, Tak H ocu momenta M (puc. 34). Y.
Basi CKOpOCTEH mperieccHH oGosHauaetcs Q. Mexay o, O
M wu mowentoM MHepUMM rHpockona | CymecTByer ogery,
npoctasi cBfidb, 4 HMEHHO

M

lo

Ins 6ymepanra momeHT M mnponopumosanen oV, Tak urg
CKOPOCTb Mpeueccud € o/uKHA ObiTh NMPONOPHHOHANLHA

o VvV

dd" P
CrnenoBaTesbHO, CKOPOCTb MPELECCHH He 3aBHCHT OT CKo-
pocTu BpaleHusi 6ymepaHra .
~ Moxuno BbiBecTH eme Gonee cTpaHHOE 3aKJIO4eHHe.
Cropoctb mpeueccus nponopiiuoHanbua V/I; kosdhumuern:
NPONOPUHOHAJIbHOCTH 32BHCHT OT (opmbl Gymepanra. Cre-
JOBAaTeJIbHO, MOXHO HAmHCATh

Q=CV,

rge C — xapaktepubiii napamerp Gymepanra.

Tenepp nyetb ckopocts Gymepanra Basoe GoJiblie.
CrefioBaTeNIbHO, MOJIOXKEHHE €70 IJIOCKOCTH GYIeT TOXe M3-
MeMiThCsl B IBa pasa ObicTpee. JT0 MOKasbiBaeT, Kpome
BCErO IpOYero, 4ro OymMepaHr MOJETHT nO TOH XKe Kpii-
BO#I. ;

Taxum oGpasom, amamerp opGutel Gymepanra, rpyco
FOBOp#, He 3aBHCHT HH OT CKOPOCTH BpallieHHsi GymepamHra,
_HH OT ero mocTynaTeJbHOH CKOPOCTH. ITO 03Hayaer, uto
‘IaHHa nytH OGymepaHra — pesMuMHa 06oJiee WJIH MeHece
nocrosinHasi. Ilapamerpel op6uter Gymepanra mnpomnopio-
HaNbHbl €r0 MOMEHTY HHEDIHH; OHH CTAHOBATCH MEHbLIe,
ec npodusb nyeda Gymepanra BhI3biBaeT GOJNbILIYIO MOL-
emuyio cuny. Ilostomy, ecnm Bbl Xoture, 4To6H Gymeparr
omucaln mManyio OpeHTy (HampuMep, B KOMHATE), OH JOJKeH
ObiTh clienaH U3 Jierkoro marepuana. s oueHbp GOMBLIMX
' OpOHT HyXeH Tskesblii Gymepanr c npogusieM, AaromiuM
Manyio NOALEMHYIO CHIY (H, KOHEYHO, ¢ HAMMEHBLIHM BO3-
MOAHBIM CONPOTHBJIEHHEM).

B npunmume y Hac ecth Bce HeoGxopumoe, yToGHI CO-
CTaBuTb ypaBHEHHE [IBHIKEHHSI MJIeaJbHOro GymepaHra.
T4 ypaBHEHHS MOTYT GBHITH PEIUeHb YHCIEHHO HA BLIYHCJIH-
TeJILHOM MallMHe, H Mbi NOJYYUM KOOPAMHATH, CKOPOCTb
H oOpHeHTauuio OymMepaHra B KaXKIblii MOMEHT.
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Kak Tenepb CPaBHHTb BHIYHCJICHHDIE nyTH € AEHCTBuM-
sesbHOil TpaexTopued Gymepanra? Jlisi OGBEKTHBHOCTH
HeoGXOHMO B TE€UEHHE BCETo noJera perucTpHpoBaTh
pecTonoJIoKenne  OymepaHra. 310 MOXHO CcJlenaTb NpH
nowou Ayx (oroannaparob. Jas ¢ukcupoBaHisa Ha-
uanbHbIX AABHBIX HEOGXOIHMMA CrelHaJIbHasl MeTaTesbHas
yammina. TTOHSTHO, YTO y MeHs He Gbisio BOSMOXHOCTH Je-
jaTh TAKHE SKCNEPHMEHTHI, HO 5 YXHUTPHJICH 3apURCHPO-
parh (oTOANNapaToM OARY NMPOEKUHIO TPAGKTOPHH noJyieTa
gymepanra. Ha KoHUE [UIeHa MOETO 9KCIIEPUMEHTAJIbHOIO
Gymepanra Obl1a NMPHKPENJIEHA KpOIlleYHasl 3JIEKTpHYecKas
aMiiouKa, MHTAIOWASACH OT JBYX MaJeHbKHX MOJMyTopa-
BONLTOBBIX GaTapeeK, MOMEIEHHLIX B OTBEPCTHE, CJeJIaHHoe
B LEHTpaJbHON YacTH OymepaHra (cM. cHHMOK Ha pHC. 35).
Taknm o6pasoy, GyMepaHT B TeYeHHE MOJeTa HeC C coboii
HCTOYHHK CBeTa, JOCTaTOYHO CHJILHBIH, 4TOObI €0 MOXKHO
6biio Houbio cqotorpaduposath. Onna U3 0NyYeHHbIX Ta-
KuM OOpasoM TPAEKTOPlil NOKa3aHa Ha PHUC. 36. s cpag-
menusi Ha puc. 37 NpHBEIEHA TEOPETHYECKH BEIYMC/CHHAS
opoHTa.

Tak kKak (oroannapar OblJl PacniosioKeH Hejanexo, Ta
yacTh TPAEKTOPHH, [e OyMepaHI npoJetal coBceMm 6J1H3KO
oT 00bexTHBa, Kaxercs na ¢ortorpadun ysesawyenHoi. Ilpu
pacyeTe COOTBETCTBYIOUCH TEOPETHYECKOH OpOHTbI  Gbl
npuHAT BO BHuManue >(dekT mnepcnextusbl. urarenp
MOXKET AJsl ce0s pelllnTb, HAXOANT JIH OH YAOBJIETBOPUTEJ/Ib-
HblM COOTBETCTBIIE MEXAy TeopHeili M 3kcnepumeHToMm. Bo
BCAKOM CJIyyae, OCHOBHOH BHEIIHHH BHJL U OCOGEHHOCTH
TpaekTopuH OyimepaHra BOCIPOH3BOLATCH 3TOH TeopHel
JIOCTaTOYHO XOPOLIO.

TMAPORMHAMHYECKHA MEXAHU3M
B NAJAIINEA NPOBUPKE

F.TTokpoBCcKui

Haueiite Boipl B OOLIKHOBEHHYIO MPOOHPKY H,
IPUJiepXKuBasi ee pyKoH, KaK IMOKa3aHO HA pHC. 38, naiite
€H ynacte (¢ HeGOMBINOH BHICOTH), COXpaHsAs BEPTHKAJb-
HOE MOJIOXKEeHHe, Ha MOBEPXHOCTh CTOJA. 3Ta IMOBEPXHOCTD
HOIKHA ObiTb NOCTATOYHO TBEPJOH, YTOObl JHO NMpPOOHPKH
Hpou3geno kecTkuii yjap. B MOMeHT Takoro ynapa MEHHCK
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Puc. 35.

Puc. 36.

Puc. 37.



BOIbI B NPOGHPKE, HMEIOLLHil (BCJIEACTBHE NCHCTBHS KallHJI-
JSAPHBIX CHJI) BOTHYTYIO ¢opmy, ObICTPO BBIPABHHBACTCH, H
M3 €ro LeHTPAaJbHOH Y9acTH [0 OCH NpPOGHPKH CTPEMITENIbHO
BLIPBETCSl BBEPX TOHKasl CTPYsl BOALI. Ha puc. 38 wrpuxo-
BOH JIMHHEH IIOKa3aHa (Iu)opMa NOBEPXHOCTH  BOAHL JI0
yjiapa, a CIJIOIHOM JIHHUEH — nocje yjaapa. Baneraromasn
BBEDX CTPYS BOJbI PAcnajiaeTcsi Ha KanJiu, NpHYem feppas
M3 HHUX B3JeTaerT Ha BbICOTY,

CYIEeCTBEHHO  IMPEBOCXONsI-
Iyl BbICOTY NajeHusl MNpo-
6UpKH. OITO 3HAYHT, 4YTO
SHeprusi BOabl B MpOOHpKe
B MOMEHT YyJjapa nepepac-
npefensietcsi Takum o0pa-
30M, 94TO Hebosbluas 4acThb
BoB! BOJIH3M UEHTPaJbHOH
yacTH MEHHCKa TMOJIy4aer
6oJbIYI0O CKOPOCTh H CTpe-
MHTEJILHO  BhiGpachiBaeTcs

BBEpX.
YerpoiictBo,  mepepac-
npejessionee 3HEpTHIo,

MOXHO HA43BaTb MEXaHH3-
MoMm. OObMHO 3THM CIOBOM
HasbIBalOT COYETaHHE JeTa-
JIeH, CIeNaHHbIX U3 TBEpJOro BeliecTBa (pHYArH, Ire-
ctepHH M T. 1.). OgHako MOTyT ObiTb MEXAHH3MBI H3 KHJI-
KoCTeil H naxe wu3 rasob. [lpumepom mexaHusma Takoro
pora u sBAsiercss Bojma B NPOGHpKe.

InapofunamMuueckue MeXaHHaMbl MMEIOT 0COGoe 3Haue-
HHE TOrJla, KOr/la IeHCTBYIOT OYeHb GOJbIHe CHJIBI, KOTOPBIX
HE MOTYT BbIJepakaTbh OObIYHBIC JETald M3 TBEPAOrO Be-
mecrea. Hanpumep, npu BspoiBe 3apsza B3pbiBuatoro me-
WecTBa OOMBIIOH MOIIHOCTH MOXHO CKOHIEHTPHPOBATH
HacTb IHEPTHH 3TOro B3phIBa, cHeslaB B 3apsi/ie BHEMKY H
BJIOXHB B Hee METaJNTHYeCKYl0 BOTHYTYIO O6MMLOBKY. CHia
BSpblBa COMMeT MeTan OGNMIOBKM M CO3JACT TOHKYIO Me-
Talllngeckylo crpyio. CKopocTs 3T0fi CTpyH MOmeT (IpH
COOTBeTCTBYIOIIEH (hopme OOMHMIIOBKH) NOCTHYD JaXe BTOPOil
KOCMuYeCKOH ckopocTH.

Takum o6pasom, nabmosenne n ananus ouenn HpOCTOro
M CKPOMHOTO siByieHHsI, POHMCXOAAEro B MpoGHpKe, pac-
KPbiBaeT onHy wu3 wunrepecueiimmx npo6sieM THJpOjHHA-
MHKH CBepXBbICOKHX cKopocred,
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NOYUHTEJbHbIA ONBbIT y
C KYMVJSATHBHOH CTPYEH

B. Maitep

B npoctoM M H3SIUHOM OnbiTe Mpogeecopa
I". H. IokpoBckoro cTpyst o6pasyercs NpH yaape 0 TBEPIYio
[JOBEDXHOCTh CTOJIa BEPTHKAJIBHO nagamouieii MpoOHPKH
(c BBICOTHI HECKOJIbKHX CRHTHUMETPOB), YaCTHYHO 32NOJIHEH-
Hoil Bomo#t. llockosbky Boma CMadMBaeT CTEKJO, IMOBEpPX-
HOCTb BOJIbI B NMpoGHpKe 06pasyeT BOTHYTHIH MeHnck. [lpu
yaape O cTos Mpobupka U HaxojswascAa B He#l BOJA pe3ko
TOPMO3ATCS, BO3HHKAIOT OYeHb OOJIbLIHE VCKODEHHS, MHI-
KOCTb CTAHOBUTCS KaK Obl OYeHb TSXKEJIOH H ee NOBepXHOCT:
BbipaBHuBaeTc. Kpas onyckaimorcss BHH3, a4 H3 HEHTPaNL
HO#M YacTH He6OJbIIOe KOJHHYECTBO BOIbl BhIOpachiBaeTCs
B BO3AYX B BHJE Y3KOTO KpPaTKOBPEMEHHOTO (OHTaH-
YHKa. i

Mubr npepsiaraemM BaM nocTaBHTb aHaJIOTHUHBIN 3KCIEpH-
MeHT, ObITb MOXET, eule OoJiee MopasHTesbHbLIH, YeM Onblt
¢ yHapsiouieiicss npobUpKoii.

AKKypaTHO OTpeKbTe THO POGHPKHU, TaK YTOOb MOyl -
Jlach CTeKJIsTHHAs TpyOKa guameTpom l5MM u JUIMHON OKOJIG
100 mm. BepxHnuii xoHew TPYOKH (C OTOTHYTHIMH Kpasmu)
3aTAAHHTE TOHKOH PEe3HHOBOH NJIEHKOH OT [ETCKOTO HagyE-
Horo wapuka. Hasefite B TpyOky BoABbI U, 3aKaB €€ OTKpbI-
ThIl KOHel, najbleM, onycTute TPYOKY 3THM KOHIIOM BHIf3
B CTaKkaH c BOfoH. YOpap maJen, noJHUMHTE TPYGKY 10
NOBEPXHOCTH BOMbI B CTAKAHE TAK, YTOOL! B Hee BOLIEJ BO3-
AyX H B TpyOke ocrtajicfi CJIOH BOJbI TOMIUUHOH NPHMEPHO
I cm. TIloBepxHOocTh BOMEI B TPYOKE MOJIXKHA HAXOAUTHCS
Ha OXHOM YPOBHE C MOBEPXHOCTHIO BOJBI B CTAKAHE.

Pacrionoxute Tpy6Ky BepTHKaJBHO M 3aKpENnuTe ee
B wratupe. Tenepp crerka yaappTe maJjiblieM 10 PesHHOBOI!
IJIEHKE: HEMEJJIEHHO BHYTPH TPYOKH BO3HHKHET KyMy.Jisi-
THBHAA CTPys, NMOJAHHUMAIOWANACH N0 caMOi mnJjeHKu!

Ha puc. 39 u 40 npusenensi pucyHku ¢ dororpaduii
ONBITa, MOJYYEHHbLIX B Pa3Hbie MOMEHTEI BPeMEH JuIs pas-
HbIX YIapoB, MO3TOMY Ha HHMX 3aUKCHPOBAHBI Pa3/IHUHLE
¢asbl 06pa3oBaHUA U PaspylUeHHsl PasHbIX KyMYJISATHBHbIX
CTPYH; HA NePBLIX BYX PHCYHKaXx Bbl BUIWTE COGCTBEHHO
CTPYIO, Ha IBYX OCTaJIbHbIX — pacnajeHne CTpyH Ha OTIeNs-
HBIE Karuiu.

ConocraBuB 3TOT OMBIT C 3KCIEPUMEHTOM, OIHMCAHHbIM
[. TL. TTokposckum, nonpoGyiite OGLACHUTD ero pesynbrar.
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araeMblit OMBIT OCOOEHHO HHTEpeceH TeM, UTO
6moaTth caM mnpoiecc obpasoBaHHsl Kymy-
B onpite ¢ najatoiel npobHpKOH clenaTh

Ilpena
B HeM MOKHO Ha
JISTHBHO# CTPYH-
310 ropasuo
JeHHs, NpoHC

CJIOYKHEE: TJa3 He ycresaeT (PHKCHPOBATH ¥IB-
xonfHe B MOMEHT oOpa3oBaHHA CTPYH UDH

yiape npobupku o cros. Tem He MeHee, Mbi COBETYeM Bam
€€ pa3 BEPHYTbCsl K ONBITY C Majarouiedl npoOHpkod H
nojpobuee HccnenoBaTh NPUYHHBI 0Opa3OBAHHS CTPYH.
C s10it pensio npensiaraeM BaM HECKOJIBKO 3KCTIepHMEH-
TaJIbHBIX 3aJa4. ¥

Ynpamuenuan.

1. Buschute, pauser JH ¢opma Aua npoOupk#t Ha obpasopanre
€TpyH. Mosxer Goith, cTpy# BO3HHKAeT 32 CUET (DOKYCHPOBKH -BOTHYTHIM
AHOM nosBnstomelicss B BOAe YIAPHOH BOJHHIP

prmam"(_re K TOHKOCTEHHOH MeAHOll TPyOKe KecTsiHoe AHO JI06OR
HHTepecyiomieli Bac (opMe (HampHMep, NUIOCKOe HJIH BOrHyToe). Ormbi-
TEL TIpojiefankbie C MOMYYHBLIHMKCS POOGHpPKAaMH, MOKaxyT, YTo ¢opMa
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IH2 Ha oOpasoBaHHe CTPYH He BAHsieT. Takum obpazowm, Q)oxycnposxoﬁ
YABPHOH BOJMHB OOGBACHHTL PEe3yALTAT ONBITA HEAb3S.

2. O6s3aTesIbHO JH KHUAKOCTD JOMIMKHA CMauHBaTh CTEHKH NPOOHpKn)

IomecTHTe BHYTPL CTEKASIHHOG NPOGHPKH  HeGoJIbLIOH KyCouey
napaduia H PacIdBbTE €r0 Ha IJAMERH CYXOTO IOPIOYEro. Bpauyay
YAaJennylo U3 MaaMent nNpoGHPKy, NOKPOITe ee H3HYTPH TOHKHM CJloey
napauna B npoepute onkit I'. M. Mokpoeckoro. B stom cayyae Kywy,
JIITHBHAsL CTPYys He OOpasyercs. CrepoBaTesibHO, CMaYMBAEMOCTD CTe.
HOK TPOGHPKH JKHJKOCTBIO FBJISETCS CYILECTBEHHBIM YCJIOBHEM ONbita,

3. Kakre eule ONbiThl MOMHO NPOBECTH, YTOGK! NOMYYHTh KYMYJs.
THBHYIO CTPYIO B HENOABHIKHOH OTHOCHTENbHO HaGiropaTeis npobHpked

ABA ©®USHYECKUX $OKYCA
B.Maitep, EEMavMaesna

Bel Gepere crekasiHHyio TPYGKY co"r'"mﬂyrbm,
K4K y IHNETKM, KOHLOM H NOKA3biBaeTe €e CEOMM 3PHTEJsin,
Ipyroit pyxoli Gepere 3a BePXHWH Kpali CTakad ¢ BoOJoil,
Harpetoil o temneparypnl 80—90°C, H TOMXe NOKA3biBacTe
ero. Omyckaere TPYOKY OTTSHYTHIM KOHLOM B CTAKaH 1
JKJeTe, NOK4 B HEE He BOHAET BOJA. 3aTeM Bbl 3aKpbIBaere
nanbueM BepxHee oTBepcTHe TPYOKM M BbIHHMAeTe ee 113
cTakaHa (puc. 41).

Ilpu stom spurtenn obuapyxuBaor, uro Yy HIXHEro
OTBEPCTHSI TPYOKH O0Opa3yloTcst BO3AYLUHBIE MY3bIPbKL,
Oun pacTyT, OTPHIBAIOTCS OT CTEHOK H TOAHHMAIOTCS BHYTpH
TPpyOxkM BBepX. A Boma u3 TpyOKH He BhLIuBaercs!

3ateM, OTKpPHIB BepXHEe OTBEPCTHE TPYOKH, BbI BbLil-
Baete BOJy OOparTHO B CTaKaH, HECKOJLKO PAa3 MAABHO Ma-
mere neped coGoii nycrofl Tpy6KoH H BHOBb HalOupaete
BOMy W3 CTaKaHa B TPYOKY. 3aKphIB BepXHEe OTBEPCTIe
TPYOKH nanblieM, Bbl GBICTPO BLIHUMAETe €@ U3 CTAKAHA H
nepesopaunBaere (pHC. 42) — u3 TPyOGKH GbeT MOWILI
¢oHTaH Ha BhICOTY GoJiee Mmerpa.

Hourn nasepusika cekper 3tHX (OKYCOB He Oyzner pac-
KPBIT. A OH OYeHb NIPOCT: B CTAKAHE HAXOAMTCH BOJA, Harpe-
Tas o 80—90°C, torga kak Tpy6ky Hmeer. KOMHATHYIO
temneparypy okoso 20°C. C nepsbim ¢okycom norpooyiite
pa3o0parbesi caMM, a BTOPOI Mbl NOMOXKeM BaM OGbSICHYTD.

Korga B 1py6ky W3 crakasa mnonagaer ropsiuasi Boja,
BO3yX B BepXHeH 4acTH TPYOKH (B CHJY €ro IJIOXOH TerJo-
NMPOBOIHOCTH) HMEET NPAKTHYECKH KOMHATHYIO TeMIleparypy
Ilocne toro kak Bb 3akpoere nasbLieM BepxHee OTBepcTHe
TPYOKkH u TPYGKY nepeBepHere, ropsiuasi BOAA MO CTEHKAM
HauheT CTekaTe BHM3, ObicTpo HarpeBast BosayX. JlaBujeHie
BO3/lyXa B TPYyOKe BO3pacraer, M PACIUHPSIOMMICS BO3LYX
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~ puaverp okono 1 mM. B npo-

«BRIGpaCHIBAETY Hepes Y3KOE OTBepCTie TPYOKH He ycrieB-
VIO ONMYCTHTBCS BHH3 BOJAY B BHIe ¢oHTaHa,

)B \orbiTe MBWPEKOMEHIYeM HCTOJB30BATh CTEKJISIHHYIO
TpyOKy AHaMETpPOM 8—12 mm u meoit 30—40 cM, manensb.

KOoe OTBEpPCTHE KOTOpOﬁ umMmeer

MEKYTKE — MEHKIY okycamu
TpyOKy HAIO KaK Cle1yer ox- o
AaguTh (MOXKHO Jaxe NoayTb
B TpyOKYy), TaK Kak BbicoTa
(OHTAHA 3aBHCHT OT Pa3HOCTH
TemmepaTyp BO3AYXa H BOJbI,
HaGpaHHOH B TpyoKy. Ontu-
MaJibHOEe KOJHYeCTBO Habupa-
eMofi B TPYOKYy BOAbI KoJeG-

=

4l Pue. 42,

JEICs 'B mpenenax or 1/4 po 1/3 ofwvema tpy6ru u
JETKO 1lofibnpaercst IKCHePHMEHTANbHO.

KATJISI HA TOPSIMEM NOBEPXHOCTH
M Tony6es, A, Karaneunko

Pacnosioxus yTior ropusostansHo, KarHire
!1{3 Hiero wemHoro Bogbl. Eciii Temmeparypa yTiora oKoJo
U'C (Hemsioro Gosbure 100°C), To HHUEro OCOBEHHOTO He
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npou3oiiner. Kanenbka pacteyercss no noBepXHOCTH YTiorg
1 ObICTPO, 32 HECKOJBKO CeKYH[, Henaputesl. Ecan me top.
nepatypa ymiora 3sHadutespHo Goabme 100°C  (300-
350°C), kapiuna siBnenuss O6yger apyroii. Kaneieka, yrap
Ha YTIOT, OTCKOYHT OT HEro, KaK MsIYHK OT nosa (HeBhiCOKo,
Ha BbicoTy 1—<5 MM), U 3atem Gyjer ABHraTbCs, HE Kacasicy
Harperoit noBepxHocTH. CraGHIbBHOCTL TAKOTO COCTOSIHIlg
3aBHCHT, Npe€xJe BCEro, OT TeMNEPATYPHI MOBEPNHOCTIH —
YeM CHJbHEE HArPeT YTIOT, TeM CNOKOitHee BeAeT - cedy
kanas. Kpome Toro, Bpemsi npeGeiBafusi Kanan Ha yHore
[0 TIOJIHOT® ee HCNapeHHsl YBeJMYHBAeTCss BO MHOTO Pag
Ipnyem CcKOpPOCTD MCHapeHHsl KAl 34BHCHT OT €€ paa.
Mepa: OGosibluMe Kamid GbICTPO YMEHBLIATCST B pasMeay
[0 3—5 MM, a MaJieHbKHE «KHBYT» JOBOJBLHO JOJTO Oe3
3aMEeTHBbIX u3MeHeHuH. B ofHOM H3 HAIUHX ONBITOB Kariig
[HaMeTpoM 3 MM mnpojfepanach 0 MOJHOTO HCIApeHIs
okon0 5 MHHYT. (300 cexyuz).

B uem INpHYHHA CTONBL CTPAHHOrO MOBEACHHS KaI.ii?
BepHemcst K Hauany onbita — Karusi BogB! NMajaeT HAa pac-
Ka/lleHHYIO NMOBEPXHOCTh. B HauanbHbIfl MOMEHT ee TeMmepa-
Typa okoso 20°C. 3atem GyKBalbHO 38 IOMM CEKYHBL HIL-
HHe cjod HarpeBatotesi o 100°C, u HauHHaeTcs CTOJb HH-
TeHCHBHOE HCNapeHie, UTO CHIA AABJEHHS o0pasyromHxcs
NapoB BOAbl CTAHOBITCH OOJBIUE CHJABI TSKECTH KAIJII.
Kannisi nognpeirnsaer, 3ateM CHOBa HajaeT Ha yTIOT. 3a
HEeCKOJIbKO MOJICKOKOB BCSl BOJA B Kalle yCIieBaeT nporpe-
TbCsl 10 Temiepatypbl Kunenus. ajnee npu Jocratouroi
TeMnepaType Harpetodl NOBEPXHOCTH Kanuast GBICTpO ycno-
KaHBAETCS H HAYRHAET ABHIATbCsl HA HEKOTOPOH BLICOTE Haj
31Ol noBepXHOCTEIO. OYeBH/IHO, B 3TOM cJiyude CHJIA jaB. e-
HHSI MTapOB BOAbl YPABHOBEIUWBAET CHJIY TSHECTH, HEHCTB) -
IOyl0 Ha Kammo. B ycraHoBuBIUeMCs pexume Kanas
JOBOJILHO CTa0MJIbHA H OKHBET» 3HAYHTENbHOE BpeMs.

OGparire BiuManye Ha dopmy Kamm. [lpu mManbix pas-
Mepax ¢opma Kanin Gnu3ka K cepuueckoil, a mpn Gonb-
X — cepa OKasbiBAETCH CHBHO CXKATOH B BePTHKA/b-
HOM HanpasJjeHHH. [lesio B ToM, YTO Kanasi Hax ropsyeli
MOBEPXHOCTBIO HAXOAHTCS Kak Obl HA TNapoBoil mogyuike,
onupaercst Ha Hee. Bo3HHKaeT cuyla peakuMH, Kotopas 1
BBI3bIBaeT JeopMauuio kanad. Yem Kanast Godibliue, TeM
5Ta JeopManHs 3aMeTHee.

B kaniax (oco6eHHo GOJBLIMX) MOTYT BO3HHKAThH KO-
Gatesibrbie NpoLECCH, HANpPHMEp, CKATHE M PACTSIKEHNE
a TaKkxe ¥ Gosee cnoxubie KoneGauusi (puc. 43 n 44). Ha
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oTorpadur, NMPUBCJEHHOH Ha pic. e R LT
PO TeMHOe MSITHO. 10 — 00pasoBaBLIUiics BHYTPH
KaruTi BOABI MY3bipek napa. B GOJBIIHX KarJjsgX MOXeT
BO3HHKHYTb HECKOJMBKO TAKHX TMY3bIPHKOB. Huorpa kanss

i

B i

Puc. 44.

NpHoBperaer GopMy KosbL@ ¢ ORHUM GONBILHM MY3bIPBKOM
liapa mocepenute. Ilpn TakoM pexkHMe HCnapeuue NPOHCXO-
AUT TaK MHTEHCHBHO, YTO KAl Ha IJa3ax YMeHbIIIAeTC S
B CBOHX pasmepax.

Ha puc. 44 nokasau OJlHH U3 HaHboJiee HHTEPeCHBLIX BH-
FOB  KoneGauui — (TpPeyroJbHasi KarJisy.

SAKJIOYEHe HECKOJIbKO COBETOB TeM, KIO 3aXOueT

C4M 1poBecTH omuCAHHBIE OMBITHL.
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1. J)KenarenbHo B3STH YTIOT, pabouyasi nOBEPXHOCTY
KOTOpOro Obljla Obl Kak MOXHO poBHee, T. €. YTOObl OTCYT.
CTBOBa/NM LapanyHbl, HEPOBHOCTH W T. n. Bcrpeua Kamay
C HEPOBHOCTBIO YTIOra 3HAYMTENILHO COKpallaeT BPeMsi eg
KH3HH (noaymaiite, noqemy?)

2. YTIOr HaNI0 KAK-TO 3aKpeniTh (HanpuMep, B LUTATHEE)
H MPHBECTH €0 NOBEePXHOCTh B TOPH3OHTAJIBHOE HOJIOXKEHHE,
B HaluHX ONBITax HCMOJIB30BAJICS INTATUB OT Ie0e3HYeCKOro
nipabopa.

3. He crmenyer s3abhiBath H O TexHHKe 0e30nacHOCTH,
fpexae BCero, O HaJeXKHOCTH M3OJSIHH NPOBOJA YTiora
H O MpeloXpaHeHWd oT NonajaHus KUnsimeH Bojbl HA PYKI,

MNOBEPXHOCTHOE HATSI)KEHHE
YEPTHT THIEPBOJIY

H. Bopobbes

OmuH H3 MeToNOB u3MepeHHS KO3QQUIlHenTa
HOBEPXHOCTHOTO HATSKEHHS MAKOCTH OCHOBAaH HA MOIHS-
THY CTOJNOHKA CMayMBaleli KHAKOCTH B Kamujmsipe,
OnHako He Bcerga MOA PYKOH HMEIOTCA KalMJWISIPHLIe
TPYOOUKH W MHKPOCKON JIJisi ONpeNeNeHHs UX BHyTpeHHero
Juamerpa. c

OkasbiBaeTcsi, KamUJJIspbl BIOJHE MOMXHO 3aMEHHTE
JBYMSl CTEKJSIHHBIMH nniactiaKamy. OnyctHre NaacTHHKH
B COCYJ C BOJOH H NOCTENEHHO cOMIMKaiTe HX NapaiienbHo
Ipyr npyry. Boza nonHuMaercst MeXay IJIaCTHHKAMH —
ee BTATHBAeT CHJa MOBEPXHOCTHOIO HatskenHs (puc. 45).

Jlerko paccyutarh KO3QGUIHEHT NOBEPXHOCTHOTO HATSI-
2K€HHS O 1O BBICOTE MOABEMA BOABI i U 3a30Py MEXAY IJiac-
TuHKamMn d. CuJia NOBEPXHOCTHOTO HaTsikeHusi F=20L,
rpe L — pnvHa niacTHHKH (IBoHKa MOSIBUJIAch H3-3a TOTO,
uTO BOJa CcONpHKacaelcsi ¢ o0eHMH [JTACTHHKAMH). .O1a
cuJia yIepxkuBaeT cJiofi Boibl Macckl m=pldy, rae p —
NJIOTHOCTH BOAbLI. Takum ofpasoM,

20L=pLdyg.

Orciona MOXHO HaiT™H KO3(PHLHEHT MNOBEPXHOCTHOFO Ha-
TSXKEHUA

1
0 = 5pgdy. (1)

Ho wuHTepecHee cpenaTh Tak: € OJHOTO KOHLA CXKATh
NNacTUHKY BMECTe, a € JIpPYroro ocTaBUTh HeQoJbliIOH 32-
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sop (pHC. 46). Bona nopHMMETCSI H obpaayerT Mexnay fnJjac-
THHKAMH YJHBHTEJIBHO NpaBUJILHYIO NIOBEPXHOCTD (KoHeuHO,
eCJIH CTEKJIO HHCTOe H CyX0€). ’

Herpyaso cooGpasHTh, HTO cedeHHe 3TOH MOBEPXHOCTH

pepTHKAJMBHOH MJIOCKOCTBIO — runepbona. B camom nene,

ey

Puc. 46.

nocratouo B Qopmyny (1) Bmecto d nOACTaBHTH HOBOE
BhIpaXkeHUe AJisi 3a30pa B januom mecre. V3 nomoGusi co-
OTBETCTBYIOIIHX TPEYroJbHUKOB (cM. pHc. 46) d:D%.

3nech D — 3a30p Ha KoHUe, L — mo-mpexHemy JJIHHA
IVIACTHHKM, 8 X — pacCTosiHHe OT MeCTa CONPUKOCHOBEHHsI
[IACTHHOK JO MecTa, TNe onpefessieTca 3a3op H BbICOTa

ypoBHsi. Takum o6pa3som, b
1 D2
0=508YY 7>
HH
2L 1 ’
= pgD " % ° 2)

YpaBHeHHe (2) nefiCTBHTEJILHO SBJSIETCH ypaBHEHWEM IH-
nepoobI.

JlJsi mpoBefieHust ONBITA MOXKHO B3SITh MJIACTHHKU pas-
mMepom 10X 20 cM, 3230p Ha KOHLE YCTAHOBUTH B TOJIIHHY
CHHYKH, a2 B KaYeCTBE COCYAa HCMOJb30BATh BAHHOYKY s
nposiBneHust (porobymaru. Jljisi yno6cTBa H3MepeHHil Ha
BHEIIHIOI CTOPOHY OAHOH M3 MJIACTHHOK HakJeHTe MHJIIH-
METPOBYIO Oymary. 4

_Hnest rpacuk, nauepueHHLI! BOJOH, MOXKHO IPOBEPNTD,
ACHCTBIITENIbHO Ji nosiyuuaach runepbona. st nposepku
BOCMOJIL3yfiTech TeM, YTO MJOLLANM BCEX MPAMOYrOJbHUKOB
HoJl runepoosnoit (puc. 47) OJMHAKOBEL.
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Ecan y Bac ectb TepMOMETP A5 H3MEPEHHST TEMNepPaTypy
BOJIbI, TO MOJKHO MCCIEJ0BATH 3ABHCHMOCTD TI0BEPXHOCTHOI(
natsykeHns OT Temneparypsl. MOXHO T7akxe H3Yuuip

BaHsHNe mpHMecei.

i

e '-' J\
Z

Puc. 47. Puc. 48.

B sakmouyeHHe noxymalite Hajy TaKHMs BONPOCOM: Clijia
NOBEPXHOCTHOIO HaTskeHusi F HanpasleHa NeprneHmHKy-
JISPHO JIMHHI COMPIKOCHOBEHISI BOJBI CO CTeKJOM (pHC. 48).
BeptHkanbHasi cocTaBasiiollas 3TOH CHJLL ypaBHOBeIIeH:
CHJIOH TsXKecTH cToA6MKa Boapl. UeM ke ypaBHOBelnena
€€ TOpH3OHTANbHAS COCTAaBJISIOLLAs?

ONbIThl € JOXKOH BYJIbOHA
B. Maiiep

Ha6pas n10xKy Xopomiero MsicHoro GyJiboHa,
He crieliTe OTnpasuTh ee B por. [locMoTpute BHUMATENbHC
Ha OYJbOH — HA €r0 MOBepPXHOCTH HJABAIOT KPYNHHE Ka-
neabKH Mpa. 3aMeThTé pa3uep 3THX KaneJek. Oraelite
HeMHOro OyJibOH& U3 JIOXKKH 0OpaTHO B Tapeqaky M ONsiTh
NOCMOTpHTE Ha €ro MOBePXHOCTh — KaleJIbKH XKHpa pac-
NOJ3JAHCH, ¢TaB 6oJiblile B fHAMETPE H MEHbIle Mo TOMMIHHE.
Yem oOBsIcHAETCS 3TO HHTEPECHOE SIBJCHHe?

Ilpexne Bcero napaiiTe BBISICHHM, MPH KAKHX YCJIOBHSX
KanesbKa }Hpa MOXeT HAXOJHThCS Ha NOBEPXHOCTH GyJibo-
Ha, He pactexkasich. [locMoTpuTe Ha pHe. 49 — kamas xux-
KOCTH 2 (3XMpa) JIeXXHT Ha NOBePXHOCTH XuakocTd 1 (GyJibo-
Ha). QopMa kanan HanoMHHaeT yYeueBHuy. CBepxy 'Haxo-
IOUTCS cpeja 3 — cMech BO3AYXa ¢ napaMu Kujgkoctedl [ u 2.
Tpu cpemst (I, 2 W 8) conpuKacarOTCsl MO OKPYHKHOCTH,
orpaHuvuiBaoell kanmo. BeimenuM Mafiblil sneMeHT 31Ol
OKpykHocTH (BOMI3H Toukn O Ha pHc. 49) pausoi Al
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Ha nero NeHCTBYIOT TPH CILJIbl HOBEPXHOCTHOTO HATSINEHHS.
Ha rpanie pasiena sxunkocteit I u 2 pelictByet cuna Fi.,

HanpaB/eHHAS 10 RacaTeJbHOI K TpaHiLEe pasjela H pa.-
Hag 1o Moay.no .
|F1._,|=0‘12Al,

rge O;, — NOBEPXHOCTHOE HATSKEHNE Ha TPaHHLEe Cpej
[ u 2. Ananornysbie cHIbL Fy3 1 F 3 IeficTBYIOT Ha rpasHuax
paspeaa cpen 1, 3 u 2, 3:

| Fig| =04 Al

I
| Foa| =045 AL

31ech O35 H 033 — COOTBETCTBVIOIHE MOBEPXHOCTHLIE HATSI-
JKEHHS.

OueBnHO, 4TO KanJs GyJNeT HAXOAUTbCSl B PaBHOBECHH,
€CJIH CyMMa BCEX TpPeX CHJ paBHa HYJO:

Flz‘kFla"'"an:Ov

AN — B IPOEKIMsIX Ha ocH KoopiuHaT X u Y (nocse nog-
CTAHOBKH COOTBETCTBYIOHMIMX aGCOJIOTHBIX 3HAYEHHH # COK-
paumiennst wa Al) — !

013 =03, 08 0,4 0,5 cos 6,, 1)
0y5 sin 6, =0,, sin 6,.

3ieck 6, u 0, — yrabl Mexay KacaTeJbHbIMH K NOBepX-
HOCTH Kany KHAKOCTH 2 H INOBEPXHOCTBIO AHUIKOCTH I,
HX Ha3bIBAIOT Kpaesbimu yeaomu.

M3 paeencrsa (1) BuaHO, UTO paBHOBeCHE KAIJIM BO3-
MOXHO B TOM cJydyae, €cqH IOBEpXHOCTHHIE HATAXKEHHsH
CBSI3aHbl OnpenesleHHEIM COOTHOLUEGHHEM:
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ITockosibKY MOBEpXHOCTHBIE SIBJIEHHS! B JKHAKOCTH MaJio
3aBHCAT OT MNPHCYTCTBHSI HAal MXMAKOCTHIO Tra3000pasHoil
Cpelbl, NPaKTHYECKU MOXKHO CYUTATH, UTO

0;3—01 H O033—0,.

