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O13bIBbI

Orunast KHUTa U151 yryoaenHoro usydenust TypeScript. Ona
JIEMOHCTPUPYET BCe MPEUMYIIECTBA UCTIOIb30BAHNS CUCTEMbI
THIIOB ¥ TOMOTAeT 00PeCTH YBEPEHHOCTh P paboTe ¢ JavaScript.

Munxo leues,
uncenep komanovr Angular ¢ Google

Kaura «IIpodeccnonanpuerit TypeScript. Pazpaborka mac-
mTabupyeMbix JavaScript-mpuioKeHnii» moMoria MHe OBICTPO
OCBOUTDH MHCTPYMEHTBI ¥ BHyTPEHHEE YCTPOICTBO 3TOTO S3bIKA.
OHa j1ana OTBEThI HA BCE MOU BOIPOCHI C TIOMOIIbIO PeATbHBIX
npumMepoB. [nasa «IIpoBUHYThIE THITBI» CJIOMAJIA TEPMUHOJIOTH -
yeckue Oapbepsl M ToKasasia, kak TypeScript mo3BoJsier co3aarh
6e30TacHbIil U yIOOHBIN KOI.

IIlown Ipos,
coocnosamenv OneGraph

Bopuc cosman obimmpHoe pykoBocTBo 1o TypeScript. [Tpournte
€T0 BJI0JIb U TIOTIepeK. A 3aTeM ellie pa3oyex.

Baetix Imbpu, unxcenep ¢ Opendoor,
aemop TypeScript Node and Typings
(«Tunusayuu u Node ¢ TypeScripts)



Hocssawaemcs Cawe u Muxauny.
Bosmoxcro, u onu 00HaNcObL nom06m munoL.



lponor

ITa KHWTA TpeTHAa3HaYeHa IJIsT POTPAaMMICTOB BCeX HATIPaBJIeHUI: JavaScript-
nrkenepoB, C#-pazpaboTUNKOB, CTOPOHHUKOB Java, mobureneii Python,
Ruby u Haskell. Ha kakom Obl sI3bIKe BbI HU TIHCAJIH, €CJIM BaM M3BECTHDBI
(byHKIUY, IepeMeHHbIe, KJIACChl ¥ CBSI3aHHBIE ¢ HUME OIMTHOKH, TO 9Ta KHUTA
st Bac. Hasimaume HeKOTOPOTO orbiTa B JavaScript, BK/todast 6a30Bble 3HAHUST
006 o6bekTHOI Mojtesn fokyMenTa (DOM) 1 oOMeHe nHGOpMAIHEi 1o ceTH,
MOMO’KET BaM OCBOUTD IPE/CTABIEHHbBIN MaTepuas. X0Th Mbl M HE CHJIbHO
yruyGJIsieMcst B 9TH HOHSTHsI, HA HUX OCHOBAHbI TIPUBEIEHHbIE TPUMEPBL.

Pa6orast ¢ M00BIM SI3BIKOM MTPOTPAMMUPOBAHUS, MBI OTCJIEKUBAEM HCKIIIO-
YeHUS W BBIUMTBIBAEM KOJ[ CTPOKY 34 CTPOKOH B ITOMCKE HEMCITPABHOCTH
u criocoba ee ycrpanenus. TypeScript mMo3BoJisieT aBTOMaTH3UPOBATH 9TY
HEMPUSATHYIO YaCTh TPOoIiecca paspaboTKL.

Ecsiu panbliie BbI He BCTPEUYATHCH CO CTATMYECKON THUITU3AIINEN, TO y3HAETe
0 TUTIAX U3 ATOM KHUTU. S PACCKaKy, KaK ¢ UX MTOMOIIBIO CHUBUTD PUCK MPO-
rpaMMHOTI'O C60$I, YJIYy4HIUTbh JOKYMEHTHPOBAHUE KO/la 1 MaCHlTa6I/IpOBaTB ero
J1UIsT OOJIBIIIETO YHCJIA TT0JIb30BaTe e, HHKEHEPOB U cepBePOB. Be3 CII0KHBIX
TEPMUHOB O6'bHCHIO MaTepuaJi, IMoARJII0Yasd Bally UHTYUIIWIO U ITaMATh,
1 B 9TOM MHE TIOMOTYT ITPUMEPDI.

TypeScript, B oTsimane oT MHOXKECTBA APYTUX TUTTN3UPOBAHHBIX S3BIKOB, TIPE-
MMYIIECTBEHHO IIpaKTryeckuil. OH BBOAUT HOBbIE KOHIIEIIINH, TO3BOJISIOIIE
BBIPAKATH Ujler HGoJiee KPATKO U TOYHO U MTPAIOYN CO3/[aBATh COBPEMEHHbIE
HPUJIOKEHUST OE30MACHBIM CIIOCOOOM.

CTpyKTYpa KHUIY

s1 mocrapasicst mepeath BaM TeopeTrdeckoe moHnManie pabotsl TypeScript
M IOCTaTOYHOE KOJTMYECTBO MPAKTUYECKUX COBETOB 110 HATTMCAHUIO KO/IA.

TypeScript — mpakTUYecKuil A3bIK, TIO3TOMY B KHUTE TEOPUS U MPAKTUKA
B OCHOBHOM JIOTIOJIHSIOT JIPYT APYTa, HO B MEPBBIX JABYX IIaBax IMpeuMyIIie-
CTBEHHO OCBEIIAETCsI TEOPHsL, & OJIIKE K KOHILY TIPE/ICTABIEHA TOJIBKO TIPAKTHKA.
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MBI pacCMOTPUM TaKKe OCHOBDI, KAK KOMITUJISITOP, MOJLYJIb TIPOBEPKY THUTIOB
u camu tutbl. /lanee 06Cy MM UX PA3HOBUIHOCTH U OTIEPATOPBI, TIOCJIE YETO
nepeiiieM K yriyOJIeHHBIM TeMaM, TAKUM KaK 0COOEHHOCTH CHCTEMBI THTIOB,
06paboTKa oMMOOK U aCHHXPOHHOE MporpaMMupoBaHue. B 3aBepiienue
s pacCKasKy, Kak McIosb30BaTh TypeScript ¢ Bamumu 106uMbiMU (hpeiim-
BopKamu ((poHTeH T 1 O9KEH]T ), TPOU3BOAUTH MUTPAIIMIO CYIIECTBYIONIETO
JavaScript-poekta B TypeScript u 3anmyckats TypeScript-npunoskenue
B TIPOJIAKITIEHE.

Bo/bIMHCTBO T71aB 3aBepuiaioTes HabopoM yupaxkHenuii. ITonpoOyiiTe Bbi-
HOJTHUTD X CAMOCTOSITENILHO, YTOOBI JIydIiie yCBOUTh MaTepras. OTBEThbI K HUM
JIOCTYITHBI 110 aapecy https://github.com/bcherny/programming-typescript-answers.

Crunb

B KROZ€ A CTapaJiCA NPUAEPKUBATHCA €/IMHOTO CTUJIA, II0O9ITOMY OTMEUY, KaK1e
MOMU JIMYHbIE ITPEATIOUYTEHNA OH COACPIKUT.

0 Touka ¢ 3aITON TOJIBKO MPU HEOOXOIMMOCTH.
Q Orcrymbl ABYMsI TPOOETAML.

0 KopoTkue nMeHa iepeMeHHBIX BPOJi€ a, f WU _ TaM, T7ie IIPOrpaMMa sBJis-
eTcs (parMeHTOM KOZIa WK ee CTPYKTypa BaskHee JeTameil.

A cunTaio, YTO HEKOTOPBIX ACTIEKTOB ATOTO CTUJS CTOUT TIPUAEPKUBATHCS
7 BaM. K HUM OoTHOCATCS:

O UMcnosp3oBanue cuHTakcuca JavaScript m HOBEHITUX BO3MOKHOCTEH
9TOTO si3biKa (MOCIeHsIst Bepcust JavaScript 0ObIYHO Ha3bIBaeTCst esnext).
Tak Bamut Koz OyeT COOTBETCTBOBATH IMOCJEAHUM CTaHAapPTaM U UMETh
XOpOIIyIo GYHKITMOHATHHYIO COBMECTUMOCTH € TOMCKOBBIMU CUCTEMAMU.
ITO TIOMOJKET CHU3UTH BpEMEHHBIE 3aTPAThl Ha HAOOP HOBBIX COTPYAHUKOB
U TTIO3BOJIUT OIEHUTH BCE MMPEUMYIIIECTBA TAKUX MOIIHBIX MHCTPYMEHTOB,
KaK CTpeJIOYHbIe (PYHKIIUW, TPOMUICHI 1 TEHEPATOPHI.

Q UVcnoonws3oBanue oriepaTopa paCliupeHuA spread [JId AJUATEJIbHOTO CO-
XpaHEHUA HEMUSMEHHOCTU CTPYKTYD ZIaHHbIX1.

! Ecau y Bac Het onbiTa paboTbl B JavaScript, To BOT npumep: 4ToObl 0ObEKTY 0 100aBUTD
bl

CBOICTBO k cO 3HAUEHMEM 3, MOKHO JINOO M3MEHUTH O HAIIPSIMYI0 — 0.k = 3, 1160 npu-
MEHUTD HTO U3MEHEHHE K 0, CO3/IaB TEM CaMbIM #06bitl 06beKT — let p = {...0, k: 3}
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O IlpuBbiuka yoeskaaThest, 4TO y JFOOOTO 9JIeMEHTa €CTh THII, 110 BO3MOJK-
HOCTH BbIBeZleHHBIN. CTapaiiTech He 3710yHoTPeOIsITh SBHBIMU THITAMHU.
Tak BBI czesaere Ko JAaKOHUYHBIM U YMCTHIM, a TaK/Ke IIOBBICUTE €T0
6€e3011aCHOCTD, BbISBJISIS HEBEPHbBIE THUIIBI, a He MCIOJIb3ys BPEMEHHbIE
pelneHus.

Q CrpeMyeHre COXPAaHUTD KO TIEPEHCITONb3YEMbIM 1 0000TIEHHBIM (CM. pas3-
nen «Ilomumoppuams Ha c. 90).

KowneuHo, Bce 910 He HOBO, HO juist TypeScript nmeeT 0coOyI0 aKTyaJIbHOCTb.
Ero BcTpoeHHBIIT HU3KOYPOBHEBBIM KOMITUJIATOP, MOJAIEPKKA TUIOB read-
only (TOJIBKO JIJIst YTEHUST ), MOTIHBII HHTEPdENC TUIIOB, TJIyOOKast TO/IEPIKKa
nosimMopdr3Ma 1 TIOJHOCTBIO CTPYKTYPHAS CHCTEMa THTIOB TTO3BOJISIOT J10-
OGUTBCS XOPOIIIETO CTUJISI, B TO BPEMsI KAK CaM SI3bIK OCTAETCsI BBIPA3UTEIbHBIM
Y BEPHBIM JIJIS1 JIESKAIIEro B €0 OCHOBe JavaScript.

Eirie mapa 3ameToK /10 iepexo/ia K OCHOBHOMY MaT€pUaIY.

JavaScript He ipesiocTaBsseT ykasaTean U CChLJIKU. BMeCTO HUX MCIIOJIb-
3YIOTCSI 3HAYEHUS] W CCBIJIOYHBIE TUTIbI. SHAUYEHUS SIBJSIOTCS HEU3MEHHbI-
MU U BKJIIOYAIOT TaKKe 9JEeMEHTHI, Kak strings (cTpokn), numbers (ducia)
u booleans (norudeckue 3HAYEHUS ), B TO BPEMsT KaK CChIJIOYHBIE THUITBI YaCTO
YKa3bIBAIOT HA U3MEHSIEMbIE CTPYKTYPbI IaHHBIX BPOJE MAaCCUBOB, 00bEKTOB
u Gynkiumii. Korza st ucrosib3yio ¢JioBo «3HaYeHnes, To 0ObIYHO NMEIO B BUILY
Jb0 3HaueHue JavaScript, b0 CChLIKY.

N nocnennee. Hanucanue naeanpraoro TypeScript-koaa saTpynaseTcs
B3aMMOIeCTBUEM ¢ JavaScript, HEeKOPPEKTHO TUTTU3UPOBAHHBIMH CTO-
POHHUMM OMOJINOTEKAMU U HACJIeI0BAHHBIM KOJOM. TakkKe eMy Melraer
crenika. B kuure g Oyay 4acTo coBeTOBAaTh BaM M30erath KOMIPOMKICCOB.
B peasibHOCTH JOCTaTOYHYIO KOPPEKTHOCTD KO/1a Oy/IETe OMPEAETISATH TONIBKO
BbI U Ballla KOMaH/la.

Tunorpadckue cornawenuns

Huke mpuBe/ieH CIIMCOK UCTIOB3YEMbIX 0003HAYEHII.
Kypcus

I/ICHOJIbSyeTCH JJIA 0003HaAYEHN S HOBBIX TEPMUHOB.
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MOHOWWNPUHHBIN

[Ipumensiercs a1 obopMIeHNS TUCTUHTOB MMPOTPAMM W ITPOTPAMMHBIX
9JIEMEHTOB B OOBITHOM TEKCTE, TAKUX KAaK UMeHA TIePEMEHHBIX U (DYHK-
111, 6a3bl TAHHBIX, TUTIBI TAHHBIX, IePEMEHHbIE OKPY KEHVST, HHCTPYKITUH
1 KJIIOYEBbIE CJIOBA.

MOHOWKNPUHHDBIA KUPHDIA

O6o3Havaer KOMaH/Ibl NJIN I[perfI TEKCT, KOTOprfI JOJIKEH BBOJANTDHCA
IIOJIb30BaTEJ/JIEM. I/IHOF,Z[a HCIIOJIb3YETCA B JIMCTUHTAX JIJIs IIPUBJIEYEHUSA
BHUMaHNWA.

Tak 0603HAYAIOTCS IPUMeTaHVsI 061ero Xxapakrepa.

Tak BBIZIE/IAIOTCA COBETDHI U IIPENIOKEHNA.

-4 Tak 0603HaYAIOTCA MIPERYIPEXAECHI U TIPEFOCTEPEKEHNA.

Wcnonb3oBaHue npumepoB Koaa

BcemomoraTenpubiit MaTepuast (MMpUMepPhI KOa, YIPAsKHEHUS U TIP. ) TOCTyTIEH
JUIA 3arpy3Ku 110 aipecy: https://github.com/bcherny/programming-typescript-answers.

B ob6miem corydae Bce mpuMephl KOa U3 9TON KHUTH BB MOKETE MCIIOJIB30-
BaTh B CBOMX IIPOTPaMMax U B JIOKyMeHTaluu. BaM He HyKHO 0Opaiarbest
B U3/IATEJILCTBO 32 Pa3pellieHneM, eClii Bbl He COOMpaeTech BOCIPOU3BO/IUTh
CYIIeCTBEHHbIE YACTU ITPOrPAMMHOTO Ko/1a. Harprmep, ecsiu Bbl paspabatsi-
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BaeTe IPOrpaMMy U UCTIOJIb3yeTe B Hell HECKOJIBKO OTPBIBKOB IIPOTPAMMHOTO
KOJIa U3 KHUTH, BAM He HY’KHO oOpararscst 3a paspemrerneM. OHAKO B Cary-
yae [IPOAKU NN PACIPOCTPAHEHUS KOMIIAKT-UCKOB C IIpPUMePaMU U3 9TOH
KHUTU BaM CJIe/lyeT oyduTh paspeiienne ot udnareibctsa O'Reilly. Ecoan
BbI OTBeYaeTe Ha BOIIPOCHI, IUTUPYSI JAHHYIO KHUTY WJIU IIPUMEPBI U3 Hee,
nostydenue paspeinienust He Tpedyercsi. Ho mpu BKIIOUEHNH CYIIECTBEHHBIX
00BEMOB TIPOrPAMMHOTO KOJIa TPUMEPOB U3 ITOI KHUTHU B BAIILY JIOKYMEHTAIHIO
BaM HeOOXOMMO Oy/IeT MOTydUTh PaspeleHne H3aTeIbCTBa.

3a mosyuyeHneM paspelleHns Ha UCI0JIb30BaHie 3HAUNTEIbHBIX 00bEMOB
POrPaMMHOTO KOJIa IPUMEPOB U3 9TOW KHUTH obpaliaiiTech Mo ajgpecy
permissions@oreilly.com.

bnarogapHocTu

Hamnucanue 3T0ii KHUTH 3aHSJI0 TOZ U TOTPEOOBATIO MHOKECTBA GECCOHHBIX
HOYel, paHHUX TOIHEMOB U TIOTEPSTHHBIX BBIXOJHBIX. B ee ocHOBe JieskaT
MHOTOJIETHIE HapaOGOTKKM — CHUIIIEThI U 3aMeTKU, COOpaHHbIe BOEAUHO, 10-
paboTanHbie U 0OOTalEeHHbIE TEOPHEN.

Xouy nobmarogaputs O'Reilly 3a mpeocraientyo Bo3MOKHOCTD paOOTHI HAJL
KHUTOH 1 TMYHO pemakTopa Amkeny Pyduno 3a mojep:kKy Ha TPOTSKEHUN
Bcero mnporiecca. biarogapio Huka Hamnca 3a momors B co3nannm paszena
«Tunob6esonacusie API» u IIbsama IMlemaapyu 3a MOMOIND € MOAPA3IeI0M
«Angular» (cm. ¢. 256). Criacbo MOMM Hay4YHBIM pefakTopam: JlaHuaiio
PosenBaccepy us komanaet TypeScript, KOTOpBIl TPOBEJ OTPOMHOE KOJIude-
CTBO BPEMEHMU, BEIYUTHIBAS PYKOIINCHh M 3HAKOMS MEHS ¢ HIOAHCAMU CUCTEMBI
TUTIOB, a TakKe /[sxonarany Kpumepy, AxoBy Daiiny, [Tony Baitnnry u Paiiven
X132 TEXHUYECKUE TPABKU 1 06paTHYI0 ¢Bsi3b. Criacn6o Moei ceMbe — Jluse
u Winpe, Bagumy, Pose u Anuky, @aunne u Mocudy — 3a BHIOXHOBEHUE Ha
peasin3aIuio 3TOTo MPOEKTa.

Camyio Gousbliyto Grarogaprocts Beipakaio Cape Tundopa, kotopast moz-
Jlep’KUBaja MEHs Ha MTPOTSIKEHUN BCETO MTPoIlecca HATTMCaHUs, TayKe KOTIa OT-
MEHSIJIICh IJIAHBI Ha BEYepP M BHIXO/IHbIE WJTH 5T BHE3AITHO HAUMHAJ PACCYKIATh
Ha TEMY PasJIMYHbBIX JleTajlell CUCTEMBI THIIOB. S GeCKOHeYHO GJiaroapeH ei
3a MO/IEPIKKY, 63 KOTOPOH TOYHO HE CIIPABUJICS Obl.
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Ot u3parennbcrBa

Bamm 3amevyanus, mpeioskeHns, BOITPOCH! OTIIPABJALITE IO afipecy comp@
piter.com (u3naresnbcTBO «IInTep», KOMIbIOTEPHAS pelaKiins).

Mb1 OyzieM pajibl y3HATH Ballle MHEHHE!

Ha Be6-caiiTe usmaTebcTBa www.piter.com Bbl Haiigere moapoOHyo nHbOp-
MaIMIO O HAIINX KHUTaX.



[NABA 1

Bctynnenue

Wrax, Bo1 kynuim kaury o TypeScript. 3adem ona HyskHa?

BeposiTHO, 3aTeM, 4TO BaM M3PSIZIHO HAIOEN CTpaHHbIe OmOKHU B JavaScript
Bpojie cannot read property... of undefined («<HEBO3MOKHO ITPOYECTH CBOUCTBO...
npuHaexaiiee undefineds). Vinu oI cabimrarm, urto TypeScript momoraer
MacITabupoOBaTh KO/, ¥ PEIIIIIN U3Y4HTh 3TOT Borpoc. Mn Bel paboraere B C#
U TIOZIyMBIBa€eTe O Tiepexojie Ha JavaScript. A MoxKeT, 3aHuMaeTech (yHKITHO-
HAJIbHBIM TIPOTPAMMHUPOBAHUEM U HACTAJIO BPEMSI TIOBBICUTD CBOI ypoBeHb. Vin
9Ty KHUTY BbI OJIyYHJIN B TI0Aapok Ha HoBbIi ro oT 60cca, KOTOPBIi yeTa oT
po6.TeM, BBI3BAHHBIX BAIITUM KOJIOM (€CJIH ST IeperrOaio, OCTAHOBUTE MEHST).

TypeScript — 210 361K Oy LY IIUX BEO- 1 MOOUJIBHBIX TIPUIIOKEHHIA, TPOEKTOB
NodeJSu IoT (cucrem nnrepHeT-yrpasaenus ycrpoiictBamu ). OH MO3BOJISIET
cosziaBaTh 6oJiee Ge301acHbIe IPOrPaMMBbI, 0GECIIEYNBATH X JOKYMEHTAIIHEI],
HOJIE3HO U BaM, 1 OYAyIIMM WHKEHepaM, MojiepKuBaeT 6e3001e3HeHHBII
pedakTopuHT, a TakKe U30aBJseT OT HEOOXOAMMOCTH ITPOBOANUTH MOJOBUHY
MOy JTBHBIX, U TOHUT-TecTOB. (Kakux eme Moy mbHBIX TecTOB?) TypeScript
MOJKET yJIBOUTH Ballly MPOJYKTUBHOCTD U JIaKe YCTPOUTDH CBUJIAHUE C TOM
MU0l GapucTa us Kade HaIpOTUB.

Ho npeskze, yeM criemuTh K Heil, pasdepeMcst ¢ YIIOMSTHYTHIMK [TPenMyIiie-
crBamu. UTO KOHKPETHO 51 UIMEIO B BUJLY, KOT/Ia TOBOPIO «0O0Jiee He30macHbie ?
KowneuHo, peub ujiet o 6e3onaciocmu munos.

BE3OMACHOCTb TUNOB

Vcnonb3oBaHye TUIIOB [/ IPEfOTBPALeHNsI HEBEPHOTO
HIOBeJieHNsI TporpaMm’.

' B KaXKZIOM OTAEJIbHOM CTaTUYECKU TUITNU3UPOBAHHOM A3bIKE «HEBEPHOE ITOBEJEHUE» MO~
JKET O3HA4YaTb pa3Hoe, Ha4YnHasd OT IIPOrpaMm, Jarolnx c6oit IIpU 3aIlyCKe, 1 3aKaH4YnBast
pa60‘-II/IMI/I, HO GeCCMBIC/IEHHBIMU IIpueMamu.
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BoT HeckosIbKO IpUMEPOB HEBEPHOTO MOBE/IEHUST KOJIA:
0 IlepemHOXeHUE YUCIA U CITUCKA.
QO BbI30B (hyHKIMK CO CIIUCKOM CTPOK, KOT/Ia TPEOYETCsI CIIMCOK 0OBEKTOB.

O Bei3oB MeTo/1a 17151 06beKTa, Korzia (haKTHIECKU TAaHHBIA METOI He CyIiie-
CTBYET B 3TOM 00BEKTE.

a I/IMHOpTI/IpOBaHI/Ie MOAyJIA, KOTOprfI HegJaBHO OBLI IepeMenieH.

HexoTopbie S3bIKM TTPOrPaMMUPOBAHUST CTPEMSITCS U3BJIEUD MTOJIb3Y U3 TI0-
TOOHBIX OMMOOK — CTApaloTCs TOHSTH, YTO BbI HUMEJH B BUY. BodbMmeM,
K [IPUMeEPY, TaKkoii JavaScript-kom:

3+ [] // Boviqucnsemcs kak cmpoka "3"
let obj = {}
obj.foo // Belvucnaemca kak undefined

function a(b) {
return b/2

}

a("z" // Bequcnaemca kak NaN

JavaScript memaer Bce BO3MOKHOE, 4TOOBI U36€KaTh UCKII0YeHNsT. OKas3bIBa-
eTcs i of noJesen? Onpenenenno aa. Ho Moxkere i BBl Ipu 9TOM OBICTPO
1 TOYHO oOHApysKIBaTh Garun? CKopee BCETo, HeT.

A rermiepsb mpejicTaBiTe, uTO JavaScript BbigaeT GoJIbliie HCKIIOYEHUH BMECTO
TOTIBITKY U3BJIEYb MAKCUMYM M3 TOTO, YTO MBI eMy Jlau. Toraa mosyamm mo-
TOOHYTO PeaKIInio:

3+ [] // Owubka: Bel moyHOo xomenu O0obaBume yucao u maccuB?
let obj = {}
obj.foo // Owubka: Bbl 3a6binu onpedenums cBolicmBo "foo" 6 obj.

function a(b) {
return b/2
}
a("z" // Owubka: ¢yHkyus "a" oxudaem 4ucso,
// HO Bbl nepedanu eli cmpoKy.
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He moiiMute MeHsI TIpeBPaTHO: TIOMBITKA UCIIPABUTH 32 HAC HAIIM JKe OIInG-
KU — 3TO MPUSITHAST OCOOEHHOCTD SI3bIKA POTPAMMIPOBaHIsE (0X, €CJIU OBl
oHa paboTaJia He TOJIbKO Jist iporpamM ). Ho B JavaScript ona cosmaer paspbis
MeK/Iy MOMEHTOM, KOT/la BBI JI0NyCKaeTe OMnOKY, U BpeMEHeM ee 00Hapy -
acenusi. JIOXOANT 0 TOTO, YTO BbI y3HaeTe 00 OMUOKE OT KOTO-TO JAPYroTo.

Koraa umerHo JavaScript coobimaer 06 ommbke?

Vu 11pu 3a11yCcKe MporpaMMbl st TECTUPOBaHUs B Opaysepe, WK MpH T10-
cellleHnH caiiTa II0Jb30BaTe/IeM, MU B Hadajie MOLYJIbHOIO TeCTHPOBAHHMSL.
Ecun BBI TUIIIETE MHOKECTBO MO/1yJIbHBIX 1 ITIOJIHBIX TECTOB, IIPOBEPAA KO/l Ha
PaboTOCHOCOOHOCTD, TO MOKHO PACCUUTHIBATH HA TO, YTO BbI YBUAUTE OIIUOKN
pablie oab3oBateseil. Ho uto, eciiu Bbl 9TOr0 He jieyiaere?

Bot 31ech-To u nosiBasiercst TypeScript. VI camoe KpyToe B TOM, 4TO OH BblIaeT
coobuenust 00 ommrOKax B MOMEHT UX MOSIBJIeHUS (BO BPeMsl TUITH3AI[IH )
B BaieM pesakrope. ITocMOTprM, 4TO OH CKaKeT 10 MPEAbIAYIIEMY TIPUMEPY:

3+ [] // Owubka TS2365: onepamop '+' He moxem 6bimb NpuMeHeH
// 0aa munoB '3' u 'never[]'.

let obj = {}
obj.foo // Ouwubka TS2339: cBolicmBo 'foo' He cywecmByem 6 mune '{}'.

function a(b: number) {
return b / 2

}

a("z" // Owubka TS2345: apzaymeHm muna '"z"' He moxem 6bimb
// npucBoeH napamempy muna 'number’.

OH He TOJIbKO YCTpaHsieT IeJIblil Kiace 6aroB, CBSIBaHHbBIX ¢ TUIIAMMU, HO U 13-
MeHSIeT MOX0]I K HAIIMCaHUIo Ko/a. Bbl HauHeTe fes1aTh HaOPOCKH IPOrpaMMbl
Ha ypOBHE THUIIOB ellfe 0 Havajia ee HaTlOJHEeHNs Ha YPOBHE 3HaueHwi', 06-
JIYMBIBATh ITOTPAaHUYHbIE CJIyYan YKe BO BPEMsI €€ IIPOeKTUPOBaHus. B utore
BbI CTaHeTe IIPOEKTUPOBATh GoJiee MPOCThIie, OBICTPHIE, IIOHATHBIE U JIETKO
00CIIyKIBaeMble TIPOTPAMMBI.

Ecau BBI rOTOBBEI HAUAThH IIyTEemeCcTBUE, Tor/ia HpI/ICTynl/IM!

! Ecsin BbI He cOBCeM TIOHUMAETE, YTO B JIAHHOM CJIy4ae 3HAUUT «yPOBEHb 3HAUCHUII»,

He nepeskuBaiiTe. B ciemyronux riaBax Mbl PACKpOeM 3TO TIOHSITHE.
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TypeScript ¢ BbiCOTbI
NTUYbEro noneta

B HecKoJIbKUX cireyoux riaBax Mbl paccMoTpum TypeScript, paboty ero
kommuigTopa (TSC), a Taxke HyHKIUN 1 TATTEPHBI, KOTOPBIE BBl MOKETE
paspabaThIBaTh.

Komnunarop

Barre penicrasienue o mporpaMMax BO MHOTOM 3aBUCHUT OT TOTO, C KAKIMU
SI3BIKAMU [IPOTPaMMKPOBaHUs Bbl pabotasm panee. TypeScript ormyaercst
OT OOJIBIIIMHCTBA OCHOBHBIX SI3bIKOB.

[Tporpammbl — 310 (haiisbl, coepxKaiue TPOMCAHHbIN BaMu TeKeT. Crery-
aJIbHast TIPOrpaMMa — KOMITHJISITOP — CYMTBIBAET U TIPeobpasyeT Balll TEKCT
B abcTpakTHoe cuHTakcudeckoe aepeso (AC/I). Ouo npexacrasiser coboii
CTPYKTYPY JAaHHbBIX, HTHOPUPYIOIILYIO ITyCThIe 06JIaCTH, KOMMEHTAPUH 1 Ballie
[IeHHOE MHEHHE O TPobesIax uiik TadyJIstini. 3aTeM KOMITUJISITOP TpeoOpasyer
AC/I B Hu3KOypoBHEBYIO (hopMy — OaiiT-KO/I, KOTOPBIH MOKHO 3aITyCTHTD
B Ccpejie BBIIIOJTHEHUS U TIOJYYUTh pe3ysbrat. MTak, korja Bbl 3anycKaeTe
porpamMmmy, (haKTHYECKHU BbI TPOCKUTE CPE/LY BBITIOJHEHUST CYMTATh OaiiT-KO/I,
CTeHEePUPOBAHHBIN KOMITUJISATOPOM Ha ocHoBe AC/I, mosrydeHHOTO U3 NCXO0/1-
HOTO KoJ1a. JleTasi 9Toro mpoiecca MOTYT OTJIYAThCS, HO JIJIst GOJIBITNHCTBA
SI3bIKOB OH BBITJISI/IAT TaK:

1. IIporpamma mnpeobpasyercst 8 AC/I.
2. AC/I koMmuarpyercsi B 6ailT-KoI.
3. baiiT-kon cumThIBaeTCS CPEOi BBITIOJTHEHUS.

Ocobennoctb TypeScript B TOM, 4TO BMECTO KOMITUJISIIIAY ITPSIMO B OaliT-KO/T OH
KOMITUJIMPYET B KO/ JavaScript. 3ateM BbI TPOCTO 3aIlyCKaeTe ero B Opaysepe,



22 [naga 2. TypeScript ¢ BbICOTbI NTMYbErO NOfeTa

¢ Node]J S wnu Bpyunyio, ¢ HOMOIIbIO GyMaru U Py4Kky (BapUAHT JJIST T€X, KTO
YUTaeT KHUTY BO BPEMS BOCCTAHUS MAIITUH ).

«HPI/I‘IGM 3/1eCb 0€e3011aCHOCTh KOlIa?» — CIIPOCHUTE BbI.

Oramynbiii Borpoc. S mporycTus BasKHbIH atat: mocse codnanng AC/l kom-
MMUJIATOP IIPOBEPAET TUIIBIL.

Moay/b NPOBEPKU TUNOB

CHCHI/Ia}IbHa}'{ IIporpamMmMa, OoIpenenAdrmaa Tunobesormnac-
HOCTb KOMIa.

B nposepke Tunos 3axiodeHa marust TypeScript. C ee momotipio oH yoexaer-
Csl, 4TO IporpamMmMa paboTaeT Tak, Kak BbI OKHUIACTE, U YTO IPUSATHASA OaprcTa U3
Kade HaPOTUB MTEPE3BOHUT BaM (Ha CaMOM JieJie OHa Cefyac MPOCTO 3aHATA).

rak, ecin Mbl 106aBUM TIPOBEPKY TUIIOB M IpeoOpasoBatue B JavaScript, To
npoitecc KoMy TypeScript OyzeT BbIrsiieThb npuMepHo Tak (puc. 2.1).

1. Kop Ha TS -> TypeScript ACA

TS| 2. ACA nposepsetca npoBepKoii TNos
3. TypeScript ACLL -> Kog Ha JS

1. Koa Ha JS -> JavaScript ACQl

JS 2. AC,EI -> baitt-kop1

3. baitt-Kop oLeHnBaeTcA

110 BPEMEHM BbIMOJHEHNS

Puc. 2.1. Komnunauua n 3anyck TypeScript

[ITaru 1-3 Tpon3BOASATCS KOMITUISTOPOM, a Tiaru 4—6 — cpeioil BhITIOJIHE-
Hus JavaScript, Haxozsiuieiicst B BaieM Opaysepe, win NodeJS, v go6bim
IPYTUM JavaScript-IBIKKOM.

JavaScript-KOMIMIATOPSI U Cpefibl BLIOTHEHM A, KaK IPaBUIO, TIpef-
CTaBIIAIOT OO0 eUHYI0 IPOTPAMMY, Ha3bIBAEMYIO JBYDKKOM. Bymyunm

[POrPaMMUCTOM, C HUM Bbl U OyfieTe B3auMOJENCTBOBATh. Tak pa-
6otarT V8 (mBIoKoK, mexaumit B ocHoBe NodeJS, Chrome u Opera),
SpiderMonkey (Firefox), JSCore (Safari) n Chakra (Edge). Vimento mo-
aToMy JavaScript i Ha3bIBAIOT UHMEPNPEMUPYEMBIM SI3BIKOM.
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B reuenue Bcero mportecca maru 1—2 ucnosib3yI0T TUITBI TPOTPAMMBI, a Iar 3
yxKe aToro He gemaeT. CTout eme pa3 mOBTOPpUThe: Koraa TSC kommmin-
pyert Koz B JavaScript, oH He OyZeT CMOTPeTh Ha TUIIBL. DTO 03HAYaEeT, 4TO
THUIIBI HUKOT/IA HEe CMOTYT MOBJIMATH Ha CreHEePUPOBAHHBIN BHIBOJ U Oy YT
HCIIOJIb30BAHBI TOJBKO JIJIsT TPOBEPKH TUIIOB. JTa 0COOEHHOCTH TTO3BOJISIET
6€e3011aCHO ¢ HUMH 9KCIIEPUMEHTHPOBATh — OOHOBJISATH M YJIydIaTh X 0e3
pHUCKa CJIOMATh [PUJIOKEHUE.

Cucrtema TunoBs

B COBPEMEHHDIX A3bIKaX pea/iM30BaHbl pa3JINYHbI€ CUCTEMbBI TUIIOB.

CUCTEMATUNOB

Ha60p IIpaBNJIL, VICIIO/Ib3YEMbIX MOJYJIEM IIPOBEPKY TUIIOB
AJ11 IPUCBOEHNA TUIIOB ITpOrpamMMe.

[maBHBIM 06PAa30M CHUCTEMBI TUTIOB JIEJISITCSI HA [[BA BUJA: B OJHUX BBI I0JIK-
HBI COO0IIATh KOMITUJISITOPY THIT KasKOTO 9JIEMEHTa TIOCPEACTBOM SIBHOTO
CUHTAKCHCa, JIPYTre BBIBOAAT TUIBI aBTOMaTndeck. O6a BUa UMEIOT KaK
ILJIIOCHI, TAK U MUHYChI',

TypeScript co3man Ha CTBIKE 3THUX JIBYX BUIOB: BbI MOJKeTe SIBHO aHHOTHUPOBATh
THUIIBI JIO0 1103B0JUTH TypeScript seaTh UX BHIBOJL 32 Bac.

Jlist ABHOTO OOBSIBJICHUS THITOB MCIOJB3YIOTCS aHHOTAINH, KOTOPbIE CO-
obmator TypeScript, 4To Takoe-To 3HAUYEHHE MMeeT Takoi-To Tuil. [JaBafite
B3TJISHEM Ha HECKOJIbKO TPUMEPOB (KOMMEHTAPUU B COOTBETCTBYIOIIIX
CTPOKaX yKa3bIBAIOT TUIIbI, BbIBeZleHHBbIe TypeScript):

let a: number =1 // a a6nasemcAa number
let b: string = 'hello’ // b aBnsemca string
let c: boolean[] = [true, false] // ¢ sBnsemcsa maccuBom booleans

t JavaScript, Python u Ruby BoiBogsar tumbl B cpeze Boimontenust. Haskell w OCaml ze-
JIAIOT BBIBOJI THITIOB M IIPOBEPSTIOT HEJOCTAIOIIE TUIIBL B IIPOItecce KOMIUIsiiin. Scala
u TypeScript nHora TpebyIOT IBHOTO YKA3aHUSI TUIIOB, BHIBOJL 5K€ U [IPOBEPKY OCTAJIb-
HBIX OHU TIPOUZBOLIST TIPU KOMIUISAIHN. Java u C HYKAAIOTCST B IBHBIX aHHOTAIIUSIX
[PAKTUYECKH JJIsT BCETO, YTO MIPOBEPSIIOT B CPE/IE BBHIMOTHEHHS.
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Ecuu BbI X0THTE, 4TOOBI TypeScript BbIBE 3a Bac THIIbI, TO IPOCTO HE TIPO-
MUCHIBAITE UX:

let a =1 // a A6naemcAa number
let b = 'hello’ // b a6nsemca string
let c = [true, false] // ¢ A6naemca maccuBom booleans

Boi cpagy yoemurech, HACKOIBKO XOPOIIIO OH CITPABJISIETCS € ATOH 3a1aueil. YOpas
AHHOTAIlM, BbI YBUANTE, YTO TUIIbI OCTAJINUCH ITPEKHUMUI. Ha TIPOTAKREHUN Bcelt
KHUTH MbI Oy/IeM HCII0JIb30BaTh AHHOTHPOBAHKE TOJBKO 110 HEOOXOMMOCTU
u o3BosM TypeScript geMoncTpHpPOBaTh CBOU BOJIIEOHBIE CIOCOOHOCTH.

B 60/bIIMHCTBE CTy4aeB JIyd4lile T03BOJATh TypeScript BBIBOJUTD THUIIBI
10 Mepe ero BO3MOXKHOCTEN! I CHIDKATh TeM CaMbIM 00beM SIBHO aHHO-

TUPOBAHHOTO KOJIa 1O MUHMIMYMaA.

TypeScript vs JavaScript

JlaBaiite yruyoumcst B cuctemy TuoB TypeScript u mpousBeieM cpaBHEHe
¢ ee anasioroM B JavaScript (tabu. 2.1). IIpaBuibHOE TTOHUMaHUE Pa3HUIIBI
SIBJISIETCS KJTFOYOM JIJIsT HOCTPOEHMsI 00pa3Hoil Mojies i (OyHKIMOHUPOBAHUS
TypeScript.

Ta6bnuua 2.1. CpaBHeHue cuctem TnoB JavaScript u TypeScript

Cucrema TNOB JavaScript TypeScript

Kak cBa3biBatoTCa Tunbl [JnHamuyeckm (ratnyecku

KonBeptupytotca nn tunbl Ja He (B 0CHOBHOM)

aBTOMATHYECKN

Korna nposepatotca Tunbl Bo Bpems BbinonHeHua Bo Bpema Komnunaumum

Korna BckpbiBatoTca owwnbku Bo Bpema BbinonHeHus (B ocHoBHOM)  Bo Bpema komnunALwy (B 0CHOBHOM)

Kak cBa3bIBaloTCa TUNDI

Jlunamuueckoe cBsI3pIBaHME TUTIOB TTOAPAa3yMeBaeT, 4To JavaScript 3Hako-
MUTCS C TUTIAMU B TIPOTPAMME TOJIBKO TIOCJIE €€ 3aITyCKa.

TypeScript sBISIETCS I3BIKOM ¢ NOCMENEHHOU munusayuetl — ox paboraer
Jiy4iie, eCJii 3HaeT BCe TUIIbI IIPOTPpaMMbl BO BPEMA KOMITUJIATINN. Ho Jlaxke
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B HEeTUIIU3UPOBAHHOU TTporpamme TypeScript MOKeT BBIBECTH YaCTh TUIIOB
1 0OHAPYKUTH MATYIO IOJTIO OMIHOOK; OCTATbHBIE K€ OMMOKH MOTYT ITPOCO-
YUTHCS K KOHEYHBIM MTOJIb30BATEJISIM.

[TocTenennas Tumu3aius O4eHb MOJE3HA TIPU MUTPAIUU HACTETOBAHHBIX
6a3 Ko/la U3 HeTUITM3UPOBaHHOTO JavaScript B tunmaupoBatnHbiii TypeScript
(cw™. pasnen «[Toatannag murpamms u3 JavaScript B TypeScript» Ha c. 292),
HO IIOKa BBl HE JJOCTUTHETE CEPEUHBI MIPOIlecCa MUTPAIIUU, CTPEMUTECH
k 100%-Hoi#1 Tunu3auu Kojia. FIMeHHO 3TOT HOX0/1 UCIIOJIb3YETCS B KHUTE,
3a MCKJIIOYeHeM 0003HAUYEHHDIX CITy4YaeB.

KOHBepTVIpyIOTCﬂ JIN TUNbI aBTOMATUYeCKU

JavaScript siBasiercst ci1abo TUNIM3UPOBAHHBIM SI3BIKOM, TIOITOMY €CJIU BbI
Mpou3BeieTe HEeOMyCTUMOE CIOXKeHUe, HallpUMep Yncia u MaccuBa (Kak
B T71aBe 1), TO OH TPUMEHUT MHOKECTBO TIPABUJ JIJIsT BBIACHEHWS BaIlero Ha-
MepeH¥st, YTOObI BbIZIATh HAWTYUIITHIA pe3yJ/ibraT. PaccMOTpUM TIpuMep Toro,
Kak JavaScript onpezesnsier 3Hadenue 3 + [1]:

1. JavaScript 3ameuaet, 4TO 3 SBJISIETCS YUCIOM, a [1] — MAaCCUBOM.

2. YBU/EB +, OH IIPEITIOJIATAET, YTO Bl XOTUTE TIPOU3BECTH UX KOHKATEHAITUIO.
3. Ou HesgBHO peoOpasyer 3 B CTPOKY, co3/aaBast "3".

4. OH TakKe HeSIBHO IIpeoOpasyeT B CTPOKY [1], co3masast "1".

5. TlpousBoauT KOHKATEHAINIO ATUX PE3YIHTATOB: "31".

MbI Moruin 66l cieiath 310 1 GoJiee siBHO (Tak JavaScript usbeskuT maros 1,

3ud):

3+ [1]; // Bblqucnaemca kak "31"
(3).toString() + [1].toString() // Bequcnsemcsa kak "31"

B T0 Bpemst kKak JavaScript crapaeTcst IpOU3BeCTH yMHBIE TIPE0OPa3OBaHIs
B CTPEMJIEHUH BaM TIOMOYb, TypeScript HaurHaeT yKasblBaTh Ha OIMUOKH, KaK
TOJIBKO BbI JleJlaeTe 4To-I1100 HeBepHO. EC/n BB 3a1ycTTE TOT JKe KO/ uepes
TSC, 10 noayuure ommoKy:

3+ [1]; // Owubka TS2365: onepamop '+'
// He moxem 6bime npumeHeH K munam '3’
// u 'number[]".

(3).toString() + [1].toString() // BwMucndemca kak "31".
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Kax TospK0 BRI les1aeTe HeuTO, YTO BBITJISAUT HEPaBUJIbHBIM, TypeScript Ha
aTO yKa3biBaeT. Ecint jke BbI iesraeTe CBOM HaMEPEHUS ABHBIMH, OH TlepecTaeT
[PEISTCTBOBATh. B TAKOM ITOBEIEHNH €CTh CMBIC/I: KTO Obl, HAXOASICh B 371pa-
BOM yMe, CTaJI CKJIQIBIBATh YNCJIO M MACCUB, OJKUIAst B pe3yJIbTaTe OJydnTh
ctpoky? (KoneuHo, e cunras JavaScript-Bembmbl BaBMopibl, KoTopas nuiier
KOJI ITPU CBeYaX B rapae, Ijie yCTPOUJICS Balll CTapTaIl.)

HestHOE peobpasoBatiie, KOTOPOE TPOU3BOIUT JavaScript, MOKET Cepbe3HO
YCIIOKHUTH OOHAPYsKEHUE HCTOYHKMKA ONTHOO0K, 0COOEHHO IIPU MACIITabupo-
BaHWM MMPOEKTA KPYITHOIW KOMAHIOH pa3pabOTUYNKOB, T/l KasK/Iblil HHKEHED
Oy/IeT BBIHYK/IEH OHSTH HESIBHbIE TIPETOJI0KEH ST, (DOPMYJIHPYEMbIE KOZOM.

BI)IBOI[I €CJIM BaM H€O6XO,ZII/IMO KOHBEPTUPOBATH TUIIBI, z[eﬂaﬁTe 9TO ABHO.

Korpa npoBepaioTca Tunbl

B 6ousbinHCTBE CitydaeB JavaScript He HHTEPECYeT, KaKue BbI IIPEI0CTaBIIsIeTe
€My THIIBI, HO ITPU TOM OH CTapaeTcsi Mpeobpa3oBaTh TO, YTO BbI TPEOCTABIIIH,
B TO, UTO OH CaM OKHUJIAET.

TypeScript e, HaTPOTUB, TPOBEPSET TUIIBI B TPOIIECCE KOMIUIATIIH (T1ar 2
M3 CIMCKA B HAYAJIE [JIABBI), TOITOMY BaM He HYKHO 3aIlyCKaTh KOJI, YTOOBI
YBUIETH ONMOKY U3 Mpejiblayiero npumepa. TypeScript crarnuecku aHasi-
3UpYeT KO/l Ha HAT41e MOJ00HBIX OMMOOK U TTOKA3bIBAET UX EIII€ /10 3AITyCKA.
Ecau xon He TpoXonT KOMIUJIAINIO, TO 3TO SABHBIN NMPU3HAK MTPUCYTCTBU
OIIIOKH, KOTOPYIO HYKHO MCIIPABHUTB /10 3aIyCKa KO/A.

Puc. 2.2 mokaspiBaeT, 4TO MPOUCXOAUT MTPU TUITU3AIUN TIOCTIETHETO ITPUMe-
pakoza B VSCode (npeaodreHHbI MHOH pegakTop).

1 3 + [1]

2 [ts] Operator '+' cannot be applied to types
3 '3' and 'number[]'. [2365]

4

Puc. 2.2.VSCode coobuiaet 06 owmbKe Tna

Ecom B BatieM pesraktope yctanoBJIeHO Xopoliee pacimpenue TypeScript, To
ommbKa OyeT MoMYepPKHYTa KPACHOW BOJHUCTON JIMHUEN TP TUITU3AIIUN
KO/la. DTO CYIIECTBEHHO YCKOPUT IUKJI 0OPATHOMN CBSI3W MEK/LY HAIIMCAHIEM
KO/Ia, OCO3HAHKEM JIOIYIIEHHOI OMMOKN 1 OOHOBJIEHHEM KOJa ¢ UCIIPaBJie-
HUEM.
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Korga BckpbiBaloTcA olwn6Ku

JavaScript BeiOpachiBaeT UCKIOYEHUs] WU TPOU3BOIUT HEsIBHBIE MTPE00-
Pa30BaHM TUTIOB B CPEJie BBITIOJIHEHUS . ITO O3HAYAET, YTO JIJIsT TIOTYIEHUS
OTKJIMKa 006 omubKe HeOOXOAMMO 3aIyCTHTh TporpamMmy. B mydiiem cirydae
9TO CTAHET YaCThIO MOIYJIBHOTO TECTA, B XY/IIIIEM — BbI TIOJYYUTE AJIEKTPOHHOE
MACBMO OT HEIOBOJIBHOTO MOJIb30BATE .

TypeScript BbIZAET U CUHTaKCHUYECKHe OMMOKU, U OMUGKU TUIIOB BO BPEMS
KOMITHJISIIIUI. DTO O3HAYAET, YTO HTU OMIUOKK OYIyT 0TOOPaKEHBI B PEIaKTOPE
cpasy 1ocJjIe TUIU3AIUKE — 9TO BAC YAUBUT, €CJIM PAHbIIIe Bbl HE UMEJIH JIeJI0
C MHKPEMEHTHO KOMITUIUPYEMBIM SI3bIKOM CO CTAaTHYECKOH TUIM3aImeii’.

K ¢J10BY, €cTh MHOKECTBO BO3MOKHBIX OIITHOOK, KoTOpbie TypeScript He MoskeT
OOHAPYKUTH IPU KOMITHJISATIAN. K HUM OTHOCSITCSI TEPETIOTHEH NS CTEKa, Pa3-
PBIBBI CETEBBIX COETMHEHNN 1 HEKOPPEKTHBIN BBOJ JAHHBIX TIOJIb30BATEIEM.
Bce onu no-mpeskHeMy GyAyT MPOU3BOAUTH UCKIIOUEHUSI IPU BBITOJTHEHWH.
Yro ke TypeScript qeficTBUTEIBHO IeTaeT XOPOIIIO, TAK 9TO BEIYUCIISIET OMIHO-
KU TIPU KOMITAJISIITAN, KOTOPBIE B TPOTUBHOM CJIy4ae CTaau Obl OITHOKaMU TIPU
BBITTOJTHEHUHU B Cpejle YUCTOro JavaScript.

HacTpoiika pegakropa Koga

Ternepb, Kor/a BbI yJKe UMeeTe Tpe/icTaBaeHne o pabore KoMuisitopa Type-
Script 1 ero cucteMe TUITOB, MbI MOKEM TIEPEXOUTH K HACTPOIKE pelakTopa
U TIOTPY>KEHUIO B caM TIPOIlecc HaMCanus Koza.

Haunwure ¢ BeIGopa pegakropa u ero sarpysku. Jlnauo mue Hpasutcest VSCode,
HOTOMY 4TO B HeM peakTrpoBanue TypeScript-koga 0co6eHHO ya00HO, HO
BbI MOsKeTe paccmoTpeTh Sublime Text, Atom, Vim, WebStorm u ap. Kax mpa-
BUJIO, MHKEHePhI BecbMa TpeboBaresibtbl K VICP (MHTErpupoBaHHOIl cpeje
pa3paboTKI), TIOITOMY OCTaBJIIO ATOT BBIOOP 3a Bami. Eciim jke BBI jKesaeTe
ucrosb3oBath VSCode, To /1711 €10 yCTaHOBKH IIPOCTO CJIEAYITE MHCTPYKITASIM
Ha caiite https://code.visualstudio.com/.

Bes comuenns, JavaScript BCKpbIBaeT CHHTaKCUIECKIE OMIMOKN 1 CTIOCOOEH 00HAPYKUTh
HeKOTOpbIe 6arn (Bpojie MHOKECTBEHHBIX JICKIapallnii const ¢ OHNM NMMEHEM 1 B OTHOM
JMara3oHe ) TOC/Ie CYMTHIBAHMS MPOTPaAMMBI, HO JI0 €€ 3alycKa. ECJIM BbI CYMTHIBaeTe
JavaScript-koz B iporecce cbopku (Harpumep, B Babel), To a1u ommGku Toske oOHapysKatcs.
VHKpEMEHTHO KOMIIMINPYEMbIe SI3BIKM TI03BOJISIIOT TIPU BHECEHUN HEOOMBIINX M3Me-
HEHWH TPOM3BECTU OBICTPYIO MEPEKOMITUIISIINIO BMECTO MEPEeKOMITUINPOBAHUS BCei
TpOrpaMMBI ( BKJTIOYast He3aTPOHYTHIE €€ 9acTh).

2
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Cawm 110 cebe TSC — 910 npusoKeHne KOMaH/IHOM CTPOKH, HallMCaHHOE
B TypeScript!, moatomy /st ero 3amycka monagoburcst Node]S. [list ero
YCTAHOBKU TaK’Ke eCTh UHCTPYKITUU HA OPUITUATBHOM calTe.

Node]S nocrasisiercst ¢ NPM — makeTHBIM MEHEIKEPOM, KOTOPBIN HY KeH
JUTS YIIPABJICHUST 3aBHCUMOCTSIMU MIPOEKTA 1 cOOPKON. MbI HAUHEM € €To
ncnosb3oBanus a1 yetanoBku TSC u TSLint (sumaTep nma TypeScript).
OTkpofiTe TEPMUHAT W CO3/IaliTe HOBBIN KATAJIOT, 3aTeM MHUINATU3NPYHTE
B HeM HOBbIH rpoekT NPM:

# Co30aHue Kamasnoea
mkdir chapter-2
cd chapter-2

# WHuyuanuzayua HoBoz2o npoekma NPM (cnedylime UHCMpPYKYuam)
npm init

# YcmaHoBka TSC, TSLint u deknapayuli munoB 0nsa NodeJS
npm install --save-dev typescript tslint @types/node

tsconfig.json

Kaxmeiit TypeScript-mipoekT H0JIKeH coMepKaTh B KOPHEBOU AUPEKTOPUN
paiin tsconfig.json. I1o memy TypeScript opuenTupyercs, kakue hailapl 1 B Ka-
KYI0 INPEKTOPUIO KOMITUJINPOBATh, & TAKIKE BBISICHSIET, KaKast BepCHst JavaScript
TpebyeTcst Ha BBIXO/IE.

Coszpaiite (aiis c uMeHeM tsconfig.json B KopHeBOM KaTasiore (touch tsconfig.json)?,
3aTeM OTKPOMTE €ro B pe/lakTope U BHECUTE CJIeyIolee:

{

"compilerOptions": {
"1ib": ["es2015"],
"module"”: "commonjs",
"outDir": "dist",
"sourceMap": true,

! Taxum o6pasom, TSC monazaer B pa3psizi Tak HA3bIBAEMbBIX KOMITHJISITOPOB € CAMOCTOSI-

TEJILHBIM XOCTUHTOM, KOTOPbIE KOMITAIUPYIOT CBOM COOCTBEHHBIN MCXOMHDIH KOJI.

2 B manHOM IIpuMepe MbI co3ziaeM tsconfig.json Bpyutyio. B manbmHeiinem BbI MOJKETE HC-
[0JIb30BaTh BCTPOoeHHY0 KoMaHy TSC, uToObl reHepUPOBATH 3TOT (haiiyl ABTOMATUYECKHU:
./node_modules/.bin/tsc --init.
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"strict": true,
"target": "es2015"

s
"include": [
nepct

}

Kpatko npoiizemMcs 10 3HAUEHUSAM HEKOTOPBIX U3 TEPEUNCICHHBIX OMIIUI

(Tabu. 2.2).

Ta6nuua 2.2. Onumu tsconfig.json

include B kakux katanorax TSC somxeH uckatb aitnbl TypeScript?

1lib Hanuune kakux APl B Bawweii cpepe pa3paboTku JomkeH npeanonarats TSC? 1o Kacaetca
TaKxe TakiX anemeHToB, Kak Function.prototype.bind B ESS5, Object.assign B ES2015 n document
DOM.querySelector?

module B Kakyto MoaynbHylo cuctemy AomkeH npoussoauTb komaunauuio TSC (CommonlS, System)S,
ES2015mnp.)?

outDir B kakoii katanor TSC omkeH nomeLyaTb creHepupoBaHHblii JavaScript-kog?

strict Kak npon3BoauTb MakcumanbHo CTporyto NpoBepKy KoZa 1 cobnioatb NpaBuibHyto TUNu3auuio?

Mbi 6yﬂeM NCnonb30BaTb ee BO BCEX NpUMeEpaXx. AKTI/IBI/IpyVITe €e B (BOEM NpoeKTe

target B kakyto Bepcuio JavaScript HyxHo komnunuposatb koa (ES3, ES5, ES2015, ES2016 unp.)?

ITO JINTITb HECKOIBKO U3 IECATKOB OMIIHI, KOTOPBIE TTO/IEP;KMUBaET tsconfig.json,
[PUYEM MOCTOSTHHO obaBiistioTcst HoBble. Ha jiesie BbI He Gyjiere 4acTo ux
MEHSITD, 32 HCKJIIOUeHeM Habopa HoMepa B HaCTPOWKax module U target Tpu
HepeKTI0YeHn N Ha HOBBIN OGaHiep Moy e, 1ob6aBaeHus "dom” K 1ib 1pu
Hanmcanun TypeScript mst Gpaysepa (cMm. riraBy 12) uiiv uaMeHeHUst yPOBHsI
CTPOTOCTHU TIPOBEPKH KO Ipu MUTpainun JavaScript-mpoexta B TypeScript
(cwM. pasaen «[Toarammag murpamms u3 JavaScript B TypeScripts Ha c. 292).
CaMblii OJIHBINA U AKTYaJIbHBIN CIIUCOK IOCTYITHBIX O HAXO[UTCS B J10-
KyMmeHTaruuy Ha caiite TypeScript (http://bit.ly/2JWfsgY).

HWcnonb3oBanue aiisra tsconfig.json st kotdurypuposatus TSC ouenb y106-
HO, TIOCKOJIBKY TTO3BOJISIET TPOBEPSATH KOH(MUTYPAITHIO B CUCTEME KOHTPOJIS
Bepcuil. Bol Takke MoxKeTe yCTaHOBUTH OOJIBIINYIO YyacTh omiuii TSC uyepes
KOMaH/IHYIO CTPOKY: 3anycture ./node_modules/.bin/tsc --help /g BbiBOMA X
CITACKA.
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tslint.json

B Barmmem nmpoexre Takske 0KEH TPUCYTCTBOBATD (aii tslint.json, comep:ka-
i kordurypanuio TSLint, onpenesstiontyo HeOOXOAUMY0 BaM CTHIMCTHKY
Ko/a (TabyJIsaiuu, mpoGestbl U . ).

VcnonbsoBanne TSLint He 06:A3aTenbHO, HO WA moboro mpoekra Type-
Script HacTOATENbHO PEKOMEHYETCA NMPUEPKUBATbCA ONpefieeHHOM

CTU/INCTUKN, YTOOBI N30€3KaTh CIIOPOB C KO/IjIeTaMI BO BpeMA KO -PEBbIO.

Curemyroniast KoMaHza cremepupyet daii tslint.json co cranzapTHONR KOHU-
rypanueii TSLint:

./node_modules/.bin/tslint --init

Jlaniee BbI MOJKeTE MEpernucarh ee CorJacHo ceoemy cTuio. Hampumep, moii
(haii tslint.json BBITJISIIAT TaK:

{

"defaultSeverity": "error",
"extends": [
"tslint:recommended”

1,

"rules": {
"semicolon": false,
"trailing-comma": false

}

[TonHbIil cIMCOK AOCTYIHBIX ITPABUJL CONEPKUTCA B foKyMeHTaru TSLint.
Bbl Takike MokeTe 100aBIISTh MOJB30BATENbCKUE TPABUJIA MU YCTaHABJIN-
BaTh JOMOJHUTEIbHBIE HACTPOUKY (Kak A1 React)S: https://www.npmjs.com/
package/tslint-react).

index.ts

Tetniepn, korza Bl HacTpouJiu tsconfig.json u tslint.json, cosiaiite karamor src,
cojiepskanuii Bam repsbiii (aiin TypeScript:

mkdir src
touch src/index.ts
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CTpyKTypa Kartanora mpoeKTa I0KHA BBITJISAIETD TaK:

chapter-2/
I—node_modules/

|—sr‘c/

| L—index.ts

I—package.json
I—tsconfig.json
I—tslint.json

OTxpoiiTe src/index.ts B peflakTope 1 BBEIUTE CACAYIONTUN KOJI:
console.log('Hello TypeScript!")
3aTtem ckoMnuaupyiTe u 3anycrute TypeScript-koz:

# CKomnunupylme KoO c nomoubto TSC
./node_modules/.bin/tsc

# 3anycmume ko0 c nomouwwbt NodeJS
node ./dist/index.js

Ecnu Bb1 CJIe10BaJIi IEPEYNCTEHHDBIM MIaraM, TO KO/ 3allyCTUTCA U B KOHCOJIN
Bbl YBUAUTE 3alIUCh!:

Hello TypeScript!

Bot 1 Bce — BBI TOJTBKO YTO HACTPOUJIU U 3aITyCTUIN Baill 1iepBbiii TypeScript
¢ mysist. Ormanast paboral

Jns mepBoro 3amycka mpoekTa TypeScript ¢ Hy/IA A IpMBes IOIATOBYI0
MHCTPYKUMIO. B faympHelileM [/ YCKOPEHNUsA 9TOrO IPoliecca MOXKeTe
VICTIONIb30BATh APy COKpaIeHMIl.

* YcranoBure ts-node (https://www.npmjs.com/package/ts-node) u uCIomnb-
3yJiTe ero i1 KOMIWIALMY Y 3aITyCKa IIPOrpaMMbl IIOCPEACTBOM BCETO
OJJHOVI KOMaH/IbI.

* Vcnionp3yiiTe MHCTPYMEHT aBTOMAaTH4eCKOII reHepaluu typescript-node-
starter (https://github.com/Microsoft/TypeScript-Node-Starter) st 651cTpOro
CO3JJaHNA CTPYKTYPBI KaTajora.
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YnpaxHeHus K rnase 2

Terrepn, Kor/1a Bama cpejia HacTpoeHa, OTKPOITe src/index.ts B pemakTope
U BBEJIUTE CJICAYIONIUIA KO

let a=1+2

letb=2a+3
let c =
{
apple: a,
banana: b
}

let d = c.apple * 4

Hageaure kypcop Ha a, b, ¢, d 1 oOparuTe BHuManue, kak TypeScript BIBoAUT
THUTIBI BCEX MTEPEMEHHBIX: a SBJISETCS number, b 1 d TakKe SBJIAIOTCS number,
a ¢ — 3T0 006BEKT onpeneaeHHoi popmbl (puc. 2.3).

let a = 1 + 2
let b = a + 3
let ¢ = {
apple: a,
10 bapana: b
11 } let d: number
12 let d = c.apple * &

L= I I ]

Puc. 2.3. TypeScript BbIBOANT TUMbI 32 Bac

HOSKCHepI/IMEHTI/IpyﬁTe C KOZOM 1 ITOCMOTPUTE, CMOJKETE JIN BbI:

0 Coposonuposats TypeScript UcII0/1b30BaTh KPACHYIO BOTHUCTYIO JINHUIO,
YKa3bIBAIOIYI0 Ha omOKY (Mbl 30BeM 5T0 Bbigaueit TypeError (ommbku
THTIA)).

O IIpountats TypeError u moHsATH, 4TO OHA 3HAYUT.
Q Ucnpasurs TypeError, To ecth yOpaTh KPaCHYIO JTMHUIO.

Ecsiu BbI TOTOBBI, TONPOOYITE HAMKCATh OTPE30K KOJA, [JIsi KOTOPOTO
TypeScript He cMOKeT BBIBECTH THIL.



[NABA 3

Moapo6HoO 0 TMNAX

B npenpijyiieii riiaBe Mbl TOBOPUJIM O CUCTEMaX TUIIOB, HO He JIaJIv Olpe/ie-
JIeHUST TUIIaM.

™mn

Hab6op 3HaueHnit 1 IPUMEHNMBIX K HUM OTIeparinil.

Hampuwmep:

O Twum boolean mpejacTaBsieT HAOOP BCEX JIOTMYECKUX 3HAYeHUN (KX IBa:
true u false) 1 orepartiii, (PUMEHNMBIX K HUM (Bpoe | |,8& 1 !).

Q Twum number mpezcTaBisieT HAOOP BCEX YKCEI U JOMYCTUMbIX JIJISI HEX OT1e-
pamuii (Bpoze +, -, *, /, %, | |, & 1 ?), BKIIOYasT METO/BI, KOTOPhIE MOKHO
JIJId HUX BBI3bIBATDH, TaKWE KakK .toFixed, .toPrecision, .toString.

Q Twum string mpeacraBisieT HAOOP BCEX CTPOK M IIPOUBBOAMMBIX ¢ HUMU
omeparuii (Bpoje +, | | 1 &&), BKJIT0Yass METO/IBI, KOTOPhIE MOXKHO JIJIT HUX
BbI3bIBaTh, TaKMe KaK .concat, .toUpperCase.

BeTpewas Tut, Bbl cpady MOHUMAaeTe, YTO MOKHO U Yero HeJib3sl CleaTh
¢ ero obsiagiatesieM. Moy ib TPOBEPKY TUTIOB He MTO3BOJISIET BaM COBEPIIIAThH
HeBepHBIE IEHCTBUSA, OPUEHTUPYSICh HA TO, KAKWE TUIIBl U KaK UMEHHO BB
HCIIOJIb3YeTe.

B aroii riaBe Mbl pasbepem Bee focTytHbie B TypeScript TUITB 1 paccMOTPUM
OCHOBHbIE BO3MOKHOCTH MPUMEHEHUS KaK/[0TO M3 HUX.

Ha puc. 3.1 npuBeznena ux nepapxus.
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[Undefinedje— Void fe— Ay |—>] Nul |
|

|Numher| | Biglnt | |Boolean| | String | ISymboIl | Ohiectl

v v A 4 v
Number String Unique | Amay l |Funct‘|on| IConstuctorI
Enum Enum Symbol
h 4 h 4
Never

Puc. 3.1. Nepapxus Tunos B TypeScript

0 Tunax

Jlist 06CyKIeHUST TUTIOB BOCTIOJB3YEMCST OOIIETIPUHSITON Y TIPOrPAMMHUCTOB
TEPMHUHOJIOTHEH.

JonyctuMm, GyHKIM II0JIydaeT 3HaYeHne ¥ BO3BpAllaeT ero yMHOKEHHbBIM
Ha caMo ceds:

function squareOf(n) {
return n * n
}
squareOf(2) // Bbluucnaemcsa Kak 4
squareOf('z') // Beiqucnsemca kak NaN

Slcro, uto ata byHKIMsA paboTaeT TOIBKO ¢ YUCTAMU: €CIIU TIePEIaTh B squareOf
He YHCJI0, TO Pe3yJIbraT OyeT omuboYHbIM. VITak, B 9TOI CUTYaIlnu MbI TPU-
GeraeM K aHHOTHPOBAHUIO THIIA TTAPAMETPA:

function squareOf(n: number) {
return n * n
}
square0Of(2) // Bbluucnaemca Kak 4
squareOf('z"') // Owubka TS2345: ApeymeHm muna '"z"' He moxem 6bimb
// npucBoeH napamempy muna 'number’.
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Tereps, ecyi MbI BBIZOBEM squareOf cO 3HAYEHUEM, OTJIMYHBIM OT YMCJIOBOTO,
TypeScript GyeT UMeTh OCHOBaHME /IS YKa3aHUs! OITHOKU. ITO TPUBUAIBHBII
npumep (moapobHee MOrOBOPUM O (GYHKITHSX B CJAEAYIONIEH TJIaBe), HO ero
JIOCTATOYHO JIJIsI IEMOHCTPAIINH TTaPhl KJIIOYEBBIX KOHIETIUI 06CYKICHUS
tunos B TypeScript. O nocseeM npumMepe Mbl MOKEM CKA3aTh CIIEYIOIIEe:

1. Ilapametp n, mpuHaJIEKAINI squareOf, OTPAHIYEH TUIIOM number.
2. Tun 3HaueHus 2 MOKeT ObITh IIPUCBOEH (COBMECTHM C) number.

bes annoraruu Tuna square0f He OrpaHUYEH CBOUM MTAPAMETPOM U BBl MOKETE
nepeaarh eMy apryMeHT Jiro00ro Tuia. Kak ToJIbKO Bbl BBEIETe OTpaHUYEHIUE,
TypeScript mpoBepuT, Bo BCeX 1 MecTaX (DYHKIINS BBI3BIBAETCS C TOIXOISIINM
apryMeHTOM. B Harmem mpumMepe 2 UMeeT TUT number, KOTOPBIIT COBMECTUM
c aHHOTaIMel squareOf number, moaTOMY TypeScript mpuHUMaeT TaKOI KOJI.
Ho 'z' aBasercs string, KoTOpas HecoBMecTHMa ¢ number, n TypeScript
yKa3bIBaeT Ha OIINOKY.

Bpol Takke MoKeTe MHTEPIIPETHPOBATH 3TO B BBIPAKEHNAX TTPEETOB: €CITU
coobmmTh TypeScript, uTo BepXHUii Ipeziest n — aTo number, 11060€ 3HaYEHUE,
nepezaBaeMoe square0f, He Oy/IeT MPEBBINIATh number. B ipoTrBHOM cirydyae
3HaUYeHHUe He CMOKeT ObITh IIPUCBOEHHBIM n.

Bonee bopmanbHoe onipenieienrie COBMECTUMOCTH TIPEIESIOB U OTPAHIMYEHITH
BbI HaliieTe B riraBe 6. Ceifuac BaskHO MOHSTD, YTO MEPel BaMU S3bIK, 00-
CY/KIaeMBIN B KOHTEKCTE MCIIOJIb30BAHUS HEKOETO THIIA TaM, I7ie TpebyeTcst
KOHKPETU3UPOBATH THII.

TunbloTa fo 4

[Tosznakomumcs ¢ uMmeomumucs B TypeScript TUaMu 1 cofepKaiuMucs
B HUX 3HAUEHUSIMU 1 BO3MOKHOCTSIMU 1 3aTPOHEM HEKOTOPBIE OTHOCSTIINECS
K HUM 0a30Bble OCOOCHHOCTH S3BIKA, & UMEHHO IICEBAOHUMBI TUIIOB, TUIIBI
0ObeMHEHNS U TUITBI TIePECEUEHNSL.

any

any BBICTYTIAET B POJIM KPECTHOTO OTIIA BCEX TUIIOB. 32 COOTBETCTBYIOIYIO T1JIa-
TY OH TOTOB, HO JIMIITHUH Pa3 MpuberaThb K €ro MOMOIIH BbI BPSI/I JIU 3aXOTHUTE.
B TypeScript B MOMEHT KOMITUJISIIIAN Y BCETO JOJIKEH OBITD THII, U any CTAHO-



36 fnasa 3. Mogpo6Ho 0 TUMax

BUTCSI TUTIOM TI0 YMOJYQHUIO TaM, r7ie Bbl (Tiporpammuct) u TypeScript (mo-
IyJIb TIPOBEPKH ) HE MOKETe TOYHO OTIPEIeNNUTD TUII aeMeHTa. MoXXHO oxa-
paKkTepu30BaTh €T0 KaK THUTI KPAWHETO Cayvasi.

[Touemy ke ero crout u3berath? BeromuuTe, yeM sipssiercst Tuil? [IpaBuiibHO.
IT10 HAGOP 3HAYEHUI U JIOCTYITHBIX JIJIsI HUX JE€HCTBUIL. any Ke ITPEACTaBIIsIeT
c060ii HabOp BceX BO3MOKHbBIX 3HAYEHU, U BBI MOKETE JIEJIaTh C HUM BCE YTO
YTOAHO: TPUOABJISATH K HEMY, yMHOKaTh Ha HETO, BBI3BIBAT JIJISI HETO . pizza()
T I

3HaueHue, UMeIOIIee TUIL any, HE JIa€T BO3MOKHOCTU MOJLYJIIO TIPOBEPKHU TBO-
puth cBoe BoaebeTBO. Korzia BBl pasperiiaere any B KOJI€, BbI IEPEXOIUTE
B PEXKNM <«CJIETIOTO TTOJIeTas.

B Tex peskux cirydasix, Kor/a [efCTBUTETbHO HEOOXOMMO €0 HCTI0JIb30BaTh,
ejafiTe 9TO TakK:

let a: any = 666 // any
let b: any = ['danger'] // any
letc=a+b // any

Ob6paruTe BHUMaHUe, YTO TPETUN TUII AOJKEH BbI3BaTh coobieHne 006
ormu6Ke (Beb BbI MBITAETECH CIOKUTH YHCIO M MACCUB), HO 3TOTO HE TIPO-
HCXOMUT, TOTOMY 4TO BbI cooOmuin TypeScript, 4To ckirasbiBaeTe 1Ba any.
Heo6xommmo ucrnosnb3oBars any sisio. Korma TypeScript BIBOAUT THIT He-
KOEro 3HAYeHNUsT Kak any (HAIPUMeD, BbI 3a0bLJIM aHHOTUPOBATH TTAPAMETP
(byHKIINN MM UMITOPTHPOBAJIN HeTUITM3UPOBAHHBII JavaScript-Moiyib), To
B IIPOIIECCEe KOMITHJISIIIUU OH BBIOPOCHT UCKJTIOUEHIE U MTOAYePKHET OMUOKY
KpacHbIM. Vcriomb3ys ke SBHYI0 aHHOTAINIO @ ¥ b TUTIOM any (:any), BBI M3-
GesKUTe UCKITIOYEHNST, TOTOMY YTO TakiM 06paszoM paaure TypeScript moHsTh
OCO3HAHHOCTD 9TOTO JIeHCTBUS.

TSC-ONAT NOIMPLICITANY

ITo ymomyanmio TypeScript He )KamyeTcsa Ha 3Ha4€HMs, I7s1 KOTOPBIX OH
BBIBEJI TUII any (HesABHBIE any). YTOObI aKTMBUPOBATb (PYHKIIVIO 3aIUThI
OT HEABHBIX any, HY>KHO 000aBUTH qmar nolmplicitAny B tsconfig.json.

noImplicitAny cTaHOBMTCA aKTUMBHA IIPM BKAIOYEHUM peXMMa strict
B tsconfig.json (cMm. noppaszen «tsconfig.json» Ha c. 28).
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unknown

Ecau any — 310 KpecTHbIii oTelr, To unknown — 210 Kuany Puss B posn /[xxon-
Hu IOTer 13 punbma «Ha rpeGhe BosHbl» — camoyBepeHHbIN areHT DBP
MO/l IPUKPBITHEM, KOTOPBIN BTUPAETCS B KPYT TJIOXUX MMapHEid, HO XPAaHUT
BEPHOCTD 3aKOHY. B ciryyae, Korza y Bac ecTb 3HaueHUe, Yell TUI BBl y3HaeTe
03/1Hee, BMECTO any TpuMeHuTe unknown. OH ITpecTaBIsieT Toboe 3HaueHue,
HO 4TOOBI KCIIOJIB30BaTh HTO 3HaYeHue, TypeScript morpedyer yTOUHUTH €ro
Tt (CM. TIoZIpasien « YTouHnenues Ha c. 160).

Kakue xxe onepanmm rojiep;kuBaet unknown? Bbl MoKeTe cpaBHUBATDH 3HaUe-

npyToii Tt yepes JavaScript-onepaTopsl typeof 1 instanceof). [Ipmmensercs
Ke OH CJIETYIONM 06pa3oM:

let a: unknown = 30 // unknown
let b = a === 123 // boolean
let c=a+ 10 // Owubka TS2571: obvekm umeem mun 'unknown'.
if (typeof a === 'number') {
let d = a + 10 // number
}

ITOT IIpUMED Z1a€T O6H_[€€ IpejicTaBjieHne 00 UCIOJIb30BaHUK unknown.

1. TypeScript HUKOT/Ia HE BHIBOAUT unknown — 3TOT TUI HY’KHO SIBHO aHHO-
tpoBath (a)l.

2. MoxHO cpaBHMBATH 3HAUEHUS CO 3HAUEHUSAMU TUTIA unknown (b).

3. Henp3g mpousBoauTh I€HICTBUSA HA OCHOBE MTPETOJNIOKEHNS, UTO 3HAUCHIE
unknown MeeT KOHKpeTHbIH TUTI (¢ ). CHavyasa HyKHO TToka3aTh TypeScript
Hasmaue aToro tima (d).

boolean

Turt boolean (JIOTMYECKWIT) UMEET BCETO /[Ba 3HAUEHUS: true 1 false. Takue

OHHU TaK:

U Tloutn HHUKOT/1a. Eciau unknown siBjisieTcst 4acTbio THIIA O6’beLll/lHeHl/l$l, pesyabraTomM 00b-

emuHeHust 6yziet unknown (cM. iozipasziest « Turibr o6beIMHeH st 1 liepecedenusi» Ha c. 50).
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let a = true // boolean

var b = false // boolean

const c = true // true

let d: boolean = true // boolean

let e: true = true // true

let f: true = false // Owubka TS2322: mun 'false' He moxem 6bime

// npucBoeH muny 'true'.

CorstacHO aTOMY ITpUMepY, 4ToObI co0OIUTH TypeScript, 4To HEKMil ATIEMEHT
nMeeT TUII boolean, MOJKHO CZIeJIaTh CIeYIOIIEe:

1. IosBommTs TypeScript BeIBeCcTU TUTI boolean 751 3HAUYEHW (a U b).
2. IMosBoauts TypeScript BeIBeCcTH KOHKPETHOE 3HaUeHUE boolean (c).
3. dBHo coobmmuTh TypeScript, uTo 3HaueHMe sIBJIsieTCst boolean (d).
4

ssHo coobimuTh TypeScript, 4to 3HaUeHNE UMEET KOHKPETHOE 3HAYEeHUE
boolean (e u f).

B GoJbIIMHCTBE CJIy4aeB UCIOJMb3YIOTCS TIEPBBIE [Ba CIIOCOOA, OYEHDb PEAKO
(ecam TIOBBITIAETCST TUITOOE30MACHOCTh ) — YeTBEPThIN (YBUANTE HA TIPHMEPAXx )
U TPaKTUYeCKN HUKOT/IAa — TPETHUT.

Bropoii 1 4eTBepTHIil ciryuan 0COOEHHO MHTEPECHDI, TOCKOJIBKY XOTh OHU
1 JIeJIAI0T HeYTO eCTeCTBEHHOE, ITOAAEPKUBAIOTCA OHU Ha YANUBJICHNE MaJIbIM
KOJIMYEeCTBOM $I3bIKOB U MOL'YT OKa3aTbCsl JIJIS1 BaC He3HAaKOMbIMU. B ToM 11pu-
Mepe st obparuics k TypeScript: « Buautib a1y nepementyio e? Omna He mpocTo
KaKOH-TO TaM boolean, a COBEPIIEHHO KOHKPETHbIIi Boolean — truey. Vcnoub-
30BaB 3HaYeHUE B Ka4eCTBE TUIIA, I CYLIECTBEHHO OrpaHUYMJI BO3MOJKHDIE
[UIs e U f 3HaYEHNA boolean, OIIPeEINB IS KasK/10r0 KOHKPETHOE, — CO3/aJl
JINTEPAJIBbI TUIIOB.

NNTEPAN TUNA

Tum, mpencTaBaAINIT TOMLKO OHO 3HAYCHE
U HIYTO APYTOe.

B gerBepTOM ciyuae s SBHO aHHOTHPOBAJ MTePEMEHHBIE JINTePaaMU TUTIOB,
a Bo BTopoM TypeScript BeIBeJI JTUTEpaIbl TUTIOB 32 MEHSI, [IOTOMY UTO S MC-
MOJIb30BAJI const BMecTo let wiu var. TypeScript 3HaeT, 4To 3HAUEHUE TIPU-
MUTHBA, IPUCBOEHHOTO C const, HE MEHSIETCSI, M BBIBOJIUT JIJis 9TO MePEMEHHOI
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MaKCUMaJIbHO y3Kuii Tuil. VIMenHno noaromy Bo BTopoM ciydae TypeScript
BBIBEJI THUII ¢ KaK true BMECTO boolean. BpiBog THTIOB /171 let U const TO-
IPOGHO PacCMOTPEH B Topasjiese «Pacimpene Tumos» Ha ¢. 155.

Ml erte Gy1eM BO3BpaIaThCs K iutepasiam TUoB. OHU sIBJSIIOTCST MOIITHBIM
HHCTPYMEHTOM THIT00e30acHOCTH U JiesiatoT TypeScript yHuKaIbHbIM Cpein
JIPYTUX SI3BIKOB TPOTPAMMUPOBAHMUS, TO3BOJISAS BaM MMOATPYHUBATD HAT IPY-
3bsIMM, UCIIOJIb3YIONIUMU Java.

number

Tur number mpecTaB/sieT HAbOP YKCE: IIEeJOYKCAEHHbIE, ¢ IJIaBaloleil 3a-
[ISTOU, TTOJOKUTENbHbBIE, OTPUIIATENIbHBIE, Infinity (6€CKOH6‘-IHOCTb), NaN
U T. 1. [l uncest TOCTYITHO I0OCTATOYHO MHOTO IEUCTBUI: CIOXKeHUE (+), BBI-
yuTanue (-), esieHne 1Mo Mo LyJtio (%) u cpaBHenwe (<). Paccmorpum ipumepsr:

let a = 1234 // number

var b = Infinity * 0.10 // number

const c = 5678 // 5678

letd =a<b // boolean

let e: number = 100 // number

let f: 26.218 = 26.218 // 26.218

let g: 26.218 = 10 // Owubka TS2322: mun '10' He moxem b6bimb

// npucBoeH muny '26.218".

[l THnM3any ¢ MoMoIh number MOKHO CIIeIaTh CIIeyioliee:
1. IosBomuTs TypeScript BeIBeCTU TUT 3HAUEHUS KaK number (a 1 b).

2. Vcnonb3oBath const, uToObl TypeScript BbIBE THIT TEPEMEHHON KaK KOH-
KkpetHoe unciio (number) (c)l.

3. dBHo coobmmuTh TypeScript, 4To 3HaUEHIE MMeeT TUII number (e).
4. SIBHO cOOOLINTD, YTO 3HAYEHHE UMEET KOHKPETHBII TUII number (f 1 g).

Taxk >xe Kak 1 ¢ boolean, Jiyulire 0BepuThb BbIBOZ Tuma TypeScript (1iepBbIii Bapu-
anT). VIHOIIa [IPY yTOHYEHHOM OIMCAHKHI TPOrPaMMBI TOTPEGYETCs OTPAaHUYUTh
TUTI KOHKPETHBIM 3HaYeHNeM (BTOPOI 1 UeTBEPTHIH BapuaHThI ). Ha mpakTuke
HeT IPUYUH JBHO TUITM3UPOBATh 3HAUEHNE KaK number (TPETUIl BapUAHT).

! Ha momenT Hanmucanus Kauru npumenenne NaN, Infinity win -Infinity B kauecTBe

JINTEPAJIOB TUIIOB HE /I0IIyCKa€TCA.
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Pa6oras ¢ JJIVMHHBIMU Y CIaMU, I/ICHOTII)BYI‘/'ITC I[eCHTI/I‘-IHbIﬂ pa3fennTenb
KaK B 3BHAYCHUAX, TaK U B TUIIAX I UX yJIO6HOI‘O YTCHUA:

let oneMillion = 1_000_000 // 3k6uBaneHm 1000000
let twoMillion: 2_000_000 = 2_000 000

bigint

Tum bigint aBasgercs HoBudkoM B JavaScript u TypeScript. On mosBossieT
paboTaTh ¢ KPYIMHBIMU [1EJI0UNCIEHHBIMU 3HAYEHUSAMM 63 PUCKA CTOJIKHY ThCS
¢ onOKaMu OKPyTJIeHus1. B TO BpeMst Kak number MOJKET TIPEICTABIISATD [IEJIbIe
YyucJa TOJIbKO 10 253, bigint criocoben IIpeACTaBUTb U OOIbIINE 3HAYCHU.
ITOT THII SIBJISIETCS HAOOPOM BCeX BigInts U MO/IEPKUBAET TAKWeE IEHCTBIS,
Kak cjoxenune (+), Bbrautanue (-), yMHOKeHue (*), nesenne (/) W cpaBHe-
uue (<). Mcnosb3yercs oH Tax:

let a = 1234n // bigint

const b = 5678n // 5678n

var c = a+b // bigint

let d = a < 1235 // boolean

let e = 88.5n // Owubka TS1353: aumepan bigint dosxeH 6bimb

// UesnbiMm 4ucsom.

let f: bigint = 1@0n // bigint

let g: 100n = 100n // 166n

let h: bigint = 100 // Owubka TS2322: mun '100' He moxem 6bimb
// npucBoen muny 'bigint’.

AHaJIOrN4HO boolean 1 number €CTh YeThIpe BapuaHTa 00bsIBIEHUS bigint.
Crapatitech mo3BosATh TypeScript ses1aTh NX BBIBOJ 32 Bac.

Ha MoMeHT HanycaHuA KHUTH ellje He Bce ABVDKKM JavaScript mopmepxin-
BaloOT bigint o ymon4aHuio. Ecnu Banie npuio>xeHne 3aBUCUT OT HETO,
TO CTOUT y6e11mbc,q B €T0 MOAJepKKe Ha 1Lie/IeBOil HnaT(bopMe.

string

Tun string saBisercs Ha60p0M BCEX CTPOK U AOCTYIHBIX JIJIsI HUX OTlepaIuii
Bpojie KoHKaTeHaun (+), cpesa (.slice) u T. 1. BoT HeCKOIBKO TPUMEPOB:
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let a = 'hello’ // string

var b = 'billy’ // string

const c = "I /7

letd =2a+ "' +b+c // string

let e: string = 'zoom' // string let f: 'john' = 'john' // 'john'
let g: 'john' = 'zoe' // Owubka TS2322: mun "zoe" He moxem 6bimb

// npucBoeH muny "john".

Kak u B cjrydae ¢ boolean 1 number, TUII string MOKHO 00BIBUTH O/IHUM U3
4eTBhIPEX CII0COOO0B, 1 JIyUllle, €CJIn 3TO caeaeT cam TypeScript.

symbol

Twur symbol HOSIBUJICS C OJIHOM U3 TTocseHuX peBusnii JavaScript (ES2015).
Ha npakrtuke cumBoJibl BeTpevatorcst HedacTo. OHU CIOIb3YIOTCS B KAYECTBE
aJIBTEPHATHBbBI CTPOYHBIX KIOUYEl B 00BEKTAX U KapTax TaM, I7ie Bbl XOTUTE
OBITH AOCOJIIOTHO YBEPEHDI, 4TO MOJIb30BATEN IPUMEHSIIOT BEPHbIET, XOPOIIIO
M3BECTHBIN KJIIOY U 10 CIyYallHOCTH He yCTaHOBAT Apyroil. [logymaiite, ycra-
HaBJIMBAst UTEPATOP MO YMOTIAHIIO JIJIst 00beKTa (Symbol. Iterator) WK repe-
Ha3Hayasl KJI0Y B CPe/Ie BBITIOJHEHWS, HE SBJISIETCS JI OOBEKT HK3EMILISIPOM
4ero-ubo (Symbol.Instance). CUMBOJIBI 0003HAYAIOTCST TUIIOM symbol U He
MpeIoaraloT MHOTO JIeHCTBUI:

let a = Symbol('a') // symbol
let b: symbol = Symbol('b") // symbol
var c = a === b // boolean
let d = a + 'x' // Owubka TS2469: onepamop '+' He moxem

// bbimb npumeHeH K muny 'symbol'.

3amada Symbol('a') B JavaScript 3aKodaeTcs B CO3[aHUK HOBOTO symbol ¢ 3a-
JaHHBIM UMeHeM. DTOT symbol YHUKaJIEeH U He OyzeT paBeH (IIPU CpaBHEHUN
MOCPEICTBOM == WJIA ===) HUKAKOMY JIpDyTOMY symbol (j1aske ecjii cO3/1aTh
BTOPOIT OJTHOMMEHHBIN symbol). AHAJIOTYHO TOMY, KaK 3HaYeHUe 27 puodpe-
TaeT TUT number ITPY OGBABICHIH C TOMOIIBIO let M CTAHOBUTCS KOHKPETHBIM
YICJIOM ITPY OOBSBIEHUN C const, TUIIBI CUMBOJIOB BBIBOJSITCS KaK symbol, HO
TakKe MOTYT ObITh OOBSIBJICHBI SIBHO KaK unique symbol:

const e = Symbol('e") // typeof e

const f: unique symbol = Symbol('f') // typeof f

let g: unique symbol = Symbol('f") // Owubka TS1332: nepemeHHas,
// umewwasa mun 'unique symbol',
// OomkHa 6bime 'const'.
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let h
let i

// boolean

// Owubka TS2367: smo ycnoBue Bcezda 6ydem

// 6o36pawams 'false', nockoabky munel 'unique
// symbol' u 'unique symbol' He umetom cxodcmBa.

™ M
1]
1]
1]
- ™

ITOT IIPUMEP JIEMOHCTPUPYET HECKOJIBKO OCOOEHHOCTE CO3/[aHUsT YHIKAIb-
HOTO CHMBOJIA:

1. Korga Bbl 06bsIBJIsIeTe HOBBII symbol M IIpUCBaMBaeTe ero rmepeMeHHON
const (He var uin let), TypeScript BBIBOIUT ee TUIT Kak unique symbol.
B penaxrope ona 6yﬂeT 0T06pa>KaTbC51 He KaK unique symbol, a Kak typeof
nmaAllepeMeHHOW.

2. Bbl MOXeTe SIBHO aHHOTHPOBATD TUTI const-TIepEMEHHO Kak unique symbol.
3. unique symbol Bcerza paBeH camoMmy cebe.

4. TypeScript npu KOMITUJISIIINY 3HAET, YTO unique symbol HUKOT/A He OyeT
paBeH HUKAKOMY JpYTOMY unique symbol.

Bocrnpunumaliite unique symbol Tak, Kak v JpyTHe TUITbI IUTEPAJIOB BPOJIE 1,
true wim "literal"™. OHM SIBJISIOTCS CIIOCOOOM CO3/IATh THII, IPE/ICTABJISIIONIIA
KOHKpeTHOe 3HaueHue symbol.

06beKTbI

Tumn object B TypeScript onpenesnsier hopmy oobekta. [Tpumedartesnbuo, 4To
OH He OTPakaeT PA3HUILY MEXY IPOCTBIMU 00beKTaMu (BpOJie CO3MaHHBIX
¢ noMouIbio {}) u 6oJee CaoKHBIMU (CO3JAHHBIMU C IOMOIIBIO new). Tak
1 OBLITO 3a[yMaHo: JavaScript mperMyIecTBeHHO CTPYKTYPHO TUITH3UPOBAH,
noatomy TypeScript nsberaer HOMUHATBHON THUITU3AIIH.

CTPYKTYPHAA TUMU3ALINA

Ctunb IpOrpaMMUPOBaHKSA, B KOTOPOM Bac MHTEPECYIOT
TO/IBKO KOHKPETHBIE CBOIICTBA 00'bEKTa, a He ero MM (HOMI-
Ha/IbHAs TUIM3ALWs). B HEKOTOPBIX s13bIKaX 9TO Ha3bIBAIOT
YTUHON TUNV3anyeli (VIN «He CY[UTe KHUTY 110 O0JIOKKe»).

B TypeScript ecTb HECKOJIBKO CTTOCOOOB UCTIOIBL30BAHUS THITOB JIJIST OTTUCAHIIS
00bekTOB. [1epBblil 3aK09aeTcst B 00bsIBICHIN 3HAUYEHMsI B KAYECTBE object:
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let a: object = {
b: 'x'

}
Yro npousoiiser, Korjga Bbl 06paTuTech K b?
a.b // Owubka TS2339: cBoilicmBo 'b' He cywecmByem 6 mune 'object'.

Ho kaxoil cMbICJI IpUCBaWBaTh YeMy-Ju00 THIT object, €CJIM TOTOM HIUYETO
HeJIb3s [eIaTh?

Ha camom neste embica ecth. B Masioit crenenn object gaBigercs any. ITOT
THUIT COOOIIAET BaM O 3HAUY€HHH, KOTOPOMY OH TIPUCBOEH, TOJIBKO TO, YTO OHO
stBIsieTcst 00beKTOM JavaScript (1 oHO He null).

BbIBOA TUNOB NMPU ObbABNEHUU OBBEKTOB C CONST

Y0 MpON30IeT, eCiu it 0OBSIBIEHNUS 06bEKTa NCIIONb30BATh const?

const a: {b: number} = {
b: 12
} // Mo-npexHemy {b: number}

Bac moxxeT yayBuTb, uT0 TypeScript BbiBen TiIl b kak number, a He muTepan 12. Panee
MBI BBISICHWIN, YTO TPV 0OBABIIEHNY TUIIOB number VI string BBIOOpP const mmu
let B/IMAET Ha BBIBOJ] TUIIOB.

B ommure OT IPUMUTUBHBIX TUIIOB, PACCMOTPEHHBIX Mpex/e (boolean, number,
bigint, string 1 symbol), 06BEKT, 0OBABIEHHBII € const, He mopcKaxeT TypeScript
BbIBecTH Oosee y3kuit tui. JJeo B TOM, 4TO JavaScript-06beKTbl M3MeHsIeMbl
u TypeScript sHaeT, 4TO X HOJISI MO>KHO OOHOBUTD IIOC/IE CO3IaHM.

B noppaspene «PacipeHie TMIOB» Ha €. 155 MbI 6071ee TOpOOHO PAacCCMOTPYIM STY
TeMY, a TAaK)XXe TO, KaK I00MThCs BBIBOAA HOJIee Y3KOro THIIA.

A 4TO, eci MbI OCTAaBUM SIBHbIE aHHOTAIUM U TT03BOUM TypeScript nemath
CBOIO paboTy?

let a = {

b: 'x'
} // {b: string}
a.b // string
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let b = {
c: {
d: 'f'
}
} // {c: {d: string}}

Byasist! Bbl TOJIBKO 4TO OTKPBLIN BTOPO cIIOCOO TUITU3AIUKU 00bEKTa:
CUHTaKCHC 0OBEKTHOTO JIuTepaia. Bel MoskeTe n60 mo3soauth TypeScript
BbIBecTH (hopMy 00bekTa, MO0 ONUcaTh ee SIBHO, UCHO0Jb3Ys (GUTYPHBIE
CKOOKU {}:

let a: {b: number} = {
b: 12
} // {b: number}

CuHrakcuc 00beKTHOTO JIMTepaia coobIaeT: «31eCh HaXOAUTCS DJIEMEHT
TaKoil (OpMbI». ITOT IEMEHT MOKET ObITh MO0 OOBEKTHBIM JIUTEPAIOM,
OO0 KJIaCCOM:

let c: {
firstName: string
lastName: string
F=A
firstName: 'john',
lastName: 'barrowman'

}
class Person {
constructor(
public firstName: string, // public a6nsemca cokpaueHuem

// this.firstName = firstName
public lastName: string

) {}
}
Cc = new Person('matt', 'smith') // OK
{firstName: string, lastName: string} ommchbiBaer hopmy oObekTa. OOb-
EKTHBI JIUTEePaJT U HK3EMILISIP KJIacca U3 TOCIeHETO TIPUMEPA COOTBETCTBYIOT
atoil (hopme, moaTomy TypeScript 103BOJIIET TPUCBOUTD Person JINTEPATy c.

Bot uTo HpOI/IBOfIZIeT, €CJIN JIO6aBI/ITb JIOITOJIHUTEJIbHbIE CBOICTBA NN yiy-
CTUTDb HeO6XOlII/IMI)I€Z
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let a: {b: number}

a ={} // Owubka TS2741: cBolicmBo 'b' omcymcmByem 6 mune '{}',
// HO Heobxodumo B8 mune '{b: number}'.

N G A
N =

// Owubka TS2322: mun '{b: number; c: number}' He moxem
} // 6bimb npucBoeH muny '{b: number}'. O6bekmHbIli Aumepan
// moxem onpedensame monbKo u3BecmHvlie cBolicmBa,

// a 'c' He cywecmByem 6 mune '{b: number}'.

NMPUCBOEHUE

9TO mepBbIil IpKMep, KO CHadama Mbl 00'bsB/IsIEM IIepeMeHHYIO (a), a 3aTeM ee
VHALAATN3UPYEM CO 3HAYEHNUAMU {}m{b:1, c:2}). Takoit naTTepH JavaScript
nopgepxuBaeTca B TypeScript.

Korna BbI 00'bsIB/IsI€ TE IEPEMEHHYIO B O[JHOM MECTe, 2 UHUI[UAIN3UPYeTe ee IT03XKe,
TypeScript y6exxaaeTcsi, 4TO 3TOIl IIepeMeHHOI TOYHO NMPUCBOEHO 3HAUYeHNUe Ha
MOMEHT €€ MCIIONb30BaHNA:

let i: number
let j =1 *3 // Owubka TS2454: nepemeHHaa '1' ucnosnv3yemca
// 0o npucBoeHus ell 3Ha4yeHusd.

TypeScript mpocmenut 3a 3TUM, fake eC/IM BBl He Cfie/laeTe ABHbIe aHHOTAINN
TUIIOB:

let i
let j =1 *3 // Owubka TS2532: obvekm, BepoamHo,
// ‘'undefined’.

ITo ymosruanuio TypeScript 10cTaTOYHO CTPOT OTHOCUTENBHO CBOHCTB 00b-
exra. Eciut BbI coobtiaere, 4T0 06BEKT TOKEH UMETh CBOMICTBO ¢ UMEHEM
b Tura number, To TypeScript Gyaer oxkuzath b u Toabko b. Ecau b 6yzer
OTCYTCTBOBATh WJIU MOSIBATCS [OTIOJHUTENbHBIE CBOWCTBA, TO OH OYI€eT
pyrarhesi.

MoskHo Jii coobmmTh TypeScript, 4To HeYTO SBJISETCS OMIMOHATBHBIM KN
BO3MOJKHO TIOSIBJICHHE JAPYTUX 3aIIAHUPOBAHHBIX CBOICTB? Koneuno:
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let a: {
b: number @
c?: string @

[key: number]: boolean @
}

@ 2 uMeer CBOICTBO b, ABJIAIONIEECS number.

@ a MoxeT UMeTh CBOIICTBO c, siBJsgolleecs string. Ecuu ¢ 3agano, To oHO
MOsKeT OBbITh undefined.

© 2 Mosker nMeTh JII000e KOTMIECTBO YKCJIEHHBIX CBOMCTB, SIBJISTIONIMXCST boolean.

PaCCMOTpI/IM, KaKue TUIIbl 0O0bEKTOB MOKHO IIPUCBOUTD a:

a = {b: 1}

a = {b: 1, c: undefined}

a={b: 1, c: 'd'}

a = {b: 1, 10: true}

a = {b: 1, 10: true, 20: false}

a = {10: true} // Owubka TS2741: cBolicm6o 'b’' ynyueHo
// 6 mune'{10: true}'.

a =4{b: 1, 33: 'red'} // Owubka TS2741: mun 'string' He moxem

// 6bimb npucBoeH muny 'boolean’.

IIpu 06bsABIEHNN THUIIA object MOKHO KHCIIOJAb30BATh KaK MOAU(PUKATOP
OTITNOHATLHOCTH (?), TaK U MOANMUKATOP readonly, KOTOPBIH He TIO3BOJUT
M3MEHSITD IT0JIe TTIOCJIe IIPUCBOEHNUsI eMY ITEPBOTO 3HAaUYeHMs1 (CBOET0 POjia const
11 CBOCTB 0ObeKTa):

let user: {

readonly firstName: string
}=A

firstName: 'abby'

user.firstName // string
user.firstName =
‘abbey with an e' // Owubka TS2540: HeBo3moxHo npucBoums
// K 'firstName', m.k. smo cBolicmBo mosnbKo
// 0nA ymeHuA.

Kaskiprit T, 3a uckiriodernem null u undefined, MOKeT OBITh IIPUCBOEH TUITY
myctoro o0nexTa ({}), 4To ycroxKHsieT ero ucnoab3oBanue. Crapaiitech ns-
6eraTh TUIIOB ITYCThIX 0ObEKTOB:
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let danger: {}

danger = {}
danger = {x: 1}
danger = []
danger = 2

CUTHATYPbI UHAIEKCOB

Cunrakcuc [key: T}: UHasbIBaeTCs cueHamypoti undekca. C ee IOMOLIBIO BBI CO-
ob1jaeTe KOMIMIATOPY, YTO JAHHBIT OOBEKT MOXKET COfiepXKaTh OOJbIlle KII0Yell.
Yuratb ero crenyeT Tak: «JIyA 3Toro o6bekTa BCe KI0UM TUIA T JOIDKHBI IMETh
3Ha4yeHys Tuia U». CUTHATypBI MHIEKCA O3BOJIAIOT 6€30I1acCHO HO0aBIIATH JOIION-
HUTE/IbHbIE KIII04M 00beKTY, IOMUMO OO'BSBIEHHBIX paHee.

Ho tum (T) K/11049a CUTHATYpbI MHEKCA JOTDKEH ObITh COBMeCTUM /160 €O string,
60 ¢ number?.

B kadecTBe MMeHN KIII0Ya CUTHATYPbI MHEKCAa MOYKHO UCIIONb30BaTh MH060€ CTIo-
BO — He TO/IbKO key:

let airplaneSeatingAssignments: {
[seatNumber: string]: string
y=A
'34D': 'Boris Cherny’,
"34E': 'Bill Gates'

W cTouT YIIOMSIHYTH €l1ie OANH CIIOCO6 THIN3AIIK Yero-1100 B KauyecTBe 00b-
eKTa: Object. ITO MPAKTUYECKH TO JKe CaMOe, YTO UCIIOJIb30BaHue { }, U JIydIiie
2TOr0 n3berarn?.

! O6bexTsl B JavaScript HCIIOMBb3YIOT 1151 KJTioYeii cTpoku. MaccuBbI JKe sIBAAIOTCS 0COOBIM
BUIOM OOBEKTOB ¥ CIOJIB3YIOT B KAYECTBE KJIIOYEH YrcJia.

2 EcTb 0HO HeOOJIbIIOE TeXHUYECKOe oTJanYKe: {} 03BOJISIET ONPeAesATh Jio0Obie
JKeJlaeMble TUIIBI JIJIs1 BCTPOEHHBIX METOZ0B B IIpoToTuile Object Bpoae .toString
u .hasOwnProperty (1oapo6HO 0 mporoTunax Mokere yaHarb Ha MDN), B To Bpemst
Kak Object cieant, 4TOObI OOGBABIAEMbIC BAMH THUIIBI MOTJIM ObITh IPUCBOEHDI K THUITAM
npoTorutia Object. Hanpumep, caenyioniuii KoJ TpOXOAUT TPOBEPKYy TUIIOB: let a:
{} = {toString() { return 3}}. Ho, ecsii BbI UBMeHNTE aHHOTAI[MIO THIIa HAa Object,
to TypeScript ykaxer omubky: let b: Object = {toString() { returns 3 }} —
«Tum "number' He MOKeT ObITh IIPUCBOEH TUIY 'string'».
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B 0611ell cI0KHOCTH BBIXOAUT YEThIPE CrIocoba 00bABIeHUS 0ObEKTOB
B TypeScript:

1. OObsaBienre 00beKTHOTO JUTepasia (Bpoje {a: string}), Ha3bIBAEMOTO
takxke popmoit. Vlcrosb3ayiite ee, Korja 3HaeTe, Kakue moJisi Oy1eT UMeTh
00OBEKT, WJIH KOT/Ia BCE €r0 3HaYeHUs1 OYyT UIMETh OJINH THUIIL.

2. O6wbasienue mycroro oobekTHOro jutepana ({}). Crapaiitech ero us-
Gerarb.

3. Tum object. cmonb3ayiite ero, KOrja BaM MPOCTO HYKE€H OOBEKT 1 He-
Ba)KHO, KaKMe y Hero MoJI.

4. Twum object. Crapaiitech ero usberars.

MCHO]IbSyfITe JIMHTED AJI NPEAYITPEKRAECHNA TTOABJIEHN A BTOPOT'O U YETBEPTOTO
BapnaHTOB, oTMeyvaliTe ux HEIIPUTIOAHOCTDb B O630p3.X KO/1a, reyaTanTe IJIaKaTblI,
TO €CTb I/ICHOJIb3y1>JIT€ Hpe]IHO‘{TI/ITeJIbelﬁ JJIA Balen KOMaH/Ibl THCTPYMEHT,
4TOOBI JAEPpKaThb UX IMoAaJbIlIe OT 6aspI Koza.

Tabsmna 3.1 npeacTaBisieT yaoOHYO CIIPABKY OTHOCHTEIBHO CIIOCO00B 2—4
TIPEIBIAYTIETO CIIICKA.

Tabnuua 3.1. ABnseTcs N1 3HaueHe JONYCTUMbIM 06bEKTOM

Value { object Object
{} la Jla Ja
['a'] Ja Ja Ja
function () {} JIE] Jla JIE]
new String('a') Jla JIE] lla
new String('a') lla Jla lla
'a' Jla Her lla
1 lla Her lla
Symbol('a") JIF] Het lla
null Her Her Her

undefined Het Het Het
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I'IepepblB: NceBAOHUMbI, 06beANHEHNA N nepeceyeHua Tunos

Bwi 6bicTpo ocBamBaete TypeScript: u3ydnsin HECKOJIbKO BUIOB THUIIOB U TIPHH-
IIUITOB UX PABOTHI, 03HAKOMUJIUCH C KOHIIEMIIUSIMU CUCTEMbI TUTIOB 1 THUITO0€3-
omacHocTH. IIPHUIIIIO BpeMst TIOTPYysKaThCst TIIyOKe.

Kax BbI y2Ke 3HaeTe, ecsim ecTh 3HAUEHNE, TO B 3aBUCUMOCTH OT €T0 TUTIA C HUM
MO>KHO TTPOU3BO/IUTD OIpe/ieIeHHble oreparuu. Hampumep, ncrmoab30BaTh +
TSI CJTOYKEHUS JIBYX UKCEN WJIH . toUpperCase JIJIs TIePeBO/Ia CTPOKY B BEPXHMI
perucrp.

C caMHUM THUIIOM TOKE MOYKHO IIPOU3BOAUTD Ollepalinu.

NceBROHUMDI TUNOB

[Toso6HO TOMY Kak BbI HCTIOJIb3yeTe Aekaapaiui (let, const u var) 17st 00b-
SIBJIEHUS TIEPEMEHHOM, BBICTYTIAo1Iel TICeBAOHUMOM 3HAU€HU S, BbI TAK3Ke MO-
JKeTe OObSIBIISITH IICEBIOHUM THIIA, YKa3bIBAIOIIUN HA TUIL. BBITISIANT 9TO TaK:

type Age = number

type Person = {
name: string
age: Age

}

Age MOKeT OBITb TOJIBKO number. DTO TaKKe IIOMOTaeT 00/IerYUTh OHUMaHUE
onpeznenerusa ¢hopmal Person. TypeScript He esaeT BIBOJ IICEBIOHNUMOB,
[O9TOMY UX HYKHO OOBSABJISATH SIBHO:

let age: Age = 55
let driver: Person = {
name: 'James May'

age: age

}

[TockombKy Age IBIISETCS TICEBIOHNMOM number, 3HAYUT, OH COBMECTHM C number
1 MOJKHO IlepernucaTrhb Ko/ Tak:

let age = 55

let driver: Person = {



50 fnasa 3. Mogpo6Ho 0 TUMax

name: 'James May'
age: age

}
HCCBILOHI/IM THIIa BCerga MOKHO 3aMEHUTDb TUIIOM, Ha KOTOprfI OH yKa3bIBa€T.

Kak u B ciydae ¢ o0bsiBieHeM nepeMeHHbIX (let, const U var), OGBSIBUTH
THUII JIBAK/Ibl HEJIb3SI:

type Color = 'red’
type Color = 'blue' // Owubka TS2300: noBmop udeHmugpukamopa 'Color'.