BeJIHUHHBL O M O Ha3HBRAIOT (OBEPXHOCTHHIMU HATSIIKE-
HHSIMH XHJAKocTeH I B 2 COOTBETCTBEHHO; B HAIlleM -CJy-
Yae — 3T0 MOBEPXHOCTHBIE HATSIKeHHS OyJIbOHA U IKHpa.
Takum o6pa3om, Kamjisi kupa OyneT mJiasaTb Ha MO-
BEePXHOCTH OyJIbOHA, He pACTEeKasiCh, €C/H MOBEPXHOCTHOE
HatsikeHMe OyJibOHa MeHblle CYMMbl MOBEPXHOCTHBIX HATS-
WKEeHHH KHpa M TpaHHUbl pasjesia OyJbOH —— IKHP:

01<<0,10p5. (2)

B udactHOM cnyyae, Korjga Kamiisi ouyeHb TOHKAsi (MOYTH
WIocKast), yrabl 6, v 0, manbi (0;=6,=0) u ycsnoBue pas-
HOBECHSI KAaIlJIH HMeeT BH[:

01=0,10y,.
I'lpu
0,=>0,101,

He CYIIECTBYET 3HAYeHHH yrjioB 6, H 0,, JJs1 KOTOPBIX BbHI-
nonHANoch Ob1 paBeHctBo (1). ITO o3Hayaer, yto B 3TOM
cllyuae XHIKOCTb 2 He cobupaercsi B Kamjio Ha MeBepx-
HOCTH ¥HAKOCTH I, a pacTekaercsi Mo Heil TOHKHM CJIOEM.

Tenepr nocrapaemcsi OGBSICHHTb pe3yJbTaThl ONBITOB
¢ Jioxko# OysiboHa. Kansiv xupa niiaBaioT Ha noBepXHOCTU
OyJiboHa, 3HAYHT, BBIMOJHSETCst coorTHoilenne (2). IMoue-
MY K€ DIPU YMEHbIIEHWH KOJIYecTBA OYJIbOHA B JIOXKKe
KaIVIH Pac/IBIBAIOTCS MO €rd MOBepXHOCTH, YBEJHUYUBASICH
B pasmepax? Urto npH 3TOM H3MeHsercs?

[lpennaraem Takoe oObsicherHe. IloBepXHOCTHBIE Hartsi-
XKEHHs! Kupa O, U TPAHHUBI pa3fiena GyJbOH — JKHP Oy,
OCTaloTCs HeHameHHbiMM. OcTaercsl AONYCTHTb, YTO TNpH
BBUTHBAHHM 4aCTH OYJIbOHA H3 JIOXKKH H3MEHSIETCsl MoBepX-
HOCTHOe HaTspkeHue OyqboHa 0;. Ho Gysbon (B mepsoM
OPHOMIXEHHE) — 3T0 BoJa. Pasge MOXeT W3MeHHTbCH
NOBEPXHOCTHOE HATSIXKEHHE BOJBI, €CJH YMEHbIIHTh KOJH-
uecrBo BoAbl B cocyne? [lo-supumomy, sej. Ilpampa, Gy-
JIbOH — 3T0 HE MNPOCTO BOJA, a BOAA, MOKPHITAsl TOHKUM
Cl0eM 3KHpa. BeHBasi U3 JIOKH Gy/bOH, Mbl BbITHBaeM H
4acTh XKHPA, TaK YTO TOJIIKHA CJOS XKHPa, NMOKPHIBAIOWETO
OyJiboH, ymeHbiuaeTcsi, 310, OYEBHIHO, U NMPHUBOIHT K yBe-

|..§0



Puc. 50. Puc. 51,

Puc. 53,

Puc. 54,



JUYEHHIO TIOBEPXHOCTHOTO HATAMKEHH oynacoHa. B pesyng
TaTe KalJH JKHpa PAaCcnofsalotcst N0 NOBEPXHOCTH GyJbOHa

Ilisi NpOBEPKH TNpeaJaraeM BaM CaMOCTOATENBHO Mpo-
secTH Takoit onwit..B wuHcToe Omonue (6e3 caenos xHpa)
naGepute YHCTOH BOJONPOBONHOM BOABI. ToHKOI mHNerkoir
uaH TPYBOuKOH (MOXKHO HCNOJB30BATH YHCTHI CTEPXKEHL
OT 1UAPHKOBOM aBTOPYYKH) KarHHTE Ha MOBEPXHOCTL BOJki
yyTh-4yTh NOACOJHEYHOro macna. Bu yBuante, 4to nepsas
Kamjis [IOJHOCTbK) pACTeYeTcs IO NOBEPXHOCTH  BOJD!
Crepyioliye KanJji yxe He pacrtekyTcsi, a oOpasyloT yeuc-
BHIBI. AKKYpaTHO BBLIEHTE yacTb BOABL — KalJH paclos-
3yYTCH MO €e MOBepXHOCTH.

B sakmiodenne BepHemcsl elle pa3 K ONBITaM ¢ JIOKKOIi
6viaboHa. BuumarenpHo HabmoJasi 32 noBefeHHeM Kanesek
JKHPA, Bbl CMOJMKETE 3aMETHTb OYEHb JIIOOOTLITHBIE FBJCHI s
pa3pbiBOB H BOCCTAHOBJEHHST KaneJb. ..

Ha puc. 50—55 npepcrasiens Qotorpadun pesydbTa-
TOB OJIHOTO H3 TaKHX 3KCrepHMeHToB. B 4HCTYIO crekasiH-
HYIO YaliKy Mbl HaJHJH BOJOMNPOBOMHOH BOMBI, NOAKpa-
IUeHHOfl cHHell Tyuwiblo (He comeprkawed cnupTa). Caerka
CMOYEHHOH TMOJCOMHEYHHIM MAacjoM CTEKJASHHOH TPYyOKoIl
OCTOPOZKHO KOCHYJHCH MOBEPXHOCTH BOABI H MOJVYHJH BO-
ceMb O4YeHb MaNeHbKHX Kanedb (cM. puc. 50). 3arem pesii-
HOBOH rpyllei otoOpanH HEeMHOTO BOIbI H3-4YallKH — BCe
KanJid YBeJUYHJaHCh B pa3mepax. [locse crepyrouiel takoi
onepanMy Kamji YBeJHYHJIHCh ellle 3aMeTHee, NPH 3TOM
OHH HECKOJILKO HCKa3HWJHCH Mo (opMe (H3-3a TEeYeHHS BOJbI)
W Ha HHUX MOSIBUJINCH 3apOALILIK pa3pbiBOB (cM. puc. 51).

Bce nanpHeiilune H3MeHeHHS NMPOHCXOJHJH CAMOMPOH3-
BOJIbLHO, 0€3 TOCTOpOHHEro BMellatenbcTBa. BHagane pas-
PHIBEI B KanJjsix pocJi, 3aTeM CAHBAIHCh B ONHH GONBIUOM
pasphLlB — KanJigl npeBpainajach B KoJblo. Hakodeu, sto
KOJIBLO ‘pa3pbiBajlochb H BHOBb CTSIFHBAaAOCh B Kammio (cu
puc. 52—55).

He npaBpa nu — peficTBiTENBHO CTOMT NOHAGMOAATD 32
JIOXKKOH GyJIhOHa, MPexzae Yyem OTHpaBHTh €€ B PoT!

KAK BbBIPACTHTbL KPHCTAAN
M- Kaug

CoBpeMeHHasi NPOMBILVIEHHOCTb HE MOXET
oboiitrcy 6e3 caMbIX pasHooOpa3HbiX KpHeraanos. OHu Hc-
MOJB3YIOTCS B YacaX, TPaH3HCTOPHBIX NMPHEMHHMKAax, BBHIYIC-
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JNTeNBHBIX MAlINHaX, Jasepax 1 MHOrOM JpyIom. Beaunkas
BRI il pUpozia — YHE HE  MONKET = yIOBJMETH0-
pHTBL Cripoc pasBHBAIOIEIiCs TEXHIKIL, H BOT Ha crieluass-
HpX (PaOpHKax BEIPALLMBAIOT HCKYCCTBEHHBIE KDHCTAJIbI:
‘majieHbKkie, TNouTH He3aMeTHmIe, i 6GoJblIHe — MaccOH B
HECKOJILKO KHJIOTPaMMOB.

CyiecTBYIOT Pa3/IHyHbIe croco0bl BLIpAlHBAaHHST KPH-
crannon. Hacro 3ToT nponecc Tpebyer BHICOKHX TeMneparyp
1 OrpPOMHBIX AaBJICHHIl (nanpumep, AJIs NMOJYYEHHSA HCKYC-
CTBEHHBIX 2JMa30B), HO HEKOTOPHIE KPHCTAM/Ibl MOXKHO BH-
paumuparh Jaxe B JIOMAlHHX YCIOBHSX. Mbl pacckarkem
paM O TOM, KaK 3TO MOXKHO JeJaTrh.

[Ipome BCEro NOMa BbIPAUMBATH KPHCTAJIBL ANOMOKA-
anesuix kBacuo — KAI(SO,),- 12H,0. BewectBo 310 MOXK-
HO KYNHTb B JIIOGOM MarasiHe XMMPEaKTHBOB, H OHO abco-
JIIOTHO 6e3BPEeIHO (KBacllbl HHOIAA Aaxke N0OaBJsIOT B NHTh-
eBYIO BONY, YTOObI OUMCTHTD ee or MyTH). Ho npexne, uem
NpHCTYNUTH K paforte, JaBailTe NOCMOTPHM, YTO IPencTaB-
nsieT co0O0H NPOLECC BLIPALIMBAHHST KPHCTAJJIOB.

Ecjid B BOZIE IIPH NOCTOSIHHOH TeMnepatrype pacTBOP#Tb
Karoe-HHOYIb BEILECTBO, TO Yepe3 HEKOTOPOe BpeMA pact-
BOpPEHHE NpeKpalyaercs. Takoil pacTECp Ha3biBaercsi Ha-
CBIIEHHBIM, 2 MaKCHMaJbHOEe KOJIHYECTBO BEUIECTBA, KOTO-
po€ MOKHO pacTBOPHTH NpH JaHHOH Ttemneparype B 100 r
BOJIbi, Ha3bIBaeTCs €ro pacTBOPHUMOCTbIO. OOLIYHO C IOBLI-
LIEHHEM TeMNepaTypbl pacTBOPHMOCTb yBeJNHYuBaeTcH. Ilo-
STOMY pacTBOp, HachieHHBIl MPH OAHON TeMneparype, cra-
HOBUTCSI HEJOCHIIEHHEIM NpY GOJIee BLICOKOi TeMneparype.

Ecayi xe HachlUEHHBbI pacTBOp OXJafUTb, H3GLITOK
BEIIECTBA BhIanaeT B ocanok. Ha puc. 56 nokazana 3apucu-
MOCTh PacTBOPUMOCTH AJIOMOKAJHEBLIX KBACLOB OT TeM-
nepatypel. M3 rpagmuka Bupgno, 4TO, Hanpumep, NpH OX-
Jaxknenuu no 10°C 100 r pacreopa, KOTOpbifl GBI Hachl-
HieHHeiM npu 30°C, B ocafok AOJUKHO Bhinactb GoJdiee 10 r
Beiectpa. CrefoBatesibHo, OAWMH cnoco® BhIpaMiMBaHUs
KPHCTA/LIOB 3aKJIOYaeTcsi B TOM, YTC HAJO JATh HACHILCH-
HOMY pacTBOpPY OXJagHTLCH.

MoxHo BLIpauBaTL KpHCTAN/b H BLNAapuBaHueM. Benpb
€CJIH HachlleHHHIH pacTBOp Henapsiercst, 0OLeM ero yMeHb-
lIZeTCs, a KOMMYECTBO PAaCTBOPEHHOrO BEIECTBA OCTAeTCs
pexHuM. Muaue rosopsi, onsith €034aeTcst M3OLITOK Belle-
CIBa, KOTOphbI BHINAZAET B OCAJOK. ¥

Paccmorpum Tenepn, Kak NPOHCXORHT BhHIENEHHE H3-
ObiTka Bewectsa. L
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BoaumeM HachIlUEHHBIH pacTBop ¥ Harpeem ero. Cocyn c
TONTYYeHHbM HEJOCHILEHHEIM PACTBOPOM HAaKpOeM CTEKJIOM
H JaiuM PAcTBOPY CMOKOHHO OXJAJMTBCA JO TEeMIleparyphl
Gojiee HH3KOW, yeM Temneparypa HacwiteHus. ITpu sToM

Macea pocmsgpeanoeo seuecmen
o
<
T
I
|

e

L —
wr ar ~ &°
lesmepamype. pacriege

Puc. 56. &

[

0CaJIOK MOKET H HE BBINACTb, U MbI MOAYYHM MepechIeHHbI
pactBop. Jeno B oM, 4To A/ 00pa3oBaHHSl KpHCTana He-
o6xonumMa «3aTpaBkay. El0 MoKeT ClyXHTh MaJeHbKHil KpH-
CTAJ/IMK TOTO e BewecTBa MJi mpocto nbiinHka. HMHorna
JOCTAaTOYHO KauHYTh COCYA C MepechbllleHHBIM PacTBOPOM
UJAM CHSITH [PHKPHIBAIOLIEE €ro CTeKNo, Kak HayHHaeTcst
MrHOBeHHasi Kpucrainusauus. [lpm stom oObgHO 06pa-
3yercs MHOXKECTBO MEJKHX KpucTaainkoB. Ilas toro, yro-
6b! BHIPACTHTb KPYHHBIA KpHCTaM/, HeoOXORHMO OrpaHii-
YHUTh YHCJO «3aTpaBoK». Jlydllle Bcero BHECTH HCKYCCTBEH-
HYIO «3aTPaBKy», PoOJb KOTOPOH MOKeT HCMOJHSATL OfHH
H3 KPHCTAJIHKOB, NOJYYEHHBIX paHee.

«3aTpaBKa» TOTOBHTCSl CAERYIOLHM o6pasoM. Bosbmu-
Te ipe cTeKIsAHHbIe GaHKH H TILATEIbHO HX BbIMOHTE. B omny
U3 HHX HaJjeliTe Tenayio BOLY H HachinbTe KBaclsl. [lomernn-
Basi pacTsop, cjeniire 3a pactBopexmeM. Korsa sewecrso
nepecTaHer PAacTBOPSTbCsA, aKKYpaTHO CJieHTe pacTBOp BO
BTOpYI0 6aHKY Tak, 4To0bl TyJa He Nomnajo HepacTBOPHE-
uleecst BemlecTBO. 3ateM Hakpoite 6aHKy crekjoM. Korpa
pacTBop OXJajHTcd, CHHMHTE CTekJjo. UYepes Hekotopoe
BpeMsi Bbl YBHAHTE, KaK B GaHke oOpasyeTcsi MHOMKeCTBO
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kpuctaiukos. Jlaite UM nogpacti 0T0epHTE CaMble
KpyIHBIE JUIsT «3aTPAaBOK».

Teneph MOXHO NPHCTYNaTh K BBIPAIMBAHHIO pHCTA-
na. Tlpexze BCErO HYXKHO MPHIOTOBHTE [IOCYAY. YTto6k!
VHHYTOXHTD HEKENaTebHble 3aPOJBILH Ha CTeHKaX, Mpo-
nappTe GalKH H3HYTPH HAJL HOCHKOM KHISIIETO yaiiHHKa.
3a7eM CHEJAlTE CHOBA TeNUIblii HACBLULEHHHI pacTBOp H
caeiite €ro B JAPYryio 4icTyio GaHKY. .

Vitak, y Bac €cTb TeMUIBIl HachUUEHHbIH pacTBop KBac-
1oB. Harpeiite €ro ellle HeMHOTO, HAaKpoliTe GaAHKY CTEKIOM
u nocrappTe OxJauuTbes. Korma temmeparypa pactsopa
npu6ayusKTCs K TEMNePaType HACBULEHHS, OMyCTHTe B GaH-
Ky NpHIOTOBJEHHYIO patiee «arpaeKy». ITockonbky pact-
. BOp €lie HENOCHIEH, «3aTPABOUHLIHY KPHCTAJUIHK HAYyHET
pactBopaThesi. HO Kak Tonbko pactBop oxnapvtes o Tem-
pepaTypbl HACHIIEHHS, PACTBOpPEHHE KPHCTalliHKa Ipe-
KpartiTcsl, a BCKOpe Haywercsi ero poct. (Ecnam kpucran-
JIIK PAcTBOPHTCH [ENHKOM, MOXHO BBeCTH B PacTBOpP Ho-
BYIO «3aTPaBKY».)

Korza pacTBop nepectaner OXJaXHaTbCsi, BbipallHBa-
HHE KPHCTaJlla MOKHO NPONOJKHTE. JLJist 3TOr0 mpunopHi-
MHTE CTEKJIO TaK, YToObl BOJA HCNApHAJach, HO NBLITHHKH B
pactBop He momazanu. Poct kpucranna npoposmxaercs
JiIBa — TPH JHS.

BreipainyBast kpucrasnn, crapaiitech GaHKY He Tporathb
u He mepenpiratb. Korma kpucramn 6ymer rotos, noctaubre
€r0 M3 PacTBOpa H TUIATENbHO NPOMAK-
Hute OymaxkHOH cangerkol, wHaye OH
OBICTPO MOTYCKHEET.

Kpucransb nonydaioress pasubiMu
IO Qopve B 3aBHCHMOCTH OT TOYe, 6po-
CHTE JIH Bbl «3aTpaBKy» Ha JHO cocyja
HAH DOJBECHTE ee Ha HHTKe (pHc. 57).
Taknm cygecobom moikHO, HanpHMep,
BBIDACTHTL «Oychl». Jlisi 3TOrO RHano
€3aTPaBuThy HHTKY, T. €. MPOBECTH
€0 HECKONBKO pa3 mno KpHcTalluy,
4 3aTeM ONYyCTHTb HUTKY B  pac- Puc. 57,
TBOp.

Buipaujusanue kpucrannos — sto uckycerBo. Boamox-
O,y Bac He Bce cpasy noayuutcsi. He orepuaiitech. Hé-
MHOTO HacToHuMBOCTH, YNOPCTBA,; aKKYPATHOCTH, H BB CTa-
HETE oOnanarensiMii KPAacHBLIX KPUCTa/LIOB W WIPYMIeK 13
Kpucranion, -yt
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KPHUCTAJIJIbI U3 WIAPHKOB

I Kocoypos

IlepBoiM maroM K npeackadaHHio, OGbsicHC
HHI0O M NOHHUMaHHIO CBOMCTB KpHCTa/la siBAsleTcsl onpeje-
JIEHHE €ro CTPYKTYPH. 3Hasi KOH(QHIYPAIHIO PacnoJioxe-
HHSl aTOMOB B KPHCTAJJIMYECKOHN PEIIETKE H MOHSB CHMMET-
PHIO B HX paclOJIOXKeHHH, MOYKHO, HalpHMEp, CKasatb, Oy
JIET JM KPHCTAJMN Nbe303JMeKTPHKOM, T. e.~6yJIeT JIH Ha ero
FPaHSIX MOSIBJAATHCH 3JAEKTPHUYECKOE HAMPSKEHHE MPH M-
XaHHYECKOM CHKATHH; OYNIeT JM KpHCTama ofJajath certe-
TO3JEKTPHYECKHM TEPEXONOM, KOTOPBIl IPOHCXOIHT Mpli_
OTpeJieSieHHoil TeMIeEpAaType M 3aKJII04YaeTcss B TOM, Y70
BHYTPH KPHCTa/Jia BO3HHKAET 3JeKTpHueckoe nose; Gyner
JIH B BElECTBE BO3HHMKATh CBETOBAs! BOJHA ABOMHOI 4acto-
Tbi, €CJIH Yepe3 Hero NMPOMYCTUTHL CBET Jasepa U T. A. CTpyk-
TYypa KPHCTA/Ula — 3TO MacloPT, KOTOPBIH MOMKET MHOToe
paccKasath O CBOEM BJAJCMBIIE.

[Mo3HAKOMHTBECS C Pa3JHYHBIMH (YMAKOBKAMH» aTOMOD
B KpHCTAJJIE MOXHO IIpH TIOMOUIH HECJIOKHBIX BCIOMOIa-
TeNAbHBIX cpencTB. Bocnonb3oBaBLINCE METAIHYECKHMH 13-
PHKaMH OT NOJIUHITHHKOB, MbI MOXEM CTPOHTh MOJENH KpH-
CTaJJIOB, MPHMEHSS TOT K€ CaMblil MPHHIMI, 0O KOTOPOMY
npupona crpout Kpuctaanbl. [loctpolikol mpocTpaHcTBeH-
HBIX MOpesiel, Ha KOTOpBIX $ICHO BHIHHEL Bce OCOGEHHOCTH
PacmoJIoKEHHSI aTOMOB B CJOXKHBIX CTPYKTYypax, He Ipc-
HeGperaer Hu omuH KpHctamiorpad. Ho npexne wem npu-
CTYIHTb K ONbITaM, HEOGXOJHMO CIEIaTh HECKOJIbKO Teope-
THYECKHX 3aMeyaHuH.

CylecTBoBaHHE KPHCTANIHYECKOH peIleTKH 0o0YCios-
JIeHO CHAAMH B3auMOZElcTBHS MeXay atomamu. Ha Masnwix
pPacCTORHUAX NMpeoGiIajaT CHJBI OTTANKHBAHHS, KOTOpHIE
OLICTPO BO3pACTAIOT MPH NONbITKE ¢6MH3KHTh aTtoMbl. Ha GoJib-
IHX PACCTOSHUX NpeoGranaioT cpaBHHTENBHO MEIFIEHHO YObi-
BalOL{He € pAacCTOSTHHUEM CHJIbI BPHTSKeHust. [IpH cOmkeH
4TOMOB MOJ IEiCTBHEM CHJ TNPHTSZKEHHS MOTEHUHAJbHAS
3HEPrHs B3aWMOZefcTBHS YOBIBaeT aHaJOFHYHO TOMY, KakK
yObiBaeT noTeHIHaJbHAsi SHEPTHSi KaMHf, Nafalonero Ha
3emiio. Ha pacctosiiv, NPH KOTOPOM CHJIBI MPHTsKeHUs 1
OTTAJIKHBAHHS CTAHOBSITCS PaBHBEIMH, NOTEHIMaJbHas HED-
ris MEeT MHHHMYM, [OcJ/ie Yero peako Bo3pacraer 3a Cyetl
paGoThl MPOTHB CHJ OTTAJNKHBAHHS. 3aBHCHMOCTH MOTE
[[HAJBHOH 3HEPTHH OT PACCTOSTHHUS BBEJISIAUT HPHMEPHO TAK,
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Kak MoKasayo Ha piic. 58. B coctosHuH pavBHOBeCHﬂ aTOMBI
3aiiMyT MECTa, COOTBETCTBYIOLINE MIHIMYMY MOTEHUHANbHO#M
suepruu. Korza aToMoB MHOTO, STO NMPHBEJET B KOHEUHOM
cyeTe K MepHOAHYECKOMY TMOBTOPEHHIO HEKOTOPO# HanGosee
BLIFOIHOH B CMbIC/ie 3HEPTHI

KOH(HTYpaLliH HeGOJIBLIOH
rpvnnbl  aTOMOB, o0pa3yiolHx
TaKk HasbBaEMYIO 3/1eMEHTap-
HVIO SUEHKY.

* CvinecTBYIOT BeLiecTBa c
oueHb CJAOMKHOH CTPYKTYDOi,
KaK, HanpuMep, HEKOTOpbie CH-
JIHKAaThI, 3JJEMEHTapHasi syen-
Ka KOTOpBIX COIep:kuT Gosee
nByxcor aromos. JIpyrue Be- Puc. 58.
{[ecTBa, HampHMEp MHOTHe Me-  °

TaJJibl, 00pasyloT KPHCTaJlIH-

yECKYIO PEIUeTKY IO OYeHb MPOCTOMYy 3akKoHy. Mui, ecTe-
CTBEHHO, HayHeMm C MpocTedliux obpaszoBaHuil. B mHammx
ombiTaX PoJib aroMOB GyAyT MTPaTh METaJIJHYECKHE LIAPH-
Kif, CHJIaMH OTTaJKHBaHHA OyAyT yNpVrHe CHJbI, BO3HH-

Jomenyuanas syepens

Faccmoswie

PR e

Tomeriuarsneg swepeus

5. e

T N comose ¢
7 B ;___,.

Puc. 59. Puc. 60.

Kaoliie NpH conpHKOCHOBEHAH 11APOB, 8 CHNY NPHTSHKEeHHA
38MEHHT CUJIA TSKECTH. i

Harsmem sa otsepctue pyrioit GaHku, KOPOGKH HJIH
OFPE3Ka -TpyObl TOHKYIO Pe3HHOBYIO IUIEHKY (Hanmpumep, o
AHPYPTHYECKOH TIepyaTKH) M 3aKPEllHM €€ C MOMOUIBIO pe-
SHHOBOTO Konbia. [Tonoxum- Ha nueHKy aBa wapuka. OHu
QIETKa nporuyT nueHKy W NPUTAHYTCS APYT K Apyry. Ux mo-
Y€HUHaNbHast sHeprusi B 3aBHCHMOCTH OT PAcCTOSIHHS W3-
MEHsieTCH nmpumepHO Tak, KaK NOKasaHO Ha puc. 59, 4ro
O%€HB moxoxe na rpaguk puc. 58. IToNOXHB HAa miIEHKY

57



WITYK TPHAUATh 1IAPUKOB H CNErKa BCTPAXHYB KOPoCky,
MbI YBHHM, YTO WIAPHKH PACNOJOKATCA TIPABUIBHBIMH 3.
Aamu (puc. 60). Lentpsl wapukos 6yayT Jexats B BEpILy.
HaX paBHOCTODOHHHX TPEYTrOJbHHKOB CO CTOPOHOHE, PaBHoj
AnaMeTpy 1uapa, a caMH IUapHKH 3allOJHAT BCKO LJIOCKOCTY
H 00pa3ymT ceth, KOTOPYIO Ha3hIBAIOT IeKCATOHAABHO (ot
TPEUECKHX CJIOB «reKea» — LIECTb U «TOHHa» — yrod). Kask.
Ablii 10Ap OKPYXKEH LIeCThIO KAaCAIUWNMACS €ro M ApPyT Apy-
ra mwapuxavil. Mx nentpel o6pasyiorT npaBuJIbHBE Ilecty.
YFONbHHKH.

Ecan nosepnyts Bolo ceTe BOKpYP och, NPOXOAsLe)
uepes UEHTp Joboro Iwapa, Ha OAHY ILECTYIO 060poTa, Tq
OJHH IIapbl CTAHYT Ha MECTO APYIHx, a ofluee pacmosoike-
HHE CHUCTEMbl B MNPOCTPAHCTBE OCTAHETCS] HEH3MEHHLI,
Cetp mapos nepeiiner cava B ce6s. [locse mectu Takux 1o~
BOPOTOB KaJiplil LIap BCTaHeT Ha mpexkHee mecto. Kpueras.
JOTpah) CKaxeT B 3TOM CNy4ae, UTO Yepes WeHTP Kamoro
llapa NMPOXOAMT NepreHJHKYJNAPHAas K [JIOCKOCTH INApoB
OCb CHMMETPHH [IECTOro ropsinka. Ms-3a sTux-to ocej
CeTb M MOJIy4yHsia Has3BaHHE rekcaroHajbHoH. Kpome oceii
CHMMETPHH 1IECTOTO MOPSAKA HMEIOTCS TAKMKE OCH CHMMET-
PHH TPETLETO NOPS/Ka, INPOXOASIUKE YePe3 LEHTPH AYHOK
Mexay wapamu. (Och CHMMETPHH TPeThero Hopsika — 370
Takasi npamasi, IPH MOBOPOTE BOKPYL KOTOPOH — KaMIbli
Pa3 Ha yron B 120°— Mbl BO3BpauiaeMcsi K NepBOHAYANbHON
kaptune. Teso HenpapuAbHOR (OPMBL HMEET och CHMMETPHH
TIEPBOro NMopfAnka, T. €. OHO NEPEXOLUT caMo B CeBst TONLKD
IipH nosiHOM obopote. Hanporus, uepes wenrp kpyra mep-
NCHAHKYJISIPHO K €ro MJIOCKOCTH NPOXOAMT OCh CHMMETpLH
GeCKOHEYHOro NOPSNKa, TaK KakK KPYT NEPEXOLHT caM B ce-
6s1 mpH 06OM OECKOHEYHO MajioM yI.e HOBOpOTA.)

Bee npanbmeilinee Gyrer nousiTHO AuIIb B TOM ciydae,
€CJIH Y Bac noi pyKamu OYAYT LIAPHKH, HA KOTOPHIX BH
Gyzete CTPOMTb MOJEMH pa3HbIX KPHCTAIIOB.

Paccmotpum onnH npsaMonHHedHbIH PAI JYHOK Memay
ABYMS psiavH Wapos (pic. 61). B Hem umerotess ayHKY 1ByX
COPTOB: OAHH CABHHYTBI K OJHOMY DSI1y IIApoB, Apyrie —
KO BTOpOMY. Kak Tex, Tak H APYTrHX CTOMBKO K€, CKOABKO Il
wapos B psny. Takum ofpasom, B Geckoneuroil cetn JyHOK
BJIBo€ Go.iblue, yem IapoB. OHH 06Pas3yIoT IBe TeKcaroHab:
Hbl€ CETKH, TaKWe e, kakHe o6PasyloT HEeHTphl INapoB.
DTH TPH CETKH CABHHYTHI APVE OTHOCHTEJBHO Apyra Tak,
YTO OCH LIeCTOrO MOPSANKA KaxKICH CeTH COBMajaoT ¢ OcH:
MH TPETBETO HOPFAKA JBYX APYrHx.
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B onHy M3 3THX CHCTEM JYHOK JIATYT ILUapbl BTOPOro
cosi, 00pa3ys FeKCaroHaJbHYIO CeTb CONPHKACAIOIHXCH
mapo,B nono6Hyio neppoit. OfHAKO CHJ TNPHTSKEHHST 3a

9

cyeT ynpyroc*m IJIEHKH MOX>XeT He XBaTHTDb, 4YTOOKI yaep--

}KaTh [Iapbl BTOPOTo, a TeM GoJee Tperbero cjos. [lostomy,
3Hasl, Kak JIoxkarcsi liapbl B HHKHEM cJioe, clenaeMm us ¢a-
HEpH! JOTOK B (IopMe NMPaBHJIBHOIC TPeyroJbHHuKa (puc. 62),
TakoH, 4TOObI BIOJIb KaXKIOH CTOPOHBI IVIOTHO YKJIA[bIBA-
JIOCh LI€JI0e YHCJO 1Wapos (B Ha-
Lled MOAEJH WX CeMb), H 3a-
HOJAHKM €ro IiapamMH mNepBoro
CJioA.

B Kkakyio cucremy JayHOK
YKAaplBath LIapbl  BTOPOroO
cnost, OeapasnuyHo, a AJaAa |
TPETbEro CJIOS CHCTEMbI JYHOK & -
OKA3LIBAIOTCA  HEIKBHBAJICHT-
HBIMH: HeHTPb! ONHOH CHCTEeMBI
PaclosaraioTcst Haj UeHTpamu
HIapoB mepBoro cJosi, a BTO-
Pas cucrema HaxoxutTcst Hapg
OYCTEIMH ~ TYHKaMi ~ 1epBOTO
Ciost. Haurem ¢ yknajku IIapop B JyHKH, JeXaliue Haj
Wiapamit nepporo chos. [pu stom Tperuit cioit no pacnoJio-
#KE€HHIO [1apoB B TOYHOCTH MOBTOPHT MePBHIil, YEeTBEepTHIT —
BI0Pol 1 1. 1. Cnon GynyT MOBTOPSITHCH Yepes OnHH. Mol
HONyylv He ouyeHb yeToiuMBYIO nMHpamHRy (prHc. 63), dto,
BHPOYEM, CBsizaHO TOMBKO C TEM, YTO B HAILEH MOJEJH cHJia
SHPHTSKeHUs1» feficTBYeT TOMBKO BHH3 H LIapel, JNexkalime
BRPAlHNX syHKaX, JIErko BBIABAHMBAIOTCS 1apaMu Bepx-
HHX crioep,

Puc. 63.

Ll
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lNonoGuast ykaanka 1UapoB Ha3biBaeTCsi  MIOTHEMilej
FeKcaroHa/ibHOH ynakoBkol. Tak kpucrannusylorcst Gep.
JIii, MarHvi, KajMuH, TeJidii IpH HM3KOH TeMmepatype j
JlaBjienuu GoJiee aBajfuaTH naTH atMocgep. Ona uMeer Touy.
KO OHY CHCTEMY Mapa/lleIbHbIX MJIOTHO YRaKOBaHibiy
cjoe. [lepnesaukyJspHO K 3TOH CHCTEME CJIOEB Yepey
HeHTp JIoOOro 1apa BPOXONUT OCh CHMMETPUH TPETLETo fig.
psaaka. CHUXKEHME CHMMETPHHU CBSI33HO ¢ T€M, YTO €CJIH Ocy,
NPOXOAHT YEpe3 LEHTPhl 1apoB, HANMPHMEP, YETHBIX CJio-
€B, SBJSASACH JJISl HHX OCBIO ILIECTOrO HOPSiiKa, TO AJIS He-
YETHBLIX CJIOEB OHA NPOUJET Yepe3 UEHTPHI JYHOK, U NOPsiiok
HX CHMMETPHH OTHOCHTEJILHO STOH OCH GYIET TOJBKO TPeTh-
#M. Tem He menee ynakoBka HasHBaeTCsl PEKCArOHAJBHON,
HOTOMY YTO €€ MOXKHO pPaccMarpuBarth Kak [Be IekcaroHajin-
Hble pellleTKH OTAEJbHO YETHhIX M HEYETHBIX CJIOEB, BJBHHY-
Tbi€ ‘OlHa B [PYIVIO CO cABUroM. O6paTnte Tak:Ke BHMMA-
HYe Ha IO, YTO NYCThIE JIYHKH BO BCEX CJIOSIX HAXOASTCH
EPYT Haj NPYTOM, H uepe3 BClo reKCaroHaflbHYH CTPYKTYPY
NPOXOAAT KaHaJbl, B KOTOPHIE MOXKHO BCTaBHTb CTEPXHH
nuavetpom 0,155 nnamerpa mapa. Llentphl 3TMX KaHajop
TaKkKe SIBJASIOTCSl OCAMH CHMMETPHH TPETLELO NOPSJKa.
Ha puc. 63 Mosesn rexcaronasibHOH CTPYKTYpHl RPEJCTaB-
JIEHA CO BCTABJEHHBLIMH CTEPKHSIMH.

¢

Puc. 64. Puc. 65.

Tenepp Gynem yKJanpBaTh LIAphl TPETHETO CJIOSt B JIYH-
KH, Jexalllie Haj cBOGOAHBIMH JIYHKaMd II€epBOro CJjos.
B 3aBHCHMOCTH OT TOTO, B KaKyIO0 CHCTEMY JIYHOK MBI JIOJIO®
JKHM LIapbl BTOPOTO CJIOS, MOTYT FOJYYHMThCS [Be mHpab/H:
Ipl (puc. 64 u 65). IlepBasi npaMHjia OrpaHeHa npaBHJIbIb"
MH TPEYTOJIbHHKaMH C TeKCaroHaJlbHOH YKJagkoH 1apos B
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[JIOCKOCTHX rpaﬂeﬁu, KOTOPHIE HHYEM HE OTJHYAITCs OT
[epBoro ¢JI0s Hallleli YKIalKH, JEXKAIEro B OCHOBaHHH IlH-
paMuabL. Jpyrumy CloBaMyl, Hallla NHPaMiAa sBJISETCS Of-
MMM B3 MSTH BO3MOXHEIX MPABUJIBHBIX MHOTOTDaHHKKOB —
7eTpaslpoM. B monyueHHOH YIIZAKOBKE HMEETCS YeTHpe ce-
MeiicTBa TJIOTHO YNAKOBAHHLIX CJIOEB, HOPMAJH K KOTOPbIM
COBRAJAIOT C OCSIMH CHMMETPHH TPETRETO NOpSiiKa TeTpasi-
a, MPOXOISIIHMH Uepe3 €ro BepLLIHHbI.UB TAKOH yKJanke
quipl TIOBTOPSIIOTCH u€pe3 Jisa Ha TPeTHii.

BoKoBbIE T'DaHH BTOPOH nNHpaMHJbi — paBHOOEApeHHbE
RPAMOYTO/IbHBIE TPEYTONLHUKH, a CaMa MHPaMHLa SIBJISET-
cst gacTbio Ky0a, OTCEYEHHOH NJIOCKOCTBIO, MPOXOASiLIEH
yepes AHaroHasNy rpaned, MMelllHX OOUlYIo BepLIMHY
(puc. 66). Ykaanka Lapos Ha‘ﬁoKOBbIX TPaHaX mHpamMHIB!
[POHCXOJMT MO KBAPATHOH CeTKe ¢ PSAAMH, NMapaJlyiesbHbl-
Mif AHaroHansM TpaHu xyOa.

Jlerko OOHapyXKHUThb, YTO Mbl MOJYUHJH HE JiBeé Pa3HbIE
VIaKOBKH, @ OJIHY, TOJIbKO C pasHoH opueHTaiueit. Jlocra-
TOMHO HauaTh YJAaJsTh LIADHKH, PACHONOXKeHHble Ha peb-
pax Terpasnpa, Kak HauHyT oOHa)kaThbcsl IpaHH Ky0a, Tak
e KaK yOupas liapHKm, Jiexkaliue BAOJb peGep Ky0a, Mhl
MOCTENEHHO NpeBpailiaem KyO B Terpasap. Takyio ykaagky
HasbiBalOT MJIOTHeHLIeH kyOHueckoll ynakoBkod. Tax kpu-
CTaJIM3YIOTCS1 HEOH, aproH, MeJb, 30JI0TO, MJAaTHHA, CBH-
ner. I'lnornelinast kyOHueckas yrmakoBKa o0JafaeT BCEMH
sjeMeHTaMM cHMMeTpHH KybGa. B wactmocth, ocu cHMmeT-
PHE TPETBETO nOpsKa TeTpasipa COBNAJAOT C BPOCTPaH-
CIBEHHbIMH JAuaronaltsMH Ky0Oa, SBJSIOUIHMHUCSH JJs Hero
TaKXKe OCcsMH CHMMETPHH TpeTherc mopsiika. B ochose no-
CIPOEHHST 3TOH YNMaKOBKH JIEXHT 3Jie-

MEHTapHLIM Ky0 M3 YeThIpHAJUATH 1ia- '
poB. Bocemb u3 Hux pacnonoenbl B

BEPIIMHAX Ky6a M luecTh B UEHTPAX
€10 fpameii. [Ipy BHUMaTENbLHOM pac-
CMOTpEHUU BTOPOH nHpamuibl (puc. 66)
9T0T KY0 MOXXHO HaiiTd B BEpIlMHE MH-
PaMuppl.  [lnoTHeiulyilo  KyGHUECKYIO
YHIAKOBKY MOXKHO pacCcMaTpuBaTth Tak Puc. 66.

M€ KaK COBOKYMHOCTH WYETHIPEX Mpo-

CIBIX KYOHYeCKHX pELIETOK, BJABUHYTBIX CO CABHIOM OfHA
BUIpyryio. Ilpu takoM paccMoTpPeHUM CTAHOBHTCS OCOGEHHO
#CHA paBHOnpapHOCTL Beex 1uapoB ynakoBku. Ilo caMoMy
SHOCO0Y nostyyennst rexkcaroHaNbHOH H KYGHYECKOH mJoT-
YHUINX  yriakopox HalOXeHMEM TFeKCarORAJbHLIX CJIOEB
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OUeBHJHO, YTO 06€ yNaKOBKH, HECMOTPS Ha Pa3HYIO cCuy,
METpHIO, HMEIOT OJHAKOBYIO MJIOTHOCTb, HJIH, KakK rOBOpsiy)
ORMHAKOBHH KO3(PQHUHEHT 3aII0JHEHHS.

Ecmn mbl cienaem kBajpathblil JIOTOK M YJIOXKHM 1lapy
N0 KBaJpaTHOH CeTKe, TO TOE MOJYYHTCH IVIOTHAR yg,
KoBKa. XOTsl Wapbl ynakoBaHbl B KaXKJOM CJIO€ HE Cambiy
NJIOTHBIM 00pasoM, JyHky
Mexny 1apamMd OyAyT 6q.
Jnee rnyOokHMH, U T09TOMy
CJIOH pacnoJioxkarcs 6odieg
TecHO, uyeM MpH TeKcarg.
HaJIbHOH CTPYKTYpe. 3aKom-
YHB VKJAJKy, MBI NOJYqHy
YETBIPEXTPABHYIO TIMpaMuy
(puc. 67), OGOKOBBIE rpany
KOTOPOH SBJIFIOTCST PaBho-
CTOPOHHHMH TPEYTIOJbHHKa-
MH C TeKCaroHaJlbHOH VK-
Jajnkol wapos. Ecoy nonos-
HHTb MBICTIEHHO MUPaMHAY TaKOH ke, HO ¢ BEPIUHHOH, 06-
pallleHHOH BHHM3, TO TOJYYHM TpPETHl TOCNTE TETPasApa K
Ky6a NpaBHJIbLHBIH MHOTOTPAHHHK — OKTas/p, HMEIOUIHI BO-
cemb rpaneil. HerpynHo goragarecsi, yTo Mbl TIOJIYYHJIH CHO-
Ba MUVIOTHEHIYI KyOHYECKYIO YIAaKOBKY, TOJIBKO Teneps
rpasd KyGa napaJjiiesibHbl MJIOCKOCTH OCHOBaHHSL. YPepute
Liaphl, HAYIIHE BAOJbL pebep, H Bbl 0OHAPYXUTE HA BEPXHEM
CeyeHHH NHPaMHABI MATH apoB, 06Pa3yloIUX FpaHb 3/e-
MEHTapHOro Kyba.

C NOCTPOEHHBIMH MOJIENISIMH MOXKHO NpOJeNath psit
(pH3HYeCKHX ONBITOB. c

BerpaixuBasi pe3HHOBYIO NJIEHKY, MOXHO MOJEJHPOBATH
TenJjoBoe ABHxeHHE aToMOB. (BBl BUgHTe, KaK € «IIOBBILEHHEM
TeMIIEPaTypbl» paspyliaercsl NPaBHJAbHAS YKJaJka I1apos.)

Tax kax onuH rexcaroHasbHBI CJOH BXOJHMT B cpaBHH-
TeJIbHO MeJIKHE JIYHKH APYFroro, CJOH OKa3blBaloTcs cJabo
CBSI3AHHBIMH, B HHX JIETKO MOXET BO3HHKaTh CKOJIBKEHHE.
IlonpoGyiite mBUrath ORMH FEKCATOHAJBHBIN "clOf nO [pY-
romMy H Bol YOeaHTech, YTO CYWMIECTBYIOT TPH HampabJjeHHS
JIETKOTO CKOJIbXKEHHSI, B KOTOPBHIX CJIOH MEpeABHraTcs
Kak neJioe. To e camoe HMeeT MecTo B Kpucrasinax. Ckonb
XKEHHEM B 3THX TPeX HallpaBJeHHSX OOBACHRIOTCH ocobeH*
HOCTH nJacTuyeckoll pnedopManHH KpHCTaJJIOB.

Mopesy MOXKHO CTPOHTBL 3 MOGHIX 1apukoB. Ecau ReT
BO3MOKHOCTH JOCTATH 1UIAPHKH OT MOAANHUKOB, TO MOXKHO

Puc. 67.
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BOCMOMB30BATHCS! KPYNHEIMH 6ycamn HJIH B KpPaiiHeM cjiyyae

gGruOl HJIT MEJKHMH ;Ulénoxamn. Ha prc. 68 u 69 noKa-
3aHbl 3JIEMEHTapHEYe SUEHKH KyGUUECKOH W reKCaroHallbHoil
yHAKOBOK, CKJIECHHbIE U3 Msdell J/1i HACTONILHOTO TEHHKCA.

10T CPaBHHTEIBLHO JOCTYMHBIt W yROOHBIH MatepHan; Mbl

Puc. 68.

\PEKOMEHAYEM JJIsl M3TOTOBJIEHHS] MOAeJsieH, OCOGEHHO ISt
LIKONBHOr0 H3MYeCKoro KaGuHeTa.

YKIafKH CONPHKACAIOUIHXCSl LIAPOB Kak IJIOTHEHIIHE,
TaK W Jpyrue, HrpaiorT B KpHcTasjorpaguy ouyeHb GOJBIIYIO
poJib, U y Hac elie GyneT NOBOA O HHX MOrOBOPHTH. A noka
3anacalitecb llapamu M. cTpoiTe Mpaesu!

NY3bIPLKOBASI MOJAEJIbL KPUCTAJUIA
. T'eryaums

CJIOBO O MOJIE/IUPOBAHUU

Ha TpyAHOM nyTH rO3HaHHS 3KCIePHMEH-
TalBHOTO (paKkTa HJIH TEOPETHYECKOTO MONOXKEHHSI MOYTH
BCE HCmbITHIBaIOT NoTpe6HOCTL B oOpa3e, B 3pHMOM Kap-
THHKE, B ynpouleHHoH MopmenH. DBhITH Moxer, 310 npeyse-
JIMHEHHE, HO KaX<eTCs, YTO OfMH M3 OCHOBHBLIX KOMIOHEHTOB
1aJlanTa yyeHoro H nefarora COCTOHT B YMEHHH MPHEYMbI-
Batk 00pasbl, aHaJoruk W MOJIENM, CNIOCOOHBIE PasbSICHUTD
@Hsugeckoe siBnenne u yrnyOuTh ero MmoHHMaHHe.
. Kakoii oGsizana Gbite Mogenb? Uto Mopesdb mOMKHA
YMETE? Uro y nee MOXKHO NPOCHTH H YTO OT Hee JOJIXKHO
#P€6OBaTh? [TpocHTbL MOKHO O MOMOILHM H TPEGOBATH HOJIKHO
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OTCY TCTBHSI GdanpM, Hanuuds Xorsi Obl NOJAH MPaBiy;
OTHOCSILENCS K M3JiaraeMoMy $IBJCHMIO. B WH3HH K nony
npaBfie Mbl OTHOCHMCS NPE3PHTENbHO, ‘@ NO OTHOLIeHI
K MOJEeJH «TonynpaBia» — Bbicokas noxBaja. M koneunq,
MOJIEJIb [OJI2KHA ObITh HALJISAHOH, NOHATHOH 6e3 yTOMHTeJIb
HBIX KOMMEHTap¥eB. Jlydille Bcero, ecyii BOOOLIE KOMMEHTa.
PHMM H3JMILIHH, €CJHM HarjsJHOCTh HAaCTOJbKO OUYEBHiHa
yTo TIOYTH OOpeTaer AOKa3aTesbHYIO CHAY.

®u3HKe H3BECTHO MHOTO BLIPA3WUTENBHbIX H KPACHBLIy
moziened, (u3uKe TBEpHOro TeJa — ocobenno. B sroj
cTathe OGyJeT paccka3aHo 06 OfHOH KHBOH» MOJENH, Bey.
KOJIEITHO WJIIOCTpHpYIOlell (nepenarolieli, oTpaxaiouiei)
CTPYKTYPY peaJlbHOrO KpHCTaJla, HMMEIOUHECs B HeM Je-
(beKTHI, UX CJIOXKHBIE B3aHMOLEHCTBHS. Moje/b 972 He HOBa,
Ona Gba NpHAYMAHA BBIAAIOLMMCH AHTVIMACKHM (H3HKOY
JI. Bperrom eme B Hayane 40-x ronoB, a 3aTeM OCYIIECT-
BNeHa MM W ero corpynmukamu B. Jlomepom u JI. Haewm,
Tak M ee u 6ysem HasbiBaThb: mMozesns BJIH (Bperra —
Jlomepa — Has).

YTO Mbl XOTHM MOJIEJ/IMPOBATL?

; OTBeT 4YeTKHMH: peanibHBIl KpHCTaWI. Yto
3HAUHT «peaJibHBiii KpHCTaM»? 3TO 3HAYHT — COBOKYII-
HOCTh OTPOMHOIO YHCJI2 OLHHAKOBBIX ATOMOB HHH MOJIEKYJ,
KOTOPHIE PacnoJiokeHbl B CTPOroM rnopsiike, ofpasys Kphc-|

-TaJIJIMYECKYI0 pelleTKy. B HekoTophix = Mectax CTpOrHil

NOPSIIOK MOXKET HapyliathCsl, H 3TH HapYLIEHHsI O3HauaIor
HajHuue JedekTtoB B KpHcranne. W eme onha odeHb Bax-
Has XapaktTepucTHka: obpasylolide KpHeTalld aroMbl MexIy
coboii B3aumoaeictBytoT. O TOM, KakK B3aHMOAEHCTBYIOT,—
HEMHOT'O MO3’Ke, 4 3[eCh JHlL GecCnopHOE YTBEPXKIEHMHE:
p3aumozeiicrByot! [loTtomy uto, ecsin Gbl He B3aHMOAEHCTBO-
BaJH, Obis1 ObI HEe KPHCTaWI, a rpyna fGecriopsiiouHO Harpo-
MOKJEHHBIX atoMoB. [lofep:kanne B KpUCTaJIe nopsifka —
[psMOe CJAEACTBHE B3aHMOJEHCTBHS MeXy 06pasyromHmH
ero aroMamH. )

Ouenb pacrpocTpaseHa Tak HasbBaemasi MepTBasi MO-
Jesib kpuctasia. OHa ycTpoeHa Tak: JepeBsIHHBIe WJIH TJIH:
HsiHbe LIAapWKH, COEJHHEHHBIE APYT € ApPyromM poBHEMH
MPOBOJIOYKAMH. Illapuk# ~— aTOMBI, MPOBOJOYKH — CHM-
BOJIbI CBSI3€l MEXJy aTOMaMH, HX (32MOPOXEHRHOTO» B3aHMO"
JEUCTBUSI. 3aMOPOXKEHHOCTh B3aHMOAEHCTBUS H nenaet |
MOJieJIb MEpTBOH.
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B 57O MOJEJH aroMbl Pa3HOTO COPTa — LIAPUKH pas-
JMUHBIX PasMepOB M UBETa, DPa3HLle PacCTOSHHS MeXNy
aTOMaMH — TIPOBONIOUKH Da3NHYHOH IJIMHbL JTO pasymHas
J1 Odelb MOJE3HAs MOJIeNIb KpHucTaia. PacckasbBasi 0 KpHe-
anie JAJEKO HE BCIO NPaBJy, OHA TOBOPHT O HEM TONBKO
npapny, He (anblIMBuT. B Bell HeT HUKaKHX BHJIOB JBHIKE-
WHS aTOMOB B KPHCTaJlJle, 3aTO OYEHb YETKO OTPaKeH Mmo-
pSLOK B HX PaCnOJIOKEHHH. MeprBas Momesnp kpucramia —
BEJIMKOJIETIHEN NOMOIHKK, KOTJa HAllo 3pHMO NPEICTaBUTD
cebe IPOCTPAaHCTBEHHOE DACHOJIOKEHHE arTOMOB WJIM, Ha-
npEMEp, T€ HANpAaBJeHHs B KPHCTA/Ule, B KOTOPhIX OH Jie-
@OPMUPYETCS WJIH MPOBOJMT SJEKTPHUECKHH TOK JieTue,
yem B Apyrux. Ona He3ameHHMa, €ClH HYXKHO, JIOJIB3VSCh
JAHHBIVMM ONBITOB H TaK Ha3blBaeMbIMH OGLIHMH COOOpame-
HUSIMH, NPEICTAaBHTL ce0e BO3MOXKHOE PAaCHOJIOKEHHEe aTo-
\IOB B €llle He H3yueHHOM KpHctajne. Mimenno Takoe Mopne-
JAHPOBaHHE — LIADUKH H TIPOBOJIOYKH — [IOMOIJIO CAENATh
@IHO M3 CaMbIX KPynHbIX OTKphITHII XX Beka — ycraHo-
BHTB CTPYKTYPY Mosexkynbl JIHK. Hemanas 3acayra mept-
poli Mozesu!

Msl, OIHAKO, XOTHM MOJENHPOBATH HE <«MEPTBBIi», a
WKHMBOM» KpHCTa/l. J11s1 5TOro, OYeBH[HO, HAJ0 HAayYHThCS
MOAENMPOBATh B3aHMOJEHCTBHE MEXJIY aTOMaMH B KpPHC-
Talljie, OXHBJISITE 3aMOPOXEHHOE B [IPOBOJIOYKAX B3aHMO-
JelcTBie.

B3AMMOJEVICTBUE MEXXOY ATOMAMU
B KPHCTAJUIE

Onna, noxanyfi, camass Ba)KHasi XapakTte-
pgcmxa 3TOr0 B3aHMOJIEHCTBHS HENOCPEACTBEHHO CJIEAYET
I3 [IpOCTeilero (akTa: PacCTOSIHHE MEXKAY JBYMSI COCEf-
HUMH atomMami B pealbHOM KPHCTaJJE NpH MOCTOSHHOH
TEMIEpaType HMMeeT BriosHe onpejienienHoe 3nauenne. (Peyp
» Pasymeercs, O DPacCTOSHHH MEXIY MOJIOXKEHHAMH,
JIO KOTOPBIX aTOMbBl COBEPLUAKT TEMJIOBHE KoJieGaHus.
INIMTY 8 5THX KoJeGaHHi 3HAYHTEJbHO MeHBIUE PaccTosi-
MEXKAy aToMaMH.)

Onpejnesennoe pacctosiHie — 70 03HAY2eT, YTO €CJH
HOMNEITAEMCST €I0 YBEJIHYHTh, ATOMbl, MPOTHBSICH 3TOMY,
YT NPUTATUBaTBCH JAPYT K JAPYry, a €CJH MBI HOfibl-
€Sl €ro yMeHbIUWTb — OTTaJIKHBathesl. MTak, TOJBKO
AKTa HaJIUYH$ OJIPEJEJIEHHOTO PACCTOSIHUSI MEXAY aro-
Il crenyer, yto B3aUMOJEHCTBHE MEXKAY HHMH HOCHT
bl H NPUTSKEHHS!, H OTTaAKHBAaHHS OJHOBPEMEHHO.
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ITpH HEKOTOPOM pACCTOSIHHH MeXAy atoMamu (€10 My
‘1l Ha3BAJH OIMpEJIeNIEHHBIM) CHJBl NPHTSXKEHHA H OTTaJIKIL-
BaHHS OKa3bIBAIOTCH PaBHBIMH 10 a6COJIOTHOH BEJHYHHe,
Ha stoM paccrosiimy H pacroiox<eHbl aTOMBl B pellieTke.

Xopoluo Obi MpHIYMaTh TAKOH NpHeM MONEJHPOBAHHS
KOTOpLIH mnepefaBas Obl KOHKYPEHHHIO CHJI MPUTANKEHIg
4 OTTaJIKHBauHs. [1Haue roBops, «0xKUBJ 1T OBl B3aHMOAEHCT-
BUE MEXKAY aroMaMH B KpHcTadse. FiMeHHO 3T0 H cledlany
aeropbl Monen BJIH! B kauecTBe CTPOMTENBHBIX 3neMEl-
TOB B 3TOH MOJEJIM HCMOJIL30BAHH He TJIMHSHbIE H He Iepe-
BSHHBIE LIADHKH, @ ... MalEHbKHE MBUJIBHBHIE [Y3BIPBKI,

B3AHMMOIEVCTBUE MBIJIbHBIX
Ny3bIPLKOB HA BOAE

Onu He OesyyacTHbl OPYr K LPYry: ABa pas-
OOLIEHHBIX MBIIbHBIX BY3BIPEKA Ha NOBEPXHOCTH BOJB! ADYT
K IpPyry TPUTATHBAKOTCS, a CONPHKOCHYBLUMCEH, OTTaJKH-
BalOTCsl OPYr OT Jpyra. 91O MOXKHO Habmomatk B OYeHh
npocroM onbiTe. Bor 370T ONBIT.

Buauase pasno6ynem HeoGxopnmMoe «06OpYAOBaHHEY: Ta-
pesIKy, MeIMUHHCKYIO HINY OT LNpHUA, BOJEHOONbLHYE
KamMepy H 3aKHUM C peryJHpYyeMEIM NOJPKAaTHEM, € HOMOLIbIO
KOTOPOrO MO2KHO ObI0 Obl C PAa3JIMYHOH CHJIOH CHUMAThL

pe3uHOBYI0 TPYOKY — OTPOCTOK BOJIEHOGOJBHOH Kamephl. |

Tenepr NOArOTOBHM ONBIT. TapeJsKy MOYTH LOBEPXY 3anoJ- |

HHM MBWILHOH BOgOH M JoOaBHM B Hee HECKOJILKO Kanelb
rJMUeprHa. 1o N1 TOro, YToCBl IY3HIPEKH, KOTOPHE MUl
OyJieM BBHIYBATh HA TOBEpX-
HOCTH MBIJIBHOH BOJBI, 110-
JIyyasch yeroiunpbivu. Ha-
JllyeM BOJEHOOJIBHYIO Kame-
Py, 3aXMeM €e OTPOCTOK H

wnpuna (pasymeercsi, TY-

OONHBI KOHEH, HrJbLI . [10A

Puc. 70. BOAY (Hersry6oKo) u HEMHOIO |

ocnabum 3axum (puc. 70) —
U3 MrALI OfiHAa 32 JPYroil HayHyT BBIXOAHTE CTPOro onH-

BCTaBHM B Hero HrJjy OT '

AbIM KOHUOM). OnycTHM CBO- |

HaAKOBble NOPUHH BO3nYyXa, Kotopele Oynyt npespawmarbcd |

B OJHHAKOBEIE MBUIBHBIE NY3BIpbKH. MHOIc 1y3bIpHKOD
HaM TJlOHanoOuTCsl To3Xe, a jnsi IepBOro ombira HAM0

66



YXUTPUTBCS CO3XATH BCErO JIBa MySBPbKA HA HEKOTO-
poM pPacCrosHuHM Ipyr OT [pyra. Ecnmn cpasy ne mony-
ylTcsl — NONYHHTCS. focne nsitoi nonbiTku! Y no6Ho sToT
OIBIT MPOBOJHTD C MY3bIDbKAMH, JHAMETP KOTOPHIX 1—2 MM.

[lyspipbK¥ CO3[@kbl, TeNepb MOXKHO 32 HHMH Ha6uito-
jath. CHayana OueHb MEJJIHHO, a 3aTeM YCKOpssch (6e3
HALEro BMELIATeNIbCTBA), NY3bIPLKH OyAyT ABHMIAThCSl Ha-
perpeuy APYr ApYry. CTOJKHYBILKCh, OHH CONPHKOCHYTCS
ge B TOUKEe, a KaK Obl BAABSTCS OfiHH B JpYroi. Ilpu stom
HECKOJIBKO TO-pa3HoMy OyAyT ce6si BeCTH JBa OJHHAKOBBHIX
I [Ba pasiMuHbIX 0 pasmepy ny3eipbka. [lomaGmopaiiTe!

[NonbiTaemcst NOHATH NPOUCXOXKJEHHE CHJIBI, KOTOpas
3aCTABJASIET NMY3BIPbKH CaMONPOH3BOJBHO cOnuxkathest. He-
CKOMBKO yNOOHEE crenath 970, PAacCMaTPUBAasl HE fiBA MbLIb-
HBIX MYy3bIPDbKA, 2 [Be COHUKH, JapakIeJbHO Jieykallle Ha
[MOBEPXHOCTH BOJbL. M Iy3BIPBKH, W CIMYKH CMayMBaIOTCH
RBOJIOH, Ha KO’I;OpOﬁ OHH I1aBaloT, NOITOMY OOmHI XapakK-
7€p B3aHMOJEHCTBHS BJISI T€X H APYIMX OJHH H TOT JKe.
¥YRo6CTBO TaKOH 3aMeHBl B TOM, YTO JBa NJABAOWHX Iy-
3bIPbKa, HAaXoAfCh OJIH3KO

OJIHH OT fpyroro, obpasylor 27 7
BMECTE C JKHAKOCTBIO OMEHb — = — [/ =
CHOMHYIO FNOBEPXHOCTb, a — — — —7F= — — — -

CIMYKK — ropasgo  CoJee
npoctyto (puc. 71). Cuaa,
cONMuKaloIlas [BE MJaBalo- Puc. 71.

HHE€ CNMHYKH, BO3SHHKAET BOT

KaKk. Bopa cmauuBaer CnyuKH, JIO3TOMY €€ NOBEPXHOCTh
BO3JIE CHHUKH HcKpuBAsercH. KpHBH3HZ TOBEpPXHOCTH
HPHBOAUT K MOSIBJICHHIO CHJ, JEHCTBYIOLIHX HA 3KHAKOCTh.
310 — CHJIB, OOYCJIOBJIEHHBIE MOBEPXHOCTHEIM HATSKE-
HHEM, HanpaBJieHHble B HallleM CJlyyae BepTHKaJbHO BBEPX
(OynemM cumtath, uto cmaumsanue mnonsoe). Ilon Jjelcr-
BHCM 3THX CHJI KMJKOCTh NONHHMAETCs! NO CTEHKAaM CIM-
HEK, mnpHueM IIOfHATHE Tropasfio 3ameTHee B  obnactu
MEXAY cripukamd (cM. pHc. 71). 3p€ch XKHAKOCTB OKasHl-
BAETCSI Kak Obl pacTsiHyTOM, AaBJIeHHE B HEH TIOHHIKAeTCs

HO cpaBpgennio ¢ arMocepHbIM JaBleHHEM Ha BEJTHUHHY
20 o©

AobaBounoro papnenns Ap — T =, Tnec— KOa(pHIHEeHT

HOBEPXHOCTHOTO HATSKEHUS, ( — PACCTOSIHHE MEXKIY CrHy-

M, r—d/2 — pajuyc KPUBH3HEI TOBEPXHOCTH »KHIKOCTH.

A0BaTeJIbHO, M CHJIAa JIaBJIEHHSI XXHAKOCTH Ha CHMYKH

JTaCTH MEXIY COHYKaMH MeHblle J10 a0bcoMOTHON BeJIH-
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gHHe CHAbl atMocdepHOro HaBJjeHMs, JeHcTBYIOUieH Hal
CNHYKH CHAPYKH. TakHM obOpa3oM, abCcoNOTHAsl BeJMYHHa |
cuJIbl, cOmukalomell CIHYKH, paBHA

402! 1

20

Ipenckaxem JOGONBITHOE SBJEHHE: TaK KakK CHia
F~1/d?, to crnMYkH, HaxosllHecs B BA3KOH cpene, Oyayr

cONMUKATBCA CO CKOPOCTBHIO, YBEJHYHMBAIOWENCS C YMEHB-
LIEHHEM DAacCTOSHHA Mexay HHMH. M He TONBKO CIHuKi.
ITy3plppKH TOXKe cOMMKaloTCH, YCKopssick (pHc. 72). B Ha-
el JlaGopaTopud cOiMkeHue IMy3HPLKOB Mbl HabJonasH
tak. Han xioBetoit ¢ MBUILHBIM PacTBOPOM H My3bBIPbKami |
PaChoJIOKHJIH KHHOKamepy H, KOTZa mny3bIPbKHM Hauajl
cOMKaThCs, BKJIOUMIH ee (pHC. 73).

COumzKerive NMY3HIPhKOB MO2KHO MPOCJENHTh BIVIOTH IO
UX ctoJkHOBeHMsi. [locjie TOro Kak Iy3bIPEKH CTOJKHY- |
JIHCh, MEXAY HHMH HauMHAeT JEHCTBOBAaTh CHJIA OTTaNKH-
panusi. Ona oOycJoBJeHa TeM, YTO BO B3aHMHO BJI@BJHBAIO-
WuXcs ny3blppkax (puc. 74) yBeJHYHBaeTCsl [aBJieHHE
rasa, Koropoe Kak Obl pacTalKHBaeT NY3BIPBKH.

BuanMo,; MbUIbHBIE MTY3BIPEKH BIHOJHE IOLXORAT ANf
CO3JiaHKs MOJENH KPHCTaJIa, €CJIM HA JIOBEPXHOCTH MblJb-
HOTO pacTBOpa NOCENHTH HE OJHH, HE .JBa, a MHOXKECTBO
ONHMHAKOBLIX my3bipbKoB. Ecau paguyc nyselppka R=
=5-10"2 ¢M, TO Ha MOBEPXHOCTH MBWILHOLO pacTBOpd
B OOBIKHOBEHHOIi Tapenke, pagHyc kKotopod R, ~10 c,
MOXKHO nocelith N~ (R,/R)2~4-10* nysbipbkoB! Taxoil
IJIOT, COCTaBJEHHBI M3 NY3bIPbKOB, MEXAY KOTOPHIMH
JEHCTBYIOT CHJIbI NPUTSDKEHHS] H OTTaJKHBaHHUS, INPEACTaB
Jasier coGoii JBYMEPHYIO Mojaesb KpucTaiia. Hanpumep,
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aBTOPEI 3TOH OYEHD KpacHBOI MOJIeJIH TIOKa3aJjii, uro B3aHMO-
JieficTBYE MYy3LIPEKOB, PajinyC KOTOPLIX R~10"' cM, OYE€HEL
[oXOxke Ha B3aHMOJEHCTBME aToOMOB B KpHcTaje MeIH.

MOIEJb B JEWCTBHK

Xopomio Gbi BceM UMTATEJSIM TI0KA3aTh KHHO-
(WM, B KOTOPOM 3aCHATa MOJEJb BJIH B pefictBun. Ouv
yBHzeaH Obi M MAEATbHBI KPHCTAWI, H KPHCTAJ C BHIKY-
[MMHCS 4 B3aHMOJIEHCTBYIOIIMMH JiepeKTaMi, H MHOKECTBO
NPOCTHIX M CJOMKHBIX IPOLECCOB, KOTOPBIE MPOMCXOSIT
B peajbHOM KpHcTajje. B craree MOXHO JIMIIL KOE O ¥eM
pacckasaTb H KOe-4TO NMPOMJITIOCTPHPOBATEH doTorpadusvu
H KHHOTpaMMaMH.

C nomompio mofesd BJIH okasanocs BO3MOXKHBIM MpO-
BepUTL HEKOTOPLIE CJEICTBHS TEOPHH, NOCTPOEHHOM Npu-
MEHHTeJILHO K KPUCTALTY, a6COMIOTHO CBOGOIHOMY OT KaKHx-
160 nedeKToB, TaK Ha3eBaeMOMy HAEAJbHOMY KPHCTaJy-.
[MoayuHTs TaKoH KPMCTaLt B HaType SKCMEpHMEHTATop
NpaKTHYECKH HE MOXer, a BOT IOCTPOMTH €ro M3 Mysbipb-
KOB OKa3aJjloch MPOCTO ¥ JIOCTYMHO (pHc. 75).

OvH M3 CaMbiX PacnpOCTPaHEHHBIX Je(HEKTOB B KPHC-
Tajjiax — 9TO NycTas NO3WLHsI B y3Jie pEIleTKH, He3ame:
ennasi atomoM. (M3UKH Ha3blBAIOT ee BakaHcHeid. Bwo-
nemv BJIH BakaHcHsi — 370 OJMH JIONHYBIMjT Ty3b-
pek (puc. 76). B noJiHOM COIMVIACHH CO 3APABEIM CMBICJIOM H
pesyJsTataMil ONLITOB C PeajlbHBIMM KpHCTaJulamH Moze/1b
BJIH cBupeTeBCTBYET O TOM, YT0 OGBeM OfjHOH BakaHCHH
HEMHOTO MeHbllle O0BeMa, NpPHXOAsIerocss Ha 3aHATYo
o3uLHo. JIeHCTBHTENIBHO, NOCJE TOTO KakK Nysbipex Jom-
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Hy.1, ero ObiBILFE COCE/H HEMHOIO nepeMecTsiTcsi B o6paso-
vy

BaBIIyIOCsl MYCTOTY H ymeHbliat ee. HeBoopyskeHHbIM r.ia-
30M 5T0 YBHJETH TNOYTH HEBO3MOXKHO, HO €C/IH CNPOEKTH-

Puc. 75.

B

e
u
R,

Puc. 76.

POBare xuno- wim doTonNIeHKy Ha 3KpaH H TIATENBHO
HpomepuTy PAcCCTOSHUST MEXKAY Ny3bIPbKaMH, MOXKHO yGe-
AMTBCst, yTo 11O CPaBHEHHUIO ¢ 3aHATOH TNO3HUHEH BaKaHCHS
"‘Mnoro cxara. Jlasi GU3HKOB 3T0 CBHMAETENBCTBO MOJENH
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BJIH He npocto KayeCTBEHHas WTIOCTpaLisl, OHO HMeer
W KoJHMYecTBeHHYI0 HEHHOCTh.

OueHb 4acTo B KPUCTaJljie BCJEACTBHE €ro NpeabICTOPHY
OKa3biBaeTcsi TOCTOpOHHEE BKJIOUEHHME, JedopMHp yIOLIEe
kpucraj. IIpy pelieHHH MHOTMX 3ajiau (PU3MKH KpHCTas-
JIOB OYeHb BasKHO 3HaTh, KaK NpH STOM CMeIaloTcs aTOMB,
OKpY2Kalolliie BKJIOUEHHE. OKasbipaercs, NpHCyTCTBHE HHO-
POJIHOTO  BKJIOUEHHS UyBCTBYIOT He TOJBLKO HEMOCPEeNCT-
BEHHLIE COCE/H, HO W TOMBI, PACTIOJIOXKEHHKIE OT BKJIIOYEHE 51
Ha 3HAYMTEJBLHOM pPaccTOSTHHMH. Mogeas BJIH 310 ortuer-
JIMBO MJTIOCTPHpYET (CM. pHC. 76).

BOMLIIHHCTBO KPHCTAJUINYECKHX TeJl ABJISIOTCAH [0J1H-
KpHCTaJiaMH. 3T0 3HAUAT, UTO OHH COCTOSIT W3 MHOXKECTBa
NPOM3BOJIBHO OPHEHTHPOBAHHBIX KPHCTaJIIMKOB, Pa3fescH-
Heix rpanunamp. [lourd OYeBHAHO, H9TO MHOTHE CBOWCTBa
NOJMKPHCTaJIOB (TaKHe KaK MeXaHUUecKas MPOYHOCTE HJH
COMPOTHBJIEHHE 3JIEKTPHIECKOMY TOKY) JOJKHbI 3aBHCETh
0T CTPYKTYpH! IPaHHIL. Mogzeas BJTH 1 B 370M BONpOCE OKa-
sajiach OYeHb MMOJIE3HOW: nNoJcKasala KpHCTaJJIopH3HKaM,
KaK M3MEHsIeTcsl CTPYKTypa rpaHHubl B 3aBHCHMOCTH OT
B3aMMHOI OPHEHTALH¥ rpaHH4alliX KPHCTAJJIMKOB,  OT
HaJiHgysi IPHMECEH, PacrnoJiozkeHHbIX Ha rpaHHLe, ¥ MHOroe
apyroe. BoT HECKOJBKO NPHMEPOE.

B nNOJMKPHCTaJax MOZKeT NPOMCXOINTE nponecc yk-
pYTNHEHHS OIXHHX Y4acTKOB (3epeH) 3a cuer APYrHx, B pe
3yJpTaTe 4ero cpenHMil paswep 3€pHa yBEJIHUMBAETCS.
HasbiBaercsl 370T nponecce peKpHCTaI3alyeil u npoucxo-
VT OH N0 NpHYHHE ouepuHOil: yem GoJblle pasmep 3eper,
Tem MEHpll€ CyMMapHasi MOBEPXHOCTb rpaiul, a 3HAYHT,
MeHpIle M H30OmTOUHas SHEprus, KOTOpas C rpaHMLavi
cBSi3ana. DHeprvsl MOJHKpHCTasa npu pexpHcTaIu3any
yMeHpLIaercs, CJe/opaTeliblo, SToT NPOLIECC MOZKET Mpo-
" MCXOAHTH CaMOINPOM3BOJIEHO (nOcKO/BKY TpHOJMZKaeT CO-
CTOSIHHE YCTOHUHBOTO PaBHOBECHS, B KOTOPOM 3amac sHep-
ruu mupuvasien). Ha pue. 77 npuBeneHa KMHOrpamma,
JJIIOCTPUPYIOI@s NOC/IE/I0BATEJIbHEIE - STaNb! «roeiaHu s
KPynmHBM ~ 3€PHOM  PacroJloeHHOro B HEM MeJKOro
3epHa.

OxkasbiBaetcsl (370 Npefckasalii TeOPETHKA H TIaTe BHO
M3YUHJIM SKCNEPHMEHTATOphl B OMBITAX C peaJibHEIMH KpHC-

Tajiiamu), ABHMKYILascsi TpaHHUa MEXAy 3epHami «3arna- |

TRIBAET» Te BaKaHCHH, KOTOpHE €i BCTpedatorcs [0 nyTH-

[Ipu 3TOM rpaHHLa He H3MEHFET CBOETo crpoenns. Moznenb |

BJIH 5T0 SiBJEHHE OTJIMYHO HJJIIOCTPHPYET (puc. 78)

72



ao-d
B
!rn?! o
106 80
TP

e
Y
A
Ay

St

3%

o
e,
J'J?J

AR Tk
ananano® .
e eaan

A O
S
R,
acoyes ‘3“:0:3‘"""1
TRl X 0 Ry
ﬁ,'it'a S

NS
'n‘.gﬁ'l '
Pl en




MR

-

o
. e e
0 e e N

Es Sy 7 o
3 + * A

Puc. 78



OIr'PAHHYEHHOCTD
H «TIOJIVIIPABIA» MOJEJIM BJIH

Jonyckasl, 4rto uyuTaTeNb NPOHHKCS M YyBa-
sxeHueM, M JoBepueM K mopenn bJIH, npugpercst ero me-
MHOrO OXJiajuTh, 0CpaTuB BHHMaHHe M Ha OrpaHHueH-
HoCTb MOJEJH, H Ha 3aK/IOYEHHYIO B HeHl «noJynpaBiy».

Mozene BJIH cnocobna mozennposate sumin  omHy
CTpYKTYPY: IABYMEPHYIO, TIEKCArOHaJBHYIO H MJIOTHOYIA-
KOB@HHYIO. A MCTHHHBIE KDHCTaJJIBI HMEIOT MHOMKECTBO
CTPYKTYD- B(stoxmocm «MEPTBOK» MOJIENIH HENOMEPHO
goraue: B HEH MOXKHO pacnoJjiaratb HECMETHBIM YHCJIOM
¢crioco60B H, CTEJI0BATENILHO, MOXHO MOJIEJIHPOBAThL JIOOYIO
MBICIHMYIO CTPYKTYPY. KpoMe Toro, mozess BJIH B cBoem
COBPEMEHHOM BapuaHTe — jByMepHa. Ee aBTopbl NBITaJHCh
OCYHIECTBHTH H TPOCTPAHCTBEHHYIO (MHorocnoﬁHXfo) ny-
3HIPPKOBYIO MOJIEJIb, HO 3KCIIEpUMEHTHPOBATL C HEil OKa-
3a70Ch COBCEM HE TNPOCTO, U MOJIEJIL HE MPHUBHJACh. B Halueil
JIabOPaTOPUM MBI OCYILIECTBHMJIM H JIBYMEPHYIO, U Tpexmep-
nyto vozesm BJIH v yGemunncny, uto tpexmepHas npakTH-
yeckM HEKH3HecnocoOHa.

He Oyzem ynpexatb MoneJie B ee cJ1aGoCTsIX, 0 KOTOPBIX
VIOMSHYJIH H O KOTOPLIX yMoJasnH. bynem eit GiarozapHer
32 €€ CHJIbHbIE CTOPOHHI.

KAK ONPELEJIMTDL MOJIFOCA MATHHUTA

b. AneiiHukos

Bonpoc 310T coBcem He Takoil npocroli, Ka-
KiIM Ka)<eTcst ¢ nepporo B3r/isna. Begp Yy Hac Her HUKaKoil
BEPEHHOCTH B TOM, YTO NOJIOCA MarHMTA He DPacKpacHJu
BJIMYHEIE (BETa NPOCTO, YTOOHl HX Pa3/Hyarh, T. €. 6e3
8 C HX HCTHHHBIM MarHeTHsMoM. Kpome Toro, mMarHuT
€T ObiTh BOOOLIE HE MapKHPOBAH.
JAs onbita HYXHBEI e BellH — NOCTOSIHHBEIH IOJIKOBO-
SHEIII MarHuT, He 06sI3aTeJibHO PacKpalleHHLIH B ABa
Ta (zaxke MHTEpeCHee, eCM MOJIOCA MAarHHTa 3apaHee
Pasmeuennl), u . .. tejeBu3op. OnwiT’ Jyulie NPOH3BO-
b YTpoM uJiM JiHEM, KOrJla Mo TEJEBHJCHHIO Nepeaart
XY JJIsl HAacTPOMKH TEJEeBH30POB.
Honrecem marmnT K sKkpaly BKIIOYEHHOTO TeJleBH30pa
» KaK nokasaHo Ha puc. 79. M3o6parkenue HeMepjieHHO
SUTCSl. B pentpe ceTKH MMeeTCS] MaJIeHEKH KPYKOK.
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OH 3aMeTHO CMECTHTCAl BBepX HMJH BHH3, B 3aBHCHMOCTY
OT TOTO, KaK PacrnoJioxKeHnbl NoJca MarHHra.
H3oBpaxeHne Ha 3KpaHe TeJeBH30pa CO3JaeT 3Jexr. |
POHHBIH JIyY, HAYLWWH H3 rJayOuHBI TPYOKH Ha 3puTesy |
Hau MarauT OTK/IOHSET ABHXKYLIHECS 3JEKTPOHBL, NMOSTOMy

Puc. 79.

usobpaxenve cmemaercsi. Hanpaenenve AEHiCTBHSI Maruur-
HOTO MOJISl Ha JBHXKYILHKCSH 3apsifl onpefesisiercss no npa-
BHJy JieBOH PyKu. Hy»kHO pacnoJioxuTe JialoHb TaK, 9TO0H |
CHJIOBbIE JIMHMH BXOJHJH B Hee, a BBITAHYTBHIE NaJbIbl YKa-
3HIBaJIM HanpaBJeHHe TOKa; TOT/la OTOTHYTHIE Mox yryioMm 90°
GosBILION naJjiell yKaxKeT HanpaBJeHHe CMEIEHHS JIBHIKY-
merocst 3apsfa. CHJIOBEIE JIMHHH HIYT OT CEBEPHOTO K HOX-
HOMY NIOJIIOCY MarHuTa. A HanpaBjeHHeM TOKa B npaBilie
JIEBOW PYKH CUMT@ercsl «TEeXHHYECKOe» HalpapJeHne —
OoT miroca K MuHycy. Tak nBuranfich Gl NOJOXHTEILHEE
3apsanbl. Ho B xMHeckone ABHIKYTCS 3JEKTPOHBI, IIPHUEM
JIETSIT OHM Ha Hac. DTO 5KBHBA/IEHTHO TOMY, YTO IOJIOXKH-
TEJILHBIC 3aps/ibl JIETAT OT Hac. [103TOMy BHITSIHYTHIE NaJibIlbl
JIEBOH PYKH JOJIKHBI ObiTh HanpaBJeHul B s3kpaH. Octalb
Hoe MOoHATHO. [lo CMEIEeHHMI0 (EHTPaJBHOTO KpPY2KOUKA
TEJIEBU3HOHHOH CETKM onpenesisieM, KaKOH NOJiloc MarHuTa
[IOIHECEH K 3KpaHy, ceBepHbi HMyHM IokHBIH. HMrak, ¢ no-
MOIIBIO TEJIeBH30pa MOMXKHO JErko K GeicTpo onpenenstb
pacnoJiokenye NoJICOB HeMapKHPOBaHHOTO MArHHUTa.
TeneBnzop Moxker MOMOYL M NPH ONPEEJEHHH 3HAKa

NOJIIOCOB  HEMapKHpoBaHHoH Oartapen. [Insi storo omnbiTd
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XOIAUMO HMeTh 6arapelo, 3JEKTPOMarHut ¢ nyrooGpas-
cepﬂe‘-IHHKOM, TEJIEBM30pP, CONPOTHBJEHHE, TPOBOAHHK.
[TopRJIO4HM K 6atapee MOCJIENOBATEJIBHO 3JEKTPOMAr-

T J CONpOTHBJIEHHe, NOJNOCpaHHOE C TAKHM DPacyeroM,
q70oOB TOK HE TpeBbIllal JIo1yCTHMOTO. TlogHocsT 3a€RTPO-
marouT K 3KpaHy TefieBH30pa, ONPEACSHM 1O TNpaBUIY
negoir pyku ero mouoca. [Jlasee no npasuiy GypaBukka
HaﬁﬂeM HanpaBJIEHHE TOKa H, CJEIOBATC/IbHO, 3HAKH IIOJIIO-

cop GarapeH.