Tak ke Kak /J1s let U const, AMATIA30H TICEBAOHNMOB TUIIOB OTPaHUYEH OHUM
61oxoM. Kaskibrii 610K 1 Kaskaast GyHKIMsT UMEIOT CBOIT JINaIta3oH, U BHY TPEH-
HUe 0ObSABICHUS TICEBIOHUMOB TUITOB TIEPEKPIBAIOT BHEIIIHUE:

type Color = 'red’

let x = Math.random() < .5

if (x) {
type Color = 'blue' // 3decb nepekpviBaemca Color, ob6vabBraeHHbil Bbiue.
let b: Color = 'blue'

} else {
let c: Color = 'red'

}

[TceBAOHMMBI TUIIOB HYSKHBI j1J1sT coOmmoiernst Texuuku DRY (He moBropstii-
Tech)! pu paboTe CO CIOKHBIMU TIOBTOPSIIONUMICST TUITAMHE, a TAKXKe JJIsT
MPOSICHEHS 3a/1a4U TIepeMeHHO (HEeKOTOPBIe TPOTPAMMUCTHI MIPEATIOUNTA-
IOT UCIIOJTh30BATh OMUCATEIbHBIE UMEHA THTIOB BMECTO ONUCATETHbHBIX UMEH
nepemMeHHbIX). Korza BbI penraere, IpuMeHsSITh MW HET TICEBIOHUM THUIIA,
MOJIB3YITECh TEMU JKe JIOBOJIAMU, UTO MOMOTAIOT PEIIUTb, BBIJIEJSTh NN HET
3HAYEHNE B OT/IETBHYIO TIepEMEHHYIO.

Tunbl 06beauHeHNA U NepeceyeHns

O6wenunenueM A u B 6yaer ux cymma (Bce, 9To ecTb B A, wim B B, nim B 060-
UXx), epecederue ke — 9TO TO, YTO Y HUX eCTh 0011ero (Bce, YTo ecTh 1 B A,

! Kopu ne gossken 6u1th nosropstionmcs. Konnenmusa DRY (Don’t Repeat Yourself) 6b11a
npencrasiena duzipio Xantom u {asunom Tomacom B kiure «IIporpamMmMmucT-nparmaTik:
MyTh OT oaMacTepbs kK Mactepy» (CII6.: Turep, 2007).
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u B B). [IpencraBum ato kak Habopsl (prc. 3.2). CieBa n3o6paxkeHo 06beIu-
HeHue (CyMMa) IBYX HAOOPOB, a CIipaBa — WX Tepecedenne (TIPON3BeeHue).

06beanHeHne Nepeceyenne

Puc. 3.2. 06beuHenne (|) n nepecevenie (&)

TypeScript npegocTaBiser creruagbHble OTIEPATOPbI TUTIOB [IJIT OTTUCAHUS
00beINHEHN U TIepecedeHuil: | st OObeIMHEHUS U & JIJIST TEPECEYeHNsT.
HOCKOJH)Ky TUIIbI BO MHOTOM CXOKH C H.':3_6OpaMI/Iy MbI MOKEM BOCITDUHHUMATb
UX Kak HaGOPbI:

type Cat = {name: string, purrs: boolean}

type Dog = {name: string, barks: boolean, wags: boolean}
type CatOrDogOrBoth = Cat | Dog

type CatAndDog = Cat & Dog

Yt m3BecTHO 0 CatOrDogOrBoth? MbI BUIMM TOJIBKO CBOICTBO name, SIBJISI-
foleecst string. A 9YTO MOKHO IIPUCBOUTDH CatOrDogOrBoth? Iloskamyii, Cat,
Dog WJIU U TO U JIPYTOE.

// Cat

let a: CatOrDogOrBoth = {
name: 'Bonkers',
purrs: true

}
// Dog
a={

name: 'Domino’,
barks: true,
wags: true

// W mo u dpyzoe
a={
name: 'Donkers',
barks: true,
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purrs: true,
wags: true

}

[ToBTOpHBII TIEPe6OP BIIOJIHE YMECTEH, TTOCKOJIBKY 3HAYEHIE C TUTIOM 00'b-
emureHyst (|) MOXKeT OTHOCHUTBCS He K OTHOMY U3 4JIEHOB 00beAnHEHNS],
a K 00ouM usieHam cpasy’.

C mpyroii CTOPOHBI, YTO BbI 3HaeTe 0 CatAndDog? Bejb rubpujiHbIil cytiepri-
TOMeEIL YMEET MYPJIBIKATD, JIASATh U BUJISITh XBOCTOM:

let b: CatAndDog = {
name: 'Domino’,
barks: true,
purrs: true,
wags: true

}

O6benutennst, Kak IPaBUJIo, BCTPEYAIOTCS Yallle, YeM repecedenust. PaccmoT-
PUM CJIeIYIONTYI0 PYHKITUIO:

function trueOrNull(isTrue: boolean) {
if (isTrue) {
return 'true’

}

return null

}

KakoB OyzieT THII BO3BpaIaeMoro eii 3HadeHusa ? ITo MOKeT ObITh string HIn
null. To ecTb MOKHO BBIPA3UTh BO3BPAIAEMbII THUIT TaK:

type Returns = string | null
A Kak HacyeT CJIe[yIONIero MpuMepa’?

function(a: string, b: number) {
return a || b

}

Eciut a okaskeTcst BEpHO, TO BO3BPAIAEMBIH THIT OY/IET string, B TPOTUBHOM
caydae oH Oyzet number. iHade roBopst, of string | number.

! Osnaxkombrech ¢ nojapasaesoM «Tuibl pasMedeHHoro oobeuHerus» Ha c. 162, 4ro6n

HOHSITh, KAKUM 00Pa30M MOKHO 1ozicka3ath TypeScript, uTo 00beuHeHne He SIBJISIeTCsE
CBSI3aHHBIM U €I0 3HAYEHHE [[0JKHO UMETH OJIHH 13 JIBYX THIIOB, HO He 062 0JIHOBPEMEHHO.
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[TocsreiHUI eCTeCTBEHHBIN Cilydail MosiBJIeHUsT 00beINHEHNI — 3TO MacCHu-

BHI (PAa3HOPOIHBIN UX BUT).

MaccuBbli

Kak u B JavaScript, B TypeScript MaccuBbI SIBJISIIOTCS 0COOBIMU 0OBEKTAMI,
MOJIIEPKUBAIONIMME KOHKATEHAIUIO, TTepe/lauy, TOUCK U cpe3bl. BoT mpumep:

let a = [1, 2, 3]

var b = ['a', 'b']

let c: string[] = ['a']
let d = [1, 'a']

const e = [2, 'b']

let f = ['red']
f.push('blue')
f.push(true)

let g = []
g.push(1)
g.push('red")

let h: number[] = []
h.push(1)
h.push('red")

// number[]
// string[]
// string[]
// (string | number)[]
// (string | number)[]

// Owubka TS2345: apzaymeHm muna
// 'true' He moxem 6bimb npucBoeH
// napamempy muna 'string’.

// any[]
// number[]
// (string | number)[]

// number[]

// number[]

// Owubka TS2345: apzaymeHm muna
// ""red"' He moxem 6bimb npucBoeH
// napamempy muna 'number’.

TypeScript mogaep>xnBaeT jBa BapyMaHTa CMHTAKCUCA [/ MAaCCUBOB: T[ ]
u Array<T>. OHI MJeHTUYHDI 110 3HaYeHUIO U [eiicTBUIO. B 3Toit KHuTe

IIPUMEHAETCA BapyaHT T[ ], TIIOCKOJIPKY OH 6onee CKaT, HO BaM CTOUT CaMO-

CTOATENDPHO PEUINTD, KaKoO 3 HUX IIOAXOOUT 6o0nble JUUTA BAIIEro Koja.

ITo Mepe 03HaKOMJIEHHSI ¢ TpUMepaMu 00paTUTe BHUMAaHKE, 4TO BCE, KPOME
€ U h, THTU3WUPOBAHO HEIBHO U €CTh MIPABUJIA OTHOCUTENHHO TOTO, ITO MOKHO,

a4 4YTO HEJIb3A IIOMEIAaTbh B MaCCHUB.
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[1aBHOE IPaBUIIO TJIACKT, YTO MACCHUBBI JJOJIKHBI COXPAHSITH OHOPOIHOCTDH —
HE CTOUT CMEITUBATD 90JI0KH C alleJIbCMHAMU U YUCJIAMU B OJTHOM MaCCUBe, UTO-
Obl He IPULLIOCH TUIIHUI Pa3 MOATBEPKAATH OE3011aCHOCTD CBOUX JECTBUL.

[TonsaTs, mouemy Bce Topas/io Ipolle, eCu MaCCUB OJJHOPO/IECH, MOKHO, B3IJIS -
HYyB Ha TipuMep f. Sl THUIINATN3UPOBAT MACCUB CO CTPOKOH 'red’ (Ha MOMEHT
0OBSABJIEHISI MACCHB COJIEPKAI TOJIBKO CTPOKH, U TypeScript ciiesan BbIBO/I,
YTO 9TO MACCUB CTPOK ). 3aTeM S TTepeiasl B HETO 'blue ', ABIISIONIEECS CTPOKOIA,
u TypeScript mo3Bosn 310. 3aTeM st TOMPOOOBAJ TIEPEIATh B MACCUB true,
U TIOIIBITKA IIPOBAINIACH.

C npyrotii cTOPOHBI, KOT/Ia St MHUITMATU3UPOBAJI d, TO OIIPE/IEJIIIT B HEM number
u string, u TypeScript ciesian BbIBOJI, 4YTO MACCUB UMEET TUTI number | string.
[TocKOIbKY KaKIbII 37IEMEHT MOKET OBITH JIHOO YUCIOM, THOO CTPOKOIA, TIepe
€T0 UCIOJIb30BAHUEM HYKHO TIPOBEPSATH, YeM OH siBJIsieTcs. Hampumep, Bb
XOTHUTE ClIeNIaTh OTOOPasKEHIEe ATOT0 MacCHBa, MPeoOPa30BaB KKy OYKBY
B BEPXHUI PETUCTP W YTPOUB KAXKI0E YUCJIO:

let d = [1, 'a']

d.map(_ => {
if (typeof _ === 'number') {
return _ * 3

}

return _.toUpperCase()

}

I[Ipes/ie yeM UCIIOIBb30BaTh OO0 U3 9JIEMEHTOB, HY/KHO 3aIIPOCUTH €0 THII
IIOCPENCTBOM typeof.

Kaxk u ¢ oObexTaMu, cosianne Maccuna ¢ const He moOyut TypeScript aenarnb
6oJiee y3KUI BBIBOJ THIIA. BOT 1oYeMy OH BBIBEJI, YTO U d, U e UMEIOT THUII
number | string.

Bapuant ¢ g ocobennbiii. Kora Bor nHutmamsupyere mycroii Maccus, TypeScript
He 3HAeT, KaKOIl TUTI Oy T MMETD €r0 2JIEMEHTDI, i TPUCBANBAET €MY THUII any.
ITo mepe mobaBiieHNs B MacCUB HOBBIX 3HaueHnil TypeScript mocreneHHo
oTIpeziesiIeT ero THUI B COOTBETCTBUN ¢ HUMHU. Kak TOJIbKO MaccuB BBIHIET 32
OTpe/IeIEHHbIIT Trana3on (HATPUMEp, eCJI Bbl OOBSIBUIIN €T0 B (DYHKITHH,
a3aTeM BepHYJIN ), Toraa TypeScript mprucBOUT eMy TTOCTeTHUI THTT, KOTOPBI
He MOJKeT ObITh PACIITIPEH Jajee:
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function buildArray() {

let a = [] // any[]
a.push(1) // number[]
a.push('x") // (string | number)[]
return a
}
let myArray = buildArray() // (string | number)[]
myArray.push(true) // Owubka 2345: apaymeHm muna 'true’

// He moxem 6bimb npucBoeH napamempy
// muna 'string | number'.

[[O TEX IIOP IIOKa UCIIOJIb30BaHUE any ITPOXO/JIUT, MOJKETE HE IIEPEKNBATD.

Koptexu

Koptexu saprsaiorcsa nogrunamu array. OHI TO3BOJIAIOT TUIIN3UPOBATD
MacCcHUBbl (PUKCUPOBAHHON JJIMHBI, B KOTOPBIX 3HAYEHUS KAJKJOT0 WHIEKCA
MMEIOT KOHKPETHbBIE U3BECTHBIE TUIIBL. B oT/indne 0T GOJBITIMHCTBA APYTUX
THUIIOB, KOPTEXKH B MOMEHT MX O0bSIBJICHUST IOJKHBI TUITH3UPOBATHCS SIBHO.
ITO BBI3BAHO TeM, UTO B JavaScript /i1 KOpTeskell 1 MacCHBOB HUCIOJIb3YeT-
s OIMHAKOBBIIT crHTaKcuc (KBaaparHbie CKoOKM), a B TypeScript yike ectnb
TpaBIJIa BBIBOJIA THUIIOB M3 KBAJPATHBIX CKOOOK.

let a: [number] = [1]

// Kopmex [umaA, ¢amunusa, 200 poxdeHuA ]
let b: [string, string, number] = ['malcolm', 'gladwell', 1963]

b = ['queen', 'elizabeth', 'ii', 1926] // Owubka TS2322: mun
// 'string' He moxem 6bimb npucBoeH muny ‘number'.

Kopresxu Takske moamep;KuBaoT ONITNOHATBHBIE 2JIeMEHTHI. Kak 1 1711 THToB
object, OIMIIMOHAJIBHOCTD 0603HaYAETCS 3HAKOM ?:

// MaccuB xene3HoO0OpoxHbIX mapupoB, Komopwili moxem MeHAmMbCA
// 8 3aBucumocmu om HanpaBaeHus
let trainFares: [number, number?][] = [

[3.75],

[8.25, 7.70],

[10.50]
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// 3k6uBaneHm:

let moreTrainFares: ([number] | [number, number])[] = [
/...

1

Kopresxu Takske moIep;KUBaIOT OCTABIITHECS 3JIEMEHTHI, KOTOPbIE BbI MOJKETe
WCTIOJIB30BATD JIJIST TUTTU3AIIMHT KOPTeKel MUHUMATbHOW JJTUHBI:

// CnUCOK CmMpOK C KAk MUHUMYM OOHUM 3S/EeMeHMOM
let friends: [string, ...string[]] = ['Sara', 'Tali', 'Chloe', 'Claire']

// Pa3HopoOdHbIli chucok

let list: [number, boolean, ...string[]] = [1, false, 'a', 'b', 'c']

KopreskHble THITBI He TOJBKO rapaHTUPYIOT TUIIOOE30MaCHOCTD JIJIST Pa3HO-
POJIHBIX CITMCKOB, HO U 3aXBaTBbIBAIOT VIMHY TUIIM3UPYEMOTO UMM CITUCKA.
AT 0COOEHHOCTH MO3BOJISIOT KapTesKaM MPEBOCXOUTH OOBIYHBIE MACCHBbI
110 YPOBHIO O€301acHOCTH TUTIOB. VICITIOIb3yiiTe KOPTEKH Yallle.

MaccuBbi n KOPTEXMU TONIbKO A/1A YTeHUA

OGbIYHbIE MACCUBBI SIBJISTIOTCST U3MEHsIEMBIME (MOKHO J100aBJISITh B HUX (. push),
VIQISTh U3 HUX WM BCTaBJIATH B HUX (.splice) M OOHOBJISATH MX Ha MECTE),
4TO, BEPOSITHO, U TIOHamoOuTCst. OIHAKO MHOT/IA HYKEH UMEHHO Her3MeHsie-
MBI MACCUB — TOT, TPU OOHOBJIEHUH KOTOPOTO (hOPMUPYETCsT HOBbIIT MACCHUB.

B TypeScript 1o ymosr4anuio umeeTcst TUT MaccuBa readonly, KOTOPBIT MOKHO
HCIIOIb30BATh JJISI CO3AaHUSI HEU3MEHSIEMBIX MacCUBOB. MacCUBBI TOJIHKO
7151 9TeHN TTOX0KH Ha OOBIYHBIE, HO UX HEJMb3s OOHOBUTH Ha MecTe. UTOObI
€O3/1aTh TAKOW MAaCcCUB, UCIIOJIb3YHTe HEM3MEHAIOIe METO/Ibl BPO/JIe . concat
1 .slice BMECTO U3MEHAIONUX — .push 1M .splice:

let as: readonly number[] [1, 2, 3] // readonly number[]
let bs: readonly number]] as.concat(4) // readonly number[]
let three = bs[2] // number
as[4] = 5 // Owubka TS2542:
// cuzHamypa uHleKkca
// 6 mune'readonly
// number[]' donyckaem
// MO/IbKO 4meHue.
as.push(6) // Owubka TS2339: cBolicmBo
// 'push' He cyuecmByem
// 6 mune 'readonly
// number[]'.
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Kak u B ciryuae ¢ Array, B TypeScript ectb napa 6oJiee JJIMHHBIX (HOPM LISt
00BSABJIEHISI MACCHBOB M KOPTEKEH TOJIBKO JIJIsT UTEHSI:

type A = readonly string[] // readonly string[]
type B = ReadonlyArray<string> // readonly string[]
type C = Readonly<string[]> // readonly string[]
type D = readonly [number, string] // readonly [number, string]
type E = Readonly<[number, string]> // readonly [number, string]

Kaxoii MMEHHO CUHTAaKCHUC UCII0JAb30BaTh — Gojiee KpaTKUil MOAU(PUKATOD
readonly s 6ostee aumHHYI0 hopmy Readonly mim ReadonlyArray, — 9T0 j1€710
BKYyCa.

OG6parute BHUMaHIE, YTO MACCHBBI TOJBKO JJIST YTEHUST MOTYT OOJIETYUTD
BOCTIPHSITHE KOJI4, HO OHU MOIKPEILIEHbI OOBIYHBIMU MacCUBaMu JavaScript,
MOITOMY JIaKe JIIsT HeGOIBIIOTO N3MEHEHNST MACCHBA HEOOXOMMO CHAYATA
KOIMMPOBATD €T0 OPUTUHAI, YTO MOKET TIPY HEOCTOPOKHOCTHA HABPEANTD ITPO-
M3BOIUTENBHOCTH IPIIIOKeHus. [[0100HbIe N3IeP/KKN HE3AMETHBI B CITyJasiX
¢ HeGOBITUMI MAaCCHBAaMH, HO CTAHOBSITCSI BECbMA OTYTUMBI TIPH paboTe
C KPYITHBIMH.

Ecin Bl cobupaeTech akTMBHO VICIIONIb30BATh HEM3MEHsIeMble MAaCCUBBI,
paccmotpurte npuMeHetne 6osee 3¢ GeKTUBHBIX peannsalit Harogooe
immutable JIn Baitposna.

null, undefined, void u never

B JavaScript ecTb 1Ba 3HaYEHM 19 BRIPAKEHIS OTCYTCTBUS: null 1 undefined.
TypeScript moepxuBaeT ux 06a u UMeeT JJist HUX TUIbl. EcTh mpemonoske-
HUs, KaK OHU HasbIBaioTcsa? Jla, null u undefined.

B TypeScript tutr undefined MokeT UMETh TOJILKO OIHO 3HaUeHNe — undefined,
TO K€ KacaeTcs W TUIIA null, KOTOPBIM onuchiBaeT 3HaYeHue null.

JavaScript-mporpaMMucTbI 00BIYHO UCTTOJMB3YIOT X KaK B3aMMO3aMeEHsIEMBIE,
XOTS MEK/Ty HUMU U €CTh TOHKOE CEMAaHTHUYECKOE PAa3IUIne, J0CTONHOE YII0-
MUHAHKA: undefined 0O3HAYAET, YTO HEUTO €lle He ObLIO OIpPeaeaeHo, a null
MOKa3bIBAET OTCYTCTBYE 3HaYeHUsT (KaK €CJin Obl BbI IIBITAINCH BBIYUCITHTD
3HaY€HHe, HO CTAKMBAJIUCH TIPU 3TOM C ONTHOKOIT). ITO BCETO JIUIIIb YCJIOB-
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HocTH, 1 TypeScript Bac He IPUHYKIAET K UX COOJIOAEHUIO, OJIHAKO Oy/IeT
[OJIE3HBIM TIOHUMATh PA3HUILY.

Tursl void 1 never IPOBOJAT Pa3inune MEK/Ly HECYTIECTBYIONUMU BEIIaMHU:
void — 9TO BO3BpaIaeMblil TUT (DYHKITUU, KOTOPasi He BO3BPAIAeT HUYETO
SBHO (HarpuMep, console.log), a never — aTo TUM (GPyHKIUN, KOTOPAst HUKOT/IA
HITYEro He BO3BpariaeT (BbIOpAChIBAET UCKIIOUEHUE TN BBITIOTHSETCS Gec-
KOHEYHO):

// (a) ®yHkyusa, Bo3Bpayarwas 4ucao uau null
function a(x: number) {
if (x < 10) {
return x

}

return null

// (b) ®yHkyusa, Bo3Bpauwarwuas undefined
function b() {
return undefined

// (c) ®OyHkyusa, Bo3Bpawaruyaa void
function c() {

let a =2+ 2

let b =a * a

// (d) ®yHkyus, Bo3Bpawarwas never
function d() {
throw TypeError('I always error')

// (e) Apyeaa ¢yHkyua, Bo3Bpawarwwaa never
function e() {
while (true)
{ doSomething()

}

(2) m (b) BHO BO3BPAIIAiOT null 1 undefined COOTBETCTBEHHO. (¢) BO3BpAIAET
undefined, HO He JieJIaeT 3TOTO IIPU SIBHOM MHCTPYKIUHU return, II03TOMY MbI
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rOBOPHM, 4TO OHa Bo3Bpaiiaer void. (d) BeIOpachiBaeT MCKIOYeHME, a (e)
BBITIOJTHSIETCST BEYHO — 00€ OHU HUKOT/[a HUYETO HE BEPHYT, TIOITOMY MX BO3-
BpalllaeMblil TUII — never.

CTPOrAfl NPOBEPKA HA NULL

B 6onee crapoix Bepcuax TypeScript (win npy onnym strictNullChecks, ycTa-
HOBJIEHHOJT KaK false) null BemeT cebs HEOOBIYHO: OH AB/AETCH IOATUIIOM BCEX
THUIIOB, KPOME never. TO 3HAYUT, YTO KK/BII TUII MOXKET OBITh null U BBI He
MO)KeTe OBITh HU B 4eM yBEPEHBI, II0Ka He IIpoM3BefeTe NpoBepky Ha null. Ha-
IIpuUMep, eclu KTO-HUOYADb IlepefaeT Balleil PyHKIUY epeMEeHHYIO pizza U BB
XOTHUTe BBI3BATh JI Hee MeTOf . addAnchovies (Z06aBUTb aHYOYC), TO CHa4asIa BBl
IOJDKHBI TIPOBEPUTD, He sIBJISIETCS /I pizza null, ¥ TOMBKO 3aTeM JOOABIATH B Hee
pbIOKy. Ha mpakTyKe yTOMUTEIBHO Je/IaTh 9TO /I KaXK/I0i IIepeMeHHOIT, II09TOMY
0 IIpefiBapUTEIbHON IPOBEpKe YacTo 3a0bIBAIOT. B Takux c/rydasx, Korga 4ro-1moo
HEICTBUTENIbHO OKa3bIBAETCs NUll, Py BHIIIOJIHEHUM BbI ITOJTy4YaeTe 37I0BELee UC-
K/II0YEHNE HY/IEBOTO YKa3aTesls:

function addDeliciousFish(pizza: Pizza) {
return pizza.addAnchovies() // He nepexBauyeHHas owubka muna:
} // HeBo3moxHO npo4umame cBolicmBo
// 'addAnchovies', sBaswwyeecs null

// TypeScript donyckaem nodobHoe npu strictNullChecks = false
addDeliciousFish(null)

null 6bIT Ha3BaH «OIMIMOKOI Ha TPUIIMOH fojutapoB» (https://www.infoq.com/
presentations/Null-References-The-Billion-Dollar-Mistake-Tony-Hoare/) TeM, KTO BIlepBbIe
o6osHaun ero B 1960 roxy. IIpo6/iema B TOM, 4TO €70 HEBO3MOXKHO BHIPA3NUTh I IIPO-
BEpPUTH B CUCTEMAX TUIIOB OO/IbIINHCTBA A3bIKOB. I109TOMY, KOTfa MpOrpaMMUCTBL
IIBITAIOTCS CAETIATD YTO-/IO0 C IeEpeMEeHHOIT, KOTOPYIO OHY CINTAIOT ONIPefe/IEHHOIL,
HO KOTOPpasi P BBIIIOTTHEHNM OKa3bIBaeTCs null, KOff BBIOpAChIBAET MCKITIOUYEH Ve
CpeJbl BBIIIOJTHEHMA.

[Touemy? OTkyza s 3Hao. Ho A3bIKM HAXOAAT CIIOCOOBI KOAMPOBAHMs null B X
crcTeMax TUIOB, 1 TypeScript sB/IseTCst OT/IMYHBIM IPMMEPOM TOTO, KaK 9TO JIe/IaTh
npaBuiIbHO. Ec/u 1je/1b B 06HApY>KeHUM KaK MOXKHO 6OJIbIIero KojmmiecTsa 6aros
B IIpoLiecce KOMITWISILIUM, IPEX/e 4eM C HUMU CTONKHYTCS [I0/Ib30BATeNN, TOT/a
BO3MOXXHOCTD IIPOBEPKM Ha null MpocTo HEOOXOAMMA B CUCTEME TUIIOB.
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Eciin unknown — 310 cytepTuil i1060ro Apyroro TUIA, TO never — 3TO MO/
THUIT JTIOOBIX IPYTUX TUIIOB, WK Huswut mun (bottom type), KOTOPbIiT MOKET
OBITH TIPUCBOEH JTIOGOMY JIPYTOMY THUILY, U 3HAYCHUE THIIA never MOKET ObITh
HCIIOJIb30BaHO Be3/ie Ge30MacH0. ITO BCE TEOPHs', HO TPUTOAUTCS B IUATIOTAX
o TypeScript ¢ APYTUMU 3HATOKAMU SI3BIKOB.

T36JII/ILI3 3.2 TIOABITOKMBAECT NPUHITUITBI NCITIOJIb30BaHUA TUITOB OTCYTCTBUSI.

Tabnuua 3.2. Tunbl, 03HaualoLe 0TCyTCTBUE Yero-nubo

Type Meaning

null OTcyTcTBME 3HAUEHMA

undefined [TepemeHHas, KOTOPOIA He NPUCBOEHO 3HaUeHNe

void OyHKLMA, He UMeloLyad onepaTopa return

never OYHKLWA, HUKOTA HUYero He BO3BpaLLalLLad
Enum

Enum SIBJISIETCST CIIOCOOOM TEPEYMCAEHIS BOSMOKHBIX 3HaYeHuit truma. OH
IpecTaBIsieT co00it HeYMOPSIIOYEHHYIO CTPYKTYPY AAHHBIX, KOTOPast COTO-
CTaBJISIET KJIIOYM U 3HaYeHus. BocnpuHuMaiiTe aTH 3HaYeHMsT Kak 00bEKTHI,
MMEIOIINE BO BPEMs KOMITUJISIINN (PUKCUPOBAHHBIE KJIIOYH, YTO ITO3BOJISIET
TypeScript yoeanTbces, 9To JaHHBIN KJII0Y Oy/IET CYIIEeCTBOBATD IIPU 0Oparie-
HUHM K 3HAaYECHUIO.

Ectb 1Ba THIIa enum: 0TOOPasKAIONIHIT CTPOKU B CTPOKU U OTOOPAKAIONIHIT
CTPOKM B UKCJIA:

enum Language {
English,
Spanish,
Russian

}

TypeScript 6yaeT aBToMaTHYECKU BEIBOAUTD YUCJIO B KAYECTBE 3HAUCHUS JIJIsI
KayK/|0T0 YyIeHa NIepevyrcIeHNs, HO Bbl TaKKe MOXKeTe YCTAHOBUTh 3HAaYeHUS
saBHO. [laBaiiTe caenaeM SBHBIM BbIBOJL U3 MPEIBIIYIIETO TPUMEPa:

! MoKHO lyMaTh O HU3IIIEM THIIE KaK O THIIe, KOTOPBIN He MMeeT 3HaueHuit. Husmmii Tur
COOTBETCTBYET MaTeMATHIECKOMY TIPE/TIOKEHITO, KOTOPOE BCET/IA JIOKHO.
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enum Language
English =
Spanish
Russian

-

N R ®
<

OO1enpNHATO, YTO MMEHA enum HAYMHAIOTCS C BEPXHETO PerucTpa
" MMeI0T GOpMY eIMHCTBEHHOro 4rc/a. Ero Kodn Takke HAaYMHAIOTCA
C BEPXHETO Perucrpa

YroObl M3BJI€Yb 3HAYEHUE U3 TIePEYrCIeHns, 0OpaTUTECh K HEMY Yepes 3a-
IICh € TOYKOI MJIM CKOOKOI — Tak ke, KaK eCJin Obl BbI TOJIyYajii 3HAYCHIEe
13 0OBIYHOTO 0OBEKTA!

let myFirstlLanguage = Language.Russian // Language
let mySecondLanguage = Language[ 'English'] // Language

Mo:xHO pa3nesnuTh mepedncaeHne Ha HeCKOJIbKO Aekaapannii, u TypeScript
aBTOMATHYECKU MTPOU3BE/IET NX causinne (cM. Tofpaszen «Canguue fexia-
panmii» Ha c. 122). Byabsre ocTOpOKHBI IPU pas/ie/IeHNH TTepedyncaeHus,
TypeScript MoskeT BbIBeCTH 3HAUEHUS TOJBKO I OJHON 13 JIeKIapalnii,
MO3TOMY JIyYIIle BCETO B TAKOM CJIy4yae sIBHO TIPUCBOUTD 3HAYEHUE KAKIOMY
YJIeHy TTepeunCAeHUS:

enum Language {
English = 0,
Spanish =1

enum Language {
Russian = 2

}

MoskeTe UCI0/Ib30BaTh IOCYUTAHHbIE 3Ha4YeHu:d, 1 BaM He 00s3aTeILHO CaM-
CTOATEJIbHO UX OIIPEAEJIATD:

enum Language {
English = 100,
Spanish = 200 + 300,
Russian // TypeScript 6uiBodum 501 (4ucno, cnedywuee 3a 500)
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Takske BbI MOJKeTe MCII0JIb30BaTh CTPOYHbIC 3HAYCHUA /IJId HyMEpallun njin
JaKe CMEIIMBAaTb CTPOYHBIEC M YK CJIOBbIC 3HAUYCHU A

enum Color {
Red = '#cleeeo',
Blue = '#007acl’,
Pink = @xc10050, // lWecmHadyamepuyHeili Aumepan
White = 255 // Jecamuyrbii aumepan

let red = Color.Red // Color
let pink = Color.Pink // Color

TypeScript ayist ynodcTBa mo3BosisieT 06paaThest K MePeUnCAeHUsIM KaK M0
3HAYEHMIO, TAK 1 110 KJIIOTY, HO HTO JIETKO MOKET HAPYIIUTH GE30ITaCHOCTB:

let a = Color.Red // Color
let b = Color.Green // Owubka TS2339: cBolicm6o 'Green'
// He cyuecmByem B8 mune 'typeof Color'.
let c = Color[0] // string
let d = Color[6] // string (!!!)

Y Bac He I0JKHO GBITH BOBMOKHOCTH MOJTyYHTh Color[6], HO TypeScript Bac
He ocTaHaBiuBaeT. Mbl MOKeM TIOTIPOCUTH €T0 MPEA0TBPAIIATh M0A00H0e
Hebe30MmacHoe obpalleHne ¢ MOMOIIBIO const enum. /[aBaiiTe mepenuiiem mo-
cJIe/IHee IiepevrcieHre Language:

const enum Language {
English,
Spanish,
Russian

// ObpaueHue k BepHomy Kaw4yy nepe4vucaeHus
let a = Language.English // Language

// ObpauweHne K HeBEepHOMY KJIYYy MNepeyvucsieHus
let b = Language.Tagalog // Owubka TS2339: cBolicmBo 'Tagalog'
// He cywecmByem B8 mune 'typeof Language'.

// ObpaueHue k BepHoMy 3HA4YeHUW nepevucnaeHus

let c = Language[9Q] // Owubka TS2476: obpamumbCA K KOHCMAHMHOMY
// 4neHy nepeyucsaeHuUa MOXHO MO/IbKO C NOMOWbH
// cmpo4yHO20 numepana.
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// ObpaujeHue K HeBepHOMY 3HAYEHUW nepevucneHus

let d = Language[6] // Owubka TS2476: obpamumbCA K KOHCMAHMHOMY
// 4neHy nepeyqucaeHus MOXHO MO/bKO
// C nomoublw Cmpo4YHO20 Aumepand.

const enum He MO3BOJISIET MPOU3BOIUTH OOPATHBII TPOCMOTP U MOITOMY BO
MHOTOM BejieT ce0s1 Kak 00bIuHbIiN JavaScript-o0bekt. OH TaksKe 110 YMOJTYaHIIO
He TeHepupyeT HUKaKoi JavaScript-Koz, a BMeCTO aTOTO TTO/ICTaBJISeT 3HaYe-
HUE YJieHa TTepevyrcIeHus Be3/ie, T/ie OH UCTorb3yeTcs (Harpumep, TypeScript
3aMEHUT Language.Spanish Ha ero 3HaueHue 1 Be3Je, I7le OH BCTPEYaeTcs).

TSC-ONAT: PRESERVECONSTENUMS

ITopcranoBKa, 00YC/IOBIEHHAA const enum, MO>KET BBI3BIBATDb IIPOOIEMBbI
6e30IacHOCTM IIpU MMIOPTe const enum 13 gy>xoro TypeScript-koza:
eC/I aBTOp IepedncaeHNst 0OHOBUT CBOIT const enum IIOCTIe TOTO, KaK BbI
CKOMIIM/IMIPYeTe CBOL KOJI, TO Balllli C HUM BepCHi MOTYT YKa3bIBaTb Ha
pas/InyHble 3HAYEHIsI IPY BBIIONHEHNN, 0 4eM TypeScript 3HaTh He OyfeT.

s6erariTe TOACTaHOBOK 1 MCIIONB3YIITe const enums TOIbKO B KOHTPOIIN-
PYeMBIX IpOrpaMMax, KOTOpPbIe BbI He cOOMpaeTech mybnmnkosars B NPM
VLU [1e7IaTh JOCTYIIHBIMH B KadeCTBe OMOMIOTeK.

Yr10o6bI aKTMBMPOBATD IJISI const enums TeHePALMIO KOJa [P BbIITOTHE-
HIM, CMeHNTe TSC-HaCTPOVIKY preserveConstEnums Ha true B tsconfig.json:
"compilerOptions”: {
"preserveConstEnums": true

PaccmoTtpute ncnonmb3oBanme const enums:

const enum Flippable {
Burger,
Chair,
Cup,
Skateboard,
Table

function flip(f: Flippable) {
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return 'flipped it'

}

flip(Flippable.Chair) // 'flipped it'
flip(Flippable.Cup) // 'flipped it'
flip(12) // 'flipped it' (!111)

Bce BbITIAIUT OTIIMYHO — ¢ Chairs U Cups MPOUCXOAUT UMEHHO TO, YTO BbI
U O’KUJaeTe... TOKa BBl HE OCO3HAeTe, YTO BCE UMCJIA TaK:Ke COBMECTUMBI
¢ TlepevncaeHusIMUA. Takoe ToBeleHNe SIBJSETCS HEYJaUHbIM TTOCIEACTBUEM
npasusi coBMectumoctu B TypeScript. YToObl 9T0 MCHIPaBUTh, BAM HYKHO OBITh
OUYEHb OCTOPOKHBIMU U UCIIOJIB30BATH TOJBKO IIEPEUNCICHUS CO CTPOYHBIMU
3HAUCHUSIMU:

const enum Flippable {

Burger = 'Burger’,
Chair = 'Chair’,
Cup = 'Cup’,

Skateboard = 'Skateboard',
Table = 'Table'

function flip(f: Flippable) {
return 'flipped it’

flip(Flippable.Chair) // 'flipped it'

flip(Flippable.Cup) // 'flipped it'

flip(12) // Ouubka TS2345: apaymeHm muna '12'
// He moxem 6bimb npucBoeH napamempy muna
// 'Flippable'.

flip('Hat") // Owubka TS2345: apeymeHm muna '"Hat"'
// He moxem 6bimb npucBoeH napamempy mund
// 'Flippable'.

ﬂOCTaTO'{HO MPpUCYTCTBUA OJJHOTO YN CJIOBOTO 3HAYCHU A, YTOOBI c/esaTb BCe
repedyucijaeHue He6e3011aCHbIM.
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M3-3a Bcex JIOBYIIEK, KOTOPbBIE 3aTPYAHAIOT 6e30MmacHoe UCIIONIb30BaHIe
Hepe‘lMCHeHI/If/I, PEKOMEHAYIO IE€P’KAaTbCA OT HUX ITOJA/IbIIIE.

Ecnu xe Ha uX MCHonMp30BaHMY HACTAMBAIOT BAlllM KOJIJIETY M X HUKAK
HeJb3s1 epeybennTh, To 00513aTeNbHO BHEPUTE CllelianbHble TpaBya
TSLint, npenynpexpjaoliie o6 MCIOIb30BAHNN YNUCTOBBIX 3HAYCHNIT
/1 HEKOHCTAHTHBIX II€PeYMCIeHNIA.

Utoru

TypeScript cogepXuT MHOKECTBO BCTPOCHHBIX TUIIOB. BBl MOsKeTe pa3-
pPEIuTh eMy BBIBOJAUTDH TUTIBI 32 BAC Ha OCHOBE 3HAYEHUN WJIN Ke SIBHO
TUIU3UPOBATH 3HAYEHMS. const MMO3BOJIUT BHIBOAUTDH O0Jiee KOHKPETHBIE
THUIIBL, let ¥ var — OoJiee o6Omre. BoJIbIIMHCTBO TUITOB UMEIOT OCHOBHbIE
u 6oJiee KOHKPETHbIE BADUAHTDI, TPUYEM TTOCTEHIE SIBIISIOTCS MOATHITAMU
nepsbix (Tabdu. 3.3).

Ta6bnuua 3.3. Tunbl v ux 6onee KOHKPETHbIE NOATUAMI

Tun MoaTun

boolean Boolean literal
bigint BigInt literal
number Number literal
string String literal
symbol unique symbol
object Object literal
Array Tuple

enum const enum
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YnpaxHeHus K rnase 3

1. Kaxoii Tun BeiBeziet TypeScript 17151 Kak10T0 U3 9TUX 3HAUEHUT ?

a) let a = 1042

6)let b = 'apples and oranges'
B) const ¢ = 'pineapples'
r)let d
) let e
e) let f = [1, false]

[true, true, false]

{type: 'ficus'}

XK) const g = [3]

3) let h = null (BBITIOJIHUTE 3TO B PEAKTOPE, ECJIN PE3YJIBTAT BAC y/IU-
BUT, TO TIepeiiinTe K noapaseny «Pacimpenne THimoB» Ha c. 155).

2. TloyeMmy KaxIbIil U3 ITHX TIPHMEPOB BBIIAET OMUOKY?

a)

let i: 3 =3

i=4 // Owubka TS2322: mun '4' He moxem
// 6bimb npucBoeH muny '3'.

0)

let j = [1, 2, 3]

j.push(4)

j.push('5") // Owubka TS2345: apeymeHm muna '5'
// He moxem 6bimb npucBoeH napamempy
// muna 'number’'.

B)

let k: never = 4 // Owubka TSTS2322: mun '4' He moxem
// 6bimb npucBoeH muny 'never'.

r)

let 1: unknown = 4

letm=1%*2 // Owubka TS2571: obwvekm umeem mun

// ‘'unknown'.



[NABA 4

OyHKuum

B npeapiayieii TiaBe MBI pacCMOTPEN OCHOBBI CHCTeMBI THTIOB TypeScript:
[PUMUTHBHBIE TUIIBI, 0OBEKTDI, MACCHBBI, KOPTEXKH U TIepevncieHnst. Mbl Tak-
Ke M3y4YUJIM OCHOBBI BBIBO/IA THIIOB M IIPUHITUIIBI UX COBMECTUMOCTH. Teriepsb
MOZKHO IIePEXO/INTH K TIIABHOMY HOMepPY IPOrpaMMbl (a /1711 )y HKIIMOHATBbHBIX
MIPOTPAaMMHUCTOB — K CMBICJTY JKU3HWN) — K GyHKIMUAM. B 9TOIl r1aBe MbI pac-
KPOEM CJIe/[yIOIIHE TEMbI.

O Pasnbie crioco6br 06bsaABAeHNs U BbizoBa GyHKIuil B TypeScript.
O Ileperpyska curnatypsl.

0 Ilomumopdubie pyHKITIN.
a

HO]II/IMOp(bHI)Ie IICEeBAOHMMbI THUIIOB.

06bsABNEeHMe 1 BbI30B GYHKLMIA

B JavaScript yHKIUHT SABASIOTCS 0ObEKTAMK TEPBOTO YPOBHS. TO 03HAYAET,
YTO X MOYKHO MCII0JIb30BATh KaK 00bEKThL: IIPUCBANBATH I€PEMEHHBIM, TIepe-
JaBaTh APYTuM GYHKIIUSAM, BO3BpAIIATh 13 (DYHKITHUL, TIPHCBAaNBATh OO BEKTAM
1 TIPOTOTHIIAM, 3aITUCHIBATh B HUX CBONCTBA, CAUTHIBATDH 9TU CBONCTBA U T. 1.
TypeScript MogeMpyeT Bce 3TH BO3MOKHOCTH € TIOMOIIBIO CBOEH GoraToit
CHCTEMbI TUIIOB.

Tax Beirmsanut dbyukims B TypeScript (mpumep BaM 3HAKOM U3 MTPEABIAYIIEN
TJTaBbl):

function add(a: number, b: number) {
return a + b

}

OO6b1uHO TapaMeTphbl GYHKIINU aHHOTHPYIOTCS SIBHO (a 1 b B 9TOM TIpUMepe).
TypeScript BBIBoAUT THIIBI B Teste (DYHKINN, HO He 718 TTapaMeTPOB, 32 MICKJITIO-
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YeHMeM HECKOJIbKUX CUTYaIUii, KOT/la OH OPUEHTUPYETCSI Ha KOHTEKCT (110/1-
pasnen «KonTekcTHasg TUNIU3aIUA» Ha ¢. 82). Bo3Bparaemblii TUI TTOIJIEKUT
BBIBOJLY, HO TIPU KEJIAHUU €T0 MOKHO aHHOTUPOBATh IBHO:

function add(a: number, b: number): number {
return a + b

Ha npoTtsxenun KHyru 1 6yy ABHO aHHOTMPOBATDb BO3BpalllaeMble TUITBI
TaM, T/l 9TO IIOMOXKeT OO'BACHUTB AeficTBUe GYHKIUM. B Ipyrux caydasnx
A nossomo TypeScript ux BbIBecTH.

B nocsieinem niprmMepe ObLT UCTIOIb30BaH CUHTAKCUC MMEHOBAHHOM (hYHKITHH,
Ho B JavaScript u TypeScript npe/araercs Kak MUHUMYM IITh CIIOCOO0B
00bsIBIIEHNST (DYHKITUH:

// WmeHoBaHnHaA @yHKYUA
function greet(name: string) {
return 'hello ' + name

// OYHKYUOHaAnbHoe BbipaxeHue
let greet2 = function(name: string) {

return 'hello ' + name

// BolpaxeHue cmpesioyHoU QyHKyuUuU
let greet3 = (name: string) => {
return 'hello ' + name

// CoKpaueHHoe GBblpaxeHue cmpenoyHol ¢yHKYuu
let greet4 = (name: string) =>
'hello ' + name

// KoHcmpykmop ¢yHKuyuu
let greet5 = new Function('name', 'return "hello

"

+ name')
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3a UCKJIIYeHneM KOHCTPYKTopa GyHKIIUU (KOTOPBI He PEKOMEH/YEeTCs
HCII0JIb30BaTh!), 3TU BU/IbI CMHTAKCUCA MoiepkuBaiorcst TypeScript B Tu-
06E30MaCHOM PEKUME U CJEAYIOT TIPABUIAM, KaCAlOIIMCST 0OsI3aTeTbHBIX
AHHOTAIMI TUIIOB JIJIs1 ITADAMETPOB M OTIIMOHAJIbHBIX AaHHOTAIIU JIJIST BO3-
BpAaI[aeMbIX THIIOB.

CBepum 4achl.

e TTapaMeTp — 9TO YaCTh JAHHbIX, HEOOXOAMMBIX GYHKIVN [LS 3AMTYCKa,
00BbsIB/IEHHAsI KaK YacCTb feKmapannu atoi ¢pyHkunu. Takke MOKeT
HAa3bIBATbCSI (POPMATLHLIM NAPAMEMPOM.

* ApryMeHT — 9TO YacCTb JaHHBIX, IIpefaBaeMas GYHKIVI IIPY ee BhI3OBe.
Taxoke MOXKET Ha3bIBATbCs AKMYANbHbIM NAPAMEMPOM.

[Tpu BBI30BE (hyHKIIN B TypeScript He Hy:KHO TIPEIOCTABIATD JIOTTOTHUTEIBHYIO
nHGOPMAIINIO O THIIE — I0OCTATOYHO TIepe/iaTh el HeKnii apryMeHT, 1 TypeScript
MPOBEPHUT COBMECTUMOCTH 3TOTO apIyMEHTa ¢ TUIIAMU TTapaMeTPOB (PYHKIINN:

add(1, 2) // Bblqucnaemca Kak 3
greet('Crystal’) // BbiBodumcsa kak 'hello Crystal'

Eciu BbI 3205111 apryMeHT WJIH TIEPE/Iajii apryMeHT HeBepHOro Thiia, TypeScript
MOCIIENIUT HA 3TO YKA3aTh:

add(1) // Owubka TS2554: oxudaemcs 2 apz2ymeHmd, HO hosayveH 1.
add(1, 'a') // Owubka TS2345: apzymeHm muna '"a"' He moxem 6bimb
// npucBoeH napamempy muna 'number’.

HPEAYCTaHOBIIeHHbIe nonuuoHa/ibHbie NapameTpbl

Kak 1 17151 TUIIOB object 1 KOPTEKEl, MOKHO HCII0Ab30BATh ? 7151 0003Hade-
HUS TIapaMeTpa B KauecTBe OMIUOHAIBHOTO. [Tpu 00bsIBIEHIN TapaMEeTPOB
byHKIINYT Heo6XOANMBIE TTApaMeTPhI 0JKHDBI UATH TIepe] OMINOHATBHBIM:

! Ecsin BBI BBezieTe TIOCAEHNIN IPIMEP B PEAAKTOP, TO YBUAUTE THI Function. 1o BbI-

3bIBaeMblii 00BEKT (€C/IM TOMECTHUTH 32 HUM () ), KOTOPbIN MMEET BCe METO/Ibl [IPOTOTHIIA
u3 Function.prototype. Ho ero mapameTpsl 1 Bo3BpaniaeMblii THIT HETUTTN3UPOBAHBI,
U BbI MOJKETE BBI3BATh TaKy10 (DYHKIIUIO ¢ JOObIMY aprymMeHTamu, rprdem TypeScript
Jlaxke He OTpearupyer Ha Takue HeJIoNyCTUMbIe eHCTBUS.
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function log(message: string, userId?: string) {
let time = new Date().toLocaleTimeString()
console.log(time, message, userId || 'Not signed in')

log('Page loaded') // Jlocupyem "12:38:31 PM

// Page loaded Not signed in"
log('User signed in', 'da763be') // Jlocupyem "12:38:31 PM

// User signed in da763be"

Kaxk u JavaScript, TypeScript mo3BoJisieT CHaOUTh OMIUOHATBHBIE TTapaMe-
TPBI 3HAUEHUAMU 110 YMOTIaHN0. CeMaHTUYECKH 9TO CXOKe C Ha3HAYeHUEM
mapaMeTpa OTIUOHATBHBIM, TOCKOJIBKY BBI3BIBAIOIIIT 3JIeMEHT He 00s13aH
mepezaBaTh Takoi mapaMeTp (GpyHKIUH (pa3HUIla B TOM, YTO ITapaMeTp T10
YMOTYaHUIO MOKHO HE CTABUTD B KOHET] CITUCKA B OTJIMYHE OT OMITUOHAIBLHOTO).

Hampumep, MmoskHO TIepenucath log Tak:

function log(message: string, userId = 'Not signed in') {
let time = new Date().toISOString()
console.log(time, message, userId)

log('User clicked on a button', 'da763be')
log('User signed out')

3aMeTkTe, 4TO KOT/Ia MBI TIPICBANBAEM userId 3HAUCHME TI0 YMOJYAHUIO, TO y/la-
JISIEM €T0 OIIIHOHAIBHYIO aHHOTAIWMIO ?. BoibIie HeT HeoOGXOIMMOCTH €ro THITH-
auposats. TypeScript Briosze criocodeH BbIBECTH THII [TAPAMeTPa Ha OCHOBE €10
3HAYEHNSI [0 YMOJTYAHUTO, COXPAHSIS IIPH 9TOM KPATKOCTh 1 YMTa0eTbHOCTD KOJIA.

Koneutro, Bb Takke MOsKeTe 10OABJISITH SIBHbIE AHHOTAIMI TUIIOB [IJIsI TIapa-
METPOB 110 YMOJIYAHHUIO TEM K€ CITOCOOOM, UTO 1 15T OOBIYHBIX TAPAMETPOB:

type Context = {
appId?: string
userId?: string

function log(message: string, context: Context = {}) {
let time = new Date().toISOString()
console.log(time, message, context.userId)
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Ha npakruke BbI GyjieTe UCIOJAb30BaTh MPEyCTAHOBJIECHHbBIE TaPaMeTPhl
yaiie, YeM OIIMOHAJIbHbBIE.

OcraBLumecs napameTtpbl

Ecmm Cl)yHK]_[I/ISI ToJrydaeT CIIMCOK apryMeHTOB, MOJKHO IlepeaaTb 3TOT CIIMCOK
B BH/l€ MaCCHBa:

function sum(numbers: number[]): number {
return numbers.reduce((total, n) => total + n, @)

sum([1, 2, 3]) // Bbiqucndgemcsa Kak 6

WNuorga sMecto API dyHKINN ¢ hrKkcrpoBaHHOI apHOCTBIO BBI BhIGepeTe APT
C TIePEMEHHBIM YMCJIOM aPTYMEHTOB. TPaiuIImoHHO /17151 3TOTO UCTIOIb3YEeTCS
Marmdeckuii JavaScript-oObeKT arguments.

Cpena BeITIOJSHEHU JavaScript aBTOMaTH4YeCKU OTpeessieT arguments
B (OYHKIMSIX U IIPUCBAUBAET €MY CITUCOK MePelaHHbIX (DYHKIIMU apIyMEHTOB.
[TockoJsIbKy arguments SIBJISIETCSI He HACTOSIIIIUM MaCCHBOM, @ BCETO JIUIIb €70
nogo61eM, TO CHaYaIa HeoOXOAMMO IIPeo0Pa3oBaTh €r0 B MACCUB U JIUIID 3a-
TeM BbI3BATh JIJIs HEIO BCTPOEHHBII MeTO . reduce:

function sumvVariadic(): number {
return Array
.from(arguments)
.reduce((total, n) => total + n, 0)

sumVariadic(1, 2, 3) // BviMucsnsemca Kak 6

OtHaKO MpU KCIOJIb30BAHUK arguments BOSHUKaeT OOJIbIas mpobiema: He-
6eszomacHocThb. Ecsin BbI HaBeeTe Kypcop Ha total WM n B PEaKToOpe, TO
YBUJIUTE Pe3yIbTaT, TOKa3aHHbBIN Ha prcC. 4.1.

IT0 o3HavaeT, uTo TypeScript BbIBeJ TUIIBI n U total KakK any, MOJIYa TI03BO-
JIUB UX Tepeiath. Ha ommoOKy jke OH yKaKeT, TOJIbKO KOT/Ia BbI MOMBITAETECH
MCII0JIb30BaTh sumVariadic:

sumVariadic(1, 2, 3) // Owubka TS2554: oxudaemcs HOAb apeymeHmoB,
// HO nosay4eHo 3.
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1
2

.red total, = total : B
3 function sum() { }"““((“a n) otal + n, 8)
4
5

| return Array
.from{arguments) (parameter) n: any
6 .reduce((total, n) =» total + g, 8)

Puc. 4.1. arguments Hebe3onaceH

[TocKOIBKY MBI He OOBSIBIUIH, 4TO sumVariadic mosrydaet aprymenTst, TypeScript
peliaeT, 4To OHA UX BOOOIIE He MOJIy4YaeT, OTCIoA 1 OlnOKa TypeError.

Kax sxe 6e30TacHO TUITHM3UPOBATD epeMeHHbIe (DYHKITHI?

Ha nomortirs npuxoagT ocTaBIimecs napameTpbl. BMecTo ncroab3oBaHus He-
6€e301acHOTO arguments BOCIIOIb3YEMCsI OCTABITIMUCS TTAPAMETPAMI, 4TOOBI
(bYHKIUS sum IPUHUMAIIA JTI000E YUCI0 apTyMEHTOB:

function sumVariadicSafe(...numbers: number[]): number {
return numbers.reduce((total, n) => total + n, @)

sumVariadicSafe(1, 2, 3) // BveiMucnsemcsa Kak 6.

Bor tak! O6paTute BHUMaHNE, YTO €IMHCTBEHOE PA3INnIKe MEK/IY 9TOM Tepe-
MEHHOI (DYHKITMEH sum 1 OPUTUHAIBLHOU (PYHKITHEN ¢ OHIM apaMeTpoOM —
9TO HAJIMYHE... B CIIUCKE MAPAMETPOB, OOJIbIlIEe HUYETO He TPeOYeTCst MEHSITh.
[Ipuyem Takoil BapUaHT MOJTHOCTHIO HE30MACEH.

DyHKINST MOKET MMETh He O0JIee OJTHOTO OCTABIIETr0Cs TTapaMeTpa, 1 3TOT
napaMeTp A0JKeH ObITh MOCAeHUM B criicke. Hanmpumep, B3TJIssHUTE Ha
BCTPOEHHYIO JeKaapaituio 17s1 console.log B TypeScript (interface MBI pac-
CMOTPUM B IJIaBe 5). console.log mosrydaeT oniuoHAILHBIN apTyMEHT message
1 JII000€ YHCIIO JIOTIONHUTETBHBIX aPIYMEHTOB JIJIsl JIOTHPOBAHMUSI:

interface Console {
log(message?: any, ...optionalParams: any[]): void

Metoppbi call, apply n bind

B nomostHenwe K Bbi30BY hyHKIMHN co ckoOKamu () JavaScript moiepskiBaet
10 MEHbIIIEH Mepe IBa IPYTUX criocoba BbI3oBa. BoszbMeM add, MCITOIb30BAH-
HYIO paHee B 9TOH IJ1aBe:
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function add(a: number, b: number): number {
return a + b

}

add(1e, 20) // Bbluucademcs Kak 30
add.apply(null, [10, 20]) // Bbluucademcs Kak 30
add.call(null, 10, 20) // Bbluucademcs Kak 30
add.bind(null, 10, 20)() // Bbluucademcs Kak 30

Merton apply NpuBSI3bIBAET 3HAUEHUE K this BHYTpU QYHKIIUY (B 3TOM IIPU-
Mepe Mbl TPUBSI3bIBAEM K this null) U BTOPBIM apryMEHTOM 00beHSIET
nmapameTpsl GyHKITMU. MeToz call feslaeT To Ke camoe, HO TPUMEHSIeT Bce
apryMEHTBI [0 OPSIIKY BMECTO O0beIHNHEHISL.

Meton bind €X0:K C HUMU B TOM, YTO MPUBSI3bIBAET K (DYHKITUU aPTyMEHT this
U CIIUCOK apTyMeHTOB. Pazauiia B ToM, 9T0 BMECTO BBI30Ba CTAPOH (hyHKITNN
bind BoO3BpalaeT HOBYIO, KOTOPYIO 3aT€M BbI MOJXKETE BbI3BaTh C (), .call
W . apply, TlepejiaBast eil mpu sKeJTaHuu GOJIbINE aPTyMEHTOB JIJIST TIPUBSI3KU
K CBOOOJIHBIM TTapaMeTpaM.

TSC-ONAT: STRICTBINDCALLAPPLY

Jl1s1 6€30IacHOTO MCIIONIb30BaHMs . call, .apply 11 .bind, AKTUBUPYIITE
onuio strictBindCallApply B tsconfig.json (aBTOMaTMYeCKM aKTUBUPY-
eTCsI P BK/TIOYEHNM PeXXnMa strict).

Tunusauua this

Ecomm BbI patiee He pabotanu ¢ JavaScript, To Bac MOKET YAUBUTD, 4TO 37€Ch
nepeMeHHas this ompezesseTcs s Kaxk/10i GYHKINH, a He TOJIBKO [T
TeX, KOTOPBIE CYNIECTBYIOT B Ka4eCTBE METO/IOB B KJaccaX. 3HaYeHUd this
OTJINYAIOTCS B 3aBICUMOCTH OT TOTO, KaK BbI BbI3bIBaeTe (DYHKIIMIO, 4TO MOKET
clesiaTh ee 3aBe/IOMO HeCcTaOUIbHOM 1 TPYIHOU /IJ11 TOHUMAHUS.

ITo sToll IpUYMHEe MHOTME KOMAH/bI Pa3pabOTINKOB 3alpemaT this
Besfie, KpOMe MeTOJOB KIaccoB. UTOOBI CHeaTh TO Xe caMoe B Ballel
6ase kopa, fobaBbTe B mpaBuiaa TSLint no-invalid-this.
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[TprunHa HecTabUIBHOCTH this CBsi3aHa CO CIIOCOOOM €€ TIPUCBAUBAHUSI.
this IpuM BBI30BE METO/IA IPUHUMAET 3HAUEHNeE cJieBa OT Touku. Harpumep:

let x = {
a() {
return this
}
}
x.a() // this aBagemcs obvekmom x 6 mene a()

Ho ecsmm B kakoii-TO MOMEHT BbI IepeHasHa4YnTe a, IMPEK/IE YEM BbI3BAThb €€,
PE3YJIbTAT USMEHUTCA:

let a = x.a
a() // menepb this saBasemcsa undefined 6 mene a()

[Ipencrasbre cepBuchyio (PyHKINIO 715 (HOPMATHPOBAHUSA JAT:

function fancyDate() {
return " ${this.getDate()}/${this.getMonth}/${this.getFullYear()}"

}

Bepositro, aTor API pazpaboTtan HauMHAIOIINM [TPOTPAMMUCTOM (/10 TOTO KaK
OH y3HaJ1 0 napamerpax dyHkinn). YtoObl UCIOTB30BATH fancyDate, HYKHO
BbI3BATh ee ¢ Date, IPUBSA3aHHOU K this:

fancyDate.call(new Date) // BeiBodumcsa kak "4/14/2005"

Ecusin BbI 3a0yieTe npuBsizaTh Date K this, TO MOJyYUTe UCKIIOYEHUE TIPU
BBIIIOJIHEHUU:

fancyDate() // HenepexBayeHHas owubka muna:
// this.getDate He aBnsemca ¢yHKkyuel

Xors N3y4YeHHE BCEX CEMaHTUYCCKUX ocobeHHocTel this BbIXOAUT 3a paMKH
I[aHHOfI KHI/IFI/I1, TaKO€ 110Be/IcHUE, IIPpU KOTOPOM this 3aBUCUT OT TOTO, KakK
BbI BbI3BaJIH, a HE 00bABUIN (bYHKI_[I/IIO, IIpUMEYaTEIbHO.

K cuacreio, TypeScript peraer aty mpobiemy. Ecim Bariia pyHKITUS HCITONb-
3yeT this, 00s13aTeJIbHO 0ObIBUTE OKUIaeMbIU TUII this B KauecTBe 1I€PBOTO

! Yro6s! rryOOKO BHUKHYTH B TeopHio this, mpouTtute cepuio KHUT «Bbl He 3naere JS»

Kaitra Cuvrmicora (CII6.: TTurep, 2019).
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napamerpa pyHKImu (10 JI0OBIX IOTIOJHUTEIBHBIX ITapamMmeTpoB), u TypeScript
IIPOCJIENUT, 4yTOOBI this B Ka’KJOM MECTE BbI30BA OKA3a/IaCh TEM, YEM BbI €€
Ha3HAUMIN. this He pacCMaTPUBAETCS KaK OCTaTbHBIE TADAMETPBI — 9TO Pe-
3€PBHOE CJIOBO, UCII0JIb3yEMOE KaK YaCTh CUTHATYPHI (PyHKITUU:

function fancyDate(this: Date) {
return " ${this.getDate()}/${this.getMonth()}/${this.getFullYear()}"

}

Bort 4To npoucxonut terneps Mpu BbI30BeE fancyDate:
fancyDate.call(new Date) // BviBodumca kak "6/13/2008"
fancyDate() // Owubka TS2684: koHmekcm 'this'

// muna 'void' He moxem 6bime npucBoeH
// this memoda, umewwemy mun 'Date’.

Mol B3stiin olOKY cpe/ibl BBIOJIHEHUS 1 TipegocTaBuan TypeScript gocra-
TOYHO MH(DOPMAIHH, 4TOOBI OH BIIPE/Ib BBIBOIUIT MIPEAYTIPEKIEHUE BO BPEMST
KOMITUJISIIIN N,

TSC-ONAT: NOIMPLICITTHIS

Yro6s! THIB this Bcerga OKasbIBaIUCh SBHO aHHOTUPOBAaHHBIMU
B QYHKIMAX, aKTUBMPYIITe HACTPONKY noImolicitThis B tsconfig.json.
Ecnu BbI y)Ke BKIIIOUMIM PEXMM strict, ata QyHKIusa Takxke OymeT
aKTUBHA.

3aMmeTbTe, 4TO noImplicitThis He meiicTBYeT B aHHOTALMAX this mna
KJIaCCOB WM (PYHKINIT B 0O'bEKTax.

OyHKUMN-reHepaTopbi

D yHKIUU-TeHepaTOPbI (WU MTPOCTO TEHEPATOPDI) SBISIOTCS YIOOGHBIM CITO-
co6oM reHepupoBarh Habop 3HaueHwit. OHU JAIOT MOJH30BATETIO TOUHBIN
KOHTPOJIb HaJ TEMTIOM CO3/IaHNs 3HaUYeHWH. JIeHUBbBIe reHepaTophl BEIYUCISIOT
ciiefiyroliiee 3HaYe€HUE, TOJBKO KOT/IA TT0JIb30BaTeb 00 9TOM MpOCHT. [eHe-
paTopsbl COCOOHBI [IEJIaTh TO, YTO WHBIM CITIOCOOOM C/IEJIaTh BEChbMa TPY/IHO,
HAIPUMep TeHEPUPYIOT GECKOHEUHbIE CITHCKH.
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PaboTaior onu Tak:

function* createFibonacciGenerator() { €@
let a =0
let b =1
while (true) { @
yield a; @
[a, b] = [b, a+b] @

let fibonacciGenerator = createFibonacciGenerator()
// IterableIterator<number>

fibonacciGenerator.next() // Bbluucngaemcsa kak {3HadyeHue: O,
// BbinonHeHo: false}
fibonacciGenerator.next() // Bblvucngaemcsa kak {3HadeHue: 1,
// BbinonHeHo: false}
fibonacciGenerator.next() // Bblvucngaemcsa kak {3HadeHue: 1,
// BbinonHeHo: false}
fibonacciGenerator.next() // Bbluucngaemcsa kak {3HadeHue: 2,
// BbinonHeHo: false}
fibonacciGenerator.next() // Bbluucnaemcsa kak {3HadyeHue: 3,
// BbinonHeHo: false}
fibonacciGenerator.next() // Bbluucnaemcsa kak {3HadyeHue: 5,

// BbinonHeHo: false}

@ 3nauok * epex umeneM GyHKIY [esaeT GYHKIINIO reHepatopom. Bei3oB
reHeparopa mpou3BouT Iterablelterator (MTEpUPYEMbII UTEPATOP).

@ Or1oT reHepartop MOXKeT reHepUPOBATh 3HAYEHUST OECKOHETHO.

@ TleriepaTops! UCTIOMB3YIOT KJAIOUYEBOE CIOBO yield /71T BBIAUN 3HAYCHUT.
Korna nosib3oBaress 3apocuT y reHeparopa cieiyiolee 3nadenue (Ha-
HIpUMep, BbI3BaB next ), yield OTIIPaBUT pe3yibraT 00paTHO MOJIb30BATEIIO
U IIPUOCTAHOBUT BBIITOJIHEHKE 10 MOMEHTA 3aI1POCa CJIEAYIOIEro 3SHaYeH V.
B atom ciydae 1k while (true) He TIPUBOIKT IIPOrPaMMYy K GECKOHEUHOMY
BBITIOJTHEHUIO 1 cOO0T0.

O /111 Boruncienust caepyorero yrcaa MuboHauun nepenuieM a Ha b u b
Haa + b B OAMH HIAr.

Mg BeI3BaTH createFibonacciGenerator, M OH TpeBPaTUJICS B IterableIterator.
[Tpu KasKI0M BBI30BE next UTEPATOP BBIYKCISAET cieayioriee uncio Dubo-
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Hayy¥ U yield Bo3Bpamiaer ero Ham. OOpature BHUMaHue, 4to TypeScript
c1ocOGEH BBIBECTH THUII UTEPATOPa MCXO/s M3 THIIa 3HAYEHUsT, KOTOPOE MbI
3aTTPOCHITH.

Takske MOKHO SIBHO aHHOTUPOBATh TeHEPaTOp, 06epHyB 3arpaniuBaeMblii UM
B IterableIterator THUII

function* createNumbers(): IterableIterator<number> {

letn =090
while (1) {
yield n++

}
}
let numbers = createNumbers()
numbers.next() // Bbluucnaemca kak {3HayeHue: O, BeinonHeHo: false}
numbers.next() // Bbluucnaemca kak {3HavyeHue: 1, BeinonHeHo: false}
numbers.next() // Bbluucnaemca kak {3HavyeHue: 2, BeinonHeHo: false}

B 210i1 KHUTE MBI HE CTaHEM YTIIYOJISITHCS B OOIMPHYIO TEMY TeHEPaTOPOB, CBSI-
3aHHBIX ¢ JavaScript. KpaTko oHU IPecTaBASIOT CYTIEPKPYTYIO BO3MOKHOCTD,
KoTOpas Takxke nojuaepskusaercs B TypeScript. Bosee moapo6Ho o reHeparo-
pax MoJKeTe IMTPOYNTATh B COOTBETCTBYIONEM pa3zese Ha catite MDN (https://
developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Statements/function*).

Wrepatopbi

Wrepatopsl sIBJISIIOTCS 00paTHOI CTOPOHOIT TeHepaTopoB. Eciin reHepaTo-
PBI — 9TO CIIOCO0 TPOUBBOANTH TIOTOK 3HAYEHUI, TO UTEPATOPHI OTBEYAOT 3a
norpebenne aTux 3HadeHnil. Haunem ¢ mapbl onpeziesieHuii.

UTEPUPYEMbII

JTro6011 06'beKT, CofepyKalit CBOICTBO Symbol.iterable, ube
3HaYeHIe SB/IsAeTCs (PYHKI[VENt, BO3BPALLAIOLE TepaTop.

UTEPATOP

JI1060i1 06BEKT, KOTOPBIIT ONIpefesisieT MEeTON, next, BO3Bpa-
HIAOIINIT 0OBEKT CO CBOIICTBaMM value u done.
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Korna BbI coznmaete reHepaTop (HampuMep, BbI3bIBasI createFibonacci-
Generator), BBI TTOJTyYaeTe Ha3a/l 3Ha4eHue, SBJISAIONIeeC NTePUPyEeMbIM nTepa-
TOPOM, ITOCKOJIBKY OHO OIIPE/IeJISIeT ¥ CBOKCTBO Symbol. iterator, U METO/I next.

MO3KHO BPYYHYIO OIIPEETUTH UTEPATOP WIH HTEPUPYEMbIiT 00BEKT, CO3/aB 00b-
€KT WJIU KJIACC, KOTOPBIN peasnsyeT Symbol. iterator WK next COOTBETCTBEHHO.
B xauecTBe mpumepa ompeies M UTepaTop, BO3BPAIAON{Iil Yrca oT 1 /10 16:

let numbers = {
*[Symbol.iterator]() {
for (let n = 1; n <= 10; n++) {
yield n

}

Ecuiu BBI BBezieTe aTOT UTEPATOP B PEAKTOPE M HABe/leTe Ha HErO Kypcop, TO
YBUINTE, KAKOU TUTI AJII HETO BRIBOAUT TypeScript (puc. 4.2).

let numbers: {
[Symbol.iterator](): IterableIterator<num
ber>;
}
let numbers = {
*[Symbol.iterator]() {
for (let n =1; n € 10; n+) {
yield n
}
}
}

0N O W

it =
N o

Puc. 4.2. PyyHoe onpegenexue utepatopa

To ecTb numbers SIBJISIETCST UTEPUPYEMbBIM 0OBEKTOM U BBI30B reHEpaTopa
numbers[Symbol.iterator]() BO3BpalllaeT UTEPUPYEMbIIA UTEPATOP.

Bwr MokeTe He TOTBKO CaMOCTOSTENHHO ONPENENsITh UTEPATOPbhl, HO U UC-
MOJTh30BaTh BCTPOEHHBIE B JavaScript uTepaTopsl 1Jisd OOBIUHBIX TUTIOB KOJI-
JIEKIINI — Array, Map, Set, S‘cr‘ing:L uT. 1., I{T06I)I, HalpuMep:

! TIpumeuatesbHo, uTO Object 1 Number He SIBJISTIOTCS UTEPATOPAMII.
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// lMpou3Bodums umepupoBaHue no umepamopy C nhomoubl for-of
for (let a of numbers) {

// 1, 2, 3 um.a.
}

// PacnpocmpaHume umepamop
let allNumbers = [...numbers] // number[]

// lecmpykmypupoBame umepamop
let [one, two, ...rest] = numbers // [number, number, number[]]

U 3mech MBI TaksKe He CTaHeM YXOAUTH BriayOb TeMbl. Bl MOKeTe y3HATH
6ouibIne 00 UTEpaTOpPax M aCMHXPOHHBIX nTeparopax Ha caiite MDN (https://
developer.mozilla.org/en-US/docs/Web/JavaScript/Guide/Iterators_and_Generators).

TSC-ONAT: DOWNLEVELITERATION

Ecnu o1 koMnmmpyete TypeScript-kop B Bepcuto JavaScript cTapiie yem
ES2015, To MOXXeTe akTMBMPOBATb II0/Ib30BaTe/IbCKIIE UTEPATOPhI (h1aroM
downLevelIteration B tsconfig.json.

VIt oCTaBUTD BBIKTIOYEHHOI 9Ty (QYHKLNMIO, eC/IM Balle MPIIOKEHIe
0c060 YYBCTBUTENBHO K pa3Mepy IaKeTa, a i (PYHKIMOHMPOBAHNS
II0/Ib30BATEIbCKIX UTEPATOPOB B CTAPBIX BEPCIUSAX TPEOYETCsI MHOTO KOZA.
Hanpumep, mpesIyLuii IpuMep ¢ numbers reHepupyert npumepso 1 K6
Kofia (cxaToro gzip).

CurHaTypbl Bbi30BOB

Wrak, BbI HAYUYUJTUCh TUMIU3UPOBATDH TAPAMETPbI U BO3BPalllaeMble THUIIbI
dyuxkiuii. Tenepb paszbepemcs, Kak MOKHO BbIPa3UTh TTOJIHbIE THIIBI CAMUX
dyHKITHII.

Bepnemcs ere pas k sum 13 Havasia ry1aBbl. HarmoMu1o, 4To BRITIIAANT OHA TaK:

function sum(a: number, b: number): number {
return a + b
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KOZibl YPOBHSA TUMOB U YPOBHSA 3HAYEHUIA

BbIpaxkeHus1 «ypoBeHb TUIIOB» U «yPOB€Hb 3HAU€HMIT» YaCTO MOYKHO YC/IbIIIATh
B KOHTEKCTE IPOIPaMMUPOBAHNA CO CTATUYECKMMM TUIIAMMA.

B aT011 KHUTE IO BBIPAYKEHMEM «KOJI, yPOBHS TUIIOB» 51 ITOJPadyMeBalo KOJ, COCTO-
AN TONBKO U3 TUIIOB U OIIEPATOPOB TUIIOB. B IPOTHBOIONI0KHOCTD €MY BBICTY-
IaeT KOf ypoBH:A 3HayeHyit. OOV IPUHIIUII 37eCh TAKOB: pabounii JavaScript-kop
OTHOCHUTCS K yPOBHIO 3Ha4eHMIA, a padounit kop TypeScript, Ho ipy aToM Hepabouui
JavaScript — K ypoBHIO TUIIOB'.

B CIeAyIOLEM IIPYMEPE JKMPHBIM IJ_[pI/I(l)TOM BbIJI€/IEHDI BbIPAXKEHVIS, KOTOPbhIE OT-
HOCATCA K YPOBHIO TUIIOB, @ BCE€ OCTA/IPHOE OTHOCATCA K YPOBHIO 3HAUYEHUIL:

function area(radius: number): number | null {
if (radius < 0) {
return null

}
return Math.PI * (radius ** 2)

let r: number = 3

let a = area(r)

if (a !== null) {
console.info('result:', a)

Bpra)KeHI/IH YPOBHA TUIIOB ABJIANOTCA aHHOTAUVAMM TUIIOB C OII€EPAaTOPOM THUIIA
O6’I)CIH/IH€HI/IH | Bce ocTanbHbie BbIpa>XE€HMA OTHOCATCA K YPOBHIO 3HAYEHUI.

KaxoB turt sum? YTo 3, sum — 3T0 (DYHKIIMS, CeI0BATEJBHO, €€ THIL:
Function

[Too6HO TOMY Kak object onuchiBaeT Bce 00BEKTHI, Function siBJsIETCsI
TUIIOM, 0006IIAIONM Bee (DYHKITHH, KOTOPBIH HE COOOIIAET 0 KOHKPETHOM
bynxunm maryero.

U VIcK/IIOYEHUSIMI U3 3TOTO TIPUHITKTIA SIBJISTIOTCS TIEPEYMCICHIS, KJIACChI U TIPOCTPAHCTBA
umeH. [lepeunciienus u KiacChl FeHEPUPYIOT U TUIIBI, U 3HAYEHS, & IPOCTPAHCTBA UMEH
CYIIECTBYIOT TOJIBKO Ha YPOBHe 3HaueHuil. [TosHast cripaBKa COMEPKUTCS B TPUIIOKE-
nun B.
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Kax erre MOKHO TUTTU3UPOBATD sum? sum — 3TO (PYHKITHS, TTOIYyJAIOIMIas ABa
3HAUEHMsI ¥ BO3BpalIaionias number. BeipasuM ee THII TaK:

(a: number, b: number) => number

B TypeScript Takoii CHHTaKCHC UCTIOIB3YETCS J1JIst 0003HAYEeHUS TUTTA (DYHK-
un. Mrave on HaspiBaeTcs cUrHATypoil Bbi3oBa (W Trma). OH MOX0X Ha
CTPEJIOUHYI0 (DYHKIIMIO — TaK ¥ 3a[yMaHo. Bbl Oyzere UCMoab30BaTh 9TOT
CUHTAKCHC JIJIs1 TUIU3aun (DyHKIMI 1IpU UX repejade B BUJe apryMeHTOB
WJIA TIPY UX BO3BPAIIEHNN U3 IPYTUX DYHKIIN.

VImeHa mapaMeTpoB a 11 b TIPOCTO CITy>KaT [/1 JOKYMEHTALUM V1 HE BIIVAIOT
Ha COBMECTVIMOCTb (PYHKIIUI C TUIIOM.

CurnaTyphbl BBI30BOB (DYHKITHH cO/lep:KaT TOJBKO KO YPOBHS TUIIOB, TO ECTh
TOJIbKO THIIbI, 6e3 3HaueHuii. Tak OHM MOTYT BbIpaskaTh THIIbI IIAPAMETPOB
(B TOM 4mCJIE OMI[MOHAIBHBIX ), TUIIBI this (eM. moapasmen « Tummsarus this»
Ha ¢. 73), Bo3BpalaeMble TUIIbI, OCTABITHECS TUIIBI, HO HE MOTYT BBIPAKaTh
3HAYEHUS 110 YMOJYAHUIO (TTOCKOJBbKY 3TO He Tumbl). M Tak Kak y HUX HeT
Tesia, 110 Koropomy TypeScript Mor Obl czie1aTh BHIBO, OHU TPEOYIOT SBHOTO
AHHOTHUPOBAHUS BO3BPAIIa€MbIX THUIIOB.

PacemoTrpuM HeckobKo (DYyHKITUIT 13 9TOH TJIABBI U N3BJIEUEM UX TUIIBI B BUIE
OTZIEJIbHBIX CUTHATYP BBI30BOB, KOTOPbIE TPUBSKEM K TICEBIOHUMAM TUTIOB:

// ¢yHkyusa greet(name: string)
type Greet = (name: string) => string

// ¢yHkyusa Log(message: string, userId?: string)
type Log = (message: string, userId?: string) => void

// ¢yHkyusa sumVariadicSafe(...numbers: number[]): number
type SumVariadicSafe = (...numbers: number[]) => number

[IprnoBunmics? CurHATYPBI BBIZOBOB (DYHKITHI TTOXOKU HA CBOU PEATT3AITH.
Taxkoii qusaiid ObLI 3ayMaH AJIst 00JIerYeHUsT KX BOCIPUSTHSL.

Teriepb KOHKPETU3UPYEM CBI3U MEXKIY CUTHATYPaMU BBI30BOB U UX Peajin-
3alluAaMN. Ecan Y BaC €CTb CUTHATypPa BbI30Ba, KaK Bbl MOJKETE O6'I)9[BI/ITI) pea-
msyiontyto ee hyHKIo? [IpocTo 00beIMHNUB ATy CUTHATYPY C BBIPAKEHIEM
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(byHKIINH, KOTOPOE ee peaim3yeT. B kadecTBe mprMepa rnepenuiieM Log, 4To0bI
WCIIOJIb30BATh €€ CBEKENCIIeYeHHYIO0 CUTHATYPY:

type Log = (message: string, userId?: string) => void

let log: Log = (@

message, @
userId = 'Not signed in' @
) =>{ @

let time = new Date().toISOString()
console.log(time, message, userId)

}
@ OO0bsBisiem BbipakeHue GYHKINHU log U SIBHO IPUCBaUBAEM €My THUII Log,

@O He nyxHO aHHOTUPOBATH APAMETPBI JIBAXK/IBI: message YK€ aHHOTUPOBAH
KaK string B oripesiesieHNN Log, mo3BosieM TypeScript ciieats BBIBOJ €T0
THUIIAa HA OCHOBE Log.

© /lobasiisiem 3Haverne 0 YMOTIAHHIO [1JisT userld, TOCKOJIbKY THUII userld
Mbl U3bSIJIN 13 CUTHATYPBI Log, KOTOPBII SIBJISIETCSI TUTIOM M HE MOXKET CO-
JepsKaTh 3HAUCHUSI.

O He HysKHO MOBTOPHO aHHOTUPOBATH BO3BPAIIAEMbBIH THUIT — MbI yKe 00b-
ABWJIN €T0 KaK void B Log.

KoHTeKcTHaa Tunu3auua

OG6paruTe BHUMaHUE, YTO MOCTEAHUIN IIPUMEDP 0Ka3aJIcs TePBBIM IPUMEPOM
13 TPOJICHHBIX, IJIe HaM He TIPUTILIIOCh SBHO aHHOTHPOBATH THUIIBI TTAPAMETPOB
dbyukun. Panee Mbl 00bsiBUIIN, 4TO log nMeeT TUTI Log, u TypeScript cmor nc-
XO/Is1 M3 KOHTEKCTA BBIBECTH, YTO message — string. DTa MOIIHAs 0COGEHHOCTD
CUCTEMBI BBIBOIA TUTIOB B TypeScript Ha3bIBaeTCst KOHTEKCTHON TUTTU3AIIAEH.

B 271011 ri1aBe MBI OTMETHIIH €111e OJTHY CUTYAIINIO /It KOHTEKCTHON TUTTH3ATTHH:
byHKII 06paTHBIX BBI3OBOB!.

JlaBaiite 06bsIBIM (DYHKIIMIO times, BBI3BIBAIOIILYIO N Pa3 CBOW 0OPATHbI BbI-
30B f, IepezaBast KaKIbli pas B f TEKYIIUN MHEKC:

! O6parHblii BBI30B — 9T0 (DYHKIIUsI, KOTOpast liepeiaHa Apyroil (hyHKIUK B BUE apry-

MEHTa.
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function times(
f: (index: number) => void,

n: number
) A
for (let i = 0; i < n; i++) {
(1)
}

}

[Ipu BbI30Be times He HY;KHO SBHO aHHOTUPOBATH (DYHKITUIO, TIEPeIaBaeMyIo
times, ecii OHa OOBSIBJIEHA BCTPOEHHOIL:

times(n => console.log(n), 4)

TypeScript Ha 0CHOBe KOHTEKCTA BBIBEJIET, UTO h SIBJIIETCS number, TTIOTOMY UTO
MbI OOBSIBIJIN B CUTHATYPE times, 4TO apryMeHT index, IIPUHAJJIEKAIINN f,
sBJigeTcs number. TypeScript ske MOHUMAET, YTO n ABJISETCS TEM aPTYMEHTOM,
CJIeIoBaTeNbHO, OH JI0JIKEH OBITH number.

3amersre, 4To, ecsi Obl Mbl He 00bsiBUIIN f BcTpoeHHOM, TypeScript He cMor
Obl BBIBECTH €€ THIL

function f(n) { // Owubka TS7006: napamemp 'n' HesBHO umeem mun 'any'.
console.log(n)

times(f, 4)

Tunbl neperpyxeHHbIX GYHKLUIA

Wcnonp3oBaHHbBIN B IPEABIAYIEM pasziesie CAHTAKCUC TUTTU3AuU (PYHKITUN —
type Fn = (..) => ..— ABIGETCS COKpAUjHUEM CUZHAMYPbL 8b1308a. MOKHO
Harnucarb ero 6oJee ssBHo. Etie pas BosbMeM 1pumep ¢ Log:

// CokpaueHHasa cuecHamypa 6ei308a
type Log = (message: string, userId?: string) => void

// MonHaa cuzHamypa Bbi306a

type Log = {
(message: string, userId?: string): void
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O6a BapraHTa BO BCEX CJYYasIX OyIyT B3ANMHBIMU 9KBIUBAJIEHTAMH, PA3HIIA
OCTaHETCS TOJIbKO B CUHTAKCHCE.

Bl xoTesu Gbl UCIIOIH30BaTh BMECTO COKPAIIEHHOTO BapuaHTa MOJIHbII?
Jlnst IpocThIX cirydyaeB Bpojie Halleil (hyHKIMN Log CTOUT MPEANOYECThb CO-
KpartieHue, Ho JiJist 6oJiee CJI0KHBIX (DYHKIIUI eCTh HECKOJIBKO CYIeCTBEHHBIX
MIPUYUH UCTIOJB30BATDH MMOJHYIO CUTHATYPY.

[TepBas u3 HUX — 9TO Nepeepyska Tuma dhyuxirr. Ho cHavyana pasbepemcs,
YTO 3HAYUT MepPerpysKa QyHKIIH.

MEPErPYXXEHHAA OYHKLNA

(DyHKLH/[H C HECKOJIbKMMM CUTHATypaMI BbI3OBOB.

B 6osbInHCTBE SI3BIKOB ITPOTPAMMIPOBAHNST, KAK TOJBKO BB O0BSIBIISIETE
(bYHKIMIO, MOJTYYAIoNTyI0 HEKHiT Habop MapaMeTpoB U AAIONLYI0 HEKHIl BO3-
BpalllaeMblil TUII, BBl MOXKETEe BbI3BATh 9Ty (DYHKIUIO C TOYHO TAKUM K€ Ha-
GOpOM TTapaMeTpPOB 1 MOJIy4aTh TOUHO TaKOI ke Bo3BpaiaeMbiii Tuil. Ho we
B JavaScript. [Tockoabky JavaScript — nuHaMUYecKuil 136K, B HEM €CTh He-
CKOJIBKO CITOCOOOB BBI3BATH IAHHYI0 (hyHKIHIO. [[prueM HHOT/Ia TUTT BBIBOJIA
OyJIeT 3aBUCETH OT TUTIA BBOJHOTO apTyMEHTA.

TypeScript MoleTMpyeT aTy IMHAMUKY — JIeKJIapaliy reperpy>KeHHbIX (pyHK-
U ¥ 3aBUCUMOCTH TUTIA BbIBO/JA (DYHKIIUU OT THUIIA BBOJIA — TIPU TIOMOIIU
CBOEI cTaTn4ecKoi cucteMbl TUIIOB. KTO-TO BOCIIPUHUMAET TaKyi0 0COOEH-
HOCTD KaK JIOJIKHOE, HO 3TO HACTOSTIIII TPOPBIB.

Bb1 MoskeTe McTo/1b30BaTh MeperpysKeHHble CUTHATYPBI (YHKIIHI /It TIPO-
eKTUPOBaHUA caMbIX BeipaduTenabHbix API. Hanpumep, ciipoektupyem API
JUist OPOHMPOBAHKS OTIIYCKa — HA30BEM ero Reserve. HauHeM ¢ 3apucOBKU
€T0 TUTIOB (C TIOJTHON CUTHATY PO ):

type Reserve = {
(from: Date, to: Date, destination: string): Reservation

}
Tenepb MOJABITOKIM pean3aInio Reserve:

let reserve: Reserve = (from, to, destination) => {

/)
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Wrak, 1moib3oBarTeib, JKeJaonuii 3a0poHrupoBaTh myTelecTsre Ha Basu,
nosskeH Bbi3BaTh API reserve ¢ jatamu from u to, a Tak:ke "Bali" B Buje
Ha3HAYEHUsI.

Mpb1 MmoskeM BugouaMeHUTh API 17151 moiepsKKu peficoB B OJMH KOHEIT:

type Reserve = {
(from: Date, to: Date, destination: string): Reservation
(from: Date, destination: string): Reservation

}

Bbl 3ameTHTe, 4TO TIPH MOMBITKE 3aIyCTUTH KO/ TypeScript Bbigaer onmboKy
B MeCTe, TJIe BBl peasin3yeTe Reserve (puc. 4.3).

let reserve: Reserve = (from, to, destination) = {
Ve
type }

f T
Ef[ts] Type '(from: any, to: any, destination: any) = v
oid' is not assignable to type 'Reserve'.

}

let reserve: Reserve
let reserve: Reserve = (from, to, destination) = {
| # ..
}

Puc. 4.3. OwwbKa TUNa npy ynyLieHn KOMOUHUPOBAHHOI CUTHATYPbI Neperpy3Ki

ITO MPOUCXOIUT M3-32 OCOOEHHOCTH PabOThI MEPErPy3KU CUTHATYPHI
B TypeScript. Eciiu Bbr 06bsiBrTE HAGOP CUTHATYP TIEPETPY3KH JIJIsT PYHK-
1 f, TO ¢ TOYKHU 3PEHUsI BHI3BIBAIOIIETO KOMIIOHEHTA TUIT f — 9TO 0ObenHe-
HUe CUTHATYP Tieperpy3ok. Ho ¢ nosunun peanusanuu  10JKeH ObIT ONH
CKOMOMHUPOBAHHBII THII, KOTOPBIN MOKET ObITh peayn3oBaH. Bam npuaercs
CaMOCTOSATEIbHO OOBSIBUTH 9TY KOMOMHUPOBAHHYIO CUTHATYPY BBI30BA TIPH
peanuzanu f. B mpumepe ¢ Reserve MoskeTe 0OHOBUTD (DYHKITHIO reserve Tak:

type Reserve = {
(from: Date, to: Date, destination: string): Reservation
(from: Date, destination: string): Reservation

' O

let reserve: Reserve = (
from: Date,
toOrDestination: Date | string,
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destination?: string
) =>{ @

/).
}

© OObsBisieM [Be TIeperpysKeHHbIe CUTHATYPbI (DYHKITHIL.

Q CI/IFHaTypa peanusanumn sABJSETCs Pe3yJIbTaToOM KOM6I/IHI/IpOBaHI/IH JIBYX
CHrHaTypIHqKprSKH(Signaturel| SignaturezpaCCQHTaHbIprQHyKD.
O6paTHTeBHHMaHHe,qﬂ)KOM6HHHpOBaHHaH(JHHaTypaHBBHaHMaﬂHH
(byHKuHﬁ;BbKnﬂBaKnuMX.reserve.CIHOSHuMyIHOTpe6MTeﬂﬂ,CHrHaTypa
Reserve ciieayiomas:

type Reserve = {
(from: Date, to: Date, destination: string): Reservation
(from: Date, destination: string): Reservation

}
HPI/IMe‘{aTe]ILHO, YTO OHa HE COAEPKUT CO3JaHHYIO HaMW CUTHATYPY:

// HeBepHo!
type Reserve = {
(from: Date, to: Date, destination: string): Reservation
(from: Date, destination: string): Reservation
(from: Date, toOrDestination: Date | string,
destination?: string): Reservation

}

[Tocko/bKY reserve MOKeT ObITh BbI3BaHA OJHUM U3 IBYX CIIOCOOOB, TO TIPU
ee Peasin3aly Bbl MOJKeTe JIoKazath TypeScript, 4To npoBepuiu To, Kak OHa
6bL1a BbI3BaHa (CM. TIoZipasies « YTouneHune» Ha c. 160):

let reserve: Reserve = (
from: Date,
toOrDestination: Date | string,
destination?: string

) = {
if (toOrDestination instanceof Date && destination !== undefined) {
// Book a one-way trip
} else if (typeof toOrDestination === 'string') {
// Book a round trip
}
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COXPAHEHWE CMELIUONYHOCTU CUTHATYP NEPETPY30K

Kak mpaBuiio, Kax/jast CUTHaTypa meperpysku (Reserve) mpu oObsIBIEHNN TUIIA
[eperpy’>KeHHOI (YHKUMN AO/DKHA OBITH COBMECTMMA C CUTHATYPOIT peannsa-
nuu (reserve). 9TO O3HaYaeT, YTO BBl MOXKeTe 000011aTh, OOBABIASL CUTHATYPY
peanmsanuy, IUIIb ObI Ileperpy3ky ObLIM COBMECTMMSBI ¢ Heit. Hanpumep, ator

KOZ paboTaer:

let reserve: Reserve = (
from: any,
toOrDestination: any,
destination?: any

) =>{
/7.

}

ITpy MCIONb30BAaHNY [IEPETPY30K COXPAHSIITE CUTHATYPY Peanusaliny MaKCUMarb-
HO CIennIIHOI, IT0OBI 06/1erdnThb peanusannio GpyHKInn. B HameM mpuMepe 910
3HAYNUT BMECTO any Npeamnovectb Date u Date | string.

[Touemy? Ecu BBI TUIIM3UPYeTe TapaMeTp KakK any U 3aX0TUTe 6e30MacHO NCIIONb-
30BaTh €TI0 U NOMTYYUTh IPEUMYILeCTBA aBTO3aBEPIIeHN, BaM IPUAETCA JOKa3aTh
TypeScript, 4to 370 Date:

function getMonth(date: any): number | undefined {
if (date instanceof Date) {
return date.getMonth()

}

V3HavanbHas TUNN3anNsA IapaMeTpa KakK Date M306aBUT BacC OT JIMIIHEN paGOTbI
B peannsannn:

function getMonth(date: Date): number {
return date.getMonth()

[Teperpysku, ecrectBento, Berpedaiores B API DOM Gpaysepa. Hampumep,
createElement B API DOM ucnomnb3yercs mis cozpanus noporo HTML-
anemenTa. OH mosrydaet cTpoky, coorserctByioityio HTML-Tery, u Bo3spaima-
eT HOBBINT HTML-a1emenT ¢ Tunom atoro tera. B TypeScript ecTb BcTpoeHHbBIE
bl st HTML-s71eMeHTOB, KOTOpBIE BKJTIOYAIOT:
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Q HTMLAnchorElement AJ/1g 9JIEMEHTOB <a>;
QO HTMLCanvasElement [Jid 9JIEMEHTOB <canvas>;
Q HTMLTableElement /1j1g 271eMEHTOB <table>.

ITeperpyskeHHbIE CUTHATYPbI BBI30BOB — 9TO €CTECTBEHHBII CII0c06 MOIeIN-
poBaHusi paboThI createElement. IIpeskiie 4eM YnuTaTh JaJbIie, MOLyMaiiTe,
KaK MOYKHO TUITU3UPOBATH createElement?

Orser:

type CreateElement = {
(tag: 'a'): HTMLAnchorElement @
(tag: 'canvas'): HTMLCanvasElement
(tag: 'table'): HTMLTableElement
(tag: string): HTMLElement @

let createElement: CreateElement = (tag: string): HTMLElement => { @
Y72y
}

@ [leperpysxaem TUT mapaMeTpa, COTIOCTABJISIS €70 ¢ TUTTAMHU CTPOYHBIX JTH-
TepasoB.

@ /loGasJisieM TUIIMYHBIN CIyYail: ecIu TOJIhb30BaTeNb MepeIal CTaHaapT-
HOe MM Tera WJIN HOBelIee KCIepUMEHTAIbHOE UM, KOTOPOE elre He
OBLJIO BHEPEHO B YHCJIO BCTPOEHHBIX JieKraparuii TuoB TypeScript, To
BoO3BpaiaeM oOIuii HTMLElement. TypeScript oOpabarbiBaeT neperpysKu
B IOPsijiKe X OOBSIBJIEHNUST!, TO9TOMY KOT/Ia BbI BbI3bIBaeTe createElement
CO CTPOKOH, Y KOTOPOI He orpejieieHa KOHKPeTHas meperpyska (Hampu-
Mmep, createElement ('foo')), TypeScript ucrnosb3yet HTMLElement.

© Y0066l THIIM3UPOBATD MTApaMETP Peasn3anni, KOMOMHUPYEM BCE THIIbI,
KOTOpPBIE TOT [apaMeTp MOKET UMETh B CUTHATYPaX IePerpy3Ku create-
Element. I momyuyaem 'a’, | 'canvas' | 'table' | 'string'.llockombky
TPU TUTIA CTPOTHBIX JTUTEPAJIOB SBJISIOTCS MOATUTIAMU string, THIT yIIPO-
maercd 110 string.

! Yame Bcero TypeScript mogHMMaeT JTepaIbHble TEPETPY3KN HAJl HEJTUTEPAIbHBIMH,

TIPEXK/1€ 9Y€EM HadaTb O6pa6aTbIBaTb UX II0 ITOPAAKY. ITO MOKET YCIHIOKHUTD HOHUMaHue
BalllX TIEPETPY30K NHIKCHEPAMU, HE3HAKOMBIMU C TAKUM ITTOBC/ICHUEM.
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Bo Bcex mpuMepax 3TOro pasyiesia Mbl IepPErPy>Kajin BBIPKEHS (PyHKIHIL.
A xak neperpysurb fexnapanuio ¢pyHkiym? Koneuno, B TypeScript ecTb
pellleHne — CMHTAKCUC [T AeKmapanuit GyHKumil. [JaBaiite nepenyuem
HalIu IIeperpysku createElement:

function createElement(tag: 'a'): HTMLAnchorElement

function createElement(tag: 'canvas'): HTMLCanvasElement

function createElement(tag: 'table'): HTMLTableElement

function createElement(tag: string): HTMLElement {
/7.

}

Bam permaTh, KaKoil CHHTaKCHUC UCIONb30BATh, B 3aBUCUMOCTH OT
BUJa Heperpykaemoit GyHKUnM (BrIpakeHMs QYyHKIMM UK ee Je-
KJIapalym).

[TosHbIe cUTHATYPBI TUTIOB HE OTPAHUIUBAIOTCS TIEePErpy3KOi BhI30Ba (hyHK-
1. Takske MOYKHO UCIIOTB30BATh UX 71T MOZIETUPOBAHUS CBOUCTB (DyHKITHI.
[MockombKy byHKIME B JavaScript SIBJASIOTCST TPOCTO BHI3IBAEMBIME 0OHEK-
TaMu, 100aBbTe UM CBOWCTBA, YTOOBI €TATh, HATPUMED, CJELYIONIEE:

function warnUser(warning) {
if (warnUser.wasCalled) {
return

}

warnUser.wasCalled = true
alert(warning)

}

warnUser.wasCalled = false

Tax MBI OTHOKPATHO MTOKA3bIBAEM I10JIb30BaTeENI0 IpeypeskaeHue. J[aBaiite
ucnoJibdyeM TypeScript s TUTIU3AIUN TT0JTHOM CUTHATYPbI warnUser:

type WarnUser = {
(warning: string): void
wasCalled: boolean

}

warnUser — 3TO He TOJIbKO (byHKuI/IH, KOTOPYIO MOJKHO BbI3BaTh, HO 1 obutaza-
TeJIb CBOMCTBa wasCalled, MMEIOIIEr0O TUII boolean.
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Monumopdusm

[lo cux mop MBI paccMaTpuBaIu KOHKPETHBIE TUTTBI U (DYHKIINH, UX UCIIOJIb-
gytfomue. YTo jke Takoe KOHKPETHBIN TUTI?

boolean;
string;
Date[];

{a: number} | {b: string};

0O 0O 0O 0O O

(numbers: number[]) => number.

KOHerTHbIe THIIBI TTOJIE3HBI, KOT'Zla BbI TOYHO 3HAETE, KaKOW THUII OKHnzaaere,
" XOTHUTE CBEPUTDH €I0 C IIeEpe/laHHbIM THUIIOM. Ho nHorga Heuenec006paSHo
OTpaHNYMBaThb IMOBEAECHNE q)YHKL[I/II/I KOHKPETHbBIM TUIIOM.

Hpe/:LCTaBbTe (byHKuI/Ho filter [Jig UTEpAIMK 110 MACCHUBY U €r0 OUMCTKH.
B JavaScript oHa MOKeT BBITJISIETD TaK:

function filter(array, f) {
let result = []
for (let i = 0; i < array.length; i++) {
let item = array[i]
if (f(item)) {
result.push(item)

}

return result

filter([1, 2, 3, 4], _ => _ < 3) // 6Bvducndemcs kak [1, 2]

Haunewm ¢ u3BJedeHUs CUTHATYPBI THIIA filter u 10OaBJIEHMS BPEMEHHDBIX
3aMecTUTesIel unknown 7T TUTIOB:

type Filter = {
(array: unknown, f: unknown) => unknown[]
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3aTteM nornpobyeM 3aroJHUTD TUIIbI, HATPUMEP number:

type Filter = {
(array: number[], f: (item: number) => boolean): number]]

}

Ira curHarypa Oyzer paboTaeT JIJIsi MacCUBa YKCE], HO He JIJIT MaCCHUBOB
CTPOK, 00 BEKTOB, MACCUBOB U T. /1. [I0o1pobyem UCIoib30BaTh MeperpysKy s
ee pacupenust, YTo0bl OHa paboTasa JJisi MaCCHBa CTPOK:

type Filter = {
(array: number[], f: (item: number) => boolean): number]]
(array: string[], f: (item: string) => boolean): string[]

}

[Toka Bce XOpoIII0, HO TPOMUCHIBATH TIEPETPY3KY JIJIsT KAXKIOTO THUIIA XJIOIOTHO.
Kaxk Hacuer MaccuBa 0ObEKTOB?

type Filter = {
(array: number[], f: (item: number) => boolean): number]]
(array: string[], f: (item: string) => boolean): string[]
(array: object[], f: (item: object) => boolean): object[]
}

Havaso BeIryIsLIuT HEIs10Xo, HO eC/IM peain3oBath HyHKIuIO filter ¢ curua-
Typoii filter: Filter U ee UCIIOJb30BATh, TO MTOJYUNUTCS CJe/ylollee:

let names = [
{firstName: 'beth'},
{firstName: ‘'caitlyn'},
{firstName: ‘'xin'}

let result = filter(
names,
_ => _.firstName.startsWith('b")
) // Owubka TS2339: cBolicm6o 'firstName' He cywecmByem 6 mune 'object'.

result[0@].firstName // Owubka TS2339: cBolicmBo 'firstName'
// He cyuwecmByem B8 mune ‘object’.

B aToM MecTe H0JIKHO cTaTh MOHSATHO, moyeMy TypeScript BbigaeT oumoky.
MBI COOBIIUIIN €My, 4TO MOKEM TepeiaTh MACCUB YUCET, CTPOK MK OObEKTOB
B filter, u nepenanu MaccuB 00bekToB. Ho, Kak BbI IOMHHWTE, object HIYETO
He coobrmaer TypeScript o KOHKpeTHOI hopme caMoro 0ObeKTa.
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Yro ke genatn?

Ec/u panblIiie BbI MUCAIN Ha S3bIKe, MOIEPKIBAOIIEM 0000III€HHbIE THIIbI,
To HaBepHaKa BRIKpUKHYJIN: «XOYY ObOBIIEHHDBIE TUIIbI!» Xoporras
HOBOCTH B TOM, YTO BbI TIPaBbl, a TJI0Xast — BBl TOJBKO YTO PasOy/IMIN CBOUM
KPUKOM COCENICKOTO pebeHKa.

JLJ1s1 HecBe Iy M HaYHY C OTpeie/IeHUst 0O0OIIEHHBIX THIIOB, @ 3aTeM IIPUBE/LY
MpuMep ¢ Halel GyHKIHeN.

MAPAMETP ObOBLIEHHOTO TUNA

3aMeIaoInii TUII, MICIIOIb3yeMblil Ji/Is IPMMeHeHNA orpa-
HUYEeHNIT Ha YpOBHE TUIIOB B HECKOIDKIX MECTaX. Taxoke
U3BECTEH KaK napamemp nonumopdHozo munda.

Bor kax Oy/ieT BBITJIsIIeTh THIT filter, KOT/Ia MbI IEPETTUIIIEM €T0 C TTAPAMETPOM
060611IeHHOTO THTA T:

type Filter = {
<T>(array: T[], f: (item: T) => boolean): T[]
}

Mbi coobmmmm: «DyHKIus filter HMCIOIB3yeT mapamerp 0000IEHHOIO
tumna T. Mbr He 3HaeM, KaKiM Oy/IeT STOT TUT B JAaJbHENIIIEM, TIOITOMY,
TypeScript, ecsu TbI CMOKETTb ZIEJATh €T0 BBIBOJL ITPH KAXK/I0OM BBI30Be filter,
TO Oyz1eT 04eHb X0poIoy. TypeScript BBIBOAUT THIT T HAa OCHOBE THUIIA, KOTOPbIiA
MBI TiepesiaeM 71 array. Kak Tombpko TypeScript mesaeT BBIBOJ, 4eM SBISET-
¢ T 1711 BbI30Ba filter, OH HOACTABJSET 9TOT THUII JJIS KAJK0I0 BUAUMMOTO T.
T BBICTYIIAeT B POJIM 3aMELIAIONIEro TUIIA, KOTOPBIN 3aIT0JIHAETCS MOLYJIeM
MIPOBEPKH HAa OCHOBE KoHTeKcTa. OH mapaMeTpu3yeT TUTI Filter, TO3TOMY MBI
1 30BEM €0 MapaMeTpoM 0OO0GIIEHHOTO THTIA.

®pasa «mapameTp 00600IIEHHOTO THIIa» YACTO 3aMEHACTCA Ha «0000-
I[EHHBI TUID» WK «00600IeHe». B KHIUTre mpenMyliecTBEHHO OyzeT
VCIIONIb30BAHO MTOJIHOE BBIPXKEHIE.

Jlist 06bsiBIIEeH ST 000OIIEHHBIX TUTIOB MCIOIB3YIOTCST YTIIOBbIE CKOOKH (<>)
(BoCTIpHHUMAITE UX KaK KJII0YEBOE CIOBO type ). MecTo pazmelenust CKoOoK
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OoIpenesdAeT Arualla30H 0OXBaTbIBA€MbIX TUIIOB (eCTb BCEro HECKOJIbKO MeCT,
r7ie BbI MOKeTe UX mocTaBuTh ). TypeScript, B cBO0 ouepeiib, yOeKIaeTcst, 4TO
BHYTPH 3TOTO NAIIA30HA BCE SK3EMILIAPBI TapaMeTPOB 0000IIEHHbIX TUIIOB
IIpuUBA3aHbl K OHOMY peaJlbHOMY THILY. B TEKYILIEM IIpUMEPE ITPU BbI3OBE
filter TypeScript NpuUBsIKET KOHKPETHbIE THIIBI K 0O0OIEHHOMY THITY T
B 3aBUCUMOCTH OT 0003HaYEHHOTO CKOOKaM¥ [ranasona. Kakoit uMeHHO TuIl
IIpUBA3bIBATb K T, OH PEIUT NCXOAA N3 TOIO, C KAKUM THUIIOM Mbl BbI3SOBEM
filter. MeKy yIJIOBBIX CKOOOK BbI MOKETE OOBSIBUTH CTOJBKO 0000IIEHNUI,
CKOJIBKO TIOJKeJIaeTe, Pas/Ie/InB X TOYKOI C 3aISITOI.

T — 9TO HPOCTO UM TUIIA, TAKOE XKe, KaK A, Zebra wm 133t. [IpuHsTO
VCIIONb30BATh MIMEHa, COCTOSIIIVIE U3 OAHOI 3aI/TaBHOI OYKBLL T nn U, V,
W1 T. 1., B 3aBUCUMOCTH OT TOTO, CKOTIbKO 06001I[eHHBIX TUIIOB TPeOyeTCs.

Ecny Bbl 00bsIB/IsIETE MHOXKECTBO TaKJMX TUIIOB IOAPST VTN UCIIONIb3yeTe
X CTIOKHBIM 06pa3oM, pacCMOTPUTE BapUaHT Oojiee OMICATEeNbHbIX MMEH
Bpope Value mim WidgetType.

HexoTopble mporpaMMMCThI NPEINIOYNTAIOT HAYMHATD C A BMeCTO T.
CoobuiecTBa MONTb30BATENEll PA3HBIX A3BIKOB IPOrPaMMIPOBAHI
[e/aloT CBOI BBIOOP COITIACHO ycTosiBLIelics Tpapuiun. Hampumep,
(yHKIVIOHA/IbHBIEe IPOIrPAMMIUCTBI IIPEAIOYNTAIOT A, B, C U T. 1. U3-3a
CBOEro IMPUCTPAcTHs K IpedeckuM OykBam a, P u y. PaspaboTunku
00BEKTHO-OPYEHTUPOBAHHBIX A3BIKOB CKJIOHHBI VICIIONb30BaTh T a-/IA
«Type». TypeScript e X0Tb 1 IIOAAEP>KMBAET 00a 9TUX CTUISA, HO Yallle
VICIIONb3YeT IOCTIEHNIA.

[Togo6HO ToOMyY Kak mapamMeTp (DYHKIUN TIOBTOPHO TIPUBSI3bIBAECTCS IPU
KQKIOM BBI30Be (DYHKITUH, TAK JKe U KaKIbII BbI30B filter MOTyYaeT CBOIO
MPUBSI3KY JIJISI T:

type Filter = {
<T>(array: T[], f: (item: T) => boolean): T[]

let filter: Filter = (array, f) => // ...

// (a) T npuBaszaH k number
filter([1, 2, 3], = _ > 2)
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// (b) T npuBs3aH K cmpoke
filter(['a"', 'b'], _ => _ l=="'b")
// (c) T npuBsasaH k {firstName: string}
let names = [
{firstName: 'beth'},
{firstName: 'caitlyn'},
{firstName: 'xin'}

1
filter(names, _ => _.firstName.startsWith('b"))

TypeScript mesaet BHIBOJ MIPUBSA30K 0O0OIIEHHBIX TUIIOB HA OCHOBE TUIIOB
MepelaHHbIX apTYMEHTOB. PaccMOTpUM, KaK OH MPUBSA3bIBaeT T 1714 (a):

1. Ucxons us curHaTyphl filter TypeScript 3HaeT, 4TO array — 9TO MAcCUB
3JIEMEHTOB HEKOETO THTIA T.

2. TypeScript 3amedaer, 9TO MBI TIepelajid B MacCuB [1, 2, 3], a 3HAYUT,
T 10JIKeH OBITh number.

3. Besne, tie TypeScript BuauT T, o 3aMeHsIeT ero Ha number. Ce10BaTeIbHO,
mapaMeTp f: (item: T) => boolean cTaHOBUTCS f: (item: number) =>
boolean, a BO3BpalaeMblii TUII T[] CTaHOBUTCS number[].

4. TypeScript mpoBepsieT TUTIBI HA COBMECTUMOCTD 1 yOEXKIaeTCst, 4T0 (DyHK-
11, KOTOPYIO MBI TIepe/iajii Kak f, COBMECTMA CO CBOEH TOTBKO YTO BBI-
Be/IEHHOU CUTHATYPOIA.

O0606111eHHbIE TUITBI — 9TO d(DMEKTUBHBIN CI10c06 BHIPasUTh GoJiee 00IIUPHOE
netictBue (DYHKIINH, YeM 9TO MO3BOJSIOT KOHKPETHBIE TUIIBL. BocipuHNMATh
JKe UX CTOUT B BUjie oTpaHndeHnil. Kak anHoTHpOBaHue mapameTpa GyHKIINN
B BHU/JIE n: number OTrpaHNYMBAET 3HaUEHME ITapaMeTpa n TUIIOM number, Tak
U WCHOJIb30BaHue 00006IEHHOTO THIIA T OrpaHUYMBAET TUTI JIIOOOTO MIPUBSI-
3bIBAEMOTO K T YCJIOBUEM THUIIA OBITh OJMTHAKOBBIM B KasKIOM T.

O6006111eHHbIe TUIIBI TAK)Xe MOTYT MIPUMEHATHCA B IICEBIOHIMAX TUIIOB,
KJIaccax 1 MHTepdericax — MbI OyieM aKTHBHO UX UCII0/Ib30BATh Ha IIPO-
TsSOKEHUY KHUTH. ] TpeficTaBIIo NX B KOHTEKCTE OCTaTbHbBIX TEM.

Vcnonb3yitTe 0606111eHHbIe TUIIBI Be3fe, e MoxkeTe. OHM IIOMOTYT CO-
XPaHUTD KOJI 0600II€HHBIM, [IEPENCIIONIb3YeMBIM 1 KPATKIM.
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Korpa npuBA3biBaTb KOHKPETHbIE TUNDbI K 06006L1eHHbIM

MecTo 06bsiBIeHISA 0O0OIEHHOTO TUIIA HE TOJIHKO OIPEAEIsIeT ero A1anasoH,
HO TaK»Ke yKasbiBaeT TypeScript, Kora Hy:KHO TIPUBSI3aTh K HEMY KOHKPETHBIT
tut. U3 mpenpiayiero npumepa:

type Filter = {
<T>(array: T[], f: (item: T) => boolean): T[]

let filter: Filter = (array, f) =>
/) ..

MbI 00BSIBUIIH <T> KaK YaCTh CUTHATYPBI BbI30Ba (TIE€PE/l OTKPHIBAIOIIIUMUCS
ckoOkamn ), 1 TypeScript IpUBSKET KOHKPETHBIH THUIL K T, KOT/Ia MbI BBI3OBEM
ynximio Tnma Filter.

EcJmit 661 MbI BMECTO ATOTO OTPAHUYHJIN IUAIIA30H T IICEBJIOHNMOM THTIa Filter,
TypeScript norpeboBas 6bI OT HAC TPK UCTIOJIB30BAHKHK Filter IPUBSI3ATH TUIT
SIBHO:

type Filter<T> = {
(array: T[], f: (item: T) => boolean): T[]
}
let filter: Filter = (array, f) => // Ouwubka TS2314: o6obujeHHbIt mun
Y/ // 'Filter' mpebyem 1 apzymeHm muna.
type OtherFilter = Filter // Owubka TS2314: ycnoBHbili mun
// 'Filter' mpebyem 1 apaymeHm muna.

let filter: Filter<number> = (array, f) =>
/...

type StringFilter = Filter<string>
let stringFilter: StringFilter = (array, f) =>
/..

Yamte Bcero TypeScript OyzeT NpUBsI3bIBATH KOHKPETHbBIE THITHI K 0000IIEH-
HBIM, KOT/Ia BBl MCITOJIb3YeTe UX /i (DYHKITUH TIPU X BBI30BE, /I KJIACCOB
TP UX MHCTAaHTIMPoBaHuN (cM. pazzen «llommmopdusms va c. 131) nam nas
MICEBIOHNMOB THTIOB 1 UHTepdeticoB (cM. pasaen «urepdeiicsr» Ha c. 119)
[IPU UX MCIIOJb30BAHUYT WJIN PEATN3ATIAH.
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e MmoxHO 06bABNATD 06061L1EeHHbIE TUNDI

Jlnis kasxk0ro criocoba 00bsIBIEHKs CUTHATYPbI BBI30BA €CTh CIIOCO0 100aBUThH
K Hell 0000TIeHHBI THTT:

type Filter = { @
<T>(array: T[], f: (item: T) => boolean): T[]

}
let filter: Filter = // ...

type Filter<T> = { @

(array: T[], f: (item: T) => boolean): T[]
}
let filter: Filter<number> = // ...

type Filter = <T>(array: T[], f: (item: T) => boolean) => T[] ©
let filter: Filter = // ...

type Filter<T> = (array: T[], f: (item: T) => boolean) => T[] @
let filter: Filter<string> = // ...

function filter<T>(array: T[], f: (item: T) => boolean): T[] { @
/).
3

@ [losas curHaTypa BhI30Ba € AMAMA30HOM T, BKIIFOUAIOIIIM TOJIBKO OJIHY CHT-
Hatypy. [lockoabky aramason T orpaHUyeH OHON CUTHATY PO, TypeScript
MPUBSKET T K PeabHOMY THUITY B 3TOI CUTHATYPE MTPU BbI30BE (DYHKITMU
tuna filter. Kask/iplii BbI30B filter Gy/eT M0Jy4aTh CBOK COOCTBEHHYIO
MPUBSI3KY J1JisI T.

@ [losnas curHaTypa BbI30Ba C IMATTA30HOM T, BKIIOUATOIINM BCE CUTHATYPBI.
T 0ObsIBJIEH KaK 4acTh THIA Filter (a He YacTh KOHKPETHOI CUTHATYPbI
tuna), u TypeScript npussiker T, Koraa Bol 00bsiBUTE (HYHKITHIO THTIA
Filter.

© Kax @, 1o pu TOMOTITN COKPAIIIEHHO CUTHATYPHI BHI30BA.
O Kax @, 1o 11pH TOMOTITN COKPAIIIEHHOM CUTHATYPHI BHI30BA.

@ llmenoBarnast curHaTypa Bbi30Ba (QyHKIMH € ANATA30HOM T, OTPAHITIEHHBIM
curHarypoii. TypeScript npuBsi;keT KOHKPETHBIH THII K T TIPU BbI30BE filter,
U KaK/IBIH BBI3OB filter MOJIYYUT CBOIO COOCTBEHHYIO TIPUBSI3KY VIS T.
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FILTER U MAP B CTAHAPTHOW BUBJTUOTEKE

Hamwn onpenenenns gy filter u map Ype3BbIYAHO IIOX0XKM HA T€, YTO MI3HAYA/IBHO
npucyTcrsytoT B TypeScript:

interface Array<T> {
filter(
callbackfn: (value: T, index: number, array: T[]) => any,
thisArg?: any
) T[]
map<U>(
callbackfn: (value: T, index: number, array: T[]) => U,
thisArg?: any
): U[]
}

MBI eltie He paccMaTpUBaIV MHTEPQEVICHI, HO 9TO OIIpeieieHye TOBOPUT, 4To filter
U map ABIATCA QYHKIAMM B MaccuBe Tuia T. OHu 06e mOIy4danT QyHKINMIO
callbackfn u tun gis this BHYTpu QyHKIMN.

filter ucHomb3yeT mapamMeTp 000OIIEHHOrO TUIA T, Yeil AMaNa3soH OXBAaTbIBAET
Becb MHTepderic Array. map TakKe UCIOIb3yeT T 1 BoOaBIAeT BTOPOU IapaMeTp
006006111eHHOTO THIIA U, Yeil fuana3oH BKII0YAeT TOIbKO GYHKINIO map. DTO 3HAYMUT,
yT0 TypeScript npuBskeT KOHKPETHBIIT TUII K T IIPY CO3[JaHII MacCUBA M KaXK/IbIi
BBI3OB filter 1 map 1A 3TOr0 MacCMBa TaKXKe IONYYNUT STOT KOHKPETHBIN THUIL.
Kaxxpp1it BbI30B map OyzieT o/Iy4ars CBOK COOCTBEHHYIO IIPMBA3KY A/Ist U IIOMIMO
obpalieHns K y)xe IIPUBsA3aHHOMY T.

B kauectBe BToporo npumepa HanumieM OyHKITHIO map, TOXOKYI0 Ha filter,
HO BMECTO y/IaJIEHHsI 9JIEMEHTOB U3 MacCHBa MpeobpasyeM Kak/blil U3 HUX
nocpeacTBoM otobpaskarorieil pyHkimu. Haunem ¢ HaGPOCKOB pean3aIui:

function map(array: unknown[], f: (item: unknown) =>
unknown): unknown[] {

let result [1]
for (let i = @; i < array.length; i++) {
result[i] = f(array[i])

}

return result
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ITpeskie e POJIOJIKUT, IPOLyMaiiTe, Kak cieiaTh map 000OIIEHHOI U 3aMeHsI-
TOIIIEH KasK/IbIil THIT unknown HEKIM KOHKPETHBIM TUIIOM? CKOJIbKO 0O0OIIEHHBIX
TUIOB MoHaxoouTcs? Kak ux Hazo oObsBUTH U 3a4aTh MX AMANa30H B (DYHK-
n map? Kakumu 10JKHbBL ObITh TUIIBI array ¥ f 1 BO3BpalllaeMoe 3HaYeHe?

Torosbi? TTomnpobyiire, BbI ClIpaBUTECH!
IIposepsre oTBerT:

function map<T, U>(array: T[], f: (item: T) => U): U[] {
let result = []
for (let i = 0; i < array.length; i++) {
result[i] = f(array[i])
}

return result

}

HyskHbl MMeHHO 1Ba 00600IEHHbIX TUIIA: T JJIs TUIIA 9JIEMEHTOB, TOCTYTIa-
IOIUX B MACCUB, 1 U — JIJI TIOKUIAIONINX er0. M bl TiepejiaeM BHYTPb MacCuB T
1 oToGpaskamIiyto (HYyHKII0, KoTopas mpeodpasyet T B U. V1 B 3aBepiieHme
BO3BpallfaeM Maccus U.

MHorue GhyHKIME B CTaHAAPTHBIX OMOIMoTeKax JavaScript siBistioTcst 0606-
IEHHBIMU, OCOOEHHO HAXOJSIIMeCs B IPOTOTHIIE Array. MacCUBBI MOTYT
cojlepKaTh 3HAUEHHU JTI0OOTO TUITA, KOTOPbINA Mbl Ha3biBaeM T 1 TOBOPHM,
HAIPUMED, TAK: «.push TIOJyYaeT apryMeHT THIA T» WM <.map OTOOpakaet
MaccuB T B MACCHB U».

BbiBop 0606LLEHHBIX TUNOB

B 6osbnHCTBE ciaydaeB TypeScript MpoBOIUT CEPHEIHYIO pa6OTy 110 BBIBOZLY
060061eHHbIX TUIIOB. Kor/a Bbl BhI3bIBAETE dynkimio map, TypeScript nenaet
BBIBO/I, YTO T — ITO string, a U — 3TO boolean:

function map<T, U>(array: T[], f: (item: T) => U): U[] {
/...

['a', 'b", 'c'], // MaccuB T
= 'a // ®OyHkyusa, 6o36pawarwaa U
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Ho nx MOKHO aHHOTHPOBATh SBHO 110 IPUHIUILY «BCE WM HUYETO»: TuO0
KasKIIbIiT 000OIIENHbIA THTIL, MO0 HU OUH U3 HUX:

map <string, boolean>(
['a', Ibl) Icl])

_=> _==="a
)
map <string>( // Owubka TS2558: oxudaemca 2 apaymeHma munoB, Ho nosay4yeH 1.
[lal, Ibl, Icl])
=> === '3’

)

TypeScript IpoBepUT, YTO KasKIbIil BbIBEAEHHBII 0000IEHHbII THII COBMECTHM
C COOTBETCTBYIOIINM €My SIBHO MPUBSI3aHHBIM 0600TIEHHBIM TUTIOM. B 1po-
THUBHOM CJlydae BbI [TOJYIHUTE OMIMOKY:

// OK, m.k. boolean coBmecmum ¢ boolean | string
map<string, boolean | string>(
['a', 'b', 'c'],

)
=> === 'a

map<string, number:>(
['a', 'b', 'c'],
=> = 'a' // Owubka TS2322: mun 'boolean' HecoBmecmum

) // ¢ munom 'number’.

n -

[Tockosbky TypeScript BBIBOAUT KOHKPETHBIE TUIIBI 1Jist 000OIIEHHBIX Ha
OCHOBE apryMEHTOB, TIEPeIaBaeMbIX B 0000IIEHHYTO (DYHKITHIO, HHOT/[A MOJKET
BO3HUKHYTH TaKast CUTYaIlus:

let promise = new Promise(resolve =>

resolve(45)
)
promise.then(result => // BviBedeH kak {}

result * 4 // Owubka TS2362: neBas yacme apugpmemu4veckol
) // onepayuu OosmxkHa umems mun ‘any’', 'number’,

// 'bigint' uau enum.

Uro mpoucxomut? Ilouemy TypeScript BoiBes result kax {}? [lotomy 4To
MBI He TIPeIOCTaBUIN eMY JoCcTaTouHo nudopmarmu. TypeScript a7 BeiBoIa
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0000I1IEHHOTO THUIIA UCIOJIb3YET TOJIBKO TUIIBI apryMeHTOB 0000IIeHHOI
(byHKIIMHN, TO9TOMY OH 110 YMOJIYaHUIO BbIBEJ T Kak {}.

Y100BI 9TO UCHPABUTH, HY;KHO IBHO aHHOTUPOBATH MTapaMeTp 0600IIEeHHOTO
TUIIA TTIPOMUCOB:

let promise = new Promise<number>(resolve =>
resolve(45)

)
promise.then(result => // number
result * 4

MceBAOHVMMDBI 0606LLEHHBIX TUNOB

Mbi yske 3aTparuBasiu ICeBIOHUMBI 0G00IIEHHBIX TUTIOB B TpUMepe ¢ Filter.
Kaxk Bpr moMHUTE U3 IpeABIAYIIeT TaBbl (CM. TTopa3aes «MaccuBsl 1 KOp-
TEKW TOJBKO JIJIsT YTEHUsT» Ha . 56), TUTIBI Array 1 ReadonlyArray TakKsKe OT-
HOCSTCSI K 0000TIeHHBIM THTIaM. PacCMOTPUM UX TIPMEHEHHE B TICEBIOHNMAX
THUIIOB TIOPOOHEE € MTOMOIIHI0 KOPOTKOTO TIPUMEPA.

OmnpengenuM THIT MyEvent, onuceiBafomuii coobrtiie DOM Bpoge click win
mousedown:

type MyEvent<T> = {
target: T
type: string

}

OG6parure BHUMaHUE, YTO €MHCTBEHHOE JOMYCTUMOE MECTO JJIsi 00bsIBIIe-
HUs 0600IIEHHOIO TUITA B ICEBJOHUME THIIA HAXOAUTCS CPasdy 1Moc/ie UMEeH!
TICEBIOHMMA THUTIA ¥ TTePeJT €TO TTPUCBAaNBaHUEM (=).

CsolicTBO MyEventTarget yKa3bIBaeT Ha 3JIEMEHT, B KOTOPOM ITPOU30IILIO
cobbITHE: <button />, <div /> u T. 1. Hanpumep, coObITHE KHOIIKH MOKHO
OTICaTh TaK:

type ButtonEvent = MyEvent<HTMLButtonElement>

HpI/IMeHHH 0606H_IeHHblf/,I TUII BpO/ie MyEvent, BbI JIOJI)KHBI SIBHO IIPUBA3aTh €TI0
IapaMeTpPhI I[P UCITOJIb3OBaHWH, ITOCKOJIbKY OH HE 6yZIeT BbIBE/IE€H:
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let myEvent: MyEvent<HTMLButtonElement | null> = {
target: document.querySelector('#myButton'),
type: 'click’

}

Moskere UCIIOIb30BaTh MyEvent JJIsl IOCTPOEHUS APYTOTO TUIIA, HATIPHU-
Mep TimedEvent. Korma 06061eHHbIi THIT T B TimedEvent Gy/eT MpuUBsi3aH,
TypeScript mpuBsKeT ero n K MyEvent:

type TimedEvent<T> = {
event: MyEvent<T>
from: Date
to: Date

}

Takske MOKeTe UCIIOJIb30BaTh TICEBAOHUM 000OIIEHHOTO THIIA B CUTHATYPE
byaxmmu. Korma TypeScript mpuBs:keT THT K T, OH TaksKe TTPUBSIKET €T0
U K MyEvent:

function triggerEvent<T>(event: MyEvent<T>): void {
V2

triggerEvent({ // T a6nsemca Element [ null
target: document.querySelector('#myButton'),
type: 'mouseover'’

)
Paccmotpum aTOT 1ipoitecc 1oiaroBo:
1. Broi3biBaem triggerEvent ¢ O0OBEKTOM.

2. TypeScript BUIUT, 9TO COTJIACHO CUTHATYPe PYHKITUU TIepeaHHubIil HaMU
apryMeHT JI0J’KeH UMeTh THUTI MyEvent<T>. OH TakKe 3aMedYaeT, YTO MBI
onpeaennyu MyEvent<T> Kak {target: T, type: string}

3. TypeScript 3ameuaet, 4To ToJIe target MepeIaHHOro HaMu 0ObeKTa SIB-
JisieTcst document.querySelector('#myButton'). DTO TOpa3yMeBaeT, 4TO
T IOJIKEH UMETH TOT 7K€ THIL, YTO U document.querySelector('#myButton'),
TO eCThb Element | Null. U Temeps T mpuBs3aH K Element | Null.

4. TypeScript TpoXoauT IO KOy U 3aMeHsIeT KaK/blii T HA Element | Null.

5. TypeScript mpoBepsiet, 4T0OBI BCe THUIIBI COOTBETCTBOBAJIN IIPABUJIAM CO-
BMecTuMocTu. Kol MpoXouT nmpoBepKy TUTIOB.
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OrpaHuyYeHHblit nonumopdusm

Boarom pasnene a 6y11y JVICTIO/NIb30BATD B KAYECTBE IIPVIMEPA IBONYIHOE 1€~
peso. Hwuyero CTpaIIHOrO, €C/IN Bbl paHEE HE pa60TanM C IBOMYHBIMU [1€-

pPEBbAMMU. HTIH Hammx ueneﬁ[ AOCTAaTOYHO MOHMMaHNA CIENYIOIINX OCHOB!:

° HBOI/I‘{HOC [EePEBO — 3TO BIUJ CTPYKTYPbI JAHHDIX.
¢ OHO COCTOUT U3 Y3/IOB.

* Y3e COmep)XNUT 3HAYEHME I MOXKET yKasbIBaTh He OojIee 4eM Ha [jBa
TOYEPHUX y37Ia.

* Y3e/ MOXeT OBITb OfHOTO U3 IBYX THUIIOB: IMCTOBOI y3e (Y KOTOPOro
HeT JOYepHUX) W/IM BHYTPEHHUII y3e/ (MMeIoIuii He MeHee OJHOTO
IOYEepHEro).

MHoria HeIoCTaTOYHO POCTO CKA3aTh: «ITOT HIEMEHT UMeEeT HEKUI 0006-
MIEHHBIN TUT T, U [PYTON 3JIEMEHT TOXKE JIOJIKEH ero UMeThb». B HEKOTOPBIX
CJIyYasix BbI XOTHTE CKasaTh: « THII U 10JKeH ObITh Kak MUHUMYM T». MbI 30BeM
9TO YCTAHOBKOH BEePXHEU rpaHUIlb U.

3auem? [IpescTaBuM peasn3aInio IBONYHOTO iepeBa ¢ TPeMsI TUTIAMU Y3JI0B:
1. OO6brunbIe TreeNodes.

2. LeafNodes, sBasioninecs TreeNodes, He MMEIOIIIMHU TOYEPHUX Y3JIOB.

3. InnerNodes, BIgiomuecs TreeNodes, UMEIOTITUMY OUYEPHUE Y3JTBL.
HaureMm ¢ 00bSIBIEHNS TUIIOB /IS Y3JI0B:

type TreeNode = {
value: string
}
type LeafNode = TreeNode & {
isLeaf: true
}
type InnerNode = TreeNode & {
children: [TreeNode] | [TreeNode, TreeNode]
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31ech MBI TOBOPHM, 4TO TreeNode SIBJISIETCS 0OBEKTOM C OHUM CBOIICTBOM —
value. Tumn LeafNode nMeeT Te JKe CBOMCTBA, 4YTO U TreeNode, IIJIIOC CBOMCTBO
isLeaf, KoTOpOE Beerja true. InnerNode Tak:Ke UMeeT BCe CBOMCTBA TreeNode
IJIIOC CBOMCTBO children, yKa3biBalolilee Ha OJIUH UJIH JIBa JIOYEPHUX Y3JIa.

Teneps Hanmmiem GyHKIIUIO mapNode, KOTOpas MoxydaeT TreeNode, JeyaeT
oToGpakeHre Ha ero 3HAUeHNe U BO3BPAIAeT HOBbII TreeNode. Ham HysKHO
MOJTYYUTh (DYHKIINIO mapNode, KOTOPYIO MOKHO GY/IET UCIIOIb30BATD TaK:

let a: TreeNode = {value: 'a'}
let b: LeafNode = {value: 'b', isLeaf: true}
let c: InnerNode = {value: 'c', children: [b]}

let al = mapNode(a, _ => _.toUpperCase()) // TreeNode
let bl = mapNode(b, _ => _.toUpperCase()) // LeafNode
let c1 = mapNode(c, _ => _.toUpperCase()) // InnerNode

Crom, a Kak MOXXHO HamucaTh (PyHKINIO mapNode, TTOTYyIATONIYIO TTOATHI
TreeNode W BO3BpaIIaIoONIyIo TOT Ke caMbiii moatun? [Ipu mepenade B Hee
LeafNode JIOJIDKEH BO3BpalllaThcsa LeafNode, 11pu rnepepadye InnerNode —
InnerNode, a TIpu Tiepeiadye TreeNode — TreeNode. IIpesk/ie uem IpoioJIKaTh,
nojymaiite, Kak Obl BbI 3TO cesiain? Bo3aMosKHO i 9T0 BOOOIIIE?

Bot orBer:

function mapNode<T extends TreeNode>( €

node: T, @
f: (value: string) => string

)T {©
return {
...node,
value: f(node.value)

}

@ mapNode — 910 (DyHKITHS, OTIPEIESIONIAsT OMUH TTapaMeTp 0O00IIEHHOTO
THMa — T. T UMeEeT BEPXHIO TPaHUILy B BH/le TreeNode. DTO 3HAYUT, YTO T —
3TO MO0 TreeNode, 1100 nToATUII TreeNode.

@ mapNode Ttostyuaer siBa mapametpa. [lepBbiit — 9T0 node THIA T, TOTOMY YTO
B ﬂ MBI yKa3aJiu, YTO node extends TreeNode. Eciiu Mbl 1iepe/iaeM HEUTO HE
apJstionieecst TreeNode — Hallpumep, yCToOn 00beKT {}, null WK MacCHB
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U3 HECKOJIbKUX TreeNode, — 3TO Cpasy BbI30OBET KPACHOE MOAYePKUBAHIE.
node JI0JI>KeH ObITH 16O TreeNode, TMOO MOATUIIOM TreeNode.

@ mapNode BosBpaiaer snadenue tuia T. BcoMuuTe, 94T0 T MOKET OBITH 1100
TreeNode, 1100 TOATUIIOM TreeNode.

[Touemy Has0 OOBSIBUTD T TAKKM 00pazoM?

Q Ecsu 661 MbI THIIM3UPOBAIH T TIPOCTO Kak T (He 100aBJIsist extends TreeNode),
Toria mapNode BbIIaBasia ObI OMIMOKY TIPH KOMITUJISIITUH, TIOTOMY YTO HEJTb3sT
6e301acHO POYKTATH node . value B HEOrpaHMUYEHHOM node THMA T (T0JIb-
30BaTeJIb MOXKET MepeIaTh YICII0).

O Ecuu 6b1 MBI BOBCE He CTaJIM UCIOJIb30BaTh T M 00bsIBUIIN mapNode Kak (node:
TreeNode, f: (value: string) => string) => TreeNode, TOIa MBI yTe-
psii 661 MHGOPMAIIHIO TIOCIe 0TOOPaKEeHNUs y3Ja: al, bl, u c1 ObLIN ObI
IIPOCTO TreeNode.

YkasbiBas, uTo T extends TreeNode, MbI coxpansieM KOHerTHbH‘/’I TUII BBOJHO-
ro y37a (TreeNode, LeafNode 1t InnerNode) /iaske TIOCIE €70 OTOOPAsKEHUSI.

OrpaHuyeHHbIi NONUMOPOU3M C HECKONIbKUMU OFpaHNYEHNAMY

B nocnemnem nmpuMepe Mbl HAKJIABIBAIN Ha T OZIHO OTpaHUYenue: T TOJKeH
OBITH Kak MUHUMYM TreeNode. Ho 4To, eciim Bam Hy’KHO ClIesIaTh HECKOJIBKO
OTpPaHNYEHUT?

[IpocTo pacuupbre epecevenive (&) orpanmyenuii;

type HasSides = {numberOfSides: number}
type SidesHavelLength = {sidelLength: number}

function logPerimeter< @
Shape extends HasSides & SidesHavelLength @
>(s: Shape): Shape { @
console.log(s.number0OfSides * s.sidelLength)
return s

type Square = HasSides & SidesHavelength
let square: Square = {numberOfSides: 4, sidelLength: 3}
logPerimeter(square) // Square, logs "12"
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© logPerimeter — 910 DyHKIMS, TOJMYYAIONIAS OJJHUA APTYMEHT s THIIA Shape.

@ isShape — 910 060OUIEHHBII TUII, PACIIUPSIONINI TUIIBI HasSides (1MeeT
CTOPOHBI) U SidesHavelength (CTOpPOHBI UMEIOT AMUHY ). Haue ToBOPA,
Shape JI0JIKHA KaK MUHUMYM UMETh CTOPOHBI C JITTHHAMYL.

© logPerimeter Bo3BpallacT 3HAUEHNE TOYHO TAKOIO JK€ THIIA, KAKOU BbI €l
HepeIam.

Wcnonb3oBaHne orpaHMYeHHOI0 nonumopclmsma ANnAa moaenupoBaHna apHoOCTU

Emre ogna cutyanus, rae ymMecTeH OrpaHUYeHHbIN TOIUMOPdU3M, — 3TO
MOJIEIMPOBaHKe MepeMeHHbIX (yHKIMi (HyHKIMIL, mosrydaommux Jobdoe
KOJIMYECTBO apryMeHTOB). B xavecTBe mpuMepa peasnsdyeM HAIly BepCUIO
BCTPOEHHBIX B JavaScript dynkimii call (mosydaonux GyHKIUIO U Tepe-
MEHHOE YUCJIO apPTYMEHTOB, a 3aTeM MPUMEHSIONNX 3TH apTyMEHTHI K TOMN
dyukiun)!. Mbl onpe/iesinM 1 UCIIOJIb3YeM ee, yKa3aB unknown JIJISI TUTIOB,
KOTOPBIE 3aITOJTHUM MO3KeE:

function call(
f: (...args: unknown[]) => unknown,
...args: unknown[]

): unknown {
return f(...args)

function fill(length: number, value: string): string[] {
return Array.from({length}, () => value)

call(fill, 1o, 'a') // 6BuMucndemcs Kak maccuB 1éu 'a

Tenepb 3aMmecTuM unknown. Ham HYJKHbBI CJIEAYIONINE OTrPaHNYE€HNA!

Q f go/ukHA OBITH DYHKIMEH, OoJTydatonieil Habop apryMeHTOB T 1 BO3Bpa-
Iaomeil Tut R. 3apanee Mbl He 3HaeM, CKOJIbKO apTYMEHTOB Y Hee Oy/IeT;

Q call g0JKHA IOJIy4aTh f HApsy € TEM JKe HabopoM aApPTYMEHTOB T, KOTOPBIiA
nostydaeT cama f. M cHoBa MBI He 3HaeM, CKOJIbKO apTYMEHTOB OKN/IATh;

Q call gosKHA BO3BpallaTh TOT JKe TUIL R, UTO U f.

U st yupoleHus peaiusaiin noctpouM GyHKImo call Tak, yToObl OHA He TIPUHUMAaJIa
BO BHUMaHue this.
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[MonaxobsaTcs ABa TUIA APAMETPOB: T, KOTOPBIN SBJSETCS MACCUBOM ap-
TYMEHTOB, U R, SIBJISIIONUIICS HETIOCTOSTHHBIM BO3BPAIa€MbIM 3HAYEHUEM,
3aroaHuM THIILL

function call<T extends unknown[], R>( €
f: (...args: T) => R, @
...args: T @

):R{ @
return f(...args)

3
PasbepeM 11011aroBo, Kak aTo paboTaer:

© callasisiercs epemerHol hyHKIEN (IPUHUMAET JTI000€e YNCII0 apTYMEH-
TOB) C IByMsI TUIIaMU IIapaMeTpoB: T U R. T SIBJISIETCS IIOATUIIOM unknown|[ ],
BBICTYTIAs1 KAK MACCUB UJIF KOPTEJK JIIOOOTO THIIA.

@ Ilepsoiii mapamerp call — 910 iepeMenHast HYHKIHS f, apTyMEHThbI KOTOPOit
MOJIyYaloT THUII KaK Y args.

© Eiile call umeer nepeMeHHOE YUCJIO JOTIOJHUTENBHbBIX TTADAMETPOB ..args,
OTIMCHIBAIOIINX TIEPEMEHHOE YUCJIO apTYMEHTOB. args UMeeT TUTI T, a T 10J1-
JKEeH UMEeTb THIT MaccHBa (eCJIi MbI 3a0y/1eM COOOIINTD, UTO T PACIITHPSIET TUTT
maccuBa, TypeScript moguepkHeT oKy KpacHbiM ), moaromy TypeScript
BBIBEZIET TUTI T KaK KOPTEK MCXO/ISI U3 KOHKPETHBIX apPTyMEHTOB, TIepeIaH-
HBIX HAMU JIJIS args.

O call BosBpamiaer 3navenne Tuia R (R MPUBS3aH K TOMY THUILY, KOTOPBIi
BO3Bparmaer f).

Temeps mpu BuI30BE call TypeScript 6yzer TOUHO 3HATH BO3BpAIaeMbIil THI
U CTaHeT PyraThCs, eCIM Mbl IIepelaZiiM HeBEPHOe YMCJIO apTyMEeHTOB:

let a = call(fill, 1@, 'a') // string[]

let b = call(fill, 10) // Owubka TS2554: oxudaemcs
// 3 apaymeHma, HO nosy4eHo 2.

let ¢ = call(fill, 10, 'a‘', 'z'") // Ouwubka TS2554: oxudaemcs

// 3 apaymeHma, HO nosy4eHo 4.

B nmoapasnene «Ymaydiienue BbIBOJA TUIIOB I KOPTeXKeit» Ha c. 177 MBI
3aeMICTBYEM CXOKYIO TEXHUKY, YTOOBI BOCIIOJAb30BATHCS IIPEUMYIIECTBOM
TypeScript 1npu BbIBOIe TUIIOB KOPTEKEH /IJI1 OCTABIINUXCS TaPaMEeTPOB.
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MpenycraHoBKM 0606LLeHHbIX TUNOB

ITomo6HO TOMY KaK BBI 3a1aeTe mapaMeTpaM (GyHKIINKI 3HAY€HUS TT0 yMOJT4a-
HUIO, BbI MOJKETE 3a/1aBaTh IPEAyCTaHOBKK 0600IeHHbIM THIIaM. BosbMmem
B KauecTBe [IpruMepa THII MyEvent U3 moapaszena «IIceBaornMb 06001eHHbIX
tumoBs» Ha ¢. 100, TIe MBI HCTIOIB30BAIN €T0 ST MOAETNPOBAHISA COOBITHI
DOM. Beoirssiint oH Tak:

type MyEvent<T> = {
target: T
type: string

}

Yro6bl cO3/1aTh HOBOE COOBITHE, IBHO IPUBSIKEM 0O00IIIEHHBII THIT K MyEvent,
npexacrapisag tun HTML-snemenTa, Ha KOTOPBIi OBLIO HAIIPaBJIEHO CO-
ObiTHE:

let buttonEvent: MyEvent<HTMLButtonElement> = {
target: myButton,
type: string

}

Ecau tun JJIEMEHTA, K KOTOPpOMY 6leeT npuBs3aH MyEvent, 3apaHee He U3-
BeCTeH, MOKHO Z[O63.BI/ITI) IpeAyCTaHOBKY [JIsA 0606HIGHHOI‘O TUIla MyEvent:

type MyEvent<T = HTMLElement> = {
target: T
type: string

}

Win gobasuTh orpanudenue 1Jjs T, 4ToObl yoeauThest, uto T apisercss HTML-
DJIEMEHTOM:

type MyEvent<T extends HTMLElement = HTMLElement> = {
target: T
type: string

}

Terepb MOKHO JIETKO CO3/1aTh COOBITHE, HE SIBJISIONIEECS] KOHKPETHBIM JIJIST
otnenbHoro tuna HTML-sneMenTa, He IPUBSI3bIBAs BPDYUHYIO T, IIpUHA/JIE-
JKaluii MyEvent, K HTMLElement:
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let myEvent: MyEvent = {
target: myElement,
type: string

}

Ob6paTnTe BHUMaHNE, 4TO, TTOA0OHO OMIIIOHATBHBIM MTapaMeTpaM B QYHKITHH,
0600IIeHHbIe TUIIBI ¢ IPEAYCTAHOBKAMHU IOJIKHBI UATH 110CIe 0000IIEHHbIX
TUTIOB €3 MPelyCTaHOBOK:

// Xopouo
type MyEvent2<
Type extends string,
Target extends HTMLElement = HTMLElement,

> = {
target: Target
type: Type

}

// Mnoxo

type MyEvent3<
Target extends HTMLElement = HTMLElement,
Type extends string // Owubka TS2706: Heobxodumsie napamempei

> = // munoB He mozym cnedoBamb 3a ONYUOHA/LHLIMU.
target: Target
type: Type

}

Pa3pab6oTKa Ha 0cHOBe TUNOB

B cucreme THIIOB 3as105KeH OrpoMHbBIH motennuast. [Ipu Hanucanuu koja Ha
TypeScript BbI yacTo Gy/ere 3aMeyaTh, YTO «BIIEPEAN ULYT TUITbI». ITO, KO-
HEYHO 7Ke, TOBOPUT 0 pa3paboTKe Ha OCHOBE THIIOB.

PA3PABOTKA HA OCHOBE TUIOB

Crunb IIpOorpaMMMpoOBaHNsd, ITI€ CHavYa/Ia IIPONMChIBAIOTCA
CUTHATYpPbI TUIIOB, @ 3HAYE€HVIA IIOACTAB/IAIOTCSA ITI03XKE.

CyTb cTaTHY€eCKOI CCTEMBI TUTIOB B OTPAaHUYEHUHY 3HAYEHUIA TUTIOB, KOTOPBIE
MOJKET COZIepKaTh BhipaskeHune. Yem GoJiee BbIpasnuTebHA CHCTEMA TUIIOB, TEM
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GoJIbIIE OHA BaM COOOIIAET O 3HAUYEHU U, COJEPIKAIIEMCSI B 9TOM BbIPAKEHUM.
Korzia Bbl IpuMeHsieTe BHIPa3UTEIbHYIO CUCTEMY TUIIOB K (DYHKI[MHU, €€ CHT-
HaTypa TUIIA B UTOTe MOKET cO00MaTh BaM OGJIBIITYIO YaCTh TOTO, YTO HYKHO
3HATH 00 HTOI (QYHKITHH.

PaccmoTpum curnatypy tina s yHKIIMN map, UCTIOJIb30BAHHOM B 9TOM ruIaBe:

function map<T, U>(array: T[], f: (item: T) => U): U[] {
//
}

Jlaske ecott Bbl paHblile He BUIEIU OTY (DYHKIIHIO, C TIEPBOTO B3TJIs/Ia TOHSTHO,
4TO OHa JieJaet!: mosydaetT MaccuB T ¥ (PYHKIINUIO, TPOU3BO/SIILYIO OTOOPa-
JKeHMe u3 T B U, 1 BO3BpaIaeT Maccus U.

Haynure nanucanue nporpammbl B TypeScript ¢ onpesiesieHns CUTHATYP TH-
noB yukiuii. Tak Bl yOeAUTECH, YTO BCE OCMBICTIEHHO Ha BEPXHEM YPOBHE,
IIpexk/ie YeM CILyCKaTbCsl Ha yPOBEHb Pealu3aliii.

Bbl 3ameTnTe, 4TO 10 CUX TTOP MBI jiesiajin HaoOopot. Ternepb, Kora Bbl yiKe
HABOCTPUJINCH B HATMCAHWU U Tunusanuu Gyuknuii B TypeScript, cMenum
PEKUMBI M HAaUHEM CHavaJia JieJiaTh HaOPOCKU TUIIOB.

Utorn

B a10ii r1aBe MbI paceMoTpesin 00bsIBICHNE U BHI30B (DYHKIMN, THITH3AIINAIO
mapaMeTpoB 1 BbipakeHue B TypeScript Takux ocobennocteir JavaScript-
(byHKIMi, KaK 3HAYEHNS 110 YMOJYaHUTO, OCTABITHECS TTapaMeTphl, (pyHK-
IUU-TEHEePATOPBl U UTEPATOPBL. MBI U3YUNJIN PA3HUILY MEKY CUTHATYpaMU
BBI30BOB (DYHKIIMH 1 peasin3alueil, KOHTEKCTHYIO TUITU3AINIO, & TAKKE Pa3-
JIMYHbIe crocoObl neperpysku GyHKImil. B 3aBepiienre Mbl pacCMOTpen
nouMophusM g GYHKIWH U TICEBAOHUMOB TUIIOB, 8 UMEHHO HAYJIUINCh
paboTarhb ¢ 0600IEHHBIMU TUITAMHU. A TaksKe 0603HAYMIN TPEUMYIIECTBA
pa3paboTKK Ha OCHOBE THIIOB.

! EcTb HECKOIBKO A3BIKOB porpaMmuposanus (Bpoze asbika Irdis, mogo6noro Haskell),
KOTOPbIe UMEIOT BCTPOEHHbBIE PeliaTesu 3a/1a4 JIJis1 YA0BJETBOPEHUST OTPAaHUYEHUT, aB-
TOMaTHYECKU CO3/aI0IIe Pealnsauy Tel QyHKIMI Ha OCHOBE IIPOMICHIBAEMbBIX BAMU
CHUTHATYDP.
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ynpaxxHeHus K rnaBe 4

1.

[lng xakux yacteit curHatypsl Tuna dbyskiuu TypeScript nesaeTt BbIBO:
mapaMeTpPhl, BO3BPAIAEMBIH TUTI UJIX U TO U IPyTOE?

Ssnsiercst u JavaScript-oObekT arguments Tuobe3onacHbiM? Ecoi Her,
TO YTO BMECTO HETO MOYKHO MCIIOJIb30BaTh?

Kak 3a6poHIpoBaTh OTIYCK, KOTOPBIN HauHeTcst cpady? OOHOBUTE Tepe-
IPy>KeHHYI0 GYHKIUIO reserve U3 9TOH TJIaBbl (CM. oapasnes « Tuiel
neperpyskeHHbIX (hyHKINI» Ha ¢. 83), 106aBUB TPETHIO CUTHATYPY BbI30BA,
KOTOPast TIOJIY9IaeT TOJTbKO MECTO Ha3HaueHNUs Oe3 SIBHOM IaThl OTIIPABKH.
OG6HoBUTE peau3aliio GYHKINUN reserve, YTOObI OHA TTO/IEP/KUBATIA
HOBYIO TIePETrPY>KEHHYIO CUTHATYPY.

(Crnoxmno.) O6HOBUTE pealn3aliio call n3 9TOH TIaBbl (CM. TOAPaAsIET
«Mcnonp3oBanme orpaHUYEHHOTO TOJUMOPGhU3Ma 71T MOJIETUPOBAHUS
apHocTH» Ha ¢. 105), uroObI oHa paboTasia TOJIbKO [JIst (PYHKIIHIA, 4eil BTopoii
ApPTYMEHT sIBJIsieTcs string. [l71s1 ocTanbHBIX (DYHKITNIM peamn3anus A0KHA
MIPOBATTUBATHCS TTPU KOMITUJISAIIAN.

Peasusyiite HeOGOIBIIYIO TUITIOOE30TACHY 0 OUOJINOTEKY JIJISI TIPOBEPKU
yTBep:kaAeHuil — is. Haunute ¢ Tunos. [1o 3aBepinieHny BBl OJKHBI UMETH
BO3MOKHOCTH MCITOJIb30BATh €€ CJIELYIONNM 00pa3oM:

// CpaBHumb string u string
is('string', 'otherstring') // false

// CpaBHumb boolean u boolean
is(true, false) // false

// CpaBHumbe number u number
is(42, 42) // true

// CpaBHeHue 0B8yx pa3nuyHelx munoB AoaxHo BeidaBamb owubKy

// npu Komnuaayuu

is(10, 'foo') // Owubka TS2345: apzymeHm muna '"foo"' He moxem
// 6bimb npucBoeH napamempy muna 'number'.

// (CnoxHo.) HyxHo umems Bo3moxHoCmb nepedams swboe 4ucno ap2ymeHmoB
is([1], [1, 21, [1, 2, 3]) // false
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Knaccol n uHTepdeiichl

Ecutut BbI, Kak 1 GOJIBITHHCTBO TPOTPAMMHUCTOB, PAHbIITe PAOOTAIHN ¢ 0OBEKTHO-
OPHEHTUPOBAHHBIM SI3bIKOM, TO KJIACCHI — 3TO Balll KOHeK. OHU SIBJISIOTCS CIO-
c000OM OpraHM3aINK KO/IA U CJTY’KAT ITTABHBIM HHCTPYMEHTOM UHKATICYJISTIIUH.
Boi Gynere papl y3HaTh, uTo Kiaacchl TypeScript 3auMcTBYIOT OueHb MHOTOE
n3 C# u moaiepKnBaoT MOAMMDUKATOPHI BUANMOCTH, MHATINAJIN3ATOPHI
CBOMCTB, TOMMMOPGhU3M, IeKOpaTopsl U nuTepdericel. biarogaps romy 4to
ksaccel B TypeScript KoMIuInpyiorcest B 00branbie JavaScript-Kaaccsl, B
TaKsKe MOJKETE BhIPasKaTh JavaScript-mpumecu THIo6e30IacHbIM CIIOCOOOM.

Hekoropsie ocobernnocTu kiraccoB B TypeScript, Bpojie MHUIIHATIM3ATOPOB
U JIEKOPATOPOB, TAKKe MOJJIEPKUBAIOTCS KJaccaMu JavaScript! u, ciegoBa-
TeJIbHO, FeHEPHUPYIOT KO CPE/Ibl BhITIONTHEHUS. [[pyTHe e 0cOOeHHOCTH, BPO/Ie
MO(DUKATOPOB BUANMOCTH, HHTEPPENHCOB 1 000OIIEHHBIX THIIOB, OTHOCSITCS
TOJIBKO K TypeScript u cyIiecTBYIOT JIUIIb B IIPOTIecce KOMIUISIINN, He TeHe-
pUpys KO pU KOMIWJIAINY B JavaScript.

B 21011 T71aB€ 51 TIPOJIEMOHCTPUPYIO PACIIMPEHHBII TPHUMEP PabOTHI ¢ KITacCaMu
B TypeScript, 4ToOBI BbI MOTJIH HE TOJBKO BEIPAOOTATH HEKOTOPYIO MHTYHUIIHIO
B OTHOIIEHNH 0ObEKTHO-OPHEHTUPOBAHHBIX OCOOEHHOCTEH SI3bIKA, HO U 110-
HATb, KaK U 3aUeM UX UCI0Jb30BaTh. CTapaliTech He OTCTABaTh U 9KCIIEPHU-
MEHTHUPYHTE C KOJIOM B PEJAKTOPE TI0 XO/IY N3YYEHUST TEMBI.

Knaccbl 1 HacnepoBaHue

PaspaboTaem IBMKOK, MOETUPYIONINHT UTPY B IMIaXMATBI U TIPEOCTABIISIFOTIIHI
API ng 1ByxX UTPOKOB.

Haunewm ¢ tumnos:

// MpedcmaBnsem uz2py 6 waxmamel
class Game {}

! W Bckope OyyT IOIIEP:KUBATHCS Kiaccamu JavaScript.
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// lWaxmamHasa ¢uzypa

class

Piece {}

// Habop koopduHam waxmamHol @ueypesl

class

Position {}

EcTb nrectb TUIIOB MIaXMaTHBIX (DUTYP:

/7.

class
class
class
class
class
class

King extends Piece {}
Queen extends Piece {}
Bishop extends Piece {}
Knight extends Piece {}
Rook extends Piece {}
Pawn extends Piece {}

Kaxnas durypa mmeer 11BeT U TeKyIIyo MO3UINIO. B 1maxmaTtax mo3unun
MOJIEJTUPYIOTCS KaK Tapa Koopautat (OyKBa, 4icsio). ByKBbI Uyt cieBa Ha-
mpaBo Mo ocu X, a uncya cHusy BBepx mo ocu Y (puc. 5.1).

s L T T . N - T B - - ]

A°B CDEF G H

Puc. 5.1. (ranpapTHas waxmatHaa Hotauma: A—H (ocb X) Ha3bIBaeTCA BepTUKaNbHO,
a1-8 (0cb Y) — ropusoHTanbto

JTo6aBUM 1BET U IIO3ULINIO JJISI Kjlacca Piece:

type Color = 'Black' | 'White'

type File = 'A" | 'B' | '¢c* | 'D" | "E' | 'F
type Rank =1 | 2|3 ]| 4]|5]6]|]7]|8@

class

] T | IGI | IHI

Position {

constructor(
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private file: File, @
private rank: Rank

) {}

class Piece {
protected position: Position @
constructor(
private readonly color: Color, @
file: File,
rank: Rank

) A

this.position = new Position(file, rank)

}

@ lives oTHOCHUTEIBHO HEMHOTO 1IBETOB, FOPU30HTAJIEH 1 BEPTUKAJIEI, Mbl
MO’KEM BPYYIHYIO TIPOHYMEPOBATh MX BO3MOKHBIE 3HAYCHUS B BUJIE JIUTeE-
PaJIOB TUIIOB. DTO TIOBBICUT TUITOOE30IIACHOCTb.

O Moaudukarop foctyma private B KOHCTPYKTOPE ABTOMATUIECKH TIPUCBAH-
BaeT mapaMeTp K this (this.file W T.1.) U yCTaHABIAWBAET €TO BUAUMOCTH
KaK TIPUBATHYT0. JTO 3HAYUT, YTO KOl BHYTPH IK3EMILIsIpa Position MOXKET
CYUTBIBATH N3 IPUBATHOTO MTapaMeTpa M IPOU3BOIUTD B HETO 3aINCh, HO
KO/Jl, HAXOSIIUIICsT BHE 3K3eMILIsIpa Position, HE MOXKET 3TOTO ClIeJIaTh.
Paznuunbie aK3eMIISIPBI Position MOTYT OJIy4aTh OCTYII K TPUBATHBIM
wIeHaM JPYT APyra. IK3EeMILISIPhI JKe JIF0O0TO IPYToro Kaacca — JAaxe Moji-
Kjacca Position — He MOTYT.

© OO0bsiBiIsieM IepeMeHHY 0 9K3eMILIsSIpa position Kak protected. Hamomobue
private, protected TIprCcBanBaeT CBOMCTBO K this, HO B OTJIMYNE OT HETO
JIeJIAeT ATO CBOMCTBO BUAUMBIM KaK [IJII 9K3eMILISIPOB Piece, TaK U I
OK3EMILISPOB JIOOBIX MOAKIACCOB Piece. Mbl He IIPUCBOKMIIN 3HAYEHUE J1JIsT
position 1pu ee 0ODBSBIECHNUHN, U TETIEPD HYKHO IPUCBOUTD €T0 B (DYHKITMN
KOHCTpPYKTOpa Piece, mHaue TypeScript coobuuT, 4To mepeMeHHast He
MIPUCBOEHA OJTHO3HAYHO (sIBJsIeTCA T | undefined BMecTO T), TOTOMY UYTO
B MHUIIMAJIN3ATOPE CBOMCTB ee 3HAUEHNE TOKe He yKazaHo. MoskeT 1o-
Ha0OUThCSI OGHOBUTH €€ CUTHATYPY M YKas3aTh, 4TO OHA He 00sI3aTeIbHO
AaBydgeTcs Position, HO MOXKeT OBITD undefined.

O new Piece mosydaer Tpu mapamerpa: color, file u rank. Mbr gobaBuIN
aBa Moaudukaropa s color: private, O3HAYAIOUINI €ro IPUCBOCHUE
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thisnu rapaHTMponmHﬁ, 4TO OH 6y/:[eT JIOCTYIIEH TOJIbKO M3 KJacca Piece,
u readonly, 06eCIEUNBAIONINI TIOC/IE N3HAYAIBHOTO IIPpUCBaBAHUA €TI0
JOCTYIHOCTD TOJBKO /I UTEHU.

TSC-ONATN: STRICTNULLCHECKS U STRICTPROPERTYINITIALIZATION

YT06BI AKTUBNMPOBATH IIPOBEPKY IPMCBANBAHNSA TIEPEMEHHbIX B 9K3eM-
IUIIpax K/IacCoB, BKmounTe draru strictNullChecks u strictProperty-
Initialization B tsconfig.json (He HY>KHO, eC/IM aKTMBYMPOBAH PEXNM
strict).

TypeScript nogaep:xusaer Tpu MoauduKaTopa A0CTyla /Il CBOMCTB U Me-
TOJIOB KJIacca.

public

[ocTytien oToBciomy. ITO YPOBEHD TOCTYIIA TIO YMOTIAHUIO.
protected

ocTyrtieH 13 sK3eMIIIPOB OIPE/IeJIEHHOTO KJIacca U eTo TOIKJIACCOB.
private

[locTyTieH TOIbKO U3 9K3eMILISIPOB OIIPEIeJIEHHOTO KJacca.

Ucnonp3ys moaudukaTopsl JOCTYIIA, BBI MOKETEe KOHCTPYHUPOBATD KJIACCHI,
KOTOPbIE He CTOJBKO BBIPAKAIOT WH(MOPMAIINIO 00 WX Peanu3aIiiu, CKOJIbKO
rpamotHo onpenengior API nis nx ncnosb3oBanms.

[omyctuM, MBI XOTUM, 4TOOBI II0JIB30BATEIN HE WHCTAHITUPOBAJIM HOBBIHN
KJIacc Piece HEIIOCPEJACTBEHHO, a PACIINPJIN €ro, co3/laBast KJIAacChl Queen,
Bishop 1 T. 1., U THCTAHIIPOBAJIN UX. Cucrema TUIIOB ITO3BOJIUT CAEJIATH 9TO
C IIOMOIIIBIO KJIIOYEBOTO CJI0OBa abstract:

/...
abstract class Piece {
constructor(
/..

Tetmeps, ecii Bl OMPOOYeTe NHCTAHIIUPOBATD Piece HEMOCPEICTBEHHO,
TypeScript 6yaer pyrarbes:

new Piece('White', 'E', 1) // Owubka TS2511: HeBo3moxHO co30amb
// 3K3emnaap abcmpakKmHO20 KAdcCca.
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KiroueBoe cioBo abstract O3HAYa€T, 4YTO Bbl HE MOJKETE HAIIPAMYIO MHCTaH-
IIPpOBaATh KJjaCC, HO BCe €11e MOJKETE OIIPEAEC/IATD AJId HETO METO/IbI:

/7.
abstract class Piece {

/...

moveTo(position: Position) {

this.position = position

}

abstract canMoveTo(position: Position): boolean
}

Terepp Hau kyracce Piece:

0 Coobiaer mojikaccam, YTo OHU JIOJKHBI PEATH30BBIBATH METOJI C UMEHEM
canMoveTo, KOTOPBIII COBMECTUM C 3aJJaHHON cUTHATypoil. B mpoTusaOM
cJrydae pu KOMITUJISIIIUY BO3HUKHET ONTHOKA THITA «abCTPAKTHBIN KJace
peasinsyercs TOJIbKO BMECTE C €0 METO/IAMU».

O Hwmeer npeayCcTaHOBJIEHHYIO pealn3aluio /71 moveTo (KOTOPYIO €ro Moj-
KJIACCHI MOTYT MTPU JKEJTAHUY TT€PEOTIPEIETSITh). Mbl He 1006aBIIsIn MO/~
(ukarop noctymna /17151 moveTo, 1 OH ocTascs public.

OGHOBUM King, 106aBUB peaan3aluio canMoveTo, YTOOBI BBITIOJHUTH HOBOE
TpeboBanue. A Takke peasmsyeM (yHKINIO distanceFrom, 4TOObI Jierde pac-
CYUTHIBATH PACCTOSTHUE MEK/LY ABYMsI (DUTYPAMIL

/7.
class Position {
/) ..
distanceFrom(position: Position) {
return {
rank: Math.abs(position.rank - this.rank),
file: Math.abs(position.file.charCodeAt(0) -
this.file.charCodeAt(0))
}
}
}

class King extends Piece {
canMoveTo(position: Position) {
let distance = this.position.distanceFrom(position)
return distance.rank < 2 && distance.file < 2
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B Havasie HOBOIT UTPBI MbI Oy/I€M aBTOMATHYECKH CO3/[aBaTh JIOCKY 1 (DUTYPBI:

/.
class Game {
private pieces = Game.makePieces()

private static makePieces() {
return [

// Koponu
new King('White', 'E', 1),
new King('Black', 'E', 8),

// ®ep3u
new Queen('White', 'D', 1),
new Queen('Black', 'D', 8),

// CroHbl

new Bishop('White', 'C', 1),
new Bishop('White', 'F', 1),
new Bishop('Black', 'C', 8),
new Bishop('Black', 'F', 8),

/)

}

Buiraromapst cTporoii Tunmsannu Rank 1 File BBOJ Apyroil OYKBbI (Hapumep,
']') WM BBIXOMAIIETO 32 INATIA30H Yucaa (HampuMep, 12) CipoBOIupyeT
ommoOKy Tpu KoMnuasiuu (puc. 5.2).

73 return [

74

75 A kings [ts] Argument of type '"J"' is not assignable
76 new King('white', to parameter of type 'File'.

77| new King('Black', '1', 12),

78

Puc. 5.2. TypeScript nomoraet npuaepxmBatbCa BepHbIX FOPU30HTaNeN 1 BepTukanel

ITOro I0CTATOYHO VST IeMOHCTpaIuu paboTel kiraccos B TypeScript. He mue
BaM PacCKa3biBaTh, KaK XOAT Jiajbu U 1p. ITonpobyiiTe caMu 3aBepIInTh
peaTu3aIuio UTPhbl.
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IToxbrTosxmm:

0 OO6baBagiiTe U PaCIIUPSANATE KJIACCHI IIPU IIOMOIIN KJIIOYEBBIX CJI0B class
1 extends COOTBETCTBEHHO.

O Kiacebl MOTyT OBITH TG0 KOHKPETHBIMHU, JIMO0 a0CTPaKTHBIMU. abstract-
KJIACChl MOTYT UMETD abstract-cBoiCTBa U abstract-MeTO/IbI.

O Mertomsi private, protected WJIH ITO YMOJYAHUIO public MOTYT OBITD CTa-
TUYECKUMHU UM METOLaMU 9K3EMILJISAPA.

0 Kiaccel MOTYT UMeTh CBOMCTBA 9K3EeMILISIpa: private, protected WU 10O
yMoO4anuio public. MoxxHO 0OBSIBIISTD UX B apaMeTpax KOHCTPYKTopa
WJIM B KaueCcTBe MHUITMAJIN3ATOPOB CBOUCTB.

O Ilpu o6bSABIEHUN CBOIICTB 9K3EMILISIPA MOKHO OTMEYaTh MX Kak readonly.

super

Kax u JavaScript, TypeScript nognep:kuBaet BbI30BbI super. Eciin fouepHmii
KJIacc mepeotnpesiesisseT MeTOl POAUTENbCKOTO Kaacca (Hampumep, Queen
1 Piece — 00a peains3yIoT MeTO/I take), TO IOUEPHUI IK3EMILISAP MOKET C/Ie/IaTh
BBI3OB super, YTOObI BbI3BATh BEPCHUIO MeTo/Ia poauTes (K puMepy, super.
take). EcTb /1Ba BUjia BBI3OBOB super:

O BwI30oBbI MeTO/Ia BpOjie super. take.

O Bbi30BBI KOHCTPYKTOPA, KOTOPbIe UMEIOT 0c00YI0 hOopMy super() ¥ Mo-
ryT OBbITh BBI3BaHbI TOJIBKO M3 DYHKIMK KOHCTPYKTOpa. Eciu poyepuuii
KJacc umeet (hYHKITMIO KOHCTPYKTOPA, TO HYKHO BbI3BIBATH super() U3
9TOTO I0YEPHEr0 KOHCTPYKTOPA, 4TOOBI TPUCOEUHUTD KJIACC KOPPEKTHO.
(TypeScript mpemynpenunt, ecau Bol 3a0yaere. B 3ToM cMbicsie OH TIOXOK
Ha HaJEKHOTO (hyTypHUCTHYECKOTO POOOTA-CITOHA. )

321M6TI::T€7 4TO ITOCPEACTBOM super MOKHO O6paH_IaTbC$I TOJIBKO K ME€TOJaM
POANTEJILCKOTO KJylaCCa, HO HE K €T0 CBOICTBaM.

Ucnonb3oBanue this B kauecTBe BO3Bpalliaemoro Tuna

this MOKHO MCIIOJIb30BATh B KQUECTBE 3HAUEHUST MM TUIIA (CM. TTOAPasest
«Tunmsarus this» wa c. 73). IIpu pabore ¢ Kaccamu THIT this MOKET OKa3aThCst
TIOJIe3€H [IJisI aHHOTHPOBAHUST BO3BPAIIAEMBIX THIIOB METO/IOB.
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Cozpmamum yrpoIeHHY 0 BePCUIo CTPYKTYPHI TaHHBIX Set B ES6, kotopas moz-
JIEPKUBAET JBE Olepalinm: 100aBIeHre Ynucyia B Habop 1 IPOBEPKY, HAXOIUTCS
JIY laHHOE Yncio B Habope. Vcnosbayercst oHa Tak:

let set = new Set
set.add(1).add(2).add(3)
set.has(2) // BepHo
set.has(4) // HeBepHo

OmpenesnM Kaacce Set HauMHasI ¢ MeTOAA has:

class Set {
has(value: number): boolean {
/...
}
}

Yro Hacuet add? BeisbiBast add, 0GOpaTHO BbI MOJTy4YaeTe 9K3eMILIsAp Set. MOKHO
TUIIN3WPOBATH €T0 TaK:

class Set {
has(value: number): boolean {
/..
}
add(value: number): Set {
/..
}
}

IIokaBce XOpOo1Io. Yro HpOHBOfII[eT, KOr/ia Mbl HOHpO6yeM CO3/1aThb ITO/IKRJIAaCC Set?

class MutableSet extends Set {
delete(value: number): boolean {
/..

}

Koneuno, Mmeton add, mpuHaaIeXaINii Set, TO-TIpesKHEMY BO3BpAIaeT Set,
KOTOPBIN JIJISI TTOJIKJIacca ITPUJIETCA 3aMEHUTh Ha MutableSet:

class MutableSet extends Set {
delete(value: number): boolean {
/...
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add(value: number): MutableSet {
/...

}

[Tpu paboTe ¢ pacuMPSIIONIMME KJIaCCAMU YTOMUTEIBHO TIEPETUCHIBATH CUTHA-
TYPBI /LIS KK /I0TO METO/1a, BO3BPAIaoniero this. V1 ecn TOIBKO Tak MOKHO
YTOZUTDb MOJLYJIIO IIPOBEPKU TUIIOB, TO KAKOU CMBICJI JIeJIaTh HACJIeJ0BaHUE OT
6a30BoOro KJacca?

Wcnonp3yem this B KauecTBe aHHOTAIIUU BO3BpaIaeMOro THUIIA, YTOOBI
TypeScript npoaenasn pabory 3a Hac:

class Set {
has(value: number): boolean {
/...
}
add(value: number): this {
/...
}
}

Temiepb BBI MOKeETE y6paTb nepesanuch add n3 MutableSet, MOCKOJIBKY this
B Set yKa3bIBaeT Ha IK3EMILTIAP Set, a this B MutableSet yKa3bIBaeT Ha 9K3eM-
IJISIp MutableSet:

class MutableSet extends Set {
delete(value: number): boolean {
/..

}

ITa 0cobeHHOCTH 0UeHb yaoOHa mpu pabdote ¢ nermoukamu API (em. mozgpasen
«ITaTtTepn ctpoutenp» Ha c. 141).

Untepdeircol

Knaccer yacto HCIIO/Ib3YIOTCA BMECTE C I/IHTep(beﬁcaMI/I.

[Too6HO TICEBIOHNMAM TUTIOB, UHTEPMEICHI SIBJISIOTCS CIIOCOOOM Ha3BaTh THII
6€e3 HeOOXOMMOCTH OTIPE/IE/IATH €r0 BCTPOEHHbBIM. I1CeBIOHNMBI TUIIOB U MH-
Tepelichl — 3TO B IIEJIOM /IBa CHHTAKCHUCA [IJIsT OAHOM 3a1a4M ( KaK BhIPasKeHIS
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 JieKIapannu (hyHKIHIT), HO ecTh HeGoJibIue oTanyust. HauHeM ¢ usydeHwst
UX OOIINX XapaKTepUCTUK. PaccMOTpuTe CIIeAYIONHil IICEBIOHUM THIIA:

type Sushi = {
calories: number
salty: boolean
tasty: boolean

}
Ero serko nepenucats B Buse nutepderica:

interface Sushi {
calories: number
salty: boolean
tasty: boolean

}

[TceBmornM THIA Sushi MOKHO 3aMeHUTD Ha nHTEpdeiic Sushi. Obe nekrapa-
U OTIpeieIAoT (hOPMBI, ¥ 3TH (OPMBI ABJIAIOTCA COBMECTUMBIMU (Ha Jiesie
OHW WJICHTUYHBI).

CraHOBUTCS MHTEPECHEE, KOT/a Bbl HAUMHaeTe KOMOMHUPOBATh TUIIbL. CMO-
JleJIUPyeM JOTOJHUTEIbHYIO e/1y:

type Cake = {
calories: number
sweet: boolean
tasty: boolean

}

Hanuume xanopuii 1 BKyca CBOICTBEHHO Pa3HOU efle — He TOJBKO Sushi
1 Cake. [ToaTomy maBaiiTe BbiieIMM Food B OTETBHBIN TUII U TIEPEOTIPEIETTUM
BU/IBI €TbI B HEM:

type Food = {
calories: number
tasty: boolean

}

type Sushi = Food & {
salty: boolean

}

type Cake = Food & {
sweet: boolean
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[TouTtn naeHTUYHO BBI MOKETe MPOJIeTIaTh TO JKe caMoe ¢ nHTepdericaMiu:

interface Food {
calories: number
tasty: boolean

}

interface Sushi extends Food {
salty: boolean

}

interface Cake extends Food {
sweet: boolean

MuTepdericol He 06513aTeNbHO TOMDKHBI PACIIVPATD APYTIE NHTePPEIICHL.
Ha pmene unrepderic MoxeT pacminputb mobyo popmy: 06BeKT type,
class mm gpyron interface.

B uem otamyme tunos ot mHTEpdeiicoB? OTanyns Tpu, U OHNU HE CUIBHO
BBIPAKEHBI.

Bo-11epBbIX, MCeBIOHUMBI TUTIOB (GoJiee 0000IIEHBI: UX MTPaBasi 4YacTh MOKET
OBbITB JIF0OOTO THIIA, BKITOYast BbIpakeHue TUIIa (TUTI U, BO3MOKHO, OTlepalinn
Bpojie & Wi |). A mpaBast yacTh uHTEpdeiica gomkHa ObITh hopmoit. Coremy-
o1ure IMCeBAOHNMbBI TUTIOB HUKAK HE IIepenncaTtb B BUIE PIHTep(l)efICOBZ

type A = number
type B = A | string

Bo-Bropsix, ipu pacmupenun uarepdeiica TypeScript 6yaer mpoBepsiTh, co-
BMECTUM JIN 3TOT I/IHTGp(l)(—Z‘fIC C IIPOM3BEAEHHBIM BaMU paCIINPEHNUEM!

interface A {
good(x: number): string
bad(x: number): string

interface B extends A {
good(x: string | number): string
bad(x: string): string // Owubka TS2430: Interface 'B'
// HeKoppekmHo pacuupsaem
} // interface 'A'. Tun 'number’
// HecoBmecmum c munom 'string’.
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ITO He TOT CJIy4yail, KOT/la BBl MUCIIOJb3yeTe TUIIBI TIePeCceYeHN: eCu BbI
npeBparutTe uHTEPHENChl U3 MOCJAEIHErO IPUMEPA B TICEBJOHUMbI TUIIOB
u pacmupure (extends) ux B iepeceuenus (&), TypeScript moctapaeTcst ckoM-
OUHUPOBATH ITO PaCHIMPEHKE C PACIIUPSIEMbIM TUIIOM, GOPMUPYsI B UTOTE
HeperpysKeHHY0 CUTHATYPY /17t bad BMECTO BbIIAUM OMIMOKHU ITPU KOMITHIISI-
1un (IIPOBEPETE ATO B PEIAKTOPE).

Korza BbI MozienmpyeTe HacJe0BaHIe JIJIsI THTIOB 00BEKTOB, TPOBEPKA CO-
BMECTHMOCTH, Tipon3BouMast TypeScript B oTHOmeHNN MHTEPGhEHCOB, MOKET
OKa3aThCsI OYeHb TTOJE3HOM JIJIsT IEPeXBATa OMMOOK.

B-TpeTI)I/IX, HECKOJIbKO HHTGp(i)eﬁCOB C OIMHAaKOBbIM UM€HEM B O,Z[HOfI obsractu
IMo/IBEPraroTCsAa aBTOMaTUIECKOMY CIINAHUIO. A HECKOJIBKO OJJHOMMEHHBIX IICEB-
JOHNMOB THUIIOB B OlIHOﬁ obacT 6y,ZIYT BbI3bIBATb OI_HI/I6Ky IIPpY KOMITUJIATINH.
IT1a 0COOEHHOCTDb HA3BIBAETC CAUSHUEM lIeK]IapaL[I/Ifl.

C(nuanune geknapauun

Cimmstaue feksapaiiuii B TypeScript — 910 crocob aBToMaTHyecKoro KOMOUHM-
POBaHUS HECKOJIbKUX JIEKJIAPAIIE, MMEIOTINX O/InHAKOBOE UMsi. Mbl yzKe BCTpe-
YaJIMCh C ATUM TIPOIECCOM, KOT/[a BHAKOMUJIUCH C ITEPEYUCTeHUsIMU (CM. TIOJI-
paszen «<Enum» Ha c. 60). CausgHus Takyke BCTpedaoTes pyu paboTe ¢ TAaKUMK
BO3MOJKHOCTSIMH, KaK JieKJapaluu namespace (cM. pasjen «lIpocrpancrsa
UMeH» Ha c. 274). B TekyieM nozapaszese Mbl BKpaTIle TO3HAKOMUMCS CO
CMSTHUEM JIeKJIapaluii B KouTekcte uarepdeiicos. /s 6osee raybokoro
U3y4YeHust TeMbl oOpaTtuTech K paszeny «CiusiHue gexaapaiuii> Ha c. 279.

Eciu BbI 06bsiBUTE /1B OJHOMMEHHBIX HHTEP(deiica User, TypeScript aBToma-
TUYECKH OObeIMHNUT UX B OJMH HHTepdeiic:

// User umeem o0HO none, name
interface User {
name: string

// Tenepb User umeem 06a nonA, name u age
interface User {
age: number



WHTepdeiicyi 123

let a: User = {
name: 'Ashley’,
age: 30

}

Bot yTo mponsoiizeT, eciu Bbl MOBTOPUTE 3TOT IIPUMED C TICEBJIOHUMAMU TUTIOB:

type User = { // Owubka TS2300: noBmopswuyulica udeHmupukamop 'User'.
name: string

type User = { // Owubka TS2300: noBmopswuyulica udeHmupukamop 'User'.
age: number

}

Ob6patuTe BHUMaHUe, 4TO ABa MHTEpdeiica He ZOJKHBI KOH(PIUKTOBATD. Ecim
OJIMH TUTIN3UPYET property(CBONCTBO) Kak T, a APYrOl TUTIM3UPYET €TO KaK
UM T He COBITAJIET C U, TOT/Ia BBI MOJYyYHTE OMIHOKY:

interface User {
age: string

interface User {
age: number // Owubka TS2717: nocnedyiwuue deknapayuu cBolicmB
// OO/KHbI uMemb mom xe mun.
} // C6olicmBo 'age' OomkHO umemb mun 'string’,
// Ho 30ecb umeem mun ‘number’.

U ecnin untepdeiic 00bstBisieT 06001eHHbIe THITBE (M. paszes «I[Toaumop-
dbusm» Ha c. 131), To 11g causanusg AByX MHTEPhENRcoB OHU TOJKHBI OBITH
00BSIBJIEHDBI OJIMHAKOBO — BILJIOTh /[0 IMEH.

interface User<Age extends number> { // Owubka TS2428: Bce deknapayuu
age: Age // 'User' OosxHel umems
// udeHmu4Hsle napamempsl mund.

interface User<Age extends string> {
age: Age
}

ITOo peakuii cayvait, korga TypeScript mpoBepsieT He TOJTBKO COBMECTUMOCTD
JIBYX TUIIOB, HO U WX UOEHMUUHOCTND.
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Peanusauumn

ITpu 06BABIEHUN KJIACCA MOYKHO UCIIOJIb30BATh KJII0YEBOE CJIOBO implements,
4TOOBI yKa3aTh, YTO OH COOTBETCTBYET OTpesieieHHoMy nHtepdeiicy. [TogobHo
JIPYTUM ABHBIM aHHOTAIIUSAM, 9TO yA0OHBIN c110c00 106aBUTh OrpaHUYeHIe Ha
YPOBHE THUIIOB, YTOOBI KJIAcC OBbLI peaan3oBaH MaKCUMAIbHO OJIM3KO K pea-
JIMBAIMN U 1T03KE He BO3HUKIIO MPOGaeM. DTO TaKKe pacipoCTpaHeHHbIN
c11oco6 pea30BbIBaTh IATTEPHbI TPOEKTUPOBAHUS BPO/E aJanTepoB, (hadpuK
U T. 1. (IIpUMepbl — B KOHIIE TJIABBI).

BoT kak 5T0 BBITISAIUT:

interface Animal {
eat(food: string): void
sleep(hours: number): void

class Cat implements Animal {
eat(food: string) {
console.info('Ate some', food, '. Mmm!")

}

sleep(hours: number) {
console.info('Slept for', hours, 'hours')

}

Cat 00s13aH peaqn30BaTh He TOJbKO KaKIbIil METO, 0ObSIBICHHDIH B Animal,
HO U JIONIOJIHUTEJIbHBIE METO/IbI ¥ CBOICTBA.

VHrepdeiichl MOryT 00BSABIATH CBOWCTBA HK3EMILISIPOB, HO HEe MOAU(DUKATOPBI
BUAMMOCTH (private, protected 1 public) U UCIIOJIB30BATH KJIIOYEBOE CJTOBO
static. Takke MOKHO OTMEYATh CBONMCTBA 9K3EMIIIISIPOB Kak readonly, Kak
B TIpPUMepax U3 TJIaBbl 3:

interface Animal {
readonly name: string
eat(food: string): void
sleep(hours: number): void

}
Br1 He orpanuyensr peausarueii oqHOTO UHTEpdeETica:

interface Animal {
readonly name: string
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eat(food: string): void

sleep(hours: number): void

interface Feline {

meow(): void

class Cat implements Animal, Feline {

}

name = 'Whiskers'
eat(food: string) {
console.info('Ate some', food, '. Mmm!")
}
sleep(hours: number) {
console.info('Slept for', hours, 'hours')

}

meow() {
console.info('Meow")

}

Bce st Bo3MoKkHOCTH TUTIOOE3011acHbL. ECn Bb 3a6y,t[eTe peann3oBaThb Me-
TOJZl WJIU CBOMCTBO MJIN peajin3yeTe NX HEKOPPEKTHO, TypeScript mpuzeT Ha
momMoth (puc. 5.3).

10 [ts]

11 Class 'Cat' incorrectly implements interface
12 'Feline"'.

13 Property 'meow' 1is missing in type 'Cat' bu
14 t required in type 'Feline'. [2420]

12 « index.tsx(8, 3): 'meow' is declared here.

17 class Cat

18 class Cat implements Animal, Feline {

19 name = 'Whiskers'

20 eat(food: string) {

21 | console.info('Ate some', food, '. Mmm!')

22 }

23 sleep(hours: number) {

24 | console.info('Slept for', hours, 'hours')

25 }

26 }

Puc. 5.3. TypeScript BbiOpacbiBaeT oLwnoKy, Koraa bl 3abbiBaeTe peanin30Barb MeTop
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Peanusauua nxtepdeiicoB NpoTMB paciuupeHus abCTPaKTHbIX KNaccoB

Peasmzanus narepdeiica IeHCTBUTEILHO CX0Ka € paciiupeHeM abCTPaKTHOTO
KJsacca. Pasuuia B ToMm, yto nHTepdeiicsr 60ee 06001eHbI 1 JIETKOBECHBI.

Nurepdeiic — a1o criocob moaenuposanust popmbl. Ha ypoBHe 3HaueHUit 910
00BEKT, MacCHB, (DYHKITHSI, KJTacC MU 9K3eMILIsIp Kiaacca. On He hopmupyer
JavaScript-kox u cy1ecTByeT TOJIBKO B MTPOIlECce KOMIUIISIINN.

AGCTPaKTHBIN KJIacC MOKET CMOJIEJTMPOBATh TOJIBKO Kiaacc. OH hopMupyer
KOJI CP€/Ibl BBITIOJIHEHUSI, SIBJISTIOIIMAIICS, KaK BbI yKe J[OTAJa/INCh, KIIACCOM.
OH MOJKET UMETH KOHCTPYKTOPDI, O6eCHe‘{I/IBaTb IpeayCcTaHOBJIEHHBIE pea-
JIN3AIUHU U yCTaHABIMBATh MOAU(MDUKATOPDI IOCTYIIA IJIsI CBOMCTB ¥ METO/OB.
WNurepdeiicol He MOTYT /ieJIaTh HUYETrO U3 MePEeYnCIeHHOro.

Yro m3 Hux sydine, 3aBUCUT OT KOHKPETHOTO caydas. Korma peanusaius
pasjesisieTcsi cpasy HeCKOJbKUMU KJIacCaMU, UCIOJIb3YIOTCS abCTPaKTHbIE
KJacebl. Korza HysKHO IPOCTO COOBIIUTD, YTO «dTOT KJIACC SIBJASETCS T», MC-
MoJIb3yiiTe mHTEPdETic.

Knaccobl CTPYKTYPHO TUNMU3NPOBAHDI

Kax u sito6bie apyrue Turbl, TypeScript cpaBHUBAET KJIACCHI 110 KX CTPYKTYPE,
a re o nMenn. Kiracc coBMecTnMm ¢ JIT0ObIM IPYTUM THITOM, Pa3IeJISTIONINM €T0
(hopmy, BKIIIOYAst CTapbIil IPUBBIYHBII 0OBEKT, OTPEAEIISIONINIT Te e CBOWCTBA
MJIW METO/IBI, UTO U KJTacc. ITO BAXKHO TIOMHUTD, eCJIv BbI ipuniin u3 C#, Java,
Scala nm gpyroro si3bika, THITU3UPYIOIIETO KIACCHI HOMHHAIBHO. DTO 3HAYWT,
YTO €CJIN Yy BaC eCTh (DYHKIIUS, ITOJIyYatolias Zebra, U BbI TiepejiaeTe eii Poodle,
TypeScript He cTaHeT Bo3pakaThb:

class Zebra {

trot() {
/...
}
}
class Poodle {
trot() {
/...
}
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function ambleAround(animal: Zebra) {

animal.trot()
let zebra = new Zebra
let poodle = new Poodle

ambleAround(zebra) // OK
ambleAround(poodle) // OK

Kaxk usBectHo, 3e6pa coBceM He Iy/iesib, HO C TOYKU 3peHus (DYHKIINU OHU
B3anMO3aMeHsIeMbl. BaxkHO, 4TO OHU peaynusyloT .trot. B a3bikax, tunnsu-
PYIOIIMX KJIACChl HOMMHAIBHO, 9TOT Ko/ BbizoBeT omnOKy. Ho TypeScript

TUITU3UPOBAH CTPYKTYPHO

Wckiouennem U3 3TOTO IIpaBuJIa 6y,[[yT KJIACCHI C IIOJIAMU private nuian
protected: ecain IIpU IIPOBEPKE COBMECTUMOCTH (bOpMI)I 1 KjIaCCa 9TOT KJIaCC
nMeeT TaKHue 110J14, a (bopMa HE ABJIAETCA O9K3EMILVIAPOM 9TOI'0 KylaCCa UJIN €TI0
IIOJIKJIaCCOM, TO OHa OKaKeTCA C HUM HECOBMECTHUMaA:

class A {

private x =1
}
class B extends A {}
function f(a: A) {}
f(new A) // OK
f(new B) // OK

f({x: 1}) // Owubka TS2345: apzcymeHm muna '{x: number}' HecoBmecmum
// ¢ napamempom muna 'A'. CBolicmBo 'x' saBnsemca

// private 8 mune 'A', Ho He 8 mune '{x: number}'.

Knaccol 06bABNAIOT M 3HAYEHUA, U TUNDI

bémpias yacTh TOro, UTO BBI MOKETE BHIPA3uTh B TypeScript, okaspiBaeTcs

a0 3HAYEHUEM, JTMOO TUIIOM:

// 3Ha4yeHusa
let a = 1999
function b() {}
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// munesl

type a = number

interface b {
(): void

}

Tunsl v 3HaueHust B TypeScript oTHOCSATCS K pasHbIM 00J1acTsM MMeH. B 3aBu-
CUMOCTH OT TOTO, KaK BbI UCITIOJIb3yeTe BhIpaKeHue (a Uik b B 9TOM IIPUMEPE),
TypeScript perraet, 06pabaTbiBaTh €ro Kak THUII WK KaK 3HAYEHUE.,

/..

if (a+1>3) //... // TypeScript BbiBo0um u3 KoHmekcma,
// u4mo Bbl nodpa3zymeBaeme 3Ha4yeHue a

let x: a =3 // TypeScript 6bi8o0um u3 KoHmekcma,
// umo Bbl nodpaszymeBaeme mun a

KomrekcTHOe mposicHerre BhIpaKeHuil 04eHb YA00HO 1 MO3BOJISIET J€TaTh
KPYTbI€E BEIIU BPOJIE PEATH3ANNH TUIIOB KOMITAHBOHOB (CM. ojipases «[lat-
TepH 00BEKT-KOMITAHbOH» Ha C. 176).

Kiaccor rnepeyunciaeHuda ABJaAITCA ocobenubiMu. OHN YHUKaJIbHbBI 6]IaFO-
napd TOMY, YTO TeHEPUPYIOT KaK TUII B IIPOCTPAHCTBE TUIIOB, TaK U 3HAYEHUE
B IIPOCTPAHCTBE 3HAUEHUI:

class C {}
let c: C @

=new C @

enum E {F, G}
let e: E @

=E.F @
o B sToM KoHTEKCTE C OTHOCUTCS K TUITY 9K3EMILJIAPaA KilacCa C.
©® B s1oM KOHTEKCTE C OTHOCUTCS K C-3HAYEHUIO.
e B sTOM KOHTEKCTE E OTHOCUTCH K TUITY TI€EpEYnCIE€HNA E.
o B sTOM KOHTEKCTE E OTHOCUTCS K E-3HAUEHUIO.

[Tpu paboTe ¢ KITaccaMu HYKHO IMETHh BO3MOKHOCTD CKa3aTh: «ITa IepeMeH-
Hast I0JKHA OBITH 9K3EMILISIPOM 9TOTO KJIACCA», 1 TO JKE CAMOE KACAeTCs TIepe-
qncsennii («9Jta mepeMeHHas 0JKHA ObITh YWIEHOM 9TOTO MEPEUNCIEHIST> ).
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HOCKO]Ibe KJIACChI U II€PEINCJIEHUA TEHEPUPYIOT TUIIbI Ha YPOBHE TUIIOB, OHN
MO3BOJISIIOT JIEFKO BBHIPA3UTh CBSI3b <SIBJISIETCSI TEM-TO> ! (is-a).

Tak:ke HY’KeH CIIOCO0 MPEICTaBUTD KJIACC B CPeJle BBITIOJTHEHMS], YTOOBI MH-
CTaHIIUPOBATD €T0 C new, BBI3BIBATD JIJIs1 HETO CTATUUEeCKUEe METOIbI, TIPOU3BO-
JIUTh ¢ HUMU METAlPOTPAMMUPOBAHUE U OTIEPUPOBATH C HUMHU ITOCPEICTBOM
instanceof. To ecTh KTacc AOJKEH TeHEPUPOBATD W 3HAUEHNE TOXKE.

B mpenpiiyniem nmpuMepe C OTHOCUTCS K 3K3eMILJISIPY Kiacca C. Kak omu-
caThb kyiacc C? Mbl MCTIOJIb3yeM KJIIOUEBOE CJIOBO typeof (omepaTop Tuia
B TypeScript, koTopblii 1ybupyer typeof ypoBHs 3HadeHuil B JavaScript,
HO JI7I51 TUTIOB).

Cosmaaum kiiacc StringDatabase — IpocTelnyio 6asy JaHHBIX:

type State = {
[key: string]: string

class StringDatabase {
state: State = {}
get(key: string): string | null {
return key in this.state ? this.state[key] : null
¥
set(key: string, value: string): void {
this.state[key] = value
¥
static from(state: State) {
let db = new StringDatabase
for (let key in state) {
db.set(key, state[key])
}

return db

}

Kaxkwue turst TeHEPHPYET 9Ta JleKaapalis kiacca? Tum IK3eMILIApa String-
DataBase:

! TypeScript CTpyKTYpHO TUIIM3MPOBAH, U CBA3b /s KJIACCOB OOJIBIIE TTOX0KA Ha <Bbl-
risaut Kak»> (looks-like) — m060ii 06beKT, peanusyomuii Ty ke (popmy, 4To 1 KJace,
Gy/IeT COBMECTHM C THIIOM 9TOTO KJIACCa.
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interface StringDatabase {
state: State
get(key: string): string | null
set(key: string, value: string): void

}
W tun xorCTpyKTOpA typeof StringDatabase:

interface StringDatabaseConstructor {
new(): StringDatabase
from(state: State): StringDatabase

}

To ectn St ringDatabaseConstructor UMeeT O/IMH METO/] . from, a MUCII0JIb30BaHUE
B KOHCTPYKTOPE new IAeT 9K3eMILIIP StringDatabase. Bmecte aBa mnTepdetica
MOZIEJIUPYIOT 0O€ CTOPOHBI KJIacca — KOHCTPYKTOP M 9K3EMILISP KJIacca.

ITa 4acTh new() HA3bIBAETCS CUTHATYPON KOHCTPYKTOPA, TIO3BOJISIONIEN HA
s3pike TypeScript ckasaTh, 4TO JaHHBIH TUIT MOKET OBITh MHCTAHIIMPOBAH
c oTIepaTopoM new. BOT HamTydInii BApuaHT OMUCAHUS KJIacca B CTPYKTYPHO
TUITM3UPOBAHHOM SI3bIKE — <BCE, YTO MOKET OBITh CO3/IaHO C news.

B sToMm cityyae KOHCTPYKTOP He IPUHUMAET HUKAKUX apIyMeHTOB, HO BBI
MOJKETE UCTIOJIb30BATh €r0 /it 00BSIBJIEHUST KOHCTPYKTOPOB, KOTOPbIE TAK/KE
NPUHUMAIOT ¥ apryMeHTbl. Harpumep, Mbl 0OHOBJIsIEM StringDatabase st
[IOJIyY€HUS ONIIMOHAIBHOIO M3HAYAJIBHOIO COCTOSTHUS:

class StringDatabase {
constructor(public state: State = {}) {}
/..

}

3aTeM MBI MOJKeM THUTIM3MPOBATh CUTHATYPY KOHCTPYKTOPA StringDatabase
KaK:

interface StringDatabaseConstructor {
new(state?: State): StringDatabase
from(state: State): StringDatabase

}

Taxkum 06pa3oM, AEKIApAIUs KIacca TeHEPUPYET He TOTHKO BBIPAKEHUS Ha
YPOBHSIX TUTIOB U 3HAYEHWI, HO M TEHEPUPYET /IBA BEIPASKEHST Ha YPOBHE TH-
TIOB: OJIHO, TTPEJ/ICTABJISIONIEE IK3EMILISP KJIACCa, U APYTOe, IPE/ICTABISAIONIee
caM KOHCTPYKTOP KJacca (OCTYITHBIN ¢ TIOMOIIbIO OIlepaTopa TUIa typeof).
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Monumopdusm

[Toso6HO DYHKIMSAM ¥ THIIAM, KJIacChl U MHTEPMENRCH UMEoT H0TaTyro Mmo/-
JEPAKKY TTapaMeTPOB 060OIIEHHBIX THITOB, BKJIIOYAs TIPEYCTAaHOBKY U OTPa-
HyeHust. O6acTh 0600IEHHOTO THITA MOKHO PACIIMPHUTH /10 BCETO KJIacca
nim wHTepdeiica niam cy3uThb 10 KOHKPETHOTO METO/Ia:

class MyMap<K, V> { @
constructor(initialKey: K, initialvalue: V) { @

Y/

}

get(key: K): V { ©
Y/

}

set(key: K, value: V): void {
Y/

}

merge<K1, Vi>(map: MyMap<K1l, V1>): MyMap<K | K1, vV | vi> { @
Y/

}

static of<K, V>(k: K, v: V): MyMap<K, V> { @
Y/

}

}

Q IIpu oObABICHNN class MpUBA3bIBAITE 0000IIeHHbIe TATIBI K JAnana3ony
KJacca. 31echb K uV JIOCTYITHBI JIJIS KsK/IOTO METO/Ia M CBOMCTBA AK3EMILIISApa
B MyMap.

@ 3amersre, 4TO BB He MOKeTe 00bIBUTH 0000IIEHHbIE TUIIBI B constructor.
Bwmecto aToro nepemectute UX JAEKJIapaIMio B AEKIapaluio class.

© licnosbayiite 0600IIEHHbIE THITHI C IHATTA30HOM KJIACCa Be3/Ie BHYTPH KJTacca.

O MeTobl 9K3EMILISIPA UMEIOT A0CTYTI K 0000IIEHHBIM THIIAM YPOBHS KJIacca
U TaKKe MOTYT 00bSIBJISATH CBOU COOCTBEHHbIE 0000IIEHHbIE TUITBI IOBEPX
HUX. .merge UCIIOJIb3YyeT 0600IIEHHbIE TUIIBI YPOBHS Kaacca K 1 V 1 TaKIKe
00BABIILET J[BA CBOUX COOCTBEHHBIX 0OOOIIEHHBIX THIIA K1 1 V1.

@ Craruueckue METO/IbI HE UMEIOT I0CTYTIa K 0000IEHHBIM THIIAM UX KJIacca,
TaK JKe KaK Ha yPOBHE 3HAUEHUI OHU He UMEIOT JOCTYIIA K [ePeMEeHHbIM
9K3eMILIsIpa MX KJ1acca. Y of HeT J0cTyna K K 1V, 00bsiBieHHbIM B @), 110-
9TOMY OH OOBSIBJISIET CBOM COOCTBEHHBIE 000OIIEHHbBIE TUITBI K 1 V.
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Takske MOJKHO NPUBSI3BIBATH 0O00IIEHHBIE TUITBI K MHTEPdencam:

interface MyMap<K, V> {
get(key: K): V
set(key: K, value: V): void
}

U siBHO TIpUBSI3aTh KOHKPETHbIE THITBI K 0000TIEHHBIM THITAM KaK K (DYHKIIHSIM
I TTO3BOJIUTH TypeScript BeiBecTn UX 3a Bac:

let a = new MyMap<string, number>('k', 1) // MyMap<string, number>
let b = new MyMap('k', true) // MyMap<string, boolean>

a.get('k")
b.set('k', false)

Mpumecn

B JavaScript u TypeScript HeT KITf04eBBIX CTOB trait WM mixin, HO X MOKHO
peannzoBarh. OHM 06a CUMYJIMPYIOT HACIE0BAHNE KJIACCOB U OCYIIECTBIISIOT
POJIEBOE TIPOTPAMMUPOBAHNE — CTUJIb TPOTPAMMUPOBAHUS, T/I€ BMECTO (Dpasbl
«3TO SIBJISIETCS Shape» Mbl TOBOPUM «3TO MOKHO U3MEPUTDbY» WJIU <Y ITOIO €CTh
YeTbIPe CTOPOHBI».

CoznaanM peasnsaiio IpuMecH.

[Ipumech — 3TO MaTTEPH, MO3BOJISIONTNI TPUMEITUBATD IOBEJICHUS U CBOHCTBA
B Kytacc. OHa MOXeT:

O Uwmetb cocTossHume (HampuMep, CBONCTBA SK3EMILIISIPA).
Q IlpenocTaBiasiTh TOJBKO KOHKPETHBIE METO/IbI (He aOCTPAKTHBIE).

O VmeTh KOHCTPYKTOPBI, KOTOPbIE BBI3BIBAIOTCS B TOM K€ TTOPS/IKE, B KAKOM
UX KJIACCHI OBLIM TIPUMETIAHBI.

B TypeScript HeT BCTpOEHHO KOHIIETIIINH TTPUMeCeli, HO MBI JIETKO PeaTu3yeM
ux camu. Cripoektupyem otaanounyio oubamoreky EZDebug mis kimaccos
TypeScript, KoTopast 03BOJIUT PETUCTPUPOBATH NH(DOPMAIINIO O TOM, KaKue
KJIACCHI €€ UCTIOJIB3YIOT, YTOOBI MHCIIEKTUPOBATD UX TIPH BHITIOJTHEHUH:

class User {
/...
}

User.debug() // Beucnsemcsa kak 'User({"id": 3, "name": "Emma Gluzman"})'
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Co crarpaptHbIM nHTEpdeiicoM .debug MOIB30BATEIN CMOTYT OTJIAKUBATH
9T0 yrogHo. CMOIeUPyeM eTo C TPUMECHIO withEZDebug — pyHKITHEH, TTOITY-
Yaroteli KOHCTPYKTOP KJlacca M BO3BPAIAIoIiell KOHCTPYKTOP KJacca:

type ClassConstructor = new(...args: any[]) => {} @

function withEZDebug<C extends ClassConstructor>(Class: C) { @
return class extends Class { @
constructor(...args: any[]) { @
super(...args) @

}

@ OG6bsiBisiem Tun ClassConstructor. YKasbiBaeM, YTO KOHCTPYKTOP — 3TO
HEYTO CO3[[AHHOE C new U CITOCOOHOE TI0JTydYaTh J1060€e YUCI0 apryMEHTOB
J060ro THA'.

O OO0bsiBisieM puMech withEZDebug ¢ OIHUM TTapamMeTpoM Tuiia C. OH J0JKeH
10 MEHbIIIEeH Mepe ObITh KOHCTPYKTOPOM KJlacca, KOTOPBIN MbI IIPUBEIEM
B WICTIOJTHEHUE TIpu mTomotn extends. [IyTs TypeScript BeIBeneT Bo3Bpa-
HlaeMblii TUII withEZDebug — mepecedeHye C 1 HOBOrO aHOHUMHOI'O KJIacca.

© llockombky npumech siBisieTcs (HYHKIIMEH, MOTydaionieil KOHCTPYKTOP
¥ BO3Bpalaioleil KOHCTPYKTOP, MBI BO3BpaIiaeM aHOHUMHBIH KOHCTPYK-
TOP KJacca.

O KoncTpyKkTop Kiacca 10/KeH HOJTyYnTh KAK MUHUMYM Te JK€ apTyMeHThI,
4TO ¥ nepeiaBaeMblii kiaacc. Ho Mbl He 3HaeM, Kakoii Kjiacc OyeT repejiaH,
1 HY’KHO COXPaHSITh KOHCTPYKTOP 0O0OIIEHHBIM.

@ Haxomerl, mOCKOJIbKY aHOHUMHBIN KJIACC PACITUPSIET APYTOil KJIace, /st
KOPPEKTHOH B3aMMOCBSI3U TOTPeOYETCsT BBI3BATh M KOHCTPYKTOP Class.

Kak 1 B 00bI4HBIX KJIaccax JavaScript, ecyin y Bac B constructor GoJIblie HeT
JIOTWIKH, TO BBI MOKeTe omycTuTh cTpoku @ u @. B mpumepe ¢ withEzDebug
MBI He cOOUpaeMcst T00aBIISATD JIOTHKY.

Tenepp, Korja ¢ pyTUHHBIM KOJOM TIOKOHUEHO, HACTAJIO BpeMs OTJIQJOYHON
maruu. [Tpu BbI3oBe .debug Mbl Oy/IeM PerMcTpUpPOBaTh UMsI KOHCTPYKTOPA
KJIacca 1 3HaYeHue 9K3eMILIgpa:

! 3amersre, uto TypeScript 31ech IPUANPYNB: TUI APTYMEHTOB THIIA KOHCTPYKTOPA 0JKEH

6biTh any[ ] (#e void, unknown[] u 11p.), 4TOOBI MbI MOIJIM €0 PACIIHPUTD.
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type ClassConstructor = new(...args: any[]) => {}

function withEZDebug<C extends ClassConstructor>(Class: C) {
return class extends Class {

debug() {
let Name = Class.constructor.name

let value = this.getDebugValue()
return Name + '(' + JSON.stringify(value) + ')’

}

Ho cron! TTomymaiite, Kak yOeaUTBCsI, 4TO KJIACC peaiu3yeT MeToJI . getDebug-
Value, YTOOBI MOKHO OBLIO €TI0 BBI3BATh.

OTBeT B TOM, YTO BMECTO MPUHATUS 106010 IPUBBLIYHOI'O KJIaCCa MbI UCIIOJIb-
3yeM 00001IeHHBIN TUIT /11 YBEPEHHOCTH, UYTO TIepeJlaHHbIN B withEZDebug
KJIacc o1npezessieT MeTo/ . getDebugValue:

type ClassConstructor<T> = new(...args: any[]) => T €@

function withEZDebug<C extends ClassConstructor<{
getDebugValue(): object @

}>>(Class: C) {
/..

}

@ /lobGasigem 0600IIEHHBIN THIT B ClassConstructor.

@ IllpussspiBaeM K ClassConstructor ¢opmy C, TapaHTHPYs, UTO TIepeIaH-
HbIIl HAaMU B withEZDebug KOHCTPYKTOP KaK MUHUMYM OIIpe/IeIgeT MeTO/I
.getDebugValue.

Bor u Bce! MTak, Kak ke UCIIOIb30BATh 3Ty HEBEPOSATHYIO OTJIAN0YHYIO YTH-
auty? Bor Tak:

class HardToDebugUser {

constructor(
private id: number,
private firstName: string,
private lastName: string

) {3

getDebugValue() {
return {
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id: this.id,
name: this.firstName + ' ' + this.lastName
}
}
}
let User = withEZDebug(HardToDebugUser)

let user = new User(3, 'Emma', 'Gluzman')
user.debug() // Buucnemca kak 'User({"id": 3, "name": "Emma Gluzman"})'

KpyTo, mpaBaa? Bl MoskeTe TPUMEHUTD K KJIACCY CTOTBKO IPUMeECEH, CKOJTh-
KO IIOKeJaeTe, 4ToObl CO3JaTh KJIace ¢ 6oee pasHOOOPa3HbIM [IOBEACHIEM,
puYeM TUI0Ge30macHbIM crtocoOoM. IIpumecy moMoraloT MHKAIICYIHPOBaTh
HOBeJIeHKe KJIacca, a TaKKe CIyKaT BbIPasUTeIbHbIM CII0COO0OM CO34aTh €ro
[ePEeNCIIOIb3yeMblil BApUAHT.

Nlekopatopbl

JlekopaTopbl — 3TO aKCIIEPUMEHTAIbHAS BO3MOXKHOCTD TypeScript, npejo-
CTABJISIIONIAST CHHTAKCUC JIJISI METATIPOTPAMMUPOBAHUS C KJIACCAMU, METOIAMU
KJIACCOB, CBOMCTBAMU U MTapaMeTPaMu METOI0B. JTO CUHTAKCUC, KOTOPBIN
paboTaeT MOCPeACTBOM BbI30Ba (DYHKIIMH /ISl IEKOPUPYEMOTO dJIEMEHTA.

TSC-ONAT: EXPERIMENTALDECORATORS

ITockonmbKy meKOpaTophl Bce ellfe 9KCIepMMeHTaNlbHasA BO3MOXKHOCTb,
II03/JHEE OHM MOTYT CTaTh HECOBMECTUMBIMI C IIPEKHUMM BEPCUAMU VTN
1 BoBce OBITH yHaneHbl. OuM Taxxe perymupytorcs gmarom TSC. Eciu
BBI XOTHUTE UX IONPOOOBATh, TO YCTAHOBUTE experimentalDecorators:
true B tsconfig.json 1 pofo/KaiiTe M3ydeHue pasyerna.

Haunewm pasz6op npuHimia paboThl IEKOPATOPOB CO CIEAYIONIET0 IPUMepa:

@serializable
class APIPayload {
getValue(): Payload {
/..
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IlexopaTop Kiacca @serializable obopaumnBaer Kaacc APIPayload U OIIMO-
HAJIBHO BO3BpalllaeT HOBBIH KJlacc Ha 3aMeny. bes 1ekopaTopoB MOKHO c/ies1aTh
TO K€ caMoe TaK:

let APIPayload = serializable(class APIPayload {
getValue(): Payload {
/7.

1}

s kaxaoro tuia aekoparopa TypeScript Tpebyer Hannuus B obactu
AefcTBUsT QYHKIMU ¢ 3a]aHHBIM UMEHEM ¥ HeOOXOAMMOI CUTHATY PO

(tabu. 5.1).

Tabnuua 5.1. Owaaemble CUTHATypbl TANOB A4S PA3ANUHbIX BUAOB GYHKLMI 1€KOPATOPOB

Yro sekopupyem Oxupaemas CUrHaTypa Tuna

Knacc (Constructor: {new(...any[]) => any}) => any

Memoo (classPrototype: {}, methodName: string,
descriptor: PropertyDescriptor) => any

Cmamuyeckuti Memo0d (Constructor: {new(...any[]) => any},
methodName: string, descrip tor:
PropertyDescriptor) => any

Mapamemp memooda (classPrototype: {}, paramName: string, index:
number) => void

Mapamemp cmamuyeckozo  (Constructor: {new(...any[]) => any},

mMemooa paramName: string, index: number) => void

Ceolicmeo (classPrototype: {}, propertyName: string) =>
any

Csoticmeo cmamuyeckoeo ~ (Constructor: {new(...any[]) => any},

memooa propertyName: string) => any

Ceoticmeo eemmepa/ (classPrototype: {}, propertyName: string,

cemmepa descriptor: PropertyDescriptor) => any

Cmamuyeckoe cgolicmeo (Constructor: {new(...any[]) => any},

2emmepa/cemmepa propertyName: string, descriptor:
PropertyDescriptor) => any

B TypeScript HET BCTPOEHHBIX JIEKOPATOPOB: UX MOXKHO PEATM30BaTh CaMO-
CTOSITEIBHO WJIU YCTaHOBUTH U3 NPM. Peanusanus nig Kaxaoro BUaa ne-
KOpaTopa — JJIsI KJIacCOB, METOJIOB, CBOMCTB U TapaMeTpOB (hYHKITUN — 3TO
peryasapHas QYHKINS, COOTBETCTBYIONIAS ONPe/ieIEeHHON CUTHATYPE B 3aBU-
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CUMOCTH OT TOTO, UTO OHa iekopupyeT. Hampumep, nekopatop @serializable
MOJKET BBITJISAIETD TaK:

type ClassConstructor<T> = new(...args: any[]) => T €@
function serializable<

T extends ClassConstructor<{
getvalue(): Payload @
>
>(Constructor: T) { @
return class extends Constructor { @
serialize() {
return this.getValue().toString()

}

@ new() — 910 €c1OCOO CTPYKTYPHOI TUITU3AIMU KOHCTPYKTOPA KJacca
B TypeScript. A 111 KOHCTPYKTOpa KJacca, KOTOPBI MOXKeT ObITh pac-
mupeH (¢ TOMOTIbIo extends), TypeScript Tpebyert, 4TOOBI €ro apryMeHThI
OBLTN TUIU3UPOBAHBI C PACIIPOCTPAHEHUEM any: new(..any[]).

@ @serializable MOXKeT J€KOPUPOBATH OO0 KIacC, YbU HKI3EMILISIPBI
peanunsyioT MeToJI .getValue, BO3BpAIAIONINii PayLoad.

© /lexopaTopsi KIaccoB — 3TO (HYHKIUH, MOJYIAIOIINE OJUH aPIyMEeHT —
kiacc. Ecam dynknms nekopaTtopa BepHeT K1acc (Kak B IpuMepe), TO OH
3aMEHUT IEKOPUPYEMBIIT KJTacc B cpefie BBITIOJMHEHWS. B TpoTnBHOM ciydae
OH BEepHET OPUTHHAIBHBIHN KJIacc.

O /11 1eKOpUPOBAHMS KJIacca MBI BO3BPAIlaeM KJlacc, KOTOPBIil ero pac-
ITUPSIET, ¥ TIOMYTHO 100aBJIsieM METOJT . serialize.

YTo IpOMCXOUT, KOT/IA MBI ITHITAEMCS BbI3BATh .serialize?

let payload = new APIPayload

let serialized = payload.serialize() // Owubka TS2339: cBolicmBo
// 'serialize' He cywecmByem
// 6 mune 'APIPayload’.

TypeScript mpenmnomnaraet, 4To IEKOPATOP He U3MeHsIeT (PopMY TOTO, UTO JEKO-
pupyert (He 106aBJSIIOTCS U He YAAISIOTCST METOIBI U CBOTicTBa). B mportecce
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KOMITUJISIIIAE OH TTPOBEPsIET, YT0OBI BO3BPAIAaeMbIil BAMU KJ1acC ObLII COBME-
CTUM C TIepeJaHHbIM KJIaccoM, HO Ha MOMEHT Hamucanus Kauru TypeScript
He OTCJICKUBACT PACIIUPEHUS, TIPOMU3BOANMBIC BAMH B IEKOPATOPAX.

[Toka ekopaTopsl He cTasiu 6oJee MpopabOTaHHBIMU, 1 PEKOMEH]TY 0 N30eraTh
VX PUMEHEHUS U TPUAEPKUBATHCS PETyIIPHBIX (DYHKITUL:

let DecoratedAPIPayload = serializable(APIPayload)
let payload = new DecoratedAPIPayload
payload.serialize() // string

[JononanTeapbHyI0 HHGOPMAIIUIO O IEKOPATOPaX MOKHO HAUTH B ODUITUAIb-
HO moxymenTaruu (https://www.typescriptlang.org/docs/handbook/decorators.html).

Umutauma ¢uHanbHbIX KnaccoB

Xots TypeScript u He moamep:kBaeT KIOUYEBOE CIOBO final /I KIacCOB
U METOJIOB, €T0 MOKHO JIETKO UMUTHPOBaTh. Ec/in y Bac HeT ormbita paboThI
¢ 00BbEKTHO-OPUEHTHPOBAHHBIMI SI3BIKAMU, TO final — 9TO KJIIOYEBOE CJIOBO,
KOTOPOE B HEKOTOPBIX M3 HUX COOOIIAET, YTO KJIACC He MOJKET OBITh PACIINPEH,
a MeToJ[ — IlepeolIpeieieH.

Jlns nvmutariy final kimaccoB B TypeScript MoKHO HCTTOJTB30BATh TPUBATHBIE
KOHCTDYKTOPBL

class MessageQueue {
private constructor(private messages: string[]) {}

}

Korz[a constructor IOMeYeH Kak private, Bbl HE MOYKETE UCII0JIb30BATh B KJIacce
new MJIN PACHIMPATD €T0:

class BadQueue extends MessageQueue {} // Owubka TS2675: HeBO3MOXHO
// pacuwupume Kaacc
// 'MessageQueue’.
// KoHcmpykmop knacca
// ommeyeH Kak npuBamHoili.

new MessageQueue([]) // Owubka TS2673: KOHCMpyKmop
// Knacca 'MessageQueue’
// A6nsemca npuBamHem u AocmyneH
// monbko BHympu OeKkaapayuu KAacca.
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[ToMuMoO penaTCcTBUSA paciupeHuio Kiaacca (YTo HaM W HYJKHO ) TTPUBATHbBIE
KOHCTPYKTOPBI TAKIKE 3aITPEIIAIOT HEMOCPEICTBEHHOE MHCTAHITMPOBAHIE 3TOTO
KJacca (a aToro He Hao). Kak coXpaHUTb IIepBoe orpaHrdYeHne 1 n30aBUThCS
ot BTOoporo? Jlerko:

class MessageQueue {
private constructor(private messages: string[]) {}
static create(messages: string[]) {
return new MessageQueue(messages)

}

API MessageQueue HECKOJIBKO U3MEHMJIC, HO 3aTO YCIIENTHO ITPETOTBPAIlEHO
€TI0 paClIMpeEHMNE B IIPOLECCE KOMITUJIATNI

class BadQueue extends MessageQueue {} // Owubka TS2675: HeB03MOXHO
// pacuupumes Kaacc
// 'MessageQueue’'. KoHcmpyKkmop
// Knacca ommeyeH Kak npuBamHbili.

MessageQueue.create([]) // MessageQueue

MaTTepHbl NpoeKTUPOBAHUA

[1aBa 06 00bEKTHO-OPUEHTUPOBAHHOM IIPOrPAMMKUPOBAHIK Obliia Gbl HEMOJI-
HO 6e3 00CY K IEHIS PeanTn3aliui XOTs ObI aphbl IATTEPHOB TPOEKTHPOBAHIS,
He Tak Jin?

MarrepH pabpuka

Ilammepn pabpuxa — 910 c11ocod co3aaTh 0OBEKT, Ha Haze KOTOPOro MOKHO
$hopMupPOBaTh OGBEKTHI CXOKETO THIIA.