CTPAH!‘lblﬂ MASATHHK
H. Musn

OO6byHEIA, XOPOIIO 3HAKOMBIE BaM MareMa-

TUUECKHIl MasTHHK HE MEHSeT IJIOCKOCTH CBOHMX KOJe-
GaHHH. y

Ha 310M cBoiicTBE MasiTHHKAa OCHOBaHa H3BECTHasl Jie-
,@crpamm Bpalienyuss 3emyu — onbiT Pyko. MasiTHHK
Ha JJIMHHOM nojsece coBepiiaer koJebanusi. Ilox Hum pas-
H Kpyr, HanoMuHaomui nugepbnar. bnaronapsa tomy,
| IUIOCKOCTH KoJieGaHHME MasiTHHKa OTHOCHTEJILHO He-
MDKHBIX 3BE3Jl HE MeHsIeTcsl, a 3eMJisl Bpalaercsl BOKPYT
i OCH, ¢ TeYEeHHEM BPEMEHH MASITHHK NPOXOAHT Mocje-
TeJIbHO Hajl BceMHM oTMeTKaMu Kpyra. Ha nosioce 3a
K Kpyr noJ MasiTHUKOM COBEpPIUMT MOJIHbIH 060pOT.
Bble TakoH ONbIT OB NpoBeieH (paHiy3cKHM (QH3H-
JI. @yxo B 1851 rony nop Kynosom Ilanreona B [la-
€ ¢ MasiTHUKOM IJHHOW 67 M.
Ho Bcsikmii in MasiTHUK 0OSI3aTeJIBHO COXPaHseT NJoc-
b KosebaHuii? Bele HHTh nojiBeca NO3BoJisIeT eMy KoJie-
€ B JIO60H BEPTUKAJBHOH NJIOCKOCTH.
onpobyiiTe cpesiaTb TAaKOH MasiTHHK, KakK NOKasaHo
uc. 80, a. Ilas storo BO3BMHTE HHTKY, CJIOXKHTE €€
JlaM, a K cepelliHe NpPHBSIKUTE €le OAHY HHTKY.
YIOMY KOHILY 5TOf BTOPOI HHTKH NMpPHKPENUTe JOXKKY,
HUNEl WJH KakoH-HHOYJAb ApYrod NpeiMer — M Masfit-
rorob. (BeprukasnbHasi HHUTb NOABEca JOJKHA ObITb
arouHo nauHHOH. Ilo kpaiineit mepe He MeHbllie, yeM
b HaKJOHHOro HojBeca.)
ONBeCETe MasSITHHK 32 003 KOHILa CJIOKEHHOH IonoJiaM
KH Ha KHONKaX HJHM rBO3JIMKax (HanmpHMep, B JBEPHOH
M). Ecay Tenepb OTKJIOHMTD MasiTHHK OT TOJIOXKEHHS
HOBecHsi U 3aTe€M OTIYCTHTE, TO Bbl YBHIHTE JIOOOIIBIT-
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HYI0 Kaptuny. MasTtauk Oyjer ABHrathbesl 10 3SJUJIHIICY,
npuueM 370T 3Junc OyfieT NMOCTOSHHO MEHSIThCS, BBITSCH.
Basick TO B OfHy, TO B Apyryio cropony. Ilouemy 310 npo.
HCXOIUT?

YV MasTHHKa C OmHOH Toukoii momeeca (puc. 80, 6) 1

WIOCKOCTh KoJieGaHuii HHueM He BbifiesieHa. Kakum Obl Hy

2) o £

Puc. 80.

6bL710 nepBoHayasJbHOE OTKJIOHEHHE MasiTHHKa, BC€ CHJIB,

e

JEHCTBYIOIINE Ha HEro, JIeXKat B OJHOHM MJOCKOCTH. Hy>xxo |

TOJILKO, OTIyCKasi MasTHHK, He TOJKHYTbh €ro BOOK.
JlelicTBUTENLHO, MPOBEJEM IJIOCKOCTH 4Y€pe3 MNepBONa-
yaJibHOE ¥ OTKJIOHEHHOe mnoJjioxkenue MasitHHka. OuesupHo,
B 3TOH NIJOCKOCTH OynyT JexkaTb KakK CHJla TSKEeCTH mg,
TaK U cuna Hatspkenusl uutn 7. CaejoBatesibHO, paBHOMEkH-
CTBYIOIIAs] 3THX CHJ, Koropasi, cOOCTBEHHO, M 3acTapJjifier
MasTHHK KoJefarbesl, NPH JIIoGOM OTKJIOHEHHOM NOJIOZKEHHH

MASITHUKA TAKIKe JIEXKHUT B TOH K€ MIOCKOCTH. ITO O3HayaeT, ]

YTO HET CHJ, KOTOpbie MOTJIM Gbl BHIBECTH MAsITHUK M3 3TOil
JIOCKOCTH. [lOTOMY-TO MAasiTHHK H COXPaHfIET IJIOCKOCTb
CBOHX KoJjieOaHHH.

Jlpyroe fejio Hall MasTHUK. 37€Ch TOYKaMH 3akpernJe-
HES W JAuHWell orBeca crporo (MKCHpoBaHa IepBOHayalsb-
Hasi mJiockocTk. IlosToMy € caMoro Hagaja MasTHHE OT-
KJOHEH TaK, YTO OH He JIEKHT B 3TOH njockoctu *). Cina
narszkeHus: (puc. 80, 8) HMEET COCTaBJSIIOLLYIO, Neprerjui-
KyJsIPHYI0 NepBOHauajbHOH mnulockoctH. buaromaps 510M
COCTABJSIOIEH JIBHXKEHHE MAasiTHHKA BEIXOAMT H3 TepBO-

*) KOHEUHO, €M OTKJIOHHTb MASITHHK CTPOrO IepreHjuKy/sapro
TMJIOCKOCTH N0/iBeca, OH GYAET cOBEpIIATL KosiefanHs B OIHOM MIOCKOCTH,
epreHHKYNAPHON MmIocKocTH Tnoaseca. Ho npaxtuyeckwm Beerna CY
IMECTBYIOT OTKJIOHEHHE OF MepIeHJHKYJspa H CKOPOCTh, He Jexallaf
B IJIOCKOCTH MEPBOHAYANBHOTO OTKJIOHEHHS.
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MosxHo mnoayuuth (oTorpaguu TPA€KTOPHH ABHXKEHUs5
MasiTHHKa. Bo3bMUTE TPY3UJIO HJH TSXKEJbH MaJNeHbKHj
IIAPHK W TMOKpackTe ero Genofi Kpackod. Crenaiite M3 Ten.
HBIX HHTOK TaKOil K€ MoJBec, KAaK y MasiTHHKa, H300paken-
Horo Ha puc. 80, a. I'log MasATHHK MOAJIONKHTE JIMCT YEPHOl
Matopoii Gymaru. I'ynaakas Oymara MOXeT OTCBEUMBATH,
a 370 OyzneT Melate HabGmopeHnsM. ®ororpadupoBarh Hajg
CBEPXY. ¥YcTaHoBUTE (POTOANNapar TAK, YTOOBI MJOCKOCTL
00beKTHBA Oblla TOpU3oHTaNbHA. [Ipu n0CTaTOYHO GOJILILO
BHIIEP2KKE Ha (POTOCHUMKaX MOXKHO YBHJEThb U€TKHE Tpaek-
TOPHH. ¢

Ha puc. 83 u 84 npusepeHbl pucyHkH c (ororpaduii
TPAEKTOPHH, MNOJYYeHHBIX TakkM crocob6oM. BuaHo, Kak
MasiTHUK HW3MeHsJl HanpaBJieHWe koJeOaHui. Ha du-
rype puc. 83 370 H3MEHEHHE NpPOH3CLLIO §oJiee pPE3Ko.

Pruc. 83.

BpeMsi 3Kcno3uiuu 3THX ABYX ¢oTorpadmii passmyno. 310
BUJHO XOTs OBl W3 TOro, YTO JUIMHA TPAEKTOPUH Heo/H-
HaKOBa.

INosyuuBILMeCsT KPUBRE Kak OH BMUCAHLI B NapaJijieso-
rpamm. Ha camom nesie OHM JOJKHEI OHITh BUCAHBL B NP IMO-
yronbHuk. To, 4To y Hac He MOJYYHJICS NMPSIMOYTOJbLHHK,
00DBACHSIETCS] MPOCTO: NJOCKOCTh OOBEKTHBA OblIa He CTPOIo
FOPU30HTAJIbHA.

B onplTax ¢ MasiTHUKOM cJefyeT YUYUTHIBaTh, YTO GoJce
WIM MeHee NPABUJILHAS TPAeKTOpHsSI MoJydYaercsl TOJLKO
B TOM CJiyyae, KOTJa HeT CUJIBHLIX 3aTyXaHuii. KosebGaHu?
MasTHUKa ¢ MaJoii Maccoii Ipy3a M JOCTaToYHO OOJIbILNM
o6beMoM Oynyr ObICTPO 3arTyxaTh. Takol MasiTHHK Kay-
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5 HECKONBKO pa3, OBICTPO YMEHbBILUAs aMIJIMTYAY.
eCTBEHHO, NPH ABHMXXEHHH C CHJIbHBLIM 3aTyXaHHeM YBH-
1 coTorpadHpoBaTh H3MEHEHHE HaNpPaBJeHHs KoJe-
1ii MasTHUKa He yJacTcs.

C ¢urypamd Jluccaxky npuxopuMTcsi BCTpedartbesl Jo-
HO YACcTO B T€X CIydasiX, Korja kojeGaHHsi B3aHMHO
JeHAHKYJISPHL. Tak, OHH HeH3GeXxHO nosBJAAIOTCA NPH
Tpoiike ocuuJorpaga.

$HUIYPBI JIMCCAXY
H. Munu

Camble npocTeie KoeGaHUsl TeJla — 5TO KOoJie-
si, IPM KOTOPBLIX OTKJIOHEHHE X TeJda OT TOJOMKEHHS
OBEClisi H3MEHsIeTCS] MO 33aKOHY

x=a sin (ot-+q),

@ — aMIVIMTYJa, O — YacToTa, (¢ — HadasabHas ¢asa
aHMii.

akue kosne0aHHs Ha3bIBAIOTCS rapMoHHYeckuMmu. [ap-
HecKHe KoJIe0aHHsl COBEPIUAIOT MaTeMATHYECKHH Masit-
IPY3HK Ha TNpYXHHE, HanpsixkeHHe B 3JIEKTPHYECKOM
/pe.

3TOH CTaTb€ Mbl PAacCMOTPHUM CJyuai, KOTja TeJo
BYET OJIHOBPEMEHHO B JBYX FapMOHHYECKHX KoJeGa-
. Ecain 06a kosie6aHlifl MPOHCXONSIT BJOJb ONHOH npsi-
TO yPaBHeHHe JBHXKEHHsl Tesla OyneT MpenCcTaBiieHO
Ol ypaBHEHUI JIBYX JBUMKEHHH:

x=A,8in (01 + 1)+ Az sin (0 -+ ¢s).

€TPYNIHO MNOCTPOMTL rpaduK CMEIeHHs! Tesla OT MOJo-
151 paBHOBeCHS] B 3aBHCUMOCTH OT BpeMeHH. st storo
HO CJOXHTb OpIMHATBL KPHUBBIX, COOTBETCTBYIOIIUX
OMy M BTOpoMY ABHaxkeHusM. Ha puc. 85 mokasan npu-
CJIOXKEHHUs1 IBYX FapPMOHHYECKHX KOJeOaHHH (CNJIOLUHKIE
ouppl). ITyHkTAipHasi JIMHHSL COOTBETCTBYET Pe3YJIbTH-
leMy kosieGaHuto. OHO yxke He SIBJSIETCS] TapMOHH-
M.

0JIee CJIOXKHBIE TPAEKTOPHH MOJYYAIOTCS NPU CJIOXKe-
KoJIeGaHull B ABVX B3aHMHO MNEPNEHAHKYJSPHBIX Ha-
JieHusnx. [TpuMepoM Takoro KoJeGaHHsI-MOXKET CJIYXKUTh
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JIBHzKEeHHe TeJa, H300paKeHHOro Ha pHC. 86. B stom cury-
yge BHMJ TPAEKTOPHii 3aBHCHT OT COOTHOMICHHSI HACTOT,
aMmauTyl H (a3 B3auMHO NepneHHKYJSPHBIX KoJ1e0aH i,

X

5 1

...-----——--D

1

\
N
|

——
by
— )

SN

e

e

[«

Puc. 85.

DTH TPaeKTOPUH, KaK MBI yXKe 3HaeM, Ha3bBaioT durypamu

Jluccaxy. YcTaHOBKa, MCIOJL30BaHHAsA Juccamky, mno-

B o
NN
3
N

kasana Ha puc. 87. KamepTon 7’ koseGjercsi B TOpH3Oi-
TaNbHOH IJIOCKOCTH, KamepToH T — B BepTHKaJbHOM. Jlyu
¢BETa MPOXOJMT Yepe3 JIMH3y M MOMajaeT Ha 3€pKaJibliE,
NpHKpenJieHHoe K KaMepTOHY T', oTpaXaercs MM, Momna-
JaeT Ha 3epKasblle, NPHKPEIVIEHHOE K KaMepTOHY T, u
nocJie BTOPHYHOTO OTpaXeHHsi NMONajaeT Ha 3SKpaH. ITpu
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efGaHHH TOJBKO OJIHOTO KaMepTOHA CBETJIOE MsATHO Ha
pane koJe6eTcsl BOJb TPSIMOIT  JIMHHM. Eciu  kone6-
rcst 06a KaMepTOHa, MSTHO MOXKET ONHCHIBATH 3aMbICJIO-

Puc. 87.

Tpaektopus ABHMEHHS] TeJa B TOM cayyae, KOrjia OHO
HOBpEMEHHO YYacTByeT B JBYX B3alMHO nepneHAuKY-
HBIX KoJeGaHHSX, OMHCHIBAETCH CHCTEMOH ypaBHEHHH

= Als'm((ﬂlt"l‘q)l)’ \ 1
y— A, sin (@8 +92), | y

e X U y — MPOEKIHH CMELlenHs Tejia Ha ocsix X u'Y.
JlonycTuM JJisi TIPOCTOTEL, HTO @1=P:=0 U O=0;=0.
ria

x=A,sinwt,
} @)

y= A,sinot.

. A
10 03HayaeT, 4YTO y:]—"’x; CJIeJOBATENbHO, COOTHO-
1

HHs (2) ONMCBLIBAIOT OTPE3OK npsMoil. Yrosl HakJoHa &
ocu X onpejeisieTcsl ypaBHEHHEM

___A2
tga—?&;.




[Tycte Teneper ¢ = (p{—!—%f—t. Torpa
x = A, cos (ot +¢1), } 3)
y= A2 sin (w,t +¢,). ! ]
PasGepeM cHauasia caMblii POCTOH cJIyyaif, Korja 7 —
=4, ¢1=¢:=0 U 0;=0,=0, T.e
x= A cos wt, }

y= Asin ot. )

Touka ¢ KOOpPAMHATAMH X W Y, ONpEJeJsieMbIMH STHMU
ypaBHEHHsIMH, ONHCHIBAET OKPYXKHOCTb pajuyca A. Ieiict-
BuTeNbHO, X*+y2=A?cos? i+ A?sin? ol=A2. A 510 u
03HaudeT, YTO TPAEKTOPHs JBHXKEHHS] — OKDYXHOCTb.

ITycts Tenepb A,7#A,. IlocTpouM TpaeKTOpHIO ABHXKe-
Hus A caydasi A,=1, A.=2. B MOMEHT MaKCUMaJLHOTO
oTkjoHenuss x=A,=1, 1. e. cos oi=1, ow!=0 u, crerosa-
TebHO, Yy=2'sin @t=0. Awnanormyno npu x=0 y=2,

npu x-—-l/_?- y=V2 wu Tak nasee.
p 2

[TocTpouB Mo 3THM KOOPAMHATaM rpaMK, MBI MOJNYUYHM
SJIMIC, GOJIBIIAsI MOMYOCh KOTOpOro paBHa A,, a Manasi —
A, T.e. sumnc BBITAHYT no ocu Y (puc.. 8, a) *).

Y

4

Yy YA :-K‘—jﬂz
: \
|

X 6 )x A /4, X
i
L—/
- _|_
2 a, Az
Puc. 88. 2 Puc. 89.

Herpynso nokasatb, uto npu A;=2 0 A,=1 Ml moayuny
SJIIMNC, BBHITSHYTHIA no ocu X (puc. 88, 6).

*) To, uTO CHCTeMa yPaBHEHHit
x=A,coswt,
y=A, sinwt
ONHCHIBAET SJJIMIIC, MOMKHO MOKa3aTh H aHAJIUTHYECKH:
2 2
x :
?—{—aﬁ:coszmt—{—smz @i="=1
2
T. €. TOYKA C KOOPJAMHATAMH X M Y JIEKHT Ha SJUTHIICE.
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Takum o6pasom, sicHo, YyTO, MEHfsi COOTHOIUEHWE aM-
NJIMTYJ, MOXHO TOJYYaTh PA3JUYHBIE SJIIHIICHL.

[Tycte Tenepp 0;=20, w,=w, ¢;=0 u ¢2=0. Torna
cucTeMa ypaBHeHHH (3) npuoGperaer BuA
x= Areos 20,
Y= A, sin of.

peolpasyeM ypaBHeHHE [/ X CHELYIOmUM 0GpasoM:
— A; (cos® ol —sin?ot) =

A (1——25in2mt):A1(1—2y—22) .
\ A

OTa KpuBasi —- 4acTb napaboJibl ¢ OChIO BIOJb OCH X
BEPILMHOI B Touke x=A; (puc. 89). Takum oGpasom, Mbi
OJIYYUJI1 HE3AMKHYTYIO KDHBYIO.

~ Paccvmotpum Tenepb- Baus-

HE HacTOT Ha ¢OpMy Tpaek- i
OpHH, a aMIVINTYJB! Nonepey-
Or0 M TNPOAOJNBHOTO KoJieBa-

Hi{, ONMCHIBAEMBIX CHCTEMOI
/PaBHEHMH (3), BO3LMEM OJIM- - [
AKOBBIMH,

[~

[Toctpoum, Hanpumep, kpu- /z

BI€, COOTBETCTBYIOLIHE ypaB-
€HHSIM

= Acoswt, y=Asin2wt, _J
x=Acoswt, y=Asin4ont.
Crenatb 3To mpouwe Beero PR

'aK. BosbmeM  OKpyiKHOCTD

aguyca A (puc. 90), oTMETMM Ha Hell TOYKH, COOTBETCT-

i T 4 3= f4 51

yiolie yrsiaM o/, paBHbiM O, ByE . 8§ ' T
7

S gn, o 850

Hto6er HaliTh Touku ¢ koopauHatamu x=A cos wf n
A sin 20, BCIOMHUM, YTO B C/IYy4Ya€ OKPYHKHOCTH €JH-
HHOro paauyca (r=1) cos ©! YHCJIEHHO paBeH MPOEKILUHU
Hyca-Bekropa r(of) Ha ocb X, a sin of — npoekuuu
Ocb Y. Tak Kak MBI B35/ OKpPYKHOCTB panuyca A, 1o
PAMHATEL X W Y KaxJOH TOYKH OKPYXKHOCTH — 370
O€R1IMM PAIHYCOB-BEKTOPOB 3THX TOYeK Ha ocd X u Y.
Haiins Bce Touku no ux koopaumaram, nposenem yepes
H TOYKH CIVIOIUHYIO JIMHHIO (puc. 90).
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’ 'S
Just o6onx ciyyaeB MNOJYYAIOTCS 3aMKHYTHIE KDHBHIE,
YHCJIO [IE€TeJIb KOTOprX COOTBETCTBYET OTHOLLEHHIO nZ%
(puc. 91, a, 6). g
4

wr

2 9
Puc. 91.

durypa, npuBefeHHasi Ha puc. 92, HesamknyTa. OHa
COOTBETCTBYET CHCTeME YyPaBHeHHi
X= cos 20f,
y = sin 3w!.

B Kakom ke cayuae noJyyaioTcsi He3aMKHYTHE (PUTYDH?

MoxHo Jim HaltH oflMe 3aKoHOMEpHOCTH? PaccmoTpum
YPaBHEHHS] B BHJE

x= A, cos pot,

b
: < y=A,sin got.
[lpexxne Bcero 3ameTuM,
YTO B TOH TOYKEe, Tlle KpHuBas

X noBopaduBaeT 0GpPAaTHO NO Toi
K€ TPAeKTOPHH, CKOPOCTH TeJia
BlIOJb oceii X U Y opHOBpe-
MeHHO 0oDpamanTcd B HYJb.
Benpr HMEHHO B 3TOM ciyyae

Puc. 92. TeJIO, ABUTAsICh BJOJb KPHBOii,
OCTaHaBJIHBaeTcs, a 3aTeM Ha-
yuHaer npuratrbes obpatHo. Ecin x=A, cos pot, 10

A, cos pwts— Ay coS poly
x =5

y e A

T poty-t pofy . pot,— poty
2 2

o,
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Korna f.~i;=t (pasHoctb f,—f; MmaJjia),
pmt,— poty pmtg—pmtl
) B 1

“

€3yJIbTaTe
v, =— A, posin pwt.

aJOFHYHO JVIsl U, TOJyyaeM
' v, = A, qocos got.

TPHM, KOTJla CKOPOCTH U, U U, 0OpallaioTcsi B HYJb:
v,=0, econ pot=kn,

v,=0, ecam qmt:—g—{—mn.

M3 stux ychoBuii sicHo, uto ¢Qurypa Jluccaxy noay-
A He3aMKHYTOil B Tex cjlyuasix, KOrja

P 2k
g 2m--1°

B uactHocTH, KpuBasi Ha puc. 92 yIoBNeTBOPSAET 3TOMY
OBHIO.

@urypsl Jluccaxxy MOxHO HabaroaaTh Ha SKpaHe OCHHJI-
rpa(ba Ha BepTHKanbHyi0o pa3BepTKy nojaercsi QFHO
PMOHHUECKOE KoJe0aHHe, Ha TrOPH3OHTAJBHYIO — JpY-
. Mx cymma mMoXeT npuHMMaTb pa3nooGpasHblie (OpMEL.
g 3TOro JAOCTATOYHO MEHSTb YACTOTY MEPEMEHHOro Ha-
JkeHHsl Ha oOKJajKax ocuusviorpada.

Kaxzplii U3 Bac MOMXET caM CAenaThb OYeHb MPOCTOE
TpoiicTBO s HabmojeHus H¢ororpadupoBaHus ¢uryp
ccaxky. BospMHTE OOBLIKHOBEHHYIO METAJJIMYECKVIO JIH-
MKy ¥ HU3OTHHTE €€ TaK, YTOOB!I MJIOCKOCTb OIHOH MoJo-
HB! JIHHEHKH Oblla nepneHAHKYJIsipHA MJIOCKOCTH BTOPOH
MOJIOBUHE! (CM. puc. 93).

OnyH U3 KOHIOB JIHHEHKH 3a)kMuTe B THCKH. Ecim Te-
b KauHyTb CBOOOJHBIH KOHell JIMHeliKH, OH OYyIeT omnu-
aTb B BO3JlyXe 3aMbICJOBaThle GUIypH. D10 U OyRyT
ypbl Jluccaxy.

JlBr>keHHe CBOGOAHOrO KOHL@ JIMHEHKH CKJajblBaeTcs
'HE3aBHCHUMBIX KoJIeGaHHH ABYX YacTeH JHHelku. OgHa —
THCKOB JI0 nieperufba U BTOpasi — oT neperufa 10 KOHuA.
JIEOaHHS KaXKIOH YacTH MNePNEeHAUKYJAPHB! IVIOCKOCTH
HEeHKH Ha 3ToM oTpe3ke. Ilockosibky yron mepern6a Jiu-
€[KH paBeH 7/2, koJieGaHMSI B3aHMHO MEPNEHINKYJSIPHEL
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Buj TpaekTOpuM KOHIA JMHEHKH 3aBHCHT OT JJIMHBL H IiH-
PHHEI JITHEHKH H OT TOTO, B K4KOM MECTE €€ MEPErHyTh.
Jns nojayueHus PasHbIX (UTYp MOXKHO MCNOJIB30BATH
OHY W Ty e JHHeHKy. UToObl HM3MeHATh COOTHOILEHue
4YacTOT BEPTHKAJbHOTO H TOPH3OHTAJNBHOTO KOJIEOaHHI,
JIOCTATOYHO 3aXKUMAaTb JIMHE{Ky B THCKH B pPa3HBIX MeCTax

1 b

Puc. 93.

Tak kak yactoTa KoJieGaHMil 3aBHCHT OT JAJIMHBI JIMHE!-
KM, TO, MeHssl COOTHOLUEHHUS] MeXAY JNJHHAMH ee 4dacTel,
BHl OylleTe MEHSATb COOTHOLIEHHSI MEXIY YacTOTaMH B3aHMHO
NepneHAUKYJSIPHBIX KoJie6aHki KoHla JuHelku. Ilpu stom
NOJy4yaTcsi pas3JiMuyHble TPAaeKTOPHH KOHLA JIMHEHKH.

YroObl coTorpadupoBaTh NOJYyuaionmdecss (QUryphl,
K CcBOGOJIHOMY KOHIY HA3J0 NPHKDENHTh MaseHbKYIO JaMm-
NOYKy OT KapMaHHoro ¢oHapuka. JlaMnoyka npoBoAamy,
NPOTSHYTHIMH BJOJb JIMHEHKH, coefuHseTcs ¢ Oarapei-
Koii (cM. puc. 93). [loMecTuB HAIU CIOMKHEBI MASTHUK B TeM-
HOHf KOMHaTe, MOXHO cdororpadupoBats KojebaHHS JIH-
HefKd. BpeMsi 3KCNO3HIIMH JOMKHO GBITh AOCTATOYHO Be-
Juko. Ero Bb MoxkeTe oONpefeNuTb, MPOBEAsS HECKOJILKO
ONMBITOB ¢ pasHoil skcno3unued. Ha puc. 94 npuseneHb!
(oTorpadgmH, mnosyuyeHHble HMEHHO TAKHM CIIOCOGOM.

I'lonpo6yiite npoBecTd nOJAOGHBIE ONBITHE CAMOCTOSITEIBHO.

YnpaxHeHHs. L

1. JlokaxHTe, 4TO BCE KPHMBBIE, ONHCHIBAEMbIE CHCTEMON YpaBHeHHIl

x=A, cos pwt, y=A,cosqut,
HE3AMKHYThI.
2. Tloayunte ypaBHeHMe KpHBOH x—A;coswl, y=A, cos2wf.

=) 3
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BOJIHBI B MEJIKOM TAPEJIKE
(WHTEP®EPEHL )

A. Kocoypos

Her B nmpupoze sBlends Gosnee yHHBEPCANb-
HOTO, uUeM pacnpocTparenne BosiH. Bosmbl Ha 1OBEPX-
HOCTH BOJBI, 3BYK, CBET, PajHo, nepeaaua AedopMalli OT
OJIHHX YacTell TBEPJOTO TeJla K APYTHM — BCE 3TO BOJHOBbIE
npouecckl. KBantoBas MeXaHHKa NOKASbBAET, 4TO H JBII-
JKeHHeM MHKPOYACTHI[ YIPaBJsiOT BOJIHOBhLIE 3aKOHBL Bee
5TH BOJHBI HMEIOT PasHylo (M3HYECKYIO NPHPOANY, Pa3Hbie
CKOPOCTH pacnpocTpaHeHHsi, DPasHbie HYacTOThl W AJHHLI
ponH. Ho He3aBiiCHMO OT 5TOTO B JBHMEHUH JIHOOBIX BOJH
MHOTO ofmiero. MayunB 3akoHEl PacHpoCTpaHEHHS BOJH
OJLHO} MPHPOMibL, MOKHO GOJILIIHHCTBO H3 HHX MPAKTHYECKH
Ge3 H3MEHEeHHS TNepeHeCTH Ha BOJHBI APYrOro THIIA. Hay-
yaTh e BOJIHbl yJOOHee BCEro Ha MOBEPXHOCTH BOLL.

Uro Takoe Bosma? Bpockbte B mpyA kamewb. Ha crmo-
KOHHOIl TOPHSOHTANILHOM NOBEPXHOCTH MNPyJAda BOSHHKHYT
pasberatouyiecsi Kpyrd. ToukH HOBEPXHOCTH BOARL 1O
KOTOPHIX JOlJId BOJIHA, HAYHHAIOT KoneGaTeCcsl OTHOCH-
TeJIbHO CBOETO PABHOBECHOTO HOJIOMEHHs. JTO MOJNOXeHHe
COOTBETCTBYET TOPHIOHTAJILHOM nopepxtoetH. Yem janbile
HAXOJHTCH TOMKA OT MecTa MaJE€HHsl KaMHs, TeM ¢ GOMBIIHN
3an03/aHHEM «y3HaeT» OHa © NajeHuu kamusi. Bosamymenue
PACIPOCTPAHSIETES € ONPEIENICHHOH CKOPOCTBIO. Touxu, no
KOTOPBIX BO3MYIEHHE JOLLIO OAHOBPEMEHHO, HaXOLATCHA
B OJHHAKOBON CTalui KoJueGaTe/bHOTO ABHMeHHs (B onu-
HAKOBO#1 (ase).

Tlns Bosin /oGO APUPOAB! BCEIla MOXKHO YKasaTh (-
3HyeCKHE OOBEKThI, KOTOPHIE MO JEHCTBHEM BOJIHBI HCIIBITH-
BAIOT BO3MYIIEHNE, T.e. OTKJOHEHHe OT CBOHMX PaBHOBEC-
HBIX 3Hauenuil. Jlas 3ByKa — 3TO AEPHOJHYECKHE IOBHI-
[IeHHS U TIOHHXKEHHS AaBleHHs. JJis panHoBOJIH H CBeTa —
GbICTPble HM3MEHEHHsl HalpsiAKeHHOCTH 3JEKTPHUECKOTo 1
MarHHUTHOTO TOJIEH.

CpotictBa Bcex 0e3 HCKJIOUeHHS cpel TakOBBl, YTO
BO3MYyIlUEHHe, BOSHHKILEE B HEKOTOPOFH ofnactH, pacupoct-
paHsieTcs, NepeaaBasich OT TOUKH K TO4Ke C KOHEYHOH CKO-
POCTBIO, KOTOPas 3aBHCHT OT TNPHPOJbI BOSMYIUEHHA H
CBOHCTB CPEHRL.

JInsl BO3HHKHOBEHHS! BOJIHbI HEOOXOAHM HCTQUHHK BO3-
MYIIeHHsI, T. €. BHEWUHsifl [IPHYHMHA, BbI3LBAIOAA B HEKO®
Topoii o6IacTH cpebl HapyLeHHE PaBHOBECHS. Hcrounnk
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MaJioro  pasmepa, Kak, HanpHMep, KaMeHb OpOLIeHHbII
B BONy, M3/Iy4a€T B OXHOPONHON cpesie (T. €. B Takol cpene,
B KOTOPOH CKODOCTb BOJIHBI HE 3aBHCHT OT HanpaBleHHs
€€ pacnpocTpaHeHHs) cdepHuecKHe BOJHHL (Ha noBepx-
HOCTH BOJIBl — KDYTOBBIE), pacnpocTpaHsiomKecs o pa-
auycaM. Taxue HCTOUHMKH BOJH HASBLIBAIOT TOUEYHBIMH.

OnMH M3 OCHOBHBIX NPHHLHMOB 3JIEMEHTAPHOH BOJIHO-
BOH TEOPHH — NPHHIHI He3aBHCHMOCTH BOJH, WJH NpPHH-
uun  cynepnosuumi. OH  yTBEpKpaer, uTo BO3MYyIlleHlHe,
KOTOPOE BLISBIBAET BOJIHA B TOUKE HaGMIONEHIIS], He 3aBHCHT
OT TOTO, YTO Mepe3 3Ty TOMKY ONHOBPEMEHHO NPOXOMST
Apyrve BomnHel. [lpumuun cynepnosnmumu paer npocroe
INPaBHJIO JU1s HAXOXAEHHS CYMMAPHOrO AeHCTBHS BOTH oT
HECKOJIbKHX HCTOMHHKOB: CyMMapHOe KoJefanHe npocto
- PaBHO CyMME€ KOJeGaHMi, Bb|3bIBAEMBIX KAMKIBIM HCTOYHH-
" KOM B OTAEJBHOCTH.

XapaxrepHas 0COGEHHOCTDb BOJHOBBIX NPOLIECCOB — HH-

Tepgepennnsi Bonn. Hurepdepennyei HasbBaior COBOKYII-
HOCTb fABJIeHIIT, BO3HUKAIOLIHX B cpefle npH pacnpocTpaHeHIH
BOJIH OT JBYX MJH HECKOJNBKHX MHCTOYHHKOB, KoJsie6-
JIOIMXCH COTacoBaHHO (cHHXpOHHO). TIpH 3ToM oKazsi-
[BACTCH, UTO B HEKOTOPHIX TOYKaX CpPefbl KoseGaHHsi, BEi-
SBAHHLIE ONIHOBPEMEHHLIM J€IICTBHEM NBYX MCTOMHHKOB,
OyLyT CHJBHEEe WM cnabee, uyeM KoneGaHHs, BLISBAHHbLIE
KaXIbIM HCTOUHHKOM B OTAEJBLHOCTH. Moxker CNyqUThCS,
HTO  corniacoBaHHble BOJHB BOOGLIE NOTACHT OfHA Ipy-
y10.
INoctapaemcss nocmorpers ma HHTEpdEpeHIHI0  cobeT-
HHEIMH ryasamu. Mckyluenswii rnas Ges TPYAA YBHIHUT
HTEpP(ePeHIMIO TP REpPecevYeHtn BOJH OT IByXx OGpoluen-
HBIX B ripyn Kauned. OnHako ansi uayuenus HHTepdepen-
LK 3TOT cnoco6 He roaurcs. Met NOJYYHM YCTOHUYHBYIO
HETED(EPEHIMONHYIO KapTHHY BONSHBIX BOJH Ha Jabopa-
TOPHOM cTOJIE,

Ipexe Beero neo6xopum cocyn ¢ Bonoi. Utober BomHeL,
APAKEHHBIE OT €r0 CTEHOK, He MACKHPOBAMH BONH, HIY-
X OT HCTOUHHKOB, HYXeH COCYZ C NONOTHMH CTEHKAMM.
B stom ormowenim Xopowa OOGHLIKHOBEHHAs] MeJKas Ta-
€lKa, B KOTOPYIO BOAA HAaNHBAECTCS IOYTH J0 camoro
BePxa. HaGerass ma cremkm, BOMHBI OricTpo 3aryxalTr u
HOYTH He orpaxkatotcs. I €HEPATOPOM BOJIH MOYKET CJYKHTH
HEKTPHYECKIIT 3BOHOK C OTBHHYEHHBIM Koanaykom. K mo-

TO4Ky 3BOHKa NpHKpenHTe Kycox NPOBOJIOKH, Ha ee KO-
HEL HaseHbTe nPOGKOBLIIT LIapUK, KOTOPHIH W Gymer To-
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yeyHEM HCTOUHHKOM BoJH. [IpoBonsl OnbIThl, CHEAHTE 33
TeM, 4TOOB NpoBOAa ObUIH XOpPOLIO H30JHPOBAHH.
3BOHOK HYKHO YKDENHTb Hajl Tapeakoll Tak, 4TOGH!
NOBOPOTOM 3BOHKA MORKHO ObIIO NOTpyXkaTh IpOGKOBHI
LmiapHK B Bopy Y Kpas Tapenkd, Ilurarb 3BOHOK Jyuiue
Bcero uepes aproTpaHcopMaTop. IJTO IMO3BOJIT  PeryJH-

Puc. 95.

poBaTh amnauTyny KoneGamnil. Ouenb yoGeH aBTOTpaHC-
¢opMaTop OT AETCKOH KeNe3HOH JOPOTH. [opoiiner u TpaH-
copmarop ot npHOOpa nJisi BbRKHTAHHS. Bxaoyus ycT-
pOBCTBO, MBI YBHIHM Ha [OBEPXHOCTH BOJBI KPYTOBbIE
BOJIHBl C PAacCTOSIHHEM MEXJIYy COCEJHHMH rop6am — /M-
HO#l BOJHBI — oKoJIo 1 cm (pHc. 95).