[Toctponm o6yBHY0 (habpuky. HauHeM ¢ onpe/iesieHust TUIa Shoe U HECKOJIb-
KUX BUJIOB OOTUHOK:
type Shoe = {

purpose: string

class BalletFlat implements Shoe {
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purpose = ‘'dancing’

class Boot implements Shoe {
purpose = 'woodcutting’

class Sneaker implements Shoe {
purpose = 'walking'’

}

3aMeTbre, 4TO B ATOM IIPUMEPE UCTIOIB3YETCST type, HO MBI MOTJIH OBI C TEM JKe
YCIIEXOM MCIIOJIb30BaTh interface.

[Tpuctynum K cosianiio 00yBHOI (habpUKN:

let Shoe = {
create(type: 'balletFlat' | 'boot' | 'sneaker'): Shoe { @

switch (type) { @
case 'balletFlat': return new BalletFlat
case 'boot': return new Boot
case 'sneaker': return new Sneaker

}

o Wcnonb3oBanue Tuma O6'be,Z[I/IH€‘HI/I$I 151 type IIOMOTaeT c/ieJiaTh . create
MaKCHUMaJIbHO 6630HaCHbIM, InpeaorBpaliad BOSMOKHYIO Ilepegavy I10-
Tpe6I/ITe.HHMI/I HEBEPHOTO type ITPXU KOMIWJIAIWN.

@ Ilepexmouenne Ha type mMo3BoJIsIeT TypeScript mpOCTeNTD, UTO KasKIbIit
THI Shoe oGpaboTaH.

B aToM miprMepe MbI HCITOJIB30BAJIH MATTEPH OOBEKT-KOMIAHBOH (CM. IO/Ipa3-
nen «IlarrepH 06BEKT-KOMITAHBOH» Ha ¢. 176) 17t onpeesienus Tuia Shoe
U 3HAUEHUS Shoe ¢ OMUHAKOBHIM nMeHeM (B TypeScript mpocTpancTBa UMEH
3HAYEHUN U UMEH TUTIOB He TIepeceKaroTcs ), yKa3aB TeM CaMbIM, YTO 3HAUYEHHE
PEIOCTABJISIET METO/IBI JJIsT OlieprpoBanuist B Triie. Mcnonb3oBanue habpukn
Ha4yMHAETCs C BbI30OBA . create:

Shoe.create('boot') // Shoe
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Byasst! ¥V nac ectb narrep dabpuka. 3aMeTsTe, YTO MOKHO MTOWTH JIaIbIie
1 YKa3aTh B CUTHAType THUIIA Shoe.create, 4TO Ilepesiada 'boot’ 6y,z[eT JlaBaThb
Boot, 'sneaker' — 1aBaTh Sneaker U T. JI., HO 9TO ObI Pa3pynInio abCTPaKIInIo,
[PEIOCTABISIEMYIO TATTEPHOM (MTOTPEOUTEIH He IOJKHbBI 3HATh, KaKOH KOH-
KPeTHBII KJIacCc OHM TOJIyYaT Ha3a/l, HO I0JKHBI BU/IETD, YTO KJIACC COOTBET-
cTByeT UHTEPGENCY).

MarTepH cTpoutenn

Crpowuresb SIBIISIETCST CIIOCOOOM OT/IEUTH KOHCTPYKIIMIO 0OBEKTA OT €0
(haxTrueckoit peammsary. Ecm BbI Tosmb30Basmces J Query Ui CTpyKTypaMn
naunbix ES6 Bpojie Map mitn Set, To atoT cTusib API osikeH ObITh BaM 3HAKOM.
OH BBITJISIIUT TaK:

new RequestBuilder()
.setURL("'/users')
.setMethod('get")
.setData({firstName: 'Anna'})
.send()

Kax mb1 peanzyeM RequestBuilder? Jlerko — Mbl HAUHEM C YUCTOTO KJacca:
class RequestBuilder {}
Crayvasa 106aBUM MeTOJ| . setURL:

class RequestBuilder {
private url: string | null = null @

setURL(url: string): this { @
this.url = url
return this

}

© OrcaexxuBaem URL, ycTaHOBJICHHBIN [0JI30BATE/IEM B IEPEMEHHO TTPH-
BaTHOTO 9K3eMILIApa url, KOTOPYIO Mbl MHUIIMAJINU3UPYEM C null.

@ BosspaiaembiM TuoM setURL OyzeT this (cm. paszen «Mcmosb3oBanmue this
B KauecTBe BO3BPAIIaeMoro Tumas Ha c. 117), apagiomuiicss KOHKPETHBIM
9K3EMILIIPOM RequestBuilder, B KOTOPOM ITOJIb30BaTEIb BhI3Baa setURL.
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Tenepb 106aBUM APYTrHe METO/IBI U3 IPUMEpA:

class RequestBuilder {

private data: object | null = null
private method: 'get' | 'post' | null = null
private url: string | null = null

setMethod(method: 'get' | 'post'): this {
this.method = method
return this

}

setData(data: object): this {
this.data = data
return this

}

setURL(url: string): this {
this.url = url
return this

}

send() {
/...

}

}

Ha stom Bce.

TpafgMIOHHBII TATTEPH CTPOUTEh HeGE30IMaceH: Mbl MO>KEM BBI3BATh
.send J10 TOTO, KaK ycTaHOBMM MeTofl, URL mnu faHHble, 9TO NpUBEET

K VICK/TIOY€HUIO Cp€Nibl BBIIIOTHEHM A (BCHOMHI/ITG, 4TO 3TO IVIOXOM BUI UC-

I(TIIO'-IeHI/IFI). O6paTI/ITeCh K YIIpa>)KHEHNIO 43a JOIIOTHUTEIbHBIMU UNCAMU
TI0 yMy4qII€HNMIO 9TOTO NIpEeACTaB/IEHNA.

Utoru

Bor ugyunin kiaacest TypeScript: ux o6bsiBIeHne, HacIe[0BaHIe U HHTEP-
(defichl. YaHaIu, Kak IIOMeYaTh KJIaCChl abstract, YTOOBI OHM He MOTJIH ObITh
MHCTAHIMPOBAHBI, 100ABJISTH TI0JIe WJIM METO/[ B KJIacC O static U B 9K3eM-
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wisip 6e3 static, KOHTPOJIMPOBATH JOCTYII K ITOJIO UJIA METO/LY TP TTOMOIIN
MOAM(PUKATOPOB BUIUMOCTH private, protected M public, a TaK:Ke MCKJIIOYATh
Mepe3achIBA€MOCTD TTOJIS ¢ TIOMOTITBI0 MoauguKaTopa readonly. Pacemo-
Tpesu 6e30MacHoe UCIIOJIb30BaHUeE this ¥ super, U3YUYWJIM, YTO 3HAUUT /IS
KJIacCOB OBITH OJHOBPEMEHHO M 3HAYEHUSMM, U TUIIAMM, 8 TaK/Ke TTOHSIIN
PA3HUILY MEXKJLY MTCEBOHUMAMU TUTIOB U HHTEP(helicaMu 1 OCHOBBI CAUSTHUS
JleKJIapaliii U UCHoJb30BaHus 0600IIEHHBIX THITOB B KJaccax. Bol yBugem
HECKOJIBKO TIPOJABUHYTHIX MAaTTEPHOB i1 paOOThI ¢ KJACCAMIU: TPUMECH,
JIEKOpaToOpbl 1 UMUTHUPOBaHue final, a TaK/Ke ABa CTaHAAapPTHBIX HaTTepHA
IIPOEKTUPOBAHUA U UX IIPUMEHEHNE B KJIaccax.
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ynpaxHeHus K rnaBe 5

1.
2.

B yem otsimmume xiracca ot unrepdeiica?

Kora BbI TOMeUaeTe KOHCTPYKTOP KJIacca Kak private, 9TO 03HAYaET, YTO
BBI HE MO’KeTe MHCTAHIIMPOBATh UJIN PACIIUPSTH Kiaacc. YTO MPOUCXOIHT,
KOIZIa BMECTO 9TOIO BbI IIOMEYAETe ero Kak protected? ITopaboraiite ¢ aTum
B peIaKTOPE U IocTapaiiTech pasobpaThCsl.

Pacmmpsre paspaborannyio Ha ¢. 139 peanusaruio marrepHa habpuka,
4yTOOBI ceaTh ee HGe3ornacHee MeHOH HEKOTOPOl yTpaThl abCTPaKTHO-
ct. OGHOBHTE peannsannio, 4ToObl MOTPEOUTENb BO BPeMsl KOMITHLIIS-
I[N 3HAJI, YTO BBI30B Shoe.create('boot') Bo3Bpalaer Boot, a BbI30B
Shoe.create('balletFlat') — BalletFlat (BMeCTO CUTYaIlUH, ITPU KOTOPOWA
oba BosBpamiaoT Shoe). ITogckaska: obOparutech K mojapasjeny «Turbt
neperpyskeHHbIxX hyHKIUN» Ha . 83.

(Croxno.) ITogymaiite 0 TOM, Kak CIIPOEKTHPOBATH OE30ACHbII aTTEPH
ctpouTesib. Pacimpsre maTTepH, onmcaHHbiii Ha ¢. 141:

a) yTOOBI OH TIPU KOMITVJISIIIUI TAPAHTUPOBAJI, YTO HUKTO HE MOKET BHI3BAThH
.send 110 yctanoBku URL u metoza. CTaHeT Jiu jierdye TapaHTUPOBAThD 3TO,
€CJTM BbI IPUHY/IUTE [10JIb30BATESI BbI3bIBATH METO/IbI B OTIPEETIEHHOM
nopsanke? (Iloxckaska: 4To BB MOJKeTe BEPHYTh BMECTO this?);

6) (Ouenb cokHO.) Kak Obl BbI U3BMEHWIIA CTPYKTYPY, €CJIU ObI XOTEJIH
COXPAHUTD CTAPbIE TAPAHTHIH, HO TIPH ATOM TTO3BOJIUTD TOJIB30BATEISIM BbI-
3bIBaTh METOIBI B JiIoO0M mopsiake? (TToackaska: Kakast 13 BOSMOKHOCTEH
TypeScript no6asster (' *add' ') BO3BpalaeMblii THIT METOJA B THIT this
MOCJIe KasK/I0TO BbI30Ba METO/a?)
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lpoABUHYTbIE TUNDI

Cucrema tumos TypeScript, mpusHnaHHast BO BCeM MUPE, CBOMMH BO3MOKHOCTSIMI
ymusiisier gake Haskell-mporpammictos. Kak Bbl yike 3HaeTe, OHa He TOJILKO
BBIPA3UTEIbHA, HO U JIeTKa B UCIIOJIb30BAHUU: OTPAHUYEHUS TUIIOB U CBSI3U
B Hell KpaTKU, MOHSITHBI ¥ B OOJIBIITIHCTBE CJTy4aeB BHIBOJSATCST aBTOMATHYECKH.

MopenrpoBanme TakKUX 21€eMEHTOB AMHAMUYECKOTO JavaScript, Kak mpoToTu-
IIbI, IPUBSI3AHHbIE this, TleperpysKu GYHKIHH 1 BEUHO MEHSIONIECST OOBEKTHI,
TpebyeT HaCTOJIBKO HOTATON CHCTEMBI THITOB U UX OIIEPATOPOB, KOTOPYIO [asKe
BarMmeH B3st1 ObI Ha BOOPY KEHIE.

S HauHy BTy TJIaBYy € IJIyOOKOTO TOTPY/KEHMS B TEMbI TIOATUIIOB, COBMECTH-
MOCTH, BAPUAHTHOCTH, CJIyYallHOI BEJMUYMHBI U pacliMpeHus. 3areM GoJiee
JETAILHO PACKPOI0 OCOOEHHOCTH MTPOBEPKU THITOB HA OCHOBE MOTOKA KOMaH/I,
BKJITOYAsI yTOUYHEHUE U TOTAJIBHOCTD. [lajiee poieMOHCTPUPYIO HEKOTOPBIE
[POJBUHYThIE 0COOEHHOCTH TIPOrPAMMHUPOBAHNST HA YPOBHE TUIIOB: TIOIKJIIO-
yeHue 1 0ToOpakeHre TUIIOB 0OBEKTOB, CIIOAb30BAHKE YCAOBHBIX THITOB,
oTIpeie/ieH e 3aIIUT TUTIOB U 3aTIaCHbIE PEIeHNs BPO/ie YTBEP;KIeHIH THITOB
U YTBEP:K/IEHUIT IBHOTO MTPUCBAaNBaHUsA. B 3akiiouenne g Mo3HaKOMJIIO Bac
C TIPOJIBUHYTHIMY MAaTTEPHAMU JIJIST TTOBbIIIEHNsT GE30MaCHOCTH TUIIOB: MaT-
TEPHOM 0OBEKT-KOMITAHbOH, yJIydllleHrneM nHTepdeiica st KopTesKeit, nMu-
TUPOBaHHWEM HOMUHAJIbHBIX THITOB 1 O€30IIaCHBIM PACHIMPEHUEM TPOTOTHIIA.

(BA3u mexay TUNaMm

Pacemorpum cBsiau B TypeScript moapobree.

MoaTunbi n cyneptunbl

MBpl ysKe 3aTparuBaii COBMeCTUMOCTD B pasziesie «O tuiiax» Ha ¢. 34, 1oaTomy
cpasy yriyOuMcest B 9Ty TeMY, HAUMHAsI C OTPe/IeJIeH ST OTHUIIA.
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noaTun

Ecnn y Bac ectb fBa Tma, A u B, u ipu aToMm B sBnseTcs
MOATUIIOM A, TO BBI MOXKeTe 6e30IIacCHO UCIIONb30BaTh B
Besfie, Iie Tpebyercsa A (puc. 6.1).

A

Puc. 6.1. B asnaetca nogtunom A

BepuuTtecs k puc. 3.1 u yBuaute Bctpoennbie B TypeScript cBA3m moATHIIOB.

MaccuB gBiseTcs ITIOITUIIOM 00beKTa.

O

KOpTe)K ABJIAETCA ITOJATUIIOM MaCCHBa.

Bce saBasiercst moaTuiom any.

0O O O

never SBJAETCH IIOJATUIIOM BCETO.
Kiacc Bird, pacuupsoImuil Kiace Animal, — 3TO MOATHUII KJacca Animal.

CoracHo OITpe/ieJIEHNIO, KOTOPOE s TOJIbKO 4YTO JaJI JIJId ITIOATUIIA, 9TO 3HAYUT,
4qTo:

Bese, rie HyKeH 00beKT, MOKHO UCIIOJIb30BATh MACCHB.
Besne, T7ie HyskeH MaccuB, MOKHO MCITOJTb30BATh KOPTEK.
Besfie, rie HysKeH any, MOJKHO MCITOJIb30BAaTh OOBEKT.

Besz[e MOJKHO MCITOJIb30BaTb never.

0o 0 0O o O

Besze, rie HY’K€eH Animal, MOJKHO MCIIOJIb30BAaTh Bird.

CymepTutr — 3TO MPOTUBOIMOJIOKHOCTD TTOATHUTIA.

CYNEPTUN

Ecnu y Bac ectb fiBa T, A u B, 1 ipu aToM B ABnAeTcA
CYIepTUIIOM A, TO BB MOXKeTe 6€30I1acHO JICII0/Ib30BaTh A
Besfie, rie Tpebyetcs B (puc. 6.2).
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9

Puc. 6.2. B sanaetca cyneptunom A

W cHoBa ncxo/s 3 cxeMbl Ha puc. 3.1:
MaccuB siBJIsieTCst CyIePTUIIOM KOPTEsKa.
OOBEKT ABJSETCS CYNEPTUIIOM MaCCHBa.
Any SIBJISIETCSI CYTIEPTUIIOM BCETO.

Never He ABJISIETCS YbUM-THO0 CYIIEPTUIIOM.

I A A

Animal — 2TO CynepTHII Bird.

ITO MPOCTO TIPOTUBOTIOJIOKHBIN MOATUIIAM TIPUHITUIT 1 HITYETo OoJIee.

BapuaHTHOCTb

JL1s1 GOTBIIMHCTBA TUIIOB OCTATOYHO JIETKO IOHSATD, ABJISETCS JIM HEKUI THIL
A TIoATHIIOM B. JIJIst IIPOCTHIX TUIIOB BPOJE number, string U p. MOKHO 00-
paTUTHCS K cXeMe Ha puc. 3.1 WiIn caMOCTOSTENHHO OTPENETUTh, YTO humber,
cozepsKanmiicss B OObeJMHEHNH number | string, SBJISIETCS MOATUIIOM 9TOTO
00beIMHeHNS.

Ho ectb Gosiee cioskHble TUIII, Haipumep o6obieHHble. Ilogymaiite Haj
TaKUMH BOITPOCAMMU:

0 Korma Array<A> SIBJISI€TCS ITOJITUIIOM Array<B>?
0 Korma dopma A aBasercs moaTunoM HopmbI B?
0 Korga dysknus (a: A) => B ABIsAeTCS MOATUTIOM DYHKIUK (c: C) => D?

[IpaBusia moaTUNUZAIIAN [IJIST TUTIOB, COAEPIKAIINX APYTHE TUTIBI (TO €CTh UMe-
IOIUX ITapaMeTPhl THIIA BPOJie Array<A>, (hOPMBbI C ITOJISIMHU Bpojie {a: number}
i GyHKIUYT Bpozie (a: A) => B), OCMBICJIUBATD YiKe CJI0KHEE, TOTOMY 4TO
OHU HE COIJIaCOBAHbI B Pa3HbIX sA3bIKAX IIPOrPAMMUPOBAHUS.
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Y1066 00JIETUUTH YTEHUE TTOCJIEAYIONINX ITPABUJL, S TPEJCTABJIIO HECKOIBKO
9JIEMEHTOB CHHTaKCHCa, KOTOPBIi He paboTaer B TypeScript (He Gecrokoiirecs,
OH He MaTeMaTUIECKUIT):

O A <: B O3Ha4yaerT, UTO <A SABJIAETCS IMOATUIIOM TOTO K€, YTO U TUII By;

O A >: B O3HAYAECT, YTO <A ABJIIECTCA CYIIEPTUIIOM TOTO K€, YTO WU TUII B».

BapuaHTHOCTb (opMbl N MaccHBa

[TonsaTs, MOYEMY A3BIKM He COTJIACYIOTCS B ITpaBUJIaX MOATUIIU3AIUN CIIOXK-
HBIX TUTIOB, TOMOJKET TTpruMep ¢ GOpMOH, KOTOPAsT OTTMCHIBAET TTOJTHb30BATES
B ipuiioskennn. [IpemcraBuM ee mocpeicTBOM TTaphl TUTIOB:

// CyuecmBywuwul nons3oBamens, nepedaHHbili ¢ cepBepa.
type ExistingUser = {

id: number

name: string

// HoBuili nonb3oBamens, euye He coxpaHeHHsili Ha cepBepe.
type NewUser = {
name: string

}

Hpel{HO]IO)KI/IM, 4TO CTa’KEP B Balllell KOMIaHUHN TMOJIYy4YWJI 3a/laHNE HAIIUCaTbh
KO/ VI yAaJI€HKA 110JIb30BaTEJIA. Haunnaer on co CJIEIYIOIIETO:

function deleteUser(user: {id?: number, name: string}) {
delete user.id

let existingUser: ExistingUser = {
id: 123456,
name: 'Ima User'

deleteUser(existingUser)

deleteUser Tosy4aeT 0ObeKT THIA {id?: number, name: string} W mepepaeT
B Hero existingUser Turia {id: number, name: string}. O6paTI/ITe BHUMaHUE,
YTO THUII CBOIICTBA id (number) — 3TO IOJTHII OKUAeMOro TUIa (number |
undefined). CireoBarenbHo, BeCh OOBEKT {id: number, name: string} — 9TO
moaTwut {id?: number, name: string}, moatomy TypeScript aTo momyckaer.
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Bupaure m Bbl Kakue-a1b60 mpobaemsl ¢ 6esonacHocTbio? EcTb ogHa: mocie
nepenayn ExistingUser B deleteUser TypeScript He 3HaeT, 4TO id TOIH30BA-
TeJist OBLT y/Ia/leH, TOATOMY €CJIU BbI TIPOYNTAETe existingUser. id mocJie ero
ynanenus deleteUser(existingUser), To TypeScript mo-npexkuemy Gyaer
CUHTaTh, YTO existingUser.id mMeeT TUI number.

OueBUIHO, YTO UCTIOTB30BAHKE THIIA OOBEKTA TaM, T/Ie OKUAAETCS €T0 Cy-
neprut, Hebezonacuo. Tak mouemy sxe TypeScript aTo nomyckaer? CyTh
B TOM, 4TO OH He 3a/[yMbIBaJICsl Kak abcooTHO GesomacHbiit. Ero cucrema
THUIIOB CTPEMUTCS TIEPEXBATHIBATH PeabHble OMMOKU ¥ JIeJaTh UX HATJIsi/I-
HBIMU [IJIS1 IPOTPAMMUCTOB JTII000T0 yPOBHSL. IT0CKOIBKY J€CTPYKTHUBHBIE
oOHOBJIeHUsT (BpO/Ie yIaJIeH sl CBOICTBA) OTHOCUTENBHO PEIKN Ha MpaK-
tuke, TypeScript pacciabiien u TT0O3BOJISIET BaM TIPUCBOUTH OOBEKT TaM, I7ie
OKM/TA€TCS €TO CYNePTHTL.

A 4TO HACYET IPOTHBOIOIOKHOTO CITyYas: MOJKHO JI IPUCBOUTH OOBEKT TaM,
rIe OJKUTAETCS €T0 MOATHII?

ﬂO6aBI/IM HOBBIN THTI JIJIA CTaporo 110Jib30BaTeJIA, a 3aTEM yAaJIUM 110JIb30Ba-
TeJIA C 9TUM THUIIOM (HpelICTaBI)Te, YTO Bbl lIO6aBJIHeTe THIIBI B KO/I, KOTOprfI
HallrcaJl Balll KOJIJIEF&)I

type LegacyUser = {
id?: number | string
name: string

1
-~

let legacyUser: LegacyUser
id: '793331',
name: 'Xin Yang'

deleteUser(legacyUser) // Ouubka TS2345: apzymeHm muna 'LegacyUser'
// HecoBmecmum c napamempom muna
// '{id?: number [undefined, name: string}'.
// Tun 'string' HecoBmecmum ¢ munom 'number |
// undefined'.

Korpna BbI iepeziaere hopmy co CBOMCTBOM, Yell TUTT SABJISIETCS CYNIEPTUIIOM
oskujtaemoro tuma, TypeScript pyraercs. Bee motomy, 4To id — 970 string |
number | undefined, a deleteUser oGpabaTbhiBaeT TOJIBKO TOT CJIy4aid, e id
SABJIIETCS number | undefined.
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Osxunas dopMmy, BbI MOKeTe TepefiaTh TUTI ¢ TUTIAMU CBOMCTB, KOTOPBIE < :
OKMIAEMbIX THITOB, HO HE MOJKETe TiepenaTh hopMy 6e3 TUIIOB CBOICTB, sIBJIst-
IOIIUXCS CYNEPTUTIAMU UX OKUIaeMbIX TUIIOB. Korja peub ujer o TUiax, Mbl
roopuM: « TypeScript-popmbr (0GBEKTHI U KIACCHI ) SBJISIOTCS KOBAPUAHTHBIMU
B TUIIAX WX CBOHCTB». TO €CTh, UTOOBI 0OBEKT A MOT OBITH IIPUCBOEH 0OHEKTY B,
KaykK/[0€ er0 CBOMCTBO JIOJIKHO OBITD < : COOTBETCTBYIOIIETO €My CBOWCTBA B B.

KoBapmaHTHOCTb — 9TO O/INH U3 YEeTHIPEX BU/IOB BAPUAHTHOCTH:
HUnsapuanmmocmo
Hy>xen koHkpeTHO T.
Kosapuanmnocmo
Hyxen <:T.
Konmpeapuanmmnocmo
Hy:xen >:T.
busapuanmnocmo
Yerpout 6o <: T, mubo >:T.

B TypeScript KaskabIit CJIOKHBIN TUTL SBJSETCS KOBAPUAHTHBIM B CBOUX UJie-
HaX — 00beKTax, KJaccaX, MacCUBaX M BO3BpallaeMbIX THIAX (DYHKIIHIL, 32
OJTHUM HUCKJIIOYEHNEM: TUTIBI TTapaMeTPOB (DYHKITUI KOHTPBAPUAHTHBI.

He Bce s13p1K1 TIPVMIMEHAIOT TaKO€ )K€ KOHCTPYKTMBHOE pEIICHME. B OITHNX
00BEKTHI ABIAIOTCS VHBAapMaHTHBIMI B TUIIAX CBOJICTB, IIOTOMY 4TO KO-
BapMaHTHbIE TUIIbI CBOJICTB MOTYyT BECTH K He6630HaCHOMy IIOBE€ICHUIIO.

Jpyrue A3bIKM MIMEIOT PasHble IPaBI/IA [ M3MEHsAeMbIX Y He3MeHIeMbIX
00beKTOB (IOIpo0yIiTe IOpACCYXKAATH 06 ITOM CAMOCTOSITENBHO). TpeTsy,
Bpozie Scala, Kotlin 1 Flow, fake MerOT sIBHBIT CUHTAKCIC, TO3BOJISIIOLIMIA
IIPOrpaMMICTaM OIPeJieATh BAPMAHTHOCTD TUIIOB JJAHHBIX.

Cosparenn TypeScript npennowm 6anaHc: UHBApMaHTHOCTb 0OBEKTOB
B THUIIaX CBOJICTB MOBBIIIAET 6€30IIaCHOCTD, HO YC/IOXKHAET UCIOIb30Ba-
HI€E CUCTEMbI TUIIOB, IIOCKO/IbKY 3aCTaB/A€T BacC 3alpeujaTh TO, YTO HA
nmene 6e3omacHO (HampuMep, eCiiu He YAassTh id B deleteUser, mepenada
00beKTa, SIB/IIOLIETOCS CYIEPTUIIOM OXXIAAEMOT0 TIUIIA, BCe PABHO OyaeT
6e30IacHoI).
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BapuaHTHOCTb GYHKLMUK

PaCCMOTpI/IM HECKOJIbKO IIPUMEPOB.

DyHKIUS A IBJSETCS TTOATUTIOM (QDYHKITUHU B, €CJTU A UMeeT TaKyIo JKe MJIn
MEHBITYIO apHOCTD (YHCJIO TapaMeTPOB), 4YeM B, 1:

1. Tun this, npuHaaIe)amuii A, 6o He onpejaeseH, b0 >: Tuia this,
MIPUHAJIJIEKAIIETO B.

2. Kaxzplil n3 mapaMeTpoB A >: COOTBETCTBYIOIIETO TTapaMeTpa B B.
3. BosBpamaemblii THII A <: BO3BpaIaeMoro THIa B.

OG6paruTe BHUMaHUE, YTO JJIs TOTO, YTOOBI (QYHKI[USA A MOTJIA OBITH ITOATUIIOM
(byHKIMK B, ee THUII this U ITapaMeTpbl I0JIKHBI OBITH > : BCTPEYHBIX YacTeil B B,
B TO BPeMsI KaK ee BO3BpaIllaeMblil THII IOJIKEH OBITH < :. [ToueMy TIpoucxoaut
pasBopoT ycioBus? [Touemy He paboTaeT MPOCTO YCIOBUE <: JJIST KasKIOTO
KOMTIOHEHTA (TUTA this, TUTIOB TapaMeTPOB U BO3BPAIIA€MOTO THUTIA), KaK
B cJTydae ¢ 00beKTaMi, MaCCUBaMu, OObEANHEHUSIMI 1 T. [1.?

Haunewm c onpejiesiennst Tpex TUIOB (BMECTO class MOKHO HCIIOJIb30BaTh
JIpyTue TUIBL, Te A :< B <: C):

class Animal {}
class Bird extends Animal {

chirp() {}

}

class Crow extends Bird {
caw() {}

}

WNTak, Crow <: Bird <: Animal.
OmnpenennM HYHKITATO, TIOTYyYAIONTYIO Bird U 3aCTaBIAIONIYIO €€ YNPUKATH:

function chirp(bird: Bird): Bird {
bird.chirp()
return bird

}

[Toka Bce xopotmo. Uto TypeScript mo3BoJisIeT BaM epeaaTsb B chirp?
chirp(new Animal) // Owubka TS2345: apaymeHm muna 'Animal’
chirp(new Bird) // HecoBmecmum ¢ napamempom muna 'Bird’.

chirp(new Crow)
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IK3eMILIIP Bird (Kak mapaMeTp chirp TUMA bird) Win aK3eMILIIP Crow (Kak
nozarun Bird). Ilepegaya moarumna paboTaet, Kak 1 0KUIAI0CH.

Cospazum HoByto hyHKIM0. Ha 5T0T pas ee napamerp Oy/er GyHKIHE:

function clone(f: (b: Bird) => Bird): void {
/...
}

clone Tpe6y€TCH (byHKuI/IH f, ToJry4alonias Bird 1 BO3Bpalljaioias Bird. Kakne
TUIBI (DYHKIUI MOKHO miepesath st £ 6e3omacHo? OueBuaHO, GYHKIINIO,
MOJIyYaIoIyIo 1 BO3BpAIlaoNIyIo Bird:

function birdToBird(b: Bird): Bird {
Y2

}
clone(birdToBird) // OK

Yro HacueT (hyHKIINH, TIOTydaroleii Bird, HO BO3BpaIlalolieii Crow I Animal?

function birdToCrow(d: Bird): Crow {
/...

}
clone(birdToCrow) // OK

function birdToAnimal(d: Bird): Animal {
/...

}
clone(birdToAnimal) // Owubka TS2345: apeymeHm muna '(d: Bird) =>

// Animal' HecoBmecmum c napamempom muna
// '(b: Bird) => Bird'.Tun 'Animal’
// HecoBmecmum ¢ munom 'Bird’.

birdToCrow pa60TaeT, KaK 1 0KUJIaJ10Ch, HO birdToAnimal BbIjIaeT omn61<y.
[Touemy? IIpencraBbre, 4TO peaan3alins clone BBITJISIIUT TaK:

function clone(f: (b: Bird) => Bird): void {
let parent = new Bird
let babyBird = f(parent)
babyBird.chirp()

}

[Tepenas dbyHKIIN clone GyHKINIO f, BO3BPAIIAIONLYTIO Animal, MBI HE CMOXKEM
BBI3BaTh B Hell . chirp. [Toatomy TypeScript mosken yoeauTbes, 4To mepe-
JlaHHAsI HaMM (DYHKIIMSI BO3BpAIllaeT Kak MUHUMYM Bird.
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Korza mbt roBopuM, 4T0 (yHKITNN KOBAPUAHTHBI B X BO3BPAIllA€MbIX TUTIAX,
9TO 3HAYUT, YTO (DYHKIIMSI MOKET OBITh TIOATUIIOM APYTOii (DYHKIIMU, TOJIBKO
€CJI ee BO3BPAIAEMBI THTI < : BO3BPAIAeMOTO THTIA TOW (DYHKITHH.

Xopotiio, a YTO HACUET TUTIOB TTAPAMETPOB?

function animalToBird(a: Animal): Bird {
/...

}
clone(animalToBird) // OK

function crowToBird(c: Crow): Bird {
/...
}

clone(crowToBird) // Owubka TS2345: apaymeum muna '(c: Crow) =>
// Bird' HecoBmecmum c napamempom muna
// (b: Bird) => Bird'.

Yro6bl hyHKINS OblIa COBMECTUMA C IPYTO (DYHKIINEL, BCe ee TUIIbI Trapa-
MeTpOB (BKJIIOYas this) JIOJIKHBI OBITH >: COOTBETCTBYIOIINX UM ITaPAMETPOB
B ipyroii pyukIm. YToObI IIOHATH OYEMY, OJYMaNUTE O TOM, KaK M0JIb30-
BaTeJIb MOT ObI pEaIN30BaTh crowToBird, IIpeskiie YeM TepeaaBaTh ee B clone?

function crowToBird(c: Crow): Bird {
c.caw()
return new Bird

TSC-ONAT: STRICTFUNCTIONTYPES

V3-3a HacnepoBanua ¢yHKuuy B TypeScript 1o yMom4aHUIO KOBapu-
aHTHBI B CBOUX ITapaMeTpax U TUIaX this. YToObl Mcmonb3oBaTh 6omee

6e3omacHoe KOHTPBApUAHTHOE IMIOBEE€HNE, KOTOPOE MBI TONBKO UTO
V3Y4YUJINA, HY)KHO aKTMBUPOBATD ¢bmar {"strictFunctionTypes": true}
B tsconfig.json.

Ecnm Bb1 yoxe ucnionbsyere {"strict”: true}, To HUYETO JOIOTHUTETHHO
[e/iaTh He HY>KHO.

Ternepn, ecyint clone BbI3OBET crowToBird ¢ new Bird, MbI TIOJIYYUM UCKJIIOYEHUE,
IIOCKOJIBKY . caw OIIpeJieJIeH BO BCeX Crow, HO HE BO BCeX Bird.
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ITO 03HAYAET, YTO (PYHKINU KOHTPBAPUAHTHBI B UX IapaMeTpax M TUIAX
this. To ecTh YyHKIMST MOKET OBITH MTOATUIIOM APYTON (DYHKIIUU, TOJIBKO
€CJIM KasK/Iblil M3 ee mapaMeTPOB U THII this OYAYT >: COOTBETCTBYIONIMX UM
MapaMeTpoB B APyroi (pyHKINN.

K cuacTpio, aT1t TpaBmiIa He HY»KHO 3ay4mBaTh. [IpocTo BcmoMuaMTE 0 HIX, KOT/IA
pelaKTop BbIIACT KPacHOE HOJuePKUBAHKE [IPY llepeade BAMU HEKOPPEKTHO
TUMU3UPOBAHHO (DYHKITHH Ky/1a-1u60.

CoBMeCcTUMOCTb

BszanMocBg31 TIOATUTIOB W CYTIEPTUTIOB SABJISAIOTCS KJIIOUYEBON KOHIIETIIINEH
JI000T0 CTAaTHYECKH TUITU3UPOBAHHOTO si3biKa. OHM TaKsKe BasKHBI JIJIsT T10-
HUMAaHUSI TOTO, Kak paboTaeT COBMECTUMOCTDH (HATIOMHIO, 4TO COBMECTHMOCTD
OTHOCHUTCS K TipaBuiiaM TypeScript, onpenessonim Bo3MOKHOCTD NCITOJIb-
30BaHMs TUIIA A TaM, r7ie TPeOYeTCst THII B).

Korzma TypeScript tpebyercst oTBeTuTh Ha BOTpoc: «COBMECTHM JIM THIT A
C TUTIOM B?», OH CJIe/lyeT IPOCThIM TipaBuiam. /711 He enum-TUTIOB — BpPOjie
MaCCHBOB, JIOTHYECKUX THITOB, YUCEN, 0OBEKTOB, (DYHKIIHIA, KITACCOB, 9K3EM-
TJISIPOB KJIACCOB U CTPOK, BKJIIOYASI TUITBI IUTEPATIOB, — A COBMECTHUM C B, ecJin
BEPHO OJIHO U3 YCJOBUI.

1. A <: B
2. A gBJISIETCS any.

HpaBI/I]IO 1 —osT0 IIPOCTO OIIpe/ieJIEHNE ITOATHUIIA: €CJIN A ABJISIETCA IIOATHUIIOM B,
TOT/la Be3Jle, I/le HYKEH B, MOJKHO MCIIOJIb30BaTh A.

[TpaBuyio 2 — 910 UCKJIIOYeHNE 13 TipaBuiia 1 /st yo0cTBa B3auMOIeHC TSI
¢ KoJioM JavaScript.

[l TUTIOB TIepedncIenni, CO3JTaHHBIX KI0YEBBIMH CJIOBAMU enum WJIN const
enum, TUTI A COBMECTHM C TIEPEUUCIEHUEM B, eCTI BEPHO OJTHO U3 YCJIOBUIL.

1. A gBisgercs 4jeHOM IepedyncaeHuns B.
2. B UMeeT XOTs Obl OJITH YJIEH TUIIA number, a A SIBJISIETCSI number.

HpaBI/I]IO 1 B TOUHOCTU TaKoe JKe, KaK 1 JIJIA IIPOCTBIX TUIIOB (eCJII/I A ABJIAETCA
YJIEHOM IIepEUYMCIICHUA B, TOT/1a A UMEET THII B 1 Mbl TOBOPUM, YTO B <: B).
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[TpaBuio 2 HeOOXOANMO JJIst y100CTBA PAOOTHI C IEPEYNCTEHUSIME, KOTOPbIE
cepbe3Ho TopbIBatoT Ge3omacHocTh B TypeScript (em. moapasaen «Enums»
Ha ¢. 60), 1 51 peKOMEH/IYIO UX u36erarsb.

Pacwmpenue Tunos

Pacmipenue THUIIOB — 9TO KJIIOY K TIOHUMaHWIO pabGoThl CHCTEMbI BHIBOA
tunoB. TypeScript cHUCXOAUTEIEH TIPU BBITIOJTHEHUU U CKOPEE JTOMYCTHT
ommbKy 1npu BbIBoOjIe Gosiee 0OIIEro THila, YeM IIPU BbIBOJE MaKCUMAIbHO
KOHKPETHOTO. DTO YIPOCTUT BaM sKU3Hb 1 COKPATUT BPEMEHHDIE 3aTpaThl Ha
60pb0Y € 3aMeYaHUSIMU MOJLYJISI TPOBEPKU THUIIOB.

B raBe 3 BBI yiKe BUIEM HECKOJIBKO MTPUMEPOB paciiupeHus TUIos. Pac-
CMOTPUM JIPYTHE.

Korza BbI 00bsiBIIsIETE IEPEMEHHYIO KaK M3MeHeHsieMyo (¢ let Wi var), ee
THUIT PACITUPSIETCS OT TUTIA 3HAYEHUSI ee JInTepasia 10 6a30BOT0 TUTIA, K KOTO-
POMY JIUTEPAJI IPUHAJTIESKUT:

let a = 'x' // string
let b = 3 // number
var c = true // boolean
const d = {x: 3} // {x: number}

enum E {X, Y, Z}
let e = E.X // E

ITO He KacaeTcst HeM3MeHSIeMbIX ZIEKJIapaLIHﬁZ

const a = 'x' // 'x'
const b = 3 // 3
const c = true // true

enum E {X, Y, Z}
const e = E.X // E.X

MOoJKHO UCTIOMB30BATh IBHYIO aHHOTAIIMIO THIIA, YTOOBI He AOMYCTUTh €TO
paciupeHust:

let a: 'x' = 'x' // 'x'
let b: 3 =3 // 3
var c: true = true // true

const d: {x: 3} = {x: 3} // {x: 3}
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Korpa BbI TOBTOPHO IpUCBanBaeTe HEPACIIUPEHHBIN TUTI C TOMOIIIBIO let UTH
var, TypeScript paciupsier ero 3a Bac. YTo6bI 9T0 IPEAOTBPATHTD, 100aBbTe
SABHYIO QaHHOTAIIUIO TUTIA B OPUTHHAIBHYTO JICKIaPaIinio:;

const a = 'x' // 'x'
let b = a // string
const c: 'x' = 'x' // 'x'
let d = ¢ // 'x'

[Tepemennbre, nHUTIMATN3NPOBAHHBIE KaK null WM undefined, pacImpsioTCs
710 any:

let a = null // any
a=3 // any
a="b" // any

Ho, korjia nepemennast, MHUIIMAJIN3UPOBAHHAA KaK null ujiu undefined, 1o-
Kujaer 00J1acTh, B KOTOpoil ObLia obbsaBaenHa, TypeScript npucsansaer eit
oTIpe/leJIeHHbIN THIL:

function x() {
let a = null // any

a =3 // any
a="b' // any
return a

}

x() // string

Tun const

Twt const TOMOTaeT 0TKA3aThCS OT PACITIPEH IeKIapalini Thma. Mcmomp3yii-
Te €ro KaK yTBepsKIeHHe THIla (CM. IOAPA3Ie « YTBEPK/IeH!sI TUIIOB> Ha . 185):

let a = {x: 3} // {x: number}
let b: {x: 3} // {x: 3}
let ¢ = {x: 3} as const // {readonly x: 3}

const UCKJIIOYAeT paciIMpenre THIIa U PEKYyPCUBHO OTMEYAET eTo YJIEHBI KaK
readonly jiake B TJIyOOKO BJIOKEHHBIX CTPYKTYpPax JAaHHbIX:

let d = [1, {x: 2}] // (number | {x: number})[]
let e = [1, {x: 2}] as const // readonly [1, {readonly x: 2}]
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Vcnosb3yiite as const, koraa xorute, 4to6b1 TypeScript BbIBe MAKCHMATBHO
Y3KUH THTI.

MpoBepKa NULLIHNX CBOIICTB

Pacmmpenne tumos Takke hurypupyet, koraa TypeScript mpoBepsieT, aBJs-
€TCs1 JIV OJIUH THIT 00bEKTa COBMECTHMBIM C JIPYTHM TUIIOM OOBEKTA.

Tunbl 06BEKTOB KOBapUAHTHBI B UX YJieHaX (CM. mojpaszest «BapuanTHOCTh
dhopmbl 1 MaccuBar Ha ¢. 148). Ho, eciin TypeScript 6yzer ciienoBarh aToMy
npaBury 6e3 J0MOJHUTEIbHBIX IPOBEPOK, MOTYT BOSHUKHYTh ITPOOJIEMBI.

Hanpumep, paccmorpure 06beKT Options, KOTOPBINA MOKHO IIEPEAATh B KJIACC
JUISI €TO HACTPOUKH:

type Options = {
baseURL: string
cacheSize?: number

tier?: 'prod' | 'dev'
}
class API {
constructor(private options: Options) {}
}
new API({

baseURL: 'https://api.mysite.com’,
tier: 'prod'

1
YT0 IPOU30IIET TEIEPh, €CJIN BbI OIYCTUTE OMNUOKY B OIIN?

new API({
baseURL: 'https://api.mysite.com',
tierr: 'prod’ // Owubka TS2345: apeymeHm muna '{tierr: string}’
1) // HecoBmecmum c napamempom muna 'Options’.
// ObbekmHbIl numepan moxem onpedessime MOSMbKO
// u3BecmHble cBolicmBa, Ho 'tierr' He cywyecmByem
// 6 mune 'Options'. Bel xomenu Hanucame 'tier'?

ITO pacipocTpaHeHHbIi Oar pu pabore B JavaScript, u xopoiio, uro TypeScript
HOMOTaeT ero nepexsaruthb. Ho eciv THIIBI 00bEKTOB KOBAPUAHTHBI B UX 4JIe-
Hax, Kak TypeScript ero mepexBaThIBaeT?
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WNnaue rosopst:

O Mbr okupany TUI {baseURL: string, cacheSize?: number, tier?:
'prod' | 'dev'}.
O Mpel nepenanu TUIl {baseURL: string, tierr: string}.

O IlepemaHHbIN TUII — 3TO MOATHUII OKUIAEMOTO0 TUMa, HO TypeScript 3Hau,
YTO Ha/l0 COOONIUTD 00 olnbKe.

Baaronapsi nposepie auumux c60ticms, KOT/Ia BBI TIHITAETECH TIPHCBOMTDH HOBBII
TUIT 0OBEKTHOTO JIuTepasia T APYyroMy TUIly, U, a B T €CTh CBOICTBa, KOTOPBIX
Het B U, TypeScript coobimaer 06 ommbke.

Hoewuii mun o6vexmmozo iumepaia — 31o i, Kotopbiii TypeScript BbiBes u3 00b-
eKTHOTO JiTepaia. Eciii aToT 00 beKTHBIN JINTepa KCIIOIb3YeT YTBEPKACHHE THTIA
(cM. TIoztpasIes « YTBepsKICH NS THTIOB» Ha C. 185) v/t pricBoeH epeMeHHOM, TOT-
Jta HOBBIIA TUTI PACIIIPSIETCST 10 PETYJISIPHOTO THTIA 00BEKTA U €I0 HOBU3HA IIPOTIAJIACT.

[TorrpobyeMm caenaTh 9To onpeeseHue 60Iee eMKUM:

type Options = {
baseURL: string
cacheSize?: number

tier?: 'prod' | 'dev'
}
class API {
constructor(private options: Options) {}
}
new API({ @
baseURL: 'https://api.mysite.com’,
tier: 'prod'
1)
new API({ @
baseURL: 'https://api.mysite.com’,
badTier: 'prod' // Owubka TS2345: apeymeHm muna '{baseURL:
1) // string; badTier: string}' HecoBmecmum
// ¢ napamempom muna 'Options’.
new API({ ©

baseURL: 'https://api.mysite.com’,
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badTier: 'prod'
} as Options)

let badOptions = { @
baseURL: 'https://api.mysite.com',
badTier: 'prod'

}
new API(badOptions)

let options: Options = { @
baseURL: 'https://api.mysite.com',

badTier: 'prod' // Owubka TS2322: mun '{baseURL: string;
} // badTier: string} 'HecoBmecmum c munom
// 'Options'.

new API(options)

@ UMucrannuaupyem API ¢ baseURL 11 OHO 13 IBYX OIIIMOHAIBHBIX CBOICTB:
tier. Bee paboraer.

@O OumnbouHO npornuchBaeM tier Kak badTier. OGBHEKT OMIIN, KOTOPBIIT MBI
nepeiaeM B new API, — HOBBI (€ro THII BBIBEJIEH, OH HECOBMECTUM C TIepe-
MEHHO, U MbI HE J[€JIA€M JIJISI HETO YTBEPIKIAEHUS TUIIA), TI0ITOMY TIPU
pOBepKe JUIIHUX cBOUCTB TypeScript oGHapy KUBaeT JIMIITHee CBOHCTBO
badTier (KOTOpOE OTIPeIETEHO B 0OBEKTE OTIIHiL, HO He B THIE Options).

© /lesnaem yTBepIKIEHNE, YTO HEBEPHBIN OOBEKT ONMIIUI UMeeT TUII Options.
TypeScript GoJibliie He pacCMaTPUBAET €r0 KaK HOBBIIT 1 JIeJIaeT 3aK/II0UeHIE
U3 MPOBEPKU JIUIITHUX CBONCTB, uTO OMMOOK HeT. CHHTAaKCHC as T OIKCaH
B 1I0/Ipa3jieJie < YTBEP:KIeHUsT TUIIOB» Ha ¢. 185.

O IIpucsarBacM 0OBEKT OIIIHIA K TIEpeMeHHOI badoptions. TypeScript Gosbiie
He BOCIIPUHUMAET €TI0 KaK HOBBIN U, IIPpOM3BEIA IIPOBEPKY JIMITHUX CBOﬁCTB,
JIeJIAeT 3aKJII0YEHIE, YTO ONMTMOOK HET.

@ Koria Mbl IBHO THUIIM3KUPYEM options Kak Options, 0GBEKT, IPUCBAKBAEMBII
HaMU options, IBJISIETCSA HOBBIM, 09TOMY TypeScript BBIIOIHSET IIPOBEPKY
JIMIITHUX CBOMCTB M HAXOAUT Oar. 3aMeThbre, 4TO B 9TOM CJIydae IIPOBepKa
JIMIIHUX CBOMCTB He IIPOM3BOAUTCH, KOTJIa MbI IIepelaeM options B new
API, HO OHA IIPOUCXOJNUT, KOIJA MbI IIBITAEMCS IPUCBOUTDH OOBEKT OIIUI
K [IepeMEHHOM options.

IJTH MpaBuUa He HYKHO 3ay9WBaTh. ITO JUIIh BHYTPEHHISI 9BPUCTUKA
TypeScript anst nepexsata Kak MOKHO 60JbIero dnciaa 6aros. IIpocTo
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MTOMHUTE O HUX, €CJIU BIPYT CTaHET MHTepecHO, OTKyAa TypeScript y3Han mpo
Oar, KoTOpbIi gaxe Ban — cTaposKuII Bameil KOMIAHWY U I10 COBMECTUTEIb-
CTBY TIpo(heccnOHaTBHBIN TIEH30P KO/Ia — HE 3aMETHJI.

YTouHeHue

TypeScript mpousBoUT CHUMBOJINYECKOE BBITIOJTHEHNE BBIBO/IA TUTIOB. MOy b
MIPOBEPKH TUIIOB UCIIOJIb3yeT MHCTPYKIIMU ITOTOKA KOMaH[ (Bpoze if, ?, ||
U switch) Hapgay ¢ 3ampocaMu TUTIOB (Bpojie typeof, instanceof u in), TeM
CaMBIM YTOUYHSISI THIIBI [IO XO/IY YTE€HHSI KOJIa, KaK 9TO JieJial Obl TPOrPaMMHUCT .
Opnako ata yaoOHast 0cOOEHHOCTH TOAEPKUBAETCS BeChbMa HEGOMbITNM
KOJIMYECTBOM SI3BIKOBZ.

[Ipeacrasbre, uTo BB paspadboranu B TypeScript API must onpenesnenust
npaBus CSS ¥ Balll KoJijiera X04eT UCIOIb30BaTh €r0, YTOObI YCTAHOBUTH
HTML-snement width. OH mepemaeT MUPUHY, KOTOPYIO BBl XOTUTE TIO3THEE
pa3obparth U CBEPUTD.

Chauasia peasiusyeM (GyHKIUIO [1Jist pazbopa ctpoku CSS B 3HaUYCHME U €11~
HUITY U3MEPEHTLT:

// Mol ucnosne3lyem obveduHeHUe CMpPOYHbIX AumepadnoB 0718 onucaHus
// BO3MOXHbIX 3HA4YeHul, Komopele Moxem umems eOUHUYA u3mepeHusa CSS

type Unit = 'em' | 'px' | '%’

// lepeyucneHue eoOuHuUlY u3mMepeHuA
let units: Unit[] = ['cm', 'px', '%']

! CUMBOJIMYECKOE BBITIOJIHEHUS — 3TO (POPMa IPOrPAMMHOIO aHAJIN3a, B KOTOPOM UCIIOJIb-
3yeTcst ocobast MporpaMMa — CUMBOJMYECKUIT HCIIOJHUTEIb JIUIS 3aTyCKa TPOrPAMMBbI
B TOM JK€ peXHuMe, 4TO U B Cpe/i€ BBIIIOJTHEHU A, HO 663 TIpUCBaNBaHUA ONIPEAEJICHHBIX
3HAYEHUIT TepeMeHHbIM. Kakziast epeMeHHast MOJETUPYETCs KaK CUMBOJI, Ybe 3HAYCHUE
OTPaHNYNBACTCA Ha BPEMSA BbBITIOJTHEHUA TIPOTPAMMDbI. CI/IMBO]II/I‘{GCKOC BbBIIIOJIHEHNE
[O3BOJISIET TOBOPUTD, HAIIPUMED: «ITa TIePeMEHHast HUKOT/IA He UCIIOIb3YeTC s>, «ITa
(YHKIUSA HUKOT/IA He BO3BPAIIACT> WK «B MOJI0KUTEIbHON BeTBU HHCTPYKIUK 1f Ha
crpoke 102 nepeMeHHas X rapaHTUPOBAHHO He SIBJsIETCsT NUlly.

> TypeScript, Flow, Kotlin u Ceylon crioco6HbI yTouHSATH TUIIBI BHYTPU GJI0Ka KOjIa. DTO
HOXO03Ke Ha siBHY10 anHOTaiio B C uin Java u conocrasienue mabiaonos B Haskell, Okami
NJIN Scala. Mﬂeﬂ 3aKJII0YaeTCA BO BHEAPEHUU JIBUKKA CUMBOJIMYECKOI'O BbIITOJTHEHUA
[PSIMO B MOJLYJIb IPOBEPKHU THIIOB, YTOOBI IaBATh eMy 00PATHYIO CBA3b U AaHATIU3UPOBATD
POrpaMMy MPUOIMKEHHO K TOMY, KaK 9TO JIeJ1ajl Obl IPOrPAMMMUCT.
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// MpoBepums Kaxdyw ed. u3m. u BepHymb null, ecau He 6ydem coBnadeHuli
function parseUnit(value: string): Unit | null {
for (let i = @; i < units.length; i++) {
if (value.endsWith(units[i])) {
return units[i]

}

return null

}

3areM HCIOIb3yeM parseUnit, 4TOOBI pa300paTh 3HAUYEHUE TUPUHDI, [IEPEIAH-
HOE M0JIb30BaTeIeM. width MOKET OBIT YncIOM (BO3MOXKHO, B TIUKCEJIAX ) UIN
CTPOKOM € IPUKPEIVIEHHBIMY e/IMHUIIAMH U3MEPEHNs], WK null, niu undefined.

B atom IIpuMepe Mbl HECKOJIBKO pa3 an/I6eraeM K YTOYHEHUIO TUIIA:

type Width = {
unit: Unit,
value: number

}

function parseWidth(width: number | string | null |
undefined): Width | null {
// Ecnu width — null unu undefined, BepHymb 3apaHee.
if (width == null) { @
return null

// Ecnu width — number, npedycmaHoBumb nukcessi.
if (typeof width === 'number') { @
return {unit: 'px', value: width}

// [Monsimka nony4yums eOuHuusl usmepeHus u3 width.
let unit = parseUnit(width)
if (unit) { ©

return {unit, value: parseFloat(width)}

// B npomuBHom cay4ae BepHyms null.
return null @

}
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@ TypeScript criocobeH MOHSTH, YTO CBOGOHASI TIPOBEPKA PAaBEHCTBA HA CO-
oTBeTCTBHUE null B JavaScript BepHeT true ¥ 1711 null, 1 77 undefined. OH
TaKKe 3HaeT, UTO eCJIU [IPOBEPKa IIPOMIET, TO Mbl ¢/leJlaeM BO3BPaT, a ecJIu
Mbl He JieJlaeM BO3BPaT, 3HAYUT, IIPOBEPKA He IPOIILJIA U C 3TOI0 MOMEHTA
TUT width — 9TO number | string (oH 6OJIBIIE HE MOKET OBITh null main
undefined). MBI rOBOpUM, YTO THUII ObLIT YTOYHEH U3 number | string |
null | undefined B number | string.

@ Ilposepka typeof 3ampaliBaeT 3HAYCHNE [TPU BBIMOJTHEHNUH, YTOObI YBUEThH
ero tutl. TypeScript Tak:ke OJB3yeTCsT IPENMYIIIECTBOM typeof BO BpeMsI
KOMITUJIATIN: B BETBU if, r/ie mpoBepKka nmpoxoauT, TypeScript 3HaeT, 4To
width — 3TO number. B mpoTuBHOM ciryudae (ecsiu 3Ta BeTKa JieiaeT return)
width goJKHA OBITH string — eAMHCTBEHHBIM OCTABIINMCSI TUIIOM.

@ I[TockosbKy parseUnit MOKET BePHYTH null, MbI TpoBepsieM aT1o'. TypeScript
3HAET, YTO, €CJIM unit BepHa, TOTr/la OHA JOJIKHA UMETh TUII Unit B BeTKe if.
B mpotuBHOM ciryuae unit HeBepHa, UTO 3HAUUT — ee TUT null (YTOUHEHHBII
nu3 Unit | null).

O B 3asepienne Mbl Bo3BpaiaeM null. ITO MOXKET CYYNUTHCS, TOTBKO €CJIN
0JIb30BATEb MIEPEAACT string UIst width, HO aTa cTpoKa OyIeT CoepKaTh
HeToAiep;KuBaeMble eIMHUIIbI U3MEePEeHN.

A mporoBopua xon Mbiceti TypeScript B OTHOINEHNN KasKIOTO TPOU3BEICH-
HOTO yTouHeHus Tuta. TypeScript mpoebiBaeT OrpoMHYT0 paboTy, yaUTHIBASK
BaIllA PACCYXK/IEHUST B TIPOIIECCE UTEHMS M HATTMCAHUS KOJIA U KPUCTAJLINU3YST
WX B POBEPKY TUTIOB U MOPSI/IOK UX BBIBOJIA.

Tunbi pa3meyeHHoOro o6beauHeHna

Kax mpI Tompko 4TO BRIAcHUIN, TypeScript Xopomo moHuMaeT TPUHITATIBI
paboThl JavaScript u criocobeH oOTcIeKUBaTh Hallle yTOYHEHNE THIIOB, CJIOBHO
YUTAst MBICJIH.

JlotycTiM, MbI CO3/1aeM CHCTEMY MTOJIb30BATENbCKUX COOBITHUIT [JIST TIPHITOSKE-
Hust. Haumnaem ¢ onpejiesieHusi TUTIOB COOBITUI HapsiLy ¢ (hyHKIUSAME, 0Opa-
GATBIBAIOIINMU TTOCTYTIIIEHE 3THX cOOBbITHi. [IpecTaBbre, uTO UserTextEvent
MOJIETTUPYET COOBITHE KJIaBHATyPbI (HAIIPUMED, MTOJIb30BATE/Ib HATIEYaTasl TEKCT
<input />), a UserMouseEvent MOJEINUPYET COObITHE MBI (II0JH30BATEND
C/IBUHYJI MBITITH B KOOPAWHATHI [100, 200]):

!t B JavaScript ecTb ceMb 06003HaYEHU TIOHATHS «HeBepHO»: null, undefined, NaN, @, -0,
"' ' ufalse. Bce octasmbHble OTHOCSTCS K TIOHSATHIO <BEPHO>.
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type UserTextEvent = {value: string}
type UserMouseEvent = {value: [number, number]}

type UserEvent = UserTextEvent | UserMouseEvent

function handle(event: UserEvent) {

if (typeof event.value === 'string') {
event.value // string
/.
return

}

event.value // [number, number]

}

TypeScript 3Haer, uro BHyTpH OJI0Ka if event.value 10J/uKeH ObITh string (OJia-
rojiapsi poBepKe typeof), TO €CThb event.value rmocJie 6J10Ka if TOJKHO ObITh
KOpPTEsKeM [number, number] (13-3a return B 6JI0Ke if).

K yemy nmpusener ycioxuenue? /[o6aBiM yTOUHEHMsI K TUITAM COOBITHIA:

type UserTextEvent = {value: string, target: HTMLInputElement}
type UserMouseEvent = {value: [number, number], target: HTMLElement}

type UserEvent = UserTextEvent | UserMouseEvent

function handle(event: UserEvent) {

if (typeof event.value === 'string') {
event.value // string
event.target // HTMLInputElement | HTMLELement (!!!)
/..
return
}
event.value // [number, number]
event.target // HTMLInputElLement | HTMLELement (!!!)

}

XoTst yrouHeHue u cpaboTasio st event . value, 5TOTO He CITYUYHJIOCH JIJISI event.
target. [Touemy? Korma handle mosydaer mapameTp Tuna UserEvent, 9TO He
3HAUWT, YTO HYKHO IIepeath eMy JinOo UserTextEvent, 00 UserMouseEvent, —
Ha JieJie MOXKHO Tepe/laTh apryMeHT Tuiia UserMouseEvent | UserTextEvent.
U ocKoJIbKY YJieHbl 00beIMHEHNST MOTYT TiepeKpbiBaThes, TypeScript Tpeby-
ercst 6oJiee HaJIESKHBIN CIIOCOO y3HATh, KOT/Ia M KaKO cJrydail 00bemHEeH s
aKTyaJIeH.
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CIIGJIaTb 9TO MOJKHO C IIOMOIIbIO TUIIOB JIMTEPAJIOB U OIIpe/eJIEHWA Tera AJId
KasK/[0T0 cJIydasi TUIa 0ObenHeHusI. XOPOIIHii Ter:

a

a

B kask10M cirydae pacrio/iaraetcsi Ha OJHOM ¥ TOM JKe MeCTe THIa 00be/iHe-
nust. [TogpasymeBaer To e 1moJjie 00beKTa, e peub uaeT 00 00beInHEHIH
TUTIOB 06BEKTOB, MJIN TOT K€ WHIEKC, eCJIU JIeJI0 KacaeTcs 0ObeMHe s
Kopreskeil. Ha npakTuke pasMeuyeHHble 0ObeAMHEHN Yallle SABJSIOTCS
0OBEKTAMM.

TunusupoBaH Kak TUN JuTepasia (CTPOUHBIN JUTepa, YNCJTEHHBIH, JIO-
TUYECKUN U T. 11.). MOKHO CMeNTMBaTDh U COTIOCTABJISITh PAa3JIMUHbBIE TUTTBI
JIUTEPAJIOB, HO JIyUIlle IPUIEePKUBAThCI eIMHCTBeHHOTO TUTa. Kak mpa-
BUJIO, 9TO TUT CTPOYHOTO JINTEPAJIa.

He ynuBepcasen. Teru e M0JKHBI MOJIYYaTh apTYMEHTHI 0000TIEHHBIX
THIIOB.

Bsanmouckodaronuii (yHUKaJeH BHYTPU THIIA 0ObeIMHEHUST).

OGHOBUM THUTIBI COOBITHIA ¢ YYETOM BBITIECKA3aHHOTO:

type UserTextEvent = {type: 'TextEvent', value: string,

target: HTMLInputElement}

type UserMouseEvent = {type: 'MouseEvent', value: [number, number],

target: HTMLElement}

type UserEvent = UserTextEvent | UserMouseEvent

function handle(event: UserEvent) {

}

if (event.type === 'TextEvent') {
event.value // string
event.target // HTMLInputElement
/...
return

}

event.value // [number, number]

event.target // HTMLELement

Terepb, Koria Mbl YTOUHSIEM event Ha OCHOBE 3HAUEHUSI €r0 Pa3MeueHHOIo
nosist (event.type), TypeScript 3Haet, 4To B BeTKe if event JOJIKEH OBITh
UserTextEvent, a TOCJIE BETKH if OH OJIKEH OBITh UserMouseEvent, [Mockompky
TErW YHUKAJIbHbI B KaKJIOM TuIle oO0beauHenust, TypeScript 3Haet, 4To OHU
SABJISIIOTCSA B3aUMOUCKJIIOYAIOITUMU.
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Vcnosb3yiiTe pasMedeHHbie 00beAMHEHMS TP HalTMcaHuu (pyHKIMHU, 0Opa-
GaThIBAIOIIEI pasInYHbIe CTydan ThIa oobearHernst. K mpumepy, mpu pabore
C ICHCTBUAMMT Flux, BOCCTAHOBJICHUSIMHU B Redux MJIN C useReducer B React.

ToTanbHOCTD

[IporpaMMICT Tiepe/; CHOM CTaBUT Ha TYMOOUKY /[BA CTaKa-
Ha: TIOJTHBIN — Ha CcJIy4ai, eciu 3aXo4eT MUTh, U ITyCTON —
€cJIU He 3aX04eT.

Anonum

ToTabHOCTD, MK ITPOBEPKA MOJIHOTHI OXBATa, O3BOJISET MOLYJIIO IIPOBEPKU
yOerThes, UTO BbI IIpopaboTasm Bee caydan. OHa Obljia Mo3auMCTBOBaHA U3 SI3bI-
KOB, OCHOBaHHBIX Ha COMOCTaBJIEHNUH aTrTepHoB, Takux Kak Haskell, OCaml u ap.

TypeScript mpousBoAUT TPOBEPKY TOTAIBHOCTHU B PA3JIMUHBIX CIyUastX, esast
HOJIE3HbIE TIPELYTPEKACHMUST, €CITH BBl YTO-THO0 YIIYyCTUIN. DTa (DYHKIIHS OT-
JIMYHO ITOMOTaeT MPe0TBpaIiaTh peajibhbie Oaru. Hampumep:

type Weekday = 'Mon' | 'Tue'| 'Wed' | 'Thu' | 'Fri’
type Day = Weekday | 'Sat' | 'Sun'

function getNextDay(w: Weekday): Day {
switch (w) {
case 'Mon': return 'Tue'

}

OueBH/IHO, YTO MBI YIIYCTUJIN TIapy AHel (Heesst Oblia yTOMUTETbHOI ), HO
TypeScript mpuXoANT Ha TTOMOTITH:

Owmnbka TS2366: B QYHKLMM OTCYTCTBYeT KOHEYHbli onepaTop Bo3BpaTa,
a BO3Bpawaemblii Tun He BkAw4aeT 'undefined'.

ITO cOOOIIEHIE YKA3BIBAET, UTO HY;KHO JTHOO JAOTMOJTHUTD YITYIIEHHBIE CTyIan
B KOHIe MHCTPYKIMEH return, BO3Bpallalolleil 4To-To Bpoje 'Sat', 1nubo
M3MEHUTH BO3BpAIaeMbIil THIT getNextDay B Day | Undefined. ITocie mobas-
JIEHUsT case JIJIsl KayK/I0T0 Day onnbka ncuesHer (mornpobyiire). ITocKoIbKyY
Bbl aHHOTUPOBAJIM BO3BPAIIaeMbIil TUTI getNextDay, HO HET FTapaHTUH, YTO BCe
BETBU BEPHYT 3HAUEHME ATOTO TUTIA, TypeScript Bac mpeaymnpeskaaeT.
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TSC-ONAT: NOIMPLICITRETURNS

Yrobsr TypeScript mposepsn, Bce mu BeTBU (HYHKIWIT BO3BPAIAIOT

3Ha4yeHVs (U BbIJaBajl IpefyIpeXaeHre, KOrja Bbl YTO-TO YIYCTUIN),
AKTUBUPYITE (bnar noImplicitReturns B tsconfig.json. Bam pemars, crout
I 3TO [ie/IaTh: HEKOTOPbIe Pa3pabOTUMKI UCIONB3YIOT MEHbIIle SIBHBIX
MHCTPYKUMIL return, a Apyrue OOIBLIINM YMCTOM TAKUX MHCTPYKLIMIL T10-
BBIMIAIOT TUIIOOE30IIACHOTD 11 YIYYIIAIOT I€PeXBaT OIIMOOK.

[letanm peanmmsanuy B 9TOM IpUMepe HEPUHIMTTHAIBHBL: HEBAJKHO, KaKyTO
MMEHHO CTPYKTYPY YyIIpaBJIEHN BBI UCITOJIb3yeTe — switch, if, throw nam 1p., —
TypeScript mpoceaut, 4ToObI BbI TIPOPAOOTAIN BCE CIIYYAL.

Bor ente ogun npumep:

function isBig(n: number) {
if (n >= 100) {
return true

}

B03MOKHO, IPOAOJIKATEIbHbIE COOOIIEHUS KJIMEHTA O COPBAHHOM Jeaiiie
3aCTaBUJIM BaC HEPBHUYATH U BB 3a0bLIH 00pabOTaTh YHC/Ia HIKE 100 B BAYKHOM
1uist GecriepeboitHoil nesreapbHocTH GyHKINN isBig. He crouT mepexuBarh,
Bezb TypeScript Bac mpukpoert:

Ownbka TS7030: He BCe BeTBM KOAA BO3BpaWaWT 3HA4veHue.

A MOXeT, B BBIXO/IHbIE BAC OCEHUJIO, YTO HYKHO TePemcaTh 9TOT TIPUMep
¢ getNextDay, c/iesiaB ero 6oJiee adexruHbIM. [Touemy Obl BMECTO switch He
HCII0JIb30BATh B 00BEKTE TIOCTOSTHHO JIEHCTBYIOMINI TPOCMOTP?

let nextDay = {
Mon: 'Tue

nextDay.Mon // 'Tue'

BOSMO?KHO, BacC OTBJIEKJIO TABKaHbE COCeIICKOfI CO6aKl/I, Pa3 Bbl YITYCTWUJIN 3a-
ITOoJIHEHE OCTaJIbHbIX ILH€I>JI B HOBOM OOBEKTe nextDay, MalllMHAJIbHO C/l€J1aB
KOMMUT U IPUCTYIIUB K JIPYTUM /[I€J1aM.
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Xotp TypeScript u coobmut Bam 00 omubKe IpU CJeLyoIIei monbiTke 00-
paTUThCs K nextDay.Tue, BbI MOIJIN Obl OBITh M3HAYAIBHO GOJIEE MPELyCMO-
TPUTEIBHBI TIPH 00bsiBICHNH nextDay. [To3aHee, B moapasaene « Tum Record»
Ha ¢. 172, BbI y3HaeTe, 4To JJIst 3TOTO eCTh jiBa crocoba. Ho mpeskie, ueM Mbl
TaM OKaKeMCsl, B3TJISTHUTE Ha OTIePaTOPbI /I TUITOB 00HEKTOB.

lpoaBUHYTbIE TUNBI 06bEKTOB

OO6bexThl — 9TO IeHTpasibHast yactb JavaScript, u TypeScript momneps;kuBaer
MHO’KECTBO CIIOCOO0B HE30MACHOTO YITPABJIEHUST UM

Onepatopbl TUNOB 06bEKTOB

[TomuwuTe onepatopbl 00beanHenus (| ) u mepecedenust (&) U3 moapasena
«Turbl 00beuHEHUS 1 Tlepecedenrsi» Ha ¢. 50? PaccMOTPUM HECKOJIBKO
JPYTHX OMEPATOPOB, MOAXOASIINX JisT PabOThI ¢ (hopMaMHu.

Onepatop nogknioueHua (key in)

[IpencTaBbre KOMILIEKCHBIN BJIOKEHHBIN THII 1711 MO/ie/InpoBanust oTBeTa API
GraphQL, nosryuaemoro usz API BeIOpaHHOI COIUANBHOI CETH:

type APIResponse = {
user: {
userId: string
friendList: {
count: number
friends: {
firstName: string
lastName: string

1

}
Mosxuo nosyunts otBet oT API, a 3aTeM 0TOOpasuTh €ro:

function getAPIResponse(): Promise<APIResponse> {

/).
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function renderFriendList(friendList: unknown) {

/).

let response = await getAPIResponse()
renderFriendList(response.user.friendList)

Kaxwum osmkeH ObiTh THIT friendList? (Ceityac oH 3aduKcrpoBaH Kak unknown.)
MosxHo mponucath €ro U TOBTOPHO Peajnu30BaTh TUI BEPXHETO YPOBHA
APIResponse C y4€TOM U3MEHECHMUII:

type FriendList = {
count: number
friends: {
firstName: string
lastName: string

H

type APIResponse = {
user: {
userId: string
friendList: FriendList

function renderFriendList(friendList: FriendList) {
/..
}

Ho Torna npusercst npujaymMaTh UMeHa JiJisl KaK/I0TO U3 TUTIOB BEPXHETO YPOB-
HSI, YTO He BCer/Ia JKeaTeJbHO (HAPUMED, €CJTH Bbl UCIIOJb30BAIM CUCTEMY
cbopku st rereparn Tuiios TypeScript us cxembr GraphQL). Bmecto sToro
MOJKHO TIOJIKTIOYUTHCST K THITY:

type APIResponse = {
user: {
userId: string
friendList: {
count: number
friends: {
firstName: string
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lastName: string

1

}
type FriendList = APIResponse['user']['friendList"']

function renderFriendList(friendList: FriendList) {
/...
}

ITO MOKHO JIeJ1aTh st 11060ii hopmbl (00beKTa, KOHCTPYKTOPA KJIacca WIn
€ro 9K3eMILISIPA ), a TaksKe Uis1 1o6oro MaccuBa. Harpumep, 4ToObI MOTyIUThH
THTI OT/IEJTBHOTO IPYTa:

type Friend = FriendList['friends'][number]

humber — 3TO CMOCOO TIOIKIIOUEHMSI K THITY MacCHBa. B KOpTeKax MCIOb-
3yiiTe @, 1 WK APYTOil TUIT YUCAEHHOTO JUTepaia s yKa3aHus HHIEKCa,
K KOTOPOMY HYKHO C/I€JIATh TTO/IKTIOYeHe.

Cunraxkcuc I 9TOTO HAMEPEHHO aHaJIOTUY€H TaKOMY, KaKou NCIIOJb3YETCA
JUIST TPOCMOTPA ToJIell B PETYJISIPHBIX 00beKTax JavaScript, — Tak ke Kak
3HAYEHUE COMEPIKUTCS B 0OBEKTE, TUIT PACTIONOKEH B (hopMe. 3aMeThTe, 4To
JUUIS TIOMCKA TUTIOB CBOMCTB ITPH TIOKIIOYEHUN HYKHO TIPOTIUCHIBATH CKOOKH,
a He TOYKU.

Onepartop keyof

Hcrnonbayiite keyof jiJ1st TOJTydeHMsI BCeX KIf0ueil 00beKTa B BUjle 00beIMHEHMSI
TUTIOB CTPOYHBIX TUTEPaToB. BosbMeM mipeabiaytuit mpumep ¢ APTResponse:

type ResponseKeys = keyof APIResponse // 'user'
type UserKeys = keyof APIResponse['user'] // 'userId' | 'friendList'
type FriendListKeys =

keyof APIResponse['user']['friendList'] // 'count' | 'friends'

O6beuHAs O1IIepPaTOPBI MOAKIIOYECHUS U keyof, BBl MOKETE PeaIn30BaTh TH-
106e30macHy0 (PYHKIUIO MOTydeHus, KOTOpast UIIEeT 3HaUYeHUe B 3aJaHHOM
KJII04e 0OBbEeKTa:

function get< @
0 extends object,
K extends keyof 0 @
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>(
o: 0,
k: K
): 0[K] { ©

return o[k]

}
@ get — 510 hyHKIM, MoJyYaroiias 0ObEKT o U KJI0Y k.

@ keyof 0— 5T0 OObBEIMHEHVIE TUITOB CTPOYHBIX JIUTEPATIOB, IPEICTABIISIONIEE
Bce Kimoun o. OOOOIIEHHBIN THIT K SIBJISIETCS TIOJTUIIOM 3TOTO 00be/IiHe-
HUA ¥ OJJHOBPEeMEeHHO pacinupset ero. Hanpumep, ecau o umeet Tui {a:
number, b: string, c: boolean}, Torgakeyof o —atoTum'a' | 'b' |’
a K (pacrmpsionuii keyof o) MoxeT ObITH TUIIOM 'a', 'b', 'a' | 'c
WJIH JIIOOBIM JIPYTUM TOATHIIOM keof o.

c,

© 0[K] — 5TO THII, KOTOPBII BBI TIOJyYaeTe, Korja uiete K B 8. [Ipogosmkast
npumep us @, eciii K — 9T0 'a'. TOrAA IPU KOMIIIJIAIUK MbI 3HA€M, 4TO
get Bo3Bpaiaer number. Ecaint ;ke K — 3710 'b' | 'c', TOr/Ia MBI 3HAEM, YTO
get Bo3BpalllaeT string | boolean.

Yro XOpOIIO B 9THUX OllepaTOpax TUIIOB, TaK 9TO TO, HACKOJIbKO TOYHO 1 6es-
OITaCHO OHM ITO3BOJIAIOT OIINCATh (bOpMI)I THIIOB:

type Activitylog = {
lastEvent: Date
events: {
id: string
timestamp: Date
type: 'Read' | 'Write’
M1

let activitylLog: ActivitylLog = // ...
let lastEvent = get(activitylLog, 'lastEvent') // fJama (Date)

TypeScript cam 1poBepsieT Ipu KOMITUJISAIME, YTO TUIT lastEvent SIBJISIETCS
Date. Koneuno, Bbl MOIIM ObI KCIIOJIB30BATh PACIIUPEHNE, YUTOOBI IIPOU3BECTU
HOJIKJIIOYEeHMeE TakKe uim OoJiee Tryboko B oObekTe. [leperpysum get, 4roObI
OHa IPUHMMAJIA JI0 TPEX KJIIOYe:

type Get = { @
<

0 extends object,
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K1 extends keyof O
>(o: 0, ki: K1): O[K1] @

0 extends object,
K1 extends keyof O,
K2 extends keyof O[K1] @
>(o: 0, ki1: K1, k2: K2): O[K1][K2] @

0 extends object,
K1 extends keyof O,
K2 extends keyof O[K1],
K3 extends keyof O[K1][K2]
>(o: 0, ki1: K1, k2: K2, k3: K3): O[K1][K2][K3] @

let get: Get = (object: any, ...keys: string[]) => {
let result = object
keys.forEach(k => result = result[k])
return result

get(activitylLog, 'events', @, 'type') // 'YmeHue' | '3anuce’

get(activityLog, 'bad') // Owubka TS2345: apzaymeHm muna '"bad"'
// HecoBmecmum c napamempom munda
// '"lLastEvent" | "events"'.

@ OObsBisieM eperpysKeHHY0 CUTHATYPY (DYHKIIUY JIUISL get € TPEMsI CJIy-
YasiMU, T/I€ MbI BbI3bIBAEM get C OJHUM, IByMS U TPEMS KJIIOYaMHU.

@O Cuyuaii ¢ OHUM KJIIOYOM COBIIAIAET C MOCJAEHUM TIPUMEPOM: O — 3TO
TO/ITHIT object, K1 — 3TO MOATUII KITIOUEH 3TOr0 00bEKTA, a BO3BPAIaeMblil
THIT — 9TO JTI0060I KOHKPETHBII THTI, KOTOPbI MBI IOJTy4aeM ITPU MOKITIO-
YeHuu K 0 uepes K1.

© Curyuaii ¢ AByMsI KJIIOUAMK TIOXO3K HA CIIyYail ¢ OJHUM, HO MbI OOBSIBJIS-
eM elie ofuH 0000IIEeHHbBII TUTI, K2, [IJIsI MOJIeIUPOBAHISI BO3MOKHBIX
KJII0Y€el BO BJIOKEHHOM OOBEKTE, MOMYIAIOIIEMCST TOCTIE TIOAKIIOUEHST
K 0 uepe3 K1.

O Ilponokaem nocrpoenue @, ABakapl Ipoussens nogkaoderne. CHa-
YJaJia MBI MOJYYUIN TUII O[K], a 3aTeM OT 3TOTO pe3ybTaTa IMOJIy4YnJIn
TAN [K2].
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© B s1om nipumepe Mbl 00pabaThIBaIN 10 TPEX BJIOKEHHBIX Kitoueil. Ecin
BbI TIHIIETE peaibHyi0 OUOINOTEKY, TO, BEPOSITHO, pernuTte 00paboTaTh
GOJIbIIIEE YUCIIO CIYyYaeB.

Kpyro? Haiinure BpeMs 1I10Ka3aTh 3TOT IIpUMeP CBOUM Java-Apy3bsIM U 110-
3JI0paJICTBYIITE Ha/l HIMU.

TSC-OJNAT: KEYOFSTRINGSONLY

B JavaScript 06BeKTBl 1 MacCUBBL MOIYT MMeTb KaK CTPOYHBIE, TaK
U CUMBOBHBIE (symbol) karoun. OObIYHO /I MaCCUBOB IMPUMEHSIOTCS
YJICTIEHHbIE K/TI0YY, KOTOPble IIPY BBIIIOTHEHNY NTePEBOAATCS B CTPOKIL

B cBsa3u ¢ atum keyof B TypeScript o ymonryanuio Bo3BpalaeT 3Have-
HMe Tuma number | string | symbol (eciu Bbl BbI3OBETE €ro0 g 6oee
KOHKpeTHOII ¢popmbl, To TypeScript Mo>keT BbiBecTI 60/1ee KOHKPETHBbIIT
TTOMITHIL).

9To NpaBU/IbHOE MOBEieHNe, HO OHO MOXET CJie/IaTb MHOTOC/IOBHBIM
pabory ¢ typeof B ciydasx, korga Tpedyercs gokasarb TypeScript, uto
KOHKPETHBIN K/II0Y ABIAETCA string, a He number ymm symbol.

YT0O6BI IIepeKTIOUNTDCA Ha CTApYI0 MOZAe/b oBefeHus TypeScript, koraa
KJIIOY JO/DKHBI OBITh CTPOKaMU, aKTUBUPYIiTe (iar keyofStringsonly
B tsconfig.json.

Tun Record

Berpoennsiii B TypeScript tum Record — 2T0 criocob onucarh 0ObEKT Kak
orobpaskeHue Ha APYyroii 00beKT.

BenomnuTe u3 npumMepa ¢ Weekday B paszesne «TotambrocTby Ha ¢. 165, uto
€ecTh 1Ba CIIocoba cIeIaTh Tak, 4T00bI 0GBEKT OMPE/IE/IsAT KOHKPETHBIN Habop
kJtoueid. Tutibl Record — 3TO MEPBbIN U3 HUX.

JlaBaiiTe CI0Ib3yeM Record JIJIst TOCTPOEHUST OTOOPAaKEHUST KayK/I0TO JIHST He-
JleJTH Ha cJIe Iy IO 1eHb Hemeau. C moMoIbio Record MOSKHO HAKJIAIbIBATh
HEKOTOpPbIE OTpaHNMYEHNA Ha KJII0YN 1 3HAYEHWA B nextDay:

type Weekday = 'Mon' | 'Tue'| 'Wed' | 'Thu' | 'Fri’
type Day = Weekday | 'Sat' | 'Sun'



MpoABYHYTbIE TUMbI 06bEKTOB 173

let nextDay: Record<Weekday, Day> = {
Mon: 'Tue'

}
U tyT BbI TTOJTYUnTE TI0JIE3HOE COOOIIIEHIE 00 OMUOKE:

Ownbka TS2739: B Tune '{Mon: "Tue"}' ynyweHsl cnepywwme CBOWCTBA
n3 Tuna 'Record<Weekday, Day>': Tue, Wed, Thu, Fri.

JlobaBJieHue yIyIieHHbIX Weekdays B 0OBEKT, KOHEUHO Ke, yCTPAHUT MPOOJIEMY.

Record faeT Bam OOJIBIIYIO CBOOOLY, IO CPABHEHUIO ¢ OOBIYHBIMU CUTHATYPaMU
UHEKCOB 00bEKTOB, TI03BOJISIONIMMU OFPAHUYMBATD TUIIBI 3HAUEHUN 00bEK-
TOB, HO JIOITyCKAeT TOJIbKO CTaHapPTHbIE KJIIOYM: string, number nau symbol.
C noMo1Ibio Record MOKHO JOIOJHUTEIBHO OrPAHUYNUBATDL TUIIBI KJII0UEil
00BEKTA JI0 TIOATHUIIOB string 1 number.

OTo6pakeHHble TUNbI

TypeScript gaet BTOpoii OTJIYHbII crIoco6 00bABUTD GoJiee Ge30TIacHbIi THIT
nextDay — OTOOpaKeHHbIE TUTIBL. ICIIOIb3yeM UX /IS yKa3aH¥sl, YTO nextDay —
9TO OOBEKT C KJIIOUOM JIJIsT KaKI0TO Weekday, Ube 3HaU€HIe — 9TO Day:

let nextDay: {[K in Weekday]: Day} = {
Mon: 'Tue'

}
ITO ellle OJIMH TIOXO/ /71T UCTIPABJIEHHST YITYIIEHHOTO:

Ownbka TS2739: B Tune '{Mon: "Tue"}' ynyweHsl cnepywwue CBOWCTBA Tuna
type '{Mon: Weekday; Tue: Weekday; Wed: Weekday; Thu: Weekday; Fri:
Weekday}': Tue, Wed, Thu, Fri.

OrobpazkeHHbIE THIIBI — 9TO YHUKaIbHas ocobennocTsb TypeScript. ITogo6mHo
TUTIAM JINTEPAJIOB, OHU SBJSIOTCS TOJIE3HON (DYHKIUEN I/ CTATUYECKOM
TUTU3AIUHU JavaScript-koza.

Kak BbI yBHI€/I1, 0TOOPaKEHHBIE TUIIBI KIMEIOT 0CO0BII cuHTakcuc. Y B 00b-
eKTe JOJIKHO GBITh He 6oJiee 0JHOr0 0TOOpaKEHHOro TUIa (KaK U CUTHATYP
UHIeKCa):

type MyMappedType = {
[Key in UnionType]: ValueType
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ITo onpeaeIeHUIO OHU IIOMOIAIOT 0TOOPAXKATD KII0YK 00BEKTA U TUIIbI 3HAYE-
nuit. Ha neste TypeScript ucronbsyer oroOpaskeHHbIe TUITHI LIS Pean3aiinm
BCTPOEHHOIO THUITa Record:

type Record<K extends keyof any, T> = {
[P in K]: T
}

OHnu a0t 60JIbIIE BO3MOKHOCTE, YeM TIPOCTON THUII Record, TIO3BOJISIST HE
TOJIBKO HpI/ICBaI/IBaTb TUIIbI K/JIIOYaM 1 3HAYCHUA O6'beKTaM, HO 1 yCTaHaB-
JINBATh TIPU KOMOMHUPOBAHUHN C TTOAKIIOUEHHBIMU TUIIAMU OTPaHUYEHII,
onpeieNigioNine, KaKyue TUIThl 3HAYEeHUI COOTBETCTBYIOT TEM WJIM MWHBIM
nMeHaM KJIToUeil.

Bxpatiie paccMOTpUM HEKOTOPbIE BO3MOKHOCTH, JOCTYITHbIE TIPU UX TTPU-
MEHEHUU:

type Account = {
id: number
isEmployee: boolean
notes: string[]

// Clenamb B6ce nosas onyuoHA/AbHLIMU
type OptionalAccount = {
[K in keyof Account]?: Account[K] €

// Clename Bce nona donyckawwyumu null
type NullableAccount = {
[K in keyof Account]: Account[K] | null @

// Coename Bce nons read-only
type ReadonlyAccount = {
readonly [K in keyof Account]: Account[K] @

// CHoBa cdename Bce nonsa 3anuceiBaemsimu (3kBuBaneHm Account)
type Account2 = {
-readonly [K in keyof ReadonlyAccount]: Account[K] @
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// CHoBa cdenamb Bce nons obazamenvHeimu (3kBuBaneHm Account)
type Account3 = {

[K in keyof OptionalAccount]-?: Account[K] @
}

o Co3maeM HOBBIH TUIT 00BeKTa OptionalAccount, 0T06pa>KaeM Account 1 110-
IIYTHO ITOMeYaeM KaK/10€ 110JIe KaK OIIIMOHaJJIbHOE.

® CosnaeM HOBBIIT THIT 00bekTa NullableAccount, 0T06pa>1<aeM Account 1 110-
IyTHO 106aBJIsIeM null B KaueCTBE BO3MOKHOTO 3HAYEHMS /IS KasKIOTO TIOJISL.

©® Cosnaem HOBLIN TUII 0ObEKTa ReadonlyAccount M JieaeM Kaskao0€e 110J1e
Account JIOCTYITHBIM TOJIBKO JIJIST YTEHHS.

O MosxHO oMeyaTh 10JIst Kak OTIHOHATbHbIE WK readonly U yOHPaTh M0100-
Hble ToMeTKU. C MOMOIIBIO OTlepaTopa TUIa MUHYC (- ), IOCTYITHOTO TOJIBKO
JUIs1 OTOOPAsKEHHBIX TUIIOB, OTMEHSIEM ? 1 readonly, 4TO C/IEJIAET TT0JISI CHOBA
00s13aTeIbHBIMU 1 3aITMCHIBAEMBIMI COOTBETCTBEHHO. /lajiee co3iaeM HOBbIIT
THI 00beKTa Account2 — 9KBUBAJIEHT Account, 0ToOpaskaeM ReadonlyAccount
U yaamnsgeM MonuUKaTop readonly ¢ TIOMOIIBIO OTIepaTopa MIUHYC (- ).

©® Cosnaem HOBBIN TUIT 00BEKTA Account3 — TOXKE DKBUBAJIEHT Account,
orobpaskaeM OptionalAccount M yajisieM OlepaTop OIMIUOHATBHOCTH (?)
C TIOMOIIIBIO oTiepaTopa MUHYC (-).

Munyc (-) MMeeT BCTPEYHBIII OllepaTop IUIOC (+), KOTOPBLII BaM, Bepo-
ATHO, HUKOIZIA He IIPUJETCS UCIIO0/Ib30BaTh HEIIOCPENCTBEHHO, II0OCKOIb-
Ky BHYTPU OTOOpa>KeHHOTO THIIA readonly SABIAETCA SKBMBAICHTOM
+readonly, a ? ABJAETCS 9KBUBAJIEHTOM +?. TO eCTb + IPUCYTCTBYeT
IIPOCTO /15 ITO/THOTHIL.

BCTpOEHHbIe 0T06pa)KEHHbIe Tunbl

Berpoennbie TUTIBL, ¢ KOTOPBIMY MBI TIO3HAKOMUJIUCH B TIOCJIE/THEM pPa3/ielie,
HACTOJIBKO T0JIe3HBL, uTO TypeScript comep:KUT MHOKECTBO X BAPUAHTOB:

Record<Keys, Values>
OObBEKT ¢ KJIoUaMu THIIA Keys ¥ 3HAYEHUAMMU THUIIA Values.
Partial<Object>

ITomeuaet kaskmoe moJie B Object Kak ONIIMOHAJbHOE.
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Required<Object>

[Tomeuaer kazkmoe moJie B Object Kak obs3aTesbHOE.
Readonly<Object>

ITomeuaet Kaskoe 1oJie B Object TOJIBKO 7SI UTEHMSI.
Pick<Object, Keys>

Bosspariaer moatut Object TOJBKO C 3aJIaHHBIMU Keys.

“aTTepH 00beKT-KOMNaHbOH

IroT marTepH nmosanMcTBoBaH 13 Scala (https://docs.scala-lang.org/tour/singleton-
objects.html#companion-objects), rie oH faeT BO3MOKHOCTb OO BEMHSATH OO BEKThI
1 KJIacchl, nMeronue ogunakoBoe nums. B TypeScript ananornynsiii narteps
CITYSKUT JIUIsT OO BEIMHEHIS THIIA U 00bEKTa.

Bor kax on BBITJIA/NT:

type Currency = {
unit: 'EUR' | 'GBP' | 'JIPY' | 'USD'
value: number

let Currency = {
DEFAULT: 'USD',
from(value: number, unit = Currency.DEFAULT): Currency {
return {unit, value}

}

Bceriomuure, uro B TypeScript TUIBI ¥ 3HAYEHUST UMEIOT Pas/iebHbIE TPO-
cTpaHcTBa uMeH (cM. pasnen «Cansinue nekaapanuii» Ha ¢. 279). ITo 3HaYuT,
YTO B OJJHOU OOJIACTH MOTYT ITPUCYTCTBOBATD TUII U 3HAYEHHUE C OJIHUM NMEHEM
(B maHHOM IIpHIMeEpe Currency). B martepHe 00beKT-KOMITAHBOH 9TO Pas/ieJieHIe
M03BOJISIET OOBSABUTD UM JIBAK/IbI: CHAYAJIA [IJIST THTIA, & 3aTEM JIJIsl 3HAUCHMS.

¥ aToro marrepHa ecThb Pl MOJOKUTENbHBIX CBOUCTB. OH M0O3BOJISIET TPYII-
MUPOBATH MHMOOPMAIINIO TUTIA U 3HAYEHU S, KOTOPAs CEMAaHTUUECKU STBJISTETCS
4acThio 0/IHOTO nMeHu. OH Tak/Ke MO3BOJISIET MOTPEOUTEISIM IMIIOPTHPOBATD
W TO U IPYTOE 32 Pas:
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import {Currency} from './Currency'’

let amountDue: Currency = { G
unit: 'JPY',
value: 83733.10

let otherAmountDue = Currency.from(330, 'EUR') @

@ licnosbsoBanie Currency Kak THIIA.
@ licronb3oBatiie Currency Kak 3HAUCHUSI.

I/ICHOHBSYﬁTe 9TOT IMaTTEPH, KOTAa TUIT 1 00BeKT CeMaHTUYeCKI CBA3aHbl,
a 00bEKT MpeAOCTaBJIAET C]Iy?I{e6HI)Ie METO/bI, KOTOPbIE OIIEPUPYIOT C TUIIOM.

"pOABMHyTbIe (I)YHKI.I,I/IOHaJ'IbeIe TUMNbI

PaCCMOTpI/IM HEKOTOpPbIE 6oJee IIPOJIBUHYTbIE TEXHUKH, HaCTO NUCITIOJIb3yEMbIE
C (I)yHKHI/IOHaJII)HI)IMI/I THUITaMU.

YnyuiweHue BbIBOAA TUMOB ANA KOpTeXeil

Korma Bor 00bstBiIstere kopresk, TypeScript BRIBOAUT €ro Kak MOKHO OoJiee
OOIIMM UCXO/IS U3 MPEAOCTABIEHHBIX €MY JaHHBIX HE3aBUCHUMO OT JJTHHBI
KOPTE’Ka ¥ MO3UIIMOHUPOBAHUS THIIOB:

let a = [1, true] // (number | boolean)[]

Ho uHora Hy:keH 6oJiee CTPOTHiT BHIBOJI, KOTOPBIN paciieHnBas Obl a Kak KOp-
TeX (PMKCUPOBAHHOM JIJIMHBI, 2 He Kak MaccuB. KoHeuHO, MOJKHO HCITOJTh30BaTh
yYTBep:KACHUE TUTIA JJII TPUBEIEHUS KOPTEeKa B TUTI KOPTesKa (CM. TTOIpasiest
«YTBepsKIeHs TUTIOB> Ha c. 185) 6o yTBepkIeHne as const (CM. TIopas-
nen «Tun consty Ha ¢. 156) 11t MAKCUMATBHO Y3KOTO BBIBOJIA TUTTA KOPTEIKA,
MMOMETHUB €TO0 JOCTYITHBIM TOJIBKO JIJIST YTCHUS.

Ho uTo, eciii BbI XOTHUTE TUITU3MPOBATH KOPTEK KaK KOPTEK, HO M30eKaTh
YTBEP:KIEHMS, Y3KOTO BBIBOJIA U JIOCTYITHOCTU TOJIBKO JIJIs uTeH M ? Bocmoib-
3yITECh MIPEMMYIIIECTBOM BbIBO/IA TUIIOB JIJISI OCTABIIUXCS [TapaMeTpoB (CM.
nozpasen «Mcrnonb3oBanne OrpaHuueHHOro OITUMOPGhU3MA 1751 MOJIeU-
poBanust apHOCTH» Ha c. 105):
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function tuple< @
T extends unknown[ ] 9

>(

Lt T O
):T{ O
return ts @

let a = tuple(1, true) // [number, boolean]

@ O0bsiBisieM QyHKINIO tuple, KOTOPYIO TAK/KE HCIIOJIB3YEM JJIS TIOCTPOEHUS
THTIA KOPTeXa (BMECTO BCTPOEHHOTO CUHTaKcuca [ ]).

@ OO6bsaBisieM OVH HapaMeTp TUIA T, ABJISIONIICS OATUIIOM unknown[ ] (3T0
3HAYUT, 4TO T SBJISICTCS MACCUBOM JIIOOOr0 TUIIA).

© tuple mosyyaet epeMeHHOE YHCIIO TApaMeTpoB ts. [I0CKOIbKY T OTHCHI-
BaeT ocTaBIuiics mapametp, TypeScript BBIBOAUT 7151 HETO TUII KOPTEKA.

O tuple Bo3BpAlAET 3HAUEHME TOTO JK€ TUIIA KOPTEKA, KOTOPBIN ObLI BBIBEIEH
IS ts.

© Oyukims Bo3Bpaiaer TOT ke apryMeHT, KOTOPBIH ObLT e mepena. Best
Marusi B TUIIAX.

BocmonpayiiTech 3TOl TEXHUKOMN, KOTJIa B KOJie TPUCYTCTBYET MHOTO KOP-
TEKHBIX TUTIOB.

Monb3oBaTenbckue 3aWmTbl TUNOB

JL71s1 HEKOTOPBIX BUZOB (QYHKIIHI, BO3BPAIIAIOIINX boolean, MOKeT OBITD He-
JIOCTATOYHO ITPOCTO YKa3aTh: «ITa (PYHKIMs BO3BpaIlaeT booleans. Hamuiem
(YHKIHIO, COOOIIAIOILYIO, TEPEIajii BbI string WM HET:

function isString(a: unknown): boolean {

return typeof a === 'string’'
}
isString('a") // Bblucngaemca kak true
isString([7]) // Bblucngaemcsa kak false

[Toka Bce xopoiiio. YTo TPOU30H/IET, ECTIN UCITOJIb30BaTh 1sString B peajJbHOM
Koze?
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function parseInput(input: string | number) {
let formattedInput: string
if (isString(input)) {
formattedInput = input.toUpperCase() // Owubka TS2339: cBolicm6o
// 'toUpperCase' He cyuecmByem
} // 6 mune 'number'.

}

typeof paboTaer /it OOBIYHOTO YTOUHEHMsT THIIA (CM. TIOJPA3IET « YTOUHEHHE>
Ha ¢. 160) HO He paboTaeT 371ech?

Oco6eHHOCTh YTOYHEHKS TUIIOB B TOM, YTO OHO PabOTaeT TOJBKO /st TUIIA
nepeMeHHOM, Haxoasdieiica B Tekyeil obmactu. B peanusanum isString
MbI YTOUHUJIN TUII BBOAHOTO IapaMeTpa JIo string, UCMOIb30BaB typeof, HO
yTOYHEHHe He TIEPETIIo B IPpyTrre 00IacTH U yTPaTUIOCh, moatomy TypeScript
Y3HaJI TOJbKO, YTO isString BepHYJa boolean.

B aToM ciurydae Mbl MOKeM COOOINUTD MOJYJIIO IPOBEPKU HE TOJIBKO YTO
isString Bo3BpalllaeT boolean, HO TaKyKe YTO €CJIU boolean 6y/t[eT true, TO 1IEpE-
JMAHHbBII HAMU B isString apryMeHT sgBJIIETCS string. Yrobbl 9TO ClleJ1aTh, MbI
HCIIONIb3YEM TaK Ha3bIBaeMblIe II0JIb30BATEIbCKIE 3aIllUThl TUIIOB:

function isString(a: unknown): a is string {
return typeof a === 'string’

}

3aluTel TUIIOB — 9TO BCTPoeHHast ocobeHHocTh TypeScript, mossoJsionias
YTOYHSTH THITBI € typeof U instanceof. IHOT/Ia OGBSABUTD 3aIUTHI THIIOB Ca-
MOCTOSITEJILHO MO3BOJIsIET oriepatop is. Koria ectb dhyHKIMS, yTOUHSONAsS
TUIIBI CBOUX TTAPAMETPOB M BO3BPAIIAIOIasi boolean, MOXKHO MCIIOJb30BaTh
M0JIb30BATEIBCKYIO 3AIUTY THIIA, TAPAHTUPYIOIIYIO, YTO YTOYHEHHE OyIeT
nepesano TPH KasKIOM MCTIOTb30BAHNN 3TON (DyHKITNH.

ITonb3oBaTenbckue 3alllUThl TUIIOB OrPaHUY€HbI OJHUM ITapaME€TPOM, HO HE
OTrpaHHUY€HbI IIPOCTBIMUA TUIIAMU:

type LegacyDialog = // ...
type Dialog = // ...

function islLegacyDialog(
dialog: LegacyDialog | Dialog
): dialog is LegacyDialog {
/...
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OHU UCTIONB3YIOTCS HEYACTO, HO OTJIUYHO TIOMOTAIOT B HAITMCAHUU YUCTOTO
Mepencoab3yeMoro kofa. bes HUX BMecTo OCTpoeHud GYHKINN Bpoje
islegacyDialog 1 isString IIPUIILJIOCH OBI BCTpanBaThb BCe 3alllUThI TUIIOB
typeof 1 instanceof, 4TOOBI BBIIIOJIHUTH Te JK€ IPOBEPKU GoJIee MHKATICYJIH-
POBaHHBIM ¥ YMTaOEIbHBIM CIIOCOOOM.

YcnoBHble TUNbI

YesoBHbBIE THITH — yHUKATbHAsE ocobennocTs TypeScript. Ha Bbicokom ypoBHe
OHMU TIO3BOJIAIOT CKa3aTh: «O0BSIBIISIIO THII T, 3aBUCSIINIT OT THHA U 1 V. Ecoin
U <: V, TO IIPUCBAMBAIO T TUILY A, B IIPOTUBHOM CJIy4ae — IIPHCBAUBAI0 T THILY By.

B koje aTo moxer BBITJIA/ICTD TaK:

type IsString<T> = T extends string @

? true @
false @

type A = IsString<string> // true
type B = IsString<number> // false

PaccmoTpum kaxayio cTpoKy.

@ OOGbsaBisieM HOBBIN YCIOBHBIN THII isString, OTyYaromuii 06001IeHHbIIT
Tun T. «YCI0BHAsA» 4acTh 9TOTO TUIIA — T extends string — O3HAYaeT
«SBsieTcst i T IOATUIIOM string?»

@ Eciui T — 910 OATHII string, TIEPEXOUM K THUITY true.
© B nporusHOM cirydae niepexoinM K THily false.

OG6paTuTe BHUMaHUE, YTO CUHTAKCUC HAIOMUHAET 00BIYHOE TPOMYHOE BbI-
paskeHne ypOBHS 3HAYEHUI, HO Ha yPOBHE TUIIOB. U I0X06HO 0OBIYHOMY
TPOMYHOMY BBIPAKEHHIO, OH MOKET OBITH BJIOKEHHBIM.

YcsioBHBIE TUITBI HE OTPAHUYUBAIOTCS IICEBIOHUMAaMU TUIIOB. IX MOKHO ITpH-
MEHUTD IIOYTHU Be3JIe, I/le UCIIOJIb3YETCS TUIL: B TICEBIOHUMAX TUIIOB, KJIaCCaX,
TUIAX TapaMeTpoB U 000OIIEHHBIX PEAYCTaHOBKAX (DYHKIUHA U METOIOB.

YcnoBHoe pacnpepeneHue

XOTb BbI I MOKETE BbIpasKaTb IIPOCTHBIE YCJIOBUA, HOZ[O6HBIG pacCMOTPEHHDBIM
B IIpUMeEpPax, pa3JjiIM4HbIMU crocobaMu — ¢ ITOMOIIbIO YCJIOBHBIX THUIIOB, ITI€PE-
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IPY’KEHHBIX CUTHATYP (DYHKIHIT 1 OTOOPaKEHHBIX TUIIOB, — YCJIOBHbIE THIIBI
natoT GOJIbIIE BCEro BO3MOKHOCTEM. [IprdurHa B TOM, YTO OHU MOAYMHSIIOTCS
3aKOHY pacrpezeenus: (OMHUTE YPOKK anreOpbi?). ITO 03HAYAET, YTO BbI-
paxxeHue B HpaBOﬁ YaCTH yCJIOBHOTI'O THUIIA 9KBMBAJIEHTHO BbIPaKEHUIO B €T0
sesoit yactu (tabi. 6.1).

3Hal0-3HaI0, Bbl KYIWJIU 3Ty KHUTY HE JIJIsl U3YYEHUsS] MATEMaTUKH, Balla
1eJIb — OCBOEHUE TUIOB. 3HA4YuT, OyseM Oojiee KOHKpeTHbIMU. BozbMem
(byHKIIMIO, TOJYYaoIyI0 HEKYIO TIePEMEHHYIO TUIIa T U TOBBIMIAIOIIYIO ee
1o MaccuBa tuma T[]. UTo caydnTes, ecau Mbl TepeJaguM It T TUIT 00b-
enuHeHunsa?

type ToArray<T> = T[]
type A = ToArray<number> // number[]
type B = ToArray<number | string> // (number | string)[]

Tabnuua 6.1. PacnpegeneHue yCIoBHbIX TUNOB

10 3KBUBaNIEHTHO 3TOMY

string extends T ? A : B string extends T ? A : B

(string | number) extends T ? (string extends T 2 A : B) |

A: B (number extends T ? A : B)

(string | number | boolean) (string extends T ? A : B) |

extends T ? A : B (number extends T 2 A : B) |
(boolean extends T ? : B)

JloCTaTOYHO TIPOCTO. A UTO MTPOU3OUJET, €CJM MbI T0OABUM YCJIOBHBIN THIT?
(3ameTsTe, UTO YCIOBHE 3/1€Ch HU K YeMY He IPUBOJUT, TOCKOJIbKY 00€ BETBH
IPUXOIAT K ofHOMY TuIty T[ 1. OHO mipocTo coobinaer TypeScript, 4To HysKHO
pacnpederums T 1O TUILY KOpTeska.) BarisanTe:

type ToArray2<T> = T extends unknown ? T[] : T[]
type A = ToArray2<number> // number[]
type B = ToArray2<number | string> // number[] | string[]

Ynosunu? Koraa Bel ucnosb3yete ycaoBHBIN Tull, TypeScript pacmpeme-
JISIeT TUIIBI OOBEMHEHUS 110 BETBSIM YCJIOBHOTO BhIpaxkeHust. Kak 6yaro
YCJIOBHBINA TUII 0TOOpakeH (TO €CTh pacnpedeien) Ha KasKIblidi 9J1€eMeHT
00beIMHEHNS.

[Touemy Bce 970 BaxHo? [lJ1s1 6€301MaCHOrO BhIPpaKEHUs] TPUBBIYHBIX OTIe-
panmuii.
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Hanpuwmep, TypeScript nmeet orepaTop & Jisi BBIYUCIEHHS] OOIINX Y€PT JABYX
THUIIOB U orieparop | Ayt oobeuHeHust AByX TUIoB. CO3/MaaM BhIpaskeHe
Without<T, U>, BEIYHCIAIONIEE, KAKWE TUIIBI €CTh B T, HO OTCYTCTBYIOT B U.

type Without<T, U> = T extends U ? never : T
Without HCIIOJIb3YETCA TaK:

type A = Without«
boolean | number | string,
boolean

> // number | string

Paccmotpum, xkax TypeScript BeraucasieT aTOT THII.
1. HauHewm ¢ BBOJHBIX JTaHHBIX:

type A = Without<boolean | number | string, boolean>
2. Pacupenennm yciaoBue 1o 00beAnHEHNIO:

type A = Without<boolean, boolean>

| Without<number, boolean>
| Without<string, boolean>

3. CaesaeM 1MojICTAHOBKY B OTIpejiesieHne Without 1 mpuMeHuM T U U:

= (boolean extends boolean ? never : boolean)
| (number extends boolean ? never : number)
| (string extends boolean ? never : string)

type A

4. BpIYuCINM yCI0BUS:

5. Yupoctum:
type A = number | string

Ecsi 661 He CBOCTBO pacripesieieH s YCIOBHBIX THUIIOB, MbI ObI IOy YN
Ha BBIXO/Ie never (e€CJIM BbI He MOHSLIN [IOYEMY, TONPOOYITe CaMOCTOSATENLHO
paccMOTpeTh TaKOH BaphamT).
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KnioueBoe cnoBo infer

3aKJII0YUTETHHOI 0COOEHHOCTHIO YCIIOBHBIX THIIOB SIBJISIETCST BO3MOKHOCTD
00BSIBJIATH 0000IIEHHbIE TUITBI KaK YacTh ycJ0BUsA. HalmoMHIO, 4TO /10 cuX
[OP MbI BCTPEYA/IU JIUIIb OAUH CII0c00 0ObIBIEHUS apaMeTpoB 0600IeH-
HOTO THIIA: ¢ TOMOII[BIO YTJIOBBIX CKOOOK (<T>). YCIIOBHBIE THITBI UMEIOT CBOI
COOCTBEHHBIN CHHTAKCHC JIJIsT OOBSIBIIEHSI BCTPOCHHBIX 0000TIEHHBIX TUTIOB:
KJIIOYEBOE CJIOBO infer.

OGBsIBIM YCIOBHBIN TUTI Elemet Type, OTYYAIOIIHIT THIT 9JIEMEHTOB MACCUBA:

type ElementType<T> = T extends unknown[] ? T[number] : T
type A = ElementType<number[]> // number

A Terepb TepenuiiieM ero, UCHoJb3ys infer:

type ElementType2<T> = T extends (infer U)[] ? U : T
type B = ElementType2<number[]> // number

B atoMm nipocToMm rnipumepe ElementType SIBJISIETCS 9KBUBAJIEHTOM ElementType2.
3ameTsbre, Kak ¢ infer 0OBSIBIISIETCS IepeMeHHast HoBoro Tuiia U — TypeScript
BBIBOJIUT TUII U U3 KOHTEKCTA HA OCHOBE T, TIEPeIaHHOTO B ElementType2.

[Touemy Mbl 0OBABUAN U BCTPOEHHBIM BMECTO OOBSBJIEHUS €0 BIEPeIn
BMecTe ¢ T? Urto 6bI IPOU3OIILIO0, eI OBl MbI 9TO CAEIANINA?

type ElementUgly<T, U> = T extends U[] ? U : T
type C = ElementUgly<number[]> // Owubka TS2314: 0606weHHbIU mun
// 'ElementUgly' mpebyem 2 apz2ymeHma mund.

[TockosibKy ElementUgly ompesesisier aBa 0600meHnpx Tuma (T u U), pu
MHCTaHIIMPOBAHUH ElementUgly MBI JIOJIKHBI TTepefaTh ux oba. Ho tak Mbl
yTpaTHM CMBICJI TUTIA ElemenUgly. Boranciienne U GyieT BO3IOKEHO HA BBI3bI-
BAIOIETO, & MBI XOTEJIH, 4TOOBI ElementUgly BBIYMCIISIT TUTT CAMOCTOSITEIBHO.

YecTHO TOBOPST, 9TO OBLIT CJMIITKOM ITPOCTON ITPUMEP, TOCKOJIBKY JIJIsI TOUCKA
TUTIOB 9JIEMEHTOB MAacCHUBa MBI Y3Ke nMeeM oniepatop noakiouenus ([ ). Kak
HacyeT IprMepa mocaoxkHee?

type SecondArg<F> = F extends (a: any, b: infer B) => any ? B : never

// Monyuyaem mun Array.slice
type F = typeof Array['prototype']['slice’]

type A = SecondArg<F> // number | undefined
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WNraxk, BTOpOil aprymeHT [].slice aBageTrcs number | undefined, U MBI
y3HaeM 00 9TOM B MPOIECCe KOMITUJISIINI — MOTPoOyiiTe-Ka caenath ma-
xoe B Java.

BCTPOEHHbIe yC(ioBHbI€ TUMbI

YcoBHBIE THIIBI TO3BOJISIIOT BBIPAXKATD [IHCTBUTEIBHO MOIIIHBIE Ollepalinn
Ha ypoBHe Turnos. menno nmostomy B TypeScript 1o ymosganuio numeercst
HECKOJIbKO NX BapUAHTOB.

Exclude<T, U>

[Too6mHO yske 3HAKOMOMY THUITY Without, OH BBIYHCIISIET, KAKIIE TUIIBI €CTh
B T, HO OTCYTCTBYIOT B U:

type A = number | string
type B = string
type C = Exclude<A, B> // number

Extract<T, U>
Brruucnsger Tune B T, KOTOpbI€ MOXHO IIPUCBOUTD U:

type A = number | string
type B = string
type C = Extract<A, B> // string

NonNullable<T>
Boruucasier Bepcuio T, HCKJIOYAIONLYI0 null 1 undefined:

type A = {a?: number | null}
type B = NonNullable<A['a']l> // number

ReturnType<F>

Breruncaser Bo3Bpammaembiii TUTT GYHKIIUY (BOTIPEKU OKUAAHUSM, 9TO HE
cpabotaet st 0600IIEHHBIX TUTIOB U MEPETPYKEHHBIX (DYHKITHIT ):

type F = (a: number) => string
type R ReturnType<F> // string

InstanceType<C>

Brruuciister TUI 9K3eMILISIpA KOHCTPYKTOPA KJacca:
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type A = {new(): B}
type B = {b: number}
type I = InstanceType<A> // {b: number}

3anacHble peweHuns

MHora HeT BpeMeHM Ha MCAIbHYI0 THITU3AIMIO ¥ TPOCTO XOUETCsT, YTOObI
TypeScript nosepus 6e3onacHocTb. Bo3aMokHO, HeBepHA JeKIapaIys AJ1s
CTOPOHHETO MOJLYJIS U BBl XOTHUTE IIPOTECTUPOBATH KOJL 10 OTIIPABKU UCIIPAB-
sennii obparro Ha DefinitelyTyped!. A mosker, Bbl osry4yaere gantbie ot API,
HO ellle He BOCCTAHOBUJIN JICKJIAPAIUU TUIIOB C TIOMOIIBIO Apollo.

K cuactpio, TypeScript moHrMaet, 4TO MbI BCETO JIMIIb JIIO/IH, U JAeT HAM
HECKOJIBKO 3allaCHbIX pe]_HeHI/Iﬁ Ha CJy4dau, KOT/la Mbl XOTUM C/i€J1aTh 4YTO-TO
OBICTPO.

PEKOMCHHYCTCH JICTIOTb30BATD IIPMBENEHHDIE PEUICHNI KaK MOXXHO peXe
M TOJIBKO B C/Ty49aAaAx peaanoﬁ[ HeO6XO]II/IMOCTI/I. Ecnu BpI HauHETE HAa HUX
T10/1araTbC:A, TO BIIOJTHE MOJKETE HOITYCTUTD OH.[I/[6Ky.

yTBEp)KAEHI/IiI TMnoB

Ecmmmy BacecTb TUIIB, 2 A <: B <: C, TOT/Ia BBl MOKETE C/leIaTh YTBEPIK/ICHIE
TSI MOJTYJIS1 TIPOBEPKH, UTO B (hakTiyecku sapisercs A niau C. CTOUT OTMETHTD,
YTO YTBEPK/CHUE MOKHO UCIIOJIb30BATh, TOJBKO €CJIU TUII SBJISIETCS Cylep-
THUIIOM WJIM TIOATHITOM caMoro cebst. K mpumepy, Bbl He MOKeTe YTBEPIKIAT,
YTO number — 3TO string, IOTOMY UTO 3TH TUIILI HE POJICTBEHHDL

B TypeScript ecTb 1Ba Buia CHHTaKCUCA AJISI YTBEPKIECHUS TUTIOB:

function formatInput(input: string) {

/)

! DefinitelyTyped — 2T0 OTKPBITBIN PEMO3UTOPUI [EKTapaliiii THIIOB JIJIsT CTOPOHHE-

ro JavaScript-xona (https://github.com/DefinitelyTyped/DefinitelyTyped, cm. moapasmen
«JavaScript, nmeroruii gexkaapaiuu tunos Ha Definitely Typed» na c. 302).
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function getUserInput(): string | number {

/)

let input = getUserInput()

// YmBepxdeHue, 4ymo input smo string
formatInput(input as string) @

// Ez2o >3kBuBaneHm
formatInput(<string>input) @

@ VYreepikgaeM (as), 4TO input sABJISETCS string, a He string | number,
KaK IKOObI IIPEAI0/IaraioT TUIIBL. DTO IOMOMKET OBICTPO MIPOTECTUPOBATH
dynKIMIO formatInput, HO BbI TOJIKHBI OBITH YBEPEHBDI, UTO getUserInput
BO3BpalllaeT JIJId Ballero Tecta string.

@ YcrosBuIMiics CUHTAKCHUC IS YTBEPIKAEHUIT TUTIOB UCIIOJIb3YeT YIJIOBbIE
cko6ku. [Tpu aTOM 062 CUHTaKCHCA PABHO3HAYHBL.

Ecnu nBa Tumna He pojicTBEHHDI, yTBEpAUTE any (BCIIOMHUTE U3 TO/Pa3jiesia
«CoBMecTUMOCTDb» Ha €. 154, 4TO any COBMECTHM C Y€M YTOJHO), a ITOCJIe
BCTaHbTE B YTOJI U TIOPA3MBIIILJISIITE, YTO Bbl HA/IEJIAJI:

function addToList(list: string[], item: string) {
/..
}

addToList('this is really,' as any, 'really unsafe')

OueBUIHO, YTO YTBEPIKAEHUs TUIIOB HeOE30IACHbI U UX CJIEYeT BCAYECKU
nusberarn.

CrapaiiTecb UCIIOIb30BATh CHHTAKCUC as BMECTO YITIOBBIX CKOOOK (<>),
IIOTOMY 4TO OH ABJIA€TCA OGHO3HAYHBIM, B TO BpeM: KaK BTOPOJ BAPMAHT

MOXXET IIPOTUBOPeYnTDb cuHTakcucy TSX (cm. moppaspen « TSX = JSX +
+ TypeScript» Ha c. 251). Vicmonbsyiite npasuno TSLint no-angle-
bracket-type-assertion [ aBTOMaTMYE€CKOTO KOHTPOJISA 3TOIO HIO-
aHca B 6ase kopa (https://palantir.github.io/tslint/rules/no-angle-bracket-type-
assertion/).
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HEHyﬂeBHEYTBEPMAEHMﬂ

st Tunos, gomyckaiomux HyJaesble 3HadeHusd (T | null wan T | null |
undefined), B TypeScript ecTb CrieIMaIbHbIN CHHTAKCHC YTBEPIKICHNUS, UTO 3HAYE-
HUe TuMa — 370 T, a He null min undefined. BeTpeyaeTcs OH B HECKOJIBKUX MECTaX.

Hanpumep, Mbl Hanicaim ppeilMBOPK J1JIs1 TIOKA3a 1 CKPHITHS AUATIOTOB B BeO-
npuioskeHnn. Kaxaplii 1uaior mosydaer YHUKaIbHBIN ID 71T BO3BPAIleH s
ceplikr Ha DOM-y3ea quasiora. Kak tosbko aquasor ypansercs us DOM, mbr
crupaeM ero ID, ykasbiBasi, 4o B DOM on GosibIiie He CYIIECTBYET:

type Dialog = {
id?: string

function closeDialog(dialog: Dialog) {
if (!dialog.id) { @

return
}
setTimeout(() => @
removeFromDOM(
dialog,
document.getElementById(dialog.id) // Owubka TS2345:
// apeymeHm muna 'string |[
// undefined' HecoBmecmum
// € napamempom muna
// 'string'. @
)
)

function removeFromDOM(dialog: Dialog, element: Element) {
element.parentNode.removeChild(element) // Owubka TS2531:
// obvekm, BepoamHo,
// 'null'. @
delete dialog.id
}

© Eciu qmasior yxe ynanen (y Hero Het id), cpa3y /esiaeM BO3Bpar.

O Viansem auasor us DOM 1o 3aBepiieHUn KA COOBITHS, YTOOBI 060
JIPYTOI 3aBUCAIIMI OT dialog KOJI MOT 3aKOHYHUTH CBOE BBITIOJIHEHUE.



188 [aBa 6. MPOABUHYTbIE TUMbI

© [TockoabKy MBI HAXOAWMCST BHYTPHU CTPETIOYHON (DYHKITUU, TO T€TEPh MbI
B HOBOII oOstactu. TypeScript He 3Haet, ObLT Ji U3MeHEH dialog MEKY
O 1 ©, mosTOMY OH He TPUHUMAET ITPOU3Be/IeHHOE Ham ¥ B @ yTouHeHwMe.
Bﬂo6aBOK1<3TOMyAﬂﬂ3HaeM;qToeCHHdialog.idonpeaeﬂeH,ToaﬂeMeHT
¢ aTuM ID TouHO cytiecTtByeT B DOM (Tak Hactpoen dhpeiiMBODK), HO Bee,
yT0 3HaeT TypeScript, — aTo TO, YTO BbI30B document . getElementById BO3-
Bpaitaer HTMLElement | null. MsI 3HaeM, 4TO HTMLElement BCGFHH,6yﬂeT
JIOITyCKaTh HyJeBoe 3HaueHue, Ho TypeScript aTo Heu3BeCcTHO — OH JIMIIb
3HAET O TUIAX, KOTOPbIE MbI eMY TIepeau.

O Cxoxuii ciyyail. XoTh MBI M 3HAEM, UTO AUAJIOT TOUHO ecTh B DOM 1 y Hero
TOYHO ecThb poauTenbckuii yseaq DOM, Bce, uto 3HaeT TypeScript, — aTo
TO, 9YTO TUII element.parentNode sgBisieTcs Node | null

Ecii BbI He yBepeHbI, ABJISIETCS YTO-TMO0 null WK HET, UCIIPABUTD 9TO MOJK-
HO 100aBJIeHEM MTPOBEPOK if (_===null) moBcioxy. [lJis1 caydaes, KOT/ia Bbl
TOYHO 3HAETE, YTO AJIEMEHT He gBjsgeTca null | undefined, B TypeScript ecTs
CTIeTIMATbHBIN CHHTAKCHUC:

type Dialog = {
id?: string

function closeDialog(dialog: Dialog) {
if (!dialog.id) {

return
}
setTimeout(() =>
removeFromDOM(
dialog,
document.getElementById(dialog.id!)!
)
)

function removeFromDOM(dialog: Dialog, element: Element) {
element.parentNode!.removeChild(element)
delete dialog.id
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OO6paruTe BHUMaHue Ha BKPaIlJIEHUs] ONIEPATOPOB HEHYJIEBOTO YTBEPIK-
nenus (1), KoTopble yKa3biBaoT TypeScript Ha HaNly YBePEeHHOCTD, YTO
dialog.id — pe3yJbTaT BbI30Ba document.getElementById, 1 Ha TO, YTO
element.parentNode onpesiesienibl. Korza He-null-yTBep:kieHne COTPOBOXKIAET
THUII, KOTOPBI MOKET ObITh null win undefined, TypeScript mpeamnosoraer,
YTO TUT onipefiesieH: T | null | undefined cTaHeT T, number | string | null
CTaHeT number | stringu T. 1.

Ecom BBI BAPYT 3aMeETUTE, YTO 9ACTO UCTIOJIb3yeTe He-null-yTBeP:KAeHns, 3Ha-
YUT, I0pa JeJath pehakropuHr Koza. Harprumep, 136aBUTHCST OT yTBEPIKIEHUST
u cjiesiath Dialog 0ObeIMHEHNEM JIBYX THIIOB:

type VisibleDialog = {id: string}
type DestroyedDialog = {}
type Dialog = VisibleDialog | DestroyedDialog

3aTeM 00HOBUTDH closeDialog, UTOOBI BOCIIOIb30BATLCH BO3MOXKHOCTIMU
00 beIMHEH U

function closeDialog(dialog: Dialog) {
if (!('id"' in dialog)) {

return
}
setTimeout(() =>
removeFromDOM(
dialog,
document.getElementById(dialog.id)!
)
)

function removeFromDOM(dialog: VisibleDialog, element: Element) {
element.parentNode!.removeChild(element)
delete dialog.id

}

[Tocne nmpoBepkH, UTO CBOMCTBO id B dialog ompeziesieHo (Topa3yMeBaeTcs,
YTO 3TO VisibleDialog), maske BHYTpHU cTpesounoil dyukmuu TypeScript
Oy/leT 3HATh, YTO CCBHLIKA HAa dialog HE M3MEHIJIACK, TO €CTh dialog BHYTPU
CTpEJIOYHOH (YHKIIMU — 3TO TOT Ke dialog, uTo U BHe (hyHkimn. [Toatomy
YTOYHEHWE MPOH/IET, BMECTO TOTO YTOOBI OBITH OTKIOHEHHBIM, KaK B ITPE/IbI-
AYIIEM IIPUMeDPeE.
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yTBep)KAEHVIﬂ ABHOro NpucBanBaHuA

B TypeScript ectb crenuanbHblii CHHTAKCHUC sl OCOOBIX C/Iy4aeB He-null-
YTBEPKJCHUI TP TTPOBEPKAX Ha SIBHOE MPUCBauBaHue (3TH IIPOBEPKU yTOYU-
HSIIOT, YTO BCE TIePEMEHHbIE HA MOMEHT UCII0JIb30BAHUS UMEIOT TIPUCBOEHHBIE
M 3Hadenust ). Hanpumep:

let userId: string

userId.toUpperCase() // Owubka TS2454: nepemeHHaa 'userId'’
// ucnone3yemca 00 nosy4YeHUA 3HAYEeHUA.

Oueswuno, uro TypeScript ouenb HaM MOMOT, MTEPEXBATHB ATY OMHUOKY. Mbr
00BSABUIIN TIepEMEHHYIO userId, HO 3a0BLIN TIPUCBOUTH €l 3HAYEHHE JI0 TT0-
IBITKHU TIPeo6pa3oBaTh ee B Bepxuuii peructp. Eciu 661 TypeScript He 3ameTuin
IPOOIIEMY, TO ITO TIPUBEJIO ObI K OIMUOKE CPEJIbI BBITTOTHEHVIS.

Ho 4to, eciit Koz BBITJISANT, K TPUMEPY, TaK?

let userId: string
fetchuUser()

userId.toUpperCase() // Owubka TS2454: nepemeHHaa 'userId'’
// ucnone3yemca 00 nNosay4YeHUA 3HAYEeHUA.

function fetchUser() {
userId = globalCache.get('userId')

}

31ech Mbl IMeeM BeJIMUalIIiii B MUPE Kelll, U KOT/Ia Mbl 3allpaiinBaeM 3TOT
KeTll, TO TTOJTy4aeM CTOTIPOTIEHTHOE TTomaanue B Hero. CiieoBaTeIbHO, TIOCTIE
BbI30Ba fetchUser rapaHTUpoBaHHO Oy1eT onpeaeset userId. Ho TypeScript re
CrocoGeH CTaTUYeCKH 9TO OOHAPYKUTH, T0OITOMY OH TIO-TIPEKHEMY BBIIAET TY
Ke olmOKY. MbI MOKEM HCITOJIb30BATh YTBEPIK/IEHIE SIBHOTO TIPUCBaNBaHUS,
uT00ObI yKazath TypeScript Bpemst ipricBarBaHusi userId (0OGpaTuTe BHUMAHUE
Ha 3HAK BOCKJIUIIAHNUA):

let userId!: string
fetchUser()
userId.toUpperCase() // OK
function fetchUser() {
userId = globalCache.get('userId")
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Tax ke kak B ciydae ¢ yTBepKJACHUSMU TUIIOB U He-null-yTBePKACHUSIMHU,
€CJI BBl 3aMETHUTE, YTO YaCTO UCIIOJIb3yeTe YTBEePK/ACHUE IBHOIO [IPUCBAU-
BaHU:, TO, CKOPee BCEero, Bbl YTO-TO JleJlaeTe He Tak.

UMuTauua HOMMHANbHBIX TUNMOB

Ecnu 651 51 pacTosikas Bac B Tpu yaca Houu ¢ kpukoM «KAKASI CUCTEMA
TUITOB BTYPESCRIPT? CTPYKTYPHAA NJIM HOMUHAJIbHAA?>,
T0 BbI Ob1 B oTBeT 3a0pann: «<KKOHEUYHO JKE, CTPYKTYPHA! A TEIIEPH
BAJIN N3 MOETO IOMA, ITOKA A4 HE BbI3SBAJI ITOJIMIINIO!> U o

HTOTO MOMEHTA 3TO OBLT OBI BEPHBIIT OTBET.

L[O]IOI'/JI 3aKOHbL PeayibHOCTD TaKOBa, YTO MHOI'Ta HOMHWHAJIbHbIE THUIIbL I[eflCTBH-
TEJIbHO ITIOJIC3HDBI. [[OHyCTI/IM, B IIPUJIOKCHUN €CThb HECKOJIBKO TUIIOB ID, IIPE/ICTaB-
JEATOINX YHUKAJIbHBIC CTIOCOOBI O6paH_I€‘HI/IH K Pa3HbIM TUTIaM 0OBEKTOB B CUCTEME:

type CompanyID = string

type OrderID = string

type UserID = string

type ID = CompanyID | OrderID | UserID

3HaueHreM THIa UserID MOKET OBITh IIPOCTOM XelIl, BBITJISSAIINN TPUMEPHO
Tak: 'd211bidbf'. [ToaTOMY, B TO BpeMs KaK Bbl MOKETE TICEBJIOHUMU3UPOBATD
ero Kak UserId, Ha jiejie OKasKeTCsl, YTO 9TO OOBIUHbII THIT string. DyHKIMS,
nosydatoiias UserID, MOKET BBIIVISIZETD TaK:

function queryForUser(id: UserID) {
VA
}

ITO OTJINYHOE TOKYMEHTHPOBAHWE, M1 OHO TTOMOTAET IPYTUM WH)KeHepaM
Ballleil KOMaH/Ibl 3HaTh HaBEPHsAKA, KAKOW TUIl ID OHU JOJKHBI IIepe/laTh.
Ho nockosbky UserID — 2TO BCETro JIUIIb IICEBJIOHUM [T string, 3TOT MO/
X0/l MAJIO TIOMOTAET MPEIOTBPATUTH Oaru. VIHKeHep MOKET M0 CIy4aiiHOCTH
nepeaTh HeBEPHBIN TUII ID, a cCcTeMa TUIIOB He TIONMET, YTO IIPOUCXONUT.

let id: CompanyID = 'b4843361"'
queryForUser(id) // OK (!!!)

Kaxk pa3s 371ech 1 MpUTOKIAI0TCS HOMUHATBHBIE THTTHI. XOTh TypeScript u He
MO/IIEP’KUBAET UX 10 YMOJTYAHUIO, MBI MOSKEM CUMYJTUPOBATh UX C TOMOTITHIO

B HEKOTOPDbIX A3bIKaX OHM HA3bIBAIOTCA HEIIPO3PAYHbIMU TUITAMMU.
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(bYHKIMM MAaPKUPOBKH THITOB. MapKUPOBKa THUIIOB TPeOYeT HEKOTOPBIX YCH-
JIVIA 7St HACTPOIIKH, a ee ucrosb3oBanue B TypeScript He HACTOJNBKO ya00-
HO, HACKOJIBKO B SI3bIKAX, UMEIOTIUX BCTPOEHHYTO MOJIEPKKY TICEBIOHNMOB
HOMMWHAJILHBIX TUNOB. 11 Bce-Taky MCIIob30BaHe MAapKHPOBaHHbIX THUIIOB
MOJKET CYIIECTBEHHO MOBBICUTH GE30TTaCHOCTD ITPOTPAMMBI.

AKTYalbHOCTD VCIIOJIb30BAHMS 9TON TEXHUKY ONpPeesieTCs IPIUIoXKe-
HIEM U pa3MepOM Ballleil KOMaH/Ibl IH)XeHePOB (4eM GorIbliie KOMaH/a,
TeM Ooree 9(h(HPeKTUBHO ITA TEXHIKA IOMOXKET IIPEFOTBPATUTD OIINOKIL).

Ho VHOITa OHAa MOXXET HE IPUTOANTHCA BOBCE.

Haunwure ¢ CO3aHusAd CUHTETUYECKON MapKMUPOBKHU JIA KasK/0TO HOMUHAJIb-
HOT'O THUIIA:

type CompanyID = string & {readonly brand: unique symbol}
type OrderID = string & {readonly brand: unique symbol}
type UserID = string & {readonly brand: unique symbol}
type ID = CompanyID | OrderID | UserID

ITepeceuenue string u {readonly brand: unique symbol} — 3TO, KOHEUHO,
6eccembiciiia. S ero BBIOpas MoTOMY, 4TO HEBO3MOKHO €CTECTBEHHBIM 0Opa-
30M CKOHCTPYHMPOBATh ATOT THUI — TOJIBKO YTBEPAUTH. ITO OCOOEHHOCTh Map-
KHPOBAHHBIX TUIIOB: OHU IPEIIATCTBYIOT IIOSIBJICHUIO HA UX MECTE HEBEPHOI'O
tura. 51 BhIOpas B KauecTBe MApKUPOBKH unique symbol, TOTOMY YTO 9TO OJIMH
13 IBYX MTOUCTHHE HOMUHAJIbHBIX BUIOB TUTIOB B TypeScript (BTOpoii — 210
enum). [Tepeceyenne ke 3TOI MAaPKUPOBKH CO string s ciiesral, 4TOObI Mbl
MOTJIN YTBEP/JUTD, YTO ITOT TUII string ABJIIETCA JaHHBIM MapKUPOBAHHLIM
TUIIOM.

Terepb HaM HysKeH crocob Co3/aTh 3HAYEHUsT TUIIOB CompanyID, OrderID
1 UserID. [[Jis1 9TOTO MbI UCIIOJIb3YEM MATTEPH 0OBEKT-KOMIIAHBOH (CM. MOJI-
paszen «ITatTepH 06beKT-KOMITaHbOH» Ha ¢. 176). Mbl co3/1a/1iM KOHCTPYKTOP
TSI KKJIOTO MAPKUPOBAHHOTO THUIIA, UCIIOJIb3Y Sl YTBEP;KIEHUE TUIIA, KOTOPOE
MTO3BOJIUT TTOYYNUTH 3HAUECHIIS:

function CompanyID(id: string) {
return id as CompanyID

function OrderID(id: string) {
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return id as OrderID

function UserID(id: string) {
return id as UserID

}
B 3aBepluieHue ﬂaBaﬁTe B3rJIAHEM, KaK NCIIOJIb30BaTb TaK1e€ TUIIbI.

function queryForUser(id: UserID) {

/)

let companyId = CompanyID('8a6076cf')
let orderId = OrderID('9994accl')
let userld = UserID('d21bldbf")

queryForUser(userId) // OK
queryForUser(companyId) // Owubka TS2345: apzymeHm muna 'CompanyID'
// HecoBmecmum c napamempom muna ‘'UserID’.

B aTom nozaxome XopoIro To, Kak MaJjio XJIOTIOT OH BBI3bIBAET B CPEIe BBITIOJ-
HEHU: BCETO OJIMH BBI30B (PYHKITUU IS KAXKAOU KOHCTPYKIIUU ID, KOTOPAs
OyJeT BCTpoeHa Balleil BUPTyaIbHOI MaliiHoi JavaScript B Jii060M cirydae.
IIpu BbITIOJSIHEHUM KK/l ID — 3TO MPOCTO string, a MAPKUPOBKA — 3TO
BCEro JIMIIb KOHCTPYKIUS CPe/ibl KOMITUJISIIINY.

U cHOBa 0TMEUY, UTO /1715t OOJIBITUHCTBA TPUIOKEHII TAKOI MOIX0/1 HEOITPaB-
mad. OHAKO [Tt KPYITHBIX TIPOEKTOB, a TaKsKe IIPU padoTe ¢ JIErKO My TaeMbIMU
THUIIAMH Harmo[o01e pa3InIHbIX BUAOB ID MApKUPOBAHHbIE TUITBI MOTYT OBITH
OUYeHb MOJIe3HbI I 0e30TIaCHOCTH.

be3onacHoe paclumpenue nporoTuna

TpagnIMOHHO CYMTAETCsI, YTO IIPH TIOCTPOEHUH JavaScript-npuioKeHuil He-
6€e3011acHO PACIIUPSTH IPOTOTHITBI BECTPOEHHBIX THITOB. DTO 001IIee MTPaBUJIO
BOCXOJIUT K TIEPUOY, TIPeIiecTByomeMy jOuery, kKorga Myapeie JavaScript-
Maru coszaBasiu 6ubsorexu Bpoae MooTools (https://mootools.net/), koTopbie
HaIIpAMYIO PpaCHInPAJIN U IIEPEIINChIBAIN BCTPOEHHbBIE METO/AbI IIPOTOTUIIOB.
Ho, xoria ciMImkoM MHOTO MaroB OTHOBPEMEHHO YBEJIMYMBAJIH TPOTOTHUIIHI,
BO3HUKAJIM KOHMIUKTBL. A IPU OTCYTCTBUM CTATUYECKOM CUCTEMBI TUTIOB 00
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9TUX KOH(I)JII/IKTB.X MO’KHO OBILIO y3HaTb TOJBKO OT 03J100JIEHHBIX TT0JTH30Ba-
Tejel B Cpe/ie BbIITOJIHEHWA.

Ecom BeI panee He ncmosib3oBasiu JavaScript, To Bac opasuT, YTO B HEM MOKHO
M3MEHATH 100011 BCTPOEHHBIN MeTo (Bpoze [].push, 'abc'.toUpperCase
UM Object.assign) MPU BHIMOJHEHUU. Byayun IMHAMUYECKUM SI3BIKOM,
JavaScript naeT BaM mpsiMOIi 1OCTYII K IIPOTOTHUIIAM /11 KAXKIOTO BCTPOEHHOTO
oObeKkTa — Array.prototype, Function.prototype, Object,prototype u T. /1.

B niporiiom paciimpenue mpoToTHIIOB ObLJIO OMTACHBIM 3aHSTHEM, HO CETO/THS,
€CJIM BaIll KO/ NCITOIb3yeT CTaTUYeCcKyTo cucTeMy THTIOB Bpoze TypeScript,
BBl MOJKETE JIeJIaTh 3TO HE30IacHo'.

B kauectBe mipriMepa 106aBUM METOJT zip B TpOTOTHII Array. [ToTpebytoTcst 1Ba
mara Jijist 6e301acHOTo pacumperus aToro npororuna. CrHavyana B (aiise .ts
(HarpuMmep, zip.ts) paciupuM THIT TIPOTOTHUIIA Array. 3aTeM 100aBUM K TIPO-
TOTHITY HOBBIN METOJ zip:

// Coobuaem TypeScript o .zip
interface Array<T> { @
zip<U>(list: U[]): [T, U][]

// Peanusyem .zip
Array.prototype.zip = function<T, U>(
this: T[], @
list: U[]
) [T, Ul A

return this.map((v, k)

=>
tuple(v, list[k]) @

}

@ Buauase coobmaem TypeScript, uro 1o6aBisieM zip B Array. Vcrnosbsyem
BO3MOKHOCTH cusTHUS mHTEPdelicoB (cM. paszen « CausHue geKaapauii>
Ha c. 279), 4TOOBI pacIIMPUTH rI0OATBHBIN HHTEPhEC Array<T>, 1 106aB-
JISIeM zip K ysKe TJI00aIbHO OlpeieIeHHOMY nHTepdeiicy.

! Ectb MHOTO IIpUYrH nsberarb paciIpeHusA IPOTOTUITOB: IEPEHOCUMOCTD KO/Ia, CO3/laHre

6oJ1ee ABHBIX Fpa(bOB 3aBUCUMOCTEH MW TTOBBITIIEHIE TIPON3BOAUTEJIBHOCTU TOCPECTBOM
3arpy3Ku TOJIbKO JIefICTBI/ITeJIbHO HCIIOJIb3YEMbBIX THUIIOB. Kak 651 TO HI 6bIJIO, 6esomac-
HOCTB 0OJIBIIE HE BXOJIUT B YMUCJIO OTUX IIPUYNH.
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[Tockosbky haiin HUYEro IBHO He UMIIOPTUPYET U He 9KCIIOPTUPYET, a Ha-
XOJIUTCS B PEXKUMe CKPUIITOB (CM. TToapasaen «Pexxum Momyneit mpoTus
pesKIMa CKPUIITOB» Ha ¢. 273), MbI CMOIJI PACIIPUTH II0OAIbHBII MH-
Tepdeiic Array HaPAMYIO, OOBSBUB HHTEP(DEIC ¢ TAKMM Ke HMEHEM, Kak
U CYIIECTBYOIINIA Array<T>, 1 103BoJIMB TypeScript 1mo3aboTuThCs 00 NX
cnustaun. Eciu 6b1 Harir daiin HaXouIIcst B MOLYJIbHOM peskuMe (Harpu-
Mep, €CJIM HYKHO YTO-JIMO0 UMIIOPTUPOBATH (import) /JIs pea3alium zip),
HPULLIOCH OBl 000PaYMBATh IJI00AIBLHOE PACIIUPEHNE B JEKIAPALIIIO TUIIA
declare global (cM. pasmen «/lexmaparun TUTIOB» Ha . 283):

declare global {
interface Array<T> {
zip<U>(1list: U[]): [T, UI[]

}

global — 3TO 0cOOOE TIPOCTPAHCTBO UMEH, COfIEpsKalee Bee rIoOaIbHO
oTIpesieJieHHbIE 3HAUEHUS (BCE, ITO BbI MOJKETE UCIIOIb30BATh B MOYJIEHOM
peskrmMe 6e3 HeoOXOMMOCTH CHavyasa 9T0 UMIIOPTUPOBaTh (cM. TiraBy 10),
YTO IaeT BO3MOKHOCTD PACIITUPSITH MMEHA TI00aibHo 13 (aiiia, Haxo/1s-
MIETOCS B MOYJIHOM PesKIMe.

O 3areMm peanunsyeMm MeTOo[l zip B IpoToTuiie Array. MbI cTionib3yem THTI this,
noaToMy TypeScript mpaBUIbHO BBIBOAUT TUII T MAaCCUBA, B KOTOPOM MBI
BbI3bIBAEM .zip.

©® Tlockoabky TypeScript BHIBOAUT BO3BpallaeMblil THII 0TOOpaskaiomiei
dyukmmm kak (T | U)[] (TypeScript He oco3Haer, 4To Ha JieJie 9TO BCeTaa
KOPTEXK € T B HYJIEBOM MHIEKCE ¥ U B IEPBOM ), MBI UCITOJIb3yeM YTUIUTY
tuple (CM. TIofpa3/iest «YiydllieHre BbIBO/Ia TUTIOB JIJIsT KOPTEXKeil» Ha
c. 177) mns cosmanus koprexka 6€3 yTBepP/KICHMS THIIA.

OG6paruTe BHUMaHKE, 4TO, 00bSABIIsIA MHTEPMENC Array<T>, Mbl YBEIMUNBAEM
r706aIbHOE TIPOCTPAHCTBO UMEH Array I Beero mpoekta TypeScript. 91o
O3HAYaeT, YTo, Ja’Ke ecIM Mbl He UMIIOPTUPYeEM zip.ts u3 daitna, TypeScript
pemut, uto [].zip pocryrnen. Ho j7s pacimmpenus Array . prototype HY>KHO
rapaHTHPOBaTh, YTO OO0 (aiiy, UCIOIb3YIONINii zip, CHaYaIa 3arpysKaeT
Zip.ts, yTOOBI yCTAaHOBUTH METOJ zip B Array.prototype. Kak a10 ceatn?

Jlerko: MbI 06HOBUM tsconfig.json, 4YTOOBI IBHO UCKIIOUKUTD Zip.ts 13 IPOEKTa,
U o0y iuM 1oTpebuTesieil SBHO UMITOPTHPOBATH €TO:
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*exclude*: [
"./zip.ts"

}
Terepb MbI MOKEM H€30TIACHO MCTIOIB30BATH zip MO CBOEMY YCMOTPEHUIO:

import './zip'

[1, 2, 3]
.map(n => n * 2) // number][ ]
.zip(['a’, 'b', 'c']) // [number, string][]

HpI/I 3allyCKe 9TOT KO/l CHadaJla ITPOU3BOJIUT OTO6p3.>KeHI/I€, a 3aTEM CiKaTue
MaccuBa:

[
[2, 'a'l,
[4, 'b'],
[6, 'c']

Utoru

B aroii rinaBe Bo paccMOTpen HaunboJee IIPpOABMHYTbIE BOSMOKHOCTH CUCTEMbI
THUIIOB TypeScript: OT BapUaHTHOCTHU 0 BbIBO/Ida TUIIOB Ha OCHOBE IIOTOKaA KO-
MaH/l, yTOUYHEHU A, paCIIMPEHNA TUIIOB, TOTAJIbHOCTH, a TaKIKeE OTO6pa>KeHHI)IX
1 YCJIOBHBIX THUITOB. 3areM BbI N3Yy4YUnJI HECKOJIBKO ITPO/IBUHYTBIX MTAaTTEPHOB
pa6OTbI C TUIIaMU: UMUTAITNI0 HOMWHAJ/JIbHBIX TUIIOB C ITIOMOIIBIO MapKHUPOBOK,
HCIIOJIb30BaHNE BO3MOKHOCTEN paciipeeseHnsa CBOWICTB YCJIOBHBIX THUIIOB
[JIA OIIEpUPOBaHMA UMW Ha YPOBHE TUIIOB — W B 3aBEPHICHUE HAYYUJIUCH
6e301acHo pacuipATb IIPOTOTHUIIBI.

JTo HOPMaJIbHO, €CJIN Bbl HE BCE ITOHAJIN UJIN HE BCE 3allOMHUJIN, — BEPHUTECH
K 9TOH IJIaBe T03:Ke 1 PICHOJIBSyﬁTe €€ KaK MICTOYHHK OTBETOB, KOT'la 6y1[eTe
uckarb 60Jsiee 6e30MacHbIil CII0cod BbIpaKE€EHMA CBOUX 3a/[YMOK.
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ynpaxxHeHus K rnase 6

1. Jlos xaskioli napbl TPUBEIEHHBIX HUKE TUTIOB OTIPE/IEJINTE NX COBMECTH-
MOCTb 1 00bsSICHUTE CBO¥T BBIOOD. Paccyskmaiite BbIpaKeHUSMU MTOATUIIN-
3allMy ¥ BapUAHTHOCTH, a B CJlydae COMHEHWIT oOpaTuTech K MpaBHIaM
13 Havasa rIaBbl (ecJW U 9TO He TIOMOJKET, TO MIPOCTO HaTedaTalTe UX
B PelaKTOPE, YTOOBI IIPOBEPHUTH ):

a) 1 1 number;

6) number u 1;

B) string 1 number | string;

') boolean 1 number;

1) number[] u (number | string)[];

€e) (number | string)[] u number[];

K) {a: true} m{a: boolean};

3) {a: {b: [string]}}u{a: {b: [number | stringl}};
n) (a: number) => string u (b: number) => string;
K) (a: number) => stringu (a: string) => string;
Jq) (a: number | string) => string u (a: string) => string;

M) E.X (oIlpeziesieH B iepeducaeHuu enum E {X = 'X'}) u F.X (onpeziesnen
B Tiepevncaennu enum F {X = 'X'}).

2. Ilpu tune o6bekTa type 0 = {a: {b: {c: string}}} Kakos Tuim keyof 0?
Yro HacuerO['a']['b"]?

3. Hamumure tir Exclusive<T, U>, KOTOPBIH BBIYUCIISIET TUTTBI, HAXOSIITHECS
6o B T, 1n60 B U, HO He B 00oux cpasy. Hampumep, Exclusive<1 | 2 | 3,
2 | 3 | 4> momken paspemnarbesa Kak 1 | 4. Pacrmmmre mormaroso mporiecc
BBIYKCJIEHUSI MOJLYJIEM TIPOBEPKU BbIpaKEHUST Exclusive<l | 2, 2 | 4>.

4. llepernummuTe mpUMep U3 TTOAPa3/iea « YTBepKAeHNU SBHOTO PHCBanBa-
Hug» Ha ¢. 190, nckiIrounB yTBepiKieHre SBHOTO TPUCBANBAHMS.



[NABA 7

06paboTka owmnboK

DusuK, MHKEHEP U POTPAMMUCT €XaJd B MAIIHE, KaK BAPYT
B Heil 0TKazaiu TopMo3a. [[pon30IIo 570 Ha KPyTOM aJIbITHii-
cKOM mepeBajie. MannHa mpo/oJkaia Habuparb CKOPOCTb,
BOJIUTEJIb N30 BCEX CUJI TBITAJICS BIUCATHCS B IOBOPOTBI, U OT
MaJIeHsT CIIACAJIHN JIUIITh OTpauTesbHbie Gapbepbl. [laccakupor
OBLIH TIepe/ JIUIIOM HEMIHYEMO# Tuhesin U yKe CMUPHIIUCD CO
CBOEI y4acThI0, HO BHE3AITHO TOKA3/IACh aBAPHIHAS [I0JI0CA, HA
KOTOPOH YIaTI0Ch OJIATOTIOIYYHO OCTAHOBUTHCSL.

Ousnk ckazan: «HyxkHo cMoesmpoBaTh TpeHe B TOPMO3HBIX
KOJIO/IKAX ¥ BBI3BAHHBIH 3TUM POCT TeMIlepaTyphl. Tak MbI cMO-
’KeM pa300paThCst, 4TO MPOUSOIILIO.

VIHKeHep ITPOIOJIKIIL «Y MEHsI €CTh ¢ COOOM KON-KaK¥e HHCTPY-
MeHTHI. [lolimy mokomaoch B KOJOAKAX>.

Ha uT0 nmporpaMMucT OTBeTUJT UM: <A JaBaliTe MPOBEPUM BOC-
TIPOU3BOTUMOCTD ?»

Anonum

TypeScript mpemoctaBysgeT Maccy BO3MOKHOCTEH, MTO3BOJIAIONINX CMECTUTD
OIIMOKY CPe/Ibl BHITIOJHEHUS B CPELy KOMITUJISIII: HAYrHast ¢ 6oraToi cucre-
MbI TUTIOB 1 3aKaHYMBAsI MOIIHBIM CTATUUECKUM Y CUMBOJIMUECKUM aHAJIN30M.
OH pabGoraer U30 Beex CHJl, YTOOBI BaM HE TIPHUIILIIOCh KOPOTaTh MSTHUYHbIE
Beuepa 3a UCIPABIEHUEM OMEYATOK B UMeHaX MePeMEeHHBIX U UCKITIOUeHUH
HYJIEBBIX yKa3aTesieil (1 9ToObI Balll KOJIJIETa He OT03/1aJ H3-3a 9TOTO Ha JIEHD
POKIEHNUST IBOIOPOAHOMN 6aOyIIKIM).

K HecuacTbio, HE3aBUCUMO OT TOTO, B KAKOM SI3bIKE BbI paboTaeTe, HHOT/IA UC-
KJTIOYEHNUST BCE Ke MPOCAYNBAIOTCSI B cpejLy BbimoHenst. TypeScript e oz
CHJIY TIPETSATCTBOBATH COOSIM B ceTH 1 (hailJIoBOI cucTteme, ommbKaM o6pa-
GOTKH T10JIb30BATEBCKOTO BBOJIA, TIEPEIIONHEHUIO CTEKA WU HEIOCTATOYHO
namaATH. TeM He MeHee ero OTJIMYHAs CUCTEeMA THIIOB, HECOMHEHHO, TOMOTaeT
CIIPABJIATBCS € OMMOKAMU BBITIOJTHEHMSI.
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B 2101 ra1aBe st HO3HAKOMJIIO Bac ¢ HanboJiee pacipoCcTPaHeHHbIMHU ITATTEPHAME
npejcTabiaenust u 00paborku omu6ok B TypeScript, Takumu Kak:

0 Bosspar null.

0O BoiGpacbiBaHye HCKIIOUEHUI.
O Bosspar uckmodenni.

Q Twum option.

BI)I60p TeX WJIM MHbIX MEXaHN3MOB OCTAa€TCA 3a BaMM 1 3aBHCUT OT BalllIeIO
IIPUJIOJKEHNI, a A TIOKAKy UX TIJIFOCbI U MUHYCBI.

Bo3spar null

Cosnam mporpaMmy, CriparnBaoILyio TTOJb30BATESI O €T0 JIHe POSKIAEHIS,
4TOOBI HHTEPIIPETHPOBATD ATY ATy B 0OBEKT Date:

function ask() {
return prompt('When is your birthday?')

function parse(birthday: string): Date {
return new Date(birthday)

let date = parse(ask())
console.info('Date is', date.toISOString())

BepOSITHOy CTOUT IPOBEPUTH YKA3aHHYIO ITOJIb30BaTeEJIEM /IaTy, BEAb 3TO TEK-
CTOBBIN 3alIpoc:

/..
function parse(birthday: string): Date | null {
let date = new Date(birthday)
if (!isvalid(date)) {
return null

}

return date
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// MpoBepka Aonycmumocmu yKazaHHoOU Oamol
function isValid(date: Date) {
return Object.prototype.toString.call(date) === '[object Date]’
&& !Number.isNaN(date.getTime())

}

[TosryuuB pe3yJsibraT, IEPBLIM JICJIOM TIPOBEPUM, HE ABJILIETCS JIU OH null,
1 TOJIBKO ITOTOM IIPUMEHUM €ro:

/..
let date = parse(ask())
if (date) {
console.info('Date is', date.toISOString())
} else {
console.error('Error parsing date for some reason')

}

Bosspat null — 9710 HauboJee JerKOBECHBI c11ocob 06paboTKK OMKUOOK
B TUII0GE30MacHOM peskume. JlomycTimMble JanHbie Oy T IPeACTaBICHbI KakK
Date, a HejomycTUMble — Kak null. CrcremMa TUIIOB IPOBEPUT, 4TOOBI 06a
BapuaHTa ObLIN 06paboTaHblI.

Ho B aToM mosixozie MbI yIryckaeM HEKOTOPYIO MH(MOPMAIIIIO, BEIb parse He
CO00IIaeT TOYHYIO IIPUYUHY cO0s1 onieparnu. V13-3a 3T0ro HH;KEHep, IPOU3BO-
JSIIUE OTJIa/KY, OYIeT BBIHYSKIECH KOMAThCS B JIOTaX, a M0Jb30BATENb TTOJTY-
4uT BCIUIbiBaroliee coobinenne «Ommbkra 06pabOTKY AAThl 0 HEM3BECTHOM
npuunHes» BMecto «Beenute naty B Buzge I'TTT /MM /I/1».

Eite Bo3Bpar null HeJETKO peaym30BaTh: HEOOXOAMMO JIeJIaTh TIPOBEPKY Ha
null mocse Kask[0l onepanuu. ITO MOKET BbI3BATh MHOTOCJIOBHOCTb, I10-
CKOJIbKY UMEHHO BaM TIPUJIETCS JeJIaTh BJIOKEHUE 3TUX ONePAIldil 1 CO3/IaBaTh
VX TIETIOUKU.

BbibpacbiBaHMe UCKNIOYEHNI

JlaBaiite BMecTO BO3BpaTa null BEIOPOCHM MCKJIIOYEHIE, 4TOOBI 06paboTaTh
KOHKPeTHbIe IIPU3HAKK OTKa3a ¥ MOJYUYUTb HeOOXOINMbIe MeTaIaHHble /IS
YIIPOIIEHUS [IPoIecca OTAAKH.

/..
function parse(birthday: string): Date {
let date = new Date(birthday)
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if (!isvalid(date)) {
throw new RangeError('Enter a date in the form YYYY/MM/DD')
}

return date

}

Ternepb pU UCTIOIB30BAHUN HTOTO KOJA MOKHO € OCTOPOKHOCTBIO IepexBa-
TBIBATh UCKJIIOYEHS, YTOOBI KX 00paboTaTh, HE TIOPYIIUB BCE TPUIIOKEHIIE:

/7.

try {
let date = parse(ask())

console.info('Date is', date.toISOString())
} catch (e) {
console.error(e.message)

}

Criemyet BHUMATEIBHO EPEOPOCUTD APYTHE UCKIIOUEHNUST, UTOOBI HE YITYCTUTh
BO3MOKHbBIE OIITUOKHU:

/7.

try {
let date = parse(ask())

console.info('Date is', date.toISOString())
} catch (e) {
if (e instanceof RangeError) {
console.error(e.message)
} else {
throw e

}

MOJKHO BBIIEIUTH TIOAKIACC H0JIee KOHKPETHBIX OIMUOOK, 4T0ObI, KOT/a JAPY-
TOM MHKEeHeP UBMEHUT parse WJIN ask [/ BLIOPACBIBAHNUS IPYTHX RangeError,
OTJIMYUTD Hallln OH_H/I6KI/I OT ero OH_H/I6OK:

/7.
// Kacmomu3zupoBaHHble munel owubok
class InvalidDateFormatError extends RangeError {}

class DateIsInTheFutureError extends RangeError {}

function parse(birthday: string): Date {
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let date = new Date(birthday)
if (!isvalid(date)) {
throw new InvalidDateFormatError('Enter a date in the form
YYYY/MM/DD ")
}
if (date.getTime() > Date.now()) {
throw new DateIsInTheFutureError('Are you a timelord?')

b

return date
}
try {

let date = parse(ask())
console.info('Date is', date.toISOString())
} catch (e) {
if (e instanceof InvalidDateFormatError) {
console.error(e.message)

} else if (e instanceof DateIsInTheFutureError) {
console.info(e.message)

} else {
throw e

}

Boirasiaut Hentoxo. Teriepb MOYKHO He TOJBKO BbIJIaBaTh HEKOHKPETHBIN
curnaj o ¢b6oe, Ho U UCIOJIb30BaTh KACTOMUSUPOBAHHDIE OIIMOKU JJIs1 OTO-
OpaskeHUst IPUYUHBI CO0sI. DTO TOIE3HO TIPU BHIYUTHIBAHUY CEPBEPHBIX JIOTOB
BO BpPeM:T OTJIAIKY VTV TIPU BBIZIaUe MOJTb30BATENSIM AMATOTOBBIX OKOH, COIEP-
JKaIUX TaHHbIe O HEBEPHBIX JAEHCTBUSIX M PEKOMEH/IAIIIH 10 UX YCTPAHEHUIO.
Mpb1 cMozkeM 9 PEKTUBHO CTPOUTD IIETIOYKH U JeJIaTh BJIOKEHUs ONepallunii,
obopaumBas J1000€ UX YUCJIO B OAUH try... catch (6e3 IPOBEpPKH IOCIE
KayK/ION oTieparium).

V10610 J11 UCI0JIb30BaTh Takoii Koa? IIpencraByre, uTo OOMIBILNON try. .. catch
HAXOJIMTCSI B OTHOM (haiiiie, a OCTaBIIasiCst YacTh Kojia — B OMOIMOTEKe, UMITOP-
TUPOBaHHOI n3BHe. OTKy/Ia MHKEHEDP y3HAeT 0 HeOOXOIMMOCTH TiepexBaTa
KOHKPETHBIX BUIOB O1MGOK (InvalidDateFormatError 1 DateInTheFutureError)
WA TIPOCTO O TOM, UTO HYKHO TMPOBEPUTH RangeError? (Bcmomuute, uTo
TypeScript He KOAUPYET UCKIOUYEHNSA KaK YaCTh CUTHATYPBI (PyHKITAH.)
MoskHo ykasaTh 3T0 B UMeHU (DYHKIUHU (parseThrows) MW BKIIOYUTD B JI0-
KYMEHTAITUIO:
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/**

* @throws {InvalidDateFormatError} [lonv306amens HexkoppekmHo 66en
damy poxdeHus.

* @throws {DateIsInTheFutureError} [lonv3o068amens 66en O0amy poxdeHus
u3 6ydyuyezo.

*/
function parse(birthday: string): Date {
/..
Ho na npakTrike urskeHep He craa Obl 000paunBaTh 9TOT KO B try... catch

1 BOBCE He TPOBEPSLI Obl €r0 Ha UCKJIIOYEHUsI, IOTOMY Y4TO WHKEHEPbI JIEHU-
BbI (51 — TOUHO), a CCTEMA THIIOB He COOOIIAET UM, YTO OHU YTO-TO YITYCTHIIN.
O/HaKo MHOI/A, KaK B HALIEM IIPUMEPE, OIINOKU HACTOILKO OKUAAEMbI, UTO
HOCJIELYIOIINI KO/ IEHICTBUTEBHO 0JIKEH X 00padaThiBaTh, 4TOOBI OHM HE
TPUBEJIH K ¢OOI0 BCEH MPOTPAMMBI.

Kaxk erre MbI MOKeM yKa3aTh MOTPEOUTENSIM, YTO OHU JOJIKHBI 00padoTaTh
cJIydan Kak ycrexa, Tak 1 mpoBaja?

Bo3Bpart ucknioueHmii

TypeScript He Java, u on He oiepKBaeT crieruKaTopsl throwst. Ho mbl
MOKEM CMOZENPOBATH NX BO3MOKHOCTH C ITOMOIIbIO TUITOB O6’be,[[PIHeHHI>iI

/7.
function parse(
birthday: string
): Date | InvalidDateFormatError | DateIsInTheFutureError {
let date = new Date(birthday)
if (l!isvalid(date)) {
return new InvalidDateFormatError('Enter a date in the form
YYYY/MM/DD")
}
if (date.getTime() > Date.now()) {
return new DateIsInTheFutureError('Are you a timelord?')

}

return date

! B Java crenuuxatopsl throws yKasplBaioT, KaKHe TUITHI HCKITIOUE€HUH CPE/Ibl BBITIOJ-
HEHUST MOKET BBIOGPOCUTH METOI, a OTPEOUTEIb OJKEH 06paboTaTh.
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Terepb norpebuTesb BBIHYKAEH 06paboTaTh BCe TpH cirydast: InvalidDate-
FOPmatEFPOP,DateISInTheFutUPeEPPOFIIYHaHHOB(FHTHﬂBaHHG.B]IpOTHBHONI
cirydae 1py KOMITUJISIITAY TIOSIBUTCSI TypeError:

/.
let result = parse(ask()) // /lubo dama, aubo owubKa.
if (result instanceof InvalidDateFormatError) {
console.error(result.message)
} else if (result instanceof DateIsInTheFutureError) {
console.info(result.message)
} else {
console.info('Date is', result.toISOString())

¥
Mub1 ycCenrHo BOCIT0JIb30BaJIUCh IMPENMYIIIECTBAMU CUCTEMbBI TUTIOB, YTOOBI:
a KO[[I/IpOBaTb BEPOATHBIE UCKJIIOYEHWA B CUTHATYPE parse.

a CoobmuTh MOTPeOUTENISAM, KaKie KOHKPETHO UCKJII0YEHUsT MOTYT BO3-
HUKHYTD.

QO Beinyauts norpebureneii o6paborars (Mau nepedpOoCHTh) Kaxkj0e U3
HUCKJIIOUEHUT.

Jlenusble morpebuTenn MOTyT n3bexkaTh 06pabOTKU KasKI0H OTAEIbHOI
oMMOKHU, HO UM TIPUAETCS CAeNATh 9TO ABHO:

/...
let result = parse(ask()) // /lubo dama, nubo owubKa.
if (result instanceof Error) {
console.error(result.message)
} else {
console.info('Date is', result.toISOString())

}

KomneuHo, iporpamMma mo-1peskHeMy MOKET JaTh cOOM n3-3a HEAOCTATOUHOM
IMaMATHU WJIN UCKJIIOYEHUMA IIEPEIOJIHEHMA CTEKa, HO IJIA HOZ[O6HI>IX CJIy4acB
HeT 9 hEeKTUBHBIX PEIeHN.

BosBpar uckodeHuii — 910 ToKe JIErKOBECHBIH MOAX0/, KOTOPHIN He TpedyeT
MYZAPEHbIX CTPYKTYP AAHHBIX, HO TIPU 9TOM OH JOCTAaTOYHO WH(MOPMATHUBEH,
4TOOBI HOTPEOUTE I HOHUMAIIHU, KaKOI BUI cOOsI IIPEICTaB/ISET OIUMOKA 1 Ky/1a
006PaTUTHCS TSI TOTYUEHIS JOTOTHATETbHON HHHOOPMAIIHL.
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OG6parHast ke CTOPOHA B TOM, YTO CBSI3bIBAHHUE B IIEIIOYKY ¥ BJIOJKEHUE OTIepallnii,
BBIIAIOIIMX OIMIMOKI, MOKET TPEBPATUTHCST B IPOMO3AKUI Kot. Ecoin hyHKIws1
BO3Bpaliaer T | Error, TO I00ast ee QyHKIHSI-TIOTPEOUTEh IMEET B BBIXOJIA.

1. fBHO 06paboTath Errorl.

2. O6pabotaTh T (YCIEIHBIN cIydaii) v iepeaarhb Errorl gasee st 06paboT-
Ku ee morpeburessiMu. Eciu eraTh 9T0 B I0CTaTOYHOM 00BEME, CIIICOK
omumboK, TpedyIoIux 06paboTK HoTpebuTe/IeM, GICTPO BHIPACTET:

function x(): T | Errorl {

V2R
}
function y(): U | Errorl | Error2 {
let a = x()
if (a instanceof Error) {
return a
}
// Cdenamb 4mo-HUbyOb C a
}
function z(): U | Errorl | Error2 | Error3 {
let a = y()
if (a instanceof Error) {
return a
}
// Cdenamb 4mo-HUbyOb C a
}

ITO rPOMOBKUI KOJI, HO OH IaeT BBICOKUI YPOBEHBb GE30TTaCHOCTH.

Tun Option

W ckToueHnss MOKHO OTTUCHIBATD € TIOMOIIIBIO OCOOBIX THITOB TAaHHBIX. Y 9TOTO
MO/IX0/Ia €CTh CBOU MPOOJIEMBI (B YaCTHOCTH, KOJ MOJKET HE PACIIO3HABATH
0co0ble TUTIBI), HO OH JIa€T BO3MOKHOCTH CBSI3BIBATD 1IETIOYKU OTIEPAITUI HaJl
HOTEHIIHATIBHO OMMOOYHBIMK BblYMCIeHUAMU. Tpy Hanboee moryisipHbie
OTIIIH — DTO THIIBI Try, Option! 1 Either. B aTOIi T71aBe MBI pACCMOTPUM TOJBKO
THUTI Option?, TOTOMY YTO OCTAJIBHBIE TUITBI C HUM CXOKH.

! AibTepHaTHBHOE Ha3BaHUe — TUI Maybe.
2 Tloryruure «Tuil try» uin «Tul eithers uist Gosee MoApoOHOTO O3HAKOMJICHYSI C HUMU.
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O6patute BHMMaHue, 4TO Try, Option u Either He SIBIAIOTCA BCTPO-
eHHBIMU B cpeny JavaScript, mogo6Ho Array, Error, Map unu Promise.

YT106bI MX NCITONB30BAT, HaIANTe peanusanuy Ha NPM nin Hanummte

X CaMOCTOATE/IbHO.

Tumn Option mpuiien us Takux s3bikoB, kKak Haskell, OCaml, Scala u Rust.
Bmecto Bo3Bpara 3HaueHMs OH 0OecIiednBaeT BO3BPaT KOHTeHePa, KOTOPbIii
MOJKET COJIepKaTh 3HaYEHKEe UM HEeT. Y KOHTelHepa eCTh Psiji METOJIOB, 110-
3BOJISIIONINX CTPOUTH LENOYKK OIePalii aKe IPU OTCYTCTBUM 3HAYEHUS.
Komnreiinep — 210 /1106251 CTPyKTypa IaHHBIX, CIOCOOHAS COAEPKATH 3HAYECHME.
Hampumep, maccus:

/.
function parse(birthday: string): Date[] {
let date = new Date(birthday)
if (lisvalid(date)) {
return []

}

return [date]

let date = parse(ask())
date
.map(_ => _.toIS0String())
.forEach(_ => console.info('Date is', _))

Kax BbI MOI/IV 3aMeTHTb, Y Option Takas >ke mpobjeMa, Kak y BO3BpaTa
null, — OH He cOOOIIIAeT ITOTPEOUTENIO TPUINHY BOSHIUKHOBEHN OLINO-

K11, a TOJIbKO CUTHA/IN3MPYET O TOM, YTO ITO-TO IIOLIJIO HE TaK.

Tum Option TIPUTOKIAETCA, KOTla HYKHO C/iesIaTh HECKOJIBKO onepauI/Iﬁ 110/ -
PAL, KaX/1aA N3 KOTOPbIX MOJKET ITPOBAJIMTHCA.

Hampumep, patee MbI TIPETTOTIOKUIIH, YTO prompt BCET/IA 3aBEPIIAETCS YCTIET-
HO, a parse MOKET TIpoBayinThesl. Ho uTo, ecii prompt TOXKe IOTTyCKaeT Mpo-
Bas? Eciii mosrh30BaTe b OTMEHUIT YKa3aHWe JIAThl POXKIEHWS, BOSHUKHET
ormmOKa ¥ BRIYHUCIEHUST TPeKpaTsITCst. Takoii caydail MOKHO CMOJIETUPOBATH
C... IpyTUM Option!
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function ask() {
let result = prompt('When is your birthday?"')

if (result === null) {
return []
}
return [result]
}
/.
ask()

.map(parse)

.map(date => date.toISOString())
// Owubka TS2339: cBolicmBo 'toISOString' He cywecmByem
// 6 mune 'Date[]'.

.forEach(date => console.info('Date is', date))

Tak, aTO He cpa60TaJ10. [Tockosbky MBI OTO6paSI/IJII/I maccuB Date (Date[])
Ha MacCUB MacCUBOB Date (Date[][]), TO mpexze, 4eM IIPOLOJIKUTD, HYKHO
[IPOM3BECTH YILJIOIIEHe 0OPaTHO B MacCHB Date:

flatten(ask()

.map(parse))
.map(date => date.toISOString())

.forEach(date => console.info('Date is', date))
// Ynnowaem maccuB maccuBoB 8 maccuB.
function flatten<T>(array: T[][]): T[] {

return Array.prototype.concat.apply([], array)
}

Bce niepenyranoch. Tumnbl coobimaoT Majio (mepex HaMu 0ObIYHBII MaCCUB),
U 11pu OErJIoM B3TJISIIIE CTIOKHO MOHSITh, YTO TIPOUCXOIUT ¢ KOAOM. [LJist vc-
paBJeHUst 0OEPHEM HAIIK ICHCTBUST — TIOMEIICHUE 3HAYCHUsSI B KOHTEIHEP,
BbIPpasKeHUe cr1ocoba B3auMOIEHCTBUS ¢ STUM 3HAYEHWEM ¥ BbIPasKeHUe
criocoba MmoJIyYeHust ero 06paTHO M3 KOHTeHHepa — B 0COObII TUIT IaHHBIX.
Kaxk TosIbKO MBI 3aKOHUNM C €T0 peajn3aimeil, TO CMOKeM MCIOTb30BaTh
€ro TakK:

ask()
.flatMap(parse)
.flatMap(date => new Some(date.toISOString()))
.flatMap(date => new Some('Date is ' + date))
.getOrElse('Error parsing date for some reason')
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OmnpeiesiuM THII Option caeyOmnuM 00pasoM:

O Option — 2TO MHTep(delic, peaTUu30BaHHBIN ABYMS KJIacCaMu: Some<T>
u None (puc. 7.1). Some<T> — 3T0 Option, cofepsKamuii 3HaYeHue THMNa T,
a None — 3TO Option (€3 3HAYEHVIsI, [TPEICTABJISIIONINIT COOIL.

O Option — 3TO ¥ TUT, 1 PYHKIMSA OHOBPpeMeHHO. B KayecTBe THNA — 3TO
naTepdeiic, KOTOPBIM MPOCTO BBHICTYIAET B POJN CYTIEPTHUIIA /IJIS Some
1 None. B kauecTBe yHKIIUN — 3TO CIIOCO6 CO3/ATh HOBOE 3HAYEHUE
THUIa Option.

Option <T>
Some <T> None

Puc. 7.1. Option<T> umeet gga cnyyas: Some<T> 1 None

Haunewm ¢ opopmaenns Tumos:

interface Option<T> {} @
class Some<T> implements Option<T> { @
constructor(private value: T) {}

}

class None implements Option<never> {} @

@ option<T> —5TO MHTEPDETC, KOTOPHIIT MBI PA3/IETUM MEXK/LY Some<T> 1 None.

@ Some<T> PEACTABIAET YCIENIHYIO OMEPAIINIo, 3aBEPIIUBIIYIOCST 3HAUCHUEM.
Tax ke KaK ¥ NCITOJIb30BAHHBIN HEJJABHO MaCCUB, Some<T> — 3TO KOHTEIHED
JLJISI TAaHHOT'O 3HAYEHUS.

e None IpeJICTaBJALAET IPOBAJIUBIIYIOCA OII€pallio MU HE COACPKUT 3HAYC-
HUA.

STI/I TUIIbI paBHO3HAYHbBI CJICAYIONIUM TUIIaM, UCIIOJIb3OBAHHBIM B p€aJin3alinn
Option, OCHOBaHHOI HAa MaCcCHBE:

Q option<T>—ato [T] | [].
Q Some<T> — 39TO [T].
QO None — 910 [].

YTto MOXKHO f1esaTh ¢ Option? B ciaydae asleMeHTapHON peaynsaiiuyl onpese-
JIUTH BCETO JIBE OTIEPATTUN:
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flatMap

Croco6 1ermHoit 06paboTKY Onepariyii J1st OTEHIMAIBHO ITyCTOTOo Option.
getOrElse

Crroco6 u3BeueHns 3HAUYEHUS 13 Option.

Omnpezesnm TH oriepaiuu B uHTepdeiice Option. Some<T> 1 None OTPEOYIOT
OT/ICTTBHBIX PeATN3AITHIL:

interface Option<T> {
flatMap<U>(f: (value: T) => Option<U>): Option<U>
getOrElse(value: T): T

}

class Some<T> extends Option<T> {
constructor(private value: T) {}

}

class None extends Option<never> {}
IIpousoiiner cienpytouiee:

O flatMap 1moay4yuT GyHKIUIO f, KOTOPOU IPUCBAUBAETCS 3HAUYEHUE TUTIA T
(TuT 3HAUEHUS, COZIePKAIIETOCs B Option), 1 BO3BPATUT Option U. flatMap
BBI30BET f CO 3HAUYCHUEM Option M BO3BpPATUT HOBLII Option<U>.

O getOrElse MOJYYUT 3HAYEHIE TIO0 YMOTYAHUIO TOTO JKe THUTA T, UTO U 3HA-
YeHIe, CoflepIKaIeecs: B Option, M BO3BPATUT JIMOO 3HAYEHHUE TI0 YMOJTIa-
Huto (ecyi Option sIBJISIETCS IyCTHIM None), NGO 3HaYeHne Option (ecsiu
Option — 9TO Some<T>).

BOOpy>KI/IBHH/ICI) TUIIAMU, PeaJIN3yeM 3TU METO/bI JJIsI Some<T> 1 None:

interface Option<T> {
flatMap<U>(f: (value: T) => Option<U>): Option<U>
getOrElse(value: T): T
}
class Some<T> implements Option<T> {
constructor(private value: T) {}
flatMap<U>(f: (value: T) => Option<U>): Option<U> { 0
return f(this.value)
}
getorElse(): T { @
return this.value
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class None implements Option<never> {
flatMap<U>(): Option<U> { @
return this

}
getOrElse<Us>(value: U): U { @
return value

}

@ Ilpu BoI3oBe flatMap It Some<T> TepenaeM eil GyHKIINIO f, KOTOPYIO
flatMap BBI3BIBAET CO 3HAYEHMEM Some<T>, YTOOBI IIPOU3BECTU HOBYIO
Option HOBOTO THUIIA.

e Brizos getOrElse i Some<T> IIPOCTO BO3BpalllaeT 3HaYeHUE Some<T>.

© IlockosbKy None TIPE/ICTABIISIET TPOBAJIEHHOE BHIYNCIIEHIE, BBI3OB JIJIs1 HETO
flatMap BO3BpalaeT None: KaK TOJIbKO BbIUUCJIEHUE TIPOBATUBAETCS, MBI
He MOKeM TIPOU3BECTU BOCCTAHOBJIEeHME (110 KpaiiHell Mepe He ¢ TeKyIei
peanu3aiiueli Option).

O Bri30B getOrElse s None BCerja Bo3BpallaeT 3HaueHUe, [epelaHHoe
B getOrElse.

MoskHo 6osee KaueCTBEHHO OTIPEeNIETTUTD TUIIBI. ECJI M3BECTHO TOJIBKO, UTO
ecTh Option u (hyHKINS U3 T B Option<U>, TO Option<T> Bcerma Gy/IeT mpons-
BOAUTD flatMap B Option<U>. Ho ecsu BBI 3HaeTe, YTO eCTh Some<T> MJIH None,
TO MO’KeTe OBITh Hoee KOHKPETHBIMU.

Tabsmmna 7.1 oKasbIBaeT THIIbI, KOTOPbIE HY;KHBI IIPK BbI30BE flatMap JIJIst

JIBYX THUTIOB Option.

Tabnuua 7.1. Pe3ynbrat Bbi3oa .flatMap(f) ana Some<T> u None

N3 Some<T> 13 None

B Some<U> Some<U> None

BNone None None

Mpbl 3HaeM, 4TO 0TOOpakeHue None 3aKkaHuMBaeTcst None, a 0OTOOpaskeHue
Some<T> IPUBOIAUT OO K Some<T>, I1OO K None, B 3aBUCUMOCTHU OT TOTO, YTO
BO3BpaiiaeT Bbi30B f. [[06aBUM K 9THM CBEIEHUSM II€PErpysKEHHbIE CUTHATY DI,
4TOOBI ONIPEAEINUTD I FlatMap 60JIe€ KOHKPETHDIE THIIBL
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interface Option<T> {
flatMap<U>(f: (value: T) => None): None
flatMap<U>(f: (value: T) => Option<U>): Option<U>
getOrElse(value: T): T

}

class Some<T> implements Option<T> {
constructor(private value: T) {}
flatMap<U>(f: (value: T) => None): None
flatMap<U>(f: (value: T) => Some<U>): Some<U>
flatMap<U>(f: (value: T) => Option<U>): Option<U> {
return f(this.value)

}
getOrElse(): T {
return this.value

}

class None implements Option<never> {
flatMap(): None {
return this

}
getOrElse<U>(value: U): U {
return value

}

Octanock peanu3oBaTh (PYHKIUIO Option 715 CO3IaHMS HOBBIX Option. Mbl
yiKe peasn30BaJu TUII Option B KadecTBe WHTepdeiica u Temeph 3aliMeMcs
OTHOMMEHHOH (pyHKIMEN (BCTOMHNTE, 9TO B TypeScript ecThb 1Ba pa3febHbIX
MPOCTPAHCTBAa UMEH [IJisl TUTIOB ¥ 3HaYenuii). Heuro mogo6Hoe Mbl gemann
B nojpaszenie «IlaTrepn 06bekT-KOMITaHbOH» Ha c. 176. Eciin mosib3oBatesin
nepenact null uin undefined, Mbl BEpHEM eMy None. B mpoTuBHOM cirydae —
BepHeM Some. HamtoMH10, UTO 71719 3TOTO MBI UCIIOIB3yeM MEPErPY3KY CUTHATYPBI:

function Option<T>(value: null | undefined): None @
function Option<T>(value: T): Some<T> @
function Option<T>(value: T): Option<T> { @
if (value == null) {
return new None

}

return new Some(value)
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@ Ecim nosp3oBaresib BhI3bIBaeT Option ¢ null mi undefined, TO BO3BpallaeM
None.

@ B npotuBHOM cirydae Bo3BpaiaeM Some<T>, Tie T — 9TO TUI 3HAYEHWSI,
repelaHHOTO TI0JIb30BaTEIEM.

© CamocTosTeNbHO BBIYHCIISIEM BEPXHION0 TPAHb JIJIsI IBYX ITEPErPY/KEHHBIX
curHaTyp. Jast null | undefined u T —3T0 T | null | undefined, 9yTO
ympotaetcs 10 T. BepxXH:s ke rpaHb A7 None U Some<T> — 3TO None |
Some<T>, U JIJIsT Hee YKe eCTh UM Option<Ts.

Bor 1 Bce. MbI BBIBEJIM MOJHOCTHIO PAOOUNI U MUHUMAJIbHBINA TUII Option,
KOTOPBIiT TI03BOJIUT HE3011aCHO BBIMOJIHATDH OEepPaI[ii CO 3HaYeHUSAMH, 10-
mycKaoimuMu null. Mlcnosb3yeTcs OH Tak:

let result = Option(6) // Some<number>
.flatMap(n => Option(n * 3)) // Some<number>
.flatMap(n => new None) // None
.getOrElse(7) // 7

Bepnemcs k ipumMepy ¢ JiHEM POKIEHUS:

ask() // Option<string>
.flatMap(parse) // Option<Date>
.flatMap(date => new Some(date.toISOString())) // Option<string>
.flatMap(date => new Some('Date is ' + date)) // Option<string>
.getOrElse('Error parsing date for some reason') // string

Option — 9TO MOIIHBI c1IOCOO PabOTHI C CEPUSIMU OTIEPAITUIT, KOTOPbIE MOTYT
He 3aBepiuThest yerexoMm. OH obecriednBaeT THIOOE30MACHOCTD W TOCPE]T-
CTBOM CHCTEMbI TUIIOB COOOIIAET TOTPEOUTESIM O BO3MOKHOM IIPOBaJIe
oTIepaITiu.

Ho option nmeer cou HegoctaTku. OH cOOBIIAET O IIPOBAJIE € IOMOIIBIO None
u He jaeT nHMOpManuio o npudrHe c60s1. Takke OH He I0ITyCKaeT B3auMO/Ieii-
CTBUSI C KOJIOM, HE UCTIOJMb3YIOMNM Option (1719 TAKOTO KOJIA TIPUAETCS SIBHO
o6opaunBath API, uT06BI OHI BO3BpaIaiu Option).

U TeMm He MeHee y HAC TIOJIYYHIICST AKKYPATHBIN Ko/ JloGaBiieHHbIe meperpysKi
MIO3BOJISTIIOT C/IEJIATD TO, YTO HEBO3MOKHO BBIPA3UTD B OOJIBITUHCTBE SI3BIKOB,
U JIa’Ke B T€X, KOTOPbIE UCIIOIB3YIOT THIT Option /iJist PAOOTBI € IOy CKAIOIINMI
null spavernsMu. OTpann4nB Option TTOCPEACTBOM MEPETPYKREHHBIX CUTHATYP
BBI30BOB Be3/le, I/le MOXKHO, 10 Some MJIU None, MBI CJIeJIasIi Ko7l Ge3oracHee
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u cosnanu Haskell-tiporpammucram JimiiHuii oBoJ1 Jist 3aBUCTH. Bbl 3aciry-
JKUJIU TIEPEPHIB U OYTHLIIOUKY XOJIOAHEHBKOTO.

Utorn

B aroii riraBe BbI paceMoTpenn coobiennst 06 ommOKax  BOCCTAHOBJICHUE
KO/Ia [TOCJie MX OOHAPYKeHUs ¢ TOMOIIbIO BO3Bparta null, BIOpACchIBaHMS HC-
KJIIOYEHUI, Bo3BpaTa uckouennii u Tumma Option. Temeps y Bac ectb Habop
HOZIXO/I0B [I7st 6€301aCHON PabOThHI ¢ IOMYCKAOIIMMHU TPOBAJ 9JIEMEHTAMHU.
Bbi60p 3a BaMH, 1 3aBECUT OH OT CJIE/LYIOIIETO.

Q XoTuTe JIM BBI TIPOCTO COOOTIUTH O TOM, YTO ITPOU3OIIIEST HeKuil c60ii (null,
Option), Wi ipeATowIn ObI 1aTh O0JIbIe HHGOPMAIIUHT O TIPUIHHE OG-
K (BbIOpachIBaHMEe U BO3BPAT UCKJIIOUEHHMIT).

Q XoruTe JU BB IPUHYIUTH TTOTPeOUTENElH IBHO 00pabaThiBaTh Kaxk10€
BO3MOJKHOE UCKJII0UeHre (BO3BPAT UCKJIIOYEHHI) UM THCATh MEHbIIIe
PYTHHHOIO KOJIa 10 06paboTke omuboK (BhIOPAChIBAHUE UCKIIOUEHHIA ).

Q Hysken sin BaM cioco0 JI7Ist KOMIIOHOBKH OITUOOK, UIIH TPEOYETCS TOTBKO
ux 06paboTKa pH MosIBIeHUN (null, HCKJIIOYEHWS ).
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YnpaxHeHue K rnaBe 7

Paspat6oraiire criocob 06paboTku ook st caeayiotiero API ¢ momoripio
OJTHOTO U3 TTAaTTEPHOB, PACCMOTPEHHBIX B 3TOH riaBe. B atom API Bce ome-
paliu MOTYT TIPOBATIUTHCS — CMEJIO OOHOBJISTIATE CUTHATYPBI MeTo0B API,
uyT0OBI OHM oMy cKaau cbon (MoKeTe aToro u He jenarh). [loxymaiite, B Ka-
KOI1 [10CJIeI0BaTeIbHOCTH HYKHO BBIIIOJHATD AeiicTBUS, 4TOOBI 9 HEKTUBHO
MOKJIIOUNTH K HUM 06paboTKy omuboK (Harmpumep, nojaydenne cHadasaa 1D
3alIe/Iero MoJab30BaTelisd, 3aTeM CIIUCKA eTo APY3el U UX UMEH ):

class API {
getLoggedInUserID(): UserID
getFriendIDs(userID: UserID): UserID[]
getUserName(userID: UserID): string
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ACMHXpOHHOE NporpammupoBaHue,
KOHKYPEeHTHOCTb U NapannenbHas
o6paboTKa

[lo cux mop MbI paccMaTpUBaIN B OCHOBHOM CUHXPOHHBIE TPOTPAMMBI, TO
€CTh TaK¥e, KOTOPbIe MOJIy4aloT BBOAHBIE JaHHbIe, 00pabaThIBAIOT UX U BbI-
MOJTHSATOTCS BILIOTH /10 3aBepIieHns 3a ouH 3axo. [Ipuiio Bpems moroso-
PHTb O CTPOUTENBHBIX OJOKAX AEHCTBYIONMX TPUIOKEHIIT — TIporpaMMax,
BBITIOTHAIOININX CETEBbIE 3aPOChI, B3aMMOAEHCTBYIONINX ¢ 6a3aMy JaHHBIX
1 (haiiIOBBIMU CHICTEMaMU, OTBEYAIOIINX Ha 3aITPOCHI TT0JIb30BaTENeil U pas3-
NIeJISIONNX HATPY3KY MPOIleccopa Ha OT/IeJIbHbIE ITOTOKU BBITIOJHEHUST, — BCE
onu paboraioT Ha acuHXpOHHBIX API Bpoze 06paTHBIX BBI30BOB, IIPOMUCOB
1 TIOTOKOB.

B pabote ¢ acuaxpoHHbIME 3a/1auam JavaScript rposiBiisie cebst BO Beell kpa-
ce ¥ JIEPIKUTCST OCOOHSKOM OT JIPYTHX TOIMYJISIPHBIX MHOTOTIOTOYHBIX SI3BIKOB
Bpojie Javau C++. J[Buskku JavaScript — V8 u SpiderMonkey — o6beaumsiior
MHOKECTBO 33/IaHN B OJINH MTOTOK, OCTABJISISI IPYTHE 33191 B OKU/IAHIHN CO-
ObrTHst. S Oy Ly MCXOMUTD U3 TIPEATIOTIOKEHIS, 4TO BbI HCIOIb3YeTe MOTOOHDII
nBIKOK. C TTO3UINI KOHEYHOTO MOJTb30BATE ST HEBAKHO, TIPUMEHSIET JIN BAIII
JIBUKOK ITUKJI COOBITUIT MJTH K€ MHOTOIIOTOYHOCTH, HO 3TO NMEeT 3HAUeHUe
JUUIS HAIIETO B3AMMOIIOHUMAHUST B PAMKAX KHUTH.

Moesrb KOHKYPEHTHOCTH B IIMKJIE COOBITUH TO3BOJIsET JavaScript n3berath
pacmniaTel 32 CHHXPOHU3WPOBAHHBIE TUITHI JAHHBIX, MbIOTEKCHI, ceMadOpbI
U IpyTHe MHOTOIIOTOYHbBIE cI0BeuKHU. Takske 1pu 3amycke JavaScript B He-
CKOJIBKO TIOTOKOB PE/IKO UCIIOJIb3yeTcst 0b1iast mamsith. Ee hyHKIuio BbI-
HOJTHSIOT TIepeiada COOOIEHU I MeXK/Ty MOTOKAMU 1 CEPUATU3AIIHS TAHHbIX.
Takoe mpezcTaBienne HartoMmuuaet Erlang, Moesib akTopoB u ipyrue 4ucTo
(byHKIIMOHAJIbHbBIE MOJEIM KOHKYPEHTHOCTH, Jie/Ialoliie MHOTOIIOTOYHOe
MporpaMMUpOBaHMe B JavaScript HaflesKHBIM.
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Ho acuHxXpoHHOE IPOrpaMMUPOBaHKE YCJA0KHAET BOCIIPUSTHE Y AHAJIHU3 ITPO-
IPaMM: BbI HE MOJKETE JIBUTATHCS CTPOKA 32 CTPOKOI U BBIHYKIEHBI CIIEANUTD,
KOI/JIa OCTAHOBUTH M IEPEMECTHUTD BBIIIOJHEHHE B IPYTOE MECTO, a KOT/a BO3-
OOHOBWTD €r0 Ha IIPEKHEM MECTE.

K cuactpio, Tunibt TypeScript moMoraioT oTc/ie;KkuBaTh aCUHXPOHHbBIE IEHCTBYS,
a BCTpPOEHHad MO/JIEPKKA async 1 await 1mo3BoJIsIeT TPUMEHSATh 3HAKOMOE
CUHXPOHHOE TIPEJICTaBIeHIe K aCHHXPOHHBIM TTporpammam. Tax:ke TypeScript
OIPe/Ie/ISIET CTPOTHE TIPOTOKOJIBI TIepeIadr COOOIEHIH ST MHOTOTTOTOYHBIX
mporpamM (Ha Jiesie 3To TOpaszio Mpolle, 9eM KaskeTcs ). Ecan adero we mo-
MoskeT, TypeScript cmesmaeT BaM Maccask, TOKa BBI J0TTO3/[HA OTJIaKUBaeTe
ACUHXPOHHBIN KO KoJuieTh (HYKHO YCTaHOBUTD (hJIAKOK KOMITUIIATOPA).

Ho mipeskie, 4eM Mbl HauHeM paboTaTh ¢ ACHHXPOHHBIMU ITPOTPAMMaMHU, pac-
CMOTPHM CaM TIPUHIIAIT ACMHXPOHHOCTU B COBPEMEHHBIX JIBUIKKAX JavaScript:
KaK MbI MOKEM [TPHOCTAHABIMBATH U BO30OOHOBJISATH TO, 4TO, Ka3aJ0Ch Obl,
BBITIOJIHSETCS B O/THOM MTOTOKE?

Llukn co6biThii

Haunewm ¢ npumepa. O/ 13 IBYX TailMePOB CPabOTAET Yepe3 MUJLIUCEKYHILY,
a IpyToi — uepes JBe.

setTimeout(() => console.info('A'), 1)
setTimeout(() => console.info('B'), 2)
console.info('C")

UYro Mbl yBUAUM B KOHCOTU? Byner sim 210 A, B, C?

Ecom BoI JavaScript-mporpaMmucT, TO THTYUTHBHO 3HaeTe, YTO OTBET — HeT.
B meticTBuTENBHOCTH 3T 3HAUEHUS TOSIBATCS B TOPsAKe C, A, B. Ecau BbI
patee He paboTaiu ¢ JavaScript uaun TypeScript, To Takoe MoBeieHIe MOKET
mokasaTbes cTpaHHbIM. Ho Bee mpocto. 3ech ncmomb3oBana He Ta MOZIEDb
KOHKYPEHITHH, KaKyI0 HCII0Ib30Baa Obl KOMaH/a sleep B C WJIN TIAHUPOBA-
Hite paboThI B IPYTOM TIOTOKE B Java.

Ha BbicokOM ypoBHEe BUPTYyasibHASI MAIIMHA JavaScript CUMYJIUPYeT KOHKY-
pennuio Tak (puc. 8.1).

O [71aBHBINA MTOTOK /leJTaeT BbI30B BHYTPEHHUX acuHXpoHHBIX API Bpose
XMLHTTPRequest (st 3ammpocoB AJAX), setTimeout (/1T TPUOCTAHOB-
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KU (sleep)), readFile (g yTeHus daiina ¢ qucka) u T. 1. Itu API mpen-
cTaBJieHbl B iatopme JavaScript, u Bbl He MOKeETe CO3/1aBaTh UX camul,

Kax Tosibko BBI fiesiaeTe BbI30B BHyTpeHHEro acuHXpoHHOTo AP, KoHTpO/Ib
BO3BpaIlaeTcs IJIABHOMY ITOTOKY U BBITTOTHEHNE TTPOJI0JIKAETC, KaK eCJIn
661 API 1 He ObLT BBI3BaAH.

[Tocne 3aBepieHUsT ACHHXPOHHON Omlepaluy miaatgopma moMenaeT 3a-
fady B ouepesb coObITril. Kaskiplii TOTOK UMeeT CBOIO Ouepe/ib, KOTopast
WCTIOTb3YETCS /171 TIePEeHATTPaBIEHUS Pe3yIBTaTOB ACMHXPOHHBIX OTIepaIinii
00OpaTHO B TJIaBHBIN MOTOK. 3ajiaya BKIIOYaeT B ceOs1 MeTanHbOopMaIinio
BBI30BA 1 CCBUIKY Ha (DYHKI[MIO 0OPATHOTIO BHI30BA 13 TJIABHOTO MOTOKA.

Kax TombKO cTEK BBI30BOB TJIABHOTO TTOTOKA TTYCTEET, TIIaT(opMa IIpoBe-
psieT HaJln4Ke OJKUIAOIINX 3aa4 B ouepeaun coobiTnii. Ecii takas 3agaua
obHapysKeHa, IraThopmMa ee 3aIycKaeT. ITO aKTUBUPYET BbI30B (DYHKIINH,
1 yTpaBJieHue Bo3BpaiaeTcs (hyHKINY TIaBHOTO ToToka. Koraa crek Bi3o-
BOB, TIOJTYYE€HHBIH B Pe3yIbTaTe 9TOTO BBI30BA, CHOBA OITyCTeET, ImaTdhopMa
OIISATh MIPOBEPUT OUePelb COOBITHIT Ha TIPEAMET OKUAAIONINX 3a4ad. ITOT
IIUKJT TIOBTOPSIETCS, TIOKA He OIYCTEIOT CTEK BBI3OBOB U OUEPEh COOBITHI
1 He 3aBepIaTcs Bce BHyTPEHHNE aCUHXPOHHBIE BBI30BBI API.

Mook JS Nnatgopma

setTimeout()

h 4

* YcTaHoBKa

N e
,\A\“\@\i‘,\. \6\‘“& . Timeout

+4444-

(Tek Bbi30BOB  Ouepesb cobbiThil

Puc. 8.1. Lnkn cobbiTmit B JavaScript: uto nponcxogmT npu BbI30Be aCUHXPOHHOTO API

B34as na Boopy:kenue aTy nHGOPMAIINIO, BEPHEMCS K TTPUMEPY € setTimeout.

Bot urto npoucxoaut:

1. MpbI BeI3bIBaEM setTimeout, KOTOPBIN BBI3bIBaeT BHyTpeHHNH API Taiim-
ayTa co CCHUIKOM Ha TTepeIaHHbINl HaMU OOPATHBII BBI30B U apIyMEHTOM 1.

! B npuHImIie, Bbl 3TO MOJKETE, €CJIU ClleflaeTe OTBeTBIeHne m1aT(opMbl Gpaysepa Hiiu
cosmamure pacumpenne C++ mist Node]JS.
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2. CHoBa BbI3bIBaeM setTimeout, KOTOPBIN CHOBA BbI3bIBAaeT BHyTpeHHUI API
TaiiM-ayTa CO CCBUIKON Ha BTOPOM INepejlaHHbIil HaMu 0OGPaTHBINA BHI3OB
U apryMEHTOM 2.

3. BoiBoauMm C B KOHCOJID.

4. Ha sagHeM 11aHe, CITyCTSI 110 MEHbIIEH Mepe OHY MUJLIUCEKYH/TY, Hallla
wiatdopma JavaScript gobasiisier B o4epesib COOBITUI 3a/1auy, CUTHAIHU-
3UPYst O TOM, YTO TIEPBBIN setTimeout MpOIIEN U ero 0OPaTHBIN BbI30B
MOJKET OBITh BbI3BAH.

5. Crmycrs elie ofHy MUJLTHCEKYH/TY TIaTdopma 100aBIIsieT B 04epeib BTO-
pyIo 3aa4y /T BTOPOTO 00PaTHOTO BBI30Ba setTimeout.

6. IlockosbKy mocse 3aBepIieHnd Iara 3 cTeK BbI30BOB ITyCT, iatdhopma
obparaercst K ouepen CoObITHI B TIOMCKE OKUAAIONINX 3a/1ad, KOTOPBIE
OHa OOHAPYIKUT, €CJIV IIaTh 4 1 5 OBbLIN 3aBePIIeHbl. 3aTeM JJIsT KaKI0it
3a/[a4i OHa MMPOU3BOIUT BBI30B COOTBETCTBYIOIIEN (DYHKIIMKI 00pPaTHOTO
BBI30BA.

7. Kax Tospko 00a TaiiMepa HCTEKYT U OUepe/ib COOBITHI CO CTEKOM BHI3OBOB
OITyCTeeT, TIPOTPaMMa 3aBEPITUTCS.

Bot nouemy B KOHCOJIM MBI YBUIENH C, A, B, 2 He A, B, C. MITHOBaB 3Ty CTapTOBYIO
TOYKY, MBI MOJKEM HAYMHATh TOBOPUTH O TOM, KaK Ge3011acHO TUITU3UPOBATh
ACUHXPOHHbBIN KOJIL.

Pa6ota c 06paTHbIMU BbI30BaMK

[aBHBII BJIEMEHT aCHHXPOHHBIX JavaScript-TiporpaMM — 0OpaTHBIN BHI30B —
MpUBBIYHAL (DYHKITUS, KOTOpAst epeiaeTcs pyroi yHKITNHY B BUIE apTyMeH-
Ta. B acMHXPOHHBIX ITpOrpaMMax aTa ipyrasi (hyHKIHS 3a/eCTBYeT 0OpaTHDII
BBI30B 110 3aBEPIIEHUN BCEX CBOUX JICHCTBUI (BBITTOJTHEHUS CETEBOTO 3a1TPOCca
u T. 11.). OOpaTHbIe BBI30BbI, 33/ICTBOBAHHbBIE ACHHXPOHHBIM KOJIOM, — 9TO
mpocTo (GPYyHKIINW, U B NX CUTHATYPAX THUIOB HET HUYETO YKa3bIBAIOIIETO Ha
TO, YTO OHU BBI3BIBAIOTCS ACUHXPOHHO.

Buytpennne APINode]S Bpoze fs. readFile (j1/1s1 aCHHXPOHHOTO CYUTHIBAHKS
cofiep:KUMOro (haiiyia Ha IUcKe) U dns. resolveCname (ZI711 ACHHXPOHHOTO pa3pe-
mmenns 3anceiit CNAM E) nogumHsioTes mpaBriTy, COTIIaCHO KOTOPOMY TIEPBBIT
mapamerp — 9To ommbOKa Uiin null, a BTOPOW TapaMeTp — 3TO pe3yJibrar null.,



PatioTa c 06paTHbIMY BbI30BaMM 219

Tak BbIT/IAANAT CUTHaTypa Tula readFile:

function readFile(

path: string,

options: {encoding: string, flag?: string},

callback: (err: Error | null, data: string | null) => void
): void

OO6paTtuTe BHUMAHUE, YTO HET HUYEro 0COOEHHOr0 KaK B TUIlE readFile, Tak
U B THIIE callback: 06a IBJISIIOTCS perysipHbiMu JavaScript-dyHkiusamu. Ecin
pPaccMOTPETh CUTHATYPY, TO B Heil HUYTO He YKa3bIBaeT Ha TO, 4TO readFile
BBI3BIBAETCS ACUHXPOHHO | yIIpaBjeHue OyAeT epeJaHo caeayIoleil CTpoke
cpasy 1ocJie Bbi30Ba readFile (6e3 oKuaHKs Pe3yJIbTaTa BbI30Ba).

JIJIs1 CAMOCTOATENIBHOTO 3aIyCKa C/IEAYIOLIEro [IPYMepa YCTAHOBIUTE Ae-
xnaparyy tuios g Node]S:

npm install @types/node --save-dev

[Toxgpo6Has nHdOpMAIVsI O CTOPOHHUX AEK/TAPALMAX TUIIOB COJIEP>KUTCS
B mopipasperne «JavaScript, nmerormii fexkaapaunyu TuoB Ha Definitely-
Typed» Ha c. 302.

Harmmrem Node] S-tiporpammy, IpOM3BOISIILY 10 CYUThIBAHKE 1 3AITUCH B XKy P-
Hau jocryra Apache:

import * as fs from 'fs'

// CuumsiBaHue OaHHbIX U3 XypHana docmyna cepBepa Apache.
fs.readFile(
'/var/log/apache2/access_log',
{encoding: 'utf8'},
(error, data) => {
if (error) {
console.error('error reading!', error)
return

}

console.info('success reading!', data)
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// MNapannenoHoe 3anuceiBaHue O0aHHbIX B mom xe xypHan docmynd.
fs.appendFile(
'/var/log/apache2/access_log',
'New access log entry',
error => {
if (error) {
console.error('error writing!', error)

1)

Ecuu o He TypeScript- niau JavaScript-paspaboTunk, He 3HAKOMBI C TTPHUH-
IUIIOM acHHXPOHHON paboThl BeTpoeHHbIX API Node]S u He 3naere, 4To
odepeniHocThb BEI30BOB API B Kozie He ompeziesisseT odepeiHoCTDb (DaKTHIECKOTO
BBITIOJTHEH ST OTIepaIiiii (hailJIoBOH CHCTEMBI, TO BBI HE 3aMETHIN HEOOBINOH
6ar. J[eJio B TOM, 4TO MEePBbIii BHI30B readFile MOKET He BEPHYTH JKypHAI
noctymna ¢ 100aBJeHHOM HaMU CTPOKOM. DTO Gy/IeT 3aBUCETH OT CTETIEHU 3a-
IPY:KEHHOCTH (hailIOBON CUCTEMBI B MOMEHT BBITTIOJIHEHUS KOJIA.

Boswmozkno, BeI MOHIHN, YTO (DYHKITNS readFile aCMHXPOHHA, HAa OCHOBE OITbI-
ta, fokymenTanuu Node]S nau npurimna Node]S: yHKIMS acuHXpoHHa,
€cJI ee TOCJEIHUI apryMeHT — 3TO (DYHKIIHS, TIOJyJaloNiasi Ba apryMeH-
Ta—Error | nullu T | null, UMEHHO B TaKOM TIOPSKe. A MOXKET, BBI ITPO-
CTO y3HAJM 06 HTOM OT COCE/IA-ITPOTPAMMICTA, KOTOPBII MTOBEA BaM CBOIO
HCTOPHIO PEIEHUsI CBA3aHHBIX C 9TUME HI0OAHCAMU MTPOOJIEM.

Kak 6b1 TO HE 6110, TUITBI TYT OBLIN HU IIPU YEM.

MaJio TOro 4To THITBI He TOMOTAIOT MOCTUYh CHHXPOHHOCTD (DY HKIHIA, 0Opart-
HbIE BBI3OBbI TOXKE CJIOKHO YIIOPSJI0UYMBAEMbl I MOTYT BBICTPAUBAThCS B TaK
Ha3bIBae€MbIe TUPAMUIbI OOPATHBIX BHI30BOB:

asyncl((errl, resl) => {

if (resl) {
async2(resl, (err2, res2) => {
if (res2) {
async3(res2, (err3, res3) => {
/) ...
)
}
)
}

}
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[Tpu ynopsigoueHnu oreparuii 00ObIYHO 110 3aBEPIIEHUN OJIHO BbI aBTOMATH-
YeCKU TIEPEXOIUTE K IPYTOH HUKE TI0 TIETTOUKE, BEIXOS IPU BOSHUKHOBEHUN
omm6ku. C 06paTHBIME BBI30BAMU BCE 9TO HYKHO JeJ1aTh Bpy4YHYT0. Eciu BbI
HauyHeTe YYUThIBATh CUHXPOHHBIE omuOku (K npumepy, Node]S npu mepe-
Jladye HEBEPHO TUTTM3NPOBAHHOTO apryMeHTa TTPOU3BOIUT throw BMECTO TOTO,
4TOOBI BHI3BATD IIPEIOCTABIEHHbIIT BAMU OOPATHBIIT BHI3OB ¢ 00BEKTOM Error),
[PaBUJIbHOE YIIOPSIIOUeHnEe 0OPATHBIX BBI3OBOB MOKET HOPOUTH MHOKECTBO
HOBBIX OTHOOK.

YnopsijoueHue — 3TO BCero JIMIIb OJHA U3 Ollepaliii, KOTOPble BaM MOXKET
MOHAI0OUTHCS 3aITyCKATh TIOCPECTBOM aCHHXPOHHBIX 3a/1a4. TaksKke MOKHO
3anyckarb (QYHKI[UH TTapaieJibHO, YTOObI 3HATh, KOT/Ia OHU 3aBEPIIAiOTCs,
WA YCTPAuBaTh UM ITPOBEPKY CKOPOCTH, YTOOBI Y3HATH, Kakasi epBast (hu-
HUIIUPYET, U T. II.

[Tpu orcyTeTBrm GoJIee MPOLYMAHHBIX aGCTPAKTHBIX PENIEHU 15T OIlepUpPO-
BaHUS ¢ aCHHXPOHHBIME 3aa4aMi paboTa ¢ MHOKECTBEHHBIMU OGPATHBIMU
BBI30BAMMU, TaK MJIM MHAYE 3aBUCAIIMMU APYT OT APYTa, MOKET OBICTPO MIPH-
BECTHU K OECTIOPSIIKY.

IToapiTOKUM:
Q Ucnonbayiite 0O6paTHbBIE BBI3OBBI ISl TPOCTHIX ACHHXPOHHBIX 3a/1a4.

O OG6paTHble BBI30BBI IepepacTaioT B pobemy 1mpu pabore ¢ 6OTbITUM
YKCJIOM AaCMHXPOHHBIX 3a/1a4.

Mpomucbl Kak 310poBas aNbTepHATUBA

K cuactbio, MBI He MiepBbIe U3 TPOTPAMMKCTOB, KTO CTOJKHYJICS C OTPAHUYEHUSI-
ME 0OpaTHBIX BBI30BOB. B aTOM pasjiesie Mbl UCCIIEYEM ITPOMUCHI, KOTOPbIE
MO3BOJISIOT a0CTPATHPOBATHCS OT ACUHXPOHHOCTH [IJIsI €€ CO3/IaHMsl, YIIOPSsi-
modenus u T. 1. Jlaxke ecyiu BBI yKe paboTaiu ¢ TPOMUCAMU WK (bioyepca-
mut (Oy Ly UMY 3HAYEHWSIMU ), BbI Hali/IeTe 371€Ch MOJIe3HbIe YITPasKHEH WS ISt
HOHUMAHUSI IPUHITMIIOB UX PabOTHI.

Haunewm ¢ mpuMepa MCIoIb30BaHusl TPOMUCOB JIJIst 10OABJIEHUsT JaHHbBIX
B (hailsr ¥ TOCTEYIONIETO CUNTRIBAHUS Pe3yIbTaTa:

function appendAndReadPromise(
path: string, data: string): Promise<string> {
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return appendPromise(path, data)
.then(() => readPromise(path))
.catch(error => console.error(error))

BonpLmHCTBO cOBpeMeHHBIX JavaScript-maTgopM NMeI0T BCTPOECHHYIO
MOAJEP>KKY MPOMMCOB. B aToM paspene Mbl paspaboTaeM coOCTBeH-
HYIO '{aCTI/I‘IHYIO peanmsaumo Promise B KauecTBe ynpamHeHI/m, HO Ha
HpaKTI/IKe leqme JICIIO/Ib30BAaTh BCTpOCHHbIﬁI nnmm I‘OTOBbIﬁ ee BapI/IaHT.
IIpoBepbre 10 ccblke https://kangax.github.io/compat-table/es6/#test-Promise,
HO}Z[JZ[Bp)KI/IBaeT I Balla )'IIO6I/[MaH rmaT(l)opMa HpOMI/ICbI, nnmn nepe—
ckounte K pasgeny «bubmmorexn», 4ToObl y3HATH 00 MCIIONb30OBAHUN
nonuuios B mwiarGopmax, KOTOpble He MOAAEP>KUBAIOT IPOMICHL 110
YMOII'{aHI/[IO.

3aMeTbre, 9TO 3/1eCh OTCYTCTBYET MIPaMu/ia OOPATHBIX BBI30BOB, OCKOIBKY
MBI 2 GEKTUBHO JNHEAPU30BATN HYKHBIE JICHCTBUS B €IUHYIO TOHATHYIO
[[EIIOYKY AaCMHXPOHHBIX 3aJlaHuil. Kak TOJbKO O/JHO U3 HUX 3aBEPIIACTCS
YCIIeNHO — 3allycKaeTcs cJaeaylolniee. Ecan ske mepBoe MpoBaJInBaeTCs, MbI
IlepecKakuBaeM K ycJ0BHIO catch. B ciyuae ¢ API, ocHoBaHHBIM Ha OOPATHBIX
BBI30BAX, 9TO BBITJISIIE0 ObI TIPUMEPHO TAK:

function appendAndRead(
path: string,
data: string
cb: (error: Error | null, result: string | null) => void
) A
appendFile(path, data, error => {
if (error) {
return cb(error, null)
}
readFile(path, (error, result) => {
if (error) {
return cb(error, null)
}
cb(null, result)
o)
)



MpoMUCbI KaK 30POBad anbTepHaTUBa 223

Cosmgaaum API Promise.
Bce naumnaercst BecbMa CKPOMHO:

class Promise {

}

new Promise mosydaeT hyHKIWIO executor (MCIOMHUTENTD). Peanmmnsarms
Promise Gy/ieT BBI3BIBATH €€ C JIByMs apryMeHTamu: GyHKI[He resolve
n hyHKIMe reject:

type Executor = (
resolve: Function,
reject: Function

) => void

class Promise {
constructor(f: Executor) {}

}

Kaxk paGoraior resolve 1 reject? IIpeskie ueM pasobpaThCst B 5TOM, Oy Maii-
Te, Kak CAaMOCTOSITEIbHO OOEPHYTh OCHOBAaHHBII Ha 0OpaTHBIX Bbi3oBax API
Node]S Bpojie fs.readFile, B API, ocHoBaHHbII Ha Promise. MBI HCIIOIb3yeM
API fs.readFile, BcTpoeHHbIil B NodeJS, cieayonm o6pazom:

import {readfFile} from 'fs'

readFile(path, (error, result) => {
/...
1)

[Tocsie ob6eproiBanust atoro API B Haly peaiusaiuio Promise oH Oy/IeT Bbi-
[JISIIETD TaK:

import {readfFile} from 'fs'

function readFilePromise(path: string): Promise<string> {
return new Promise((resolve, reject) => {
readFile(path, (error, result) =>
{
if (error) {
reject(error)
} else {
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resolve(result)

1
1)
}

Tun mapamerpa pyHKINU resolve 3aBucut ot API (B aTOoM ciydae Tum ero
napameTpa OyIeT TaKiM ke, KaK U THII result), a TUIT TapaMeTpa GyHKIINN
reject Bcerjia aBJsieTcs TUIIOM Error. Bo3Bpailasich K Hallleil peajausaliuny,
0OHOBYM KOJI, 3aMEHIB HeOe30T1acHble TUIIBI Function Ha 60Jiee KOHKpPETHBIE:

type Executor<T, E extends Error> = (
resolve: (result: T) => void,
reject: (error: E) => void

) => void

/...

Ectm Mbl XOTHM € TIEPBOTO B3IJIsI/Ia TOHUMATh, K KAKOMY TUITY OyeT IPUBONUTH-
cs Promise (HampuMep, Promise<numbers> MpeCTaBISET ACHHXPOHHYIO 32/1a4Y,
3aBePIIAIOIIYIOCS number ), TO HY;KHO C/I€TaTh Promise 0000IIEHHBIM U ITEpeiaTh
€ro rapaMeTpbl TUIIA HUKE, B TUIT Executor, HAXOJSIIUICS B KOHCTPYKTOPE:

/...
class Promise<T, E extends Error> {
constructor(f: Executor<T, E>) {}

}

I[Toka Bce xoportno. Mbr onpezesan API KoHCcTpyKTOpa Promise 1 pasobpa-
JIUCh, KaKkue 3/1ech GUTYPUPYIOT TUIIBL. Tereph COCTAaBUM IIETIOUKY: KaKue oTie-
paIK HysKHO BBIPA3UTh, YTOObI BBITOJHUTD MOCJIEI0BATETBHOCTD HECKOJIBKUX
Promise, paCIIPOCTPAHUTh UX PE3YJIBTATHI U TEPEXBATUTD UCKIIOUeH:? Ecn
BBl BEPHETECH K ITEPBOMY IIPUMeEPY KO/Ia B HauaJle pasjiesa, TO YBUIUTE then
U catch, KOTOpBIE KaK pa3 JJist 9TOTO U UCMOAb3YIOTCs. JJ06aBUM MX B Halll
TUII Promise:

/).
class Promise<T, E extends Error> {
constructor(f: Executor<T, E>) {}
then<U, F extends Error>(g: (result: T) =>
Promise<U, F>): Promise<U, F>
catch<U, F extends Error>(g: (error: E) =>
Promise<U, F>): Promise<U, F>
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then U catch — 9T0 /1Ba criocoba YIIOPSI/I0OYE€HUSI HECKOJIbKUX Promise: then
oroOpaskaeT yCIENTHbII pe3yibraT Promise B HOBbIIT Promisel, a catch 1po-
M3BOAUT BOCCTAHOBJIEHNE IIPU OTKA3E, 0T06pa>Ka$1 OH_II/I6Ky Tak’Ke B HOBBIH
Promise.

Wcnonb3oBanne then:

let a: () => Promise<string, TypeError> = // ...
let b: (s: string) => Promise<number, never> = // ...
let c: () => Promise<boolean, RangeError> = // ...

a()
.then(b)
.catch(e => c()) // b He 6ydem owubkoli, mak 4Ymo 3mo caAy4ali owubku a
.then(result => console.info('Done’', result))
.catch(e => console.error('Error', e))

[TockombKy THIT BTOPOTO apryMeHTa b — 3TO never (3HAYUT, b HUKOT/IA HE
BBIOPOCUT OIUOKY ), TO IEPBOE YCIOBHE catch OyIeT BHI3BAHO, TOJBKO €CJIN
ommbKa npousoiier B a. Ho mpu ucrnonb3oBaHuy Promise HaM He HYKHO
GECIIOKOUTBCSE O TOM, 4TO a MOJKET BHIOPOCUTD OMIMOKY, a b — Het. Ecom a 3a-
BEPIIUTCS YCIENTHO, MBI 0TOOPa3nM Promise Ha b — WJIK B IPOTHBHOM CJTydyae
CHOBA TTIEPECKOUYMM K IIEPBOMY YCJIOBHIO catch M 0TOOpasum Promise Ha c. Eciin
C 3aBEPIIUTCA YCIIENTHO, MBI 3aPETUCTPUPYEM Done, & €CIU MTPOU30UIET OTKA3,
TO CHOBA IIPOM3BeIeM catch. DTo UMUTAIHST PAaGOTHI PETYJISIPHBIX WHCTPYKITHIA
try... catch, KOTOpas BBITIOJHAET /7T ACHHXPOHHBIX 33/1a4 TY JKe (hyHKIINIO,
YTO M try... catch JJIT CHHXPOHHBIX (puc. 8.2).

v

"Done"

b()

\ v
c() "Error”

Puc. 8.2. [lnarpamma coctoaHmil Promise

v

! BHuMarebHbIE YUTATEIH 3AMETST, HACKOJIbKO 5T0T API 11ox0sk Ha API flatMap, paspa6o-

TaHHbBIN B paszziesie « Tum Options Ha c. 205. 310 He coBnasienue. Ml Promise, u Option mpo-
UCXOJISAT U3 TIATTePHA MOHAJIA, M3BECTHOTO Oiaroiapst hyHKInonaibuomy si3biky Haskell.
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Takske HyKHO 00paboTaTh Ciydail IPOMKUCOB, BBIOPACHIBAIOIINX € CTBY-
TeJIbHbIE UCKJIIOUeHUs (Harmpumep, throw Error('foo')). [Ipu peanmusamun
then 1 catch MbI 066prIBaeM KO/l B HECKOJIbKO try... catch u sesaeM OTKa3
B ycsioBuH catch. Tem He MeHee 371eCh €CTh HEKOTOPbIE CIOKHOCTH:

1.

Kaxprit Promise mMeeT BEPOSITHOCTD OTKa3a, U MbI HE MOJKEM CTaTUUYECKU
ato npoBeputh (TypeScript He moazep:kMBaeT yka3aHue B CUTHATYpax
(bYHKIMH, KaKiie OHa MOKET BBIOPOCHTD MCKJIIOUEHUST ).