Ha6monaTh BOJIHEI Jiyulle BCero No TeHH Ha JHe Ta-
peJIKH NpW NPSIMOM COJIHEUHOM CBeTE€ WJH CBeTe ApKOH
namnel. Kanas BodHa, JeHCTBYsSl KakK IHJIMHApHYecKas
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AHH33, NACT HA JIHE TADENKH CBETIYIO NOJOCY, NOBTOPSIO-
my1o ¢opmy ¢ponta BosHb.. Onnako BOJHEI, Geryuiye co
CKOPOCTEIO OKoso 10 cM/¢, campatores ans B3rygaa, purcH-
POBaHHOTO Ha HETIOABHXKHOH Tapeske. OHH BHIHBI TOJBKO .
BOJIN3H HCTOYHHKA, TIJe HX AMIVIHTYAA Benuka. YTto6nl
YBHIETE HX Ha BCeH NOBEPXHOCTH BOMBI, HYMKHO OLICTpO
NOBOPAYNBaTh ronosy. Touwo Tak xe npm OLICTPLIX JBH-
HEHUIAX TONOBEl MOXHO PacCMOTPeTh CNHIBI KATAIErocs
Koneca. OueHb 3¢dexTHRIMI KaXyTcsl BOJIHBI Ha MATOBOM
creknie dotoannapara, ocoGeHHo KpynrogopmarHoro. Hep-
Xd KaMEPy B DYKaX M IJIaBHO NOKauHBas ee, JIETKQ Jio-
OUTBCSI, UTOOB! BOJIHBL GBLIH BHAHBI Ha Beeil NIOBEPXHOCTH.
Ipu 5TOM KaxeTcs, uTO OHM GeryT ouens MeATEHHO, Moxmno
CMOTPETh Ha OTPAXKEHHE NMOBEPXHOCTH BONLI H B 3epKaJe.
\Jlerkne nBHXeHHs 3epKasia TaKKe Jed210T BOJHb BUUMEIMH
1o Beeil noeepxHoctH. Ho ynoGree BCero HabMORaTh BOJIHBL
- TIPH CTPOGOCKONHYECKOM OCBelleHNH. Fen OCBEIATh ycCTa-
HOBKY KOPOTKHMH BCIBIIKAMH CBETa C 4acTOTOl, DaBHO#
HacToTe VICTOUHHKA BOJIH, TO OT OAHON BCNBILKH 0 apyro#
BOJIHEl NEPEMECTATCA Ha ONHY NJIMHY BOJIHB, M BOJHOBAS
KapTHHa BOJH OYLeT Ka3aThCsi HETOABHMKHON. TaKoe oc-
BEILCHHE UDE3BBMAHHO JIETKO OCYILECTBHTE. Hocratoyno
llapannienibho  0OMOTKAM MarHHTa 3BOHKAZ BKJIOUHTD He-
- Gosplryio mamnouky. C paccrosinus 0,5—1 ™ ona xopotuo

H PABHOMEPHO OCBETHT YCTaHOBKY, H HENONBHKHAS TeHe-
Basl KapTHHa BoJH Oyner xopoiuo BupHa. [is ¢doTorpagu-
OBAHHS JIyyllle BOCHOJIb30BATECH TNPSIMBIM  COTHEYHBLIM
BETOM.

YKpennure Terepb Ha MOJIOTOUKE 3BOHKA COTHYTYIO H3
POBOJIOKH BHJIKY € KYCOYKaMH Mpo6KM Ha kowuax. Pac-
STOSIHNIE MEXNY KOHIaMH BUAKH 2—3 cM. Ecan koHup Oy-
AYT ONyCKaTbCs B BOJLY ONHOBpEMEHHO, Aony4nTes fBa
HCTOYHHKa BOJIH, KONEOMIOUIHXCH HE TOJBKO CHHXPOHHO,
4. €. B TaKT, HO H CHH(}A3HO, T. €. BOJHBI OT OGOHX HCTOV.
HHKOB Oy/yT BO3HHMKATh B OHH M TOT K€ MOMEHT BPEMEHH.
Kapruna OyZler npHMEpPHO TaKoi, Kak Ha puc. 96 (3mecw
2d/h=4). OT HCTOMHMKOB BOJH BeepoM pacxopaTcss 06-
JIACTH GOMIBLUMX aMIVIHTYN, pasfie/leHHbe OGacT M «MOJi-
YaHusy, Llentpanbuas obnacte Gosbiunx AMIVIMTYR pac-
 HOJIOXeNa nepneHHKyIAPHO JHHHHY, COEIMHAIOIEH HCTOY-
HHKH. Kak o6niactH Mosuanus, Tak wu o6s1acTH GoMbILHX
AMIJIMTYZ OpPOXOAAT MeXJy HCTOUHHKAMH.

Hcenenopanne HHTeP(EPEHIHORHON KapTHHHEL ¢ JIMHEli-
KOil nokaxker, uto PACCTOSIHHE MeXY NBYMSI MaKCHMyMamu

i
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Ha JIHUH, CONIHsIONlell HCTOUHHKH, PaBHO NOJNOBHHE pac-
CTOsIHHS Mexny AByMsi TopGamu, T.€. NOJOBHHE JJTHHEL
ponHer. Ecin H3MeHATh PacCTOSHHE MeXJy MCTOMHHKaMH,
10 MSMEHHTCS M YMCJO NOJoc GOMBILOH aMIIHTYIEL. Ha
puc. 97 oTHOLIEHUE 9d/h=2. Uem GoJiplile pacCTOSHHE
Mexcly MCTOYHHKaMH, TeM 6oJblile  «NEPHEB» B HaIlEM
peepe. Ho paccrosinue Mexiy MakcHMyMaMH Ha JIHHHH,
CcoeIMHSIOMER NCTOUHHKH, Beerjia paBHO NOJIOBHHE JVTHHBL
ponupl. Ilostomy ofmee wicio noeJoc ¢ MaKCHMaJBHOI
amnuTynoil Gyaer Basoe Gofblle, HeM YHCJIO IJIMH BOJH,
yKJajsiBaiomeecs Ha paccTOfHHH MeXAy HCTOUHHKaMIL.
Orciona CJleyeT, uYIo eCaH paccrosiHie MexXay HCTOY-
HIKAMH MEHbLIe NOJAOBHHE! JUIHHBL BOJHEL, TO untepdepes-
wni BooGume He Gyner. Takue HCTOMHHEM eficTBYIOT Kak
ofuH, JiaBas OAHY CHCTeMy KDYTOBHIX BOJH. 9710 MOXKHO
YBHJIETh, NOCTENEHHO YMEHbLIAs paccrosiHue MeXJy HCToU-
pikaMu. O6paTuTe BHAManue elie U Ha To, 4TO, nponoi-
asi B Kakoii-HEOYAb 06AacTH GONBLINX aMTIIHTY], (QPOHT
BOJIHBL, TPOXOAAIIHIT yepes rop0, Mbl B COCENHENH obnacti
BerperHM Brazumy. JIpyrumi CJIOBaMi: np¥ nNepexone
yepes HyJeBylo 00nacTh pasa BOJIHLL MeHseTcsl Ha IoJIo-
BHHY TIQJIHOTO KOJeGanAsl.

Teneps npejicrabbte cebe, UTO y Hac HE 1Ba MOJIOTOMKA,
a 7Ba MCTOYRHKA CBeTa, H3JYYatoULHX CBETOBLIE BOJHEL H
NIEPIICHINKYJIAPHO TIOBEPXHOCTH BOIbI Mbl nomelaeM 3K-
paH. Msl yBMIHM OCBIICHHBIC MECTa, COOTBETCTBYIOIIHE
nepeceveHiiio sKpaHa obnacteil ¢ GosnbILoH aMIVIHTYIOH,
W TeMHBle, He OCBELleHHbE MecTa. MBI yBHAMM TEMHBIE u
cpeTyibie MHTEpdepeHIMoHHEe HOJOCHL. TlonpoGyem 06bsic-
HHEThL TO, UTO MBI ceiiyac BHAEJH.

HapucyeM Ha aucre Oymaru ofe cHcTeMBl BOJIH Tak,
CJIOBHO OHH 3aMepJlii B KaKO#-TO MOMEHT (puc. 98). T'opbsi
BOJIH TOKAXKeM TCHKHMH CHJIOUIHbIMM JIMHHSIMH, @ BIidjH-
Hel — AyHKTHpHEMH, [lepenynepyeM BOJHEBL, OTMETUB OJH-
HAKOBLIMH UMCJAMH Te, KOTOphie BBIIJIH W3 HCTOUHHKOD
omnospemento. M3 ueprexka BHIHO, WTO Ha JUHHIO, pPaBHO-
yAaJeHHyI0 0T HCTOYHHKOB, OHOBPEMEHHO NPHXOAAT BOJIHE,
UMeIoLHe OJHHAKOBEE HOMepa. 3710 H MOHATHO, TaK KaK
70 TOYEK ITOil MPAMOH BOJNHLL IPOILJIN OHHAaKOBHE NYyTH.
[lo NpHHUHITY CYNEPHO3HIHM Mbl MOMEM 3aKJIOYHTh, YTO
HA 9TOil JIUHHH YJBOATCS KaK BBICOTH rop6oB, TaK M TJy-
GiHBl BNaaud. PesyJsTHpYIoLl#e BOJIHB OTMETHM TOJCTHIMH
JIRHAMK; TOPGB — CTIMIOIIHBIMH, & BRAAHHBL — RYHKTHD-
ueivy. [lpapee u Jiepee JIHHHA 00 ne¥ar TOUKH, B KOTOPbIX
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rop6el ofiHO# CHCTEMBI BOJIH COBNAjyT €O BHaAHHAMH Jpy-
roii. B To BpeMsl KaK BOJIHbI OT OJHOTO HCTOYHHKA BEISOBYT
B 5THX TOYKAaX OTKJOHEHHE BBEpX, BOJHBI OT JAPYTOro
B TOT K€ MOMEHT BHI30BYT B 3THX TOYKaX OTKJOHEHHE
Bun3. CyMMapHOe OTKJIOHEHHE B 3THX TOUKax Oyjer 6113Ko
kK pymo. CoeqHHM BCe TaKHE TOYKH HenpepLIBHOMH JIMHHENT.
Ecan npocnegutb 3a Hymepanueii Top6oB H BIaiHH, JIETKO

3aKJIOUHTh, YTO JIO BCEX TOYEK NPaBOH JIHHHH JIEBHE BOJHLI
IPOXOAAT NYThb Ha MOJOBHHY JJHHbL BOJHBI 6GIBIINH, YeM
npasble. J1Jst J€BOf IMHHM Ha NOJOBHHY JJIHHEL BOJIHBI OT-

CTalOT IpaBble BOJIHEL

CupaBa H clieBa OT HYJIEBBIX JHHHH JleXXaT TOYKH nepe-
ceueHusl nepsoro ropb6a co BTOpbIM, BTOPOIO ¢ TPETHHM
U T. 1. Jlerko noHATh, UTO 3TO TOXKE obnacTH MaKCUMYMOB.
CoefMHHB 3TH TOYKH, MBI NOJYYHM JHHHIO, JIO TOYEK KO-
TOpOi OJiHa CHCTEMa BOJH OTCTaeT OT JIpyrod Ha OfHY
IJIHHY BOJIHBL.
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[pojomnkasi aHa/nu3 uepTeka, MOXHO HaHTH BCe HyJe-
pie JHHHYM U BCE JIHHHH MakCHMYMOB. JIMHHH, KOTOpbie MbI
OMIYYHJH, OKa3LBAlOTCA THnepGoJaMH.

Tenepb COBEpILEHHO fICHO, TOYEMY PACCTOSIHHE MEXIY
MAaKCHMYMaMH Ha JIMHHH, COENHHSIOMEH HCTOYHHKH, PaBHO
[OJIOBHHE IJIHHHL BOJIHHL. JIeHCTBHTENBEHO, B CPENHIOI
TOYKY 3TOH JIMHHH BOJHBI NPHXOIAT B OJHHAKOBOH (ase M
yCHIHBAIOT ApYr npyra. Ecnu cmecTnteess M3 a1OM TOYKH
Ha DOJJIMHBI BOJIHEL, TO OYTh OAHOH BOJHEL YBENHUHTCS
Ha IOJIOBHHY [JIHHB! BOJIHBEL, a APYTOil — YMEHLIIHTCSA Ha
TaRYIO XK€ BeJHUHHY. PasnocTh xofa MeXny BoJHaMK B 3TOH
TouKe (PasHOCTL nyTell, MPOHNEHHEIX BOJHaMH OT HCTOY-
MIHKOB J0 TOUKH) OyJieT paBHa OLHOM JJIMHE BOJIHEL, H BOJIHBL
HoBa OylyT B3aHMHO YCHJIHBAThesl H T. [. U€Pe3 KaXKLYIO
OJIOBUHY JJIUHBI BOJIHBL.

MakcHumyM, COOTBETCTBYIOUIMI HYJIEBOH Pa3HOCTH X0ja,
SBIBAIOT HYJEBHIM MAKCHMYMOM HJIH HYJEBEIM IOPSIKOM
nreppepeHuy. MakcHMyMBl ¢ PasHOCTBIO XOa B OfHY
JIHHY BOJIHBl — MaKCHMYMaMH IIepBOTO NOpSAKa HHTEP-
EpEHNHH H T. . MaKCHMaNbHBIN NOPSAOK HHTEPhePEHIIHH
[peensieTcsl HesbiM YHCIAoM, OnMkaiinM K 2d/A, tne d —
aCcCTOsHUE MeXJy HCTOYHHMKAMH, a A — IJIHHA BOJIHEL
enepb nonpobyiTe npoaHaNH3HPOBAThH CaMH € IIOMOLIBIO
epTeXka, a Moxer OHITh M IPOBEPHTH IKCIEPHMEHTAJBHO,
KaK H3MEHHTCH KapTHHA, €CJH OUH H3 HCTOUHHKOB 6yner
U3YuaTh BOJIHHL C 3allO3JaHHeM Ha MOJIOBHHY NepHoja HJIH
a Kakylo-HUGyab APYTYIO €70 YacTb. A €C/ill COBHI MEXAY
JieCaHHAMH OylleT MEHSTBCHA CAydaliHbiM obpasom? Jlnis
KCIIEPHMEHTANILHOTO OCYILECTBJIEHHS BOJH €O  CABHIOM
43 NOCTATOYHO CjeJaTh KOHULI BHJKH pasHOH JJIHHBIL.

UCCJIEJJOBAHUE BOJIH
HA TMOBEPXHOCTH BOJIbl *)

K@ £C 57 @ [stir

C pasnuuHbIMH BOJIHAMH MBI BCTPEYAEMCH I1O-
BCIOnly, HauHMHas OT TaMMa-Jiy4el ¢ OueHb MaJeHLEKOH JJIHHOH
JIHBl — 710 OFPOMHBLIX BOJIHOBBLIX NepeMelleHHi B oGJaaKax
accesiHHOl MeXny 3Be3jaMH MenkoH neiH. Ho Tak kak
BCE BOJIHBI NEPEHOCAT SHEPTHIO, TO He YAHBHTEJNBHO, YTO HX
OBENleHHE BO MHOTOM OJHMHAKOBO.

-

. *) TlepepaGoTaHBEIil BapHaHT CTaTbH, NOMELIEHHOH B OKTAGPHCKOM
OMepe >XypHaJsa «Scientific American» 3a 1962 rog. .
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B oxnopoamofi cpefe BOJHBL PacnpoOCTPaHAIOTCH 110
NpPAMBIM JIHHHSIM € TOCTOSTHHOH CKOPOCTBIO, H3MEHsIsl Ha-
IpaBJenne H CKOPOCTh B TeX MECTax, I/ie H3MEHSIOTCA ¢usu-
yecKne cBOfcTBA cpelbl. Ecii 3ByKoBasi BosHa B arMocdepe
nomanaer Ha TBEPJBH OOBEKT, Hanpumep, KHPIHYHYIO
CTeHy, TO YacTh €e OTPaXaercs (3x0).

Hzyuenlie BOJH OJIHOTO THIIA NO3BOJIAET HCC/ENOBATEIIO
y3HaTh, 4TO MOXHO OXHJAThb OT BOJIH JDYTHX THIIOB.

BoJHOBYIO BaHHY MOXHO Cl€JaTh B JOMAIIHHX YCJIO-
Busix (puc. 99). OcHoBHas ee 4acCTb COCTOHT U3 JIEPEBSIHHOM

Puc. 99.

pamKH 6 cO CTEKNSHHbIM JHoM. TosmpiHa pamKin OKOJO
5 cM, NJoLaAL CTEKAsHHOrO ana ~0,2 Mm% Yro6bl Bofia He
npoTeKana, JHO CJeAyeT NPHKPENHThL K paMe MaCTHKOH HJIH
JIACTHKOM. BaHHa ycTaHaBJHBaeTcsl Ha YeThpeX HOXKaX
Ha BeicOTe oKoJo 0,5 M or noja. B kauectBe HCTOYHHKA
cBeTa VISl OTGpackiBauKsl TeHeil oT psAGH Ha sKpaH 9, pacro-
JIOXKEHHBIH NOJI CTEKJIOM, HCNOJb3YeTcs Martopas Jamna 5
moocthio 100 Br. Jlamny nomeljaior B KOPOOKY H3 OTHE-
YIIOPHOTO KapTOHa 2 M yCTaHaBJHBalOT B JepiKarefe I ua
BLICOTE OKOJIO NOJYMETpa Haj BaHHOIl Ha JepeBSHHOH pave.
B KOpOGKe HYXXHO IIPOJeNaTh OTBEPCTHE 3, YTOCH! MOJYYHTb
TOUEUHBIH HCTOYHHK CBeTa.
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Ha npyx KkpoHiteiinax [0 3akpenssiercsi iepessiHHast
nepeknaguna /1. K sroii nepeknanune ma pesuHKax mnop-
BEINBAETCA OPYCOK, KOTOPBIH H CIYKHT A7 BO3GYKIEHHST
sons. Ha 6pycke ykpensen mukposiekTpomMoTop — BHEpa-
T0p 4, CKOPOCTb BpallleHHsl KOTOPOTO MOMKHO MH3MEHSITh,
NEPENBHIasi 3aXKHM BJIONbL CTalbHOM cnupand 8. Paccros-
HHe MEXNY GPYCKOM M BOJOH MOXHO PeryJHpOBaTh H3Me-
HEHVEM IOJIOXEHHsl METaJIMueCKHX KPOHIUTEHHOB H YKO-
pa‘-IHBaHI/IEM HJIH YAJHHEHHeM PE3SHHOBHIX HOI[BE(}OB. ILIIH
ONBITOB HaM NOHAZIOOHTCA elle napagpuHOBLIH oTpaxaresb 7,
KOTOPHill MOXHO NOMECTHTH B Pa3HBie TOUKH BaHHHL.

B cepennre Gpycka (puc. 100) GenbeBoil npHienkoit 3
3aKPENJISIeTCsl TIOJYTOPABOJLTOBasl Gatapest AJlsi WIPyIUey-
HOTO MOTOPa. JKeCTKHM NPOBOJOM, COTHYTHIM IOf MPSIMBIM

Puc. 100.

JIOM, K OpYCKY NPHKpPenjieHbi HeCKOMbKO GYCHHOK 4 W3
T€KJIa WK TJIaCTHKA; PacCTOSIHHE MEXAY HHMH MOMKHO Me-
b, €C/IH CIeNath B OpycKe OTBEPCTHS YePe3 KaXKinle
cM. K Bany MoTOpa DPHKPENJeH BHHT MIHHOH 2—3 cM,
HSIMHEA POJIb SKCUEHTPHYECKOTo rpysa. Ban I npo-
T 4epes OTBEPCTHe, NPOCBEPJEHHOE OKOJNO TOJOBKU
HHTa, KOTOPBIH KEeCTKO KPenmuTcs raiikoil; Bropas raiika 2
Xonurcs B Hayane BHHTa. CKOPOCTH MOTOPa MOXKHO pe-

PoBaTthb OOBIMHBIM PEOCTATOM, COCTOSIIHM H3 TOHKOM
AIbHOH NPYXHHB H 3a)KHMa THIA <KPOKOAMI». Opun
NPYXKHHBI COefIHHEeH ¢ OaTapeeil, a 3aXKHM COEHHEH
Oluuv u3 BHIBOJIOB MoTopa. Heobxonnmast ckopocts
A6HpaeTcs: NOLKJIIOYEHHEM BLIBOAA MOTOPA K PASAHUHBIM
M HPYXKHHEL
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[lo BHyTpennemy kpaio BaHHbl (puc. 101) mnponoxkena
MArKas aJioOMMHHEBasi ce€TKa J, 3arHyras noj npsAMbIM yr-
JIOM TIO0 Bcell AJIMHE M MOKPLITA ONHUM cJoeM OHHTa 2,
Taxkoe couetanue GHHTA H CETKH MOIVIOMIAET SHEPTHIO Habe-
raromux BoJiH. Takum oOpa3om NpefOTBpallaeTCs OTPaxke-
HHME OT KpaeB BaHHLI, YTO MOIJIO OBl CJYXKHTb TNOMEXON,
Ha stom pucyHke mnoxkasano
TAKIKE, KaK K KPOHIUTEHY 3
Kpensarcs — Jeplkaresib  Hc-
TOYHHKa CBeTa 4 U JepxkKa-
TeJb Opycka € MOTOPYH-
KoM §.

IIpnGop BoIpaBHHBAIOT,
3aM0JHAIOT BaHHY BOAOH Ha
rayOrHy 2 cM, BKJIOYAIOT
Jamiy, MOAKJIOYAloT BBIBOJ
MOTOpPa K CTa/lLHOH NPYKH-
HE M YCTaHABJUBAIOT BLICOTY
JepeBAEHOro OpycKa Tak,
yT1o0bl OJIMH M3 CTEKJSIHHBIX
IJapHKOB  KAcaJics  BOJBI
Bpauenne 3sKCHEHTPHYECKO-
ro rpysa 3acraB/IsieT BHO-
PHpPOBaThb  NPSIMOYTOJBHBI
KPOHIUTEHNH, a WAPUK — IO]1-
HHMatbCsl U OIYyCKaTtbCsi B Bole. AMINIMTYHa BOJIH pe-
ryJIUpyeTcsl M3MEHEHHEM MOJIOMKEHHS CBOOOAHON ralkH Ha
Kpene:KHoM BHHTe. [lJIMHa BOJIHBI, OmpefessieMasl paccros-
HMEM MEXKJY rpeGHAMM COCEIHHX BOJIH, U3MEHSETCS B 3aBH-
CUMOCTH OT CKOPOCTH motopa. KOHTPacTHOCTH MeXKAy cBe
TOM M TEHbIO BOJTHOBOH KAPTHHKH, NPOECKTHPYEMOHl Ha 3K-
paH, peryaupyercsi nooporoM Jammbl. [Ipubop posmken
UMETh M0 KpaliHeH Mepe JABa LIAPHKA, T. €. JBA TOYEYHLIX
NCTOYHUKA BOJIH. ISl moJyueHHsA BOJIH ¢ MpPAMbIMH (polt-
tamd (aHajiora IUJIOCKHX BOJIH, DAacrpocTpaHAIOMNXCS
B TPEXMEPHBIX Cpejax) HepzaTesib WapHKa IOBOPayHBaioT
BBEPX, a caM OPYCOK ONyCKaloT B BOAY.

YeranoBHTe NpHGOp TaK, yTOOB OH BO3OYKjas IJIOCKIE
BOJIHEL C PACCTOSTHUEM MEKAY I'PEOHAMH OKOJIO 5 cM. BosHel
6y1yT PacXOmHTbCS OT MCTOYHHKAa K mnepeiHeMy Kpawo
BaHHEI U TaM MOIVIOWAThCS. ¥YCTaHOBHTE JIaMIly Tak, yToOb!
KOHTpAcTHOCTH ObUTa MakcuMaldbHOH. B BaHHe mox yrJyioM
45° nocrapsTe MapadMHOBLHT Gapbep M MOCMOTPHTE, KaK
orpazkaiorcs BosHb! (puc. 102 BBepxXy). B wactHOCTH, MOXKHO
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pepuTbCA, UTO yroil O mexny HanpasneHHeM pacmpoctpa-
eHHA BOJIH OT HCTOUHMKa I W JIMHKEH, NepHeHInKyJIapHON
6aprepy 2, paBeH YINy Mexpy HanpapJeHHeM pacrnpocT-
aHeHNs OTPAMKEHHLIX BOJIH H TEM JXe MNepIeHIHKYJISPOM.

B e o

Pre. 102.

Yceranosure Gapeep mopx APYrHMM YIJIOM, MeHbLIHM
M 45°, ¥ usMeHuTe AJMHY BOJIH H ammautyny. Jlerko yGe-
MTBCS, uT0 NpU JOGOM PaCHOJIOMKEHUH Oapnepa yroa na-

HHS papeH yruy OTPaXKeHHs. ITO — 3aKOH OoTpaXkeHus#
A BOJIH JI060ro TuIa.
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3amenuTe napaQHHOBBEI O6apbep CTEKIAHHOH IJIACTHH-
KOil wHpHHOK 15 M u JuinHO# 30 ¢M. YcTaHOBHTE €€ Tak,
uToOBl BEPXHsAS MOBEPXHOCTh ObiIa Ha paccrosnuu 1 cy
OT fiHa BanHbl. Hanonnure BaHHY BOJOH TaK, uroOBl pac-
CTOAHHE OT CTEKJd JI0 TOBEPXHOCTH BOJBI COCTABJIAJO
2—3 MM, H cO31aiTe HUCTOYHWKOM [ PsiJi MIOCKHX BOJIi
(puc. 102 BHu3y). IlocMoTpuTe, KaK 3aMEJIAIOTCA BOJHEL
NpH NEPeceYeHHH Kpasi CTeKkyaa M mnepexoge u3 obmactu
rnyGokol BoABL 2 B obylacTh MeskoH Boubi /. M3-3a m3wme-
HEHHUSI CKOPOCTH BOJIHBI PacrpoCTPaHAIOTCS B HOBOM Ha-
npaBieHUM Haj{ CTEKJIOM TaK e, KaK [IepPeHra cCoJijdr,
KOTOpAas CXOINT C CYXONYTHOTO MOCTa HA TPA3HYIO JIOPOTy.
B 3ToM omnbiTe BOJIHBI OTKJIOHSIIOTCA OT [EPBOHAYAJILIOIO
HalpaBJeHUs 34 CUET MNpPEJIOMJIEHHST — SIBJIGHHs, HabJIo-
JlaeMOr0 y BOJIH BCEX THMOB, KOrfd OHH MONajaioT 1o/
YIJioM M3 OJlHOil cpeibl B JIPYrylo, B KOTOPOH pacrnpoct-
PaHAIOTCS ¢ MHOH CKOPOCTBIO. BoJIHBI HA BOJE OTJIMUAIOTCS
TeM, YTO MEHSIOT CKOPOCTb PACIPOCTPAHEHHS [PH H3MEHE-
HHH TrayOuHEL cpenbl. IIpUOIH3HTENLHO MOXKHO CUMTATL,
YTQ OTHOLIEHHE CKOPOCTEH PACHPOCTPAHEHHSI BOJH B MEJ-
KOH ¥ rJyGokoH Bolie NPONOPLHOHAJIBHO OTHOLICHHIO [JIy-
OUH BOJbLI. DTO OTHOUIEHHE B IEHCTBUTCJNLHOCTH HE YTO
UHOE, KaK M[OKA434Telb [PEJOMJIEHHS Ha TCPaHUIE IBYX
cpen. CropocThb pacnpocTpa@HeHHsl CBETOBHIX H 3BYKOBLIX
BOJIH H3MEHsIeTcsl B 3dBHCHMOCTH OT I[JIOTHOCTH CPEJEl.

OrpaxeHue B MecTe Mepexoia ¢ IJIyO6oKoH BOUBI Ha
MEJIK Y0 MOXHO YMEHbBIIHTh, 38TOYHB Kpai crekaa (puc. 103).-

Puc. 103.

DHEPrHI0 BOJIH MOXKHO CQOKYCHPOBATH, PACCesiThb HJIH
KaK-TO paclipefleiuth GapbepaMH pasiMuyHOH (opmbi. IT10
jesaeTcst napaGoliMdecKHMH pedIeKTopaMu B Tedeckonax,
NPOKEKTOPaX, pPajuoJoKaTopax H JHake PaKOBHHAX Op-
rectpa. PoKyCHPOBKY BOJH MOXHO BOCIIPOM3BECTH B BOJI-
HoBoli Baume. Crenaiite Gapbep M3 napauHa HJIKW pe3H-
HOBo# TpyGkM B (QopmMe napabosibl M HamnpaBbT€ HA HErO
niockue BodqHbl. Ot JI060H TOUKH Gaphepa OTpaX{€HHBIC
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BOJIHBI TOHIAYT K ONHOF M TOH Ke Toyke — Qokycy napa-
Goasl. HaoGopor, kpyropas Bosna, BO3HHMKAWOWAsi B ho-
Kyce, OTpaxasch OT napaboJiHueckoro 6apewepa, cTaHo-
puTest nJockod (puc. 104 BBepxy). (B 310M onbite BosHa

Puc. 104.

€03/1@eTcA Kanyieldl BOIbI M3 MMIOETKH, KOHTYPHI KOTOPOW
BHJIHB! Ha (oTorpaduu.)

Hutepdeperunio MoxHO BOCNIPOM3BECTH B BOJHOBOM

- BaHpe, YCTaHOBMB J[Ba LUapuka Tak, 4yToObl OHH KacaJHuchk

Bl HA pacctostHuM 5 cM gpyr ot apyra. Ha puc. 104

HUSY npuBeseHa THNWYHASA KapTHHA HHTepQEpeHIHH BOJH,

SAABAEMbIX IABYMs IUADUKAaMM. MaKcHMyM aMIWIHTY bl
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BO3HHKAeT TaM, TJie COBNajialoT rpeGHH BOJIH, @ Y3JIbl — Tay,
rfie rpe6HH COBMNANAIOT C BOAJUMHAMH. JIETKO BBIMHCIHTL
VOB, NPH KOTOPbiX BO3HHUKAIOT MAKCHMYMBI M Y3JL[,
CuHyc yraa s Makcumyma paseH nh/d, Tiie n — HOmep
MAKCHMYMd, UEHTPaJbHbIH MAKCUMYyM, NepHeHIUKYJIAPHEL]
JHHHH, COEIHHSIOMEH HCTOUHHKH, HMEeT «HYJEeBOH» HOMep,
a pajuanbHble MaKCHMYMbl, PAacHOJIOXKEHHBE Mo obe Cro-
POHbI OT UEHTPAJBHOrO MAaKCHMyMa, HMEIOT [OCiIeNloBa-
TeJbHO HOMEPa «NepBHIH», «BTOPOH», «TPETHH» H T. I,
A — IJIMHA BOJIHBI H d — paccTosiHHE MeXXIy MCTOUHHMKAMH.
AHaJOrHYHO Y3JBI JiexaT Ha Jyude, ONpPENIeNIAeMOM Ypas-

HeHHeMm sin 0= (m——;—) A/d. 3pmeck m — Homep yaJia

Bapoeprl He 06s3aT€NBHO JMOMKHBI ObITh COJIOLIHBIMY,
PellieTka U3 paBHOMEPHO PACHOJOMEHHBIX IHITHPTOB TaKKe
orpaxaerT BoJiHbI (puc.. 105).
Korja nJjockue BOJHEL MOCJE-
JOBATEJIbHO HATAJIKUBAIOTCS Ha
pereTky, OT KaxJoro LITH(TA
pacxousiTcsi KpPYTOBble BOJIHBL,
KOTOpbie HHTeP(EPHPYIOT H CHO-
Ba 00pa43yloT MJIOCKHE BOJIHEL

Puc. 105. HanpaesieHne, CcOOTBETCTBYi0-

1ee HauboJblIeld amIyuTyle

3THX BOJIH, COCTaBJseT € psAfaMu, o0pasyIOMMH PelleTKy,

yroa 8, mas koroporo sin 0=nl/2d. sin 0,,,, naer Hanpas-

JIeHHEe HauGoJblleii aMIVIUTY JIb BOJIH, 1 — UEJI0e YHCdIo, A —

JUVIHHA BOJIHEL, d — PACCTOSIHHE MeXKJLY COCCIHHMH pAJamMH

pewerkd (mepuoy peluetkH) (puc. 106). D10 cooTHOILEHHE
HasbBaloT (opMynoii Bpsrra — Byasga.

C noMOIIBI0 BOJTHOBOI BAHHH MOXKHO HCCAeNOBath 3(¢-
¢ekr [Honsepa. [Hongep oOCHApYXMJ, YTO MOBBILEHHE
TOHA CBHCTKA Y ObICTPO NpUOMMKAIOLIErocs oesna M cMme-
IHeHHe UBera JBHXKYLleHcs K 3emie 3Be3llbl B CTOPOHY
CHHEHl YacTH CHNEKTpa — sIBJIeHus1 OffHOH mnpHpoxw, O06a
ABJIEHHS OGYCJIOBJICHEl TeM, YTO [BHXKYIIHECS HCTOYHHKH
BOJIH MOTYT JIOTOHATH, & HHOTAA M MEPeroHATh MCIYCKa-
eMbie HMH BOJIHb. UTOObI NpPOAEMOHCTPHPOBATH 3((eKT
Jloniepa B BaHHe, BO3bMHTE HEGOJBIIYIO TPYBOUKY, KOTOPAs
¢ MOMOIIBK MeMOpaHbi, NPHBONMMOR B JEHCTBHE COJIEHOH-
JIOM, HampaBJjsieT B BaHHEY uepe3 paBHBIE MPOMEKYTKH
BpEMEHH [NOPLKH BO3[lyXd, OJHOBPEMEHHO JBHrasicb IO
BaHHE C 3ajaHHO¥ CKOpocthio. (MOXHO cMOHTHpOBATH Y
Kpasi BaHHbI HECKOJIBKO YYACTKOB HIpYUIEYHOMH H(eJI.esﬂoﬁ
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)OrH H YCTAHOBHUTH TPYOOUKY B UrpYIUEYHOM BaroOHYHKe.)
rlla Tpy06oyKa nepeMellaeTcss €O CKOPOCTBIO, MEHbIEH
)POCTH BOJIH, IpeCiH Oepel Hefl pacrosaraiorcs GoJee
70, A M03ajH — 6oJiee PEAKo.

Puc. 106.

KT Jlorviepa HaGmosaercsi B PasidyHOro  poja
aX, B ToM uMcie papuoBosHax. [losbaysick cpaBHu-
SHO HECJIOXKHOM annapatypol, MOMKHO MO PaaHOCHrHa-
HCKYCCTBEHHOTO cnyTHHKAE, YunThiBas s¢dekr Honmepa,
PEJIESIMTE BeTHYHHY M HanpasBJieHHe CKOPOCTH CIYTHHKA.
Bee 3tH 3KcnepHMeHTH — JIMIIL HEMHOTOe M3 TOro,
) MO3KHO [POZCJIATh C MOMOLIBIO HECJOXKHBIX MPHCIOCO6-
# B BOJHOBOH BaHHe. Kaxnpii, KT0 mOCTPOMT H 0Go-
YeT TaKyio BaHHy, YOEIHTCSl, YTO HHTEPECHBIX OMbITOB
HT HE Ha O[HH HEMOTOXKHUHl MeHb.

HCKYCCTBEHHOE COJIHEHHOE 3ATMEHUE *%)
P. Byn

[lpn uccnenoBanum conMHeyHoll KOPOHBI Ke-
bHO HMETb HCKYCCTBEHHYIO KOPOHY CO CBOHCTBAMH,
MOXHO Gonee OJH3KHMHM K CBOHCTBAM HAcTOSMIIEH.
flocobiIeHue, ONHMCAHHOe HIKE, NPeNHa3HAY€H0 HMEHHO
3toil nesmu. HMckyccrBeHHas KOpoHA TaK MOX0Xa Ha
OSIIYIO, YTO 3TO MOPAXKaeT BCAKOIO, KTO OB CBUIE-
M [OJTHOTO COJIHEYHOTO 3atMeHHsA. CXONCTBO HACTOJBLKO

f *) Cratbsi Gblia ony6anKoBaHa B xypuane «Nature» B 1901 r.
€B0J, ¢ anrJiviickoro I'. A. Copokuna.
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[OJIHOE, UTO CTOMT JOGABHTb HECKOJBKO HeTalled IS Toro,
yto6bl YHCTO 3SCTETHYECKH YCHIUTb 3GdeKT H MOTyuuT
H300paxenHe COJMHEYHOTO 3aTMEHHs, KOTOpPOe TPYIHO OT-
JIMYUTL OT NOAMHHEOTO. OTJHYHE COCTOMT JIMIIL B TOM, ufq
CTOJIOEL CBEYEHHS MNOJYYAIOTCH MPSAMBIMH, 4 HE HCKPHBJICH-
HBIMH, kKaK Ha ¢ortorpadusax. Xopowo BOCIPOH3BOJATCS
3eJ1eHOBATO-rONTyGol 1BeT HeGa H XapaKTePHBIE XKeMYVIKHbIH
6meck KOpPOHHL. HcKycceTBeHHOE 3aTMEeHME Ha JIEKIHOHHbLIX
JEMOHCTPauUsAX MdetT aynuTopHH sPKoe MNPeAcTaBlIeHie
0 Kpacore sBiaeHHs. PucyHku u ¢otorpaguu He MpOHs-
BOASIT TAKOro BleYaTJeHHd. Kaxnupifi, KTO CMOHTHDPYeT
OIMCAHHYIO HHXE YCTaHOBKY, OYIET BO3HArpaxIeH Kpa-
CHBOH KapTHHOH COJIHEYHOro 3aTMEHHS.

Bee, uto Tpebyercsi,— 3TO ILECTHCBEYEBas JaMmIad Ha-
KaJMBaHMsI U CTEKJsHHBIH pe3epByap. Pasmep pesepByapa
He HMeeT GOJILIIOro 3HAYeHus, ISl 3TOH NeJH XOpoilo
noyoiiAeT, HanpuMmep, CTEKJsHHBII akBapuyMm. Pesepsyap
HAIMOJHSACTCS YHCTOH BOJOH, K KOTOPOH no0aBisieTcs JIOXKKa
HJIH JBe CIHPTOBOro pactsopa 3yOHol . nactel. Ilacta mo-
MEeHTaJIbHO BBINAJI@eT B OCAJIOK, H BOJd CTAHOBUTCA MOXOXKeH
Ha MOJIOKO.

[Mposona, Bepyiue K Jawmiie, DPONYCKaIOTCS yepes
KOPOTKYIO CTeKJsiHHYK TPYOKy. K kemuy TpyokH 1pu
moMoLM cypryya npukpemvisiercs Jdamna (puc. 107). Cie-
Ayer ofpaTHTb BHHMaHHe HAa 70, YTOOB COEAMHEHHE GBLIO

Donses

Pue. 107.

JIOTHLIM, MHaue B TPYOKy nonajaer Bopa. Ha Jjamny
HAKJIEHBAIOTCS [ATb WJIH LIecTh Nojoc (OJLTH C npome:
Aytkame 0,5—1 mv. Tommuna nosioc NpHMEPHO TaKas e
[Mos0Ckl HAKJIEHBAIOTCST HA MPOTHBONONOXKHBIE CTOPOHB!
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miel. [Ipoxossiiiue mexay wHMM Jyun W obpasyior
bt cBeyerust. Uuclo nosoc, ux WHPHNY M pacrnodo-
eHlle, JAIOlKE HAHIYYLIui 3(QeKT, Jerko omnpeiesutTh
[BITHBIM ITYTEM.