Promise He Gy/eT MOCTOSTHHO BbIIaBaTh 0TKa3 ¢ Error. [Tockosbky Type-
Script BeIHY KIEH 3/1eCh TIOBTOPUTD TIOBe/leHNe JavaScript, a B JavaScript
IIPH BBITTOJTHEHUHU throw MOKHO BBIGPOCUTD UTO YTOIHO — CTPOKY, (PYHK-
I[UI0, MACCUB, Promise U Error, —MbI IIPEJIIOJIaraeM, 4To OTKa3 OyeT
HOATUTIOM Error. JTO KePTBA, AapyIonast MOTPeOUTEISIM BO3MOKHOCTD
He BBITIOJHATH try... catch s KaXI0H MENOYKH TPOMUCOB (KOTOpas
MOJKET PacIpPOCTPAHATCS Ha HECKOIBKO (haiiIoB MM MOy JIei ).

C Y4E€TOM CKAa3aHHOI'O HEMHOTO YIIPOCTUM Halll TUIT Promise, UCKJIIOYUB TU-
IMMn3armnio omnboK:

type Executor<T> = (

resolve: (result: T) => void,
reject: (error: unknown) => void

) => void

class Promise<T> {

}

constructor(f: Executor<T>) {}
then<U>(g: (result: T) => Promise<U>): Promise<U> {

/..

}

catch<U>(g: (error: unknown) => Promise<U>): Promise<U> {
/..

}

Ternepb 9TO MOJHOIEHHO TIPOPabOTaHHBIN HHTEPhETC Promise.

CBs3bIBaHME K€ €T0 C Peaqn3alusIMU then U catch s OCTaBJSIO IJIST Bac
B KauecTBe yIpakHeHus. HamucaTh KOPpeKTHYIO pean3aluio Promise 10-
uctute Herpocto. Eciu Bbl aMOUIIMO3HBI U PacIloaraeTe HeCKOJbKUMM
yacaMu cBOOOZHOTO BPEMEHH, TO 3arisnure B crerudukanmio ES2015 s
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O3HaKOMJIEHUN A CO BCEMU F]Iy6I/IHHbIMI/I IpUHIUIIAMHA IIOCTPOEHUA AnarpaMMbI
COCTOSHUI TTPOMUCOB.

asyncu await

[TpomuChI — 9TO EHCTBUTETLHO MOIITHAS A0CTPAKIINS /1S PAOOTHI ¢ ACHHXPOH-
HbIM K071oM. OHU HACTOJIBKO TIOIYJISIPHBI, UTO J[a’Ke MMEIOT CBOH COOCTBEH-
HBIM crHTakcuc B JavaScript (ciemosarennsho, n B TypeScript) B Buze async
1 await, 61arofapst KOTOPOMY MOKHO B3aMMOJIEHICTBOBATD C ACHHXPOHHBIMU
OTIEPAITUSMIE TEM K€ CTIOCOOOM, UTO ¥ ¢ CHHXPOHHBIMI.

PaccmarpuBarite await Kak CMHTAKCMYeCKUIT caxap A/t . then Ha ypoBHe
asbika. Korma Ber oxxujjaere (await) Promise, TO JO/DKHBI [€/1aTh 3TO B 6710~
Ke async. VI BMecToO .catch Bbl MOXKeTe 00epHYTh await B pery/spHblil
670K try... catch.

CkasxkeM, y Bac eCcThb cJeAyonuil mpoMuc (Mbl He paccMoTpesn finally
B TIPEIBIAYIIEM Pa3jiesie, HO OH BeeT ceOst OKuIaeMo 1 cpabaThiBaeT mocye
BO3MOJKHOTO cpabaThiBaHus then 1 catch):

function getUser() {
getUserID(18)
.then(user => getLocation(user))
.then(location => console.info('got location', location))
.catch(error => console.error(error))
.finally(() => console.info('done getting location'))

}

Yrobbl TpeobpazoBaTh 3TOT KO B async U await, CHayajga IIOMECTHUTE €ro
B (ODYHKITHIO async, a 3aTeM OXumaiiTe (await) pesyasraTa IpoMuca:

async function getUser() {

try {
let user = await getUserID(18)
let location = await getLocation(user)
console.info('got location', user)

} catch(error) {
console.error(error)

} finally {



228 TnaBa 8. ACUHXPOHHOE NPOrPAMMUPOBAHIE, KOHKYPEHTHOCTb I NapasneNibHas 06paboTka

console.info('done getting location')

}

[TockoJIbKY async 1 await sIBJISTIOTCSI OCOOEHHOCTSIME JavaScript, Mbl He CTaHeM
Ha HUX OCTaHABJIMBATHCS, IOCTATOYHO OyjeT 100aBuTh, uTo TypeScript ux
HOJIHOCTBIO MOIEPAKUBAET ¥ OHU THITOOe30macHbL. VICIIob3yiiTe NX Be3ie, rie
€CTh POMUCHI, 4UTOOBI 00JIETYNTH BOCHPUSATHE [ENIOYEK oneparnii 1 n3bekarh
MHOsKecTBa then. [TogpoGHee 06 async 1 await yuTaiite B JOKYMEHTAIIMN Ha
MDN (https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Statements/
async_function).

Async-noToku

[TpOMUCHI TOAXOIAT JIJIsT MOJIETUPOBAHISL, YIIOPSIIOYEHMST 1 CO3aHusT Oy Iy -
mux 3navennit. Ho kak mpescTaBuTh HECKOIBKO 3HAUEHU, KOTOPBIE CTAHYT
JIOCTYTIHBI B HECKOJIBKUX TOUKaX B OyyiiemM? ITO He TAKOH YK 9K30THIECK I
caydail — vyactu aitsia, cauThiBaeMble 13 (hailloBOI CUCTEMBI; TUKCEJIBI BU-
JIeonoTOKa, moctynamiiero ¢ cepsepa Netflix Ha Bamr HOyTOYK; MHOKECTBO
HaKaTUH KJIABUII TIPU 3aMTOTHEHUU (POPMBI; IPY3bs, TPUXOASIINE K BaM J10-
MOiT Ha Be4ePHUHKY, UK GI0JITIETEHH, BKJIA/[IBAEMbIE B YPHY /IS TOJIOCOBAHUS
B Teuenrie CymepBTOpHUKA. XOTh YIIOMSHYThIE TTPIMEPBI 1 HETIOXOKH, BCE OHU
SBJISIFOTCST ACHHXPOHHBIME [TOTOKAMU — CIICKAMU COOBITHUI, TPOUCXOISIITNMU
B HEKOTOPBIX TOUKaX OY/IYIIIETO.

Ectb Heckosbko crocoboB nx mozgeanposanus. Haubosee pacmpocTpa-
HEeHHbIe — KMCIOJIb30BaHue oTnpaBuTeseii coobituil (Bpome EventEmiter
B NodeJS) n 6ubmorex st peak THBHOTO TIPOrpaMMupoBatus Bpoje RxJS!.
Pazsinune 3THX MOIX0/I0B HATTOMUHAET Pa3/Inyne MKy OOpaTHBIMHU BHI30Ba-
MU U TIPOMUCAMI: COOBITHST OBICTPBI U JIETKOBECHDI, B TO BPEMSsT Kak OMOIHOTEKN
JUISL pEaKTUBHOTO TIPOrPaMMHUPOBaHUsT H0Jiee MOTIHBI ¥ A0T BO3MOKHOCTD
CO3/1aBaTh U yIOPSI0YNBATH TOTOKU COOBITHIA.

! Observables — 210 OCHOBOTIO/IATAKOIINIT KOHCTPYKTUBHBIIN 3JIEMEHT B [IOXOJIE PEAKTUB-

HOTO llpOFPaMMl/IpOBaHI/IHy llOSBOJ[F[IO]J.lI/If/’I IlpOI/ISBOLlI/ITb LleﬁCTBMF[ CO 3HAYCHUSIMU 110
BpeMenn. Ha MOMEHT HamMcaHust KHUTH PACCMaTPUBAETCS TIPETIOKEHNE CTaHAaPTH3N -
posatb Observables (https://tc39.es/proposal-observable/). Kak Tosibko 9Ta 0cO6EHHOCTD
HOIIOJHUAT UHCTPYMEHTapHii JavaScript-uHKeHepoB, oHa 00s13aTe/IbHO OYIeT BKIIOYeHa
B O/IHY 13 CJIEAYIONNX PelaKIINil 9TON KHUTH.
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B caenyiomiem pasjesie Mbl paCCMOTPUM OTIHPaBUTENN COOBITHI. YTOOBI
y3HaTh 0OJIbIIIE O PEAKTHBHOM MTPOrPaMMHUPOBAHUM, BOCIIOIb3YHTECH /10-
KyMeHTaIMeil mpeanoyTuTeIbHoOi s Bac Oubanorexku. Hanpumep, RxJS
(https://www.npmjs.com/package/@reactivex/rxjs), Most]JS (https://github.com/
mostjs/core) nau xstream (https://www.npmjs.com/package/xstream).

OTnpaButenu co6bITHiIA

Ha BbicOKOM ypoBHe oTipaBuTesin coObiThii npepoctasistior AP, mouep-
JKUBAIOIINE OTIPABKY COOBITUI B KaHAJ ¥ POCTYINIMBAHIE COOBITHIT B 9TOM
KaHase:

interface Emitter {

// OmnpaBka cobbimua
emit(channel: string, value: unknown): void

// Cdename 4mo-nubo nocne omnpaBku cobeimus
on(channel: string, f: (value: unknown) => void): void

}

OrnpaBuTesn COOBITUIA — 9TO TOMYJISPHBIN MATTEPH TPOEKTUPOBAHUS
B JavaScript. Bl MOTJIN cTaIKITBaThCSI ¢ HUMU TTPY MCITOIb30BaHUN COOBITHI
DOM, JQuery i NodeJS mozy/ist EventEmitter.

B 60sbITHCTBE SI3BIKOB OTIIPABUTENN COOBITHIL, TOOOHBIE YITOMSHYTHIM, He-
6e30TacHbI. ITO BHI3BAHO TEM, UTO TUTI value 3aBUCUT OT KOHKPETHOTO KaHAJA,
a B OOJIBIITMHCTBE SI3BIKOB HEJIb35T MCIIOJIb30BATh TUIIBI /LIS BBIDAYKEHUST TAKON
cBa3u. Ecyin Ball A3bIK He IMO/IeP/KUBAET OJIHOBPEMEHHO U Ileperpy KeHHble
curHaTypbl GYHKIHIA, U TUIIBI IUTEPATIOB, BaM OY/IET CJI0KHO TOBOPHUTE: «ITO
THIT COOBITHUS, OTIHPABIEHHOTO B 3TOT KaHa». MaKpOChl, TeHEPUPYIOIINE Me-
TOJIBI JIJIST OTTIPABKU COOBITUT ¥ ITPOCITYITMBAHS KAJKIOTO KAaHAJIA, SIBJISTIOTCST
PacIpoCTpaHeHHBIM OOXOIHBIM PellieHreM aToi mpobrembl, HO B TypeScript
BbI MOJKETE BBIPA3UTD ITO ECTECTBEHHO U G€30T1aCHO TP MTOMOIIH CUCTEMbBI
THIIOB.

Hanpuwmep, xanent NodeRedis (https://github.com/NodeRedis/node-redis) —
510 Node]JS API, ucnonb3yemblii 7151 MOMYJISIPHOTO XPAHUJIHIIA JTaHHBIX
Redis:
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import Redis from 'redis’

// Co30aHue HoBozo >3K3emnaapa KaueHma Redis
let client = redis.createClient()

// MpocaywuBaHue HoBbix cobeimuli, omnpaBaeHHbIX KAUEHMOM

client.on('ready', () => console.info('Client is ready'))

client.on('error', e => console.error('An error occurred!', e))

client.on('reconnecting', params => console.info('Reconnecting...’,
params))

Kak nporpamMmuctsl, ucrosbayonue 6ubanorexy Redis, Mbl XOTHM 3HaTBh,
KaKue TUIIbl apTYMEHTOB OKU/1aTh B O6paTHbIX BbI30Bax, KOT/la MbI UCITOJIb3YyEM
API on. Ho TocKoIbKY THTI KJKIOTO apTyMeHTa 3aBUCUT OT KaHAJIA, B KOTOPHIT
pousBoauT oTrpaBKy Redis, exnubiii Tn TyT He mozpoiaet. Ecim 6b1 aBTOpaMu
O6UGIMOTEKN OBLIN MBI, TO TIPOCTEHIINM Iy TeM 00U ThCsT He30TTaCHOCTH OBLIIO
ObI KCITOJIb30BAHUE TIEPErPYKEHHOTO TUITA:

type RedisClient = {
on(event: 'ready', f: () => void): void
on(event: 'error', f: (e: Error) => void): void
on(event: 'reconnecting',
f: (params: {attempt: number, delay: number}) => void): void

}

PaboTaeT HEII0X0, HO BBITJISIIUT TPOMO3/IKO. BBIpazum aToT KO/ ¢ TOMOIIBIO
orobpaxkenHoro tumna (cm. noapasaesn «OtobpakeHHble TUITBI» Ha c. 173),
BBIJICJIB OTPe/Ie/IeHUsT COOBITHIT B OT/IC/IbHbII THII Events:

type Events = { @
ready: void
error: Error
reconnecting: {attempt: number, delay: number}

type RedisClient = { @
on<E extends keyof Events>(
event: E,
f: (arg: Events[E]) => void
): void
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© Ounpenenaem equublil TUII 00BEKTA, MEPEUNCIISAIONIETO KakKA0€ COObITHE,
KOTOPOE MOKET OTIIPaBUTH KareHT Redis Hapsiy ¢ apryMeHTaMu 17151 9TOrO
COOBITUS.

@O Orobpaskaem T Events, coobiast TypeScript, 4To on MOKeT ObITH BbI3BaH
¢ JTOOBIME COOBITUSIMHU, KOTOPBIE MBI OTIPEIETHIH.

3areM MbI MOKeM HCII0JIb30BaTh 3TOT THIL, YTOOLI cie1aTh Ge3omacHee 6nOImno-
teky Node-Redis, Tunusuposas 06a ero MmeTojia — emit 1 on — MaKCHMaJIbHO
6e30IacHbIM 0OPA3OM:

/.
type RedisClient = {
on<E extends keyof
Events>( event: E,
f: (arg: Events[E]) => void
): void
emit<E extends keyof
Events>( event: E,
arg: Events[E]
): void

}

ITOT HaTTEPH BbIIEIeHNsI UMeH COOBITUI 1 apIyMEHTOB B OTAEIbHYIO (hopMy
1 oToOpaskeHue aToi (GOPMBI JIJisl TEHEPAIIMK CJIyIIaTeeil 1 OTIpaBuTeei
Ha TIpaKTUKe SIBJSIETCS pacupocTpaHeHHBIM B TypeScript. OH makoHUYEH
u Ge30MaceH, MPeI0TBPAIAET OMeYaTKU B KJII0Ye WU apTYMEHTe U He JaeT
3a0bITh O Miepesiade apryMenTa. TaksKe OH CITysKUT B KA4eCTBE JOKYMEHTAI[HN
JUIST MHKEHEPOB, MCIOJIb3YIOIINX Balll KO, BE/lb UX PEAAKTOPBI OYIYT TPe-
JlaraTh BO3MOJKHBIE COOBITHSI, KOTOPble OHU MOTYT TIPOCIYIIMBATDH, U TUIIbI
napaMeTpoB 0OPaTHBIX BI30BOB 3TUX COOBITUI.

Tuno6e3onacHas MHOrONOTOYHOCTb

Mbi ToroBopuJIu 06 ACMHXPOHHBIX TPOTPAMMAX, 3AITYCKAEMBIX B OJIHOM IIOTOKE
CPU. 9ro kJ1acc mporpamMmm, K KOTOPOMY OYZeT OTHOCUTHCsT OOJIBITHHCTBO
co3maBaeMbIx BaMu B JavaScript n TypeScript nmpoexroB. Ho nrorza, npn
BBITIOJTHEHNH 33/1a4, TPEOYIOMNX HOBbIIIeHHOI pousBoauTenbHoctu CPU,
JIydiiie 00paTUTHCS K TTApAJIeN3My — pas/ieJieHuo paboThl MESKY HECKOJIb-
KMMHM TIOTOKAMU JIJTs1 YCKOPEHUST UX BBITIOJIHEHUS MJIU COXPAHEHUS TIIAaBHOTO
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IIOTOKa CBO60[[HI)IM " JOCTYIIHbBIM. B stom pasjiesie Mbl U3y4YUM HECKOJIbKO
MATTEPHOB [IJIsl HAITKMCAHUS GE30IACHBIX TAPAJIJIEbHBIX TIPOTPAMM KaK J1JIsk
Opaysepa, Tak ¥ JIJIs cepBepa.

OTMPABUTENW B PEAJIbHON W3HU

Vicnionb3oBaHye 0TOOPasKeHHbBIX TUIIOB /IS TOCTPOEHNS TUIIOOe30MaCHBIX OTIIpa-
BUTeJIEN COOBITUIT — 3TO MOMY/IAPHBIT MaTTepH. Hanpumep, Tak TUIM3MPOBaHbI
co6pitiss DOM B crangapTHoit 6ubmnorteke TypeScript. WindowEventMap — 3o
oTobpakeHre NMeHN COOBITHS Ha TUIT COOBITISL, KOTOPBIT API . addEventListener
u .removeEventListener 0TOOpaXXAIOT /LS CO3AAHS Ty UIINX, 60Iee KOHKPETHBIX
TUIIOB COOBITIIL, YeM IIPeyCTaHOBIEHHBIN TUII Event:

// Llib.dom.ts
interface WindowEventMap extends GlobalEventHandlersEventMap {
/...
contextmenu: PointerEvent
dblclick: MouseEvent
devicelight: DevicelightEvent
devicemotion: DeviceMotionEvent
deviceorientation: DeviceOrientationEvent
drag: DragEvent
// .
}
interface Window extends EventTarget, WindowTimers,
WindowSessionStorage, WindowLocalStorage,
WindowConsole, GlobalEventHandlers, IDBEnvironment,
WindowBase64, GlobalFetch {
[/ ..
addEventListener<K extends keyof WindowEventMap>(
type: K,
listener: (this: Window, ev: WindowEventMap[K]) =>
any, options?: boolean | AddEventListenerOptions
): void
removeEventListener<K extends keyof WindowEventMap>(
type: K,
listener: (this: Window, ev: WindowEventMap[K]) =>
any, options?: boolean | EventListenerOptions
): void
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B 6pay3epe: ¢ nomoLLbo Be6-paboTHMKOB

Be6-paboTHUKN — 9TO MIMPOKO MOAEPKUBAEMbIi CIIOCOO OCYIECTBICHMS
MHOro3aiagHoCcT B Gpaysepe. HeckoabKko pabOTHUKOB SIBJISTIOTCST OCOObI-
MU OI'paHUMYC€HHBIMUA (bOHOBbIMI/I IIOTOKaMU, OTAEeJIEHHbIMU OT OCHOBHOTO
JavaScript-moToxa, n UCTIOAB3YIOTCS JI BBITIOJTHEHUS eHCTBUMN, KOTOPBIE
nHave MpuBen ObI K OJTOKMPOBKE OCHOBHOTO MOTOKA 1 caenanu 661 Ul He-
NOCTYIHBIM (HATTPUMED, 33/1a4H, 3ABUCSIIINE OT ITpolieccopa). B To Bpemst kak
acunxponnbie API Bpojie Promise 1 setTimeout 3a1mycKaioT Ko/l KOHKYPEHTHO,
PabOTHHUKH JAI0T BO3SMOKHOCTD 3aIyCTUTh KO TTAPAJLTIEJBHO B JAPYTOM I10-
toke CPU. OHM MOTYT OTIIPABJISATH CeTeBbIE 3AITPOCHI, ITPOU3BOUTD 3AITUCH
B (haliIOByIO CUCTEMY U T. [I., IMEST TIPU 9TOM BCETO HECKOTBKO OTPAHUYEHUI.

YT06bI MATY B HOTY C IIPUMEPaMI 3TOTO pasfiena, 00s13aTeTbHO 0603HaYbTe
nna TSC, uTo cobupaerech 3amyckaTh STOT Kof B 6paysepe. [l storo

BKJIIouNTE 1ib dom B tsconfig.json:

{
"compilerOptions": {
"1lib": ["dom", "es2015"]
}
¥
A py1s1 KO1a, 3aIIyCKaeMOro B BeO-pabOTHIIKe, UCIIONb3YiiTe 1ib webworker:
{
"compilerOptions"”: {
"1ib": ["webworker", "es2015"]
}
}

Ecnu Bbl ucnonb3yeTe ofuH tsconfig.json 1 st ckpuiTa Be6-paboTHMKA,
U I71s1 [TIABHOTO ITOTOKA, TO BK/IIOYAliTe Cpasy obe OmImu.

[TockosbKy BeO-pabOTHUKY SIBJISIIOTCST OpaysepHbiM API, ux pazpaboTumku
ces1au OOJIbIION YKIIOH B CTOPOHY 0€30IIaCHOCTH — He 6e30IIaCHOCTH THIIOB,
KOTOPYIO MbI BCe 3HaeM U JII00nM, a GezomactocTu mamsiti. JIto6oit, KTo mc-
nosbzoBas C, C++, Objective-C wim mHOTOIIOTOUHBIE Java u Scala, 3HaKOM
¢ mpobJieMaMu KOHKYPEHTHOTO yIipaBJieHust oouieii mamsreio. Korga y Bac
€CTh HECKOJIBKO TIOTOKOB, IIPOU3BOSIINX CUNTBIBAHUE U 3aMKUCh HA OJUH
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1 TOT K€ Y4aCTOK MaMATH, JIETKO CTOJKHYTHCA C PAa3JIMYHbIMU HpO6JI€MaMI/I
KOHKYp€HIIUU BPO/ie HeCTEl6I/IJII)HOCTI/Iy 3aBUCaHUA 1 T. [I.

Yro6bl caenaTh Koz Gpaysepa 6e30MacHbIM, MUHUMU3UPOBATh MIAHCHI OO
1 NIPUYMHEHHMS O0JIb30BaTeNI0 HEIPUATHOCTEl, OCHOBHBIM CIIOCOOOM B3au-
MOJIEHCTBUST MEK/LY TJIaBHBIM ITOTOKOM U BeO-PabOTHUKAMHU, & TAKKE MEKLY
caMuMu BeO-paboTHUKAMMU I0JIKHA CTaTh nepeoaua co0OueHuil.

Paccmorpum pabory API, nepeapaotiero coobmenus. CHavaia BblIeIUM
Be6-pabOTHUK U3 TIOTOKA:

// MainThread.ts
let worker = new Worker('WorkerScript.js')

3aTeM nepeiasinM 3ToMy pabOTHUKY COOOIIEHME:

// MainThread.ts
let worker = new Worker('WorkerScript.js')

worker.postMessage('some data')

MoskHO nepezaBaTh IPaKTHYECKH 000 BUJL JAHHBIX APYTOMY ITOTOKY C I10-
MOII[bIO APT postMessage®.

['maBHBII TOTOK KJIOHUPYET MOTyYaeMble OT Bac AaHHbIe, TIPEK/IE UeM Tepe-
1aTh UX MOTOKY paboTHuKa?. Co cTOpOHbI BeO-pabOTHIKA BbI IPOCTYIINBAETE
BXOJIAIIUE COOBITHS TOCPEACTBOM I100aabHO gocTyiHoro API onmessage:

// WorkerScript.ts
onmessage = e => {
console.log(e.data) // BeiBodum B8 KOHCOnb 'HeKue OdaHHbie'

! 3a uckaoueHuem GyHKIuiL, oubox, y3a08 DOM, 1ecKpUNTOPOB CBOUCTB, METOI0B

MOJIy4YeHUST M U3MEHEHUS 3HAaYeHU, a TaKKe MEeTO/IOB U CBOWCTB MIPOTOTUIIOB. bouiee
MOAPOGHO MOJKHO O3HAKOMUTBCS ¢ 9TuM B criennduranun HTMLS (https://html.spec.
whatwg.org/multipage/infrastructure.html#safe-passing-of-structured-data).

2 Takske MokHO mcTob30BaTh API Transferable ams mepemaunn KOHKpETHBIX THITOB
NMaHHBIX (Bpojie ArrayBuffer) Mexay MOTOKaMU TI0 CChITKe. B aToM pasnesne Mbr He
OyeM uctonb30Barh Transferable s ABHOI nepeaun IPUHAILIEKHOCTA 00bEKTa
MeK/ly TIOTOKaMM, HO 3TO JIMIIb JleTajlb peaiusanuu. Eciu Bbl ucnosb3yere Trans-
ferable B KAKOM-TO CBOEM CJIydae, TO C TOUYKM 3PEHUS TUIIOOE30IIACHOCTH HUYETO
He ToTepsere.
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ZIHﬂO6p3THOFOBSaHMOﬂeﬁCTBHHpa6OTHHKaCFﬂaBHbmdHOTOKOBIHCHOHBSyeM
r100a/1bHO ﬂOCTyHHbﬁipostMessage " METOJL .onmessage B IJITaBHOM IIOTOKE
HHHHPOCHymMBaHMﬂBXOﬂﬂmMXCOO6HwHHﬁ.HDHyHMHOCE

// MainThread.ts

let worker = new

Worker('WorkerScript.js")

worker.onmessage = e => {
console.log(e.data) // BeiBodum B koHcone 'lModmBepxdat nosny4veHue:
"Hekux OaHHbIX"'

}

worker.postMessage('some data')

// WorkerScript.ts

onmessage = e => {
console.log(e.data) // BeiBodum B koHcone 'Hekue OdHHble'
postMessage(Ack: "${e.data}")

}

Itor API Bo muOTOM cx0% ¢ API oTripaBuTeist COOBITHI, PACCMOTPEHHBIM
B mojapasese «OrnpaBuresn coObITii> Ha ¢. 229. ITo mpocToil crnocobd
repeziauu COOOIIEHUIT, HO IPU OTCYTCTBUU THIIOB MBI He 3HAEM, BEPHO JiN
06paboTaHbI BCe BO3MOKHbBIE TUIIBI COOOIIEHNH, TOCTYITHBIX /ISl OTIPABKH.

[Tockombky ator API, 110 cyTH, BCero JIUIh OTIIPABUTED COOBITHIL, TO [Ist
ero TUIU3AIK MOKHO IIPUMEHUTH COOTBETCTBYIOIME TEXHUKH. B KauecTBe
pUMepa Co3AaiM IIPOCTON YPOBEHb COOOIIEHMIT /IJIs1 KJIMEHTa YyaTa, KOTo-
PbIii 3aIyCTHM B IOTOKE pabOTHUKA. YPOBEHb cO00IIEeH T Oy1eT repeaaBaTh
OOHOBJIEHNUSI B IJIAaBHbII OTOK, M HAM HE TPUAETCS OECTIOKOUTHCS O TaKUX
Belax, Kak 00paboTka omuboK, pa3pemennii 1 T. 1. Mbl HAUHEM C OIIpeeie-
HUSI HEKOTOPBIX TUITOB BXOASIIMX M UCXOASIIMX COOOMIEHUH (TIaBHBIN TTOTOK
HOoChLIaeT Commands TIOTOKY pabOTHUKA, KOTOPBIN 00paTHO OTIIPABJISIET €My
Events):

// MainThread. ts

type Message = string

type ThreadID = number

type UserID = number

type Participants = UserID[]

type Commands = {
sendMessageToThread: [ThreadID, Message]
createThread: [Participants]
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addUserToThread: [ThreadID, UserID]
removeUserFromThread: [ThreadID, UserID]

type Events = {
receivedMessage: [ThreadID, UserID, Message]
createdThread: [ThreadID, Participants]
addedUserToThread: [ThreadID, UserID]
removedUserFromThread: [ThreadID, UserID]

}

Kax MoskHO ipumenuTh 911 THITB K API coobiennii Be6-paboTankos? ITporie
BCEro 0ObEMHNUTH BCE BO3MOKHBIE THITBI COOOIIEHIA, a 3aTeM BKJIIOUYNTH THIT
Message. Ho 9T0O 10BOJIbHO yTOMUTENBHO. /L7151 Halero Tura Command TaKon
BapuaHT Oy/IeT BBITJISAETD CJAEAYIONIM 00Pa3oM:

// WorkerScript.ts
type Command = €
| {type: 'sendMessageToThread', data: [ThreadID, Message]} @
| {type: 'createThread', data: [Participants]}
| {type: 'addUserToThread', data: [ThreadID, UserID]}
| {type: 'removeUserFromThread', data: [ThreadID, UserID]}

onmessage = e => @
processCommandFromMainThread(e.data)

function processCommandFromMainThread( @
command: Command

) A
switch (command.type) { @
case 'sendMessageToThread':
let [threadID, message] =
command.data console.log(message)
/...

}

@ Onpenensiem o6beHEHE BCEX BO3MOKHBIX KOMAaH/[ U apI'yMEHTOB JIJIsI
HUX, KOTOPbIE TJIABHBIN TIOTOK MOKET OTIIPABUTh MOTOKY PabOTHHKA.

@ Oro npocro crangapTHLLI TUI 00beguHenust. [Ipu ompeeieHry JITMHHBIX
TUIOB 0OBeMHEHUI CONPOBOsKIAeHNE UX pasaenenueM (| ) obmerdur
YUTAEMOCTb.
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©® DBepem coobuuenust, OTIpaBIeHHbIE Yepe3 HeTUIIM3UPOBAHHDIIL APT onmessage,
U ieJIeTUpyeM UX TUITU3UPOBAHHOMY API processCommandFromMainThread.

O processCommandFromMainThread GepeT Ha cebst 0OPabOTKY BCEX BXOISIIUX
COOOIIEHNIT OT TJIABHOTO TOTOKA. JTO Oe30MacHasi TUITM3UPOBAHHAs
06epTKa [ HeTUITU3UPOBAHHOTO APT onmessage.

@ IlockombKy i Command SIBJISIETCS TUIIOM Pa3MEYE€HHOTO OObeTMHEHHS (CM.
paszen «Tumbl pasMedeHHOTO 00beHeH sT> Ha ¢. 162), MBI HCTIO/IB3yeM
switch ISt THaTebHON 06pAbOTKI Kask/[0r0 BO3MOKHOTO THIIA CO00TIe-
HUSI, KOTOPOE MOKET OTIIPABUTD IJIABHBIIN ITOTOK.

asaiite oTgeM npuuyaansbie cHexkuuaku API Be6-paboTHUKOB OT 3HAKO-
Moro API EventEmitter U ciesiaeM BXOSIINE U UCXOLIINE TUITBI COOOTIIeHN
MeHee TPOMO3IKUM.

Haumnewm ¢ mocrpoenus tunobesonactoii obepriu s API EventEmitter, KoTo-
pas gocrymHa st 6paysepa B makere coobrruii Ha NPM (https://www.npmjs.com/
package/events):

import EventEmitter from 'events'

class SafeEmitter<
Events extends Record<PropertyKey, unknown[]> "
> A
private emitter = new EventEmitter @
emit<K extends keyof Events>( G’
channel: K,
...data: Events[K]
) {
return this.emitter.emit(channel, ...data)
¥
on<K extends keyof Events>( (,
channel: K,
listener: (...data: Events[K]) => void
) {

return this.emitter.on(channel, listener)

}

@ safeEmitter 0ObsABIgET 0600IIEHHBIN TUII Events U Record, oToOpaa-
0N Property Key (BcTpoennbiit B TypeScript v 1J1s 1efic TBUTENbHBIX
KJII04Y€eil 0OBEKTOB: string, number WK Symbol) B CIIMCOK MTapaMeTPOB.
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@O OO0bsiBiisieM emitter TPUBATHBIM YJIEHOM SafeEmitter BMECTO PacIiMpeHust
SafeEmitter, IOCKOJIbKY CUTHATYPHI JIJIsI emit 1 on OoJjiee OrpaHUYMBA-
IoII1e, YeM UX TIeperpy’KeHHble OTBETHbBIE YacTH B EventEmitters. DyHK-
MU SIBJISIIOTCS] KOHTPBAPMAHTHBIMIE B UX TTapameTpax (BCIIOMHUTE, YTOObI
byHKI a Gbla coBMecTUMa ¢ (DYHKIINEN b, ee mapaMeTpbl J0JKHbI ObITH
CYIepTUTIaM¥ UX OTBETHBIX YacTell B b), moaromy TypeScript He 03BOJIUT
OOBSIBUTD MEPETPY3KH.

© emit nosyuaer channel ¢ aprymMeHTaMu, COOTBETCTBYIOIIMMU CITUCKY
IapaMeTpOB, OTIpeieIeHHOMY HaMU B TUIIE Events.

O Cxoxum 06pa3oM on Tojaydaer channel U listener. listener IoJydaer
HepeMeHHOe YKCJI0 apIyMEHTOB, COOTBETCTBYOIIUX CITMCKY T1apaMeTPOB,
OIpe/IeJIECHHOMY HAaMF B THIIE Events.

MbI MOKEeM HCITOJBb30BaTh SafeEmitter, 4TOOBI CYIIECTBEHHO COKPATUTD
KOJIMYECTBO PYTHHHOTO KO/, HEOOXOIMMOTO [IJIsI PEATU3aI[IH YPOBHSI CJIy-
maresist. Co cTOpoHBI PAOOTHUKA MBI IEJIETHPYEM BCE BHI30BBI onmessage OT-
IIPABUTEJTIO U TIpeJicTaBisieM yaoOubIii n 6ezonacubiii AP ciyimaresis morpedu-
TEJISIM:

// WorkerScript.ts

type Commands = {
sendMessageToThread: [ThreadID, Message]
createThread: [Participants]
addUserToThread: [ThreadID, UserID]
removeUserFromThread: [ThreadID, UserID]

type Events = {
receivedMessage: [ThreadID, UserID, Message]
createdThread: [ThreadID, Participants]
addedUserToThread: [ThreadID, UserID]
removedUserFromThread: [ThreadID, UserID]

// lMpocaywuBaHue cobeimuli, nocmynawuyux u3 21d6HO20 NoOmoKda.
let commandEmitter = new SafeEmitter  <Commands>()

// OmnpaBka cobsimuli obpamHo 6 21aBHeili NomoK .
let eventEmitter = new SafeEmitter  <Events>()
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// ObepmviBaHue KomaHO, hocmynawuux om 2aaBHO20 nomoka,
// € homoubrw munobosonacHozo omnpaBumens cobsimuli.
onmessage = command =>
commandEmitter.emit(
command.data.type,
...command.data.data

// lMpocaywuBaHue cobbimuli, CO30aHHbLIX paboOmMHUKOM, U omnpaBKa ux
// obpamHo 2aaBHOMY NOmMOKY.
eventEmitter.on('receivedMessage', data =>

postMessage({type: 'receivedMessage', data})
)

eventEmitter.on('createdThread', data =>
postMessage({type: 'createdThread', data})

)
// um.o.

// OmBem Ha komaHOy u3 2naBHo2o nomoka sendMessageToThread
commandEmitter.on('sendMessageToThread', (threadID, message) =>
console.log(OK, I will send a message to threadID ${threadID})

// OmnpaBka cobsimua obpamHo 2aaBHOMY NOMOKY.
eventEmitter.emit('createdThread', 123, [456, 789])

C apyroii cTOpOHBI, MbI MOKeM 1cT0Jib30BaTh API, ocHOBaHHBIN HA Event-
Emitter, /st OTIIPABKM KOMaH/ 0OPaTHO M3 IJIABHOTO TOTOKA TIOTOKY pa-
6OTHHUKa. 3aMEThTe, YTO €CJIU BbI UCIIOJIb3YETe ITOT MATTEPH B COOCTBEHHOM
KOJIe, TO MOKeTe PacCMOTPETh TIpUMeHeHe 6oJree TIOTHOIIEHHOTO OTITPaBH-
tesist (Bpoze EventEmitter2 ot Ilaoso Mparomenu: https://www.npmjs.com/
package/eventemitter2), KOTOPBII TOJIEPAKUBAET ITOICTAHOBOYHBIE TIOTYYATEITH
CcOOBITUH, YTO M30aBUT BaC OT HEOOXOMUMOCTH CAMOCTOATEIbHO 100aBIITD
HoJTydaTe el IJIsh Kask0ro THIIA COOBITHSI:

// MainThread. ts

type Commands = {
sendMessageToThread: [ThreadID, Message]
createThread: [Participants]
addUserToThread: [ThreadID, UserID]
removeUserFromThread: [ThreadID, UserID]
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type Events = {
receivedMessage: [ThreadID, UserID, Message]
createdThread: [ThreadID, Participants]
addedUserToThread: [ThreadID, UserID]
removedUserFromThread: [ThreadID, UserID]

let commandEmitter = new SafeEmitter  <Commands>()
let eventEmitter = new SafeEmitter  <Events>()

let worker = new Worker('WorkerScript.js')

// MpocaywuBaHue cobeimuli, nocmynaruux om pabomHuka,
// u ux nepeomnpaBka nocpedcmBom munobe3onacHozco omnpaBumens cobeimuli
worker.onmessage = event =>
eventEmitter.emit(
event.data.type,
...event.data.data

// TpocaywuBaHue KOMAHO, 3A0AHHLIX SMUM NOMOKOM, U uUx omnpaBka pabomHuky
commandEmitter.on('sendMessageToThread', data =>
worker.postMessage({type: 'sendMessageToThread', data})

)

commandEmitter.on('createThread', data =>
worker.postMessage({type: 'createThread', data})

)
// u m.o.

// Clenamb 4mo-aubo, koeda pabomHuk coobuyaem o co30aHuu HoBo2co nomoka.
eventEmitter.on('createdThread', (threadID, participants) =>
console.log('Created a new chat thread!', threadID, participants)

// OmnpaBKka KoMaHObl pabomHUKY
commandEmitter.emit('createThread', [123, 456])

Bot u Bce. MbI co3/1a/111 TIPOCTYI0 TUTIOHE30TACHY IO 00EPTKY JIJIsT IPUBBIYHON
abCTPaKIUK OTIIPABUTENSA COOBITUI, KOTOPYIO MOKHO HCIIOJIb30BaTh B Pas-
JIMYHBIX yCTAaHOBKaAX, HAYMHAs ¢ COOBITUI Kypcopa B Gpaysepe 1 3aKaHUNBast
B3aUMO/IEVICTBIEM MESK/LY TOTOKAM, U CIIEJIANH TIEPEIady COOOIIEHNI MEKTY
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Humu Oesomnachoit. C TypeScript Bbl MOKeTe 06epHYTh B THIIOOE30TIaCHBII
API uro yrogno.

Tuno6e3onacHble NPOTOKOJbI

MbI paccMoTpesu repeiady cooOIeHnii Meskay AByMst notokamu. Kak pac-
IIUPHUTD ITY TEXHUKY U COOOIIUTH, YTO KOHKPETHASI KOMaH/1a BCET/Ia [OJIyJaeT
KOHKPETHOe COObITHE B KAUeCTBE OTBETA?

Co3maanm TPOCTO TPOTOKOJI «3aTIPOC — OTBET» [IJISI TTePEMETTeHNS BBIUNC-
Jenns GyHKIUT MeXAy moTokamu. [IpocTo mepenaTs GyHKITNIO U3 TTOTOKA
B II0TOK HE MOJIYYUTCsE, HO MOSKHO OTIPEAEUTD (DYHKITHIO B TOTOKE paGOTHUKA
1 OTIIPABUTH apTYMEHTBI eMy, a 3aTeM BepPHYTb pe3yJbraThl. Hanpumep, co-
3/1a/IUM JIBU;KOK MATPUIHOI aIreOpbl, MTOIEPKMBAIOIINI TP OIlepaliii: Ha-
XOJKICHUE OTIPEAeIUTEISI MATPUIIhI, BRITUCICHUE CKAJITPHOTO TPOU3BEICHUS
JIBYX MaTPUI[ 1 oOpaliieHre MaTPHUIIbL.

Bor yoke 3HaeTe mopsi/Iok — HauHEM € 0(POPMIIEHUS TUTIOB JIJISI TPEX OTI€PATIHIA:

type Matrix = number[][]

type MatrixProtocol = {
determinant: {
in: [Matrix]
out: number
¥
'dot-product': {
in: [Matrix, Matrix]
out: Matrix

¥
invert: {
in: [Matrix]
out: Matrix
¥

}

Mpb1 onipeziesisieM MaTPUIIbL B TJIABHOM IIOTOKE U 3aITyCKaeM BCE BBIYMCIEHUS
B paboTHuKax. HarmoMHo, 4TO Haia 1ejib — 06epHyTh HeOe30IacHy o orepa-
1o (OTIPABKY U ITOJIyYeHNE HETUITU3UPOBAHHBIX COOOIIEHIIT PAOOTHUKOM )
B 0€3011aCHY10 Yepe3 MPej0CTaBIeHNE TOTPEOUTEITIO TIPABIIIBHO OTIPEIE/IEHHO-
ro TunmaupoBannoro API. B mauBuoli peanmnsaruu onpeesnseM TPOCTOH MPo-
TOKOJI «3aIIPOC — OTBET», CO3/IAIOIINI CITUCOK OTIEPAIiii, KOTOPbIe PpAOOTHUK
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MOJKET BBITIOJIHUTb, & TAKKE YKa3bIBAEM OXKHUIAaeMble TUIIbI BBOJIA U BbIBOJA'.
3arem orpesessieM 06001eHHYI0 (QYHKIIUIO createProtocol, KOTOpast lepeiaet
Protocol 1 myTh K (hailsy paboTHHUKA 1 BO3BPAIAeT (HYHKITHIO, IOy IOy I0
command B 9TOM IIPOTOKOJIE U BO3BPALIAIOIIYIO 3aKIIOUUTENbHYO (DYHKITHIO.
[ToceaHon GYHKIIO MOKHO BHI3BATh, YTOOBI BBIYUCIUTD command /ISl KOH-
KpeTHOTo Habopa apryMeHTOB. XOPOIIO0, BOT YTO MOJYUYHIOCH:

type Protocol = { @
[command: string]: {

in: unknown[]

out: unknown

function createProtocol<P extends Protocol>(script: string) { @
return <K extends keyof P>(command: K) => @
(...args: P[K]['in']) => @
new Promise<P[K]['out']>((resolve, reject) => { @
let worker = new
worker(script) worker.onerror = reject
worker.onmessage = event => resolve(event.data.data)
worker.postMessage({command, args})

b))
¥

@ Oupenensem o061l TUII Protocol, Hecreu(UUHBIN 111 MatrixProtocol.

@ BrisbiBasi createProtocol, riepeaeM el myTh K CKpUITY pabOTHUKA BMECTe
C KOHKPETHBIM Protocol.

© createProtocol BO3BpalaeT aHOHUMHYIO (QYHKITHIO, KOTOPYIO 3aTEM
MOJKHO BBI3BaTh ¢ command. OHa SBJISETCS KIIOUYOM B Protocol, KOTOPKIi
MBI IIPUBsI3aIn B @.

O BoizbiBaeM 5Ty GYHKIMIO € JTIOOBIM KOHKPETHBIM TUIIOM in J1JIs1 KOMaH/IbI,
KOTOPYIO MBI Tiepeiasiv B @.

© Cornacuo HareMy MPOTOKOJY BO3BPAIAETCS Promise /ST KOHKPETHOTO
THUTIA out ATON KOMaH/IBI. 3aMETHTE, YTO HYKHO SBHO TIPUBSI3aTh TapaMeTp
THUIIA K Promise, nHAYe OH Oy/IET 10 yMOJTYaHHIo { }.

Sk peajin3anuig HanBHaA, IIOTOMY 4YTO OHa CO31a€T HOBOT'O pa60THm<a Ka}KIIbIﬁ pas,

KOT/Ia MBI OT/[aeM KOMaH/1y. B peasrbHOIT JKM3HN BBI, BEPOSITHO, 3aXOTUTE UCIOJIB30BATh
MEXaHM3M ITyJIa, KOTOPbIH OyIeT Beerja MMeTh HaroToBe paGOTHUKOB U IIOBTOPHO 3a-
JefCTBOBATH OCBOOOAMBIIUXCS.
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Terepb MPUMEHUM THII MatrixProtocol | IMyTh K CKPUINTY BeO-pabOTHUKA
K createProtocol (He OyzeM yriryOusiThest B IETAIIH BEIYUCIEHISI OTTPe/IesTTe-
JIsI, ¥ 51 TIPEITIOJIOSKY, UTO BBI PEaTN30BaIN 9TO B MatrixWorkerScript.ts). Bepremcs
K (YHKIIMU, KOTOPAst 3aIyCTUT KOHKPETHYIO KOMAH/Iy B 9TOM IIPOTOKOJIE:

let runWithMatrixProtocol = createProtocol<MatrixProtocol>(
'MatrixWorkerScript.js'

)

let parallelDeterminant = runWithMatrixProtocol('determinant"')

parallelDeterminant([[1, 2], [3, 4]])

.then(determinant =>
console.log(determinant) // -2

)

Kpyro, mpasaa? Mbl B3stir abCOTIOTHO HEGE30TTACHY 0 HETUTTU3UPOBAHHY IO TTe-
peziady cooOIIeH T MKy TOTOKAMU U aOCTPArHPOBATIICH OT HEE C TOMOIIHIO
HOJTHOCTBIO TUITOGE301TACHOTO TIPOTOKOJIA «3alIPOC — OTBET». Bee KoMaH/Ibl,
KOTOPBIE MOKHO 3aITyCKATh C TIOMOII[HIO 3TOTO TIPOTOKOJIA, PACTIOJIOKEHBI B OJI-
HOM MecTe (MatrixProtocol), a 6Ga3oBasi JJoruKa (createProtocol) HAXOAUTCS
OTZIESTBHO OT PeaTN3aIui KOHKPETHOTO MPOTOKOA (runWithMatrixProtocol).

Beerjia, koria HysKHO yCTaHOBUTD COOOTIIEHUE MESK/LY JABYMsI ITpotteccamu (He-
BaKHO, HA OJTHON MAIMHE WU MEKIY PA3TUIHBIMU KOMITBIOTEPAMU CETH ),
UCIOJIB3YHTE TUIIOGE30IACHBIE IIPOTOKOJIBL. XOTS 9TOT Pasjiest u oMor chop-
MEPOBaTh HEKOTOPOE MPECTAaBJIEHIE O TIPOOIeMaX, PelaeMbIX IIPOTOKOIaAMH,
B peasibHOM KU3HU BBI, CKOPEE BCETO, TIPEAMOUTETE UCTIOIH30BaTh CYIECTBY-
fo1uii nHeTpyMeHT Bpoze Swagger, gRPC, Thrift win GraphQL (cwm. paszen
«Tunobesonacubie API» Ha c. 260).

B NodelS: c nomoLbio fouepHuX npouieccos

Yrob6bl CrIefoBaTh IIPUMEpPAM STOTO pasfiena, YCTAaHOBUTE HeKTapaliun
tunoB s Node]S us NPM:

npm install @types/node --save-dev

Y3HaTh Gosbliie 06 MCIIONB30BAHMM JeKIapal{iil TUIIOB Bbl MOXKeTe
B mofpasziene «JavaScript, uMeromuii geknapauny tumnos Ha Definitely-
Typed» Ha c. 302.
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Tunobesonacubiii mapauiennsm B Node]S paboraer Tak e, Kak U B crydae
¢ morokamu Be6-paboTHUKOB B Opaysepe (moapasaen «TumobesonacHbie
POTOKOJIBI» Ha C. 241). Xotst cam 110 cebe ypoBeHb mepeaadn cOOOIeHni
Hebe30IaceH, IoBepX Hero JIerko cosaarh Oesonactbie API. API gouepHero
mporiecca NodeJS BBITISIUT TaK:

// MainThread.ts
import {fork} from 'child_process’

let child = fork('./ChildThread.js') €

child.on('message', data => @
console.info('Child process sent a message', data)

)

child.send({type: 'syn', data: [3]}) ©
@ licnosnbsyem APT fork jiJIst CO3IaHIUSI HOBOTO JOYEPHETO TIPOIECCa.

@ IllpocayumBaem coobIeH s, TOCTYIAOIIIE OT JOYEPHETO TPOIEcca,
C TIOMOIIBIO API on. EcTh HECKOIBKO BAPHAHTOB COOOIIEHMIA, KOTOPBIE 10~
YepHUH TMPOoIlecc MOKET OTIIPABUTh CBOEMY POAUTEIIO. B 1anHOM caydae
HAC MHTEPECYET TOJBKO COOOIIEHE 'message .

© /L1 oTripaBKU COOOIIEHMIT JOUEPHEMY MTPOTIECCY UCTIONB3yeM AP send.

B mouepHeM mMoTOKE MBI TPOCTYITHBAEM COOOIIEHNS, TOCTYAIONINE U3 TJIaB-
HOTO IIOTOKA, IIPY ITOMOIIIN API process.on, a OTIIPaBJsAeM UX IIOCPEJICTBOM
process.send:

// ChildThread.ts
process.on('message', data => 0
console.info('Parent process sent a message', data)

)

process.send({type: 'ack', data: [3]}) @

@ licrosb3yeM API on B ri106aIbHO OITPE/IEIEHHOM process, 4TOOBI TIPOCITY-
IIUBATh COOOIIEHSI, TIOCTYTATOIIIE OT TIOTOKA POIUTEJIS.

@ licriosnb3yeM API send B process JIJIst OTIIPABKHU COOOIIEHIH POAUTETHCKOMY
poIieccy.
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ITOT MEXaHM3M MOXOK HA MEXaHU3M BeO-PabOTHUKOB, TIOITOMY I OCTaBJIIO
B KQUeCTBe yIPAKHEHNSI PEATH3AIIIO THII0OE30ITaCHOTO TPOTOKOJIA s a0-
CTPAarupoBaHUsI OT MEKIIPOIIECCHOTO B3anMozeiicTsust B Node]S.

Utoru

B 510ii ry1aBe BbI pacCMOTPEJIM OCHOBBI IIMKJIOB COOBITHIA B JavaScript, a Tak-
’Ke aCHHXPOHHBIN KOl 1 Ge3omacHoe BoIpakeHue ero dacreit B TypeScript:
06paTHBIX BBI30BOB, IPOMICOB, async U await 1 OTIpaBuTesieil coObIThii. 3a-
TEM BbI H3YYUJIM MHOTOITOTOYHOCTD, & IMEHHO TIepe/iady COOOIEHN I MeXKIY
notokamu (B Gpaysepe 1 Ha cepBepe) 1 CO3/aHue MPOTOKOIOB ISt 0OMeHa
TAHHBIMU MEKY TTOTOKAMU.

U cHoBa BBIOGOD 32 BaMu:

Q /lyist mpOCThIX ACHHXPOHHBIX 3a/1a4 0OpaTHBIE BHI30BbI OY/IyT MAKCHMAJIbHO
MOJXO/SAIIMMHU U TPOCTBIMHU.

Q /lust 6oJiee CIIOKHBIX 3aj1ad, TPEOYIOIIUX YIIOPSIIOYEHNST U TAaPalJIeTbHOCTH,
XOPOIIIO TIOZIOUYT MIPOMUCH U async U await.

0 Koraa npomuc He crpasisercs (HanpuMmep, TP MHOTOKPATHOM 3aIlyCKe
COOBITHST), 0OPATUTECH K OTHPABUTEISAM COOBITHIT 1IN OUOTOTEKaM pe-
aKTUBHBIX TOTOKOB Bpoe Rx]JS.

O /luig pacuiMpeHust 3THX TEXHUK HA HECKOJIBKO TTOTOKOB MCIOJIb3YHTE OT-
paBUTEN COOBITUH, THITOOE30MACHBIE TPOTOKOJIBI UJTH THITOOE30MACHBIE
API (cwm. pasgen «Tuniobesomnacubie APT» Ha c. 260).
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ynpaxHeHusA K rnaBe 8

1. Peasmsyiite 0011yto (hyHKIIHIO promisify, OITyYaOINy o JI0OY0 (hyHKITHTO,
KOTOPasi MOJIyYaeT TOJBKO OJIIH APIyMEHT U 0OPATHBII BbI30B, a 3aTeM 000~
paunBaet ux B GyHKIINIO, BO3BPAIIAIONILYIO TpoMuc. HysKHO 1Cnomb30BaTh
promisify ciemayommmM 06pa3om (YCTaHOBHTE JEKJIapaIlii TUTIOB JJIst
NodeJS: npm install @types/node -- save-dev):

import {readFile} from 'fs'

let readFilePromise = promisify(readFile)
readFilePromise('./myfile.ts")
.then(result => console.log('success reading file',
result.toString()))
.catch(error => console.error('error reading file', error))

2. B nonpaszene «Tumnobe3omacHblie MPOTOKOJIbI» Ha C. 241 MbI BHIBEJIH T10-
JIOBUHY ITPOTOKOJIA 7SI THIIOOE30MACHOM MAaTPUUYHO# areOpbl. YUUThIBasT
3TY MOJIOBUHY ITPOTOKOJIA, BBITIOJIHAEMYIO B IJIABHOM MTOTOKE, Peaanu3ynTe
BTOPYIO MOJIOBUHY, BBITIOIHSAEMYIO B TIOTOKE BeG-pabOTHUKA.

3. Hcnombsyiite oToOpakeHHBIN THIT (Kak B mojipasjesie «B Opaysepe: ¢ mo-
MOIIBIO BeO-PabOTHUKOB» Ha ¢. 233) 111 peanusaiuu TUoOe30macHoro
[IPOTOKOJIA TIepeiayn coobIeHnii st child process B Node]S.
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OpoHTeHA- N 63KeHA-GpeIMBOPKH

Bbr MoskeTe caMOCTOATETHHO CO3/IaTh KAKAYIO YaCTh MPUIOKEHNS C HyJIsS —
ceTeBble YPOBHU U YPOBHMU 6a3 JIaHHBIX Ha cepBepe, (PPeiMBOPK M0JIb30BaTE b
CKOTO nHTepdelica v MPOrpaMMHOE PENIEHUE 10 YIIPABIEHUIO COCTOSTHUSIMU BO
(bpoHTeH 1, — HO JIyUIIle ATOTO He JIeJIaTh, BeJb IIOTOM OY/IET CJIOKHO PasOUpaThCst
¢ fetansaMu. K cuacTbio, MHOJKECTBO TaKUX JleTajiell yKe OlICaHo IPYTUMHU
urKeHepamMu hpoHTeH - 1 69KeHI-Pa3paboTKL. [10Ib3ysICh CYMIECTBYIONMI
UHCTPYMeHTaMu, OubmoTekaMu 1 (ppeiiMBOPKaMI, BbI CMOKeTe ObICTPO Iepe-
KJIFOYATHCS 1 0OPECTH YBEPEHHOCTD P CO3/[aHIK COOCTBEHHDIX MTPUIOKEHHUIA.

ITa riaBa MmocBsIeHa HEKOTOPbIM HArOOJIee MOMyJISIPHBIM HHCTPYMEHTAM
1 (hpeiiMBOPKAM [IJIsT PEMIEHsI PACTTPOCTPAHEHHBIX MTPOOIEM, BOSHUKAIOIINX
KaK Ha CTOPOHE KJIMEHTa, Tak 1 Ha CTOPOHE cepBepa. Mbr 06CyinM Ha3HaueHHe
Kask10ro (hpeiiMBOpKa 1 Criocobbl nx Ge3onacHoii naterpupanuu B TypeScript-
MPUJIOKEHUE.

OpoHTeHA-PpeiiMBOpKM

TypeScript oueHb XOpo110 BOUCHIBAETCI B MUP (DPOHTEH/I-IPUIOKEHUN].
Nmest 6oraryro noaaep:xkKy JSX 1 BOBMOKHOCTb G€30IIaCHO MOJIETUPOBAThH
U3MEHsIeMOCTh, TypeScript mpenocTaBisieT MPIIOKEHISIM CTPYKTYPY U 6€e3-
OIACHOCTD, a TakyKe 00JierdyaeT HalMcaHue BEPHOTO, JIETKO 00CTYKUBAEMOTO
Ko/a B OBICTPO MeHsTIONIelcst cpesie pOHTEH/-Pa3pabOTKH.

Bee Berpoennnie API DOM rtuno6esomnacubr. YToObI HCIOTB30BATH UX U3
TypeScript, mpocTo BKIIOUNTE WX AeKJapalinyl TUTIOB B (haiin tsconfig.json
IIPOEKTa:

{
"compilerOptions": {
"1lib": ["dom", "es2015"]
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Ito nobyaut TypeScript 106aBUTH ITPK TPOBEPKE TUIIOB BCTPOEHHbBIE JIEKJIa-
paruu tunos 6paysepa 1 DOM — lib.dom.d.ts.

Omnuus 1ib B tsconfig.json mpocto nobasger Ha60p onpefeIeHHbIX IeK/Ia-
panuit TMIOB Ipu 06paboTKe Kofa B mpoekte. OHa He IPOU3BOIUT HO-
HOJTHUTE/IbHOTO KOJja VIV KOfia JavaScript, KOTOpbIit 6yIeT CyIiecTBOBaTb
pu BbinonHeHun. K nmpumepy, oHa He 3acTaBUT MarmdeckuMm oO6pasom
paborars DOM B Bamueit cpese Node]S (xox 6ymeT KOMIMIMpOBaThCA,
HO IIpY BBIIOJIHEHUU TIponsorgeT c6oir). Ilozaborsrech 0 TOM, 4TOOBI
BaIllY eK/Iapallyiy TUIIOB COOTBETCTBOBA/IN JeK/TapaLVIsAM, IOfIIep>KIBa-
eMBIM B CIIONIb3yeMoli cpefie JavaScript (cm. pasgen «CosfaHne mpoeKTa
B TypeScript» Ha c. 306).

[Tpu BKIIOUEHHBIX JAeKIapanusax Tunos DOM M0KHO 6e3011aCHO IPUMEHSThH
DOM u API 6paysepa, 4ToObI ieJ1aTh, HAIPUMEP, CIICAYIONIEE:

// CyumbiBamb cBolicmBa u3 2n06a1bHO020 0bbeKma OKHA.
let model = {
url: window.location.href

// Co30amb 3nemeHm <input />.
let input = document.createElement('input')

// Hadenums ezo CSS Knaaccamu.
input.classList.add('Input', 'URLInput')

// 06HO0Baamb modenv B npouyecce 66o0a OaHHbIX nosnv3oBamenem.
input.addEventListener('change', () =>
model.url = input.value.toUpperCase()

// BHedpumb <input /> 6 DOM.
document.body.appendChild(input)

Koneuno, aToT KO/ 11poIIest MPOBEPKY TUIIOB U TIO/IEPKUBAET TaKUe CTaH-
JapTHBIE TPUMOYKH, KaK aBTO3aT0HEHNE B peflakTope. PaccMoTpuM mpumep:

document.querySelector('.Element').innerHTML // Owubka TS2531:
// 06bvekm, BepoamHo, 'null’.
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TypeScript BbIOpOCUT O1IMOKY, ITOTOMY YTO BO3BpaIllaeMbIii THIT querySelector
JIOTTYCKaeT HYJIEBOE 3HAUECHUE.

[l IpocThIX DPOHTEH-TIPUJIOKEHUH TaKuX HU3KoypoBHeBBIX API DOM
Oy/IeT I0CTaTOYHO: OHU JIA/LYT BCe HEOOXOANMOE OPUEHTHPOBAHHOMY Ha THUIIBI
porpaMMHUpOBaHmIo juist Opaysepa. Ho GoJIbIIHHCTBO peaybHbIX (DPOHTEH/I-
HPUJIOKEHIIA NCTIONB3YIOT (hPERMBOPKHY JIJist aOCTPAruPOBAHUST OT IPUHITHAIIA
pabGoThI peACTaBIEHNS U IIOBTOPHOTO TipeacTaBaenus DOM, npuBsasku
JaHHbIX ¥ coObITHi. Cleyromuil pasjies 1acT HEKOTOPbie YKa3aHWs Ha TO,
Kak adPexTuBHO ncrosb30BaTh TypeScript ¢ monyaspHbIMu GpeiiMBOPKaMH.

React

React ogut 3 caMbix BOCTpeOOBaHHBIX CeroiHs GpeiiMBOPKOB, 0OecIieurnBa-
0MUX 0E30TTaCHOCTD TUTIOB.

[leno B TOM, UTO, B OTJIMUME OT KOHKYPEHTOB, React co/iep:KUT KOMIIOHEHTHI
(OCHOBHBIE CTPYKTYPHbIE 2JIEMEHTBI TPUJIOKEHUH ), KOTOPBIE ONPEIeISTI0TCS
u norpebasitorest B TypeScript, 10aToMy 1 OIIpeieIeHUsT KOMIIOHEHTOB, ¥ UX
HOTPeOUTEN TIPOXO/AT POBEPKY TUIIOB. BbI MOJKETe UCIOIB30BATh THIIHI,
4TOOBI BBIPA3UTh OIPAHUYEHUS, HATIPUMEP: «ITOT KOMIIOHEHT Tosrydaer [D
TMOJIb30BATEJIS W TIBET» WA «JTOT KOMIOHEHT MOJKET UMETD TOJIBKO I0UepHIe
9JIEMEHTBI CITUCKA».

Takast 6€301IaCHOCTH B OTHOIIEHUH OTIPe/Ie/IeHHI KOMIIOHEHTOB U UX TI0TPe-
ouTesieit — ypoBHsI ITpeCTaBAeHIUS BO POHTEH/I-IPUIOKEHISIX — OoJIee ueM
BayKHA. YPOBEHD MPEICTABIEHUST — ITO TPAJAUIMOHHO TO MECTO, TJIe OTIEYATKH,
yIyIieHHbIe aTPUOYThI, ONIMOOYHO THUITU3UPOBAHHbIE TAPpaMETPhl U HEBEPHO
BJIOJKEHHDBIC 9JIEMEHTDI 3aCTaBJIAIOT IIPOIrPAMMUCTOB ThICAYM YaCOB 06HOBJIHTI)
Gpaysepsl, geprast cebst 3a BoJIOCh. /leHb, KOT/a BbI HAYHETE TUITM3UPOBATh
YPOBHU Tpe/icTaBIeHus ¢ momotibio TypeScript u React, — a0 nens, korma
Bbl YABOUTE CBOIO ITPON3BOJIUTEbHOCTD U ITPOU3BOJAUTETBHOCTD BCel Balein
KOMaH/Ibl BO pPOHTEH/I-pa3paboTKe.

Mpaiimep JSX

[Ipu ucnorb3oBanuu React BbI onipeiesisieTe MpejACTaBAEHUS C TIOMOIIBIO
creruanbioro DSL, koTopeiit HazwiBaeTcs JavaScript XML (JSX) u BHem-
He ouenb HatomuHaeT HTML. Bor BHenpsieTe ero mpsMo B Kop JavaScript,
a 3aTeM IMpoITycKaeTe Ko/ 9epe3 KoMmuaaTop JSX, KOTOPBIH mepenuchiBaeT
BJIOKEHHBIN CHHTAKCHC B PETYJISIPHBIE BBIZOBHI (DYHKITNI JavaScript.
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[IpencraBbre, 4TO BBI CO3/aeTe MPUIIOKEHIE-MEHIO JIJIsI PECTOpPaHa Ballero
Apyra u Jo6aBJIsieTe CIMCOK U3 HECKOJIbKIX TO3UIIUNI B pasjest «JlaHu» ¢ 1mo-
MOTIIBIO caeayiomero JSX:

<ul class="'list'>
<li>Homemade granola with yogurt</1li>
<li>Fantastic french toast with fruit</1li»
<li>Tortilla Espafiola with salad</1i>
</ul>

[Toce o6paboTku aTOT0 KOIa KOMIUIITOpoM JSX Bpoe mrarmaa Babel
transform-react-jsx BbI TIOJTy9aeTe CAEAYIONNI BHIBOI:

React.createElement(
‘ul',
{'class': 'list'},
React.createElement(
'1it,
null,
'Homemade granola with yogurt'

)s

React.createElement(
'1i',
null,
'Fantastic French toast with fruit'

)s

React.createElement( '1li',
null,
'Tortilla Espanola with salad’

)s

[TpustitHast ocobeHHOCTh JSX B TOM, UTO BBl MOJKETE TIHCATh KO/, BO MHOTOM
cxoskuii ¢ 06bruabiM HTML, a 3aTeM aBTOMaTHYECKU KOMIIMJINPOBATH €I0
B IPY>KeCTBEHHBIH 711 IBIKKA JavaScript-popMmar. Bymyun nnxenepom, Bbl
HCII0JIb3y€eTe TOJbKO 3HAKOMBIN BHICOKOYPOBHEBBIN onucaresnbHblii DSL 6e3
HEOOXOAMMOCTH CBA3BIBATHCS C JETANSIMU PEATU3ALIML

He ob6sizaresnbio umers JSX ais pabotsl ¢ React (BbI MOKeTe IUCaTh CKOM-
UM POBAHHBIN KO/l HETIOCPEJICTBEHHO, 1 OH Oy/1eT paboTaTh). Takike MOKHO
ucrosnb3oBath JSX 6e3 React (crermdudnblii BbI30B (DYHKIIMM, B KOTOPBII
KoMIuaupyiorcs teru JSX — React.createElement — MOKHO HACTPOUTD).
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Ho coueranne React u JSX mpocto marndeckoe. OHO TI03BOJIIET TTPOIMUCHI-
BaTh YPOBHHU TIPEJICTABJIEHUS HE TOIHKO OE30IIaCHO, HO U € YIOBOJIbCTBUEM.

TSX = JSX + TypeScript

Daituel, conepskamiue JSX, umeror pacimmpenue .jsx. A daitibr TypeScript,
conmep:xammue JSX, nmerot pacrmmpente .tsx. TSX amsa JSX — ato 10 ke, 9TO
u TypeScript as JavaScript, — 6€30HaCHOCTD B IIPOIECCEe KOMITUISIIUN
Y BCTIOMOTATEIbHBII YPOBEHb, TO3BOJIIONTIH TTOBBICUTH IPONU3BOANTETHHOCTD
M CO3/1aTh KOJI C MEHBIITNM YHCJIOM O1nO0K. JIJist BRITIoUeHust mojyiepskkn TSX
B ITPOEKTe J06aBbTe CIIEAYOILYI0 CTPOKY B (hail tsconfig.json:

{
"compilerOptions™: {
"jsx": "react"

}
III/IpeKTI/IBa jsx Ha MOMEHT HAIIMCAHUS KHUTU UMEET TPU PeKMMA.
react

Kommummpyer JSX B datii .js ¢ momortpio J SX-mmporpaMmbl (TI0 YMOJTIAHWITO
aTO React.createElement).

react-native

Ocrasasier JSX 6e3 KOMIUJISIIK, HO BCE PAaBHO CO3/aeT (hailjr ¢ paciim-
peHueM .js.

preserve

[IpoBepsiet Tumsl JSX, HO He MPOU3BOJIUT €T0 KOMITUJISINIO, & CO3/IaeT
haiin ¢ paciupenuem .jsx.

B maunnke TypeScript mpeaycMoTpeHO HECKOJIBKO TEPEeXBATYNKOB s TH-
muszarnuu TSX nojkaodaeMbIM crtocoboM. VMiMu aBagdioTcd ocoOble TUITbI
B IIPOCTpaHCTBe UMeH global.JSX, kyma TypeScript obpaliaercst 3a JaHHBIMU
o turtax TSX Bo Bceti mporpamme. Eciint Bel ncniosbayeTe TobKo React, To Bam
He HY’KHO OITyCKaThCsl Ha 9TOT ypoBeHb. Ho ecimi BbI co3aete COOCTBEHHYIO
6ubmmorexy TypeScript, kotopast mpumensier TSX (u He ucnosb3yeT React),
WJIM BaM JIIOOOTIBITHO Y3HATh, KaK 3TO JeJIAl0T JeKaapaiiui TuioB React, —
OTKpOIiTe npusioxenue 7K.
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TSC-ONAT: ESMODULEINTEROP

JSX MPOM3BOAUT KOMIIW/IALMIO B BBI3OB React.createElement, mosromy
00513aTe/IbHO VIMIIOPTUPYIiTe OUbmMOTeKy React B ka>kzbli daii, raoe uc-
nonb3ayeTe JSX, 4ToObI B 0671acTH [IeVICTBYA MOABMIACH IepeMeHHas React:

import React from 'react’
Huuero crpatHoro, eciu Bbl 06 3T0oM 3a6yznete, — TypeScript HAMOMHUT:
<ul /> // Owubka TS2304: HeBo3moxHO Halimu umsa 'React’'.

Taxxe obparute BHUMAHME, 4TO 5 yctaHoBu {"esModuleInterop@:
true} B tsconfig.json fist mopmepskku React 6€3 MMIIOPTUPOBAHMS CUMBO-
na nozpcTaHoBKu (*). Eciu Bel moBTOpsieTe 3a MHOIA, TO 160 BKIIOYITE
esModuleInterop B tsconfig.json, 1160 MMIOPTUPYIITe BMECTO 3TOTO
CUMBOJI IIO[JCTAaHOBKM:

import * as React from 'react’

Wcnonb3oBanue TSX ¢ React

React mo3BoJisieT 00bSB/IATD Ba BH/a KOMITIOHEHTOB: KOMITOHEHTHI (DY HKITUI
U KOMIIOHEHTBI KJaccoB. Oba Buia MOJIydaloT HEKOTOPbIe CBOMCTBA U MPE/I-
crapistior TSX. C nmosunuu moTpebuTeIst OHM UAECHTUYHBL

OO6bsiBieHre U TIpeicTaBIeHne KOMIIOHEHTa (DYHKI[UY BBITJISIUT TaK:

import React from 'react' @

type Props = { @
isDisabled?: boolean
size: 'Big' | 'Small’
text: string
onClick(event: React.MouseEvent<HTMLButtonElement>): void @

}

export function FancyButton(props: Props) { @
const [toggled, setToggled] = React.useState(false) @
return <button
className={'Size-' + props.size}
disabled={props.isDisabled || false}
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onClick={event => {
setToggled(!toggled)
props.onClick(event)

3

>{props.text}</button>
}
let button = <FancyButton @

size="Big'

text="Sign Up Now'

onClick={() => console.log('Clicked!")}
/>

@ Yro6n ucnonbzosars TSX ¢ React, nepenocum nepemennyio React B te-
Ky1iyto obsactb. [Tockosnbky TSX KOMIHINPYETCS: B BHIZOBBI (DY HKITHH
React.createElement, Hy;KHO UMIIOPTUPOBATh React 117151 ee ornipezieieHus
TP BBITIOJTHEHW.

@ OOG6baBisieM KOHKPeTHbIE HAOOPBI CBOMCTB, KOTOPbIE MOYKHO IIepeaaTh
B KOMIIOHEHT FancyButton. Props BCETa ABISAETCSA TUIIOM OObEKTa U IMe-
HyeTcst Props corsracio ycioBHbIM 0603HadeHusIM. [IJisi KOMIIOHEHTa
FancyButton CBOMCTBO isDisabled sIBJIg€TCA ONMIIMOHAJIBHBIM, B TO BpEMs
KaK OCTaJIbHble CBOMCTBA 00A3aTeIbHBbI.

@ B React ectb cobeTBeHHBIE HAGOPHI 00EPTOUHBIX TUIIOB /IS cOObITHIT DOM.
[Tpu ucrosbzoBaruu coObITHI React 06513aTe/IbHO TTOJIB3YHTECH THITAMU
cob6bITHii React, a e crangapTHbIME TUIAMK cOObITHIE DOM.

O KomrmoHeHT GyHKIIUH — 9TO MPOCTO PeryaspHas GyHKIINI, IMEIOIast 10
oaHOro apamerpa (00BEKT props) ¥ BO3BpaIafoas TUII, JOITYCKATOIIIiT
[pejcTaBIeHre Yepe3 React. React JOCTATOYHO JnOepaieH U MOKET Bbl-
MTOJIHUTD TIPe/icTaBJIeHrue MHOTUX TUTIOB: TSX, CTPOK, Ynce, JOTHIECKUX
3HaYeHni, null 1 undefined.

@ lcrnonb3yem nepexBaTurK useState, 4TOOBI OOBSIBUTD JIOKATBHOE CO-
CTOSTHUE JIJIT KOMITOHEHTa (hyHKIMU. useState — 3TO OJIUH U3 HEMHOTHUX
JIOCTYTIHBIX B react mepexBaTinKoOB, KOTOPbIE MOXXHO COBMEIIATD /LIS
co3IaHus COOCTBEHHBIX TIEPEXBATYNKOB. 3aMETHTE, YTO MbI Tlepe/Iai
B useState M3HavasbHOE 3HAUEHUE false, ToaTOMY TypeScript cMor BbI-
BECTHU 9Ty 4aCTh COCTOSIHMSI KaK boolean. Ecsin GbI BMECTO 3TOTO MBI HC-
H0JIb30BaJIH THUII, KOTOPBIN TypeScript He cMorT GbI BbIBeCTH (HAIIPUMED,
MAaCCHB), HAM MIPUIILIOCH OBl TIPUBS3BIBATD THUIL SIBHO (K IPUMEPY, € TIO-
MOTIBIO useState<number[]>([])).
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@ lcnoansyem cuntakcrc TSX pst co3manms ak3eMiisipa FancyButton.
CuHTaKCcHuC <FancyButton /> TIOYTH WIEHTUYEH BBI3OBY FancyButton, HO
OH TI03BOJISIET React yIIPaBJIATD ;KU3HEHHBIM IIMKJIOM FancyButton 3a Hac.

Bot n Bce. TypeScript rapantupyer, 4To:

0 JSX npaBusibHO cHOPMHUPOBAH, TETH 3aKPHITHI 1 BEPHO BJIOKEHBI, 2 B UX
MMEHaX HeT OIeYaToK.

0 Korma Mbl mHCTHAHIIUPYEM <FancyButton />, TO TiepeiaeM Bce HeoOXO/u-
MbIe U JIOTIOJIHUTEJIbHbIE OIIIIMOHATbHbIE CBOMCTBA B FancyButton (size,
text u onClick), MpuYyeM BCe 9TU CBOKCTBA MPAaBUJIBHO TUTTU3UPOBAHBI.

O Mbl He TlepejaeM HUKAKUX U3JIMIIHUX CBOWCTB B FancyButton, a TOJIBKO
HeoOXOUMbIe.

AHaJIOTUYHO JIJIsI KOMITIOHEHTa Kjacca:

import React from 'react' @
import {FancyButton} from './FancyButton'

type Props = { @
firstName: string
userId: string

type State = { @
islLoading: boolean

}

class SignupForm extends React.Component<Props, State> { @
state = { @
islLoading: false
}
render() { @

return <> @
<h2>Sign up for a 7-day supply of our tasty
toothpaste now, {this.props.firstName}.</h2>

<FancyButton
isDisabled={this.state.islLoading} size='Big'
text="Sign Up Now'
onClick={this.signUp}

/>
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</>
}
private signUp = async () => { @
this.setState({isLoading: true})

try {
await fetch('/api/signup?userId="' + this.props.userId)
} finally {
this.setState({isLoading: false})
}

let form = <SignupForm firstName='Albert' userId='13ab9g3' /> @

© Kax u panbine, UMIIOpTHPYEM NepeMeHHyI0 React, 4T0ObI MOMECTHUTD ee
B 00J1aCTh.

@O OObsaBIIsIeM THIT Props, YTOOBI OTIPEIEUTD, KAKKe TaHHbIE HY/KHO TIepeiaTh
TIPY CO3/IAHMH IK3EMILISIPA <SignupForm />.

e O6bsABIAEM THII State I MOZIEJIMPOBAaHUA JIOKAJIBHOT'O COCTOSAHUA KOM-
ITOHEHTa.

O Jlna o6bABIEHNS KOMIIOHEHTA KJacca pacuiupsiem 0a30BBII Kjacc
React.Component.

@ licrosb3yeM HHUINATI3ATOP CBOWCTB, YTOOBI OGBSIBUTD JJIST JIOKATHHOTO
COCTOSTHMSI 3HAUCHMS 110 YMOJIYAHHUIO.

0@ Kax u ¢ kommoreHnTamMu (GYHKITUH, METOJ render KOMITOHEHTA KJTacca BO3-
BpalllaeT HeUTO JIOMycKalollee TIpeicTaBienue mocpeactsoM React: TSX,
CTPOKY, YMCJIO, IOTUYEeCKOe 3HAUeHWe, null WJu undefined.

@ TSX mopnepskuBaer (hparMEHTHI ¢ TIOMOIIIBIO CIENATBHOTO0 CHHTAKCHCA
<>..</>. DparMeHT — 910 6e3bIMAHHBIN 31eMeHT TSX, KoTopbIil 060payn-
Baer apyroit TSX u siBiisiercst criocoboM n3bekaTh MpeICTaBIeH s JTUITHIX
anemeHToB DOM B Tex MecTax, Te HY;KHO BePHYTh ofiuH aemMeHT TSX.
Hampumep, MmeTom KOMITOHEHTA React render JOJIKEH BO3BPAIATh OUH
asement TSX. JIJ1s1 3TOr0 MOKHO 06EPHYTH KO TOCPEICTBOM <div> WK
JII060TO IPYTOTO BIEMEHTa, HO 9TO MOBJIEYET 3a coO0i HEHYKHYIO mepe-
TPY3KY B TIpOTIecce TPeICTABIEeHNS.

© OnpenensieM signUp ¢ IOMOIIBIO CTPEIOUHOI (PYHKIMU, YTOOBI yOEUTHCS,
4TO this B (hyHKI[MK He OyAeT epenpuBsi3aH.
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© B zasepuienne cozmaem ax3eMILsIp SignupForm. Kak v mpu nHCTaHIIMPOBA-
HUU KOMIIOHEHTOB (DYHKITNN, MOKHO HATIPIMYTO CIEIaTh 3TO TIOCPECTBOM
new, TO €CTb new SignupForm({firstName: 'Albert', userId: '13ab9g3'}),
HO B TAKOM CJiy4ae React He CMOKET YIIPABJISATD IIUKJIOM KU3HU DK3EMILIAPA
SignupForm 3a HacC.

OO6paruTe BHUMaHHUE, KAK B 9TOM IIPUMePE MbI CMEIIMBAEM U COMOCTABIISIEM
KOMITOHEHTBI, OCHOBaHHbIE Ha 3HaUeHUAX (FancyButton, SignupForm) ¢ poj-
HbIMU (section, h2) koMmmoHeHTaMu. TypeScript jke mpoBepsieT yCIOBUSL.

O Bce obs3aTesbHbIE OIS OPe/IeIeHbl THO0 B MHUIHAIU3ATOPE state, 100
B KOHCTPYKTOPE.

O Bce, Kk yemy Mbl 0OpataeMcs B props U state, I€HCTBUTEIBHO CYIECTBYET
U UM€ET THTI, KOTOPBIIT MBI ITPEATIONATaeM.

O Mpbl He TPOM3BOINM TIPAMYIO 3aIUCh B this.state, moTomy 4To B React
OOHOBJIEHVS COCTOSTHUI JIOJIKHBI TPOM3BO/INTHCS Yepe3 API setState.

O DBwi30B render melicTBUTEILHO Bo3BpariaeT Hekuit JSX.

C nomompio TypeScript MoxHO obecrieunts Koay React 6ezomacHocTb,
a cebe — OTIBIT U CYACTHE.

Mbr He ucnionb3oBamu ¢yHKIMIO React PropTypes, KoTopas sABIsAETCA
C11oco60M 0ObABIEHNA U ITPOBEPKY TUIIOB B CPefie BBIIIOTTHEHIS, IOTOMY
yto TypeScript y>ke mpoBepumI TUIIBI IPY KOMIVIALIUN.

Angular

IIpu yuacmuu Ilvsama Illewadpu

Angular — 210 60J1€€ GoraThIii 10 BOBMOKHOCTAM (GPOHTEH/I-(HPEHMBOPK, YeM
React, KOTOPBIH MOIIEPAKUBAET KaK YPOBHU TIPEACTABJIEHUS, TAK U OTIPABKY
U yIIpaBJICHUE CETEBBIMU 3aIIPOCAMHU, POYTUHT U BHEAPEHUE 3aBUCHMOCTEIH.
OH usHayvaIbHO co3z1an st pabotel ¢ TypeScript (110 mpaBjie roBopsi, OH
1 HaITMCaH B HEM).

[1aBHOI TEXHOJIOTHYECKOI 0cOOEHHOCTRI0 Angular sBJsieTcss KOMITUIISITOP
Ahead-of-Time (AoT, niu «3abaroBpeMeHHbIN» ), BeTpoerHbiii B ero CLI —
YTUJIUTY KOMaH/IHO#T cTpokn Angular, koTopast cobupaet nH(OPMAIIIO TUIIOB,
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JAHHYIO BaMU B Bujle anHOTanuil TypeScript, 1 ucnomab3yer ee 711 KOMITH-
JISITIAY KOoZia B 06braHbIN JavaScript. Angular mpumersiet K KoLy MHOKECTBO
OTMTUMU3AIINH U TpaHchOopMaInii, Mpekie 4eM OKOHUATENbHO TTepeiaeT ero
B TypeScript u kommuupyet B JavaScript.

Pacemorpum, kak Angular ucnossayer TypeScript u coit kommuisitop AoT,
4T00OBI 00€30MACHUTH HAMCAHKUEe (PPOHTEH/I-TPUIOKEHUSI.

MepBas HacTpoiika

Yro6bl MHUIMATIU3UPOBATH HOBBIN TpoekT Angular, HauHuTe ¢ rI06aNIbHON
yeranosku Angular CLI npu oMo NPM:

npm install @angular/cli --global
3arem ucnobayiite Angular CLI i1 MHUIMAIN3AI[UI HOBOTO IIPUJIOKEHMSL:
ng new my-angular-app

Cuaenyiite ykasanusm, u Angular CLI HacTpouT /11 NPUIIOKEHHS caMOe
HeoOXOoMMOoe.

B aroii kHure Mbl He OyeM yriyOJsiThest B CTPYKTYpy Angular — o6parurech
K ourmanbaol fokymenTaruu (https://angular.io/docs).
KomnoHeHTbI

Komnonentsr Angular, kak 1 komroneHTsl React, cogepskar criocob omnuca-
Hust cTPYKTYpsl DOM KOMIIOHEHTa, CTUJIM3AINIO ¥ YIIPABJISIONII 00HEKT.
B Angular BbI reHepupyere mabI0H KOMIIOHEHTa € TIOMOIIBIO WHTEpdeiica
komanuaHoU ctpoku (CLI), netanmu xotopoii 3anonnsiere camu. KOMIIOHEHT
Angular coctout 13 HecKOJIbKIX (hailios:

O J3arotoBkH, onuckiBaioieii DOM, nmpencTaBigeMyio KOMIIOHEHTOM.
O Hab6opa crueii CSS.

0 Kiacca KOMIIOHEHTa, ABJSONIErocs KiaaccoM TypeScript, onpeesisonmum
JIOTUKY (DYHKITMOHUPOBAHUS KOMIIOHEHTA.

Haunewm c xracca KoMIoHeHTa:

import {Component, OnInit} from '@angular/core’

@Component ({
selector: 'simple-message’,
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styleUrls: ['./simple-message.component.css'],
templateUrl: './simple-message.component.html’

1

export class SimpleMessageComponent implements OnInit {
message: string
ngOnInit() {
this.message = 'No messages, yet'

}

ITo GosbIneii yacTh 9TO cCTaHAAPTHBIN Kinace TypeScript, uMeroriuii Bcero He-
CKOJIBKO OTJIMU A, PACKPBIBAOIIIX cXeMy BoazeiicTBust Angular va TypeScript.
A nmenHo:

O IlepexBaT4mMKH JKIM3HEHHOTO INKJIa Angular 1OCTyTIHBI B KauecTBE MHTEP-
deticos TypeScript — mpocto 06bsIBUTE, KaKiie BbI peaiusyere (implement):
ngOnChanges, ngOnInit u T. n. 3atem TypeScript npocJenur, 4TOOBI BB
peasin30BaIN METO/IBI, OTBEYAIOIIe TPeOOBAaHUSIM BBIOPAHHBIX BAMU Tepe-
XBaTYUKOB. B aTOM pruMepe MbI peannzoBain nutepdetic OnInit, KOTOPbIH
TpebyeT peasm3alii MeToa ngdnInit.

O Angular oueHb aKTHBHO UCIIOJIB3YeT geKopaTopbl TypeScript (em. pasen
«JlexopaTtopbi» Ha c. 135), 4TOOBI 0O BABISATH METAJTAHHDIE, OTHOCSIIIECS
K BammM KomioHenTam Angular, cepucam u MmoysisiM. B atom mipumepe
MBI HCITIOJTb30BANN selector, YTOOBI OOBSIBUTH, KAK MOTb30BATEN MOTYT
OTPeONTh KOMIIOHEHT, a TAKKe templateUrls 1 styleUrl, 4TOOBI COEUHNUTD
HTML-3arotoBky u tabsmity crusieir CSS ¢ KOMITOHEHTOM.

TSC-ONAT: FULLTEMPLATETYPECHECK

YT100BI aKTUBMPOBATH IPOBEPKY TUIIOB J/I 3ar0TOBOK Angular (3T0 cTOUT
cpenath), BKmrounTe fullTemplateTypeCheck B tsconfig.json:

{
"angularCompilerOptions": {
"fullTemplateTypeCheck": true

}

3aMeTbTe, YTO MHCTPYKIUA angularCompilerOptions He ompepensdeT
omuuu g TSC. Bmecto atoro oHa ompepnensieT ¢aru, OTHOCSILIECS
K KoMIuaATopy AoT.
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Cnyx6b1

Angular umeer BCTpOeHHbBIT MHCTPYMEHT BHeipenus 3aBucumocteit (DI),
KOTOPBIH 1103BOJIsIET (DPENMBOPKY 1103a60TUTHCSI O CO3/IAHNH IK3EMILIISIPOB
caryk0 1 X 1epejiade B KauecTBe apryMeHTOB KOMIIOHEHTAM U 3aBUCSIIIIUM OT
HUX ca1ysk0aM. DTO yIPOIIaeT MHCTAHIIMPOBAHIE 1 TECTUPOBAHUE CEPBUCOB
1 KOMIIOHEHTOB.

O6HOBUM SimpleMessageComponent, 4TOObL BHEJIPUTH 3aBUCUMOCTD Message-
Service, OTBETCTBEHHYIO 3a IIOJIy4eHnEe COOOIIEHNit OT cepBepa:

import {Component, OnInit} from '@angular/core'’
import {MessageService} from '../services/message.service’

@Component ({
selector: 'simple-message',
templateUrl: './simple-message.component.html’,
styleUrls: ['./simple-message.component.css']

1
export class SimpleMessageComponent implements OnInit {
message: string
constructor(
private messageService: MessageService

) {}
ngonInit() {
this.messageService.getMessage().subscribe(response =>
this.message = response.message

}

Komnuasrop AoT cMoTpuT Ha TapamMeTphl, IoJrydaeMble constructor KOMTIO-
HEHTA, U3BJIEKAET UX TUTIBI (HAIIPUMeED, MessageService) 1 AIIET B COOTBETCTBY-
fo1eit kapte 3aBucumocTeii DI 3aBrcruMocTs KOHKPETHOTO THTIA. 3aTEM OH CO-
3/1aeT IK3EMILISAP ATOI 3aBUCHMOCTH (€ TOMOIIIBIO new), eCJIH TOT He ObLI CO3/IaH
panee, 1 riepefiaeT ero B KOHCTPYKTOP dK3eMILIsIpa SimpleMessageComponent.
Bech aToT 11poriecc 10CTaTOYHO CJIOKEH, HO OH MOKET IPUTOIUTHCS [TPU Pas-
BUTHH BAIIETO MPUJIOKEHUS, KOT/IA B HEM YsKke Oy/IeT HECKOJIbKO 3aBHCHMOCTET,
KOTOpbIe MOXKHO MCTIOJIb30BATh UCXO/IS M3 HACTPOMKHY TPUJIOsKeHns (Harpu-
Mep, ProductionAPIService BMecTO DevelopmentAPIService) WJIM TIPU €T0O
TecTupoBannun (MockAPIService).
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Tenepb paccMOTPUM, KaK OIPENETUTH CEPBUC:

import {Injectable} from '@angular/core’
import {HttpClient} from '@angular/common/http’

@Injectable({
providedIn: 'root'

}

export class MessageService {
constructor(private http: HttpClient) {}
getMessage() {
return this.http.get('/api/message"')

}

I[Tpu cosmanum ceprca B Angular Mmbl Beer/ia ncrosib3yem gekopartopsi Type-
Script asst perucrpanuu ero Kak Injectible (omycKalonmM BHeJAPeHUE
3aBUCHUMOCTEIT) ¥ OIpe/IesIsieM, TTPEeIOCTABIISETCS JIM OH HA KOPHEBOM YPOB-
He TIPUJIOKEHUST UK B cyOMo/IyJie. 3/1eCh Mbl 3aPETUCTPUPOBAIINA CEPBUC
MessageService, O3BOJISIIONIIIT BHEAPSIT €T0 B JIFOOYIO YaCTh MPHUJIOKEHNUSL.
B koHCTpYKTOpE JII0O0T0 KOMITOHEHTA CEPBUCA MBI MOSKEM ITPOCTO 3aITPOCUTH
MessageService, u Angular 1103ab0TuTCsI 0 €70 I0CTaBKe.

Paszob6paBImch ¢ UCHOJIb30BAHUEM ITUX JABYX MOMYJISIPHBIX (PEHMBOPKOB,
Hopa epexoAnTh K TUIU3aIuK nHTepdeiica Mex 1y (hpOHTEHIOM U O9KEHIOM.

Tuno6e3onacHbie API

1pu yuacmuu Huxa Hauca

Hesasucumo ot Toro, kKakoil ppoHTeH - nan 6aKkeHa-GppeiMBOPK Bbl PELIUTE
HCITIOJIb30BaTh, BAM HABEPHSIKA 3aX0UETCST YyCTAHOBUTH GE3011acHOE COOOIIEeH e
MEXTy YCTPOHCTBAMHU — OT KJINEHTA K CEPBEPY, OT CepPBeEPa K KINEHTY, MEKIY
cepBepaMy M MEXK/TY KIUEHTaMH.

B ar0ii 061acTi IPUCYTCTBYET HECKOJIBKO COMTOCTABUMBIX 110 BO3MOKHOCTSIM
WHCTPYMEHTOB U cTanapToB. Ho mpex/ie, 4eM MBI IPUCTYIINM K UX N3Y4EHUIO,
MOyMaiiTe, Kak CO3aTh COOCTBEHHOE PEIeHIe U KaKie Y HEr0 MOTYT OBITh
JOCTOMHCTBA U HEJIOCTATKY (MBI JKe BCe-TaK! WHKEHEPHI ).



Tuno6e3onackbie API 261

Heo6xoanMo penmTh, Kak KJIMEHTbI i CEPBEPbI CO CTOIPOIEHTHON Oe3omac-
HOCTBIO TUIIOB MOTYT THITOOE30IIaCHO B3aUMO/IEHCTBOBATD Yepe3 HETUITU3H-
poBanuble ceTeBbie TPOTOKOJBI Bpose HTTP, TCP nnn nnsle ocHoBanHbIEe
Ha COKeTaxX aHAJIOTH?

Xopouieil OTHpaBHOI TOYKON CTAHET UCIIOJAb30BAHUE TUII0OE301I1aCHOTO
mpoTtokoJia (cM. moapaszen «Tumobe3onacHbie TPOTOKOIBI» Ha ¢. 241).
OH MOJKeT BBITTIAAETD TaK:

type Request =
| {entity: 'user', data: User}
| {entity: 'location', data: Location}

// client.ts
async function get<R extends Request>(entity: R['entity'])
Promise<R['data']> {
let res = await fetch(/api/${entity})
let json = await res.json()
if (!json) {
throw ReferenceError('Empty response')

}

return json
}
// app.ts

async function startApp() {
let user = await get('user') // User

}

Ecom co3nars ¢hyskmmm post u put st ooparsoii sarmicu 8 API REST u jo-
GaBUTH TUTI IUIST KAXKIOH CYIMIHOCTH, MO//IEPKUBAEMON BAIITIM CEPBEPOM, TO
CO CTOPOHBI GaKeH 1A pean3yeTcst Habop 0OPAOOTIUKOB JIJIST KAXKOTO THTIA
CYIITHOCTH, TPOU3BO/ISIINET CYUTHIBAHIE 13 0a3bl TAHHBIX, YTOOBI OTIIPABJISITH
KJIMEHTY Ty CYIHOCTb, KOTOPYIO OH 3aIIPOCHIL.

Ho uto cyuutcs, ecau Bamr cepBep Hanmcan He B TypeScript? Wm y Bac et
BO3MOXKHOCTH Pa3jIeJIUTh THII Request MEX/Y KIIMEHTOM U CEPBEPOM (UTO CO
BpEMEHEM IPUBEJIET K yTpaTe UX CHHXpOoHHOCTN)? Vi1 BBI He ucnosib3yere
REST (3amenus ero Ha GraphQL)? Vu Bbl OCyIIECTBIISIETE TOAIEPIKKY
U IPYTUX KJIMEHTOB, Bpoje KaneHToB Swift B i0S wiu kaneHToB Java Ha
Android?



262 MaBa 9. DpoHTeH - 1 63KeHA-GpeiiMBOpKY

Bor rne B neso BeTynaoT TUIU3UPOBAHHBIE, KoJoTeHepupoBaHHble API.
OHu GBIBAIOT Pa3HBIMHK, KasKIbII CO CBOMMK OMOJIMOTEKAMHE, TOCTYITHBIME BO
MHOKeCTBe I3bIKOB (BKI0uag TypeScript). Hampumep:

0 Swagger mig API REST.
a Apollo u Relay ans GraphQL.
a gRPC u Apache Thrift xas RPC.

ITH HHCTPYMEHTBI OTIUPAIOTCST Ha OO MCTOYHUK TAHHBIX KaK [IJIsT CEPBepa,
TaK ¥ JIUIsT KJIMEHTa — MOJIeJN TaHHbIX [uist Swagger, cxembl GraphQL st
Apollo, 6ydepsr npotokosios st gRPC. Bee onn 3atemM KOMIMINPYIOTCS
B sI3BIKOBbIE ITPUBSI3KH J1JIs1 JII0OOTO si3biKa (B HareM ciaydae TypeScript).

Ira KoJOTeHepalKs He JaeT YTPaTUTh CHHXPOHHOCTh MEK/IY KIHMEHTOM
u cepBepoM. TTockosbKy Kaaast miaatdopMma UCIIOIb3yeT 0OILYIO CXeMY, Bbl
He CTOJIKHETECHh CO CJIydaeM, KOr/a Bbl 100aBUIIN TIOAAEPKKY M0/ B BalleM
i0OS-npunoxennun, Ho 3a0bLIM HakaTh Merge (CinsgHue) B IIyJI-peKBeCTe,
4T00BI I06ABUTD JIJISI HETO TIO/IEPIKKY CepBepa.

Yraybiienne B eTaau Kaskaoro ppeiiMBOpKa BEIXOAUT 32 PAMKHU 9TON KHUTH.
BoiGepure ojiH /1151 CBOETO MPOEKTA ¥ U3YUUTE €r0 JOKYMEHTAIIUIO.

bakeHa-dpeitmBopKu

Eciu BbI co3/iaeTe MpuIio;KeHune, BBAMMOJIENCTBYoITIEe ¢ 02301 IaHHDBIX, TO MOJKe-
Te HAuaTh C ChIPBIX U U3HAYATBHO HETUTTU3UPOBAHHBIX BbI30BOB SQL niu APT:

// PostgreSQL, ucnone3yAa node-postgres

let client = new Client

let res = await client.query(
'SELECT name FROM users where id = $1°,
[739311]

) // any

// MongoDB, ucnone3ysa node-mongodb-native
db.collection('users')
find({id: 739311})
.toArray((err, user) =>
// Mone30Bamens sABaaemcAa any
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ITpu 1e6OIBILOI L0/I€ CAMOCTOSATEIBHOIO TUIIU3UPOBAHUS MOKHO CIEJIAaTh
ot API Gezonacree 1 n36aBUTHCS OT OOJBITUHCTBA any:

db.collection('users')
.find({id: 739311})
.toArray((err, user: User) =>
// lMone3o0Bamens aBaaemca any

)

Tem re menee cbipbie API SQL no-nipeskHeMy OTKPOBEHHO HU3KOYPOBHEBbBIE
U [TOJIBEPKEHBI MOSIBIIEHUTO OIMUOOYHBIX TUIIOB HJIU any.

Bor re mpuroskaaioTest cpeicTBa 00bHEKTHO-PETSIITHOHHOTO 0TOOPasKEHIIST
(ORM)! Onu reHepupyIoT KO/ Ha OCHOBE CXeMbI Oa3bl JaHHbIX, TIPEIOCTABIISIS
BbICOKOYPOBHEBbIe API /1151 BbIpaskeHust 3a1ipocoB, 0OHOBJIEHUH, YaaaeHni
U T. 1. B cTaTmdeckn TUMU3UPOBAHHBIX g3bIKax 9T API TUII00E30I1aCHBI,
[I09TOMY BaM He TIPUAETCs 3a00TUTHCST O KOPPEKTHOM TUITU3AIIUHI DJIEMEHTOB
U CAMOCTOSITETHHO MTPUBSI3BIBATH ITAPAMETPhI 0GOOIIIEHHBIX TUTIOB.

Pacemotrpure npumenenne ORM st o6parienns k 6ase ganubix us TypeScript.
Ha momenT Hanvcanus kauru Han6osiee nosHoenabii ORM mis TypeScript —
910 TypeORM ( https://www.npmjs.com/package/typeorm), paspaboTaHHbIi YMeIOM
Xy poibepauesbiM. ToT MHCTPYMeHT noaepxkuBaer MySQL, PostgreSQL,
Microsoft SQL Server, Oracle u gaxxe MongoDB. ITpu ero ncroib30BaHum Balil
3a1poc Ha TTOJTyYeHNe UMEHH TI0JIb30BaTE IS MOKET BBITJIS/IETh TaK:

let user = await UserRepository
.findone({id: 739311}) // User | undefined

3amerbre, 4TO BHICOKOYPOBHEBbIT API He TosbKO Ge3omacen (MCKII0YaeT
BO3/IENCTBUSI BPOJie aTak 1o BHeApenuio B SQL), Ho u TumobesonaceH 1mo
YMOJTYaHUTO (THUII, KOTOPBIN BO3BpaIiaet findOne, u3Becten 6e3 HEOOXOAUMO-
cru ero annotuposanust). [Ipu pabote ¢ 6azamut TaHHBIX BCET/A HCTIOIb3YHTE
ORM — oH Jierko u3baBUT Bac OT TMPOOYIKAEHUI CPeI HOYM U3-3a TOTO, YTO
moJie saleAmount 0Ka3asoch null. A IPOM30TIIIIO ATO MOTOMY, YTO HOUBIO PAHb-
1e Bbl 0OHOBUJIV €T0 B orderAmount, a Balll KOJIJIETa 3aTeM PEIINJT 3aITyCTUTh
MUTPAINIo Ga3bl JAaHHBIX B MPEIBEPUH 3aBEPIIEHUs BAIETO MyJI-PEKBECTa,
HO TTOCJIE 3TOTO B PAliOHe MOJYHOUN MTYJI-PEKBECT TTPOBAJINJICS, XOTS MUTPATTHS
TIpoIILIa ycrentHo. B urore corpyanuku Bamrero ot/esa npofax B Hpo-Mopke
MPOCHYJINCH C HOBOCTSIMM O TOM, YTO BCE 3aKa3bl KJINEHTOB CTOST null 10J1-
JIapoB (UCTOPUS U3 JKU3HM... IPYTa).
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Utoru

B atoii rmaBse Bur pacemoTpesin ipsiMoe yripasiaerare DOM, ncrombp3oBanme
React u Angular, no6asienue 6ezonactoctyt Tinos B Bamm API ¢ momorpio
uHcTpyMeHTOB Bpoze Swagger, gRPC u GraphQL, a takske ncmosb3oBaHue
TypeORM st 6e30macHOTO B3auMojieiicTBrs ¢ 6a30ii JaHHBIX.

JavaScript-GpeliMBOPKI MEHSIIOTCSI 04€Hb OBICTPO, ¥ KO BPEMEHH, KOT/Ia BbI
Oynere 9T0 UnTaTh, KOHKpeTHbIe API 11 (hpeitMBOPKH, OITUCAHHbIE 3/1€Ch, MOTYT
ysKe ObITh Ha ITyTH B My3eil. BocrobayiiTech cBoeil BoIpabOTaHHON HHTYHIIUEN
OTHOCHUTEJIBHO TOTO, KaKue npobiembt peuarom munobe3onaciole ppetimeopru,
1 OTTPEJIEJTTE MECTA, T/I€ BBl MOJKETE BOCITOJIB30BATHCST IPYTUMHE Pa3paboTKaMH,
4TOOBI c/1esaTh Koj GoJiee HGe30macHbIM, a0CTPAKTHBIM U MOJYIbHBIM. [1aB-
HOE, 9TO CTOUT BBIHECTH M3 9TOH IJIaBBI, — 3TO HE TO, KaKOi 13 (ppeiiMBOPKOB
JIydIIie, a TO, KaKue BUJIbI TIPOOJIEM JIeTUe PeIaTh ¢ UX MOMOIIHIO.

Couerast TunobesonacHbiii ko U, tunmsuposanbiii yposeb API u turo-
6e30macHbIi 69KEH/I, Bbl U30aBUTECD OT L[EJIbIX KJIACCOB OIINOOK B IIPUIOKE-
HUSAX 1 obectiednTe cebe 310POBbI COH.



[MABA 10

pocTpaHcTBa MMEH U Moaynu

[Ipu manmcanuy TporpaMMBbl MOKHO BBIPAKATh WHKATICYJISIINIO Ha HECKOJb-
KuX ypoBHAX. Ha HIZKHEM ypoBHE (DYHKIIMYM WHKATNICYJIUPYIOT MTOBEJACHUS,
a CTPYKTYPbI JaHHBIX (BPO/ie 00BEKTOB U CIIUCKOB) MHKATICYJIUPYIOT TaHHBIE.
3aTeM MOKHO TPYNIUPOBaTh QYHKIIUYU U JTAHHbBIE B KJIACCHI UJIU OCTABJIAThH
UX OT/IEJIbHO KaK YTUJIMTBI TPOCTPAHCTBA MMEH € OT/eIbHON 6a30ii JaHHbIX
wn xparnsmiieM. OObIYHO U1 KaskA0T0 (haiiia MpeAnoIaraeTcst OJIUH KIace
wu Habop yTHIuT. B asmbHeiieM MOKHO IPYTITHPOBATH HECKOJIBKO KJIACCOB
WJIW YTUJIUT B TIaKeT, 4ToObI omybinkoBath Ha NPM.

Korna mbl roBOpUM 0 MOJLYJISIX, BA3KHO IIPOBECTU PA3JINYUE MEK/IY TEM, KaK
ux o6pabareiBaior KoMmmistop (TSC) u Bamia crctema cOOPKH, U TeM, Kak
B JIEHCTBUTENBHOCTHA MOIYJIN 3arPY:KAIOTCS B IPUJIOKEHHE TIPU BbITIOJIHE-
Huu (Teru <script />, System3Su T. 1.). B JavaScript a1 kaskoii u3 aTux 3aa4
MpeyCMOTPEHA OT/Ie/IbHAS TIPOTPAMMa, YTO MOKET YCJIOKHUTH OCMBICJTIEHUE
mopyseit. Cranpaptst Mmogaysteit Common]S u ES2015 ympomuaior B3anmo-
JIeficTBIE TPeX TporpamMM, a MolHbie banepsl Bpoge Webpack nomorator
abCTParupoBaThCst OT TPEX BUAOB IPOUCXOIAIIETO.

Jra rIaBa cocpesioToueHa Ha ToM, Kak TypeScript paspeniaer u KOMIUJIUpPyeT
MOy T, MBI OTJIOKHUM paccMOTpeH e PabOThI CUCTEMbBI COOPKH 1 3aTPy3UMKOB
Cpe/ibl BBITIOJIHEH WS 10 TIaBbl 12, a 371ech 00Cy UM CJIeLyoliee:

U Pasgenenue Kozma Ha MOYJIN M IPOCTPAHCTBA NMEH.
U VmnopTupoBaHue 1 9KCIOPTUPOBAHNE KOJIA.

O MacmrabupoBaHue ONMCaHHBIX paHee TOAX0/0B 10 Mepe pocTa Hasbl
JIAHHDBIX.

O Pazimune MOy TbHOTO PEKUMA U PEKUMA CKPUTITOB.
U Causgnue pexaapaiuii.

Ho cnauasa nemaoro IPEAbICTOPHUU.
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Kpatkaa ucropusa mogynei JavaScript

BsaumogpeiictBue ¢ JavaScript (HammpuMep, KOMITUIIAIINS ) BRIHY KIaeT Type-
Script moaep:kUBaTh CTAaHAAPTHI MOAYJIEH, NCTIOJIb3yeMble JavaScript-mpo-
TPaMMUCTaMU.

B camom nauase (1995 ron) JavaScript He mojiep:KuBaI HIKaKyl0 CUCTEMY
Mozyieit. bes MmoyJieii Bce 00bSIBISIOCH B TJI00AJIbHOM IIPOCTPAHCTBE MMEH,
4TO CEPhE3HO YCIIOKHSIO CO3IaHne 1 MacITabupoBaHKe IPUJIOKEHIIT 3-3a
HEeXBaTKU UMeH IepeMeHHbIX. A 6e3 Bbipaskerus sBHbIX API g Kaxmoro
MOJYJIST CJIOSKHO TTOHATD, KAKUe U3 eT0 YacTel PeToiaraeTcs NCI0Ib30BaTh,
a KaKue SIBJISTIOTCST TPUBATHBIMHU JIETAJISIME Peai3aliu.

Jliist paspeliieHust 9TUX MPoOJIEM TPUMEHSIICH UMUTAIIMH MOYJIeH ¢ 110-
MOIIIbIO JTHOO0 0OBEKTOB, JINOO (HYHKINN-BbIPAKEHNI, BBI3BIBAEMBIX CPasy
nocsie coznanust (ITFE) u npucBanBaembix riobaabHoMy window. OHu GbLIN
JOCTYTIHBI JIJIST IPYTUX «MOJLyJIeii» B IPUJIOKEHUU U IPYTUX TTPUIOKEHUH,
pa3MeIleHHbIX Ha TOH JKe BeO-cTpaHuIle. BBITJIsAIe 10 5TO IPUMEPHO TakK:

window.emaillistModule =
{ renderList() {}
VA

window.emailComposerModule
= { renderComposer() {}
// ...

window.appModule = {
renderApp() {
window.emaillistModule.renderList()
window.emailComposerModule.renderComposer()

}

3arpyska u 3amyck JavaScript 6mokupyior Ul Gpaysepa, moaToMy 1o Mepe
pocTa IPUIIOKEHUST U YBEJTMUYEHUST €T0 KoJia Opaysep 10Jb30BaTe sl HAauMHAeT
paboTath Bce MesieHHee u MejieHHee. 110 aToii npuunte coobpasuTebHble
MIPOrPaMMUCTBI HAYaJIN 3arpysKaTh JavaScript AnHaMU4YecKn 1mocJie 3arpy3Ku
CTPaHUIIBI, BMECTO TOTO YTOOBI JIEJIATH ATO eIMHOBpeMeHHO. CIycTst mpumep-
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HO JIECSTH JIET TIOCJIe TIepBOro pesnsa JavaScript, Gubanoreku Dojo (Asekca
Pacceuna, 2004 rox), YUI (Tomaca I11a, 2005 rox) 1 LABjs (Kaitna Cumricona,
2009 o) peRoCTaBIIIN 3arPY3YNKI MOALYJIei — criocol 3arpyskarh JavaScript-
KO/I 110 TpeOOBaHMIO (3a4aCTYIO0 B ACHHXPOHHOM PEXKIME ) TTOCJIE 3aBEPIIEHIUS
3arpy3Ky HAYaJIbHON CTPAHUIIBL. Tako#l peskiM 1mo[pa3yMeBas TPU YCIOBHUS.