K kos6e Jamrel cypryyom uiil JioOeiM HE PacTBOPSIO-
HMCS B BOJIC KJIEEM MNPHKPEINIIeTCS MeTaJJINYeCKHE JIUCK.
HaMeTp JANCKa HECKOJLKO GOJIblUe JIHaMeTpa JIamiibl, OH
aKpbIBACT IIPAMOI CBET OT JIaMNBL H COOTBETCTBYET TEMHOMY
gucky J1vHeL Besi cucrema onyckaerces B akBapuywm, nipHuem
aMna HaxolnTcsl B rOPHU30HTAJLHOM INOJOMXKEHHH, a Me-
aAMUYECcKIli JHCK TNoMellaeTcss BOMM3H JIMIEBOTO CTEKJd
(puc. 108). Hensoxo B nens Jamnbl BKMOYMTH peoctar,
qorja MOXHO pPEry/JHpOBaTh HHTEHCHBHOCTH OCBELICHHS.
[lpH BKTIOUEHHH TOKa MOXKHO YBMJETH NPEKPACHYIO KOPOHY,
BISBAHHYIO DaccesiHHeM CBETd JlaMNbl HA B3BEIUEHHBIX B
)I€ METKHX vacTHykax mnactel. Hecummerpuumas HuTH
MBI JACT HEOJHOPOMHOE OCBELIEHHe, W 3TQ YCHIHBAET
pexT. Eciil cTONOB! CBEUCHHS CJIMLIKOM PE3KO OYepueHb
il CJAHMUIKOM IIHPOKH, 3TO JEIKO MCHPABUTb, 3dMEHUB
QJIOCKH (HOJIBIH.

Onnako KapTuHa 3aTMEHUsl elle He COBEePILEHHA, LBET»
€6a» CJMIIKOM CBEIVILII M CPaBHHTEJBHO spKuii. Ecim
0ABUTL B PACTBOP KakOH-HHOYIb roday0oBaTo-3eJieHbli
spacutesb, «He0O» NPHOOPETAET TAWHCTBEHHBIH LEET M
OPoHa BhicTyIaeT Gojiee oTuerynBo. JloGaBiennem KpacKu
HO TOOHTBCS TOrO, YTO «HeGO» GYET CHABbHO OKPAlleHo,
IpY 3TOM HM B Majeiinei
IEHH HEe U3MEHHTCH I[BET
JPOHEL. 3ITO OOCTOATENBCTBO
bMad YIMBHTEJILHO, TaK Kax
1IBET «HeGa» M IIBET KOPOHHI
JIHBAIOTCA ONHHMMH CPEINCT-
anu.

Hrak, nonyueno npekpac-
€ BOCIIPOM3BEJCHHE OKOJIO-
OJIHEUHOH aTMOc(epEl, KOpo-
d " OJ1e THO-30J16TOTO  1IBETa ¢
YVIKHBIM OJIeCKOM, 00124210~
AT PA3ITHYMMOH CTPYKTYPOR. Puc. 109.
INHEl  BLICTYDAIOIHE TYMaH-
CTONIOb CBCYEHHMS, TEPSIOLIMECS Ha ToayGoBaTo-3ede-
i (dore «neba». Biaropapsi HEONHOPOMHOMY OCBELIEHHIO
AHBI HE TOJBKO CTOJOB, HO H 34aTeéMHEHHBIe 06J4aCTHy.
PEKT ycHIIUBAETCS, €C/M T41a38 MMOJNY3dKPhIThI.
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Puc. 109 cpenan ¢ Qororpaduu OMHOTO H3 TAKHX Mc-
KYCCTBEHHbIX 3artMeHMH. K -coxanenuto, 3HAYHTENbHas
yacTh TOHKWX jierajieli, noJyueHHbIX Ha Heraruse, npy
neyatd yTepsiHa.

2 HE BEPb I'JIA3AM CBOUM...
I' Kocoypos

Jlast yesoBeKa 3peHHe — OCHOBHOH HCTOYHHK
uadopManuH 00 OKPYXKAIOLeM €ro mMupe. Mb1 IpHBBIKIH
a6COTIOTHO JloBepsATh IiazaM. CoBa «He MOBEPHI T/1as3am
CBOMM» O3HAYAIOT KPAHHIOI CTeNeHb yjHBJeHHsi. B mpi-
BEIYHBIX YCJOBHSAX TaKoe JOBEpue BIIOJHE OMNPABIAKO.
I'aza BMecTe ¢ COOTBETCTBYIOLUMMH OT/HE€JaMH MO3ra co-
CTABJISIIOT TOMYANIIMI aHaJUTHUECKHE amnapar, 6e3ot-
K43HO CJY’Kalluil HaM B CaMbiX Pa3HOOOP@3HBIX YCJIOBHSX:
IPH SAAPKOM COJIHEYHOM CBETE€ M KOrJi@ CBeTa COBCeM Mallo,
B NOKOe M IpH ObicTPOM ABHM:KeHHH. H3o0paxKeHHe, KoTopoe
noJlyydercsi Ha ceTyaTke IJiasd, MpeJCTaBJsieTcss HaM JiH-
IUEHHBIM. KAKHX-TH60 HemoctaTkoB. OHO BIOJHE De3Koe,
MépcnekTHBAa NMPaBHIIBHAS, NPsiMbie JIHHHYU NPEJCTABISAIOTCS
PAMBIMH, BOKPYT MPEJMETOB HET DajlyKHOH OKPacKH —
XpomatHuecKoi abeppanuu.

Ho me cienyer Aymarb, 4YTO Hall IJIa3 JEHCTBHTEJILHO
ABJISIETCA HeaJbHeIM HHCTpYMeHTOM. OOBEKTHBHBIE MC-
CJIeIOBAHHS TOKA3bIBAIOT, 4YTO TIJ1a3y CBOWCTBEHHBI Bce
HeocTaTku JnE3. Ho Halile cO3HAHME H3 HECOBEPLIEHHOIO
U300pakeHHs] HA CETYATKE IJIa3a BOCCO3JAeT MPaBWILHOS
npencTapiieHle 06 OKPY2Kaloliem Hac NPOCTPaHCTBE.

INpuBenem Takoil mpumep. YenoBek, Yy KOTOPOro ro-
ABMJIACh OJM30PYKOCTb, BIEpBble Hajeaq ouku. Ilepsoe
BpEMsi OH BHJMT [EPCIEKTHBY CHJIBLHO HcekaxewHod. [ps-
MBIE JIMHHM [PEACTaBJIAIOICA €My HWCKDHBJICHHBIMM, I1J0-
CKOCTH — KPHBBIMH H MOKatbiMH. MHOrZa 3TO BhI3HIBAET
Jiaxe Jerkoe rojoBokpyxkeHue. Ho npoxomut HekoTopot
BpeMsl, M YeJIOBEK CKBO3b OYKH HAYMHAET NPaBMJIBHO BOC-
NPHHMMATD M [EPCHCKTHBY M IPSIMOJHMHEIHOCTD. Mup
CHOBa IpeJICTaeT Mepej; ero B30POM B MPABUJIBHOM, HEHCKA
JKEHHOM BHJle, XOTsl W30GpakeHue Ha ceryaTke Mo-IpexHery
HCKaxKeHo.

B Heo6bMHBIX YCJIOBHSX, KOTZA@ Ivida3a roJyydaror npo-
THBOpeYMBYI0 HH(GOPMALMIO, * KOTZA BEJHKH KOHTpAcTh,
KOTJi@ NpaBMJIbHAS OLEHKAa paccTosiHuii, pasmepos, 00T
HOLIGHHI 3aTPy/HEHA HJIH KOTJid OT/EJbHbE Y4acTKi cet
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KH YTOMJICHHI IIPONO/IXNHUTENHHBIM BO3JCHCTBUEM KAKOrO-
160 pasjipakuresisi, Hallle CO3HAHHE HayHHaeT oluuGarbes.
O3HMKAIOT pa3iiHyHble OOMaHbl 3peHusi. Bl GesyciosHO
1 HE Pa3 BCTPEYAJIMCh C PA3JMYHBIMH IPUMEPAMH TAKHX
OOOMBITHBIX WIIIO3HH. Mbl NpPHBEIEM ONHMCAHHE HECKOMb-
{X OIBITOB, MOKA3LIBAIOLINX, KAK OLIMOAIOTCA HANlH IJid3d.
eIaEM MBI 3TO He C UEJbiO MONOPBaTh Balle JOBEpHE K
peHHto, a AJIsi TOro, YToObl MOKa3ath, KaKYI0 GOJbLIYIO
pib B GOPMHPOBaHHH 00p430B WrpaetT CHHTETHUECKAst
a6oTa MO3Ta.

Jis mepeBoro ombita, KOTOPBI OGBIYHO BBLIAAIOT 34
43aTeNIbCTBO TOTO, YTO Ha cerdyarke, Kak M B (ortoall-
pate, MOJyYyaercsi MepeBepHyToe H306paeHne, Heob-
IMBI JiBA KYCOYKa KapToHa, HaIpHMep, IBe OTKPHITKH.
IHO¥ K3 HHX MPOKOJIUTE TOJICTOH HIVIOH OTBEPCTHE OKOJIO
MM H JIepKHTE €ro nepej riiaaoM Ha pacCrosiiiu 2—3 cu,
Il HA OCBELICHHHIH Mefi3ak, cBersioe HeGo W Jiamny.
€M BTOPOil OTKPHITKH IepeKphiBaiiTe NOCTENEHHO 3PauoK’
€/l CaMbIM IJId30M, BJBUras OTKPBITKY CHH3y. B mnoge
HU$i T71a3a Bbl YBHJIHTE TeHb Kpasi OTKPBITKH, OIMYCKa-
yiocsl CBEpXY.

‘PasbepeM onthyecKkyio cxeMy 3TOro oImbITa nogpoGHee.
d Mepej IJ1a30M HET OTKPEITKH C OTBEPCTHEM, BCE TOUKH
3peHHs MOCBLTAIOT B IJ1a3 JIYYH uepe3 Bech 3PayoK
ie. 110, @), 1 oT Kaknoll TOUKHM 3pauka cBer pacmpee-
eTCsi 10 Beell cetyatke, Ecai mocraButh nepep raazom

Puc. 110.

PBITKY C OTBEPCTHEM, Kaxk[as TOuKa NOJst 3peHHs1 OyJer
Opaxatbesi TydamH, NPOXOAAIHME Yepe3 HeGOJbUIYIO
b 3pauxa (puc. 110, 6). BepxHue Touku mosis 3peHms
Opassitest JyuaMH, MPOXOMSILIMMH HEpe3 HHKHIOK YacTh
Ka, HMXKHHE TOUKH — uepe3 BepXHIOW. 3akphiBasi
€M OTKPHLITKH HHXKHIOKO Yacth 3pduKa, MBI 3aTeHseMm
HIOKO yacTb I0Jisi 3peHHsi M BHIUM Kpail OTKDHITKH,
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onxcxammuﬁcg ceepxy, Jlerko NOHAT, YTO 5TOT 3(bdexr-
HblH ONBIT HHKAK HE 34BHCHT OT XOAd JyYe€d B IJIA3y H He
MOXET CJIYXKHTb JOKA3aTeJIbCTBOM I[EPEBEPHYTOCTH H300-
paxeHusi Ha ceryatke. Iloe 3penusi yike cQopMHPOBang
Jo 3pauka. B srom Jerke yOemuThCsi, MOMECTHB HA MeCTo
rJ1a3a MaToBO€ CTEKJIIO.

Bropoii OMBEIT MOKa3HBAET, KaK CIPaBJiseTcs 3PeHue
¢ npoTHBOpeunBoil HHQpopMaluell. CBepHHTE H3 JHCTd Oy-
mMar# TPYOKy [HAMETPOM OKOJO 2 CM H CMOTPHTE Yepes
Hee ONHHM IJIa30M HA PacroJIOKCHHBIE BIEPEIH NPEIMETL],
Iepen BTOpHIM rJIa30M IOMECTHTE JIAJIOHb PYKH, Jiepxka ece
Ha paccTosiHEM 10—15 cM nepeyt JIHIOM, BINIOTHYIO K TPYOKe.
Bl oryeryiMBo VBHAUTE IBIPY B Ballled JalOHI, CKBO3L
KOTOPYIO BHIHB OKpYXKaiomue mnpeamersi. HaoGpakerue
CpellHeHl YacTH JIAJOHH MOJNHOCTBHIO MOJABJIEHO H300pare-
HHEM, KOTOPOe BHIMT IJ1a3 uepe3 TPYOKy.

- Boslee TOHKMil ONBIT ¢ pa3Hoii HH(opManHed LIs npa-
BOLO M JIEBOTO r/d3a MO:KHO mposectd Tak. [loasecbte Ha
GedIoli HMTKE KaKoi-HUOY/b HEGOJBLIOH CBETJbIH MPe/Mer.
Packauap NOJyuMBLIMiCST MASITHHK B OJHOH [JIOCKOCTH,
CMOTPHTE Ha Hero ¢ paccrosiiusi 2—3 M. Ilomecture mepey
OHUM TJIa30M CBeTOQHILTP cpeiHeil MJOTHOCTH JIH00Oro
usera. Bbl yBujuTe, yTO MasTHHK KoJeGlercss He B OJHOM
IMIOCKOCTH, a KakK Obl onuchiBaer siumc. Ilepemecrtnre
cBeTo(HALTP K JAPYroMmy IMasy, H HanpasjieHHe [BHIKeHHs!
MafiTHHK4 HO 3JUIHIICY M3MEHHTCsi Ha ofpatHoe.

o) 7,
Puc. I11.

Caegyromuii onbIT u3o6paxen Ha puc. 111. Ha puc. 111,a
[OKa3aHA W3BECTHAsl HWJUTIO3HSl H3JoMa NpsMOH, nepece-
kaioueil yepryto nosocy. Ho Mano kro 3Haer, 4yto jocrd-
TOYHO JHONOJHHTL PHCYHOK JieGenkodl M nogHHMaeMbM
rpysom (puc. 111, 6), nojckazaB Tem CaMbiM CO3HAHHIO,
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OpsiMasi — 3T0 HATAHYTHIH TPOC, W HIIIO3HS WU3JI0OMa
€3HET.
[NocieIHHA ONBLIT CBS3aH ¢ CHTyauuel, KOrjaa st d-
nperaiul 00pasa CO3HAHUIO NPEJOCTABJSICTCS BO3MOK-
76 BbiOOpa. Ha puc. 112 gaum jBe ¢otorpadmn uacru
HHOTO Nefi3aka B paiione Mops Hoxped u TOPHOrO
gra AneHHud. Ha onHOH M3 HUX BoI BHJIUTE JIYHHBIC
BUEBBIE TOPBI, d HA APYTO# BUIHBI KOJBIEBLIE OBPATH —
be BeIBEPHYJCs. [lepesepHute H3oGpamenwe n ofpa-
He pesnea npousoiiner Ha Jpyroit gotorpacuu. OG-
ITE BHUMaHHUE, 410 3TH (oTorpaduy cOBEpPHICHHO OJH-
Bbl, HO OJlHd M3 HHX IepPeBepHyT4.
(et oOpamieHHs1 pesbeda YacTo BO3HHKAEET npu
tojieHHY JIyHb B Teseckon. KocMOHABTEI, noGeBaBiuye
YHE, CTOJKHYJIUCh C PeajibHOH TPYIHOCTLIO MPABHJIb-
BOCIIPUATHA MECTHOCTH, JIMIUEHHOH BO3JLYIIHOH mep-
THBBI B YCJIOBUAX OOJBIIOH KOHTPACTHOCTH mNei3axa.
KTbl OOPAIlCHUS] HANPABICHHS JBMMKEHUS! MOMKHO Ha-
aTh, TJIALA Ha CHIYST BpAWAIOeHCcsi aHTEHHbI pa-
okatopa. Bam Oynier Kasarbcsi, 4T0 AHTEHHAZ B HEKO-
I€ MOMEHTEI BHE3AMHO MEHSeT HaNpAaBJEeHHE BPALIeHHS!.
L€ 5TO #ABJIEHUE PEKOMEHIOBAJOCh HAGMONATH HA
3T€ BETPAHOH MENbHHUIbI.
AHOTO Da3/MUHBIX MHTEPECHBIX WJVIIO3HI CBSI3aHO ¢
prsitiem useta. OOMaHBl 3PEHHSt — 3T0 HE NPOCTO
THEE Qokychl. Mayyenne paGotel 3pHTeNBHOTO an-
Ta B HEOOBIUHBIX YCJIOBHSX MO3BOJSET TUIyGiKe TIO3HATD
HBIE IIPOIECCH, MPOMCXOASAIHE B INIda3y W B HALLEM
HIOM [PH CHHTE3e 00pPa30B OKPYHKAIOWEH Hac Mei-
JILHOCTH.
€M, KTO 3axoyer Gojiee MOJAPOGHO NO3HAKOMUTLCH C
avl 1o (PM3HOJNIOTHYECKOH ONTHKE, MOXHO DPEKOMEH-
b KHHTY JIk. I'perra «OnbiTel co 3peHuem» (Hajaresn-
«Mup», Mocksa, 1970 r.). B s10ii Kuure pamo omi-
GOJIbILOTO KOJIMYECTBA SNEMEHTAPHBIX OMHTOB 110
AOBaHMIO patoTel ryasa. Bee oHM Brosme noctymHbl
bHIKaM, ¥ GOMbliasi yacTb MX BechbMa NOYYHTEJbHA.
YET TOJILKO NPEeAYNpPe/iuTh YHTATEJISs, YTO B TeX MecTax,
dBTOP Kacaercsd (M3WYeCKOH ONTHKH, HA3BIK KHHIH
BHTCSI BE€CbMa HAJEKUM OT HAYYHOTO.
OubinoTeKe Bbi, BEPOSATHO, HaiifileTe TAKKe KHIry
HEHapTa «Cer u uger B npuposie» (M.: Hayka, 1969 r.)
ury M. JI. Apravowosa «Mmmosun spemms» (M.:
969 r.).

[\
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IUIBETHBIE TEHH
b. Korasmn

3EJIEHASI TEHb

B koMHaTe, oCBeleHHON OGBLIYHBIM GenbiM
» S@KIHTE HACTOJBHYIO JlaMIly, NpeABapPHTEJBHO
PHYB B €€ NaTpoH kpacHylo samnouyky. IlojoxuTte Ha
J1 JTHCT GeJio¥ 6yMaru ¥ momecTHTe MEeXly HHM H JIaMNoH
OH-HHGYZb HeGOJIBLIOH mpexMer, HanpHmep, KapaHzaul.
JiHcTe OYMary NOSIBUTCSA €ro TeHb, HO OHa 6yner coBep-
HHO HEOXHNAHHOH MO LBETY — HE YepHOil W He CepoH,
... 3CAEHOI. \
ITOT 3(PDEKT, BHAUMO, CBSI3aH HE TOJNBKO M He CTOJIBKO -
M3HKOH, CKOJIBKO C (PH3HOJIOrHeH H ncuxonorueii. Teun
TIpE/IMETa KaXKETCsl HaM 3eJIEHOH BCJEJCTBHE KOHTpAacTa
KD YK AIOLIHM GoHOM, KOTOpbIH, Gylyus Ha camoMm nesie
CHOBATbIM, OLLYINAETCS HaMH KaK GeJbiil, H60 MbI 3HaeM,
Oymara Genasi. Buuumo, oTcyrcrBHe KDacHOro IBera
HacTKE, 3aHATOM TEHBIO, Hallle CO3HAHHE BOCTIPHHHMAET
Ha/THYHE 3€J€HOIO [BeTa Ha 5TOM yyactke. Ho nouemy
HHO 3eJIeHOro?
Jlesio B ToM, 4To KpacHblii H 3eJeHbli LBeTa SIBJSIOTCS
arumensiomy. Tak HasbiBaloT uBera, JOTIOJIHSAIOLTHe
I Jipyra 1o Gejoro. A uto 310 03Hayaer? Eime B XVII
€ Heioton ofHapyxun, wro 6embii COJIHEYHBI CcBet
HETCA CJIOXKHBIM, TNPEICTaBJSIET COGOil COBOKYMHOCTD
CTbIX LBETOB — (PHOJIETOBOTrO, CHHETo, rosry6oro, 3eje-
» JKEJITOrO, OPAaHXKeBOro H KpacHoro. B smoM MoxkHo
AHTBCA, HalpHMEP, C MOMOIIBIO CTEKJSHHOL [IPU3MBI.
H' COMHEYHBIH CBET NPOMYCTHTH YEPe3 Y3KYIO e
AlpaBHTL Ha NPH3MY, TO MOMYYHTCS PABHOYGEMHOE
paxcerue sTo wenH. HbioToH npoBomut w Ipyrue
ThI: «COGHpaJ» BMECTE BCE LBETA (HanpumMep, ¢ NOMOLIBIO
B) U B pe3yJbTaTe BHOBb noayyan OGenblii 1LBeT,
STOM OKasbiBa€TCsl, YTO, €CJH «3aZep:KaTbd KaKOki-
Ab LBET, CKa)keM, 3eJIeHHH, TO H306pakeHHe ey
BUTCS UBETHBIM, M INPHTOM KpacHkIM. WiH, ecan
PIaTb» KEJNTHIH LBeT, H306parkeHHe LieH NOJIYYHTC 5t
IM H T. . IMeHHO B 5TOM CMbIC/Ie 3€eHbIH H KpacHbIH,
THIHl B CHHHH H T. N. UBETa Ha3biBAIOTCH NOTOJHHTENb-
H. =
TOT MHTEPECHBIA ONBIT MOXXHO NMPOBOAHTH H € JIAMIOY-
L Ipyrux uperoB. Tak, ecaH Jlamnouka Gyger 3eJieHoil,
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TO TeHb cTaHeT KpacHoii. Ecnu jlamnoyka OyZeT cuHel, To
TeHb MOJYYHTCS KeJTOil, a ecyIH JiaMoyka OyIeT MKeJToi,
TEHb OKaxeTcsi cuseil. BooOlie mBeT TeHu Bcerja moJy-
4yaeTcsi JONOJHHTENbHbBIM K HBETY JaMINOUYKH.

OnucanHoe $BJAEHHE MOXKHO YacTo HAGMIONATh 3MMON
BO/IM3H Ta30CBETHHIX TOPOACKHMX BBLIBecOK. Korzla Ha 3emne
J€;KUT CHEr, Ha HeM SICHO BHJHBI T€HH, HBET KOTOPHIX J0-
MONHUTENEH K HBETY CBETselicsi BbIBECKH.

KPACHBIE JIMCTb4

[loracure B KOomMHaTe CBET H 3aXKTHTE JlaMny,
NPeNBAPHTENIbHO MMOMEHSIB B Heit 0OblyHYI0 JaMIOYKY Ha
cunioto. IlocMoTpuTe mpu cBere 3ToH JMaMNOYKH HA JIMCThs
pacTeHHH: 3eJeHbie JHCTbS, OCBEIUEHHBEIE CHHHM CBETOM,
KaxXyTcsl He 3elIeHBIMH U He CHHHMH, a ... kpacubimu. B yem
ke neno? Oka3biBaeTcsl, CTEKNO CHHEH JaMIOYKH INpOmy-
CKaeT He TOJbKO CHHHUiI, HO YacTMYHO H KpacHbIH cBeT.
Bumecre ¢ Tem, JHMCTBS pPacTeHHH OTPaxadT HE TOJBKO
3eJICHbIH CBeT, HO OTYacTH M KpacHBIH, norsaowas Apyrue
neera. [lostoMy korma Ha JIHCThSI DaflaéT CBET OT CHHeil
JIAMIIOYKH, OHH OTPaxKaloT mMoAbko KpacHuill ceent W, CJefo-
BareJbHO, KaXXyTCsi HaM KpPacHBIMH.

OnucaHHell 3QPeKT MOXKHO NONYYHTh M HHaue: Io-
CMOTDHTE Ha JHCTbS pacTeHHA yepe3s CHHUE OYKH MJIH
yepes cHHHE csetouabTp. PacckaswiBasg 06 ombite C Ta-
KUMH OYKaMH, H3BecTHHIH coseTckuii yuenblii K. A. Tumu-
psseB nucan: «CTOUT X TOJNBKO HajieTh, H BeChb MHp Ipel-
CTapJsieTcsl B «PO30BOM cBeTe». Ilofl SICHbIM CHHHM HeOOM
pa3BepThIBaeTcsl (paHTacTHYECKMH JaHmuadt ¢ KopajoBo-
KpacHbIMH JIYFaMH H JIeCaM# ...».

KAKOIO UBETA 3EJEHKA?
E.llanbuunkoB

Ta camas 3eqeHKa, KOTOPOH cMasbiBaloT meJ-
KHe paHbl H mapamHHb? MHorue, HaBepHOe, CKaxKyT, YTO
3esieHoro (M GynyT npasbi!).

Ho nocmorpure ckBO3b NMY3biPEK C 3€JEHKOH Ha Kakoii-
HUOYIb APKHH HCTOYHHK cBeta — Hampumep, Ha CousHue,
HHTh JIaMNOYKH HaKaJHBaHWs WM Ha JYroBoH paspsi.
Bel yBHaMTe, 4YTO 3eneHKa NPONYCKaeT TOMBKO KPacHbIf
cBet. [lonyyaercs, uTo 3e/l€eHKa KpacHOro LBeTa?
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BospMuTE HECKONBKO KIOBET Ppa3HOH TOJMMMHBI  HJIH
CTEHHbIE CTEKJAHHbIE CTAKAHYHKH, HaleliTe B HUX
TBOP 3€JEHKH *) H nocmoTrphte Ha npoceer. ToHKle
H PacTBOpa HMEIOT, [EHCTBHTENBHO, 3€J€HBIH LBET,
€ TOJICTBIE NPHOGPETAIOT HEONpPeNeNEHHYI0 CEPYI0 OK-
Ky (C DNYpNypHBIM OTTEHKOM), a eiie OOJEE TOMCThIE
yTcsl KpacHbiMu. MHbIMK ciioBammn, mBeT 3aBuCHT
TOJIWHHB CNOf pPacTBop a. Kak 370 MOxHO
CHHTDL?
‘OkasbiBaeTcsi, CMEKTP NPONyCKaHHS TOHKOTO CJOSI 36-
M HMEET B BUAHMOMH 0GAacTH [IBE NOJIOCHl TIPO3PAYHOCTH:
OKYIO CHHE-3€JIEHYI0 H Y3Kyl0 KpacHyio (puc. 113).
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Puc. 113.

€aMoM JieJle KpacHasi 1I0J10ca He Y3Kasi, a NPOCTHPAeTcst
Hie B HHQPaKpacHylo o6/1acTb, HO IJa3 YeJoBeKa H3
IIHPOKOH NOJIOCE! BHIHMT TOJMBKO MAJNEHBKHH KYyCOuek,
AaroliMil B 061acTh BHAUMOTO cBeTa. B kpacHom yuactke
OlieHKe MaJIo M0 CPaBHEHHMIO ¢ CHHe-3eseHbIM (Kosdu-
HT nponyckaHusi [Jsl KPacHOTO CBeTa CYLICCTBEHHO
bllle, yeM /151 cHHe-3eqeHoro). Ho cuHe-seqeHasi nosoca
€ KpacHOH M pacnofioXeHa B TOM y4YacTKe CIeKTpa,

*) 3esnenky KeJaTelbHO PasbaBHTh, KHAye N upercss 6path ouenb
Y
€ KIOBETHI.



TAE In1a3 HMEET BbICOKYIO YYBCTBHTeNBHOCTB. [103TOMYy
PacTBOp 3€JIEHKH B TOHKOM cJioe GY/ET Ka3aThCs 3€JeHbiy.

YBeNHYHM TOMIHHY CJIOS 3eJEHKH B JBa pasa HJH, uTo
TO ke caMO€, DACNOJIOXXHM MOC/IeNOBATeNbHO APYr 32
APYrom 1Ba ONHHAKOBBIX CJIOsl. Kak HaMeHHTCS KO3(dH-
LHEHT NPONyCKaHusA cBeTa? OYeBHAHO, YMeHbLIHTCS. YToby;
TOIYYHTL €ro HOBOE 3HaYeHHe, HaJl0 NEPEMHOMKHTH KO3(-
(HUHEHTHl NPOMyCKaHHs NEPBOro cjiosi H BTOPOro TakKoro
xe chios. Jlpyrumu caoBamu, KO3()pULIHEHT NponycKaHis
AJI51 OAHOrO CJIOSl Hal0 BO3BECTH B KBampar. [IpH stom
AISL  CHHE-3€JIEHOH  MOJIOCH  KOI(M(HIMEHT NPONYCKaHus
YMEHBIIHTCS OY€Hb CHJIBHO, a IS KPacHOH MOJOCHl OCTa-
HETCSl MOYTH HEH3MEHHBIM.

Ha puc. 114 nokasawo, kak usmensiores KO(POHIMEHTE
TNPONycKaHHs KPacHOH H CHHe-3eJIeHOH noJoc NMPH NOcCJe-

S

XXX XKXKK

Heapguyuenm nponyeranusg, %
[
S

Prc. 114,

AOBATEJILHOM YBEJIMYEHHH TOJILIMHbI CJIOS 3€JIeHKH. SlcHo,
HTO JI0/151 CHHE-3€JIEHOTO CBETa CTAHOBHTCH BCE MeHbILC)
H MeHbLIeH N0 CPaBHEHHIO ¢ Jloself KpacHOro cBeta. Haynnas
C HEKOTOPOH ONpe/e/IeHHOH TOMLIMHBI, PacTeoOp 3eJeHKHU Ha
NPOCBET GYZIET He 3€JIeHBIM, & KPacHbIM.

Tak kakoro e uBera 3esieHKa Ha camom znene?

OPAH)XEBOE HEBO
I' Kocoypos

Mol npenaraeM 4MTaTeMoO HECKOJBKO Ollbi-
TOB 10 LBETOBOMY 3peHHio. Bce onu cBsi3ank ¢ pasanuHbimii
UBETOBLIMH HMJUTIO3HSAIMH, BBISBAHHLIMH HEOOBIUHBIMH ycJI0-
BHAIMH paGoThl IV1a3a HJIH €r0 LBETOBHIM YTOMJIEHHEM.
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MexaHusM BocnpusTHS 1BeTOB TJIa30M OYeHb ciokeq
A0 KOHLa eme He H3yuen. MasectHo, yro CeTYaTKa ryasa
CONEPIKHT 21Ba POJia CBETOYYBCTBHTEIbHbIX KJIETOK, KOTOppie
OCHT HasBaHHsl NanoyeK M koaGoyek. B najoykax co-
[EPAKHTCH  (DOTOXUMHYECKH HYBCTBHTEJIbHLIH [HIMeHT —
BPHTEJIBHBIH Nypnyp, uau pononcHH. Tloa neéicTBreM cpera
PONONICHH O6ecuBeYHBaeTcsT K IEACTBYeT Ha HEPBHLIE Bo-
NE€penaioyie Bo36ykieHHe B Moar. Ilpn  spxom
BETE OH 00CCLBEYHBACTCS NOJHOCTBIO Ji NanoyKyu cyennyr.
B temHoTe Huer o6parupii IIpouiecc — BoccTaHOBJICHMHe
SPHTENILHOTO  nyprypa. [lanoukosoe, CyMepeyHoe 3peHue
00/IaZIa€T OYEHb  GOJBLIO HYBCTBHTEJIBHOCTBIO, HO OHQ
‘axpoMatHyHo. [lamouky ge YYBCTBYIOT wuBera. [lpu jo-

EXaHHu3M  3pennsi. KonGoukosoe 3peHHe LBETOYYBCTBH-
NIBHO. EcTb MHoOro y6emurenpupx OfIbITOB, NPHBOASIIHX
BBIBOLY, 4TO KOJIGOUKH ColepKaT (OTOXHMHYECKH qyB-
BHTEJIBHLIE [HIMEHTBI TPeX COpTOB ¢ MaKCHMyMOM yqyB-
BUTEILHOCTH B KpacHOMH, 3efeHoll u CHHEH o6aacTax
fleKTpa. Pasmiunasi crenenp BLILBETAHHSI BCEX TpPeX mur-
I€HTOB JIa€T B HallleM COSHaHHH OLIYIleHHE LBETA H [MO3BO-
SI€T BHIETL MHD BO BceMm Pa3Hoo6pasun kpacox, OTTEHKOB,
OJYTOHOB H NEPEXOJOB.

Ha tpexusernoit TIPHPOZIE LIBETOBOTO 3peHHS] OCHOBaHo

Omnako owywenue upera MOXKHO BbI3BaTh HE TOJBKO
PackavMu, HO W, Hanpumep, NPEPBIBHCTHIM  OCBELIEHHEM.
PeYepTHTE TYmIBIO Ha UepTexHylo 6ymary yepHo-Gempie
PYTH, nokasanuble Ha puc. 115, g — 2. Hoctatouno, yro6p:
PYTH nMenn pHamerp 8—12 cm. Bripexbre mucku u [pH-
AUTE MX B He OYeHb GbiCTpoe Bpaiienye, npumepHo 1—

AMaThIBaTe 151 KHHOHpOEKTOpa, NPOHUTDLIBATENSI, MAarHu-
XPOHA HH IpOCTO cheylaTe M3 AHCKOB BOJYKH. Bwmecto
PHBIX AYT Bbl YBHIHTE IBeTHRIE OKDYXXHOCTH- OKpaCKa

117



curumu. [TosHoro oGbsICHEHHSI 3TOMY SIBJEHHIO TOKa ele

HeT.
KPHCKPI pasnnuarTcd HE TOJIbKO LIBETOM, HO H HacChl-

weHHocThio. Ecii mocTeneHHo 106aBASATL K KPacHO# Kpacke

Puc. 115.

Genuna, uBer GyleT CTaHOBHThCH Bce Gosee pososbiM. Ha
KapTHHaX H TeM GoJjiee Ha THNOrPa¢CKUX KOMUSAX C KapTHH
TPYAHO NOJYUHTH HachleHHbIe TOHa H GoJblliHe rpajaulH
spkoctH. OTHoleHHe SIpKOCTH caMOH Gelioil KpackH K
SIPKOCTH CaMoil 4yepHoil efiBa JOCTMIAeT cTa, a B IPHUPOJE
MbI MMeeM JIeJI0 C Pa3nuyHeM B APKOCTH BO MHOTO ThICHAY
pas. TlostoMy KONWH C KapTHH KaxyTesl CJHMIIKOM OJel-
HeiMH 1160, Ha0GOPOT, CJHIIKOM T€MHBIMH. DTO HapyluaeT
OAMH M3 3JIEMEHTOB BOCIIPUSATHS OOBEMHOCTH — BO3JLYLUHYIO
nepcrnekTuBY. K3o6pakeHHe neHsaxka HJH XKaHPOBOH cie-
Hbl BBINVISIAHT OJOCKHM. J3HauyMTeNbHO INMpe JAHanasoH
nepefaBaeMblX fIPKOCTeH MNpPH NPOEKIHH Ha 3KpaH JAxa-
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O3UTHBOB. VIMEHHO NO3TOMY TaK BHIPA3HTEbHBI H 0GbEMHL]
TOTpaPHH Ha LBETHOH OGPAaTHMON NJIEHKE — CJIaibi.
BocripusTie KapTHHHI MOMHO 3HAYHTEJBHO YJAYYIUHT,
BELLasl €€ crneunajbHbiM o6pasoM. BosbMuTe wuBeTHyio
JeHKy H3 «OroHpkay, chotorpadupyiite ee H oTHeya-
HTE€ KOHTAKTHLIM CNOCOGOM C IVIEHKH Ha IJIEHKY KOHT-
CTHBIH YepHO-Gesblil AHano3utuB. BeTaBbTe ZAHanO3HTHB
AIPOEKTOP ¢ GOJIBIIMM CBETOBBIM MOTOKOM (hozofizer npo-
Top THNa «CBET») M CIPOEKTHPYIiTe AHAMO3UTHB HA OpH-
IHaJl TaK, YTOChl KOHTYPHI NPOEKIMH H OPHTHHA/A TOUHO
Briajanu. PesynbTaT He 3acTaBHT Bac NOXKaseThb O 3a-
ayertiom Tpyne. Kaptuua oxuBer, npuobperer o6bem-
CTb H 0COOYi0 BbIPa3UTeNBHOCTb. BHIK/MounTe npoexTop,
Bbl yGeluTech, HAaCKOJbKO TYCKJa i HeBhLIpa3HuTe/bHa
pPTHHA NpH paBHOMEPHOM OCBELIEHHH,

Crenyiouye onbIThl OTHOCATCH K TAaK HASHBAEMBIM [O-
€I0BaTEJIbHBIM HBETOBLIM 06pa3aM. JTO siBJEHHE CBS3aHO
TEM, YTO MOJHOE BOCCTAHOBJEHHE LBETOYYBCTBHTEJIBLHOFO
TNEHTA — MPOKECC CPABHHTENLHO MeVIeHHbIH. Ecaun mpo-
WDKHTE/ILHOE BPEMS CMOTDETH HA OJHOLBETHBIH PHCYHOK,
TIOTOM ME€PEBECTH B3TVIA Ha Genmylo Gymary, cTeHy HJm
TOJIOK, TO Gesblii LBeT GyET BOCIPMHMMATBCS TaK, KAk
ATO B HEeM HEJ0CTaeT LBeTa, YTOMHBIUEro rya3. Ha Genoii
BEPXHOCTH GYJeT BUJEH TOT XK€ PHCYHOK, HO OKPalleHHbIii
IBET, KOTODBIH HA3BIBAIOT NONOJNHHTENBHBIM. Bhipexbre
UBETHOH GymMard KpacHBIH, OpaHKeBblil, *eJThIil, 3eJe-
H, CHHUl ¥ QHONETOBBI#I KBalpaTUKI pasMepoM 2 2 cw.

WIOXKHTE OMH H3 HBETHBIX KBa[APaTHKOB nepel coGoil Ha

T GeJioii GymMard ¥ CMOTPHTE HA HETO, HE HANPSras rias,

YHI TpuAuath. CMOTpeTb HaZo, KaK TOBOPSAT, B OZLHY

Ky, 4ro0bl u3oOpaeHHe KBajpaTa He mnepeMeliasioch

ceryatke. [lepesenure B3rssn Ha Gesoe nose, u yepes

YHLy — J1Be Bbl YBHIHTE Ha Gymare yeTKoe M306par<eHHe

AIpaTa B JOMOJNHHTENbHOM nBeTe. Tak Bbl y3HaeTe, yTo

OJIHHTEJbHBIM K KPaCHOMY WBETY SIB/ISIETCS 3eJIeHBbii,

CHHEMY — OpaHXeBblii, @ K XeNTOMY — (JHOJIETOBBI.

&KJasi napa JONOJIHHTENBHBIX LBETOB B CMECH JOJIKHA

aTb Gesbil MJIH cepblii aXpOMaTHYEeCKHH IBeT.