1. Momy/iu TOJIKHBI OBITH TIIATETLHO WHKATICYIMPOBAHBI, HHAYE HA CTPAHUIIE
pou3oiieT cO0i BO BpeMst TIepeiavun 3aBUCHMOCTEN.

2. 3aBUCHUMOCTH MEX/AYy MOAYJIAMU J10JIZKHbBI OBITh ABHBIMH, MHA4Y€ HEACHO,
KaKnue MO/1yJih 1 B KaKOM TMOPAAKE HA/10 3arpysKaThb.

3. Monynu n0JKHBI UMETh UHAUBUAYATBHBIN UIEHTU(PUKATOP BHYTPU
MPUJIOJKEHUS, UHAYE HE TIOJYUYUTCS] YBEPEHHO OTIPE/ETIUTh MOPS/IOK UX
3arpy3KH.

3arpyska Moy ¢ momoribio LABjs BeITyigiena tak:

$LAB
.script('/emailBaseModule.js").wait()
.script('/emailListModule.js")
.script('/emailComposerModule.js")

[TpumepHO B TO ke BpeMs paspabarbiBaiach miatdopma Node]S (Paitanom
Hanem, 2009 rox). Ilpu ee cosganum ObLIN yYTEHBI Bce HaboIeBIINE TTPobIe-
MbI JavaScript ¥ ApyTrux s3bIKOB, IOITOMY CHCTEMa MOJLYJIeii Oblia BHeApEeHa
npstMo B tiatdopmy. Kak u srobas KauecTBeHHast cUcTeMa MO/ JIel, OHa
10JIKHA Oblla COOTBETCTBOBATH TEM 7K€ TPEM KPUTEPHUAM, YTO U 3arPy3UnKU
LABjs u YUI NodeJS ocyrecTBuiia aTo ¢ MOMOIIBIO CTaHAapTa MOy JIei
Common]S, 4To BBITIIANETO TAK:

// emailBaseModule. js
var emaillist = require('emaillListModule")
var emailComposer = require('emailComposerModule')

module.exports.renderBase = function() {
/..
}

Tem BpeMeHeM B ceTn Habupas 060poThl crangapt moayieir AMD ([lxeiimca
bypxka, 2008 rox), mpenoctasiennsiit Dojo u Require]S. O moaaepxuBai y
Ke (DYHKIIMOHATBHOCTD ¥ UMeJI COOCTBEHHYIO CUCTEeMY COOPKH JIJISI CBSI3KU
Koja JavaScript:
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define('emailBaseModule’,
['require', 'exports', 'emaillListModule', 'emailComposerModule'],
function(require, exports, emaillListModule, emailComposerModule) {
exports.renderBase = function() {

/)

)

Heckounbko Jiet ciycrst nosiuiicst Browserfy ([Iseiimca Xommzest, 2011 rop),
Jaromil (hpoHTEH I-pazpaboTINKaM BO3MOKHOCTD HCIOIb3oBaTh Common]S,
ne-(hbakTo CTaBIINI CTAHAAPTOM JIJISI CBSI3KH MOJIYJIEl, a TAK;Ke UMITOPTA U 9KC-
MOpTa CUHTAKCHCA.

Opnnaxko B ucriosbzoBanun Common]S mpucytcrBoBas psi mpodiem. Cpean
HIX ObLTa HEOOXOUMOCTH CHHXPOHHOCTH BBI30BOB require, a Tak/Ke HEJO-
YeTBI AJITOPUTMA PA3peleH st MOLYJIe TPU UCTIOIb30BaHNUH B ceTH. BiobaBok
K 9TOMY KOJI, ICTIOJIb3YIONTUH €T0, B HEKOTOPBIX CIyJasx He J0IMYyCKaT CTa-
trueckuii ananu3 (TypeScript-porpaMmMucTy 371eCh HaI0 HACTOPOKUTHCST ),
MOCKOJIbKY module.exports MOXKET MOSIBUTHCS TJI€ YTOMHO (/1aske B MEPTBbBIX
BETKax KOJIa) ¥ BHI30BbI require MOTYT TaKiKe MOSIBUTHCS B JIOOOM MECTE U CO-
JiepsKaTh MPOM3BOJIbHBIE CTPOKN 1 BBIPAKEHN, 3aITPelasd CTAaTHUYECKN CBA3aTh
mporpaMmy JavaScript, TpoBepHUTb, Bce JIM CCBIIOYHBIE (hDaliiTbl IEHCTBUTEIBHO
CYTIECTBYIOT, ¥ 9KCTIOPTUPOBATH TO, YTO JIJIT HUX 3a5BJIEHO.

Ilecroe usganue sg3pika ECMAScript — ES2015 mpeacraBuiio HOBbII cTaH-
JApT IS UMIIOPTAa U 9KCIIOPTA, KOTOPBIA MMEJ YMCThII CUHTAKCUC U ObLI
CTATUYECKN aHATU3UPYeM. BBITIAAUT 9TO Tak:

// emailBaseModule. js
import emaillist from 'emaillistModule’
import emailComposer from 'emailComposerModule'’

export function renderBase() {
/..
}

Ceromnsa mbl nctosnbdyeM B JavaScript- n TypeScript-koze nMeHHO 3TOT
CTaHJapT. Ho ra MoMeHT Hanmucannsg KHUTH 110 YMOJIYaHHWIO OH ITOI/IEPKUBA-
eTcsl He B KaXX/I01 cpefie BeIoTHeHM JavaScript. [loatomy Ham npuxoanTes
KOMITUJIMPOBATH €ro B nojaep:kubaembiii hopmar (Command]S mis cpen
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Node]JS, riobanbhbie 06BEKTHI MK (HOPMAT, MOAEPKUBAIOIINIT 3aTPY3KY
MozyJieit st cpest Gpaysepa).

TypeScript npemocrasisieT HECKOJIBKO CIIOCOO0B MOTPEOJISATh U 9KCIIOPTH-
POBaTh KOJI B MOJIYJIb: C TIOMOTI[bIO IJI00QJIbHBIX JEKIapaIiii, CTaHAaPTHBIX
uHcTpykimii ES2015 import 1 export, a TakKe MOCPEACTBOM 0OPATHOCO-
BMecTUMBIX import 13 moyJeit Commo]JS. TTomumo aroro, cucrema cOOpKU
TSC no3BoJisieT KOMITINPOBATH MOLYJIN JIJIsI PA3JIYHBIX CPeJl: II00aJbHBIX
o6bexToB, ES2015, Common]JS, AMD, System]S wiun UMD (coueranust
Common]JS, AMD u riio6anbHbIX 06beKTOB — B 3aBHCUMOCTH OT TOTO, KAKOM
U3 HUX OyJIET IOCTYTIEH B cpefie TIOTpeOIeH s ).

import, export

[Tpu 06bIX 06¢cTOsITENBCTBAaX B TypeScript-Kojie Jrydlie UCIoab30BaTh WH-
crpykuuu ES2015 import u export, uem Common]S, riobaibHbie 0ObEKTHI
WJTA MOJYJIN € 0OJIACTSIME ¥MEeH. BBITISAAT OHU B TOYHOCTH KaK B CTAPOM
JavaScript:

// a.ts
export function foo() {}
export function bar() {}

// b.ts

import {foo, bar} from './a'
foo()

export let result = bar()

Crangapt mojysieit ES2015 nopep:kuBaer sKCIOPT 110 yMOJTIAHUIO:

// c.ts
export default function meow(loudness: number) {}

// d.ts

import meow from './c' // ObpaTuTe BHMUMaHMe Ha oTcyTcTBUEe {PUTYypHbIX
// ckobok}.

meow(11)

OH TaKsKke MOJIEPKUBAET UMITOPTUPOBAHIE U3 MOIYJISI C TIOMOIIIBIO TTO/ICTA-
HOBOYHOTO UMITOpTa (*):
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// e.ts
import * as a from './a' a.foo()
a.bar()

A Tak:ke MOBTOPHBIN 9KCIIOPT HEKOTOPBIX (MJIN BCEX) KCIOPTOB U3 MOLYJIS:

// f.ts

export * from './a'

export {result} from './b’
export meow from './c'

[Tockonbky Mpl tuiiiem TypeScript, a He JavaScript, To MO3keM 9KCIIOPTUPOBATh
TUTTBI 1 THTeP@ENCHI TaK JKe, KaK 1 3HAUeHU. TUTIbl U 3HAUEHUS CYIIEeCTBYIOT
B Pa3feIbHBIX MTPOCTPAHCTBAX UMEH, TOITOMY MPUEMJIEMO 9KCTIOPTUPOBATh
JIBa 9JIEMEHTA C OIMTHAKOBBIM IMEHEM — OJINH Ha YPOBHE 3HAUEHUT, a BTOPOT
Ha ypoBHe THTIOB. TypeScript caM BbIBeIeT TUIT WM 3HAYEHNE TTPU WCTIOJb-
30BaHUU 3JIEMEHTa:

// g.ts
export let X = 3
export type X = {y: string}

// h.ts
import {X} from './g’

let a = X+1 // X omHocumcsa K 3HadveHuw X
let b: X = {y: 'z'} // X omHocumca K muny X

[yt Mmonyeit — aTo mMeHa ¢aitoB B daitmoBoit cucteme. Ha ocroBe nx
MECTOTIOJIOKEH ST 3arPy34nKN MOJLYJIel TIPeoOPa3oBBIBAIOT MMEHA B (DaiiIbl.

IvHamuyeckunit umnopT

[To Mepe pocTa MPUIOKEHUST BPEMEHU [IJIsl er0 HAYaIbHOTO TIPEICTABJIECHISI
Oyzet TpeboBaThes Bee GoJIbie. ITO 0COOEHHO TPOOIEMATIYHO /IS PPOHTEH -
HPUIOKEHUT, T/IE CETh MOKET OKa3aThCsl Y3KUM MECTOM, HO TaK/Ke KacaeTcst
1 G9KEH/I-TIPUIIOKEHU T, KOTOPBIM TpeOyeTcst 60JIblIe BpeMEHH JIJIs CTapTa, 110-
aTOMYy OOJIbIIAs YacTh €ro KoJa MMIIOPTUPYETCsT Ha BBICIIEM YPOBHE — TaKON
KOJI I0JIZKEH ObITh 3arpyskeH 3 (hailToBO CUCTEMBI, pa3peliieH, CKOMITUIMPOBAH
1 BBIYHCJIEH, M BO BPEMsI BCETO 9TOTO MPOIECCca HEBO3MOSKEH 3aITyCK JIPYTOTo KOJIA.

B cayuae ¢ (hpoHTEHZIOM OUH U3 CIIOCOOOB PENTUTD 3TY TpodIemMy (KpoMe
HAIMCAHUS MEHBIIETO KOJTMYECTBA KO/Ia) — 9TO Pa3/eIUTh KOJ HA MHOKE-
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CTBO CTeHepupOBaHHBIX (haiinoB JavaScript. Tak BbI MoyduTe BHITOLY OT
HapaJiieJIbHOI 3arpy3ku dacteil, uto objierdut tapud Ha GOJIbIINE CeTEBbIe
3ampocsl (puc. 10.1).

MName Status Type | Initiator Size Time ‘Waterfall 500.00 ms 1005 150s
[_] GRISTK-LMfjs 200 script  (ndex) 195KB 207 ms =
[] HYUhGIPZNS_js 200  script  (ndex) 14KB  232ms =

|| @XviS0CwplBjs 200  script  (ndex) 5958  233ms ==

|| hUBIKLhy1]0je 200 eeript  (index) 28AKE  321ms == 1.
[ Au3aOP1wG4xjs 200  script  (index) 17.6 KB 279ms ="

|| INhSJwhwDNSjs 200 script  (ndex) 3BAKE  33Tms R
[ ] 18rvByEMIid,s 200 script  (index) 120KB 283 ms ="

[ ] WQOVNTAUD)s 200 script  (ndex) 12.6KB  279ms =

|| UdBO4monBEujs 200 script  (index) 13.8 KB 280 ma == il

[ ] g4ZNCivuedm.js 200 script  (ingex) 11.5KB  279ms ==l

Puc. 10.1. CeteBoii kackap Ana JavaScript, 3arpyxeHHoro ¢ facebook.com

JlanbHeiast ONTUMU3AIUA 3aKII09aeTCsl B 3arpy3Ke yacTeil Koga 1o tpe6o-
Banuio. Kpyitbie (hpoHTEH-IPUIOKEHN, Bpoje Haxoasmxcs Ha Facebook
nan Google, UCIIONB3YIOT 3TOT BUJL ONTUMHU3AINHI KaK caM coOoil pasyme-
fonuiicsi. bea Hero KIMeHThl MOTYT CTOJIKHYTBCS € 3arpy3KOi rurabaiiton
JavaScript-xona At OTKPHITUS HAYATBbHOU CTPAHUIIBI, UYTO MOKET 3aHATh
MUHYTHI U Ia’Ke Yachl (1 JIIOIU, CKOPee BCETO, TePecTaHyT UCITOTb30BaTh ATU
CEPBUCHI, KAK TOJIBKO MOJyYaT cyeTa 3a MOOMIbHYIO CBSI3b).

3arpyska 1o TpebOBaHUIO TaKsKe T0JIe3Ha ¥ 10 APYruM mpudrHam. Hampu-
Mep, oIy isipHast GubanoTeka st yipasieHus gatamu Moment.js (https://
momentjs.com/) coEepPKUT TaKeTHl 71 TOJIePKKU pa3HbIX (hopMaToB far,
HCITOJTh3YEMBIX TI0 BceMy MUPY. KaKIblii TakeT COOTBETCTBYET OTIPeIeTeHHOMN
MeCTHOCTH 1 BecuT 0K0J10 3 KO. 3arpyska Bcex MeCTHOCTEN /1JIsT KaKI0TO TT0JTh-
30BaTeJit MOKET 0Ka3aThCs YAAPOM IO TTPOU3BOIUTETHHOCTH U TTPOITYCKHOM
CIIOCOOHOCTH, TOATOMY JIYYIIIE OIIPEIETUTH MECTOHAXOK/IEHUE MT0JIb30BATEIS,
a 3aTeM 3arpy3UTh COOTBETCTBYIONINI MAKET JaT.

LABjs 1 ee TIOTOMKM ITPEACTABUIIN KOHIIEIIINIO 3arPy3KU KOJIa 1o TpeOOBaHMIO,
KOT/Ia OH JeIiCTBUTEIbHO HYKeH. ITOT IPUHIUI GbLI (hOPMATBHO 0603HAYEH
KaK JIMHAMWYECKUH UMITOPT. BBITJISUT JKe OH Tak:

let locale = await import('locale_us-en')

Bl MOsKeTe MCI01h30BaTh import MO0 KaK MHCTPYKITHIO JIJIST CTATUYECKOTO
BHEJIPeH U Kojia (KaK Mbl U JIeJIaJIn JI0 TOTO MOMEHTa ), MO0 Kak (hyHKIINIO,
KOTOPAast BO3BPAIaeT [IJIsT MOAYJISd Promise (Kak MBI CIIeJIa N B TEKYIEM
mpumepe).
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MoskeTe nepegaTh MPOM3BOJbHOE BbIPAaKEHUE, KOTOPOE BBIYUCIISAETCS KaK
CTPOKa B import, HO TOT/IA BbI yTpaTuTe 6€30MacHOCTb TUIIOB. [[J1s1 Ge301acHoOro
HCIIO/Ib30BaHUA MTUHAMUYECKOIO UMITIOPTA BBIITOJIHUTE OAHO U3 CIEAYIONINX
JIIEeHICTBU:

1. IlepenafiTe cCTPOUHBIH JIUTEPAJ HETIOCPEACTBEHHO B import, He MpUCBanBast
eMy TIepeJl TUM ITePEMEHHYIO.

2. Ilepenaiite B import BeIpaskeHUE M CAMOCTOSITEIHHO AaHHOTUPYHTE CUTHA-
TYPY MOJLYJISI.

[Ipu rcnoIb30BaHUK BTOPOTO BAPUAHTA CTAHIAPTHBIM PeliieHneM OyieT cTa-
THYECKN UMIIOPTUPOBATH MOJYJIb, HO MCIOJIb30BATh €T0 TOJBKO B MO3UIIUN
trmna, 4to66t TypeScript KOMIMIMPOBAJ CTATUYECKUIT UMITOPT (CM. TOIPA3/IE
«/lupextnBa TumoBy Ha c. 323). Hampumep:

import {locale} from './locales/locale-us'

async function main() {
let userLocale = await getUserLocale()
let path = ./locales/locale-${userLocale}
let localeUS: typeof locale = await import(path)

}

Mpr umnoptupoBaiu locale u3 ./locales/locale-us, HO UCIIOJIb30BAIN €O
TOJIBKO JIJIST €TO TUTA, KOTOPBIH MBI U3BJIEKJIH C TOMOIIBIO typeof locale.
TypeScript He MOT cTaTUYeCcKH HAMTH TUIT import(path), TOCKOJbKY path —
9TO BBIYUCIIsiEMAs TIepeMEeHHast, a He cTaTudeckasi crpoka. [lockosibky Mbl He
HCIIONb30BATH locale B KauecTBe mepeMeHHOH, TypeScript ckommuinpoBast
craTudeckuit umMmopt (B atom pumepe TypeScript BooOiite He rernepupyer
HKCITOPT BEPXHETO YPOBHST), 0GECIIEYB HE TOJBKO GE30MaCHOCTh TUIIOB, HO
U ITWTHAMUYECKH BBIYUCIEHHBIN IMIIOPT.

TSC-YCTAHOBKA: MODULE

TypeScript mopmepxuBaeT JUHAMIYECKNI MUMIIOPT TONMBKO B PEXIIMe
MopynA esnext. YTOOBI MCIIOIB30BATD JUHAMMIYECKUI UMIIOPT, YCTaHO-
BuTe {"module”: "esnext"} B myHKTe compilerOptions ¢aiina tsconfig.
json. 3a jomonHUTeNbHO MH(OPMaIMeit 06paTUTeCh K pasfenaM «3amycK
TypeScript Ha cepBepe», c. 317, u «3amyck TypeScript B 6paysepe», c. 318.
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Wcnonb3oBanue koga CommonJS u AMD

ITpu norpebaennn JavaScript-mMomyJist, ucrosbayiomniero cranaapt Common]S
nin AMD, Bbl MO’KeTe TPOCTO UMITOPTUPOBATH U3 HETO UMEHA, TaK JKe KaK
u st Moyt ES2015:

import {something} from './a/legacy/commonjs/module’

[To ymonuanmio mpeycranoBiaerHbiil akcopt B Common]S He B3aumoseii-
CTBYET ¢ peaycTanoBaeHubM uMioproM ES2015. YToObI HCIIOIH30BATH ATOT
9KCITOPT, MOTPEOYETCS TPUMEHUTD MOACTAHOBOYHBIN HUMITOPT:

import * as fs from 'fs'
fs.readFile('some/file.txt")

Yro6bl B3anmosieiicTBre GbLI0 GoJIee TIaKIM, yeTaHoBHTE { "esModuleInterop"
true} B compilerOptions Bariero tsconfig.json. Terepb MoskeTe 00oiTICH GE3
HO/ICTAHOBKU:

import fs from 'fs'
fs.readFile('some/file.txt")

Kaxk s y>xe ToBOpI/I B HauasIe I/IaBbl, JaKe HECMOTPA Ha TO, YTO 3TOT KOJ
KOMITVIUPYeTCs, 9TO ellle He 3HA4YNUT, YTO OH OymeT paboraTh B cpefe
BbInonHeHys. Kakoil 65l cTaHAapT MOAY/IEil BBl HU MCIIONb30BAIN —
import u export, Common]JS, AMD, UMD wuu rmo6anbHble 06BbeKThI
6paysepa, — Bau GaH[Iep MOAY/IEN 1 UX 3arPy34MK SO/DKHBI 3HATh 006
3TOM Qopmare, YTOOBI UMETh BO3MOXKXHOCTb KOPPEKTHO MAKETUPOBAThH
U pasfesATb KOZ BO BpeM: KOMIIVMJIALINM, @ TAK)Ke MCIIPABHO 3aTPY>KaTh
€ro B Cpefie BBIIIONIHEHN A (CM. I/IaBy 12).

Pexxum mopaynein npoTuB pexxnma CKpunToB

TypeScript pasperiiaer daiisibl B OHOM U3 [IBYX PEKUMOB: 8 pescume Mooy.iet
W 8 pescume ckpunmosg. OH pelraeT, KaKol PesKUM HCII0JIb30BaTh, HA OCHOBE
IIPOCTOTO 3BPUCTUYECKOTO AJITOPUTMA: eCJIi B (haiijie ecTb import U export, OH
MIPUMEHSIET PeXKUM MOJIyJIeH, B TPOTHBHOM CJIydae UCIOJIb3YeT PesKUM CKPUTITOB.

[Toka MbI TIPUMEHSIM PEKUM MOJLYJIEH, U B 11eJIOM OH Gojiee BOCTpeOOBaH.
B HeM MOKHO HCIIOIB30BaTh import 1 import (), YTO6bI 3aMpannBaTh KO U3
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Apyrux (ailios, U export — 4TOObI €IaTh KO/ IOCTYITHBIM JIJIs APYTUX (haii-
s0B. Ecom oI ricniosibayete mio0bie croportne UM D-moztysn (HAOMHIO, 9TO
onu mpuMensior Common]JS, Require]S nim riobaibHbie 00beKTHI Opaysepa,
B 3aBUCHMOCTH OT TOTO, UTO TIOAJEPKIBAET CPejia), TO TIEPBhIM AeJI0M HeoO-
XOJIMMO WX UMIIOPTUPOBATH (import), HO HEJb3sl HAPSAMYIO MCIIOJIb30BATh
UX r100aIbHBIN SKCIIOPT.

B pexnme cKkpunToB Jio0bie 0ObsIBIIsSIEMbIE BAMU IT€PEMEHHbBIE BEPXHErO
YPOBHS OYJIyT IOCTYITHBI J7Ist APYTUX (hailIoB BaIero npoexrta 6e3 HeoOXo/ -
MOCTH HX SIBHOTO KIMIIOPTA, U BB CMOKeTe Ge3011aCHO IIPUHUMATH TI00aTIbHBIIT
aKrcropT ot croponHnx UMD-moyteit 6e3 ux mepBoHaYaaIbHOTO SIBHOTO
nMriopta. BoT mapa ciayyaeB mpuMeHeHUs pesKkuMa CKPUIITOB:

Q /st 6GpicTpOro co3aanus IpoTOTHIA Kojia Gpaysepa, KOTOPBII Bbl coOMpae-
TeCh KOMITUINPOBATD B CUCTEMY 6e3 Momyeti ({ 'module’: 'none'} B tsconfig.
json) 1 BKJIIOYATh B BUJIE CHIPBIX TE€TOB <script /> B Bammr HTML-daii.

O /Iy cozmanmis qexkiapariuii TUoB (cM. paszien «/lexmaparmm TumoBs Ha c. 283).

I[TpakTuyecku Beeria Bb GyieTe MpuepsKUBaThCS PEKUMA MOLYJIEH, KOTOPBII
TypeScript GyeT BBIOGUpaTh aBTOMATHYECKH [IPU HATIMCAHUN BAMU PEATbHOTO
KOJIa ¥ KOTOPBIN UMIIOPTUPYET APYTOI KO/ U 9KCnopmupyem coOCTBEHHbIE
KOMITOHEHTBI JIJIs1 UCTIOJIb30BAHUS IPYTUMU (aiiiamMmu.

lpocTpaHcTBa UMeH

TypeScript 1aeT HaM elile OMUH WHCTPYMEHT JIJISI MHKATICYJISIIINN KOJIA — KJTIO-
YeBoe CJI0BO namespace. [IpocTpancTBa MMEH MTOKAKYTCA 3HAKOMBIMU 1715
nporpammuctos Java, C#, C++, PHP u Python.

Ecnn BB paHee MCIO/NIb30BANM A3bIK, MMEIOIMI IPOCTPAHCTBA MMEH,
TO 3aMeTbTe, YTO B TypeScript oHM He ABNAIOTCA NPEfIOYTUTETLHBIM
Cr1oco60M MHKATCY/ILuY Kofja. EC/ eCTb BO3SMOXKHOCTb, UCIIONb3YIiTe

BMECTO HUX MOJYJIN.

[IpocTpatcTBa IMEH aOCTPATUPYIOTCS OT CKYYHBIX PYTHHHBIX TTOAPOOGHOCTEH
TOTO, KaK (hailyibl pacosioxKeHbl B haiinoBoii cucteme. biarogaps atomy Bam He
HY>KHO 3HATh, UTO QYHKIIHS .mine HAXOIUTCS B KATAIOTE CXEMbI/MOLIEHHUYECTBO/
BUTKOWH/MPUIIOKEHNSI, BMECTO ATOTO BBl MOJKETE OOPATUTHCS K HEH € TIOMOTI[HIO
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KOPOTKOTO ¥ Y0OHOTO MPOCTPAHCTBA UMEH BPOjie CxeMbl.MOWEHHNYECTBO.
BuTkOMH.MpunoxeHwns.moe!.

[Ipenmosoxum, y Hac ecTh aBa aiija — MOAYJIb IS CO3[JaHMS 3aIIPOCOB
HTTP GET u noTpebuTesib, KOTOPbIA HCIIOIb3YET 3TOT MOYJIb JIJIsT CO3/IaHsI
3aIPOCOB:

// Get.ts
namespace Network {
export function get<T>(url: string): Promise<T> {

//

// App.ts

namespace App {
Network.get<GitRepo>("https://api.github.com/repos/Microsoft/
typescript')

}

[IpocTpancTBO MMEH JIOKHO caMo UMeTh UMs (BpoJie Network) 1 aKCITOpTHPO-
BaTh (DyHKIINH, TIEPEMEeHHbIE, TUTIBI, MHTEePMEICh NN IPYTHE MPOCTPAHCTBA
umeH. JIro6oii Koz B 6J10Ke namespace, He 9KCIIOPTUPOBAHHBIN SIBHO, SIBJISIETCS
MPUBATHBIM JJIsT aToro GsioKa. IIpocTpancTBa UMEH MOTYT 9KCIIOPTHPOBATH
JIpyTHe MTPOCTPaHCTBA MMEH, TI03TOMY MO3KHO JIETKO MOJIEJIUPOBATh MX BJIO-
JKeHHble BapuaHThl. Harpumep, Haiir Mojysib Network CTaHOBUTCST OOJTHIITM
U MBI XOTUM Pa3IeIuTh €ro Ha HECKOJIbKO cyOMoyeil. st 9Toro MOKHO
HCITOTTb30BaTh MPOCTPAHCTBA MMEH:

namespace Network {
export namespace HTTP {
export function get <T>(url: string): Promise<T> {

/).

}

export namespace TCP {
listenOn(port: number): Connection {

// .

U 41 Hajeroch, 4TO Ta MIyTKA He TIOTEPSIET aKTYaJIbHOCTH, U HE JKAJIEI0, YTO He BJIOKUIICS
B butkonm.
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/e
}

export namespace UDP {
/..
}

export namespace IP {

/).

}

Tak Bce cBSI3aHHbBIE € CETHIO YTUIUTHI TOMEIAIOTCS B ITPOCTPAHCTBA UMEH IO
Network. Terrepp MBI MOsKeM, HaTTpUMeD, BhI3BaTh Network.HTTP.get u Network.
TCP.listenOn u3 Jsiro6oro daiina. ITogo6Ho uHTEpdheiicam, TPOCTPAHCTBA UMEH
MOTYT OBITH JIOTIOJTHEHBI, YTO JeTaeT YA0OHBIM MX pas/ie/ieHue MKy (hailtamMu.
TypeScript Gyaer cam peKypCUBHO ITPOU3BOIUTH CIIUSTHUE IPOCTPAHCTB UMEH
C UJICHTUYHBIMUA UMEHAMU:

// HTTP.ts
namespace Network {
export namespace HTTP {
export function get<T>(url: string): Promise<T> {

/)

// UDP.ts
namespace Network {
export namespace UDP {
export function send(url: string, packets: Buffer): Promise<void> {

/)

// MyApp.ts
Network.HTTP.get<Dog[]>( 'http://url.com/dogs")
Network.UDP.send('http://url.com/cats', new Buffer(123))

Ecau BBI cTOJIKHETECH € VIMHHBIMUA MEPAPXUSMU MPOCTPAHCTB UMEH, TO
MOZKeTe MCII0JIb30BaTh MICEBIOHUMBI, YTOOBI COKpaTHTh nX. O6parure BHU-
MaHue, YTO, HECMOTPSI Ha CXOXKUI CUHTAKCUC, IeCTPYKTypupoBanue (11o-


http://url.com/dogs%27)
http://url.com/cats%27
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N0GHOE TIPOU3BOAMMOMY 1TpH uMItopTe Moayeil ES2015) st nceBroHnMoB
He TTOJIIEPKUBAETCS:

// A.ts
namespace A {
export namespace B {
export namespace C {
export let d = 3

// MyApp.ts
import d = A.B.C.d

let e =d * 3

Konnusum

Konnmusun MEKRAY IKCIIOPTaMU C OJMHAKOBbIMU MUME€HAMU HE JIOITYCKAIOTCA:

// HTTP.ts
namespace Network {
export function request<T>(url: string): T {

/...

// HTTP2.ts

namespace Network {
// Owubka TS2393: noBmopsAwudaca peanusayus GyHKyuUU.
export function request<T>(url: string): T {

/7.

}

WckitoueHnem 13 3TOTo MpaBuJia sIBJSTIOTCS BHEIITHIE TIeperpy>KeHHBIE IeKa-
paruu GyHKINH, UCTIOIb3yeMble /I YTOUHEeHNS TUTIOB (DyHKIIMH:

// HTTP.ts
namespace Network {
export function request<T>(url: string): T
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// HTTP2.ts
namespace Network {
export function request<T>(url: string, priority: number): T

// HTTPS.ts
namespace Network {
export function request<T>(url: string, algo: 'SHA1' | 'SHA256'): T

CKomMnUnMpoBaHHbIii BbIBOA

B otamyue ot uMnopTta v 9KCIopTa IPOCTPAHCTBA UMEH He YUUTBIBAIOT Balll
yCcTaHOBKHU module B tsconfig.json 1 Bceraa KOMITUIUPYIOTCS B TJI00abHbIe
nepeMeHHble. PaccMOTPUM CKOMITMJIMPOBAHHBIN BBIBOJ] HA TIPUMeEpPE CIIe/y-
IOIIET0 MOALYJISL:

// Flowers.ts
namespace Flowers {
export function give(count: number) {
return count + ' flowers'

¥
[Tocsre mpoxoskaerns TSC CKOMIUINPOBAHHBIN BBIBOJ BBITJIS/INT TAK:

let Flowers
(function (Flowers) { €@
function give(count) {
return count + ' flowers'

}

Flowers.give = give @

})(Flowers || (Flowers = {})) ©

@ Flowers 00bsIBIIEH BHYTPH CPa3y BI3BIBAEMOTO (QYHKIIMOHATILHOTO BbIPA-
JKEHUST — CaMOBBI3BIBAIOIIENCsT (DYHKITHI, — YTOOBI CO3/IaTh 3aMbIKAHUE
U MIPEOTBPATUTh YTEUKY He DKCIIOPTUPOBAHHBIX SIBHO IIEPEMEHHBIX U3
MOAYJIA Flowers.
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@ TypeScript npucsanBaer GyHKINIO give, KOTOPYIO MBI 9KCIIOPTUPOBAIIH,
K IIPOCTPAHCTBY UMEH Flowers.

@ Ecomi npoctpancTBo uMen Flowers yike onpesesieHo riobaaso, To Type-
Script pacmupsiert ero (Flowers). B mpoTuBHOM ciTydae oH cO3/1aeT 1 pac-
MIUPSIET TOJILKO YTO CO3/IaHHOE IIPOCTPAHCTBO UMeH (Flowers = {}).

NYYLIE NCNONIb30BATb MOAYNU, A HE MPOCTPAHCTBA UMEH

[MpenmounTaiiTe perynspHble MOLYIM (BuAa import 1 export) B KadecTBe Crrocoba
CrefloBaHMsI CTaHaapTam JavaScript u renaiite 3aBIUCUMOCTY O0Jiee SIBHBIMIA.

SIBHDBIE 3aBMCUMOCTH VIMEIOT MHOYKECTBO IIPENMYILECTB B OTHOLIEHNY YMTAEMOCTH,
obecrnieurBas M30JALUIO MOLY/IA (MOLYIN, B OT/IMYME OT IPOCTPAHCTB VMMEH, He
IOIYCKAIOT aBTOMATHYECKOTO CVMAHNUA) U CTaTUYECKUI aHa/IN3, YTO BaXKHO LA
(POHTEH/I-TPOEKTOB, Tfie OTHETIEHNEe MEPTBOTO KOJja U pasfe/ieH1e CKOMITUIIPO-
BaHHOTO Ha HECKOJIBKO (all/IoB MOXKET CH/IbHO IIOB/IMATD Ha IIPOM3BOUTENIBHOCTD.

ITpu 3amycke mporpamm TypeScript B cpeme Node]S Mopyiu Taxoxe IpefIouTUTeNb-
Hee 13-3a BCTpoeHHoII noagep>xku Common]S. B 6paysepHbIX cpefjax HeKOTOpbIe
IIPOrPaMMIMCThI BbIOMPAIOT IPOCTPAHCTBA VIMEH U3-3a MX IIPOCTOTHI, HO JI/IsI IIPO-
€KTOB CpefjHero 1 6OJIbIIOro pasMepa Jydllle IPUAEP>KUBATHCS MOTYIIEL.

CnuaHune peknapaumi

MpbrI 3aTpoHyJIu TpU THIIA CIUsTHUS, KOTopbie TypeScript sesaeT 3a Hac.

a CimsHNe 3HaYeHU 1 THUIIOB, U3-3a KOTOPOTI'O OJHO 1 TO K€ UM MOJKET OT-
HOCHUTBCST THOO K 3HAYEHUTO, JTNOO K TUITY B 3aBUCHMOCTH OT UCTIOIb30BAHIST
(em. moapaszen «Ilarrepn 00beKT-KOMITaHbOH> Ha ¢. 176).

U Causinue HECKOJBKUX IIPOCTPAHCTB UMEH B OJTHO.
U ChiusgHue HECKOIbKUX NHTePMENCOB B OMH.

BbI MOrIH 10ra1aThest, 9TO 3TO BCETO TPH OTAEJBHBIX CJIYYast 3 ropasio bosee
oOmMPHBIX (GYHKIIMOHATBHBIX Bo3MOKHOCTEH TypeScript, ciustime nmen
B KOTOPOM PACKPBIBAET MHOXKECTBO MATTEPHOB, KOTOPBIE CIOKHO BBIPA3NUTDH
unbiMK criocobamu (taba. 10.1).
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OJIAT MODULERESOLUTION

Oco060 BHMMAaTEIbHbIE YATATENN MOV 3AMETUTD (I)Har moduleResolution, mocTyI-
HBIII B tsconfig.json. TOT ¢rar ympasiaeT aIropuT™MOM, UcIonb3yembiM TypeScript
I paspelleHys MMEH MOAY/IEN B IPUIOKEHNN, U MOANEePKUBAET IBa peXuMa:

* node. Becerpa ncnonbsyiite aToT peskuM. OH paspeliaeT MORY/IN, IPYMEHAA TOT
e anroputy, 4To u Node]S. Mopynn ¢ npedukcamu . , / v ~ (Bpoge . /my/
file) paspelaoTcs U3 JTOKaIbHOI (ajyIoBOI CUCTEeMbI MO0 OTHOCUTEIBHO
Tekymiero ¢aiina, 160 MOCPeNCTBOM MOTHOTO IIyTU (OTHOCUTENIBHO BalleTo
KaTajora WM KaTajora, yCTaHOBIeHHOro B baseUrl B ¢aiine tsconfig.json)
B 3aBUCUMOCTI OT UCIIONb3yeMoro npedukca. [lyTu Mopyreit, He MMEIOMINX
mpedukca, 3arpy>karTcs U3 Katanora node modules, Tax xxe kak u B Node]S.
TypeScript ncrionbayeT cTpareruio paspelienns, cBoiicTBeHHy0 Node]S, nBymsa
criocobamu:

1. ITommmo nona main B makeTHOM package.json, kygza Node]S cMoTpuT, 4T06bI
HaiiTy B KaTasiore (ail, UMIOPTUPYeMBIii 10 yMomdaHuto, TypeScript Takxke
CMOTPMUT Ha CBOJICTBO types (cM. paspen «Ilouck Tnnos s JavaScript», c. 298).

2. ITpu uMnopruposanuu Qaiia ¢ HeonpeeleHHbIM paciupenyeM TypeScript
CHavaja mineT aill ¢ TaKUM MMeHeM U pacliupeHueM .ts, satem .tsx, .d.ts
I B 3aBeplIeHne — .js.

* classic. OTOT pexxuM He peKOMeH/lyeTCs MCIIONb30BaTh cOBCceM. B HeM oTHOCHK-
Te/IbHbIE [Ty T Pa3pelIaloTcs B pexxume node, a [yist nMeH 6e3 pedukcos TypeScript
OyneT ucKath (a1 ¢ 3aJaHHBIM VIMEHEM B TeKyIl[eM KaTajiore, a 3aTeM [TOFHUMAThCsI
10 OJJHOMY KaTajIory BBEpX IIO JIEpEBY, ITOKa He HalJIeT coBIajarommit. JIna Tex,
xro npymren u3 mypa Node]S mmm JavaScript, Takoe HoBefieHIe ITOKaXKeTCA Y-
BUTETbHBIM, ITPMYEM OHO IIJIOXO B3aMMOJIENICTBYET C IPYTUMMM MHCTPYMEHTaMMU
paspaboTkm.

To ecTb eciiu, K IpUMePY, BbI 0ObIBUTE 3HAUECHIE U IICEBAOHNM THIIA B OJHOI
obmactu, TypeScript aTo MO3BOJIUT ¥ BBIBEIET TO, YTO BbI MOPA3yMEBAJIH, —
TUII WK 3HAUE€HUE, ICXO/ISI U3 TOTO, UCTIOIb3yeTe Bbl UM B TO3UIINH 3HAYECHUS
WJIM TUTIA. DTO KaK Pa3 M MO3BOJISIET HAM PeaTM30BaTh MaTTEPH, ONMUCAHHbBIN
B nozipasesie «IlaTrepn 00beKT-KOMIaHbOH» Ha ¢. 176. ITo TakKe 03HAYAET,
YTO BBl MOJKETE UCITOTH30BATh NHTEPMENC 1 TPOCTPAHCTBO MMEH JIJIST PeaIi-
3a1(uK 00bEKTOB-KOMIIAHBOHOB U He OIPaHUYeHbI TOJIbKO 3HAYEHUSAMMU U TICEB-
JNoHUMaMu TUIoB. Vi ske BbI MOKeTe BOCIIOJIb30BaThCS ITPEUMYIecTBaMU
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CIAUSHUS MOLYJIEH JIJIsT pAaCIIUPEeHNs IeKIapaluii CTOPOHHUX MOAyJieit (CM.
paszen «Pacimupenne Mmoysisi» Ha ¢. 337). Eriie BbI MOKeTe 100aBISITh CTATH-
YeCKUe METO/IBI K TEPEUNCTIEHUSIM TIOCPEACTBOM CIVSTHUS 9TUX MEPETNCTEHNN
¢ nmpocTpaHcTBaMu MeH (06s13aTeIbHO TOIPOOYyIiTe).

Ta6nuua 10.1. Bo3moKHO u CUAHKe AeKnapawum

OyHk Meep. Wutep- | Mp-Bo Mo-
uua THNa deiic MMeH Aynb
Het Het Het Het lla JIF] Het —

JIE] Jla —
— — lla Het Her Her JIF: —

— Het Het Het Het

— — — Het JIF] JIF] Jla —

Ncep. — — — — Het Het Jla —
Mp-Bo — — — — — — Jla —

JIF]

Utoru

B aroii raBe Bol n3yunsin cucremy mopydeit TypeScript, Hayas ¢ kpaTkoit
UCcTOpUM cucTeMbl MoayJseil JavaScript, moayseit ES2015, 6e3onacHoi
3arpy3Kd Koja 1o TPpeOOBAHWIO TTOCPEACTBOM AMHAMUYECKOTO UMITOPTA,
B3amMoieiicTBUsA ¢ MoayssiMu Common]S u AMD, a 3aTem cpaBHUIN cHU-
CTEMY MOJIyJIell ¢ CMCTeMON CKPUTITOB. Takyke BbI TO3HAKOMUIUCH C TEMON
MPOCTPAHCTB UMEH, UX CIIMSIHUS U PACCMOTPEIU IPUHITUTT PAOOTHI CIIUSTHIS
nekmaparuii B TypeScript.

ITo Mepe pa3pabOTKH TPUIOKEHUI cTapaiiTech MPUAEPKUBATHCS MOLYJIEH
ES2015. TypeScript HeBa)kHO, KaKyt0 CHCTEMY MOZYJIEH HUCII0JIb30BaTh, HO
ES2015 obsierqaer wHTErpanuio ¢ uHCTpyMeHTaMu c6opku (cM. riapy 12).
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YnpaxHeHue K rnaBe 10

ITopa6oraiite Haj CAUSHUEM JEKIapaluii, 4ToOObL:

a) MOBTOPHO PeAIN30BaTh MaTTEPH 0OBEKT-KOMITAHBOH (CM. TTO/[Pa3/iet
«ITaTTepH 06BEKT-KOMITAHBOH> Ha €. 176), MCIIOJIB3YsT TPOCTPAHCTBA UMEH
1 nHTEPdENCh BMECTO 3HAYEHU 1 TUTIOB;

6) JIO6aBI/ITI) CTaTU4YECKHE METO/IbI B II€EPECUUCIICHHE.
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B3aumopgeicTeue ¢ JavaScript

Mup necoepierer. Kode GbiBaet uepecuyp ropstaiiM, pOAUTEN CO CBOUMHE
TOJIOCOBBIMU — CJIUTIIKOM HA30MJIMBLIMH, sMa Ha JIOPOTe BCe ellle Ha MecCTe,
HECMOTPSI Ha Ky4y Kaso0 B IOPOKHYIO CIyKOY, a KO MOKET He 10 KOHIIA
OBbITD 3aITOJTHEH CTATHYECKUMU TUITAMHU.

Yarre BbI Gyziere HaunHaTh PoeKT B TypeScript He ¢ HyJIsT — CKOpee OH CTaHeT
MaJIeHbKIM OCTPOBKOM O€301IaCHOCTH, OTPY;KEHHBIM B KPYITHYTO MeHee Ge3011ac-
HYT0 KOZIOBYI0 6a3y. BO3MOsKHO, y BaC €CTh XOPOIIIO U30IMPOBAHHbBIIT KOMITOHEHT,
B KOTOPOM BbI XOTHTE HOIPOoOoBaTh TypeScript, gaske HECMOTPST Ha TO, UTO Ballia
KOMITaHMsI Be3Jie UCTosibayeT oObraHbIil ES6 JavaScript, a MoskeT ObITh, BaM yike
Ha/I0EJI0 TIOJIYYaTh COOOIIEHST B IIECTD YTPa, N3-3a TOTO YTO BBI OTPe(DAKTOPUIN
KOJ1 ¥ 3a0bLI OOHOBUTH TOUKY BBI30Ba (Ceityac ceMb yTpa, ¥ Bbl TAKOM [TPOM3BO-
mure cavstare TSC ¢ komoBoit 6a30ii, TTOKa BaIli KOJIJIETH He TPOCHYJINCH ). Tak
WM WHAYe, BbI HABEPHsIKA HaYHeTe ¢ ocTpoBKa TypeScript B GeCTUITHOM MOpe.

[lo cux mop s y9mn Bac, Kak mmucaTh Koz TypeScript mpaBuibHO. JTa JKe TJIaBa
ImoceAnEeHa HAITMCaAHWIO €0 IMPaKTUYHbIM CHOCO6OM, a IMEHHO B peaJIbHbIX
6a3ax Ko/, HAXOAAIIMUXCS B IPOIECCEe MUTPAIUU U3 HETUITU3UPOBAHHBIX
SI3BIKOB, MCIIOJIb3YOIINX CTOPOHHUE OUOINOTEKN JavaScript, KoTopble HHOT/IA
JKEPTBYIOT 0E30MaCHOCTHIO THUIIOB Pajiii OBICTPOTO TaTda, YTOOBI UCTIPABUTD
MPOIaKIeH. JTa ryiaBa mocesiena pabore ¢ JavaScript, v B Hell Mbl M3y 4UM:

0 Mcnosb3oBanue jieKaapainii TUIIOB.
0 Ilocrenennyio murpamuio u3 JavaScript B TypeScript.

0 Ucnoas3oBaHue cTopoHHero kona JavaScript u TypeScript.

Nleknapauuu TMNOB

exnapayus muna — sto daiin ¢ pacimpenveM .d.ts. Hapsny ¢ annotanusimMu
JSDoc (em. pazuen «I1lar 26: nobasienue anroTaiuii JSDoc (110 JKeTaHuio)»
Ha ¢. 295) 570 criocob nmpukpenuth THIBL TypeScript k koay JavaScript, Koto-
PbIii B IPOTUBHOM CJIydae OCTAHETCS] HETUITU3UPOBAHHBIM.
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CuHTaKCHC JIeKIapanuii TUIIOB MOX0K Ha o6braHbIil TypeScript, HO B HEKO-

TOPbLIX MOMEHTAX OTJIMYEH OT HETO.

a

Paccmotpum gacTs TypeScript koza (.ts) 1 9KBUBAJIEHTHYIO €1l TeKTapainio
tuma (d.ts). ITOT mpruMep TPeCTaBISAET YECTHO TTO3aMMCTBOBAHHBIN KYCOK
KoJa U3 HOIyJIsapHoii 6Gubanorekn RxJS. Moxkere He yriayOasThes B geTaan
POU3BOIMMBIX JIEHCTBUIL, HO 0OpaTUTe BHUMAaHIE Ha TO, KAKHE BO3MOKHOCTH
SI3bIKA UCITOJIb30BaHbI (MMIIOPT, KJIACCHI, UHTEP(hENCHI, TI0JISI KJIACCOB, Iepe-

OH MOXKeT cofiepsKaTh TOITBKO THIIBI, HO He 3HAYeHNs, K KOTOPBIM OTHOCATCS
peanusaruy GyHKIUH, KIacCOB, 00bEKTOB U TIEPEMEHHBIX 1 3HAYCHHUSI 110
YMOJIYAHUIO JIJIS TAPAMETPOB.

Jlexmapaiiuy TUTIOB He MOTYT OTIPEENSITh 3HAUeH U, HO MOTYT BUIEThH, UTO
CYIIleCTBYET 3HaUEHUeE, OTIpe/ieIeHHoe T7ie-To B Kojie JavaScript. /l71s1 aToro
MCIIOJIb3YEeTCS ClelalbHOE KITI0UeBOe CJI0BO declare.

Jlekapaiuu THIOB OOBSIBIISIIOT TUIIBI TOJIBKO JIJIsl 9JIEMEHTOB, KOTOPbIE
BUIAMMBI TTOTpeOuTesiM. MBI He BKJIIOYaeM B CUHTAKCHUC JeKJIapaliiii
TaKHe 9JIEMEHTBI, KAK TUIIbI, KOTOPbIE HE AKCIIOPTUPYIOTCS, UJTH TUITbI JIJIs1
JIOKQJIHHBIX TIEPEMEHHBIX BHYTPU T (DyHKITHUIL.

rpy3Ku PYHKITUHN U T. 11.):

import {Subscriber} from './Subscriber’

import {Subscription} from './Subscription'’
import {PartialObserver, Subscribable, TeardownLogic} from './types'

export class Observable<T> implements Subscribable<T> {

public _isScalar: boolean = false
constructor(
subscribe?: (
this: Observable<T>,
subscriber:
Subscriber<T>
) => TeardownLogic
) o
if (subscribe) {
this. subscribe = subscribe

}

static create<T>(subscribe?: (subscriber: Subscriber<T>) =>

TeardownLogic) {
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return new Observable<T>(subscribe)
}
subscribe(observer?: PartialObserver<T>): Subscription
subscribe(
next?: (value: T) => void,
error?: (error: any) => void,
complete?: () => void
): Subscription
subscribe(
observerOrNext?: PartialObserver<T> | ((value: T) => void),
error?: (error: any) => void,
complete?: () => void
): Subscription {
/] ...

}

[Iponyck atoro koma yepe3 TSC nipu BkItoueHHOM hiiare declarations (tsc
-d Observable.ts) IPOU3BOAUT CleAyIOLINE AeKIapanuy TUIIOB Observable.d.ts:

import {Subscriber} from './Subscriber’
import {Subscription} from './Subscription'’
import {PartialObserver, Subscribable, TeardownLogic} from './types'

export declare class Observable<T> implements Subscribable<T> { @
_isScalar: boolean
constructor(
subscribe?: (
this: Observable<T>,
subscriber: Subscriber<T>
) => TeardownLogic
)
static create<T>(
subscribe?: (subscriber: Subscriber<T>) => TeardownLogic
): Observable<T>
subscribe(observer?: PartialObserver<T>): Subscription
subscribe(
next?: (value: T) => void,
error?: (error: any) => void,
complete?: () => void
): Subscription @
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@ ObGparuTe BHUMaHKE HA KJIIOYEBOE CJIOBO declare, PACIIOIOKEHHOE MEPe]]
class. Ha camom niesie MBI He MOYKeM OTIPE/IENIATH KIace B JeKJIapainu
THIIA, HO MOKeM 00bSIBUTD, UTO OIPeIesIHIN Kaace B (aiise JavaScript,
cooTHeceHHOM c (aitsom .d.ts. PaccmatpuBaiiTe declare Kak yTBep-
skpenne: 5 oberaio, uto Mot Kox JavaScript aKCIopTUpyeT Kaace SToro
THTIa.

© [lexnapanyn TUTIOB He Coep/KaT Peau3aIiiii, T03TOMY Mbl XPaHIM TOJIBKO
JIBE TIePETPY3KHU JIJIS subscribe, HO He CUTHATYPY €€ pean3aluu.

3ametsre, uTo Observable.d.ts — 910 TOT Ke Observable.ts, Ho 6e3 pea3aum.
[pyrumu cioBaMu, 9TO IPOCTO TUIBI 13 Observable.ts.

ITa IeKIapanus TUIa He IPUTOAUTCS JJIst APYTUX (aitnos 6ubarorexn RXJS,
KOTOPBIE UCTIOJIb3YT0T Observable.ts, MOCKOJIbKY OHU UMEIOT JIOCTYI K UCXO/[HO-
my TypeScript-caitiny Observable.ts 1 MOTyT IpuMeHATH ero Hanpsamyio. Tem
He MeHee OHa TTPUXOJUTCS KCTAaTH, eCJI BbI ucmomb3yeTe RxJS B TypeScript-
MPUITOKEHIH.

[Toxymaiite, ecoit 6u1 aBTOPBI RXJS X0Tes M co3/1aTh akeT ¢ nHbOpMaIinei
tunos Ha NMP st cBoux TypeScript-nosbzoBateneit (Rx]S moxker ObITh
HCII0JIb30BaHa Kak B JavaScript-, rak u B TypeScript-npuiioxeHusix), 4to Obl
OHM BBIGpAJN: YIIAaKOBATh NCXOAHBIE (haitmsr TypeScript (7151 mob3oBaTeeit
TypeScript) u ckommuanpoBanHbie aiiybl JavaScript (a5 mogb3oBaresieit
JavaScript) nim npegocTaBUTh CKOMITUINPOBaHHbBIE (aiisbl JavaScript co-
BMECTHO C JIeKJIapanusiMyi TUTIOB /17151 Tosib3oBaresieii TypeScript? [locnen-
HUI BAapUaHT Tpe/InoaraeT MeHbIUN padMep (aiijia 1 TOUHO OlpeiesiseT,
Kakoil mMmopT momaonaeT. OH Tak)Ke MMOMOTAeT COKPATUTh BPeMs Ha KOM-
MAJIATIATO TTPUJIOKEHN, TOcKoabKY TSC He mo/KeH mepeKoMITIMINPOBaTh
RxJS npu kax 101 KOMIUIATINT TPUIoKeHust (6arogaps aTomy paboTaer
cTpaTerus ONTUMU3AINN, KOTOPYIO S TIPEJICTaBILgI0 B rojgpasaee «IIpo-
eKTHbIE CChIJIKU» Ha c. 314).

Maiisibl eKTapaluii TUIIOB TPUMEHSIIOTCS] B HECKOJIbKIX BaPHAHTAX:

1. Korza KTo-To APyTO#l TOKE UCIOIB3YeT BAIl CKOMITUITMPOBAHHBIN KOJI
TypeScript us csoero TypeScript-tipunosxkenus, ero TSC Gyner uckarh aii-
Jil .d.ts, COOTBETCTBYIOIIIME BAIITM CreHEPUPOBAaHHBIM (haitiam JavaScript.
I10 coobmuT TypeScript, Kakue THITBI OTHOCSTCS K BAIIEMY ITPOEKTY.

2. PepakTopnl koga ¢ nmoamep:xkkoii TypeScript (Bpoge VSCode) 6ymyT
cYnTHIBATH (aitsrbl .d.ts, 4TOOBI PEAOCTABUTD MOJIH30BATESIM 10JI€3-
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HbIE TIOJICKA3KN B TIPOTECCE TUITHU3AIINH, JIAKe €CIM OHYM He UCTIOTIb3YIOT
TypeScript.

3. Jlzist yckopeHust mpoiiecca KOMITUJISIIH, TOCKOJIbKY OHU U30eraioT He-
00s13aTeJIbHBIX MepeKOMIUIIsIIiA Koma TypeScript.

Jlekapanuu THIIOB — 310 c11ocob coobuuTh TypeScript, 4uTo «TamM-To cyIie-
CTBYET TO-TO, OTIpe/ieJieHHOe B JavaScript-Koje, u 51 cefigac 910 onutrys. Ecan
MbI TOBOPHM O JIEKJIAPAIIUsIX THIIOB, TO YaCTO Ha3bIBAEM UX CIMOPOHHUMU, 4TOOBI
OTJINYATh OT PETYJSIPHBIX JIEKIapaIuil, cogepskanux 3nauenus. Hampumep,
CMOPOHHSS OeKIapayus nepemenHoll NCIob3yeT KII0YeBoe CJI0BO declare,
4T00BI OOBSIBUTH, UTO MEPEMEHHAsT OTIpe/iesieHa T/ie-To B Koje JavaScript,
B TO BpeMs KaK PeryJspHas eKaapalus — 9To HopMaIbHas JeKaapanus let
WK const, KOTOpast 0OBbSABIISIET TIepeMeHHY 0 0e3 KJIIUeBOro ¢JioBa declare.

Vcnomb3yiiTe geKaapaiuy THIIOB, YTOOBL:

a Coobuuts TypeScript o robanbHoil MepeMeHHO, KOTopasi oIpeeaeHa
r7e-To B Kofie JavaScript. Hampumep, ecii BBI MCTTOTB30BAH TTOTUMDUIIBI
U151 TI0OATBHOTO Promise WJIH OTIPEIEIIUIIN Process.env B cpejie Opaysepa,
TO MOJKETE UCIIOJIb30BATh CMOPOHHION 0eKIAPaAUUIo NepemMernou, 4ToObI
nepskarhb TypeScript B Kypce pasBUTHS COOBITHI.

O OmnpenennTh THIL, TOCTYITHBINA TJI00ATBHO [0 BCEMY TIPOEKTY, YTOObI JIJIST €T0
HCIIOJIb30BAHUS BaM He TIPUXO/IUIIOCH CHaYasa ero UMIOPTUPOBATh (CTO-
DPOHHSIS AeKJIapalns THIIa).

a Coobururb TypeScript 0 cropoHHEM MOJLYJIE, YCTAHOBJIEHHOM C TOMOIIIBIO
NPM (cmoponnss dexnapauus Mooyis).

Hesasucumo oT 11esmm ncnob30BaHus AeKIapaliis THIIA T0JIKHA CYIeCTBOBATD
B hatisie .ts mmm .d.ts ¢ pesKuMOM CKPUTITOB (CM. TTofIpaszien « Pexxum Moy eti ipo-
TUB PEsKUMa CKPUITOB» Ha ¢. 273). CoryiacHO IPUHATHIM 0003HAYEHUSIM MbI 3a-
naeM daiiry pacuupenue .d.ts, eCi OH IMeET COOTBETCTBYIONTHI haiis .js. B mipo-
TUBHOM CJIy4ae MbI UCITOJTh3yeM pacimupenue .ts. [Ipr aToMm HEBasKHO, KaK BB
HazoBete (haiin. Harmpumep, MHe HPaBUTCS MTPUAEPKUBATHCS OAHOTO (haiiia type.
ts BEPXHET0 YPOBHS, TIOKA OH HE CTAHOBUTCS CJIUIITKOM IPOMO3JIKUM, XOTSI O/IUH
(aii gexrapanmii TUIIOB MOKET COJEPKATh JII000E KOJTNYECTBO JeKIapaliuii.

B 3aBepinenne oTMeuy, 4TO B TO BpeMs, KaK 3HaYeHWsT BEDXHEro yPOBHs B (paii-
Jie iekJiapalinii TUToB HY K/IaI0TCS B KJIIOYEBOM CJIOBe declare (dec lare let,
declare function,declare class ¥ T.[I.), JIsI THTIOB M MHTEP(hENCOB BEPXHETO
YPOBHA OHO HE Tpe6yeTC${.
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[IposicHuB 3TH OCHOBHbBIE IIPaBIJIA, PACCMOTPUM HEKOTOPBIE TIPUMEPDI KaK-
JIOTO BHjIA JIeKJIapaliiii TUTIOB.

BHewHue AeKapauuu nepemeHHbIX

Buemnrnue geknapaiuu nepeMeHHbIX — 210 crocob coobmmuts TypeScript
0 1JI06aJTbHOM TTePEMEHHOI, KOTOPast MOKET ObITh UCII0JIb30BaHa B JT1I060M
aiise .ts mm .d.ts mpoexTa 6€3 HeOOXOAUMOCTH €€ SBHOIO UMIIOPTA.

[Ipeamomnoxum, B 3amyckaere mporpammy NodelS B 6paysepe, KOTopast B orpe-
JIeJIEHHBIN MOMEHT ITpoBepsieT process.env.NODE_ENV (om jin60 "development”,
b0 "production™). ITpu 3amycke MporpaMMbl BbI MOJTyYaeTe HEITPUITHYIO
OMOKY Cpe/Ibl BBITTOJHEHNST:

HenepexBa4deHHas ReferenceError: npouecc He onpeaeneH.

Bbr o6pamiaerecs 3a momonipio k Stack Overflow 1 BbisicHsieTe, 4T0 CKOpeiinmii
METO/I 3aIyCTUTH IIPOrPAMMY — 3TO CAMOCTOSITE/IbHO BBECTH TOJUMUIIbI JJIs1
process.env.NODE_ENV u 3axap/ikoanTh ero. MTak, BbI co3/iaete HOBBIN (aii,
polyfill.ts, 1 r106aIbHO OTIPE/IE/ISIETE ProCESS.env:

process = {
env: {
NODE_ENV: 'production’

}

Koneuno, na momornts mpuxoant TypeScript, mogaepkuBasg To, 9T0 HYKHO,
KPacHOIi BOJTHUCTOM, 4TOOBI yOepeub Bac OT OMUOKU, KOTOPYIO BbI, OYEBH/THO,
COBepIaeTe, PaCIIupsisi TII00ATbHBIIT 00BEKT window:

Ownbka TS2304: HEBO3MOXHO HaWTM uMA 'process’.

Ho B atom caryuae TypeScript usuirie npeaycMoTpuTesiet. Bol geficTBu-
TEJIbHO XOTHTE PACITIUPUTD window U Jiesiaete 9T0 GE301MacHO.

Kax 66ith? Bor orkpsiBaete polyfills.ts B Vim (BuanTe, K ueMy BCe UAET) U TH-
u3upyeTe:

declare let process: {
env: {
NODE_ENV: 'development' | 'production’



[leknapatum TUnos 289

}
process =
{ env: {
NODE_ENV: 'production’
}
}

Boi o6bsiBisiete muist TypeScript, uTo cytecTByeT rio6anbHbiil 00bEKT process,
Y KOTOPOTO €CTh CBOICTBO env, UMeloIee CBOMCTBO NODE_ENV. Kak TOTbKO BB
coobun 06 9TOM, KpacHasi BOJIHUCTasE NCY€3aeT U BbI MOKeTe Ge3011acHO
OIIPEIETIATH Balll II00aIbHbII 0OBEKT process.

TSC-YCTAHOBKA: LIB

B TypeScript ecTb M3Ha9a/IBHBIN HAOOP AEK/IAPALINIL TUIIOB AJIsI OIMCAHIST
CTaHJAPTHOI 6mbnmoTeKn JavaScript, KOTOPBII BKII0YaeT BCTPOEHHBIE
THUIIBI JavaScript Bpofie Array 1 Promise, a TAK)Ke METOJbI /11 BCTPOEHHbIX
TUIIOB Bpofie. toUpperCase. [ToMIMO 9TOTO, OH COIEPXKUT IT106aIbHBIE
006BeKTBI Bpofie window, document (B cpeme 6paysepa) i onmessage (B cpefe
Be6-paboTHNUKA).

BbI MOXKeTe 13B/Ie4b BCTPOEHHBIE ieKmaparyy o TypeScript ¢ momo-
11610 TT07Ist 1ib paiina tsconfig.json (cum. mompasmen «Bubmorekn» Ha c. 312).

BHewHue AeKnapauum TMNoB

BHenrHue gekiapaii TUIIOB CJEAYIOT TeM Ke IIPaBUIaM, YTO U BHENIHUE
JIeKJIapaIiy epeMeHHbIX: OHU JIOJKHBI CYTIECTBOBATH B (haiie .ts win .d.ts
C PESKUMOM CKPHIITOB U OBITH JOCTYITHBIME IJI00QJIBHO JIJIST IPYTUX (hailIoB
npoekra 6e3 siBHoro umrnopra. Harpumep, 00bsiBUM TJ106aJIbHBINA THIT 00111e-
r0 HazHa4YeHUst ToArray<T>, KOTOPBIN MOJHUMAET T 0 MACCHBA, ECJIM OH €Ille
He SIBJISIETCST TAKOBBIM. MBI MOKEM OIPEAETIUTD ATOT THII B JII0OOM (haiire
[POEKTA ¢ PEKMUMOM CKPUIITOB. B JaHHOM IiprMepe orpeiesinM ero B (aiise
BEPXHET0 YPOBH: types.ts:

type ToArray<T> = T extends unknown[] ? T : T[]

Tenepb MOJKHO HCIIOJIb30BaTh 9TOT TUII U3 JH00OT0 cbafma IIPOEKTa 0e3 ero
SABHOI'O UMIIOPTA.
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function toArray<T>(a: T): ToArray<T> {
//
}

PaccmoTtprTe nemosmb3oBanme CTOPOHHUX JICKJIAPAIIANA TUTIOB 1/ MOZIETNPO-
BaHW TUTIOB JJAHHBIX, KOTOPBIE TPUMEHSIOTCS 110 BceMy TTpuyioskennio. Ha-
[PUMEP, MOKHO UCITOJIb30BATH UX, YTOOBI CAETATh IJI0OATBHO JOCTYITHBIM THII
UserID, pa3paboTaHHBIN B pasziese « IMuTaIist HOMMHAIbHBIX TUTIOB> Ha . 191.

type UserID = string & {readonly brand: unique symbol}

Tereps UserID HOCTYIEH /ISl NCIIOIB30BAHIS B JIOOON YaCTH TPHUIOKEHUST
6e3 HeoOXOMMOCTH €T0 SIBHOTO UMIIOPTA.

BHewwHue feknapauuu mogynei

Korma Bt motpebiisiete MoyJib JavaScript u XoTuTte OBICTPO OOBSIBUTD B HEM
THITBI /17151 GE30TTaCHOTO UCIOIB30BaHNUS, HO ITPU 3TOM HE OTIIPABJISATH JeKIapa-
MM TUTTOB CHavyasia 06paTHO B pero3utopwii JavaScript-mozyeit na GitHub,
BBIXOJIOM OY/IET MCIIOIb30BAaHIE BHEITHUX [IEKIAPAIIAN MOy JIEi.

Buemnas neksapaiua Moayseil — aTo peryJssipHas AeKJaapaliius MoJyJiei,
OKpY’KeHHast 0COOBIM CHHTAKCHCOM declare module:

declare module 'module-name' {
export type MyType = number
export type MyDefaultType = {a: string}
export let myExport: MyType
let myDefaultExport: MyDefaultType
export default myDefaultExport

}

Nwma monyns (B TekyieM mpuMepe 'module-name') TOYHO COOTBETCTBYET
myTu import. Korjia Bbl UMIIOPTUPYETE STOT Iy Th, Ballla BHENTHSIS JI€KIapalius
Moy Jist coobmmT TypeScript, 4To UMEHHO JOCTYITHO:

import ModuleName from 'module-name'’
ModuleName.a // cmpoka

Ecau y Bac ecTb BIOKEHHBII MOIY b, TO 00513aTeJIbHO BKJIIOYNUTE BECh IIyTb
import B €ro JeKaaparuio:

declare module '@most/core’ {
// leknapayusa muna
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Ecsm BbI TpocTo xotuTe 661cTpo coob1nTh TypeScript: «51 uMmopTupyo atot
MOJIyJIb, @ TUTIU3UPYIO €T0 M03’Ke, MOKA TPEITOT0XKN, YTO ITO any», TOT/Ia
OCTaBEBTE 3aT0JIOBOK, HO OITYCTUTE CaMy JIEKJIapaITnio:

// 06vabBneHue modyna, Komopwili Moxem 6bims UMnopmupoBaH U y KOmMopo2o
// 6ce umnopmel umetom mun any.
declare module 'unsafe-module-name'’

Terneps OTpebIIeHNE TAKOTO MOLYJIsSt OyIeT MeHee Oe30TTaCHbIM:

import {x} from 'unsafe-module-name'
x // any

[exmaparu MoayJielt MOAMEP;KUBAIOT TIOCTAHOBOYHBIE UMITOPTHI, 1 MOSKHO
3a/1aTh THTI JIOOOMY TIyTH import, KOTOPBIH COOTBETCTBYET 3aaHHOMY TIaT-
TepHy. st 3T0TO NCIOJIBb3YIiTE TTOACTAHOBOUHBIHN 3HAK (*)!:

// @alinel muna JSON, umnopmupoBaHHele C nomoubl Webpack 3azpy34uka json.
declare module 'json!*' {

let value: object

export default value

// @alinel muna CSS, umnopmupoBaHHele C nomoubld Webpack 3acpy3vuka cmuns.
declare module '*.css' {

let css: CSSRulelist

export default css

}
Terreps MoskHO 3arpyzkath JSON u CSS daiimbr:

import a from 'json!myFile'
a // obvekm

import b from './widget.css'
b // CSSRulelist

[lepetinuTe k MoApasaeny «JavaScript, He UMEIONTUI AeKIapaiuii THIOB Ha
DefinitelyTyped» na c. 303, 4T06bI 03HAKOMHUTBCSI € IIPUMEPOM UCIIOIb30BAHMS
BHEITHUX JIeKJIapaiinii MojtyJieii 17ist OObsIBIIEHUST TUITOB B HETUITU3UPOBAHHOM
CTOPOHHEM Kojie JavaScript.

! ComocrasjieHne CMBOJIa MOJICTAHOBKH C * CJIELYET TEM JK€ IIpaBUJIaM, 4TO U 00BIYHOE

corocTasieHue ¢ o6pasiom 1o Macke (https://ru.wikipedia.org/wiki/LLlabnoH_noucka)).
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Yr06BI paboTami MocnefHNe ABa TPMMepa, HY>KHO HACTPOUTb CUCTe-
My cOopku s 3arpysku (aiiios .json u .css. Ber MoxxeTe 00BABUTD

TypeScript, 4T0 9TH ITATTEPHBI ITy Tl MO>KHO UMIIOPTUPOBATH O€30I1aCHO,
Ho TypeScript He cMOXeT CO3IaTh X CaM.

lMosTanHaa murpauma us JavaScript B TypeScript

TypeScript 6b11 pazpaboTa ¢ y4eToM BO3MOKHOCTH B3aUMOJIEHCTBUS € Java-
Script. TToaToMy XOTb 9TO 1 HE MOJTHOCTBIO 6e300JI€3HEHHO, HO BCE K€ MUTPAITUST
B TypeScript — aT0 IPUATHBIIT OITBIT, TO3BOJISIOIINIT TPE0OPA30BATH KOZOBYIO
6asy 110 daiiny 3a pas, moayunTh 6osee raybOKHUl yPOBEHb OE30MACHOCTH
U KOMMUT 32 KOMMHUTOM U yAUBJISATH GOCCa M KOJIJIET, HACKOJBKO MOIIHBIM
MOJKET OBITh CTATHYECKU TUITU3UPOBAHHBII KOJI.

Ha BbicokOM ypoBHE Ko/0Bast 6a3a JI0JKHA ObITh MOJHOCTHIO HAIMCAHA
B TypeScript u ctporo TunusupoBana, a cropontune 6ubmoreku JavaScript, ot
KOTOPBIX BbI 3aBUCHUTE, IOJKHBI OBITH XOPOIIIET0 KAYeCTBA 1 UMETh COOCTBEH-
Hble cTporue Tuiibl. IIpoiiecc HanMcaHust Kojia YCKOPUTCSI BIBOE Oiaroapsi
repexBaTy ormubOK BO BpeMst KOMITHJISIIIH, a TakyKe GOraToll crcTeMe aBTo-
sanosenust TypeScript. YTo6bI 10CTHYD YCIENTHOTO Pe3yJIbTaTa MUTPAIHH,
HOTpeOyeTCst COBEPIINTH HECKOJIBKO HEOOJIBIIUX MIaroB:

a /obasuth TSC B mpoexkT.

0 Hauatp mpoBepKy THITOB UMeIOIIerocs Kofa JavaScript.

O Ilepenectn JavaScript-kox B TypeScript datin 3a daiimom.
a

YcTaHOBUTD eKTapaliii TUTIOB JJIST 3aBUCHUMOCTeH. To ecTh BBIZEINTD
THUIIBI JIJIsE 3aBUCUMOCTEN, KOTOPbIE X He MMEIOT, JTMOO MPOIcaTh JeKJia-
paliuy TUIIOB JIJIsI HETUITM3UPOBAHHBIX 3aBUCUMOCTEN M OTIPABUTH UX
obpatro Ha DefinitelyTyped'.

0O Brxuounts 17151 6a3bl KOga PEKUM strict,

ITOT TPOIECC MOKET 3aHATH HEKOTOPOE BPeMsI, HO BBI cpa3y OOHAPYKUTE
pUPOCT OE30MTACHOCTH ¥ TIPOU3BOINTENHLHOCTH, @ TAKIKE OTKPOETE U JAPYTHe
MIPENMYIIecTBa 1mo3ske. PaccMoTpuM nepedrcyieHHbIe TarH.

U DefinitelyTyped — 9T0 OTKPBITHIII pero3uTopwii A AeKaapaluii THoBs JavaScript.
Yuraiite 1ajee, 4T0ObI y3HATH OOJIBIIIE.
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LWar 1: po6aBnenue TSC

[Tpu pabore ¢ 6azoii kozxa, oobegunsionieit TypeScript u JavaScript, crnava-
sia no3BoJibTe TSC koMmmmmposats JavaScript-daitiasl BMecte ¢ daitiamu
TypeScript B HacTpoiikax tsconfig.json:

{
"compilerOptions": {
"allowls": true

}

OnHO 3TO U3MEHEHUe yrKe MO3BOJIUT UCI0b30BaTh TSC /719 KOMIUIAITNN
kozma JavaScript. ITpocto nobassre TSC B niporiecc cO0pKH u JTMOO 3aITyCTUTE
yepes Hero Kax/ bl (haiisr JavaScript!, mubo npogosskaiite samyckaTh ycra-
pesiue daiiabl JavaScript uepes mporecc c6opku, a HoBble (aiiibl Type-
Script —uepe3 TSC.

ITpu allowds, ycTaHOBJIEHHOM Kak true, TypeScript He Gy/ieT IpoBepsiTh THUITHI
B TeKyIeM Koje JavaScript, Ho OyzeT TpaHCHUIMPOBaTh 9TOT KoJ B ES3,
ES5 wim B Bepcuio, KoTopasi yctaHOBJIeHa Kak target B (haiise tsconfig.json,
WCIIOJTb3ys CUCTEMY MOJyJei, 3arpolieHHyIo BaMu (B moJe module chaiina
tsconfug.json). [1epBbiii mar Beimosinen. CzemaiiTe ero KOMMUT U ITOXJIOTNANTe
cebst 110 TIeyy — Terepb Baia KojoBas Oaza ucnosbsyer TypeScript.

LLlar 2a: akTuBaLusa nposepKu TUNOB AN JavaScript (no xenanuio)

Teneps, koraa TSC obpabarbiBaet ko JavaScript, modemy Gbl He TIPOBEPHUTD
€ro TUIIBI? I[a>1<e €CJIN TaM HET ABHbIX aHHOTaHI/Iﬁ TUIIOB, BCIIOMHUTE, 4YTO
TypeScript MOKeT BBIBECTH THIIbI JJIsI JavaScript-Koja Tak e, Kak 1 JIisi KoJa
TypeScript. Batounre He0OOX0AUMYIO OTIIHIO B tsconfig.json:

{
"compilerOptions": {
"allowls": true,
"checkJs": true

U JlJist KPYIIHBIX TIPOEKTOB TPOITYCK Kaxaoro (daitna yepes TSC MoxeT 3aHATH MHOTO
Bpemenu. O criocobe yBenueHus POU3BOAUTEILHOCTH B OOJIBIINX IIPOEKTAX YUTAITE
B noapasjesie «IIpoextrsie cecpuikuy Ha . 314.
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Tenepsn, koraa 661 TypeScript Hu kKommunpoBas daiin JavaScript, on Oyaer
CTapaThCsi BHIBECTH THITbI ¥ IIPOU3BECTH UX IPOBEPKY TaK K€, KaK OH JeJIaeT
ato amst koga TypeScript.

Ecm Bamma 6a3a Kojia BeJIKa U PU BKIIOYEHUH checks 0OHAPY/KUBAETCS
CJIMIITKOM MHOTO OIMHOOK 32 pa3, BEIKJII0UKTE ee. BMecTo Hee BKIIOUUTE MPO-
BepKy (aitios JavaScript 1o oHOMY, 100aBUB JUPEKTUBY // @ts-check (0ObIY-
HBII KOMMeHTapuil B BepxHeil yactu (aiina). JInbo, ecim Gospiime haiibt
BLIOPACHIBAIOT Ky4y OIMIMOOK, KOTOPHIE BBI TIOKA HE XOTUTE UCIIPABISITh,
OCTaBbTe BKIIOYEHHOM checks 11 06aBbTe IMPEKTUBY // @ts-nocheck MMEHHO
N5 9TUX (hafiIoB.

TypeScript He MOXeT BBIBECTI TUIIBI J/IA BCETO (HAITPUMEDP, He BHIBOUT
TUIIBI U1 TTapaMeTpoB (PYHKILMII), TOSTOMY OH BhIBEIET MHOXECTBO
TUIIOB B JavaScript-kofe Kak any. Ecii y Bac BKIIIOUeH pexxuM strict

B tsconfig.json (peKoMeH/yI0), TO BBl MOXKeTe IIPefiIoYecThb Ha BpeMsA M-
rpalyy paspelnThb HesABHbIe any. JJobaBbTe B tsconfig.json cienylomee:

{
"compilerOptions": {
"allowds": true,
"checkJs": true,
"noImplicitAny": false
¥

He 3a6y}1bTe CHOBa BKJIIOYNUTh noImplicitAny, Korjga 3aBeplInTe MI-
Tpal[I0 OCHOBHOI yacTy Kofa B TypeScript. IIpu aTom, ckopee Bcero,
6yzmeT 0OHApPY)KEHO MHOXKECTBO YIYIIEHHBIX OLINOOK (eC/ TONMbKO BbI
He 3eHUAAap — INOCIYIHUK JavaScript-BenbMbl baBMoppbl, KOTOPDIN
MOXXET IPOBEPATH TUIIBI CUJION MBICICHHOTO B30pa C IIOMOIIBIO 3e/Ibs
13 TIOJIBIHM ).

Koraa TypeScript BeimosiHsieT Koz JavaScript, oH ucnosb3yeT 6oiee MArkuit
AJITOPUTM BBIBOJIA, YeM B cJydae ¢ KogoM TypeScript. A mMeHHO:

O Bce mapameTpsl QyHKITN OMITNOHATHHBI.

O Tumnsl cBOMCTB (DYHKIINI 1 KIACCOB BHIBOASITCS HA OCHOBE UX MCII0JIb30Ba-
Hus (BMeCTO He0OXOAUMOCTH ObITh 0ObABIEHHBIMU 3apaHee):
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class A {
X = 0 // number | string | string[], 66i60d Ha ocHoBe ucnosnb306aHuUA.
method() {
this.x = 'foo'
}

otherMethod() {
this.x = ["array', 'of', 'strings']

}

a Ilocie oObsiBieHMsT 00bEKTA, KTacca Uin (DYHKIIUU BBl MOSKETE TIPHCBOUTD
WM JIONIOJTHUTEIbHBIE CBOICTBA. 3a Kajapom TypeScript memaet aTo 1mo-
CPe/ICTBOM TeHEPUPOBAHNUS COOTBETCTBYIONIETO MTPOCTPAHCTBA UMEH [T
KasyKI0i ieKmapanuu (GyHKIIMU 1 aBTOMATHYECKOT0 I0OABICHUST CUTHATY PbI
HH/IEKCA KaKIOMY OOBEKTHOMY JIUTEPAILY.

Liar 26: po6aBneHue aHHoTawwmit JSDoc (no xenaxuio)

B03MOKHO, BBI CIIENTUTE U BaM IIPOCTO HYKHO J0OABUTh OJHY aHHOTAIIUIO
THTIA )T HOBOH (DYHKITNM, BHECEHHO B cTaphIii (patfia JavaScript. /s aToro
MO>KHO MCIOJIb30BaTh AHHOTAINIO JSDoc, TIOKa Y Bac He TIOSBUTCS BO3MOXK-
HOCTbh KOHBEPTHUPOBATH 3TOT haiin B TypeScript.

Bp1, BeposTho, BcTpeuanu JSDoc panee. ITo Takue KOMMEHTaPUU B BEpXHEN
JacTH KOJZa C aHHOTAIIMAMU, HAYMHAIOMNMICH C @, BPOJe @param, @returns
u 1. 1. TypeScript monumaer JSDoc U MCIIOJIb3YET €ro B KAUECTBE BBO/IHBIX
JIAHHBIX /17T MOLYJIS ITPOBEPKU TUTIOB HapaBHe C IBHBIMU aHHOTAITUSIMU TUTIOB.

[TpeamonoxM, y Bac ecthb cayskeOHbIi (aiir Ha 3000 cTpok (z1a, 3HaI0, €ro
Harmcas Bam «Apyrs ). Bel go6asJisiere B HEro HOBYI0 CEPBUCHYTO (DYHKIIUIO:

export function toPascalCase(word) {
return word.replace(
/\w+/g,
([a, ...b]) => a.toUpperCase() + b.join('").toLowerCase()

}

Bes nosHotenHoro npeobpasoBanus utils.js B TypeScript, koTopoe Ha-
BEPHSIKA BCKPOET Kydy OaroBs, BBl MOJKETE aHHOTHPOBATH TOIBKO (DYHKITHIO
toPascaleCase, CO3/IaB MAJIEHbKIIT OCTPOBOK G€30MACHOCTH B MOPE HETHUIIH-
3upoBaHtoro JavaScript:
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Vike
* @param word {string} Cmpoka 6600a 0aa koHBepmayuu.
* @returns {string} Cmpoka 6 PascalCase
*/
export function toPascalCase(word) {
return word.replace(
/\w+/g,
([a, ...b]) => a.toUpperCase() + b.join('").toLowerCase()

}

Bes aroit anHoTarmu 3sboc TypeScript BoiBes Obi THIT toPascaleCase Kak (word:
any) => string. Temepb ke Ipu KOMIUIAIUN OH OyIeT 3HATH, YTO THII
toPascaleCase — 3TO (word: string) => string. A BBI IpU 2TOM TTOTYYHUTE
II0JIE3HOE JOKYMEHTHUPOBAHUE.

Jluist 6oJiee TOAPOGHOTO O3HAKOMJIEHHUST C AaHHOTAIIUSIME JSDoc TIOCETUTE PECYPC
TypeScript Wiki (https://github.com/Microsoft/TypeScript/wiki/JSDoc-support-in-
JavaScript).

LLlar 3: nepenmeHoBaHue ¢aitnoB B .ts

Kak tosibko BbI tobasusm TSC B mpottece cOOPKK 1 HAYaJH OIIIMOHAIBHO
MPOBEPSTH TUIIBI M AHHOTUPOBATDH KO JavaScript Be3jie, r/ie 9T0 BO3MOKHO,
HACTaJo BpeMs Tepekioderns Ha TypeScript.

MDaiin 3a daiisiom oOGHOBIIsIITE pasperenus daiiaos ¢ .js (1 .coffee, esé 1 T. 11.)
B .ts. Cpasy mnocJie ieperMenoBanus (HailjioB B pelaKTOPE BbI YBUIUTE TIOSIB-
JIeHHE KPACHBIX BOJHUCTBIX JPY3€ell, YKa3bIBAOIIMX Ha OMIMOKU TUIIOB, ITPO-
yIIEeHHbIE CTyYau, 3a0bIThIE TIPOBEPKH Ha null, a TAKJKe ONEYaTKH B UMEHaX
nepeMeHHbIX. ECTh 1Ba criocoba yopaTh ux.

1. Cpenarb Bce ipaBUJIbHO. BhiziesinTe BpeMst /i KOPPEKTHON TUTTH3AI[UN
dhopm, noJieid u GyHKIMI, 4TOOBI IIepexBaThiBaTh OMNOKK BO Beex (aii-
Jnax, morpebsstionmux ux. Ecin y Bac Bkiiouena omiust checkJs, BKIIOYHTE
noImplicitAny B tsconfig.json, 4T0OBI OOHAPYIKHUTH BCE any U TUITH3UPOBATD
UX, a 3aTeM CHOBA BLIKJIIOYUTE, YTOOBI IPOBEPKA TUIIOB OCTABLINXCS (haii-
JI0B JavaScript He BbICHITIATA CTOIBKO JKe OIUOOK.

2. BricTpo mMaccoBo mepenMeHoBaTh (hailIbl B paciiupenue .ts 1 OCTaBUTh
HACTPOIKM tsconfig.json MsTKuMU (YCTaHOBHTH strict Kak false), 4TOObI
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HoCJIe epeMMEeHOBaHus ObILJIO BBIOPOIIEHO KaK MOKHO MEHbIIIE OIIMOOK.
Tunusupyiite CJI0KHBIE THIIBI KaK any, YTOObI YCIIOKOMTHh MOJLYJIb IIPO-
BepKu TUIIOB. Vcnpasbre ocTaBiecs omnOKy 1 caenaiite kommut. Kak
TOJIBKO C 9TUM MOKOHYEHO, OJUH 3a APYTUM BKIOYNTE (hJIaTH pPesKuMa
strict (noImplicitAny, noImplicitThis, strictNullChecks u T. I.), KasK/IbIi
pa3 ucmnpasiisist BembiBawomne omubku. (B npunoskenuun /I npusenex
MIOJTHBIN CTTMCOK (bJIaroB. )

Ecnu BB npepnodyTeTe KOPOTKMIA MApUIPYT, TO ONPENENINTE BHELIHIOI
AeKnapanuio Tuia TODO B Ka4eCTBE ICEBJOHMMA TUMA /IS any M MC-
TIO/Ib3YJITE €€ BMECTO any, 4TOOBI BIIOCIELCTBUN OBIIO pollle OThICKATh
yHyllleHHble TUIBL. Bbl MOXKeTe Ha3BaTh ee 6oree ompefeneHHO, YTOOBI
06JIerYnTh MOMUCK I10 MPOEKTY:

// globals.ts
type TODO_FROM_JS_TO_TS_MIGRATION = any

// MyMigratedUtil.ts
export function mergeWidgets(
widgetl: TODO_FROM_JS_TO_TS_MIGRATION,
widget2: TODO_FROM_JS_TO_TS_MIGRATION
): number {

/7.

O6a mo/Ixo/1a BIIOJTHE AKTYaJTbHBI, U YK€ BAM PEIaTh, KAKOU TPEATOYTUTE T b-
Hee. TypeScript — moaTanHo TUMTU3UPYEMBIN SA3BIK, KOTOPBIN M3HAYATBHO
CO3/IaH /711 B3aUMOJICHCTBIS C HETUIIM3NPOBAHHBIM JavaScript B MaKCHMaJIbHO
6esomacuoit popme. HeBaskHo, B3anMoielicTBy€eTe Jii BbI C HETHIT3UPOBAHHBIM
JavaScript nau co ciabo tunusupoBanubiM TypeScript, cTporo THIHM3UPO-
Banubiil TypeScript Bcerzia OyeT ciaenThb 3a TeM, 9TOObI B3AUMOIEHCTBIE
MPOUCXOIUIIO MAKCHMATEHO GE301acHO.

Lllar 4: akTuBayma CTporocTun

Kaxk Tosbko KpuTHuecKast Macca JavaScript-koza Oy/ieT mepeHeceHa, Bbl 3aX0-
THTE C/IEJIATh €r0 OE30TTACHBIM 10 BCEM TTapaMeTpaM, TI00YePeTHO 3a/I€HICTBOBAB
6ouiee crporue daaru TSC (mosHbIi cincok dyiaroB — B npuioskernn /1).
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ITo okonuanuu BbI MOKeTe OTKIOUNTL TSC-irarn, orBevaronine 3a B3an-
MozieiicTBHE ¢ JavaScript, MoATBep:KAasd, 4TO BeCh BAIl KO HATUCAH B CTPOTO
Tunm3upoBaHHOM TypeScript:

{
"compilerOptions": {
"allowls": false,
"checklJs": false

}

ITO BCKPOET BCE OCTABIUECS OMMUOKY TUTIOB. VcIpaBbre UX U MOJyYnTE
Gesynpeunyio 6Ge30macHyio 6asy Kojia, 3a KOTOPYIO GOJIBITIHHCTBO CYPOBBIX
utkerepoB OCaml moxsonasu Ob1 Bac 1o Tievy.

CJiesioBaHe 9TUM IIaraM TOMOSKET BaM JIAJIEKO ITPOBUHY ThCSI TPpH 100aBJie-
HUW TUTIOB B KOHTPOJIMPYeMBIi BaMu Koz JavaScript. Ho 4yTo HacueT xKom0B,
KOTOPBIe KOHTPOJIMPYeTe He BbI? Bpoje Tex, 4To ycramaBauBaioTcs ¢ NPM.
Ho nipesxjie, veM MBI M3y4rnM 3TOT BOIIPOC, JIaBaliTe HEMHOTO OTBJICYEMCHL. ..

Monck TunoB pnsa JavaScript

Korpna B umnoprupyete daiin JavaScript us TypeScript-daiina, TypeScript
MPOU3BOIUT JIJIsl HETO MTOUCK JIEKTAPAIMI TUIIOB € TOMOIIBIO CJIEYIONIEro
agroputMa (BCIIOMHUTE, 9TO B TypeScript mouaTus «baia» u «<MOIyIb>
B3auMO3aMeHsIeMbI ) !

1. Wmet moToMKa daiina .d.ts c TeM ke mMereM, 4To U y ¢aiina .js. Haiinen-
HBIH TOTOMOK HCIOJIb3YETCSI B KAUECTBE JEKJIaPalluy TUIIOB JIJIST 5TOTO
aiina js.

Hampuwmep, mpu Takoii cTpyKType KaTaiora:

my-app/

|—sr‘c/

| I—index.ts

| I—legacy/

| }—old-file.js

| L—old-file.d.ts

! Ctporo roBopsi, 9TO BEPHO JIJIsT PEKUMA MOJLYJIel, HO He JIJIs PesKUMa CKPUTITOB (TIO/1-

paszes «Pexxum Mojysieii IpoTHB pekMa CKPUIITOB» Ha C. 273).



Mowck TunoB Ana JavaScript 299

nmrnoptupyetcs old-file (ctapsrii daiin) us index.ts:

// index.ts
import './legacy/old-file’

TypeScript ncrion3yer src/legacy/old-file.d.ts B kauecTBe MCTOUHMKA JI€KTa-
paiuii TUIoB JJ14 ./legacy/old-file.

B mporuBHOM cirydae, ecam allowJs U checkJs YCTaHOBJIEHBI KakK true,
Gy/IeT clieJiaH BBIBOJ THTIOB (haiiia .js (Ha OCHOBE MPECTaBICHHBIX B HEM
aHHOTAIMI JSDoc) NJIN BECh MOJYJIb Oy/IeT 0003HAYEH KaK any.

TSC-YCTAHOBKMW: TUMbI N TYPEROOTS (WCTOYHUKW TUNOB)

ITo ymomyanumio TypeScript uiier cropoHHNMe IeKIapaluy TUIIOB B node
modules/@types KaTajora IIpoeKTa, a TaK)Xe B ero IrofKaraaorax (../node
modules/@types 1 T. 7i.). B 60/bIHCTBe CIy4aeB CTOUT OCTAB/IATD TaKOe
€ro TIoBefieHNe 0e3 M3MEHEH NI,

Ecnmu e moHamo6MTCA ero M3MeHNTD J/IA TM00aNbHBIX JieKIapariit
TUTIOB, YKa)XUTE B IyHKTe typeRoots B tsconfig.json MaccuB KaTaaoros,
B KOTOPBIX HY)>KHO MCKAaTh JleKIapauuy Tunos. Hanpumep, ykaxnre
TypeScript uckarb ux B karajore typings HapsAzny ¢ node modules/@types:

{
"compilerOptions": {
"typeRoots" : ["./typings", "./node modules/@types"]

}

[lnst eme 60j1ee TOYEUHOTO KOHTPOJIS MCIIONB3YIiTe OMIUIO types
B tsconfig.json, 9TOOBI OIIPesenTb, /s KaK1X makeToB TypeScript gomxen
MCKaTh THIIBL. Hampumep, crenyroias HacTpoiika NITHOPUPYET CTOPOHHIE
IeK/Iapalyy TUIIOB, 3a UCKII0YeHMeM HeoOXOMMBIX I React:

{
"compilerOptions”: {
"types" : ["react"]
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[Ipu umnopTupoBanuu cTopoHHEro MOyt JavaScript (maketa NPM, xo-
TOPBIN BBl yCTAaHOBUJIN B hode modules) TypeScript mcmomp3yeT HECKOTBKO
WHOU aJITOPUTM:

1. I/IU.IGT U MOLYJIAA JIOKQAJIBHYTO JIEK/IapallvIO TUIla 1, €CJIN TaKOBasd CyIIe-
CTBYET, UCIIOJIb3YET €€.

Hamnpumep, Baia cTpyKTypa KaTajora BbIIJISIIUT TaK:

my-app/
I—node_modules/
| L—foo/

|—sr‘c/
| I—index.ts

| L—types.d.ts
A Tak BbITIAIUT type.d.ts:

// types.d.ts

declare module 'foo' {
let bar: {}
export default bar

}

Ecoi 3aTem Bbl uMIioptupyere foo, TO B KaUeCTBE UCTOYHUKA TUIIOB JIJISI
Hero TypeScript ucnoab3yeT BHENTHIOK MeKIapaiio MOIYJid B types.d.ts:

// 1index.ts
import bar from 'foo'

2. B mporuBHOM ciydae oH Oy/IeT HCKaTh JeKaapaiuio B (aitie package.json,
IpUHAJJIeKAIeM MOAYJIIO. Eciin B HeM olpejiesieHo 110J1e types WJIN
typings, TO OH HCHOJb3YeT (haiii .d.ts, Ha KOTOPDLIII 3TO I10JIe YKa3bIBAET,
U BO3bMET JICKJIapallii TUIIOB U3 HETO.

3. Wau on GyeT mooyepesHo MPOCMaTPUBaTh KaTaJorl B IIOMCKe KaTaiora
node modules/@types, 7€ COMEPKATCS AeKIAPAIUK TUTIOB JIJIsT MOJTY JIS.

Harnpumep, Bbl ycTaHOBUJIU React:
npm install react --save

npm install @types/react --save-dev

my-app/
I—node_modules/
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| F—etypes/
| | L—react/
| L—react/

|—sr‘c/

| L—index.ts

[Ipu mmmopTe React TypeScript HaiimeT katasor @types/react U UCIIOTH3YET
€ro B KauecTBe NCTOYHUKA JIeKIapalliii TUTIOB JIJIsl HETO:

// index.ts
import * as React from 'react’

4. B nmpoTuBHOM ciyuae OH mepeiieT K maraMm 1-3 ajroputMa JIOKaJIbHOTO
MOVCKA TUTIOB.

A Tepeyunciinga HeMaJjio 11aroB, HO Bbl K HUM ITPUBBIKHETE.

WUcnonb3oBaHune cTopoHHero Kofa JavaScript

ITpenmnonoxy, 4To A/ yCTAaHOBKM CTOPOHHETO Kofa JavaScript Bbl MCIIONb-
3yeTe MeHeKep makeToB Bposie NPM mu Yarn. Eciu >ke BbI OTHOCHTECD
K TeM YHUKyMaM, KOTOpble KOIMPYIOT U BCTABJIAIOT KOJ BPYYHYI0, TO BaM
TOKHO OBITH CTBITHO.

Korna Bbi pasmeriaere (npm install) B IPOEKT CTOPOHHUM KOZ JavaScript, To
BO3MOJKHBI TPH BapUaHTa Pa3BUTHUS COOBITHIA

1. YcramoBsiennsIil KoJ| yiKe COAEPKUT JIeKIaPaIii THTIOB.

2. Ko He coiep:KUT JeKTapaini THIIOB, HO UX MOKHO B3sITh 13 Definitely-
Typed.

3. Ko He coepRuT [ekrapaliuu TUIoB, u ux Het Ha Definite Typed.

PaccmoTpum Kaxapiii caydaii.

JavaScript ¢ peknapauuamu TunoB

Bbl y3HaeTe, COAEP:KUT JIU [TaKeT JeKJaapalii TUIIOB, €CJIU BBIITOJHUTE ero
import ¢ {"noImplicitAny": true} u TypeScript He BLIOPOCUT BaM KpacHYIO
BOJIHUCTYIO.
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Ecau xom, KoTOpBI BBl yCcTaHABAUBAETE, CKOMITUINPOBaH u3 TypeScript uian
€ro aBTOPBI TT03a00THUIIHCH O BKJIFOYEHHUH JIeKIaparuii Tos B ero NPM-1aker,
Toraa BaM moBe3sto. [IpocTo yctanoBuTe Ko M MOXKETe eTo MCMOTh30BAThH
C TTOJTHOIEHHOM TIO/IIEP;KKOH THUTIOB.

Bot mexoropsie mpumepst NPM-11akeToB, MEONIX BCTPOEHHBIE IeKJIapaIiiu
THTIOB:

npm install rxjs
npm install ava
npm install @angular/cli

Ecnu ycranaBnmBaeMslit Ko He ObIT ckoMmunupoBas us TypeScript, To
BO3MOXHO HECOOTBETCTBIUE ITOCTAB/IsAE€MbIX C HUM nexnapaum?[ TUIIOB
KOZLY, KOTOPBII OHI ONMCBHIBAIOT. DTO penKmit crydar (0CoOeHHO s
HOHy]IHprIX HaKeTOB), HO y‘II/ITbIBaTI) €ro CTouT.

JavaScript, umetowuii geknapauum Tunos Ha DefinitelyTyped

Haxe ecsm UMIIOPTUPYEMBIN KOJI HE COJIEPKUT JleKJaapallui TUIIOB, OHU,
BeposTHO, qoctymHbl Ha DefinitelyTyped (https://github.com/DefinitelyTyped/
DefinitelyTyped) — B 1leHTPaJIM30BaHHOM U TOJ/IEP;KUBAEMOM CcOO00IEeCTBOM
PENO3UTOPUH, COIEPsKaIleM BHENTHUE JeKIapallui MOJYJIei 71T OTKPBITHIX
IIPOCKTOB.

Y1006kl IIPOBEPUTH, UMEET JIN YCTAHOBJIEHHbIH akeT aekaaparuu Ha Defibitely-
Typed, m160 Bocnobayiitech mouckom B TypeSearch (https://microsoft.github.io/
TypeSearch/), 7160 1o1polyiiTe yCTaHOBUTH JeKaapalini. Bee mexmaparinm
Definitely Typed omy6mkoBanst ta NPM B o6mactu @types. [Toatomy Mmoskere
IIPUMEHUTDH K HUM npm install:

npm install lodash -save # YcmaHoBums Lodash
npm install @types/lodash --save-dev # YcmaHoBume Oeknapayuu
muno6 0aa Lodash

B GoubimircTBe coTydaeB mpu npm install Bbl OyzieTe UCIIONB30BATE (hJiar
-save-dev, 9TOGBI T00ABUTDH YCTAHOBJIEHHBIE JEKIAPAI[UU TUIIOB B TOJIE
devDependencies (aiisia package.json.
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ITockonbky mexnapanuy tinos Ha DefinitelyTyped saBucsr ot coobie-
CTBA, OHM MOTYT OKa3aThCsl HEIIOJTHBIMM, HETOUHBIMY M/TU YCTAPEBIIUMIL.
HecmoTpst Ha TO 4TO HanboJIee MOy IIPHBIE TAKETBI COflePYKAT IIPABUIBHO
oopMIeHHbIE AEK/IAPALNN, C/II BBl IIOCYUTAETE, YTO MX MOXKHO Y/Iyd-
IINTb, TO 3alIMIUTECh STUM U 3aTeM BepHUTe obparHO Ha DefinitelyTyped
(https://github.com/Definitely Typed/Definitely Typed/pulls), 4T06bI APYTHIE TOND-
sopaTerm TypeScript cMOI/IV OLIEHUTD Pe3yIbTaT BAINX YCUNIL.

JavaScript, He umetowuir peknapaumit Tunos Ha DefinitelyTyped

IT0 camblii pekuii caydaii. [Ipu HEM y Bac ecTh HECKOJILKO BAPUAHTOB peari-
POBaHMs, HAYMHAS C IIPOCTENIIETo U MeHee Ge3011aCHOT0 U 3aKaHuuBas OoJiee
JUIUTEJbHBIM 1 OoJiee 6e301aCHbIM:

1. Ilomecmume 6 benviii cnUCOK HEMUNUBUPOBAHHBLI UMNOPM, TOOABUB HALL
HUM JTUPEKTUBY // @ts-ignore. TypeScript Mo3BOIUT NCMOIB30BATH 3TOT
HETUIU3UPOBAHHBII MOJYJIb, HO CaM MO/LyJIb, BKJIIOUasl BCE €r0 COJIEePIKU-
Moe, OyJIeT TUITU3UPOBAH KakK any:

// @ts-ignore
import Unsafe from 'untyped-module’

Unsafe // any

2. Homecmume 6 6enviil CNUCOK 6Ce NPUMEHEHUsL HTM020 MOOYILS, CO3/IAB TIy-
cTo (hails AeKIapanuii TUTIOB U 3arJayImuB Moay1b. Hampumep, eciui Bel
YCTaHOBHJIU PEJIKO MCTIOIb3yeMbi TlakeT nearby-ferret-alerter, To moskere
CO3/1aTh HOBYIO JIeKJIapaliiio TUIoB (types.d.ts nim ap.) u 106aBUTH B Hee
BHEIITHIOW JIEKJTAPAIINIO TUIIOB:

// types.d.ts
declare module 'nearby-ferret-alerter’

Ato coobmmut TypeScript, 4To CyIIECTBYET MOJLYJIb, KOTOPbIil BBI MOJKETE
UMTIOPTUPOBATH (import alert from 'nearby-ferret-alerter'), HO HUYETo
He COOOIIUT O COMEP/KANTIXCS B HEM TUIIAX. ITOT MOXO0JT HECKOJIBKO JIYYIIie
TIEPBOTO 3a CYET OABICHNA TIEHTPAIbHOTO hafina types.d.ts, KOTOpbIii mepe-
YUCJIIET BCe HETUTU3NPOBAHHbBIE MOLYJIN B TPUJIOKEHNN, HO OH B TOH Ke
crernenn Hebe3omaceH, TOCKoJIbKy nearby-ferret-alert u Bce ero akcmoptor
OyILyT MO-TIPEKHEMY TUITM3UPOBAHBI KaK any.
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3. Cozdaiime snewnioro dexiapavuio mooyas. Kak v B IpeblIyIeM MOAX0/IE,
cospaiire daitsn ¢ nmenem types.d.ts u 106aBbTe B HETO MYCTYIO JIeKIapa-
mnio (declare module 'nearby-ferret-alerter'). Temepn 3amomHuTe
JIeKJTapaIio TUITOB. Pe3ysibTaT MOKET BbITJISIIETD TAK:

// types.d.ts
declare module 'nearby-ferret-alerter' {
export default function alert(loudness: 'soft' | 'loud'):
Promise<void>
export function getFerretCount(): Promise<number>

}

Tenepsb, korza B Mpou3BejieTe import alert from 'nearby-ferret-
alerter', TypeScript OyseT TOYHO 3HATH THII alert, KOTOPBII Teleph He
any, a (loudness: 'quiet' | 'loud') => Promise<void>.

4. Cosdaiime dexaapayuio munos u omnpasvme ee na NPM. Eciiu BbI jocTur-
JIU TPETHEro BapUaHTa, TEIepPb y BaC €CTh JIOKAJIbHAS JIEKJIapalusl TUIIOB
st MomyJist. Pacemorpure ee otnipaBky Haszaz Ha NPM, uTo6bI cJieyommit
HY KIAONIMIACS B IeKIapalii TUIIOB JJist aketa nearby-ferret-alert mor
TOJKe €I0 BOCIIOJIb30BaThCsL. J{JIst 9TOro MOKHO NGO CO3/1aTh I1yJI-PEKBECT
B Git-penosutopun nearby-ferret-alert u HanpsiMyIo BHeCTH JIeKTapaIinio
THUIIOB, JINOO, €CJIH COMTPOBOKIAIOIINE OTOT PEMO3UTOPUI He 3aXOTST MO/
JIep>KUBaTh elle u gekyaapanun TypeScript, BHeCTH Balll feKJIapaiuy Ha
Definitely Typed.

Hamnmcanne gexmapariuii TUTIOB JJIT CTOPOHHETO JavaScript-Koma 10CTaTOuHO
IPOCTO, HO KaKUM CIIOCOOOM 3TO JIyUIlie CIeJIaTh, 3aBUCUT OT THIA MOILYJIs,
KOTOpPBIH BbI TUNIM3upyeTe. CylecTByeT HECKOJIbKO PACTIPOCTPAHEHHBIX TIa-
6JIOHOB, BCTPEYAOIIMXCSI TIPU TUITU3AIUN PA3IMIHbIX JavaScript-Momyieit
(maunnas ¢ moxyJieii NodelS, pacumpenuii jQuery u ipumeceii B Lodash u 3a-
KaHYMBasi KOMIIOHEHTaM¥ React 1 Angular). OOpaTurech K npuioxkeruio I 3a
CIIICKOM BapWaHTOB TUMHU3AIINN CTOPOHHUX JavaScript-momyeii.

ABTOMaTHUeCcKas TeHepalys JeK/Iapalyii TUIIOB /11 HeTUIIM3MPOBAHHOTO
KOZa Javascript cerofHsi sIBsIeTCs IpeAMeToM paspaborku. IIposepsiiite
dts-gen (https://www.npmjs.com/package/dts-gen) Ha Ha/III1ie BO3MOXKHOCTI
ABTOMATNYECKOJ TeHepaLM AeK/IapaLiyil TUIIOB [/14 3aII0/IHEHNA CTOPOH-

HUX JavaScript-mMopmyneit.
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Utorn

Ectb HeckosbKO crioco60B ucnonb3oBanus JavaScript-koaa us TypeScript
(tabua. 11.1).

Ta6nuua 11.1.Cnocobbl ncnonb3oBaHua JavaScript u3 TypeScript

Moaxop Onaru tsconfig.json
Wmnopt HetunuauposaxHoro JavaScript ~ {"allowJs": true} (Cnabas
mnopt n npoBepka JavaScript {"allowJs": true, (pennas
"checkJs": true}
Vimnopt u npoBepka JavaScript caHHota-  {"allowJs": true, OTnnyHaa
umamu JSDoc "checkJs": true,
"strict": true}
imnopt JavaScript ¢ aeknapaumamn {"allowJs": false, OTnnyHaa
T”NoB "strict": true}
mnopt TypeScript {"allowJs": false, OTnyHan

"strict": true}

B aT0i1 T71aBe BBI paccMOTpEJIN acTIeKThI COBMECTHOTO MCITOJIB30BaHUSA Java-
Script u TypeScript, HaunHas1 ¢ Pa3JIUYHbIX BUIOB JeKJapaluii TUTIOB U UX
MPUMEHEHMS JI0 TI0MIAr0BOM MUTPAIMK CYIIIECTBYIOIIETro ITpoekTa JavaScript
B TypeScript u nucrnosbzoBanusi CTOpOHHEro JavaScript-komaa 6e30macHbIM
1 Hebe301acHbIM criocob6oM. BaanmoeiicTsue ¢ JavaScript MosKeT oKasaTbest
OTHUM W3 CaMBbIX 3aMBICJIOBATHIX acmekToB TypeScript. Ho, mmes B cBoeM
pacropsKeHn Bee HeoOXO[UMbIe HHCTPYMEHTBI, BbI CMOKETe TIPOBOIAKUTD
€ero B COOCTBEHHBIX TIPOEKTaX.
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Co3panue n 3anyck TypeScript

Ecau Bam oBOMIIOCH Pa3BEPTHIBATDL U 3aMyCKaTh NMpUJIoKeHne JavaScript
B IIPOJIAKIIIEHE, CUUTAIITE, UTO BbI YK€ 3HAETE, KaK 3aIyCKaTh IPUJIOKEHIE
TypeScript. Komnunsanus caenaet aTh TPUIOKEHUS UAeHTUIHBIMU. [laH-
Hasl TJIaBa TOCBsIIeHa padpaboTke 1 co3aanuio TypeScript-mpuioKenuii, Ho
B 9TOM IIPOIIECCEe HE TaK YK MHOTO OTJIUYUI OT pa3pabOTKU MPUIOKEHUI Ha
JavaScript. Pazo6beM TemMy Ha 4eTbIpe pasjiesia i PACCMOTPUM:

Q Yro HeoO6XoAUMO JJist co3ianust ioboro mpuaoxkenust B TypeScript.
0 Coszmanue 1 3aIyCK TPUJIOKEHUI Ha cepBepe.

a Coszmanue U 3alycK IPUIIOKEHUIT B Gpaysepe.
a

Cospanue npustokernii it NPM u ux mybamukanuio.

Co3panue npoekta B TypeScript

Cosnanue TypeScript-mipoekTa 10CcTaTOYHO MPOCTO. B TekyieM paszesne Mbl
U3y4YUM OCHOBHBIE HJIEH JIJIS 3aITyCKa TAKOTO TIPOEKTa B JII0O0M cpejie.