Hasi cMellleHHs JOMOMHUTEJBHBIX LBETOB MOJIOMKHT®

AOM  IBa  </IONOJIHHTENIbHBIXY KBaJApaTHKa (HampuMep,

CHBIfl U 3€MIEHBIIH) W NOCTaBbTE MEXKIY HHMHM CTEKJSAHHYIO

CTHHKY (puc. 116). Pacronoxkure raas Tak, 4To6bi

H KBaJpaTHK BHJETb CKBO3b CT€KJO, a APYrof — of-

€HHEIM B cTeKJie. MeHsisl HAaKJOH CTEKJa U TeM caMBiM

119



COOTHOUIEHHE MENIY CBETOBLIMH [OTOKaMH, HAYIIHMH OT
KBaJIPaTHKOB, MOXKHO NOOHTLCS TOTO, YTO OKPacKa B MecCte
nepekpbiTHA H306paxeHuil noytd Hcyeswer. Jlns noJiHoi
axpoMaTH3allHH H300paxkeHHSl HYKeH TOYHbI MOoAGOp LBe-
toB. Yaie Bcero noayuyaercsi 6ypasi okpacka. Ho ecan
B3AThL JBa SIBHO He JOMOJIHUTEIbHbIX L(B€Ta, HamnpuMmep,
3eJIeHblii U KeJThIH Wy
KpacHbBlH M  (DHOJIETOBHI,
sipKasi oKpacka MmoJYYHTCs
npu Jo6oit ux cmecH. Euge
6oJsiee sIpKHE LBETOBhHIE 00-
pasbl BO3HUKAIOT, €CJIH KBajl-
paTHKH KJacTb He Ha Oenyio
6yMary, a Ha JONOJIHHTENb-
HbIA (OH.

Camyro moOpasHTeNBHYIO
H caMylo HeNoOHATHYIO IiBe-
: TOBYIO HJITIO3HIO Ja€T Halll

Pruc. 116. nocneHud ombiT. MBl yike
rOBOPHJIH, YTO B OCHOBe
BOCIPOM3BENEHHST LBETOB JIEKHT TPEXUBETHAsi CHCTEMA.
Ecau Tpu pasa cororpadHpoBaTb OHY H Ty e cLeHy
uyepe3 TPH CBeTOQHJILTPA: KPacHbIil, 3eJeHbIH H CHHUIl —
M, OTIEYATAB [O3MTHUBHbLIC KOMHH, CHOPOEKTHPOBATh HX
TpeMsl MPOEKTOPAMH Ha OHHO H TO XK€ MECTO 3KpaHa
yepe3 Te e CBETO(HIBTPHI, TO Ha 3KpaHe MOSIBUTCS HBETHOE
naoOparkeHue ¢ NpaBHJIBHOH nepepaueil uperoB. IIpu sTom
CBETOQHILTPhI  IO/XKHBI OBITH MOAOGpPaHEl Tak, 4YTOGH B
cymMMe OHH JaBaju Oesbiii mBeT. MOXHO OrpaHMYHMTHECS
IByMsi (oTorpacusMH 4Yepe3 nBa AONOJHHTEJNBHBIX CBETO-
¢uabTpa, HanpuMep, KpacHblii H 3esenblil. [Ipu sToM TOxE
[oJyyaeTcs Xopomasi LBerorfepesaya, XOTH H HE CTOJb
coBeplIeHHAasl, Kak B TpexiserHoM cmocoGe. Ho, okasbl-
BaeTCsl, MPH MPOEKUHH MOXKHO OFPAHHYMTHCA H OJHHM
[BETHBIM CBETO(QUJIBLTPOM.

CHHMHMTE OIHY H Ty k€ LUBETHYIO CLIEHY, He mepemeiast
annapat, JBa pasa Ha NaHXPOMAaTHYECKYIO [JIEHKY uepes
KpacHbIl H 3ejeHblH cBeToUILTPH. B TtounoM mopbope
CBETOUILTPOB HET HeoOXozumocTH. Bmonne mnomoiinyT
CcBETOQUJIBLTPLl H3 IKOJbHOTO HaGopa. KoHtakTHO oTneua-
TaiiTe Ha IJIEHKY MO3HTHBHBIE KOmHH. [lonyueHHbie puamno-
3HTHBBI BCTABbTE B [(BA [IPOEKTOpPA H CHPOEKTHPYHTE nHa-
NO3UTHBLI Ha 3KpaH TaK, 4YTOGbl KOHTYpHI Hsoﬁpameﬂml
TouHO coBnanH. [lepen oﬁ’r:exmsom NpOeKTOpa, B KOTOPWIH

V2 \
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. BCTABJIEH  1HAMO3HTHB, CHATHIA wYepes KpacHblil  Quaerp,
fIOCTaBbTe KPaCHbIil CBeTOYUABLTP, a BTOpOe H300pakeHue
OCTaBbTe YEPHO-GesibiM (prc. 117). Bl YBHOMTE ysemtioe
usobpaxkeHHe BO BceM GorarcTpe KpacoK, HecMOTps Ha
TO, YTO MPOEKTHPYETE BhI TOJBKO KpacHoe H 4epHo-GeJsoe
H300parkeHHsl ¢ “PasHbiM pacnpeznieleHHeM cBeTa H TEHH.

Kpacneii 575/770_&71///&/1/}7

Jlio6bie  o6beKTHBHLIE HCCJIEIOBAHUS CBETa, OTPAXKEHHOro
PasHbIMH MecTaMu SKPaHa, HaayT TOJbKO KpacHbId [BeT
Pa3JIHYHOH CTeneHH YHCTOTHI WM HacblleHHOCTH.  Ongy-
HI€HHe UBETOB B JAHHOM CJ1y4ae YHCTO cy6bekTHBHOE. [Ipo-
€KTOpLI  JIyyllle  BK/LIOYaTh yepes aBTOTPaHcGOPMaTOPHI,
YTOObI MOXKHO OBLIO HE3aBHCHMO PeryJsupoBath ocBeen-
HOCTB, uaBaeMy}o Ha 3KpaH KaxpablM H3 HHX. KaK npasuJo,
olyuenne Haubosiee nNpaBHIBHONM LBETONEPE/layl BO3HH-
KaeT mpH HeboJibIlOMH OCBELIEHHOCTH 3KpaHa.

- Takum o6pasom, 1IPOCTOE W OYEBHAHOE MOMHO Tafiy H
3arayiok.
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3EJIEHASI KPACHASl JIAMIIA
B. Mafiep

B sameuareabHOl Kuure Y. Bparra «Mup
cBera. Mup 3ByKa» *) OnmucaH KpacHBBIH ONBIT, JACMOH-
CTPHpYIOUHE OJIHO JIOGOMBITHOE ceoiicteo masa. Onbir
5TOT HACTOJBKO TPOCT, UTO KaxIpli H3 Bac 6es 0cobBIX
3aTpyIHEHHH MOXET NOBTOPHUTH €rO Yy cebs1 moma. — i

[lpuGop AJdsl TOCTAHOBKM ONbITa (PHC. 118) moxHO
co6paTh M3 JeTajell MeXaHHYECKOTO KOHCTPYKTOpA. Ha

Puc. 118.

amomuHieBoM ocHoBaHiu 1 pasmepom 1560110 MM
CKOGOIH M3 >KECTH MM AJIOMHHHS 3aKPENHTe MHKPO3JEKT-
pozsuraress 2. B orseperus ABYX CTOEK 3 BBICOTOH NMPUMEPHO
60 MM BeTapbre Bad 4 cO IUKHBOM & BHYTPEHHHM JAHAMETPOM
15—25 mm. K TOpiy Bana NpeiBapHTENBHO ACMKEH GHTH
NPHKpPEIJieH KapTOHHBEIH JUCK 6 JuamMerpoM 100—140 mm
(ecnm Ban ¢ pe3bbOH, AMCK MOXHO 3aKpEnHTh ABYMSI rap-
kamu ¢ waiibamu). Ha ocHoBanun npubopa pacnofioKHTe
aIOMHHUEBYIO CTOHKY 7 C OTBEPCTHEM /s JIAMIOUKH 8.
HapenbTe Ha BaJ MHKPO3JEKTPOABHIATeIsl H IIKHB PE3H-

*) Y. Bparr. Mup ceera. Mup seyka.— M.: Hayxa, 1967.
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HOBOE KOJIbLO 9. JIBHTaTeNh OAKIIOUHTE K ONHOH HJH IBYyM
TNOCJIEIOBATENILHO  COEAMHEHHBIM GatapelikaM KapMaHHOTO
gouapsi. Ilo pekomenpanun Bpsrra nuck aomKen Bpamarbest
€O CKOPOCTBIO 2—3 06opota B cekynay. CKOpOCTh BpanieHus -
JMCK2 B HEKOTOPBIX MpefeJiaX MOXHO pEryJHpoBaTh, MpH-
TOPMaXKHBasl IIKUB MaJblEeM.

Ilocsie npeaBapuTeNbHOTO HCNBITAHHST TIOArOTOBETE NPH-
Gop Ansl ombita. B KapTOHHOM JMCKe BHIpEXKbTE CEKTOP C
AYroii npuMepHO 45° M OKJeliTe OfHY NOJOBHHY OCTaBlle-
rocsi cexktopa Genofi Gymaroii, a apyryio — uepHoii (puc.
119). Creknsinnpiii GaJlioH JaMNOYKH KapMaHHOTO donaps,

Puc. 119.

paccuntaHHO# Ha Hanpsikenne 3,5 B, nokpoiite KpacHoit
HATPO3MAJBIO (MOXHO monpoGoBaTh HCHOJB30BaTh JaK A
Horreil). Korja kpacka BEICOXHET, BBEPHNTE JIAMIOUKY B
OTBEPCTHE CTOIKH npu6opa M MOAKJIOUHTE K €€ 3JIEKTPOfaM
nposopuuku. Ilepen auckoM Ha paccrosinud 20—50 cm
T HEr0 PacnoJIOKHTe HACTOJBHYIO JlaMny Tak, YyTOGBI CBET
T Hee mafiayn Ha juck. Ilonacoenuuute snammouky K 6Gara-
€HKe 1 BKJIOUHTE MHKPO3JEKTPOABUIATED.

Ecau Hampasnenne BpameHns AuCKa Takoe, YTO NpH
a}joM ofopoTe JlaMNOYKYy CHauaJjla TNepeKpblBaer wepHas
acTh JIMCKa, TO MPH JOOBIX OCBELIEHHOCTSX M CKOPOCTAX
BpallieHHs JIaMIOuKa BBINVISANT KpacHoi. Ecau, nomeHss
OMISIPHOCTb MCTOYHHMKA NHTaHHS, M3MEHHTh HanpasJieHHe
pauieHus, T. €. 3acTaBHTb KPYTHThCSI JHCK TaK, YTOGHI
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S
JAaMNOYKY HepeKpbiBajia CHauaja ero Oenasi 4actb, TO
Jamnoyka Oyjer ... 3eJieHoH HJM cuse-3enenoit! Ecau
yCJIOBHUSI SKCIEpUMEHTA (CKOPOCTh BpanieHHusa [HCKa, Kpacka,
KOTOpPOl MNOKpBITa JIaMIIOUKa) NOJOOpaHbl HEAOCTATOYHO
XOpowIo, JIaMnoyKa BBIIVISIAHT HE THHE-3€JIEHOH, a CBeTJo-
rony6oit ¢ GenecoBaThiM OTTEHKOM.

[onpo6yem o6bsicHuth pesyJbrat onbia. JIHck Bpa-
maercst GbICTPO, W KOTJa NPOpe3b B HEM OKas3bIBaeTCsl Meper
KpacHOH JIaMnoykoH, Ha CeT4aTKe [Jla3a Ha MIHOBEHHE
nojyuaercsi KpacHoe HsoOpaxeHnue JamnoukH. Ecau npu
JanbHEHIEM BpAIEHUH AHCKA JIaMINOYKY NEPEKPHIBAET €ro
Geslast MOJNIOBUHA, TO Ha CETUATKY IJ71a3a NONajael paccesiH-
HbIii GeJblil CBET HACTOJIbHOM Jlamnbl. Benblii nser AeficTsyer
Ha ceruatky B TeueHue Gojee IJINTEJIBHOTO MPOMEXKYTKa
BpPEMEHH, Ue€M KpacHbIfl [BeT. Ilocne TOro Kak mepes riasom
NPOKPYTHTCSI YEpHasi IMOJIOBHHA JMCKa, HNpPOLECC MNOBTO-
pfieTcsl ¥ JIaMINOUKa BOCIPHUHHMAETCS CHHE-3EJIEHOMH.

Ecsii «cMellaTh» CHHe-3eJieHBlil LBET U KPacHBIH LBeT,
TO noJiyuntcss Genblii 1BeT. DTH [BETa HAasblBAIOT AOMOJ-
HUTEJbHBIMA (CHHE-3€JIEHBIH 1[BET JOMOJHHTENEH KPacHOMY
H HaoGopor). TakuM o6pasoM, B OHbLITE IJ1a3 BMECTO MCTHMH-
HOTO [(BeTa JIAMIOYKH BOCOPHHHMAaeT JONOJIHHTEJIBHBIH
eMy HBerT.

MoO3KHO BBICKA3aTh NPEANOJIOKEHHE, YTO NPH KpParKo-
BpPEMEHHOM OCBEIIEHHH CETYaTKH KPAcHBIM CBETOM CETYarka
B JaJibHEHIleM Jiyylle pearnpyeT Ha BCe APYTIHe CIeKTpalib-
Hbie coctapisioniue Gesoro csera. OHa Kak OBl «yTOMJSI-
eTcs» KpacHBIM CBETOM H KOTJA OCBEIlaeTcsi GesbiM CBETOM,
TO BOCIPUHHMAeT €ro 6e3 «KpacHOH KOMIOHEHThI», T. €.
TOJIBKO JONOJHHUTEJBHBIH KPacHOMY — CHHE-3€JIEHBIH CBeT.
TlocKoJIbKYy BpeMsT OCBEIIEHHSI CETYaTKH OeJIbIM CBETOM
3HAUUTEJbHO COJbllle BPEMEHH OCBELIEHHsI KPaCHBIM CBe-
TOM, JIaMIOUKa BBIMVISAUT CHHE-3€JIeHOH, a HE KpacHOIi.

3710 NpeAnoJIOKEHHE TMOATBEPKAAET Pe3yJbTaT OMNHTa,
B KOTOPOM JUCK Bpailaercsi B oOpaTHYIO CTOPOHY — TaK,
UTO JIAMOOUKY NEPEKPBIBAET CHAYasa €ro YepHasi MOJOBHHA.
Jelcreutennpho, o6aactb ceryatku, THE MOJydaercsi Kpac-
HOE H300paKEeHUE JIAMIOUKH, 32 BPEMsI, B TEUYEHHE KOTOPOro
nepej rJa3oM HAXOZUTCS UYepHasi yacTb IHCKa, YCNEBaer
«oTHOXHYTb». [lo3rOMy, KOrZa nepej rijasoM OKasbIBaercs
Oenasi MoOJOBHHA JHCKa, BCe LBETa, BXONAILUE B COCTaB
6esioro cBeTa, BOCIPHHUMAIOTCS [71a30M OJMHAKOBO XOPOLIO.
Tak kak KpacHbIi CBeT BO3JEHCTBYET Ha ceTuatkKy CoJjee
IJIUTEILHOE BpEMsi, WeM OCTaJbHblE KOMIOHEHTH Oesoro
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BeTa (CHayasa BO3JEHCTBYeT KpacHasi KOMIOHEHTa Gesioro
CBECTA, a 3aTEM — KpacHHIH CBeT JIAMIOYKH), TO JaMNOYKa
BLINVISIIUT KPACHO.

KAK C NOMOLbI0 MPOBOJIOKH
U3MEPUTH AJIHHY CBETOBOH BOJIHbI

H. Poctosiues

Ha nymu csera, upymero or Toueunoro me-
TOUHUKa, HEMOCPENCTBEHHO nepes ryasom I' (Ha paccTOstHUH
2—3 MM OT Hero) noMecTHM TOHKYIO npososioky /7 pua-
metpoM  0,05—0,12 mm, pacnionoxeHHyIo BE€PTHKAJbHO
(puc. 120). Torza cnesa u cnpaBa OT HCTOYHMKA CBETA MBI

Puc. 120.

YBHIUM Y3KyIO CBETNYI0 nojiocky. OHa BO3HHMKaeT BeJiefi-
cTBre nudpakuvH CBeTa, n03TOMy G6yAeM Has3LBath ee
AAPPaKLMOHHOH TOJOCKOH. POJb TOUEUHOrO HCTOUHHKA
CBeTa NMPH 3TUX HaG/MIONEHHSIX MOXKET MIPaTh MaJoe OTBEp-
ctie O B wmpme A, ycTaHOBJEHHOH mnepen JIaMIOYKOH,
HJIi  JlaMno4YKa OT KapMaHHOro ¢oHapsi, OTCTOSMAS OT
MecTa HaOalofieHusT Ha paccrossHuM 1—1,5 M. Hpososoky 11
MOXHO 3aMEHHTb TOHKOH HHTBIO HJIH BOJIOCOM.

Ilpu BHMMaTeNBEHOM paccMOTpeHHH JH(PaKUHOHHOH HO-
JIOCKH B €e CepeAnHE BUJEH GeJIblif y4acTOK C KPacHOBATHIMU
'KpasiMu — HyJIeBOH MaKCHMYM; C OGEHX CTOPOH OH Orpa-
HUUEH Y3KHMH TEMHBIMH NPOMEXKYTKAMH — NePBLIMH MH-
HUMyMamMH. 3aTeM HAYT UBETHbIE YYacTKH, B KOTOPBIX
NpH  ynaneHud OT MEHTPAa NOJOCKH 3eJeHOBATO-roNyGast
OKpacka NOCTENEHHO MNEPeXONuT B KpacHyio. 3a KpacHsM
KpaeM STHX y4acTKOB ONSTB CJENYIOT TEMHBIE MPOMEXYT-
KH — Bropple MUHHMYMBL [lajee kapTuha nosTOpsieTcs
C TOH JIMIIb PasHULEH, YTO MHHUMYMBI NPOCMaTpHBAIOTCH
BCE XYK€, H B KOHIIE KOHLOB CBETJILE YYACTKH CAHBAIOTCS
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B cmJIolIHYI0 ‘mosocky. HabmopeHus, mpoBeAEHHbIE € MPO-
BOJIOKOH PasHOre audaMerpa, NnOKasLiBaloT, YTO PAcCTOSIHHE
MEXAY JBYMS COCEJHMMH MUHHMYMamH TeMm OoJible, ueM
MEHbIle JHaMeTp NPOBOJIOKH.

Ipencrasasier HHTEpec u Apyroe HaOmopenue. Ilpo-
BOJIOKY, C NOMOILBI0O KOTOPOIT MBI TOJBKO YTO HaGMIOfaJH
IHQPAKIHIO, OCTOPOXHO 3a)XMeM MeXpAy ryOKamM IUTaH-
TEHIMPKYJst H cefiuac ke BhITsiHEM ee u3 Iy6ok. Torza
HIMpHHA LIeAH MeXpay TryOkamu Oyfer paBHa TOMIHHE
NpoBOJIOKK. YUepes aTy IeNb € TOTO K€ PAaccTOSIHUS, Kak
U NpH HAGMONEHHM HH(PaKIHH OT NPOBOJOKH, MOCMOTPHM
Ha ocsemmeHHoe orBepctle 0. Ilo o6e CTOPOHBI OT HEIro MHI
VBHANM JHGPaAKIHOHHYIO MOJOCKY C TOYHO TaKHMH 2Ke
PACCTOSIHHSIMH MEXKAY MHHHMYMaMH M MaKCHMYMaMH, Kak
W npH JudpakuHH OT OPOBOJOKH. 370 HabGJIofeHHe sB-
JisleTcst MpeKpacHOM HJmocTpanmellt Kk Teopeme baGuwe,
COLJIaCHO KOTOpPOU AN(PAKIMOHHLIE KapTHHBI OT 3KpaHa
H paBHOTO eMy MO IUMPIHE OTBePCTHS COBEPLIEHHO OAHHa-
KOBBl BHe OGJIaCTH MPSIMOTO MYYKa.

Tenepr KyCOK MNPOBOJOKH, € KOTOPOH HPOBOAUJIHCH
HaO/moeHNs NUGPAKIHOHHON MOJIOCKH, CKOMKAEM B MOTOK,
HMEIoUE (PopMy JHCKAa JUAaMETPOM C KONECUHYIO MOHETY.
Jlasi 370T0 AOCTAaTOUHO B3SITh NPOBOJIOKY IJAMHOH 2—3 M.
IlomecTHM NONYUHBIIHACS MOTOK TEPE] TJ1a30M H TOCMOTPHM
Ha TOUEUHBIH HCTOUHHK cBeTra. 10ria mbl YBHAHM BEHIH —
LEHTPaNbHbIl OeMblii KPYr ¢ KpacHOBAaTHIMH KpasiMH, OK-
PYXKEHHBIH [BETHHIMH KOJbLaMu. BeHupl oraensiiorcs gpyr
OT Jpyra Y3KUMH TEMHBIMH KOJbIAMH — MHHHMYMaMH.
Kaxzoe TeMHOE KOJIBIIO CJ€llyeT 3a KpacHBIM KpaeM mnpe-
Ipipymero senna. Ilpuuem, ecnu paccrosiHue B0 UCTOUHHKA
TO XK€, YTO U NpU HaOMIOZEHHH JUQPPAKIHH OT HPOBOJOKH,
JUaMETPhl TEMHBIX KOJEI OKas3bIBAIOTCS PABHBIMH PaccTosi-
HHSIM MEXJAY COOTBETCTBVIOIIMMH MHHHMYMamu JAu(ppak-
LHUOHHOI MOJOCKH. BeHUB! BHAHB TeM Jy4Yllle, YeM MEHbIIE
JUaMeTp MPOBOJIOKH.

Ilouemy e BO3HHKaOT BEHIBI NMPU MNOMELIEHHH MOTKa
NPOBOJIOKY Ha TMYTH Jyued, HAYIHHX OT TOYEYHOTO KCTOY-
HHEKa cpeta? Kapplii Masbifi y4acTOK MPOBOJIOKH, Haxo-
JAfAluMAcA Tepes I1a3oM, JaeT CBOKW JU(PAKIHOHHYIO MO-
JIOCKY, PAaCHOJIOKEHHYI0 CHMMETPHYHO OTHOCHTEJBLHO HC-
TOYHHKA cBeTa. BeaeicTBue pasnuyHON OpPHEHTAIMH Y4YacT-
KOB [POBOJIOKH B MOTKE pas3jiuHble HanpaBJeHHs HMEIOT U
BO3HHKAIOIHE OT HUX AH(PPaAKIHOUHLIE MOJOCKH, MPHUEM
BCC OHH TIepeceKaroTcsi B ORHOMl TOYKe, cOBmajarouleil C
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HCTOUHUKOM cBeTa. Tonmmna Beex ywacTkos MPOBOJIOKH
ORUMHAKOBA, TIOSTOMY MHHHMYMEI OJIHOTO H TOTO e NOpsiiKa
pacrionaraiotcss BO BceX JUQPAKIUOHHBIX MOJOCKAX Ha
OJIHHAKOBOM DPacCTOSIHHH OT HCTOYHHKA CBETA U CJHBAIOTCS
B TCMHBIE KOMbua. [[BeTHBIE yyacTKH, 3aKmIOYEHHBE MEKAY
MHHHMYMaMH, CJIHBAIOTCSl NMPH 3TOM B LBETHHIE KOJbIA.
Haiinem teneps yciosusi sosmmkHoBemmst MHHUMYMOB
npH JUQPakUHK OT NPOBOJOKH TOJIHHON d W MENH TaKOMH
XK€ LIMPUHBL. YuuTEIBast TOT (akt, 4to PaccTosTHUA MEXIY
MHHHMYMAaMH B TOM H JPYIOM C/lyyYasix ONWHAKOBHI, JO-
CTaTOUHO NpPOBECTH pacyer WAM A/ TPOBOJIOKH HJIH IJIs
menu. C uenbio ynpomeHus: nposenem pacuer s HIesH.
PaccmotpuM BoJIHBL, KOTOpHIE He MeHSIOT CBOErO Ha-
NMPABJICHHUs NOC/E NPOXOKACHUS yepe3 menb (Ha puc. 121

Puc. 121.

OHH H300pakeHbl IITPHXOBBIMU nuHusaMKu). [na3s ceoant
HX Ha cetyaTKy B TO4Ky (. BOJHBEI OT Bcex TOueK menu B
3TOM MECTe YCUJIMBAIOT PYT APYTa, TAK KaK OHH [ONANIioT
B I'1a3 (€3 pasHOCTH XOfa M B TOuKe () UMEIOT ONHHAKORbIE
Gazcl. [lostomy B okpecTHOCTH TOuKH O obpasyercst Hy.ie-
BOH MaKCHUMYyM.

Bosubl, kotoprie mudparupyior mox yriom ¢ K nepso-
Haua/lbHOMY HanpaBJICHHIO, [J1a3 CBOAMT B TOuky K, rne
lIpH HAJIOXEHHH OHH HHTepepupyioT. Pe3dynbrar nmrep-
(epeHLyH 3aBHCHT OT Pa3HOCTH XOja MEXJY JIydaMH, HC-
XOASIIUHMHE H3 KpalHHUX ToueK meau A u B. Ilposenem
0Tpe3ok BC neprewaukyssipro nyuy, BBIXOASILIEMY U3
Toukn A. OGpasoBasimiicsi oTpesok AC pasen pasHOCTH
XOza Mexny Kpaiinumu Jgyyamu. Hs pucynka clenyer,
uto AC=dsin ¢, raé d — mupuHa mean.

Pacuetsl nokaseiBawT, yto npw IupaKkuuH OT NpAMO-
YrOJIbHOH WeJIM MHUHUMYMBI HaGJMOKAIOTCS!, KOTAA PasHOCT
XO0[1a BOJIH OT KPallHUX TOYEK LLUESU

d sin p=FkA, 1)
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rie A — IyiMHA CBETOBOIl BOJIHBI, £ — HOMep (NOpSNOK)
munuMyma (k=1, 2, 3, .. .).

INokaxem cnpasennuBoctb (opmydnsl (1) ans mepsoro
MHHMMYyMa, T. €. fjsi k=1. IlycTb BTOpHYHBIE BOJIHBI OT
BCEX TOYEK MLIEJH PACTPOCTPAHSIIOTCS NMOA TaKHM YIJIOM @,
YTO BBLINOJIHSIEICS YCJOBHE

d sin ¢p=A. 2)

MeicieHHO pa3o0beM Liejb Ha JBe NapajeSibHbe NPsAMO-
yroJbHbie 1noJjiocku (3oubl) AD v DB onuHaKoOBOH MIMPHHEL
d/2. B cuny ycaosus (2) pasHOCTL XOZa MEXAY Jydamy,
peixopsiumMu U3 Touek A u D, paBHa A/2. Takas xe pas-
HOCTb Xoia A/2 B 31OM cayuae GyHeT W MeXAy JiyuaMmH,
BBIXOASIIIMMHE H3 JIOGHIX -JABYX TOUYEK ILIeNH, KOTOphIE OT-
CTOAIT JPYT OT Apyra Ha pacctosinuu d/2. BosHbl ¢ pasHo-
CTBIO XOfia A/2 npu HaANOXKEHHH racst APYyr Ipyra, No3ToMy
NpH BHINOJHEHHH yCJOBHsl (2) Bee BOJIHBL OT 30HBI AD mo-
racsit BoJIHBI OT 30HB DB u B Touke K 6yzer HaGaopaThest
NepBbIi MHHHMYM.

TaguMm Xe cnocoGOM MOXKHO NOKas3aTh, UTO CJEAYIONHH
(eropoit) MuHuMyM OyjeT Habmojatbcsl NPH BBIIOJHEHHH
yenoBus d sin g=2A. B 31OM ciydae wenb clenyer pas-
OuTb Ha YeTHIpE PAaBHBIX 30HBL. PasHOCTb XOda MexIy BOJ-
HaMH OT TEPBOH M BTOPOIl, H OT TpeTwell U uersepTod 30H
6ynet pasHa A/2. [losTomy BOJIHA OT NepBOl 30HBI NOTaCHT
BOJIHY OT BTOpPOH 30HBI, 4 BOJIHA OT TPEThEH — BOJHY OT
YyeTBEpTOl 30HLI, U B MECTe HaJIOXKEeHHUsl 3THX BOJIH Ha CeT-
yatke OypeT HaOMIOAAThCS BTOPOH MHHHMYM.

Hs ¢opmyset (1) cnepyer, 4o AJMHHY CBETOBOH BOJIHLI
MOKHO ONpPENEJHTh NO (opmyJe

__dsing
A="222 ®)

Hsmepennss A 3HAUMTENBHO YNPOLIAIOTCS, €CJAH HCHOJb-
30BaTh NpocTelilee H3MEPHUTEIBHOE YCTPOHCTBO, Ha3blBa-
emoe spuoMmerpoM. JInsi H3roToBNEHUs 3pHOMETpa OepyT
KBaJpaTHLIi KYCOK KapToHa co cropoHoél 10—15 cm u B
€ro CepefliHe MNPOBOJAT OKPYIKHOCTh paguycoMm r=20—
30 MM. B ueHTpE OKpYXKHOCTH MPOKAJbLIBAlOT OTBEPCTHE
IuaMeTrpoM 2—3 MM, a BHOJIb OKPYKHOCTH MpPOKAJIBIBAIOT
6—8 orTBepcTHHl MEHBLIETO JHaMeTpa.

Ipu wusmepenusix spuomerp A ycTaHaBIHBAOT HENo-
CPEACTBEHHO Tepeq JiaMnoukoH Hakanaupauusi. OToHESL OT
9pHOMETPa Ha pacctosiHue 1—2 M, HaxoAsIT TaKoe MOJIO-

128



€HUE, TpH KOTOPOM uepe3 orsepctHe O B [N1a3 Ha6umo-
TEJISl TIONafaloT JyYH, HIYLHE HENOCPEACTBEHHO OT oJ-
IO U3 Y4aCTKOB pacKaJleHHOH HHTH. 3atem nepej rnasom
MELIAIOT MOTOK NPOBOJIOKH H HOGIBAIOTCS Xopoiuero
ACHUST BCHIIOB, nepemelliast MOTOK B HaNpaBieHHH, nep-
HAHKYJISIPHOM Jiyyam. Hamensisi paccrosinne MEXJly 3pHO-
TPOM U [/1a30M, HaXOLSIT MOJIOKEHHE, TPH KOTOPOM OK-

Jyyad, xorna k=29).

Kax Bupwo us pnc. 120, tanremc yria nudpakuun @
JI51 TEMHOTO KOJIbIA NOJACUHUTHLIBACTCS 110 dopmyne tg g=r/l,
€ I — pannyc OKPYXKHOCTH 3pHoMeTpa, [ — pacctosiHie
SPUOMETPA JI0 MOTKa TPOBOJIOKH. Ilpu maspix yraax
IPPaKLKH, € KOTOPLIMH NPHXONHTHCH HMETh HeJIo npH
KHX H3MEPEHMSX, COpPaBelJIHBO COOTHOLUEHHE

! r
sm(pztg(pzT.

ACTaBJIsIsT 3HAYCHHE SiN ¢ B BhIpaXkeHHE (1), nonyyaem
PMYJTY JJIs1 ONPENENeHHS JHHLI BOJIHBL:

rd
A=z )

CCTOsIHKE ! Jerko M3MEepHTb. Homep temuoro xosmbua £
pPErensiercas npH HaOMIONEHHM BEHOB. Huamerp npo-.
JIOKH d, €c/lM OH HE H3BeCTeH, H3MEPSIIOT MHKPOMETPOM.
Ecnu usmepenus: nmpoussopsit B Geson cBeTe, TO Mo
pMyse (4) naxopsit 3(eKTHBHYIO VIMHY CBETOBOI BOJIHEL,
KOTOpoii HauGoJiee uyBCTBHTEJEH Hail rias. Ona npu-
MSUTENBHO paBHa 0,56 MkM. CBeToBBlE BOJIHBI TAKOI
HHBl COOTBETCTBYIOT 3€JICHOH uacTH CIEKTpa.

Benipl moryr Bosuukarh OpH JudpakiuM cBeTa M Ha
YIabix nperpagax. HaGmopate ux moxHO CTIEAYIOLIUM
asom. Haceimem Ha creknsinmyio NJIACTHHKY HeGOJIbIoe
VILNECTBO JINKOMOZMSI (MKONOAMH — MOPOLIOK U3 crop
dyHa, €ro MOXKHO KyNnuTh B anteke). Jlerkum NOCTYKH-
HUEM TOpIA MJIaCTHHBI O CTOJ YAANUM H3AHULIEK NOPOLIKA.
JIi 4HCPE3 TaKYio MJACTHHKY MOCMOTPeTb Ha TOUECYHbIL
TOUHHK CBeTa, TO MBI YBHAHM BeHUH. PoJb KPYIJIBIX
€Ipaj B 3TOM OMbITE HIPAOT CHOPHI npuOAH3UTENHHO
puteckoil opmbl. OCOGEHHO SIpKHE BEHIB! BO3HHKAIOT
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IIpM pacCMaTpUBAHHH KAl KPOBH, CXKATOH MEXKAY ABYMs
CTEKJISTHHBIMH MJacTHHaMH. B 3TOM ciy4yae BEHUbl BO3HH-
KaioT npu gudpakuyi Ha SPUTPOUMTAX — KPAaCHBIX Kpo-
BSTHBIX TeJbIax. 3

BeHiibl, BO3HHKAIOU[HE OT KPYIVIBIX H NPAMOYIOJIbHbIX
nperpas, HeCKOJNbKO OTJIHYAlOTCs APYF OT Apyra. Ycijiosue
MHHMMYMOB JJISi BEHLOB OT NPSIMOYTOJIbHBIX Nperpaj Bbi-
paxaercsi coorHolenneM (1) [lasi BEHUOB OT KPYIJIBbIX
NPENnsITCTBUH OHO HUMEET BHA:

dsin 9=1,224; 2,23%; ... ©)

3peck d — auaMeTp Kpyrjoro 3kpana. [lpumeHsis spuo-
Merp, no opmyJe (5) MOXKHO ONpejeNuTb CPeRHHil Aua-
' MeTp Crop mjiayHa M 3pHTPOLMTOB Ge3 MHuKpockona!l
B npupone sewupr Habmozaworcst Bokpyr Conuna, JIyms
U paxe njaner. OHH BO3HHKAIOT NMPH MPOXOXKACHUH CBETa
OT CBETHJIa 4Y€pe3 CKOMJEHHS B3BEIUEHHbIX B BO3NYX€ BOJS-
« HBIX KaneJeK HJH JEeNSHBIX KPHCTA/VIUKOB (Uepe3 HEmNJoT-
Hoe oC/ako, Hanpumep). XOpOLIO BHAMMBIE BEHIB NOJY-
yaloTesl JIHLIB B TOM cJydYae, Korja B oGnake mpeobiapaior
KaneJbKH OJVHAKOBOTO AHAMETpa WM KPHCTAJJIHKH OJil-
HAaKOBOH TOJIHHLL. EcJH KaneJbKH HJAH KPHCTANIHKH
JbJAa UMEIOT HEOMHHAKOBBIE Pa3MEpEl, TO KOJblA PasHBIX
[[BETOB HaJiaraiporcsl APYr Ha Jpyra U BOKPYT CBETHJIA Mbl
BHAUM GeJoBaThlil KPyr. DTHM OOYyCIOBIHBaAETCS TO 00CTOS-
TEJBCTBO, YTO BEHIBI OKOJIO JIyHBI OCOGEHHO YacTo MOSIB-
JISTIOTCSl BeuepaMH sICHBIX AHel. B Takne Beuepa mporcxoput
cnabas KOHJEHCAIMsI HAXOMSIIErOCS B BO3AYXe BOISHOIO
napa B BUJ€ MaJIEHbKHX KameJeK HJH RPHCTAJIMKOB OfU-
HakoBoro pasmepa. liHorza BeHup! HaGmojaroTcsl NpH
NPOXOXKJAEHHH CBETa OT YJAaJNeHHOTO (JoHapsi uepes cJoii
TyMaHa WJH OKOHHOE CTEKJIO, MOKPLITOE TOHKHM CJIOEM
JEASHBIX KPUCTA/JIMKOB HJIH Kanenek CKOHJEHCHPOBaB-
meficss BJary.

YnpaxHEeHHUH.

1. Tlo u3BecTHOl 3pdeKTHBHOR HaHHe BONHBI (~ 0,56 MKM) Haii-
JIUTe C TOMOLIBIO SpHOMETPa AHaMeTp HHTeH, H3 KOTOPbIX H3TOTaBJHMBAIOT
KalpoHOBble YYJIKH H JeHTH.

2. Kak no Buly BeHIlOB ONPENE/NHTH, COCTOHT JiM 06/1aKO H3 BOAS-
UBIX KaneJeK HIH KPHCTaJJHKOB JbJa?

3. Yrnopoit guamerp JlyHot paseH 32’. OueHure auaMeTp Kanesek
B 06/1aKe, ecliH YIJIOBOH paifyC LEHTPAIbHOTO KPyra B BEHL@X B YETHIPE
pa3a GoJibwe yriaosoro gHametpa JIyuni,
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TPAMITJIACTUHKA
H IH®PAKLIMA CBETA

A. Boupgaps

Kak wussecTHo, onum u3 cambix TOWHBIX Me-
O/OB OMNPE/ENICHHST CNEKTPAJIBHOTO COCTaBa MCCIEHVEMOro
SIYHCHISL OCHOBaH Ha siBjeHdan mngpaxuun. Xopowmm
HEKTPAJILHLIM  anmapaToM siByisiercst AHGPaKLHOHHAS pe-
eTka. OxaseiBaercst, o6buHy0 I'DaMIIaCTHHKY TOMXE MOXK-
O HCNOJIb30BATh NNA HaGmofeHHust Au(PaKuHi W, B yacT-

CTH, AJISl M3MEDPCHHS AJNUHLI BOJHBI BIAMMOIO CBETA.
Bo Bpemst 3Bykosanncu na NOBEPXHOCTh NMIACTHHKU HA
dBHBIX DACCTOSHUSIX JPYT OT APYra HAHOCSTCS GOPO3NKH.
T OOPO3JAKH pacceHBalOT cBET, a TIPOMEXKYTKH MEXNY
HMH OTpaxkaroT ero. Takum o6pasom, rpammiactuuka
OloGHa OTpakaTesbHON NUPPAKLHOHHORN pewerke. Ecau
HPUHA OTpaXKAIOUWMX MNOJIOC PaBHA @, A LUNPHHA PacCeH-
AIoUIMX GOpO3nOK — b, T0 BennuMHa d—a-+b sBasercs
€PHOAOM PELUETKH.

ITyete ma orpaxatensnyio peleTKy ¢ mnepuosom d
dla€T  MJIOCKasl MOHOXPOMATHUECKasi BOJHA JJHHBL A
OZ yrnom 6 k pewerke. Coraacto mprHunny [oiirenca —
PEHENS, KaxJasi TOuKa OTpakalomell NOBEepXHOCTH pe-
€TKI  CTaHOBHUTCSI CAMOCTOSITENLHBEIM TOUEYHHIM HCTOY-
KOM, MOCBIJIAIOLIMM CBET N0 BCEBO3MOXKHLIM HalpaBJie-
M. PaccMoTpuM  BOMHEL,  pacmpoctpamsiomuecst mop
JIOM @ K pereTke (cM. prc. 122). C nomomwpio cobuparomeii

Puc. 122.