(xema npoekTa

[Ipenmaraio XpaHUTh MCXOAHBIN KO B KATAJIOTe BEPXHETO YPOBHS SIc/ U KOM-
UIUPOBaTh ero B dist/, SABJISAIOMMICS TaKkKe KaTaJoroM BePXHEro yPOBHSI.
Takast cTpyKTypa KaTaJoroB OYeHb IOIYJISIPHA, a Pa3jieJieHhe UCXOJIHOTO
KO/Ia Ha /[Ba BEPXHEYPOBHEBBIX KaTaIoTa 00JIETYUT HHTETPUPOBAHUE IPYTUX
WHCTPYMEHTOB U TIOMO’KET UCKIIOUYUTh CTeHEPUPOBAHHbBIE apTehaKThl U3
CUCTEMBI YIIPABJIEHUS BEPCUSIMMU.

CTapafITer 1O BOSMOJKHOCTHU IIPUAEPIKUBATBCA 9TOIO YCJOBHOTO COTJIa-
ImeHusd:



Co3aHute npoekTa B TypeScript 307

my-app/
F—dist/

| F—index.d.ts

| F—index.js

| L—services/
| F—Foo.d.ts
| |—foo.js

| I—bar‘.d.ts
|

L—bar.js

F—index.ts
L—services/

|
|
| |—foo.ts
|

L—bar.ts

AptedakTbl

[Ipu kommussiniuu TypeScript-iporpammsl B JavaScript TSC mozkeT mpous-
BECTH 3a Bac pasjanuHbie apredarTsl (Tabu. 12.1).

Ta6nuua 12.1. ApTedakTbl, KOTOpble MOXKET CreHepUpoBaTh 3a Bac TSC

Tun Pacwupenue paitna  Onar tsconfig.json Mo ymonuanuio
Oaiinbl JavaScript ~ .js {"emitDeclarationOnly": false} [la
Kaptbl kopa .Jjs.map {"sourceMap": true} Her
[Nleknapaunn anog  .d.ts {"declaration": true} Her
Kaptol aeknapaumii  .d.ts.map {"declarationMap": true} Her

[Tepssriii Bug apredaktoB — daitnbl JavaScript — Bam 3HakoM. TSC kommnuu-
pyet kox TypeScript B JavaScript, KOTOPBIii BB 3aTEM 3aITyCKaeTe ¢ TOMOTITHIO
JavaScript-mnardopmer Bpoge Node]S nan Chrome. Eciu BbI 3amycTuTe tsc
yourfile.ts, TSC mpousBezeT /711 HETO TPOBEPKY TUIIOB U CKOMITUIIUPYET €ro
B JavaScript.

Bropoii Buz apredakToB — 3TO KapThl KOAA, SABJASIOUIECs 0coObMU (haiiia-
MU, CBS3BIBAIONUME KaKABIA 97eMEHT CTeHepUPOBAHHOTO Koja JavaScript
C KOHKPETHOI KOJIOHKOI WJIM CTPOKO# B m3HavyajabHOM aiine TypeScript.
Iro nomoraet otaajake Koaa (Chrome DevTools nokaseisator kox TypeScript
BMECTO UTOTOBOTO JavaScript), a Takske IO3BOJISIET JieJIaTh 0TOOPasKeHIe CTPOK
U KOJIOHOK B TPACCHPOBKaX CTeKa UCKJ0YeHni JavaScript o6paTHo Ha KO/
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TypeScript (MHCTPYMEHTBI BPOZie YIIOMSIHYTHIX B ToIpasziese « MoHuTOpUHT
ommboK» Ha ¢. 316 cenaloT MoucK aBTOMaTHIECKUM, €CJIU BbI TPEI0CTABUTE
UM KapThl KO/Ia).

Tperuit apredakt — 3TO JeKIapaluy TUIIOB, MTO3BOJISIONIKE IpyruM Type-
Script-mipoekTaM 10JIb30BaThCSI CTEHEPUPOBAHHBIMU BAMU TUTIAM.

[Hocneannit BUM — KapThl IEKIapaInii , KOTOPbIE NCIOTB3YIOTCS U1 YCKOPEHNS
Tpoliecca KOMITAJIS TN TIpoeKTa (cM. iozipaszien « [ IpoexThbre ceplikus Hac. 314).

OcTaBInyiocst 9acTh TJIaBbI MBI Oy/IeM U3y4aTh, KaK U 3a4eM TeHEPUPYIOTCS
oTIcanHbIe apTehaKTHI.

PerynupoBka Komnunauum ans uenepoi cpeppl

JavaScript umeer cBou 0co6eHHOCTH, HALIPUMEDP OBICTPO PA3BUBAOILYIOCS
crierduKaImio, 0OHOBJISIEMYIO €KETOIHO, 1 HEBO3MOKHOCTD BCET/Ia KOHTPO-
JIUPOBaTh, KaKyIo Bepcuio JavaScript peanusyet maaTdopma, Ha KOTOPOH BB
3aryckaere rmporpammy. Bao6aBok K aToMy MHOTHE TIporpaMMmbl JavaScript
n30MOP(MHBI, a 3HAYUT, BBl MOKeTe 3aMMyCKaTh NX OJMHAKOBO CO CTOPOHBI
cepBepa 1 co CTOPOHBI kinenTta. Hampumep:

O Ecawm BbI 3amyckaeTe 6IKeH-IIPOTPaMMy Ha CepBepe, KOTOPBIH KOHTPO-
JIUPY€eTe, TO MOKETE CaMK PEIllaTh, B KaKOil Bepcun JavaScript oHa Oyzer
BBITTOTTHATHCSL.

O Ecsm 3ateM BbI BBIITYCTHTE Bality O9KeHA-TIporpamMmMy JavaScript B kauecTse
OTKPBITOTO TIPOEKTA, TO YiKe He Oy/eTe 3HaTh, KAKask BEPCUsI MOJIEPIKHU-
BaeTcst Ha Tatopmax morpebuteseit. Jlydiinee, 4To BbI MOXKETE CIETATH
B cpesie NodeJ S, — 910 00BsIBUTH IMANIA30H MO/IEPKITBAEMBIX BEPCHIA, HO
He B cpefie Opaysepa.

O Ecum BeI 3amyckaere JavaScript-nporpammy B Opaysepe, TO yike He uMeeTe
IPE/ICTaBJIEHIS O TOM, B KaKOM Opaysepe OyayT 3alycKaTh ee TM0JIb30-
Batesin — B nocsiesiieM Chrome, Firefox nim Edge, momnepskuBaiorniem
GOJIBITMHCTBO HOBEHMINNX BO3MOKHOCTEH JavaScript, a Moxer, B ycTa-
peBIEl BEPCUU OJJHOTO U3 YIIOMSIHYTBIX Opay3epoB, KOTOpast JIUIIeHa
TaKMX BO3MOKHOCTEH, uau B crapomoanoM Internet Explorer 8, wiu Bo
BcTpoeHHOM Gpaysepe Ha PlayStation 4 y Bac B rapase. Jlyudiiee, 4T0 BbI
MOJKeTe C/IeIaTh, — HTO ONPEAETUTh MUHUMATbHbII HaOOp (HYHKITHIA,
KOTOPBIE JIOJIKHBI TTOJIEPKUBATH Opay3epbl MOJIb30BaTe el /IJIsl 3a1ycKa
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IPUIOKEHUS, OTAEAbHO MPEAOCTABUTD UCIIOIb30BaHUe MOJNDUIOB 115
MaKCUMaJIbHOTO YMCIa 9TUX (DYHKIIMIA ¥ [OIBITATHCS OIPEAETUTD T10JIb-
30Baresieii 1efiCTBUTENILHO CTapbiX Opay3epoB, Ha KOTOPBIX Ballle IPUIIO-
JKEeHKe TOYHO He 3aIlyCTUTCS, YTOOBI II0KA3aTh UM COOOIIEHHE O TOM, YTO
HeoOX0IMMO OOHOBJICHUE.

Eciu BbI BbIityckaere nusomopduyio JavaScript-6ubinorexy (Hanpumep,
O6UGIMOTEKY JKYPHATIMPOBAHKS, KOTOPas 3amycKaercs U B Gpaysepe, 1 Ha
cepBepe), TO OHA I0JIKHA MOJIIEP;KUBATh MUHUMAIBHYO Bepcuio Node]S,
a TaKyke MHOKEeCTBO BEPCHUI U IBUKKOB Opay3epHoTo JavaScript.

He xaxnas cpena JavaScript n3Ha4aabHO TTOIEPKUBAET BCE BO3SMOKHOCTH
JavaScript, Ho TeM He MeHee BB IOJIKHBI CTapaThCs MMUCATH KO B MTOCTIETHIX
BEPCUAX A3bIKA. ITO MOXKHO J€JIaTh ABYMS CIIOCOOAMIL.

1.

Tpancnunayus (aBTOMaTHYeCKast KOHBEPTAINA ) TPUJIOKEHUT U3 TTOCIE]T-
Hell Bepcuu JavaScript B 6oJiee cTapyio, KOTOpast OIEPKUBAETCS TIEEBOIT
mIaTGopMoit. ITO HYKHO I async U await U IIUKJIOB for..of, KOTOPBIE
MOTYT OBITh aBTOMATHYECKH TIPE0OPA30BAHbI B BBI3OBBI . then U IIUKJIBI for
COOTBETCTBEHHO.

Hcnonvzosanue nonugunos (pefocTaBIeHNe PeaTu3aliig ) 71T HOBEUTITIX
BO3MOKHOCTEH, OTCYTCTBYIONINX B CPefie BBITOTHEHU JavaScript, r/ie Bel
3amycKaeTe MpUIosKenne. ITo HYKHO 71 TOIEPKKA BO3MOKHOCTEH,
MPE0CTABISIEMBIX CTAHAAPTHON GubmoTekoit JavaScript (Bpose Promise,
Map 1 Set), a TakXe JI7IT METO/IOB TTPOTOTUIIOB (Bpojie Array.prototy-
pe.includes 1 Function.prototype.bind).

B TSC ectb BcTpoeHHas MojiepsKKa TPAHCIUJISAIMN Koja B OoJiee cTapbie
Bepcuu JavaScript, HO OH He MOKET aBTOMATUYECKU BHEAPSATH MOTUDUIBI
B Bai ko1 Eue pas mosropiock: TSC OyzeT TpaHCcIaInpoBaTh O0IbITHCTBO
BO3MOsKHOCTEH JavaScript B GoJsiee cTapbie Cpefibl, HO OH He MPEI0CTaBUT
peasn3aiuu JIJIst OTCYTCTBYIOIINX.

B TSC ectb Tpu perymsiTopa 1esIeBbIX CPEI:

Q

target ycTaHaBJIMBAET BEPCUIO, B KOTOPYIO HYKHO TPAHCIUIMPOBATD: €55,
es2015u T. 1.;

module yCTaHABIMBAET I[EJEBYIO CUCTEMY MOJyJeil: Mmoayan es2015,
commonyjs, systemjs u T. 1i.;
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Q 1lib coobmaer TypeScript, kakie Bo3MOKHOCTH JavaScript 10CTyITHbI
B LIEJIEBOM cpejie: BO3MOKHOCTH es5, es2015, dom u T. . J{ist peanusarim
BO3MOKHOCTEN He0OX0ANMbI TIOTHhUIIbL, HO lib ykassBaeT TypeScript Ha
JOCTYITHBIE BO3MOKHOCTH (110 YMOJTYAHWTO UJTU TIOCPE/ICTBOM TOJIN(DUIIOB).

Cpena, B KOTOPO¥1 BBI IJIAHUPYETe 3aITyCKaTh IPUJIOKEHNE, TUKTYET, HA KAKYIO
BepCUIO HyKHO HACTPOUTD TPAHCIIUIAIINIO IIOCPEACTBOM target 1 YTO YKa3aTb
B lib. Ecoii BBI He YBEPEHDI, TO HCHOJIb3yI>iT6 655, KOoTOpasd BIIOJIHE IIOAXOAUT
111 000MX MTyHKTOB. YTO BBI BbIbepeTe B module, 3aBUCUT OT BALIEH LI€IM — 9TO
Node]JS uau cpena Gpaysepa. B ciryuae ¢ GpaysepoM JOMOJHUTETBHO UMEET
3HaueHue, KaKoi 3arpy34nK MOJLyJiel Bbl HCIIOJIb3YETe.

YT006BI peann3oBath MOAAEPIKKY HEOOBIYHOTO HabOpa M1athopM, ITOUIIH-
Te IOfiep>KMBaeMble [0 YMOTYaHUI0 BO3MOXKHOCTH JavaScript B Tabmmijax
coBmectumocty Opus 3aiinesa (http://kangax.github.io/compat-table/es5/).

OcTtanoBuMcs Ha target 1 1ib, ocTaBUB module /7 pa3nesioB «3amyck Type-
Script Ha cepBepe» u «3anyck TypeScript B 6paysepe», KOTOPbIE CJELYIOT
nanee Ha c. 317 u 318.

target

Berpoenwsbiit B TSC TpaHcnaiisiep mo/yiepskuBaet mpeodpazoBaHie GOJIbIITIH-
CTBa BO3MOKHOCTEI JavaScript B 6oJiee cTapbie BEPCHHM, TIOITOMY BbI MOKETE
¥caTh Ko/ B rocseHeit Bepeun TypeScript v TpaHCITUINPOBATH €10 B JIH06Y10
Bepcuio JavaScript, nmouaep:kka koropoit tpedyercs. [Tockonbky TypeScript
MOJIZICPKUBAET TTOCTEIHIE BO3MOXKHOCTH JavaScript (Bpose async 1 await,
KOTOpbIe HA MOMEHT HATMCAHWS KHUTU TOJIEPKUBAIOTCS €11le He BCEMU Be-
ayumy matdopmamu JavaScript), Bbl odYTH Beeria OyieTe moib30BaThCst
[PEMMYIIECTBOM TPaHCHaiiepa /IJisi KOHBEPTAIUK Ko/Ja B TO, YTO OY/eT aK-
tyasbHo st NodeJS u 6paysepos.

Pacemotpum, kKakue KOHKpeTHbIe (DYHKITMOHATIbHbIE BO3MOKHOCTH JavaScript
MoryT 6bITh Tpancirposanbl TSC, a kakue — et (Tabu. 12.2 u 12.3)".

! Ecau BB ucmob3yeTe Takue GyHKINN s13b1Ka, KOTOpble TSC He TPaHCTUIUPYET,
U 11eJieBas cpefia UX He MOJ/IePKUBAET, TO, KaK ITPaBUJIO, MOKHO UCIIOIb30BATh IJIATMH
Babel, koropsiii mponsseznet Tpancimsimio. Camble CBeKUE MJIATMHBI MOYKHO HAHTH
B IIOMCKOBUKe 110 Tery "babel plugin <Ha3BaHue QyHKUMKU>".
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Panbuie HoBble peBu3KM JavaScript BbIIYCKanuch pas B HECKOIBKO JIE€T
M COIIPOBOXK[A/NCh ToBbIIeHreM Bepcunu si3bika (ES1, ES3, ES5, ES6).
Haunnas ¢ 2015 ropia [y pem3oB COKPATUICA IO OGHOTO TOfja ¥ BepCcui
S3BIKA CTAIM HOCUTD MM roga Boimycka (ES2015, ES2016 u T. 1.). Tem
He MeHee HeKOTOpPble BO3MOXKHOCTU JavaScript Momy4yaloT MOAJepKKY
TypeScript no ux BK/IOYeHNA B KOHKpeTHYI0 Bepcuio JavaScript. Takue
BO3MOXXHOCTH MBI 0603Ha4aeM Kak ESNext (crenyomas peBususi).

Ta6nuua 12.2. TSC MOXeT TpaHCNUAMPOBaTb

Bepcua XapakTepucruku

£S2015 const, let, for. .of unknos, Maccus Unn 06bEKT pacnpocTpaHeHna (...), NoMeyeHHble
CTPOKY LWabnoHa, KNaccbl, reHepaTopbl, GYHKLUN CTPeNoK, napameTpbl GYHKLWIA Mo ymonuauio,
napameTpbl 0CTaNbHbIX QYHKLMIA, AeCTPYKTYPIU3aLNA, a TaKKe AeKnapaLyu, uii 3afaHus, uim

napametpbl

£S2016 Onepartop B03BeAeHWA B CTeneHb (**)

£S2017 async-¢yHKuMN 1 await-npomucsl

£S2018 async-utepatopbl

£S2019 HeobA3aTenbHblil napameTp B npeanoxenun catch
ESNext Yncnoble pazgenuteni (123_456)

Ta6nuua 12.3. TSC He MOXeT TPaHCNUAMPOBATL

£S5 06bekTbI getter / setters

£S2015 (naru perynAapHbIX BbIPAKEHUIA y U U
£S2018 Onar perynApHbIX BblpaxeHuit s
ESNext Bigint (123n)

Y1065l yCTAHOBUTD I1€JTh TPAHCTIAJISIIIAHT, OTKPOITE tsconfig.json 1 ycTaHoBUTE
1oJie target Kak:

0 es3 mig ECMAScript 3;
O esd st ECMASceript 5 (xopoiiiee petiienne, ecjii Bbl He YBEPEHbI );
Q es6 uwam es2015 piig ECMAScript 2015;
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es2016 xst ECMAScript 2016;
es2017 nnss ECMAScript 2017;
es2018 nma ECMAScript 2018;

esnext st moboit mocseaeit pesusnn ECMAScript.

0O 0 0O O

Hanpumep, nuist komnussiiiuu B ESS:

{
"compilerOptions": {
"target": "es5"
}
}
bubnuotekn

Kax s1 yzxe micait, mpy TpaHCIIMJISIIAN KoJia B OoJiee cTapyio Bepcuio JavaScript
€CTb O/IHA HEYBSI3Ka: HECMOTPS Ha TO YTO OCHOBHAS YacTh (DYyHKIIMOHAJIA S3BIKA
MOJKeT GbITh 6e301acHO TpaHCIInpoBana (let B var, class B function), eciin
1eJieBast cpejia He MOUIEPsKUBAeT HOBbIe BO3MOKHOCTH OMOJIMOTEKH, BaM T10-
HPEKHEMY HYKHO € TIOMOTI[BIO MOJ(HUIOB T00ABISTH HEKOTOPYIO (DYHKIMO-
HAJIbHOCTb CAMOCTOSITEJIbHO (HAIpUMep, YTUJIUTBI Promise 1 Reflect, a Takke
CTPYKTYPBI TaHHBIX BPOZie Map, Set u Symbol). Eciim B posu 11es1€Boi cpeipt
soicTymaeT Hogelimuii Chrome, Firefox wmu Edge, To nosmduiibr, kak nmpasuio,
He Tpebytorest. Ho eciiit BbI HalleleHbl Ha CPejLy, OTCTAIONIYI0 Ha HECKOJIBKO
Bepcuii nim HeckosibKo cpest NodeJ S, To moTpedyercest TOTOJHUTD OCPEACTBOM
MoJIN(PUIOB HEOCTAIONINI (DYHKITMOHAT.

Ecnu BBI 3amrycKaeTe IpUIoXKeHIe B 6paysepe, IOCTapaiiTech He pasayTh
pasmep cBsi3ku JavaScript, BKJIIOYUB BCe MOAPST MOQNIBI HE3aBUCUMO
OT TOI'O, Hy>KHbBI OHI1 B Cpene Ha3HauYeHNA VIV HET. He)’[eBaH HTIaT(l)OpMa

HaBepHSIKA yIKe MOffiep>KIBaeT HEKOTOPbIE I3 HY)KHBIX BaM BO3MOXKHO-
creit. BMecTo atoro ucnonssyiite cepsuc Bpoge Polyfill.io (https://polyfill.
i0/v3/), 4TOOBI 3aTPy3UTh TONBKO HEJOCTAOLINE Opay3epy MOMUQUIIbL.

K cuacTbio, BaM He TpUeTCs MPONMUCHIBATD MOANMUIBI caMuM. BMecTo aToro
BbI MOKETE YCTAHOBUTD UX M3 MOMYJISAPHBIX OHOIMOTEK Bpoje core-js (https://
www.npmjs.com/package/core-js) niu 106aBUTh aBTOMATHYECKH, 3aIIyCTUB ITPO-
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meIni MPoBePKy THUIIOB Ko/ yepe3 Babel ¢ @babel /polyfill (https://babeljs.
io/docs/en/babel-polyfill).

Kak T0/1bK0 BbI 106aBUIM TOANMUIIBL B KO, HacTano Bpems coodumts TSC,
YTO I[eJIeBasl cpejia TapaAaHTUPOBAHHO TOAAEPKUBAET TOJM3AII0THEHHbIE
hyHKIMH, yKa3as 9To B 1oJie 1ib (aiisa tsconfig.json. Harpumep, eciii Gbi BbI
BHECJIN C TIOMOTIIBIO TTOT(UIOB Bech hyukimonan ES2015 n romonneHmmm
ero Array.prototype.includes 13 ES2016, To Morin ObI KCIOJIB30BATH CJIEAYIOILY IO
KOH(UTYPAITHIO:

{
"compilerOptions": {
"1ib": ["es2015", "es2@16.array.includes"]

}

Ecau BBI 3amyckaeTe Koj B Opaysepe, TO Tak/ke aKTUBUPYHTE AeKIapaliim
turioB DOM 151 window, document 1 Bcex apyrux API, mosgBisonuxcst npu
3amycke JavaScript B 6paysepe:

{
"compilerOptions": {
"1ib": ["es2015", "es2016.array.include", "dom"]
}

}

JLJist 03HAKOMUITIEH ST C TTOJIHBIM CITUCKOM TIOJ/IEPKUBAEMbIX OUOIMOTEK 3a-
nycture tsc -help.

AkTuBaLMA KapT Kopaa

Kaprs koma — 910 ¢11oco6 ¢BA3aTh TPAaHCITUINPOBAHHBIN KO/, C €T0 NCXO/HU-
KOoM. BosiblmHeTBO mHCTPpYMeHTOB paspaboTku (Bpoge Chrome DevTools),
1aTOpM PerncTparuy OMnOOK 1 KyPHATUPOBAHUS, a TAKKE NHCTPYMEH-
TOB cOOPKHM 3HAKOMBI ¢ KapTaMu Kozia. II0CKOIbKY TUIIMYHAS TUHUS COOPKK
MOKET IIPOM3BOAUTD KOJI, BEChbMa OTJIMYHbBII OT Ha4aIbHOTO (HAITPUMEp, KOM-
musposath TypeScript B ES5 JavaScript, Betpsixusars ero gepeso B Rollup,
IpeaBapUTEIbHO BBIYMCIATD C TOMOIIBIO Prepack, a sarem Munmnduimposarsb
nocpenctsom Uglify), To ncnonb3oBanue kapT Koja 1o X014y cOOPKI MOKET
CYIECTBEHHO 0OJIEMYUTh OTJIAKy UTOTOBOTO Kozia JavaScript.
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B 1es10M, UCI10/1630BaTh KapThl KOAA B pa3pabOTKe U IIOCTABJISATh UX B IIPO-
JIaKIIeH KaK B cpejie Opaysepa, Tak ¥ JIJisi cepBepoB — xopoiiast uzest. Ho ectp
HIOAHC: eCJIM MoJTHast 0e30IacHOCTb Ko/a st Opaysepa HeoueBU/IHA, He CTOUT
HCII0JIb30BATh UX B IIPOJIAKIIIEHE,

"pOEKTHNECCNHKM

ITo mepe pocra npuioxetust TSC Gyner TpeboBaThest Bee OOJIbIe BpeMeH!
JUIST TIPOBEPKU €T0 THUIIOB U KOMITHJISIIIK. Koin4ecTBO HEOOXOAUMOTO JJIsT
HTOTO BPEMEHM PACTET JUHEHHO B COOTBETCTBUHU € POCTOM 6Gasbl Koja. [Ipu
JIOKAJIbHO# pazpaboTKe MeJIEHHOE BPeMsI HHKPEMEHTHON KOMITHJISIIIAN
MOJKET 3aMEIJIUTD Pa3paboTKy B II€JIOM, MEIIas MOJIy4aTh YI0BOJIbLCTBIE OT
paborsr B TypeScript.

Jlnist paspernienust a1oii mpobsembl B TSC peannszoBana (hyHKINST, Ha3BaHHAS
NPOEKMHBIMU CCHLAKAMU, KOTOPAsI CEPbE3HO YCKOPSIET KOMITUJISIINIO, B TOM
Jycsie COKpamas BpeMst MHKPEMEHTHOTO KOMITHIMpoBanust. J[yist mo60ro
POEKTa, UMEIOIEero coTHU (ailjioB u 6oJsiee, TaKMe CChIIKU MPOCTO He-
00XOIUMBL.

Wcnonb3syiiTe ux Tax.

1. PaspmenmTe mpoekT Ha HECKOIBKO TPOeKTOoB. [IpoexT — aT0 TpocTo KaTasor,
comepskarmit tsconfig.json  Kox TypeScript. ITompobyiiTe pasmaenTh KO
TaK, 4T0OBI YaCTH, TPEOYIOIIIE OHOBPEMEHHOTO OOHOBJIEHNST, HAXO/IUJIHCh
B OJTHOM KaTaJore.

2. B xraxmom kaTajore rnpoekTa co3ainTe tsconfig.json, cogepskaiimii o MeHb-
el Mepe cJienayroiee:

{

"compilerOptions": {
"composite": true,
"declaration": true,
"declarationMap": true,

"rootDir": "."
3
"include": [
RVALYA N £

1

"references": [
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"path": "../myReferencedProject",
"prepend": true

1,
}

OcHOBHOE 3/1€Ch:

QO composite, coobmmatoniuii TSC, 4To 9TOT KaTajor sBJIsieTcsl MOIpo-
eKTOM OoJiee KPYITHOTO IIPOEKTa;

Q declaration, moGyskaatommii TSC cosmath [J1st 9TOr0 MpoeKTa (haiiibl
aexaapanuii .d.ts. [IpurHImM paboThl IPOEKTHBIX CCHLIOK MOApas-
YMEBAET, YTO Y TPOEKTOB CTh IOCTYII K (haiijiaM JeKaapaliiii TUIIOB
U CTeHEPUPOBAHHBIM JavaScript-Kogam Apyr Apyra, HO He K UCXOJI-
vbIM daitsam TypeScript. 9To co3naet rpanuily, 3a kotopoir TSC
He OyeT IepenpoBepsITh WU HePEKOMITUINPOBATh KO/ €CJIU BbI
obHOBUTE CTPOKY Koza B noamnpoekte A, TSC He GyaeT npoBepsaTh
JIPYTOii oApoeKT B. Bee, 4TO eMy HY:KHO IIPOBEPUTDH Ha MPEAMET
omuOOK TUIIOB, — AeKJIapaliy TUIOB B. DTO menaeT MpoeKTHbIE
cchUIKH 9(PGEKTUBHBIMU IIPU IIOBTOPHOIT cO0PKe GOJIBIINX IIPOEKTOB;

O declarationMap, coobmmatonuii TSC, uTo HyKHO CO34aTh KapThl KOZa
IS CTeHEPUPOBAHHBIX JIEKIapalliii TUIIOB;

O references — MacCHUB MOJAIPOEKTOB, OT KOTOPHIX 3aBUCHUT TEKY-
muit moanpoexT. Kask/plii path cChIIKM 0JKEH YKa3bIBaTh JTHOO
Ha KaTaJor, CoJepsKamiii tsconfig.json, Tu60 HEMOCPEACTBEHHO Ha
daitn koudburypanuu TSC (ecau ToabKO OH He Ha3BaH tsconfig.
json). prepend Mpon3BeieT KOHKAaTeHAIINIO Ko/ia JavaScript  kapT
KO/1a, CTeHEePHUPOBAHHBIX TIO/IITPOEKTOM, Ha KOTOPBIN BE/IET CCHIIKA,
€ KoJIoM JavaScript 1 KapTaM# Koia, CreHePUPOBAHHBIMU TEKY UM
noanpoektoM. O6paTnTe BHUMaHUE, YTO, €CJIU BbI He HCITOJIb3yeTe
outFile, (yHKIUsI prepend BaM He mOTpebyeTcs;

O rootDir SIBHO OITPEJIEJISIET, YTO ATOT MOAITPOEKT I0JKEH ObITH CKOMITH-
JINPOBAH OTHOCUTEJILHO KOPHEBOTO 1poeKTa (. ). B kayecTBe anbTepHa-
TUBBI MOKHO OIIPE/ICJINTD KaTasor outDir, SIBJISIONINHICS IOAKATAIOTOM
outDir KOpHEBOTO IIPOEKTA.

3. Cospmaiite KOpHEBOIi tsconfig.json, CChLIAIONIIIICS Ha JIFOOBIE OATTPOEKTHI,
Ha KOTOPBIE eIl He CCBhIJIAeTCs HU OJINH JIPYTON TOITPOEKT:
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{
"files": [],
"references": [
{"path": "./myProject"},
{"path": "./mySecondProject"}
1
}

4. Teneps npu kommuaiyn npoekra B TSC ucnosbayiire diar build, 4To6b!
OH y4YeJi TPOEKTHBIE CChLIKH:

tsc --build # Uau kpamkul BapuaHm tsc -b

Ha MOMeHT HanMcaHMA KHUTY ITPOEKTHbIE CCHUIKY ABTIAITCA HOBOVI BO3-
Mo>xHOCTBIO TypeScript, umeromeit ceou Hefopaborku. [TosaTomy mpu ux
JCIIO/Ib30BAHUY YYTUTE CIIENyIOLIee:

* Ilepecobepure Bechb MPOEKT (C MOMOLIBIO tSC -b) MOC/IE €ro KIOHU-
POBAHNS WV OBTOPHOTO HOMYYeHNsI, YTOOBI BOCCTAHOBUTH JII0ObIE
HeJOCTAOLINE WK yeTapeBlye $aiiibl .d.ts. B kadecTBe a/ibTepHATUBbI
MO>KeTe IIPOBEPUTH CreHepUPOBaHHbIe (aribl .d.ts.

¢ He ncnonb3yiiTe ¢ TPOEKTHBIMU CChUIKaMM NOEmitOnError: false —
TSC 6ymeT Bcerna ycTaHaBIMBATD 9TY ONLMIO KaK true.

* CaMOCTOSATEeNIbHO YOemUTeCh, YTO HaHHDII IIOAIPOEKT foOaB/IeH K Ha-
Jajry He 607Iee YeM OffHOTO MOAMPOEKTa. B IpOTMBHOM Crydae IPOEKT,
ZOOAB/IEHHBII K IBYM MOANPOEKTaM, TPV KOMIMISALNUK OyIeT MOsB-
TATbCA OBaKAbL. [IpocTas cchl/ika OfIHOTO MOANIPOEKTa Ha APYroil He
MIpMBENET K TAKOMY ITOBEIEHMIO.

MoHuTOpUHT 0LN6OK

TypeScript mpeaynpeskiaer 06 onrOKax BO BpeMsi KOMITUJISIIIUH, HO BaM TaKKe
HOHA/I00MTCSI CITOCO0 y3HABATH 00 MCKITIOUEHHSIX, KOTOPBIE MOJIYYai0T MOJIb30Ba-
TeJI BO BPEMSI BBITTOTHEHUS, 4TOOBI OTIBITATHCS TIPEAOTBPATUTD UX HA YPOBHE
KOMIUJISITIAN (MJTH [0 Kpaiiteil Mepe UCTTPABUTD 0ar, BI3BIBAIONIIN OTTHOKY
Cpejibl BBITIOMTHEH S ). VICTIOTb3yiiTe MHCTPYMEHTHI 11 MOHUTOPUHTA OITHOOK
Bpore Sentry (https://sentry.io/welcome/) m Bugsnag (https://www.bugsnag.com/)
JUUIST PETHCTPAIMN U COTIOCTABJIEHUST OIUOOK CPe/Ibl BBITTOJTHEHUSI.
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NCNOb30BAHME PACILMPEHNA ANA YMEHBLIEHUA PYTUHHOTO KOIA
B TSCONFIG.JSON

Ckopee Bcero, BbI 3aXOTHUTE, YTOOBI BCe BN IMOAIPOEKTHI Pasfe/isUIi OTHI U Te
e HaCTPOJKM KOMIIVIALINY, II09TOMY co3jaiiTe 6a30Bblii tsconfig.json B KOpHEBOM
KaTajIore, KOTOPBIJI CMOTYT PacIIVpUTD (aiiibl tsconfig.json MOAIPOEKTOB:

{
"compilerOptions": {
"composite": true,
"declaration": true,
"declarationMap"”: true,
"1lib": ["es2015", "es2@l16.array.include"],

"rootDir": ".", "sourceMap": true,
"strict": true,
"target": "es5",

}

A 3arem mcronb3yitTe onmuio extends B 9THX (ailnax tsconfig.json MOAIPOEKTOB,
4TOOBI JOOABUTD pacCIINpeHIE:

{
"extends": "../tsconfig.base",
"include": [
AV A -
1,
"references": [
{
"path": "../myReferencedProject”,
"prepend": true
}
1,
}

3anyck TypeScript Ha cepBepe

s sanycka TypeScript-koma B cpene NodeJS HYKHO MIPOCTO CKOMITHJIN-
posatb ero B ES2015 JavaScript (uau ES5, ecin BbI ianupyere 3ammyck Ha
ycrapestieil Bepcuu Node]S) u ykasath commonjs B myHKTe module chaiiia
tsconfig.json:
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{

"compilerOptions": {
"target": "es2015",
"module": "commonjs"

}

}

B ES2015 BbI30BbI import 1 export OYAyT CKOMITUJIMPOBAHbBI B require
1 module.exports COOTBETCTBEHHO U Balll Ko Oy/eT 3amyckarbest Ha NodeJS,
HE HYK/IAsICh B JIOTIOJHUTETHHBIX CBSI3KaX.

Ecou BBI ucnosibdyere kapThl Kojia (PEKOMEH/IYeTCsI ), TO BaM HY>KHO TIPEI0-
craButh ux 1 B NodeJS. [Isist 3TOro mpocTo BO3bMHTE MaKeT source-map-
support (https://www.npmjs.com/package/source-map-support) n3 NPM u cire-
NyiiTe THCTPYKIVSM TIPU €T0 YCTaHOBKE. BOTBIMITHCTBO MHCTPYMEHTOB BPOJIE
PM2 (https://www.npmjs.com/package/pm2), Winston (https://www.npmjs.com/
package/winston) u Sentry (https://sentry.io/welcome/), peHa3HAYEHHBIX /I
MOHHUTOPHUHTA [TPOIIECCOB, )KYPHATUPOBAHUS U PETUCTPAIMU OMIMOOK, UMEIOT
BCTPOEHHYIO MOJJIEPKKY KapT KOJIa.

3anyck TypeScript B 6pay3epe
Kommusiist TypeScript quist 3amycka B Gpaysepe TpeGyeT OoJiblie yCuIuii.

CHavasa BbIOepHTE CHCTEMY MOJLYJIeii, B KOTOPYIO OyjieTe KOMITUINPOBATh.
Ecuu BoI y6amikyete 6ubmorexy (Hampumep, Ha NPM), To corsacHo obiite-
My IIPaBUJIY CTOUT MPUIAEPKUBATHCA umd, 4TOOBI MAKCHMAIbHO YBEJIUYUTh
ee COBMECTUMOCTD € Pa3JIMYHbIMU OaHJIepaMu MOYJIeil, KOTOPbI€ MOTYT
HCITIOJIb30BATHCS Pa3pabOTIMKAMIL.

Ecuin BbI cobmpaeTech pocTo UCIOIb30BAT KO CAMU, TO (hOPMAT J1Jist KOMITH -
Jisitiuu GyJIeT 3aBUCETD OT Baiiero Ganjiepa Mozyieit. [IpoBepbre ero 10KyMeH-
tanuio — Hanpumep, Webpack 1 Rollup myurire paborator ¢ moxyssimu ES2015,
a Browserfy tpeGyer momyseit CommoJS. BoT HECKOIBKO PeKOMEH IAITHil:

0 Ecuwm BB ucnosbayete 3arpy3unk Momayeit System]S (https://github.com/
systemjs/systemjs), ycTaHoBuTe module Kak systemjs.

O Ecum Bl 3ammyckaere Koji yepes Gaujiep, paboraoruii ¢ Moxyssivu ES2015,
Bpose Webpack (https://webpack.js.org/) nau Rollup (https://github.com/
rollup/rollup), yctanoBute module kKak es2015 usu Boriire.
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O Ecum Bbl npumensiere Gaurep aust mosyseit ES2015, a Bann Ko ucmosib-
3yeT IUHAMWYEeCKU UMIIOPT (CM. Tozpasiest «/lnHaMmdeckuiit iMmopT»
Ha c. 270), ycranoBute module Kak esnext.

O Ecuu BbI cosaere 6UOIMOTEKY JIJIST HCITOJIb30BAHMS B IPYTUX TIPOEKTAX
n HE HpHMeHﬂeTe K KOZ[y HUKaKUX JOIIOJHUTEJIbHBIX IIIaroB C60pKI/I
nocJie tsc, To MaKCMMa/IbHO YBEJIMYbTE COBMECTUMOCTD C 3arPy34MKaMH,
KOTOPbIE MOTYT UCIIOJIb30BaTh APyrue pazpadoTunKy, yCTAaHOBUB module
KakK umd.

O Ecum BeI cBsI3biBaeTe MoyJib 6amaaepom 1t Common]S Bpome Browserfy
(https://github.com/browserify/browserify ), yctaHoBuTe module Kak commonjs.

0 Ecawu BB uIanupyete 3arpy:karth Koj ¢ moMonibio Require]S (https://
requirejs.org/) nim pyroro 3arpysunka Mmoaysieit AMD, ycranoBute module
Kak amd.

O Ecuau BbI X0THTE, YTOOBI 9KCIIOPTHI BEPXHETO YPOBHS ObLIN I106ATIBHO
JOCTYIHBI B 00beKTe window, ycTaHOBHUTE module Kak none. OGpaTuTe
BHUMAaHMUe, YTO €CJIN Balll KO/l HAXOAUTCS B PesKUMe MOAyJiei (cM. 1Mo -
pasnen «PexumM Momyselt MpoTUB peskiuMa CKpUIToB» Ha ¢. 273), To TSC
TIOMBITAETCA YCMUPUTD Balll ITOPbIB HACOJIUTD IPYTUM pa3pa60Tq1/H<aM " BCE
PABHO IIPOM3BEIET KOMITUJISIIUIO B commonjs.

CJretyoIUM 11aroM HacTpoiiTe JIMHUIO COOPKHU Tak, 4TOOBI KOMITUIINPOBATH
Bech Kozt TypeScript B ous aiin JavaScript (0ObIYHO 5TO Ha3bIBAETCS CBSI3-
Koit) nim B Habop JavaScript-daiisioB. HecMOTpst Ha TO 4TO B HEOOJIBIIHX MTPO-
exktax TSC MoskeT cenath 3TO 3a Bac ¢ TOMOIIbIO (hyiara outFile, aTOT dhrar
MTO3BOJIIET TEHEPAITHIO TOJBKO CBA30K System ]S m AMD. A mockonbky TSC ne
MOJIIEP;KIBAET BCTPOEHHBIE TIIIATHHBI 1 MHTEJIIIEKTYaIbHOE pasfiesieHnne Koja
TEM JKe CIIOCOOOM, KaKUM HTO JIeJIAl0T CIIeIMaIM3MPOBAaHHbIE MHCTPYMEHTBI
c6opku Bpoze Webpack, To BbI HaBepHSsIKa 3aX0THTe MCITOJIb30BaTh OOJIEe
(OYHKITMOHAIBHBII GaH/Iep.

Vmenno moaToMy Bo (PPOHTEH/I-TIPOEKTaX BaM M3HAYAIBHO CIETYET UCITOb-
30Bath OoJiee (PYHKIIMOHAIbHBIE MHCTPYMEHTBI cOOPKHU. J[JIst TI0OBIX 13 HUX
cymiecTBYIoT 1iaruibt TypeScript. Harpumep:

O ts-loader (https://www.npmijs.com/package/ts-loader) muss Webpack (https://
webpack.js.org/);

Q tsify (https://www.npmijs.com/package/tsify) ssist Browserify (https://www.npmjs.com/
package/browserify);
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@babel /preset-typescript (https://github.com/Microsoft/TypeScript-Babel-Starter)
muist Babel (https://babeljs.io/);

gulp-typescript (https://www.npmjs.com/package/gulp-typescript) a1 Gulp
(https://gulpjs.com/);

grunt-ts (https://www.npmjs.com/package/grunt-ts) nss Grunt (https://gruntjs.
comy/).

HecmoTpst Ha TO 4TO MOJTHOIIEHHOE PACCMOTPEHNE ONTUMUBAINY CBIA3KH
JavaScript kozma 1715 yckopeHus 3arpy3Ku BEIXOAWT 32 PAMKU 9TOW KHUTH, He-
KOTOpBIE OT/IETTbHBIE COBETHI, He OTHOCATINECS K TypeScript, cTOUT yIOMSHY Th:

a

CoxparstiiTe KOJI MOYJIbHBIM U u30eraiite HesIBHBIX 3aBUCUMOCTEN (KO-
TOPBIE MOTYT CJIYYUTHCS TIPU MPUCBAUBAHIN 3JIEMEHTOB TJI0OATBHOMY
window HJTH IPYTUM TII00QTbHBIM OOGBEKTaM ), ITOOBI HCIOTb3yEeMbIiT BAMI
HHCTPYMEHT cOOPKU MOT O0JTee TOYHO aHATN3UPOBATH Ipad 3aBHCHMOCTEN
IIPOEKTA.

I/ICHOJII)SYIL/,ITG I[I/IHaMI/I‘{eCKI/IIL;I UMIIOPT [JIA 3arpy3KU KO/la 110 Tp€6OBaHI/IIO,
KOTOpI)II‘/JI HE IIPUMEHAETCA AJIA 3arpy3KN HavaJIbHON CTpaHMUIIbI, 4TOOBI HE
IIPEIATCTBOBATD OTO6pa)KeHI/IIO CTpaHHUIL 0e3 H606XO]II/IMOCTI/I.

Bocrniosbayiitech GyHKIIMOHATBHOCTBIO MHCTPYMEHTA COOPKHU JIJISI ABTO-
MaTHYECKOTO Pas/eseHnst Ko/a, 9ToObl n30eKaTh HEHYKHOI 3arpy3Kn
GOJTBIINX YacTell Kojia U 3aMe/[JIeHnsT pabOThI CTPAHMIIL.

BeipaboTaiiTe moaxo JIst 3aMepa BpeMEHU 3arpy3Kd CTPaHUIlbl 100
CUHTETUYECKU, 1100, 4TO ObLIO OBl MAECAIBHO, UCXOS U3 PeaIbHbIX JAHHBIX
noJsb3osareseil. Io Mepe pocra Ballero IpuIoKeHIs Ha9aaIbHOE BPEMsI 3a-
IPY3KH MOJKET MOCTEIIEHHO YBEJINYNUBATHCSI, 8 ONTUMU3UPOBATH BbI €T0 CMO-
JKeTe, TOJIbKO n3MepuB. B Takoii cutyanum 6eclieHHbl HHCTPYMEHTBI BPOJIE
New Relic (https://newrelic.com/) u Datadog (https://www.datadoghg.com/).

CrapaiitTech coXpaHsATh Bally cOOPKY B MPOJAKIICHe MAKCUMAJIbHO TIPH-
6KeHHOI K cbopke paszpaborku. Yem Goibiiie oHM GYIYT OTJIMYATHCS, TEM
cJI0KHee OyIeT yeTpaHATh Oaru, OSABJISIONINECs TOJbKO B IIPOAAKIIEHE.,

Hy u mocaennee. [Tpu ornipaBke koma TypeScript auist 3amycka B Opaysepe
BbIpaboTaiiTe METO/ IS TOOABIEHUST HEIOCTAIONIETO (QDYHKITMOHATA. ITO
MOJKET OBITh CTAaHIAPTHBII HAOOP TTOMU(DIIIOB, OCHOBAHHDIN Ha TOM, KAaKHe
(byHKINT oaepRuBaetT Opaysep moIb30BaTEs.



My6nukauua TypeScript-koga Ha NPM 321

My6nukauus TypeScript-kopa Ha NPM

Kommmamposats Kot /17151 ncnosib30BaHus B pyrux TypeScript- u JavaScript-
IIPOEKTaX JI0CTATOYHO JieTKo. HysKHO ydecTh HeCKOIbKO PEeKOMEH 1T

O lenepupyiite KapThl K0/1a, KOTOPBIE TIOMOTYT TTPOU3BOIUTD €TO OTIAKY.

a Kommuwmpyiite B ES5, aT00BI IpyTHie MOIb30BaTEN MOTJIHU JIETKO COOPAThH
M 3aITyCTUTH BaIll KOJI.

O OrHecuTech CEPbE3HO K TOMY, B KaKoil (hopmMaT MOy ieil KOMIUIMPO-
Bath (UMD, Common]S, ES2015 u T. 11.).

Q TenepupyiiTe geKaapaiuy THIIOB, YTOOBI APyTHE MoJb3oBaresnn TypeScript
pacroyiarajiv TUIIAMHY JIJIsT BAIIEro KOJia.

Haurre ¢ kommmsiuu TypeScript-koma B JavaScript ¢ TOMOIITbIO tsc ¥ TeHeparim
COOTBETCTBYIOINTHX Jiekiaparuii TunoB. O0si3aTesbHO HaCTPOiiTe tsconfig.json /1ist
MaKCHMaJIbHON COBMECTUMOCTH ¢ HarboJ1ee MOy JIsIpHBIME cpeiaMi JavaScript
u cucremamu co6opku (paspen «Cosmganue mpoekra B TypeScripts, c. 306):

{
"compilerOptions": {
"declaration": true,

"module”: "umd",
"sourceMaps": true,
"target": "es5"

}

}

3aTeM JIIst UCKJTI0YEH s TyOIMKaIuu HCXOAHOTO Kojga Ha NPM BHecute ero
B YepHBII criucok B .npmignore. TakuM 06pasoM Bbl U30EKUTE YBETMUECHMS
pa3mMepa makeTa. A B .gitignore UCKITIOUNTE CTeHEPUPOBAHHBIE apTe(aKThl U3
penosutopust Git, uTo6bI 136€KaTh €ro 3aCOPEHUS:

# .npmignore

*.ts # WeHopupoBamb ¢alinel .ts
I*.d.ts # fJonycmume .d.ts

# .gitignore

*.d.ts # WaHopupoBame ¢alinel .d.ts
*.js # WeHopupoBamb .js
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Ecnu Bbl npupep>XuBanmuch peKOMEH/I0BAHHON CXeMbI IIPOEKTa M XpaHM-
JIVL UICXOHbIE (baﬁmbl B Src/, a CreHepupOBaHHbIE (baﬁnbl B dist/, TO Baiu
¢arwsl .ignore 6yAyT elie mpoie:

# .npmignore
src/ # NeHopupoBamb #ucxoOlHsie ¢alinsl
# .gitignore

dist/ # MezHopupoBamb cz2eHepupoBaHHbie @alisnb

B 3asepiienue gobasbre moJie "types" B (aiii package.json mpoekTa, 4ToObI
yKas3aTh, YTO OH COAEPKUT JAEKIAPaIlii TUIIOB (3TO He 00sI3aTEIbHO, HO 110-
JIE3HO J171st ToJib3oBaTesieil TypeScript), a Takike 106aBbTe CKPUIIT IS COOPKU
MaKeTa rmepe;i ero OTIPABKOM, 4T0ObI yOeIUTHCS, 4TO Balll JavaScript-kos ma-
KeTa, eKJIapaiuy TUTIOB W KapThl KO/Ia BCET/Ia aKTyaIbHBI 1 COOTBETCTBYIOT
koxy TypeScript, u3 KoToporo GbLIN CKOMITUIIMPOBAHDIL:

{
"name": "my-awesome-typescript-project”,
"version": "1.0.0",
"main": "dist/index.js",
"types": "dist/index.d.ts",
"scripts": {
"prepublishOnly": "tsc -d"
}
}

Bot u Bce! Tenepp, Korma Bel omybankoBaau maker, NPM aBromarnuecku
ckoMnuaupyeT Batil Ko TypeScript B hopmar, TpUToIHbII KaK JIJIS TT0JIb30-
Batesieil TypeScript (¢ 6€301MacHOCTBIO THIIOB), TaK U JIJIsI T€X, KTO MCIOJIb-
3yer JavaScript (¢ HeKOTOPOI 6e30ITaACHOCTHIO TUIIOB, €CJIM UX PEAAKTOP 9TO
MO/IZIEP;KIBAET ).

iupeKTUBbI € TPpEMA Clewamm

B TypeScript peasmnsoBana MaJon3BecTHasA, PEIKO UCIIOJIb3yeMas 1 Jalle
BCero HeoOHOBJIEHHAS (DYHKITHS, Ha3bIBaeMast IMPEKTUBAMHE C TPEMSI CIIETIAMHU.
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ITHU IMPEKTUBBI ABJISIIOTCST 0cOObIM hopMaToM KoMMeHTapueB TypeScript,
CIy>KaIuX B KadecTBe WHCTpyKInit 1yt TSC.

Onu 6BIBAIOT HECKOJIBKUX BUIOB. B aTOM pasiesie Mbl PACCMOTPHUM JiBa U3
HUX: types, UCIOJIb3YEeMYIO [JIsI IIPOILyCKa UMIIOPTa BCETO MOZYJIA, IIPEAIIo-
Jlararoiiero ToJIbKO UMIIOPT TUIIOB, M amd-module, CJIysKalllyIo 7151 UMEHOBAHUS
moxyseit AMD. 3a nosttoii ma(opMarpein 0opaTuTech K MpuiIoKeHnto /1.

Dnpextusa types

B 3aBucumocT oT TOTO, YTO BBl UMIIOPTUPOBAIN U3 MOAYJIsA, TypeScript He
Beerjia TpeGyeTcsi TeHepUPOBaTh BBI30B import MJIK require IPU KOMITAJISIINN
koja B JavaScript. Ecsiu y Bac ecTb MUHCTPYKITUS import, 4eil 9KCIIOPT UCTIOJIb-
3Y€eTCs TOJILKO B TIO3UITUU TUIIA B MOJLyJI€ (TO €CTh BbI IPOCTO UMIIOPTUPOBAJIH
u3 aToro MoayJist i), TypeScript He OyaeT TeHepupoOBaTh JJIsl STOTO import
KoJ JavaScript — paccMaTpuBaiiTe ero Kak CyIIecTBYIOMIIH TOJIbKO Ha yPOBHE
TUTIOB. JTa (DYHKITUSA HA3BIBAETCS TIPOITYCKOM UMIIOPTA.

Uckiiouenurem 13 3TOTO TIPaBUIa SABJISIIOTCS UMIIOPTBI, UCIIOJIb3yeMbIe JIJIsI
060YHBIX 3(DHEKTOB: €CTi BB HIMIIOPTUPYETE BECh MOYJIb (He WMITOPTHU-
Py KOHKPETHBIM 3KCIOPT WJIM CUMBOJI TTOJICTAHOBKHM U3 3TOTO MOAYJIS),
TO 3TOT UMIIOPT OYy/IET TeHEPUPOBATh KO JavaScript pu KOMITHJISIINN U3
TypeScript. Bol MoskeTe 1e1aTh 9T0, HATIPUMEP, €CJIN XOTUTE YOEAUTHCS, 4TO
BHEIIIHUH TUII, ONIpe/IeJIEHHBIN B peKUMe CKPUTITOB, IOCTYTIEH B Ballleii Ipo-
rpaMMme (KakK MbI JleJiaiu B pasjiesie «besonacHoe paciivpenne mpoToTHIiay
Ha c. 193). Hampuwmep:

// global.ts
type MyGlobal = number

// app.ts
import './global’

[Tocne xommusammm app.ts B JavaScript mocpencTBoM tsc app.ts BBl 3aMeTHTE,
4TO UMITOPT ./global He GBI TPOTIYIIeH:

// app.js
import './global'

Ecuu BbI yacTo nuiere mogo6HbIe UMIIOPTBI, IPOBEPETE, A€HCTBUTENBHO JIN
UMIIOPTY HY’KHO HCIIOJIb30BaTh HOG0YHBIE 3 (DEKTHI U HET JIU APYTOro criocoba
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Hepenucarhb Koj, 60jee SsBHO BbIPA3UB, KAKOE 3HAYEHUE WU THUII BHI UMIIOP-
Tupyete (HapuMmep, import {MyType} from './global' KoTopsiit TypeScript
MPOITYCTUT, BMECTO import './global'). JInbo IIOCMOTPUTE, MOKETE JIN BBI
BKJIIOYUTD BHENTHUIT THTI B TIOJIE types, files nim include daiina tsconfig.json
U ITOJIHOCTBIO 136eKaTh MMITOPTA.

Ecau 51 opyH U3 9TUX BapMAHTOB HE MOAXOAUT U BBl XOTUTE TTPOIOJLKUTH
UMIIOPTUPOBATH IeJIble MOYJIN, HO 30eKaTh JavaScript-Bbi3oBa import
WJIW require JIJIA 9TOTO MMTIOPTA, NCMOJIb3YHTe INPEKTUBY types. [[upexTnBa
¢ Tpems caettiaMu (///) COTTPOBOXKIAETCS OJTHUM U3 TIPE/LyCMOTPEHHBIX X M L-
TETOB, Ka)K/IbIil U3 KOTOPBIX UMEET CBOI HAOOP HEOOXOANMBIX aTprOyTOB. JlJ1st
JIUPEKTUBHI types 3TO BBITJISIIUT TaK:

0 OO6bsaBIeHME 3aBUCUMOCTH BO BHEIIHEH AEKIAPALAN THIIA:
/// <reference types="./global" />

0 OO0baBieHne 3aBUCUMOCTH B @types/jasmine/index.d.ts:
/// <reference types="jasmine" />

UpesmepHOe UCTIOIb30BAHKE ITON ITUPEKTUBBI HOJKHO TTOOYANTDH BacC MO-
HCKATh CI0CO0, IPU KOTOPOM HE IPHUAETCS CAMIIKOM YaCTO [I0JIAraThCs Ha
BHEIIIHUE TUIIBL.

Nupektusa amd-module

[Ipu kommmsiitum TypeScript-kozaa B hopmat mosysneit AMD (uTto ykasano
B tsconfig.json kak {"module": "amd"}) TypeScript o ymosuaHuio renepupyer
aHoHnMHbIe MOy AMD. /IlupekTuBy B TaHHOM CJIy4ae MOKHO HCIIOJIb30-
BaTh, YTOOBI 33/1aTh MOJIYJISIM UMEHa.

K mpumepy, y Bac ecTb caemyronuii Koz

export let LogService =

{ 1og() {
// ..

}

[Ipu ero komnursiiium B popmat Moyteit AMD, TSC renepupyert ciemyiomnmit
Koz JavaScript:
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define([ 'require', 'exports'], function(require,
exports) { exports. esModule = true
exports.LogService = {

log() {
/.

1

Ecau Bbt 3HaKOMBI ¢ hopmMaToM Moyaeit AMD, TO MOTJIA 3aMETUTb, YTO 3TO
6e3bIMSIHHBIN MO/YJIb. UTOOBI 3a/1aTh €My UMsI, UCIIOJIb3YITe TUPEKTUBY
C TpeMsI cJIenraMu 1 amd-module:

/// <amd-module name="LogService" /> @
export let LogService = { @

log() {
VA
}
}
@ llcrnonb3yem nupeKkTHBy amd-module W yCTaHaBJIWBaeM B Heil aTpuOyT
name.

e OcTanbHOI KO/ OCTaeTCA HEM3MEHHDIM.

Ternieps npu oBTOpHON KoMtmgun yepe3 TSC B dopmat monyas AMD,
MBI TTOJTyYaeM cyeayiomuii JavaScript-Koz:

/// <amd-module name='LogService' />

define('LogService', ['require', 'exports'], function(require, exports) {
exports. esModule = true
exports.LogService = {

log() |
/] ...

b))

WcnonbayiiTe mupekTuBy amd-module, 4T0OBI 00JIEMYUTH CBSI3bIBAHKE W OTJIA]I-
Ky Kofa (MJIH 10 BO3MOKHOCTH Tiepeiiante Ha 6osiee COBpeMeHHbIH (hopmar
moyJieit Bpoge ES2015).
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Utoru

B aToii rmaBe BB paccMOTpesn Bee, UTO BaM HY>KHO 3HATD JIJIST CO3IAHUS U 3a-
mycka cBoero TypeScript-ipuiioskeHns B MpoaakiieHe Gpaysepa Win cepsepa.
Bl Hayunmich BBIOUPATH BEpCUIo JavaScript [uist KOMITUIISAIUE, OTMEYaTh
JIOCTYIIHBIE B Balleii cpesie Gubmnoreku (1 100aBIsATh HEAOCTAOINN (DYHK-
IUOHAJI TIOCPEICTBOM TIOJIN(UIIOB), a TAKIKE CO3/IaBATh U OTIPABJISTD KAPThI
KOJIa BMECTE C IPUJIOKEHUEM, YTOOBI 00JIETYUTH €0 OTIAAKY B IIPOIAKIIEHE
U JIOKaJIbHYT0 pazpaboTKy. 3aTeM Bbl y3HAIU, KaK IPUMEHSITh MOJLYJIH B IIPO-
eKTe, YTOOBI COXPAHUTh CKOPOCTD €I0 KOMITUJIAIN. B 3aBepIiieHue Bbl yBUICTH
3allyCK MPUJIOKEHUS Ha cepBepe U B Opaysepe, mybsmkaiio TypeScript-koza
Ha NPM, npunuun paboTsl IPOIYCKa UMIIOPTA U HAYYHJIM II0JIb30BaTe el
AMD umeHOBATh MOJYJIN C TIOMOMIBIO IUPEKTUBHI C TPEMSI CIICIIIAMMU.
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Utoru

Bot Mb1 1 HpI/I6JII/I>KaeMC$I K KOHITYy Halllero COBMECTHOTO Iy TENIECTBH .

B HeM MbI 00CYIUITH, YTO TAKOE THUIIBI 1 YeM OHU T10J1e3HbI, Kak paboTaeT TSC,
KaKWe TUTIBI TofiiepKuBaeT TypeScript, Kak ero cucTemMa TUTIOB TPOU3BOIUT
BBIBOJI, YTOUHEHME, PACIIIPEHNE, TOTATLHOCTH U TIPOBEPSIET COBMECTUMOCTD.
Jlasiee Mbl [iepednc/IAI PaBU/Ia KOHTEKCTHOM THITU3AIIA, TPUHIIUIIBL PAOOTHI
BapUMATHUBHOCTH, & TAKKE PACCMOTPEIU MCIOJIb30BAHUE OTIEPATOPOB TUTIOB.
Mpb1 nponuuck 1mo TeMaM QyHKIUA, KJaccoB, HHTePdEcoB, UTepaTopoB
U TeHepPaTOPOB, MEPErpy30kK, NOJUMOPQHBIX TUIIOB, IPUMECEI, IeKOPATOPOB,
a TaK’Ke Y3HAJIU Pa3JINYHbIe 3aMTaCHBIE PEIEeHU S, KOTOPbIEe MOKHO U3PEIKA UC-
H0JIb30BaTh, KEPTBYST GE30MACHOCTHIO PAJAU CAa4M KOAa B paMKax Je/IaiiHa.
MBI U3y 41N HECKOJIBKO CIIOCOO0B Oe30nacHoil 00paboTKM NCKITI0YeHIiT (11X
IUTIOCHI M MHYCBI ), & TaK/Ke HAYIUJIUCh UCIIOJIb30BATh TUIIBI, 4YTOOBI C/IETATh
KOHKYPEHTHBbIE, TapaJijieJIbHbie U aCHHXPOHHbIE MTPOTPAMMbI O€30MaCHBIMHU.
[Torpysunuce B TeMy ucrnoab3oBanus TypeScript ¢ monyasgpabiMu peiim-
Bopkam#u Bpojie Angular u React, a 3aTem pacecMoTrpesii paboTy IIPOCTPaHCTB
UMeH U MOZTyJielt. MBI M3y4IniIn MCI0Ib30BaHNe, CO3/IaHNe U Pa3BEPThIBAHLIE
TypeScript Bo hponTen; I 1 G3KeH 1, TOTOBOPUJIH O TOM, KaK IOIIIar0OBO MUTPH-
POBaTh B HETO KOJI, KAK MCIIOJIB30BATh JIeKIapallii THIIOB, TyOJMKOBATh CBO
kot Ha NPM Ji71s1 ipyTHX pa3paboTYNKOB, HAYYHIIHCH O€30MaCHO MCII0JIB30BATh
CTOPOHHUIT KOl U cO3/1aBaTh cOOCTBEHHbIE TIPOEKThI TypeScript.

HaIIeIOCb, MHE Y/1aJIOCh BAOXHYTH B BaC IYX CTATUYECKHUX TUIIOB U TEIIEPb
BpeMsI OT BpeMeHH Bbl Oy/leTe CHavasa MpPOMUCHIBAThH MPOrPAMMBbI B THIIAX,
a 3aTeM peasn30BbIBaTh UX. J[ymaro, 4T0 BbI 00penn riryboKoe HHTYUTHBHOE
ITIOHUMaHNE NUCITIOJIb30BaHN A TUIIOB [AJI ITOBLIIIIEHU A 6630HaCHOCTI/I BallluX I1pu-
goxkeruit. Pam, ecm y Bac XOTh HEMHOTO U3MEHUJICS B3TJIS HA MUD U TETIePhb
IIpr HalTMCaHUU KO/ia BbI 6y11eTe MbBICJIUTD TUIIaMMU.

Ha manmipiit MOMEHT Y BacC ysKe eCTh I0CTaTOUHO MaTePUAJIa, YTOObI €U ThCS
suanusmu o TypeScript ¢ apyrumu. Boictynaiite B 3amuty 6e30MacHOCTH
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U CIIOCOOCTBYHTE YIIYUIIEHHIO 1 OOJIETYEHNIO HATTMCAHNUST KOJ[A BAIIUMHE KOJI-
JIeraMU U JIPY3bsIMU.

3aKoHYy Ha TOM, UYTO TIOCOBETYIO MPOI0JIKATh OCBOEHNE HOBOTO. TypeScript,
BEPOSITHO, HE TIEPBBIN M HE TIOCJeIHUI N3BECTHBIN BaM s3bIK. [Ipomoskaiite
n3ydyeHue HOBBIX MO/IXO/IOB K IIPOrPaMMUPOBAHUIO, PACCMATPUBANTE TUITHI
C HOBBIX PaKypCOB, a TaK’Ke [M0-HOBOMY OIleHUBaiiTe Gamanc Mesk Ly Gesomnac-
HOCTBIO U TTPOCTOTOMN UCTIOIb30BaHM. KT0 3HaeT, MOKeT UMEHHO BBI CO3/IAINTE
Oy ayuiyio 6oJiee coBepiennyio anaaoruio TypeScript, a s O{HaK bl HATIKIITY
00 9TOM KHHUTY...



[NPUNOMEHUE A

Onepatopbl TUNOB

TypeScript noaepskuBaet GoraTbiii Habop OMepaTopoB JJIst pabOTHI ¢ TUTAM.
Vcnosbayiite Tabu. A.1 B KauecTBe MOAPYYHON CIIPABKY Ha CJIyJaki, KOrjia Bam
HOHA0OUTCST y3HATDH 06 OTlepaTopax moapobHee.

Ta6nuua A.1. Onepatopbl TUNOB

Onepatop TMna CuHTaKCMC Wcnonb3oBanue ¢ Moapo6Hee
3anpoc Tuna typeof, JltobbIM TUOM «YTOUHEHMe, ¢. 160, «Knaccbl 06b-
instanceof ABNANT 1 3HAYEHNA, U TUMbI», C. 127
Kntoun keyof Tunom 06bekToB «Onepartop keyof», ¢. 169
Mowck cBolicTBa O[K] Tunom 06bekToB «Onepatop noakntouenua (key in)»,
¢. 167

OTo6pakeHHbIiA TMN [K in O] Tunom 06beKToB «0T06paxKeHHble TUMbI, €. 173

CnoxeHue + Tunom 06bekToB «0T06paxeHHble TUMbI, €. 173

Bbluutanue - Tunom 06bekToB «0TobpaxeHHble TUMbI, ¢. 173

TonbKo uteHue readonly Tunom 06beKToB, «00beKTbI, ¢. 42, «<Knaccbl 1 Hacnepo-
MAccUBOB, KopTexeli BaHue», ¢. 111, «MaccuBbl 1 KopTexu

TONbKO ANA UTeHNA», C. 56

OnunoHanbHoCTb ? Tunom 06beKTOB, «06bekTbI», 42, <KopTexun, ¢. 55,
KopTexeii, napameTpoB  «[lpefycTaHOBMEHHbIE 1 ONLMOHANb-
dyHKLMiA Hble mapameTpbi», €. 69

YcnoBHbIA TUN ? 06061LLEHHbIM TUMOM, «YcnoBHble TUMbI», ¢. 180
NCeBAOHMMaMK TUMOB,
TUMOM NapameTpoB
DYHKUMIA

YrBepxaeHue He null ! Tunom, gonyckatowmm  «HeHyneble yTBepxaeHna», c. 187,
null «YTBEPXKAEHUA TUNOBY, C. 185

lpenycTaHoBKa napame- = 06061LEHHbIM TUNOM «[TpepycTaHoBKM 0606LLEHHbIX

Tpa 06006LLeHHOr0 TUNa TNoB, ¢. 107

YTBepaeHue Tuna as, <> JltobbIM TUIOM «YTBepXAeHNA TUNOB», C. 185,

«Tun const», ¢. 156

3awyra Tuna is Bo3gpalaembim «[Tonb30BaTeNbCkye 3aLuTbl
THNOM QYHKLMN T™MnoB», ¢. 178
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YTunutbl TUNOB

Yrummtet Tumos B TypeScript nanauaabHO TPUBSA3AHBI K €T0 CTAHIAPTHOMN
6ubsmorexe. B tabur. B.1 mepeyncisiores e, 4To A0CTYITHbI Ha MOMEHT Ha-
MUCAHUS KHUTH.

AxTyanbHyo TH(OOPMAIIIIO MOKHO HAUTH HA (https://github.com/
Microsoft/TypeScript/blob/master/src/lib/es5.d.ts).

Ta6bnuua b.1. Ytunutbl Tunos

YTunura tunos Ncnonb3yerea ¢ Onucanue

Constructor-  Tunom KOHCTPYKTOPOB Knacca KopTes TMnoB napameTpoB KOHCTPYKTOpa knacca
Parameters

Exclude Tunom 06beAnHerNA WcknioyaeT TR U3 Apyroro Tuna

Extract Tunom obbeanHerna Bbibupaet Tin, COBMECTUMbII € APYruM TUNOM

InstanceType Tunom KOHCTPYKTOPOB Knacca Tun 3K3emnnAapa, nonyqaeMbM nocpeacTBom new
KOHCTPYKTOpa KJacca

NonNullable Tunom, gonyckatowmm null Wcknouaet null mundefined u3 mna

Parameters Tunom GyHKLMN KopTexx TUNOB napameTpoB GyHKLuN

Partial Tunom 06beKToB [Jlenaet Bce (BOIACTBA 06bEKTA ONLMOHANbHBIMM

Pick Tunom 06bekToB MoaTnn TMNa 06beKTa C NOAMHOXECTBOM €r0 KNtoueit

Readonly Tunom maccnBoB, 06beKToB [llenaet Bce (BOIACTBA 06BEKTA, MACCUBA UIN KOPTEXA
11 KopTexeit TONbKO ANA YTeHUA

ReadonlyArray Jlio6bim TUnom (Co3naeT Hen3meHAeMblii MacCB 3afLaHHOTO TUNA

Record Tunom 06beKToB 0T06paXkaeT T!N KNtoua Ha TUN 3HaueHus

Required Tunom 06beKToB [lenaeT Bce (BOIiCTBA 06bEKT HEOOXOAUMBIMU

ReturnType Tunom dyHKLMiA Bo3BpaLijaemblil Tun GpyHKLUM



http://bit.ly/2I0Ve2U

[PUNOMKEHNE B

O6nactb feicTBuA AeKnapayui

Jexnaparu B TypeScript UMeroT pasinuHble BAPHAHTHI IIOBEIEHNUS, HEOOXO0-
JIUMOTO JIJIsI MOZIETIPOBAHUSI TUTIOB 1 3HaYeHu . Tak ke Kak 1 B JavaScript,
OHU MOTYT OBITD TTEPETPY/KEHBI HECKOJIBKUMHE CITIOCOOaMU. ITO TIPUITOKEHITE
paccMaTpuBaeT /[Ba BAPUAHTA IOBEJIEHUS, PA3IeJisisl IeKIapaluu, TeHepupy-
IOIITIe TUTTBI, 3HAYEHUS U AOMYCKAIOIINe CIUSHUE.

[eHepupyet nu aeknapauua Tun

Onnu nexnapanuu B TypeScript cospator Tuit, 1pyrue — 3HadeHue, a HeKOTo-
pbie — 1 TO U gpyroe. Tabsumia B.1 mpecTaBisier ux mepedyeHs.

Ta6nuua B.1. [eHepupyet nu geknapauua tun

KnioueBoe cnoso leHepupyet Tn TeHepupyer 3HaueHue
class Jla lla

const, let, var Het JIE]

enum [la la

function Her Jla

interface JIF] Het

namespace Het JIE]

type la Her

[lonyckaeT nu geknapauusa cimsHue

CiusiHue Jiekaapanuii — aTo KiaodeBast ocobeHHoctb TypeScript. Bocmosib-
3yiirecs efo st co3nanust Gosiee 6oratbix API, yrydiieHust MOy IbHOIM
CHCTEMBI KOJIa ¥ TIOBBINIIEHUS €T0 He30TMaCHOCTH.
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Tabauna B.2 B3ara us paspena «Causanue gexnapauuii» xa c. 279. Ona Ha-
TJISIZTHO IEMOHCTPUPYET, ISt KakuX fAekaapaiuii TypeScript Gyaer npousBo-
JIUTH CJIUSTHUE,

Ta6bnuua B.2. [lonyckaeT nn geknapauma cimaxue

Mepuncn.

3HayeHue
Knacc

Mepeuncn.

OyHKuma

Mcs. TMNA
UnTepdeiic

Mp. umen

Moaynb




[NPUNOMKEHNE T

lpaBuna Hanucauua ¢pannos
AeKnapauun ana CTOpoHHMX
moayneu JavaScript

ITO NPUJTIOKEHNE PACCMATPUBAET HECKOIBKO KIIOYEBBIX 3JIEMEHTOB CTPYK-
TYPBI U TATTEPHOB, PETYJIAPHO BCTPEUYAIOIINXCS IPU TUMTU3AIIMN CTOPOHHUX
MozyJieit. Bosiee mogpo6GHO 03HAKOMUTBCS € TUITH3AINEH CTOPOHHETO KOJIa
BBI MOJKeTe B paszesie «JavaScript, He UMeIONNUH AeKIaparuii TUIIOB Ha
Definitely Typed» ma c. 303.

[TockombKy haiisibl fekmaapaIuit MoLyielt J0JKHBI HAXOAUTHCS B (haiiiax .d.ts,
OHU HE MOTYT COJIEP/KaTh 3HAYEHUST U TIPU OOBSIBJICHUN TUIIOB MOLYJIEH 110-
TpebyeTcs UCIOAb30BaTh KJII0YeBOe CI0BO declare jiJist MOATBEPIKACHIS, YTO
3HAYEHUS JTaHHBIX TUTIOB AeMCTBUTETBHO 9KCITOPTUPYIOTCS BAITUM MOYJIEM.
Tabsmna I 1 npeacTaBiseT KpaTKyio CBOAKY CTaHAAPTHBIX JeKIapaliii 1 9K-
BUBAJIEHTHBIX UM JIeKJIapaIliii TUIIOB.

Ta6nuua I.1. [leknapauuu TypeScript 1 11X SKBUBaNEHTbI, UMetoLLAe TONBKO TAMbI

var a = 1 declare var a: number
leta=1 declare let a: number
const a =1 declare const a: 1

function a(b) { return b.toFixed() declare function a(b: number):

} string

class A { b() { return 3 } } declare class A { b(): number }
namespace A {} declare namespace A {}

type A = number type A = number

interface A { b?: string } interface A { b?: string }
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Tunbl 3KcnopTa

Ot TOr0, KaKOi1 9KCIOPT MCob3yeT Bai Moyib (ES2015, Common]S wiun
r100aTbHBIIT 00BEKT), Oy/IeT 3aBuceTh Hamucanne GhailIoB IeKIapariii.

mo6anbHble 06beKTbl

// [no6aneHas nepemeHHas
declare let someGlobal: GlobalType

// Tno6aneHeili Knacc
declare class GlobalClass {}

// TnobansHas PyHKyus
declare function globalFunction(): string

// TnobansHoe nepe4ucrieHue
enum GlobalEnum {A, B, C}

// TnobansbHoe npocmpaHcmBo umeH
namespace GlobalNamespace {}

// TnobanbHuili hceBOoHUM muna
type GlobalType = number

// TnobaneHbili uHmeppelic
interface GlobalInterface {}

Kaskmast 3 aTux giekmapanuii 6yer [ocTyIHa rio6aibHO IS Kask/1oro daiiia
npoekTa 6e3 SBHOro uMIopTa. Bl Morym 6b1 ncnob3oBaTh someGlobal B Jiro-
60M (paiisie mpoekTa 6e3 HeOOXOAUMOCTH €0 UMIIOPTa, HO TP BBIOJHEHUN
notTpeboBasoch ObI IPUCBOUTH someGlobal TyI06AJbHOMY IIPOCTPAHCTBY
nmen (window B Gpaysepax ui global B Node]S).

Crapaiitech n3berath import 1 export B (hailyiax gexaaparuii, 4To0bl COXPAaHUTh
haiin B pexxuMe CKpUTITOB.
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Jkcnopt ES2015

Ecom Bam momysib uctosbsyet akcropTsl ES2015 (kjroueBoe ¢ioBo export),
TO TIPOCTO 3aMeHUTe declare (TIOATBEPK/IAIOIIEE, YTO TT0OATbHAS TIEPEMEHHAST
orpeiesieHa) Ha export (MOATBEPKIAIOINIEE, YTO HKCITOPTUPYETCST TTPUBSI3KA

ES2015):

// 3Kcnopm no ymoa4YaHui
declare let defaultExport: SomeType
export default defaultExport

// MpoumeHOBaHHLIG 3KChopm
export class SomeExport {
a: SomeOtherType

// 3Kcnopm Knacca
export class ExportedClass {}

// 3kcnopm @yHKyuu
export function exportedFunction(): string

// 3Kcnopm nepe4ucneHus
enum ExportedEnum {A, B, C}

// 3kcnopm npocmpaHcmBa umeH
export namespace SomeNamespace {
let someNamespacedExport: number

// 3Kcnopm muna
export type SomeType = {
a: number

// 3Kcnopm uHmepgelica
export interface SomeOtherType {
b: string
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JKkcnopt Common)S

Common]S ge-dakro 6611 cTangapToM Moy Ieit 10 mossaerns ES2015 u xa
MOMEHT HallMCaHUsI KHUTH BCe ellle siBjisietcsi cranaapToM st Node] S, Ho ero
CUHTAKCUC HECKOJIBKO OTJIMYaeTcsa oT cunTtakenca ES2015:

declare let defaultExport: SomeType
export = defaultExport

OG6paruTe BHUMaHUE, YTO MbI TIPUCBOKIIN 9KCIIOPTHI K export, a He UCI0JIb30-
BaJIu export B posti Mordukaropa (kKak genann B ES2015).

Jlexmaparnus TumoB g ctopoHHero Moayasi Common]S MOKeT coziep:KRaTh
TOJIBKO OJIUH 9KCTOPT. /17151 3KCIIOpTa HECKOJIBKUX 9JIEMEHTOB Mbl HCIIOJIb3YEM
cJUsTHUE lekaapanuii (mpuiokenue B).

Hampumep, 9T06bI THIIN3UPOBATH HECKOIBKO IKCIIOPTOB, & HE 9KCIOPT TI0
YMOJTYaHUIO, MBI 9KCIIOPTHPYEM OJIHO namespace:

declare namespace MyNamedExports {
export let someExport: SomeType
export type SomeType = number
export class OtherExport {
otherType: string

¥
export = MyNamedExports

Agto nacuet Moyt Common]S, KOTOPBIH IMeeT 1 9KCIOPT IO YMOTYAHUIO,
Y IMEHOBaHHBIH aKcTTopT? /171 HEeTo MBI MCTIOJIb3YEM CJUSTHUE JICKIIAPATIHH:

declare namespace MyExports {
export let someExport: SomeType
export type SomeType = number

}

declare function MyExports(a: number): string
export = MyExports

Jkcnopt UMD

Tunuzarust moaysist UMD noutu upentuana tunusdanuu Moaysas ES2015.
EnuncTBeHHOE pa3simuue B TOM, UTO, €CJTH BBI XOTUTE CIETATh MOYJIh TOCTYTI-
HBIM TJI06aJTbHO IS (aiiJIoB ¢ PESKUMOM CKPUIITOB (CM. TTopasies « Pexnm



Paciuupenite moayna 337

MOyJIell TPOTUB PesKUMA CKPUIITOB» Ha €. 273), TO UCTIOJIb3yeTe CIeITNaTbHbIN
CUHTAKCHUC export as namespsce. Hampumep:

// 3Kcnopm no ymoA4YaHUK
declare let defaultExport: SomeType
export default defaultExport

// WmeHoBaHHbIG 3KChopm
export class SomeExport {
a: SomeType

// 3Kcnopm muna
export type SomeType =
{ a: number

export as namespace MyModule

O6paTrTe BHUMaHWE Ha TIOCIEAHIOI0 CTPOKY: €CJIU Y BAC B TPOEKTE €CTh (hailr
C PEXXUMOM CKPHIITOB, TO BBl MOJKETE UCIIOJIb30BATh MO/LYJIh HATIPAMYIO (He
HUMIIOPTUPYSI €r0) B r100aJIbHOM IIPOCTPAHCTBE HMEH MyModule:

let a = new MyModule.SomeExport

Pacwmpenue moayns

Paciipenuie IeKapaiiy TUIIOB MOJLYJIsi MEHee PACTIPOCTPAHEHO, YEM €T TH-
IU3AIIKsT, HO BbI MOJKETE C HUM CTOJIKHYThCSI TPU HATIMCAHUY T1ariHa jQuery
win ipumecu Lodash. Crapaiitech 10 BO3MOKHOCTH €10 n36€eraTh U JIydIiie
PaccMOTPUTE UCIOIB30BAHUE OTAEIBHOTO MOLYJIsI. TO €CTh BMECTO TIPUMeECH
Lodash ucnosbayiite 00b1anyt0 (hyHKINIO, a BMECTO ILTariHa jQuery... CTo,
a TT0YeMy BBI 10 CUX TIOp UCToJb3yeTe jQuery?

mo6anbHble 06beKTbl

Ecuiu BbI XOTHTE pacIiipuTh riobaabHOe MPOCTPAHCTBO UMEH WU HTepdeiic
JIPYTOTO MOYJISI, TIPOCTO co3aiiTe (haii ¢ pesKUMOM CKPUIITOB (CM. TIOIpa3-
nen «Pexum MojyJieil IpOTUB PeKUMa CKPUTITOB» Ha C. 273) U JIOTIOJTHUTE
ero. O6paTuTe BHUMaHIE, 4TO 9TO pabOTAET TOJIBKO /it THTEPGEHCcOoB U Mpo-
CTPAHCTB UMeH, Belb TypeScript 3a00THTCSt 06 X CAUSTHUN CaM.
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Harmpumep, ro6aBum B jQuery HOBbIIT 3aMedaTeTbHbIi MeTo/I marquee. Haunem
C YCTAHOBKH CaMOTO jquery:

npm install jquery --save
npm install @types/jquery --save-dev

3aTeM cO3/IaJIUM B ITPOEKTe HOBBIN (hails, ckaskeM jquery-extensions.d.ts, 11 10-
GaBuM marquee B TJ106aIbHbIN HHTEpdeiic jQuery (s1 ysHas, uto jQuery ornpe-
JIeJISIeT CBOM METOJIBI B nHTepdeiice jQuery, pasbICKUBast 71 HETO JeKIapaIfii
THTIOB):

interface JQuery {
marquee(speed: number): JQuery<HTMLElement>

}

Terneps B m060M (aiie, npuMenstoriem jQuery, Mbl MOXKEM HCIOTb30BATH
marquee (HO OHAKOOUTCS TOOABUTD [IJIsl marquee PeaTM3AI[UIO CPEIbI BbI-
MTOJIHEHUS )

import $ from 'jquery'
$(myElement).marquee(3)

3aMeThbTe, 9YTO ATY JKe TEXHUKY MbI HCITOJIb30BAJIH JIJIsT DACITUPEHUS BCTPO-
eHHBIX [JI00anbHBIX 00BEKTOB B pasjeie «besomacHoe paciiupenue mpo-
Totuma» Ha c. 193.

Moaynu

Pacmpenue aKCIopToB MOyJieil uMeeT OOJIbIe MOABOXOB: HEOOXOIMMO
KOPPEKTHO TUMM3UPOBATH 3TO PaCIIMpPEeHUe, 3aTPy’KaTh MOIYJIU B TIpa-
BUJILHOM TIOPSI/IKE B CPeJIe BBITIOJTHEHUs U 00513aT€JIbHO OOHOBJISITH THITHI
paciupeHuil, Korja CTPYKTypa JeKjaapainuil TUIIOB JIJIsI PACHIUPSIEMOrO
MOJLYJIST U3MEHUTCS.

B xauecTBe npuMepa TUTU3UPYEM HOBBII 9KcTopT /7151 React. Haunem ¢ ycra-
HOBKM React u ero sekmapaiyii TUTIOB:

npm install react --save
npm install @types/react --save-dev

3areM BOCIIOJIb3yeMCsl CIAUSTHUEM MoyJeil (M. pasuen «CiusiHue exia-
paruit» Ha ¢. 279) ¥ IPOCTO OOBSIBUM MOJYJIb C TAKUM K€ MEHEM, YTO U Y
Harero MoayJiga React:
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import {ReactNode} from 'react’

declare module 'react’ {
export function inspect(element: ReactNode): void

}

O6paTI/IT€‘ BHUMaHME, 4YTO, B OTJINYUE OT NPEAbIAYIIETO IIPUMEPA O paClIn-
peEHNU r100aIbHBIX O6'I)€KTOB, HEBa’XHO, I'/le HaXOJNUTCA (bafm paclIMpeHuAa:
B pE€KMME CKPHUIITOB UJIU B PEKNME MO[[yJIeﬁ.

A 4TO HacyeT pacHIMpeHuss KOHKPETHOTO IKcIopTa u3 Moayas? B ayxe
ReasonReact (https://reasonml.github.io/reason-react/) mpeAION0KIUM, YTO MBI
XOTHM JI06aBUTH BCTPOEHHDII pepykTop (reducer) /st KOMIIOHEHTOB React
(pemyKTop — 3TO c110c00 0ObSABIEHMS SBHOTO Habopa IIEPEXO/I0B COCTOSTHUI
g kommoHeHTa React). Ha MoMeHT Hanmmcanus KHUTY JeKIapaiii TUTIOB
React 00bsIBJISIIOT THIT React .Component Kak uHTEpdEc U KIacc, KOTOpbie
cauBaioTcs B oauH akcopt UMD:

export = React
export as namespace React

declare namespace React {
interface Component<P = {}, S = {}, SS = any>
extends ComponentLifecycle<P, S, SS> {}
class Component<P, S> {
constructor(props: Readonly<P>)
/...
}
VA
}

Pacmipum Component MeTo/10M reducer. /[yig aToro B (haiine react-extensions.d.ts
B KOPHE TIPOEKTAa YKasKeM CJIeIyIoliee:

import 'react' @
declare module 'react' { @

interface Component<P, S> { @
reducer(action: object, state: S): s @
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@ VimmoptupyeM 'react’, TEPEKTIOYAsT TEM CAMBIM HATIT (haiiyr pacTupeHust
B PEKUM CKPHUIITOB JIJIst TOTPeOIeHIsS MOLYJIsl React. OOparnTe BHUMaHMeE,
YTO eCTh ¥ APYIHe CIocoObl MEPEKIIOUEHIS B PEsKUM CKpUIToB. Hampu-
Mep, UMIIOPT WJIM 9KCIIOPT Y4ero-aubo Wan 9KCIOPT MycToro o6bekTa

(export {}).

© O6nasigem Mozysb 'react’, ykasbibas TypeScript, 4To MBI XOTHM 00D+
SIBUTH TUITBI IMEHHO JIJIST 9TOTO Y TH import. MBI y:ke YCTaHOBUJIN @types/
react (1 OTIPEIETUIIN SKCIIOPT JIJIst TOYHO TAKOTO JKe IyTH 'react '), I03TO-
My TypeScript mpousBeeT causgHIe AeKAapAIu MOYJIS ¢ AeKIapaluer,
MIpeI0CTaBIeHHON @types/react.

@ Pacumpsiem nntepdeiic Component, IIpe0CTaBICHHbIIT React, 00bSIBIISAS HALIT
untepdetic Component. CorsacHo MpaBuIaM caUIHUS UHTEPDEHCOB (CM.
pasnen «Cangnue aexaapanuii» Ha c. 279) Haima curHatypa ieKrapanun
JIOJIKHA B TOYHOCTH COBIIQJIaTh C CUTHATYPOU B @types/react.

O B zasepuienie 06bABIAEM METOJL reducer.

[Tocse 0ObsABIEHNS DTUX TUIIOB (M peajn3aliii BCEro MOBEACHUs CPeIbl
BBITIOJIHEHUST JIJIS1 TIOJIEPAKKI 9TOr0 0OHOBJIEHKS Ie-T00 ellle) Mbl MOKeM
00BABUTH KOMIIOHEHTHI React co BCTpoeHHBIMU METOZaMU reducer THUIIO-
6e30IaCHBIM CIIOCOOOM:

import * as React from 'react’

type Props = {
/...

}

type State = {

count: number
item: string

type Action =
| {type: 'SET_ITEM', value: string}
| {type: 'INCREMENT_COUNT'}
| {type: 'DECREMENT_COUNT'}

class ShoppingBasket extends React.Component<Props, State> {
reducer(action: Action, state: State): State {
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switch (action.type) {
case 'SET_ITEM':
return {...state, item: action.value}
case 'INCREMENT_COUNT':
return {...state, count: state.count + 1}
case 'DECREMENT_COUNT':
return {...state, count: state.count - 1}

}

Kaxk 6b1710 0TMEU€eHO B Hauasie pasjiedia, Jydlie u30erath 3Toro narrepHa (Xothb
OH U KPYTOil), TOTOMY YTO OH MOKET C/IeJIATh MO/LYJIM HeCTAaOUIbHBIMU U 3a-
BUCSIIIIMU OT TIOPsIIKA 3arpy3Ku. BmecTo Hero mompoOyiiTe MCIoIb30BaTh
oObeIHeH e, YTOOBI PACIITUPEHIST MOLYJIST TIOTPEOJISIIN €70 U SKCIIOPTHPO-
Basii 00epTKyY 6€3 U3MEHEHSI CAMOTO MOJLYJIS.
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[lnpeKTuBbI C TpeMA cnewwamm

JIMPEKTUBBI € TPEMsI CJIENIaMU — 3TO OObIYHBIE KOMMEHTapuu JavaScript,
K KoTopbiM TypeScript oGpatiaercst, 4To6bI, HATIPUMED, YCTAHOBUTH HACTPOUKI
KOMITHJISTOPA JIJIsI KOHKPETHOTO haiijia Ny onpeaeuTh, uTo (aiiy 3aBUcuT ot
npyroro (daiina. Pagmerraiite IupeKTUBBI B BepXHell yacTh (paiiya mepes Ko-
noM. OHY BBITVIAAT TaK (HAYMHAIOTCS € /// 1 conpoBokaaioTes XML-terom):

/// <OupekmuBa attr="value" />

TypeScript moIepsKUBaeT HECKOIBKO TaKuX AupekTrB. Tabsmia /.1 conepskur
CIIMCOK CaMBIX ITOJIE3HBIX U3 HUX:

amd-module
IMoapobuoctu — B oppaszene «Jupexrusa amd-module» na c. 324.

Lib
JlupexTuBa 1ib — 370 crocob ykasath TypeScript, o Kakux OubIMOTEK
3aBUCHUT Balll MOAYJIb. DTO MOKET MOHAT0OUTHCS, €CIU B IPOEKTE HET

tsconfig.json. OObsaBIeHNe 1ib, OT KOTOPBIX BbI 3aBUCHUTE, B tsconfig.json
MPaKTUYECKU Beeraa OyaeT JIYUIIIM PEIIeHUEM.

path

[Tpu ucnmonpzoBannn TSC-omuu outFile AUPEKTUBA path MO3BOJISIET
00bSIBUTH 3aBUCHMbIe (DailJibl, YTOOBI IPU KOMITUJISIIUN OTOABUHYTH MX
Hazal. JTa ANPEKTUBA He HYKHA, eCJIN MTPOEKT UCTIOIh3YET import 1 export.

type

[Toxpo6HOCTH — B Nopaszese «/upekTuBa types» Ha c. 323.
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Ta6nuua J1.1. InpekTiBbl C TpeMa ceLuamm

[upekTuBa CuHTaKCUC Ucnonb3yiite, 4tobbi ...

amd-module <amd-module name="MyCompo 06bABUTb MMeHa IKCNOPTa NPU KOMAUAALMN
nent" /> 8 Mogynu AMD

1lib <reference lib="dom" /> 06bABUTD, OT KakuX BCTPoeHHbIX B TS lib

3aBUCAT BaLUM [ieKnapaLmn TUnos

path <reference path="./ 06bABUTY, OT Kakux Gaiinos TS 3aBUCHT BaLy
path.ts" /> MoAyNb

type <reference types="./ 06bABUTS, OT Kakux Gaiinos aeknapawnii
path.d.ts" /> TUNOB 3aBUCHT BaLL MOAYNb

BHYTpEHHI/Ie ANPEKTUBDI

Bbl HaBepHsIKa HUKOT/IA HE CTAHETEe UCTIOJIb30BATh B CBOEM KOJIE TUPEKTUBY
no-default-lib (tabur. [1.2).

Ta6nuua [1.2. BHyTpeHHWe ANpeKTUBbI C TPEMA CleLiaMm

[npekTuBa CuHTaKCMC Wcnonb3yiite, uto6bl. ..
no-default-1ib  <reference no-default- Yka3satb TypeScript He ncnonb30BaTh HUKaKme
lib="true" /> 1ib pnastoro daitna

HexenatenbHble ANpeKTUBDI

JlupextuBy amd-dependency (ta6u. /[.3) Booblie He CTOUT KCIIOIb30BaTh,
a BMECTO Hee HY/KHO TPUAEPKUBATHCSA OOBIYHOTO import.

Tabnuua. [1.3. HexxenatenbHble AUPEKTUBbI C TPEMSA ClelLamit

[upekTuBa (uHTaKmC AnbTepHaTuBa

amd-dependency <amd-dependency path="./a. import
ts" name="MyComponent" />




MNPUNOMKEHNE E

(Onaru 6e3onacHoCTH
Komnunaropa TSC

[ToHBIIT CIIMCOK JOCTYIHBIX (/IATOB MOXKHO IIOCMOTPETD Ha CIIPAaBOYHOM
carite TypeScript (https://www.typescriptlang.org/docs/handbook/compiler-
options.html).

Kaskp1ii Boimyck TypeScript mpegoctaB/isieT Bce HOBbIe BUIbI IPOBEPOK, KOTO-
pble BbI MOKETE HCIIOJIb30BaTh, 4TOOBI 10OUTHCA etile GoJibIneii 6e30macHOCTH
kona. Hexoropbie us daros, umeronux npedukc strict, 3aeicTByIOTC Kak
4acTh OCHOBHOTO (hJiara strict. Bbl Takske MOJKeTe IIPUMEHSTD MX 110 OJTHOMY.
Tabsuia E.1 cogepsxut crimcok duiaros 6e30macHOCTH, aKTyaIbHBIX Ha MOMEHT
HAIMCAHUS KHUTH.

Ta6nuua E.1. Onaru 6e3onacHocTn TSC

alwaysStrict [enepupyet'use strict'

noEmitOnError He reHepupyer JavaScript, ecin Koz copepXuT olwmnbKm

noFallthroughCasesInSwitch Y6exnaeTca, uTo Kaxablit C1yvail switch Bo3Bpalaer 3HaueHue
WM NPOBaNMBaeTcA

noImplicitAny Bblnaer owwnbKky, Koraa TN nepemMeHHoI BbIBEAEH Kak any.

noImplicitReturns Yoexpaetca, uto Kaxzblil yTb KaX A0 QYHKLMM fenaeT Bo3BpaT
ABHO (CM. pa3pen «ToTanbHoCTby, ¢. 165)

noImplicitThis BblnaeT ownbKy npu ncnonb3oBaxum this B GyHKLMN 6e3 ABHOTO aH-
HoTMpoBaHmATMNa this (cm. noapasgen «Tunm3auua this», ¢. 351)

noUnusedLocals [penynpexaaeT 0 HeNCnob30BaHHbIX NOKANbHBIX NepeMeHHbIX

noUnusedParameters lpenynpexaaet o Hencnonb3yemblx napameTpax GyHKuun. [ina

UrHOPUPOBAHUA 3T0i GYHKLMM L06aBbTE K NapameTpam npeduKkc
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strictBindCallApply Y6exnaetca B 6ezonacHoctn bind, call, n apply (cm. nogpas-
zen «Metogbl call, apply u bind», ¢. 72)

strictFunctionTypes Yoexpaetca, uto GyHKLIMM KOHTPBAPUAHTHDI B MX NapaMeTpax
nTmnax this (cm. nogpasgen «BapuaHTHOCTb GyHKUMIA», €. 151)

strictNullChecks MpoepaeT Tun Ha nu 11l (cm. nogpasaen «null, undefined, void
1 never», . 57)

strictPropertyInitialization  Y6expaetca, uto cBoiicTBa Knacca nmbo gonyckaiot null, nubo
UHULMAnU31poBaHbl (CM. rnasy 5)




[MPUNOMEHUE X

15X

Buyrtpennss crpykrypa TypeScript nMeeT HECKOJIBKO 0OpabOTUYNKOB J1JIst
tunmsanun TSX mogkaodaeMbIM criocoboM. VMU gBIS0TCA clrielinaabHble
THIIBI B IJI06AILHOM ITPOCTPaHCTBe NMeH global.JSX, ncrosbzyemom TypeScript
KaK MCTOYHUK JJAaHHBIX 7151 TUTIoB TSX 110 Beeil mporpamMe.

Ecnu BbI Mcmonb3yerte TONbKO React, To BaM He HYXXHO 3HAaTh 00 9TNX
HU3KOYPOBHEBBIX 00paboTdnkax, Ho ecimu Bbl muurete TypeScript-6u-

6mmoteky, ncronmbsymomryio TSX 6e3 React, 5To mpunoykeHne mpegocTaBuT

BaM O HIX ITO/Ie3HYI0 MH(OPMAIILIO.

TSX nozpep;KkuBaeT /1Ba BU/Ia 3JIEMEHTOB: BCTPOeHHbBIE (HEOTHEMJIEMbIE dJIe-
MEHTBI) U M0JIb30BaTeNbCcKIe (OCHOBaHHBIE Ha 3HaueHnaX). Heornemiemble
9JIEMEHTHI UMEIOT UMEHA B HUKHEM PETUCTPE U OTHOCIATCS K BCTPOEHHBIM
BpoJie <1i>, <h1l> 1 <div>. JeMeHThl, OCHOBAaHHBIE HA 3HAUEHUIX, IMEIOT UMeHa
B PascalCase (Bce c/toBa IMEHI HAUMHAIOTCS C MTPOIMCHBIX OYKB) M OTHOCSTCS
K TeM, KOTOPbIe BBl cOo3/1aeTe rocpeactBoM React (um apyroro GpoHTeH -
dpeiimBopKa, ¢ KoTopbiM ucnosbayere TSX). Ouu MOTYT OBITH OIIPE/IETEHbI
Kak (pyHKIMN 1 Kiaaccel (puc. 7K.1).

TSX

_

Heorbemnemble
IneMeHTbI

INEMEHTDI,
0CHOBAHHbIE
Ha 3HaYEHUAX

KomnoHeHTbI
Knacca

fI)yHKumonanbume
KOMMOHEHTb!

Puc. X.1. Bupbl snemenToB TSX
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Ha npumepe meknapanuii Tunmos React (https://github.com/DefinitelyTyped/
Definitely Typed/blob/48cb1f5/types/react/index.d.ts) Mbl paccMOTPUM 0OPAOOTUKK,
ucrosb3yembie TypeScript ayist 6eomacuoit tunmsarm TSX. Bor kak React
nozaksouaercst B TSX must 6esomacHoii Tummsarn JSX:

declare global {
namespace JSX {
interface Element extends React.ReactElement<any> {} @
interface ElementClass extends React.Component<any> { @
render(): React.ReactNode

}

interface ElementAttributesProperty { 9
props: {}

}

interface ElementChildrenAttribute { @
children: {}

}

type LibraryManagedAttributes<C, P> = // ... @

interface IntrinsicAttributes extends React.Attributes {} @
interface IntrinsicClassAttributes<T>
extends React.ClassAttributes<T> {} @

interface IntrinsicElements { @

a: React.DetailedHTMLProps<
React.AnchorHTMLAttributes<HTMLAnchorElement>,
HTMLAnchorElement

>

abbr: React.DetailedHTMLProps<
React.HTMLAttributes<HTMLElement>,
HTMLElement

>

address: React.DetailedHTMLProps<
React.HTMLAttributes<HTMLElement>,
HTMLElement

/] ..
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@ ISX.Element — ato tun TSX-seMeHTa, OCHOBAHHOIO HA 3HAYCHIUM.

GJSX.EIementCIass — 9TO TUII IK3EMILIAPA KOMIIOHEHTA KJIAacCa, OCHOBAHHOTO
Ha 3HaueHnn. Koria 6b1 BbI HU OOBSIBJISIII KOMIIOHEHT KJIacca, KOTOPBbIii CO-
GupaeTech HHCTAHIMPOBATD ¢ TOMOLIbIo TSX-cunrakcuca <MyComponent />,
€T0 KJIACC TOJKEH COOTBETCTBOBATD 9TOMY MHTePGECY.

@ 15X.ElementAttributesProperty — 5To 1Ms cBoiicTBa, 110 Kotopomy TypeScript
BBISICHSIET, KaKHe aTPUOyTHI TTO//IEPKIBAET KOMITOHEHT. B cirydae ¢ React
HoJpasyMeBaeTcsl CBOICTBO props. TypeScript uier ero sHadeHue B K-
3eMILIsIpe KJlacca.

@ 15X.ElementChildrenAttribute — 5To 1M cBoiicTBa, IO KoTopoMy TypeScript
OTIpe/IeNIsIeT, KaKue TUTTBI TOTOMKOB TIO/IIepKUBaeT KOMITOHeHT. /[ 7151 React
3TO CBOMCTBO children.

e JSX.IntrinsicAttributes — 910 HabOp aTPUOYTOB, KOTOPBIE MOIAEPKUBAIOT BCE
HeoTbemJieMble asieMeHThI. [Ijist React ato arpubyT key.

0@ 1sx.IntrinsicClassAttributes — 910 Habop aTpUOYTOB, TTOIEPKIBAEMBIX BCEMU
KOMIIOHEHTaMH KJ1acca (1 HeOTheMIeMBIMHU,  OCHOBAaHHBIMH Ha 3HAUCHH-
ax). Jlns React aTo ref.

@ 15X LibraryManagedAttributes orpesiesisier pyrie Mecta, T/e a7aeMeHTh JSX
MOTYT OOBSIBJISITh M MHUIIMATU3UPOBATh TUITHI cBONCTB. [l71s1 React ato
propTypes (ZIpyroe MecTo Jijist OGbsIBJIEHNsT TUIIOB CBOWCTB) U defaultProps
(MecTo /171t 0OBSABIEHYS 3HAYEHUH 110 YMOJYAHUIO JIJIsI CBOIICTB).

@ Jsx.IntrinsicElements nepeuncasier kaxapii Tun HTML-a1emenTa, KOTOpBbIil
BbI MOKETE UCI0b30BaTh B TSX, 0TOOpaskast UMsI Tera Kay/10ro dJ1eMeHTa
B TUIIBI €10 aTpubyTOB 1 oTOMKOB. JSX He otrocutcst K HTML, moatomy
neksaparn ThioB React moskibr coobmats TypeScript, Kakue KOHKPeTHO
9JIEMEHTBI KTO-TM00 MOKET UCI0JIb30BaTh B TS X-BbipaskeHun. II0CKOIbKY
BbI MOKETE MCIT0JIb30BaTh 1000 ctangapTibiii HTML-snement us TSX,
JIeKJIapaItiy JI0JKHBI CAMU TIEPEYUCTISATD KasK/IbIM 2JIEMEHT BMECTE C TUTTAMK
ero arpubyToB (K IPUMEPY, JIJIsI Tera <a> A0y CTUMbIE aTPHOYThI BKIIOUYAIOT
href: stringurel: string, HO He value), a TaK)Ke KaKue TUITHI TOTOMKOB
OH MOKET NMETb.

O06bs1BJIstsE JIEOOOM U3 HTUX THITOB B T7I00aIbHOM 1TpocTpaHcTBe JSX, Bbl MOKETE
BOCIIOJIb30BaThCs MTpoBepkoii TuroB TypeScript nmst TSX u kactoMu3upoBaTh
ee HY;KHBIM BaM crtocoOoM. Bbl, ckopee Bcero, craHeTe MCIOJIb30BaTh OTIH-
caHHble 06PabOTUNKH, TOJIBKO €CJIU CTOJIKHETECH ¢ HAalMcanueM OubInoTexy,
ucnospdytomieit TSX, no ne React.



06 aBTOpE

Bopuc Yepnsiit — rnasubrii nmkerep u Product Leader B Facebook. Panee
paboran B VC, AdTech 1 Bo MHOKecTBe cTapTanos, GOJBIIMHCTBO U3 KOTOPHIX
HBIHE He cytecTByeT. MIHTepecyercs si3bikaMu IPOTpaMMUPOBAHUST, CHHTE30M
KOJIa ¥ CTATUYECKUM aHAJIU30M, a TAK)Ke CTPEMUTCS IeJIUTHCS C TTOTh30BaTe-
JISIME CBOUM OITBITOM PabOThI ¢ i POBBIME ITPoAyKTaMu. B cBoboiHOE BpeMst
opranusyet kayonbie Bcrpeun TypeScript B Can-MpaHIMCKO 1 BeAeT JINYHbIIT
6J10r — performancejs.com. Bol Moskere Haiitu akkaynT bopuca na GitHub 1o
ccbLike https://github.com/bcherny.



06 oOnoxke

Ha o6moxkke kuurn «IIpodeccronanbubiii TypeScript. Paspaborka Maciira-
6upyeMbix JavaScript-1puiioKeHuit» 1306paskeHbl r'yaHako (JIaMbl 'yaHAKO).
OTU JKUBOTHBIE SIBJISIIOTCS IMKUMU TIPEJIKAMMU JIaM 1 TAKXKe OTHOCSITCS K Bep-
6moam. Jlo TOro Kak Ha KOHTHHEHTE MOSIBUINCD OBIIbI, TYaHAKO MOKHO OBLIO
Berpetuth B I0xHOIM AMeprike moBcemecTHO. OHU OGUTAIOT B CYXUX TOPHBIX
pernoHax Ha BBICOTE OKOJIO 4 KM HaJl ypoBHeM Mopsi. Ha ceropnsammmnii nensb
6OJIbIIast YacTh UX YMCJIEHHOCTH, COCTABJISIONIEH OKOJIO TECTUCOT ThICSY
ocobeii, pokrBaeT B ApreHTrHe, B pernote Ilataroxum.

BroxkuBaTh Ha CKAMUCTBIX KOCOTOPBIX TyaHAKO IMTOMOTAIOT TIO 1BA MATKUX
maJsibIla Ha KayKIOM HOTe, a TaKyKe HU3KO PACIIOTIOKEHHBIH 1TeHTP TSKEeCTH.
CpetHuii pocTt 3TOro JKHBOTHOTO COCTABJIsIET 4y Th Gosiee MeTpa. Ero Tosicras
IIEPCTh MOKET OBITH KOPOTKO#T UJIH CPeIHEN, NMeeT KPAaCHOBATO-KOPUYHEBBII
OTTEHOK, Ha JKUBOTE MTPpaKTHYeCcKu Oesast. JITMHHbIE PECHUIIBI 3l IIAIOT TJ1a-
3a OT CHJIbHBIX BETPOB, a GOJIbIIINE 3A0CTPEHHBIE YIIIN TOMOTAIOT YCJIbIIIATh
YTPO3y Ha OOJIBIITOM PACCTOSHHUM.

[yanako nepemenianTcs cTalaMu, COCTOSIIITUMU U3 HECKOJIBKUX CAMOK, MOJIO-
JIbIX 0CO0Oei, He TOCTUTIINX O[HOTO rojia, U IJIEMEHHOTO CaMIIa. [Ipu onacHocTn
IyaHaKO CUTHAJIM3UPYIOT CTa/ly O HEOOXOAMMOCTH CIIACAThCsT GErCTBOM, M3/1aBast
[POH3UTENbHOE OJIesiHIIe, TIOXO0Kee Ha JTalonuii cMex. Ha HuX 0XoTsTest myMbl
W JINCUIBI, ITIO9TOMY JIaMbI BIHYK/I€HbI HOO‘{epe,ZIHO Ile}KypI/ITb Ha BO3BbIIIICH-
HocTax. CpeaHsst CKopocTh Geryiero ryanako — npuMepto 60 kM /dac. Ecim
XUIHUK [IOTOHUTCA 32 CTaZ0M, caMell II00eKUT Ha3a/l, YTOObI 3alUTUTD €rO.

[Tepwon BerHATIMBAHNA IETEHBIIEH TYaHAKO IIUTCS TpuMepHO Tof. C MOMeHTa
POXIEeHNUA TaK Ha3bIBa€MbIM 4YyJIEHI'O Tpe6yeTCH BCETO IIATb MUHYT, I{'I‘O6BI
HavaTh XoAUTh. CITYCTsI TOJI JKU3HU PSIZIOM C POAUTEISIMU OHU JIOJKHBI HC-
KaTh COOCTBEHHBIE CTajla. PaHHee M3THAHNE CKa3bIBAETCSI HA BBKUBAEMOCTU
MOJIOJIBIX 0C00€ii — B3POCIIOro BO3PacTa I0CTUTaeT Beero okosio 30 % ryaHaxo.
[Tpu 6JArOTPUSTHBIX YCJIOBHUSIX TYAaHAKO MOXKeET MPOKUTh 15—20 Jer.

B nx cpene 00UTaHUS KECTKIE U TOJICThIE TPpaBbl ABJIAIOTCA JKUSHEHHO BaXK-
HBIM MCTOYHHWKOM BJIaru. FyaHaKo HUMEIOT TPpEXKaMepHbI€ JKMBOTbI, KOTOPbIE
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MIOMOTAIOT UM IIepeBaPUBATh PACTEHUS U JOJITO COXPAHATH KUAKOCTb. X
BepxHIe ryObl pas/iesieHbl Ha[BOE JIJIst 00JIeTYeH s 3aXBaTa HTIIH.

MHorue KUBOTHBIE, N300paskeHHbIe Ha 00/10kKax KHuT uzgarenabecrsa O Reilly,
HaXOJSITCS IO/l yTPO30ii BBIMUPAHUS; BCE OHU OYEHb BasKHBI [171st Grocdepbl.
YrobObl Y3HaTh, UYeM BbI MOJKETE UM TIOMOYb, TIOCETUTE CalT animals.oreilly.com.

M3o6paxenue Ha 06J105kKe BbiosiHeHo Kapen MoHTroMepu Ha OCHOBE YepHO-
Gesoii rpaBiopbl 13 My3sest 1300pa3nuTeTbHBIX HCKYCCTB.
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