HH3b (HanpuMep, XPYCTANHKa I/1a3a) 5TH BOJHBI MOMHO
Opatb B onny Touky. Haiinem ycioBme, korpa IpH CJlo-
€HHH BOJIHBI CYAYT yCHJIMBAaTh APYr Apyra.

PasHocte xofa ayueft 1 u 2, mpymux ot COOTBETCTBY-
x Touek A u B JBYX COCENHUX OTPaKaromux YUacrkoB-
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peuerku (puc. 123), paBHa :
| AK|=|NBl|=d sin ¢—d sin 8=d(sin @—sin 0

(KB — QpoHT OTpPaXKeHHOH# BOJHBI B HANPABJCHHH TOp
yriom @, AN — ¢pout mnajaomes posisbl). Ecan pas-
HOCTb XOJa KpPATHA JJIMHE BOJIHBI, (asbl KoseGawMit, npu-
weamux u3 Touek A ¥ B, GYAyT OAMHAKOBBLIMH, H MOSTOMY
gosebanusl GyAyT YCHJIMBaTh JpYr Jpyra. Amnanoruuso
BelyT ceGst H Bce OCTaJibHbie OTpaalollKe y4YacTKH pe-
qmerk. CJieoBaTesibHO, YCJIOBHE OOpasOBaHHs TJIABHLIX
MAKCHMYMOB MOKHO 3amHCaTh TaK:

d (sin g—sin 0)=FkA, (1)

e =0, 1, 2, ... . Orciofia MOXHO OMpEJENUTb MJIHIHY
BosHEL A. JIJIfl 3TOrO HAJO 3HATh NMepHOJ peueTkH d, yros 0
najeHusi BOJIHBI HA pelLIeTKy W HarpaBjieHHe Ha COOTBeT-
CTBYIOIIMH MaKCHMYM — YroJi . OOBIYHO NEpHOL PeLIeTK
MHOTO GoJibllie JJIHHBI BOJIHBL (d3>>A), TO3TOMY YIibI ¢
Masibl. DTO O3HAYAET, YTO TFJiaBHbIE MAKCHMYMBI pacroJia-
FajoTcsi OueHb ONM3KO APYr K ApYry H AHGpaKuHOHHAs
KapTHHA TOJyYaercsi Ouensb Heyerkoi. OnnHako uem GoJibLile
yroJi majeHdsi Jjiyueil Ha pelieTky (yros 6), tTem Gousblie
YIJIBl U, CJIEIOBATEJbHO, TeM yIoGHee MPOH3BOIHTDH Heo0-
XOAHMbie H3Mmepenusi. BoT nouemy Jiydllle HCHOJIb30BATH
He HOpPMaJIbHOE, a4 HAKJOHHOE NajieHue JiyueH Ha pElleTky.
JIo CHX ROp Mbl TOBOPHJIH O MOHOXPOMAaTHYECKOM CBETE.
A ecoiv Ha pemieTKy najaer GeJibiil CBET, CJIOXKHBIH N0 CBOeMy
criektpanbiomy cocrapy? U3 ypaBnenus (1) memocpen-
CTBEHHO CJIE[lyeT, YTO MOJIOXKEHHE KaXKAOTO FJIABHOTO MAak-
CHMyMa 3aBHCHT OT [VIHHBI BOJHBL Uem MeHble IHIA
BOJHBI, TéM MEHbIIEMY 3HAYEHHIO YTJia ¢ COOTBETCTBYET
makcumym. Takum oOpasom, Bce MakCHMyMbi (Kpome HyJie-
BOTO) PACTATHBAIOTCH B CMEKTP, (HOJETOBHI KOHEN KOTO-
poro obpameH K LeHTpy JudPAKIHOHHON KapTHHBI, 2
KpacHblit — Hapyxy. [lo ofe CTOpOHBI OT WUEHTPaIbHOIO
(Hy/1eBOro) MakcHMyMa PacriOJIOXKeHbl [Ba CHEKTPa NEpBOLo
nopsijKa, 3ateM 1Ba CMEKTpa BTOPOro Mopsiaka U T. A ITo
Mepe YBEJMYEHHs! TNOPSIKA CNEKTpa PAacCTOSIHHE MEXAY
COOTBETCTBYIOLIHMH JIHHHSIMH CNEKTPOB  YBEJHYHBACTCH,
TAK YTO CHEKTPHl MOTYT HaKJaablBaTbCsi APYyr Ha Jpyra.
Hanpumep, I/l COJHEYHOTO CBeTa CNEKTphbl BToporo I
TPeTbero MopsiiKOB YK€ YaCTHYHO MepeKphbIBAIOTCH.
Tenepsr nepeitneM HENOCPEACTBEHHO K ONBITY. Yro6s!
H3MEePHTDb JJIHHY BOJIHbI, COOTBETCTBYIOLLYIO OTPeeJIeHHOMY
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€Ty, HAJI0 OMPENENHTL TepHoy peeTkH (d), CHHYC yIJyia
AEHUSL CBET2 Ha pemlerky (sin 6) w cuHyc yraa, onpege-
IOLIEro Harpae/ieHHe Ha KakoH-HHGYIp MaKCUMYM, Ha-
HMEp, Ha MAKCHMYM MepBOro nopsaka (sin ¢,). Iepuon
IIETKH JIETKO HAWTH, MPOMTrpLIBast NJIaCTHHKY:

__ AR
T A

ece AR — abcomothas Benmmumna NepeMenieHds HIJbl
OJIb pajiyca naacTHHKH 3a Bpemsi Af, n — uncno o6o-
TOB B €1HUIly Bpemenn. O6biuHo d=a20,01 cm.

B kauectBe wHcTOYHHKA CBeta MoKHO HCIIOJIb30BATh
BIMHYIO HACTOJIbHYIO Jlamny. UToGB! cBET OT Hee He meriasn
OJIIOIeHIIO THQPAK HOHHON KapTHHBL, CAeJadTe W3 Kap-
Ha SKpaH CO IeJIbI0 M MpHKpOHTe UM snamny. [lpu stOM
Tb Hakaja Jamibl JOMKHA ObITb BHAHA dYepes miesib.
TAHOBHTE JIAMITy OKOJIO OfIHOM CTEHbI KOMHATH, IJIACTHHK Y
JIOXKHTE TOPHUSOHTAJILHO OKOJNO MPOTHBOMOJOMKHON CTEHb!
HailuTe H30OpaXkeHue [enn (puc. 124). Onnospemenno

7
l
7 £

a 7

Puc. 124.

YBUJIUTE PasMbITbe [BETHBIE NOJOCH. DTO H eCTh CTIEKTP
BOTO mopsaka (k=1). Jlerko mnpoBeputs, 4t0 efict-
€NbHO, uYeM Goublie yros 6, Tem IIUpe TMoJy4aercs
THOE H306pakeHue IEeJH U TEeM TOYHEE MOMKHO H3MEPHTH
J1, TIO/l KOTOPEIM JHQPAarupyer cBeT HHTEpecyIouledl Hac
HbI BOJTHBL. i

JI9 OMpEeleJIEHHsT Sin ¢; HAJ0 MNONPOCHTH TOBapHLLA
EPXaTh Kapanjalm (WIH Kakoi-HHGYAb APYroii npej-
) Haj menso TaK, 4ToGbl €ro "H300paxeHHe B OTpakeH-
OT pemerky (KaK OT MJIOCKOFO 3epKaJia) CBETe COBMAJIO
bIOPAaHHLIM y4acTKOM cnekTpa (c. puc. 124). HMamepus

- 133



JAuHelkol @, b u h, HaiigeM sin ¢; u sin 6:

4 a
sin e
(pl Va2+b2 ’
a
Vartr
STH BLIPAXKEHHsS! MOXKHO HECKOJIBLKO YIPOCTHT. TToCKOJIBKY
b<<a u h<a,

sin@ =

a 1 n=

~ ——

Vet Vitea = 24

H
a | 1 h?
= ~1l——+=.
Vaafh:  V1ij-hr¥je? 2 a®
Torza OKOHYATEJBHO
. . h2_b2
A=d (sing,—sin6) = d g

ViamMepuB JUIMHBL BOJIH CBETa Pa3/IMYHBIX IBETOB, HHTE-
PECHO CPAaBHHTL UX € TaGIHYHBIMH 3HAYEHHAMH. B Hauwmx
ONKTAX MPH TIATENbHBIX H3MEpeHHSX OlKMOKa ObliIa Io-
panka 1078 m. Jlas AMH BOJIH BHAHMOTO CBETA (A~10""m)
TaKast TOYHOCTb BMOJHE [OMyCTHMA.

LWAPUK BMECTO JIWH3bI
I' KocoypoB

B OCHOBE reOMETpHYECKO# ONTHKH JIEKHT HpEACTaBJe-
HHE O NPSIMOJHHEHOCTH CBETOBBIX Jydeil. ITOMY YYHT Hac
npakTHKa. BH caMH MoXKeTe JIETKO NPOBECTH OIBIT, MOI-
TBEPKAAMOLHE NPAMOIHHEHHOCTb PACPOCTPAHEHHs CBETa.
3amennTe OGBLEKTHB (oTOANNapara JHCTKOM YepHOH oy-
MarH, B KOTOPOM [IPOKOJIOTO MaJIeHbKOE OTBEPCTHE. Tako#
«ABIPOYHOM KamepoH» (ee HaspIBAIOT KamMepoi-06cKypo#)
MOXKHO noJy4aTb ¢ororpadpiH fPKO OCBELIEHHBIX MPEL-
METOB, MONOGHO (oTorpadui, NMPHBEJEHHOH HA PHC. 125.
Jra Qororpadusi ronyueHa Kamepoi «3eHuT», Y KOTOpPO#
0GBeKTHB ObL1 3aMEeHeH JIHCTKOM 4epHoH Oymarun c OTBEp-
cruem pauamerpoM 0,22 mm. UYBCTBHTENBHOCTH TJICHKH
65 en. [OCT, Bouepxkka 5 c. VsoGpaxenne Ha MJIEHKE
TOYHO COOTBETCTBYET IEHTPaJbHOH MpPOEKIHH TOouYeK mnpell-
MeTa NpSAMBIMH, MPOXOJSLINMH Yepe3 OTBepCTHe, YTO B
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JIFIETCS BECKHM apryMeHTOM B TMOJMb3Yy MPEACTABACHHS O
JIYY4X CBETA Kak O MpPSMBIX JIHHHSX.

O6pasosanne Tenn Ha 6esiom 3Kpaue OT HENpPO3payHOro
NPE/IMeTa Mbl OGBSICHSIEM KaK IMPOEKLMIO KOHTypa mpefmeTa

* Puc. 125.

4 IIJIOCKOCTb 3KpaHa JiyyamHd, BBIXOAAMMMH H3 KaJoii
OYKM HCTOYHMKA CBeTa. 1aK KAaK HCTOYHHMK CBeTa OOLIYHO
MEeT JOBOJIBHO GOJIbIIME pasMephl, I'PaHHUA TEHH OKpY-
€Ha NOJYTEHBIO H pasmbita. MoxkHO GbLIO GBI AyMaTh, UTO,
MEHLUIAST Pa3Mepb! HCTOYHHKA, MBI GyneM CyKaTbh 06JacTb
OJIyTEHH W B Ipejese Moay4YdM pe3Kyio Tenb. OnHaKo
LIT TOKasbiBaeT coBceM Apyroe. Korma wucrouynnk csera
AHOBHTCS JIOCTATOYHO MaJl, OGHApYKHBAIOTCA SBJCHHS,
TOpble PpaHbLI€ MACKHPOBAJIHCh MOJYyTeHbio. [lpsamoii
ail Hernpo3pauHOl INJACTHHKH BMECTO PE3KOI TEHH JaeT
pTuny, npuseieHHYI0 Ha puc. 126. Teub cHsita ma pac-
osiiuk 0,5 M, OT 3kpana B Ge/iom CBEeTe Hepe3 KpacHEI
eTopusbTp. CHEMOK yBesnueH. Paccrosinie Mexny aByms
PBBIMH TEMHBIMH noJjiocamu paBHo 0,6 mm. Kpaii tenn
3MBLIT, & napajJieJbHO €My HAYT TeMHBIE H CBETJIbiE IO-
CBl YMEHBIUAIOLIEHCS * KOHTPAcTHOCTH. ECaM HCTOYHHK
era Oesblil, TO MOJOCHI OKpalleHbl B papyKHble IBeTa.
Tenv or Tomkoii mpoBosokH (puc. 127) Takmke umeer
OXHYI0 CTPYKTYpY. CHapyxH OHa OKaliMJieHa MoJiocam,
K y Kpasi Henpos3payHoill [UJIaCTHHKH, @ BHYTpH . TEeHN
IIHEl TeMHbIE M CBETJIbIE MOJIOCH!, Tem OoJiee y3Kue, yewm
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Puc. 126.

Puc. 127.

s

Puc. 128,



TOJILE MPOBOJIOKA. (JTOT CHHMOK CllelaH B GeioM IBere
Hepes KpacHbiit cBeTopuibTp. [luamerp mpososoku 1,2 MM,
paccTosinie OT MPOBOJIOKH 0 mJueHKd 0,5 M.)

CoBceM HEOXKHIAHHO BBITJAAUT TeHb OT UIapHKA HJH
OT MAJICHPKOrO Henpo3pauHoro aucka (puc. 128). Kpome
TEMHBIX H CBETJIbIX KOJIEL, OKPYKAIOMHX TEHb U AHAJIOTHY-
HBIX YK€ 3HAKOMBIM HaM [OJOCAaM, B HEHTPE TEHH MOMKHO
BHIIETH sIPKOE CBTJIOR MATHO, Kak GyAro 6bl B LEHTPe HHCKA
TIPOKOJIOTO MaJieHbKOe OTBepeTHe. ([l/isi TOr0 CHHMKa GbLT
B3SAT IIADHK JHaMeTpOM 2,5 MM, HCIOJIB30BAJNCH KPACHMIN
CBeTOMUILTD; Ry;=R,=0,5 M.)

SIBNieHus, B KOTOPBIX OGHApYKHBaeTcs, 4TO CBET pac-
POCTPAHSIETCS HE CTPOTO MO 3AKOHAM [EOMETPHYECKOH
OTTHKH, HA3BIBAIOTCS AMGPPaKUHOHHBIME. [lpHunna ux Bo3-
HUKHOBEHUSL JIEXKHT B BOJIHOBOH mnpuposie ceera. Tounoe
OMHCaHue pacrpOCTpaHeHUsi CBeTa Ja€T HE MOCTPOEHHE
Jiydueit, a KapTHHA PacrpoCTPaHEHHs BOJIH.

TlpencraBum ce6e kpyroebie BosmbL, pacxomsiuipecs ot
GpOLIEHHOr0 KaMHSi [0 CIIOKOHHOM TIOBEPXHOCTH [MIpYJa.
Ecnu  Bonmb! pocturaror naaBaomero wa NIOBEPXHOCTH
OpeBna, 10 3a GpeBHOM OGpasyercsi BHOMHE HeTKas TEHb,
TPaHHIbl KOTOPOi ONPENeJISIOTCS JIyYaMH, MPOBEIEHHbIMH
U3 TOUKH MajeHHsl KaMHs 4yepes KOHUB! 6peBHa. Onuako
B OOJIACTH TE€HH TOME MOXKHO 3aMETHTbL BOJHEHHE HOBEpX-
HOCTH BOJBL, XOTHl H Gosiee cnaGoe. 10 W ecTb AMBpPaKLKs,
KOTOpas B JaHHOM C/lydae HE OYEHb HCKAXKaeT KapTHHY
TEOMETPHYECKO# TeHH. Ec/i ke BoJIHBI BCTpeTsiT Ha cBoem
OyTH CBalo, TO Yyxe Ha HeGONBIIOM pacCTOSIHHH 3a Heil
KapTHHA pacnpocTpaHeHHsI BOJH OylAeT Majo NOXOAUTh
Ha reoMeTpuyeckyio Terb. Hakowen, ecnu BosHml Berpersit
TOpYALMH H3 BOABI TOHKMH WIECT, TO TeHb BOOGuIE HE OG-
pasyercsi. BoJmbi cBOGOAHO OFHGAIOT Masbie MpernsiTCTBHSI.
Ha noBepxnocTn Bojel MOXHO GyeT 3amMeTHTB JHIb Cria-
GyI0 KPyroBYIO BOJIHY, PACCESIHHYIO LIECTOM.

Takum ofpasom, npu pacmpocrpasennu BosH MOTYT
BCTPETHTBCA KaK CJy4aH, KOTJa MPSMONHHEHHBIE Jyqi
XOpOLIO OMHCBHIBAIOT Hab/onaemMble sIBJICHHS, TaK U CJyyaH,
Koraa mnpeobnanaetr audpakuuoHHas KapTHHA. Bee 3a-
BHCHT OT COOTHOLIEHHSI MeX]y INHHOH BOJIHEI, pPasMepamu
NPEnsATCTBUsl (MM OTBEPCTHS), OrPAHHYHBAIOLIErO BOJIHY,
1 paccrosinbem 10 mockoctH Habmogenusi. Kopotko sto
MOXHO CcOPMYJIMPOBATE TaK: €C/H H3 TOYeK 3KpaHa, Ha
KOTOPOM Mbl HaG/IiojaemM TeHb, NPEnsTCTBHE HJIM OTBEpCTHe
BHJIHO NOJ YrJIOM GO/IBLUHM, YeM YFOJI, NOA KOTOPHIM BHAHA
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JUIMHA BOJIHBI C PACCTOSIHHUSI, PABHOTO MONEPEUHHKY [1pensr-
CTBHSI, TO AH(pPAKIHs He CHJbHO HCKaXKaeT JIyueBYIO Kap-
a

THHY. B BHe (OPMYJIBL 5TO MOXKHO 3aMHCaTh TAK: 52> 7= »
rie a — pa3mep OTBepCTHsi, R — paccTosiHue IO 3KpaHa,
Ha KotopoM HaOJmojaercss TeHb, H A — JJIHHA BOJIHbL.
Ecsii e yrJbl CPaBHHMBI HJIH MEPBBIi yroJi MEHblIe BTO-
poro, T. e.Tg— < %, TO AU¢paKUHs HrPaeT ONPENEAsIOLLYio
pOJIb H JIy4yeBbie MpPENCTaBJIEHHS HENPHUMEHHUMBL.

B “onTHKe 4amle BCero HMEIOT JIeJIo C MEePBBIM CJIyYaeM,
TaK KaK JUIMHBI BOJIH BHAMMOIO CBeTa OYeHb MaJjbl (OT
0,7 vkm ans kpacuoro cgeta 1o 0,4 MkM AJist ¢ioJ1eTOBOI0),
HO Ha GOMbUIMX PACCTOSIHHAX OT MaJIeHbKOIrO OTBEPCTHS
MJH OT TOHKOM TPOBOJIOKH MOXKeT ObiTb H BTOPOH cJyyail.

Ha6mopate sBiaenHs AHGpakiil cBeTa MOXKHO C [O-
MOIIBI0 BecbMa CKpOMHBIX cpelicTB. Ilpokosikre B TOHKO#
¢oJibre KOHYHMKOM OCTPOli HIOJKH OTBEpCTHE 0,1—0,2 mm
¥ HakJelTe GoNbry Ha JIMCT KapTOHa C OTBEPCTHEM, KOTOPLIKH
HyXEH JJISi TOrO, 4TOOBl CBET OT MCTOYHIKA — OOBIMHOI
HACTOJILHOH JiaMmbl — He MeiuaJs HaGJIoaeHHsIM. Y CTAHOBHB
JIHCT KapTOHa Ha MOJCTaBKe, CIPOEKTHPYiTe HA HEro JIMH-
30f ¢ (QOKYCHbIM paccrosiiieM 4—6 cM yBesHueHHoe H306-
paXeHHe BOJIOCKA JjaMmibl TaK, YTOOBI 4acTh H300p aXKeHus
BOJIOCKA NPHILAch HA OTBepCTHe B ¢osbre. 3a OTBEPCTHEM
ofpasyercsi CBETOBOIt KOHYC, KOTOPBIH JIETKO HAHTH 1O CBeT-
JIOMYy KPY’KY Ha MaToOBOM CTeKJie WJW [JasoM (KOTja rJa3
ronajaer B CBETOBOHM KOHYC, OTBEDCTHE KajxKeTcsi sIPKO
ceersmumcsi). Ha paccrosinnu okoso 0,5 m OT OTBepCTHS B
MyYoK cBeTa GyJeM MOMEaTh OOBEKTH, a AMPPAKIUHOHHYIO
KapTHHy GyjeM HabJofaTh Ha PacCTOsHIK ToXe OKOJIo 0,5 M
3a 06beKTOM. BecTH HabmtolenHe caeayer yepes caabyio ayiy
HJIH JHH3Y C OKYCHBIM paccTosnueM 2—5 cM, YKPEnHB ee
Ha MOACTaBKe, a [Ja3 pacroJjararb Ha TaKOM PaccTOsTHHH
OT JIMH3bI, YTOGbl OHA BCSl Kasaiach sipko ocselennoi. Ha
cBetsioM (JoHE Xopouo OyneT BuAHA AH(PPaKIHOHHAS Kap:
THHA.

Ha puc. 129 npusemena dororpadusi YCTaHOBKH, Ha
KOTOpO#l moJiyyeHbl Bce MOMeLleHHble B 3TO cratbe Aud-
PaKIHOHHbIE KapTHHBL. Dbwia HCnoab3oBaHa ONTHYECKas
CKaMbsi, YTO, KOHEYHO, He 00s3aTe/bHO, OJAHAKO €CJIH BaM
yAAacTcsi BOCIOJIB30OBATHCS YISl YKpenJieHHst OObeKTOB Ka-
KUMHI-JH60 ITATHBAMH ¢ BUHTOBBIMH ME€PEMELIEHHSIMI, TO
NPHBOIUTH AHMGPAKIHOHHYIO KAPTHHY B IEHTD f0JIsT 3peHHs
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Oyner anayuTeJIbBHO Jierye. Hudpamu wa pucyHke 06osma-
ueHpl: | — jammna; 2 — NpoeKTHpYIoINasl JIMH3a, 3 — TO-
YeyHas nuaparmMa CO CBETO3AIMTHLIM SKPaHOM; 4 — Iepsr
xKareb ¢ OObeKTaMH audpakunu; 5 — CBeTO3allUTHASA
Tpy6a; 6 — oroannapar Ges o6beKTHBA.

Tenn or npsivonuueitnoro Kpasi Henpo3payHOro 3KpaHa
BaM nact JiessHe GesonacHod 6GputBe. U3 JBYX JIe3BHi

Puc. 129.

MOXKHO clenath menpb wmpunoit 0,3—1 mm. Kycouek mpo-
BOJIOKH JHaMeTpoM 10 1 MM mpoaeMOHCTpUpyeT NH(PaKIMIO
OT y3Koro skpaHa. Mmwrepecno Bursismut mudpaxums or
KOHUHKA UIOJIKH.

Hnst nabmonenusi CBETJIOTO NATHA B UEHTPE TEHH OT
KpYIJIOrO rnpenmMera BO3bLMHTE CTajbHOH WIAPMK OT MOJ-
IIMNHUKA AnameTpom 2—4 mm. Kanenwkoil Kaest npukneiire
UIAPHK K CTeKasnHo# mnmactunke. (Heobxomumo cuaenutsn
3a TeM, 4YToOb! KJell He BBICTYNan 3a KOHTYP IIapHKa, a
MOBEPXHOCTH CTeKJa M wapHka ObiM uuctbiMH.) Koraa
K/IeH [OJCOXHET, YKPenuTe IMJACTHHKY C LIADHKOM Ha
ycranoske. Ilepememas mnnactunky, npuBenure Temb oT
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mapMKa B UeHTp noJisi 3peHusi. IIpu sTOM 6yayT XOpOLIO
BHJHE W BHEIUHHE AH(PAKIHOHHbIE KO/bLA, H MATHO B
LLEHTPEe, OKPYKEHHOE TEMHBIMH H CBETVILIMH KOJIBIAMH.
Bbl, BepOSITHO, 3aXOTHTE MOJYYHTDH ¢ororpaduu -
(paKIMOHHBIX KapTHH. 3TO JIETKO CAeaTh, €CJIH BOCIIOJIb~
3oBaTbesl oTOANNAPATOM C BbIBHHYECHHBLIM 0OBEKTHBOM.
Tenp OT OOBEKTa NPOEKTHPYETCs MNPsIMO Ha MJIOCKOCTD
menkd. Urobbl nHGpaKIHOHHBIE [OJOCH HA dororpadun
GbUTH GoJiee YETKHMH H YHCJIO HX Obl1o GoJiblie, OTBEPCTHE,
cAy»aliee HCTOYHHKOM CBeTa, Hajlo 3aKphITb cBeTodUIbT-
poM, Jiyulile KPacHbIM, TaK KaK B CMEKTPE JaMrbl HAaKaTH-
BaHHs MHOTO KpacHbIX Jiydeil. Jljisi OGBIMHBIX [UIEHOK SKC-
nosmiisi B 5—10 ¢ OKasblBaercsi JOCTATOYHOH. Yro6b!
u36eIKATh 32CBETKH MJICHKH, MEXJy ariapaToM H OOBEKTOM
HY>KHO TOMECTHTb 3aYepPHEHHYIO BHYTpPH TpyOy.
Cmelllene HCTOYHHKA CBETa BBISLIBAET CMELEHHE TEHH,
a 3Haudt, H nsarHa. TlosTomy, €ciaM BMECTO TOYEHHOIO
HETOYHHMKA Bbl BO3bMET€ JHAIMO3UTHB MAJOro pasmepa, TO
Kaxjas Npo3payHas TOUKAa HAa HEM JacT CBOW, CJIErka
CMEIL[eHHYIO TEHb IApHKA CO CBOHM CBETJILIM HSITHOM. B pe-
3ysbTaTe BHEUIHHE AH(PAKIMOHHBIE KOJbLA Pa3MaXKyTCsd,
a B LEHTpe TeHH MOXKHO GyieT YBHJETb H300paXkeHHe jua-
nosutuBa. lapuk Oyner
JeHCTBOBATh KaK  JIHH3a.
Nmenno 7ak Oblja HOJY-
yena ¢ororpadus CHMBOMA
nocrositnnoi  Flmanka (pwc.
130). ®ororpadus mnosyue-

i HA C [OMOIBIO LIapHKa
| nuavetpom 4 MM. Bricora
. CHMBOJI& paBHa 1 mm.

s

-

JunanosutuB OblJ1 HOJYYEH
dororpagupoBaHueM Ha

KOHTPACTHO# mJieHKe OyKBBI,
BBIYEPUEHHOI! TYIIBIO Ha Oy-
mare. »
[lpocBep/iiB B TOHKOI!
JKeCTH KpyrJjioe OTBepcTHe
AHaMEeTPOM OKOJIO 2 MM, Bbl CMOKETE MPOCJIENUTD, KaK MEeHs-
ercsi AudpaKIHOHHAS KAPTHHA OT KPYTJIOrO OTBEPCTHA Ha
Pa3uBIX PacCTOSIHHSAX OT HEro. 3aKpbiB HCTOUHHK CBETA
CBETOQH/IBTPOM 1 NPHOMHKAS a3 ¢ Jynoi K OTBEPCTHIO,
HaynHasi ¢ paccrostnuit 1—2 M, BBl YBHAHTE, KaK B LEHTPE
KapTHHB [OSIBJSIOTCS YepHble KPY>KKH, KOTOpBIC IIpH
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NPHO/THKEHUH TJIa3a NpPEBPAmAOTCS B TEMHLIe KOJIbLa,
pacxomsmuecss K Kpasm TeHd. YHCAO TEMHBIX KoJell,
CHMTAS K TEMHO® NSTHO B LIEHTPE, OMPENENSETC Pa3HOCTHIO
nyTeil cBeTa AJISl HEHTPAJIbHOTO Jyuya v Jy4a, HAYIIEro OT
Kpast OTBEPCTHS. JTHM MOMXKHO BOCHOJB30BATHCSA JJIS OIl-
PENCJICHHS IIHNbI BOJIHBL cBeTa. UTOGH MpOH3BECTH BbIYKC-
JIEHHS, HEOOXOHMMO 3HATb JHAMETP OTBEPCTHSI, HU3MEPHTH
PaccTosiHie OT HCTOYHHKA CBeTa 0 OTBEPCTHS H PacCTosi-
HHE OT OTBEPCTHS IO MJIOCKOCTH HAGMOLEHHUS. Onpegenurs
TIOJIOXEHHE MJIOCKOCTH HAGMONEHHS MOXKHO, MOMECTHE B
TIOJIE 3PEHHST JIYTNBI HIOJNKY H BHTasl ee JO Tex nop, nokxa
OHAa He OyJer mnpeacTaBaAATHCS Ila3y pes3koit Ha ¢oue
H3yYaeMoH NHPPaKUHOHHON KapTHHB. KaK BbIBECTH pacyert-
Hyl0 GOpMyny, MBI [OSICHHM HHXKe.

B Genom cBere Moxno Habmonath KPAaCHBYIO CMEHY
OKPACKH JAHQPaKUHOHHBIX Konen. LBera, KOTOpPEIE BBI
YBHIHTE, HE [IOXOXKH Ha CrieKTpasbHble. OHH HA3BIBAIOTCS
JONOJMHUTENbHEIMH W HaOMIONAIOTCSl TOTAA, KOTJAA H3 TOJi-
HOrO crieKTpa GeJioro cBera ypansieTcs Kakas-HHbynp
OAHa crextpajeHas obnactb. B wawem cayusae, korpa,
HANpUMED, B IEHTPE T0JIYYAeTCSl TeMHOe MATHO s 3eJie-
HOro CBera, OCTANbHLIE YacTH CHEKTPa, TO ecTh KPACHO-
OPaHXeBbIH H ()HOJIETOBBII, OKPAIUHBAIOT LIEHTD KAaPTHUHEI
B NypnypHeiii nser. OTCyTcTBHE KpacHOro HPUBOIUT K
3€JIeHO-TOTy6OMY  NIOTIO/IHUTENBHOMY [BeTY u T. n. Ha
puc. 131 npusenenbt npumeps! JU(PAKUHOHHBIX KapTHH

Puc. 131.

OT KDYIJIOTO OTBEpPCTHsi: @) pauamerp orBepctust 1 mm,
Ri1=R;=0,5 m. Kpacuei#t ceerounstp. OtBepcTHe OT-
KpLIBaeT Be 30HbI. B nentpe ueproe nsartno. 6) To xe c
CHHMM CBeToQu/bTPOM. OTBepcTie OTKpbIBaeT MQYTH TPH
30HBl. 6) [luamerp oreepcrust 1,5 mM, R,=R,=0,5 m.
Kpacubtit cseroguabtp. OTBepcTHe OTKPHIBACT HEMHOTHM
6osiee YeTbIpEX 30H.
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IloueMy e B LEHTPE, KyAa BOJHBI NPHXOAAT, Kasa/ioch
Obl, GeCnpensiTCTBEHHO, NOSBJIACTCA TEMHOE NATHO?

Bepuemcss K Haumum HaG/IOAEHMAM BOJIH HAa mnOBEpX-
Hoctn ggyna. IlpencraBum ce6e, UTo OJIHOBPEMEHHO B MPYX
6pocuiH ABa KaMHs M DO €ro NOBEPXHOCTH pacnpocTpa-
HslOTCsl ABe cucTeMbl BoJjiH. Toraa Ha NOBEPXHOCTH npyna
HaliLyTcsi TOYKH, B KOTOpble OJRHOBPEMEHHO NPHXOMAT
rop6sl or 06enx cHcreM BoJiH. Uepes HEKOTOPOE BpEMs B
5TH e TOUKH OAHOBPEMEHHO MPHAYT BriaJHHb BOJH. BoJHb
6yayT ycunuBate Jpyr JApyra, Kak 3TO TIOKa3aHO Ha
_puc. 132. Ycusenne 6yJieT NpOHCXONMTD B TOUKAX, JICHKAILHX
Ha pAasHBIX PacCTOSHMAX OT HCTOYHHKOB BOJH. Kpome
TOro, BOJIHE! GYAYT YCHAHBATbCH B TEX TOUKAX, PacCTOAHHSA
OT KOTOPHIX [0 HCTOUHMKOB BOJIH OTJIHYAIOTCA Ha LEIYIo
JJIMHY BOJIHBI, Ha ABE AVIHHEl BOJIHBL M T. 1. B Tex Toukax,
JI0 KOTOPHIX OJIHOBPEMEHHO AOXOAAT TOPGHI OT OLHOH BOJHEL

& S
4
] S
= S
§ S
i L -—~\ Bpemn
A §
Puc. 132. Puc. 133.

¥ BHaJMHBl OT APYTOii, BOJHBI GyAyT oCiabaaTeCs, TaCHTh
APYr ApYra, Kak 3TO NOKa3aHO Ha pHC. 133. Onncannoe
apJieHne HaswmiBaercss MutepgdepeHuneii. OHO Wrpaer pemia-
IOILYIO POJib B 06pa3soBaHHH AH(PPAKUHOHHBIX KapTHH.
Kaxnasi TOUKa NpoCTPaHCTBa, YePe3 KOTOPYIO NPOXOIHT
CBeTOBas BOJIHA, CaMa MOMET paccMarpHBaTbesi Kak He-
TOUHHK BTOPHYHOH cdepHueckoil BOMHE! (pHC. 134). Ecnu
CBeT NPOXOIMT uepes KpyrJjoe OTBEpPCTHE, TO Mbl MOXEM
3aMEHHTh HCTOUHMK CBETa BTOPHYHBIMH HCTOUHHKaMH, pac-
NpefeseHHBIME 110 TJIOIIAAN OoTBepeTHsi. Bee aTH HCTOUHHKH
6yayT Konebatbcsl B TAKT C MEPBHYHO BOJIHO#, poluesieii
7o otBepetHsi. AMnuHTYJa KoJsieGaHuil B TOUKe HaG/oneHHs!
32 3KpaHOM HaHJETCA KaK CyMMa KoJsieGaHui, KOTOpHIE BHI3HI-
BaeT B STOH TOUKE KaXKblil BTOpHUHbIi Herounuk. Hyxkuo
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YHECTD, 4TO BOJIHEI OT Pa3HBIX HCTOYHHKOB MPOXOIAT Pas3HHIE
MYTH H, CKJA[BIBasiCh, MOTYT HE TOJNLKO B3aHMHO YCHJIH-
BaThbCsl, HO H ociabiarbes.

IIpocnemum, Kak Gyner MeHsThCH aMIIHTYJa KosieGaHni

Ha OCH KPYIJIOrO OTBEPCTHS, OCBEUIEHHOTO TOYEYHBIM HC-
TOYHHKOM cBeTa. Korna paceto-
AIHHE JI0 TOYKH HaGMIONEHHS
OYEHb BEJNHKO [0 CPABHEHHIO
€ IHaMeTPOM OTBEPCTHSA, BOJIHEI
OT BCEX BTOPHYHBIX HCTOYHH-
KOB MPOXOAAT TNIOUTH OJHHAKO-
BHIE MYTH H, NPUXOJIS B TOYKY
HaOJI0JIeHNsT, B3AHMHO YCHJIHBA-
tores. [Tpn npubnmxennn roukn
HaO/oIeHHs K OTBEPCTHIO BTO-
PHYHBIE BOJIHbI OT MCTOYHHKOB,
PacnoNIOXKEHHBX HA Kpam OT- Puc. 134.
BepcrHs, OYyAyT 3aMeTHO OTcTa-
BaTb OT BOJIH, IPHIIEILIHX OT HCTOYHHKOB LEHTPAa/IbHOI 30HEI,
H PE3YJIbTHPYIOIaa aMIuinTyaa OyleT ymeHbiuateed. Korna
J1yd, NPOBEJICHHBIH B TOUKY HaOJIONCHHS OT Kpasi OTBEpPCTHS,
CTaHET JUIMHHEE J1yya, NPOBEJICHHOTO U3 LeHTPa, Ha LeNyIo
AJIMHY BOJIHBI, HaCTYNHUT MOJIHAsl KOMIEHCALHA KosneGaHHil,
H B UEHTpe NUQPAKIHOHHONA KapTHHBI Mbi YBHAUM TEMHOE
nATHO. Eie npunuanB skpaH, Mbl HAPYILHM KOMIIEHCALHIO
KoJieOaHHil Ha OCH, H UEHTP JMQPAKIHOHHOM KapTHHBI
CHOBAa CTaHET CBeTVIbIM. Termepb BO3HHUKHET KOMMEHCALHS
Ha HEKOTOPOM PacCTOSiHHH OT OCH, H LEHTP AM(PPAKIHOHHOMN
KapTHHbl OyJeT OKpPYXXEH TeMHBIM KoJbioMm. Korma Kpaki-
HMii JTy4 OTCTAHET OT LEHTPAJIPHOTO Ha JIBe IJIHHBI BOJIHBI,
CHOBAa HACTYNHT KOMNEHcauus kosieGauuii Ha ocH. [ug-
PaKUOHHasi KapTHHAa OYJIeT HMeThb BHJ CBETJIOTO MATHA C
TEeMHBIM LIEHTPOM H C OJHHM TEMHBIM KOJBLOM.

IlosiBneHne TemHOTO nATHA B HEHTpEe AH(PaKIHOHHOMH
KapTHHbl Oy/ieT NEPHOJMYECKH NOBTOPATHCA TIO Mepe MpH-
OMuMeHus 3KPaHa, Ha KOTOPOM HaGMIIONaeTcst IHQpakim-
OHHAsA KapTHHA, K 3KpaHy c oTBepctHeM. CocuHTaB uucsio
TEMHBIX KOJIell, MOXKHO CKa3aTh, CKOJIBKO Pa3 NpoH3otlia
KQMIeHcaus Ha ocH. To ke caMoe MOMKHO YBHIETb, €CJiH
MEHSTD HE paccTosiHHe 0 TOYKH Hal/IoNeHHsi, a pajuyc
OTBEPCTHSI. IDTHX YKa3aHHH HOCTATOYHO /NSl TOTO, YTOGHI
Bbl CAMH BBIBEJH (OPMYJY AJISI ONPENESCHUS JUTHHBL BOJIHBL.

Hrak, xenaem ycnexal!
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Ilena 25k.

BUBJIMOTEYKA «KBAHT»

BbILINKW 13 NEYATW:

Buin. 1.

Bbin. 2.
Bobin. 3.

Bbin. 4.

M.T. BpoHwTeWH. ATOMbI W 3N€K-
TPOHbI.

M. dapapgei. UcTtopua cBeun.

O. Ope. Mpurnawenne B TEOPUIO
JYucen.

OnbiTbl B gomawHei naboparopum.

FOTOBATCH K BU#IYCKY:

Bein. 5.

Bbin. 6.
Boin. 7.

Boin. 8.

Boin. 9.
Boin.10.

U W Cno6bopeykun, J.T.Acna-
ma3oB. 3agaum no cusmke.

JI. N. MouanoB. FTONOBONOMKMK.

N.C. Anexcangpos. Bseperue B
TEeopMIo rpynn.

N Wreidnrays. Maremarudeckuii Ka-
neiagockon.

3amevarenbHbie Y4eHble.
B.M.lNhywkos, B.fA. Banax. 470
takoe OlFAC?




